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OIITUMHU3ALIHA PABOTbI CHCTEMbI
BO/AOIIOHHU3HUTE/IbHBIX CKBA’KHH, ObOPYIOBAHHBbIX
INOrrYKHbIMH LIEHTPOBE>KHBIMH HACOCAMMU,

ITPH INIPOBEZIEHHH I'EO/IOI'OPA3BE/IOYHbIX
BBIPABOTOK

[pennosxeHsr criocobbl ONTUMH3aLIMM PabOThl CUCTEeMbl: CKBaXKMHa — IOTPYKHOH Ha-
coC — BHellHAsA ceTb — Npeobpa3oBatesis 4acToTel. [ IpeasoxeHa mMeToauka orpesesie-
HHA ONTUMa/IbBHOTO KO/IMYeCTBa CKBasKHUH C HCII0/Ib30BaHHeM MaTeMaTU4eCKOro MOAe T -
POBaHHs CHCTeMbl: BOAOHOCHbIF TOPU3OHT — CeTh CKBaXHH. HccieaoBaHa coBMecTHas
paboTa CHCTeMBI: TOrPYKHOH Hacoc — Npeobpa3oBate/ib 4acToThl. I IpeanoxeHa MetTo-
AMKa BbI6Opa U corziacoBaHHsA paboThl TOrPYKHOIro Hacoca. M3ydyeHa u MateMaTHuecKH
CMoZe/IMpOBaHa BHEIIHAS CeTh CUCTeMbl HACOCOB.

KmoueBble c/10Ba: rpyHTOBBle BObI, HacoC, IOHMKEHHe YPOBHHA, NpeobpasoBare/lb
4acTOTBHI.

npu MOMCKax, pa3Besike U A0pasBeaKe MeCTOPOKACHHI TO/Ie3HbIX UCKOoIae-
MBIX Ba)KHOE MeCTO 3aHHMAIOT reo/10ropasBeoyHble BIpaboTKu. [eonoro-
pasBeiouHbie BIPaOOTKU 0OECIeYnBaloT BHICOKOE KaueCTBO U IOCTOBEPHOCTD 1071y~
YaeMbIX IeO/IOMMYECKUX /aHHBIX, OCOOEHHO B YC/IOBUSIX Pa3Be/lKi MEeCTOPOKIACHHI
LIBETHbBIX, PeAKUX U 6/1arOpOAHBIX METa/I/IOB.

Crpanamu CHI™ paHee rpy pasBenke MeCTOPOKAEHHH IMO/Ie3HBIX UCKOIaeMblX,
[71aBHBIM OOPa30M, Ha CTAIMM [IeTa/TbHOM Pa3Be/kU, €XKeroaHoO MPOBOAUIOCH OKO-
no 300 ThiC. M. TOPU3OHTA/IBHBIX Pa3BesouHbIX BeIPaBoTOK (1o B.IN. /TykbsHOBY).
B Hacrosiiee BpeMsi reo/10ropasBeiouHbIX BbIPAOOTOK IMPOBOAWUTCH 3HAUMTETBHO
MeHbllle, 3a CYeT TOro, UYTO OO/BIIMHCTBO AeTa/IbHO PasBeaHHBIX MeCTOPOKIASHHUH
octamuck co BpemeH CCCP. Ho 3amachkl 3THX MeCTOpPOKAeHUIt He BeuHbl, a Mpu
[eTaZlbHON pasBeflke HOBBIX MECTOPOMKAEHHWM CO COKHOH (DOPMOM PYAHBIX Terl,
TPeGYIoIMX OLIeHKH KO/MYeCTBa U KaueCTBa 3aK/II0UeHHOTO MO/1Ie3HOr0 MCKOTaeMo-
ro, 6e3 pasBeoUHbIX BHIPAaOOTOK He OOOMUTUCH.

[Mpu npoxonke reonoropasBesoYHbIX BHIPAGOTOK CaMOM PaclpOCTPaHeHHOM
npoGaeMoit sB/sieTCs MOATOI/IeHHe BhIPabOTOK IPYHTOBBIMU BoAaMu. | eonoropas-
BeslouHasl BbIpabOTKa MOXKeT Iepecekarb OT OJHOIO A0 HEeCKOBKUX BOAOHOCHBIX
TOPU30OHTOB B 3aBHMCUMOCTH OT C/IOXKHOCTH THAPOreo/1orndyeckux ycraoBuit. Ecau
BO/IOTIPUTOKU B BBIPAOOTKY He 3HAYMTe/IbHBI TO PaboThl MPOM3BOAATCS 6e3 rpes-
BapUTE/IbHOTO BOAOMOHMKeHus. Eciu ke, HaoGOpOT, BBIPaBOTKH MPOBOAAT I10
HeYCTOMYMBBLIM MOPO/IaM, He IOMYyCKaonMM obHaxkeH s (MIeCKH, T/IBIBYHBI U Ap.)
WM B YCIOBUSIX CHIBHOTO BOZOIPHUTOKA, TO TMPHUMEHSIIOT Clelha/ibHble CIIOCO6bI
[poBeAeHus (MpeaBapUTeIbHOE NCKYCCTBEHHOE BOAOIIOHWKEHHE, 3aMOpakKUBaHe,
TaMIOHaX U T.A.). B mpakThKe reonoropassenouHbix paboT CrielMaribHbIe CriocoOh
MOTYT TPHUMEHSAThCS AUIIb B HCK/IIOUMTE/IBHBIX C/1yYasx (Mpy pasBeake Peakux U
[paroLieHHbBIX MO/Ie3HbIX MCKOMaeMbIx). ITO 0BYC/IOB/ICHO, B MePBYIO OYepe/ib, Tex-
HUUECKOM C/IOKHOCTBIO TaKUX PAabOT U MX BBICOKOM CTOMMOCTHIO. /1151 MpoBeaeH s
reo/10ropasBe/IoYHbIX BRIPABOTOK B C/IOKHBIX THAPOTEO/IOTMUeCKUX YCIOBUSAX ObI/H
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paspaboTaHbl pa3HOOOPasHble METO/Ibl OCYIIEHUS /K BOMOTIOHMKEHHsT Ha YuacTKe
MPOBe/IeHHs MOA3eMHBIX PaboT.

B 3aBucuMocTH OT r1yGHHBI 3a71eraHusi BOZIOHOCHOTO TOPU30HTa ero MOIIHOCTH
Y Be/TMUMHBI HeOOXOAMMOTO TTOHMKEHHs Mpe/iaraloTcs Ceayionive BOAOTIPUEMHbIX
COOpPYKEeHUHN:

* OYpPOBbIe CKBaxKMHBI 0O0OPYAI0BAaHHbIE LIEHTPOOEKHBIMH HaCOCaMU;

* CKBaXKMHbI OOOPYAOBAaHHBIE APYrMMK TUIIAMU HAacOCOB (3pardThl, CTPYHHbIC
U T.a.)

* BepTHKa/IbHble ApPeHaxkHble CKBAaKKWHBbI;

* Ur0UABTPOBbIE YCTAHOBKU (/1erKre Ur7IopH/IBTPOBLIE YCTAHOBH, 3KEKTOP-
Hble UI7I0OUABTPB M BAKYYMHbIE YCTAHOBKMU);

* KOMOMHUPOBAHHbBIE METO/IbI.

HauGonbliee pacripocrpadeHre IMoaydrIn CKBakHHbBI 0O0PYAOBAHHbBIE LIGHTPO-
GeHbIMM HacocaMy 1o TpuurHe Bbicokoro KIT/l v BO3MOKHOCTH TMpHMeHeHUs B
CaMbIX Pa3HOOOPA3HBIX TeO/IOMMUYECKHX YCIOBUSIX.

[Tpu ocyuiecTBieHNM BOAOTIOHMKEHUs LIEHTPOOEeKHBIA Hacoc paboTaeT He Kak
CaMOCTOsITe/IbHAs MalllMHa, a Kak 3BEHO CUCTEMbl COCTOSIIICH U3 BOAOHOCHOTO FOPU-
30HTa, CUCTEMBI CKBaKHH, HEIMOCPE/ICTBEHHO LICHTPOOEKHOIO TMOrPYKHOIO Hacoca
U BHeIIHeW CeTH.

Bce 3BeHbst 3TOM CHCTEMbl TECHO B3aMMOCBSA3aHbl U M3MEHEHUe XapaKTePHCTUKH
XOTSI Obl O/IHOTO M3 HUX TMPUBEET K HapYIIEeHWIO PaboThl BCEHM CHCTEMBI B LIC/IOM.
BosHukaer Heo6X0AMMOCTb TeOPETHYECKHX MCC/IeI0BaHNI B 06/1acTH ONTUMU3ALIMN
PaboThl BCEX 3BeHbEB BhIllIEYKa3aHHOM CUCTEMBI.

B HacTosiiee BpeMst 3a cuer TeXHO/IOTMYECKOro Mporpecca IoaydaiT Bce 60/1b-
1Iee PacrpoCTPaHeHre PeryisaTopbl YaCTOThl [IEPEeMeHHOro TOKa (rabapHThl U LieHa
KOTOPBIX 32 [OC/AeAHUE HECKO/BKO /1eT CU/IBHO YMEHBUIN/KUCE). A 3HAUMT MTOSBU/IACH
peasibHasi BO3MOXKHOCTh IIPYMEHHTh TakKKhe PeryasTophl MpY MIPOM3BOACTBE paboT
10 BOZIOIIOHMXKEHHIO. B cBsi3r ¢ ueM rnosiBuiach HEOGXOAMMOCTb Pa3pabOTKU MeTO-
VKW aBTOMATHM3UPOBAHHOM OITMMU3ALIMK BOAOTIOHWKEHUS C MIPUMEHeHeM I1/1aB-
HOPEry/mmMpyeMoro MpyuBoza HaCOCOB.

B pesynbraTe nayueHusi BOMpoca ONTHMU3ALIK PaboThl LIEHTPOOEKHBIX HACOCOB
[IpY OPraHU3aLMKY BOAOIIOHMAKEHHSI Ha [e0/I0rOPasBeI0UHbIX BEIPAOOTKaX Obl/IU BbI-
[iefieHbl TPYU OCHOBHBIX TTYTH ONTHMH3ALIUU.

1. [oBbleHre sHepreTiuyeckor 3pPEKTUBHOCTH PabOThl IPYIIThl HACOCOB.

2. IoBbllleHWe HazmeXHOCTU Y 9P PEKTUBHOCTH PabOoThl BOI03aOOPHOIO COOPY-
JKEHUSI B LIE/IOM.

3. MuHMMM3a11Ms KalIMTa/IbHBIX 3aTPaT MPU MPOEKTHPOBAHNUN U COOPYKEHUU CH-
CTeM BO/IOTIOHMKEHUS.

Tak Kak B 7aHHOM HCC/1eIOBaHUM [TPEeAYCMOTPEHO ITpHMEHeH e /IaBHOPEeTry/IU-
POEeMOro MpUBOAa LIGHTPOOEKHBIX HACOCOB, 3Heprerrhueckas 3pdeKTUBHOCTb KO-
TOPOTrO A0Ka3aHa B MHOKECTBE paboT U MyO/IHMKaLMi, pacCMaTprBaTh [1EPBbIi [TYTh
He rMeeT cMbIc/ia. B To ke BpeMmst pakTHKa SKCII/IyaTalyy HaCOCOB C aCUHXPOHHBIM
37ICKTPOABUraTesIeM ITOKa3bIBaEeT, UTO YBe/IMUeHUE CPOKa C/IYKObI Y MOBBIILICHYE Ha-
[IeKHOCTU PabOoThl MAllMH /1aeT OTHOCHUTE/IbHO OO/BIIMI 3KOHOMUUYECKUM 3(pdeKT,
yeM yrydiieHue APYrux TeXHUKO-3KOHOMUYecKux mnokasatesneit: KI/I, koadpduiiu-
eHTa MOIIHOCTH, KO3(ppHLIMeHTa UCTIO/b30BaHUSA U T. A. Tak, HarpuMep, A/1s Haco-
ca momHocThio 15 KBt nosbienre KI/ Ha 5% nipu ero kpyraocyrouHoit paGote
MIPUBOANT K 3KOHOMHU CPe/ICTB Ha 371ekTposHepruio okorno 4000 py6. B roa. Bei-
X0/ TAKOTO 3/IKTPOABHIaTe/Isl U3 CTPOS MOB/IRYET 3a COOOM PacXo/bl TO/MBKO Ha ero
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3ameny okozo 40 000 py6., a 3aTpaTbl OT HApYIIeHHA TeXHO/IOTMUeCKOro Mpoliecca
MOT'YT MHOTOKPATHO IpPeBhIlIaTh ero CTOMMOCTb. JTO MpeaorpeaenseT HeoOxoau-
MOCTb TTOBBIIICHHsT KaueCTBa W SKCI/IYaTallMOHHOM Ha/IeXKHOCTU 3/ICKTPUUCCKHX Ma-
IIMH KaK OCHOBHOTO CIOCcO6a CHMKEHUsT MaTepHaZIbHbIX 3aTpaT Ha MPOU3BO/ICTRE.

[ToBbllleHre HameKHOCTU PABOTHl CUCTEMbl CKBaxkKMHA — ITOTPYXKHOM Hacoc —
BHEIIIHSASA CeThb AB/SACTCS HeOTheM/IeMOM YacThIO TTpoLiecca orntuMusatvu. [ Iposenem
aHa/IM3 OCHOBHBIX (DAKTOPOB B/MSIOIIMX Ha HAAEXKHOCTb CHUCTEMBI, /71 3TOTO pac-
CMOTPUM KaKI0€ 3BeHO B OTAE/IbHOCTH.

1. BonoHocHBIM rOpH30HT.

BaxkHenummM (pakTOpOM OIMMCHIBAIOIIKMM «HAACKHOCTE» BOAOHOCHOTO TOPU3OHTA
B C/lyuae BO/IOTIOHMKEHUS SIB/ISETCS IMPe/ICKa3yeMOCTb PACIO/NOKeH sl AMHaMUJe-
CKOro ypoBHs. [ls yBenMueHusi BepOSTHOCTH Hanboziee TOUHOTO OIpese/leHus
TO/TOKEHUsT TMHAMUYEeCKOTO YPOBHS (AMPEeCCHOHHOM BOPOHKM) HEOBXOAMMO Ha-
IPY3KY Ha M/IaCT 3aliPOEKTUPOBAaTh MUHKMMA/IBHOM M Hanubo/iee paBHOMEpHOM. JTa
3a71a4a pelaercs pUMeHeHNeM MUHHMa/bHO HeOOGXOAMMOro KO/IMUeCTBa BOI03a-
GOPHOro 0B6OPYIOBaHMS, a TaK e MOCTOSHCTBOM M PABHOMEPHOCTBIO ero paboTh
(MMHHMMYM BR/IIOUEHHH W BBHIK/IIOUEHWN HACOCOB).

2. CkBaxuHa.

CrBaxkMHa 3TO C/IOKHOE HHKEHePHO-TeO/IOTHUeCKOe COOPYKeHHe CITOCOBHOe
OBICTPO BBIMTH U3 CTPOS MMPU HENPaBH/IbHON WU He PallMOHa/IbHOM 3KCI/TYaTalluU.
Hawubonee noasepxeHa M3MEHEHHIO CBOUX PabOurX XapaKTepHUCTUK (PUILTPOBast
3oHa. /115 yBenueHyst HaZeXKHOCTY CKBaxKMHbI KakK U /11 BOJIOHOCHOTO TOPHU30OHTa
PEeKOMeHAYeTCs ONTUMU3HPOBATh KO/TMUECTBO 3aOUPaeMOoi KUAKOCTH (He OIMycKaThb
IO/THOTO OCYIIeHUs) U 0OeCreunTh PAaBHOMEPHOCTb AUHAMUUECKOM Harpysku (He-
paBHOMepHast Harpy3Kka MPUBOIWT K PaspyIlieHHI0 U KobMaTallMu (PUILTPa, U MpH-
UALTPOBOI 30HBI, YTO B CBOIO Ouepeslb MPUBOAWUT K YMEHBIICHUIO BOAOOTAauM
CKBasKHHbBI, @ COOTBETCTBEHHO U K HAPYIICHHIO PabOThl CUCTEMbI BOAOTIOHMAKEHHS).
[lnst 3TOrO0 HEOBXOAMMO MUHUMH3HMPOBATh KO/TMUECTBO BK/IOYEHUM U BBIK/IIOUCHHH
HaCOCHOTO 0B0PYIOBaHKS, a TaK XKe CAe1aTh MYCK BOAOIIOABEMHOr0 060pyI0BaHMS
Hanbor1ee T/IaBHbIM.,

3. MexaHnueckasi 4yacTb Hacoca.

MexaHuyeckasi yacTh TMOTPYKHOTO LIGHTPOOEKHOrO Hacoca BK/IOYAECT B cebs
KOPITYC, LIeHTPoBexkHble Kozeca, MOAIMIHUKA U Tpoure getand. Hacockl ¢ mo-
IPYKHBIM 3/IKTPOABUraTe/IeM OCYLIeCTB/AIOT MoAauy BOAbl U3 CKBAXKMHBI C TeMIle-
patypoii He Boiie 25 °C, MuHepanuzauus aonyckaercs 1o 1500 mr/n, ¢ TBepabiMu
npuMecamy He 6oree 0,01%. [py yacToM BR/IIOUEHWH M BLIK/IIOYEHWH ABUTaTe/Ist
TOBBIILIAETCA coAepKaHre abpa3uBHLIX YacTull B Bozae a0 0,1-0,3% urto npuBoaut
K PaspylIeHUIo Pabourx KO/eC a Tak ke HapyllaeT SKCI/IyaTaluoHHbIe XapaKTepH-
CTHKU Hacoca. BrmioueHue Hacoca, He 060PYAOBAHHOTO YCTPOMCTBAMH I/1aBHOTO
MycKa, MPUBOAUT K o6pa3oBaHmio addeKkTa ruapoyaapa, 4To B CBOIO odepeb MpH-
BOAIUT K PaspyllieHuio pabourxX Kozec, KOpIyca, K/araHHbIX MeXaHW3MOB U TO/-
MUITHUKOB. [l pelieHus: 3ToM Mpob1eMbl HeOOXOAUMO MUHUMH3HPOBATh KOMMYe-
CTBO OCTAHOBOK HACOCa, a TaK ke MNPUHATb Mephbl /718 OCYLIeCTB/ICHUs T/IaBHOIO
perymmpoBaHus MoAauu U Mycka.

4. DnekTporpuBOa Hacoca.

OneKTPONpUBOA TIOTPYKHOTO Hacoca yallle BCero IMpeacTaB/aseT coO0M acHHX-
POHHBINM ABUraTte/b lepeMeHHOro TOKa ¢ KOPOTKO3aMKHYTBIM poTopoM. Cpeau ot-
Ka30B 3/IGKTPO/IBUTaTe/Isi HAMOO/BIIVIO 010 UMEeT BhIXOA U3 CTPOsi OOMOTKH CTa-
topa (58,6%) u nommumnHykoB (37,1%). PaspyiueHue MIMOHOUYHOTO COeAMHEHHs
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Ba/IOB HacocCa U 3/IGKTPO/BUraTellsl M3-3a MEXaHUUECKUX I1epPerpysoK COCTaB/ser
2,8%) (mo B.M. I'ermaHeHKo). Bce aT1 110/10MKY MTPOMCXOAAT B ABHUraTe/ie B MOMEHT
MaKCHUMa/IbHbIX MEXaHHUUECKHX U 3/IeKTPHUUECKHX HAarpy3oK TO eCThb B MOMEHT I1yCKa
aBuratesns. [las pelieHusl 3TOM Mpo61eMbl HeOBXOANUMO MHUHMMH3UPOBATh KO/IUYe-
CTBO OCTAHOBOK HACOCa, a TakK ke IPUHATb Mepbl /71 OCYIIeCTB/EHHs I/IaBHOTO
Mycka. AHa/M3 3KCII/IyaTallks ABUraTeselt rorpyKHbIX HAaCOCOB IMOKasasl, uTo C yBe-
MMYEHWeM YacTOThl BK/IIOUEHUS MX CPOK CIYKObl COKpaIlaeTcs MPONOPLIMOHAIBHO
KO/IMYECTBY BK/IIOYEHUIA.

5. BHelnss snekTprueckas cerb.

BHemHss ssekTpryeckas ceTbh COCTOUT M3 CHCTeMbl COeNMHUTE/IbHBIX Kaberei,
[YCKOBOM arrapaTyphl, 3allMTHON arlflapaTypbl, CHCTEMbl AaTYUKOB, CHCTEMbl aB-
TOMATU3ALIMM U AOTIO/NHUTEBHBIX 3/ICKTPHUECKHX CUCcTeM. MakcrMaszibHasi Harpyska
Ha BHEILIHIOI 3/1eKTPHUUECKYIO CeTh Kak U B NPeAblAyIIFX BapyaHTax IIPHUXOAWTCS Ha
MOMEHT MYycKa aABuratess. [las pelieHust 3Tol MpobrieMbl HEOOXOAUMO MHUHUMU3U-
POBaTh KO/TMUECTBO OCTAHOBOK HACOCA, a TaK ke TPUHATh Mephbl /7151 OCYIIeCTBIe-
HUS TI/IaBHOTO TYCKa.

6. BHelHss ruapapniyeckast ceTb.

BHeuHsisi ceTb Hacoca COCTOMT U3 CUCTEMBI TPYOOIIPOBOAOB, K/AAllaHOB, COeIU-
HeHMI U TpYOOIIPOBOAHOM apMaTyphl. HeycraHoBHBIIMecs ITpoLIecchl B TPYOOIIPo-
BO/IHBIX CHICTEMaX, BbI3BaHHbIE M3MEHEHUSAMU FMAPABINUECKOrO pekuMa repekadky
(ocTaHOBKa M IMYCK HAaCOCOB, Pery/IMpoBaHye Hariopa M MoAadyu) CONPOBOXKIAAIOTCS
pacrnpocTpaHeHreM OT HMCTOYHMKA BO3MYIIEHWM BO/H TMOBBIIICHHOTO M TMOHWXKEH-
HOTO AaB/IGHWsl 3HAUMTE/IbHOM HHTEHCHMBHOCTU (ruapoyaap). [vapoyaap Moxker
MIPYBECTH K PaspyIleHHIo KIalaHoB M HapylleHWio paboThl Hacoca. [lasa pelienus
aTOM MpOoOGeMbl HEOOXOAMMO MMHMMH3UPOBATh KO/MMYECTBO OCTAaHOBOK HAcoCa,
a Tak Xe IPUHATH Mephl 7151 OCYLIECTB/ICHUS II/IaBHOTO Pery/IpoBaHys MoAaur
1 TIyCKa.

[Tpu 3agaHHBIX raGapUTHBIX pasMepax | v L paccTosHue MeXay COCeaHUMH CKBa-
JKMHAMU TIPSIMO/IMHENHBIX PAAOB BhIParKaeTcsl 3aBUCHMOCTBIO

y=L/(n-1), (1)

TO KOHEUHOM LIe/IbIO SIB/ISeTCsl OolpeneneHre n (UMcao psaoB BoA03abOPHBIX CKBa-
JKUH).

[lns HeorpaHUYEHHOTO H6Ee3HANIOPHOTO BOAOHOCHOTO FOPH30HTA IIPU CTallMOHaP-
HOM pexrMe (PUABTPALIMK U A7 TPYIIILL MO0ObIM 0OPasoM PacIioNOKEeHHbIX B3au-
MOZAEMCTBYIOIIMX CKBaXKMH ITOHMKEHHe B M000M TOUKe, He yaa/leHHOM OT yJyacTKa
PacrionnoKeHWsl CKBaXKHWH PaBHO:

5s-3 -9 g

=t 4nKm (2)

rae Qi — pacxoa i-Or CKBazKUHBI; Ri — rUApaBIrveCcKoe COINPOTUB/IEHYE BbhI3blBaeMoe
OTKAUKOM U3 j-OM CKBaKWHBI.

1,5Vat
2In2="—"—
r 3)

rae r, — pacCtogHue oT i-OM CKBazKHHBI 10 paCCManI/IBaeMOI;I TOYKH.

R, =
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Z o1, L:oVat
= 4nKm r (4)

[TpyHuMas, UTO pacxoa Y BCexX CKBaKWH OAMHAKOBBIN, [10/Iy4aeM YpaBHEHMe

~ o1, 5f
4rcKm ZI (5)

3azaeM M3HayasbHO TIOHUXKEHHE B TOUKE 1, PaBHOE S, TOr'Zla Pacxoad B CKBazKH-
HaX B 3aBHMCHIMOCTH OT 4UHC/la PAAOB CKBazKKMH:

S2nKm-1/24

Q =
" 221n1’5*/§+21n 1,5+t
— r. 2 2
0 ehe) )
(n-1)2 2 6)
rae

(wie) (2]
nn=|———| +|=
(n-1)2 2 9)

U T.AO.

OTa XapakTepHCTHKA MMOKa3bIBaeT BCe BO3MOKHbIC BAPUAHThHI MOAauyl HACOCOB B
3aBUCHMOCTHU OT YKMC/Ia CKBaXKUH, ITPY KOTOPBIX MTOHMKEHHe B ToUKe 1 6yaer TOuHO
PaBHO 3aZaHHOMY 3HAYEHHIO S.

Ho y saBucumoctu (6) unen cozepxamuii 2r, MOCTOSHHO MEHSAeTCH B 3aBHCH-
MOCTH OT KO/IMYeCTBa PAAO0B CKBaXKWH, UTO CYIIECTBEHHO YC/IOXKHseT IMpoBe/eHue
MaTeMaTH4YeCcKOoro aHa/M3a, a COOTBETCTBEHHO U PaboT MO ONTHMHU3ALIMHI.

AHa/u3 NoKa3blBaeT UTO M3MeHeHM e 3TOrO U/leHa B 3aBHCHUMOCTHU OT KO/IMUeCTBa
PSNOB CKBaKKH MMPHUHUMAET /THHeMHYIO 3aBUCUMOCTb. JTO 3HAUUT, UTO NTepEeMeHHbIN
Y/IeH MOKHO 3aMEHHTb /TMHeMHOM (PYHKLIMeH abCOMOTHO TOUHO OIUCHIBAIOIICH BCe
riocsieyiolre 3Ha4yeHWs MepeMeHHOro WieHa A/ 3aaHHbIX XapaKTepUCTHK BOAO-
HOCHOTO TOPU30HTa U rabaprTOB YUacTKa BOAOIIOHKEHHUS.

[loacraBasieM MonyueHHYIO /IMHEMHYIO 3aBMCUMOCTh B 3aBHCHMOCTbL (6), Toraa
BbIpaKeHHe IMpHHMMaeT C/1eAYIOINUI BUI:

Q) = 0,0833-S-n-K-m
1,5+at ’

o) o2)
(n-1)-2 2 (10)
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rae o U 3 — pacuyeTHble KO-
3P PULIMEHThl 3aBUCHIIHE OT
rapaMeTpPoB BOIOHOCHOIO Io-
PU30HTA U pasMepoB 00/1acTH
OCVYIIIeHUS.

Bripazkenue (10) ropasno
| yaoGHee TMpy MOJAe/TUpOoBa-
HHM CHICTeM BOZIOTIOHWKEHH .
Takum obpazom rpadpuk 3a-
— Bucumocty (10) moxaseiBaer
KaKOM 0MKeH ObITh pacxon
KaXKIOW CKBaKUHBI B 3aBUCU-
[ MOCTH OT KO/IMYeCTBa Psi/IOB
CKBazKHH /17151 3a/IaHHBIX Tapa-
5 18 M METPOB BOIOHOCHOTO TOPU-

n
30HTa U MapaMeTpoB YyacTKa
Puc. 1. 3aBHcHMOCTh pacxoga KaXaoH CKBaKHHBI OT  BonorNoHKeHus (puc. 1).

YHc1a pAAOB CKBAXKHH AHasornyHble  pacyeTsl
MOXKHO caenaTb A mobo-
ro crocoba pacrio/noxeHust
CKBazKHH.

['lo npyumHe TOrO, YTO Ha-
COC B CKBaXKMHE HAXOAMUTCH
Ha 3apaHee H3BECTHOM TI/y-
OvHe, TOMUMO MHHUMA/IBHO-
ro mnoHuxeHus, (obecrieuu-
Barollee MpOXOAKY TYHHe/Is)
CYIlleCTBYeT MaKCHMa/lbHOe
MOHWKEHMe, orpesesiolee
HOpPMa/bHYIO PaboTy Haco-
ca. MakcuMaszibHOE TIOHMKEe-
HUe OyaeT COOTBETCTBOBATb

MUHUMa/IbHOMY  KO/TUUeCTBY
% s 10 15 n 2 CKBaXKWH a 3HAYUT MUHUMA/Tb-

P o HBbIM KallMTa/IbHBIM 3aTpaTaM.
Hc. 2. 3aBHCHMOCTb AeGHTa KayKAOH CKBayKHHbI OT

yHca paAaoB ckBaxkuH: (Q(n) — MUHVMa/IbBHOE TIOHMKEHHUe B nanHom BapuaHTe Mak-
ans KpaiHMX panoB, (Q(n) — MakcHMasbHOe TOHMMKeHHe ansa  CHIMa/ZlbHOe TNOHMKeHHe Bbl-
LIeHTPa/IbHOTO pAla yycadercd Iio  c/1eayrouien

3aBHUCHIMOCTU:
S,=H,-h,—h,, —Ah-h, (11)

LD
.
<

-

o[\

20

10

rae H — ray6una ycTaHOBKM Hacoca, M, h — anvHa Hacoca, M (718 HacOCOB C HaropoM
10 50 M h ~1,5m), h  — MuHMMarIbHAsA BeIMUMHa MOAIOpa (47151 YCTOMUMBOM PaBoThl
Hacoca 1 60peObl ¢ KapuTalmer)h, ~ 2 M ), Ah — BeMuMHa paspbiBa YpPOBHeH BO/Ibl
B CKBayKMHE U TTPUCKBAKUHHOM 30He (Ah~ 1 M), h — ry6rHa CTaTUYEeCKOro YPOBHS, M.

[TonyyeHHOMY 3HaYeHHIO TTOHMKEHHsT COOTBETCTBYET MUHUMA/IBHOE UMC/IO CKBAKKH.

MakcumMarzibHOe MoHMKeHHe 6y1eT B CKBaKUHAX LIeHTParibHOro psiaga. [las orpe-
flenleHusi 3HadeHusl TIOHMKEHUs] B CKBaKHMHe LIEHTPA/IbHOTO psifia MOMKHO MPeasio-
KUTb C/1eYIOYIO 3aBUCUMOCTb:
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Q-12(, (1,5vat
= In +
nKm r

CK

S In

1,5Vat | %2 (1,5vat
+3 1| L5Yat
| ~ r,

o)) (12)

BhipasyM aHa/IorMyHO TpeablaylieMy BapUaHTy 3aBHMCHMMOCTb PAacXoda CKBaXKU-
Hbl OT KO/IMYeCTBa PSAAOB CKBaXKUH YUMTHIBas UTO TOHMMKEHWE B CKBaxkHHE LIeH-
TPa/IbHOTO Psifla PaBHACTCS UKCAY paccuyMTaHHOMY o popmyrie (11).

0,0833-S, -x-K-m
71’5\/5 +1In 71’5\/5 +(B, -n+a,)
I, I (13)

B pesysbrarte mporsBoavM MOCTPOEHUe BTOPOTro rpadpuka o 3aBucuMocTH (13)
(puc. 2) Touka nepeceueHust KOTOPOro ¢ rpadrkoM (puc. 1) gaeT onTUManbHOE KO-
MMYECTBO CKBAXKMH U ONTHUMA/IBHBIN PACXO/l KakAOM CKBAaKUHBI.

Touka nepeceueHs ABYX KPUBBLIX Ha PUC. 2, COOTBETCTBYET MUHHUMA/ILHOMY KO-
AMYeCTBY PAZOB CKBaXKUH M COOTBETCTBYIONIeMYy pacxoay. [Ipuuem auHamunyeckuit
YPOBEHb B CKBaKMHE 1IEHTPA/TbHOTO Psifia He TO3BO/MHUT OCYIIAThCs HAacoCy, a AvHa-
MUYECKHHM YpOBeHb B KparHeM psily He MO3BO/UT MOATOMHUTh BHIPAOOTKY.

A 3TO B CBOIO 04epeab 3HAUUT UTO MOKHO COCTABUTh (DOPMY/Y 10 KOTOPOM MOXK-
HO PaCcCUYUTaTh ONTHMMa/IbBHOE KOMMUYECTBO CKBAXKMH, /71 3TOTO HEOOXOAMMO IIpH-
paBusTh Bhipaxkenus (10) u (13) ¢ yuerom Bripaxenus (11).

Q(n) =

In

0,0833-S-n-K-m 0,0833-S,-n-K-m
1,5+at 1,5vat 1,5+at
In| 22V || Boval )

L (1Y r, I
[(n—l)-zj +£2j

UtoO6s! 136ekaTh POMO3AKHX PACUETOB IIPU PellieHHH YpaBHEHWsT OTHOCHUTE/TbHO
KO/TMUeCTBa CKBaXKKH B CHMBO/IBHOM BH/IE, TTIOCTPOUM 3TO YpaBHEHHe rpadpruuecKkr
(puc. 3).

B-n+a)+2In

B, -n+a,)

0,0833-S-n-K-m

J(n) = =
B-n+a)+2In 1’5\/;; -
Loy (L
(n-1)-2 2
0,0833-S,-n-K-m
In 71’5\/5 +1n 1’51\/§ +(B,-n+a,)
n

(14)

Touxka, B kKotopor dyHkLMs (14) npuHUMaeT HyzleBoe 3HadeHre, COOTBETCTBYET
ONTHUMA/IBHOMY KO/IMYECTBY CKBAXKUH C TOUKMU 3peHUss GecriepeGoMHOCTH paboTh
MOrPYKHBIX HACOCOB (MUHHMMa/IbBHOMY KO/IMYECTBY BK/IOUEHHHM BBIK/IIOUEHHI Haco-
coB). COOTBETCTBEHHO MO/CTaB/IsAs MOMYUeHHOe 3HaueHHe KO/MMUeCTBa PsloB CKBa-
}KUH B ypaBHeHre (10) noaydum HeoOXOAUMYIO MOAa4y HacocCa A/s MOAAePKAHUS
3a/1aHHOTO YPOBHS IPYHTOBBIX BO/I.
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Puc. 3. I'pacpuk pyakumu J(n). I'pacpuyeckoe pelnenne ypaBHeHHSA

[anee vicrionb3ysi aHaMTUYECKHE XapaKTePUCTHKU TMOTPYKHBIX HACOCOB U Xa-
PaKTePUCTHUKH BHEIIHeU CeTU, MOXKHO C(OOPMY/THUPOBATh 3aBUCUMOCTb U PacCUHTaTh
HeobOXoVMble MexaHHWUeCKHe, THAPaBIMUeCKHe, U 3/IeKTpUYecKre mapaMerphl pa-
OOTbI CUCTEeMbI MTOTPYKHbBIX HACOCOB C M3MEHEHHOM UYaCTOTOM BpallleHs.
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OPTIMISATION OF WORK OF SYSTEM OF CHINKS FOR FALL OF LEVEL OF THE GROUND
WATERS EQUIPPED WITH IMPELLER PUMPS, AT CARRYING OUT OF PROSPECTING
DEVELOPMENTS

Priporov .M., Senior Lecturer,

Alekseev V.V., Honored Scientist of Russian Federation, Doctor of Technical Sciences, Professor,
Academician of Russian Academy of Natural Sciences,

Russian State Geological Prospecting University named after Sergo Ordzhonikidze,

e-mail: office@mgri-rggru.ru.

In article ways of optimisation of work of system are offered: a chink — a submersible pump — an external
network — a frequency transformer. The technique of definition of optimum quantity of chinks with use of
mathematical modelling of system is offered: water bearing horizon — a network of chinks. System teamwork
is investigated: a submersible pump — a frequency transformer. The technique of a choice and the coordina-
tion of work of a submersible pump is offered. The external network of system of pumps is studied and is
mathematically simulated.

Key words: ground waters, the pump, level fall, frequency transformer.
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