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BBEOEHWE
AKkTyanbHOCTb paboTbl. 3asemnswouime ycrpoicrea (3Y) S9BNAOTCS 0OAHUM U3 Hanbonee pacnpocTpaHEHHbIX 3aWMUTHbIX CPEACTB U MCNONb3YHTCA HE TONbKO Ans obecrneveHmns 3nekTpob6e30nacHOCTU U HOPMasnbHOro pexumMa paboTbl 31eKTPOYCTaHOBKU, HO M MpPU 3almMTe OT aTMOCHEpPHbIX MU KOMMYTaLMOHHbIX NepeHanpsXXeHnii, a
Takxe, B psae ciy4daes, Ans obecnevyeHuns 371eKTpoMarHMTHOW COBMECTUMOCTU. CncTema 3a3eMieHnst NCnosib3yeTcs TakKe BO BTOPUYHbBIX Lensax TpaHCOpMaToOpoB TOKA M HaNpsXKeHWs A1 uenen penerHon 3awmTbl 1 aBTOMATUKM.
N3meHeHne napameTpoB 3Y BO3HMKAET Mo AeNCTBMEM pasfnyHbiX (DaKTOpPOB OKpyXxakuweln cpeabl (XMMUKO-MUHEpasbHbI COCTaB FpyHTa, BAAXHOCTb, TeMnepaTypa, KNCIOTHOCTb, 6bakTepmanbHbI COCTaB, ra3oBblli COCTaB, 3/1EKTPONPOBOAHOCTb, @ TaKXe BWUA FPyHTa) M NMPOMCXOAMT HernpepbiBHO. B pe3ynbTaTe, C TeyeHnem
BPEMEHMW, NPOL,ECC KOPPO3MM SJIEMEHTOB 3a3eMINTENIM YCKOPSETCS, UYTO NMPUBOAUT K POCTY COMPOTUBAEHUS pacTekaHuto Toka 3Y. KOppo3MOHHbIE pa3pyLlueHNsa OTAEbHbIX 3/IEMEHTOB 3a3eMnMTenei B Clydae BO3HWKHOBEHMS aBapUMHbIX PEXMMOB (KOPOTKOE 3aMblkaHUe, aTMochepHoe M KOMMYTauMOHHOE NMepeHanpshXeHns u
Ap.) NpUBOAAT K OTKa3y cpabaTbiBaHMS pefieiHOM 3awmTbl U @BTOMATUKM, NOSBAIEHMIO BbICOKOrO HampshKeHMs Ha Koprnycax 3/71eKTpoobopyaoBaHuMs, pa3pyLLeHMI0 N30M8LMK SNEeKTPUYECKMX annapaToB U MOMyT ABAATbLCS MPUYMHON 3/1eKTPOTPaBM.
OTMeTMM, UTO yBlaXHEHMe rpyHTa CcrnocobCTByeT yMEHbLUIEHUIO YAENbHOro 3/1eKTPUYECKOro CONpoTUBAEHUS FPYHTA U, cnefoBaTe/lbHO, CONpPOTUBAEHUS 3a3emnnTtens. OAHAaKO 3TO YMeHbLUEHNE CyLLeCTBEHHO BAMSET Ha NPOLECC KOPPO3UK, UYTO MPUBOANT K CHUXKEHMIO cpoka ciyx6bl 3Y. Ha nMuo npoTnBopeune Mexay dakrtopamm,
onpeaenstoLMMmM OCHOBHbIE XapaKTepucTmku 3Y.
CornacHo AenCTBYOLWWM HOPMaTUBHO-TEXHUYECKMM AOKYMEHTaM KOPPO3MOHHOE COCTOsSIHME 3/1ieMeHToB 3Y onpeaensieTcs NyTeM NpoBeAeHMs BM3yasbHbIX OCMOTPOB (B OCHOBHOM, CO BCKPbITUEM FPyHTA) M pacyeTa napameTpos 3Y, NO3BOMSIOWMX OLEHUTb ero coctosiHme. KonnyecTBeHHas OueHKa KOPpPO3uK 3/1eMEHTOB 3a3eM/IeHns
Npon3BoANTCA BbIGOPOYHO MO y4yacTKaM KOHTPOAMPYEMOro ajsieMeHTa 3Y NyTeEM U3MEpPEeHUS XapaKTEPHbIX pa3MepoB, 3aBUCALLMX OT BUAA U CKOPOCTM KOpPpO3uu. Pasmepbl onpenenstoTcs nocne yaaneHus C NOBEepXHOCTU aneMeHTa 3Y clnefoB KOPpo3vu. YuuTbiBasl, UTO BepTMKalbHble 3/1eMeHTbl 3Y 06blYHO HaxoasATcs Ha
rnybuHe ot 0,7 Ao 1,5 M, @ ux cpeaHsas AivMHa ot 3 4o 5 M 1 bosniee, Takue onepaumun Bbi3blBaKOT YBE/IMUYEHME BPEMEHHbIX 3aTPaT U ABASIOTCA AOCTaTOYHO TPYAOEMKUMN.
N3BecTHble MeToAbl onpeneneHns cocTosiHMs 3Y He MO3BONSIOT B MOJHONM Mepe onpeaeMTb KOPPO3MOHHOE COCTOsiHWE 3/1eMeHTOB 3a3emnutens. [o3ToMy pa3paboTka CUMCTEMbl OLLEHKM COCTOSIHUS 3a3eMSoLero yCTpoMCTBa, NMO3BONSOLWEN YCTpaHUTh MMelowme HegoctaTtkm M 060CHOBAHHO pa3pabaTbiBaTb MEpPONpUATUS,
MoBbILLAOWNE [0NrOBEYHOCTb PaboThl 3a3eMSIOLLErO YCTPOMCTBA, ABASETCA aKTyaslbHOM Hay4YHO-TEXHMYECKOW 3aJadel.
Llenb paboTtbli. O60CHOBaHME 1 CO34aHME CUCTEMbI OLLEHKM COCTOSIHMS 3a3eMAstoLero yCTponcTea.
[Ona AOCTMXXEHUA 3asBNEHHON Lenn 6blsiM MOCTaBeHbl CeAyoLMeE 3a4a4n:
PaspaboTatb nabopaTopHyto YCTaHOBKY A1 NCCIef0BaHMs BANSAHUS pas3fiMuHbliX (akToOpoB OKpyXatoLwen cpeapl 1 6ayxaatowmx TOKOB Ha NpoLecc Koppo3mun 31emMeHToB 3Y.
PaspaboTtaTtb METOAMKY M BbINOMHUTbL 3KCNEPUMEHTabHbIE NCCNEA0BAHNS BIMSHMS pa3nyHbiX (DaKTOPOB OKpYXKatoLer cpeabl U 61y>XaatoLmMx TOKOB Ha NpoL.ecc KOppo3nn anemeHTos 3Y.
Ha ocHOBaHMM yKasaHHbIX MccneaoBaHnin 060CHOBaTb KPUTEPUN BbISIBIEHUS pe3y/ibTaTOB NpoLecca Koppo3un anemMeHTos 3Y.
MocTponTb MatemMaTnyeckne Moaenn i OLEeHKN COCTOSHUSA aneMeHToB 3Y.
Paspabotatb cnocob n MeToamKy onpeneneHmns COCTOSHMSA 31eMeHTOB 3Y, OCHOBaHHbIX Ha U3MEpPEeHNM KOCBEHHbIX NapaMeTpoB.
O6beKT nccnenoBaHms — 3asemMnsiolme yCTponcTea NoACTaHLUMM pa3fMyYHOro BUAa U HasHadeHus.
MpeameT nccnenoBaHus — BblsiBIEHME 3aKOHOMEPHOCTEN B U3MEHEHUW NOA AEACTBMEM KOPPO3MM COCTOSIHUS 3N1eKTPOAO0B, 06pasyowmnX 3a3emMnsioLwee yCTponcTBo.
MeTogonormyeckas u TeopeTmyeckasl OCHOBa MCC/IeA0BaHMsS: B OCHOBE AaHHOW paboTbl NnexaT MccieaoBaHus Takux ydeHbiX, kak P.K. Bopucos, B.B. byprcaopd, H0.B. emunH, M.A. JonuH, P.H. KapskuH, H.M. Katnrpo6, A.B. OcnoH, A.U. Cugopos, t0.B. Llenebposckunit, A.N. AkobCc n aApyrmx yuyeHblx, BHeCWUX 60MbLLOM BKIaa B
pa3paboTKy MeToaAMK, a Takxe CnocoboB onpeaeneHns OCHOBHbIX MapaMeTPoB 3a3eM/IAIOLWMX YCTPONCTB, XapaKTEPU3YHOLWMNX ero COCTositHUeE.
B KauecTBe OCHOBHbIX METOAMK MCCNefOBaHUSA MPUMEHSANCH: MeToAbl (PU3NMYECKOro MOAENMPOBAHUSA, MAAHMPOBAHUSA MHOro(akKTOPHOrO OTCEMBAIOWEro 3KCMEepUMeHTa, a TakXe MaTeMaTuyeckoro MOoAenMpoBaHUSA AN MOCTPOEHMS 3aBMCUMMOCTM MOTEPUM MacCbl MeTasia, NMPUMEHSIEMOrO ANS M3roTOBNEHMS 3a3eMASLWnX
3NeKTPOAOB, N NBMEHEHUS COMPOTUBIEHUS pacTEKaHMIO TOKa, CTEKaoLWero ¢ 3/1IeKTPOAOB, OT BAAXXHOCTM FPpyHTa 1 Hannuma 6nyxgarmowero Toka.
JocTtoBepHOCTb M 0BOCHOBAHHOCTb MOJIyYEHHbIX Pe3y/bTaToOB MOATBEPXKAAETCH KOPPEKTHbIM MPUMEHEHMEM TEOPUMM MJIAHUPOBAHWUSA 3KCNepuMeHTa ( ons ABYX(aKTOpPHOro 3KCnepuMeHTa) U 60ablnM 06bEMOM 3KCNEepUMEHTaslbHbIX WMCCAeA0BaHWM, BbIMNOMHEHHbIX B 1abopaToOpHbIX YCNOBMSX MpUM MacTabupoBaHuum
reoMeTpuyecKmX pasmMepoB M 3N1eKTPUYECKUX NapaMeTpoB 3/71eMeHToB 3Y, cornacHo Teopun nogobmsa n MmoaenmpoBaHus.
HayuHas HOBM3HA OCHOBHbIX MOJIOXXEHUNA N pe3yNbTaToB, BbIHOCUMbIX Ha 3aLUUTY:
MoTepst Maccbl MeTanna, NPUMEHSEMOro ANs N3roTOBAEHUS 31eKTPoAoB 3Y, U yBeMUYEHME COMPOTMBIIEHMS pacTeKaHUo ToKa 3Y 3aBUCUT OT BAXHOCTU FPyHTa M Hannuumsa 6ayxaaroLmx TOKOB, Npu 3TOM Hanbonbliasi NoTeps MacCbl MeTasia NpoMCXoamT Npu BNAXXHOCTM rpyHTa 25 %.
Ona onpeageneHns KOIMYECTBEHHbIX MOKasaTenel U3MeHEeHUs MacCbl 3/1eKTPOAOB M COMPOTUBEHUS pacTeKaHuio Toka 3Y C MOMOWbK ypaBHEHUS perpeccum BTOPOW CTEreHu BnepBble MOJyYeHbl YNCIEHHble 3HayYeHUsa Ko3adhdUUMEHTOB, MpMMEHEHME KOTOpbliX obecrneynBaeT MOrpewHoCcTb pe3ysibTatoB He 6onee 20 %, B
3aBMCUMOCTM OT BIAXHOCTWU FPyHTa.
PaspaboTaHa ycTaHOBKa ANa UCCNeaoBaHUS BAMSHUS HaKTOPOB OKpYXatowen cpelbl 1 6ny>xaalowmx TOKOB Ha NPoLLECC KOPPO3MK 3a3eMASIOWLNX YCTPOMCTB (3alimuieHa naTeHTOM Ha NOMEe3HY0 MoAenNb).
PaspabotaH cnocob n meToamMka KOCBEHHOIO onpeaeneHns coctosHusa 3Y, He Tpebytowero npoBeAeHMs BCKPbIWHbIX paboT.
MpakTnyeckas 3Ha4YMMOCTb N peann3aumns ee pe3ysbTaToB:
PesynbTaTbl nccnegoBaHns MoryT 6bITb MCNONb30BaHbl HAYUYHO-MCCNEAO0BATENbCKMMN U KOHCTPYKTOPCKMMW OpraHmn3aumnsaMm npm paspaboTke n coBeplleHCTBOBaHMM CnocoboB onpeaeneHnst Cpoka Clyx6bbl 3/1eMEeHTOB NOA3EMHbIX META/NIMYECKMX KOMMYHUKALMN, HaXoaawWwmMXxcsa noa AeiCTBUEM KOPPO3nU.
PazpaboTaHHas akcnepuMeHTaslbHas yCTaHOBKa NO3BOJISET B 1abOpaTOpPHbIX YC/IOBUAX ONpeaensiTb BAMSAHME BAXHOCTU rPyHTa, €ro BOAOPOAHOMO NoKasaTtesis, XMMUYEeCKOro CocTaBa U Hannuus 6y aatomx TOKOB Ha NpoLecc KOPpo3un 3N1eMEHTOB 3a3eMISIOLLNX YCTPOMUCTB.
MonyyeHHble aBTOPOM pe3ynbTaTbl MCCNEA0BAHMNSA NCMO/b3YIOTCS B NpoLecce N3yyeHns CTyaeHTamMmm TagKMKCKOro TeXHNYECKOro YHuBepcuTeTa uMeHun akagemmka M.C. Ocumn n MHCTUTyTa aHepreTnkn TaiKUKMcTaHa AMCUNMNIMH «Bbe30nacHoCTb XU3HeaeaTeNbHOCTM» N «3NeKTpobe3onacHoCTb>».

CooTBeTCTBUE ANCCEpPTaALMM MAcnopTy HAayYHOW cneumanbHOCTUM. HayuyHble MONoXeHus, npuBeAeHHble B AUCCEepTaunm, COOTBETCTBYIOT 0bnactu nccnegoBaHmnii cneymanbHocty 05.26.01 — OxpaHa Tpyaa (3N1eKTpoaHepreTnka), B YactHocTu, n. 3 «Pa3paboTka MeToAoB KOHTPOJS, OLLEHKU U HOPMUPOBAHUS OMACHbIX U BpeAHbIX
(baKTopoB NPOM3BOACTBA, CNOCO60B M CPeACTB 3alLNTbl OT HUX>.

Anpobauns pabotbl. OCHOBHbIE NONOXEHNSA ANCCEPTALMOHHON paboThbl H6blan AONOXKEHbI U NoayyYnnan ogobpeHme Ha: VI MexayHapoAHOW 3a04YHON HayYHO-NMpPaKTUYECKON KOHMEPEHLMN «DHEepreTMka B COBpeEMEHHOM MUpe», I. YnTa, 2013 r.; LIII-LV MexAayHapoAHbIX Hay4YHO-TEXHUUYECKMX KOHdepeHUMAaX «[JOCTUXEHUS HayKn
— arponpoMbILWIEHHOMY KoMnekcy», . YensbuHck, 2014-2016 rr.; 6-8 Hay4HbIX KOH(MEPEHUMAX acnnMpaHToB U AoKTopaHToB KOYplY, r. YenabuHck, 2014-2016 rr.; 66-68 HayuHbix KOHdepeHunsax «Hayka HOYplry», r. YensabuHck, 2014-2016 rr.; III Bcepoccuinckon cTyaeHUYecKor KoHdepeHumn (C MexayHapoaHbIM
yyactmeMm) «be3onacHOCTb XWU3HeAeATeNbHOCTN rfa3amMu Monoaexu», r. YenabuHck, 2014 r.; VI MexayHapoAHON Hay4YHO-NMPaKTUYECKOM KOHdepeHUnn «be3onacHOCTb XU3HeAeATeNbHOCTU B TPETbeM ThbicAvenetuu», r. YensbuHck, 2015 r.; XI MexAayHapoAHOM Hay4HO-MpaKTU4ecKon KoHdepeHuun «be3onacHocTb
XXU3HEeAeATeNbHOCTU NpeanpusTUii B MPOMbILLSIEHHO pa3BUTbIX pernoHax», r. Kemeposo, 2015 r.; VII oTpacneBoil Hay4HO-TEXHMYECKOW KOH@EepeHUMU MOoAbIX PYKOBOAMTENEerW WM cneunanmcroB «MosogexHble MHHOBaUWK MNOoBblWeHUs 3(PhEKTUBHOCTM N HaAEXHOCTM TpaHcnopTa rasa», r. ExkatepuHbypr, 2016 r.;
MeXAyHapoAHOM Hay4YHO-TeEXHUYECKOM KoHdepeHumn «MpoM-UHXUHUPUHI>, . YenabuHck, 2016 r.; Ha ceMMHapax acnmMpaHTOB U AOKTOPaHTOB Kadeapbl «BXA» HOYplrY (HWY), r. YenabuHck, 2013-2016 rr.

My6nnkauun. Mo Teme ancceptaumm onybnmkoBaHo 20 neyaTHbiX paboT, 3 HUX 1 pabota — B NepMoaMYECKOM M3aaHUKN, pekoMeHaoBaHHOM BAK PO, 1 paboTta — B nepnoanyeckoM nsgaHmum, Bxoasuem B 6asy aaHHbIX Scopus, nonydeH 1 naTeHT Ha NOE3HYH MOAENb.

CTpyKkTypa 1 06bEéM ancceptaumun. nccepraumoHHas pabota COCTONT U3 BBEAEHWNSA, Tpex rnaB, OCHOBHbIX BbIBOAOB, CNMCKa nntepatypbl (147 HauMeHoBaHM), 4 npunoxerHus. CogepXut 111 cTpaHMLU MalWMHOMMUCHONO TEKCTa, B TOM uncne 25 pucyHkos, 32 Tabnuubl.

1. AHAJTU3 COCTOAHUSA BOIMPOCA 1 OBOCHOBAHWE 3AOAY NCCNEOOBAHUA
1.1 ®akTopbl, BAMSAKOWME Ha KOPPO3UIO 3/1IEMEHTOB 3a3eMSIOWNX YCTPONCTB
Cucrema 3Y sBnsieTCd OAHMM M3 OCHOBHbIX 3/1IEMEHTOB SHEpPreTUYeckMX CUCTeM, BAUSAIOLWMX HA ero yCTOMYMBOCTb, HAAEXHOCTb 06opyaoBaHus n Ha 6e30macHOCTb 06CnyXXuMBatoLero nepcoHana. 3asemnsioliee yCTpoMCTBO BbiNMOMHSAET pasvyHbie PyHKLMM, OCHOBHOM M3 KOTOPbIX SIBMSIETCA CHUMXXEHWE YPOBHS MOTeHuMana Ha
MeTanIM4yecknx HeTOKoBeayLlMe YacTax 31eKTpoobopyaoBaHUSA NpY BO3HUKHOBEHWM KOPOTKMX 3aMblKaHUM MKW 3aMblKaHWI Ha KOpnyc.

Cucrema 3Y BKJOYAET B cebs eCTeCTBEHHbIE M MCKYCCTBEHHbIE 3a3eMIMTENN, @ TaKXKe 3a3eMsoWwme npoBoAHNKN A1 NMPpUcoeanHeHns KOpnycoB anekTpoobopyaoBaHusa K 3asemnutenam [2, 5, 19, 24, 51, 63, 73, 83, 94, 133, 139].
Ona 3Y noboro Bnga n HasHayeHus MCMNoNb3YyTCS, B MEPBYO ovepedb, ecTeCTBeHHble 3azemnmTtenn [117, 141]. OHM CBSA3bIBAOTCA C MAarucrpasasaMm 3a3eMieHuin MUHMMYM ABYMS MPOBOAHMKAMMU, MPUCOEANHEHHBIMU K 3a3eMINTENO B Pa3HbIX MeCTax, KpoMe MeTasimdeckmx obonodek kabener, onop BblCOKOBOJbTHbIX JIMHUM
( BJ/1) 1 MOBTOPHbIX 3a3eM/IEHUI HYEBOro 3alMTHOro NpoBoaHMKa [118].

OCHOBHbIMU 371IEMEHTaMN 3Y ABMAKOTCH BEPTMKANbHbIE U TOPU30HTaNIbHbIE 3/1EKTPOAbI, 3a3EMSAIOWNE CETKU M 3a3eMNSOLWME NPOBOAHUKN, CyXKallmMe ansg npucoeanHeHus obopyaosaHus K 3asemnmtenam [30, 68, 71, 83, 74, 105, 107, 109, 113].

EcrecTtBeHHbIMM 3a3eManTensiMm MoryT 6biTb [30, 54]:

- MOA3EMHbIE WM NOABOAHbIE YAaCTU CTaslbHbIX U >Xene306eTOHHbIX KOHCTPYKUWA U COOPYXXEHUN; BCe MeTanamyeckme TpybonpoBoabl, 3a UckatovyeHnem TpybonpoBOAOB ropiouMX M B3pbiBOOMACHbLIX BELWECTB U CMeCel, KaHanM3aumMm U LeHTpanbHOro otonaeHus; obcagHble Tpybbl U penbcbl; TexHosormyeckme kabenbHble u
COBMeLLEeHHble (CTanbHble U Xene3obeToHHbIe) 3CTakaabl NPOMbILLIEHHbIX NPEANnpPUSTUI; CBUHLIOBbIE 060/104KM Kabenen, NpoIoXXEeHHbIX B 3eMe, NPy Yncne KabenbHbiX JIMHUIA HE MEHEE ABYX;

- Xene306eToHHble PyHAAMEHTbI MPON3BOACTBEHHbIX 34aHUM U COOPYXXEHUN;

- 3a3emnutenu onop BJ1, coegmHeHHble ¢ 3Y 371eKTPOyCTaHOBKM MpyY MOMOLLM FPO303aMTHOro TpoCa JIMHUMN.

Mpu oTCYTCTBUMN MAN HEDI(PDEKTUBHOCTM eCTECTBEHHbIX 3a3eManTeNen UCNOMb3YHT NCKYCCTBEHHbIE 3a3eMAUTENN, A/IMHA U Fy6UHa MOrpy>XeHus 3/1eKTPOAOB €€ O0TOPbIX 3aBUCUT OT KAMMATUYECKUX YCIoBUIM [64, 147]. YacTo B 91eKTpOYyCTaHOBKAX MCMOJb3YIOTCSA U Te, U APYyrMe 3a3eMAnTenn, MOAK/YEHHble MnapasnnesbHOo
[95]. Ans n3rotoBNeHUs 3NeKTPOAOB MCKYCCTBEHHbIX 3a3eMaMTeNen NpuMeHSEeTCs CTaib. DMeKTpodbl 3acbiNarTcd OAHOPOAHbLIM FpyHTOM [22, 28, 105, 134], He coaep>kawwiunM WwebHsa 1 CTpoUTENbHOrO Mycopa, C YTPaMboBKOM Ha pa3HbiX raybuHax.

DddekTnBHOCTL 3Y onpefenseTcs, B NepBy0 oyepeab, ero CoOnpoTUBAEHUEM, KOTOpPOe 3aBUCUT OT pas3/iMuHbiX (hakToOpoB, B TOM UNC/IE U OT COCTOSIHUS €ro 3/IEMEHTOB, Haxoasawmxcsa B rpyHTe. CoctosiHMe 3n1eMeHToB 3Y, B CBOKO o4yepeb, 3aBUCUT OT KOPPO3UMHOW aKTUBHOCTM FpyHTa.

B TaroBblX NoACTaHUMAX, FAe 3a3eMsoWme yCTpOMNCTBa NCMOMb3YOTCS B KayecTBe paboyero 3asemMneHunsl, Kopposns 3a3eMnsaoWwmx 3/1eMEeHTOB BO MHOIMOM onpeaenseTcs BenmumHammn bnyxaawowmx Tokos [125].

Ha sHeproobbvekTax, Kak npaswso, paspywatorcs [87, 143]:

- 3a3eMS0LWME NPOBOAHMKN B MECTaxX BXOAA B FPYHT, HEMOCPEACTBEHHO MO NMNOBEPXHOCTLIO FPYHTA;
- CBapHble COeANHEHUS B FPyHTE;

- FOPU30HTasIbHblE 3a3eM/IMTENN;

- HMXKHUE KOHLbl BEPTUKasIbHbIX 3/1EKTPOAOB.

MoBpexaeHne 3/1EMEHTOB 3a3eMNSALWMUX YCTPONCTB NPUBOANT K HEHOPManbHbIM pexnmaM paboTbl 3N1eKTPOYCTaHOBOK M CO34aeT ONAaCHOCTb MOPaKeHUs 3NeKTPUYECKUM TOKOM JIIAEN U KUBOTHbIX.

B snekTpoycTtaHoBkax 3anagHo-Cnbupckon xenesHon aoporn 6binv NpoBeAeHbl MCCNeAoBaHUs, pe3ybTaTbhl KOTOPbIX MOKasann, YTo CKOPOCTb koppo3mun 3Y He npesbiwaeT 37,5 — 125 mMkM B rod. ABTopbl paboTbl yKasaHHble pe3ynbTatbl [15], 06bACHAIOT CpaBHUTENbHO HU3KON KOPPO3MOHHOW aKTUBHOCTbIO FpyHTa. Ha 3Tux
MOACTaHUMAX, rae OTCYTCTBYET APeHaXxHas 3awmnTa, KOpPpO3MOHHas akTUBHOCTb CYLLECTBEHHO Bbille M 3TO CKa3blBAETCS Ha MOBPeXAEHMSAX 3a3eMnuTtener NoACTaHuuMin. Ha noactaHumax, SBASIOWMXCA OCHOBHbIMW B 3/1IeKTPOCHabXXeHun TAroBon ceTtu, 3a nepuod ciyx6bl oT 5 4o 30 et KOppo3ninHble NOBpeXAeHUs AOCTUraloT
0,45 MM. Takne BuAbl NOBPEXAEHUA MNPUBEAEHbI Ha pucyHkax 1,1 n 1,2.

PucyHok 1.1 — Co4yeTaHune S3BEHHbIX M JIOKaJIbHbIX KOPPO3VMOHHbIX MOBPEXAEHW

PucyHok 1.2 - PaBHOMepHOEe KOPPO3MOHHOE pa3pyLleHue 3/1eMEHTa

3a3eM/IS0L,Eero yCTpocTea

Haunbonee onacHbIM SBASETCA COYETAHME A3BEHHOrO M JIOKaNbHOrO BUAOB paspyLlleHUs 3/1eMEHTOB 3a3eM/IAI0LWLMX YCTPOMNCTB. B 3TOM ciyyae Ha NOBEPXHOCTU MeTansla HabnwoaaerTcs YyepeaoBaHMeE YYacTKOB C MEHbLWUWM Uan 60/bLIMM CKOMIEHUEM A3B, BMJIOTb A0 UX CIMSHUSA B BUAE JIOKa/IbHOro noBpexaeHus. Moteps ceveHums
3a3eMAnTeNs B 3TOM C/lydae MOXeT coctaBnsitb oT 20 1o 80%. 3To NpMBOAUT K POCTY COMPOTMBEHUS pacTekaHuto Toka 3Y [29, 101, 145].

TakuM obpa3oM, MOXXHO cAenaTh BbIBOA O TOM, YTO KOPPO3MOHHbIE NMOBPEeXAEHUS 3a3eMInTeNe MMEITCA Kak Ha TAroBbiX MOACTAHUMAX, TaK U Ha NOACTaHUMSAX MEPBUYHOM CUCTEMbI SN1eKTPOCHabxeHnsa. OgHako M3 NpUBEAEHHbIX AAHHbIX CeAyeT, YTO BEPOSATHOCTb BO3SHUMKHOBEHUS HEAOMYCTUMbIX KOPPO3MOHHbIX pa3pyLueHuni
3a3eMnTeNnen Ha TAroBbiX MOACTAHLUMSAX MHOIMO Bbilwe (M3 — 3a BAMaHUSA bayxaatowmx Toko) [108].

Koppo3uiHas akTUBHOCTb FpyHTa 3aBUCUT OT MHOMMX (akToOpoB, K YNC/Y KOTOPbIX OTHOCATCS XMMUKO-MUHEpPasbHbIN COCTaB FpyHTa, €ro BAaXXHOCTb, COAEPXaHME ra3os, CTPYKTypa, 3/IEKTPONpOBOAHOCTL M bakTepuanbHbI coctas [4, 6, 9, 11, 14, 18, 20, 35, 75, 97, 102, 104, 111, 117, 127, 130, 144]. OgHOBpeMeHHOEe
BN IHWE MHOXeCTBa (haKTOpPOB AeNnaeT HEBO3MOXHbIM Ha OCHOBaHWK Kakoro — sinbo oAHOro NpocToro nokasatens TOYHO XapakKTepmn30BaTb KOPPO3MOHHYI0 aKTUBHOCTb FPYHTOB. [103TOMY Npu ee oueHKe onpeaenstoT TO/IbKO OANH OCHOBHOW MM HECKOJIbKO MoKasaTenen, KoTopble MO3BOMAKT OLEHUTb CTENEHb CKIIOHHOCTU FPyHTa
CnocobCTBOBaTb BO3HWMKAKOLWMM 3IMIEKTPOXMMUYECKUM MpoLeccaM Koppo3umn. MeToamuyeckas CNOXXHOCTb BO3HMKAET elweé M MOTOMY, YTO KOPPO3MOHHAsi aKTUBHOCTb FPYHTOB MOXET MeHSATbCS yepe3 Kaxaple 2 — 3 M. [103TOMy B mpouecce M3bICKaHWW criegyeT AaBaTb OLEHKY MaKCMMasbHO HebnaronpusaTHbIM U CpeaHUM
KOPPO3MOHHbIM YCNIOBUAM Ha OTAE/bHbIX Y4YacTKax C AOCTaTOYHOM ToYHOCThio [47, 48, 81, 138, 142].

Ha KOppo3uniiHy0 akTUBHOCTb FPYHTOB OFPOMHOE B/IMSIHWE OKa3blBAET BAAXXHOCTb. B abCoOMOTHO CyxMX rpyHTax Koppo3us He HabnioaaeTcs us-3a oTCYyTCTBUSA 3/1EKTPOaMTa, He06X0AMMOro Af1s1 CO3A4aHUSA KOPPO3MOHHbIX 3/1eMeHTOB. O4HaKO yxe npu Hebonblon BAAXHOCTM, KOraa B FpyHTaX CyLeCTBYET TOJIbKO MPOYHOCBA3aHHas
BOJa, KOPPO3MOHHbIE MpoLecChl Ha4YMHatoT NPOSBAATLCS, XOTS CKOPOCTb KOppo3un ByaeT He3HauMTenbHON. [lanbHenwee yBennyeHne BNaXKHOCTM rpyHTa Bbi3blBaeT YBeIMUYEHME CKOPOCTU KOPPO3UK B pe3yfbTaTe YBeSIMYeHUs MHTEHCUBHOCTU paboTbl KOPPO3MOHHbIX 3/IEMEHTOB M YMEHbLUEHNS COMPOTUBIEHNSA UX LIENW.

Tabnuua 1.1 - 3aBMCMMOCTb KOPPO3MKM OT BJIAXXHOCTU CBSA3AHHbIX MPYHTOB

Bna*HOCTb MWHUCTbIX FPYHTOB

XapaKTepucTnka rpyHTa C TOUKU 3peHns BAaXKHOCTU
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XapaKkTep CKOpOCTM KOppo3uu

0

10-12
12 - 25
25 -40
Cebiwe 40

PyHT cyxomn
Bo3pacTaHne BNaxxHOCTU A0 KPUTUYECKOrO 3HaYEeHUS
CoxpaHeHne KpUTUYECKOro 3Ha4YeHns
O6paszoBaHme CNIOLWHOro /108 BOAbI
YBennyeHue TOWMHbI CNIOWHOrO C/108 BOAbI
Koppo3nun HeT
YBennueHne CKOpoCTM KOPpPO3nMKW A0 MaKCUMMasibHOW BESIMUNHDbI
BO3MOXHO AOCTUXEHME MAaKCMMaribHON CKOPOCTU KOPpPO3UMU
CHM>XeHne CKOpOoCTU KOppo3nmn
HeBblcokas NOCTOSAHHAs CKOPOCTb KOPPO3MM
MpeanenbHasa BNaXKHOCTb, obecneynBatoLlas BO3pacTaHne CKOPOCTU KOPPO3MK A0 MakCMManbHOM, B CBA3aHHbIX rpyHTax coctasnseT 10 — 12 %, B neckax oHa HeCKOJsIbKO
Huxe. Mpn nocneayoWweM YBEMYEHMNM BIAXXHOCTU MaKCMMaslbHasi CKOPOCTb KOPPO3MUM OCTaeTCs NMpakKTUYecKn MOCTOSHHOW A0 HEKOTOpOro npegena BnaxHoctn (20 - 25 %) [6, 127].
KpnTepnn KOppO3MOHHOM aKTUBHOCTU FPYHTA pa3/iMyHbl 4151 pa3HblX MeTannoB. Tak, HanpuMep, A1s CTaam KOPPO3MOHHAs akTUBHOCTb FPyHTa OLEHWBAETCS AOCTAaTOYHO MOJIHO MO 3HAYEHWUIO €ro yAebHOro 3aeKTpmyeckoro conpotusnennsa (tabnmua 1.2 [29, 60, 61, 67, 102, 110, 1117).
Tabnvua 1.2 — 3aBMCUMOCTb KOPPO3MKM OT YAENbHOIro 3/1eKTPUYECKOro CONpPOTUBIEHNS CBSA3@HHbIX FPYHTOB
YaenbHoe anekTpuyeckoe conpoTueneHmne rpyHta, O™ - M
Cebiwe 100
20-100
10-20
5-10
Koppo3noHHas akTUBHOCTb
Hun3kas
CpenHsas
MoBbiWweHHas
Bbicokas
[na xapakTepucTMKN KOPPO3MOHHOW aKTUBHOCTU FPYHTOB MO OTHOLLUEHMIO K YIepoAMCTON CTann UCNONb3YT BEANYMHY UX YAENBHOIrO 3/1eKTPUYECKOro CONPOTUBAEHUS. DTO CBOMCTBO MPYHTOB CaMo Mo cebe He ABNSeTCS NPUUYNHONM, Bbi3blBaloLel KOPPO3Mto, HO B Cpeae C MasibiM yAeNbHbIM 3/IEKTPUYECKUM COMpPOTUBIEHUEM CMNA
TOoKa 06pa3yrLmnXca KPYyMnHbIX MO pasMepy KOPPO3MOHHbIX 3J/IEMEHTOB MOXET AOCTUIHYTb BEJIMYMHbI, YrPOXalowWen COXPaAaHEHWIO CTalilbHbIX KOHCTPYKUMIA. Mexay 3/1eKTPUYECKMM COMPOTUB/IEHUEM TPYHTOB UM UX KOPPO3MMHOM aKTUBHOCTbIO B OMpeAeneHHbIX rnpeaenax CylWwecTBYeT MnpsiMas 3aBMCUMMOCTb: YEM MeHblue
conpoTmeneHne, Tem 6onblue BO3MOXHOCTb KOppo3uu [127].
OueHunBas KOppPO3NIHY akKTUBHOCTb FPYHTOB MO OTHOLUEHMWIO K CBUHLY, MPUXOANTCS yUMTbiBaTb pH rpyHTa, coaepXXaHue opraHn4eckmMx BeLwecTB, HUTpaT — MOHOB. (Tabnunua 1.4) [10].
Tabnuua 1.3 — Koppo3noHHas akTMBHOCTb FPYHTOB MO OTHOLUEHUIO
K YrIepoAMCTOl CTaan B 3aBMCMMOCTU OT U YAENbHOIO 3/IEKTPUYECKOro conpoTtmerieHus rpyHTa (FOCT 9 015 - 74)
Koppo3noHHast akTUBHOCTb FPYHTOB
YpenbHoe anekTpuyeckne conpotunsneHme, OM-m
Hwn3kas
CpeaHsas
lMoBblWweHHasa
Bbicokas
Becbma Bblcokasi
>100
20 - 100
10 - 20
5-10
<5
Tabnuua 1.4 — Koppo3noHHas akTUBHOCTb FPYHTOB MO OTHOLUEHUIO
K cBMHUO0BOM obonoyke kabens (FOCT 9 015 - 74)
Koppo3noHHast akTUBHOCTb FPyHTOB
pH rpyHTa
CogepxaHue KOMMOHEHT, % OT MacCbl BO34YLUHO — CyXOro rpyHTa
OpraHun4yeckmnx BelecTts (rymyca)
HuTpaT - noHa
Hun3kas
CpegHsas
Bbicokas
6,5-7,5
50-64
7,6 -9,0
>5,0
<9,0
no 0,01
0,01 -0,02
>0,02
no 0,0001
0,0001 - 0,001
>0,001
Ha akTUBHOCTb KOpPpPO3MW rpyHTa Hambonbllee BANSHME OKa3blBalOT XMMUYECKNI COCTaB FpyHTa B MeEPBYI0 ovepeab BOAOPACTBOPUMbIE coeanHeHnsa. Koppo3noHHas akTUBHOCTb FPYHTOB CyLLECTBEHHO 3aBUCUT OT XMMUYECKOro COCTaBa rpyHTOB M, B YaCTHOCTU, OT HaaM4msa M cocTaBa BOAOPACTBOPUMbIX COEANHEHUN.
KncnoTHOCTb rpyHTOB, Kak yka3sbiBan B.A. Mputyna [127], HE3HAUMTENBHO BAUSIET Ha NpoLEecc Koppo3mu. MccnegoBaHne NokKasanm, YTo 3TOT MPOLECC MOXET MPOMCXOAUTb U B KMCbIX, N WENOYHbIX rpyHTax. Mpu 3HaueHnsax pH (2-3) n (11-14) rpyHTOB KOppO3ns CTaHOBUTCSA MHTeHcmBHOM [10]. Mpu pH, paBHMYy 7, npouecc
KOppO3un onpeaenseTcs Apyrmmmn caktopamu.
OnacHOCTb KOppPO3MK KpUTEpPMANbHO onpeaenseTcs No BeMYMHeE TOKa YTeUKN
C eanHnUbl MoBepxHocTn Metanna (tabnmua 1.5 [18, 20, 25, 124]).
Tabnuua 1.5 - MNoTepn MeTanna Npu 3/1EKTPOKOPPO3NMU
MeTtann
MnoTHOCTL
r/cM3
DNeKTPOXMMMUYECKN
3KBMBANEHT
Ob6beMHble noTepu MeTanna
CM3/A rop,
HopManbHbIlA noTeHuwnan,
B
Mr/A roa
Kr/A roa
XXeneso
7,83
0,2824
9,12
1165
-0,44
ANIOMUHNIA
2,7
0,0932
2,93
1035
-1,67
CBuHey,
11,35
1,0376
33,8
2970
-0,126
Meab
8,6
0,6588
26,6
3100
+0,345
MpumeyaHmne: HopmanbHbI MoTeHLMan — NoTeHLMaN MeTasia B pacTBOPE €ro CosM Mo OTHOLLEHMIO K MOTeHUMany Bogopoaa, NpuHMMaeMoMy 3a TOUKY oTcyeTa (Hysb).
Takum o6pa3oM, OCHOBHbIMW (haKTOpaMu, BANSIOWMMM HA NPOLLECC KOPPO3NM 3/1eMEHTOB 3Y, SABMAIOTCA BIAXXHOCTb FPYHTA, €ro CTPyKTypa, XMMUKO-MUHEpanbHbIN coCcTaB, bakTepuanbHblli COCTaB, KNCIOTHOCTb, COAEpXXaHMe B HEM ra3oB M Hannume 6ay>XaaroLmnx TOKOB.
1.2 MeToapbl U cpeacTBa KOHTPONS COCTOSAHUSA 3Y
Mpobnema akcnayaTaLuMOHHOIO KOHTPOJISI CUCTEM 3a3eMieHns Bceraa 6bina ogHOM M3 OCHOBHbIX 3aZad y CneunannucroB. 3T0 06bACHSAETCS TeM, UTO KOHTPOJIb, MPOBEAEHHbIN B MOSHOM 06beMe M C COOTBETCTBYIOLWMM Ka4yeCTBOM MO3BOSIET BbIABUTb HeAo4YeThl, BO3HUKLLME B pe3yfbTaTe, Hanpumep, NPoeKkTHbIX owmnbok [16, 19, 84,
132].
N3MepeHuns napameTpoB 3Y NO3BOASAIOT B AO/DKHOM MEpe OLEeHUTb COOTBETCTBME peanbHOro 3Y ero npoekTtHoMy obpasy.
N3MepeHMe napamMeTpoB 3Y OCYLLECTBASOT NpubopaMn, peKkoMeHA0BaHHbIMM HOPMaTUBHbLIMK AOKYMeHTamun [86, 87, 88, 96, 100]. [lns npoBeaeHMs e NPOBEPOUYHbIX pacyeToB, Kak MpaBunsio, MCNOMb3YHOT KOMMbIOTEPHbIE NMPOrpamMmbl, NMpuUBeAeHHbIe, Hanpumep, B [27, 34, 40, 55, 56, 58, 59, 65, 69, 71, 72,73,76, 77,93, 114,
115,118].
Mpn npoBepke coCToAHNSA 3Y 3/1EKTPOYCTaHOBOK B MOJSIHOM 06beMe BbIMONHAKTCA cneayowme suapl pabot (CM. pucyHok 1.3). CorflacHoO CTPYKTYPHOM CXeMe aHaIM3NPYHOTCA OCHOBHbIE /IEKTPUYECKME U MEXaHUYECKMEe napaMeTpbl 31eMeHTOB 3Y, XxapaKTepU3YyeTCs ero COCTOSIHUM U PEKOMEHAYETCA AanbHENLWNIA CPOK CyX6bbl.
PucyHok 1.3 — CTpyKTypHas cxemMa npoBepKn cocTossHua 3Y
1.2.1 C60p UCXOAHbIX AaHHbIX U BU3YanbHbIM KOHTPOMb. NS cbopa MCXOAHbIX AaHHbIX U MPOBEAEHWUSI BU3YalbHOrO KOHTPOJIS COCTOSIHMS 3N1eMeHTOB 3Y BbIMOJHAKTCA cneayowme sBuabl pabot (cMm. Tabnuuy 1,6) [88].
HeobxoanMbiMn napameTpammn npu cbope NCXOAHbIX AAHHbIX SBASIOTCS 3Ha4YeHMe TOKOB 0AHO0MA3HOro 1 AByxda3Horo KOPOTKOro 3aMblKaHWI, MpoOeKTHasa CxeMa 3a3eMnstowWero yCTpoMCcTBa, CeveHne 3aseMnnTenein 1 3a3emMnsaowmnx NpoBoAHMKOB U KNMMaTM4ecKme YCIoBUSA B MeCTe NOrpy>XeHns BepTUKaabHbIX U FTOPU30OHTasIbHbIX
3/1EKTPOLOB.
Tabnuua 1.6 - UcxoaHblie gaHHbIE A1 MPOBEPKN COCTOSHUS 3a3eMISOLLErO
yCTpoicTBa
N° n/n
HanMeHoBaHWe UCXOAHbIX AAaHHbIX
HasHayeHune McxoaHbIX AaHHbIX
MpumeyaHue
1
CxeMa nNepBUYHbIX COEANHEHWNI 3NEKTPOYCTaHOBKM
CxeMy ncnonb3yrT A4J19 03HAKOM/IEHUS C 3JIEKTPOYCTAaHOBKOM, OnpeaeneHns TpeboBaHnn K 3a3eM/ISOLIEMY YCTPOMCTBY W €ro 3/IEMEHTAM M Pac4eTOB BblCOKOYACTOTHOW COCTaB/stoLLEN Toka K3
2
CUTyaUUOHHbIA NJIaH pacrosioKeHUs 31eKTPoyCTaHOBKN. CBeAeHNS O BbIXOASAWMX 3@ npeaesbl 3NeKTPOYCTaHOBKM 3a3eMINTENSX U MPOBOASLWLMX KOMMYHUKALMAX: NpUCOeANHEHME MPO303aLlUTHBIX TPOCOB BO3AYLUHON JIMHUMN K KOHCTPYKLWSIM 3N1E€KTPOYCTaHOBKU, COeANHEHNS 06010MeK OTXOASALLMX CUNOBbLIX Kabenen cBssu ¢
3a3eMSLWMM YCTPOMCTBOM, coeanHeHue ¢ 3Y NpuXoaswmx B 3/1IeKTPOYCTaHOBKY MeTamyecknx TpybonpoBoaos.
[naH ncnonb3yT AN BblSBIEHUSN:
- 3/1IEKTPOMNpPOBOAALLMX 06bEKTOB U KOMMYHWKaLWW 3a npeaenamun 371eKTpoyCTaHOBKU W onpeaenieHns HanpasieHWn pasHoca U3MepUTeNbHbIX 3/1eKTPOAOB;
- MECT BO3MOXHOI0 BbIHOCa NOTeHLMana;
- NICTOYHMK BO3MOXHbIX 61y>AatoWmMX TOKOB, PacnoiIoXXEHHbIe B 61M3M 3/1EeKTPOYCTaHOBKM.

npogo/mkeHne Tabnmubl 1.6
3
3HayeHuMs TOKOB 0AHO(A3HOro KOPOTKOro 3amblkaHums B cet 110 kB v Bbiwe
Ona pacyeta HanpsHKeHMS Ha 3a3eMASIOLLEM YCTPOMCTBE, Hanpsb>kKeHWM NPUKOCHOBEHMUS, Pa3HOCTEN MOTEHLManoB no 3Y U TEPMUYECKON CTOMKOCTM MNpPOBOAHMKOB HEobX0AMMbl 3HAYEeHMs TOKOB OAHOMA3HOr0 KOPOTKOro 3aMblikaHus Ha OPY Bcex KaccoB HampshKeHui, B cOCTaBe: MOMHbIM TOK oaHodasHoro K3 n Tokm B
HenTpansx TpaHcgopMaTo-poB N aBTOTpPaHChOpMaTo-poB.
JononHutensHo MOryT 6bITb 3anpoLweHbl AaHHbIE [0 TOKaM HYJ/IEBOW NMOC/eA0BaTelbHOCTM BO BCeX 06MOTKax TpaHChOpMaToOpOB M TOKaM HYJIEBOM MOC/IeA0BATE/bHOCTU, MoAaTekalowme Mo BceM BJl.
4
Tok ABOMHOro 3aMbliKaHWA Ha 3eM/to B ceTu 6-35 kB
Mcnonb3yeTcsa ans pacyeTa pasHoCTer NoTeHUnanos no 3Y n NpoBepKuM TEPMUYECKON YCTOMYMBOCTM 3a3eMSIOLWMX NPOBOAHMKOB, 3a3eMIUTENEN U SKPaHOB Kabenen.
5
Tok 0gHO(Ma3HOro 3aMblKaHusa Ha 3eM/to B ceTu 6-35 KB.
Ncnonb3ytoTca ang onpeaeneHns Hanps>KeHUm npuKoCHOBEHUS Ha COOTBETCTBYOWMX PY.
Mo cxeMe 1 0CMOTPOM ONpeaensatTCs TakKe HOMUHAMNbHbIE TOKM PEAKTOPOB MW PE3NCTOPOB, YCTAHOB/IEHHbIX Ha MOACTAHLUMN.
npogomkeHne Tabnnubl 1.6
6
Bpems oTktoueHns K3 OCHOBHbIMWU U pe3epBHbIMU 3allmMTaMun.
Bpems pabotbl YPOB.
[ns onpeneneHns 4oNyCTUMbIX 3HAaYEHUW HaNPsSXKEHUM MPUKOCHOBE-HMS, pacdyeTa TEPMUUYECKON YCTOMYMBOCTY 3a3eMIAI0-LMX MPOBOAHMKOB, SKPaHOB M MeTannyeckmx obosnoyek kabenen.
7
[MpoekTHas cxema 3a3eMstoLuLero ycrponcrea (C y4eTOM BbIMOJHEHHbIX PEKOHCTPYKLIMIA).
MacnopT 3a3eMnsaOLWero ycrponcraa.
[na HOBOroO CTPOMTENbCTBA U PEKOHCTPYKUWM 0bbekTa BbIMOAHAKT NPOBEPKY COOTBETCTBUS 3Y MpoekTy.
[Onsa pencrBytowlero o6bekTa BblMOMHAKT NPOBEPKY COOTBETCTBUSA NapaMeTpoB 3Y U UCMOMHUTENbHON CXEMbl MACMOPTHbLIM AaHHbIM.
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Knumatunyeckne ycnoBus: Temnepatypa, LaB/ieHWe, BNaXHOCTb, 0CaAKM, COCTOSSHUE FPyHTA — CYXOW, BAAXXHbIN U T.4.
[Ons nepecuyeta K Hanbonee HebnaronpusATHbLIM YCIOBUAM.

9

eoanekTpnyeckmnin paspes naowankm 3/1eKTpOyCTaHOBKMU.

[Onsa pacyeTta napameTtpos 3Y.

Mo npoekTy (pe3ynbTaTbl Npes NPOeKTHbIMN U3bICKAHUSAMM).

10

CeeneHunsa 06 obbekTe, BKOYas:

- Tun PY (OPY, KPYH, KPY3, KPY, 3PY);

[na cocrtaBneHns MCNOMHUTENbHOM CXEMbl, pacyeTa napameTpos 3Y.

OKOHYaHue Tabnuubl 1.6

10

- 3[aHUSA N coopyxXeHunsa Ha Tepputopum (OMY, PLU, PY, AT), peakTopbl, BCoOMOraTesibHble 34aHNS U COOPY>KEHUS;
- BUAbl MONITHNEOTBOAOB: OTAE/IbHO CTOSALWME, NOPTalibHblEe, CETKA, MPOXXEKTOPHbIE MaYTbl, aHTEHHbIE MayThl;
- MaTtepuan, Nnpodpunb, CEYEHNE 3a3eMIUTENEN N 3a3EMSIOLLNX NMPOBOAHUKOB;

- TMN kabenbHOM KaHanM3auun u Kabenen;

- Tpy6onpoBoabl;

- goporu;

- OrpaxkaeHus;

- KOJINYECTBO OTXOASALWMX CMI0OBbIX Kabenei 6-110 kB, Bkntoyast kabenbHblie BCTaBku nepea BJl;

- oTXoAswmne kabenn cBa3n, TeNeMexaHKm 1 T.0.

BusyanbHas npoBepka NpoBOAUTCS C LieSIbI0 KOHTPOJIS KayecTBa MOHTaXa M COOTBETCTBUS CEYEHUS 3a3eMISOLLNX MPOBOAHUKOB TpeboBaHMAM npoekTa u My3.
MpoBoANTCA N3MepeHne cevyeHns 31eKTPoA0B N 3a3eMsIoLWMX MPOBOAHNKOB M CPABHMBAETCSH M3MEPEHHOE 3Ha4YeHNe CO 3Ha4YeHNAMKN, MNOJlyYEHHbIMU B pacyeTax.
Koppo3us Bbi3blBaeT U3MEHEHME CeYeHM S 3a3eMSHOLWLNX NMPOBOAHMKOB, C MOMOLL IO KOTOPbIX KOpnyca 31ekTpoobopyaoBaHms nogkatovatoTcs K 3Y. Mpu 3ToM Hanbonbluee M3MeEHEHME MPONCXOANT B MeCTe BXOAA B MPYHT yKa3aHHbIX npoBogHuKos [88, 107].
Bu3yanbHbIM KOHTPO/IEM Ha pacrnpeaenvTesibHOM ycTpoincTee ( PY) npoBepstoT HaiMumMe U YMCIo 3a3eMAsoWLMX NPOBOAHUKOB Y KaXA0ro obopyaoBaHMA M KayeCTBO MOHTaxka. bonToBble coeauHeHUs A0/MKHbI BbiTb HAAEXHO 3aTSAHYThl, CHabXXeHbl KOHTPrankom 1 NMpy>XWHHOM Wwanbon [89]. BHelwHee cOCTOSHUE 3/1eMeHTOoB 3Y
npoBepsieTcs BU3yanbHO.
1.2.2 N3MepeHMe conpoTuBneHUs MeTannoceasen. OnpeaeneHne KadecTBa METa/NloCBA3U 3/eKTpoobopyaoBaHnsa € 3Y OCYLLEeCTBASETCA NyTeM OnpeaeneHns nepexofHOro COMpOTUMBIEHMS KOHTAKTHbIX COEAMHEHWI 3a3eMSoWMX NMPOBOAHMKOB C 3a3eMNSWMMKU 3NeKTpojaMu. BbiNnonHSETcs onpeaeneHme HernpepbiBHOCTH
3aseMnsaLWwmx nposogHukos [19, 27, 28, 40].
KOHTaKTHble coeaMHEHUS MPOBEPSIOT OCMOTPOM, MPOCTYKMBaHWEM, a TakXe Bbl6OPOYHO M3MEepeHNEM MepexonHbliX CONMPOTUBAEHUA MOCTaMM, MMKPOOMMETpPaAMMU M MO METOAy aMnepMeTpa-BosibTMeTpa. B cootBeTctBum € [100] kauecTBeHHOE NMpucoeauHeEHmne K 3a3eMnamTento obecneymBaeTcsi MpyU NepexogHOM CONMPOTUBAEHUN He
6onee 0,05 OM. CxeMa U3MEPEHUS CONMPOTUBIIEHNA KOHTAKTHbIX COEAMHEHUI METOAOM aMnepMeTpa-BoNbTMETPa npuBeseHa Huxe (pucyHke 1.4). KOHTaKTHbIE CONMPOTUBIEHNA U3MEPSIIOTCA B MEPBYIO ovepeab B MeCTaX COeANHEHUS N OTBETBIEHUS 3a3eM/ISIOLLNX S/IEMEHTOB.
PucyHok 1.4 - Cxema n3MepeHms ConpoTUBIEHNS KOHTAKTHOMO coeanHeHuns
NHTepBasnbl Mexay TOKOBOW W MOTEHLUMANbHOM LlenoyYKaMm Npu NorpyxXeHne TOKOBbIX M MOTEHUMANbHbIX 3/1€KTPOAOB B FPYHT AO/MKHbI paBHATbCS 1M [34, 35].
1.2.3 OnpepeneHne UCMONHUTENIbHOM CXEMbl 3a3eMSIOLLEr0 YCTPONCTBA. Ha MCMONHUTENBHOM CXeMe 3a3eM/ISHoLWEro YCTPOMCTBA AO/DKHbI ObiTb YKa3aHbl eCTECTBEHHbIE U MCKYCCTBEHHbIE 3a3eM/IMTENN U 3a3eMISoLLIME NPOBOAHUKN: CXeMa MPOKNaaKu; Matepuas, npodunab (nosoca, NpyToK, CTEPXXEHb, apMaTypa) 1 rnonepevyHoe
ceyeHune; rnybuvHa NpoknaakM 3a3eMnnTeneln; Mecrta COeAUHEHUN 3a3eMNnTeNnell U 3a3eMsioWnX NPOBOAHUKOB C 3asemnuTtenem [23]. CxeMy NpokaagKku 3as3eMnumTenier U 3a3emisiolunx NpPOoBOAHUKOB HAHOCAT Ha pabouni nnaH obbekTa. Ha paboyeM nnaHe AOMKHbI 6biTb MOKasaHbl: 34aHUS U COOPYXEHUS; CUIOBOE
obopyaoBaHWe; METANNIOKOHCTPYKLUWK; onopbl BJT; nepexoaHble nyHKTbl KJ1; MONHMEOTBOAb!I U MOIHME3aWnTHbIEe Tpockl; OMNH v paspsaHUKK; NPOXEKTOPHbIE
W @HTEHHble MauyTbl; NopTanbl; TpybonpoBoAdbl; KabenbHas KaHanu3auus; 6uonornmyeckas 3alinTa; KAEMMHble LWKadbl; CBAPOYHbIE MOCTbI; MeCTa 3a3eMfeHUs HenTpanen TpaHcdopmaTopoB; goporu [64, 66]. Ons 34aHMA AOMKHbI OblTb COCTABMEHbI MO3TaXHble paboune naaHbl pasMelleHns obopyaoBaHUS, Ha KOTOpble
HaHOCSAT UCMOMIHUTENIbHYIO CXeMY BHYTPEHHEro 3a3eM/sioWero yCTporicrea ( CMCTEMbl ypaBHMBAHWUA MOTeHUManoB). Ha cxeme Ao/MKHbI ObiTb YKasaHbl 3a3eMasiowme NpoBOAHUMKW, Marucrpaavm 3as3eMIeHWUs, 3aKknagHble MeTa//IOKOHCTPYKLUWUU; MEeXITa)XKHble COeAMHEHUS Marncrpanen 3a3emyeHus U Mecta MOAK/IYEHUS K
BHELLHEMY 3a3eMnsaioLemMy ycrponcrey [134].
Tpacchbl MPOKIAAKMN 3a3eMANTENA U 3a3EMSIOLWLNX MPOBOAHMKOB B FPYHTE OMpeaensioT C MOMOLbIO CcheunanbHbiX NPUMbopoB, MO3BOMAAKOWMUX OnpeaeMTb MeCTOMONOXEHWNE U FybUHY 3aneraHmsa noa3eMHbIX KOMMyHUKauuini [15, 135].
[nsa onpegeneHmnsa Tpaccbl NPOKNaAKK 3a3eMANTENSA UCTOYHUK NEPEMEHHOMO TOKa NOAKII0YAOT K pas3/IMyHbIM yAaneHHbIM Apyr OT Apyra Toukam 3Y.
1.2.4 OnpepeneHne yaenbHOro 3/1eKTPUYEcKoro CONpoTUBIEHUS TPyHTa. YAesbHOe 3/1eKTpu4yeckoe ConpoTuMBIieHME rpyHTa HeobxoamMbl Ansa pacdeTta
napameTpoB 3Y N OLEHKM ero COCTOAHMSA C y4eTOM Hanbonee HebnaronpusaTHbIX KNMMaTUYeCKMX ycnosuin [64, 67, 72, 128].
YpaenbHoe 31eKTpuyeckoe CONpoTUBIIEHNE FPyHTa N3MEPSIOT METOAOM BEPTMKa/IbHOMO 3/1IeKTpMYEeCcKoro 3oHaAnposaHuns (B33). Metoa B33 no3BOASET BbIABUTb 3NEKTPUYECKYHD HEOAHOPOAHOCTb CTPYKTYPbl FPYHTA — YNC/IO U TOJWNHY C/I0EB C Pa3MYHbIMU 3HAYEHUSMU YAENbHOIO 3/1EKTPUYECKOro CONpOTUBAEHUSA FpyHTa [34, 38,
40, 109].
1.2.5 V3mepeHune ConpoTUBIEHNS 3a3eMISIOLLEr0 YCTPONCTBA MPOBOASATCS METOAOM aMiMepMeTpa-BO/IbTMETPA, KOTOPbI MMeeT Kak AOCTOMHCTBA, TakK U HefoCTaTKW. B 4acTHOCTM, pacrnofioXeHue TOYeK BHeApPeHMS B MPYHT MOTeHUManbHbIX U TOKOBbIX 3/1IEKTPOAOB Ha MpaKTMKe He OCTalTCA MOCTOSIHHbIM. 3TO, B psae ciy4vaes,
NpUBOAMT K pe3ysbTaTaM, NoKasblBaLWMM YMEHbLUEHME CONPOTMBAeHMS 3Y pacTekaHuio Toka [58, 88, 89]. Takas owmnbka MOXET CKa3aTbCA Kak Ha HaAEeXHOCTU, TaK M 31eKTpobe30nacHOCTM 31eKTPOCHabXeHuns.
PucyHok 1. 5 — CxeMa n3MepeHna COMpoOTUB/IEHUNA pacTekaHuto Toka 3Y
M - noTeHuManbHbIN 3neKkTpoa, T — TOKOBbI 3N1EKTPOA,
1.2.6 OnpepeneHne Hanps>XkeHUsa Ha 3a3eMSOWEM yCcTpoicTBe. KOHTPOMb 3@ COOTBETCTBMEM TpeboBaHMSAM HOPMATMBHbIX AOKYMEHTOB 3Y, pacCYMTaHHbIX MO AOMNYCTUMOMY HanpshKEHWUIO MPUKOCHOBEHMS, MPOBOAMUTCS MYTEM M3MEPEHUS NaAeHUS HaNpsHKEHUS Ha CONpPOTMBIIEHUMN pacTekaHuto Toka 3Y [59, 87, 109, 140, 146].
MpruMeHsieMble B 3TOM C/ly4ae CXeMbl U3MepeHnsi NpeacTaBieHbl HA pUcyHkax 1.6 n 1.7.
PucyHok 1.6 — CxeMa u3MepeHns HanpsXXeHns NpMKOCHOBEHUS
PucyHok 1.7 -= Cxema naMepeHus ConpoTuBEHNS OCHOBaHUS
M - mMeraommeTp, 1- Aocka, 2 —MOPoJIOH, 3 —MefHas CeTKa; 4 - MOKpas TKaHb.
1.2.7 Cpeacrtsa ans onpeneneHnst COCTosHUS anemeHToB 3Y. [ns onpeaeneHms TOAWMHbI KOPpO3nK, KOTopasi BO MHOIOM 3aBUCUT OT Hanmuus bnyxaatowmx Tokos [22, 76, 77,95, 106, 112, 115, 119], ncnonb3ytoTca:
MWUKPOMETP W/IN LWTAHFEeHLUPKY/b;
MWKPOOMMETP;
MeraoMmeTp (u3meputesnb conpotueneHms 3Y).
TonwmHa Koppo3mKn BOKPYr 3a3eMstoLero anekTpos (apMaTtypbl) M3MepseTcs C MOMOL b0 MMKpPOMETpa. MMKpOMETp NO3BOSIET TOYHO ONpeaesiMTb MexaHN4Yeckoe COCTOSIHME 3a3eMIaLWMX 3N1EKTPOLOB.
B HacTosilwee BpeMsa Ansa onpeaeneHns TONWMHbI KOppo3nKn 3Y MCNOMb3YIOTCS COBPEMEHHbIE MUKPOMETPLI pasHbiX Mogenen. OAHUM U3 Takux npnbopos sABnseTca undposor MMKpoMeTp Tuna MKL, BHeWHWI BMA KOTOPOro NnpuBeaeH Ha pucyHke 1.8, a B Tabnuue 1.7 gaHbl ero xapaktepuctukm [49, 90].
Tabnuua 1.7 — XapakTepucTmku umdpoBbiX MMKpoMeTpoB Tnna MKL]|
HanmeHoBaHue
Knacc
Pabounin ananasoH
MM
AnckpeTHOCTb
cM
MorpewHoCcTn namepeHmns
cM
MKU-25 (5)
1
0,0 - 24,99
0,0001
0,0002
MKU-25 (5)
2
0,0 - 24,99
0,0001
0,0004
MKL-50 (5)
1
25,0 - 49,99
0,0001
0,0002
MKU-50 (5)
2
25,0 - 49,99
0,0001
0,0004
MKU-75 (5)
1
50 - 74,99
0,0001
0,0002
MKU-75 (5)
2
50 - 74,99
0,0001
0,0004
PucyHok 1. 8- Undposon mnkpometp MKL|
Ona onpeneneHnsa KOHTaAKTHOro (nMepexoaHoro) ConpoTUBAEHUS 31eMeHTOB 3Y ncnosb3yeTcs MMKpooMMeTp. CoBpeMeHHble LndpoBble MUKPOOMMETPbI MO3BOJISAIOT N3MEPSATb KOHTAKTHOE COMPOTUBIEHME METaNIOCBSA3N C HE3HAUMTENbHOW NMOrpewHoCTbo. B KayecTBe Takmx npnbopoB ncnonb3ytoTcs MMkpooMmeTpbl MKC-5, M4104 un
TC-3. Mpubop NKC-5 npeagHasHayeH AN oNepaTUBHOINO M3MEpPEHUS HU3KOr0 3NEKTPUYECKOro CONpPOTUBNEHUS MOCTOSSHHOMY TOKY, B TOM YMCNE NMepexoAHOro COnpoTUBIIEHUS BbICOKOBOJSIbTHbLIX BblK/louaTenen n pasbeanHutenen [80]. Mpubop NKC-5 nossonser M3MepsiTb 3NeKTpUuyYecKkoe COnpoTUBIEHNE HU3KOUHAYKTUBHbIX
Lenen agpyrmux MawmH v annapaTtosB B gnanasoHe ot 0 go 104 mMkOM.
Tabnuua 1.8 — XapakTepucTtmkum umdpoBoro MmkpoomMmeTpa tuna UKC-5
TemnepaTypa oKpy>atoLleln cpeabl
°C
OTHOCMTeNbHas BNaXXHOCTb BO34yXa
%
ATMocdhepHoe faBneHue
klMa
Hanpsi>keHHOCTb 3neKTpu4yeckoro nons yacroron 50 Ny
kKB/M
Hanps>keHHOCTb MarHMTHOro nons yacroton 50 My,
A/M
HanpsikeHne nutatolwen ceTn nepeMeHHoOro Toka, npu yacrote 50 'y
B
-20..55
90
84..106,7
no 5
no 400
220+22
[Jnana3oH 13MepsaeMoro 3/1eKTpuYeckoro conpotmeneHus cocrasnset 0...10000 mMkOM. Mpeaensl 4onycKaeMon OCHOBHOW OTHOCUTESIbHOW MOrpelHOoCTU N3MepeHns:
+ (0,2+0,01(10000/R-1))%, (1.1)
roe: R — naMepeHHoe 3HadeHue conpoTmsieHus, MKOM. [lonyckaeMas AOMoAHUTebHAs OTHOCUTENbHAs MOrpewHoCTb U3MEPEHMS NpU U3MEHEHUU TeMmnepaTypbl OKpyXalowero Bo3ayxa OT HOpMasbHbIX A0 NMpefenbHbliX 3HavYeHun B paboueM amanasoHe TeMmnepaTyp He AO/DKHa MpeBbilwaTh npegena AonyCKaeMoM OCHOBHOM
norpewHoctn (+ (0,2+0,01(10000/R-1))%, rae: R —u3mepeHHoe 3HadyeHne conpoTueneHuns, MkOM) Ha kaxaple 20 °C.
JonyckaemMas AONONHUTENbHAas OTHOCUTENbHAs NOrpewHOCTb U3MEPEHUS MPU HAaNMYMKM BHELLHEro MarHMTHOroO nons yactoton 50 Ny HanpsxeHHocTbio A0 400 A/M He Ao/MKHa NpeBblWwaTh Npeaena Aony @ €kaeMmon ocHoBHoW norpewHoctn (+£(0,2+0,01(10000/R-1))%, rae: R — naMepeHHoe 3HayeHune conpoTmeneHuns, MKOM).
PucyHok 1.9 - Undposonn mnkpoommeTp MKC-5
ConpoTtuBneHunst 3Y aneKTpoyCTaHOBOK paHblUe U3MEPSINCb U3BECTHBIMU aHanoroebiMn npnbopamm M416, ®4103 n ap. Ceityac ncnonb3yoTcs pasHble UMb poBbie MpUb6oOpbI C ManbiMM NOrPEIHOCTAMU N YAOBHbIMU A4S 3KCNyaTaumu. B kadectBe Takoro npnbopa MOXHO ncnonb3oBaTb UmMdpoBon MmeraommeTtp NC-10 [57],
MRU-105 n MRU-120. B HacToswee BpeMsa B Poccvun ana naMepeHmns conpotneneHuns 3Y 1 yaenbHoro ConpoTUBAEHUS FPyHTa MCNONb3yeTcs LMdpoBOM coBpeMeHHbI npnbop NC — 10, Tak Kak OH BCEM AOCTYNeH, yaobeH Ans naMepeHus n nMeet 60/bLIOoN AManas3oH U3MepeHus.
N3mepeHune conpoTtmeneHuns 3Y ¢ nomowbio MC-10 ocyLecTBiseTcss No YeTblpEXNPOBOAHOMY U TPEXMPOBOAHOMY MeToAaM. CxeMa NMOAK/IYEHMS TOKOBOrO M NOTEHUMANIbHOrO 31eKTpoaoB npubopa nokasaHa Ha pucyHke 1.10.
PucyHok 1.10 — CxemMa naMepeHus CONpoTUBIIEHNS 3a3eM/IEHNS @) YeTbliPEXMPOBOAHBIM METOAOM 6) TpexnpoBOAHbIM METOA0M
AHanus MeToAoB W CPeACTB, MPUBEAEHHbIX B AAHHOM naparpade, nokasbiBaeT OTCYTCTBME KakuMxX-mmbo npubopoB MAM MeToAMK, KOTOpble MO03BONSAAM 6bl OLEHUTb COCTOSIHME 3a3eMsioLero YCTPOMNCTBO, Npexae BCero ero KOPPO3MOHHOE COCTOsIHWME. YCTpaHeHMe 3TOro HeaocTtaTka MOXET, MO HaleMy MHEHMU, AOCTUMHYTO
M3y4YeHUEeM BIIMAHUSA pas3NnyHbIX PakTopoB Ha 3Y C NOMOLbIO MOAENNPYIOLWNX CUCTEM.
1.3 MogenvpoBaHue 3a3eMNsioLLMX YCTPONCTB Kak Crnocob nayyeHns BAMSHMS pa3nnyHblX (hakTOpoB Ha UX COCTOsIHUE
dnekTpuyeckme moaenm husmyecknx cMcTtem n Gpusanyeckmx nonen noayyman B HacTosilee BpeMs LWNMPOKOe NpuMeHeHne bnarogapsi CpaBHUTEIbHOM MPOCTOTE UX OCYLLEeCTBeHNsa n obcnyxumBaHusa [1217].
DnekTpuyeckme Moaenun NUCMosb3yTCA NPU U3YYEHMU CTaUuMOHAPHbIX COCTOSSHUM, B 0COBEHHOCTU LUMPOKO MPUMEHSIOTCA MPU UCCNefoBaHMN AMHaMUYECKMX NpoL,EeccoB.
MpenMyLecTBaMn 31EKTPUYECKMX MoAener ABNATCA npoctoTa Habopa CxeM M U3MEHEeHUs WX napamMeTpoB, yYAO6CTBO M TOUYHOCTb 3/IEKTPUYECKUX U3MEPEHMUM, BO3MOXHOCTb OCLMNorpacdmnyeckon perncrpaumm npoueccoB BO BpeMeHW. [Mpu OCyLecTBeHNU 3MeKTPUYecknx mogenein He TpebyeTcs BbINOSHEHUS TOYHbIX
MexaHn4yecknx paboT U NpMMeHeHMs AeTanen TOYHON MexaHuku. N3rotoBneHmne Moaenein Nnpom3BoamTcs 0bblUHbIMM METOAAMU 3IEKTpopaaMoMoHTaxa [31, 70, 82, 136].
Ha pucyHke 1.11 nokasaHa knaccudmkaums COBPeMeHHbIX Modernen. 34ecb MOAENU NMOAPasAenstoT Ha ABE OCHOBHbIe FPynnbl: BELWeCTBeHHble (MaTepunasnbHble, NpubopHble) n cuMBonnyeckue (a3bikoBble) [126].
MepBble Ha3bIBAKOT NMPOCTO «MOAENN>.
Btopble Mmopgenu, roe dukcaums, NocTtpoeHne, onmcaHne obbekTa MW SBAEHUS AAalOTCH Ha TOM UM MHOM S3biKe, MO3BOASKT NpUMeHaTb IBM. Ocobbiih addekT MoXeT 6biTb MOAyyYeH Torha, Korha Moaefb yAaeTcs OnucaTb MaTeMaTMUYeCcKMM A3blKOM, T.e. YCTAaHOBUTb aHanMTu4yeckume 3aBUCMMOCTU. [anee aTa MoAesb MOXeT
nccnenosaHa nobbiM U3 cnocobos, NnpuBeaeHHbIX B [98, 134, 136, 137].
PucyHok 1.11 - Obuwas knaccudmkaumsa mogenemn
MNpuMeHeHne UMUTALMOHHbIX MOAENEN NO3BONSET OLEHUTb KayeCTBO yrNpaBfieHUs UMW MO HEKOTOPOMY MokasaTtesnto addekTnBHocTn [33].
B psge cnyyaeB MOryT MpUMEHSATBCA MMUTaLMOHHO-MaTeMaTudeckne mogenu [120].
OyHKUMOHAJbHbIE XXe MOAEN AO/HKHbI OMUCbIBAaTbCS COOTBETCTBYIOLLEN CMCTEMON ypaBHeHuI [79].
MopenvpoBaHune 3a3eMNALWLNX YCTPOMCTB obnervyaeT 3agavy 4Ans M3MepeHus napaMeTpoB 3a3eM/IeHHbIX 31eKTPoaoB. YA06CTBO Moaenn npu NpoBeAeHMM IKCNEPMMEHTOB 3aK/IO4aeTCs B C/ieaytoweM: NpocTtoTa KOHCTPYKUMM, ManorabapmTHocTb, 6e3onacHocTb, yaobcteo HabnwoaeHusa [1, 33, 103, 114].
Takmnm obpas3om, Mogenb — 3TO HenosHasa konus obbekTa. YTobbl NOAYEPKHYTb 3TO 06CTOATENBCTBO, MHOMAA FOBOPST, YTO « TOYHAsA MOAE/b HE HYXHa, a CIMLKOM HeToyHasa 6ecnonesHa, npy TOMHOM Mogenn HeT nogobus, a ectb ToxxkaecTso» [31].
dunsmyeckoe mogenmpoBaHme 35eMeHToB 3Y No3BoNseT B NabopaTopHbIX YCIOBMSAX NCCIef0BaTh NpoLecc KOPpo3un 1 ee BIMSIHUA Ha NapaMeTpbl 3a3emMnmTens.
1.4 3apaum uccnepoBaHms
AHanm3 BAnsaHUSA HaKToOpOB OKpYy>XKawLern cpeabl U 6ayxaarWwmx TOKOB Ha NMpoLecc KOPpo3MKn 371eMeHTOB 3Y U nlyyeHne nutepaTypHbiX NCTOYHUKOB O 3aBMCUMMOCTAX 3NIEKTPOTEXHMYECKNX XapaKTEPUCTUK OT PaKTOpPOB KakK XMMMYECKOro, Tak U 3N1eKTPMYECcKOoro xapakrtepa, nokasasnau, YTo OTCYTCTBYIOT Kakme-nnbo pesynbTaThl
3KCMEepPMMEHTOB O B/IMSHUS KaXKAoro, U3 paHee ynoMsHyTbIX (pakToOpoB, Ha MpOLEecC KOppo3uW 3aseMnmTens UM MeToaMK, KOTopble Mo3Boamaun 6bl onpepenaTb BAMSHWME Kaxaoro dakrtopa. [loaobHble nccnegoBaHUs MMEKT, B MEPBYIO OYepeab, TEOPETMYECKOE 3HAYeHWe, pacluimpsis Hawe npegocTaBneHue o  daktopax,
B/IMAIOWNX HA TEXHWYEecKoe COCTosiHUE 3neMeHTOoB 3Y.
[na Konn4yecTBeHHOro nccnefoBaHMs BAMSAHUS akTOpPOB OKpyXatowen cpeabl U 6y aatoWwmX TOKOB Ha NPoLEecc KOppo3uu asieMeHToB 3Y npeanonaraercs BblNOAHUTL CeayioLlee:
CdopmynmpoBaTb TpeboBaHMs, Ha OCHOBaHWM KOTOPbIX pa3paboTaTtb 3KCNEpUMEHTasIbHYO YCTaHOBKY ANs1 UccneaoBaHmMii B nabopaTopHbIX YCI0BUSIX.
Paspaboratb METOAMKY MCCNEAOBaHUS BAMAHUSA (DAKTOPOB OKpyXatoLen cpeabl 1 6nyxaaloLwmnx TOKOB Ha npouecc kopposmu 3Y.
MpoBecTn 3KCnepuMeHTasbHble UCCNEeA0BaHNSA BMSAHUSA KaXA0ro akTopa okpyxatowen cpefbl 1 6y aaowmnx TOKOB B pa3HbIX AMana3oHax.
YCTaHOBWUTb 3aBMCUMOCTb XapaKTepucTuk 3Y oT Bcex haKTopoB, BMSIOWMX Ha ero COCTOsSiHME, UX MHTEHCUMBHOCTU U NPOAO/IHKUTENBHOCTM BO3AENCTBUS.
Ha ocHOBaHMWM nofyYeHHbIX AaHHbLIX pa3paboTaTb NpeaoXeHns, KOPPEKTUPYHOLLME HOPMATUBHbIE AOKYMEHTbI, B YaCTHOCTM, pa3paboTaTb MeTOAMKY A1a onpeaeneHuns cocTossHus 3Y 6e3 BCKpbITUSA FpyHTa.
PeweHne npeanonaraemMon Bbille 3a4a4M N03BOASET pa3paboTaTb MaTeMaTMUeCcKyo MoAesb, AN OnpeaesieHns COCTOAHUS 3/IEMEHTOB 3a3eMASOLWNX YCTPOMCTB 6e3 BCKPbITUS FPYHTA, B 3@aBMCMMOCTM OT KOCBEHHbIX (haKTOpOB.
2. DKCMEPUMEHTAJIbHBIE UCCTEQOBAHNS BIIUAHNS PA3NTMYHbBIX ®AKTOPOB HA COCTOSIHUE 3A3EMNSIOLLMNX YCTPONCTB
Kak 6blna nokasaHo B § 1.2 npouecc KOppo3mn MeTaaimyecknx 3/1eMEHTOB, B T. Y. obpasyownx 3asemnsaowme yCTporicrTea, 3aBMcnT OT psaga ¢hakTopos. 10 HEKOTOPbIM U3 HUX YCTAHOB/IEHbI KOIMYECTBEHHbIE COOTHOLLEHMUS, NO3BONSAOWME OLEHUTb pe3ynbTaT KOPpOo3nuu, Npu 3TOM 3aBMCUMOCTU, KOTOpPble CBA3bliBanu 6bl BOEANHO
pasnnyHble GakKTopbl, HaM Hen3BeCTHbl. Hanbonee NpPocTo yCTpaHMTb YKasaHHbI HEAOCTATOK MOXHO KCMNEPUMEHTaNbHbIM MYTEM.
2.1 Pa3paboTka akcneprMMeHTaNlbHOM YCTaHOBKM
AHann3 nMTepaTypHbIX NCTOYHNKOB HE NO3BONUA BbISIBUTb HaNMUMe SKCNEepPUMEHTANIbHbIX YCTaHOBOK AN UCCNefoBaHUs BAUSHUA pa3nyHbIX (akTOpoB Ha npouecc Koppo3nu 3Y, oAHaKo Npu 3ToM 6blin HanAeHbl YCTAHOBKU A1 UCCNeA0oBaHUS BNSHUS Ha KOPPO3UIo OTAesbHbIX (haKkTOpoB.
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Hanpumep, nssecrHa ycraHOBKa Ans UCCefoBaHMsA KOPPO3MOHHOM aKTUBHOCTM FPpyHTa, KOTOpas BKAKYAET: NCTOYHUK NMUTAHUS NMOCTOSAHHOrO TOKa; MUI/IMAMNEPMETP; pPerynsaTop TOKa; MUIMBOMLTMETD; S4YenKy (MeTaslIMYecKyto BaHHY, BbINMOHSAOWY YHKUMIO HAPYXXHbIX 31eKTPOAOB), U BHYTPEeHHMeE 3aekTpodbl. C MoMOoLbto
OAHHOM YCTaHOBKM MOXHO ONpeaennTb KOPpPO3MIMHOCTb fitoboro Tmna rpyHTa [124].
[nsa nccnenoBaHms BAMAHMA pasnnyHbIX (PaKTOPOB OKpYXatolen cpeapl U 6y aalowmnx TOKOB Ha CKOPOCTb KOPPO3UM 3a3eMAsioWnX YCTPONCTB B NabopaToOpHbIX YCIOBUAX UAeaNbHbIM BAPUAHTOM SBASETCS UCMOb30BaHUE AMINIEKTPUYECKON BaHHbI, 3aCbiMAaeMOi FPYHTOM C pasHbIiM yAesibHbIM COMPOTUBIIEHUEM, MOCKOMbKY ANS
BOCCO34aHUS NPOM3BOACTBEHHOIO NpoLecca KOppo3nmn 3/1eMEHTOB 3a3eMnnTenet HeobxoanMbl onpeaenieHHble 31eKTPOXMMNYECKNEe yCII0BUS.
C uenbto obecneyeHnsa XMMUYECKUX N INIEKTPOXMMUYECKUX YCIOBMI AS11 BOCCO34AaHMA KOPPO3uK B 1labopaTopHbIX YCI0BUAX Ha Kadeape «be3onacHoCTb XusHedeaTenoHoctu» HOYplY 6bina paspaboTtaHa akcrnepuMeHTanbHas ycraHoBka (dusnueckas mogens) AN UCCefoBaHMS BANSHUSA BHEWHMX GakTopoB n 6ayxaatowmnx
TOKOB Ha KOPPO3MOHHOE CoCTosiHMe anemMeHToB 3Y [1, 3, 129].
MNMpennaraemas HamMu yCTaHOBKA MO3BOJISET MPOBECTM KOMMJIEKCHOE UCCNeA0BaHNeE BAMSAHUS pa3HbiX PakToOpoB Ha npouecc Koppo3un 3Y, a UMEHHO:
- 6ny>xgatoLlero Toka;
- BJI@XKHOCTW FpyHTa;
- pH rpyHTa;
- XUMUYECKUX MUHEpPasnoB rpyHTa (KoHueHTpauna SO42-, Cl-).
OCHOBHbIMK 3/1eMeHTaMM YCTaHOBKW siBAsieTca nabopatopHbii aBToTpaHcdopmaTop (JIATP) 1, pasgenuTenbHbli TpaHcdopmaTop 2, amnepMeTp 3, BONbTMETP 4, AM3/ieKTpMyeckme BaHHbl 5, B KOTOpble 3acbiMaH rpyHT 6, 3asemsiiowme 37eKTpoabl 7, MeaHyto donbry 8 n npnbop Ana namepeHus BAaXHOCTU M pH rpyHTa 9.
MpuMeHeHMe 4YeTblipéx ANINEKTPUYECKUX BaHH MO3BOSSEeT O4HOBPEMEHHO MPOBECTM 3KCMEPUMEHT MO OLEeHKe COYeTaHHOro BAMSAHMS (akTopoB Ha npouecc koppo3um 3Y. UcTouHuk nutaHus JIATP B uensx 6e30MacHOCTM MOAK/YEH K YCTAHOBKE 4epe3 pa3f@ @ mTenbHblli TpaHcdhopmaTop. KOHTpOSlb CBOWMCTBO FpyHTa
OCYLLEeCTBNSAETCA KaK C UCMofib30BaHWEM npubopa AN U3MepeHus BAAXKHOCTU U KUCIOTHOCTM FPyHTa M TepMOMeTpa, Tak u ¢ otbopom npob Ana nocnegyrowero xmMmyeckoro aHanusa [41 — 44]. KOHTpOnAb 3M1eKTpuyecknx napamMeTpoB — C MOMOLbIO aMrnepMeTpa M BONbTMeTpa. BonbTMeTp mMmeeT 60/blioe BHYTPeHHee
COMpOTUBNEHME.
PucyHok 2.1 - MpuHuMnnanbHasa anekTpuyeckas cxema Moaenu
Onsa nccnepoaHna BAMAHMA 61yXXAaOWMX TOKOB Ha NPOLLECC KOPPO3nK 3Y NOAKII0HAEM KaXAblA 3N1eKTPOA MOAENN K UCTOYHUKY NUTaAHUSA (PUCYHOK 2.1.).
B ocTtanbHbIX ciyyasax (Npy nccneaoBaHUM BAUSHUS BNAXHOCTW FPYHTA, ero pH U KOHUEHTpaunm XMMMUYecKux MMHepasnoB Ha npouecc Kopposmun 3Y) an1eKTpoabl NOrpy>XarTcs B FPYHT, HO HE NOAK/YATCA K UCTOYHUKY NUTaAHUS.
PncyHok 2.2 — CxeMa pacnofioXXeHUs 3/1eKTPOAOB B AN3IEKTPUYECKMX BaHHaX
B kauecTBe MaTepuana Ans 31eKTPOAOB 3a3eMNSAOLWNX YCTPONCTB UCNONb3yeTcs cTanb 6€3 aHTUKOPPO3MOHHOIro NOKPbITUA. BCe anekTpoapl B KaxAou BaHHe coeamHeHbl Mexay cobol napannenbHo U COCTaBASIOT KOHTYP 3a3eMIeHus.
FeomeTpnueckmne pasmepbl U 3/EeKTPUYECKME MapaMeTpbl 3/1EMEHTOB Modenu 6binv onpegeneHbl COrnacHO MPUHUMAY Teopum nogobusa v MoAenMpoBaHus, T.e. NMpU MOAEMPOBaHWUW 3aseMnauTenen Kputepum nogobus CBOAATCA K YCNOBUMSAM FeOMeTpuyeckoro nogobus u cobnogeHuto OCHOBHbIX KpuTepueB nogobus
3/1IEKTPOMArHUTHbIX npoueccos [2, 7, 32, 33, 36].
Mpwn pacyeTe OCHOBHbIX FEOMETPUYECKMX PA3MEPOB 3a3eMSIOLLNX SNEKTPOAOB YCTaHOBKN bl NONYyYEHbl Cleaytolwne pasmepsi:
- AMaMeTp BepTuKanbHOro anekrtpoga D1 = 6 mm;
- ovHa anekTpoda L = 120 MMm;
- pacCcTosiHMe MexAay BepTUKanbHbIMW 351ekTpodamn a = 105 mMm;
- CeYeHMe ropusoHTasbHOro anekTpoaa S2 = 12 cm2;
- rnybuHa norpy>eHus ropu3oHTanbHOro anekTpoaa ts = 10,5 mm.
dnekTpoapbl 6binn n3rotosneHbl U3 ctanm CT3, NOCKOJIbKY CTaslb TaKUX MapoK LUMPOKO MCMOoMb3yeTca B 3Y 3/1eKTPOyCTaHOBKax pa3IM4yHoOro HasHaveHumsa [100].
[Ons co3paHnsa KOHTypa MNpOTEeKaHMs TOKa Ha AHE KaXAOoW JANIMEKTPUYECKOM BaHHbl pa3sMelleHa MeaHasa donbra (pucyHok 2.3).
PucyHok 2.3 — CxeMa pacnofioXXeHUs 3/1eKTpoAOB YCTaHOBKU
1 — ropu3oHTanbHbIN 31eKTpos, 2 — BEpTUKasbHbIM 31eKTpoa, 3 — MegHas dosnbra
Ha pucyHke 2.4 nokasaH 061 BUA 3KCNEpUMEHTaNbHOM YCTaHOBKMU.
PucyHok 2.4 - Obwmnit BUA 3KCNepuMeHTarbHOW yCTaHOBKM
YcraHoBKa 3auwmueHa nateHToM PO N2 161812 (Ha nonesHyo MoAenb), «YCTaHOBKa A1 NCC/IeA0BaHUS BAMSAHUS (haKTOPOB OKpyXXatowen cpeabl 1 6nyXxaatolwmx TOKOB Ha NpoLecc Koppo3uun 3asemMnsiowmnx ycrponcrs» (MpunoxerHne b).
MNepea ncnbiTaHMeM NOBEPXHOCTb 3a3EeMSIOWNX 3/IEKTPOAOB ouMLLaeM, ob6e3knprBaeM N B3BELLMBAEM Ha 3NEKTPOHHbIX abopaTopHbiX Becax Tuna RV412D, a 3Ha4yeHne Macchbl 3/1eKTpoAoB 3aHOCKMM B Tabnmuy 2.1.
Mo 3aBeplUeHMIO KaxAoro 3Tana WUCcnefoBaHUI U3BMEKAeM 3a3eMNflne 31eKTpodbl U3 AUM3NEKTPUYeckMX BaHH M obpabaTbiBaeM ero mMexaHuyeckuM MetogoM [50]. MNocne yaaneHns NpoAyKTOB KOPPO3WMM C 3a3eMfoWero 3/eKTpoaa, TwaTeNlbHO MpoMbiBAaeM MPOTOYHOW 3aTeM AUCTU/I/IMPOBAHHOM BOAOW, BbICYLUWUBAEM
dunbTpoBaHHOM 6ymaron, B3sewmnsaem c TodHocTbto A0 0,0001 r 1 onpegensieM Macca MeTasnnia 3/eKTPoAOB Nocse npouecca aKkcnepuMeHTa. PesynbTaT n3aMeHeHue MacCbl 3aHOCUMM B Ty Xe Tabnmuy 2.1.
PasHuMuel Maccbl 31eKTpo4oB A0 M MOCse npouecca 3KCnepuMeHTa ornpegensieM BAMsSiIHME uccnegyemoro dakrtopa Ha npouecc Kopposuu. s 3Toro HeobxoAMMO KONMYECTBEHHO OLLeHMBaTb KOPPO3UMMHOCTb Ka)XAoro anekTpoaa (nocse aKkcrnepuMmeHTa). Ons KONMYEeCTBEHHOro OLeHKa KOPpo3uKM 3a3eM/ISHoLWMX 3/1eKTPOoLoB
obpabaTbiBaeM pe3ysibTaTbl 3KCNepuMeHTa cornacHo [50].
Ona obecneveHns ycnoBuin sKCnepnmMmeHTa Heobxoammo paspaboTka METOAMKN NCCNef0BaHUS FPyHTa U BOCMO/Ib30BaTbCSA METOAbI PeryiMpoBaHmns CBOMCTBO MPyHTa B pa3/IMUHbIX Anana3oHax.
2.2 MeTtoguka uccnenoBaHus
NccnepoBaHmsa Ha pa3paboTaHHOM HaMn 3KCNEpPUMEHTaNIbHOM YCTaHOBKE NPOBOASATCS B CrieAylow e NocnefoBaTelbHOCTU:
OnpenensanTcs UCXOAHbIE XapaKTEPUCTUKU FPYHTa;
YcTaHaBnnBaeTcs Ananas3oH BapbuMpoBaHus hakTopos;
OnpepensieTcs BAMSIHME KaXAoro akTopa Ha npouecc Kopposun 3Y;
BnaxHocTu;
LLlenoyHoCTn n KMCcNnoTHOCTK rpyHTa (pH);
XMMUKO-MUHEpaNbHOro CocTtaea, T.e. coaepXxaHus noHos S042- un Cl-;
BbisiBnseTcs oblwasn matemaTnyeckas Moaenb npouecca kopposmu 3Y.
OnpepenseTcs 3aBUCMMOCTb MOTEPU MAcChl 371eKTPoAoB 3Y OT HhaKTOpOB, BAUSAIOLWMX Ha MPOLLECC KOPPO3UK:
KoHTponb coaepxaHus Cynb@aToB B FPYHTE OCYLLECTBSACA FrPpaBMMETPUYECKMM METOAOM C ocaxkaeHmneM cynbdata (SO42-) noHaMm 6apuns 3 BoagHoOM BbITSXXKU [44]. OnpeneneHmne cogepxaHue X0pua-MoHOB NMPoBOANIN apreHTOMETpUYEeCcKnMM Metodom [43].
2.2.1 MeToapl uccnegoBaHus rpyHTa
OnpegeneHue BNaXHOCTU rpyHTa. Mi3aMepeHue BNaxHOCTM rpyHTa ocyliectsnsem npmbopom tnuna TK100S. Mpubop nmeeTt pgocratouHbin gnanasoH (0 - 60%) 1 AONYyCTUMYIO MOrpelHoCcTb namMepeHus £5%. MpoBoauM naMepeHus cneaylownM obpasoM: Morpyxxaem 3neKkTpoabl npubopa B rpyHT ANSNEKTPUYECKON BaHHbI U
CHMUMaeM rnokasaHusa ¢ gucnnes npmbopa.
Ona onpepeneHns agekBaTHOCTM HacTpoek npubopa onpeaensieM BAaXXHOCTb FPyHTa METOAOM BbICyLUMBAHMSA A0 MOCTOSIHHOM Macchl [20], 6epeM npobbl rpyHTa M3 KaXXAoW AM3IeKTPUYECKOM BaHHbI, 3aMo/iHSIeM TUIMKW, B3BEWMBAEM M NPOCYLWMBAEM B CyLIMIbHOM WKady npu Temnepatype He 6onee 105 °C [45]. MpocywuBaem
rPYHT A0 NMOCTOSAHHOW Macchl.
MNMocne npoxoxaeHns npoLecca CyLW KN B3BELWMBAEM CyXON rPYHT Ha nabopaTopHbIX UMdpoBbiX Becax ¢ TodHOoCTbio Ao 0,0001 r. n No noTepe Macchbl onpeaenisieM BAaXXHOCTb rpyHTa. N3MepeHuns BNaXXHOCTU rpyHTa METOAOM BbICYLUMBaHUA A0 NOCTOSHHOM MacChbl OCYLLECTBASEM Crieayowmm obpasom:
- B3BELWMBaeEM U HUKCUPYEM Maccy TUTTEN;
- 3anofnHseM npobbl rpyHTa M3 KaXKaoh AVN31eKTPUYECKON BaHHbI B OTAE/bHbIN TUrenb, B3BewmnBaeM n dukcmpyem obyto maccy;
- CTaBWMM BCe TUIM B CYLUWNbHLIV WKad, 3a4aBas TeMnepaTypy, U 3anyckaeM npouecc CyLIKK;
- Nocne NpoxoXAeHns npouecca CyLKWN B3BELWMBAEM KaxXabli Turenb. PasHuua macc npob Ao 1 nocie nNpocyLwKn onpeaenseT coaep)KaHue Bnarn B rpyHTe un onpegensercsa no dopmyne 2.1 [20].
(2.1)
roe BB - nckomasi BNaXKHOCTb, % OT MaccCbl CyXoW nousbl; B - macca turns, r;
Bl - Macca TMrns € BNaXXHOM NOYBOW A0 CYLUKU, T;
B2 - Macca TMrns C Cyxol nMo4yBoM Moc/e CyLwKwu, I.
OnpepeneHue pH rpyHTa. MNokasaTtesnb pH rpyHTa onpeaensercs no BOAHbIM BbITSXKKaM U3 FpyHTa, NONy4YeHHbIM MO METOAVKE, NpuBeaeHHOon B [45].
YpoBeHb KMCNOTHOCTM UK LLENIOYHOCTU rpyHTa (BennuuHa pH) namepsiem npmbopom tvna ST-23. NpMBOAUM MONOXEHME NEpeKNoYaTens B pexum «pH», norpyxaem anekTpoasl npnbopa B rpyHT U PUKCMPYyEM NoKasaHUS.
Kpome TOro, namepsiem sennuunHy pH rpyHta npmbopom tvna pX-150 no BogHoM BbiTsxkke. bepem 20 Mn BOAHOM BbITAXKW, MPUroTOBAEHHOM no [45], norpyaem anekTpoa pH-meTpa n cHMMaeM nokasaHue npubopa.
OnpeneneHne cogepxaHust MOHOB cynbdaTta (S042-) B rpyHTe. Coaep)xaHue cynbdaToB B FPyHTE ONpeaensieM rpaBUMETPUUYECKMM METOAOM C ocaxaeHunem SO42- noHamm 6apns n3 BOOHOW BbITSXXKU [44].
OnpepeneHuns cogepxxaHus noHos xnopuga (Cl-) B rpyHTe. Coaep)XaHuio MOHOB X/10puAa rpyHTa onpeaensieM apreHToMeTpuyeckmm Metogom no [43].
MeToAbl perynmpoBaHMsa CBOMCTB rpyHTa
PerynupoBaHue BNaXXHOCTU FPyHTa;
BbicylunBaeM rpyHT B CyLLW/IbHOM wWiKkady npu Temnepatype t = 105 °C go BennuunHbl 10 — 12 %;
Perynupyem BnaxHoCTb rpyHTa nyteM pa3bpbi3armBaHmnsa Heob6xoanMMOro Konn4ecTsa AMCTUIIIMPOBAHHOM Boabl Ha rpyHT (Tabnuua. 2.1).
Tabnuua 2.1- Inanas3oH BapbMpOBaHUS BAXHOCTU FPYHTa B KaXXAOW AM31EKTPUYECKON BaHHE
N° n/n
HomMepa AnaneKTpnyeckmx BaHH
Mckomas
BAAXHOCTb, %
Tpebyemas BnaxHocTtb, %
H20
M
1
I
10-11
14-15
500

II

11 -12
19 -20
550

I11

11-12

24 - 25

800

4

v

11-12

29 - 30

1000

PerynuposaHue pH, KOHLEHTpaLMmM MOHOB CynbdaTta n MOHOB XJI0pMAaA FPyHTa ocywiecTensieM nyteM gobaesneHusa pacreopa rugpookncu Hatpusa NaOH, consHon kucnotel HCI, cynbdaTta HaTtpus Na2S04 u xnopuaa HaTpusa NCI, nponopunm KOTopbixX NpuBeaeHbl B Tabnmuax 2.2 — 2.9.
Tabnuua 2.2 - [InanasoH Weno4YHOCTU FpyHTa
N° n/n

Homepa ananekTpnyeckmx BaHH
NcxoaHbin pH rpyHTa
Ob6bem

NaOH, r

Tpebyembili nokasaTens, pH
1

I

7,38

5,0

8,8-9,2

2

II

7,61

5,5

3

II1

7,64

6,0

4

v

7,88

6,5

Tabnuua 2.3 - imanasoH Weno4YHOCTM FpyHTa
N° n/n

HomMepa AnanekTpnyeckmx BaHH
NcxopHbin pH rpyHTa
Ob6bem

NaOH

r

H20

M

Tpebyembiin

nokasarenb, pH

1

I

7,38

9,0

500

10 - 10,5

2

II

7,61

9,5

550

3

II1

7,64

9,0

800

4

v

7,88

9,5

1000

Tabnuua 2.4 - [InanasoH BapbWPOBaHMS KMCAOTHOCTWN FPyHTa
N° n/n

Homepa AnanekTpnyeckmx BaHH
NcxopHbin pH rpyHTa
Obbem

HCI

M

H20

M

TpebyeMmbiin

nokasarenb, pH

1


javascript://
javascript://
javascript://
javascript://
javascript://

7,38

35

480

48-5,1

2

II

7,61

40

430

3

II1

7,64

50

584

4

v

7,88

60

730

Tabnuua 2.5 - Jnana3oH BapbMpoBaHUSA KMCIOTHOCTU FpyHTa
N° n/n

HoMmepa ananekTpmyecknx BaHH
NcxoaHbin pH rpyHTa
Ob6bem

HCI

M

H20

M

Tpebyemblii
nokasaTesb

pH

1

I

7,38

50

475

3,5-3,8

2

II

7,61

50

420

3

III

7,64

60

575

4

v

7,88

65

725

Tabnuua 2.6 — [lnana3oH BapbWpoOBaHUsS NOHOB CyfbdaTa rpyHTa
N° n/n

HoMmepa ansnekTpnyecknx BaHH
NcxogHas koHueHTpauna SO42- rpyHTa, %
Ob6bem

Na2S04

r

H20

M

Tpebyemas KoHUeHTpaumsa SO42-
%

1

I

0,317

155

350

4,4 -4,6

II
0,323
127
423

II1

0,331

139

660

4

v

0,337

113

890

Tabnuua 2.7 - [lnana3oH BapbUpoOBaHNsS NOHOB CyfibdaTa rpyHTa
N° n/n

Homepa ananekTpnyeckmx BaHH
NcxogHas koHUueHTpaunsa SO42- rpyHTa, %
Ob6bem

Na2S04

r

H20

M

Tpebyemas kKoHUeHTpauuns S042-
%

1

I

0,443

155

350

59-6,0

II
0,461
140
423

III

0,452

150

650

4

v

0,447

155

850

Tabnuua 2.8 - [inana3oH BapbWpoOBaHNsS NOHOB XJlopuaa rpyHTa
N° n/n

Homepa ananekTpnyeckmx BaHH
NcxopHas koHueHTpauus Cl- rpyHTa, %
Macca

NaCl

r

H20

M

Tpebyemasi KOHLEHTpauus
Cl

%

1

I

0,0136

48

450

0.3-0.31

2

II

0,0136

30

520

3

II1

0,0132

30

760

4

v

0,0132

30

970

Tabnuua 2.9 - Jmana3oH BapbMpoBaHMUsA MOHOB XJ10pnAa rpyHTa
N° n/n

Homepa ananekTpmyecknx BaHH
NcxopHasa koHueHTpaums Cl- rpyHTa, %
Macca

NacCl

r

H20

M

Tpebyemas koHueHTpauus Cl
%

1

I

0,30

24

475

0.44 - 0.45

2

II

0,30

15

535



3

I11

0,30

15

785

4

v

0,31

14

986

Ha nepBoM aTane nccnenoBaHnsa (pUKCUMpPYEM UCXOAHbIE: BEMMUMHY pH, KoHUeHTpauuto SO42- n Cl-. 3agaem BNaXKHOCTb FPyHTa: Ha NepBOM ANINEKTPUYECKOM BaHHe 4 — 5%, Ha BTopon 14 — 15 % Ha TpeTtbein 24 — 25 % un Ha deTBepToin 29 — 30 % w1 3anyckaem npolecca skcnepmmeHTa (Tabnmua 2.2).
[Ona coxpaHeHWs HY>KHOro AMana3oHa BAaXXHOCTM FpyHTa KOHTPOSIMPYEM ero exeaHeBHO.
Ha BTOpOM 3Tane BapbupyeM pH rpyHTa npuv TOM Xe YPOBHE BAaXXHOCTM rpyHTa (Tabnuua 2.2). MpoBoanM 3KCNepMMeHTbl B YCIO0BUAX WENOYHOCTU rpyHTa, pH = 7 — 10 n kucnotHoctn pH = 7 - 4 (Tabnuubl 2.3 — 2.6). T.e. NpoBepPsieM BANSHUE BENNYMHbBI pH Npy MakcMManbHbIX U MUHUMaNbHbIX 3HAYEHUSX LESTOYHOCTU U
KWCOTHOCTM FpyHTa Ha npouecc koppo3uun 3Y. 3agaemM BennunHy pH rpyHTa Bcex ANM31EKTPUYECKUX BaHH OANHAKOBOM MPU PasHOM BNAXHOCTWU FpyHTa.
Ha TpeTbeM 3Tane BapbupyeM cogepxaHmne SO42- B rpyHTe. NepBbili pa3 NpoBOAMM 3KCNEPUMEHT NMpu KoHUeHTpaunmn S042- = 0,3 - 0,35% B rpyHTe, a BTOpol pa3-npn S042- = 0,4 - 0,45% (Tabnnubl 2.7 — 2.8).
Ha yeTBepTOM 3Tane s3KCNepMMeHTa NpoBepsieM BNuUsAHME xnopuaa noda npm Cl- = 0,2 - 0,3% 1 0,3 - 0,4 % (Tabnmubl 2.9 - 2.10).
MATbIM 3TAaNOM UCCneoBaHUM SBNSETCA NPOBEPKa BAUSHUSA 61y AaloLWmMX TOKOB Ha npoLecc kopposuu 3Y.
Ona nccnepgosaHnsa BAMAHMA 61y AaloLWEro Toka Ha npoLecc Koppo3mun 31eMeHToB 3Y Norpyxaem BCe 3a3eMsiowme 31eKTpoabl B FPYHT ANDNEKTPUYECKNX BAHH W NMOAKNI0YAEM MX K UCTOYHUKY NUTaHus (pucyHok 2.1).
B Tabnmue 2.10 npuBeaeHbl MCXOAHbIE KOHLLEHTpaLMM XMMUYECKNX MUHEepanoB U ero pH BO BCex AM3NIEKTPUYECKMX BaHHAX dKCNepMMeHTaNbHOW YCTaHOBKM.
Tabnmua 2.10 - MicxoaHast KOHLEHTpauns XMMUYeCcKMX MMHepanoB 1 pH rpyHTa
N° n/n

OunanekTpnyeckasi BaHHa

CoaepxxaHue XMMM4YeCcKnxX MMHepasnos,

%

pH rpyHTa

S042 -

Cl -

1

I

0,317

0,0136

7,38

2

II

0,323

0,0136

7,61

3

III

0,331

0,0132

7,64

4

v

0,337

0,0123

7,88

B Tabnnuax 2.11 - 2.16 1 Ha pucyHkax 2.5 - 2.7, npnBoasaTcs pesyJsibTaTbl NPOBEAEHHbIX HAMWM OMNbITOB Ha pa3paboTaHHOW yCTaHOBKEe MO UCCNeA0BaHMIO BANSHUS pas3nnyHbiX dakTopoB (BNaXXHOCTWU rPyHTa, ero BOAOPOAHbIN nokasaTesb pH, coaep)XaHne XMMUYeCKMX MUHepasnoB, U Hannume 6nyxaalowmx TOKOB) Ha npolecc
KOppo3uun 3nemeHToB 3Y. [lnana3oH BapbMpoBaHUSA BAAXHOCTU FPyHTa NpMBOANTCA Ha pUCyHKax 2.5 - 2.7.
Tabnvua 2.11 - MoTepsi MaccChbl 37eKTPOA0B NPU Pa3HOM BAAXHOCTU FPyHTa
N° n/n

Bna>xHOCTb rpyHTa,

%

Macca anekTpoaos, r

MoTeps Maccebl 3nekTpoaos, %

00 3KCcnepuMeHTa

nocne

3KCrepuMeHTa

noTeps Macchbl 3/1EKTPOAOB

1

5

8.5523

8.5503

0.0020

0,0233

2

20

8,4525

8.4409

0.0116

0,1372

3

25

8,1281

8.1147

0.0134

0,1648

4

30

8,3252

8.3158

0.0094

0,1129

Tabnuua 2.12 - MoTeps Macchbl 3NeKTPOAOB B pa3HbiX AvanasoHax pH rpyHTa
N° n/n

BogopoaHbii nokasaTtesib rpyHTa

MoTeps mMaccol anekTponos, %

(npu BRaxHoCTn rpyHTa, %)

15

20

25

30

1

3,5

0,0988

0,1582

0,1593

0,1303

2

7,38

0,1223

0,1468

0,1598

0,1135

3

10,5

0,0872

0,1423

0,1578

0,1211

Tabnuua 2.13 - MNoTeps Maccbl 3/1EKTPOAOB B pa3HbiX AMana3oHax KOHLEHTpauun
Cynb@daT-MOHOB rpyHTa

N° n/n

KoHueHTpauuns cynb@aT-uoHoB B rpyHTe, %
MoTeps mMacchl anexkTponos, %

(npu BRaxHoCTU rpyHTa, %)

15

20

25

30

1

0,317

0,0988

0,1388

0,1659

0,1136

2

0,45

0,1225

0,1564

0,1594

0,1386

3

0,6

0,1195

0,1426

0,1592

0,1204

Tabnmua 2.14 - MoTeps Macchbl 3/1€KTPOAOB B PasHbIX AManasoHax KOHLEeHTpauumn X10pua-moHOB rpyHTa
N° n/n

KoHueHTpauuns xnopua-uoHoB B rpyHTe, %
MoTepst Maccbl 3nekTpoaoBs, %

(npwu BRaxHocTu rpyHTa, %)

15

20

25

30

1

0,0136

0,0988

0,1388

0,1659

0,1136

2

0,3

0,1349

0,1578

0,1597

0,1401

3

0,45

0,1331

0,1563

0,1592

0,1398

Tabnuua 2.15 - MoTeps Maccbl 3/1IEKTPOAOB B pa3Hble AnanasoHbl 3HAYEHUS
6ny>xaarLwmx TOKOB

N° n/n

3HaueHue bnyxaarwmx TOKOB

MoTepst Maccbl anekTpoaos, %

(npu BNaxxHoCcTn rpyHTa, %)

15



20

25

30

1

0

0,0988

0,1388

0,1659

0,1136

2

120

0,1348

0,1369

0,1378

0,1632

3

150

0,1368

0,1572

0,1688

0,1603

PucyHokK 2.5 - 3aBMCMMOCTb MOTEPU MACChbl 3/1EKTPOAOB OT BNIAXHOCTU FpyHTa

PucyHOK 2.6 — 3aBMCMMOCTb MOTEPU MaCCbl 31eKTPoaoB OT pH rpyHTa

KoHueHTpaumsa noHos cynbdaTa, %

PucyHok 2.7 — 3aBMCMMOCTb NOTEPW MacCChl 3JIEKTPOAOB OT COAEPXKAHUN CcynbdaT-noHa

KoHueHTpaumns noHos xnopuaa, %

PncyHok 2.8 - 3aBMCMMOCTb MOTEPU MACChbl 3/1EKTPOAOB OT CoAepXXaHum

XN0puA-NoHa

3HaueHue bnyxaamwmnx Tokos, MA

PncyHok 2.9 - 3aBMCMMOCTb NOTEPU MACChbl 3/1EKTPOAOB OT Ha/Munsa N BeNNYMHbI By AaroWwmx TOKOB

Kak cnepyeT U3 aHanusa aKCnepuMeHTanbHbIX AaHHbIX, MPEACTaBNEHHbIX HA PUCYHKe 2.5, BMaXHOCTb FPYHTa B/MSET Ha NPOLLECC KOPPO3MM 3a3eMNSoLWMX 3NeKTPoaoB pa3HoobpasHo. Koppo3us npu BnaxHoctn 5 — 25 % yBennumBaeTcs, a Hanbonee yCKOpeHHbIN NpoLecc Koppo3mmn MeTasnnia, NpuMeHseMoro Ans U3roToBeHus
3a3eMNsALWero anekTpoaa, Habnwoaaetcsa B gnanasoHe 15 - 25 % BnaxHoOCTu rpyHTa. [lanbHenwee ysennyeHne BAaXKHOCTU FpyHTa 3aMeanseT npouecca kopposun. B auanasorHe 25 - 30 % BNa)kHOCTW FpyHTa NpoMCXoanT 3aMedsieHne npouecca KOppo3mn 3a3eMsiowmx 31eKTpoAoB.
OcranbHble NoKasaTesm rpyHTa aKCnepuMeHTarbHOW YCTaHOBKM, TakKne Kak BOAOPOAHbIN MoKasaTeb U KOHLEeHTpaunm XMMNM4Yecknx aneMeHToB 6blan onpegeneHbl no Tabnuue 2.10.
Ha pucyHkax 2.6 — 2.9 npuBogATCcsa pe3ynbTaTbl SKCMEPUMEHTOB NPU U3MEHEHUM 3Ha4YeHUM pH, coaepXXaHus XMMUYECKMX MUHepasnoB W 6ayXAalowmnx TOKOB AN pa3HblX 3HaYeHUN BraxHoctu rpyHTa (15, 20, 25 n 30 %). B HMXXHEM none KaXAoro pucyHka NpuMBOASTCS YCNOBHO rpaduyeckoe o603HayveHMe pasHbIiX IMHURA,
BNa)>XHOCTW FpyHTa.

BnnsHne BooopoAHOro rnokasartens rpyHTa Ha NpoLEecC KOPPO3un 3a3eMISoLWLKNX 3/1EKTPOA0B Hanbonee C/IOXKHO M NMpU pasHbIX 3HAYEHUAX BNAXHOCTM FPyHTa BedeT cebsa no-pasHoMy. Hambonee MmakcmMmanbHbI NpoOLECC KOPPO3UKW MPOUCXOAUT Npu KMCNOTHOCTU pH = 3,5 n BnaxHoctn rpyHTa 25 %. HanmeHblwee BnnsgHue pH Ha
npouecc Koppo3mun Habntogaetcsa npu pH = 10,5 n BnaxHoctn rpyHTa 15 % (pucyHok 2.6).

KoHueHTpaumns cynb@aT-MOHOB rpyHTa BAMSIET Ha npouecc Kopposvn 3Y pasnunuyHbiM obpa3oMm, Hanpumep, npu BRaxHoctn 20 — 25 %, yBennyeHne KOHLUeEHTpauusa cynbdaT-noHa BeAeT K YCKOPEHMIO nmpouecca Koppo3uu. [anbHenwee yBennyeHue BRaxHocTn rpyHTa (Ao 30 %) C pocTOM KOHLEeHTpauuu cyfibdaT-uoHa
COMpoBOXAAeTCs 3aMel/iIeHneM npouecca Kopposnmn (pUcyHok 2.7). MMHMManbHas noTeps MeTanna, NpUMEHSIEMOro 41 U3roToBIEHNS 3a3EMSIOLLErO 3/1IEKTpoaa, HabnhaeTcs Npyn KOHUeHTpauuun cynbdart-noHa 0,6 % v BraxHoCTn rpyHTa 15 %.
YBenMyeHne MOHOB X/lopuaa rpyHTa BeAeT K pOCTy CKOPOCTM KOPPO3MW 3a3eMISaWMX 3/1eKTPOAOB, HO MPU 3TOM CUJIbHO 3aBMCUT OT BJIAXXHOCTU FPyHTa. MakcMManbHbI CKOPOCTb KOPPO3UWM MPONCXOAUT MpU coaepxaHum xnopua-noHa 0,0136 % mn 25 % BnaxHOCTU rpyHTa (pucyHok. 2.8). 3aMeaneHune npouecca KoOpposnu
BO3HMKaeT nNpu 15 % BNaXxHOCTM FpyHTa, NpY TOM Xe nokasaTene xjopua-noHa (0,0136) [122].

AHanus sKcnepuMeHTanbHbIX NCCNEA0BAHUM MOKa3biBAET, UTO GMyXAaloWMiA TOK CYLLEeCTBEHHO BMSET Ha MpoLecc KOppo3Mn MeTasnna, NpUMMEHSIEMOro A5 U3rOTOBAEHMUS 3a3eMAIOLEro 3/1eKTpoaa. DKCNepuMeHTbl Bbln NpoBeaeHbl NPy Tpex pasHbiX 3HaYeHMsAX 6y aalowero Toka M pasHbiX 3HAYEHUAX BMAXHOCTU rpyHTa
(pncyHok 2.9).

[na onpeneneHmnsa KoNM4YecTsa onbiTOB, Bbibopa ynpasiseMbiX pakTopoB, CYLECTBEHHO BANSIOWMX Ha Npouecc Koppo3un 3Y, N KoM4yecTBa OTK/IMKOB MPUMEHUM TEOPUIO MJIAHWMPOBAHMS dKCNEepUMEHTa.
3 DKCnepuMeHTanbHOE nccneaoBaHme BAMSHUS pa3nyHbliX (akTopoB

Ha NpoLecc KOppo3nK 3a3eMsoLWmnX yCTPONCTB

Ona MMHMMKM3aUMM TPyAOBbIX M BPEMEHHbIX 3aTpaT, BOCMO/b3yeMCs Teopuen MnjaaHMpoBaHMS MHOrO(akTOpPHOro OTCeMBaloLWero akcrnepmmeHTa. [loa nnaHMpoBaHMEM 3KCNepMMeHTa MOHMMaeTCs npoueaypa Bbibopa uncia OnbITOB M YCI0BUA MX NpoBeAeHMs, HE0O6X0AMMBIX ANs pelleHnsa NocTaBAeHHOM 3agadn C Tpebyemorn
TOYHOCTBIO [17, 21, 37,39, 62]. Bce nepeMeHHble, onpeaensowme nsydaembli 06beKT, U3MEHSIOTCA OAHOBPEMEHHO MO cneunanbHbiM NpaBunaM. PesynbTaTbl 3KCNEepMMeHTa NpeacTaBnsaoTCca B BUAe MaTteMaTnyeckon mogenu, obnagarmowen onpeaeneHHbIM1 CTaTUCTUYECKMMIN CBOMCTBaMM.
[na nocTpoeHmns mateMaTu4yeckon mMopenn obbekTa ucciefoBaHMsS NMPUMEHUM KMBepHeTUYeCKY CUCTEMY, Ha3blBaeMY0 «YEepHbIM SAWMKOM». 3DTO Cnocob M3yyYeHUs CUCTEMbl, B KOTOPOM HaMepeHHO OTKa3blBalTCS OT U3YYEHWUS CTPYKTYPbl CUCTEMbI, CBA3EM MeXAy dJIEMEHTaMu CUCTEMbl, @ UCCIEeAYOT TONbKO BO3AENCTBMS Ha
CUCTEMY W peaKkLnn CUCTEMbl HAa 3TK BO3AencTBuSA (pucyHok. 2.10) [131].

PucyHok 2.10 - Cncrtema YepHOro swmka

Bce dakTopbl, BO3gencTeyowme Ha cucremy, pasbmsaem no rpynnam X, Z, q, (tabnmua 2.11):

X - aKTopbl, KOTOPblE BANAIOT Ha NOBEAEHME CUCTEMbl U KOTOPbIMU Mbl MOXEM YN pPaBfsTb MO ONpeAesieHHbIM 3aKoHaM (MaTpuuam);
Z — (baKTopbl, KOTOpblE BANAIOT Ha NOBEAEHME CUCTEMbI, HO YNPaBAsATb UMW BCNEACTBME OrPaHUYEHUI (TEXHNYECKNX, TEXHOMOrMYECKMX, SKOHOMUYECKUX, COLlManbHbIX U AP.) HE NpeaCcTaBaeTcs BO3MOXHbIM;
g — daKkTopbl, KOTOPble BANSIOT Ha NOBEAEHME CUCTEMbI, HO YNpaBfieHNe UMW Ha AaHHOM 3Tane pasBUTUS LMBUAN3ALNN HEBO3MOXHO.
Yy — peakumum cucrteMbl Ha BO3AENCTBUS, NapaMeTpbl ONTMMM3aUnK, Lenesble QYyHKLUUN.

Ka)xabln (pakTop MOXET NPUHUMATb B OMNbITE OAHO N3 HECKOJIbKMX 3HAYEHUN.

Mpu peweHnn 3agaum 6yaem ncnonb3oBaTb MaTeMaTUyeckme Moaenu obbekTa nccneaoBaHums. Mo MmaTteMaTM4ecko Moaesbio Mbl MOHMMaEM ypaBHEHME, CBA3bIBaloLLee NapaMeTp oNnTMMmM3aummn ¢ dakTtopamu. 3TO ypaBHeHUE B 06LLeM BUAE MOXHO 3anucbiBaTbh Tak [8, 116, 123]:
Y=f(X)+ el +e2 (2.2)

Z = const; g = const, (2.3)

raoe: Y, X, Z, Q — COBOKYMHOCTb COOTBETCTBYHOLLMX SNIEMEHTOB «KYEPHOrO SLLMKa>» ;

el, e2 - norpewHocTn cnucrembl 1-ro u 2-ro poga (cMcremaTmyeckme n CayvamHble).

B KayecTtBe KOHCTaHT 418 Z N q PEKOMEHAYETCH NPUHUMATb Hausy4dlne 3Ha4YeHns 3TUX akTopoB.

B KayecTBe OTK/IMKa, XapaKTePU3YIOLLErOo CUCTEMY, MPUMEM:

yl — noTepio Macchbl 3a3eMNSAOLLMX DNEKTPOAOB, MKT .

Y2 - U3MEHEHMe COMPOTUBIEHMNS pacTEKaHUIO TOKa 3a3eMNSIOWNX 3/1eKTpoaos, %

Tabnuua 2.16 — ®akTopbl, BO3AENCTBYIOLME HA CUCTEMY «YEPHbIN ALWUK>»

N° n/n

Homep dakTopa

Knaccndpurkaums dpaktopos

Pacwmndposka 1 agnanasoH BapbMpoOBaHUS peryampyemblx akTopos

1

rl

X1

BnaxxHocTb rpyHTa (5 - 30 %)

2

r2

X2

BooopoaHbiit nokasatens rpyHTa (3,5 - 10,5)

3

r3

X3

KoHueHTpauus noHos cynbdata (0,45 - 0,65 %)

4

r4

X4

KoHueHTpaumsa noHos xnopuga (0,3 - 0,45 %)

5

r5

X5

Hannune 6nyxaatowmx Tokos (0 — 150 MA)

6

ré

Z1

TemnepaTypa rpyHTa, © C

7

r7

Z2

DNeKTponpoBOAHOCTb rpyHTa, OM M

8

r8

Z3

Bua rpyHTa

9

ro

ql

BakTepunanbHbIi coCTaB rpyHTa

10

ri0

q2

[@a30BbI COCTaB rpyHTa

11

ril

Z4

YacTtoTta npuaoxeHHoro HanpsbxeHus, 50 'y

12

ri2

Z5

O6beM ananekTpnyeckon BaHHbl, (0,37 M3)

13

ri3

Z6

FnybuHa ansnekTpmyeckon BaHHbl, (165 mMm)

14

ri4

z7

MecTo pacronoxeHus 3/1eKTpoaoB

15

ri5s

Z8

dopma anekTpoaos (UnMamHapuyeckas)

16

rié

Z9

FnybuHa 3aneraHuns anektpoaos, (35 Mm)

17

rl7

Z10

Mnowaap anekTpoaos, (990 MM2)

18

ri8

Z11

MaTepnan anekTponos, (ctanb 6e3 aHTMKOPPO3MOHHOIO NMOKPbITUS)

19

rio

Z12

eomeTpunueckas opMa KOHTYypa (NpsIMOYrosibHas)

20

r20

Z13

Mnowaap KOHTYpa, (351 cM2)

21

r21

Z14

nybuHa pacnonoxeHusa KoHTypa, (3 MM)

22

r22

Z15

MaTepuan KoHTypa, (cTanb 6€3 aHTUKOPPO3MOHHOIO MOKPbITUS)

23

r23

Z16

O6paTHbI npoBoAa (MeaHas donbra)

24

r24

Z17

Mnowaapb donbru, (112 cm2)

25

r25

Z18
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NcTouHmK Bnyxaarowmx TOKOB

27

yl

lMoTeps Maccel 3nekTpoaos, %

26

y2

MN3MeHeHMe CONpOTUBAEHUS pacTEKAHMA TOKA 3a3eMASIOWNX 3N1eKTPoaoB, %
Onupasicb Ha gaHHble Tabnuubl 2.12, noctpouM nnaH MNMnaketra-bepmaHa (Tabnuua 2. 16) ¢ KoagnpoBaHHbIMK N BU3MYECKMMN (pakTopaMm, 0603Ha4Yas 3HaKaMn «+>», «-» 1 AmanasoH GU3n4eckoro 3HadeHuns kaxgoro dakrtopa [8, 85].
Tabnuua 2.17 - MNnaH MnaketTa-bepmaHa
N onbiTa

YpoBHW (pakTopoB

OTKNUKH

X1

X2

X3

X4

X5

yi,

%

y2,

%

KoA

dus.

KoA

buns.

KoA

dus.

KoA

dus.

KoA

¢us.

10.5
0.6
0.3

150
0,1381
1,236

3.5
0.6
0.45

120
0,1352
1,132

10.5
0.45
0.45

150
0,1359
2,321

30
3.5
0.45
0.3

150
0,1721
6,123

30

10.5

0.45

0.3

120

0,0233

0,689

MN3BeCTHO, YTO, NPU U3YUYEHUIO KaKOro-HMBYyab CNOXHOro TEXHOMOrMYECKOro npoLecca, NpuxoasaTcs BKAYaTh B UccneaoBaHue 60nbluoe KonmyecTso GakTopoB. B ganbHeriweM 06bi4HO 60/1blas YacTb UX OTCEMBAETCS, KaK He3HaunMble akTopbl. [103TOMYy BECbMa BaXHO C Le/bl0 YMEHbLUEHNS BPEMEHM M 3aTpaT Ha NpoBeaeHue
oTCcenBaloWmNX sKCcrnepnMeHToB [78]. [na 3Toro onpeaensieM BAMAHUA (hakTOpPOB CYLLECTBEHHO BAUSIOWMX HA NPOLECC KOPPO3UMK 3a3eMSAIOLWMX 31EKTPOAOB N M3MEHEH WO COMPOTUBAEHUS pacTeKkaHUio Toka 3Y.

Mo pe3synbTaTam McciefoBaHWn, NPoBEAEHHbBIX SKCNEPMMEHTOB No NsaHaM MnakeTta-bepmaHa 6bis1la NOCTPOeHa AnarpaMMa paccesiHUs BblAENEHUS CyLWEeCTBEHHbIX (haKTopoB pucyHok 2.11 [116].

PucyHok 2.11 - [InarpamMmma paccessHuns pe3ybTaToB MepBOro 3Tana BblAeNeHNs

CyllecTBeHHbIX 3ddeKkToB

Pe3ynbTaTbl nccnegoBaHUMM NoKasblBatT, YTO Hanbonee cywecTBeHHbIMM hakTopamMu, BAUSIOWMMN Ha NpoLecc Koppo3nn 3Y, ABASIOTCA BAAXXHOCTb FPyHTa U Hanvuue 6nyxaarowmnx Tokos (X1, X5).

[na onpegeneHmnsa coctosaHmMa 3Y pacyeTHbIM NyTEM paccMaTpMBaeM ypaBHEHWUS perpeccun Ans AByxXdaKTopHOro skcrnepmMMeHTa. NpoBoAMM 3KCNEPUMEHT B YC/IOBUSIX M3MEHEHWUW BIAXHOCTU FPyHTA M 3HadeHue 6nyxaatowmx TOKOB 1 onpegensem koadduumeHTol perpeccum no [37].
2.4 BbiBOAbI

Ha ocHoBe aHanu3a nuTepaTypHbIX UCTOYHMKOB M NOAOGHbIX YCTAaHOBOK pa3paboTaHa sKCrnepuMMeHTanbHas yCTaHOBKa ANs UCCnefoBaHus npouecca Kkopposum 3Y B NabopaToOpHbIX YCI0BUAX, HA KOTOPYHO MOSlyYeH NaTeHT Ha MOJIE3HY0 MOAEeSb.

Bce reomeTpunueckne pasmepbl U 3/1eKTPUYECKMe NnapameTpbl 3KCNepuMeHTaabHON YCTaHOBKM MacwTabupoBaHbl COrflacHO TeOpuin Nogobus n MoaennpoBaHums.

PaspaboTtaHa meToAMKa MccneaoBaHUs BAMSHUS BNAXHOCTU FPyHTa, ero pH, XMMMKO-MUHEpPasibHOro cocTaBa, HaaMuns n BeiMunHbl 6ayxaatowmnx TOKOB Ha npouecc kopposnu 3Y.

PaspaboraHa Matematnyeckass MOAeNb NMPOBEeAEHMS SKCNepMMeHTa (BblAeeHbl U pa3buTbl Ha rpynnbl akTopbl, BO3AENCTBYOWME Ha 06bEKT ncciegoBaHns, U BbibpaHbl AMana3oHbl BapbUpPOBaHMS yrpasiseMbiX pakTopoB).

Ha ocHoBaHMW NnaHa OTCEMBAKOLLErO SKCMNEPUMEHTA 3HAYUTENIbHO COKPALLEHO YMCO OMNbITOB. [oAyYeHbl KONMYECTBEHHbIE OLLEHKM BAUSHUS BapbMpyeMbiX (DakTOPOB Ha npouecc Koppo3un 3Y.

3. PASPABOTKA MATEMATUYECKOW MOAEIN ANS ONPEAENEHNSA COCTOSAHUSA 3A3EMNSAIOWNX YCTPOMCTB

BE3 NMPOBEAEHWSA BCKPbIWHbLIX PABOT

NccnepoBaHus, pesynbTaTbl KOTOPbIX MpeAcTaBfieHbl Bbllle, MoKasanun, YTo Koppo3ns 3Y BO3HMKAET, B OCHOBHOM, 3@ CYET BI@XXHOCTM FpyHTa M 61y>XaatoLero Toka U ee B/MsSIHME Ha COMPOTUBIIEHME pacTeKaHMIo TOKa 3a3eMINTeNs CyLecTBeHHOo. BMecTe ¢ TeM BbisiBUIacb HEO6X0AMMOCTb MOCTPOEHMS MaTeMaTUYeCKoW Moaenu Ans
KOCBEHHOr0 onpeaeneHns coctosaHunsa 3Y 6e3 npoBeaeHNs BCKPbIWHbIX paboT.

3.1 Mony4yeHne 3aBUCMMOCTU KOPPO3UWN N COMPOTUBIIEHNS pacTEKaAHMIO ToKa 3Y OT BAAXXHOCTM FpyHTa U BeMUnHbI 6ayxaatowero Toka

CornacHo TeopMu MaTeMaTM4eCKOro MOAEIMPOBAHUA WU TEOpUW MJaHMpPOBaHUS akcnepumeHTa [52, 91, 92, 99] npn Hannummn xoTs 6bl OAHOW HENMHENHOW 3aBMCMMOCTM OTKAMKAa OT Nboro Bapbumpyemoro daktopa, HeobxoaMMO MCNOMb30BaTh PEerpecCMoHHOE ypaBHEHME BTOpPOM creneHun (3.1), a mMaTpuuy 3KCnepuMeHTa
BblbnpaTtb U3 katanora [26, 62]. MaTpuua aKCcnepuMeHTa NpeAacTaBnieHa B Tabnvue 3.1.

y = bo + i=1nbi - Xi + i=1j=i+1nbij - Xi - Xij + i=1nbii - Xii2 (3. 1)

YpaBHEeHME perpeccumn BTOpPOW CTeneHu A4na ABYX NMepeMeHHbIX UMeEeT BUj :

y=b0+ bl -x1+b2:-%x2+bll x12 + b22-x22 + b12 x1:-x2 (3.2)

Tabnuua 3.1 - MaTpuua ABYX(haKTOPHOr0 SKCNEpPUMEHTA

Ne

dakTopa

N onbiTa

NOou b~ WNR
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+0.5

+1

+0.5

-0.5

-1

-0.5

0

x5

+0.866

0

-0.866

-0.866

0

+0.866

0

[ns 3apady, KOTOpble peLlatnTcs U3yyeHneM AByX GakTopoB, 3PPEKTUBHLIMU ABAAIOTCSA MSaHbl, B KOTOPbIX 3KCMNEPUMEHTasbHble TOYKN pacnonaralTcs B BepLUMHAX LWECTUYroflbHMKa UK NATUYIONbHMKA U B LeHTpax 3TuX duryp. OcobeHHO LeHHbIMU CBOMCTBaMU 06nagaeT nsjaH, 06pa3oBaHHbIA BEPLIMHAMU LWECTUYIONbHMKA.
JaHHbln NnaH ans nepsoro u BToporo dakTopos (cooTBeTcTBeHHO X1 1 X2) TpebyeT nATb YpOBHEN, a AN BTOPOro — TP YPOBHS BapbupoBaHus, (pUCyHoK. 3.1).
PucyHok 3.1 — BekTopHoe nsobpaxxeHne pakTopos:
a) BNaXxHOCTb rpyHTa; 6) 3HaueHne 6nyxaatolmx TOKOB
MNpn nnaHWpoBaHUM 3KCNepuMeHTa ObIsI0 YCTaHOBNEHO, YTO CyLLEeCTBEHHOE BAMSIHME Ha NMpouecc Koppo3nu 3Y OKasbliBalOT BAAXHOCTb FPYHTa U Hanuuue bnyxaarowmx TokoB [116]. YunTbiBas 310, AanbHENLNE UCCNeA0BaHUS PELIEHO NPOBeCT AN MOJlyYeHUs MaTeMaTUYeCcKOn 3aBUCMMOCTU KOppo3un 3Y npu BO3AENCTBUM
BNA@XXHOCTW FpyHTa U Hanmunm bnyxgarowero Toka.
Koppo3us 3Y 6bina oueHeHa No noTepe MacChbl 3/1IeKTPOA0B, @ UX CONMPOTMBIIEHME pacTeKaHUI0 ToKa — METOAOM aMrnepMeTpa-BobTMETpa.
Tabnuua 3.2 - MaTpuua n pesynbTaTbl SKCNEPUMEHTA
N° n/n

HaTta

BnaxHOCTb rpyHTa,

%

Hannumne 6nyxpamowmnx Tokos, MA

y1,

%

y2,

%

KOA.

x1

dun3smyeckoe 3HayeHmne

X1

KoA.

x5

dun3nyeckoe 3HayeHmne

X5

1

28.02. 2016

+0,5

23,75

0,866

150

0,1717

6,331

2

+0,5

23,75

-0,866

120

0,1610

6,182

135

0,1141

4,835

5

-0,5

11,5

0,866

150

0,1232

5,238

6

-0,5

11,5

-0,866

120

0,1149

4,921

7

0

17,5

0

135

0,1525

5,932

[ns onpepeneHnsa cpegHero 3HadeHmst OTKJIMKOB BOCMOsib3yeMcs popmMyion 3.3.

ycp = 2 vyi/ n (3.3)

roe n = 3, YNCI0 NOBTOPHbIX OMbITOB.

B Tabnuue 3.2 npuBeaeHo cpegHee 3HadeHne OTKNKOB (MoTepsi MacCbl MeTasna, NPpUMEHSEMOro A1 U3roTOB/IeHMNS 3a3eMASAIOWNX 3/1EKTPOAOB, U U3BMEHEHME CONMPOTUBIIEHUS PACTEKaHWIO TOKA 3a3eMSIOWMNX 3M1EKTPOAOB).
Ona sblumcnenmsa koadduunerHTos b0, bl, b2, bl1, bl2, b22, Bxoasawmx B ypaBHeHue 3.2, He06X0AMMO BOCMO/Ib30BaTbCA L-MaTpuuen, npuseaeHHom B [26, 79, 99] 1 COOTBETCTBYHOLLEN MAaTpULLE SKCNEPUMEHTA.
Koadduumentol b0, bl, b2, b11, b12, b22, BbiuncneHbl no dopmynam 3.4, 3.5 n npuBeaeHbl B Tabnuue. 3. 3.
bn = i=1n=17Qni - yu, (3. 4)

rae Qni - koaddumumneHT us L — matpuubl, n = 0...2;

U —n-0€e 3Ha4YeHMe BaXHOCTU rpyHTa nnm bnyxaatowero Toka, n=1...7 (tabnuua 3.2)

bnn = i=1n=17Qnni - yu, (3. 5)

rae Qnni — koapduumeHT ns L — matpuubl, n = 1...2;

bnm = i=11=17Qnmi - yu, (3. 6)

roe Qnmi - koadduumeHT 3 L - matpuubl, n =1, M =n +1.

Tabnuuya 3.3 - KoaddnuUMEHTbl perpeCcCMOHHOro ypaBHEHMS

N° n/n

OTKNMKM

b0

bl

b2

bi1

b12

b22

1

vyl

0.1525

-0.0205

-0.02359

0.0138

-0.08338

-0.0568

2

y2

5,932

-0,7692

-1,01368

0,3245

-2,72325

- 2,39545

C yyeToM 3HaueHun KoadbPrLNEeHTOB perpecCMoHHOro ypasHeHuns (tabnmua 3.3), ypaBHEHUSI perpeccumn BTOpPOK CTeneHun Ans onpeaenieHns notepyu Maccel MeTannaa, NpUMMEHSeMOoro Ans N3roToBAeHUs 31eKTPoA0B, U U3MEHEHMUS COMPOTUBAEHMS pacTeKaHWio Toka NpumMyT BuA 3.7 u 3.8 COOTBETCTBEHHO.
yl = 0.1525 -0.0205X1 -0.023591X5 +0.0138X12 -0.083381X52 -0.0568X1 X5 (3. 7)

y2 = 5,932- 0,76928X1 -1,01368X5 + 0,3245X12 - 2,72325X52 - 2,39545X1X5 (3. 8)

[Ona onpeaeneHns notepy mMaccbl MeTanna, MpMMEHSIEMOro 4151 U3roTOB/IEHNS 3a3eMISWMX 3NEKTPOAOB U U3MEHEHMS COMPOTUBIEHNS pacTekaHuto Toka 3Y, C MOMOLLbIO MOSlyYEeHHbIX HaMn ypaBHeHun (3.7, 3.8), HeobxoanmMo onpeaennTb KOAMPOBaHHOE 3HadeHue i-ro akTopa, T. €. 3Ha4YeHne BNAXHOCTU TPyHTa U BEIMUYNHY
6ny>xxaaroLwmx TOKOB.

MNMepexoa OT PU3NYECKUX 3HAYEHNI MEePEMEHHbIX K KOANPOBAHHbLIM OCYLLECTBISIETCA C MOMOLLbLIO ypaBHeHUs (3.9).
Xi = XiH - XiOAi 100 % (3.9)

roe Xi — koagnpoBaHHOE 3HayeHue i-ro akTopa;

XiH = HaTypanbHoe (dhusmyeckoe) 3HadeHue i-ro dakrTopa;

Xi0 - HyneBoe (UeHTpanbHOe) 3Ha4veHme i-ro akTopa;

Ai — nHTEepBan BapbMpoBaHuS i-ro dakTopa B GM3MUYECKOM 3HAUYEHUN.

Mocne Toro, Kak NONy4YeHO 3HAYeHMe ypaBHEHUS perpeccun ans onpeaeneHumst noTepm Maccbl 31€KTPOAOB U U3MEHEHMS CONMPOTMBAEHUS pacTekaHuto Toka 3Y, npoBepsieM afeKkBaTHOCTb ypaBHeHui (3.7, 3.8). [ns aToro Bbibnpaem nboe 3HaveHWe, NoNyyYeHHOe B XOA4e SKCNepUMeHTanbHbIX NCCNefoBaHWn, onpeaensem ero xe
pacyeTHbIM MyTEM U MPON3BOAMM UX CPAaBHEHME.

Mocne oTcemBatoLwero akcnepmmeHTa bblna NpoeBegeHa cepus OMbITOB C OCTABLUMMUCS CYLLECTBEHHO 3HAYNMMbIMK (haKTOpPaMM C UCMOJIb30BAHMEM MJ1IaHa Ha WeCTUYrofibHUKe, 0CO6EHHOCTBIO KOTOPOro SBASETCH TO, YTO PaKTopbl MMET pasfiMyHOe KOIMYECTBO YPOBHEN: AN 6onee n3y4yeHHOro HasHavaeTcs Tpu YPOBHS, A1 MeHee
MCCNefoBaHHOMo NMATb YPOBHEW. 3TO CBOMCTBO MJiaHa onpeaennso ero Bblbop, Tak Kak Nnpu 3TUX YCIOBUAX YAAETCS NOMYUNTb aA€KBATHYO MaTeMaTUYeCcKyo Modenb BTOPOro nopsiaka npy MMHMManbHOM KOIMYECTBE OMbITOB.
B Tabnmue 3.4 npnBOANTCA CpaBHEHME 3TUX 3HAUYEHUA.

Tabnuua 3.4 — CpaBHeHMe 3KCNepuMeHTasbHbIX AaHHbIX C paCYeTHbIMU

N° n/n

DKCnepuMeHTanbHble agaHHble, %

PacueTHble gaHHble, %

MorpewHocTb, %

1

0,1348

0,1451

7,691

2

0,1369

0,1369

14,77

3

0,1378

0,1378

18,13

[nsa onpeneneHns norpewHoCTU Npu MHbIX 3HAYEHUSAX BNAXXHOCTU rpyHTa 6bia1 NOCTpoeH rpaduk (MOAMHOM) U METOAOM HaMMEHbLUMX KBAAPaTOB MOlyYeHO ypaBHEHWE 3aBUCMMOCTM 3HAYEHWI NOrpPeLHOCTM OT BNIAXXHOCTU rpyHTa (PUCYHOK 3.2).
PucyHok 3.2 - 3aBMCMMOCTb NOrPeLHOCTM OT BAAXHOCTU FPyHTa

B tabnuue 3.5 npvBeaeHbl pe3ynbTaThl ONpeaesieHns NorpewHOoCTM Npu pacyeTe CoNpoTUBAEHMS pacTekaHuio Toka 3Y, a Ha pucyHkKax 3.3 — eé 3aBMCUMOCTb OT B/IAXXHOCTWU FPyHTa.
Tabnmua 3.5 — CpaBHeHMe aKCnepuMeHTasbHbIX AaHHbIX C pacYeTHbIMU

N° n/n

DKCnepuMeHTasnbHble AaHHble, %

PacuyeTHble gaHHble, %

MorpewwHocTb, %

1

4,197
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5,023

16,439

2

4,899

4,343

11,34

3

5,895

5,443

7,653

PucyHok 3.3 — 3aBMCMMOCTb NMOrpeLlHOCTN OT BAAXXHOCTU rpyHTa

Mocne npoBeAeHHbIX 3KCNEPUMEHTOB MO MaTpule, reomeTpuyecknii obpas KOTopon NpeacTaBneH B BUAE WWECTUYIroNbHWKA, pe3ynbTaTbl 06paboTaHbl npu noMowm nporpamMmbel Mathcad. MonyyeHHble ypaBHEHWS NPeacTaBAsioT TPEXMEPHYO MUHUMAKCHYIO MOBEPXHOCTb, MPpeACTaBNeHHY0 Ha pucyHkax 3.4 - 3.7 [12].

PucyHok 3.4 - 'padmyeckas Mogenb NOTEPU MacCbl MeTanna, npumeHsemoro ans 3Y, B 3aBUCMMOCTU OT BIAXXHOCTU FPyHTa U BEIUUMHBI 6yXAaloWmnX TOKOB

(dpakTopbl B hM3NMYECKOM 3HAYEHNU)

PucyHok 3.5 - Mpadumyeckass Mogenb N3MEHEHUNSI COMPOTUBIEHMS pacTeKaHMIo Toka 3Y B 3aBMCMMOCTM OT BJIAXXHOCTM FPYHTa U BENMYUHBI B1yXXAaloWwmx TOKOB

(dbakTopbl B GPU3NYECKOM 3HAUEHNW)

PucyHok 3.6 — 'padmyeckas Mogesnb NOTEPU MacCbl MeTanna, NpuMeHsemMoro Ans 3Y, B 3aBUCMMOCTU OT BJIAXXHOCTU FPpyHTa 1 61y AaroLmXx TOKOB

(dpakTopbl B KOAMPOBAHHOM 3HAYEHMUN)

PucyHok 3.7 - 'padmyeckas Moaenb U3MEHEHWS CONMPOTUBAEHNS pacTeKaHUio Toka 3Y B 3aBMCMMOCTM OT BJIAXHOCTU rPyHTa 1 6ayxaaroLwmx TOKOB

(dbakTopbl B KOAMPOBAHHOM 3HAYEHUW)

MocTpoeHHble rpaduyeckne mogenn (pUcyHkn. 3.4 — 3.7) Harns4HO NOKa3blBaKOT, KaK BAUSAIOT BA@XHOCTb FPyHTa U 3HavyeHne 6nayxaarowmnx TOKOB Ha NpoLecc Koppo3mmn MeTasnia, MpMMEHSeMOoro Ans U3roToB/IEHUS 3a3eMSAI0LWEro 3/1eKTpoAa, N COMPOTUBIEHNSA pacTekaHuio Toka 3Y.

PaccMoTpuM 3aBMCMMOCTU, M306paxeHHble Ha rpaduyeckon mogenn (pucyHok 3.4) ans yl. BepwwuHa rpaduyeckort Moaenn onpeaeneHa WUCXoAs M3 3adaHHbIX HaMu A1 NMPpOBEAEHUS SKCNepuMeHTa 3HadeHu X1 um X5 B HaTypanbHbiX BenuunHax (npusegeHbl B Tabnuue 3.3). MNonyyeHHble pe3ynbTaTbl MCCNefoBaHUM
NOATBEPXAAT, YTO Hanbonee NHTEHCUBHbIN NMPOLECC KOPPO3UU 3a3eMAAIOLLMX 1EKTPOAOB MPOUCXOAMT B AnanasoHax 17 — 25 % BnaxKHOCTK rpyHTa. Mpu BNaxXHOCTU rpyHTa A0 5 % koppo3usa (noTeps MeTasnsla 3a3eMsiolmnx 31eKTpoaoB) NpakTuyeckm He Habnwgaetcs, a B 15 - 25 % npouecc koppo3umn yckopsietcs n B 30 %
CKOPOCTb KOPPO3MWN CHUXaETCs.

3aBUCMMOCTW COMPOTUBEHUS pacTeKkaHuio Toka 3Y OT BAaXXHOCTU rPyHTa U 3HadeHuns bnyxaatowmx Tokos (pMcyHok 3.5) BeayT cebsa npnbnnsnTenbHo, Kak U NpoLecc Koppo3nn (pUcyHok 3.4). BAaxHOCTb rpyHTa Ha COMpOTUB/IEHNE pacTeKaHUo Toka 3Y BAMSET HEOAHO3HAYHO, T.€. NPU YBEUYEHMWN BAXHOCTU CONPOTUBIEHUE
rpyHTa yMeHblUaeTcs, HO, Kak bbina nokasaHo B [13], nosiBNeHne KOpPO3MOHHOM 060104KN BOKPYT 3a3eMASIOWMNX 3NIEKTPOAOB NPUBOANT K YBEIMUEHUIO CONPOTUBNEHNS pacTeKaHMIo Toka 3Y. 3a CYeT 3TOro SAB/IEHMUS U3MEHEHME CONPOTUBAEHUS pacTeKaHUIO Toka 3Y NpoMcxXoamT TakxkKe, Kak U NpoLecc KOpposuu.

Ha pucyHkax 3.5 1 3.6 npuBoAATCs pe3ybTaTbl 3KCNEPUMEHTOB aHaNoOrmyHo pucyHkam 3.5 n 3.5, ToNbKO Npu KOANPOBAHHbLIX 3HAYEeHUAX nccnegyemblx gakTopos (X1 n X5).

B TexHM4yecknx nccnegoBaHnax nepes HavyasaoM 3KCNepuMeHTaNbHON YacTn TPaaAMLMOHHO COCTaBASIOT NepeyeHb (akTopoB, BAMSAOWMX Ha NOBeAeHWe uccieayemMon CMCTeMbl MOCPEACTBOM aHannsa nntepaTypHbIX MCTOYHMKOB WM Ha OCHOBE CyObeKTUBHOM OUEHKW, YTO He SBMseTcs CTporo ¢hopMann3oBaHHbIM. B gaHHoM paboTte
ncnosb3oBaH Apyroin, 6onee popMann3oBaHHbIM NOAX04 K Bbl6bopy (hakTopoB, CYLLECTBEHHO BANSAIOWMX HA UCCNeayeMblid NpoLecc — MEeTOA OTCEMBAIOLLErO SKCNepuMeHTa no Matpuue MNMnaketra-bepmaHa. B pe3synbTaTe npoBeAeHHOro OTCEMBAIOLWEro 3KCNepMMeHTa yaanocb COKPaTUTb KONMYECTBO BapbupyeMblX hakToOpoB C NATH
00 ABYX, YTO MO3BONMNIO CYLLECTBEHHO YMEHbLUNTb pecypc Npu NpoBeAeHUN SKCNEPUMEHTANIbHOM YacTu paboTsl.

TpexMepHyto Mofenb HeobxoAuMMO MOCTPOUTb Ans nonyveHus obuiero npeactaBneHUs AMHaMUKKM BapbUpyeMblX (PakTOpPOB Ha MPOLLECCbl KOPPO3UW 3/1EMEHTOB 3a3eMNNTENs U M3MEHEHWUs COMpOTUBNEHUS pacTekaHuto Toka 3Y. locne aHanu3a 3TON CNOXHOW MOBEPXHOCTU (pUCYHKU 3.4 1 3.7) NOAYYUSIM KAYECTBEHHYIO
XapaKTepUCTMKY npoLecca KOppo3Mn U U3MEHEHUS CONPOTUBAEHUS pacTekaHuto Toka 3Y (pUcyHkn 3.6 n 3.7). NS NOCTPOEHMS KONMYECTBEHHOW 3aBMCUMMOCTM W MPOBEAEHUS ONTUMM3auLUKN, TPEXMEPHYI0 MOAENb PacCeKk/M CEMENCTBOM FOPU30HTalNbHbIX MJIOCKOCTEN B pe3yfibTaTe Yero nosjydeHbl W30KBaHTbl (M30AMHUK),
npuBEAEHHble B NpuUaoxeHue 1.

3.2 MeToauka onpefeneHns CoCToaHUS 3/1eMeHToB 3Y

OnpepeneHne COCTOSHUSA 3N1eMeHTOB 3Y C MOMOLL b0 MaTeMaTnyeckon Mogenn (ypaBHeHMSs perpeccnm BTOPOro Nopsaka) MMeeT paj NPenMyLLEeCcTB MO CPaBHEHUIO C AeNCTBYOWMMM METOAMKAM, NpuBeAeHHbIMN B § 1.2:

- UCNONb30BaHWE ypaBHEHUW perpeccum (cogepXxalinMn nonyyeHHble HaMmn KoadduumneHTbl) no3sonseT 3dPeKTUBHO CHMXAaTb KOIMYECTBO BCKPbILWHbIX paboT Haj 3neMeHTaMu 3as3eMnuTeneit;

- CHMXKaeT KO/IMYECTBO 3aMepoB NapaMeTpoB 3a3emnmTens u cbopa UCXoaHbIX AaHHbIX 471 OLEHKM KOPPO3MIMHOCTN 3N1eMeHTOB 3Y, COKpalLaeT KOMYECTBO BM3YyallbHbIX OCMOTPOB;

- CHUXXaeT TpyAoBble U BPEMEHHbIe 3aTpaTbl NPU KOHTPOSE COCTOAHUSA 351eMeHToB 3Y.

OCHOBHbIMW MCXOAHBLIMW MapaMeTpaMu A8 ornpeaeneHns COCTOAHWUS 31eMeHTOB 3Y C MOMOLLbIO NpeanaraeMor METOAMKK, SBASIOTCA CpefHeroAoBoe 3HaYeHWe BAAXHOCTU FPyHTa B MECTe HaXOXAEHMUS 3a3eMSIoWNX 3N1eKTPoA0B, BeNMUMHa 6yXAaoWmnxX TOKOB, BPEMS HAXOXAEHWS 3/1eMEHTOB 3a3eM/IMTENN B 3KCMyaTauumn u
obLias Macca 3a3eMNALWNX 3N1EKTPOAOB. B 3aBMCMMOCTM OT MCXOAHbIX NapaMeTpoB ONpeaenstoTcs NoTeps Macchbl 31eMeHTOB 3Y 1 M3MEHEHUE CONPOTUBIEHUS pacTeKaHMIo Toka 3Y, UTO XapaKTepusyeT ero KOppo3MOHHOE COCTOSIHME.

MoTeps Maccbl 3nemMeHTOB 3Y, Bbi3BaHHAas KOPpPO3Wel, NPUBOAUT K CHUXEHUIO CeYEeHUN BEepTUKasbHbIX U FOPU3OHTaNIbHbIX 3/1EKTPOAOB, U K POCTY COMPOTUBMEHMUS pacTekaHuto Toka 3Y. Takme aneKkTpoabl MOryT He BblAepXaTb Hanbonee BEpOSiTHblE BEMUYMHbI BO3HUKAKOLWMX TOKOB KOPOTKOro 3aMblkaHus (04HOMA3HOro) u
MMMYNbCHbIX TOKOB.

3.2.1 OnpepeneHuve obuwen mMaccobl 3sieMeHTOB 3Y

Ob6wwas Macca 3a3eMNa0LWMX 3/1EKTPOAOB B IMTEPATYPHbIX MCTOYHUKAX HEe yKa3sbiBaeTcs. icxoas n3 napaMeTpoB NacnopTHbIX AaHHbIX 3Y (N0 KOMYECTBY, CEYEHMIO, A/IMHE U MapKe 3/1eKTPoA0B) MOXHO ONpeAennTb NOSIHY MacCy BepTUKaNbHbIX U FOPU3OHTasIbHbIX 3/1EKTPOAOB M UX BPEMS HaxXOXAEHUSA B aKCNayaTauuu.
OCHOBHbIMW FEOMETPUYECKMMN pa3MepaMun 3/1IEMEHTOB 3a3eMINTEeNs, onpeaensownmMm ero Maccy, SBnsTC:

- IMaMeTp, CeYeHMe N Mapka CTajau M3 KOTOPOM MU3rOTOB/IEHbI 3/1EKTPOAbI ;

- KOSINYECTBO U ANMHA napasnnefnbHblX (BepTUKanbHbIX) 3/1EKTPOAOB;

- o6Lias AnnHa ropMsoHTasnbHbIX 3/1EKTPOAOB;

- MapKu CTann, N3 KOTOpPON U3rOTOB/IEHbl BEPTUKA/bHbIE U FTOPU30OHTasIbHbIE 3/1EKTPOAbI.

Ncxoasa M3 ykasaHHbIX pa3Mepos, o6Lwyto AMHY BEPTUKANbHbIX 31EKTPOAOB onpeaenstoT no dopmyne 3.10:

L>B = n - L, (3.10)

rae n - KOiM4eCcTBO BEPTUKalbHbIX 3N1eKTPoAoB, LB-A4NnHa 0A4HOr0 BEPTMKAAbHOMO 3/1eKTpoaa.

[JnvnHa ropnsoHTanbHbIX 3/1EKTPOAOB YKa3biBAETCS B MaCNOPTHbIX AaHHbIX 3Y. 06wy MacCcy BepTUKasIbHbIX U FOPU30HTasIbHbIX 3/1IEKTPOAOB onpeaenstoT rno ¢gopmynam 3.11 v 3.12, a 0bwyto Maccy 3asemnutenn — no 3.13.

MB = L>B - Kk (3.11)

Mr = Lr -k (3.12)

mX = MB + Mr (3.13)

rae Lr -anvMHa ropMsoHTanbHbIX 3/1€KTPOAOB; K - yaenbHas Macca npoduns (CTEPXXHS) Ha MOrOHHbIN METP, 3HaYEeHMe KOTOPOW B 3aBMCMMOCTM OT Mapku Ctanu onpeaensetca no Tabnuue 3.6 [46].

Tabnuua 3.6 - HoMMHanbHbIE pa3Mepbl U yAeNbHblE MacCbl 31eKTPOA0B

OnameTp anekTpoaos

Mnowaab NonepeyHoro ceYeHms CTEPXHS,
cM2

Macca 1 M npocdunsa (k)
TeopeTnyeckas,
Kr
MpepenbHble OTKIOHEeHUS, %
6

0,283

0,222

+9,0

-7,0

8

0,503

0,395

10

0,785

0,617

+5,0

-6,0

12

1,131

0,888

14

1,540

1,210
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16

2,010

1,580

+3,0

-5,0

18

2,540

2,000

20

3,140

2,470

22

3,800

2,980

25

4,910

3,850

28

6,160

4,830

32

8,040

6,310

+3,0

-4,0

36

10,180

7,990

40

12,570

9,870

45

15,000
12,480

50

19,630
15,410

+2,0

4,0

55

23,760
18,650

60

28,270
22,190

70

38,480
30,210

80

50,270
39,460
YAenbHY Maccy BepTUKalbHbIX U FOPU30HTasbHbIX 31eKTpoaoB 3Y (3HavyeHue K) MOXHO TaKxXe onpefennTb Mo Kaccy apMaTypbl U Mapke CTanu, U3 KOTOPOM M3roTOB/EHbI 3a3eMnsaowme anekrpoapl (tabnmua 3.7) [46].
Tabnuua 3.7 — Knaccel apMaTypbl U Mapku Ctaam ansi U3rotToBfIEHUS 3/IEKTPOAOB
Knacc apmaTtypHoi cranu
OnameTp npoduns,
MM

Mapka cranu
A-I (A240)

6 - 40

Cr3kn, Cr3nc,
Cr3cn

A-II (A300)
10 - 40

40 - 80
Ct5cn, Ct5nc
narac

Ac-H ( Ac300)
10 - 32

(36 - 40)
10T

A-III (A400)

6 - 40

6 -22

35IC, 25r2c
32I2Pnc

A-IV (A600)
10 - 18 (6 - 8)
80C

A- 1V (A600)
10 - 32

(36 - 40)
20Xrauy
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A-V (A800)
(6 -8)
10 - 32
(36 - 40)
23X2r2T
A-VI (A1000)
10 - 22
22X2I2A10, 22X2I21P,
20X2r2Cp
Mcxoas M3 Knacca apMaTtypbl M MapKu CTanu, NpUMEHSIEMON A1 U3rOTOBJIEH WS 3a3eMISIOLWMX 3/IEKTPOAOB, Mo Tabnmue 3.7 onpenenstoT AMaMeTp BepTUKabHbIX U FOPM30HTaNIbHbIX 31IEKTPOAOB.
OnpepeneHne BNAXXHOCTU FpyHTa B MeCTe HaxoxaeHumn 3Y
Kak 6b1/10 NOKa3aHo Bbille, BAXHOCTb FPYHTA SIBASIETCH OCHOBHbLIM NMapaMeTpoM, CyLLeCTBEHHO BAMSIOLWMM Ha NpoLLeCcC KOPPO3nMKn 31eMeHTOB 3Y, COOTBETCTBEHHO eé 3HauYeHMs BeCbMa BaXKHO A1s pacyeTa coctosHusa 3Y.
[Ona onpegeneHmnsa COCTOAHMA 3a3eMnnTens HeobxoanMMo cpegHee 3HauYeHme BNaXxXHOCTU FpyHTa B Nepuoj BBOAA B SKCNJyaTauMio U A0 NPOBEPKN COCTOAHUS 3Y.
CraTncrtmnyeckme gaHHble, CpeaHee 3Ha4YeHMe BAaXXHOCTU FpyHTa 415 pasHon riybuHbl npueogaTcs B [138].
MeToamKa onpeaeneHns BAaXHOCTU rpyHTa npueeneHa B [45]. OnpeaennTb BNaXHOCTb FPyHTa B MecTe HaxoxAeHUs 3Y MOXHO C MOMOLLbIO cneunanbHbiX Npnbopos (Bnaromepos).
OnpepeneHne conpoTUBIIEHUSA pacTeKaHUo Toka 3Y
MpoBepka COCTOSAHMSA 3/71eMeHTOB 3Y COrfiacHoO AENCTBYIOWMM METOAMKAM MpOBOANTCHA MyTeM OnpeaesieHns ero OCHOBHbIX 3JIEKTPUYECKMX NapaMeTpoB, OAHUM U3 KOTOPbIX SABASETCS COMPOTUBIIEHME pacTeKaHuto Toka. ConpoTMBEHME pacTeKaHWUIO TOKa 3a3eMamTenen n3mMepseTcs npyv NOAKIHYEHUM TOKOBbIX M MOTEHUWaNbHbIX
3N1eKTPOoAOB K COOTBETCTBYHOWeMy npubopy. MNMpu namepeHnn cConpoTUBAEHUS pacTeKaHWUto Toka 3Y, KOHKpPeTHOe MeCTO MOrpy>KeHMs TOKOBbIX M MOTEeHUManbHbIX 3/1eKTpoAoB npnbopa He yKasbiBaeTcs. 3agatoTcs pacctosHue (pagnyc) ot 3Y A0 TOKOBOrO M NOTEHLUManbHOro 301eKTpoaoB. [epemelleHne 31eKTpoaoB N3MepPUTEIbHOro
npubopa Npu NpoM3BOACTBE M3MEPEHUN COMPOTUBIIEHNA pacTekaHuio Toka 3Y B pa3HbiX Toukax, (HaxoxaeHus 3Y), B pa3Hoe BpeMsl U B OAHOM paaumyce NpuMBOAUT K M3MEHEHWIO MoKasaHui npubopa, T.e. CONPOTMB/IEHME B pasHbIX TOYKaAX OAHOr0 pagMyca He OCTaeTCs MOCTOSHHbIM. 3TO CBSI3@aHHO CO CBOWCTBAMW FpyHTa, €ro
BNIAXKHOCTbIO, TEMNEpPaTypon, XMMUYECKMM COCTAaBOM U T.A.
MonyyeHHble HaMn AaHHble 06 U3MEHEHMM COMPOTUB/IEHNSA pPacTeKaHWo Toka 3Y HaxoAsaTCs B NPOTMBOPEYMM C pe3ynbTaTaMm APYrux uccrnegosartenei, Hanpumep, MaHonnosa B.3. [84]. B cBoein moHorpaduun [84] MaHonnos B.3. yka3sbiBaeT, 4TO C TEYUEHUEM BPEMEHU YNOMSHYTOE COnpoTMBAeHne 3Y CHMXaeTca n obbsacHaeTcs
3TO yNyUlleHMEM KOHTaKTa 3a3eM/soWMX 3/1eKTPOAOB C FPYHTOM.
Mbl nonaraeM, 4To pe3ysbTaTbl NU3MEPEHMS CONPOTUBIIEHMS pacTeKaHWUIo Toka 3Y, noslyyaemble Npu o4epeaHbliX UCMbITaHMAX NOC/IEAHEro, He MOryT C/TYXXUT OCHOBaHMEM Ans NPUBEAEHHOrO Bbllle BbIBOAA O CHUXEHUWN CONPOTUBIEHNS 3Y B CUNY ClieayoLmMX o6CToATENbCTB:
- Npy NPoOBEAEHNN U3MEPEHWNI COMPOTUBEHMNS pacTeKaHUIo Toka 3Y B MPOTOKO/E YKa3blBAOTCA CBEAEHMS O TOM, KTO MpoOBOAM U3MepeHns, nHdopMauma o npuMeHseMoM npubope, gaTe U3MepeHus;
- TOYHOE MecCTOMnoNoXeHne NoTeHUManbHOro n Tokosoro anektpogos HE YKA3bIBAETCA.
MocneaHee no3BonseT npegnonarath, YTO CMELLEHME SNeKTPoAOoB Mo aAyre (6e3 HapyLlweHns pacCToaHUM OT 3Y) MOXET BAMATb Ha pe3y/bTaT U3MepeHUn.
YunTbiBas, YTO CONPOTUBIIEHNS pacTEKaHMIO Toka 3Y ABMSeTCA OAHMM U3 OCHOBHbIX MOKasaTesnen, Xxapakrtepusyowmx ero coctosHue, NMPEANTATAEM duKkcnpoBaTb MeCcTa Norpy>XeHns n3MepuTebHblX 371EKTPOLOB U NpU BCEX MOCEAYIOWMNX UIMEPEHUSAX NOrPy>XaTb 3TU 31EKTPOAbl MMEHHO B 3TUX TOUKaXx.
B 3TOM cniyyae Mbl He ToNbKO obecrneynm ConocTaBMMOCTb pPe3y/ibTaToOB M3MEPEeHMSs, HO U MOJTyYMM UCTUHHYIO MHMOPMaL MO O COCTOosIHME 3Y Mo TakOoMy MoKasaTesilo Kak ero ConpoTUBIEHNE pacTeKaHMIo ToKa.
OnpepeneHne HanMuunsa 6ayxaatoWwnx TOKOB
Pe3ynbTaTbl BbIMOMHEHHbIX HAMW UCCNEAOBaHUM MoKasanau, YTO Hannume 1 BenndmHa 6nyxaarwmx TOKOB CyLEeCTBEHHO BMAIOT Ha Npouecc Koppo3un anemeHToB 3Y. MNoa aencremeM 6nyxAaroWwmx TOKOB KOPPO3Ms CTAHOBATCS 3/IEKTPOXMMMYECKOM M MoTepe MacCbl MeTasnna, NMPUMEHSIEMOro A5 N3roTOBIEHUS 3a3eMISIOLWMX
3/IEKTPOAOB, YBENNYNBAETCS.
Hannune 6nyxaamoLwmx TOKOB XapakTepHO, Npexae Bcero, 415 TAroBblX NOACTAHLUMI NepeMeHHOoro U NoCTostHHOrO TOKOB.
MpUMEHUTENbHO K CMCTEMaM 31eKTPOCHabXXeHM S NMPOMbILLIEHHbIX NPeanpuUsaTuii Hannume 6ayxaaowmnx Tokos byaet obycnoBanMBaTbCa NpUMEHEHMEM pas/IMyHbIX NpeobpasoBaTeflbHbIX arperaTtos, LUWMPOKUM NPUMEHEHMEM B TEXHOIOMMYECKMX MpoLieccax 3/1eKTpoCBapKu 1 T.M.
B ropoackmx aneKTpUUECcKMX CeTaX Hannume 6ay>XaaroLmnX TOKOB Bbi3blBAETCSH PEfibCOBbIM TPAHCMOPTOM.
B cucremax 3n1eKTpoCcHabXXeHns CenbCKOX03AMCTBEHHbIX NOTpebuTenen 6nyxaatowme TOK1, Kak NpaBusio, OTCYTCTBYIOT.
OpaHako Ha Bcex NOACTAHUMAX YKa3aHHbIX CUCTEM 3/1eKTPOCHabXXeHUs CyLlecTByeT BEPOATHOCTb NPOTeKaHUS NO 3/1ieMeHTaM 3Y TOKOB HY/1IeBOW NMOC/eA0BaTelbHOCTM MPY BO3HMKHOBEHMU B 3/1EKTPUYECKNX CETAX HECUMMETPUYHbBIX PEXMMOB.
Mo3TOMY, Mbl CYMTAEM, UYTO YUET HaIMUNA N BENNYMH BNyXAAOLWMX TOKOB HEO6X0AMM Ha NIo6bIX MMaBHbIX MOHMU3UTENbHbIX NOACTAHLUMNSX.
OTOT yyeT MoXeT 6bITb OpraHn30BaH cneayowmnm obpasom.
MeToamka onpegeneHne noTepsi MacCbl MeTasina, MPpUMeHSEeMoro AN U3roTOBIEHMS 3a3eMSIOWNX 31EeKTPOA0B
Mocne onpeaeneHns BblleyKa3aHHbIX MNapaMeTpoB A1 pacyeTa CoCTosHMA 3Y, ypaBHeHueM 3.7, 3.8, onpeaenstoTca NoTeps MacChbl 3a3eM/ISOWMX 1EKTPOAOB M M3MEHEHME ero CONpoTUBAEHUIO pacTeKaHMsa Toka AN AeCSTU CYTOK, TaK, Kak noslydeHHble HaMu KO3 dULMEHTOB perpeccmmn paccumtaHa Ha 240 yacoB. YuuTbiBas
3TOro, Heo6xo0AMMO onpeaenTb «K03PMOULNEHT BpeMEHU» KB, A/1s 60/blUEero KONM4YecTBo BpeMEHU TaK, KakK 3a3eMsiolme 31eKTpoabl B peasnbHble yCnoBus (B NOACTaHLMSAX, 3/1EeKTPOYCTaHOBKax U T.4.) B TeYeHMe rogax HaxoasaTcs B 3eM/I0 M nonagaeT noa AencreneM 6onee AnMTenbHOro npouecca Kopposmu.
Onpepensiem KB1 noTeps Maccbl MeTanna, NPUMEHSEMOro 4151 3roTOBIEHMS 3a3eMASIOWMX S/IEKTPOAOB U KB2 U3MEHEHMS COMPOTUBEHMS pacTekaHuto Toka 3Y.
kBl = y1 n %/cyT (3. 14)
kB2 = y2n %/cyT (3. 15)
roe n = 10 Npoao/mKUTENbHOCTb SKCNEPUMEHTA B CYTKU.
[na ToYHOro pacyeTta noTepsi MacChbl 3a3eMSI0LWMX 3NEeKTPOAOB UM M3MEHEHUS COMPOTUBIEHUM pacTeKaHMs ToKa 3a3eMImTeNIn, YMHOXAEM 3Ha4YeHne KB Ha YMCo, NPOAO/IKNTENbHOCTM aKenayaTaumm 3Y.
Am =kB1 - T, % (3. 16)
AR =kB2 T, % (3.17)
rae AM — noTtepst Maccbl 3NeKkTpoaos, AR — naMeHeHus ConpoTUBAEHNSA pactekaHus Toka 3Y, T — NpoA0/HKUTENbHOCTb 3KCnayaTaumm 3Y.
[na Konn4yecTBeHHOro onpeaeneHnsa noTepsi Maccbl 371eKTPOAOB 3a3eMINTeNM BOCNO/b3yeMcsl ypaBHeHMe 3.18.
M =AM - mZ100, kr (3. 18)
MNMpepnaraemas MeToanKa MO3BOMASET TOYHO OMNpeAesMTb KOPO3MIMHOCTb 3/IEMEHTOB 3a3eMIUTENN U U3MEHEHUS COMPOTMBAEHUS pacTeKaHWIo Toka 3Y HaxoAsAWNXCa Noj BANSHUEM pasfIMYHbIX AMarnas3oHax BAAXHOCTWM FPyHTa WU Hanvunem 61yxaalwmx TOKOB. TakXe MOXHO onpeaennTb KOPO3MMHOCTb 3/IEMEHTOB 3a3eMInTenu
Haxoasawmxcs B ntoboe Npoao/HKMTENBHOCTU SKCMlyaTaumu.
3.4 BbiBOAbI
[ns nccneposaHus npouecca Koppo3um anemeHToB 3Y paspaboTtaHa MaTeMaTuyeckasl MOAesb, OCHOBaHHAas Ha ABYXMAKTOPHOM MJiaHe BTOPOro nopsiaka.
BnepBble aKCnepyMeHTaNbHbIM MYTEM MOJy4YeHbl 3aBUCMMOCTU MOTEPU MAcChbl U U3MEHEHWUSI COMPOTUB/IEHNSA pacTekaHms Toka 3Y B hyHKUNM OT BapbUpyeMbIX akKTOPOB: BNAXXHOCTM FpyHTa U Hanmuuns 6ayxaatowmx TOKOB.
PacyeTHbIM NyTEM NONyYEHbl YpaBHEHUS ANs onpegeneHms obLuen Maccbl 3/1IEMEHTOB 3a3eMIMTENU, 3aBUCMMOCTb NOTEPU MACCbl MeTasna, MpMMEHSAEMOro Ans N3roToB/IEHUS 3a3eMIAOWMX S/IEKTPOLAOB, U U3MEHEHMNE CONPOTUBAEHUS pacTeKaHMIo Toka 3Y OT BAAXHOCTU FpyHTa M Hannumsa 6nyxaarwmnx TOKOB.
Ha ocHOBaHMK pacyeTHbIX U 3KCMepUMeHTaNbHbIX AaHHbIX MOCTPOEeHbl rpadnyeckme MoAenn N HOMOrpaMMbl, MO3BONSIOLME ONpeaenTb KOPPO3MOHHOE COCTOSIHUE 3/IEMEHTOB 3a3eM/INTENN B 3aBUCMMOCTU OT BI@XXHOCTU IFPyHTa U Hanmumsa 6ayxaarowmx TOKOB.
3AK/TIOYEHUE
B ancceptaumoHHolM paboTe pelleHa akTyasbHas Hay4yHO-TEXHMYECKas 3ajada, 3aKkiyarLwascsa B onpeaeseHnm 3aBMCMMOCTU KOPPO3MOHHOMO COCTOSIHMS 3/1IEMEHTOB 3a3eMINTeNs OT pas/iMyHbiX (akTOPOB FPyHTa M BEMUYMHBI 6nyxaatowero Toka.
MpoBefeHHbIE 3KCMEepUMeEHTaNbHble NCCef0BaHMS MO3BOMSAIOT CHOPMYMPoOBaTb CleayolmMe OCHOBHbIE pe3ynbTaThl:
Ha ocHoBe Teopuun nogobus n mogenmposaHus paspaboTaHa sKCnepMMeHTaNbHas yCTaHOBKa, NO3BONSAOLWAs MCCeaoBaTh npouecc Kopposmun 3Y B pasHbiX AnanasoHax (hakTopoB, BAMSAIOWMX Ha ee pa3BMTHe. YCTaHOBKA 3aliMlieHa NaTeHTOM Ha NOoNe3HYyo Modenb.
Ona nccnepoBaHumsa npouecca Koppo3nn aneMeHToB 3Y paspaboTaHa MatemaTunyeckasl Mogesb, OCHOBaHHas Ha ABYX(MaKTOPHOM MlaHe BTOPOro nopsaKka, C MOMOLLbIO KOTOPOM YCTAHOBJIEHO, YTO OCHOBHbIMU (haKTOpaMu, CyLLECTBEHHO BAMSIOWMMIN HA NpoLEeCcC KOPPO3nKn 351eMeHToB 3Y, ABNATCS BAAXHOCTb FPyHTa U HanMuune B
HeM 6y aarwmx TOKOB.
BnepBbie nonyyeHbl 3aBUCMMOCTM NMOTEPU MacCbl MeTass1a 3N1EKTPOAOB U M3MEHEHUS COMPOTUBNIEHNS pacTeKaHMo Toka 3Y, obycnoBneHHble Koppo3uein. Npy 3TOM yCTaHOBIEHO, YTO Hambosnbllee BANSIHME Ha KOPPO3UIO OKa3sbliBaEeT B/IAXXHOCTb FpyHTa BennumHon 17-25 %.
PaspaboTaHbl cnocob n metoanka onpeaeneHns COCTOSHUA 3/1ieMeHToB 3Y, OCHOBaHHbIE Ha U3MEPEHNM KOCBEHHbIX MapaMeTpoB M He Tpebytlowmne nposeaeHns BCKPbILWHbIX paboT.
Pe3synbTaTbl MCCNeAOBaHMS UCMOMb3YOTCA B NpoLecce U3yyeHUs CTyaeHTamMm TafXKMKCKOro TEXHUYECKOro yHmBepcnTeTa nMeHn akagemmka M.C. OcuMmn n IHCTUTYTa SHepreTMkm TafXnMKNCTaHa AMcuUnnamnH «be3onacHoCcTb XN3HEeAeaTEeNbHOCTM» N «DnekTpobe3onacHoCTb».
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