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B KHHre oCBelIEHbI BONPOCH NPOEKTUPOBAHHS M METOILK THI-
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TepP30BaHLl OCHOBHBIE BOJOMOCHHEIE MJACTH, ABJAIONIHeCsT HaHGO-
Jee OGHJIBHBIMHE KOJJIEKTODAMH NOJA3EMHBIX BOI, NaHA KjacCCHpHKa-
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MMPEANCJIOBHUE

[Toa3zeMHble BOJAbI KAaK HCTOYHHK BOAOCHAG:KEHHS B IOCJEJIHEe BpeMs
npuobperalotT Bce GoJbllee 3HAYEHHE, YTO OOYCJIOBJIEHO BO3pacTaioluedl no-
TPeGHOCTbIO B BOJE NPOMBIIIIEHHLIX IeHTPOB, FOPOAOB H NOCEJIKOB, HeOO6XO-
AUMOCTBIO YJYyYlIeHHsi BOJOCHAaOMKeHHs CeJbCKHX HaceleHHbIX NYHKTOB H
CeJIbCKOX0351fICTBEHHBIX IPOU3BOJACTBEHHBIX O0OBEKTOB, a TaKxke HoJjee MHPO-
KHM HCHOJb30BaHHEM NOA3eMHBIX BOA AJAS HYyXj opoueHus.. YlopaeMHble
BOJBI B GOJblIedl MEPE, yeM HOBEPXHOCTHbIE BOJHbIE HCTOYHHKH, 3aLHIEHB
OT 3arpsi3HeHHst X037HCTBEHHO-GBITOBBIMII 1 IPOMBIIIJIEHHBIMH CTOYHBIMH BO-
JAaMH H, KaK NpaBujo, 06JafaioT XOpOIIHM KaueCcTBOM. BJuarogaps 3auui-
IEHHOCTH OT BO3JEHCTBHA BHCIIHUX areHTOB NOJ3€MHBIE BOJALL CTAHOBSTCS
BaXHBIM PE3ePBHBIM HCTOYHHKOM BOJOCHAGXKEHHS,

3anacel nogseMHuix BoAg Ha Ttepputopun CCCP BecbMa 3HAYHTENALHBI,
U UMeloTcst 6.1aroNnpHSITHLIC BO3MOXKHOCTH [T HX NPaKTHYECKOTO HCIOJb30-
BAHHS1 BO MHOTHX paffoHax CTpaHbl. B CBSISH ¢ 3THM aKTyaJbHLIMH SIBJSIIOT-
Csi BONPOCH OLEHKH 3KCHJYAaTallIOHHBIX 3a0acOB NOA3€MHBIX BOA I [pO-
eKTHPOBaHHSA BOAO3aGOPHBIX COOPYMKEHHH Ha I0J3€MHBIX BOJHBIX IICTOY-
HHKaX.

B cyiiecTBYIOmHX paboTaX NpH pacCMOTPEHHH HpoGJeMbl HCOOJb30Ba-
HHs TIOJ3€MHBIX BOJ OLYILAETCs SBHBIH 11€0CTATOK KOMIJIEKCHOCTH: OJHH
paboTHl NMOCBsIIEHb! TJAaBHBIM 06pa30M THAPOreOJOriyeCcKIiIM 3ajavyaM OUeH-
KH 3anacoB MOA3EMHBIX BOJ, APYTrHe — HCKJIYHTEIbHO TeXHUYECKHM Npob-
JieMaM YCTPOHCTBA H 3KCNJyaTalHH BOA03a00poB.

B panHOi KHHMre npeAnpHHSTA [OTBITKA 060 BCAHHUTD 06€ 3TH 3a1a4H, YTO,
KaK TNOJAaraiT aBTOpB, OYAeT HOJC3HBIM JOHOJHEHHEM K CYIIeCTBYIOIIHM
paboram.

B KHMre JOCTAaTOYHO MOAPOOHO OMHCAHBI THUINbI H KOHCTPYKIMH BOjO3a-
60opOB MOA3EMHBIX BOJ, OCBEll€HA METOJAHKA rHAPOre0JOrHYeCKHX PacueTos,
PacCMOTPEHb! BONPOCH 3aIUTHl MOJA3EMHBIX BOJ OT 3arpsisHeHus M caHUTap-
HOIl OXpaHbl BOJ03a60poB. JlaHbl MeTOAHYEeCKHEe YKa3aHHs HO TEXHHKO-3KO-
HOMHYECKHM pacyeTaM H OGOCHOBAHHI0 BOA03aGOPOB NPH NPOCKTHPOBAHIIIL
B cnucke suTepaTypsl NpHBEAEHbl B OCHOBHOM HENOCPEACTBEHHO HCII0Jb30-
BaHHble aBTOPAaMH HCTOYHHKH H HMewomHecs: o6obmaiome padoTel N0 BOAO-
3abopaM.

Kuura Hanucana KoJa1eKTuBoMm aBtopoB: nn. 1 u 2 raapsl [, raasm 111
i IV, n. 1 rnaser V u raasa XI— @. M. Bouesepowm; 0. 3 riasbt I u raasa
IT—A. U. ApueBsiM: nn. 2—4 raaser V u n. 4 raasut VII —H. H. Jlanumu-
upiM; raaBst [X w0 X — A, E. Opajgosckoil; 0. 1 raasel VI v n. 3 rrasw VII —
3. M. XoxnartospiM; nn. 2 1 3 raasst VI u nn. 1 u 2 raaset VII — coBMect-
HO @. M. Bouesepom, H. H. Jlanumusiv 1 3. M. XoxaarossiM. [To npocsbe
apropos raasa VIII nanucana A, I1. Ilaakcunnim.

ABTOpBI BbIpaXalorT 6,1arogapHoOCTb A-py TexH. Hayk npod. B. . Ba-
OYIIKHHY 33 LleHHble 3aMeYaHHs, CAeNaHHble NpH PeUCH3UPOBAHHM PYKONH-
cu, a takxke A. B. E¢pemosoii, B. H. JIboBoii 1 M. B. 3eMAgHHHKOBOIX 3a
NOoMOILb, OKa3aHHYIO NIPH NOArOTOBKE PYKOINHCH K MeyaTH.



Fnasa 1

MNOA3EMHBIE BOdbl KAK HCTOYHHK BOJOCHAB)XEHHSA

1. UCNOJIb3OBAHUE NMOA3EMHBIX BOA4 B CCCP

ITonaeMHBIe BOAK TIPEACTABASIOT 0COGYIO LEHHOCTh KAK HCTOYHHK IHTh-
€BOr0 W XO035IHCTBEHHO-OHITOBOrO BOAOCHA0XKEHUS, @ TAKKE BOJOCHAOKEHHUS
HEKOTOPHBIX NPOMBIIJICHHBIX NPOH3BOACTB, AJ9d TCXHOJIOTHYECCKOro mnpounecca
KOTOpHIX TPpeHYEeTCH BOMAA NHTHheBOTO KaueCTBaA.

I'lonseMurie BOAB pacnpOCTPAHEHB! HA 3HAYUTENBHHX IJIOAJAAX H NO-
3TOMY B GOJILIIMHCTBE CJAY4yaeB JOOBIBAIOTCS HENMOCPEACTBEHHO HA YyacTKaX
pacnonoxeHnss norpebuTeseil uau B HeOOJIBUIOM YJaJe€HHH OT HHX (TpaH-
CTNOPTHPOBaHUE MNOJ3EMHBIX BOJ Ha 0oJblIHe PacCTOSHHS NPUMEHSIETCH
penKo).

B oTiuune OT NOBEePXHOCTHBIX NOA3EMHBI€ BOAB OOLIYHO 6JarONpHATHLE
B CAllHTADHOM OTHOLICHMH, HMEIOT HoJlee HHSKYIO H MaJjlo H3MEHAIIYIOCT B
TeyeHHe roja TeMIepaTypy, He COJAepKaT MeXaHHUCCKHX B3Beceil, yTo IO3-
BOJISIET HCHOJAB30BATh UX [/ BOJOCHAGKeHHS Ge3 NONOJHHTeIbHON OYHCTKH
1 00pabOTKH.

O6uree norpetaeniie no13eMuntx Bog B CCCP B HacTosuee Bpems co-
craBasger 70—80 wmuau. Mi/cyr (800—900 wm3/c), B TOM uncae 25—
28 Man. M3/cyT ucnosbayeTcs AJ58 BOTOCHAOKEHHS TOpOAOB H pabouyux Io-
cenkoB, 20—22 MmJH. M3/CYT — 1JI1 BOLOCHAGIKEHHS CeJIbCKOXO3SICTBEHHMIX
00beKTOB 1 25—30 MJIH. M*/CyT — HA OpOlLIeHHe.

[To nanusim H. W. Ilnotaukosa, M. H. Koasna, JI. C. f3Buna [104],
chitre 609% ropodoB M MOCEJKOB (B OCHOBHOM C HeOOJBIION M CpefHel YHC-
JEHHOCTBIO HACEJCHUS) MNOJHOCTHIO OOCCNeYMBAETCS BOLON K3 TNOA3CMHBIX
ucrounukos. Tak, us 700 ropogos ¢ BogonorpedaeHueM Menee 10 tToic. M3/cyT
fosee uem B 500 (72%) BOMOCHaGKeHHe OCYLIECTBJISAETCS NMOJHOCTBIO NOA-
3€MHBIMH BOJAaMHU.

B 6aunxaitmie rojabt HCNOJb30BAHHE NOA3EMHBIX BOA AJs BOAOCHaGXKe-
HHSI HaCeJeHHBbIX NIYHKTOB C HEGOJBIIMM H CPEJHHUM BOAONOTpedaeHUEeM JO0J-
}KHO CylleCTBelHO BO3pacTH. OAHOBpEMEHHO ¢ 3TUM HECOMHEHHO OYyIeT yBe-
JIMYHBATLCH NOTpebJeHIie NOJ3EMHKEX BOL I B KPYIHHX ropoiax (naxe npu
npeodJajaiomeM HCNOJAb30BaHIK B HHUX BOJA OBEPXHOCTHBEX HCTOYHUKOB),
HanpaMmcp, JJs BOJOCHAOMKEHMUS MNpeANpUATHH MNMLIIEBOH M APYTHX BHIOB
NPOMBIIIVIEHHOCTH, [JI KOTOPBIX TpeOYeTCss BOAA C OTHOCHTEJNBHO HH3KOIl
M YCTOHUNBOH TeMNepaTypoil U ONpeleNeHHOTO XHMUYecKoro coctasa Ilo-
CTOAHHBIMH NOTPEOHTENAMU NOA3EMHBIX BOJ| SBJSIOTCS TaKkKe YCTAHOBKU IO
KOHAHIMOHHPOBAHHUIO BO3AYyXa, pa3/JHyHbie MalIUHH (HalpHMep, 3JeKTPOH-
HO-BHYHC/HTEJAbHEIC) W aNNapaThl.

B ueHTpadbHHX U 3amalHBIX pailoHax eBponefickoi wactu PCQCP,
11a YKpauHe, BO MHOTHX palioHaXx Ya6ekucraua, Kuprusuu, Kasaxcrana noa-
3eMIBIC BOAK B GOJBIIHX KOJMYECTBAX [ICNOJbL3YIOTCH YiKe 1aBHO; B OJH-
¥Kalllllee BpeMsl IOA3EMHbIE BOJABI NOJyudaT GoJee MIMPOKOe NMpHMeHeHHe H
AJIst BOLOCHAGXKEHHST BOCTOUHBIX M CEBEPHBIX paioHOB cTpaubl (3anaxuak u
Boctounast Cu6ups, Hdaabuuit BocTox u ap.).

3anachl mog3eMHHX Boa pacnpeienenn 1o rteppuropun CCCP  wme-
pPaBHOMEPHO, MO3TOMY B PsiJic pafflOHOB, HCNOAL3YIOUHX /I BOAOCHAOKCHUS
1I0A3€MHBIC BOAB, CO3lacTcd HanpsikeHHoe noJoxende. OCOGCHHO OCTPO 3TO
OLLYIIAeTCsl MPM 3HAYMTEIBHON KOHUENTPALHH HA JIOKAJbHBIX TEPPHTOPHUIX
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KPYTHBIX FOPOJOB H NPOMBIILTEHHBIX 0GBEKTOB, Te ACGHT B0 03a6opoB 10,1~
3eMHBIX BOJA ObICTPO PacTeT M HePeAKO OKa3biBaeTCsl YPe3MEePHBIM, NDeBhl-
[UAIONIHM O6IHe eCTeCTBEHHble 3anachl MOA3CMHBIX BOA H BO3MOKHOCTH
HX BOCIOJHEHHs. B pesyjbTaTe 3TOro MpOMCXORMHT MporpeccHpyiomas cpa-
60TKa TOA3eMHBIX BOJ M BO3HHKAaeT OMNAacHOCTb HX MOCTEIEHHOrO HCTO-
EHHS.

Il HEKOTOpHIX PailoHOB 3HAUUTEJbHYH yFpo3y NpeACTaABJsET 3ar-
pfA3HeHHe MOA3CMHBIX BOA GBITOBHIMH H NPOH3BOACTBEHHBIMH CTOKaMH H OT-
xonaMu. B cBSI3W ¢ 3THM Hcnonb3oBaHHe noa3demHmx Bog B CCCP crporo
perJaMeHTUPYeTCss W HAXOAUTCS 1M0A KOHTPOJeM FOCYAapCTBEHHBIX OpraHH-
3aLHHA.

B OcHosax soanoro 3akononarteabctBa CCCP n coio3ubIx pecuyGJIHK,
npuHaThix BepxosuriM CoBerom CCCP B 1970 r., oTMeyeHO, YTO HCIIOJb3O-
BaHHe NOA3eMHBIX BOA NMHTHEBOI0 KAUeCTBA NS HYXKJ, He CBA3AHHBIX C MHTb-
¢BEIM H GBbITOBBIM BOAOCHAGXKeHHEM, KaK NpPaBHJO, HE aomyckaercs, JInuin
B pailOHaXx, rje OTCYTCTBYIOT HCOOXOAHMBIE NOBEPXHOCTHBIE BOAHBIE MCTOUIIH-
KH M HMeIOTCS JOCTATOYHBbie 3anachl NOA3EMHBIX BOJA ITHThEBOTO KauecTBa,
MOXKeT OBITh pa3pellleHo HCNOAb30BaHHe NOA3EMHBIX BOA AJAd LeJeit, He
CBSI3aHHBIX C HUTHEBHIM H OBITOBBIM BOAOCHAGKEHHEM.

Kpome Toro, B OcHOBaxX BOAHOTO 3aKOHOAATeJNbCTBA YKa3aHO, YTO IOA-
3eMHEIE BOABI (NpecHble, MHHepaJbHbE, TEPMaJbHbBIE), He OTHECEHHBIE K Ka-
TEeFOPHH NHTbEBBIX H JeyeGHBIX BOA, MOTYT B YCTAHOBJEHHOM MOpSIKe
HCHOJIL30BAaTLCA AJsT TeXHHYECKOro BOROCHAGMKEHHs, H3BJEUYEHHST COMEpKa-
IIUXCS B HUX XHMHYECKHX 2JEMEHTOB, MOJyYeHHs TelJOBOfl Hepriiu u apy-
[dX [POH3BOACTBEHHBIX HYXJ C cOG.JIIOAcHHEM TPeGOBAHHH pPalMOHAJBHOIO
HCIIOJIb30BAHHS W OXPaHBI BOJ.

BypenHe HOBBIX 3KCIVIY3TamHOHHBIX CKBAXKHH Ha BOAY, CTPOHTENbCTBO
H rnepeobOpyAOBaHHe BOA03aGOPHBIX COODYMKEHHH /I HCNOJb30BAHHS TOM-
3eMHBIX BOZ MPOH3BOASTCS TOJABKO C paspelleHus pecnyO0IHKaHCKHX OPraHoB
TeOJIOTHH H OXpPaHbl HeAp HJH TEPPHTOPHAJILHBIX Ie0JOrHYeCKHX yrpasJe-
HHH H [0 COFJIaCOBAHHIO ¢ MECTHBIMH OpPraHaMM rOCyaapCTBEHHOrO CaHHTap-
HOTo HajA30pa, a lpUH NPOBENEHHH 3THX PalGOT rOPHOLOOLIBAIIUMH Mpel-
[pUATHAMH — IO COTJIACOBAHIIO C OPraHaMH IO HAA30PY 32 Ge30MaCHEIM Be-
AeHHeM paboT B IPOMBILIIEHHOCTH M FOPHOMY Haa3opy.

[Tpu npoekTHpoBaHHK H COOPYXKEHUH BOL03aG0OPOB NMOA3EMHBIX BOI opra-
HHU3A[HU-BOJONOTPEOHTENH H NPOEKTHO-U3bICKATENbCKHE OPTaHH3amMi 10J-
AHE PYKOBOACTBOBAThCs «IlosmoKeHneM o mopsinke HCIOJb30BAaHHsS H OXpa-
He noa3emiblx BoA Ha teppuTopun CCCP», yTBepkaeHHEM MHHHCTEPCTBOM
reoiorin u oxpannl Heap CCCP 1t ['TaBHBIM rocyaapCTBeHHBIM CAHHTAPHBIM
uHcnekTopom CCCP 6 ampeas 1960 r. Kpome TOro, s NpOEKTHBIX opra-
Hu3auu#l oo6A3artenbubiMH Asagiorcs CHull 11-31-74 «Bomocua6xkenue»,

2. KITACCH®HKALLHS 3ANACOB
NOA3EMHBIX BOJ

Kaaccudurauns 3anacoB nom3eMubIX BOX MO THAPOre0/]0THUECKHM
YCJOBHAM

3anacel (pecypchi) MOA3eMHBIX BOJA NOAPA3AEJIAIOTCS HA eCTeCTBEHHbIE
I 3KCIJlyaTanuoiiHble.

[Mon ecrecrgennvimu 3anacami NMOHHMAETCHS  KOAHYECTBO MOJI3EMHBIX
BOJ, coepKalleecss B BOMOHOCHBIX IJIacTaXx (CHCTeMax BOJOHOCHBIX IJ1aCTOB,
BOJIOHOCHBIX KOMILJIEKCAX) B eCTeCTBEHHOM COCTOSTHMH, He HapyHUIeHHOM 3KC-
uayaramiteii Bono3abopHelXx coopyxenHil. HecMoTpst Ha pasauuunyio Tepmiu-
HOJIOrHI0, ynoTpe6AsieMyio pasHbIMH aBTopaMu [23, 25 u ap.], Mo cyuecTBy
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RCE OHH BKJIOYAIOT B €CTECTBEHHble 3aNaChl TO KOJHYECTBO NOA3eMHBIX BOZ,
KOTOpOe HaXOJUTCs B NOpax H TpeulnHaX BOJOHOCHBIX MOpoJd — TaK Ha3bl-
BaeMble CTAaTHYCCKHE M YIPyTHE 3ailachl, ¥ OCTOSTHHO BO30OHOBJAgEMOe KOJMHU-
1eCTBO NOA3EMHBIX BOJ B [1aCTe — JAHHAMyyeCKHe 3allachl.

CratHyeckHe 3amnacel MoryT OBITh H3BJeUeHBl H3 MNJacTa TOJAbKO IMDH
Toil HJAH HHOH CTelNeHH €ro OCYILIelMs, a ynpyrie 3anacbl — OPH CHHMKEHHH
YpPOBHSI MOA3E€MHBIX BOA H H3MEHEHHH B CBA3H C 3THM HaOpsKEHUH B
nJa4acrte,  KoTophie  BhIeiBaloT  Aedopmamui Kak  BOAB (npu
OTKAUKaX M CHHXKCHHH NaBJACHIS BOAa paclIHpseTcd), TaK H CaMuX BOLOHOC-
HBIX 1OPOX (MPH OTKAYKax MOpoabl YIJIOTHAIOTCS, BCJAEACTBHE YEro BOAA H3
411X OTKHMAETCH).

JuHaMuyeckHe 3anacp npeACTaBJsioT cobofl pacxoh MNoToKa Moja3eM-
UBIX BOJ B pAacCMaTpHBAaEGMOM ceueHHH (cTrBope) mjacra. JIHHaMHYCCKHe
3anacei 0OBIYHO 13BJAEKAIOTCH OJHOBPeMEHHO CO CTATHYECKHMH H YNDYTHMH
3anacaMH IPH CHH2KEHHH YPOBHS.

JKcnayarTayuorHole 3anacsl NOJ3EMHLIX BOJ 0OYCJ0BJAEHBI BO3MOMKHO-
CTAMH 3KCOJyaTandd [OA3EMHBIX BOJ B0J03a0OpDHBIMH COODYKEHHSMHA.
[To npunsitomy B CCCP  odunuanpHoMy onpenenennio [74], skcnay-
aATAlHOHHbIE 3211aChl MOJI3€MHBIX BOA — 3TO TO KOJHUYCCTBO NOA3EMHBIX BOZ,
KOTOpOE MOxkKeT ObITb NOJYYCHO PAnHOHAJbHBIMH B TEXHHKO-3KOHOMHUYECKOM
OTHOLUEHHH BO/03a00PHBIMH COOPYKEHHUSMHU IMpH 3a4aHHOM peKHME 3KCIy-
4TanHH M COXPaHEHHH KOHAHUHOHHOTO KaueCTBa BOJABI B TeYeHHe BCero fe-
pHOfa BOXONOTPEOaCHIIS.

IKCITyaTannoHIIBIe 3aMachi He OrPAaHHYMBAIOTCS YKA3aHHBIMH CTaTH-
4eCKHMH, YNPYTIMI 1l IHHAMHYECKIIMIl 3amacaMH MNMOJ3EMHLIX BOZ 3KCIJya-
THPYEMOro BOLOHOCHOTO M1acra. IIpH MHTEHCHBHOH OTK4uKe IMOA3eMHbIX BOJ,
BCerfa MpOMCXOASIT H3MEHEeHHsI B eCTeCTBEHHOM pexHuMme H OaJjaHce noaseM-
IieiX BOJA. Bcedexcrsue o6pasoBakiss B 006JacTH BJAHSHHS BOA03aGOPHOTO
COOPYXKEHHS 30HBI NMOHHXKCHHBIX JaBJeHHH («BODOHKH JeNpeCcCHH») cosaa-
10TCsl 6.1aronpUsaTHbIe YCAOBHA [Js [pABJIeYeHHsT B MAHHBIH 3KCOIyaTHPY-
©Mblif BOJOHOCHBIHi TOPH3OHT JOIMOJHHTENbHBX PECYPCOB H3 NOBEPXHOCTHHIX
BOAHBIX HCTOYHHKOB 1 H3 APYIiX rOpu3odToB. Takum o6pasoM, B rpoiiecce
3KCIlyaTandi BoA03a00PHBIX COOPYKEHHE CO3/al0TCs KaK OBl JOMOJHHTENb-
Hple 3arachbl, He yYMTbIBAeMbie [PH PACCMOTPEHHH TOJBKO ECTECTBEHHBIX
YCJAOBHI.

O6uiee ypasHenue BoaHoro GasaHca Bomo3abopa MoxeT ObITb INpeA-
CTaBJICHO B BHJE:

Qs = Qc‘r + Qynp + Q,u wm Q,uon,

rie Q,— skcryiyaTauHouuble 3anachl (Le6ut Bomosatopa); Qcr H Qyup — HCOMb3yeMble
CTAaTHYCCKHE 11 YNpyrHe 3anlacbkl NJAaHHOTO MJacTa; Qnm{——HCHO.HbSyeMbIE JHHAMHYECKIIe 3a-
nackl (4acTb €CTeCTBEIIHOrO Dacxoja, 3axBaThiBaemass BOL03a0opoM); Quon — AOIONHH-
TeJIbHBbIC 3anachkl, IIPHBJICKAeMbLIC B IIPOUECCC 3SKCINYATAUHH BonoaaGopa.

[To reHeTHYCCKOMY NPH3HAKY AOIOJHHTEJIbHBIC 3a1aChl MOA3EMHBIX BOM
MoryT ObiThb KJaccupHuupoBaHb caeayiomum obpasom [25, 32, 82].

Hocrynaenue 800vt u3 cocednux 6GacceliHos B pe3yabTare CMeLICHHS
TIOA3eMHOTO BoJOpa3s/jesa IPyHTOBBIX BOA B MPOLECCe 3KCIJyaTauUH BOJO-
3abopa H yBenudeHHS B CBA3H ¢ 3TUM ero obsaactH nutauus (puc. 1. 1,a).

DurvTpayus u3 nosepxHOCTHuLX 8000TOK08 u 8odoemos (puc. 1.1,6).
IloBepxHOCTHBEIE BOABI SIBJISIOTCS OCHOBHBIM IICTOUHHKOM, OGCCHIEUHBAIOUIUM
NPOU3BOAUTCALHOCTL  OeperoBbix («HHOUALTPAHHOHNUBIX») B0A03a6OPOB B
aoauuax pek. CymecTBeHHYIO poJib HOBEPXHOCTHBIC BOABI HIPAIOT TAKXKe NpH
IKCIayarandn BoA03abopos B apresdaHckux Oaccefinax, KoHycax BuiHOCA H
JPYTHX PHAPOrCOJOTHYECKHX YCIOBHUSIX,
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Hmpu/zbrpaquﬂ armocgpeprvix ocadxos. [luTaune NOA3€MHBIX BOJ aTMO-
CPepHBIMH OcanKaMu ONpesessieTCsi COOTHOLICHHEM MEXAY HHTeHCHBHOCTBIO
HHHIBTPALME aTMOCHEPHBIX OCATKOB H HHTECHCHBHOCTHIO ucnapenns. O6p1y-
HO HHTCHCUBHOCTb MCHAPEHHS 3aBHCHT OT IyOHHBL 3aJeraulis ypOBHS IpyH-
TOBBIX BOJI. YCTaHOBJEHO, YTO CyLIECTBYET HEKOTOPAs «KPUTHUECKAsT» ray6u-
Ha 3aJeranusi TPYHTOBBIX BOJ, C KOTOPOH mauMHAETCHd 3aMeTHOe MX Hcmape-
uue. [Ipu rayGune, npesbimaionell «KpHTHYECKYIO», HCTAPEHHE C IOBEPXHOCTH
TPYHTOBBIX BOJ MOMKHO CUHTATH pAaBHBIM HYJI0. HauGoabluass BeJaHYHHA

Puc L1, CxeMbl DHTAHHS H BOCIOJHEHHS 3aI1ACOB MOL3EMHLX BOJL NPH MelCTBHH BOX03a60pPa

! H 2—ropH3OAT MOA3EMHEIX BOX 1O SKCIYaTAaHH H B NepHOA 3KCTAyaTaulH; 3, 4 -— BOjopa3ded
10 3KCNJAYyaTAUHH H B NEePHOM 3KCMIyaTalHH

HCTIapeHNs! XapaKTepHa I/ HOBEPXHOCTH 3eMJH (MOUBBI); NPUBIHIKEHHO ee
MOXKHO CYHTATb PABHOH HCIapAeMOCTH (T. €. HCIapeHHIO C BOAHOH MOBepX-
HOCTH). R

Wadunbrpannontoe mnurande onpeieaseTcss Mo PA3HOCTH  MEXKIY
HHTEeHCHBHOCTBIO MHQHILTPALKH aTMOC(pepHBIX 0CaiKOB u Hcnapenus, Cie-
J0BATEMbHO, NPH NOHHIKEHHH YPOBHS IPYHTOBBIX BOJ H YMEHbIUEHHH HHTEH-
CHBHOCTH HCrapeHHss MHGHABLTPAUHOHHOE NHTAaHMe BO3pacTaer, 4eM H 00y-
CJIOBJNHBaeTCsl oOpa3oBaHue JONOJHHTENBHBIX 3anacoB OpH 3SKCHIyaTanMH
BOf03a6opoe (puc. 1.1, 8).

Heperexanue uz coceOnux 800onocnbix 20pusontos. Tlpu 3KcuayaTaun
B0J03a00pOB B CJOHCTHIX CHCTEMAaxX BOJOHOCHBIX IJIACTOB, pasjeeHHbIX B
TOH WJIM HHOH Mepe IPOHHIAEMBIMH CJOSMH, MPOUCXOJUT nepepacrpejee-
HHe HAanopoB MOA3EMHBIX BOJ, B CBSI3H C YeM H3MEHAIOTCA NYyTH GHIbTPaLHH
H HEKOTOpHE BOJOHOCHBIE IJIACThI MOTYT SBHUThCH JONOJHHTEABHBIM HCTOY-
HHKOM NHTAaHUs BOJ03abOpOB CBEPX AHHAMHMUYECKHX 341acoB TOro ILiacra, B
KOTOPOM OHH HeNOCPECTBEHHO coopyxalorcs (puc. 1.1,e).

Ilpusaedenie nOBepXHOCTRO20 pOOHUKOB020 cTOKa. DOpMHpOBaHHe JI0-
NOJIHHTe/bHBIX 34M1aCOB B JAHHOM CJydde CBA3aHO C YMeHbIUeHHeM JeOHTA
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POJAHHKOB H HCTOMHHKOB MJIM TIOJHBIM HX HCUE3HOBEHHEM B NpPOLECCe IKCILIy-
aTalHd BoA03aGOpoB (IIPUMEPOM 3TOTO SIBJASIETCS] «MHBEPCHS» DOJHHKOB B
30HAX BBIKIHHMBAHHA I[OJ3EMHBIX BOJA B Koirycax BeiHoca) [31,32] (pwuc.
1.1, 9).

Hcxyccrsennoe nutanue 8000HOCHbLX 20pu3onTos. lpH axcmuyarauuu
BOA03aGopa ecTeCTBEHHbIE 3aN1aChl [MOA3EMHBIX BOA MOTYT ObITh CyIIECTBEH-
HO yBeJHUYEHBb! MyTeM YCTPOACTBA HHQPUIbTPAUUOHHBIX 64CCEHOB, KaHAJOB
1 JPYTHX MOAOGHEIX COOPYXeHHH, B KOTOpbIe CEHHAJbHO IMOJABOANTCS BOAA
13 NOBEpPXHOCTHHX HcTOUHHKOB (pHuc. l.1,e). B mogxopsuux ycaosusx mas

Puc. 12. CxeMHn H3MeHeHHs 3aMacoB nojaseMiblX BOJA B TMpoliecce 3KCr.1yaTauun

a — pH NOCTOAHHOM AeGHTe; 6 — NMpH Bo3pacraiouleM felHTe

3THX LeaeH UCIOMb3YIOTCS TaKXKe CKBaXKHHBI, Yepe3 KOTOpble MOBCPXIOCTHBIE
BOJIbl HH'BCLHDPYIOTCH B [JIACT.

BoposaGopubie Coopy:KeHHs, KAK NPaBHJIO, TOJIbKO B MEPBble EPHOLBI
0o0ecreynBaOTCA 3aMacaMM BOJABI, 3aKJIOUEHHBIMH HEMNOCPEACTBEHHO B 3IK-
CINIyaTHPYeMOM naacre—craTiieckKiMd Q.o B GE3HANOPHBIX MIacTax H
yHUPYTHMH Qymp B n1anopHeIX. B pajbHeiiuliem pospacrtaeT posb AHHAMHYECKHX
3anacoB Qmun B AONMOJHUTENBUO MPHBIEKAEMBIX HCTOUHHKOB Quon. IIpu 3TOM
3HAUUTEJNbHA YaCThb JJIHTEAbHO 2KCIIYATHPYEMBIX B003260OPOR GOJBIION
NPOU3BOJAHTEbIIOCTH paboTaeT B KOHEUHOM HTOre NOUTH LEJIHKOM HA [OJ-
3eMHBIX BOJAX, JONOJHHTC/ALHO NPHBJAEKaeMbIX B IKCOJIyaTHPYyeMBill BORO-
HOCHBIH ropu3onT. K TakuM Bojpo3abopaM OTHOCATCA NpexIe Bcero Gepero-
Bble BOJ03a00pEl B PEYHBIX A0MHHAX. B aHaJOrHUHBIX yCJOBHSX HAXOAATCS
BO#03a00phl KPYIiibiX apre3uanckux Gacceitnos. Hanpumep, B MockoBckom
apresHanckoM Oacceiide Boj03a00piible CKBAXKHHB!I B BOJAOHOCHDLIX [OPH30H-
TaX KapOoHa B 3HAYNTeJbIION MEpe HUCNOJAb3YIOT BOABI UETBEPTHUHHIX H Me-
3030HCKHX OTJOXEHHI!, [CPEeKpPHIBAIOMIUX KaMeHHOYTOJAbHBE BOAOHOCHBIC
NJIacThHl,

Ha puc. 1.2 nokasasa npuunmunuajbiias cXeMa H3MCHeHHsST OCHOBHBIX
3JeMeHToB 6ajanca NOA3EMHBIX BOJ B rnpouecce 3KCIIyaTamlly B0103a60poB
[25, 82], korna oBmuit 3KCOAYATANNOHHEIT pacxXol Bogo3abopa coxpaHser-
Csl B TeYeHHe BCero nepuoia nocrosuupiM (puc. 1.2, @) u npn veeanuusaio-
IEMCsl CO BpeMeHeM jefHTe BOA03aGOPOB: yIELHLIT BeC AOMOJHITeIbHEIX
HCTOYHHKOB IHTaHMS B 3TOM CJyuyae Takxe Boapacraer (puc. 1.2,6).

MeroauKa pacuera JONOJHHTENbHBIX 3a11aCOB BO MHOrOM Onpeac/sieTcs
XapaxKTepoM B3aMMOCBSA3H OCHOBHOrO 3KCIJIyaTHPYEMOro nmjacra ¢ BIELIHUMH
[ICTOUHHKAMH NIITANIS, YUACTBYIOLUIMI B ofecnedeHili IPON3RCINTe IbHOCTH
Bofo3aGopa. B cBA3H ¢ 3TUM MOXKHO BBLIC/IHTb CJAELYIOUIMC BIILI TOMNOMHH-
TeJIbHOTO MHTAHHS [1aCTa H COOTBETCTBEHHO AONOJHUTEJALHBIN 3anacos [82].

Pacnpedesennoe 0onoanuTesbHoe nUTAHue — 0 BCeH IJI0ma i pacnpo-



CTpaHeHHus BOAOHOCHOTO ropusonra. HauGosnee xapakrepHbiM npumepom Ta-
KOTO NHTaHHSl ABJAACTCA HMHQHAbBTpaUHs aTMOC(EpHBIX OCAJKOB, a TaKkKe
B3aUMOJCHCTBHE COCEGIHHX (B BEPTHKAJbHOM paspe3e) BOJOHOCHBIX FOPH-
30HTOB, pPa3je/eHHbIX C1aGONPOHHIAEMbIMH CJIOSAMH,

Cocpedorouennoe OONOARUTEAbHOE NUTQHUE — B HEKOTOPBIX TOYKAX
HJIH HA OTAEJbHBIX OTDAHHYEHHBIX yYyacTKax 06JacTH (UJIbTpallH, HANPH-
Mep, 4epe3 TaK HasbiBaeMble <«JIMTOJOTHYECKHE OKHa», T. €. JIOKaJbHbie
¢daunanbHble U3MCHEHHS WM 30HBE BHIKJIHHHBaHUA Pa3je/sioiuX ca1a6onpo-
HHU@eMbiX TJ1aCTOB.

1. EcmecnBernsie T 3rcnayamayuormbe

3cnaces 3anacs
Cmamuyecsue Ynpyewe || qunamuvecnue| | Henoresyertee
3anacs: sanacs: sanace, ecmecimbennsie
/ lanacss
L ] ¥ )
AanosrumerbrHbee
sanacs
Pabromesropacinpede~ Cocpedomoyerroe boroboe
NERFAL NUTIOHUE nUMaHUe PUMAHUE
78pemensHu s /\ /\ PUnbTPOEUS
YEPe3 L5300 - P Nepemeranue |Mpubnsvenue| \Hcrycemben-t |5 nose pX0C-
PDORLUBEMY A e wepes, numonod | podwurobozo OB Trrsix Bt
7EDeE Y] P zi;/ecme o CTOKD PUMAHUE roRDE
107
e p—

Puc. 1.3. Cxema KnaccHHKauHy 3anacoB M0J3€MHEX BOJ,

JpyruM npuMepoM COCpPefOTOUGHHOrQ NHTAHHS SBJSETCS NMPHBJCYCHHE
POAHUKOBOrO CTOKa B Ipollecce 3KCIJIyaTallHW Bogo3abopa.

bokosoe donoanureabnoe nuranue 8000HOCHO20 NAACTA — HA IPAHULlAX
06.1a¢TH QUABTpALWH, HaNpHMep, B IIacTaX, OKOHTYpPEHHBIX BOAOTOKaMHu,
BOJOEMaMH HJIH BOAOHOCHBIMH INMOpPOAAaMH, COCTaBJASIOIHMH XOTS H THAPAB-
JIMYECKH CBSA3aHHBIH ¢ 2KCNJIYaTHPYEMBIM IJIACTOM, HO B 3HAYHTEJBHOH Mepe
CaMOCTOSAITEbHBIH BOAOHOCHBIH KOMIIJIGKC.

CxeMa KJaaccHpHKAIHH 3aMacoB NOA3CMHBIX BOJ, a TaAKKe COOTHOLICHH e
H B3aUMOCBf3b BbIACJCHHBIX THIOB 3alacOB BOA NpPHBEAEHB! Ha puc. 1.3,

IKcIJyaTauMOHHbIC 3aNachl MOMKHO OLEHHBATb Ha JOKA4JbHBIX, GoJee
HIH MeHee OrpaHHYEHHBIX YYacTKaX BOJOHOCHOrO INIACcTa HJH B Npemenax
KPYNHbIX pafOHOB, OXBATBIBAIOIIMX LE/JIHKOM BeCb IIACT HJH CHCTEMY BOAO-
HOCHBIX TOPH30HTOB.



KJ'laCCH(bHKallHﬂ IKCNJIYAaTAUHOHHBIX 3anacoB NOA3EMHBIX BOJ
1o CTeNneHH H3YYCHHOCTH

B nefictBylouelt HblHEe K1aCCHQHUKALHNH 3KCIIYyaTalOHHbIE 3aMachl N0A-
3eMHBIX BOA [74] B 3aBHCHMOCTH OT CTelleHH pa3BelldHHOCTH, H3yYEHHOCTH
KAYeCTBA BOJbl H YCJOBHI 3KCIJAyaTAlHH pasjelsioTCs HA YETHIPE KATEro-
pun— A, B, Cy, G,

Karecopus A — 3anmacnl, pasBeJaHHble H H3yYeHHbIe C J€TAJIbHOCTbIO,
ofecneynBalollell MOJHOE BHISICHEHHE YCJOBHI 3a/eraHusl, CTPOEHHUsI M BeJH-
YHH HANOPA BOJOHOCHBIX TOPH30HTOB, @ TakKkKe (QHALTPALUOHHBIX CBOHCTB
BOLOBMEIIAIOUIUX [I0POJ; BBISCHEHHE YCJOBHH NHTAHHS BOJOHOCHBIX TFOPH-
30HTOB 1i BO3MOXKHOCTH BOCIOJIHCHIIS 3KCIMIYATAINOIIILIX 3a1aCOB, YCTAHOB-
JIEHHE CBSI3M OLIEHHBAEMbIX MOJ3EMHEIX BOJ C BOJAAMH JAPYTHX BOJOHOCHBIX
TOPH30HTOB H NIOBEPXHOCTHLIMH BOAAMH.

KauecTBo 1013eMHBIX BOJ ONDEeJEJEHO C JOCTOBEPHOCTbLIO, obecneunBa-
Iollefl BO3MOXKHOCTh HCIOJNL30OBAHUS HX [I0 3a/laHHOMY Ha3HAYEHHMIO Ha pac-
YeTHBIA CPOK BOJONOTpebaeHus.

IKCnyaTalHOHHLIE 3anachl NOA3CMHBIX BOJL HA y4acTKe NMPOEKTHpYeMo-
ro Bojiozabopa ompejesieHbl MO AAHHBIM 3KCIJyaTalH, ONBITHO-3KCIAyaTa-
IMOHHEIX HJ/IH ONBITHBIX OTKadeK.

Karecopus B — 3amacel, pa3BeflaHHble H H3yYeHHBIE C INETaJbLHOCTHIO,
o6ecrneunBalollell BLISICHEHHE OCHOBHBIX OCOOEHHOCTEH YC/AOBHI 3ajerauud,
CTPOEHHS M MHUTAHHS BOJOHOCHBIX TOPH30HTOB, a TaKXkKe yCTAHOBJIEHE CBSI3H
IIOJ3eMHBIX BOJ, 3a4IaCHl KOTOPBIX ONpPEAeNsIOTCs, ¢ BOJaMH [PYTHX BOMAO-
HOCHBIX FOPH30HTOB M NOBEPXHOCTHLIMH BOAaMH, NPHUOJHIKEHHOE OIpejelie-
HHE eCTeCTBEHHBIX BOJAHBLIX PeCypPCOB KaK HCTOUHHKOB BOCTIOJIHEHHS IKCIIya-
TAIHOHHBLIX 3aI1aCOB IOJ3€MHLIX BOJI.

KadecTBo MoJ3eMHBIX BOJ HM3YUCHO B TAKOH Mepe, KOTOpAas MO3BO.ISET
YCTAHOBHUTb BO3MOMKHOCTb HCIIO.1b30BAHHS HX [JIs1 3a/lAHHOTO Ha3HAYEHHS.

DKenyaTanpHoHHble 3amachl NOJ3eMHBIX BOJ HA Y4aCTKe NPOEKTHDYe-
MOro Bo103a60opa Onpefie ieipl M0 JTallbIM ONBITHBIX OTKAUYeK Il 10 pacueT-
HOH 3KCTPANOJSLHUA.

Kareeopus Cy— 3anach, pasBejaHHble H H3y4YeHHbIe C JIE€TaJbHOCTHIO,
ofecneunBaollell BHSACHEHHe B OOLIHX YePTaX CTPOEHHS, YCJAOBHI 3ajeraHus
1 pacnpocTpanenis BO10IOCHLIX TOPIi30HTOB

KauecTBo mo/3eMiIbIX BOX H3YYEHO B TaKOH Mepe, KoTopas ofecrneunBa-
eT Ipe/IBapHTeNbHOE pellleHHe BOIPOCA O BO3MOXKHOCTH HX HCIOJAL30OBAIIHSA
N0 3aJaHHOMY HAa3HAaYeHHIO.

IKcIyaTALHOHHBE 3aMachl MOA3EMHBIX BOJ ONpejeselbl 10 AAHHBIM
npo6HbIX OTKAYEK U3 €MHHYHBIX Pa3BeOYNibIX BLHIPaGOTOK, a4 TAKKe [0 aHAa-
JIOTHH C CYLIeCTBYIOUIHMH B0OJ03a60pPaMi HJHM IPHUMBIKAIOUIMMH Y4acCTKaMH,
10 KOTOPBLIM 3A4MaChl IOJ3€MHEIX BOJ TOTO K€ BOAOHOCHOTO rOPH30HTA OIpe-
neneust no kareroplin A u B

Karceopusa Cy — 3anacel, yCraHOBJIEHHBIE Ha OCHOBAHII 00X MEOJI0r0-
TII1POTE0NOrYE€CKHX [aHHbIX, NOATBEpKAEI'HbIX onpoboBaliieM BOJOHOCIIO-
r0 TOPH30NITA B OTAEAbHHIX TOYKax JHGO IO 4HAJIOTHH C pa3BelanlibMi
y4acTKaVH.

KauecTBo 11013eMHBIX BOJ OIpPefAeneHo no npo6am, B3ATLIM B OTIeJAbHBIX
TOYKAX BOAOHOCIIOTO TOPH30HTA, JHOO IO a11aJOTHH ¢ M3YUEHHLIMH y4acTKa-
MH TOTO K€ ropi30iTa.

IKCnayaTalHOHIBIC 3ai1achl MOJ3eMIILIX BOA ONpefdeseiisl B Ipeaesnax
BBISBJCHHLIX GJ1arONPHATILIX CTPYKTYP H KOMIJIEKCOB BO/0BMCLIAIOUIHX
nopoj

DKCnly aTalONNILIC 3aMachl IOA3CMIBIX BOJ MO HA HaPOZHOXO3SIC IBCII-
HOMY 3HAUEHHIO Pa3/esIoTCs HA JABE IPYIIILI:
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a) 6ajnaHcOBHE 3aMachl, HCIIONb30BAHHE KOTOPLIX KOHOMHMYECKH lieJe-
c006pa3sHo M KOTOPbIE J0JKHBI YAOBIETBOPATL TPEGOBAHUAM K KauecTBY BO-
O6l JAHHOTO HAa3HAYEHHST M 3aJaHHLIM YCJIOBHSAM pEXKHUMA 3IKCIIyaTalUH;

6) 3a6asaiicoBble 3allachi, HCIIOAb30BaHiIe KOTOPLIX B HACTOSIlee BpeMsl
KOHOMHUYECKI HEene/1ecoo0pa3Ho BCJAEJACTBHE MaJoro KOJAHYECTBA, HECOOT-
BETCTBUS KAYECTBA BOJbl 3aJAHHOMY HA3HAYEHHIO, H3-34 0CO60 CJIQKHBIX yC-
JOBUIT 3KCILIyaTaniu, HO KOTOpble MOTYT PACCMATPHBATLCS KaK OGBeKT Hc-
MoJIb30BaHHs B Oy 1yIIEM.

CocTaBJieHye MPOEKTOB U Bble/leHHe KAHNTAJALHLIX BJQOKEHHI HA CTPOH-
TeJbLCTBO HOBBIX M PEKOHCTPYKIHIO AEHCTBYIOIHX BOA03aGOPHLIX COODYyIKe-
HHI TIPH CTOUMOCTH HaMeuaeMblx pa6oT csbile 500 Toic. py6. (A1g 06bEKTOB
¥KEJIE3HOLOPOKIOr0 TPAHCIOPTA — cBbilie | MJaH. py6.) NIPOU3BOAATCA TO.Ib-
Ko mo yrBepxaeHubniM B I'K3 (TlocynapcTBenHas KOMHCCHS [0 3amacaM
noJe3nbix HckonaeMmbix npu CoeTe MunuctpoB CCCP) 3amacam, mpHuem
BCS MPOEKTHAS NPOH3BOANTENbHOCTb BOA03aGOPHOTO COOPYKEHHS TOJMKHA
OLITL ofecleyeHa 3anacaMmi mo kateropuam A n B (A—B pasmepe He
MeHee 50%), XapakTepn3yIOIIHM BbLICOKYIO CTelleHb H3YYeHHOCTH H J0-
CTOBEPHOCTH 34MacoB.

Kareropus skcnnyaTanHOHHBIX 3aIacOB IOJA3€MHbLIX BOJ AOJXKIA yCTa-
HABJMBATLCH HA OCHOBE MATEPHAJOB KOMIJIEKCHLIX H3bICKaHUIl, 06beM H coc-
TAB KOTOPHIX B KAK/AOM KOHKDETHOM cCJyuyae ONpEeJeJsIOTCs CJOXKHOCTLIO
IPUPOANBIX VCJOBHi, CTEIEHbIO X H3YYEHHOCTH, BCJIHYHHOR BOAOnoTpebie-
HUA U CTaJUCH NIPOeKTHPOBAHHSA.

3. OCHOBHBIE 3AJAYU U CTAOHUU TNMPOEKTUPOBAHHWA BOJO3ABOPOB
MNON3EMHBIX BCOA. TPEBOBAHUA, MPENBABJIIAEMBIE
K MATEPUAJIAM HU3bICKAHHH

OcuoBibiMIi 321aYaMu NPOEKTHPOBAHHS B0J03460POB NOA3EMHBLIX BOJ
ABJIAIOTCA:

1) BuiGop THIA, CXeMbl H KOHCTDPYKILIH BOA03a60pa;

2) ycraHoBseHHe Lenecoob6pasHoro crnocoGa NEOH3BOACTBA PaboT mo
COODPYKEHIHIO Boao3360pa B COOTBETCTBHII ¢ KOHKPETHbIMH THAPOreoJ0rHidec-
KHMH YCJOBHUSIMY;

3) pacueT NMPOU3BOAUTEJBHOCTH BO03a60pa M NMOHHXKEHHHA YPOBHS KAk
B caMOM B0j103a060pe, TAK U B 30He er0 BJIHSHUS B TeUeHHe HaMeyaeMoro cpo-
Ka 3KCINIyaTalHHy,

4) NporsHo3 KauecTBa IOJA3EMHLIX BOJ H COCTABJEHHE NPOEKTA 30H CAHH-
TAPHON OXpaHbl, 4 IpH HEOOXOAMMOCTH TAKkKe NPOEKTa CIerHaJIbHbiX Mepo-
NPHSTHH N0 OUHCTKE H NMOATOTOBKE NOA3eMHLIX BOJ H 34lIHTE HX OT 3arps3ne-
HHS  XO3AHCTBEHHO-OLITOBHIMH H NPOMBIUIJIEHHBIMH CTOKAaMH H OTXOoAaMu.
Ilpy BO3MOXKHOCTH MOATSATHBAHHA K BOA03a6OPY COJNEHbIX NMON3EMHLIX BOR
H U3 NOBEPXHOCTHbLIX BOJOTOKOB H BOLOEMOB B NIPOEKTE JOJKHbLI SBITh mpe-
LYyCMOTPEHbi MepbI 10 NPeJOTBPAIIEHHIO TAKOH OIACHOCTH;

5) oneHKa BO3MOXKHOTO BJHSHIS Bojo3abopa npi IJHTENLHOH ero
3KCIIYyATAUH Ha& OKPYKAIOUIYI0 IPHPOAHYIO O6CTAHOBKY H 3KOJOrHUECKHE
ycJ10BHS;

6) BbIGOD, KOMIIOHOBKA H COCTABJEHHE MPOEKTa CBA3LIBAOUHX BOJIO-
3aB0pHbie COOpYKeHHsS KOMMYHHKAanHil — Tpy6onpoBoAoB, MOABE3MHbiX J0-
por, uHHH 311eprocHalkennd, CBA3H N yIpaB/JeHHs; pa3paBoTKa MPOEKTa
BePTHKAJbHO NJAHHPOBKH Y4acTKa pa3Melleiind Bogo3abopa;

7) pa3paGoTKa CTPOHMTENbHON 4YacTil MPOEKTa 34aunil M COOPYKEeHHIl,
CBA3AHHBIX C BOA03a060pOM (IAaBHAbLOHLI W 3AaiHd HACOCHLIX CTAHLHI,
Tpanc@opMaropuble U T. 1.);

8) TeXHHKO-3KOHOMHYECKOE CONOCTABJEHHE KOHKYPHPYIOIIHX BAPHAHTOB
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H BLIGOp ONTHMAJBHOTO BapHaHTa BoA03abopa; cocTap/ieHHe CMeTH 3aTpaT
Ha CTPOHTE]LCTBO BOA03abopa BHIOGPAHIIOrO BAPUAHTA U COIYTCTBYIOUIHX CO-
opyXenuil.

ITpoekTupoBaHHe BOJ03460pa MOA3EMHLIX BOJ MOXKET OCYIIECTBAATHCS
B JiBe CTA[UH-— TeéxHuuecKuil npoekr H pabouue Heprexcy WIn B OJAHY
CTAJIHI0 — TexXHO-pabouuil npoexrT.

Ilpu npoekTHpoBaHuH BOA03a60POB NOA3EMHLIX BOJ, SABJSIOLIHXCA CO-
CT4BHOMl YaCThIO CHCTEM BOAOCHaGKEHHA KPYNHBIX NPOMBILIJIEHHLIX paiOHOB
HJIM TOPONOB, YKa3aHHbIM CTafMAM NPEANIECTBYET COCTABJIEHHE TEXHHKO-9KO-
HoMHueckoro obocuoBanua (T20), cxeMbl HJIH eIHNIOro reHepaJbHOro mnjaa-
Ha KOMIIJIEKCHOTO HCIOJAb30BAHUS BOJHLIX PeCYDPCOB B HaHHOM DafioHe H HX
OXPAaHbI OT 3arpsA3HEHH.

B T20, cxemax, remepajbHbiX NMJaaHaX BOJAOCHAGKEHHSA ROJKHBI ObITh
OCBellleHbl CJeYIONHe BOIPOCL:: BOJIHLIE pecypchi pafioHa; cyulecTByoulee
HCIIONL30BAaHHE BOAHBLIX PECYPCOB; IepPCIEKTHBL DA3BHTHA Bo1onorpebe-
HHUA;, BBIOOP HCTOUHHKA BOLOCHAGKEHHS.

B TeXHHYECKOM IpoeKTe pellaloTcsd BCE OCHOBHblE 3a/1aud Mo BLIOOpY
YUacTKa PACMOJIOKEHUS BOA03a60pa, THIA, CXeMbl H KOHCTPYKIHH COOPYKe-
HHH, oNpe/efeHHI0 INPOHU3BOAMTENILHOCTH H pEeKHMAa HX 3KCILIyaTaluH, op-
raHU3alUH 30H CAHUTAPHON OXpPaHLl H T. 1. B TeXxHHYeCKOM NpoeKTe onpe-
OeJITI0TCA CTPOHTeNbHbie H 3KCIMyaTAllHOHHbIE 34TpaThl 1o Bono3abopy H
DaeTCsl ero TEXHHKO-IKOHOMHYECKAsl OLIEHKA C COOTBETCTBYIOIIHMH COIO-
CTABJEHHAMH KOHKYPEHTOCNOCOOHLIX BADHAHTOB,

PaGoune uepTeXH HA CTPOHTEJLCTBO COOPYKelnil pa3pabaTLiBaloTCA B
COOTBETCTBHH ¢ YTBep KJIEHHBIM TeXHHUecKHM npoekroM. Ha 3Tofi crapmn
NIPOEKTHPOBAHUS YTOUHAIOTCA H AETAJM3HPYIOTCA NPHHATLIE B TEXHHYCCKOM
npoekte penienus. PaGoune uepTexIl — TeXHHYeCKHH AOKYMEHT, 110 KOTOPO-
MY OCYIIECTBJISETCH NPOH3BOJACTBO CTPOHTEJIbHO-MOHTAXKHBLIX DPaborT.

151 060CHOBAHUA MPOEKTOB B01034060POB II03€MHLIX BOJ, BLINOJHSIOT-
¢S KoMIlIeKcHble n3bickannsa. Cocras, 06beM 1 JeTaJbHOCTb H3BICKATENbCKHX
paboT B KaxkJAOM KOHKDETHOM CJyuae ONpPele/sIOTCA CTelelbio CIOKHOCTH
NPUPOAHBLIX YCIOBHI PafioHa pa3MelleHHd B0a03a60POB, I'HJPOreoaorHuec-
KOH H3y4YeHHOCTbIO DafioHa, BeAHUHIION BoAOMOTpebJeHHs H CTaaHeH mpo-
eKTHPOBAaHHS.

B mareprnaJjax u3biCKaHI AOJKHEBI GLITH OCBEIIEHbI:

a) ¢usnko-reorpaduyeckue yc/aoBHs pafioHa (Kn1uMar, peabed, pactu-
TeJILHOCTL) ;

6) rHAPOJOTHYeCKHH DPEeXKHM OTKDPLITBIX BOMHBLIX HCTOUYIIKOB (pEK, 03ep,
BOJOXPAHHJINII, KAHAJOB), CBA3aHNbIX C NMOA3eMHLIMH BOJAMH;

B) reoJsioruueckoe crtpoenue (crparturpacdus, JUTOJOTIA, TEKTOHHKA H
rcomopdodorus);

r) yCJIOBHS 3aJlerdHHs BOJOHOCHOTO IJIACTa, er0 PasMepsl B IJalie U B
paspese;

Jl) THOAPOreoJOrHYecKHe YCJIOBHS: COCTAB H BOAOIPOHUIIAEMOCTD 11JacTa,
Nbe30NPOBOJHOCTL H BOJOOTAA4a, XapaKTeD KOHTAKTA JAHHOTO BOJOHOCHOTO
NaCTa ¢ OKPYXKAMUIHMHU NOPOIAMH B ILTAHE U B pa3pese, cOCTAB II BOAOIPO-
BOJHMOCTb OKPYKAIOUIHX NMOPOJ, HCTOUHHKH MITAHHA BOJOHOCHOrO ropiisoi-
Ta, YCJIOBIY B3aHMOCBSI3H NOJA3EMHBLIX BOJ C IIOBEPXHOCTHHIMH BOJOTOKAMH
W BOJLOeMAaMH, CTelleHL HecOBepUIEHCTBA nocaefnuXx (raybuna Bpesa, 3anJeH-
HOCTb M HaJHuHe TJHHHUCTBIX INIPOCJAOEB B JOXKe BOJAOTOKOB U BONOEMOB),
ray6uHa 3asleraHus H GopMa Mbe3OMEeTPHYECKON NOBEPXHOCTH WJH 3epKaJa
(cBOGOAHOI MOBEPXHOCTH) BOAOHOCHOTO MOPH30HTA;

¢) peXHM NOA3eMHbIX BOx (TOLOBOIN H MHOrOJIeTHHIT) ;

JK) K4yecTBO MOA3eMHLIX BoA ((pH3HYeCKHe CBUNCTBA, XHMHYECKHI COC-



TaB, NOKa3aTeJH OaKTepHaJbHOT0 H XHMHYECKOTO 3arps3HeHHs) AaHHOTO
BOJIOHOCHOTO OPH30HTa i OKPYKaIOIHX ero TOPH30HTOB, 4 TAKKe NMOBEPXHO-
CTHBIX BOJ;

3) caHHTapHble YCJIOBHS paifoHa pa3Merlenns Bogosadopa.

Kpome Toro, B MaTepHasax H3biCKaHHI JOJKHb ObiTh OXapaKTepH30Ba-
HB HMelolHecs B pafione INPOEKTHpyeMOro Bojo3abopa apeHaXusie,
BOJIONIOHH3HTE/ILHLE N BOJOOTJAHBHBIE COOPYKEHHs, BO03a60pHl MOA3EMHLIX
BOJ M APYTHE COOPYMEeHHS, CBS3aHHBiE C NOA3EMHbLIMH BOJAaMH AaHHOTrO BO-
JIOHOCHOTO TOPH30HTA.

BecbMa BaXXHLIMH SBJSIIOTCS MaTepHaJfbl, OCBEIAIONHE YC/I0BHA KaHa-
JH3aHH M CKAajJHpPOBaHHs CTOKOB H OTXOM0B GaHKaiiux K Boposabopy
NpOMBILIIEHHHIX NPeANnpHsATHii. B mnpouecce H3bLICKAHHH [0JKHB ObITh C
JAOCTATOYHON MOJHOTON H3YyYeHLl LIJaMOXPaHHJWINA, HAKOIHUTEJNH, HCIapH-
TesbHble GaccedHBl ¢ YCTAHOBJEHHEM COCTaBa CKJaJHPYEMBLIX CTOKOB II OTXO-
JI0B, peXKUMa HX 9KCIIyaTalHy, HaJIYus B HUX 5KPAHOB, ApeHaxkeld W 1Apy-
THX NpPOTHBOQH/IbTPALHOHHHX coopy:KeHuit. Ha ocHOoBe aHanuH3a 3THX TaH-
HBIX U B Pe3ysbTaTe CIElIHAJbHBIX IIOJIEeBbIX HCCAEOBAHHA HYXHO OUEHHTH,
HMeeTCst I B flaHHoe BpeMsi (HJIbTPAalUI CTOKOB H OTXONOB B BOJOHOCHBIN
TOPH30HT M BO3MOXHa JH TaKoBasg B OyAylleM IIoCJe BBOJa B JeRCTBIIE
NIPOEKTHPYeMOro Bojgo3abopa.

[1pu npoekTHpOBaHHH KPYINHBLIX BoJ03a60DOB TOJ3CMEBLIX BOJ, KaK yXe
0TMeuasoch, HeoOXOAUMO OLEHHTb BO3MOXKHBIE H3MEHEHHsS BCEro KOMILIeK-
Ca TNPHPOAHBLIX VCJIOBHI — MOYBEHHO-60TAHHYECKUX, THAPOMEIHOPAaTHBHLIX
M CalHTapHBIX YCJAOBHH paiioia # OTAE/NbHBLIX €r0 YYaCTKOB IOJ BJIISHIIEM
HaMeyaeMoro or6opa noaseMubix BoA. [nsa 3TOTO KpOoMe TPaAMLHOHHLIX
reoJIOrHUeCKHxX, TIHAPOTEOJOrHYeCKHX H JAPYTHX MNOAOCOGHEIX  H3bLICKAHHHK
JIOJIZKHBl TIPOBOAHTBLCS CIElHANbHLIC HCCJe0BaHHSA — II0YBEHHBIE, reoBoTa-
HHYecKHe, caHHTapHble, NPOBEACHIe TAKHX HCCJACHOBAHHA ClelyeT IopyyaTh
HayYHBIM H [3BICKATENLCKHM OPTaHII3AlHAM COOTBETCTBYIOUIETO MPoduJs.

KavecrBo nonsemusix Boa ouennBaercss mo 'OCT ¢ yueToM KOHKpETHHX
TpeGoBaHHUIl BOJONOTpeOUTENEH, B CBA3H C YeM H BLIIOJHSIETCS ONpeeneH-
HLIA KoMIIeKC PH3UKO-XHMHUYECKHX H GaKTepHOJOTHYECKHX aHAJH30B.

Hakonern, pis 060CHOBaHHS CTPOHTENbHON 4acTH IIpoekra Bogo3abopa
JOJKHBL OLITH NMOJy4eHbl MaTephalbl N0 Tonorpaduy, HHXKEeHEpPHOH reoso-
THH paiioHa (XapaKTepHCTHKH (PH3HYECKOro cOCTOSHHS H (H3HKO-MeXaHHue-
CKUX CBOHCTB I'DYHTOB), arpecCHUBHOCTH Cpejbl, B KOTOPOHl OyaAyT HAXOAHThb-
CA COOpyXKeHHs INpH 3IKCIyaTalldd, a TaKxkKe CBeJIeHHS O MeCTHLIX CTPOH-
TCJBLHBIX MaTepHaJsax, HX 3amacax H KayecTBe,

[pn pasmeurennn Bogo3aGoOpHLIX COOPYKeHHH B paffoHaX pa3BHTHA
coBpeMeHHBIX (QH3HKO-TeOJIOTHYEeCKUX SIBJEHNI M INpoleccoB (KapcT, ONoJs-
1, 06BAaJIbLL, CedH, MOAMBIB, 00pylienie Geperos), a Takke B paiiollax ¢ 0co-
OLIMH yCI0BHAMH (MHOTOJIETHSISE Mep3/0Ta, CefICMHYHOCTDb, IPOCafO4YHOCTD,
HalyXxaeMoCTh H IyuyeHHe TpPYHTOB, BO3MOXKHOCTL TOJATOINIEHHS MJIH IOA-
paboTKH TeppHTOPHH) B HCXOAHLIX MaTepHajax AJs NPOEKTHPOBAHHS AOJK-
HB! 6BITh NIOAPOGHEIE CBeAEH IS 00 ITHX SBJEHHSX H IIpOIeccax H peKOMeHAa-
UHH 1O yYeTy HX B INIpOeKTe H pa3pafoTKe MepONPHATHH, HCKJIOYaIOMUX
HEraTHBHOE HX BJHSHHE HA COOpYAKEHHUS.



Fnasa II

COOPY)XEHHUS OJi 3ABOPA NMOJA3EMHBIX BOJ

1. COCTAB BOJAO3ABOPHbIX COOPY)XEHHH

PaznuyaloT nBe cHCTeMbl BOJONPOBOAHBIX COOPYXKeHHHA: BHeIJIOMan0u-
HYIO — OT HCTOYHIIKA JI0 BHeUIHe# IpaHHUb BOAONOTpebGHTens (HaceJeHHO-
ro IMyHKTA4, IPeaNpHATIIA) (I BHYTPHIJIOIIALOUHYI0O — HA TepPUTOPHH BOJO-
norpeburens (IocaeAHAs 37eCh He paCCMAaTpHBAETCH).

BozonpoBoabl BHENJIOUAJOUHBIX CHCTEM BOJAOCHAGKEHIIS 113 NMOA3eMHbIX
HCTOYHNIKOB B 00UleM Cjyyae COCTOSIT M3 CJAEAVIOIIHX COOPYKENIIH:

a) BOJAONpHeMHBIX (KANTa:KHBIX) — JJ8 [IpdeMa BOAbI M3 HCTOYHHKA
(BOZOHOCHOTO I1J1aCTAa);

0) HACOCHBIX CTAHUUI 1/ NOABEMA BOIbI;

B) COODHBIX BOJIOBOJOB;

T) COOpyKeHHH II0 NMOJITOTOBKE H YJYYIUEHHIO KAaYeCTBa BOILI;

N1} HACOCHBIX CTAHWIIH H MATHCTPAJIbHBIX BOJOBOJAOB /17151 TPAHCIIOPTHPO-
BaHHA BOJbI K MOTPeldIITENIO;

€) pe3epByapoB jJd IIpHeMa BOAbl U NOCJAEAYIOUEH ee MepeKaYKH H A5
XpaHeHId BOJIbl B Ka4eCTBe IPOTIIBONOKAPHOTO 3amaca;

’K) BOJIOHAIIOPHBLIX Gapren A5 pery.lIpOBaHIig pacxoja BOJILI BO BHYT-
PHILJIOUAIOYHBIX BOJAOIPOBOIHBIX CeTAX i1 IIO;1/1epKaulisg B I1IIX HANOpPOB.

O61mas cxeMa pacroJ/o/KeHIId COOpYyKeHIIHl BHEllJIOUla T0UHOT0 BO0CHA6-
JKEeHHS 3 I0J3eMHbIX HCTOYHIIKOB, NIpuBeaentas Ha puc. I1. 1, apnsercsa nan-
foJsiee PACIpoOCTpalleHHOH B MPAKTIIKe CTPOHTEJIbCTBA BOAO3a00POB MOA3EM-
HBIX BOJ, KOTA4 B KayecTBe BO/IONDIIeMILIX (KANTAKHbiX) YCTPOHCTB mpnMe-
HSIOTCA CKBAXKIIHBI (ILAXTHBIE KOJOAUbI) H TpebyeTcs yayullelile KauecTBa
H3BJ1€KAEMON 113 BOJONHOCHOr0 NJ1AaCTa BOALI Nepel nojfauell ee norpeGuredio.
B sTOM cayuae BoAa M3 BOAOHOCHOTO NJIACTA MOCTYNAeT B BOJAONPIIEMHLIE
CoOpy:KeHHS [, OTKYyAA C NOMOUIbIO 1aCOCOB, MOAKJIOUEHHBIX K HCTOUHHKAM
SUEPriNI 11 CIICTeMe KOHTPOJST H YIPAaBJISHIA, PACIONOXKEHHHM B 3[lAHHH HAJL
NPHEMHBIM COOPYXeHHeM 2, BoJa NojaaeTcs Mo TpyGonposoaam 3 B COOpHLI
BojioBOj 4.

Hacoc B BogonpueMHOM COOpYKenHn (HAIpIIMep, CKBAXKHHe) H HeGOosb-
moe (o640 pazmMepoM 3)X3X3 M) 3naHHe HAJL HHM C YCTPOHCTBAMH 15
NOIKJIOUel sl K HCTOYHHKY SHEePrHH M YCTAHOBKOH KOHTPOJbHO-H3MEpPHTE/b-
HOH annaparypbi SBJSIIOTCS B 3TOM cJaydae HACOCHOH craduued I mogbema.

W3 cGopHoro BO/0OBOAA BOJAA NOCTYNAET HA COOPYXKEHHS 5 1/ COOTBeT-
CTBYIOICH MOAFOTOBKH (Hanpumep, obeszapaxuBanusi, crabunuzaunu, $ro-
pupoBaHusi, o6cchTopruBanHns, 00e3:xKeNe3UBAHUA, YMATUEHHS, OIPeCHEHH H
o6ecconuBanus U T. 1.). [locne 06paGoTku Boja nonaercss B pesepByaps 6,
112 KOTOopLIX ona 3a6upaerca nacocamu craiuud !l noavema 7 11 mo marnct-
pajbHbIM BOJOBOAAM 8 HAIPAB/AAETCS fa COOPYXKEHHS 9, peryanpyiolyue Ha-
1IOp H pacxoj| BOJbI, IOCTYMAlOllell B BONONPOBOAHYIO CeTb NOTpeGUTeI.

Mokazannble na puc. 1I. 1 cxeMa pacnosoxKelnsa BoIOIPOBOAIILIX COOPY-
eHHH 11 B3aIIMHOe pasMellenile OT/eNblbiX €€ JACMENTOB MOrYT H3MeNAThCS
B 3aBIICIIMOCTI OT MECTIBX HPIPOAHLIX YCJAOBHA, THIIA NMOA3EMILIX BOJ, Ka-
ueCTBA BOJbI, IPOH3IBOANTELIIOCTH BOJ03a60pa, YAAIEINOCTH ICTOUIIHKA BO-
nocHaGxXKenns oT norpebnresns, KoalluecTBA BOAONOTpebNTCaRH, 11X B3AHMHO-
ro pacnoJgoxens 1 ap. Tax, cean KauecTBo A00bIBAEMOH BOJILI COOTBETCT-
syer tpe6osanisim TOCT, ornanaer neo6XoanMocTh B coopyxenuax 5. [1pu
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3HAYHTEJIBbHOM YyAAaJeHUH BOIAOIO-
TpeOuTesell 0T HCTOUHHKA BOJAO-
cHaOXKeHHus H GOJBIIOM OTHOCHTEJIb-
HOM Mepenaje BeICOT pa3melsioniei
HX MEeCTHOCT#I Ha JIHHHH Maru-
CTPaJIbHHIX BOAOBOAOB I10CJI€ HACOC-
Hoit cranuuu Il mogbeMa coOpykKa-  Puc. 111, Cxema pacnogosxenns —coopy-
10T HacocHble cranuuu 1, IV noan-  kennii BHemuomagouymoli cucTeMsl BOAO-
eMa u T. 1. CHAaOGKEHHSA M3 NOA3eMHBIX BOX

I — BoJlOTIpHEMHEIE  COOpYKEHUs; 2 — HACOCHBIE

2. TUTbl U CXEMBI BOJLO3ABOPHbIX crauuru [ noawvema; 3 — TpyGonpoBomEl OT Ha-

CocHEIX cTaHUMii ] mogbema K CGOpHOMY BONO-
COOPY)XEHHUA Bony; 4 — cGOpHuIl BOMOBON; & — COOpYMHCHHS
OYHCTKH H MOATOTOBKH BOAB; 6 — pe3epByaps!

Jlas 3a6opa monseMmbIx Boj AR ommieimol w poxrotosteiuoi s 77 sa.

[IPUMEHSAIOTCA COOPYKEHHA ABYX BH- ubifl BOLOBOL; 9 — coopyKeHHS, peryaupyoune
HAMop ¥ pacxXoj BOJABI, NojaBaeMoi B BOLONDO-

J0B: noa3cMubie 0 Haszemusle. [Tox- BOJHYH0 ceThb noTpebutens; [0 — nmoTpebuTels

3€eMHbIE COODYKEHHS CTPOAT AJas BOAbI

3a6opa mom3eMHBIX BOJ, 3a/eralo-

X HHXKE I0BEPXHOCTH 3€MJIH, Ha3eMHble — ;I 3a60pa NOA3EMHBIX BOI,

BHIXOASIINX HA JHEBHYIO MOBepxHocTb [2, 3].

[Toxsemuble Bogo3a0opbl B 3aBHCHMOCTII OT XapakKTepa HX PacloJoXKe-
HHSl B BOJAOHOCHOM Ij1acTe OLIBAIOT BEPTHKAJ/biible H FOpH30HTaJbHbIE. Bep-
THKaJblible BOj03a00phbl [I01PAa3ae/sd0TCAd HA CKBAMXKHUHLI M IMAXTHLIE KOJOJ-
Lbl, FOPI30HTAJbHbIE — HA KaMeHHO-mebeHoUHble CIJOMIHOFO 34l0JHEeHHS
Jpeusl, TpyGuaTble gpeHbl, rajepen, WTOAbHH. KaMeHnHo-me6eHounbe APenbl
JUIsl IIeHTPAJIH30BAHHOTO BOJOCHAGKEHNA He MPHMEHAIOTCH.

Kpome BepTHKANAbHLIX N TOPH30HTAJNbHHIX B003a6OpPOB yCTPaHBAIOTCS
JyueBble Bo103a60pHl, COCTOAINIIIE H3 BOAOHENPOHHIIAEMOro IHAXTHOrO KOJIOA-
1a ¢ pacXomAnyIMICS 113 HETO TOPH3OHTAJABHBIMI JYy4aMH — CKBAXKHHAMH
{Zpeuawmi1). MHoria coopyKaloT KOMOHHIIPOBAHHEIE BO03a60pbl — TOPH3OH-
TasIbHBEIE Ta/Jepen ¢ PS0M BepPTIKAJLHLX CKBAKHH, 10 KOTOPLIM MOA3EMHLIE
BOALI H3/1IBAIOTCA B TaJEPeIo N0 eCTeCTBEHHLIM HAOPOM.

HaszeMHuble Bogo3alopHLIe COOPYKEHHS CAYXKAT AJs1 3aXBATa eCTeCTBEeH-
1ILIX BBLIXOJOB II03€MHBIX BOJI 1l HA3bIBAIOTCSA KANTAKEM HCTOYHHKOB (POAHH-
KoB). Brifop TOro m/H HHOTO THIA H CXeMBbl BOgO3afopa onpenensercs ruf-
POTe0JIOTHYECKUMH YCAOBHSIMH, HAMEYaeMOH NPOH3BOLZHTEILHOCTHIO BOLO3A-
Gopa 1 TexHIKO-I3KOHOMHYECKHMH CooGparKeHIIAMIL.

Jlast poGbl4n MOA3EMHBIX BOJ, 3a/1€ralox Ha ray6une Gosee 10 M (1o
1000 M 1 Gosee) u NPHYPOYEHHBIX K MOI[HBIM I1ACTAM (KOMILIEKCY I1ACTOB)
KOpeNHbIX OT/JOXKEHHH apTe3nalckiix 64accefliHoB MAaTGOPMEHHOTO II TeOCHH-
KJIHHAJNbLHOTO THIIOB, TEKTOHHYECKHX CTPYKTYP CKJagyaThix o6jaacTell, Mex-
JAypeyHbiX MAcCHBOB, 4 TAKXKe K TOJIAM APEBHHX H COBPEMEHHBIX OTJO0XKe-
HHH NPeAropHLIX PABHHH, KOHYCOB BHIHOCA M PEYHBIX JOJHH, COOPYXKAOTCH
B0O03a60Pbl H3 CKBAXKHH,

Bonos3abophl 13 CKBAXKHH IPUMEHSIOTCS H B TeX CaAYy4asx, KOrjga noj3eM-
Hble BO/Ib 34J7eraloT Ha ray6uHe mMedee 10 M OT NOBePXHOCTH 3eMJIH, 4 MOUIL-
HOCTb BOjAOHOCHOTO I1aCTa He MeHee 5—6 M. Ho ec/1il BonOHOCHHI mnacT B
3THX CJy4Yadx OPeaCTaBJAEH PBLIXJLIMI NOPOAAMH (IeCKAMH, FaJeuyHuKaMmu),
BMeCTO CKBaXKHHHBIX BOJO3a60POB MOTYT GBITb COOPYKeHH TaKkKe Bopo3a6o-
PHl M3 MIAXTHLIX KOJIOAIEB HJH MOPH3OHTAJbHLIE 1i Jy4eBLHEe BOAO3a00PHL.

[To ycnoBusAM IPOI3BOACTBA CTPOUTEbHBIX PaGoT 06aacTh IpPUMEHEHH S
HMIaXTHLIX KOJIOJUEB OrpaHHYNBaercss rJaybnHON 3ajeraduss BOJZOHOCHOTO
ninacra po 30—40 M oT NOBEPXHOCTH 3€MJ/IH, TOPH3OHTAJLHLIX BOZ03a60pOB —
a0 8—10 M. JlyueBbie Bogo3a0ophl yCTPAnMBaioT Mpil rayGliHe 3a/eraHiisi BO-
JOHOCHOTO I1acTa He Gogee 15—20 M, ero MomHocT a0 20 M U conepXKaHuH
B BOJOHOCHOM Iacte e Gosee 70% d¢pakuunit pasmepom 60 mm u 10% Ba-
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aynoe [120]. Tlpu MomHoOCTH BOZOHOCHOrO ropusonrta Gosee 20 M u KO3(-
¢uuneHTe PUALTPALHH CAATAIOUINX ero Topoa okoso 100 M/cyT u BhillIe CTpPO-
HTeNbHAA CTOUMOCTH JyueBoro Bogo3atopa oOLIUHO OoKa3biBaeTcs 6oJiee Bbl-
COKOH, UeM CKBAXKHH.

Hapsany c BuiGopoM Tina Bomo3atopa BaXKHLIM 3JeMEHTOM NIPOEKTHPO-
BaHIISA ABJAETCA ONPEJE/ICHHe ero CXeMbl PACIOJOKEHNS HA MECTHOCTH.

B BOZOHOCHLIX M/1aCTaX, IMEIOIIHX PETHOHANbHOE pAacnpoCTpaHeHie
(3aneralonux HA BeCbMa 3HAUYHTEJbHBIX TePPUTOPHAX), PauHaIbHO BbIAED-
XKAHHBIX H XaPAaKTEePHU3YIOLHXCS B €CTECTBEHHBIX YCJAOBHAX MaJbIMU YKJOHAa-
MHI NOBEPXHOCTH IOJA3EMHLIX BOJ (BOAOIOCHLIE MJIACTH KPYNHBLIX apTe3HaH-
CKHX GaccelHOB, OOUIHPHLIX MeKIYpPEUHBIX MACCHBOB, JPEBHHX, UIMDHHOH B
JleCATKH KHJIOMETPOB PEYHBIX Teppac), OpHEeHTHPOBaHHe BOa03aBOpHEIX CO-
OpyXKeHHH OTHOCHTEJbIIO0 HAalpaBJeHHs MOA3EMHOr0 IOTOKA NPUNUHOHAMbL-
HOro 3Ha4eHHs He nMeeT. B Takux nnacrax, pasmenias Bogo3a6op m0o BO3-
MOJKHOCTH OJHXKe K BOAONOTpeGHTEN0 I B COOTBETCTBYIOUUIX CAHHTAPHBIX
YCJOBHAX, CXeMY BOA03albopa caefyeT BHIGHPATL C yueTOM lIaHGOJbLIeH ero
KOMIAKTHOCTH, HanpuMep, 6osiee KOHUEHTPHPOBAHHOTO PaCNOJIOMKEHHST BOLO-
3200pHLIX CKBAXHH H COKPAIIEHHUS CBA3AHHBLIX C 3KCIyaTauued Boao3abo-
pa KOMMYHHKAUMH: OTBOASAIMHUX TPYOONPOBOAOB, COOPHBLIX BOAOBOJOB, JHHIIR
3JeKTponepesaun u CBA3H, 10pOT I Ap.

[pu cymecTBennofi GuibTpanuoHHOR HEOTHOPOTHOCTH MJACTa BOA034-
60pHl CcaenyeT pasMelaTh B MectaXx HanboJbllell BOIONPOBOANMOCTH IJ1acC-
Ta, BHIABJEHHLIX DA3E€IKOH NOA3eMHbIX BOA H HX ONpoGOBAHHEM OMBITHHIMH
oTKaukaMu. B Taknx cayyasx cxema Bomo3zaGopa MoKeT ObITh B BHIE pa3-
JIMYHBIX «HEYNOPSAOYEHHLIX» CHCTEM OTHE/ILHBIX CKBAXKHH MJAM  HX TPYIIL
TIpu aTOM caenyer CTpeMHTbCs K lanbosiee KOMOAKTHOMY PAa3MEIIEHHIO BO-
103a60pa. BApLbHPYS B KOHKPETIILIX NPHPOAHLIX YCJOBHAX KOJHYECTBOM CKBa-
7KHH, PaCCTOTHHIMH MEX 1Y IIHMH, B&JIUYNHON NOHIKeHHH B HUX yPOBHS MOJA-
3eMIIbIX BOJ H AP.

B 3aKpHITHX CTPYKTYPAX, KaK NPaBu/i0, HaHGO/bUIEH TPEIIHHOBATOCTLIO
H, CJIe/I0BaTe/1blio, Haubonbllelt BogooTAavell 06/1a1al0T BOLOHOCHBIE OPOHI,
npuypouenibie B CTPYKTYPax CIHK/JIHHAJILHOTO THIIA K 11X KPbLIbSM, 4 B aH-
THKJAHHAJbHLIX CTPYKTYpPAX — K HX CBOAOBLIM 4YacTAM. B coorpercrBin ¢
3THM A0/1KHA OHTb BHOpala 1 cxeMa pa3MelleHHs Bogo3abopa.

Ha nuomansax Al03bIOHKTHBHLIX AHC/JAOKAI Bog0o3a6Gopsl clieayeT pac-
noJaraTh BAOJAbL JHHHH TeKToNHYeCKHX IIApYIIEHI, B 30HAX HAanboJblIef
TPEIIHHOBATOCTH MOPO/J, BLISBJAAEMBIX OOLIYHO PA3BEIOUHLIM OypeHileM i 1o-
JIEBLIMH T€OPH3NUYECKHMH HCCAEA0BAIHAMH.

B BOZOHOCHBIX OT/IONKEHHSX KOHYCOB BBHIHOCA NPEArOPHLIX PABHHHI BO-
703a60pHbIE COOPYKEHHUS 1eneco06pa3HO Pa3MeLlaTh N0 JHHHAM, HOPMAIb-
IIBIM K HanpaB.eiHlo MOToKA noaseMusix Boa. [Ipn takom pacnonoxennn
Bogo3a6opa MoXkHO 6osiee MOJAHO NEPEXBATHTH MOTOK MOA3EMHLIX BOJ H CO-
31aTh YCAOBHS Il OTHOCHTeNLHO PaBHOMEPHOH 3KCIVyaTAllHH BOJOHOCHO-
ro ILTacTa B npenenax Bcero gppoura sogosabopa.

Ha pnc. II. 2 past npumepa nokasana cxema pacroJoxeilisi Bojo3atopa
Ha KoHyCe BbiHOCa. 31eCh IpH OJHHAKOBOH BOJIONPOBOXAMOCTI IJACTa H
0AHHaKoBOM fAe6liTe KaX0l CKBaXKUHB NOHHKEHIIE YPOBHS BOJILI B M.IACTe,
YUHTBIBAS BJIHSNHE IIOBEPXHOCTHBIX HCTOUHHKOB {i TPAIHILl T/1acTd, MOMET
0Ka3aThCsl OJHHAKOBBIM LO BCEX TOYKAX BO,100THOpA.

B6au3i pek, KailajaoB ijil KPYHUBX apbiKOB PACCTOSANIIS MEXK/V CKBa-
XKHuaMi Moryt 6LiTh Gosee KOPOTKIMI, YcM Ha IPYTHX yUacTKax Koiyca, a
NpPH DPABHLIX PACCTOSIISX 5Ty CKBAXKIIIH  OyayT nMeTb Gousbmiail ae6ur.
Bepxusas wacTb KoHyca, TdArorelolas K BepIUHMHe, MOYTH BCerja CaAOXKeHa
KPynHOOBJOMOUHEIM MaTePHAAOM — KPYNHOH TafbKOH H BaayHaMH ¢ He-
60bIIHM COEPAKAHHCM TPaBHIIHO-MCCYAHOrO 3alONHUTENSA. DTA 4yacTb Ko-
Hyca BoiHoca (3oua A) sBasercst 06/1acTbl0 MUTAHUA NOA3eMHbIX BoA. Cpen-
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Pre. 11 2. CxeMa pacnonoXewus Bo-
no3abopa Ha KoHycCe BhiHOCA

| == PYCNO PEKH C TMOCTOAHHBIM TMOBepX-
HOCTHBIM CTOKOM, 2— BpEMEHHO JAeficT-
ByIOUIME BOJOTOKR, 3, 4 — COOpYXKEHHA
OpOCHTENbHOH CHCTeMBl NEpPBOrO M BTO-
pore NOPANKOB, § — CYTTHHKH JIeCCOBHI-
Hble; 6 — NeCKH, 7 — CYMMHHKH, &8 —ra-
JeYHAKH ¢ BaJlyHaMH, TpaBHeM, Tecua-
HbiM K TlecCYaHO MIMMHCTBIM 3alONHHTE-
neM; 9 — H3BecTHAKW; [0 — TARHHCTBHIE
cnannH, 1! — mecyaHHKH TAKHHCTSIE,
12 — Bom03aGopHble CKBaXMHBl; [3—ypo-
BEHb TPYHTOBHIX BOA

Haf, npeobaanapiias 1no npo-
TSXKEHHOCTH, 4YacTb KOHyca
cJloXeHa MeHee KDYIHBIM Ma-
TEpUaNoM — TajJeuYHHKaMH H
rpaBHeM ¢ OTHAeJbHLIMH BaJy-
HaM{ H [ecYanblM 3aIO0JIHH-
TejJeM H siBasieTcd 06J1acTblo
IHTAHUSL W CTOKA TOA3eMHbIX
oA (30oHa b). HuxudAs yacts
KOHYCa&, coIpsralomascs
06LIYHO C JlexKaile THICoMeT-
pHYECKH HHXXe DPaBHHHOH H
XapakTepusylomascsa  6oJee
MeJKHM O6GJOMOYHLIM Mare-
pUHaJIoM W HaJduyueM B obuiei
TOJNIE OTJOXKEHHH YACTHX
NpoC/0€eB M JHH3 CYTJIHHKOB,
ABJseTcss 06JacTblo ecTecT-
BEHHOrQ BLIXOa TNOA3EMHBIX
BOA KOHyca BBIHOC&Z Ha [O-
BEPXHOCTb 3€MJIM B BHJE POI-
HUKOB (HIHM «06JAacTbio BHI-
KIHHHBaHHsS») (30Ha B). i .

OueBHIHO, YTO HA KOHY- ' :
Ce BLIHOCA HAWJIYYIUHM IO TH-
APOTeOJIOTHYECKHM YCJIOBHAIM MeCTOM pas3MelleHds Boao3aopa sB/asercs
HHXHSIA TpeTb 30HH b [0 BbiXxoma mMOA3eMHBIX BOJA HA [HEBHYIO INOBEPX-
HOCTb.

B n0JHHAX peK C MOCTOSTHHBIM MOBEPXHOCTHLIM CTOROM Ii IIPII BO3MOX-
HOCTH (QHJAbLTPALMH PEYHBIX BOA B BOJNOHOCHBIH IL1ACT BOJO3a0OpHble COOPY-
XeHus M060ro THNA (CKBa)KHHDI, MIAXTHbIE KOJIOALLI, TODH30HTAJbHbIE, JTY-
ueBble) cJefyeT pACNoOdaraTh BAOJb Gepera pekn (puc. II 3).

Paccrosinne oT BOgo3a6opa o ype3a BOAbl B peKe 3aBHCIIT OT MOIHOC-
TH BOAOHOCHOTO IM1ACTa (4eM GoJibllle MOLIHOCTb NMJacTa, TeM Gonblle pac-
crognne). Ilpu HasHayeHun 3Toro paccTosiHus CJeNyeT YYHTHLIBATb TaKikKe
KauecTBO PEeYHOH BOABl, pa3MbLIBaeMOCTb (eperos, H3MeHEHIie YPOBHS BOJAH B
peKe, nmpoMep3aHne NOHNLIX M OeperoBbLIX yYACTKOB PYCJa H BO3MOXKHOCTb
KOJbMATALIHII DYCJIOBHIX OTJOKEHHI B NpOLiecce 3KCIIyaTalluH.

lopu3onTanbubie CKBAXKHHB Jy4yeBbIX BON032a6GOpOB PA3MEIAIOT KaK Ha
6epery pekH, Tak W IOZ ee pPYyCJIOM.

B Tex cayyasx, Korga peuyHble BOAHW 3arpsi3HeHbl IPOMbBIILTIEHHLIMH
CTOYHLIMU BOJAMH, & UHCTble BOJALI AJJIIOBHAJBLHOIO MOTOKA HEOGXOAHMO HC-
NOJb30BATh 151 XO3SHCTBEHHO-IIHTHEBOrO BOJOCHAGXKEHHS, MOXKHO YCTpaH-
BaTp napaJienbHble, Pa3Hble 0 Ha3HAYEHMIO BOA03aGopHl: BOno3abop mpo-
H3BOACTBEHHOrO BOAOCHAGXKeHHs, pa3MelleHHbT BAoJAL Gepera pekH OJH3KO
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K ype3y BOAH B Heil, W B0103260p X035IiCTBEHHO-[IHTHEBOr0 BOLOCHAGKEHNH —
nmapajjenbHo NepBOMY B yAaJeHHH OT pekd. IIpH 3TOM NpOH3BONCTBEHHBIH
BOn03a60p, 00bLIUHO GoJiee MOMHLIHA 110 MPOH3BOAUTENLHOCTH H 3HAUHTENbHO
GoJbliIell NPOTSIKEHHOCTI 10 QPOHTY IO CPABHEHHIO C XO3SHCTBEHHO-IHTbE-
BLIM, MOXKET CJYKHTb HAJeKHOH 3aMTOd TMOCJAEJHEr0 OT INOCTYIJEHHS B
Hero 3arps3HeHHbIX pEeYHLIX BOJL.

YcTpolicTBO BON03a6OpOB PA3JHYHOTO HA3HAYEHHs], COBMELIEHHbIX Ha
OJHOM YYaCTKE JOJNHHBI peKH C 3arpA3HEHIION BOJOH, 0C06uem{o 3¢ deKTHBHO
IpH HAJHYHH MOIIHBIX TOJI a/VIIOBHAJNbHBIX OTJOMKEHHH, 4YTO NO3BOJSET
pACCYHTATH NOHHKEHHE YPOBHEH BOJb HA yyacTKax o6oux BO03a6OPOB TaK,
yTo6Bl MeXKIy HHMH B BOJOHOCHOM IIJIACTE I[OCTOSHHO OHJI «BOOPasaen»
(puc. 11.4).

[Tpu npoeKTHpOBaHHHW BOA03a00POB MOA3EMHLIX BOJA B JIOJHHAX DeK, B
KOTOPLIX TOBEPXHOCTHHIH CTOK B Te4eHHe HEKOTOpOro mnephona (eXerogHo
ILJIM Ha NPOTSIKEHHH PSAMA JeT) OTCYTCTBYET, IPOH3BONHTEIbHOCTD HX C/IeyeT
pACCYATHIBATL HA MEPHOAHYECKOE H3BATHE H3 BOJOHOCHOTO IJI1acTa CTATH-
YeCKHX 34MaCOB IOA3E€MHBEIX BOJ W HX BOCIIOJIHEHIIE,

B stux cayuasax HanGoJee NPAMeHHMON sBJISETCS cXxeMa Bojgo3abopa H3
CKBAKUH HJIM ILAXTHLIX KOJIOJEB, PACIHOJOXKEHHLHX pABHOMEPHO IO BCeH
IJIOMIAJH y4YacTKa.

Ha nuu3ax mpeCHHX BoJ, 3a/eralmoliix HA BOJOYIOpe M TPAHHYANIUX C
OIHO# HJIH CO BCeX CTOPOH C COJIEHBIMH BOLAMIi, CXeMa pa3MelleHHs BO103a-
60pa B IlIaHe ONpefeNasieTcs PACUETOM BpeMeHII NOATATHBAIIHS COJMEHbIX BOJ
K Bono3abopy. [1pu atom Bomo3abop caefyer pacmosnaraTh B MAaKCHMAJbHO
BO3MQOXKHOM YyJA4JIEHHH OT KOHTYPOB COJIEHLIX BOJ.

Ecsin quH3L NpecHLIX BOJ, NMOJACTHJANOTCS COJIEHBIMII BOJAMH, [peny-
cMaTpuBaeTcsl 3alMTa BoA03abopa oT 3acodeHHs cHu3y. [IJs 3Toroycrpan-
BAIOT TaK HA3bLIBAEMEIE CIIADEHHBIE CKBAXKHIB: OfHY — A9 OTGOpa NpecHbIX
BOI, BTOPYIO — coleHslX Boa [16]. s HabaioneHuit 34 moJOXKeHHEM rpa-
HHULLl pazjiesa NpPEecHbIX H COJIEHBX BOX B IJIACTE IPH 3KCIJAYATAIlHH BOJO-
3abopa y KamaoH Iaphl 3KCIVIyATAUMOHHBIX CKBAXKHH IIpelyCMATpHBAIOT
HabgalonarenbHylo ckBaxuHy (puc. I1.5).

Ha yuacTke #CKyCCTBEHHOTO
BOCIIOJIHEHHS 3aIacOB TOJA3CMHLIX
BOJL COCTAB COOpYXKEHHH OMpenensi-
eTcs ycnoBHAMH 3a6opa BOALI H3
HCTOUHHKOB IIONOJHEHHdA, Kayecr-
BOM BOJAbl B HHX, THIOM HH(MHJIbLT-
PALUOHHLIX W KaNTaXHBbIX YCT-
pofictB. OGHYHO B YCTAHOBKH C HC-
KYCCTBEHHbIM BOCIIOJIHEHHEM 3amna-
COB BXOJSIT: B0O103a0Op H3 OTKpbI-
TOTO UCTOYHHKA, COODPYIKEHHsI mpej-
BAPUTEJbHOH  IIOATOTOBKH  BOABI
(ocBOGOXKAEHNE OT B3BEILEHHLIX Be-
HIeCTB), HHPUILTPALHOHHLIE COOPY-
JKEeHUs AJ IepeBOAA NOBEPXHOCT-
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Puc. 113 CxeMa pacnofoxeHns BOZ03a-
60poB B [OJHHAX PEK C IOCTOSHIINM TO-
BCPXUOCTHLIM CTOhOM

I — nouBa; 2 -—cynecu; 3 — OCCKH  HIHCTHIC;
4 — rpaBHUHO-TaJlcYHHKOBLIe oOpasoBanusi; 5 —

N2 745

- CYTJAMHKH; 6 — KOpeHuble [OPOMbLI, He coaepxa-
EX13 [ZZ2& LlHe TNOA3eMHbIX BOX; 7 — JHHUA Yypesa BOJBI
B peke:; 8 — Bogmo3aGopHule CKBaXKuHLI, 9 — c6op-

HBIH BOAOBOM
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Puc I14. CxeMma pasMemeHns BO-
103260pOB  TMPOH3BOACTBEHHOIO0 H
X033HCTBEHHO-MTHTLEBOT0 BOAOCHAG-
KeHHs B AOJHHE PeKH ¢ 3arpasHen-
HBIMH TIOBEPXHOCTHBIMH BOJAAMH

1 — mouBa; 2=—meckH; 3, 4— CYIJIMHKH
aNAOBHANBHBIE U JellloBHaNbHblE, 5—Tpa-
BUHMHO FaJ@UHHKOBbIE  OTJOXEHHS; 6 —
TNHHB, H3BECTHSAKH; 7—TAHHbI; §, 9—CKBa-
KHHB BOR03a60pa COOTBETCTBEHHO MPOH3-~
BOACTBEHHOTO H XO3AMCTBEHHO-NHTLEBOTO
BOAOCHAGKeHUA; [0 — cTaTuUeCKuil ypo-
BeHb TPYHTOBBIX Boa; II— nenpeccHou-
Hble BOPOHKH Yy CKBAaXHH

HHIX BOJ B IIOJ3€MHble, COOPY-
KeHus1 anasi 3abopa nogseM-
HHX BOJ, COOPVIKEHHS NOCJe-
aytomel 06paGoTku BoAH, Ha-
COCHble CTAHIIHh, NOABOAAILHE
H OTBOJAIIHE TPYyGONPOBOAHI,
COEAHHAIOUIHE MeMXAY CcOoGOok
IepeuyHCAeHHbBIE COOPYIKeliHd
B JHHYIO CHCTEMY.
HcrounnKkaMu HCKYCCTBEH-
HOro BOCTHOJIHEGHHSI 3aIdcoB
IOA3€MHBIX BOX MOTYT OBIThH
peKH, 03epa, BONLOXPAHUJIHILG,
KaHaJ/bl; COOPYKERHAMH Ilepe-

BOJld IOBEPXHOCTHLIX BOJ B —

NOA3eMHbIe — HHOGUJIbTPALH- 7 ] ~
o 1322 A3 A4 Bas =)
OHHBle Gacceiinbl, KaHAJbI, L yTea vy Ea5 =36 B2 018 (319

Tpanllled, Tpope3H, MIPYAH,
CKBaZKHHBI, KOJIOAIIB!; KANITAXK-

HEIMH COOPYJKEHHSIMH HCKYCCTBEHHO BOCHOJHAEMBIX 32I14COB IOA3eMHBIX
BOJ — CKBAXKHHbI, IIAXTHbIE KOJOALbI, JYyyeBble H TOPH3OHTAJbHbIE BOJO-
3a6opwl.

CxeMa cOOpYXeHHH CHCTeMBbI BOJOCHAGXKeHHA H3 HCKYCCTBEHHO BOC-
NOJIHSAEMBIX 3414COB OJA3eMHBX BOJA INPHHHMAaercsd B 3aBHCHMOCTH OT BHJA
HCTOUHHKA BOCNOJIHEHHs!, KA4eCTBa BOJAH B HEM H THIA HHQHJILTPALHOHHBIX
1 KanTaxubX ycrpoiters. HekoTophle H3 TakKnx BO3MOXKHBIX CXeM MoKasa-
usl na puc. 11.6. Ha puc. 11.6,a npuBegena ofmas cxema coOpyXeHHH, KOT-
Ja BOAA HCTOYHHKA BOCIOJHEHHA Nepen Mopavell HA HRGHALTPALHOKRHOE CO-
OpyXKeHHe HOJXKHA MPONTH NPeJBAPHTEJbHYIO OYHCTKY OT MeXaHHUYeCKHX
B3BeceH, 4 BoAA4, 106bITaa U3 TPYHTOB, TpefiyeT yJAyullleHHs KadecTBa (yMAr-
Yenus, o6e3xKene3sHBanus, QPropupoBanud, obechropuBanusg U ap.). Cxema
Ha puc. 11.6,6 npuMennMa B TOM cJydae, Koraa B KdueCTBe HCTOYHHKA BOC-
MOJIHEHHA HCIOAb3yeTCHd BOJOEM C YHCTOH BOJOM, a4 ypOBeHb BOJLl B HH-
buIbTPANHOHHOM COOPYXKEHHH B IMEPHOA 3KCINIYyaTalHH MOCTOAHHO IOA-
JePKUBAETCH HHXKe YPOBHA B BojoeMe. B 3ToM cayuae H3 cOocTaBa Ccoopy-
XKeHH[ UCKJIoYaloTcd nacocHas cranuud | mogbema u coopyXenHsa npejaBa-
PHTeJLHOH MOATOTOBKH BOALL IDTH Ke COOPYKeHHA MOTYT OBITb HCKJIOUelH
H IIPH MCIIOJIL30BAHIH B KauecTBe HIQUILTPALHOHIBIX COOPYKelHH KaHa/108
(puc. II. 6,8) B pacuere 1a 11X eCTeCTBelHYIO IPOMBIBKY H YHCTKY OT 3aHJe-
HHUA.

B oTaenblibiX cJydyasx B CICTeMe HCKYCCTBEHIIONO BOCIOJMHEHIS 3aN4COB
NOA3eMHBIX BOJ BMECTO CIEIIHAJbHOTO COOPYKEHHS IpeABapHTeNbHON MOL-
TOTOBKH BOJB MOXHO HCIIOJb30BATH KOBIINI THIA YCTPAHBAeMbIX 1A peKax
WYTONOCHBIX I1/11I HECYI[HX OGOJbUIoe KOJHYECTBO B3BEUIEHHLIX BElIeCTB
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Puc 115 CxeMa peprdxanb-
HOl0 PpAacloJIOXeH!d KhycTa
CKBaXHH Ha HcxaHckoi JHH-
3¢ MPEeCHBIX BOJ, OKPYyMKeHHHX
cO BCeX CTOPOH H CHH3Y coJae-
ubiMH Bogamn (no B 1 DBa-
6ywkuiy, H T IlleBuerko,
A E Crankesnuy, A H Ap-
1eBY)
1 u 2— TpyGornposoan mnpecHofl
H coleHoll Boiabl 3 — CKBaXHHA
Ha conenyiw BOAY, 4 — Habawona-
TenbHasd CKBaXHHa, §— ChBahH-
Ha Ha OpecHyw Bony, 6 — Opec-
Haf Boja 7 -~ Conenass BoOA4,
8 — puAbLTP, 9 — macoc
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(puc. 11.6,2). CoopyxeHnnsi o/t 3a60pa HCKYCCTBEHHO BOCIOJIHSI€MBIX MOA-
3eMHBIX BOJ CJeJyeT pacHojarath M0 OTHOWIEHHIO K HHQHIbTPAaLHOHHBIM
COOPYXKEHHSIM HCXOfsl H3 TEX JKe COOGparKeHHH, KOTOPbie ObhUIH OTMEYEHb!
npH PacCMOTPEHHH CXeM pa3MellleHus] 6eperoBblX BOJ03a6OPOB y €CTeCTBeH-
HBIX [IOBEPXHOCTHBIX BOJOEMOB.

3. BONO3ABCPHBIE CKBA)XHHbI
Cnoco6bl COOPYIKEHHsI CKBAXHH

Bypenne ckBaxuH B 00JIbIIHHCTBE CJy4aeB OCYIIECTBIISIETCS] ABYMSI CIIO-
cobaMu: yRapHbIM I BpallaTeJbHBIM.

Yoapuoe 6yperue no xapaxkrtepy yray6JeHHsi B HOPOAH siBJseTCs Oype-
HHEM CIUIOIIHBIM 3a60eM; mo crnocoly nepenayl ABHMKEHHs OT CTaHKa K Oy-
POBOMY HAKOHEYHHKY (ROJIOTY) OHO HOAPAa3AE/AeTCs] HA yAapHO-LITAHTOBOE
(;kecTKas mepefava ¢ MOMOIUIbIO INTAHT) M yAapHOo-KaHaTHoe (rubkas nepe-
Jdaua ¢ NOMOIIbIO KaHaTa).

Ilpn ypapuoM cnocofe GypeHHSI CTEHKH CKBaXXHHBIKpensT Tpybamu He-
TIPEPBLIBHO [0 Mepe YriyOenna 3a60s1 — C HEKOTODHIM €TI0 OTIepEXKEHHEM HIIH
OTCTaBaHHEM.

Bpauwareasroe 6ypenue no xapakrepy yrayOsieHus noapasmessiercs Ha
OypeHHe CIJIOWIHBIM H KOJIbIEBHIM 3a00siMH. DypeHHe KoJblieBbIM 3aboeM
HOCHT Ha3BaHHe KOJIOHKOBOro. KoJioHkoBoe OypeHHe Ha BORY NpHMEHsET-
€l peflko, JIHIUb sl OypeHHUsl CKBaXKHH HeOoJbIIOTO AHAMETpa.

Bpamaresnbnoe Gypenue cnJomtHbiM 3a00eM  Ha3bLIBACTCs  POTOPHBIM.
3ToT cnocol, KakK H YAApPHO-KaHATHHIH, IHPOKO HCNOJb3YeTCs s OypeHus
CKBaxHWH Ha Boay. Ilo cnocofy nomayd npoMBIBOYHON KHAKOCTH H Hanpasb-
JEeHMIO IUPKYJSILHA €e B CKBaXKHHe Npu GYPEHHH, a TaKiKe 1O YCJOBHAM
BLIHOCA M3 CKBaXKHHB Pa30ypeHHLIX NMOPOA POTOpHOE OypeHHe QeJHTCs Ha
[Ba BHJa: POTOPHOE C NPAMON W 06paTHOH 1POMBIBKOH.

Ilpn poTopHoM OypeHMH C NPSIMOM NPOMBIBKOH MNPOMBIBOYHAS MKHI-
KOCTb H3 €MKOCTH (OTCTOMHHMKAa) MNOMAaeTcss HACOCOM IO IITAHTaM H OYPHJIb-
HbIM Tpy6aM Ha 3a00H CKBaKIIHbl, OTKYyJa OHAa BMeCTe C JacTHuaMmHu pasby-
PEHHOH MOPOAL! MO NPOCTPAHCTBY MEXAY CTEHKAMH CKBAXKHHBI H GOKOBOH
NOBePXHOCTbI0 OYPHIbHBIX TPyD NMOAHHMaeTcsl Ha yCThe CKBAXHHBH M 3aTeM
110 JIOTKY BHOBbB IIOCTYIa€T B OTCTONHHK.

B KawecTBe NPOMBIBOYHOH KHAKOCTH INPH POTOPHOM OYypeHHH C mps-
MOH MPOMBIBKOH HCHOJb3YIOT TJIHHHCTBIE PACTBOPH PasJIHYHOIO YAEJbHOTO
Beca (B 3aBHCHMOCTH OT YIe/lbHOro Beca pa3bypuBaemMbx Mnopoja), OJsaro-
napg yeMy He TpeOyeTcsl KpellJiIeHHE CTEHOK CKBaXKHHH B NpepmesiaX 3HayH-
TeJbHBIX (B COTHH METPOB) HHTePBaJOB. JTO fABJIACTCS OOJIbIIHM NPEHMY-
WeCcTBOM POTOPHOTO OypeHHs ¢ NPSMON NMPOMBIBKOH B OT/IHYHE OT yAapHO-
Kanatnoro. OfHaKo BCJIEACTBHE TJIMHH3AlHA BOJAOHOCHBIX NOPOJ, KaK npa-
BH.10, CHII?)KA€TCH NPOH3BOAUTENbHOCTb CKBAXKHHBL.

ITpn poropuom GypeHnu ¢ o6paTHON NMPOMBIBKOH [POMBIBOYHAS XKHA-
KOCTb H3 OTCTOHHHKA CaMOTEKOM IOCTyNnaeT B CKBaXHHY — B [IPOCTPAHCTBO
MEXKIy ee CTeHKaMH H GOKOBOM MOBEPXHOCTHIO OypHJIBLHON KOJOHHBI TPy6—
H ABHIKeTcs K 3a6010 ckBaxuHbl. C 3a6ost NPOMBIBOUHAS KHAKOCTb BMeCTe
€ yactHuamu pas3bypeHHOH MOPOAbl depe3 OTBEPCTHS B J0J0TE C HOMOLIbIO

Puc. 116, Cxembl cOOpYXeHHil H T4Mbl HHOHABTPALIOHHEIX YCTPOHCTB CHCTEMBI HCKYCCTBEH:
HOTO BOCTIONHEHHS 3afacoB MNCA3EMHBIX BOX

¢ — ofmWan cxeMa COOpYXeHHfi; 6 — HHQHABTPALHOHHBIA Oaccell; 8 — HHQHIBTPALHOHHBIE KAHAJLI
€~ forjollaloliie KOJOAUBI; [ -— HCTOYHHK BOCHOJHEHHS 3allacoB NOA3eMHBIX BOJ; 2 -— HAacOCHAs CTaH-
UM 1 nomvema; 3 — CcoopyXKeHHe MpelBapHTENbHON MNORroTOBKH Boabl; 4 — HHQHIbTPaLHOHHOe COOpPY-
Jenue; 5 — BOJO3aXBaTHOe COOpPYXKeHNMe;, 6 — HacoCHas CTAHUHA HAJ BOJO3aXBATHBLIM COOPYXKEHHEM:
7 — coopymenHe nR YAYulleHHH KadyeCTBa BOJBl; 8 — pe3epByap YHCTOH Boibl; 9 — HaCOCHas CTAHIHA
I nogmema; 10 — MarucTpanbHbii BOJOBOA; I] «—= CaMoTeuHbfi BOZOBOH; /2 — CMOTpOBOfi Kojojen Ha <a-
MOTeuHOM BogoBoje; /3 — nopBodawuii TpyGoNpoBoj OT BojO3aXBAaTHOMO COOpYXKeHHR K COOpHOMY BOJO-
BOAy; [4e— cOopHbIA BoOMoOBoj; 15— mornomakomue (HHQHALTPALHOHHBIE) KONOAUH; /6 — HAMOPHBIH
BOJOBOJ; /7 — KOBIU; I8 — HHUABTPAUHONHBIA KaHall; [9— ULMTOBOA 3aTBOP
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HacocCa, yCTAHAaBJIMBAEMOTO Ha MOBEPXHOCTH 3€MJH Yy CKBAXKHHBI, HJIH C MO-
MOIIbIO 3PJindTa 3acacbiBaeTcst B OypHJbHYIO KOJIOHHY TPYG M IO WjaH-
raMm cOpacbiBaeTcsl B OTCTOHHHK.

ITpn poroprom GypeHun ¢ oOpaTHO IMpPOMHLIBKOH B KauecTBe MPOMbI-
BOYHOH HIKOCTH HCHOJNB3YIOT uYHCTyio BoAy. Dypeune aTum cnocofowm
MOKHO BECTH B fpejejax OosbliX HHTEPBanoB 6e3 o6calKH, Kak H TpH
poTOpHOM crnocobe ¢ npsiMoit NMPOMBbIBKOH. CTeHKH CKBaXKHHBI MPH 3TOM
YIEPKHUBAIOTCS OT OOGPYIIEHHS MNOCTOSHHBIM NI3OLITOYHBLIM JaBJEHHEeM CTO.-
6a Boxb! B CKBaxHuHe, paBHbHIM He MeHee 0,3 aTM Haj eCTeCTBEHHBIM CTa-
THYECKHM YPOBHEM BOJbI B CKBaXIHe [47].

PortopHoe Gypenne ¢ o06paTHOH NPOMBIBKOI HMeeT psJ NPEHMYILIECTB
N0 CPaBHCHHIO KaK C YIApHBIM COCOGOM GYpeHHsi, TaK H DOTOPHBIM C Npf-
MOH NpOMBIBKOH: 060sibiiasi CKOpOCTb OYpCcHHS, MaJsblii pacXoj 06CaaHBIX
TPY6 (MO CPaBHEHHIO C yIapHO-KAHATHBIM CNoOCo6OM), BO3MOXKHOCTb MpoO-
XOJKH CKBaxKpH OGOJBIIHX IuaMeTPop € OOCHINKOR (PHILTPOB MecyaHo-rpa-
BHIHBIM MaTepuaoM CJ0sIMH OOJbINell TOJMIUMHBL, YeM B CKBaXKHHaX yaap-
HO-KaHAaTHOTO OypeHHsl, IICKIIOUeHHe FJIHHH3AUHH BOAOHOCHBIX mOpoa (Mo
CpaBHEHHIO C POTOPHBIM CIOCOGOM € MpsIMOM NPoMBEIBKOi) [49].

K poropuoMy cnocoly GypeHnst ¢ npsmofl NPOMBIBKOH OTHOCHTCH H
PEaKTHBHO-TYPOHHHBIY C€1OCO6, NPH KOTOPOM JIOJIOTO INpPHBOJHTCH B JBH-
JKEeHHe MPOMBIBOYHON MKuaKocTbio. I1pyn 3TOM crocobe K OYPHIBHOI KOJMOH-
HE MPHCOEAHHAIT IBa CNapeHHbIX TypOoGypa. BoaHnkammuii npn Bpamie-
HHH TypOOGYPOB PEaKTHBHBIH MOMEHT HE raciTCs B HENMOABHMKHO 3aKpen-
JEHHOM DOTOpe, KaK 3TO HMeeT MeCTO B 0O0bluHbIX TypGo6ypax, a cosep-
maer noJesdym paboTy — Bpallaer BCIO CHCTEMY clapeHHBIX TypGoGypos.
OtuM ofecneynBaercss paBHOMEDHOE pa3pyllleHHe MOPOH MO BCEH NJIOLIATH
326051 CKBaXKHHbI.

Hnst 6ypennst CKBaxKMH yJapHO-KaHATHBIM CIOcOBOM MPHMEHSIIOT CTaH-
kn YKC-22M, YKC-30, a npm poropuoM cnocobe — crauku YPB-2A,
YPB-3AM, 1BA-158, YPB-4IIM orteyecrseninoro npoussoacraa (ra6u. 11.1).

TaGauna Il 1
Tunbl 6ypOBBIX CTAHKOB

H i1 R

Cnoco6 GypeHHs Tun cranka Gyl;;gl?,zl’ia” ;:?sb}ﬁl;][];euﬁ:?
MM
Yaapuo-KaHar- [ YKC-22M 300 600
HblA I YKC-30 500 900
Potopumit YPB-2A 200—300 150
YPB-3AM 500 248
1BA- 158 500 450
YPB-4[TM 1200 250

ITpakTHKO# yCTaHOBJIEHO, YTO YK4a3aHHLIMH GyPOBBIMM CTAHKAMH MOXK-
HO OypHTb CKBa)KMHbI GOJbUINX JHAMETPOB NPH COOTBETCTBYIOLIEM YMEHb-
INeHHH T1yOunbr [114].

Ins poropHOro GypeHHst CKBaXXMH Ha BOAY ¢ 0OpaTHOH HPOMBIBKOi B
CCCP npuMeHsiioT Te :Ke CTaHKH, YTO M JJIs POTOPHOTO GypeHnust ¢ NMpsiMOil
MPOMBIBKO#, a TaKKe CTAHKH YMapHO-KaHATHOTO GypeHHsl C HECKOTOPOH HX
PEKOHCTPYKIUHEN M NPpumayell UM HaBeCHOro 060pyaOBaHHus.

IIpu npoexktnpoBanuu B003a6OPHBIX CKBaXKHH CHOCO6G GypeHns BLIGH-
paetcs B 3aBHCHMOCTH OT rayGHubl 3ajeraHust I JUTOJOTHYECKOTO COCTaBa
NOpOJ 10 BOAOHOCHOTO mJaacra, cCOCTaBa NOPON BOAOHOCHOrO NJjacra, BeJu-
HHHBl HAaNopa B HeM, OXpmaeMmoro Je6Hta CKBAXKHHbI H ce AHaMeTpa.
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O6wmrne pexomenpaiumu Mo BbOOPY cmocoGa GypeHust Bom03abopHLIX
CKBaXHH npuBefens B Tabu 11.2 [120].

Tabauua Il 2
Pexkomenpaunn no BbiGopy cnocoGa G6ypeHns CKBaMMH

Cnoco6 OGypenus YcnoBHst npuMeHeHHS
YaapHo-KaHaTHHHA B pHIXJBIX H CKAJbHBIX NOpOJAaX MpH rAybuHe CKBaXKHH RO
150 M
Potopurli ¢ npaMoit B pHXJHX H CKalbHHX nopojxax MpH J0O0H ray6uHe cKsa-
NPOMLIBKOH xuH, IlpenycMaTpHBaeTcss BO3MOMXKHOCTD Pa3TJHHH3alHH CKBa-

AHH, a B 6e3HanOpHbIX BOLOHOCHBIX TOPH30HTAX CKaJbHHX NO-
POX HCMONb30BaHHE IJIsi IPOMBIBKH YHCTON BOAB

KoMmGuHHpOBAHHBIIH B CH0XKHBIX IHADOTEOJIOTHYECKHX  YCJOBHSX MpPH TayOHHE
(ynapuHo-KaBaTHBIH H po- | ckeaxuy cBeie 150 M. Yaapuwi — po raybunsnt 150 M B He-
TOpHBIf) HAMIOPHBIX HJiH €260 HANOPIILIX BOJOHOCHBIX FOPH30HTAX H MpH

YaCTOM UEpe1OBAHUH BOJOHOTHHX U HENpPOHHIIAEMEBIX CJI0eB;
pPOTOpHHI — B 06€3BOAHHX Mopoxax

Potopubii ¢ ofpaTHoii B peixabiX mopoaax npu rayGuHe ckBaXHH 1o 400—500 M,

NPOMBIBKOR B CCCP wumeercss ONBIT GypenHsi CKBaXHH 35THM CIOCOBOM

. ray6unoit 1o 200 M. OGecrneunBaeTcsi BO3MOKHOCTL GypeHHs
CKBaXHH Ha BCo TAyOHHY anamerpoM 1000 MM H Gosee

PeakTuHo-TypGHHHBII B pHIXJBX H CKaJBHBIX MOpoaax NpH raybrue ckBaxkuH 0o-
Jdee 200 MM u aHaMeTpe cBuIue 1000 MM
Kononkosuit B cxaapHbIX mOpoaax NpH gHaMeTpe CKBaXHH A0 200 mM

Hnst 6ypenns u o6opynoBaHusl CKBaXKHH NpuMeHstoT TpyObl obGcamHbie
CTalbHble C HOPMaJbHON AJAIHON pe3bObl W MydTaMmu, H3TOTOBJASEMbiE 10
[OCT 632—64.

Tlpn 6ypcHIIM CKBaXKHH OOJBIIOTO AHaMeTpa yHapHO-KaHaTHBIM CrOCO-
60M H oco0eHHO pOTOpHBIM ¢ OoOpaTHOH MPOMBLIBKOH IPHMEHSIOT TaKXe
TpyOBl CTajbHble 3JEKTpocBapHbie, H3roToBaseMbie no [OCT 10704—63
HapyXHbIM gHaMerpoM 529, 630, 720 mM ¢ TOJIHHON cTeHOK 8—12 MM, a
TakxKe guaMerpom 820, 920, 1020, 1120, 1220, 1320, 1520 MM ¢ ToJALHHOMA
crenok 8—16 mm. Hapsiny co cranbHbiMu TpyGaMu Aast 060pYyLOBaHHs He-
rAy0OKHX CKBaXKHH MOMKHO HCHOJb30BaTb acGecTolleMeHTHbBIE W Kepamuuye-
CKHe TpyOul.

KoHCTPYKIHH CKBaIKHH

KOHCTPYKTHBHBIE 3/1€MEHTHl CKBAXKHHbl — KOHAYKTOp, TEXHHYecKast KO-
JIOHHa Tpy0, 3KCIJAyaTauMoHHast KOJOHHE, LEeMeHTHas 3amura (3atpylbHast,
nonbatMayHtas), OTCTORHHK, QUABTP, HAN(DHABTPOBAsT KOJAOHHA, CaJbHUK —
NPUHHUMAIOTCS. [pH IMPOEKTHPOBaZHHH B 33BHCHMOCTH OT chocoGa Oype-
HHsl, ryGHHBl CKBaXXHHBI, THIPOTE0JOTHYECKHX YCJAOBHE MECTa ee 3aJso0xe-
HUSl ¥ 11€J1€eBOTO Has3HayeHHsl BOAB! (/1% MUTbEBOrO MM MPOH3BOLCTBEHHOIO
BOLOCHA0XKEHHST).,

KoHucTpyKunst ckBaxiuubl rayouHoii mo 20—30 M nokasaHa Ha pHC.
I1.7. TIpu moGom crnocoGe 6ypeHHs] KOHCTPYKLHH TaKHX CKBaXHH MpaKTH-
YECKH OJHHAKOBble, YTO 0OyCa0OBAHBaeTCd HeOQIbIION MX TIYOHHON M He-
O06XOLHMOCTBIO 0060pYyI0BaHHs, KpOMe (HAbTpa, ABYMs KOJOHHAMH 00cal-
HBIX Tpy6, TaK KaK BOJa H3 CKBaXKHH [IpeHas3Hauaercsl [IJs MNHTbEBOIO
BopocHaOxenna. KoHCTpykuusi CKBaXKHHbI, NOKa3auHasi Ha puc. IL.7.q,
OTAHYaeTcsl OT KOHCTPYKUHH Ha puc. I1.7, 6 u 8 nuwb na nepuon GypeHus,
NOCKONABKY B He#d o6cagHasi KoJaoHHA TpyO nAnamerpom 426 MM LOBOAHTCA 10
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Puc. 117, Korcrpyruur
CKBaXHH  IayGuHOA 10
30 M B pHIXJHX MOpOA2X
npH OGypeHHH pa3JIHUHBIMHA
1020 mm cnocobamu
e ——

a — yAapno-KanarTseim, 6—po-
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Ko#i  3a60s; 6 — POTOPHLIM
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npoekTHoil rayOuHn (22,5 M), a sateM mNOAHHMaercsl J0 TyOuHB 14
B KOHCTPYKLHMAX CKBAXKWH, NOKa3aHuBiXx na puc. 117, 6 n 8, 372 KOJOHHA
VCTaHaBJNBAETCs Ha YKa3aHHYIO MYyOnHy 1o xony 6ypeHusl.

[Ipn oxnHakoBHIX B 00LIeM KOHCTPYKIUHSX STHX CKBaXKHH OHH CyHiecTBEH-
HO OTJHMYaKTCs KOHCTPYKIHER BOAONDHEMHBIX 4acCTefl: B CKBaXKHHe, COOPY-
’haeMoll yAapHO-KaHaTHhIM cnioco6oM (puc. I1.7, @) HavaiabubiM AuaMeTpOM
508 MM, BOXpyr Kapkaca ¢uabTpa H3 Tpy6 amaMerpoMm 273 MM ¢ o6TOYeH-
HBIMH My(dTaMH MOXHO CO31aTh [eCYaHO-rPAaBHHHYIO OOCHIIKY TOJHIHHOH
60 MM Ha ctopouy; B ckBaxuHe (puc. I1.7, 8), coopykaeMolt poTOpHBIM CIIO-
co6oM ¢ oOpaTHOH NPOMBIBKOH 3a6osi, Haya/bubiM fuaMerpoM 1020 MM ToJI-
IHHA ca10s 06¢chinKK uabTpa 313 MM Ha CTOpOHY; B ckBaxuHe (puc. 11.7,6),
COOpYKaeMOH POTOPHHIM crocoO0M ¢ NpPsIMOi NPOMBIBKOH 3a60s1 TVIMHHCTBIM
PacTBOPOM HayaJbHbIM guameTpoM 529 MM BooOuie TOXe MOXKHO €037aTh
necyaHo-rpaBuiinyi0 OO6CHINKY, HO IPH 3TOM kpaHHe 3aTpyAHSIIOTCS pasrvid-
HH3aLHs BOJOHOCHOTO FOPH30OHTA M BOCCTAHOBJAEHHE ero BOAOOTAAUH, N03TO-
MY B TAKMX CKBaXXHHAX He PEKOMEHJyeTcsl €03JaBaTh HeCyaHO-TPaBHHHYIO
COCHITIKY.

Creayer oTMeTHTb, uTo NpH yAapHO-KaHaTHOM cnocobGe GypeHus Hersy-
OOKHX CKBaXKHH ¢ TIpPUMEHEHHEM HeCcTaHAApTHBIX GYPOBHIX HAaKOHEYHHKOB
HayaJbHBIH AMAMeTpP CKBAXKHH MoOXKeT ObITb CYIIECTBEHHO GOJBIIMM IO
CpPaBHEHNIO C HOMHHAJbHHIM, YKa3aHHBIM B NacHOpTe  OYpPOBHIX CTAHKOB
YKC-22M u YKC-30. ITosToMy B CKBaXKHHe YAapHO-KaHATHOTO GYypeHHs
(puc. I1.7, a) 1011uHy c10st OGCBIIKK MOXKHO CO31aTbh He MEHBUIYIO, YeM B
CKBaXXKHHe potopHoro Oypenust ¢ obpaTHo#l npombiBKOlt (cM. puc. 117, 8).

Taxknm o6pasoM, HersyGoKHEe CKBaXKMHBI MOXKHO GVPHTb Kak yAapHO-Ka-
aTHBIM, TaK H POTOPHBIM crioco6oM ¢ o6paTHON npoMbiBKo#. 1lenecoobpas-
HO. OHAKO, NPHMEHATh POTOPHBIX cnocod GypeHus ¢ o6paTHOH NMPOMBIBKOI,
YUHTBHIBAsl €r0 CyIECTBEHHO OOMbUIYI0O CKOpOCTb. PoTopHeifi  criocob ¢ npsi-
MOIl IPOMBIBKOf B JaHHLIX YC/JIOBHSIX IPHMEHSITh HE PEKOMEHAYyeTCsI,

Bypeune cxBaxuu rayGuHoit 1o 50 M Ha MeXAypeyHoM MacCHBe, CJO-
JKEHHOM ¢ TOBEPXHOCTH, HAMpHMeEp, TOJIIECH MNOKPOBHBIX CYIVIMHKOB. NOJ
KOTOPBIM HaXOAMTCS HAMOPHLIX BOJOHOCHBIN MeCYaHLIA MIACT, MOXKHO BeCTH
PasnMyYHbIMH croco0amMu: ymapHO-KaHATHBIM, POTODHHIM C NMPSAMOA NMPOMBIB-
KOiI, POTOPHBIM ¢ 06paTiOi MPOMBIBKOM (pnc. [1.8). KoHcTpykuist cKBaXH-
Hbl, MOKasaukasi Ha puc. 11.8, a, onpenensercst ryOuHOH, BH3LBAIOILEH He-
oéxonnmocrb H3MEHEHHsl JHaMeTpa CKBaXKHHb. KOHCTPYKuHH CKBaXHuH, mO-
KazaHubie Ha puc, 1.8, 6 u g, onpefensoTess HX Ha3HayeHHEM — MOJIyUeHH-
€M BOJAbl I MHTbeBOrO BOjOcHaGxeuuss. HauallbHBIH nHaMeTp CKBaKHHBL
1a puc, 11.8, 6 — 529 mm.

24



Ppc II8 Kouer-

a 1 §
DYKUHH  CKBAJKHH ?) 4 il / A
raySusoft no 50 M g z ’ ™
npu OGypeHHH pas- P 7
JIHIHBIMH cnoco -7 d “
6avin /
a ~~ yRapHO KaHaTHBIM f [ 4—4 J/J’
6 — pOTOPHBIM C mp# 4 ,_45,
MOfi MpOMLIBKOH, 8 — I
POTOPHBIM ¢ 0GpaTHON ¢ 5,7Q
NpOMBIBKOI I —3a a
TpyGyan UeMeHTauHa eooo| 100
2 — KOHJYKTOD 3— 426MM 0o 0o 2
A 820mm
MexTpyGHas  uemed v 2.,., ool §° o @
Tayus 4 — gaummaﬂ Jom . PN /2
KonoHHa TpyO 5—tex ‘a0 L
HHYecKast KONOHHA | —8 /"”/;u ’
Tpy6 6 — rIyxHe ~py § . ‘o
661 GHABTPOBON KO ,. e,
MOHHH 7 — mecyaHo 7 —P" 0,0
rpapufinas  ofchinka 9 oo °
tusbTpa 8 — paGouaf 1 g A°°- ao
yacte  PHABTPA 9= i — Y —
orcTo#AHK /0 — BOQO~ e —— SIM 77"
HOCHBI® Tnact
a
N R
A ﬁ? 7 —d —
7 7= ; \
[/ 720 mm
= = T N 529mn 1020mm
1 I I 10m F 10m
—3 l [ .‘__/9 8 p
—E N— /\Z
| g
— INe— 1 /”\ ’
—_j\ L INE ssomw E 7 /
”:% I | 36m /
{1 g
7
| /1;\*
/\
i%ww P o2 X 920mm
] Bom pesd f3iET dom
17 o2, 1T o3
| e esee:
A A I Ly
e T}
it BRI
Tk LA N A
(i < DAY ALY
i 'r:,:ﬁ’/, s il i, JITIESS
L R /\\ s X%
=i P 426mH 1 LY s
T < = 05m

M A By [J: B

Puc 119 KouctpyKunr ckpauH ray6pnon 10 100 M npu 6) peHIn pasfuvHBIMA cnocobamu

@ — ypapHo K1HAaTHBIM, 6 — POTOPHBIM C MNpsMOfl NpOMLIBKOA, §— POTOPHEIM ¢ oGpaTHOfA NPOMBIBKOA,
1 —noyBa, 2 — CyrAHHKH, 3 = rAHHB 4 — NeCKH, 5 — aprHANHTH, 6 — 3aTpyOnas ueMeuTanHs, 7 — KOH
RYKTop, & — 3aTpyGHO MexTpyOnas LeMeHTauus 9 — TexHHdYeckas KOJOHHA Tpy6 10— 3aTpyQuo vex
TpyGuan uemenTanHa, // — 3KCORAyaTapHOHHAas KONOHHAa TPYO /2 — texnudyeckas KoloHHa TpyG H3Blae-
Yehna | NOCkKe YCTAaHOBKH (HABLTpA [3 — riiyxde TpyGbl (pHABTPOBOR KOJOHHB! [4 — CalbHHK 15 — necua
Ho rpaBHfinas o6ChinKa ¢HNbTpa, /6 — BononocHbIAA nmact, /7 — paGoyasn 4acTh (GHAbTPA, [§—~OTCTOMMHK

25



%)

=K

g |
2 :”{ !
> P ; g 78] 720m
» ==
§ I—=
L7 Lee o \
057 of
. \
go-”‘?/ AJ,
|4 171 |426mm
Oa ‘
0
f'"' aovgzaw
[ =3 35m
©o® H P H
W 67; 1 N 830mMm
|
cg\ l' —wL—’::/ﬁ 0 oo ’I —-‘ 45m
° ° n ° ||
-—w’-i L
__44;;} Jidast e <. 4
¢ I ‘oZe
02O ( |+ o =
[
%ﬁL I L ® 820mm LT
: 1 M o6 27 [ 1]
° g ZLZZ‘L of L 273
77 My
ZZZ? MM 7 | ’ ]
’-/
| et I ] —LAO [ -
e % W " 529mMm
H ‘ 8om
426mn
225M
/74
324mM
155m

Puc IT110 KoHCTpyKUHH CKBaxKHH
rny6uHot no 150 M npu OypeHHH

yAapHO-KaHaTHBIM  cnocob6om
I —noysa, 2-— cynecu, J— TaJe4yHHKH!
4 — cyraunkd, 5 -—radHbB, 6 — 3aTpy6.

Has LeveHTauHs, 7—KOHAYKTOp, §—MexKs
TpyOGHas ueMenTanus, 9 — TexHuyecCaas
KOJLOHHA TpyG, [0 — TeXHHYECKHC KOJOH.
HbI prG, H3BaeyeHHble [0CJKe YCTAHOBKH
dhHAbTpa, [f—rnyxue TPyGel huarTpa,
12 — paGouan wacTb GHTIbTPA [3 — OT-

cTolinnk, /4 — nmecyano rpasiiidas  o6-
CbilKa (h 41bTPA
[Tpu OGypennn CKBaxKuH

JJIsl IpOH3BOJCTBEHHOIO BOJO-
CHaOXeHHst X KOHCTPYKUHH
MOTyT OBbITb ynpoieHbl. XoTs
B JAaHHBIX YCJOBHSX, KaK YKa-
3bIBaJOCh, MOXKeT ObITH npli-
MeHen moGoil cmoco6 Oype-
HHSL CKBa)XHH, UPELHOYTH-
TEJIbHO HCHOJL30BaTh pDOTOP-
HbI ¢ 06paTHON NPOMBIBKOM,

Ha punc 119 noxasaHb
KOHCTDYKUHH CKBajKHH TLJy-
6uHoil mo 100 M B HamopHbIX
BOLOHOCHBIX TaacTax. B Bepx-
Hell yacTd paspesa (CM. pHC,
I1.9,a) HaxomsaTcs naacThl H
HpOCJAOH HEeCKOB, COAcpXKainue
HEUpHTOAHYI0 A/l NHTbEBBIN
ueJe Boldy, Ho3TOMYy Honana-
HHE 3THX BOA B 3KCIL1yaTallll-
OHHBII BOJQHOCHBI TOPH3ONT
LOJXKHO ObITh  HCKJIIOUYEHO
B c¢Ba3un C 3THM HECKOJbKO
YCAOMKHACTCS  KOHCTPYKILHS
CKBaXHHBI: IPOH3BOLATCA
KpeljeHHe ee CTEHOK He of-
HOfl (mocse KOHLYKTOpa), a
JIBYMSl KOJIOHHaMmi 06CaIHbIX
Tpy6 W neMeHtannsa MEXTpYO-
HOrO MHpOCTPAaHCTBA  MEXMIY
HUMH. B paHHBIX YyCJ0BHAX
KOHCTPYKIUHS CKBaXHHBI MO-
et OblTh 6e3 TeXHHYCCKOM
KOJIOHHBI TPY0, ec/il NIOKa3aH-
Hble Ha pa3pe3e I'VIHHbI ABJA-
IOTCA TAMEJAbIMH HO COCTaBy
11 AOCTAaTOYHO NJIOTHBIMH, YTO
MoXer obecneyuThb I130JIHIO
BEeDXHHX BOJOHOCHLI\ TOPH30H-
TOB nyreM 3abiBki 111 3a-

IaBJHBAHAS B HUX (B IVIMHbI) 3KCIVIYaTAlHOHHOH KOJIOHHBI Tpyb

Ilpu coopyxenun ckpaxuH riy6utoit 10 150 m (puc. I1.10) B pbIXJIBIX
I CBASHBIX NMOpOJaX, HaHPHUMEP HAa KOHYce BBIHOCA, KOHCTPYKuHA HX OKa3bl-
Baercst NOBOJIbHO C/IOXKHOH. B CkBaxuHe, npoOypeHHO#l ymapHO-KaHaTIbIM
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cnoco6oM  HayaJbHbBIM  aHaMmeTpoM 1120 MM W KoHeuHbiM 529 MM
(puc. 11.10, @), no npoexTHOf IMyOHHB NPHXOLHTCA YCTAH3BJIMBATh [OCTE
KOHLYKTOPa He MeHee NMATH KOJoHH ob6capHblX Tpy6. M ecnu mocanka Tpy6
B CKBaXMHY 10 xony OypeHnsl BO3MOXKHa oObUHBIM crnocobGom (Goem), TO
H3BJIEKaTh MX IIPHXOAHTCH, KaK NPaBHIIO, ¢ NOMOILIO BUGpaTopa. Ocobenno
CJIOJKHBIM ABJSeTCsl OypeHHe BHICOKOAEOUTHBIX CKBAXKHH C YCTaHOBKOH B HHX
¢nabTpoB Gonbuioro aMamerpa (324—426 MM) U ¢ BHBOLOM BEDPXHEro KOH-
113 pHABTPOBBIX KOJOHH H3 YCThE CKBAXKHHBL.

OnucpiBaeMast KOHCTPYKUHS CKBaXKHHBl MOXKeET ObiTb ympolleHa B TOM
cayuae, KOrla pacueTHOe NOHIHKEHHe YPOBHS BOAB B CKBaMKHiie NPH 3a1aH-
HOM ee fe0HuTe HE3Ha4uHTebHO, Hanpumep 20—30 M. Toraa KoHCTpYKuus
CKBaXKHMHBI IPH TOM Xe crnocobe GypeHHs MOXKET GHTb TaKO#, KakK 0Ka3aHa
Ha puc. 11.10, 6; Bepxuss rayxas 4acTb (GHJIBTPOBOH KOJMOHHHE Tpy6 (¢ 06-
TOYEHHBLIMII My(TaMH), T1e MoXKeT ObiTb YCTAHOBJIEH HAaCOC, HMEET NHAMETp
426 MM nipu guamerpe paGoueil yactTu GuabTpa 273 MM.

B orniune or KOHCTPYKuMH, mnokasaHHo#t Ha puc. I1.10, @, 3necs Her
o6canupix Tpy6 mnamerpom 1020—820 Mm; yMeHpllen B o0LIEM M QHaMeTp
GuIbTPOBOI KoACHHEH ¢ 426 no 273 MM. OLHaKO B 3TOM KOHCTPYKUHM HMe-
eTcsl CYILECTBEHHBIH HELOCTaTOK: B HEH NPAaKTHYECKH HEPEeKPBITa TJIYXHMH
TpyOaMu BepXHsisl, HEpPEeJKo HanGougee BOLOOOGH/IbHAS YaCTb BOJLOHOCHOTO
I1aCTa W HCKJIOUEHa BO3MOMKIIOCTL [IOTPVXKEHHS Hacoca Ha OOMbIIVIO TJV-
Ouny.

OueBnaHo, B yKasaHuuwex Ha puc. IL.10 ycnoBusix uenecoo6passee Bcero
OVpPHTb CKBaXXKHHBl POTOPHBIM croco6oM ¢ 06paTHoil npombiBKOR. Ecan stor
crnoco6 OypeHHs] MPHUMEHHTDb HeJb3sl (Hampumep, npH OOJBLIOM COAEPIKaHHU
KpPYNHBIX BaJYHOB B COCTaBe MNOPOJ BOLOHOCHOFO TOPH30HTa), PEKOMEHIyerT-
CH DOTOPHBIA €Noco6 ¢ NPAMON NPOMBIBKOR ¢ T aT2JAbHON pa3rJIHHH3aulield
BOJOHOCHOTO MJIaCTa H AJIUTEJbIIOR MOIIHOA MO30HHOH NPOK3YKOH CKBAXKHHY
A1 BHIHOC@ M3 NPUQHABTPOBOH 30HBI BOJOHOCHOTO 1J18CTa MEIKHX (paKuui
TI0POABl H HCKJIOUEHHS! NeCKOBaHHUs CKBAaXXHHbBI NP €€ 3KCIIyaTallHH,

IIpn coOpy:KeHHH CKB3aXKHH B CKaJbHBIX YCTOHYHBLIX BOLOHOCHBIX HOPO-
1aX KOHCTPYKIHM HMX yIpOWAlOTCA M0 CPABHEHHIO ¢ KOHCTPYKUHAMI CKBa-
#HH TOH Xe IMyOHHB B PHIXJILIX mopoiax. B kauectse npumepa ua puc. I1.11
NpHBEIeHB KOHCTPYKUHH CKBaXKHH ryiyOnHoil 155 M npu Oypennu ynapto-
KaHaTHBIM c0COOOM H POTOPHBIM C NpPSIMOil IPOMBIBKOIL.

B KOHCTPYKUHH CKBa*KHHBL, MpoOyPeHHOH YAapHO-K4HaTHBIM CIocoboM
(puc. I1.11, a), Bropast 33 KOHLAYKTOPOM KOJIOHHA o6caiHpix TPy6 (mocue
YCTaHOBKH (GHJIBTPA) H3BJICUEHA MOJNHOCTbIO; BEPX (HILTPOBOH KOJIOHHHI
BBIBEJEH H3 YCThe CKBaXIIHb. B KOHCTPYKIHH TOW Ke CKBa:KHHDI, MOKa3aH-
roit Ha puc. II.11, 6, 3Ta KoNMOHHA TpyO coxpaHsdercd Ha NEPHOJ 3KCIya-
TanuHu, QUALTP NOCTaBJAEH BIOTaH; B KOHCTPYKUHH TOI K€ CKBaXXHHH
(puc. I1.11, 8) BrOopast KosioHHa 00caAHbX TPyG Ha riyOuHe 75 M obpesaHa
Il H3BJi€UEeHa, a B niTepsaie 75—90 M ocTaB/ieHa 1 B Hee BBLIBEIEH Bepx
GbunbTpa, YCTAHOBJIEHHOrO TaKXKe BHoTail. HakoHeu, B KOHCTPYKIHH CKBa-
AWHbL, MokazaHHo# Ha puc. 1111, e, npeamonaraercs, dYTO YCTOHYHBOCTDH
NOpOJ BOJOHOCHOTO FOPH30HTa ofecrneynBaeTcsl He TOJNLKO Ha nepHolL Oype-
HHSl, HO H Ha MEePHOI SKCILIYaTamHH, MO3TOMY BTOpast KOJIOHHA 06calHBIX
Tpy6 coxpalieHa, KakK M B KOHCTpyKuuH Ha puc. II.11, 6, a ¢uapTpoBoil Ko-
JAonus 3nech Her. Ha puc. I1.11,0 noka3ana KOHCTPYKUHMSA CKBaMHHBI, IIPO-
OypeHHO! POTOPHHIM CIOCOGOM C NpsiMOil MpOMBIBKO#. [10 cpaBHEHHIO ¢ KOH-
CTPYKuHeHd CKBaXKHHBI, 1poGypEeHHON yaaplio-KaHaTHHIM CuocoOoM, OHa 1po-
1Ie, B Heil JIMIIb OJHa MOoc/Je KOHLYKTOPa KOJIOHHA o6canHbx Tpy6. B ycroi-
YHUBBIX NOPOLAX BOLOHOCHOIOQ MJ18CT3 MOMeT OBbITL NMPHHATA KOHCTPYKUISA
CKBaXKnHbl 6€3 puabTpoBoit Kostonusl (puc. I1.11,e).

ITpn poropHoM GypeHHH B BOJOHOCHBIX MJIACTAX, NPEACTABJEHHBIX CKaJlib-
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Puc I111. KoncTpykuuH chBaxHH riay6nnoil go 150 M, npo6ypeHHBIX Da3JHUHHMH Cro-
co6aMH (BOJOHOCHBEIH TOPH30HT B CKAJbHBIX NOPOJ1aX)

a, 6, 6 — ylapHo-KAHATHBIM ¢ YCTAHOBKOH B CKBaXXHue (HNbTpa, 2 — TO XKe, (e3 ycTaHOBKH (HabTpa,

8, € — pPOTOpDHBIM ¢ MNpAMoll NPOMBIBKOA COOTBETCTBEHHO ¢ YCTaHOBKOH H Ge3 YCTAaHOBKH (HIbTDA;

!/ — mouBa; 2— CYINHHKH, 3 — NeckH ¢ Bojoil; 4— MeprenH; 5— aNeBPONHTH, 6 — NeCYAHHKH; 7 — H3

BEeCTHSIKH, & — rJHHBI, 9 — 3aTpyGuas UeMeHTanHs; [0 — KOHAYKTOp; [/ — MexXTpyGHad UeMeHTauHs;

12 — TexHuWuCCKan KoJoWHa Tpy®, I3 — TexHHuecKas XoJoHHa TPy, H3BleyeHHAasg rMmocie YCTaHOBKYM

¢$unpTpa; /4 —rnyxHe TpyGnl (UALTPOBOM KOTMOHHBI, [5 — paGouas 4acTb QGHABTPA, [6 — OTCTOHHHK;
17 — canbHuK

HBIMH YCTOHYHBBLIMH IOPOAAMH, NPOMBIBKY 3a00s1 CKBaXKHHBI cJaeAyeT INpo-
H3BOIHTL YHCTOH BOLOH.

B yKazaHHBIX YCIOBHSIX NMpeflOUTHTENbHO NMPUMEHATb POTOPHBIA CHOCOO
C NpSMOH NPOMBIBKOH, OTJHYAKOUIKIACH OT yIapHO-KaHATHOTO 3HAYHTeJbHO
GonblIcit CKOPOCTbIO GypeHHusi, PoTopHOoe OypeHue ¢ 00paTHOM NPOMBIBKOM
B 3TOM CJyuae He peKOMEHIYeTCs.

ITpn ray6okoM sajieraHun BOLOHOCHBIX TOPH3OHTOB (Ha mIyGHHe [0
500 M) ckBaxHHB MOTyT ObITb IPOGYpeHb KOMOHIIHDOBAIHBIM CNOCOGOM:
IO KPOBJH BOLOHOCHOTQ TOPH30HTAa — POTOPHBIM ClocoOOM ¢ NpAMO# Npo-
MBIBKOH TJIIIHHCTHIM DacTBOPOM, a B BOJAONOCHOM m.iacTe — yrLapubiM. Kou-
CTPYKIHS CKBaXIIHH /I 3TOTO ¢ayyast npejcrasieHa Ha puc. [1.12.

CkBaXHHb! Ha BOALYy, IMy6HHA KOTOpPBIX TpeBbllaeT TeXHHYeCKHe BO3-
MOKHOCTH CTalKOB yIapHO-KaHaTHoro OypeHusi, 6ypsiTcst POTOpPHBIM CIIOCO-
60oM. TIpn HeOGXOMMMOCTH COODYMXEHHSI CKBAaXKHH 6OJAbLINX NHAMCTPOB MpH-
MeHsIeTCsl peaKTiBHO-TypOunHoe Gypennie (PTB). KoHCTpykuHH cKBaXKlH B
3TOM CJyyade B 0OlLIeM HeCJOXKHble, MOCKOJbKY BBIXOH KOJOUIH 06cagHbIX
TPy NIpH POTOPHOM GypeHnH 3HaYHTeNbHbIE — 10 1000 M.

npoeKTax BOL032GOPHLIX CKBaXKHH HApsILy C pa3paboTKOH HX KOH-
CTPYKIHA yKa3biBaloTcst TpeboBaHus K GypeHuio, 060pVIOBAHIO H ONp0GO-
DaHWIO; NAKOTCS KOHCTPYKUHH (HIBbTPOB, cncuudHKauud TpPy6 H ApVrux
HeOGXOLHMbIX MaTepHaJoB. IIpn 3ToM 1yXKHO YYHTHIBATH ciAelylolHe o0une
HOJIOX eHM S

1) BbIXOL KOJIOHHBI O6cagebiX TPY6 H3-nold GalIMaka npeabliylleit Ko-
JOHHB! MOXKHO INpPYHHMATbL; NpHU YZApHO-KaHaTHOM OYpeHHH B CYXHX CBA3-
HBIX, PBIXJBIX H TOJYCKaJbHbIX mopogax — 25-—-30 M, B rtex K noporax
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Puc. I1.12, KoHCTpYKUHS CKBaXXHHH, NpOGYpEHHOH KOMOHHHpO- 1"‘
BAHHLIM CMOCOOOM (BOJOHOCHHIH TODH3OHT, 3aJeramwlHi Ha ray-
6ure 10 500 M OT MOBEPXHOCTH)

[ = 3a/IHBKa PACTBOPOM UeMeHTa; 2— KOHAYKTop; 3 — 3aTpyOGmas uemed-

TauMA C Oojadeil pacTBOpa ueMenTa Noj OGaliMak; 4 — 9KCIiyaTaUHOH.

Haf KoJIOHHA TPyG; 5 — TeXHHYecKasd KOJNOHHA Tpyl, H3BleueHHasi H3 CKBa-

KHHBl TOCKe TOCajKH B Hee (HnbTpa; 6 — CanbHHK, 7 — GHABTP; 8 — OT-

cTofiHHK, 9 — OypeHHe pOTOPHOe ¢ MNpSAMOfA NpoMbIBKOfA TiHHHCTBIM pac-
TBOpOM; /0 — GypeHHe yJapHo-KaHaTHoe; [/ -— BOJOHMOCHBI mjacT /

BJIAXKHBIX H ¢ BoAoH — 35—45 M; npu poropHoM Oype-
HHH C NPSMOH NPOMBIBKOH BO BCEeX BHIAX TOPHBIX IO-
poJ HE3aBIICHMO OT BJa:KHOCTH — 1o 1000 M;

2) npH ynapHo-KaHaTHOM crnoco6e GypeHus amna-
MeTp nocjenyiouieli o6CafiHOR KOJOHHB TpyO mis |
KperJleHHs CTEHOK CKBaKHHB NpuHuMaerca Ha 100 MM |
MEHbIIE JHAMETPAa NPeAR AYUIEH KOJMTOHHBI;

3) nna KpelvieHHs CKBaXKHMH ray6uHoi mo 100 M i
€O CBOGOIHBLIM CIYyCKOM TPY6 MOXHO NpPHMeHATb ac6e- |
CTOLEMEHTHH E TPY6HI; [

4) npu ycraHOBKe pu/ibTpa BNOTall BePX HanGbHIbT- |
poBOIT Tpy6hl H0/MKeH OuTh Ha 3—D5 M BHIIE GalrMa- |
Ka IKCIVIYaTanHOHHOM KOJIOHHB! TPYO; L

5) mHaMeTrp ¢nJIbTPa Ml CKBAXMHH, NPOOYPEHHBIX ZF
yLapHO-KaHATHHIM CIOCOOOM, NPH COyCKe ero B 06- |
caJHble TPYGB! HIH B HEOGCAaXKEHHbI TpyOaMH HHTEp- |
BaJ CKBAXKHHbI B CKaJIbHHX WIH NOJYCKaAbHBIX TOPo- 71~ i

|

6
(77 1=8"F00-400M

8

X JOJKeH GbiTh MEHbIE BHYTDPEHHEro fuaMerpa o6-
cagHBIX TPY6 WM [OJ0OTa HE MEHce yeM Ha 50 MM;
Ui CKBaXXHH POTOPHOro GyperHs — HE MeHee yeM Ha
100 MMm;

6) necuano-rpaBuiHas o6Ccbinka (n/abTpa, B TeX Clyuasdx, Korja OHA
HeO6XOLNMa, NOJKHA HMeThb TOJNUIMHY He MeHee yeM 50 MM Ha CTOpOHY,
onTHMaJibHas todmuia — 150—200 mMm;

7) npu o6OpynOBaHUM CKBa:KHH [EHTPOGEKHBHIMH HacocaMH ¢ JBHrare-
JeM HaJ CKBAaXKHHOH JHAaMeTp 3KCIYaTaUMOHHOH KOJIOHHBI TPYO HOJKeH
OeiTh Ha 50 MM GoJblle HOMHHAJNBHOTO, YKa3aHHOro B Macnopre Hacoca;
L)1 HACOCOB C 3JIEKTPOABHUraTe/eM B CKBaXKHHAX — PABHBIM HOMHHAJILHOMY.

IIpn npoekTnpoBaHnu I1y6OKHX CKBAaXKHH, M/ GYPEeHHS KOTOPHX Tpe-
OyIOTCSt MOIHbIE JYPOBbIE YCTAHOBKH, HAPSILY C NMPOEKTOM COOCTBEHHO CKBA-
AHHBL COCTABJIAIOT NPOEKT NPOM3BOACTBA PaboT, B KOTOPOM YKAa3bBaIOT:

a) coctaB H 06beM MOATOTOBHTEbHBIX PaboT (LOCTaBKa 060OPYLOBaHHs
Ha IJIOWAKY, IIAHHPOBKA IVIOMALKH, COOPYKEHHEe 3eMJISHbIX aM6apoB [JIsl
NPOMBIBOUYHOHU KHAKOCTH, YCTPOHCTBA [AJS1 BOAOCHAG:KeHus, 3Heprocuabxe-
HHSl, TEMIOCHAGMXKEHHs, TONIHBOCHAOMKEHHS, CTPOUTENbCTBO NPOMBIBOYHBIX
coopy:KeHHH, pyHnaMeHTOB noja OypoOBYIO yCTaHOBKY, NOLCOGHBIX COOpYKe-
HUH — CKJIa[10B, KOHTOPBI H 1P.);

0) texuosornio OypeHus, BClNoMoratelbHoe o0OOPYIOBAaHHE H METOL
ONPOGOBAHUS CKBaXKHHLL,

B) MEPONPHATHA N0 TEXHHKE 0€3011aCHOCTH.

K mpoekrty npou3BoacTBa paboT COCTABJAIOT CTPOHTeHIIAH H TEXHOJO-
PHYECKYIO KapTy paborT.

\J50-450 M

4. $UJIbTPbl BOOO3ABOPHBIX CKBA)KHH

B BonpoHocHBIX IJtacrax, npeiacraB/JieHHbBIX PHIXJIBIMH OT/IOXKECHHSIMH HJIH
CKaJIbHBIMH HQYCTOfI'-IHBbIMH nopoopaMy, B CKBaxXKHHAX YyCTaHaBJ/IHBAIOT
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bunbrpbl. OUabTP COCTOHUT H3 UJIbTpYOILel (paboueit) yacT, HAAPUIBT-
pPOBLIX TPYG H OTCTOHHHKA.

ITo KOHCTPYKTHBHBIM OCOGEHHOCTSM KapKaca pabouell 4acCTH U3rOTOB-
JSI0T QUABTPH ABYX THIOB: TpyOuaTtbie u crepxHeBbie. Ilo ycTpoiicTey
BONONPUEMHONH GuUAbTpyIoL(efl MOBEPXHOCTH QHJALTPHI MOApa3fe]sioTcad Ha
cnepyoiue Buasl (puc. I11.13) [48, 120]:

Tpy6uaThle ¥ cTepKHeBble, ¥ KOTODHIX BOAONDHEMHON (PUILTPYIOLLLil
TIOBEPXHOCTBIO CJAYKHT GOKOBAs NMOBePXHOCTb caMorokapkaca (puc.I1.13, a);

Y

Hi:
oo 0c: 4
" N

W
o 2

Puc. 11.13. Tunel xapkacubiXx TpPyO4aThiXx H CTEPHKHEBLIX
(HIBTPOB
2 1, 2 — TpyGyaThi! GUABLTD KapKac ¢ KPYMILIMH H 1IeJeBbIMH OTSep-

CTHAMH, 3 -— CTCpXKNiesol ¢HJABTD KapKac (Ha ONOpHBIX KOJAbLUAX
HIH 3aKJadHBIX NJAaHkax); 4 — MOAKJIAAOYHbIE NPOJNOJbHbIE CTEpIK-

Gy

1 [ ! nd, 5§ — moaknafioyHas CnHpanbHas oOMOTKa; 6 — Molkjaaloynaf
robpHposaHHasi ceTKa W3 BHHHIJACTa, 7 — NpoBojoYHass oOMOTKA;

1y 8 — WTaMNOBaHHbIH JHCT, 9 — ceTkha; 10— rpasuinas, rpasHHHO-
ne~vanas, necyalias ofcbinka (oObiyHas M B KOXyXe), Il — GJonH

H3 MOPHCTOrO GeToHAa; [2 — KOXYX M3 WTAMNOBAHHOTO KPOBCJBLHOTO

T Kesaesza; 13 — nOXKYX H3 CETKH hBanpaTHOTO MNJALTeHHs, [4— pe3H-
HOBBIe YILIOTHHTeJbHLIE NMpOKIaAKH; 15 — obcaaHble TpyOH

TpyGuateie W CTep:KHepbie C BOAONPHEMHOIl QHIBTPYIOLEH NOBEpX-
HOCTbIO M3 MPOBOJOYHOH o6MoTKM (puc. II.13, 6); wWTaMnOBaHHOTO JHCTA
(puc. I1.13, 8), merananueckux cetok (puc.Il.13,2); ¢ rpaBuiiHON WK necya-
HO-IpaBUiHON OGCHINKOH, MoaaBaeMoil Ha 3aloii ckBaxuHbl (puc. 11.13, d),
C TPaBHUHOK WJM NecyaHO-rpaBHUIHONH OOCBHIIIKOH B KOXKYXe BOKDYr OT[E/]be
HBIX 3BeHbep pabouell yacTH Kapkaca ¢uibTpa (TaK HA3bIBAEMbIE KOXKYXOe
Bole GuabTpel) (puc. I11.13, ) u, HaKoHell, ¢ BOLONDHEMHOH MOBEPXHOCTHIO
U3 mopuctoro GetoHa (Tak nas3biBaeMbie O10uHbIe ¢uaprper) (puc. I1.13, o).

Takum oGpasom, ocHoBol QuabTpa 060 KOHCTPVKUHM  SIBASETCS
Kapkac, KOTOpbi B OIHHX CJyYasix €aMm CJyXHT BOJLONPHEMHOH (QHILTDYIO-
lled NOBCPXHOCTBbIO, B JIPYrHUX — ABJASETCS OMNOPOH A5 BOJAONPHEMHOH
(bUAbTPYIOLIEl TOBEPXHOCTH JI0GOr0 U3 MepeyHCACHHBIX BHIOB.

KoHCTpYKuHst n paamepnl QHIBTPOB B KaxKAOM KOHKpeTHOM CJyuae
ONIpENEeasIoTCs B 3aBHCHUMOCTH OT COCTaBa NMOPOJA BOJAOHOCHOTO TOPH3OHTA H
neOHTa CKBAXKHHDI.

K ¢unbrpam M060# KOHCTPYKUHH NpeabaBAAIOTCS clepyloliue Tpe6o-
BaHuUs o?mero xapakTepa: QuABTP J0/MKcH 06JallaTh NOCTATOYHOH Mexa-
HUYECKOH MPOYHOCTBIO H YCTOHUHBOCTLIO HPOTHB KOPPO31H, HMETb HanGoJIL-
uyio (He meHee 20—25%) CKBaX1iOoCTb M NpeeJblo JONYCTHMbie PasMepbl
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oTBepCTUi (MO YCI0BHAM IPOUYHOCTH H TNpPeJOTBpalleHHs NecKoBaHHfA CKBa-
KHUHBI IPU 3KCIIyaTaluu).

B rex cayuasix, KOrfia BOJIOHOCHBIA IJIACT NPEACTaBJeH CKa/JIbHBIMH HIA
noJyCKaNbHBIMH YCTOHYHBBIMH NOPONAMH, CKBAXKHHbI MOXHO YyCTpaHBaTh
6es ¢uabTpoB. Ilpu 3TOM 3KclyaTanHoHHas KOJOHHa TpyO HOJXKHA NOJ-
HOCTbIO NMepPeKpPhiBATh BEPXHIOW, 00bIYHO HeGoJblIYIO, HO BoJlee TpelHHOBA-
Tyi0 (4eM NOpOIbI OCHOBHOH waCTH IV1acCTa), pa3pylleHHYIO, a HHOTJ1a H Bbi-
BEeTpEeJayI0 30HY BOJOHOCHOTO I1acTa, BPe3aTbCs Ha 1—1,5 M B Kpenkue
[I0POJbI U IIEMEHTHPOBATbCA NMyTeM NoJaud pacTBOPa HeMeHTa IoJ Gaummak
TpyOH.

Ecsau BOMOHOCHBIH NJ1aCT MpeacCTaBieH CKaJbHbIMH WJH NMOJYCKaJbHBIMH
HEeYCTOHUHBBIMH TI0POAAMH, CKBAXHHBI 000PYAVIOT TPYOUaTBIMH HJIH CTEpK-
HepbiMy (uabTpaMu, GuIbTpaMu-KapKacaMu 6€3  IONOJHHTEIbHBIX BOI0O-
NpHeMHHX YCTPOHCTB (NPOBOIOYHBIX OOMOTOK, CeTOK M T. A.). Takue xe
(GUIBTPH MOXKHO NPUMEHATh B BOAOHOCHBIX IJIacTax, NpelCTaBJeHHbX KPyI-
HOOOJOMOYHBIMY [OPOIAMH — rajleYHHKaMH ¢ BaJyHaMHW W TpaBHEM, C Ipe-
of61amanueM B oOLLEeM COCTaBe NOPOJAbI rajJeyHUKOBOH (paKLHUU U C COMIep-
XaHpeM IecuaHbiX (MblIepaTo-necyanbix) ¢pakuuii He Oosee 40—50%.

[lpu comepXaHuy B NOPOAAX NblIEBATO-MECUaHBbIX yacTuu Hosgee 50%,
4 TaKXKe B BOJOHOCHBEIX MJAacTaxX, I[peiCTABJCHHbIX T'pPaBHIHO-NECYAHBIMH
0o06pa3soBaHUsIMH HJH KDYNHO3epHUCTBIMH TecKamH, 118 o0opyI0BaHIs
CKBaXHH MOTYT ObiTb NprMeHeHH OHJIBTPH ¢ KapKacoM Kak H3 Tpyo, Tak
U M3 CTepXKHel ¢ BOJONPHeMHOH QUIbTPYIOLIell TOBEpPXHOCTbIO H3 IPOBO/IOY-
HOIl 0OMOTKH, IITAMIIOBAHHOT'O JIUCTA, CETOK KBAZDATHOIO MJCTEHUS.

Jlas orbopa NoA3eMHBIX BOJ H3 CPEIHE3epHHCTBHIX NMECKOB MOXKIIO INpH-
MeHsITb (HUABLTPH U3 TPyOuaTbiX M CTepXKHEBBIX KapKacoB ¢ OJHOC.I0iHOI
necyaHo-TpPaBHHHOH 0OCHINKOH MO MPOBOJIOYHOH 0OMOTKE HJIH 10 CeTKe KBal-
pPaTHOro IJIETEHHS; B MEJKO- W TOHKO3ePHHUCTHIX NeCKax — Te K€ KapKachl
ouabTpa ¢ OIHO-, ABYX- WM Ja)e TPEXCJOHHOH NecuaHofi O0O6CHINKO#, a
TaKxKe KOXYXOBble H 6/10UHbIe PUIbTPHI.

U3 yxaszaHHBIX IBYX THNOB KapKacop (QUJIbTPOB JYUIIMMK THApaBJHUe-
CKHUMIl CBORCTBAMH 06/1a1aI0T CTepXKHeBble (KapKaCHO-CTepXKHEeBbie), a u3
BOJIONPHEMHBIX (QUJbTPYIOIHX NOBEPXHOCTEH — 0OMOTKA U3 HeprKaBeoLei
[IPOBOJIOKH H B 3aBHCHMOCTH OT KPYNHOCTH 4YaCTHL NOPOAbI BOIOHOCHOTO
Iutacta mecyaHo-TpapHiiHad M NecyaHas oOCBLINKK MO NIPOBOJOYHOH OOMOTKE,
HaJoXeHHOH Ha KapKac.

IMpu ycraHoBke TpyOuaThix KapkKacop-GWUIbTPOB 6e3 JONOJHHUTENbHOH
BOJIONpHEMHOH GHUIbTPYIOLIEH NOBEPXHOCTH, a TAKXKe NPHU Noadope BOLONPH-
€MHBIX (GHIbBTPYIOILHMX MOBEPXHOCTEH pa3Mepbl MPOXOJIHLIX OTBEPCTHIT peKo-
Mennyercs npunnMars no ta6a. 11.3 [3, 48, 120].

Tlpy co3maHuH BONONPHEMHOH (HAbTPYIOLLEH MNOBEPXHOCTH (ILIbTPA
H3 TpaBUiHBIX, MeCYaHO-TpaBHHHBIX K IecyaHblx OOCHIMOK COCTaB IIOCJEAd-
HUX noxpbupaercsd No coOoTHouleHuio [120]:

D
s g 12,
dsg

rae Dsy — pasMep uacTHI, MeJbue KOTOPHIX B Martepualte oGcunkH cogepxutca 509%;
dsy— pasMep wacTHL, MeJbye KOTOPHIX B NOPOAE BOAOHOCHOrO miacra coxepxurca 50%.

MunuManbyasi gonycTuMas TOJMIHHA 0OOCHINOK 50 MM; ONTHMaJabHasd,
obecrieynpaiolas HajexHble YCJIOBHA OSKCIUIyaTanuu CKBaxKuH — 50—
200 mm. [lpu nombope Marepuaja MHOTOCJOHHBIX OOCHINOK MexXay NOpo-
A0l BOJOHOCHOTO FOPH30HTA W NPHJEralIUUM K Hell cloeM OOCHIIKH IPH-
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Ta6auna I13
Pa3Mephl NPOXOAHLIX OTBEPCTHA QHUABTPOB

PasMepH npoxoAHHX oTBepcTHA, MM, npnm KosdpdHnHenTe
BoaonpnemHasi GOBALTRY- HEOJHOPOJHOCTH NOpoJ BOAOHOCHOro mmacta (m)
wumas MoBepXHoCTh
n<2 | n>2
TpybuaTmif  Kapxac
C OTBEPCTHSMH:
KPYIJILIMH 2,53 ds 3—ddg,
LEJEBRIMH 1,25—1,5 dsq 1,5—2 ds,
Cetkn 1,6—2 d50 2—2,5 dﬁo
dso
Mpumevanua: 1. KoapdHuHeHT HEOZHOPOANOCTH 7= L rae dp,
10
d50, dso — pasMepH YaCTHu, MesJbYe KOTOPHX B COCTaBe NOPOJ BOAOHOCHOrO

njacra comepXurtca coorsercrseHHo 10, 50, 60%.

2 MenbulHe 3HAueHHT OPOXOAHBIX OTBEPCTHH OTHOCATCS K MEJKHM nec-
KaM, OoJibliHe — K KPYNHHM.

HUMAIOT COOTHOILUEeHHe, yKa3aHHOe BHIe, a MEXIY CJA0SIMH OOCHLITKH —
1o NPHHUUNY 06paTHOro GUILTPA, UCHOIb3Ys COOTHOIIEHHE

Dot _ 4

n
rae dn —n-t cnoft o6cbinku; Danyy — coofi o6cbinky, c/aeAYOLUMA 3a n-M B HanpaBJeHHH
OT CTeHKH CKBaXHHBI K Kapxacy ¢H/bTpa.

5. HACOCBl H HACOCHBIE CTAHUHH

Hacocwr

Ilpu sxcniyaTauuy BOAOHOCHBIX IJ1ACTOB C BHICOKHM HAamopOM, KOTZaa
TIOHHXKeHHe Hamopa A0 YCTbsi CKBAXXWHBI ofeclleuHBaeT 3afJaHHBII Pacxol
BOJbl, CKBAXHHBI OOOPYIVIOT Ha CaMOHU3/IHB 0Ge3 YCTAaHOBKH B HHUX BOMAO-
nofxbeMHoOro o6opynoBanus (Hacoco) (puc. 11.14).

L¥>Y
lobepxrocme
3emu

Puc II'14 Cxema 060pVIOBaNHS YCTbA CKBAXKHH ¢ CAMOM3/THBOM BOIb M3 HAX

I, 2 =~ 3ajBUXKH; 3 — kpaH; 4 — maHOMeTp OOWero HasnageRWs; § — NaTpyGOK ¢ zarayieRRog MydToR
Mo cnenMaibHLI MaHOMETP ANA H3MEpeHH| Hanopa; 6 — KOHAYKTOD; 7 — o6casHas KoaonHa TpyG;
8 — sECINyaTauHOMHan KoJOHHa TPYG; 9 — MamoOpHMA Tpybonposom



B mpomecce 3KcCmayatamud Bofo3abopa Hamop B BOJOHOCHOM I1acCTe
¢ TeyeHHEM BpeMeHH MOXKeT CHH3UTbCsA. B 3TOM ciyuae mnis orbGopa Heob-
XOIMMOT'0 KOJHUECTBA BOAbI CKBAaXKHHA NEPEBOXHTCA C CAMOHM3JMBA Ha Ha-
COCHYIO 3KCIIyaTaluio. 310 00CTOATENbCTBO HOJIXKHO OLITh NpeaycMoTpe-
HO C CaMOro Hayaja NPOEKTHPOBAaHHA BOL03a0Opa M YYTeHO B KOHCTPYK-
IIMH CKBAXKHHBI.

Ilpu pacueTHOM JHHAMHYeCKOM YpOBHe MOoJ3eMHBIX Boj (Ha Becb HJH
Ha JIJWTeJbHLIH mepHoj 3KCIJyaTaluu Bomo3abopa), paBHoM He GoJee
5—6 M 0T NOBEPXHOCTH 3eMJIH, CKBaXKHHbI MOTYT OHITh 0GOPYIOBaHBI IeH-
TpoGeXKHbIMH HacocaMM C TOPH3OHTa/bHBIM BastoM. Takue Hacocbl ycTa-
HABJHBAIOT HaJ YCTbeM CKBaXXHHHI KaK Ha NoBepXHOCTH 3eMau (puc. IL.15),
TaK W B lIaXTax TOH WJIH HHOH ry6uHb (puc. 11.16).

IlIpu ray6oKOM TNOJOXKEHHH NHHAMHYeCKOro YPOBHS BOJABI CKBAXKHHbI
06opynyloT LeHTpoGeXHBIMH HacoCaMH € BepTHKAaJbHBIM BajJoM C 3JjeK-
TpOJBUTATEJeM Haj CKBAaXHHOHW — NP AHHAMHYECKOM ypOBHE BOJLI HA Iay-
6une no 120 m, uiu B caMof CKBaXXuHe — NPH NHHAMHYECKOM YpOBHe Ha
riavouHe no 500 M ot noBepxHocTu 3eMau (puc. 11.17).

B Tex ciywasx, Korma AJg NojabeMa BOABI U3 CKBaXHH HeJb3s npuMme-
HATb IEHTPoGEKHbie HACOCH (HanpuMep, NPH HCKPUBJEHHBIX WJIH I[ec-
KYIOUIUXCS CKBaXKWMHAX) HJM KOTAA HMeeTCss BO3MOMKHOCTb MOMYTHO MOJY-
UHTb BO3/YX OT HMMEIOIHXCS Ha 00beKTe HACOCHO-KOMIIPECCODHHX CTaH-
nuil, CKBaXHHbI 060PYNYIOT 3paupTamu.

SpandrH N03BOJAAIOT NOAHHMATH BOLY M3 MHCKPHBJIEHHBIX CKBAXKHH,
a Takxe BOAY C OO/JbLIMM, YeM JONYCTHMO IJI APYTHX THIOB BOJOMOAB-
eMHHKOB, COJepXKaHHEM MeXaHWueCKux Ipumeceil. DpaHPTHl OTIHUYAIOTCH
NMpPOCTOTON KOHCTPYKIHH, He MMEIOT B CKBaXKMHax BpallaloumUxcs Mexa-
HU3MOB, HajiexKHbi B paGoTe, 00GeCNeuHBAIOT BO3MOXKHOCTb 0GCAYyXKHBAHUR
rPYNNbl CKBAaXKHH H3 OJHOTO IIEHTPa; B OTJIHYME OT HAPYrux BOHONOIBEMHH-

Puc. 11.15. CxeMa ycTaHOBKH
HeHTDO6e}KHOI‘O Hacoca ¢ ro-
PH3OHT AJNbHBIM BaJOM Hanp
CKBaxHHOM
1 — Kopnyc Bacoca; 2-— 3aJBHX-
K4; 3 — HarweratenbHas TpyOas
4 — manomerp; 5 — pan; 6 — pa-
Gowee KoJeco; 7 — BCAChIBaOULAs
Tpy6a; 8 — Knanan; 9 — xpanok

Puc. 11.16. Cxema ycTaHOBKH
HEHTDO6E}KHOI‘O BHacoca ¢ ro-
PH3OHTAJbHbBIM BaJOM Yy CKBa-
HHHBbI B LIAXTE
1] — CTeHRKa IMaxThi; 2 — MOJ MiaXe
Thl; &-- CKBaXHHa; 4 — BCachl-
Baiowas Tpy6a; &— macoc; 6—
SNEeKTPOABHTaTEAD; 7— HanopHast
TpyGa
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KOB 3paudTaMu MOXKeT GHITb MOJayYeH GONbLIAA PACXOX BOAB U3 CKBAaXKHH

pPaBHOro HJH MeHblllero JHaMmeTpa. .

Hemoctatkamu 3pAHGTOB ABAAIOTCS HX HU3KHH K03 HIHEHT moses-
Horo neiictpusi (He 6Goaee 0,25—0,35) M HeoOGXOMUMOCTb B  OTHENbHBIX
cllyyasix CleldanbHOro yrayG6Jenusi CKBaXKHH /S CO3JAaHHS B HuX CTO/16a

BOAbI COOTBeTCTByIOI_ueI:I BbICOTHI.

a)
3
M% Basdgx
Boda ==
Q|
-
2
b3 m
TIENIS —L—T—%EL"“ o Cmyp
b (TR 7
o J Lol | L 3
] oAUt yp.
1L,
—~—
L
Puc. I1.17. CxeMa o6opyaoBaHHA CKBaXHH Puc. I1.18. PacyetHas cxema 3paucra”
HEHTpoﬁe}KHHMH HAaCOCAMH ¢ BepTHKAJbHhIM | — cTenka CKBaXuMbl; 2 — o6cafntie TpyOHS
BaJlOM 3 — pojonoabeMubie TpyOul; 4 — Bo3AyliHhie
@ — ¢ iBHraTesdenM Hall YCTbeM CKBaXKHHbBI; 6 — C IBH- 'rpyﬁile;mi;‘go%cz-ﬂé(:;lz;;r:(x;ln;'r_e-'l&.mg_r; He-

raTeneM nojA YypoBHeM BoAhkl; ] — BcachiBarowHRA
natpy6ok ¢ ceTkofl; 2 — Hacoc; 3 — BOJAONOAbEMHNIE
HanopHble TPyGu Hacoca; 4 — gKCIAyaTanHoOHHAR
KononHa TpyO; 5§ -— onopHas pama ABHratens Hap
YCTheM CKBa>KHBbI; 6 — ABUraTenb; 7 — MaHOMETP;
8 — HanopHHA naTtpyBok; 9— 3amBHXKKA; [0 — Ka-
6enp; Il — ABHAMBUECKHR ypOBeHL BOJL B CKBae
KHHE

TpyOnr spaudra MOHTHPYIOT MO CHCTEME <«I€HTPAJbHO®, KOTIA BO3-
LymHble TPyObl pacrmonaaraloT BHYTDH BONONONBEMHHIX (B KauecTBe BOAO-
NOA'bEMHHX TPYO HHOIZA HCNOABL3YIOT obGcajHbie TPYOH), M MO CHCTeMeE
«rapanielbHO», KOIAa BO3AYIIHBE TPYOb ONYCKAalOT B CKBaXHHY DAAOM
€ BOJONOABEMHEIMH.

Ha puc. I1.18 npusenena pacuetnas cxeMa spiaudTa.
Hns pabothr spaudTa 10AKHO GBITh COGI0NEHO OTHOLIEHHE

H
= =1,7+3,5 (ontEManbuo 2+2,5),

rae H —ray6una norpyxenus ¢opcyHKu; — ray6uHa R0 NHHAMHYECKOTO YPOBHA BOAM B
CKBaXHMHE, CYHTAA OT YPOBHS H3THBA IMVJIBCHH.

YnenpHbi pacxop Bo3nyxa (KOJAMYECTBO BO3AYXa, HeoGXxonumoe sl
noawema | M® Bozinl) onpepensiercs no ¢popmyae [116].
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riae 1 — Ko3hOpHUHEUT NOJNEe3HOro NeHCTBHA 3IPIHPTA.

O6uiee KOJHYECTBO BO31yXa,

QB = Q‘Ia n,

HeoOXo/MHMOe 1/ 3KCILIyaTalHH
JKHHbI C 3aJ1a1IHBIM PACXOMOM, OoNpemensioT no ¢dopmyne

(1. 1y

CKBa-

rie Q — neGHT CKBaXHHL, M3/MHH; A — KO3(D(HUHEHT, YYHTHIBAIOWHI NOTEPH BO3LYXA

B Tpy6ax u npunnMaeMbiit 06biuHo paBubiM 1—2.

JduameTp -BofonogbeMHoN TPyOH TIpH pacnoioKeHud tpy6 spaudra

0 CHCTeMe «Mapa/iiesbHO» onpenedsercsa no dopmyle

1 —
D= Q( ds) ,
0,785 vyan

(1.2)

[€ Unag — CKOPOCTb ABHXEHHA 5MYJbCHH NDH H3JHBE ee H3 BOLONQABEMHON TpyObi; NpH-

uuMaerca pasuoft 600—800 mm/c.

JlaBnenne Bosnyxa, HeoO6XodHMOe MJas BBoma 3pJaHdTa B pabory, on-

penensercs no gopmyJae
Py=10,1 (hK —hy -1 2),

rie h-q—'BbICOTa OT TOYKH H3JHBa 3MYJbCHH A0 CTATHYECKOro ypOBHA BOAbI B CKBAXHHE.
[aBaenne Bo3ayxa, HeoOXonuMoe nis paBoTol  3pau¢dTa [MOCTe ero

MyCKa, paBHO
P=0,1[h(K—1)—1Ip],

rjie lp—~ [IoTepH AaBJaeHld BO3AYyXa B CHCTeMe Ha NYTH OT KoMIlpeccopa no (popcymm, npH-

uumatorca pasHuiMu 0,05 MIla.

Ilag nmoabeMa Bonbt U3 CKBaXKHUH MPUMEHSIOT
HacoChbl, NeHCTBHE KOTOPBIX
SHEPTHH CTPYH NpH CMellleHHH ABYX MOTOKOB., Bomo-
CTpYHHbIe HaCOChl B CKBaXXHHAX paboTaloT noclaeioBa-
TeJbHO C LLEHTPOOGEKHBIMH (C TOPU30HTAJIbHBIM BaJI0M)
HaC0CaMu Yy yCThsl CKBaXHH.

HauGoJsce coBeplieHHo# sBJdeTcss BOAOCTpYiiHas
YCTAHOBKA C JBYXMNOTOUHbIM HaCOCOM, MOIHHUMAIOIHM
M3 CKBaXHH pacxon Boabl Q+¢ (puc. 11.19),

ITocne mepBoit cexuun HAacoCa W3 obuiero pacxoaa
Boap orOupaercss pacxox @ — mnas norpeGurens; us3
BTOpO# CeKIUHM HACOCa PacXOol § NOJ NOBbIIeHHbIM Ha-
NOPOM — BO3BpAllaeTCsl B CKBaKHHY K 3XKEKTOpY.

B rex cnyuasix, Korga Bomo3aGopHbIE CKBaXKHHLI
MOTYT 3KCIWIYaTHPOBATbCH NPH NHHAMHYECKOM YDOBHE,
pacnoJsioXeHHoM Ha rJaybuHe He OoJjiee 7—8 M OT no-
BEepXHOCTH 3eMJH (Hampumep, B JOJHHAX peK HA HH-
bunpTpauMoHHEIX Bojo3aGopax TIpH Majaolt ofmed
MOLLHOCTH aJJI0OBHAJbHbIX OT/JIO0XKEHHH), NoabeM BOAbI
H3 CKBaXKHHBl MOXKeT OCYILIECTBAATbCA CH(MOHHBIM CIo-
Co6OM,

s 3T0r0 COOpYXKalOT COBMeELIeHHYIO HACOCHYIO
CTaHIIMIO, B KOTOPOH YCTaHaBJHBAIOT BAKYyyM-HACOCHI
715t BBoja cudoHa B paboTy U MOCJAeayIouero oTcacol-
Banusi ra3oB (l-#t moabeM) W HACOCHI I/ IIOJAYH BO-
IIbl B MaTHCTpaJbHbie BOJOBOAbI (2-f mogseM).

TaKxKe
OCHOBAHO Ha HCIOJbL30BaHHH

BOJOCTPYHHBIE
KHHeTHYeCKORN

S

2

—

-3

11+qT

o
\

ol
‘

Puc. 11.19. Cxema
BONOCTPYHHOH  yC-
TAaHOBKH C ABYXIMO-
TOYHBIM HACOCOM

1 — nacoc; 2-— aBHra-
Tellb; 3 — nanopuuit
BOJOBOJ K 9MKeKTopy:
4 — 3KeKTOp; & — BO~
AonoabeMunie TPYGH;
6 — 3aJBHXKKH; 7-—Ha-
nopHbl BoxoBOx
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Hacocuble cTaHUHM HajJ CKBa)KHHAMH
(MaBHIbOHBI)

HacocHble CTaHIHH COOPYXKalOT Hajl yCTbeM BOJA03aBOpHBIX CKBaXKHH;
B HHX Da3MeIAIOT OTO/MOBOK CKBAXHHBI, ABHTareib (eciu cKBaxHHa 000-
pydOBaHa HAaCOCOM C HA3eMHBIM JBHTaTe/ieM), HAYaAbHyl0 4YacTb Hamop-
Horo TpyGompoBojga ¢ apMarypoH, NpHOOpbl OTOMJEHHs, KOHTPOJBHO-H3-
MepHTENbHYI0 annaparypy M IpHOOpbi aBTOMATHKA.

3500

Puc 1120 Cxema HaseMHOR Hacoc-
HORK cradumg  (naBwaboHa)  Hajn
CKBAXHHOI

1 — yCTbe CKBaXXMHbi, 2— 3JIEKTDOABHra-
TenL ¢ HacocoM MapkH ATH, pacnoao-
JKeHHBIM B CKBaXXHHe, & — 3aABHXXA;
4 -— aucpmMaHoMeTp, § — Tpy6Ga ¢ 3aABAXK-
Kot ans c6poca TpOMBIBHOR  BoAdhl,
6 — BauTy3; 7 — KpaH, & — OTBeTBJEHHE
¢ BeHTHJEM [IJR  S3anHBKH  pacoca,
9 — o6paTHbl Kianmas

by
—»’

]
!
1200 125 Y om Juappazmsi

B sapucuMocTH OT MeCTHbiXx yc/10BHE (0GBOJAHEHHOCTH NOBePXHOCTHO-
rO CJIOSl TPYHTOB M 1p ) HACOCHblE CTAHIHH CTPOAT Ha3eMHble HJH TNOA3EM-
ueie (puc. 11.20 u 11.21).

_ Pasmepnr 3manust HacoCHOR CTaHUMH B NaHe NPHHHMAIOTCH H3 yCho-
BHH pa3MelleHHss B HeM YKasaHHOro ofopyfOBaHils H anmmapartyphl ¢ oec-
[I€YeHHeM HOpMaJbHBIX [POXOAOB AJS MepcoHasa CIaYXKGbl SKCOIyaTallii
BOZO3ab0pa.

Kak npasnao, pasmepbl B mjaHe AOJAXKHGLI ObiTh He MeHee 333 M, BHI-
COTa 31aHHUS He MecHee 2,5 M.

Hasemnnie Hacocmble CTAHUHH CTPOAT H3 KHpPMHMYA, LIJMAKOUeMEeHTHbIX
670KOB, GyTa, COOPHOrO M MOHOJHTHOTO Kene306eTOHa; Hanpumep, (YyH-
JaMeHTBl NOJ CTeHbl 3aKaajabiBaloT 13 G6yToberoHa, d)yHIaMeHThl NOj arpe-
raTel —Hu3 0eTOHa, CTeHbl BO3BOAAT 13 KHpIHYA WIH ILIAKONEeMEHTHBIX
6J710KOB, MOJ [eNaioT HEMEHTHHLIM Ha GeTOHHOIl MOATOTOBKE, MePeKPbiTHE —
W3 MOHOJHTHOH XKesie300eTOHHO MANTHL

[TogseMuble HacocHHe CTaHUUH B CYXHX TPYHTAX MOTYT OLIThL BBINOJ-
HeHBl H3 TeX XKe MaTepHatoB, UYTO H Ha3eMHble, B BONOHACHILIEHHBIX TPYH-
TaX CTeHbl [TOA3EMHEBIX HACOCULIX CTAHUHMI BO3BOASRT 43 MOHOAUTHOLO GeroHa
HJIM COOPHbIX XKes1e300eTOHHbIX 3J1eMEHTOB.
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B ormenpHHIX Cayuasix, Korjga BON03a0OpHbie CKBAXKHHBI pPacloJioxKe-
HbBl Ha MeCTHOCTH, 3aTamiMBaeMOH peuHbiMH [ABOJNKOBLIMH BojgaMHu (Ha-
npuMep, Ha NMoHfMe B JOJHHe peKH), HACOCHbie CTAHLHUH CTPOSIT HA MOBEpPX-
HOCTH 3eMJIH H O6CHINAIOT KOHYCOOOpa3HO MECTHBIM FPYHTOM Ha BHICOTY,
[PEBLIIAIOILYI0 MAKCHMAJIbHHHA NaBOAKOBLIA ropu3oHT. IloBepxHOCTH BO3-
BEJEHHOr0 KypraHa-KOHyCa yKpeIlJISIOT KaMeHHLIM MolleHueM. TaKylo CTaH-
[HI0 HYKHO CTPOWTb KakK MNON3eMHYI0O B BONOHACHIIEHHBIX FPYHTAX.

Eciu cKkBaXuHBI 3KCILIYaTHUPYIOTCS CH(MOHHKHIM CrOCOG0OM, NABHUJIbOHLI
HaJl CKBaXXHHaMu He CTPOAT. B 3TOM ciyyae OroJioBKH CKBaXKuH ¢ Heo(xo-
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Puc 1121. CxemMa moaseMHOH HacocHOR e
CcTaHNUMU (NaBMJbOHA) HAJ CKBAXKHHOMN 12

! — ycTbe CKBaXXHHBI; 2 -— 9MeKTpOJABUTaTelb SES
¢ Hacocom Mapks ATH, pacnonoxennum

B CKBaxKHHe; & -- 3alBHXKa, 4-— JpeHaw; 1
5— Tpy6a ¢ 3aABHXKOR aas c6poca npo-

MBIBHOA BOABI; 6 — BAHTY3 [JS1 BhLINYCKa BO3: A
IyXa ¢ oTKatovaoulel 3aABHXKKOH; 7 — KpaH; flnan
8 — OTBeTBJIeHHE ¢ BeHTHJAEM JAS 3aJHBKH
Hacoca; 9 — o6paTHpi# KAanaH; 10 — cKoOGHl
XOAO0BLIe; 1/ -— GuryMuas o6Ma3Ka; /2 — run-
DOH3ONALMA H 3aUIHTHAS CTEHKa H3 KUPIH-
9a; 18 — TpyGoNpOBOA OT NHTLEBOIO BOAONPO-
BoJla AJSl CMaUMBAHHS NOAWHNFHKOB Hacoca;

14 — wKag ynpasaenus

)
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oYY 3
ﬁmw%uawpaemr

!
o
% 5

v of

&S
\ 4
\.‘\‘ Om Quappazmst

AUMOK apMaTypo# 3aray6/sioT MOJ 3eMJIO H 3aK/AI04alT B KOJOoAUbl U3
MOHOJIHMTHOIO 11 cOopHoro XejesoberoHa. Ecad  Mmecra pacnofoXKeHust
CKBAXKHH 3a/JHBAIOTCS NABOLKOBbIMH BOJAMH, HO pacueTHHWH TOpPH3OHT Ia-
BOJKa HeBBICOKWH, BEpX KOJOJIa BLIBOJAT Ha OTMETKY BhIlIe 3TOr0 ropu-
30HTA, a KOJOjel TaKKe OOGCHINAIOT MeCTHbIM TIPDYHTOM C KaMeHHHM MO-
HieHHEM.

ITpu BbICOKHX NABOAKOBHIX FOPH3OHTAX BEPX KOJOANA BHIBOAAT JIHIIb Ha
ypoBeHb OO6liell NJAaHHPOBKH H TePMETH3HDPYIOT NPOTHB NPOHHKAHHS B He-
ro Bogn (puc. 11.22).

B npakTuke BOJOCHaGxeHHS Yalle BCero COOPYXKAlOT Hal CKBAaXH-
HaMu HaseMHble HAcCOCHble CTAHIHH (NaBWJIbOHBI), KOTOPLIE IO CpaBHe-
HUIO ¢ NOA3eMHBIMH JOCTyIHee NPH 3KCIJIyaTanuH W B HHX HajexHee COX-
pansloTcsi 060pynoBaHHe H anmnaparypa.

6. IIAXTHBIE KOJNIOALLbI

IIIaxTHBIM KOJOALLEM, B OTJIHYHE OT CKBa’KHHBI, MOXKHO HAa3hIBaTb Bep-
THKAMBbHYI0 TOPHYIO BbipaGOTKy OrpaHHueHHol ray6unpt (10 30—40 M),
a060ii opMbl B msiaHe (Kpyr/iof, KBaapaTHOH, NPSIMOYrOJbHOM), KHAMeT-
pom Gosee 1 M (ceueHueM He MeHee 1X1 M), npoijeHHYIO pasIHUHBIM
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Puc 1122 Cxema hOJOALA Haj CKBaXXHHAMH, SKCHIYyaTHPYeMHMH CH)OHAMH

] —3agenka cMOJASIHbIM  KaHaTOM 2 —3aflenka acOeCTOLEMeHTHBIM pacTBOpPOM; & — Geron MI1502

4 = YHHGHIHPOBAHHBIE KEIe306EeTOHHLHIE 3JeMeHTh, 5 —JII0K TepMeTHYeCKHA, 6 — 3aChillKa TNECKOM,

7 — xamennaf OTMOCTKA; § — 3alBHXKKa, 9 — naTpy6oK u3 cradpHolt TpyGu; /0 — noasoifuias tpy6a

K cGopHOMy BOJOBOAY; // — OTpYHTOBKAa PacTtBopoM OHTyMa B GeH3HHe C nocaeaywoulefi OKpackofi ropfi-

guM OHTYMOM, 12 — ¢aanen, [J — 3KclyaTalHOHHAsT hojaoHHa, I4 — obGcapnas TpyGa, 15— pojononnb-
eMHasi TpyGa

cnoco6oM (pyuHbiM, MexaHudecKuM ¢ nomowbio KIIIK-25, KIIIK-30) u
onyckHbiM cnocoGom. IllaxTHble KogoaUwl NpeAHa3HaueHbl Al Hakole-
HHSl HEKOTOpPOro 3amaca TNoJ3eMHHIX BOJA H NOoCAeHyIolero ux orbopa Wian
IJIs tenpepnipHoro {(6e3 co3maHus 3amnaca) oTbopa MOA3E€MHBIX BOJ

IlaxTHple KOMOAUBI C CO3/laHWEM B HHX 3amaca BOJbl MPHMEHSIOTCS
A/1s oT6opa MOA3EeMHBIX BOJ H3 BOJOHOCHBIX FOPH30HTOB C HH3KOli BONO-
OTHayed, NPHYpPOUEHHHX K TOHKO3eDHHCTHIM INbIIEBATBIM MecKaM, MJIbBY-
HaM, JerkuM cylecsm W faie CYrJIMHKaM, IV1aBHbIM 00pa3oM s BOMO-
CHaOXeHHs MeJKHX BojonorpeGureneil (HeGo/blUHX  CEAbCKHX HAacelNeH-
HHIX MYHKTOB, [IOJIEBBIX CTAHOB, OTFOHHBLIX MACTOHIL H 1p.).

Takue ke IIAaXTHBlE KOJOALBI NPHMEHSIOTCS H /8 BONOCHAOMXKeHUs OT-
AeJbHBIX MEJKHX INPOMBIULIEHHHWX BOJONOTpeOuTesed  (HACOCHHIX CTaH-
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A M XKWJIBIX TOCEJTKOB NPU HHX HAa MAarucTpa/jbHbiX HedTe- W rasonpoBo-
1aX, NMOACTAHOUN JHHHA 3JeKTpofepenaud, MHOCTOB KeJE3HOLOPOKHBIX
marucrpased W Ap.), KOIJa OHH PacloJOXKeHBl B 3HAUMTEJBHOM Yl a/eHHH
OT OTKPBITBIX MCTOUHHUKOB BOJBI, B paloHax, 6eXHBEIX NOJ3EMHLIMH WJIH MO-
BEPXHOCTHBIMH BOJLaMH IIHTbEBOr'O KauecTBa.

B npouisiiomM ImaxTHBIE KOJOAIBI COOPYXKa/Jd B OCHOBHOM PYYHBIM CIO-
cofOM C KpelJeHHeM HX CTeHOK NepeBOM, KaMeHHOH KJaikKoH (CyXoH uiu
Ha UE&MEHTHOM pPacTBope), KUPNHUOM.

B coBpemeHHO! NpaKTHKe CTPOHTEIbCTBA WIAaXTHHIE KOJOAUBL ISl 3a-
fopa NOJ3EMHBIX BOJ COOPYXKAIOT MEXaHH3UPOBAHHHIM CIOCOGOM, 3aKpem-
Jsif WX CTeHHl [VIAaBHBIM 00pa3oM Keqe306eTOHHBIMH KOJIbIIAMH, a TaKikKe
MeTa/lJuYeCKUMHd H HeMeTa/IMYeCKUMH TpybBami.

KoHcTpykuug KoJMonumeB C co3maHHeM B HUX HEKOTOpPOro 3amnaca BO-
JBl COCTOMT H3 Ha3eMHO# YacTH — OTOJIOBKa, CAyXamero ijas 3amuTh Ko-
JOJa OT 3arps3HeHHs] CBePXY W CO3MAaHHUS YCJIOBHH A1  3KCITyaTamuH
KOJIOAIA; CTBOJIA IIAXThl — OT NIOBEPXHOCTH 3€MJIH 1O BOAONPHEMHOH YaCTH;
BOJNONPHEMHOH YacTH B Ipenegax BOXOHOCHOro IJ1acTa, 0GOpyNOBaHHOMN
¢uabTpoM; BogocbopHOR uacTu (3ymnda), cayxauwleld ajis CO3mMAHHs HeKO-
TOPOTO 3amaca BOJHL.

Bonoc6opHas yacTb IAXTHOTO KOJOMIA NMPH Majofi MOUIHOCTH BOJOHOCs
HOTO M1aCTa, MOJHOCTHI) BCKPHIBAGMOTO MIAXTOH (COBepleHHble IIaXTHHIE
KOJMONUB), YCTpauBaercs B MNOPonax, MOJCTHAAIOMHX BOXOHOCHBIN IJIAcCT.
B kos0m11aX, BCKPBIBAIOIWNX JHIIb YaCTb BOJOHOCHOTO MJacTa (HecoBeplieH-
HBIX), Bonocéopﬂaﬂ 4aCTb COBMeIlAeTCsl ¢ BoLonpHeMHoH. Pa3mep (BbicoTa)
BOJONIPHEMHOI YacTH KoJiofla onpenensiercs o6beMoM Tpebyemoro samaca
BOJBE U BHICOTOH CTO0/16a BOAM B KOJOANE, HEOOXOMHMOH I/18 HODMAJbHOMH
paboTHl Hacoca.

Ilo yc10BHAM MOCTYNJIEHHS BOAHB U3 BOIOHOCHOTO ILIacTa B KOJOIIH
OHM [IeISTCS Ha paGoTalouiHe JHOM, CTEHKAMH U OJHOBPEMEHHO IHOM H
cTeHKaMu. B 3aBHCHMOCTH OT 3TOro, a TaKxkKe OT COCTaBa H KPYINHOCTH ya-
CTH1], BOJOHOCHOTO IJ1aCTa NPUHHUMAETCH TO WM HHOE YCTPOHCTBO BOJNONPH-
eMHOH GHUAbTpYIOIiel NMOBEPXHOCTH KOJONIA.

Ilpu npueMe BoAbl KOJOAlLEM Yepe3 AHO M3 HEHANOPHOTO MJjacta, CJo-
KEHHOTO MEeJKO3ePHHCTHIMH, TOHKO3EePHUCTBIMH NeCKaMH, CyNecsMH, Mo AHY
KOJIOoNlla YK/IaablBaloT NeCUYaHbid, NecyaHo-rpaBniiHbli (UABTP. KaK OpaBH-
JIO, U3 HEeCKOJBbKHX (NBYX-TpPeX) CJOeB C 4acTHIAaMH pPasiHYHON KPYIHOCTH.
Cion necuaHo-rpaBHUAHOTO MaTepuaJsa YK/JIaauBaloT [0 NPHHOUNY ofpart-
HOTO QuUIbTPa, T. €. NOCJeAOBATENIbHO CHH3Y BBEpPX OT CJOS C MeHbIIUM pas-
MepoM YacTui, K ¢J0i0 ¢ 6ojee KpyNHBIMH ppakuuaMu. TOJIIHHA KaXKIOTO
cnos o6patHoro ¢unbtpa 15—20 cm. Kpynaocts dpakuuit cioeB o6paTHo-
ro ¢unbTpa moxbupaeTcs TaK Xe, KaK H 11 MaTepHasna o6ChNoK GuIbTpoB
B CKBaxKuHax (cM. m. 4, ra. II).

Ilpu npueme BOmH uepe3 MHO KOJIOAIA U3 HANOPHOTO BOZOHOCHOTO MJja-
CTa, NPejCTaBJCHHOIO MEJIKHMH NeckaMu (oCo6eHHO NJABIBYHaMHu), MO IHY
KOJIOAIlA YKJIAMBIBAIOT CJIOH KaMH§l M3 KPENKHX HePa3MOKaeMbiX NOpOJ, MO
CJI0I0 KaMH$Sl — CJIOf TraJbKH WM KPYMHOTO TpaBHs WM LeGHsA, Ha Hero
HBIpYaTHIH HACTH/ M3 JOCOK WM Keje306eTOHHYIO TUIHTY, a 3aTeM o6par-
HBbI} necyaHo-rpaBUAHbIA QHIBTP.

[TIpu nanope Gosee 3—5 M ABIPUATHIA JePeBAHHBEI HACTHUI Jenaercs
JIBOWHBIM: CJIOH KaMH, CJIOH raJlbKu JHOO rpaBus WJIH Ie6HS, NppUaThi 1e-
PeBSHHBIM HaCTWI, CJ0H rpaBus ToJunHolM 10—15 cM, BTOpOH AbipuaThiit
JlepeBsiHHBIIT HACTILI H YKe Ha HeM oGpaTHBIl MecuaHbilf, NecyaHo-rpaBui-
HBI GUABLTD. JlepeBaHHbie HACTIB WK XK e1e300€TOHHYIO INIHTY CKPellJsioT
C KOHCTpYKIHMeH KpeIlieHHs CTeH KoJojlia.

Tlpn npueme BOIbI KOJOAIEM M3 TAKHUX e IJ1aCTOB JHOM H CTEHKaMH
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I Puc. 1123. CxemMa IaxTHOTO KOJOAla,
coopvxaemoro ¢ nomoiupio KIIK-25

Ff 1 — MeTa/uIH4ecKOe KOJbUO ONYCKHOr0 MNPHCIO-
L) cobnenua wmawuub KIIK-25; 2 — xesne3o6etor-
4 ~tL rbie Kombua K-VIII, 8 — 3amenka NEMEHTHBIM
3 £ pacTBOPOM; 4 — xKene3o6eToHHas KpHIha,
=l =0 7 5 — BeHTHAAUMOHHAA Tpy6a; 6-— XOMYThl Kpam-
Sl'e 75 1500 20 JeHHs BEHTHAAWHOHHOM TDYOB; 7 — OTMOCTKa
[:22 me6GHeM; 8 — TaMnod u3 Gerona M-200, 9 — e-
— sl ; - - neszoberonunie Konbla K-1X; 10 — Bomonpuemu e
e orBepcTud; /1 — HuALTP

)
2 S S no IHY YyKJaAbBalOT (HALTP, Kak
yKa3aHo Bble, a 10 BHICOTe CTeH
MIAXThl B Npe/lenax BCKPBLITOH dac-
50 | TH BOLOHOCHOTO NJIAcTa KOHCTPYK-
g | uyst GuALTPA NPHHHMAETCH B 3aBHU-
27 Y CHMOCTH OT €rnoco6a COOPYKeHHs
g KOJIOAIA H MaTepHana KpeleHHs
65 ero CTeH.
] g IIpu kpenJeHHH CTEHOK CKBa-
= 0 JKUH MeTaJJIHYeCKMMH H HeMeTa.l-
JArueckuMu Tpybamu GHABTpYIOnIAS
= BOJIONPHEMHAS IIOBEPXHOCTb MOXKET
= OBHITh yCTpOEHA H3 OAHO-, IBYX- HJH
o8 on TpPexCcaAolHOH TNecyaHoll, NecuyaHo-
rpasuiiHoii o6cbinkd. Jlas 3Toro B
KOAOfen ONYCKAIOT BCIOMOTATENb-
HHle Tpy6H H TpyOuaThil Kapkac-
buabTp. OO6canHbe ©H BCNOMOTa-
TeJbHBEe TPyOLl MO Mepe 3aChillKH
MaTepuajga ¢HALBTPA TNOCTENEHHO
NOAHHUMAIOT €O JIHA HIAXThl H NOI-
HOCTBIO H3BJIekaloT. CJoH TaKOH
dbuabTpyloillel NOEBEPXHOCTH pac-
NonaraloTcsi TakKe I10 IPHHIUIY
obpathoro drabrpa. Toamuna croes 15—20 cm. CooTHOweHHe KPYNHOCTI
YaCTHI c0eB QUIbLTPYIOeH [IOBEPXHOCTH NIPHHUMAETCSA TaK XKe, KaK H 175
OBCLINOK GUIALTPOB B CKBAXKUHAX.

MHorocao0iinas necyaHo-rpasuiinas GUALTPYIOIWLAS [IOBEPXHOCTb MOMKET
OBITL YCTPOEHA U B KOJOALAX KOMOUHHPOBAHHOTO KPEeIIeHHs: 10 BOLOHOCHO-
TO TOPH30HTA — XKe/1e300eTOHHLIMH KOJbLAMH, B Npelefax BOAOHOCHOTO
FOpU30HTa — TPyOamMu. B 3TuX cayuyasix MOXKNO NMpHMeHSITb GHUABTPBI 13 IO-
pHCTOTO GeTOHA, KOTOPble OJHOBpEMeHHO OyAyT BLIIOJHATb POJAb KAPKaca.

ITpu xpensienuy cTeH WaXTHOrO KOAOANA MO BCEil €ro IyGHHE Kejae30-
GETOHHBIMH KOJDLUAMH B NECYAHLIX H CYNeCYAaHLIX BOLOHOCHBIX TJIACTAX AJft
IpueéMa BOAL B KOJONEL Yepe3 ero CTeHKM YCTPAMBAIOT TPABUTAUHOHHLIE
OUALTPLI

KoHCTpYKTHBHAS cxeMa WIAaXTHOrO KOAOANA, COOPYXKAEMOTO KOJOLE-
konateneM KIUK-25 ¢ kpersenneM cTeH Kene306eTOHHLIMH KOJbLAMH, 110
KazaHa Ha puc. I1.23.

[axTHLe KOMOALDL, COOpPYKaeMble OMYCKHHLIM CIIOCOGOM, MOTYT IpuMe-
HSTBCS A5t OTOOPA TMON3eMHBIX BOJ M3 IIACTOB, CJAOXKEHHLIX pAa3AMYHLIMHU
PLIXJALIMH NOpoAaMu ¢ J11060i cTeneHbio BofooTaaud. ITpu 3ToM onu Moryt
OLITb KaK C €MKOCTLIO ISl CO3[LaHHSt HEKOTOPOT'O 3alaca BOIb, Tak M Oex
emkocTH. OnHako HauGosee uesnecoo6pPasHo cOOPYMHATL TAKHE KOAOAUB b
KPYnHOOOJIOMOYHBEIX BOAOHOCHHX IJIACTAX ¢ BLICOKOH BOMAOOTIAuell B pacue
T€ Ha OTOOP GONBUIMX KonuuecTB BOALL. Takue KOJMOANH paboTalOT, KAK npa-

iy

30 30
H
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B0, cBouM nHoM. Co nHA TAKHX KOJOALEB, 34K/MaNbIBAEMBIX B HanopHEIE
BOMOHOCHBIE MJAACThl GOMBIIOH MOILHOCTH, NPH HeoOXOJHMOCTH COOPYXKAlOT-
¢s1 BePTUKAaJbHbie CKBAXKUHEL

Ilnst rombeMa BOJML M3 LIAXTHHIX KOJIOLLEB NPHUMEHSIOT T XKe LEHTPo-
fexyEe HACOCH ¢ BePTHKAJbHLIM U TOPU3OHTAALHLIM BaJoM. [Ipd rayborom
3a/eTa4HHH yPOBHS NMOA3EMIILIX BOJ HACOCHI € FOPH3ONTAJNbHBIM BAJIOM yCTa-
HABJAMBAIOT B LIAXTE Ha CNEeUMaJbHOM NEePeKPHTHH WIH B IOJ3EMHOH KaMepe
Bli€ INAXTLI.

7. TOPH30HTAJIbHBIE BOJO3ABOPHI

FopusoHTaJbhue BoN03a00pLI NPEACTABASAIOT cOGOH COOpYKEeHHd, pac-
nojaraeMble Ha HeKOTOPOH TJyOMHE TOPH3OHTaJbHO B BOLOHOCHOM IjacTe.

FopusonTainbiHe BoA03a60PLI OTJAMYAIOTCA OT BEPTHUKAABHHEX BOj03a-
GopoB (CKBaXKMH M WIAXTHLIX KOJOJIIEB) He TOJBLKO XapaKTepoM pasMellle-
HUSL B BOJOHOCHOM I1acT€ M KOHCTPYKLHEH, HO U TeM, UTO OTGOD BOAH U3
nJIacTa OCyILeCTBJseTCs: UMY Ge3 BOJONOABEMHBIX YCTPOHCTB IIyTEM OTBOAA
BOJL B BOJOCOODHYIO €MKOCTbL CaMOTEKOM. DTO SIBASETCST HX CYLIeCTBEHHLIM
NPEUMYILECTBOM, OJ4rogaps KOTOPOMY 3KCIIyaTaUMOHHLIE 3aTPAaTH HUXKE,
yeM 10 BoAo3abopaM APYrMX THNOB (32 HCKJAIOUEHHeM KarTaKeil HCTOY-
HHKOB).

Bonosa6opunle coopy:KeHus TOPH30HTAJNBHOTO THIA B OOILEM ciydae
COCTOAT H3 BOJAONDIEMHOH U BOAONPOBOAHOLN 4acTel, CMOTPOBLIX H BEHTUJIS-
UHOHHBIX KOJIONLEB 1 BOAOCOOPHOH eMKOCTH.

Bononpuemnas wacTb, cayxamasi aasi [pueMa BOAL H3 BOJIOHOCHOTO
IJacTa, npefcTaBaseT coboii 3aKpLITHI KaHAA ¢ OTBEPCTHSAMH H ¢ OKPYXKalo-
weli ero GpuabTpylolnesl nosepxiocToio. PopMa, pasMepnl H KOHCTPYKTHBHBIE
0coOEHHOCTH BOJONPHEMHOIl YACTH FOPH30HTaAbHLIX B0x03a60pOB NpHHUMA-
I0TCSL B 3aBUCHMOCTH OT COCTABA 10POJ BOAOHOCHOTO NJACTa U KOHCTPYKLHMU
caMoro Bogosabopa.

BononposoaHas uwacTb, cay:Kallasi A4 OTBOAA BOALI B BOAOCOOPHYIO
€MKOCTb, KOHCTPYKTHBHO fIBASI€TCA IPOROJKEHHEM BOMOIpIEMHON 4acTH
Bono3aGopa 1 BLIMOJHSIETCS [JIYXOil.

BonocGopnas eMKocTb npejHasHadeHa s c60pa BOAL, a TakXKe s
pasMellleHHsi B Hefl BOnopa3boOpHLIX YCTPOHCTB (BBIBOAHBIX TPYG, e€Cau BO3-
MOXHO TDAHCNMOPTHPOBAHHE BOALI K IMOTpeOHUTENI0 CaMOTEKOM, HJH BCACHI-
BAOIIMX OTOJIOBKOB U BLIBOJAHLIX TpyO K HacocaM [AJs JajbHeHlled nofauu
BOALI O HANOPHOMY BOAOBOLY) Y npicnocobueniifl qis HabawoneHui 3a Ko-
JIYecTBOM mocTynalolleil 113 Bogo3abopa BOIL, €€ KauecTBOM, OCAXKIEHHEM
NPHHOCHMEX BOAOH B3BEWIEHHLIX BellecTB U Aad oTGopa npob Boaw Ha
ananus,

CMOTpOBLIe M BEUTHASIIIHOHHBIE KOJOALB CJAYKAT AJ51 OCMOTPA, PEMOHTA
¥ BEHTHJSIINIH BOXONPIEMHOIl H BOIONPOBOAHOM yacTell Bojo3abopa npu ero
3KCnUIyaTanHun.

FopusoHTanpnue Bono3aGophl COOPYXKAIOT B OTKPHTHX TpaHIIEAX H
nitoabHaAx. Tpanmeiinuit cnoco® ycTpoicTBA TOPH30HTAALHLIX BOA03a60POB
NpIMeHUM Npi rayGHHe 3ajeraHus BOJOHOCHOTO ropHsoHTa po 5—8 m [3,
120]. IMpu 66abwHx ray6uHax cjaelyeT NPHMEHSITb 3aKpHTHH crnocob —
wronbHeBHH. Cnoco6 ycTpolicTBa TOPI3OHTANBHLIX BO103a00pOB BLHGUpAeT-
Csl Ha OCHOBE TEeXHHUKO-3KOHOMHUECKIX pacdeTos.

TopusoHTadblitie BoA03abOphl, COOpYXKaeMmbleé OTKPHTLIM CrNoco60M B
TpaHIiee, GLIBAIOT KAMEHHO-WeOeHOUHbe, TpyGuaTble U rajepeiiHLie; BOLO-
3a60pL, cOOpyKaeMble 3aKPLHTHM cNOCOO0M B INTOJbHE, — ranepeiiHbe npu
BPeMEHHOM KPEILUIeHHH HWITOAbHH H IUITOMbHEBHE NPU NOCTOAHHOM KpeljaeHUH
N0 Mepe NPOXOIKH.

41



Kamenno-uwebenounsi 2opusontassteui 80003abop npencTaBiaser co-
6011 TpaHIIelo, B HHXKHEH YacTH KOTOPOHl BLIKJAAbIBAIOT BOJOIPUEMHOE H BO-
AOOTBOAALLEE YCTPOHCTBO U3 PBAHOTO KAMHS WM KPYIIHOTO WEeOHs pasMepoy
0,3—0,5 M u o6cunaoT Gojiee MeJAKuM (QUABTPYIOWMM MaTepuastoM (rpa-
BMEM, IIeCKOM) B fBa-TPH CJOs [0 mNpuHUuny oOpaTHoro  ¢uIbLTpa
(puc. I 24,a). ToamuHa OoTHENLHBIX CJI0eB OOCHIIKH OOLMHO HE MeHee
150 wmwm,

CooTHOWIEHHE THAMETPOB YACTHI CMEXHLIX CJ0eB OOCLIIKH M YacTHL
BEPXHero ¢Jos oGCHIIKM ¥ BOAOHOCHOrO IiacTa MOAOHPAIOT TaK Ke, KaK U
175t 06CHINOK GUABTPOB BEPTHKAABIDIX Bogo3a6opoB (cM m 4, ra 1)

Puc 1124 Topusonranb
Hble BOX03260pbl

a — KameHHO uleGeHouHbIf
6 — rpy6uatelii 8 — rajepei
Wbl ] — KaMenHas kJajka
2 — BOJOHOCHBIN nmjacTt 99—
CYrJdnKd 4 — gepH 5§ — mov
Ba, 6 — rMHUSHBIA 3Kp1H
7 — HacbilHON MEJKHH rpydT:
8 — HaChLIMHON MeCTHBIM  Ji€
coK, 9 — mecyauslfi caoft 06
patdoro ¢uasTpa 10— rpa
BHHHBIH cnofi o6paTHoro
dHABTPA 11 - BojOynop,
12—BoponpyeMune OTBEPCTHR
. 13 — monka asas Opoxofila 3KC
) nJayaTallHOHHOro HepcoHana

“ E
b

2005

O6mwas Bricota QuabTpylouleil obcbinku nprnHuMaerca pasnoit 0,3—0,4
BCKPLITOH MOILHOCTH BOAOHOCHOro Miacta [loBepx OOCHINKH TpaHUIEl 3a-
MOJIHSIOT MECTHBIM I'PYHTOM, a GJH/AKE K TOBEePYXHOCTH B NMPeJeldX ee CeUeHHs
YKJAAbIBAIOT TIHHAHLIH 3kpaH

Ias o6ecrnedennss HOPMAABLHON AITesbo paboThl KAMEeHHO mebeHou-
HOI ApeHB! ee HeOGXOQHMO BBIAJIAALIBATL U3 KaMHS KPENKUX HEBLIBETPEAbIX
He Pa3MATYAIOMIMXCA 11 He PACTBOPSAIOULIXCS B BOLE MOPOA ITo TpebGoBaHHE
NPENbABIAETCA TAKKe H K Marepuany QuiabTpPylOILMX OOCLINOR, KOTOPLIA
caenyer moaGHpaTh MO 3aJaHHOMY COCTAEy M pasMepy 4acTHl[ (IPOTMyCKOM
yepe3 TPOXOTH, NPOCEHBAHUEM Hepe3 COOTBETCTBYIOILIME CHTA), a NP HaJH-
YUHU B HeM TVIMHHCTLIX YACTHI[ — IPOMLIBATDL

B xamenHo-meGenouHoM BonosaGope Boja N3 IJacTa IMPHHEMAETCH
buAbTpyOWEll 06GCHLINKOH, MOCTYIAET B KAMEHHYI0 KJAIKy I 1O HeH (1o
MPOMEXKYTKAM MEXKAY KaMHAMH) OTBOAUTCS B BOAOCOOPHYIO €MKOCTb.

st 3Toro kaMmeHHo-neGeHOUHYIO ADEHY yCTpauBaloT ¢ ykiaonom 0,01 —
0,05 B cTopoHy BOROCGOPHOI E€MKOCTH

Bojiee copepieHHLIM THIIOM TOPU3OHTAJBHOTO BOJAO3ab0pa sABASETCH
Tpy6uatoli sodosabop (puc. 1124,6). B otauune OT KaMeHHO-11e6€HOYHOTO
B TPy6UaTOM TOpH3OHTAJbHOM BOJNO3a0ope BOLONPHEMHAS U BOAONPOBOAHAS
YaCTH BLINOJHeHD! U3 TPy6 BoponpueMuyio uacTb BOf03abopa BLINOJAHSIOT H3
1py6 ¢ OTBEPCTHSIMH U 06GCLINAIOT QUALTPYIOLMM MATEPHA/IOM, KaK H B Ka-
MeHHO-1eGeHOYHOM BOf03a60pe, a BOLONPOBOAHYIO 4aCTh — H3 [VIyXUX TPYG
6e3 OO6CLINKH.

OtBepcTust Ha TpyGax BOLONPHEMHOH 4acTH — KPYIJble HJIH IIEAeBMA-
Hble, a Ha TPpy6ax OOJbIIMX AHAMETPOB — B BHMIE OKOH-HHMII C pellleTKAMH,
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KOTOpble 3anonHsior GuabTpylomuM MarepuanoM. Orsepcrus na Tpy6ax
pacrioylaraloT no ux BepxHeil GoJblled yacTH GOKOBOH IOBEPXHOCTH, PABHOM
npUMepHO %/3 AnaMerpa TPyOLl; HHXKHIOW 4acThb TPYOw (okomo /3 nuamer-
pa) OCTaBJSAIOT IJIyXOH, H OHa CJAYXHT B KauyecTBe JIOTKA JJsi CTOKA BOMABL.

Marepnas Tpy® IOpPH30HTAJABLHOrO BOA03afopa BLIOHPAIOT ¢ YUETOM CTe-
neyd KOPPO3HOHHOCTH OKDPY:KalolleH cpenbl, TMyGHHL 3aJ0XeHHsT TPYO, HX
CTOHUMOCTH M YCJOBHH CTPOHTENLCTBA.

Yxaouwn TpyGuaToro Bof03abopa NPHHHMAIOTCSA M3 YCAOBHUSA CO3MAHHA
CKOPOCTH TeYeHHSs, HCKNI0UAKOLIeH OcaxAeHHe B HEM B3BeUIeMHLIX BelleCTs.

Puc. 11 25. KoMm6uuupo-

BaHHBIH THO  Boxo3a6o-

pa—razepest ¢ BXOXSILH-
MM B Hee CKBaXHHaMH

{ — noyBa; 2 — gepH; 3 — Ha-
CBITHOH MECTHBI TPYHT;
4 — HachIMHON MEeAKHIT [eCoK;
5 — BomoHOCHBIH naacT Gesua-
NopHBIA; 6 — BOZOYNOp, 7—BO-
JAOHOCHBIl NJAaCT HANOPHKIH;
8§ — cKBaxkHHa; 9 — rajaepes;
10 — rpaBHil; 11 — necok;
12 — CYraHHKH; 13 — BOAONpH-
eMHble OTBepCTHS B CTeHKax
rasepes

Pekomenayercsi npHHuMAaTh CJAeaylolllie YKAOHB TPY6 B CTOPOHY BOROCGOP-
Holt emkoctu [120]:

Hnamerp Tpy6, MM 150 200 250 300 350 500
Ykjaon pY6 . . . 0,007 0,006 0,004 0,003 0,002 0,001

T'aaepetinbie 80003a00pbt MOTYT GHITL YCTPOEHB KAK OTKPHLITHIM CIIOCO-
6oM B TpaHllee, TAK M 3aKPLITHIM B LITOJNLHE C BpEMEHHLIM KpereHueM. Bo-
IocOopHble rajseped no ¢opMe MOTYT ObLITb KPYIVILIMHM, OBOHAAJNBLHLIMII H
NPAMOYTOALHLIMH.

Pasmepn HXx npHHMMAIOTCS, KakK NpaBIo, I3 pacueTa BO3MOXKHOCTH
npoxoga Mo HUM 3KCIayaTanMOHHOro nepconana (puc. 11.24, 8, 11.25), Tage-
peu coopyKawT H3 COOPDHBIX KeNe300€TOHHLIX 3JEMEHTOB CO MIEASAMH HIH
OKHAMH-HUIIAMH [Js npveMa Boiabl. Kak u B tpyGuarthix Bogosafopax, BO-
KPYr rajeped YKJIaALBalOT 00paTHBLIA (UALTP U3 rpaBUHHO-MEeCYaHOro ma-
Tepuajsa. MaTepuan GUALTPYIOILEH OOCHLINKY BLIOHPAIOT TAK XKe, KaK H A4
TpyGuaTLIx BO103a6OPOB.

lanepelo yk/a1aAbIBalOT Ha CllelHaNbHO NMOATOTOBJMEHHOE OCHOBAHHE, HC-
K/Mioyaomiee HepaBHOMEPHYIO OCAJKy OTAENLHLIX YacTed ee HJAH OTIENLHLIX
KOHCTPYKTHBHBIX 3BeHLEB. B CKAJLHEIX rPyHTAX MOArOTOBKA OCHOBAHHS MO-
XeT OHITh OrpaHMueHa BLIDABHHBAHHEM [HA TpPAaHWeH (CHATHEM HEPOBHO-
CTefl, MOACHINKON MeNKOro We6HS MJAM KPYNHOTO MecKa M MPOJHBKOIl ero
LeMeHTHLIM pacTBopoM). B naoTHBX CBSI3HBIX HAH OGJOMOUYHEIX NOPOAAX
ycrpaupaior OeToHHOe OCHOBaHHe, B CJabLIX Pa3KHMKeHHBIX TpPyHTax --—
CBajiHble POCTBEPKH.

ITocne ycTpolicTBa BOKpYT rafeped oGpatHoro GuabTpa TpaHIIel 3a-
CbINAIOT MECTHBLIM TPYHTOM B TOH NOCJENOBATEILHOCTH, KAakK OH 3aJjeran B
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uHatype. [ToBepx sToro rpyHra B npenenax BCero CeYyeHHs TPaHIIEH yKJajbi-
BAIOT TVIMHSIHBIH 5KpaH, a MOBEPXHOCTb 3€MJH HaJ rajepeeH INIAHHPYIOT A5
ofecrieueHHtst CTOKA MOXK/JEBLIX H TaJbIX BOJX I BBIKJAJbIBAIOT JEpPHOM.

Kaxk yxe ykaswiBajoch, npu 60/1bwoil rayGnHe 3ajeranus BOLOHOCHBIX
[J1aCTOB TOPH3OHTAaJdbHble BOJA03460OPHl COOPYKAIOT B IUTOJALHAX, KOTOpbie
NPOXORAT ¢ moMollbio muToB. [Ipy mMTOBOH NPOXOJKe IITOJbHH KpPeENsT
cOOPHBIMH 3KeJe306eTOHHLIMU 3JeMeHTaMu. [1pu 3ano0xeHHn BoJocOOpPHOH
HWITOJIBHY B PBIXJIBIX BOZOHOCHBIX NOPOJAX B Teje COOPHBbIX XKene300eTOHHbBIX
3J1€MEHTOB JOJKHE OBITh NpelyCcCMOTPEHBl BOAOIpHENHBIE OTBEPCTHA, 3aM0J1-
HeHHble (QUAbTPYIOIIUM MaTepliajoM II0 NpHHLIINY o0paTHOTO (puJAbTpa I
3arlHIIeHHbie pelleTKaMi. B BOMOHOCHBIX I1ACTax, MPEACTABJICHHBIX CKaJb-
HBIMH TPEIHHOBATHIME, HO KPEMKHMH YCTOWYIIBBIMI IOPOJAAaMH, OTBEPCTHS
He 3amoMHAIOTCH (QUABTPYIOLIMM MaTepHAIOM, HO J10JKHBE ObiTh 3allHleHul
pelieTKaMu.

CMOTpoBble KOJOALB! HA TOPU3OHTAJbHBIX BORO3abopax ycTpailBaioT
JUIsT BEHTHJSIIMH, OCMOTpPA MX INPH IKCIIYaTALHH M IPOBEIEHHS peMOHTa
Ha tpyGuaTbix ropu3oHTaMbHBIX BoAo3ajopax anamerpoM jpo 600 MM cmor-
POBbie KOJOALbI COOpPYKawT yepe3 Kaxabie 50 M, nHamerpoMm Goiee
600 MM — yepes 75 M, Ha rajepelibix Bogo3abopax -— uepe3 kaxanle 100—
150 m [3, 120]. Kpome Toro, cMOTPOBbie KOMOALbLl yCTPAHBAIOT B TOJIOBE BO-
A03a0opa, B KaX/JI0M MeCTe H3MEHEeHHsl ero HallpapJieHHs B IJaHe, B MeCTax
II3MeHeHHUsT YKAOoHOB (meperubax npoduas u nepenajgax).

Kosoaupl ycTpanBamT KpPYIJOro ceyeHHsl OOBUHO H3 XKede300eTOHHBIX
KoJen ¢ BHyTpeHHHM auaMmerpoM 0,75—1 M. [las HCKJIIOUEHHS ToNanaHHs
B B0J03a00p 3arpsi3HeHHH C MOBEPXHOCTH 3eMJM KAaK HENOCPEINCTBEHHO Ue-
pes KoJojel, TaKk U 10 KOHTAKTy MEXIy ero BHellHefl GOKOBON IIOBEDXHO-
CTbIO U TPYHTOM BE€PX KOJOJIEB BBIBOAAT [0 OTMETOK, IPEBbIINAIOLIHX IO-
BepXHOCTb maaHupoBku Ha 0,25—0,3 M, a BOKPYI KOJOALEB YKIAJbLIBAIOT
[VIIHAHBIA 3aMOK: Mo TJiyOuHe HA 1 M OT MOBEPXHOCTH NJAHHDOBKH, B IlJa-
He — B paauyce 1 ™M ot BHelllnell 60KoBOH nmoBepxHocTll konoaua [losepx-
HOCTb 3eMJIH BOKPYT KOJOALEB MJIAHNIPYIOT ¢ HeGOJBIINM BO BCe CTODOIIH
YKJOHOM OT KOJIOALIA M MOKPLIBAIOT KAMEHHOH HJAHN LEMEeHTHON OTMOCTKOIL.

ComnpsizkeHHe CMOTPOBBIX KOJOALEB ¢ TpyGaMu niu rajepeeit Bogo3abo-
pa ocymiecTBaseTcss 6eTOHHBIMY JOTKAMH, YCTPAMBAEMBbIMH B NHMIIe KOJOI-
ueB (puc. 11.26). CmoTpoBble KoJa0AUB 06OpPYAYIOT hPBILKAMHE H BEHTHJA-
UHOHHBIMH Tpy6amu. TpyGul qo/KIbl BO3BLIIIATLCA 114[ NOBEPXIOCTBIO 3€M-
Ji Ha 2,5—3 M.

Bonoc6oprast eMKocTb st mpreMa Bojibl H3 TODHIOHTAJbHOIO BOMO3a-
Gopa npeacraBasier coGofi pesepByap KBaApaTHOH, NPSAMOYTOAbHOH HJIM
Kpyraoi Qopmbi, coopyxaeMbifi 13 cGOpHOro Xejie306eTOHd B OTKDLITOM
KOT.I0BAHe WJH ONYCKHBIM crocoboM (B 3aBHCHMOCTH OT MECTHBIX YCJOBHH
II pasMepoB pe3epByapa). Pasmepbl BoaocGOpHOH €MKOCTI ONpelesioTcs
TpeOyeMbiM 06HEMOM BOALI 1 OOBLIYHO MPHHUMAIOTCS PABHEIMH: IIpY MaJoM
Bolonotpebaenud — He MeHee 100 cekyHIHBIX PacxXoaoB MAKCIMAaJbHOTO
Bo100TOOpA, npn GoapwioMm pogonorpebiaenud — He MeHee 200 ceKyHaHHIX
pacxomnos [120]. [Ipu 3ToM yuuTbiBaeTca TakxKe HEOGXOAMMOCTb CO3TaHH
HOPMAJIbHOTO peuMa paboTbl HACOCOB M pasMelleHHs 000pPYAOBaHHS.

Bopoc6opHbie eMKOCTH Tpu HEOOXOAUMOCTH IEDEropaxKIiBaloT Monepex
MOTOKA BOJAL HA JBe 4acCTH; 4acTb, NIPUMBIKAIOIAs K BOL03a00Dy, CAYKHUT
AJIs OCBETJIeHHst BOAM, BTOpas — JJs pasMelleHHs BOAOPa30OPHBIX YCT-
pONCTB.

Ha kpynubix BomozaGopax BomocGopHbIE €MKOCTH MOryT GbITb pacro-
JIOXEHH MoCcpefHHe BoAo3abopa B pacuere Ha NMpPHEM BOJABI C ABYX HJH Hee
CKOJNbKHX HamnpapaeHHii. B Takux cayuasx BogocOOpHble eMKOCTH AeNaloTcs
CeKLHMOHHBIMU IO YHCAy BeTBeil Bomosabopa (puc. I127).
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Puc. [126. Cxewa cvorposoro
KOJIOZlA HAa TOPH30UTAIbHOM BO-
no3abope

]—BeHTHAANHOHHAA TpyOa; 2—Kpbiul-
Ka; 3 — MOUleHHe KaMmieM, 4—Hacnil-

Puc 11.27. CxeMa BoxOC6OPHOTO JBYX-
CeKUMOHHOTO KOJOALA

HOM (CNJAaHHPOBaHHBIH CJOH OecKa; 1 — BomonpHemuas TpyG6a; 2 — BCaChIBalOUWHE
5 — TAHHAHBIA  3aMOR: 6 — cTeHKa Tpy6sl; 3 — MakCHMAaJbHHE pacieTHHIH ypo-
KOAOANA H3 Kele306eTOHHBIX KoJell: BeHb BOAbl [OBEDXHOCTHOTO BOAOTOKA

7 — xonoBble CKoOOuLI, 8-— BOAONpHEM-

Hble OTBepCTHA; 9 — MOAroTOBKa H3

Towero 6GeroHa, [0 — OrolOBOK H3
RHpPTIYA

[Tpu Heo6X0AMMOCTH TPAHCIOPTUPOBAHUS BOAB M3 BOJOCGOPHOH eMKoO-
CTH ¢ MOMOIIBLI0O HACOCOB HX YCTAHABJIHBAIOT HJW B OTACJbHOM 34aHUN, HJIH
B 37aHHH, COBMEILEHHOM C BOJOCOOPHOH €MKOCTbIO B 3aBUCHMOCTH OT THIIA
HacoCa M NpOU3BOAMTEJNLIOCTH BOgo3abopa.

Jlnsi meHTpasu30BaHHOrO BOAOCHAGKEHHsT NpUMEHAIOT Tpybuarble, ra-
JepeHHbIe ¥ WTOMbHEBblEe TOPH3OHTANbHEIe BOR03a6OPH.

8. JIYYEBBIE BO10O3ABOPbI

JlyueBbIMH Bono3aGopaMy Ha3bIBAIOT MOPH30HTAJDbHBIE CKBAXHHLI B BO-
HNOHOCHOM IJ1acTe, COeIMHEHHble BEPTHKAJLHBIM KoJoxaueM (waxrtoi). Ilpn
COOpYXeHHH Jy4eBbIX BOA03a60POB BOAOHOCHBIA MJACT NMOJHOCTBIO HJIH 4a-
CTHYHO NPOPE3alOT INAXTOH, U3 KOTOpPOH OypAT MOPH3OHTAJBHLIE CKBAXKHHBI,
pPasnanbHO pacxoAsiecs B BHAE Jydyeli.

BuauaJe snyueBble Bogo3aGopbl HCNO/IB30BAH 1718 KANTaXa NOA3EMHDIX
BOJ MaJIOMOIIHBX mJaacToB (mo 5 M). O1Hako BCcKOpe 06JacTh NpuMeHens
JyueBLIX BOA03a00poB pacmiupuiaack. B Hacrosiiiee BpeMsl JyueBbie BOJO-
3a6opbl ycTpaHBAIOT B NMJACTaX MOIIHOCTbIO Gosee 10—15 m.

B saBucumocTi 0OT Toro, B KakKux reoMop(oJIOTHYECKHX H THAPOTeoJo-
THYECKUX YCJOBHAX pACIOJOMeHH JydeBble Box03abopbl, HX HA3LIBAKT
(puc. 11.28): GeperossiMH, NOAPYCJIOBLIMH, PYCJOBBIMII, KOMGHHHPOBAHHLIMH
H BOIOpa3gebHbLIMH.
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[To cnocoBy ycrpoficTBa BEPTHKAJALHOH BBHIPAGOTKH, M3 KOTOPOH IpO-
KAAABBAIOT CKBAMXHHBI-YYH, W PACIOJOXKEHHIO IOCJEIHHX B BOLOHOCHOM
nJacte pasaHyaloT HECKOJBKO PA3HOBUIHOCTEH My4YeBLiX BOA03a6OPOB: C Ha-
KJIOHHBIMU BOCXOMSAILHMH H HHCXOUSIIUMMH CKBaXXHHAMH, ¢ MHOI03aGoMHbI-

MM CKBaXKMHAMH, ¢ QUALTPYIOUMMH CTEHKaMM IWaxThl M ap. [7]. 3xech
paccMaTpUBAIOTCH JMINb JYyueBble BOJ03a-

a) 5) Gopbl, cOCTOANIME M3 BEePTHKAJIbHOTG BOLO-
; é HelPOHHIIAEMOro KOJIOALlAa C BbIBeJEeHHbLIMH
= = M3 Hero TOpPH3OHTANbLHLIMM CKBa*KHHAMH-
- ayuamu. JlyueBnle BOL03aGOpH 3TOro THIIA
— [0ApasneIsioTCsl Ha OAHOSpPYCHBIE, Koria
;5/;: CKBAKUHDBI-TYYH DpACIOJOKEHbl B O HOH
5 " IVIOCKOCTH (HA oxHOH r1yGHHEe OT MOBepX-
(S — 2) HOCTH 3€MJIHM), MHOTOSIDYCHBIC C JIyYaMH B
| HECKOJIbKHX ILTOCKOCTSIX M OIHO- HJIH MHO-
— rOSIPYCHBIC ¢ BEPTHKAJLHBIMH CKBa*KUHAMHU-
$ — E JY4YaMH, BBIBEJICHHBLIMH B BOLOHOCHBIA IIJIACT
P ————=  CO JHa IaXxTHl.
s ———
CriocoGBl cOOpyKEHHS JYUeBLIX
2) B0OJ103a60POB

% JlyueBbie BOO03a60pBl COCTOSAT M3 ABYX
OCHOBHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB: Bep-

THUKAJbHOTO KOJOJAHA-IIAXTBl M TOPHU30H-

Pﬂfé6f)l-28- Cxemul ﬂg‘lg)iéblxr BO-  TaJbHBIX CKBaxHH-nyuell. KoJonen-maxra
ao3a HPO;; ﬂggregilool‘:”gecx-’;?““:g_ npeiHasHaYeH [jis NPOM3BOACTBA pabor no

JOBHAM HX DACTIONOKEHNHS YCTPOHCTBY TOPU3OHTAJBHBIX CKBAMKHH-JIY-

4 — 6eperosoft; 6 — mozpycnoswfi;  U€H, MPHEMA BOABI, NOCTYNamoued H3 IJac-

& — pycnonslf; 2 — komOuHepoBan- T II0 3THM CKBAaXKHMHaM-T1yuaM, H YCTaHOB-

Hbift; @ -— BOgOpA3AeAbLHBIR N
KM HacCOCHOTO 060pY/L0OBaHHs.

YcTpoiicTBO BOgOCOOPHON ILAXTHl MO-

HEeT MNPOMSBOAMTLCA CrocoGaMu OMYCKHOrO KOJOJIla, KeCCOHHLIM H CEKY-

KX cBail. B nmpakTHKe CTPOHTENLCTBA yallle MPUMEHSETCS CMoco6 OMYCKHO-
ro KoJonua.

BricoTy KosoAneB-1maxT npu 3a/10KeHHH BOA03a60pa Ha BCIO MOIIHOCTb
BOJIOHOCHOTO IL1AaCTa INPUHUMAIOT B 3aBHCHUMOCTH OT TJYGUHBI 3aseraHus
MOJOWEBH M1acTa M HeoOXOMAMMOCTH 3arayGienus nAHa Kojoaua xa 0,5—1 M
B BOJOYNOPHBIA CJ10H; MPH BCKPBHITUM KOJOALEM-IIAXTOH YacTd BOAOHOCHO-
F0 MJacTa — B 3aBUCHMOCTH OT VIYGUHBI 3aJ0XKEHUSI CKBAXKHUH-Ty4Yell BOMO-
3aopa M HeoOGXOAMMOf AJsi HOPMAJIbHOH PabOTH HACOCOB BBLICOTHI CTOA6GA
BOAB! B HIAXTE,

Paccrosinue ot aHa maxTel 10 TOPH30HTANbHLIX CKBAaXKHH-Tyuell HasHa-
HaeTcs B 3aBMCHMOCTH OT HaMeyaeMbIX yCJIOBIHI 3KCIJIyaTalluu Bogo3abopa—-
C 3aTOMJIEHHBIMH YCTbAMH Jyuell HJIU cO CBOOOAHBIM H3JHBOM BOJbLI H3 HHX
B HIAXTYy,

Bepx maxTsl GeperoBbix, MOAPYCAOBBIX H PYCJIOBBIX BOA03a6OPOB BbI-
BOJIMTCSl HA OTMETKY Bblllle pACUETHOTO BLICOKOTO YPOBHS BOJABLI B BOLOTOKE
(Boxoeme). Ipu Gosbluofi 06ILell BLICOTE MIAXTHl TOJIIMHA €€ CTeH OGLIYHO
YMEHBUIAETCH 110 OTAEJbHBIM CEKLUAM CHH3Y BBEpX.

IMaxTol neGoapuwol (10—12 M) BHICOTH OIYCKAIOT HA BCIO TAYOHHY
C NOBEPXHOCTH 3€MJIM, HApailHBas HX cTeHbl OETOHMPOBAHHEM II0 Mepe Ony-
CKaHus; UIAXTLl 3HAYUTEJbHOH BLICOTHI OMYCKAIOT €O [HA KOTJIOBAHOB, pas3-
pabaTbiBaeMblX 10 YPOBHS IPYHTOBBIX BOJ, ¢ MOC/IEAYIONIHM HapallUBaHHEM
CTeH WAaxXThl 10 3amaHHOil OTMeTKH ee BepXa. IIpn omyckanmu 1waxT HHOTZA
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IPUMEHSAIOT THKCOTponHble pybauliku, 6aarogaps ueMy YMEHDLIIAIOTCSH CHJILI
TpeHHsl OOKOBOH MOBEPXHOCTH WAXTH O TPYHTHIL.

J{HHIle HIAXTBl COCTOMT OOGLIYHO M3 ABYX uacrel: HUAKHeH — GeTOHHOH
MOAYUIKH, B BepxHel — XKene3oberonHoll nauTul. [Ipm cTpoutenncree cro-
co60M OMYCKHOTO KOJOALA HHXKHIOIO 4acTbh YCTPawWBalOT METOAOM IOJABOJ-
Horo 6eTOHHPOBAHHSA, BEPXHIOW — HACYXO MOC/€e YIAJeHHs BOABl M3 LIaXThHl.
Ilpu npocaunBanun noaseMHBIX BOA uepe3 GETOHHYIO MOAYIIKY H HEMJOTHO-
CTH MeXAIy Hed M BHyTpPeHHed GOKOBOH IOBEPXHOCTbIO WIAXTH HX COGHpAIOT
B IPHAMOK, OCTaBJseMbil B GETOHHOH NMOAYILKE, H YAANSIOT HACOCOM.

Ilpu 3arnyGnennu WAaxXThl HHXKE MOXOWIBE BOAOHOCHOTO IJAACTa B BOLO-
yIIop BMeCTo GeToHHOH NMOAYIIKH MOMXKeT GLITh NPpUMeHeH CI0H oGLIUHOH mos-
FOTOBKH I10J] XK€/1€306€TOHHYI0 IJIHTY.

[laxTel cOOPY’KAOT B OCHOBHOM H3 Keje3o0eToHa M GeToHA, OXHAKO
A4 YCTPOHCTBA 1IAXT MAJIOro AMaMerpa MOXKHO IPUMEHAThL H MeTaJJuue-
ckue Tpy6Os. B atom ciydae cTBoO IAaXTBHl MOXKeT OLITL IPoHJeH GypeHHeM
¢ TVIHHHCTHIM DAaCTBOPOM ¢ Iocaepylollefi cBo6oAHOH mnocaakod Tpy6 (py-
OallKy HIaxThl) Ha 3a0ofi WwaxTul. Bepx WaxTH nepexpnBaloT Xesne3o6eToH-
HOH MJAHTOM, cayKamledl OZHOBPEMEHHO H I[0JIOM HACOCHOH CTaHIMH (na-
BHJILOHA) Bogo3abopa.

BuyTpeunuii nuaMerp waxTel npHHEMaercs B npedenax ot 1,5—2 nmo
6 M B 3aBHCHMOCTH OT Ta0apHTOB CTPOUTEIbHOrO H SKCIJIYaTALlHOHHOTO 060-
PYAOBaHus.

a5 6ypeHns ropuH3oHTAAbHLIX CKBaXHH-Nydell B CTeHax IIAXTLI NPH
GeTOHIHPOBAHHH B 3apaHee HaMeueHHLIX MeCTax OCTaBJAIT OTBEpPCTHS pac-
TpyGHOH dopMBbI (¢ pacilHpeHHeM BHYTpPb WaxTbl). PacTpybHas dopma or-
BEPCTHHA IMO3BOJSET NMPH YCTAHOBKE HANPAaBJAAIOIIHX NAaTPyOKOB Mochae IMo-
CaJKH HIaXThl Ha IPOEKTHYIO OTMETKY KOMIIEHCHPOBATL IIepeKoC LIaXTHl,
BO3MOXKHLIH 1pu ee onyckaHun. C BHelIHeH CTOPOHLI GOKOBOH MOBEPXHOCTH
[IAXTHl 3TH OTBEPCTHS 3aKPHBAIOT MeTANJHUYECKHM JHCTOM TOJIIHHOA 1,5—
2 MM, NpHBApPHBAEMLIM K apMaType CTEHH WIAXTDLI, H 3alIHLIIAIOT cJ0eM Se-
TOHA TOJIUHHOH 5 CM, a ¢ BHyTPEeHHeH CTOPOHH HX 3aK/JAAbIBAIOT KHPIHYOM
Ha [EMEHTHOM pacTBOpPE HJIH HACYXO H 3aKPLIBAIOT [EPEBSHHLIM ILIHTOM,
NPHKPEILISEMBIM K BLITYCKAM apMaTypul.

YerpoiicTBo ropu30HTaJbHBIX CKBAXKHH-AYUEH

B mpaxkTHKe CTPOHTENLCTBA JYUeBBIX BOA03a00OPOB H3BECTHLI TPH OCHOB-
HBHIX METOfa YCTPOHCTBA TOPH3OHTAJLHLIX CKBAMKHH-AyueH: aMepHKAHCKHA
(Panunes), wsefinapckuii (Penomana) n Hemenxuil ([Ipoficar). Hssecren
TAKXe W BEHTePCKHH MeTOJ, NMPeACTaBAfAMIIHA CO60H HECKOJILKO H3MeHEH-
Hblll AMEPUKAHCKHH METOM.

O6muM AJ15 BCeX TPeX METOAOB SIBJASIETCS TO, UTO CKBAMHHLI-TYYH COO-
PYKAIOT 3aKPLITHIM CIIOCOGOM — MyTeM INPOJABJIMBAHHA JydeHd M3 HIAXTHI
B BOJOHOCHHH maact. Pasznwualorcd 3TH MeTOABb! HaGopOM BCIIOMOTraTeNph-
HBIX TpYG [/1s1 IPOXOAKH FOPH3OHTAJNDLHBIX CKBAMKHH-Tydell H KOHCTPYKIHEH
buabTpa ayua.

ITo merody Pannes w3 WAXThl B BOAOHOCHDIH MIAcT NMPONABIHBAIOT He-
IIOCPEACTBEHHO DHALTP JAyda — MeTalNAnuecKyio TpyOy o LleJeBbIMH OTBEp-
cTuaMu. PUABTP H3rOTOBJAAIOT 3apaHee B BHAE OTAEJNbHLIX OTPE3KOB-CEKIIlH
IAJIMHOH, COOTBETCTBYIOILEH raGapHTaM HWAaxTH H CTPOHTeJbHOro ofopyaoBa-
Hus. [lo Mepe npomaBnuBanua QUALTPA OTAENLHLIE €ro CEKIHH CBApUBAalOT
BCTBHIK.

Ha koHne nepsoii cekuuu ¢uabTpa ycTaHABAHBAIOT HAIPABJIAIOILYIO
OypoBYIO FOJIOBKY CO CIEIHAJAbHO YCTPOEHHLIMH OTBEPCTHSIMH IJIsi NpHeMa
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BOJH M MOPOAH M3 BOZOHOCHOTO mJjacta. BHyTpb cekuuu ¢UAbTpa BBOAAT
LAaMOBYI0 TPY6y, COENMHSIONYIOCS ¢ HampapJjsiolell GypoBoil ToJOBKOI.
CoGpaHHas TakuM o6pas3oM cekKLUs QHUJILTpA BBIBOAHUTCS Uepe3 OTBEPCTHE
B CTEHKe WIAXThl H ¢ NOMOLIBIO JOMKPAaTa BBOAMTCA B BOJOHOCHbBIH I1aCT.
Tlpu 3ToM rox fedcTBHEM THAPOCTATHYECKOro Hanopa M3 BOAOHOCHOrO ILla-
cTa dYepe3 OTBEPCTHS B HANpPAaBJSAONEH TroJOBKe BMeCTe C BOAOH Bbi-
HOCHTCA dYacTb nopoas B uaMoBylo TpyGy. Ilo waamoBoit Tpybe mo-
poaa ¢ BOAOH MOCTymnaer B OTCTOMHHK HA JHE WIAXTbl, OTKYAA NOLAETCs Ha
NIOBEPXHOCTD

Buinoc M3 mJiacta dacTd ropoinl ofJerdaer npojiBHXKeHHE JyYa B BOJO-
HOCHOM ILTACTe, MOCKOJbKY INIOTHOCTD MOpoj nepern OypoBoil TOJOBKOH CHU-
waerca. llnamoBast TpyGa MOMHMO TPaHCHOPTHPOBAHHS ULIaMa CJHYXUT
TaKXKe AJAS MOfAYM B HAINPaBJAIIYI0 OYPOBYIO TOJOBKY CTPYU BOZbI NMOX
GOJBIIMM HAmopoM B TeX CJydYadx, KOTAAa TroJIOBKA 3acopserca HaH
BCTpeUYaeT KaKoe-1uGo mnpenaTCTBHE (MPOCJOH, JHHSBI MM THE3ja [JIdH
u 1p.).

B cBsi3u ¢ TeMm uTO mpH yCTPOHCTBE TOPH3OHTAJbHBIX CKBAMHH-Jyyeil
meTonoM PaunHest GUABTD CKBAXKHHBI fAIBJASETCH OAHOBPEMEHHO paboynM Op-
raHoM NpojaBiNBaHus, GUIALTP H3TOTOBJAAIOT 13 TPYO € TOJUIHHOA CTEHK
He Menee 8—10 MM u3 crTaau crnendaabHeix mapox: A, C, I, Em, JI M

(FOCT 632—64) — nast nearpecCUBHbIX BOA HOPMAJLHOH XKECTKOCTH H H3
KOPDPO3UIHOCTOHKOI CTaad, HaNpUMep XPOMHCTOH, — JJsg arpecCHBIIbIX
Boa [7].

®uabTpoBble TpyGH MPHHUMAIOT jJHaMeTpoM 219—426 MM Co CKBaXHO-
cTblo He Gosee 15—20% 13 ycaoBua coxpadeHus He0OX0xHMOH NMPOYHOCTIL.
Pasmep orBepeTuit ¢uAbTpa HA3HAYAIOT B 3aBHCHMOCTH OT COCTaBa NOPOT
BOJOHOCHOrO Ilacta C Y4eTOM II3MEHEHHsI ero B pe3yJ/bTaTe BbIHOCA HEKO-
TOPHIX GpakIil B npolecce NponaBJdHBanig aydya. B cBA3H ¢ 3THM ocoboe
BHHMaHHe yjenasieTcsi nogGopy OTBEPCTHI HampaBJsiollell TOXOBKH € YUCTOM
BbIHOCA H3 NOPOJA BOJOHOCHOTO II1AaCTa MEJKHX NecyaHo-rpaBHiHbIX (pak-
o¥id M obpas3oBaHHs BOKPYr (GUABLTPA 30HBI GoJjee KPYIHOro €CTeCTBEHHOTrO
rpyHTAa.

Byposas ronoBka B ocHOBaHHH IiMeeT GOPMY IHJAMHIDA, [OCTENEHHO
NEepPEeXOoAIIero B BepxHell yacTu (mepenHell o ABHXKEHHIO B ILJACTe NPH IpPO-
AABJHBAHMH) B KOHYC MAM mnapabojond. Ilockoabky NpH npoxaBAHBAHNHN
Jyda HamnpasJjsiomas OypoBasi IOJIOBKA fBJASETCS [MHOHEPHHIM paboulM op-
raHOM, €€ M3rOTOBJAAKT U3 TPYOH ¢ GoJbllel TOMUHHOH CTEHOK, yeM TO.1-
IMHA CTeHOK QuabTpoBBHIX TPy6. PasMep u ¢dopmy coTBepcTHil Ha GOKOBOM
IIOBEPXHOCTH KOpnyca OypoBOH roloBKH NoAGHPAOT B 3aBHCHMOCTH OT CO-
cTaBa u ¢opMbl YaCTHI{ [OPOAbI BOAOHOCHOrO ropusonTa. Hpn mpoxasaipa-
HHH JyYeH B IJ1acTax, CJAOXKKEeHHbIX NeCKaMH H MeJKHM IpaBHeM, IPIMEeHSIOT
OypoBble TOJIOBKH C y3KHMH IPSIMOYrOJbHBIMH LIEJSAIMH, a B IacTax, CJIo-
HEHHBIX IPABHHHO-TaJeYHHKOBLIMH TPYHTaMi, — € IIMDOKHMH OBaJbHbIMH
OTBEPCTHAMM.

[To mepe mpoaBueHust B BOAONOCHOM MJIAacTe€ CKBAXKHHA-IYy4 OGBIUHO
OTKJIOHSIETCS BBEPX, NO03TOMY Leaecoo(pasiio MpHMeHaTb OGypoBble roJoB-
K1 mapagosongroii ¢popMbl ¢ GOAbLUINM yuCAOM OTBEPCTHI HA HIXKHEH nx
MOBEPXHOCTH M MEHbIIHM — Ha BepXHed.

JAsl yMeHbllIeHHs COMPOTUBJEHIS PYNTOB NPOJAABNBAHHIO TOPU3OH-
TaJbHbIX CKBaXHH-Ayyell NPHMEHAIOT OypoBbie TOJOBKH € Yy.1aplio-phiz.i-
TeJbHBIM CHApAAOM, KOTOPBIH pa3pHxJserT pyHT nepen OypoBOH roforKoi
u o0JIeryaer npojBHKeHUe Jyua B m1acte [7].

[Ipu mpoussoncre paGoT MeromoM Panmess iis yaajeuds lLilaMa iic-
NOJL3YIOT CTajbHble TPyOGn paHaMeTpoM 50—100 MM ¢ nMnmesbHLIM COenll-
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nenneM. TIpofaB/aIMBAIOT Jy4yH ¢ MOMOLIAI0 ABYXHOPUIHEBHIX THAPaBJIHYe-
CKHX MOMKDATOB C IIPAMBIM H 00PaTHLIM XONOM, CO3JaIOIIHX AaBJIeHHE RO

50 T Ha OaMH UUJIHHAP.

B oranuue oT Metona PaHHes, no meTody PesbmaHG U3 WAXTH B BOLO-
HOCHHIY MJ1aCT NPOXABANBAIOT He (HALTPOBLIE, a IIyXHe 00CalHbie TPYOL,
B KOTOpbLIE I10 NOCTHXKEHHH HMH INIPOKTHON [JAMHBl BBOJUTCA QuAbTpORAf

KoJorHa. OGcafuble TPyGH MOC/IE 3TOrO H3BJEKAIOT,

OCTa€eTcsi B BONOHOCHOM I1J1acCTe.

a OypoBast roJOBKa

IIpu stom MeToze ycTpoBCTBA TOPM3OHTAJNLHBIX CKBaXKHB-Iyuell Npus
MEHSIIOT cllellianbHbIe TOJCTOCTeHHble o6Gcaubple Tpyosl. Puawntp, CBOGOIHO

BBOAUMBIN BHYTpPL o6canuoili TpyOnl ckBa-
XHHbl, MOXET OLIThL U3rOTOBJCH H3 CTaMab-
HBIX TOHKOCTEHHBIX TpyO ¥ ¢ Oosbluel, yem
npu Merone Panues, ckBamxHoctbio. [lpu
3TOM MeTOJA€ MOXKHO HCIOJbL30BATL MeTas-
Ju4YecKye TPyOuaTole KapKachi-HALTPH C
GUILTPYIOIHMH JIOBEPXHOCTAMH, aHAJOTHY-
HO TNpPUMEHIEMbIM B BEDPTHKAJLHLIX CKBa-
AHHAX, a TaKxke HeMeTaJaHueckHe TPyOH
H MeTajJHuecKne TpyObl ¢ aHTHKOPpPO3HH-
HBIMH IIOKPBITHAMH.

YeTpolicTBO rOpH3OHTAJLHLIX CKBAaMUH-
aydeii o amerody «llpodcae» ocyuwiectsas-
eTcst Tax ke, Kak u merogom deapbmana —
NpoaaBIiBAHNeM B BOJAOHOCHBI miacT 06-
cagHoit TPyOLl C IOCJAEAYIOIIHM BBOJOM B
Hee Tpy6uaToro Kapkaca-QHabTpa H HaMbI-
BOM BOKDYT Hero rpaBuiiHoil o0 CHIIIKY,

Jvamerp TNpPORABIMBAEMHIX TpPYyO IHpit-
HHMAIOT #3 pacueTa pa3MelleHHA B HHX
Kapkaca OQUIbTpa H cJost rpaBuiiHOi 06-
CBLINKH. BBOAHMDIE B 1JyXy10 TpyOy QHILTP
COCTOWT M3 METaJJHuYecKux nepdopupoBan-
HbLIX TpyO, €TaJbHBLIX HAHCKOB, 3aKpelse-
MHX Ha paccTosHuH 1—2 ™M OZHH OT Apy-
roro Ha (WJIBTPOBHIX TpyGax ¥ MMEOLIHX
nMaMerp Ha 2—3 MM MeHblIe BHYTPeHHero
ZuameTpa TJyXHX oGcalHpx TPYO, H TPyOhI

4

A

Prc. 11.29. Cxema B3aumuoro
paaMertedus o6CaHbIX H DHJIBT-
poBbIX TDYG 1NpH COOPYMKeHHu
FOpH3OHTAJBHBIX CKBAXHH JAyYe-
BHIX B0103a60poB  DA3AHUHBIMU
MeTOonaMHu
a — Pauues; 6—Deasmara; g—lpoie.
car; & — BeHrepCkHM; [ — puanTpo-
Bble TpyObi; 2 - mnaMoBbie; 3 — 06-
camnble; 4-- pebpa-d.laHubl, UpHBa.
peHHBle K (pHABTPOBOH Tpyde; 5—rpa-
BIIiHLIT KOabUeBOl GHUABTP; 6 ~ FHX-

POMOHUTODHBIE TPYOLL
IAs HaMbiBa MaTepuana oOCBhIIKM. ITY

TPY6y NPOTYCKAIOT Yepe3 OTBEPCTHA B AHC-
KaxX ¥ KpEeNsT Tak, uToObl ee MOXKHO OBbLJIO NepeiBHIaTh B MOPH3OHTAnLHOM
HarpasJeHuH BAOJIDL QUIbTpA.

HamuiB Marepuasa oGCLIIIKH BeJETCs MOCIE10BaTeNbHO OT 3a6osl CKBa-
XKUHB K €e YCTLIO [0 yyacTKaM MexAy nuckamu. [locie HaMbiBa onHoro
y49acTka obcaanble TpyObnl u TpyOy Assl HamMblBa MaTepuaJa OOCHIIKIH 11epe-
MEIlal0T Ha COOTBETCTBYIOLLYIO AJTHHY (IEeMOHTHPYIOT) [asl ycTpoflcTBa rpa-
BUIHON OOCLINIKH Ha CIeAyIoLeM yuacTKe GuabTpa.

[lpu ycTpoiicTBe rOpM3OHTANBLHBIX CKBaKMH-Jyuell Merogom [lpoficar,
Kak u npH Metone PesabMmana, 151 GUILTPOB MOMKHO HPYMEHATL TOHKOCTEH-
ible cTasbHble TPyOH. PuIALTPYIOUIAS TOBEPXHOCTL KPOME TPaBHilHON Moxer
OLITh rpaBUHHO-KOXKYXOBOH ¥ GJA0UHOM.

Beneepcxud merod ycTpoficTBa IOPH30HTAJbHBIX CKBAaXKHH-Tyduell Ipak-
THYECKH SIBJISIETCS HECKOJIbKO yCOBEpIIEHCTBOBAHHLIM Meronom Pannes. ITo
3TOMy MeTOJy BHYTPh LIJIaMOBOIl TpPyOH HecKO.bKo OoJ/bLIero JjiaMerpa,
yem B MeTode PaHues, spogutcst TpyGa auaMetpom 20—25 MM, mo KOTOpOi
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noJ GoNbUINM JaBJAeHHEM MOpaeTcsl Ha 3a00f CKBaXHHbI BOJA 1/ Pa3MbIBa
H DHIXJIEHHS IpyHTa nepej 6YpoBOA roJOBKOH.

CxeMbl B3aHMHOro pasMmelieHHst O0OGCaxHbIX H (QUILTPOBLIX TPYy6 NpH
COOPYEHHH TOPH3OHTAJbHLIX CKBayKHH JY4eBBIX BOL03a00POB ONMHCAHHBIMH
MeTonaMH NpHBegeHH Ha puc. 11.29. Yka3aHHble MeTOAB YCTPOHCTBA rOPH-
30HTAJbHHIX CKBaXXHH-JyueH HMEKT NpeHMYyIlecTBa ¥ HeJOCTaTKH.
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Puc. I11.30 Jlyuesoit soncsa6op ua p. Uk (mrau)

! — Tpy6a nns Bumycka BOAM; 2 HanmopHbl BONOBOA; 3 — INAxTa JY4eBOro BOR03afopa; 4 — 3RaHHe
TpancopMaTOPHON NMOACTARIHH
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Mertox Paunes oTiimyaercss OpocTOTOH Mpou3BOXCTBa paGoT, HexocTart-
KaMu sBJsioTca HeGosblias CKBaXKHOCTh (UABTPA M orpaHudyeHHas o06-
J1acTh TNPHMEHeHHsI — TOJNbKO B BOJXOHOCHBIX MJAacCTax, CJIOXeHHHIX pasHo-
3ePHHCTHIMH MeCYaHO-TpaBUAHLIMH U IPaBHAHO-raJIeYHHKOBHMU OTJIOXKEHU -
MH CO CpeXHHM pa3MepoM dpaKuui Gosee 3 MM.

T e N P S

Puc 1131 Jlyuepoit Bono3a6op Ha p Mk (reonoronuToNorHIeCcKuil paspes IO MOApYC/JIOBO-
My aydy Ne 3)

I = 3nanne nacoCHoM cTaHIMM; 2 — maxTa; J— OTMOCTKAa H3 TpaBHA; 4 — HaCHIIHOR TIPYHT; § — OAHHOY-
Hoe MoIleHHe KaMHeM; 6§ — KaMeHHas HaGpoCka; 7 — CYTAHMHKH, CylecH; 8 ~-IIeCKH C TpaBHeM; 9 — HaHl,
10 — rpaBHRHO-TaleYHHKOBbIE OT/IOXKEHHA, []-— NeCYaRHKH; /2 ~— nepdopupopanubie TpyObl ¢GHALTPA-AYyua

Meron Pesnpmana MOKeT NPUMEHATLCS B BOJOHOCHLIX IsiacTax ¢ GoJsee
MenkuMu ¢pakuusMy nopoiA. HegoctaTku Meroga — CJOXKHOCTb IPOM3BOJA-
CTBa paloT ¥ TPYAHOCTL U3BJIeUeHHs 06CaJHBIX TPYG.

Eme Gosee cyoXHbIM siBagerca Meron «IIpoficars, HO ero MOXHO HC-
N0JIb30BaTh JIJs1 YCTPOHCTBA FOPU3OHTANBHBIX CKBAaMUH-JIYued B BOJOHOC-
HBbIX NJACTAaX, CITOXEHHBIX MEJKO3ePHHCTBIMH OJHODOJIHHMU MeCKaMH,

Benrepckufi MeTox B NPOH3BOACTBe paGoT HECKOJbLKO CJOXKHee MeToaa
Pannes, Ho B cpaBHeHuu C NOCJeIHHM o6Jeryaetr H yCKOpPsIeT NPOXOAKY
TOPU3OHTAbHBIX CKBaXUH-Ty4ed.

B CCCP BeHnrepckuii MeTox Obll NPHMeHEH NMPH CTPOHTEJLCTBE Jyue-
Bbix Boxo3abopoB B Tarapuu (no mpoekty Colo3Bogokanajanpoekra, I'unpo-
cneunpomctposi), bamkupun (nmo mpoekry I'unpokoMmyHnBongokaHana) u [py-
3un (no npoekry I'pyarunporonxosa); meton PenbMana — NpH CTPOUTENb-
CTBe JyueBOro Bojg03aGopa, NpeAHa3sHaYeHHOro JJIs BOXOMOHHXKEHHUs IpH
coopy:xennu Kuenckoit I'SC.

[TepBuifi nyueBofi Bog03a6op B OTEUECTBEHHOHN MPaKTHKE CTPOHTENbCTBA
6bi1 coopy:xkeH B 1961—1962 rr. Ha neBoGepexxHofr noiime p. Ux B Tartap-
ckoit ACCP nas BofocHa6XKeHHS CUCTEMH 3aBojHeHus HeTAHBIX MJacTos'.

Ha yuactke pasmemteHus Bogosa6opa (puc. 11.30) moumHoCTL BOROHOC-
HOro NMJacCTa He3HauHTeNbHas: Ha NofiMe 4,2—8 M ¥ mox pycsaoM peku 3,1--
4 M, pycnO MeCcTaMH 3aujieHo, peKa 3Jecb B TedeHue GOJbIIEH 4acTu roxa
HaXOAUTCA B TOANOpPe OT HHIKEPACIOJOXKEHHOR BOJONOLBEMHON MNJIOTHHbI
OTKpPHTOro Bog03a6opa. BoZOHOCHHIH NMAACT COCTOMT H3 a/lJIIOBHAJBHBIX IPa-
BHIHO-TaJIEUHHKOBBIX OTJOXKEHUH € JMH3aMH MeJKO3epHHCTHIX IeCKOB, CY-
meceil ¥ CYrJMHKOB, B cocraBe rpaBHAHO-TaJleUHHKOBBIX OTJIOXKEHHH COGCT-
BeHHO ranbku ~ 30%, rpaBus ~40% u ~309% pa3HO3epHHCTOTrO MblJeBa-
toro mecka (puc. I1.31). Cpenuufi KosdduuueHT GUABTPALUH TOPOJX
BoJoHoCHOro maacta 90 m/cyT.

1 Bojo3aGop nocTpoen no HHHOMaTHBe HHX B B. A6pamopa. ManicKanHs M MPOEKTH-
popaune Buinoanenst A U, Apneswm, A E Crauxesnuem n H B EpecnosbiM  ABTOpChHIL
Haz3op 3a CTPOMTENbCTBOM BOm03adopa ocyuiecTsasa uux A A. [Taaxun [1, 7, 13]
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BojosaGop Guli 3anpoeKTHpOBaH KOMOMHHPOBAHHOIO THMA C YETHPbMs
JyyaMu: AByMs GeperoBhIMH U IBYMs MOAPYCIOBBIMH

I0axTta Bomo3zaGopa »KeJe300eTOHHAA, COOPYXKeHa ONYCKHBIM CIOCO-
GoM; TuaMeTp WIaxTel 6 M, Bbicota (rayGuHa) 12 m (puc I 32) B Huxued
YyacTu CTeH IIaXTH Ha BhcoTe 1,45 M oT ee mHULIA OBUIH 3aJi0XKEeHH BOCEMb

HanpaBAAOMHX YCTPOACTB — naTpyOkon (ueTslpe paGoYUX u dYeThpe pe-
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Puc 1132 Jlyuerod BomosaGop dg}_ ) - \\ BN T
Ha p Uk (mmau u paspe3 coopy N R s 1 o BRL
MeHHH) Y = s w1 LT e T
; . . wp ] B A - ) AN 5
— 3amacHOll HalpaBASOLHH [aTpy: I8 PR s N j P s
6ok, 2 — IOk 3 — NecTHHa 4—rmeC B ° 00 14 \ﬂ N
YaHHKH, 5 — BOJNOHOCHbBIH nnacr, ! [ o
6 — nousa, 7 —- CyNnecH & — HaChIHOH EE:.: 3 1
FPYHT, 9 — MollleHHe KaMueM go c1010 5!_ LS N & )
rpaBua 0 — 37aHUe HaCOCHOR CTaH- 17
u‘»]m 11 — 3neKTpoABHraTend [2~so- §’| Qg A {{ 16
nONMOABEMHble TPYOB HACOCOB {3 — XD G0 & o5 °°
crena WaxThl [4 — Hacockl [5—puu- -1271 7 o0 18 gm0

ue Imaxrhl, [6— 3alBHXKKa [7 —
dHALTp ayda, [8 — GeToH

3€pBHBIX) A/ BBIBOAA Yepe3 HUX M3 IUAXTH H NPOLABIEMBAHUA B BOJOHOC-
HBIH TJIaCT TOPH3OHTAJNBHBIX (UJIABTPOR-JIyueii, cnocob npogaBjuBaHus Jy-
4ell — BeHrepCKul

OunpTphl-nyud ObLIM H3rOTOBJIEHH 13 CTadbHBIX Tpy6 219X8 MM <o
[1eeBBIMY OTBEePCTUSAMH IMHPUHOK 6 M u ananHo# 140 MM, pacmosomeHHbIMI
no njuHe TpyOw uepe3 30 MM, a mo ee okpyxKHocTi ¢ uarom 15° TIpu atowu
CKBAXXHOCTb (usbTpa okasanace pasHoil 13% JlinHa oTaenvusix ceniid
¢uabTpa-ayua 2,75 M, 10 Mepe NpOJaBANBANNS X COeAMHANN csapkoi. Ha
KOHIle epBO# ceKnuu QuabTpa 3akpensiin GYypoBylo r0J0BKY mapabosuue-
CKoil (opMbl ¢ 16 0BasbHBIMY OTBEPCTIAMH N0 60KOBOH mosepxnocti Llna-
Mosble TPYObl OblK MPUHATH AHAMeTpoM 102 MM, COCTOSAIUHME I3 OTZeJb-
HBIX cekuui mauHod 2,81 m. CoenuHenuwe cexulfl HHMIENBHOE, yCIJIEHHOE
NOTaNHBIMU BUHTAMH. B KauecTBe rHZpOMOHUTOPIOH Gblia HPHHATA CTaJlb-
Has Tpy6a AuamMeTpPoM 25 MM u3 OTAEJNbHBIX CeKLHI MJIHHOR 2,77 MM, COeIHU-
HEHHBIX C NMOMOIBIO MY(T, OIUH KOHEL KOTOPHIX NpHBapeH K TpyGe, Apyrof
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3aKpemeH cronopkbiM GoaroM. Bona mo 310il Tpy6e NpH HEoOXOAHMOCTH M0~
gaBaJack Nof fasyeHueM go 10 atMm.

Ing npemoTspallieHHs MOCTYMJIEHHS BOAbl B INAXTy MO MeXTpyGHbIM
NpOCTPaHCTBAM — MEXKJY HanmpasJfioliuM narpyGKoOM M GUIBTPOM-IydoM
H MCXKAY QUALTPOM-AY4OM H IUIaMOBOI TPYGOH yCTaHaB/IMBAJH CaJbHHKH

(puc. I11.33).

Puc 1133. JlyweBoit Bo-
noszabop Ha p Hx (cxe-
Ma VCTaHOBKH JOMKpara)
a — ycTauoBkKa nepeoy Cexr-

HuH Ayd4a ¢ GypoBOM Toga03- 5 g 5

KoM H I0oMKpaTa AnA  Mpo-
NaBnuBalus Jyua; 6 — ycTa-

HOBKa CaxblHKOB, | — 1epBas RESEARE ) —
ceknus GuabTpa, 2~—I0MKpPaT; T LT e 7 T

3 —~ paMa pgoMKpara; 4 — cTe- —= —— §

Ha WaxTl, §— naTpyGon, 3a- bt S 7T [
Jenanubilt B cTemy HIaXThl: — N SR
6 — thuabTpOBan TpyGa; T — e 'Eﬁ =2 ZQJ =5
7 — wnaMopasi Tpy6a, 8—rui- = NS

POMOHHTOpHAA Tpy6a; 9—canb- [ —— o ‘
HHK MEXJAy HaTpyOKOM R - + | g
!

7 — — —B
huAbTPOBOH TPYGoli; 10—calb- = T T =3 TN
HHK MeXAy OGHALTPOBOft Par eI yaa —]
WAaMoBolt TpyGaMH b MG = MR ¢
S

Hns npopasniBaHust GuabTPoB-Iydell B BOLOHOCHBIA M1acT NMPHMeHAH
TUApaBJHYeCKHA ABYXUHAHNHAPOBBIE JoMKpaT. [mameTp HWIHHAPOB AOM-
Kpata 90 MM, nnuna Xoma mnayumepoB 600 MM, MakcuMaJjbHOe YCHJHE
30 1. loMKpar yctaHaBs/iuBa/u Ha ClenHasbHON paMe, ymupasilefics B Npo-
THBOMO/IOXKHYIO CTeHy WaxTel (cM. puc. 11.33).

JlyueBble Bon03aGophl, COOPYIKaeMpble OTKPBITHIM ClIocoBoM

[Ipn 61u3KOM K JHeBHOY MOBEPXHOCTH 3aJieTaHHH BOJKOHOCHOrO MJacTa
H HeGO/bLIOH ero MOIMHOCTH JYyYeBble BOA033aGOPLI MOMXKHO COOpYMXaTh OT-
KPHITBIM Crioco6oM Ge3 BOLOMOHHMKeEHUs. B 3ToM ciyuae Jyuesodt 30103a60p
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B BHJAe GJ0Ka, COCTOAUlero M3 BepTHKaJbHOM TPYyOH H COPH3OHTAJbHHX
Tpy6uaThx QuAbTPOB-JAydeH, COGHPAIOT HA MOBEPXHOCTH H OnyCcKalmoT B OT-
KpHITHA No Popme 6JoKa KOTJOBAaH NOA BOAY Ha 3aJaHHYI0 OTMeETKY
(puc. 11.34).

IIponsBomcTBo paGoT O COOPYXKEHHIO JIyueBHX BOL03a6OPOB OTKpHI-
ThIM criocofom BeJeTca B TaKOH HOCJIE}IOBaTEJIbHOCTHII

D=h28x7 44

Puc 1134 Cxeva Gaoka ayueroro ¢puabTpa Bono3aGopa, COOPYKAEMOTO OTKDH
THIM CIOCOGNM

I — Gaok ayuesoro ¢uanTpa, 2 — CTpoma ¢ pasMeTkoil, 3 — mraura craika YKC 22

1) paspaGaThBalOT KOTJIOBAH [0 3afaHHOH OTMETKM H 3aYHILAIOT ero
IHO;

2) CMOHTHPOBaHHbU GJIOK JyueBoro (uJbTpa OMYCKAKOT B KOT.IOBaH,
YCT2HaBJIHBAOT B MPOEKTHOM [OJOXKEHHH H 3aKpelJISIIOT OTCHNKOH TOX Jy-
YH TIOAYHIEK M3 OTCOPTHpOBaHHoro rpasus. Pasmepsl ppakiuf rpaBus onpe-
LeJSI0T B 3aBHCHMOCTH OT COCTaBa NOPOJ, BOLOHOCHOTO TiacTa H AHAMCIpa
oTBepCTH B TpyGax (QHIbTPOB-syueil;

3) mocjie yCTaHOBKH M 3aKpenyeHusi 6JI0Ka JyueBEIX QUIBTPOB OTChina-
IOT 'PaBUH B KOTJIOBaH Ha 3aJaHHYIO BBICOTY (TOJILIHHY CJIOSI) 1O BCEA MJIH-
He KaXJoro Jayua, co3faBas TakuM o6pa3on BOLOOPHEMHYIO (PHIBTPYIOULYIO
MOBEPXHOCTb TpybuaTtoro kKapkaca ¢uabrpa. 3aTeM KOTJOBaH 3achlNaloT
ME@CTHHIM IDaBHHHO-raieYHUKOBBIM TDYHTOM, a GJIHXKe K DOBePXHOCTH 3eM-
JIH — CYIJIHHHCTBIM CPYHTOM;

4) uepes BepTHKaJbHYI0 TpyOy Gs0Ka GypsAT CKBaMKUHY /sl YCTaHOBKH
Hacoca uiaH 06opynoBaHHs, HeoOXOmuMbIX IJs IKCIJyaTaluuy BOmo3aGopa
CHPOHHHM CHOCOBOM.

9. KANITA)X HCTOYHHKOB

Kantax ncrounnkoB (pomHHKOB) npenmcraBaseT coboft coopyeHue
AJsl 3aXBaTa TMOA3EMHBIX BOJ, BHIXOAALMX Ha JAHEBHYIO NOBEPXHOCTh.

B mpuponmubix ycnoBusix BEIXOABI MOJ3eMHBLIX BOX Ha AHEBHYIO [OBepX-
HOCTb MDOAIBJISIIOTCS B BUJE HHCXOISIIHX H BOCXONSIIMX HCTOUHHKOB.

IIpu cocpenotoueHHOM BHXONE NON3eMHBIX BOJ KAnTa:KHOe COOPYMe-

! TlpoekT paspaborau A E CrankeEnyem
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HHE YCTPaHBalOT B BHAE KaMepH-KOJOAlla Haf BHIXOJOM BOCXOJSIHIET0 HCTOY-
HHKa HJH Tepe[ BHIXOAOM HHCXOAAILETO HCTOYHHKA.

ITpu paccpenOTOUEHHOM BHIXOJ€ MOA3EMHLIX BOJA B BH/E OTAENbHLIX HC-
TOYHHKOB, PAaCIIOJOXEeHHBIX OAHH OT IPYroro Ha pacCTOsiHHYU GoJsiee 5 M, Kan-
TaX HX OCyLLeCTBJAETCH pa3fesbHO co c6opom BOAH B 0o6uLyi0 BomocGop-
Hyo kKamepy. OGmas KaMepa MOMXKeT HaXOAUTbCA Ha OCHOBHOM (HauGoJib-

850100
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) 900 mﬂzm
Puc 1135 Cxema xene- * —fe —E’T
300eTOHHOH KanTaxHoH /’ { Ug RS 1 53

KaMepHl

@ =~ HHCXORAMEro HCTOYAHKA]
6 — pocvonAmero HMCTOYHMEKAY
] — HaropHas kaHaBa; 2—BO-
ROTIpDHEMHBIE OTBepCTHA;
8 — pepTHAANMOHHAH  TpyOGa;
4 — rauuAno-meGeHOYHAN  OT+
NocTka; 5 — Kene300eToHHBIS
konbna; 6 — pacTHTeNnbLHbIA
Croft; 7 — nepenusHas TpyOa;
8 — pacxonnasn Tpy6a, 9—xes
fe306e; pHias AHTa  JHHING,
10— caoft rpasus; ff — rau-
Bapnil  3aMok; 12— rpaBHil-
HHA o6paTunit duasTp; 13—
3aChlTKa  YHCTBIM  [TECKOM;
I4— Bopoynop HMAM HHXKHASR
TPaHHNA KanTHPyeMoRA 4YacTH
BOIOHOCHOrO MNAaacra; 15— Bo-
ROHOCHBIA nnacT; 16 — rpa-
BHiHAA Jpenupylomlasi IDH3~
Ma; 7 — ckafbEBle NOPOAS
€ BOCAONAIIMMH HMCTOYHHKAMH

memM mo mebuty) BbIXOAe MOA3E€MHBIX BOJ MJH YCTPAaHBAlOT CHelNHaJbHYIO
cO0pHYI0 Kamepy 3a MPeAeNaMH BHXOIa MOA3EMHBIX BOA.

Ilpu cnnomwrom, HO cnaGo BEIpaKeHHOM BHIXOAe NMOA3EMHHIX BOJ Kal-
TaX UX OCYLIECTBJSETCS C MOMOLIbIO TOPUBOHTAIbHBIX TPYGUaTHIX HJH rane-
pefiHBIX BOA03a6OpoB CO c60POM H3 HHX BOAH B OOILyI0 BogocGOpHylO eM-
KOCTb.

55



[pu MCNONL30BAHHM HHCXOAIMX HCTOYHHKOB, TPHYPOUEHHBIX OGBIYHO
K CKJIOHaM TOPHBIX BO3BBHIIIEHHOCTEH W JOJHH OBparoB, 0allOK, PeK, KaNTax
Bpe3aeTcd B CKJOH jpJf NpreMa BOXbl Yepe3 ero HaropHylo CTEeHKY (puc
11.35,a), B KoTOpO# NMpexycMaTpuBalOT COOTBeTCTBYlom e oTBepeTus. [lepen
3THMH OTBeDCTHAMH YCTpauBaloT oOpaTHHH (uibTP, MaTepHali KOTOPOro
nop6upaeTcs B 3aBHCHMOCTH OT pasMepa 4acTHLl MOPOAbl BOJOHOCHOrO mJja-
cta. I1pu HeGoabIOA MOWHOCTH BOLOHOCHOrO IIacta W GJAH3KOM 3ajeraHuu
BOJOYNOpA JHHLe KaNTaxKHOA Kamepbl 3arJyGasioT HuXKe MOAOIUBH MJiacta.

Hus Gosee mosnoro oréopa BOAN H3 MJIACT4 YPOBeHb €€ B KANTaXHOH
KaMepe He JoJxeH ObTb BHIe MOAOUIBE MJacTa.

[Ipn Gonpluof MOUIHOCTH BOZOHOCHOrO IJiacta M rJiyOOKoM 3asieraluy
BOJIOYNOpa KaNTax mo ray6uHe MOXKeT ObITh HecOBepIIeHHBIM. IayOuuy
3aJ0KeHusT HHKHEro psijta BOJXONPHEMHBIX OTBEPCTHH B CTeHKe KanTaxKa
11 3arayGJeHde ero QHUIA ONPejelisiioT U3 yCJHOoBHI TpeGyeMOH NPOU3BORU-
TEJBHOCTH KanTa)a ¢ yyeroM ofecrmeueHus YCJOBHUH mJisfl jafibHeHllero
TPAHCTOPTHPOBAHUS BOJHL.

Kanrax HHCXORAUWMX HCTOYHHKOB NPH HeOGXOJHMOCTH COOPYIKAIOT ¢
BOJOYJaBANBAIOIUMH CTeHKAMH — OGappa)amH, BJOJNb KOTOPBIX CO CTOpO-
Hbl TOTOKA MOA3EMHBIX BOJ BBIKJIaJbIBAIOT NPU3MY 113 QUABTPYIOIErO MaTe-
pHaJa, conpsiralouylocs ¢ o0paTHelM (UIbBTPOM KanTaKa.

U3 Bocxopsliix HCTOYHUKOB MPHEM BOJIbI OCYIIECTBJASIETCH B COOTBET-
CTBUH C ee JBHKeHHeM CHH3Y BBEPX uyepe3 JHO KaNTa’KHOro YCTPOHCTBa
(puc. 11.35, 6).

Ecnn Bocxopdaufi HCTOUHHK TIPHYPOUEH K CKAJbHBIM TPEIIHHOBATHIM,
HO KpDemKHM MOpOXaM, NpUeM BOJRH JHHIIeM KanTaxa OCyLecTBJIsETC ye-
pes ofuH CJOH (QHALTPYIOLEr0 MaTepHata — KPYINdOIo TpaBHs, raJlbKH HIU
1weOHA Hepa3MOKaeumblX B BOLe MOPOL.

IIpu BbIXOMe BOCXOHSIIEr0 MCTOUHMKA U3 PHIXJbIX BOJXOHOCHBIX MOPOJ,
0C00eHHO U3 MeCKOB, MOJ JHHUUIEM Kanrtaxa YCTpauBaeTcs O0OpaTHBIA
GbuUABTP.

Kanraxkunie KaMepnl COOPYXKAIOT U3 COOPHOro Kesieso6eToHa B OTKpPHI-
ThIX KOTJIOBaHaxX, a Ha BOCXORALIUX HICTOYHHKAX NpH rIIyGOKOM 3ajieraHuu
BOJOHOCHOTO IJ14CTa — ONYCKHBIM CriocoBoM.

JJia HopMaJibHON pabGoThl KanTaxa HeoGXOMIMO:

a) KOCTATOYHO MOJIHO MO IJIOIAAH U IVIy6GHHe BCKPBITh BBIXOJ HCTOUHHUKA;

6) nmperoXpaHHTL HCTOUHUK OT NMPOMEP3AHHUA H MOBEPXHOCTHBIX 3arpsia-
Henui;

B) MPUHATE Mepbl MO NPeXCTBPalleHU0 06pa30BaHUA ONMOJ3HeH, pa3Mbl-
BOB 4 00BA/JIOB B MeCTE pAaCHOJOXKeHHsT KanTaxa;

r) ofecrneduTh HAJEXKHYIO BEHTHAANIIIO KaNTaxa.

Kanrax go/axen ObiTh 060pynoBan yCcTpoRcTBaMH Aaa cOpOCa H3JIHIU-
KOB BOJBl, OCaXXJeHUd H yjaJieNds B3BelUeHHBIX BeUIECTB, KOHTPOJS paGoThl
$UIAbTPOB, peryNUpOBaHusl NMOCTyHawmlied ¥ OTBOAHMOHR BOABH, 3aMepa [O-
JlaBaeMo¥ BOjbl MOTPeOHTENO.

Bona ua xanraxed mogaercs notpeGuTei0 CAMOTEKOM HJM C NOMOLIBIO
HacocoB. Hacockl ycTanaBauBalOT B KanTakHbIX KaMepaX (Ha Kanrtaxax
MaJiof NpOH3BOLHTENBHOCTH) HJH B OTAeJBbHOM 3JaHHI Y KanTtaxa Jn6o
y o61§eﬁ BOJOCGODHON €MKOCTH, B KOTOPYIO0 CTEKdeT BOjJA W3 psja Kam-
Taxel.



Faama III

FTHAPOTEOJIOTHYECKHE PACYETbI NPH NPOEKTHPOBAHHH
BOJO3ABOPOB

1. 3AAYM H METOABl THUAPOTEOJOTrHYECKHX PACYETOB
BOJO3ABOPOB NMOJA3EMHBIX BOJ

I'unporeosniordueckie pacyeThl — BaXKHEHIIHA 3JeMEHT MNPOEKTHPOBA-
HUsi Bono3a6opoB nojp3eMHHIX Boj. OCHOBHbIMH 38JauaMH MX SIBJSIOTCS:

1) ompenesnedne neGuta BOA03a6opoB M NOHHXKEHHA YDOBHSI MOA3EM-
HHIX BOJ B ITpOLeCCe IKCHAYaTaAlHH;

2) oumeHKa BO3MOXXHOro B3anMMOjeficTBHsA JaHHOro Bojosafopa ¢ cCy-
WeCTBYIOIIAMH HJIH HaMeuaeMbIMH K CTPOMTeJLCTBY BonosafopaMH Ha Apy-
rHX y4acTKax BOJOHOCHOIO MJ14acCT4d;

3) mporHo3 M3MEHEHHH KayeCTBa MOjA3eMHBIX BOJA (XHMMHYECKOro cocra-
Ba, GAKTEDHOJIOTHUECKHX M OPraHOJIENTHUeCKHX MOKasaresedl) B CBA3H C
BOSMOMHBIM TIOATOKOM TIOASEMHEIX BOJZ TIOBLINEHHON MAHEPAAWSIALMA HAR
C MOBBILIEHHBIM COJIep3KaHHEM TeX MJIH MHLIX KOMIIOHEHTOB, & TaKiKe BCJeT-
CTBHe (DHJIbTPALUH 3arps3HeHHbIX BOJ H3 peK, XBOCTOXPAHW/HII, HCNApH-
TeJNbHBIX 6aCCeHHOB H T. II.

OnHOBpPEeMEHHO C pellleHHeM 3THX 3afau BHIOMPAIOT THN H CXeMY pac-
TMOJIOXKEHHsT BO03a6OPHBIX COOPYKEHHA M Lesnecoo6pasHbili PeXHM BOJ1O-
oT00opa U3 HHX.

[Ipn rupporeosiornueckKHXx pacyetax Boao3aGoOpPOB OOBLIYHO B KauecTse
HCXOJHOMA BeJMUMHBI PHHHMaeTcsi 1e6UT Qpacw, COOTBETCTBYIOIIHA NPOGKTH-
pyemomy BopomotpeGJenuto. Ho Hepeniko npuxXOAHTCHA OBPeResiTb MaKcH-
MadbHBA 1e6UT Qmaxc, KOTOPHHA MOXeT GbITh MOJYyYEH HA pacCMaTPUBAEMOM
y4acTKe BONOHOCHOI'O IJIACTA HJM HA BCeH MJollajHd €ro pacnpocTpaHeHHd.
B ofoux ciyyasix QOJKHB ObITh onpefieieHsl KOJHYECTBO CKBAXKHH, HX pas-
Mepn (ray6uHa, AnaMeTp), THNI BOJONpHeMHON uacTH (duaptpa) u pebur
KaXOH CKBaXKUHBI NPH 3aJaHHOM BpeMeHH 3IKCIJIYaTaUHH fpaca M MAKCH-
MaJbHO JONMYCTHMBIX MOHMKEHHSIX YPOBHS Spom ECJIH NPOEKTHPYeTCs yCT-
POIICTBO rOPH3OHTAJLHOrO, JIY4eBOro HJM Bono3abopa ApPYyroro THMa, rHAPO-
re0JIOTHYECKHMH PacyeTaMH TaKiKe ONpeeJsioTcsi PasMephl COOPYXKEeHHUH, HX
KOJIHYecTBO W Ae6UT Ha nepHOn fpaca.

Takum o6pa3oM, Ha OCHOBE I'HIPOre0JIOrHyeCKHX PacueToB yCTaHaBJH-
Baiotcsi [25, 32]: 1) BO3MOXHOCTL MoJiyueHusi AAHHHIM BO103a6OpOM HiH
rpynmoi Boxo3abopoB HYKHOro KosinuecTBa Bojabl (pace K KOHIy PacyeTHOro
NMepHONA lpacy, HE NPEBBILIAST MaKCHMAaJbHO AOMYCTHMBIX MOHHKEHHA ypoB-
HA Spon; 2) BeJHYHHA MAKCHMaJbHOrO 1e6uta (maxc, KOTOPHH MOXeT GHTb
MoJlyyeH AAHHHIM BOA03a60poM HJM rpynmofl BoA0o3aGopoB MpH 3IKCIUyaTa-
UMM HX B TeyeHHe BCEero NepHoaa fpacu, HCXOASE U3 YCJOBHUS, UTO ONSATL-TAKH
K KOHIly 3TOrO MepHojia MOHHKEHHWs YPOBHS He NPEBLICAT MAKCHMAJIBHO f10-
MYCTHMBIX TOHHXKEHHH Syom.

Bo Bcex clyyasix, CJejgOBATeJbHO, JOJIXKHO BBIAEDXKHBATHLCSA COOTHO-
leHHe

Spact < Spoms (II1. 1)

Tie Spaca — pacyeTHoE NMOHHMKEHUE YPOBUA.

IIpu Space™Snon mpoekTHPyeMH# 1e6uT BOA03a60pa He MOXKeT CUH-
TaTbCsi o6ecrnedeHHBIM. B 3ToM cayyae Heo6xoxAMO JHOO YBENTHUHTb YHCIO
CKBa>XHH, YMEHbIIHB AeCHT KaXXJ0H W3 HHX, THOO PaclpelesIuTb CKBaXKHHBI
Ha Gospliefl MO aMnH.
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[pu Spaca<<Snor HeGHT BORO3abopa MOXKET OBbITh YBeJHUYEH, HJIH
0pyd COXpaHEHMH NMPOEKTHOro AefHTa HOJKHO GHTh COKPALIEHO KOJHYECTBO
CKBaXXHH U YMeHbLIEHO pacCTOsiHHE MeXAy HHMH.

B ckBaHHaAX, KaK H3BECTHO, JONyCTHMOEe NMOHHKEHHe YDOBHsA Teope-
THYeCKH MOMKeT HOCTHUraTth MOJHOH MOWHOCTH mJjacta (B HaANOPHHIX mJja-
CTax — MOJIHO#l BHICOTHl Nbhe30MeTpH-
YyeCKOTO Hamopa, CYHTAas OT MONOLIBHL
miacra). [Ilpy TakoM mMOHHKeHHH
ypOBHsI 1e6MT CKBaXKHH ABJIAETCH MaK-
CHMAaJIbHBIM.

Ha npakTHKe, oxHakKo, HOMYCTH-
MO€ DOHUIKEHHE YDPOBHSi Spon BCerna
MeHbllle YKa3aHHOTO TeOpeTHYeCKoro
npejxesa: BeJH4YHHA ero yCTaHaBJ/HBa-
eTCs B 3aBHCUMOCTH OT YCJOBHA OT-
Kauki (B CKBaXXHHe JOJXKeH OHTb
OCTaBJIeH CTOJG BOXH, JOCTaTOYHHIA
g 3aray6leHHst Hacoca WU ero BQ-
AOTIpHeMHOH YacTH) M NOTepb HANopa,
CBSI34HHHIX C COMPOTHBJEHHeM (HIb-
Tpa
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BumecTe ¢ TeM NIpH ITPOEKTHPOBA-

HUH HeoGXOAHMO ITpeAyCMATPUBATH He-

Puc. I11.1. CxeMa K onpeneneHHIO Mak- KOTOpE:Il':I pesepB BOJAH, TAK KaK B pac-

CHMaJbHO  NONYCTHMOrO  MOHHXEHHs  yeTHOH CXeMe HEeBO3MOXKHO IMOJHO OT-

YPOBHS Sgom B CKBaXHHAX Pa3uThb peaNbHbIE THAPOreoJIOrHYecKHe

a-—s 63“8“09"0"“;;‘;':;9: 6 — B HanopHoM yCJIOBHUSI, B YaCTHOCTH, KpaHHe H3MeH-

Y4HBYI0 BOXOOPOBOAUMOCTL miacTa. Io-

3TOMY MAaKCHMAaJbHO ZOMYCTHMOE IO-

HHXKeHUe YPOBHS Spom, KaK NPaBUJO, ODHHUMAaETCsi paBHBIM He GoJee 50—

70% oG6weH MOLIHOCTH MJIACTA H C YUETOM 3TOro MpUGJHKEHHO MoXeT GHITh
onpejeJieHo MO CJeIyIoWHM cooTHomeHHsM [26, 32] (puc. IIL1):

g 6e3HamOPHEIX BOJX

Son = (0,5 + 0,7) hy — Ahype — Ahgy; (111.2)

I/ HamOpHBIX BOJ
Son = He —[(0,3 + 0,5) m 4 AHy,e -+ AHpl, (111.3)
rae he u He— coOTBETCTEEHHO Il€pBOHAYaJbHAas TAYOHHA BOAL 110 BOJOYIOpA

(B 6e3HANOPHLIX NJacTaxX) H HaNop (B HAMOPHHIX Mnjacrax) B NYHK-
Te PAacCHO/OXEHHR CKBAaXHHH (TaK Ha3blBaeMBle «CTAaTHUECKUE»
YPOBHH 10 Hayaja OTKaueK);
Ahyae ¥ AHpae — MakcumanbHan TAYGHHA TNOTPYMEHWS HM3a Hacoca (WAH ero BOJO-
nNpueMHON 4YacTH) NOA NHHAMHYECKHH YDOBeHb B CKBAXKHHE;
Ahg u AHg— noreps Hamopa HAa BXofe B CKBaXHMY (CONPOTHEJeHHe GHAbTPA H
HOPOAK B NPHCKBAXKHHHOH 30HE);
1 — MOILLHOCTb HAINlOpHOTO IJlacra.

Hans BrGopa HauGosiee PalHOHAJBHOrO THIA U CXeMH Bojpo3aGopa HJH
rpynmel BOL03a60POB paccMaTpPHBAeTcs psli BAPHAKTOB, 0 KOTOPHIM NTPOU3-
BOJAATCA THJPOreosoryueckHe pacyersl ¥ TEXHHKO-IKOHOMHUYECKHE CONMOCTaB-
JIeHHs,

Merogbl rUIpOreosorH4eCKUX pPacyeTOB BOJO3aGOPOB MOA3EMHHX BOJ
NPUHATO NOAPA3NeNsATh Ha Basancosole u eudpodunamudeckue [23].

BasaHcoBHMM pacyeTaMu ONMpefefsloTCs CyMMapHble BeJMYHHBI NHTA-
HuA (MOMOJIHEHHA) W PACXOJOBaHHsA NOX3EMHBIX BOJA 1O perHoHam, Gaccefi-
HaM WM yyactkaM. PesynbTaTh 6ajaHCOBLIX PACUETOB CJIYKAaT OCHOBOM /151
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OlleHKH OGUIMX 3amacoB NOI3eMHBIX BOI B pafioHe HaMeuaeMOro pacroJio-
KeHHus BO03abOpHEIX COOPYIKEHHH.

3aTeM MpOU3BOAAT pacyeT CaMHX BOL03aGODHBEIX COOpYIKEHHH NPHMEHH-
TeJTbHO K KOHKDETHHIM HX CXeMaM, THITaM H KOHCTPYKuHsM. IJis 3toro He-
MoJb3YyIOT rHAPOIMHAMHYEeCKHe METOIBl, BKJloYaloude B ceGA NPHOJIHMKEH-
HHle (KaK HX 4acTO Ha3blBalOT, THAPABJHYECKHE) NpHEMB aHAJHTHUECKHX
pacuetoB, H cOOCTBEHHO FHIPOIHHAMUYECKHEe METOMbl PellleHHs 3a1ay O MpH-
TOKe MOJI3eMHbIX BOA K BOI03aopaM Ha OcHOBe nuddepeHUHaNbHBIX YD aB-
HeHWH (PHJABTpAUUH NMPH COOTBETCTBYIOUIHX KpaeBblX ycaoBHaX. K rHppomH-
HAMHYEeCKHM MeTojaM pacuera OTHOCATCSH TaKKe MOAeJHpOBaHHMe Ha aHaso0-
roBblX BpIYHCJHTENBHBIX MamHHax (ABM) u pacuersl Ha UHQPOBBIX
3JIeKTPOHHO-BBIYHCAUTE/BHBEIX MallnHax (DBM).

Jus npuGAHKEeHHBIX OLEHOK MPOH3BOIHTENBHOCTH MPOEKTHPYEMBIX BO-
0326GOpOB HHOT[la MOKHO HCITOJIb30BATb METOJA HATYDHBIX aHAJOTHH — Te-
peHeceHHe Ha NPOeKTHPYeMBIH OGbEKT JAHHBLIX MO AeHCTBYIOWIMM Bojx03abo-
paM, HaxonsUu[HMCsl B aHAJOTHYHBLIX T'HIPOre0JOrHYECKHX YCJIOBHUSX.

[Ipu HCNOJL30OBAHHH ITOr0 METOLa HeOOXOOHMO HMeTh TUlaTeJbHOe
06ocHOBaHHe H JOKa3aTeJbCTBA CYIIeCTBOBAHUSA AHAJOrHH DafOHOB MpOeK-
THPYeMOI'0 H AeHCTBYIOUero Bopo3a6opoB Mo MapaMetrpaM, ONpeessioniHM
eCTeCTBEHHblE pecypChl NON3EMHBIX BOJL U YCJOBHSI HX BOCIOJHEHHS B IPO-
llecce IKCMIyaTaluld Bogo3abopHbIX COOPYKEHHH.

Bce yKasaHHBle MeTOMBl THIPOTEOJIOTHYECKUX pacueToB BOL03aGOpPOB
NOA3eMHBIX BOML — GasnaHCOBple, FHAPOLHHAMUYECKHE (B TOM YHCJiEe MaUIMH-
#ble Ha ABM 1 3BM), a TakxKe Meroj HaTypHBIX aHaJOrHfi — MOryT GBITh
HCMONbL30BaHBl COBMECTHO B [OMOJIHEHHe DYl ApPyra Ha pasHbIX CTafHAX
H3LICKAHHA H NPOEKTHPOBAHHS B COOTBETCTBHH € HEOGXOAMMOH IeTastbHO-
CTbIO PACYETOB ¥ APYTHMH NpPeIL’bsBJAEMbIMH K HUM TpeGOBaHHSIMH,

BaJjianc mopseMHBIX BOJ paHOHAa pasMelleHHS TPOeKTHPYEMOrO BOpO03a-
GOpHOrO COOpY:KEHHsI NOJIKEH COCTABJATLCA HA OCHOBe OGIIEro BOZHOrO
GanaHca, cxeMa KOTOPOro MoxkeT ObITb NpejCcTaBjieHa B CJeNyIOLIEM BHIIE:

”1,2 Cl,2 Ql,2
R —_ - L
AWV =0 + ”no,us -+ ”noa T ”ucx — Cno;xs - Cnos —H— Qnona - Qnosv (IH -4)

Tne AW — uaMeHeHue 3anacos BOABl B NpejefaX paccMaTpueaemoro paiiona; O — ocankw;
/1,y — IPHTOK MOA3EMHBIX H MOBEPXHOCTHBIX BON 4Yepe3 BHellHHe TPAHULbBl TePPUTOPUH;

nex — N0a4a BOAH HA TePPHTOPHIO B DPe3yibTaTe HCKYCCTBEHHHX MEPONPUATHH (opolle-
HiHe, BO3BpaTHble BoAbl MOCAe HCHOAb30BaHMA); C)2-— CTOK OOUIHE (MOZ3eMHHIE H NoBepx-
HocTHHI), M — HcmapeHHe cymMMapHoe (C MOBePXHOCTH [OYBH, M3 30HH a3PalUHH H C MO-
BePXHOCTH MOA3EMHBIX BOJ, TPAHCHHPALNs BJATH PACTHTOJBHOCTBIO); Q)2 — BOL0O3a6OPHI
flI03eMHLIX H TOBEPXHOCTHBIX BO.

BennuuHa AW, ecnn ee paccmMaTrpuBaTh B MHOroseTHeM paspese, Xa-
pakTepu3dyeT u3MeHeHHe OGUIHX 3aMacoB MOI3eMHbLIX Boa. BMecTe ¢ TeM oHa
He sIBJs€TCS aHAJIOTOM JKCIAYaTallHOHHBIX 3471acOB MOA3eMHbLIX Bog Q..
B ciaGonponunaeMbix 1mOpomax I NpH  3aTPyNHEHHOH CBA3H C peKaMu
06bryHO Qo<<AW; HaoGOpOT, NpH XOpOlledl BOLONPOHHIAEMOCTH MOPOL M
aKTUBHOH (PUJIBTPALHH H3 MTOBEPXHOCTHLIX BOLOTOKOB Qy>AW.

HecMmorpsa Ha TaKylo, KasaJjoce Gbl, HEONpPeIeJeHHOCTb, aHaMH3 obliero
BonHoro GajlaHca MO3BOJISIET CYIHTb O CyMMapHBIX 3amacax MOA3eMHBIX BOT
¥ BO3MOXKHBIX IOMOJHHUTEJNbHBIX HCTOYHHKAX WX BOCMOJHeHUd (Hampumep,
B pe3yJbTaTe COKpalleHHS MOBEPXHOCTHOrO H IOI3€MHOrO OTTOKA 3a Ipe-
IeJIbl TEPPHTOPHH, YMEHbLIIEHYS HCTapeHHs H T. 1.).

Hcxonnele nHbdepeHnHabHbe YpaBHeHUs GUABTP allHH, Ha OCHOBe KOTO-
PHX pelualoTcs 3a1ayl riPOAIHAMIIYECKOrO pacueTa B0703a6OPOB, 06LIUHO
C ompesneJieHHbIMH TPHOJHXKEHHAMH, NPHBOAATCA K BULY XOPOIIO H3ydell-
HBIX B MaTeMaTHYeCKOH ¢usnke mapabosiHuecKHX ypaBHeHHH (uJH ypaBHe-
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Hufi Pyppe) NJA HEYCTAHOBUBLIETOCS IBHXKEHHS TMOA3EMHBIX BOA M 3JIJIHII-
THYeCKHX ypaBHenull (ypasmenuil Jlansaca, Ilyaccona, lenbmrosbua) pas

YCTAaHOBMBILErOCs IBUKCHUS.
B npocreiilieM BUie ypaBHeHHe HeCTAUHOHAPHOH QUIAbTPAUMH 3aNHUCHI-

BaeTCs caenylouum o6pasom [5, 105, 140]:
17151 6e3HanoPHEIX MOTOKOB MOA3EMHbLIX BOX

h2
o(+)
Shcp "‘( 2

2 22 (111.5y
w ( 2 )+ woooa '
IJ1s1 HAIIOPHBIX TTIOTOKOB NMOA3EMHbLIX BOL
€ oH
* y2H =—, 111.6
a* v*H - T o (I11.6)

rae h-—ray6una Boaw A0 BOAOYTOpPa B Ge3HANOPHBIX TOTOKaX; W — BOAOOTHAua Oe3na-

TIOPHHX TACTOB NPH HX OCYLIEHHH (TaK HasbiBaeMasl TPABHTALMOHHAS] BOLOOTIAYA), ”hcp—

HEKOTOpasi CPefHsIsi MOLLHOCTH GeanamopHoro naacra; f — Hanop (nbeaoMeTpHyeckui ypo-
cp

BeHb); W*— BOAOOTAAYA HANOPHHX TJAAcTOB (YTMpyrasi BOAOOTAAYA); a= T n a*==

km
= — — KO3(HUHEHTH! Nbe30NPOBOAHOCTH COOTBETCTBEHHO 6e3HanopHOro H HANOpPHOro
NAACTOB; Rhcp M kM — UX TIPOBOZMMOCTH, R — KoshduuueHT GUALTPanHH, MM — MOWHOCTL
HamnopHOTo IHJacTa

st yeraHOBUMBLIErocsi ABHXKeHust npaBasi uactb B ypaBHeunax (II1.5)
u (111.6) npupapHuBaeTcst HyJIO.

BeayuuHa & B NpUBEACHHLIX YDAaBHEHHSIX XapaKTEPH3YeT {IOCTYIIeHHe
BOMbI B 3KCIJyaTUDYEMBIH IJIACT M3 BHEUIHHX UCTOUHHKOB (MHOUJIbTPAUUS,
NEPETOK U3 COCEAHUX BOMAOHOCHLIX FOPHU3OHTOB H T. A.). B obuiem cayuae &
MOXeT OBITb PYHKUUEHA KOOPAIIHAT, BpeMeHH, & TaKXe Halopa.

Eciu BEeCTH B pacCMOTpPEHHE HEKOTOPVIO QyHKuHO Usy= 3 nJs1 6e3-

HanopHoro notoka U Uy=mfl ans nanopuoro notoka, To ypaenenust (111.5)
u (II1.6) cranoBaTcs B MaTeMaTHYeCKOM OTHOIUEHHH HIEHTHUYHBIMH.

Ilpn 3TOM pelIeHust AJsi HANOPHBLIX TJACTOB MOTYT OBbITh IPUMEHEHBI
M s Ge3HanopHLIX BOMLOHOCHBIX TOPH3OHTOB CO CBOGOAHON MOBEPXHOCTLIO
IPU MCTOJb30BAHHH CJELYIOIHMX COOTHOWEHUH:

h2
T oom !

B manbHefillleM B KauecTBe PACUCTIILIX BEJHYHH BCIOLY NPHHUMAIOTCH

TIOHU)KEHHS] YPOBHSA

h=1V2omH . (111.7)

Sgu=he—hn Sy=H,—H,
rae he 1 He — TiepBoRavanbupie ray6uia GesnanopHoro nJjacta H Halop B HalOpHOM INAcTe.
B coorBerctBuu ¢ (I11.7)

- e — Sg,)?
Seu=he—y 2m (HQ—SH);SH:HC——(A—%&. (111.7a)

Jl1s nosyueHHs: KOHKPETHBIX DelleHHil 3a1au Mo pacueTy Bono3abopos
npusenennbie fHpdepeHnHaNbHEIE YpaBHelus HEOOAOAHMO HOMOJHHTbL Ha-
YaJIbHBIMH H TPAHHUHbIMH YCJIOBHSIMH (HJAH B COBOKYNHOCTH — KDaeBHMH
YCJOBHSIMH).

B cayuae ycTanoBUBLIErOCSI ABHXKEHHS NOMKHBI ObiThb 3aAaHbl TpaHHu-
HBle YCJIOBHS, T. €. 3HaueHMsl HANopa, CKOPOCTH, Pacxofa (HJaH ONpejeJeH-
HBle COOTHOIIEHHS] MeXIy HHMH) HA BHEUIHHX M BHYTPEHHHX TPaHHLAX NJia-
CTa, a TAKXe Ha CaMHUX BOZ03a0OPHBIX COOPYKEHHsX.
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Ilpu HeycranoBuBlIeHcst GUABTPAILMY KPOME IPAHUUHBIX YCJOBHHA He0O-
X0AMMO 3aJaTh HauaJbHHE YCJIOBUS, BbipaykaloLlle pacnpefeseHHe Hano-
poB (a MHOrAA I CKOPOCTEH H PAcXofoB) B 06JaCTH pPacnpoCTPaHEHUS BORO-
[IOCHOTO TJIacTa A0 HauaJja KCIJIyaTanHu Boao3atdopa.

TakuM 06pa3oM, KPaeBbHIMH YCJAOBHSIMH XaDaKTepU3YeTCs] BeCb KOMII-
JEKC TMPUPOAHBIX (reoJorH4ecKux, rUAPOreoJOrHIeCcKNX, THAPOJOTHIECKHX)
0CcOGEeHHOCTEH paHoHa PaCHOJIOXKEHHST BOR03a6OpPHOro COOPYIKEHHSI.

2. CXEMATH3ALLUA THAPOTEOJIOTHYECKHX YCJIOBHHA
JJIs UEJEA PACYETA

F'ugporeonoruueckue pacuetbl BOAO3aGOPHBIX COOPYXKEHHUH Ha OCHOBe
pelleHUH UCXOAHBIX NHGOdepeHIUANTbHbIX yPaBHEHHH (AHAJUTHYECKUX pe-
wenuil My ¢ nomoubio ABM 1 3BM) MoryT GHITL CA€JMaHbl TOJAbKO NPH TOH
WIM MHOH CTENEHH CXEMAaTH3alUUU THIPOreOJOTHUCCKOH OOCTAHOBKU.

Ilpu nocTpoeHUH pacueTHHX CXeM CJAeLyeT ICXOANTb U3 TOro, UTO BOIO-
HOCHBIN NJacT (CHCTEMA, KOMIICKC BOJLOHOCHBIX IJACTOB) KAaK B €CTECTBEH-
HHIX YCJOBMSIX, TaK M B YCJOBHMSIX, HapyIIeHHBIX 3KCTIyaranuell Bogo3abo-
poB, npenctabyaser coboi efuHyl0 QHU3UUECKyl0 06JacTb, HMEIOULYIO oNperne-
JeHHble BHEUIHHEe rpaHuubl. 3ajaua COCTOMT B TOM, uroGbl Ha OCHOBe
CXeMaTH3an Uy ONpeaealTb NPHMEHUMOCTDb 4Js1 pacuera GuJabTpaly B 3TOH
06s1aCTH TOrO W/ HHOrO AU(PQepeHInaNbHOr0 YPaBHEHHUS H CHOPMYJIHPO-
BaTb rPAHNUHbBIE H HAYaJbHbIE YCJAOBHS.

B rpaHHuHbIX ¥ HAyaJbHBIX yCJOBHSIX MOJyYaioT OTpaxeHue [25]:

1) ceoaozuyeckoe cTpoeHue, CTPYKTYpa U CE0U(CTEQ B800OHOCHLIX NAQ-
€T08:

a) yCJIOBHSI 3aJIeTaHHsT W JHTOJOrHUECKHH COCTaB BOJOHOCHDBIX MJACTOB
H MOPOJ, rpaHHYAllKX C HMMH B NJaHe H BEPTHKAJBbIOM pa3pese (BOJOHOC-
HbIX I HEBOJLOHOCHBIX),

6) BOZOMPOHHUIAEMOCTb M BONOOTAAuA (BOLOEMKOCTb) MJACTOB;

B) reoMerpHuUecKHe X XaPAKTEPHCTHKH — IL10LALb PacNpOCTpPaHeHus
¥ MOLIHOCTb BOZOHOCHDBIX MJACTOB M KOHTAKTUPYIOWIHX NMOpon (B KPOBJE H
noxomee), GpopmMa BHEIWIHUX TPAHHI B NJiaHe H B pa3pe3e (B 4ACTHOCTH, YK-
JIOH BOILOYNOPHOTO JIOXKa NMJacTOB);

2) ycaosusn nuTaHus u CTOKa 800OHOCHbIX NAACTO6 (T. €. ICTOUHUKHU I10-
NOJHEHUS 3a1acoB NOA3EMHbIX BOX):

a) uHOUAbTpauUusT aTMOCHEPHBIX OCafKOB B BOLOHOCHWH IJACT H KOH-
JAeHcanusa BJAary;

6) nocTynJeHHe B BOAOHOCHBIH IJIACT MOBEPXHOCTHHIX BOA H3 DEK, BO
AOXpaHMJIHLL, KAaHAJOB Il APYTHX BOZOTOKOB I BOZOEMOB),

B) (GUJIbTPANIS 113 COCELHHX BOIOHOCHBIX FOPH30HTOB.

HJIH OIEHKH KaueCTpa INOA3EMHBIX BOJA B KPAEBLIX YCJIOBIAX T0OJXKObI
ObITb TaK¥e yuTeHbl (PU3HUECKHE CBOACTBA H XIIMIUECKHH COCTAB NMOA3EMHBIX
BOJ, COCTAB 3arpsi3HEHHBIX XHIKOCTEH, KOTOpPble MOTYT NPOHUKHYTb B MOJ-
3eMHble BOAB (HanpuMep, npH GUIbTPANIN NTPOMbIILJICHHHX CTOKOB M3 lIjia-
MOXpaHH/IUIL W HAKOMNTesded), mokaszalean (H3HKO-MEXaHIUECKOro B3ali-
MOZEAICTBUSI NMON3EMHBIX BOJ M 3arpsI3HENHBbIX MHILKOCTEH 1 Ip.

B pacuerHbix cXeMax BOJOHOCHBIX IJIACTOB MOMHO BbIIEJNTb rPaHMIBI.
XapaKTepH3ylollHe B3aHMOOTHOINCHHS NAaHHOTO BOJIOHOCHOrO ILIacra ¢ Co-
CeAHMMH BOJZOHOCHBIMH H BOZOYNOPHLIMII NMOPOMAMII B BEPTHKAJbHOM pas-
Pe3e, H, caefoBaTeNbHO, YCJAOBUS HX NMHTAHHA B Npenesgax ofaacTi pacrnpo-
CTpanenus mnacrta Xapakrep nutaHns Gynel ONpeTeNsiTbCs TPaHIUHbIMH
yCI0BusIMH, 3a7aBacMbiMIl Ha KDOBJE M INOAOIIEE NJacTa B BHAE MORYJIS
MHTaHHS €, PABHOrO 006DBEMY BOAbI, MOCTYMAIOLIEMY B €IHHHIY BPEMEHH HA
€AHHHIY MJIOILALH.
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B 6esHanopHbIX NMOTOKaX NMHUTaHHE TIaCTa OCYIUECTBJAETCS Yepes CBo-
60MHYIO MOBEPXHOCTb (MOAYJb THTAHHA I1ACTa €==&m¢). DE3HANOPHLIE
NNACTH, KpOMe TOTO, MOTYT HMETb HAmopHOe THTaHHEe CHH3y uepe3 caabo-
NPOHHUIIAEMbIH TIPOCa0H (MOLYJb MHTAHHA €y).

a) ) 8)
£5=0 EREEEREERCER

{——?‘* l—B— R
1 : 1
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Puc. I11.2. Pacuernbie cXeMBl BOZOHOCHBIX I1ACTOB (paspes)

l—nbeaome‘rpuqecxue YPOBHR NOA3EMHBIX BOR, 2— OCHOBREIE BOAOHOCHHIE TAACTH; 3 — pasferfwouiue
CJA0R

Ha puc. I11.2 ganst cxembl, MIIOCTPUPYIONIHE FPAHHYHBIE YCJOBHS HA
KpOBJIE ¥ TIO0LIBE GE3HANOPHOrO MacTa: NpH ex=g&,==0 (puc. I111.2, a), upn
es>0, a ea=0 (puc. [11.2,6) u npu e;,>0 u ex>0 (puc. 111.2, 8).

B HanopmpiX miactax OLEHHBAIOTCA MOLYJIH TIHTAHHS Yepe3 KpOBJIO
8x W TIOJIOUIBY NJIACTA £n: NMPH ex=~en==0 (puc. I11.2,2) — uzosuposaHubIit
naacT, npH ex=0, a e;>0 — aByXcaoiubtll maacrt (puc. 111.2,0) u npn
ex>>0 H &1>>0 Tpexcnofinas cucrema (puc. 111.2, e).
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PacnpocrpaneHHBIM sBJsieTCSI cJaydyall  HeNOCPe[NCTBEHHOrO0 KOHTAaKTa
HaAmopHOro NJacra co ¢1abonpoHHIAeMbIM (Ge3HANOPHBIM BOJXOHOCHLIM TO-
H30HTOM, 3aJ/IeraloliuM ¢ NMOBEPXHOCTH W CBSI3aHHBIM C aTMochepoili. Ha
puc. 111.2 Bpiesiens Tpy Takux cxembl: ex>0, eg=0 — nuTande Hanoploro

) 5) §)) 2)
| l
_\..\Q:/_ \.\0':\ -0~ / /
d) e) ) 3)
2 { \l/
P 5 2N

Puc III 3. PacyeTHble cXeMb BOJOHOCHBIX MNJAacTOB (MJaH)

njacra CBepXy BeJaenctBMe (QUJAbTpPAnuMM M3 0e3HanOpHOTO  IJacTa
(puc. 111.2,2¢); ex>0, ex=0 — B 3TOM CJyuae HamOPHLIH NJIACT OTIENIEH
OT 6e3HanOpPHOTO CAaGONPOHHIIAEMBIM [JMHMCTHIM npocnoem (puc. 111.2,3)
# ex>0, >0 — nONOJHUTEJBHO K (DHJIbTPANUHM H3 BEPXHEro Ge3nanopto-
ro CJIOSI MPOUCXONUT NEPEeTOK M3 HHXKEJAEeXKallero HalMopPHOTO naacTa uepes
craGonponunaembiil caoit (puc, 111.2, ).

Hanbuefiiee nogpasnenerye BOJOHOCHBIX NJAACTOB NPOU3BOAHTCS B 3a-
BHCHMOCTH OT reoMerpuuyeckoi (popMbl GOKOBBIX BHEIIHMX T'DaHMIl NJacra
H YCJIOBHH €ro NMUTAHUSI yepe3 3TU TPaHHLLl, T. € 10 TPAHUYHBIM YCJAOBHSIM
B nane. ['panunbl peaJpHbIX obaacreil GuAbTPALHH, KaK NPABHJIO, HMEIOT
CIOXKHbIE reOMeTpHuecKHe ouepraHus. s negell pacuera OHM BO MHOTHX
CayyasiX MOTyT ObITb NMpPejCTaBJJCHbl B BUIE NPAMOJHHEHHBIX WU KPYTOBbIX
konTypoB. Mcxonst u3 3Toro MOXKHO BBIAEJHTD CAELYIOUIHE THNOBHIE pacuer-
nble cxembl (puc. II1.3):

a) HeOrpaHHYEHHBIH NO TIOILAAH PACNPOCTPaHeHHsT («OECKOHEUHBIH»)
BOJOHOCHBLIH NJACT;

6) NOJyorpaHUueHHDbI («NOJyGeCKOHEYHBI») NIacT ¢ OJHON NpPSIMOJHU-
HEHHOH rpanuuel;

B) MNJaCT, OTPAHMYEHHBbIH ABYMS KOHTYPaMH, B3aHMHO MNEPECEKaHIH-
MHCST MOJ1, NPSIMBIM YIJIOM («MJAaCT — KBaApaHT»);

r) nJjact, OTPaHHYEHHBIH [BYMSI KOHTYDAaMH, B3aHMHO MNE€PeCeKalomiH-
MHCST IO, JIIOOBIM YIJIOM («NJIacT — yTOJ»);

1) TJaacT, OrpaHHYEHHBIR [ByMsl NapauIeJdbHbIMH TNPSIMOJHHEHHBIMH
KOHTYDaMH, YXOASIIHUMH B GECKOHEYHOCTb («M1aCT — NOJ0Ca»);

€) TO Xe, C OAHOH NomMepeuHOli rpaHuued («IJaacT — NOJynoJaocas);

}K) nJaacT, OrpaHUYCHHBIH NPIMOJHHEHHBIMY KOHTYDPAMHU C ueThipe\ CTO-
POH («nJacT — NPSIMOYTOJBHUK») ;

3) MJAcCT C KPYrOBbIM KOHTYPOM («ITacT — KPYT»).

Ecau rpanvuamu o6aacTd GUIAbTpAUHM SIBJASIOTCS NMOBEPXHOCTHBIE BOJ-
Hble MCTOYHHKH, M3 KOTODHIX BOJ@ MOXKET NOCTyNaTb B BOJOHOCHbIE TOpPH-
30HTH, TO TaKue 006JACTH HA3BIBAIOT OTKpbLIToiMU. BojoHOoCcHBIE NJIaCTHI, OT-
PanyyenHbie HENPOHUIIAEMBIMH KOHTYDaMH, uepe3 KOTODbleé NPUTOK BOJbI
NpakTHYeCKY MOXKHO CYHUTATb DABHBIM HYJIO, HA3bIBAIOT 3AKPOLITHIMU NAG-

63



B

Puc. I111.4. OcHoBEble THNBI TPAHHYHBIX YCJOBHH (paspes)

cramu. Hepeako BEOASATCS TOHSITHUSI NOAYOTKPOITHLY U ROAY3AKPHITHLY 00saac-
Teli NMpy HaJHYMH COOTBETCTEEHHO OLHOH NPOHUIAEMOW M OAHOW HENpPOHH-
naemofi rpauunnl. Ha puc. 111.4 nokasanbl cxeMbl YCJIOBUE Ha GOKOBBIX
rpaHUIlaX BOJLOHOCHBLIX ITACTOE:

a) BOJOHOCHBIH MJACT HEMOCPeNCTBEHHO CESI3aH C NMOBEPXHOCTHHIM BO-
JIOTOKOM; Ha JMHHUH NOCIEIHEr0 COXpaHseTCa MOCTOSHHBIA ypoBeHb (Hamop)
Hy=Hy,=const uau BeJuuuHa €r0 H3MEHFETCS NO H3BECTHOMY 3aKOHY
Hp=H,=f(t) (rpauununoe ycaonue I pona);

6) pycCs0 BOLOTOKA SKPaHHPOBAHO CJaGONPOHHIIAeMBIM CJIOEM; B 3TOM
Clyyae ypOBEHb BOLOHOCHOTO ITacTa Ha TPaHUIlE H3MEHSETCS H pacxon on-
penensieTcss NMPONYCKHOW CINOCOGHOCTBIO 3KpaHa H aebutom Boposabopa:
gr=a(H,—H) (rpanununoe ycmosue I1I pona);

B) Ha JHHUU BOLOTOKa yPOBEHb OINyCKaeTCs] HHUXKe INOMLOWIBLI 3KPaHH-
PYIOLIEro CI08 YU uepe3 NMOCJAeHUH NPOUCXOAMT HHPHIbTpAUUS («IOXKIEBa-
HHE») ¢ MOCTOSIHHBIM PACXOAOM (r==const HJAH pacX0I0M, H3MEHSIOUIUMCSH
no onpeneneHHoMy 3akony qr==f(f) (ycmosue Il pona);

T) rpanuMna nJaacra sBasieTcss Henponunaemofi: ¢,=0 (Hymaesoe ycio-
sue Il pona);

Jl) TPaHHIA MEeXIYy CIOAMH C Pa3iHYHbIMH (PHIBTPANHOHHBIMH CBOT-
CTBAMH; B CHJY HePa3PLIBHOCTH TeUYEHHUS §rio==q1—0, Hrto=Hzr_o (yciaoBus
IV pona);

€) OCylleHHe HANOPHOTO IJ1acTa B 061aCTH BbIXOa €ro Ha NOBEPXHOCTh:
gr=pV (V— o6bem OCylIeHHOH uacTu, p — BOAOOTHAYA NOPON).

IIpakTuueckoe HCNOJb30BaHHE yKa3aHHbIX KPaeBblX ycJaoBHi OyneT Npo-
HJLTIOCTPHPOBAHO NPH pellleHHH KOHKPEeTHbIX 3amay.
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3. MAPAMETPbBl BOOOHOCHbBIX TIJIACTOB

Mopucrocts 1 BOAOOTAaYa BOLOHOCHBIX NAACTOB

B non3emuoll ruppaBauKe MPUHATO pasdaHdaTth o0uylo U 3¢ eKTHBHYO
nopuctoctb. Ilon ofLiell MOPHCTOCTLIO 1 TOHUMAIOT OTHOLIEHHEe 06bemMa BCeX
nop (BkiIOuasi «3acTOfHBIE» U «TYIMHKOBbIE» TOPbI) Vio K 06beMy ganHOM
yacTH NOPOALI B 1eA0M Vi

n:h R (I11.8)
Vﬂ)‘[

S dekTUBHAS TOPUCTOCTL Ny ONPERENAETCS] aHAJOTHUHBIM COOTHOIIe-
HHEM, HO IIpH OGbeMe TOJbKO CKBO3HBEIX, COOCTBeHHO (UAbTPYIOLHUX IIOD
Via:

ny=—n2 (111.9)
Via

Ecau cuuTaTh, 4TO BeJHYHHA Vi, COOTBETCTBYeT pazmepam H 0GbeMy
nop 32 BblueTOM O0beMa NPOYHO CBS3ABHBIX C YACTHI@MU TPYHTa BOJHbLIX
060JI04€eK, He YyYaCTBYIOLUMX B ABHIKEHHH BOZbI, TO 3¢ (deKTHBHAS MOPHCTOCTD
n, 6yfeT paBHA TaK Has3blBaeMOH aKTHUBHOH NOPHCTOCTH, KOTOPOH, 1O cyule-
CTBY, U onpenensietcsi GHJIbTPAaLUst TPaBHTALHOHION BOMLbI.

Kpome coficTBenHo mMOPUCTOCTH pa3auuaioT eile KospdunHenT mopucTo-
cTH (MpHUBEZEHHYIO NMOPUCTOCTL) € KOTOPHIH paBeH OTHOIIEHHIO o0beMa Hop
K 00beMy cKeseTa (TBEPAbIX YACTHI) NOPOJIbI.

Kosdpdunuent mopHCTOCTH HCIOJL3YETCS B MEXaHHKE TPYHTOB a4 Xa-
PAKTEPHCTHKU IJOTHOCTH CJOMXKEHUS NeCYaHO-TIHHHCTBIX TPyHTOB. Mexny
NOPHCTOCTBIO n K KO3DGHIHEHTOM INOPHCTOCTH & CYLECTBYIOT cienylouine
COOTHOIIEHUS:

€ n
n= y e= , (I11.10)
l+e¢ l—n
1
riae It =1|—n npeacrasasier co60H 06beM cKeJeTa B €IHHHYHOM O6bEME IPYHTA.

Hepenko paccmaTpuBaloTCsl TEOPETHUECKHE MOJENH TPYHTOB € MPaBHJIb-
HBIMH T€OMETPHUECKHMH OYEPTAHUSAMH IIOp, MO3BOJSIIOIIHE OUEHUTh YUCJEH-
Hbl€ 3HAUEHUsI MOPUCTOCTH. B wacTHOCTH, IMPOKO pacIpOCTpaHeHbl MOMAEJH
QuUKTUBHO2O TPYHTA, NMPENCTABJICHHOTO Mapoofpa3HbiMU YacTHLAMH ORHHA-
KOBOTO JHAMETPa, H U0ea/AbH020 TPYHTA B BHAE NMyuKa IHJIHUHIPHUECKHX TPY-
60K C mapaJJelbHbIMH OCSIMH.

ITopuctocte GUKTUBHOrO IPyHTA, MOAPOOHO MCCIEOBAHHAS, B H4ACTHO-
cri Cauxrepom [132, 140], ne 3aBUCHT OT Pa3aMepoB WApOOGpa3HbIX YaCTHLL
U ONpEAENsIeTCS TOJbKO B3aHMHBIM HX DAacCHoJOXEHHEM, T. €. IJIOTHOCTHIO
VKIaAKH wacTHi. 3Hadvedie ee KoseGuercss B mpegenax oT Mawan==0,26 1o
Nmare=0,48. TlpuMepHO B TakKuX Xe NpeneJax HU3IMeHAETCS IOPHCTOCTbL B
Mojeny uAeaJbHOTO TPYyHTa, NOLPOGHO paccMoTpeHHOH, Hanpumep Kosenn
[132]. Onnako B peajbHBIX TPYHTaX, CJIOXKEHHBIX YaCTHIAMH CaMbIX pas-
JMUHBIX pPa3MepoB, NMOPUCTOCTb (rJIaBHBIM 06pa3oM NHTepecywouiast Hac 3¢-
dexTHBHAS WM AaKTHBHAS IOPHCTOCTb) MOXKET H3MEHSITbCS B Gosee IHPOKOM
ZvanasoHe.

B TpemuHOBaTLIX NMOPORAX C°TOYKM 3PeHHsT GUALTPANHY OCHOBHYIO
posib UrpaeT NMyCTOTHOCTb MOPOALI, 0OyC/IOBIEHHAST PAa3MEPOM H KOJHYECT-
BOM TPEIUHH, KOTOPBIMU NIOpOMA pasjessiercsl Ha Gojiee MJIH MEHEEe MOHOJHT-
Hele 6joku. [1pu paccMorpenun GuabTpanHy B BOJOOGHIbHBIX NMJacTax Tpe-
IUHHOBATLIX NOPOX NMOPHCTOCTbIO 6J0KOB OGBIYHO NpeHeGperalor.

B raGa. 1II.1 npuBemenbl OpHEHTHPOBOUHBIE 3HaduenUs KospdHUHEHTA
MOpPUCTOCTH, a TakkKe ofiiell U 3¢pdexTHBHON (AaKTHBHOH) MOPUCTOCTH MAJS
HEKOTOPBIX THIIOB TPYHTOB H NIODPOL.
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Ta6aupalll 1
3HayeHHs] NOPHCTOCTH TPYHTOB H NOPOJ

TI10THOCTL CJIOKEHUST TPYHTOB

rDyHTbl U TI0poAb! J10THBIE CDelIHeﬁ TIIJTOTHOCTH DbIXNbIE
g l n I s € i n ny e | n ’ n,
T'auMuCTBiE  TpYHTH — — <0,05 — — 0,05—0,07] — - —

{CYravHKn )
Mecku nHiaepatole, | <0.6 | <037 <0,1 0,6—0,8 | 0,37—0,41| 0,1—0,15 } >0,8 ]>0,41 | 0,1—0,13
CyllecH
Tlecku cpennedt | <0,55 | <035 t 0,15—0,2 | 0,55—0,7 | 0,35~0,41{ 0,2—0,25 | >0,7{>0,35 { 0,2—0,25
KPYIIBOCTH W rpaBe-
JHCTHE

Taneuno rpasenu- <0,55 | <0,35 | 0,15—0,2 | 0,55—0,7 | 0,35~0,11{ 0,25—0,3 | >0,7 [>0,35 | 0,25—0,3
CThle OTJIOMKEHAS

KosnuecrBo nox3zeMHbIX BOJA, H3BJeKaeMbIX M3 MJacTa Mpl ero ocyile-
HMHY, Xapakrepuayercss KodhdUIIMeHTOM BOLOOTAAYI, HJIH KOIDDIIHEHTOM
rpaBUTAIIMOHHOH BOMOOTAAYH .

KoaddunuesT rpaBuTapMOHHON  BOLOOTAAYH W TIpeicTasdser coOol
OTHOLLIEHHE 06BEMa BOAbl Vs K 06bEMy OCYIIEHHON 4acTH mopol Via.o:

Ve
VIIJ'[-O

Kosdduuuent rpaBuTanMOHHON BOLOOTNAYH MOXKHO TaKKE ONpEne/nTh
KAaK KOJIHUECTBO BOJbI, MOJYyuaeMoe ¢ €IMHUIL MJOLIAAH @ rJjacTa npu I0-
HHKEHUH YPOBHS CBOOOAHON MOBEPXHOCTH AR HA eUHHIY:

VB VB
b= ,
{Ahdw Db o

(0]

p= (1.11)

(111.12)

rfle Ahcp — cpefHee NOHHXeHHe YDPOBHs B paccMatphBaeMoM ofbeme Vaao

[paBuTapHOHHasi BOLOOTAAYA CBA3aHA C NMOPHCTOCTLIO U MOJIECKYJIAPHOM
BJIAar0eMKOCTBIO TIOPOALI:

Ack

Aq
The f— NOPUCTOCTb; Ackx B As-—ofbeMHHl Bec cKeneTa w Boib; Wy — BecoBas Baax-
HOCTb TMOPOJ,, COOTBETCTBYIOLIAS MAKCHMAJbHOH MOJEKVAAPHOH BJaroeMKOCTIL

st pBIXJIbIX ¥ MeCuaHblX TOPOJ 3HAYEHHUS | 06bIUHO KoseboTes ot 0,1
{mMenKosepuucrhie necky, cynecu) po 0,25—0,3 (KpynHO3epHUCTHIE IpaBedil-
cteie neckn). JJst Cyr/MHKOB H [JIHH OPHEHTHPOBOYHO MOXKHO IpPHHIMATb
p=0,01—0,05.

B TpemuHOBaTHIX MOpOmax rpaBHTAIHOHHAf BOLOOTAAud MPAKTHYECKH
COOTBETCTBYeT WX OOmieH TPEIIMHOBATOCTH, WAH IYCTOTHOCTH, TaK KaX OC-
HOBHOH MOTOK MOJ3eMHBIX BOJ NMPOXOLUT no TpemunaM; GujabTpanveit BOAH
1o MopaM B MOHOJUTHHX OJI0OKax MOXHO npenebpeuv. Besnnuuub p B Tpe-
IHHOBATHIX MOPOAAX KOJeOM0TCS TAKXKe B LIHPOKUX Npenesax: LJsi U3BeCT-
HakoB — 0,006—0,1, nast crannes, MecyaHHKOB H PA3HOOOPA3HLIX NH3BED-
}Keunblx nopox — 0,001-—0,03.

['paBuraynonnas BopooTHaua NOpoj NMpH UX OCYLIEHHH NPHOGJINKEHHO
o0biuHO  TpupaBHuBaercs 3(PGEKTUBHOX (aKTUBHOW) NOPHCTOCTH, T. €.
PR My B NefCTBUTENLHOCTH U => 1y, TOCKOJbKY B NPOIecce OCYLIEH st TOPOL
W NpH CBOGONHOM IPABHTALHONHOM OMOPOMHEHHH IOP CO BpeMeHeM n3BJe-
KaeTcsl H HEKOTOPOE KOJIHYECTBO NIPOYHOCBSI3aHHOH Beibl. OnHaKo aas npak-
THYECKUX PACUETOB YKa3aHHOE PABEHCTBO MOMHO CYUHTATh MPHEMJEMbIM, TEM
Gosiee, YTO IIPH OLEHKe CKOPOCTH NepepacnpefesieHHsl Hamopa B mJaacTe M
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onpeneJeHHH UCTHHHOH CKOPOCTH QUIbTPALUU 3TO HaeT HEKOTOPBIH «3amac
HPOYHOCTU» C TOUKH 3peHHUsT OOJbIIEH UHMKEHEDHOH HajeXHOCTH PaCuYeTHLIX
BEJUUMH 1e6uTa NPOCKTHPYEMbIX BON03a6OPOB.

OT NOHATHH «BOLOOTAAUA» M «AKTUBHAS IOPHCTOCTB» CJAELYET OTJH-
YyaTh NOKAa3aTesb, XapaKTePU3YIOWHUHA HEJNOCTATOK HACHILIEHHS MOPOM, T. €.
OTHOCHTEJbHOE KOJHYECTBO BOJLI, TPUHHMMAaeMOe IOPOAOH NPH IlOAbeMe
YpOBHS M 3anojHeHuu nop BonoH. Kosbduuuenr HepmocTaTka HACHIIEHHS
Me MOXKeET ObITb BLIPaXKeH B BUJE:

Ack
Ay

Hy=n — We, (111.14)

rie WP—ECTECTBEHHaﬂ BeCOBAs BJAAXKHOCTL MOpOAbl 10 NoJdbeMa VPOBHA 1 3aMOJHeHHSA
ee BOZAOH

Jl1s1 HamOPHBLIX BOMOHOCHBIX NJIACTOB, KOrla HE NPOHCXOMUT MX OCylle-
HHSl, HCTIOJb3YeTCs TOHSITHE YIIPYTOH BOLOOTAA4H.

Kosdbdunuenrt ynpyroit Bogooraaun u* no avanoruu ¢ xoshbuuvedToMm
rpaBHTallHOHHON BOLOOTIAYl MOXET PACCMATPHBATLCS KaK OTHOILEHHE 06h-
eMa H3BJIeKaeMOH M3 nuacta Boabl Ve K 06beMy BOpPOHKH genpeccud Vun,
of6pasyouleicsl B 1be30MeTPHUYECKOH NOBEPXHOCTH MJAACTA:

pt = Vs (111.15)
VH-H ’

Tax Ke kak B Ge3HanOpHLIX IJacTax, BeJHYMHA u* XapakTepuUayeT Ko-
JIUUECTBO BOJbI, KOTOPOE MOXeT GLITh MOJYYeHO C eMHUUB [JIOIAAH NJacTa
® TIpY TOHHUXKEHHH Nbe3oMeTpuueckoro namopa Af na eguHuLy:

VR VB
pt = ~ , (111.16)
[ AHdo AHep @

(0]

rie AH¢p — cpenHee MOHMKeHHe Hamopa B ofbeMe BOPOHKH penpeccHu Vi n.

Kosdduuueur ynpyrofi BOLOOTHAYH 3ABUCHT OT IMOPHCTOCTH HOPOML H
rJaBHeIM 06pa3oM oT nedopMaTHBHLIX CBOHCTB BOAB (MM JIOGOH QUILTPY-
IOLIEACS KHAKOCTH) H CAMOH NOPOJLI U OIIPENeNsieTCsi CAEAYIOIHMH COOTHO-
weHusMu [32, 142]:

p* = Ay frm;
ny 1 (111.17)

ﬁ* = + L
Ey Ena

rne Mo — Hauanb#asi nopucrocts maacra; Ex u Egn — Mopynu pedopMan#i COOTBETCTBER-
HO BOjb! M MJACTa; 71 — MOUIHOCTE MJacTa,

Jlns peIXsibIX M ciaGOCuEeMEHTHPOBAHHLIX Mopoj (meckd, IeCYaHUKH)
Monyab pedopManHd mMoxKeT GbITh BeIpaXceH uepe3 Ko3ddulHeHT YIJIOTHE-
HUS Qy, ONpeJleITeMbll 10 ZAHHLIM KOMIIPeCCHOHHBIX HCIbITAHHH:
1-4g
T

ay

Eyp = (111, 18)

rjie €y — HAYaJbHBIA KO3(M¢HIHEHT MOPHCTOCTH.

ITokazareab B* naspan B. H. HlenkauesbiM ko3 duumenToM ynpyroem-
KOCTH TJIacTa, eJMHHIa Kotoporo l/atm=cwm?2/krc uau B cucteme CH—
1,02-10-° m?/H= 10/MIla. im ounenusaercsi KOJHYECTBO BOIbI, BbICBOGOX-
JAIeecst U3 €AUMHINL 06beMa NJacTa NP NOHHUMKEHHH JTABJEHUS HA €1u-
nuuy. Kosdbduunenr ynpyroit Bopoornaun p* — peaduuna GesapasaMepHas.

[Tpu ompenesenny BOgOOTAaYM B HAMOPHBIX MJAACTaX, CJAOMEHHBIX IJIOT-
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Ta6auya II1.2

3navenusn MoAyis aedopmaumu En; M ynpyroit Bogootaadu (* TPYHTOB H MODPOA

TINOTHOCTL CIOXKEHHSA TPYHTOB
TPYHTH H MODORBI 1oTHEE cpeRued MAOTHOCTH
E,+ Ma | u* Ep, Mla ue
TauuncTHE TPYHTH TipH 30 (6—7)10—3 13—25 (15——8)10—3
BJAXKHOCTH Ha TrpaHulle
packarmBanus 15—25%
[leckH muIeBaTHe, cy- 12—14 (17—14)10—8 10 20.10—3
necH
Tleckn menxue 28—37 (8—6)10—° 24 (10—8)10-3
Tlecku cpemneft xpynHo- 4046 6—4H10—3 33 (8—7)10—3
2TH H TpaBejHuCTHE
Taneyno-rpaseucrsle 50-—-70 (4—3)10—2 —_ —
OTJIOKEHHS
Uspectnsku (n=0,1) (4,5—7,4)10* | (1,4—1,25)10—8 - —
[ecuaunku (n=0,05) .(5,6—6,8)10* | (6,85—0,8)10—5 — —
Vispepxennne mopoan (6—10)10% (0,35—0,2)10—3 — —
(n=0,01) N

Mpumewanwue Ilpu BHYHCJEHHH W* NMpPUHATH: MOULHOCTL miacra m=20 M, y/eib-
Ruft Bec Bombm Ap=0,001 xrc/cm® (981-10% H/M®) M Mogynb, ynpyroctH Aas BORH Ep=
7 2-10* kre/em? (2 TTla).

»

HBIMH TpPEHHHOBATHIMH TopojaMH, 06a ¢akTopa — pacIIMPEHHE BOLBI H
yMeHbIleHHe NYCTOTHOCTH MOPOABl -—— OKa3bIBAIOTCA COHW3MepHMEMH. Mo-
AyJb YONPYroCTH s BOABI (ciaboMHHEPaJH30BaHHCH, NpH TeMmmeparype
15—~20°C) Es~ (20--25)10° krc/cm? (22,5 [Ila)*, a monyns medopma-
UUHY TOPOAbL, B JAaHHOM Ciayuae NPUOIHKAIOUIMACH 110 CBOEMY 3HAYCHHIO
K MOAyJIO YIPYrocTH, Enx~ 105-+-10° krc/ecm? (10—100 I'lla). Jlerko Bu-
JeTh, UTO TPH TNOPHCTOCTH (MYCTOTHOCTH) TPEIMUHOBATBIX TOPOL Ho==
=0,01--0,1 3nayenus AByX ujeHoB B npasoit yacTu ypasHenus (111.17), xa-
pakTepH3yIOLIHE BIMSHHE BOAH W MaacTta (T. €. comepxamue £y U £ny), no-
Jy4alTcs ofHoro nopsnka. Ilpn atom 3HaueHue B* Kosebaercs B lipeaenax
10-4—10-5 cm?/kre [(1—0,01) 1/TTla], a ko3bduuueut BORooTRauu W* npu
MOmHoCcTH mnJaacta m=~20—30 m u ynensHoMm sece Bomel 0,001 krc/em®
(10* H/m3) pasen 10~*—10-5,

B BONOHOCHBIX TOPH30HTAX, CJIOXKEHHBIX PbIXJbIMH INOPORAMH, K03bdH-
HHEHT YNPYyroeMKOCTH CjienyeT Ompemensith ¢ yueToM Bbipaxenus (II11.18).
3Hauenve KOdQGUUMEHTAa YIUIOTHEHMS @y TpH faBIeHHsXx 1—5 krc/em?
(0,1—0,5 MIla) o6biuno uaxomures B mupegenax 10-3—10-* cm?/kre
[(10->—10-%)1/MIla], nosToMy mepBblit uleH no/Es B BHpaxenud ajas p*
[eMm. dopmyay (111.17)], B GonbluHCTBE cayyaes OKasblBaeTcsl BECbMa Ma-
JBIM TI0 CPABHEHHIO CO BTOPHM YJIEHOM H KO3(p(HUHEHT YNPYrOEMKOCTH
NPAKTUYECKUW ONPeReaseTCs TOABKO CKHMAaeMOCTol0 BCAOHOCHOH IIOPOAML.
B coortBeTcTBHH ¢ 3THM K03(duuHEHT BomooTAaYH p* NPH MOPHCTOCTH IO-
pon ny=0,2—0,3 u mMommocty nnacra m=20—30 M GyAeT BHIPaXKaThCH Be-
auydHamMu 10-2—10-4,

B ra6.. 111.2 npusenetn 3nauenus Eng u p*.

Kak puano u3 ta6a. 111.2, npu npuustoit momdocTi maacta m=20 M
Hau6osblied yupyrod Bomooraauedl 06/71anal0T MeCKy W TJIHHHCTBIE TPYHTHI

* B panpuefiiieM B ckofKax panbl BeJHuHHB B MeXmyHapoauoh cucreme CHU
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cpefHell MJIOTHOCTH CJOXKEHUS U phixabe: p*= (10—20)10-3. B ckanpHbIX
KOpEHHbIX NMOpOo1ax INPH TOH 3Ke MOLIHOCTH BOLOOT]ada 3HAYHUTEJbHO MEHb-
me: p* = (0,2—1,25) 10-5.

[IpoHnuaeMocTs H NMPOBOAHUMOCTL TPYHTOB M nopoa. ITokazarensiMu npo-
HMLAEMOCTH SIBJSIIOTCST KO3 OHIHEHT (UAbTPAUH Ry U KO (DHIHEHT NPO-
HHIaeMOCTH £y O6Ga 3TH napaMeTpa BXOASIT B KadeCTBe MHOMXUTENS B 3aKOH
JapcH, BHIpaXKalOUHHA JHHEHHYI0 3aBHCHMOCTD MEXAY CKOPOCTbIO QHJIbTpA-
LYY ¥ TPAAMEHTOM HaNopa:

AH _ kA AH

w=ko——", U

. 111.19
Al nal ( )

rae AH — nepenaa namnopa Ha nyTH ¢uabTpaunH Al, Ap — yaeibHH# Bec ¢HIBTpYIONEfcH
KHAKOCTH; M — JHHaMA4YeCcKasd (86COJI}OTHHH) BSI3KOCTb :KHAKOCTH
ConocraBasist 06a supaxenus: (II1.19), BuauM, uTo B mepBoM U3 HHUX
OTCYTCTBYIOT NOKA3aTeJH, XapaKTepH3yIollue CBOHCTBA KUAKOCTH, T.€ BSI3-
KOCTb 7 M YyAeJbHHH Bec Az. DTH NOKasaTesan (HECOMHEHHO BJNSIOLHE HA
CKOpPOCTL (PUJIbTPANHH) 3aJ0XKeHbl B CKDPBITOM BHE B Kod(pduuuentre Qpuib-
TpauHu kg, KOTOPBIH, TaKUM OGPA30M, 3aBHCHT HE TO.IbKO OT (GHJLTPYIOLLEH
cpeibl (reoMeTpHY MOPOBOr0 NPOCTPAHCTBA), HO H OT CBOHCTB JKHIKOCTH.
Bo BTOpoe Bbipa)eHHE BSI3KOCTb H ILIOTHOCTb BXOMSIT CAMOCTOSITENbHO, OT-
AENbHO OT KO3(D(HIHEHTA NPOHNUAEMOCTH Kn, KOTOPBIH, CJELOBATENLHO,
MOXHO DaccMaTpUBaTb B KauecTBe IlaDaMeTpa, XaPaKTePH3YIOUIETo TOJbKO
GUIABTPYIOLLYIO CPENY, HO HE 3aBHCALLEr0 OT CBOHCTB KUAKOCTH.
Kospdpuuuent duaprpanuu 1 KosQPHUUUEHT NMPOHHIIAEMOCTH CBSI3aHDI,
kak caeayer H3 Bbipaxkenu# (II1.19), TakMMH COOTHOIIEHHSIMH:
fp—-nla ., _ ken (111.20)
n Ag
Enununsr Bennuun B dpopmydax (I11.19) u (I11.20) 5 cucreme CH caenyio-
wmue: V, mfc; AH, m; Al, m; As, H/M3; 7, Ila-c. Kos¢duuuent Guaprpaunu
HMeeT pa3MepHOCTb CKOPOCTH (M/c), KO>3(PhHIHEeHT NPOHUIAEMOCTH — pas-
MEepHOCTb KBajJpaTa JJIMHB HJIH muowand (m2).
B 3aBHcHMOCTH OT TeMIepaTyph KHJKOCTb IIMeeT CJeLyloliye 3Haye-
HHSI BSI3KOCTH:
Temnepatypa, °C . 10 23,9 37,8 51,7 65,5 794 93,3
Bsskocrs, ¢I1 . . 1,30 0,92 0,68 0,53 0,43 0,36 0,3
Takum o6pasom, BsI3KOCTb Bogbl npu Temmepatype 10—20 °C npu6uu-
suteabno paBHa 1 cIl [10~2 r/ecm.c)]. C noBbimieHHeM TeMIepaTypel BS3-
KOCTb CYLI€CTBEHHO YMEHbIIAETCS.
OTHOCHTEJNDbHBI yIeJbHbIH BEC XKUAKOCTH C TOBLIIIEHUEM MHHEDaJIH3a-
[HH U3MEHSAETCS CAeAYIOIWHM 06paszoMm:
Munepann2anns,
tfno.o. L L. 0 20 50 100 150 200 250 300
OTHOCHTeNbHBIH
yIeJbHHE Bec As
npu t=20°C , i 1,012 1,033 1,066 1,1 1,13 1,16 1,19

OTHOCHTEBHBIH YACJABHBH BeC Ay OTNpeeseH 0 OTHOWEHHIO K Apaxe==1
npu temnepartype 4° C. 3nauenue ero ¢ ypeJuyeHdeM MHHepaJM3anud B 06-
IeM H3MEHSIETCS] He3HAUHTEbHO.

Bs13k0CTb CPaBHUTENBHO MAaJO H3MEHSIeTCS NPH YBeJHYeHUH o6LLell MH-
Hepanu3anuu Kujpkocreir 10 40—50 r/a, npu Gosee cHauHTENbHOH MHHEpa-
JH3anud (B paccoJax) BSI3BKOCTb BO3pacTaeT CyNIeCTBEHHO H ITIPHTOM B
Gosbmiell cTENEeHH NMpH HU3KHX TeMmnepartypax. B paccosax npu muuepaJu-
3auud 180—230 r/a BSI3KOCTb YBEJHUMBACTCA B 3aBHCHMOCTH OT COCTaBa
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cosell (6uicTpee B pacconax ¢ comepxannem NaCl, MgCl,, CaCl,, uem B pac-
cosrax Toa1bko ¢ NaCl).

[TapaMerpbl IPOHUIIAEMOCTH CJIeflyeT ONIpeAeaaTb ONLITHEIM NyTeM B II0-
JEBbIX YCJAOBHAX (MO AAHHBIM OMBITHBIX OTKAu€K, HarHeTaHHH I JPYrHX Me-
tonoB). Huas cioaboMuHepasu30BAHHHIX M OJHOPOAHBIX MO COCTABY H TEM-
nepaType NOA3eMHBIX BOJ B KaueCTBe IapaMeTpa I[IPOHHIAeMOCTH Yya06HO
HCII0JIb30BaTh Kod(hdHIMeHT QHUABTPALHMH, YTO OOBIYHO NPHHATO B FIJAPO-
re0JOTHYECKOH NPaKTHKe.

B ra6n. 111.3 npusBegeHbsl OpHEHTHPOBOYHLIE 3HAYEHHd Ko3(duuneHTa
¢unbTpalMK A8 HEKOTOPHIX THIIOB TPYHTOB M NOPOJA H COOTBETCTBYIOILHE
3HaueHus KO3 UIMeHTa TPOHHIAEMOCTH AJS BOABI IPH BA3KOCTH =1 cI]

(102 r/cm-c).

3HayeHus kg M ko AJA TPYHTOB M NOPOX

Ta6anualll. 3

Kosdpdunuenr Kosdodunuenr
IPYHTH H NOPOAbI GuasTpanuu kg, TIPOHHIAEMOCTH K -
M/eyT Hapcu
TAMHACTBIE TPYHTH, CYTJIMHKH 0,01—0,1 0,012—0,12
Tleckn nuieBaTule, CynecH 0,1—1 0,12—1,2
[leckn Meakue 1—5 1,2—5,9
Tleckn cpemHeil KpYNHOCTH H TpaBeJHCThHIE 5—30 5,9—35,4
Taneuno-rpasenucrtaie OTJIOXKEHHS 100—200 118—236
HsBectasaxu (n==0,1) 20—50 24—59
Tecyanuru (n=0,05) 10—20 12—24

MposoaumocTs (ruApONpOBOAHOCTL) TPYHTOB H mopox T, M2/CyT uiu
M%/c — 3710 nipouspesenie KosdhuuueHta GUILTpaAIHH Ry HA MOLIHOCTb BO-
HAOHOCHOTO TIIacTa M:

T=kghep, T = kym. (111.21)

IlpoBoguMoOCTb XapakTepH3yeT eJHHHYHBHIH (HAa elMHHIY IUHPHHBI TIO-
TOKa) GuAbTPAIHOHHBIE PACXOJ IIO MPOCTHPAHUIO BOAOHOCHOTO MJacra IpH
rpajueHTe HAMoOpa, PaBHOM eJHHHIE; YCJOBHO €e Ha3bIBalOT TOPH30HTAJb-
Hoii mpoBoauMocTblo. Ilpu duabTpaluy B HampaBJeHHH, HOPMaJbHOM TIPO-
CTHPAHHIO IJIaCTa, MOXKHO BBECTH NOHATHE BEDPTHKAJLHOH NpPOBOAUMOCTH Ta:

ke

Ty = .

(111,22)
m

Beauuuna T,, l/cyT, 1/c, npenacraBiseT co60ii eAMHUUHBIN (Ha eJHHHIY
IJIOLadM IJ1acTa B FOPH30HTAJIbHOH TJIOCKOCTH) (HUJALTPALMOHHBI pacxon
OpH Nepemaje HaAnopa [0 BePTHKaJH, PaBHOM eIHHHIE.

ITockoabKy TIpH rHApPOTEO/OrHUECKHX pacueTax BOA03a60poB GHJALTpA-
IHMOHHLIA NOTOK, KaK NPaBHJIO, OCPENHsIeTCS 10 BepTHKaJM H B KayecTBe
HCXOJHOr0 HCIIOJb3yeTCsl OJHOMEpHOe WJH AByMepHoe auddepeHnHaNIbHOE
ypaBHeHHe, B KOTOPOM HCKOMble (QYHKIHH Hamopa (HJH TOHHXKeHHE YDOB-
HA) 3aBHCAT OT TOPU3OHTAJbLHBLIX KOOpAMHAT (TaK HasbiBaeMble TJ1aHOBO-
NJIOCKHE TNIOTOKH), OCHOBHOM HHTepecC NpeacTaB/isgeT rOpH30HTaJbHAsl MPOBO-
AMMOCTL. BmeneHueM 3Toro mapaMeTpa JOCTHraeTCH OCpPEJAHEHHE IIOTOKA
B BePTHKAJbHOM HANIpAaBJEHHH HE TOJbLKO IO HATopam, Ho If o GpuAbLTPaLH-
OHHHM CBOMCTBAM ILJ1acTa.

IIbe3onpoBonHOCTS BOAOHOCHBIX MJAACTOB NpeACTaBAsSeT cO6oH OTHOLUIE-
HHe BOJAONPOBOAMMOCTH T K BOLOOTAAYE [L:

T

a=— (111,23)
B
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B HamopHBEIX MIacTax BMECTO | MPpHHEMAeTCs [*,

IbezonpoBosHOCTL ABASIETCS TOKAa3aTeseM CKOPOCTH MNepepacnpefese-
HHA Hanopa M cpaboTKM 3amacOB BOJOHOCHOrO IJ1acTa B YCJOBHAX HEyCTa-
HoBHBLIelica GuabTpanuu. /s cTalHOHApHBLIX TOTOKOB, B KOTOPHIX HE TIpO-
HCXOJIT HM3MEHEHHS HANopoB H CPabOTKH 3aNacoB BO BPEMEHH, lapaMerp
Nbe30NPOBOJHOCTH He paccMmaTpliBaeTcss LECJH He yYHTHIBATH YIPYrHX [e-
¢opmamuii Bogbl M QUABLTPYIOLWER MOPOAL, T. €. MPhHHUMATh, YTO QUILTPa-
I[HA TIPOMCXOAMT TPH KECTKOM peKnMe, Ko3DUIIIEHT Mbe30npoBOAIOCTH
TaK#Xe [ICKAI0YaeTCs; NPH 3TOM MepepacnpefeneHde HATOPOB H NpoIece cpa-
G6OTKH 3amacoB, BHI3BaHHbIE, HATIpHMeED, OTKAaukKoil M3 Bopo3abopa, IPOHCXo-
JAT Kak OB MIHOBEHHO M TI0Ka3aTeJqb yIpyrof Bogootiayl p* =0.

CienyeT OTMETHTb, YTO TpEACTaBJeHHE O XKeCTKOM pexnMe (QuJbTpa-
LI B HAaNOPHLIX BOJOHOCHBIX IJIACTaX SIBJISETCS B 3HAUMTEJNLHOH Mepe dop-
MaJbHBIM, TaK KaK MOJHOCThIO peHebperaTh YIPYTHMH 3411aCaMH BOABL B HHX
HeJIb35, 0COBEHHO CylIecTBeHHA POJIb YIPYTHX 3aMacoB B NEPBHE IEPIOfDI
oTkaykn. Ilpn cpaBHuTeJbHO AMITENBHBIX NepHogax GuabTpaluun OTGOp
BOABE H3 HANIOPHBIX I1J1aCTOB If USMEHCHHUA HANoOpOB (TaK K€ KakK H ApPyrux
napameTpoB GpHJILTPALHOHHOrO MOTOKA — CKOPOCTH M Pacxoja) BO MHOTKY
cayyasix JAefiCTBHTEJSbHO ONpPEAEeJsIOTCS B OCHOBHOM MHTEHCHBHOCTBIO M pe-
KHMOM BHEUIHHMX HCTOYHHMKOB IIHTaHHA, T. €. I3MCHEHIIsIMH BO BPEMEHH ycC-
JoBI HA rpaHnNax acra. 31eCh NPEANOCHIKA O KeCTKOM pexKHMe HHJb-
Tpauuir ABJIA€TCA OHpaBlIaHHOI“L

B ratGsa. 1114 npusefens 3HaueHHA TPOBOAMUMOCTH I Koshdulnenra
Ib€30TIPOBOJHOCTH [/ PA3JIHYHBLIX THIIOB TPYHTOB M TOPOJ NPH MOLIHOCTH
miacta m="h¢p=20 M. [Ipu BHIYHCJACHHH 3THX NMapaMeTPOB HCIOAb30BAHBI
nandnie Ttaba III.1—IIIL.3.

Ta6auwnalll 4
3HaueHus nposoaumocTH T M KO3 HUHEHTA NbE3ONPOBOJHOCTH d, M2[CYT

BesnamopHble MAacTH €O CBOGOAHOMN Hamopubsie m1acTst
I'pym-bx H MOpOABI MOBEPXHOCTHIO
T l a T a
[Cnunuctee rpyHTH (Cy- 0,2—10 4—200 0,1—-10 20—800
TJIHHKH)
[Teckn nuinesatwle, cy- 2—20 20—200 2—20 100—1000
necu
Tleckn medakue 20—100 (0,2—1)103 20—100 | (0,25—1,25)10%
TTecku cpenmneill kpynuo- 100—600 (0,5—3)10° 100—600 (0,15—1)105
CTH i FPABETHCTHIE
I'aneyno-rpasesHcTbie 2000—4000 (1—2)10¢ 2000—4000 (0,5—1)108
OTJI0XKEHHS
Uspecruaku (n=0,1) 400—1000 (0,4—1)10% 400—1000 (3—8)107
IMecuaunku (n=0,05) 200—400 (0,4—1)10* 200—400 (2,5—5)107
HsBepxeHHbie  NOPOALE 20—100 (0,2—1)104 20—-100 (0,8—4)107
(n=0,01)

[axum o6pasom, snayenuss kosbdHIMEHTA THe30NPOBOAHOCTH B GeaHa-
MOPHBLIX TJacTax uaMensiorcs oT 10?2 go 104 a B mamopubix — ot 10% po
107 m2/cyT.

B HaTypHbIX YCJOBHSIX 3TH H3MeHEHHS MOTYT IIPOHCXOANTbL B GoJiee
IIHPOKOM fHanasoHe, HO B 06lIeM MOJYYeHHBIH MOpPANOK BEJNYHH COOTBET-
CTBYEeT OMBITHBIM JAaHHHM HeCho/bKO 3aBLILIEHHBIMH [10JYYalOTCA pacyer-
Hble KO3(D(PHIMEHTH MTHe30NPOBOLHOCTII HANOPHBIX IJACTOB CKaJbHBIX IIO-
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pof. O6buHO MO pesyabTaTaM ONBITHO-GHUALTPAUHOHHBIX HCCJAEI0BAHHH
3TOT [apaMeTp [Jig HamOPHLIX BOLOHOCHBIX IIACTOB, CJIOZKEHHBIX H3BECTHS-
KaMH, MecyaHMKaMHi W T.[l., OIICHHBAaeTCA HA OJMH-IBA mopsika nhxke. Ilo-
BHIMMOMY, 3TO O6YCJIOBJEHO TE€M, YTO B €CTECTBEHHOM 3aJeraHHH YKasaH-
Hbl€ CKaJibHbIE TIOPOJLl BCJAEACTBHE CBOEH HEOLHOpoaHOCTH 06JiafaloT GoJiee
3HAYHTEJNbHONH CHKHMAEMOCTHIO (T.€. MEHbIIHMH 3HAueHHAMH MOAYJ A YIpy-
FrOCTH N0 CPaBHEHHIO ¢ NPHHATHLIMH B pacuerax, cm. taba. 1I11.2). Kpome
TOTO, HEepeNKO OnbITHble 3HAyeHusl Ko3(@IHEeHTa TLe30npPOBOLHOCTH OKa-
3HIBAIOTCH 3aHHXKEHIHIMM MO CPABHEHHIO C TEOPETHUeCKHMH BCJIENCTBHE TO-
TO, UTQ B IIPOIECCEe OMBITOB MHTEHCHBHO MOMOJIHSIOTCH 3amachl HCIBITHIBAE-
MOro TJacTa H3 BHEWHHX HCTOYHHKOB (HANPHMEP, M3 COCEIHUX BOLOHOCHBIX
MJIACTOB HJIM TIOBEPXHOCTHHIX BOAOTOKOB H BOJOEMOB).

B 1ejioM BOMOHOCHBIE IJIACTHI, HCIOJb3YEMbie [J BONOCHAGKEHHH,
06J1a1aI0T TIOBHIIEHHOH TMPOBOAHUMOCTBIO H Nbe30NPOBOAHOCTLIO. O1HAKO UM
CBOHCTBEHHA 3HAYNTEJbHAS HECAHOPOALHOCTb, XaPaKTepH3YIOLLaAcs l3MeHe-
HUeM YKa3aHHBIX 11apaMEeTpPoOB Kak B IVaHe (10 MJOIMIAAH paclpocTpaHe-
HUf), Tak U B paspese (mo rjayGHHe). DTI HU3MeHEHHS YACTO MPOUCXOAAT
6e3 BHAHMOIl 3aKOHOMepHOCTH, NMO3TOMY MeXKJY 30HAMH ¢ PasJIyHON Hpo-
HHIAeMOCTbIO, BOJONPOBOZHMOCTBIO H JPYTHMH CBONiCTBAMH MpPaKTHUECKH
fiesib3s TPOBECTH UETKHX rpaHHi. Dojee HAHM MeHee OJHOpPOJHbIE YUACTKH
HMeIOT pa3HooOpa3Hble M CJIOXKHbIE FeoMeTpDHUeCKHe oOuepTaHHS, I[IpHYEM
nepexoanl MeEXAY HHMH OGhIBAa€T TPYAHO BBHISIBHTb [aXe IPH JeTajbHbIX
n3picKanuaX. Taxkoro THNa HEOJHOPOAHOCTb VCJAOBHO HA3LBAIOT XAOTHYEC-
KOH, W/ HeyIopaLoYeHHOH.

Bo MHorux cayuasx ¢uabTpanHMOHHAH HEOAHOPOAHOCTh MOXKET OhbiTh
BbIAIBJICHA M TNpeJCTaBJeHa B PacUeTHHIX cXeMaxX ONpeleJeHHLIMH YeTKO
BbIpaXeHHbIMH opmaMu. Takas HeOJHODOLHOCTb HA3KIBAEICS MPABHJBHOM,
W YTIOps 104 eHHOH.

HanGosiee uimpoko pacnpocTpaHeHH CJIOHCTHE TOJIIH, KOTOphle COfep-
KaT pAjg BOJAOHOCHHWIX TOPHU3OHTOB pPAa3JIMUHON BOAONPOBOMAHMOCTH, pasjie-
JIEHHBIX CJa60MPOHMIIAEMbIMH TJHHHCTBIMH CJOMH. DTOT THI HeOZHOPOJ-
HOCTH, KaK yKa3hiBaJoch Bbillle, XapakTepeH AJH apTe3HaHCKIX CTPYKTYP.

YacTHHIM ¢JayuyaeM ¢JOHCTOH HEOMLHOPOJAHOCTH SBJSIETCH IBYXCJOAHOE
CTpPOEHHE BOJOHOCHOI TOJIIHM: BEPXHHH CJOA — MIHHHCTHLIA, cjabonponHuae-
MBI, 4 HHXHHH — CHJIbHONPOHHIAeMBbIil, COCTOSIUIHY M3 pasJHYHBIX [O-
POJL — IIeCUAHO-TPABEJHCTHIX, TPEUIIIHOBATLIX H3BECTHAKOB M MeCYaHHKOB
u ap. Takoe cTpoeHHe TOJI YacTo HaAGAIOIAeTCss B TEpPpacax PeuHkiX I0-
JIUH, a TAKXKe Ha MEXIYPEeUHHX YyYacTKaX apTe3naHcKuX GacceliHos.



I'nasa IV
BOOAO3ABOPbBl B OHOPONHDBIX NJIACTAX

1. OOMHOUHDbIE CKBA)KXMHbI H TPYNbl B3AUMONEWUCTBYIOLHX
CKBAXMH (MMCKPETHBIE T'PYIlbl)

B naHHofi rsiaBe paccMaTpuBAalOTCH METOABI pacueta BoA03a6opoB B
OAHOPOAHBIX BOAOHOCHBIX IJjacTaXx. HauGosee pacnpocTpaHeHHBIM THIIOM
BOR03a6GOpHBIX COOPYIKEHHHN, KaK yXe yKasblBasJdoCh, ABISIOTCH CKBaXKHHBL
B GoabmuHcTBe ciyyaep CKBAXKHHBI SKCILTYaTHPYIOTCA HOTPYKHBIMH aprTe-
3MAHCKHMMH HACOCaMH, CJelOBaTeIbHO, B HHUX TOAJEPIKUBAETCS OIpeaeJeH-
Hblit 1e6UT (Q — MepeMeHHblH BO BPEMEHH HJIM MOCTOSIHHBIA.

CpaBHUTEIbHO PEeIKO CKBAXKHMHBI IKCILTYATHPYIOTCS CAMOH3JHBOM HJIII
MPOU3BOJUTCA OTKAYKa IOBEPXHOCTHLIMH HAaCOCAMH € FOPU3OHTAJbHBIM Ba-
JIOM, B 3THX CJy4asiX MOXHO CUMTaTb, UTO B NPOLECCE 3KCINTyaTALUU COoXpa-
HseTCs HEU3MEHHBIM MOHUXKEHHE YPOBHS B CKBAaXKHHAX.

CKBaXXHHBI C OCTOAHHBIM Je0uTOM

dopmysa Aaa pacueTa CKBaXKHMHBl C NMOCTOSIHHBIM JeGUTOM HMEeT BHT
(puc. 1V.1)

S = Q Re; R.=—Ei(—a); a= ~ V.1
= rkm @ ¢c=—Ll{—a) ="aar ’ (Iv.n

rie S=H.—H — nonuxenne yposus (He u H — nepBonavasbHuil H TeKyllHil YpPOBHH).
Q — 1e6GHT CKBaXHHBI, kM — NpoBOAUMOCTb maacTa (R — xoabdHument duaprpaunu, m —
MOULHOCTb); @ — K03 HUUEHT Nbe3ONPOBOAHOCTH; F -—— KOOpPAHHATA, f-— BpeMs
®Oyukiua Ei (—a) HasblBaeTcs HHTerpaJbHOX MOKA3aTeNbHOH (YHK-
upell, OHa WIMPOKO HCIONb3yeTCHd IJs THAPOAHHAMHUYECKHX DacyeToB, CBA-
3aHHKX C pa3paboTkod He(dTAHBIX MECTODOXK/JEHMH, a TaKke B THAPOTeo-
gortim [25, 32]. 3uauenuss 3TOH (YHKUMHM NPHBEIEHBH B NPUITOKEHHH 1.
Ilpn ompeneneHuu NOHHXKEHHUS YDOBHA B CaMON CKBaXXMHE MpHHH-

MaeTcd

o
4at

a=ay = (v .‘2)
IAe r'n — PafMyc CXBaXKHHHL,

Hapsiny c Ge3pa3MepHbIMH NapaMeTpaMH G W Qo BEJHYHMHA KOTOPHIX
o6paTHO IPONOPUHOHAJbHA BPEMEHH, jAaJjee OYAYT TaKkKe MPUMEHSITbCS

at at
napaMerpn Fo= — ufo= — » IPAMO MPOMOPLUHOHATbHbIE BPEMEHH.
,2

7o
2) 5)
3 }
S S O
v/ = —
’ /ﬁ’@?‘* BT
s ~
Puc [IV1 Cxems k pac- N 1:/ y
YeTY CKBaXHH NPH OTKad- g } N S
Ke ¢ NOCTOSIHHbIM HeCHTOM *
B HaropHom miacre (a) H J-Jr i o
B GeagamopuoM (6) et i
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VKka3anHble TapaMeTDhl CB3aHbl COOTHOLUEHHSAMH:
1 . —
4Fo ' 4
1 1
gg=—, fo
S0 4fo 4

Ilpn @<<0,05--0,1 unTerpaipHas NokasaTesdbHas QyHKIHA C Heo6Xo-
IMMOfi TPAaKTHUECKONl TOUHOCTBIO MPEACTAB/IAETC B BHAE Jorapupma

2 2,950
Ei(_—L) ~—In . (1V .3)
sat

. ’25

.
’

RS

Puc. 1V.2. CxeMmbl K pacyery B3aHMOZeHCTBYIOIMX CKBAaXHH NDH ONpeneeHHH TNOHHXKeHHs
yPOBHS

a — BHYTPH Y9YacTKa PAacNONOMEHUs CKBaXXuH; 6 — B OAHOM M3 CKBaXHHM; 6-— B yJaJeHUH OT YyYacTKa
PacnonoXeHusi CKBaXHH

B sToM ciyyae ocHoBHasi pacuerHas dopmyJsa (IV.l1) pHewHe cTaHo-
BUTCSL MJAeHTHYHOi (opMyse JliomoH, HO NPH 3aMeHe pajuyca BJIHSIHHSA
CKBaXHHBl HEKOTODHIM MapaMeTPOM rpg, 3aBHCHAIIMM OT BpPeMeHH

Rc:zln—':—"- , (IV .4)

HJIM TPH OnpejeSeHHH TMOHHUMKEHHA YPOBHHA B CKBaXKHHe

Rey = 2ln 222, (IV..5)
To

npu4yeM B OGOHX ciayqasx

ran=1,5V at. (1V..6)

Benuyuna ry;, onpepensieMas mno dopmysae (IV.6), ne seaserca neit-
CTBUTEIbHBIM DajHycoM BJIMSIHHS HJH JATbHOCTHIO JAeACTBUA CKBaXXHHKI
(cM. nanee).

Has rpynnbl Jiio6eIM 06pa3oM PacrosoXKeHHBIX B3auUMOAEHCTBYIOUIMX
CKBaxKMH Ha OCHOBE MeToJAa HaNOXeHHS (UJIbTPALMOHHBIX TeyeHHH Jier-
KO TOJYYHTb DAacueTHyi0o 3aBHCHMOCTb, HCHOJb3ysa ¢opmyas (IV.1) u
(IV.4). Ilpu stom Gynem umerts (puc. IV.2,a):
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n

n
2: Q:
S = S, = o .

dnkm Re av.n

1=1 i=1

rae S — CyMMapHOC TOHHKeHHWe ypPOBHS B NAHHOM TOUKe NOA BJIHSIHHEM BCEX B3aHMOEH-
CTBYIOIHX CKBaXHH, Qz.— pacxon i-# CKBaXHHbl; R¢, — rHApaBJIHYECKOe CONDOTHBJEAHE,
BbI3BAHHOE OTKAUKOl1 H3 I-ff cKBaxKHHb ({=1, 2, 3,. ,n; n — o0llee yHcA0 CKBAMHH)

B Tex cayuasX, Korja CyMMapHOe MOHHMXKEHHE YPOBHA OINpeTensiercs
HETOCPeCTBEHHO B ONHONH H3 CKBaxkHH, ¢opmyay (IV.7) ymobHo 3amHcarb
tak (puc. IV.2,6):

n

_ v _ Qo v_Q .

S=So+ 37 Si= 7= Ra+ Re. (1V.8)
n=1 =1

B mpasoit yactu ypaBHeHus (IV.8) mepBbIM usieHOM Bblpa)KeHa BeJH-
YyMHA TIOHHXXEHHs ypoBHS So, PONOPUHOHAJNbHAS CONPOTHUBJEHHIO Reo 14
TOl CKBaXXMHbl, B KOTOpOH ompejesserca oblulee MOHHXKeHHe YpOBHs S.
Bropoli yJieH xapaKrepuayeT BJHSHHE BCeX OCTAJbHBIX CKBaXKHH, BHpaxa-
eMOe CyMMOI TOHHXKEeHHH HJIM «CPe30K» ypoBHS S, H COOTBETCTBYIOIIHX CO-
npotuBJeHull R¢,. 3Hak W IOKa3bBaeT, YTO JaHHAs CKBAXHHA C pacxo-
oM Qg H3 CyMMbl HCKJIXOYaeTcs.

3Hauenuss Re¢o ¥ R, Beiuncasior no dopmyaam (IV.1) u (IV4).

[Mpu ompenesnedun NMOHHKEHHS YPOBHA B TOYKaX, yiaJeHHBIX OT yua-
CTKa pACHOJOXeHHs BOJ03aGOPHBIX CKBAXHH, MOXHO M0JIb30BaThbCs INIPH-
OJHMKEeHHBIM TIPHEMOM, OCHOBAHHHIM Ha 3aMeHe CpyNNbl B3aHMOAEHCTBYIO-
IiHX CKBAXHH eNHHHYHHIM KoJiomueM. ITonuxkeHHe ypoBHS B yHaJeHHBX
TOYKAX [OJ BJAHSHHEM TaKOro eIMHHUHOrO KOJOAIla MOXeT GuTh Ompefe-
JeHo no dopmyJse (IV.2) npu Q, paBHOM CyMMapHOMY pacxojny BCeX CKBa-
KUH Qeyw M PACCTOSHHMM 7, MCUMCJSEMOM OT IIEHTPA TAMKECTH yyacTKa pas-
Meulenna ckBaxuu (puc. 1V.2,8). Ilog «uedTpoM TaxkecCTH» noapasyMena-
€TCSI  TOYKa, KOODAHHATH KOTOPOH X, y HAXOAATCA MO CJeLyloUIHM
3aBHCHMOCTSIM:

n n
Y Qix Y Qi
1 1
' -, V.9
' Qeym -9

X =
QCyM

rie Q. #u Qcym — pacxol - CKBaXKHHbI H CYMMapEbIH pacXom BCexX CKBaXHH; X, Y —
PaccTofHHEe OT CKBaXXHH OTHOCHTEJNbHO NPOHM3BOJBHO BbIODAHHBIX oOceH KOOPAHMHAT X, Y.

B 3ToM cayuae mpu ynasieHHH TOUKH, B KOTODOH Ompeje/sieTcsi MOHH-
XeHHe ypoBHs S, Ha pacCcTOsSHME, paBHOe MaKCHMAaJIbHOMY pa3Mepy yuyacTKa
pasmeurenus Bojo3abopa, oIMGKH B pesysbTaTaX pacyeTa He NPEBHIIAIOT
3—5%.

YKasaHHast MeTOLMKa pacieTa MoOXeT IPUMEHATHLCA KaK B OfHOPORHBIX,
TaK H B HEOJHOPOJHBIX MJACTaX, HEONHOPOMHOCTb KOTOPLIX HOCHT XaoTHue-
CKHH, HeynopsAno4YeHHbI]] XapaKTep, KOorja fONyCKaeTcss HCIoJIb30BATH Cpej-
HHe 3HAUeHHSI BOJONPOBOIUMOCTH H Ib€30NPOBOJHOCTH. -

CKBaXXHHLI C H3MEHSAIOIUMCH 1e6UTOM

Hamenenne pe6ura cKBaXKMH MOXKeT GbiTh BbHI3BAHO Pa3JHUYHLIMH IIpH-
UHHAMH, HaTIpUMepP, UX NEepHOAUYECKOH OCTAHOBKOH M BKJ/IOUEHHEM, 3aMeHOf
HacocHoro 06OpyLOBAaHUSl, MOCTENEHHBHIM H3MEHEHHEM I[POHHUIIAEMOCTH
$uabrpa m npH3aboiHON 30HE K T. [I.
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Ha puc. 1V.3 npusenensl rpadukn Q(¢) npu pasiuyHbIX pexuMax pa-
60TH CKBaxKMH. Pacuyer mpuTOKa BOAB K CKBaXKHMHE [Js BCeX YKa3aHHBIX
clyyaeB HNPHBOJHTCS HHXKE.

Craukoobpasrole usmenerus Oebuta (cxema I). B stoM cayuae nouu-
KEHHE YPOBHA S ONpENe/sioT TyTeM HEmOCPeACTBEHHOrO HaJIOMXKEHHs BO3MY-
LLeHHI, BbI3BAHHBIX KaX 0¥ CTyNeHbl0 CKayKOOGPa3HOro uaMeHenus neéura:

S = —4—fklm_Rﬂ; (IV.10)
n* r2
o glﬁ’Ei(—w—t:“t,-_—l)); (V-1
Q;— Q.
b=

raie Qr — MakCHMauIbHbHl HIM BoO6llle HEeKOTOpHI (GHKCHPOBAHHEIA PAcXOl cKBaXHHH B TC-
YeHHE BCETO MepuOia oTKauki; Q,— pacxosj B uHTepBate Bpemenn | (/==1,2,.., n¥* n*—
qiiCJI0 HHTEPBAJOB H3MeHEeHHS pacXxona).

I'paduk S—t (puc. IV.4) orpaxaer ckaukooGpasHele M3MeHEHHs pac-
XOZa H COOTBETCTBYIOHIME H3MEHEHMA YpOBHS: Ha TIpaHHMLAX HHTepBaJOB
BPEMEHH NPOHCXOAHMT CKa4OK YpOBHsg, a 3aTEM NOCTENEeHHOE ero NOHHXKEeHHE

a)
9
0<t<t,, H=Hg 01
t<t<ty, G=8; uar[_
--..\ ..........
Lpy<t<tn,, &=8;,, P
Gt =q,+ xnt
a -
n=-" 7-_0‘0""’ Jeym?
)= 8y + y,t°
Qr—°C
Y= rrZ J;MJ/C_I//ﬂs -—;
Puc, 1V 3. I'paduk navencuus 1e6uta chBamui Puc. 1V.4. Tpaduku ckauxo-

06pa3HOTO H3IMEHEHHMT pacxo0-

2 CKBaXHWHH (@) H cOOTBET-

CTBYIOULETO H3MEHeHHs TNOHIl-
XeHHs1  yposHs (6)

(HJM MOBLIIEHHE B 3aBICHMOCTH OT 3HAKA BEJMYHHBL B, T. €. Bo3pacTaHHA
YJH yMeHbuleHHs ne6uTa B MOCJELYyIoNleM HHTEpBAJe BPEMeHH).

Baxno otmernTs, uto npu BhYMCACHHE 6€3DA3MEPHOrO THAPABIHYECKO"
ro comporusienus no dopmyae (IV.11) pas Kaxaoi crynenu n3mMeHeHHA
Ae6HTa MPHHHMAETCS NOJNHOE BpeMsi Af=f—*f, 1, T. €. TaK e, KaK ec/u Obl
B JalbHEHIlleM OT MOMEHTA BPeMeHH f,—; 40 MOMEHTa BpeMeHH ! npupocT
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ne6uta AQ=Q,—Q,~y coxpaHs/Cs MOCTOSHHLIM, a MOHHXKEHHE yDOBHA MOA
BIHSIHKEM 3TOro Ae6MTa NPOMCXOAMJIO B TeueHHEe BCero nepmopa At (na rpa-
$ure S—1 9T0 NMOKa3aHo MYHKTHPHHIMHK JunuaMH). Huaue rosops, insiHue
cKauko06pa3HbIX M3MeHeHHA aebuTa MOXKHO pacCMaTpHBaTb H30JHMPOBAHHO,
KaK BJAHSHHE, HATPHMep, CKBaxHHbI ¢ pacxogoM AQ. CymmapHoe moHHXKe-
HHe BHIPA3MTCA CYMMOil NMOHMXKEHHH, BHI3BAHHBIX BCEMH CKayKaMu jaebura.

RC;’QCZ:'?cg
Puc. IV5 Tpaduxku Gespasmep- { I
HEIX conpoTHBJenH#i R no top- y

myae (IV1), Rce mno dopmyae
(IV.13) =n (Ile\c’g no dopMyse |

16) A 7
7anl
/

g
J -2 -1 0 / 2 3 4 5 Einky
— 1 ! i I L | i L , :
g05 125002025 95 125 25 5 4 25 50 [2510°2510°51)°

Fo

Jlunednoe usmenernue debura (cxema I1) [126, 137]. Ins pannoro cay-
yas pacyetHasi GopMyJia UMEET BHA:
Q (Qr— Q)¢

= Twim et T sy Rew (IV.12)

rie Qo -— HeKOTOpHIl I'auanbibifi PacXoj CKBAXKHHKY B MOMEHT BpeMenn [=0 (c 3Toro Mo-
MeHTa HaunnaeTcss ‘VBeduyeniie pacxopa); Qr — MAKCHMAMBHBI pacXoi K KOHIY TNepHo-
aa T, R. —ruapasiuyeckoe conpoTHBAeHue, onpeneasemoe no gopmyaam (IV1) u (1V 4)
Ads cayyas MOCTOsTHHOrO ae6uTa,

Rep=—(14+a)E1(~0) —e™% (IV.13)

I'papuku dyHkuuu R n3obpaxens Ha puc. IV.5
ITpn 3HaunTeNIbHON MPOAOMKUTEJSHLHOCTH OTKAUKH, Koraa a<l, BMecto
(IV.13) MoxkHO HCMO/Mb30BaTH GOJiee MPOCTYIO 3aBUCHMOCTh
2,%5af 0,83af

Reo = In —1=1In .
2 2

(IV. 14)

Ecyin noumxkeHlie ypoBHS ONpeje/seTCs B CaMOfl CKBaKMHE HIH B TOU-
Kax, pacmoJsioKeHHHX OT Hee HAa HeGoJbIIOM paccTosHuH, Gopmynaa (IV.14)
IpHMEHHMA MPAKTIYECKU JJIsi BCErO HHTEPBasja BPEMEHH OTKAYKH.

Hamenenue pacxoda no napaboauueckor 3asucumoctu (cxema I17).
B namnom caywae pacwernas (opMy.1a HMeeT BHA:

@ (Qr—Qy) £
= Tt 2 T T gy

Ress (IV 15)
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R = - 1+2 +_‘)El('—~a)_2 _I‘ )e . (IV.IG)
c3 27 2 ) 4 4

3Hauenus GyHKuuH Rz npusefeHs Ha puc. IV.5. Ilpn ekl

5 0,51at
Rc3z1n2'22 5= m (1V.17)
r

TakuM 06pa3oM, 1o cBoeil CTPYKType GOpMysbl A/ pacueTa CKBaXKHH
C IIOCTOSIHHBIM NeGHTOM H JAe6uTOM, H3MeHAIOLWINM S 110 JUHEHHOMY H mapa-
6OJIPll{eCKOMy 3aKoHaM, aHaJOTHYHDbI. Pasaunyue 3akaiouaeTcs TOJbKO B 3Ha-
YeHHH K03 GullMeHTa moj 3HAKOM Jorapudma B ¢opMmynax js Ompenele-
HUSl THAPABJIMYECKOrO CONPOTHBJIEHMSA: B NepBOM ciyuae 2,25, BO BTOPOM
0,83 u B Tpetbem 0,51. I'paduku 11a Re, Rea H Reg B 3aBucuMocTH ot In Fo,
Kax BWAHO Ha puc. IV.5, co BpemeneM npuoOperaioT BHA napajijiesbHbiX
NpAMBIX.

Pacuer BOn03aGOPHBIX CKBAXKHH NPH NOCTOSAHHOM NOHWKEHHH YPOBHA

Yc/a0BHe moOCTOAHCTBA Hamopa HJHM NOHHXKEHHS YypOBHS, KaK yXKe yKa-
3bIBaJIOCh, BBIIEPKMBAETCH B (POHTAHMPYIOIIMX CKBAaXKMHAX (MM CKBaXKH-
Hax, SKCIIyaTHpYeMblX pH caMous/iuBe). [Ipu HeyCcTaHOBHBIUEMCS JQBHKE-
HHH B 3TOM Cjyuae Ne6HMT CKBaXHHbl C TeueHHeM BPEMCHH YMEHbLIAETCH,
BO BCEX TOYKaX IJacTa, 3a MCK/IIOUeHHEM CaMOH CKBAaXHHbl, U3 KOTOpOH
BelleTCs OTKauKa, ypOBeHb MOA3eMHbIX BOJ CHHKAETCH.

Pacuerbl Bop03aGopoB g/ MOAOGHBIX YC/IOBUA TIPOU3BOAATCH C UeNbIO

onpefeiieHHs JUHAMHUKH JebGuTa CKBa-

4 KUHBl U BeJUYMHBI TTOHHKCHHS YpOBHA

7 B TOM HJIM HHOM VJaJleHHH OT CKBaXH-
HBl B JTIOGOH MOMEHT BpeMeHH.

\»?/ / Onpedeaenue Jdebura CK8QNCUHbL

; O6wmas ¢opMyJsa A5 onpeleseHns le-

6uTa INpH 3aJaHHOM IIOHUXEHHIl YPOB-

HSl B CKBaxHHe uMeeT BHA (puc. IV.6):

ST Q = 2rnkmS, G_(fo), (IV.18)

. /7/8"
m

. l R - rie So— NoHHXKeHHe YpOBHR B ckpBaXuHe; G —
Gespa3MepHOE THADABJHUECKOE COMPOTHBIEHHUE,

r”_'[ onpenejiseMoe B 3aBHCHMOCTH OT fo=at/r§(ro-—

7 OFZATZATZRY7 papgHye CKBaXHHH).
NN { ——"_ .7 3uauenns pyukuun G naus Ha puc.IV.7.
N\ ‘ VA e Bckope mocse Hauala OTKauKH, KOraa
] A ... 10>100, dynkuusa G MoxeT 6biTh mpen-

. - * craBJleHa B BHJe:
EERAN 1§ 6 (o) ~ ———— 19
L S | .. o) = {02, %00 ° (V. 19)

ol

Ve HaMeHeHHe pacxona BO BpeMEHH [IPH
Puc. IV.6. CxeMsl k pacuery CKBaXMH  oTyayge C NOCTOSIHHBIM YpOBHEM [POMC-
npH OTKa4Ke € NMOCTOAHHHIM NMOHHIKEHH- 6 o

eM ypoBHR B HamopHom maacte (@) XOAMT B OGIIEM C TOMf JX& 3aKOHOMEPHO-

u B GeananopHoM (6) CTbiO, YTO H H3MEHeHHe YDOBHA IPH OT-
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34, 24 Puc. 1V.7. Tpaduk Gespasmep-
3 Horo comporueienus G mo dop-

32 20— myaam (IV.18) u (IV.19)
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Puc. IV.8. I'paduxy ckaykooGpasHOTO H3MEHEHUs YPOBHA B
CKBaXyuHe H COOTBETCTBYOULEro H3IMEHEHHS mebuTa
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KayKe C TJTIOCTOSIHHBIM Je6GutoM. B mnepBbie MOMEHTH BPeMEHH B JaHHOM
caygae Je6UT Pe3KO YMEHbIIaeTcs, a 3aTeéM TMOCTeNeHHO CTabuIu3upy-
ercst [xoTsi, Kak caenyer u3 (IV.19), npyu OoTCyTCTBHH NOCTOStHHBIX HCTOU-
HHKOB NHUTaHHsi B HEOTPAHHYEHHOM IJiacTe npw f—>oo0, @->0, T. e. TeopeTu-
geCKH TPOUCXOXUT MOJHasi cpaloTKa 3anacoB IJIACTa Ha BEJHYUHY,

NPOHOPUHOHAMLHYIO MOHHXKEHUIO YPOBHSA So).
Ecau B mpouecce oTKaukd YpoB€Hb BOAL B CKBa)KHHe H3MEHsETCH U

ecqM 5TM M3MEHEeHHS MOMHO BbIpA3HTb CTyNeHuaTbhIM rpadHkoM, dopmyJta
ans pacxona 6yneT uMeTh caenpylomui Bua (puc. IV.8):

Q = 2nkm [Sy1 G (10) - Sgo G (f01) + ... -+ Son G (fon)], (IV.20)

rae So, — H3MEHEeHHs NOHHKEHHd.
HanpuMep, AJA HaHOpHOFO MOTOKA

Sy=H.—H; Syp=H —H, ...,S, =H,_ —H_. (Iv.21)

on

Jus Ge3HaNOPHOro MOTOKAa BMECTO MOHMKEHUS ypoBHS Sg, clielyeT
paccMaTpuBaTh GYHKuHIO noumkenus: Ug,:

1 1 !
W;hg_h'ﬂ, U= 35— (B—1).... , U= (Fh_1—H)

Un = 2 om om

(Iv.22)

rie He u he — nepBOHAuANbHBE («CTATHUECKME») YPOBHH A0 OTKauku, Iy u Ay, Hy w hy,
Hp u hp— cHHOKeHHBIe YPOBHU (jisi Ge3HANOpHLIA NOTOKOB — IVIYOHHE! BOABI) B COOTBET-

CTBYIOIUHE MOMEHTHI BDEMEHH
Bespaamepﬂoe BpE€Ms NpPH 3TOM ONpepessseTCs IO CJIEAYoUM COOTHO-
HIEHUSAM:

a t—1 a(t—t
o= 2L, o =2Uzhl g, 20T )
f% ra Ty

B MOMeHTH BO3pacTaHus NMOHUXKEHHS YPOBHS DACXOJ CKBAXHUHBI CKay-
KoobpasHo yBenuuusaercst (cM. puc. 1V.8,a), a npu ymMeHbHIEHUH NMOHUKE-

Hust — cHMxkaeTca (cM. puc. 1V.8, 6).
Onpedesenue nonuscenus yposns. [loHumxenne ypoBHs B Ji0G0H Touke

J1acTa MOXKET OHITh BHLIUHCIAEHO MO CJ’IQ}IYIOLU,eMy ypaBHeHmo:
IS =S, Ry, (v 23)

rne Ru — Gespasmepnoe CONpoOTHBMeHHe, ONpefeiseMoe B 3aBHCHMOCTH OT 3HaueHHR fo=
=at/r% H r=rrq

3nauenus QyHKuuMHM Ry npusenens! Ha pre. IV.9. Ilpn pautenpHeix or-
Kaukax, Korga fo>500, ¢ynkuusi Ry BblpaxaeTcs Takum obpasom [123]:

-2
Ei(_ 4rf )
o
Rpm———— (IV 24
n In 2,95f0 )
CraepoBaTebHO, COOTHOLIEHHS MEXLY NOHWMKEHHSMH YPOBHS B JIOGOH
TOYKE MJacTa U B CKBAXKHHE ()OPMaJbHO OKa3bIBAIOTCS TaKUMH XKe, KaK TpH
OTKauke C NIOCTOSHHLIM 1e6uToM. B cootBeTcTBHH € 3TUM ypaBHenue (I1V.23)
MOKeT ObITh NpPENCTaBIEeHO B BHIE:

Q@) 7?
T 4mkm Ex (— m)' (1V.25)

rae Q(f) — pacxox cKBaXHMHbI, Hamensowmics no dpopmyae (IV 18).
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Ha ocHoBaunu 3asucuMoctd (IV.25) MoxHO cuuTaTh, 4TO BIHSHHE
CKBaX{HHBI, ACHCTBYOUIEH NPH NOCTOSTHHOM HOHWMEHUH YPOBHS, PaBHOCHJIb-
HO BJHSHUIO CKBAaXXHHB C pacxoaoM, H3MCHSIOMHUMCH BO BPEMEHH. HO9TOMy
pacqe'r BSaHMOﬂeﬁCTBy}OLU,HX CKBaXxHWH C NOCTOAHHBIMH NOHHUXKCHUAMHU ypoB-

Rn

1 — !
— 29

‘:1'5 et

I ey L =108

| et 4

oy

= ] 06

e 3L T
/] /| 7 //////04

74 7 7 A = L7 2 3
,/ [ . /4 1 ,/”]5// // Q3
/ / / /; 7 oy
ARV ARpEr7 w1,
Z T

2~ <15 -1 g5 0 45 1 15 225 3 35 ¢4 435555 & 551,1
w7 g2 03495 1 2 345 W 2030, 50 szfﬂ zflﬂgfﬂj
94 4“4 Fo

Puc 1V.9 TFpaduk Gespasmepuoro conpotiBients Ro no dopmynam (IV.23) u (IV 24

Hf1 B HUX MOXHO HpOHBBeCTH IIyTeM peLIeHu s cnenylom,eu CHUCTEMBI ypasB-
HEHHH
-2 -2
S z_mﬁl(_;}_)_wgi(g
oL 4nkm 4fo 4ntkm 4fo e
Q) ’l—n ]
—Ei ;
~ Axkm 4io

4nkm 4io | 4nkm 4fo
G ( Ton . (1v.26)
~ 4nkm 4f0

—2 22
Son = — ) (———r"_l ) 20 g Int )—

4:tkm 4fo 47km 4fo
-2
P
Q) ('__n_)
4nkm 4fo

B 3THX YpaBHeHHAX HeH3BeCTHRIMH sBasiorcad pacxoil Q;, Qi . ,Qn, a So;, Soz, ..

Son — 3aaHHBIE NOHHXKEHHS YPOBHS B CKBAaXUHAX; I, — 0e3DasMepHBIe DACCTOAHHS MEXAY
CKBAXHHAMY (HHIEKCH COOTBETCTBYIOT HOMEPaM 3TIX CKBaXKHH)

[Tpu 3HaunTeSbHOM YHC/JE CKBAXKHMH AJs BbhiuucieHus Qi, Qo, ... caenyer
IPUMEHSTh MaIIWHHBIA cYeT U Momenuposanue, OLHAKO 1O HCTEYEHHH HJIH-
TEJILHOTO BPEMEHH, KOrja YpOBEeHb M HeGHUT B KaXK[IOH CKBaXXMHE H3IMEHSIOT-
Csi Me[JICHHO, NPHGIUKEHHO, YYMThIBAsI NOJHYIO CPE3KYy YPOBHSI B pPe3yJib-
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TaTe B3aKMOAEHCTBUS C OCTaJbHLIMH cKBaxKHHaMHu o gopmyae (IV.23), me-
OUT KaxKAOH CKBaXKHHBI MOXKHO OMNpeNessitTh 10 GopMyJae

n
Q, ~ 4km (so —~32Vs_, ) G (o), (1V.27)
i=l1

rre Qo — HCKOMbIH PACcXOM NAHHOM CKBAKHHEI NPH 3a12HHOM NOHHEHHH YPoBHS So, Si—o—
NOHHXKEeHHe YPOBHS B JAHHOA CKBaxHHe ¢ HHAeKCOM «O» NOX BJAHAHHEM B3aUMONEHCTBY-
el ¢ Hell ¢ i ckBaxurbl. 3Hak W 03HAYaeT, UTO H3 CYMMbl HCK/IOYAeTCs [aHHAas CKBa-
snna ¢ gebutom Q..

Ilpu pacuerax mo ¢gopmyne (IV.27) nonyyalorcs 3aHHKEHHbIE BeJHYH-
Hbl JebuTa, 4yTo, BoOGLIe roBops, ofecneynBaet GOJBLIYI0 HALEKHOCTb HPU
NPOrHo3ax NpoU3BOLUTENLHOCTH BOL03ab60POB.

[To npuBefeHHBHIM PACUETHHIM 3aBHCHMOCTSIM MOXKHO OLEHMTb AUHAMH-
Ry me6HTa Ka[OH CKBaXXHMHB M, TakuM 00pa3oM, YCTAHOBHTbL BpEMst B Te-
YeHHEe KOTOpOro neaecoo6pasHa SKCIVIVAaTalUs CKBAXKMHLI NIDH pEXHME Mo-
CTOSIHHOTO ypOBHsi., TakoR BONpPOC 4acTO BO3HWKaeT, HalpHMep, IpH yCTPOH-
CTBe BOL03a6opoB B IVIACTaX C «H3GLITOYHBIM® HANOPOM, T. €. IPH OTMETKaX
Nbe30METPHYECKHX YpPOBHEH BLIIIe NMOBEPXHOCTH 3€MJIH, HO3BOJAIOMIMNX INpH
nycke Boro3afopa OTKa4yaTb BOAY CaMOH3JHBOM.

2. YUET HECOBEPIUEHCTBA CKBA)XHH

[Tpuenennsie B n. 1 GOpPMY/IB NPHMEHHMMBI K COBEPUIEHHBIM CKBaXH-
HaM. Ilpy oTKauke BOALl M3 HECOBEPIUEHHLIX CKBaXXHH BO3HHKAKOT AONOJHHU-
TeJbHble THAPABIMYECKHE COTIPOTHBJIEHHS, KOTOPble HEOOXOAWMO YYUTHIBATDH
npH pacyerax.

Kak m3Bectno, pas/uyaioT [Ba BHAA HECOBEPIIEHCTBA CKBAXHUH: IO
CTENICHH BCKPLITHSI H 1O XapaKTepy BCKPLITHS BOJOHOCHOro miacra. B coor-
BREeTCTBHH C 5THM IIOKa3aTelp MAONOJHHUTENLHOTO CONPOTHBJEHHS MOXKHO
NpefCTaBUTL B BHJE ABYX caaraembix [125, 25]

C=C1+C2, (IV-28)

Tae §; — HONOJHHTENbHOe CONPOTHBJGHHE, ONpeledseMoe HEeNONHOTOH BCKpPbITHS, a Lo —
XapaxkTepoM BCKPBITHA BOAOHOCHOIO NJjaacTta

s onpenenenusi §; o6bIYHO MCNOMB3YIOT pelieHre Mackera, KOTOpBIK
HccaenoBas 3afadyy O BJAMSHHMH HENOJHOTHl BCKPBITHSI IJacta B YCJIOBHSIX
ycraHosuBLlerocs asuxenus. [TpumensioTcs Takxke pemenusi A. JI. Xeina
[125] u H. H. Bepuruna [25] mast meycraHOBHMBIIErocs ABHKeHUs. B mo-
cJefHee BpPeMs aHAJOTHUHYIO 3afauy paccmarpusaa Takxe Xantym [123].
Bo Bcex 3TuX pa6oTax AJs NOJNYYeHHS! pAaCYeTHBIX 3aBUCUMOCTEH, C IOMOIILIO
KOTOPbIX MOr'YT GbITb BBIYHC/EHBH 3HAYECHHS [, HECOBEPIICHHDbIE CKBAXKHHBI
MOIENHPYIOTCS. TOYEYHHIMM HCTOYHHKaMHM, HeNpephlBHO M PaBHOMEpDHO pac-
npefeseHHbiMY BAOAb OCH BOJOTPHEMHOH 4acTH CKBAaXHHBHL

[Monyyaemast npH 5TOM 3aBHCHMOCTb AJISI ONPENEJCHHS IOHUKEHHUS
YPOBHSI IpH OTKauKe U3 HECOBEPIHEHHON CKBaXKMHBI HMeeT Bux [25, 125]:

o [R°+2§1 (71 ”‘n‘)] (1V.29)

S =
r

[lepsuift yaen (Rc) npencrasaser cobGofi 6e3pa3MepHOE CONPOTHBJIECHHE
NpH IeHCTBHH COBepIIEHHOH CKBaXKHHBI, BHIYHC/AAEMOE, Hanpumep, no ¢op-
mystam (IV.1), (IV.4) wu mp. Bropoit unen (f;) XapakTepusyeT NONOJHH-
TeJbHOE CONPOTHBJENHE, OO0YCA0BJACHHOE HeCOBEPIICHCTBOM CKBaXHHBI MO
CTENEeHY BCKPBLITHS IJIACTA.

['paduxyn mas onpenenents ¢;, NOCTpoeHHbIe MO AaHHBIM paGoTh [25],
npeacrabJelsl Ha puc. IV.10 u IV.11, ITo HuM MOXKHO HaHTH 3HAUYEHHS )
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AJst IIHPOKOTO AHAana3oHa H3MeHeHHs mapameTpos [/m u mfr (Il — piuHa
BOJONPHEMHON YaCTH, /71— JOJHAas MOINHOCTD IJiacTa, r — pagHyC CKBaxXH-
EB WIH PacCTOSiHHE OT CKBa)XHHBI-Nbe30METPa A0 ONMBITHOH CKBAXKHHBI).

I'paduxn Ha puc. IV.10 npuMeHHMBI [Jist TeX cJay4yaeB, KOTJZa BOAOMpPH-
€MHasi 4acTh CKBAaXXMHBI NPHMBIKAeT K KPOBJe HJIH NMOAOIIBE IJacTa, a Ha
puc. IV.11 — st ciyyaeB pacrnoJioxKeHHs BOLONPHEMHOH 4acTd mpHGIn3H-
TeJbHO mocepepnHe miacta, npH Co+1/2= (0,35—0,65)m.

%, a)
36
7%’ 1 N i 34 2%%
| 2Nz o 2 E s
30
63 5)
5; ;ﬁ \\,.’;”vw 2
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95 24 < <
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45 @ [\
49 6
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;z P \\ \\ 100
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2 \\\\\ MR\
20 \\\ |- 30 8 )
% \@@Q mir=10 A NN
10 ‘\ 4 N Q\\\\ .
\(/\ \\ | ) <N N
~STaS s T T

9102 43 44 05 46 07 48 99 12/m

41 02 93 84 95 06 97 08 09 1 ’
Puc 1V.10. 'padukn RONOJHHTEJABHOTO CO- Puc IV.II. Tpacduks AONOJHHUTEALHOTO
npoTus/eHua §;, 06YC/JA0BJACHHOTO HeCOBEp- CONPOTHBJCHUA §;, O6YCJOBJCHHOTO He-
1IEHCTBOM CKBAXKUHDI 110 CTENEHK BCKPHITHA COBRPIUGHCTBOM CKBAaXKHHBI 1O CTENEHH
niacta (GHABTP cKBaXUHB! NPHMBIKAeT K BCKPBITHA nJaacTa (GUabTp CKBaXKMHH
sonoynopy Co=0) B cpemMesi yacty naacta Co>0)
a—B RanopHoM nJjacre; 6 —B Ge3HaNnopHOM a — B HanopHoM niaacte, 6 — B Ge3HaNOpHOM
njacre njacre

JIns GesnanopHoro notoka, kak mpegnoxeso H. K. Tmpusckum [50],
NPHHAMAETCSE CPeHSIsl pacyeTHasi MOINHOCTb IJIACTa Mcp MO COOTHOILEHHIO:

Mep = he —— . (IV.30)

CooTBeTCTBEHHO pacueTHas MJMHA BOMONPHEMHOH YacTH CKBAXKUHBI
onpepensieTcs CJACLYIOWHAM o6pa3oM:
IpH HE3aTOIJICHHOM (QUJALTpE

UpH 3aTOIVIECHHOM (QUAbTpe

L~ I, c:co_%,
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rae he — mepBOHAuagbHasi MOHIHOCTh GesHanopHoro miacta (riayGHHA OT «CTaTHYECKOTO
YPOBHSI» [0 MOnOUIBH); S, — NOHMXKEHHE YPOBHA B CKBaXKHHE 3a BpeMs f; ly— peasibHan
AJIHHA BOJONIPHEMHOH YacTH; €o— riy6HHa nOTpyXeHHs BOJONPHEMHOH 4YacTH OT <CTa-

THYECKOTO YPOBHAY.

Beanunna ¢, B gopmyse (IV.28) xapakTepuayeT [ONOJMHHTENLHOE CO-
IIPOTHUBJIEHHE CKBAa’XKMHBI [0 XapakTePy BCKPHITHS IiacTa. DTO CONPOTHB-
JeHue oOyCIOBJAMBAETCH CaMHUM (PUJILTPOM CKBaXHHBl, XOTS OHO 1O
CBOeHl BeJqMuMHe, KakK MpaBHJO, HeBeAHKO. l'opasdo Gosee cyllecTBeHHOE
3HayeHHe MMeIT H3MEeHEeHHs: B CTPYKTYPE H BOJONPOHHLAEMOCTH INOPOJIbI
BOJIM3M CKBaXKHMHbI, IPOUCXOASUINE MO BAUSHHEM Pa3IHUHBIX MEeXaHUYeCKUX
U (HU3NKO-MEeXaHHUECKHX MMpoLeccoB (yIJOTHEHHE MOpox, cyPdo3usi, KoJb-
MaTax, XHMHUecKoe 3apacTaHue U T. J.) IpH GYpPEHHH u B NEpHOJ 3KCIIya-
Tanny. J[ONOJHHTENbHOE CONPOTHUBIECHUE BO3HHKAET TaKKE B CBSI3H C HApY-
IIeHHeM JMHEHHOTo 3aKoHa (UAbTPaluH BOGJH3H CKBAaJKHHbI

Hapgexuol MerojMkn pacueTa BeJHUYHMHB {» NOKa He pa3paGoTaHo.
B cBsian ¢ 3TUM B Hacrosillee BpeMsi HanGoJdee NPaBHALHBIM CJIELyeT CUH-
TaTh Ollpepe/iecHHe oOlIero COMPOTHBJIEHHS CKBaXKHH, CBSI3AHHOIO C ee Heco-
BEPILIEHCTBOM, 110 [aHHBIM ONBITHBIX M 3KCMJIyaTalnHOHHBEIX OTKawek. DTo co-
NpOTHBJIEHHE HaXoLHTCS HermocpeacTBeHHo u3 ¢(opmyan (IV.1)

2
_ 4nkmS, . o
2§_——————Q +Ei (~ — ) (1V.31)

Ilpn n3BectHnix BennuuHax § u ; n3 (1V.28) nerxko onpenennts Go.

Ha ocuoBe aHa/in3a pe3yJbTaToB ONBITHOrO ONpELeIeHHs NMOoKasaTels
o01Iero COMpoOTHBJEHUS [ H €ro COCTaBJIAIOMUX [ U {» MOXKHO HauGoJee
NpaBUJLHO 3aMPOEKTHPOBATh THUN W KOHCTPYKLHIO BOJONPHEMHOH uacTH
ckBakuHbl. Takoll aHa/liua NO3BOJSIET [PHHSTH HEOGXOJMMbIE MEpH IO
OJKHMBJIEHUIO CKB&XKHHH H YBEJIHUEHHIO ee€ IMPOU3BOJUTCABHOCTH (TOPHEnHU-
poBaHMe, CONHOKHCAOTHAN o6paGoTka u T. 1.). Ilpu cTpoHTelbcTBe W 3KC-
IJIyataguu BoJ03a60poB MOJ3€MHBIX BOJ TakKue MeToLnl HeoOX0JHMO HC-
NOJNb30BAaTh BO BCEX CJyuasiX, KOrJa CONPOTHBJCHHS CKBAKHHB I TIPH3a-
GofiHOH 30HBI OK23bIBAIOTCS 32BHIIECHHBIMY.

Hekortopble onbiTHBIE JaHHBIE O ONPEIEJEHHIO TNOKazaTelsi HecoBep-
IHEHCTBA CKBaXXMH { H3JOKEHHBIM METOJOM INpuBejleHbl B pabore [25].

Crienyer OTMETHTb, YTO MHOTHE aBTOPbI CONPOTHBJEHHE Lo paccMaTpu-
BAIOT KaK NOKasartesb «CKUH-3ddekTa», T. €. 3p(PeKrra «IIeHKH» HIH «060-
JIOUKH», KOTOPOH KaK 6H OKpyXKeHa CKBaxKMHa [142].

Takum o6Gpa3sowm, oflllee NMOHMKEHHE YPOBHS B CKBaXKuHe BoJ03abopa
CKJIa/(bBaeTCsi, BO-NIEPBLIX, H3 NMOHUKEHHs YPOBHS So, BHI3BAHHOTO JEHCTBH-
€M HEeroCpeJCTBEHHO 3TOM CKBAXKHHBI, B KOTOPOIl ONpE/e/IfeTcs NOHMKEeHHUE;
BO-BTOPHIX, M3 JONOJHHTeNbHOTo Nopukenus ASy=3Y S; nox sausuuem
B33aWMO/IEACTBYIOUIMX CKBaMHH; B-TPETbUX, — M3 [JONOJHHTEIbHOTO NOHMKE-
HHsl, 06yCIAOBJIEHHOTO HECOBEPIIEHCTBOM CKBaMHHbl ASac.

Hmeercs npsmas cBSI3b Mexay BeanunHaMd So, ASps, ASyc 1 Geapas-
MEPHBIMH THIPaBAHYCCKUMH CONPOTUBICHUSAMU Rco, Res ¥ L.

Beanuunnt S 1 ASy; onpejiefisioTess B 3aBHCHMOCTH OT PeXHMa OTKay-
K4, no popmynam (IV.1) u (IV.8) —npu nocrosininoM je6ure u (IV.10),
(IV.12) u (IV.15) — npu uaMensolmeMcs ne6ure.

JornonHuTeNsHoe NOHMKEHHE, CBA3aHHOE C HECOBEPIIEHCTBOM CKBAXH-

HBI, BO BCEX CiyuyasiXx ornpepelsercs: o gopmyie

%
ASpe=—5 0, (1V.32)

Benvuuny { HaxoASiT OMBITHBIM NMyTeM; NPH OTCYTCTBHH OMBITHLIX IaH-
HBIX HEPEeNKOo OTPaHHuHBAIOTCHd OLEHKON COMPOTHBJIEHHS TOJNbKO IO CTEHEHH
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Puc IV 12. CxeMbl K pacyeTy HCCOBEDIIEHHOH CKBaXKH- a)
HH B HEOrpaHWYeHHOM nJjacTe

BCKPBITHS IJIACTd, T.e. B pacueTaX NpHHHMA-
10T §{=10;, onpegeasis ero mo rpaduxkaM Ha
puc. IV.10 u IV.11.

BonosaGopHble CKBaKHHBI HHOIAA pac-
NOJIOKEHBl B BOJOHOCHBIX IJIAcTaX OuyeHb
Gosbloil MowHoCcTH (HAnpHMEp, B TOJAX
TPELIWHOBATHIX [OpOJ ApTE3WaHCKHX Oacceil-
HOB, MPOCTHPAIOILKXcsl B TIyOHHY Ha 150—
200 M H Ooxee). DBopmonpHeMHOA uactbio
(buapTPOM) CKBAXKHHK NDH 3TOM BCKpLIBaA-
eTcs TOJbKO HebGoJsbliasi 4acThb BOJLOHOCHOTO
miacta H oJH& H3 rpadHll MoCJeNHero (Kpos-
Js UJH TIOAOIUBA — B 3aBHCHMOCTH OT TOrO,
rie ycraHoBieH (GHUIbLTD) HE OKa3blBaer cy-
IIECTBEHHOr0 BJHAHHMS Ha (QUIABTPALMOHHBII
NOTOK, o0pasylonniica npu orkayke. B tagHx
YCJAOBHSIX HECOBEPIIEHCTBO CKBaXKHH MOXKET
OBITL YuT€HO B pacyeraX 0o0Jiee NPOCTHIMH
33aBHCHMOCTSIMH,

Jl1st BHIBOLA 3THX 3aBUCHMOCTEH HCHOJIb-
3yercss (PYHKUHUS NPOCTPAHCTBEHHOTO HCTOY-
Huka. JleHCcTBUTEIBbHO, €C/H NMPeICTaBHThb, YTO
BeChb pacxoj CKBaxHHH Q Kak 651 KOHUEHTPH-
pyeTrcs B OIHOH TOuKe, IJ€ pPacCIOJOKEeH HC-
tounuk (puc. 1V.12,a), To pacueTnas 3aBu-
CHMOCTb, 10 KOTOPOH MOMHO ONpPEICTHTL NO-
HHXKEHHWE YpOBHS B J106oH Touke M Ha pac-
CTOSHHH O OT LEHTpa HCTOYHMKAa (CTOKa),
T.€. OT TOUKH C KOODIMHATAMHU ro, Zo, BhIpa-
XKaeTcad caenyrouyM ob6pasoM:

S = (1V.33)

Q erfc e
4nkp 9 V; ]

raze erfc(A) =1—@(A); O(A) — HHTErpan BEPOATHOCTH
(cm. mpuaoxkenue 11); B nannoM cayuae

A= p__ , p=l/(z—zo)2—}—r2

2 Vat

—| u mMm

Ilpu GoJbINHX 3HaueHMAX ¢ (AaWTedbHas OTKayka) erfc
2V at
oayyaeM (opMyJsly /i TOYEYHOTO HCTOUHMKA B CTALHOHAPHOM IOTOKE.
d1a ¢popmyaa npu z=0, r==ry 4acTo HCIOJb3YETCs B TIAPOreoJoruyecko
IpaKTHKe gJs1 pacueTa LIAXTHBIX KOJOMUEB ¢ moaycdhepuuyeckuM JgHOM,
BCKpPHIBAIOMINX HANOPHBIA BOLOHOCHDLIA rOpU3OHT (6e3 3ariyG/ieHHs] B HEro);
B 3TOM cllygae BMecTo Q HYXHO NPHHATL 2Q, H QopMysa IpHMET BHJ:

Q

= ok,

Sp (Iv.34)
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Ecau npuHaTs amo KosoAua MJIOCKHM, To BMecto (IV.34) noayuum
¢dopmyty Popxrefinepa

Q
4kr,

So= (IV.34a)
Tenepb paccMoTpuM CKBaxKMHY ¢ (GHJIbTPOM AJHHON [ B HeorpaHHueH-
yvoM miacre (puc. IV.12,6). Jdns mnoJaydeHuss pacyeTHOUH (popMyJas! pas-
MECTHM TOYEUHbIE HCTOYHHKH BAOJDb JHHHH CKBaXKHH.
Bolgenum Ha rnyGHHE 2o OT KpOBJH GecKOHeYHO-Malhlil 0TPe3oK dzg ¢
pacxoaom

qdzg = "QI_ dz,,

rae Q — o6yl pacxos CKBaXHHKL,

Hcenonbaya dopmyny (IV.33), npunss B neil eric L —i, MOJTy4UM
2Vat
BhIp aXKeHHe /s GeCKOHEYHO MaJioro NOHUMKEHHUst YPOBHA dS B 060N Touke

M ¢ KoopanHATaMH r, z, BbI3BAHHOTI'O JEHCTBHEM CKBaXKHHBI:

Qdz,
dnkpl

dsS =

INocsie wHTerpupoBaHusi NOJyYeHHOro Bhipaxenus ot 0 1o S u no z or
C no C+-! nafigem

c+1l—z c—2\

Q — arsh ), (Iv .35)

:%17:74

Sp= (arsh

rae arsh — oGpaTHBII THNEPGOTHUECKHE CHHYC.

Tlo sToit ¢opmMysne MOXKHO ONpeLe/HTb NOHHKEHHEe YPOBHS NpPU JEHCT-
BUH HECOBEPILICHHOH CKBAXXWHbl B HCOTDAHHYEHHOM @O MOIIHOCTH IJacre.

“Ins TOro utobbl yuecTb BJMSAHHE OJHOM H3 TrpaHWL JiacTa
(Hanpumep,  KpoBjaH), OTpPasWM  3€pKajJbHO  OTHOCHTEJbHO  3TOHl
1paHHUIB!I JHHEHHYIO CHCTEMY HCTOUHMKOB HAa OCH CKBAXHHH M OyleM cuM-
1aTh, YTO M3 3TOH OTOGpaXKeHHOH CHCTEMbl (HepeasbHOM, BooGpaxKaeMoil)
TOXe BeJeTcsl OTGOp BOABl C MHTEHCHBHOCTLIO ¢ W oOmMM JeGutoM Q==¢ql.
Tem campiM GyleT morallleH NPHTOK K peajybHON CKBaXKMHe u3 obJacTti
z2>0 wu, ciaenosartedabHo, MaockocTb 2==0 OyneT MMHTHPOBATb HENpOHHLA-
€MYIO TIOBEpPXHOCTb.

Biusinue oToGpaxeHHOH CKBaXKMHB HAa ToukKy M BHIpa3uTCs aHaJorud-

HO MpeahlIyieMy:

(1v.36)

Q c+i-t+z ct-z
Soro6p = Al (arsh P — arsh —

Cxknaneisasi Bmpaxenus (1V.35) u (IV.36), nonyuynm pacueruyio 3apu-
CHMOCTb [IJIsi HECOBepIIEHHOH CKBaxKHHblI B NOJyOrpaHHYEHHOM IiacTe:

rS=Sg+Soro6p=

~— arsh — arsh (1v.37)

c+1-+z2 c—2 c-+z
-}- arsh p p )

Korxa ¢uiabtp npumbikaer x Bogoynopy (C=0), Bmecto (IV.37)
nMeeM

[ I
s =2 (arsh 2t arsh Z). (IV..38)
I, r r
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le/l OrnpeneeHHH MOHHXKEHUS YDOBHS HENOCPEeACTBEHHO B CKBaXXHHe
NpU r==r¢ Nocjic OCPeAHECHUHA NMOHNKEHHUS (HOCKOJIbe OHO OKa3bIBaeTCs 3a-

BHCSIUM OT KOOPAMHATHI Z) MOJYHHM:

Q v
0="g g " ot (IV.39)

rae y— uncaosofl kosdhduunedt. IIpH pasaHuHHX NPHeMax OCpeAHEHHS 3HAYCHUS 3TOTO
KosbdullHeHTa H3MEHAIOTCA B npefeaax 1,3—2

Tlpuseneunnnsie GopMyJbl, KaK YKa3biBaJOCh, IEHCTBHTEIbHB IS COY-
yaes, KOFAa CKBaXKHHa pacroJioXeHa BOJH3H Kposiu (B BepXHeH uacTd
miacta) uwin BOJH3M MOAOIIBH (B HHUMKHeH 4acTH miacrta). Bmecte ¢ TeM
aHajau3 3Tux GOpMyJ MOKa3biBaeT, YTO BJIUAHUEM rpaHUUbl, T € KPOBJAH
WM TIONOLIBLI, MOKHO mpeHebperats, xorga Cz==(1,5-=2). Ilpu stom mas
pacuera MOJKHO HcrnoabzosaTth Qopmyay (IV.35), npunss C=0 (r. e. ya-
vaJo KOOPAHHAT CMECTHTb B TOYKY Bepxa (PUJIbTpa).

st onpefe/ieHust TIOHUIKEHHsS] YPOBHSI B CKBaXXUHe IPH r=ro MOXKHO
TaKKe Hcrosib3osats Gopmyay (IV.39), npunumas y=0,6—I1.

3agauu pacuera CKBaXKHH B GeCKOHEUHBIX MO MOIIHOCTH BOAOHOCHBIX
miacrax noppo6Ho ucciegosanucs B. . Babymkuusim [4, 17] u H. K. Tu-
puHckuMm [50].

3. JAJIbHOCTb RENCTBHA CKBAXXHH. NONMOJHHUTEJbHOE
HHOHJIbTPALHOHHOE NMHUTAHHE NJACTOB

IlpuBenenHble BHINE pacueTHble 3aBHCHMOCTH IJisi HEYCTAHOBHBIUEHCS
¢uabrpanuy (cM. n. 1) 1MoKa3wlBalOT, YTO NPH OTKAUKe H3 CKBAXKHHBl B Of-
HOPOJHOM [IACTe YPOBEHb TOHMIKAETCS cHayaja oueHb OnicTpo (B camod
CKBa’KlHe B IepBbIA MOMEHT — CKauKooOpa3Ho), a 3ateM Bce 0oJiee 3aMefi-
Jdenno (puc. IV.13). B 3To Bpemsl moHMXKeHHe YPOBHSI NOAYMHAETCS JIOTa-
prdMUYeCKOMY 32KOHY (3aBucuMoctd S—In { —npsimble aunun). Taras
33aKOHOMEPHOCTb XapaKTepHa INpPH NMOCTOSHHOM fefuTe W NMPH U3MEHEHUU fe-
61Ta 1o JUHEHAHOMY U napaboJHYecKUM 3aBHCHMOCTSIM OT BpEMeHH.

Cropocts QUIbTPAaUM NPUH 3TOM, HaNPHMep MJist CAYYasl MMOCTOSIHHOrO
nebura, B coorsetrcTBuu ¢ opmyoil (IV.1) ¢ yuerom (IV.3) Gymer pasua:

Q
vp = oy (Iv.40)

a JeHCTBUTENbHAS CKOPOCTb IepeMelleHUs! KPUBOH Jenpeccuu

Q
UA—4nkmt . (Iv.41)

Takum o6pa3oM, yepe3 CpaBHUTEJbHO KOPOTKOe BpeMs B caMoll cKpa-
XHUHe M B NpHJeramuied K Hell 30He KPUBasi Jenpeccdd HMeeT TakoH Ke

)

Puc 1V.13. KpuBme pe-

npeccud (@) H rpaduku

[OUHKEHUSI ypoBHa (6)

NpH OTKAUKe M3 CKBaXH-

HBl € TOCTOSAHHLIM  ne6H-
TOM
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BHJ, Kax W NPH YCTAaHOBHBIIEMCS IBUKEHHH H CHUXKAETCS BO BCEX TOWKAX
C oJuHaKoBO# ckopocTbio [B dopmyay (1V.40) Bpems ¢ He BXOLHT U OHa
CoBNajiaeT C BhIPaXXeHHEM [/, CKOPOCTH (HALTPALHH, BLITCKAIOUIMM H3
dopmyant Jdromou]. CropocTs v; no popmyne (IV.41) He 3aBuCHT OT KoOp-
JAWHAT X U Yy, T. € B TIpollecce OTKAYKM KpHBas JenpeccHy B BEPTHKATLHOM
CCUEHUH mepeMew aeTcs napaJjjenbHo caMmoil cefe (cM. CIJIOIIHBIE KPHUBLIE
Ha puc. 1V.13,a).

DTH 3aKOHOMEPHOCTH XapaKTepH3YIOT Pery/sipHblii WIH Tak HasbiBae-
MBIH KBa3HyCTAHOBHUBIUKHACS PEXHM (QHUIbLTPALMH. 30HA, B KOTOPOH (QopMH-
pyeTcst TakKOoH peXHM JABHIKEHHS MOA3€MHLIX BOJ, CO BpEMEHeM pacIHHpsieT-
Cfl W TPH NOBBbIIEHHOH Nbe30TPOBOJHOCTH IIacTa MOXKET JOCTHraTb 3Hauu-
TEJbHbIX pa3MepoB. [IpH AiuTeNBHEX OTKauYKaX B Tpollecce 3KCIVIyaTaluu
BOA03a60OpPOB 3Ta 30HA TPAaKTHYECKHM OXBaTbiBa€T BCIO 0O0JacCTb BAHSHHUSA
OTKaueK.

Caenyer o6paTuTh BHUMaHWe Ha TO, YTO B YCJIOBHSIX HEOTPaHHYEHHOrO
B IJiaHE mJacTa Npu {—o00 THAPABJHYECKOE COMDPOTHBJEHHE, a CleloBa-
TeJbHO, H HOHHXKEHHE YPOBHS TakKXkKe CTPeMSTCS K GECKOHEUHOCTH, YTO He-
peanbHo. B neficCTBUTETbHOCTH BeJMUMHa TOHMIKEHHs YPOBHS, KaK NpaBulio,
OrpaHHuYEeHHas, TIOCKOJbKY MPH OTKauKe U3 CKBaXKHHBI B cepy ee BIHAHHUS
BOBJIEKAIOTCS 3HAUNTENbHBIC IJION(AAHW, H KPUBasf JeNpecCHH JOXOIUT 10
GIMXKAHMINX IpaHUll IJIACTa, CO CTOPOHB KOTOPHIX OCYILIECTBJASIETCS! ero IH-
tanue. [/ 3TOro mepHoAa BpeMEHM YKa3aHHblE (POPMYJIbl, TpHBeJEcHHBIE
151 CXeMbl HEOTPaHHUEHHOTO TIacCTa, MCTOJIb30BaTh HEIb3s.

BwMmecTe ¢ Tem cleayeT HMeTb B BHAY, YTO M B TeX CJyyasix, KOrLa BJH-
fHHE JOMOJHHUTEeIbHBIX HCTOUHHKOB NMHTAHHSI M FPaHHL IVIaCTa CKa3biBaeTcs
R HE3HAUHTEJbHOH CTENEHHM HWJIM COBCeM He CKa3blBaeTcs, NnpH GoJblux ¢
(wiu Goabux Q) pacueTHoe NMOHMIKEHHE YPOBHS MOXET 0Ka3aThCsi GoJibliie
MOUIHOCTH MJjiacTa. B Takux yCJAOBHSIX YCTaHABJIHBaeTCs APYroH pexHM OT-
KAYKH: MOHHXKEHHE YPOBHS B CKBaXKMHE COXPAHSETCH NMOCTOSIHHBIM, a AeGHT
Co BpeMeHeM yMeHbllaeTcs. B cBf3M ¢ 5TUM npHBEAeHHble POPMYJbI NIpUMe-
HUMBI JIVIIb S TepHoJa BPEMEHH, B TEUEHHE KOTOPOIO MOHHXKEHHE ypPOBHSA
Menbine fonyctumoro [cM. ¢popmyaw (I11.2)—(111.3)].

U3 npuseneHHbix peleduil ciellyeT TakXe, 4TO IPH OTKayKe INOA3EM-
HEBIX BOJ M3 CKBaXXWHbl B HEOTPAHWUECHHOM ILIacTe ee BJHSHHE pacnpocTpa-
HsieTcsl 10 «GeckoHeyHocTH»., ONHAaKo mepepacripejeieHHe HalopoB M INOHH-
KEHHH ypOBHS B IJiacTe JIPOHCXOJHT INMOCTENEHHO, C TeYeHWeM BpPEeMEHH 3a-
XBaTbiBasi Bce GoJiee yAajieHHble OT CKBaXuHB 30HH. [losTomy naxe B
130JIHPOBaHHbIX TJIaCTaX MOXKHO BHILEAATh (HaKTHUECKHH, IJIH, IO TEPMUHO-
jJorup B. H. HlenkaueBa, yCJIOBHBIA painyc BJHMSIHUSI CKBAXKHWHB (JaJbHO-
CTH IefcTBHS) r¥yn, TOApa3yMmeBasi NOJ HUM TaKOe DacCTOsiHHE OT CKBa-
MUHBI, faJbllle KOTOPOro B AaHHBIA MOMEHT BPeMEHH 3PP EeKT OTKAUKH Npak-
THYECKH He cKaawmiBaercsl. DPQPeKT OTKayK{ IPH 3TOM MOXET OLEHHBATHCSH
[0 TNOHMXKEHMIO YpOBHA.

3anaBsasich onpejesieHHON BEJHYHHOH NOHHIXKEHHS YpOBHS (HalpuMep,
paBHOH HWJIM He mnpeBHIUalOlleHl H3MEHEHHS! YPOBHS, NPOHCXOJSILIEro B ec-
TECTBEHHHIX YCJOBUAX TOJ BO3JECHCTBHEM MeTeOpOJNIOrHYeCcKHX (PakTopoB),
YCJAOBHBIH pajWyC BAUSHUS r*z; MOXKHO Omnpemeauts H3 cdopmyan (IV.1)
H 1p.

Hs 3tux QopMysa cieayer, 4To npu M3BECTHOM AeGHTE M 3afaHHOM
(1IpUHKMMaeMOM) TNOHWIXKEHHH YPOBHSL Spng Ha TIpaHHUE 06JacTH BJHSHUS
JOJI2KHO BBIEPKHBATLCS COOTHOLIEHHE
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H3 KOTOPOTO BBITEKAET BbIpaXKeHHe JUIS YCJAOBHOTO pajHyca BausiHus [142]:
raa =%} at, (IV.43)

kmSB,,>
'——Q .

[Tpu npomosXuTeJbHON OTKauke B COOTBeTCTBHH ¢ dopmyiol (IV 1)
NOJIYYHM:

rie ¢, = @ (

_2nkmS,
Ps=1,5¢ Q

3HaueHHUsl @, C yBeJHYeHHEM Pacxojla CKBaXKHHBI, NMPH IPOYUX PaBHHIX
yCJIOBHUSIX, BO3PACTAIOT, @ 10 Mepe CHHXKEHHS pacxojia YMeHbLIATCs:

2nkmS
SL™2s1 9001 0,00 0,05 0,0 0,3 0,5 0,6 1 2 3

Qs ... 1,50 1,48 1,43 1,36 1,11 0,91 0,74 0,54 0,2 0,074

CunenyeT, 0lHaKO, OTMETHUTb, UTO 3HaUeHUE 7*s; HE HCNOJIb3VETCS B pac-
4eTax INpH ONpeJeJeHHH MpPOU3BOAHTENLHOCTH Bojo3abopos B pacuerHble
3aBHCUMOCTH BXOJMHT BeJHYHHA ren=1,5) af, onpesensiemass Ha ocHoBe
NpSMOTO COMOCTaBJeHHS (POPMYJH /5 CKBaXHHBl B HEOrpaHH4YEHHOM Ijia-
CTe B YCJOBUSIX HEYCTAHOBHBILIECroCs ABHXKEHHS ¢ QopMytofl [liomon pias
KPYroBOTO IJIacTa C pagHyCoM sy IPH YCTAHOBUBIUEMCS JABHKEHUH.

JanbHoCTh peficTsus Bozo3abopa H peXHM O(HIbTPAlUH CYHIECTBEHHO
3aBHCSIT OT MHTEHCHUBHOCTU JMOMOJNHHTENLHOI'O IMHTAHUA MJACTa.

Honycrum, uTo cpa3dy ke mociae Hayajga OTKayku npu {={0 BO3HHKaeT
AOMOJIHHTEIbHOe TNHTAHKHE BOJOHOCHOTO IJIACTa, OLEHUBAEMOEe MOyJeM
Eund

[Ipu 3TOM /17 HeOTpaHHYEHHOTO MO IJOW(AAH BOJAOHOCHOTO IIJacTa
BhIpayKeHHe AJISi ONpelescHHs MOHIXKEeH!s] YPOBHS [Pl OTKauKe U3 OAMHOY-
HOH CKBa:KHMHBl (HMJIH OJHHOYHOIO YKPYIHEHHOro BoJ03abopa) HMeeT BUA

A
- —El(—q) — =
4ntkm [ =) a ]’ (v 44)
rpe
2 2
rIe A:M; o=
Q dat

H3 »Toft GopMyasl cienyeT, UTO NDH Eunp==CONSt MOHHKEHHE YpPOBHS

C TeueHHEM BpEMEHH JOCTHraeT HEKOTOPOTO MaKCHMaJbHOro 3HAueHHs, a

3aTeM HauyHHAeT YMeHbIaTbcsi DBpeMs MaKcHMyMa IOHHMKEHUS YPOBHS
omnpe/ensieTcsi COOTHOIIEHHEM

r2

tyake = T

; o =A, (IV 45)
aq

N3 dpopmyanr (IV 44) TakKe BHIHO, 4TO NPHU OmpeAesieHHbIX COOTHOIIe-
HUAX Q M &g MOHHKeHHEe YPOBHSI MOXeT IPHHHMAaTb OTpHLATeJNbHOe 3Ha-
yeHne. OZHAKO MOCKOJBLKY NOJZ BEJHUYHHOH Eung N0JPa3yMeBaeTCs AOMOJHH-
TefbHass HHQHUJIbTpauus, o6yc/a0oBIHBaeMas BBOJAOM B JEeHCTBHe Bojgo3abopa,
TEKYWNH (AHHAMHYECKHH) YpOBEHb MNOJA3€MHBIX BOJA [JOJNKEH HAaXOJIHThCH
HAhe NepBOHAYAJbHOro (CTATHYECKOTO) YPOBHS, T. €. B Kax/J0H TOYKe IIa-
CTa B 30He BJANsiHHs Bojpo3aGopa fH(¢{)<<H. u, cnenosarenbHo, S>0 TIlo
TeM e MPHYMHAM He JOJIKHO NPOHCXOAHTb MOBLIUEHHS JAUHAMHYECKOTO
VPOBHSL M COOTBETCTBEHHO YMEHBIIEHHS IOHHXKEHHSI [ocjie [JOCTHXEHHS
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Syare TPH fuaxe, onpenem{eMOM no coorHomwenno (IV.45), T. e. monxHo
ﬂr Eund
_Q— > 1,
UTO HEeBO3MOXKHO. TakiiM 06pa3oM, pakTHUECKH YPOBEHb MOA3EMHBIX BOL
npu emmp=const u A—1 crpemurca K cTabHINU3aLHUH.

CraTHueckH# ypOBeHbL MOJ3eMHBLIX BOJ B CE30HHOM H TOJIOBOM paspese
MOXKET 3HauHTeJLHO K0Je6aThcsl NO0J BJHSHHEM eCTEeCTBEHHBIX THIpOMeTeo-
posiornueckux GpakropoB. OQHAKO 3TO He JOIKHC OTPA3ITHLCH HA NTOHHMKEHHIL
YPOBHS, 06yCJOBJEHHOM OTKA4KOH M3 BON03a60pa, NOCKOJbKY OHO OTCUHTHL-
BaeTCst B KaXKAbll JaHHBLI MOMEHT BPEMeHH OT CTaTHUeCKOr0 YpPOBHS.

OBITL BCerja S>Smm. B npotruBHOM csyuae HalO NPHHATL A =

5
& &5 €

Puc. 1V.14. Tpadukn NCPHOAHYECKOro HHQHALTPALMOHHOTO HEPABHOMEPHOTO MUT2HHA (@) H
paBHOMepHoOTO (0)

[Ipn mepuonuueckoM HHOUJILTPALUHOHHOM NHTAHHH, NPOHCXOAAIIEM
€)KerojHo B MHOrOBOJHBLE NepHOAL (HanpuMep, NCPHOALI CHeroTasHUSA HJIH
MaKcUMaJbHOH HWHTEHCHBHOCTH BbiMajeHHs aTMOC(QEPHBIX 0OCAaIKOB), MOHH-
eHHe YpPOBHsI B Tpollecce 3KCIUTyaTallMH BOA03a00pa B HEOrPaHHUEHHOM
MO MJIOIiAJH PACHPOCTpaHEHHsT IIacTe BLIPA3HTCH cJaelylouliM obpa3om
(puc. 1V.14,a):

-9 ‘[~Ei(-a)_ 5 (A, — A, —ﬁi——i] (1V.46)
4nkm j=1 ! ! aft—t;_y)
rae j=1, 2, .., b k— obuee uic;10 NCPHOAOB HHGUJILTPALHONNOTO IIITAHMHS,;
’ f2 r2 f2
)= Gt —t dat—1a)
Ipu j=1, e;=0, ¢;—,-1=0, e3=g5=0, T. e. NCPHOAL OTCYTCTBHS HH-

¢uabTpanuu yuuTeiBaloTcst B opMyse Tak »Ke, KaK NEPHOAbLl HAJHUHS HH-
bunpbrpanun, HO ¢ o6paTHbLIM 3HAKOM

Onmput < ’,—1 o
t—1t. =
f( ]'—]) {I npu >~ []._1 ,

TAe {;, — MOMEHT BDEMeHH, Ha KOTODHIH oNpenc/asercs MOHHKEelUHe VPosHa S.
[Ipun onunaxoBoil BejHUHHe M PaBHOMEPHOM pacrpellefieHHH NEPHOLOB
HHpuIbTpanun popmyna (IV.46) HpellCTaBHTCH Tak (cM. puc. IV.14,6):

Q M=t
— —a) — . V.47
= e | T EI T e Z (t—1i) (40
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TakuM o6pa3oM, npH OlleHKe BJAUSIHHS PAaBHOMEpPHO H3MeHsIOILeHCcs HH-
PUAbTPALHA CJENYeT YUUTLIBATL CYMMApHYIO MJHTENbLHOCTL e€e meliCTBuS,
KOTOpasi, Kak MPAaBMHJO, HAMHOTO MeHbIlle CPOKa IKCMJAyaTallHH BojgosaGopa
Hanpumep, ecsy 0cHOBHOe HHPUALTpAUIIOHHOE MHTAaHHE MPOHCXOQUT B Npel-
NABOJOUHbLIE MEpHOjbl CHeroTasiHUsi, a TakXe BO BpPeM$ MAaBOIKOB, KOTja
[IOTepH TMOBEPXHOCTHOrO CTOKAa B 30HE BJHAHHUSA BOA03abopa gOCTHTAIOT
MaKCHMYMa, TO AJHTeJbHOCTh ero coctaBut 8—10% obuero akenayaranu-
OHHOr'O BpPEMEHH.

[Tpu sokanbHOM HHPUALTPALUOHHOM NHTaHIK oblas pacueTHas ¢op-
MyJa /51 OUEHKH MOHHKEHHSA YPOBHSI U B COOTBETCTBHH C 3THM MaKCHMa/lb-
HO BO3MOXHOH NPOHU3BONUTENLHOCTH BOp03aGopa B O6mieM BHIE MOXKET
ObITh BEIpAXEHA CJELYIONHM 006pasoM

Q

= 4nkm

[—Ei(—a) —AR (x, y, D] (IV.48)

[TepBuifl uNeH XapakTepH3yeT NOHHXKEHHe YPOBHS, KOTOpPOe HMeno Oul
'MeCTO NpH pacxome ) B H30JIHPOBAHHOM MJacTe, a BTOPOil wieH — addex:
HHQHUILTPAIMOHHOrO NHTAHUA. Belpaxkenua dyHkuuu R (x, y, t) Aas noaoco-
00pasHOl W KPyroBoH o6JacTeli WHOWILTPAUHOHHOIO NMHTAHHS NPHBEIEHH
B rabn IV.1.

@opmyasl (1) 1 (2) B Taba. IV.1 pisi HOJ0COBOH H, B 4aCTHOM cJyuae,
JHIHCHHON MHOUABTPAILMH XapaKTEPU3YIOT «0ecKOHeuHble» 061acTH HHPHIIL-
TpauuoHHoro mutaHusi [losTOMy B mpepnesie, Tak ke KaK HPU NOCTOAHHOH
‘PaBHOMEpHO pacrnpejeseHHON HHOHUABTPALNI B HeorpaHH4eHHOM MO TJIOLiA-
J4 mjacte, 10 pacyeTy MOHHXKEHHE YPOBHST MOKeT OKa3aThbCsi PAaBHLIM HYJIIO
HJIM JlaXKe HUMeTb OTpUUATeNbHOe 3HaueHHe.

CiocfoBaTeIbHO, M 371€Ch HYKHO cobaiomaTh yeaoBusi H (1) <H. n
S>Suaxc-

Ons yuera nepHOgHYHOCTH HHGHJALTPALUHOHHOIO MHTAHHA B paccMar-
PHBAEMBbIX JIOKAJbHLIX CX€MaX MOMKHO HCNO/bL30BaTh 3aBHCHMOCTH, aHaJIo-
riiudpte  gopmysnam  (IV46) npas HepaBHOMepHOro  mHUTaHusa (M.
puc. IV.14,a) u (IV 47) — nns paBHOMepHOTO nmHTaHHsa (cM. puc. IV.14,6).
B coorBerctBHHU ¢ o6medt dopmynoi (IV.48) noHH:keHHe YpPOBHs NpPH 3TOM
BHIPA3UTCA CJIEIYIOLNM 00pa3oM:

IJst cXeMbl HePaBHOMEPHOro MHTaHIS

Q k
§ =1 = [_ Ei (—a)— ,EI(AJ —A_)R(x, v, t——tj_l)f(t—tj_l)]; (IV 49)

JJig CA€MLl pPABHOMEPHOI'O MHTAHUA

_Q

T Ankm

k
[—Ei () —A4 X R(x, y, 1 —1_y) f(t—t]_l)] . (IV 50)

=1

tae - epnHuunas Qysnuns (M dopwyay (1V46)], R(x, y, —i,-1) ompemeasiotes mno
Tabn IV 1 ang coOTBETCTBYIOUIHX CXeM HHQHABTPAUHH NpH I—i,— 1=, t=1,, {=ly,

Kak BHAHO 13 H3/0KEeHHOro, HHGUABTPALHOHHOE MIITaHHE MNIACTOB
B pesysnbTaTe 6oJee MHTEHCHBHOIO MOCTYNJIEHHS B HHX aTMocdepHbIX ocal-
kOB 1 MOTeph MOBEPXHOCTHOrO CTOKA 113 PA3PO3HCHHOH OBparKHO-GasouHoi
CeTH siBAsieTcss BecbMa MOMIHBIM (aKTOpoM (HOPMHPOBAHMS JONONHHTENb-
HpIX 3aMacoB NMOJ3EMHBLIX BOI NMPH 3KCIJIyaTalHH BOL03a6OPOB, uTO CJAELY-
€T YUUTLIBATH MPH NPOEKTHPOBAHHH.
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Ta6auruna IV.1

3aBHCHMOCTH 178 OnpefeNeHHs (GYHKUHH NONOJHHTENLHOre HH(HIBTPANHOHHOrO NHTaAHHA
R (x, y,!) x dopmyne (1V.48)

CxcMa ‘ DOopMYIbl MpHMevyanus
X " 2 Az
| 9 . _ iferfch = | (1 4 24%) 4-erfc A — —— e
// 2 R (y, t)——a—(i?elfcn}/a—tgcrfcyg I/a J (1 E14
RSP«
—AZ
s mpu Iy terfch = ¢ — —AerichA
81/H$ Q) V
g N 2 7.Va) @ "
s f) = ] f ’
2 >4 Rw. 1 V; Lerlely ¢ @) erfch = | — @ (&) (cM. npuaoxenne II)
9
711 _ = @ty
31|Hfb=—g'”;£ = r PV = r ’a_4¢1t'
rP=(x—x)% + (y — yo)°
[5, 39]
X\ {2 05’
Y ¢ . -2
# R(x,y, ) ~—Ei(—p*a) (3
N ! TN
< ] x npuT<10;p>l,5l 2+ L 5:_9_
% Y ’
~ —
\? - (32, 39)




4, OBOBIMEHHBIE CHUCTEMbI CKBA)XHH

s pacuera Bom03abOpOB, COCTOSALIHX H3 GOJBILOTO 4HCJAA CKBAXKHH,
YacTO HCTOJbL3YETC MeTOA, NPH KOTOPOM TCPYNNbl B3aHMOAEHCTBYIOLIUX
CKBaXXUH MpEICTABAAIOTCS B BHIE TaK Ha3blBaeMblX 0GOOIIEHHBIX CHCTEM.

TakuM nyteM Gonblloe 4HCJIO CKBAXKHH 3aMeHSeTCH OJNHHM YKpPYNHEH-
HLHIM BO103a060pOM, HampuMep TODH3CHTAJLHOH [peHoH, rasepeed HJIH
«BoJbIIUM KoOJMOAUEeM». B naHHOM ciyuae BAHAHHE B3aHMOLEHCTBYIOLIHX
CKBAXXHH OIEHUBAETCA CyMMapHO He TOJbKO B ylaJeHHbIX oT Bomo3zabopa
TOYKAX, HO H HA CaMHX yuacTKaX pPAacClOJIOXKEHHSI CKBAXKHH: 371eCb OHH TOXKe
Kak OH o6o6uiaioTcsa. DTO H 1410 OCHOBAHHE HA3LIBAaTh TakHe BOp03a0OpHl
0606IIeHHEIMU CHCTeMaMHu [26].

[TounKeHne ypoBHS MON3€MHLIX BOJ, BBI3BaHHOe aeHcTBHEM 0606mieH-
HbIX CHCTEM, CCTECTBEHHO MeHbIlle MOHHKEHHS YPOBHSA B CAMHX CKBaXKHHAX,
MOCKOJBKY TIPH 3TOM H3 pacCMOTPEHHSI HCKJ/IIOYAIOTC 30HB HauboJsblled
nedopManHi nemnpeccCHOHHOH NMOBEPXHOCTH BOMH3M KaXmoH ckBaXHHBL. Oa-
HAaKoO, TOAb3YSich METOAOM (GHALTPAUHOHHBLIX CONPOTHUBJIEHHH, NOTOTHHTENb-
HOe TOHHMKEHIEe YPOBHS B CKBAaXKHHAX MOXHO ompenejuTs oTaensHo. Tor-
Ja ToJloe MOUHMXEeHHe B HHUX S BHIPA3HTCS CYMMOH.

S=38,+ASs » (IV.51)

rae S, —nouMiKenue ypoBHA, o6ycaoBaeHHoe AeHcTBieM o6obuenioft cucTeMbl; AScxs —
JOTONHATENbI0E TIOHUIKEHHE y POBHSA B CaMOH CKBaXKHHe

CooTBeTCTBeHHO TOJHOe Ge3pasMepHOe COMpOTHBJAeHHe R BLIPASHTCHA TaK:
R=R,+ AR p, . (IV.52)

Tae Rﬁ) — BeJIHUKHA, XaPAKTEPH3YIOLAAd BHelLlHee CONPOTHBJEHHE, KOTOpPOe 3aBHCHT OT pas-

MepOB y4YacTKa B3aHMOJeHCTBYIOLUIMX CKBAMHKH, YCJAOBHH Ha IpaHHIAX BOJOHOCHOTO NJIACTA,
KO3((PHIKEHTA Nbe3ONPOBOJHOCTH H TNPOLONMHTENBHOCTH AeHCTBHSA CKBamHKH; ARcxn —
JONOJHATCABHOE CONPOTHBJEHHE, OnpelesisieMoe B 32BHCHMOCTH OT PacCTAHOBKH CKBAXXKH
BHYTPH CHCTeMbl (BHYTpeHHee CONPOTHBJEHHE).

Huxe npuBoasites pellleHds 11 000OLIEHHBIX CHCTEM CKBAaXKHH B BHje
fpsiMofl JIMHHH (rajsepeH) OrpaHHYEHHbLIX H HEOrpaHHYEHHBIX pPa3MEpPOB,
6eCKOHeUHOH MOJOCH, KOJbIa H orpaHHueHHol nuoumiany. [Tpu aToM B Haya-
Jie 1aHbl BbIpaKeHHs 113 onpefesienns Sy M Ry, a 3aTeM obmue 175 Beex
CHCTeM 3aBHCHMOCTH, HO KOTODHLIM MOXeT ObiTb BHUYHCJIEHO JOTMOJHHTENb-
HOe IOHHKeHHe B CKBaxKHHe ASc¢xs H COOTBETCTBEHHO JOMOJHHTEJLHOE CO-

npotusaenne ARcys.

Jlngeitnas cucTeMa CKBAXXKHH OrpaHHyYe HHOH NPOTAKERHOCTH

Jlunefmpiit pan cksaxun aanuol 2 [ (puc. 1V.15) ¢ pacxomom kammof
CKBaXHHBI Q 3aMeHsieM pPABHOMEPHO pAaCHpenesNeHHbIMH HCTOUHHKAMH C
cymMmapHbIM pacxonoM Qeym, PaBHBIM CYMMAapHOMY pacxoly peadbHbIX
ckBaxuH. IIpH >ToM BbI3BaHHOE ero neficTBHeM MNOHMXKEHHE YpPOBHA CO-
CTaBHUT:

S Jom_p (IV .53)

4nkm

rie Rn— Ge3pasMepHOe THAPABIMYECKOE CONPOTUBJEHHE LpH AeHCTBHE JHHefiHOH cucTe-
Mbl CKBa:KHKH
147 1—x
Rn=‘2— lﬂ(a0+’ﬁ+)+—2__ ln(ao__,ﬁ_); (IV.54)
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z . Puc. IV.15. Cxemst K pac-
Mz, vyery sauuefinofi cucTeMH
N . .9 CKBAXHH B  HAMOPHOM
. ____,_d: maacte (@) U GeaHamnop-
{ o Hom (6)
PN L?
I I -
¥ ¥
a 3
1) \ ), 8)
TSRS A}VWM 4 TSRS ST (TRRSTRSRS
—
& T~
ST
S ’// 45l
kY
S ox
@ sl NS
T R T|x
7 S . 2 7
o Ve (ot _
J/l(dui»ﬁ!) I%\%Q? 1.’! —_ 7 e 1) (‘/ 2 ) dz;
mm 2 /2
o
0
S s// / / - (IV .55p
%’/j / 9
d EYSARNY, - * . y_. y .
// ‘%/ X 77 ﬁ_l,_: b= —
7} l I+ x i — x
iV /4878 (143 (1— )
§ B SRR 5.t ol AU Ut 2 N
—LI J/// / 0+ 4Fo ' 4Fo0
\RRY//8aaan :
4 / / Fo-——-—al-z-—; (D(Vz >—— HHTErpan
5 Y/ BepPOSTHOCTH,
2 éz_— 3uauenus uHTerpanaa (1V.55)
A Z B LIMPOKOM NHamasoHe H3MeHe-
0 = intjuq, HUA Gox U B+ IPUBENCHH B TabJI.

4 2 g9 2 4 § 6 W 2 n

1A,

Y 5 250 2500 2500 500000
005 25 25 25 230 2600 25000, 2

Puc. 1V.16. T'paduxn dvuknuit /1 no dopmy-

ne (IV.55)

IV.2 u na puc. IV.16,

[Tonb3ysico dbopmynamu
(IVv.53) u (IV.54) u rpaduxa-
Mu Ha puc. IV.16, moxiuo onpe-
LEeJIUTb TIOHHX>KEHHE YPOBHA B
J1000f TOYKe MIacTa C KOOpIH-
HaTaMu X, 4.

IMpu x=0, 7. e. An5 ToUeK, PACTIONOKEHHHX Ha JIIHHI, HepPTIEH AUKY s P-
HOI JIHHHM CKBaX»HH H npoxonsiuell yepes ee cepeliny, 6yieM HMETD:

.
Ryjz—o=— S Ei (
0
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4yt i
4Fo ) :
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3HaueHns ¢GyHKuMH

Ta6aupa IV 2
Ix (0ox, B+) mo dopmyne (IV.55)

I B
4ty 0,01 005 | o1 o15 " | o030 | os0 | 1
1,26.10—2 0,314 0,251 0,157 0,094 0,010 0,
1,66-10—2 0,471 0,314 0,220 0,136 0,026 0,003
2,5.10—2 0,544 0,440 0,314 0,209 0,057 0,006
2,77-10—2 0,628 0,471 0,330 0,241 0,073 0,009
3,12.10—2 0,680 0,503 0,361 0,272 0,089 0,016
3,54-10—2 0,732 0,534 0,408 0,304 0,110 0,019
4,16-10—2 0,785 0,597 0,455 0,356 0,141 0,031
5,10.10—2 0,858 0,660 0,518 0,419 0,183 0,050 0
6,25-10—2 0,942 0,754 0,613 0,503 0,246 0,078 0,002
8,333-10—2 1,094 0,880 0,754 0,628 0,346 0,138 0,005
0,125 1,257 1,100 0,958 0,838 0,529 0,258 0,027
0,25 1,728 1,571 1,429 1,288 0,937 0,587 0,143
0,5 2,200 2,136 1,979 1,843 1,466 1,055 0,419
2,5 3,770 3,613 3,456 3,320 2,922 2,457 1,519
5 4,400 4,273 4,131 4,000 3,592 3,123 2,221
25 5,969 5,875 5,733 5,592 5,184 4,706 3,780
50 6,754 6,566 6,424 6,283 5,822 5,397 4,468
250 8,325 8,168 8,027 7,896 7,482 7,006 6,070
500 8,953 8,891 8,734 8,587 8,179 7,696 6,763
2500 10,611 10,493 10,336 10,189 9,786 9,305 8,372
25.103 12,881 12,786 12,629 12,493 12,048 11,608 10,675
25.104 15,237 15,08 14,938 14,797 14,388 13,911 12,978
25-108 19,792 19,698 19,541 19,405 18,996 18,517 17,584
ITpodoascenue taba. IV. 2
I B
dotgy. 2 3 5 10 5| 20 | 100 | 200
1,26.10—2
1,66.10—2
2,5.10—2
2,77-10—2
3,12.10—2
3,54.10—2
4,16.10—2
5,10.10—2
6,25.10—2
8,333-10—2
0,125 0
0,25 0,02 0
0,5 0,040 0,002 0
2,5 0,652 0,246 0,024 0
5 1,160 0,603 0,143 0,035 0 0
25 2,608 1,886 1,034 0,218 0,034 0,004
50 3,279 2,536 1,612 0,579 0,178 0,049
250 4,871 4,107 3,124 1,820 1,126 0,701
500 5,562 4,796 3,805 2,442 1,715 1,2211 0 0
2500 7,170 6,401 5,404 4,035 3,245 2,6791 0,219 | 0,04
95.103 9,472 8,705 7,705 6,329 5,519 | 4,945} 1,822 | 0,697
25.104 11,775 11,005 10,008 8,631 7,819 7,273| 4,036 | 2,663
25.108 16,380 15,611 14,613 13,237 12,424 {11,845} 8,629 | 7,197
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I'paduru Rajx-o, NOCTPOEHHBlE MO Pe3YJAbTaTaM BLIYHCJIEHHH MO ¢op-
myae (IV.56), npencrasienn Ha puc. IV.17. 3Hauennss Rax—¢ INpUBeLEHbl
B Taba. IV.3.

Ta6auuwa IV. 3

3navennn GespasmepHoro conpoThienns R,z o no dopmyae (1V.56)

Fo In Fo y =015 y=0,3 y=05 y =1 y =2 7=3 =5

0,0125 | —4,382 0,093 0,011

0,025 —3,689 0,213 0,059 0,006

0,050 —2,996 0,413 0,184 0,049

0,125 —2,080 0,837 0,527 0,259 0,026

0,25 —1,387 1,291 0,939 0,588 0,144 0,003

0,5 —0,694 1,841 1,463 1,056 1,419 0,040 0,002

2,5 10,916 3,321 2,919 2,456 1,592 0,652 0,246 0,024
5 1,609 3,997 3,592 3,121 2.222 1,160 0,603 0,143
25 3,218 5,592 5,185 4,707 3,779 2,607 1,886 1,034
50 3,909 6,283 5,825 5,398 4,468 3,279 2,536 1,612
250 5,521 7,892 7,483 7,005 6,070 4,871 4,107 3,124
500 6,214 8,585 8,177 7,698 6,762 5,562 4,796 3,804
2500 7,824 10,193 9,786 9,307 8,371 7,170 6,401 5,404

I s ompenesieHus: MOHHXKEHHsS YPOBHA npu y=0, T. e. BLO/NDb JHHHH, HA
KOTOPOIl PACMOJOKEeHbl CKBaXKHHBI, U3 Qopmyast (IV.54) mosmyuum:

11X Ei(_ (1 +})2)_

Wy=0"""" 9 4Fo

1 —x (1—})2) l/ ) 1 4%
— 2 E1 (— IFo -} nFo[@ (QVF_O )—{—

/

1—X
~O{—. (IV.57)
(QVFO)

1o pewenne pano H. C. ITuckynoBnim [26, 137]. 3Hauenus ¢GpyHKOHHU
Ryjz-0 npuseneun B Taba. IV.4 u Ha puc. IV.18.

B Tom cayuae, korga no rpadukam Ha pHc. IV.17 u IV.18 HeoGxoaumo
onpenenutb Ry nias Fo>>3000 (Im Fc>>8), HyxHO HCHoOnb30BaTh Cjefylo-
U.Lle 3aBHCHMOCTD!

R

In Fo

Ry =Rm~—— In Fo, * (IV.58)

rae R — HcKOMoe THAPABJIHYECKOe COMPOTHBJCHHE 118 MOMCHTA BpEMeHH, OTBedalolle-
ro Fo, Rgy-—ragpaBidyeckoe CONMPOTHBJEHWe, ONpejenaseMoe mnpu JJo6ov 3uadenun Foy
B GpellelaX NpAMOJHHEHHOA YacTH 1padrKoB

Vimesi 3Hauenus Rajz—0 H Rajy_o, 1o dopmyne (IV.53) moxHo omnpe-
Jle/THTL TIOHHKEHHe YPOBHs S B TOUKAX, PACTIONATAIOLIXCS BAOJb IBYX B3a-

MMIIO TepredaHKYaspHbX jiaui: x=0 u y=0. [To 310li dopMYyne erko pe-
IDUTbL TaKkihe O6paTHyIO 33113‘{y — Mo SHILHIIHbIM NOHHUXKEHNAM Ha YKa3alHbX
JUHUAX HalTH CyMMapHoi pacxon Qecym JUHEHHOH CHCTEMBI CKBAaXKHH.
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Ta6bauuna 1V, 4

3uauenns GeapasMepHOro COTPOTHBIAEHHA R, = o no hopmyae (I1V.57)

X

Fo In Fo
0 ( 0.6 1 0,8 ' 1,0 15 20 | 30 [ 5.0
0,08 —2,526 1,001 0,955| 0,856] 0,504 | 0,02% | 0,001 0,000 0,000
0,1 —2,303 1,117 1,053 0,936| 0,560 | 0,040 | 0,002 0,000 0,000
0,2 —1,609 1,552 1,411 1,2361 0,792 | 0,121 0,017 | 0,000 0,000
0,4 —0,916 2,083 1,859 1,626 1,117 0,288 | 0,079 | 0,004 0,000
0,5 . —0,693 2,271 2,023 1,773 1,245 ! 0,366 | 0,118 0,008 0,000
1 0,000 2,889 2,582| 2,290 1,713 | 0,679 | 0,320 0,059 0,001
2 0,693 3,545 3,200( 2,881 2,271 1,154 1 0,668 | 0,219 0,016
3 1,099 3,935| 3,579 3,250: 2,628 1,470 | 0,936 | 0,337 0,051
5 1,609 4,435| 4,067 3,730¢ 3,097 1,904 1,325 | 0,672 0,160
7,5 2,015 4,835 4,498 4,121| 3,482 | 2,272 1,667 | 0,929 0,330
10 2,303 5,119 4,743 4,395] 3,758 | 2,538 1,921 1,171 0,448
20 2,996 5,809} 5,420} 5,081} 4,435 | 3,200 | 2,534 1,759 0,891
30 3,401 6,211| 5,82 5,482| 4,835 3,385 | 2,952 2,130 1,204
50 3,912 6,721 6,339 6,003| 5,341 4,099 | 3,447 | 2,608 1,642
100 4,605 7,4161 7,032| 6,681 6,032 | 4,789 [ 4,129 3,278 2,270
200 5,299 8,109 7,722} 7,373} 6,721 5,475 | 4,819} 3,961 2,936
300 5,704 8,513 8,128} 7,778} 7,126 | 5,881 5,220 | 4,362 3,328
500 6,215 9,024| 8,639| 8,280 7,637 | 6,390 | 5,728 4,872 3,834
750 6,620 9,430 9,044} 8,694 8,045 | 6,795 6,138 | 5,279 4,234
1000 6,908 9,7171 9,332] 8,982) 8,332 7,087 6,424 | 5,565 4,520
2000 7,601 | 10,411 10,025| 9,674| 9,024 | 7,774 | 7,115 6,255 5,214
3000 8,007 | 11,732} 10,430 10,080| 9,430 { 8,170 | 7,519 6,660 5,615

Jlis TOYKH, HaXoAsllefAcss B HeHTPe JHHEHHOH CHCTEMEI CKBAXUH, IPH
x=y=0u3 (IV.56) u (IV.57) umeem

Ry fregmo=—Ei (— —l—\) + 2V nFo @ ( (IV.59

1
4Fo 21/;5 )
DTOMy ypaBHEHHIO COOTBETCTBYIOT BePXHHe KpuBbie Ha puc. IV.17 nIV.18.
[Tpu Fo>4-+6
16, 4at

12 (IV .60)

R

.n/;=_;/-=0 ~n

Ha KOHLEBHIX yyacTKaX JHHEHHON CHCTeMb CKBaXHH Npu ¥===1, y==0

1 — 1
Ra }=i1=—Ei<———-+V:nFo(D( __) (Iv.61)
=0 Fo ) V Fo
u npu Fo>4-+6
_ 4 lat
Ra|x=x1=In 2 (Iv.62)
y=0

TaxkuMm o6pas3oM, BeJHuyHHA R; B KOHLUEBEIX TOYKAX HECKOJbKO MeHblIle,
yeM B LEHTpE, UTO JIerko 0ObsICHSIETCS MeHee 3HAUHTebHLIM BJIHSHHEM BCEH
CHCTEME! Ha KOHILIE€Bble yYaCTKH, Ile MOHHKEHHS] YyPOBHA MHHHMaJjbHbIE 110
CpaBHEHHIO C JPYIIIMH TOYKAMH Ha JIHHHH PaCHOJIOKeHHS CKBaXKHH.

Owmubka npu onpeneneHiy NOHUKEHHS ypOBHA B CKBaXKHHAX, OMyCKae-
Masi BCJIEJCTBHE 3aMeHb NeHCTBHTEJNbHOrO PiNa CKBaKHH JHHEHHOH 0006-
IeHHOHM CHCTEMOMl, KaK MOKa3biBAIOT CONOCTABAEHHS C TOYHBIM pelICHHEM,
npu Fo>>5 ne npeprimaer 3—5%. [1pu 310M 10CTaTOUHO, YTOOB! YHC/IO CKBA-
KHH B Paay ObI10 6ojee Tpex. Takue COMOCTaB/eHH IMPOBOLHIHCH
B. M, UlecrakoBumM [137] u np. IloapoOubiii ananus 3TOro BONpOCA, NOA-
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TBEPKAIOLUIHA yKa3aHHHIE BHBOJA, cAenad H. H Bepuruunim u B. C Cap-
KucsiHoM [39, 41].

Ilpu pacuerax Ha NOCTATOYHO JJIHTENbHOE BpeMs (KBA3HCTALMOHAPHLIH
(+1vl)+#
4at
33aBHCHMOCTH [JI JIHHEHHOrO Psifa CKBaXKUH OTPaHHYEHHON AJHHE HECKOJD-

KO YNPOLIAIOTCA,
B 3toM cayuae pyHKUHIO R; MOXKHO 3aMHCaTh B BHIE.

pexumM ¢$purbTpanuu), Koraa <C0,1, npuBeneHHHe pacueTHLE

Ry= Q[In 'r”’ 1, 'y)], (1V.62a)
np

rae rpp — NPUBEACHHHIA paduyc JAHHEAHOTO BOAO3abopa; rpp= Vx2+y2+12, rsx —— pa-
aunyc, onpeaensieMbrft no gopmyne (IV6)

- X
3Hauenns GyHkuuu f(X, y) B 3aBHCHMOCTH OT NapaMeTPOB X = - 1

§= %- npuBefeHs B Taba, IV 5,

Kak BunHo u3 taba. 1V.5, ¢pyHkuus f{x, y) nocTuraer MakcumaJbHOro
3HaueHusi, pasHoro 1, B menTpe BonozabopHoro psana. C ynasenHeM oT BOJO-

3abopa OHa VMeHbLIAaeTCH M NMPH PacCTOAHHU y==x>15—2 nasa onpexpene-
HH$ THAPABJIHYECKOrO COMPOTHBIEHHS C TOUHOCTBIO 10 5—7 % MOXKHO ICMOJIb-
30BaTb OGLIYHYIO (POPMYJIY A5 OJHHOUHOH CKBAaXKHHBI TNPH 3TOM H3OJHHUH

HamopoB HMEIT (opMY, OJH3KYIO K OKPYKHOCTH.
Ta6bnuna IV 5

3HaueHHa GYHKUHH f(;, y_) B Gopmyae (1V.62a)

<l

o | os | os | o8 | 1 | w2 | ows | 2 | 25| 4
0 1,000 { 0,981} 0,96t | 0,879 | 0,654 | 0,418 | 0,228 | 0,157 {0,102| 0,041
0,1 0,853 | 0,834 | 0,816 | 0,740 ! 0,578 | 0,407 | 0,268 | 0,156 |0,102| 0,041
0,2 0,726 | 0,708 ( 0,692 | 0,626 | 0,511 { 0,390 | 0,262 | 0,154 | 0,101} 0,04
0,3 0616! 0,602 ( 0,588 | 0,644 { 0,450 | 0,358 | 0,251 | 0,151 [0,100| 0,04
0,4 0,524 | 0,512 0,501 0,461 | 0,398 i 0,327 } 0,238 | 0,147 {0,098} 0,04
0,5 0,446 | 0,438 | 0,428 | 0,398 | 0,350 | 0,296 | 0,223 { 0,142 | 0,091} 0,04
0,6 0,382 | 0,374 | 0,366 | 0,344 | 0,310 { 0,268 | 0,208 | 0,136 {0,093 | 0,039
0,8 0,283 | 0,279 | 0,275 | 0,262 | 0,242 | 0,208 | 0,178 | 0,124 |0,088{ 0,038
0,214 | 0,212} 0,210 0,203 0,191 | 0,176 | 0,150 | 0,110 {0,082| 0,037
1,2 0,166 | 0,165 | 0,164 [ 0,160 | 0,153 | 0,144 | 0,126 | 0,008 | 0,074 0,036
1,5 0,118 0,117 { 0,116 | 0,114 | 0,112 | 0,108 { 0,098 | 0,081 |0,064| 0,034
2 0,073 | 0,072 | 0,072 | 0,072 0,071 | 0,069 | 0,061 | 0,058 |0,050] 0,030
2,5 0,049 | 0,049 | 0,048 | 0,048 ( 0,048 | 0,047 { 0,046 | 0,042 | 0,038 | 0,026
4 0,02 0,02 0,02 0,02 0,02 0,02 0,019 | 0,019 |0,019| 0,015

370, OQHAKO, MPUMEHHMO TOJBLKO K JHHEHHEIM CHCTEMAM CKBAXHH Orpa-
HHYeHHOH NJHHH. JIuHefinble CHCTEMBI CKBAXKHH BeCbMa 3HA4YHTeNbHON (Teo-
peTryecKH GeCKOHEYHOH) MPOTSXKEHHOCTH XAapaKTePH3YIOTCSE HHOH CTPYKTY-
poH TeueHHd, W AJd pacyeTa TAKHX CHCTeM HeOOXOLMMO NMPUMEHATL METOMH,
OMHCHIBAeMble HUXKe,

CucTeMbl cKBaXHH HEOTPaHUYEHHOR NPOTAXKEHHOCTH

IomycTuM, 4TO CKBa*KHHBI OTHOCHTE/JILHO PABHOMEDHO PACHOJOXKEHHl B
BOJOHOCHOM nJacTe Ha MJIOLIafH, KOTOPYIO CXeMaTHYeCKH MOXKHO HpeacTa-
BHTb B BuJle BBITSHYTOH mosockl wHpuHoi 2/ (puc. IV.19,a).
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Pelienye 3agaun 0 NPHTOKE MOA3EMHBLIX BOA NPH AEHCTBMH TaKOH CHC-
reMbl 6yJeT HMeTh CJeyloLuH BUA!

Qeym 5
Snon = % Ruons (IV.63)
mae

Rnon:&[m(l—y)+®(l+y)+ LA R '] Y

2 2V Fo 2V Fo V Fo 2V Fo
11t e 1+_y], (IV.64)
VFO Ql/Fo

the « — MJoulaab pacrnonoxeHHsa CKBaXHH
CiepyeT uMern B BHAY, YTO B Npejeax IoJoChl P23MEILeHHs CKBaXKHH
HYXKHO NPHHHMATL y< 1, 32 ee npegenaMu y>1 (BCIOAY CO 3HAKOM ILTIOC).

a) ),

z ~—
ti %9
M(z,Y) ¥
< 3
x| >
&r -
> ™
[ ¥
o [/
i
¥ y
Puc. IV.19. CxeMmnl K pac-
yeTy noJgocoobpasnoil (a)
H JHHelinoll (0) cucreM
CKBaXHIl BecbMa 3Ha4H-
Teabd0R  («GecKoHeuHoH»)
BPOTAKEHHOCTH

Eciu cKkBaxuub pachnoJoXeHbl [0 JHHIHN HCOTpaHHUeHHBIX Pa3MeposB,
T. e. Korna (=0 (puc. IV.19,6), to Bmecro (IV.63) moayuum:

ql
San= Ryu; (IV .65)
km
Ran =V Fojeric —2— . (1V .66)
21 Fo
at - Y . -
B oGoux cayuasx Fo= -12-; Yy = =, npuuem [ — HCKOTOPBHIH JIHHeHHLIH pa3mep,

paBHblfl, HANPUMED, NOJOBHHE LUMPHHB NOJOCHI MM AEACTBHTEJbLHOH MPOTSAXKEHHOCTH pANa
CKBaXHH (BMeCTO [ MOXHO NPHHUMATb TaKKe PacCTosiliHe MeXAY CKBAXKHHAMH); ¢ — elH-
HHYHBH pacxon psfia ckBamuH (IBYCTOPOHHHIT).

Ha puc. IV.20 npusejenn rpaduku Ryuox H Rau, TOCTPOEHHBIE 1O Pe3yJib-
TaTaMm pacyeta no gopmyaam (IV.64) u (IV.66) ans pasnuunnix y u Fo. Ec-
Jau NpHHATb Qcyy PABHLIM ¢, TO Pa3JjiHuHsl B pe3ysibTaTaX pacueTa y¥xe [pH
y=1 (ua puc. IV.20 6e3pasmepHble KoOpliaThl 0003Ha4YeHbl: Yy — A4S MO-

JIOCOBOH H Y; — s JIHHEHHOH CHCTeM) OKa3biBRIOTCs1 NMPAKTHUYECKH COBep-
uweHHO Hecyectsennbimii, ClleoBaTesbHO, 32 NpeesaMil noJocoso# obac-
TH NOHUIKEHHEe YPOBHsI BO BCEX CJydasix MOXKIIO OnNpeleJisiTh 10 IPOCTOH (op-
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myae (IV.66), T. e. cyMMapHbIl pacXof MoJOCOBOH CHCTEMbI CKBaXKHA MOXK-
HO CUHTATh CKOHUEHTPHPOBAHHLIM Ha JIHHHH.

-Tlpexcrasasier yHTEepec cpaBHEHHe Pe3ysbTaTOB pacueTa 1o GopmyJaam
IJIs1 TUHeHHOro psiga orpannyeHHol amuum i Gopmyae (IV.65) nas weorpa-
HHuYeHHON cneremMbl. Omubka &, AoNycKaeMasi NpH ONpeae/eHUH NOHHKEeHNA

Rs (§VF0)
Rnu/l(y;m)
[
z ' Z /57,,=0
/1 G,=0,9,=05
B A €n=02_y/l 4
3,6 / yl’ 4 _
yﬁ y 4/ Gn=1,4,=7
DA e 2 Y E N
M(sy) M(0,4) AL s -
I 7 i Yn=2, Yp=2
./ A 4 /7
g /// /s In=3, §,=3
/ n= A~
| 2t / // 7 4 ¥ / ’
24 7 ////
////’ 74 //
7 7 - _ 5=
. AP A Ais s
i3 7 74 7 7
/////// / /
Y7044 A 7
y
SN |
1,2 ¥ / // “d //
A A
/ 7 7 s 7
A |
g6 ' A p#
s 7 S Pz
/ Z A4 7 =
s é/ // )7
) /// ”//
g 1 2 3 4 5 6 Vo
P S L 1 1 1 —_ -
1 4 g 16 25 J6 Fo

Puc. 1V.20 T'pacduxu GespasmepublX CONPOTHBJEHHH M NoJ0co0GpasHoll Ruon (CIIOWIHbIE
JHHHM) ¥ AHHEHHOA Ryy (MYHKTHpHBIE JTHHHH) cHCTEGM cKBaXHH 1o dopmynam (IV64) n
(I'V.66)

YPOBHSL B 1leHTPE OrpaHuuyeuHol JHHEeHHON cuCTeMbl CKBaXUH MNP 3aMeHe ee
fecKoHeyHoH CHCTeMOH, COCTaBHT:

Fo. .. 0,1 0,3 0,5 0,7 1 2 3
€, % . 0,31 6,93 10,37 15,61 22,7 41,5 59,1
Fo . . . 4 5 10 20 30 50 100
£, % . . 68,2 78,8 119 170 214 270 374

®opmyay (IV.65) MOKHO NPUMEHATHL OJ51 OFPaHHUEHHOH JIHHEHHOR
cHCTeMbl 0e3 M0NpaBOK TOJAbLKO NpH Fo<C0,5. B 3tom ciayuae owmnGka B pe-
3yabTatax pacuera e npesntiiaeT 10%; npu Fo=1 oHa yxe Goabme 20%.
Koabuesas cucTeMa CKBaXKHH

Eciin CKBaXKHHBI PACTONOXKEHD! [10 KOUTYPY, OMN3KOMY K KPYFOBOMY, KakK
M B NpeAbiAYIIHX CXeMax /51 JHHEHHBIX psifOB CKBAXKHH, HX MOXKHO 3aMe-
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HHTb UCTOYHHKAMH, DAaBHOMEPHO pacilpefeseHHHIMH 1O OKPYKHOCTH,CAERY-
womero paauyca (puc. 1V.21)

L
Ry =—, (IV.67)

)
1
Z /[ ;’/ > | X
\k
Nz +4§
il
D 4 V4 ol o®
14 s
= g |
[ )
% IOl s T z g 7 e
L Ro Re [ R _i_,‘{
M(x Puc 1V 2] CxeMmu x pac-
Rup (7,F0) (@4) YETY KOJIbUEBORl CHCTCMI
T T T ] CKBAKHH B HAamnopuoM
2 naacre (a) 1 B Gesuanop-
HOM (6)
8 - Z
1 //
&
rﬂ - A& / /
A Y /6
671 0263051145 3 SFo (/ Y
4

, /
/ 4
gy 777

@40’8 é// Puc. 1V.22 Tpaduxu Ges-

0 | pa3Meploro  compoTiiJe-
_-i -t 0 1t 2 3 lll 5 6 InFo HHg Ryx 118 KoJAbueBOf
— e . P — CHCTEMH CKBaXKHI no

81 834851 35 10 50 700300500/000%%00 bopuyae (IV.69)
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[Tpu 3TOM moOHHMXKeHHE YPOBHs, BbI3BAHHOE KOJbleBoi CHCTEMOH CKBa-
HHH OPH 3aMeHe UX KOJbLUEBOH raJjiepeel, CoCTaBHT:

=R (IV..68)

o _Er 7\ dz

R — 4z I L . LB

K j e 0(22 Z (IV-69)
0

at -
;r=

z
R? Ry’

Fo=

rae [y — ¢ynkunsa Beccenss oT MHHMOro apryMeHTa MepBOro poja HVJ/IEBOro nopsiaka (cMm.
npujoxeune [I)

B pa6orax B. H. llenkauesa [139, 143, 144] npusoautcst AerasibHOe
H3J0KeHHe pelleHHs paccMaTpuBaeMoHi 3ajauH, NPHUEM OHO MPe/CTaBJICHO
B BHJl€ XOPOUIO CXOASILIMXCST PSIAOB, BNOJHE JOCTYNHLIX JUISI 2QHA/IN32 U NpakK-
THYECKOro cueTa. AHaJH3 3TOro pellleHHsT H pacueTHbie rpadHKH, MOCTPOEH-
Hble HA ero oCHOBe, npHBeReHn B paborax [26, 28, 32].

3Hauennsa Ge3pa3MepHOTo CONPOTHBACHHS Ry npuBenens B 1aba. IV.6
na puc. 1V.22.

Ta6aupga V. 6

3auenns GeapaaMepHOro conpoTusienns Ry no dopmyae (1V.69)

-
Fo Ln Fo

o | o4 | e | wo | s | 20 | 30 | 50

0,082 —2,500 | 0,012 | 0,041 | 0,184 0,326 0,035 { 0,001 | 0,0 0,0

0,135 —2,000 | 0,061} 0,107 | 0,280 ( 0,420 | 0,077 | 0,008 | 0,0 0,0

0,223 -1,500 | 0,180 | 0,231 ] 0,411 | 0,545 | 0,147 | 0,028 | 0,0 0,0

0,368 —1,000 ] 0,389 | 0,442 { 0,590 | 0,711 | 0,251 [ 0,075 | 0,005 0,0

0,607 —0,500 | 0,682} 0,786 | 0,849 | 0,936 | 0,401 | 0,161 0,018 | 0,0
1,000 0,0 1,044 | 1,075 { 1,165 | 1,280 | 0,614 | 0,802 | 0,062 | 0,00!
1,649 0,500 | 1,456 | 1,477 | 1,537 | 1,582 | 0,917 { 0,529 } 0,156 | 0,009
2,718 1,000 { 1,899 | 1,913 1,953 | 1,982 | 1,269 | 0,822 | 0,334 | 0,040
4,482 1,500 | 2,364} 2,373 ) 2,397 i 4,416 1,659 ) 1,188 0,550 | 0,130
7,389 2,000 | 2,844 | 2,848 | 2,864 | 2,875 2,105 | 1,684 | 0,920 | 0,328
12,183 2,500 | 3,331 | 3,333 | 3,343 | 3,350 { 2,563 | 2,023 | 1,306 | 0,556
20,086 3,000 | 3,826 | 3,835 | 3,830 | 3,834 | 3,039 | 2,484 | 1,735 0,888
33,115 3,500 | 4,323 | 4,318 ) 4,334 | 4,324 | 3,523 | 2,960 | 2,186} 1,277
54,598 4,000 | 4,809'| 4,815 | 4,817 | 4,818 | 4,013 | 3,467 | 2,657 | 1,706
90,017 4,500 | 5,304 | 5,313 | 5,314 | 5,315 | 4,507 | 3,937 | 3,140 | 2,101
148,413 5,000 | 5,802 | 5,812 | 5,812 | 5,813 ] 5,004 | 4,482 | 3,629 | 2,634
244,692 5,500 | 6,332 | 6,312 | 6,312 | 6,312 | 6,502 | 4,930 | 4,124 | 3,117
403,429 6,000 | 6,810 6,810 | 6,810 6,811 6,007 | 5,427 | 4,619 | 3,607
655,142 6,500 | 7,310 | 7,310 7,310 | 6,310 | 6,500 | 5,925 [ 5,116 | 4,107
1096,688 7,000 | 7,809 | 7,809 | 7,810 | 7,810} 6,999 | 6,424 | 5,614 | 4,596
1088,042 7,500 | 8,311 | 8,309 | 8,309 | 8,309 | 7,499 | 6,924 6,113 | 5,094
2980,958 8,000 | 8,810 8,810 8,810 8,810 | 7,999 7,423 6,613 | 5,593

Kak Bun#o u3 rpapukos Ha puc. 1V.22 u nannbix taba. 1V.6, B Hauasb-
Hble MOMEHTH BpemenH, npumepro 1o Fo<3,5 (InFo<C1,25), snayenust Rx
BHYTPH OKPYKHOCTHM MeHbllle, YeM HemOCPEACTBeiHO Ha HeH. MiHMMa/bHbIE
3HQYeHHst Rx B 3TOT NepHoA HabAIORAlOTCS B HEHTPE KOJDbLUEBOH CHCTEMb

r=0, rae, KaK 3T0 BbITeKaeT u3 gopmyast (IV.69),

Rja=—Ei (= ) (IV.70)

4Fo
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TakuM 06pasoM, MOHUIKEHHE YPOBHA B LEHTPe KOJbIEBOH CHCTEMBbI
B32HMONENCTBYIOIIMX CKBAXKUH OMNpejeJaseTcss 10 TAaKOH ke 3aBHCHMOCTH,
UTO M JJIst OJUHOYHOH CKBaXKHHBI ¢ pacXonoM Qeym.

Pacxon KonbleBoli cucTeMbl 0o0ecrneydBaeTcs MpUTOKOM M3 BHYTpEHHEH
308bl Qs ¥ BHellHel 30HH Qy BOJOHOCHOTO MJ1aCTa, NpUYeM B KaxKILlH 1aH-
HBIH MOMEHT BPEeMEHH CYMMapHHIH pacxoj paBeH:

Qeyu = Qs 1 Qu. (IV.71)

[Ipu nIHTENBbHBEIX OTKAUKaX y/JeJbHbIH BeC MPUTOKA H3 BHYTPeHHeH 30-
Het B 00lleM Je0HTe KOJAbLIEBOA CHCTeMbI CTAHOBHUTCS HUUTOXKHBLIM M OCHOB-
HY!0 yacTb geGuTa cocTapasteT NPUTOK M3 BHewHed 3oHbl. [Ipu Fo>1,25 or-
HOCHTEbHYIO BEJIHUHHY MPUTOKOB M3 BHYTPEHHEH W BHEIIHEH 30H C TOUHOC-
™ht0 g0 10% MOXKHO OmnpejesuTh 110 3aBUCHMOCTH:

1
Q, TP (“ 2Fo)
i+ Y . (IV.72)
Qu

,1 —l—exp(—~

2Fo )

Qs

Kax sBuaso, npu Fo>>3,5 orHoulenue cocraBiasier meHee 2%.

H
HpH 3TOM NOHHUXKEHHUSI BO BCEX TOUKAX BHYTPH KOJblla CKBaxKHH BbIpaBHUBA-

I0TCs, T. €. 3]eCb 3aKaHUuBaeTcs cpaboTKa «Gyrpa» B AenpecCHH MOA3eMHBIX
BOJ, o0pasyollerocst BHauaje npu nycke ckpaxud. Jas omnpenenenus Ry

npu Fo>3,5 Bo Bcex Toukax r=0—1 MOxHO npuMeHsTb popmyay (IV.70).

Jsst OUeHKn BJAHMSIHHSI KOJbLEBOH CHCTEMbl HA yAaJeHHbie TOYKH BOJO-
HOCHOrO nJiacta B 60/blilell cTeneHy, YeM 1Jist JHHEHHOro psajaa, MOKHO NOJb-
30BaThCst MPHEMOM, OCHOBAHHBIM HAa 3aMEHE KOJbLEBOH CHCTEMB! €THHUYHOH
CKBaXKIHOH.

[Ipakrimuecku pacuerst no opmyJe 1Jsi €NIIHHUHOA CKBAXKHMHbBI B JaH-
HOM CJlyyae BIIOJIHE JONYCTHMbI Ha PacCTOsiHMM r>=1,5 OT ocH KO.blLeBoil
cucteMbl, Koria Fo>5. [lpu 3ToM oTHOCHTebHAs OliHGKa He npeswiaeT 5%.

prroaaﬂ o ajgHass CACTeMa CKBAXHH

Ecan BonononusnTenbyble CKBaXKHHBI PACHOJIOXKEHb! HE 110 KOHTYDY, 2 B
npejesiax HEKOTOPOH NnJoulal, NOCJAeHIO BO MHOTHX CIyuasaX MOXKHO npej-
CTaBHTb B BHJE KPyra pajHycoM

R F R P (Iv.73
== — HJIH = — .
o l/ ) 07 o9 ® )
rie F — peficTBHTesnbHAA NaOMAaAb, Ha KOTOPOH pasMellleHbl CKBaXHHH; P — mepuMerp
3TOR mIOwagH

3aMeHHB peasbible CKBaXKHHbl MHOXKECTBOM PaBHOMEPHO pacnpeaesen-
HbIX B MpefejaXx Kpyra HCTOUHHKOB C CYMMapHbiM pacXomnoM  Qeyx
(puc. 1V.23), nonyudM BbIpaKeHHE J1Jist ONpPENEeJIeHHst NOHUKEHUs YPOBHS
Sux 1t 6€3pa3sMepHOro CONPOTHBJACHUS Ryuy NPH ACHCTBHH IJIOMANHOH KpY-
TOBOH CHCTEMBI CKBAaXKHH:

Q
an = Raz (av.74)
1 Fo - -
FZ4+ p - = _
- — rp dzdp
RM=25\§ pe A (—22—)_2", (1V.75)
o0
at - ro - p
Fom—; r=—ip=".
R% ’ 0 e Ro
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Prc 1V.23. CxeMbl K pacyeTy KpyroBoi IJIOCH[aAHOH CHCTEMBI CKBAXKHH B HAMOPHOM MJI4CTe
(a) v B GesHamopaoM (6)

?/
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/)
7
7
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L
0= z2 -1 g 7 2 3 4 § 6 7lnFo
1 [ 1 1 1 1 1 1 ! J— 1 ] M|
g1  g3a85¢ 3 5 10 30 50100 3005001000 3000

Fo

Puc 1V.24. Tpaduku Ge3apasMepHOro CONPOTHBJIEHHA Rux MO dopmyse (IV.75) mas Kpyro-
BOfl MJIOUIAAHOR CHCTeMbl CKBAaXKHH
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3ajgaua 0 NPHTOKe K KPYroBOH MJIOILAAHOM CHCTEMEe CKBAaXKHMH paccMmat-
puBajiacbk H. C. TTuckynosuiM, M. A. Hapuwim [128], B. E. Biownnsim 1 ap.
[139].
Ta6auwna IV. 7
3nauennn Geapa3mepnoro CONpoTHBAEHRA Rp; no dopmyae (1V.75)

r
Foo Rl T | o5 | o7 | v | s | 2| s | 5
0,082 | —2,5| 0,325 | 0,320 ] 0,306 | 0,275 | 0,048 | 0,001 | 0,000 | O 0
0,135 |—2,0{ 0,517 | 0,501 | 0,469 | 0,407 | 0,162 | 0,018 | 0,004 | 0 0
0,223 {—1,5{ 0,782 { 0,752 | 0,694 { 0,597 | 0,329 | 0,061 | 0,007 | O 0
0,368 |—1,0( 1,114 | 1,068 | 0,984 | 0,852 | 0,542 | 0,161 | 0,039 | 0,001 |0
0,607 {—0,5( 1,502 | 1,442 | 1,334 | 1,171 | 0,810 ] 0,324 ] 0,117 [ 0,01 |O
1,000 0,0f{ 1,929} 1,859 | 1,734} 1,545 1,138 | 0,558 | 0,263 | 0,048 {0,001
1,649 0,5| 2,384 | 2,306 | 2,168 { 1,962 ¢ 1,519 | 0,865 | 0,489 | 0,142 | 0,006
2,718 1,0y 2,854} 2,772 { 2,626 | 2,407 { 1,940 1,232 {0,790 | 0,315 }0,037
4,482 1,6| 3,388 | 3,262 | 3,101 | 2,874 2,390 | 1,644 | 1,156 | 0,574 |0,121
7,389 2,0| 3,828 | 3,741 | 3,586 | 3,354 | 2,960 | 2,090 | 1,570 | 0,908 |0,294
12,183 2,5| 4,320 | 4,232 ,075 | 3,840 | 3,341 | 2,555 | 2,014 | 1,298 |0,554
20,086 3,0] 4,814 | 4,725 | 4,567 | 4,330 | 3,832 | 3,036 | 2,482 | 1,730 {0,886
33,115 3,5| 5,317 ) 5,227 | 5,068 | 4,830 | 4,327 } 3,524 | 2,963 | 2,188 | 1,279
54,598 4,0| 5,814 5,724 | 5,665 | 5,326 | 4,812 | 4,002 | 3,439 | 2,651 1,700
90,017 4,5| 6,312 | 6,229 | 6,062 | 5,823 | 5,305 | 4,498 | 3,927 | 3,130 |2,152
148,413 5,0/ 6,812 | 6,721 | 6,561 | 6,322 | 5,802 | 5,000 | 4,42] | 3,619 | 2,624
244,69 56| 7,310 | 7,220 | 7,061 | 6,821 | 6,332 | 5,545 | 4,948 | 4,143 [3,09]
403,43 6,0\ 7,841 { 7,719 | 7,559 | 7,319 | 6,810 | 6,000 { 5,420 | 4,608 | 3,575
665,13 6,5/ 8,309 | 8,219 | 8,069 | 7,819 | 7,309 | 6,498 | 5,841 | 5,120 | 4,081
1196,7 7,0 8,809 | 8,719 | 8,559 [ 8,319 | 7,809 | 6,998 | 6,402 | 5,611 (4,584
1808 7,5) 9,295 | 9,219 | 9,059 | 8,819 | 8,30! | 7,602 | 6,944 | 6,114 |5,059
2981 8,0{ 9,809 | 9,719 | 9,559 | 9,319 | 8,810 | 7,996 | 7,424 | 6,612 | 5,592

Ha puc. IV.24 u B ra6a. 1V.7 npusenens snadennst Rua 1751 PasiHuHbiX

7 n Fo. B uentpe KpyroBofl miomanH (r—O) KakK MOKa3aHo B pa60Ta‘< [128,
139], GespasmepHOe CONPOTHBJEHHE BbipaXKaeTcsi B BHE:

1
: 1 _ —-IFO)
El( 4FO>-}—4F0(1 e .

BTopo# usex B npaBoit vacTu 3aech npu Bo3pactaHuu Fo B npenene na-
eT eAMHHLY, N0ITOMY npaKTHuecku npu Fo>1—1,5

R (IV.76)

mjr=0 —

6, 12at ,
Ron/7—0® Ry +1=In—">—, (Iv.77)
Ro
rie Ry — Ge3paamepHoe CONPOTHBAEHHe /JSi NEHTPA KOJBUEBOI CHCTEMBI, onpeHenseMoe

no tpopmyre (1V.70).

Has onpepenexusi 6e3pasMepHOro CONpPOTHBIEHHST HA BHEIIHEM KOHTY-
pe miomanHo# cHcTeMbl CKBaXKHH (r=1) 10 HCTEYEeHHH CPABHHUTENLHO KO-
poTKoro mepuoma, Koraa Foz=1—1,5, MOXHO HCNOJIB30BaTL GOPMYIY
(YV.70). I1pu stom owmubKa e He npesniuaer 5—3%.

IIpu onpeneseHHy NMOHHIKEHUS] YPOBHS B TOUK2X, YAAJEHHHIX OT ILJIO-
I1aHOH CHCTeMbl, NMOCTIENHION, KaK H B NpeAbiIyIIHX CXeMax, MOXHO 3ame-
HATb OOHHM KOJOAllEM ¢ cymmapHbiM pacxoaoM Qcyv. Ha paccrosinusx r==
=1,5 npu Fo>>5 a6co/soTHasi © OTHOCHTENbHAs OWHOKH, JONyCKaeMbie NIPH
3aMeHe IJIOILAAHOH CHCTEMH OJHHM KoJojileM, He mpesbimant 3—5%.
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B3anmopnedcTBylomHe 0600meHHbIE CHCTEMBI CKBAXKHH

PacueTn B3aHMONEHCTBYIOIHX CHCTEM CKBAaXHUH, TaK XKe Kak U OQHHOU-
HBIX CKBaXHH, NPOU3BOAATCS MO METONY HAJIOMXKEHHS] TeUeHHH € HCHOJb30-
BaHHEM TNPHBEJEHHLIX paHee OCHOBHLIX pacueTHbIXx 3aBHcuMmocrel. OOwasn
tbopMy/a Js1 onpejeseHts NOHMKEHHST YpOBHS B JIOOOH TOUKe mJacra B
JI060f MOMEHT BpEMEeHH MOXET GbLITh npencraaneﬂa B BHUJE:

Leww Zﬁ Ry (Iv.78)

T 4nkm

Q:
Qeyu

i =

rie Q. =Q, Q, .., Q. ~— pacxomsl KamIoil CHCTCMH CKBaXHH, Qcym — CYMMapHHR pacxof
Bcex cHeteM; Ry =Ry, Rgor -..» Ry — 0€3pasMepHoe THADABJIHYECKOE CONPOTUBJIE-

HUe, onpeaeasgeMoe 0 COOTBETCTBYIOUIHM (popMynaM i1 rpadlm(aM B 3aBHCHUMOCTH OT Fo, H

JHHEHHBX TapaMeTpoB (HanmpHMep, X, y — MUIS JHHEHHO{ CHCTEMBI, I — /IS KPYroBoii KoJb-
ueBod W mrowanHoi cucreM H T. 1.). Ilpn sumeiinofi cucreMe cKBaXmH R, =R, npu

KOJbEeBOH — R ;== Ry B mromannoft R ;; =Ruaxi.

PacueTsl B3aUMOEICTBYIOILIIX CHCTEM CKBAXHH MOTYT GHITb CYLeCTBeH-
110 YIPOLLEHbI, €CJIl YYHTHBATh Pe3y/bTaThl BHIIOJHEHHOrO Bhille aHa/Ju3a
CTPYKTYPH QHIbTPALHOHHOTO NOTOKA B YAAJelm! oT Kaxaol cucremnl. Kak
y¥e yKa3biBaJoch, BO BCeX CJYyYasiX Ha PACCTOSIHHH, PABHOM MaKCHMaJbHOMY
pa3Mepy CUCTeMBI Il 1aXKe Ha MeHee 3HaUNTeIbHOM (0K0J0 3/4 3TOFO pasmepa,
T. €. 3/4 AaIHb! JITHEAHOro psifla HIH AHaMeTpa KPYTOBOH CHCTEMBI), BJHSIHHE
ee CKa3hlBaeTcsl TaK XKe, KaK OJHHOYHON CKBaXKHHBIL. DTO naeT BO3MOXKHOCTb
MNPOHU3BOUTbL PACYeTHl B321MOMEHCTRYIOLLHX CIICTEM 10 ciaenylollell npnbiu-
JKEHHON 3aBHCHMOCTH:

_&!M_[ﬁo m0+2 B, Er( 4F0)] (IV.79)

4ntkm

[TepBbifi unen B ckoGKax 3TOil HOPMYJIL XapaxkTepH3yeT yacTh MOIHKE-
HHSI YPOBHSI, 06YCJIOBJISHHYIO OTKAYKOH 113 TaHHOH CIICTEMB!, B IIpefeax Ko-
TOpOH omnpefessieTcst cymmaptoe noHuxKente S. Ilox 3HaKOM cymMmbl AaloTCA
fe3pasMepHble PHAPaBJ/IYECKHe CONPOTHBJIEHHS A5 OCTAJbIILIX CHCTEM, BhI-
paxaemble, KakK JJIsT OJHHOYHOH CKBaXKHHbBI, HHTErpa/JbHON MOKa3aTeJbHOH
byHKUHeH. DTUM U/JIeHOM, C/JIeN0BATENbHO, OUEHIBAETCSl 4acCTb MOHHIKEHHUSA
YpOBHSI B JaHHOH ClLICTeME TOA BJHSIIHEM B3aHMOJIeHCTBHsI ¢ APYFHMII CHCTe-
MaMH, OTCTOSIILIUMH OT Hee Ha pacCToAHHI r;. 3HaK W MOKa3uBaeT, YTo AaH-
Hasi CHCTEMA M3 CYMMBbl HCKJIOYaeTCs.

Ilpyn 0a¥HAKOBBIX PACX0AaX CKBAXII B Ka 108 cHCTEMe H OTHOCHTEILHO
PaBHOMEPHOM HX pacrnpefejeHHH pPacCTOSIHUSA 7; OTCYUHTHLIBAIOT OT reOMeTpH-
UeCKOro 1E€HTpa KaxJ0ro yuacrTka, a npu CyuleCTBeHHHX pas3jnuusaX nedura
H HED2BHOMEDHOM pachpe/lelleHHl CKBaXKHH — OT leHTpa TSIXKeCTH yd4acTka,
onpepensaemoro no popmysaam (IV.9).

[Tpu BKIIOYEHHH OTAE/ILHBIX CHCTEM CKBAXKHIH B Pa3HOE BPEMsi HJIH BbIK-
JIIOUEHHH YaCTH U3 HUX NOHHIKEHHUS] YPOBHS, KaK H /ISl OAHHOUHBLIX CKBAXKHH,
OnpeaesiioT NyTeM CYMMHDOBRHHUST COOTBETCTBYIOLLIX NOHUKEHHUH, 00yC/I0B-
JIEHHBIX NeHCTBHEM KaXA0H BHOBb BBOJAIIMOH CHCTEMBI, IPHUEM B pacuer NpH-
HUMaeTcst (paKTHUECKHU I NepHoL BpEMeHH, HauHHAasl C MOMEHTA UX BKJIOYEHHS.

OcraHoBKa TOH MJIH MHOH CHCTEMbl YYMTHIBAETCH IyTeM BKJ/IOUEHHS Ta-
KOH e BOOGpaXaeMol cuCTeMbl C OOpaTHBIM [0 3HaKy pacXomoM. Takum
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dopMyanl 1as onpejeienns Ge3paamepHbiX

CONPOTHB/EHHHA [J5 OTPAHHYEHHBIX NJIACTOB

TaG6auna IVS

3apHcHMocTH ANA onpejefeHnd

MOHHXXEHHA YPOBHSA

Panuycbl BeKTopwt 0; AN onpeneseHHA RoToGp

Tan mnacta Cxema B noGoll TouKe mrTacTa B LEHTpe CHCTEMBI B yAanenun oT soaosabopa B leHTpe BOAO3aGopa
; p 3 J 4 5 6
I
X
Ia A ﬁkf’ o oL
C ONHHM KOHTY- A N % R =R, - Ei (—' Za—t) 1 R=2In— @)
POM NUTAHUSA \\'l::r P Tnp
L 1y
p% = &+ (2L + y)® p? = 4L?
I6 . p? 1,13af
¢ OIHHM Hellpo- R=R,—Ei (— 4717) () R=2In (4)
HHILAeMbIM  KOHTY- Tnp
poM
Ir
X 2
i e=ri(~ L)
€ [BYMH nepece- > ) R=2In—~ (6)
KAOUWHMHCA KOHTY- ] 7 o1 p2 rnpp”[
paMH NATaHHA LK Fi ( — |- -
= TE T tar) © pp= "+ (2L + y)? o= 41}
H 2
b1 = (2LII +x)2 -+ !/2 9121 = 4L%1
2 2 2 2 2
r \ o111 = 2Ly + )7+ o =4 (L + L})
X
o 2
116 H M R=R,+Ei (~4) +(2L; +4)
¢ ZBYMA nNepece- A dat —91 01 P 8
KAIGILHMHCA KOHTY- 4 7 o2 R = n——r N 8)
PAMH: [HTAHHA H a s —FEifl—-1 1L Ei|— P np* 11
HeTlpOHUILAEMBIM ~ 4at day (7)
g=0
¥
x of F=x? (2L 2 2412
IIs y R=R,—Ei ‘-L) p[—x-}—( [TL!/J py = L]
) 3 3 M 4
Kafouf:zxgﬂ n:gf;g: = =< 2 o 0 'R=41In ﬂ_ (10 pfl = (2L“ + x)z + 4 p%[ = 4L¥I
] i p P71 Pr1 P 2
HHUAEMBIMH K - L) : T MIT I — 2 2 2 2
e OHTY Ly Y —Fi ( i [) —Ej (.. 4;1) o) np o1y = (21'11 + x) + P = 4 (LI + LII)
777 + (2LI + !/)2
2
R=Ry,+Ei|—-L
© dar )
I11a 0}, o2 nily
€ ABYMS mapal- 4+ Ei ~— | —Ej .11 0,64L sin——
JleJbHLIMH KOHTypa- 4at daf | R =21n (12
MH [HTaHHA 2 'np
v
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ITpodosncenue raba. IV.8

3aBHCHMOCTH a8 OnpefefleHHs  [NOHHIKEHHA YpOBHSA Pasnycel-BeXTOPH p; AAA oNpenetenus Roroﬁp
Tun nnacra CxemMa B MO6OR TOUKe MAacTa B HeHTpe CHCTeMHl B ynanenRH or BoRo3aGopa B LeHTpe BOXo3alopa
1 2 3 4 5 6
2
w ) I
X R= Rm Ei (— —) +
1116 S Y . , LorL =L,
¢ HByMH Napaa- & 1 LI p , ctg 57
JleJIbHBIMH KOHTYpa- (J'*t/LX -+ Ei (_4—”) L E (_ ﬁ-’) — R=2 m____LL. (14)
MH [HTaHHA H He- 1) 7 r ) )
NPOHHILAEMBIM LT Ly ) 02 o2 i ofi= %"+ (2L, +v) p? = 412
L 4 —Eif— v Ej __X 1 2 g2 — )2 2 2
! ( dat )+ N\~ @ p? =2+ (2L — ) ol = 4L
pY = + (2L 4 p)? o2y = 412
R=ry—ti (- 21) Va =2+ oLy iy =417
=Re— B \—T—7|— 7,1 at 2 9
s dat R=="——+ Py = FH[2 (LHL)H) | o2 =4 (20 + Lyy)?
2 2
¢ JAByMs mapa.l- Py . p
JeJbHBIME  HENPOHH- — Ei (———l) — Ei (—il) — Lol 0,16L (16)
UJeMBIMH KOHTYpa- 4at dat | L
MH 2 2 fop SiT—
Ei ( P1v Ei ( Pv) (15 up L
TN\ ta "\ )

o6pa3om, BIHSAHHe NYyCKa M OCTAHOBKHM MPOCJTEXHMBAETCs B TeueHHe BCEro
Hepuoja, HAUHHas ¢ KaXJ0ro M3MEeHeHust pacxona. TeM cambiM Kak Gbl Ha-
clleyercsl NpeplliecTBYIOmAasl AeNPEeCCHOHHasd MOBEepXHOCTh. BHOBL BBOAM-
Mble CHCTEME! (PaBHO KaK M HX OCTAHOBK2) NPHBOAST K H3MEHEHHIO HMEHHO
3TOH nenpecCHOHHON NOBEPXHOCTH, a He NepBOHAYaJdbHOH, omnpenessieMoil
cTaTHYeCKHM YPOBHEM 0 HauaJja OTKauek.

CHCTeMbl CKBAXKHH B BONOHOCHBIX IIJIACTaX OrpaHH4YeHHbIX pa3mepoB

PacueTHnle 3aBHCHMOCTH AJIsl NJACTOB, OTPAaHHYEHHLIX B NJaHe KOHTY-
paMu NHUTAHHS HJIH CTOKA I HENPOHHUAEeMBIMH KOHTYPaMH, MOXKHO TIOJYy-
YHTh NYTE€M 3€PKa/JbHOro OTOOPaKEHHSI peajibHbIX CHCTEM OTHOCHTELHO
YKa3aHHbIX KOHTYpOB. [Ipu 3TOM oTo0pameHHble (BOOOpa)aeMmbie) CHCTe-
Mbl 3aMEHSIIOT OJMHOUHLIMH CKBa>KHHAMH C TeM K€ CYMMAapHBLIM pacXopoM.

PaccmoTpumM, Hamnpumep, CXeMbl M0JyOorpaHuueHHOro mjacra, nJjacra-
KBaJPaHTa M MnJjacra-fnojocsl. PacueTHole 3aBHCHMOCTH A/ 3THX CXeM Oy-
LYT HMeTb ceyIOI Ul o6 ul BULL:

Q

4rkm

S = (Rm + Romﬁp>, (1v.80)
rae R, — GespasMepHoe THAPaBAHYECKOe CONPOTHBAEHHE DEAJbHON CHCTeMb B HEOTPAHH-
yeHHOM muiacte, dast aunefinof cucteMy Ry =Ry, KoabueBofl R, =Ry u a4 naowajiHbx
cucteM R, =Rux. Rorosp — GespasMepHoe conmpoTHBJeHHe OTOGpaenmit peaabHOR cH-

£TeMbl OTHOCHTENbHO TPAHHIL NJACTa.

[IpumenuTeLHO K yKa3aHHLIM CXeMaM NJaCTOB B COOTBETCTBUH C BHI-
paxenueM (IV.80) monyuum pacdyerHble 3aBHCHMOCTH, IpHBeleHHble B
taba. 1V.8. ®opmynn (11), (13) n (15) tadn. IV.8 nosyuens B pesysbrate
OrpaHyyYeHHOTO uYHcaa O0TOGPaKeHHH peasbHOM CHCTEMH CKBaXHH OTHOCH-

110

TeJbHO KOHTYpOB IJacta. IIpH AMHTENbHLIX TEPHOAAX OTKAYKH KOJIHYECTBO
oToGpaXkeHHll caelyeT yBeJlHuuBaTh, NpHyeM ofuee KOJHYeCTBO OTOoOpa-
XKeHHH onpejessercs TpefyeMOR TOYHOCThIO Pacyeros.
dopMysinl /1A OnpejesieHHs] TOHHXKEHHS YpPOBHSI B LEHTPE CHCTEMBI

(tTouka 0 Ha cxemax, ¢popMyJsl B rpade 4 taba. 1V.8) nefACTBUTENbHE! MpH

2

Oumake
t=25 — -
PaNHyC CHCTEMbI B3aHMONEACTBYIOIIMX CKBAXUH, BEPaXKaeMbIH CledyOIHM
obpasom:

B ykasauHbix (opMYysax rup — HEKOTODLIA MpHBEAEHHbIR

IS JIHHEHOM CHCTeMB rap=0,37 [;
» KOJbIEBOil » rp=Ro; (IV.81)
» KpyroBoil maowagmoi  rpp=0,61 R,
Ecau B pacCMOTPEHHLIX IJacTaX, OrpaHHYEHHHX MPAMOJIHHEHHHIMHA

KOHTYpPaMH, HaXOAHTCA He OHA, & HECKOJIbKO OGOOIIeHHBIX CHCTEM CKBa-
*KHH, pacueTsl POU3BOAATCS 110 METOAY CJIOKEHHS TEUCHHH. Crnenyer umeTb
B BHJly, UTO B JAHHOM CJIyyae BJIHSHHE KaXKAOH CHCTEeMbl OUEHHBAeTCs C
yueTomM ee OTOGpaxeHHi no Gopmysam, npuBeneHHbiM B 120, IV.8.

Ol’lpelle-IIEHHe INOHHKEeHHA YyPOBHA B CKB2XKHHE

IMpu pacuerax 0GOGIIEHHBIX CHCTEM B32HMOJEACTBYIOILUHX _ CKBaXHH
IS OnpejiesieHHst TIOHHIKEHHsT YPOBHSI HeMmoCpeACTBEHHO B OJIHOM H3 CKBa-
XHH, KaK ykKe yKa3bBaJocb, K HalileHHOMY IOHHKEHHIO AJisi 0000IEeHHOH
CHCTEeMBbl HEOGXOAHMO R06aBHTL AONONHHTeNbHOE NOHMKeHHe AScis [CM.
popmyay (IV.51)]. Jdast 3THX ueneli MOXHO BOCNOJIBb30BaThCs CJenyolel
32BHCHMOCTDLIO:

Qcxn
4nkm

AScxn = ARcxa) (1V.82)
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Tae QCHB — pacxoa JaHHOH CKBAXHHEHI, B KOTOpOﬁ onpejesiieTcs NOJHOE NOHHIXEHHE YPOB-
HA; ARc¢xp — JONOJHUTENBHO2 HJH BHYTPEHHee THAPABJIHYECKOE CONPOTHBJICHHE, ONpeae-
JiieMoe B 32aBHCHMOCTH OT PaCCTAHOBKH CKBAXHH!:

AReys = 21n 22 4. (1V .83)

7o

dopMyaa (IV.83) suewne cxonua ¢ dpopmydoit (IV.6), Ho BMecTo ycios-
HOTO PafHyca BJHSIHHS Tyy, XApaKTEepPH3YIOLIEro BCIO 00/1aCTb, BO3MYIILEH-
HyI0 OTKAUKO# H3 CHCTEMbl B3aHMOJEHCTBYIOUIHX CKBaXHH, 31€Cb BBOIHT-
Csl HEKOTOpAasi yCJAOBHAsI «BHYTPEHHsisi 06J1aCTh BJHSHHS» NaHHOH CKBaXH-
HHl, pafHyC KOTOPOH ry ONpejensieTcss mo CJeLyIOIHM COOTHOILEHHSIM.

Puc. IV.25 K pacuery HomoJaHuTE/JbHOTO MOHHMKEHH YPOBHA B CKBAXHHe no ¢dopMynam
(Iv.84) — (1V.86)

Has KORTYpHbLx cucTes (NHHEHHBIX, KOJNbUEBBIX) NPH OAHHAKOBBIX pac-
CTOSIHUSIX MEXIY CKBaxHHaMH 20 (pHc. V.25, a)

o~ (Iv.84)

g
.
FL3

a MpH PAa3HBIX PACCTOSIHHAX MEXJy cKBaxKuHamu 20;, 20y (puc. I1V.25,0)

SO T (1V.85)

2n

Haa naowadnbix cuctem ckpaxuy (pHe. 1V.25,8, 2)

F
ra =~ 0,47 \/T . (IV.86)

rae F— nuomane kpyra, pasHas NUIOMAAH VKA3aHHON BHyTPeHHeH 06JacTH BJIHAHHA CKBa-
JKHMHBI, TPaHHIEl KOTOPOH NPOBOAATCH MNOCepeAHHE MeXAY COCeAHHMH CKBAaXKHHAMH.

Bripaxenue (IV.86) BeITeKaeT u3 cpaBHEHHsS MNOHHXKEHHH YpOBHA B
3aKPHITOM KPYrOBOM MJacTe IJIOLARbio F TNpH paBHOMEPHOM oTGope BOXBI

)
7
3 4 2310 sl LA Puc. IV26. K onpegene-
N == HUIO BeJHYHHB 7p  IIpH
J 5\5 ST < pacuerax OGOGLIEHHBIX CH-
& > ~ & 2n H@_@ cTeM CKBaXXHH B Hanop-
r Zr. HOM miacte (@) u B Ge3-
7 7777 T 7777 HanoptoM  (6)

M3 Hero (T.e. NPH NOCTOSTHHOM YAEIbHOM pacXofe B Npefejax Bcell IJIo-
[Mafi#) Y NPH OTKAauKe H3 CKBAXHHBI, pPaclNOJOXEHHOA B LEHTPE IJacTa

[26].
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HNonoauurensyoe conporusienue ¢ B popmyne (IV.83), cessannoe ¢
HECOBEPIUEHCTBOM CKBaXKHHBI, ONPENEJsETCs] N0 YKA3aHHSM, NPHBENEHHBIM
BHIUE (cM. II. 2 naHBo# raaBu). CAefyer npH 3TOM YYHTHIBATD, YTO AONOJ-
HHTEJAbHOE NOHHXKEHHEe YPOBHSI AScks OTCUHTHIBAETCS OT YPOBHA, CHOPMH-
poBaBIuerocss nofx jeficrBueM o0o6menHon cucreMbl. [Tostomy pnas 6esua-
MOPHBIX NMOTOKOB B COOTBETCTBHH ¢ pekomenpauuesi B. M. Ulecrakosa pac-
yeTHAsT MOMHOCTb IJIACTa M H AJHHA BOJONPHEMHON 4YacTH CKBaXHHBI [
npHHHMAIOTCs paBHHMH (pHc. 1V.26):

mxh,—S8g, l=1,—S8,), (1v.87)

rge he — noJHas MOLIHOCTb BOJOHOCHOTO TUIAcTa; lo— AeficTBUTeNbHAT AJMHA (HIAB1IPA,
S, — NOHHJKeHHe YPOBHA B JaHHOH TOUKe, ompefeiseMoe no Qopmyram aasft o6obmieH-

HEIX CHCTEM

5. MPOTHO3 NMPOU3BOJAHUTEJbLHOCTH BOJO3ABEOPOB
O PE3YJbTATAM OTKAYEK H3 CKBA)XHH

[Tpu oOueHKe 3KCONYyaTAUHOHHBIX 3anMacoB MOJ3EMHBIX BOA H pacyerax
B0J03a60pOB 60JbLIHe 3aTPYAHEHHS BO3HHKAIOT B CBSI3H C HEOAHOPOLHOCTbIO
BOJOHOCHBIX NMOPOA B (QHJABTDANHOHHOM OTHOLIEHHH.

3amauu pacuera Bof03a00OPOB B HEOJHOPOAHHX IJIaCTaX pelIaloTcs
aHAJHTHYECKHMH METOJAMH TOJbKO IPH HaJHYHH TAK HAa3HIBAEMOH ymops-
JOYEHHOH HEOZHOPOMHOCTH. Ec/in HEONHOPOLHOCTh HOCHT HEYNOPSINOUYEHHHIH,
Xa0THYECKHH XapaKTep, OHA MPAaKTHUYECKH HE MOXKET ObiTh yuTEHa B pacue-
Tax jJaxe MyTeM MOJeJHPOBaHHA.

Oast Takux ycJAOBHA BaHOOJee HAaJEXKHBIM SBJAsSETCS pacueT pgefuTa
BOJ03a60OPHBIX COOPYXKEHHH Ha OCHOBE PE3yAbTATOB ONBITHBLIX H OMBITHO-
KCIYaTALMOHHBEIX OTKAUEK.

OnbITHEE B ONBITHO-3KCIIYaTAIIHOHHBIE OTKAYKH, OCOGEHHO KOrfa OHH
NPOH3BOAATCS NJHTEJbHOE BpPEMSI CO 3HAUHTEAbHOH HHICHCHBHOCTBIO, MO-
3BOJIAIOT OOOGIIEHHO OueHHBaTh (HAbTPAUHOHHBIE CBOHCTBA IJIacTa, pac-
CMaTpHUBasl €ro B 30He BJHAHHS BOA03a00pa KaK Gbl OAHOPOAHBEIM C HEKO-
TOPOH cpenHel BOAONPOBOAHMOCTbIO. KpoMe Toro, pesyaprarel pacuera no
JaHHBIM OTKaueKk OGOOILECHHO OTPAXKAOT NOMOJHHTENbHHIE CONPOTHBIAEHHS
Ha BXOZE BOJH B CKBAXHHBI (COIPOTHUBJCHHS (UABTPA H NMOPOAH B NPHCK-
BAaXXHHHOH 30HE H T. J.) H BO3MOXHble HADYIUEHHS JHHEHHOTO 3aKOHA (PHJIb-
TpauuH.

B ocuoBy paccmaTpHBaeMoOro jajiee MeTOfa pacuera BOA03a6OpPOB MO
JAHHBIM OTKaueK MOJIOXKEHA NPEANOCHJIKA O TOM, YTO KpHBasi JENpPecCHH
GHABTPALHOHHOTO NOTOKA CO BpeMeHeM npHoGperaer (GOpMy, COOTBETCTBY-
IOLLYI0 CTALIHOHAPHOMY NMOTOKY B AHAJOTHUHBIX YCJAOBHSIX HEOTHOPOIHOCTH,
TpajHeHTH HAaNopa B KaXJAOM CEUEHHH 3]ecb OGPATHO NPONOPUHOHAJIbHH
BOJIOTIPOBOAHMOCTH.

BmeCTue ¢ TE€M NPH JJHTEJbHOM JAEHCTBUU BOJ03a60POB CKOPOCTb CHHIKE-
HHsI KPHBOH JENPECCHH BO BCeX TOUYKAX MJAcCTa BHIPABHHBAETCS H HE 3aBHCHT
oT KoopauHaT. [IpH 3TOM BAKHO OTMETHTb, YTO CKOPOCTb CHHXKEHHST KPHUBOH
JENPECCHH NPH OTKAYKe H3 CKBAXHHH ONPEAESeTCs 0 HEKOTOPOH cpeanei
BOJONPOBOAMMOCTH MJacTa B LEJAOM. ITO JaeT BO3MOXHOCTb pa3jienanTh
OPOTHO3HPYEMEBI MEPHOA, HA KOTOPHH pPacCUHTHIBACTCS BOA03a60Op, HA ABE
CTaJMH: NePBas COOTBETCTBYET AJNHTEABHOCTH OTKaueK, a BTOpasi, HaHGOJb-
1asi, OXBaThBAET BCE OCTAJbHOE BPEMS, H B 3TOH CTAJMH, UTO SBJASETCH Ca-
MBIM CYL1ECTBEHHBIM, NMPOULECC PUAbTPALUH SIBJASETCS KBA3HCTAUHOHADPHBIM.
B COOTBETCTBHH ¢ 3THM NOJHOE NMOHHXKEHHE YPOBHS, BhI3bIBaeMOE€ 3KCIUIya-
TauHel BOJA03a60pa, MOXKET OHTh TAKKE BHPAXKEHO ABYMs CJaTdeMBbIMH.
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OcHoBHas 3aBHCHMOCTbD, HCIIOJB3YeMAas AJd pacueta NpOH3BOAHTENbHOC
TH B01103360p0B Ha OCHOB€ pPE3yJIbTATOB OTKa4€K, HMEET BHI:

S=8,+ 2' S+ AS (#), (IV.88)

i=l1
roe S — MoHHXXeHHe ypPOBHA B TOM HJH HHOH CKBaX{MHE BO#O03260pa, COCTOSILETO H3 A
CKBaXuH; So-— MOHHXeHHe YPOBHS, BbI3BAHHOE OTKAYKON H3 JaHHOH CKBaXKHHB! C pac-

woa0M Qo (B ycnoBuSiX OJHHOUHON ee paGoTH Ge3 yuera BJIHAHHA B3aHMOAEHCTBYIOLIHX
CKBaXHH); S,-— nouuxenne («cpeska») YPOBHA B 3ToH Ke CKBaXHHe, 00YCIOBJIeHHOE

OTKauKON H3 i-# B3auMoaeficTByioulell ¢ Hell CKBaXKHHBI ¢ pacxozoM Q.; EvS,-—cmeap-

HOe MOHHXXEHHE NOJ BJHSHHEM BCEX COBMECTHO PafOTalOIHX CKBaXKHH (3HaK NOKasHhl-
BAE€T, YTO M3 CYMMHl HCKJIIOYAeTCH CKBAaXHHA, B KOTOPOfl ONpeje/isiercsi MOHHXKEHHe YPOB-
us S); AS(f) — ponosuHTenbHOE MOHHIKEHHe YPOBHA B TOM XKe CKBAXHHE, NPOHCXORALLEE
¢ TeYeHHEM BPEMeHH B pe3dysbraTe ofuied cpaGOTKH 3anacoB NMOA3EMHHX BOjA B Ijacre

Beanunns Sp u S; onpefensiotcss no KpHBHIM 1e6HTA, MOJAYyuaeMbIM IO
JaHHBIM OTKa4YeK H rpadHKaM «Cpe30K», KOTOPBIE CTPOAT HO pe3yibTaTaM

a) ) s
4, - hS. O A5 o
/// / /('L ///
e / v -
7 / 7 e 'R
e /s - -
/ s PALS // -

A ; e

/ 7/ s ~ _QJ
VA =
e -
yd
So gz 4

Puc 1V 27 Tpadukm 3aBHCHMOCTH HeGHTa «CPe30K» YPOBHS 1l H3MEHEeHHH YpOBHs BO Bpe-
menu [(ecM dopmynn (IV.89) — (1V.93)]

HaONIOAEHHH 32 NOHHIKEHHAMH YPOBHSI B Pas3JHYHBIX TOUKAX NJacTa 1noj
BJIHSIHHEM OTKaueK H3 B3aUMOAEHCTBYIOUIUX CKBAXKHUH.

Kpupas pe6HTa, Kak H3BECTHO, npeAcTabisieT cob6oH rpaduk 3aBuCH-
MocTH pebuta Qg or noHHxkeHust Sy (pHc. IV.27,a). Bo mMHorux cayuasx
3TOT rpadHK aHaJHTHUECKH MOXKET GHITh BhIPaXX€H ABYWICHHOH 3aBHCHMO-
CThIO BHJA: ;

S, = AQ, - B, (1v.89)
rie A u B — napaMmerpsl, olipeaessieMble N0 pe3yJbTaTaM OTKAYeK.
Ilpu nocrpoenunu rpadguka B KOOpAHHATAX ~% — Qy OnBITHHE TOU-

Qo
KH B 3TOM CJlydae JOJKHbBI PacIofaraTbesl Ha MPSIMOM JIHHHH, YTJI0BOH K03(d-
$HuuHERT KOTOpOit paBeH B.

Xora dopmyna (IV.89), kak 370 nokaszano B. M. HacGeprom [95]
n H. K. Tupunckum [50], aBasercs nan6osnee 060CHOBAHHON B TEOPETHYEC-
KOM OTHOLIEHHH, TEM He MEHee MPaKTHYECKH JYUlIHe Pe3yJbTaTH 4acTo J0C-
THTalOTCs ITPH HCIIOJb30BAHHH CTENMEHHOH 3aBHCHMOCTHU

Sy = rQj {1V .90)

TAE P W ¢— NapaMeTpel, onpepessieMble TAKXe HA OCHOBAHHH De3yNbTaTOB OTKAaueK, NpH-
YeM g MOXeT H3MeHsTbCsl 0T 1 a0 2

Jns onpenenenus sHaueHHi p ¥ g pe3yAbTaThl OTKaueK NpeacTaBisioTcs
B BHIe rpadHuka B KoopauHatax lg So— 1g Qq, pH 3TOM MBI HOJyYaeM mnps-
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MYVI0, YII0BOH KO3 dHIHEHT KOTOPOH paBeH mapaMeTpy ¢, a OTPe30K, OTceKa-
eMblil Ha ocH lg So, pasen g p.

3Has napamMerpsl A ¥ B uJH p H ¢, MOXHO NPHHSATL ONpeJeNeHHYI0 pac-
YCTHYIO BEJHYHHY pacxona Qop (HAH NOHHXKEHHS Sop) H BBIUHCJAHTBL COOT-
BETCTBYIOIICe mOHHKeHHe (uaH pacxold (op)-

Ias onpeneneHuss nOHHKEHHI («Cpe30K») ypoBHS S, NOMXKHB OBHITh
[IOCTpPOEHbl MO (aKTHYeCKHMM [AaHHHM rpadHKH CPe30K, OTBEYalollHe 3aBH-
CHMOCTH

Se=f{Qi, 1), (1v.9l)

rae Q. — pacxop i-i CKBaXXHHH, pACHOJOXKEHHOH HAa PACCTOAHHH 7, OT TOYKH, B KOTOPOH
HaGaonaeTes NOHHMKeHHe: YPOBHs S.

B Goaslunctee cnyuaes 3asucumoctd (IV.91) Moryr 6uith nmpepcras-
JIEHhl CepHell MPSIMEIX JHHHH, BHXOASIIHX H3 Hauajaa KoopAHHAT (CM. pHC.
IV.27,6); cnepoBaTtesbHO, AJs1 KaXI0H TOUKH IJacra

S;=C;Q;, (1v.92)
rne C, — yryioBofi ko3pQHUHEHT COOTBeTCTBYIOWEH npAMOH (npH HaHHOM 3HAUEHHH 4.

[Ipu 3HaunTeNbHOH HEOAHOPOAHOCTH MJacTa uenecoobpasHo rpaduKu
CPe30K CTPOHThL [0 PAa3JHYHBIM HAMPABJAEHHSAM. DTO [AaeT BO3MOXHOCTb BHI-
SIBHTH BJIHSIHHE ONpefeseHBhM 06pa3oM OpPUEHTHPOBAHHOM TPEILHHOBATOCTH,
TEKTOHHUECKHX pa3/a0MoOB, daunanbHelx H3MeHEHHH nopola u T. A. Ilo yka-
3aHHBIM rpadukKaM cpe3oK, TaK Ke KaK MO KPHBBIM AebuTa, MOXKHO, 3aja-
Basicb pacxoioM Q.p, ONpPEJENHTh BEJNHYHHY CPE3KH YPOBHS S.p.

B nnacrax ¢ NoCTOSHBEOAEHCTBYIOIHMH HCTOYHHKAMH BOCHOJHEHHS 3a-
[acoB NOA3EMHKX BOA (BOMH3H KPYNHBLIX PEK, BOAOXPAHHJMIL, IPH HAJHYHH
THAPABJAHYECKOH CBSI3H C APDYTHMH BOJAOOOHJABHBIMH NJacTdMH H T. A.)
(buabTpalHs, KaK YKe YKa3bnlBaJa0Ch NIPH PACCMOTPEHHH aHAJHTHUECKHX Me-
TOAOB pacuera, co BpeMeHeM npHobperaer ycraHOBuBIUMiCA xapakrep. [lo-
cnegHu®t unen AS(f) 8 ypasHeHun (IV.88) npu 3TOM MOXKHO NPHHSATH paB-
HBIM HYJIIO.

Caenyer noguepKHyTh, UTO, NOCKOJBKY 3Ta METOAHMKA CBOAMTCS K HAJO-
JKEHHIO GUAbTPALHOHHBIX TEUCHHH, OHA SBJSETCS TEOPETHUECKH BHIOJHE 060-
cHoBanHo#. [lo3TOMY mpH OTCYTCTBHH (DaKTHUYECKHX AAHHHIX O B3aMMHOM
BJHSHHH CKBaXXHH BEJHUYHHH S; MOXHO OIpeesiTh 10 HMEIOUWHMCS TEo-
PETHUYECKHM DEeLUEHHSIM.

Bonpoc 0 gonycTHMOR 3KCTPAnOJAUHUH ONBITHHX AAHHHIX [0 KPHBBIM
de6uta n rpaduraM Cpe3oK peHIaeTCss B 3aBHCHMOCTH OT KOHKDPETHBIX TH[-
pOreosIorHYecKuX YCJIOBHH, KOHCTPYKUHH CKBAXKHH, TEXHHUECKHX CPEACTB
OTKauku H Apyrux ¢axropos. Hepelko npunumMaemuie Ha NpPaKTHKE lpepe-
abl skerpanoasiuu (1,5—3) Sy (rae Sp — noHuxkenwne yposusi, pakthuec-
KH JIOCTHTHYTOE NPH OTKA4KaX) MOTYT GHTb PacUIHPEHbl, 4 pacuerTn GyAyT
BIIOJIHE ONpPAaBAAHHBIMH IIPH 00Jee 3HAYHTEJbHOM MNpPEBHILEHHH NPOTHO3H-
PYEMBIX MOHHXKEHHH YPOBHSl Haj ONKITHHIMH.

[Ipy HEyCTAaHOBHBIIEMCS [ABHXKEHHH CYIUECTBEHHOE 3HAYEHHE NPHOGpe-
taer BennunHa AS(t), sxoasmas B ypasHenue (IV.88). IIns onpenenenus
3TOH BEJHUYHHBI HCNOJIB3YIOTCS JAHHBIE OTKAU€K, BHINOJHSEMBIX NPH HEycTa-
HOBHBILIEMCS DEXKHME, KOTOPhle MOTYT OHITb BblpaxKeHb rpadukaMu (cm.
puc. IV.27, 8):

roe S — nouuxkenue YpPOBHA NpH pacxone Q, t— BpeMd.

3apaBasicb 1e6HTOM CKBaXUH H OnpejeseHHbIM CPOKOM HX 3KCHJyara-
UHH, TO YKa3aHHKIM TpaduKaM MOXHO ONpEJEJHTb DACUETHYIO BEJNHUHHY
AS (1).
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TIoCKONIbKY AJHTEJIBHOCTb ONBITHBIX H ONHTHO-IKCIIYATALHOHHLIX OT-
Kauek, 1o pesyjbTaTaM KOTOPHIX COCTABJAT rpacduku S — f, 06HYHO TO-
pasfo MeHbIe 3KCIIYaTaUHOHHOTO NEPHONA, BeCbMa BaXKHO NPABHJbHO HH-
TEpPIUpPETHPOBATL rpa)MKH H BHIPA3HTb HX B aHAJHTHYECKOH (opMme, MaKCH-
MaAbHO COOTBETCTBYIOUIEH NPHPOAHHM YCloBuaAM. 3agaua 3Ta o6Jerdaercs
6Aaronapst YCTAHOBJEHHOH paHee O0IUeH 3aKOHOMEPHOCTH, B COOTBETCTBHH
¢ KOTOpOH IPH AJHTEJbHHX OTKayKaX BO BCeX TOUKAX HEOZHOPOMHOro I1Ja-
CTa YPOBEHb CHHMKAETCS ¢ OJAMHAKOBOH CKODOCTBIO, OlpeeasieMOH cpexHel
BOJIONIPOBOAHMOCTBIO B Ilpejesax IJIOIANH AKTHBHOIO BJHSHHS OTKaiKH.
Hcxoast u3 storo ausi onpeneseHust BeJHuHHB AS (f) MOXXHO HCHOJAB30BATH
CAELYIOLIHE TPHOJHKEHHBIE (POPMYJIH:

AJsT HeorpaHuueHHOTo Imacra

Qp cym {p.cp
S(H) = 1 ; 94
A~ L eme ™ 1 (1v.54)

AJIs TOJTyOTPaniUYeHioro naacta ¢ OAHUM I[PSIMOJHHEHHBIM HEHpPOHH-
aGMBIM KOHTYPOM

Qp cyn Ip.cp
S =z 1 ; .9
A (t) 2n (km)cp f to cp (IV 5)

AJIse mJracra ¢ ABYMsI B3aHMHO II€peCeKallHMHCH HpHMOHHHeﬁHbIMH
HENpOHHUAEMBIMH KOHTYpPaMHu

Qp.c.u tp.cp
S(H) =~ 1 , - .96
A5  (km)cp " tocp av.50)

rape Qp cys — NPOEKTHPYEMBIH DAacxoj BCeX CKBAXHH; fp cp — CPEAHHH («NpHBEAEHHBIA»)
pacueTHuill NEPHOA IKCMAYATAUMH; focp — CPEAHSA («npHBeAEHHAs») NPOROJKHTENLHOCTL OT-
KaweK; (km)cp — cpeusisi BOLONPOBOAMMOCTD NJacTa

BennunHet fcp M focp ONPEACNSTIOTCS U3 CAEAYIOUNX BEIPAXKCHHR:

_ Qup In tip + Qap Intep+ ...+ QvpIntvp

Intpcp= ; (1v.97)
Qp.cyM
1 In ¢ e In ¢
Infy ep = Qup In 1+ Qop 111 £59 + - Qvp Int ¢vo ) (1V.98)
QP cYM
rae Qip, Qzp, , va — pacyeTHuH (NPOEKTHPYEMHI) pacXoj CKBaXKHH Ha nepHoad fip,

{op, ,tvp . Yo, o

Beanunna (km)cp MoxeT ObITH ONpeleseHa KakK CPeiHAs apupMeTH-
yecKasi WJIM CpeJHeB3BEelleHHAfl 10 IJIOIIAAsIM PA3JHYHBIX YYAaCTKOB pac-
MIOJIOXKEHHST CKBAXHH!

N tVO—HPOI[OJI)KHTQJIbHOCTb OTKaueK U3 COOTBETCTBYIOIUX CKBAXXUH

v

2 (km),

=1
(km)ep == , (1V.99)
HJH
v
Y (km) F;
=1
(km)ep = ~——————» (1V.100)
-l
Fy
=1
roe Fy, Fa, . Fv —nnollaZM yuyacTKOB pPACMOJOMEHHsST CKBAXKHH (BCIOAY V -— UHMCIO CKBa-

KHH M YYacTKOB).
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Ilpu pacluHpedHy CYIECTBYIOIHX BOA03aGOpOB AJS ONpeeIeHHUsT IPH-
BEJECHHOrO BPEMEHH OTKAYKH fjcp MOXKHO HCHOJB30BAThb (QAKTHUECKHE JaH-
HEle O JAJbHOCTH JAEHCTBHS (MJIH «pajuyce BJAHSIHHA») BOJA03a60POB Rax
B 3TOoM cayuae

focp = ¥ f": . (IV 101)
C

rie P — uHCJAeHHbll KO3 dHUHEHT, ONpEAeNeMblil COTIacHO YKa3aHHAM, JaHHbIM B 1 2 JaH
HOH TrAaBH

Meropuka pacuera B0j03a60pOB MO pe3yJibTaTaM OTKauyeK B YCJOBHSX
HEYCTaHOBUBILEroCs ABHXKEHHS NOA3EMHBIX BOJI OcBelleHa B paboTax [26,
32]. B nepsoii U3 HHX AaH moApOGHBIA NMpHMep pacueTa.



F'masa V
BOJO3ABOPbI B CJIOHCTbiIX BOANOHOCHLIX TIJIACTAX

1. PACYET BOJAQ3ABOPOB B HAMNOPHBIX BOAOHOCHbBIX
IJIACTAX, CBSI3AHHBIX C TPYHTOBbIMH BOAAMH IMMOKPOBHOH TOJIIN

B rnase 1V 6biim paccMOTpeHsl METOAB! pacuera BOA03a6OPOB MpH
HHOHUJIBTPANHOHHOM MHTAHUH, OCYIIECTBJSIOIEMCST HENOCPEJCTBEHHO B
3KCNAyaTHpyeMblii niact. OAHAKO BO MHOTHX CJydasx 3KCIIyaTHPYeMbie
TMJACTHl [IEPEKPHITHL ECYAHO-TIHHACTHIME OCaKaMH H He CBsI3aHBl HEMOCpes-
CTBEHHO ¢ aTMOCGEepoH 1 NOBEPXHOCTHEIMHE BOAHBIMH HCTOYHHKAMH. B Takux
YCJOBHSIX NpH AEHCTBHU BORO3a00pPOB TaKXKe MPOHCXOJHT HHTEHCHBHOE IH-
TaygHe BOJOHOCHBX TOPH30OHTOB Yepe3 NMOKPOBHYIO TOJILY MOPOA.

PaccMOTPHM XOpOLIO H3YYEHHYIO cXeMy (PUJIbTPALHU K CKBAXKHHE B ABYX-
CJOHHOM TJIaCT€, BEPXHHE CJOH KOTOPOro — ¢JabONpOHHUAEMBIH € KO3(d-
¢bHuHeHTOM (UJAbTPAUHUH kg H CPeAHEH MOLLHOCTBIO g — COAEPKHT IOA-

3eMHBIE BOAB €Q CBOOOJNHON MOBEPXHOCTbIO, 4 HHXHHH — CHJIbHOINPOHHLA
eMBblll, HAMOpPHHEIE ¢ KO3(hOUUHEHTOM (HABTDAUHH £ U MOUHOCTBIO M
(puc. V.1).

JBuxkeHue MoA3EMHBIX BOJ B TAKOH CXeMe OIHCBIBAETCST CJEAYIOIIMMH
ypPaBHEHHSIMH:

6 nmb =0
6S
a* 28 L 6% (Sy — 8) — Y =0, (vV.1)

roe Sy — noHuXKeHHe YDPOBHA B BepXieM GesnanopHom cjoe, Sp=Hhe—Hh, he n h— nepso-
HavyaJbHBIA (CcTarHuecKull) M TeKyWHH (B Npolecce OTKAYKH) yposlm B Ge3HANOpHOM CJI0€,
S — nonnxkeHne ypoBusS B HHxHCM HanopuoM mgacre, S=He—f; H. u H — nepsoua-

m
YaIbHBIA H TeKYWHA YPOBHH B HaNOPHOM ILIacTe, a*=‘—‘p’* — KO3 (HUHEHT TNbe30Npo-
ke ko
BOAHOCTH HATOPHOTO TJIacra; Rm — ero nposoauMocts; b= ——; b* = pa uoH
Mokt Mokt

B* — BOJOOTAAYA BEPXHETO H HHIKHETO CI0€B, Egad — HHOHIBTPALHMOHHOE MUTaHHE,;
V2 — onepatop auddepenunpoBanus
Havyanpurle # rpaduypble  ycaoBHst  (QOPMYJHDPYIOTCS CJELYIOULIM
o6GpasoM:
=0, 0<r<o, 8 =8=0, H,=h
aS Q N (V.2)

>0 r=r0, Izmr?=_2nkm

Ias cnyyasi, xorga geGHT CKBAXKHHBl B HANOPHOM TropH30HTE Q=
=const ¥ HEPUABTPALIHOHHOE THTAHHE BepXHEH BOLOHOCHOH TOJIUH Exng=
=const (u/IH, B 4acTHOM cJiyuae, emmy=0), cHcteMa ypaBHenu# (V.l) wuc-
cnenosalach B psige pa6ot [19, 28, 137]. CornacHo nosyYeHHHM NPH 3TOM
pe3yJbTartaM NOHHXeHHe YPOBHA B HHXKHeM HalOPHOM ¢Jioe MPH yKasamHbiX
yCJIOBHSIX onpenessieTcs: no gopmyae [19, 28]:

Q Eynd ¢ __peey ]
= —_—— ] 1— V.3
dakm R T [ g W) (V.3)
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rae R — GespasmepHoe CONPOTHBJEHHE, 3HAYEHHS KOTOPOTO MNpHBeAeHH B Tabn. V.I* npu
pa3JIHYHBIX BEJHUHHAX CTEAYIOUIHX NapaMeTpos:

% k t
n=t—;  w="
4 2
r r 3 / bt (n— 1)
B ‘/(km) m, “ n
ko
o = r2 a**= km . LL Jp— + *
T gt TRE ’ L BB
B ypasHenun (V. 3)
b**:b—,’—b*:—ko—ﬂ.
me pp*
[Tpu 6**t>>5 BTOpPOIl UNeH NpaBol YACTI MOXHO IPHHHMATb PaABHBIM
Eucht
pr
Eyngp = Const
RENEEIE RN
LTSl el
Puc. V.I. Cxema K pacue- 1 LJ *JJ 4‘ j¢‘¢ éL
TY CKBaXXHHH B HanopHoM 1, T T ] T | ] |
nxacTe,  CBSI3AHHOM € I T, IT—=—K==1 -1 | |
TPYHTOBHIMHK 6eananop- T 1T/ | 1 A I — 1
HEIMH BOJAAMH N T JT——K—=107 ] A
[T N1 - I Iy [ 1
1:‘?& -1 T \T 1T
A

\

e el

T. e. TaK €, KaK H B CJydae HENOCPeACTBEHHOIr0 HHOHJABTPALHOHHOTO
nuTaHug 63 MOKPOBHOTO CJ0s, HO TOJMBKO MpH CYMMapHOH BOmooTHaaue.

kot
®yukuus R 1pH %>3 H bt=m° > 3+ 5 CTAHOBHTCA MNpPaKTHYECKII

o b
paBHoH (pacxoxnenust He Goaee 5—79%) wupTerpa’dbHOH NOKA3aTEAbHOM
(GYHKUHH, KOTOPOH onuchBaercss Quiabrpaunusi K CKBaXKHEE B H30JHPOBAH-
HOM [JacTe, T.€. NPH YKa3aHHBX 3HaueHHSX napaMeTpoB

2
~ —Fi[— .4
R l( 4a**t)' (vV.4)

km
B+ p*
niaacre).

[TocKoabKy BOLOOTHZAUA INOKPOBHOH TOJILH OOBIYHO ropazno 6onblie
ynpyro#t BOZOOTAAud HanopHoro mnaacra (u>>»>p*, cM. n. 2 ra. III), to Xo-

km
Onnako 3jech a**= (BMecTO a*= —— — B H30JIUPOBaHHOM
B

* Tabn. V.l cocraBnena B cekrope MHP Corwssopokanannpoekra I, A. JKmyposoii.

119



r
3HaueHuss PyHKUHH R (bt,-;, 1) x dopmyae (V.3)

TaGaupa V.1

r 3nauenHs R npu bt
B 0,01 0,03 Io,os | o1 o2 [o3 |os | 1 | 2 3 | s
1=6,5
0,1 | 2,514 3,483 | 3,89414,374|4,741{4,911|5,116|5,47515,994 {6,361 | 6,859
0,2 | 1,269 2,161 | 2,55713,027|3,388|3,555|3,75614,106|4,616|4,980| 5,475
0,4 | 0,343 0,987 | 1,330]1,762|2,104{2,262|2,451]2,77813,262|3,613| 4,098
0,6 | 0,079 0,461 |} 0,73211,1091{1,424]1,571]1,74412,044]2,496|2,831} 3,302
0,8 | 0,014 0,207 {0,401{0,71410,997|1,132|1,289]1,560]1,977|2,293| 2,747
1 0,002 0,087 | 0,124/0,46110,709|0,831|0,972|1,215]1,996]1,892( 2,327
1,6 | 0 0,007 | 0,037{0,143/0,308]0,398}0,5030,681]0,975] 1,219 1,599
2 0 0 0,005{0,042|0,132(0,198(0,267}0,893|0,614]0,828} 1,131
3 0 0 0 0,002}0,021}0,043/0,076| 0,135/ 0,250 {0,366 | 0,583
n=10
0,1 | 2,956 3,877 | 4,24014,627|4,888}5,0115,186|5,536 | 6,065 | 6,423 | 6,921
0,2 1,667 2,542 | 2,896(3,2773,535|3,655|3,826|4,163 | 4,677|5,041 5,536
0,4 | 0,602 1,316 | 1,640]2,001])2,247|2,360| 2,518 (3,888|3,320|3,674 | 4,159
0,6 | 0,207 0,721 {1,000|1,330(1,561|1,666!1,810]|2,102|2,555|2,891 3,363
0,8 | 0,062 0,393 | 0,621(0,913}1,126|1,222]1,3511,616|2,034}2,352{ 2,807
1 0,016 0,208 | 0,384{0,636|0,829(0,915|1,031]1,268|1,651 1,949 2,335
1,6 ] 0 0,035 | 0,107/0,2590,401}0,467|0,551)0,725{1,024|1,270] 1,654
2 0 0,004 | 0,025(0,101(0,198|0,245|0,305{0,429}0,655{0,853| 1,181
3 0 0 0,001}0,013| 0,047 0,069} 0,097{0,157}0,27810,398 | 0,622
1=20
0,1 | 3,508 4,379 | 4,683}4,850|4,987(5,07815,241}5,590]|6,109|6,477| 6,975
0,2 | 2,272 3,034 | 3,28413,499(3,633(3,72113,88014 221 14,731 5,095 5,500
0,4 1,080 1,771 | 2,010{2,21792,343|2,425| 2,572 2,890 {3,375|3,727| 4,213
0,6 | 0,582 1,119 | 1,341}1,587(1,654(1,728{1,861|2,158|2,607[2,943| 3,416
h
0,8 | 0,255 0,724 |0,925(1,108(1,215(1,261]1,400|1,665,2,085|2,403} 2,839
1 0,116 0,471 | 0,647]0,815|0,913(0,971|1,077|1,314|1,699|1,998 | 2,436
1,5 1 0,012 0,155 } 0,263)0,397)0,472]0,513]0,590)0,765) 1,067 1,316 1,703
2 0,01 0,045 | 0,103{0,197 |0,258{0,282|0,395 (0,461 }0,692|0,398 | 1,225
3 0 0,002 | 0,014]0,043}0,077]0,090|0,115]0,1760,390 {0,427 0,657
n=34
0,1 | 4,023 4,642 | 4,798/4,913(5,012{5,099|5,262|5,611|6,130(6,498| 6,996
0,2 | 2,684 3,294 | 3,449|3,5613,568 (3,748 3,902 4,24314,750|5,117| 5,612
0,4 | 1,445 2,020 | 2,170|2,278|2,367 | 2,446 | 2,593 | 2,911 | 3,396 | 3,743 | 4,334
0,6 | 0,830 1,351 | 1,495|1,596(1,667(1,748|1,881|2, 714|1,628!1,964] 3,437
0,8 | 0,480 0,985 | 1,070(1,165|1,287(1,300(1,419|1,634|2,105|2,423| 2,880
1 0,273 0,657 | 0,781}0,859(0,984|0,989(1,095|1,333|1,719(2,018| 2,457
1,5 | 0,058 0,276 | 0,371/0,442]0,489)0,528/0,60410,730)1,084!1,334} 1,721
2 0,010 0,113 | 0,180(0,234(0,268(0,259]0,3480,475(0,707|0,910{ 1,243
3 0 0,016 | 0,040|0,069|0,085]0,0970,122|0,185|0,313|0,439| 0,671

5(QdHUHEHT nbE3ONPOBOAHOCTH a**<a* W COOTBETCTBEHHO ypOBEHb INpH
OTKauKe B nponecce JKCIIyaTauHH BON03a6opa NMOHHKAETCS MeHee HHTEH-
cyBHO. B ra6a. V.2 mnpuBeneHnl 3HaueHHs 6e3PasMEPHOTO MOHHIKEHHS

yPOBHS

S =

Q

4nkmS

B 3aBHCHMOCTH OT @ B H30JHpPOBaHHOM miacTe (u**/u*~=1), u B ABYXCAOM-

HOM I1ACTe NPH Da3JHYHBIX COOTHOLIEHHSX w**/u*.
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Ta6auua V2
BeapasmepHble NoHHIKEHHS B U30JHDOBAHHOM
H IBYXCJOHHOM NJacTax

S— —E1 (—&) npH p**/U*, paBubix
@ 1 10 100 1000
10—1 1,82 0,22 0 0
10—2 4,04 1,82 0,22 0
10— 6,33 4,04 1,82 0,22
10—4 8,63 6,33 4,04 1,82 .
10—5 10,94 8,63 6,33 4,04

M3 tabn. V.2 BHAHO, 4TO NOHHKEHHE YPOBHA B [ABYXCJOHHOM mJac-
Te npu u**/u*=10 B 1,5—2 pasa, a npu p**/u*=100—B8 2—2,5 pasa
MEHbIlle, Y4eM B H30JHPOBAHHOM.

R
(s)

__

Puc V2 T'paduk noHHKEHHS YPOBHS NPH OTKAUKe

int

Ha puc. V.2 npusenen rpadguk 3aBucuMocTH R OT Inm /, xapakrepusyio-
I{MH 3aKOHOMEDHOCTb NMOHHXKEHHS YpOBHA (NPH euny=0) B mamopuom nzac-
Te, CBAI3aHHOM C TPYHTOBBIMH BOJAaMH NOKPOBHOIO CJ0fl. B nepBelfi nepuog
(KaK npaBHJ0, HENPOJAOMNKIUTENbHbIH) YPOBEHDb NOHHKAETCS ¢ TAKOH JKE CKO-
poCTbIO, KakK B OAHOCNONHOM maacre. OlpefeasiolldM TapaMeTpoM 37ech
aBaAdeTca ynpyras sogoordada. lloctymsenne BOABI H3 NMOKPOBHOH TOJLRH
B 3TOT MEpHOJ MNPOMCXOAHT B NpeHeOPeKHMO MaJabiX KOJHuyecTBax (oTpe-
30K /, puc. V.2). 3areM no Mepe yBeqnueHHst IPHTOKA BOJAE M3 NOKPOBHOI
TOJIIIH TeMIl CHHXEHHSI YPOBHS B HAIOPDHOM I1acTe HECKOJNBKO 3aTyxaer M
KpHBasl BLINOJOXKHBAETCS; HA ONPeJeTIeHHOM OTPe3Ke BPEMeHH 3/€Ch MOXKET
YCTAHOBHTBCA DPeXHM, OJH3KHH K crauuoHapHoMy (orpe3zok II). Og-
HAKO 3TOT IepHOJ ObICTPO CMEHSETCSl M HACTYNaeT pPEexXHM, COOTBETCT-
BYIOLLHH cCyMMapHOH BOAOOTAa4e 060HX naacTtos (oTpesok I11).

[lynkTHpHast KpHBas XapaKTepH3yeT NOHIIKEHHE VPOBHsS B H30/1POBAN-
HOM maacre. Kak BHIHO, OAHOH H TO# Xe BeqnuHHe R (uam S) B M30aMpO-
BaHHOM OJIHOCJOHHOM I1aCTe COOTBETCTBYET BPeMs fys, a B JBYXCJOHHOM —
trp, IpHueM by <Irp. [Ipubnnxkennast popmyna ansi CIPENeNeHHsT NOHHXKe-
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HHSl YPOBHA B BepxHeM Ge3HAIOPHOM IJacTe 10 UCTEUeHHH BPEeMeHH, onpe-
JeJsieMoro 3HaueHHeM 6e3pa3MepHoro mnapamerpa b¢>3—5, mnpeacrasis-

€TCHd B BHJC: 2

t l / ® e

" X Q_ p_twel 1——( £ ) (1—eB ’)}, (V.5)
4nkm p bt \ p**

Tae R — ¢yuxuus, onpeneisemas no tabn. VI uan no dopmyae (V.4).

Takum o6pasom, Npu IJHTENAbHBIX NepHoiaX GUALTPALHH pacyeTsl Mu-
HHXKEHUI YPOBHS B 0GOMX O/1ACTaX — HANOPHOM (SKCIAYaTHpPyeMoM, B KOTO-
POM pacnoJioKeHbl BOJ03a60PHbIe CKBAXKHHBI) W NOKPOBHOM, 6e3HANOPHOM
(nmuTaIeM) — MOXKHO NHpPOM3BOANTbL MO TeM ke ¢opMyJaaM, 4To B OAHO-
CJOHHHIX NJacTaX, HO C YYeTOM CyMMapHOH BoJA0OTAauH pu**=p-4p*.

W3z dopmyast (V.5) BHAHO, 4TO AJNSt BepXHEro nJjacra BeJdHUNHA HH-
GuALTPALHOHHOTO NHTAHHA C TeueHHeM BpeMeHH NPHOIHXKAeTCA K Eungl/N,
T. €. 062 naacra UMeoT NEUTH OJHHAKOBOe HHGMJALTPALHOHIIOE NHTaHIe,

CnenyeT OoTMETHTb, 4TO B 3TOM CJayuae, TaK Xe KaK B OAHOCJIOHHOM
OJIHOPOAHOM IJiacTe, MPHHATAA CXeMa HH(HJIbTPAUHOHHOTO NUTAHHA B Hpe-
Jefaax BCEro MjacTa, KOTOPHIH CUHTAETCH HEOTPpaHHYEHHBIM, IBAAETCA YCJIOB-
Hoil. B AefCTBHTENBLHOCTH, KAK yXKe YKa3hlBaJoCb, HHQHIbTpALHA NPOHCXO-
JHT Ha yuacTKax HauGoabluero moHuXenus yposuf. KpoMme Toro, nHTeHCHB-
HOCTb HHQUALTPALUOHHOTD MIITAHHA 3aBHCHT OT NOHHXKeHHA yposus. Ho ec-
JH naXe WCKJIOUNTh HHQUAbTPALHOHHOE NuTaHHE, T. €. TPHHATL eumngp="0,
TO U B 3TOM CJayuae B pe3ynbTare QHABTPAUHH W3 BePXHEro C/OA CO3AaI0TCA
Bosiee GJIATONPHATHBIE YCJAOBHA 3KCIAYAaTALHH, YeM B H30JHPOBAHHBIX maa-
cTax.

O61beM BOAbI, NMpHBJEKaeMbI B0A03a60pOM H3 BEDXHEro nJjacra B Ipe-
Aenax a060ro KOUTypa paalycoM ry (IpH emp==0), onpeieasercs mo ¢op-
Myne

pQri [ 1 e e
Vo= pr ~a—(l—e )—El(—a)J, (V.6)

rae

2
Ty

4a**t

3a 3To BpeMs If 112 TOH 2Ke IWIOUIAAN I3 IIHXKHEro maacTa 3a CyeT ynpy-
THX 3a0acOB NpH NOCTOAHHOM nebure @ GyreT No.1y4eHo:
Va=Qt— Vo=V —V,,
rie V — o6wuil o6beM BoAbl, OTKAYHBAaeMH BOL03a60OPOM.
CoO0THOLIEHHE COCTABJSIOIINX 06beMa TpPH (ry—>00) NPONOPLHOHAALHO
COOTHOILIEHHIO BeJHYHH BOJOOTAAUH:

Vo v Vo B V.7
Va u* Vv P**

[Ipy 60aAbIIMX 3HAYEHHAX BpEMEHH (f—o0) U QHKCHDPOBAHHOM 3HAUEHHH
re{o—0) o6beM Boxm V,, npHuBiekaeMol B0A03a260pPOM H3 BepXHEro IJja-
cra, crpeMutcs K Hydato. CnejpoBaTesnbHo, AONONHHTENbHOE [IHTAHHE SKCIY-
aTHPYEMOTO NJacTa NpH [JIHTeAbHOI paboTe BoA03a60POB OCyLIECTBIASAETCH
B OCHOBHOM B yjAaJieHHbIX OT B0A032060pOB 061aCTsX.

Pacyernl B3aHMOJEHCTBYIOIHX CKBaXKHH A PaCCMaTPHBAEMbIX YCJI0-
BHil BLINOJAHAIOTCH, KaK H JJIs OJHOCJOAHBIX NIJ1ACTOB, IO METONY HAJNOKeEIHs
TeUeHHH, T. €. IOHHKelHe YPOBHSA B JI0O0H Touke B JIOGOH MOMEHT BpeMeHH
NPHHAMAaeTCs PaBHBIM:

S =28;, (V.8)

rie S, — NOHHAKeHHe YPOBHS B IAHHOH TOUKe, OBYCNOBJEHHOE AeHCTBHEM [-H CKBAXKHHEI
[em. dopmynur (IV.7), (IV.8)].
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Hns onpegeneduss S, ucnonbsyor dopmyast (V.3) u (V.4). Kak yxe
OTMeyanoch, B MaTeMaTHYECKOM OTHolleHuu Gopmyna (V.4) auaaoruyna
dopMyne aast ORLHOCJOIHBIX naactoB. OTAHYyHeM ABASETCA JAHIIb TO, 4TO B
Hell YyMTHIBaeTCs CyMMapHas BOLOOTAaya OGOHX MJAACTOB.

2, PACUET BOJO3ABOPOB B JBYXCJONHOM HANOPHOM TMJACTE

QunbTpanHoHHBE CBOHCTBA 3KCnayaTaUHOHHBIX BOJOHOCHBIX MJaCTOB
MOTYT CYIIECTBEHHO H3MEHATbCS B BepTHKAAbHOM Hanpablienuu. Oco6eHHO
3TO XapaKTepHO AJd BOLOHOCHHX TOPH3OHTOB, CAOXEHHHIX TpPELHHOBATHIMH
nopofaMu. B ¢Bsizn ¢ o6bIUHO HaGAI012EeMbBIM 3aTYXaHHEM TPELUHHOBATOCTH
nopof ¢ TNYOHHOH COOTBETCTBEHHO
yMeHbINaeTCk H HX [POHHIAEMOCTb.
@uabTphl  BOL03260pPHBIX  CKBAXXHH
npd HeOAHOPOJHOM 1O BEPTHKAMH
CTPOEHHH BOJOHOCHOH TOJUIH pacro-
J1araloT B HHTepBajaX, OTJHYAMOLL(HX-
CAd HauGoJblled BOAOOGHABHOCTBIO H
BLICOKHMH (QUIbTPAUHOHHLIMH MOKa-
3atensMu. B 3ToM cnyuae npu pacde-
TaX BOA03200OpHBIX COOPYXKEHHH ua-
Ule BCET0 He YUYHTHIBAETCA [PHUTOK
MOA3eMHBIX BOJ, H3 OTHOCHTENbHO CJia-
O0ONpOHHIAEMBIX, HE BCKPbIBAEMbIX
$uabTpaMu 30H BOJAOHOCHOIO MiacTa, Puc. V3 Cxema Heoznopomuoro me
KOTOPble MO3TOMY YCHOBHO NMpUHHMA- IPOHHUAEMOCTH nAacTa
I0TCA BOAOYMOPHbIMH.

. PaccmorpuM npoctedmuit cnyyail HeoAHOPOLHOTO CTPOEHHSt BOLOHOC-
HOH TOJILIH.

[TycTb BOLOHOCHBIF MAACT COCTOHT H3 ABYX 30H Pa3iHYHON MpoHHIlae-
MOCTH ¥ MOIUHOCTH. Bone3a6opHas ckBaXKWHa, ACACTBYIOIIAS C MNOCTOSH-
HBIM BO BpeMeHHM pacxojoM Q, Haxonutcsi B 30ore / ¢ KosddHHenTOM Hb-
Tpauuu Ry 1 MOWHOCTbIO My. CocellHsss 30Ha 2 HMEET COOTBETCTBEHHO Mapa-
MeTpbl Ry 1 my (puc. V.3). Bech nnact xapaxkrtepHsyercss 06mHM aas 06enx
SO0H K03(QdHuIIIEHTOM Nbe30NpOBOAMOCTH 4.

QunpTpanns Noa3eMHbIX BOI B 06eHX 30HaX B YKa3aHHOH CXeMe orpe-
LenfieTcss CHCTEMOH ypaBHeHHH:

eg =L 9512, z__li< _a_)+ o V.9
VoL T VT o ) T (V.9
Il TPAaHUYHBIX YCJOBHH:
t=0, Sl,2:0;
t>0; r=c; Sl,2:0;
a aS
ro>0, lim 2nry by my 01 =—Q; 02 =0;
r 4 (V.10)
08, _o . 08, _ .
2= oz — Y, 2=m, oz = U;
N as
2=my by —— = by —2 8, =8,
0z 0z

rae S; ¥ S; — noHHXKeHUs VpoBHell cOOTBeTcTBenro B 30uaX | M 2. m — cvMMapnas Moll-
HOCTb BOZOHOCHOTO MACTA; fo — PAZHYC CKBAMKHHBI

Ha ocuose pemenus ypasuenuir (V.9) npu ycnouax (V.10) cpenuee
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Mo BEPTHKAAH NOHHXKEHHe YDOBHS B OCHOBHOM 30HE (30HE DACMONOKEHHS
BON0326OPHOI CKBaXKHHBI) ONpENENHTC cjenylomnm ofpasomM:
2
Sl=4—-——-anm [—Ei(—t)—}—%], (V.11)
rae km=k;m+kams
®opmyaa (V.11) nopo6ua coornowenuio (IV.29), xapakTepuayiomemy
paGoTy HecomeplIeHHOH CKBaKHHbl B OAHOpoaHOM mJjacte. OnHako B maH-
HOM cJlyyae MONpaBKa [ yUYHTHIBAeT HE TOJAbKO HENOJIHOE BCKPBITHE CKBa-
KHUHON Bcell MOLIHOCTH NJacTa, HO M OTJHYHE MPOHHIAEMOCTH B HHTepBa-
Jle, Tle YCTAHOBJIEHa CKBaXKHHZ, OT TPOHHIIAEMOCTH HHXKeJeXKalluX NOPOo..
IlonpaBka Ha HeNOJHOE BCKpbiTHe CKBaXKHHOH HEOAHOPOAHOTO MJjacTa
{ yBesHyHBaeTCA BO BDPEMEHH, CTPeMACh K MAKCHMAJbHOMY 3Ha4eHHIO, KO-

at
TOPOC NMPAKTHUYECKH JOCTHMAETCH NMPH —- >50.

m
B stomM cayuae
S / .
L2 \ . sin Pn‘ - Ko(LPn>; (V12
— W2 (1+esin’y,) \m
1 — a'l B kz My
— % P g T V.13)
14+ af a * ky P ny ( )

rae Ko— oyununst Beccensi or Munmoro aprymenta (cM npuioxenne II); p. — monoxu-
TeJIbHBIC KODHH ypaBHEHHs
actgu,+ctgu, p=0. (V.14)
. Ta6bnuma V.3
3nauenue ¢ no dopmyae (V12)

mir

k, my
' m 1| s | 10 | s | 10| 20| s00 | 1000 | 2000
0,1 0,011 10,058 0,144 {0,236|0,343;0,405| 0,487 | 0,550 | 0,612
0.01 0,3 0,003 0,011 0,033 |0,057/0,0840,01 | 0,122} 0,138 [ 0,154
' 0,5 0,002 0,011 {0,021{0,032{0,039; 0,048 { 0,055 { 0,062
0,7 0,001} 0,003 {0,007|0,012|0,015{ 0,019 | 0,022 | 0,025
0,9 0,001}0,00210,003] 0,004 | 0,005 | 0,005
0,1 0,054 (0,399 1,16 |2,04 |3,08 {3,70 | 4,52 5,14 | 5,76
0,3 0,013 ]0,105| 0,310 |10,542]0,814/0,974| 1,19 1,35 1,51
0,1 0,5 0,002 (0,033} 0,113 {0,211]0,325|0,393| 0,482} 0,55 | 0,62
0,7 0,006 0,055 |0,07210,121|0,150f 0,189 | 0,218 | 0,248
0,9 0,002 {0,009 |0,020(0,028| 0,038 | 0,045 | 0,053
0,1 0,066 |0,666) 2,29 |4,37 16,93 18,46 | 10,5 12,1 113,6
0,3 0,024 ]0,231|0,723 11,30 |{1,98 |2,38 2,91 3,31 { 3,71
0,25 0,5 0,006 {0,082} 0,28 0,51 |0,81 (0,98 1,21 1,38 | 1,55
0,7 0,001 |0,019{ 0,090 |0,188]0,310(0,383| 0,480| 0,554| 0,628
0,9 0,001 | 0,008 |0,027|0,056;0,074 0,099| 0,118] 0,138
0,1 0,066 10,81 3,54 |7,43 |12,42 {15,5 | 19,5 22,6 | 25,7
0,3 0,035 0,392| 1,33 |2,46 | 3,81 | 4,60 | 5,67 6,47 | 7,28
0,5 0,5 0,012 |0,164| 0,56 1,06 { 1,62 1,96 | 2,41 2,75 | 3,1
0,7 0,002 {0,046| 0,197 }0,396| 0,641} 0,787} 0,981} 1,13 1,28
0,9 0,003] 0,023 {0,063] 0,122 0,159] 0,209| 0,247 | 0,286
0,1 0,060 |1,02 [ 5,2 l12,3 |o1,8 27,5 [ 35,1 | 40,9 [46,8
0,3 0,045 |0,64 | 2,40 4,60 | 7,25 | 8,85} 10,9 12,4 14,1
1 0,5 0,025 (0,328]| 1,13 | 2,11 | 3,25 | 3,93 4,82 | 5,5 6,2
0.7 0,008 10,119/ 0,439 1 0,85 | 1,34 | 1,62 2,0l 2,29 2,60
0,9 0,001 |0,013| 0,064 | 0,150| 0,270, 0,34| 0,43 | 0,51 0,58
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B ta6a. V.3 npuBeseHsl 3HayeHHs §, onpenenseMbie no dopmydae (V.12)
IJs Hanbosee peajbHBIX BEJHYHH @, COOTBETCTBYIOLIMX cCJAyualo, Korja
CKBaXKMHA BCKPbIBaeT HauboJsiee NMPOHULAEMBIH TOPH3OHT, & HHXKE 3aJIeTal0T
MeHee mpoHHL@eMble nopodni. IIpuBenennl Takke 3HaueHHs [ npu ky==ky,
3aMMCTBOBaHHbe #3 paborei [25]. M3 tabn. V.3 BHpgHO, uTo nonpaBka §
[J1s1 HEOAHOPOAHOTO HO NMPOHXI@EMOCTH IIACTa MeHblie, 4eM NS OJHOPOJ-
doro. CoOTBETCTBEHHO yMeHbIlaeTcsi 4 o6JacTb, B KOTOPOH 3Ta NONpaBKa
OpakTHYeCKH oOllyTuMa. Tak, eCcliH HHXKHHMI BOAOHOCHBIH TOPH3OHT HMeeT
Kodpdunuent GuAbTpauYy B 2 pa3a MEHbIIYI, YeM IOPOJL!, BCKpLIBaeMhle
‘CKBaXXHHOH, TO nmonpaBka yMeHbwlaeTcss B 1,5—2 pa3a mo cpaBHeHHIO C MO-
npaBKoOH 45 OLHOpOAHOro Miacra. HeomHoponHoe cTpoeHHe BOJAOHOCHOMH
TOJIIH OCOGEHHO BaXKHO YUHTHIBATb NPH pacyeTe NapaMeTpPOB BOJOHOCHOTO
TOPH3OHTA IO Pe3VjbTaTaM ONLITHBIX OTKAYEK H3 HECOBEPIIEHHBIX CKBaXKHH.

Pacuernl noka3elBaoT TakXKe, 4TO Aaxke npH BecbMa ciaboH mporHIae-
MOCTH TIOPOJ, NOJCTUJAIOLIHX OCHOBHYIO BOJOHOCHYIO 30HY, BJHSHHE NPHTO-
K2 BOIbI CHH3Y MOXET ObITb NOCTAaTOYHO OOJ/IBIUHM, OCOOEHHO IIpH 3HAUYH-
TeJbHOH MOLLHOCTH c/1a00NpOHHL@eMbIX [IOPOJ.

Pacxon noa3eMHBIX BOJ H3 HHXKHell 30HH K BOJO3aBOPHOM CKBaKIHe,
KOTOPBI MOXKHO PacCMaTPHBATh KaK JONOJHHTENbHOe NHUTAHHE IKCINIyaTa-
1IHOHHOTO IIJ1aCTa, COCTABHT!

2Q i sinu,
= - ; V.15
Qon= T ap |t (1 @sin®ug) (v.19)
n—
Tlpu m;=m, umeem
Q Q2 (V.16
Y SRy M -16)

Ilpu paBencTse k03)PHIUHEHTOB (HILTPALIH HOPOR B OGEHX 30HAX

m,

Quon = @ (V.17)

my - mg

Takum oGpasom, /s onpeleseHHsl Pacxoia MOA3eMHbIX BOJ, AONOJHH-
TeNbHO NOCTYNAOUIHX B Boao3abop, BMecTo Bmipaxkenitsd (V.15) MoxHO ic-
710J1b30BaTh OplLGJIKEHHOE COOTHOIElHE, NOJYUeHHOe MYyTeM cONOoCTaBJje-
una paseucts (V.16) u (V.17):

kym
Qaon=Q = — (V.18)
#uJH
Q kam
Aon — 2 2 (V.lg)
Qecr ky my

rne Qecr — NMPUTOK MOA3€MHBIX BO/J H3 OCHOBHON 30HH.

Mpumep V.1. TpeGyerca onpenenuTb NOHHXKEHHe YpOBHS B cKBaxuHe (ro=0,2 M),
PacHoOKEHHOH B ABYXCloitHOM mniacte ofumen Mownocteio 100 v Bepxuuil caod, Bckpbi-
THA CKBaXKHHON. hMeeT MomuocTb mMy=10 M, ko3bduuienT duavrpaun k=15 wm/cyT,
MOIHOCTE HuXKHero ciosi 90 M, kosbouuueHT duavrpaunu 1,5 M/cyr. Kosdpduuuent necao-
f1pOBORHOCTH naacta a=10° M2/cyr. Pacuetnoe Bpems npnunmaerca pasHem 10000 cyT,
NPOH3BOHTENBHOCTD cKBaXHIb Q=2000 M/cyT. Onpemensem napaMerphi:

m 100 my 10 1,5
— =—— =500 —=—=0,1; 0 = —~—=0,1,
m 100 15

JTHM 3HAUEHHAM NapaMeTPOB COOTBETCTBYET nompaska {=4,32 (cM. taba. V.3).
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TMonnxkeHue ypoBus suluuciaseM no dopmyae (V.II)
2 ’ 0,04
S, = 000 {_ il ——
12,56 (15-10 - 1,5-90) | \ 4-108.108

)2.4,52] = 18,8 m.

Ecau CYHTaTbh BOLOYNOPOM HIDKHIOIO 30HY, HMEOLLYIO KO3(h¢HUHMEeHT ¢uabTpauuu B 10
pa3 Menbluil, YeM MPOHMUIAEMOCTb MOPOX BePXHEro rOpH30HMTA, TO, KAK MOKa3biBaeT pacyeT,
NOMHIKeHHe YPOBHSA B CKBaXKHUHe GyXCT PABHO:

00
_ 200 . 004 \ oo
12,56-150 ~ ' 4.105-104
3. ®HJIbTPALHS MOA3EMHBLIX BOA K BOJO3AEOPAM
B TPEXCJIOMHOM TJIACTE

CnoucThie CcHCTEMbl BOJOHOCHBIX IJIACTOB XapaKTEpHbi A KPYHHHX
apTe3naHCKHX 6accefiHOB TMOA3EMHBIX BOJ, e B BepTHKa/JbHOM pa3pese
HabawogaeTcs yepeloBaHiie XOPOILO NMPOHIHAEMBIX BOJOHOCHBIX OTNOMXKEHHH
C 3ajeralllliMi MeXAy HHMH TAHHHCTBIMII cJa6ONpOHHIAEMBbIMH CJHOSMH.
Kak noka3biBaeT ONBIT 3KCIUIyaTalMH BOA03a6OpHBIX COOPYKEHHH B TaKHX

CAOHCTHIX BOJOHOCHBIX TOJLAX, OT-

roMm. 3Ta CBf3b OOYCJAOBJEHa BO3-
MO3KHOCTBIO MepeTeKaHHs BOJ OLHOIO
FrOpPH30HT2 B APYTrOA uepe3 pa3puend-
IOIlyI0 HX TAHHHCTYIO [lepeMbIYKY.
PaccmorpuM cnoHcTyo Toamy, cO-
CTOAINLYI0 H3 OCHOBHOI'O BOJOHOCHOIO
FrOpPH30HTa, B KOTOPOM  pacriofioKen

\7 JeNbHble  BOJOHOCHBIE  TOPH3OHTH,
SRS S S T AR STRSTRS NpHypoYeHHbIE K XOPOIO nApoHHpae-
; t(x(xx MbHIM  OTJIOMEHHM, HaXoasTcs B
Badalillynap THAPaBAHYECKOH CBA3H Mpyr ¢ ApYy-

]

7S Trabanposugaenan nepestsiing, BOM03a60P, MHTAIOMErO NAacTa H pas3-
s ~ka Ho Lo Sy JENAOWEr0 HX CcNabonpoHHLaEMOro
:f:':fil}z'}l}.'.azl'-.'..i"-:i cnosi (puc. V.4). (DHJIpruaU,Hﬂ noA-
CRRE 3eMHBIX BOJ B YKasaHHOH cHucTeMe

(km)z

[/1acTOB MOXeT OBITh OXapaKTepH30-
BaHa CJEAYIOIed CcHCTeMol nHbGe-
peHUHMaAbHBIX ypaBHenuir [32, 123,

127, 137]:
Puc. V.4. CxeMa TpexcaoiiHoro nJjacta ky 0S8 a8
a8, 5 ———+ =—1; (V.20
w0z |z=0,m, ot
0S
a V* Sy = L | ,
b VZSo Py (v.21)
bm);
o= o, tem)
B¢ lo

rae a, ¥ ay— Ko3QPHuHEHTH Nbe30NPOBOZHOCTH CJOEB; [— HOMep CJof; ‘Sl H So—nmno-
HHJKEHHe YDOBHS; My H |ip — BOZOOTRAYA NOPOX; ki H Ro— KO3(QHUUHEHTbI GHALTPALHH;
m; H Mg — MOWHOCTb cnoeB. Mugekcom i=1,2 0603HaualoTCH XOPOWIO MpOHHUAEMblE CJIOH
I u 2, a unkekcoM 0— pasgenbHblli ClaGoNpoHHuaeMuit clofi; V2 — onepartop Jlanaaca:
AJIE JHHeHHOW 3axauu

62
2  —
V 6x2 ’
LJS pagHatbHOM
. 0% 1
V= T T T
or? r or

3HaK MUHyc B ypaBHeHuu (V.20) coorBercTByer csoi0 =1, 3Hak mMOC — ¢J010 [ =2,
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BaaumoneficTBHe BOJXOHOCHBIX TOPH30HTOB YYHMTHIBAETCH BTOPHIM HJe-
11oM B ripaBofl uactH (V.20).

Ypasreunsa (V.20) u (V.21) Heo6xoaHMO JOMOJHHTL CHCTEMON Ha4a/b-
HbIX 4 TPAHHYHBIX YCJAOBHI:

t=0;8,=8,=0; (V.22)

t>0x,y==+ o, § =0; (V.23)
z=rmg; Sy = Sy;

.24

2=0; S, =3S,. } v-24)

Ycnosre (V.22) yunTeiBaeT, uUTO B HAyajabHHIl MOMEHT BPeMEHH IOHH-
JeHHe YPOBHS B MCCHAENyeMBIX mJjacTax paBHo HYo, yciaoBHeM (V.23) 3a-
jiaeTcs HYJeBoe MOHHMKEHHe YPOBHA B GecKoHeyHOM yAaJeHHH oT BoAo3abo-
pa, a cooTHoweHe (V.24) BhpaKaeT yCIOBHe HEPa3PHIBHOCTH NOTOKA B 1O-
JOUIBE If KPOBJIE PA3AEABHOrO CJ0S.

PaccMoTpuM pacueTHbie 3aBHCHMOCTH, HOJYY€HHbBIE H&2 OCHOBE pellefllis
ypasHenuil (V.20) u (V.21) npu ycaosuax (V.22)—(V.24).

CkBaiXHHa M FPynna B3auMo/IeliCTBYIOIHX CKBaKHH

Jas odHHOUHOHW CKBAaXKHHBL, paboTaiollefl ¢ NOCTOSHHBIM AeGHTOM B
naacre /, ycnoBhe Ha Bofo3alope 3alaeTcsl caefylomuM o6pa3oM:

. as Q
re—>0; limr, 6r1 = )y (V.25)

[Tpu 31oM Pyukius S, B Hauale KOOPANHAT HOJKHE UMETb 3KCTPEMYM, T. €

0S,
or

=0, (V.26)

Pewenne cucreMn (V.20) n (V.21) npu ycaosuax (V.22) — (V.26) nas
AJINTeJIbHBIX IEPHOKOB OTKA4YKH uMeeT BHA [ 33, 82]:

. Q . RN B T AT )
5= s 1 (o] [_E‘(— da*t >+ v W<4a"t’ B )]

wi(_" . L
B (4a**t’ B)J’

(V.27)

_ Q o
%0 = S (e, + (bmg] [_E’( 4a*t)

/

rge
(km); - (km)
@t = e = b
(km)y + (m) 1 1 1
a**zﬁ—z;p**=p17+pz\+‘é—po V—f——;—] ; (V.QS)
_Qb_=-l_= ko 1_+ 1 J v=(km)l_
a** B2 my | (Bm), (km), |’ (km)y ’
Ei r ) - W (_i_ . _r_)
— Ei (— Py — UHTerpajbHas noka3aTenbHas QYHKUHS; ' B ~— (QyHKIHSA,

nonyuenuasi Xautymwem [123] npu paccMOTpPeHHH 3aaud AN CKBAXKHHB NPH NOCTOAHHOM
YpOBHe B MHTAIOLIEM CJIO€ (B ZAHHOM cayyae — cjoe 2). 3HaueHHsi 3TCH GYHKUUH NpHBEAEHH
B npunoxenun I1.
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7 o r
I'paduk saBucumoctu pyukuun W or pasiuynbiX 3HaYEHHH 3 Fo=
ll**
= —— npuBefled Ha puc V5 Kak BHAHO, QYyHKIHH W co Bpemeuem mnp-
r

HHUMAIOT NOCTOAHHOE 3HAYEHHE, pPABHOE

r? r r
IimV|i———: — =2 —1,
P (4a**t’ B> K"(B>

r
roe Ko(*g‘>—¢>ym<mm Beccend ot mHHMOrO 2pryMeyTa HyJCBOTO MOPSiAKA

r 1 g 44
LA &
W(B ’4Fo> £ 0,%
Vi
W / ,(//, (/q/
81— 06 - W//Fifie
1
Ee ( 4Fo) /
T 04 7
, A
51— 012 L~ 17

/
I 7

o

-2 -1 0 LnFo ‘r _7) | —
[T SR T S R R N R | W(B’4F0 g1
4 31502 03 454751 152 3Fo AN A

| ,éﬂ[ Z;

4% T I

14

2 |

g | | ] | _
-3 -2 -1 g ! 2 3 4 s 6 7 info

I -t ) 1 1 ] L ] |
605 g1 g3 g5 1 3 & w0 3o s0 00 300 500 1000 Fy

Puc V5 TIpaduk dyunitun W

KOHTpOJIbHEIE pPACYETH C HCIOJIb30BAHHEM YHCJIEHHOTO o6pallleHus npe-
obpasosaius Jlansnaca no Meropuke, npeasoxennou JI K ToxGeprom, a
TaKXKe NMpoBepKa 3THX pelllenuil myreM MoxesanpoBanus [33] noxasasw, 4To
veipaxkenus (V 27) 1a0T Xopomwuii pe3yabTaT OpH

ay t
Bz

>

v
l—@lm;+0,lpo, (v.29)

rge
a4 _ (km),

ay V= (km)g ~
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ITpu nocratoyHo GOJIbLINOM 3HAYEHUH BPEMEHHW WHTErpajbHasi MOKa3a-
TeabHas QYHKUHS, BO3pacTalollas BO BPeMEHH Mo norapudMHyeckoMy 3a-
KOHY, MOXeT cTaTb npeoGniajaloulell no BejaHuHHe. B 3TOT nmepHox OTKauku
MOHUKEHHS YPOBHSI B SKCIIYaTHPYEMOM CJl0e ONMpEeAessioTCs TMepBHM uJje-
HOM B BhipaxeHun (V.27), T. e

Q r
- Eif — , .
51 4nkm l( 4at > (V.30)

1f, CleIOBATENbHO, CHOUCTAS TOMIA paloTaeT Kak eAHHbLI BOAOHOCHBI TO-
PH30HT € «00OOIIEHHBIMH» NapaMeTpaMH

km = (km)y 4~ (km)g; B = Py -+ pg + .

Hauanp storo nepuoga npuMepHO onpejensieTcs CjelylouuM oGpasom:
20

a*t B) v

i
I r

Orciofla BHAHO, UTO yKa3aHHOP CBOHCTBO CJIOHCTOH TOJIUH NpPOSIBASETCS
upu (km),>>(km)e, T. €. KOrga UNTAOUHH cloll o0nanaer 3HAYUTENbHO
MeHblLIeH TPOBOAMUMOCTBIO, YyeM OCHOBHOH muaact. Ectu xe (km) < (km),,
TO 32KOHOMEDHOCTH CHHXKEHHS YPOBHf G§OJee MpaBH/IbHO OMHCHIBAIOTCA
¢yukuuelr W.

IMouukeHue ypoBHS B CKBaxKHHe, Korjaa r =r;—0, MOXKHO 3amucaTb
caeAyomHM obpa3oM:

Q |, 225" L ot -
== n —_ . .
° = 4 (km), E vl e (v.31)

IIpn ay=a;=a npuBeleHHbIE 32BHCHMOCTH CTAHOBATCS TOYHLIMH AJS
moboro MoMeHTa BpeMenH. Ecad po=0, a*=a**=a. 3rtor peayabrar
npusegeH B pagorax [32, 137]. Ecan po#0, npu onpenenenud Beauunnsl Ei
HYXHO TPHHEMATL KO3GQHIIEHT

B+ po
1t B2 - Mo

a*=a

a npu onpeaenedun W

a Wi~ Mo
1 pe 4 1/3py (I/v4-v—1)

a** —=

IIpu nocTostHHOM YpOBHE B COCEIHEM BOJOHOCHOM TOpH30HTe (krm)o==
=00, So=0 dopmyna (V.27) npuHHMaeT BHI:
Q

r2 r
— w R
S1="7 (km), (411"‘*t " B ) (v.32)

rae

rpe att = — Mg ‘/@m
-+ 1/3y, ko

CraunoHapHoe pacrpejesieHHe ypOBHell B OCHOBHOM CJIO€ MOJy4aeTcs
B TOM cJyyae, €CAIl B ToC/elHeM COOTHOMIEHHH MPHHATh {—00:

- L[
S = o (), K"(B ) (V.33)
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Hpu (km),=0 paccMaTpHBaeMasi CxeMa TPeXCJOMHOR BOLOHOCHOH TOJ-
LK NpHOAHKAETCA K CXeMe ABYXCJAOAHOro mnaacrta. Ilpu 37oMm pasienbHblil
CJI0I MOILHOCTBIO My B TPEXCIOHHON cxeMe CAYXHT aHaJorom Ge3HanopHON
BepxHell 30HbI MOILHOCTBIO ficp B CXeMe AByxcnofiHoro maacra. Ms (V.28)
noayyaem

S TR
M1+ o
1, CJeJIOBaTeNLHO,
Q . r?
S; =— Ei|— , (V.34)
4n (km), 4a*t

4TO COBMALAeT ¢ Pe3yAbTaTaMil PaCCMOTPEHHs TOH Ke 3alaui B 1. | AanHOW
[J1aBhI.

Hns pacyera rpynnbl B3aHNMOACHCTBYIOLUUIX CKBaXHH  HCHOJAb3YIOTCA
npHuBeleHHble 3aBucUMOCTH. CyMMapHoe NOHHXKeHHe YPOBHS NOJ, BJAHSHHEM
OTKAYKH M3 BCEX CKBAXHH IPYNIbI COCTABHT:

n
S ,= X8, (V.35)

i=1

rae S — MouUIKeHHME YpPOBHSA, BbI3BAHHOE i-H CKBAa’KHHOH H onpexenfeMoe no dopMmynav
(V.27), a nna S, npH COOTBETCTBYIOUHX YCJOBHAX TaKkxe No ¢dopmynam (V.30) u (V.32)—
(V.34); i=1, 2, .., n; n—o6iee YHCIO B3AHMOAEHCTBYIOUIHX CKBAaXKHH.

HonoaunrenbHbie 3anachl NOA3eMHbIX BOA B JAHHOH cXeMe paBHHI KOJH-
YeCTBY NOJA3EMHBIX BOJ, NOCTYNAIOUIMX B SKCIJYaTHPYyeMbld TOpH3OHT [ H3
pasiedbHOro CJ0s W TOpH3OHTa 2.

Pacxon 10NONHHTENbHOIO NHTAHHS Ha Y4aCTKe PaJHYCOM Iy MOXHO Ol
pelesHTh 1o popmyae
08,
or

r=,
rK

QIIOH = Q —_ 2JTI‘K (km)1

Tk

A
—2np s‘ atA rdr.
[

Ileppulft uymen B MNpaBOH YacTH YpapHeHUS — pacxol Boao3abopa, BTOpol — pacxol
NOX3eMHOrO TIOTOKA B CEYCHHH ry H TpeTHil — npHpaieHHe PacXofa B OCHOBHOM c/oe 3a
cueT cpaBGOTKH yNpyrHX 3amacoB Ha YHacTKe rg.

Hcnoasays dopmyasr (V.27), noayunm:

Ko+ o v ( at )
= — 1— X
Qzon Q{u1+uz+uo 14w o
2 .2
K K
. 1 @\ — e — Bt r r
Ia%t _ Ia%*f _ Iz K
Xe -+ I—I-v[(l Z )e B Kl(B)]}' (V.36)

MakcuManbHas BeJHYHHA JONOJHHTENBHOrO UHTAHHS, JOCTHraemast
npu {—co ¥ GUKCHPOBAHHOM 3HAYEHHH ry, OUEBHJIHO, PaBHA:

1 g rx 1]
Quon= 75 [1— A K1< 5 )} (V.37)
1
I+~

T
TnpH ?">4 NONOJHHTENbHOE NuTaHHe Quop=
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T. €. JONOJHHUTEJbHbIE 3alaChl B CJAOHCTOH CHCTEME BOIOHOCHHIX TOPH3OH-
TOB B 3TOM CAyYae NPONOPLHHOHAJbHbI COOTHOLIEHHIO BEJHYHH BOLONPOBO-
JHMOCTeH NaacToB.

STOT BBLIBOJ OTAHYAETCH OT Pe3yJbTaToB, NPUBEAEHHBIX B paboTax
[33, 127], rae BenHuwHa AONONHUTENLHBEIX 3anmacOB ONpejesseTcs Cenyko-
LIuM 06pa3oM:

Mo -+ Ko

Pt pe gy
T. €. 32BHCHT OT COOTHOHIeHHsI KO3(Q(HUHEHTOB BOAOOTAAUH B32HMO-

JAeHCTBYIOIIMX IJIaCTOB. DTO OTJHYHE OGYCJOBIEHO TeM, 4TO NPH BbIBOJE CO-
otHouenus (V.38) npuHuMaercs wHas NPEANOCHNIKA, 2 HUMEHHO: Ix—>0s,
2

Qron = (v.38)

r
t#o00 unu —— —>o0o0,
4at
Takum 06pa3oM, HONOAHHTENbHbIE 3alaChl NOA3EMHBIX BOJ B CJAOHCTOM
nnacte BecbMa 0OJbIIOK NPOTHAMEHHOCTH TIPH OrpaHHYEHHBIX NPOMEXYTKAX
re
BpeMely | - —>00 | CllelyeT onperensTs o ¢dopmyae (V.38), a npu orpa-

HHYeHHOH NAOWMAAH [I1aCTa H BecbMa GOJILUIOM NMPOMeXYTKe BpeMeHH (-ﬁt -
—(0)— no ¢opmyne (V.37).

Mpumep V.2. Bonoszabop 8 suae oauxounolt cksaxumunl (rp=0,2 m) paGoraer ¢ npo-
H3BOAHTENbHOCTBIO Q==2400 M3/cyT B Tpexchoiitnoi Toime OCHOBHON BOXOHOCHHIA TOPU3OUT
IIMeeT nmapaMmeTpH. (km),=100 m&cyr, a,=105 mM2/cyr, n,=0,001 Cocenuuii BOZOHOCHHI
FOPH3OHT, THAPABIHYECKH CB3aHHbIA ¢ 3KCIIYaTHpyeMbiM, HMMEET BOLOMPOBOAHMOCTD
(km)="50 M2/cyT, KO3bbHUHEHT NbE3ONPOBOAHOCTH a,=10% M2/cyT H BomooTZazy 0,005

TCopH30HTH pa3aesens TAHHHCTBIM c1a6ONPOHHIAEMBIM C/IOEM MOILHOCThIO Mo==15 M, Ko-
shument dbuabTpamuu sroro cios kg=10-2 m/cyr u somoorhdaua po==10"*% Tpebyerca
060CHOBATb BO3MOXKHOCTL 3KCIIyaTailun Bofdozabopa B teuenue 25 Jer (1=10000 cyr)
IpH MaKCHMAJbHO AOMYCTHMOM NMOHHKEHHH Spon=40 m

Ilpexne Bcero HeO6XOAHMO NOKAa3aThb BO3MOXKHOCTh HCNOJAb30BAHHA NPHBEAEHHLIX BHIIE
pacuetunix Gopmysa Ilns storo onpenensem napamerphl

2} 108
e:.—:-—:l
ay 104 o
_Jﬂm_ﬁﬂ_?
© (km), 50
1 ko 1 1 1072 /1 1 s
B2 my [(knnl +(km),,] 15 <1oo 50 )
at - 4 _5 4
e =10 10" 2. 1075 = 2.10% .

IMoacTaBus 3HayeHMHA yKa3aHHbIX NMapaMeTpoB B cooTHollende (V.29), uadgeM, uro
pacqeombn"{ HHTEpBAJ BPEMEHH YKJAILBaeTcd B 06JACTh OpUMEHEHHs MNPHOJHXKEHHHIX pe-
Ienuit

IMoruxerue yposHs Ha Bogo3abope ua KoHell 25-JeTHero CPoKa €ro SKCI/yaTalliH Ofn-
peaenum no dpopmyte (V 31). IlpeaBapurenbHo BuIMHCAHM napaMerp a*.

km k 100 -+ 50
a* = (km)y + (km), = -t = 2,5.104 M®/cyr.
Mi-kpztpe 0,001 40,005 40,0001
CaenoBatenbHo,

2400 2,25.2,5.10% .10
% 12,56-100 0,04

—_ 1 4 a4 —5\ _
Im 2,5-10" .10% -2.10 =239,2m < 40m,
142
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Takum o6pa3oM, MaKCHMaJbHO JONYCTHMOE NOHHXKEHHEe YPOBHSL He GYNeT NpeBbIIEHO
H YCTPOHCTBO BOJ03a60pa BIOJIHE BO3MOXKHO.

BuiBoa 6bt1 Ob! HHBIM, €C/I¥ B pacyeTax He YUYHTHIBATb B3aUMOAEHCTBHE 3IKCIAyaTHPY-
€MOro NJ1aCTa C COCeAHHM BOJOHOCHBIM OPH30HTOM, T. €. OCHOBHO#l OPH30HT PacCMaTpHBaTh
KaK H30JHPOBaHHHH. B 3TOM ciyuae noum:KeHlle ypoBHs Ha Bomo3aope Oulio OH paBHO:

Q | 2,2at 2400 2,25-105- 104
So = In = n
4z (km), | 2 12,56 - 100 0,04

= 48 > 40M.

JIuneiinpiit Bogo3a6op B CAOHCTO# Toale

IToHuKeHHe ypoBHSt B JMIOGOH TOYKe J1aCTa MpPH HEHCTBUM JUHEHAHOro
BoJio3abopa (puc. V.6) MOXHO HalTH, CYMMHPYS HOHUXKEHUS YDPOBHS OT
Ka’KJ0H OTAeNbHOH CKBAaXKUHBI 3TOro Bojxo3aGopa. Ilpumensia mpu 3TOM pe-
IeHue JUI CKBAXKUHBI B CJIOMCTOM IJja-
cTe Haljgem:

S, = ___qB__[R + __1_ R‘ :t
VT kmy - (km), 7T v Y
4B (V.39)
Sy = —— —Rr1,
* = G £ Gy [Ra R ]
rie ¢— pacxon BOmo3a6opa Ha eIHHHUY €ro
JUIHHBL.
= )
Ry = V; ferfc —
2 Va*t
» 1 - % X —_
R“:T e erfc —:—Vth —
2V a*+t
X x -
—eBeric ——{—Vth .
2V av#

OcranbHele 0G0O3HAYeHHUS, a TaKKe
YCJIOBHS  TNPUMCHUMOCTH  AHAJOTHYHBI
paccMOTPEHHBIM paHee.

Papenctsa (V.39) cBUIETENBCTBYIOT O TOM, YTO M B JIMHEHHOH 3ajaye
COXDPAHAIOTCA Te XKe 3aKOHOMEPHOCTU CHUXKeHUS YPOBHS B CJOMCTOH TOJlUIE,
YTO U B PaCCMOTPEHHOH BhIIll€ PAHaNbHOA cXxeMe QUIbTPAlUH.

Oynkuus Ry npeicTasisgeT cOoGCH MOHUXKEHHE YPOBHS NpH JAeHCTBHH
6eCKOHEeyHOH raJjieped B OIHOPOJIHOM muacte (cM. m. 3 rir. IV).

®yuknus R, xopomo u3pecTHa u3 pabors [32]. Ilpu goctaTouro Gonb-
NIOM 3HAYeHUH BPeMeHH OHAa CTAHOBUTCSA MOCTOSHHON
X
B

Puc. V.6. Cxema nuneiinoro Bono3abo-
pa B TPeXCJOHHOH TOJILIE

*

1
Ra= e

) at
B

I'paduku saBucumoctn dyHKuuit R; n R, or mapamerpa Fo= npen-

cTaBJeHH Ha puc. V.7.
Oraenbuble yacTHbe caydan pemeHus (V.39) mnonyueHst B paBoTax
[32, 137]. B wacTHOCTH, npU (kMm)2=00, T. €. S, =0,
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Puc V7. Tpaduku dyHsuuii R, n R

x x
B - =5 — - X —
S; = _Z [e B erfc —r -—-Vth —eB erfc | ———m+ Vth .
4(km)1 QVII**t QVH**t

o kM) (V.40
i+ 1/3p, '
NpH CTALHOHAPHOM pexXnMe (GUIbTPaLHHU
X
8 __ T F
= .41
$1= ey, ¢ (V.40

KosbueBoii BO103a60p B CJAOHCTON ToJlle

IoHuxeHHe YDOBHs B JI0GOH TOYKe MJacTa NpPH AeHCTBHH KOJIbUEBOTO
Bonosa6opa (puc. V.8) onpemedsioT TaK e, KaK B pacCMOTPEHHOH Bbille
JUHeHHOIT 3alauc:
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Q ( Loy
Sy = —_ . .4
L= A (em)s o+ (mya] (e T Re i V.42)
o :
S’_4n[(km)1+(km)21 (RK“RK)

@yukuua Rx xapakrepuayer paGoTy KOJbLEBO! rajneped B OXHOPOAHOM
u30MupOBaHHOM naacte [cM. dopmyay (IV.71)].
Dyukuus R, Bxoasimas B cootnourenue (V.42), B o6iem cayuae Bripa-

XKaeTcsl QOBOJBHO CHOXHEIM paaoM [82]. [Omas npaxktudueckux pacueron
KOJIbLEBHIX BOJI03260POB JOCTATOYHO MCMOJb30BATh HEpBhie ABa 4JeHa 3TO-
TO pAga:

2
L] RO f2 r RO rz
R“=1°<T)W (ZF:T; F)Jr s TP\ T ) 0y

Hns neutpa sonosza6opa (r=0)

. R}
RK——~W( : —&‘——). (V.44)

4a**t’ B

IpuBegennble BHPaKeHHA MOXKHO HCMONBL30BATh M5 PACYETOB TPH BHI-
nonHenun ycaosua (V.29).

CraukoHapHoe paclpeieleHHe TMOHUXKEHHH ypoBHS B cioe [ npu jeil-
CTBHH KOJDBIUEBOro Bojo3aGopa MOXHoO NoJyydTb H3 (V.43) npe f—-co

LT

- 0
B
2”(;’")1 . R (V.45)
e ———— — o),
Sl— 2:‘[( )1 IO(B)KD( B ), Y<R0.

PagencrBa (V.45) ananoruyusl, a npu Ro/B=<C0,4 mosHOCTHIO TOXKAR-
CTBEHHAl COOTBETCTBYIOIIMM peIIEHHAM A OJHHOYHOA CKBa’KHHLI B CJIOH-
croM naacre. CaenosarenbHo, Tak Xe Kak
H B U30AHPOBAHHOM BOJOHOCHOM T'ODH30H-+
Te, NpH pacyeTax MNOHHXKEHHH yDPOBHA B
CJIOMCTOH TOJIILE KOJbUEBYIO CHCTEMY CKBa-
YKUH MOXHO 3aMeHsITb ONHHMM BOJ03aGOop-
HBHIM COOpYHeHHeM — «00JblIMM  KOJIOA-
pem>». OpHAKO HPHMEHHTENBHO K CJIOHCTHIM
TOJIIIAM 3TO BO3MOXHO JHWb, KaK clefyer
H3 cucremnl (V.45), npu ZONONHATEIHHOM
YCIOBHH, OrpaHHYHBAlOlleM pa3MepH B
naage peafbHOR CHCTeMbl BOJ03aGOpHHIX

. . P
CKBaXHH
prestelldminests g R
b e T e e . )

R (| Rt || R 22 <04,

SO B H AR B~
,2T B U9 RN Pacxof KOJbLEBON CHCTEMH ofecrneyn-
w,f ,,Ldﬂ% BaeTcsi NPHTOKOM M3 BHYTPeHHell (Jp H
OO, ) -------------------- BHellHeR @ 30H BOIOHOCHOTO mJacTa.
Kak 1nokasbiBaeT aHaJH3 COOTBETCTBY-
SO (M) @200 00 S, o pereRHil AU M30JHDPOBAHHOTO NAa-

>t e . .

0:0:0:0:0:0:0:0:0:0:’:‘“:‘:‘ Pyc. V.8. Cxema Koabuesoro BogosaGopa B Tpex-
cnofinofi Tonue
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0 g8 1§ 34 32 4 Ry/B TR sinliZIGaS
)y a L BT
Puc. V.9, Kpusbie u3MeHEHHA OTHOCH- AR I N [N N I Y 0 O I RV
TeJbHLX NPHTOKOB H3 BRELIHel # BHYT- SRR 58 55 1 A 1 10 2 B
pexneit 30H KOJBUEBOrO BoAO3abopa S /‘}( Z %
% ‘L]z” .
o (kmjy '(Iz .
o

Puc. V.10. CxeMa Kpyrosoro Bono3afo- Xg(;‘é‘
K b

pa B TPeXCJAOHHOH ToJule

cra [143, 144], npuTOK M3 BHYTpEHHEl 30HBI KOJIbIA HIPaeT HE3HAUHTENb-
HYIO DOJIb B Q)OpMHpOBaH.HH ne6ura Bonosagopa. Ipu RZ/[4at<<3,5 orHoure-
HEE NPHTOKOB H3 BHyTPeHHell H HapyXHOH 30H KOJblid COCTABJISET MeHee
2%, T.e. pacxom Bogo3abopa HONHOCTBIO KOMIEHCHPYETCH IIPHTOKOM H3

BHCUIHEH 06/J1AaCTH KOJIbLEBOH CUCTEMHBI,

B cooucThix ToMmlax CKJIagblBaeTcss HECKOJbKO HHAs KapTHHa. Bo3sb-
MeM B KayecTBe HCXOZHBIX GOpPMyJIH, XapaKTepH3yollHe OHHKEHHE YPOBHS
B CJIOHCTOM IacTe Npu YyCTaHOBHBLIeHCs ¢uabrpausn. OTHOCHTeJbHbIE

NPHTOKU 3 BHyTPeHHelH

P
e
B HapyxHofi

Q
ey = QH

30H m1acra onpeneaum no popmynam:
o (km)y 08y B
B = Q Ro or lremi0’ 8y ==

Q

on (km),

0

28,

or

]f=Rl+0

Hcnoab3ys 3T GopMyab NpHMeRHTesbHO K (V.45), moayyum:

R R R
SB='L1( O)Ko( 2

Ro),

B B

B

R R
o 1o ) 0 (T

B B

)-
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Taxum o6pa3om, B OTJIHYHE OT U30JMPOBAHHOTO IJIACTa B MHOTOIIACTO-
BBLIX CHCTEMax yCTaHaBJuBaercs onpejeleHHoe (He paBHOe HYJIO) COOTHO-
weHue PacXoJ0B U3 BHYTPEHHEH M BHeulHe#l 30H. ITC COOTHOLIEHUE OIpefe-
JseTcs pa3MepaMu KoJblieBoi ranepen — Ry. Ha puc. V.9 npusenen rpadux
U3MEHEHUS €5 U &n C YBEJUYEHHMEM pPaAMyca KoJbleBOH cucTeMH. Kak BuIHO
u3 rpaduka, pu Majbix 3HaueHusX Ro/B B 06uiem feGute BomosaGopa mpe-
obJanaeT mNpuUTOK U3 BHelrHel 30HH (Ro/B<C0,4), ¢ yBenuyenuem R,
YMEHbLIAETCS €s M COOTBETCTBEHHO Bo3pacTraeT e€u. IIpu Ro/B=4 MoXHo
CUUTaTh es=¢€x=0,5, T. €. HeGUT KOJbIECBOH CHCTEMbl CKBaXHH B 3TOM CJYy-
yae B paBHOH cTeneHu oGecneYyUBAaeTCA MPUTOKOM BOJBl U3 BHewIHeH U BHYT-

peHHel obmacTed.

Bono3aGop B BuIe KPYroBoil nyomanKu B CIOHCTOR ToTIIE

Honyctum B caoe I peficTByeT BOJ03a60p M3 CKBAXMH, pasMelleHHBIX
B IIpelesaX KpPyroBoM IJollaiku panuycoM Ry (puc. V.10). Pemwenue nas-
HOW 3aJla¥H MQXKHO 3alucaTth B BUIE:
Q
Sl =
4x [(km); -+ (km)s]

o (o )
= — . V.46
S0 = G )y F ()] \ R V.45
®yukuua Rpax npencrabaseT coboii GHIBTPAUNOHHOE CONPOTHBJIEHIE
Opu HeACTBMH KPYFOBOH IJIOILAJKU B OJHOPOAHOM N30JHPOBAHHOM I1acTe
[em. ra. 1V, dopmyna (IV.77)].
3uavenusd OyHKuuu R’ MOryT GhiTh HalJeHsl no Gopmyiam:
2

2
. 28 R r r Ro r
R, =-—1 (_L> w ( —) -} exp (-— Ty 2bt ); r> Ry

I .
(Rn:l -+ —'V—Rn'" );

**; **t
R, B 4a**t ° B 2811 (V.47)
. 48 | B Ry R
EVTI I . S 1
Rua = % { Ro( ) =W\ T B )T

3HaveHus byHkuuu W* npusellenn B Ta6a. V.4. IlpelefbHble 3HaUeHH
aTol QyHKIUIT Ipu {—-oc0 BrpaxawTces QyHKuuel Beccenas

Ry (Ro
W*(0,— )= —}.
(0 B) K B)

Ta6auua V4

r? r
3navenns: dynkunn W* (—Ala_*“—t; ?)

T 2
ra 3unayenns W* npu ( B )
1a**t
0,004 0,01 f 0.4 f 4

2 0,000 0,001 0,003 0,006
1 0,002 0,007 0,022 0,036
0,5 0,010 0,032 0,090 0,098
0,1 0,114 0,341 0,664 0,140
0,05 0,259 0,743 1,006 0,140
0,01 1,428 2,948 1,213 0,140
0,005 2,781 4,102 1,213 0,140
0,001 9,900 4,776 1,213 0,140
0,0005 13,545 4,776 1,213 0,140
0,0001 15,686 4,776 1,213 0,140
0 15,774 4,776 1,213 0,140




Ipn ycranosupwefics GuabTpauny NMOA3eMHbIX BOA K KPyrosoll mio-
wa/lke pacnpefieJJeHHe OHHXKEeHHH YPOBHS B OCHOBHOM MJIACTE BbiparKaeTcs
dbopmynamu:

_Q B (_&»_ (_L. .
S1= 5 (km), R, "\ 75 >K° B)' r> Ro;

_Q B (B (L (ﬁo_ )
5o = Tlhmy Ry | Ry 0 B)K‘ B )]"<R°'

(V.48)

Kak BuAHO 13 NpHBENEHHBIX COOTHOWEHHH, JIefiCTBUE KPYroBOM mJIo-
WalkH B CJAOHCTOH TOMule GyleT PAaBHOUEHHO OTKauke M3 ONHHOYHOH CKBA-
XHHBI npH Ro/B<<0,4—0,5.

Kak yxe ykasbBajoch, 1e6UT KOJb- r I —_—
UeBOro Bono3aopa B 3HAUMUTEJBHOH Mepe :
ofecrieuyBaeTcss NPUTOKOM BOAbl M3 BHYT- 08
pPeHHEeH 30HBI, T. €, H3 Y4acTKa PacnosoxKe-
Hus camoro BogosaGopa. 3To eule 5 6oJb-

. 05__,¢‘> e ) e p——
(eH CTeneHM CcrnpaBeLJIUBO IS CHCTEMBI ) /
CKBaXMH, pPAacCnoJIOXeHHbIX B Ipeaenax 7 /

0,6

kpyrosoit niomanki. Ha puc. V.11 mpen- ;.| 4 —
CTaBJeHbl FpaduKu HN3MeHEHUs
—r (_Ro_) K, (ﬁo_) 0 g8 16 24 32 4 #,/8
B B
R, ! R, Puc. V.11. Kpusnie #naMcrnenus
es=1—2I B Kl( B OTHOCHTEJbHEIX NIpHTOKOB  #3

BHelllHell H BHVTpeHHcll 30H Kpy-
B 3aBHCHMOCTM OT mapaMeTpa Ro/B. rosoro. pono3abopa
M3 rpaduka BHAHO, uTo npH Ro/B=
=1,6~—1,8 npuToKH H3 BHEIUHell 1 BHyTPCHHel o6aacTeit Bono3abopa cTa-
HOBATCA oAuHakosuMu. Ilpu yBesuueHHH pazmepoB Bono3abopa poJb mpH-
TOKa M3 BHYTPeHHEN 30HBI Bo3pacTaeT, U npu Ro/B=5—6 ou npeoGmapnaer
B 06uieM nebUuTe Bojo3abopa.

Mpumep V.3. Tpebyerca omnpeaelHTh MakcHMalbHbie TIOHHXKeHHS YPOBHS B paliowe BO
no3abopa aas ABYX ciaydyaeB pACMONOMKEHHST IKCMIVATAUHOHHEX CKBAXKHH:

a) B BHIe KojbleBON OaTtaper pajilycoM Ro=2300 M;

6) paBHOMEpHO B Tpefenax KpPYroBO{ MIOWIANKK painycom Ry=300 w.

Bogonosnas Tosma COCTOMT H3 TPEX cJoeB. DKCMAYATHPyeMmbifl BOLOHOCHBI TOPH3OHT
MOULHOCTBIO ;=050 M MNPeACTaBNeH MeCKaMu ¢ Kosddruunentom GUAbTpauur k=3 M/cyT
Builte 3a;eraeT TARHHCTBI CJOH MOUIHOCTbIO My=12 M ¢ BecbMa Manoil NPOHHIAEMOCTbIO—
ky=10-2 wm/cyr. Bepxusii uacTe BOTOHOCHOM TOJIM MpPeACTaBieHa TPYHTOBLIMH BOIaMH.

Onwir JKCMAyaTauHHd AEUCTBYIOIHX B 3TOM paiiote Bouoaaéopos Mo3BOJsieT CAeNaTh
BLIBOA, YTO INpPH TIpOM3BOAHTENLHOCTH MPOeKTHpyeMoro Bofo3adopa Q=30000 m3/cyr ypo-
BeHb B BepXHEM TIOpH30HTe, HVelIeM BecbMa XOpolllie YCIOBWS BOCMOJHENHS 3anacos
MON3EMHDBIX BOIL, MPAaKTHYECKH HEe H3MEHHTCH M B 3KCMAVATHPYEMOM MJAacTe JOBOJALHO GbICTPO
HACTYNuT cTabHAM3alHs YPOBHEH BOALL.

Pacyer nipoBopuTcs ansi yCAOBHIl VeTanOBHBIeiicst QUABTpalMM NMOA3eMHEX Bon. Oipe-
AenHM mapaMeTp B, xapaXTepH3VIOWHI HHTeHCHBHOCTL MepeTeKanHs:

mg (km)1 12.150
B = —_— = —_—_— =
‘/ . = 420

Ins xonbuesoit GaTapen MOHHIKEHHE YpOBHER GVICT MAKCHMANBHHIM HA JHHHH KOJb-
na: r=R,. Ilo popmyne (V.45), moayyum:

30000 1<300 K (20N o,
* = 6.28.150 ° 420) °(420 T A
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MakcHMaJIbHOe NOHMXKeHHe yPOBHA NMOJA3eMHWX BOA B npefe’aX KpYTOBOH NJIOMALKH
onpeaensM no dopmyne (V.48) npn r=0:

30000 420 420 300 300
0 —[ _10<——)K1( )]::22,31»{.

Snn = 3774.150 300 | 300 420/ 420

TakuM oGpasoM, npH HefiCTBHH CKBAXKMH, pa3MeUlCHHHIX B TpejAenaX KpyroBoi TJIo-
1ialKK, NOHMMKEHHE YPOBHA MEHbUIC, YeM NPH PACHONOWEHUW HX TO KOABLEROMY KOHTYDY
(6e3 yueTa JONONHHTENbHEIX MOHHKeuuii yposus Ha gedopMaimio NoTOXa BOMHIH CKBAXHH).

4. NEPETEKAHHE NMOIA3EMHBIX BOJA YEPE3 JIUTOJOIHYECKHE
«OKHA»

Kak yxXe oTMeualioch, cOCpenoTOueHHoe AOTONHHTENbHOEe NUTAHUE MPo-
HCXONHT Ha OTAENbHBIX yuacTkax o6JactH GHIBTpAUNH MON3IEMHBIX BOI.
Han6oJsee xapakTepHbIM NPUMEPOM TAaKOTO MUTaHUsI SIBJSIETCA mepeTeKaHue
MOAZEMHBIX BOJ Yyepe3s JHTONOTHYeCKHE «OKHA».

[Mon nHTONOrHUECKUMU «OKHaMU» NMOHHMAIOTCSL NepepbiBbl B BOMOVIIOP-
HBIX CJIOSIX, pA3JeJsIOUIHX BOJOHOCHBIE FOPHM3OHTHI apTe3naHCKHX OGaccei-
noB. Takue nepepbisbl 06pa3ylOTcsd BCIEACTBUE pa3sMbiBa, BHIKJIHHHBAHHA
uiH (anmnaJsHOro 3aMellleHUsT NIMHUCTBIX OTJIOXKEHUH XOpOmO BOAOHPOHU-
uaeMblM MaTepHAJIOM.

PaccMorpum HauboJsiee TUIMYHBlE (PUIBTPAIMOHHBIE CX€Mbl, CBA3aHHbLIE
¢ MepeTeKaHUeM NOJA3EMHBIX BOJ ye€pe3 JHTOJNOTHUECKHE «OKHA».

Jldueiiublit pAA CKBAKHH Y NPAMOJHHERHOr0 <OKHA»

O6paszoBaHue 1ONOCOOGPA3HBIX, INPSAMOJIMHENHBIX JUTONOTHYECKHX
«OKOH» Yallle BCETro CBSI3aHO ¢ 3PO3UOHHOHA RAESTeJbHOCTBIO peK. PeyHbie pyc-
Ja HepelKo Tpope3aloT He TOJAbKO TMepBbifl OT TOBEPXHOCTH (OGLIMHO uet-
BepTHYHBIA) BOJOHOCHBEIH  TOpH-
30HT, HO H BOJOYMOPHHIA CJOH,
OTHEJNSIOUMA 3TOT TOPH3oHT OT
HHXKeJeXalnx, TakKe BOROHOCHBIX
OTJIOKeHRn#. JluTonornueckue «ok-
Ha» TakOTO THUMA MOTYT ObITb IpH-
ypOUEHbl He TOJbKO K pyc/jaM COB-
" _m peMeHHBIX BONOTOKOB, HO U K APEB-

-

z HUM norpefeHHBM NOAWHam, 3a-

NOJIHEHHLIM TNeCYagsM HWJIu  IApy-
TMM XOpONIO MpOHUIIa€MBIM MarTe-
puaJsoMm. Takoe siBleHUe yacTo Ha-
6/ofaeTcd, HanpuMep, B Npepenax
Mockosckoro apresnanckoro 6ac-
CefiHa, I'ie B npefiesnax COBpeMeH-
HbIX W JPEeBHHX NOJUH OTCYTETBY-
NG 10T BOJOYMOPHBIE OpPCKHE HJIH
BEDXHEKAMEHHOYIONbHLE  TJIHHH,
Ce pasnensiolive  UETBEPTUUUBE |
ORI CpenHeKAMEHHOYroJbHble BOJIOHOC-
;i;ig:i:; Hbie ropusonTsl [83]. HaTypHuMu

£ HaGJ/IONEHUAMH YCTAHOBJICHO CY-
Ckm)y dg S, IECTBEHHOE BJIUSIHHE TAKHX «OKOH®

vvv..v.v.g "v‘vv v,
X ’ OIS
0 10 00 e te et et e e

. Puc. V.12 Cxema annefidoro sopmo3abopa
F——%——] Yy N0N0Co0Opa3HOro <«OKHa»
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Ha X0JI H3MEHEeHus: YPOBHeH B 3KCIUIyaTallHOHHBIX CKBAXHHAX BOX03aGOpOB
MockoBckero Gaccefina.

Jlunefinylo KOHQUrypaluuio HMEIOT TaKXKe «OKHa», o6pasoBaHHe KOTO-
pHIX CBS3aHO C APEBHHMH TEKTOHHYECKUMH IpoleccaMi: c6pocaMi, HaflBH-
ramd, pasnoMamu. B 30He TeKTOHHYeCKOro IpoGieHMs NPOBOAMMOCTL pas:
NEeJbHOFO BOJOYNOPHOTO CJIOS MOXET GbITh 3HAYHTENbHO MOBHILIEHA, YTO H
NPHBOJUT K OOpa30OBAHHIO JHTOJOFHYECKOTO «OKHa». YacTo TaKHe «OKHa»
06pa3yloTca BCIENCTBHE Pa3phbiBa Pas/elbHOTO CJIOS H BEepPTHKAJbHOTO CMe-
LLLEHHS MOPOJ, CJIaTalOUIHX BOJOHOCHBIE TOPH3OHTHL,

PaccMorpum paGory BonosaGopa B BHJE JHHEHHOro psila CKBAaXXHH 3HA-
YHTEJbHONH MPOTSKCHHOCTH, 4TO 6e3 GOJIbUINX HOrpeliHOCTed MO3BOJSET
1pHBeCTH er0 K GeCKOHeYHOH NpPAMOJHHEHHOH rajepee ¢ paBHOMEpPHO pac-
pefefelHbM pacxoioM ¢. JIHTOMOrHyeckoe «OKHO», BOGJH3H KOTOPOro pa-
60TaeT BoAo3abop, HMeeT BHA GeCKOHEUHON MOJOCH. ITa CXeMa OTBEuYaer
JABHEHHON OXHOMEPHOH (GHJbTPALHH 110A3€MHBIX BOJ 8 30HE JHTOJOTHYECKO-
ro «okHa» (puc. V.12).

Pazo6GbeM o6siacTh QuabTpanun Ha Tpu (parMeHTa, Kak nokasaHO Ha
puc. V.12, u Buimnmem AuddepeHliaJbHbe YpaBHeHHs JBHKEHUS M0J3eM-
HbIX BOX B Kax/o# 30He [81]:

o* s as]
; =, .49
%o ot (V.49
roe S} — nommmeHHe YpOBHA B i-M cioe [-ro ¢parmenra; i==1, 2, j=I, II, III; a, — ko-

30 (HULHEEHT Nbe30NPOBOAHOCTH i-T0 CJI0S.

HayanbHble U rpaHHyYHbie YCJIOBHS Ha Bojo3aGope H B GeCKOHEYHOM
yllaJeHH! OT Hero HMeloT BHJ:

t=0, Si=0;
t>0; x= oo} S}”:O; X = — oo S{-=O;
o oasp o ast '
=T T T (km); ° (V.50)
98y  asy
dx dx ’
sit=s!.

[TpoBoguMoctb (km); H Nbe3ONPOBOXHOCTL a@; BO BCcex (parMeHrax
KaXJIOro IJlacTa OJIHHAKOBbIE, 1O Mexny coGoli 06a mjacrta no 3THM Mapa-
MeTpaM pasJHyaTCs.

YcaoBus Ha THHHH JHTOJOTHYECKOTO «OKHa» CnelyIoUHe:
t>0, x=14 SI=sll; sil=gl!

ostt  asi! asit  asilt (V.51)
(kmyy | — — + FEm)y| — ——— | =0,
Ox O0x

ox 0x

Pemenne cucremb ypasHeruit (V.49) npu ycnosusx (V.50) u (V.51)
MOXHO 3amucath B CJeIyIouleM BHIE:
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S X 21 —
Si.ll= kq {Valt ierfc —_—Aiel'fc—_x };
(km)y 2 ayl 2V ayt
— 1+ Veu—
Sé'” -1 A ]/a2t ierfc +—1/—(_‘_—x) ;
(km)q 2 Valt
. (V 52)
S{“ — kq (1—A4) ]/alt jerfc i
(km), 2 Valt '
— 1—Veu-
s;“ -9 A Vagt jerfc __V__(__x)_ »
(km), 2V at
rlie
Ve
v+ V 9_
o (km);
= — — OTHOWIEHHe KO3(h(HUHEHTOB IbE30NPOBOLHOCTH NIACTOB; V = — OTHO
a, (km),

HlcuHue BOILOHpOBOJIHMOCTel:I.

3xaueHust pyuxuuy ierfc (z) npusenenst B npuaoxenuy I1.

U3 pewenus (V.52) BHUIHO, YTO MOHWKEHIS YPOBHS B 30HAX, NPHUMLI-
Kawomux K BonosaGopy (3oubl I u II), cknansiBaloTcs M3 NOHHMXKedHH, Bbi-
3BaHHLIX paGoOTOH raJjepeu B GECKOHEUHOM IJ1acTe, H IOHHXKEHHH OT JeHCT-
BHsl BOOGpaxaeMOH, 3ePKATbHO OTOGPAKEHHON OTHOCHTEJNbHO JIMHHU «OKHa»
rajepeu ¢ peGutom Aqg. IloHMXKEHHS YDPOBHS B HHXXHEM CJIO€ paBHbl MOHH-
XKeHUsIM OT JeHCTBHS BOJo3abopa, paGoraloumero B 3TOM CJO€ W HNMEIOLLero

KOOpJAHHATY
I
x=1ll——+1}.
(Ve )

Ilpu 6=1 pacnonoxeune 3To#i GHKTUBHON raJjepen COBMAJaeT C 3epKalb-
HEIM OTOGpa)KeHueM B0j03aGopa OTHOCHTEJILHO «OXKHA». YKa3aHHble ocobed-
HOCTH paGoTbl BOnO3aGopa BGJIM3H OJHOTO JTHTOJOTHYECKOTO «OKHa» MOTYT
6LITb MCNONL30OBAHbl I IOCTPOEHHST PacUeTHbIX 3aBHCHMOCTeH NpH HaJH-
9UH HECKOJbKHX NOJOCO0GpPa3HbiX «OKOH». Ilnst 3Toro Heo6XolauMo CyMMu-
pOBaTh NOHUXKEHUSI YPOBHS OT JEHCTBHSI peaJsibHbIX H OTOGDAaXKeHHbIX OTHO-
CHTEJbHO «OKOH» BOJ03a60OPOB TaK e, KaK NMPH pacyerax BOA03aGOpOB B
nJacTax, OrpaHHYEHHbIX HECKOJbKHMH FpaHHHAaMH (HanpiiMep, nJjacTax-1o-
Jlocax).

®dopmyant (V.52) aHasorHuHbl pelleHuIo 3aJa4YH C NPHTOKE MeI3eMHbBIX
BOJ K JTHHEAHOMY BO103a6Opy B OJHOCJOHHOM HeorpaHMYeHHOM mJacre, CO-
CTOSILLIEM H3 JBYX 30H C pasjUYHbIMU QHILTPALHCHHLIMY napamerpaMu. Pe-
IeHHe AJs1 Takoi cxemul [32] ornmyaercs or pemenust (V.52) Jjuuis Tem,
uTo Ko3hduunent A onpenensieTcs HECKONbKo nHaye (cM. raasy VI):

VO —v
A= —r
VG +wv
Taxum o6pasom, ABYXCJIOHHAs TOMLLA € JHTOJOTHYECKHM «OKHOM» HO-
aocooGpa3uoi GopMH MaTeMaTHYECKH 3KBHBAJEHTHA OJHOCNOAHOMY IJacTy

C PasJHYHBIMH MO Mjollagn (GuILTpaUHOHHBIMH MOKasartensaMu. Pasianuue
3THX IByX CHCTeM (HEOJZHOPOJZHOTO NJIAcTa H CJOHCTOH TOJIIH C «OKHOM»)
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3akJawyaeTes JuIUb B TOM, YTO HaJHYde BTOPOH 30HB B HEOJHODONHOM IiNa-
cTe MoxeT Kak yayuliath (npu A>>0), Tak u yxyawars (npu A<<0) ycno-
#usl pabGoThi CKBAXKHHbBI, a BJIHSHHE JIHTOJOTHYECKOTO «OKHa» BCeraa OAHO-
3HAYHO: OHO TOJbKO YMEHbIIAET MOHH)KEHUE YPOBHA B 30HE PacloJOXKeHAA
so1o3a6opa (A Bcerpa GoJblle HyJd), T. €. BCerga sBAseTCA GJaarornpHsT-
HHM QaKTOpOM.

APPexT NoNOKUTEALHOro BO3ACHCTBUA JNUTONOTHUGCKOTO <«OKHA» W2
9KCITyaTHPYEMEI BOJAOHOCHBI IiacT oleHusaerTcd Kosdduuuentom A.
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Puc. V.13, Hamenenne Ge3apa3MepHOro NOHMKeHHs YpPOBHA Ha BOA03abope, paboTaiouleM
BOJIM3H TPAaH3UTHOIO «OKHAY

[Mpu mauabix 3uaueHuAxX A «OKHO» NPAKTHUECKU He BJHSET Ha NOHHXKEHHR
ypoBHS B OcHOBHOM cuoe. [Ipa sHaueHnsx A, GMu3KHX K elMHHUE, <OKHO»
MOXKHO paccMaTpHBaTh KaK KOHTYp C NOCTOSHHBIM HAllOPOM.

Ha puc. V.13 npuBeaenb rpadHKu H3MeHeHHs O0e3pa3MepHOro noHHKe-
= S (km)
I

HHS YpOBHS Ha Bogo3abope Sp= npu x=0 B 3aBACUMOCTH OT KO3(-

¢duunesra A. Kak BuiHO u3 rpaduKoB, npu HaJHYHH JHTOAOTHYECKOrO «OK-
Ha» TeMI cpaGoTKH YPOBHSA B 3KCIIyaTHPYeMOM BOJAOHOCHOM njacTe (YKJIOH
KPHBHIX Sg) MOXKET CYLIECTBEHHO YMEHbIIATHCA BIVIOTH N0 NOJHOR CTaGd-
JH3alHH YPOBHA.

Pewenne (V.52) HeynoGHO A/ pacyeToB NOHHMEHHH ypPOBHA B 3KC-
MnayaTHpyeMOM BOLOHOCHOM IJjacTe Ha GoJbliod nepuon Bpemenu. [Toato-
MY, HCIOJIb3YSA aclMITOTHYeCKOe mpenctasieldne Qyuxkuuu ierfc(z) npu Mma-
JIBIX 3l1aueHHsX apryMeHTa, 3anulleM BbipaKeHue 1715 St g creaylolleM
suje:

141



I | P g _ _x .
SV = (km)l[ - (1—A)y+ Al 2 (H—A)j . (V.54)

Sra hopMy/a npUMeHHMa DU
ﬂlt

L LA
@ —x

Pacxoa moa3eMHbIX BOJ, MOCTYNAIOIIHX Yepe3 <OKHO» B 3KCIIyaTHpye-
MBIl TOPU30HT, MOXKHO OUpele/HTh CeJyIOIIUM 06pa3om:

asit oS!

0X  |x=i Oox

Gnon = (km) [ x=l] . (V.55)

IToacrasasia B pasedcteo (V.55) dyHkuuu S; U Sy M3 coOoTHoWIEHH
(V.52), noayuum:

[
Gpon = 94 ierfc . (V.56)
2 alt

Takum o6pa3oM, AONMOJHHTEJIbHOE NMUTaHHE Yepe3 JIMTOJOTHYECKHE «OK-
Ha» yBeJHUYHBAeTCsl BO BPEMEHH, CTPEMsICb K MaKCHMaJbHOMY 3HaueHHIo,
onpeje/iieMOMY COOTHOUIEHHeM NapaMeTpPOB B3aHMOAEHCTBYIOUHX MJ2CTOB:

Ve
v+V6
ﬂOHOJlHHTeJleoe IIUTAaHHe qepe3 JUTOJIOTHYECKHE <«OKHAa» MOXKEeT IoJ-

HOCTbIO KOMIIEHCHPOBAaTb OTGOp IMOJ3EMHBIX BOJA BOA032GOPHLIM COODYyXKe-
HueM npH v—>-0 uau 6—oo.

Mpumep V.4. BonosaGop B Brie auHefinoro psina u3 20 CKBaXKHH pacmosokeH Ha pac-
crosuun 500 M OT Mmoa0cO0GPa3HOro JHTONOTHYECKOIO <OKHA», PAaccTOsiHus MeXAY BOHO-
3a60pHbIMH cKBaxXuHaMu 50 M. [TpousBoauTeNBHOCTD KaXA0VW cKBaxHHH 200 M3/cy1. Bono-
HOCHBIE [IaCTH, CBA3aHHble 4Yepe3 JHUTOJOTHYECKOE «OKHO», SBJISIOTCA HaNOPHLIMH
BoxonpoBoauMocTe OCHOBHOTO BOJOHOCHOI'O TFOPH3OHTA, B KOTOPOM pAaclOJNOXKeHH 3KCIIya-
TalHOHHMe cKBaxuHbl, (km);=2000 m%/cyr. CocenHHii C¢ HWHM BOJOHOCHBIHI MJaCT HMeer
B80A0NPOBOAHMOCTE (km)=500 M2/cyT. Kosdduunentn nmeesonposcaaociy oGouX Naacros
COOTBETCTBEHHO paBHu: a;=4-10% mM%/cyT, a;=10% m%/cyr TpebyeT(s onpelenHTb NOHHKeE-
HHE YPOBHA B CKBaXKHHAX BOA03a6Opa Ha KOHel 25-MeTHEro CPOKA ero sKcnayaTalHH, a Tak-
Ke pacxol NOA3eMHBIX BOJ, MEPETEKAIOLUIHX YePe3 COKHO».

Pacxon Boab! Ha egHHHUY AJHHB BOL03aGOPHOTO psila paBeH:

Quaxe =qA = ¢ (V.57)

200
' =" = 4m*/cyT,
Haxoaum mnapamerphl:
oo Ao o (Em)y 2000
i) ’ (km), 500
Ve
A= — =0,33.
v -+ VO
B gamiom cayuae
.105.365.-
at _ 4.10%.365-25 ~ 3,65-10° 3,
(21 — x)* 4.5002

AOSTOMY AJIst OnpefeJenHs NOHAKeHHH YPOBHS na BoAo3abope Bocmoas3yeMcst (opMysoh
(V54) [lpuuag B uelt x=0, moayumm:

4 [ V 4.10° 25.365
Sl =

72000 1,77

0,67 + 0,33.500]= 46 v,
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TIpn oTCYyTCTBHH €OKHA» TO e INOHHMKEHHe ypoBHA Obio Obl paBHO

q a !
S = —_— == 58 .
1= Tem), ‘/ n oo

BBrAYy He3aHAyATENbHON BeNHUYMHBI HOMPABKA Ha ZelOPMALKHIO MOTOKZ BOJH3H ChBa-
MHUH R pacyeTe He yUHTHBAETCH
Pacxon uepes «okHO» o dopmyae (V 86) Gynet pasen

500
Gaon = 4 0,3% erfc = 1,3M%/cyr

2V 4 105 25 365

Ha scem nporaxeHnd sox03alopa B OCHOBHOH BOLOHOCHBIE TOPHIOWT OGyldeT npa
BJIeYeHO

Quon = quon ! = 1,3 20 50 = 1300 m*/cyt

npu o6urell Npou3BOAHTENBHOCTH Bog03a60pa
@ =ql=4 20 50 == 4000m%/cyT

CkBaxMHa y JIHHEHHOTO «OKHA»

Cxema, COOTBeTCTBYWOUIaA 3TOMy cayyaw, udoGpaxkena ma puc V.14
Paso6bem o6sactb GuabTpalHy Ha npa GparMeHTa H BbITHILEM ypaBHEHHA
1/ KaXKJIOro cJos B [Ipefesax BbileJeHHbIX 30H

oS! s oS!
a,

2 == . V 58
ox* dy? ot (V50
The @, — xo3(P¢HUUHENT Tbe30NpPOBOIHOCTH ¢ TO ca0f, t — HOMep chos, t=1, 2, S’ — no
HHXKeHHe YpOBHA B LM CJloe [ TO ¢parvenra, j— HoMep Gparmenra, j=I, 11
Ha rpauunax BbileneH- g
HBIX Y4aCTKOB JOJIXKHH Bbl- T
NOJMHATLCH CchAenylollie ycmao- X
BHS. f
M
>0, x=x 0, y=
Ycaosie na BomosaGop- £
HOll ckBaxkiHe, oTGHpalomcH
NOCTOSIHHBIH BO BpEMeHHu fe-
6uT Q, 3anHcniBaerca oOblu-
HEIM oOpa3oM
tE>0, x=1, y=1r4—>0, 2
asit 7 s
ltm 2r (kin)y 7 > =—Q, AVAN W \%
(4
(V 60) I m) o ITY s
rae ri=(x—0)24y4% ry— pamuvc
g~ X AR
("/"}2 a 52
Puc V14 Cxema K pacueTy ckna X
XKHEN BO6AH3H N0J0COO6PasHOIO NH -
TOJOrHYECKO™0 «OKHJA» >&Z<><\)<>< \,<><\><>sz>\




[Tpusenennyio cucremy aunddepenunanbiux ypasuennit (V.58) u rpa-
HHUHBIX ycaoBufA (V.60) Heo6X0OMMO HOMOMHUTH CJEAYIOLIHMH YCJIOBHAMH
Ha JIHHUY JUTOJOTHYECKOr 0 «OKHa»:

t>0, x=0, S'=sl
osi oS! ) ( oSy oasi! ) (V.61)
= (km)g .

o0x ox

(k) ( ox ox

PesyanaT pellenns 3aada4dy AJs 3KCILJIyaTHpyeMoro cJ/Jos MOXHO 3a-
ITHcaTth B cCjeAyromeMm BHAE!

n_—Q__[__ -_fz) I .(_ 02) -1
= o El( war) Ty B = ) FAFe0ND | (Ve

2

sl = 9 [—Ei (— 4
45 (kim)y (1 4 v) da,t

p? = (x - )2 4 y® — paccTosiHMe OT PaCUeTHON TOUKM A0 OTOGparceHilst CKBAXKHHEI

)+?’A(Fo,0,v,y’)}, (V.63)

rae
OTHOCHTEJILHO JIMHHH «OKHA»;
a4 (km),
0 = — — orHoweHHe KO3QOHUUHEHTOB Mbe30NPOBOAHOCTH; V= ———;
a, (krm)q
a, ¢ - y
Fo = s = . (V'64)

(x40’ I x|-1
Oynkuus A pnepeble moayuedHa B. A, Makcumopnim [18] (cm. ra. VI).
[Ipn paBenctBe kosbbuumentos mnwesonposogHoctH (6=1, a;=ay)
¢yuxuns A (Fo, 6, v, y) paBHa Hyaio. B aToM Cciayuae NOHMXKeHHS ypOBHSA
B OCHOBHOM CJIOe ONpenessioTCs Tak Xe, KaKk M B JHHeAHOH 3ajaue, T.e.Kak
pe3yJbTaTt B3aUMOIEACTBHS peasbHOH CKBaXHHB M OTOOPaKeHHOH OTHOCH-
;- Cae-

TeJbHO «OKH@» HarHeTaTeJqbHOH CKBaXKHHWI, HMewoled nebuT
v

I0BaTebHO, AJf HeCKOIbLKHX NPON3BOMbHO PaCMoq0XKEeHHBX «OKOH» MOMHO
NPHMEHSITh METOJ 3epKabHLIX OTOGpaXKeHn .

B o6ulem caysae (6<1) B pacueTHBIX 3aBHCNMOCTAX yuacTByeTr (yHK-
uusA A. B. A. MakcuMoBbIM 1711 Hee NA€TCA JHIIb HPEGANAKEHHOe H N10BOJbL-
HO TpOMO3IKOe BbipaxeHue. Dblio nposeneHo TtabynaHpoBaHHe (YHK-
aun A [63] n monyyeHsl sHaueHns ee AJIsl LIMPOKOTO AHaNa3oHa napamerpos
v, 0, Fo npu y=0 (1a6a. V.5) m y=1, 2, 5, 10 (ta6a. V.6).

Kak nokasanu pesy/abTaThl pacueTa, 3HaueHHe A CYINECTBEHHO 3aBHCHT
OT COOTHOIIEHHS NapaMeTPoB IJTACTOB CJOHCTOH CHCTEMbl (HJHM MapaMeTpos
30H ITAHOBO-HEONHOPOAHOro niacra AJsd 3anaun B. A. Makcumosa). Bosaee
HarJsgHo 3TO NpencrasieHo HA puc. V.15, rie nprBeleHbl BeanunHbl A B
3@8BUCHMOCTH OT COOTHOWIEHUS v U O npu ¢uKcipoBaHHbIX 3HadeHHsax Fo-=
=5120 n y=0, 7. e. IpakTHYECKH Npene/bHble 3Ha4eHNs A, npu {—oo, H3s
rpauKoB BHIHO, 4TO NPH MOCTOSHHOM 3HaueHud § QYHKUNS Ao AOCTHraeT
MaKCHMAaJTbHOH BeJHYHHb (no abCoIOTHOH BeJanUYHHe) NpH NPHMEPHOM pa-
BeHCTBe BomonposoauMmocrteil naacros (va1). Ilpu 3ToM A. u3Mensercs
HEe3HaunTeJbHO B 3aBHCHMOCTH OT v nplt 6<C1 1t BecbMa CylIeCTBEHHO NpH
0>1. Ilpu moctosiHHOM COOTHOIIEHHH BOAONPOBOANMOCTEH NJIACTOB 3Haue-
HHUSA A pacTyT ¢ yMeHblleniem 6 (cMm. m 1 ra. VI).

[Tpn 6<<1 dyHkuns A nogoxnrtednbiias, npn 8>1 — orpuuareabHas.

HanGombiliee pausiHIe Ha CKOPOCTb M3MeHEHHs PYHKIUIH Aw BO BpeMe-
HH OKashiBaeT oTHoLieHHe O: geM 6Jke BeanuniHa 6 Kk ennHuue, TeM GbLICT-
pee A IpuilIMaeT No(TOSHIIbE 3Ha4yeHHUs, C yBeqaudeHineM O BpeMms crabu-

NH3aUNH pacTer.
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3uauenuss dyskuuu A npu y=0

Ta6anua V5

/\O e —_—
“'E; A npn 0 "‘,u? A npu 6 —-luc_’ A npn O
1~ N
} ~ ’ - S—t \_I./
e @ X o 3
o > o .
I3 o= ot ot |10 102 L o A R R B 100 | <3 {103 {102 [ 101 | 10 104 | 108
| ! I
v=0.01 v==0,03 v=0,1
2,51 1,805 | 0,076 0,053 | 0,026 | 0.020 { 0,030 | 0,034 | 1,770 | 0.186 | 0,141 0,073 { 0,058 | 0,089 [ 0 100 | 1,657 | 0,400 | 0,340} 0,198 | 0,177 | 0,274 | 0,311
5 2,444 0.039 0.062 0,031 0,025 | 0.040 | 0,046 | 2,397 | 0.219 0,166 0,088 1 0,074 | 0,118 0.135 | 2,244 | 0,472 | 0,403 ] 0,233 | 0,225 | 0,353 [ 0,419
10 3.105 | 0,099 | 0.089 | 0,035 | 0,030 | 0,050 | 0,058 | 3.045 | 0.244 | 0,186 | 009 | 0.088 | 0,146 | 0.171 | 2,851 | 0,527 | 0,451 | 0,208 | 0,2:8 { 0,449 | 0,530
20 3,780 0,105 0,074 0.033 | 0,03t { 0,058 | 0,070 | 3,707 | 0.260 0,199 0,105 | 0,09 | 0,170 0,205 | 3,471 | 0,564 | 0,483 | 0,239 | 0,300 | 0.521 | 0,635
40 4,462 | 0,110 | 0,078 | 0,010 | 0,037 | 0,055 | 0,081 | 4,375 | 0,273 | 0,209 | 0,112 [ 0,108 | 0,191 0,237 | 4,097 | 0593 | 0,508 } 0,305 | 0,325 { 0,588 | 0,734
120 5,550 | 0.115 | 0,081 0,042 | 0,010 | 0.07¢ | 0,096 [ 5,442 | 0,285 | 0.218 | 0,147 | 0,117 | 0,218 | 0,283 | 5,095 | 0,620 [ 0.532 | 0,320 | 0,355 [ 0,669 { 0,876
640 7.202 0,119 0,031 0,043 [ 0,013 | 0,033 | 0.115 | 7,062 | 0,295 0,227 0,122 | 0.126 | 0,233 | 0,337 | 6,613 | 0,643 | 0,552 | 0.333 | 0,330 | 0,746 [ 1,040
1920 8.503 | 0,120 | 0,085 | 0,044 | 0,014 | 0,086 | 0.123 | 8,313 | 0,298 | 0,228 | 0,123 | 0,123 | 0,252 | 0,3%0 | 7,812 | 0,650 | 0,558 | 0,337 | 0,386 [ 0,773 | 1,111
5120 9,2>0 | 0,121 0,08 | 0,044 ]| 0,045 | 0,08 | 0,128 9,080 | 0,299 | 0.231 0,125 | 0,130 | 0.257 | 0,374 | 8,502 | 0,654 | 0,561 | 0,330 | 0,324 [ 0,788 [ 1,153
v=0,3 =1 V==
2,50 1,402 | 0,595 | 0,547 | 0,370 { 0,416 { 0,677 { 0,783 [ 0,911 { 0,572 { 0,547 { 0,420 { 0,721 | 1,336 { 1,642 | 0,455 { 0.342{ 0,331 | 0,269 | 0,692 | 1,609 [ 2,258
5 1,899 | 0706 | 0.650 | 0,443 | 0,528 | 0,893 | 1,053 1,234 | 0,684 | 0,655 | 0,505 | 0,910 | 1,749 | 2,199 [ 0,617 | 0,411 0,399 0.320 0,867 | 2,080 | 2,998
10 2,412 | 0,793 | 0,731 0,501 | 0,627 | 1,101 | 1.329 1,568 | 0,773 | 0,741 0.573 | 1,075 | 2,142 | 2,763 | 0,784 | 0,467 0,453 | 0,370 { 1,017 | 2,517 | 3,729
20 2,937 0,851 0,785 0,540 | 0,702 | 1,231 1,589 1,909 § 0,833 | 0,799 0,620 | 1.197 | 2,471 3,233 | 0,954 | 0,50%( 0,490 | 0,401 1,128 | 2,869 | 4,330
40 3,467 | 0,897 0,823 | 0,571 | 0,762 | 1,434 | 1833 } 2,253 | 0,881 | 0,845 | 0,656 } 1,294 | 2,746 | 3,762 | 1,127 ] 0,531 0,519 | 0,425 | 1,214 | 3,157 | 4,959
120 4,312 | 0,940 | 0,868 | 0,501 | 0.827 | 1,02¢ | 2,178 | 2,803 0,925 | 0,888 | 0,092 | 1,399 [ 3,080 | 4,420 | 1,401 | 0.563| 0,547 | 0,419 | 1,305 | 3 495 [ 5,722
640 5,595 | 0,977 | 0.903 | 0,626 | 0883 | 1.804 | 2,571 3,637 | 0,965 | 0,926 | 0,722 | 1,490 | 3,389 | 5,142 | 1,819 | 0,583) 0,571 | 0,469 [ 1,336 | 3,801 | 6,51y
1920 6.610 | 0,987 | 0,913 | 0,633 | 0,900 | 1,865 | 2,736 , 4,293 | 0,976 { 0,937 | 0,732 | 1,517 | 3,493 | 5,432 | 2,148 | 0,59 | 0,578 | 0,475 | 1,409 | 3,900 | 6,808
5120 7,194 | 0,993 | 0,919 0,637 | 0,910 | 1,900 | 2,836 | 4,676 | 0,983 | 0,943 | 0,732 | 1,532 | 3,551 5,601 | 2,338 [ 0,599 | 0,582 | 0,478 | 1.423 | 3,956 | 6,981
v==10 V=230 v=100
25| 0,166 | 0,134 | 0,131 | 0,109 | 0,374 | 1,117 | 2,138 | 0,059 | 0,049 | 0,048 | 0,040 | 0,154 | 0,587 | 1,421 | 0,018 [ 0,015} 0,015 0,012 0,050 | 0,211 | 0 635
5 0,224 | 0,162 | 0,158 | 0,132 | 0,465 1,490 | 2,792 0,080 | 0,059 | 0,058 0,048 { 0,191 | 0,741 1,826 | 0,021 ( 0,018 0,018 | 0,015 0,052 [ 0,266 | 0 808
10 0,235 | 0.181 | 0,180 | 0 150 | 0,543 | 1,778 | 3,413 | 0,101 | 0,067 | 0,066 | 0,055 | 0,223 | 0,877 | 2,198 | 0,031 | 0,021 ] 0,021 | 0,017 0072 | 0.313 | 0,962
20 0,347 | 0,200 | 0,195 | 0,163 | 0,599 | 2,001 | 3,936 | 0,123 | 0.073 | 0,071 0,060 | 0246 | 0,980 | 2,497 | 0,038 | 0.023| 0,023 | 0,019| 0,080 | 0.319 | 0,083
40 0,410 | 0,212 | 0,207 | 0,173 | 0,643 | 2,181 | 4,382 | 0,145 | 0,077 | 0,076 | 0,064 | 0,263 | 1,062 | 2.745 | 0,045 | 0.024| 0,024 { 0,020| 0,085 | 0,377 | 1,181
120 0,510 | 0,223 | 0218 | 0,183 | 0,689 | 2,383 | 4,935 | 0,181 | 0,081 | 0,080 | 0,067 | 0,282 | 1 158 | 3,039 | 0,056 | 0,025 0,025 | 0,021 0,091 | 0,408 | 1,295
640 0.662 | 0,233 | 0,228 | 0,191 | 0,728 | 2,563 | 5 472 0,235 | 0,085 | 0,083 | 0,070 [ 0,298 [ 1,233 [ 3,315 | 0,072 | 0,026 0,026 | 0,022} 0,098 | 0,435 1,399
1920 0,781 0,236 | 0,231 0,194 | 0,740 | 2,620 | 5.662 0,277 | 0,086 | 0,084 0,071 | 0,302 | 1,258 3,407 | 0,085 | 0,027| 0,027 | 0,022 0,098 | 0,444 | 1,434
5120 0,850 | 0,238 | 0,232 | 0,195 [ 0,747 2.652 5,770 | 0.302 | 0,087 | 0,085 { 0,072 | 0,305 | 1,272 | 3.460 | 0,093 | 0,027 0,027 § 0,022 0,099 | 0,448 | 1 453




3uavenns pyuxunn A npu y=1, 2, 5, 10 Ta6anuna V6

14|

A npu v=0,01 n 0 Anpgpy=01#n0b A npa v=l H 0 A npu v=10nu 0 A npr v=100 8 O

e [ | w | 1o Jo=® Jot | w0 | e Jo fwot | w0 | e (w0t | w0 | e [0t [0t | w0 | e

y=1
2,5 10,07440,025(0,016]0,023]|0,388(0,189(0,142|0,213}0,539(0,3910,595|1,1410,124]0,100(0,320]1,600(0,014|0,0110,043| 0,516
5 0,08810,030|0,022|0,035|0,465|0,232(0,198|0,317|0,665]0,488| 0,816 | 1,689 (0,156 0,126 0,428 2,301|0,018(0,014 | 0,058 0,709
10 0,048 (0,035{0,028 (0,047 [ 0,524 | 0,266 | 0,250 0,430 {0,765 0,566 | 1,017 {2,279|0,182{0,148 (0,522 3,008 0,020 |0,017|0,070] 0,891
0 0,105 0,038 0,033 (0,059 |0,562]0,28810,290 0,542 |0,829|0,616|1,164|2,850|0,19810,162|0,587(3,625}0,0220,018|0,078{ 1,033
40 0,110 10,040{0,036|0,071| 0,592 0,304 0,320 0,050 0,878 (0,654 (1,273 |3,390|0,211{0,172(0,636|4,146]0,024|0,019|0,085] 1,146
y=2
2,5 10,070(0,0220,009]0,0110,35710,16310,0810,1010,458}0,321|0,359{0,548(0,101{0,079(0,212]0,832,0,0110,009]0,029 0,313
5 0,085(0,028]0,016(0,02010,44510,215(0,141{0,185(0,610|0,44010,605 | 1,001 {0,14010,112}0,338}1,49310,016{0,01310,046 | 0,519
10 0,097|0,034|0,023]0,031{0,515(0,257 {0,204 {0,288|0,737|0,541 (0,858 1,551 {0,173 (0,140 0,461 |2,24310,019]|0,016|0,062| 0,734
20 0,104|0,037)0,029|0,044 0,588 0,283 | 0,260 |0,400{0,815|0,603|1,066|2,146|0,193|0,158(0,552|2,985 0,023 |0,018|0,074| 0,919
40 0,110{0,0390,034 (0,056 | 0,590 0,301 0,300 | 0,513 {0,870 | 0,647 | 1,210 2,733 (0,207 |0,169|0,614 | 3,630|0,023| 0,019 0,082 1,06]
120 0,115(0,042| 0,040 0,076 0,619 (0,319 0,345|0,645 {0,922 0,688 | 1,369 3,655 | 0,223 (0,182 (0,679 4,50210,025 | 0,021 | 0,091 | 1,234
640 0,119 10,04310,043 (0,104 {n,64310,33310,379]0,94310,96510,7221 1,485 | 4,78910,236 0,191 10,72815,326 | 0,026(0,022{0,096 | 1,38}

y=>5
2,5 |C,055{0,010]0 0 0,239}0,073 (0,004 0,004 0,200|0,108]0,021|0,0220,033]0,021|0,020]0,039 (0,004 {0,002|0,003| 0,024
5 0,7310,019]0,003 [0,003|0,350|0,1360,025| 0,027 0,374 (0,239 (0,122|0,145|0,073| 0,053 | 0,090 | 0,245 0,008{ 0,006 | 0,013| 0,119
10 0,089 0,027 0,007 |0,0080,4520,202 (0,066 |{ 0,073 ] 0,560 | 0,385|0,311(0,399}0,119/0,092|0,204|0,656 [ 0,013|0,010] 0,029 0,28]
20 0,100(0,033{0,015|0,016 | 0,524 (0,253 (0,132|0,151}0,715{0,514|0,595(0,8240,162(0,1290,356 | 1,319(0,018{0,015|0,080( 0,513
40 0,107 {0 037]0,028{0,027 {0,569 0,283 0,204 |0,249|0,808 0,591 [ 0,874 (1,359 (0,188(0,152(0,482{2,100({0,021 {0,017 |0,066| 0,737
120 0,1141).041]0,03410,047{0,61210,31310,299|0,430{0,903]|0,672|1,222]2,327|0,216]0,181 | 0,628 3,353 0,024 | 0,020| 0,084} 1,04]
640 0,11910,042]0,0420,078|0,64310,33310,367]0,716|0,96310,72011,45313,808/0,23310,19110,718]4,773{0,026|0,022|0,095! 1,307

1920 ]0,120]0,043]0,043]0,103 0,649 0,336]0,383] 0,941 0,974 ] 0, /30| 1,503] 4,836 | 0,236 [ 0,193 | 0,737 | 5,430 | 0,027 | 0,022] 0,097 | 1,405

y=10
2,510,03810,00210 0 0,12570,011|0 0 0,045 (0,004 {0,003]0,003{0,004|0 0,00310,005(0 0 0 0,003
5 0,0550,067{0 0 0,21510,04410,001{0,001}0,126}0,046}0,005:0,006{0,016}0,007|0,003}0,010}0,002}0,001}0 0,004
10 0,073{0,014|0 0,00110,321|0,097{0,005]0,005|0,263|0,139{0,026|0,0290,042{0,026|0,023|0,050|0,0040,003]{0,004| 0,029
20 0,088]0,023|0,003|0,003|0,426|0,169|0,026|0,027|0,457|0,290|0,127|0,145|0,087|0,063|0,097|0,249}0,010| 0,007 {0,014 | 0,126
40 0,1000,030| 0,008 0,009|0,505|0,222{0,076|0,079{0,635|0,439|0,364 |0,435|0,136(0,106|0,240(0,735}0,015|0,012| 0,034} 0,326
120 0,111{0,03810,0211,171}0,590(0,2830,189(0,214/0,8360,611(0,834{1,164{0,194(0,157(0,476(1,873{0,0220,0180,065; 0,702
640 0,118(0,043]0,03712,668|0,639|0,3290,329| 0,485 (0,950 0,708 1,332}2,633|0,228{0,187]0,677|3,764(0,026]0,021|0,090]| 1,141
1920 0,12010,043]0,042]3,73010,648/0,335|0,3709| 0,675/ 0,969}0,726|1,465]3,643/0,234(0,192/0,72414,718|0,027|0,022 0,096 1,307
5120 0,12110,044 10,044 14,679}0,6520,33810,384 |0 £48)0,979|0,728'1,509|4,460}0,23710,19410,739}&,274 0,027 0,022 0,098 | 1,388



Takum o6pasom, B obumeM cayyae gefiCTBHe JHMTONOMMYECKOTO «OKHA®
€3 NMOHUXKECHUE YPOBHA B IKCINIYATHPYEMOM BOILOHOCHOM ILiacTe olieiiuBaer-
< aByMs uaeHaMu B ¢opmyte (V.62). Ilepsniii uaen

[—lJlrin(_t%Fo\’]

apeacrapisier co60M NOHHXKEHHE YPOBHA OT neACTBHS OTOGpaXKEHHOH OTHO-
CHTEJIbHO «OKHa» CKBAXKHHbBI M ONpENeJAeTcss COOTHOLEHHeM BOLONPOBOAH-
MOCTeH MJiacros.

A
9_51:/0‘3 \ E’
02 44 N —:n o
S|
,i."\—

i = -1 -5z 0 g48 1 e
TS ey
— ~

Puc. V.15 Tpaduk 3aBucuMocTH GYHKUMHM A OT COOTHOWIEuHS NapaMeTpoB MIACTOB

Bropo#t unen (¢bynknus A) yyuThiBaer, KpoMe TOro, PasHHUIy B Ko3d-
¢duunenTax nbe3onpoBONHOCTH 3THX naactos. CooTHolleHHe Mexay yKasad-
4bLIMH [ONPaBKaMH, YUHTHIBAIOUIMMH BAHSIHHE «OKHA», KaK BHAHO H3 Tad..
V.5, Moxer ObiTb pas3anuHbiM. [Ipn Manbix 3HaueHusix KosdoumpeHra v
(v<<0,1) ¢yngnusa A 1o cBoeil BeauyuHe He npessinaer 15—20% nmonuxe-
U5, BbI3BaHHOTO OTOOpameHHOH cKeaxuuol. OmgHako npu v>1-3, oco-
6erno ecay B> 10, neficTBUe KOKHa» BHPAXKAETCH B OCIIOBHOM HMEHIIO (QYHK-
unelt A naxe npu Becbma GOJAbWIKX 3HAUeHIAX napameTpa Fo.

Mpumep V.5. JonycTHM, YTO BOA03a60p COCTOHT H3 OANOMH CKBAXKHHBI pajHYCOM ro==
=02 M H NpPoOH3BOAHTENLHOCTHIO 5 Thic. M*/cyT, [lapaMeTpnl IKCMyarHpyeMOro BOXOHOC-
sioro ropusonra: (km), =300 m¥/cyt; a;=2-10° m¥cyr Ha paccroamnu /==1000 M or BoO-
103a60pa PAcTIOOKeHO JHTONOI HUECKOe <OKHO» B Buj€ TONOCH, B npelelax KOTOPOro pac-
cMatpiRaeMblil ¢J0fl KOHTAKTHPYeT € HHXKeaeXallv Bo.OHOCHLIM 1OPH3OHTOM ¢ napamer-
pami; (km)o=100 m2/cyT, a;==2-10* M*/cyr. Tpebyerca dJaiiTH MancCHMa/lbloe NOHHKEHHS
YPOBHSL Ha BOL03a6ope NpH ero 3KCTIyaTalhu B 1edenne 25 Jet

Pacuet npoBogurcst no dopmyae (V.63), B xotopoit r=ry, x=1[, y=0.

HaxoauM 3navenius mapamerposn:

at 2.108.25.365

R R TT
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flotabn V5

1
—— (_ ——) =2,33;
1+~ 4Fo

A=-—3,95.

[Mepsuft uney B npasoit vacTH GopMybt (V 63), xapakTepusyioulnii nefiCTBHe CKBAaXKW~
Hhl B HEOrpaHHYEHHOM IIACTe, PaBeH

2
i 2,25a,t 2,95.2.108.25 365
— Eif — 0 =In % =ln =27,6.
da, t ,g 0,04

Taxkum 06pa3zom, NOHUKEeHHEe YPOBHSL B CKBAXKHHE COCTABHUT

5000
=—— (27,6 — 2,3 —4) = 28,3 M.
S 12,56 .300 (27 ? ) "

ITps oTcyTCTBMH «OKHa» FAOHHXKEHHe YpOBHA Ha Bono3alope cocraBu/io Obi

5000
§S=—220 97 ,6=36,6u.
12,56.-300 36,6

[padK M3IMEHEHHS NOHMIKEHKS YPOBHR B CKBAKUHE /A PaccMaTpUsa-
eMOro cayyas npHBeseH Ha puc. V.16. M3 pucyHKa BHAHO, UTO JIHTOJIOTHYe-
CKOe «OKHO» CyleCTBEHHO BJHAET Ha KPHBYIO MOHIKEHHH YPOBHS BO BpeMe-
Hu. OTmeuaetcst mepHOA J0KHONH CTaOWIN3alHH YPOBHSH, KOrja jOBOJL-
HO TpPONOJKHTeNbHOE BpeMs (2—3 Mecsiiia) YpPOBHH TOA3EMHbLIX Boxd
H3MEHSIOTCH MaJo OTHOCHTeNbHO Jorapripma spemeny. OgHaKo 3ateM CKoO-
pocTb H3MeHenHs YPOBHR (Ha moJaynaorapudmmueckoM rpaduke) Bospacraer,
npuOIHKasACh K CKOPOCTH CpabOTKH YPOBHS B HEOTpaiilideHHOM, NONHOCTLW>
130JHpPOBaHHOM BOJOHOCHOM II1acTe.

SMm
y JV
Js —
53 b -
2 /
It — Av—‘_‘—‘
2 J[— J‘/ S !
!
2/ ’ L
| —
25 |
t
BRI ey
23 I " - _ L] j L ( A
Scym ‘MeC 1200 2a00a  Epem 257em
—d J A i L i Z F
1 2 3 " 5 5 7 3 e

Puc V 16 [paduk usMeHeHUs NOHUNKEHHS VDOBIS HA BoA03abope

! — Npy HAAMMHR JHTOMOTMMECKOTrO «OKHa»; 2 — G€3 JHTONOTHUECKOTO «OKHa»
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CKBaXHHA y KPYIJIOr0 €OKHa»

JIutonornueckue «OKHa»
-OKPYIJbIX ouepTaHHil o6pasymoT-
csl BCJIelCTBHE 3PO3HOHHON nes-
TEALBHOCTH peK, TeKTOHHUECKHX
IpOLECCOB, KaPCTOBHIX HABJEHHHA.
‘OHH WUHPOKO pasBHTLI, Hampwy-
Mep, B fipepenax MOCKOBCKOTO
apTe3naHckoro 6acceffHa H CBS-
3bIBAXOT KaMeHHOYroabHbIe U Je-
BOHCKHE BOJOHOCHBLIE FOPH3OHTHI
€ BOAOOOH/JIbHHMH YeTBEPTHYHbI-
MH OTJOXeHHsMH, O6.Jaronaps
yeMy cos3iawrcs GaarolpHsTHbIE
ycJaoBHSA st paboThl MOUIHBIX
Bono3abopo Mockebn # Moc-
KoBCKofi o6s1actu [83].

Paccmorpum cxemy pacno-
JIOKEHHA CKBa*KMHBLI C 1EOHTOM
Q==const B6AN3HN KPYIIOTO «OK-
Ha» paniycoM Ry Ha paccToRnun Puc. V.17. CxeMa K pacuery cKBaxuH BOJH3H

{ ot ero LeHTpa (pHc. V.17). Tlo- KPYTJA0ro JHTOJNOTHYeCKOro <«OKHa»
MEeCTHM B IIEHTP «OKHa» (QPHKTHB-

€4yi0 CKBAXXHHY, OTKauHBAIOULYIO
1e6uT Qoxy M3 BTOPOTO FOPH30HTA M 3aKaHYMBAIOULYIO TOT XKe ne6HT Qoxn B
nepBHH FrOPH30HT, B KOTOPOM pacroJioxeH Bogosabop [62].

Jebur Qoxn, B o6UIEM CIyuae nepeMeHHLIH BO BPeMEHH, NOAJIEKHT On-
pelneseHH0 B npollecce pellleHHs 3agayH.

B stom cayuae ¢opMyaH /i nOHMKEHHH YPOBHS TpEACTaBASIOTCH B
ciaenyiolllem Buue:

pt

[4
2 1 da,7
Si == Bl (— ) { Cous 0 12—,
0

T 4n (kem)y - da,t - 4n (km)y

ot (V.65)
¢ —
da,t

S‘Qoxu (t—1) E_T— drt,

1
8y == ————
P dn (km), |
0

rae Si # S;— nouuKeHHs YPOBHA COOTBercTBeHHo B | M 2 cjosx; @y u a2 — Kosddn-
IMeHTHl [be30NpPOBOXHOCTH 3THX CHIOEB; pPp— PACCTOSIHHE OT UEHTPA <OKHA» N0 HccAeldy-
eMOll TOuKH. p?= (x—I)2-}-y2

B ¢opmynax (V.65) mepBbiM uneHOM B IPaBOH YacTH BHIPAXKeHHS AR
S| yuntbiBaercs pabora peasbHOH CKBa*KHHb, a BTOPHIM — JeiCTBHE (HK-
THBHON CKBa’KHHBI, MOJIEAUPYIOLIEH «OKHO».

[Tpu6ankennoe puipaxenue nia Qoxs uMeer Bug [82]:

2,25a,¢
1 TR
I+wv 2,25a,t v
n——

R(Q) 14w

Qoxn = Qpon = €@ s (V.66)

In0®
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Kak mokasano cpasneHHe pe3yabTaTos MPHOJIHKEHHBIX pacyeTos 0o
¢dopmyse (V.66) ¢ TouHbBIMH pacueraMH 8eJHUYHHbI Qoyn, NOTPELIHOCTb B OI-
penenentn BeaHIKIH Qoxn 10 cooTHoWenuo (V.66) ne npesmmaer 10% npu

a!
Fo = =7~ > 200 (V.67)
H COOTHOLIEHHAX MapaMeTpOB, H3MeHAIOIUXCH 8 NOBOJLHO WIHPOKHX Ipe-
penax;

R
v=10"2=10; 0=10"" = 10% —["— =10"%=10"",
Maxkcumanbhbiit pacxo, NpUBJAEKAEeMbiH Yepe3 JHTOJOTHYECKO® «OKHO»
0pH AJUTENbHOH OTKauKe, paBeH:

1
14w~

Caenyet, ofHako, OTMeTHTb, YTO BpeM#, B TeUeHHe KOTOPOTO pacXoi
yepes «OKHO» HPHOAMIKAETCS K CBOEMY MaKCHMaJbHOMY 3HAUeHHWIO, B HaH-
HOfi cxeMe MOMeT GbiTb BecbMa GOJbIUNM, BIIOJHE COM3MEPHMbIM HJH AaxkKe
GoJsiee 3HAYMTEJbHBLIM, YeM pacueTHbie CpOKHM 3IKCIMyaTalHu Bogo3abopa.

[Moncrasass Bupaxenue s GyHKuuH Qoxs B cooTHomwenus (V.65),
NoAyuYrM MPHGIHIKEHHOE pellleHHe 3aAauu:

_ Q . r? QOKH S pz .
Si= 47 (km), [“El(_ dayt )+ Q El( dayt )]

2
5, = — —Jomn__p; (- 4 ) (V.69
4 (km), dayt

(V.68)

Quaxc =Q

Kak noxasanm KOHTpOJEBHbIE pacCyeThl, ITOTPelIHOCTb Pe3yJbTaTOB pac-
geta no dopmyaam (V.69) ue npesniaer 10% npn Fo>10.

Mz dopmya (V.69) suano, uto nNoHHMKeHHEe YPOBHsS NPH OTKauKe BOJIM3H
KPYIVIOFO «OKH@» CKJaIbiBAETCH M3 MOHHMKEHHS OT peasbHO AeHCTBYIOUISH
CKBaXHHbI TIIPH YCJOBHH, €CJIH OHA paGoTaeT B HEOTPAHHYEHHOM BOILOHOC-
HOM nJjacte (NepBbifl 4jeH B NPABOH 4acTH), M NOHHXKeHHA OT (PUKTHBHOH
HarHeTaTeJbHOH CKBAXHHbI B HEeHTpEe JHUTOJOTHUYECKOT0 <«OKHa» C nebuToM,
MOCTOAHHbIM B TeueHHe pacueTHoro nepuopa { (Bropoi unen). Oanako se-
JHYHHA 3TOro ne6uTa 3aBUCHT OT NPOJAOJKHTENbHOCTH paccMaTpHBaeMoro
BpeMEeHHOr'0 HHTepBaJad.

Craunonapubifi pexxum Quabtpanuu, Kak caeayet us (V.69), moxer
HaCTynHuTb JHWb npii (RmM)e==00, T. €. NpH NOCTOSTHHOM YPOBHe B npejpesax
JIUTOJIOTHUECKOTO «OKHa». B 3TOM ciyuae IOHHKeHHe ypOBHS B 3KCILIyaTii-
pyeMoM nsacte 6yaeT paBHO:

Q ol
n -2

=——1 . .70}
2 (km)l rRo (v 7 )

1



I nasa VI

BOLO3AG0OPbl B HEOQLHOPOAHBIX, NOJY3AKPbITbIX
H 3AKPbBITbHIX NJACTAX

Bonosa6opHble coopy:KeHHS MOTYT OKa3hiBaTh BO3/eHCTBHe Ha BeCcbMa
6onbluve mioulagH, MO3TOMY NPH TPOEKTHPOBAHHH M pacueTe Boao3abop-
HbIX COODY:KEHHI Heo6XOAMMO VUHTbIBATH pa3JHuHe QHIbTPALHOHHBIX
CBOHCTB Ha OTAEJbHbIX yYacTKax BOJOHOCHOrO IJAcTa, a Takike BJHSHHE
€CTeCTBEHHLIX I'DaHUI MJacTa Ha paboTy NPoeKTHpyeMoro coopy:xeHus. I'pa-
HHLIAMH TJ1acTa MOryT ObITh KDYNHBIE DEKH, OrpaHHumBaiouiHe o6aacTh
(HAbTPANHN MOA3EMHBLIX BOA K BOA03a00py, 06JacTH BLIKAMHHBAHHA HJIH
pe3koro QauxasbHOrO 3aMellleHHs BOAOHOCHBIX OTJOXKEHHH, BBIXOAbI BOJO-
HOCHOTO IJ1acTa Ha MOBEPXHOCTb M T. g. Jas ycroBHi GOpPMHDOBAHHS IKC-
IIIyaTalHolHbIX 3alacoB NMOA3EMHBIX BOJ OYeHb BAXKHO, HACKOJIbKO INOJHO
OKOHTYPHBAETCH PAacCMaTPHBaEeMbli MJIACT HEMPOHHUIAEMBIMH HJH CJAa6onpo-
HHULaeMbIMK rpaHuuamMu. B cBa3u ¢ 3THM 1e1eco06pa3Ho BBIAETHTD:

1) moay3akpbiThle NMJAacTbi, T. €. YaCTHYHO OrDAHHUYEHHbie BOAOHOCHbIE
CTPYKTYDb! (NOJyOrpaHHYEHHbIH IJIaCT, MJIACT-N0JI0Ca U T. 1.);

2) 3akpbiThie NMJACTHI, T. €. 3aMKHYTble CO BCEX CTOPOH facceldHH NoI-
3eMHbIX BOJ.

1. PACYETbI BOJO3ABOPOB B HEOOQHOPOOHbLIX B NJIAHE
BOJOHOCHbBIX TJIACTAX

31ech MPUBOAATCA HEKOTOpble aHAJHTHYECKHe pellleHHs 3a1au 0 QHJIbT-
palui NoA3eMHBIX BOJA K BOA03a60OpaMm B IIACTaX OPH CKAYyKOOGpa3HOM H3-
MeHEHHH THIPOTreoJOrHYeCKHX napameTpos B miaaHe. PaccmarpupaioTces Bo-
JLOHOCHbIE TJACTHl, COCTOAUIHE U3 ABYX 30H C PA3IHYHBIMH GHUALTPALHOHHK-
mMu cpolictBami. Ha ocHoBe CTpPOrux aHaMHTHUECKHX pelleHHH MOXHO AaTh
HEKOTOphie MpakKTHUeCKHe PEKOMEeHAauuH AJA NPUOTIKEHHOH OLleHKH Mpo-
H3BOIKTEJbHOCTH BOJ03aGOPHBIX COOPYMEHHH B YCJOBHSIX CJO0XKHON Heol-
HOPOJHOCTH BOJOHOCHBIX MJACTOB.

CkBaXHuHa B naacte, pasjiieJeHHOM NPSIMOAUHEHHOH rpaHneit
Ha JIBe 30HbI ¢ PA3AHYHLIMA (UABTPAUHOHHLIMU CBOHCTBAMH

B nsnacre, uMmeroueM B IJaHe GeCKOHeYHbIe pDasMepbl, BLIIEJEHH JBe
30HBI C Pa3/JHUHbIMH 3HAUEHHSMH BOJONPOBOAHMMOCTH H NbE30NPOBOLHOC TH
C NpsiMoJHHERHON rpaHunel pasgena Mmexay Humu (puc. VI1).

L4
4 I Mx.y)
P
<
Puc VIl. Cxema k pac- X
YeTy CKBaXuHbH B Heod- —~———
HOPOAIOM B M1aHe fJacTe > 7 © X
C npAMOJHHefiHoH TrpaHu- (rm); (rm),
uefi pasiena a, ay
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CkBaXkMHa pacroJioXkeHa Ha PAacCTOSHHUM Xo OT I'PAHULBI pa3jesa W pa-
6oTaer ¢ nocTossHubIM Ae6utoM Q. B I 3oHe (x>0), rie pacnosoxena ckpa-
JKWHA, BOLONPOBOAMMOCTL (km);, K03Q(HUIHEHT Mbe3onPOBOAHOCTH d;, BO
Il 30ne (x<<0) BOLONPOBOAHMOCTE (kM) U KO3DDHIMEHT NbE30NPOBOAHO-
CTH Qs.

PaccmatpuBaeMas 3anaua o GHJAbTPALMM NMOA3EMHBIX BOJ K CKBaXHlie
8 HEOJHOpPOJHOM IIIACTE pellaeTcs Ha OCHOBe CHCTEMHl NH(@epeHlHaIbHbIX
YDaBRHEHHH B YaCTHHIX MPOU3BOAHLIX:

S, &S, 1 a3s;
=——" (i=1,2). Y
P -+ o7 ; @i ) ( )

HauanbHble u rpaHuunble ycaoBus GOpMyAHPYIOTCH TaK:

npy f==0, S;=0
npu  x, y—oo, S, <<M=-coust
Ha CKBaxHHe

I 35, Q
imr—=— ;
w0 Or 2n (km),
Ha rpansuie pasiena npu x =0 (VI 2
as, 08,
= S 5 = _,
Sy 25 (km)y ox (km)y ox

rae

r=Vir—xy -+

M3 pewennst ypasHenuii (VI.1) npu ycnosuax (VI.2) nonyyaiores chie-
ayownre GOpMyJb! LIS onpelneseHuss MOHHxKeHHst yposHs [18, 73]:

- _Q . r v—1._. P .
S = e, [‘E‘(_ 4alt>_v+lEl(_ 4a,t>+A}’

__ (__r ] (V1.3)
e (km)ep [— Ei (_ 4a,t ) A

rie

o=V (xFx) -+
(km)y
V=3
(km),

(km)y - (km),

kmcp = 9

Uucnennnte 3uauennsi ¢yukuuu A B ¢opmyaax (VI.3) npexncrasnensl B
Taba. V.5 u V.6.

at
I1pu HeGosabmux nepronax paGoTH CKBaXKHHBI (Fo: (—H_—’XTZ— < 1)
0

o 1—l/e_Ei<_ o? ) oo .
vy Ve 4.t :

)
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[Tpu Goabmux nepuonax (Fo>100) ¢yukunss A=A« B 3aBHCHMOCTH
OT COOTHOMIEHHH MEXIY v U O BhIpamaercs caeLyloUIHM 06pa3om:

A _ lnlﬂ——————‘wveﬂ_1 arctg (v—Va>(V-B——-1>1
Tl V=1 v+ Vo) (Ve+1) |
V>0 1

I_ /T f e = ]
— —v) 1=V
s = 22\:1 o AV i=8 et (LE V) { V-)
vi— Vo—_+ (l/e+v)(1+Ve)J
(v? <8<y
o [ wV1—-0 v+0—V(—0)(1—6) (V1.5)
A, == In6— In —
V=1L Ve Ve (vt 1) ]
(M>0<;
™ " h
s = I3 QVVB—-_I . v—l—B—-V—EB—vZ)(B— 1
V=1 Veo—+ Vow+1 ]
WE<0>1);
Aw = 4v .1_‘_:_[——& (vz — 6)
ve—1

M3 supaxennnn (VI.5) BuaHo, uto npu ay=ay 1 e. =1, Aw=0, npu
0<<1, A>0; npu 0>>1 Ax<0.

ITpn onHHAKOBHIX Nbe30NPOBOAHOCTAX a;=az=a (T. e B8=1) Bhpaxe-
Hus (V1 3) sanumyrest Tak

- SNyl (@
1= T e, [_ B (— 4at> V1 E'( da1 )} (VI.6)
ITpn oanHAaKOBHX BOAONPOBOAUMOCTSX (km);= (km);=km (1. e v=

=1) noayuaem ¢GOpMyJay a1 TOHMKEHHSI YPOBHS NpH paboTe CKBAaXKHHLI
B OJIHOPOJHOM O€CKOHEUYHOM MJacTe:

s, =— -2 El(— - ) (VI.7)
4km 4at

Itpu v=0, T e npu (km)y=oo, rpaHula pa3jnena 6yneT SBJASTHCST KOH-
TYpOM ITMTaHMA, II TOFJa NOHH>KEHHE YPOBHA COCTABHT:

Qe [ e({_ = _”
Sl_4n(km)1[ E’( 4at)+El( 4at)]' (V1.9)

[Mpu v=o00, 1. € npu (km),=0, rpaunua pasjnena npeacrabaser cobol ne-
NIPOHHIIAEMBIH KOHTYD; NPH 3TOM

-9 o i
St i [ (- =)= (V1 9)

Ecnn BogonpoBoauMocTH B 0G€HX 30HAX PaBHbl, & PA3JHYHHE JHIIE KO-
3¢ uuuents npesonposoauMoctu (v=1, 87%1), 1o
0Ino6
1—0’
2

A, =1} (VL.10)

eme] (VI.11)

__@ A
5= nem [-E'<— 4a,t>+1+1—3 )
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SQTOT cIyyai xapakTepeH TaKXke Ui KpaeBLIX 4acCTefl apTe3HaHCKIX
GaccefiHoB, KOria HanopHsie BOLOHOCHBIE TOPH3OHTH CMEHSIOTCS Ge3nanop-
upivit. Heopnoponusocts 31eck 06yc/0BIHBACTCS TABHEIM 06DPa3oM pasin-
YHSIMH B BOJAOOTHAaYe I1acTa: rpaBUTalMOHHAs BOAOOTAAYa B Ge3Hanopiuol

a)

40 Z

A

e
Zyaly

& 7

L

g1 1w w0 w0 t,eym

Puc. VI2. Tpaduxn S=f(lgt) npu

pasaHuUHBIX  3HauemHix p*  (Q=

=20 000 M3/cyT; km==kh=400 m¥/cyT;
Xg=0650 M)

a — 4ns Bofo3abopa (r=20 m); 6 — nas ToU-
KH X=450 M; y=0; 8-~ aJa9 TOukH x=200 M;
y=0; I — KpHUBble A/ OJHODPOJHOTO HEOrpa-
g1 7 w100 1000 t,cym HHYEHHOrO MnacTa; 2 — aCHMOTOTH FpadHKOB

S=f(lg t), paccudTanubie No ¢popmyse (VI 13)

N: BapwanTa . ., . . 10 11 12 13 14

B 103 10~% 10~% 10—t 10t
I

b= o 100 fo 250 1000 100

30He B JECATKH M COTHM pa3 Gosblie ynpyrofi BOXOOTAAUH HAnOpHOH 30HBLL
IIpu sToM HaGaonenusiMu ycTaHoOBAEHO, 4TO Ge3HanopHasi 30Ha OKa3bBaeT
CylllecTBeHHOE BJIMSIHME HA paGoTy BOj03a00pPOB M ONBITHBIX CKBaXHH, HA"
XOJSTUIMXCST B HATIOPHON yaCTH IJ1acTa.

Ha ocnoBanuu pacueros no dopmyse (VI.11), a Takxe no pesynbraTaM
MOJeJIMpOBaHUS TOMU 3Ke 3aflaul, nposenennoro B, M. 3uapGepluTefiHOM [73],
npH GOPMHPOBAaHUH BOPOHKH AENPEeCcCHH MO BIHAHHeM BORO3alopa B HEOL-
HOpogHOM miacre (81, v=1) OKa3ajocb BOIMOXKHbBIM BBLIEJIHTb TPH 3Ta-
na. Havanbnei yuacrok rpadukos (puc. VI.2) npamosuuefinpifi, oH COOT-

154



BeTCTBYeT IlepBOMY nepuonxy paboTbl Bogo3abopa, Koraa He CKasbiBaeTcs
BJANsSIHHE TPAaHMUBI pasnena. B mocnenyioliem TeMI CHHUMKEHHMS ypoBHS 3a-
MeLJfIeTCH, TpadUKN BBINOJIOKHUBAIOTCT M PEXHM CHHXKEHHT B 3TOT IepHOL,
COBNajamwmuil ¢ nepHogoM HauGosblleld pedopMalluH JHHHH TOKA, MOXKHO
Ha3BaThb KBasucraunonapuoiM. Hakouen, Tpetuit yuactok rpadukos, CBA3aH-
HBII CO BTOPHIM IOCTENEHHBIM NEPexoi0M, BHOBL CTAHOBHTCS IIPIMOJIHHeMH-
HBEIM, TIpHYeM KpYTH3HA ero NpHOJHMKAeTcd K KPYTH3HE MepBOro yuacrtka.

ITpy n3MeHeHHH COOTHOINEHHST KO3 GHIKEHTOB BofooTaaun O rpaduxu
B KaX0H TOYKe NJacTa OTJIMY2IOTCH OAMH OT ApPYroro JHllb aMIIUTy[aMy
pAaCXOXKAeHHST HX acumMutor. B stom

clayuae BpeMsi (OPMHPOBAHHS BTOPHIX S M

H TPETbUX YyYaCTKOB rpadHKOB 114 p /}
pa3ubix BapHaHTOB B oOmieM mouTl 64 74
0JHO M TO Xe. 5N 128
ITpu u3aMeHeHMH ympyroit Bomoor- 96 S
Aayy HaropHOH 30HBI, HO NpH ONHHA-  4g );” iy A
KoBoll BeTHuNHe § (Bapuants 101 14) 7 7, ‘L-\
rpadUKy 1o OJHHUM H TeM K€ TOYKaM 401 7! ? i
UMeIoT HAEHTHYHYIO (GopMy, HO CHBH- 32‘* / ,
: Nete
24 [~ ;
Puc. V1.3, Tpaburr S=f(ig?) naa - 0\%"’// 2 !
Bopo3abopa (r=20 M) npu H3MeHeHHH 16 +— V\/
pPacCTOfHUSA OT HEro 10 TPaHHUR pas- 7 i
Iena Xo 8 1
12— OLHOPOAHBI HﬂGHOprIﬂ nnacT u'=10“3; L
— 4 a =
ORHOPOANNR _ Cednanopuui miact Uo7 1w 10 100 10000 t,eym
NelBapuauta . .. . . 12 12a 126  lor 124
Kool 650 1300 2600 6500 150

HyTbl OJIMH OTHOCHTEJBHO Apyroro moocu abecuuce (T. e. mo BpeMenu). CMe-
[IeHHEe 110 BPEMEHH COCTABJAseT OLMHNOPALOK (MpH PA3JUYHH YIpyrofl Bo-
AOOTHAayy TAKXe Ha OJHH IOpPSNOK).

[Ipn pasanuHbiX pacCTOSHUSX OT BOjO3abopa Ao TPaHMUB pasnesna
KDPHBBIE H3MEHEHHsT YPOBHs HaXoAfITCH MeX1y NpAMOJIHHeHHbIMH rpaduka-
MH, XapaKTepH3YIOLUIUMH CHH)XEHHE YPOBHS B OJHOPOLHBIX HeOrpaHHYeHHDIX
n1acTax: BepXHUH — C IapameTpaMd HAmOpPHOW 30HBI, HUMKHHA —— C mapa-
MeTpaMyu Ge3HanopHOH 30HH (puc. VI.3). Oty kpuBble npu yBeJTHYEHHH Bpe-
MeHH TIPOSIBJAAIOT TEHIEHLIHIO K BBIXOLY Ha OGMIYIO /ST BCEX HHX NPAMYI,
napanjenbnyio rpadukaM CHuXeHMsl yPOBHSI B OJHODOJHHIX HamoOpPHOM H
6e3HanopHOM IJIacTax ¥ pPAacCloJOXeHHYI0 MeXny HHMu. TakuMm oGpasowm,
NOJIOXKEHHE aCHUMNTOTHl rpa@UKOB CHHMXKEHHMS YPOBHS NIDHU INPOUYHX PAaBHHX
YCJIOBHAX He 3aBHCHT OT PaCCTOSHHS OT Bojo3abopa N0 IpaHHUB pa3jena.
JTa acHMNTOTa, BhILENIEHHAs HAa pHc. VI.3 NyHKTHpPHOM JHHHEH, COOTBETCT-
ByeT ORHOPORHOMY IIACTy, BOLONPOBOIHUMOCTE KOTOPOI'O TaKas e, Kak H
Yy HCCeqyeMoro, a BOLOOTAA4a ero SIBJISETCS HeKOTOpof cpenHell BelnYHHOH
Ko3(p (Ui HEHTOB BOL0OTIaYH 00€HX 30H paccMaTpHBaeMoro HeoAHOPOAHOro
niacra.

Pesynbrathl aHannTHYeCKHX PacdeTOB M JaHHBI2 MOAENHDOBaHHS, Kak
yXe OTMeHanoch, NTOKA3HBAIOT, YTO C TeYeHHEM BPEMEHH TeMm M abconior-
HBle 3HAUEHHS CHUIKEHHUST YPOBHS B paccMaTpuBaeMOll CXeMe HEOJHOPOIHOFO
nnacra (6=1, v=1) CTaHOBATCA TAKHMH Ke, KaK B OJHOPOJHOM IJacTe C
HEKOTOPOH CpelHeH nbe3oNpoBOLHOCTEIO!

0
aep = 2,720,807 , (V1.12
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TAe da; — Nbe30NpOBOAHOCTL Ha!!opl{oﬁ 30HLI;

a

ay

B COOTBETCTBHH C 3THM TNOHHMKEHHe YPOBHA B 06eHX 30HAX MOMKeET GHITH
onpenesaeHo no hopmy.e

Q In 2,25ac.p

= .13
4nkm r? (VI.13)

Oty dopMyay MOMKHO WIHPOKO HCIOJIL30BAThH [/ NPAKTHYECKHX pacde-
TOB IIpH OlleHKe paGOTH CKBAXHH Ha JJHTeJNbHbIE €PHONHL.
Bo BCex pacCMOTPEHHBIX CIyYasiX PelleHHs] AJs ONHOH CKBa’KHHBI MOXK-
ijro NpUMEHATh NIPH pacyeTe CHCTEMbl B3aHMOMEHCTBYIOLIHX CKBAMHH.
orna

n
Seyw= X S;, (VI.14)
=1
rae Scym — CYMMapHOe NOHIZKeHHe YPOBHS B Ji060il TOYKe NJIacTa NOX BJAHSHHEM OTKau-

KH M3 BCeX CKBaXHH; S, — NOHMKeHHe, OGYC/IOBJeHHOe AeAcTBHEM {-H CKBaxuHb (i=1,
2, .., n); n—oflee YUCAO CKBEXKIH

Pannanbublii npHTOK N0A3eMHbIX BOJ K CKBaXKHHe
B 6eCKOHEYHOM HEONHOPOIHOM B IJIaHE MAACTE

B nnacte GeckoHeyHo GO/IbIIOH NpOTSIKEHHOCTH paboTaeT CKBaXHHA C
noctosHHHIM nebutoM Q. Bokpyr ckBaxmuHbl 1MeeTcs 3ona | paamycom R
(puc. VI.4), BHYTpH KOTOpO# NIaCT HMeeT BOAONPOBOAUMOCTD (kM) U KO3(-
GunHeHT nbe3onpoBoaHocTH ;. Bo BceM ocranbHoM naacte (B 3oHe II) Bo-
JOTIPOBOANMOCTE (km)s, a KO3 dHIHEHT NTHe30NPOBOAHOCTH Q.

PaccmaTtpuBaeMas 3ajpaua MoxeT OHIThH pellleHa
1 Ha OCHOBe CJefyionlell cucTeMul a1 depeHIHAIbHBIX
ypaBHEeHHH:

M

a°S; 1 08S; 1 4aS;
=& 2 1.15).
or? T r or a of ° (V1.15)

Havaabuble 1 rpaHuuHble YCI0BUS TaKHe:
npu {=0, S;=0 (i=1, 2); npu r—o0, S,—0.
Ha ckBamxune

S _ e (VI.16)
or 21 (km)y ro
rie ro— PaaMyc CKBamHUHBL,
Ha rpannne pasgena npu r=R
Puc VI4. Cxema kpy- P P as P s
roBOro 11eoaHoOpoAaioro 1
niacrta S; =8y (km), or =(km), a: (VI.17)

[Ipn yKazaHHBIX YCJAOBISIX pellleHHe IOCTABJIEHHOH 3ajpayH, neHCTBH-
TeJabHOE 1J5 Goablinx NepHonos (aqgt/R?>1) paGoTh BomosaGopa, mpeix-
craBJseTCs B TakoMm Bufie [138]:

2,25a,¢
,:—-Q——(ani»pvm—f”); (VI.18)
4z (km), r R*
S, - Q | 2,25a,t (VI 19y

= n -
4n (km)a re



rune
— (km),
(frm)s '

7

M3 Bhipaxenniy (VI.18) n (VI.19) BuaHO, 4TO ¢ TeueHHEM BPEMEHH OIl-
PenessIOILYI0 POJib B JUHAMHKE CHHXKEHMS YDOBHS B 0OeHX 30HAX GyayT
HrpaTth napaMerph BHemueil o6aactu Il Bogonocuoro ropusonta. 3to 06b-
SCHSIETCS T€M, YTO 30Ha | uMeeT KoHeunbie pa3Mephi, a 3ona Il sBaserca
GeCcKOHeYHO.

TlpakTHyeCkne npyemsl pacuera Bom03aGopoB B HEOQHOPOAHBIX MAacTax

PeaJsibHbie BOJOHOCHBIE TOPH3OHTHI OGHYHO HMEIOT 3HAUUTENbHO Gojee
CJIOXKHOE CTPOEHME, YeM B PACCMOTPEHHBIX THMIOBhIX CXeMax HeoJIHOPOJHOro
naacra. B npepenax o6mactu BAMAHHS BOn03aGOPHOro COOPYIKEHUS Hepen-
KO MOXKHO BBIIEJHTh TPH-UeTbipe 30HB! C CYLIECTBEHHO PA3AUYHBIMYU QUAbT-
pallOHHBIMII TOKa3aTessiMil, FJaBHEIM 00pPa3OM ¢ pa3HOH BOAONPOBOIH-
MOCTBIO IIJIACTOB, KOTOpas TOJBepKeHa ropa3fo GOJAbIINM HIMEHEHHSAM, ueM
K03 (PHUHEHT Nbe30MPOBOHOCTH.

Jna npubanxkeHHol OUEHKH NPOUIBOLHTENbHOCTH BOA03aGOpHBIX COO-
PyXeHHH B TAKHX yCJOBHAX MOXHO HCIICJAb30BATh PSjl NpaKTHYECKHX MpHe-
MOB, BHTEKAIOUIUX 13 NpPHBeJEHHHX Bbillle pellleHHA AJAS NpoCTeHIINX Heos-
HODPOLHHX B IJIaHe BOJOHOCHBIX MJacToB. PaccMOrpuM HeKOTOpbie H3 3THX
NpHeMOB, NPHHIIMAs cHauas’a BO BceH o6GaacTy (PUAbTPAUUH TOCTOSTHHBIH
KO3 HUHEHT NMbe30npOBOJHOCTH 1 YUHTHIBas, TAKHM 06pa3oM, HEOLHOPOL-
HOCTh M1aCTa TOJBKO IO NMPOHHUAEMOCTH WM BOgompoBoauMoctd. OueBun-
HO, MpH 3TOM OTNajaeT HeoOXONHMOCTb B ONpejeJeHHH monpaBku A B dop-
mynax (VI.3), koropas Bo BCcex 30Hax IsacTa B 3ToM ciyuyae OyneT paBHa
HYHO.

OTMeTnM, npexjae BCero, HeKOTOphie 0006lleHus NpUBENEHHBIX BHILE
pelleHui.

IMounxkenne yposust B oGnaacrty, MpHjaerawlleli Kk Bono3abopy, Koraa
BONOHOCHHIH IJACT COCTOHT H3 JBYX 30H C NPSAMOJIMHeHHOH rpanulleii pas-
nena, Kak BuLHO u3 ¢opmya (VI.3), Beipaxaercs 18yMs caaraeMbiMu. Ilep-
BOE H3 HHX XapaKrepHayeT IIOHIXKeHHe YPOBHs B OJHODOLHOM ILIACTE, HMe-
101lleM BOJONPOBOAMMOCTh BCIOJlYy TaKylo K€, KaK B 30He pacloJOXeHHs
CKBaXXHHE;, BTOpOe — NpeaCTaBjasieT CO60H JNONOJHHTENIbHOE [OHHMKeHHe
YypOBHSL B pe3ynbTaTe paGoTHl HEKOTOpOH (UKTHBHON CKBAXKHHBI, PACIOJO-
JKeHHOH B TOYKe 3epPKaJbHOrO OTOODAXKEHHS peajbHOH CKBaXXHHH OTHOCH-
TeJbHO FpaHUUbl pa3jena u HMewlled neéur

(krm), — (km)s

=_—0, .20
%= ey, + emye (V1=

rae (kn) | — BORONPOBOAHMOCTDL B 30HE PACIOJONKEHHS CKBaXXHHBI,

ITOT BEIBOA MOXHO HCIOJb30BaTh JJIS NMOCTPOEHUS pacueTHbIX 3aBHCH-
MoOCTeH NPH HEKOTophix 0ojiee CHAOXKHEIX CXEMAaX CTPOEHHsI HEOJHOPOAHOrO
JacTa, B YACTHOCTH, KOrja FpaHillbl 30H ¢ Pa3iigHoil BOJONPOBOAHMOCTLIO
CXeMaTHYHO MOXHO NpeACTABUTb B Bijle HECKOJbKHX MapaliieibHEiX JHHUM.
Pacuer NpOBOAUTCS TaK e, KaK MPH OLEHKe INPOU3BOAUTENBHOCTH BOLO3a-
GopoB B IJIACTaX-10J0CaX, MJAACTAX-KBaApaHTax U T. A. ¢ UCNOJAb30BaHHEM
MeTona 3epKandbHbix oToGpaxennit [25, 26]. IlponnmocTpupyeM npHMeHe-
HIle 3TOTO MeTO/a Ha npuMepe TPeX 30H C ABYMsi TPaHHIAMH pa3nena Mex-
Ny HHMH.

Peanpnast cKBaxina orobpaxKaercs OTHOCHTEJLHO OJHOH M3 JIHHHIA
pasnena. Ilonyuennas, TakuM o0pa3oM, HeKoTopast (HKTUBHAs CKBa)KHHA
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NOJIKHA uMeTb ne6ut, onpeneaseMulil mo cootHowenuio (VI.20). 3atem sta

CKBaXiHa oToOpaxaercss OTHOCHTEJAbHO ApYrofl FpaHMUBl pa3jpena, ¥ noJuay-

yaeM HOBYIO CKBaXXHMHY ¢ 1€GHTOM:

_ (km)1 — (km), (km); — (km)s
(km)y + (km)y (krm)y 4 (km)s

Qs Q, (V1.21)

rne (km)s, (km); — BORONPOBORNMOCTH IMIACTA B COCEAHAX 30HAX

HoBas ¢uxTHBHA® CKBa)kMHA 3aTeM 0TOOpa’KaeTcsi OTHOCHTENBHO INep-
BOH FPAHHIB], ¥ NPOIeCC NOBTOpsieTcs. 3aTeM pealbHasi CKBAaXHHA JOJIXKHA
6T OTOOpa’keHa OTHOCHTENBHO BTOPOH JIMHMM pasjena, H CHOBA NOBTO-
pSIIOTCS Te 2Ke onepanuy.

Jns onpepenenuss MOHHUMEHHsT YPOBHS B 30He PAacHONOXKEHHS CKBaXH-
HBl CKJIanbIBAIOT NOHMIKEHHS YPOBHS OT BCEX INOJNYYEHHEIX TakMM obpasom
CKBaxHH (peasbHON u oTo6paxeHnublx). CTporo roBops, YHCJIO TAKHX CJa-
raeMelx paBHO GeCKOHEUHOCTH. YUHTHIBAsl, UTO C KaXJIbIM IOCAENVIOUIHM
oTo6paxkeHueM yBeJHYHBAeTCs ypaneHHe QUKTHBHBIX CKBAaXKMH OT BOj03a-
6opa u, KpoMe TOro, yYMeHblIdeTcss HX jeOHT, s IpaKTHUYECKIX pacyeTorR
OGBIYHO [OCTATOUHO ONHOrO-ABYX oToOpaeHufi. VYKasaHHLIl HpHeM 3ep-
KaJbHbIX OTOGpaXeHHH MOKHO NPHUMEHATh IIPH HAJHUHHM TpexX-ueThipex na-
pajieabHbIX JHHHA, pa3jessiollX 30Hbl ¢ Pa3jHYHOH BOJONPOBOIAHMOCTBIOY
nJjacra.

Paccmorpum teneps pemenue (VI.3) nasg cayuas, Korja CKBaxKHHa
pacnoJjioxeHa Ha JHHHH paszjena, T. e. xo=0. I[TouH:KeHns ypoBHST non3em-
HEIX BOJ B 06eHX 30HaX COCTABJSIOT!

Q . ( r
. S S PR A
S1e =~ g B [~ 5t ) , (VI.22)
k k
e kmep= W ) (V1.23)

HurepecHo oTMeTHTh, UTO, HECMOTPS Ha pasjHuKMe NpOBOAMMOCTEH mia-
cra B 3oHax I u II, moHuKeHuss ypoBHell B 9THX 30HAX OJHHAKOBLI, a BOPOH-
Ka pemnpeccud, ofpasylolascss NpH OTKAauKe, pajHajbHO CHMMETPHYHA OT-
HOCHTEJbHO CKBaXKHHHL. [TpH 3TOM pacxonbl MOA3e€MHBIX BOJ, NMPHTEKAIOIIHX
K CKBaXXMHe 13 pasjMuHbIX 30H, NMPONOPIHOHAILHB HX BOLONPOBOIHMOCTH,
T. €.:

(km),
R G0 S—Y 1.2
4= oy + (emy O (VI.24)
Q (km)s (V1.25)

T (km)y + (km)y

O6o6uas 3ToT BLIBOA HA cjyuaii GobUIOFO YHCAA 30H C PA3JHUHLIMH
3HAYEHHSIMH BOJONPOBOJMMOCTH, KOr1a JHHHM pasjea sBasSIOTCS pajguyca-
MH, HCXOASTIUMMHU M3 CKBaXKHHbI (JHHHAMH TOKa), MOJYYHM, UTO IOHHIKEHUS
ypoBHg BO Bcefl ofnactu GHAbTpaUMH Takke ompenensiores (opMynon
(V1.22), B koropoii Benuunna (km)cp 6yner paBHa:

(km)y @14 (km), Qa4+ - (km)n Pp
2n

kmep = (VI1.26)

rae @1, $2, , QPn — YLIB MEXAY JAUHASIMA, OrPAHHYHBAIOIIUMH OTAEAblble 30lbl NJIACTA.

Nz (VI.26) BupHo, uTO B 3TOM ciyuyae BeJHUHMHA RMcp ABAfETCS Cpel-
HeB3BeUIeHHOH 110 IJIOLIAgH.
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PaccMorpuM Tteneps Gosee o6GLIHH csyyalf, KOrfa BOLOHOCHHI TOpH-
30HT COCTOHUT K3 GOJBIIOrO KOJIHYeCTBA 30H C pa3/iHuyHOH BOXONPOBOLHMO-
CThIO H CJIOXHOM U HENpaBUJAbHOH KOH(HUTypalueil.

Kak BugHO H3 pelleHHS OJS1 CKBa*KHHBEI B IJIACTE, COCTOSILIEM H3 JBVX
30H pasHYHOH BOAONPOBOLMMOCTH C INIPSIMOJIHHEHHOH FpaHHLeld pa3pmena,
TIOHHMIKEHHS YPOBHS B paiioHe pPacrnoJioXKeHus Bofo3abopa, B IEepBYIO 0yepenb,
ONpefeNsIOTCH NepBbIM uleHoM B dopmyne (V0.3), xapakrepHsywouuM pa-
60Ty CKBaXXUHbl B OJHOPDOXHOM mjacTe. IlompaBKa, yd4uThIBarollas HHBiE
¢$uAbTpaLHONHbIE CBOHCTBA NIJIacTa B YAAJeHHH OT Bofo3abopa, oGbIYHO He-
3HaYHTeNbHAS, MO3TOMY 4YacTO B pacueTax e MOXKHO npenebpeun. Ecan
BOJONPOBOXHMOCTL B COCEIHHX 30HaX NPHMEPHO paBHA HJAM OoJblle BOLO-
NPOBOAHMOCTH NJiacTa B paloHe paclosOXKeHHS! CKBaXKHHB!, TO MOHHXKEHHS
ypoBHsS Ha Bofo3aGope OyAYT ONpefesieHbl ¢ HEKOTOPLIM 3aBhHILIEHHEM.

B npyrux ciayuasix npH BHIYHCJAEHHH NOHMXEHHS! YPOBHSI B CKBaXKHHAX
BOJ03a00pa yKa3aHHYIo NONPaBKy MOMKHO yCTAHOBHTb NpHOJMXKeHHo. BroJ-
He MOMyCTHMLIM, TO-BHIHMOMY, SIBJASIETCS OCPEIHEHHME BOJOIPOBOLMMOCTH
B COCENHHX, yhaJeHHHX OT Bogosabopa 3onax maacra. Hanpumep, neorpa-
HHUEHHBI BOLOHOCHBIH TOPH30HT, COCTOSIIKIA H3 GOJbLUIOr0 KOJHYECTBA 30H
C pasJH4YHOi BOLONPOBOLHMOCTbIO, MOXKHO NPHBECTH K IJIACTy, COCTOSILIEMY
H3 AByx oBJaacTeii: nepBas, B KOTOpOH pacnoJioxeHn Boao3abop H rme Co-
XpaHsieTcsl MpHCylllee 3TOH 00JacTH 3HAaYeHHE BOLONPOBOAHMOCTH, H BTO-
past — CcoCefHsst 30HA CO CPefHHM 3HAueHHeM BORONpoBoLHMOCTH. [Ipu sTOM
ocpeaHeHHe CJefyeT NPOBOAUTL C YU€TOM Pa3MepoB 30H C TOH HJIM HHOH BO-
LONPOBORXHMOCTBIO, T. €.

(km)y Fy - (km)s Fy - - (km)n Fn

= , V1.27
bep Fy Fyter ot Fo (vi-27)

rne (km),, (km)s, .. — BOROTMPOBOAUMOCIL TIacTa B pasaduHbIX 3oHax; Fi, Fa, .. —mo-
agb 3THX 30H.

Kpome Toro, o6iuas njiomasnb, B npeaenax KoTopoi J0JKHO TPOBOIHTh-
csl OCpefilHeHHe BOLONPOBOJHMOCTH, OFPAHHUHBAETCS PANHYCOM BJHSHHS BO-
103a0opHOro CoopyXeHusl. DTOT pajHyC ONpenessieTcss B COOTBETCTBHH C
pEeKOMEeHI Al sIMH, TPHBEAEHHBIMH B 1. [V.

Hanabuefimufl pacueT BOL03a0OPHOIO COOPYMEHHS NMPOBOJIHUTCH B 3aBH-
CHMOCTH OT CTPOEHHSI BOLOHOCHOro miacra no popmyne (V1.3) uan (VI.18).
U3z pemwerust (VI.3) BHAHO, 4TO NMOHHKEHHE YpPOBHS B y[LaJeHHH OT BOLO3a-
Gopa B 30HAaX, OTJAMYAIOLIMXCA 1O NPOHHIAEMOCTH OT IOPOA B 30HE pacno-
JoxeHust BogoszaGopa, 06YCIOBANBAETCS CpefHell BEJIHYHHON BOXONPOBOLH-
MOCTH BCEro BOJOHOCHOro miacta. Takum oGpaszoM, AJS NPHUOIHKEHHOM
OIEHKH NPOH3BOLHTEJbHOCTH BOJ03a0OPHBIX COOPYXKEHHH B HEOLHOPOAHBIX
NJ1aCTaX MOMHO PYKOBOACTBOBATHCA CHAEAYIOUIMMH TOJOXKEHHSIMA:

a) moHMXKeHHe YPOBHSI B CKBaXXMHaX Bojo3abopa onpenensieTcst HCXO-
IS H3 BOMONPOEORHMOCTH IIJIaCTa B 30HE pPaClOJIOKEHHS CKBaXHHBL [lo-
NpaBKy, yUUTHIBAIOULYIO HHYIO BOLONPOBOAHMOCTb NOPOL B yLaJeHHH, MOXHO
OLIEHHTh, OCPEIHHB BOJOTPOBOAMMOCTL BO BCeH OCTaJbHOH o6Jacth,

6) cpeska ypoBHS OT AeHCTBHSt Bon0o3afopa B yJAaJeHHBIX OT Hero Tou-
Kax 1J1acTa OLIEHHBAETCH IyTeM OCPETHEHHS BONONPOBOLHMOCTH BO BCeil
ob6aactn QuABTpALHH.

YKa3zanHOe OTHOCHTCS K cJydalo, Korga Ha BCelf IJIOIAAM 1171acTa B pa-
AHyce BANSIHHA BORO3abopa Ko3PGhHLHEHT Nbe30NPOBOJHOCTH OXHHAKOBHIA.
Ecair 310 ycjoBHe He BHINOJHSETCH, TO HEOOXOAHMO ONpENENHUTh MONpPaBKY
A. HauGosee mpocTo H ¢ HEKOTOPHIM 3alacoM B pacueTax (T. e. ¢ 3aBblllle-
HHeM IMOHHMKEHHS YPOBHS) NpH a1 >y (&; — Ko3PPHLHEHT Nbe30oNnpoBOA-
HOCTH B 30HE pacnoJoXeHHs Bopxozabopa) MoXHO npHEfite A=0, a mpu
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4y <<ay 3Hayenpe A caenyer uafitu no ¢opmyne (VI110) nas omHOpomHOoro
nmo npoHHuaeMocts njaacra (v=1). B 1. V ykasaHo, 4To B 3TOM Caydae To-
NpaBKa HMeeT MAaKCHMAJIbHYIO BeJHYHHY.

2. BJIMAHUE OCYWIEHHUSA NJACTA B KPAEBOH Ero YACTH
HA NMPOU3BOJAHUTENBbHOCTb BOJO3ABOPA

Cxema Bogo3abopa B mJjacTe ¢ OCyUIeHHEM ero B KpaeBOfl WacTH mpej-
crapieHa Ha puc. VLS. Besl obaacts GuAbTpalHH B 3TOM Clyuyae MOXKeET
OLITL pasfesiena Ha /(Be 30HH. B nepBoil 30He, rie BOZOHOCHHH NJAacT BH-
XOLUT Ha MNOBEPXHOCTh HJH NEePEKPBbIBAETCS XOPOLIO BOLONPOHHLAEMEIMH
TIOPOAAMH, NOJX3EMHEIE BOJBI CBSI3aHHl ¢ aTMoc(hepoli H ABAAOTCS Geananop-
HbMi. [Ipy noHMMeHHH YpOBHS 371eCh NPOHCXOZHT OCYIEHHE NACTa H H3b-
ATHE HEKOTOPOM 4acCTH CTaTHYECKHX 3aI1aCOB.

%

N A

Xg

2
g

2

Puc VIS5 CxeMbl K pacueTy CKBAaXKMH ¢ yueTOM 4YacTUYHOTO OCVIUCHIS TIM1acTa B 06JacTH
BLIXO/IA €0 HA NOBEPXHOCTb

a 4 6~nran (A7 CKBaXHHBI H JHHEHHOU CHCTeMbl CKBAaXKHH), & — paspes

Bo BTOpoO#l 30He, oxBaThiBaMIel OCTANbHYIO, GOABIUIYIO YACTh ILIACTA,
KaK npaBHJ0, COXPAaHAIOTCA Hanmopusle yciaoBus. IIpr oTCYTCTBHH nepereka-
HHSl H3 COCEIHHX CJOeB NPOH3BOAHTEJBHOCTH BOJLO3a6OPHBIX COOPYMHEHHII
3fech ofecrieygBaeTcsl 3a cueT BHICBOOOWIEHHS YNIPYTHX 3amacos, o6ycjoB
JICHHBIX pacllipeHHeM BOLBI H CKATHEM IJIACTa BCJIEICTBHE NOHHIKEHHH Ha-
nopa npu oTKauke.

B Takux yclaoBHSIX B KaXAbli MOMEHT BPeMeHIl CIpaBeJIHBO CJAeqYyI0-
uiee 6anancoBOe COOTHOLIEHHE:

t
| Qdt =Vy + Vg, (VI 28)
1]

tae Q —pacxopn Bomoszabopa, f— paHTenbHOCTH OThaukH, Vo n Voz — 06bem Boasl, 1mo-
JydyaeMoll COOTBETCTBEHHO 13 06e3HANOPHON 30HB B pe3yabTaTe ee OCyLIeHHs (CTaTHde-
CKHe 3amnachl) U Hanmopuoft 30HLI (VIIp\TIHe 3amachl)

ITpu sTomM
Vor =V, 458 (VI 29)
S
Voz = M*VHJ12 _’_nC_P_ . (VIBO)

rae Vuay 0 Vige— o6beMsl nuacra cootseTcTBentio B O6JaCTH BBIXOAZ €r0 Ha MOBEPX-
HOCTb (OCyllleHHast 4acTb) H B HArMoOPHOIl 30He (B NDeAeNax KOTOPOH HMeeTCs ynpyras oT-
pava), p u p* — ko3ddHUHEeHT BOLOOTAAYH NJacTa COOTBCTCTBEHHO MPH ero OcyWeHnu
H B HaNODHLIX YCJOBUAX

Kak yxkaswiBajocs pauee (cm. ra. IIl), snavenus p Komebalorest ot
0,03—0,05 nast rpewwHoBaThX nopon 10 0,1—0,25 gas nechoB 1 rpaBeHCTO-
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raJieyHHKOBbIX OTJIOXKelul. 3uaueHns Ko3PdHIHenTa BOLOOTAAaYH B HANOP-
HBIX yCJIOBHSIX BapbHpyioT B mpepenax 3-10—6—5-10-% pus TpellMHOBAThIX
nopox # 10~2—10—* 1A% NMEeCKoB H PBIXJBIX ECYAHHKOB.

Ilpn takux cooTHolmleHusix p ¥ p* obbeMm Boabl Vi 3a cuer ocylleHHs:
I.14¢Ta BO MHOTHX CJY4asX MOMKET OBITh 3HAUNTENbHBIM M BIOJHE COH3MEDPH-
MBIM ¢ 00beMOM BOAH Vi M3 HANOPHO 30HbI

3anaua o GuALTpaLMH MOA3EMHEX BOX K BOjg03abopy ¢ yueToM ocyrie-
HHUS TIacTa B o6/1aCTH BBIXOJAA €ro Ha IMOBEPXHOCTh pelllaeTcss Ha OCHOBE
cAeyIoNero ypaBHeHus:

J%S 9%S 1 4S8

oo 1o 1.31
o T T e (VI.31)

YcaoBue Ha BHelHEH rpaHdnle naacra B o61acTu BHX0AA €ro Ha NOBEpPX-
noctb qlopMyaupyercst caeayiomuM o6pa3zoM:

0 xOS 93 V1.32
x=0, A——=—, .
0x at ( )
k km
rie A=—,a*= , k—xospdHunent ¢HALTpaURH mnacta; M — ero MOIIHOCTb.

p'*

YenoBue HAa OECKOHEUHOCTH X==00, [f==-o00, S=0.

Hauanbnoe ycnosue {=0, S==0.

Ha BonosaGopHoM COOpYXKEHHH NPHHMMAETCS yCJOBHE IOCTOSIHCTBA
pacxona.

Huxe npusenensl pemeHus Qs yKa3aHHBIX  yCJOBuH pJfl OTA€JBHOI
CKBaXKHHBI (M OTPAaHHUEHHOH TPYyINIbl B3AHMONEHCTBYIOUNX CKBAXKHH) M JH-
HeHHOro psilla CKBAaXXMH BEChbMa 3HAYNTEJIBLHOM NPOTSKEHHOCTH.

OpuHoYHAasA CKBAXHHA

Cxema pacnosioXeHusl CKBaXKMHB TOKa3ana ua puc. VI.5,a. Yciaosue
Ha CKBaXXHHe 3alHCHIBAeTCsl TaK:

(V1.33)

Hnst cpaBHHTENBHO 3HAYMTENBLHOTO BPEMEHH OTKAUKH pelleHue Gyjer
uMerb Bua [32]:

Q
S = (Ri—Ry), (VI1.34)
rane
o 1—x® g2 (g
R, =—Ei (_(_4ﬁ)_i)—51 (—Lj%ﬂ_); (V1.35)
9 & 4%
R, = S Fo ¢ 4Fo erfc—i_)f—_—; (VI1.36)
° 2V Fo
6= H'; ;=ir .17:—!_1—' Fo = ca
wm % ) P )

Popmyna (V1.36) npumenuma npu

3—5
F -
°> (%)~
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W3 paccMorpennsi pacueTHblX 3asucumocreit (VI.34)—(VI1.36) Buano,
YTO NPH OCYWIEHHI BOAOHOCHOro NuacTa B 06JaCTH BbIX04a ero Ha NoBepX-
HOCTb NOHHXEHHE HANoOpPHOrO YPOBHS BCIOAY MeHblle, ueM B cJaydae, KOrjaa
nJacT orpaHHufBaeTcsi HeMmpoOHHNAeMblM KOHTypoM. JInmb B npegese npi
6—o0 (1. e. xorpa p—0) pacuersl no o6euM cXeMaMm A4I0T OAHH H TOT Xe
pe3yabrar.

Maunbie 3HaueHHst & NpHONUKAIOT pacCMATPHBAEMYls CXeMY ¢ OCyLIeHH-
eM Iiacta K cXeMe ¢ NOCTOSIHHBIM HaNoOpoOM Ha BHeLdHeH rpaHuue.

Pacxon noazeMublx Boj uepes rpauiny (x=0) cocTasur:

Qeo=QR*, (V1.37)

rue Q — pacxol CKBaXKHMHBl (IPHHHMAeTCSl TOCTOSIHHBIM B TeueHHe BCero Npellecca OTKay-
ku); R* — nexoropoe Ge3pa3MepHCe CCNPOTHBJAeHHe, NPHOJIHKEHHC ONpefeaseMce cie-
LylomHM o6pa3oM:

1
e_ 4Fo
Rig —————— . (VI.38)
26x, Vn Fo

CaenoBaTenbHo, Mpu MasblX BeduuuHax 0xp Aossl pacxoma Bopo3abop-
HOM CKBaKuHBI, (POPMHUPYIOILAscs 3a cUeT OCYLIeHHA nuacra, MOXKeT JOCTH-
raTb 3HauUTEJbHLIX Pa3MepOB.

JInHeHHbIH pAJ CKBAXKHH BECbMa 3HAUYHMTEAbHONH NPOTAKEHHOCTH

CxeMa pacnosioKeHus JIHHeHHOro pfAjxa CKBaXXUH I[OKa3aHa Ha
puc. VL5, 6.

Jasa pelnenna jaHHOW 3afaud BClo 06JacTh (UALTPAUHU CIeAYeT pas-
IeJHTb Ha JABe UacTH: MePBYI0 (JeBYI0) — MexXJy 06JacThbio BHIX0/a MJIACTa
Ha MOBEPXHOCTb H PAJAOM CKBa’KHH, PAacNoJIOXKEHHbIX Ha PaccTOAHHH Xo OT
KOHTYPa IJIacTa, H BTOPYI0 (MpaBylo) — HeOrpaHHYCHHYIO.

Ha nunun paga cKBaXKHH yCJOBHA HMEIOT BHA!

05, 0S, 9

X = X W_?zl;n-’ (VIL.39)

rae S; B Sp— NouuXeHns YpOBHS COOTBETCTBEMHO B MepBofi H BTOPOH 30HaX 1.1acTa;

qo='—L——yneJIbel}'{ pacxom rajiepen; Q — cymmapumifi pacxom Bcex ckpaxud; L — o06-

LiaW AJaHHA pAna.
B okoHuaTeabHOM BHJE DellleHHe 3alMchiBaeTcs Tak [32]:

X,
S1=" (Ry— Rk (VI.40)
— . l—x . 14+x )
R, =V Fo | ierfc — -} ierfc =5 ¥ VI.41
=V ( 2V Fo 2V Fo ¢ )

1 1 - 1+% —
Ry =——/erfe X an R R Fogyg, (——Jré_— 465 VFo ||. (V.42
8z, 2¥ Fo 2V Fo

Pacxon Ha rpa}mue nJjgacta AaJd lIaHHOf:l CXEMBbI Oﬂpeﬂe.ﬂﬂETCﬂ o 3a4aBH-
CHMOCTH:
G0 = Gy R*, (V1.43)
rae

. 1
R* = ¢d%t(8x)? Foorfe — + 85,V Fo |. (VI 44)
2 ]/Fc
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B paccMOTpeHHBIX pelieHuAaX ObL10 NPHHSITO, UTO B 0071aCTH BLIXOAA HA
NOBEPXHOCTb BOJOHOCHBIH MJIACT KaK Obl HAXOAHTCHA B BEPTHKAJIbHOM MOJO-
JKEHHH, B peaJbHBIX XK€ YCJOBHAX OH HMeeT HAaKJOHHOe 3alleraHue.
B. M. [llecTakoBbIM METOAOM MNOCAECA0OBATENbHON CMEHbl CTAllHOHAPHBIX CO-
CTOSTHHM} pelleHa aHaJOTHYHas 3ajaya ¢ yueTOM HakJAoHa maacra [32].

Puc. VI.6 CxemMa k pac-
yery  JuHefiHoro  psaa
CKBaXHH B ToJgocoobpas- b
HOM TIIacTe C YYeTOM HaK-
JIOHa ero KpOBJH 1 TNOMO-

HIBhI

] — HavanbHBIA YDOBeHb MOA-

3eMHBIX BO#; 2 U 3 — ypoBetib

npH OTKauKe B NepBblii U BO
BTOpOf MepHOAB

B nanHoM ciiyuae KOHTYpP BOAOHOCHOTO IUIAcTa MO Mepe ero oCyuIeHHs
6yaer nepeiBHraThcd B FOPH3OHTAJbHOM HanpasdeHuu (puc. VI.6), npuuem
Ha JABHXYLIEACA TPaHHIE JOJXKHO BBIMOJMHATLCA caAefylollee yCAOBHE:

— === (V1.45)

Ilpu 3TOM noayuaercs caeaymoilas npub/iamkenHas opMysia aisa onpe-
JeJleHHA MOHUXKEeHHA YPOBHA Ha JHHHH Bojo3abopa:

9ol
S =~ —Ry, .
o R (V1.46)
1 1
(1 — 1) 8xq {Fo —}———[— [(1—2)2—0,5] + x}
rae Ry = o s (V147
2{( osx) Aéxo—l—l]
R S SR
= » VK — ’
2km tgy pmy
a*t
Fo=—", y—yroa naknona nracra

B uactHoM cayuae, Ge3 yuera HakjJoHa maacta (npu y=90° u A=0)
HMeeM:

8 xo
2 (14 8¢ x)

Ilpn yueTe HakJoHA MJacTa CHHXKEHHe YPOBHS HA JIHHHH CKBaXXHH OKa-
3nBaeTcsl HeCKOJMbKo MeHplinM CileoBaTesibHO, JONMYILEHHE O BEPTHKAJb-
HOCTH IWJI1acTa B OGJACTH BBIXOAA €ro Ha NOBEPXHOCTb obeclleunBaeT 3amnac
B pacueTe TIOHHXKEHHS YPOBHA H COOTBETCTBEHHO jAebuTa Bogo3abopa.

Ilpu CJOXKHBIX TeOMETPHUECKHX OUepPTaHHAX BOAOHOCHOTO IJacTa AJf
OpPHEHTHPOBOUHBIX PacueTOB pacxofa BOA03a6opa MOXKHO NPHMEHATb oOue-
BHAHOe 6ajiaHCOBOe COOTHOIUEHHE:

g~ 28cp [pmy 4 p* (xo— my))
- t

Ry= (F +0,5 + ) (V1.48)
K Xo

) (VI.49)

rne Scp—CpeﬂHEE JONyCTHMOE MOHHKEeHHe YDOBHA, NpHHHMaeMo€ B 3dBHCHMOCTH OT 06-
(el MOWLHOCTH TJIACTA M TeXHHYECKHX BO3MOXKHOCTEH OTKAUKH; t—-—pacuemun nepHOX.
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Heo6xoaumMo oTMeTHTb, YTO BCEe NDHUBELCHHLIE peLIeHHs 1Jisi paccMmar-
pHBaeMoil cXeMbl YaCTHUHOrO OCYIIEHHs] BOJOHOCHOIO TacTa B 064acTH Bhi-
X0Ja ero Ha NOBEPXHOCTb MOJIYYEHB! HA OCHOBE MpPEeANOCHKI, UTO HHTEHCHB-
HOCTb MH(HUJILTPALHMOHHOTO NHTARHSA B 3TOH 00JacTH B pouecce sKCmyara-
UHH BOJA03a0opa He H3MEHSAEeTCs MO CPaBHEHHIO ¢ ObITOBHIMH YCJOBHSIMH.

3. BAKPbBITbBIE NJIACTbI

Tloa 3akpbITBIMI MJIACTAMH NOJPa3yMeBAaiOTCs OTPaHIUCHHBE B TJIdHe
BOJOHOCHHIE CTPYKTYpH, OKpYKeHHbie crnabonponiinaempiMu nopoaamu. Oc-
HOBHBIMH 1ICTOYHHKaMH NHTAHIIA BOIIO3360pOB NMOA3EMHBIX BOJ B 34KpDHLITHIX
nJjacrax fABJSIOTCA:

a) ynpyrast BOAOOTAaua NOpPOJ, CHRaraloINHX NAACTH, NPl CHHKEHHH
yanopa TNOA3eMHBIX BOJA A0 KDPOBJH BOJOHOCHOTO TOPH3OHTA;

0) crarHyeckue 3amnachbl BOJH, H3BJeKaeMble H3 OCYLLaeMbiX uacTeil BO-
JOHOCHOTO MacTa NPU CHIRKEHKH HATOpa HHXKe KPOBJHU FOPH301iTa; B onpe-
AeJieHHOll Mepe, KaK H B NONY3aKpBITbIX MJAcTaX, CTATHUECKHE 3amnachl Mo-
CTYNAIOT TaKXKe N3 KpaerblX yacTeil CTPYKTYPH, I'le BOJOHOCHBIE NAACTHl Bbl-
XOAAT Ha NOBEPXHOCTD;

B) HHOHUJIbTpaUHOHHOE NHTAaHHe aTMOChepHbiMY 0CaJKaMH, a TaK¥XKe No-
TepH NOBEPXHOCTHOIO CTOKA M3 MOCTOSHHBIX 1N MEepHOAIUeCKH AeHCTBYIO-
IHX BO/JOTOKOB.

Kpome TOro, HeKoTopoe KOJHHYECTBO BOIAB MOXET NOCTYNAaTh H3 OKpY-
JKalOIMHX BOAOHOCHBIe TACTHl NMOPOJ, HEeCMOTpPs Ha HX OTHOCHTENbHO cJa-
6y10 BOJONPOHHUAEMOCTb, & TaK)Ke H3 HHXKe-1I BhlIIeaexallHX BOJOHOCHBIX
¢JI0€B uepe3 caaboNpoHUUaeMble MOAOIBY 1 KPOBJIO OCHOBHBIX BOJOHOCHBIX
NJacTOB.

Takum o6pasom, ofliiie BOTONPHTOKH 11/l pecypchl MOA3EMHHX BoJ @,
B paccMaTpHBaeMpblX YCJOBHSIX MOTYT ObTh BHIpaXKeHH CJIeYIOUHM ypaBHe-
HHEM:

Q= Qan ~+ Qer + Qo + QHHdJ -+ Qm-py (VI . 50)

riie BeJHYHHBI C HHIEKCAMH «yNpP», &«CT», «BH», «HH(» H «nep» 0603HayalOT KOJHYECTBO BO-
Abl, ofecneunBaeMOe CCCTBETCTBYICINMMH HCTCUNHKAMH — YNPYTHMH M CTATHYECKHMH 3an5d-
€aMH, NPHTOKOM H3 BHEWIHHX 30H, HH(QHIbTPauHeld aTMocdepHbIX OCaAKCB M NepeTeKaHHeM
BOAbl H3 COCelHHX TOPH3OHTOR.

J1 BOJOHOCHBIX TJIACTOB OTpaHUYelHOHN INIOWAJH paclpocTpaHeliis,
KaK npaBuJio, 1eecoo6pasHo cHayaJsa onpesessTh O0IHe pecypcH, OUeHH-
Basd KaXIylo cocTaBasiomylo 6anaHcoBoro ypabHenus (VI.50) ¢ mocaenyio-
MM UX CYMMHDOBaHHEM, a 3aTeM Y¥Ke NPOH3BOAHUTb BHOOpP 11 pacuer BOJO-
3a00pHBIX COOPYXKeHHil.

IlpeuMyInecTBO YKazaHHOrO MeTOAa 3aKalouaeTcss B TOM, uTO 0o6liHe
pecypchl MOYKHO OTpeieJiuTb ¢ GoJiee MOJHEIM YUETOM peanbHOl NpUpOAHOil
o6craHoBKH. Hanpumep, MOXHO 10BOJbHO TOYHO YCTAlOBUTb MJOLLAb BO-
JOHOCHBIX TJIACTOB H H3MEHEHHEe HX MOLUIHOCTH, HeoCpeACTBeHHBIMH HabJHo-
AeHHSIMH OTIPeIeIUTh MOTePH NOBEPXHOCTHOrO CTOKA M Pacxoidbl 1ICTOYHHKOB
B IIpejesiax 3aKpuITO#l CTPYKTYPH H FpaHiuailix ¢ Heil y4acTKOB H T. 1.

BpisiBieHHble yKasaHHbM nyTeM oOIMIie PeCcypchl MOA3EMHBIX BOA pac-
CMATPHBAIOTCA B KauecTBe OCHOBH JJIst paCue€TOB BO/J103aBOPHLIX COODYXeHHH
H HCTIOJb3YIOTCSA AJIsT KOHTPOJsI IPABHIbHOCTH PE3YNbTATOB TAKHX PACueTOB.
Bo MHOTHX cjyuasix HHXKEHepHBle pelueliiisl MOIYT TPHIHMAaTbCsl Hemocpen-
CTBEHHO Mo pe3ysnbratam 6asaHCcOBHX onpejeseHnii. Tak, nanpumep, 3aja-
BasCh TOH HJIM HHOJl NPOH3BOAMTENBHOCTBIO CKBaXXHH (5, MOXXHO ODHEHTH-
POBOUHO OLEHHTL OOyl AJMHTEJIbHOCTH BO3MOMHOH nX sKcmayaraund To
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Vynp + Vcr
Qa - QBH - QHHdJ - Qn P

rae Vyop H Ver — ynpyrie m cTaTHYecKHe 3amnachl, onpejeisieMble 1O 3aBHCHMOCTAM, MpH-
pesaeHHbM B 1 2 ra 111

Ts= , (V1.51Y

Ilpn olleHKe 3SKcO/IyaTalHOHHBIX 3anacoB MOA3eMHBIX BOJ A/ BOJO-
cHaGxeHnsl OObIUHO MPHHHMAeTCs He NoJHad BeJHUHHA Vynp 0 Ver, a TOABb-
KO HeKoTopas ux uyacTb (oKoso 50--60%) Ecau ke 3agaH sKcnayaTallHOH-
HBlll cpoK T, To no ¢popmyae (VI.51) npu usBectunx BeanunHax Qpm, Qure
# Quep ONPEAENSIOT NPOI3BOAHTENLIOCTD CKBAXKNE @

OGbIYHO BO3HHKAIOT 3aTPYRAHEIHA NpPH ONpefeseHHH BOAONPHTOKOB Qpx
H3 OKPYXaIOILHX 3aKPBITole CTPYKTYPHl FOPHBIX NOPOJ, XapaKTepH3yloLHXCs
cinabof BOJONpOHHIIAeMOCThIO. [locTymsenHe BOAH U3 HUX B eCTeCTBEH-
IBIX YCJOBHAX A0 Hauaja OTKAuKH OyIeT COOTBETCTBOBATH MHHHUMAaJbHBIM
pasMepaM BHEIIHHX BOAOTPHTOKOB, B mpollecce SKCIJIVATAIlMH BeJHYHHA
Qs MOXKET TOABKO BO3PACTH, HO HE yMEHbIIHTHLCA, B ¢BS3H ¢ 3THM ¢ onpene-
JIEHHBIM 3allacOM LafeXHOCTH B CMbICJIE€ 3aBEJOMOro NpeyMeHblueHNs pac-
4eTHoro Je6ura BOoA03abopa Mo CPpaBHEHHIO € AEHCTBHTEABHBIM MOXHO NpH-
HHMAThb.

Qsn ~ Q6 (V1.52)

rae Qo — NPHTOK NOA3eMHLIX BOJ, H3 OKDYIKIOWIMX TOPOA B €CTeCTBEHHBIX YCJAOBHSIX

ITuranse BOAOIIOCHOrO NJjacTa 3a cyeT HHQUJABTPAUHH aTMOCHEpHBIX
0CaJKOB M NOTePb NOBEPXIOCTHOrO CTOKa B Npejesax NJOmajH 3aKpBITOH
CTPYKTYpPBl COCT@BHT

QHHdJ = YwFy, -+ Qp- (V1.53)

rae ) — Ko3hbhullHeHT TpOCayuBaliisi WM CTOKa, TOKasuwBalomuil, KaKas A0as OT CYMMH
OCaJKOB HMJAET Ha NHTAaHHE BOAOHOCHOTO MJACTA HAa IVIOULAAH €ro pacnpocrpaHeuus, Fua
H Qp — muomwasb ¥ NCTePH BOAb! H3 [IOBEPXHOCTHEIX MCTOYHHKOB

B npakruke nepeixo cymMmapuas BesuuyHHA Quup MOXeT OblTb NPHOJIH-
XEeHHO OuneHeHa MO pacxojaM HCTOUYHHKOB, EBIXOAAIHX MO nepldepln «3a-
KPBITONl CTPYKTYpPBI»

Hakollen, nocrynienne BoAbl B SKCIIYATHPYEMBIl NMJAacT 113 COCEAHUX
MO BepTHKaJH CJ0eB AJIf NpeABaPUTEJbHOro cyXKAeHrss 06 oOmiiX BOAONPH-
TOKax MoOXeT ObITb BbIYHCJAEHO MO BBIPaXEHIIo

ko
Qn p=x m_' (Ho_Hcp) Funs (V1.54)

0

rae ko u mp— Ko3bdHUHEHT (GUABTPAUHN H MOIMHOCTb pPa3Jesabloro caabonpoHHLAeMOoro
caosi, Hy— Hanop nHTaomero cj1osa, Hcp — cpeanuii NOUHKEHHBII Hamop 3KCIJyaTHpyeMo-
ro mJacTa 3a NPOTHO3HPYyeMbIH MepHO] OTKAUKH

I'maporeosiornyeckHe pacdeTbl CKBaXkKHH, BBINOJHSIEMble Ha NoCaenylo-
meM 3Tane nocje yKa3aHHOM npHOMIIKeHHOH OLeHKH oOLHX peCypCoB noj-
3eMHBIX BOJA 3aKPbITOH CTPYKTYpBl, KaK H BO BCeX ADYFHX CJyyasix, TpeGyioT
onpejesieHHOH cXeMaTii3aluyd NPHPOAHBIX yCJaoBUA B uacTHocTii, ans sTHX
uesiefl peasdbHble TJIaCThl MOCYT OBITh B MJiaHe NPeACTABJCHBI B BIIAe Npa-
BHJIbHOW reoMeTpHUYeCKoH QUrypsl, HallpuMep Kpyra, paguycom

F
R, = - (V1.55)
11

Touno Tak Xe peasbHyI0 CHCTEMY CKBaAHH HePeJKO MOXHO «NPHBECTH®
K «6OJIBIIOMY KOJOALY>» (T € OJHOH CKBa)KuHe) painycom
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ro= y/%‘* , (VI.56)

rae Fun ¥ Fg— coorsercTBenHo JeficTBUTeJbHHE [JIOIAAH BCETO m1acTa M ydacrka pac-
noJ1oXKeHHs Boposabopa.

CxeMaTH3UPYIOTCS TaKKe JefCTBHTeNbHBIE TPAHHILI TJIacTa B paspese,
pacmpejesieHHe TPOBOAHMMOCTH B PAa3JHUHBIX HanpabJelHsx.

BO)IO33.60]JHHH CKBaXXHHa B H30JHPOBAaHHOM KPYFOBOM NJacTe

IIycte B KpyroBoM mJjacTe pagnycoM Ry aefcTByeT BOA03abOp B BHJAE
OJHHOYHOH CKBAXHHEI, Pacrlo/IOXeHHOU HA PACCTOAHHH A OT 1IeHTpa Kpyra
(puc. V1.7). Pacuer noHuKeHHsl YPOBHA B JIACTE B YKA3aHHOH CXeMe MOXKeET
6bITb BLIOJIHEH Ha OCHOBe cJefylolnero ypasHenusa [32, 144]:

Q

R
S =—2nTn—(2Fo+1n - -—2<p1) , (VI.57)

rae r* — NpuBefeHHOC PACCTOSHHC OT TOUKH M [0 LUEeHTPa CKBA’KHHbI (HJH KOJbUEBOH CH-
CTeMbl CKBaXHH);

r# =r; 3

p=) 17 (1—A2) — A2 472V (V1.58)

s — PACCTOAHHE OT LEHTpa MmJjacrta A0 TCHKHU M; I — pacCcTosAHHe OT CKBaXHHbI 10 TOY-
KB M (cMm. puc VIT7)

Puc. VI7 Cxema Kk pac-
YeTy TNPH 3KCUEHTPHUHOM
(@) u uenrpaibHoM (6)
pachoNoXKeHUH CKBaXHh B
KPYTOBOM mJjacTe

HpH LHEHTpAaJIbHOM pacCloJIOKEHNH CKBaXXHHbI
A=0, r=ry. (V1.59)

[pu ynaneiins BoA03aGOPHBIX CKBAaXKHH OT IIeHTPA mJacra Ha paccTod-
uue He Goaee 0,5 Ry AJS OPHEHTHPOBOUHBIX PacueTOB MOXKHO TPHHHMAThL
p=1,6=1,7.

Oynkuus @, Bxopswas B ypasuenne (VI.57), co Bpemenem GbICTPO
y6biBaeT. Pacuersl nokasaJiu, 4To NpeHeOpexKeHHe BeJIUYHHOA ¢ B OCHOBHOI

7 VI.57 menn (== (1=1,5) R2/a* paer or-
pacuetHo#t 3aBucumoctn (VI.57) npn Bpe =(1-+1, 2 I
HOCHTeJIbHYI0 olInGKy He GoJtee 5—7%. Ha ocHoBe sToro nsist rpynnel B3an-
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MOAEHCTBYIOIHX CKBaXHH, I0/1b3yAChb METOHAOM CYNepHO3HIHH TeyeHHH,
MOXHO COCTaBHTb OOILYI pacueTHYI 3aBHCHMOCTD:

n
Qryu 3 Q. Ry
S =~ F —:'— T ]‘6
tkm ° Z 2nkm Im ,:,‘ (V1.60)
1=1

rne Q:=Q, Qz .., Qn-—pacxcy KaXaCH CKBAXHHE, Qcym— CYMMapHBIl PacXca Bcex
CKBAXIH, r[' = ’;’ r;, r;— npHBejleHHCe PacCTOsIHHE OT TOUKH, B KOTCPCH chpefensercs
NCHHXKeHHe yPCBHsl, [AC CCOTEETCTEYIOIMHX CKBaXKuH, BbiudciIsieMce nc ¢opuyiaam (VI 58)
B 3aBHCHMCCTH OT 7ar, As, 74 (cum. puc VI7)

Gopmyaw (VI.B7) u (VI.60) mokaselBawoT, UTO NpH OTKAauKe H3 CKBa-
JKHH B 3aKpbITOM KDYFOBOM IIJIaCTe ¢ HENpPOHHUAeMOH BHelllHe# rpaHuued
MOHIXKeHIe YPOBHA B JIIOOOH TOUKe KaK Obl CKnajgblBaeTcs 13 ABYX yacTei:

a) MOHMMeHHS, NMPOUCXOAAIIEro B TeUeHHe BCero NepHoda OTKAauKH H
BbIpaaeMoro 4JeHamu @ Fo ndom Fo. DTO MOHHMEHHEe OJHHAKOBO

nkm km
BO BCeX TOYKAaX MJaacTa, JHHelllo 3aBICHT 01 BpeMellH 1§ YHCJeHHO PaBHO -
MOHHKEHHUI0, KOTOpoe 6bl10 Obl AOCTHUTHYTO Npil pABHOMEPHOM OTOOpPE BOJbI
13 maacra (T. e, IPY NMOCTOSIHHOM YJeJbHOM pacXoje B Mpejesnax BCeldl ero
nJomant);

6) noHHXKeHHus, oOyCJOBJEHHOIO HAaJIHYHEM CKBaXHH H BbIPa)KaeMoro

n

R R
wienamn  —2—In2% % 1R 3ra vacrs nommkenns YPOBHS$I
ntkm r* 2mkm ,:

i=1
He 3aBHCHT OT BPeM€HH H Mo CBOEH BeJilulHe I'[p}l6J111311TeJIbHO paBHA NMOHH-
AKEHII0 B KDYrOBOM IJIACTE B VCJIOBISAX YCTAHOBIBLIErocA ABIXKeHIIs.
HeficTBHTeNbHAsT CKOPOCTH TNOHIDKEHHS
ypoBHA B J1000# TouKe ompefde’sieTcsi IO g S

bopmyne
a
v = Q& (V1.61) 5
nkmR2
Tawnm o6pasoM, AeACTBUTeNbHAsT CKO- v,

POCTb TIOCTOsIHHA B BpPeMeHIl 11 He 3aBLiCHT
OT KOODAHHATH r, T. e. KPHUBAsl AeNpeCccuH
B KPYTOBOM MJIaCTe CHHXXAeTCsl napa.ijiesb-
Ho camoii ceGe (puc. VL.8).

[IpanTHdecKiii HHTepec INpeaCTaBJIsAET ¢
AlHAM#Ka [OHIXEHHsi YPOBHSI Ha KOHType
KPYroBOro mjacra B paccMaTpHBaeMbiN yc-

Pwc VI8 Tpabuk wnsMeneHus
BCJIIYHHB S K CKOPOCTH NCHH-

JoBHAX (mpH r=Ry). B 3Tom ciIyuae, Kak AEHHS Ug yPOBHA B KPYTOBOM
caepyer u3 (VI.67) — (VI1.58), npu pacmo- nnacre
JIOKEHHH CKBaXHH B [eHTpe MJacTa
s (2Fc — 0,25) (V1.62)
2nkm PR :

T. e. 00lllHe 3aKOHOMEPHOCTH H3MEHEeHHs1 YypOBHA 34eChb B ofllleM Te Xe, 4TO
B OCTaJbLHOH 4acTH nJjiacra, HO a6CcoI0THAs BeJHUHHA MOHHXEHHs] HECKOJIbKO
velibllle, yeM B caMmoil CKBaxiiHe.
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Pacyer ckBaXXuu B KPYroBoM ILIacTe C yYeTOM NPHTOKA
M3 BHelllHeH o0nacTH

Pewrenne 3ajiaup B 3TOM CJyyYae NPOBOAMTCA NPH TPAHHYHOM YCJIOBHH
oS
2nkmRy Er— = —Qp < Q. (V1.63)

3pech BesHuHHa Qsy TpPeAcTaBisfieT COOOH JONOJHHTENbHBIH NPHTOK
NOJA3eMHBIX BOJ K KPYrOBOMY NAACTY CO CTOPOHBI CAaGONPOHNALIAEMBIX NIOPOA
NpH 3KCIAyaTaldyu Bojo3adopa. YBeAuueHHe eCTEeCTBEeHHOrO0 GOKOBOTO NpH-
TOKa npu pafoTe BOA03a6OPHOrO COOPYXeHHS NPOHCXOAHT 3a CYET oO0llero
CHIXKEHHS YPOBHS B OCHOBHOM NJAacTe H YBeAHUYEHHA [PAJHEHTOB Ha KOH-
TaKTe BOJOHOCHOTO FOPH30HTA ¢ BHelIHel 06AaCThIo.

ITpubauxennas pacuetrHas 3aBHCHMOCTb JJif ONpeiesieHHA NOHHXKEHHH
YPOBHA B nNaacte, JEHCTBHTeAbHAs [ NJHTeABbHBIX MEPHOJOB OTKAuKN

(koraa t> (1-+1,5) R2/a*, umeer BHA:

nkm r K

2
ﬁ"; [-—;— (é—) — 0,25] ) (V1.64)

. Q—Qsw Q Re , 1 [r\
S = Fo 4~ Py [ln -+ 2 (R ) 0,75]—}-

Caenyer oTMeTHTD, YTO YKa3aHHAsA METOJMKA pacueTa CKBa)XHHbBI B KPY-
TOBOM NlacTe C NMOCTOSTHHBLIM PacXoJOM W3 BHelIHell 00JacCTH, TaK Xe KakK B
paccmMaTpuBaeMoH jpajiee cXeme C NJAOHAAHOH MHObHUAbTPALHEH U NepeTOKOM
yepe3 cAabonpoHuUIlaeMbl€ CAOH, CTPOro roBopd, AeHCTBHTENbHA NMPH pacno-
JIOXEHHH CKBaXHH B IeHTPe MAacTa, Korgja noToK CHMMeTPHUEH.

Hcxons u3 o6lux coOGpaXKeHu, MOMHO, OAHAKO, NMPELNOJOXKHUTb, UTO
H B 3THX CAYYassX 3KCLEHTPHYHOCTb PACNOJOKEHHA CKBaXKHH NPHOAHKEHHO
MOXeT GbITb YUT€Ha TaK e, KaK B cXeme COGCTBEHHO 3aKpBITOro mjacra ¢
HEMPOHHUIIAEMbIM KPYrOBBIM KOHTYPOM, T. €. BO BCeX pacuyeTHmX ¢opmyaax
BMECTO KOODAMHATBHI TOYKH cjdeAyeT NPHHHMATh HEKOTOPYI0O TIPHBENEHHYIO
Beanuuny r*. Torpa, nanpumep, npusefenHyio ¢opmyay (VI.64) naa pau-
TeJbHbIX TEPHOAOB OTKAYKH MOXHO NPEACTaBHUTb B BHIe:

Q —Qpy Q Ry
S =~ Fo - In —, .65
nkm . 2nkm f re (V1.65)

a 1/ rpynnbl B3aHMOLEHCTBYIOMHUX CKBaXHH

n
S ~ Qcym _QBH Fo _K,_ Qi In RK , (V‘.Gﬁ)
nkm 2nkm ,;

i=

-
The 7; onpepensieTcs 110 Bbipaxeruam (VI.58),

Pacuer ckBa)XHH B KPYroBOM NJjiacTe ¢ Y4eTOM
HHOHILTPAUHOHHOTO NMHTAHHS

ITox vHGUABTPALHOHHBIM NHUTAHHEM NOJAPA3yMeBAlOTCs COGCTBEHHO HH-
¢uabTpanng aTMOChepHBIX OCAAKOB, a TaK¥e NOTEPH NOBEPXHOCTHOIO CTOKA
B IpefieiaX KPyroBoro naacTa npu sKcnayaTauuu Bogosadopa. OHH YCAOBHO
CYHTAIOTCA pachpenefeHHbIM PAaBHOMEDHO MO TJOMany, T. e.
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Qmub
&€ = "_2' y
R,
rae Queo — cyMMapHbIil Pacxoa HHOUAbTPALHOHHBIX BOT.

ITpi anuTenbHBIX OTKAYKax BbIpa’KeHHe /Jis1 ONpPEIEJNEHHs TOHHMKEHHS
YpOBHSI S HMeeT BHI:

s —CQmo p Q| R (V1.67)
nkm 2nkm re
a ISt B3aHMOAEHCTBYIOIX CKBAXKHH
n
s~ Qm—Qu—Quo p U Re (V1.68)
nthm 2nkm r:

i=1

Takum o6pasom, nocrymsienie BOIBH Nph HHQUABTPALHK B IJACT HA
MJIOIA K CTPYKTYPbl Quup OTPAXKae€TCA B Pe3yaAbTATAX PACUETOB TAK XK€, KAK
IPHTOK H3 OKPYXKAIOMINX FOPHBIX N0poj, an.



Faasa VII
BEPEIOBbBIE BOJO3ABOPLI

IToazemuble BoABI PEUHBIX 1O0JIIH SBJAIOTCA OAHHM 113 OCHOBHBIX J1CTOU-
HIIKOB BOJOCHAO:KeHINs] HaceJeHHBIX NMYHKTOB H MPOMBIIIIEHHBIX OOBEKTOB.
K poqaiiHaM pek NPHYDPOUCHBl MIIOroYiic/eHlibie BOA03a00pHBlE COOPYIKEeHHS
HepeiKo BeCbMa 3HAYUTENbHOM TPOI3BOAHTENIbHOCTH

Baxkuefimnm (GakTtopoMm, onpenesiolliuM YCJAOBHST IKCIyaTalill BOLO-
3a00POB B JOJHHAX PEK, ABJAAETCA HaJilvile B HUX [NOCTOTHHO WJIH NepHOIH-
YecKH ACHCTBYIOMIUX TOBEPXHOCTHBIX BOJOTOKOB, C KOTODBIMH THApABJ/HYE-
CKH CBAI3aHBl BOJOHOCHBlE aJuTioBlaJbHBle OT/aOXKeHHA. DBaaromapa stomy
NPOH3BOJHTENBbHOCTL HEPeroBblX B0J03a00POB oOecleunBaeTcss B OCHOBIIOM
3a cueT QuUJIbTPALliU PeyHbiX BOJ,

1. PACHET BOJO3ABOPOB BBJIN3H COBFPIIEHHOMA PEKH
B TMOJMIYOTPAHHYEHHOM TNJACTE

ITox coBepuleHHBIMH B (GHUABTPALHOHHOM OTHOLIEHHH peKaMH NOHH-
MalTcs TakHe, B KOTOPHIX (bTpallHs NMOBePXHOCTHHIX BOJ B BOJOHOCHBIN
nJacT yepe3 PyCJOBHE OTJIOXKEHHA NPOHCXOAHT §e3 CYMeCTBeHHBIX NMOoTepb
naropa u gedopMaiiii NoToka B NOAPVCJIOBOR 30He, B CBA3H C Y€M YPOBHH
NOA3E€MHBIX ¥ NOBEPXHOCTHHIX BOJ Ha ype3e peKH NpaKTHUeCKH COBNAJaloT.

K coBepumieHHBIM BOJOTOKaM MOXKHO OTHECTH PeKH 3HAYHTeJbHON IIH-
pHHBI (WIHPHHA OOJbHIE MOILHOCTH BOAOHOCHOTO FOPH30OHTA NOJ PYCAOM pe-
Kil), 6e3 60JbIIOro C¢JI0A AOHHOTO, IIJIICTOrO HJIH KOJbMAaTIPOBAHHOIQ MaTe-
pHaJja, npensATCTBYIOWEro (QUAbTPALIl PeyllbiX BOJ B BOAOCHOCHBIE MJACTHI.

O}IHHO‘lele CKBAXKHHbI H TpPynnoBbie B01103E160pbl

Pacuersl B0/03aG0POB BOJIH3H COBEPIIEHHBIX BOLOTOKOB MOYKHO MPOH3-
BOAHTb METOJOM 3€PKa/JbHBIX OTOOpaKeHHH H Ca0KeHHA GUABTPAallMOHHBIX
Tedennit. Pacyernbie Gopmynnl npu s3TOM npexcTasadiorcs B Bupe [25, 32]
(puc. VIL.1,a):

IS OAHMHOYHOIN CKBaKHHBI

S:—

i [B1 (— @) —Ei (—a))]; (VII 1)

IJI Tpynnbl B3aHMOAEHCTBYIOMIHX CKBaXXHH

Qey
S — Zﬁ, Ei (—o,) —Ei (—o))], (VI1.2)
rae
o P
N et M

7y H 0, — pacCTCsiHHe CT TOUYRH, B KCTOpCH CNpefeisieTcs TOHHKeHHe YpOBH#A, CCOTBET-
CTBEHHC JIC peanbHOR CKBaXKHHH U JC 3epKajibHore crobpakeHns ckpaxuuh; Q,=Q,, Q,, ..
13

Qeyn

, Qn — pacXca kakach cksaxuubl, Qcym — cyMmmapubill pacxosx ckpaxuu, P, =

t=1, 2, , n (n—uyHciac B3aHMONEHCTBYIOMHMX CKBahill),
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2
07 mak
ITpn nsmTeJbHBIX OTKauKaxX, Koria %‘;C< 0,05 — 0,1, wu3 3asn-
Qi

cimoctn (VIL.2) nosiyuaem ussectuyio dopmyny Popxreiimepa ans cra-
IHOHAPHBIX YCJIOBHH:

QcyM
= Eﬁ, ‘. (VIL3)

B c¢Bsi3M ¢ H3BHJIHCTOCTBIO 6eperosoﬁ JIHHHA DPEeKHn ¥ HajlnuyyeM Me-
auap Hepenko OblBaeT ue/necoofpasHO NMPHHHMATb B CXeME KOHTYp I1acTa

2 { ! %)
+ -
N *f\ a o
3 AN | = Yoeannas
$\\¥ /q}wré’a)«um
______ bepez pexu

g 5 o\, 7
N
3 / v N

Q / N
5 : 5 é AN
Puc VII'1 Cxevbl K pacuery CKBaXHH BOAM3H COBEPIIEHHBIX peK
a - Geper pyclna pekH NpaMonunefnblft; 6 — Geper pycla DeKH CXEMaTHUeCKH NPEACTaBAAETCA B BHIE
yrna

B BHJe Hekotoporo yraa (cm. puc. VIL.1,6). B stom ciaydae, ecin cuuTaThb

k14
yroJ paBHbIM 6=—n—, rae n — yeJsjoe NOJOXHTENbHOE Yucao (n=1, 2 3, ..},
tdbopMysna [ pacyeTa CKBAa)KHH MOXKeT OHTh BHIPa)K€Ha CJAEAYIOWHM
06pasom:
Q 2n—1
S=— Ei (—a) + < Z (— D'Ei (— o). (VI1.4)

4nkm 4nkm
i=1

dra dopMmyJa noayuaercs u3 pemenus, panHoro M. M. TbiisiGosbim [68].
IIpu n=1 ona craHoBuTcA npeutuuyHoin dopmysne (VIL1) (ans ozuHou-

HOW CKBaXKHHbBI, T. €. 6€3 CyMMBI B npaBol uacTH), a npu n=2, 6=—"kpo-
k11

Me peasIbHOH CKBaXXHHBI CJIelyeT YYHTBIBAaTb TPH 3€PKalbHBIX OTOGpaKe-
HHA, 4YTO COOTBETCTBYET CXeMe «IlIacTa-KpajpaHra» [25].
ITpn aauTebHBIX OTKaukax BMecTo dpopmyan (VIL4) nmeem:

Q 0y Py P
S = L L M (VIL.5)
2nkm 0y Poy_o

Jluneiinblit pAA CKBAXKHH BeCbMA 3HAYHTENbHOMH NPOTAXKEHHOCTH

Ilpu GoJbIIOM uYHc/Ie CKBAXHH, PACNOJOXKEHHBIX TapasjesNbHo DeKe B
yaaleHHH OT Hee HAa paccrosHyd L, AJA pacyeTa MOXHO HCNOJb30BATh
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3aBHCHMOCTD, TIOJNYUAIOWYIOCH TIPH 3aMeHe pealbHOTO psija CKBaXkHH ra-
Jepeell ¢ pacxofoM Ha | M gaunnl (puc VII 2)

_Qw _ Q@

q

21 2%

rae Qcvw — cyMMapHull pacxof cKBAKHH Q — pacxof OIHON CKRaHHB, [— NO1vIaHHA

rajepex, O — MOJIOBHHA PAcCCTOSIIUS MEXKAY CKBa*KHHaMH, 0=

, n—obiee yHCAO

n—1
CKBAaXHH
X [Tpu aTom
Y~ L—y
S = Qb VFO terfe —y_l— —
2kmgo_ 2V Fo
M - -
T I
| —— [ — serfe L) , (VII 6)
;EI 2V Fo
-'l ™M rae terfc(z) — GyHKUHS, 3HAUEHHST KOTOPOR NpH-
4%:‘.. Y BejeHb B Nnpujoxenuu II,
l % - L - Y at
‘ L=-—, y=-,Fo=—
| { l l
LT‘LF Z Z $ Q — neGHT OnHOA CKBAXHHM PAXaA
l [Ipu DauTenbHBIX OTKAYKaXxX, Koraa (==

= (2-+2,5) L¥a, popmyaa (VII6) npunu-
Puc VII 2 Cxema x pacuery JH MaeT CJAefyIOWHMi BHI"
HeAHOTO pSAa CKBAXKHH BOJIM3H

peKH

" % mo

y (VII 7)
[Tpu onpepesendd TOHHXKEHHS YPOBHsS Ha JMHHMH pajga (mpH y=L),
a TaKXKe B TOYKaX, yJaJieHHbIX OT paja B I1y6b Oepera, npu y=L
QL

= 2kmo

° (VII 8)

Jas onpelenenns NOHHXKEHHS YPOBHS HeNOCPeACTBEHHO B CKBaXH-
Hax paga K seipaxenusMm (VII6) n (VII8) cregyer no6aBHTb BesJMUHHY
JONOJHHTENBHOTO CONPOTHBJEHHA, BBIYHCASEMOTO0 B 3aBUCHMOCTH OT pas-
MepOoB CKBAXKHH, CTeleHH HX HeCOBepUIeHCTBAa H DACCTAaHOBKH B lpejenax
pana B uacTHoctH, ucnoabsys ¢opmyay (VII8), nonyunum [8, 26, 126]:

S, Q. (E_{_ In 5 uE 'g) , (VIL.9)
°

= 2nkm\ o

rae Q-—nonpanha Ha HECOBEPUIEHCTBO CKBAaXKHHBI, rg — paiHYC CKBa>XXHHbBI

Jlunelinbiit pag CKBAXKHH OTPAHHYEHHOM AJIHHBI

Ecau nusedinulfi psix CKBaXXKMH uMeeT JJIHHY, COH3MepHMYIO C pac-
cTosinMeM OT peKH (T. e npu 2l L), ana pacyeTa MOXHO NDHUMEHHTb CO-
OTBETCTBYIOLNYI0 HCXOMHYIO (OPMYay a9 Taneped KOHeYHOH miuHn B
3TOM CJiyyae, MCNOJb3ys METOJ 3€PKaJbHHIX 0TOOPaXKEHMH, MONYYHM 3aBH-
CHMOCTb A5 ONpefeseHus MOHHXEHHs YDOBHS B aJi0608 Touke nJaacra M
B 1060l MoMenT Bpemenu (cM. puc. VII 2)

Q!

= 4nkmo

(RntRxot06p) (VII 10)

rae Ra — dynkuus onpegedscmast no ¢opmynam (IV 54)—(IV57) u ta6a IV 2
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DYHKUHIO Ryorosp HAXOAAT MO TeM xe popmysaMm H TalblHuaMm, HO
BMECTO 4 B HHX CJeayeT IPHHHMaTh y~+2L U COOTBETCTBEHHO

B _y+2L
S EEN

[Ipu nJuTeNbHBIX TepHOAAX OTKaukH BMecto ¢opmyan (VIL10) 6y-
aet [28, 91, 137]:

Q!
- : VI 11
S 2nkmch'”°'r ( )
y+LP? - 2L ~ 2y
Ruya= bW g2 Tatg—E— (viL1y
2 1+ @=Ly P—L+1 y—I—1

[To stum dopmysamM MOXHO HAaHTH NOHHXKEHHe YPOBHA B TOYKAX, yaa-
JEeHHBIX OT PAjJa CKBaXKHH H JIeXKAIHX Ha JHHHH, NPOXOAAINEH nocepeau-
He pAxa, HOpMalbHO K HEMY.

[Tpu onpenesnennH HOHHIKEHHS YpOBHS HENOCPEACTBEHHO B CKBaKH-
HaX QYHKIHA Ry yer BolpaXkaeTcs cleqylomuM o6pasom:

1 = - 1 o/ ©
= —In(14+2L)+ 2L arctg = + — [In— )
Rayer= —~In(1+2 L) aretg o=+ — (nmo+§) (VII.13)
lFopu3onraibHas npena
[Tpu ycrpoiicTse BoA03abopa B BHAe TOPH3OHTAJNLHON jJpeHBl, mapal-
JIeJIbHOW pYyCJy peKH, pacuerhl B YCJOBHAX YCTAHOBHBIIETOCS  JIBHXKEHHS

NOA3eMHBIX BOA MOXHO IMPOH3BOAUTD N0 CJEAYIOIHM CbOpMyJIaMZ
ApeHa BeCbMa 3HAYUTEJbHOH OpOTANKEHHOCTH:

Q
Sy = S R (VIIL. 14)
Ruyp=L+npi (VIL.15)
A A
Lap=0,16—21In <L — (VIL. 16)
2nrnp sin —
cp
JpeHa Ol'paHH‘-leHHOfi JJIHHBI:
oZ_Q—’R p o (VIL.17)
2nkmg '
1 - - 1
Raipo :TIn(l—;—QL)—,LQLarctgﬁ—l—Egpo; (VIL.18)
n h
gnp_ozo,sf"m—;"n—c; (VIIL.19)
2nrgp sin h_ ,

cp

rae rap — paauyc apeusi, C — 3ariy6ieHue apeHnl Moj lepBOHAYa/ibHBI YpPOBeHb BOIAH
B NaacTe.

[TocKo/IbKY TFOpPH3OHTAJIbHBIE ApeHBl OOBIUHO YCTPAaHBalOT B GesHanop-
HOM TIOTOKe, B NpHBeJeHHHX OpPMYyJNaX NpHHATa CpeaHsAs riayOuna (moul-
HOCTb) NOTOKA Acp. JLJIs1 TPHGIHKEHHBIX PAacueTOB MOXXHO NPHHHMATh Acp =
20,8 he, rie he — nepBoOHaUaIbHaA rayOHHA NOTOKA.
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ITpu pacnosoxenus gpeHsl Ha Boaoynope, T. e. npH C=hcp— ryp,
HMeeM:

0,225k
Lap = 0,32 hep In ——F; (VIL.16")
T'np
hep . 0,225h
Eapeo = —0 In———F-, (VIL.19")
l rap

JlyueBoii Bogo3aGop

ITpou3BOAUTENLHOCTD JYYeBOro BOAO3a60pa NpUOIHKelIHO MOXIIO onpe-
JEJNHTh HCXOAS M3 CJAelYIOUIHX MNPeAnochLiioK. JlyueBoll BOgo3abop mnpen
CTABJAETCH B BHAE KOJOAQLA C NMPHUBEJEHHBIM paanycoMm, onpeaesnsieMblM B
3aBUCHUMOCTH OT 4YHCJIA W JJIHHB Jydell W CTeNeHH MX HecoBeplueHcTBa. B
3TOM C1yyae, HCHOJIb3ys pe3yJbTaThl HCCJIENOBAHHH, H3JOMKEHHBIX B pabo-
tax [7, 28, 106], dopmy/bl aaia onpeneseHns NOHHKEHUA YPOBHA Sy B LEHT-
pe cbopHOro kKoaoaua (maxre) NPH COOTBETCTBYIOIIEM CYMMapHOM pacxo-
ae Bcex ayuell Q 6yayT uMeTh BHA:

Q
So="——"7"7"—""—3 VIIL.20
" 2nkhep (Re+Rp) ( )

1

R6=——1 oL B 2 . ;
pik 2
aly, ' ng °° (VIL 21y
Ro— .
P cp’
0,16k h.
Lo = ; Ly 2 ik (VI1.22)
0
2nr gy SIM T
AP hcp
,32 nth 4h, c
g, = 122 ep 1n< ”’tgi—). (VIL.23)
nplo rap 2hep

rre o — ydcaeHunil ko3dduurenrt, pasusiit 0,55—0,7 (Menblllee 3HaYeHHe NPHHHEMAETCH NpH
KoJMuecTBe Aydelt n==3, Goabllee npu n=>_), n=rns+np, N6 — KOAHYECTBO GeperoBbix Jy-
ueill (He 3axOAAIMX NHOA PYCJIO peKH), Mp — KoJUYeCTBO NOIPYCAOBbIX JMyded, [y — cpednss
AJAHHA Jydell (MPHHMMAeTCsl ONHHAKOBOM fJs BCex JyueH), L — paccTosiHue OT UeHTpa WaXTH
10 peKH

[Ipu nefictBuu OGeperoBHx Boa03abopoB (PUAbTpPallUsg CO BpeMeHeM
npuobperaeT yCTaHOBHBIIMACA XapakTep, KpHBas H3MeHeHUd YpPOBHA INOA-
3eMHHIX BOJ B 3TUX YCIOBHAX AOBOJbBHO 6bICTpO BBINIOJIOXKHUBAETCA KW CTa-
HOBUTCA mapaJjuenbHod ocu abennee (puc. VII3). B coorserctBuu ¢ atum
Nporuo3bl Ha JJINTEJADbHbIE 3KCNJIYAaTALWOHHbIE NEPHOAB NOpaKTHYECKH CJe-
ayer npousBoauth mo ¢opmyaam (VIL3) — (VIL5), (VIL7) — (VII9)
OJI1 CTAHOHAPHOIO NOTOKA.

Mpumep VIIL1. TIpoekTupyerca GeperoBofi Bono3afop H3 NATH CKBAXKHH C pacxojaMH
Q1==1000 m3/cyT, Qy=Q3=Q4=800 m3/cyT n Qs=>500 m*/cyT (puc. VII 4). MomuocTs Bo-
JoHOCHOTO maacta m=230 M, Koabduuxent ¢uiptpaunu k=15 m/cyT, pagMyc CcKBaKuH
ro=0,2 M, paccrosiuHsi MeXAy CKBaXKHHAaVWH [0Ka3aHb' Ha pPHCYHKe, BOJOOTAaYa TPYHTa
w=0,15 TpebyeTcss onpeneMHTh NOHHMKEHUS YpPOBHST B CKBaxuHe 5 wepes [=10000 cyr

Haxoanm xo3dduLHeHT Nbe30npoBoAHOCTH

15.30

a= m =3000 m*/cyT,
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OnpenensieM Qcyn==1000-+3-800+500=23900 m3/cyT u ko3dduUHEHTDI

1000 800 500
=0,256; = = 0,205, —=0,128,
Br= 3900 — 0+%56 P2 =B = Bi = 355 Ps = 3000
B cootBetctBuH ¢ dopryaoit (VI 2) mveev
3900 [ 0,2 L 10002
—— —= g 198 EM_———)—EH_——)] .
S 12,56-30-15 | [ ‘ 4.3.10%. 104 ! 4.3.10%.100 /| " .

1002 / 9132 1002
—Eif{——22 )0, —
+0256[ ( 4.3 10° 104) 1(\ 4.3 10°, 104)]' 0 ( 4.3.10°- 104)
\

10602 205 300 ki ( 13002 ) 4
.+ 4-3.10%.104 )]+0 { (“ 4.3.10% 104 4.3-10%.10%
!

0.205 | Ei 1502 ( 935- ]}
[ [
020 [ ( 4-3.103.104> 4.3.10°. 104 3,8
Puc VII3 I'paduk S
NOHHAKEHH VYpPOBHA
npH  OTKauke BOGAU3H
peKH

Puc VII4 Cxema «x
NpHMepy pacueTa B3aH-
MOACHCTBYIOIMIHX CKBa

JKHH Y DEKH N

»

Pera

ne2'o N
1060m \g%\ —
’ 1 — —
N3 ros! — -
O —oe O — —— e _}

1300m  1000m

nes' o —
o

935m

Pera

2, PACYET BOJO3ABOPOB BBJIM3H COBLPUIEHHOW PEKH
B NCJOCOOBPA3HOM MNJIACTE

31eChb paccMaTpDHBAIOTCS BOJ03a00Opbl, pacloNOXKCHHble B OrpaHHuCH-
HBIX IO IHHpHHE DeYHbIX AoJNHAX. Taklie AOJMHBI NIPH pacueTax MOXKHO
CXeMaTH3HPOBATb B BHJe NMOJOCOOOPA3HbIX I1aCTOB, OPAHHYEHHDIX IBYMS
napaJleJbHBIMH KOHTY paMu [4, 28, 32, 137]:

175



Puc VIIS CxeMmbl K pacueTy CKBaXuH B
ykd = '_Qd y - “ HOJIOCOO6pa3HFl)>IX nnZCTaK "
® R :t{ ) “ﬂ—TA z
Lo e, , CxeMBl TakHX NOJHMH NOKA3aHbl
D777 o4 Y p Ha puc VII5 Kak u BO Bcex pac-
e ° CMOTpEHHBIX CJIydyasiX, CKBaXKHHbl
¥ e = - 3%, Z  \MOJeJUDPYIOTCH CTOKOM € NOCTOSH-
ZTYT T E HBIM JeOHTOM.
9 y B cooTBeTcTBMHM € 3THM AJ4
BLIBOJAA pacueTHbIX (OpMyJ B mja-
s EZ 7  CTax OrpaHHYEeHHbIX [ONepeYHbIX
¥ & T L pa3MepoB, NpeACTaBasieMblX B Qop-
e 2 ML Mé BLITSIHYTHIX [OJOC, OrpaHuYeH-

HbIX TlapanfelIbHbIMH OpAMOJUHEH-
HblMH KOHTYpPaMH, MOXKHO BOCHOJIb-
30BaTbCsl METOAOM 3epKaJbHHIX OTOOpaKeHHH H CJIOXEeHHS (HUJIbTPaLHOH-
HbIX TEYeHUR

B monvuenHblx TakKHM o6pa3oM pacueTHbIX 3aBUCHMOCTsX obllee THi-
paB.1IueCKOe COTNpOTHBJeHHe R pa3feseHo Ha OCHOBHYIO uacTb R;, He 3a-
BHCSILLYIO OT BpeMeHM H sABJsolnylocsd GyHKOMeH TOJbKO KOOpAliHAT 06-
JacTn OUAbTpamuy, ¥ JONOJHHTEJbHOe CONPOTHBJAeHHe Ri, H3MeHsiolee-
¢ (KaK BUAHO U3 paJjbHelllero — OLlCTpo yObIBajoilee) BO BpeMeHH

[IpuMeHnTeLHO K KaXKAOMY THIY [J1acTa HMeeM CJeAyloilide CXeMBbl

CxeMa ¢ — Ha 060uX KOHTYpaAX miacra S; =0

OO01ast 3aBUCHMOCTb [JI5i OnpenesleHHsi OOHHMXKEHHA ypoBHS S B Jlo-
6oft TOuKe nJiacrta B Jio00f MOMEHT BpeMeHH HMeeT BUI

s@— < p@ (VII 24)
2nkm
B cooTBeTCTBHM ¢ H3JIOXKEHHBIM CYMMAapHOE CONODOTHUBJEHHE MOKeT
ObLITb NpeaCcTaBJaeHO TakK
R = R{Y (x, x,, 9) — RV (x, %5, ), (VIL 25)
{

1  ch2 —cos2(m+A)
B =—1 ; VI 26
Ri 2 nch.‘2.\3—c052('r]~}»)' (VIL 20)
(a ! __one ne
R2)=7 [cos 2n (1 - A) — cos 2n (m — A)]| e erffc|— — a4+
o
n=}
4 €2® erfc (ﬁ + a)]; (VI 27)
o
L L. S
TR AT Ay
erfc(2) =1— D@ (2)
Ha cTeHKe CKBa)XHHBI DAAUYCOM 7o OpH y=0 u x=xo=r
(@) 0,64 L sin 2A
Rl = In —"——] (VIL.28)
Te
. 1 ne r
sz") = E—n— [cos 4nA — cos 2np,] erfc (';‘) y Po= ‘QZO (VII 29)

n=]
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Jlerko nokasatb, 4To npu Fo==a{/12>0,5--0,1, npu onpeneseHHH no-
HIDK eHHsI ypomm B CKBaXKHHe 3HaueHHeM R$” BBHIy ero MaJOCTH O cpab-
nenmio ¢ R{¥, onpenensiembim H3 ypaBuenns (VIL.28), moxno npeneGpeub,
st Touek, yaasNeHHBIX OT CKBaXKMHbI, Kak CJeayeT H3 aHaJmsa BbIpaxe-

uuf (VIL26) u (VIL.27), mononuutenbhoe conporuBrenne Ry MoxHO He
yuuTeiBaTh npu Fo>0,5-0,8.

G®opmyast (VIL26) u (VII.28), BuiTekalompe Kak 4YacTHHIE cayuay
H3 TPHBEJIEHHOTO 3/lech OOLIETrO pelleHHs, COBNafaioT ¢ (GopMyJamMy, Motay-
YEeHHBIMH INIpH pacueTe CKBaXKHH B TakOH JKe cxXeMe MJIacTa, HO B YCJOBH-
X YCTaHOBHBIIErocs JBHXKEeHHSI.

Cxema 6 — Ha oJHOM KoHType S=0, Ha apyrom ¢=0
(HenpoHHLaeMbIH KOHTYP)

B nanHoMm ciayuae

$0 = 2—%’; RO, (VIL.30)-

Kaku B npeabayuiem cJyudae, rnmoJyunM:

R%) = R{® (x: xp ) — R (% 29, 42 8, (VIL.31)
npuyeM
1 [che - cos (m +A)] [che +cos (fl—k)]

6 _ 1

R} 5 In [che — cos (n - A)] [che — cos (1—A)] ° (VIL.32)
- —_—(— n
R(Q’)=L2Z[l i ]):l[cosn(fl-l-k)—[—cosn(n_l)]x

n=1

X[e_ne eric (n—s - a) + e"erfc (*ni + a)] . (VIL.33)
2a %

(]
COOTBETCTBEHHO npH olpeAe/IcHHH TMOHHXXECHHS YDPOBHS B CKBa>XHHE

1,27 Lctg A
R® =1In RLLL LS (VI1.34)

Ty

Ré‘” — Z []_(n——])n] [cos 2nA - cos npy] erfc (;%)] . (VIL.35)

n=1]

6
Jonoanute bhoe conpoTunenne R cTaHOBUTCSH OTHOCHTEJBHO Ma-
Jgoii Bennuuno#t npu Fo>0,25--0,5 — B ciiyuae onpefesenuss nOHHKEHHsS

VPOBHSI B CKBa)kHHe W npH F0>0,5-0,8 — B yJaJleHHBIX OT CKBaXHHHl TOU-
Kax IJiacra.

Cxema 8 — Ha 060oMX ‘KOHTYPaX ¢, 2==0
(IBa HeNPOHHLAEMBIX KOHTYpa)

Oémaﬂ 3aBHCHMOCTDL AJIA OlpeneIieHHs] NMOHHXKEHUA YPOBHS B TaKHX
YCJIOBiAAX MO aHAJOTHH ¢ paCcCMOTpEHHLIMH CXeMaMH 3aMnucblBaeTCsad Tak:

S0 = Qim R, (VI1.36)
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-4l -z, -2%4 ’1

‘_4L+x0 _'24"

g

—2L‘zg “7

‘/*zf
W

- 2L+x, -7

X
;
*
%
(E——
w

4

B
X
L

"
i

Pac VII7 Cxema k pacuery
B3aHMOAeHCTBYIOMIHX CKBa-

M KHH B 10/10c006pasHpix mJja-
Y /4 crax

)
T
R

V\\
52

2[4"1‘0 +7 -’E

N

2L+ z, +71 4

P+
<

4L-x, +2

Puc VII6 X seiBoav 3aBu-

CHMOcCTefi AJds pacuera CKBa-

KHH B noJocoobpasnpix MJja-
crax

SN

4L+z, +2 4

| 2

Ilpy pasfleeHHH cCyMMapHOIO CONPOTHB/IEHHS HaXOIUM:

R = 2n} Fo ierfeatR(®) (x, 2y, y) — R (£, xy0 y, 1), (VII 37)
e
ig
(6) . — 1 € . \V;
Ri 2 n4[ch 2e —cos 2 (1+A)][ch 2e — cos 2 (y —A)] * (VIL.38)
(8) 1 1
R, =3 —;—[cosQn(n—}—k)-}-cOSQn(n——l)]><
1
><[e_2"'S erfc (_’;E — a) + e2"® eric (E— + a)} . (VI.39)
o
ITpn onpenenenuy ypoBHsi B ckBamxuHe npH y=0, x=1xo=r;
R =3,55 )/ Fo + R{" (x,, 0y — R{ (x,, 0, 1, (V1L.40)
npHyemM
0,16 L af
(8) = |p ——=~. = —
Ri resim2, T % 2 (VI 41)



0o

Nl ne
R =L T[COS 4nh -+ cos 2np,) erfc(—';) .

n=1
(VII.42)
Bpems, B TeueHHC KOTOPOTO CJe- 550 )
JyeT yuMTHIBATb mpu pacuerax R$™s T
ONpeRelsieTCs TeMH JKe KPHTePHAMH, 405 Ne2

1

y
4YTO M B NepBOH CxeMme. S| wez
Kak nokasaau pe3ysabTaThl BBIUHC- 500 Vo5
JcHui Gyuki RS nas panrtesn- 800 J
HBIX 5SKCIUIyaTAIlHOHHBIX TePHONOB B D e a—
GOJIbIINHCTBE CIy4acs B pacueTHHX ——

ypaBHeHIsiX 3T QYHKIIM MOTYT GBITh
ONyIIeHbl BBUAY UX MAJOCTH 1O CPaB-
HEHMIO ¢ ApyruMi ujgenamn. [Ipn He-
06XOZMMOCTH e TpOrHO3a IPOHU3BO- L=2000
AMTEJIbHOCTH CKBaXKHMHBl Ha KOPOTKHE
OTPE3KH BPeMEHH MOMHO HCIOJIb30-
BaTb NpUGJIHKeHHble GOPMYJIH, NOJTY-
YeHHBIE NTyTEM OJHOKPAaTHOro otobpa-
YEHHUsT peasbHONl CKBAaXKHHB OTHOCH-
TeJBHO KOHTYpOB muacra. [Ipu stom

HMeEeeM:
Qo [ r 5% o1
§(@:0.8) o Ei|—— ] +Ei|—— | £t Ei| ——
ankm |\ T aa ) FE\ T a ) TR\ Ty VILAY)

* -
TAC BbipaMeHus AAs £, (o H Py H 3HAaKI B TIPAMLIX cKoGKax NpHHEMaiotes no puc. VII6.

Pacuetn 1o npu6auxennoit popmyne (VIIL43) npu Bpemenu, B teye-
HHE KOTOPOTO OKa3blBAeTCsi OLLYTHMON BeauuliHa K, OpakTHUYeCKi coBnaga-
I0T C pacueTaMH 1o TOYHBIM GopMyaaM (OTKJIOHEHHS, KaK NPaBHJIO, He mpe-
BuimawT 3—5%).

Ha ocHoBe u3.10XeHHBIX pelleHlHd A1 OJMHOUYHOH CKBajyKHMHBI HETPYA-
HO N0 MeTOdy CJI0XeHIst QUAbTPALMOHHBIX TeueHHHA NOJYYHTh GOpMyJILl
IJs1 pacyeTa B3aUMONEHCTBYIOUIUX CKBaKuH. OO0uras 3aBHCHMOCTL AJd OIl-

130
Pera

Perna

Puc VII8 CxeMma X npuMepy pacuera
B3aHMOJEACTBVIOIAX CKBAXHH B mJacre-
noJoce

peesieHls TNOHHXeHnss ypoBHA Sss B Touke M 6yaer HMeTb BHI
(puc. VILT):
v
6 Qeym \Y 6
S = 2;,;;2‘5,'1?‘“' (%, Xor, 4r» B), (VIL.44)

=1
10€ Qeyym — CYMMAapHBIl PaCXOfl BCEX CKBAXHH;

LN
ﬁ’_QcyM ;

Q. — pacxom i-ii ChBaXKHUHK; Xg, — a6CUUCCHI TOUEK PACHOJOMKENHsS CKBAaXKHH, x — alc-
srcca TodnH M, B KoTopoit onpelensicTcs NOHHMKEHHE YPOBHS; Y, — OPAHHATH 3TOH TOYKH,
OTCYHTAHHbIE OTHOCHTEJIbHO haXAOH ChBAXUHBI B OTHEJLHOCTH, T. € HAYyajJo KOOpJAHHAT fB-
JfeTcsd «CKOJb3AUIHM», OHO NPOXORHT uyepe3 KaxAyio ckBaxuuy (i=1, 2, ..., v); v — uuc-
JI0 B3aHMOJCHCTBYIOMIHX CKBAXKHH,

B ¢opmyae (VIL44) Gespasmepuoe conpotusaenne R'*°*onpexens-
ercs 1o GopMysaaM AJ58 COOTBETCTBYIQIIHX CXeM a4, 6, 8. B cymHocTtn 3aech,
TaK € KakK B HeOrpaHHueHHbIX BOJOHOCHBIX TIacTax, 3¢@QekT B3auMoaeki-
CTBHS CKBAXKHH MCXKET YUMTHIBATLCA IyTeM CYMMHPOBAaHHS TIOHWKeHUH
YPOBHS, BBI3BAHIIbLIX KakaOH CKBa)KHHOM B OTAEJbLHOCTH. DTO CIipaBEeAJTHBO
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H IpHU pa3HOBpEeMeEeHHOM BKJIOUEHHMH CKBayKUH (MJH HX OCTaHOBKe); BO BCEX
cnyvuasnx C.HejlyeT YunTbiBaTbh BpeMsl OT (baKTH‘leCKOFO Hauana (IIJH ocTa-
HOBKH) ChBajKHHbl 10 KOHLA NPOTHO3UPYEMOro nepHoja

PaCCMOTpeHHaH MeTOAHKa pacdyeTa CKBa)XMH B JOJHHaX pEK OrpaHu-
YEeHHbIX TMOIlepe€UHbIX pasMepoB HpnoépeTaeT HpaKTH‘leCKOQ 3HaueHHe IIp®
pOEKTHPOBAaHUH BOﬂOSZéOpOB Ha AJHTEJbHOE BpeMA, KOIja B Ipolecce
OTKa4yex BJHfgHUE KOHTYpOB njaacrta, HHaye rosops, KOPEHHBIX CKJIOHOB JO0-
JIMH UJH CKJIOHOB 60Jiee BBICOKHYX Teppac, CTAHOBHTCA OUIYTHMbBIM H [O3TO~
MYy AOMXKHO YUHUTLIBATLCA [IpH OUEHKE 3KCINYyaTaUHOHHBIX 3allaCoB IOA3EM-
HLIX BOJ H IIPDOU3BOAUTENLHOCTH BOI[OBZéOpOB.

Mpumep VIL2, Tlomectum rpynnv cKBaXHH, KOTOpas paccMaTpHBajach B npuvepe
VII 1, B nnacr, orpaHHueHHbl ABYMs NapaJ/c/ibHbiMu KOHTYPavkH — pekamu (puc VIII 8)

Onpenennm NOHKMKeHHe \ POBHS B cKBaxHHe 5 depe3 f=10000 cyr
BoiuncanM napametp

t  3-10% 10t
Fo= =" =75 0,8,

Takum obpa3sov, ais onperenedns Gyuxunn R(®) MOXKHO HCMOABL3OBATHL Jiililh HepBHIE
a
ee WwieH Ry

Conporusnenne R, 06ycroBacHHOEe BaHSHHeM KaKIOH CKBAaXKIHH B OTICALHOCTH,
coctaBut [ecM  dopmyan (VII25) u (VI 28)]

2000 3 14-500

R;_5=0,128In 0,640—,2 SIHW =0,79;
oy 1440 3,14(500 -+ 405)
0,256 2000 2000
Rsy=—"%—In L 3,14 40 314 (500 — 405) 055
N o000 2000
o 21485 3,14(500 +550)
0,205 2000 2000 N
527 T "ch 3,14.85 3,14 (500 —550) =0.46
2000 2000
. 3,14 o_wS 3,14 (500 + 800)
o, . 0:205 7 2000 2000 096
5-3 2 3,140 3,14 (500 — 800) e
C — CO0S
2000 2000
3,14 130 3,14 (500 + 430)
0,206 < 2000 % 2000
Rey="3 J”h 3,14 130 3,14 (500—430)—0’23’
o000 T % 2000
Ilo dopuyae (VII 36) umeeu
s:5,2%23—15(0,7%o,s3+o,46+0.26+0,23)=3.2M.

3 PACHET NMPHUTOKA MOA3EMHbLIX BOIN K BEPErOBbiM
BOJO3ABOPAM C YYETOM HECOBEPIUEHCTBA PEYHBIX PYCEJ

[Tpu nporuodax npou3BoAHTEIbHOCTH GeperoBbiXx BOA03a00OpoB, Nper-
Ha3HauYeHHbIX 1M1 3a60pa NOA3E€MHLIX BOj a.1/110BHAJbHLIX OT/IOKEHHHA B yc-
JIOBHAX NMOCTOSIHHOTO HX NOMNOJHEHHS 1IyTeM (UAbTpauMH U3 peK, B GOMb-
IIHHCTBE CNyuaeB HeoOGXOQUMO YUYHTHIBATE HECOBEPIIEHCTBO pevyHbXx pyces.
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TTox 1ecoBepllieHCTBOM B JAaHHOM CJyyae NOHMMAaercsl HeloJHAasl Bpes-
Ka pycesa B BOJOHOCHBIE NaacT (HX «BHCSUECTb»), a TaKXKe 3aHJIEHHOCTb
PYCJAOBLIX OTJMOXKEHHH M HajHuMe B HUX CRaOONPOHULAEMHX TJIHHHCTHIX
fIpOCJIOEB 1 JHH3, 3aTPYAHSIOMUX PUABTPALUIO BOAW U3 PeKHM B BOJOHOC-
HBI] TJIacT.

Ilpn oueHKe 3ausieHHOCTH H HEOMHOPOAHOCTH pPYCJAOBLIX OTJAOXKEHHHA
MOXXHO HCXOQUTb U3 BYX MPeanoChiioK.

Cor.1acHo niepBoH npeanoCHJIKe, UHTEHCUBHOCTL IIPOLECca 3aujieHus N
AKKYMyJsIUMY TJAMHUCTOTO MaTepHana B pyciaX pek B OCHOBHOM ONperness-
€TCH eCTeCTBEHHBIMH THIPOTeOJIOTHYeCKUMH H TeOJOTHUECKUMH YCAOBUSIMHU
H NMpaKTHYECKM He 3aBHCHT OT HHTEHCHBHOCTH SKCIayataliuu Bogo3abopa.
DToT Tpouece sBJASETCS IJIUTENbHHM H, BooOlie TOBOPS, HECTalHOHAPHLIM,
IOCKONbKY pEeXHM PEyHOro CTOKa H3MeHseTcs KaK Mo Ce30HaM OJHOro ro-
Jla, TaK 1 B MHOTOJeTHeM paspe3e. Tem He MeHee, YUMTHIBAS NOCTOSHHOE ye-
peioBaHIle AKKYMYJSIIUH 11 3PO3MH DEUHBLIX HAHOCOB, BO MHOrHX Cayuasx
MOXHO NPHHUMATb HEKOTOPYIO CpelHIoIo (YCAOBHO IOCTOSIHHYIO) CTeneHb
3aUJCHHOCTH M HEONHODPOJHOCTH JioXKa PeKH Ha yyacTKe PacnojioKeHHUs Bo-
nosabopa. Beoa B neficTBue Bogo3abopa ecJaH M NPUBOAMT K aKTHBH3aLHH
H YCIVICHHIO 3alyieHnsi, To B TaKHX pa3Mepax, KOTOpHIe [0 CBOMM MacllTa-
6aM He MOTYT CpaBHHBaTbCH C eCTeCTBEHHLIMH PYCJAOBHIMU IIpOLECCAMMU.

Bropas npennochl.iKa oCHoOBaHa Ha TOM, UTO 3auieHue pycea i GopMu-
poBaHue TJAMHUCTOrO 2KpaHa, 3aTpyAHSIOUEero (GUAbTPalHIO U3 peKll, — 3T0
NpoLecchl, B 3HAYHTEJNbHO} CTeneHH CBs3aHHHE C CYilECTBOBAHUEM H 3IKC-
mayaTaniell camixX Boxo3abopubix coopyxeuuh. ITocnennue B CooTReTCTBHH
C TAaKoll TOYKOH 3peHMs BCEr1a BLI3bIBAIOT 3aH.IeHle HJIM BO BCSIKOM Caydae
CYIleCTBCHHO YCHJMBAIOT H AKTHUBH3UPYIOT ero. B ¢Bsi3u ¢ 3TUM CO BpeMe-
HeM TIDOH3BOAMTENbHOCTh OeperoBulx BoJ03alopoB 006A3aTenbHO 10JXKHA
YME@HbIIATbCA.

OnbiT 3KCIUIyaTalull MHOTUX 6eperoBblXx BOA03a0OpOB HOJATBEpXKIaer
peanbHOCTh O00eHX NPeANoCHAOK: NEepBOH — Ha HE3aperyiupoBaHHbIX  pe-
KaXxX, oCOOEHHO B TeX Cayyasax, KOTJa OHH HaXoaATcs B CTaguM aKTHBHOTO
$OopMHUpPOBaHUS pycaa, BTopOH — Ha 3aperyaupoBaHHBIX peKax (Bogoxpa-
HHJIHIAN) .

Huxe paccMaTpuBaercss 3ajgava pacueta 6eperoBuiX BO103a60OpOB HA
OCHOBC TIePBOH NpPeNnochbliKM, T. €. 6e3 yuera M3MEHeHHUs CTeleHH 3aHnJjeH-
HOCTM U HEOQHOPONHOCTH PYCNOBHIX OTJIOXKEHHH B Npolecce 3KcOayartauun
BOA03a00pOB

CxeMaTtu3upyst nefiCTBHTENbHYI0 KapTUHY QUALTPALHUHM, MOXKHO IpH-
HATH, UTO 3a1JIEHHOCTb PYCJIOBBHIX OTAOXKEHHUH M 3aKJMIOYEHHble B HHX TIJH-
HUCTblE TPOCTIOH B QUIbTPALHOHHOM OTHOLIEHHH NPOABAAIOTCS OJUHAKOBO
H MOTYT TI03TOMY OLEHHUBATLCA 00OOIEeHHO. DTo Tem OoJjee AONYCTHMO, UTO
fIPaKTHYOCKH JaXe NpH CaMblX TINATEAbHBIX H3bICKAHHSX HEJb3S OTAEJNHUTb
CcOGCTBEHHO 3aMEHHbIA CAOH OT TJIMHHCTBIX TIPOCJAOEB, KOTOpble TaKxke
ype3BbIYaHQ H3MEHYUBLI 110 MOIHOCTH U COCTABY.

VuntbiBag 370 0O6CTOSITEIbCTBO, 3aUJEHHblE M HEOAHOPOAHbBIE PYCJIOBbBIE
OTJIOXKeHlsl MOXHO NpelCTaBUTb B BHAE €IMHOTO CJ0OSI CO CPedHel NpPOHH-
112eMOCTbIO, CyllieCTBeHHO OOJjiee HU3KOH, yeM BOAONpPOHHLAEMOCTb HHXKe-
pacnosoXKeHHbIX PYC/IOBLIX OTOXKEHHH, a TakXe OTJoXeHuH B Oeperax.

Bcio o6nacTb, B KoTopo# npoucxoaut GpuabTpauus K 6eperoBoMy BOLO-
3a6opy, B 3TOM CJyyae MOXKHO Pa3fesnuTb Ha Tpu 3oHLl (puc. VIL.9):

[ — pycnoByio, B kotopo#t GuaAbTpauus peuyHbIX BOA [IPOHCXOJHMT ue-
pe3 3aujeHHble U caabonpoHuLiaeMble TJIMHIICTBIE CJIOM C MOCTOSIHHOH CyM-
MapHOH MOLIHOCTbIO Mg CO CpeaHHUM KoadduuuentoMm dunbTpauuu ky B HH-
Kejlexaliie OTJOXeHUS MOIUHOCTbI0O M, M Ko3adduuumentoM ©¢HJIALTpa-
uHu Ky
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11 — 6eperoBy10 30HY pacnoJoxeHHs Bojxo3abopa, rjae CyUecTBYeT Io-
TOK MOA3EMHBIX BOJ, B €CTECTBEHHBIX YCJOBUAX (A0 Hauaaa 3KCILUyaTalHu
BOjlo3abopa) HaNpaBJeHHblH HOPMalNbLHO K peke (uau oT pekH)., CpenHsas
MOIIIHOCTb 3TOrO NMOTOKA Mg, KO3hUIHEHT PIIbTpALIH Ro;

11T — GeperoByio 308y H2 NPOTHBOIOJOXKHOH MO OTHOWIEHHIO K BOJ03a-
6opy cTopoHe pekd. B 3Tofl 30He TakxKe MMeeTCsl €CTECTBEHHHIH IOTOK NMOA-
3eMHBIX BOJ, CBfI3aHHHLIH C DPeKOH; CpenHsisi MOIIHOCTb ero #la; Ko3pHUUMEHT
¢dbuabTpanuu ks.

Puc VIIL9. CxeMbl K pacueTy BOAO3a-
60poB BOJH3H DEKH C YyYETOM HeCORep-
LIeHCTBA pycia

IMockoasky BomonponnaeMocTh 3aHJAEHHOTO I TVIMHHUCTOTO CJOst B PyC-
Jie CpaBHHUTEJNbHO MaJna, T. €. ko€ k), MOXHO TnpeHe6peub B HeM TOpPH30H-
TaJbHBIMU COCTABJSIIOIUMHE CKOpOCTH (HapTpauun. KpoMe toro, MOMXKHO
CUHTATh, YTO HENMOCPeACTBEHHO B pycsae (QUIALTpALUS yXKe uepe3 KOPOTKHH
NPOMEKYTOK BpeMeHH O6YI€T NMPOUCXOAUTL MpH KECTKOM peXHUMe H yupy-
rHe CHJIbl OYAYT CKA3biBATLCS B MaJolt crerneHu (BO BCAKOM cJydae Mo CpaB-
HEeHHIO ¢ 6eperoBoil 06/1aCTbI0 HX POJb 374eCh MOXHO CUHTAaTbh HHYTOXKHOI).

Torna ucxongnnie auddepeHuna bable YypaBHeHHST IS KaXKJOH 30HLI
MOTYyT ObITL NPeACTaBJIEHH B TaKOM BHAE:

IJ5T 304 I
S, 2 2 ky
— a8, =0, 0f=—"" VII.45
ax? 01 O (km)y m, ( )
aas 3o 11 u 111
2S; #S; 1 aS;
0 91, =— =L (=29, 3); VII .46
oz oy? a; Ot ¢ ) ( )
SL = Hei — HL s
rne He, 1 H, — oTMeTkH yposHSt B GeperoBbiX 30HaX 1520 HayaJa OTKayKli I B Npolecce OT-
m )i
KayKkH; d; — KO3OQHUHECHT NbC30NPOBOMHOCTH | @) = (—_L ); (km), — BOXOMPOBOXHMOCTb;
iy

L]

B; —Ko3pduuneHT BogoOTAAYH mnAacta B OeperoBbiX 30HaX (B 0e3nanoplblx HOTOKAX
Ll

(km)i=khep, 1 N; =p); X, y-— KOOPAHHATH OOJAACTH ABHMKCINS NOA3EMHBIX BOL; f —

BpeMa; ko — Koahduuuent GUABTPALNHN PYCIOBLIX OTJIOKCHHH, Mg ~— HX MOLLIOCTb,
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B o6umiem cayuae rpaHHyHble YCJIOBHSA A5l 30HBI I 6yayT Takumu:
npu x =0 S; = S§; (0, ¢);
npu x = —2b; Sy = S1(—2b,¢).

Pemenune ypasuenusi ,(VIL45) ¢ ydetomM 3TuX ycJoBHI 3anuinercs
cJenyromim 06pasom:

sh [ag (26-1-x)] Sy (%, 8) sh (e, x)

Si=50.—g (26 ap) sh (2baty)

(VI1.47)

Ykaszannoe peilleHHe CYILECTBEHHO YUpPOIIAETCH, €Cd upeHebpeds BJIH-
siHHeM (QHJIbTPAIHOHHOIO NOTOKA ¢ NPOTHBOMNOJIOXKHON NO OTHOLIEHHIO K BO-
803a60opy CTOPOHBE PEKH. IDTO MOxKeT OblTb CAeNaHO B ABYX ciayyaax. Bo-
NepBLIX, MOXKHO MPHHATb, 4TO NPH OrpaHHYeHHON IIMDHHe pycJia Ha NPOTH-
BOTIOJIOKHOM Gepery Ha TaKOM e pacCTOSHHH OT PEKH pacrnojaraercs BoO-
d03abop ¢ TeM xKe pacxoaoMm (cm. puc. VIL9, 6). Bo-BTopniX, MOXHO CYH-
TaTh IIMpHHY pycia OeckoHeuno OOJBINOH, T.e. NMPAKTHUECKH paccMaTpH-
BaTb He peKy, a Bojoxpanusume (cM. puc. VIL.9,8). U B ToM u B npyrom
caydae (QUILTPAUMOHHBIA NMOTOK OyAeT CHMMETDPHUHLIM, NMpPHYEM OCb CHM-
MEeTPHH B NepBOH CXeMe pacrojaraercs IocepeidHe pycja, a BO BTOPOH
OHa OTHOCHTCS B GECKOHEUHOCTD.

I'pannunsle ycaoBHs aad 308l | npu stom opMmyaupyloTes cuenylo-
UM 06pasom:

npY 02PAHUYEHHOL WUPUHEe pYycaa:

x=0, SIZSI(O’t);

x=—b, =0
9x

npu 6ecKkoneuno 6oaouwiol wupune pycaa:
x=0, Sl :Sl (O, t);
X = — 00, Sl =0.-

B coorBeTcTBUH € 3TUM AJf NepBOH cxeMbl (OrpaHuuyeHHasi IIHPHHA
pycaa) 6yaeM HMeTh pellleHHe B TAKOM BHAeE:

ch [ (b x)]
=80,H)——————; 11.48
S$1=351(0,9 ch (bay) v )
ISl BTOpofl cxembl (6€cKOHeYHOo GoJiblllafl LIMpUHHA PyCaa)
Sy = 81 (0, £) e%*, (VII1.49)

Hayasbnoe ycinosue piaa ypasuenus (VII46) npunumaercsi HysmeBbIM,
T.€. pu {=0, S$;==0, (i=2,3).

[pannunble yCJOBHS, NPH KOTOPLIX [OJMIKHO peMIaThC  ypaBHEHHE
(VI1.46), 6yayTr UMeTb BHA:

npu x=0, x=—2b (Ha KOHTaKTe PYCAOBOH H GEPEroBLIX 30H)
S;=S8u
0S8

aS;
()~ = (km); =

DTH paBeHCTBA NPEACTaBJAAT co60i ycioBUsL 4eTBepTOoro popa. Ilpo-
auboepenuuposas ypasHenus (VI1L47), (VIL48) u (VIL.49), nonyuum:
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OAsl ACUMMETPUYHOL cxembl uabT payuu

x=m§§=u[&mAr—

ox

39S, [ S (0, £)
T ch (2bay)

’

Sy (— 26, 1)
ch (2ba,) ]
(VII.50)

—su—%ﬂ;

(VII 51)
(km), &y cth (2ba,);
(km); ™ o
0N CUMMETPUYHOL cxembl PurbTpayuu

S,
Ox

I

3

x=0 = AS,; (VII 52)

rhe

k
A= (%%;—: ao th (bay); (VII 53)

Jra 8TOpOd cxemut (GeckOHeyHo GoJsibluasi IWHDPHHA pycaa)

G
= .
(km)s

YpaBuenuss (VII.50) u (VIIL.52) npexacraBisiioT cO6OH rpaHHuHLIE yC-
JIoBUSl TDPETBEro poja.

Ha ypaneHuwnix rpaHunax o6Ggaacta ¢uabTpalluy B Geperax npH
X—>4o0 U y—>=o00, S,=0.

Bojo3a6opHble coopyXkeHHf, KaK yXke yKa3blBajocCh, pacnoJaralor BoO
11 30He. Tlpu 3TOM paccMaTpPHBAIOTCH JiBe CXeMbl' a) OAMHOUHAA CKBaXHHA
# TPynna B3aUMOAeHCTBYIOUIHX CKBa)KHH (ABYXMepHEBIl NOTOK); 6) JHHed-
HBIH PSil CKBaXKHH BecbMa 3HAYUTENbHOMA NPOTSKeHHOCTH (OJIHOMEDHBIH IIo-
Tok). B 06oux cayuasix #Ha Bogo3abopax MPUHUMAETCS YCNOBHE TIOCTOSH-
cTBa pacxoma. MartemMarudeckas $opMyJHPOBKa 3TOr0 YyCJoBHA NPUBOAHMT-
o fanee AJs KaXpo# M3 yKasaHHBIX cXeM Bojo3sabopa.

(V11,54)

OpuHoyHas CKBaXKHHA H rpymna BSaHMOlIeﬁCTBYIOI.llHX CKBaXKHH

[Tpumewm, uto CKBa)KHHa paclnojioXXeHa B TOUKE ¢ KOOPAWHATaMH X==
=x;, y=0. YcroBde Ha CkBa)uHe, paforamolleli ¢ NOCTOAHHHIM pacxo-
zom Q, Gyner:

S, Q

imr—=———= t, 11.55
k’rr& or 21 (km), cons (VIL.55)

Tae
r= V(x — Xp)2 47 .

Pewenne ypasuenus (VIL.46) ¢ yueTom ykasaHHBIX ycJOBHH NpeacTaB-
JfieTcsl B clenyoouleM BHJE.

Jas acummer puunot cxemol purbTpayul pellleHHe NOJYyYeHo AJist cTa-
LIHOHAPHOTO ABHXKEHHs NOA3EMHBIX BOA, NpHYEM IMPHHATO, u4To (km)gy==
={km)3=km (U COOTBETCTBEHHO Ag=Az=A). Torma BbpaxeHue nJIs
(DOYHKIUH TIOHUIKEHHA 3aMUIIeTCA clefylomum o6pasoMm:
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ans sousl 11 (x>0)
Q

8= 5= (R + Ra), (VI1.56)
s 3ousl [T (x<<— 28)
S, = 51?771 Rs, (V11.57)
rae
R, = 1n% ;
R, = I b+ [ (VI1.58)
Ry=1Ig —1I4;
o ub
é‘ cos (u'r]i) du, (i = 2,3); (VIL.59)

o=V (x+ x)+y?;
1
bt = ’”("“0)[ h(2bao)1’

1
8x = A (] +x, —'Qb) [1 * MJ ;
(VII.60)

1
e[ = g |
(km)y
km

A= o, cth (2boy) .

)

Ilpu ompenerTennu MohHKEHHs YPOBHS B pYcC/JOBOH 30He HeoOXomHMO
ciiauana HalTi moHlnKenHs Sp(0) u Ss(—2b) Ha ypese peKd COOTBeT-
crBenno Bo II u I sonax no dopmynam (VIL56) u (VILS7) # noxcraButsk
X 3uadenus B dopmyay (VILA7).

Cymma R=R,-+R; B pewennn (VIL 56) mpexmcraBifeT coboil obigee
COTIPOTHBJICHHE TIPH AeHCTBUH CKBaxKHHb! BOMH3U pekd. Pynkuua Ri, ompe-
JeaseMmas no (VIL.58), moxer 6biTb HAa3BaHA OCHOBHBIM COINPOTHBJIEHHEM
NpH YCJIOBHH, 9TO peKa HMeeT HeNoCPeACTBEHHYIO THAPABIHYECKYIO CBA3b
C BOAOHOCHBIM [ODH30HTOM, T. €. (€3 yueTa HeCOBepilleHCTBA pycJaa, ero
5aUJeHHOCTH 1 HeomHopoaHocTH. PyHKuHs R, XapakrepusyeT ROIOJHH-
TeTbHOE THJIPAaBJIHUYECKOe COMNPOTHBJEHHE, O0YCIOBJEHHOE HMEHHO 3THMHU
tdbakropami, — HECOBEPUIEHCTBOM pYC/d, 3aWJIEHHOCTBIO if  HEOAHOPORHO-
CTBIO PYCJIOBBHIX OTJIOKEHHH.

®ynkuua Rs, onpefensiemas no (VIL.58), npeacrasaser coboi ruppas-
JH4eCKOe COTPOTHBJEHHe PUJIbTPAUHOHHONO MOTOKA Ha INIPOTHBOIOJOKHOM
(110 OTHOHIEHHIO K CKBaXKHHe) 6epery peku.

3nauvenusi unterpana I+ mno popmyne (VIL59) mnpusenenn B Tabi.

VILI.
Ipu n+==0 (r.e. mpu y=0) 5TOT UHTErpajs papeH:
1‘:i = — B EEi (= 4 (VIL.61)
1 Toraa
Ry = — ™t Bi (— Eb) — €4 Bi (— &) (VI1.62)

B

Ry = — e+ Ei (— E,1)+e™ ™ Ei (— ). (VIL.63)
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Ta6auma VII 1

3nauenns Huterpana / - no dopmyse (VIL59)

0 <@ b ) ‘T - T o e’f « LT ™~ T

] ] 1 ° | ° / s |7 =4

s | = = - 2 - S| o 2| - 2| -
10—¢ [13,24]12,89|12,09|10,93| 9,84 | 8,63} 7,53|6,33{5,24|4,04{2,98{1,88] 1,05
5.10— [ 11,63|11,61]11,48(10,82( 9,82 8,63 7,53{6,33{5,2414,04/2,98}1,88] 1,05
10-5 |10,94]10,93|10,89|10,59| 9,78 8,63| 7,53|6,33|5,24|4,04|2,981,88] 1,05
5-10—% | 9,33} 9,33} 9,32} 9,31 9,17 8,52} 7,52|6,3315,24}4,0412,98|1,838) 1,05
10— 8,63 8,63| 8,63] 8,63| 8,59 | 8,29| 7,48(6,33|5,24|4,04|2,98|1,88]| 1,05
5.10—+ | 7,03| 7,03 7,03| 7,03| 7,03| 7,01 | 6,87|6,22{5,234,04(2,98|1,88{ 1,05
10— |6,34| 6,34| 6,34| 6,34| 6,34| 6,29 5,99|5,19|4,04|3,98|2,98|1,88( 1,05
5-10—% | 4,75| 4,75| 4,75| 4,75| 4,75| 4,75 4,75|4,73|4,60|3,95|2,98|1,88] 1,05
102 4,08( 4,08 4,08 4,08 4,08 4,08 4,08(4,08(4,04(3,74/2,951,88( 1,05
5.10-2 | 2,59| 2,59{ 2,59 2,59 2,59 | 2,59 | 2,59!2,5912,59|2,59|2,45]|1,84| 1,05
10—t | 2,02 2,02{ 2,02| 2,02| 2,02| 2,02| 2,02|2,02{2,02!12,01{1,98{1,70| 1,05
5.10-* | 0,92| 0,921 0,92 0,92 0,92 0,92| 0,92|0,92{0,92|0,92{0,92{0,91| 0,91
1 0,60( 0,60 0,60] 0,60| 0,60| 0,60| 0,60|0,60}0,60{0,60|0,60(0,59| 0,57
2 0,36 0,36 0,36| 0,36| 0,36| 0,36| 0,36|0,360,36(0,36(0,36{0,36}{ 0,36
3 0,26} 0,261 0,26 0,26| 0,26} 0,26| 0,2610,26(0,26|0,26|0,26}0,26} 0,26
5 0,17{ 0,17} 0,17 0,17| 0,17} 0,17| 0,17|0,17}0,17|0,17}0,17|0,17}{ 0,17
8 0,11| 0,11| 0,11| 0,11 0,11} 0,11 0,11|0,11{0,11]0,11{0,11{0,11| 0,11

M3 ra6a. VII.l BHAHO, UTO fONOJHHTENbHOE CONPOTHBJIEHHE, 06yCAOB-
JIeHHOe HeCOBEpIIEHCTBOM pPYyCJaad, JOCTHTAeT MAaKCHMAaJbHOTO 3HAYeH!S B
tTouke x=0, y=0, T.e. ga ypese pekH B CTBOPE, NMPOXOASALIEM yepe3 BOAO-
3abopuyio ckBamuny. C ynaJjieHHMeM oOT 3TOH TOYKH KaK B HampaBJeHUl,
NepPHeHAVKYJAAPHOM peKe, TaK H BOJb HEe JONOJHHUTEAbHOE CONPOTIIBJIEHHE
yMeHbIlaeTcs.

o 1,562
W3 npuBegeHHBIX COOTHOWEHHI BHAHO TaK¥Ke, 4TO HpH b= , IH-
Q,

0
PHUHA pycJa NpaKTHYeCKH HE BAUAET Ha pPe3yJbTaThbl paCye€TOB H €€ MOXKHO

NpHUHUMATL paBHOH GeCKOHEYHOCTH, T.e. He YUYUTHIBATL BJHSHHUA MPOTHBO-
NOJIO¥KHOro 6epera Ha MOHHXKEHHe YPOBHA B 30HE DPAacCIOJOMXKEeHIS BOj03a-
gopa. Ilpu stoM pas cummerpuunod cxemol puisTpayuu

oo

e U8
12+=12—=12='Y 1_%_ucos (um) du; (VIL.64)
0
Igt =14
k
E=A(x+x); n=Ay;, A= (krt)s Qs (VII.65)
km
TOra
Ry, =2l,, Ry=0. {V11.66)

B stoM cayyae mpu n=0 (1.e. y=0)

I3=—¢ Ei (—&); (VIL.67)

Ry=2%= — 25 Ei (—¥). (VI1.68)



Puc. VII.10. O6aacte npumenenus ¢GopMy.a v
(VIL61) — (VIL63), (VIL67) u (VIL.68) i
Ta6auma VIL. 2 (
3uavedun GyHKuHH I+
no dopmy.ae (VIL69) h
45 45°
I I
"+ ;i nEe iL oy 26
,E oD —

10-s | 13,24 0,8 | 0,43 [ 91 & T z
10—5 10,94 0,9 0,39 S 3
10— 8,63 1 0,34 g
10—2 6,33 2 0,14 e
10—2 4,04 3 0,079 45°) l45°
10—! 1,87 4 0,050
0,2 1,29 5 0,034
0,3 1,00 6 0,025
0,4 0,81 7 0,019
0,5 0,67 8 0,015
0,6 0,57 9 0,012
0,7 0,50 10 0,009 S~

Tlpn mpakTHuecRuX pacuerax CJeAyeT HCHOJML30BATh CJEAYIOLIHE CBOH-
CTBa il MPHOIHKEHHble BhipaXKeHHs uuterpasa (VILS9).

Oxa3sblBaeTcsi, 4TO He TOJbKO Ha JUHHI, NPOXOisllell dyepe3 CKBaXKHHY
lepneHIUKyasipHO ype3dy peku (T.e. npu y=0), HO II B ;JOBOJLHO OG-
HOW obsactn mpH JMo6bX |y]<<x-+xp Bo II 30me 1t |y|<<|x|+x—2b B
IIT 3one cnpasepausbl dopmyasl (VIL61), (VIL63), (VIL.67), (VIL68).
O6uaacts |y|<x-+x, u |y| <<|x|4xo—2b npumenenus stux dopmy. npex-
CTaBJieHa He3alUTpuxoBauHoi Ha puc. VII.10.

Bumecre ¢ Tem npu |y| >x-Xo Bo II 30me u |y| > |x|+x—2b B III 30-
nie unrerpas (VIL.59) Gymer HMeTb ciefyiollee NPUONHKeHHOe Bhpa-
sKeHue

Iiiz-—cosntci(ni)—sinn;si(ni), (VII.69)
rae ci(1) — HHTerpaJbHbIll KOCHHYC; Si(1) — HHTErpaJbHBA CHHYC.

B raba. VIL2 ppusegens 3Hauenuss ¢ynkuuu I,. 1o dopmyse
(VI11.69).

Kak Buguo us npuseseHunX ¢dopMys, ueterpas (VILS9) B npubau-
eHHOM ero BoipaxeHun {VIL.6l) He 3aBHCHT OT KOODAHUHATH § H SIBJSIET-
¢s1 yHKugen ToabKo aprymenta iy, T. e. liz=1(§:ix). H, waobopor, npu-
6JUXKeHHOe Bhipaxenue uprerpaga (VII.69) He 3aBUCHT OT KOOpAMHATH! X
u siBasieTcsl QyHKIHeH TOALKO N, T. €. B 3TOM caydae [ix=1(n).

Ha puc. VIL1l npexcrasaensl rpaduku NpHOJHKEHHBIX BbIpaXKeHH]
(VIL6l) u (VIL69) uurerpana (VIL59). Ha ocu abcuucc otaoxken Inu, a
na ocu opaunar — pyukuun I =—e*Ei(—u) (3gecx u=§ix) v L=
=-—cosuci(u)—sinusi(u) (B3TOM Ciyyae yu="mzx).

Us puc. VIL11 Bugso, uto opu ln u=<<—2,3 (1.e. npu u=<g0,1) rpadu-
ku ¢ynkunil Iy u I, coBmamaloT # mpeAcCTaBJAAIOT COGOH mpsiMylo ¢ ypaB-
HeHHEM

I=—1Inu—0,577, (VIL.70
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YpaBuenre (VIL.70)

npeacraB/iseT co6od acHMITOTHYECKOEe BHIpaXKe-

nue oynkuuit (VIL61) mau (VIL69) npu mannx apryMmeHrax §,. HiIH

N+-

TakuMm o6pasom, nmpH pacderax Ajaf BuyucaeHus nurerpaia (VIIL59)

clefyer moJn3oBaThca Jaubo dopmyaoinr (VIL70) nmpm u<<0,l, aubo (npm

Ji2

4

N

I lnu (4

)
)
)
~
()

—)

-14 =12 -0 -8 -6

-4 -2 2 2

VILIL. Tpadux ¢yunumun [; no ¢opmyae (VIL61) u I; no ¢opmyae (VII.69)

Puc.
y
2b Iy
——t——t
2 |tx84 et ! [ Cx82
i o i

a |
T4 ~ z
Zq S ks s

— Pexa
A

Puc. VILI2 Cxema pacnodoxenis ckBaxiH
ISl OTpefesieHisl HapaMeTpoB 10 TAHHLIME Ky-

CTOBOM OTKayky BGJAH3H peKn

1 M 2 — COOTBETCTBEHHO OTKaueyHasi H HaballaTelb-
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HaA CKBaXHHbL

MT06HX u) rpadpukamu Ha
puc. VIL11.

IlpuBenennoe penlenne MOXKHO
HCMOMb30BaTh [JIf  ONpefesieHHs
BOAONPOBOAUMOCTH ILIacrta km o
noKasaTesNsl HECOBepLIEHCTBA pyc-
Ja A N0 JaHHBIM KYCTOBHIX OTKa-
yek B6au3Y pek. s srtoro Hab.io-
AaTeJbHBle CKBaXHHH [eJ1eco0b-
pa3Ho pacnoJarath Mo ABYM CTBO-
paM, ofAHH U3 KOTOPHIX MEPINEeHAHKY-
JAsipeH peke, APyrofl — napaJgJesieH
eft (puc. VIL12).

HcnoabayeM To CBOHCTBO HHTE-
rpana (VIL.59) u (cooTBeTCTBEHHO
conpoTHUBJeHHlt Ry, u R3), 4To npu
ly| <<x-+xo (nast 11 308m1) 0 |y| <<
<|x|4+%—2b (mns I zounl) lis,
Ry 1 Rs npakTHYecKH He 3aBHCAT
OT Y M ABJASIOTCH GYHKUUSIMH TOJb-
Ko or X. Torpa ans ckBaxuu 2 u



3, pacloJ/aralouuxcst B CTBOpPe, NapasJe/lbHOM DeKe, ¢ OAHHAKOBBIMH Xp=
= X3 BHIpaXKeHus A1 QyHKUHHA NOHHXKEHHst MOXHO 3aMucaTh TakK:

Q

= 2nkm

3 _Q 03 'xj
82__—:1 = <1n e + R, .

P
s? (m ~r—2 +RY);

BriunTtasn BTOPO€ BLIPAKEHHE H3 TIePBOro H YYHTHIBAS, YTO AJA yKa3aH-
2 3
HBX CKBAXHH MOXHO CUYHTATH R2 = R2, HaXo1uM:

0,16 \
bm = Q_ |y 0els (VIL.71)

Sg——Sg re Q3

3arem, 3Has BOJOMPOBOAMMOCTb R#1, MOXKHO HalTH TMOKa3aTeJb Heco-
BeplieHcTBa pycsia pekd A. [laa onpeneseHus BEJIHUYHHBL A Jydlle BCETo
BOCIOJIh30BAThCSl TOKAa3aHUAMH Ha6/I01aTeNbHBEIX CKBAXXHH, DaclloJ/JIOXeH-
HEIX BOJIM3H peKH Ha JHHHUM, NpOXoAsiieHd uepes OMLITHYIO CKBaXHHY HOp-
MaJbHO K pycay. Ilpu sTom ecsiu INMpPHHA pPeKH HEBEJHKA H MMEIOTCH OCHO-
BaHHf TpPeANoJaraTh, YTO NMPH OTKauKe MOHHXKEHHE YPOBHS GyleT mpoHucXo-
XUTh W Ha mpoTuponoJoXHoMm 6epery (B 3one III), HaGmopartenbHble
CKBaXHHBI CJelyeT pa3MellaTb CHMMETPHYHO OTHOCHUTEJBHO CEpeaHHBl pe-
KH, T.€. Ha OJINHAKOBOM paccTORHHMM OT GeperoB (Kak cKBaxKHHbl I 1 4 Ha
puc. VIL12).

B artom cayuae Esy==E3s H, crenoBaTeNbHO, GYAyT PaBHBI HHTErpaJhl
{VI1L6l):

n,=1,,15_ =1, (VIL.72)

A TaK KaK [AJf cKBaxuHu [ u 4
Q (] Xo+ X, €
n

= onkm

s} g R )

Xo—*1 4,

Q
S5 = 2nkm (13 —=15-).

TO, CKJagbBafA 3TH [Ba BbHIpaXKeHHs H yuuThiBas paBeHcTBa (VIL.72),
HangeM:

nkm(S;—{—Sé) %o+ x
9, =———"— " _ 0,5lnp 2>, VII.73
#+ Q Xo— %1 ( )
a BBIYUTAA BTOpOE H3 MEPBOro, MOJYUHM:
nkm(S;—Sg) Xy -+ x
g =—"———"1_ 0,5In-2", VI1.74
2 Q Xo — X3 ( )

3Hast 3HAUYEHUs1 HHTErpaJoB 18+ w I5_, mo ta6a. VIL1 nau rpadukam
#a puc. VIL.1] nafigeM ux aprymeHTHl Eop H Ep_:

Eop = A (%1 + xo) (1 + T or (Qbao)); (VIL.75)
[
Eo =4 (¥ -+ %) (] -m). (VIL.76)
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CxnanpiBasi 3TH ABa BbIpaXe€HHA, IIOJYUYHUM:

§2+ +§2_
A= —————, VII.77
2 (x1 + Xo) ¢ )
3uas napaMerp A, Boluntas uz (VIL75) dopmyny (VIL76), nafinem:
_ 24 (x1 - Xq)
oy = o5 arch -———————§2+ . (VIL.78)

Teneps u3 solpaxenus (VII.60) MoxHO onpesesHTh BOAONPOBOAHMOCTD
30HbI [:

(k) = —— kM VIL.79)
h= @ cth (2bay) ~ (vit.
ITo u3BecTHHM 3HAYEHUSIM ag U (km); U3 BLIpaXKEHHUs
k
9 0
= — (VII.80)
0 (fern)y my
HAXoauM
k
- = of (km); . (VII.81)

0

Ilpu 3HauuTenbHOM INIPHHE Deku, KOTJAa ITOHWXKEHHS yDOBHA Ha IIpo-
THBOIIOJIOXKHOM Gepery 3aBeJoMO MOMKHO CUUTaTb NPEHeGPeXXHMO MaJbIMH,
LSl onpenesieHHs A MOXHO HCIOJIb30BaTh AaHHble, NOJyueHHble Mo JoGofh
HabJlo1aTeNbHOH CKBaXKHHe, PACIOJOXKEHHOR B CTBOPe, NIPOXOASILIEM yepe3
ONBITHYIO CKBaXKWHY HOPMAJbHO PeKe.

Torapa, Hanpumep, Aas ckBaXuHel I (cm. puc. VIL.12)

Q ( X+ %3
In

- 2nkm

s} + 213), (V11.82)

Xo — X1

rie 13 umeet sug (VII67)
H3 suipaxenua (VIL.82)

ntkmS)
/9= 5 2 _ 0.5t

(VII.83)
xo — Xy

[To mDonyueHHOMY 3HadYeHWIO WHTErpaJa I3 no taba. VIL2 uan
puc. VIL.11 HaxonuMm BesHuuHy

E= 1 (x1 + X)),
OTKYZa
3
h= . VII. 84
X1+ %o ( )
Ecau npunumars (km),=km, to uz (VIL.65)
o =4
H toraa
Fo _ a2 km. (V11.85)
my

[Tpu orpaHnueHHON MMHPHHE pycJa O CUMMETPUYHOL Cxembl urb-
Tpayuy cNpaBelJiUBbl BLIDAXKEHHS AN PACCMOTPEHHOro cayuas GeCKoHey-
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uoi mupuHel peku (VI148), (VIL50), (VILS8), (VIL.60) — (VIL.62), B ko-
ropuiX, ognako, A umeer epug (VII.53).

BoaonpoBoaliMOCTL B 3TOM CJaydae TaKXKe olpenesasercd no Gopmyse
(VIL.71), mapameTtp HecoBepinenctsa A — no gopmyse (VI11.84).

Ecau no dopmyae (VILS) npunate (km)==(km),=km, T0 as MOXKeT
OBITL ONpeaeseHo W3 ypaBHEHHS:

A= a th (bay), (VI1.86)
a fo_ o dopmyse (VIL85).
my
Besanunna, o6patnas (VII.85), T.e. A= M _ | ; IpeficTaBJsieT CO-
ko kma%

60H COTMPOTHBJIEHHEe 3SKPAaHUPYIOLLErO cJost B pycie (IpH BepTHKAJbHOR
bHJIbTPAUUY Yepe3 eAHHUIY NJIOLAAU 3TOTO CJIOf).

Bce nprBenenHsie 3mech pellleHHs AJS OAHOH CKBa*KMHEI MOXKHO TpH-
MeHSITh [IPH pacueTe CHCTeM B3aUMOAEHCTBYIOIIHX CKBAMKHH.

Torpa

«n
Seyu= & S, (VII.87)

i=]

rae Scywm — CYMMapHOe NOHHXeHHe YPOBHfl B JMOGoH TOUKe njacra noi BJHAHHEM OTKay-
KH M3 BCeX CKBAaXHH; S, — NMOHHXKeHHe, 06yc/0BaeHHOe AeACTBHeM i-fi CKBaXHHH (i==1,2, ..
, ), n— oblee YHCA0 CKBAXKHH.

JInHefiHbIA pA CKBAXKHH 3HAYHTEJbHOMN NPOTHKEHHOCTH
y HeCOBepIIEeHHOH PeKH

[Monukennss ypcBHf mNOA3eMHBIX BOA TpH pafoTe JHHEHHOro paAaa
CKBaXHH y HecoBepilleHHON peku (puc. VIL9) nnas ycraHoBuBillerocs aBH-
KeHHs MOA3eMHHX Bog HMeior Bua [30]:

sl = (km x+ ) (VI1.88)
1

(km X0+ T (VII.89)

Sy = ———— (VII.90)

(km)y A ch (2bae)

TAe ¢o— €NHHHYHBI PacXold JHHENIHOrO BON03a6Opa; X — PACCTOSHHE OT BORO3a6opa IO
PeKH; b — MOJOBHHA WIMHDHHBL peKH; (AM)z — BOLONPOBOAHMOCTL NMOPOA BOLOHOCHOTO FOpH-
30HTA.

[Mapamerp A ompeneasierca no ¢opmyaam (VIL53) u (VIL54) coor-
BETCTBEHHO [AJIfl OTPAHHYEHHOA U «OeCKOHeYHOH» IIHPUHH PYCJIa pPeKH, TpH-
4eM B 3THX QopMyaax ao Bbluucasercs mo (VI11.45).

Iepsuit unen B Buipaxenuu (VIL.88) xapakTepusyer ocHoBHOe GHJIb-
TpPalNHOHHOE COTMpPOTHBJEHHE, He YUHTHIBAIOUIEE HECOBEPIIEHCTBO pekd. Bro-
POl ujieH ompefessieT AOMOJHHTEIbHOE TMApaBJAHYECKOe COTIPOTHBJIEHHE 3a
CYeT HecoBeplIeHCTBAa pewyHoro pycja. B oTsinune oT paHee pacCMOTDeHHOH
CXeMBl NIPHTOK2 BOABl K OAMHOUYHOH CKBa)KHHE B JaHHOM CJydae AOTMOJIHH-
TeJbHO® CONpPOTHBJEHHE HE 3aBUCHT OT KOOPAMHATH X H MOCTOSIHHO JJs
Bcell obmacty QUIbTpaNUK.
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[Ipu mocTaTouHo MHTEHCHBHOM BOAOOTGOpe M3 CKBAaXKHH, KOrJa 3ad/eH-
HBEIfl CI0H He B COCTOSIHMM NPOMYCTHTH COOTBETCTBYIOllee BOA03aGopy Ko-
JHUYECTBO pPeuyHOH BOMAH, HACTYNaeT OTPLIB YPOBHS TNOA3€MHBIX BOA OT IO-
JOMBLI caGonporuiraeMoro c1ost. OTpHEB MOXKeT ObITb HACTHYHBIM M MOJHBIM.
Ilpn uacTuuHOM OTpHIBe YDOBHS B ToJoce IIHpHHOR 28 oT ypesa mpo-
HCXOAHUT cBoGomHast GuapTpauus («A0XKJIeBaHHe») peuHBIX BOJA uepe3 2K-
paHupywiuui caon. Ha ocranbHO#l uactu pycaa mupuaon 2 (b—§8) coxpa-
usiercst noAnepThiii pexum GuabTpalun B 32TOM caydyae pacueTel MOXKHO
BeCTH MO NpHBENEHHBLIM BHIIEe QOpMyJsaM, CUHTasd, YTO ype3 peKH CIHBHHYT
U TPOXOAUT He uepe3 Touky x=0, a yepe3 Touky x=—26. [as yuera xe
cBoGomHON GuUAbTpAlLNY B 30HE OTPHIBA MOXKHO CUHTATb, UYTO depe3 TOUKY
;=-—08 mnapannenbHO ype3y NpPOXOAHT JHHEHHBH psii  HarHeraTeJabHbIX
CKBaXHH C eIHHHYHLIM (Ha eIuHHIY IJUHHE BoAo3abopa) neGHTOM:

Hy+my b
my

g=2 40, (VIL.91)
B cayuyae mosHOro OTpbIBA YPOBHS BCIO DEKy NpH pacyetax MOXKHO
TIpelCTaBUTL B BHJE psiiia CkBaXKHH, pACMOJOXKEHHBIX Ha JMHNH X=—1Db

C YAeJbHbIM IeGHTOM

g fotmo (VIL.92)
me

B ¢opmynax (VIIOl) u (VII92), yuureiBas, uTO MaKcHMa/abHOE
GbuAbTpALHOHHOE CONpPOTHBJAEHHe OOYCJIOBJANBAEICS TOHKHM 3aH/eHHBIM
C710eM B pycJe, MOXHO NPHHATb MoK Hy n npexebpeub BeJHUMHOH My B
yycaHTeE. .

st ycTaHoBJeHHsl HAHYHsl OTpHIBA HEOHXOAMMO 3HATH Ko3(hdpuumeHt
buabTpauuy ko ¥ MOLIHOCTb My SKPAHHPYIOLIETo C/1051 HIH KOMIIEKCHYIO
BeauuuHy Ag=m/ko, XapaKTepH3YIOILyI0 CONPOTHBJEHHE 3TOrO CJIOS.

Hanuuue oTpbiBa M Nepexoj OT MOANEepTod K CBOGOAHOA (uAbTpaLMH
HauGoJiee HaleXKHO MOXHO ONpelenuTh 1Mo HaGJIONEHHSIM 3a MOHHIKEHHEM
YPOBHSI NOA3EMHbIX BOJ SKCIIyaTHPYeMOro niacTa Ha ypese W MOJ PycaoM
pPEKH.

[pu So=Ho+mo uan npubauxkenno So==FHo GyaeT NpOHCXOAHTbL CBO-
6oaHas puabTpauus (So— NOHHKEHHe YPOBHS HA ype3e PeKH).

Ecau Bomosa6op oGecneyuBaeTcsl NOJHOCTbIO (HAbTpALMEH H3 DPeKH,
YKa3aHHble COOTHOLIEHHs! MOXKHO NpeACTaBHTh TakK [91]:

< s (VI1.93)

uau npu me<KL Hy
Ay > H,/qs. (VII.94)

Kpurepusimu (VIL.93) u (VII.94) onexuBaercs Hainuue OTPbHIBA YPOB-
HSl NOA3eMHBIX BOJ OT KpaHHPOBAHHOIO JIOXKA PeKH H nepexoj K CBoGoj-

HOH GuabTpauuH

O npuMeHeHHH NPHGJIHXKEHHOTO MeTOAA «ON0JHHTEIbHOIo
cjaosi» AL npu pacdyeTax Boj03a60poB BOJIH3H HECOBepPIIEHHBIX PeK

U3 dopmyan (VII 88) caenyer, uto njsi yueTa HecoBeplIEHCTBA peKH
MOXHO YBEJHYHTbL KOODAMHATY pacueTHOH TOUKH X Ha Beauuudy AL=I1/A
U pacueT NMPOH3BOAMTL TAK K€, KaK ecau Obl peka Gblia coBepLIEHHOH.
Huaue rosops, nns yueta (HIbTPAUMOHHOTO HECOBEpIIEHCTBA peKH HeoO-
XOIMMO CIOBHHYTb ee pyci0 Ha BeauunHy AL=1/A B CTOpPOHy OT Boj03a-
6opa. Ha 3ToM npuHUIMne OCHOBAaH TaK Ha3blBaeMbIH MeTOH <«IONOJHHTe/b-
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HOro cJosl» pacuera BoA03aGopoB BG/IM3H HecOBepLIEHHHIX BOAOTOKOB. Jas
JuHeRHOH cxeMbl GuJabTpalluu, KakK BuaHo H3 BepaxeHus (VII.88), npu-
MeHeHHe 3TOr0 MeToja [JaeT TOUHHIA pe3yJbTar.

B cayuae xe ABymepHOoH (uJAbTpAllMH K OJHHOUHOH CKBaXKIHE METOJ
«JIOTICJIHHTEJNbHOTO CJIOSI» MOXKeT NMPHBECTH K 3HAUHTEJbHBIM NOTPellHOCTSM,
0coBGeHHO TpH onpeneseHHH NEeHCTBHTEJNbHOH CKOPOCTH H BpEMEHH MNPOJBH-
JKEHHsI 4aCTHIL BOJBI.

Caenyetr OTMeTHTb, UTO MeTOJ <IOMOJHHTENbLHOIO CJO0S» MOXKHO TpH-
MeHSITh JIHIIb TIPH DPAacCMOTPEHHU CHMMETPHUYHOH cXeMbl GHAbTpaLHH.
B aTOM cayuae .HOMOJIHUTEILHOE CONMPOTHRAEHHE Ry 10 TOYHOMY pelleHHIO
onpeneasiercss no dopmysae (VIIL.66), kotopast mpu =0 (1.e. npu y=0)
umeet Bua (VII.68). Ecnn BBecTH «HOMOJHHTEJABHHIH ciaoli» AL, To Bulpa-
>heHHe JJ151 TIOHHIXKEHHs1 YPOBHSl Ha JHHHE y=0 3anniercss cJjelylOIHM
o6pasoMm:

_ 9 Iy X% )
- ( T Rar)- (VIL.95)
rue
_EE%
E_ AL )

Rar — TPHOMHXKEHHOE BhIDaKeHHe IOMOJHHTEJIBHOTO CONPOTHBJAEHHA Rz ¢ yuctom AL
B rta6a. VII 3 npuBemedsl 3HaueHHss CONPOTHBAEHHHA Ry 1Mo TOUHOH
dopmyae (VIL.68) u R,, no npubamxennod dopmyne (VIL.96) nas pas-
JHUHHX &, a TakKike OTHOCHTeNbHLle OMHOKH §.
TaGauuwa VII 3

3HaueHHst JONO/HHTEbHBIX CONPOTHBIEHHA Ry H R 5y

R,—Rar R;—RAL
¢ R, Rar &= 100% 3 R, RAL d=———100%

0,001 12,68 7,60 40,1 ” 0,1 4,03 3,04 24,6
0,002 11,30 6,91 38,8 0,2 2,99 2,40 19,7
0,005 9,50 5,99 36,9 0,5 1,85 1,61 13,0
0,008 8,59 5,53 35,6 0,8 1,38 1,25 9,4
0,01 8,16 5,30 35,0 1 1,19 1,10 7.6
0,02 6,84 4,62 32,5 2 0,72 0,69 4,2
0,05 5,19 3,71 28,5 5 0,341 0,337 1,2
0,08 4,39 3,26 25,7 8 0,225 0,223 0,9
10 0,183 0,182 0,5

W3 ta6a. VIL.3 sugHo, uto Bcerna R;>Raz, T.e. [ONOJHHTEJBHOE
CONpPOTHBJIEHHE PyCJa HecoBeplUeHHOH peku GymeT Ha caMoM neJe GoJblle
ONpE/1e/ICHHOrO pacyetaMH 1o npuGauxkenHoi dopmyse (VIL96) ¢ yueTom
AL, OTHOC“HTGIEJlebIe MOrPEeIIHOCTH YBEJHUYHBAIOTCS C yMeHbLIeHHeM apry-

- %

AL
pycaa pekn. Ilpu ypennueHun paccrosiHusi Xo OT PeKH 10 CKBaXXHHB HJH
npu yBeIHYEHHH KOOPAMHATHI X HCCaegyeMOH TOUKH BOJOHOCHOIG MJ1acTa
OTHOCHTe/IbHasl OWNOKa & yMenbinaercsi. [lpu 0,2 omubka 6<<20%.
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Onsako npu y=0 norpewiHocTd OynyT GoJblie, YeM HA JHHHH y==0

R:a— Ry 0
B Ta6a. VII.4 npuBeneHsl OTHOCHTEIbHbBIE MOrpemHocTH 6 = ————— 100%
2
IpH X=X; U Pa3JIHUHBIX Y.

Ta6auua VI 4
OTHocHTE/IbHAS NOrPEINHOCTh § NPHOIHKEHHOro MeToja npH y7=0

o Yy =1 _y__—.l,' __ y =1 _y_=1,5
3 y=0 P xﬂ 2 § y=0 o Xa
0,001 38,9 39,9 40,8 0,05 24,4 27,2 29,9
0,002 37,4 38,6 39,7 0,1 19,7 23,4 27,3
0,005 35,0 36,4 37,7 0,2 14,5 19,7 24,8
0,01 32,6 34,2 35, 0,5 7,9 16,1 26,3
0,02 29,6 31,6 33,5 1,0 4,1 15,3 25.9

U3 uanoxensoro cieayer, uro npubankeHHbeiMu QopMysaamu ¢ yuetrom AL
MOXKHO T0Jb30BaThCsl Jullb B OrPAHHUEHHOH 06JacTH H NpH  HeGOJbLUIOH
CTeNeHH HeCOBEPIUEHCTBA U 3aHJIEHHOCTH PYCJa peKh.

Bosce nagexHble u Tounble pe3y bTaThl NOJYYAIOTCA NPH pacyeTax mo
NPHBEJEHHOMY BbIIIE CTPOrOMY PEIIEHHIO C HCNOJb30OBAHHEM AHATHTHUECKUX
uau rpadudeckux Belpaxkennid nuuterpada (VILS9).

Bo Bcex cayuyasix conpoTuBJeHHe 3KPAHHPYIOULEro CJ10s1 B peKe BbI3bi-
BaeT JONOJHHUTEJLHOE NOHHXKeHHEe YPOBHS B Bogo3abope (uau B JioGOH Tou-
Ke mJacTa, B KOTOPOH onpenejsieTcss noHHKenue ypoBHs). IloaTomMy obutyio
3aBHCHMOCTbD [1JI1 pPacueTa MOXHO NpeACTaBUTL B BHIE!

S = Scop + ASsp. (VI1.97)

Ilpu pacuetax GeperosnX B0oA03aGOPOB PAa3JHYHEIX THNOB C YYETOM
fecoBepIlIeHCTBA pycJa DeKH peKOMeHJyeTcsl BHadaJe OnpelensiTb Scop
NO pellleHHsIM /5 COBEpIIEHHBIX BOJAOTOKOB (CM. mn. 1 u 2 naHHOH IJIaBhH),
a 3aTeM oueHuBaTb AS.xp. Ilpn aToM pJs1 Bom03aGopoB H3 CKBAXKHH, & Tak-
JKe CXeMaTHYeCcKH NpeacTaBJsieMBIX B BHE YKPYNMHEHHHIX CKBaXHH (GoJb-
IIHX KOJIOAlieB), K KOTOpHM, B YacTHOCTH, MOIYT OLITL OTHECEHbl JyuyeBble
E0103a60pbl, ASsp onpenensercs no ¢opmyJie

Q

ASsyp = omkm Re, (VI1.98)

rae R, suiuncasiercs mo Bupamenusm (VII5S8), (VII62) u (VII68) c yuetom cootser-
CTBYIOIUMX 3aMeyanHi.

Ilns Bopo3aGopoB JHHeHHOro Tuna (psiibl CKBAXHH, TOPH3OHTAJbHLIE
ranepen)

_q
kmd '

rae A Bhiuncasercsa no ¢opmyaam (VII53), (VII54) ¢ vaetom (VII 45)

ASop = (VII1.99)

4. OLLEHKA NMPOU3BOAUTEJIbBHOCTU BOAC3ABOPOB MOA3EMHbBIX
BOA BBJIH3U POJAHHUKOB

OO6muprble BLIXOAL PONHHKOBHIX BOJ HauGoJee XapaKTepHH IJs 06-
JacTell pasBuTHS NPOJIOBHAJILHO-AJJIOBHAJLHBIX OTJ0XEHHH KOHYCOB BHI-
HOCaA NpEeAropHLIX PABHHMH, LIMPOKO pAaCMpPOCTPAHEHHLIX HAa IOre CTPaHbI
(Ys6ekucran, AsepGaiinxan, Kasaxcran, Kuprusus). Umenno 3mech cocpe-
JNOToueHbl GoJibliine 3anach! MOA3eMHbBIX BOL.
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OGnacTu eCTeCTBEHHOTO BHIX0/1a NMOA3EMHEIX BOJ Ha MOBEPXHOCTb BeCbMa
OJ1aronpusTHHE [Jsl pas3MellleHHsI BOA03aGoOpoOB, B NMpOIeCCe 3IKCMJIYaTalHu
KOTOpPHIX INPOHCXOMAIT HHTEHCIBHOE TMpHBJEYeHHEe DPOLHHKOBHIX BOJ R
3KCMJAYATHPYEMBIE BOAOHOCHBIH ropu3oHT. Llesbio THAporeosorudeckux pac-
YeTOB IpH OLleHKe 3KCMIyaTalHOHHBIX 3aMacoB MOJA3eMHLIX BOJ B paioOHax
Pa3BUTHUS POJHHKOBOrO CTOKA SIBJASIETCSI HE TOJILKO ONpe/eJeHHe BO3MOXKHOMN
TIPOH3BOAMTEALHOCTH BOA03a00ODHOTO COOPYIKEHHST W NOHHXKEHHH YpPOBHSA 3

Puc. VIIL.13. ®opmupoBanne no-
NOJHHUTENbHBIX 3apacoB B 30HAX
Pa3BHTHSl POAHHKOBOTO CTOKA
a— B eCTeCTBEHHBIX YCNOBHAX; 6 n

8 — cootsetrcTBenHo B 1 # I neproant
pa6oThl Boposabopa

0’0 0.9.0.:9:¢

ob6JsacTy GUALTpPALUH, HO U TIPOTHO3 BO3MOXKHLIX H3MEHEHHH B peXHMe Jef-
CTBYIOIIHX K MOMEHTY BKJlodeHus Bomo3abopa ponHukos. [locrenuss sana-
Ya BO MHOTHX CJIy4afix OmNpeaeseT 3KOHOMHUecKylo 3 ¢eKTHBHOCTb MPO-
CKTHPYeMOro BoA03a6opa, Tak KaK CyleCTBYIOL(He PONHHKOBbHE BOILl OGLIU-
HO IIHPOKO HCMOJL3YIOTCS [JI51 OPOLIEHHSI.

BecoMa cyiecTBeHHasi ¢ THAPONHHAMHYECKOH TOUKH 3peHHs 0coGeH-
HOlTb DOJLHHKOB, KOTOpasi NOKHA GObITb OTpa)ieHa B pacuyeTax, 3akJioda-
eTCsl B TOM, YTO TOJIOXKEHHEe YPOBHS MOJA3eMHBIX BOA B 30He BHIXOHa pPOLHHU-
KOB B Te4eHHe BCEero mepHoia HX (PYHKIHOHHPOBAHUS COXpaHsSeTCsl NMPaKTH-
YeCKH MOCTOSIHHBIM~— HAa OTMEeTKax IOBEpXHOCTH 3eMJu HJIH GJAH3KHX K HHM.
ITpu 3ToM uacTL NOTOKA NMOA3eMHBIX BOJ, MHTAIOMIETO POAHHKH, MEPEXBATHI-
BaeTcsl BOA03aGOpPOM u neGHT POAHHKOB yMeHbmaetcs (puc. VIL.13,a, 6).
JononHutenapHble 3amackl HJIH KOJHYECTBO MPHBJEKAEeMBIX B IJIACT POJIHH-
KOBBHIX BOJ B 3TOT NepHOJA ONDEJEJSIOTCS Pa3HOCTLIO MeXIy HauyaJbHbIMH
pacxojaMH pOJHHKOB H HX AeOHTOM B Mpollecce IKCIJIyaTalHH BOA03a6opa,
Co BpeMeHeM POIHHKH MOTYT HCCSIKHYTH MOJHOCTLIO H JIMIIL B 3TOM cjaydae
VDPOBeHb TNOA3eMHBIX BOJ HA y4YaCTKEe pPacMOJOXKeHHS POJHHKOB MOXET Omy-
CTHTbCSI HHXe TOBepxHoCTH 3eMJu. [lpu 2ToM ponoJHHTeNbHEIE 3amachi
BKJII049AIOT B ceGsl Bech pONHHKOBOK cToK (puc. VII.13,8).

Taxkum o6pasom, npu paGore Bono3aGopa B 06JacTH PAa3BHTHSI POJHH-
KOBOTO CTOKa MOXHO BhleauTh aBa nepuona [31, 32] (puc. VII.14).

1) ne6UTHI POLHIKOB OTJIHYHBI OT HYJISI; B 3TOM C/Iyd4ae Ha TpaHHIAX
20HBI BLIXOZAa DONHHKOB BHAepxHBaeTcs ycaosue 1 poma, T. e. ypoBeHb

195



MOA3EeMHbBIX BOJ OCTaeTCsl HEeH3MEHHBIM. HE6HT POAHHKOB YyMeHbIIaeTca BO
BPEMEHH!
S:= 0; Q}(on = f (t); (VH 100)

2) ne6GuTH POLHHUKOB paBHBl HYJIO; B 3TOT Nepuol Habawonaercs o6part-
Has KapTHHA: NOHHXeHHEe YPOBHS HA ydacTKe POJHHKOB HelpPepblBHO H3Me-
HsleTCsl BO BPEMEHH, a pPACXOJ NPHBJEKAEMBIX B NJACT POAHHKOBBIX BOJ fIB-
fisleTCs1 BeJHYHMHON NOCTOSIHHOH, pPaBHOH [eGMTY POAHHKOB A0 BK/IOUEHHS
BOjO3a60opa:

S=7(); Qaon= CQpoy. (VIL.101)

Ha stux npencrasneHusix o Mexanudme GUJIbTpPAllMH POAHHKOBLIX BOJ
K BOf03aGOpHBIM COOPYXKEHHSIM OCHOBAH TaK Ha3LIBaeMbll MeTOA <HHBEp-
cun» [32]. CorsacHo 3TOMy MeTOAy MOHHXKEHHsl YPOBHsI HAa MEepBOM 3Tame

4s
L pepuod Iﬂgguoﬁ K
= ra
0{70/7"0,0 b X M
N
N 1 J b
//\ /— ?
¥ / D 7
> 1]
[ S/SS\ S | X
| »®
s=0_ |
{ } t
ty
Puc VII 14, Msmenende AOMOJMHHTEJNBHOTO TH- Puc VII'15 Cxema x pacue-
TaHHA 33 cYeT TNPHBACYCHHS POLHHKOBBIX BOJ TY CKBaXXHH BGJH3H KPYrogo-
H TIOHHXKEHHSI YDOBHS B 30HE POJHHKA ro poJHHKa

pabotel Bofo3abopa onpenesstoTcss npu ycaoBusix I poma Ha KoHType pon-
HUKOBHIX 30H. Ha BTOpOM aTame skcnsyaTamill MOHHXKEHHST YPOBHS B BOJO-
HOCHOM TOpH3CHTe HaXomsT KakK pe3yJbTaT B3aHMOAEHCTBHS OTKA4KH H3
BOM0O3200PHBIX CKBA>KHH H «3aKAauKH» pacxoia, parHOro AeGHTY PORHHKOB,
OCYILleCTBJISIEMOl B MeCTaX BbIXOJ0B NOCJAEIHHX.

Paccmotpum ocoGeHHocTii  GopMHpPOBAHIST JTOMOJHHUTENBHEIX 3amacos
II0J3eMHBIX BOJA B 06JACTSIX Pa3BHTHA POJHIKOBOIO CTOKA HAa HMpHMepe Npo-
crefilllelt cXxembl QUJAbTPalHH, BKJOYalolle# BoA03abop B BHAE OJHIOUILION
CKBa>XHHBI 1 POJHHKOBYIO 30HY OKpyrJblx odeptaHuil (puc. VIL15).

B nepeuift mepuon paGoTHl NelCTBHE pPOJHHKA aHAJOTHYHO JEHCTBHIO
JINTOJIOTHHECKOTO «OKHAa» IpH NOCTOSIHHOM YpOBHE NOA3eMHEIX BOJ B NMHTAaI0-
eM BONOHOCHOM TOpDH30HTE, CJe[0BaTesbHO, BEJHYHMHA [ONOJHHTEJIBHOIO
NUTAHNUST HJAX KOJHYECTBO POJHHKOBBIX BOJ, NpHBJeKaeMHIX K Boxosabopy,
6yayT H3MeHATbCS CAeAYIOMUM 06pa3oM (cM. 0. 4 raassl V):

2,25af
In —————
lZ
2,25at
=
Rp

Quon = Q , (VI1.102)

tme Q — me6uT CKBaMHHBI, [NOCTOSHHBI BO BpeMeHH, @ — K03QGOHULHEUT MHC3ONPOBOLHO-
cTH nnacta; ! — paccrosiHie OT LEHTPA POIHHWKA IO CKBAXKHHBI, Ry — pagHyC 30HB BBIXO#2
POIXHHKOB,
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U3 cooThomenns (VII.102) MOXHO yCTaHOBHTb TaKXe, YT0 GyHKUUA
Qpon 1151 paccMaTpHBAaeMbIX YCJIOBHI 4HCIEHHO paBHA XOPOUIO 113BeCTHOR
dyukuun Ry, xapakrtepusyiolleli JeficTBHE CKBaXXUHH C 33JaHHBIM TOCTOSIH-
ibIM MOHMXKEHHEM ypoBHs. [103ToMy a5 onpeneneHnsl Quon MOXKHO MOJb30~
BaThCsl Takxke rpadukoM Ha puc. IV.7.

[ToHuxenusi ypoBHsi B 06/1aCTH GUABTPALMK B NepBLIi MEPHOJ 3KCIAYya-
Tauuu Bojozabopa GyAyT paBHH:

2,95at
Q e I p?
- —Ei Ei{— —£— VII. 103
S = inkm l(4at )+ |, 2:25at l( 4at) o )
2
Ry

rae km — BOJAONPOBOIHMOCTDb NJAACTA,

r=Viety—nh e=Ve+y;

7 — pacCTOfHHE OT Hcc.nenyemoi'l TOUKH 10 CKBaXHHbI, p — VvjiajeHue TOUKM OT ILelTP:a
DOLHHKa.

Mexy JHTONOTHYECKHM «OKHOM», B Tpefenax KOTOPOTO YpPOEEHb MOA:
JepXKHBAETCS] TOCTOSIHHHIM, H POJHHKOM B THAPOJHHAMHYECKOM OTHOIIEHHW
HMeeTCsl CYILeCTBeHHOe pasJjuuie. B mepBoM cayuae BeJHYHUHA  JONOJHH-
1e/JbHOTO MHTAHHS BO3PACTAaeT BO BPeMeHH, CTpeMsiCb K MAaKCHMAaJbIIOMY
3HaueHHIo, paBHOMY NebuTy Bomo3abopa. Bo BTopoM cayuae, T. e. npu poi-
1IMKe, Beiu4MHa JONOJHHTEILHOrO NMHTAHHSI, KaK yme 0TMeuasoch, OTpaHH-
‘YeHa, OHa BO3pacCTaeT JuLIb 40 TOMO MOMEHTa, MOKa He CTAaHET paBHOH pac-
XOny ponHuka (cm. puc. VII.14). lanee nononHuTe bHBIH pacxoj COXpaHs-
eTCsl TIOCTOSTHHBIM Qpon. Hawaso atoro mepuopna #, onpejenrsercs no GopMy-
ae (VII.102), B xoropoii cnenyeT npuHATb Qzon= Qpoz-

CooTBeTCTBENHO MoJyyaeM:

20

2 (1 \_—-poR
o = 5 o5 <—R_;’ =0y, . (VII.104)
[Mouukexne ypoBHs 11a MOMeIITH BpeMeHn
L T
B 2

MOJKIi0 pacCullThiBaTh Mo HopMmy.ie

= Q i i_ . p*
5= 4nkm liﬁ Ei (_ 4af )+ Cpon Ei (_ 4at )J' (VII.105)

[Tocaennee paBeHCTBO mpeAcTaBaseT co60fi MaTeMaTHYECKYIO 3aMHCh
MEeTO/la «HHBEPCHH» sl pacCMaTPHBAEMOrO cay4asi.

@opmyay (VII.105) MoxXHO npuMeHHT» aasi 6osee oOilero cayuas,
KOrja BOJOOTOOp NMPOH3BOAHTCS CHCTEMOH NpPOM3BOJBHO PacClOJOXKeHHBIX
CKBaXHIi, a BbIXOAbl POJHHKOBHIX BOJ paclpeneneHsl no obaacti duabrpa-
tin. Torga pacueTHble MOHHXKEHHsI YPOBHS MpH MOJHOM HCYE3HOBEHHH POA-
HHKOB MOXKHO 3aNnucaThb CJeYIOLUM 06p330MZ

1 - I - o?
{ i
st Berm ()~ Sam ()]
prrm Q°Ei ” QP Ei )| viLoe)
=1 =1

B ;- N . .
rae Q ¢ — pacxoa i-H CKBa’hiHbl Bojo3abopa; Q,Pz—pacxon 1-TO DOJHHKA; /1 — KO.IHYeCt-
BO BONO3a6OPHBIX CKBAXHI, R — KOJHUECTBO HCUE3HVBILHX PO/JHUKOB, r, — paccToslie 0T
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HCCJEYeMON TOYKH O CKBaxXHH BOn03aGopa, p, — paccTOsiHHe OT HccJenyeMOM TOYKM J0
PO HHKOB

CrannoHapHasi GuAbTpallusi MOA3€MHHIX BOJ NpPH paGoTe CKBAaMKHHMI
B6JIH3H PONHHKA BO3MOXKHA JHIIb B TOM CJydae, ecjaH AeGHT DONHHKA Ipe-
BHILAET MJH PaBeH MPOU3BOAMTEJNbHOCTH cKBamuHbl. Torma ycaoBust pa6o-
TH BOJA032aGopa B TeueHHe BCEr0 MepHOAA JKCIJYaTalHH He BHIHAYT 3a
npenensl [ 3tama GopMupoBaHusi TIOA3eMHOTO IOTOKa BO6JIHN3H POJHHKA,
KOT[a Ha KOHTYpe ero Bhlliep:xuBaeTcs ycaosue I pona (S=0).

Ctporoe pellleliie 3afaun umeer Buj [82, 140]:

V g B, R
Q P_ly+12 !

——\ In— | . VII.107
$ 2nkm " r +nRo ( o7

Buipaxenne (VII.107) oTpaxkaeT 0cOGeHHOCTH HCIIOJH30BAHHS MeTOAA
«HHBEPCHH» MPH pacyeTax CTanHOHAPHOH GuabTpauuH BOGJH3H DOIHHKOB
ITepBoiit usen B npaBol uactu solpaxeHus (VII.107) xapaktepusyer pe-
3yJbTAT OTKAUKH H3 CKBAaXKHHBl M «HHBEPCHH» — 3aKAaUKH DOJHHKOBLIX BOS,
npHuBJekaeMplX B BojoHocHHH muact M3 (VII.107) BunHO Takxke, 4TO ¢HK-
THBHAsl HarHeTaTeJbHasl CKBAaXKHHA, MoJeaupyloilasi NefcTBHE pOJNHHKA,
JOJDKHA PacnoJiaraTbcsl He B LEHTpPe 30HbI, a HA PACCTOSHHK OT HEro g=

=R}/l B cTopony BON03a60opHO# cKBa)kuHbol (cM. puc. VII.14) uau Ha pac-

CTOSIHHH l—(Rg/l) OT Bojao3abopa, T. e. GUKTHBHAs HarHeTaTe JbHasl CKBA-
KHHAa CHMMETpPHUYHA OTKAYWBAIOIUEH CKBAXKHHE OTHOCHTENbHO OKDYMKHOCTH
Ro. Takasi cuMMeTpHusi B TeopHH KOH(GOPMHLIX OTOOpDaXKEHHH HOCHT Ha3Ba-
HHe HHBEPCHH

3nech HabJaOnaeTcs MpsAMasi AaHAJIOTHA ¢ 3a]a4aMH, B KOTOPHIX YCJIOBHS
] pona 3amatotcst Ha mpAMosnHeiiHol GecKoneuHol rpanuune HWHBepcHio,
TaKHM 06pa3oM, MOXHO CUHTaTh GoJsee OGIIMM CayuaeM MeToda 3epKaJIbHbIX
oTo6paXKeHHH, NPpUMEHAeMOro NMpH pacueTax B MOJYOrpDaHHUEHHbIX MJacTax.

B dJacTHOCTH, paccuuThiBasi CHCTEMY B3aHMOJEHCTBYIOMIHX Bon03aGop-
HBbIX CKBaJKHH, DAClOJIOXKEHHHX BGJIH3H 30HbI BHIXOJA DOIHHKOB pagunycoM
R), MOXHO KaXAyl0 u3 CKBaKHH OTOGPA3uTb OTHOCHTEJbHO OKPYMKHOCTH
ko, a 3aTeM onpeeanTb o6iiee NOHUKEHHE yPOBHS C YUETOM OTOGPAKEHHHX
HarHeTaTe/bHbIX CKBAaXKHH B 30HE DOJHHKOB, T. €.

R R}

2

—2— — 1
l/p, LYtk

n
1
S = E Q In , (VII.108)

2nkm
i=1

rae Q. — xeGHT ONHOH M3 CKBaXKHH pacCpeloTOYeHHOro Bojo3abopa, r, — ynajeHHe pac-
yeTHON TOUKH OT 3TOH CKBaXKHHbHI, P, — TO XKe, OT OTOOpaKeHHs paccMaTpHBaeMOf CKBa-
JKHHBI, Y, — PAcCTOsSIHHE MeXJY PaCUeTHON TOUYKON M OcCblo, HOPMAJbHON K JIHHHH, TPOXO-
Asillefl Yyepe3 LEHTP POAHHKA H CKBaXKHHy, !, — paccrosinMe OT CKBAXKHHB 10 LEHTPA poi-
HHKA, N — KOJIHYECTBO CKBAMHH

ITpu Rg/l<0,lp paccTosiiie @ He3HauyHTeJbHO H HArHeTaTeNbHAsl CKBa-
HHa MOXeT GLITb pacmoJ/oXeHa B LeHTpe pomuuKa. B atom cayuae dop-
myaa (VII.106) npuoGpetaeT BHI

Q

= 2ntkm

L L
(m 5 Fn Ro) (VII.109)

H ITIOJHOCTBIO COBMAJAa€T C BhipaxXKeHHeM, MOJYUCIITHbIM IpH paCcCMOTpPEHHH
sajad, CBsI3aHHBIX C MepeTeKaHHeM BOJIbl uepe3 KpyrJble JHTOJOTHUECKHE
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«0kHa», B KOTOPBIX HArHeTaTesabHasi CKBAaKiHa, oTOGpaxKalomas neHcTBHE
«OKHa», PACNOaaranach B €ro LeHTpe.
Ynpoinaercs 1 seipaxenue (VILL107):

n
1 % I Qecym P
S = 2 In—-+-—"—1In—, VIL.I10
2nkm Qln r T onkm " Ry ( )

=1

rae Qcym — cyMMapublfi 1e6HT BOZO3aGOPHbIX CKBazhHH, QP —— PACCTOsIHHE OT pacueTHof
TOYkH 70 UECHTPA DOAHHKA.

Pemenne (VII.106) wuMeer HHTepecHyio ocobeHHOCTb. [lonmXKeHus
YPOBHS faxe B GECKOHEUHOM yNaJfeHIH OT CHCTeMB! «BOa03a6op — POAHHK»
iIMEIOT KoHeuHyIO BennuuHy. Takoft »Ke pesyabraT noJyuaercs NpH pac-
CMOTpEHIIH CTAUIIOHApHOM 3a71aull 0 JIPHTOKE BOAH K rajepee y pekn. JTO
06YCJ0BJAEHO TeM, UTO YKa3awHoe pelleHle MOJYyYeHO NpPH YCJIOBIIH paBen-
CTBA HY/MO pacxoja NOJA3eMHOro MOTOKAa B yaafeHul oT Bogosabopa, Koria
1e6uT BoAo3abopa LEeNHKOM KOMIIEHCHPYeTCsl NMPHTOKOM BOJBL 113 PONHHKO-
Boll 30Hbl. Takasi MoCTaHOBKA 3ajaull sIBASETCS NMPaBHJALHOH NMpPH ONpene-
.[eHHH MOHUKEHHUs] ypoBHsl B 061acTH, NpHJaeramwileil X Bogo3abopy. Onuako
B yJaJeHnH OT Bojo3aGopa, Kak MOKAa3biBAIOT HATypHble HabaloaeHus, No-
I11IZKeHlist YpoBHS OBICTPO YMEHBUIAIOTCH I MCMOJAb30BaHIle (HOPMYJIB
(VI1.106) moxer natb HepeanabHbl#t pesyabrat. [losTOMy NpH OUEHKe MOHE-
KeHHil ypoBHSI B ypaneHHoH obmnactH 6osaee MpaBHJIbHO HCNOJb30BaTh $Hop-
yyay

o S ——Ql—— I1.111

T onkmr (VILITD

woTOpas MOJydaeTcs B TOM CJaydae, ecCill MpeACTaBHTh CHCTEMY <«BOj03a-
H0p — POOHHK» B BHAE IHNIOJS.

Mpumep VIL3. BonoszaGopHas CKBaMHHA DacnosoxKeHa Ha paccrosHHH [=500 M oT
TPy HTOBOrO BLIXOAA DOAHHKOB, KOTOPBIA B TNJaHe MOXHO NpPEeICTABHTH B BHIC KPyra pamuy-
coM Ry=100 M Cymmapublii 1e6uT poaHHhoB Qpox=>53 a/c (4,6 Thic M%/cyT). Ilpousso-
JIHTEJBHOCTb CKBaxkHHb 6000 M%/cvt (rp==0,2 M) TIlapaMeTpbl BOZOHOCHOrO TOPH3OHTA CJe-
IYIOIIHE  BOZONPOBOgHMOCTh km=>500 M2%/cyT, KOo>QOHIHEHT TNbe3ONPOBOIHOCTH a=
=2.105 m?/cyt Tpebyercs onpeneiHTb NOHHMKEHHE YPOBHA M PacXoj POJHHKOB MpH 25-leT-
Hell (£=10000 cyT) sKkcnuyaTanHu Bogo3za6opa

Mo dopmyne (VII102) chHavana HaxoTHM BeJHWHHY [OTOJHHTEJBHOIO NHTaHHA 32
CYEeT TpuBJIeUeHns POTHHKOBEX BOJ HA KOHEell pacuyeTHOro Cpoka

2,25-2.10%. 105
5002

2,25.2.10. 108
100®

BesnuHHa HOMOJHHTEJALHOTO THTAHHA OKasajack MeHblle ge6HTA DOAHHKA H, CAENO-
BaTe/bli0. NPH paboTe Bogo3abopa DOLHHK MOJHOCTBIO HE HCCSKHET, XOT pacxojy ero cy-
IIeCTBEHHO YMEHbIIHTCA H ueped 25 JeT 3KCmiIyaTauuu BojosaGopa GyneT paseH:

AQ = on,u—‘Q;xon = 4,6— 4,5=0,1 Ma/CyT .

Tounxeniie vposHa Ha Boposabope onpezeasieM no dopmynae (VII 103)-

6000 [ . ( 0,04 ) 4500 ( 2500 -
=l - |l-— _— —_——————— =
12,56-500 4.2:10°-10' ) 6000 \ 4.2-105.104> e

Q gon = 6000 = 4,5 tbic. M3/CyT.

In

Has Toro yto6bl NPOBEPUTb BO3MOXKHOCTb HCNOJb3OBAHHS PACUCTHBLIX (HOPMyJ, HaiigeM
BeJJHYHHV napameTtpa:

at 2.105. 104
B 5002
TantiM 06pasoM, BPpeMeHHbIH KDHTECDHIT NMPHMEHHMOCTH YKa3aHHbIX GOopMYyJ \I0BJCTBO-
psiet ycrosuio (VII 104). ’
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IF'nasa VIII

NMPOEKTUPOBAHHUE CBOPHbBIX BOAOBOJAOB
HA BOJO3ABOPAX NOA3EMHbBIX BOJ

1. OBIHE NMOJMOXXEHHUA

C6opHble BOAOBOAH NpenHa3HaueHbl 17151 c6opa BOLH OT BOAO3aXBart-
IBIX COOpPYXKEHHil M MOJauy ee [0 y3/Ja COOPYXKEHHH HAaCOCHOH CTaHUHH
IT nogbeMa, a mpu OTCYTCTBMHM HACOCHOH CTAHLUMU — 1O NPHEMHBLIX pe3ep-
EYapoB. ’

ITo pexumy pa6oTh CGOpHBIEe BOAOBOAK NMOAPA3ALASIOTCA HAa HANopHbIe,
CaMOTeuHbie, HAMOpPHO-CAMOTeuHbie, CHOHHBIE.

KoanuectBo nunuil c6opHOro BOJOBOAA CiaelyeT NPHHHMATb B 3aBHCH-
MOCTH OT KaTeropHH HaAeXKHOCTH MOJayHd BOABl pacCMaTpHBaeMOH CHCTEMbl
BOJOCHAGXKeHUs, a8 TAKXKe C YYeTOM Haauuusl IPYTUX HE3aBHCHMLIX CHCTEM
LojocHa6xkenust 0451 naHHoro BomonoTpeGutens. Ilpm BbikaoueHuu onnoM
H3 JHHHA cCGOpHOrO BOAOBOJA MJH Bojo3abopa B 1ieloM, Korga cGOpHbIfl
BOJOBOJ YJOXeH B OJHY JHHHIO, HeOGXOQUMO o0ecneuHBaTb MOAAYY BOIH
A3 XO3SIHCTBEHHO-NHTHEBLIE HYXK/bl MO OCTAJbHHIM JHHHSIM HJH 10 ADYTHM
cucTeMaM BojoCHaG:KeHHsl B pa3mepe He MeHee 70% o6ulero pacxona. Ha
IIPOH3BOACTBEHHEIe HYXIH Mojaya BOAB JOJMKHA I'POU3BOAUTLCH MO aBd-
pdilHOMY rpaduKy BoponorpebieHus

Bompochl aBroMaTu3amuu ynpaBJeHHs 3aJBHKKaMH, YCTaHAB/IHBAaEMbl-
My Ha cOGOpHBIX BOLOBOAAX, JOJKHB GHITH YBI3aHHI ¢ OOIIHM ypOBHEM aBTO-
MaTu3alui BOL03a6OPHBIX COOPYKEHHH.

Jns ucnonb3oBaHHS TMoA3eMHBIX BOA, Kak ykKasaHo B ra II, coopyxa-
IOT BOM03a60Opbl pasJnUHbIX THUMOB: BepTHKAJbHble, TOPH3CHTAJIbHLIE, JdYyye-
Bble, KanTaxu. B 3aBucumocTH 0T Tuna Bomo3abopa u peiabeda MECTHOCTH
MOTYT GHITb pa3JuuHbie MJIaHOBbIE U THAPAaBJHYECKHE CXeMbl CGODHLIX BOJO-
BOJOB, NO3TOMYy He MpeACTaB/sieTcs] BO3MOXKHBIM pEKOMEHJ0BaTb hakue-
JAuGo equHLIe THNOBbIE pellleHus] MO MUX TMPOEKTHPOBaHHIO. Ecau yuuTHBaTDL
TOJIBKO Croco6 NMogauu Mojg3eMHbIX BOJ M3 CKBAXKMH HA NOBEpPXHOCThL (ca-
MOM3JHB HJIH HACOCHBIH) N HauGoJee 4acTO BCTpeyarlluecs caydau pacno-
JIOKEHHs] CKBaXHH, TO B 3aBHCHMOCTH OT pexuMma paboTh cOGOpPHHI\ BOJO-
BO/OB MOMXHO OGOGIIHTL HEKOTOpble peleHHusi M0 HHUM C 006s3aTesNbHLIM MO-
clefyolHUM YTOUHEHHEM B Kax0M KOHKDeTHOM cayuae.

ITpn BhiGope pemuma paGoTsi COOPHBIX BOJAOBOAOB I TPacchl 11X MpPo-
KAafKH cJefyeT YUHTHBATL H 4HAJH3HPOBATH BCe (aAKTOPHI, ONMpeseIaioupe
npaBu/JbHOEe H HauboJee KOHOMHUHOE TeXHHUeCKOe pellleHHe, B YacTHOCTII,
CaMOH3/II{B CKBAXKHH, OCTATOYHBIA HANOp OT BOJOMOLBEMHOro 06OpyAOBa-
HIISl, IHHAMIIYECKHH YPOBEHb NOJ3eMHBIX BOJ M OTMETKH BOAH B NMPIHEMHBIX
pesepsyapax, Tonmorpaduueckue ycioBHs MECTHOCTH, Ha/lHUHE OBPAroB, peh
i1 IPYTHX MNepeceyeHuH, THAporeosorHyeckye yCJIOBHS MO Tpacce BO;I0BO/A,
a TaK¥e BO3MOXKHbBIE H HAHGOee NPOCTHe METOLL NMPOU3BO/JCTBA CTPOUTED-
{10-MOHTaXHBIX pabor. Heo6xonuMo Takxke YUHTHIBATH MaTepuas Tpyo
cOOpHBIX BOIOBO/JOB, TaK KAK NpPH 3HAUMTEABHOM IDOTSKEHHH BOJOBOJOB
3TO MOXeT HMeThb pelllaioliee 3HAaueHHe B OLEHKE 3KOHOMIITUHOCTH TOTO HJI
uHoro BapuaHta. Ias ycrtpofictBa cudoHHBIX COOPHLIX BOJOBOLOB, Kak
NpaBH/I0, MPHMEHSIOT CTajdpHble TPyGH, A5 CAMOTEUHBIX BOJOBOAOB — Ge-
TOHHbBIE, Kene300eTOHHbe, acGecTOoueMeHTHHe, A HANOPHHX — Keae3o-
G6eToHHbIe, acOeCTOLEMEeHTHbIe, UYTYHHBIe, CTaJbHbIE.

ITpu BblGOpe MaTepnasa TpyG HeOGXOZMMO PYKOBOJCTBOBATHCS TEXHM-
YeCKMMH MpaBHIaMy MO 2KOHOMHOMY pacXOJO0BAHHIO CTPOHTEeJLHBIX MaTe-
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pHaJNioB ¥ HODMaMH NPOEKTHPOBAHHs HADYXHBIX CeTell U COOPYKeHHHA BOJO-
CHA6XKECHHS.

B 3aBHCHMOCTH OT 3HaUHMMOCTH BOA03a00pa B LEAOM M ero oflied mpo-
H3BOAHTEJNbHOCTH B HEKOTOPBIX CAydadAX HJs O6CJaYyXKUBaHHs COOPHBIX BOJAO-
BOJNOB B NEpHOA HX 2KCIJyaTallHu NpenycMaTpHBaercsi aBTOMOGHIbHAS JO-
pora CooTBeTCTBYIOIlef KaTeropuH, KOTOpAas TaKxe NpeNHA3HAYaeTCs U AJs
TeXHHYECKOro oGCJy:KMBaHHUsl BOA03aXBAaTHHX coopyxeHud. Ilpu Heueneco-
06pa3HOCTH YCTPOHCTBA aBTOAOPOr HEOGXOJHMO INpenyCMaTpHBaTh TPaHC-
NopTHHIE CPEACTBA CBA3M JAJs NOCTABKH K COOPYXKeHHAM aonefl H o6opyno-
BaHHSA.

CrTpoHTeJbHO-MOHTAXHBIE PaGOTHl N0 BO3BENEHHIO HA3eMHBIX MOMelle-
HUH HACOCHBIX cTaHuuu [ mogbema (MaBHUABOHEI HAJ CKBaXXMHaAMH) M YKAand-
Ka COOpDHBIX TPY6GONpPOBOAOGB HE3aBHCHMO OT HX peXHMa BHINOJHSIOTCS
OGBIUHBIMH MeTOgaMu 6e3 CrelMaJbHbIX YKAa3aHUI.

Crnioco6ul MpoH3BOACTBA PabOT NPH CTPOHTENbCTBE [IOKEPOB M JIDPYTHX
1epexogoB HeoO6x0nMMO paspabaTeiBaTh B KaXJIOM KOHKPETHOM CJyuae.
B uactHoCcTH, MpH yKJajKe NIOKEPOB uepe3 DPEKH MOTYT OLiTb NMPHUMEHEHBI:
MeTo[ CBOGOAHOrO onyckKa Tpy6, yKJaajaka TPY6 CO Jbla, CTPOUTEJLCTBO 32
BpeMeHHOH NMepeMbluko#l (Mo HacTAM) M, HaKoHell, C BpPeMEHHbIM OTBOAOM
pycsa peku. :

Ilpun cpaBHeHHMH TEXHHKO-3KOHOMHMUECKHX NOKasaTeJsefl TOTO HJIM HHOLO
BapHaHTa DEKOMEHAYEeTCHl NOJb30BaThCSl YKDYIHEHHLIMH CMETHHIMH HOpMa-
v (YCH), yteepxnennbimu Iocctpoem CCCP.

2. HATIOPHBIE CBOPHbBIE BOOOBOADI

Ha puc. VIII.l1 nokaszarna HauGosee NpocTas CxeMa NOAKJIOUEHHA JH-
HeAHOTo Psifia CKBAXKNMH K CGOPHOMY BOJOBOLY TIPH YKJanKe €ro B ONHY
HUTKy. Juamerp T7py6 mo ngJinHe CGOPHOrO BOAOBOAA MOXeT OBITh PasHbili
{BomoBOJ TeJeCKonuuecKoro tuna). Jlasiedue Boawl P; B TpyGoOnposoae
OT CKBaXXHMHH B MecTe MOAK/AIOYeHHsT K COOpDHOMY BONOBOAY MOJKHO GHIThb
HeCKOJNbKo GoJibllle gaBJeHust P2 B CGOpHOM BOnoOBOje. PexuM pa6oTH Bo-
J10Bofa HeOGXOAHMO OINpele/siTh ¢ yUeTOM COBMECTHO! 1o eIHHOMY rpadu-
Ky ero pa6oThsl CO CKBaXXMHaMH, HacOCHOH cTaduuedi Il nogpema uau pery-
J/PYIOIIMMH pe3epByapaMu.

Ha puc. VIII.2 npuBesens! Apyrue BapHaHTH NOJKAIOYEHHS JdHHEHHOro
psiza CKBaXXMH K CO6ODHOMY BOJOBONY, YKJAaablBaeMOMYy B nBe HHTKH. Ilpn
2TOM TIpeyCMOTpeHa BO3MOXHOCTb MNepeKJIoueHHs BOJOBOJOB C Toxaued
BoAH He MeHnee 70% obuierc pacxona.

Ha puc. VIII.3 noka3aH BapHaHT MOAKJIOUEHHs CKBAaXHH IPH HX ILIO-
1IAJHOM pacnonoxeHud. CKBaXKHHB OOGbEIHHEHH B TPYNNbl (B JaHHOM
cnyuae JMHeHHble pPAAB) C CaMOCTOATEJbHBIM TMOAKJAIOUEeHHEM K COOpHOMY

RARRRRA

Puc VIIT1 Cxema nmoicoeIMHEeHHs JHFeRHOTO DSila CKBaXHH K COODHOMY BOJZOBOLY, YKJa-
IbIBAEMOMY B OJHY HHTKY

1 — Bogo3a6opHbIE CKBaXHHB; 2 — C6OPHHA BOLOBOA
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rofoBOLy (M3 ogHOM uaM ABYX HHTOK). [lomkmiouenne ciaenyer nNpon3BOLNTH
10/ yrJIOM MO XOAYy ABHKEHHS BOAbl. AHAJIOTHYHO PEIIAeTCs CXeMa MOAKIIO-
yeHHs K COGODHLIM BOJOBOAAM OTHENbHO PAacHOJIOXKEHHBIX CKBaXKHH HJIH
KYCTOB CKBaXHH. i

Ilpn pasmeluennd Bogo3a6opa (CKBaXXMH) Ha 3aTal/MBaeMOH TeppH-
TOPHH, HATIPpUMep HA TOfMe PEeKH, CKBAXKHHbl [OJKHbBl HaXOAUTbCHA Ha
paccroanuu nHe Menee 50—60 M OT ypesa npn MeXeHHEM YpOBHe BOJHL.
B 3TOM cayuae cGOpHLEII BOJAOBOJ, KaK NPAaBHJIO, YK/AaAblBAlOT B JBE HHTKH.

SERERNIANES

F

SEAREEREEREEN

5} 7 -
Puc. VIIL.2. Cxema noa-
? ? R ({ ? (i ? COeHHeHHS JUHEHOTO
pAla CKBAXKHH K OBYM
/ HUTKaM cGOpPHOTO BOXOBO-

na ¢ LeHTpaJbHbIM (a) u
? ? ? ? ? ? ; napaniensHbiM  (6)  pac-
o MOJIOKEHHEM

V¢

1 — Boz03a6opHble CKBaKHHBI:
0 2 — c6opuble BOZLOBOASE:

R S G S S G O 7 e

({ Puc. VIIL3. Cxema noxn-

? ? ? ? (i ? %" COeNMHEHHS CKBAXKHH IDH

. NJOMIaJHOM HX pacnoJio-
JKEHHH

e}

2 — cGopHnle BOJOBOJB!;
3 — 3aBHKKH

2
l 7 1 — BOlo3aGoOpHble CKBaXKHHH;
!

I'napaBauueckuil pacueT HAamOPHHX BOLOBOJOB CBOJAHTCS K Ompenele-
HHIO TIOTepb Hamopa 1o [JHHEe BOLOBOLA H HAa MeCTHLIE CONPOTHBJEHHS.

[Monuuit Hanmop H, M, pasBHBaeMblil BOJAONOABEMHBIM O0GOPYAOBAHHEM,
CKJIafLIBaeTCs U3 CAeAYIONINX BEJTHIHH!

H = Shy ey + Shyy + Shy + Hy, (VII,1)

roe f{ — Hanop, co3gaBaeMuil BOZOMONBEMHHIM 0GOpPYyLOBaHHeM; XZhg cr — CyMMa NOTEPh
Hanmopa B HaCOCHOH CTAHLHH, BKJOYas NMOTepH B BOLOMOADBEMHON Tpybe CKBaMHHBI, Zhga
H Zhy — cyMMa DOTepb Hamopa MO IJHHe BOXOBONA H Ha MeCTHHlEe COMPOTHBJACHHs; M —
reoMeTpuyecKasl BHICOTA HATHETAHMUS,
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J1as1 BOJOBOJOB MPOTSIKEHHOCTHIO B HECKOJbKO KHJIOMETPOB NOTEPH
Hanopa Ha MeCTHHE CONPOTHBJEHHS MOXKUO HE ONpelessiTh, y4uTHBAsS HX
kos¢¢utenrom K==1,05-+1,1. Torna

H = Shycr 4 Zhy, (14 K) -+ Hi. (VI1.2)
IToTepu Hanopa no AJHHE BOZOBOJA
hin =11, (VIII.B)
rie {— THIpaBJHuecKHi YKJOH (NOTeps Hamopa Ha 1 M AJMHHB Bogosona, M); ! — MJHHA

paccyHThIBACMOrQ yyacTka BOAOBOAA, M.

TunpaBanyecKuil yKJAOH onpefiensercs 1o Gopmynam:

1
i=A— —, VIIL. 4
iy (VII1.4)
H/IH
i=0,0827A —— , (VIIL.5)
d5
rie A — GeapasMepHblii KOIQDHIHEHT CONPOTHBAEHHA TPeHHH NO JJIHHE; U — CpeIHAs CKO-
pOCTb 1BHMKeHHR BOabl B Bomosome, M/c; Q — pacxol, M%/¢; g — ycKopeHuwe cBOGOXHOrO

nanenus, pasroe 9,81 M/c?; d — gnamerp 80A0BOAA, M

Ha ocnose nposenennnx so BHUUW BOIATEO nccaeposannit, ®. A. Ille-
BeJIeB PerOMEeHIYeT THAPaBJIHYECKHH pacyeT BOAONPOBOAHLIX  CTaJbHLIX
1py6 (xpoMe 0COOGHX cjyuaeB) NPOH3BOAMTL MO (GOpPMYyJaM, YYHTHBAIOLIHM
vBenuuenne kosdduieHta conpoTtuBiennss TPyG B mponecce 3KCmayara-
IIHH, T.e. KaK [/ He HOBHX TPV [2].

[Torepu mo n/HHE BOJOBOJAA M3 CTAJbHBIX (WMJH YYTYHHBIX) TpPyO cie-
JVer ompefesisith 10 GOpMyaaM B 3aBIHCUMOCTH OT CKOPOCTH JIBHXKEHHs BOMLI
B BOJOBOJE:

opu v=1,2 M/c

i =0,00107 —11‘1’—,3—; (VII1.6)
npu v<<1,2 m/c
o? 0,86770.3
i =0,000912 —— [1-;- . (VHL.7)
d" U

a5 acGecToneMeHTHBIX TPYG MOTEpH HANOPa MO [JHHE BOAOBOJA PEKO-
MeHLYyeTCs Onpenessth o hopmyse

3,5170.19
] . (VIIL.8)

vZ
i = 0,000561 IIJ[1-1L———

B cBa3u ¢ TeM, uTo B acGecToleMeHTHLIX TPy6axX B MepuoJ 3KCijyara-
UMM He NPOHCXOLMT 3aMeTHOIO YBeJinueHHd UIepOXOBATOCTH, YKa3aHHYIO
(hOpMYJly MOXKHO HCHOJb30BAaTb Kak AJS HOBHX, TaK M He HOBHIX BOAOMNpO-
30IHBIX TPYO.

J7s pacuera moTepb Hamopa B keje300€TOHHBIX TPyGaX pPeKOMeHLYeT-
Cs 3HayeHHs [ U A NpuHMMAaTbh no HOpMyjaM Kaxk AJsi He HOBLIX MeTaJslJiu-
YeCcKHX Tpyo.

B nessx ynpolueHHs TiAPABJIHYECKHX PACYETOB MO YKa3aHHHIM (GOpMY-
JaM cocTasJelbl TabaHIbl, B KOTOPHX /s ONpeJesJeHHbBX JTHAMETPOB yCJ/I0B-
noro mpoxona d paubl 3uauenns 1000 i, coOTBETCTBYIOUIHE MOTepe HAMOPA,
MM Ha | M WJIH M Ha | KM [JJHHBl BOZOMNPOBOAA, W 3HaUYeHHdA v, M/c, 15
pasauuHLIX pacxomoB Q, afc [2]. B aToM cayuae morepH Hamopa Ho JJHHe
130,10B0Ja onpefensoT no dopmye

hgn = (10005) 1, (VIIL.9)
203



HJIH
(1000i)

A= 000

rae 1000 — ra6auuHble 3HayeHHs NOTepH Hamopa, M, Ha | KM AJHHb Bomosoma. B ¢opmy-
ae (VII1.9) snauenns ! npuHaMmalTcs B KM, B ¢opmyre (VIII.9a) —B M.

(V111.9a)

ITorepu Hamopa Ha MeCTHBle CONPOTHBJCHHS BBHIYHCAAIOT 1O (opmyse

(VIi1,10)

rae §— KosdunuenT MeCTHHX CONPOTHBJIEHUH; U -— CPENHAS CKOPOCTb [BHKEHHH BOAM B
CEYeHHH, PACNOJIOKEHHOM HHXKe [0 TEUeHHIO 3a JaHHEM CONpOTHBJeHHeM (HAanpHMep, 3a
3aIBUKKOI).

51 HeKOTOPBIX MeCTHBIX conpomBneHnﬁ Ko3dduuueHT { MOXKHO IpH-
HHMAaTb pPaBHBIM:

Buixog 3 tpy6bat . . . . . . . . . oo L. -1
KoJielio ¢ nniaBubiM 3aKpYrJIeHHEM TOJK YIVIOM:
30° e oo L0407
45° O (A &
75° P N X
90° . . ... ... ... .. . 0,08
3axBuKKa NpH CTeNeHH OTKPHITHA:
MOJHOM 0,00
Ha 7/8 0,07
6/8 0,26
5/8 0,81
1/2 2,06
3/8 . 5,52
OG6patHulll KnanaH 5

CpenHi0l0 CKOPACTh B HAIIOPHOM BOLONIPOBOME ONpelensioT mo dopMmy-
Je Ilean: .
v=CVRi, (VIIL 1)

rie R — ruipasiHYecKHfl pafryc, M; A8 KPYIVION UHJIHHApDHYecKoA TpyOw R=d/4; C —
ko3 dunuent 1lean — CKOPOCTHOH MHOXKHTENb, M’ /c.

Ilpn pacuere HamophbiX BoA0BOAOB Koshdupnent C peromenayercs
onpenensts no dopmyae H. H. [TaBnosckoro:

1
C=—Rr, (VIIL12)

Tae 11 — KO3(pdHIHEHT LIepOXOBATOCTH.

[Tokazatens crenenn y siBasercs GyHKuned Ko>pduiHeniTa ILepoxosa
TOCTH W rujpassanyeckoro paguyca. [lpubanxkenso, mo H. H. [Tas1oeckoMmy,
MOXKHO npuauMaTh: y=15nmpu R<I Mmu y=13mpu R>1 m.

B saBucumoctn or Mateprana TpyG KoabdHuHEHT ILIEPOXOBATOCTH N
NPHHHUMaeTCA paBHLIM: '

CranbHble TpyOH:

HOBbIE 0,011
HECKOJIbKO 3aI‘pH3HeHHbIe 0,012
CHJIHO 36Fp9{3HeHHbIe . . . .« <« . . . 0,014
YyryHuwoe ., . . e e e . . . . . . . . . 0,013
AcGectoneMeHTHLIE - .. . . . . . 0,012
Kepanmnueckue . e 0,013
BetonHLle H )Keneaoéemm{ue .. -« . . . ., 0,014
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3. CAMOTEYHbIE CBOPHbIE BOJOBO/bI

IMpu npoeKTHPOBaHHH CaMOTEUHLIX COOPHHX BOLOBOJOB GoJbLIOH mpO-
TAXKEHHOCTH (B HECKOJbKO KMJIOMETPOB) BCerja BO3HHKAIOT 3aTpyJHEHIis B
BHGOpe TPacCH BOLOBOAA. DTO OGBACHACTCH Mpexe BCEro HeoGXOAHMOCThIO
co6aioneHusi TPeGyeMBIX YKJIOHOB BOJLOBOLA B YBSI3Ke ¢ MECTHOCTBIO C LI€JbIO
yMeHblleHHst o6beMa 3eMJAHBIX paboT, 06Xofa XKHJBIX H NPOMBILIIEHHBIX
O0G'BEKTOB, CJOXHLIM NepeceyeHHEM OBPAroB, PeK, HCKyCCTBEHHBIX COOpYiKe-
HHH H Ap.

a)

; As - Puc VIIl4 Cxemwn nopcoennHeHHs Tpy-
¢ 6onpocoaa oT BoL03200PHBIX CKBAKHH K

g 2 4 cBopuomMy BoLOBOIY

% Y a—B CMOTDOBOM KoJdonle; 6 — coenuHenHe

B «LIENALITY> (meficTByloU(Hil BOLONDOBOL); ¢ — B

TAYXOV  KOjonue (CTpOfAULHficA BOJONDOBOI):

1 — Tpy6onpoBon oOT CKBaXHHuBI, 2— cOOpHSIf

BOLONDOBOA, 3 -— KaMepa TJYXOro KOJOILA;
4 — repMeTHYHBIA JIOK

0

Y

1500

Camoreunnfi C60pPHHE BOIOBOA CJeLyeT NPHHAMATL TeJeCKOIHYec-
Koro Tuna. [IporsixKeHHOCTb y4acTKOB BQIOBO#A C pas3HLIMH aHaMeTPaMi
ofpelenseTcs pacyeToM B 3aBHCHMOCTH OT YKJOHA, CKOPOCTH M pacxoja BO-
IH, @ TAK)Ke HalOJHeHHs BOLOBOAA.

B psazne cayuaeB Mecra MOAKJ/IOYEHHS CKBaXKHH K COGOPHOMY BOLOBOLY
MOry1 1IMeTb pas/jHuHble YaCTHHE KOHCTPYKTHBHHE 0CcOGE@HHOCTH, 3aBHUCH-
uHe oT AHAaMeTpa COeIMHfeMHX TPy6 M ray6WHb HX 3ajoxenus. Ha
puc. VIIL.4,a nokasano nojgkmouenne TpyGonpoBoga OT CKBaXHHH K c6op-
HOMY BOZOBOLY B CMOTPOBOM KoJsoAle. Takoe mogkmaioyeHHe mpuUMeHSIETCs,
KaK TMPaBMI0, TNpu Juamerpe c6opHoro Bogosoma pno 1200 mm. Ha
puc. VII[.4,6 n & noxasanu NOAK/IIOYEHIss CKBaXKHH B <LIEJHIY» TPyGil
c6oprioro BogoBozaa. [loxo6uble MOAKMIOUEHHST BCTPEYAIOTCSt NPH GOJBLIMX
nuamerpax cGopuoro Boposoma (1600, 2000 mm u Gosee). Ha puc. VIIL5
IIpHBEJleH NpPHMep MOAKJIIOYEHHsST CaMOH3IHBAOMWEHCs CKBAaXHUHH (1efCTBY-
ol Bogo3abop) k COOPHOMY CaMOTEYHOMY BOJOBOAY 4YePe3 IPOMENKY-
TOYHYIO KaMepy.

CMoTpOBBIE KOJOLIL CAEAYeT YCTPAHBATh B Hayaje H KOHIe C60PHOTO
BOJOBOJA, B MeCTaX H3MeHEeHHS IHaMeTpa Tpy6G BOLOBOLA U HampaBJEHHS
ero rtpaccol. Ha npsmonuHefiHbIX ygacTkax c60pHOro BOJOBOAA CMOTPOBHIE

205



KOJI0J1BI B 3aBHCHMOCTH OT AHaMeTpa TPy6 BoJOBoJAa MOXKHO yCTaHaBJIHBATh
Ha paccrognnn 200 — 500 M. Ilpu Gosblwux AnaMerpax cGopHoro BOJ0OBOJA
B MeCrax mopcoeJHHeHus TPyOGONpoBoga OT CKBAXKHHbI CMOTPOBLIE KOJTOIUE!
fipenycmarpuBath He obasarenpho (puc. VIIL4, 6); nx MOXHO COBMELLAThH C
T1yXumu kosoguamu (puc. VII14, g), KoToppie MPOEKTHPYIOT Ha PeMOHTHBI
cnyyai.

Ilepeceuenust Tpacch cGopHOro BoOBoAa ¢ JKEJE3HBIMH JIOPOTAMIl H
dBTOLOPOraMHu CJeyer BBITOJHATH [0 THIOBLIM NpOeKTam (M1 NMPHMeHH-
TeNpHO K HiM). Takue Mepexons! L0/KHB HMETh B Hadaje I KOHIE CMOTPO-

TSRS, \\:Il\\\7l;\\m%vl AN

H/_ J JJ 77000

"Puc. VIIL5. Tonkmouenne camousaxBaiouieficss CKBax¥HHB K cOOpHOMY BQIOBOAY AeACTBY-
Iolilero BOLONPOBOAA Yepe3 APOMEXKYTOUHYIO Kamepy

I — BononoAseMHan TpyOa CKBaXMHB; 2 — cOOPHAIIT CaMOTeurbf BOLOBOH; 3 — 3alBHKKa; 4 — o6paTHbf
naanat

Rble KOJIOJIL! M BRITYCK B HHMKHEM KOJOAIe ¢ YCTAHOBKOH 3amopHol apmary-
pol. [IpoexTh NepexomoB MoJ KeAe3HBIMH H aBTOMOOWJIbHBIMH [OPOTaMH
HEOOX0AIIMO COIMAcOBHIBATh C COOTBETCTBYIOUIHMH YHPABJEHHSIMH 3THX
JOpOor.

[Ipu mepeceuennn cOOpPHLIMH BOAOBOJAAMH OBPAaroOB, PEK, KaHaJOB HJH
IPYTHX KAKHX-THOO eCTeCTBEHHEKX NPENsiTCTBUH H COOPYXKeuli npeaycMar-
PHBAIOT IepeXOAbl B BHIe 3CTakal WX AlokepoB. KoHCTPyKums nepexona
ONpefensercs TEXHHKO-3KOHOMUIECKHM PacueTOM [ CIIOCO0OM nmpon3BOACTBA
CTPOHMTENBHO-MOHTAXHHBX pafoT. dcrakaik NIPHMEHSIOTCA PeJIKO H B Kax0M
cly4ae OHH HMEIOT CBOH KOHCTPYKTHBHBIE 0COOCHHOCTH.

IlioxepHt yepe3 oBparH, CyXOM0Jbl H APyrue NPENATCTBHA NPl COOTBETCT-
BylollleM 060CHOBANKH MOMKUO YKJIAALIBATL R OJAHY HUTKY. IIpu mepecedenun
peK, 03ep, BOAOXPAHHJHLL Il APYTIX BOJOEMOB AIOKEPH! HROGXOLHMO YKJIaLhl-
BaTh He MeHee ueM B ABe HHUTKH TpyS. B nauase ¥ KoHUe Jioxepa Ciaepyer
npegycMaTpuBaTh BXOAIYIO (rOJIOBHYIO) W BHIXOAHYIO (KOHUEBYIO) Kamepsl,

ITpn masom auamerpe TpyS B Hadase 11 KOHIE JJOKEPA MOMKHO yCTpaH-
BaTh KaMephl YNPOLIEHHOrO THIA (KOJOAUbI). ITpu pacmosnoxennn Ha 3aran-
JMBaeMOH TEPpHTOPHM BepX KaMmep (KOJOAUEB) AOJKeH ObITh BLILE MAKCH-
MalnpbHOro TOPH30HTA BOAKl B BOZOeMe He Menee deM Ha 0,5 m. [Tponent oGec-
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NeYeHHOCTH MaKCHMaJbHOTO ropuaonra ompegpenserca no CHull B 3aBucu-
MOCTH OT KaTeropuu morpeburens.

PasuocTb oTMerok Tpy6 B Hayase M KOHIle AIOKepa HOJ2KHA ObIThL DaBHA
1K GosibLIe CyMMBI TIOTEpb Hamopa BOAbl B Hem npH mponycke 70% o6uero
pacxona no opHoil Hutke. [Ipn aTom peXHM paGoThl NI0Kepa omnpelefsercs
KaK HaloOpHO-CaMOTeYHLIH,

[1pn npoexTHpoBaHWH CaMOTEYHOro COOPHOrO BOAOBOJA MpelBapHTeNb-
HO HaMedaloT pfAjn BapHaHToB Tpacchl. [Ipu arom tiaenyer yuuTHIBATH, 4YTO
npH GOJBLUIOM 3arayOJeHHH BOZOBOJA HE TOJNLKO YBEJIHUHBAIOTCA 06beMBI
3eMJAHLIX paboT, HO H HEOMpaBIAHHO YCJOXKHIETCS NPOM3BOLACTBO CTPOH-
TeJbHO-MOHTaXHKLIX palbor.

C npyroit cTOpoHEl, IPH MaJbIX YKJIOHax BomoBoja (mopsaaka 0,0004 —
0,0005) neo6xomiMo yBeqHYMBATb AHaMeTp Tpy6 I/15 Mpomycka TpeGyemMoro
pacxopa BOALI H, KpOMe-TOro, 3aTPyIHSeTcs NPOHM3BOACTBO CTPOMTEJLHO-
MOHTaXHLIX PaboOT B YaCTH NMOATOTOBKH OCHOoBaHHA moj TpyG6ul. [TostoMy mph
NPOEKTHPOBAHHH HEOGXOIIIMO CONOCTABHTL pa3/iMUHbIe BAPHAHTHI C YYeTOM
BCEX OCHOBHBLIX (PakTOPOB, BAHAUIMNX KaK Ha KOHCTPYKIHIO BOLOBOJA, Tak
¥ Ha ero TeXHHKO-3KOHOMIUeCKHe NMOoKa3aTeJH.

I'uapaBanyeckufl pacyer caMOTeYHbLIX CGOPHBIX BOLOBOAOB MPOH3BOAHTCS
no dopmyae esu (VIIL.11), 8 koTopoll ruapaBINYecKHH pagnyc R BHIYHC-
JsieTcd KaK OTHOLIeHHe MJOWaAH XKHBOTO ceueHHs MOTOKA K CMOYEHHOMY
nepumerpy, a kospounnent llesn C onpenensercas no ¢dopmyne (VIIL12).

Pacyer no ykalanHbM ¢opMyJaM BeCbMa TPYJIOEMKHH, TaK Kak 3Haye-
HHS pacxoa BOALl, T'MAPABJHYECKOrO YKIOHA M HAMOJHEHHs BOAOBOAA, KOTO-
pBIMH 3aJaI0TCA B pacyeTe, B3aHMOCBA3aHbl. [103TOMY pacuyeThi MPHXOAHTCSH
BLITNIOJIHATbL HECKOJILKO pa3 o MOJydeHHsI HeoGXOAHMBIX DPe3yJbTaToB,

B cBa3n ¢ 31HM mpH pacyeTax CaMOTEYHLIX BOJIOBOJOB PEKOMEHIyeTCs
NoJIL30BATbCA BCIOMOraTe/bHBIMH rpatHKaMu M TaGJHIIaMH, COCTABJEHHLI-
MH A/ PACXOIHBIX H CKOPOCTHHIX XapaKTEPHCTUK B 3aBHCHMOCTH OT HATOJ-
Henus BogoBoja. TaGaunbl i pacyeTa KaHa/JH3allHOHHBIX TPYGONpOBOOB
ICTIONb30BaTh He cJefyeT, TaK KaK OHHM COCTABJEHb C YYeTOM HaJH4MsA
R3BeIlleHHbIX YAaCTHIL, T. €. JJ5 NMOBHUIEHHON BSI3KOCTH H Gosbliero kKosddu-
IIeHTa LIepOXOBATOCTH, YTO MPHBOAMT K YyBeJHUYEHHIO gHaMeTpa BOLOMpo-
BOJA.

4, CA®OHHBIE CBEOPHBIE BOOOBOA bl

CundonHble BOIOBOILI B OT/IMYHE OT HAMOPHOIO I CAMOTEYHOTO HMEIOT
pan ocobenHocTefl. BonoBoj, Kak mpasBu/o, yCTPauBaOT H3 CTaJbHHEX TPY6,
KoTophe 06eCneynBaT HaHGOMbIIYIO NJOTHOCTh COeIHHEHHH.

Cu¢onnbil BOZOBOA MOXeT pa60oTaTh TOJNLKO NMPH YCJIOBHH mpeaBapH-
TeJLHOH ero «3apaikn». Heo6xonumo, 4To6L

Paaxmane S Prak.zors (VIIL. 13)

rie Asawx.zom — AOMYCTHMBII BaKyyM, ONpeneisfieMHii Hepa3pHBHOCTRIO CTPYH B BOOBOJE
(06bI4HO He mpeBHIaeT 6—7 M BOM. CT.).

PasnocTe ypoBHell BOAL B CKBaXHHe (mMHAMHMYECKHH TOPHM30HT) M B
IpIeMHOM pe3epByape, B KOTOPHH nojgaeTcs mo CH$GOHHOMY BOLOBOLY BOJA,
JOMXHa OLITh paBHA HJH HECKOJbKO GoJiblile CYMMBI BCeX NOTEPb Halopa B
TpyGonpoBoze.

IMonkmouenne BOA03a6OPHBIX CKBaXHH K CH(POHHOMY BOAOBOAY B 3aBH-
CHMOCTH OT MX pa3MelIeHHs B IJaHe NPOM3BOAMTCH aHAJIOrHYHO MOAKIIOUe-
HHIO K HamopHoMYy cOopHOMY BOoA0BO#Y. KOHCTPYKIIHS CKBaXHHLI B 3TOM
cjydyae HECKOJIbKO OTVIHYAeTCs OT CKBAaXXMHLI ¢ BOALOMOABEMHHM OGOPYIO-
BaHHEM.
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CudonHble BOLOBOIB MOXHO YKAaabiBaTh ¢ nmogxbemom 1/200—1/500 x
mecTy c6opa M OTKaukH Bo3nyxa. [Ipu oueHs IJIMHHBIX BOLOBOAAX HOIyCKa-
ercs yMeHnllleHHe noaibeMa 10 1/1000—1/4000. CndoHHEIe BOLOBOARI MOXKHO
VKJaAblBaTh C YKJOHOM MO ABHXKEHHIO BOABI NIPH YCJOBHH OGeCleueHHs BbI-
IMyCcKa COfepXKalllerocs B BOJE BO3AyXa.

Ha xonueBbix yuacTkaX cH(MOHHOrO BOAOBOAA CJelyeT YCTaHaBJMBaTb
3anBHXKKH. KoHen cH(OHHOTO BOJOBOLA IIpH M3/HBE B pesepByap (HaH ka-

10700
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3ad8unku I

Puc VII1 6 Cxema mepenmagHoro ycrpoficTsa Ha cH(OHHOM BONOBOAE NEHCTBYKLLETO BO-
AONpPOBOAA

Mepy) nOJXKeH GBbITh 3aray6JeH He MeHee 4yeM Ha 0,5 M HHXKe HaHHH3LIETO ro-
pPH30HTA BOJBI B pe3epByape.

CxropocTs 1BMKeHHS BOJbl B CHGMOHHBIX BOJOBOJAX HOMYCKAeTCss CHH-
x)atb g0 0,3 M/c, a Ha y4yacTKax ¢ NpAMbIM YKJOHOM, T. €. 110 JIBHXEHHIO BO-
Jbl, peKOMeniyercs NpHHHMAaTs He MeHee 0,6—0,7 m/c.

Jas nycka cuoHa npUMEHSIOT BaKyyM-HACcOChl C aBTOMATHYECKHM HJIH
PYYHBIM ITycKOM M 0CTaHOBKOH. Ha cudonax MaJoro auamerpa MOXHO NpH-
MEHSITh BO3IYyLIHLE KOJMNAaKH C aBTOMaTHYECKH JEHCTBYIOUIUMH THAPAaBJH-
4eCKMMH 3XKexkrtopaMu. KosHdecTBO BO31yXa, KOTOpPOEe HEOGXOZMMO OTCa-
cBIBaTh M3 cH(OHa, onpefenasercs no GopMyJe, YUHThIBAIOIIEH conepXkaHne
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BO34yXa B IOA3EMHBIX BOJAAX B CpPECAHEM 2,5%, H3 KOTOPBIX BBHIJECJISAETCS
1,50/01
0,15Q 40,01/

= s . 4
TBoay 1052 (VIIL. 14)

rIe §moax — KOJHYECTBO Bo3ayxa, a/c; Q — pacxonx Boad, npoxoasmefl uepes cHdow, a/c;
! — panra CHQOHE, M; ftnax — BaKYyM B cHPOHE.

Bennunna BakyyMma B HavBBbICHIEH TOUKe BOJOBOAA COCTaBJIfAET:
02
hm=2+—22+ Zh, (VIII.15)

rge 2z — paccTOSiHHE TI0 BBICOTe MeXIy YPOBHEM BOAbl B CKBAa*KHHE H HaHBBICIIEH TOUKOM
BO0BOAA; Sh-—— cyMMa mONMOJHHTENbHEIX NOTepPh HAmopa.

Ha puc. VIIL.6 mokasana cxema cHbOHHOTO BOJOBOAA M3 YYTYHHBIX
Tpy6, AEACTBYIOLIero B TeYeHHe HeCKOJbKHX JjeT. Oco6eHHOCTBIO BOMOBOMA
ABadeTcs ciaefymilee. IIpsMble y4acTKH BOLOBOJAA YJIOKEHE! ¢ HYJIEBLM VK-
JIOHOM, T. €. TopH3oHTaabHO. Hepes kaxaune 200—300 M Ha TakoM rOpH3OH-
TaJbHOM yYaCTKe ROJ0OBOJA YCTAHOBJEHH mepenajbl Ha 3-—3,5 M IO BLICOTE.
Kaxani nepenapg cocTouT n3 ABYX TPYO MeHbLIEro AHaMeTpa, 4yeM AuaMerp
TOPH30HTANbHOTO y49acTKa BOJOBOJA; HA HHX YCTAHOBJEHHI EPEXOJHBIE KOHY-
CBl, BBIIIOJIHAIOLINE POJIb 33KEKTOPOB.

B MecTax CyXeHHSI CKOPOCTb JIBHXEHHS BOAH B TpyGONPOBOJAE 3HAUH-
TeJbHO BO3pacTaer, B pe3y bTaTe, 4ero BhIAe/sieMHl U3 BOJABl BO3AYX 3aXBa-
TBIBAETCH MOTOKOM H MEPEHOCHTCHA B CACAYIOUINH «HHXKHHA» yuacTok. Ha BHI-
X07e M3 BOAOBOZA HaG/omaeTcsi NePHOAHUECKOE «BHIIECKHBAHHE» CTPYH
€ BO3JLYXOM.

'uapaBauyeeknM pacueToM CH(OHHOTO BOJOBOAA OIPEJENSIOTCS MOTepIl
Hamopa MO JAJINHE BOMOBOAA C YY4eTOM NOTepb HA MECTHLIE CONPOTHBJIEHHSA
Ins sTOrO0 MOTYT GBITH HCOMB30BaHbl opMyasl (VIIL1), (VIIL.3), (VII1.4),
(VIILY), (VIIL.10).

CrartHueckuii pacyer TpyG COGOPHBIX BOJOBOLOB NMPOH3BOAUTCH C IIEJbIO
OnpelesieHHsl HX NPOUYHOCTHBIX Moka3arened. Tpy6onpoBol, HAXOAALIHICT B
I'pyHTe, pa6oTaeT COBMECTHO C HUM. I'pPYHT co3zaeT HArpy3kM Ha TpyGonpo-
BOJ, sIBJIsIeTCS] OCHOBAHHeM [J151 HErO N CPefoH, uepe3 KOTOPYIO Mepenaercsl
LaBJEeHHe OT Harpy3o0kK, PachoJIOKEHHBIX Ha NOBEPXHOCTH 3eMAH. AKTHBHOE
11 MacCHBHOE [aBJeHHe, Nepefawlieecs OT 3achiIKi TpaHLiel Ha TPYy6Ompo-
BOJ, 3aBHCHT OT IyGHHBl 3a/I0XKeHHsl ero, (hU3NKO-MEeXaHHUYeCKHX CBOHCTB
rpyHra, cnoco6a onupanus Tpy6onpoBoga Ha OCHOBaHHe.

Kpome coGcTBeHHOTro Beca, aKTHBHOTO M PeaKTHBHOTO J|aBJIEHHS TPYHTa
Ha BOJOBOJ JEHCTBYIOT HarPy3KH OT BeCa TPAHCIIOPTHPYEMOH O HEMY BOJHI,
BHYTPeHHee naBJjieHHe B HANOPHBIX BOJOBOJAAX, BHelliHee aTMocdepHoe 1aB-
JeHHe NMpr o6pa3opaHnM BakyyMa B BOJAOBOJE, CeHCMHUECKHe BO3LEHCTBHS
v Ip.

BonoBoz caenyer paccunThIBAaTH Ha HaHHEBHITOAHellLlee COYETaHHe lia-
rpy3ok. CraTuueckue pacuyeTsl HEOGXOLMMO NPOBOJHTE N0 PEKOMEHIAIUIM
CHulT 11-31-74.



Faasa IX
OUEHKA KAYECTBA TNOAO3EMHbBIX BOI

1. TPEBOBAHHS K KAYECTBY NOJ3EMHbBIX BOJ,
HCIIOJIb3YEMbBIX NJis1 BOOOCHAB)XEHHS

KauecTBO MOA3EMHBIX BOJ ONpele/isieTcss CONEepPXKaHHeM B HHX Heopra-
HMYECKHX, OPraHMYECKHX H PAJHOAKTHBHBEIX BElIEeCTB, KOTOPble MOLYT HaXo-
IUTBCS B PACTBOPEHHOM, KOJJOHIHOM HJIH rpyGOAHCIEpCHOM BHIE.

XapakTepuCTHKaMH KauecTBa M0J13€MHBIX BOJ CJayxKaT: obuiee coJeco-
IepXaHne, HOHHBIH COCTaB, KECTKOCTb, IIEJOYHOCTb, aKTHBHAS KOHIIEHTpa-
IMsT BOLOPOAHBIX 110HOB pH, pacTBOpeHHEI KUCIOPOA, CBOGOIHAS YIJIEKHCJI0-
Ta, CepOBOJOPOJ, TeMilepaTypa, 3amax, NPHBKYC, [IBeTHOCTb, MYTHOCTb, Ha-
JIHUie MHKPOOPraHH3MOB M HEKOTOpble IPyrue mokasaTesi.

OG6iuee coneconepkatie MOA3EMHBIX BOJ, T. €. CyMMa KaTHOHOB I aiu-
OHOB, KOJINYeCTBEHHO 3aBHCHT IJIaBHBIM 06Da30oM OT COZepKaHHS KaTHOHOB
Ca?*+, Mg+, Na+, K+ u annonos HCOj, SO?~, Cl—. OcraJbiibie HOHEI, B TOM
urnicsie Hohbl aMMonnst NHy, nurpurhbie nonsl NOj, HHTpaTHble HoHH NO7,

xkene3o Fert u Fedt u gp., comepxkarcd 06BYHO B MaJblX KOJMYECTBaX, XO-
TS TaKKe OKa3blBalCT CYILIECTBEHHOE BJIHSIHHE HA KauyeCTBO BOJBI.

O6ee cosnecoaepatie PaCTBOPEHHEIX B BOIE BEIUECTB MPHGIHKEHHO
XapakTepu3yeTcs BeJHMYHHOH CYXOro M NMpOKaJeHHOro OCTaTKa.

CojnepxxaHve B BOJe OpPraHHYeCKHX BeleCTB NPHOIHKEHHO XapaKTepH-
3yeTcsl BeJMUYMHON OKHCJASIEMOCTH, NMpHYEM MNepMaHraHaTHas OKHCJASEeMOCTb
BBIfIBJAET JHIIb Hanbojee JErko OKHCJAsieMble OpraHHYeCcKHe BeHIECTBa,
a 6uXxpoMaTHasi OKHC/JASIEMOCTb — COJiepXaHHe OpraHHYeCKHX BElIeCTB B BO-
Ie, OKHCJSAIOINXCS CHJABHBIM OKHCJMTENeM B CTaHAaPTHBIX YCJOBHSIX MpO-
BeJleHHs OmbITa.

B 3aBucuMocTH OT Ha3HaueHus BOL03aGOPOB MOA3EMHBIX BOJL K KaueCTBY
BOZLBl NPeAbABJSIOTCS Te IJM HHbie TpeGoBaHusa. [1pu TexHiyeCKOM lCMOJb-
30BaHNMH BOAB! (IJS OXJAXKAEHHUS arperaToB, BO MHOIHX TeXHOJOTHMYECKHX
npoleccax) 3TH TpeGoOBaHII MOTYT ONpeleasiTbCH, HApUMEpP, TeMIepaTypou
BOZAbI, OOGIINM COJIECOAepIKAHHEM, KOJIYeCTBOM OpPraHHYeCKHX BellecTB,
JKeCTKOCTb, pH, colepxanneM Maprauua, XeJje3a M IpYrHMu NoxasaTes-
mu. O6uiero cTanfapra Ha TeXHUUECKYIO BOLY He CYLIeCTBYeT, Tak Kak B 3a-
BHCHMOCTH OT XapaKTepa TOr0 IIJIH HHOIO IPOM3BOACTBA Tpe6GyeTcs Boja pas-
JUYHOro KayectBa. B wacTHOCTH, Asst 6yMaXKHOA NMPOMBILIIEHHOCTH TpeGyeT-
Cs BOAA C MOHMIKEHHOH MYTHOCTBIO M MaJIbIM COIEprKaHIleM OpraHuyecKHX
BelIeCTB, AJS pagHOTeXHHUECKOH MpOMEIIJIEHHOCTH, KPOME TOro, HOPMHUDY-
ercs ofliee cosecoiepXaHve W pH, nns NMPOM3BOACTB MJacTMacc, KHHO-
NJIEHKH, HCKYCCTBEHHOr0 BOJIOKHA, KOPAHOHN I€J1I0JI03B, CHHTETHYECKOro
Kayyyka BOJa J0JI)kHa HMeThb ellle Onpe/eseHHble T0Ka3aTe i 10 XKeCTKOCTH,
CONEPIKAHHIO Kese3a, KPEMHEKHCJIOTH H T. I.

Baxuoll xapakTepHCTHKON KayeCTBa BOIBl fABJSETCH TakxKe HaJHUue
B Hell cBoGoanol yraekucaotel COs, M0 KOHHEHTPAalHu KOTOPOH, B COMOCTAB-
JeHnH ¢ cogepxannem Ca?, HCOj7, o6mnm cosecolepxaHueM H TeMiiepa-
TYpoll BOIBI, MOXKHO OHEHHTb arpecCHBHOCTb BOJAH IO OTHOWIEHHIO K GETOHY,
ee CrMoCOGHOCTb paspyilaTh 3allMTHBIE KapGOHATHBIE H JKeJe3HCTHIE JIEHKH
Ha Tpy6onpoBogax U Apyrue CBOHCTBA.

CocraB ¥ cBOcTBa BOIB X035{CTBEHHO-IHTHEBOTO Ha3HAUEHHNSA NOJIXKHbBI
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YIOBJIETBOPATH THTHEHHYECKHM HOPMaTHBaM, NpepycMaTpHBalouuM Gesomnac-
HOETh BOAHLl B SIHAEMHYECKOM OTHOLIEHWH, Ge3BpeaHblll 115 310POBbS YeJs0-
BeKa XMMHueCKHH cocraB H GJaronpusiTHble OpPraHoJienTHYeCKHe CBOHCTBA.

TpeGoBanusi K KauecTBy xo3saicrsenHo-muTheBblx Bog B CCCP ompene-
Jstotes rocypapersennbiMu ctangapramu F'OCT 2761—74 «Mcrtounuky nes-
TPAM30BAHHOIO XO03fHCTBEHHO-NMHTbeBOro BomocHabxkenns. IlpaBuia BbI-
6opa ¥ onenku KauecrBay» 11 TOCT 2874—73 «Bopga nutbeBasi». MeTogbl OT-
6opa, xpaHeHHs 1 TPAHCIOPTHPOBAHNS NPOG BOALI, METOAbI ONpele/enls
cocTaBa W cBOficTB Boabl periaMmentHpoBanm B I'OCT 3313—46, 3351—46,
4979—49, Kpome Toro, HMeloTcs H3JlaHHble BcemMupHoi oprannsanien sapa-
BOOXpaHenns «EBpomnefckye HOPMbl KaseCTBa NMHTbeBOH Boiabl» M «Mexny-
HaPOJAHBI} CTAHAAPT NHTheBOM BOILI».

BesonacHocTp BOJAB B 3MHAEMHYECKOM OTHOIIEHHH. BoxHnlie GaxTe-
pliaflbhible U BHUPyCHble HHGEKUHI MOryT BhI3BaTh 3aGoseBaHusl OpIOIIHBIM
tidoM, gH3eHTepleil, XoJepoil, Ty/AspeMueil, 6pynenie3oM, nHbeKUHOHIION
KeJTYXO0H, NOJHOMHEJHTOM W APYTHMH 3IHAeMHYeCKUMH Gose3usMu. [TosTo-
MY BOjJa, mpeAlasHadyeHHAas JJs XO3SHCTBEHHO-NIMTLEBOrO HCHOJb30BAHHA,
He JOJKHA COMEPXkKAaTbh B CBOEM COCTaBe GOJI€3HeTBOPHbIX GaKTepHH 1 BH-
pycoB.

Beuny mHoxectBa ¢opM Gosie3HeTBOPHLIX GaKTepIHl H CI0KHOCTH HX
onpepesieHus 145 BhisicHeHHs 6e30MacloCTH BOALI B SMHIEMHYECKOM OTHO-
WeHHH MCMOJb3YIOT KOCBEHHBEIE MOKa3zaTesi: cTelleHb 06umiero GaxTeprHalb-
HOro 3arpsisHeHusl 1 cOlepPKaHHe CAaHUTAPHO-NIOKa3aTeNbHEIX MHKPOOPraHH3-
MOB TPYINH KHIJEYHON MaJOodKH.

KoanuecrBo 6akTepyii Tpynnu KHIIEYHOH MaJO4YKH B 1 J1 BOABI He p0J-
KHO GhiTb GoJiee TpeX, YTO COOTBETCTBYET <«KOJNH-HHAEKCY», paBHOMY 3.
TuTp KHuIeuHOH MaJOYKH («KOJH-THTP») mo/lKeH GHTh He Menee 300, T. e.
onna GakrepHs YKa3aHHOH TPyNIBl He JO/DKHA BCTPedaTbesl dalle 4eM
B 300 cm? Boabl. O6uiee kKoaHuecTBO 6akTepHi B 1 MJ1 Hepa36aBJjeHHOH BOMH
He HOJxHO GuTb Gosee 100.

Ucnonb3oBaHue GaKTepuil IPYNNH KHIIEUHOH MAJOYKH B KadeCTBe II0-
KazaTeJs CTeleHH GakTepHaJbHOrO 3arpsisHeHHs BOJAbl OCHOBAHO Ha TOM,
UTO KHileyHasl MaJouka NMOMajaeT B NMOBEPXHOCTHLIE H MOp3eMHble BOAH H3
TOr0 JKe MCTOUHHKA, UTO M MHOTHe maToreHHble (60Jie3HeTBOpHble) Gaxre-
pU¥ — 13 (eKajbHOro 3arps3HeHHsd, 110 OHAa SBASETCS OTHOCHTEJbHO Oe3-
BpPeIHOIl ¥ B TO )Ke BPEMH IO CYHNIECTBYIOIIHM [pPeACTABJEIUSM COXpaHsieT
CBOIO JKH3HELesITeNbHOCTb B BOJe OGLIMHO AOJbIUe, ueM G60JIe3HETBOPHHE
MHKpoopranu3Mbl. [105TOMYy Masoe KOJHYeCTBO KHIIEYHBIX MaJOYeK B BOAE
(unu GOJbIIOH «KOJIM-THTP» BOAH) NPHHUMAETCS KaK MPH3NAK OTCYTCTBHS
60JIe3HeTBOPHHX MHKPOOPraHH3MOB.

OpnHago MpoOBeTEeHHLIMH B TOC/eIHEe BpPeMs HCCJIELOBAHHSMH YCTAHOB-
Jelo, 4To MeXAy CONeprKaHlieM B BOAe GakKTePHH TPYMilE KHIIETHO Majou-
KH M COfep)KaHNeM NaTOreHHBIX GaKTepHH H BUPYCOB YeTKOH KOPPeJSLHHA He
cyutectByeT. KpoMe TOro, HMeOTCS JaHHbBle O TOM, 4TO HekOTOpHe GoJiesne-
TBOPHbIE MHKPOOPraHH3Mbl MOTYT BBUKHMBATH B MOJ3€MHLIX BOJAX L0Jblle,
yeM KullleuHasl najouka.[1o3ToMy B 0coBbIX cayyasx (IpH pacmosioKeHUH BO-
no3abopa BOsI3H GakTepHaJIbHO-3arPs3HEHHBIX BOLOEMOB, mnoJeil ¢GHabTpa-
I, CKOTHHIX ABOPOB H APYFrHX MOAO6HLIX OGBEKTOB, IPH BO3HNKIIOBEHHH
SMIIeMHUecKHX 3a6oneBaHHi) I OleHKHI OakTepHasJbHOrO 3arpssHeHHs
BOJbl OTpefe/ISiOT He TOJbKO COfep:KaHHe GaKTepHH IPYNNH KHIleyHof na-
JIOYKH, HO M COIepiKanWe MaTOreHHBIX GakTePHH, KHIIeYHLIX BUPYCOB, SHIL
reJbMIIHTOB.

Be3BpenHOCTb XHMHUECKOTO COCTaBa BoJbl. [Toxasarenn Ge3BpeqHOCTH
XIMHYECKOr0 COCTaBa BOIH HOPMHPYIOT COIepP:KaHHe BelecTB, BCTpedalo-
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IIHXCA B MPHPOAHUBIX He3arpsi3HEeHHBIX MOA3€MHBIX BOAAX, a TaKXke MOSBJSIO-
IIHXCS B BOJIE B Pe3y/abTaTe TMOCTYNJEHHS B BOJOHOCHBIM TODH3OHT TMpO-
MBILIIEHHBIX H CEeJIbCKOXO3SIUCTBEHHBIX 3arps3HeHHIL

ConepKaHue BeIEeCTB, BXOMALIHX B COCTaB TMPHPOAHBLIX He3arpssHeH-
HBIX MOJ3€MHBIX BOJ, IO O0IUETOKCHKOJIOTHUECKHM H OpraHOJeNTHUECKHM I10-
Ka3aTeJsIM He JOJIKHO NPEBHIIATh CAEAYIOIIUX KOHLEHTPALUH, Mr/J:

Bepuannwa . . . . . . . . .. .. L. 0
Keneso . 0
Mapraner 0
Mensb !
Moaubaen . . . . . . . . . . . .. 0
Mpiwibsik . . . e 0
Hutpater (mo asoty) . . . . . . . . . 10
Crunern oo : . 0
Cenen e 0
Crponnuit (crabunbuuiil) 2
Cyasdatel . - . . . . . .. .. L.
Drop . . . ..o 0,7—1,5
Xaopuaer . . . - . . . . . . . . . 350

Uuuk . . . e e e e 5

Cyvxofi ocratok . - e o« o o . . looo

OGwasn xecTkocTb (Mr-3KB/A) . . . . . . 7

CopepkaHne pajHOAKTHBHBIX 3JIEMEHTOB He JOJKHO MPEeBHIIATh: YPaH
npupoiHbit n ypau-238 — 1,7 mr/n, papmit-226 —1,2-10-'° Ku/n, crpon-
umi-90 — 4. 1010 Ku/a.

Mexnay aktupHocThio C*, Ku, n Maccoll paguoakTHBHOTrO BemecTsa P, r,
CYLIECTBYET CJAeAyolasi 3aBHCHMOCTD: ’

P=2,8.107% ATC*, (IX.1)

rae A — atoMubliil Bec pafHonsoTona; T — nepuoj NoJavpacnajga, ToAbL.

IToBbimenHoe conepkaiue B Boge Oopa (cBepx 1 Mr/m) Takxke aBaser-
€5l HeXKeJsaTeJbHBIM,

B HCKIIOYHTENbHBIX CJIyyasiX IO COTJIACOBAHHIO C OpPraHaMH CaHHTapHO-
3MUJEMHOJIOTHYECKOH CayXObl JOMYCKaeTCs TOBBILICHHOE COnNEpKaHHe B
ROMe cyxoro ocratka Ao 1500 wmr/a, obmwas XKecrkocTe 10 10 Mr-sks/a,
conepxanie ¥)emesza 1o 1 mr/a.

Copep:kaHne B NUTbEBOH BOJE XHMHUYECKHX BElIECTB, BAANIOMIHXCS
NPOMLILJIEHHBIMH 11 CeJbCKOXO3SHCTBEHHEIMH 3arpsi3HEHHAMH, He JOJKHO
npeBHIaTh npefeacHo-gonyctumblx Konuentpauu#i  (ILAK), ycranosnen-
HBIX [J51 BOJIOEMOB CAHHTAPHO-OBITOBOIO BOJAONOJB3OBAHHA U JHMHUTHpYeE-
MBIX MO CAHHTAPHO-TOKCHKOJIOTHYECKOMY U OpPraHOJENTHYEeCKOMY NpH3Ha-
KaM BpeaHocTH. CHHCKH 3THX BellleCTB NMyGJanKyloTcs MHHHCTEPCTBOM 371pa-
cooxpanedns CCCP u vyacTo JfOmNOJHSIOTCS.

B cBsisn ¢ 6osbliMM pagHoo6pa3veM MCIOJAb3YeMBIX B NPOMBIIIJIEH-
HOCTH H CeJbCKOM XO37HCTBE XHMHYECKHX BEIleCTB, KOTOPBIE MOTYT MONAaCTh
B TNOA3eMHEIC H MOBepXHOCTHRIe BoAH, I1/JIK ycTaHOB/AeHH ellie He mJs BCeX
BELIeCTB, TEM He MeHee€ B CHHCKe BellecTB, HopMuUpyeMbx no IT/IK, sHaynt-
csl yxke okoao 500 HaumMeHOBaHHIL.

151 HEeKOTOpHIX YacTO BCTPEUANOUIUXCS XHMHYECKHX 3arpsisHeHHMH B
BOJE BOAOEMOB CaHHTAPHO-OBLITOBOrO BOMOMOJb30BAHHS YCTAHOBJICHBI CJEMLY-
IOLHE TPeeNbHO-A0NYCTHMble KOHIEHTPAaLllH, MI/:
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AHUMHH
Bapuii .
BeHsux
Bensoan
Bpom . . .
Banapguit (V)
Buemyr . . .
Boasgpam (VI)
I'ekcaxsopaH
OAT
JB3THADPTYTD
Kanmuis
Kap6odoc
Kob6anbt
He¢renosuie KHCAOThI
Hedrts MHOrocepHucras
HedTv npouas
[Tupugun -
ITosepxHocTHO- aKTUBHLIE DEILECTBA (a}IKH}I6eH.
30J1CyAbOHATH, anxnncyanaaﬂa aJKHJI-
CYAbQOHATH) Lo L .
Popannau . .o
Prytb (s Heopraquecxnx coen}memm) .. 0,005
CuMa3nH (HepacrBopeuHwifi) . . . . . . .  OTCYTCTBHe
Ciwpon . . - . . . . . . . . . . . 0,
Cymouamr . . . . . . . . . . . . . OTCYTCTBHe
Cyppma . S . . . . . . . . . 0,05
TeTpasrnnoJIOBo .. . . . . . . . . 0,0002
Terpastnacsumen . . . - . . . _ ., . OTCYTCTBHE
Twodoc . . . . . . . . . . . . . . 0,003
Toayon . . . - . . . . . . . . . . 05
Tpuxnopdenon .. .. . . 4 . 0,0004
Qenon (xapbonosas KH(‘JIOTa) - . - . . . 0,001
deppounaHeis . . . . T 39
Xnopodoc - 0
Xpom (VI) 0
Xpom  (III) . 0
Huanuae (3a HCKOYeHHEM uHaHocpeppaTos)
. . . 0
0
0

DwW—wo oo o= ===
=S

SO0 O=O OO0 RO

- e e e

B pacyere Ha LHaH
YeTbipexxJ0pHCTHIH ymepon
SrtunbeHsoa . .

Npumeuvanne PuMckie uudpe B cxo6kax 0603HaYaIOT BaJICHTHOCTD.

Meroan onpeneneHus CONEpKaHMsA B BOAE MHOIMHMX 3arpsI3HSIOLUIX Be-
U1eCTB H3JI0KeHbl B padore [121].

Ecau conepkanne B BOJE OTIEJbHEIX BELIECTB HE MPEBHIUAET Npeeb-
110-IONYCTHMEIX KOHIEHTPAUHUH, TO 3TO elie He 3HAYMT, UTO BOJA MPHUrojHA
A5l XO3fHCTBEHHO-NHTHLEBHX leneft. KauecrBo BOAH  MOXKET TaKXkKe VXYia-
I0aThCS BCJEACTBHE CYMMHDOBAHMSI HeOJarompHsiTHOrO BO3AEHCTBHS HEKO-
TOPHIX BELIECTB, €CNH JaXKe CONepIKAHHME KaXKIOoro M3 HUX MEHbIIe HOpMH-
pyemoro. K uyucay taxux BEWIECTB OTHOCATCA: Gepuinuil, MOIHO/ICH, MEILIb-
4K, CBHHel, CeJeH, CTPOHLMA (CTaGH/IbHBI), a TAKXKE BCE OCTaJbHHE Belle-
cTBa, nopmupyemee mo TIJIK 115 BOjnO€MOB caHHTapHO-GHITOBOrO BOJOMOJb:
30BaHIsl (3a HCKJIIOYEHHEM (TOpa, HUTPATOB, paJMOAKTHBHHIX BELIECTB —
X JeHcTBHe OLEHHBAeTcA OTAEIBbHO mo coorsercrmylomei T1K).

CyMMa KOHIEHTpauu# BPEAHBIX BELIECTB B BOJAE, BHIpaXKeHHas B AOJAX
01 TIpefe/bHO-TONYCTHMEIX KOHICHTpAIMA Kaj)KAoro BelliecTBA B OTAENb-
HOCTII, He Oo/KHa npeBunath 1. [Ipu 3ToM pacyer BeneTcss mo BhIpaXKeHHIO:

a b c n
—_— = e e — X.2
A B c N sh (IX.2)
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rze a, b, ¢, .., n — oGHapyXeHHBe B BoAc Koliuenrpamun seutects; A, B, C, .., ¥ — ycra-
HOBJeHHBlEe A1 Kaxjoro u3 Hux [1IK.

OpranoJaenTHyeckue CBOMCTBA BOJAbI (BKYC, 3amax, LBET, IPO3PaHOCTD)
3aBHCAT OT HAJWUHUA B Hel HEKOTOpBIX XHUMHUECKHX BeIleCTB, BCTPEUGIOLLIIX-
¢l B IPHUPOJHBIX BOXAax (XJOpHAM, CyNbQaThl, Ke1e30, Maprahel, Meilb,
LKIK) 11 B IPOMBIILJIEHHBIX M CeJbCKOXO3HCTBEHHBIX 3arpsAsHenusax. Conep-
XKaHie 3THX BEIEeCTB TaKXKe HOPMHpYETCH COOTBETCTBYIOIUHMH IIpeAe€JbHO-
JONYCTHMBIMH KOHIUEHTpalHAMH. OpraHonenTqucxne CBOHICTBA BOAbl He-
[IOCpenCTBEHHO OLEHHBANTCA 1O 3anaxy, npHuBKycCy, IIBETHOCTH H MYTHOCTH:

3anax npu temneparype 20° C u npd nojorpeBaHui
Boan fpo 60° C, Gannw

ITpuskyc npu 20°C, Gannb . . 2
Ugeriocts, rpag . . 20
MyTHOCTS, MI/J L. L. 1,5

B orneabHBIX c/lyuasX 10 COrJIACOBANHIO C OpranaMlii CaHHTapHO-3MH-
NeMHUOJNOrHUeCKOH cayKOBl 1IBETHOCTL BOABl MOXKeT ObITb [JONylleHa 10
35 rpan.

[Ipu runporeoJOrHuecKMX H3BICKAHHAX H pas3Beike IMOJ3eMHBX BOj
XO3SCTBEHHO-NIITHEBOIO HAa3HAUEHUS JJis] OLEHKIl KauecTBa BOJb HeoOXO-
JLHUMO onpenessth nokasatenu 6e30MaCHOCTH BOABI B 3NHIEMHYECKOM OTHO-
HIeHIIH, OpraHOJIeNTHUECKHe T0Ka3aTeJH, a TakKKe IoKasarte/dll Ge3Bpen-
POCTH XMMHUECKOrO COCTaBa BOJBI 110 BelllecTBaM, BCTPEUAMOIIHMCS B IIpH-
DOJAHBIX BOJAX.

Kpome Toro, B noa3eMHBIX BOJAX NPOBEPAIOT Halllulle H KOHLEHTPaUilo
TeX BEUIECTB, NIPHCYTCTBHE KOTOPBIX MOMXKHO OXHAATb B MECTHBIX VC/IOBISX,
T. €. C yUeTOM THJIPOre0JOrHUecKO! H FHAPOXHMHUYECKON OGCTAHOBKH H, I.1aB-
HOe, ¢ YUeTOM HaJHuHusl B palHoHe BOf03a6OpOB TeX ILTH IIHBIX [IPOU3BOJICTB
C XapaKTepHLIMH 7151 HUX TEXHOJOrHUeCKHMMH H CTOUHBIMH BOJaMH, CeJbCKO-
XO35IACTBEHHbIX TEPPUTOPHN C HHTEHCHBHBIM IIpUMeHEHHeM SAOXHMHKATOB
T T. I

B npupomHeIx yCJOBHSIX NPH OTCYTCTBHI HCTOUHHKOB XHMHUECKOrO H
GaKTepHaJbHOIO 3arpAsHEHHs] NOjA3eMHble BOABI OOBLIUHO HMEIOT Xopoliee
KauyecTBO, YAOBJIETBOPSIOT THTHEeHHYeCKHM TPeBGOBAaHHAM I MOTYT GHITh He-
NOCPEeACTBEHHO HCIONb30BaHbl AJA XO3AHCTBEHHO-NIHTLEBLIX lenel 6e3
npeABapUTeNbHON OUHCTKH. B 3TOM, B UacTHOCTH, 3aK.Irouaercss GOJbLIOe
[IPeHMYLECTBO 10/I3eMHBIX BOJI B CDPABHEHHH C IOBEPXHOCTHLIMU BOJAMH, KO-
TOpble, KaK NPaBMJIO, mepe] nogauedl B BOAONPOBOAHVIO CETh NOABEPraloTcs
JOPOrOCTOSIIIEH OUHCTKE OT B3BEIUEHHBIX BellecTB, GaKTepUH, BPEQHBIX XII-
MHUECKHX BEIECTB.

Hcnonb3oBaHue NOA3EMIBIX BOJ BMECTO [OBEPXHOCTHHIX MOXKeT OKa-
3atbcg Gosee 3¢ PEeKTHBHBIM KW B TeX CJyyasiX, KOria I[0J3eMHble BOILI 110
HEKOTODHLIM I[I0Ka3aTessM KauecTBa He YAOBJETBOPSIOT CTAHAAPTAM, HO MO-
IYT OLITh YJYUIIEHbl yTeM ClelnaabHoi 06pa6otkn [78].

K nokazarenssM KauecTBa XO3sCTBEHHO-NIITHEBOI BOBI, HONYCKAIOUIIIM
HX yJydllleHHe TeXHHUeCKH JOCTYNHBIMH H CPaBHHUTEJbHO HEJOPOIHMH METO-
JlamMH, OTHOCATCS OaKTepHaJsbHBIA 'COCTaB, COMEpXKaHHe Keje3a, CepoBOJO-
pona, KeCTKOCTb.

[Tpu Hu3KOM KOH-TUTPE /s YCTpPaHEHHs 113 BObl MIKPOOPraHU3MOB I
BHPYCOB TIPOBOJAUTCH O6e33apaxKliBaHHe JeHCTBHEM OKHCJAHTeNeH, yJabTpa-
($10NIeTOBOr0 MJIM HOHH3UPYIOIErO  H3JYUeHHS, yAbTPa3BYKOBBIX Koseba-
HHH, a TAKXKe TEN10BOH 06paGOTKOH U PHIABTPOBAIIEM.

HamuGosbliee pacnpoCTpaHeHHe MNOJMYUHJA METO] BO3AEHCTBHS OKHCJIH-
TeJSIMH, KOTOpble, THOODYHANPYA BHYTPb KJETKH MIUKPOOPraHH3Ma, BCTyna-
10T B peaklliio ¢ BEIEeCTBOM KJETKH U OoTpaBjasiior ee. B kauecTBe okucaure-
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JAef NMPHMEHSIOT XHUAKHA H ra3oo0pasHBR XJOp, XJOPHYIO (I3BECTb, T'HIIO-
XJOPHIH, ABYOKHCH XJI0pa, 030H, a TaKxe GaKTepHIHIHbE JaMIbL.

JKeneso, Haxoasueecs: B MO/A3€MHBIX BOJaX OOLIYHO B BUIE GuKapBoHa-
Ta 3aKHCHOTO KeJe3a, YJaJsloT CPaBHUTEJIbHO HEJOPOTHM MEeTOLOM YIpo-
IEHHOR a3palMH ¢ MOCJAEIYIOIHM OTCTaHBaHHEeM H (HJIbTPOBAHHEM s
3allepxaHus o6pasyioweiicss THAPOOKHCH Kede3a. Merox aspauun mpume-
HHM K MOJ3E€MHBbIM BOJAM, HE COMEpPKalUKM CepOBO/IOPOJA, aMMOHHHHBIX CO-
Jel 1 OpraHHuecKuX BelEeCTB.

B npoTHBHOM cayuyae NpPUXOAUTCS NMPHMEHATH 6oJiee CI0AkHBIE METO/B:
KOaryasuuio, 13BeCcTKOBAHHe, XJOPHPOBaHHE C MOCHCAYIOIIHM OTCTAHBAHHEM
# ¢bunprpoBaHueM. LlenecooGpa3Ho mpoBOAUTH MpOGHOE 006ezkKele3UBaHHE
BOJIBI, KOTOPOE BHITIOAHSIETCS HenoCpPeJCTBEHHO Ha MecTe 0T60pa MOA3eMHBIX
BOJ, HEME/IJICHHO mocJie B3sTHs npobsl [78].

C noMoWpbI0 aspalHK BOJa MOXKeT GBITb OCBOOOXK/JEHA M OT pajOHa.
CepoBo10pOA Tpil MajdbX ero Kouuenrpauusix H pH<C9 ynaasior c no-
MOIIBIO aspaniiy I XJOPHPOBaHHSA, a MpH 6osee BBICOKMX KOHIEHTpalHuix,
KpOMe TOro, HCIOJb3YIOT NMOAKHUCAEHHE BOJbl. M3BECTHB TaKuie pEareHTHHIA
(c ucnosnb3oBaHHeM TruApaTa OKHCH Kese3a) H OHOXHMHYECKHH METO/bl
yZajeHus cepoOBOIOPOAA.

IIpy NOBHIILIEHHOI KECTKOCTH MOXKHO TPUMEHATb YMSTUeHHe BOJHI pea-
[eHTHHIMK MeTonaMu (06paGoTKa M3BecTbio, cO/oH, dochaToM) HAnM KaTHO-
HIIPOBAHHIEM.

IMonnepxkaHne B NUTbEBO{i BOJE ONTHMAJbHOH KOHLEHTpauMH ¢Topa
(0,7—1,5 mr/a) nocruraercs ¢ropupoBaHueM (BBeJCHHEM B BOJAY PACTBOPOB
¢dTopconepkalMx peareHToB) HJH, HaoGopoT, ee obecdropuBannem. Obec-
(TOpuUBaHHE SBJsieTCs GOJee CJOXKHBIM U JOPOrOCTOSILMM HPOIECCOM; OCYy-
IECTBJAAETCS OHO C MOMOUILI0O HOHHOrO OOMEHa Ha CEeJEKTHBHBIX B OTHOIUE-
#IMH GTOpa aHUOHIITAX, a TAKXKe METO/JOM COPOUMH Ha CBEXEBbLIASJCHHDbIX
Ocafikax THIPOOKHCU aJIIOMHHHS M Mariug 4 Jp.

Mapranern, HaXoAsWHACT B BOJE OGLIUHO B BHIE COJEH JBYXBaJeHTHO-
TO Maprasua, yJnanasercs OKHCJIEHHeM, [Jsi 4ero NPUMeHsIor 06paboTKy
IepMallraHaToOM KaJis, XJOpPOM, O30HOM HJH JABYOKHCBIO XJOpa, ¢ mocjaeny-
IOIINM OTCTAaWBAHHEM BBINABINMX B OCaJZOK FHAPATOB OKHCI Mapralua o
GbUALTPOBAHHEM BOTHL. '

IIpn Heo6XOMHMOCTH H3 MUTHEBOH BOJE! MOTYT OLITH yAAJeHH H JpyrHe
BpeHBIC BelleCTBa, HAXOASUIMECs B MaJblX KOHLEHTPAaLUUsAX (CBHHEl, ulHK,
MBILILSK, GOp, 6pom, docdaTel, ion, HePTENPOLYKTHI, NETEPreHTHl, MeCTI-
UuAel ¥ Ap.). OfHaKO METOJAH OUHCTKH BOJB OT 3THX BeleCTs, pazpaboraH-
(ibleé OPHMEHHTEeJbHO K KOHUIEHTPHPOBAHHBIM CTOYHBIM BOJAM MNpPH MaJjblX
pacxojgax, CTaHOBsTCS MaJ03h(EeKTHBHBIMH, TPOMO3JKHMH H JODPOrocTos-
IUHMH TOPH  HCHOJBb30BAHHH HX 7/ OYHCTKH THTbEBHIX [OA3eMHBIX
BOJ, NOJAaBaeMBIX JJ51 BOAOCHAGkKeHHsT OOGLIUHO C OOJbIIHMH pacxofa-
MH H TpPH CPaBHHUTEJBHO MaJjiOH KOHILEHTpAlMH 3arpsAsHAOIHX Be-
LIeCTB.

- Bricokas cTouMocTh BOMABI, OUHINEHHOH JJa5 XO3HCTBEHHO-NMHTHLEBLIX
HyXJ1, onpejessiercs 604bIUMMH 3aTpaTaMH Ha CTPOUTENBCTBO H 3KCNJyaTa-
UHI0 COOPYXKEHHH 10 OYHCTKE M BOJONOAroToBKe. Kpome TOro, BO3HHKAIOT
TPYAROCTI, OOYCNOBJAEHHBIE MOCTAaBKOM GOJBIUUX KOJHUECTB peareHTOB
(uacro nedbHUMTHBIX), a TaKXKe 3HEPreTHUECKIM OGECHEeUeHHEM COOPYKeHII
10 OUHCTKE W BOJONOATOTOBKE, yAaJeHHeM HJU CKJIaLHPOBAHIEM OCaJKOB II
pacTBOpOB, SAIBAAIUMXCA OTXOZAMH Mpouecca OYHCTKH BoAHL. IlosTomy ue-
J1eC006pa3HOCTb YAYUIICHHS] KauecTBa NOJA3eMHBIX BOJ JOJMXKHA BCAKHH pas
OnpefensaThCsl TEXHHKO-5KOHOMHUUECKHMH pacueTaMH H peajbHOR NMpHpOAHOH
06CTaliOBKOH, B TOM YHCJ/Ie HAJHUHEM JPYrHX HCTOYHHKOB XO3SMCTBEHHO-
TTUTBEBOrO BOAOCHAGXKEHHS.
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B coBpeMeHHBIX YCJIOBHSX, HEPEAKO XapaKTePH3YIOUIUXCsA 3arpsi3HeHH-
€M TOBEPXHOCTHBIX M MECTaMH MOA3EMHBIX BOA M OJHOBPeMeHHO GOJbLINM
yBeJIMUeHHEM MOTPEGHOCTH B XO351HCTBEHHO-MHTHEBLIX BOAAX, BCE Yalle MpH-
XOIUTCA NpuGeraTh K yAyULIeHHIO Ka4eCTBA NOA3EeMHBIX BOJ.

B psine pafionos CCCP, GeaHblXx npecHHIMH MNOBEPXHOCTHHIMH H TOA-
3eMHBIMH BOJaMH, yXKe Cefiuac Ajs BOJOCHAGKEHHA HAUMHAIOT HCNOJb30-
BATb COJIOHOBATHIE H COJIEHbBIE TOJ3E€MHBIE BOALI C MPeABAPHTENBHBIM KX
ONpecHeHHEM pAa3JUYHBEIMK MeTOMaMH: JAMCTHANAlMeH, 3aMOpDaXHMBAHHeM,
JKCTpakiiHeidl, HOHHbBIM OGMEHOM HA KATHOHHTAX M AHMOHHTAX, 3JIEKTPOAMA-
JU30M, TunepbuabTpannet.

HecMoTpst Ha BBICOKYIO CTOMMOCTb ONpPECHEHHOH BOJLI, MCNOJb30BaHHE
17151 BOJMOCHAGKEHUS COJIOHOBATBIX M COJIEHBIX NOJ3E€MHEIX BOJ CTAHOBHTCS
nce GoJlee aKTyanbHOM 3amauel, ocobeHHo B paiionax apuano# 3oun CCCP.

2. HCTOYHHKH 3ATPA3HEHHA NOA3EMHBIX BOJ

[To cocTaBy W Buay 3arpA3HeHHs NMOJA3EMHBIX BOJ MOAPA3AENsIiOTCA HA
XUMHUeCKoe (OpraHnuecKoe M HeopraHHueckKoe), OHOJOTHYECKOe, PAAHOAK-
THBHOE M TeNJ0BOe

XuMHuUeCKOE 3arpsi3HCHHUE NOA3EMHBIX BOJ

OCHOBHEIMH HCTOUHHKAMH XHMHUECKOIO 3arpsi3HEeHUSl TOA3EMHLIX BOJ
ABJSAIOTCA XKUJAKHE CTOKH ¥ TBepAble OTXOAbl NPOMHIJIEHHBIX NPOH3BOACTSB,
cofeprKallilue B CBOEM COCTaBe pasHooOpasHble HeOpPraHHYeCKHe H OpPTaHH-
eCKHe BellleCTBA.

B nonseMHBle BoABl 3TH BeleCTBA MOTYT mNOCTYynaTh Ju60 Henocpen-
CTBEHHO Ha NPOMBIILJIEHHBIX NJOLIANKAX BCAEACTBHE YTedeK TEXHOJOTHYe-
CKHX H CTOUHBIX BOJ H3 11€XOB, KOMMYHHKAUMH, YYaCTKOB OTKPBLITOTO CKHa-
JIUPOBAHIS PACTBOPHMOrO CHIpbSl H OTXOMO0B NPOH3BOACTBA, AUOO M3 3eMJs-
HBIX €MKOCTeH, B KOTOpble COpachblBAlOTC TBEPABLIE OTXOIbl H CTOUHBIE
BOAB — HAKOMNMTEJeH, HcnapuTeseH, OTCTONHHKOB, XBOCTO- B IITAMOXPaHH-
auul, «OeablXx MOpels, moJde#l QUAbTPANKH H JPYTHX MNOJOOHHIX MPOMBIII-
JeHHBX GacceiiHoB. PuabTpanus 13 NPOMBIILIEHHBIX 0accedHOB BEHI3bIBAeT
Haubonee KpynmHble no macmrabaM H HeGJaronpUATHHIM  NOCJEICTBUAM
3arps3HeHIls NOA3eMHBIX BOJ.

OcoGeHHo GONbIIOE KOJHUYECTBO CTOYHHIX BOJ 0O0pasyeTcs HA XHMuue-
CKHX H He(TeXIIMHUYECKNX NpeanpuaTHax (NpOM3BOACTBA COJH, MHUHEPANb-
HBIX YJNOOpeHHH, HCKYCCTBEHHOrO BOJIOKHA H Kayuyka, KpacuTejell u Apy-
iHX BeuleCTB), B He(renoOwBawleli, HedTenepepabaTuBarLLeH, TOPHOPY-
HOH, MeTaNnyprHuecKol, LeNIOJ03HO-GYMAaKHOH H  JPYTHX OTpacisx
IIPOMBILIJIEHHOCTH.

B pesyabrate QuiabTpanHMH TEXHOJOTHUECKHX H CTOUHBIX BojJ BOJAH3H
TEPPHUTOPHH NMPEANPHUSATHS K NPOMEBILIJIEHHEX 0acCefHOB B NOA3EMHBIX BOAAX
NOSIBJSIIOTCA THAeble MeTalJbl, apDOMATHYECKHE BEIIECTBA W MHOTHE [pY-
11e 3arpsA3HeHHst — TOKCHUHBIE, BpefHble MJs 340POBbs M YXYALIAIOUHe
OpraHoJIEeNTHYEeCKHE CBOHCTBA BOJLL.

B nanGonbliefl cTenenu nOABepKeHHl 3aTPA3HEHHI0 TPYHTOBHIE BOAHI,
B KOTODHIE XHMHUeCKHe 3arpA3HEHHs NOCTYNAalT NPH QHIABTDANHH CTOUHBIX
BOJ C MOBEPXHOCTH Yepe3 30HY a3paliv, npH c6poce 3TUX BOJ B MOIJIOLLA0-
1Me BHIPAOOTKH, CKBAXKHHE M APYTHMH nyTAMH. COpOC HEOUHIUEHHBIX CTOU-
HBIX NPOMBIIIEHHHIX BOJ B DEKH M 03epa Ha YyuacTKaX, I'ie OHH NHTAOT
TMOA3eMHbIE BOADI, TAKXKe BLI3LIBAET 3arpsi3HeHHe NMOCHeJHUX.
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XuMHueCKOe 3arpsi3HeHHe TPYHTOBLIX BOJ, KpOMe TOro, MOXeT Mpo-
HCXOAUTb Ha CENBbCKOXO3SHCTBEHHHX TEPPHTOPUSX OPH HEKOHTPOJHUPYEMOM
1136BITOUHOM NMPHMENEHNH SNLOXHMIKATOB H yAOOpeHH L.

B HamopHble BOJOHOCHBIE FODH3OHTH XHMHUECKHe 3arpsiI3HCHHS MOCTV-
MalOT U3 TPYHTOBHIX BOJ U€pe3 PA3MBIBHl B BOJOYNOPHOH KpOBJE (<«JIHTOJO-
rHYeCKHe OKHa»), HeMOCPEACTBEHHO MO CTBOJY BOA03abopHOH MM pa3Be-
JOYHOP CKBa*KHHH [IPH €e MJOXOH H30JALUHH OT CMEXHBIX BOLOHOCHBIX TOpH-
JOHTOB, NMpH cOpoce CTOYHHIX BOA B MONIOMAIOINHE CKBAXKHUHBI, 3aJ0XKEHHLIe
3 TOT K€ HATOPHBIK TODH3OHT, HAa yuyacTKaX NHTAHUS NOMA3EMHBIX BOL H3
3aTrps3HEHHBIX CTOKAMH BOJOEMOB H T. [I.

B BONOHOCHOM rOpH3OHTe XHMHUECKHe BELIECTBA UAaCTO IPETEPNEBAIOT.
meTaMOpGH3aUMIO BCAEACTBHE HX Pas3yoKEHHs, COPOUMH, OKHCJIEHHS HJIN
BOCCTAHOBJIEHHsl, BHNAJEHHsI B OCAJOK, KOMIJIEeKcOOOpa3oBaHHA U JPYTHX
1polleccoB, MPHBOAALIMX K HEKOTOPOMY H3MEHEHHIO KOHIIEHTPALHH, 3 HHOT LA
i1 cOCTaBa 3arps3HAOMIIX BEIECTB.

HabnopeHuaMH, 04HAKO, YCTaHOBJEHO, YTO NPH NJIHUTEJbHOM 1 HHTEH-
CIIBHOM NOCTYIJIEHHH XHMHYeCKHX 3arpsisHEHHH YKa3aHHHE NpOLECCHl He
HaCTOJbKO 3HAYHTEJbHE, YTOOH MNPHBECTH K MOJHOMY CaMOOUILIEHIIO 3a-
TpsI3HEHHBIX TMOJA3eMHBIX BOA. B cBA3u ¢ 3THM XHMHUYECKHe 3arpsi3HEHHS B
BOJOHOCHBIX TOPH30HTaX MOTYT PAacHpOCTpaHATbCA Ha GOJblIMe paCcCTOSHHIA.

Ha yuacTke nocrynneHns 3arpsi3HeHHd B BOJOHOCHOM TOpDH3OHTE BO3-
iUKaer 04ar 3arps3HeHIisl, KOTOPHH B 3aBHCHMOCTH OT THAPOTeOJOTHUECKHX
II THAPDOAHHAMHYECKNX YCJAOBHH MOXKeT H3MEHSTh CBOH pasmephl, mepenBH-
ratbcsi B ONpefleJeHHBIX HanpaB/ieHHAX W T.A. YCKOPEHHOMY pacnpocTpa-
HeHHIO 3aTpf3HEHHH B BOLOHOCHOM TOPH30HTE CNOCOOGCTBYIOT Gosbllne CKO-
pocTH GHAbTPalUMH B XOpOILO NPOHHI@EMBIX OTJOXKEHHSX, BO3HUKAWOLle
npH OOJbIIKX €CTECTBEHHHX YKJOHAX NOTOKA.

Ouar 3arpsi3HeHHil yBeJHUHBAeTCs NpH AEHCTBHH BOA03a0OPHHX CKBa-
KHUH, PacnoJOXKeHHEX B paHOHe ouara 3arpfi3HeHHs], a TaKXe NOJ BJHSIHH-
€M MOBHILEHHBIX HanopoOB Ha y4acTKaX HHTEHCUBHOW (QHJIbTPALUH CTOUHBIX
BOJL H3 T€X HJH HHBIX MPOMBIILTEHHBIX GacceHHOB.

buogaoruyeckoe 3arpsg3HeHHe NOA3EMHBIX BOA

Buonorunueckoe 3arpsiaHeHne NITbeBOH BOJH, Bbi3hiBaeMoe O00Je3He
TBOPHBIMH MHKPOOPTaHU3MaMH, NPeJCTaBAs€eT CEPbE3HYI0 Yrposy 3L40POBbD
nacenenus. ITo sTo# mpHUMHE B MPOLLJIOM BO3HHMKAJH BCOHILIKH HHGEKUHOH-
BIX 3a00JeBaHHH, CBS3aHHbE [MIaBHHIM 00pPa30M C 3arpsi3HEHHEM NOBepX-
MOCTHBIX BOA FIMeIoTCs JaHHBE O NPOHUKaHUH GAKTEPHANbHBIX 3arps3HEeHHH
B moji3eMHble Bogs! [38].

BuosoriiyeckoMy 3arps3HeHHIO NOJBepXeHB NPEHMYLIECTBEHHO TpYH-
TOBHE BOJH, KaK Haubosee GJMU3KO 3ajeramlllie K NOBEPXHOCTH H He HME-
uHe BOLOYNOPHOH KpoBaAH. HMcrouHnkamu O6aKTepHasbLHOTO 3arpsi3HEHHS
TPYHTOBHIX BOA OOGBLIUHO SIBJASIOTCS YYacTKH HHTEHCHBHOM H JJIHTEJbHOS
GunbTpallid 3arpssHeHHHX (eKAJbHBIX W XO37HCTBEHHO-OBITOBHIX BOM —
noast GuJIoTpalUnl, BHrpeOHbIE SME], CKOTHHIE ABODHI, MOrJOLIAOIINE CKBA-
AKHHB M KOJIOAUH, HEUCHDABHAS KaHAaJM3aHOHHAs CeTh U T. 1.

B HanopHbie BOJOHOCHLIE FOPU3OHTH GHOJOTHUECKHE 3arpsi3HEHHs TMo-
JaialoT NpH HEMOCPeJCTBEHHOM cOpoce CTOYHBIX BOJ 4e€pe3 MOrIOWAloIHe
CKBAXHUHBl HJH MIPH OOCTYIJIEHIIH 3arpfA3HeHHBX TPYHTOBHIX H CTOYHHIX BO.1
uepe3 KOpPPOAMPOBaHHBIE TPYOBI H 3aTpyGHOE MPOCTPAHCTBO AEHCTBYIOLIUX
11TH 3a0pOLIEHHBX BO03a0OPHEIX 11 pa3BeOYHBIX CKBAXKHUH.

B npuGpexunble (HHGUIbTPALHOHHbIe) BOXO3aGOPH  GHOMOTIUECKHE
3arpsisHeiliss MOTYT MOCTYNdaThb BMeCTe C 3arpfI3HEHHBIMHM peuHBIMH BOJAMH,
npuBJeKaeMHMH BOJA03ab0poM.
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Kak mokasniBaloT HaGJ10€HHS, 1a/1bHOCTb PACNIPOCTPAHEHHS MHKPOOp-
TAHH3MOB B BOJOMOCHOM T'OPI30HTE 3aBIICHUT [JaBHBIM 06pa3oM OT CKOPOCTIH
GHUAbTPALKH 1 CTENEHHI HAYAJbHOTO 3arpsi3HeHlis BOJAH, OJHAKO OHA cylle-
CTBENHO OTpPaHHUlIBAETCS BpPEMEHEM BHIKIBAEeMOCTH, T. €. JIHTEIbHOCTHIO
CYIIeCTBOBAHIISL MHKPOOPraHII3MOB B NIOJ3EMIIEIX BOAAX

Boabluyio posib B YMEHBIIEHIIH PaclpoCTPaHeHHs MHKPOOPraHH3MOB B
POJIOIIOCHOM T'OPII30HTE HIPAeT TakKkKe HX ajacopbuus (aaresns) Ha YacTHUAX
TpyH1a.

Ecan BpeMsl 1BHXKeHs GaKTepPHAJNbHO 3arpsi3HeHHON BOJAHI OT MeCTa ee
MOCTYT1eHls B BOJAOHOCHBH rOPH30HT 0 BOJA03a00pa MPEBHIAET CPOKH Bhl-
JXUBAEMOCTH GaKTepHil, MOCJAeAHIIE YK€ Ha NyTH JABIKEHHs K Bojgo3abopy
6ynyT JHUIIEHB JKR3HECIOCOOHOCTI! II HE CMOTYT, TakHM 00pa3oM, BHI3BATH
3a00JeBaHUs TPH HCNOJAb30BAHHH BOAB. AHANOTHUHBIA 3alIHTHBI >QdeKT
IPOSIBJISICTCS B pe3ysbTaTe ancopOiuu GaKTepuajJbHEIX 3arpsi3HEeHUi, nonas-
KX B 30HY a3pauuH HIH BOJOHOCHHIH MIACT B OrPAHHUYEHHOM KOJHYECTBE
H B TeueHHe CPABHHUTEJBHO KOPOTKOro spemenu. B ¢Ba3m ¢ 3TUM BOmpoc o
BBIKHBAEMOCTH M ancopOuul MHKPOOPraHH3MOB B BOAOHOCHOM TOpPH30OHTE
uMeeT GOJbLIOE HAYUHOE H MPAKTIUCCKOE 3HAUEHIIE.

YCTaHOBJEHO, UTO BBIKIIBAEMOCTb MHKDOOPraHH3MOB B BOJOHOCHOM
FOpPH30HTE 3HAUHTENBHO OOJblIE, YeM B NMOBEPXHOCTHBIX Bojax. CoxpaHeHHIO
JKHU311eCIOCOGHOCTIT MHOTIX NMaTOT€HHEIX MHKPOOPrauli3MOB B BONLOHOCHOM
{OpH30HTE CHOCOGCTBYET 3aIMUIEHHOCTh HX OT COJIHEUHBIX JiyueH, HH3Kas
TEMIepaTypa U OTCYTCTBHE MHKPOOHOro aHraroHH3ma. bBosesneTsopHble 3H-
tepoGakrepun (6pIOWHOTIIGO3HbBIE N NU3EHTEPHiiHBIE) B BOJOHACHIIIEHHBIX
meckax W Hyax MOTYT BeRKHBATbL OT 28 1o 5l cyr [117]. Has apyrux Bupos
3HTepOoOaKTepHil BEIXKHBAEMOCTb KO1e0eTCsT OT HECKONbKHX AHelt 10 14 me-
csilleB B 3aBHCHUMOCTH OT BHJa MHKpoGa, KOJIHUECTBA BHECEHHOro 33[‘pﬂ3He-
HH5 M JIPYTHX YCJIOBHH MPOBEJEHHS ONHITA.

BrerkuBaemocTh Kuuleunod majsouku E. coli B mojnzemMHbIX BOomax coc-
tapaser 3—7 mecsues [38, 80], a no ornenbHbBIM ZJaHHBIM — Gosee 12 Mecs-
1leB, BBIXKIIBaeMoCTh Gakrepnit Str. zymogenes — 6oaee 12 mecses.

Kaxk ykaswiBajoch paHee, HMeWOTCs ApyrHe OakKTepuH, BPeMsl BHIKHBa-
eMOCTH KOTOpHIX B MOJ3€MHBIX BOJax OOJblie, YeM KHIIEUHOH ManOuKH, B
CBfI3H C UYE€M BbI3blBaeT COMHEHHE MpPEJCTABHTENbHOCTb KHIIEUHOH MajouKi
B KaueCTBe OCHOBHOIO CaHNTAPHO-NIOKA3aTe/biIOr0 Opranii3aMa.

Ancop6uusi Gakrepiil, NPOSBASIOWANCH B BlAe UX OPIJIINAHIST K
OTIeJNbHEIM YaCTHIIAM IOUYB, MOXKET NPOHCXOAHThH, MO CYUIECTBYIOIIHM BO3-
}PEHHSM, BCJIEACTBHE PA3JUYHBIX MPUUHH — H3-3a JEHCTBHS NOBEPXHOCTHBIX
LJH JEKTPHUECKHX CIUI, HAANuHsAd B OaKTepHSAX KJesulHX BELIeCTB H Ap.
WurencuBHoCTh ancopOuHn 3aBICHTOTBIAA I pa3MepoB GaKTepliil, a TaKXKe
GHU3HKO-XHMHUECKOrO COCTaBa M CBOMICTB MOYB, B YaCTHOCTH, OT HX Trpa-
uyJomeTpHuecKkoro cocrasa, pH cpenw, temnepatypel u ap. Ilpu dunsrpa-
il GaKTepHaabHO 3arpsi3HEHHBHIX BOJ uepe3 MOYBY YCTaHOBJeHa KakK anacop-
Ouns Bupycos 11 6akrepnii, Tak Il X AecopOIuisi ¢ COXpaHEINeM XKHU3HECHOo-
COOHOCTH BHPYCOB.

ITpu OTCYTCTBHM HJIM MaJOH MOUIHOCTH TOYBEHHOIO MOKPOBA H 30HBI
aspanuu GOJIe3HETBOPHBIE MHUKPOOPraHH3Mbl MOCTYNAlOT B BOAOHOCHBIN TO-
PHU30HT, He HOTepAB CBOeH xkH3HecnocoOHocTH. B BojoHocHOM roplisonTe
ancopOmus 6akrepuii, Kak MpaBHJio, IPOTEKaeT caabee, 4ueM B MOYBAX, 0CO-
GeHHO NpH HAJHYHKH KPYNHBIX YaCTly rpylTa 1 GOJABIIHX pa3Mepax mop
MeXKJy HHMH, HO BCe K€ H 3/7€Ch 3aMETHO CHHAETCS AAJbHOCTb PacCHpoCT-
panenusi Gakrepudt npu ¢uabtpannd. Tak, BCAEACTBHe aACOPOLHH Haih-
HOCTb PAaCOpOCTPAHEHHS KHINEUIION NajouKH B TPaBeNUCTHIX NecKax Kpym-
HOCTBIO OT 3—4 1o 0,25 MM OpH CKOPOCTH ABHXKEHHs BOJABl | M/CYT cocTas-
asaa Bcero 8—10 m (naboparopunie onbiThl B. K. Crenanenko, 1967 r.).
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TaGanuuma IX.1

DN albHOCTL POBHIKEHHS] MHKPOOPTAHH3MOB NpH (PHILTPALHH B FPYHTAX
(no naryphsim HaGawaeHuam [93])

HanpHocTh
Bun sarpasuenus TMopoapt BOAOHOCHOTOG TOPH3OHTA MPONBHKEHHA, M
Baktepnanboc 3arpas- Ianeunnkn 850
HeHHe
TpeiHHOBaTHE H3BECTHAKH Ho 1000
I'pasuiiHo-raneunne ortnoMeHis 30—200
[TecuaHo-rpaBHiiHO-rajlednbic OTJI0XKe- Bouee 200
HHA
MeJKoseplHCTLIE TTeCkH Ho 15—20
Knmeuynast nmasiouxka Ileckn kpynHocTbio 0,13 aat Ho 20—70
Sir. zymogenes TlecuaHo-rpaBuiiHbie OTJIOMEHNS ~15
Bac. prodigiosum TTeckn ~21
Kumeynas nasouka Mecku Menee 50

B ecrecTBeHHBIX yC/IOBHSIX JaJbHOCTb TMPOJABHMXKEHUS OaKTepHanbHBIX
3arpsi3HeHuii OKa3blBaeTCss 3HAUUTENBbHO Goblell, 0COBeHHO B XOpOIIO Hpo-
HHLAEMBIX FPABHAHO-TAJIEYHBIX I'PYHTAX I TPEUIIHOBATHIX U3BECTIISAKAX, [ie
OHA JTOCTHraeT HECKOJNbKHX COTeH MeTpoB u Gosee. Bosbmyw ponb, KpoMme
TOr0, MrpaeT KOJHUYECTBO H NPONOJIKHTENBHOCTH BHECEHHS B NMOTOK MHKPO-
daopsl (taba. IX.1 [93]).

B nucrutyte o6uiedl koMmMyHaabHoH ruruedsl uM. A, H. Coicuna AMEBE
CCCP (E. WM. MonoxaBass # Ap.) NPOBOJHTCS CPaBHHUTEJbHOE H3ydeHHe
BBKIIBAEMOCTH, aACOPOLHH U JAJbHOCTH pACIPOCTPAHEHHS B BOAOHACHILCH-
HBIX TPYHTAaX HECKOJbKHX pAa3HOBHAHOCTEH GaKTepHH Trpynnbl KUIIEUHOH
nanoukn (E. coli, Citrobacter, Enterobacter) i1 sutepokokka (Str. faecalis).

Onpitamit B CTATHUECKHX YCJIOBHAX OBIIO YCTAHOBJIEHO, UTO 3HTEPOKOK-
kIl o6.1anatoT GoJblllell BHXKHBAEMOCTBIO I MeHbIIEH ancopGupyeMOCThbi0 HA
rpyHTax, uem OGakTepuu Trpynnbl Kuileunoil mnajgoukn. JKusHecnocoGHOCTD
Pa3IHUHBIX BHJOB KHINEUHOH MAJOUKK M 3HTEPOKOKKA B MOJ3EMHHBIX BOJAX
npu temmeparype 4—6°C pocruraer 400 cyr npH HCXOQHOM 3apaKeHHH
BOAb B KoguuectBe 106—107 mMukpoGHBEIX Tea B | n. B ancopGupoBaHHOM
COCTOSIHIIH H3y4YeHHble GAKTePHH PYMNINbl KHIIEYHOH MAJOUKH H 3HTEPOKOKKH
COXPAHSIOT XU3HECTIOCOOHOCTL AOMOJHUTENBHO ellle HA 12—20 cyT, T. e. XHU-
BYT HOJblle, yeM Takue Xe 6aktepHu B mopoBoil Boje. Hekotopnle Goses-
HETBOpHble GaKTepHUH NpH HCXOmHOM 3apaxeHun 100—10000 mMuKpOOGHBIX
TeJ BbKUBatoT B Teuenne 170—300 cyr.

HanbHocTb pacmpocTpaHeHus Tex ke GakTepHil, OnpeleseHHass B AUHA-
MHYECKHX OMbITAX, T. €. NpH GuabTpauun yepe3 MeCKH, 0Ka3anacb MaKCH-
MaJIbHO¥ TaKKe JJ151 3HTEPOKOKKOB.

Bénbluas BHXKHBAeMOCTb HTEPOKOKKOB MO CPaBHEHHIO C KHINEUHOH ma-
JIOUKOH o6GHapymeHa u nmpH HatypHeix Habmwomenusx (E. M. Monoxasas,
1972 r.) na nnduapTpaunoHnom pofosabope Banresepc B Pure, paborato-
LIEM B YCJOBHSIX HCKYCCTBEHHOTO NONOJHEHHS 3anacoB NOJ3€MHBIX BOJ H3
CrenlanbHblX MHQUABTPALHOHHBEIX GacCeliHOB, B KOTOpHIE MNOLAIOTCA 03€p-
Hble BOAH. [1poGbl moA3eMHBIX BOA OTOHpasi u3 HabJI01aTeNbHbIX CKBaX Ui
Ha CTBOpPe OT HHGHJIBTPALHOHHOrO 6accefiHa A0 JHHHH BOA03a0OPHBIX CKBA-
#uH. B BogoHocHBX meckax ¢ Koshduunuentom puabrpauun ~ 30 m/cyT npu
CKOPOCTH ABHXKEHHR BoJbl 2—3 M/CYT RaAbHOCTb pACIpOCTpAHeHHs GakTe-
pHil H3 HHUIBTPALHOHHOIO GacCefHa B MOTOK MOA3EMHLIX BOA (B CTOPOHY
Boap3abopa) cocrasasiia ot 10 go 200 M u Gonee.

K oco6oMy BuLYy 6HOJOrHUECKOrO 3arpsi3HeHHsl ClAefyeT OTHECTH MHOSB-
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JeHHe B NOJA3eMHBIX BOJAX CHHe-3€JeHHIX BOJOpPOCJIEH H »Kese306aKTepui.
IlonoGubie cayyam Obliy oTMeueHbl Ha Geperax MeJKOBOZHBIX BOJOXpaHH-
IHIL OPH PAcCHOJIOKEHUH BOZ03400pHEIX CKBAaXKHH B KPYNHO3€PHUCTHIX Mec—
Kax Ha paccrosinu Meree 200 M oT ype3a BOJHI.

PanuoaktusHoe 3arpsi3iHeHue NoJA3€MHbIX BOJ

PannoakruBHble BewecTsa, BCTpeyalolnecs B NOA3EMHBIX Bofax (ypaH,
pajuil, CTPOHUMH, LUE3UH, TPUTHI U Jp.), HMEIOT ECTECTBEHHOE HJH HCKYCCT-
BeHHOEe MpPOUCXOXKAeHHE. B noAseMHBIX BOJAX pagMOAKTHBHBIE BEUIECTBA
MPHCYTCTBYIOT OGHYHO B MHKPOCKOMHYECKHX KOJHYECTBAX —— B COTBHIX H Thi~
CAYHHIX JOJAX MT/J, 33 HCKMIOUEHHEM ypaHa, COAep}KaHue KOTOPOro B MpH~
POLHBIX BOAAX MOXKET AOCTHraTh AecATKOB Mr/i. Ho maxe npH ouenb MaJuXx
KOHUEHTPAUMAX PajMOAKTHBHbIE BELIECTBA B MOJA3EMHBLIX BOJAAX MOTYT OKa-
3bIBaTh KpaHHe BPeLHOE BJAHsAHHE.

Hckycersennoe 3arpasnende NOA3EMHBIX BOJ PAfHOAKTHBHBIMY 3JIeMeH~
TaMH CBSI3aHO C MOCTYIJICHHEM B HUX paJHOAaKTHBHHIX NPOAYKTOB U OTXOIO0B
IpH HCTOJNB30BAHHH ATOMHON 3HEPTHH MJIH PAAHOAKTHBHBIX BellecTB B OT-
JLeNbHBIX OTPAacjfiX HApOAHOro X03ffiCTBAa, B HAYYHBIX H JedeGHBIX LEJfX,
a TaKXe NpH MOA3EMHOM 3aXOpOHEHIH DaJHOAKTHBHHIX OTXO00B H cOpoce
panHMOAKTHBHBIX CTOYHHIX BOJ B HeLpa 3eMJH, eCJH 3TO NpOH3BOAUTCA Ge3
A0CTATQUHOrQ FHAPOTe0JI0THYeCKOro 060CHOBAHHS.

IIpy nopseMHBIX ANEPHHIX B3pHIBaX, OCYILIECTBJSEMBIX C 1e/1bI0 paspa-
,0TKH TOJ/IE3HBIX HCKONAeMBIX, CTPOHTEIbCTBA THAPOTEXHHYECKHX COOpYKe-
HIH # Ap., 00pa3yloTesa NPOAYKTH §1ePHOrO pacnaja, KOTOpble NMPOHUKAIOT
B 30Hy OOpylleHus H paszgpobJieHHs MOPOA H MOTYT NOMacTh B MOA3CMHHE
BOJHI.

[Ipn ucnbiTaHHKH ATOMHOrO OpPY2KJil BHIMAJAIOIIHE HA MOBEPXIIOCTb 3eM-
JIH paJHOAKTHUBHHIE OCANKH pacmpoCTpaHAOTCd Ha GONblIHE PACCTOSHHA OT
MecTa aTOMHOro B3pHBAa (rsnoGa/ibHble paAHOAKTHBHBIE OCAfKH), a MpH
HHQUABTPALHN TOXKAEBbIX HJIH TAJMBX BOJ DAfAHOAKTHBHLIE 3arpsA3HEHHS MO-
r'yT nondctb B TpPpYHTOBBIE BOMBI.

Oco6eHHOCTBIO PANHOAKTHBHLIX BEWECTB, BJAHSAIOLICH, B HaCTIOCTH, Ha
MX pacnpocTpaHeHHe B MOA3eMHBIX BOAAX, fBJAETCSA CNOCOGHOCTh 3THX Be-
lileCTB K CAMOTPOM3BOJNBHOMY pacrnany. XapakKTepHblii mapaMerp 3TOro mpo-
uecca — nepHojJ moJaypacnaja, T. e. BpeMs, B TEUE€HHe KOTOPOro HayaJbHOoe
KOJIMYECTBO 3JEMEHTa YMeHbluuTcs B 2 pasa. HekoTophbie pamnoakTHBHLBE
J7EMEHTsl HMEIOT CJeAYIOlHe nepHoabl Noaypacnaja:

Pom-131 . . . . . . . . . .« .. 8,1 ¢yt
Crponunit-89 . . . . . . . . . . . 54,5 »
Unprorni-95 e e e e 65 »
Llepnit-144 . e 282 »
Pyrenni-106 . . o 360 »
Ko6aabr-60 . . . . . . . Lo 5,3 roxa
TpuTHit T P G
CrpoHuHit-90 S . .o 28 »
1lesnn-137 e 33 »
Pamuit-226 . . . - . .. . . . . 1,59-10* roma
Vraepoa-14 . . . . . . . . . . . 5,567-100 »
lnsytonnit-239 . . - . . . . . . . 2,24.10 »
Ypan-238 . . . . . . . . . . .. 449100 »

Yul1biBasi CpaBHITENbHO MeAJNEHHOEe ABHXEHHE HOA3EMHbIX BOJ B BO-
JOHOCHHIX IJ1ACTaX, MOXIO 10JaraTh, YTO paal0aKTUBHOe 3arpssiieiie BO~
103a60pOB MOJ3eMHBIX BOJ BO3MOXKHO, rTaBHBIM 006pa3soM, TAKHMH 1130TONA-
MIi, IEpHOJ MOJYpacnajia KOTophiX MpesbllllaeT OAlK-ABa Mecaua. Boaee Ko-
POTKOXKIIBYLIU€ H30TOMbI MPAKTIIUECKI HOJNIIOCTHIO PACNANAIOTCS 11d NEPBBIX
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"METPAaX HUX NPOJBHXKEHUST B MOKPOBHBIX OTJOXEHHAX HUJH B BOJAOHOCHBIX
IJiacrax.

Jpyrum BakKublM CBOMCTBOM GOJBIIMHCTBA PAagHOAKTHBHBIX H30TONOB,
TaKxKe BJHSIOLIHM Ha BO3MOXKHOCTb M HHTEHCHBHOCTB HX MHIpPALHH B MOA-
3eMHBIX BOJax, fIBJseTCH 3HAUMTEJbHAs MNOIJOLIAeMOCTb 3THX 3JEMEHTOB
MOYBaMH ¥ TOPHBIMH MOPOJAMH. DTO OODBACHACTCH OUEHb MAJBIMi KOMIEHT-
palHsAMH PaJHOAKTHBHLEIX 3JIEMEHTOB (KpoMe ypaHa) B NOA3E€MHBIX BOAAX IO
CPaBHEHHIO C eMKOCTBIO MOTJIOCHHS I0UB M PBIXJHIX TIOPOA.

Mexaunsm copOUHMH pAaZHOAKTHBHEIX BELECTB B FOPHBIX MOPOAAax pas-
‘HO06pa3eH M 3aBHCHT OT XMMHUECKOrO COCTOSIHISI 3THA BELECTB B BOJE.
B BoznoM pacrBope, B 3aBHcHMOCTH OT ero pH u cocraBa, pagnoakTHBHBIE
BellleCTBA MOTrYT HaXOAUThbCA B BHAE HNPOCTBIX M KOMIIJIEKCHBIX HOHOB, HEHT-
panbHBIX MOJIEKYJ, B KOJJIOHUTHOH dopme.

ITpoBeneHHBIMY UCCAGJOBAHHAMHE YCTAHOBJICH CJIOXKHBIA Xapakrep cop6-
UMK H JecopOUHH PAaJHOAKTHBHBIX 3JEMEHTOB FOpHBIMH mopopamu. Muren-
CHBHOCTb COpOIHH 3aBUCHT OT BaJEHTHOCTH PAaAIOAKTHBHONO 3JEMEHTa, XH-
MHY€CKOro coCTaBa ¥ TeMINEpaTypbl pacTBOpa, MPaHyJOMETPUUCCKOrO H MH-
HEPaJOrHuecKoro CoCTaBa MOPOJB!, KATHOHHO-OOMEHHOH €MKOCTH HOPOIB H
MHOrux Apyrux dakropos [21]. HauGonee BbicOKOH COpPOIHOHNEON CMOCOGHO-
CTbI0 006,1aaI0T MOYBB H TOKPOBHBIE OTJOXKeHHS. HekoTopele pagnoak-
THBHbIE 3JIEMEHTHI, HanpHUMep HOA-131 u cepa-35, noutn #e cOpOHPYIOTCSA Ha
flopofax; mjaoxo cop6Gupylorcs pyreHii-106, ypan, uesui-137, crpos-
1ui-90.

ITH paJHOaKTHBHbIE 3J€MEHTH 11anGosee onacybl B OTHOLIGHHH 3arps3-
HEHHS NOJ3eMHBIX BOJ, 0COOGHHO JOJrOXKHBYIIHE 3JJeMEeHThl — CTPOHLHH-90,
ne3nd u ypas, obnajamouiie MNOBLIUEHHON MITPallHOHHOH CHOCOGHOCTBIO B
HIOJ3eMHBIX BOAAX. ¥YCTAHOBJICIO, UTO CTPOHIHHE-90 MOXKET HepeHOCHTBCH C
10 J3eMHBIMH BOJaMK HA GOJbILIIE PACCTOAHNSA B TeX CJyuasix, Korga oH BXo-
JHT B KOMIIJIGKCHHE COeIHHEHNs C cyabdaraMn, Kap6oHaTaMHu, TyMyCcOM H
JpYriIMil OPraHAUECKHMH BELLECTBaMIL.

XOpoIlO pacTBOpUMbBIE COEMIHEHIs, TakKkKe Jerko MHIPHPYIOUHe B
fION3eMHBIX BOAAX, AAeT ypaH B OKICJINTENbHOA Ccpele, cospawoluelics, ua-
npHMEp, B MOUYBAX H MOKPOBHBIX OTJIOXKEHIAX, GOraTeiX pacTBOPEHHBIM KIIC-
JOpOJOM H yriekucsaorod [21].

OnacHocTh pafgHOAKTHBHOrO 3arpsi3HeHHsT YrpoXKaeT B MePBYIO ouepelb
IPYHTOBBIM BOJAaM, OCOGEHHO NPH OTCYTCTBHU HOUBEHHOIO CJI0S U MOKPOBHBIX
[PYHTOB, 3afEPKUBAIOILHUX COPOHPYIOUIIIECS 11 KOPOTKOXHUBYIIIHE 3JIEMEHTHI.

B rnyGokue HanopHble BOAOHOCHbIE TOPH3OHTHI Pajil0aKTHBHLIE 3arps3-
HeHHS MOTYT NPOHHKHYTb Uepe3 OTOJOBKH, MeXTpyOHble H 3aTpybuble mpo-
CTPaHCTBA BOA03aGOPHBIX CKBAaXKIiH, @ IPH HAJTHUNH HAa CKBaKHUHE 3pAUPT-
HOfl YCTaHOBKHM — NpH NOACOCE 3arps3HeHHOro aTMochepHOro Bo3ayxa.

TensoBoe «3arpsi3HeHue» NOA3C€MHLIX BOJ

TennoBeIM «3arps3HeHileM» MOXHO YCJOBHO HA3BaTh TMOBHIIEHHE TeM-
nepaTtypsl MOA3EMHBIX BOJ, NPOICXOAALIee HO TeM Il IHLIM MPIYIIHAM OpH
3KCOIyaTalun Bojo3aGopa, MOCKOJbKY MOBHIILENe TeMIEPATypbl BOAB 1A
ke Ha 1°C mpu ee MCIOJb30OBAHIH, HANPUMeED /IS OXJAXKACHHS arperaros,
UPHBOJUT K HENPOH3BOLHUTEJIbHBIM 3aTpaTaM.

INoBblllenne TemnepaTyphl MOJA3eMHBIX BOJ, Ha yyacTke Bojo3abopa BOs-
MOXXKHO BCJIEACTBHE TMpHBJAeueHHsl Gosee HArpeThiX MOBEPXHOCTHbLIX BOA (M3
PeK, 03ep H T. A.), OCOGEHHO ecJIM BOA03a00p PACNOJOXKEH HA HE3HAUHTE/b-
IHOM PACCTOSIIIHK OT BOAOEMA, a BOLOHOCHBIH FOPH3OHT CJIOXKEI XOpOLO Npo-
HHIAEMBIMI OTJOXKEHIIIMI — TPEULITHOBATHMI CKa/JLHBEIMII TOpOLAaMil, ra-
JeUHIKaMI.
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ToBriieHne TeMnepaTyphl MOA3eMHBIX BOJ BO3MOXKHO TakKXKe Ha yyact-
kKax c6poca oTpabOTaBIIMX HATPETHIX TEXHOJOTHYECLHX CTOUHBLIN BOXA B II0-
IVIOUIAIONHE CKBAXKHHBI U B JPYTHX aHAJOrHUYHBIX Caydasx

VI3 paccMoTpeHus pasjHYHHIX BHIOB 3arpsisHeHHl ciaenyeT, 4to GHO-
JIOTHUECKHE 11 PAANOAKTHBHBIE 3aTrpPS3HEHNS HMEIOT B 00IIeM OrpaHHYeHHYIO
ofGnacTh pacnpocTpaHeHHs B BOJOHOCHOM IIJIACTe, MOCKOJBKY HX CYIUECTBO-
BaHHe peryJlHpyeTcs BpeMeHHKIMH (PakTopaMu -— BpeMeHeM BBIXXHBaeMOCTH
GakTepui, BpeMeHeM pacnaja pPagHOAKTHBHOrO 3JeMeHTa H TMpOUeccaMH
cop6uni.

PacnipocTpaneHne TENJOBBIX «3arpsi3HEHHHA» 3a[€PKHUBAETCS NHTEHCHB-
HBIM TEmJI000MEHOM ¢ ITOPOAaMH BOJOHOCHOIO TOPH30HTA, €ro KpOBJH H IIO-
JOLIBH ¥ NPOABJASeTCd B GoJbIIOM MacuiTabe B CpaBHHTEJLHO DEAKHX CIy-
yasx — NpH 3HAUUTeJbHOM OOBbeMe HpHBJEeKaeMhHX OGoJjlee TelabX BOJ B
TeueHHe NJINTEJBHOTO BpeMeHH (HampuMep, TOBLILEHIE TeMNepaTyphbi MOJ-
3eMHBIX BOJ Ha TePPUTOPHUH MOCKBHI 1 APYTIIX TOPOAOB).

HantGosee CTOHKUMH H JajJeKo paclpOCTPAHAIOUUMHUCA B BOZOHOCHBIX
nacTax SBJASIOTCA XUMHUeCKHe 3arpsAsHeHns. XoTs cop6Uus i Apyrie BHIH
HOTVIOUeHHST W MeTaMop(dusanuu CcrnocoGCTBYIOT HEKOTOPOMY yMEHbIIEHHIO
HX CO/lepXKaHUs B BOLE Ha NMyTH (PUABTPAUHH B IJacTe, BCE XKe Ha NOJHOE
CaMOOYHILeHHe BOJB, KaK IIPAaBHJIO, paCCUUTHIBATh HeJb3s.

Ha ocHoBaHHH H3J10:KEHHOTO MOXKHO BBIZENNTE caedyioline oblie IyTH
NOCTYIJIEHAS] PAasJIHUHBIX BHAOB 3arpA3HeHHH K BOJ03a06OpPHLIM COOpY-
JKCHUSIM:

a) HHOUJIBTpPAUUSA 3arpsI3HEHHBIX XO03HCTBEHHO-OBITOBHX H TPOMBIILIEH-
HBIX CTOUHBIX BOJ Uepe3 30HY a3pallii Ha TEPPHUTOPHH MPOMBIIJIEHHBIX TIPeS-
IPHATHH, FOPOLOB U IOCEJNKOB; W3 HoJel ¢uabTpanuu, caabo3KpaHHpPOBaH-
HBIX HAaKONMUTEJNeH H APYTUX NPOMBIIIJEHHBIX GacceAHOB; HHQHAbTPALHUS 3a-
IPsISHEHHBIX aTMOC(QEpPHBIX 0CAKOB II OPOCHTEJNbHBIX BOJ,

6) ¢uapTpalnsa 3arpsA3HeHHHIX XO35SHCTBEHHO-GBHITOBBIX H IIPOMBIIIJIEH-
HBIX CTOUHBIX BOJ M3 HE3KPAHHPOBAHHHIX XBOCTOXPAHHJHULL, HAKOMHTENEH,
HCHapHTesed MW JPYyFrHX KpYNHBIX GacCceHHOB, COCHpAOIUUX CTOUHHE
BOJHL;

B) MOCTYMJIEHHEe 3arps3HEHHbIX CTOYHBIX BOJ W aTMOC(EPHEIX 0CaIKOB
HEMOCpeNCTBEHHO B TPYHTOBBIE BOJb! Uepe3 CTOUHBIE KAHAJH, ITOTJAO0IIAI0IIHE
CKBaXKHHHI, AMbl, KAPCTOBLIE BOPOHKH;

r) nmpuBJedeHne K GeperoBblM Bono3abopaM 3arpA3HeHHBIX TOBEPXHOCT-
HHIX BOJL H3 peK, 03ep, cC6pPOCHBEIX KaHAJOB | T. II.

B HamopHeIx Bofax NMOCTyIUIeHHe 3arpsi3HeHHi 0GYCJ0BJEHO TpHBJeUYE-
HHEM 3arpsi3HeHHBIX TPYHTOBHIX BOJ U3 BHILIEJEXKALUEro BOLOHOCHOTO TOPH-
30HTa yYepe3 «JIHTOJOCHYECKHE OKHa» B C1a6GONpPOHHIAEMBIX TOPOAAX KPOB-
JH W MO CTBOJY CKBAaXKHHBI, @ TaKxe BCJeNCTBHe MEPUOLHUYECKON HJH IIO-
CTOSIHHOH (GHUJIbTPAIUK 3arPsI3HEHHBIX PEYHHIX H JPYrHX HOBePXHOCTHBIX BOJ,
Ha yyacTKax MHTAaHHS BOLOHOCHOTO FOPH3OHTA.

3. MUTPALUA 3ATPA3HEHUHA U TENJA B NMOA3EMHBIX BOJAX

[Tpn mpoeKTHPOBAHHH BOLO3aGOPOB 110J3€MHBIX BOJ NOJXKEH GBITh naH
IPOrHO3 M3MeHEHHS KauyeCTBa BOJAH BO BPEMEHH H, MCXOAS M3 3TO1O, Ompe-
HesleHbl pexXHM 3KCIJayaTalllH H CPOK AeHCTBHS BoJo3abopa,

[Tpornos kauectsa BoAbl B BOZ03aGope OCHOBHBAETCSs, B TEPBYIO Oue-
pellb, Ha H3yYeHHH H JEeTaJbHOM aHajJHu3€ THAPOTe0JOrHueckKon oBCTaHOBKH
1l THAPOXMMHUYECKHX yCJIOBHH palioHa pa3MelleHHst BoposaGopa. [lpn rup-
pOreoJIOTHYECKHX H3BICKAHHAX [JOJKHBI OHITh BBIAIBJEHBI OCHOBHBIE 11 JO-
MOJIHUTE/NbHbBle UCTOUHHKH MHTAHAS MOJA3EMHBIX BOJA, a TaKXe CYIIECTBYIO-
IlHe H BO3MOXKHHE HCTOYHHKN HX 3arpa3HeHHS.
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VcTOuHHKI 3arps3HeHis, eCJH pacCMaTPHUBATh WX C TOUKH 3peHNS OKa-
3BIBAEMOrO THApoaHHaMuueckoro s@dekra npu QuAbTpaNUH, MOXKHO pas-
JeAnTh Ha QBe TPYMIIBL

1) axTHBHBIE I[ICTOUHHKH 3HAQUHUTEJbHOH QHAbTpAUMH 3arpA3HeHHBIX
BOJ, BJHSIOINIHE HA YPOBHH M CKOPOCTb JBHIKEHHS GHLITOBOTO INOTOKA MOj-
3eMHHBIX BOJ;

2) HeaxTHBHble HCTOUHHKH, 3arpfA3HEHHblE CTOKH H3 KOTODBIX TMOCTY-
malT B HeGOJBIIMX pa3Mepax W MPaKTHYECKH He B/AMAIOT Ha YPOBHH, CKO-
pPOCTH U pacxo[bl €CTECTBEHHOTO NOTOKA MOA3€MHHIX BOZ.

K ruzpoauHaMiiueckKd HeakKTHBHBIM HCTOUYHHKAM 3arpsi3HeHHsT OTHOCHT-
Cs TaK¥e YYacTKH NOPOJ U MOA3E€MHHX BOJ, COAepiKallfe 3arps3HAIONHe
BEILECTBA, KOTOpPble MOCTYNHJIH B BOJOHOCHBIA IJIACT paHee, 10 IIpekparie-
HUS MeHCTBHSI HCTOUHHKA 3arpsisHeHHst (HampuMep, YUYacTKH CTApbIX, He-
JeHCTBYIOIUX noJed QUAbTpalnlyd, XBOCTOXPAHUJIHNL H T.I.).

Ilpn Hanuunp Kax aKTUBHBIX, TAK H HEAKTUBHBIX UCTOYHHUKOB 3arpsi3He-
HUSI TTPOMCXOAUT YXYAlIeHHe KauecTBAa BOABI B 3KCIJIyaTHPyeMOM BOJOHOC-
HOM TOPH3O0HTe.

OCHOBHOH 3KCIIYaTHPYeMBIH U CMeEXHBIE BOJOHOCHBIE TOPH3OHTHI, a
TaK)Ke CBf3aHHble C HUMH OJMKAHIIME PEKH, BOJLOEMBl, XpaHHUJIHIPA GBITO-
BbIX U TIPOMBIILJIEHHBIX CTOUHEIX BOJ U T.II. JOJXKHBI OBITh HOJHOCTBIO OCBe-
IIeHH B IIPOEKTe B OTHOIIEHHH XHMHUECKOro COCTaBa BOJbI KaK MO OCHOB-
HBIM 110KA3aTeqsM, TakK H Ho ChenliHUecKUM MoKa3aTessiM, XapaKTepHay-
1OLUM CTOUHBIE BOJBl TaHHOTO paiioHa.

PaaMeprl pafioHa, B Npenenax KOTOPOTO IPH H3BICKAHHSAX H3yuaeTcs
COCTAB MOA3EMHBIX M MOBEPXHOCTHBIX BOJ, ONpeNessilOTCS HA MEPBOM 3Tare
IPOEKTUPOBAHHS MO OPUEHTHPOBOUHBLIM pacueTaM, HCXOAS H3 YCJOBHUS, UTO-
Obl BpeMsl JBHXEHHA BOJ K BOA03a0OPY CYNIECTBEHHO MPEBBILIAJO CPOK
3KcnJayaTalui BoZo3abopa.

BecbMa BaxHBIM SIBJASIeTCS OMpefielIeHHe KOJHYECTB BOABI, MOCTYHAIO-
IMHX K BORO3abopy H3 OTHAeJbHBIX BOLOHOCHBIX TOPH30HTOB, BOJOEMOB H
HCTOUHHKOB 3arpf3HeHHs, W HX XHUMHUECKOIO COCTaBa € Y4eTOM BO3MOXK-
Hoil MeTaMop®H3ailul BOJABl Ha NYTH ABHXKEHHA K BOLo3abopy.

Pemenne Bonpoca o6 H3MeHeHHH COCTaBa MOA3EMHBIX BOJX IPH HX ABH-
JKEHHH I10 BOJAOHOCHOMY IJIACTy OCHOBBIBAETCS HA TEOPUH MHIPAIHHU PaCTBO-
pPOB B TOPHBIX MOPORAX (B MOPHCTHIX CPelax), HUCIOAb3YIOMER MeTonbl dii-
3HKO-XUMHUECKON THAPOJAHHAMHUKH.

Maccoo6MeH B Murpanuss XMMHYECKHX BEIECTB B IMOPHCTBIX CPenax,
B YACTHOCTH B MOJA3E€MHBIX BO/AX, PACCMATPHBAJIHCh MHOTHMH HCCJeoBaTe-
JAfIMH B CBfI3H C MeJIMOpanMed 3acoJeHHBXx 3eMenab [6, 42], npusieue-
HHEM COJIeHBIX BOJI K BOJozaGopam [16, 17, 53, 88—91], 3akaukoii CTOUHHIX
BOJ B MIYGOKHEe rOPH3OHTHE 3eMHOM Kopel [44, 54], 3amuToi BOLOpacTBOpH-
MBIX TOPOJA B OCHOBAHHH F'MJPOTEXHHYECKHX COOpyKeHHH [96, 97], szarpss-
HEeHHEM HOA3EMHBIX BOJ B padOHe XPaHMJHI NPOMBIIIJIEHHBIX CTOKOB [28,
29, 35, 37, 135] u nmp.

O6mas mocraHoBKa 3a1a4 O MHTPAmMM coJiel B TOJA3eMHBIX BOJAX
C YYeTOM COpPOUMH M DAcTBOPEHHS H pelUeHHs LeJOTo psifa TAKHX 3ajadu
MPUMEHHTEJbHO K PasjHuHBIM HHXKeHepHBIM MpoGJeMaM JaHel B pabore
H. H. Bepuruna n B, C. lllepxkykoBa [42].

®unpTpanns nol3eMHbIX BOJ, COAEPKAIHX B CBOEM COCTAaBe PacTBO-
peHHble, 3MYJbrHPOBaHHEe WM B3BeLICHHBIE BEIECTBA, COTMPOBOXKAAETCH
B3aUMOJEHCTBHEM MEXIy XHAKUMI (azaMu (UHCThle OpECHHEe N 3arps3-
HeHHble NJIH MHHEPAJH30BaHHBIE BOJH) M TBepJoH dasoil (ropHast mopoaa).

PaccMoTpuM OCHOBHBIE BHABI MepeHOCa BemecTBA H MaccooGMeHa B
TOPHBIX MTOPO/IaX B CBSI3W C OIEHKOH KauyeCTBa MOA3E€MHBIX BOJ KAK HCTOY-
HHKa BOAOCHAGXKeHu4.
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KonsexTusnoui neperoc, siBasioudiicst raaBHbIM (GaxkTopoM MHTpalHi
BEUECTB B BOAOHOCHBIX IJAaCTaX, OCYUleCTBJASETCA B BHAE IepeMelleHns
PacTBOPeHHBIX HJH 3MyJbTHPOBAHHBIX YACTHIl BMeCTe ¢ (QUABTpYIOUIeHCS
BOJIOH 10 HampaBJeHH:o ee ABHXKEHHs. HacTHuma BellleCTBa B JaHHOM CJy-
yae NePe/IBUTAeTCsl B TOTOKEe KaK «MeTKa», KOTopas [IBHXKeTCsT ¢ TOH e
cpeHell CKOPOCTBIO, YTO M BCSI OCTaJbHas Macca 4aCTHI[ XKHUIKOCTH («He-
MeUeHBIX»).

Onnako mu3-3za pasiaHuusi JOKAJbHBIX CKOPOCTEH TEUEHHS KHAKOCTH,
00yCJIOBJIEHHOTO HEPaBHOMEPHBIM paclipepe/eHHEeM IOp H TPeuwHH B IIOpo-
Je, MaKpPOHEOAHOPOMAHOCTbIO H T.[., OTAEJbHBIE «METKH» HMEIOT CKOPOCTb,
OTJIMYAIOIYIOCS. OT CPefiHed CKOPOCTH NOTOKA, 4TO NPHBOAHT K PaCCEsHHIO
YacTHI[ BELIeCTBA MO NyTH (UIbTpAuMH, T.e. K TAK HasblBaeMoH eudpas-
auneckod (purvrpayuonnoii) ducnepcuu. Oua HpOABJISETCS B TOM, 4TO
KOHTAKT MeXAYy INOJA3eMHBIMH BOAAMH pa3HOro coCTaBa He MPeACTaBJsIET
co60# YeTKOH I'paHunbl U npH ¢uJbTpanuyu npuobpeTaet BHA 30HBI IOCTe-
IEHHOTO Nepexoja OT OXHOH XKHIKOCTH K APYTOH ~— 30HbL CMEUUEHUA.

XapakTepHblM napaMeTpoM Ipolecca paccesHHs sBasercss kodhduun-
€HT KOHBEKTHBHOH (THapaBJuvecKol, GuiabTpalHoHHOH) aucnepcun /i, Ko-
TOPHH 3aBHCHT OT CKOPOCTH (HAbTpPANUH U H napaMerpa BHYTPeHHEH
CTPYKTYPHl IOPHUCTOH Cpemnl A.

Cesasbp Mexpy BeauunHamMu r, v B A MOXeT HMETb Da3JHYHbIA BHJ
[18, 132]:

Ar = A (1X.3)
Ar = A+ Ar*. (1X.4)

)

Bupaxenne (1X.3) nomTeepkaeHO MHOrOUHCJEHHBIMH 3KCIepHMeHTa-
i, [lapameTpsl gucnepcHu Ay M A XapaKTEpHU3YIOT FeOMETPHUECKYIO CTPYK-
Typy NIOPOBOro IpOCTPaHCTBA.

Caenyer uMeTb B BHAY, UTO MPH 3KCIEPHUMEHTAJBHOM H3yueHHH (HJb-
TpalHH M THADOAMHAMHYECKOH RHUCIepCHH Ha HeGoJblINX obpasunax Iopo-
Jbl CKa3blBAIOTCSl TJaBHBIM 00pa3oM MHKPOCTPYKTYPHble 3Je€MeHThI, Mac-
wTab KOTOpPBIX COH3MepHM C pasMepamMH YacTHI ITOPOJbl U NOp H KOTOPbIe
CBsSI3aHBI C pacHpefeseHHeM CKOPoCTeli mo mopam pasHoro pasmepa. Ilosto-
My o JabopaTOpHbIM OmbITAM C OAHOPOAHBIMH INECKAMH, CYIeCAMH, rpa-
BHEM IlapaMeTp A; CpaBHHTEJNbHO HeBEJHK — oH uaMeHsercs oT 0,1 no 2—
3 MM [42, 98], a koabduumHeHT rHApaBAHYeCKOl Aucnepcuu [ cocTaBiser
cooTBeTcTBeHHO 10—5—10-2 cm?/c.

[Tpu duabTpanuu B peajbHbIX BOAOHOCHBIX I1ACTaX MPeolIafaioT yKe
MaKpOCTPYKTypHble (DaKToOpbl, 0OYCJOBJEHHbIE pa3jJHuYHEM B [POHUIIAEMO-
CTIl OTHAEJNbHBIX YYaCTKOB HOPOA, NepeceueHneM naHGosée NpOHUIAEMBIX
KaHaJjoB W nyTeHd ABHMKEHHSI XUAKOCTH H T.X. 31eCh MO Mepe [BHKEHISs
pacrsopa CMelleHHe KOMIIOHEHTA C IIJIaCTOBOH BOJOH HempepblBHO BO3pa-
cTaer 1 KOo3(QQHUHEHT ruapaBanueckol pucrmepcuy Hr yBennunBaercs. Ha-
n6oJee 3HAYUTENbHON, NMO-BHAHMOMY, AOJ:KHA ObITb BequuuHa [, B Heop-
HOPOAHBIX TIOPOBO-TPEILHHHBIX BOXOHOCHBIX miacTax. OfHAKO 3KCmEpUMeH-
TaJbiblX AAHHBIX Ho ONpelejeHHio [ B MOJEBBIX YCJIOBHUSIX O4YeHb MaJo.
HabGmonennsamn 3a 3amyckoM pacTsopa B CKBaXKHHY, MPOGYpPeHHYIO B Of-
HOPOJAHO-TPEIIHHOBATHIX H3BECTHSKAX MEPMCKOr0 BO3pacTra ¢ koadduuuen-
ToM QuibTpauun 0,2—0,7 m/cyT, ycraHoBaeH mapamerp A;~30 cm [98].

Hapsany c onucannoil npomo/bHoil gUcepcHel, MPHBOASIEH K «pacces-
HHIO» BELICCTBA B HampapJeHNH (MJb1palii, OTMeYaeTcs NONepeuHast AUC-
niepcusi B APYrHX HampaBJeHHAX, TaKxe BbI3bIBAIOLLAs CMEIIEHHe pacTBOpa
¢ TL.1acTOBOH Bopoil.
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Tonepeynass aucrnepciss OOBACHAETCS TeM, UTO (QUJABTPYIOLIHE TOpHBE
MOpPOABI COCTOAT H3 GecnopsJOuHO OPHEHTHPOBAHHBIX NMOPOBBIX KaHAJIOB,
KOTOpble IepecekanTcs Mex1y coOOH, MpHdeM B MeCTaX MepeceyeHHs 3THX
KaHaJoB O0pa3yloTcss KaMephl, B KOTOPHIX CMEMINBAIOTCA CTPYHKH KHIKO-
CTH, MOCTyIAIOMeld W3 HECKOJBKHX KAHAJOB.

4 N
G

= @W/@W%j "

Puc. I1X.1. Incnepcust KHAKOCTH B
MOPOBBIX KaHaJaX a) ¢

1 — MeueHast KHIKOCTb; 2 -— XHIKOCTb o
Ge3  METKH; 3 - KaMmepbl CMeLUIEHHS; 4“,;"3:‘;3}*"_",/” r g
U — HanpaBJeHHe cpenHef CKOPOCTH AN AT
noToka :."I‘III/II
E
Puc. I1X.2. Paccesnme semectsa B )
BOLOHOCHOM MMacTe B pe3yabrate (
HOMepeyHo#t W NpOLOALHOW RHCMeD- 1 _
cuu / ¢

a — nnaH; 6 — cevenne no ABC w DBE:
A — MeCTO NOCTymMeHHs BellecTBa B
nnacT; U — HanpasleHHe cpedHefl CKOpo-
CTH NOTOKAa; fi, f, f3— KOHTYDHl 30HBI
IHCTIepCHH K MOM@HTaM BpeMeHH fi, f, f5
C — OTHOCHTeJNIbHAS KOHUeHTpallHs Belle-

cTBa B Bole (B Touke 4 C=1)

H3 kamep cMmemennus pasGaBieHHas >KHAKOCTb 3aT€M MOMET OTBOLHTL-
¢ B KaHaJbl, He COBNAJAIONIKE C HATIpaBJAEHUEM cpeiHero noToka (puc. IX.1),
B pesyjbrate TeopeTHYECKOTO paccMOTpeHHs TAKOH MOAENH  HOJY-
9eHO, 4TO KO3(PQHUuHEHT momepeyHoH aucnepcun B 5—7 pa3 MeHblle KO3(-
¢uunedTa npofoapHOE AucnepcHy. [To ApyrHM MaHHBIM 3TO OTHOIIEHHE
MOKeT OBITb elle GOJNBUIHM, OJHAKC M B 3THX CJAy4YasX HOTepeqHas JHCIep-
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CHSl BHICTYMAeT KaK MeXaHU3M, IPUBOASIINA K JOTOJHUTEJbHOMY paccesiHHIO
Bemrectsa (puc 1X.2).

CooTuomenle Mexay kKoshduuuenTaMu OPOAOJBHOH i1 IIOTIEPeYHOM
AHUCIEPCHH, TO-BHOAHMOMY, 3aBHCHT OT cKopocTH (HABTpALuil U peasbHOH
CTPYKTYpBl TIOPOBOTO TpocTpaHcTBa. Hannunme mesKo#t CIOHCTOCTH, OpHEH-
THPOBAHHOH TPEUIITHOBATOCTH, JHH3000pa3Hoe 3ajeraHHe INPOCJIOeB INOBHI-
IIeHHON UM HOHWKEHHOH NPGHUIAEMOCTH CHOCOOCTBYIOT YBEJIHUEHHIO KO-
3¢ GUIHEHTOB AUCHEPCHE H H3MEHEHHIO X COOTHOWIEHHS B TY HJIH HHYIO
CTOPOHY.

Mounexyaapro-dupppysuonnsti  neperoc BemecTBa 00YCJIOBIHBAETCS
Pa3HOCTBIO KOHIEHTPALHH BellecTBA B OTAEJbHBIX YyYyacTKax BOJOHOCHOTO
IJ71aCTa U MPOUCXOAUT AaxKe MPH OTCYTCTBHH ABHXKEHHA MOJA3EMHBIX BOI

OnHako HHTEHCHBHOCTB 3TOTO IpoOlLiecca B TFOPHHIX I[IOPOAAX HE3HAUH-
Teapna. dddekTuBupil Kosbduuuent Modekyaspuod auddysun A, 3aBu-
CHT OT HOPHCTOCTH 7 U BHYTPEHHEH CTPYKTYphl HOPHCTOH CpelH:

dy = Aygn 02, (IX.5)

rie A; — K03(pHUHEHT H3BHAHCTOCTH NOPOBHX KaHanos (Az;<<Tl), ﬂg— k03 HIHEHT MO-
Jeky asoHol naddysan B xunkoctH (~ 103 cm?/c), saBucAlmMH OT pa3vepa H 3JekTpHUe-
ChOro 3apsana IuddyHIAPYIOWEro HOHA

Hocaowernue BeujecTs 113 MOA3eMHBIX BOJA HPH (QHJABTPALHI MOXKET
OKa3blBaThk OoJibllloe BJAHAHHE Ha pacnpocCTpaHeHHe SaI‘pHSHeHI/II:'{ B BOJOHOC-
HOM TIIJIacrTe.

Xapakrtep TMOIJOLIEHAs] 3aBICHT OT BHAA 11 COCTaBa COAEPXKAIIUXCS B
OA3EMHHIX BOJAX BEIIECTB M OT COCTABa, CTPOEHHS H CBOHCTB HOpOJ BOILO-
HOCHOTO IJ1acTa. BaXHyio poJb Cpead MpPOLeCcCOB MOMVIOUIEHHST urpalr ¢u-
3nnyeckas (o6patnmasl) u xmuMmuueckas (HeobpatuMasi) copOuMs, HOHHBIHA
o6MeH, 3amepKKa BellecTBA B TYNNKOBHX mopax (T.e. B 3aKPHITHX OTBET-
BJE€HUAX TOPOBHIX KaHaJIOB), BHIITAJeHHe BelleCTB N3 pacTBOpa B 0CajoOK
u Ip.

Muoroo6pasie POLECCOB MOTJOLIEHHS 3arpA3HEHHBIX BEILECTB B IIOI-
3eMHBIX BOJAax He Bcerga JonyCKaeT pas3iedbHYIO HX OLEHKY, I O6GBIMHO OHH
paccMaTpuBatorest B o6o6uieHHoM BHae. Bo MHOrHX ciyuasix KHHETHKY 3TO-
o 0606H_LGHHOI‘O npouecca MmorJolleHus BellecTBa TBEPAbIMH 4YaCTHL AMH
IMOPOABE MOXHO OXapaKTEepPH30BAThb TaK K€, KaK B TEeOopHUun COp6LLI/II/I, caeny-
IOUINM ypaBHEHUEM

oN

5= (€ —BN), (1X.6)

r1e N — koaunuecTso copOHpyeMoro peliecTsa (T € BelecTBa, MNOTAOLIEHHOTO H3 PacTBOpd
TBepAoit $a30fi) 3a Bpems !, & — KO pdHUMenT ckopoc1H cOpbunm (norsnomenns); € -—
KOHIEHTpAalHs BemecTBa B KHAKOH (aze, P — kosadpduumedT pacnpelesIeHHst BewecTsa
MeKIV KHIKON H TBepaoit da3zoit

(1X.7)

Ny — mpemeabHoe (paBHOBecHOEe) KOMHYECTBO INOTJOMIEHHOTO BEIeCTBA NPH COOTBETCTBYIO-
e kouuentpaunnd Cy

3pecs W B jpanpHedllIeM MOTJOLIEHHOE BeLIECTBO OTHOCHTCH K 06beMy
NOpOBOro NPOCTPAHCTBA H, TakMM obpasoMm, N BHpa)KaeTcs B TeX Xe elH-
HHLAX, yTo U KoHuentpauus (kr/m®). [Ipu 3Tom Ko3dduuHeHT pacnpepele-
HUA P — BeanuuHa Ge3pasMepHas.

[Ipn Heorpannuyenuo GoJbIIOH €MKOCTH MOIJIOIIEHNS TOPOABl HCHO.b-
3yeTcsl 3aBHCUMOCTh

dN

=aC. 1X.8
i (1X.8)
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Cop6inoHHEIe CBOHCTBA TOPHHIX TOPOA B OTHOIIEHHH pAa3/JHYHEIX 3a-
1 pASHSIOIIUX BELIEeCTB, TAK JKe KaK H APyrHe BHIBI MOTJOLUEHHS PACTBOPEH-
HHX BelllecTB B (QUJIBTPAIHOHHOM TNOTOKE MOJA3eMHBIX BOJA, H3yueHH HEHO-
CTaTOUHO.

[To uMelomumcst JaHHBIM, Tpn GUALTPALHI B BOXOHOCHBIX MOPO1aX
cop6unsi o6bHYHO mpoTeKaeT OLICTPO H XapaKTepH3yeTcsl BLICOKHMH 3Haue-
HuAMH Kospduunentos a (a==1--10 u Goaee 1/u) [99], uTo mno3Bo/IsET
HCKJIOUHTb M3 DPACCMOTPEHHS] KHHEeTHKYy COPOUMH H COOTBETCTBYIONIE el
ypasuenns (IX.6) u (IX.8) u cunrath mpouecc copbunu (B GoJsiee oBieM
CMBIC/I€ — MPOLIECChl [OTJIONIEHIIS BeIeCTBa TBEPABIMH YACTHLAMH MOpO-
ABl) pAGHOGECHbLM, T.e. MPOTEKAIONUIM MTHOBEHIIO. B 3Tom cjyuae BMecTo
ypaBHEHHS KIHETIIKH HCHOJb3YIOTCH ypaBHeHHS] H30TepMbl copOuuH. B ua-
CTHOCTH, IIpH JHHeAHOH H3oTepMe I'eHpH GyneM HMETh:

dN 1 0C

1
=——"C’ —_— = y
dt p or

B

rie Kosdoduuuent P onpenenserca mo popmyne (1X7).

3naueHns Ko3popuuueHTa f§ BappUPYIOT B GOJBIIUX TPEAENAX — OT THi-
CSIUHHX goJel, uTo, KaK BHAHO U3 (IX.7), xapakrepusyeT xopouwo copGupy-
omyecs BeiecTsa, 10 o—30 — 15 MI0X0 COPOHPYIOMUXCS, HATIPAMEp, A/
IIOBEPXHOCTHO-AKTHBHHIX BemecTs [28, 100, 136].
QuavTpayus paduoakTUBHbLX Gew,eCT8 CONPOBOXKAAETCS CHHIKEHHEM
uX KOHLEHTpAlMH H3-3a pacnaja, MmPoHCXOASIIETO 110 YPaBHEHHIO
N,

L =_2acC,
ot 4

(1X.9)

rie Np — KOJHYEeCTBO BewiecTBa, MoxBeprineeca pacmapy; C — o6was KOuLEHTpauus Be-
1IeCTBA B PAacTBODE.

[Tpunnumas, HanpuMep, JHHEHHYIO 3aBHCHMOCTb MeXny Np u C, nosyunm
= =—C, (1X.10)

rae Ay — KO3 HUHEHT, OMpeleaseMblll CKOPOCTHIO pacnana.

Ecau paccMatpuBaTh MPoLECC PagHOaKTHBHOLO pacliaga He3aBHCHMO
OT BCeX APYTHX IPOLECCOB (AUCMEpCHH, COPOLHUM H T.1.), pelleHHe ypaBHe-
s (1X.10) B arom cayuae (npu {=0, C=Cy) BHpasutcs B CJAeLyOLEM
BUJE:

C = Cpe™ M, (ax.11
1, C
t:zln?‘). (1X.12)

3t GopMyJiHl 4aCTO HCIOJB3YIOTCS [PH MPAKTHUYECKOH OlIEHKe Bpe-
MEHH BO3MOXHOI'O CYUIeCTBOBAHHSI PAaAHOAKTHUBHBIX BEL(ECTB B IIOJ3eMHBIX
BOJAX, MPUUYEM TPHUHHMAETCS

0,7
T ’

Ay & (IX .13)

rae T — mepuon mosypacnaga saeMeHTa.

Gopmyaoi (IX.10) nHorga omnuchiBaeTcsl Npouecc OCaXAEHHUS KOMIIO-
HeHTa U3 QHABLTpyIOUIerocsl pacTBopa (ec/H XUMHuYecKas peakuHs B3aHMO-
JEHACTBHA 3TOTO KOMIOHEHTA € MOPOJOH HJIH MOJ3EMHBIMA BOJAMH NPOXOJAHT
Kak HeoOpaTHMas peaKuyus NepBOTO NOPsKa).
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Konsekrusno-oupgyauonnotii o6mern, TPOUCXOIANHA MeXKAY OCHOBHEIM
BOJIOHOCHHIM NJaCTOM H BMEIIAIOIIHMH ero MnopofaMH NOAQIUBEL U KpOB-
JIH, BJeYeT 3a COGOH M3MeHeHHe MAacChl HAXOAALIUXCS B ITOL3EMHBIX BOZAX
BeutecTs. Ilpu BogoHenpoHHIaeMBIX BMeUIAOIIAX HOPOAAX 3TOT 0GMEH HMe-
er yucto nudQysnoHHblil xapakiep, npH GoJjee MPOHHIIAEMBIX BMEULAIONUIHX
nopofax npeoGJangaeT KOHBEKTHBHBIA TTPUBHOC HJH OTBOJ KOMIIOHEHTOB.
OTH SBIEHHS MPeaCTABJASIOT HHTEPEC B CBS3H C pacmpocTpaHeHHEM Be-
UIeCTB B MOJ3EMHBIX BOJAX CJOHCTOH TOJIIH, a TaKxKe MpPH HHQHUIbTpANUH
NOBEPXHOCTHHX HJIM CTOUHHIX BOJ B OCHOBHOH BOJOHOCHBIH TOPHU30OHT Ha
3HAUUTEJbHOH IJIOILAAH H B JPYFHX CJayyasx.

C yueToM Ha3BaHHBIX MPOIECCOB NepeHoca H MaccoobMena MNPHEJIH-
XKeHHOe ypaBHEHHe pacrnpocTpaHeHUs BellleCTBA B OAHOMEPHOM IOTOKE HMe-
et Bup [35]:

C(e1—2,)

2C —pyC —
Ay oy .

ac
=n—4W,
n 5 +W.. (1X.14)

rie C — o6beMHasl KOHUEHTpauHd KOMIOHEHTa B MOA3eMHBIX BOAax; [ — 0606ueHHHA KO-
apdHUMEHT MOJEeKYIIPHOH M KOHBeKTHBHOA auddysuu n pacnepcud (A=Hu+dr); v—
cpeflHsisi CKOpOCTh (PHIBTPAUHM; M — MOLWIHOCTb NJacTa; & H €z — CKOPOCTH NepeTeKaHHs
BOMB yepe3 [OMOUIBY M KPOBAK MJacTa; 7 -— akTHBHAS MOPHCTOCTb, XapaKTepH3ylowas
4aCTe O6beMa MOp, 3aMOJHeHHYI0 TPaBHTAUHOHHOH BOJAOA H OTKPHITYI0 (0BOGOIHYIO) mJas
duabTpaLHHA.

Ypapuenue (1X.14) samnchiBaeTcst oTJeqabHO L KaXIOro KOMIOHeHTa
pacteopa. IIpn 3TOM mpexnosaraercsi, YTo B3aUMOLEHCTBHE TOrO HJH HHO-
T0o KOMIIOHE€HTa ¢ nopomgaMH IIPOHCXOIHT He3aBUCHUMO OT HaJHuua H B3au-
MOAEHCTBHS JPYrHX KOMIOHEHTOB. DTO YCJOBHe cIOpaBeAJHBO OJS pPacTBO-
pOB He3HAYUTEJbHOH KOHUEHTpAaIHu.

a5 niockonapadienbHOTO MOTOKA

0? 0
=, y=—;
dx? dx

JJ1s1 OCECHMMETPHUYHOrO IMJIOCKOpaaAHaJbHOrO IIOTOKA

ST R A P
V—r or /)’ V—_dr'

Unen Wy yuuThiBaer o6ulie TOTepH KOMIIOHEHTA H3 BOJLOHOCHOrO IJa-
cta npd GUIABTPANHH U MOXKET GHITh 3aMlUCaH B BHJE:

N | 1y 0G| M G

Wo=n-—
"'"at m 0z |z m 0z

—fe +3m?—cz, (IX .15)

z4 m

2
rae C; u Cy — KOHIeHTPAUHH KOMIIOHENTa B IIOPOBBIX PACTBOpAX IOPOJ NOJOLIBLI H KPOBJH,
A1 [y — kospduurents AHPGY3HH ¥ THCTIEPCHH B HHX.
B dopmyse (IX.15) yureHs moTepn KOMIIOHeilTa BCJeICTBHE:
a) MOrJOLIEeHNS, COMPOBOXKAAIOUIETOCS MepeXoJ0M KOMIIOHEHTA B TBep-
oN
aywo a3y, paguoakTUBHOTO pacnaja BellleCTBA, OCaXIeHHSA (ng);

6) auddysuoHHoro oTBoJa KOMIIOHEHTA B MOPOAB MOJOIUBHEL U KPOBJH

Aia 9Ci, )
m 02 |z,,24 ’

B) KOHBEKTHBHOrO IIepeToKa pacTBopa B IOPOLE NMOJOIIBEl U KPOBJH

( €9 Cr o , )
:t —
m 25423

Ilpu stom ON/Ot onpenessieTcsi B COOTBETCTBAH € KHHeTHUECKHMH YpaB-
genusmu (I1X.6) n (1X.8) uan (IX.9) npu pasHoBecHol copbuuy, a Anas pa-
IHOaKTHBHOro pacmajga — o ypasHenuio (1X.10).
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[Ipu pemwennn ypasnenns (IX.14) B KauecTBe HauaJbHOTO YCJIOBHSA
IpUHHMAeTCs TO WJIH HHOe ecTecTBeHHOe ((OHOBOe) pacnpeleseHHe KOH-
HeHTpanuu BeltecTBa B mjacre Ce=~Ce(x), B UACTHOCTH, MOXET GbITb NpH-
Hato Ce=const nan C.=0.

[pannunoe ycgoBHe CTaBHUTCS Ha MeCTE€ BXoJa BeleCTBA B IJacT, Te
MOTyT KOHTAKTHPOBAThb XKHAKOCTb (peuHas MJH Mopckas BoAa) H BOMAO-
HOCHKIl IJIACT, [Ba BOJAOHOCHBIX ILIacTa C Pa3HHWIM COJepXKaHHEM KOMIIO-
HeHTa, BOMOHOCHBIH IIJIACT W BOAOYNOpP M AP.

HcxonHoe ypaBHeHHe TemjollepeHOca B NOJ3eMHHIX BOLAX B MaTeMaTH-
UEeCKOM OTHOIIEHHH CXOJHO C NpHBeAeHHHM ypaBHeHHeM (IX.14) mas mur-
pauuu pacTBopelHBIX coded. OTHOCHTEJPHO TeMlepaTyphl IOJ3e€MHEIX BOIL
B cjlyuae OLHOMEPHOro MOTOKA OHO GyAeT HMeTh CJAEAYIOWHH BHI:

82) -C_ - oT

o7 — CoyT —T E1 =€) C_ % 1X.16
ay vy - at+ ( )

rae T — Temneparypa B /Mio6oil ToUke IacTa B o60fl MoMeHT ppeMenH, °C; @ — teMnepa-
TYPONPOBOAHOCTb, M2[u:

a=-—;

Cy’
A — renaonpoBofHocTs, BT/(M-°C). Cp— o6beMHast TtemaoeMKocTh miaacra, JIx/(m3-°C}.

Ecnn nexopuTh M3 NpPeANOCHJKH O MTHOBEHHOM BEHIDABHHBAHUH TeM-
MepaTyphl QUABTPYIOLLEHCS XKUAKOCTH M CKeJeTa mopoxnl [128], To temno-
IPOBOAHOCTh MOXHO NPENCTaBHTh B TAKOM BHe:

A= Axn A (1 —n), (X.17)
roe }\.)ﬂ H 7\.(:;( —_ TenﬂO]’lpOBOI[HOCTb COOTBETCTBEHHO XKHAKOCTH H CKejnerta; n— TTOPHCTOCTE.

[To anagnorun ¢ (IX.17)

Ca=Cyn+Cey (1 —n), (IX.18)
rae Cm H ch — 06beMHasd TeMJOEMKOCTE COOTBETCTBEHHO KHIKOCTH H CKeJeTa.
c=x
C,

Cocrasasiomas W’ B ypaBHennu (1X.16) mpu BO3MOXKHOCTH Temjoo6-
MeHa MeXJ1y OCHOBHHIM II1AaCTOM H NMOPOAAMH KPOBJH H NOJOLIBE BHIPA3HT-
cA caenyowuM obpa3om:

A’l aTl

- Chym 9z

Ay OT,

2, o Cym 0z

£C,

’

£:C,
2, m

=+

T:| (1X.19)

Zg

1

2

rie seaHyunbt A, T, C ¢ uHgekcoM | H 2 OTHOCAITCA COOTBeTCTBEHHO K CJCSM KPOBJM H IO-
JOUIBHI, C KOTOPHIMH KOHTaKTHpYeT OCHOBHOH (H/IBLTPYIOLHH NJIacT.

VYpasuenne (IX.16) ¢ yuerom (IX.19) DOCTATOUHO MOJIHO ONMHCHIBAaeT
nporuece TelJonepefayn, 0 ero MOXHO HCIOJIb30BAaTh AJs PeEIlIeHHs LIHpPO-
KOro Kpyra 3azau.

Pewenns ypaBHenuit (IX.14) u (IX.16) nas Macco- u TemaonepeHoca,
CTPOrO rOBOPS, IO3BOJSIOT MOJYUYATH TOJHOE peliieHHe 3amaud o6 H3MeHe-
HHH KOHIIEHTpAllMH TOTO MJIM HHOTO BEIECTBA B MOJ3E€MHLIX BONAX H TeM-
mepaTyphl NOCJAeAHAX. DTO, B CBOIO OUepeflb, AAeT BO3MOXKHOCTb OTBETHTH Ha
CJeRYIONHe HHXKEHepHHE BONIPOCH, BO3HNKAIOUIMe NMPH TPOEKTHPOBAHHH
B0OJ03a60POB:

1) BO3MOXKHO JH B00Oie NOABJEeHHe 3arpsA3HeHuld (6akTepHaJbHHIX,
XUMHUECKHX, TEeTJIOBHX) B IIPOEKTHPYEMOM Bofo3abope;
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2) Ha KaKoe paccTOfiHHe H B TeueHHe KAKoro BpeMEHH MOTYT IpOfBH-
rarbcsl Bojbl ¢ 6aKTepHaJbHBIM WJIH PAAHOAKTHBHBIM 3arpsisHeHHeM OT HUC-
TOUHHKOB BO3MOXHOI'0 IOCTYMJEHHS STHX 3arpsA3HeHHA B BOJOHOCHBIN
I71aCT;

3) Ha Kakoe paccTOsHHE TPOABHHYTCS XHMHUYECKHE 3arpsi3HEHHs U Ha-
rpeTble {MJIM OXJaXKaeHHble) BOALI U KAKOBbI OYAYT HX KOHIEHTpPAlHUH U TeM-
nepatypa B pasJiHuHbIX TOUKax IJlacTa H, B IEPBYIO ouepelb, Ha yuacTKax
pacrnoJioKeHusl Bogo3abopos.

Hano, onnaxko, 1iMmeTs B BHAY, UTO aHAJUTHUECKOe pellleHHE YKa3aHHBIX
YpaBHeHHH B CHJy CJOXKHOCTH NpPUPONIIOH OOCTAHOBKH (HEOJHOPONHOCTH
NJIaCTOB, CJOXKHBIX FEOMETPHUECKHX HX OUEPTAHHH U T. A.) HATAJKHBAETCH
Ha 3HauuTeJbHble MaTeMaTHueCKIle TPYAHOCTH. Jlaseko He Bcerma odH MOTYT
O6HITh pellielibl U C TOMOIIbLIO MOJETHPOBAHUS.

[TostomMy B GONbUIMHCTBE C/AyuaeB MHIpAIHUs cOJEH 1 ABJEHHS Temlu-
nepeflaud B IMOA3EMHBIX BOMAX OIEHHUBAIOTCH MPHOJAHMKEHHBIMHA TIpHEeMaMIL.
B uacTtHOCTH, KakK npaBHJo, pacCMaTPUBAIOTCH TOJBKO OJHOMEepHbIE TeueHHst
1 He AJ9 Bcell o6aacTi GUABTPAUHUHI B meJoM, a AJS OTAeJNbHbIX YYaCTKOB,
dhparMeHTOB HJH HCTOYHHUKOB, 113 KOTOPbIX (opMHupyeTca obmui ¢uabtpa-
IIMOHHBIH MOTOK MOA3EMHBIX BOA. DTO [A€T BO3MOXKHOCTb 0XapaKTepH30BaTo
IPOIECCHl MAcco- U TelJonepeHoca MO IJAaBHLIM llanpaBJeHifAM, IpefcTas-
JSI0IAM HAHGOJbIIHA HHTepec ¢ TOUKH 3peHHs NMPOrHO3a KauyecTBa NOJ3EM-
HBIX BOJ B TIPOEKTHpyeMOM Bojo3aGopHOM coopyXeuuu. PesyibThpylomas
KOHIIEHTPAlHs BEILeCTB B BojAe i TeMmepatypa nocJenHeidl B Bomo3aldope
OIlEHHBAIOTCH 1O 6a1aHCOBOMY YPAaBHEHHIO (HJH «YPABHEHHIO CMeEIEHHS»):

k
2Q:C;
1
Cp=——1, 1X.20
Qs ( )

rie Cs — KOHUEHTPAUHS BelllecTBa (MPOCJeXKHBAEMOro KOMIIOHEHTa) B BOAo3abope MPH He-
6ute ero Qs C. M Q,-— KOHUeHTpauus H Pacxojg Mo {-My MAMPABIEHHIO H3 [-TO HCTOY
HHKA (HANpHMep, H3 HCTOUNHKA 3arps3lieHHs, peKH, COCeJHHX MJIacToB H T. 1 ).

TemmepaTypy Boabl oOmpenelsioT [0 3TOMY Ke ypPaBHEHHIO, HO IIpH
Co=Tsn C;=T;.

4. PELIEHHE HEKOTOPBIX 3AJJAY4 MUTPALHUH 3ATPA3HEHUA
B BOJOHOCHBIX IJIACTAX

Mounexkyaapro-ougdpyauonnoll neperoc B H30JUPOBAHHOM IJ1acTe, Kak
yKe 0TMeuaJoch, XapakTepusyeTcss MaJjol HHTeHCHBHOCTbIO. Ilockonbky
3HaueHns KosddnuneHra MoaekyaspHo# nuddysHu B ropHLIX mopomax Ma-
Jibl, MOJIeKyasipHO- A1 y31oHHBIN MepeHoc crocoGeH BbI3BATh 3aMeETHOE Ie-
peMellleHHe BellecTBA TOJLKO 34 OueHb GOJLIIOH HepHoj BpeMeHH. B cBsfsm
C 3TUM pOJib MoJIeKyJasipHoll auddy3un B mepeHoce BelllecTBa MO BOJOHOC-
HOMY mJacTy K Bono3abopy B obileM HeBeauka. B To XKe BpeMsl MoJeKyasp-
Haa auddysus sdpdeKkTHBHA B OTHOILIEHWM BbIpABHUBAHUS  KOHIEHTpanui
BHYTDH MOPOBbIX KAHAJIOB H TPeEIIlIH B [TOPOJeE.

Ilpu uncro KonsexTu8HOM neperoce B MacTe MPOHUCXOMUT MOJHOE HJII,
KaK FOBOPAT, «IOPIIHEBOE» BBITECHEHHE I1aCTOBOH BOJBI C PE3KHUM H3MeHe-
HHeM Ha QpoHTe PUIBTpaAnHIl KOHUEHTpAUUH KOMIOHEHTa OT HauaJbHoi C.
no BxonHo# Cy (puc. 1X.3).

KoHBEeKTHBHBIH MepeHOC, COTPOBOKAAIONIUHCA THAPABINUECKOR qUCHED-
cueit, onucbipaercs ypaBHenneMm (IX.14) (mpu e =gy=0 n Wy=0).

PaccMoTpuM peuteHne sToro ypasneHus npu v=const n J=const B no-
JyorpaHH4€eHHOM IWIacTe TPl pasJUuHBIX yCJAOBHAX 11a BXOJe.
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1 ,Ha Bxone BeulecTBa B NJacT HOMAEPKHBACTCA NOCTOSHHAT KOHIEHT-
pauust Cg, HauajbHasi KoHUeHTpanusl B naacte paBHa Ce. [lpuGauKenpoe
pelieHue NPH 3THX YCJIOBHSIX HMEET BHI:

C (x,t) ~ 0,5 erfc [(x —v*t) /2y 711, (IX.21,

Koopaunara touku ¢ moGoit koHuentpanmefl C HaXogUTCH H3 3aBHCH-
MOCTH:

x = v*t + 2V 1% larceri (1 — 2C)], (1X.22)

a ChOPOCTb IBHXKEHHst TOUKH C Ji0GOH KoHueHtpanueid C cocraBiser:

(stf) = v* -y IT*/t{arcerf (1 — 2C)], (1X.23)

rae C= (C—C.)[(Co—Ce); A==/ [n, v*=uvln; erf(z) — cHMBOJ HHTErpajla BEPOATHOCTH
(cv npusoxenne 11); eric (2) =1—erf (2), arceri (1—2 (—f)_:_oﬁpa-rﬂaa ¢yHkuHa ot erf (2),
npHueM BO BCeX Vha3aHHLIX GOpMyJaax z= (x—U*f)/2 V}Z*t, X — KOOpJlHHATa, ! — Bpems.

U3 Beipaxkenns (IX.23) Buamo, uto Touku, B Kotopbix C>0,5 u C__<0,5,
JABIAKYTCS € PA3JUYHOA CKOPOCTbIO ¥ TOJbKO TouKa ¢ KoHmentpauied C=0,5
nepeMenaeTcs ¢ noCTOAHHOA CKopocThio v*. TakuM oGpaszom, $POHT PuibT-
pauun npoxoIluT yepe3 TOUKy ¢ Koopaunaroi C=0,5.

Hs anannsa npuBeeHHOro pelleHHs caenyeT, 4to npH PuabTpamun
pPacTBOPEHHOrO BellleCTBA, Korfa NeHCTBYIOT NpoLeCCH KOHBEKTHBHOIO nepe-
HOCA W JuCNnepcHH, B BOJOHOCHOM nJjacTe o6pasyloTcsl TPH 30HBI, OTJIHYAO-
1recs copepXKanueM 3Toro BeniecTBa. B nepsoil 3ome, Oaukalillled K BXOm-
HOMY YyuaCTKy, KOHUEHTPAIUsl BelleCTBA NPUGJINKAETCH K KOHIEHTPaUHH
ero Ha BXO[l€.

Bo BTOpoii — cpeaHell 30He B pe3yJabTare AHCIEPCHH NPOHCXONHT CMe-
HIeHHEe NOCTYNAaIomEH BOABL ¢ BOLOH, HaxounBL_HeﬁCH B njIacTe paHee, 1 KoOH-
HeHTpanus BemecTBa u3Mensiercs 3necs ot C~1 po Cx0 (puc. IX.4).
B ynanenHoH OT BXOna TpPeTbeHd 30HE, KyJla BelleCTBO elle He HpuLLIo, co-
XpaHsieTcs nepBoHavaJbHas KOHIEHTPaNus.

JliuHa 30HBI cMelieHusl (WJIM NIepeXONHOf 30HEI) MOXKET OBITh onpene-

nena u3 (IX.22) nis Tex uiu HHBIX 3ajaHHBIX 3Havennit C, orpaHHYHBa0-

5)
c
a)
t=0 7
\E\ C — o ]
. 8 X
o X OL
0 X; Xz
’
/ 7
X1 X2
X OL 4
U ty t2

Puc IX3 CxeMa nopulHeBOTO BBITeCHEHHR BOAHL 113_BOIOHOCHCTO MJ1aCTa
a — paspesbl; 6 -~ 3aBHCHMOCTH C(x) B C(f)
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1)

Puc. 1X.4. KownBekTHBHas

——— ——

!
v I br I JMCNepcHs B OJNHOMEPHOM
—_— | notoke (I, II, IIIl — oc-
P L HOBHHE 30HH)

mux 3Ty 30HY. Tak, Mexay TOUYKaMH C KOHLEHTpalueH C,=0,99 u C,=0,01
JJIHHA 30HH cMmewlenus Ly Oyaer paBHa:

L,=6,6 VI, (1X .24)

Kax suaHo u3 (1X.24), 30Ha CcMellleHHSI CO BpeMEHEM yBeJHUMBAETCS,
ONHAaKo ee aGCOIOTHAA AJHHA ONpeNessieTcs] B OCHOBHOM 3HaueHHeM Ko3(-
¢uunenta A*. Ilpu J*=10-5+10-2 cm?/c OHa He NpeBBHIIAET HECKOJbKHX
JIEeCATKOB METPOB. B HeOZHOPOJAHBIX, OCOGEHHO TPEUHHOBATHIX MOPOAAX, Kak
YRa3HBajoch paHee, 3HaweHnss J* MoryrT OnTb BhIlle W 30Ha AUCIEPCHH
COOTBETCTBEHHO (OJbIIEH,

B paccMaTpuBaeMoM clyuae, T. €. IPH HENPEPLIBHOM IOCTYIJIEHHH Be-
IIeCTBA Ha BXOZHOM yYacTKe, C TeUeHHeM BPeMEHH TPaHHLBl BbAEJEHHHIX
30H NepeMellialoTcs B HANpaBJeHHH GHUAbTpaloOHHOro noroxa. [lepmas 3o0-
Ha TIPH 3TOM PACUIHPSIETCS] H B KOHEYHOM HTOTE BO BCEX TOUKAX BOZOHOCHOTO
nJacTa, Kak U IpH MOPILHEBOM BLITECHEHHH, CO BpPEMEHEM YCTaHOBHTCS KOil-
nentpauusa C= 1. OgHako B OTJHYHE OT YHCTO KOHBEKTHBHOTO MEpeHOCa
aucrnepcusi 06ycaoBaIuBaeT GoJlee PaHHHA CPOK MOSIBJIEHHST BellleCTBa B pac-
CMaTpPHBAEMOM CeYeHHH, HallDHMep B Bopo3abope.

B cayuae uncTo KOHBEKTHBHOTO nepeHoca ([{*=0) pemlexune paccmar-
pHBaeMo# 3alauy NPeCTaBJsSETC B TAKOM BHIE:

Cix,H=F(t—1, (1X.25)

rae °=ux/v*; v*=u/n; f({—1°) — eAnHHyHAA GYHKUHSA, O3HAuawOWasd, 9TO IpH {<¢° BeaH-
yHHa f=0 u cooTsercrBenHo C=0, a npH {>¢° Bennunna f=1n C=1.

B JAHHOM cCJiyyae 3arpsiSBHEHHblE CTOKH II€peABHralOTCs «IOpLIHEBBIM»
06pa3oM, KaK Gbl BLITAJKHBAs M3 MJacTa NpHpPOIHbe BoJAbl. MHaue rosops,
HOJIOKEHHE (GPOHTA 3arpsa3HEHHBIX BOJA COBNaJaeT IpH 3TOM c (PPOHTOM
(bu.anpaunn, ONpEeaCJAIIHM MECTONOJOXKEHHE MEUYEHHX YacTHI XKHIAKOCTH
B IIPUPOAHOM IIOTOKE B IlaHHbIﬁ MOMEHT BpEMEHH.

2. HPH NOCTYIIJIEHHH DACTBOPEHHOrO BEIIECTBA B IJIACT C IMOCTOSIHHOH
KoaueHTpauneﬁ, HO B TE€UE€HHE OrpaHHYEHHOrO INepHoaa BPEMEHH (((I'IaKeT-
HOE» INOCTYIJIEHHE) pelleHHeM ypaBHEHHs1 KOHBEKTHBHOH nucnepcuy Gyner

BHpaXeHHE:
- —* —u*(t—t
C = | erfc £ ot — erfc x— o ) ] . (1X.26)
oV 1%t oV ot —ty)

U3-3a gucnepcun ofe rpaHUNBl «IaKeTa» NpH GHAbTPalHH KaK Gbl pas-
MBIBAIOTCS, BCJAEJACTBHE Uero MJHHa «MaKeTa» Xg, ¥ BXOAa paBHAs Xg=~0U%*{g,
C TeueHHeM BpPeMeHH OyAeT YBEJIHUHBATbCS, 4 MAaKCHMAalbHas KOHUEHTpaltus
BelllecTBa B nakeTe -— yMeHbllaTthest (puc. 1X.5).

®poHT GUALTPALUMH TIPH 3TOM NPOXOAHT NPHMEPHO UEPE3 CEPEJHHY «Ma-
KeTa», U €ro NoJoXKeHHe ONpejelseTcs Bepax)enuem [136]:

xp ~ v*t — 0,54y, (1X.27)

CrpaBeaJIuBLIM 1Jis1 BpeMeHu £ =15 .
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Puc. IX.5 HaMmenenne KOH-
UeHTPAUMH  BellecTsa  INpH
¢bHAbTPaUUM B BOLOHOCHOM -
nnacte («nakeTHHH» 3amyck) ¢
X, — Anuna maketa (xg =vt ); Cmaxc -

X;, X2, X3 — KOODAHHaTBI MaKcCH- t=0 .
ManbHOH KOHIEHTpallHH B MNakeTe ¢, 2

B MOMEHTBl h, f2, f3. Cppn o— — X p— t; t 3
MaKCHManbHble KOMIeHTpanHuH '

BelleCTBa B <«NaKeres 7 X; Xz X
3

ITpu ncnosb3oBaHHH METOLHKH, pekoMeHnoBaHHOo! B. M. lllectakoBrim
[136], cuuxenne oTHOCHTENBHOH MaKCHMalbHOH KOHLEHTPAlUHH BelllecTBa

Cuaxe TPH OQHIBTPALHH «MaKeTa» MOXKeT OblTb OnpeneneHo N0 rpaduxy
(puc. 1X.6), rne Ge3pasmepHbie napaMeTphl
A" A vt
d="—=2, a=-T, (1X.28)
b 4 X nx
3. Jl1o60¥ C/I0XKHbIH 3aKOH H3MEHEHHS! BO BPEMEHH KOHLEHTPAlHH KOM-
MNOHEHTA 11a BXOZHOM Yy4acTKe MOKeT OblTb annpoKCHMHPOBAH HECKOJbKHMH
OTpe3KaMH NpPsIMbIX JHHHH. Torla pelieHne ypaBHeHHS AJs CJ0MXHOLO YyCJ10-

BUsl uameHednst C Ha rpaHHie nJacta MoxeT GbiThb MOJYYEHO MyTEM ClIOxe-
HHUsl pellleHHH AJs1 CKauKooOpa3HblX NOAbEMOB (HJH NaneHHH) KOHUEHTpa-
uHn no gpopmyae (1X.21).

Cop6uust (nor/olleHue) BellleCTBa H3 PacTBOpa NpH ero GHJAbTPAUHH
B BOJOHOCHOM IlJlacTe TaKXKe XxapaKktepusyercst ypaBHeHHsiMH (1X.14) wn

oN
(IX.15). Uanen —, B AaHHOM Cllyuae OTpakaer nepexon copbupyiolierocs

BellleCTBa H3 XHIKOH (da3bl B TBepPAYIO, 8 TAKXKe 3a/1epPXKKY BellecTBa B «Ty-
MHKOBBIX®» NOPAaX NOPOAbL.

DKCIepUMEeHTH H aHaJH3 3THX YpaBHeHHH NPHBOIST K BbiBOLY, UTO NpH
tbuabTpaliH PacTBOPOB B TOPHLIX NOPONaxX, KOrga rpems GHIbTpauil Be-
JIHKO 1 HCUHCJISETCS MecsilaMu H TOAaMii, BO MHOTHX CJydYasix BpeMeHeM
JOCTHXKEHUsS] COPOUHOHIIOr0 PaBHOBECHS B KaXKIOH OTIENbHOH TOUKE MOXKHO
npeHe6peub H paccMaTpHBAaTh TOJNbKO PaBHOBECHYIO cOpOLHIO.

[1pu paBsHOBecHo#i copbuud [cM. GopMmyny (I1X.9)] pelieHne HCXOmHHX
ypaBHEanx HMeeT BHU], aHaJIOFHl{HbHZ (IX.21) u (IX.26), ecan mpuHUMATh
H** = A Mmecto J*u v** = 2 pmecTo v*.

1+p 1+8

[1pn xopollo cop6HpyloUlkxcsl BelllecTBax, Koraa B<C1, pasHoBecHast
copbunsi o6yc/0BNHBaeT yMmelblleHHe IJHHH 30HbB CMellenHst H CyllecT-
BeHHOe 3aMeljeHHe IBHKenus! (ppoHTa (PpHJAbTPAalHH pacTBopa IO CPaBHe-
HHIO C JBHXEHHeM HecopOHpyiomerocst semectBa. OnHako NpH HemnpephiB-
HOM JJIMTEJBHOM MOCTYIJIEHHH B MJlacT pactBopa copbupyoliieecss BellECTBO
BCE XE PaclnpocTpaHsieTcss Ha 3HauyHTebHble PacCTORIHSA, KOTODHeE TeM
Goablle, ueM O6oJiblile CKOPOCTb (GHALTPALHH H ueM OoJblie KosdguuueHT
pacnpeneJsieHus B.

[Ipu «maxeTHoM» 3amycke COpOHpyiOlllerocsl BelliecTBa (T. €. MOCTYMJIe-
HHHY €ro B MJaCT B TeUeHHE OTPAHHYEHHOro IepHoda {z) CKOpPOCTb [BH-
JKEHHSI «[1aKeTa» M €ro AJIHHA TaKkKe yMeHbIIAlOoTCs! N0 cPaBHEHHIO C JBI-
KeHHeM nakera HecopOupywouerocsi BellectBa [cM. dopmyas (IX.21) n
(IX.27) ¢ yueToM 3aMedbl v* Ha v**]. CHHXeHHe MaKCHMaJbHOH KOHLeHT-
pallyu BelllecTBa NpH GHAbTPpauHy copbupylolierocs «naxera» Gyner 6ogee
3HauHTeJbHBIM, YeM 151 HecopOHPYIOLIerocs BeIIeCTBA.
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[1Ipu paBHoBecHOB copOuHH Ge3 IOHCIepCHH Ha rpaHHle MexHy pac-
TBOPOM H «uHCTOH» BOJNOH 30HAa CMeEILEHHS! OTCYTCTBYeT, KaK IpH TopIUHe-
BOM BbiTecHeHIIl HeCOpﬁprIOUJ.eI‘OCH BelllecTtBa, OJHAKO 3Ta rpanudua fne-
peMemiaercss MeaJieHHee, 4eM 4 HeCOpéprIOLLLEI‘OCH BeillecTtBa4, CO CKO~

DPOCTbIO

B B
% . _r_ 1X.29
ot = oty ﬁ(l ‘B<<l)' ( )

[Ipu duabTpanuy «nakeras» ¢ cOpOHPYIOLIMMCH BeLleCTBOM BbITECHSIO-
Wast ero yHcTas BOLA MOXKeT OKa3biBaTh AecopOupywillee fefiCTBHE ¢ Mapa-

ab.fnﬂ/(z:
a5h 5=00/—003[
\
g4 — g2
s —
03
\\
' |
005 003
a1 -
| o lex=0005
il [ Ay
0 { [ | 1 { 5%
S N =T ' =& § &8 =T 8§ = =
S § S 8 § %8 8 8 8 8
Ena/rc
89 AN
\\ & =0.001-007
48 \
061 )
’ 2
X \\
g5 \\ ‘\
N\ I
04 ~J
\ \\ 07
’\‘
0)3 N \\
\ \
92 ‘\ \-ﬂ
g1 ~
D) Q07
2 A
4
g S o p) Iy ) [N ~ =) > [}EY
< X N < < = S = 3
S 3 3 8 s 8 3 5 s S

Puc. 1X.6. 3aBucuMocTH Cuane (@, 0) I <naxkeTas
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MeTpaMy fecopOuuu a’ u B/, OTIHYAIOMHMHUCS B 06ILEM caydYae OT MapaMeT-
poB cop6uuu a H B.

Hecop6uusl BbI3biBaeT NepeMelleHHe paHee COPGHPOBAHHOrO BELIECTBA
H YIJHHSIeT, TAKAM 06pa3oM, NyTb ero pacnpocTpaHenus. [1ofHoe HCuesHO-
BEHHE H3 PacTBOpa COpGHPYIOLIErocss KOMIIOHEHTa, NONaBlIEro B NJAcT B
BHIE «makeTa», no B. M. Hlecrakosy [28], npousoiiner uepes spems t:

tn
(a-+pHp -’

)

rne ty — AJHTEJBHOCTb NOCTYLJICHHST pacTBOpa B JIJIACT.

Oco6eHHOCTbIO IBHKEHHST PACTBOPOB B CJIOHCTON TOJILIE SIBJSIETCS BO3-
MOXHOCTb MHTPaliHH CoJiefl H3 OCHOBHOIO BOJOHOCHOTO TOPH30HTA, B KOTO-
POM NPOHCXOAHT GHJALTpANHA NOL3eMHbIX Bol, B Cl1aGONPOHHIaeMble OPO-
Ibl IOAOIUBE H KPOBJIH.

3anayn o GHIBTPAlMH PaCTBOPOB B CJAOHCTOH TOJLIE Ii aHAJOTHYHLIC
10 MaTeMaTHYeCKOH IIOCTAaHOBKE 3aJaYH TellJIONepeHoca pacCMaTpHBAJINCD
B padorax {28, 35, 108] u xp.

B cnaGonponunaemble MOPOAb OTTOK COJeff BO3MOXKEH NPeHMyLIecT-
BeHHO KaK pe3yJbTaT MoJeKyJaspHoH THbGy3uil u copbuun. UntencuBHoCThL
STIX TPONEeCCOB oNpejedsieTcss Kosbhduluentamu anbdy3nn u copbuui, a
TaKe MOLIHOCTbIO CJI0eB.

Ilpu 3naynTe]bHOH MOIIHOCTH CJAa0ONMPOHHIAEMBX CJ0EB MOAOLIBHL i
KPOBJIH pellenneM HCXOIHOTO ypaBHEHHH, eCJIli Heé YYHTbIBaTb ]_IHCHQPCHX{
B OCHOBHOM BOJOHOCHOM I1acTe, T. e. npu [J*=0, 6ymeT clenyiomee Bbipa-
XKeHne:

t = (1X.30)

C (x, 1) = erfc (B**x/20* Vi—tg) f (t —1g), (1X.31)
rpe Gynknust f=0 npu t<<lp H f=1 npu I >1y;

S (VA IR NN VA HTE ) I
mn B1

Be
ty=x (1 + B)/po*; (1X.33)

Ay, Oz By, B2 11, nz— koaddHUHEHT AHCNEPCHH, KOS(G@HUHENHT pacnpenenedHHs npi cop6-
WHH H NOPHCTOCTh COOTBETCTBEHHO ITOZ0UIBb H KPOBJTH.

Koopannata rpanulibl pa3fella Mex1y 3arpsi3HeHHbIMH H YHCTBIMH BOJAMH
6yneT onpenensiThCSl BHIPA’KeHHEM:

xp = 0*tB/(1+ B). (IX.34)

5. BNIHAHUE AONOJHUTEJNbHbIX HCTOUHHUKOB NHWUTAHUA
BOJOHOCHLIX NJACTOB HA KAYECTBO NMOA3EMHbLIX BOJ

HHjuabTpannosHoe nuraine 6eperosbix Bono3abopor

HcrounnkaMu HHGHILTPALHOHHOIO NMTanust IJAcTa AJs Boxo3a6opos
GeperoBoro THIA SIBJSIOTCS NaBOAKOBHIE BOALI, (PHJAbTPALHS H3 pa3po3HEH-
HEIX CTapHll, 03ep, & MPH HCKYCCTBEHHOM [ONOJHEHHH 3a71acCOB NOJ3EMHBIX
BOJ — CIlenHajJbHBE HHGHJIbTPALHOHHblE GacCCeHHB H KAaHAaJHl.

[Tpumenutenbno x HanbGosiee pacnpocTpaHeHHOH cxeMe OeperoBoro BO-
no3abopa (NHHEAHB psi COBEpIEHHBIX CKBAaXKHH) PacCMOTPHM TPH CJy-

* PewenHd 3apay, W3JOMKEHHHX B naHHOM nyHkTe, mnodyyennl @, M. Bouesepom,
H. H. Jlanwuuwm 1 A. E. Opapjosckofi.
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vyasi uHQHAbLTPAllMY Ha yuacTke Bogo3abopa: 1) uHbHAbTPaLMs Ha yuacTKe
Mexny pekoll ¥ BomosaGopom (puc. IX.7,a); 2) nmonoca unpH/IbTPAUHH WiK-
punoit L — [ (puc. 1X.7,0) naXoautcs 3a Bojo3abopoM (rae ! — paccros-
HHe OT BOJOEMa [0 JIHHeNHOro psila CKBaXuH; L — 10 KOHnA yyacTKa HH-
Quibtpaliuk); 3) HHPUIbTpauns Ha 0o6oux >THX ydacikax (puc. 1X.7,8).

XuMHueCKHI COCTaB IOA3eMHHX BOJ B IIacTe, B PeKe H MHPHUIbTPalH-
OHHBIX Boj pasaugeH. Ofllas MuHepaJu3anua BOAbI HJH KOHNEHTpanus B
Hell KaKoro-JH60 KOMIIOHEHTa XHMHUYECKOro CocTaBa TaKOBHI: B ILIacTe —
Cy, B peke — Cp, B HRQHALTPALHOHHKNX BOAAX — Ce .

a) 2
£ ﬁd €=
. e *4i+ Ve @ .
LTI ey
a1
ILTE X
y
8) .
€ g &0
L G
3 — SRR ,_ G5
T . AT/ S Puc. IX7. CxeMb K pacuety
s R e BJHSAHHASA HuHIbTPALLHOHHOTO
7 < NuTagHA HA KayecTBO MNOA3eM-
1 ’ HBIX BOJ
)

BonosaGop paboTaer ¢ pacxoloM §a, M%/cyT; pacxoj GHTOBOTO NOTOKA,
HanpaBJeHHOTO HOPMaJbHO K PeKe, COCTaBJsIeT §s, M?/CyT; HHTEHCHBHOCTb
HH(HUILTPAUHOHHOTO NHTAHUSI XapaKTepH3yeTCsl BeJHUHHOH €, M/CYT.

Tpeanosaraercsi, yTo HuPUALTPALHS BAYNHALTCH ORHOBPEMEHHO C BBO-
ROM B JelicTBHE BOZ03a60Opa H IPOHCXOAUT C MOCTOSTHHOH CKOPOCTbHIO.

HsmeHenne KoHnenTpauun C npu QuJIbTpaluki B pacCMaTpHBAEMbIX yC-
soBuAx (6e3 yuera AMCIepcHM W cOPOLHH) ONMUCHLIBAeTCs ypaBHeHHeM [cM.
ucxogHoe ypasHenye (1X.14)]:

ac elc—cy) oC (1X .35)
* O - g .
o) ox + mn oo

rae v* — nelcTBHTENAbBHAA CKODOCTb ABHXKEHIIE BOAbI, /M H n-— MOUHOCTb H aKTHBHad fo-
pHCTOCTL MJacra.

s onpenenents nefdCTBHTENbHON CKOPOCTH gBHIKEHMS H APYI'UX HHJb-
TPAalHOHHBEIX 3JIEMEHTOB N0TOKa (Hanmopa, pacXoja) NOJXKHa ObiTb pellleHa
COOTBETCTBYIOWIAs THAPOAHHAMHYECKAs 3a/aua.

Mcxonsoe ypaBHeHHe M PaHHYHEIE YCJOBHS IIPH 3TOM NpHHHMAlOTCA
clenymolye:

T2 T =0 (1X.36)
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x=0, HX=Hp; x=1, H=H=H
a _dHy 5
dx dx km’ (1X.37)
= dHy g 9e
dx  km’

rae ¢s — pacxoa BOZ0sabopa, ¢ — pacxod GHTOBOrO NOTOKa; Hp — NOCTOAHHLIM ypOBEHb
Ha aunuH peku; i=1, I, 111 — Homepa 30mH, Ha kotophie pazGuBaercA 0GnacTb HUILTPAIHH.

Peayapratsl pemenns ypasuenust (I1X.36) npu ycanosusx (1X.37) nas
yKa3aHHbIX BbIllle Tpex CXeM HHOWUIbTPALHOHHOTO NHTaHHS [PHBENEHHI B
taba. 1X.2.

B dopmynax (3) u (15) ta6a. 1X.2 nna 3oun I B ckob6kax naHbl orpa-
HHYEHHS HX NPHMeHUMOCTH. Eclli 3TH orpaHuyeHHs He BbiIEPXHBAIOTCH, TO
npy uHPUIbTpAllHK B 3TOH 30HE o6pasyeTcs NMOA3EMHBI «Bojopasjen» (Bbi-
nyKJoCTb WK «OYrop» Ha NMOBEPXHOCTH MOA3EMHBIX BOJ), CO CTOPOHBI KOTO-
poro MOTOK ABHXKeTcAd B 060MX HaNpaBJeHUSX: K peke u K Bono3abopy. Cie-
J0BATEJbHO, B 3TOM cJydae pe3yJbTHpyMollast MHHEpaJH3alnA BoIbl (HJH
CofepAaHHe NPOCJeXKHBAEMOro B HeH KOMIOHEHTa) onpenensercs 6e3 yue-
T4 PEYHOH BOIBI.

Hcnonbsys moJsyueHHble BLIPaXKeHHs 1J51 CKOPOCTH v*, KoTopble B 06-
LleM HMEIT BHI

v*= A+ e*x,
MOXHO HaHTH pewenne ypasuennst (1X.35) mast Konuenrpauuu C. Hauanp-
HOE W TPaHHYHBIE YCJIOBHS B 3TOM CJyuae Clefyloline:
=0, 0<egKoo, C=Cy; £>0; x=0, C=Cp. (IX.38)

[Ipn 3TuX ycJOBHSIX 17151 OonpeflesieHHsi KOHIEHTPALHH N0JIy4yaeTcs cielyio-
mas gopmyJa:

A

ol ettt A ettty _
C(x,t)y=¢ ¢+ yEpe [Cp—e O] f (¢ —ty), (1X.39)
rae C (x, ) = (C (x, §) — Cg)/(C, — C¢), Cp = (C, = Ce)/(Cq — Co)s (IX . 40)
f(t—tp) — enuHuuHas QyHKIHA
o [0 npH ¢ <fg;
f tdb)—ll . (1X.41)

ty — BpeMsi JIBHXKeHHs TaK Ha3bBaeMoro ¢ponra (QHAbTPaLtHH, T. €. (QPOHTA NPOCHEKH-
BAaEMOr0 KOMIOHEHTa (WJIH BOAbLI C ONpeleleHHON MHHepanH3auHed) cO CTOPOHBI KOHTYpa
C TNOCTOMAIHbIM HalNOPOM.

J1s1 cXeM ¢ mepeMeHHOH CKOPOCTbio IBHXeHHS v*=A-le*x
td,=8%1nA—T:x-=—$-1n%. (1X.42)
Ecian ckopocTb ¢uabTpanun nocrostiia: v* =4,
ty= vi. , (1X .43)
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PesyabtaThl pemleHus rHppofWHaMH4ecKOH 3anayu no ypasHennio (1X.36) upu ycaosusx (1X 37)

Ta6aupga IX 2

Cxeﬂ";%:nﬂb;l::éni‘liczm ou Hanop nomsemnmx sox, H, (x) Pacxozll).y r;{??;“;;‘;‘;’*”:éﬁi['32?03360' JleficTBHTe/ibuas CKOPOCTb I BHMKEHHA, v:
X el . . 1
I H =H — (&) [qa—qd— =9+ y=Ate x A=——(g—q5—el);
0<x<< ! x Hp — H, e
_8(1,?” (1 fp=hm——" (2 e*=—1 (g5 —qe) > el (3)
x, =1 mn
(puc. 1X.7,a) gy .
II H”_Hp (km) X 5 U”—A
x | el? =" ©) A— g6 (6)
X (%1—46x—'?) 4) mn
i _ X v; = A
My =4, = Gem 9 =q,—gg—e(L—1) (8 )
0 x<! A=——[g—gs—e(l—0)] (O
X195 —g96—e(L—0  (7) = n e e —ell=01  O)
xg =L—1
ue. 1X.7,6 _ 1 . _ .
(@ ) 1 H”_HP_(km) [qal—qu— v =A+¢e x
X" —_—— —— . * o e
—e(t ")) o) — (go+el); &t =—— (12)
H =H — — [ —Ate'n A= ——(g,—gstel)
1 = —_ 9y — 96 — U= € X; = — (9, 9¢TE
! Poom LE 9 =q,—qg—e(L—1) (14) mn 8
0<x! _ _ X ] L _ L1 (15
x, =L S(L 2) (13} S—mn,[(% g6) > eL] (19)
(puc. 1X.7,6) i . A .
it =14, _[qa 96 * — yp=A+ex
(km) gy =dg+eL—0 (17) | .
I<x<<L—! A=— — (getel); et =—— (18)
—ex|L - (16) mn ’ mn




[ \
rae ou* — AefiCTBHTe/JbHAs CKOPOCTb GHIBTPALLHH (v" =—, n— HOpHCTOCTb); A — no-
n
. . [
CTOSIHHHIE 4JieH, BXOASIHA B BolpaxeHHe JUIA CKOPOCTH QHAbTpaunu; &' = — .

mn

W3 ananusa pewenns (IX.39) cnenyer, 4To B KaxKJOM CeYEHHH IOTOKa
MOXKHO BbIEJUTh ABe (asbl u3MeHeHus] KoHUcHTpanuu. [lepsast dasa oxsa-
ThiBaeT BpeMs 10 {<lp, B TeueHHe KOTOPOr0 KOHLEHTpPalUst H3MEHSIETCS MO
33KOHY 5KCNOHEHTHI:

C=e®" nmn C=C,+ (Cy— C;) e ™. (IX.44)

Korna ¢poHT duibTpanuu NOCTUraeT JaHHOTO CeYeHHst MOTOKa, B TOM
YHCJie Ha JHHHM BONO3abopa, KOHIEHTPauHs H3MeHSIeTCst CKayKooOpasHo:

— — -— ‘t »it
C=C,e o mm €= Cy+(C,—C,) e © 0. (1X.45)

Cnenyer yuuTbiBaTh, uTo KoHueHTpaunuss C no pewenunwo (IX.39) ompe-
IeJsieTcsl B IIEPBOH 30HE COOTBETCTBYIOIHX CXEM pa3MelieHHs] yYacTKOB HH-
($uIbTpauUOHHOrO MHTAHUS B 3aBHCHMOCTH OT MIpPHBefeHHbIX B Tabu. 1X.2
BLIPAXKEHUH [JisT CKOPOCTH (UAbTpanHH. Pe3yJbTUPYIOYI0 KOHUEHTPALHIO
Bell[eCTBa B BOIE BOL03a60pa HaXOASAT MO (GOpMynaM CMEILeHHST C YUETOM
BCEX COCTAB/JSIOIIUX HCNOJb3YCMBIX BON03a00pOM 3aMacoB.

®opmysa cMelieAust 1Jis1 pacCMaTPHUBAEMbIX TPeXx CXeM HpPelCTaBJ/IseTcs
B BHJE:

Co9,+ Cede + Cpyq

C, = , (IX.46)
ds

rae Cp — KOHUEHTpAUUf NPOCIEKHBAEMOr0o KOMNOHEHTa B BOje BOxO3abopa; ¢s — AelUT
Bon03abopa; ¢p, 9¢s o5 — COcTaBisAmHe aebHTa Bo103abopa, oGecneyHBaeMbie COOTBETCT-

pennQ duabTpauHefl H3 pekH, HHOHJAbTPAHOHHHM MHTAHHEM H OLITOBLIM TNOTOKOM (ecTecT-
BEIHbIMH THHAMHYECKHMH 3anacaMH).

[TpumeHnTENbHO K BbILEJEHHBIM TPEM CXeMaM HH(HUJIbTPAUHOHHOTO MH-
TaHus 3Ta ¢opmyJia NoJyuaeT CJAelyiollee BhIp axKeHiie:

cxema | — unpuavtpayus na yuactke xe =1 (puc. IX.7, a)

el
« Cx (x, 1) (Qp+_2_.]+cnq6
Cp = ’ (1X.47)
ds

rie
Hp, —H
__DT._B; 9= kmi;
Cr (x, 1) npu <ty onpeaensicres no (IX.44), Ci(x, f) npu ¢==¢4 onpesensercs no (1X.45),
ty —no dopmynam (IX.42) u (I1X43);

cxema 2 — unuabrpayus Ha ysactke xe =L—I (puc. 1X.7,6)

Cilg,—qs—eL =D+ C g5+ Cee(L—1)
C, = 4l 6 3] 6 e , (IX .48

qp:km

rie C1=Cxu npu {<fg; Cy=Cp npH {>{y;
cxema 8 — unpuastpanus va yiactke xg =L (puc. 1X.7, 8)
Cp (%, 0) [g,— gg—e(L— D]+ C_ g4+ C, & (L—1)

CB = ’ (IX.49)
ds
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rae Ci(x, t) takxe onpegensercd no (IX44) wan (1X45) B 3aBucuMOCTH OT COOTHOLIEHUS
tut

cl,ﬂpumep IX.1. Beperopofi nuHefiubii BOf03a60Op € yjAeJbHBIM pacxoaoM ¢s=1 m?%/cyT
pacnoqoxen Ha paccroanun [=500 M or peku (cM puc IX7,a) MomHOCTL BOIOHOCHOrO
naacta m=20 M, kosbduunenr duabrpauun k=10 M/cyr, ykJoH GHTOBOrO NOTOKA I==
=0,001, akTuBHas nopucrocth nopox n1=0,2

Moay/ib HHQUABTPANHOMHOTO TMHTAHHA HA YYaCTKe MeXay pekoit W Boxo3abopom, T e
B 3oue I cocrapager £=0,0002 M/cyT. ¥Yneavunlit GLITOBONH NMoTOK g5=~kmi==10-0,00]-20==
=0,2 m*cyr [lposepka cooTHOWmEHHS (¢»—(¢) >>€l NOKaswlBaeT, 4TO NpH (§s—gs) =1—
—0,2=08 M¥cyr u el=0,0002-500=0,1 m?/cyT Ha yyacTKe HHPHIAbTPAUHH <«OGyrop» oT-
TYTCTBYET

O6wasn munepaiusanua soabl B naacre Cp=1000 Mr/a, B pexke Cp=600 mr/a, uu-
duabrpaunonnnx sox C, =50 Mr/a

HsMmenenne Bo BpeMend oOuiefi MuHepaJH3auMH BOAB B OTAGJbHHX ceYeHHAX 30HH [
(x=100, 200, 500 M), onpeaeaennoe no (IX39), npusenero B ta6a IX 3

Ta6aupga IX 3

O6uwas MuHepaau3auus BOALI B 30He [

3uayenuss C, Mr/a, npu pasiH4YHBIX X 3uagenns C, Mr/a, mpH pa3qHYHEIX X
1, z,
Tl Joom 250 m 500 M yT 100 250 m 500 M
I (14,=1080 cy) | (14,2100 cyT) (£="140 cyT) | (14,=1030 cyT) | (£,=2100 cyT)
90 995,7 995,7 995,7 1100 588 571 949,1
180 991,5 991,5 991,5 1440 588 571 933,6
360 983 983 983 1800 588 571 918,2
440 588 979,3 979,3 2100 588 571 545
720 588 966 ,4 966,4 3000 583 571 545
5000 588 571 545

Has onpepenenus oGuieli Muuepajusaunu Boibl B BojposaGope Cp no (IX47) noa-
cuuTaeM gp

1 0,0002-500
Ip = s — g6 — _82" =1 —‘0,2—"‘"—2— = 0,75 M /cyT.

Torpa

o _(0:75+0,05) ¢ +(0_’2)Cn

B 1 1

/

O6mas MuHepaJu3anus Boabl B Bogosabope Cy cocTandsteT

L, CYyT . v v v s 180 360 720 1440 1800 2100 3000 5000
Cg,Mr/m . . . ., 993,2 986,4 973,1 946,9 934,6 636 636 636

UHpuabTpanuonHoe NUTaHHe NJIACTA MPH PacNoNOXKEeHHH OJUHOUHOTO
Bojo03abopa B HeHTpe Kpyrosoil o6aactu (onHoMepHas 3axaua,
IJIOCKOPAAH aNbHBIH NOTOK)

[Mnact na paccrosHunu r=r, (puc IX.8) orpannumBaeTcst KpyrosbiM
KOHTYPOM C TOCTOSIHHBIM HAamnopoM (HJH HYJIeBbiM IMOHHXKEHIIEM YDOBHS).
Bonosa6op pacnosioxen B UeHTpe naacta. Ha Bcer muomann miacra mnriy
C NyCKOM Bojo03afopa B SKCIJyaTaluio HadliHaeTcsl HHOHUALTPALHOHHOE ITH-
TaHue HHTeHcHBHOCTbio e=const. TpebyeTcq onpene/HTh KOHLEHTPAaUHIO
BeleCTBa B moj3eMHbIX Bogax C(r, {) B qw6Goil TOUKe mjacta H, B 4aCTHO-
CTH, B BOJ03a6ope B mpolecce 3kcrayataunn. Konuentpauus npociexnsae-
MOro KOMIIOHeHTa B BOJe, NMOCTyNawineHd BCJAeACTBHE HHOUILTPALHOHHOIO
nurards, C=C,; HayaJbHAst KOHLEHTpauHs ero B maactoroil Boge C=Ch.

Pemlende 51Ol 3ajaud, Kak H TpeAblAyINel, IPOH3BOAUTCS Ha OCHOBE
ypasHenust (IX 35) npu x=r 1 cKopocTH QHIAbTPALII
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Q — 7er*
vt (r) = o (1X.50)

[TpuHuMas HavaJbHOE H IDAHHUYHOE YCJOBHS:
t=0;, 0K<r<rw C=Cp

t>0; r=rg C=Cp, (IX.51)
noayuuM u3 (IX.35) cienylooliee pellleHHe OTHOCHTEIbHO KOHUEHTpallH
_ Q—mery
_ ,—&*t —_ —e*(1—13) .
C=¢e* +Q*mr2 [Cp, — e B U] (t —ty), (IX 52)
rie
_ Cx,ty—C, _ C,—C
C=——¢ oo
moe mo7® (1X .53)
mn Q — mer?
td,:——-ln

f(I—tp) — enHHHUHAA (YHKUHA, paBHAs Hymo NpH t<fy W eAMHHUE NPH I>fy [cM dop-
myny (1X43)]

E-Const

IR IR

WAYAVNA LT TR I AN KT ATV 72T 7 A7 X7

f l

| | R |

! T

Puc IX8 Cxema K pac- l l
4eTy coCTasa BOgbHl B BO-

nosabope, pa3MenleHHOM | |

B ONHOCIOHHOM  TJACTe l * |

NPH NOCTOAHHOM HHOHMb- |

TPaHOHHOM NHTaHHH I

(/ s Yad ///i A‘L ’

o r |

T 4

Pemenne (IX.52) nns pamguanbHOR 3ajayd  AHAJNOTHUHO  peILEHH'O
(1X.39) nast omHOMEepHOTO MJIOCKOMAap aJebHOr0 IOTOKA.

3nech Takxe npu {<Ilyp, T. €. N0 NOCTHxKeHHS1 GpoHTOM (HIALTPALHU
paccMaTpHBaeMOTro Ce4YeHHsl C KOODAHHATOR 7, KOHUEHTPALHA ONpeesseTcs
TOJbKO HHOQHIbTPAUHOHHLIMH BOJAMH H HX CMeILleHHeM C BOJaMH MJjacra

C=¢" 1 C=C,+ (C,— C,) e, (IX.54)
Ha ¢ponre duabtpanun
= = &% —e*!
C=C_, ®um C=C, +(C,—Cc)e %, (I1X.55)
rae {g onpenensitor no gpopuvie (IX 53)

Ipi onpenejenun BpeMeHn npoxBuxeHust QpoutTa GuabTpauun o=
=tpo—Llp1 MEXKAY ABYMSI CEYEHHSIMH rp 1 r; (TpHUYEM TNPHHHMAETCS, YTO B
TIEDBOM CeUeHHI NoanepxkuBaeTcss kKoHuenrpauiss Cp) 6yleM HMeTb:

mn Q— nerf
lg=—In—-, (1X.56)
€ Q— nerg
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IlpunuMasa ry=ro—>0, r;=R, mnoAyYuM BpeMs TNpOABHXKeHHs (¢pPOHTA
¢uabTpauuu K Bofo3abopy ot ceuenus R.

B paccMaTpuBaeMoii cxeMe Kpyroporo mjaacra 006JacTh (GUAbTPAUHH
ABJRETCSA €A¥HON ¥ HE pasfesisieTcs Ha OTAeJbHBIE 30HbI, KaK B npeabiayuied
sagave. Iloatomy mo ypasnenusm (IX.52), (IX.54) u (IX.55) mnaxonum
CPEOHIOI0 KOHLUEHTPALHIO MPOCAEKHBAEMOr0 KOMIOHEHTa; KOMOMHHTENbHLIX
pacuetoB no dopmyne cmetienus (1X.46) npoussoiuTh He Tpedyercs.

MoxHo noxasaTh, 4yTo, IPUMeHsAd 3Ty GopMyJay H 3aBucuMocTb (I1X.56),
MBL TOJIYYHM AHaJOTHYHEIH pe3yanTaT. B caMoMm fese, Ha KOJbleBOH NJolla-
I R? Boxpyr Bono3abopa MHPUABTPALHOHHOE MHTaHHe COCTABHT

. Q, = nR%,
W3 (IX.56) waxonum (npuri=0Hro=R)
Q=Q(1—e "),

Torpa no (1X.46) xonuentpauns C B Boje Bojo3abopa 3a BpeMd ! co-

CTaBHT:
.
C=Q8Ce'(g Qg)c _C—{—(C—C» E‘f (IX57)

dra dopMyna upentHuna dopmyne (1X.54) npu t<ty. Ilpn t>1g, Kax
caenyer u3 Qopmyast (IX.56), niactoBas Boxa B o6beme mR*m (rpe m —
MOWU{HOCTb IJIaCTa) MOJHOCTBIO BHITECHSETCH HHPHABTPaUUMOHHON BOZOH H
BOJOl, MOCTyMawILed €O CTOPOHBl KOHTypa ry, TAe KORLERTpaLud C=0Cy.
Ecau mosoxuTh, uTo Ha 3ToM KoHType C=Cy, T. €. KOBUEHTpaUHA Ta XKe,
UYTO B BOJOHOCHOM MJacTe JO HauyaJa oTKauky, To (opmyast (IX.54) n
(IX.55) manyT onmH 1t TOT JKe pe3yabTaT (mpu {=tp): naactoBas Boja CMe-
IIMBAETCH TIPIl 3TOM TOJBKO C NHQUABTPaLHOHHOM.

Caenyer oTmetnTh, uTo Bhipaxenue (1X.56) nna dpourta PuapTpaunn
CYLIEeCTBEHHO OTJIMYAeTCsl OT BhIPpaXKeHHsl, NOJAy4yaeMoro AJs H30JHPOBAHHO
ro niacta npu e=0. B 3ToM cayuae, Kak uspectHo (npu r;=0, ry=R),

2
o BRmn e QL (IX .58)
Q nmn

a npu Haauuuy uHbUAsTpauuu u3 (1X.56) umeem:

R? Q(l e ), (1X.59)

—p*
Ecan e*t< 1, 10 e %'~ 1—e*t u popmyia (IX.59) cranoBuTCA aHasoruy-
HOH ¢opmyne (IX.58), T. e. npu MaJnX 3HaYeHHMAX BPEMEHH BJAHSHUE UH-
¢dbuAbTpaluy 3aMETHO He CKa3hiBaeTcd.

BopmosaGop B pByxc/iofiHoM niacre

QuapTpallHOHHA" CXeMa K paccMaTpliBaeMOMy 37eCh NpiMepy mpiiBe-
AeHa Ha puc. V.l. HeorpaHuueHHHI BOJOHOCHBIH IJAaCT COCTOHT M3 ABYX
CJIOeB: OCHOBHOTO, U3 KOTOPOTO NMPOHM3BOJAMTCA OTKauka ¢ febutoM Q (Bono-
3a00p B BUJP OJHHOYHOH CKBa’KUHBI), H COCEJHEro C HUM MHTAIOILErO [1J1aCTa.

IlpennonaraeMm H3BeCTHHIMYM NEePBOHAYANBHYIO KOHIIEHTPALHIO BEIIECT-
Ba B BOJE OCHOBHOTO ropusofta Cp H NOCTOSHHYIO KOHIEHTPAIUIIO B BEPXHEM
nutawoieM miacte Cu. [lpn sxkcnayaraunn Bonosabopa Boxa 060MX ropi3oH-
ToB 6yneT CMelUUBaTbesd, NMO3TOMY MHHepaan3anHd BOJAbI B OCHOBHOM CJOe
HOJMKHA U3MEHATHCS B 32BUCHMOCTH OT BPeMeHH ! H KOODAHHATHI /.
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TpeGyetcst onpenennth KOHLEHTpauuio BellectBa Cy B BOje, H3BJexae-
Moii BOJ103200pOM.

Pellerine cOOTBETCTBYIOIIEH THIPORMHAMHYECKON 327824 APUGAHKEH-
HO MOXKHO 3allicarth clelyiomuM obpasoM:

9 El( r ) (1X .60)

= 4nkm T Agrre

rae S — NOHMKEHHe YPOBHS B OCHOBHOM IuiacTe, Rm — BOLONPOBOAHMOCTbL 3TOFO WJIACTA,
a** = km/(n-+ p*)

L — BOAOOTAAYa NOPOA BEPXHETO MHTAKOUIETO MNMJjacTa; p*—ynpyra;{ BOJAOOTAAYA NOPoOA H
OCHOBHOT'O BOAOHOCHOTO TOPH30HTA

Bpewms 1, Heo6XoAuMoOe A TOFO YTOGH! YACTHNA BOXH NPOULAA NYTh OT
ceueHHus r 1o Bogosabopa, HafineM o dpopmyae H. H. Bepuruna [42].

Q
o — < 4,
oe puS—— (1X.61)

rae Q — me6Hr Bopo3abopa, M -— MOILHOCTb 0JacTa, 71— NMOPHCTOCTL MNOPOJ  OCHOBHOTO
TOPH30HTA;

P p

= ; T= . 1X.62
da**t’ da* o ( )

BeanuuHy yneabHoro HHQHUIBTDauHOHHOTO NHTaHHSA, T €. NpHXOAsLIe-
rocd Ha eAMHHLY NJOWIAJAH BOAOHOCHOTO IJaCTa, HCIMOJAb3ys Pe3yAbTaThl
r1. V, MOKHO ONPENeNuTh CAeAYIOIHM 06pasoM:

re

ko Qe et
= (8 =) = ———, X.6
9= (S~ S0~ = — (IX.63)

rae So—HOHH)KEHHE YPOBHA B BepXHEM MJjacTte, t—BpEMH OT HauaJda QOTKaukH, & — KO
3G DHIHEHT Noe30NPOBOAHOCTH (a=km/u)

Papencrsa (IX60) u (IX 63) cnpaBemauBbl f/1s1 OTHOCHTEJIBHO 60JbL-
HIUX NPOMEXYTKOB BPeMeHH

k
t>@3 5 —up. (IX .64)
my
OnpenenuM KoJHY4eCTBO BOAH @ BEPXHEro BOLOHOCHOTO FOPH30HTa, AO-
cTHruiee Bofo3abopa K MOMEHTY BpeMeHu !:
R

Qu=2n}q(r,t—1)rdr, (1X.65)
0

rie R — pamsyc yyacTka B Npefenax KOTOpOTO BOAA H3 BepXHEr0 BOAOHOCHOTO TOPH3OHTA
3a ppeMst T==1 focTHraet soao3abopa

Beauuuna R, oueBHAHO, MoOXer OHIThb ONpeReJeHa H3 ypPaBHeHHs
(IX 61), B X0TOpOM
RZ
da*t

[Moxcrasaas s (IX 65) coorHowenne (IX 63) u onpenensis Tt mo Qop-
myne (IX 62), noayuum:

1!
B+ p*

Qun=—0Q AE1 (—a), (IX .66)

rae A onpenensercs no (IX61)
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Hs ¢opmyaws (IX.66) BumHO, 4TO KOJHYECTBO BOABI U3 BEPXHEro BOAO-
HOCHOTO TOpH30HTa, fMolajalolliee B B0OX03200p, ompenesseTcs COOTHOMIE-
HUeM MapaMeTpoB B3aHMONEHCTBYIOIIHX MJIAacTOB (MpPeXAe BCEro HX Koad-
duIHEHTaMH BOLOOTHAYH) M He 3aBHCHT oT BpeMeHH. IlocaenHee oGcrosi-
TeJbCTBO KaXeTcs CTPAHHBIM, NPHHHMas BO BHHMaHHe YBe/JHYHBAIOLLYIOCSH
BO BpeMeHH mJuomane o0/JacTH MepeTeKaHud, B Ipelesax KOTOPOH BOa U3
BepXHero BOJOHOCHOTO FOPH30HTA NOCTynaeT K BORo3abopy.

OpHako 3TO Kaxyllleecl IMPOTHBOpedYHe JIETKO yCTpaHseTCsl, ecaH
y4ecTh, UTO ORHOBPEeMeHHO C pacilupeHHeM 06sacTh NMepeTeKaHHs, KaK BHl-
HO u3 dopmyan (I1X.63), yMeHbIaeTCA HHTEHCHBHOCTh HHUILTPAIHOHHOTO
NHTaHud naacra.

B pesyabTate 00w HHOHILTPALHOHHBIA MPHTOK M3 30HH R=f(f)
K BOR03260py COXpaHseTcs MOCTOAHHEIM BO BPEMEHH.

KoHuenTpauus sellecTBa B HOA3EMHHBIX BOAAX, M3BJIEKaeMBIX BOXO03a-
6opoM, onpenenserca no ¢opMmyae cMmemenus (I1X.46), kotopas mas pac-
CMAaTpHBAEMOTO cjydas HMEeT BUA!

CBQ=CH QH+(Q_QH) Cnr (IXG7)
OTKYAa

n .
——— Ei(— a), .68
o i(—a (IX.68)

Cy=Ch—(Ch—Cu) A
riie @ onpefienfetcst H3 ypasHeHus (IX.61).
C OOMOUILIO H3JIOZKEHHOI'O BhIlIle MeTOoaa MOXKHO HaUTH TaKxKe KOHIIEHT-
pauuto C B n1060M cedeHHH OJacra.

Bopo3abop B Tpexcaoiinom miacre

CxeMa BopmosaGopa B TPexCJOHHOM miacTe u3o0paxeHa Ha puc. V.4,
[MonmxeHuss ypopHss B 000MX BONOHOCHBIX FOPH3OHTaX AJSA LJIHTEIbHBIX ne-
PHOXOB OTKAYK{ MOXHO 3alHcaTh CJAERyomuM obpa3oM (cM. n. 3, ra. V):

Q . rf 2 (km), EAYE
1= e {'"El (- 4a*t>“L T ( B )] (1X.69)

1

2

Q o e
§ =m[—’f‘ (’ 4a*t)—2K°(B )] (%70

riie S)— NOHMXKEeHHE YpOBMS NOA3EMHEIX BOA B OCHOBHOM BOAOHOCHOM TODH3OHTE; Sp—
MOHHMEHHEe VPOBHS B cocefineM cjoe; km==(km);--(km), —cyMma BORONpPOBOIHMOCTER
060uX ropu3onTos; Q — ne6HT Bojo3abopa;

s FM
M1 e ’
11 ¥ N2 — Ko3dhduuueHTH BOACOTAATH cloeB | 1 2;
1 ko 1 1
5 = e [ + o ) @

W3 (1X.69) cnenyer, 4TO KONOJHUTeAbHOE NMHTAHHE OCHOBHOrO BOXOHOC-
HOTO TOPH30HTa B KaX[OH TOYKe MJ1acTa paBHO:

ko Q r
9= (81 —3S,) 257 Ko ( B ) (I1X.72)

rie
LS.
Bf my (km);
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KosnuecTBo BOAB H3 BepXHero BOJAOHOCHOTO TOPH3OHTA, MOCTYIHBINee
K Bono3abopy 3a BpeMs [, MOXKHO ONPeReHTh 0 GopMmye:

R

Qu=2x | grdr, (1X.73)
0

1ne R — paccTosinde B HanpaBJeHHH K BOL03a60Opy, KOTOpOe NpolineT dacTHIla BOAB B ocC-
}OBHOM BONOHOCHOM TODH30HTE a BpeMs [—it*; { — BpeMst OT Hauaja BKJIKYeHHH BOO3a-
6opa, t* — BpeMs, 3aTpaudBaeMoe YacTHUEH Boak da NPOXOMXKAEHHE Pa3NeJbHOrQ CJI0st MOIL-
HOCTBIO My DTO BpeMs, O4EBHHO, paBHO

min 2nm2n(km)
= (80 03)= 0° ; : (IX . 74)
e Q ko Ko (—B—)

11p — TIOPPCTOCTb PA3Ae€JAbHOIO CAos
ITopcrasaas B (1X.73) Bripaxenne (1X.72), noayuum:
g ma [ R, (R
0= e, e |15 (7)) (X.7)

Beanunna R B Beipaxennax (1X.73)—(1X.75) ponxkHa ompemensithcs U3
ypaBHeHHA:
R _ 035

dt n, Or

s (1X.76)
r=R

roe k) ¥ 1y — ko3QQHIMEHT QUABTPANMHE H NOPUCTOCTb HOPON OCHOBHOTO CJIOS

Cunrag pexXHM (QHJIBTPALHN B OCHOBHOM BOJOHOCHOM TOPH30HTE XKecCT-
KHM, T e. HeCKOJILKO 3aBHlllIasi CKOPOCTh (PHJABTPALHN TMOA3EMHEIX BOJL B HEM,
13 (1X.76) noayunm:

R
2nmn, s‘ rdr

Q 0 l—f—“;T'Kl (%)

DyukuHa %Kl (—;—) B sHaMedaTesqe (IX.77) namensercsa ot 0 (%-» 0)

(t—t¥)=

(1X.77)

r
no 1 (F - oo). Uro6ul moayuuTe NpHOJHKEHHOe Bhipa)KeHHe LJIs Be

JIHUHHH R,-0cpeHHM 3Ty QYHKIHIO, MOJMOXKHB ee paBHoil 0,5 Ha BceM HHTep-
BaJle HHTerpHposaHus. Torga

R= l/w. (IX 78)
21mn,

KoHueHTpauHIo nog3eMHbIX BOJA Ha BOJ03a6ope HaXOmHM Mo (opMyJe
CMeLleHH !

_ (km), __R_ R
Co= (CamCa) + G 2 [1— K (B)] (IX.79)

rie Cog H Cn-—-KOHuEHTpauHﬂ BElllECTBA B BOAE OCHOBHOrO BOLOHOCHOTO rOPH3OHTAa H BEpX

ero NHTalulero mjaacra, R onpepeasercst mno Qopmynae (IX78) npu ¢*, Bhuncagemowu
o (IX 74).

B oTnnune OoT paHee pPacCMOTPeHHOH CXeMbl LBYXCJOHHOTO MJIACTa B
JaHHOH 3ajadve KOHIEHTpalus BelllecTBa B Boae, OTOHpaeMo#l CKBaXKHHOH,
H3MeHseTCs] BO BpEMeHH.
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6. BIUAHUE PA3JTHYUHA B YOEJbHBIX BECAX
B3AMMOOEACTBYIOIHUX XUAKOCTEA NIPH $UHJBTPAIUHU
K BOJO3ABOPAM

Ilpn moctyn/ieHHN B BOAOHOCHBIH IJ1aCT BOJ HHOTO COCTABA H YAEIbHOIO
BECa 10 CPaBHEHHIO C IJACTOBOH MOJA3EMHOM BOJOH H3MeHstoTCs (yBeJHuy-
BalOTC HJIH YMEHBHIAIOTC — B 3aBHCHMOCTH OT COOTHOLIEHHS YAe/JbHBIX
BECOB) CKODOCTH MHUTpaluil BellectBa 11 fAedopMupyeTcs rpaHuna pasjena
MeXNy BOAAMH C PA3JIHUHLIMH YIeJbHBIMH BeCaMH, T. .. CYILECTBEeHHOE BJIH-
sIRHe OKa3blBaeT rpaBUTALlMOHHEH HaKTOpP.

Mo2KHO BBELZEJHTH HECKOJBKO XapaKTepHHX 3a7ad4, NpeiCTaBJISOLIHX
HHTepec AJf NPaKTHYECKHX IPOrHO30B KauecTBa BOALI MpH MpOeKTHPOBaNHI
BO703a00pOB:

1) ouenka ¢opMbl U AJHHB CpaHHILBl Pasfiela MEXAy TAKeabiMu (co-
JIEHBIMH) ¥ JerKiMil (C1aGoMHHepa/ N30BaHHBIMH) BOAAMH [pPH 3aJ0KeHHI
BOJ03a00OpOB B TOPH30HTAJBHHIX HJAH CJab0OHaKJOHHHX MJjaacTtax; 2) yuer
BIHSHHSL Pa3JHYMil B YAEJbHHRX Becax NPH OGuaIbTpaUMH KOHIEHTPHPOBaH-
HBIX pacTBOPOB 113 6acCelHOB M XpaHHJIIL; 3) NMPOTHO3 CKOPOCTH MOATATH-
BAaHH3 K AeMCTBYIOLIEMY B0j03a00py CHIBHOMHHEpaJH30BaHHHX BOA, 3aje-
ralouux Ha HeKoTopofl riy0uHe oT BOJONPHEMHOH YacCTH COOpYXKeHHs (B
YACTHOCTH, OT 32005 CKBaXKHHEI).

pannua paspena MeXAy CONEHbBIMH H TPECHLIMM BOXAMH
B FTOPH3OHTANLHBIX M CJIAGOHAKJOHHLIX MAaCTaxX

OuAbTpauHa ABYX XKHAKOCTEH DAasHON MJIOTHOCTH HCCJIen0Bajach BoO
MHorux pabotax [43, 128, 135]. [lpu6.amkenHoe pellleHye 3TOH 3a7a4u B
TIPEATIONONKEHHH, 4TO 06e KIIKOCTH 1IMEIOT OfHHAKOBYIO BSI3KOCTb M TJaCT

Pnc 1X9 Tpanuna pas-
gela B TOPH3OHTAJLHOM
niacre

] — MHHepasnH30BaHHLIe, Gonee
NAOTHBle BOALI;, 2 — OpecHble
BOABI

B LeJOM [I0 TPOHHUAEMOCTH $BJASETCS OAHOPOJHBIM, naHo B paGorax [34,
35]. B ropH3ouTanbHBIX H C1a6GOHAKJOHHBX BOJONOCHLIX MJIACTAX KOUTAKT
MEeXAY NOCTYrnawoomen XIAKOCTBIO 113BHE U MJ1aCTOBOH BOAOH MpeicTaBaseTr
cofofl HEKOTOpPYI0 KPHBYIO, HMEWIYyK TOuKy nepernba, XoTa na OOJBUIOH
nJaHHe OHa Gim3Ka K HaksonHoi npsiMoit. Cepenuda 3TOro HakKJIOHHOTO KOH-
TaKTa NPHMEpPHO COBMAajaeT C BEPTHKAJAbHbIM (POHTOM (HABTPALHI, T. €.
NOJIOKEHUEM TpaHiilbl pasgcia Mpu NOPLIHeBOM BHITECHeI OJHOPOAHHIX
KugkocTefi (¢ ofHHAKOBOH mioTHOCTBIO) (pue. 1X.9).

Ecan npecHue NOp3eMHBle Bojbl BLiTecHsiotcst Gosee TsXKeJbMIL, TMO-
clIefHIie MOrPYXKAIOTC B HHIKHIOIO YacTb NJlacTa M 1O €ro NoJoliBe MPO1BU-
raloTcd 3aMeTHo Brepej, onepexas GpouT ¢uapTpaunn. Ha xposic miacra
B 3TOM CJyuyae rpaHHua pasjela, HanmpoTHB, OTCTaeT oT (ponTa (HILT-
panui.

IIpn nocrynaenun B naact 6oJee Jerknx }KHAKOCTEH MOJOXKEHIE [PaHIL-
UBl pasfesa H3MeHsieTCs; Jerkue KUAKOCTH NpPOABHraioTca Ha Gogbuiee pac-
CTOsIHHE BAOJb KDOBJH MJAcTa H OTCTAIOT Ha nofowBe. Janna rpanuusb pas-
Jeda Lrp M CKOpOCTh ee mepemelllenysi U7, ONPENEISIOTCA NO CJeLYIOUHM

apubanxkenuM popmvaam [34, 35]:
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Lip = 2,2V & mAyt cos @/n ; (IX.80)

. q = .
vrp=,;—-kAy sing/n, (I1X.81)

rie Rk, m, n— cOOTBeTCTBEHHO KO3GQHIUMEHT QHALTPAIMH, MOWIHOCTL M NOPHCTOCTh BOAD-
HOCHOTO NJIacTa; ¢ — Yrol HAakKJIOHa IiacTa K TOPHIOHTY, [ — BpeMd, ¢ — pacxon NOTOKA
(NOCTOAHHBIH);
- Y1— Yo
Ay=———", (1X.82)
Y2

Vi M Y2 — YAEJNLHHH BeC NOCTYNAOIEH B IJacT XHAKOCTH H IJIACTOBOH BOAMI.

Hs (IX.81) BupHo, uTO B rOpH30HTaJbHEIX MiacTax (¢=0, sing=0)
rpaHuna pasfena ABHKETCHA CO CKOPOCTHIO

q

p* = ——
mn

T. €. TaK XKe KaK IPH OfHOPOIHBLIX JXHIAKOCTAX, CO CKOPOCThIO HOPLIHEBOrO
BhITeCHeHHs. B Hak/JIOHHBIX e MIacTax CKOpOCTh HBHXKEHHMsS rpaHuIbl pas-
Kesla 3aBHCHT OT yIJa HaK/IOHa @, HaNpaBJeHHs HABHXEHHA H PasHOCTH
YAeJbHBIX BecoB Ay.

. Ecau sing u Ay uUMeiOT OXHHAKOBLIE 3HAKH, v;p<v*; ecJU pasHble, Io
v, >u*,

HccnepoBanna 31oli 3amgaul, BHIIOJMHEHHBle ADYTHMMH aBTOpaMH, KaioOT
B ofllleM GJH3KHe 3HaueHHs 4YuCJI0BOrO Kosdouuuenta B dopmyne (1X.80).
Tax, B paGote [128)] ou moayuen paBueiM 2, B [135] — 1,65, a B pabore
[43] — 1,63—1,78. OueBupHO, YTO TaKHe PACXOXKFEHUA MOXKHO CUHTATh He-
CYIIECTBEHHBIMH, MOCKOJIBKY BCe pelIeHHsl, KaK Yy»Ke OTMedyaJsoch, HAloTCst
KJid caMoll mpocTefillleli CXeMpl; peaJbHBE JKe YCJOBHS, KaK NPAaBHJIO, TO-
pasgo cJO0XKHee.

BaXHbIM BBIBOEOM, BHITEKAIOUIMM H3 BCeX yKa3aHHBIX NpopadoTox, sB-
JisieTcd TO, YTO rpaHHuya pasjesa Mexay MiHepaJH30BaHHBIMH JKHIAKOCTIMH
U MIaCTOBBIMH MOA3eMHBIMH BOXaMH ae@opMUpYeTCst, OplYeM pasMepsbl
30Hbl AedOpMaUNH MON BJIHSHHEM TIpPaBHTARHOHHBIX CHJI MOIYT OKa3aThCs
KOBOJIbHO 3HAUMTEJNbHBIMH, PEBOCXONSIIHMH pa3Mep 30HBI cMelleHus, 06y-
CJIOBJIEHHOW KoHBeKTHBHOH Rucnepcueii. [locaenusa, ogHako, coxpaHdeT
CBOe 3HaYeHHe H NPHUBOAMT K PasMbITHIO («pa3MasblBaHHIO») HedOpMHpPO-
BaHHOTO KOHTAKTa MOJ BJIHAHHEM PA3JHYHMA B YHASJIbHBIX Becax.

Mpumep 1X.2. B ropusoHTansHei ROLOHOCHHME naacT ¢ napamerpamu k=20 m/cyr,
m=25 m, n=0,1, conepxamuit npeciiic Bonn (yz=1 r/cM?), nocrynaer aarpsizueHHas Bo-
La ¢ yAeIbHBIM BECOM vi==1,01 t/cm® Tpapuedr Hanopa NpH MIOCKOTAPANIENLHONH (HABT-
pauuu cocrasaser /==0,002, a neficTBHTeNbHASE CKOPOCTH NBHIKEHHSA

. _ 20-0,002

= —0,1_ = 0,4 M/cyr.

Heo6X0nMMO ONpefeUTh NOJOXKEHHe H AJANY TPamuubl paspena uepes 10 ger nmocae mna-
yajna GuaLTpauty Gosee TAXKeNbiX BOJ.

CepenuHa rpauuisl pasnena GyneT ABHraThcsl B paccMaTpHBaeMoM caydae (¢==0) co
CKOpOCTBIO TOPIIHEBOTC BhiTecHeHHs1 [losroMmy paccrosfiHMe X OT yvacTKa BXoma 6oJjee Ts-
XKeJblX BOJ, A0 CEPEAHHH rpaHIUb pasjena 3a 10 meT coCTABHT.

x=v*t=0,4.3650 = 1460 M,

K stoMmy ke cpoKy rpaunua pasfena 6yier HMeTh AJHHY:

20-25.0,01-3650
Lep ~ 2,2 l/——OI———— 800 -
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Yder pasauyHOl MJIOTHOCTH XKHAKOCTH NPH BEPTHKAJIbHOM
(uabTpaumuu u3 6acceiinos

W3 Bupaxenus (IX.81) crnenyer, uro npu Huabrpanud pa3HOPONHBIX
JKULKOCTEH B BePTHKaJbHOM HampaBJeHHH (@p= - sin@=—1) ckKopocTh

¢uaptpanuu (puc. IX.10) cocrasnser:

p=—t— . (1X.83)

Benuunna Ay npeactaBaser co60H HeKOTOPHIH HONOJHHUTeNbHBIH rpan-
eHT PuabTpanuH, o6yCIOBIHBaEMbI PA3HOCTBIO YAEJBHEX BECOB (MJIH «Tpa-
BUTALHOHHBIY FPAJHEHT)

Irp = Ay. (IX .84)

Beanunna Irp sBasietca nosnoxuteabHol (Ay>0), cOOTBETCTBEHHO B
mnact GuaAbTpyeTcsa Gojiee TAKeaasn KUNLKOCTb.

U3 u3noxeHHoro ciaenyer, uto Guabtpauus 60see TAXKEJAbIX BOX B BEp-
THKa/JIbHOM HaMpPaBJeHHH MOXEeT NPOHCXOAMTE H npi ¢=0, T. e. TOJIBKO 101
BJHSHMEM IPaBUTAaUHOHHOrO 3ddekTa.

Ilpu oTcyTCTBMHM AHcnepcuH (POHT NOPLIHEBOTO BHITECHEHHA B 3TOM
cayyae EpPeABHIaeTcs C PABHOMEPHOH CKOPOCTBIO:

. ko - F4
vrp=—n—A‘y= E (IX 85)
Mpumep I1X.3 Ilycre yneabHn# Bec NOCTyMamwilefl B MJI4CT AHILOCTH H3 XPaHHJHIIA

y1=1,01, yaeasHeIfl Bec MIaCTOBHIX BOA ya==1, T e A\—'=0,01 MourocTs nitacra 2= =
==25 M, k=20 m/cyr, axtuBHas nopucrocts n=0,1 [lo bopmynme (IX 85) momyunm:

T € 3aMelliehue NJIACTOBBIX BOJ MPOHCXOZMT upesBhivaino Geictpo Ciremyer OTMéTmb, 4TO
Beanuuna Ay=0,01 npuGau3uTeNIbHO COOTBETCTBYET MHHEPATH3aUMH BHEADSIOIIEHCH JhIIA-
Koct 15—20 r/x

B ecTecTBeHHBIX YC/JIOBHAX (GuaIbTpanus 113 6acceilHOB H XpaHUJIHIL
[IPOMCXONMT, KOHeuHo, no GoJsee CAOXKHBIM nytsaM. IIpnm stoM obpa3syercst
NpPOCTPAHCTBEHHHA NOTOK, HaKJaJbIBAIOLIHICS HAa OHTOBON MOTOK NOJ3eM-
HBHIX BOJ, YTO CJELYeT YYUTHIBAThb [IpH OLlEHKE BpeMEHH IPaBHTAallHOHHOIO
nepeMellnBaHuA. TeM He MeHee BJIMAHHE 3TOrO (PaKTOPa HECOMHEHHO.

HNoaTarusanue coseHblX BOJ K Bo103a60py H3 GoJtee riy6oOKuX
yacred njacra

Ilpn HasnuuH CoJieHBIX BOJX IIOL 3KCIMIYaTHPYEMBIM [11aCTOM, B KOTO-
pPOM HaxomuTcAd B0A03abOp, BO3HHKAET ONACHOCTL MOATSITHBAHNS COJEHbIX
BOI H YXYILUEHHs B CBA3H C 3THM KayecTBa HCIOJb3YE€MOH BOIHI.

Dta 3anaua, CTPOro roBOps, NOMKHA PAaCcCMaTPHBATBCS C YYeTOM BJIHS-
HHS pPa3/InuMsg B YHEJIbHBEIX Becax IPecHBX H cojeHwbix Box. OnHaxo, Kak mo-
KasaJH aHaJHTHYeCKHe H 3KCNepUMeHTaJbHbie licciaefoBanus [16, 119,
128], B6siM3an Bopmo3abopa rpalMeHThl H CKOPOCTH (iLIbTpanHH HACTOJIBKO
3HAYUTeNbHBl, YTO pOJb TPaBHTaNMU NpH pacyeTax BpeMeHH 1 CKOpOCTH
OKasbiBaeTcs NpeHeOpeXHMO MaJjoll (BO BCAKOM CIydae, NPH NPaKTHYECKH
BCTpeyaloleMcsl nuanasoHe u3MeHenus maoTHoctell Ay=0,056--0,1).

Bausgune rpasBuranuonHoro ¢axkTopa HHOTAZ VUHTHIBAIOT B TeX C/yda-
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Puc. 1X.10. Cxema Bepru- M
KaJbHOA (HIbTPAUHH pas-
HOPOOHHX MHAKOCTeH

Puc. IX.1l. TlontsruBanue Konyca co-
JIeHOH BOZH npu paGote HecoBeplieH-
HOH CKBaXMWHBI

1 — upecHas Bofga; 2 — codeHas Bofa

1 —= MUHepann3oBaHHAA BOIA;
2 — nipecHadA Bola

siX, KOorfla OlleHHBaeTC BO3MOXHOCTb 3KCIJyaTallid Bojo3a6opa Booblle
6e3 MoATArHBaHMA COJIEHRX BOMA; IIPH ITOM AOMKEeH GHTb OLEHEH MaKCH-
MaabHblll «6eccosieBoil» ne6ut Bogo3abopa uan mono6HO TOMY, Kak 3T0 Ae-
Jlaercsl Npu pelueHud 3ajaun 06 OGBOLHEHHH HEPTAHHX CKBaXWH (B CBA3M
¢ ofpasoBaHueM TaK Ha3blBaeMHIX «BOJASHBIX KOHYCOB»), — MaKCHMaJbHbIH
«Ge3BOAHBIN TEGHTS.

Jlns pacueTa BO3MOXHOIO GeccoseBOro geGuTa CKBaXKHHBI MOMKHO HC-
noab3osath Gopmyay I'. b. ITeixauesa (puc. IX.11):

Q~ ak &7 [mﬁ—ﬂ]/m—’rl‘—, (1X .86)

c

rie Mg— MOUIHOCTL 30HBI MpecHHX BOA; [— AJauHA GuabTPa; k— Ko3dhduuueHAT duiabTpa-
MK 3TOH 30HHI, Frn — PAfHYC KOHTYpA NJIACTA; F¢ — PAfHYC CKBAKHHbI;

Ye— Vn
n

Gopmysa (1X.86) ananoruuna B MaTéMaTHY4ECKOM OTHolleHHH (opMy-
Je RJIg pacdeTa NPHTOKA BOIb K KOJOAUY B Ge3HANOPHOM IJacTe.

Jis npu6GauxeRHoOH olleHKH BpeMeHH ONyCKaHHs Kymnoda (mocie ocra-
HOBKH CKBaXHHH) B paGore [54] pekoMeHjgyeTcs NpUMEHATb GopMyny
H. C. ITuckyHosa:

Ay=

pm M M5 (IX.87)
kAy my—z,

TIe 2| H 2p — KOODAMHATH TOYEK, B MHTepPBaJe KOTOPHX HCuHcaserca pems {. Koapouuueur
@ u3MeHsiercs ot 1 go 3.

3amaua o GuAbTpALlMM K BOR03a0OpYy (CKBaXKHHE, KOJOALY) COJeHbX
Boj 0e3 yuera rpaBHTaluk paccmaTpuBalacs B paborax [16, 17, 52, 53,
87—91, 128].

A. W. YapubiM 6pl10 MOKa3aHO, YTO NPH AEHCTBHH COBEPIUEHHOH CKBa-
XKuhbl (To e oTHOCHTCS M K ;AuneiinoMy Bof03aGopy) B OKHOPOJHOM 1O
TIPOHHILAEMOCTH TiaCTe, pasie/eHHOM Ha 1Ba CJIOf ¢ BOMOH PA3HON MHHe-
panusaluu (HHXKHEH CHOH — MUHePaJH30BaHHbIN), pe3yJbTHpyHOInasg MH-
HepasHu3alMsl paBHa cpenHeH MHHepasH3allHH, «B3BelIeHHOH» IO MOuWHO-
ctam (puc. 1X.12, a):

C—Cn
Cc"‘cn,

roe Ce g Cy — MHHEpAIH3alUs COOTBETCTBEHHO COJeHBIX H NMpeCHbIX BOL.

t="c = (1X.88)
m
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B mpByxcaoiiHoM miacte ¢ kKoadduuueHTaMun GuabTpalnu Ry u kg upH
pacnoJoKeHHH IPaHHUbL pasjiesa MeXAY NpecHbIMA M COJIeHHMA BOJaMH
B BepxHeM cjoe ¢ KodpduumentoM ¢uasTpauuu £, (puc. 1X.12,6) nin B
HUXKHEM c1oe ¢ Koad¢dnuneHToM uabTpauun ke (puc. 1X.12,8)

C=TT, (1X.89)
rae T — npoBoaHMOCTh BOROHOCHOR Toamu (T==kim-}-kyms); Tc — NPOBORHMOCTb YacTH

njacta, 3aHaTOH COJeHuMH Bonamu. B nepsom cayusae (puc. 1X.12,0) Te= (mi—mn)k+
+moks, Bo BTOpoM cayuae (puc I1X.12,8) To=mcks.

o / Jf /

g 4 — "‘“§ G
VR O A NANA ‘5'\’?"\“
: R N

NGRS VA AN

7 . S

Puc 1X.12. Cxema cOBepIIEHHOTO

T Boz(osaﬁopa B HeOJHOPOAHBIX 1O
s MHHEpAJH3alHH Nop3eMHBIX BOOAX H
Kog —R=—g & B IUIacTax Pa3NHUHOH NPOHHIAEMO-
&
7 CTH
a — OZHOPOAHOM; & — aByxcnoftHoM:

rpaHHUa pasfera OpecHbIX U MHHEpajau-
30BaHHBIX BOJ B BepXxueM cnoe; 88—

— - o IBYXCAOAHOM; rpaHuma pa3lena Rpec-

K é“ Y 2 \>< & \\ \ HbBIX M MHHEpaJH30BaHHRIX BON B HHXK-
2 N \ Ce HeM coe

\\/\\ - [ —npecHaf Bofa, 2 — colleHas BOAA

N4 e

B MHorocnofiHoM mnaacre

Te= 2 (k; m;)cons
c ( i !)COJI } (]x'go)
Ty=Z (ks my)y.
W3 npuBefeHHHX ¢opMyJ ciefyeT, YTo BO MHOIMX Cayuasx Jaxe MpH
MOJHOM CMelleHHH IIPecHEIX U COJeHBIX BOA Mo o0liel cBoell (pe3yabTHpY-
lolel) MHHePaJNn3auuH OHM He BHIXOAAT H3 HODM.

Mpumep 1X.4. Bonosa6op pacnosoxeH B BOJOHOCHOM TODH30HTE, COCTOSIEM H3 ABYX
CJ0eB ¢ pPA3JHYHOA BOLOMPOHHUAEMOCTBIO' B BepXHeM cioe B =20 M/cyT, B HHXHeM cIoe
ky=1 m/cyT. MOWHOCTE 3THX CJIOEB COOTBETCTBEHHO Pasua my==25 M, My=230 M. Tpaun-
ua mexpy npecutiMg (Cp=0,8 r/n) u mupepanuzosauubniMu (Ce==3 r/n) Bomamu saneraer
Ha ray6une 20 M oT Kposau naacta. Heo6XonHMO onpelefHTh MHHEpalH3apHi0 OTKAYHBA-
eMOit BOAHI.

B paccmaTtpuBaeMoM cnydae mg=20 M, mMc=35 m:

T = ky my + ky my= 20.25 + 1.30 = 530 m2/cyr.

OtHocHTeNbHas MHHepaaH3anHs C o (IX.89) 6yner paBHa:
E:Z_&:T—T“::]_ 2020
T T 530

=1-—0,74 = 0,9%.

Muunepanusauusa soabl B pono3a6ope cOCTABHT:
C=Cy+ C(C.—Cp) =0,84+0,26(3—0,8) = 1,37 r/a.
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3ajgaua o MOATATHBAHIIM CoJeHhX BOA K HecOBepPUIEHHOH CcKBa)kuhe
Ge3 yyera rpaBHTallin nNpHOJMXKEHHO paccMaTpuBaltach B paGorax
B. I ba6ywmkuna u ap. [16, 17] u B. M. Toapn6epra [52]. B nocneanen
npuBoasTCs caedylOlilde pacueTHble 3aBhCHMocTH (cM. puc. IX.11):
AJA BpeMeHH Hauasa IOCTYIVIEHHA COJIeHbiX BOJ B BOJ03abop
3 Ly
2nminfl ——
T v ———— L, (1X.91)
R(1—9 ' '
I0JS MHHepaau3allul BoJAn B Bojo3abope mocje MOATATHBAHHSL coJje-
HBIX BOf, T.e. mpH BpeMeHu t>T

_ 3/_7,‘
C=C+(l—€)]/ e (1X.92)
rie Q — ne6HT cKBaXKHHH; Mg — MOIIHOCT NPeCHON 3ombl muacra; [— njguHa duasTpa;
- {
L — nokasaTenb HECOBEPUIEHCTBA CKBAXKHHbBI, ONpelle/sieMHfi B 3aBucuMocTd oT! = _nT
{m — ofuas MoUHOCTb Macra):
.. ]0,05—0,1\ 0,1—02 | 0,204 | 0.4—06 | 0.6—0.8
Eowvn| 05 [ ose |02 | 07 T oo
— !
» S
| x !
8 8l S| ¥ 05
h " m =~
SESESE
& =22
Puc I1X 13 Caema k pac-
YeTy MuHEpaJdH3aUUH BO- Cr=45
In B BOAO3abope  lupi !

COXHOM THAPOXHAIHYe-
CKOM paspese J C3=6520n

MakcuManpnaf MuHepanusalus no Qopmyne (1X.92) npu f=oco 6y-
IeT paBHa:

Emaxc=c- (1 X.92)

[Tpu mocreneHHOM H3MEHEHHH MHHEPAJH3aUMH MO IVIyGHHE MPOTHO3 ee
B CKBaxHHe, Kak npemnoxeno B. M. Tonbn6eprom [54], MoxuO npousBso-
IHUTb no popMyJe

n 3/_7‘_11_]

"
C=Cn+x—L(Cn+x—Cn)[E-HI—C) ]/ - (1X.94)
o

Mpumep 1X.5 [54] BoxoHOCHBIA TOPH3OHT MOWHOCTEIO 35 M CJOXKEH MeJKO3epPHHCTH-
MH TleckaMn ¢ mopucTocTbio n==0,2 Murepandsauus BOAW YBENHSHBAETCA ¢ ruTy GHAOMN
(puc 1X 13), mpHyeM npecHbie EOAbI 3AHHMAIOT BEPXHIOID 4dcTh IWIdACTa (BbicOTON 14 M).
Bonoor6op B pasmepe 240 m®/cvT OCVILECTBASIETCS OJHONR CKBAaXKHHON, PHILTP KOTOPOS 3a
riayGied B BOLOHOCHHI TOPH3OHT na 3 M

Mpit {==3 m; = e =0,] nokazaTesb HeCOBEpIIeHCTBa {=0,52

Heo6xoaumo onpefieduts Munepaiu3audio orGupaeMod Boabl B Tederue 50 cyT nocJe
OTKAaYKH
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1. Tlo dopmyne (IX.91) onpemenum BpeMs, B TeueHHe KOTOPOro K CKBaXKHHe OOATH-
HYTCSl TPAHHLBI CI0€B Pa3HOH MHHepaJH3alUHH:
2.3,14.0,2(14 — 3)?

npp my=14mM T, = 3.240 (1 —0,52) =~ D cyT;

npu my =20 M Ty= 15 cym;
npu my = 26 M T3 = 36 cyr.

2. OnpenennM MHHEpaaH3aLUIO BOIAbI Yepe3 BPeMs ! nocje Hayana OTKaukA:
a) #==10 cyT; B CMeIeHHH YYacTBYET TOJBLKO OAMH CJNOH COJEHLIX BOIL C MHHEPaJH-
sanueit C;=22 r/n. [lo dopmyne (1X 94) nonyunm:

3
5
Cyp = 2,2— (2,2 —0,5) [0,52+(1 —0’52)‘/WJ ~0,7 r/m

6) £,=20 cyT; B CMeclIeHHH YYacTBYIOT ABa CJ0A COJEHBIX BOA ¢ MHHepaJH3auHeR
Ci=22 r/nu Co=45 r/n. Ana pacuera ucnoasayem dopmyay (1X.94) npn n=2:

3 ;T 3 —_
T T
cm=cz—(cl—co)[c+<1—§)‘/t—‘]—wz—cl) [§+(1——§) l/ 72].

[Moncrasnsa B 3TO BhipaXkewHe HCXoAHHe AanHble, noayyum Co=08 r/a. [To 3tomy
XKe BbipaxeHnuo npu t=230 cyT Cs=1 r/x;

B) t3=50 CyT, B CMeLIEHHH YyYacTBYIOT TPH ¢JOA CUJEeHbIX BOA C MHHepaJH3auHed
C1=22 r/n, Co=4,5 r/a n C;=6, r/a. [Ipy n=38 cocrasaseM BbipakeHHe ANd pacyera
MAanepann3anny no (1X.94):

3 T_ 3 T_
C=Ca—(Cx—Co)[c+(1—§) ]/7‘]—(62—61) [§+('—§)1/72]_

3/T3
—(C3—Cy) [C-I—(I—E)]/ T]'

[Moncrasass ncxonnwe aanubie, noayuum Cso = 1,4 rja.

Caepyer uMeTb B BHAY, YTO BPEMs NOATATHBAHHA COJEHBIX BOA MOXKET
3aMETHO BO3pacTtu u COOTBETCTBEHHO OﬁILlaH MHHepaJIHBaHHH BOIbI B BOIO-
3abope OKaXKeTcsl HaAMHOTO HHXKe, €CJH BOJOHOCHBIH NJAcCT COAEPKHT cJja-
fonpoHHLlaeMbie MPOCAOH, 3aTPYAHSIOUIHE (GHALTPALHIO B BePTHKAJALHOM
HamnpaBJeHHH.

OnHako HepeiKH CJaydaH, KOrja B pe3yJbTaTe NOATATHBAHHS CHJBHO-
MHHepaJH30BaHHbIX BOA H3 TJyOOKHX TOPH3OHTOB KayecTBO BOABI B BOJO-
3agope yXyaliaeTcs HACTOJNbKO, 4To 6e3 cnenHasbHbIX 3aLIHTHBEIX MEp 3KC-
IJYaTalusa ero Hepo3MoXkHa. [lad pellleHHst BOMpOCa O MPeNeJbHOM CPOKe
3KCIIyaTalHd Bojlo3abopa B STHX YCJOBHAX cJelyeT DacCyuTaTb BpeMs,
B TeueHHe KOTOPOrO COJIeHHe BOAH MOAOHAYT K BOA03a60ODYy, H NHHAMHKY
H3MeHeHHs1 MHHEePaJH3almHH BOAbl BO BPEMEHH.



Fnmasa X

NMPOEKTUPOBAHHUE MEPOIIPHATHH MO CAHUTAPHOH
OXPAHE BOJO3ABOPOB NMOA3EMHbIX BOJ

1. OBIIHE NOJIO)XXEHHUSA

Tlpu BbIGOpe yuyacTKOB pasMelleHHS H NpPOEKTHPOBAaHHH BOL03a60pOB
NOJ3EMHBIX BOJ Hapsily C pacueTaMH MNPOH3BOXHTEJNBHOCTH B0J103aGOpoB
BaxkHefilllell 3ajaueil aBJASETCH OUEHKA KauecTBa MNoa3eMHHX Boa. Kak yxe
YKa3biBaJOCh, B 3aBHCHMOCTH OT Ha3HAYEHHs BoJ03a6opa MOJA3€MHbIe BOAH!
JOJKHH YIOBJIETBOPSITh OlpejesleHHBIM TpeGoBaHHsIM. B uacTHocTH, NOA-
3eMHHe BOJH, Kak MNPaBHJO, HCHOJAb3yeMble NJs XO3SHCTBEHHO-MATHEBOTO
BoJloCHAaGXKeHHs!, HOJAXKHE ya0BaAeTBOpsiTh TpeGoBanuaM [OCT 2874—73 no
6aKTEPHOJNOTHYECKHM H OpraHOJIENTHUECKHM II0Ka3aTeJsiM H XHMHUECKOMY
cocraBy. Cojepanue B NMHTbEBHX BONAX pa3/JHUHHIX XHMHYeCKHX (opra-
HHYECKHX H HEOpPTaHHYeCKHX) BelllecTB, NOCTYNAXIHX H3 OLITOBHX, NpPO-
MBIUJIEHHBIX B CEJbCKOXO35HCTBEHHBIX 3arpa3HEHHIl, He MIOJKHO IpEBbI-
aTh NpPEAENbHO AONMYCTHMHX KOHIEHTpalHH, yCTaHOBJEHHHX Munucrep-
crBoM 3apapooxpaneniss CCCP pns HCTOUHHKOB L EHTpPaJN30BaHHOIO BOJO-
cHabXeHud.

Ipu nmpoekTHpoBanuH BOA033a6OpPOB MOA3eMHBIX BOJA, KaK H M3 OTKpH-
THIX BOAHBIX HCTOYHHKOB, NOMHMO OHEHKH KayeCTBa BOJH B €CTECTBEHHBIX
YCJIOBHAX, T.€. A0 YCTpPOHCTBA B0J03aGOPHOTO COOPYXKEHHS, HEOGXOAHMO
COCTaBHTb INPOTHO3 BO3MOXXHHIX H3MEHEHHH COCTaBa H CBOHCTB BoAH Ha
BECh NEpPHOJ BOJONOTpebJeHHUs.

DTH H3MEHEeHUs1 MOTYT NpPOH30HTH MO Pa3HEIM NpHUHHAM, HamnpHMep,
B pe3yJbTaTe NOCTYNJEHHS IOA3EMHEIX BOJA HHOTO (XYAILIEro) KayecTBa H3
JPYTHX BOJOHOCHBIX TODH30OHTOB HJH H3 OJHXAaHIIHX NOBEPXHOCTHHX BOJ-
HHIX HCTOYHHKOB. OCO6YI0 ONaCHOCTh NPEACTABJSIOT 3aTPSI3HEHHBIE CTOYHHIE
BOIAL B padoHaX NPOMBILUIJIEHHHX MpeANpHSITHH H HaA CEJbCKOXO35HCTBEH-
HEIX TeppHTOpusix. [103TOMY npu mpormo3ax KauecTBa BOJBLL JAJsI NMPOEKTH-
pPYeMBIX HOBHIX BOA03a60OpOB, a TaKXe NpH PacCIUHPEHHH H PEKOHCTPYKIHH
CYUIECTBYIOUIHX BOA03a6OpOB MOA3eMHHX BOJ HEOGXOAHMO NpefycMaTpH-
BaTb MEPONpPHSITHs MO HX CAHHTAPHON OXpaHe H MpelOTBPALIEHHIO BO3MOX-
HOCTH 3arpsi3HEHHs1 MOJ3€MHBIX BOJ B pailOHe HX pa3MeLleHHS.

B cootBetcTBHH ¢ AelicTBYIOWEl «HCTPYKIHE MO YCTAHOBJEHHIO 30H
CAHHTAapHOHN OXpalbl XO35HCTBEHHO-MHTbEeBHIX BOAONPOBOIAOB C IOJ3€MHEIMH
HCTOUHMKAaMH BOJOCHAOXEHHI», yTBepxkiaeuHoi#l BcecowsHolt rocyldap-
CTBEHHOH canMTapHOi HHcnekuuedn (BI'CH) s 1956 r.,, psas BogozaGo-
pOB TOA3EMHHIX BOJA YCTAHABJHBAlOTCA [Ba MOSCa CAHHTAapHOI OXpaHH:
MepPBHE IMOSIC — 30HA CTPO2020 Pexcuma W BTOPOIl HOSIC — 30HA 02PAHU-
yerull.

3oHa cTpororo pekuMa INpelHa3HaueHa [Js NPeAOTBpAILEHHS BO3MOXK-
HOCTH CJY4YaHHOTO 3arpsi3HeHHs BOJABl HENOCPeJCTBEHHO B BOA03aGOPHBIX
coopyxeHusix. IlosTomy B mepBHII NOsCc BKJAKYAETCS YHACTOK BOAONpPHEM-
HOTO COOPYXKeHHsl, a TaKXKe CBSI3aHHBLIE ¢ HHM HAacoCHasl CTAHIHs, YCTAHOB-
Ka Aas ob6paGoTki Boabl H pesdepByap. OT B0J03a6GOpHHIX COODYIKeHHH
TpaHHNbl NEepBOTO IMOsca CAHHTADHOH OXpaHH NpPH HCNOJb30BaHHM Ge3Ha-
NOPHBIX BOJOHOCHBIX TOPH30OHTOB JOJKHBI HAXOOHTbCS HA PACCTOSHHH He
meHee 50 M, a IpH HCNOJbB30BAHHH apTe3HAHCKHX BOJOHOCHHIX TOPH30H-
TOB — He MeHee 30 M.

TeppuTOpHIO HEpBOro mosica CaHUTAPHOH OXpPAaHLl Orpa)kAaloT H BELYT
nocTostHHOe HaGmiofenue 3a Hefi. CaHHTapHoe COCTOsIHHE ee KOHTPOJIHPY-
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€TCqd B COOTBETCTBHH € TPeGOBAaHUSMH HHCTDYKIHH O YCTAHOBJEHHIO 30H
CaHHTapHOH OXPAaHHI.

Ha teppuropus, npeanasHaueHHoOll [/ CO34aHHA BTOpPOro nosica ca-
HUTApHON OXpaHbl (30Ubl OrpaHHyYeHHil), He JOJNKHO GbITb HCTOYHHKOB 3a-
rpasHeHus. KpoMe TOro, no MHCTpYKUHH NMpeAyCMaTpHBAeTCs DeXHM orpa-
HHYEHHH B NPOBEJEHHH 3eMJIAHBIX, CTPOHTEJBHLIX H APYTHX PaboT C lleJblo
HCKJIIOYeHHS BO3MOXHOCTH NOSIBJEHHA 31eCb KAaKHX-JHG0 HOBHIX HCTOYHH-
KOB 3arps3HeHHda. B 3ToM nosice 3anpeimaeTtcss coopyKaTb OGBEKTHI, onac-
HBle ¢ TOUKHM 3DEHHS 3arpsi3HeHHsA NOA3eMHBIX BOJ H HapylUeHHS HOpMaJb-
HOH 3KCNJyaTamHH BoOA03aGopoB, HamnpHMeD, YCTPOHCTBO HAKONHTeNeH
CTOYHHIX BOJ H ADPYTHX TIPOMBILUIIEHHBIX 6acCefHOB, CTPOHUTEJbLCTBO Mpel-
NPHATHHA, UMEIOIHX TOKCHYHblE CTOYHbiE BOJAbl H TEXHOJOTHUECKHE DacTBO-
pel, u 1.0 He ponyckaercs c6poc x03sHCTBEHHO-GLITOBLIX H MPOMBIIIJIEH-
HBIX CTOYHBIX BOJ B MOJA3€MHBEle BOALI Yepe3 CKBAXKHHbI H OpHbIE BpIpa6oT-
KH, 3ampellaetcs NPOBeJeHHe 3eMJSHLIX paGoT ¢ paspylleHHeM 3aUUTHOTO
CJI0Sl Haj BOJOHOCHBIM TOPH30HTOM H AD.

[paHumbel BTOpOro nosica AOJXKHE HaXOAHTbCS HAa TAKOM DACCTOSHHH
OT BO03abopa, 4T06Bl Te W/JIH HHble 3arpA3HeHud, NofaBLIHe B BOAOHOCHBHII
TODH3OHT Ha TpaHHIE H 3a mpeesaMi 3TOTO M0sCa, HHKOrJ4a He MOIJH Gbl
JIOCTHYb Boj03a6opa.

Ilpn HeBO3MOXKHOCTH BBLIMOJHEHHS 3TOTO YCJIOBHS, a TakKXe JJIs MaJblX
B0103a6OpoB, pacCUNTAHHLIX HA OrpaHHYeHHBIH CPOK 3KCOJyaTamuu, rpa-
HHLA BTOPOrO Mosica pasMemaercss Tak, 4ToObl 3arpsA3HeHHsT MOTJIH JOCTHUb
BoJo3aopa TONLKO B CPOKH [, 3aBellOMO MpeBLIIAONIHE HPOCKTHpYyeMblH
nepHon ero paGorel Ts (T nmpuHuMaetcss paBHbIM 25—50 seT).

B oThenbHBIX CaAyuasx BO3MOXKHOCTL MOCTYMJEHHS K BOL03aGOpy TeX
UJIH HHBIX HeOJaronpHATHBIX BEIIECTB, COAEpPXKAIIHXCA B MOA3EMHBIX BO-
Jdax, MOJHOCTbIO He HCKJI04aeTcsl, HO NPH 3TOM JOJIKHO BbIAEpHKHBATLCA
yCJOBHE, YTO B CMeCH € BOJOH BCeX OCTAJbHBIX HCTOYHHKOB NHTaHHHA, o6ec-
MeYHBalOUIUX [POU3BOJAHTENLHOCTh BOJ03a6opa, KOHIEHTpalus 3ITHX Be-
mectB He Gyper npeBninars [TIK.

Takum o6Gpa3soM, NMpH NpPOeKTHDOBAHHH BTOPOTrO IM0ACa CaHiTapHOH
OXpaHbl BOA03aGOPOB TON3eMHEIX BOA AOMXKHbl GblTh YCTAHOBJEHbl [45,
88—91]:

1) nonoxeHue u rpaHunb 06JacTH NHTaHHA (HJH «06JacTH 3aXBaTay)
Boao3a6opa;

2) BpeMs1 mpoABHXeHus 3arps3HeHHH OT BO3MOXHLIX IYHKTOB H Oda-
roB 3arpsA3HeHHs A0 BoJo3aGopa;

3) KauecTBO MOJ3eMHBIX BOA B BOA03abope nocje CMeLIeHHS BOJ H3
BCEX HCTOYHHKOB, MNNTAMOWKX BOA03a6op.

FpaHuusl © pa3Mepbl BTOPOro MosiCa CAaHHTApHOH OXpPaHB Ha3HAualoT
IJI KaXJ0ro NPOeKTHPYEMOro Bojo3abopa B OTAEJbHOCTH B 3aBHCHMOCTH
OT MPUpPOAHBIX [HAPOreoJorHyeCKHX OCOGEHHOCTeH paldoHa pa3sMemeHHs H
THIIa Bojo03a6opa, a TaKXe peXHMa ero 3KCIJyaTamuH.

Ilpn ncnonb3oBaHHH TAyGOKHX apTe3HAHCKHX TOPH30HTOB, XOPOLIO 3a-
IHIIEHHBX CBEePXY HEMPOHHIAeMbIMH HOPOAaMH H HMEIOWHX o6JacTH MNH-
TaHUs Ha 3HAYHTENLHOM YJajJeHIH OT y4daCTKa pasMellleHHs BoJo3abopa,
BTOPOH MOSIC 30HBI CAHHTApHOH OXPaHbl MOXKHO He MNpelyCMaTpHBaTh.

Ecqn skcniyatupyeMblii HanopHB FODH3OHT CBA3aH C BEePXHHMH Ges-
HanopHbIMH (HJH HANODHBIMH) TOPH3OHTAaMH, KOTOpble B TOH HJH HHOI
CTENEHH 3arpA3HeHbl, HJH HMEETCs MNOTEHUHAaJbHas OMaCHOCTb HX 3arpas-
HEHHS, BTOPOH MOSC AOJXKeH ObTb 3aMPOEKTUPOBAH, NPHYEM pa3Mephl ero
HasHa4aloTCq C y4yeTOM yKa3aHHOH THADaBJHUYECKOH B3aHMOCBSI3H C Cocefl-
HHMH TOPH30HTAaMH. JTO JKe OTHOCHTCS K B0J03a60paM, pacrosiaralouHM-
ca BGJII3H 061aCTH BBIXOJA HANOPHBIX BOJAOHOCHEIX TOPH3OHTOB Ha MOBEpX-
HOCTb.
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HauGonee mosino nosXKHbl GBITH pas3pellieHbl BONPOCH MHTaHUS BOAO-
3a0opa, OLEHKH BpeMeHH BO3MOXKHOH (QHJAbTpPAllin 3arps3HeHHH H Kaye-
CTBa BOAK B CJYyYae HCNOJb30BaHHA IPYHTOBHIX Ge3HANOPHLIX BOM, 3aKJIO-
YEHHbIX B II€CYAHLIN TOPH30HTAX AJJIIOBHAJIBHHX OTJOXKEHUA H TPEUHHHO-
KapcToBeiX  mopopax. O6sacTb  NHTAaHHA  OTKPHITBIX  Ge3HANMOpHBIX
rOpH30HTOB BOJ pAacloJiaraeTcss HeloCpeiCTBeHHO BOJH3H Bopo3a6opa, B
CBSI3H C yeM HeoOXoAuMa TilaTesdbHas €ro oxpasa.

Haa nosHoro HCK/IOYeHHS BO3MOXHOCTH IMOCTYILIEHHS 3arps3HeHHH B
BO#03abopbl MOCTOSHHOIO LEHTPaJiH30BAaHHOTO BOJOCHAGXKEHHS TpaHHLA
BTOPOrO MOsICA CAHUTApHOH OXpaHbl NMPUHUMAETCS B OCHOBHOM B 3aBHCH-
MOCTH OT MOJIOXeHHS HeHTpPaJbHbIX (pa3feibHbiX) JHHHI TOKa, KOTOpHI-
MII OrpaHu4YHBaeTCsl B IJiaHe 06JaCThb 3axBaTa HJM 06JacTh IIHTAHHA BO-
Aosa6opa.

Jss Bom03aGopoB ¢ OrpaHIvYeHIBIM CPOKOM 3KCIJAYaTalldd rpaHHIY
30HBI CAHWUTAPHOH OXpaHbl MOXKHO IIPOBECTH MO KOHTYDY, TOUKH KOTOpOro
11aXOAATCsA OT Bojo3afopa ha pacCTOSHHAX, COOTBETCTBYIOIIUX OJIHHAKOBO-
MY 3aJaHHOMY BpeMeHH [BHKeHHUS 3arpasHeHHf T,=T5.

30HB CaHUTapHOH OXpaHBl, YCTAHOBJIEHHBIE N0 3THM KOHTypaM (yCJoB-
0 HX MOXKHO Ha3BaTb KOHTYPaMH OJHOBPEMEHHOro MNOCTYIJIeHHsS BO3MOXK-
HbiX 3arpsAsSHEHHil K BON03a6GOpYy), eCTeCTBEHHO, IIMEKT MeHbllHe pa3Mephl,
UeM 30HbI, HAMEYeHHbe Mo HeATpaJsibHOR JUHUHU ToKa. [locKosbKy HeATpaJib-
Has JiHHUA TOKa, Kak MNPaBHJO, He INOJHOCTbIO OrpaliHuMBaeT 06JiacTh IH-
TaHus BoAo3aGopa, OCTaBJfAA €e «OTKPHITOH» HA OT[eJbHBIX yYacTKax, a B
psjfe cjiydaeB He CYLIeCTBYeT COBCEM HJH IepeMellaeTcs O BpeMeHeM,
rpaHula 30HB CAHHTAapHOH OXpaHbl BOA03a60POB MOCTOSAHHOTO JAeHCTBHA
ycTaHaB/iHBAaeTC KOMGUHHPOBAHHBIM CHOCOGOM: OJHA 4aCTb 30HBI OrpaHH-
uiBaeTCd HeATpaJbHOH JiHIIEH TOKa, Apyrasd — HA3HAYaeTCsd C yueTOM BO3-
MO HOTO BpeMeHHW ABUKEHHS 3arpsi3HeHu#l K Bojno3abopy T, KoTopoe, Kak
YKa3piBaJioCh Bbillle, AOMKHO GbiTh GoJdbiue Ty

2. NPHBJIH)KEHHAA METOJHKA ONPEALJEHHS PASMEPOB 30H
CAHHTAPHOH OXPAHbI BOJO3ABOPOB H NMPOrHO3A KAYECTBA
NOJ3EMHbBIX BOJ

HauGosnee monuoe npencraBaeHHe o6 o6JacTH nutanust Bojosabopa
MOMKHO [MOJIYYUThb lia OCHOBE rujipouHaMHuecKol cetkd ¢uabrpanuu. [lo
1111pOJJHHAMHYECKOH CeTKe MOXKHO TaKXKe ONEHHTb CKOPOCTb NpPOJBHXEHHS
4YaCTHI, HOJA3eMHBIX BOA (B TOM YHCJIe 3arpsA3HEHHBIX) H ONpPeAesiuThb I0JOo-
)KeHHe uX GdpoHra (U1IH «PpoHTa PUIABTpPAUHH») BO BCell 06JaCTU JBHKe-
HHSI B JIO60H 3aJaHHBIH MOMEHT BpeMeHH. B HeKoTOpBIX IpOCTeHLIHX CJy-
1adX CKOpPOCTb U ¢GpoHT PUIAbTPANHM HO OT/AeJbHBIM HAIpaBJeHHSIM MOLyT
ObITh onpefesieHn H Ge3 MOCTPOeHHS THAPOAHHAMHUYECKOH CeTKH.

Jlas mocTpoeHns rUAPOAHEAMHYECKON CeTKH HCIOJb3YIOT aHaJuTHUeC-
Kie pelleHHsl, TpaoaHaJHTHIECKHe MeTOAnl M MojeaupoBanue. OcHoBHAA
TPYAHOCTbL 3aKJ104aeTcsd B TOM, 4TO peaJibHbie MOTOKH MOA3EMHLIX BOJ AB-
JAIOTCA CJAOKHBLIMH U (GOPMHUPYIOTCA B pe3yJbTaTe B3aUMOJEHCTBHA ecTe-
CTBEHHBIX TEUEHHH NOoA3eMHbIX BOJ H TEueHHH, OGYCJOBJNEHHBLIX TEeMH HJH
MHBIMH HCKYCCTBEHHbIMH COODYKEHWsMH, HalpHMep, BoA03aGopaMu, jpe-
HaXXHBIMH U BOJONOHHKAIOIIUMH CUCTEMAMH H T. A.

ITpu mporxo3ax KauecTBa MOA3EMHHX BOJ H NPOEKTHPOBAHHH MepOIpPH-
ATHA 0O CaHMTapHOH oXpaHe BOA03aGOpPOB BAaXKHO YUUTLIBATH YCJIOBHA
$UAbTPANHN U3 HMCTOYHHKOB 3arPs3HEHHS H CTeNeHb BO3MYILEHUS HMH ecTe-
CTBEHHOTO MOTOKa moa3eMHblXx BOJ. C 3TOH TOUKH 3peHHs, KaK yKa3biBaJOCh
Bbillle, MOXXHO BBLIAEJUTh THJPOAHHAMHYECKH aKTHBHbIe W IIaCCHBHLIE HCTOY-
HWKH 3arpsa3leHHs.
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K akTHBHBIM HCTOYHHKAaM OTHOCATCS AEHCTBYIOILHE [IJaMOXPaHHJHILA,
HAKOMIHUTEJH U Jpyrue GaccelHnbl, GHAbTPALHA H3 KOTOPHIX MPOUCXOJHT NO-
CTOSIHHO, B CBSI3H ¢ 4eM HeoGXOJMMO OIEeHHBATb THAPOJAHHAMHYECKHH 3(-
derT caMuX HCTOUHHUKOB. [lacCHBHBIMH B THAPOAHHAMHYECKOM OTHOLIEHHH
YCJIOBHO MOXHO CUHTATh O4ard 3arps3HEHHbIX NMOJ3eMHHIX Boj, 06pa3oBak-
LIHECS B NpeALIECTBYIOIIHE NePpHOAL IKCIIYaTalHH YKA3aHHBIX HCTOYHHKOB,
KOTOpble B HaCTOfulee BpeMsl MO TeM HJH HHbHIM NpHYHHAM He JeHCTBYIOT.
WHTeHCHBHOCTb TOCTYIJIEHHS 3aTrPsA3HEHHH H3 TAaKHX OYaroB ONpeaensercs
THAPOJAHHAMHYECKHMH NapaMeTpaMu ObITOBOrO MOTOKa MOA3EMHLIX BOJ H
noToKa, 06yCa0BJEHHOTO OTKauKOH U3 Bogo3abopa.

Benepcrsue pnurtenbHoil GUABTPAUMH H3 AKTHBHBIX HCTOYHHKOB B BO-
JOHOCHOM IJIacTe HakKaIJHBaeTcsl HACTOJNbKO 60JbLIOe KOJHUECTBO 3arpss-
HSAIOWHX BeWECTB, YTO OHH HE MOTYT HCUE3HYTb HJH B 3aMeTHOH CTeneHH
paccesiTbCsl MO MyTH (PUAbTpAUUH K Bonosabopy. Ilpu wacTHunoM norsoule-
HHH OTAeJbHBIX KOMMOHEHTOB (COpOUHH, 3aCTOE B TYNHKOBHIX Topax, Au®-
$Y3HOHHOM OTBOJE B CJOH KPOBJH H NOJOLUBHI) TPOHCXOAAT JHIIb 3aJepXK-
Ka HX NpPOJABHXKEHHS M HEeKOTOpOoe YBeJHUEHHe, TakHM 06pa3oM, mepHoja
GUABTpalliH K BoJdo3a6Gopy, HO KOHUEHTDAUHd KOMIOHEHTa COXpaHseTcs
NpaKTHYeCKH TaKOH »Ke, KaK KOHUeHTpalus BOGJu3H ouyara 3arpsi3HeHH:.

B nopo6HBIX cayuasix MOCTYIJEHHE 3arps3HeHHHd, HaXoaslHxcs B o6-
JacTH 3aXBaTa Bojao3abopa, HEMHHYeMO, a BPeMs H CKODOCTb HX JABHXKEHHH
GynyT onpeaensiTbCs DPe3yJbTHPYIOIIEHl CKOPOCTbIO (HABTPALHH C y4YeTOM
3aMeJJIeHHs ee BCJeACTBHe COPOUHH.

Ilpy KpaTKOBpeMeHHOM TOCTYNJEHHH 3arps3HeHHH B BOJOHOCHbIR
nnact (HanpHMep, mpH CJyyaHHBIX c6pocax CTOYHBIX BOJ B DEKy, TpPOpHI-
BaX KaHaJH3amMOHHON CETH B TopPOJaX H Ha NPEANpHATHAX H T.A.) o6uuil
0o6beM 3arpsI3HEHHLIX BOJ, OKa3aBIUMXCH B TJacTe, yacTo GLIBAET HEBEeJHK
Mo CpaBHEHHIO ¢ 06bEMOM BOJOHOCHOTO MJACTa HAa yYaCcTKe MeXJIy ouaroM
3arpsisHeHiis H B0oA03a60pOM.

[Tpu GuabTpanHu TAKOro OrpaHHYEHHOro 06beMa 3aTpsA3HEHHH, compo-
BoXJawowmwenca ¢GH3NKO-XUMHUYECKIIMH B3aUMOAEHCTBUAMH HX C TJI4aCTOBO#H
BOAOH H MOPOJOH, B HEKOTODLIX CJAYydYasiX AOCTHTAeTCs 3HAUHTEJbHOE HJIH
Jaxke NpPaKTHYECKH MOJHOE paccesHHe 3arpsisHeHUH B MJacTe HA MyTH K BO-
no3abopy, BIJIOTh 10 Kounentpauuil Huxke ITAK. DtoMy, B wactHocTh, cno-
COGCTBYIOT TJIHHHCIBIH HJH MEeJKO3epHHCTBIH COCTaB (PUALTPYIOMIEH TOJ-
14, HU3Kasg KOHUEHTpauHd 3arpsasHeHuit, MaJjas CKOpPoCTb GUAbTPALHH H JAP.

B03MOXHOCTL TOJMHOTO HJIH YAaCTHYHOTO DACCestHHS 3arps3HEHHH TnpH
$UAbTPANHH HX K B0OJ03a6opy B TaKHX YCJOBHSIX OUEHUBAETCS HA OCHOBE
pacueTa MUTpalHH PacTBOPOB MO CXeMe «NAaKeTHOrO» 3amyCKa B MJacT (CM
nn. 3, 4 ra. I1X) u ¢ yuetoM ¢pH3HKO-XHMHUECKHX B3aHMOAEHCTBHH TpH AaH-
HOM COCTaBe H CBOHCTBAX 3arps3HeHuil, BOAOHOCHHIX nopoa H T. A. Pacuerom
B JaHHOM CJlyuae onpejefseTcs IJHHA IyTH, Ha KOTOPOM KOHUEHTpamus
3arpasHfonlero KommnoHeHTa cHusutces Ao 3Hayennit [IK. Ecam stor
nyTb MeHbllle, 4eM pacCTosiHHe 10 BoJo3abopa, 3arpsA3HeHus B Bogo3aGop ue
noctynar. B npoTHBHOM cayyae HeOOGXOANMO OMpPeAesNHTh KOHUEHTPAmHUIO
KOMIIOHEHTa B TOA3eMHbIX BOJAaX NpPH MOAXOAE K BOJ03aGODY H DPE3YJbTH-
pyOWYO KOHHEHTpPAUHIO B HEM MOC/e CMELIEeHHs 3aTrpPSI3HeHHON BOAB C BO-
JOH, mocrynaoulefl U3 He3arpsA3HEHHON YacTH BOJOHOCHOTrO ropu3odTa He-
06XOMMMble JAJisl PacyeTOB THAPOTEOJOrHYeCKHE MapaMeTpbl, a TaKkKe pas-
Mepbl ouara 3arpsi3HeHHs, COCTaB H KOHIEHTpalHs 3arpsA3HeHHH JOJXKHbI
6bITh NOJyueHbl PH THAPOTEOJOTHUECKH H3BICKaHuAX [lapametpul copGrun
H Jecopbuun, Kos3p@UuHeHTH AHCHEPCHH H APYTHe mMapaMeTphl (PH3UKO-XH- -
MHUYCCKOTO B3aHMOJeHCTBHSA ONpeledsioT NMpH ChenHalbHbiX JaGopaTopHBIX
1 MOJIEBbIX 3KCMEepUMEHTaX N0 QUIbTPalHH 3arpsA3HAIONIHX PACTBOPOB uepe3
obpasusl MOpoJ BOAOHOCHOrO MmJjacra.
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Has nocTpoeHHs THAPOAMHAMHYECKON CETKH M OmpefieseHHsl CKOPOCTH
1 BpeMeHW NPOJABHIKEHHst 3arps3HEHHH JOJKHO OblTh H3BeCTHO pacnpeje-
JleHHe HaMopoB B MOTOKE NMOA3EMHBIX BOJ.

[Ipn Haduuvu AByX H GoJiee HCTOYHHKOB BO3MYyIUIEHHs1 eCTeCTBEHHOTO
(UIABTPAHOHHOTO MTOTOKAa (BOA03a6opa, XpaHUJHILA NPOMBILJIEHHHX CTO-
KOB U T.[.) 3HaueHHe HAMOpPHOH GYHKUUHM MOXHO NMOJYYHTb MO METOAY Cy-
TIepMO3HIUH, T.e. NyTeM CJIOXKEHHUS 5(Q(eKTOB H3MeHeHHWS HAnopoB (NOHH-
JheHHS WJH [OBBILIEHII €CTeCTBEHHOr0 YpOBHs NOJ3eMHLIX BOJ), BLI3BaH-
HBIX KaXKAbIM HCTOUHHKOM B OTAeJbHOCTH. B ofwemM Bujae 3TO MOXKHO
NpeACTaBUTL CJAeAYIOUel 3aBHCHMOCTBIO:

n
Heypy= X H;+C, (x.1
i=l
re hcym—cyntmapnblﬂ (pe3yabTHpyIOWKA) Hanop NoA3eMHBX BoA; . — Hamopsl, ycra-
HABJAMBAOlHeCd B MJacTe NOJA BAHSHHeM COCTaBAAONMX NOToKoB; C — HeKOoTOpas IOCTO-
SIHHad, onpellendeMasd Nno rpaHHYHbIM YCJAOBHAM

[1pu onpenesenun o6aacTil 3axBaTa BoA03a6opa U CKOpOCTel GpuUJIbTpa-
OUH AJ5 NPUGJHKEHHBIX pacyeToB, BHITOJHSIEMEBIX B CBSI3H ¢ MPOEKTHpPOBA-
HieM 30Hbl CaHHUTAPHOH OXpPaHLl, MOXHO pacCcMaTpHBaTbhb YCTAaHOBHBILYIOCS
(buabTpanuio, NOCKOJAbKY B 5TOM CJydae Mbl MoJyyaeM MaKCHUMaJbHble pas-
Mepbl 06JaCTH BJAHSIHIA Bogo3aGopa, a CKOpOCTH (HUJbTpaUuH mpH AeHCT-
BHU BOj03a60OpOB ¢ MOCTOSTHHLIM Je6IiToM (W ApyrHX HCTOYHHKOB ¢ MOCTO-
SHHBIM (QUJbTPANUOHHBIM PACXOJOM) CO BpeMeHeM CTaGHJH3HPYOTCS.

B rteopun ¢uabTpauuu Hapsay ¢ HanopHod ¢dyukuued H (Hcyu) BBO-
LHTCA TMOHSITHe NOTeHHHaJa CKOPOCTH ¢=-—&kH nan ¢=—£kAH (AH — us-
MCHeHHe NEPBOHAYAJbHOrO Hamopa).

[lpousBonnas OT noTeHHala CKOPOCTH MO NyTH ABUXKeHUs L paBHa ca-
MO#l CKOpOCTH:

0P
V= 3" (X.2)

CooTBeTCTBEHHO MNOJYYHM COCTABJSIOUIHE CKOPOCTH MO OCAM KOOp-

AUHAT:

_%® ,_9

=%’ v, = 3 (X.3)

Uy

TpaexTopuu, Mo KOTOPBIM JBHKYTCS YaCTHUB! JKHJIKOCTH B CTalHOHAp-
HolX (QUJIbTPALHMOHHLIX [OTOKAaX, COBNAJAIOT C JHHHSIMH TOKA, ONUCHBAae-
MBIMH CGOTBETCTBYIOUIMMH YDaBHeHUsIMH — QYHKUHAMH TOKa .

[ToTeHunan cKOpocTH GHALTPAUMH ¢ U YHKIUS TOKa P B JByMepHOM
¢HIbTPANHOHHOM TeUeHHH CBS3aHH CoOTHoweHusaMH Komn — Pumana:

% _o% de ¥

dx ay ’ ay=——5;- (x.4)

CaenoBatesbHO, ec/M H3BECTHO Bhpa)keHHe jas Hanopa H nau mo-
TeHUaJa CKOpPOCTH ¢, MOXHO HAHTH 3aBUCUMOCTb AJs (PYHKIHUH TOKa:

—_ a_q)_ f— ?& "
1p~j'axdy+c = j'aydx—{-c. (X.5)

JIMHMN paBHBEIX MOTEHHHAJOB W JHHUM TOKa 06pasyioT opTOroHaJbHYIO
rHApPOJHHAMHUYCCKYIO CeTKy [BUXKEeHHUs.

M3 Boipaxenns (X.5) BHAHO, 4TO QyHKUHs TOKA P ompeneaer Coboil
pacxon notoka. HeficTBuTedbHO,
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Qp= (Wi —¥)m, (X.6)

rie Vipy H P, — 3HAYSHHSA JHHHII TOKa, OTDamH4HBaONIIC NOTOCY, B NPenenaXx KoTopofi
NPOXOAHT pacxon Q; m — MOUIHOCTDb IlacTa

Tlpn mporHosax kauecTBa NOA3EMHHX BOJ CJAelyeT yYHTHIBarb HEKO-
TOpbie O6miHe 3aKOHOMEDHOCTH MHTrpamiil COJEBEIX pacTBOPOB B BOJAOHOC-
HBIX nJactaX (B TOM YHCJe CTOYHBIX KIITKOCTEIl, fBJISIOMIXCS HaHGouee
ONMACHBIMH HCTOYHHKAMII 3arpsi3HEeHHs NOJ3eMHBIX BOI).

Kak Buino u3 npuBejeHdbiX B raage IX pelleHiil THNOBLIX 3ajad Mir-
pauuiy, nepexojHas 30Ha CMellleHHs 1 3ora JedopManii rpaHHubl pasfe-
Ja, GopMHupyoomuecs noj BJIUAHIEM Aucnepcid, copOuHil H pa3JHyliil B
IVIOTHOCTH 3arpsi3HeHHBIX W NPUPOMIBIX NJaCTOBBIX BOJ, ONpPEAeadr0TCs
fmapameTpaMii 3THX npomeccoB. Jas c/a0XHBIX QHIRTPANIIOHHBIX MOTOKOB
5TH 30HBI C HEKOTOPBIM MpHOJIHXKEHHEeM JOMyCKaeTcsi OUeHHBATh OTAENbHO,
MO0 COOTHOLIEHHSIM, NOJYYCHHEIM H3 THIOBBIN Ppellieliifl 1Jasi OQHOMEPHOro
HOTOKA.

CKOpOCTh COpOUUOHHBIX NpOIleccoB NpH ¢GHALTPAUMH B MOPOAAX, Kak
NpaBHJIO, HACTOJAbLKO 3HAUIITEJbHA, YTO MpaKTHUYECKIl HX MOXKHO paccMat-
pUBaTh KaK PaBHOBECHBIE 1l XapaKTepH30BaTb TOJIbLKO KO3((HIHEHTOM pac-
npenesenus f.

B n3oanposainux MsacTax cop6uus i1 Apyrie BHIb NOTJOMEHHS be-
ECTB, KAaK Y2Ke OTMeuaJoCh, 3aMeIJdr0T CKOpPOCTb MPOJABHKEHHS 3arpsas-
HeHu#, oAHAaKo Npu HeNpepbIBHOH (QHIbTpAHHH CTOKOB 1X KOHIEGHTPAUKR
B KaXJOM CedeHHH ILIacTa ¢o BpeMeHeM Bo3pacTaeT H B KOHEYHOM I'Tore
JOCTUTaeT 3HauYeHHil KOHmeuTpamHu la BXoje B Maact, T. ¢. C=1.

Ha oCHOBaHHII II3JIOKEHHOTO MOXKHO NpPHHATh CIEAyWIHA npHE.1H-
XKeHHbIl MeToj pacyeTa npoABHIKEHHs 3arpa3HEHHHX pPacTBOPoB B BéI10-
HOCHBIX IIJACTaXx:

1) BHauaJse OpOH3BOASIT pacyeT NCXOAS H3 NPEIANOCHUIKIL, 4To AHDGy-
3Hg U AHCIEPCHS OTCYTCTBYIOT, T. €. MO0 TaK HA3hiBaeMoH CXeMe MOpLIHeBOro
BeiTecHeHHs. Ha ocHoBe pacueToB Mo KoopJiHHATaM ToueK (GpoHTa PUALTPA-
nHH u copbuun Lg yCTaHaBIMBAOT pa3Mephl NepBofl (NP AJNTesbHOH
$uAbTpalnHd — HanbOJee 3HAYHTENDbHON) 30HB!I NPOABIKEHHSI 3aTPA3HEHHBIX
pacTBOpOB; ,

2) onpeiens:oT KoHmeHTpamio 3arpsadesnfi Cy HAa YCTaHOBJIEHHOH
AuHHE GpoHTa GUAbTpamimi I copbuui, Hcnoab3ys ¢opmyas n. 4 ra. 1X;

3) ycrtanaBanBaloT pa3Mepnl 30HB TedopMauliil TpaHHNH pasjena H
30HBl CMellleHis, BO3HIKHOBeHHE KOTOpBIX CB3aHO C JANCHNEpCHeHd H rpasil-
TanHOHHBIM 3 dektoM. HasoxeHne 3THX 30H IO3BOJAET yTOUHHTL KOH-
HEHTPANHIO pacCcMaTpliBaeMOro 3arpa3Hgdrollero KOMIIOHEHTa B BOJOHOCIIOM
MJIacTe B Ka)KAbIH PacyeTHHII MOMEHT BpeMEHH.

ITyTe nBuXeHHs KOMIOHEHTA B IJacTe Mo BbUIEJIEHHOH MoJioce TOKa B
ofeM BHAe ONeHHBAeTCsl MO BhIpaXKeHHIO:

L=1Ly-0,5(Lp--Ly)s (X.7)

rne Ld,—DaCCTOSIHIIO OT Hauanabloll TOYRH JABHKEHHSA KOMIIOHEI'Ta 1o cbpom‘a Clﬁ)H.Tbl‘pallllll
H cop6um; Lrp — pJHHa 30HB nedopMAauHH TpaHnubl paslie’a, 00y CAOBICHHON rpaBHTALH-
OHRbiM 3(dekroM; Li— nauna sount Ancnepcun Beamunmbl L4 1 Lrp ompeflensior no dop-
mynam (1X.24) u (1X.80).

Metoaer onpepenenns CKOpoCcTI 11 BpeMeHI MNpPOIBHXKeHHs dpoliTa
GunbTpanHy OCHOBBLIBAIOTCH HA pellieHHH HUCXOAHOTO YpaBHeHHS KOHBEKTHB-
Horo mepeHoca BewecTBa (cM. m. 3 ra. IX) mpi kospdunuente anddysnn
(aucnepcun) J=0.

He#icTBHTEIbHO, HPIl OTCYTCTBHH OTTOKA COJefl B KPOBJIIO H IOAOIIBY
H paBHOBeCHoH copbuun [cM. dopmyay (1X.9)] umeem:
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L Loc _oC
T oy T T

rie 4= (1+B)/B, B — KosbdHUUHEHT pacnpeldeneHHs BeuecTBa [cM ¢popmyny (IX.7)].

Ypapnenue (X.8) mnpencrasiaser coGoil JuHeHHoe audPepeHHHaANbHOE
ypaBHeHHe B 4aCTHLIX NPOH3BOJHLIX NMepBOrO NOPSAAKA, KOTOPLIM OfHChIBA-
eTcd JBHXKeHHe yacTHI XKHAKOCTH B NOTOKe MOA3eMHBIX BOa. EMy coorBet-
CTByeT CHcTeMa OGLIKHOBEHHBIX ypaBHeHHH (HJM ypaBHeHHH XapaKTepln-
CTHK)

(X.8)

»

=== (X.9)

[Mpu ucnonb3oBaHHM NOJHOH CKOPOCTH NO HampabJeHHo L dopmyaa
6)1eT UMeTb BHJ:

—_——= (X.10)

* *2 1 42
rie v —Vux +u, .

B pesysnbraTe HHTErpHpOBAaHHS 3TOH CHCTeMbl MOTYT ObITh HOJIYyeHhI
pacueTHble 3aBHCHMOCTH JJs KOOPAHHATHI Ly W BpeMeHH MpPOIBHIXKeHHS
¢poHTa duapTpannu fgy. Kak Bunno u3 cpasrenus ¢popmya (X.9) u (X.10),
751 OlpeJe]eHHs] BpeMeHH [g MOXHO HCNOJIb30BaTh COCTABJAAIOUIHE CKOPO-
CTH MO OCAIM KOOPAHHAT (U, HJIH U,).

B caoxHBIX (QHABTpAamHOHHBIX NOTOKaX B BeipaxeHHs (X.5) — (X 9)

n

* *

n
- V. —
= ) U] H ee NPOEKUHH U, . = Zvu,

=1 =1

e

BBOJIATCSH CyMMapHast CKOPOCTb U,

-

n

U;CyM =¥ U;u riae v, v, H U;z — 1efiCTBUTEIbHAS CKOPOCTb (HJBTPALHH ii
=1

ee MPOEKIHH, 06YCJIOBJEHHEE KaXIbIM HCTOYHHKOM B OTAETbHOCTH.

TakuM o6pa30oM, B KOHEYHOM CyeTe 3aj7aya onpefe/]eHHs BpeMeHd [BH-
KeHHs Nn8n3eMHBIX BOJ, HCMNOJb3YeMHBX BOA03aGOPHEIM COOpPYKEHHEM, CBO-
JHTCSL K pellleHuto ypaBHeHHs (X.9).

[To KoHueHTpamHH HpPOCJEXHBAEMOrO B BOJE KOMIOHEHTa, MOCTyIalo-
mero B Bono3aGop, YCTaHABJMBAETCs KauecTBO BoAbl. PesyabTHpyonlee
KayecTBO BOAbl MO KOHUEHTPAUHH NPOC/IEXKHBAEMOro KOMIOHEHTa HJH 00-

uiell MmuHepanusauuu Cp OLEHHBaeTCS MO GOpMyJie CMEIeHHSs:

_ 2,

C
* Qs

. (X.11)

rae Q,— coctaBasionine pe6uTa Bol03abopa, obecleyHBaeMble NPHTOKOM MOA3EMHBIX ROIL
H3 1-TO HCTOYHHKa (HAmNPHMep, H3 ECTEeCTBEHHOTO TOTOKa, PeKH, HCTOYHHKA 3arpA3HeHus
H T n), C,— KOHUEHTPauHH NPOCJEXKHBAEMOTO KOMIOHEHTa (nay o6llas MHHepaJH3anus
BOJb!) B Tex e HCTOUHHKax, Qs — CyMMapHbii neCHT Bofo3abopa (Qs=2Q.)

Huxe NOPHUBOASATCA HEKOTOpHE aHAJHTHYECKHE BbLIpAXKEHHA OJ5 OCHOB-
HHX XapaKTepHCTHK CTANUOHADHOrO M KBAa3HCTAUNHOHAPHOrO (PUALTPAIHOH-
HbIX NOTOKOB (Hanopa H, ckopocTH ¢puabTpanuu v, GyHKOHHA ¢ H ) # pac-
yeTa KOODAHHATHI (poHTA (QHJABTPANHH Xy H BPEeMEHH IBHXKEHHS KOMIO-
HEHTAa tdl B IIPOCTBIX TrHApPOre€OJIOTHYeCKHX VYCJIO0BUAX NOPHMEHHUTEJNBHO K
OHOMY B003aGOpY W/IH HCTOUHHKY QHUAbTpAUHHU. DTH BbIpAXKEHHS NIPH HC-
NOJb30BAHHH METOJA CYNEPMO3HIUH TeYeHHH MOXKHO NPHMEHSTb H I/ BhI-
YUCJEeHHST XapaKTePHCTHK 6oJiee CIOXKHBIX MOTOKOB.
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3. AHAJIMTHYECKHE PACYETBHI OJit OBOCHOBAHHSA 30H
CAHHTAPHOR OXPAHb! BONO3ABOPOB B NPOCTERNIIKUX THNAX
IOTOKOB NOA3EMHBIX BOJ

EcrecTBeHHBI OJHOMEpHBI MOTOK NMOA3EMHBIX BON B HEBO3MYMIEHHOM
nJacTe, H30HPOBAHHOM BOJOYNOPHLIMH KpoBJaeH u noaoWBoil

sl 01HOMEPHOTrO eCTeCTBEHHOrO HamopHoro motoka (pHc. X 1) mamop
H B mo6o# Touke x onpepensiercd no opmyine
H, — H,

H=H1+—L——“—x, (X.12)

rae H, u Hy — u3BecTHble Hanopht B cedenusax x=0u x=L.
Ckopoctb (GpHIBTpaLUH paBHA®
k (Hy — Hy)

v= (X 13
L )
[
NS/ NI/ NSNS/ NS, TN
- !
<z
3 RS K x Puc X1 Cxema x pacue-
g ] ° 8 3 ° °% ®ag ' Ty X¢ H l4 B Hanopuom
T8, BT TR\, €CTECTBEHHOM NOTOKE TOA-
0 7” go__ 22 87 o ' 3eMHBIX BOJ
% z < T~ T, g z 1 ~— nbe3OMeTPHYLCKAR no-
L 2 Po @ BepXHOCTb, 2 — KOHTYD MHTa-
z ~ 4 HHA, 3 - KOHTYp CTOKa, 4—
b Lo &poHT GHAbTPaUHH (rparnia
i 7 . DasieNa 3arpPA3HEHHEIX H 9H-
JL L CThHIX TNPHPOIHBIX BOJO)

EanHuyHblA pacxon NOTOKa COCTaBJSET.
km(Hy — H,)

=, X. 14

9 i (X.14)

rae k-— Ko3QPpHuHeHT PHABTPAUHH, M — MOUIHOCTL MJacTa

Ucnonbays »td Bupaxeuus #u dopmyny (X.10), MoxKHo HafiTH nodo-
XKenHe QpoHTa QUIbTPALIN X U BpPeMsl er0 NPOABHKEHHs [y MO MOTOKY:

_Anm (xpo — %)
q
Tfle 1 — NOPHCTOCTh, A — napametp, onpenenfieMuiit no popmyne (X 8)

Hns GesnamopHoro moTOKa BMecTo BHpaxenut (X.12) u (X 13)
uMeeM:

q
x‘b:xdm-mt"‘h' t¢, ’ (X15)

hy— K2
L
v=g/n, X.17)

R % (X.16)

T €. B JJaHHOM cJllyuae CKOPOCTb He ABJisieTcsl NOCTOSTHHOH BeJHUYHHOH M U3-
MEHSIeTCsl Mo NOTOKY B 3aBHCHMOCTH OT ero Moumoctd Ecau ma pacemart-
pHBaeMoM oTpesKe Ax OCpeIHHTb MOIIHOCTb, NPHHAB AR Hep, TO 019 GHpoH-
Ta (UIbTpPaUHH Xy H BPeMeHH ly GYAYT AeHCTBHTENBHH Te XK€ (HOPMYJIH
(X.15) mpu 3aMene B HUX M Ha Hcp
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B panprefiiuem Bce GopMyJanl naHBl AJs HallOPHOTO ITOTOKA, HO HX
MOKHO HCIIOJb30BaTh H [JIsi GE€3HAMOPHBIX MOTOKOB MyTeM Iepexoja oT Ha-

nopos H K ray6uHam Ge3HanOpHOTO NOTOKAa A H OGpaTHO MO CJENYIOLIHM
coorHoleHusM (cM. 1. 3 raasw III):

h‘l

= h=V A . .
H om . (X.18)

EcrecraeHHBll 0HOMEPHEIA NOTOK B TPEXCJAOMHOM MIacTE

Jlna ocnoBHOro HamopHoro naacta (pHC. X.2) MOIIHOCTBIO M ¢ Ko3¢-
dunuentomM GHILTPALHK k, CBSI3aHHOTO C COCEAHHM NO BepTUKAIN MAACTOM
yepe3 ¢1aboNpOHUIIAeMblHl CJI0H, COOTBeTCTBYIONLIHE ITapaMeTPLl KOTOPOTO g
H ky, nanop [ onpenensercs no popmyae

H——zH(,»—(HG—Hl)exp(——-Z—>, (X.19)

rie Ho— panop B pepxueM nuTaollem miacte (Hy=const); /{, — nanop B ceuenuu 1=0,

k
B = ‘/ Mo (X.20)
kO

Puc X2 Cxema x pacue-
Ty X¢ u ly B Tpexcio¥
HOH ToJlle

! u 2— nbesoMeTpuYecKHiH
YPOBeHb  COOTBETCTBEHHO B
HHKHEM H BepXHEM mJacTe
J ~ GpoHT GUALTPAUHE (rpad
HHIa pa3nena 3arpsa3HeHRbIN
M YHCTBIX NPHPOAHBIX BOJ)

Cxopoctb GuAbTpanHy paBHA:

H, —
v:_&%ﬂexp(_%>. (X 219

EjauHuuHBIH DacXol NOTOKA cOCTaBJISET:

km(Hy— H
qzﬁL;;__Qexp (5_7’;.) _ (X.22)

MakcuMabHoro 3HaueHHs pacxol MOTOKAa B OCHOBHOM ILIacTe g [10-
cTuraer B ceuenviu x=0, B 370M cayuae BesinyuHy B MOXHO paccMaTpHBaTh
B KAYyeCTBE aHAJOra pacCTOsHHa L MeX1y KOHTYpaMH NHTaHHA M CTOK4 B
11acTe C HENPOHHI[AeMON MOXOWBON H KPOBJISH. .

[Monoxenne ¢pporra QHILTPAMH B OCHOBHOM ILTacTe NPH J1aHHOU TPeX-
clioiiHof cucTeMe, onpeneasemoe ro popmyae (X.10), xapaKrepHsyerca cie-
HAYIOUMMY COOTHOUIEHUAMHU:

q .
x¢=x¢0—31n(l+Ant t(b)’

AnmB Xy — X
e i

(X.23)
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B paccMatpiiBaeMoll cXeMe HpH YCTAHOBHBLIEMCS! JIBHXKEHHH OLITOBON
pacxoj B OCHOBHOM HaNOPHOM ILJacTe LEJIHKOM O0ecnedliBacTtcs NepeTOKOM
H3 COCEJHEro I1acTa yepe3 CaabONpoOHULAeMBIA CA0H.

19 ecTeCTBEHHOrO MOTOKA MOJA3EMHBLIX BOJ BOJM3H COBepUIeHHOHN ape-
Hbl (peKH) C MOCTOSHHLIM ypOBHeM B HeH Hp COXpaHATCH NDHBEJEHHBHIR
dbopMyanl, npiHueM BMecto M| ciaepyer mpurHMath Hy.

Jlaa HecoBeplLeHHOA ApeHBI PAcXoj MOTOKA NPUOJIHKEHHO BLIYHCHSET-
Cs Mo BbipaxkeHuio (cM. raasy VII):

=M , (X.24)
L+ AL
KOTOPO@ HCIIOJbL3YeTCs Aajiee NpH ONpPeNeseHHu Xg U [g.

@ HaAbTPALHOHHBIA OTOK K 01HHOYHOMY BOJ03a6opy

Ipu paGote oaunouHoro BomosabGopa (MM CHCTEMbI CKBAXKMH, NPHBO-
AHMOR K OAMHOYHOMY BOJ03a00py) HHTEHCHBHOCTb IMPOABHXKEHHS K HEMY
3arps3HeHuil H3 HEeAKTHBHLIX HCTOYHMKOB 3aBHCUT OT MapaMeTpoOB ILiacTa

Puc X3 Cxema n pacueTy XapaKTePHUCTHK (HJLTPaLHOHHOrO TMO10Ka Tpu paboTe oaw
HOYHOro Bojo3abopa

a1 6 —B ylaneHHH OT peKH Ge3 GLITOBOIO NOTOKA H ¢ GRITOBHM INOTOKOM, 8 — BGAH3H pekH 6e3 GLITO-

BOTO NIOTOKA; 2 U O — B6AH3H pPEKH C ORITOBEIM MOTOKOM NpH —— - d H ——>d
ng ng

(k, m, n), Beanuunsl oT6Opa BOAB Q, CKOPOCTH M HANDPABJIEHHS GLITOBOrO
NOTOKA ¢, a TaKXe OT pAachoJioXKeHHs BOj03abopa OTHOCHTENbHO TpaHHlL
nJjacra.

Ilpu paGorte Bomozabopa B yhajeHHn OT PeKH W 1npu ycaoBun ¢g=0
(puc. X.3,a) Hanop onpepcasiior no seipaxenuam (IV.1) u (IV.4). Ioten-
HHaJ CKOPOCTH AJd pacCMaTpPHUBAEGMOro cayyas Oyjnetr paBeH:

Q R

¢=——1In—, (X.25)
2num r

rae R — nanbHOCTh JEHCTBHSA CKBAaMHHL,
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r=V + .
CocTaBasiiolliie CKOPOCTH (UALTPAIUK N0 OCSM KOODAKHHAT X H Y

__Q x|
Y= oam
(X.26)
Q y
i 2am r*

Buipaxkenue nJa (QyHKUHH TOKa ) COOTBETCTBEHHO (dopMyne (X.5) Gy-
€T UMETb BHA:

b=~ arctg £, (X.27)
2nm X

Ecnu ouar 3arpsisHeHHs HaXOAWTCH MeXAY JHHHAMH TOKa Vi N Py,
npoxoasuiuMu uepe3 Toukd A u 5 (cM. puc. X.3,a), pacxon 3arpsisHEHHHIX
BOJ, HAYWIHX K BOA03a00py, COCTaBHT:

Q Yit1 y
Q=1 —¥)m= P <arctg x;_|.; —-arctg;i— . (X.28)
- 13

PesyapTHpyloniasi KoHIEHTPallia KOMIIOHeHTa B Boposabope Cp mnocie
CMelleHKHs 3arPA3HEHHBIX BOA ¢ KOnlUenTpauueid C; W NPUPOANLIX HE3arpas-
HEHHBIX BOJ, ¢ Konnentpanuei Ce cOCTABUT:

Ca—C y y
Cp = Cof 22— (arctg 1 arcig —‘) . (X.29)
2n Xy x;

Bpems npoaBuxkenus ¢poHTa 3arps3HeHdd K B0ao3abopy ot JMo6oH
ToukH M ¢ KOOpAHHATAMH X, Y B COOTBETCTBHH ¢ (opMyaoh (X.10) onpene-
JsieTcs o 3aBUCHMOCTAM:

Annm , 4 2 9 Qty
fd): Q (rd)o—— ’Q\)’ ,d7= ‘/ rd’Ofm , (X30)
rae rgo— HayaabHOe MonoxerHe Pporrta (mpu {4 =0); r¢ — TeKyliee ero NOJOMKeHHE.

BpeMs noctynsnenns 3arpsisHeHHil K Boao3abopy omnpenesiseTcss IIDH
re=ry (ro— paauyc sogo3abopa).

It HOPMYLL XaPAKTEPH3YIOT KOHLEHTPHYecKylo ¢popmy ppoHTa npoj-
BHXKEHUA 3arpAa3HeHuHl, Ka)X1as To4ka Ha KOTOPOM HaXOANTCH OT Bogo3abopa
Ha OJMHAKOBOM DAacCCTOSHHH Ig.

Ecan obnacts HEKOHAHIHOHHKIX (COJIEHBIX, 3arP3HEHHKIX) BOJ OrpaHu-
YHUBAETCA B NJaHe NPSIMOJHHEAHEIM KOHTYPOM @ — @, HAXOASIUMCS OT BOLO-
3a6opa Ha PacCTOAHHH ra (PHMC. X.4), BpeMs NOCTYNJEHHS 3THX BOJ K BOAO-
3a60py M KOHIEHTPANHIO 3aTPA3HEHUH B MOA3€MHLIX BOAAX, H3BJEKaeMhX
B0103a00POM, MOKHO ONpeaesHTs no gopmyaam [16]:

NOJIOXKEHHE QPOHTa QHIbTPANHH

2
f¢=l/ I (X.31)

cos? 0 Annm

BpeMq NOCTYNJIEHUS] 3arPASHEHHBLIX BOA K BOA03abOpy NPH re=ro<Kfa:

2
a

ty = H
® Qcost 0

Annmr

(X.32)
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¥9e

Tabauna X1

DopMyab 119 HOCTPOEHWA THADONMHAMHYecKON CETKH HPH (HILTPALKK K BOno3abopy

KoopauHaTh Xapak -

i
CxeMa @ v, , v ¥ TepHil% TOdEK Ha HOAT- BpeMsi aBuxenns 3arpnsﬂ_e1ua
dunvTpanun Xy pamOR AR TOKA no rJaBpo# JuHUH ToKa (Y )
Q= — Q lni+ L x - Q
2m r éi arctgL 3+ L 4 (npu x > 0) P gng Amn (o .
x Tt x m - 2 -
1 BogosaBop B yna- v =— (*-Q—— + -‘L) _ Q d’ ( o L
JIeHHH T peKH ¢ Gut 2nmr? m 2 (:rt — arctg i) + 2, yP0— * Tag X4 —x
-;?gf.lg« noroxoM {(pHC e Q onm x m x=| —x n [ )
¥ 2qtrmnr? (npn x < 0) R Q 6o~ *p
p=k —
R =const, r= Vx’ + y® X=00 2
o=—2 & -—-i(arctg ¥y 4
onm r nm d+x
Anmn
2 Bogmo3aGop_ m6an- p=— 2 (dt+x 4+ 9=z +arctg —¥ ) (npu x < d) o= [ “%0 - -"3,4‘
3H peKH Ge3 61:1';30- A onm pt rt _ d— - 3Qd
ro notoKa (puc X3, 8) - 2
o2 (Y _ ¥ -2 (n-|-arctg—-—~y - 4 34 (xd)»—xr!‘o)]
4 omm \ p* r2 nm d+x
o=Vw@tr+p r=Vaxrts —arctg o >
Amn
tcb £ . [xcbo——xd)-}-
3 Bonoaafiop s6au 2.
3M peKkH c Gu&r)osbm p=—-2 me (arctg -|-arctg )+ x =Vd (d—i) N d (*go+ *p) 5
notokoM npu — <d 2num r m —-* P nq 2x (*go — *p)
ng p $o p
{(puc X3, 2) v—mil(f+‘+d”‘) 4 2y (apn x <d) (*¢ = *p)
Y omm\ p re m '” X _._.ﬂ_.l._._ (APR %o > p)
x x
v—__._Q..(i._ Y ) (n+arctg - (o ")
Y m
et o v o= [ *po ~%p +
— _ - —arctg + A y (npu x>d)
4 To e, an—Q— > —V(d+X)‘+ v, r=V (d—x)t+ ¢ Id — x| ) m Yo = a2 _4 2
b/ P ng ac 4+ yp % 5o
>d (puc X 3,0) e —— (arctg - arctg _._....}
¥p ¥p Yp




RONS 3arpsisHEHHBLIX BOA B obuleM mebute Boposzabopa

& _ 58 (X.33)
Qs n
‘/Annmrf
rae 6= —'C‘ZT , (X .33a)
KOHUEHTpanus 3arps3HeHuli B Boaosabope
C,— Ce l/ Annmr§
Cy=0C.+ — arccos —Qh;—— . (X 34)

AnanornynniM 06pa3oM MOrYT ObITh HOJY4YEHB aHAJIHTHYECKHE BhIpAXKe-
Hus a8 QYHKIUE @ K, a TaKKe AJIs BDEMEHH IBHXKEHHS 3arpsA3HeHui fg
K BOA03a060OpY IIpH APYTHX YCJAOBHAX — B NIOTOKE N0J3EMHBIX BOJ, BOMH3H pe-
KH H T. Il

Csozka pacueTHHX GOPMYJ AJs OAHHOYHOrO Bogo3abopa (cm puc X 3,
6, 8, 2, ) npuseneHa B Taba X1

X

—————— ——— — -0
- —_i\\\\ /// -

Puc X4 Cxeva gaa pac -

4eTa ABHXKEHHI K B0103a N (Q

6opy HeKOHIHUHOHHHIX = Lo

BOA OT INPAMOJHHEHHOTO

KOHTYpa 4 A 4

o

Kaxk BuaHo u3 npuseaenunx B 1464 X 1 ¢opMyJ, npH Haauulu GHITOBO-
r0 MOTOKA, HAKJAAKIBAIOLLErocs Ha GUILTPAIHOHHOE NOJE, CO3AaBaeMoe ca-
MHM BOA03a00poM, 06/aCTh NHTAHHS NOCJAEJHEr0 OKa3hBaeTcs OrpaHHyeH-
Hoit [I'panuuia 3T0# 0GacTH OYepunBAeTCs TaK HA3LIBAeMOH HeHTpaJbHOH
JuHuell Toka B Tabuauue npHBeAeHH (QOPMYJLI, 10 KOTODLIM MOXKHO HaiTH
KOODAHHATH HEKOTOPLIX XaDAKTEPHLIX TOUEK Xp U Yp HA HEHTPATbLHON JTHHHH,
OHH MOTYT OHITb IOCTPOEHHI 110 (opMyJaaM aJa (YHKLHH TOKa P HA HeHT-
patbHON JHHHH Pp=Q/2

QopMyJanl a8 ONpeseJenHs BpeMellll ABHXKeNnns QpoHTa QUALTpAnHH
(dbponTa 3arpsasneHuft) fyp U €ro INOJONKEHHSA Xy AAHBI TOJLKO AJSs TIJIaBHOA
JuHHH TOKa =0 (npu y=0), 3T0 AaeT MHUHHMAJbLHOE BPEMH H COOTBETCT-
BEHHO 3aBHIIIEHHYIO CKOPOCTL IIOCTYNJIEHHSA 3arpA3HeHHH K BOa03abopy

B ¢opMynax yepes xypo 0003HAYEHO HAuaIbHOE IIOJNOXKEHHE (POHTA,
Xy — Tekymee Ecian TpebyeTcs paccuutaTbh BPeMs JOCTHXEHHS (POHTOM
Bopo3abopa fy, To, HanpuMep, B cxeMe I (miad B0op03abopa B yHaJeHHH OT
peKkHu ¢ OLITOBLIM IIOTOKOM) HYXKHO NpHHHMAaTh Xp=0 Ilpu 3ToM caemyeT
HMeTb B BHAY, 4TO BO BCeX CJAYYAfiX Xy >Xp, T € GHALTPANHS 3arpsi3HeHHi
K BOA03a0Opy BO3MOXKHA TOMIbKO B 30He, OrPAaHHYHBAEeMOH HelTpa/bHOA
JHHHeH TOKa, KOOpjiHHaTa KOTOPOH HA ocH x paBHa: xpz;%q.

B cxeMax 2—4 nq1s GeperoBoro Bogo3abopa Bpems NOCTYNJIeHHA 3arpaa-
HEeHHH B BOL03a60p U3 peKH onpepensercs npu Xo=d Iipu 0TCYTCTBHH OH-
TOBOTO MOTOKA, HANpuMep NpH ¥p=d, a Xpo=0 (Ha JHHHH DEKH), NONYIUM
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; 2 Asnmd? X .35

=3 T o (X.35)
T. € Ha !/3 MeHblle, yeM IIpH pacroJoXeHnn Bogo3abopa B YAAJEHUH OT pe-
Kd [cp. ¢ dopmyaoit (X.30)].

OUALTPAIHOHHDINA NOTOK U3 HCTOYHHKA 3arpA3HeHns

[Tonoxenne dponta PuiabTpanuu U BpeMsl ABHXKEHHS 3arps3HEHHA OT
aKTHBHOTO B THAPOJHHAMHMYECKOM OTHOWIEHHH HCTOYHHKA (HAnpuMep, H3
XPaHMJIHILA MPOMBILJIEHHBIX CTOKOB) NPHOJHXEHHO MOPYT OLiTh onpenee-
Hol mo dopmynam (X.25) —(X.30) n ra6n X.1 OpHako CTpyKTypsl (uiab-
TPALHOHHOTO TeuyCHHst M3 XPaHW/IHIIA H K BOXO3abOp\ C\IlUECTBEHHO pa3-
JHYHbL

? S
Ve : \d 2 j | .

X5 ——
8 -] Puc X5 Cxema k pacue-
g 2) iy TV  OUABTPAUHH U3  1TPO-

S X MBIIICHHBIX GaccefiHon

x <L ——

é". F‘"—\ a u 6 —B yLaJleHRH OT peKH
—_04  6e3 BrroBOoro noroxa u ¢ G-
0 hﬂ 0 — TOBbIM T[IOTOKOM; 8 H & —
X — » BOAH3H peKH 6e3  6uiTOBOTO

— 0 a = MoTOKa H ¢ GBITOBBIM MOTOKOM
4 T
A /—
P — -~

| 4 |

Xp

[Ipn ¢uabTpanuu u3 xpanuauwa (puc. X.5) B cayuae oTcyTCTBHA Obl-
TOBOTO NMOTOKA [OA3€MHBIX BOA CTOYHBIE BOABI MOTYT PACHPOCTPAHATLCS BO
Bcex Hanpapenusx (puc. X 5,a). Ecau xe umeercss 6uTOBOl NMOTOK, Teve-
HHE U3 XDAaHWIHLIA CTAHOBHTCS ACHMMETPHUHbLIM: pasMephl ero yBeJHYHBa-
I0TCS BHH3 N0 NOTOKY, a8 BBEPX MO NOTOKY 00/1aCTh pacnpoCTpaHeHHs 3arpas-
HeHu# orpaHuvena (puc. X.5,6). KoopauuaTta TOUKH nepecedenns HeATpaslb-
HOM JIMHHHK TOKA C OCbIO X ompejaeasiercd no GopmMy.e

= ‘/ arfar 2. X.36)

HcTtounnku 3arpsi3HeHus, pacnoJaraioouivecsi BOJIH3H PeK, B 3aBHCH-
MOCTH OT HaJH4YHUS WJIH OTCYTCTBHSI GbITOBOrO NOTOKa MOA3EeMHHX BOJ o6pa-
3YIOT QUabTpanMOHIIbIC TeUeHHsl, MoKa3aHuble Ha puc. X.5,8, e.

ITpu orcyTtcTBHuH GLITOBOrO NOTOKAa BCE CTOKH, (GHJILTPYIOUHECS H3
MCTOYHHKA, AOMKULI B KOHEYHOM cueTe NOCTYNHTb B peky Bo Bpemeun
3TOT MNpPONECC ONHUCHIBAETCS CJeayIouefl 3aBHCHMOCTDIO

d
Qp=Qerfc ——, (X 37
2V a

raie Qp — pacxoa 3alpsiIlCHILIA CTOKOB, MOCTYNAOUHX B PCKY, Q — pacxox u3 HCTO4HHKA
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(6accexna, XpamnIHula), a-—KO3(QEGUIUKMEHT be3onpoBoadocTd, ! — BpeMsa; d — paccros-
HHEe OT UEHTPA HCTOYHHKE A0 PEKH.

[Ipn wamuuiy GHITOBOTO MOTOKA, HAMPAaBJAEHHOrO K peke, pacxop H3
HCTOUHHMKA NMPH AJTEJbHOH GHAbTPALHU TAKXKe IeJHKOM MepexXBaThiBaeTCsl
peKoH, HO B OTJIHYHE OT HPeABLIAYINEro Cayyas 9TO NMPOHUCXOAHMT Ha OrpaHu-
YEHHOM OTpe2Ke peKH; KOOPAHHATB Yo—Yo Ha JAHHHUH peku (x¥x==0, cm.
puc. X 5,2) 3Toro ydactka MOTYT ObITb HAHAEHBl H3 COOTHOMIEHHS:

! Q
#_ =, (X‘38)

d
arcctg —
Yo

Pacxon ¢uabTpyoomuxes n3 IICTOYHIIKA CTOKOB B J1:060M CedyeHHH ompe-
AeJSICTCT B AaHHOM ciayuae mo ¢gopMydae (X.6) 1 COOTBETCTBYIOUIMM Bbipa-
HKeHUAM a1 QYHKIMM TOha, HpHBeleHHBM B Taba. X.1.

Crenyer TakKe OTMETHTb, 4TO NMpPH pacuetax (UJIbTpanuH H3 Xpauu-
Jui; ¥ 6acceHHOB BAaXKIO Y4HTHIBATL HX HECOBepINEHCTBO, obyciaoBjelHOe
HENMOJHOTOH BCKPBITIISL BOJOHOCHOrO MJaacTa H HajJdH4YueM SKPaHHDPYIOULero
c1aboduabTpylolero ocagka B aue HaccefiHa, o6pa3ylomerocss B pe3yJb-
TdTe OTJOXKEeHHs MIIaMOB I KO.1bMaTamHH TPYHTOB.

[TpudausKetino HecOoBEpMEUCTBO GAaCcCeHHOB KPYyroBoil GoOpMbl MOMeT
ObITL OTpaXKello BBEAEHHEM UeKOTOPOro MPHBEAEHHOrO paauyca fogp, OIpe-
JeasdeMoro o QopMyJe:

1
Tonp = 7o €Xp (“ —> ’ (X.39)

7.7'0
Tae rp— AeHCTBHTENBHBIH pajuve Gaccefiva (RPYIIOro {UIf CXeMATHYECKH MPeACTaBJEHhO-
ro B BHje KPyra), npHuyeM B 3TOM caydae ro= 3} F/n (F — naowmans Gaccefina); A — napa-
Metp HecoBepuiencTBa (eM 1. 3 ra VII).

Mertonuka pacueta QuabTpannd nz facceflHoB o XpauiLIHL OCBEIEHA
B paborax [3b, 37, 135].

4. YUCJIEHHbIE H TPA®OAHAJUTHYECKHE METO/bI
ONPENENEHHUA ®POHTA ®HJbTPAUHH H OBJACTH NMUTAHUSA
BOJO3ABOPOB

Kak yXe OTMeyasoch, aHaJHTHYECKHE METOIbl Ompenejeduss (GpoHTa
¢GuTbTPALMK 3arpsI3HCHHI NMPUMEHHMb! 17151 HPOCTHIX, B 3HAUHTEJ]bHOH Me-
pe uAeaan3ipoBanibiX (PHILTPANIOHHBIX MOTOKOB.

Haa 6o.1ee cT0KHbIX QUABTPALHUOHHBIX TeYeHHIT pacdeThl MOXKHO MpO-
H3BOAHTbL YHCJIEHHO MO METOAY, OCHOBAHHOMY Ha KYCOUHO-pa3HOCTHOM pas-
JeJleHHH BCEro MpPOTHO3UPYEMOro mepuoaa QuJbTpalliy.

[lpn paspeneni pacyeTHOro mepHoja BpeMeHir ¢ Ha £ oTpe3koB Af
(j=1, 2, .., k), B TeueHlle KOTOPLIX ONpEAEJNAIOT COOTBETCTBYIOLHE OTpe3-
Kii myTH AL, mpoasu:keHuss ¢poHTa GUAbTpAHH HJI, HAa0OOPOT, MO 3aAaH-
ubiM AL, nwaxoaar Atf,, ocHOBHas 3aBICHMOCTb NMpPelNCTaBJAETCA B BUpe:

n
» ALL
AL[ = ,\fl Z U All =7 e (X.40)
i=I pIRRY

rie v;] — IeHCTBHTebNAA ChOPOCTh (GHJBTPALH Ha OTpe3ke MyTH AL,, npuHiMaemas nocro-

AHHOM WJIM CPEIHEel OT Hayaja J0 hOHUIA OTpe3ka BpemeHu Af, 11 oOycnoBieHHas peficTeHeM
1-r0 ofbenTa QUILTPAUHH (XpaHiLuima, Bogo3abopa u T n); 1=1, 2, ., n, n— KoJauyecr-
BO OOBPKTOB
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IoaHbi NyTh NpoABHKEHHUS TPaHUlLl pa3fena Ly u obliee BpeMs ee
NPOABHKEHNUS Fy HAXORAAT NyTEM CYMMHDOBAHUS:
k k

Ly= X AL; tyg= X At (X.41)
=1 j=1

T 2 — NpHHATOE TIPH pacyeTax 4HCJO HHTEPBAJOB NYTH U BpeMeHH,

o ¢popmynam (X.41) MOXKHO NPOU3BOAMTL pacyeThbl AJsl YCJAOBHH CTa-
LIMOHAPHOTO ¥ HECTALIHOHAPHOTO MOTOKOB, NpUYeM B 0GOUX CAYUYAsiX JKOJKHbI
OLITb M3BECTHbI AHAMIHTHYECKHE BLIpAXKEHHS AJs1 CKOpPOCTeH (HIbTpalLuH,

¥ . Zry LM

M 4 — 4
Z p s Af,[,ﬁ/ iy 4y,
B4 Ay
| <6/Axy

¥ 4N ”
ot -

v

L

LA
BN

/1
2N
\:: =

=

3

Z

!

Puc. X6 Cxema npoasuKeHHs 3arps3HeHuil npu 8nnb1‘paunu U3 aByx OacceftiioB ¢ pac-
xoxamu Qr n Qry

0o0yC/J0BAEHHBIX ReHCTBHEM KaxXporo obvekta. B wacrtHoCcTH, IS 3TOr0
MOXXHO HCNOJb30BAaTh AHAJTUTHYECKHE DEHIeHMs, MpHBEJEHHbie B m.3.

Pacuer NpOABHKEHHA TpaHMlbl pagaeaa MexXAY 3arpfA3HeHHbIMI H
YHCTHIMH BOAAMH YHCJAEHHBIM METOAOM NpOH3BOAUTCH 1160 B mpenesnax
BCel 06sacTH (PHAbTpAHH, JHGO MO OTAEJNbHEIM BLIOPAHHLIM HANpPABJEHH-
aM. Kak yxe ykaswiBamoch [cM. popmyant (X.9) — (X.10)], ans pacuera
BPEMEHH JOIYCKaeTcs UCNO/b30BaTb MPOEKILHH CKOPOCTER IO OCSIM KOOp-
KHHAT.

PaccmotpuM cxeMy TeuyeHHSt H3 ABYX HCTOYHHLOB 3arpsi3HEHHS B BHAE
Gacceitnos [ 1 I1 xpyroBoll GpopMbl B OJHOMEPHOM GLITOBOM MOTOKE NMOA3eM-
HbLIX BOQI.

Pacxonb ncroynnkos Qr n Qmu, 6uitosoro notoka ¢ (puc. X.6); xoopau-
HaThl §acceitHoOB (X1, ¥1) U (Xm, Y11).

Pacuet BpeMenu npoasinkeniist GpoHTA 3arpsidHeHus fp OyAeM BeCTH OT
touek M, N, P u 1. n. [Ipoekunn ckopocreit ¢buabtpauii ot gedcrsus oHac-
ceitnoB / u [/ Ha ocb x, HanpuMep B TouKe M (Xar, Ya), NIPH KBA3HCTAIHOHAD-
HOM pexXuMme (PUAbTpPaLlHK BbIPA3STCHA CAEAYIOIUM 00pasoM:
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ot Daccedina [/

Q m—A
gy == . : X .42
UM1 ™ s f)2\4—1 ( »
oT Gaccenna I
. Qp  *m—7y
U = T - —— (X.43)

2numn M1

rae ryv—1 H ray—11 — paccTosHua oT HeHrpos OacceithoB I u II po toukn M
CkopocThb GbITOBOrO mMotoKa B Touke M M apyrux Toukax GymeM CYHTaTh
MOCTOSTHHOH W HANpaBJeHHOH BAOJAb OCH X}

.
UeMe = 0 (X.49)
11e § — ObITOBOH pacXof, /m — cpelHss MOWHOCTb NJIACTA.

Ipoekuust cyMMapHoi CKOPOCTH ABHIKEHHS YaCTHI[ XHAKOCTH B TOUKe
M na och x 6vaeT paBHe CyMMe YVKa3aHHBIX NPOEKIHH YacTHLIX CKOPOCTeH:
= * * *
UeM = YeM1 + UeMI1 + YxM6 - (X-45)
3ajaBasich BEIHYHHOH MEPBOro paCYeTHOrO HHTepBasa BpeMenH Af’, phi-
yuCaUM AX), — MPOEKUHIO MYTH, O KOTOPOMY NMpoaBHHeTCA Touka M 3a Bpe-
ms At’. Tlo dopmyane (X.40) moaydum:
1 Q (x —x ) Q (x —x )
1 MM 11 (*M — *p
[ v+ — 5 L 2ng|. (X.46)
(rM—I> (fM—n)

Tak ke BRINMOTHAITCS pacyeTsl AJs ONpeeSeHHs Ay,
ot Gaccedina [

Axy = AF vnp = At
M M onmn

< Uy — Y1

Y = .= ; X.4
UM = o (rM-I)z (X.47),
ot OGacceina f1
* Qpr Y — ¥
= . - ; X.
YyMII = g (’M—11)2 (X.47a),
OT OLITOBOrO MOTOKA v;M6=0.
TIpoekus MOJHOH CKOPOCTH Ha OCh Y:
* * *
vyM = vyMI + vyM”, (X48)~
Takum obpa3som:
, , L T Qum—y) QW (ym—vn)
Ay’ =ar —3 % (X.49),
mn (rM~I) (’M—u)

HoBoe nonoxenne touku M’ onpepensiem ncxoas usz (X.46) u (X.49):

. PRI INEYS
Ay =V (8x3y)2+ (Bypg)? (X.50)
Hanpapnenue orpeska Ar, HaXxoAHM MO 3aBHCHMOCTH:

Ay'
a’ = arctg IIW , (X 51)

Axy

rae &’ — yroJa Mexay AFM H NMOJIOYKHUTEJbIBLIM HANDABJEHHCM OCH X,
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Jasi caenymoliero pacyeTHOro OTpeska BpeMenn Atl” anajgormyno no-

Jyyaem:
. ., Q (xi —x Qry (x7g —
AXy = Al 1 i ( M 1) II("M xy) o | (X 52)
2nmn (7m—)? ()
. M— Yy —yy)

Ay = At l Q (-‘/M -‘:1) v Qu \f/M Y1 ; (X.53)
2amn (’M—I)~ (rM—II)Z ’
Ary = V(Ax;u)?—r (AyM)2 ; (X.54)

A
a” = arctg yiw . (X .55)

AxM

Takum 06pasoM onpeaeasioT nojo¥eHHe Touky M jpasa BceX mocaeny-
IOUHX MHTEPBANOB BpeMeHH. AHANOTHUHLIE pacyeThl BHIIOMHSIOTCH AJAA TO:
yek N, P u T. 1., XapakTepusyoUuX HauagbHOE MOJOKEHHe KONTypa 3a-
rpsisHenns oT Gacceiina /1. Takue Xe pacueThl AOMXKHBEI GBITb NPOBEJEHDI
[UIs IPOCJIeXKUBaHUA JABHXeHus (GpoHTa 3arpa3deHus ot Gacceina /.

Coeanuns Bce TOYUKH HA COOTBETCTBYIOLUHE HHTEPBA.IbI BPEMeHI, MOJY-
4uM nonoxeHne QpoHTa 3arpssmennsa (cMm. puc. X.6). BMecto pacueTtos no
dopmynam (X.54) u (X.bb) MoxKHO HCNOMB30BATH rpadHuecKoe NOCTPOEHHE
NO MPaBHIY CJOXKEHHS BEKTOPOB.

CJIEZIyET OTMETIHTb, 4TO npH AAHHOM MeTOoA€ 4YHCAEHHOrO onpeaeJI€HHUA
ABuUXKenusi (PpoHTa 3arpfA3HeHHH CKOPOCTh (uabTpPanun NpHHUMaeTCds INO-
CTOSIHHON Ha KaxXaoM oTpe3dke Ax, Ay, Az, uto oOyc/aoBanBaeT onpeaejaeH-
HYI0 CTeleHb NPHOMHAKEHHOCTH. a5 yMeHbluenHs olInbOOK peKoMeHAyeTcs
nepBble HHTEPBAJIL BPEMEHH H COOTBETCTBEHHO OTPe3KH myTH OpaTh IO BO3-
MOXHOCTH ManniMu. Oco6eHHO 5TO BAaXKHO YUHTHIBATHL MpH OLEHKe (PHAbTpa-
IHH H3 KPYroBhIX 0accedHOB, T. e. IDH paAuaJbHOA (GHUILTPANHH, KOraa
B6sn3H '6acceHHOB rpajHeHThl I CKOPOCTH (PHIbTPANHH II3MEHSAIOTCA BeChbMa
CYLIeCTBEHHO.

Huasi noaydenisi NMOJTHOH KapTHHBI pacnpocTpaleHlss 3arps3HeHHI BO
GCeX HanpapJeHHAX OT HCTOYHMKA pPacyeThl NPOH3BOAAT € HCIOMIbL3OBAHHEM
1HIPOAWHAMHYECKOH CETKH QUALTpAlluH, XapakTepusywollel ABHXKeHHe NOA-
3eMHHIX BOA C yueToM JefiCTBMS HCTOYHIIKOB 3arpsA3ucHHS, B0p03abopoB,
ApeH H T. A. BpeMms npoasmxkeuus 3arpsa3HeHHH II 1OJ0XeHHe (poHTa
buaAbTpauuyu ONpeAcAsIoT MO NOJ0CaM TOKa OT KOHTypa AEHCTBYIOLLErO HC-
TOYHHKA WJIH DaHee 006pa30BaBillerocs oyara 3arpsi3nellis MOA3EMHLIX BOA.

Cnoco6 mocTpoennss THAPOAHHAMHYECKON CETKH BLIOHPAIOT B 3aBHCHMO-
CTH OT CJIOXKHOCTII TMADOJHHAMHUYECKHX YCJAOBHH, PODMBI, KOJIHUECTBA H HH-
TEICHBHOCTH HCTOYHHKOB 3arpsi3HEHHs W pacxojaa Boja03abopos.

B ormocrTeJpHO NPOCTHIX YCJIOBHAX CETKH MOTYT ObITh IIOCTPOENB! MO
4HAJUTHYECKHM pelleHHAM, Gosee CJI0AKHble YCJI0BHS TpeOYioT mpuMmefeHs
Mojemiposanis. [TocTpoenlie ruapoalHaMHyeCKOH CeTKIl 10 aHAJHTLYeC-
KHM pelleHHsM [PON3BOJHTCH MO COOTBETCTBYIOLIHM 34BHCHMOCTAM  JJIf
NOTCHIHAMa CKOpocTH puaALTpauuu ¢ W GVHKOHI ToKa | B cioxubix Te-
YEHHAX lICMOJIb3YETCS METOZA CYNepno3HIfH, YTO AAeT BO3MOXKHOCTEL [10MY-
4lTb CYMMapHble 3HAYEHHS] YKa3aHHbIX QyHKUHA:

n
Peym = ¥ P; C;
i=]

i (X .56)
Yeyu=Z P C’,

=1
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Pic. X7 ODparMeHTbl THAPOAHHAMHYECKON CeTKH

TA€ @i, P, — COOTBETCTBEHHO MNOTeHunMan H (GVHKLUHMA TOKa YacTHBIX TEUYEHHH, OGYCJIOBJEH-
HEHIX JeHcTBHeM !-ro o0beXTa (Xpawmauiua, Boposzabopa H 1 a), t=1, 2, .., n, n— KOJMHYe-
ctB0 06BekToB C u C' — npou3BOJAbHBE TOCTOSHIEC, OupelessieMbie MO rpaHHYHBIM Vo-

JOBHAM

Mlupokoe mpuMeHeHHe MOXeT NOJNYUYHTb TakKxkKe rpadoaHannTHYECKHHA
METOJ, MOCTPOEHHS CETOK C HCIOJL30BAHIEM kapT rHpponlsonbes (B Ge3Ha-
TOPHBIX YCJHOBHSX — M'HJPCH30THIIC) €CTECTBEHHOrO MOTOKA NMOJ3eMHEIX BOJ.

Tlpu ompenenenny ¢ TOMOWbIO THAPOAHHAMIIMECKIIX CETOK BpeMeHH pac-
fpOCTpaHeHHsl 3arps3Hennl {y u nomoxenuss ¢pponrta ¢uabtpauun Lg me-
HOJAb3YIOT OCHOBHKIE cooTHomenus (X 40) n (X.41), npruueM cKopocThb thbH/Ib-

Yhx=0
y=15 =05 P x=24
N 5/:75
| —
g 25 q
Q g ——
2 o
15 |
) i
R Ly
! ”
95 -
—_-0 -
X=24
y=0
Puc X8 TnaponvHaMuyeckad ceTKa M H3OJHHML BPEMCIN DPOABKIKCINIS 3arpH3Henni n3

XpaHHJHULA NPOMBIILIEHHBIX CTOKOB B GHITOBOM NOTohe MOA3eMUbIX BOM BOaman peku (oo-
CTPOeHMa MO AHAMHTHUECKHM pacycTam)
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TpaUHH v* BBIUHCJSIOT MJIS KaXA0H siuefiKH CeTKH (Ha OTPe3Ke JIEHTH ToKa
MEXIYy COCEJHHMH H3OJHNHAMH NMOTeHIHaN0B) nmo dopmyae (puc. X.7):
. 1 Ag;
U= —— X.57
i n ALJ ( )
ITockoabky onpepensiemass no ¢opmyne (X.57) ckopocTb GUALTPALUH
npenciaBasicT co6oil CyMMapHyiO CKODOCTb CJIOXKHOTO noroka (r. €. u¥=
a
- Evl'i)’
i-1
Aty A n(ALj)?
ALj = ‘/’—q”; At,-z(—’). (X.58)
n AQ;
Ioaubii nyte Ly ¥ BpeMs QuAbTpALUU 3arpsi3HeHHH fgp HAXOAAT CyM-
MHUpoBaHHeM no ¢Gopmynam (X.41).
Boipaxeniis (X.58) MOMHO npeicTaBUTb B HECKOJbKO HHOM BuUAE, 6o-
Jiee yHOGHOM [1Jsi rpadoaHaJHTHYECKOTO TMOCTPOEHHA TpaHHIbBl pasjena
MEXJy 3arpsi3HEHHbIMUH CTOKAaMU W TMPUPOAHBLIMU TOA3EMHBIMH BOAAMH HA
ornpe/iejieHHbIE MOMEHTHl BPEMEHH YUYMTHIBAS, UTO (GHJIALTPALHOHHBIA pacxol
B KaxXJo# mosoce (cM. puc. X.7)

Ay
Q= 11— = Ab
i 1k I AL
H TJIOLLAb KaXKIOH SUCHKH
Fj= AL; Ab;,
BMecTo (X.58) moayuum,
nF;
Atp=—, (X.59)
Q;

B cranuoHapHbIX yCJOBHSIX PACXOM B Npelesax MoJoChl TOKa He U3Me-
usietesi (Q,=const), nosromy

Aty = aFy;, Fj=— AL (a:l), (X.60)
a Qj
T. €. oJioxkeHHe GpoHTa GUILTPAIIMH HA ONpefiesieHHble (3aJlaHHble) OTpes-
KH BpeMenn Af, MOXKHO HaXO[WTh NYTeM BbLIYHCJICHUS COOTBETCTBYIOLLEH
niowanu F; B npefenax paccMarpHBaeMol moJsiocsl Toka. Ilpu stoM mJo-
waAb F, MOXKeT 0XBaThiBaTh HE OAHY AueliKy, a GoJblle HJIH MEHbLIE, B 3a-
BHCHMOCTH OT NPHHATOTO pPaCueTHOrO HHTEpBaJia BDeMeHU Af;.

Ha puc. X.8 npexncrasgaena ceTka QuabTpPalHH U3 XPaHHJAHILA C DACXO-
noM Qyp BOGIM3U DeKH, HA JIHHHH KOTOPOH IOAAEPKHBACTCS MOCTOSTHHBIA
Hanop. IlpuusiTo, yto GuAbLTPAUHXA H3 XPAHHJHILA NPOMCXOLHT B OLHOPOI-
HbIHl BOLOUOCHBIN TJ1ACT ¢ €CTECTBEHHBIM TTIOTOKOM ¢.

TIpy nOCTPOCHHH CETKH HCIOJIb30BAHbLI PACYETHbIE GOPMVJbL AN ¢ H |
B 6e3pa3MepHOM BHIE:

2y _ 2mpy Qxp.x
=—=3 PYP=—=; Cxp= ;
Qxp Qxp m
i Y
I, I
X =3 s
I0) Ty
O
- ’ - ?
Ty 2Q;
rae HH1eKcoM «1» 0603HAYCHL' NCHCTBHTC/ALHLIC (pa3MepHbie) BeJHUHHBI COOTBETCTBYIOUIHX

OGyHKuni, npuyem npunato ¢=0,15, ro=1 u d=12 (cM. puc. X 8); ro— panuyc xpauu-
JIHA, /71 — MOILHOCTh BOJIOHOCHOTO HJACTa .
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Jlunun pponta GuabTpaUUM HA CETKe NPOBEIEHbl O Pe3yJabTaTaM pac-
yeToB 1o ¢opmysaam (X.60). B npuHATHX 6e3pasMepHBIX COOTHoLIEHUX 3T
$OpMYJIE UMEIOT BUL:

qF,
Al = — ’ X.Gl
17 2, (X.61)

e g =220 g :Fll, =%.
pr ! ﬂf% ! pr

@poHT puabTpanuy mokasaH Ha MoMentnl 1=0,3, 1,2, 2,7, 4,8.



I'masa XI
CPABHEHHE BAPHAHTOB U TEXHHKO-3KOHOMHUECKOE
OBOCHOBAHHE BOJO3ABOPHbLIX COOPY)XEHHUMH

1. OBIIHE NOJIOXKEHHUSA

IlpoekTnpoBanie B0103a0OPHLIX COOPYXKEHHH TPl 1iCIO.Ib30BAHHH
B KayecTBe HCTOYHIIKA BOMOCHAOXKEHHS MOJA3eMHbIX BOJL L0JhHO CONPOBOXK-
1aTbCsl TeXHHKO-3KOHOMHYECKHMH pacyeTaMu H 0GOCHOBAHIIEM 1laMeuaeMoro
K CTPONTEAbCTBY BO1032a60pa 10 TEXHIIKO-3KOHOMHUECKIIM oKasatessaM. Ta-
hlle pacyeTsl BHIMOJHSIOTCA HA PA3HBLIX 3Tallax NPOEKTHPOBAHUS.

1. Botbop uctounuxa. B pesyabTaTte TEXHIIKO-3KOHOMHYECKOIO COTMOCTAB-
IeHHSl Ha JaHHOM 3Talle YCTAHABJWBAIOTCH 1e71ecoo6pa3HOCTb HCIONb30BA-
HS NOJ3eMHBIX BOJ 1i HX NPEHMYINECTBA B TEXHUKO-3KOHOMIIYECKOM OTHO-
iIeHHIl Tepel OTKPHITHIMH BOIHBIMH IICTOUHHKAMH (PeKaMH, BOLOXDAHMWJIHU-
maMg o T. I.).

Kpome cOOCTBEHHO KOJNYECTBEHHBLIX NOKa3aTejel, KOTOPLIMH Ompeje-
JsIeTCsl BO3MOXKHOCTb YIORJETBOPEeHUs oTpedyocTi B Bolde (pacxox H ApY-
rue CHApPONOTHYECKHE N1apaMeTphl AJs OTKPBITHIX HCTOYHHKOB 1l BO3MOXKHBIM
ne6uT Bojgo3abopa NMOA3EMHHBIX BOI), BaxHeHlIHM (AKTOPOM B JaHHOM
cayuae SIBASIETCS KauyecrBo BOAbI. I1pu ycTpoiicTBe BO03a6OPOB H3 OTKPHI-
TBIX HCTOYHHKOB, KaK NPaBHJO, NPeAyCMaTPHBAKT AOPOrOCTOSIHE OYHCTHBIE
COOPY2KeHHS, KOTOpble BKJIOUAOT 00e33apaKiiBaolide YCTPORCTBA AAs JIIK-
BHAauuH OakTepHaJIbHOTO 3arpsi3HeHus] BOIbl, COOPYXKEHHs [ MeXaHH4ec-
KOl OYMCTKH H OCBETJICHIIS BOALI, 4 BO MHOTHX CAY4asiX TaKxkKe COOPYKEHUs
IJIS1 OYHCTKH BOLB OT XWMIYECKHX 3arpsi3HeHHH.

INox3emuble Boab 06bIYHO 06JaAAIOT JYUIINM H Gosiee YCTOHUMBBIM Ka-
yecTBOM. TeM He MeHee Npu 3HAUMTEbHOM BOZONMOTPEOJEHHH H OCOGEHHO
B CJIOXHBIX THAPOTr€OJOrIYeCKHX YCAOBHSIX, KOTAA AJs NOOHIYH MOA3EMHbIX
BOJ HeoOXOAHMMbI TPOMO3JKHE JOPOTOCTOSIL{HE COOPY2KEHHSs, a HHOTZla H Npo-
BeJleHHe ClelHaNbHbIX MeponpusaTHi 1o obecneyeHdHio UX HajeAxHOCTH (Ha-
NPHMeP, HCKYCCTBEHHOE BOCNOJIHEHMe 3aItdcoB  IIOJ3eMHBbIX BOL), Bbibop
HCTOYHHKA He MOXKeT ObiTb c/lesiaH 6e3 COOTBETCTBYIOIIMX TEXHHKO-3KOHOMI-
YeCKHX pacueToB 1l 00OCHOBAHHA.

2. TexHuKO-3KOHOMILUECKUE pACHeTb. NPU CPABHUTEAbHOL OyeHKe yere-
(006Pa3HOCTU UCNOAB30BAHUS NOO3EMHbIX 800 HA PA3HLIX YHACTKAX 0OHO20
B8000HOCHO20 20PU3OHTA UAL 6 pasnbly zopudonTax HeobGxonuMocrs pac-
CMOTPEHHSI HECKOJbKHX yYaCTKOB OJHOTO0 BOAOHOCHOTO IOPH30HTa MJH pas-
HbIX TODH30HTOB MOKEeT BO3ZHIIKHYTb B CBfI3H ¢ Da3JHYHLIMH THAPOTeOJOrH-
ueCKMMU HX TmapaMerpaMi. Hanpumep, yyacTok ¢ JYy4YIIHMH NapaMeTpami,
Gosiee BOJOOOHIbHBIH MOXET OKa3aTbesi Gosee yaasieHHLIM OT NMOTpebHTen .
OnpenensiiomwiuM (HaKTOPOM MOKET TaK¥Ke SBUTbCA HaJilyne HCTOYHHKOB 3a-
rpsA3HeHHs MOJA3E€MHbIX BOJ HA TE€X HJIM HHBIX YYaCTKaX H HEOOXOLHMOCTb IPO-
BeJIeHHS B CBSI3W C 3THM CIELHAJIbHbIX MePONPHUSTHH 110 3aL1HTE NOA3EMHBIX
BOJL H BOL03a6OPOB OT 3arpsi3HEHUs] HJH MEPONPUATHI M0 OUHCTKE BOIHI.

XoTs ofuyile 3anachl NOA3EMHBIX BOJ HA PAacCMaTpHBAEMbIX y4acTKax i
B KaXKJIOM ropli30HTe JOCTaTOYHbI, pelieHiie BONPOCAa O Pa3MelleHiill BOLO-
3abopa B 3TuX cayuasx TpebyeT TEeXHHKO-9KOHOMHUYECKOrO OGOCHOBaHHS.

3. Boibop payuoHarbroeo sapuanta 80003a60pa HA NPUHATOM W yCTaA-
HOBAEHHOM npedblOyuwyumy NPOCKTHbIMmI npopaboTkamu yeactke. Ha nau-
HOM 3Tamne npexje BCero peulaeTtcsi Bonpoc o THie Bofo3aGopa. Hanpumep,
HepPeJKO T'HAPOreoJorHyeckne yCaoBUs MO3BOJSIIOT A8 H0ObIUH MOJ3€MHBIX
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BOJ IPHHHMATb BEPTHKAJbHBIE CKBAXKIHbBI HJI JyuyeBble BON03a6opbl JHOGO
TOJIBKO TFOPH3OHTaJbHbIEe coopyxeHus. Jljas BbiGOpa pauuoHabHOrO THIA
BON03a6opa Hy:KHbI TEXHHKO-3KOHOMHYEeCKHe comocTabjenus. I[lpuMenH-
TeJIbHO K BHIGPAHIIOMY THIY paccMaTpHBAIOTCA PA3JHYHbIE CXEMbl pacnofo-
JKeHHS OTIEJbHHX BOL03a00POB, PACCTOSHHE MEXAY HHMH, PeXKHM OTKauKH
T I

Caenyer OTMeTHTh, UTO 3TH BONPOCH N0 flocAelHero BpeMeHH B 0O0Jb-
ILHHCTBE CJyYyaeB BbINANaJjd H3 [0JS 3pEHHS MPOEKTHPOBIIHKOB. O6biuHO
THI M CXeMa BOM03ab0opa yCTaHABJIHBAKTCA H3LICKATeASAMH HCXOAS TOJbKO
H3 CHIPOre0JOrH4ecKux Coo0paxeHHii H B Ja/ibHEHIIeM TpH NPOEKTHPOBA-
HHW He H3MEHSIOTCS, T. €. He TNPOH3BOJHTCH NPOBEpKa NpefaraeMoro Habl-
CKaTeJsIMH BAPHAHTA B OTHOLIEHHH NPEHMYIUECTB nepej JPYrHMH BO3MOXK-
HbIMH BapHaHTaMu 110 TEXHHKO-2KOHOMHUYECKHM yc/I0BHAM. Takas npakTHKa,
pasyMeertcs, siBjsieTcst HenpaBuAbHOH., BeiGop THIIA H cXeMbl BOL03a6OpHbBIX
COOpY’KEHHH Ha OCHOBE TeXHHKO-3KOHOMHHYECKOro COMOCTaBJEHHA BapHaH-
TOB CJiefiyeT CUHTATb OJHHM 13 Ba)KHEHIUHX 3JIeMEHTOB MPOEKTHPOBaHHS.

B cooTtBercTBhu ¢ «MHCTpyKLIUeH 10 onpefefieHHI0 3KOHOMHYecKoH 3¢-
GeKTHBHOCTH KaNHTaTbHBIX BJOXKEHNH B cTpouTenbcTBo»  (CH 423-71)
CpaBHHTeJbHAs 3KOHOMHYecKass 3¢ (EeKTHBHOCTb NPH COMOCTaBJEHWH Ba-
PUAHTOB TEX HJH IHbIX TEXHUYECKHUX pelleHHH YCTaHaBJUBACTCS MO MHHHMY-
MY TaK Ha3blBaeMbIX HpHBEJEHHHIX 3aTpar.

IlpuBenedseble 3aTpaThl NpPeACTaBAAKT CO00H CYMMY TeKYyIUHX H3lep-
XKeK (KCIIyaTaloOHHbIX PacX0J0B) W €IHHOBPEeMEeHHbIX 3aTpaT (KaNnuTajb-
HbIX BJIOXEHII), NPHBEJEHHHIX K TOJOBOH Ra3MEPHOCTH B COOTBETCTBIH C yC-
TaHOBJICHHbIM HOPMATHBHBIM KO3(pdUIIHEHTOM 3(PEKHTBHOCTH:

M;=C, + E,K; = min, (XI.1)

rne [T, — npupeicusubie 3atpathl; C;-— TeKYUIHE HANEPKKH HAM 3KCIIyaTauHOHHBE pacxo
abl; K, — epHHOBpeMeHHbie 3aTPAThi HAH KanuTajbHLE BJOXeHHS; Eu — HOPMaTHBHbIA KO-
adPHuMenT 3QQeKTHBHOCTH KaNHTANbHHIX BJOXeHHH (BeiMuHHa, ob6paTHas CpPOKY OKyna-
€MOCTH KanuTaJdbHBEX 3anaT).

Ykazaunbie Beauunus! f1,, C,, K; otHocsitTes K [-My BapuaHry (i=
=1, 2, .., n; n — ofliee YHCJIO paccCMaTpHBAaeMBIX BaADUAHTOB), NpHUYeM OHH
MOTYT pAaCCUHTBIBATLCS KaK I10JIHAsl CyMMa KanHTaJdbHhIX BJOXEHHH H ro-
NOBHX 3KCIJIYATALHOHHBIX DACXOJO0B, TAK H B BHUJE YIEJbHbIX NOKa3aTeJeH,
oTHeceHnnlx K | M° BoIbI.

Pasnoctb npHBEIEHHBIX 3aTPAT MO JIBYM BapHaHTaM XapakTepH3yeT ro-
JOBOH 3KOHOMHUecKHH 3({eKT, moyyaeMbli B pe3yJbTaTe 3aMeHbl OJHOTO
BapHaHTa ApYruMm:

3=1—1,, (X1.2)
rpe 3 — ronoBoil 3KOHOMUYECKHH 3QdeKT

Ilpy ucuncneHHY NpUBeJEHHLIX 3aTpaT MO yMeJbHbIM 1TOKa3aTeJsiM ro-
J0oBOil 3KOHOMu4YecKHHl 3¢ et OyneT pagelr:

= (I —M)A, (XI1.3)
rae A —ronosoit o6bem Bonbt (npu Hewucenewun /1, n [lo B yAeabHHX nOKasatesax)
Korna no CpaBHUBACMbLIM BAPDHAHTAM KalHWTaJbHbIE BJIOXKEHHS NIPOU3BO-
JATCAa B paSHbIe CpOKH IJIII TEKYIHC SanaTbI cO BpeMeHEM H3MEHATCA,
CpaBHEHHE BAPHAHTOB CJEAYET BHINOJHATL ¢ IPHUBEJEHHEM 3aTpar ooJgee
MO3HHX JIeT K HeKOTOPOMY BbiOpaHHOMY GasHcioMy rofy 1o ¢opMyJe

m, (X1.4)

1
:Hf———_*_v »
P (14 Eyny

rae [Tnp —3aTpathl, npusencHubie X 6asucmoMy rony, /1: —sartpatwt b !-m roay; Egmg—
HOPMAaTHB INA TNpHBelleHHS Pa3HOBPeMEHHHX 3aTpaT, HpHHUMaembiil pasHbiM 0,08; /— ne-
PHOM BPEMEHH TIPHBEICHUs, oMb,
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Hsis BeIsiBJIEHHS] ONITHMAJIBHOrO 1O TEXHHKO-IKOHOMHYECKHM TOKasare-
JIIM BaphaHTa Bojo3abopa nmopseMHuiX Boj Tpebyercsl 06A3aTesibHO NMPOH3-
BOJAHThL THAPOTeOJIOrHUECKHEe PacueThi, N0 KOTOPhIM YCTaHABJHBAWOTCA cJe-
AYIOLLHE OCHOBHHE T1apaMeTPhl B0J03ab0opOB, onpeae/sioline pasMepst NpH-
BEIEHHBIX 3aTpaT: KOJHUYECTBO BOJO3aXBATHLIX COOPYKeHull (Hanpumep,
CKBaXHH, KOJOLLEB) N, PaCCTOsSIHHE MeXAy HUMH [, ray6uHa A u nuamerp d,
IOHHKEHHS yDPOBHs

Ilpu npoekTipoBaHnH BOL03a6OPOB, KakK yxKe oTMeuasoch (cM. ra. I11),
0o6GbIUHO CTABHTCS 3ajlaya NOJYUYeHHS onpefeseHdoro aebura Qn B TeueHHe
nepuona T; o6e 3TH BesiHYHHBI 3aaI0TCA JIAHHPYEMBIM BOJONOTpebaeHHeM

Ho sepelko nmpuXoAuTCS pellaTh 3aJauy o0 MakcHMaJjbHOM  gebuTe
Qumaxe, KOTOPHII MOKET GHITbL I101YYEH 3a TOT Ke nepuon 7 B JaHHBIX CHI-
poreoJsioriyeckux yeaosusix. CienoBaTesibHo, B OGOUX CAyYasax J0/KHA OHITh
OonpeneJsieHa 32BHCHMOCTD:

Q=fn,l,hd S T), Q=0Qnum Q= Quaxc- (XI.5)
[Ipy 3TOM moHMMKeHHE YDPOBHSI He JOJI2KHO TNPEeBbIIATL AOMYCTIIMOTO
S < Szon- (X1.6)

Kpome Toro, obuiue pasmepsl Bono3abopa Fy He HOJiKHbI TPEBBILATE
BBIIEJIEHHON J1J/i1 HEro Imiollalu B Npelesax BOJOHOCHOrO TOpPH3OHTa MU
Bcell MJOIIARH TNOCJAeAHero Frop:

Fy < Frop. (X1.7)

Taxum o6pasoM, BLIJOP ONTHMAJIBHONO BAPHAHTA BOL03a0opa 3aKII0-
Yyaercsd B OTbICKAHHH MHHHMYyMa TNPHBEIEHHHX 3arpaTt no obwel (opmy.e
(XI1.1) npu cobaonenun cootHowenudi (XI1.5)— (X1.7). [Tockoabky aeOHT
BONO3abopa, Kak BuAHO u3 cooTHouweHusi (XI.5), okaswpaercss 3aBuCALLHV
OT 11eJIOTO psfla napaMeTpoB, OnpeleJseHHe ONTHMaJbLHOrO0 BAPHAHTA CBA3AHO
C HeoOXOLMMOCTBIO DPacCMOTPEeHHS MHOrOUICJCHHHX BapHaHToB. Crporoe
pellleHye 3TOH 3aJauil BO3MOXHO € NPIMEHEHHEM 3JIeKTPOHHO-BHYHCAHTE Ib-
HeiXx mMamuy (OBM). Takoro poma 3ajzaum OTHOCSITCS K THIY TaK HasHBae-
MBIX ONTHMH3aIHOHHBIX 3aJay (MJM 3a7ay JHHEHHOro W HeJHHeHHoro npo-
rpaMMupOBaHusl) B 06siaCTH NMPOH3BOACTBEHHOro mnsanuposanus. OngHaxo
Janee GymeT MOKA3aHO, YTO TPH ONPEAEJeHHBIX yNPOIIAIOWIHUX MPEATOCHLI-
KaXx pelleHHe YKa3aHHOH 3alaud CyLieCTBEHHO obJserdaercs.

2, NPUBJIH)XEHHAS METOILHKA BbIBOPA ONTHMAJIBHOIO
BAPHAHTA BOILO3ABOPA NPH NPOEKTHPOBAHHH

HeTanbHOCTL TEXHHKO-IKOHOMHYECKHX  PacyetoB 3aBHCHUT OT CTamlill
nmpoekTHpoBanHs. IIpH 3TOM TeXHHKO-3KOHOMHUECKHE INOKas3aTeJu ompele-
JIFI0T Ha OCHOBE CMETHO-(QHHAHCOBBIX DACYETOB, BHINOJHAEMBIX IIPH TIPOCKT-
HbIX npopaboTKax, a MpH CXeMaTHYeCKOM MPeACTaBJCHHH BapHAHTOB — IO
CIIPABOYHBLIM NAHHBIM C HCTIOJB30BAHHEM HHCTPYKTHBHO-HOPMATHBHLIX Ma-
TepHanoB.

Ilpu6saukennas MeToldHMKa TeXHHKO-3KOHOMHUYECKOH OIIEHKH H CpaBHe-
HHSl BAPHAHTOB BOA03a0GOpHLIX COOPYKEHHH Ha TMOA3eMHBIX MCTOYHHKAX NpH
NPOEKTHPOBAHHH OCHOBLIBAGTCS Ha COKPALLUEGHHH YHC/IA BapbHDYEMBIX TOKa-
3aresiedl, OT KOTOPHIX 3aBHCHT (QYHKIMA TpHBEAEHHBIX 3aTPaT, WJH, kaK ee
elle Ha3blBAKOT, PYHKIUA LUEJH.

PaccMoTpuM, 43 KakuX 3JIEMEHTOB CKJIaABIBAIOTCS OCHOBHHE COCTABJISAIO-
wre 31od QyHkuuu C u K [eMm. dopmyay (X1.1)].

BesnunHa sKcmiyaTalHOHHBIX pacxofoB C onpejensiercss 3arpaTtaMi
Ha NOLXBEeM BOABI H3 BOL03aGOpPHBIX COODYKEHHH Ha nopepxHoctb C), Tpas-
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CIOPTHPOBaHHE BOIBI MO Tpy6ompoBoiaM o Bojonorpebutens C, (3mecs
YUHTHIBAIOTCS TOJNLKO «BHEMJIOL{AOUHbIE> COOPYKEHHS, He CBSI3aHHblE C Pa-
CTpenesiuTebHON CETbI0 HENMoCpeNCTBEHHO HAa TEPPHTODHH PA3MELLEHHSI BO-
IonoTpe6uTens), aMopTH3alHOHHbIE OTuHcjieHusi C;,  3apaboTHYKW IJaty
NPOU3BOACTBEHHOIO MEpCoHaJia C HAYHCJAEHHSIMY HA COI[HaJibHOE CTPaxoBa-
Hue Cy, TeKYLIHHA PEMOHT, MaTepHaJibl ¥ IPOUHe SKCNIyaTallHOHHblE PAaCXOIdb
Cs. B cymMMe BCceMH nepeuHc/eHHBIMH 3aTpaTaMu OlleHHBAaeTcsi ceGecTOH-
MOCTb TMOA3eMHBIX BOJ, NOJYyYyaeMblX AAHHHIM B0A03a6OpOM.

CrouMocTb nofikeMa BOIAbI Ha noBepXHocTb C) 3aBUCHT OT Ae6uTa BOJO-
3a6opa, BHICOTHl NOA’beMa BOABL! M IOTepb HaNopa TPH ABHXKEHHH BOIbI 11O
Tpy6am. Hcxonst u3 sroro ¢opMmyna aisa onpemesnenusi C) MOKeT ObITb BbI-
paxeHa caexryroIHM o6pa3oM:

C, = 8760 % Ndt, (X1.8)

OL,)N!

N 9,81Q(;1—}—AH) ,

¢ — cronmocth | KBT-u saeKTposHeprun, py6; N — rpeGyeMas MOIMOCTb HAaCOCHEIX arpe-
ratos, KBT, T -— pacueTHblil nepuoxn, roast; @ — pacxoa sorozaGopa, M¥/c; H==S+h. — Bu-
€OTa noabeMa BOAH (S — NOHHIKeHHe YPOBHA OT CTaTHUeCKOro; he — ray6HHA pacmoJoxe-
HHS CTATHYECKOTO YPOBHS OT NOBEPXHOCTH 3e€MJH), M; T — K03bGHUHEHT N0Je3HOro neict-
BHSI HACOCHOrO arperara.

rue (X1.9)

Bennuuna AH npeicrasiseT co6o0il I0MOJIHHTENbHbIE TIOTEDPH HAMNOPa Ha
TPeHHE B 3KCNJAYaTalHOHHOH KosoHHe TPy6. B cooTBeTcTBHH ¢ YcTaHOBJEH-
HbIMH B HacTOfillee BPEMSI TMOJIOKEHHUSIMH B TPYGHOH Tuipasinke! morepu
Hanopa B TPy0ax MOKHO BHUHCJIATH N0 001iell popmyse

AH =} (S + he) Q2, (X1.10)
rnre A — KO3(QQHUHEHT CONPOTHUBIEHHS, 3aBHCSIIMIT OT MaTepuana H auaMeTpa TPY6 u CKO-
pocTH asHKeuns Boabt (taba. XI.1).

Ta6anuma XI.1
PacueTnbie 3HaueHns xoaddHumeHTa CONPOTHBAEHHS A AJAA CTAJbHBIX BOJONPOBOJRHBIX TPYG

(n3rotosnsieMblx no F'OCT 8732—70 npn ToauwHHe cTeHoK 10 MM)
ApH cKopocTh v=1,2 M/c

D, MM A D, mm A D, MM A D, MM A
126 106,2 183 ‘14,49 331 0,609 460 0,106
132 82,8 199 9,273 357 0,408 480 0,085
139 62,83 225 4,822 382 0,285 510 0,062
148 44,95 253 2,583 406 0,206 530 0,05
160 29,66 279 1,535 420 0,152 580 0,031
174 18,96 305 0,939 445 0,127 610 0,024

Mpumeuaune Kosbduunent conporupnenus A ounpedeted npu Q, m3/c Ilpu cko-
pOCTSIX ABHIKeHHS BOAE B TpyGax v<C1,2 M/c yKazaHHbie 3HaueHHs A TNPHHUMAIOT ¢ nonpa-
BOYHBIM KO3 HIMeHTOM A

1,1
1,02

IIpn ycranosupuerics ¢GuabTpauun NOA3eMHBIX BOJ K BORo3abopy Be-
anunabl Q, f1 w Aff He 3aBUCAT OT BpeMeHH H, CJeIOBaresbHO, GopMysa

1 Mllenenen @, A Tabauun g THAPABAHYCCKOro pacyeTa CTaJbHBIX, YYTYHHBIX,
ac6ecTOEMEHTHBIX, TIACTMACCOBLIX H CTEKJAAHHEIX BoZonposogHbix Tpy6. M., Crpounaaar,
1973.
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(X1.8) ans Cy ¢ yuerom Beipaxenuit (X1.9) u (X1.10) moxer GwiTbh npen-
CTaBJieHa B BHIE:

n

86000

Co= = X0, (140 @F) (5, + ). (XL.1D)
l:=l

Onnako BO MHOTHX Caydyasix GuALTPalUsi B TEYEHHE BCErO NMEepHopa K-
cnyartannn BoA03abopa SIBJAseTCS HeyCcTaHOBHBHIEHCs. B 3Tux ycjoBHSX,
NpHHHMas 1e6HT Q MOCTOSHHBIM (3aJaHHBIM B COOTBETCTBHH C NIPOEKTHpYe-
MBM BOgonoTpebaeHneM), smecto popmydanl (XI.11) nomyunm:

n

T
E Qi(l_'—}”i Q?)(%‘ Stdt_l—het)’ (X1.12)
0

1=l

86000,
Cl = o
n

rne n — YHcno Bono3abopos.

IMToun:kenus ypopusi S B 3TUX GOPMyJiaX ONPENESIOT B 3aBUCHMOCTH OT
CXeMbl BOfO3aopa /i PA3iMUHBLIX THIIOB IJAaCcTOB MO (OpPMyJaM, TpHBe-
BeHHbIM B raasax IV—VIL

CTOoHMOCTb TPAHCNOPTHPOBaHHs BOABI OT BOgo3abGopa 10 moTpe6uTesst
C, 06yCJIOBJHBAETCS B OCHOBHOM 3aTpPaTaMH Ha 3JEKTPO3HEPTHIO, HEO6XO-
AHMYIO [JIs NPEOJOJieHHsl NoTepb Hanopa B TpyGompoBopnax. Ias pacuera
C, ucnosbsywt ¢opMmyay

n k
860000
= 2
Co== X Xy by @y (X1.13)
=1 j=1
rae Au, Ly B Q.; — COOTBETCTBEHHO KO3(GUUMEHT CONPOTHBJEHMS, AJHHA M PACXOA BOMAM
Ha j-M vuacTKe Tpy6omupoBoaa (j=1, 2, ..., k; £ — obliee uyHCJIO YYaCTKOB) HA KaXKIOM [(-M
Boao3abope.

AmopTtusaunousse oryhcienusi C; NPOM3BOLATCS IO YCTAHOBJEHHBIM
HODMaM K CyMMe KamHTaJbHbIX 3aTpaT Ha CTPOUTEJbCTBO BOL03abopoB K|,
nx o6opynopanue Ko (CTPOUTEILCTBO 3[aHHIH HACOCHBIX CTAHUHH, CTOUMOCTb
HacOCOB ¥ T. I.) U HAa NMpPOKJAaAKy BomoBonop Ks. Koadduunuenter amMopTH-
3aIMOHHBIX OTUMCACHHH HAa YKal3aHHbBe KalHTaJbHLE BJIOMEHHA 71, M2, 1.

TakuMm 06pa3oM, pacXonbl, CBSI3aHHBIE C AMOPTH3aUHOHHBIMH OTYHCAE-
HHUSIMH, BHIPA3ATCA CAELyOWUM 06pa3oMm:

n
Cs = .E (MuKus + MKor + msKas Ly), (X1.14)

i=

rae sennununt Ky u Kz OTHOCSITCS K eIMHHUHOMY BoRo3abopy (HanpHmep, ckaxuue); Kz —
cpeausisi cTOMMOCTs 1 M Aiuubt Tpy6onporoaa; L — ofmas AJMHHEA BOROBOAOB

Pacxonrl Ha 3apaboTHy0 myaTy MPOH3BOLCTBEHHOTO MEPCOHasa omnpe-
IeJSI0TCS B COOTBETCTBHH C BeIOMCTBEHHBIM HITATHHM paclyicaHueM H ycra-
HOBJIEHHBIMH TapU@HBIMH cTaBKaMu. OTunCJeHHs Ha CONMaJbHOE CTPaXxoBa-
HHE B cpeqHeM npHHHMaioTcsi B pasMepe 8Y% romosoro ¢onpa 3apaGoTHOH
NJaTh.

Haxkounen, 3kcniyaTalHOHHBE pacXOAbl BKJHOUAOT DAacXOAbl Ha TEKy-
IHH PEMOHT, MaTepHaJbl H npoune HyXKanl Cs.

CJjeflyeT OTMeTHTb, 4To 3aTpaTel Cy # Cs COCTABASIOT Majylo 10Ji0 OT
06X 3KCIIYaTalWHOHHbIX pacxonoB (kak npasujo, Mexee 10%). OcHos-
HOll yJAEJbHBII BEC COCTaBJSIOT 3aTPATH Ha MOABEM H, B PEAKHX Cayqasx,
Ha TPAHCIOPTHPOBAHHE BOLMI. '
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HopMmaTuBubiii kKo3pdunueHT 3QeKTHBHOCTH KalHTaJbHBIX BJOKEHUH
npuHuMaercs paBHbIM 0,12 (T. €. CPOK OKYIAeMOCTH IPHMEpHO 8 JieT).
Ha ocHoBaHHH H3J0XKEHHOTO (GYHKUHIO NPHBELEHHBIX 3aTpPaT MOXKHO

OpeACTaBUTH B BHOE!:
n T k

H=860000{E Q[{(l 3, Q) (le'st.dt—l- he,)+2h; b Q?,-]}Jr

M 0 i1

i=1
k
3
4 Y0100,12 4 M) Kug (0,12 + 1) Kag + (0,124 ) LKyl (X1.15)

=]

Pyukuua (X1.15) 3anucana aas 6oJee obuero cjayuyasi HeycTaHOBHB-
ureticsi GuabTpalmu. [Ipy ycTaHOBUBIUIEMCS NBHIKEHHYM BMECTO HHTerpajia B
mepBoM ujeHe Oyrer S;.

CuMBoJsioM L 31ech Takxke o603HaveHa o6lias OJHHA BOJOBOAOB:

L= X1, (X1.16)

rjae £ — 4YHCI0 Y4acTKOB BOR0BOROB [cM, ¢popmyay (X1.13)].

Inst Toro uro6sl onpefesuTs ONTHMAaNbHEIE BapHaHT, HEOOXOAUMO HAH-
Td MEHEUMYM Qyuxkuuy (X1.15) B 3aBHCHMOCTH OT BXOASIIYUX B Hee mepeMeH-
HbIX, T. €. BADbHPYEMbIX BEJHYHH — YHCJA BOA03a0OPOB, pACCTOSIHUS MEXIY
HMMH, AMaMerpa H Ap.

[TpubauKenHoe pellenye 3TOH 3ajayH, YUUTHBAS, YTO OCHOBHYIO YacTb
NpUBEJEHHbIX 3aTPAT COCTABJAET CTOHMOCTb IEKTPO3IHEPTHH (ITOCKOJAbKY
BOL03a60phl MOA3EMHBIX BOJ DACCUHTHLIBAIOTCS HA BeCchbMa IJHMTeNbHBIH Ne-
PHOJ BpeMeHH), CBOJUTCS K TOMY, 4To NpH MHHHMu3alud dyuknuu (XI.15)
OCTaBJISIIOT TOJbKO OJHY MEPEMEHHYIO BeJHUYHHY — PACCTOSIHHE MEXAY BOJO-
sabopami. [lpH 3alaHHBIX pacXogaX BON03a0OPOB H CYMMapHOM UX ge6ute
[NOHHKEHHe YPOBHA MOJA3EMHBIX BOI H COOTBETCTBEHHO PACX0j 2JEKTPO3HEp-
THH Ha TMOABEM M TPAHCIOPTHPOBAHHE BOLBI B 3HAYNTEJbHON CTENEHH OYAYT
ONpeJIeJIiThCA PAaCCTOSTHHEM MEXIY B0J03a60paMHu.

ITpu TakoMm nopxoze pacuer Befercs NpH GUKCHPOBAHHbIX (3aLaBaeMbix
10 MHKEHCPHHM COO0paXkeHHAM) KOJHYECTBE BOJ03a060poB (KaK mpaBuio,
CKBaXKHH), X pa3Mepax, a TaKkKe INPOTHKEHHOCTH BOJOBOLOB, Baprupys no-
c71e/10BaTe/IbHO 3THMH BeJIHUHHAMH, MOXHO YCTaHOBUTb HX BJIHsSIHHE Ha pe-
3y/ibTaThl TEXHHKO-3KOHOMHYECKOH OLleHKH Bofo3abopa.

Bo Bcex caydasix JoJIKHB BBIIEDKHBATHCS paHee YKA3aHHBIE OrpaHHye-
HHUS, T. €. PaCUETHOE IOHHKEHHE YPOBHS IO/KHO ObITb MeHbLIe JONYCTHMOrO
(S<<Spon) ¥ 06mas njowalb pa3MelleHHs] Bof03aBopPOB He NOJKHA BHIXO-
JHUTb H3 CPAHHL, UCIO/B3YEMOro yiacTKa BOJOHOCHOrO IJ1acTa HiH BOIOHOC-
HOro IJjacra B uejoM (Fez<<Fy).

B xauectBe nmpuMepa pacuera 1o TakOH METOLHKE DPaCCMOTDPHM Cpymmy
B3aUMOJIEHCTBYIOUMIHX CKBaXXMH B OJHOPOJHOM HAaNOpPHOM BOJOHOCHOM ToO-
pusonte. [TonnKeHne ypoBHSl IIpH JJNTe/bHHX NEpHOAaX OTKauKu ollpeje-
JuM 1o dpopmysie (cM. i 1V)

n

1 1,5V at
St—:zﬂkaQv IHT, (X1.17)

=l
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rae r;, -— paccrosinue MexAy (-H u BCeMM OCTaubHBIMH Y-MH cKBaxXuHaMH (v=1, 2, .., m;
n — oburee YHCJA0 B3AUMOACHCTBYIOIHX CKBAXKHH).

B pesysabTarte unrterpupopanus suipaxenusd (XI.17) no spemenu £ ot 0
a0 T nosayuuMm:

n

T
1 1 Z ( 1,5V ar )
~— \ S.dt =-——o —_— . A
- f , e LR K 0,5 (X1.18)
0

V=

IToncrasaas sty ¢opmyay B ypapuenue (XI.15), nonyuum oOKoHua-
TeJbHOe Bblpaxenue [ ¢GyHKUHH npusefieHHLX 3artpart [ Urobbi HaHTH
MUHUMYM QYHKuHY [1, HyKHO nponudepeHHPOBATL €€ 10 BapPbUPYEMOMY
napaMeTpy, B KauyecTBe KOTOPOro, KaK yKa3blBaJOCh paHee, NMPHHHMAaeTcs
paccTosinde MexJy Bofo3aGopaMH, W MPHPABHATL HYJIO.

MoxHO BBecTH HEKOTODBLI 3TaJOH PACCTOSHHS MEXNY CKBa:KHHAMH,
HanpuMep JAEHCTBHTEJIbHbIE PACCTOSHHS MEXKAY JIOGHIMH JNBYMSA CKBaKHHA-
Mu [y, Taxk, 4TO6HI

’ivzplv’lo; l”-=p”. los leL:pei lo’ (X1.19)
rioe p‘?, Pi; H Pe, — TIOCTOSIHHBIE MHOXKHTEJIN, 3Ha4Y€HHSA KOTOPLIX 3aBHCAT OT ﬂpHHﬂTOﬁ
CXEeMBEI Bon03a60pa, a TAKXe AJHHB H pacnoJioXeHHsi BOLOBOAOB.

Torna MHHHMYM GYHKOHH NPHUBENEHHBIX 3aTPAT COCT2BHT:

. dalr daxr
I = min, ecau—— =20,
dly dlg

> 0. (X1.20)

Ilaisi paccMOTpeHHOro BhIe TPYNIOBOro Bojno3aGopa W3 n CKBaXHH B
cooteeTcTBUH ¢ ypaBHenuamu (XI.15), (X1.18) u (XI1.19) HaxoxpmeHHe Mu-
Humyma o (X1.20) maer cielyowuil pesyabTar:

n n
X (Ay/2nkm) B Q, Ipy,
fo = = = : (X121

k k
{Aopet +Q, X B, P;i] +p 0,124+ T3) K:i.E Py

j=l1 j=1

| b=

1
rne A,=Q, (1+4,Q), By=1;QZ,

1
b= 860000

-

HOasi npaktuyeckux pacuyetoB ¢opmysaa (XI[.21) Bo muorux cayuasx
MoxeT GbITb CylecTBEHHO ynpoueHa, OGblyHO BOAO3a6OpHbIE CKBaXHHBIL
UMeloT GoJibliNe JuaMeTpbl, a 06lias BbICOTA NMOAbEMAa B KaXkaAoH H3 CKBA-
JKUH HeBejiMKa. B ¢BfI3u ¢ 3THM 4aCTO MOXKHO NpeHeOpeub NoTepsiMil HANopa
Ha TpeHue B 3KCIJIyaTallHOHHOM KOJIOHHe TPYO, T. e. npuuaATh A;Q2 =0.

Bo MHorux cayuasix MOxKUO He YUNUTHIBATb PACXO/bl {Ia TPAHCNOPTHPO-
BaHyHe BoABbl 1o TpyGONpOBONAM BBHAY HE3HAUHTEJNbHOrO PAacCTOSHHUSA
OT CHCTEMBbl 3KCIJIYATALHOHHBIX CKBaxXnH A0 cTanuuy Il mogweMa; B 3TOM
cnayuae Bo=0.
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Haxkonel, Bro/fne AOMyCTHMO CYHTATh, YTO TAyOHHA A0 CTaTHYECKOTO
YPOBHSI BO BCEeX CKBaxHHAX ONHHAKOBA, T. €. fle, =Hhe= const u cooTBet-
CTBEHHO Pe;=p~ =const. C y4yeToMm 3TOro nOoJy4HM:

n n
L (Qi/2nkm) X Q, Ip,,
. 1

i=1

I ~ , (X1.22)

k
p*Qeyn + B (0,124 1M3) Ky X Py
i=1

rae Py, Py H p* — COOTHOIeHUs COOTBETCTBYIOUIMX JIHHEAHHX  Pa3MepoB: PacCTOSHHA
MeXAY CKBaXXHMHaMHi, AJHH BOJOBOJOB H TJYOGHH A0 CTATHYECKOTO YpOBHS B CKBaXKHHAX
K BBIOPaHHOMY cTaumapTy lo

YkasadHble COOTHOLUEHHSI YCTaHABJHMBAIOT MO NPHHATOH cxeMe BOJO3a-
6opa.

TexHHKO-3KOHOMHYECKHEe pacueTbl NO NPHUBEJEHHOH MeTOnHKe I/ He-
KOTOPHIX CXeM B0J03a6OpHbIX CKBaKHH paccMoTpeHnl B paborax [15, 40]



TIPHJIO)XEHHE |

3uauenns pyHkunfi — Ei(—2) n W(z, r/B)

—E1(—2)

0,0005 7,024 4,853 3,504 2,229 1,585 1,131 0,842

6 5,842 4,851
7 6,688 4,848
8 6,554 4,843
9 0,437 4,837
0,001 6,331 4,829

5,639 4,708 3,504
5,235 4,562 3,497
4,948 4,423 3,481
4,726 4,296 3,457
4,545 4,181 3,427
4,392 4,077 3,395
4,253 3,982 3,360 2,229
4,142 3,895 3,324 2,227

0,01 4,038 3,815 3,288 2,995 1,555
3,355 3,244 2,952 2,181 1,553 1,131
2,959 2,887 2,690 2,103 1,542 1,130
2,681 2,629 2,482 2,016 1,521 1,127
2,468 2,427 2,311 1,928 1,493 1,121 0,841
2,295 2,262 2,167 1,845 1,459 1,117 0,839
2,151 2,123 2,044 1,767 1,423 1,099 0,836
2,027 2.003 1,935 1,695 1,386 1,085 0.832
1,919 1,898 1,839 1,627 1,349 1,068 0,826
0, 1,823 1,805 1,753 1,564 1,312 1,050 0,819
1,223 1,216 1,194 1,114 0,996 0,858 0,715

0,906 0,902 0,890 0,846 0,778 0,693 0,601
0,702 0,700 0,693 0,665 0,621 0,565 0,502
0,560 0,558 0,553 0,534 0,504 0,465 0,421
0,454 0,453 0,450 0,436 0,415 0,387 0,354
0,374 0,373 0,370 0,361 0,345 0,324 0,300
0,311 0,310 0,308 0,301 0,289 0,273 0,254
0,260 0,260 0,258 0,253 0,244 0,231 0,217

0,219 0,219 0,218 0,214 0,206 0,197 0,186
0,049 0,049 0,049 0,048 0,047 0,046 0,044
0,013 0,013 0,013 0,013 0,013 0,012 0,012
0,004 0,004 0,004 0,004 0,004 0,004 0,004
0,001 0,001 0,001 0,001 0,001 0,001 0,001

—
Ul-th\D‘o LN PRWN— QOJOUNBEWNO CO~NNITLEWN
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HPHIOXEHRUE II
Suavewns dynkuni O (z), erfe(z), terfc(z) erie(2), lo(2), 1, (2), Ko(2), Ki(2)

. . W

ww
c A ke R R R W DWW W WLD W

OO DOOODOQ
CSOOODO ODOOCODO OO OO0 OO0 OO0 CD COoOoCOoOD ©

@ (2) er ¢ (z) 1erfc (2) 1%eric (2) 1,(z) 1 (z) Ko (2) K (2)

,0 0,0000 1 0,5642 0,2500 1,0000 0,0000 0 0
,01 0,0113 0,9887 0,5542 0,2444 1,0000 0,0050 4,7212 | 99,9739
,02 0,0226 0,9774 0,5444 0,2438 1,0001 0,0100 4,0285 49,9547
,03 0,0338 0,9662 0,5350 0,2335 1,00C2 0,0150 3,6235 33,2715
,04 0,0451 0,9549 0,5251 0,2282 [,0004 0,0200 3,3365 | 24,9233
,05 0,0564 0,9430 0,5156 0,2230 1,0006 0,0250 3,1142 19,9097
,06 0,0676 0,9324 0,5062 0,2179 1,0009 0,0300 2,9329 16,5637
,07 0,0789 0,9211 0,4969 0,2129 1,0012 0,0350 2,7798 | 14,1710
,08 0,0901 0,9099 0,4878 0,2080 1,0016 0,0100 2,6475 12,3742
,09 0,1013 0,8987 0,4787 0,2031 1,020 0,0450 2,5310 10,9749
,10 0,1125 0,8875 G, '698 0,1984 1,0025 0,0501 2,4271 9,8538
11 0,1236 0,8764 0,4610 0,1937 1,0030 0,0551 2,3333 8,9353
,12 0,1348 0,8652 0,7523 0,1892 1,0036 0,0601 2,2479 8,1688
,13 0,1459 0,8541 0, 437 0,1847 1,0042 0,0651 2,1695 7,5192
14 0,1569 0,8431 0,4352 0,1803 1,0049 0,0702 2,0972 6,%15
,16 0,1680 0,8320 0,4268 0,1760 1,0056 0,0752 2,0300 6,4775
, 16 0,1790 0,3210 0,4186 0,1718 1,0064 0,0803 1,9674 6,05653
17 0,1900 0,8100 0,4104 0,1676 1,0072 0,0853 1,9088 5,6784
, 18 0,2009 0,7991 0,4024 0,1635 1,0081 0,0904 1,8537 5,3447
,19 0,2118 0,7882 00,3944 0, 1596 1,0090 0,0954 1,8018 5,0456
,20 0,2227 0,7773 0,3866 0,1557 1,0100 0, 1005 1,7527 4,7760
,21 0,2335 0,7665 0,3789 0,1518 1,0111 0,1056 1,7062 4,5317
,22 0,2443 0,7557 0,3713 0,1481 1,0121 0,1107 1,6620 4,3092
,23 0, 2550 0,7450 0,3638 0,1444 1,0133 0,1158 1,6199 4,1058
,24 0,2657 0,7343 0,3564 0, 1408 1,0142 0,1209 1,5798 3,9191
,25 0,2763 0,7237 0,3491 0 1373 1,0157 0,1300 1,5415 3,7470
,26 0,2869 0,7131 0,3419 0,1338 1,0170 0,1311 1,5048 3,5880
,27 0,2974 0,7026 0,3348 0,1304 1,0183 0,1362 1,4697 3,4405
,28 0,3079 0,6921 0,3278 0,1271 1,0197 0,1414 1,4360 3,3033
,29

0,3183 | 0,6817 | 0,3210 0,1239 | 11,0211 | 0,1465 | 1,4036 3,1775

0,328 10,6714 | 0,3142 | 0,1207 | 1,0226 | 0,1517 | 1,3725 | 3 0560
0.3389 ) 0,6611 1} 0,3075 | 0,1176 | 1,0242 | 0,1569 | 1,3425 | 29441
0.3491 10,6509 | 0,3010 | 0,1145 | 1,0258 | 0,1621 | 1,3136 | 2 8390
0,3593 | 0,6407 | 0,2045 | 0,1116 | 1,0274 | 0,1673 | 19857 | 27402
0,3094 | 0,6306 | 0,2882 | 0,1087 | 1,0291 | 0,1725 | 1,2587 | 26470
03794 | 0,6206 | 0,2819 | 0,058 | 1,0309 | 0,1777 | 1,2327 | 25501

0,3893 | 0,6107 | 0,2758 | 0,1030 | 1,036 | 0,1829 | i 12075 | 2,4760
0,3992 | 0,6008 | 0,2722 | 00998 | 1,0345 | 0.1882 | 11832 2,3973
0,4090 | 0,5910 | 0,2637 | 0,0976 | 1,0364 | 0.1934 | 1 1596 2,3227
0,4187 | 0,5813 | 0,2579 | 0.0950 | 1.0384 | 0.1987 1,1367 | 2,2518
0,4284 | 0,5716 | 0,2521 | 0.0925 | 1.0404 | 0.2040 1,1145 | 92,1844
0,4380 | 0,5620 | 6,2465 | 0,0900 | 1,0425 | 0,2093 | 1 0930 2,1202

0,4475 | 0,5525 | 0,2409 | 0,0875 | 1,0446 | 0,2147 | 1,0721 2,0590
0,4569 | 0,5431 | 0,2354 | 00852 | 1,0468 | 0,2200 | 1.0518 2,0006
0,4662 10,5338 | 0,2300 | 0,0828 | 1,0490 | 0.2254 | 1.0321 | 1 ,9449
0,4755 | 0,5215 | 0,2247 | 0,0806 | 1,0513 | 0,2307 | 1.0129 1,8915
0,4847 | 0,5153 | 0,2195 | 0,0783 | 1,0560 | 0,2261 | 0'9943 1,8405
0,4938 | 0,5062 | 0,2144 | 0,0762 | 1,0581 | 0.2415 | 0.9761 1,7916

0,5027 | 0,4973 | 0,2094 | 0,0740 | 1,0609 | 0,2470 | 0,9584 1,7447
0,5117 | 0,4883 | 0,2045 | 0,0720 | },0635 | 0,2524 0,9412 11,6700
0,5205 1 0,4795 | 0,1996 | 0,0700 | 1,0635 | 0,2579 | 0,9244 | | ,6564
0,£379 | 0,4621 | 0,1902 | 00661 | 1.0687 | 0.2689 | 0.8921 | | ,5749
0,5549 10,4451 | 0,1811 | 0,0623 | 1,0742 | 0.2800 | 0.8614 1,4994
0,5716 | 0,4284 | 0,1724 | 0,0588 | 1.0799 | 0.2911 | 0.8321 | 1| ,4292
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0,5879 | 0,4121 | 0,1640 | 0,0555 1,0859 | 0,3024 | 0,8042 | 1,3638
0,6039 [ 0,3961 | 0,1559 | 0,0523 { [,0920 { 0,3137 | 0,7775 { 1,3028
0,6194 | 0,3806 | 0,1482 | 0,0492 1,0984 | 0,325] 0,7520 1,2458
0,6346 | 0,3654 | 0,1407 | 0,0463 1,1050 | 0,3367 | 0,7277 1,1923
0,6494 | 0,3506 | 0,1335 | 0,0436 { 1,1119 | 0,3483 | 0,7043 1,1420
0,6638 | 0,3362 | 0,1267 | 0,0410 1,1190 | 0,3600 | 0,6820 1,0948

0,6778 | 0,3362 | 0,1201 | 0,0382 | 1,1260 | 0,3719 | 0,6605 | 1,0503
0,6914 | 0,3086 | 0,1138 | 0,0362 | 1,1339 | 0,3838 | 0,6399 1,0083
0,7047 | 0,2953 | 0,1077 | 0,0340 1,1417 | 0,3959 | 0,6202 | 0,9686
0,7175 } 0,2825 | 0,1020 | 0,0319 1,1497 | 0,4081 | 0,6012 | 0,9311
0,7300 | 0,2700 | 0,0965 | 0,0299 | 1,1580 | 0,4204 | 0,5829 | 0,8955
0,7421 0,2579 | 0,0912 | 0,0280 | 1,1665 | 0,4329 | 0,5653 | 0,8618

0,7538 | 0,2462 | 0,0861 | 0,0262 | 1,1753 | 0,4454 | 0,5484 | 0,8298
0,7651 0,2349 | 0,0813 | 0,0246 | 1,1843 | 0,4581] 0,5321 | 0,7993
0,7761 0,2239 | 0,0767 | 0,0230 1,1936 | 0,4710 | 0,5164 | 0,7704
0,7867 | 0,2133 | 0,0724 | 0,0215 1,2032 | 0,4840 | 0,5013 | 0,7428
0,7969 | 0,2031 | 0,0682 | 0,020] 1,2130 | 0,4971 | 0,487 | 0,7165
0,8068 | 0,1932 | 0,0642 | 0,0187 [,2231 | 0,5104 | 0,4726 | 0,6915

0,8163 | 0,1837 | 0,0605 | 0,0175 | 1,2334 | 0,5239 | 0,4591 | 0,6675
0,8254 | 0,1746 | 0,0569 | 0,0163 [ 1,2440 | 0,5375 | 0,4459 | 0,6447
0,8342 | 0,1658 | 0,0535 | 0,0152 | 1,2549 | 0,5512 { 0,4338 | 0,6228
0,8427 | 0,1573 | 0,0503 | 0,0142 | [,2661 [ 0,5652 | 0,4210 | 0,6019
0,8802 | 0,1198 | 0,0365 | 0,0099 | 1,3262 | 0,6375 | 0,3656 | 0,5098
0,9103 { 0,0897 | 0,0260 | 0,0068 | 1,3937 { 0,7147 | 0,3185 | 0,4346
0,9340 | 0,0660 | 0,0183 | 0,0046 1,4693 | 0,7973 | 0,2782 | 0,3725

0,9523 | 0,0477 | 0,0127 | 0,0030 1,5534 | 0,8861 | 0,2437 | 0,3208
0,9661 | 0,0339 | 0,0086 | 0,0020 1,6467 { 0,9817 | 0,2138 | 0,2774
0,9763 | 0,0237 | 0,0058 | 0,0013 1,7500 1,0848 | 0,1879 | 0,2400
0,9838 | 0,0162 | 0,0038 | 0,0008 1,8640 1,1963 | 0,16565 | 0,2094
0,9891 | 0,0109 | 0,0025 | 0,0005 1,9896 | 1,3172 | 0,1459 | 0,1826
0,9928 | 0,0072 | 0,0016 | 0,0003 | 2,1277 1,4482 | 0,1288 | 0,1597
0,9953 | 0,0047 } 0,0010 | 0,0002 | 2,2796 | 1,56906 | 0,1139 | 0,1399
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