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4
BBE/IEHUE

AKTYaJIbHOCTH T€MbI MCCJICOBAHUS.

[IpombinuienHsle  momanku  (manee —  IIII)  HedTenepekaunBaromux,
KOMITPECCOPHBIX, ra30pacipeieTUTENbHBIX U IPYTUX CTAHIMI C pa3MEIIEHHbIM Ha UX
TEPPUTOPUH  OOOpPYHOBAHHMEM, BKJIIOYAas MOJ3EMHBIE COOPYKEHHUS, SBIIIOTCS
BOKHEUIIUMU SJEMEHTAMU MarucTpaibHbIX TpyOompoBogoB Hedtu u raza. [us
oOecrieueHns HaJeKHOW pabOThl MOA3EMHBIX COOPYKEHUN NPUMEHSIOT KaTOIHYIO
3amuTy B cooTBeTCTBUM ¢ ['OCT 9.602-2016 u I'OCT P 51164-98, ognako nmoteHyan
«Tpy0a-3eMJIs» He COOTBETCTBYET HOPMUPYEMBIM 3HAUCHUSIM [27].

[IpyuriHaMU JTOKQJIBHOTO CHHKEHUS 3PPEKTUBHOCTH padOThI CPEACTB KATOIHOM
3alUThI, MPOSBISAIOLIETOCS B YMEHBIICHUH 3aIUTHOTO MOTEHIHMaNa Mo aOCOIIOTHOU
BEJIMYMHE, SIBISIOTCA:

—  YXYAUICHHUE 3alIUTHBIX CBOMCTB U30JISILIUOHHBIX OKPBITHIA;

— BJAMSHHE OJYXXIAIOIIMX TOKOB M CTOPOHHUX CTaHIMM KaTOJHOW 3allMThI,
PacroJIOKEHHBIX Ha TEPPUTOPUU OOBEKTA,

— BJIMSHHME CMEKHBIX CUCTEM Ha MPOILIecC TOKOpacHpeeIeHUs;

— HEOAHOPOJHOCTh TPYHTOBBIX YCIOBHM Ha TEPPUTOPUU MPOMBIIIIEHHBIX
IUIOIIAJIOK.

B nacrosmiee BpeMs pu NPOEKTUPOBAHUH U BBOJIE B DKCIUTYaTAIUIO CUCTEM D X3
TEXHOJIOTUYECKUX TpyOONpPOBOJOB HE YYUTHIBAETCA TO, UYTO B PpAAE CIy4aeB
OCYILEeCTBIsIETCS 00paboTKa c1abOHECYIIETro UM arpeCCUBHOTO IPYHTA, & TAKXKe MOXKET
MPOBOJUTHLCA €ro MOJIHAA WIIM YaCTUYHAs 3aMeHa. BeiieIcTBrUE 3TOr0 BOSHUKAIOT PUCKU
YCKOPEHHOTO KOPPO3HMOHHOTO M3HOCA IMOA3EMHBIX COOPYKEHHUH, padoTaromux Ha
TEPPUTOPUH MTPOMBIIITICHHOMN MJIOMIAAKH, YTO 00YCIIaBIMBAET yTPo3y KU3HH U 3JJ0POBBIO
00CITy>KMBAIOIIET0 MepcoHana, HeI0MOCTaBKHU MPOYKIUU MOTPEOUTEINI0, 3HAUYNTEIbHbIN
MaTepHaTbHBIN, YKOJIOTHIECKUH yIepo.

Crenenb pa3padloTaHHOCTH TEMBI UCCIICIOBAHUS.

Bompocam  mnoBbimienuss  3(QpQPEKTUBHOCTH  NPOTUBOKOPPO3HMOHHOM  3aLIUTHI

COOpPYKEHUW MPOMBINUIEHHBIX IUIOMAanok BHuManue yuaemsuim A. I'. Kopotses,
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JI. A. Cenuna, U. I'. Tenetnen, A. C. Ky3s00xkeB, @. K. ®arpaxmanos, B. H. FOmmmanos

u npyrue [20, 21, 22, 39, 55, 64, 84, 85, 86, 90, 91, 106, 107-134].

B nactosiiee Bpemsi pa3paboTaHbl METOAMKH ONTHUMHU3ALMK PabOThI CPEICTB
ANEKTPOXUMHUYECKONW 3alllUThl OT KOPPO3UM TPYOONpPOBOAOB, B T.4. HAa TEPPUTOPUU
MPOMBIIUICHHBIX TUIOMIAN0K, a TAaKX€ HW3Y4YEHbl BOMNPOCHl HEraTUBHOIO BIIHMSHUS
CTOPOHHUX (DAaKTOPOB M CHCTEM Ha MPOLECCHl TOKOpacmpeneiaeHus B cucreme IOX3
TpyOompoBojos [3, 5, 20, 21, 33, 90].

OnTuMu3aims NOTEHIIMAIOB Ha TPYOOIPOBOAAX U COOPY>KEHUS MPOMBIIIEHHBIX
IJIONIAIOK paccMoTpeHa B nyosukauusx P. B. Aruneit, FO. B. Anekcanaposa,
. B. I'motoga, 3. X. fAry6osa, A. Gummow, B. R. Husock, E. L. Kirkpatrick u maorux
JIpPYTHUX.

3ajava, CBsA3aHHAs C BIMSHUEM OJIY)KJAIOIMIMX TOKOB, PELIEHbI B paboTax
O. 0. Anekcanaposa, A. B. ®ypkuna, A. U. S6mydanckoro, ®. M. Mycraduna u np.

Bonpocam skcrutyataliii CUCTEM 3JIEKTPOXMMHYECKON 3alIUThl COBMECTHO CO
CMEKHBIMU cucTeMaMu, mocBsmieHsl padotsl B. B. Ilputynsi, H. H. Ckypunusna,
E. B. Hcynosoii, B. FO. Kopsununa, A. A. @Parxynuna, B. H. Tkauenko,
E. H. Tuxomuposa.

OnHako BOIPOCHKI, CBSI3AHHBIE C KATOJIHOMW 3aIIUTON MOA3EMHBIX COOPYKEHUN Ha
TEPPUTOPUH MPOMBIIUIEHHBIX IUIOMAJA0K B YCIOBUSIX HEOJAHOPOAHOCTH TPYHTOBBIX
XapaKTepUCTUK PEIICHbl HE B TOJHOW MeEpe, YTO SBIAETCS aKTyaJlbHOM Hay4HO-
IIPAKTUYECKOM 3a4a4eH.

O0beKTOM HCCIeI0BAHMUS SIBISIOTCS TOA3EMHBIC YYACTKU TEXHOJIOTHYECKHUX
ra3zoHe(TEenpoOBOI0B MPOMBIIIICHHBIX ILIOIIAI0K.

IIpeamerom wucciienoBanus sBisercsi 3G(HEKTUBHOCTh 3AIMUTHI OT KOPPO3HH
TpyOONpPOBOJOB, PACIOJIOKEHHBIX Ha TEPPUTOPUU MPOMBIIUICHHBIX IUIOMIAJ0K, B
YCJIOBUSIX HEOAHOPOJHOCTU IPYHTOBBIX XapaKTEPUCTUK.

Hean padoThl — obOecrieueHue MPOTUBOKOPPO3UOHHON 3alTUTHI TPYOOTIPOBOIOB,
pPACIONIOKEHHBIX Ha TEPPUTOPUM TPOMBIILICHHBIX IJIOMIAJ0K, C YYETOM BIIMSHUS
HEOJHOPOJHOCTH TPYHTOB HA MapaMeTpbl TOKOPACHIPENEIECHUS] B  CUCTEME

ANEKTpOXUMUYECKOM 3aruThl (3X3) HedTera3oBbIX 0OHEKTOB.



3amavu ucclieI0BAHNS:

1. YcTaHOBUTH BIMSIHUE CYIIECTBYIOIIUX METOJIOB TEXHUYECKOW MeETuopaiuu
IPYHTOBBIX OCHOBAHUM ILJIOMIAJOUYHBIX OOBEKTOB HE(PTETra3ompoBOJOB Ha MapameTphbl
CUCTEMBbI SJICKTPOXMMHYECKON 3alIUThl OT KOPPO3UHM TPYOONMPOBOJOB Ha PA3TUUYHBIX
CTaIUsIX )KU3HEHHOTO IIUKIIA.

2. TlocTpouTh MaTeMaTU4YeCKyl0 MOJENb pacyeTa HHTErpajbHOro YIEIHHOTO
ANEKTPUUYECKOTO COMPOTUBJICHUSI TPYHTA JIJIsi ONMPEACICHHOTO Juara3oHa MpakTUUYeCKU
3HAYMMBIX MMapaMETPOB YJIEIBHOTO AJIEKTpUUYecKoro compotusieHus cpeabl (100+700)
OM'M U COOTHOIIEHUN 00beMHOM KoHLIeHTparuu a0 0,4.

3. DOKCHEepUMEHTAIbHO OIICHUTh BIWSHUE TPYHTOBBIX XapaKTCPUCTUK Ha
napaMeTpbl TOKOPACTIPEICIICHHS B YCIOBUSAX YKPAHUPOBAHMS KATOJHOTO TOKA.

4. Pa3zpaboTaTh METOAMKY yde€Ta HEOJHOPOJHOCTU TPYHTOBBIX YCIOBUH MpH
MPOCKTUPOBAHUM  CPEJCTB  IJICKTPOXMMUYECKOW  3allUThl  Ta30HETENPOBOIOB
MIPOMBIIIUICHHBIX TUIONIAIOK JIsl o0ecriedeHust 3 (HEKTUBHOCTH €€ padOTHhI.

CooTBeTCcTBHE NACTIOPTY CHENUATIBLHOCTH.

[IpeacraBinenHass  AuWccepTallMoHHAas  paboTa  COOTBETCTBYET  MACIOPTY
cnenquanbHOCTH 2.8.5 — «CTpOUTENBCTBO U IKCIUTyaTanusl He(Tera3onpoBoIoB, 0a3 U
XpaHWIKI», a HMMEHHO obiiactu uccinefaoBaHusi: «HaydHble OCHOBBI CHCTEMHOTO
KOMILIEKCHOT'O (MyJbTHIUCIUIIIIMHAPHOTO) MPOEKTUPOBAHMS KOHCTPYKIIUH,
MPOYHOCTHBIX, THIPOMEXAHUYECKUX, TA30IMHAMUYECKUX U TEIUIO(U3NYECKUX PACUETOB
CYXOMYTHBIX M MOPCKHUX CHUCTEM TPYyOONPOBOJHOIO TPAHCIOpTa Uil 100BIYH, cOOpa,
MOATOTOBKH, TPAHCIIOPTUPOBKU M  XPaHEHUS YIJIEBOJOPOJOB, paclpeeeHus,
razocHaOKeHusi W HePTENpOAYKTOOOECICUECHUS, TMOA3EMHBIX M  HA3EMHBIX
ra3oHeTEXPaHWIUI, TEPMHUHAIOB, WHKCHEPHON 3aIllUThl W 3aIUThl OT KOPPO3WH,
OpraHU3alMOHHO-TEXHOJIOTUYECKUX TPOIIECCOB WX COOPYXKEHHMS, DKCIUTyaTalluu,
JTMArHOCTUKH, 00€CTICUeHUS CUCTEMHOM HAJIEKHOCTH, MEXAHIMUECKOU M DKOJIOTHUECKOU
oezonmacHocThy (I1. 2).

Hayuynast HoBH3HA.

1) st obecrieuenns cucteMbl DX3 Ha pa3sInYHBIX CTAANUSX KU3HEHHOTO I[HKJIA

IJIONIAIOYHBIX COOPYKEeHHI HedTerazonpoBo/ioB pa3paboTaH U OOOCHOBAH HOBBIN
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KPUTEPHUM T'PYHTOBBIX XapaKTEPUCTUK K, 11 OLIEHKM M ydeTa BIMSAHHUS IOKa3aTeleu
HEOJHOPOJIHOCTH TPYHTOBBIX YCIOBUN Ha MapaMeTpbl TOKOPACIPEACIICHUS B CUCTEME
9X3.

2) Tlomydena wmaTemaTtWyeckas MOAEHb JUIA pacdera DX3 TpyOONpOBOJIOB
IUIOIIAJIOYHBIX ~ COOPYKEHUM B  YCIOBUAX OKPAHMPOBAHUSA KaTOAHOIO  TOKa,
MO3BOJISIONIAS  OIEHUTh MHTETPAIbHYIO BEJIMYMHY YACJIBHOTO 3AJIECKTPUUYECKOTO
CONPOTUBJICHUSI HEOJTHOPOHOTO TpyHTa Jjsi nuana3zoHa 3HadeHuit (100+700) Om M u
COOTHOIIIEHUI 00beMHON KoHLIeHTpaluu 10 0,4.

3) Pa3zpaborana MeToauKa ISl MPOSKTUPOBAHUS CPEICTB DICKTPOXUMHUIECKOM
3alUTHl Ta30HE(TENPOBOJIOB MPOMBIIUICHHBIX IUIOMIAJ0K C YYETOM HEOJAHOPOIHOCTH
I'PYHTOBBIX YCJIOBUH.

Teopernyeckasi 3HAYUMOCTB UCCIEAOBAHUS OOOCHOBAaHA TEM, YTO:

— YCTaHOBJICHO BIMUSHUE TEXHUYECKOM MEJIMOpALMM Ha XapaKTEPUCTUKU
TOKOPACHpPEEICHUs B CHCTEME OJJIEKTPOXMMHUYECKOM 3allluThl TPyOONpOBOJIOB Ha
TEPPUTOPHUH MPOMBIIIJIEHHBIX MIOIIAOK;

— PackKphITBl HECOOTBETCTBUS B OLIEHKE JJIEKTPUYECKUX XapaKTEPUCTHUK
TpyOOIIPOBOJIOB M YCTAHOBJICHUU CTENEHU KOPPO3MOHHOMN arpecCMBHOCTU TpyHTa IpU
HEJJOCTOBEPHOM  OMPEIEICHUU CPEeIHEW BEJIMYMHBI YAEIBHOIO 3JEKTPUUYECKOTO
COIPOTHUBIIEHUS TPYHTA Ha TEPPUTOPUN IPOMBILIIIEHHOTO O0OBEKTA;

— pa3paboTaHa mMaTeMaTuyeckass MOJENIb MHTETPaibHOM BEJIMYMHBI yIEIbHOTO
AIEKTPUYECKOTO0 COMPOTUBIIEHUS FPYHTA C YYETOM HEOJHOPOJIHOCTH €ro MapaMeTpoB
JUISL  ONPENIETIEHHOrO JUana3oHa MPAaKTUYECKH 3HAYMMBIX [apaMETpPOB YIEIbHOTO
anekTpudeckoro comportuBienus cpeabl (100+700) OM M U COOTHOIIEHUH O00BEMHOM
KoH1eHTpanuu 10 0,4.

IIpakTH4Yeckasi 3HAYMMOCTHb PadOTHI

Pazpaboran cmoco6 (matentr P® 2751713), mno3BONSIONIMI OTPAaHUYUTH
BO3MOKHOE HEraTUBHOE BIUSHHUE HEOJHOPOAHOCTH TPYHTOBBIX XapaKTEPUCTUK Ha
napameTpbl TOKOPACIIPEAEIICHNS B CHCTEME KaTOHOM 3aIlUTHI.

Meronuka  onpeneneHuss KAayeCTBEHHOM M KOJMYECTBEHHOM  OLIEHKHU

HEOJTHOPOJHOCTH TPYHTOBBIX XapaKTEPUCTUK IPU MPOECKTUPOBAHUM WM SKCIUTyaTalUU
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cucteM OX3 TpyOONmpoBOAOB M OOOPYIOBaHHUS MPOMBIIUICHHBIX IUIOMIAJ0K, JaeT
BO3MOXXHOCTh  TOBBICUTH  JIOCTOBEPHOCTH  OMNPEACICHUS BEJIUYHMHBI  YJEIBHOIO
AIIEKTPUUECKOTO COMPOTHUBJICHHUS TpPyHTa M, Kak cleAcTBue — 3(PHEKTUBHOCTH
JAIIbHENIIECH SKCIUTYaTallMU CPEICTB MPOTUBOKOPPO3UOHHOM 3AIUTHI.

IHon0keHus1, BHIHOCUMbIE HA 3aALIUTY:

1. Pa3paboTaHHBIM KpHUTEpH, OOOCHOBBIBAIOIIMI NPUHATHSA PEIICHUS IIPU
MPOCKTUPOBAHUM U OJKCIUTyaTaluu cuUcTeMbl DX3 IUIOMIAI0YHBIX COOPYKEHUM
MarucTpajbHbIX Ta30HE(PTENPOBOJIOB, C YYE€TOM OLEHKH HW3MEHSIOMUXCS YCIOBUMN
HEOJHOPOJIHOCTH I'PYHTOB U PE3YJIHTATOB TEXHUYECKON METHOPAIUH.

2. PaspaboTaHHas METOAMKA, TIO3BOJISIONIAS MPUHUMATh TEXHHYECCKUE PEIICHUS
uisi  obecriedueHrs cucTeMbl X3  IJIOMIAJOYHBIX COOPYXKEHUW MarucTpaibHBIX
ra3oHe(TEPOBOJOB HA PA3JIMYHBIX CTAAUSIX HUX JKU3HEHHOTO IHMKJIA, C YYETOM
ONpEeIEeNIAEMON MUHTErPaJIbHONW BEJIMYMHBI YJEIBHOIO 3JEKTPUUYECKOTO CONMPOTHUBIICHUS
HEOJHOPOJHOTO TPYyHTA.

MeTom0J10TMsl 1 METOABI MCCICAOBAHUS.

HccnenoBanust mpoBEAEHBI C MCIOJIB30BAHUEM CHUCTEMHOTO aHajiu3a JaHHBIX U
(baKTHYEeCKUX PEe3yNbTaTOB 00 3JIEKTPONPOBOAHOCTU IPYHTA M IKCIUTyaTallUd CUCTEMBI
0X3 TIIII wmarucTpaidbHBIX Ta30HEPTENIPOBOJOB, IIJIAHUPOBAHUS U MPOBEACHHUS
AKCHEPUMEHTAIIbHBIX MCCIEAOBAHUN, CTAHIAPTHBIX M CTAaHAAPTU3MPOBAHHBIX CPEICTB
U3MEPEHHUsI, METOJIOB CTATUCTHUYECKOW 00OpabOTKH pe3yJIbTaTOB U3MEPEHUH B TPOrpaMme
«ITouck-01».

AIeKBATHOCTh  TIOJIYYEHHBIX  pPE3yJIbTaTOB  MOATBEPXKIAETCI  HUX  HE
MPOTUBOPEYHEM OTHOCHUTEIIBHO TOJOKEHHUSIM, M3BECTHBIX M3 padOT APYrHMX aBTOPOB
. B. I'norosa, E. B. Ucynosoi.

CreneHb J0CTOBEPHOCTH M anpodauusi pe3yJibTaTOB.

OCHOBHBIE  TIOJIOKEHUS  JUCCEPTAIMOHHOW  pabOThl  JOKIAIBIBAINCH U
OOCY)XIalluCh HAa MEXIYHAPOJHOW HAyYHO-TEXHUYECKOM KOH(EepeHIIun WMEHHU
npodeccopa H. A. Mamommna «Hedrerazoseiii Tepmunan» (r. Tiomens, 15 maprta
2020 r.), HanMMOHAIBHOW HAy4YHO-TEeXHHMUYeCKoW KoH(pepenuuu «Hedtp u ras:

TEeXHOJIOTUU U uHHOBaum» (T. Tromens, 12-20 Hos106ps 2020 1.), XIV Bcepoccuiickoit
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koHpepenuuu «IIpodrembl pa3pabOTKH MECTOPOKICHUN YTIE€BOJAOPOAHBIX U PYAHBIX
noJie3HbIX uckomnaeMbix» (T. I[lepmsb, 9-12 Hosa6ps 2021 r.), MeXAyHAPOIHOW HAY4HO-
TexHnueckoii koHpepenunn «HEDTETA30BBI TEPMHHAII» (r. Tiomens, 02-03
nexkadbps 2021 r.), BCEpOCCHICKOM  Hay4YHO-TEXHHWYECKOW  KoH(pepeHmHH (C
MeXIyHapoaAHbIM yuyacThueM) «IIpoOiemsbl reonoruu, pa3pabOTKM M SKCIUIyaTalluu
MECTOPOKIACHHUM, TPAHCIIOPTa U NepepabOTKU TPYIHOU3BIEKAEMBIX TSKENBIX HeTE»
(r. Yxra, 08-10 nexabps 2021 r.), BCepOCCUIHCKON HAYYHO-TIPAKTHUECKON
koHpepeHunn «KomiuiekcHOe u3ydeHue u ocBoeHue Henp Epomneiickoro Cesepa
Poccum» (1. Yxra, 16-17 centsi0ps 2021 r.), MexperuoHanbHbIX BeOuHapax umenu M. H.
AHapoHOBa «AKTyanbHBIE MTPOOIEMBbI TpaHcopTa HedTH u raza» (r. Yxra, 2020-2023
IT.), XVIII mexayHapogHon HAYYHO-TIPAKTUYECKOU KoH(pepeHuu
«TPYBOITPOBOJHBII TPAHCIIOPT — 2023» (r. Yba, 16-17 Hos6ps 2023 T.).

Pe3ynbrarhl nHMCCEPTALIMOHHOTO HCCIEIOBAaHUS HMCHOJB3YKOTCH B y4eOHOM
mporiecce oOydJaromuxcs 1o HampaBieHusM mnoxarotoBku  21.03.01, 21.04.01
Hedrerazooe aeno m 21.05.06 HedrerazoBble TeXHMKA U TEXHOJIOTHHM B paMKax
JTUCHUIUINH «DNEKTPOXUMUYECKUE METO bl 3alUTh» U «IlyckoHaiaqouHble pabOoThI IpU
coopykeHuu cucrteM DX3» (akm o enedpenuu om 16.02.20232.) (mpunoxenue A).

Pa3pabotanHasi METOJMKa OLIEHKHM HEOJHOPOJHOCTH T'PYHTOBBIX YCIIOBUHM MIJis
oOecrieueHus: TpeOyeMbIX MapaMeTpOB MPOTUBOKOPPO3ZUOHHOM 3aIIUTHI TPYOOIIPOBOIOB
NPOMBINUICHHBIX TUIOMAA0K W PEKOMEHJAIMM TIO0 TOBBIMIEHUI0 3(PPEeKTUBHOCTU
IPOTUBOKOPPO3UOHHOM 3alIUTHI TPYOOTPOBOIOB MPOMBIIIICHHBIX IIJIOLAI0K Ha CTaJAUU
NPOEKTUPOBAHUSA, TMPOBEACHUS  MYCKOHAJQJOYHBIX paboT MW  JKCIUTyaTallWH,
HCIOJIb30BAHA Ha TMOJ3EMHBIX TPYOOIpOBOJIax MNpOMBINUIEHHBIX Mtomanok HIIC
«¥Yxta-1», HIIC «Mukynby», HIIC «Yprnomay» (akmut 0 énedperuu om 06.02.2023 2. u om
05.06.2023 2.) u 124 xMm razonpoBoja «BykTbeut — YxTay 1-a autka: 126,0 ot 67-193 km
(axm o enedpenuu om 23.01.20232.) (mpunoxenue b).

Caenenus o myOJMKanusax aBTopa.

ITo Teme auccepranuu onyOIMKOBaHO 15 meyaTHbIX paboT, U3 HUX S - B BEAYLIUX
pEIEH3UPYEMBIX H3JaHUSIX, BKIIIOUCHHBIX B TiepedeHb BAK MwunoOpnayku Poccun, B

TOM YHCJIC OJIMH MIATEHT Ha n300peTeHue (B COaBTOPCTBE) (TpuiiokeHue B).
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CTpykrypa u 00beM padoThI: UccepTallsl COCTOUT U3 BBEJICHUSI, YETHIPEX II1aB,
OOIIMX BBIBOJOB, CONEPKUT 166 cTpanmil ¢ ydyeToM mpuioxkeHuil. TekcT BkiIo4yaeT 63
pucyHka, 17 tabmui, crucok juteparypsl u3 134 HammeHoBaHui, Tpu IlpumoxeHus
(aKTBI O BHEAPEHUH PE3YJIbTATOB UCCIIEIOBAHHUS).

JInuHblii BKJIAA aBTOpPa 3aKJIIOYAE€TCS B H3YYEHHWHM OTEUECTBEHHBIX W
3apyOEKHBIX JIOCTHKEHUH B COOTBETCTBYIOLIEH 0OJACTH HAyKd, MPOBEIACHUU
TEOPETHYECKUX M OKCIEPUMEHTAIBHBIX MCCIEIOBAHUW, AHAINW3E€ IOJYYEHHBIX
pe3yibTaToOB, WX MPOMBIIUICHHOW ampoOaluy, TMOJATOTOBKE MyOJMKAlui 110
BBINIOJIHEHHOM pa0oTe, MOATOTOBKE 3asBOYHBIX MATEPUAJIOB Ha MOJYyYEHUE NAaTEeHTa Ha
nzooperenue P®D, pa3zpaboTke anroputMa M METOAMKH OLEHKHA HEOJHOPOIHOCTH
IPYHTOBBIX YCIOBUH MpU MNPOEKTUpPOBaHUU cpencTtB OX3 ra3oHedTernpoBOAOB U
BHEJIPEHUU PE3YyJbTATOB UCCIIETOBAHMS.

ABTOp OnarofapuT 3a MOMoILb B MOJATOTOBKE TUCCEPTALUU U MOIIEPKKY CBOETO
PYKOBOJMTENI W HACTaBHUKA KaHA. TEXH. Hayk, noneHta VMcymnoBy Exatepuny
BnaguMupoBHY U 1-pa T€XH. HayK, mpodeccopa Aruneil Pycnana Bukroposuua.

Taxke aBTOp BbIpaXaeT TIIIyOOKYI0 IPU3HATENBHOCTh U  OJIArOJapHOCTb
I-py TeXH. Hayk, nmpodeccopy 3emeHkoBy IOputo JIMuTpueBudy U I-py TEXH. Hayk,
noneHty 3emenkoBoir Mapum IOpwseBHe (PI'BOY BO «THUVY») 3a coBeThl, IEHHBIC

3aMeyYaHusl ¥ MOMOIIIb B MPOIecce pabOThl HAJ IUCCEPTAIIUEH.
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I''IABA 1 OOEHKA BJIMAHUA I'PYHTOBBIX XAPAKTEPUCTUK HA

HAPAMETPBI TOKOPACHPEJAEJEHUSA B YCJIOBUAX
IKPAHUPOBAHUSA KATOJHOI'O TOKA

1.1 IlpnuyuHBbI, BBI3BIBAKIIHE HECOOTBETCTBHE 3AIIMTHOr0 IOTEHIHAJA
TPeOOBAHMAM HOPMATHBHON JOKYMEHTAIIMM HA TEPPUTOPHMH MNPOMbILLIECHHON

IUIOIHAAKHA

CormacHo  TpeOoBaHUSIM  JCHCTBYIOIIEH  HOPMATUBHOM  JIOKYMEHTallUU
Poccuiickoit @enepanuu [27] Bce MOA3eMHbBIE TPYOOIIPOBOIBI IOJKHBI OBIThH 3alIUIICHBI
AKTUBHBIMH W TIACCHBHBIMH CpEJCTBAMHU 3alllUThl OT Kopposuu [24]. B mpakrtuke
IKCILUTyaTaliu TUIOIIAIOYHBIX COOpY>KEHUM 00BEKTOB MarucTpaibHOTO
TPyOOIIPOBOJHOTO TPAHCIIOPTA CYILIECTBYET MpOOIeMa YCKOPEHHOTO KOPPO3HMOHHOTO
W3HOCA TIOJ3EMHBIX COOPYKEHHM, YTO B CBOIO OYEpeab MPUBEACT K OTKa3aM,
UHIMICHTaM, aBapusIM U K ClIydasM cMepTelbHoro tpaBMmatusma [132]. CymiecTByeT
3a/1aua mpeaynpekIeHUs, KOTopas U3BECTHA Ha BEAYITUX MPEANPHUATHAX HePTerazoBon
OTpaciii U WX aKTyaJIbHOCTh OTMEUEHA B TpOTrpaMMax HHHOBAI[MOHHOTO Pa3BUTHS
ITAO «I"azmpom» u I[TAO «Tpancuedts» [133, 134].

Kak moka3piBaeT TIpaKTHKa, JIOBOJIBHO  PacClpOCTPAaHEHHBIM  SIBICHHEM
OOHapy>KMBaeTCsi BPEMEHHOE WJIM YCTAHOBUBIIEECS HECOOTBETCTBUE BEIMYUHBI
MOTCHIIMANA «TpyOa-3eMyis» HOPMHUPYEMBIM 3HAYCHHSAM, TIPUYEM 4Yalle BCETO
MPUXOUTCS CTATKUBATHCS C HEOOECTICYCHHOCThIO Ha OTACIBHBIX yUaCTKaX MOI3EMHBIX
ra3oHeTEpPOBOIOB TPeOyeMOro YpOBHS 3alIUTHI OT KOPPO3uu. BRISABIAIOT MO 100HbBIE
HapyIIEHUs HOPMHUPYEMBIX TpeOOBaHWN TNPHU HOBOM CTPOUTEIBCTBE JHOO TIOCHE
MPOBENCHUsI padOT MO PEKOHCTPYKIIUUA CHUCTEMBI DIJICKTPOXUMUYECKON 3allUThl WM
YYaCTKOB ITOJ3EMHBIX TPYOONPOBOJOB Ha CTAaJUU BBOJAA OOBEKTOB B DKCILTyaTAIHIO
MyTEeM MIPOBEACHHS U3MEPECHHH 3aIIUTHOTO IMOTEHITHAJIA C HCTIOJIB30BAHUEM ITEPEHOCHBIX

nIn HOCTOSIHHOI[GFICTBYIOIHHX QJICKTPOAOB CpaBHCHMHA. KpOMe TOro, 3HA4YCHUC
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IHoT€HOMaia «prGa-SGMJ'ISI» MMOMJIC)KUT IMOCTOAHHOMY KOHTPOJIIO ITPH SKCILTyaTalluu B
paMKax IMPOBCACHUA KOMIIJIICKCHBIX QJICKTPOMCTPUICCKHUX O6CH€I[OBaHI/Iﬁ

TpyOOIPOBOIOB MPOMBIILIEHHBIX MJIOMATO0K (pucyHOK 1.1).

= - B -
a — repeceKaronmecs TpyoonpoBoibl; 0 — KOPPO3UOHHBIE MTOBPEXKICHUS MEeTaJIa

TpyOOTIPOBOIOB MO TOKPHITUEM U3
MOJIMMEPHBIX JICHT

Pucynok 1.1 — TexHnonoruueckue TpyOoOomnpoBOIbl IPOMBIIUIEHHOHN TIONIAJAKU

[TpryrHAMH JTOKATBHOTO CHIKEHHS 3((EKTUBHOCTH pabOTHI CPEACTB KATOMHOM
3aIUThI, 3aKJTIOYAIOIET0Cs B YMEHBIICHUH 3all[ATHOTO MOTEHIIMAa MO a0COIOTHOM
BEJIMYMHE, SBJISIFOTCS Clieayrone GakTopsl (pUCYHOK 1.2):

—  YXYALICHHE 3alUTHBIX CBOMCTB M30SIMOHHBIX MOKPHITHIA;

—  BIIMSHUE HCTOYHHMKOB OJTYKIAFOIINX TOKOB;

— B3aUMOBJIMSIHHE CTAHIMI KATOHOM 3alUThI, PACIIOIOKEHHBIX Ha TEPPUTOPHH
00BEKTA;

— BIMSHHAE CMEXHBIX CHCTEM Ha MPOIECC TOKOPACIPEACICHUS B CHCTEME
AIIEKTPOXUMHUYCCKOM 3aIUTHI;

— HEOJHOPOJHOCTh TPYHTOBBIX YCJIOBHH Ha TEPPUTOPUH IPOMBIILICHHON
wioraaku [4].

Heo6xoauMo OTMETHTh, 4TO 0COOYI0 OMACHOCTb ¢ TOYKH 3PEHUS MOSBICHUS U
Pa3BUTHS KOPPO3HOHHBIX MOBPEKICHHUI MOI3EMHBIX TEXHOJOTHYECKUX TPYOOIIPOBOIOB

MPEACTABIIAIOT COO0M coueTaHus ABYX WK Oosiee (aKTOpOB, MPUBEACHHBIX BhIlIe. Takue
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yCJIOBHSI pabOThl MOTYT TIOBJIEYh 3a COOOM POCT MOTPEeOJICHHWS W HEPaBHOMEPHOE
pacnpeneneHrue ToKa KaTOTHOM 3alllUThI, COKPAIIEHUE pecypca aHOHBIX 3a3eMJICHUH, a
Tak)Ke€ HEBO3MOXHOCTh BBOJIa B AKCIUTyaTaI[I0 OOBEKTOB 1O MPUIMHE HECOOTBETCTBHS
yCIIOBHIA PAOOTHI CPENCTB AIEKTPOXUMHUYECKON 3aIMThl TPEOOBAHUSM HOPMATHBHOU
nokyMeHTaruu. [lpy BO3HMKHOBEHHWH TMOAOOHOW CHUTyallud TIpH MPOBEICHUU
MyCKOHAJAJIOYHbIX paboT 7nub0 B pe3yibTare aHalu3a JaHHBIX I[UIAHOBBIX
IEKTPOMETPUUICCKUX OOCIIeNOBaHUN TPHHUMAIOT pelmIieHHe O HEoOXOIUMOCTH
peaNn3aiyy CaeayoIMX MEPOIIPUIATHI WK UX KoMIuiekca (pucynok 1.2) [33, 104]:

—  ONTHUMU3ANMS MApaMETPOB KATOMHOW 3aIIUTHI (OMPEIEICHUE TAKOTO PEeKUMa
paboThI, TIPH KOTOPOM BCE KOMMYHHKAIIMA TPOMBIIUICHHON IUIOMIAJKH OyIyT
3alllMIIEHBl OT TIOYBEHHOW KOPPO3WHM, a CyMMapHasi JJIEKTpUYecKas MOIIHOCTb,
pacxojyemMasi Ha 3alluTy, OyJ1IeT MUHUMAJIbHOM );

— PEKOHCTPYKITUS CPEICTB JJICKTPOXUMHUYECKOW 3allUThI: PEMOHT WA
JOTIOJTHUTENIbHAST YCTAHOBKA TTYOMHHBIX WM PacHpe/eNIeHHbIX aHOJHBIX 3a3eMJICHUH,
YBEJIMYEHHE MOIIHOCTH IpeoOpazoBaresyiel, yCTAHOBKA JIOMOJHUTEIBHBIX YCTaHOBOK,
JOTIOTHUTEIHHOE PUMEHEHHE TPOTEKTOPHOM 3aIUTHI,

— peanu3aius pa3aeabHOM 3alIUThl KOMMYHUKAIIMK IO THOTO O0OBEKTA;

— peanu3aiysg MEPONPHUATAA TO PEKOHCTPYKIIMM KOHTypa 3alllMTHOTO
3a3eMJICHHS DJIEKTPOOOOPYIOBAHHUS C TPUMEHEHUEM OIIMHKOBAHHBIX MAaTEPUAJIOB;

— pa3paboTka W peanu3aius TEXHUYECKUX  pEeHIeHHH 10  PEMOHTY
U30JISIITUOHHOTO TTOKPBITHS.

B paborax [3, 4, 5, 20, 21, 22, 23, 33, 90] npuBeacHB HEKOTOPHIC PELICHMS,
CIIOCOOCTBYIOITUE TOBBIIIEHUIO 3()(PEKTUBHOCTU MPOTUBOKOPPO3HMOHHOM 3aIUTHI TIPH
HAJIMYUHA HETAaTUBHOTO BIUSHUS OY>KTAIONIUX TOKOB KIIACCHUECKUX M HEKJIACCUYCCKUX
WCTOYHHUKOB, B3aWMOBJIMSHHUS HECKOJIbKMX YCTAaHOBOK KAaTOAHOW 3alllUTBHl |
DKpAaHUPOBAHUS  KATOJHOTO  TOKA  KOHTypaMd  3allUTHOTO  3a3eMJICHUS

ANEKTPOOOOPYI0BaHUS, PaOOTAIOIIET0 Ha TEPPUTOPUH MPOMBIIIJIEHHBIX JIOIIAJOK.
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lpuyunsl cHUXeHUs 3PgexkmubBHocmU 37eKMPOXUMUYErKOU 3QU UMbl
mpydonpoBodoB npomeiwneHHsIX NAOWAGOK
BaaumoBaunnue Yxydwenue
HECKONBKUX Brusnue Bausnue cBodemb Headwopodrocme
cmaMyul 3nyxdanwux CMEXHbIX UIDAALUOHMEIX 2pyrmoBsix
Kamodnoi mokaB cucmem nokpeimu ycaobud
Iqwumsi
.
lTlocnedcmBus, Bosmoxwsie npu Hasuvuu y4yacmkob
C HenpoexkmHsiMU CHMeweHuamMu Benuvumsl JawumHozo nomeryuana
Omcymcmbue Hepabromepoe Pacm YekoperHsiu HeBosmoxuocme
mpedyenozo pacnpedesenue nompednsemol UELLYS 660da obvexmob
zanaca CK3 3QWUMNO20 (K3 HMamepuana 8
no moky u moxa INBKMPOIHEPRUU aHOOHNX ) 3KCAAYAMayun
MOWHOCMY 3a38MAEHUY

Meponpusmus no nobBsiwenui 3@pekmubHOCmMU 3/1eKMPOXUMUYECKOU 30U UMbl

'S ~

PekoHcmpykuus Inexmpuyeckoe
P 8 Pemorm
ecynupobanue PexoHcmpyxuus cucmems USOARULOHNO20 pazdenerue
napamempob cucmems 3X3 30WUMKHO20 i cMexHsix € 3X3
K3 303eMNEHUR cucmeM

Pucynox 1.2 — Knaccudukarus npuuriH U BOZMOXHBIX PEIICHUNA MPOOIEMBI

3aIIMAIIEHHOCTH YYaCTKOB TPYyOOIPOBOJOB OT KOPPO3UH

Opnako, B HacTosIee BpeMs MPH NMPOSKTHPOBAHUHW W BBOJE B DKCILTyaTAIHIO
CHUCTEM  DJICKTPOXMMHUYECKOH  3allUThl  TEXHOJIOTMYECKUX TPyOONpPOBOIOB  HE
YUUTBIBAETCS TOT (PAKT, YTO B PAJIE CIy4aeB OCYIIECTBIISAETCS 00pad0OTKa CIa00HECYIIETO
WM arpecCMBHOrO TPyHTa C IIeJbI0 O0ECIeUeHUsl ero jAeal’paiuu, ruapododusanuu,
HEUTpaIM3aIy MEJI0YaMy WA KUCJIOTaMH, a TaKKe MMPOU3BOAUTCS YACTUYHAS 3aMEHa
HAa MEHEE arpecCMBHBIM TPYHT WIH CHEIUaTbHAs 3achlllka. OTH MEpPONPUATHS
HampaBlieHBl HA TMpUIAHWE TPYHTaM CBOMCTB, TMOBBIIAIONINX  HAJACKHOCTD
UCITIOJIb30BAHUS TPYHTOB B Ka4ECTBE OCHOBAaHUN (hyHAAMEHTOB OOBEKTOB, CHUKAIOITUX
KOPPO3WOHHYIO aKTHBHOCTH CpeIbl, B KOTOPOW OKCIUTyaTHPYIOTCS TOA3EMHBIC

TpyOOIIPOBOJIbI, a TAaKXK€ C LEJIbI0 MOBBIMIEHUS 3P(PEKTUBHOCTH PabOThl 3JIEMEHTOB
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CHCTEMBI 3aIIMTHOTO 3a3eMJICHUS U MOJTHUE3aUThI. Takas 00paboTKa rpyHTa MPUBOAUT
K U3MEHEHUIO eT0 (PU3UKO-XUMHUUECKHX CBOWCTB, UTO B KOHEUHOM UTOTE, MOXKET OKa3aTh
BJIUSIHUE HA TIApaMeTpbl TOKOPACTIPEEICHHUS] B CUCTEME AJIEKTPOXUMHUYECKOMN 3allUThI
MO3EMHBIX TpyOorpoBomoB. Oco0eHHO 3TO KacaeTrcs oOpabOTKM TpyHTa B XOJE
OKCIUTyaTalli O0O0bEKTa, HANpUMEp, B CHUCTEME 3alllMTHOTO 3a3€MJICHHSI C IIEJIbIO
YIIYUIIEHUS YCIOBUM JJIsl CTEKaHUsI TOKA C 3alllUTHOTO 3a3€MJICHUS ITyTeM YMEHBIICHUS
YIETBHOTO 3JIEKTPHUYECKOTO COMPOTUBICHUS OKPYKAIOIIET0 €ro TPyHTa. Y YUThIBas TOT
dakT, UYTO 3alllUTHBIC 3a3eMJICHUS SIBIISIIOTCA DJIEMEHTAMM, MPENSITCTBYIOIMUMHU
HOPMaJbHOMY MPOTEKAHWIO OT AaHOJA, BXOJAIIETO B COCTaB yCTAaHOBKH KAaTOJHOMN
3aIlUTHI, K TPyOOIIPOBOY, TO MOBBIIIEHUE 3(PPEKTUBHOCTH UX PAOOTHI MOKET IPUBECTH
K CHIDKEHHUIO MOKa3aTesel, XapakTepU3yoIUX YPOBEHb 3aIIUThl OT KOPPO3UH, BILUIOThH
710 YCKOPEHHOTO Pa3BUTHS KOPPO3MOHHBIX Je(EKTOB M M3HOCA aHOJHBIX 3a3€MJIICHHI.

Kpome Toro, B neicTByromeid HOPMATHUBHON JOKYMEHTAIlMM HE MPHUBEICHBI
METOJMKH, TO3BOJISIOIIME OLEHUBATh MapaMeTpbl TOKOPACIpEAEIEHUsI B CHCTEME
AIIEKTPOXUMHUYECKON 3alTUTHI, U3MEHSIOIINECS] B TOM YHCIIE B 3aBUCUMOCTH OT METO/a
00pabOTKH TpyHTa HAa TEPPUTOPUU MPOMBIILIICHHOHN IJIOMIAIKA, YTO MPUBOJUT K €I
OoJIbIIIel HEPaBHOMEPHOCTH paclpe/IeICHUs KaTOAHOTO ToKa (prucyHok 1.3).

B cnyuae, ecnum karoaHO3alUIIAaeMblii TPyOONpPOBOJ 3IEKTPUYECKU CBS3aH C
o0Opy/lOBaHUEM, TMOJJIEKAILIEM 3a3€MJICHHIO, 3a4acTyl0 BO3HHMKAeT OINAacHOCTb
HATEKaHUIO OOJIBIIIEH YaCcTH 3alIMTHOTO TOKA Ha KOHTYP WX dJIEMEHTHI 3a3emiieHus. [Ipu
TOM, €CJIM Ha TEPPUTOPUU TPOMBIIUICHHOW TUIOMIAJAKKA TPYHTHI CYIIECTBEHHO
OTJMYAIOTCA IO CBOMM XapaKTePUCTHKaM, YTO BEChbMa BEPOSTHO MPH pealln3aluu
MEPONPHUTHIA 10 00pabOTKe TpyHTa BOKPYT 3alIUTHOTO 3a3€MJICHHS C IIEJIbIO
NOBBITIIEHUS 3G OEKTUBHOCTH X padoThl, TO 10 80-90% KaTogHOTO TOKA HAaTEKaeT Ha
3a3eMJICHHUE, YTO CYIIECTBEHHO BIMSIET HA YMEHBIICHUE MOTEHIHANIA «TPyOa-3eMIIsh) 10
aOCOJIIOTHOM BEJIMYMHE, TPUBOAUT K YCKOPEHHOMY HEPALMOHAIbHOMY U3HOCY aHOJAHOTO
3a3eMJICHUSI W TIOBBIIIAET BEPOATHOCTh BO3HUKHOBEHUS M PA3BUTHA KOPPO3UOHHBIX
MOBPEXKACHUN, YTO MOXKET MPEICTABIATh OMACHOCTh C TOYKHU 3PEHHUS pa3repMeTH3aAINN
TpyOOIIPOBOJIOB M BBIXOZAa M3 CTPOsi OOOpPYIOBaHHUS C BBIXOJOM Ha IOBEPXHOCTH

NepeKavYrMBACMOM Cpelibl, IPEACTABISIONICH OMACHOCTh JUIsl OKpYykKaromieit cpensr [1].
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1 — karoaHO3aIMIIaEMbII TPYOOIPOBO; 2 — YCTaHOBKA KaTOJIHOM 3allIUTHI;
3 — aHOAHOE 3a3eMJICHHE; 4 — PJICKTPOYCTaHOBKA; 5 — KOHTYP 3aIlUTHOTO
3a3eMIICHHS; | — TOK KATOXHO 3aIUTHL; Pry, Pry, Pop - PACTIPEICTCHHE TOKOB B
3aBUCUMOCTH 0T ¥ IC KaxJ0ro TuIa rpyHToB, npeodianaronux Ha 111
Pucynok 1.3 — CxeMa TokopacnpeaenaeHus Mpyu HATMYUU 3JIEKTPUUECKOTO

KOHTaKTa TpyOOIpoBOIa M KOHTYpa 3a3€MJICHHS TPU pip>pfp>p§p

[TomMmuMoO 3TOrO, HEOOXOIUMO YUUTHIBATH BO3MOXKHOE BIIMSHUE CMEXKHBIX CHUCTEM
Ha TIapaMeTpPhl JICKTPOXUMHUYECCKON 3alIUThl, KOTOPOE BBIpAKAETCS KakK IMPaBUJIO B
HEMPOCKTHOM CMEIICHUH BEJIMYMUHBI 3aIMTHOTO MOTEHI[MATa B HEKOTOPBIX Yy4acTKax
TpyOOnpoBOAHBIX crcTeM. Hampumep, B padote [33] mokaszaHo, 4To 3a4acTyrO IIPH BBOJIE
cucteM DX3 MPOMBIIUICHHBIX IUIONIAI0OK B OKCIUTyaTaI[MI0 HaOII0al0TCS HEIPOSKTHBIE
CMEIICHUS 3alIUTHOTO MOTEHIMAIA, YTO MOKET OBITh BHI3BAHO HETATUBHBIM BIIHSTHUEM
KOHTYPOB 3alllUTHBIX 3a3emyieHuH Ha cuctemy IX3. HeoOxoaumMo OTMETUTH, YTO
BIUsSHAEC Ha J((PEKTUBHOCTH MPOTUBOKOPPO3MOHHOW 3alIUTHI MOTYT OKa3bIBaTh
OJTy>KTafoIIie TOKHU KJIIACCHUECKOT0 M HEKJIACCHUECKOT0 HCTOYHUKOB [3, 4, 5, 20, 21, 22,

23, 35, 92, 93], a Takke HaBEICHHOE JICKTPOMArHUTHOE TT0JIE, CO3/1aBaeMO€ CTOPOHHUMH
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cucTeMamu (Hampumep, BHICOKOBOJIbTHBIMU JIMHUSIMU 3JIEKTPOIEpEayu NePEMEHHOTO
Toka) [84, 96].

Kpome Toro, B pesynbTaTe MPOBEACHHBIX 3JICKTPOU3IMEPEHUI 3alllUTHOTO
MOTEHIIMAJIa  BBIMOJHEHHBIX HA TMOJ3EMHBIX TPyOONPOBOJAAX  MPOMILIOMIAIKH
kommnpeccopHor cranimu KC-3 Bykreuibckoro JIIYMIT OOO «l'a3npom TpaHcras
YXTay, yCTAaHOBJIEHO U OTMEUYEHO CJIEYIOIIee:

— BBISIBJICHBI YYaCTKU C HEOCTATOUYHBIM U U30BITOUYHBIM 3aIIUTHBIM MMOTEHIIMATIOM
TpyOOIpoOBOA;

— YCTAHOBJICHO, YTO Ha psijie TPyOONPOBOJOB UMEIOTCS OJTHOBPEMEHHO YUaCTKH C
HEJIOCTATOYHBIM M W30BITOYHBIM MOTEHI[MAJIOM, YTO CBHUAETEILCTBYET O TOM, YTO Ha
JAHHBIX TPyOONpOBOJAX HE yJIacTCid OOECNEeYUTh PEerJaMEHTUPOBAHHBIM MOTEHIIMAT
MPOCTHIM PETYJIMPOBAHUEM pPEKUMaA PAOOTHI JEHCTBYIOIIEH CTAHIINM;

— Ha BXOJHOM Iuieripe HacOCHOM cTaHIIUU 3apUKCUPOBAHO 3HAUYCHUE MTOTCHIIHAIIA
nosioxkuTesnbHee Munyc 0,55 B, uro Oosbliie moTeHnuana TpyOONMPOBOJHOW CTaiu B
rpyHTe. DTOT (HaKT CBUAETEILCTBYET O HAIMUUUA aHOAHOU MOJSpU3aIlui, BbI3bIBAEMOH,
Harpumep, ONMYKJAIOMMMU TOKAaMH OT CTOPOHHMX HCTOYHHKOB IOCTOSIHHOTO
HaIpPsHKEHUS;

— JJIUTEIbHOE BO3JCHCTBHE AHOAHOW TNOJSIPU3aLMM MOXKET MPUBECTH K
WHTEHCUBHOMY pa3pylIeHUIO MeTauia TpyOonpoBo/ia;

— TMpUMEHEHHE OOJBIIOT0 KOJIMYECTBA BEPTUKAIBHBIX M TOPU30HTAIBHBIX
3a3eMJISIFOIIUX YCTPOMCTB;

— ONM30CTh PACHOJOKEHHUS OOOPYJOBaHUS BCIEICTBUE MPOCTPAHCTBEHHOM
OTPaHUYCHHOCTH;

— OTCTYIUICHUSI OT MPOEKTHBIX PEIICHUI BCIEICTBUE HEJOCTATOYHOTO KOHTPOJIS
BBITIOJTHEHHUS CTPOUTEILHO-MOHTAXHBIX padoT cpeAcTB DX3;

— OTCYTCTBHE KOHTPOJII M OLICHKHA KAa4YECTBA BBIMOJIHSIEMBIX MYCKOHATaJOYHbBIX
paborT;

— OTCYTCTBHE MpPHU MPOCKTUPOBAHUHU PACUETOB MO OMPEICICHUIO ONTUMAIbHBIX
napaMeTpoB KaTOJHOM 3alluThl MPU HAIMYMM HETAaTUBHOTO BIMSHUSA 3alllUTHBIX

3a3eMJICHUUN.
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Brimenepeuncnennble TPUYWHBL,  BBI3BIBAIONIAE  KOJIEOAHWS ~ BEITWYUHBI
MOTECHITNANIA «TPyOa-3eMish» Ha TEPPUTOPUHU IUIONIAIHBIX OOBEKTOB, TPHUBEACHBI O€3
ydeTa HauboJiee 3HAaUUMOro (DakTopa — COCTOSTHUSL OKPYKAIOIIEH Cpeibl 3alUIIaeMbIX
OT KOPPO3UHU TPyOOTPOBOAOB U 00beKTOB. OOIIEU3BECTHO, UTO TIPH HATHYNHU J1S(HEKTOB
U30JISIIUOHHOTO TOKPBITUSL TPYOONPOBOAOB CYIIECTBEHHOE BIUSHHE HAa CKOPOCTh
Pa3BUTHS KOPPO3UOHHBIX MPOIECCOB OKA3bIBAIOT TAKUE IPYHTOBBIC XapaKTEPUCTUKHU KaK
CTPYKTYpPHBI M TPaHyJOMETPUUYECKHI COCTaB, BIAXXHOCTb, COCTaB IOYBEHHOTO
AIEKTPOJIUTA, O0Iast KUCIOTHOCTH (IIEJIOYHOCTD) - KOHIICHTPALUs BOJAOPOIHBIX HOHOB,
BO3/[yXONPOHHUIIAEMOCTh, OKHCIUTEIHbHO-BOCCTAHOBUTEIBHBIA TOTEHIMAT U T. 1. Ha
JIOCTaTOYHO OOIIMPHOW TUIOMIAAXM KOMIIPECCOPHBIX, HePTEeNepeKaynBalommX ¢
ra3opacrpeieIUTeNIbHBIX CTAaHIIMI TPYHTOBBIE YCIOBHUS, B KOTOPBIX IKCILTyaTUPYIOTCS
TpyOOIIPOBOJHBIE CHUCTEMBI M 00OpYyJIOBaHME, BeCbMa HeoqHOpoaHBI. Ha Tepputopun
OJIHOTO OOBEKTAa MOTYT BCTPEUYATHCS PA3JMYHBIE TUIIBI TPYHTOB C OOJIBIIUM Pa3zopocomM
3HAYEHUN YJENbHOIO 3JIEKTPUYECKOTO COINPOTUBIEHUS, YTO B COBOKYIHOCTH CO
CIIO)KHOCTBIO 00€CMeYeHHsT HOPMATHUBHBIX 3HAUYEHWH 3alUTHOTO MOTEHIMAajla BBUAY
OOJBILIOTO KOJIMYECTBA B3aMMHOIIEPECEKAIOLINXCA Ta30HEPTENPOBOJIOB M CMEKHBIX
CIUCTEM CO3JaeT 3HAYUTENIbHbIE TPYAHOCTH TPU TPOCKTUPOBAHWHU, BBOJIE B
IKCIUTyaTaIMIo U 00ECTIEYEHUU ONTUMATILHOTO YPOBHS 3alIIUTHI OT KOPPO3UH TIOJI3EMHBIX
coopyxxenwuii [36, 40, 41, 46].

B xone 0630pa HayuHO-TexHUYecKoH [5, 20, 33, 36, 39, 63, 74, 90] 1 HopMaTHBHOM
nokymenranuu [17, 26-29, 55, 59, 62, 76-83, 86] ycraHOBIEHO, YTO B HACTOSIIUIN
MOMEHT OTCYTCTBYIOT HWCCIICJIOBAHUS BIMSHHUS TPYHTOBBIX XapaKTEPUCTHK Ha
napaMeTpsl TOKOPACHpPEIENIeHUs, B T.4. B YCJOBHIX JKPAaHHUPOBAHUS KAaTOMHOTO TOKa
KOHTYpaMH 3aIIUTHOTO 3a3€MJICHU.

Brlmenepeurcnentble MpuMepbl CHUKEHUSA 3(()EKTUBHOCTH pabOThl CPENCTB
3alIUTHl OT KOPPO3UH CBUIETEIILCTBYIOT O HEOOXOAMMOCTH MPOBEACHUS KOMIUIEKCHBIX
WCCJICIOBAHMM, HATIPABJICHHBIX HAa COBEPIIIEHCTBOBAHNE HHCTPYMEHTOB OIICHKH BIIHSTHUS
pasnMYHBIX (DAaKTOPOB Ha MapameTphl AJICKTPOXMMHUYECKON 3aIlIUThl TPYyOOTPOBOIOB

IIPOMBINIJIICHHBIX IIJIOHTAA0K.
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1.2 O0630p u aHaAM3 CNOCO0OB TEXHUYECKOW MeJMOPAIUM TPYHTOB,

peaﬂmyeMoﬁ Ha TEPPUTOPHUH MTPOMBIINIVICHHBIX IIJIOIIAI0K

Ha sTane cTtpoutenbCcTBa, 1715 PEMICHUS 3a1a9 YIPOYHEHUS TPYHTOB MPUOETaroT K
TEXHUYECKON MeNuopalum, Tak Kak OoJbIlas 4acTh TPYHTOB IUJIOMIAJJOUYHBIX 0OBEKTOB
[0 CBOMM MPOYHOCTHBIM MOKa3aTeliiM HE OOecredyrBaeT TpeOOBaHUS COBPEMEHHOM
HOPMATHBHOW JOKyMeHTanmuu. K TOMy e, MpakTHKa BO3BEACHUS MPOMBINIICHHBIX
OOBEKTOB TMOKa3ajia, 4TO TEpPEeMEHHbIE HArpy3K, BO3JCUCTBYIOIIME HAa TPYHTHI OT
COOPY)KEHUW ¥ MUTPAIHS TPYHTOBBIX BOJ CIIOCOOCTBYIOT CHIDKCHHIO UX IMPOYHOCTH BO
BpeMsl DKCIUTyaTallMM, YTO BJEYET 3a COOOM Ha 3Tame CTPOUTENbCTBA Pa3pabOTKy
CHEIUATBHBIX HWHKEHEPHO-TCOJOTUYECKUX MEPONPUATHNA, CBSI3aHHBIX C BBOJOM B
TPYHTBI OPTAaHMYECKUX KOMIIOHEHTOB, KOTOPBIE B TTOCJICICTBHA HEKUM 00pa30M BIIUSIOT
Ha (PYHKIIMOHUPOBAaHKE BHEIIIHETO MOKPHITHS 00bekTa [11, 14, 19, 29, 32, 42, 43, 49, 54,
60, 61, 66, 68, 70, 73, 85, 93, 94, 118].

CoBpeMeHHBIE METO/IbI TEXHUICCKON MEITMOPAIIMN MOTYT CYIIIECTBEHHO H3MEHSTH
U YKPEIUIATh MPUPOJIHBIE TPYHTHI U MPUJIABATh UM HEOOXOJMMbIE CBOMCTBA HA CTaIUU
MPOCKTUPOBAHUSI, COOPYKCHHsI TPOMBINUICHHBIX IUIOMIAJIOK U B TPYyOOIPOBOIHOM
CTPOUTEIIHCTBE.

Texnuueckass Menwopaiusi TPYHTOB MOXKET TMPOBOJUTHCA KaKk B TEPHOJ
COOPY)KEHHUS Ha TEPPUTOPHUU ILIONMIATHBIX OOBEKTOB CHUCTEM Pa3IMYHOTO HAa3HAYCHHS,
TaK U B IEPUO/]T MX dKCIUTyaTalluu u/min peMmonTa. O6paboTka rpyHTa C IEIbI0 PUAHUS
OCOOBIX CBOWCTB, HEOOXOAMMBIX ISl JajdbHEWIEW OHKCIUTyaTallud CHUCTEM, MOXKET
NPOBOJAUTLCA KaK B CHUCTEME OCHOBHOTO OOOpYJIOBaHHMS U TPyOOIPOBOJIOB
MIPOMBITIUICHHOM TUIOIIA/IKHU, TaK U B COMYTCTBYIOMIUX CUCTEMAX 3allIUTHOTO 3a3EMIICHHS
AJIEKTPOYCTaHOBOK. Kiaccudukaus MeTOA0B TEXHWYECKOW METHOpAllud TPYHTOB
MPOMBINIUICHHBIX TUIOMAJ0K B 3aBUCHMOCTH OT II€IM W CTaAud pean3aIiiu

npejacTaBiieHa Ha pucyHke 1.4.
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TexHuvecKas Menuopayus apyHmoe
NnpoMbIW e HHbIX No wadox

]
| ]

lMo Ha3HavyeHU: ] [ B 3asucumocmu om cmaduu:
g ™
8 CUCIMEeME IMEXHONO2UMNECKUX
= mpybonpoeodoe u ( Ha cmaduu CoOpYXeHus ]—
obopydosaHus
3 J
& A
8 cucmeme Ha cmaduu 3Kcnyamayuuy,
- 3aULIMHO20 3a36MNeHUS peKoHCMpyKUUU Wunu
3MEKMPOYCMAaHOBOK pemoHma

J

Pucynok 1.4 — Texunueckas menuopanus rpyHToB [111

B mpakTHke CcTpOHWTENhCTBA MAaruCTPAIbHBIX TPYOONPOBOAOB M HE(TETa30BBIX
COOPY)KEHUU BBIACIAIOT CIICAYIONINE METOJbI, HaMpaBJIEHHbIC HA ITOBBLIIICHHE
MPOYHOCTH TPYHTOBOT'O MaCCHBA:

— YIUIOTHEHHE, KOTOpPO€ HAMpaBJICHHO Ha COKpAIICHHE MEXIIOPUCTOTO
MPOCTPAHCTBA MEXKIY JUCIEPCHBIMU YACTUI[AMU TPYHTA, YTO MPUBOJIUT K CHIKEHUIO
C)KMMAEMOCTH M BOJIOTIPOHUIIAEMOCTH TPYHTOBOTO OCHOBAHUS;

— 3aKperICHUE, IMTyTeM BBOJIa B TPYHTOBBIM MacCHUB Pa3HOOOPA3HBIX XUMUYCCKUX
KOMITOHEHTOB (OpraHu4YecKue J0OaBKH, IEMEHTHI, )KUJKOE CTEKIIO), T00ABICHHUE B TPYHT
KOHCTPYKTHUBHBIX JJIEMEHTOB (METa/UIMUYECKOW U CTEKJIOIIACTUKOBOW apMaTyphl),
HCKYCCTBEHHOT'O 3aMOPaKMBAaHUsI TPYHTOBOTO MacCHBa;

— W3MEHEHHE TEMIIEPaTypHOTO pEeXKHUMa TPYHTOB, IyTE€M HArpeBaHUs WM
3aMOpaXUBaHUS TPYHTOBOTO MacCUBa TEIIO(PU3NISCKUMH METOIaMHU.

Br100p TaHHBIX METO/IOB 3aBUCHUT OT Psijia KPUTEPHEB:

— HWHXEHEPHO-TCOJIOTHUECKNX W KIMMATHYCCKHUX XapaKTePUCTHUKHA palioHa
MECTHOCTH;

— MUHEPAJIOTHYECKUE OCOOEHHOCTH TPYHTOB;

— HaJIMYME U XUMUYECKUIN COCTaB IPUMECEN B ITPYHTAX.
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VYay4reHne CBOMCTB PHIXJIBIX M CBSI3HBIX TPYHTOB Ha CTAJUU MPOCKTUPOBAHUS U
COOpYXEHHUsSI TPyOOMpPOBOJOB MPOMBINUICHHBIX IUIOMAA0OK MPOBOJUTCS (PU3HUKO-
MEXaHUYECKUMU, (PU3UKO-XUMHUUYECKUMU U XUMHUUYECKUMU METO/IaMH.

A) O®uszuko-MexaHWYECKUH (MEXaHWYeCKUA W (PU3NYECKHWiA) METOa JaeT
BO3MOKHOCTh YIUIOTHATH JUCIEPCHBbIE TPYHTHl BHEUIHUMHU Harpy3kamu (JaBJICHUEM,
yaapamu, BUOpaiuen).

Mexanuueckue cnocobwvl ynaommuenus caiabvix epyHmos: 1) TpamOOBaHUE;
2) TpyHTOHAaOMBHBIE CBaW; 3) BHOpPOYIUIOTHEHHE; 4) 2HEprus B3pbIBa; 5) yKaTka; 6)
rpaBUTalMs; 7) 3aMaunBaHUeE.

JIisi  TIOBBIMICHHWSI TIPOYHOCTHBIX XapPaKTEPUCTHK JHWCIEPCHBIX TPYHTOB C
OTPHUIIATEIBLHON TeMIIepaTypOoi HCIHOJIb3YIOT CHEHalIbHbIE METOJIbl, OCHOBAaHHBIEC Ha
CJHEYIOIIEM BO3JCHCTBUU:

— (UBUKO-MEXaHUYECKOM (pa3fMyHble THUIIBI YIJIOTHEHHWS TPYyHTa, YKaTka,
TpaMOOBKa, NMPUMEHEHHE KaMy(JETHBIX 3apsiioOB M TPYHTOBBIX CBai, 3aMadylBaHUE
JIECCOBUTHOTO THIIA TPYHTA, TEMIIEPATYpHOE BO3ACHCTBHE HA TPYHTHI, OCYIIIEHUE TPyHTa
AIEKTPUUECKUM TOKOM);

—  (usuko-xumuyeckoM  (00paboTka TpyHTa COJIIHBIMH  pPacTBOpaMy,
THIPOCTONAMH, MaTepUaIaMH C IIOHWKEHHON MPOHUIIAEMOCTHIO);

— XHMHYECKOM (TIPUMEHEHUE OPTaHMYeCKHMX U HEOPraHWUYECKUX BSDKYIIUX
YIUIOTHUTENEH).

Quzuueckue Memoovl UCHOIB3YIOT (u3mueckue 1oy  (JIEKTPUUECKUE,
TeMIepaTypHble, MarHuTHbie). C MOMOIIBI0 3TUX METOJOB MOBBIMIAIOT TUIOTHOCTH,
POYHOCTH, BOJIO- U MOPO30CTOHKOCTh TPYHTOB, YCTPAHAThH MPOCAIOYHBIC CBOWCTBA B
JeccoBbIX 0Opa3zoBaHusix. Hanbosnpliee pacnpocTpaHeHre MOTyYnI METObI, B OCHOBE
KOTOPBIX TIOJIOKEHBI:

— UCHOJB30BAaHUE MOCTOSHHOTO 3JIEKTPUUYECKOIO TOKa (BJIEKTPOXUMHYECKOE
3aKpEIICHUE U OCYIIICHUE IPYHTOB);

— TEXHOJIOTMH BO3JICHCTBHS Ha TPYHTHI BHICOKHX IMOJIOKHUTEIBHBIX TEMIICPATyp

(00>KUT) M OTpUNIATEIBHBIX TEMIIEPATYp (3aMOpakUBaHUE).
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CyIHOCT, METOIOB 3aKII0YaeTCsl B NPONMYCKAaHUH dYepe3 CHIIbHO BIIAXKHBIC
TJIMHUCTBIE TPYHTHI MOCTOSITHHOTO 3JIEKTPUYECKOro Toka. [[jist 3Toro B rpyHT 3a0MBarOT
METaJUIMYeCKHe TPYOBI - AJIEKTPObl M MPOIYCKAIOT TOK. B pamkax ocHOBHOH 3amauu
JUCCEPTAIMOHHOTO  MCCIEAOBAaHUS  PAacCMOTpEHa  BO3MOXKHOCTh  IOBBIIICHUS
3 PEeKTUBHOCTH Ccroco0a YIPOUYHEHHUS TPyHTa OOpaOOTKONM HSJIEKTPUYECKUM TOKOM
COBMECTHO C BBOJOM CHEIHUAIbHBIX XHUMHYECKUX KOMIIOHEHTOB B  TPYHT,
CIOCOOCTBYIOUINX YIIYYIIECHUIO €ro (PU3MKO-XUMHYECKHX CBOICTB, 00pa30BaHUIO
YCTOMYMBBIX COEAMHEHUN YacTUIl APYr C JAPYroM, M Kak CIeJICTBHE oOecreueHue
HAJIC)KHOCTH, KOPPO3MOHHOM  CTOMKOCTH W  YCTOMYMBOCTH  BO3BOAUMBIX U
IKCIUTYaTUPYEMBIX HAa HUX IUIOMIA0YHBIX O0OBEKTOB.

b) MeToap! «TepMUYECKOT0 3aKpETICHUs IPyHTAa.

Obxcue. B ocHOBE MeTo/a «OOXKUT» JIEKAT BBICOKHME TEMIIEPATYpPhl, KOTOPHIE
O0KHUTaloT TPYHTHl U TEM CAMbIM IPUJAIOT UM IPOYHOCTb. METOA 4YacTO Ha3bIBAIOT
«TEPMHUUECKUM 3aKperjieHueM» IpyHTOB. Pa3paboTka M300peTeHUH MO0 0O0ECHeueHUIo
YCTOMYMBOCTU TpyHTa Hauvanuch B 30-e roxbl 19 Beka u oTHOcUTCA K 00JacTh
IPOMBIIIJIEHHOTO CTPOUTENIbCTBA, OBUIM MPENJIOKEHBbl pa3jMyHble pa3paboTKU IO
3aMOpO3Ke IPyHTa, CUJIMKATU3AIlMH, [IeMeHTaIuu [6].

3amopadxcusanue 2pyHmoé — HCKYCCTBEHHOE OXJaXJEHUE TPYHTOB B
€CTECTBEHHOM 3aJIETaHUU JI0 OTPULIATEIbHBIX TEMIIEPATYP C 1IeJIbI0 UX CTAaOMIIM3ALUU U
JIOCTHKEHHSI BOJOHENpOHUIIaeMocT. OTpullaTenbHbIE TEMIEpaTyphl HCHOIB3YIOTCS
JUISL BPEMEHHOTO 3aKpeIyIeHUs OOBOJHEHHBIX T'PYHTOB, TJIABHBIM 00pa3oM, B ILEJSAX
NpEKpalieHus] IBM)KCHHUS TPYHTOBOW BOJBI W TPOHUKHOBEHUS €€ B OyIymui
CTPOUTENBHBINA KOTIOBaH.

Cy1iecTBYIOT /1Ba MPAKTUYECKUX CIIOco0a:

— 3aMOpa)KMBaHHUE TPYHTA PaCCOJILHBIM CIIOCOOOM;

— HU3KOTEMIEPAaTypHOE 3aMOPAXHBAHHE TPYHTA C HCIOJB30BAHUEM IKHJIKOTO
a3ora.

B) ®usnko-xumMuueckre MeTobl. DTH METOIbI MPEAHA3HAUEHBI AJ11 00padOTKH Ha
MOBEPXHOCTH 3€MJIH TUCTIEPCHBIX TPYHTOB. OHU JAIOT BO3MOYKHOCTH COXPAHATh U JJAKE

HCCKOJIBKO YIIPOYHATH UX CTPYKTYPY, 3allIUIIIATh €€ OT BOBI[GﬁCTBH?I BOJBI. YnqueHHe
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CBOMCTB OCYIIECTBISICTCS MyTeM OOpabOTKHM TPYHTOB HEOOJBIIUM KOJIMYECTBOM (HE
oonee 1-3 % ot Beca rpyHTa) ONpPENEICHHBIX PEareéHTOB, KOTOPbIE BO3JECHCTBYIOT Ha
NOBEPXHOCTh MHUHEPAIbHBIX YACTHL], IPYHTBl HOCJE TakoW OOpaOOTKM 3HAYMTEIHHO
YBEJIIMYUBAIOT CBOIO MPOYHOCTb, BOJIO- U MOPO30CTOMKOCTb, YMEHBIIAETCS HUX
BOJONpOHUIIaeMOCTh. Haumbonee mMmMPOKO M3 XUMHUECKUX METOJIOB HPHUMEHSIOT
OUTYMH3ALUIO U CMOJIM3ALHIO (OPTaHUYECKUE BSXKYILUE), CHIIMKATU3ALINIO, LIEMEHTAIUIO
¥ U3BECTKOBaHUE (MUHEpaIbHbIE BsKyIUE). [Ipy MOBBIIIIEHHH POYHOCTU TPYHTOB MO
BO3/ICIICTBUEM XUMHUYECKHX YIIJIOTHUTENEH, BBIIEISAIOT MOBEPXHOCTHBIE (IPUMEHEHUE
OpraHUYEeCKUX KOMIIOHEHTOB) U IITyOUWHHBIE (IPUMEHEHUE HEOPTAHUYECKUX PUMECEH)
MeTofpl. Tarke CyHmecTByeT METOJ BBEICHUS (PH3UKO-XUMHUYECKHUX PACTBOPOB H
MaTepUajoB, KOTOPBIE MOAPA3AEIIAIOTCS Ha CIEIYIOIINE BUIBI:

— coJu (COJOHIIEBAHUE);

— IJIMHBI (KOJIbMaTaIus);

— ITAB®I (tunipodoOu3zarius).

[Tomumo »3TOrO, WMeeTcs TMpakTHKa A00aBIeHUS B TPYHT YIJIEPOIHBIX
KOMIIOHEHTOB (ZI€TTH, OWUTYMBbl), KOTOpbIE BO3JACHCTBYIOT MJIsi YKPEIUICHUS MEX-
CTPYKTYPHBIX CBSI3€H YaCTHUIl IECKOB, CYTTTMHKOB U CYTECEil.

PaccMoTpeHHbIe METO/Ibl, OCHOBAaHHBIE Ha BBEACHHUE PA3NUYHBIX KOMIIOHEHTOB B
I'PYHT, KaK MOKa3bIBa€T MPAKTUKAa WX HCIOIb30BaHMS, UMEIOT Pa3jIM4YHbIM pe3ynbTar
YKpEeIUIeHUs! TPYHTa, OJIHaKO, HanboJjee BICOKME MTOKa3aTeIn 00ecTieueHUsI IPOYHOCTH,
MOKa3bIBaCT METOJA J00aBieHUS B TPYHT IJIMH, IPHUHLMI KOTOPHIX OCHOBaH Ha
3allOJIHEHUU TIOP W MEXIIOPOBOTO MPOCTPAHCTBA, oOOecredynBasi B CBOIO Ouepellb
HETPOHUIIAEMOCTh M IPOYHOCTH TpyHTa [6].

Bumymuzayua u enunuzayus 2pynmos. BUTYMHBIE W J€rTE€BbIE MaTEpUaJIbI
NPUMEHSIOT JJs TOHIKEHUS (UIBTPAIlMOHHBIX CBOWCTB OCHOBAaHWM 37JaHUA |
COOPY)KEHMH M  OCOOCHHO THAPOTEXHUYECKHX CcOoopykeHuid. burymumzanus
KPYITHOOOJIOMOYHBIX TPYHTOB M TPEUIMHOBATHIX CKAJIbHBIX OCHOBAaHUH MOXKET
OCYIIECTBISATHCS JBYMsI CHOCOOAMH: Topsiueii OWTyMu3amuMei H SMYJIbCHOHHBIM

CIIoco0oM.
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OmynvcuonHas bumymuzayus 3aKI0YaeTcs B HATHETAHUM B TPYHT C MOMOIIBIO
UHDBEKTOPOB KHUAKOWU IMYJIbCHH. DMYIbCUS MPUTOTaBIUBaeTcs u3 60-65% oOuryma, 35-
40% BOIBI M AMyJbraTopa. IMYJILCUOHHBIM CIIOCOO MPUTOAEH B TE€X ClIydasiX, 4YTO U
croco0 ropsuei OMTYMHU3alny, a TAKKe I 3aKPETJICHHUS] MEITKUX TMeCYaHbIX TPYHTOB.

I munuzayuro  TPUMEHSIOT JJIS  CHUKEHHUS BOJIONMPOHMUIIAEMOCTH TECUYAHBIX
rpyHTOB. B 3TOM cilydae 4depe3 HHBEKTOPBI, MOrPYXKEHHBbIE B TPYHT, 3aKauUBaeTCS
BOJIHAS CYCIIEH3HsI OCHTOHUTOBOM IIMHBI. [ THHUCTBIE YaCTHIIBI 3aTIOTHSIOT MOPHI MECKa,
BCJICZICTBUE YETO BOJOMPOHUIIAEMOCTD €0 3aMETHO CHIXKAETCS.

Memoo munepanvhvix 006asok. CBOMCTBA TPYHTOB MOXHO YIy4YIIaTh C HOMOIIbIO
N00aBICHHS] B HUX IIEMEHTA, CHHTETHUYECKUX MOJMMEPOB (CMOJIOB) U TEXHUYECKOTO
cuiiMKaTa HaTpus (kuakoro ctekna) [6, 98].

3akpernseHne TpyHTa ¢ MPUMEHEHHEM IIEMEHTHOTO PacTBOPa PEKOMEHAYETCS s
TJIMHUCTBIX M CYNECYaHbIX TPYHTOB, HACHIIIEHHBIX  KommoHeHTamu  Ca,
CHOCOOCTBYIOUINE K CHU)KEHHUIO CIIOCOOHOCTH pa3MOKaHUs WM HaOyxaHHsl TPYHTa, B
0COOCHHOCTH MPUMEHECHHMS JUTSI TUX IIeJIeH mopTiananeMenTa [6, 98, 118].

Pa3HOBUAHOCTBIO 3aKpEIUICHUsS] CKaJbHBIX U MPOCAJOYHBIX TPYHTOB, a TaKKe
MIECKOB BBICTYMAIOT KOMITOHEHTHI >KHMJIKOTO CTeKJa (CHJIMKATHU3alWsA), aHAIOTHUYHBIM
o0Opa3oM paboTaroiue Kak IeMeHThI (PUCYHOK 1.5).

[Iporecc cunmkaTU3alyuy rpyHTa OCHOBAH HAa BHEIPEHUU B TPYHTOBOE OCHOBAHHE
COOpPY)KCHHSI CHJIMKaTa HATpus 4epe3 CHENHalbHbIE CKBAXHHBI, B PE3YyJbTaTE€ YErO
OCHOBaHHUE mpuolOpeTaer neOpMalMOHHYIO0 CTOMKOCTh KAaK Y CTPOSILIUXCS, TaK U yKe
MOCTPOCHHBIX 0OBHEKTOB.

[Ipouecc yemenmayuu TPYHTOB MO CBOEMY MPHUHIIUITY BHEIPECHUS aHAJIOTHYCH
CWJIMKATU3AIlMK, 1 OCHOBAaH HAa BBEJICHUM B CKBAXKWHBI MHBEKTOPHI MOPTIAHAIICMEHTA
WIA [IeMEHTa C Jo0aBkaMu, 00ECTEUMBAIOIIME YIPOYHSIONIEEe NEHCTBHE CKaJbHBIX,

MIECYAHBIX, CYTJIMHUCTBIX U CYIIECYaHBIX PYHTOB MO BCEi ToMIM rpyHTa [6, 42].
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a

a — JI0 CTPOUTEIIbCTBA; O — MpH JieopMaIiu 31aHUK B Pe3yabTaTe MPOCAJKU B
MEPHOJT FKCIUTyaTauy; 1 — y4aCTOK CHITMKATU3AINH; 2 — JIECCOBBIE TIPOCAI0OUHBIC
TPYHTHI; 3 — TO e, HEeMpocaJAouHble; 4 — HaIpaBIeHUE UHBEKIIUN, D — TIOACTHIIAIOIIAs
TOJIIIA; 6 — 3MaHus

Pucynok 1.5 — CunukaTtusanus JIeCCOBBIX TPYHTOB

Ha ceromuAmHnii neHp B NPAKTHUKE YIYYIIEHUS CBOMCTB TPYHTOB AKTHUBHO
UCIIOJIB3YETCsl  CIMOCO0 3aKperieHWs TyTeM TMOTPYKEHHS B TPYHTOBBIM MacCuB
YOPOYHSIIONMIUX ~ DJIEMEHTOB  (ApPMOTPYHTBHI), W3  Pa3IUYHBIX  MaTEPHAIIOB U
F€OMETPUYECKOT0 UCIIOIHEHHUSI (CTallb, MJIACTMACCHI, TEOCUHTETUYECKHE KAPKAChI).

OnHako, pa3BUTHE METOAOB YIYUYIIEHUE TPYHTOB SBISETCA MNEPCHEKTHBHBIM
HaIlpaBJIeHUEM B 00JaCTH MOBBIIEHUS () (HEKTUBHOCTU CTPOUTENBHOTO MPOU3BO/ICTBA.

Memoo xumuueckux 00b6asox

[Ipu ynydieHWd CBOWCTB TJIMHUCTBIX TPYHTOB PA3IHYHBIMU J00aBKaMU
HEO00XO0JAMMO, YTOOBI TPYHTHI MMENIH BIAXHOCTh Ha ypoBHE Wonr. s momnep:kaHus
BJIAYKHOCTU TPyHTOB Ha ypoBHE Wi, B JI€THEE BpeMsi TPYHTHI MPEIBAPUTEIHHO
00palaThIBalOT TUTPOCKONUYECKUMU COJISIMH, KOTOPBIE IPUTATUBAIOT K ce0e mapbl BObI
U3 BO3JyXa M HMEIOT cladyi wucmapsonyw crnocodnocts. Hampumep, CaCly,
MPUTATUBAs BOAY, YBEJIUYMBAIOT CBOU BeC B 4-5 pa3. BHeceHue B IpyHTHI XJIOPUCTOTO

KajlbOuA WKW XJIOPUCTOI'0O MarHus obOecrieunBacT B TEUEHHE IMPOAOJIZKUTCIIbHOTO
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BpeMEHU HaubOojee ONIaronpusTHbIE YCJIOBHS [JII MaKCUMAaJIbHOTO YIUIOTHEHUS
TPYHTOBBIX CMECEH.

Memoo komnnexcHvix 000a80K

BBenenue B rpyHThI KaKOW-TUO0 OJJHOM 100aBKU (MUHEpATbHOM, OPraHUYECKON 1
T.J.) HE BCErjJa J1aeT MOJOXKUTEIbHBI 3PdeKT. LleMeHTOrpyHThl — XpyINKHe, UMEIOT
HEJIOCTAaTOYHYI0 MOPO30CTOMKOCTh U UCTUPAEMOCTh, OUTYMOTPYHTBI — HEJIOCTATOYHO
NPOYHbIC, W3NUIIHE IUIacCTHUHbIe. HemocTtaTkoB METOMOB MOXHO H30exaTh, €CIU
OJIHOBPEMEHHO MPHUMEHSTh HECKOJBKO METOJIOB, MM KOMILIEKC 100aBok. [Ipu sTom
OJlHa J100aBKa SIBJISIETCS OCHOBHOM, a JIPyrue€ — JIOMOJHUTEIbHBIMYU, BOCIOIHSIIOIMMU
HEJIOCTATKU OCHOBHOM J100aBKku. Kak 0qHMM M3 MEPCHEKTUBHBIX CIIOCOOOB MOBBIIICHUS
MIPOYHOCTHBIX XAapPaKTEPUCTHK TPYHTOB SIBJISIETCS BBEJICHHE B HHUX IOBEPXHOCTHO-
aktuBHbIX BemiecTB [TAB (CaCl2, Na2CO3, MgSO, ), cnocoOCTBYIOMIUX CHUKEHUIO
BO3J/ICMICTBUSI MUHEPAIBHBIX BOJI HAa POHUIIAEMOCTh TOBEPXHOCTH.

JIist mosydeHusi BBICOKMX CTPOMTENBHBIX CBOMCTB T'pyHTOB (oOecrieueHus
MPOYHOCTH, BOJAOCTOMKOCTH, MOPO30CTOMKOCTH) NPUMEHSIOT KOMOMHHPOBAHHBIN
croco® BBeACHUS J100aBOK, a HMMEHHO COBMECTHO C J00aBICHHMEM XUMHUYECKHX
peareHTOB BBOJAST TaKM€ KOMIIOHEHTHI KaK LIEMEHT, OMTYM, U3BECTh, KOTOPBIE B CBOIO
ouepesib EpearoT IPYHTY CBOE CBOWCTBO.

[Ipu crpoutenbCcTBE MOM3EMHBIX TPYyOONMPOBOJOB B TpPyHTaX C J00aBKaMu
o0ecreynBaeTcss MUHUMHU3AIMS BO3ACHCTBUS KOPPO3UOHHBIX MPOLECCOB U OUOKOPPO3HUHU
Ha OOBEKT, HE JIOMYCKAIOTCS MPOIECCHl CMEpP3aHUsi KOHCTPYKTHUBHBIX AJIEMEHTOB C
IPYHTOM, YBEJIMYMUBAETCS BOJOCTOMKOCTh I'PYHTOBOTO MAacCHBa, YTO MpPEAOTBpAIIacT
MPOLIECCHI Pa3MbIBa TPYHTA MO COOPY>KEHHUEM.

OgHuM W3 BapUAaHTOB B Ka4yeCTBE TEIJIOBOM H3OJAIMU TPyOOIPOBOIOB
MPUMEHSIETCSL CreluaibHas OOCHINIKa ydacTKa TPpyHTaMU C J0OaBJICHHMEM HE(PTSIHOU
cMecH, HaxosIIeics B oobeMe mopsinka 8% ot Beca rpyHTa [40].

3akperuieHHbIH HETSIHBIM OCTaTKOM IPYHT 00J1a/1a€T BRICOKOM OalllacTUPYIOIeH
CIIOCOOHOCTBIO, YTO BJIEYET 3a COOOH HE TOJBKO HKOHOMHUYECKH 3(D(PEKTUBHYIO
TEXHOJIOTUIO  YNPOYHEHUS  TPYHTOB  NPU  CTPOUTEILCTBE  MAarucCTpaibHBIX

TpyOOIIPOBOJOB, HO U OIpEAeseT KadyecTBO coopykeHus MT m cokpamaer cpoku
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CTpOUTEILCTBA. B 3aBUCMMOCTH OT nuaMmerpa TpyOOmpoBOJa W CBOWCTB TPYHTOB
OMPENICNAIOT CXEMY 3aKpeIUIeHUsI TPYHTOB, KOTOpas pa3lensieTcsi Ha JABE TPYIIIIbL:
CIuIoIIHBIM citoeM (i1t MT D<720MM) uiau B BUJIE OTICIIbHBIX 3aKPEIUIEHHBIX YUaCTKOB
(ms MT D>720mm).

JIJisi MarucTpalibHbIX TPYOONPOBOJOB MPHU 3aKPEIJICHUU TPYHTA HCIOIB3YIOT
n00aBKM B BUJE OCTAaTKa T'yJpOHa HE(PTH COBMECTHO C JIETKHM Ta3oilieM ¥ HeDTSAHON
outywm [6, 47].

[TomuMo crmoco0a 3aKperuieHusl TPyHTa, CYIIECTBYIO €Ie PsJi MEePCIEeKTUBHBIX
CIIOCOOOB YJIy4YlIalOIUe €ro MEXaHUYECKUE CBOMCTBA:

— Jeadpalusi DJIEKTPOJUTa TpyHTa (YMEHBIICHHE KOHIEHTPALUM KHUCIOpOJa
BO3/yXa B TIOYBE, MPOU3BOINUTCS HHEPTHBIM ra3oM) [5, 21, 90];

— CHIDKEHHE BEpOSITHOCTH IIPOIIECCOB OMOKOPpO3UU (BBEIACHHUE B TPYHT
XMUMHUYECKHX KOMITOHCHTOB THIIA u3BecTH) [8];

— TpUMEHEHUE THUAPOCTONoB (ruapododu3aiusa, OCYIIEeCTBIAECTCS BBOIOM
KOMIIOHEHTOB, KOTOPbIE JIEJIAI0T TPYHTHI BOJIOYCTOMYUBBIMU);

— yJay4lleHue (PU3UKO-MEXaHUYECKUX CBOMCTB, IMyTEM 3aMEHbI €CTECTBEHHOTO
IPyHTa Ha MEHEe KOPPO3WOHHO-AaKTUBHBINA, BBOJ KHUCJIOT M IIEJOYel B TPYHT
(amevttpanuzanus) [47].

Hanuune B rpyHTE pacTBOPEHHBIX XUMUYECKHUX DJIEMEHTOB CIOCOOCTBYET €ro
KOPPO3MOHHON aKTUBHOCTH MPU KOHTAKTE C METAUNIMYECKUMU O00bEKTaMU. AKTUBHOMY
KOPPO3HMOHHOMY  BO3JCHCTBUIO  TOABEPralOTCs  IMOJ3EMHBIE  TPYyOOIPOBOJbI
MPOMBINLICHHBIX TJIONIAI0K, KOTOPBIE pacrojliaraloTcsl Ha riayOouHe 70 2X METpPOB, Tlie
IPYHT HauboJiee KOPPO3HMOHHO-aKTUBHBIM M CIOCOOCTBYET AJICKTPOXUMUYECKOMY
paspymiennro Metamuia [98]. OpHako cyimiecTByeT mpsMas CBsI3b MEXny (u3uko-
XUMHUYECKUMHU CBONCTBAMHU TPYHTOB M CKOPOCTH MPOTEKAHMS IPOIecca KOPPO3UU
METaJUIMYECKUX 00BhEeKTOB (Tabmuma 1.1).

B oreuecTBEHHOMN NMPAKTUKU 32 KPUTEPUU OLIEHKH KOPPO3UOHHOU arpeCCUBHOCTHU
IPYHTa TIO OTHOIICHUIO K CTAJIbHBIM IMOJ3EMHBIM COOPYKCHUSIM TPUHSAT IMapaMmeTp

YAEIBHOTO 3JEKTPUUECKOTO CONPOTUBIICHUS [26].
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Tabnuna 1.1 — CkopocTh KOPPO3UH METaIa B Pa3IMYHBIX TPYHTAX

Enununel usmepenus
Bup rpynra

MM/TO/T /(Mm% Tox)

HelitpansHslii
0,01-0,05 70-350

(mecok, rauHa, KAMEHHUCTBIN TPYHT, Prp. > 100 OM-M)
Koppo3noHHO-aKTUBHBII
(cyrnuHucThIE, JiIecHbIe, cnaldbie YepHo3eMbl, 20 < pyp < 100 Om-M 0,05-0,2 350-1400
(TophsHUKH, YUEPHO3EMBI, IEPETHOH, Prp. < 20 OM: M)
HeaspupoBannsiit
(rmHECTBIN, BIaxHOCTh 30%, conepxaniuii pactBop 20% NaCl,

0,1-0,4 700-2800
teMneparypa: 250C,
yIEIbHOE JIEKTPOCONPOTUBIICHHE: Prp. = 2,8 OM-M

B Buay HEOAHOPOAHOCTH 3ajeraHusi TPYHTOB BJIOJIb TPacc MNPOTIKEHHBIX
00BEKTOB TPAHCIIOPTA YTJIEBOIOPOIOB, HAa Pa3HBIX YUacTKaxX TPyOONpoBOia 00pa3yroTcs
pa3JIMUHbIE TOTEHIIUAJIBI U3-3a PA3HOCTU MPUTOKA KUCIOPOJIa K TOBEPXHOCTU TPYOBHI.

Takoe siBieHre 00yCiIaBIMBaET Mpoiiecchl TuddepeHInanbHON a3palu, KOTopbie
BO3HUKAIOT BCJICACTBUE M3MEHEHHSI COMPOTHUBIIEHUS TPYHTAa Ha y4acTKaxX MOJA3E€MHOMU
MPOKJIAIKK TpyOompoBoaa. B rpyHTax, KOTOpbIE cCOAEpKaT OOJbIIOE KOJIUYECTBO
PACTBOPEHHBIX COJIEW W MaJIblii PUTOK KUCIOPOJA K CBOCH MOBEPXHOCTH, 0OPa3yrOTCs
aHO/Ibl, KaK MPABUJIO UX HA3bIBAIOT HU3KOOMHBIE TPYHTHI. B rpyHTax, r/ie uMeeTcst Majioe
KOJIMYECTBO COJIEH M OOJBIION MPUTOK KUCIOPOa, BO3HUKAIOT KAaTOABl M HA3bIBAIOT
TaKue TPYHTHI — BLICOKOOMHBIE.

CymiecTByeT psii mapamMeTpoB, KOTOPbIE€ B TOW WM MHOW MEpPE CHOCOOCTBYIOT
BO3HUKHOBEHHUIO U CKOPOCTH TPYHTOBOWM KOPPO3UM, BIHUSIOLWIEH Ha LEJIOCTHOCTh
MOA3EMHBIX TPYOONPOBOJOB, K HUM OTHOCAT: oOmue u creuuduyeckue (HU3nKo-
XMMHUYECKHUE CBOMCTBA TPYHTOB, HallMYM€ MUHEPAJIOB U BOJOPOJHBIX HOHOB,
KOHIICHTPAIUsl MUKPOOPIaHU3MOB B ITOYBE Y FaIbBAHUYECKOMN MapHI.

Kak Obl10 OTMEUYEHO paHee, HAa TEPPUTOPUH MPOMBINLIICHHBIX ILJIOIIAI0K
0o0paboTka TpyHTa MOXKET MPOBOAUTHCS HE TOJIBKO C IIENIbI0 CHIDKCHHUS CKOPOCTH

KOPPO3HH, pacXo/ia MeTajula aHOJHBIX 3a3€MJICHUH, YIyUlIeHUsI pad0Thl IPOTEKTOPHBIX
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CIUIaBOB U T.M., HO M C LEJbI0 MOBBIMIEHUS 3(P(HEKTUBHOCTH PAOOTHI 3alTUTHBIX
3a3eMIINTENEH ANEeKTPOYCTaHOBOK. HameKHOCTh 3aIIUTHOTO 3a3eMJICHUS 3aBUCHUT OT:

— TEORJIEKTPUYECKOU CTPYKTYpPHI TPYHTOB,

—  BEJMYUHBI YAEIBHOTO JEKTPUUECKOTO COIIPOTUBIIEHUS TPYHTA,

— TPaBWIBHOTO BBIOOpAa ONTUMAIBLHOTO METOJA pacuera 3a3eMIISIONIUX
YCTPOMCTB M UX pallMOHATBHBIX KOHCTpYKIwi [10, 53].

B kauecTBe aKTHBHBIX METOJIOB 3alllUThl TPYOOIPOBOAA OT KOPPO3MOHHBIX
MPOIIECCOB B 3aBUCHMOCTH OT YJECIBHOTO 3JEKTPHUUECKOrO COMPOTUBJICHHS TPYHTA
UCIOJIB3YIOT IKUPOKUI Pl pa3HOPOJHBIX 3a3€MIIUTENEH, CAMBIMU PaclpOCTPAHEHHBIMU
U3 KOTOpBIX SIBJISIIOTCS BEpPTUKAJIbHBIC, TOPU3OHTAlbHbIE U TiIyOumHHBIE. OOHAKO,
MPUMEHEHNE TaKUX 3a3€MIIMTEIICH CBSA3aHO C PAOM TPYIHOCTEH, KOTOPHIE 3aKITI0YAI0TCS
B BBICOKMX 3aTpaTaXx Ha MOHT@XHbIE M OSKCIUIyaTallMOHHBIX DPAaOOThI, yBEJIWYEHUE
METAIJIOEMKOCTH CXEMBI 3a3€MJICHUS, HaBEIEHUIO BHICOKOTO MOTEHIMAIa U3 KOHTYpa
3a3eMJICHUs Ha OJM3JIeKalIie TOKOMPOBOISAIINE YACTH TEXHOJIOTHIECKIX 00BEKTOB.

JUI1 UICKYCCTBEHHOT'O CHMKEHUS MEPEXOJHOI0 3JEKTPUUECKOTO CONMPOTHUBICHHUS
AIIEKTPOJI — TPYHT U MOBBIMIEHUS YPPEKTUBHOCTH 3a3€MIIUTENEH, CETOTHS UCIIOIb3yeTCs
pa3iavuHble BUIBl OKOJIO JJEKTPOAHBIX 3alOJHUTENCH, Takue Kak: 3achlllka U3
MUHEPAJIBHBIX COJIEH, 3achillKa U3 IJIMHBI, a TAaKXKE YrojbHas 3achlllKa WM KOKCOBas
MeJN0Yb W HEKOTOpble apyrue. OmbIT MOKa3bIBAE€T, YTO MAKCHMaJIbHOE YMEHBIICHHE
CONPOTUBIIECHUS 3a3€MJICHHMsS] JOCTUTAeTCs IMpPH HCIOJb30BAaHUU  DJIEKTPOJIUTOB,
JPEBECHOTO YIJIsl U KOKCOBOM Menoun. Hanbonee nonynspHbie U3 HUX:

A) Hobasnenue 6 epynm munepaivHulx coell

3acblllka M3  MHHEpPAIbHBIX  COJIEH  BOKPYI  3a3€MJIMTENS  MOBBIIIAET
AIIEKTPOTPOBOJHOCTh TPYHTA, TaK KakK COJIb, CMEIIMBAsICh C TPYHTOBOW BJArow,
npeBpatiaeTcs B 3JEKTPOIUT. JJIsl CHIDKEHHS CONPOTHUBIICHUS BBICOKOOMHBIX I'PYHTOB
JUTSL IPOBOJIUMOCTH 3alIIUTHOTO TOKA MPUMEHSIOT PAacTBOP MOBAPEHHOM COJIM, KOTOpas B
CBOIO OYepeab TNpeaoTBpamiaeT oOpa3oBaHUE JIEASHBIX O0pa30BaHHWN HA CamMoOM
3a3eMJINTEIE B MIEPUO]I 3UMBI, @ TAK)KE IPUMEHSIOT XJIOPUCTHIN KaJIbLIUN 1 CEPHOKUCITYIO
meab. OaHaKo, COMb arPEeCCUBHO BIUSET HAa peCypC MaTepraa 3JIeKTpoia (0KoJIo 8 JeT),

BBI3bIBAs MIPOLIECC €ro Koppo3uu. Kpome Toro, co BpeMeHeM KOHIIEHTpaUs JIEKTPOJIUTA
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B IPYHTE IMOHMKAETCS 32 CUET BHIMBIBAHUS COJIEM U3 TPYHTA BECEHHUM TassHUEM U TIOCJIE
JOXKIEeH B JETHUW TEpUOJ, B pe3yJbTaTe Yero CHIDKAETCS CPOK 3PPEKTUBHOIMA
paboTtocnocobHocTr AnekTpoaa 10 40% 3a 3-4 roga. Takum 0O6pa3om, JaHHBIH METOT
UMEET MNPSIMYI0 3aBUCHUMOCTh OT CKOPOCTHM MUTpallMy BJIaTd B TPYHTE, U SBISETCA
COBEPILIEHHO HENPHEMJIEMBbIM B CKaJbHBIX W TPABEIMCTBIX TPYHTaX. YKa3aHHBIM
CIIOCOOOM  MOKHO JIOOUTBCS CPaBHUTEIBHO OOJBIIOIO CHUKEHUS BEIIUYUHBI
CONPOTHUBJIEHUS 3a3€MJICHUS, HO HENPOIOJDKUTENbHBIA CpOK (2-4 ronaa), mociae 4ero
TpeOyeTCs MPOMUTHIBATH TPYHT JICKTPOIUTOM [72].

[IpakTHyeck MOYKHO HMCIOJIb30BaTh JiBa CHOCO0a MCKYCCTBEHHOI'O CHUYKEHUS
YAEIBHOTO COMTPOTUBIICHUSI TPYHTA: CO3JJaHUE BOKPYT 3a3€MIIMTENSI 30HbI C TOHUKEHHBIM

yJICIbHBIM COMPOTUBJICHUEM M 00paboTKa rpyHTa cojbio [37].

HacbIinHOW rpyHT

OCHOBHOM rpyHT
" (rpaHuT)

h=|

/
\3a3eMnu1Teno

Pucynok 1.6 — Co3ganue BOKpyT 3a3€MJIMTENS 30HbI C TOHWKEHHBIM YAEIbHBIM

COIMPOTHUBJICHUCM

Jns  co3maHusi BOKPYT 3a3eMJIMTENsE 30HBI € TOHW)XEHHBIM  YIEJIbHBIM
CONPOTHUBJICHUEM B TPYHTE JAeNaeTcsi BbleMKa (KOTJIoBaH) paguycom 1,5-2,0 M u
IIyOMHOM, paBHOM JUIMHE 3a0MBaeMoro crepkHs. [locie 3anosHeHus: BBIEMKUA TPYHTOM

(pucyHok 1.6) ycTtaHaBnmBaeTcs 3a3eMIIUTENh U TPYHT yTpamOOBbIBaeTcs. B kadectse
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TPYHTa-3aMOTHUTENSI MOXKET OBITh MPUMEHEH JIF000H TPYHT, UMEIOIINI COTPOTUBIICHUE
B 5-10 pa3 MeHblI1Ie, 4YeM YIEIbHOE COMPOTUBIIEHNE OCHOBHOTO rpyHTa. Ecniu 3a3emienue
yCTpauBaeTCsi B MECUaHOM WJIM KaMEHUCTOM TPYHTE, TO 3aIllOJIHUTENIIMU MOTYT OBITh
mMHA, TOpd, YEPHO3EeM, CYTJIMHOK, MIJaK. TakuM CIOCOOOM JOCTHUTAETCS CHUKCHUE
COIIPOTHUBJICHUS 3a3eMJICHUS B cpeaHeM B 2,5-3,0 paza.

ComnpotuBiienne pactekanuio Toka Rz, OMm, B cilydae OKpy>XEHHS 3a3eMIIMTENIs
TPYHTOM C IPYTUM yACIBbHBIM COMPOTUBICHUEM HaXOIUTCs 10 (popmyiie:

2l 1 V2 +1r2+1

1
R, = —|pyin—+

— — l ,

(1.1)

rane I — yaeJabHOC COIIPOTHUBICHHUEC OCHOBHOI'O I'PYHTA, OM’M;
I, — YACIBHOC COIPOTHUBIICHUEC I'PYHTA-3AIIOJTHUTECIIS, OMM,
I, —paanycC CTCPKHA 3a3€MIIMTEIIA, M,
' — paanycC BBICMKHU KOTJIOBaHa, M,

| - ryOuHa KOTIIOBaHA, MPUOIU3UTEIILHO PaBHAS JUIMHE 3a3eMIIUTENS, M [94].

R./R., %
100
30 q
\\
r=0.25u
60 \XR
o \ e
No— B
20 —————t— 0
0 2 4 6 8 10 p/p.

Pucynok 1.7 — OTHOCUTEIBHOE CHUKEHUE COMTPOTUBIICHUSI 3a3€MJICHUS B

ci1y4dac IIPUMCHCHUS HACBIIIHOI'O I'PYHTA ITPU pa3JIMYHBIX paJuyCaxX BbBICMKHU
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Ha rpaduke npuBeneHs KpuBble n3MeHEHUs (B %) OTHOIIIEHUS CONTPOTUBICHUS R3
3a3EeMJIMTEIIS, TIOMEIEHHOTO B KOTJIOBAH C HACBIITHBIM IPYHTOM, K COMPOTHUBICHHUIO Riy
3a3eMJIMTENsI, TOMEIIEHHOTO B OCHOBHOW TPYHT, B 3aBHCHUMOCTH OT OTHOIICHUS
yIETBHOTO COMPOTHUBIIEHUSI OCHOBHOTO TpPyHTa [ K YACTBHOMY COIPOTUBICHHUIO
HACBIITHOTO TPYHTA Iy, DTU KPUBBIE ISl KOTIIOBAHOB ¢ paguycom = 0,25-10 m.

UtoObl CHU3UTH TEMIEPATypy 3aMep3aHHs TPYHTa U YMEHBIIUTH €T0 YACIHHOE
COIIPOTHBIICHUE MPUMEHSIOT 00pabOTKy rpyHTa MOBAPEHHOM COJIBIO, KaK OJIMH U3 CaMBIX
JNCHCTBCHHBIX U JCIIEBBIX CIIOCO00B [64].

CymiecTBYIOT pa3Hble CIOCOOBI YKJIAIKU CONM Onu3 3a3emuuTensa. B mpaktuke
pacmpocTpaHeHa yKJIagKka OKOJO TPyO4daToro 3a3eMIIUTENsl COJNM CIOSIMHU TakK, KakK 3TO
nokaszaHo Ha pucyHke 1.8 a. Coib MOXET TakKe yKJIaJbIBaThCsl BCS Ha IIyOWHE BO3JIE
TpyOuaToro 3azemimreis (pucyHOK 1.8 0) miam Ha HEOOJBIIOM PACCTOSHUU OT HETO
(pucynok 1.8 B). [Tocnennuii croco0 sBisieTcst 0osiee yI0OHBIM B TOM OTHOIIICHUH, YTO

KOPpO3u:A 3a3CMIIUTCIIA B 9TOM ClIydac 6yz:eT MUHHUMAaJIbHOM.

a) TR s b)) oD B) TR T) T

500 * 500
_ Coms | ; f’i l. _C'IZI..'IL llg :n
| Jenma I o S I %m d .fﬂrﬂepcme
- - _ . <7/ BTIpyDe
200 1
Coms L
1000

Pucynox 1.8 — CriocoObl yKJIaJKi COJIM OKOJIO BEPTUKAIBHOTO 3a3€MJIUTENS

KonuuectBo comnu, Tpedyrorieecs st 00pabOTKHU 3a3eMJICHUS], 3aBUCUT OT JIJIMHBI
anektpona: ot 1,5 mo 10 kr Ha 1 ™ 3azemmurend. MHoraga cosipio 3amoHAETCS
MPOCTPAHCTBO BHYTPHU 3a3€MJIUTENS, BBIMIOJHEHHOTO B BHJE TMOJOH TPyOBl C
OTBEPCTHUSMH, YEpe3 KOTOPHIE PACTBOP CONHM BBIXOAUT B OKPYKAIOIIMH TPYHT

(pucyHok 1.8 ).



33

OpmHako, TPYHT C COJBI0O UMEET HEOTHOPOJHYIO CTETIEHh OOpaOOTKM B TOJIIE U
OTPaHUYCHHBI CPOK CHIDKCHHSI COMPOTHUBIICHUS (OKOJIO 4 JIeT), a 30Ha 00pabOTKH H
CTOMKOCTH PAacHpOCTPAHEHHUsS] HAMPSMYIO 3aBUCUT OT TPAHYJIOMETPUYECKOIO COCTaBa
TpyHTa U UX (PU3NKO-MEXaHUIECKUX CBOMCTB. ONTUMATBHOE CHIKEHUE CONTPOTUBIICHUS
rpyHTa, 00pabOTaHHOTO COJIBIO MPOSIBISIIOTCA Ha 2-3ui TOJ, a K KOHIy 40ro roja
3HAUUTEIBHO yMEHbINAOTCA. TakuM 00pa3oM, JaHHBIA crnocod oOpabOTKH TpyHTA,
MPOSIBMJT HEKOTOPBhIE HEAOCTATKH, CBS3aHHBIE C HEOOXOIUMOCTHIO TEPHOIUICCKOM
o0paboTku (pa3 B 2-4 T0J1a) U CKOPOMY pPa3pylICHUIO 3a3eMIIUTENICH, B Pe3yibTaTe
BO3/ICHICTBUS HA HUX COJICHBIX PacTBOpPOB [64].

Jlenanuch TOMBITKM YCTPAHUTh 3TH HenocTaTku. Tak, B I'epManum ObLI
MPEIOKEH CIOCO0, IO KOTOPOMY B TPYHT BOKPYT 3a3€MIIMTEIISI BBOASTCS METAJUIbI B
TOHKOM3MEIIbYEHHOM BHJE, KaK, HallpuMep, B KOJUIOMIHBIX pAacTBOpax, WA B BHUIE
MEJIKON MeTaJuTn4eckoi cTpykku [64]. Eciu nmpu 3TOM TOHKO U3MEJIbYCHHBIC METAJLIbI
BBIOpaHbl TakK, 4YTOOBI HE MOIJIM BO3HUKATh TajbBaHUYECKHE TMaphl C CaMHUM
3a3eMJIUTEJIEM, TO TTOCJICAHUI KOPPOAUPOBATh HE OYIET.

OpnHako KOJUIOUIBI He 00JIee yCTOWYUBEI B TPYHTE, UEM COJIU U COJISTHBIE PACTBOPBI.
OHU TIOCTETIEHHO BBIMBIBAIOTCS W3 OJU3NIEKAIIMX K 3a3eMIIUTENIO CIIOEB JOXKIEBOMN
BOJIOM, BCIIEACTBUE YETO JOCTUTHYTOEC YMEHBIIEHWE COMPOTHBICHHS 3a3€MIIUTENS C
tTeueHueM Bpemenu mpomanaer. B CILIA npemnoxen crnoco0 3aaepikaHusi BEIMbIBAaHUS
COJITHBIX PacTBOPOB W3 TPyHTa NyTeM CMENIMBAHUS COJSTHOTO pacTBopa (METHBIH
KyIOpOC) C HEPaCTBOPUMOI B BOJIE TNIACTMACCOBOM CMECHIO M BIIPHICKUBAHUSI UX B TPYHT
nox OompmuMm  jpaBiaeHuem [116, 117]. Drtor cmocoO sABIsAETCS JOPOTMM U
TIPOJIOJDKATEILHOCTD €T0 JICUCTBHS HE ONPEACIISIIACK.

N3 apyrux cmoco60B NCKYCCTBEHHOTO CHIKEHUS COTPOTHUBIICHUS 3a3€MITUTEIICH,
MPEIOKCHHBIX B Pa3lIMYHBIX CTPaHax, B IMEPBYIO OdYEpEIb 3acCIyKHBACT BHUMaHHS
MIBEJCKUNA Crmoco0 — 00paboTka TPyHTa BOKPYT 3a3eMJIUTENS] MPU  TTOMOIIU
AIIEKTPOIUTOB, OOPA3YIOIINX Teb.

B pesynbrare cMmemnieHus KOHIIEHTPHPOBAHHOTO PacTBOpa CEPHOKUCION MEIH C
HKBUBAJICHTHBIM KOJIMYECTBOM KOHIICHTPUPOBAHHOTO PACTBOpA COJHU IIEIOYHOTO

CUHEPOJUCTOrO eje3a IMOIy4YaeTcsi HEepacTBOPUMBIM B BOJE MPOAYKT PpEaAKIUH -
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KEJIEe3UCTOCUHEPOAUCTasE MeIb, KOTOpas TpU HU3BECTHBIX YCJIOBHUAX OOpasyer
OJTHOPOJIHBIH ANEKTPONPOBOISALINI THIPOTeNb. JNEKTpUYECKUE U GU3NIECKUE CBOWCTBA
THAPOTENISl HE MEHSIFOTCSL CKOJIb-JTHO0 CYIIECTBEHHO OT JJIUTENLHOTO BO3/IEUCTBUS BOJIbI
U SIBJISTIOTCS yCTOWYMBBIMU TIPH KOJICOAHMSAX TEMITEpaTyphl B rpezenax ot -60 mo +60 °C.
Opnnako oH 3¢ (EeKTUBEH MPU CHUKEHUU OUYECHb BBICOKHX COINPOTHBIICHHUMN 3a3eMIICHUM
(mopsimka 400-600 Om) u ManodgdekThBeH MpU BeTUYMHAX CONMPOTHUBICHUMN MOpsKa
20-30 Om.

b) 3amena epynma eoxpye anexmpooa enunucmotri cmecovro

Tak Kak 3JIEKTpUUYECKOE COMPOTUBICHUE 3a3€MIIUTENS IPSIMO MPONOPLIUOHAIBHO
yIEIbHOMY CONPOTUBIICHUIO OKPY’KAIOIIEro IPyHTa, TO 3aME€HA YaCTH I'PyHTa BOKPYT
JJIEKTpOJla HA TJIMHY, HampuMep OEHTOHUT, KOTOpas HMMEET  XOPOIUIYIO
AIIEKTPOIPOBOIHOCTD, PELIAET 3TY MpooieMy. J[OTMOTHUTENBHBIM IIFOCOM SIBJIIETCS TO,
YTO TJIMHA HE PACTBOPUMA B BOJE U MPAKTUYECKHU HE BBIMBIBAETCSA U3 MPUDIIEKTPOIHOTO
npoctpancTBa. Hampumep, Ha mnpomIiuiom@aakax KommpeccopHbix crannuii KC-9
«Manonepanckas» nu KC-14 IIpuBonunckoro JIITYMI' rpyHTHI necyaHble ¢ yAEIbHBIM
conpotuieHueM 1000 Om-M. VICKyCCTBEHHO CHUKAIOT YAENbHOE CONPOTHUBIICHUS
JAHHOTO TPYHTa C MOMOUIBIO IPYHTA-3alOJHUTENS BOKPYT 3a3emiuTens. B kauecTse
3aIOJHUTENS CIYKUT TJIMHA, UMEIOIIAsl YIEeIbHOE CONPOTHUBIIEHHE B 5-10 pa3 MeHblle,
YeM yAEJIbHOE CONPOTHBIEHHE OCHOBHOIO TIpyHTa. TakuM CIIOCOOOM JIOCTHraeTcs
CHIDKEHUE COMPOTUBJICHUS 3a3€MJICHUA B CpeHEM B 2,5-3 pasa.

Cy111ecTBEHHBIM HEAOCTAaTKOM 3TOr0 Croco0a sIBiIsieTcsl 3HaYUTeNIbHOE 00BEMHOE
pacuupenue riauHbl (10 300%) mpu HACHIIEHWU €€ BOAOW, M MPHU BBICBIXaHUH, YTO
NPUBOJNUT K 00OPAa30BAaHUIO BO3AYIIHBIX MOJIOCTEH MEXIY TJTUHUCTHIM 3aMOJHUTENEM U
TEJIOM 3a3€MJIMTEIIS U PE3KOMY YBEJIMUYEHHUIO MIEPEXOTHOTO COITPOTUBIICHUS ANEKTPOJ —
rpyHT. KpoMe TOro, rmmHa OTHOCUTCS K NMYyYMHHUCTBIM TPYHTaMm, B pe3yJIbTaTe 4Yero
BO3PACTAET BEPOSATHOCTh, TAK HA3BIBAEMOT'0, «MOPO3HOTO BBIIABIMBAHUS» 3a3€MIIUTEIIS
u3 TpyHTa. B 3acyninuBbIil Ce30H, BBICHIXas, TIIMHA MPEBpAIAETCs B Oapbep AT BObI,

KOTOPBIN HE MO3BOJISIET TPYHTOBOM BJIare MPOHUKATH K 3a3€MJIIUTEIIIO.
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B) Yeonvnaa 3aceinka unu 3aceinka KoKCO80U MENOUBIO

HecMoTpss Ha XOpOILIyI0 3JIEKTPONPOBOAHOCTb, TAaKUE 3ACBIIKH  IUIOXO
yIEPKUBAIOT BJAary BOKPYT 3a3€MIIMTENS M3-3a HU3KOM CMayMBaroOUIel CIIOCOOHOCTH
yIJsl, YTO CYIIECTBEHHO CKAa3bIBAETCS HA BEJIMYMHE AJIEKTPUYECKOTO COMPOTUBIICHUS
3a3eMJICHUS1, 0COOCHHO B 3aCyLUIMBBIX paiioHax. Kpome Toro, HEOqHOPOJHOCTD Ppakuuu
3allOJIHATENS] TPUBOAUT K HEAOCTATOYHOW CIUIOIIHOCTU 3achlIKU U 00pa30BaHUIO
BO3JIYIIHBIX TOJIOCTEN B MPUIIIEKTPOAHOM MPOCTPAHCTBE, UTO TAKKE HETATUBHO BIHSET
Ha 0011y10 3P (HEeKTUBHOCTH padoThI 3VY.

IIpn ycTpouicTBe 3a3eMJICHHWH, JUCTAHIMOHHO IIMTAEMBIX 110 CHCTEME
«TpyOONpPOBO-3eMJIsI», AHOAHBIX 3a3€MJICHUH YCTAHOBOK KaTOJHOM 3alllUThl OT
KOppO3UU TPYyOOIIPOBOJOB, a TaKXe APYTUX 3a3€MIICHUH, HaXOAIIMXCS B Mpolecce
AKCIUTyaTallMM TOJ MOJIOKUTEIbHBIM TOTEHIHAIOM OTHOCUTEIBHO 3€MJIU, T.€.
IIOJIBEPTaOIIMXCS B MPOLIECCE AKCILTYyaTAllMM PACTBOPEHHUIO BCIIEIACTBUE 3JIEKTPOJIN3A,
MEXy 3JIEKTPOJaMH U 3eMJIeH 11eJ1IecO00pa3HO YKIIabIBaTh CJIOW KOKCOBOM MEJIOYH.

[IpuMeHeHre CTanbHBIX 3JEKTPOJOB B KOKCOBOM 3aChIIKE HCKIIIOYAET
HEOOXOMMOCTb MCIOJIb30BaHUS Il CHUKEHUS BEJIMYUHBI COMPOTUBIICHUS 3a3€MJICHUS
COJIM, KOTOpasi pa3pyllarolle JeHCTBYET Ha CTAIbHBIE DJIEKTPO/IBI.

Kak oauH 3 cnoco00B CHUYKEHUS TapaMeTpa CONPOTUBIICHUS TPYHTa TPUMEHSIOT
CTaJIBHBIE JIEKTPOJBI B CIIEHNAIBHON KOKCOBOW 3aChINKE, YTO UCKIIIOYAET IPUMEHEHHE
00pabOTKH TpyHTa COJIbIO, KOTOpas pa3pyllaeT EeKTpoabl. IIpu 3TOM cCylliecTByrOT
CHelualbHbIE YCIOBUS IPUMEHEHHsS KOKCOBOM 3acChIlIKM, @ WMEHHO ONTUMAaJbHOE
3HAYEHHUE YEJIBbHOIO AJIEKTPUUECKOTO CONpOTUBIEHUS TpyHTa (mopsiaka 0,1 OM: M) u
TpeOyeMas BeJIMYMHA COMPOTHUBIICHMS 3a3€MJICHUS ISl €r0 JOJTOBEYHOM paboThl Oe3
3aMEHBI.

Ha mpowmbilieHHBIX MUIOMIAAKaX «AMYPCKHUM Ta3zornepepadaThIBAIOIINN 3aBOI»
[TAO «Tasmpom» n I'KC «Caxanus» mjii MCKYCCTBEHHOI'O CHW)KEHHS IEPEXOJIHOTO
AIIEKTPUYECKOTO COMPOTHUBIICHUS BJEKTPOA — TPYHT U MOBBILIEHUS 3(P(HEKTUBHOCTH
3a3eMJIMTENIed MCHOJb3YeTCd KOKCO-MUHEpalIbHBIM aKTUBATOP, T.K. Ha IUJIOLIAIKAX
BBICOKOOMHBIN TPYHT-IIECOK C yJeiabHbIM conpoTtusiaeHueM 400-1500 Om-M. Cucrema

KaTOJIHOM 3alllUThl HA JTUX IUIONIAJKaX BKJIOYAET B ce0s TJIyOMHHBIE aHO/JHBIC
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3azemuiuTen u3 OnokoB Tuma «Mengeneeseryr MI'». B ckBaxkuHy U mpuaHoIHOE
MPOCTPAHCTBO OBLI 3aChINIaH KOKCO-MUHEPATbHBIN aKTUBATOp Ppakuueii He 6omee 20 Mmm
Ha BeICOTY 0,2 M.

I') Ycmpouicmeo snekmpoaumuuecko2o 3a3emieHus

Ha mpoTsbkeHMM HECKOJIbKUX JIeCATUIICTUN Haubojee pacnpoCTpaHEHHBIM
METO/IOM 3aIUThI SHEPTOYCTAHOBOK OT Pa3pYLUIUTEIHHOTO BO3ACHCTBHUS TOKOB OOIBIIION
BEJIMYMHBI SIBISIFOTCS CUCTEMBI SJIEKTPOJUTUUYECKOrO 3a3emiieHus. BriepBble naHHas
TexHoJsorus Obl1a 3anarenroBana B 1971 roxy B CIIA, 1 10 HeJTaBHETO BpeMEHU UMEHHO
[IITaTel OCTaBaqUCh OCHOBHBIM IOCTABIIMKOM OOOPYIOBaHUS MJid 3a3€MJICHUSI Ha
POCCUNCKOM PBIHKE.

OnHako mpakTUKa MPUMEHEHUS 3alla/IHbIX CUCTEM 3a3€MJICHHS B HAIllEWl CTpaHe
SAPKO MPOJAEMOHCTPUPOBAIA UX HEAOCTATOUHYIO 3(PPEKTUBHOCTH ISl OTEUECTBEHHOTO
noTpebuTens. Jleno B ToM, 4TO HAJEKHOCTh paOOThI 3a3€MIIUTEISE BO MHOTOM 3aBUCHUT OT
YAEIBHOTO ANEKTPUUYECKOTO COMPOTUBIICHUS CPEMBL, B KOTOPYIO OH MOTPYKEH, — TO €CTh
OT TAaKMX XapaKTEPUCTUK IPYHTA, KaK MOYBEHHBIN COCTaB, TOJI0BOI pa3dpoc TemMmneparyp,
COZIep’)KaHWE€ TPYHTOBOM BJAarv, CTENEHb 3aCOJICHHOCTH, HAJIMYHE MHOTOJIETHEN
MEp3JIOTHI U T. A. A MEXIy TeM POCCUUCKHE MPOMBIILUICHHBIE OOBEKTHI 3a4acTyIO
pacCIOJIOKEHbl B pallOHAX C AKCTPEMAJbHBIM KIMMATOM M, KaK CIEJCTBHE, CTOST Ha
W30JIUPYIONIEM TPYHTOBOM OCHOBAaHUHU (BEUHOMEP3JBIA TPYHT, KAMEHHUCTBHIM TPYHT U
CKAJIbHBIE TIOPOJIbI, CyXOoW mecok). K cToib JKECTKUM YCJIOBUSIM 3amaJHble CHUCTEMBbI
3a3eMJICHUSI OKa3aJlMCh TOMPOCTY HE MPHUCIOCOOJIeHbl. B pe3ynbrare 4ero Haiuiu
ONTUMaJbHOE pEelIeHrne, KoTopoe Jerio B ocHoBy «MAI'-2000» - mMuHepasbHBIHA
aKTUBATOP DJIEKTPOJIOB, TMPEJCTABIISIIONIMNA CO0OM CyXyl0 cMech, KoTopas IMpu
3aTBOPEHHUU BOJOM IPEBPAIIACTCS B HEPACTBOPUMBIN JICKTPONPOBOISAIINN THAPOTETb,
HE MEHSIOIIUA CBOM CBOMCTBA CKOJIb YTOJHO JIOJITO, CIOCOOHBINH paboTaTh B OOJIBIIOM
TeMmneparypHoM auanazone oT -60 mo +60 °C. JlaHHasg TeXHOJIOTHS pealnu30BaHa B
MuHepasibHOM aktuBatope MAI-2000 (mp-Bo OOO «bunpon», P®), koTopslii
HCIIOJIB3YETCSl B KQYECTBE 3ACBINKKA OKOJIO JJICKTPOJHOTO MPOCTPAHCTBA B CHUCTEMax
3a3eMJICHHUS], TPU YKIAJKE 3a3€MIIUTENEH B TPYHTHI, YAEIbHOE COIPOTUBIEHUE KOTOPBIX

oomee 40 Owm-M. BnepBeie »saektpoasl «bunpon-30BB» ¢ wucnonas3oBaHueM
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MuHepanpHOoro aktuBaropa MAI-2000 ObUIM HCHONB30BAHBI 1T 3a3€MJICHHS
MoJICTaHIMK TipH HedTenepekaunBaromiei ctanuu Ne 12 aedrenpooga BCTO, a Takxe
JUTS 3a3€MJICHUS] EeMKOCTEH JJIsi XpaHEHUs COKMKEHHOTO Ta3a Ha 3aBOJIE 10 IepepadoTKe
ra3a u kongeHcata OAO «ATIOK» B noc. Keicbut-Ceip (AkyTHs).

JIisi HaTeKkaHWsl 3allMTHOTO TOKA B BBICOOMHBIX TPYHTax Ha 3allUIIaeMbIi
TpyOOIPOBO MCHOJIB3YIOT CIEHHAIBHBIM 3amaTeHTOBaHHBIM KomruiekT MAI-2000 c
yAeIbHbIM conpoTuiaeHueM nopsanaka 0,04 OMm: M, KOTOpBIA B CBOIO OYEPEAb XOPOLIO
YAEPKUBAET BJAry BOKPYr BJEKTPOJAA, OOECHEUYMBACT OJHOPOJIHOCTH 3aCBIIKH U
BBIPABHUBAHHE MMOTCHIMAIOB MEXIy B3auMo/ieiicTBytommmMu oobektamu [30]. [lannbrit
KOMILJIEKT MPEJICTABISAET U3 ce0sl CyXyl0 cMech B MemKax 1o 30 Kr, KoTopasi MOJJIEKUT

pa36aBJ'I€HI/II-O BOIIOﬁ nepeca UCIi0JIb30BaHHUCM.

3asemnurens

::'."Muuepanbub aKTuBartop
“MAF-2000”

I'Ionycd)epév adpcpekT
CONpOTUBIEHUS

Pucynok 1.9 — CoBMecTHOE UCTIOJIB30BAaHKE 3a3eMIUTENS «bUIIPOH» U

MuHepaiabHoro aktuBaropa « MAI'-2000»

Hawnbonee nelicTBEHHBIM JJAaHHBIN 3aMTOTHUTEb IPOSBUII CEOsI TP UCTIOIB30BAaHUU
€ro COBMECTHO C JJIeKTpojamMu «bumpon», uMeronum nepdopanroHHbIe OTBEPCTHUS B
CTEHKaX 3a3eMJIMTENIsI, Yyepe3 KOTOpPhbIe aKTUBATOp MPOHUKAET B TPYHT, Mpeodpasys
AIEKTPOJTUTHIECKYIO CBsI3b. TaKOW 3alOJHUTENh BBIOMPACTCS HMCXOAS U3 TIOYBEHHO-
KJIMMaTUYECKUX YCIOBUM M TOKa3bIBAE€T BHICOKYIO d(PHEKTUBHOCTH, UMES HEOOJIBIIYIO

JUTAHY 710 6 M.


https://bipron.com/files/project_3082/Kriticheskii_cilindr.JPG
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3azemauTeny «bUIPOH» BBITYCKAIOTCS B TOPU30HTAJIbHOM W BEPTHUKAIBHOM
HUCIIOJTHCHHUAX U ITOCTABIAIOTCA 'OTOBBIMH KOMIIJICKTaMU, 6J1aroz[ap;1 qycMmy:

— 3HAUMTENILHO COKpPAILIAIOTCS TPYJ03aTpaThl HAa YCTPOWCTBO  KOHTYpa
3azemuieHust [30];

— Tpebyercs MUHUMYM MAIllMH U UHCTPYMEHTA;

— obecrieyrBaeTcsl y00CTBO MOHTaXKa JIaXKe B CAMBIX TPYAHOIOCTYITHBIX
paiioHax 3a cueT HeOOJIBIIIOTO Beca KOMILJICKTOB 3a3¢MJICHHS,

—  COKpAIIAIOTCSI 3aTPaThl HA TPAHCIIOPTUPOBKY 3a3eMJIMTENEH K MECTY

MOHTa>Xa.

a) BEpTUKAIbHBIC JIEKTPOIbl «bunpon» 0) ropuzoHTaIbHBIEC IEKTPO bl «bUIpoH»
1 — cepBuCHBI KOJIOACIT; 2 — pe3b00oBas 3ariyIika; 3 — kadejb MPUCOSTUHECHUS K
MPOBOJHUKY; 4 — AJICKTPOIUTUIECKUNA MOAYTIh; 5 — oTBepcTHs (mepdoparius) B
CTEHKax; 6 — MUHEpaJIbHBIN akTUBaTOp ekTpoaa MAIT-2000

Pucynoxk 1.10 — Cxema ycTaHOBKH 3JI€KTpo1a «bUTIpoH»
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O6mas knaccupukanys METOI0B TEXHUYECKON METMOpAIlU TIPU CTPOUTENIBCTBE,
IKCIUTyaTalllH, PEKOHCTPYKIMU W/WIM PEMOHTa TPYOONPOBOJHBIX CHUCTEM H METOIbI
00pabOTKH rpyHTa B CUCTEME 3allIUTHOTO 3a3€MJICHUS MIpe/icTaBlieHa Ha pucyHke 1.11.

B  pesympraTe 0030pa METONOB TEXHHUYECKOW METHOpAIMH  T'PYHTOB
MPOMBIIIUICHHBIX TUIOIIAJ0K, BBIMOJHAEMONW C IENbI0 MPUIAHUS OCOOBIX CBOMCTB Ha
CTaJMM COOPY>KCHUS, OSKCIUTyaTalldd W/WJIM PEMOHTa TPYyOONPOBOJHBIX CHCTEM U
0o0Opy/IOBaHUs, a TaKXKE€ CMEXKHBIX CHUCTEM, OOECHeuMBAIOMIUX OecrepeOorHy0 U
Oe3omacHyro  paboTy  o0OpynOBaHUsS,  COCPEAOTOYEHHOTO  HA  TEPPUTOPUHU
KOMIIPECCOPHBIX, HePTeNepEeKaunBaIOIINX, TA30PACIPEACTUTENbHBIX CTAHIIUN U IPYTHX
IUJIOIIAAHBIX 00BEKTOB HE(TEra30BOM MPOMBIIIIIEHHOCTH, pa3padboTaHa Kiaccudukams,
npeacTaBiieHHas Ha pucyHke 1.11.

OTmeTHM, 4TO HE BCE M3 MPEICTABICHHBIX METOJOB TEXHMUYECKON METHOpaIuu
CHOCOOHBI M3MEHATHh CBOMCTBA M COCTaB TPYHTa, OKa3blBas BIMSIHUS Ha MapaMmeTphbl
TOKOPACHpPEEICHNUS B CUCTEME «KAaTOJIHO3AIIMILIAEMBIH O0BEKT — IPyHT». BbimomHum
aHanu3 0COOCHHOCTEH BIMSHUS METOJI0B 00OpaOOTKH Ha OCHOBHBIE IMTAPAMETPhI TPYHTOB
IPOMBIIIIEHHBIX [IJI0OUIA/I0K.

Ha mapameTrpsl TokopacmpeneneHus B CHCTeMe KAaTOAHOW 3alllUThl MOJ3EMHBIX
TpyOOIIPOBOJIOB INIaBHBIM 00pa30M BIIHSAIOT TEMIEPATypa, BIAXHOCTb, MUHEPAIU3AIIHSI
(HaMuue XJIOPUIIOB, CYIb(}ATOB), CKOIUICHHS Ta30BoW (a3l U KOPPO3HOHHAS
aKTUBHOCTH [ 1, 46, 87].

B takux ycioBusix peryaupoBanue napamerpon X3 TpyOOIpoBOIOB HE TPUBEAET
K 0KH/IA€MOMY TIOBBIIICHUIO YPOBHS 3alIUTHI OT KOPPO3UH, MTOCKOJIbKY Ha TEPPUTOPUU
NPOMBINUICHHON — TJIOMAAKKA MOTYT HAOJIOAATbCS MHOXECTBO  AIEKTPUUYECKUX
COEMHEHUM KaTOJHO3aUIUIIAEMbIX TPYyOONPOBOIOB C 3alUTHBIMU 3a3€MJICHUSIMH,
paboTaromuMu B 00pabOTaHHOM TpyHTEe, 0OecredyuBaroIieM Hanboyiee MHTEHCHBHOE

MNCPCTCKAHUC 3allUTHOI'O TOKA OT CUCTCMEI 9X73 Kk 3a3eMJICHUSAM QJICKTPOYCTAHOBOK.
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METOIbI TEXHHYECKONH ME/THOPAITHHA
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Pucynok 1.11 — Knaccudukamus MeTo10B TEXHUYECKOU MEJIMOPAIlUA TPYHTOB
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B Tabmuie 1.2 moka3aHO, 4TO OCHOBHBIMH NPWYMHAMH M3MEHEHHS YCIOBUU
MPOTEKaHUSI KATOIHOTO TOKa SIBIIAIOTCS Pas3lIMYHbIE CIOCOOBI 00paOOTKM TpyHTa B
CUCTEME 3allMTHOTO 3a3€MJICHHUSI C ILEJIbI0  yYMEHBIIEHHUS  JJIEKTPUYECKOTO
CONpPOTUBJICHUST 3a3emiutTencid. JlaHHas mnpoOiieMa OCHOXKHSIETCS TEM, 4YTO CaMHu
3a3€MJIMTEIIN, BBITTOJIHECHHBIC KaK MPABUIIO U3 MEIH, YEPHON WJIM OIIMHKOBAHHOM CTaJlH,
3a4acTYI0 BBI3BIBAIOT SKPAHUPOBAHHUE KATOJHOTO TOKA, T.€. HATEKaHUE OOJIbIIeH YacTu
3aIIATHOTO TOKA Ha 3a3€MJIMTENH ICKTPOYCTAHOBOK. ITO CHMKAET pabOTOCIIOCOOHOCTh
U CPOK CIIy>KOBbI aHOJIHBIX 3a3€MJICHHH, a Tak)Ke MPUBOAUT K TOMY, YTO KOA(DPUIIUCHT
3arpy3ku IMpeoOpazoBaresieid CTaHIUMNA KaTOAHOM 3alllMThl 1O TOKY W MOIIHOCTH
npessbimaer 0,7-0,8, 4TO CHMXKAET UX HAACKHOCTh M NPUBOJUT K HEBO3MOKHOCTHU

obecrieueHus 3PGHEKTUBHON MPOTHBOKOPPO3UOHHOM 3aIUThl TPYOOIIpoBoaoB [35, 36].

Ta6J'II/I]_Ia 1.2 — Ananu3 BIUSTHUS MCTOIOB TEXHUYECKOM MCJIMOPpAllMU Ha XapPaKTCPUCTUKU

TPYHTOB MPOMBIIUIEHHBIX IUIONIAA0K

S £
= =R ]
= = = 5
g = | 2 2 |8 |8 ¢
> o < - o =
[ = o S = B Q9
M OpaboTKM rpyHTa 8 = = E| B g £| g 2
CTON 00p PYH S =] 6 s 5| 9 S 5 8 2
E & S o o © E o 8 =
Sl 2 2R 8 E e
& g | = = & | &=
= = o =
aa) =
1 2 3 4 5 6 7
MeTton «TEePMHYECKOro 3aKpernJieHus»
rpyHTA: | | |
- 00>KUT;
- 3aMOpaXMBaHUE TPYHTOB
MeTtoa opranuveckux 100aBOK:
- CMOJIM3aLIMS, i l - l l !
- Outymuzanus
MeToa KOMIIEKCHBIX /100aBOK: | | |
- rugpododuzanus
MeToa XuMHYeCKUX 100aBOK:
- COJIOHIIEBaHUE
- 00paboTKa AJ0XUMUKATaMH 1 ! 1 ! ! 0
- 00paboTKa BSUKYIIMMU MPOAYKTaMU
- HeHTpanu3auus KUCIOTaMH U HIeJI0YaMu
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[Tponomxenue Tadauibl 1.2

MeTO)I MI/IHepaJILHBIX lIOﬁaBOK:
- I3BCCTKOBAHHC

- LEMEHTALHs i) ! ) ! ! !
- INNIMHU3aluAa

- CUWJIMKaTUu3anusa

duznyecknii MeTox

- Acaspanus 3JICKTPOJIUTA ITIOYBbL

Mexannueckuii MeTOxI:
- FpaBI/ITaI_[I/ISI

- 3aMaYiBaHHUE

- YHJ'IOTHGHI/IG

- yKaTka

- TpaMOOBKa

Metoabl 00pa0dOTKM TIpyHTa B CHCTeMe
3aIMTHOTO 3a3eMJICHHUS:

- HCIOJb30BAaHHE MHMHEPAIbHBIX AaKTHBAaTOPOB
rpynTa 1 ! 1 T !
- to0aBIeHNE MUHEPAIBbHBIX COJIeH

- 1o0aBJIeHHE YroJbHOM 3aChIIKU WK KOKCOBOM

MCJIO0YBIO

IIpumeyanue:
«-» - He 0Ka3bIBAEeT BJIUSIHUE HA N10KA3aTeJlb;
«1» - KOTHYeCTBEHHOE YBeJIMUYCHUEe M0Ka3aTeJIs;

«l» - KOJIMYECTBCHHOE€ YMCHBIIICHUEC MMOKAa3aTeJIsl.

B Takux ycioBusXx peryiampoBaHue napameTpoB D X3 TpyOONpOBOIOB HE MPUBEIET
K O’KHUJIa€MOMY TIOBBIIICHUIO YPOBHSI 3aIIUTHI OT KOPPO3HUH, TOCKOJIbKY HA TEPPUTOPUHU
MPOMBINIUICHHON — TUTOMIAAKA MOTYT HAOJIOIAaThCI MHOXKECTBO — DJICKTPUUYCCKUX
COCIMHCHUN KaTOIHO3AIIMINACMbIX TPYOOTPOBOJOB C 3alIUTHBIMHU 3a3EMJICHUSMH,
paboraomuMu B 00pabOTaHHOM TPyHTE, OOECredynBaromeM HanOoJjiee WHTEHCUBHOE
MepPETeKaHNe 3alUTHOTO TOKA OT CUCTEMBI DX 3 K 3a3eMJICHUSAM DJICKTPOYCTaHOBOK.

YCTpaHUTh AJIEKTPUUECKYIO CBs3b cHUCTeM OX3 W 3allMTHOTO 3a3eMJICHHUS

MMPAaKTHYCCKN HCBO3MOKHO, IIOCKOJIbBKY 3a4acTyl0 O3TO IPUBCACT K ITOBBIIMICHHUIO



43

OMAaCHOCTU TOPAKEHUS TOKOM IEpPCOHaa, OOCIY)KMBAIOIIETO OOJBIIOE KOJIUYECTBO
3JIEKTPOOOOPYTOBAHMS, ITOISKAIIETO 3a3eMIICHUIO B 00s13aTebHO mopsike [17, 52].

Kpome Toro, cymecTByIoT onpeeseHHbIe TPYTHOCTH B COTJIACOBAaHUU HE TOJIBKO
INPOEKTHBIX PEIICHWH Ciy)k0amMu  3JeKTpocHaOkeHuss W OX3, Kacarolluxcs
ONTUMAJIHOTO PACIIONIOKEHUS TIOJBEIOMCTBEHHBIX OOBEKTOB C IEJIbI0 MUHUMHU3AIH UX
BJIMSIHUSA IPYT Ha APYTa, HO M ONIPENIEICHHBIX NEHCTBUN B X0/I€ ITyCKOHANIAI0UYHBIX paboT
U OKCIUTyaTalldd CHUCTEMBbI 3alllUTHOTO 3a3eMJeHHUS (NEPeHOC WM YyCTaHOBKa
JOTIOTHUTENBHBIX  3a3eMJISIOLINX DJIEKTPOAOB, YCTAaHOBKAa IIEPEMBIYEK C LEJIbIO
ypaBHUBAaHMS TIOTEHIIHAIOB, 00pab0TKa rPyHTA C LETBIO YITYUIICHUS MPOIecca CTEKAHMS
TOKa B TPYHT H T.IL.).

Metoauka  TPOEKTUPOBAHHS ~ CPEICTB  DJICKTPOXMMHUYECKOH  3allUThI
TPyOOIIPOBOI0B IPOMBIIIICHHBIX TIOMIA0K MOIpa3yMeBaeT UCTIOIb30BAHIE B KAUECTBE
MCXOJIHBIX JIaHHBIX JUIS pacueTa COMPOTUBIICHUS PACTEKaHUIO TPyOOIPOBOAa BETHMUNHBI

CpCAHCTO YIACIBHOI'O JJICKTPHYCCKOI'O COIIPOTHUBJICHHUA TI'PYHTA, BBIUHUCIACMOIO IIO

dopmyne [57, 82]:

n -2
p.=L ;Li/ﬁ | (12)

rme L, — giavHA 3aIUTHOM 30HBI, M;
Li — anuHAa i-ro yyacTka ¢ yAeabHBIM JIEKTPUYECKMM CONPOTHBIEHUEM Pij, M;
N — KOJWYECTBO YYaCTKOB I'PYHTA.

BenuunHa cpeiHero yenbHOro 3JIEKTPHUSCKOE COMPOTHRIICHUE TpyHTa pr [OM M]
WCIOJIB3YETCS B ICMCTBYIOLINUX CTAHAAPTAX JJIs ONPEAECICHUS YCPEIHEHHOIO 3HAYCHUS
YAEIBHOTO 3JIEKTPUYECKOTO COMPOTUBIIEHUS TPYHTA HA CTAJIUU IPOCKTUPOBAHUS CUCTEM
DX3 Ha TeppUTOpUHU MPOMILIONIAZA0K B IEHTPE KBaApaToB co cropoHoi 10 (M) x 10 (M)
CO CTOPOHOM, paBHOHM 10 M (KOJIMUECTBO KBaJApaTOB ONMPEACIACTCS U3 OOMLICH IIoaau
00BeKTA).

Takolt moAXoa OIICHKM CBOMCTB TPYHTAa Ha TEPPUTOPUM OOBEKTA SIBIISETCS

YOPOILIEHHBIM M HE OTPa)aeT PeajbHOM KapTUHBI PACHPENEIICHUS] CBOMCTB IPYHTOB, a
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TAK)K€ HE IMI03BOJISIET OLIEHUTh BJIMSHUE HEOJHOPOJHOCTH HMX MapamMeTpoB IpHU
IPOEKTUPOBAHUM W  DKCIUTyaTallMd  CPEACTB  IPOTUBOKOPPO3MOHHOM  3aIUTHI
TpyOOIIPOBOJIOB M CMEXKHBIX CUCTEM, PaOOTAIONIMX HAa MPOMBINIJIEHHBIX IJIOMIAIKAX, a
ONPEIENICHUE YCPEIHEHHOIO 3HAYEHHS YACIBHOIO 3JIEKTPUUYECKOTO CONMPOTHUBICHUS
IpyHTa HE MO3BOJISET YYECTh €r0 HEOJHOPOJAHOCTD, a TAK)KE OTCYTCTBUE PEKOMEH AU
IO OLICHKE HEOJHOPOJAHOCTH T10 ITyOHHE B pe3yJIbTaTe YCTAHOBKH TTyOMHHOT'O aHOTHOTO
3a3€MJIEHUS, B CBA3U C 3THM CYIIECTBEHHO CHUXAETCS JIOCTOBEPHOCTH PaCUETHBIX
napamMeTpoB CUCTEM U O0OPYIOBaHUS, YTO CHIXKAET d(PPEKTUBHOCTD U JOJITOBEYHOCTh
ux (QyHKUHOHUpoBaHUsS. [losiBIEHME MOTrPENIHOCTH M3MEpPEHUs YXKE€ Ha CTaauu
M3BICKAHUM W TPOCKTUPOBAHMS, NalibHEWIIass o0paboTka IpyHTa B ciydyae, €CiIu OH
ciaboHecymuii U 00pabOTKa TpyHTa BOKPYI 3aIMTHBIX WM aHOAHBIX 3a3E€MJICHMIA,
NPUBOJAUT K HEOOXOJMMOCTH COBEPUICHCTBOBAHUS METOJMKH H3MEPEHHH YJIEIbHOE
CONPOTHUBJICHUS, OLICHKU PE3YNbTATOB U BIMSHUSA HA mapaMeTpel X3 Ha TEPPUTOPUU
IIPOMILIOIIAIOK.

Takum 00pazoM, MOKHO clieiaTh BBIBOJ, YTO IPOBEICHUE UCCIIEIOBAHNN BIUSHUS
IPYHTOBBIX XapakTEPUCTUK HAa MApaMETPbl TOKOPACIPEIEIECHHUS B  YCIOBUAX
HKPAHUPOBAHUS KAaTOAHOTO TOKA C LEJIbI0 pa3pabOTKA METOAMKU ONpeaeTeHUs
ONTUMAJbHBIX TPYHTOBBIX YCJIOBUH i oOecriedeHus TpeOyeMbIX MapaMeTpoB
IPOTUBOKOPPO3UOHHOM 3alUTHI TPYOOIPOBOJOB MPOMBIIIJICHHBIX TIOMIA/IOK SIBIISETCS
aKTyaJJbHOM HAyYHO-TEXHUYECKOW 3a/ladel, pPEIICHHE KOTOPOW ITO3BOJIUT MOBBICUTH
3G ()EKTUBHOCTh 3alIMTHl  OT KOPPO3UU TEXHOJIOTHMUECKHX TpPYyOONpPOBOJOB M

obopynosanus [101, 103].

1.3 BeiBoasbI o riase 1

1. Ha ocHOBaHuMM MNpOBENEHHOTO 0030pa HAyYHO-TEXHUYECKOW JIUTEPATypPbl
pa3paboTaHa kiaccuukaiys, MO3BOJSAIONIAS CUCTEMATHU3UPOBATh OCHOBHBIE METOJIbI
TEXHUYECKON MEIMOpPALMHN TPYHTOB, PEANTU3YEMBIE HAa TEPPUTOPHUM MPOMBIIIIEHHBIX

IJ10MaaokK He(bTeFaSOHpOBOI[OB, a TAaKKC BbISIBUTH OCHOBHBIC MCTOABI, OKAa3bIBAIOIIIHEC
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BIIUSIHAE HA TIapaMETPhl TOKOPACTIPEEICHHS B CHCTEME AJICKTPOXUMUYECKON 3aIUThI
MOA3EMHBIX YYaCTKOB TPYOOIPOBOIOB.

2. YCTaHOBJIEHO, YTO B ICHCTBYIOIIEH HOPMATUBHOMN JOKyMEHTAIIUU OTCYTCTBYIOT
METOJIMKH OIICHKW BIIMSHHS Ha TIApaMeTPhl TPYHTA Pa3IMYHBIX METOJO0B 00pabOTKH, B
T.4. IPOBOJAUMOM JJIs yiIydieHus 3PGHEKTUBHOCTH PaOOThI OOBEKTOB CMEKHBIX CUCTEM.

3. Tloka3zaHo, 4TO Uil YJY4IIEHUS YCIOBUHA MPOTEKAHUS KATOJHOTO TOKa B
CUCTEME  «TPyOONPOBOA-TPYHT»  HEOOXOAMMO  COBEPIICHCTBOBATH  METOIUKY
MPOCKTUPOBAHUS CPEJACTB 3JICKTPOXUMUYECKOM 3alIUThl TPYyOONPOBOJOB C YYETOB
UMEIOIIETOCS] WM  BO3MOJKHOTO BJIMSHHUS KOHTYPOB 3aIllUTHOTO  3a3EMJICHHS
AJIEKTPOYCTAHOBOK, a Takke pa3paboTaTh METOAWKY OMPEACICHUS ONTUMaTbHBIX
I'PYHTOBBIX YCIIOBUM ISl o0ecrieueHus: TpeOyeMbIX MapaMeTpoB MPOTUBOKOPPO3ZUOHHOMN
3aIIUTHI TPYOOIIPOBOIOB TPOMBIIIICHHBIX TIOIA TOK.

Ha ocHoBanuu BBIBOJIOB 1O TJiaBe 1 MOXHO chOpMYIHpPOBATH 1I€JIb U 3aJa4d
HACTOSIIIETO UCCIICIOBAHUS.

Heab padoTbl — oOecrieueHre MPOTHBOKOPPO3UOHHON 3aIIUTHI TPYyOOIIPOBOIOB,
PaCIOJIOKEHHBIX HAa TEPPUTOPUU MPOMBIIUICHHBIX IJIOMIA0K, C YYETOM BIIUSHUS
HEOJHOPOJHOCTH TPYHTOB Ha TMapaMeTpbl TOKOPACHpPEACNCHHUS B  CHCTEME
NMEKTpOXUMuYecKoi 3anuThl (DX3) HedTerazoBbIX 0OHEKTOB.

3amauu uccjie10BaAHNS:

1. YCcTaHOBUTH BIMSHHUE CYIIECTBYIONIUX METOJO0B TEXHHUYECKOW METHOpAIUN
TPYHTOBBIX OCHOBAHUM IJIOMIAOUYHBIX OOBEKTOB HE(PTETa30MpOBOJOB HAa MapameTphbl
CHUCTEMBI JJICKTPOXUMHUYECCKON 3aIUTHI OT KOPPO3UH TPYOOIPOBOJOB HA PAa3TMYHBIX
CTaIMSIX KU3HEHHOTO ITUKIIA.

2. IlocTpouTh MaTreMaTU4YeCKyl0 MOJENbh pacyeTa HHTETPAIbHOTO YIEIHHOTO
AIEKTPUYECKOTO COMPOTHRIICHHS TPYHTA JIJISl ONPEICICHHOTO HUAala30Ha MPaKTHUCCKH
3HAUYMMBIX ~ TAPaMETPOB  YJEIBHOTO  JJICKTPUYECKOTO  COMPOTHUBJICHUS]  CPEIbl
(100+=700) OM'M u COOTHOIIEHNUH 00BEMHOM KOHIICHTpaIuu 110 0,4.

3. DKCIEepUMEHTAIbHO OIICHUTHh BJIMSHUE TPYHTOBBIX XapakTEPUCTHK Ha

napaMeTpbl TOKOPACTIPEICIICHUS B YCIOBUSAX SKPAHUPOBAHUS KAaTOJJHOTO TOKA.
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4. Pa3paboTaTh METOAMKY Yy4e€Ta HEOAHOPOJHOCTH TPYHTOBBIX YCIOBUWA NpH
IPOEKTUPOBAHUU  CPEJCTB  DJIEKTPOXMMHUYECKOW  3alUThl  Ta30HEPTEIPOBOJIOB

IMPOMBINIJICHHBIX IINIOIIAI0K JIJIA obOecrieyeHus S(b(beKTI/IBHOCTI/I cC pa6OTLI.
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I''TABA 2 MATEMATUYECKOE MOJAEJINPOBAHUE YJIEJBHOT' O

IJEKTPUYECKOI'O CONPOTHUBJIEHUSA I'PYHTA C YYETOM
HEOJHOPOAHOCTH ET'O XAPAKTEPUCTHK

2.1 Anaau3 nmoaxoaoB K MOACJIHUPOBAHHUIO HEOAHOPOAHOCTH TI'PYHTOBBLIX

YCJI0BHH

Paznuyaror oGuiue GopMybl, KOTOpbIE MO3BOJISIIOT PACCUUTATh MHTETPAIbHBIN
MoKasaTelib 00beMa TeTEepPOreHHOM Cpefbl, colaepkKalier cepruueckue BKIIOUCHUS,
OKa3bIBAIOIINE BIMSHUE HA PACIIPEACIEHUE HANIPSIKEHHOCTH YJIEKTPUYECKOTO MOJSA. DTO
dbopmynsl MakcBesuia, bpyrremana, Jluxtenekepa, Penesi, berxepa, Jlopentia-Jlopenna
U JIpyrue, NpUMEHSAEMbIE OTEJIBHO B KAXKIOM KOHKPETHOM CIIy4a€ B 3aBUCHUMOCTH OT
BHJIa T€TEPOTCHHON cpebl (Hanmpumep, Npu HATUYUKU CHEPUUECKUX, UITUHIPUICCKUX
BKJIFOYCHUN WJIM MHOTOCJOMHBIX Cpel), a TakKe B 3aBUCUMOCTH OT PACCTOSIHUS
BKJIFOUEHUW APYT OT Apyra U COOTHOUIEHHUS MPOBOJUMOCTHU cpenbl. s onpeneneHus
MoKa3arejied MPOBOJUMOCTA M AJIEKTPUYECKOTO CONPOTHUBJIEHUS TpPyHTa Kak
CTATUCTUYECKOW CMECH MOTYT OBITh MCIIOIH30BaHbI (DOPMYIIBI SISl IBYXKOMIIOHEHTHBIX
WM MHOTOKOMIIOHEHTHBIX cpejl, Harpumep, popmyia K. JIuxtenekkepa [43, 108].

PaccmarpuBaemasi JBYXKOMIIOHEHTHasi CTATUCTHYECKas CMECh CXEMAaTHYECKU
otoOpaxeHa Ha pucyHke 2.1 a, pacueTrHas 00JacTh CO C(PepUUECKUMH BKIIOUCHUSIMU
oovemuoit ¢pakmuu f = 0,0448 mokazanma Ha pucynke 2.1 6. B Takom ciyuae
pacrpeiesieHue HanpsHKEHHOCTH AJIEKTPUYECKOTO MMOJSl B TPEX Pa3IMYHBIX CEUCHHSIX
pacueTHOM oOJlacTU TIpUBENCHO Ha pHUCyHKe 2.1 B. bojee CIOXHBIA XapakTep
pacnpeneneHuss Mmoyist B 00JacTH OOYCIIOBIIEH pPAaCIOJIOKCHHEM B HEW BKIIOYCHUI

cinyyaitHeiM 006pasom [43] (pucyHok 2.1).
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a — cXxeMa JBYXKOMIIOHEHTHOM CTaTUCTHUECKON cMecH; O — pacueTHasi 001acThb CO

chepuuecKkuMHU BKIIIOUCHUAMU 00beMHOM (pakiuu f = 0,0448; B — pacnpeneneHue

HAIPsZKCHHOCTH 3JICKTPUYCCKOI'O ITOJISL B TPEX PA3JIMYHBIX CCUHCHUAX pacquHoﬁ

obmactu [43]

PI/ICYHOK 2.1— PacnpeneneHI/Ie HAIIPSAKCHHOCTH 3JICKTPUYCCKOI'O II0JIA B

MaTPUYHON CMECU CO CPEPUUECKUMU BKIIFOUEHHUSMU IPU PA3TUIYHOM 00BEMHOM

COACpKAaHUHU BKrouenuii f u 3(1)(1)GKTI/IBHOFO HHTCIPAJIBHOI'O ITOKA3aTCIIA

B Tabmune 2.1 mnpencraBieHbl pa3iMYHbIE BapUAHTHI

KOMITO3UIIMOHHOM CPEIBI Eef

HHTCTPAJIBHOTO IMOKA3aTCJIsA IIPOBOAUMOCTHU CPCbI.

MOJIEJIE pacuera

Tabmuma 2.1 — Mogenu pacdyera HHTETPATBLHOTO TIOKAa3aTeNsi MPOBOAMMOCTH
cpenst st 111
N Bupa rereporenHoit Mopenb pacuera HHTErPATBLHOTO
VYcnoBus mpUMeHeHHs
/1 Cpeabl IokKa3aTeJist IpOBOAMMOCTU CPEIbI
1 2 3 4
1 | Kommo3sur, [TapannenarHOE COeAUHEHNE . n n
cojiep KalIuii n CI0EB | CJIOEB & = Zg i di Zdl (2.1)
i=1 i=1
2 | Matpuunas cMech Pasnuna B npoBOIUMOCTH
chepruecknux Cpelbl U BKIIFOYEHUN HE
BKJIIOYEHUH ((hopMyna | CIMIIKOM 3aMETHa. * 1 £ (6‘1 - & 2)
Makcaena) Paccrosinue mexny fo =627 &+ 282 (22)
BKJIFOUCHUSIMH BEJTUKO TI0
CPaBHEHHIO C X JHaMETPOM
V<1
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[Tponomkenue Tadbmuip 2.1

1 2 3 4

3 | Marpuunas cmech [TIpoBoguMOCTS Cpenbl U
cepuueckux BKJIFOUCHUH pa3inyaroTcs * *
BKJIIOUeHMIT (popmysna | Gonee yeM B 4 pasa u Sa7% @-Vv) 23 (2.3)
Bpyrremana) 00beMHasi KOHLIEHTPALIUs f17 % 2

BKJIrOYeHUH npesbimaet 0.2

4 | Cratuctuyeckasi CMeCh
(popmyna Berxepa), 8: +&, Ry & — & 2.4
JIBYXKOMIIOHEHTHAS 38: &+ 2¢& : .
cpena

5 | Craructuyeckas cmech | Ceprueckue BKIIOYECHUST
(popmyna berxepa), V & — 8: _0
MHOTOKOMIIOHEHTHAs Z ! & + 2¢ : - (29)
cpena

6 | Crarucruueckast cMech | Cheprueckre BKIIOUECHHS e =a+ m . (26)
(bopmyna
B. . Onenesckoro) e a = (3\/ _ 1)81 * 2(2 _ 3\/)82

4

7 | Cratuctuyeckas cMech | BritoueHHss MOTYT UMETh
(popmyna c(hepHrUeCKyIO WU IPYTYIO
K. Jluxrenekepa), bopmy 6‘: =&,(g /e, )V (2.7)
JIByXKOMITOHEHTHAsI
cpena

8 | Craructuueckas cMech | BKiIOYeHHS MOTYT UMETh
(popmyna c(hepHryueCKyIO WU IPYTYIO n
K. JluxTenekkepa), bopmy & : = H & iVi (2.8)
MHOTOKOMIIOHEHTHAs i=1
cpena

I/ | € - TOKa3aTeJqu MPOBOAUMOCTH cpenbl, Cm/M; €1 M & — mokazarenu mnpoBoaumocTta | u |l

KOMITOHEHTa cpefbl, CM/M;
&: - MHTETPAJIbHBIN MTOKa3aTeb MPOBOIUMOCTH cpesl, Cm/M;
d — TomnMHa CI0EB Cpeibl, M;
V - 00beMHasi KOHIIEHTpANus IepBOH Cpebl BO BTOPOI (OCHOBHAS), OTH. €1

Ecnu mpoananusupoBath, Hambosee »IeMEHTapHbIE MOJCTH (JABYXCIOWHYIO
MOCJIEA0OBATEIbHYIO U TIApAJUICIbHYI0), MOKHO MPUUTH K BBIBOJY, YTO IO yKa3aHHBIM

dbopMmynaM MOXXHO ONPENETUTh HWHTErPaJbHYI0 MPOBOJMMOCTh O0BEMa CpEIbl, B



50

YacTHOCTH, rpyHTa. Jlng Hamumx 3amad  HauOoiiee TOAXOAST (QOPMYIBI IS
CTaTUCTHUYECKUX CMECEd C HEOJHOPOJHBIMM KOMIOHEHTaMH. [[ns ynenpHOro

QJICKTPUYICCKOI'O COIIPOTHUBJICHUA HYXHO TOJIBKO Hp€06p330BaTI> COOTBCTCTBYIOIIIYIO

opmyiry.

2.2 Co3panMe MaTeMaTHYeCKOM MoOAeJW JIsl pacdera HMHTErpajbHOrO

YACJIBHOI0 3JEKTPUICCKOIo CONMPOTUBJICHUS I'PYHTA

B nacrosimee BpeMst i1 pacuera yAEIbHOTO 3JIEKTPOCONPOTUBIEHUS TPYHTA, KaK
MIPaBUJIO, UCIIONB3YIOT hopmyny [26]. st yueTa pa3HOpOIHOCTH TPYHTA U JUIS pacyeTa
WHTETPAILHOTO YAEIBHOTO JJIEKTPUYECKOTO COMPOTUBICHUS TPYHTA MOXKET ObITh
UCTIONb30BaHa M3BecTHast ¢opmyna 2.1 ams ydeta MOCIEIOBATENBHOTO COCIUHEHHS
CJIOCB U YCPEIHEHHOHN BETUYUHBI 0, npu ycrosuu e=1/p.

Jlns  mpoBeneHUsT ~ U3MEPEHMM  3HAYEHUW  YNENbHBIX  AJIEKTPUUYECKUX
COMPOTHUBJICHUI PAa3HOPOJHBIX TPYHTOB ObUT pa3paboTaH CTEHJA, CXeMa KOTOPOTO
npeacraBieHa Ha  pucyHke 2.2, CreHn — mpencraBisieT  coOOM  €MKOCTh
(25mMx0,6 mx0,6 M), momencHHyro Ha 10 paBHBIX Y4YacTKOB, 3allOJHCHHBIX
pa3IMYHBIMU BUJAMU HauOoJiee XapaKTepHBIX THUIIOB TPYHTOB Ha MOJ3EMHBIX
TpyOomnpoBogax mpombinuieHHbIX Momanok HIIC «VYxrta-1», HIIC «MukyHs» u
HIIC «Ypaoma» Ha ryouny 0,5 m. B kadyecTBe TrpyHTOB HCIOJIb30BAJIUCH: CYIECH,
TJIMHA, YePHO3eM, TOpP, CYTIIMHOK 6€3 00padOTKH U cynech, Topd, 4epHO3eM, CYTIIMHOK,
YMEPEHHO yBIaXHEHHbIE 1-5% pacTBOpOM MOBapeHHOM COJIU.

Onuncanue creHna

N3mepeHust yaenbpHOro SJEKTPUUECKOTO COMPOTHUBJICHUS TPYHTOB B E€MKOCTH
BBITIOJTHSITUCH IO YETHIPEXDIICKTPOIHOM CXEME C MOMOILbI0 U3MEPUTEIIS COTPOTUBIICHUS
NC-10 B KOMIUIEKTE CO CTalIbHBIMU cTepkHsIMU (4 iT., L = 150 MMm), kabenelt u 3aKuMoB

THIIA KKPOKOIUID».



1 — gepHO3eM ¢ 00pabOTKOM; 2 — CYTJIMHOK ¢ 00paboTKoit; 3 — rimrHa 63 00paboTKH,
4 — cymiech ¢ 00paboTKOiL; 5 — cymnech 0e3 00paboTku; 6 — yepHo3eM O6e3 00padboTKHy;
7 — Topd 6e3 06padboTku; 8 — Topd ¢ 06paboTKOI; 9 — cymech ¢ 00pabOTKOH;

10 — cyrnuHoK 6€3 00paboTKN

Pucynok 2.2 — CxeMa 3KCrepruMEHTaIbHOTO CTEH/IA
VYyacTok rpyHTa Mexay dnekTtponamu A u B, kotopsiii noaenen Ha 10 paBHbIX
YYaCTKOB C Pa3HbBIMHU THIIAMHU TPYHTA, IO KOTOPBIM IOJIYYEHBI CIEAYIOIINE 3HAYCHUS

YAEIBHBIX SJIEKTPUYECKUX COMPOTUBIICHUH MPEICTaBlIeH B Tabiuiie 2.2.

Tabmuma 2.2 — Pesynprarel u3mepenuit 3HadeHuit YOC TrpyHTa s TUTOMIAAOYHBIX

COOpPYKECHUH
Howmep VY 1. 35eKTpUYecKoe
Kareropus rpynTa
y4JacTka conpotusieHue, OM-M
1 2 3

YeprozeM (yBrnaxxHeHHbIi 3% pactBopom NaCl) 32

1
2 CyrimmHok (yBnaxkneHHsbIi 1% pactBopom NaCl) 45
3 I'muna 48
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[Tponomkenne Tadnuipb 2.2

1 2 3

4 Cymecs (yBnaxxHennslit 5% pactBopom NaCl) 112
5 Cymech 155
6 UepHozem 46
7 Topd 25
8 Topd (yBnaxuenusiit 3% pacrBopom NaCl) 30
9 Cymnecs (yBnaxxuennsiit 3% pactBopom NaCl) 133
10 CyrnuHox 56
11 Bech rpyHT Mexay anektponamu A u B 89

B pesynbrare sKcnepuMeHTa HAOJIOAAETCS JABYMOJANBHOE paclpeiesieHue
CJIIy4ailHOM BEJIMYMHBI YAEIBHOIO JIEKTPUYECKOT0 CONPOTUBIICHU IpyHTa. [Ipn sTOM,
ygactku 1-3; 6-7; 10 — umeroT 0osiee HU3KOE COMPOTHBIICHHE, YeM yJacTku 4-5 u 9, a
Y3C Bcex 10 yyacTKOB pa3HBIX THUIIOB TPYHTOB MEXAy ayekTpoaamu A u B mo
pe3ysibTaTaM u3MepeHus noyrydnaoch 89 OM-m.

Pacuer cpeagHeil BeMUYUHBI YJEIBHOTO 3JIEKTPUYECKOTO CONPOTHUBIIEHUS BCETO
IPyHTa B €MKOCTH pPrp, OM'M cormacHo [26, 84] moxkazam, uto p=68,2 OM-M, 3TO
CBUJETENBCTBYET O TOM, YTO CpEJIHEE 3HAUEHUE HE MPEBBIIIAET U3BMEPEHHOTO 3HAUCHUS
Y3C rpyHTOB BCEX AECCATU YYaACTKOB OJHOBPEMEHHO — 89 OMm-M.

OnHako OYEBMIHO, YTO MPU pacyeTe CPEeAHEN BEJIMYMHBI 3HAYEHUS YyYaCTKOB C
OOJBIIMMHU 3HAUYEHUSMU HUBEIUPYETCS U MX POJIb B YBEJIMUYEHUU CpEeIHEN BEIMUHHbI
Maja, Ha MPaKTUKEe MOTyT ObITh HApyIIEHbl YCJIOBHUS NMpoTeKkaHus Toka. Hampumep,
UMEETCsl yYaCTOK MPOTSKEHHOCThIO 5% OT 00IIel AUHBI pacCMaTPUBAEMOI0 y4acTKa,
CONMPOTHUBJICHUEM Ha MOPSAO0K BBIIIE, YEM COMPOTUBICHUE COCEIHUX YUACTKOB, TOT/1a OH
YBEJIMYUT 3HAYECHUE CPEIHEN BENMUMHBI HA 45%, B JEMCTBUTEIBHOCTH, TAKOM y4aCTOK
MOJKET SIBUTHCS 00JIe€ CYIIECTBEHHBIM MPEMSITCTBUEM ISl IBUKEHUS TOKA.

PaccuntaeM cpenHMe 3HAYEHHS YIEIBHOTO 3JIEKTPOCONPOTUBICHUS IS

yKa3aHHOTO MpumMepa mo Gpopmyiie:

p— — Zi:lpi’ (29)

n
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;1=(32+45+48+46+25+30+56)/7=40,28 OMM, COOTBETCTBEHHO TO (OpMyIe

€= %, HaxoauM £=0,0248 Cm/m; ;)2=(1 12+155+133)/3=133,33 OM-M, COOTBETCTBEHHO

£=0,0075 Cm/m.
[To dopmyie K. JInxteHekkepa:

ef = £,(,/£,)"=0,0075(0,0248/0,0075)°3=0,01074 Cwm/m rm 5 =93,11 Om-M.

B pesynbrare mosydaeM, 4TO CpelHEE 3HAYCHHsS YACIBHOTO JJIEKTPUUYECKOTO
COMPOTHUBJICHUS s yKazaHHOro mnpumepa mno ¢opmyne K. Jluxtennexkepa nHa 37%
OOJIBIIIC YeM, TIOJYYIaeTCsl pacueTOM CPEIHEro 3HaueHus 1o [26, 84].

Ddopmyna B. M. OneneBckoro:

_(3V—1)£1+(2—3V)£2
4

& =a+.a’+e¢&¢&/2,taca , IPH T€X K€ UCXOTHBIX JaHHBIX

naet nokazanus £.=0,013679 Cm/m, cooTBeTCTBEHHO P =74,25 OM-M.

Hcxons u3 aToro cieayer, 4To B ciydae, Korja IPYHT IpeAcTaBiseT coOoi IByX
WIM  MHOTOKOMIIOHEHTHYIO  Cpedy, KOpPpPEKTHEE  HCIOJb30BaTh  (POpMyIIbI
K. Jluxtenekkepa u B. U. OpeneBckoro, KoTopele HalOT 0oJjiee TOYHBIC 3HAYCHUS,
HEXKENTM 3HAUYCHUS TOJydeHHble 10 QopMmyne cpeaHell BeTUYUHBI  YIEIbHOTO
AJIEKTPUYECKOTO COMTPOTUBIICHUS BCETO IPyHTa B EMKOCTHU Prp, OM M. CoruiacHo [26], as
JIBYX WJIM MHOTOKOMIIOHEHTHOTO TpyHTa, ¢Gopmylia cpeaHeld BeJIWYWHBI JaeT
CYIIECTBEHHYIO MOTPEITHOCTD, BIMSIONIYIO0 HAa paclpeieiCHHE 3allMTHOTO MOTEHIMAIa
«TpyOa-3emiish», 4YTO BEAET C MCKAXEHHOMY IMPEACTaBICHUI0 00 3(P(HEKTUBHOCTH
MPOTUBOKOPPO3MOHHOM 3aIIUTHI TPYOOIIPOBOAOB HA TPOMBIIIJICHHBIX TUIOMIAIKAX.

3aBUCHUMOCTH HHTETPATBHON ITPOBOJIMMOCTH OT OOBEMHOM KOHIICHTPAIIMH CPEIbI,
noyueHHas 1o ¢opmyie K. JluxTeHekkepa MOKET XapaKTEepU30BaThCsl aHATUTUYECKH,
B KadyecTBE MpUMEpa Ha PHUCYHKe 2.4 TPEACTABICH YACTHBIA CIydall 3aBUCHMOCTH

&' .=f (V) ona Ve (0,05;0,4) (pucynok 2.4)
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30 3aBMCHMOCTH MHTETPAILHOTO ITOKA3aTeNs IPOBOUMOCTH

BTOPOii (OCHOBHAs1) cpefibl OT 00BEMHON KOHLIEHTPALUH
25

20

15 y = -24,191x + 24,54

R>=0,9964
10

HHTerpanbHblii mOKa3aTelb
MPOBOIUMOCTH Ccpefpl, €%, CM/MM

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4

OO0beMHast KOHIIEHTPAIUS TUCTIEPCHOHHOM cpeabl, V

Pucynox 2.4 — I'paduix 3aBUCHUMOCTH UHTETPAIBHOIO TIOKA3aTENsl MPOBOAUMOCTH

cpenbl 0T 00beMHOM KOHUEHTpauu 4 popmyisl K. JInxtenekkepa

[Toctpoum rpaduku A8 pa3IMYHBIX 3HAYEHHH YAEIBHOTO SJICKTPUYECKOTO
corportuBiieHUs rmepBoi (mpumeck) cpeabl (100+700) npu YOC BTOpoi (OCHOBHAs)
cpeast 40 Om-Mm.

JIns  yAenpbHOTO SJCKTPUYECKOrO COMPOTHUBICHUS MEpBOM (NMPUMECh) Cpeibl

100 Om-M rpaduk nu3o0pakeH Ha pucyHke 2.5.

3aBucUMOCTb HHTerpasbHOro ¥ OC rpyHTa 0T 00beMHON
koHuentparuu npu YOC 100 Om-m

~
o

=
5 60
)
§50 y = 40g09163x
Y 2
=40 RA=1
Q
Q)
> 30
()
2
Z 20
3
o,
=10
()
=
=
~ 0
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

OO6beMHast KOHIEHTpAIUs AUCTIEPCUOHHON cpelibl, V
Pucynok 2.5 — I'paduk 3aBUCUMOCTH UHTETPATBHOTO YEIBHOTO
ANEKTPUUECKOTO COMPOTUBIICHUS TPYHTA OT 00BEMHOM KOHIIeHTpauuu npu Y IC

nepBoit (mpumecs) cpeast 100 Om-m
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JUIst yAENbHOrO 3JIEKTPUYECKOTO COMPOTUBIEHUS NEPBOM (IIPUMECH) CPENbI

200 Om-m rpaduk n300paxeH Ha pucyHke 2.6.

3aBucuMOCTh HHTETpaNbHOTO Y OC rpyHTa OT 00BEMHOM
koHueHTpanuu npu YIC 200 Om-M

(o]
o

~
o

o]
o

y = 4016094
2=

=N W A WU
o o o o o

Huterpansuoe YIC rpynra, OM-M
o

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

O0beMHas KOHLEHTpalus JUCTIEPCUOHHOM cpeabl, V
Pucynox 2.6 — I'paduk 3aBUCUMOCTH UHTETPATBHOTO YIEIHHOTO
AIIEKTPUYECKOTO COMPOTUBIICHHS TPYHTA OT 00BEMHOM KOHIIeHTparmu rnpu Y IC

nepBoit (mpumech) cpeasl 200 Om-M

JUist yAeNbHOro 3JEKTPUYECKOTO COMPOTHBICHUS NEPBOM (IIPUMECH) CPEabl

300 Om-M rpaduk n300paxkeH Ha PUCYHKE 2.7.

3aBUCUMOCTb UHTErpajbHOr0 Y OC rpyHTa OT 00bEMHOM
koHuentparuu npu YIC 300 Om-m

i 100
S 9%
§ 80
70
Eq 60 y = 4062,0159X
K 50 -
Q)
> 40
8
= 30
20
s
g 10
E 0
= 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

OO6beMHast KOHIIEHTpAIYs AUCTIEPCUOHHON cpelibl, V
Pucynox 2.7 — I'paduk 3aBUCHMOCTH UHTETPATBHOTO YIAETHHOTO
ANEKTPUYECKOTO COMPOTUBIICHUS TPYHTA OT 00BEMHOM KOHIIEHTpauu npu Y IC

nepBoi (mpumecs) cpeant 300 OM-M
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JUIst yAENbHOrO 3JIEKTPUYECKOTO COMPOTUBIEHUS NEPBOM (IIPUMECH) CPENbI

500 Om:-m rpaduk n300paxkeH Ha pUCyHKe 2.8.

3aBUCUMOCTb UHTErpanbHOro Y OC rpyHTa 0T 00bEMHOM KOHIIEHTpAluU
mpu YOC 500 Om M

[y
N
o

-
o
o

80 y = 4092,5257x
60 R2=1
40

20

Hurerpansaoe YOC rpynra, OM-M

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45
OO6beMHast KOHIIEHTpAIUs IUCTIEPCUOHHON cpeibl, V
Pucynok 2.8 — I'paduk 3aBUCUMOCTH UHTETPATBHOTO YIAEIBHOTO
AJIEKTPUYECKOTO CONPOTUBIICHUS IPYHTA OT 00beMHOM KOHLIeHTpauuu npu YOC

nepBoii (mpumecsk) cpensl 500 OM-m

JUist yAENbHOrO 3JEKTPUYECKOTO COMPOTUBICHUS NEPBOM (IIPUMECH) CPEabl

700 Om-M rpaduk n300paxeH Ha pucyHke 2.9.

3aBUCHUMOCTH HHTETpaiIbHOro Y OC rpyHTa OT 00BEMHON
koHueHTparuu npu YIC 700 Om M

=
B
o

[y
N
o

100

80

y = 40e2,8612)(

60 2=

40

20

Wurerpansnoe YOC rpynta, OMM

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45
OObeMHast KOHIIEHTPAIUS JUCTIEPCHOHHON cpeabl, V
Pucynok 2.9 — I'paduk 3aBUCUMOCTH UHTETPATBHOTO YIAEIBHOTO
ANIEKTPUYECKOTO COMPOTHUBIICHHS TPYHTA OT 00BEMHOM KOHIIeHTparmu pu Y IC

nepBoi (mpumecs) cpeanl 700 OM-M
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[ToctpouM rtpaduku I PpasIWYHBIX 3HAYEHUW YNETBHOTO AJIEKTPUYECKOTO
cornpoTuBiieHUs TiepBoi (mpumech) cpeasl (100+700) oT 00beMHOM KOHIICHTPAITUH TTPH
VY3C Bropoii (ocHOBHAas) cpeanl 80 OM:-M.

JUist yANbHOTO SJIEKTPUYECKOTO COMPOTUBJICHUS TEPBOM (IIPUMECH) CPEIbl

100 Om-m rpaduk uzobpaxen Ha pucyHnke 2.10.

3aBUCHMOCTh UHTETpagbHOro ¥YIC rpyHTa OT 00hEMHOU
konnentparuu mpu YIC 100 Om M

88

Sﬁ
a 87
£ 86
Q 85
Q) - 0,2231x
>~ = 84 y= 820e
2 = g3 =1
z O
é 82
81
n
L 80
é 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

OO0beMHas KOHLIEHTpalus JUCIIEPCUOHHOM cpeabl, V
Pucynok 2.10 — I'paduyix 3aBUCUMOCTH HHTETPAIBHOTO YAEIBHOTO
AIIEKTPUUECKOTO COMPOTUBIICHHS TPYHTA OT 00BEMHOM KOHIIeHTparmu rnpu Y IC

nepBoii (mpumeck) cpenbl 100 Om-m

JIJist yAGNBbHOTO SJIEKTPUYECKOTO COMPOTHBJICHUS TEPBOM (IMIPUMECH) CPEIbl

200 Om-m rpaduk n3zobpaxeHn Ha pucynke 2.11.

3aBUCUMOCTb UHTErpanbHOro YOC rpyHTa 0T 00beMHOIM
koHueHTpauuu rnpu YOC 200 Om M

=
N
o
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=
= 120
B
8 100 y = 8009163«
> *2 80 2=1
Q=
£ 560
¥
s 40
5
S 20
ja]
= 0
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

OOBeMHast KOHIIEHTpAIHS TUCTIEPCHOHHON cpenbl, V
Pucynok 2.11 — I'paduix 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOIO
AIIEKTPUYECKOTO COMPOTHUBIICHUS IPYHTA OT 00beMHOI KOHLIeHTpauuu mpu YIC

nepBoi (mpumecs) cpeabl 200 OM-M
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JUIst yA€IbHOTrO 3JEKTPUUYECKOTO COMPOTUBIEHUS IEPBOM (TPUMECH) CPEIbI

300 Om-m rpaduk n3o0paxeH Ha pucyHke 2.12.

3aBUCHUMOCTH HHTETpaIbHOro Y OC rpyHTa OT 00BEMHON KOHIICHTPAIN
npu YOC 300 Om M

160
140
120
100 y= 80el,3228x
80 R2=1
60
40
20

Hurerpansnoe YOC rpynra, OM-M

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45
OO0beMHast KOHIEHTpaLUs JUCIIEPCUOHHON cpeabl, V
Pucynok 2.12 — I'paduik 3aBUCUMOCTH HHTETPAIBHOTO YAEIBHOIO
AIIEKTPUYECKOTO COMPOTUBIICHHS TPYHTA OT 00BEMHOM KOHIIeHTpaimu rnpu Y IC

nepBoil (mpumecs) cpenst 300 Om-m

JUist yAENbHOrO 3JEKTPUYECKOTO COMPOTUBICHUS NEPBOM (IIPUMECH) CPEabl

500 Om-m rpaduk nzo6paxkeH Ha pucyHnke 2.13.

3aBUCUMOCTH HHTETPaTbHOTO Y IC rpyHTa OT 00bEMHON KOHIICHTPAITUT
pu YOC 500 Om M

180

=

s 160

Oﬁ 140

s

= 120

=

2 100 y = 80g18326x
Q 2 =

9 80 R 1

8 60

==y 40
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s 20

S,

QE 0

E 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

OObeMHast KOHIIEHTpAIUS JUCTIEPCUOHHON cpeabl, V
Pucynok 2.13 — I'paduix 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOIO
AJIEKTPUYECKOTO COMPOTHUBIICHUS IPYHTA OT 00beMHOI KOHILIeHTpauuu mpu YIC

nepBoi (mpumecs) cpeabl S00 OM-M
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JUIst yAENbHOrO 3JIEKTPUYECKOTO COMPOTUBIEHUS NEPBOM (IIPUMECH) CPENbI

700 Om-M rpaduk n3zo0paxeH Ha pucyHke 2.14.

3aBUCUMOCTH HHTETpabHOTO YOC IpyHTa OT 00BEMHOM
koHueHnTtparuu npu YIC 700 Om-m

200

150
y = 80g2 1681
100 Rz2=1

OM M

50

Uuterpansroe YOC rpyHTa,

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45
O0beMHast KOHIIEHTPAIUS TUCTIEPCUOHHOMN cpenbl, V
Pucynok 2.14 — I'paduik 3aBUCUMOCTH UHTETPAIBHOTO YAEIBHOIO
AJIEKTPUYECKOTO CONPOTUBIICHUS IPYHTA OT 00beMHOM KOHLIeHTpauuu npu YOC

nepBoit (mpumech) cpeasl 700 Om-M

[ToctpouM rpaduku AJis pa3IMYHBIX 3HAYCHUH YJIEIBbHOTO JJIEKTPUUYECKOTO
COMPOTHBIIEHUS TIepBoit (mpumech) cpesl (100+700) oT 00beMHON KOHIICHTPALIUU TIPH

Y3C Bropoii (ocHoBHas) cpean 120 Om-m.

JIJist yAGNBbHOTO SJIEKTPUYECKOTO COMPOTHBIICHUS TEPBOM (IIPUMECH) CPEIbl

100 Om-M rpaduk n3o0paxkeH Ha pucyHke 2.15.

3aBUCUMOCTb UHTETpanbHOro YOC rpyHTa 0T 00beMHOM
koHueHTpanuu npu YIC 100 Om-m

120
118
116 y =120,05¢-0.183

2=
114

OM M

112

110
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

Nurerpansnoe YOC rpyHTa,

OO6beMHast KOHIIEHTpAIHsl AUCIEPCUOHHOM cpenbl, V
Pucynok 2.15 — I'paduix 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOTO
AIIEKTPUYECKOTO COMPOTHUBIICHHS TPYHTA OT 00BEMHOM KOHIIeHTparmu pu Y IC

nepBoit (mpumecsh) cpeast 100 Om-m
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JUIst yAENbHOrO 3JIEKTPUYECKOTO COMPOTUBIEHUS NEPBOM (IIPUMECH) CPENbI

200 Om-m rpaduk nzo0paxeH Ha pucyHke 2.16.

3aBUCUMOCTb UHTErpajbHOro Y OC rpyHTa OT 00beMHON
koHueHTpanuu npu YIC 200 Om M
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O 145
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a 140
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O 135 y 2
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8 130
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~ 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

OOBeMHast KOHIIEHTpAIHS TUCTIEPCHOHHON cpebl, V
Pucynox 2.16 — ['paduix 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOTO
AIEKTPUYECKOTO COMPOTUBIICHHS TPYHTA OT 00BEMHOM KOHIIeHTpaimu rnpu Y IC

nepBoit (mpumech) cpeast 200 Om-M

JI71s1 yIeTbHOTO 3JIEKTPUYECKOTO COMPOTUBIIEHUS IEPBOMl (IPUMECH) CPEIBI

300 Om-M rpaduk n300paxeH Ha pucynke 2.17.

3aBUCHMOCTh UHTETpaIbHOTO Y OC rpyHTa OT 00hEMHON KOHIICHTPAITUT
pu YOC 300 Om M
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OObeMHast KOHIIEHTPAIUS JUCTIEPCHOHHON cpeabl, V
Pucynok 2.17 — I'paduik 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOTO
AJIEKTPUYECKOTO COMPOTHUBIICHUS IPYHTA OT 00beMHOI KOHLIeHTpauuu mpu YIC

nepBoi (mpumecs) cpeanl 300 OM-M
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JUIst yAENbHOrO 3JIEKTPUYECKOTO COMPOTUBIEHUS NEPBOM (IIPUMECH) CPENbI

500 Om-m rpaduk nzo6paxeH Ha pucyHke 2.18.

3aBUCHUMOCTH HHTETpaIbHOro Y OC IpyHTa OT 00bEMHON KOHIIEHTpAIUN
pu YOC 500 Om M
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OO0BbeMHasE KOHIICHTPAIHSI AUCTICPCHOHHOM cpenbl, V

Pucynok 2.18 — I'paduk 3aBUCUMOCTH HHTETPaJIbHOTO yAEIHHOTO
AJIEKTPUYECKOTO CONPOTUBIICHUS IPYHTA OT 00beMHOM KOHLIeHTpauuu npu YOC

nepBoii (mpumecsk) cpensl 500 OM-m

JI1s1 yaenbHOTro 3JIEKTPUYECKOTO CONPOTUBIIEHUS IEPBOM (IPUMECH) CPEIb

700 Om-M rpaduk n3odpaxeH Ha pucynke 2.19.

3aBUCHUMOCTH HHTETpaiIbHOro Y OC rpyHTa OT 00BEMHON
koHueHTparuu npu YIC 700 Om-m

300
250
200
y = 120,05617622%
150 R*=1
100

50

HuTterpansroe YIC rpynra, OM M

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45
OO0beMHast KOHIIEHTPAIUS JUCTIEPCUOHHON cpebl, V
Pucynok 2.19 — I'paduix 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOTO
AJIEKTPUYECKOTO CONPOTHUBIICHUS IPYHTA OT 00beMHOM KOHLIeHTpauuu mpu YIC

nepBoit (mpumecs) cpeast 700 Om-M
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[ToctpouM rtpaduku s pa3sIUYHBIX 3HAYEHUW YACIBHOTO JJIEKTPHYECKOTO
cornpoTuBiieHUs TiepBoi (mpumech) cpeasl (100+700) oT 00beMHOM KOHIICHTPAITUH TTPH
Y3C Bropoii (ocHOBHas) cpeanl 160 Om-m.

JUist yANbHOTO SJIEKTPUYECKOTO COMPOTUBJICHUS TEPBOM (IIPUMECH) CPEIbl

100 Om-m rpadux nzodpaxen Ha pucynke 2.20.

3aBUCUMOCTh HHTErpaIbHOTO Y OC rpyHTa OT 00hEMHOM
koHUeHTpauuu npu YOC 100 Om M
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o = y = 160047

238 140 2

¥a}

g 135

S 130

§ 0 005 01 015 02 025 03 035 04 045

O0beMHast KOHIIEHTPAITUS TUCTIEPCHOHHON cpenbl, V
Pucynox 2.20 — I'paduix 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOTO
AIIEKTPUYECKOTO COMPOTUBIICHHS TPYHTA OT 00BEMHOM KOHIIeHTparmu rnpu Y IC

nepBoit (mpumecs) cpeasl 100 Om-M

JIJist yAGNBbHOTO SJIEKTPUYECKOTO COMPOTHBIICHUS TEPBOM (IIPUMECH) CPEIbl

200 Om-m rpaduk n3o00paxeH Ha pucyHke 2.21.

3aBUCHUMOCTH HHTETpaiIbHOro Y OC rpyHTa OT 00bEMHON
koH1eHTparuu pu YIC 200 Om-M

176

=

=

3 174

é 172

a 170 y= 160g0.2231x
e Rz=1

QO 168

(; 166

8

2 164

¥al

g 162

5 160

EE 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

O0ObeMHast KOHIIEHTPAIUs JUCTIEPCUOHHON cpebl, V
Pucynok 2.21 — I'paduik 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOTO
AJIEKTPUYECKOTO COMPOTHUBIICHUS IPYHTA OT 00beMHOI KOHLIeHTpauuu mpu YOIC

nepBoit (mpumecsh) cpeas 200 Om-M
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JUIst yAENbHOrO 3JIEKTPUYECKOTO COMPOTUBIEHUS NEPBOM (IIPUMECH) CPENbI

300 Om-m rpaduk n300paxkeH Ha pucyHke 2.22.

3aBUCHUMOCTH HHTETpaIbHOro Y OC rpyHTa OT 00hEMHON KOHIIEHTPAINN
ipu YOC 300 Om M

N
(€]
o

=
3
200
g: y = 160e0,6296)(
2 150 R2=1
~
8 100
>
()
£ 5o
¥
=
g
= 0
(D)
E 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45
=

OO6BeMHast KOHIICHTPAIHs AUCTIEPCUOHHOM cpelibl, V

Pucynok 2.22 — I'paduk 3aBUCUMOCTH HHTETPaJIbHOTO yAEIHHOTO
AJIEKTPUYECKOTO CONPOTUBIICHUS IPYHTA OT 00beMHOM KOHLIeHTpauuu npu YOC

nepBoii (mpumecsk) cpenbl 300 OM-m

JIns yIenbHOro 3JIEKTPUYECKOrO0 COMPOTUBICHUS TEPBON (TIPUMECh) Cpelibl

500 Om-m rpaduk n300paxkeH Ha pucyHke 2.23.

3aBUCHMOCTh UHTETpaIbHOrO Y IC rpyHTa OT 00hEMHON KOHIICHTPAITUT
pu YOC 500 Om M
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O 250
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E 200 y = 160g1:139%4x
e R2=1
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» 100

o

z
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é 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

OObeMHast KOHIIEHTPAIUS JUCTIEPCHOHHON cpebl, V
Pucynok 2.23 — I'paduik 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOTO
AJIEKTPUYECKOTO CONPOTHUBIICHUS IPYHTA OT 00beMHOI KOHLIeHTpauuu mpu YIC

nepBoit (mpumecsh) cpeast 500 Om-M
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JUIst yAENbHOro 3JEKTPUYECKOTO CONMPOTUBIEHUS NEPBOM (IMPUMECH) CPENbI

700 Om-M rpaduk n300paxeH Ha pucyHke 2.24.

3aBUCHUMOCTH HHTETpaiIbHOro Y OC rpyHTa OT 00BEMHON
koHueHTparuu npu YIC 700 Om M

350
300
250
200 y = 160g1474%x
2=1
150
100
50

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

Nurerpansnoe YOC rpynrta, OM M

OObeMHast KOHIIEHTPAIUS JUCTIEPCUOHHON cpebl, V
Pucynox 2.24 — I'paduik 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOTO

ANEKTPUYECKOr0 COMPOTHUBIICHUS TPYHTA OT 00BEMHOM KOHIIEHTpauuu rnpu Y IC

nepBoit (mpumech) cpeasl 700 Om-M

[ToctpouM rpaduku s pa3IUYHBIX 3HAYECHUU YJIETBHOTO 3JIEKTPUUECKOTrO
conpoTtuBieHus: nepBoit (mpumeck) cpeabt 100+700 mpu YIC BTOpOI (OCHOBHASI) CPEBI
200 Om-m.

JIJ1st yAenbHOTO SJIEKTPUUYECKOTO COMPOTUBIICHUS TIEPBOM (ITPUMECH) CPEIbI

100 Om-M rpaduk n300pakeH Ha pucyHke 2.25.

3aBUCUMOCTb HHTETpanabHOro Y OC rpyHTa OT 00bEMHON
koHueHTpauuu npu YOC 100 Om-M
250

y = 200g0693

200 RE=T

150

OM*M

100

50

Wnrerpansnoe YOC rpynra,

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45
OO0beMHast KOHLIEHTpAIUs JTUCTIEPCUOHHON cpeabl, V
Pucynox 2.25 — I'paduik 3aBUCUMOCTH HHTETPATBHOTO YACIBHOTO
AIIEKTPUYECKOTO COMPOTHUBIICHHS TPYHTA OT 00BEMHOM KOHIIeHTparmu pu Y IC

nepBoit (mpumecsh) cpeast 100 Om-m
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JUIst yAENbHOrO 3JIEKTPUYECKOTO COMPOTUBIEHUS NEPBOM (IIPUMECH) CPENbI

200 Om-m rpaduk n300paxeH Ha pucyHke 2.26.

3aBucHUMOCTh HHTETpagbHOr0 YIC rpyHTa OT 00BEMHON
koHuenTtpaiuu mpu YIC 200 Om M

%
OM*y
o o o
o o o

y = 200e2E-14x
200
200

Hurerpansnoe YOC rpyHTa,

200
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

OO0beMHasT KOHIIEHTPAITUS TUCTIEPCHOHHON cpebl, V
Pucynok 2.26 — I'paduk 3aBUCHMOCTH HHTETPaJIbHOTO yAEIHHOTO
AJIEKTPUYECKOTO CONPOTUBIICHUS IPYHTA OT 00beMHOM KOHLIeHTpauuu npu YOC

nepBoii (mpumecsk) cpensl 200 OM-m

JIns yIenbHOro 3JIEKTPUYECKOrO COMPOTUBICHUS TEPBON (TIpUMECh) Cpelibl

300 Om-M rpaduk n300paxeH Ha pucyHke 2.27.

3aBUCHUMOCTH HHTETpaiIbHOro Y OC rpyHTa OT 00BEMHON
koHueHTparuu npu YOC 300 Om m

g 240
2 —

g 230 R2=1

225
> 2
o % 220
g6
= 215
= 210
£
5 205
E 200

0 005 01 015 02 025 03 035 04 045

O0beMHast KOHIIEHTPAIUS TUCTIEPCUOHHON cpebl, V
Pucynok 2.27 — I'paduik 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOTO
AJIEKTPUYECKOTO CONPOTHUBIICHUS IPYHTA OT 00beMHOM KOHLIeHTpauuu mpu YIC

nepBoit (mpumecs) cpeast 300 Om-M
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JUIst yAENbHOrO 3JIEKTPUYECKOTO COMPOTUBIEHUS NEPBOM (IIPUMECH) CPENbI

500 Om-m rpaduk n300paxeH Ha pucyHke 2.28.

3aBUCUMOCTb UHTErpaIbHOro Y OC rpyHTa OT 00bEMHON
koHeHTpauuu npu YIC 300 Om-M

350

300

250 y= 200e0,9163x
200 R2=1

150

100

50

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

Hurerpansaoe YOC rpynra, OM M

OObeMHast KOHIIEHTPAIUS TUCTICPCHOHHOM cpepl, V
Pucynox 2.28 — ['paduik 3aBUCUMOCTH UHTETPAIBHOTO YACIBHOTO

AIEKTPUYECKOTO COMPOTUBIICHHS TPYHTA OT 00BEMHOM KOHIIeHTpaimu rnpu Y IC

nepBoit (mpumech) cpeast S00 Om-M

st yAGNBHOTO BJIEKTPUYECKOTO COMPOTHUBJICHHUS TMEpBOM (MPUMECH) CpeIbl

700 Om-M Tpaduk n300paxeH Ha pucyHke 2.29.

3aBUCHMOCTh UHTETpagbHOro ¥YIC rpyHTa 0T 00heMHON KOHIIEHTPAITUH
pu YOC 700 Om M

Z 350
=
© 300
=
£ 250 y = 200gL.2518
& R?=1
O 200
Q)
> 150
S
T 100
:
50
-
o)
= 0
= 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

OO0beMHast KOHIIEHTpaIUs AUCTIEPCUOHHON cpeibl, V
Pucynok 2.29 — I'paduix 3aBUCUMOCTH UHTETPAIBHOTO YAEIBHOTO
AJIEKTPUYECKOTO COMPOTHUBIICHUS IPYHTA OT 00beMHOI KOHLIeHTpauuu mpu YIC

nepBoi (mpumecs) cpeanl 700 OM-M



67

[Toctpoum TpexmepHbli Tpaduk A pa3iUYHbIX 3HAUYEHUW YAEIBHOTO
SJIEKTPUUYECKOTO COMPOTHBIICHUs TepBoi (mpumech) cpeasl (100+700) Om-M  oT

o0beMHOM KoHIeHTpanuu npu Y IC BTopo# (ocHOBHAs) cpeabl 40 OM-M.

3aBUCHMOCTH UHTETpanbHOr0 Y OC rpyHTa OT 00BEMHOM
koHneHTparwu npu YIC (100+700) Om M

H
S
o O
!

=
s
o
<&
E r"----" .-:'- -
§100 — ;’
O 80 T y S
2 6o .;"J: ’ 7\
S 40 <=
g
§ 20 700 Om'M
S 500 Om'Mm
2 0 300 Om'm
= 005 01 s 200 Om-m
) 0,2
0,25 03 100 Om'Mm

0,35

0,4
O0beMHast KOHIICHTPAIHSI TUCTICPCHOHHON cpenbl, V

Y3C rpynTa nepBoii (mpumMecs) cpeasl, OM M

0-20 ©020-40 O40-60 160-80 D80-100 C100-120 O120-140

Pucynox 2.30 — TpexmepHbIii rpaduk 3aBUCUMOCTH UHTETPATLHOTO yIEITBHOTO
SJIEKTPHYECKOTO COMPOTHURIICHUS TIepBoii (pumech) cpebl (100+700) Om-M ot

o0bemMHOM KoHIIeHTpaIuu pu Y IC Bropoi (ocHoBHas) cpenbl 40 Om-M

[ToctpouM TpexMepHbld Tpaduk [ pa3IMYHBIX 3HAYEHUH YAEIBHOIO
SJIEKTPUYECKOT0 COIMPOTHUBICHUS TmepBoi (mpumech) cpenbl (100+700) Om-M  oT

o0beMHo# KoHIIeHTpanmu nipu Y IC BTopo# (ocHOBHAsH) cpeabl 80 OM-M.
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3aBUCHMOCTH UHTETpanbHOro Y OC rpyHTa OT 00BhEMHOM
koHneHTparwu npu YIC (100+700) Om M

s
s
= 200 < S
2 -7 ] .
o 180 = — =
g i —— .
£ 160 e i e | ] g
i 4 = | Q
= e s i .——T_ o
O 120 i _/A\_ g - -, J s
O 100 7o [ — )
>~ - — 77 ] E
g 80 z___/i/__/__/‘ / _/ —t =
E 60 ot/ ] 2
& 700 O ;
= M'M <
= 20 500 Om-M E
0 3000mm B
005 01 4o 200 Om-M &)
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0,25 03 100 Om'M g
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OObeMHast KOHLEHTpAIMs AUCIIEPCUOHHOM cpeabl, V

[J0-20 [120-40 [140-60 [160-80 [180-100 [1100-120 [120-140 [140-160 [1160-180 [1180-200

Pucynok 2.31 — TpexmepHbIil rpaduK 3aBUCUMOCTH UHTETPAIbHOTO yAETHHOTO
SJIEKTPHYECKOTO COMPOTHUBIICHUS nepBoii (mpumech) cpesl (100+700) Om-M ot

00beMHOM KoHIeHTpanuu pu Y IC BTopoi (ocHOBHAas) cpenbl 80 OM-M

[ToctpouM TpexMepHbld Tpauk [ pa3IUYHBIX 3HAYEHUH YAEIBHOIO
3JIEKTPUUYECKOTO COMPOTHUBIICHHS mepBoi (mpumMech) cpeasl (100+700) ot o0OBeMHOI

koHueHTparuu npu Y IC Bropoii (ocHoBHAs) cpebl 120 Om-M.
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3aBUCUMOCTH HHTETpaIbHOTO Y OC rpyHTa OT 00BEMHOM
koHneHTparwu npu YIC (100+700) Om M
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= el
S 260 e Y
3 —— — — = ~
£ 200 —=F f’_’—/-(:_ = ----__?.-_ 3
£ 180 e o A Q
Bl S -
U 120 S - - _/Z_ iy — j E
d 100 e/ — =
> 80 : e — / 3
o 60 e e 700 On- =
S 40 — MM &,
T 20 5000mm 2
g 0 3000mm S
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OObeMHast KOHLEHTPALMs AUCIIEPCHOHHOM cpenbl, V ' ~
[0-20 20-40 40-60 60-80 [080-100 [1100-120 0120-140
0140-160  0O160-180  [D180-200  [200-220  [220-240 240-260

Pucynok 2.32 — TpexmepHbIil rpaduk 3aBUCUMOCTH UHTETPATILHOTO yIEITBbHOTO
AIIEKTPUIECKOTO COMPOTHRIICHHUS TiepBoi (mpumeck) cpeasl (100+700) Om-M oT

o0bemMHOM KoHIeHTparuu nipu Y IC Bropoii (ocHOBHas) cpeabl 120 OM-Mm

[ToctpouM TpexMepHbId Tpaduk [ pa3IUYHBIX 3HAYCHUH  YACIBHOIO
AJIEKTPUIECKOr0 COMPOTUBIICHUS TepBoi (mpumech) cpeasl (100+700) or oObeMHOI

KoHIeHTparuu npu Y IC BTopoit (ocHOBHAs ) cpenbl 160 Om-Mm.

3aBucUMOCTb HHTErpaIbHOro Y OC rpyHTa 0T 00bEMHOMN
koHneHTparyu npu YIC (100+700) Om-m o
&
()
= 320 —— 5
s — —j" - y f —~
3 280 e M it 3
< 240 T y s
= =k — i fd i =
= 200 = = 7 — g
& 160 e A / ot
Y 120 ; ~7 5 =
o) a O
> 80 &
© 40 700 Om'M =
o 5000M'm =
em) 0 =
=) 300 OM M a
g 005 g1 2000mm
(=¥ ) MM
O 0,15 0.2 O
= ’ 0,25 03 100 Om-m ol
=~ 0,35 0,4 S
O0beMHast KOHIICHTPAIHS TUCTICPCHOHHON cpenbl, V
[J0-40 [140-80 [180-120 [1120-160 [01160-200 [1200-240 [0240-280 [280-320

Pucynok 2.33 — TpexmepHblil rpaduk 3aBUCUMOCTH UHTETPATIHOTO yAEIBbHOTO
AIIEKTPUYECKOTO COMPOTHURIICHUS 1epBoii (mpumech) cpeapl (100+700) Om-M ot

o0beMHOM KoHIIeHTpanuu mpu Y IC BTOpOi (ocHOBHAs) cpeasl 160 Om-M
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[loctpoum TpexmepHblii Tpaduk A pa3iIMYHBIX 3HAUYEHUH yIEIBHOTO
AJIEKTPUIECKOTO CONPOTUBIICHUS TepBoi (mpumech) cpeasl (100+-700) ot oObeMHOM

koHIeHTparuu npu Y IC Bropoit (ocHoBHas) cpenbl 200 Om-Mm.

3aBucUMOCTb HHTErpaibHOro Y OC rpyHTa OT 00BEMHOU

koHueHtpauu npu YIC (100+700) Om-m =
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OObeMHast KOHLEHTPALMS AUCIIEPCUOHHON cpeabl, V

0-50 [150-100 [1100-150 [1150-200 [200-250 [1250-300 C0300-350

Pucynox 2.34 — TpexmepHbIil rpaduK 3aBUCUMOCTH UHTETPATLHOTO yIETLHOTO
AIIEKTPUIECKOTO COMPOTHRIICHHUS TiepBoi (mpumeck) cpeast (100+700) Om-M oT

o0beMHOM KoHIeHTparuu nmpu Y IC Bropoi (ocHoBHas) cpeabl 200 OM-M

Jlyist BBIOpaHHOTO NMarna3oHa MPAaKTHYECKH 3HAYMMBIX JaHHBIX YIC OCHOBHOM
cpensl Ry, € (40+200) Om-M u nmpumecHod R, € (100+700) OM-M 1 00beMHOIM
KoHUeHTpauu oT 0 10 0,4 BBINONHSJICA TOMCK YPABHEHUM, OMUCHIBAIOIINX 3aBUCUMOCTH
MEXy YKa3aHHBIMU MapameTpamu. Pe3ynbTaTel MOKWCKAa YPaBHEHUW MPEIACTABICHBI B

tabmurie 2.3.

Tabnuua 2.3 — Pe3ynbTaThl MOMCKA SKCIIOHEHIUATBHBIX YPABHEHUN PErpeccuu

vVoC
OCHOBHOH y,Z[CJ'IBHOC QJICKTPHUYCCKOE COITPOTUBJIICHUEC HpHMCCHOfI CpEanbl, RanM, OM-M
Cp€anl,
Rocr, OM-M 100 200 300 500 700
40 y - 40e0,92x y = 40e1,61x y = 4062’02X y - 4092’53X y - 40e2,86x
80 y - 80e0,22x y = 80e0,92x y - 8091’32X y - 8061’83X y - 80e2,17x
120 y = 120,058 |y =120,05e%%* |y =120,05e>%> |y =120,05e}** |y =120,05e%
160 y =160e%4™* | y=160e%%* y = 160953 y = 160el* | y =160l
200 | y=200e"% | y=200e"" | y=200e"" | y=200e"% | y=200e"
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VYpaBHEeHUS XapakTEPU3YIOTCS OOMMM BHJIOM ypaBHEHUS JJIS pacdeTa
MHTErPANbHOTO CONPOTUBIEHUS: Ryym = Roens € NV,

bru10 OTMCYCHO, YTO IIapaMCTp N 3aBHCUT OT OTHOIICHUS COIMPOTHUBJICHUSA CPCA

Rl'l UM
—= (oTH.ex. ), rae Rupun - YOC npumecHoii cpeabl, OM M; R,e, - YOC 0CHOBHOI cpefipl,

OCH

OMm M.

I[JDI YCTAaHOBJICHUA 3aBUCUMOCTH MCIKIAY N u oTHOIIEHHEM COIIPOTHUBJICHUSA CPCAO

Rpun (OTH esl. ) 6buT ocTpoeH rpaduk (prucyHok 2.35).

ocC

3asucumoctb napameTpa N ot otHomeHus YIC nepBoii (mpuMech) cpeibl
(100+700) Om M ot YOC BTOpOIi (0OcHOBHAs) cpebl (40+200) OM M mipu
00pemMHOM KoHIIeHTpauu 1o 0,4

2,5

2 y =0,1485x + 0,7351
R>=0,9664
15

05
y = 0,9058x - 1,0383
0 R2=0,9744

0 2 4 6 8 10 12 14
-0,5

IMTapametp N 3aBuCSIIHI OT OTHOLICHHS
conporusiienus cpens R, /R ... (OTH. e.)

Ornowenne conporusnenus R, /R,

Pucynok 2.35 — 3aBucumocts mapametrpa N ot otHomenus Y OC nepBoit
(mpumecs) cpeanl (100+700) Om M ot YOC BrOpoi (ocHoBHas) cpeabl (40+200) Om M

pu 00BeMHOM KOoHIIeHTpanuu 10 0,4

3aBucuMocT N OT OTHOIIEHUSI MOKHO aAMMPOKCUMUPOBATh KYCOUYHO-TMHEUHOM

. . R
(yHKIMEH T pa3HBIX OTHOLIEHUH COMPOTUBIIEHHS CPET ——
OCH
_ (0,9 anM -1,04)-V RanM . .
RHHT - ROCH € erI/I R € [1'0' 2:0);
OCH
o (2.11)
(0,15—— +0 ,7)V Rypum

Ryur = Ryen " € ,ipu —— € [2,0;12,0].

OCH
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Takum oOpa3oMm Moiy4YeHa CcHUCTEMA YpaBHEHHUH SBISIETCS MaTeMaTH4YeCKOU
MOJICNIbIO, TTO3BOJISIONICH PACCUMTHIBATH MHTETPATBLHOE COMPOTHUBICHUE CPEIbl TMPHU
Pa3IMYHBIX BapUalMsIX HMCXOJHBIX JAHHBIX, HO TOJBKO JIS YKa3aHHBIX JHAara3oHOB
OCHOBHOM cpenbl Rye, € (40+200) Om-M u npuMecHoi cpenbl Ry € (100+700) OM-Mm.

nV no 04.

2.3 Bepuduxauus MmareMaTnuecko Moaean

[TpounsBenu Bepu(UKAIMIO MATEMAaTHYSCKOH MOJICIM CPABHHB IOJydYacMbIe MPHU
TIOMOIIY €€ 3HAYCHUS MHTCTPAILHOTO COIIPOTHRIICHHS CPEIbI ITO OTHOIICHHIO K 0a30BOM
dbopmyne K. JIluxtennekepa.

Hcxoaubie TaHHbBIE:

— nnpuMecHas cpeaa, Ry, Om-m - 100, 200, 300, 500, 700;

— OCHOBHas cpena, R,.,, Om-m - 40, 80, 120, 160, 200;

— oObeMHass KOHIIGHTpaIusi BTOpPOH cCpeabl B IepBol  (OCHOBHOK),

V, (otn. en.) — 0,05; 0,1; 0,15; 0,2; 0,25; 0,3; 0,35; 0,4.

Ta6nuna 2.4 —IIpumMepsl pacueToB JJis 3aJaHHBIX MAPaMETPOB

No WcxonHble Ruum 110 hOpMyIIE Rum 110 . OTKIIOHEHHE,
MaTeMaTU4eCKOM
pacuera | manubie, OmM:M | K. Jluxtennekepa, OM-M %
moxaean, OM-M
1 2 3 4 5
1 Rpun=100; 41,87 42,21 -0,79
Roc=40; 43,83 44,54 -1,59
Ve (0,05;0,4) 45,89 46,99 -2,41
48,04 49,59 -3,23
50,29 52,33 -4,05
52,65 55,22 -4,88
55,12 58,27 -5,71
57,70 61,49 -6,55
2 Rnpuw=200, 43,35 43,01 0,79
Roci=40; 46,98 46,24 1,58
Ve (0,05;0,4) 50,92 49,72 2,36
55,19 53,46 3,14
59,81 57,48 3,91
64,83 61,79 4,67
70,26 66,45 5,43
76,15 71,44 6,18
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[Iponomxenue Tadauibl 2.4

1 2 3 4 5
3 | Rupuwr=300; 44,24 43,82 0,95
Rocn=40; 48,93 48,01 1,88
Ve (0,05;0,4) 54,12 52,60 2,81

59,85 57,62 3,73

66,20 63,13 4,64

73,21 69,16 5,54

80,97 75,76 6,43

89,55 83,00 731

4 | Rupwr=500; 45,38 45,50 -0,25
Rocn=40; 51,49 51,75 -0,49
Ve (0,05;0,4) 58,42 58,86 -0,74

66,29 66,95 -0,99

75,21 76,14 -1,24

85,34 86,61 -1,49

96,82 98,51 1,74

109,86 112,04 -1,99

5 | Rupun=100; 80,90 80,34 0,69
Roex=80; 81,81 80,68 1,37
Ve (0,05;0,4) 82,72 81,03 2,05

83,65 81,37 2,73

84,59 81,72 3,39

85,54 82,07 4,06

86,50 82,42 4,72

87,47 82,77 5,38

6 | Rupun=200; 83,75 84,42 -0,80
Roex=80; 87,68 89,08 -1,60
Ve (0,05;0,4) 91,79 94,00 22,41

96,09 99,19 -3,23

100,59 104,67 -4,05

105,31 110,45 -4,88

110,25 116,54 5,71

115,42 122,98 -6,55

7 | Rupun=300; 85,47 85,21 0,30
Roex=80; 91,30 90,77 0,59
Ve (0,05;0,4) 97,54 96,68 0,88
104,21 102,98 1,18

111,33 109,69 1,47

118,93 116,84 1,76

127,06 124,45 2,05

135,74 132,56 2,34

8 | Rupun=500; 87,68 86,83 0,97
Rocx=80; 96,09 94,23 1,03
Ve (0,05;0,4) 105,31 102,27 2,88
115,42 111,00 3,83

126,49 120,47 4,76

138,63 130,75 5,68

151,93 141,90 6,60

166,51 154,01 7,51
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[Iponomxenue Tadauibl 2.4

1 2 3 4 5
9 Ripun=100; 89,16 88,47 0,78
Rocx=80; 99,38 97,83 1,55
Ve (0,05;0,4) 110,76 108,19 2,32
123,45 119,64 3,08
137,59 132,31 3,84
153,35 146,32 4,59
170,92 161,81 5,33
190,50 178,94 6,07
10 Ripun=100; 122,79 123,10 0,25
Rocn=120; 125,65 126,29 0,51
Ve (0,05;0,4) 128,57 129,56 0,76
131,56 132,91 1,01
134,62 136,35 1,26
137,76 139,87 1,51
140,96 143,49 1,76
144,24 147,20 2,01
11 Ripun=200; 123,10 122,79 0,25
Rocv=120; 126,29 125,65 0,51
Ve (0,05;0,4) 129,56 128,57 0,76
132,91 131,56 1,01
136,35 134,62 1,26
139,87 137,76 1,51
143,49 140,96 1,76
147,20 144,24 2,01
12 Ripun=300; 125,63 126,63 -0,80
Rocn=120; 131,51 133,62 -1,60
Ve (0,05;0,4) 137,68 141,00 -2,41
144,13 148,78 -3,23
150,89 157,00 -4,05
157,97 165,67 -4,88
165,37 174,82 -5,71
173,12 184,47 -6,55
13 Ripun=500; 128,88 128,22 0,51
Rocn=120; 138,41 137,00 1,02
Ve (0,05;0,4) 148,64 146,39 1,52
159,64 156,41 2,02
171,45 167,12 2,52
184,13 178,57 3,02
197,75 190,80 3,51
212,37 203,87 4,00
14 Ripun=700; 131,06 129,83 0,94
Rocn=120; 143,14 140,47 1,87
Ve (0,05;0,4) 156,34 151,98 2,79
170,75 164,43 3,70
186,49 177,90 4,61
203,68 192,48 5,50
222,46 208,25 6,39
242,97 225,31 7,27
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[Iponomxenue Tadauibl 2.4

1 2 3 4 5
15 Ripun=100; 156,28 156,23 0,04
Rocn=160; 152,65 152,54 0,07
Ve (0,05;0,4) 149,11 148,94 0,11
145,65 145,43 0,15
142,26 142,00 0,19
138,96 138,65 0,22
135,73 135,38 0,26
132,58 132,18 0,30
16 Ripun=200; 161,80 160,68 0,69
Rocn=160; 163,61 161,37 1,37
Ve (0,05;0,4) 165,45 162,05 2,05
167,30 162,74 2,73
169,18 163,44 3,39
171,08 164,13 4,06
173,00 164,83 4,72
174,94 165,53 5,38
17 Ripun=300; 165,11 165,26 -0,09
Rocv=160; 170,38 170,70 -0,19
Ve (0,05;0,4) 175,82 176,32 -0,28
181,43 182,12 -0,38
187,23 188,11 -0,47
193,21 194,30 -0,57
199,37 200,70 -0,66
205,74 207,30 -0,76
18 Ripun=500; 169,38 169,63 -0,15
Rocx=160; 179,31 179,84 -0,29
Ve (0,05;0,4) 189,82 190,66 -0,44
200,95 202,13 -0,59
212,73 214,30 -0,74
225,20 227,19 -0,88
238,41 240,86 -1,03
252,38 255,36 -1,18
19 Rupun=700; 172,25 171,23 0,60
Rocx=160; 185,45 183,24 1,19
Ve (0,05;0,4) 199,65 196,10 1,78
214,94 209,86 2,36
231,40 224,58 2,95
249,12 240,34 3,53
268,20 257,20 4,10
288,74 275,25 4,67
20 Rpun=100; 193,19 194,19 -0,52
Roc«=200; 186,61 188,54 -1,04
Ve (0,05;0,4) 180,25 183,06 -1,56
174,11 177,74 -2,08
168,18 172,57 -2,61
162,45 167,56 -3,14
156,92 162,69 -3,68
151,57 157,96 -4,21
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[Iponomxenue Tadauibl 2.4

1 2 3 4 5
21 Ripun=200; 200 198,60 0,70
Rocn=200; 200 197,22 1,39
Ve (0,05;0,4) 200 195,84 2,08
200 194,48 2,76
200 193,12 3,44
200 191,77 4,11
200 190,44 4,78
200 189,11 5,45
22 Ripun=300; 204,10 203,12 0,48
Rocn=200; 208,28 206,30 0,95
Ve (0,05;0,4) 212,54 209,52 1,42
216,89 212,79 1,89
221,34 216,12 2,36
225,87 219,49 2,82
230,50 222,92 3,29
235,22 226,40 3,75
23 Ripun=500; 209,38 211,04 -0,80
Roc«=200; 219,19 222,70 -1,60
Ve (0,05;0,4) 229,47 235,00 -2,41
240,22 247,97 -3,23
251,49 261,67 -4,05
263,28 276,11 -4,88
275,62 291,36 -5,71
288,54 307,45 -6,55
24 Rupun=700; 212,93 212,63 0,14
Rocx=200; 226,69 226,06 0,28
Ve (0,05;0,4) 241,35 240,34 0,42
256,95 255,52 0,55
273,56 271,66 0,69
291,24 288,82 0,83
310,07 307,07 0,97
330,11 326,46 1,10

IIo pe3yJibTaTtaM BepI/I(l)I/IKaI_II/II/I IMOJIYYCHO, YTO OTKIIOHCHHC MCXKAY AdaHHBIMHU

MaTeMaTuyeckor mojenu u 6azosoil popmynsl K. JInxTeHekkepa cocTaBisieT He OoJiee

Rnpum
0,152 1 0,7)-v R
gyeM 7%. Jns ypaBHeHHS R, = Ry - e( Rocn ) ,npu —— € [2,0;12,0]
OCH
(o0 gRupun_ 04)V R
cocrapiseT He 6onee 7% u Uit ypaBHEHUS Ry, p = Roey - €\ Row /7 mpu ——— €

OCH

[1,0; 2,0) cocrasisieT He Goiee 5%.
[TogydeHHble JaHHBIE CBHUAETEIBCTBYIOT O COOTBETCTBHH TPeOOBAHHUSAM

MNPAaKTHYCCKUX 3aa4d IpH IMIIPOCKTHPOBAHUUN OOBEKTOB C HCOAHOPOAHBIM 11O
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COIIPOTHUBJICHUIO TPYHTOM M JIOKA3BIBACT AACKBATHOCTb MOACIIN B IIPUHATHIX AWAIIaA30HAX

3HAYeHWH MCXOHBIX JanHbIx [110, 111, 113].
2.4 BbIBOIBI 1O TJIaBe 2

1. BeinonHeH aHalM3 CYIIECTBYIONIMX MOJeNed pacueTa HHTETpaIbHBIX
bu3MYecKuX TIOKa3aTelie TEeTePOreHHOW Cpembl, coaepkamed  chepudecKue
BKimoueHus. [Ipepnoxeno ucnonb3oBath popmyiny K. Jluxtenekkepa, koropast paboraer
st oopatHeix YOC BenWYMH, T.€. IS YIAEIBHOM 3JIEKTPUUYECKON MPOBOJIUMOCTH
JBYXKOMIIOHEHTHBIX HJIK MHOTOKOMIIOHEHTHBIX CpEJ.

2. CrimaHMpoBaH U MPOBEAEH IKCIEPUMEHT 10 PakTHUECKOMY onpezesnenuto Y IC
TeTEpPOreHHOW Cpelbl, KOTOPBIM IMOKa3aja, 4yTo HaOmrogaercs omuOka mnopsaka 30%
MEXJly pacueTHbIM 3HaueHHeM cpeaHeil BeanunHbl YOC U (pakTHuecku U3MEpEeHHbIM
COIPOTUBIIEHUEM BCEro 00beMa rpyHTa. OTKIOHEHHS] MEKIY M3MEPEHHBIM 3HAUEHUSIX
nosydeHHbIM 110 Gopmyiie K. Jluxtenekkepa Ha 37% Oouiblile BETUYUHBI, TOJTYYEHHOU
IIPOCTBIM PacyeTOM CPEIHETO 3HAYCHUS M MEHee 4eM Ha 5% omMyaercs OoT JaHHBIX
U3MEpPEHHUsI, 4YTO SIBJIAETCS YJOBJIETBOPUTEIBHBIM JUIsl TPAKTUKH pe3yiapTaTomM. Ha
OCHOBaHUM 4Yero cjaejaH BbIBoJ, yTo Qopmyina K. Jluxtenekkepa mnpumMeHuma uis
pacuera YOC B ycIOBUSIX HEOJTHOPOJIHOCTU TPYHTA.

3. ITocTpoensl rpadmkn 3aBUCUMOCTH UHTETPAIBHOTO YAETHLHOTO JIEKTPUIECKOTO
COMPOTHUBJICHUS MEPBOM (MPUMECH) Cpelibl OT 00BeMHOM KoHieHTpaluu 10 0,4 mpu YOC
BTOpO (OCHOBHAsI) Cpenbl, MmoydeHHble mpu nomon (Gopmynsl K. JIuxTeHekkepa,
KOTOpbIE OBLIN alMpPOKCUMHUPOBAHBI OOIIEH 3aBUCUMOCTBIO BUa YPABHEHMS JJIs pacueTa

MHTErpaabHOro conpoTuBaeHUs Ry = Roer € MY, rie Ry, - YDC ocHOBHOIM cpesbl,

. R
N — mapameTp 3aBHCSAIINI OT OTHOLICHUS COIPOTUBIIEHHS CPE/ % (oTH.en.).

OCH

4. MeToioM KyCOYHO-JIMHEMHOW ammpoKCHUMalMed IMojyyeHa maTeMaThdecKas
MOJieIb, KOTOpasi paboTaeT MpU YAOBIETBOPEHUHU CIEIYIOIIUX KPUTEPUEB: OCHOBHAsS
cpena Roe, € (40-200) OMm-M, npumecHas cpena R, € (100+700) OM-M. n 00beMHast

KOHIICHTpAIIUs TIEPBOIA cpebl BO BTopoit (ocHoBHast) V € (0,05;0,4) oTH. ex.:
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Rnpum
(0,9-2P1M_1 04). Rupin
Ryur = Roeu " € Rocn , IIpH Ry € [170; 2;0);
OCH
Rppum '
0,15———+0,7)'V R
Rynr = Roeu e( Rocu ) , [IPH —= € [2;0} 12,0].

OCH

5. IlpoBenena Bepudukanus pa3padOTaHHONH MaTEMAaTUYECKON MOJEIN 0

oTHOIIeHHUIo0 K 6a3oBoi popmyne K. JluxTeHekkepa M yCTaHOBIIEHO, YTO JJISi TIEPBOTO

R
ypaBHeHHs NpU —— € [1,0; 2,0] ommOka cocraBiser He Oonee 5% W A BTOPOro

OCH

R
ypaBHEHUS MPU % € [2,0; 12,0) ommbka cocrasisiet He 6osee 7%, 94TO JOKA3BIBAET

OCH

AICKBATHOCTb MOJCIIN B ITPHUHATHIX JHAITa30HaAX 3HAYCHUMN HCXOAHBIX JAHHBIX.
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I'JTABA 3 DKCIIEPUMEHTAJIBHBIE NCCJIEJJOBAHUSA BJUAHUA

I'PYHTOBBIX XAPAKTEPUCTHUK HA ITAPAMETPbBI
TOKOPACHPEAEJEHHUSA B YCJIOBUAX DOKPAHUPOBAHUA
KATOJHOI'O TOKA

3.1 IIpoBeaeHue 3JKCIEPUMEHTAJBbHBIX HMCCICIOBAHUA B JA0OPATOPHBIX
YCJOBHSIX BJIMSIHUSL TPYHTOBBIX XapPaKTePUCTUK Ha napaMeTpsl
TOKOpacnpeaejJeHuss B CHCTeMe JJIeKTPOXHMHYECKOH 3alUThl MOA3EMHBIX

TPYOONIPOBOAOB NPOMBIIIJICHHBIX IIOIIAA0K

OgHuM U3 TMapaMeTpoB, YUHUTHIBAEMBIX TMPU MPOCKTUPOBAHUHU  CPEICTB
ANEKTPOXUMHUYECcKOl 3auThl (DX3) TpyOOIpoBOI0B U 000PYIOBAHUS TPOMBIITUICHHBIX
TJIOMIA0K ¥ TIPEIOTPEICTISIONIAM XapaKTeP W YCIOBHS 3alUTHI OT KOPPO3HH, SIBIISICTCS
YICIBHOE AIEKTPHIECKOE COMPOTHBIICHUE TPYHTA Prp, [Prp | = OM M, 3HAYCHHUST KOTOPOTO
UCITOJIB3YIOTCSl JIJIS PEIICHUS CIASAYIOIMNX, BAXHBIX C TOYKH 3PCHHUS OOECIeUCHUS
3¢ (HEKTUBHOM 3alTUTHI OT KOPPO3UHU 3a/1a4:

—  OIIEHKa KOPPO3MOHHOMW arpeCCUBHOCTU IPYHTA MO OTHOIICHUIO K CTaJIH;

— BBIOOp HEOOXOIMMOTO THIA U TTApaMETPOB aHOIHOTO 3a3€MJICHHS YCTAaHOBKHU
KaTOJHOM 3alIUTHI;

— omnpeneneHue KpuTepueB dPPEKTUBHOCTU HICKTPOXUMHUYECKON 3alUTHI
MOA3EMHBIX TPYOOIIPOBOIOB,

— pacyeT COMPOTHUBJICHUS JJICMCHTOB M KOHTYPOB 3a3e€MJICHUS, OIPEICIICHUC
KOJMYECTBA 3a3CMIISTFOIIMX 3JICKTPO/IOB Ha CTAIMH MMPOCKTUPOBAHUS.

Kax npaBuio, 1jist 9TUX 1€l TpOBOST U3MEPEHUS B HECKOJIBKUX XapaKTePHBIX
TOYKaX Ha TEPPUTOPHH TPOMBINIICHHOW IUIOMAIKA W JUIA JANTbHCHIINX pPacuyeToOB
UCIIOJIB3YIOT YCPEeIHEeHHOe 3HadeHue. [Ipu 3TomM He ydyuThiBaeTcs TOT (DaKT, 4TO Ha
TEPPUTOPUHN TPOMBINIJIEHHBIX IUJIOMIAJIOK MOXXET HaOII0JaThCd HEOJHOPOIHOCTh

I'PYHTOBBIX XapaKTCPHUCTHUK KaK I10 IJIOIIaAH, TaK U I10 FJ'IY6I/IHC, YTO MOXKCET BJIUATH Ha
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YCJIOBHSI KCILTyaTaIMK TTOI3EMHBIX TPYyOOIIPOBOIOB U AaHOHBIX 3a3€MJICHUN KaTOTHOMN
3amuThl. KpoMe TOro, Ha TEPPUTOPHUH KOMIIPECCOPHBIX, He(TErepeKauynBarOIINX,
ra3opacnpeeIUTeNIbHbIX CTAaHIMH U JPYTUX IUIOIMIAJHBIX OOBEKTOB PaCHOJI0XKEHO
HHEPrOUCIIONIb3YIolee O00OpyIOBaHUE, TPeOyIOIIee HaTU4Ms YCTPOICTBA CHCTEMBI
3aIMTHOTO 3a3€MJICHUS, 3JIEMEHTBI KOTOPOM MOTYT HAXOJIUTHCS B AIEKTPUUYECKOU LENHU
C KaTOJIHO3AIMIIAEMBIMU TPYOOIIPOBOJIaMH, U, KaK CJIEJICTBHE, OKa3bIBATh HETaTUBHOE
BIUsSHAEC Ha 3(PQPEKTHUBHOCTh 3aIUTHI OT KOPPO3WHU, MPOSBIAIONMICECS B TMaICHUU
3allMTHOTO TOTEHIMala TpybomnpoBoaa no adcomoTHor BenuuuHe [1]. CtouT Takxke
OTMETHUTb, YTO B MPOLIECCE IKCILTyaTAlIMM CUCTEM 3alIUTHOTO 3a3€MJICHUS UCIIOJIb3YIOT
pa3linuHble CMOCOObI OOpabOTKH TPyHTa C IEIbI0 YMEHBIIECHUS AJIEKTPUUYECKOTO
conpoTuBieHus 3azemuuteneii [90], 4To B COBOKYIMHOCTH € MPOOIEMOIl IKpaHUPOBAHMUS
KaTOJIHOTO TOKa MPUBOJMUT K CHHKEHUIO HAJCKHOCTH M CpPOKa CIIYKObl aHOJHBIX
3a3eMJICHUH, TMOBBIMICHUIO Ko3(duimenTa 3arpy3ku mnpeoOpazoBareneil CTaHIUN
KaTOJIHOU 3aIUTHI u HEBO3MOKHOCTH oOecrieyeHust s dexTuBHOM
MPOTUBOKOPPO3MOHHOM 3aIUTHI TPYOOIIPOBOIOB.

Takum oOpa3oMm, MOXHO clieJlaTh BBIBOJ, YTO OIEHKA—BJIMSHUS TPYHTOBBIX
XapaKTepUCTUK Ha TMapaMeTpbl TOKOpACHpEAeiICHUs B YCIOBUSX JKpPaHUPOBAHUS
KaTOHOTO TOKA C IIEJIbI0 Pa3pabOTKN METOAMKH OIMPeIeNIeHN s HOPMAaTUBHBIX TPYHTOBBIX
YCIJIOBUM /I 00ecTiedeHUs HOPMATUBHBIX MapaMeTPOB MPOTUBOKOPPO3NOHHOM 3alTUTHI
TpyOONPOBOJAOB  MPOMBINLICHHBIX  IUJIOMIAIOK  SIBJISIETCSl  aKTyaJdbHOM  Hay4dHO-
TEXHUYECKOM 3a7jauei, penieHue KOTOpO MO3BOIUT 00ECIIEUUTh AIEKTPOXUMUYECKYIO
3aIIUTY OT KOPPO3UU TEXHOJIOTUYECKUX TPYOOIPOBOIOB U 000PYA0OBAHUS.

HeoOxonumo mpoBecTy UCCIeI0BaHUE O BIUSHUM HEOJHOPOJHOCTU TPYHTOBBIX
XapaKkTepUCTUK MPHU HAJWYUU 3ALIUTHBIX 3a3€MJICHHM, BBINOJHEHHBIX W3 Pa3JIMYHBIX
MaTepuasioB, Ha (GYHKIIMOHUPOBAHUE KATOAHOM 3aIUTHI MMOJ3EMHOTO TPyOONpOBOJA C
Y4€TOM MU3MEHEHUS TUIIa U MaTepuaja aHOJHOTO U 3allIUTHOTO 3a3€MJICHUN U YJIEIbHOTO
AIEKTPUYECKOTO COMPOTUBIICHUS TPYHTA B MECTAX UX YCTAaHOBKHU.

3ajadeil JaHHOTO JTama MCCICIOBAHUS SIBISETCS OIEHKA CTETCHU BIIMSHUS
HEOJHOPOJHOCTH YAEIBHOTO 3JEKTPUUECKOTO COMPOTUBJIEHUS TPYHTA Pr HA YPOBEHb

3aUIEeHHOCTH Uy, MOA3EMHOT0 TpyOONpOBOAAa OT KOPPO3WH, AJI YEro BBINOJHEH
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KOMIUIEKC H3MEpPEHHIl pa3HOCTH MOTEHIMAIOB «TpyOa-3eMiisi» U MOCIeIyromIast
00paboTKa MOJTYYEHHBIX PE3YJIbTATOB.

Jlnst mpoBeAeHUsT W3MEpEeHUWH Obul  pa3paboTaH CTEHJ, cXeMa KOTOpPOTro
npejcTaBieHa Ha pucyHke 3.1.

Crenn npeactaBisieT coboit eMkocTh (250 cm x 60 cMm x 60 cM), 3aIIOJTHEHHYIO
YBIOKHEHHBIM TI€CUYaHBIM TpPyHTOM. B eMKocTh TOMElIeH MpeABapUTEIbHO
U30JIMPOBAHHBIN MOJMMEPHOH JeHTO# ydacTok TpydompoBona (L=200 cm; D,y=2,5 cm;
0 =0,2 cM). Mapka cranu ydactka TpyoornpoBoa — 0912C.

B oskcnepumeHTEe NPOBOAWUTCS HCCIECIOBAHME C KAYECTBEHHOM OLEHKOU
napametpoB. Mccnenyercs BiIMSHUE JBYX KauyeCTBEHHBIX (AKTOPOB TaKuX, Kak
HEOJTHOPOJHOCTh yJIETBHOTO JJIEKTPHUYECKOTO COMPOTUBIICHHS TPYyHTa M MaTepuaia
3a3eMJISIIOILETO  DJIEKTPOJIa, JJIEKTPUUYECKU CBSA3aHHOTO C KaTOJHO3aLIUIIAEMbIM
COOPY’)KCHHEM M OKAa3bIBAIOIIETO HETaTUBHOE BJIMSHHE HAa YPOBEHb 3aIUIIEHHOCTU
MOJI3EMHOTO TPYyOONpPOBOAa OT KOPPO3WM UX COBMECTHOTO BJIHMSHHUS HAa BEIHMYUHY
3alIUTHOIO TOTEHIMalla B YCIOBUSAX SKPAaHUPOBAaHUS KATOJHOTO TOKa 3alllUTHBIMU
3a3eMJICHUSIMA C YYETOM HEOJHOPOJHOCTH TPYHTOBBIX XapakTepuctuk [36]. [l
KauyeCTBEHHON OLIEHKM MapaMeTpoB Teopusi MOJ00Hs B JAHHOM OHKCIEPUMEHTE He
IPUMEHSETCS.

NmuTarmst KaTOJHOW 3alIUThl OCYIIECTBIISETCS MMyTeM MOJIKIIOUEHUS HCTOYHHUKA
NUTaHUsI TIOCTOSIHHOIO TOKAa W AHOJHOTO 3a3€MJICHUS, NPEJICTaBISIIONIET0 COOOMH

CTaNbHYI0 IuIacTHHy S=210 cm?

. Paccrosane Mexay TpyOONMpOBOJAOM U aHOAHBIM
3azemsieHueM 17 cM. B Xolie SKCEpuMEHTaIbHOTO UCCIEA0BAHMUS UCIIOIb30BAIUCH JIBA
BHJAa AHOJIHOTO 3a3eMJICHUs - TUIACTUHBI 21X10 cM., BBINOJHEHHbIC U3 CTaJIM MapKu

091"2C 1 TOKOTIPOBOMSIIIETO 3JIACTOMEPA COOTBETCTBEHHO.
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nq nq mg qu \q/_4 qw pvn VII lxq
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1 — UCTOYHUK MTOCTOSTHHOTO TOKA; 2 — MEIHOCYIb(ATHBINA IEKTPOI CPABHCHHS,
3 — ydacTok TpyOomnpoBoja; 4 — MyJIbTUMETp; 5 — aHOHOE 3a3EMJICHUE;
6 — 3aIUTHBIN 3a3eMITUTEITH

Pucynok 3.1 — CxeMa 3KCIepuMEHTAIBHOTO CTEHA

B xayecTBe aHOAHOTrO 3a3€MIICHHSI MCIOJIb30BAJIACH IUIACTHHA, BBIITOJIHEHHAS U3
ctanu Mmapku 091" 2C pazmepamu 10%21 cm.
B kauecTBe 3alIMTHBIX 3a3€MJIEHUI MCIOJIb30BAINCH CIEUUATbHBIE UMUTATOPHI,

BBIIIOJIHCHHBIC M3 PA3JIMYHBIX MAaTCPHAJIOB:

a) Cranb (pe;=13-108 Om- ™) 0) OuMHKOBAaHHAs CTaJb

(Poc=13,8-108 Om-m)



B) Menb (Pue=1,7-108 OM M) ) DI1acTOMEpHBIN 3a3EMIIUTENb

Pucynok 3.2 — IMUTaTOPBI 3aIIUTHBIX 3a3€MJICHUN

ITnomaam MOBEPXHOCTH 3AIUTHBIX 3a3eMJIEHMI coCTaBIAoT S,,=16,6 cM?,
[Ipy BBIMOTHEHUU DSKCIECPUMEHTANBHBIX PAa0OT HCMOIL3YIOTCS TMPUOOPHI |

o0opyoBaHue, IepeYeHb KOTOPBIX MPeCTaBlieH B Tabiuie 3.1.

Tabmuma 3.1 — TIlpubGopsl u oOOpydOBaHUE, WCHOJIB3YEMbIE I MPOBEACHUS

71a00paTOPHBIX UCCIICIOBAHUI

TexHuueckue
[Tos. HanmenoBanue
XapaKTePUCTHKU
1 [TpuGop 1t N3MEpEeHUs MOTEHIHANA «TPyda — 3EMIISD» - Unoer=100 MB...1000 B
BOJIbTMETP YHHBEpcanbHbIi B7-78/1 Unepen=100 MB...750 B
IHOCT:10 MA...3 A
InepeM:1 A..3A
2 Menanocynb(haTHBIHN 3IEKTPO CPaBHEHUS -
3 VICTOYHHK MMOCTOSIHHOTO TOKa Ueux: 0 B-30 B
IBBIX: 1 MA'2 A
4 Wamepurtens conpotusnenust IC-10 B KOMIUIEKTE CO
R:10 -100 Om
CTaNbHBIMH cTepxkHsIMHU (4 iT. L=150 M™m)

1) Usmeputens conpotusnenus MC-10 (pucynok 3.3) ¢ nuama3oHaMu H3MEpEHUit
oT 10 10 100 Om ¢ pazpemarotieii cnocooHocThI0 0,1 OM, KOMITIEKT Kabeei 1 3a)KUMOB

THUIIa KKPOKOIHID).



Pucynok 3.3 — U3mepurens conpotusienus UC-10

[Tpubop ¢dopmupyer MU3MEpPHUTENBHBIM CTAOMIN3UPOBAHHBIN HMMITYJIbCHBIH TOK
MEPEMEHHON TOJISIPHOCTH, YacToToM 128 ['l, aMIIMTyIHOE 3HAYE€HHUE CHUJIbI TOKAa HE
oonee 260 MA, MakCHMaJbHOE aMIUIMTYJHOE 3HAUYEHHE BBIXOJHOTO HANpsDKEHUs 0e3
Harpy3ku He Oonee 42 B.

2) U3mepuTenbHbIe AIEKTPObI (CTaiabHble cTepkHU L= 150 mm).

3) BonbT™MeTp yHUBEpCanbHBIN HU(POBOM AJ U3MEPEHUS MOTEHIIHAIA JIF000T0

tuna B7-78/1 (pucynok 3.4).

Pucynox 3.4 — BoneT™meTp Pucynox 3.5 — MennocynbharHbIi

yHUBepcanbHbiii B7-78/1 ANEKTPOJ CPABHEHUS

XapakTepucTUKM Mpuodopa, UCIONIb3yEMOro ISl U3MEPEHUS MOJISIPU3ALUMOHHOTO

MOTEHITMAIA TPEACTABICHBI B Ta0HIe 3.2.
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Tabnuna 3.2 — XapakTepuCTHKH YHHBEPCATLHOTO BOJIbTMeTpa Tuna B7-78/1

OcCHOBHas MOTPEITHOCTh
[Ipenen Pazpemaromas
[Tapamerp u3Mepenus, Yoten.
U3MEpEHUI CIIOCOOHOCTH
pa3pelaroiei CiocOOHOCTH
1 2 3 4
[TocrosiHHOE HANIPSHKEHKE 100 mB/ 1/ 10 | 0,1/1/10/100 +(0,004...0,008)%
/ 100/ 1000 B mMkB/1 MB
[TepeMeHHOE HAMIPSKEHUE 100 mB/ 1/ 10/ | 0,1/ 1/10/100 + (0,09%)
100/ 750 B MkB/1 MB
Cuna moCTOSTHHOTO TOKa 10/ 100 mA/ 1/ | 10 HA/100 HA/ +(0,05...0,14)%
3A 1/10 MxA
Cuia mepeMeHHOTO TOKa 1/3 A 1/ 10 MxA +(0,15...1,16)%
JlnanazoH u3MepeHuil (4acTora) 40 T'm...300 k[

4) DnekTpod  CpaBHEHUS  MEIHOCYIb(ATHBIA  JIUTEIBHOTO  JEHCTBUS,
MIPEACTABIICHHBIH Ha pHUCYHKe 3.5. DIeKTpoa 3aloIHEH BOJHBIM HACHIIICHHBIM
pacTBOpOM MeAHOTO Kymopoca. KOHIIEHTparuss METHOTO KYIopoca COCTaBJISET
24,2 rpamma Ha 100 MJT TUCTHILTUPOBAHHOM BO/IBI.

N3mepenne yaenpbHOTO 3JEKTPUYCCKOTO COTPOTHUBIICHUS TPYHTA MPOBOIAT TIO
CUMMETPUYHONM  YETBIPEXDJIEKTPOJHONM  cxeme (pucyHOk 3.6) wu3Mepuresem
conpotusieHuss UC-10. Uzmeputensusie snekrpoasl A, B, M, N pa3zmemarorcs Ha

OJTHOM MapaiyIeIbHOM WU MEePICHANKY/IIPHON ocH TpyOoIpoBoaa tuHuu [36].

Pucynox 3.6 — UeThipexanekTpoaHas cxema MpoBeJASHUS U3MEPEHUS YACIBHOTO

ANIEKTPUUECKOTO COIPOTUBIICHUS TPYHTA
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Jl51s mpoBeieHUsT U3MEPEHU He0OX0JUMO HATHYHE:

—  POBHOM TPYHTOBOW IUIOIIAJIKA, HE HMMEIOUIEH IMMOCTOPOHHUX MPEIMETOB,
BBI3BIBAIOIINX TOMEXH U BIUSAIONIMX HA TTOKA3aHUS U3MEPUTENIBHBIX PUOOPOB;

—  ydacTka TpyOOoIpoBO/ia, PacOI0KEHHOTO B TPYHTE;

—  MMHTATOPOB 3a3EMJIIAIOIINX JIEKTPOAOB U3 CIECAYIOIINX MAaTEPUAIOB: CTAJb,
OLIMHKOBAHHAA CTajlb, ME€Jlb, 3JIACTOMED;

—  pa3NMYHBIX BHJOB AaHOJHBIX 3a3eMJICHUN (TOYEHbIE U MPOTSHKCHHBIC
MMUTATOPbI U3 YEPHOU CTAJIM U PJIACTOMEPHOIO MaTepHalia) U ACHCTBYIOIIEH YCTaHOBKH,
UMUTHUPYIOIIEH paboTy CTaHIMM KaTOAHOM 3alluThl, OOECIeYMBAIONIECH 3allUTHBIN
NOTEHIIMAJ HAa  yYacTKe TOJ3E€MHOTO TpyOompoBojga B  COOTBETCTBHUH  C
TpeboBanusaMU [27].

DKCHEPUMEHTAJIBHOE  HCCJIEHOBAHUE  BBINOJHSUIOCH B COOTBETCTBUH  C
pa3pabOTaHHONW METOAMKON C Y4YeTOM pe3yJbTaTOB IUIAHUPOBAHMS JKCIEPUMEHTA B
HECKOJIBKO 3TamoB, MOCJIEAOBATEIBHOCTh U COJIEPKAHUE KOTOPBIX MPEICTABICHBI B

tabmurie 3.3.

Tabnuna 3.3 — JTansl NPOBEJACHUS IKCIIEPUMEHTATILHOTO HCCIICIOBAHUS

Coneprxanue padoT JlononHuTEbHBIE CBEACHUS

1 2

IMoaroroBUTEALHBIN 3TAN

[ToaroroBka HEOOXOIUMOIO B coorBerctBuH ¢ Tabnunei 3.1.
o0opyI0BaHUs U

WU3MEPHUTENIBHBIX PUOOPOB

Coopxka B cootBercTBUM € pucyHKoM 3.1.

OKCIICPUMCHTAJIBHOT'O CTCHIA

I3Tran

H3mepenue pazHoctu AnogHoe 3azemiieHne Nel — cranpHas MJIaCTUHA, CTalb MAapKHU
NOTEHIHANOB «Tpyda-3emis» | 0912C —21x10 cm;

IIPU OTCYTCTBUH BIIASTHUS AHogHoe 3a3emiieHne Ne2 — snactomepHas mactuHa — 21x10 cm;
3aIUTHBIX 3a36MJICHUA M 0€3 | Y 1ebHOe DIIEKTPHYECKOE COMPOTUBIIEHHE TPYHTa Prp=100 OM"M;
y4e€Ta HEOJHOPOAHOCTH Brixonnoe nanpsokenue CK3 U=1 B;

TPYHTOBBIX XapaKTEPUCTHK Brixoanas cuna toka CK3 1=0,0016 A.
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1

I >Tan

N3mepenue pasHocTH
MMOTEHITUAJIOB «TPYy0a-3eMIIs»
MPU HATMYWHU BIIASTHUS
3aIUTHBIX 3a3¢MJICHUM U 0¢3
y4eTa HEOJHOPOAHOCTU

TPYHTOBBIX XapaKTEPUCTHK

Anopanoe 3azemiienue Nel, 2 (cm. | atan);

3ammTHOE 3a3emiieHre Nel — cranpHas mnactuHa - 8xX0,1x2,1 cMm;
3ammTHOE 3a3emieHue Ne2 — MmacTMHA W3 OIMHKOBAHHOHN CTallH -
8x0,1x2,1 cmMm;

3amuTHOE 3a3eMiteHue Ne3 — menHas mnactusa - 8x0,1x2,1 cm;
3amuTHOE 3a3emiieHre Ned — sactomepHas miactuna - 4,5x1,5 cwm;
VY nenpHOe 3JIEKTPUUECKOE COIPOTUBIIEHHE IPYHTA Prp=100 OMM;
Brixonnoe nanpsbkenue CK3 U=1 B;

Brixonnas cuita toka CK3 1=0,0016 A.

III Tan

W3mepenue pazHoctu
MIOTEHIIUAJIOB «TPYOa-3eMJIsD»
IIPU HAJIMYUU BIUSTHUS
3alIUTHBIX 3a3€MJICHUH U C
YYETOM HEOJHOPOHOCTH
TPYHTOBBIX XapaKTEPUCTHK B
MECTE YCTAaHOBKH 3alIUTHOTO

3a3CMIJICHUA

Anonnoe 3azemienue Nel, 2 (cm. | atam);

3ammrtHoe 3a3emienue Nel, 2, 3, 4 (cm. Il aTan);

VY nenpHOE 2IEKTPUUECKOE CONIPOTUBIIEHHE IPyHTA Prp=100 OMM;
Brixonnoe nanpsixenue CK3 U=1 B;

Brixoanas cuita toka CK3 1=0,0016 A;

1) | YaenbHOe SIEKTPUYECKOE CONMPOTHUBICHHE TPYHTA B MECTE
YCTaHOBKH 3aIIUTHOTO 3a3€MJIEHUS Prp1(33) =100 OM-Mm;
VYaenpHOE JJIEKTPUYECKOE CONPOTHUBIEHUE TIPYHTa B MECTE

YCTaHOBKH aHOJHOTIO 3a3eMJIEHUS Prp1(a3) =100 OM M;

2) | YienbHOE JJIEKTPHYECKOE CONPOTHBICHHE TPYyHTa B MeECTe
YCTaHOBKH 3aIlIUTHOTO 3a3eMJICHUS Prp2(33) =0,22 OM-M;
VYaenpHOE 3IEKTPUYECKOE CONPOTHUBIEHHE TPYHTAa B MECTE

YCTaHOBKH aHOJHOTIO 3a3eMJIEHUS Prp2(a3) =100 OM M;

H3mepenne pazHocTu
MOTEHIIUAJIOB «TPy0Oa-3eMIIsD»
MPU HAJIMYUU BIUSHUS
3aIIUTHBIX 3a3€MIICHUM U C
Y4ETOM HEOJHOPOIHOCTH
TPYHTOBBIX XapaKTEPUCTHUK B
MeCTax yCTAaHOBKHU aHOJHOTO

1 3allUTHOT'O 3a3€MJICHUS

Anopmnoe 3azemuienue Nel, 2, 3 (cm. | aTamn);

3amutHoe 3a3emieHue Nel, 2, 3, 4 (cm. Il aTan);

VY nenpHOe 2IEKTPUYECKOE CONMPOTUBIEHUE TPYHTA Prp=100 OM"M;
Brixognoe nanpspkenue CK3 U=1 B;

Brixognas cuna toxka CK3 1=0,0016A.




[Tponomxkenue Tadauibl 3.3

88

1

2

1) | YaenbHOE 3JIEKTPUYECKOE CONPOTHBICHHE TPYyHTAa B MeECTe
YCTaHOBKH 3aIMTHOTO 3a3€MJIEHHUS Prp1(33) =0,22 OM"M;
VY enbHOE 3IEKTPUYECKOE CONPOTHUBIEHUE TIPYHTAa B MECTE

YCTaHOBKH aHOJHOTO 3a3€MJICHUS Prpl(A3) =2,6 OM"M;

2) | YienpbHOE 3JIEKTPHYECKOE CONPOTHBICHHE TPYyHTa B MeCTE
YCTaHOBKH 3alllUTHOTO 3a3€MJIEHUS Prp2(33) =2,6 OM'M;
VenbHOE 3JIEKTPUUYECKOE CONPOTHUBICHUE TIPyHTa B MeECTe

YCTaHOBKH aHOJHOTI'O 3a3€MJIEHUS Prp2(A3) =2,6 OM"M;

W3mepenue pazHoctu
MIOTEHIIUAJIOB «TPYOa-3eMJIs»
IIPY HAJIMYUU BIUSHUS
3alIUTHBIX 3a3€MJICHUH U C
YYETOM HEOJHOPOIHOCTH
I'PYHTOBBIX XapaKTEPUCTHUK B

MCCTC YCTAHOBKHW aHOAHOI'O

Anopnoe 3azemiuenue Nel, 2 (cm. | atan);

amumrtHoe 3azemiuenue Nel, 2, 3, 4 (cm. |l aTan);

VY aenpHOE 3IEKTPUUECKOE COIPOTUBIIEHHE IPYHTA Prp=100 OMm-M;
VY enpHOE 3IEKTPUUECKOE COPOTUBIEHUE IPYHTA B MECTE
YCTaHOBKH aHOJHOTO 3a3eMIICHUS Prpl1(A3) =2,6 OM M;

Brixonnoe nanpsokenue CK3 U=1 B;

Brixonnas cuna toka CK3 1=0,0016 A.

3a3eMJICHUS
3aKJII0YNTeIbHBII

O06paboTka pe3yabTaToB Busyanuzanusi pe3yinbTaToB IMyTeM IOCTPOECHUS  IpadukoB

AKCIEPUMEHTAIHHOTO pacripeielieHus OTEHINAIOB «TPy0a-3eMIIsh» TI0 TOUYKaM U3MEPEHHUS

HCCIIEI0BaHUS JUIs pa3lM4yHbIX BAapHAHTOB B COOTBETCTBUM C 3Tamamu -V ¢

UCIIOJIb30BaHueM nakerta npuioxenuit Microsoft Office.

VY nenpHOE IEKTPUUECKOE COMTPOTUBIICHUE TPYHTA OMpEIesieTcs: o popMyIie:

rne R

Pyy = 2m-d-R, (3.3)
— COMPOTHUBJICHHE TPYHTA IO MOKa3aHuo mprudopa, Om;
d — paccTosiHHE MEKIY JIEKTPOIAMH, M.
Py =2+3,14-0,56-28,4 =100 OM* M
U3MEpEHHsT ~ Pa3HOCTH  MOTCHIMAIOB  «Tpyba-3emisiy  MyTeM

JLotst

MMOCJICA0OBATCIBHOTO IICPEMCIICHNA MCJIHOC}’J'IB(l)aTHOFO QJICKTPpOAa CpaBHCHUA IIO

toukam I, I, 1, 1V, V, VI, VII, VIII, IX Boons paccmaTpuBaeMoro ydacTka

TpyOomnpoBoga (paccTositHue Mexay Toukamu cocTtaBisier 300 MM) HCHONb3yeTcs

BosbT™MeTp B7-78/1.
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Ha nepeéom rmane npoBe/icHA OLICHKA PACHPEACIICHUS] Pa3HOCTU MOTEHIIUAIOB
«Tpyba — 3eMis» IyTeM U3MEPECHHUS C HCIOJIB30BAaHUEM MYJIbTUMETpPA MPHU
NepeMENICHUSIX MEHOCYIh(AaTHOTO 3JIEKTPOAa CPAaBHEHUS MTOCIIEIOBATEIHHO IO TOUKaM
I-1X, pacnioyioxeHHBIM BAOJIb paCCMaTPUBAEMOT0 y4acTKa TPyOONpOBO,1a HA PACCTOSTHUU
30 cm gpyr or npyra. B kadecTBe aHOIHOTO 3a3€MJIEHHS TMOCJEI0BATEIHHO
MOJKIIOYAIUCh AJIEMEHThl B BUJIE CTAJIbHOW IUIACTHHBI M 3JACTOMEPHOM IIACTHUHBI.
Cpennee 3HadYeHHE TMOTEHIHANA «TpyOa-3eMiis» B TOYKE JApeHaxa (Touka V Ha
pucynke 3.7 a) coctaBuiio U..,= -1,75 B.

Ha emopom 3Imane TpOBOJIUIIACH OILICHKA BIUSHUS HAJIUYMUS Pa3IAYHBIX
UMHUTATOPOB  BEPTUKAJIBHBIX  3a3€MJIIONIMX  JJICKTPOJOB M3  YEPHOM  CTaiH,
OLIMHKOBAaHHOM CTaJld, MEOW M BJACTOMEPHOIO MaTepuajga COOTBETCTBEHHO,
pacrojaraéMbIX MOOYEPEAHO MEXIYy TPYyOOINpPOBOAOM M aHOJHBIM 3a3€MJICHHEM, Ha
pacmpejielieHde TMOTEHIMaga «Tpyda — 3eMiis» BIOJIb PAacCMAaTPUBAEMOIO Y4acTKa
MOJIeNId TPYOOTpoBOA.

[TockoJbKY B MPOBEICHHBIX paHee JIA0OPaTOPHBIX HcciaenoBaHusaX [36] BiusHUS
3allMTHBIX 3a3€MJICHHM Ha MapaMeTphl TOKOpacmpesesneHus B cucreMe OX3 ObUIO
YCTAaHOBJIEHO, 4YTO HauOoyiee HEraTuBHbIA 3(PQPEKT Ha YpPOBEHb 3aIIMILIEHHOCTH
TpyOONpOBOJa MCXOAS M3 3HAUCHUU 3alMTHOTO TMOTEHIMAJa OKa3bIBAIOT JJIEMEHTHI
3alIUTHOTO 3a3eMJICHUS, PACIOJIOKEHHBIE MEXIy TPyOONpOBOAOM | aHOJHBIM
3a3eMiIcHUEM [27], TO AJIS MPOBEACHUS HACTOSIIETO 3Tala UCCISIOBaHUS TakKe Oblia
BbIOpaHAa aHAJIOTMYHAs KOOpJWHATA PACIOJIOKEHHs 3alllUTHOTO 3a3emiieHus. Jlis
OTpeNIeNICHUs] CpeHeN BEIMYMHBI AKPAHUPYIOIIETO BIIMSHUS 3alIMTHOE 3a3eMJICHUE
OBLIO YCTAHOBJICHO HAa PaBHOYAAJICHHOM PACCTOSHUM OT KaTOJIHO3AIIUIIAeMOTO
TpyOOTIPOBOIa M AHOJTHOTO 3a3€MJICHHUSI.

Pe3ynbTaThl IpOBEACHUS U3MEPEHHUI PA3HOCTH MOTEHIIMATIOB «Tpyda — 3eMJIsi», a
TaKX€ U3MEHEHUS JaHHOW BEJIMYMHBI IPU HATMYHUH 3aIUTHOTO 3a3€MJICHHUS], IO3BOJISIIOT
3aKII0YUTh, YTO HamWOoJiee CYIIECTBEHHOE BIMSHUE HA W3MCHEHHE BEIHMYUHBI
MOTEHIIHANIa «Tpyda — 3eMJIs» OKa3bIBAIOT 3a3€MJIMTENM, BBITIOJHEHHBIE M3 MEIU U

9JIAaCTOMCPHOT'O MaTcpHralid, 4TO MPUBOAUT K HECCOOTBCTCTBHUIO YPOBHA 3aIIUIIICHHOCTU
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TpybonpoBoga TpebGoBanusM [27]. JlaHHBIE BBIBOABI COBHNANAIOT C pPE3yJIbTaTaMH

WCCJICIOBaHMM, BBITIOJTHEHHBIX paHee [34, 35, 36].

Pacnpenesienne noreHuaaa «rpyoa-3eMiis» npu Haanuuu 33
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0

——0e3 33 ——uep.cTalb —* OLl.CTaJlb —*—Me[b —*3JIACTOMEP = C Y4EeTOM MOIPELIHOCTU

a) YcIoBuUs SKCIIEPUMEHTA: YACIbHOE CONPOTUBIIEHUE TPYHTA,
prp = const = 100 Om-M (aHOIHOE 3a3eMIICHHE — CTabHAS IJIACTHHA);
ToukH |-1X — Toukn u3mepenunit MCDO; 33 — 3amuTHOE 3a3eMIIeHHUE (Yep.CTallb,

OI1.CTajlb, ME/b, DJIACTOMED)

Pacnipenesienne noreHuuasa «rpyoa-zemiisi» npu Haanuuu 33

-2,2
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m -1,8 .
g 10 = t : : 1\}\1/{—1
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5
E 1,2
= -1 Eﬁ E % ‘Ir ———— T~ —E#
)
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0
——06e3 33 ——yep.cTanp —* OI.CTaJb —* ME€Ib ~—* TACTOMEpP =+ C Yy4E€TOM MOTPEIIHOCTH
0) YcioBus SKCIEpUMEHTA: yJIeIbHOE COMPOTUBIICHUE TPYHTA,
prp = CONSt = 100 Om*M (aHOHOE 3a3eMIIeHUE — 351acToMep); ToUkH |-1X — Touku
mmepenuit MCD; 33 — 3amuTHOe 3a3eMIIeHUE (Y4ep.CTalb, OIl.CTallb, ME/lb, JIACTOMED)

Pucynox 3.7 — Pacnipenenenue 3auTHOTO MOTEHIMANIA TPYOOTIPOBOIa
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B Xxoxe nmaHHOTO 3Tama WCCIIEOBaHHS OBLIM ITOJIyYCHBI HOBBIC CBEIACHHS O
BJIMSHUM MaTEpPUAJIOB, U3 KOTOPHIX BBITIOJHEHBI 3a3¢MIISIFOIINAEC AJICKTPOIBI U aHOTHBIC
3a3eMJICHUS, Ha I3MEHEHHE BEITMYMHBI 3alIUTHOTO TIOTeHITana Tpybonposoaa. Tak, mpu
YCTAaHOBKE B Ka4eCTBE AHOIHOTO 3a3€MIICHHS AJIACTOMEPHOH IUIACTUHBI HETATHBHOE
BIIMSTHUE 3a3¢MIITIONINX DJIEKTPOJIOB HECKOJIBKO MEHEE BBIPAXKECHO, 32 UCKIIOYCHHEM
cllydasi MCTIOJIb30BaHUsI B KAUECTBE 3a3€MIISIFOIIMX 3JIEMEHTOB U aHOJHOTO 3a3€MJICHUS
JJIEMEHTOB W3 OJMHAKOBOTO MaTepuaya (TOKOMPOBOMSIIETO 3JlacToMepa), Korja
CMEIIIEHNE BEJIWYMHBI 3aIMTHOTO TIOTEHIIMANA B MOJIOKHUTEIbHYI0 00JacTh JOCTUTACT

CYIIICCTBCHHBIX 3HaUeHUH (Tabnmma 3.4).

Tabnuna 3.4 — HexkoTopsie pe3yabTaThl H3MEPEHUH 3alIMTHOTO MOTEHIMaNa (Touka V B

COOTBETCTBHH C PUCYHKOM 3.7) MPU HATTUYUU BIUSHUS 3236 MIISIONIUX JICKTPOJOB

3a3zeMJISIOIIHe YCTPOUCTBA Tun u maTepuan aHoOAHOTO 3a3€MJICHUS

YepHas cTanb (TOUEYHOE) Dnactomep (TOYEHHOE)

3a3eMIISIIOIINE IIEKTPO/IbI
-1,7 B (100%) -1,6 B (100%)

OTCYTCTBYIOT

MaTepI/IaJ'I 3a3C€MJIAOIICTO JJICKTPOda:

OIIMHKOBaHHas CTaJlb

-1,1 B (135,3%)

-1 B (|37,5%)

YyepHas CTallb

1B (J41,2%)

-1 B (]37,5%)

MCIb

-0,6 B (164,7%)

-0,8 B (150,0%)

3IIacToMep

0,9 (147,1%)

-0,5 B (168,75%)

Ha mpembem ymane N3MCPCHUA 3allIUTHOIO IOTCHIOMAaJIa ITPOBOJUIINCE C YUICTOM

HaJIM4HS JIEKTPUYECKOTO COCAUHECHUS 3a3€MIIAFOIIUX JJIEKTPOIOB v
KaTOJHO3aLIUIIaeMbIM TPyOOIIPOBOJAOM IMPH YCIOBUHM, YTO HA pPaccMaTpUBacMOM
y4acTKe HaOJI0JaeTCsl HEOJHOPOAHOCTh TPYHTOBBIX XapaKTEPUCTHK, BhIpakKaroascs B
BUJIC JIOKAJIBHOI'O CHWKEHUS BEJIIMYMHBI YIAEIBHOI'O JJIEKTPUYECKOIO COIPOTUBIICHUSA
IPYHTa B MECTax YCTAHOBKM 3a3EMJIAIOLLETO IEKTPOJA U AHOIHOIO 3a3€MIICHUS.
PaccMoTpuM ciydail BIMSHHAS TEXHUYECKOW MEIMOpALUU I'PYHTOB Ha IPOLECC
TOKOpACHpEIeIeHUsT B CUCTEME KaTOAHOW 3alUThl TPyOONPOBOAOB IMPOMBIIIJICHHON

Ionaaky (pucyHok 3.8).
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1 — xaToHO3AIUIIIAEMbBIH TPYOOTIPOBO/I; 2 — AHOIHOE 3a3€MJICHHUE;
3 — 3a3eMJISIONTUH DIICKTPO.T
Pucynok 3.8 — Cxema, noscHsitoniasi IpuuMHy BO3HUKHOBEHUSI HEOTHOPOTHOCTH

TPYHTOBBIX XapaKTEPUCTHUK HA TEPPUTOPUHN NMPOMBIIUIEHHON IUIOIIAIKH

IlycTe uMmeeTcsl MOA3EMHBIM ydacTok TpyOompoBoja 1, 3ammra KOTOPOTO OT
KOppo3uu oOecreunBaeTcs pabOTON CTaHIIMM KaTOMHOW 3aluThl (HA PUCYHKE HE
MOKa3aHa) U aHOJIHOTO 3a3emiieHUs 2. BOiu3m KaTogHO3alIMIAeMOro TpyOOIpoBOIa
PACIIOJIOKEH 3a3eMIISIIOIIUM AJEKTPOA 3, DJICKTPUUYECKH COCIUHEHHBIM C CHUCTEMOMU
KaTOJAHOM 3aIlUTHI.

[Ipu BBIMOTHEHUN KOMITJIEKCHOTO KOPPO3HOHHOTO 00CIIeI0OBaHUS TPYOOIIPOBOIOB
u  Oo0OpylIOBaHUS MPOMBIIIJIEHHOW TUIOIIAQJKH  YCTAHOBJICHO, YTO  YJEJIbHOE
AJIEKTPUUECKOE COMPOTUBIICHUE TPYHTA, U3MEPEHHOE B MPOM3BOJLHON TOUYKE BOJIM3U
paccMaTpuBaeMoro ydactka TpyOompoBojaa, cocrtaBisieT pPrp=100 Owm-'M, dTO
CBUJETEIHCTBYET O HHU3KOW KOPPO3MOHHOW AaKTUBHOCTH TpPyHTA U HE Tpelyer
MPUMEHEHUS KaKUX-JTH00 KOMIICHCUPYIOITUX MeponpusaTuii. OqHaKo, IPH BBIMTOJTHEHUN
W3MEPECHUI HE YYMUTHIBAJICS TOT (PAKT, U4TO YJEIHHOE SJEKTPUUYECKOE COMPOTHBIICHHE
IPYHTa B JIOKAJIbHBIX TOYKax (BOJU3M TPyOONMpOBOJA, a TakXKe B MECTaX YCTaHOBKH
3a3eMJISFOIIETO AJIEKTPOAa U @aHOHOTO 3a3€MJICHHUSI) MOYKET 3HAUUTEJIBHO OTJIMYATHCS OT

M3MEPEHHOTO 3HAYEHUS 110 ITPUYMHE HEPABHOMEPHOTO COIPOTUBIIEHUS TPYHTA MO BCEU
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mIomaan CTeHAd, OTCHOJJa HCPABHOMCPHAsA JIMHUA PaACHPCACICHHA 3alluTHOI'O
IHoTCHIOMAala.

[lycTh yaenbHOE 3IEKTPUYECKOE COMPOTUBICHUE I'pyHTa BOJIU3U TPyOOIpOBOIa

A3

rps OM'M, B

T
COCTaBJIACT pr‘[r)) ) OM'M, B MCCTC PaCIIOJOXCHHUA aHOJHOI'O 3a3CMIICHUSA P

MCCTC YCTAHOBKH 3a3CMJBIIOMICTO JJICKTPOJa p?g’ ) OM'M, TOoraga HCO6XOI[I/IMO

OTIpECIINTh, KaK BIUSET pPa3IMYHOE COUYCTAHHME YKA3aHHBIX IMapaMeTpoB TpyHTa Ha
W3MCHEHHE BEIMYMHBI TOTCHIMAIA «TpyOa-3eMiish» Ha pacCMaTpPHUBAEMOM YYaCTKE
TpyOOIIpOBOAA.

B cooTBercTBUM € MJIaHOM 3KCIIEPUMEHTAIBHOTO UccienoBanus (Tadauima 3.3) Ha
JAHHOM JTane HeOoOXOJAWMMO MPOM3BECTH O00padOTKy TpPyHTa B MECTax YCTaHOBKHU
3a3eMJISIIOIIIETO DJIEKTPO/Ia U aHOJHOTO 3a3€MJICHHSI TAKUM 00pa3oM, 4TOObI 00ECIIeYUTh
HanOoJiee JOCTOBEPHOE COOTBETCTBHE C BO3MOXKHBIMH PEAbHBIMU YCIOBUSMH Ha
TEPPUTOPUH TPOMBINUICHHOW TUIOMIAJKH, & WMEHHO CHU3WTHh BEIUYMHY YIEITHLHOTO
AJIEKTPUUECKOTO COMPOTUBIICHUS TPYHTAa JO MHUHUMAJIBHOTO 3HAYEHUS C IEJIbIO
YMEHBITICHUST COMTPOTHRIICHHSI 3a3€MJISIOIIETO AJICKTPOa WM aHOTHOTO 3a3eMyieHus. B
MPaKTUKE pachpoCTpaHeHa YKIaJAKa OKOJIO TPyOUaToro 3a3eMIIUTENs COJIM CIOSMH Tak,
Kak Mmokas3aHo Ha pucyHke 3.9 [20, 64].

OOpaboTka TpyHTa MPOBOIUIACH TOCIEIOBATEIHPHO C WCITOJIB30BAHUEM COJIA U
KOKCOBOM 3aCBIIIKA B COOTBETCTBUU ¢ pucyHKOM 3.9. bruta oO6paboTaHa 30Ha pajgnycoM

6 CM BOKpYT paccMaTpUBAEMOI0 3JIEMEHTA IIIyOrnHoi 00padoTku 10 cM (ciioeB 1o 2 cm).

600
Coab
B
(
g . INTecuaHbIH
] | TPYHT

(@]

Pucynox 3.9 — Cxema yKJ1agkul CJIO€B COJIM U TIECYAHOTO TPYHTA BOKPYT

3a3CMJINTCIIA
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Hekotopsle  pe3yibTarbl  M3MEPEHUM  3alUTHOTO  MOTEHLHAJNAa  BIOJIb
paccMaTpUBaEMOIo y4yacTka TpyOompoBoa Uil ciiydas C aHOAHBIM 3a3€MJICHUEM B
COCTAaBE CHCTEMBI KaTOAHOW 3aIUThI B BUJIEC IUIACTHHBI U3 YEPHON CTaJIM, a TAKXKE IPU
MOCJIEIOBATEIbHOM MOJAKIIOYEHUH B 3JIEKTPUYECKYIO L€Ib MMHUTATOPOB 3aIUTHOTO
3a3€MJICHUS B BUJIE 3a3EMIISIOIINX JICKTPOJOB U3 YEPHOM CTaJIM, OLIMHKOBAHHOW CTaJIH,
MEAM, JIaCTOMEpa COOTBETCTBEHHO IpencTaBieHbl Ha pucyHke 3.10, rae moxazaHsbl
3HAUEHHUS 3aIIMTHOrO MOTEHIMaaa MPU TPEX BapPUAHTAX HEOJHOPOJHOCTH YIEIBHOIO
IIEKTPUYECKOTO0 COINPOTUBJICHUS TpyHTa. M3 IMOIMYy4EHHBIX JAaHHBIX MOXHO CHEJIaTh
BBIBOJI, YTO MPU 00pabOTKE rPyHTa BOKPYT OIIMHKOBAHHOI'O 3a3€MJISIOLLETO 3IEKTPOJIA C
LEIbI0 YMEHBILIEHUS €r0 yAEIbHOIO 3JEKTPUYECKOTO COMPOTUBIICHHSI €r0 HETaTUBHOE
BIIMSIHUE HA PACIIPEEIICHHUE 3alUTHOIO TOKA B cUcTeEME D X3 pe3KO YBEIUUMBAETCS, YTO
IPOTUBOPEYHUT OOIIECTIPUHATHIM PEKOMEHJALMSIM HCIOJIb30BAHUS 3JIEMEHTOB W3
OLIMHKOBAHHBIX BIUSHUN Ha TEPPUTOPUH ITPOMBILIIIEHHON IUIOIIAKH C LIEJIBIO CBEICHUS
K MUHMMYMY SIBJICHUSI SKPaHUPOBAHUS KaTOJHOTO TOKA.

Hcxonsg W3 MONY4YEHHBIX pE3YyJIbTATOB HM3MEPEHUI 3allMTHOrO MOTEHIMala B
Cllydae 3HAYMUTEIBHOTO CHIKEHUS YIEIbHOIO CONPOTUBIIEHUS TPYHTa B MeECTE
YCTAaHOBKHU 3a3€MJISIFOILETO 3JIEKTPOJIa YCTAHOBJIEHO, YTO MCIOJIb30BAaHUE B KOHTYpAX
3a3eMJICHUS 3JaCTOMEPHOTO MaTepHala MOKET CIIOCOOCTBOBATh MPEJOTBPAILCHUIO WIN
MUHUMH3ALUUU SKPAHUPYIOLIErO BIUSHUS OOBEKTOB, HE BKJIIOYEHHBIX B CHUCTEMY
KAaTOJHOM 3alllMThl C MOJKJIIOUYEHHBIM AHOJHBIMHM 3a3€MJICHUSIMH W3 YEpHOH cTajiu

(pucynku 3.10 a u 3.10 B).
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Pacnpenesienne noreHuaaa «rpyoa-emis» npu HaJan4uum 33
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a) YCIIOBHS SKCIIEPUMEHTA: YIeIbHOE COIPOTUBIICHUE TPYHTA, prp = 0,22 OM M
(3amuTHOE 3a3emitenue (33) B con), YACIbHOES COPOTHUBIICHHE IPYHTA,
prp = CONSt = 100 Om M (aHOHOE 3a3eMJICHHE — CTajJibHAs IIJIaCTHHA);
ToukH |-1X — Trouku nzmepennit MCJ; 33 — 3amuTHOE 3a3emiieHue (depHast
CTajlb, OLIMHKOBAaHHAs CTallb, M€/lb, 3JIACTOMED)
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0) YcioBus SKCIIEPUMEHTA: yIEIbHOE COMPOTUBIICHUE TPYHTA, prp = 2,6 OM'M
(anoanoe 3azemiieHue (A3) B KOKCE), YAEIbHOE COIPOTUBJIEHUE TPYHTA,
prp = CcONSt = 100 Om-m (3ammTHOE 3a3eMieHue (33) — cTanbHas TUIACTHHA);
touku |-1X — Touku uzmepenuit MCO; 33 — 3anuTHOE 3a3eMiieHHe (YepHas CTalb,

OIMHKOBAaHHAs CTajlb, MEJlb, JIACTOMEP)
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B) YCIIOBHUS 3KCIIEPUMEHTA: YCIBbHOE COTPOTHURIICHUE TPYHTA, prp = 2,6 OM'M
(anomHoe 3a3emuieHne (A3) — cTanbHas TUIACTUHA B KOKCE), YEIbHOE COMTPOTUBIICHHE
IpyHTa, prp = 2,6 OM M (3amuTHOE 3a3emiteHue (33) — cTajabHas IUIACTHHA B COJIH);
Touku |-1X — Touku u3mepennit MCDO; 33 — 3amuTHOE 3a3eMiIeHHe (YepHAsi CTallb,
OLIMHKOBAHHAs CTallb, ME/b, 371ACTOMED)

Pucynok 3.10 — Pacnipenenenne 3amuTHOTO MOTEHIIAAIa TPYyOOpoBoIa Ipu

TPCX BapuaHTaX HCOAHOPOAHOCTH YACIBbHOI'O SJICKTPHUYCCKOI'O COIIPOTUBJICHUA I'PYHTA

Takum 00pa3zoMm, MOXHO C(HOpPMYIUPOBATH HEKOTOpbIE IMpPeaBAPUTEIbHBIC
PEKOMEHJIallK I10 NMPUMEHEHUIO B CHCTEME 3alUTHOIO 3a3€MJIEHUS 3JIEMEHTOB U3
AIIACTOMEPHBIX MAaTEPHUAJIOB C LEJIbI0 CHUKEHUS UX HETaTUBHOT'O BIUSHUSA HAa CUCTEMY
KaTOJHOM 3alUThl CO CTAJbHBIMM AHOAHBIMHU 3a3€MJICHUSIMU Ha ydacTKax Haubosee
Pa3BETBICHHBIX MPOTSHKEHHBIX CHUCTEM MPOMBIIIIEHHBIX IUIOMIAJI0K B KOHTYpax
3aIUTHBIX 3a3€MJIEHUH YCTPONCTB IPO303AIIUTHI U 3AIIUTHI OT BBICOKMX HAIPSIKEHUN U
CTaTHUYECKOTO DJIEKTPUUECTBA JIOOBIX MPOMBIIUIEHHBIX OOBEKTOB (32 HCKIIOYEHHEM
MOXKAPOOMACHBIX W  B3PBIBOONACHBIX 30H), a TakXKe 4YacTUYHOE (TOYEHHOE)
UCIIOJIb30BAHUE  AJIACTOMEPHBIX  3a3€MISIIOIIMX  AJIEKTPOJOB B KOPPO3UOHHO-

arp€CCHMBHBIX 1 BBICOKOOMHBIX I'DYHTAax.
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Heo0XxoaumMo OTMETHTb, UTO C LENbI0 COXPAHEHHSI 3a3€MIISIOLMX 31aCTOMEPHBIX
AJIEKTPOJOB B paOOTOCIOCOOHOM COCTOSIHUM Ha MPOTSHKEHUH BCETO CPOKA SKCILTyaTalluu
Heo0XoauMo coOtofaTh TpeOOBAaHUE MO MX YCTAaHOBKE B IPYHTAaX C COJAEPKaHUEM
BOJIOpPAcTBOpUMBIX cosied 70 4 r/kr npu pH ot 4 mo 9 nmubo mpemycmarpuBath Ipu
IPOEKTUPOBAHUU CUCTEMBI 3AIIUTHOTO 3a3€MJICHHUS 3JIACTOMEPHBIX 3JIEKTPOAOB B
CHELMATTU3UPOBAHHON 000JIOUKE IO COTJIACOBAHUIO C U3TOTOBUTENIEM.

Ha ocHoBanuum pe3yibTaToB HW3MEpPEHUN TOTEHIHANa  «Tpyda-3emiisny,
BBITNIOJIHEHHBIX HA TPETHEM 3Tall€ SKCIEPUMEHTAIIBHOTO CCIIEA0BaHNUs, ObUIN OTYUYEHBI
3HAYEHUS CHUKEHUS BEJIMYMHBI 3aAIMTHOrO IMOTEHIMala MO a0COJIOTHOM BETUYUHE
AU,,.;, B, cienyromum oOpazom:

: (3.4)

T—3

80, o, ||

rae U - BENIMYMHA TOTEHIIMAJA «TpyOa-3eMIs» B YCIOBHSAX OJHOPOJHOCTU
YAETBHOTO 3JIEKTPUUYECKOTO COMPOTUBIICHUSI TPYHTA MPU OTCYTCTBUU

BIIMSIHUS HA cUCTEMY D X3 3a3eMIISIFOIIMX AJIEMEHTOB, B;
U:ﬁ’; - BEJIMYMHA TOTCHIMANa «TpyOa-3eMiis» NpPH 3aJaHHBIX 3HAYCHUSX
YIAEIBHOTO JJIEKTPUYECKOTO COMNPOTUBIICHHUS TPYHTA B YCIOBHSX

BJIMSIHUS HA cucTeMY D X3 3a3eMIISIFOLIMX AJIEMEHTOB, B.

B kauecTBe MCXOIHOTO 3HAYEHUs NOTEHLHMANA «TPyOa-3eMiisi» B YCIOBHUAX
OJTHOPOJIHOCTH TPYHTOBBIX XapaKTepUCTHK (Prp = 100 OM'M) npu OTCYTCTBUU BIUSHUS
3alIUTHBIX 3a3eMiieHui npuHumaeM U;., = - 1,67 B, uto siBIsieTCs AOMYCTUMBIM UCXOMS
U3 HOPMUPYEMBIX TPEOOBAHMIA.

B tabnuie 3.5 nmpuBeaeHbI pe3yabTaThl pacyeTa 3HaUCHUI CHIKEHUS MOTEHIHAaa
«TpyOa-3eMiish», KpacHbIM I[BETOM OTMEUEHbI CIyyau, MpU KOTOPBIX BEIMYUHBI
3alMTHOTO TIOTEHIMAJla HE COOTBETCTBYET TpeOOBaHUSAM [2/] K MHHHUMAJIbHO

AOIMYCTUMBIM 3HAYCHUAM JJIA JTaHHBIX yCHOBHﬁ.
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Tabmuma 3.5 - Hekotopsie pe3ynbTaThl H3MEPEHUH 3aIIMTHOTO MOTeHInana (Touka V B
COOTBETCTBUM C pucyHKOM 3.10 mpw HaTWYUU BIUSHUSA 3a3eMJIISIOIMIHUX DJICKTPOIOB
3a3eMJICHUH M C Y4E€TOM HEOJHOPOJHOCTH TPYHTOBBIX XapakTEPUCTHUK B MeCTax

YCTaHOBKH aHOJIHOTO M 3aIlIUTHOTO 3a3EMJICHHS)

['pyHTOBBIE XapaKTEPUCTUKU

3oHa VY enpHOE 3IEKTPUYECKOE

COIIPOTUBIIEHUE TPYHTA Prp, OM'M

Marepuan Marepuan | TPYOOIpOBOA 100 100 100 100
aHOHOI'O 3a3eMJISIOLIEro | 3a3€MIISFOLIMI
100 0,22 0,22 100
3a3eMJICHUS JJIEKTpOoAa SJICKTPOXA
aHOJHOE 3a3eMJICHHE 100 100 2.6 2.6

CHMKeHUE BEJIMYMHEBI 3alllMTHOTI'O ITOTCHIIMAJIa 110

abcosrorHoi Benmmuune AU, B

UYepnas cranb UYepnas cranb 0,6 0,6 0,8 0,8
OUMHKOBaHHAS CTAJIb 0,7 0,9 1,0 0,8
Mens 1,1 1,2 1,3 1,2
Dnacromep 0,9 0,7 0,8 1,2
ToxkompoBoasmmii | YUepHas cTaimb 0,6 0,7 0,9 0,8
3IacTomMep OLMHKOBaHHAS CTAJIb 0,7 0,9 1,0 0,8
Menn 0,9 1,2 1,3 1,2
Dnacromep 1,2 1,2 1,1 1,2

OTMmeTrM, YTO BIIMSIHUE MEIHBIX W 3JACTOMEPHBIX 3a3€MIISIFOIIUX SJIEKTPOJIOB B
OOJIBIIMHCTBE CJIy4aeB OKa3blBA€T HEraTUBHOE BIIUSIHUE W TPUBOJUT K PE3KOMY
CHI)KCHHUIO 3alIUTHBIX TMMOTEHIMAJIOB 10 aOCOMIOTHOM BelWyuHE (HMCKIIIOYEHHEM
ABJISIFOTCS CIIydau YCTAHOBKHU AJIACTOMEPHBIX 3a3€MIISIIOIIUX AJIEKTPOJOB B YCIOBHUAX
BBICOKOM KOPPO3MOHHOM AaKTUBHOCTH, KaK OBUIO OTMEYEHO BbIlIE). B ycrmoBusx
HEOJHOPOJIHOCTH TPYHTOBBIX XapPaKTEPUCTHK MPU MPUIMHE 0OpabOTKU TPyHTa B 30HE
YCTAaHOBKM 3allUTHBIX 3a3€MJICHU HCIOJb30BAHUE B KA4YeCTBE 3a3€MIIMTEICH U3
OLIMHKOBAaHHOM CTaJIM, a TaK)Ke 3JACTOMEPHBIX 3JIEKTPOJOB (B Cllydyae, €CIU aHOJHOE
3a3eMJICHHE TAKXK€ BBITIOJIHEHO U3 3JIACTOMEPHOI0 MaTepHayia) MPUBOJIUT K CHIKCHUIO

YPOBHA 3alIMIICHHOCTH OT KOPPO3HUU IMOA3CMHOI'O 1py6onp0130)1a 110 IPUYMNHEC ITaACHUSA
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3alIUTHOTO TMOTEHIMAla [0 3HA4Y€HUH, HE COOTBETCTBYIOIIUX HOPMAaTUBHBIM
TpeOOBAHMSIM, YTO MOKET TMOBJIEYh 3a COOOM JOMOJHUTEIBHBIE PACXO/Ibl, CBI3aHHBIC C
HEOOXOJMMOCTBIO HAJIaJIKM WM PEKOHCTPYKIHMH cucTeMbl DX3 TpyOONpOBOJOB H

000pyI0BaHUS TTPOMBITIUICHHBIX TUTOIIAIOK.

3.2 AHanu3 BJMSHMS JOMHHHPYHOIIMX (PAKTOPOB HA 3alIUIIEHHOCTH
NMOA3EMHBIX TEXHOJIOTHYECKHMX TPYOONPOBOAOB OT KOPpPO3UMH B YCJIOBHUAX

HEOJHOPOJHOCTH I'PYHTOBBIX XapAKTEPUCTHK

JlucnepCuOHHBI aHAIU3 NPUMEHSIOT ISl U3YYCHUS BIMSHUS KAa4€CTBEHHBIX
MIPU3HAKOB HA KOJIMYECTBEHHYIO MepeMeHHY0. CyIIHOCTh AMCIEPCUOHHOTO aHaIN3a
COCTOUT B BBIJICJICHUU U OLIEHKE OT/ACJIbHBIX HE3aBHUCUMBIX (PAKTOPOB, BBHI3BIBAIOIINX
u3MeHunBoCcTh. C 3TOM 1EIbI0 MPOU3BOIAT pas3lioKeHHEe OOIeld Jucrepcuun
HaOJIOMaeMOM  YaCTMYHOM  COBOKYITHOCTH, BBI3BAHHOM BCEMH  HCTOYHHUKAMU
W3MEHYMBOCTH, B OOIIEH COBOKYMHOCTH. JIisi TpOBEpKM 3HAYUMOCTH OITHUX
COCTABJISIFOIIMX OIICHOK JMCIEPCHM WX CPaBHUBAIOT C OOIIeH aucriepcueit B oOiei
coBOKyIHOCTH (110 KpuTeputo @uriepa) [12, 25].

[Ipu nByx(dakTOpHOM aHAIU3E WCCIEMYETCS BIMSHUE JBYX KadeCTBEHHBIX
dakTopoB 4 u B Ha otk X. B 3TOM ciydae quCiepCHOHHBIN aHAJIU3 OCHOBBIBAETCS Ha
pe3ysibTaTax HJKCIEPUMEHTA, MPOBOAMMOrO Ha PA3JIWYHBIX YPOBHSAX KAXKIOTO U3
daktopos. [Ipeanonaraercs, 4T0 B3aUMOCBSI3b MEXKTY (PaKTOpaMu OTCYTCTBYET.

B pabGore mnpuBencHbl pe3yJbTaThl aHAIW3a JAaHHBIX, MOJYYEHHBIX B XOJI€
HKCIIEPUMEHTAJILHOT O UCCIIEA0BAHMS U3BMEHEHUS PA3HOCTH NOTEHIIMAJIOB «TPYyOa-3eMIIsh)
B 3aBUCHMOCTH OT BIHUSHHUS Takux (PaKTOpoOB, KaKk HEOJHOPOJHOCTH YIEIHLHOTO
AIEKTPUYECKOTO COMPOTUBIICHUS TPYHTa M MaTepuaja 3a3eMISIOIIETO AJIEKTPOAa,
DIEKTPUYECKU CBSI3aHHOTO C KaTOIHO3ALIUIIAEMBIM COOPYKEHUEM U OKA3bIBAIOLIETO
HETaTHMBHOE BIIMSHUE HA YPOBEHb 3alIUINCHHOCTH TOJ3EMHOTO TpPyOOmpoBOJa OT
KOPPO3UHU.

PesynbTaThel mpoBeneHns U3MEPEHUN Pa3HOCTH MOTCHIIMAIIOB «Tpy0a — 3eMJIsi», a

TaK)XKC U3MCHCHUA ,Z[aHHOI\/’I BCJIMYMUHEI ITPHU HAJIWMYHWH 3alUTHOT'O 3a3€MJICHUS ITO3BOJIAIOT
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3aKJIFOYUTh, UYTO HAIMYUE MEJHBIX M JJIACTOMEPHBIX 3a3€MJISIOIIMX AJEKTPOJOB B
OOJBIIMHCTBE CIIy4aeB OKAa3bIBACT HEraTUBHOE BIHMSHUE M MPUBOAUT K PE3KOMY
CHI)KEHUIO 3alIUTHBIX IMOTEHIMAJIOB MO0 aOCOJMIOTHOM BelWYuHE (HMCKIIIOYEHHEM
ABJISIIOTCS. CIIy4ad YCTAHOBKM JIACTOMEPHBIX 3a3€MILIIOLIMX JJIEKTPOAOB B YCIOBHSX
BBICOKOM KOPPO3UOHHON aKTUBHOCTH). B yCIOBUSX HEOIHOPOJHOCTH TPYHTOBBIX
XapaKTEpPUCTUK HAONIOAACTCS CHUKEHUE YPOBHS 3allMIICHHOCTH OT KOPPO3UHU
M0JI36MHOT'0 TPyOOTIPOBO/Ia IO MPUYUHE MAJCHU 3alIMTHOTO MOTEHIIMANA 10 3HAYCHUH,
HE COOTBETCTBYIOIIMX HOPMATUBHBIM TPEOOBAHMSIM, YTO MOXKET IOBJIEYb 3a COOOM
JOTIOJTHUTENbHBIE ~ PACXOJbl, CBSI3aHHbIE C HEOOXOJMMOCTBIO  HAJNAIKA  WJIU
PEKOHCTPYKIIMU cuctemMbl DX3 TpyOOmpoBOJIOB M 00OPYAOBaHUS MNPOMBIIIICHHBIX
IJIOIIAIOK.

OnHako NOyYEHHBIE PE3YJIbTATHI U3BMEPEHUH U IIPEABAPUTEIBHBIE PE3YIIBTATHI HX
aHajau3a He MO3BOJAIOT JaTh JOCTOBEPHYIO OLEHKY C HCIOJIb30BAHUEM KJIACCUYECKHUX
MOJXO/IOB BBUJY TOT0, YTO YacTh HEOOXOIUMBIX JIaHHBIX MOXKET OTCYTCTBOBATh.
Hampumep, B peanbHbIX YCIOBUSAX 3KCIUTyaTallMd TEXHOJOTMYECKUX TPYOOIpPOBOIOB
IUIOIIA/IHBIX OOBEKTOB 3a4acTyl0 HEBO3MOXKHO MPOBECTH JETAIBHOE OMHMCAHUE BCEX
napaMeTpoB (Hampumep, JaTh OIICHKY XapaKTepUCTUKaM TPYHTOB IO TMPUYUHE
HEJIOCTATOYHOI0 KOJMYECTBA TOYEK H3MEPEHUNW WJIIA OTCYTCTBUS CIIELMAIBHOTO
00Opyl0BaHUs), M3-3a HECOOTBETCTBUSl PACIOJIOKEHUS M XapaKTEPUCTHK 3JIEMEHTOB
CUCTEMBI  3allIMTHOIO  3a3€MJICHUS  TNPOCKTHBIM  JaHHBIM WM  OTCYTCTBUS
COOTBETCTBYIOLEH TOKYMEHTALUU U T. 1. B mo100HBIX 00CTOATENBCTBAX JIS1 PEIICHUS
3alayd M0 OIIEHKE BIMSHUS pPa3IUYHbIX (PAKTOPOB HA MPOLECC HCHONb3YEeTCsS
HEMapaMeTPUIECKNN TUCTIEPCUOHHBINA aHAJINS.

Ilens anHanmu3a JaHHBIX JIAOOPATOPHOTO WCCIICNOBAHUS — OIEHKA BIUSHUS
pa3IUYHBIX (PAKTOPOB U UX COBMECTHOTO BIMSIHUS Ha BEJIMYMHY 3aIIUTHOTO MOTEHIIMATIA
B YCJIOBUSIX JKPaHHUPOBAHUS KAaTOJHOTO TOKA 3AIIWTHBIMUA 3a3€MJICHUSIMU C Y4YETOM
HEOJTHOPOJHOCTH I'PYHTOBBIX XapaKTEPUCTHUK.

3a1aumn uccieq0BaHU:

1. BbINOAHUTH aHANU3 BIUSHUS MaTepuaia aHOAHOTO 3a3€MJIEHUS U MaTepuaia

3a3C€MJIAIOIICTO BJICKTpOAa, SJICKTPUUCCKU COCANHCHHOTI'O C CHUCTEMOM KaTOJHOM 3alIMThI
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MOI3EMHOTO TPYOOTPOBOJA, a TAKXKE€ COBMECTHOTO BIHMSHUS JTAaHHBIX (PaKTOPOB Ha
BEJTMYMHY MTOTEHITHATA «TPyOa-3eMJIs»,

2. OueHUTh CTENEeHb BIUSHUA 3a3€MIBIIONIUX  DJIEKTPOJOB, HMEIOIINX
AIEKTPUUECKYIO CBS3b C CUCTEMOM KAaTOAHOW 3allUThI TIOJI36MHOTO TPYOOMpoBOAa, HA
BEJIMUMHY TIOTEHIIMANAa «Tpy0a-3eMiis» B YCIOBHSX HEOAHOPOJHOCTH T'PYHTOBBIX
XapaKTEePHUCTHUK;

3. CdopmynupoBath TpeOOBAHUS K IMTPEAOCTABIIICMBIM JIJISl aHATTN3a Pe3yJIbTaTaM
AIIEKTPOMETPUIECKIX oOciemnoBaHuit TEXHOJIOTHUECKHUX TpyOOIIPOBOIOB
MIPOMBITIUICHHBIX TIJIOMAI0K B 00beMe, TTO3BOJISIIOIIEM BBITOTHATE IOCTOBEPHYIO OIICHKY
CTCTICHU BJIMSHUS OTIACHBIX ()aKTOPOB HA YPOBEHB 3alTUIIICHHOCTH OT KOPPO3HHU.

JIJist penieHus: nepeoil nocmaegieHHou 3ad0aqu onpeaeauM (HakTopbl, BIUSIONINE
Ha WCCIICTYEMbI KOJWYCCTBEHHBIM TMPU3HAK — 3alIUTHBIA ITOTEHITMAT ITOA3EMHOTO
TpyOOIpoBOa:

— (daktop A — wmarepuanm aHOAHOTO 3a3emyeHusi: Al — uepHas cCTab;
A2 — TOKONIPOBOASAIINN 3JIACTOMED;

— (dakrop B — marepman 3azemusroniero snektpona: Bl — uepHas crainb;
B2 — ounHkoBaHHas ctaiib; B3 — Menb; B4 — TOkonmpoBOAILINIA 2j1acTOMED.

[Ipu mpoBemeHnn aHanmW3a B KayeCTBE HCCIIEAYEMOTO TMpH3HAKAa MPUHUMAEM
BEIMYMHY 3alIUTHOTO TOTEHIMANA, T. €. KaKJIOMY COYETAaHUI0 PacCMATPUBAEMBIX
(GakTOpOB COOTBETCTBYET HW3MEPEHHOE 3HAYCHHE TOTEHIHAIa «TpyOa-3emMiish».
Pe3ynbpTaThl SKCIEpUMEHTA ¢ TIOBTOPHBIMHU OTIBITAMH MPEACTABJICHBI B Ta0HIe 3.6.

Nmeercst Tabnmuiia JUCIIEPCMOHHOTO aHaIM3a € M ypoBHsAMH  (pakTopa
A(@i=1,2,...,m)uk ypoBusmu daktopa B (j =1, 2, ..., k), T. e. Tabaua umeeT M CTPOK
u Kk cronbuos. Ilycts nNjj— 4Ymciao HaOMIOJCHUWN B sUeiiKe, pacHOJOXKEHHOW Ha

NepeCeUeHUH |-i CTPOKH U I-r0 CTOJIONA.
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Tabmuna 3.6 — PesynpraThl u3MepeHHM MOTEHUMANOB «TpybOa-zemis» U, B,
UCTIONIb3yeMble IS OIICHKH BIMSHHUS MaTepHajia aHOJHOTO 3a3eMJICHHMS KaTOIHOU

3allIUTHI 1 MaTCpUaia 3a3CMJLIIOINX 3JICKTPOA0B

Marepuan Marepuan 3a3eMIISIOLIET0 IEKTPoJa
aHOJHOTO Uepnas cranp | OUMHKOBaHHAs CTalb TokomnpoBoaAIHii

3a3eMJICHUS (B1) (B2) Mem: (53) anactomep (B4)

Yepnas -1,108 -1,048 -0,647 -0,852

cranb (Al) -1,109 -1,048 -0,647 -0,852

-1,109 -1,048 -0,647 -0,852

-1,11 -1,048 -0,647 -0,853

-1,11 -1,048 -0,648 -0,853

TokompoBosII -0,994 -0,972 -0,776 -0,472

W 3JacTOMep -0,994 -0,972 -0,776 -0,473

(A2) -0,994 -0,974 -0,777 -0,473

-0,994 -0,975 -0,777 -0,472

-0,994 -0,976 -0,776 -0,472

JUist  pelleHHMs TOCTaBJIEHHOM 3aJadyd  BbIOpaH YpPOBEHb JIOBEPUTEIHbHOU
BepositHocTu P=0,95. Heo0XxoMMO OTMETUTH, YTO 3HAUEHHE YPOBHS JOBEPUTEIHLHOMN
BEPOSATHOCTHU P JIJ151 aHAJIM3a TAHHBIX, OJYYEHHBIX B YCIOBHIX DKCILUTYaTallMH PEATBHBIX
MPOMBIIUIEHHBIX 00bEKTOB, TPUHUMAETCS, KaK MPAaBUIIO, MEHbIIIE YKa3aHHOTO 3HAYEHUS,
ITIOCKOJIBKY, HAalIpUMED, OLIEHKA IPYHTOBBIX XAPAKTEPUCTUK HOCUT YCIOBHBIM XapakTep,
a OTHECEHUE TPYHTOB K TEM WJIM UHBIM THIIaM 3a4aCTYI0 3aBUCHUT OT MOTOJIHBIX YCIOBUM,
BPEMEHH I'0/1a, KOMIIETEHTHOCTH CIELMAINCTA, IPOBOIAILETO U3MEPEHHUs, & TAKKE OT
cnocoba npoBeaeHus u3MepeHuit. Kpome Toro, uMeer Mecto U3MEHEHHE THIIA TPYHTA 110
riyoune. OnpeaeseHHyI0 OO0 MOTPEIIHOCTH COAEPKAT TAaKKe PEe3yJIbTaThl U3MEPEHUN
noteHuana «rpyoa-semis» [90]. B ciaydyae aHanmu3a JaHHBIX paccMaTPUBAEMOTO
DKCHEPUMEHTAIIBHOIO HMCCIEAOBAHUS HWCKIIOYEHBI IEPEUYUCIIEHHBIE TOIPEIIHOCTH,
BIIMSAIOLIME HA PE3YJIbTAaThl U3MEPEHUN.

Jlis mpoBeneHUs aHajdu3a HUCIOJb3YeM JaHHbIE TaOJUIlbl, IMOCIEIOBATEIHHO
BBIACNISISL Tapbl OLEHUBAaEeMbIX (DAKTOPOB JJII BCEX BO3MOXKHBIX BAPUAHTOB HUX

OJTHOBPEMEHHOTO B3auMoaercTBus [75].
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Oman |. @opmynuposanue cunomes [11]

TpeOyeTcs mpoBepuTh Ha ypoBHE 3HAUUMOCTH 0.=0,05 THITOTE3HI:

— Ho(A) — orcyrcTBHe BiusHUSA (pakTopa 4 Ha BEIMYMHY OTKJIMKA (3HAUCHHUE
HOTEHIIMAJIA «TPyOa-3eMIIsD»);

— Ho(B) — orcyrctBue BiusHusa paxtopa B Ha BEIUYUHY OTKIMKA (3HaYCHHUE
HOTEHIIMAJIA «TPyOa-3eMIIs»);

— B3auUMOCBA3b Mexay (akTopamu A u B OTCYyTCTBYET.

Oman . Pacuem oannvix [11]

1) Pacuer cpenHux 3HaueHUM MO KaXKJA0OMY YPOBHIO (pakTopoB A u B;

2) OmnpeneneHue CyMMBbl KBaJpaTOB OTKIOHEHWH MO/ BJIMSHUEM M YpOBHEM
dakxropa A, K ypoBHeii (haktopa B, B3aumozeicTBrs A u B, a Takke 0CTaTOYHON CyMMBI
KBaJIpaToB;

3) Orenka aucnepcuu ypoBHeH ¢akTopoB A, B u X B3auMOIEUCTBUSA, a TaKkKe
OILICHKA IUCTIEPCHUU OLIUOKHU.

Pe3ynbTaThl pacyeToB MpUBEACHBI B TaOIHIIE 2.

Oman . Ananusz pezyromamos

[IpeaBapuTenbHbie BBHIBOABI O BIUSHUM M B3aUMOBIHMSHUU PacCMaTPUBAEMBIX
(bakTOpOB MOKHO 3aKJIFOUUTh HA OCHOBAaHUU IpaUUYECcCKOTO MPEACTaBICHUS JaHHBIX Ha
nuarpamme (pucyHok 3.11).

ITo ocu abcuucc OTIOXKEHBI YPOBHH (pakTOopa A, MO OCH OPAMHAT OTIIOKECHBI
CpEeIHWE 3HAYCHMs 3alUTHOTO TOTCHIIMAa, KOTOPhIC CTPYMIHPOBAHBI IO YETHIPEM
yYpOBHsIM (akTopa B.

[Tockonbky Ha pucyHke 3.11 umeeT MecTo nepeceueHre ypoBHeu gakropa B, ato
MO3BOJIICT 3aKIIOYUTh, YTO HAONIOMAeTCs B3aWMOJCUCTBUSA PacCMaTpPUBACMBIX

(hakTOpOB, KOTOPOE HEOOXOAUMO YUUTHIBATH B XOJ€ IUCIIEPCUOHHOTO aHAJIN3A IAHHBIX.
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CpepguHee
3HayeHwe Ut-3, B
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Pucynok 3.11 — JlanHble, UCIIONIb3yeMbI€ JUIsl OLEHKU BIUSHUS MaTepuaa
aHOJIHOTO 3a3€MJICHUS] KaTOAHOU 3aIIuThI (PpakTop A) M MaTepraia 3a3eMIISIOIINX

a1ekTpoaoB (pakTop B)

OrnpenenuM 4ucio cTeneHei CBoOOAbI JIJIsl KaKI0ro (akTopa.

—  daxkTop A: v4=m-1=2-1=1 (M - KoIM4eCcTBO ypoBHEH (hakTopa A);

—  daxtop B: vg=k-1=4-1=3 (k - konuuecTBO ypoBHE# (akTopa B);

— B3aumojeicTue paktopoB A u B: vyp=(m-1)-(k-1)=(2-1)-(4-1)= 3,

— ommOKa BHYTPU TPYHNbBL Vo,=m-k-(n-1)=2-4-(5-1)=32 (n- KOJIMYECTBO
WU3MEPEHUN B KaXI0U rpymre).

JIyist onieHKkH BiUSIHUS (pakTopa A Ha BEIMUYMHY 3aIUTHOTO MOTEHITMANA HaleM
TabimyHoe 3HadeHwe F-kputepus Oumepa [23, 41] co cremeHsMu CBOOOMIBI
va=l ¥ vy, =32, Fpuen = 4,15.

Jist onenku BiusiHUS (hakTopa B Ha BemMYMHY 3alIMTHOTO MOTEHI[MANA HalIeM
tTabiimyHoe 3HadeHwe F-kputepus OPumepa [23, 41] co cremeHsMu CBOOOMIBI
V=3 U Vou, =32, Finae: = 2,9.

JIist oTleHKHM B3aMMHOTO BIMSHHS (pakTopoB A M B Ha BeawumMHY 3alIUTHOTO
NOTEHIIMAJIA HaieM TabinuHoe 3HadeHue F-kputepus @umepa [23, 41] co crenensmu
cBOOOMBI V45=3 U Vou, =32, Fpacn = 2,9.

Pe3ynbpTaThl TUCIIEpCHOHHOTO aHAIW3a Mpe/ICTaBIeHbl B TabmuIe 3.7.
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Eciu ¢aktuueckoe oTtHomenne Puiiepa OOJbIIE KPUTUYECKOTO OTHOIICHHS
duiiepa, TO CiAeAyeT OTKIOHUTH HYJEBYIO THIIOTE3Y C YPOBHEM 3HAYMMOCTH .. ITO
O3HayaeT, yTo (PaKTOp CYILIECTBEHHO BIMSIET HA JIaHHBIE: MUMEETCS 3aBUCHUMOCTb HMX
U3MEHEHUs OT BIUsHUA (hakTopa ¢ BeposTHOCTHIO P = 1 — a. Kpome Toro, P-3nauenue

HHIKC 3aJaHHOI'0 YPOBHA 3HAYUMOCTH O, TOr'Id HYJICBAsA THIIOTC3a OTBCPIracTCA.

Tabnuna 3.7 — Pe3ynbTaThl AUCTIEPCHOHHOTO aHAIM3a BIUAHUA MaTepuaia aHOJIHOTO

34a3CMJICHUA 1 MAaTCpHalia 3a3CMILAIOIICTO 3JICKTPOaAa Ha ITIOTCHIIU AL ((TPY68,-3€MJIH»

DaKTHyeCKoe Kputnueckoe
Cymma Yucno
Hcrounnk 3HAYEHUE P- 3HAYEHUE
KBajpaToB | creneHei | [ucnepcus
BapUalUu OTHOILIEHUS |3HAYEHHUE| OTHOILICHMS
OTKJIOHEHHH | CBOOOBI
Ouiiepa Ouiiepa
®daxtop A 0,12 1 0,12 193776 ~0 4,15
®aktop B 1,20 3 0,40 642600,8 ~0 2,9
B3aumogeiict
0,33 3 0,11 175233,7 =0 2,9
Bue AuB
Ommmbxka
BHYTpU 2-10° 32 6,25-107
TPYIIIIBI

T. k. ¢akTHueckoe 3HaueHHe OTHOIIeHHUs Duiepa OOJbIIE KPUTHUECKOTO IS
BCEX paccMaTpuBaeMbIX (PaKTOPOB, a TAKXKE JJI UX B3aUMOJCIHCTBUS, 10 pe3yibTaTaM
JUACIIEPCUOHHOIO aHaau3a MOXKHO 3aKJIIOYMUTh, YTO BEJIMYMHA 3AIUTHOIO MOTEHIMAJIA
3aBUCHT OT MaTepHraja aHOIHOIO 3a3EMJICHHUS, BXOASIIETO B COCTaB YCTAHOBKHU KaTOIHOU
3alUTHl, U MaTepHajia 3a3eMJIIOLIETO DJJIEKTPOAA, DJIEKTPUYECKU COECIUHEHHOIO C
CUCTEMOM  KarogHOW  3amuThl  TpyOompoBoma. Kpome  Toro,  BiusHHE
BBIIICTIEPEUNCIICHHBIX (DAKTOPOB HMEET B3aUMHYIO CBSI3b.

B pamkax pemenus emopoit 3adauu onpenenuM (GakTOpbl, BIMSIONIME Ha
VCCIIENYEMBbIN KOJIMYECTBEHHBIM INPU3HAK — 3alUTHBIM NOTEHLIMAT MOA3EMHOIO

TpyOOTpOBOA:
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— (akTop A — TPyHTOBBIE XapaKTepUCTUKH: Al — ynenbHOE IIEKTPUUIECKOE
COIPOTHUBJICHUE TPYHTa B MECTE YCTAHOBKH 3aIUTHOTO 3a3€MJICHUSA Prpi33) =100 OM-M;
VACIBbHOE AIEKTPUUYECKOE COMPOTUBJICHUE TPYHTA B MECTE YCTAHOBKM aHOJIHOTO
3a3eMJIEHUA Prpi(a3) =100 OM M; A2 — ynenpHOE JIEKTPUYECKOe CONIPOTUBIICHNE IPYHTA
B MECT€ YCTAaHOBKHM 3alIUTHOTO 3a3eMJEHUS pPrp33) =0,22 OM'M; yneinpHoe
AIEKTPUYECKOE CONPOTUBICHUE TPYHTA B MECTE€ YCTAHOBKM AHOJHOIO 3a3€MJICHUS
Prp2(a3) =100 OM'M; A3 - ynenpHOE 3JIEKTPUYECKOE CONPOTUBIIEHUE I'PYHTa B MECTE
YCTAHOBKH 3aIllUTHOIO 3a3€MJICHUS Prp333) —0,22 OM'M; yIEIbHOE 3IJIEKTPUUYECKOE
COIIPOTUBJICHUE I'PYHTa B MECTE YCTAHOBKU AHOAHOIO 3a3€MIICHHS Prp3a3) =2,6 OM'M;
A4 - yaenbHOE 3JIEKTPUYECKOE CONPOTHUBJIEHUE TPYHTA B MECTE€ YCTAHOBKH 3aIlIUTHOTO
3a36MIIEHUS Prpaa3)=100 OM'M; ynelpHOE 3JIEKTPUYECKOE CONPOTUBIICEHHE TI'PyHTa B
MECTE YCTAHOBKHU aHOIHOI'O 3a3E€MIICHUSA Prpa(a3) =2,6 OM M;

— (axTop B — martepuan 3azemustoinero snexrpona: Bl — uepnas crans; B2 —
OLIMHKOBaHHAas cTalib; B3 — meap; B4 — TokonmpoBoAsIIMii 351acTOMEp.

[Ipu mpoBeneHMM aHaliU3a B KAdyeCTBE HCCIEAYEeMOTO IpU3HAKa MPUHUMAEM
BEJIMYMHY 3allUTHOTO MOTEHIMalda, T. €. KaXJOMY COUYETAHUIO PACCMaTPUBAEMBIX
(akTOpOB COOTBETCTBYET H3MEPEHHOE 3HAUCHHE TOTEHIHANIa «TPyOa-3eMIIsi».
Pe3ynbraThl 3KCHEpPUMEHTAa C UCIOJIb30BAHUEM B Kay€CTBE AHOJHOIO 3a3€MJICHUS
TUIACTUHBI M3 YEPHOU CTAId C TOBTOPHBIMHU OMNBITAMH (TISITh U3MEPEHUM 3alUTHOTO

MOTEHITMAIA B KQKI0H TOUYKE) MPEACTaBICHBI B Ta0wmIe 3.8.

Tabnuma 3.8 — PesynpTaThl u3MepeHHH MOTEHIMANIOB «TpyoOa-zemis» U, B,
UCTIONIb3YeMbIe ISl OIEHKH BIIMSHUS MMapaMeTpOB TPYHTA U MaTepHalia 3a3eMIISIOIINX

AJIEKTPOJIOB (MaTepuall aHOAHOTO 3a3€MJICHUS - YEpHAas CTaJlb)

MaTCpI/IaJ'I 3a3CMJIAIOIICTO JJICKTPOaa

[TapameTpsl rpyHTa UYepnas OunHKOBaHHasA TokonpoBoaAIIHii
Mens (B3)
ctanb (B1) ctainb (B2) anacromep (B4)
1 2 3 4 5
prp133) =100 OMm-Mm; -1,108 -1,061 -0,894 -0,879
-1,109 -1,06 -0,894 -0,88
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[Tponomxenue Tabauup 3.8

1 2 3 4 5

prp1(a3) =100 Om M (A1) -1,109 -1,062 -0,895 -0,878
-1,11 -1,063 -0,894 -0,878

-1,11 -1,062 -0,895 -0,879

prp233) =0,22 OM"M; -1,048 -0,959 -0,651 -0,85
Prp2(a3) =100 Om-M (A2) -1,048 -0,96 -0,651 -0,851
-1,048 -0,961 -0,65 -0,852

-1,048 -0,96 -0,651 -0,853

-1,048 -0,961 -0,652 -0,854

Prp333) =0,22 Omm; -0,647 -0,526 -0,3 -0,467
Prp3(a3)=2,6 OM M (A3) -0,647 -0,527 -0,299 -0,468
-0,647 -0,525 -0,298 -0,469

-0,647 -0,528 -0,299 -0,47

-0,648 -0,529 -0,298 -0,47

Prpaa3=100 Om-M; -0,852 -0,96 -0,735 -0,49
Drmican =2,6 Omem (Ad) | 0,852 -0,959 0,736 0,489
-0,852 -0,958 -0,735 -0,491

-0,853 -0,959 -0,736 -0,49

-0,853 -0,96 -0,734 -0,491

Ha ocHoBanmm xapakTepa rpauuecKoro MmpeacTaBICHUS JaHHBIX Ha JUarpaMMe
(pucynok 3.12) MOXHO cJenaTh BBIBOJ, UYTO HAOJIOMAaeTCs B3aWMOJICHCTBUS
paccMaTpuBaeMbIX (aKTOPOB, KOTOPOE HEOOXOAMMO yUHTHIBATH B XOJI€ JJbHEUIIIETO

AUCIICPCHOHHOI'O aHaJIn3a JaHHbIX.
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Cpepnee
3HaueHne UT-3, B
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Pucynok 3.12 — JlanHbIe, UCMIONIb3YEMBbI€ ISl OIEHKU BIHMSHHS HEOJAHOPOIHOCTH
napameTpoB rpyHTa (pakTop A) U MaTepuana 3a3eMIISIOIINX IEKTPoa0B (pakrop B)
Ha U3MEHEHHE 3alllUTHOrO MOTeHIMala TpyOonpoBoia (MaTepuall aHOIHOTO

3a3eMJICHUS - YEepHasi CTaJlb)

AHalm3 JaHHBIX TAKXKE BBITIOJIHSICTCS B TPH dTana: (GOPMYJIHPOBAHUE THUIIOTES,
pacueT TaHHbBIX, aHAJIU3 PE3yJIbTATOB.

OnpenenuM 4UCIIO CTeNneHeH CBOOOIBI JJIs1 KaXKI0ro (paKkTopa.

—  dakTop A: v4=m-1=4-1=3 (M - xom4ecTBO ypoBHEH (hakropa A);

— daxkrop B: vz=k-1=4-1=3 (k - konuuecTBO ypoBHEii pakTopa B);

— B3aumojeiicTBue paktopos A u B: vyp=(m-1)-(k-1)=(4-1)-(4-1)=9;

— omwubKa BHYTPU TPYHNbL: Ve,=m-k-(n-1)=4-4-(5-1)=64 (n- KOJIMYECTBO
U3MEPEHUN B KQXIO0U rpymnme).

Pe3ynbTaThl aHanu3a npeacrabieHbl B Tadauie 3.9.
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Tabnuna 3.9 — Pe3ynbpTaThl AUCIEPCHOHHOTO aHAIN3a BIMSHUSA MapaMeTpOB IpyHTa U
MaTepuana 3a3eMIIIOLIET0 3JEKTpoJa Ha MOTEHIHal «Tpyba-3eMish» (Marepuanl

AHOOHOI'O 3a3CMJICHHUA - YCpHAA CTaJ'II))

DaKTHYeCKoe Kputnueckoe
Cymma Yucino
Hcrounuk 3HAYEHUE P- 3HAYEHUE
KBaJIpaTOB creneHen | [ucnepcus
Bapualuu OTHOILICHUS | 3HAYEHUE | OTHOIICHUS
OTKJIOHEHHH | CBOOOIbI
duiepa duiepa
®axkrtop A 2,78 3 0,93 1045319 =0 2,75
dakTop B 1,14 3 0,38 429807,3 ~0 2,75
B3aumogetict
0,42 9 0,047 52828,43 =0 2,03
Bue AuB
Ommmbxka
BHYTPH 5,7-10° 64 8,9-107
TPYIIIbI

B pamkax mpemuveit nocmaenennoi 3a0auu aHaIOTUYHBIM 00pPa30M BBINIOJIHEH
aHaIM3 PE3yJIbTaTOB J1abOpaTOPHOTO MCCIENOBAaHUSA, TMPH TMPOBEJICHUU KOTOPOTO B
KAueCTBE AHOJHOTO 3a3eMJICHUS KATOJIHOM YCTaHOBKM HCIOJIBb30BAJICSA SJEKTPOJ W3
TOKOIPOBOASLIEr0 31actoMepa. [IpeaBapurenbHble pe3ynbTaThl BIHUSHUS MapaMETPOB
rPyYHTa W Marepuala 3a3eMJISIONIEro 3JIEKTPOJAa Ha CpeJHEe 3HAUYECHHE 3al[UTHOTO
MOTCHIIMAIA BBITTOJHEHB Tpaduueckum crmocodom (pucynok 3.13). Ilockombky
HaOJroaeTCs nepeceyeHue ypoBHel dakropa B, B xoie naapHEHIIEro 1McrnepcuoHHOro
aHanu3a HeoOXxoaumMo o0a paccMaTpuBaeMbIX (DAKTOpaA, a TaKXKe OLUEHUTh YPOBEHb UX
B3aMOJIEUCTBHS.

PesynbraThl AMCHEpPCHOHHOTO aHanmW3a TmpeAcTaBieHsl B Tabmume 3.10.
T.x. ¢akTuueckoe 3HaueHWe oTHolueHus Duirepa OOJbIIE KPUTHUECKOTO IJSi BCEX
paccMaTpuBaeMbIX (HaKTOpOB, a TakKe A WX B3aUMOJICHCTBUS, CIICOBATEIHHO,
BETMYMHA  3al[UTHOTO TMOTEHIMAJa TOJ3€MHOT0 TpPyOONpOBOJIa 3aBUCHUT  OT
XapaKTEPUCTUK TIpyHTA (B T.4. OT HEOJHOPOAHOCTU YAEIBHOTO HSJIEKTPUYECKOTO
CONPOTHUBJIEHUSI TPYHTAa B MECTaX YCTAHOBKH JJIEMEHTOB 3alIUTHOTO 3a3€MJICHUSI U

AHOJHOTO 3a3€MJICHUS KaTOJHOM BaH_II/ITBI) H Marcpuajia 3JICMCHTOB 3alllMTHOI'O
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3azemiieHus. Kpome TOro, CymieCTBEHHO B3aMMOJICMCTBHE MAapaMeTpOB TIpPyHTa M

Marcpuaia 3JICMCHTOB 3allIUTHOI'O 3a3CMJICHMA.

Cpeguee
3Hayenne Ur-3, B

0,0 T T T 1

-0,2

-0,4

-0,6

—— -
-0,8 '742'/'/‘ =
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Yposuu dakTopa A
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Pucynox 3.13 — JlanHbie, UCMOIB3YEMBIX IS OLIEHKH BIUSIHUS HEOTHOPOTHOCTH
IPYHTOBBIX XapaKTEpUCTUK (PakTop A) U MaTepHaia 3a3eMJIISIONIUX JIEKTPOIOB
(bakTop B) Ha 3MEHEHHUE 3aIIMTHOTO OTEHIIMAlIa TPYOOIIpoBoAa (MaTepural aHOITHOTO

3a3eMJICHHS - TOKOIPOBO/ISAIINN 3J1aCTOMED)

Tabnumna 3.10 — Pe3ynbrarhl IUCIIEPCHOHHOTO aHAIN3a BIUSHUS MapaMeTPOB IPYyHTA U
MaTepuaia 3a3eMIIIONIET0 JJIEKTpoJa Ha TOTEHIHAI «TpyOa-zemis» (MaTepual

AHOHOTO 3a3E€MJICHUS — TOKOIPOBOISIIAN 3JIaCTOMED )

dakTHUeCKOe Kpurnueckoe
Cymma Yucno
Hcroununk . 3HAYCHUE P- 3HaYEHUE
KBaJpaTtoB | creneHei | Jucnepcus
BapHaluu . OTHOIIICHUS |3HAQYCHHUE| OTHOIICHHS
OTKJIOHEHHH | CBOOOIBI
Quiepa ®dumepa
daktop A 0,37 3 0,12 96843,58 =0 2,75
®daxtop B 2,59 3 0,86 671106,6 =0 2,75
BzanmoneiictBue
FMOACHETER 0,43 9 0,05 36936,4 ~0 2,03
AuB
Ommbka BHYTpH
P 8,210 64 1,3-107
TPYIIITBI
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Takum oOpa3zom, HEOOXOAWMO OTMETUTh, YTO BIHSHHE JTOMUHHUPYIOIINX
(bakTOpoB, a UMEHHO MaTepraa aHOIHOTO 3a3€MJICHHSI, BXOISIIIETO B COCTaB YCTAHOBOK
KaTOJHOM 3alluThl TPyOONpPOBOJOB, M MaTepuaia 3a3eMIIIOIIMX 3JEKTPOJOB,
AIEKTPUYECKU CBA3AHHBIX C KAaTOJHO3AUIUIIAEMBIMA COOPYXEHUSMH, OKa3bIBAIOT
CYLIECTBEHHOE BIIMSHUE HA YPOBEHb 3aLIUILIEHHOCTH TPYOOIPOBOJOB OT KOPPO3UHU, UTO
BBIPAXKACTCSI B M3MEHEHUM BEJIMYMHBI MOTEHLHMana «Tpyba-zemisi». Kpome Toro,
JVCIIEPCUOHHBIN aHATIU3 PE3YyJIbTaTOB SKCIEPUMEHTAIIBHOTO HCCIIEOBAHUS I0KA3aJl, 4YTO
Ha0JII0JaeTCsl B3aMMHOE BIIMSIHUE YKA3aHHBIX (PAKTOPOB, YTO HEOOXOJUMO YUUTHIBATH
OpU MPOEKTUPOBAHMM CHUCTEM BJEKTPOXMMHYECKOW 3alIUThl TEXHOJIOTUYECKUX
TpyOONPOBOJOB M 00OPY/OBaHUS IUIOMIAJHBIX OOBEKTAX, & TAKXKE MpeaycMaTpHUBaTh
COOTBETCTBYIOILIME MEPOINPHUATUS B paMKax OJKCIUTyaTallMd, KOMIIEHCUPYIOIIHE
HEraTUBHOE BIIMSHHUE HA BEJIMYMHY 3allIUTHOIO MOTEHIMAJIA COOPYKEHUM, BBI3BIBAEMOE
HQJIUYUEM  DJIEKTPUYECKOW CBSI3U CO CMEKHBIMM CHCTEMaMH B  YCJIOBHSX
HEOJJHOPOJAHOCTH IPYHTOBBIX XapakTepucTtrk [105].

JInsi CBOEBPEMEHHOW M JIOCTOBEPHOM OLECHKHA CTENECHW BIUSHUS OITACHBIX
(bakTopoB, MOJ ACUCTBUEM KOTOPBIX BEIMYMHA 3aIIUTHOIO MOTEHIIMAIa CMEIIAeTcs 3a
npezensl, HopMupyembie [27], HeoOxomumo chopMyTupoBaTh TPEOOBAHUS K JaHHBIM,
OPEIOCTaBIIEMbIM  JJIi  aHajiM3a C 1eJbl0  BbIOOpa MPOPUIAKTUYECKUX U
KOMIIEHCUPYIOIIMX MEPONPUATUI:

— TIOJYYEHHBIE B XOJI€ 3JEKTPOMETPUUYECKUX 00CIe0BaHUs TPYyOOIPOBOJIOB U
000OpyZOBaHUsl MPOMBIIUICHHBIX IUIONIAJIOK 3HAYEHUS NOTEHLMAIa «TpyOa-3emiis»
JOJDKHBI BapbUpOBAaThCSl IO MPOTSHKEHHOCTH y4yacTKa W MO TIyOMHE 3a0KEeHMs
TpyOoIpoBoza [75];

— KOJIMYECTBO M3MEPEHMH 3alIMTHOTO MOTEHILMajga B KaXIOM TOYKE JTOJKHO
OBITh OIPENENICHO UCXOS U3 TPeOOBaHMI K 00ECTIEYeHUIO JOCTOBEPHOCTH MOJIYYE€HHBIX
JaHHBIX;

— Ha TEPPUTOPHUM MPOMBIIUICHHON MIOMAIKA HEOOXOIUMO aKTyalU3upOBATH
COOTBETCTBUE THIIA W KOJMYECTBA 3JIEMEHTOB CHCTEMBI 3aIlMTHOIO 3a3€MJICHUS U
MOJIHME3aUIUThl MPOEKTHBIM JaHHBIM JIMOO YCTAHOBUTH (PAKTUUYECKUE IMOJIOKEHUE

YKa3aHHbIX 9JICMCHTOB u MECT nux QJICKTPUICCKOI'O COCIUHCHUA C
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KaTOJHO3ANUINAEMBIMA  COOPYKCHHSMH  ITyTeM TPOBEIACHHS  JOIOJHUTEIBHBIX
00cJIeJOBaHUI;

— B XOJ¢ omnpeaeiacHus (PU3UKO-XUMHUYECKUX CBOMCTB I'PYHTA IIPOMBIIIICHHBIX
IUIOIIAIOK ~ HEOOXOAMMO  BBINOJHATH H3MEPEHHUS  YACIBHOTO  DJIEKTPUYCCKOTO
COIPOTHBIICHUS TPYHTA HE TOJIBKO BOJIM3M KaTOMHO3ANIUIIIAEMbIX KOMMYHUKAIIUH, HO U
JOTOJIHUTh MPOrpamMMmy  OOCIICOBaHHMI JIOKAJIbHBIMA HM3MEPEHUSIMH  YICIBHOIO

QJICKTPHUYICCKOI'O COIIPOTHUBIICHUA I'PYHTA BOJIN3H PJIEMEHTOB 3al1IUTHOI'O 3a3€MJICHUA U

MOJIHHE3aIIUTHI [6, 64, 57, 67, 69, 89].

3.3 BeIBOBI 110 rJ1aBe 3

1. TlokazaHo, 4TO 3HAUYEHMS YAEIBHOIO AIEKTPUUYECKOTO COMTPOTUBIICHUS TPYHTA,
ONpeJeNsieMble B XOJ€ KOMIUIEKCHBIX KOPPO3HMOHHBIX O0cienoBaHuil cucrem X3
IPOMBINUICHHBIX IUIOIIAJ0K C LEIbI0 OLICHKH €ro KOPPO3HMOHHOM AaKTUBHOCTH, HE
COOTBETCTBYET peEalbHbIM YCJIOBHUSM, B KOTOPBIX (PYHKIMOHUPYIOT pa3JInYHbIC
JIEMEHTBl CUCTEMBI KATOJHOM 3allMTBl M 3alIUTHOTO 3a3€MJICHMSI 110 IPUYUHE
HEOJHOPOJIHOCTH I'PYHTOBBIX XAPAaKTEPUCTHUK, SBIIAIOLICHCS CIEACTBUEM TEXHUYECKOMN
MeEJIMOpalyy IPYHTOB.

2. YCTaHOBJIEHO, YTO IpPH HUCHOJIb30BAaHUU B KAaUECTBE aHOJHOTO 3a3€MJICHUS
JIACTOMEPHON IUIACTHHBI HETaTUBHOE BIIMSHUE 3a36MILIIOLIUX DJIEKTPOAOB HECKOJIBKO
MEHEE BBIPAKEHO, 33 UCKIIIOUEHUEM CiIydasl UCIIOJIb30BAaHUs B Ka4E€CTBE 3a3€MJIIOIINX
JIEMEHTOB W AHOAHOTO 3a3€MJICHHs JJIEMEHTOB M3 OJMHAKOBOIO MaTepuaia
(TOKOIPOBOASILETO 37ACTOMEPA), KOI/Ia CMEIEHUE BEIMYMHBI 3aIIUTHOIO NOTEHLHANIA B
MOJIOKUTENbHYIO O00JIaCTh JIOCTHIaeT CYIIECTBEHHbIX 3HaueHud (1o 70% ot
NEPBOHAYAJIBHOTO 3AIIUTHOTO MOTEHINAIIA).

3. BblsBIIEHBI yCIOBHS, TPU KOTOPHIX HCHOJIB30BAHNE OLIMHKOBAHHBIX 3JIEMEHTOB
B KaUECTBE 3a3eMJIAIOIINX JIEKTPOIOB MPOTHUBOPEUUT OOLIECHPUHATHIM PEKOMEHAAINIM
[0 WX HCIOJB30BAHUU C LENbI0 CHWXEHUA DKPAHUPYIOLIErO BIIMUSHHS DIIEMEHTOB
CMEXHBIX CUCTEM Ha IMPOLIECC TOKOPACHPENEJIEHUS B CHCTEME KAaTOJHOM 3allUTHI

TpyOOTIPOBOIOB MPOMBIIIUICHHBIX TUJIOMIAJ0K, & UMEHHO B CIy4asx oOpaOOTKH TpyHTa
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BOKPYT OITMHKOBAHHOTO 3a3EMJISIOIIETO JIEKTPO/IA C IIETbI0 YMEHBIIIEHUS €T0 YIeTLHOTO
AJIEKTPUYECKOTO COMPOTUBIICHUS €r0 HETaTUBHOE BIHMSHUE Ha pachpeneiicHue
3aIIMTHOTO TOKA B cUcTeMe D X3 pe3KO YBEINYHNBACTCHI.

4. TlpemmoxeHbl PEKOMEHIAIMK IO TPEAOTBPAMICHUIO WA MHUHUMH3AIAN
HKPAHUPYIOIIETO BIUSHHUS 00bEKTOB, HE BXOASIIMX B CHCTEMY KaTOIHOM 3aIllMTHI, ITyTEM
WCITOJIb30BAaHUS B KOHTYpaxX 3a3eMJICHHS 3JCMEHTOB W3 3JaCTOMEPHOIO Marepuaia B
MeCTax 3HAYUTEIBHOTO CHIKEHHUS YACIBHOTO CONTPOTHUBIICHUS TPYHTA.

5. OmpeneneHpl JOMUHHUPYIOIIME (aKTOPhl, OKAa3bIBAIOIIME BIMSHUE Ha
W3MCHCHHE 3allUTHOTO TOTCHIMAIAa HAa TEPPUTOPHUU TPOMBIIIUICHHBIX TUIOIIAIOK:
MaTepuay aHOJHOTO 3a3eMJICHHS B COCTAaBE€ YCTAHOBOK KAaTOAHOW 3alllUTHI, MaTepHall
AJIEMEHTOB CHUCTEMBI 3allUTHOTO 3a3€MJICHUS M MOJHHUE3AIUThI, 3HAUCHUS YJICITBHOTO
AIEKTPUYECKOTO COMPOTUBIICHUS TPYHTA BOJIM3M KATOIHO3AMIUIIIAEMBIX COOPYKEHUN U
3a3eMJISTIOIITHX JJIEMEHTOB.

6. YcraHOBIEHO, UTO (PAKTOPHI, OKA3BIBAIOIINE BIMSHIE HA BEJIMUUHY 3aITUTHOTO
MOTCHIIMANA TIOJ3EMHOTO TPyOOIpPOBOJA, SBJSIOTCS  B3aUMOBJIMSIONIAMHU, YTO
MOATBEPKIAACTCA pe3yJbTaTaMu TpauUIeCKOro M JUCIEPCHOHHOTO aHaln3a JaHHBIX
U3MEPCHHUI 3alUTHOTO TIIOTEHIIMAajda B YCIOBUAX HEOJHOPOAHOCTH TPYHTOBBIX
XapaKTePUCTHK.

7. CdopmynmupoBaHbl TpeOOBaHMUS K TMPEAOCTaBISICMBIM [ aHalU3a
pe3ynbTaTaM JJICKTPOMETPUUICCKUX OOCIICIOBAaHUN TEXHOJOTHYECKUX TPYyOOIPOBOJIOB
IIPOMBIIIJICHHBIX IUIOMIA0K B 00BEME, TTO3BOJISIOIIEM BBITIOJIHITH JIOCTOBEPHYIO OIIEHKY

CTENEHU BJIUSHUS ONAcCHBIX (PaKTOPOB HA YPOBEHB 3aLUIIEHHOCTH OT KOPPO3HUHU.
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I')TABA 4 PABPABOTKA METOAUKU OINIPEJAEJIEHUA T'PYHTOBBIX

YCJIOBUM JJIS1 OBGECIIEYEHUS TPEBYEMBIX TIAPAMETPOB
MPOTUBOKOPPO3MOHHOMH 3AIIIUTHI TPYBOIIPOBOIOB
NPOMBIIHIVIEHHBIX ITVIOIHATOK

4.1 AHaJu3 MOJAX00B K OlleHKe IPYHTOBBIX YCJIOBHI NMPHU NMPOEKTHPOBAHUU

Cpeacrs 3JIeKTp0XI/IMI/I‘leCKOI71 3allIUThI Fa3OHe(1)TerOBO)IOB

OCHOBHBIMH JJOKyMEHTaMH, YCTaHABIUBAIOIIUMHU 0011IMe TPEOOBAHUS K 3aIUTE OT
KOPPO3UH 00BEKTOB MaruCTPaIbHOTO TPAHCIIOPTA HEPTH | Ta3a, ABJIstoTCs [26, 27, 82].

DneKkTpoXUMHUEcKasl 3alluTa JOoJKHA oOecreunBaTh B TEYEHHE BCETO CpOKa
HKCIUTyaTallMi HEMPEPHIBHYIO M0 BPEMEHH KaTOJHYIO MOJISPU3AIUI0 TPYyOOIpoBoa Ha
BCEM €ro MPOTSKEHUU (M Ha BCEM €ro MOBEPXHOCTH) TaKUM 00pa3oM, YTOOBI 3HAUEHUS
Pa3HOCTH MOTEHIIMAJIOB Ha TPYOOIpoBOie ObLIH (TI0 AOCOTIOTHOM BEIMUMHE) HE MEHbIIIE
MUHHUMAJIBLHOTO U HE 00JIbIIIE MAKCUMAILHOTO 3HAUCHUH.

B cooTBeTcTBMM C HOPMATHBHO-TEXHHYECKOW MoKyMeHTanued [6, 15, 26, 79]
MIPOCKTUPOBAHKE JIEKTPOXUMHUYECKOM 3auThI mitommaaabix oosekToB KC, HIIC, I'PC n

T.JI. OCYIIECTBIIACTCS TI0 CICIyIOIIeMy airopuTMy (pucyHok 4.1).
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Hamepenue ydessHoz0 3INeXMPUYELKO20
conpomuBrenun cpywma 6 uexmpax
xbadpamolb 10x10 m

Onpedensnue sAydumnsl NDOMEPIARUA 2pYyHMa

Bepmuxkansroe 3nexmpuveckoe sondupolbanue
No nepuMempy nAOWAcKU Ha 2aybumy do 100 m

Onpedenexue codepwa~uns Bodopacmbopursix
coned O cpysme Ha enybure mpydonpolodol

Onpedenenue cpednezo ydersHo2o
snexmpuvecxozo conpomulnrenun spysma pPe, Om

Pacqem 3AeKMPUHECKUX XGPAKMEDUCTIUK
mpydonpoboda

Pacvyem napamempold
ycmarobox xamodrol 3awums:

Pacvem napamempol aHOGHGS0 3a3EMALNUSR

Pucynok 4.1 — Anroput™ npoeKTUPOBAHUS SJIEKTPOXUMHUYECKOMN 3aIUThI

mwiomanaeix 00bexkToB KC, HIIC, I'PC

[Ipoananu3upyeM OCHOBHBbIE JTalbl MNPOEKTHUPOBAHUS 3JIEKTPOXHUMHUYECKOM
3aIUTHI TUIOMIAHBIX 00BEKTOB HE(DTETA30IIPOBOIOB.

1) Usmepenne YOC rpyHrta B nieHTpax kBaapatoB 10 (M) x 10 (M) co cTOpoHOi,
paBHOi1 10 M.

Y3C rpyHTa onpenesnsoT A1 OLICHKU CTETIEHU €ro arpeCCUBHOCTH, BEIOOpA MECT
3aJI0’)KEHHSI aHOJIHBIX 3a3€MIIMTENICH, a TakKe JUIsl pacuera aHOJHBIX M 3alIUTHBIX

3a3¢MJICHHH TIpH TPOSKTHPOBAHMU IUIOIIATHBIX 00BekToB. Cormacuo [3, 5, 79],



116

n3Mmepenne Y IC rpyHTa BBITOIHSACTCS 10 Y€THIPEXTOYCUHOMY METOTy 0e3 oTOopa mpod
C wucnoib3oBaHueM noteHmuomerpa Il - 1M wunm u3Meputene 3a3zeMiCHUS
MC-08 (M-416), a taxke GEOHM C, M5032, METRATER, TERCA 2 wuiu
aHAJIOTUYHBIX MPUOOPOB 3apyOekHbIX QupM. [TyOrHA yCTAHOBKH 3JIEKTPOJIOB JOJKHA
ObITH He O0siee 1/20 paccTosHUSI MEXTY HUMHU.

[Ipu mnpoektupoBanuu 2DX3 TpyOONPOBOJOB MPOMBIINUICHHBIX —ILUIOMIA0K
pe3ynbTathl u3Mepernii Y IC rpyHTa 00padaThIBAIOT C MENBI0 OTPEIeTICHUST KOOPIUHAT
00JaCTH ¢ MUHUMAaJIbHBIM 3HaueHueM Y DC rpyHTa, UCIOIB3YEMOM ISl PACIOIOKEHUS
AHOJHBIX 3a3eMJICHUI U MPOTEKTOPOB [82].

2) Onpenenenue riayOUHbBI IPOMEP3aHUS TPYHTA.

['myOuHy mpomep3aHusi TpyHTa OMPEACNAIOT JJIA OLCHKU TITyOHMHBI 3aJI0KEHUS
MO/I3€MHBIX TPYOOIIPOBOJIOB, 3JIEMEHTOB CUCTEM 3ALIUTHOTO 3a3eMIICHHS U D X3, a TaKkKe
pa3paboTKU MEPOIPUITHH, UCKITIOYAIOIINX BO3MOKHOCTh BOSHUKHOBEHUS U Pa3BUTHS B
IPOMEP3AIOUINX TPYHTAX MPOLIECCOB MOPO3HOIO IMMyYEHHS U PaCTPECKUBAHUS, KOTOPbHIE
MOTYT MPUBECTH K HEJOMYCTUMBIM JIe(hOpMAIUIM.

3) BeptukanbHoe anekTpuueckoe 30HaupoBanue (B23) mo nepumMerpy miomaaku
Ha rayouny g0 100 M (o Tpu BO3 Ha kaxk10# cTOpOHE MIOMAAKH cortacHo [53]).

Meton BO3 ocHOBaH Ha MHOTOKPAaTHOM M3MEPEHUHU YNEIBHOTO COMPOTHBICHUS
IpyHTa Ha Pa3IMYHOM rITyOWHE MIPHU PA3IMUHBIX PACCTOSIHUSIX MEXY dJEKTPOJIAMH.

4) OnpeneneHue cojJepkKaHus BOAOPACTBOPUMBIX COJIEH B TPYHTE Ha TIyOWHE
3aJI0’KEHHS TPYOOIIPOBOIOB.

OnpeneneHue coliepKaHusl BOJOPACTBOPUMBIX COJIeH B TPyHTE Ha TIyOWHE
YKJIaJIKH Ta30IIPOBOJIa C IaroM 1 KM MpOBOJUTCS HA CTAAUU MPOBEACHUS U3BICKAHHM JITIS
MPOCKTUPOBAHUS TPYOOIIPOBOIOB U CUCTEMBI DX 3.

5) Pacuer 31eKTpUYeCKrX XapaKTePUCTUK TPYOOIIPOBOJIa U TTAPAMETPOB CUCTEMBI
9X3.

Pacuer mapamerpoB OX3 TpyOONpPOBOAOB MNPOU3BOAUTCA B COOTBETCTBHH C
[82, 84], mpu 3TOM IIpH ONpeAeICHUH MEPEX0IHOTO0 CONMPOTHBRIICHU TpyOompoBoaa Ry,

Om-M? ucnosp3yercs Benuanna cpeanero Y C rpyHra Prp> OM'M, IO Bopmyite:



e 4.1)
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rae  |i - gmuma i-ro yuactka ¢ YOC rpyHTa pii, M;
N - koanuecTBO y4acTKOB ¢ YOC rpyHTa pi.

Hcxonsa u3 pe3ynpratoB oueHkd YOC rpyHTa W Halu4usi cBOOOAHOW IUIOUIAJH
IIPOU3BOJSAT BBIOOP THIIA AHOJHOTO 3a3€MJICHUS U ONPENEISIOT MECTO €ro pa3MelIeHUs
(kak mpaBuiio, B 30He HauMeHbIero Y C rpyHTa).

Taxou no0xo0 xapaxmepuzyemcs psi0omM HeOOCMAMKOB.

1) B nelicTByromux HOPMATUBHBIX JIOKYMEHTaX HE MPEICTaBIICH BHIOOP METO/IOB
U3MEPEeHUI YKa3aHHBIX TMapaMeTpoB, HE o0o3HayeHa O0OJaCTh HX MPUMEHEHUS,
OTCYTCTBYET HH(OpPMALIHSI O PEKOMEHIYEMBIX K UCIIOJIb30BaHUIO MPUOOpAX U CPEACTBAX
U3MEpPEHU, HE TMPHUBEJECHbI PEKOMEHJAIMK 1O BPEMEHHM MNPOBEJCHUS HU3MEPEHHUN U
TpeOOBAHMS K TOUHOCTH MOJYyYaE€MbIX PE3yIbTaTOB.

2) OTCyTCTBYIOT PEKOMEHJAIMU MO OlleHKe Heooxoammoctu BD3, BbIOOPY
konuuectBa BO3 u onpeneneHunto ontuManbHo# riryounsl 3oHaupoBanus. [Iporecc BO3
COTIPOBOK/IAE€TCSI 3HAUYUTEIILHBIMU MaTE€pUAIbHBIMU U TPYAOBBIMH 3aTpaTamu, TpeOyeT
MPUBJICUCHUS CHEIUATM3UPOBAHHOTO O0OpYJOBaHUS (HAampUMep, Kak IMOKa3aHO Ha
pucyHke 4.2) u KBaIM(pUIIUPOBAHHOTO TTepCOHaa. Y CTAHOBKA J1JIs OTIpe/IeNICHUsI CBOMCTB
IpyHTa METOI0M 30HIUPOBAHUS (PUCYHOK), KaK IIPABUIIO, BKJIFOYAET: 30H/ (CO IITaHraMu
U KaHaJIaMU CBSI3M); MEXaHU3M BJIaBIIMBaHMs (M3BJICUCHHUS ) 30H1a; OMIOPHOE YCTPOUCTBO,
COOTBETCTBYIOILIEE JM3allHy YCTAHOBKM (Macca YCTaHOBKHM, aHKepa H T. I.);
U3MEPUTETLHO-PETUCTPUPYIONIYIO anmnaparypy.

Ha cragum mnpoBefeHuss WHXCHEPHO-TEOJOTUYECKUX W3bICKAHUNW TOJI00HBIC
YCTaHOBKHU UCTIONB3YIOTCA JJIsl YCTAHOBJICHUSI K3MEHEHUSI T€0JIOTHYECKOTO CTPOEHUS 110
rJIyOWHE, TO €CTh BBISIBIICHUS TTTyOWHBI 3aJIETaHUS U MOIIHOCTH TPYHTOB, OTJIMYAIOIIIUXCS
10 JIUTOJIOTHYECKOMY COCTaBY, CBOMCTBAM M COCTOSHHIO (IUIOTHOCTH, IPOYHOCTH,
ne(pOpMaMOHHBIM CBOMCTBAM, KOHCHCTEHIIMU ¥ OJJHOPOIHOCTH). Ha HauanbHBIX Tamax

M3BICKaHUN MeponpusTHs o BO3 rpyHTa COBMEMIAIOT ¢ BHITIOJIHEHUEM OypOBBIX paboT,
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0TOOpPOM 00pa3IOB IPYHTA C MOCIEAYIOIINM JIA00PATOPHBIM OTPEICICHIEM X COCTaBa,

COCTOSTHUS ¥ CBOMCTB [24].

1 — BnaBnMBaeMblii IPOOOOTOOPHUK IPYHTOBBIX BOJ; 2 — B/ABJIMBAEMBIil
poOO0OTOOPHUK TPYHTA; 3 — BAABIMBAEMBI bE30METP; 4 — YHUBEPCATBbHBIN KOHYCHBIN
IEHETPOMETP, CHAOKEHHBIN JIa3epOM, ITbE30METPAMU U3MEPUTENIEM DIEKTPUUECKON
IIPOBOAMMOCTH
Pucynox 4.2 — OOwuii BUJ1 CaMOXOAHOW MEHETPAIMOHHOW YCTAaHOBKHU (KOHCTPYKIIMS

koMmmanuu «@yrpoy», Huaepnauas)

B cBs13u ¢ 3TuM, crenyer oneHuBaTh 000CHOBAHHOCTH JA0MOJHUTENbHOrO BO3 Ha
CTaIuN IPOEKTHUPOBAHUS CUCTEMbl ODX3, M TOJBKO B CiIydae YCTAaHOBJIECHHOU
HEOOXOMMOCTH ONPEAeNIUTh MUHUMAIbHOE KonuecTBO BO3, koTopoe OyneT 3aBuceTh
OT HMHXXEHEPHO-T€OJIOTUYECKUX YCIIOBUHM IUIOMIAJKH, €€ PasMEPOB M THUMA AHOAHBIX
3a3€MJICHHH, UCIIOJIb3YEMBIX B cUcTeMe DX3.

3) U3mepenne YIC rpyHTa 4eTHIPEXIIEKTPOIHBIM METOJIOM B KBAIPATHOU CETKE
10 (M) x10 (M) sBIsIETCA TPYAOEMKUM MHPOLECCOM, & HAa JOCTOBEPHOCTh PE3YJIbTATOB
U3MEPEHUI MOTYT OKa3bIBaTh BIUSHUE CIEAYOIUE (PAKTOPBI:

— COCTaB IPYyHTa;
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— TeMIiepatypa (rpyHTa 1 OKpY>KaroLIEro BO31yXa);

— PacCCTOSIHME MEXY U3MEPUTEIbHBIMU 3JIEKTPOIAMH;

— TiyOMHA pacloyIOKEHUS U3MEPUTENIBHBIX JIEKTPOJIOB.

Bonee noctoBepHbIM siBisieTcst MeTo1 onpeaenenust Y IC rpyHTa MeToAoM oTOopa
po0, OJTHAKO CYIIECTBYET PsiJi OTpaHUYECHHM TaHHOTO MeToAa (HarpuMep, HE00X0IUMO
00ecCreunTh COOTBETCTBYIOIINE YCIOBUS XPaHEHUS MpPH TPAHCHIOPTHPOBKE MPoO 10
Jabopatopun).

4) B nelcTBYIOIIUX METOJUKAX OTCYTCTBYIOT PEKOMEHIAIMU MO OTOopY
pe3yJIbTaTOB JJIs BHIMOJHEHUS PACUETHBIX 33/1a4, CBSI3aHHBIX C OLIEHKOW 3JIEKTPUUECKUX
XapaKTEepUCTUK TpyOompoBojoB U mapamerpoB IX3. Kak mpaBuio, B pacuer
npuauMaercss YOC HCKIIOYUTEIIBHO BEPXHETO CIIOS TPYHTA, NPUYEM 3a4aCTYH0 —
CpeIHEE 3HAYEHUE U3 MOJIYYEHHBIX Ha TEPPUTOPUH IUIOMIAIKU. YCPEAHEHHOE 3HAYEHUE
YOC rpyHTa MOXET CYHIECTBEHHO CHWXKATh JOCTOBEPHOCTBH OIPEICIAEMBIX B XOJE
IIPOEKTUPOBAHUSA PACYETHBIX MapaMETPOB CHUCTEM U OOOPYIOBaHUS, YTO CHUKAET
3¢ (HEKTUBHOCTD U JOJATOBEYHOCTh UX (DyHKIMOHUpOBaHUs. [1o pakTy rpyHT Ha 0OBEKTE
MOXXET COCTOATh M3 HECKOJIBKMX CJ0€B, OOJaJarolIuX pa3IMYHbIMU YPOBHIMU
IJIOTHOCTH, pPa3HbIMU TMokazarensiMu YOC, 4YTro, B CBOK OYEpEelb, BIMSIET Ha
IPOEKTUPOBAHKE U TOAO0P 3JIEMEHTOB 3aIIUTHOTO 3a3eMJIeHUs U cucTeMbl DX3. B cBs3H
C 3TUM BO3HHUKAET HEOOXOAMMOCTb M3YUYEHUSI KapThl I€0JIOrMYECKOro pa3pes3a rpyHTOB
Ha OOBEKTE, U TIPHU MPOEKTUPOBAHUU CUCTEMBI DX3 MPUHUMATHh BO BHHMAHHE TaKHUE
BA)KHBIE CBOMCTBA TPYHTOB KaK CJIOHCTOCTh M TMOPUCTOCTh, & TaKXKe OCOOEHHOCTH
KJIMMAaTH4YE€CKOU 30HBI.

Hanpumep, B r0)xHOM yactu [lepMCKOro kpast OTKJIOHEHUSI 3TUX CONPOTHUBIICHUN
OT (haKTUYECKUX 3HAYCHUI COCTaBIISIOT OT 6 10 20%, eciu npu pacyeTe CONPOTUBIICHUM
3a3eMJIMTENe TIpeHeOpedh y4E€TOM CIIOMCTOCTH U XapaKTePUCTHUK TPYHTOB U
WCIIOJIb30BAaTh YIPOUIEHHBIE METOAMKM pacueTa. B CEeBEpHOM 4YaCTU PEruoHa ITU
OTKJIOHEHUs 3HauuTenbHO Bbile (40-87%), mosToMy mnogoOHOE mpeHeOpeKeHne
CTAHOBUTCSI HEIONYCTUMbIM, TOCKOJbKY NPUBOIUT K HEAOCTATOYHOM CTENEHU

JIOCTOBEPHOCTH pacueToB [9].
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[Ipu mpoeKTUpOBaHUM HEOOXOJUMO YUYUTHIBATH HEOAHOPOJHOCTH TPYHTOBBIX
XapaKTepUCTUK, OOYCIIOBICHHYIO BIMSIHUEM TEMIIEpaTypbl Ha MPOBOJUMOCTh TPYHTA.
[Ipy >TOM TOJIB30BAaThCS PE3YyJbTaTAMU EIWHUYHBIX, TOYEYHBIX HM3MEPEHHUI,
HEAKTyaJIbHBIMU  JIaHHBIMM  HWHXKCHEPHO-T€OJIOTUYECKUX  HM3BICKAaHHWM, a Takke
CIIPABOYHBIMU JaHHBIMH HEJb3s, T.K. 3TO MOXET IMPUBECTH K BHIOOPY OMIMOOYHBIX
MIPOEKTHBIX PEHICHUN. B peallbHbIX YCIOBUAX MNPOMBIIIJIEHHON IUIONIAAKA HapamMeTphl
TPYHTA OTJMYAIOTCS OT MPUHATHIX B TEOPETHUECKUX pacuerax Mo CIEIYIOIIUM
MPUYNHAM

1) Bemnuuna YOC rpyHTa yMEHbBIIIATCS C TIyOMHOMN: TPYHT CTAHOBUTCS OoJiee
IUIOTHBIM U 0OJiee BIAXXHBIM, Ha TJIyOMHE CBBINIC MATH METPOB YacTO HAXOIATCA
BOJIOHOCHBIE CJIOU;

2) B mporiecce skcITyaTanyy MO3eMHbBIX COOPYKCHHH HEOOX0IUMO YIHTHIBATh
TOT ()aKT, UTO CO BPEMEHEM MPOUCXOUT BHIIETAYMBAHUE TIOUBBI, T. €. B OKPY>KAIOIIEM
IPYHTE YBEINYMBACTCA KOHIEHTPALUS dJIEKTPOIIUTA;

3) BcrenctBue peanu3anuu MEPONPUATHN 110 TEXHHYSCKON METHOPAIINH TOYBBI
(Hanpumep, JOKajdbHas o0pabOTKa TpyHTa C IENbIO0 MOBBIIIECHUS 3PGEKTUBHOCTH
(YHKIITMOHUPOBAHUS CHUCTEMbI 3AIUTHOTO 3a3€MJICHUS JIEKTPOOOOPYIOBAHUS) MOKET
BO3HUKHYTh HEOJIHOPOJHOCTh TPYHTOBBIX XapaKTEPUCTHUK, IPUUYEM PA3HUIIA BEIMYHUHBI
VY3C rpyHTa Ha pa3HbIX y4acTKaX IUIOIIAIKH MOXKET AJocThraTh coTHr Om M [99].

Takum o00pa3om, AEUCTBYIOIIAasT METOAMKA OLEHKHW TPYHTOBBIX YCJIOBHH (B
yacTHOoCcTH, YOC TpyHTa) Ha TEPPUTOPUU MPOMBIIUICHHBIX TUIOMIA0K HE TO3BOJISET
OMpENENUTh TaKyl0 JIOKaJbHYIO HEOJHOPOJHOCTh TPYHTOBBIX MapaMeTpoB MpH
MPOEKTUPOBAHUH cUCTEMbI D X3 TpyOONPOBOAOB U 00OPYIOBAHHUS.

B cBa3m ¢ oTtuM, pa3paboTka ajropuTMa, IMO3BOJISIONIETO OIMPEACIUTh
HEO0OXOIMMOCTh MTPOBEACHUS U3MEPEHUI, 000CHOBATh BHIOOP KOOPAMHAT M KOJUYECTBA
U3MEPEHUI B 3aBHCHUMOCTH OT YCIOBUU pacCMaTpUBAEMOTO OOBEKTa, SBISETCS
HEOOXOJAMMBIM  IIAarOM  JUIS  JOCTIDKCHHSI  TOCTaBJIEHHOM 1€ HACTOSIIETO

HCCIIECIOBAHHUS.
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4.2 CoBeplieHCTBOBAHHE METOJMKH OLEHKH HEOJAHOPOJHOCTH T'PYHTOBBIX
YCJIOBHII NP NPOEKTHPOBAHHMH  CPEICTB  JJIEKTPOXMMHYECKOH  3aIMTHI

razonedTenpoBoaoB

[TapameTpsl HEKOTOPBIX DJIEMEHTOB CHUCTEM, o0ecreunBaroInX
(YHKIIMOHHMpOBAaHUE TPYyOONPOBOAOB U OOOPYJOBaHMS MPOMBIIIJICHHBIX IJIOLIAI0K,
3aBUCHT OT YAEIBHOTO CONPOTUBIIEHUS TPYHTA, KOTOPOE OIPEEIAeT Ka4eCTBO IPYHTA, B
YaCTHOCTH €0 3IEKTPUIECKON MPOBOAUMOCTH.

[Ipennaraemast METOAMKA, IPEACTABICHHAS B BUE aJTOPUTMA IIPUHATHS PELICHUN
U BbIOOpA COOTBETCTBYIOIIMX JIEHCTBUA U MEPONPHUITHI MO YCTAHOBJIEHUIO (DakTa U
OLIEHKE CTENEHU HEOJAHOPOJHOCTU TI'PYHTOBBIX XApPAaKTEPUCTUK (PUCYHOK 4.3), MOXKET
OBITH YCIIOBHO pa3/ielieHa Ha TPU IPYIIbl MEPOTIPUATUH.

|. Ananuz Oanmnvix, nonyueHmvix 6 xo0e OYeHKu QUIUKO-XUMUUECKUX CBOUUCME
epynma

Ha cragum npoextupoBaHusi cuctembl DX3 TpyOONpoBOAOB U 000PYIOBaHUS
IPOMBIIIIEHHBIX IUIOIIAJOK IEeJIeco00pa3HO B MEPBYIO OuYepellb MPOAHATU3UPOBATH
MaTepuall, MOJYYEHHBIM B XOJ€ NMPOBEACHUS MHKEHEPHO-TEOJOTMYECKUX M3BICKAHUM,
BBIIIOJIHEHHBIX C LEIBI0 HU3YYEHHUs HWHKECHEPHO-TEOJIOTMYECKUX YCIOBHM pailloHa
(MIIoIaAKK, y4acTKa, TPACChl) MPOEKTUPYyEeMOro o0beKkTa. B Xo/e Takux U3bICKaHUM, KakK
MPaBUJIO, BBIMOJIHAIOTCS Pa3jMYHbIE BUJIbI padOT M KOMIUIEKCHBIX HCCJEJIOBAHHUNA B
cooTBeTcTBUH ¢ 1. 5.1 [71]. Ocoboe BHMMaHHME HpH aHAIA3€ HUMCIONIUXCS TaHHBIX
HE00XO0AUMO YACIHUTh pe3yapTaTram reopU3nYecKux WCCIIEIOBAHU,
TUIPOT€0JIOTHYECKUX UCCIIEA0BAHMM (TIPU pacpOCTPaHEHUH TOJI3EMHBIX BOJI), TOJIEBBIX
U 7a00paTOPHBIX HCCIEI0BaHUN TpyHTOB. B 001em ciydae olieHKa HEOJHOPOIHOCTU
IPYHTOBBIX MapaMETPOB HA TEPPUTOPHUH MPOMBIIIJIEHHON IJIOMIAAKU TpeOyeT OypeHus
CKBaKUH, MPOXOJKH IIyp(}oB, CTAaTUYECKOTO M JAMHAMUYECKOTO 30HIUPOBAHUS, C

OTIPEJICIICHIEM XapaKTEPUCTUK IPYHTOB B TIOJICBBIX U JJAOOPATOPHBIX YCIOBUSX.
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PI/IC}’HOK 4.3 - AHFOpI/ITM MCTOJUKHU OLCHKHU HCOJHOPOJHOCTU I'PYHTOBBIX YCJ'IOBI/Iﬁ

MIPH IPOCKTHUPOBAHUH CPEACTB AJICKTPOXUMHUUYECKOM 3aIIUTHI Ta30HEPTEMPOBOIOB

Kax 6b110 0T™MEdeHo, BenmnunHa Y IC TpyHTa UCTIOJIb3YETCS TJIABHBIM 00pa3oM Jist
ompeeNieHus] KOPPO3MOHHOW aKTUBHOCTH TPYHTOB, W JJISl TIOJYUYEHHS 3TUX JAHHBIX Ha
TEPPUTOPUH TPOCKTUPYEMOTO TUIOMIATHOTO OOBEKTAa MPUMEHSIIOT Pa3JIMYHBIC BHJIBI
KapoTaka M METOJBI JJEKTPOPa3BEAKH (HampuMep, dJICKTpOnpoduInpoBaHHE,
BEPTHKAIBbHOE dJIeKTpryeckoe 30HaupoBanne (B23)). [Ipu stom B pmitoxennn E [71]
PEKOMEHIOBAaHbI  CIICAYIONINE OOBEMBI BBIIOTHEHUS PadOT: pPaCCTOSHUE MEXIY

npodunsimu 50-100 M, mar o npoduitro 25-50 M. JIist onpeneneHus coctaBa U (pu3nko-
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XUMUYECKUX CBOMCTB TPYHTOB PEKOMEHIYIOTCS HAOIOMCHUS B OTIACIBHBIX TOUYKAX C
MOBEPXHOCTH, B CKBOKMHAX U IIyp¢ax, 0OJHAKO HET TPEOOBaHUH K KOJMYECTBY U MECTaM
pa3MeleHus TOYEK ISl BBIMOTHEHUS 30HAUPOBAHMUS.

PexomeHnnanuu 1o BIOOPY CXEM pa3MEIIECHHs U TIIyOMHBI TOUYEK 30HIHPOBAHUA,
O00BEMOB U TIYyOWH 30HAMPOBAHUS HMCXOIAT OOBIYHO M3 CIOXKHUBIICHCS MPaKTUKU
COBMEIICHUS OYPOBBIX CKBKUH U TOUYEK 30HAUPOBAHUS.

JIist moOBbIX BHJIOB OCHOBAHHM IMapaMeTphl Pa3BEIOYHOW CETH OIMPEACISIFOTCS
3aJlayaMy MH)XEHEPHO-TE€0JIOrHYECKON ChEMKH BHIOPAHHOTO MacIITaba U yBSI3bIBAIOTCS C
OOIIMM KOJIMYECTBOM TOYEK HAOJIOJICHHSI U TOPHBIX BBIPaOOTOK 1o Tadmuie 6.1 [71]. B
oOIIEeM ciy4yae PEeKOMEHAYETCS HE MEHEE IIECTH TOYEK 30HIMPOBAHUS ISl KaXAO0ro
reoMop(}oIOrHuecKOro 3JIeMEHTA.

Kak mpaBuio, aHHbIE MHKEHEPHO-TEOJOTMYECKUX HM3bICKAHUN HE3aBUCUMO OT
BPEMEHHU U CII0C00A X MOIYYEHHS [TO3BOJIAIOT OAHO3HAYHO CYJIUTh O TOM, SIBJISIIOTCS JIU
paccMaTpuBaeMble TPYHTOBBIE YCJIOBHUSI OAHOPOJHBIMU WM €CTh HEOOXOAUMOCTHh B
OLICHKE CTENEHU UX HEOJAHOPOIHOCTH.

I[To pe3ynbpTaTam aHanu3a JaHHBIX HHKEHEPHO-TEOJIOTMYECKUX U3bICKAaHUI MOKHO
BBIJICJIUTh HAJIMYUE WIM OTCYTCTBUE BIUSHUSA (DAKTOPBI, OCIOKHSIOUIME MHKEHEPHO-
re0JIOrMuecKue yCIoBUs (T.K. MOTEHIMAIBHO CO3JAIOLIUX YCIOBHS JJIi BO3MOXKHOIO
BIIUSIHUS HEOJHOPOJHOCTH TPYHTOBBIX XapPaKTEPUCTUK HA PE3YJIbTAThl MOCIEAYIOIINX
M3MEPEHUI, TPOLIECCOB MPOEKTUPOBAHUS U SKCIUTyaTallUU MOA3EMHBIX COOPYKEHUH).

K takum ¢akTopam oTHOCATCS:

— UCIOJIb30BaHUE HAa CTPOUTENILHOM TJIOLIAJKE HACKIITHOTO TPYHTA;

— HaJIM4YKe MOA3EMHBIX BOJI;

— BEYHOMEP3JIbIE TPYHTHI U JP.

Il. 7Iposedenue uzmepenuii u 06pabomxka noy4YeHHbIX OAHHBIX

B caywae ecnmu o0beM wuMeromieiicss WHpOpMANUM, TOJYYCHHOW B XOJE
WHKXEHEPHO-TCOJOTUYECKUX U3BICKAHUH, SBIIAETCS HEAOCTATOYHBIM I HE TTO3BOJISIET
BBITIOJIHUTD JIOCTOBEPHYIO OLIEHKY CTEIEHH HEOIHOPOJHOCTH TPYHTOBBIX XapaKTEPUCTUK
10 IUTOINAAM W MO TIIyOMHe (Hampumep, eciu corijacHo 1. 5.2 [71] pe3yabratsl

HHXXCHCPHO-T'COJTOTNYCCKHUX U3BICKAaHUH YTpaTHIIM aKTYaJIbHOCTL B CBA3H C JaABHOCTBIO
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UX TMOJIYYEHHUS, T.K. OT OKOHYAHHSI BHITIOJIHEHUS U3bICKAHUI 10 Hayaia MpOeKTUPOBAHUS
npouuio Oonee 2-3 5eT), TO PEKOMEHAYETCS MPOBEICHHUE JIOMOJHUTEIBHBIX
MEpOINPUATUNA 1O OpraHu3allid W  BbINOJHEHHIO u3MepeHudd YOIC rpyHTa
YETHIPEXINCKTPOTHBIM METOZOM B KBajpaTtHoil cetke 10 (M) x10 (M), a Taxke myTem
B33, npuyem KoiMuecTBO 30HAMPOBAHUM ONIPEENAETCs CISAYIOMNM 00pa3oMm:
— Ha HeOonpmoi mromanke (S < 400 v?) pemonnsercs ogno BD3. Ilpu sToM
LEHTP 30HUPOBAHMS JOJIKEH HAXOAUTHCS B IICHTPE WM BOJIM3U LieHTpa Oynymiero ['A3;
— mHa Oonpmmx momankax (S > 400 v?), Ha KOTOPBIX MOIYT HMMETh MECTO
HEKOTOpasi HEOJHOPOJHOCTh IO yIEIbHOMY COMPOTHUBICHUIO BEpXHETo cios (I1) u
W3MEHEHHE TOJIIUHBI ATOTO ¢J0s N1, YMCiI0 30HAMPOBaHMIA TOHKHO ObITh Oombie. [Tpu
wIomaau Koutypa S 1o 2000 2 MEHEMAIBHOE YUCIIO 30HAUPOBAHMIA:
n>S/400,
COOTBETCTBEHHO, KOIMYECTBO BO3 1151 KaXK10M CTOPOHBI IUIOLIAIKHA:
n>S/1600.
VTOYHEHHbIC 3HAUCHHS NapameTpoB 1 u h; rpyHTa Ha OONBIIUX TUIOMIAIKAX

HaxoJsATcs 1o popMyiam:

1 n

p:_zpu, (4.2)
Ly
1 n

h=—=)>h,. (4.3)
4

UNctnnHoe 3HaueHne YOC mo pe3yiapTaTaM H3MEPEHHS] YEThIPEXIIEKTPOIHBIM

METOJIOM Ha INIyOMHE, pPaBHOM PACCTOSIHUIO MEXKIY IEKTPOJAMHU ONpPENENsieTcs 10

dbopmyre:
prp:2'1-['d‘R”3M, (44)
rie  d —  PacCcTOSIHUE MEXIY U3MEPUTEIbHBIMU 3JIEKTPOJAMU, M;
Ruisw — ~ W3MEPEHHOE CONPOTHUBIIEHUE 3a3emileHus1, OM;

T — MaTCMaTHM4ICCKasa KOHCTAaHTa.
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1. Oyenxa epynmosvix ycnosuii

JI1st mosrydeHust IpeACTaBICHUS O BO3MOXHBIX U3MEHEHUSX 3JIEKTPOIPOBOIHOCTH
IpyHTa B Pa3IMYHBIX TOYKAX MPOMBINIJICHHON TUIOMIAJKM B MPOLIECCE dKCILTyaTalluu
o0BeKTa HEOOXOIWMO OTOJHUTEIHLHO YUYWUTHIBATH BO3JCHCTBHE ECTECTBEHHBIX U

UCKYCCTBEHHBIX (DaKTOpOB Ha n3MeHeHue BennuuHbl Y DC rpyHTa (pucyHOK 4.4).

®Qakmopsl, Bauswwue
Ha 3nekmponpoBodrocms 2pyHma

| EcmecmBennsie gaxmopsi HckyccmBerHsie pakmops
—— ‘ "
| emod
;Temnepamgpai | BnaxHocme odpadomku | ‘Hn/lomHeHue‘
- ~ e 2pyHma | = '
[Mopucmocms |

Pucynox 4.4 — Knaccudukanus ¢pakTopoB, BIUSIONINX HA AJIEKTPOIPOBOIHOCTh

rpyHra 111

Jliist momy4yeHust 60ee TOCTOBEPHBIX JAHHBIX 00 AJIEKTPOIPOBOJIHOCTH IPYHTA B
PAa3IMYHBIX TOYKAX MPOMBIIUICHHOM MIJIOMIA/IKH, @ TAKXKE JJISI TOJTyYEHUSI TPEACTaBICHUS
00 U3MEHEHUH YJIeIbHOTO JIEKTPUUECKOTO COMPOTUBIICHUS TPYHTA C LEbIO TOJTyYEHUS
€ro MHUHHUMAJILHO BO3MOXXHOTO 3HA4YeHUS HEOOXOJMMO JOTOJHUTEIHHO YYHUTHIBATH
BO3/IeCTBUE (PAKTOPOB, KOTOPHIC MpejIaracTcsl pa3/ieIuTh Ha JIBE TPYIIIIbI:

1) EcrecTBeHHbIE:

— TMOPUCTOCTh, KOTOpasi 00yCIaBIMBAET CIOCOOHOCTh TOPHBIX MOPOJ BMEIATh
KUJKOCTh WK Ta3. OJIHAKO MOPUCTOCTh HE SIBJISETCS JOCTATOUYHOM XapaKTEPUCTUKOMN
COCTOSIHUS TPYHTA, MOATOMY P pacdeTax MPUMEHSIOT KOA(h(UIIMEHT MOPUCTOCTH —
MoKa3aresib IUJIOTHOCTH TPYHTA, KOTOPBIM ITOKAa3bIBAET COOTHOIICHHE OO0BEMa IOp

oOpasiia kK 00bemMy, 3aHUMAEMOMY €T0 TBEPIBIMU YaCTUIIAMH.
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— BIIQXHOCTh - TPYHTBI B CYXOM COCTOSHUM O00JIaat0T OOJBIIUM YICTHHBIM
COMPOTUBJICHUEM, T.€. MPAKTUYECKU TOK HE MpOBOAAT. OCHOBHOM MPOBOJHUK TOKAa B
TPYHTE — TO €r0 JKHUJKasl 4acTh, T.€. HOUYBEHHBIN pacTBOp. CTENEHb BIAXHOCTU I'PYHTA,
Wi KO3(h(OUIMEHT BOIOHACKHIIIEHHOCTH — 3TO OTHOIICHHWE €CTECTBEHHOW BIIAKHOCTH
IPYHTA K BJIQXXHOCTH IIPU MOJIHOM 3aIIOJTHEHUU TTOP BOJOM.

— TeMmreparypa - YOC rpyHTa 3HAUHATENIBHO BO3PACTAET NPU YMEHBUIEHUU €TI0
TeMIepaTyphbl.

2) UckycCcTBEHHBIE:

— MeTof, 00paboTku. CylecTBYeT TpU METOJIa CIeHMaIbHON 00pabOTKH TpyHTA:
HACBIIEHNE TPYHTA JIETKOPACTBOPUMBIMU COJISIMH, 3aMEHA YaCTU TPYHTa MATEPHUAIIOM C
MOBBIIICHHON MPOBOJUMOCTBIO, BBEJICHHE B TPYHT CJIa0OpacTBOPUMBIX B BOJE
COCIVHEHN.

BBeneHne B rpyHT JIErKOPACTBOPUMBIX COJIEH IMO3BOJISIET CHU3UTh TEMIIEPATYPY
€ro 3aMep3aHusi, MpeAoTBpallas MOHUKEHUE €ro MPOBOJAMMOCTH B YCIOBHUSIX HU3KHUX
TEeMIepaTyp, 4To, B CBOIO OYEpE/lb, CHIDKACT MOKA3aTEIN CE30HHBIX KOA()PUIIMEHTOB
WM3MEHEHHUS COMPOTUBIICHUS 3a3€MJICHHUSI.

3ameHa oObema TpyHTa MPOBOASIIMM  MaTepuajoM C  TOBBIIIEHHON
MIPOBOJIMMOCTHIO, B YACTHOCTH UCTIONIB3YIOTCS TJIMHSIHBIC WM OCHTOHUTOBBIC CYCIICH3UH.

B pesynbrare mpumeHeHus ciaabopacTBOPUMBIX B BOJE DJEKTPOTPOBOASIINX
BEILIECTB, MMOCJe 00pabOTKU TpyHTa CO3AaETCs MPOBOISIIIIAsI 30Ha, HEPACTBOPHUMAs B BOJIE
Y COXPAHSIOIIAsi CBOM CBOMCTBA 3HAYUTEIbHBIA MEPUIIO BPEMEHH.

— YIUIOTHEHUE - TOBBIIIEHUE DJIEKTPOIPOBOJHOCTH 3aBUCHUT OT YBEJIUYCHHS
JIaBJICHHUSL.

Ucxons u3 pe3ynbTatoB onieHkH YOC TpyHTa W HaIW4usi CBOOOJHOMW TUIOIIAIN
MIPOU3BOJIAT BHIOOP THIIA AHOIHOTO 3a3€MJICHHS M ONPEACIISIOT MECTO €r0 pa3MelleHUs
(xak mpaBui0, B 30He HauMeHblero Y C rpyHTa).

Jlasniee BBIMOTHSIOT BBIYMCIICHUE JICKTPUUECKUX XapaKTEPUCTUK TPyOOIPOBOIa.
Pacuer mapamMeTpoB BEIMYMH JJICKTPOXUMHUYECKOW 3aIUThl MPOU3BOAUTCS B

cooTBeTcTBUH ¢ [82].
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Ha 3akmrountensHOM 3Tame MpOM3BOAST BHIOOP THMA aHOJHOTO 3a3€MIICHUS.
Br160p Tuma aHoJHOTO 3a3eMIICHHS OCYIIECTBIIAIOT C YUETOM CIEAYIOUINX (DaKTOPOB:

— CHJIBI TOKA KaTOJHOW yCTaHOBKH;

— CBOMCTBA I'pyHTa B MECTE pa3MEILEHUs 3a3eMJIEHUS (YAECIbHOE COPOTUBIICHUE
I'pyHTa, TTyOMHA pOMep3aHus);

— pacHoJIOKEHUS 3aLUIIAEMOTr0 00BEKTa U JPYTUX MOA3EMHBIX METAIUTMUECKUX
COOPY’KE€HUI IO OTHOIIEHUIO K aHOAHOMY 3a3EMJIEHUIO.

KoHkpeTHOE MECTO MOHTa)Ka U THUIl aHOJHOTO 3a3€MJICHUS ONPEICIIAIOT UCXOAS
u3 yIEIBHOTO COMPOTUBJIECHUS IPYHTAa, pEe3yNbTaTOB BEPTUKATILHOTO
AJIEKTPO30OHIMPOBAHUS, TOMOIPaPUUECKUX OCOOCHHOCTEH MECTHOCTH, YCJIOBHUUI
3eMJIC0TBOJA U y100cTBa oAbe3aa. i npoTsKeHHBIX KaOeIbHBIX aHO0B (B TOM YHCIIE
Ha OCHOBE 3JIACTOMEPHBIX MAaTEPHUAJIOB) YCJIOBUS MPUMEHEHUS ONpPENEIsioT B
COOTBETCTBHUM C PEKOMEHJALMSIMH OPraHU3alui — U3TOTOBUTEII.

Beibop Ttunma A3 mnOpou3BOAAT HUCXOAS U3 YACIBHOTO 3JIEKTPUYECKOTO
COMPOTHUBJIEHUS TPYHTA U HATMYUS CBOOOTHOM IIOIIA IH:

— B TPYHTax € yJEeIbHBIM JIEKTPUUECKUM CONpOTHUBIIeHHEM HE O6osee 50 Om M
ClIelyeT MPUMEHSITh COCPEAOTOUYECHHBIE U pACIpPEEICHHbIE MOANOBEPXHOCTHBIE A3 C
UCIIOJIb30BAHUEM  MaJOpPaCTBOPHMBIX  JJIEKTPOAOB. OTH  3a3€MJICHUS  CIEIYET
yCTaHaBIMBaTh Ha TNyOuHy A0 10 M M HuUXKe TIIyOWHBI CE30HHOIO MPOMEpP3aHMs.
Pa3menienue MOJITMOBEPXHOCTHBIX 3a3eMJICHUI clenyeT MIPOEKTUPOBATH
IPEUMYILECTBEHHO HA HEKYJIbTUBUPYEMBIX 3EMJISX;

— IpU OTCYTCTBUM CBOOOJHOM IUIONIAJM U HAJIMYUU HA TIIyOMHE IJIACTOB C
yAEJIbHBIM CONPOTUBJICHUEM B JIBa pa3a MEHBILIHUM, YEM MOBEPXHOCTHBIE TPYHTHI (110
JaHHBIM BEPTUKAJIBHOTO 3JIEKTPUYECKOTO 30HIMPOBAHNSA), HEOOXOJUMO HCIOIb30BATh
riyorHHble aHojHble 3a3emuieHust (I'A3). I'myOuHHbBIE 3a3eMJIEHUSI YCTAaHABIMBAIOT B
CHELHMAIBHO MPOOYpPEHHBIE CKBAKUHBI,

— B CKaJbHBIX M MHOTOJICTHEMEP3JIbIX TIPYHTaX TNPUMEHSIOTCS TIIyOUHHBIE
aHOJIHbIE 3a3eMJICHUS. B 1eNsIX CHIXKEHMSI 3aTpaT Ha CTPOUTENIbHO-MOHTaXHbIE padOThI

U JAIbHEWIIYI0 DKCIULyaTallMI0 3a3¢MJICHMHM B OJTUX TPYHTAX CIEAYET NIPUMEHATH
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OpoTsSUKeHHbIE A3, yKiIagplBaeMbleé B TpPaHIICD BMeCTe C TpyOOmpoBOAOM Ha
MaKCHUMAaJIbHOM PacCTOSIHUM OT €r0 TOBEPXHOCTH.

B cucreme OX3 mpOMBINUICHHBIX IUIOMIAJIOK KaK MPaBUJIO HCIONb3yeTcsa A3
KOMOWHUPOBAHHOTO THTIA (COCPEIOTOUYCHHBIE MU PacpeieICHHBIC TTOIMIOBEPXHOCTHBIC
A3 u rnyOunnbeie aHonanble 3azemuieHus (I'A3)). [Ipu 3TOoM I mpoeKTUpPOBaHUS
cucteMbl DX3 B ciaydae ucnoib3oBanus ['A3 nmocratouHo gaHHbix BO3 Ha 5 M Huxe
MPOEKTUPYEMOM TIIyOUHBI €r0 MOrPY>KEHHUS.

JIns OLICHKH CTENEHW BIUSHUS HEOJAHOPOAHOCTH TPYHTOBBIX YCJIOBUW Ha
napaMeTphbl ToKopachpeneleHuss B cucteMe 2IX3 W HEOOXOAMMOCTH BHEIPEHUS
MEPOIPUSTUIN 110 TOBBIIECHUIO YPHEKTUBHOCTH 3aIIUTHI MOJ3EMHBIX TPyOONPOBOJIOB OT
KOPpPO3UHU BBEJAEM HOBBIH KpUTEpHUil - KOIPPUUMEHT HEOAHOPOAHOCTH I'PYHTOBBIX
xapakrepucTuk Ky.

Ilopsigok pacuera:

1. Omnpenencuue cpeanero YOC rpynra, Om M, o popmyie (4.1).

2. Ompepnenenune K, OM'M — ko3duimenTa HEOAHOPOIHOCTH TPYHTOBBIX

XapaKTEPUCTHUK
Y(0i-Pep)
K, = |22l (4.5)
nn-1)
191 (RS —  cpennee 3HayeHue Y OC rpynra, OMm-m;
Yo, —  3n"auyeHue YDC rpyHTa, MoJydeHHOE ITPH MPOBEIACHUH | H3MEPCHHI,
Om-Mm;
n — o0mmee KOJMYECTBO Yy4acTKOB /| HWHTEPBAJIOB, HAa KOTOPBIX
MIPOBOAMIIHCH U3MEPEHUs yACJIBHOTO AIEKTPUUYECKOTO

COTIPOTHUBIICHUS TPYHTA.
3. CpaBHeHHE C KpUTEPUATHLHBIM 3HAUYCHUEM!
—  0<K;<10 — omHOKOMMOHEHTHAs Ccpe/a, TPYHTOBBIC XapaKTEPUCTUKH YCIOBHO
OJTHOPOJIHBI,
K:>10 — MHOrOKOMIOHEHTHas  cpega, HEOoOXOJUMO  YUHUTHIBATh

HCOAHOPOAHOCTL 'PYHTOBLIX XapPaKTCPUCTHK.
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Ecnu rpyHT MOXHO CUMTATh OJJHOKOMIIOHEHTHOW CPEIIOW, TO JJISI NAIbHEUIINX
pacueToB, HEOOXOAMMBIX MpPH MPOCKTUPOBAHWU cuUCTeMbl DX3 TpyOONpPOBOIOB U
000pyI0BaHus, 11€J1eCO00Pa3HO MOJIB30BATHCS OOIIECTIPUHATON METOJUKON ONPEICTICHUS
cpennero 3HadeHus YOC rpyHta o ¢opmyne (4.1). B ciydae, ecinu o pesynbrataMm
pacyeTta k03P puUIIMEHTa HEOIHOPOJHOCTH IPYHTOBBIX XapaKTEPUCTUK TPYHT YCIOBHO
MO>KHO CUUTAThb MHOTOKOMITOHEHTHOM Cpeliof, TO TPyHT HEOOXOIMMO paccMaTpUBaTh
KaK T€TEpPOre€HHYI0 CTPYKTYPY U pacueT uHTerpaibHoro Y IC rpyHTa BBIIOJHSIOT Ha
OCHOBAHMHM CHUCTEMbl YpPaBHEHHUW [JIsi YKa3aHHBIX JUANa30HOB OCHOBHOW CpEJibl
Rocu € (40-200) Om-M, mpumecHoit cpeasl Rupum € (100+700) OM-M 1 00beMHOU
KOHLIEHTpaluu MepBoil (mpumecs) cpenbl Bo BTopoi (ocHoBHas) Ve (0,05; 0,4) oTH. en
[29, 44, 81], xoTopbie HCHOJB3YIOTCS B COOTBETCTBYIOIIMX OOJACTAX M CIIydasx B
3aBUCUMOCTH OT BHJIa HEOJHOPOJHOCTH, a TaKK€ B 3aBUCUMOCTH OT PACIOJIONKEHUS
rereporeHHsIx kommnonentos [108, 109, 112].

[IpennonoKuTenbHO AJIs 3a1a41 UCCIIEIOBAaHMUS, 3aKITFOYAOLIEHCS B OIIPEICIICHUN
HEe 0000IIIEHHOTO, @ UHTETPAJIBHOTO YACIBHOTO AJIEKTPUUECKOTO CONPOTUBIICHUS TPYHTA,
o0JaaronIero  HEKOTOPOM  HEOJHOPOJHOCTHIO  €ro  KOMIIOHEHTOB, HaumOojee
JIOCTOBEPHBIE pE3yJabTaThl MOXHO OXHJAaTh TMPU HUCHOJIB30BAaHUU GOPMYHT ISt
CTaTHCTUYCCKUX CMECEH ¢ HeOTHOPOAHBIMU KoMIIOHeHTamu [31].

Ipumep.

Ha muomaake  HE3HAYMTENBHO  pa3BUTHI  MpoIEcChl  3a00JIauyMBaHUA,
00yCJIOBJIEHHBIE 3aTPYIHEHHBIM TTOBEPXHOCTHBIM CTOKOM M CJIa00# (pMIIbTpaliuei.

B pesynprare aHamu3a npoCTpaHCTBEHHOM M3MEHUYMBOCTH YACTHBIX NOKAa3aTesen
CBOMCTB T'PYHTOB, C YUYE€TOM JIMTOJIOTMYECKUX OCOOCHHOCTEHW Ha IUIONIAJKE BbIACICHBI
Bce 19 MHXEHEPHO-T€OJOTMYECKUX JIEMEHTOB.

[TouBeHHO-pacTUTENbHBIA c70M MomHOCThIO 0,2-0,3 M pa3BUT Ha IUJIOMIAJKE
MPaAKTUYECKU TTOBCEMECTHO, OTCYTCTBYS JIMIIIh HA 3a00JIOYEHHBIX yUacTKax U y4acTKax,
3aHITHIX MAJOMOIIHBIMH HAachITTHBIMU TpyHTamu (UI'D 10) oTBanoB kaHas.

Ha ocHOBaHUM BBINMOJIHEHHBIX U3BICKAHUI B pailoHe pazMenieHus miomanku KC,
HC u Tpacc BHEMJIONMIAI0YHBIX COOPYKEHUI, B 3aBUCUMOCTH OT COCTaBa U COCTOSIHUS

I'PYHTOB, BBIACIICHO 20 HHXXCHCPHO-T'COJIOTHICCKUX 3JICMCHTOB.
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K coBpeMEeHHBIM 06D330B21HI/I$IM OTHOCSTCS.

Texnorennsie 00pazoBanus (tIV)

NI'D la - HaceimHble TpyHTHI. [IpencTaBieHbl TPyHTaMHU JIOPOKHOIO IOJIOTHA
IIEpeceKaeMor TpacCaMM BHEIUIOIIAJOYHBIX KOMMYHMKAIIMK aBTOAOpPOru. B cocrase
ATUX TPYHTOB MPEJCTABIICHBI JAPECBSHO-IIIEOHUCTHINA TPYHT, MECOK PAa3HO3EPHUCTHIN U
nepesonayeHHbIe HIbKeIexKaIie TIMHbpl. MakcuManbHas MoIHocTh — 1,0 m.

NI'D 16 - HacemHble TpyHTHL. IIpencraBiieHbl MepeIoNnavyeHHbBIMU TPYHTaM
OTBaJIOB, 0OPa30BaHHBIX IMPHU CTPOUTEIHLCTBE MEJIUOPATUBHBIX COOPYKECHHM, PEAKO C
BKJTFOUCHHUSAMHU OMTOTO Kupmuda. MomHOCTs oTBaIoB Kojieoercs ot 0,3 1o 1,6 m.

buorennsie orinoxenus (bIV).

NI'D 1 — Topd KOpUUHEBBIN €l1a00 PaA3JIOKUBIIUICS, BIAKHBIM U HACBHIIIICHHBIH
BOJIOW. 3aJieraeT B BUJIC JIOKAJBHBIX ISITEH, €M0 MOITHOCTh HE TpeBbimaeT 0,8 m.

CDGIIHC‘IGTBCDTI/IIIHBIC OTJIOKCHHUA IIPCACTABJIICHBI O3CPHO-AIIIOBUAJIbBHBIMU

otnoxxenusimu (lall€), cpenu koTophIxX BbiEeHBI ciaenytomue NUI'D:

NI'D 3 — CyrmuHOK JIETKUN MBIJIEBATHIN, TEMHO-KOPUYHEBBIN, TYyTrOTUTACTHYHBIH,
cinabo3aropdoBanHblii. COAEPKUT YacThle JTUH30BUIHBIE MPOCIon Topda. 3aneraer ¢
ITOBEPXHOCTH NPEPBIBUCTHIM CJIIOEM MOIIHOCTHIO 0,9 M.

NI'D 4 — CyrinuHOK JETKUH MbUIEBATHIN, TEMHO-KOPUYHEBbBIN, MATKOILJIACTHYHBIN
C MPUMECHIO OPraHUYECKHX BellecTB. VIMeeT JIOKalbHOE pacnpoOCTPaHEHUE, €ro
MOIIHOCTE Koseoserces ot 0,3 mo 1,2 M.

NUI'D 6a — I'nnHa neHTOYHas, Jerkas, KOPUYHEBas W KOPHUYHEBATO-CEpas,
MSTKOTUTACTUYHAS, ¢ TOHKUMH MPOCIOMKAMU MbLUIEBATHIX MECKOB, HACHIIIIEHHBIX BOOM,
C IPUMEChI0 OPTAaHUYECKUX BEIIECTB.

UI'D 66 — I'nuna IneHTOYHAas, JierKas, KOpPUYHEBas W KOPHYHEBATO-cepas,
TYTOIUIACTUYHAS, C TOHKUMU MPOCIOMKAaMH MbUIEBATHIX ECKOB, HACHIIIIEHHBIX BOJOM, C
MPUMECHI0 OPTaHNUYECKUX BEILIECTB.

UI'D 6B — I'nmHa neHTOYHAs, Jerkas, KOpUYHEBas U KOPHUYHEBATO-CEpas,
MOJIYyTBEp/Aasi, C TOHKUMHU MPOCIOMKAMHM TBUICBATHIX MECKOB, HACBIIICHHBIX BOJOU, C

IMPUMCCBIO OPTraHNYCCKHX BCIICCTB.
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Jlentounsie ruHbl UI'D 60, 6B pacnpocTpaHeHbl NPAKTUYECKA MOBCEMECTHO B
BUJIC KPYMHBIX MPOCIOEB MOIIHOCTBIO 0 6,5 M, 4aCTO BBIXOJSIIMX Ha MOBEPXHOCTD.
Xapaktepusyercss TOHKOU CIIOMCTOCTbIO, I3MEHUYMBOCTBIO COCTaBa CJIOEB, YTO BEACT K
pa3dpocy (u3HUECKUX CBOMCTB IpyHTa B pe3ylbTaTe €ro HeoJHOpoaHOCTH. Taxxke
JICHTOYHBIE TJIMHBI O00JAJal0T BBIPAKEHHBIMU THUKCOTPOIHBIMH CBOMCTBAMHU - MpHU
HApYIIEHUU €CTECTBEHHOTO 3ajeraHus W (WIM) NpU NPUIOKEHHH JTUHAMUYECKON
Harpy3kd MpUOOpETAIOT TEKYYEIUIACTUYHYI0 M TEKYy4Yyl0 KOHCUCTEHLHIO, YTO
3HAYUTEIHHO CHMXKAET UX HECYIIYIO CTIOCOOHOCTb.

HUI'D 7a — Cynech mbuUieBaTas cepoBaTO-KOPUYHEBAs], IIACTUYHASA, C TOHKHUMU
MPOCIIONKAaMHU TeCKa MbLJIEBATOTO BIAXKHOIO U HACBHIILIEHHOT'O BOJOM.

NI'D 76 — Cynecs cepoBaTO-KOPUUHEBas, TBEPAAsl, C TOHKUMU IIPOCIONKAMHU IEeCKa
NBUIEBATOrO BJIAYKHOTO U HACBIILIEHHOTO BOJAOK.

IIo OTHOLIEHHUIO K TJIMHAM U CYIJIMHKAM UMEIOT IOJYMHEHHOE 3HAYCHHUE, 3aJeras
Ha pa3HbIX MIyOMHAX B BUJE MIPOCIOEB U KPYMHBIX JUH3 MOLTHOCTHIO OT 0,5 10 1,0 M.

Cynecu MI'D 7a m 70 Takxke o0JaarOT THUKCOTPONHBIMH CBONCTBaMH, HO
BBIPAKEHHBIMU B MEHBIIIE CTEIICHHU, YEM B JICHTOUHBIX TJIMHAX.

NUI'D 78 — Ilecox mbLIeBaThId, CEPO-KOPUYHEBBIM, CPEAHEN IUIOTHOCTH,
HACBIIIEHHBIN BOJOW. 3aJIeraeT B TOJIIE CYNECEH, CYIJIMHKOB U IJIMH B BUJE OTJEIbHBIX
JIMH3 MPOTSHKEHHOCTHIO 110 10-15 M 1 MOIIHOCTRIO 710 2,5 M.

O3zepHO-aJTIOBUANIBHBIE CYTJIIMHKH, PEO0Ialaloiie B re0JIOTMUYEeCKOM pa3pese,
XapaKTepU3yroTcsl OONBIION H3MEHYMBOCTHIO TIPaHYJIOMETPUUECKOIO COCTaBa U
KOHCHUCTEHLIUU, B PE3YyJbTAaTE YEro CPEAM HUX BBIACISIOTCA CIEAYIOLIME MHXEHEPHO-
r€0JIOTHYECKUE DJIEMEHTHI (CIIOM):

NT'D 8a — CyrnuHOK TSXKETbIi, pexe JIETKUH, bIIEBAaThli, KOPUUHEBBIN, TBEPBI,
C YacThIMU TOHKHUMH IMPOCIONKAaMU MbLJIEBATOTO IMECKa BIAXKHOTO U HACHIIIEHHOIO
BOJIOM.

NI 86 — CyrnuHOK JIETKHUIA U TSDKEITBIN MBUIeBATHIA, KOPUYHEBBIN, IOy TBEP/IbIH,
C YacThIMU TOHKHUMH IMPOCIONKAaMU MbLJIEBATOTO IMECKa BIAXKHOTO U HACHIIIEHHOIO
BOAOW. MIMeeT npakThuecky MOBCEMECTHOE PAaCIPOCTPAHEHUE, CIarasi OCHOBHYIO 4acTh

T'€0JIOTHYECKOTO pa3pe3a Ha JAHHOM YYaCTKe M3bICKaHUH.
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NI'D 88 — CyriIMHOK JIErKW MbUIEBAThIA, KOPUYHEBBIN, TYTOIUIACTUYHbBIN, PEXKE
MSATKOILJIACTUYHBIN, C YACTBIMU TOHKUMH IPOCIOWKAMU IBUIEBATOrO MECKa BIAXXHOTO U

HaCbIIICHHOI'O BOHOﬁ. Takxe UMeeT JT0KaJIbHOE PacipoCTpaHCHHUC.

HuxHedyeTBEpTUYHBIC  OTJIOKEHHSI  MPEACTABICHBl  JICIHUKOBO-MOPCKUMU
CYIJIMHKaMHU, peako- cynecsimu (gmlsz). Cpenu Hux Boiaenstores caeayromue UT'D:

NUI'D 8r - CyrnuHOK JETKUW U TSKEIbIM, MbLIEBATHIA, KOPUYHEBBIN, TBEPABIA C
rpaBueM U ranbkoi 10 10%, ¢ eTMHUYHBIMY BaTyHaAMU.

NUI'D 8x - CyrmuHOK JErKuii, MbUIEBAThIM, CBETJIIO-KOPUYHEBBIN MOTYTBEPABIA C
rpaBueM u rajbkou 10 10%, ¢ eTMHUYHBIMU BaTyHaAMM.

NI'D 8e — Cynecsk nbuieBaTas, TEMHO-KOPUYHEBAS, TIJTACTUYHAS.

NI'D 8x — Cynech nblieBarasi, TBepaasi.

JlodueTBepTHUHBIE TTOPOALI BepxHero aesoHa (D3uh?):

UI'D 9 — TI'muna romyOas u cepas, TBepjas, TOHKOCIOUCTas C MPOCIOSIMHU
MECYaHUKOB, AJI€BPOJIUTOB, APTHILTUTOB, U3BECTHIKOB, MECTAMU apTUJUIMTOINOI00HAS.

NI'D 10 — Ilecuanuk cepplil, O4EHb HU3KOW NMPOYHOCTH, CHIIBHO BBIBETPEIIBIN 10
COCTOSIHUS M1E€CKA MbUIEBATOrO.

Ha otnenpHbIX yyacTKax IJIOIIAJKH OTMEYAIOTCS 3a00J0UEHHBIE YYaCTKU B BUE
OTJICJIbHBIX MSTEH HE3HAYUTEIBbHON MPOTKEHHOCTH. MOIIHOCTH TOp(ha, BBIIETIEHHOTO B
NI’ 1, ve npesbimaet 1,0 M.

Takxe ¢ TOBEpXHOCTH JIOKAJIbHO Pa3BUTHI ciiabo3atopdoBanHbie cyriuaku NI 3
U CYIVIMHKU C TIpUMEChIo opranudeckux BemectB UI'D 4. MIx momHOCTh KoseOaeTcs
ot 0,3 10 0,9 m.

[IpakTHyecku MOBCEMECTHO Ha IUIONIAJIKE PACIIPOCTPAHEHbI CPEAHEUETBEPTUYHBIE
03€pHO-AJUTIOBUAJIBHBIE  OTJIOKEHUS, MPEICTABICHHbIE  JICHTOYHBIMU  TJIMHAMU
TYromjacTU4HOM M mosryTBepaod koHcuctenuuu (MUI'D 606, m 6B), 3aneraromiue, Kak
npaBuiao, ¢ moBepxHoctd g0 Tayomd (2,0:9,0) m. UMX MoOIIHOCTE KoOJIEOIETCs
oT 1,0 10 8,5 M. AOCOJIFOTHBIEC OTMETKH ITOIOIIBEI ICHTOYHBIX IJIMH KoyieomroTes oT 120,6
o 127,7 m.

[Ton T€HTOYHBIMH TTTMHAMH HPEPHIBUCTBIM CIIOEM 3aJIETAIOT CYIECH IIaCTUYHBIE

u tBepapie (MU' 7a u 70), CyrJIMHKU TBEPIOM, MOJYTBEPAOM M TYroOIUIACTHYHOMN
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koHncuctennuu (MI'D 8a, 86 u 8B), a Taxke necku meineBateie (MI'D 78). MomHOCT
cynecelt konebaercs ot 0,6 1o 7,4 M, cyrnuuakoB oT 0,6 10 2,7 M, IECKOB MbUIEBATHIX OT
0,7 no 3.4 m.

Ha aGcomtotabix otmetkax 119,8 — 124,4 M Tonma o3epHO-aJLTIOBHUATIBHBIX
OTJIOKEHUW MOACTUIAETCS JEAHUKOBO-MOPCKUMHU OTJIOKEHUSIMU HUKHEYETBEPTUUHOTO
BO3pacTa, MPEJCTAaBICHHBIMU CYTJIMHKaMU TBEpIbIMU U ntoryTBepAbiMu (UI'D 8r u 81) u
cynecsiMH mIacTUYHbIMU U TBepAbIME (I3 8e u 8x). JIeTHUKOBO-MOPCKUE OTIIOKEHUS
3QJIETAl0T Ha BOJIHUCTOM TOBEPXHOCTH KOPEHHBIX BEPXHEIAEBOHCKUX MOPOJ B BHUIIE
OTAEJBHBIX MTPOCJIOEB U JINH3 MOIIHOCTHIO OT 0,5 10 5,7M.

B ocHOBaHuU reosiornyeckoro paspesa Ha riamyounax ot 7,8 M 1o 14,1 m 3anerarot
BEPXHEJICBOHCKHE OTJIOKEHUS, NPEACTABICHHBIE TJIMHAMH TBEPJON KOHCUCTEHIIWH,
YacTO apriuUIUTONONO0OHBIMH, C MPOCIOSIMHU IMeCUaHuKoB U aneBponuToB (UI'D 9) u
NecYaHMKaMH, CHJIBHO BBIBETPENBIMHU 70 coctosiHusg necka (MI'D 10). MakcumanbHas
BCKPBITasi MOIITHOCTh KOPEHHBIX MOPO]T COCTABISET 5,8 M. AOCOIOTHBIE OTMETKHU KPOBITU
JICBOHCKHMX OTJIOKEHHH KoneomoTes ot 115,5 mo 121,1 m.

[Ton3emHble BOABI BCTPEYEHBI BCEMHM CKBaXXMHAMH. BOJOHOCHBIM TOPU30HT
NPUYypOUYEH K TBUICBATHIM TMECKaM U CYyMHecsIM C TPOCIOSIMH TECKOB O3€pHO-
AJUTIOBWJIBHOTO TEHE3WMCa U MMEET YCTAHOBUBIIMICS YpPOBEHb B HMHTEpBalie TIyOWH
2,5-6,5 M (Ha abcomoTHBIX oTMeTKax OoT 124,0 mo 125,7 m). PacueTHblii ypoBeHBb
NOJ3EMHBIX BOJ OyzAeT pacnonararbes Ha 0,92 M BbllIe 3aMEPEHHOT0 MPU U3bICKAHUSX.
O6a ypoBHS TOKa3aHbl HA UHKEHEPHO-TEOJIOTUYECKUX pa3pe3ax.

B cBs3u ¢ Tem, 4TO pailloH HAXOIUTCS B 30HE M30OBITOUHOIO YBIIAXKHECHUS, B
MEepPUOAbl CUJIBHBIX JOXJACH M BECEHHEro CHETOTasHUSI B YCJIOBHUSX HAPYHIEHHOTO W
HEO0OECTIEUeHHOTO TIOBEPXHOCTHOTO CTOKA, Ha 3a00JOYEHHBIX y4YacTKaX, CIIOKEHHBIX
cyrinuHKamu u cynecsmu, Ha riayoune (0,0+-0,5) M Oyner pa3BuBaThbcs BEpXOBOKA.

HopmatuBHas riyOuMHa mpoMep3aHwsi, pacCCUMTaHHAs MO JIAHHBIM METEOCTaHITUH,
JUISL CYTJIMHKOB U TJIMH COCTaBIIsIET 27 CM, JJIs CyTecei U MecKOoB MblIeBaThix — 187 cm.

[lo oTHOcUTENnbHON aAedopManMM My4deHUs MsrkomiactuyHele rivHbel W'D 6a
OTHOCSITCSA K CUJIbHOITYYHHUCTBIM, TYTOILUIACTHYHbIE TJIMHBI uros

60 — K CpeIHENy4YMHHUCTBIM, TOJNyTBepAble TiMHbI WID 6B © CyrauHKH
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80 — K Cla0OMyYHMHHUCTHIM Pa3HOBUAHOCTSAM TPYyHTOB. TBepawie cymecu UID 76 u
cyriuaku UI'D 8a saBisitoTcs NpakTHYeCKH HEIyYMHUCTBIMH.
N3mepenne 3HaueHnin Y OC OCyIIECTBISUIOCH B IIOJIEBBIX YCIOBHIX U3MEPUTEIEM

conportusienuss MRU-101. Pesynbratel npuBeaeHs! B Tabmuie 4.1.

Tabnuua 4.1 — Pesynbrarsl u3mMepenuii 3Hauennit Y2 C

MecTo u3MepeHus 3nauenne YOC rpynra, OM-M Jnuna ygacTtka
T1 11 170
T2 85 230
T3 51 150
T4 32 250
TS 15 100
T6 74 300
T7 93 210
T8 13 190

O3HaKOMMBIIUCh C JAaHHBIMM HW3MEPEHUSMH, Mbl BHUAUM, YTO 3HAYEHUSA B
HEKOTOPBIX KBaJIpaTax OY€Hb CUJILHO PA3HATCS, HA OCHOBAHUHU YEr0 Mbl MOXKEM CJIeJIaTh
BBIBOJl O TOM, YTO TPYHT Ha TEPPUTOPHH 00Ja/laeT BBHICOKON HEOHOPOTHOCTHIO U
COOTBETCTBEHHO PacCUUTHIBaTh cpeaHee 3HaueHue YOIC mo obmienpuHsaTon dopmylie
HEBEPHO, OTO OyAeT CYIIECTBEHHO BIMATH HAa TApaMETPhbl, PACCUUTAHHBIC MPHU
MIPOEKTUPOBAHKUU CPEACTB DX3.

Paccunraem cpennee 3naueHne YIC rpyHTa o cymectByromei ¢popmyte (1.2):

_ 16002
Pep = (170 230 150 250 100 300 210 190)2
Vi1 V85 51 /32 V15 74 +93 13

= 33,7 (Om - M)

Opnako, HCXOAs W3 pPa3HUIBI CPEIHEr0 W MaKCHMMaJIbHOI0/MUHUMAIbHOTO
YIEIBHOTO AJIEKTPUUYECKOTO COMPOTUBIECHUS TPyHTa, OUYEBHUIHO, YTO OOOOILIEHHOE
CpellHee 3HAYEHUE HE OTPaKaeT peajbHBIX TPYHTOBBIX YCIOBUH Ha OOBEKTE, HE
MIO3BOJIAET BBIMOJHUTh OLEHKY KOPPO3MOHHOM AaKTHUBHOCTH TPYHTA M  MOXKET

CYmCCTBCHHO CHHXATb AOOCTOBCPHOCTL OIIPCACIKICMBIX B XOJC IMMPOCKTUPOBAHUA
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pacyYeTHBIX TapaMETPOB CUCTEM W OOOPYIOBaHUS, YTO HETATUBHBIM OOpa3oM BIUSET
3¢ (HEKTUBHOCTH U TOJITOBEYHOCTH X (DYHKITMOHUPOBAHUS.

JIisi OUEHKH CTENEeHU BIUSHUA HEOJHOPOJHOCTH TPYHTOBBIX YCJIOBUH Ha
napaMeTpbl ToKopachpenesieHuss B cucteMe X3 W HEOOXOAMMOCTH BHEIPEHUS
MEPOTPUATUN TTO MOBBIIECHUIO A((HEKTUBHOCTH 3aITUTHI TOJA3EMHBIX TPYOOIPOBOJOB OT
KOPpO3WHM BBEJEM HOBBIM KpUTEepUd - KOIGDOUIMEHT HEOAHOPOJHOCTH TPYHTOBBIX

xapaktepucTuk Ky, onpezensemslii mo ¢popmyine

(4.6)
rne  p, _ cpennee 3HaueHue Y IC rpyHra, OM'M;
3HaueHue Y IC rpyHTa, NOJIYyYEHHOE MPU NPOBEACHUU U3MEPEHHI,
P - Om'Mm;
KOJIMYECTBO YYaCTKOB/MHTEPBAJIOB, Ha KOTOPBIX HaOII0aeTCs
oOlee  KOJIMYECTBO  YYaCTKOB/MHTEPBAJOB, Ha  KOTOPBIX
n —

MPOBOIMIINCH U3MEpPEHUS YAEIBHOTO AIEKTPUYECKOTO
COITPOTHUBIICHUS TPYHTA.

Boeruucium nansbiit kKoaGOUIIMEHT 715 HAIIeH TTOTIA KK :

(11 — 33,7)2 + (85 —33,7)2+ (51 — 33,7)2 + (32 — 33,7)2 +
+(15—-33,7)% +
+(74 —33,7)2 4+ (93 — 33,7)2 + (13 — 33,7)2
8(8—1)

)
T
I

=12,9(0M - M)

ITomy4yeHHOE 3HaYEHUE MO3BOJISAET CYAUTH O CTENIEHU HEOAHOPOIHOCTH IPYHTOBBIX
XapaKTEPUCTHK:

—  0<K;<10 — o1HOKOMIOHEHTHAas cpea, TPYHTOBBIE XapAaKTEPUCTUKH YCIOBHO
oaHOponHbL. lIpu nmanpHEWIIEN OLEHKE KOPPO3UOHHOM AarpeCCMBHOCTHM TPYHTA U
MPOEKTUPOBAHUM CHUCTEMBl DX3 TpyOONpOBOAOB M OOOPYAOBaHUS LEIECOOOPA3HO
MOJIb30BATHCS OOMICTIPUHITON METOJIWKOW oOmpeaeseHus cpennero 3HaueHus YOC

rpyHta 1o dpopmyse (4.1);
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- Ky>10 — wMHOroKOMmoHeHTHass  cpena, HEOOXOOMMO  yYUTHIBATH
HEOJHOPOHOCTh TPYHTOBBIX XapaKTepUCTUK. KOPPO3MOHHYIO arpecCUBHOCTh TPYHTOB
HEOOXOJMMO OIICHMBATh A KaXJIOro KBajpara B TOW pa3MeTKe, B KOTOPOHU
NpOBOJWINCH, u3MepeHuss YOIC TrpyHTa YEThIPEXJIEKTPOAHBIM MeToaoM. [l
JaTbHEUIIIETO MPOSKTUPOBAHUS CUCTEMBI DX 3 U pacueTa dJIEKTPUUECKUX XapaKTePUCTUK
TpyOOIpoBOJa TIpeJIaraeTcsi MCIOIb30BaTh CICAYIONIYI0 (hopMyiay omnpeaeneHus
cpennero 3HaueHus Y IC rpyHra.

PaccuntaeM uHTErpaJibHOE YIEIbHOE AJIEKTPOCONPOTUBIICHUE MJII YKAa3aHHOTO
MpYMepa Ha OCHOBAHUHY CUCTEMBbI YPaBHEHUM TP pa3uyHbIX cooTHOHIeHUsAX Y OC cpen,

R, OM*M:

RanM R (4 7)
0,9———1,04)V .
(RHHT =Ryey e( Roch ) , Ipx P € [1....2,0);
Rocy
RanM R
0,15 +0,7)V
kRI/IHT = Rocy * e( Rocu ) 11 P € [2,0....12].
Rocy
rme  Row, — YyIeIbHOE BIEKTPUUECKOE CONPOTHBIEHIE BTOPOIi (OCHOBHOI) cpeIbl,

Roc € (40-200) Om-Mm;
Rupun — YHEIBHOE DIEKTPUUECKOE CONPOTUBIECHHE IEpBONM (IPUMECHOM)
cpenpl, Rypuy € (100+700) OM-M;
V'  — oObemMHas KOHUEHTpAalMs BTOpPOMl cpeisl (MIPUMECHOUN) B MEpBOM

(ocuoBHoit), Ve (0,05;0,4) otH. ex.

[Tonyuennsie 3HaueHre Y IC rpyHTa Ha TEPPUTOPUU TPOMBILIUIEHHOHN IUIOMIAJAKA
aHAJTM3UPYIOTCS C 1EJIbIO OIIEHKHU YCIIOBHM, B KOTOPBIX OyJe€T MPOBOAUTHCS AaIbHEHIIas
OKCIUTyaTarysl TMOA3EMHBIX TpPyOONpoBOAOB. [7aBHBIM 00pa3oM, TakoW aHaIH3
HeoOXxoauM 1t 0oJjiee  JOCTOBEPHOTO  OMNPENEICHUS CTENEHU KOPPO3MOHHOMU
arpeCCUBHOCTA TPYHTOB II0 OTHOILICHUIO K YIIEPOJAMCTOM CTald MOA3EMHBIX
METaJUTMYeCKUX coopykeHui [82, 84, 106], 4yTo m0O3BOISIET MOBBICHTH dPPEKTUBHOCTh

HpOTHBOKOppOSHOHHOﬁ 3alIUThI B CIICAYIOIKWX HAIIPABJICHUAX:!
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— BbIOOp THMA IITYOMHHBIX aHOJHBIX 3a3eMiIeHU (A3) U ONTUMATBHON C TOUKH
3peHUs KOPPO3MOHHOM AaKTMBHOCTU TPYHTa 30HBI €0 pPa3sMELICHUS Ha TEPPUTOPUHU
IIPOMBILUICHHO! IUIOLIAJKU B TPYHTax ¢ HAaMMeHbINM Y OC;

— YTOYHEHHE JAHHBIX pacueTa M IMPOrHO3MPOBAHUE W3MEHEHHS BO BPEMEHU
IEPEeXO0AHOTO CONPOTUBIIEHUS TPYOOIPOBO/IA;

— audQepeHUrpOBaHHbI BBHIOOP THUIA W KOHCTPYKLIMH AHTHUKOPPO3HOHHOTO
3alIUTHOIO IOKPBITUS HAa YYacTKax IOA3EMHBIX TpPyOONpPOBOIOB, IOJBEPKEHHBIX
BJIUSIHUIO KOPPO3UOHHOW arpeCCUBHOCTH IPYHTA B PA3JIMYHON CTEIEHH;

— BbBIOOP M OLIEHKa 1e]1eco00pa3HOCTH  pealu3alui  JOIMOJHUTEIbHbBIX
MEpPOIPUATHNA IO MUHUMU3ALMH BIUSHUS HEOJHOPOAHOCTH I'PYHTOBBIX XaPAKTEPUCTUK

Ha [apaMeTpbl TOKOpAacIupeaAeseHus B cucreme D X3 NMPOMBIIUIEHHBIX IIOMAI0K.

4.3 Pa3paboTka pexkoMeHJaluil, OTPAHUYMBAKIINX HeraTMBHOEe BJIUSIHHE,
00yCJI0OBJICHHO€ HEOJHOPOJAHOCTHI0 TPYHTOBBIX YCJIOBHII Ha TePPUTOPHHU

MPOMBIILJICHHO IUIOINAAKH, HA mapaMeTpbl X3 razonedTenpoBoioB

B cocTtaB xoMmIuIeKkca HHXEHEPHO-TEO(PU3NUECKUX padOT U IIIEKTPOMETPUUECKUX
UCCIIEIOBAaHUM I MPOEKTUPYEMBIX Ta30HEPTENPOBOJOB BKIIOYAIOTCS CIEAYIOLINE
OCHOBHBIE BU/JIbI pa0OT:

— BBIOOp MeCT pa3MeleHus: yCTaHOBOK DX3;

— HHCTPYMEHTAJIbHAS WIA BU3yaJbHAas ChEMKAa Ha MECTHOCTH IUIOLIANOK IS
pa3MeILEHNs 3JIEMEHTOB YCTAHOBOK 3JIEKTPOXUMUYECKOM 3aIUTHI,

— U3MEPEHMs] YAENbHOTO 3JEKTPUUYECKOTO COMPOTHBJIEHUS TPYHTOB Ha
TEPPUTOPHUH OOBEKTA;

— reo¢pusnyueckue ucciaeAoBaHus (B TOM 4HCIE, MPH HEOOXOIWMOCTH,
BEPTUKAJILHOE 3JIEKTPUYECKOE 30HAMPOBAHME) HA TUIOMIAJKAX Pa3MEIEHUs aHOJTHBIX
3a3EMJICHUU;

— ompejeNieHUE HaJIWYMs U TapaMeTpoB ONyXJalolUX TOKOB B 3€MJIE Ha
IJIOLIAJKE MTPOSKTUPYEMOTO O0OBEKTA,

— o0cne0BaHUE UCTOYHUKA OJTYXKAIOIINX TOKOB;
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— BBIOOp UCTOYHUKOB 3JIEKTPOCHA0KEHHS YCTAHOBOK DX 3;

— cOOp CTaTUCTUYECKHUX JAHHBIX O KOPPO3HUOHHBIX TOBPEKICHUIX HA COCETHHUX
CTAJIBHBIX TIOJI3EMHBIX HE(TEIIPOBOIAX.

Eciu mno pesynapTaTtaM 3JIEKTPOMETPUYECKOTO O0OCIEIOBaHUS IMOA3EMHBIX
TpyOOTIPOBOJIOB TPOMBINIICHHON TUIOMIAJAKK BBISIBICHO HECOOTBETCTBHE 3HAYCHUU
3alIUTHBIX TOTEHIMAJIOB HOPMATHUBHBIM, HEOOXOAMMO pa3paboTaThb KOMIUIEKC
MEPOTPUATHNA, KOTOPbIE BKIIIOUAIOT B CEOS:

— PEMOHT WM JOMOJHUTEIBHYIO YCTAaHOBKY TTYOMHHBIX WM TPOTSHKEHHBIX
aHOJIHBIX 3a3€MJICHU;

— 3aMEHY CTaHIIUMA KaTOJHOM 3aIUThl WM YBEJIMYECHUE UX MOITHOCTH;

—  MEpOTNpHATHS TI0 peaju3aldyd pa3AelbHONH 3aIUThl KOMMYHHKAIIAN
TJIOMATHBIX 00BEKTOB (B YaCTHOCTH, TPUMEHEHNE BCTABOK JICKTPOU30IHPYIONTHX );

— MeEpompusTHs IO  PEMOHTY  KOHTypa  3alllUTHBIX  3a3eMJICHUU
3JIEKTPOOOOPYIOBAHHS C MPUMEHEHUEM OIIMHKOBAaHHBIX MaTepuaon [16, 18].

Opnako B ciyyae, €ClIM 1O pe3yibTaTaM OLEHKH CTETeHH HEOIHOPOTHOCTU
TPYHTOB Ha TEPPUTOPUU OOBEKTA YCTAHOBJICHO, YTO HanboJee BEPOATHON MPUUYUHON
HECOOTBETCTBUSI  3AIIUTHBIX  TOTEHIHUAJIOB TPEeOyeMbIM  3HAYCHUSM  SIBIISICTCS
MHOTOKOMITOHEHTHOCTh ~ CPEIbl, B  KOTOPOH  JKCIUIyaTHPYIOTCS  TOJ3EMHbBIC
ra3oHeTEnpoBoibl U 00OpyAoBaHHe, TpeOyeTrcss pa3paboTka MEpPONPUSITHA IO
JUKBUIAIMA WM CHIDKCHHWIO HETATUBHOTO BJIUSHUS JIOKAJIBHBIX 30H TOBBIMICHHOMN
KOPPO3HOHHOM 0MacHOCTH Ha 3P (PEKTUBHOCTHh TPOTUBOKOPPO3UOHHOM 3aIUTHI. J[aHHbIE
MEPOTIPUATUS MOXKHO Pa3IeUTh HA TPU TPYIIIIHI:

1. TexHuueckas MeIHOpAI TPYHTA;

2. PeKOHCTPYKIMS WU KOPPEKTHUPOBKA KOOPJIWHAT PACTIOJOKECHUS DJIEMEHTOB
3aI[MTHBIX 3a3€MJICHUM;

3. PekoHCTpyKIIMS WM KOPPEKTUPOBKA KOOPIAWMHAT PACIIOJIOKCHHUS aHOIHBIX
3a3eMJIMTEIICH, BXOISIINUX B COCTaB YCTAHOBOK KaTOTHOM 3aIUTHI.

MeponpusTdsit TEPBOM TPYIIIbl  MPEANOTAralOT PEATU3ANUI0 OJHOTO WU
COBOKYIMTHOCTA HECKOJIbBKUX METOJIOB. VIUIOTHEHWE, 3aMOpaXMBaHUE, TEIUIOBOE

BO3JICIICTBUE, OTTaBaHUE U 3akperuieHre. Kak Obl1o moka3aHo B 11aBe 1, HE00X0IUMO
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VUUTHIBATh  BO3MOXHOE  BIMSHUE METOAOB TEXHUYECKOW  MEIMOpalvu  Ha
XapakTepUCTUKA TPYHTOB, @ MMEHHO: TEMIIEpaTypy, BJIAXKHOCTh, MUHEPAIU3AIUIO,
MOPUCTOCTh, MPOHUIIAEMOCTh M KOPPO3UOHHYIO aKTUBHOCTh. BwIOOp cmocoba (uiu
CIOCOO0B) TEXHHYECKONM METHOpaIli 3aBHCHT TJaBHBIM 00Opa3oM OT CTENeHU
KOPPO3WOHHON aKTMBHOCTH HMCXOJHOTO TPyHTa Ha TEPPUTOPUHU OOBEKTA, TUIOMIAIN 30H
MOBBIIIIEHHONW KOPPO3WOHHONW OMACHOCTH U SKOHOMHYECKOW I1eJIeCO00pa3HOCTH
IPUMEHEHUS.

Btopas rpymnma MeponpusTHH TIO TEPEeHOCY WM HU3MEHEHUIO KOHCTPYKIIUU
AJIEMEHTOB 3alllUTHOIO 3a3€MJICHUS CBsi3aHAa B TMEPBYIO OYEpelb C BO3MOXKHOMU
00paboTKOM TpyHTa BOKPYr 3a3eMIIMUTENIEM B TMpolecCe OHKCIUTyaTalluM CHUCTEM U
00opymoBaHus MPOMBIIIICHHBIX IUTomnagok [102, 106]. B rmaBe 1 orMeucHO, 4TO C
LEIbI0 TOBBINEHUS A(PGEKTUBHOCTH pabOThl CUCTEMBbl 3aIIUTHOTO 3a3€MJICHUS
HHEPrOUCIOJIL3YIONIETO 000PYy0BaHUSI HauOoJiee BEPOSITHOM SBISETCS pealld3alus
crioco6a 00padOTKU rPyHTa BOKPYT 3a3€MJIISIOIIHNX JIEKTPOIOB COJIEBHIM PACTBOPOM HITH
COJIBIO C IEJIbI0 YJIYUIlCHHS pacTekaHus Toka. [Ipm »TOM HeraTMBHOE BIUSHUE Ha
TOKOpachpeeraeHue B cuctemMe IDX3 TpyOOmpoBOJAOB U OO0OPYIOBAHMS YCHIMBACTCS
MHOT'OKPATHO C YYETOM HE€ TOJBKO OTCYTCTBUS DJIEKTPUUYECKOIO pa3feiCHUs CUCTEM
3aIIUTHOTO 3a3€MJICHHUS M KaTOJHOMW 3allUThl ra30HE(TENPOBOIOB, HO U TOBBIIICHUS
CTEIIEHH KOPPO3MOHHOM aKTUBHOCTH TPYHTAa B 30HE PACHOJIOKEHUS 3allUTHBIX
3a3eMJICHUI BBUY €T0 JIONOJHUTEILHON 00pabOTKH € LENbI0 YMEHBIICHUS BEIUYUHbI
YAEIBHOTO 3IEKTPUYECKOTO COPOTUBIIECHUSI.

TpeThss Tpynma MEpONpUSITHH, peaTU3yeMbIX MNYTeM H3MEHEHHUSI KOOpJWHAT
PACIIOJIOKEHUS, THUMAa M KOJIMYECTBAa aHOJHBIX 3a3eMIIMTENICH, BXOJAIIUX B COCTaB
YCTAHOBOK KAaTOJIHOM 3aIlUThI, MPEANOIaracT BLIHOC AaHOTHOTO 3a3€MJICHUS 32 MPEIEIbI
TEPPUTOPUM TPOMBIINIIICHHON TUIOMIAJKK (B CJydae MCIOJIb30BaHUS TIIYyOMHHOTO
aHOJIHOTO 3a3eMJICHHS), 3aMEHY TOYCUYHBIX BEPTUKAIBHBIX AHOJHBIX 3a3eMJICHUN Ha
MPOTSKEHHOE TOPU30HTAJIIbHOE AaHOJHOE 3a3€MJICHHE, YBEIWYEHHUE KOJUYECTBA
BEPTUKAJIBHBIX aHOJAHBIX 3a3zemudtenied. OaHAKO peadu3alus JaHHBIX CIOCOOOB
HamOoJiee IienecooOpa3Ha Ha CTaauu TPOEKTUPOBAHUS W COOPYXKEHUS CHUCTEM U

060py,)10BaHI/ISI IMPOMBIINIJICHHBIX IJIOIIAA0K. C OEJIbI0 CHMXXCHUA HETaTUBHOI'O BJIMAHUA
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HEOJTHOPOJHOCTH TPYHTOBBIX XapaKTePUCTHK Ha TOKOpPACHpPENEJICHHE B CHUCTEME
KaTO/JHOM 3aIUThl HA CTAJIMU SKCIUTyaTalluH MpejIaraeTcsl K peaau3aluu Cleayomui
Cr0c00 BBIOJHEHHUS aHOAHOTO 3a3emienus [53, 106, 107].

BoIimonHsAI0T aHanmM3 TUAPOTEOJIOTMYECKUX XapaKTEpUCTHUK TPYHTA BJOJIb
3aIMIAEMOTO COOpYKEeHHs. MeT0/10M HaKJIOHHO-HAMNPaBJIEHHOTO JIN0O TOPU30HTAIBHO-
HaIpaBJeHHOro OypeHHsi OypsT CKBaKHHY, KOTOpas Ha y4acTKe JEHCTBUS aHOJHOTO
3a3eMJICHUSl TapajuielbHa 3alUIIAEMOMY COOPYXEHHUIO M MPOXOJUT HUXKE YpPOBHSA
IPYHTOBBIX BOJ M YPOBHSI IpomMep3aHusi TpyHTa. O0a KOHIIA CKBa)XMHBI BBIXOIST Ha
JTHEBHYIO TIOBEPXHOCTb.

W3mepsitoT BeMMYUHY MOTEHIHANIa «COOPY>KEHUE-3eMIIs» OTHOCUTEIHHO MEIHO-
CyIb(haTHOTO 3JIEKTPOAA CPAaBHEHMUSL.

Pa30uBarOT yd4acTOK BBINOJHEHUS AaHOJHOTO 3a3eMJICHHMsSI HAa WHTEPBAJIbI,
XapaKTepU3yeMble pa3jIMYHbIM 3alUTHBIM IOTEHIMAIOM. BpiOuparoT uHTEpBal, B
KOTOPOM 3HAuUEHHUE IMOTEHIHMANA «COOPYKEHUE-3eMJIs» CHIXKEHO (10 alCOJIIOTHOE
BEJIMUMHE) M0 IPUYUHE SKPAHUPOBAHUS TOKA KATOAHOW 3aIIUTHI DJIEMEHTAMHU CUCTEMBI
3alIUTHOIO 3a3€MJICHUSA, OJJIEKTPUYECKH CBA3AHHBIMH C  KaTOJHO3aLIUIIAEMbIM
COOPYKEHHUEM.

B npoOypeHHoil ckBa)kMHE HAa JaHHOM MHTEpBAJIe YCTAaHABIMBAIOT KOHCTPYKLIUIO
U3 JByX MOJIyoO€4aeK, COCAMHEHHBIX MEXAy COOOM IMOCPEICTBOM CBAapKH, MpUYEM
MaTepuan nmoixyodedaek BbIOMPAIOT TaKUM 00pa3oM, UYTOOBI yJIENbHOE 3JEKTPUUYECKOE
CONPOTHBIIEHUE MaTrepuaja IMolyoOedyailku, pacrlojoXEHHOH CO CTOPOHBI 30HBI
pa3MeIIeHNs 3alUTHOTO 3a3eMJICHUS, SKPAaHUPYIOMIETO TOK KaTOJHOW 3alUTHI, OBLIO
OoJbIlle BETWYHHBI yEIHHOTO DJIEKTPUYECKOTO COMPOTHBICHHUS MaTepuana BTOPOU
oJTyoOeUanKH.

KoHcTpykiuuio U3 IByX moilyoOedaek, CBAPEHHBIX MEXAY COOOM, COETUHSIOT C
TpyOamMu M3 TOKOMPOBOJSALIETO KOMIIO3UTA, BHYTPb MPHU MOMOIIU TpOca MPOTATUBAIOT
3aIlIMTHBIC AJICKTPOBI M 3aKAUMBAIOT 3JICKTPOMPOBOISIINI pacTBop (prcyHOK 4.5).

IHpumep

Ha teppuropun rasopacnpefenuTeNbHON CTAHLUMU PpACHOJIOKEH Y3el ydera

pacxojia ra3a, 000pyJA0BaHUE KOTOPOTO 3a3eMJICHO C MCIOJIb30BAHUEM BEPTHKAIBHBIX
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3a3eMJISIFOLLUX AIEKTPOA0B JIMHOW 1500 MM, yCTaHOBIIEHHBIX B TPYHT U COEMHEHHBIX
3a3eMIIAIONIEH IIMHOM, MOAKIIOUEHHOW K 00IIeMy KOHTYpPY 3alllUTHOTO 3a3eMJICHHS
MPOMBINIUIEHHON miomanku. [lo pesynbTaTam 3JI€KTPOMETPUYECKOrO OOCIeA0OBaAHUS
CUCTEMBbl KAaTOJHOM 3alllMThl TMOJ3EMHBIX TEXHOJOTMYECKUX TPyOONpPOBOJOB H
00OpyZIOBaHUSl YCTAHOBJEHO, YTO B 30HE YCTAHOBKU 3a3€MIIAIONIMX 3JIEKTPOIOB
HaO0JII0AaeTCs JIOKAJIbHOE CHUYKEHUE BEJIMYMHBI 3aIIUTHOTO MOTEHIIMANA, YTO YKa3bIBACT
Ha OMACHOCTh BO3HWKHOBEHUS M Pa3BUTHUS KOPPO3UU MOJA3EMHBIX TPyOOIPOBOAOB IO
MIPUYMHE HATEKAHHUS KaTOJAHOTO TOKA Ha AJIEMEHTHI 3alIUTHOrO 3a3emieHus. C 1emnbio
NPUBEACHUS MOTEHIHANA «TpyOa-3eMIIsD» K HOpPMUPYEMOMY 3HAYEHUIO B COOTBETCTBHH C
[27] TpeOyeTcs Boss paccMaTpUBAEMOT0 yUacTKa TPeOyeTcs yCTAHOBUTD MPOTSKCHHBIH
AHOJIHBIN 3a3€MIIUTEIIb.

[To mpoeKTHOM NOKYMEHTAllUU OMPEACIISIIOT TIIyOUHY 3aJ105KeHUsT TpyOOIpoBoa,
THUIl U XapaKTEPUCTUKUA TPYHTOB, YPOBEHb I'PYHTOBBIX BO/I.

JUis yCTaHOBKM NPOTSKEHHOIO aHOAHOTO 3a3eMJICHHS BBIOMPAIOT TPYOBI,
U3FOTOBJICHHBIE M3 TOKOIPOBOJSAIIETO KOMIIO3UTA C YACIbHBIM 3IIEKTPHUUYECKUM
conpoTuBieHueM, paBHbiM 5000 u 10000 OMm-M. U3 nByx nosyoOGedaek, BEIpE3aHHBIX U3
JAHHBIX TpyO, MyTEeM CBapHOrO COEAMHEHHS [0 MPOJOJBHBIM ILIBaM COOUpPArOT
KOHCTPYKLMIO, YCTAHABIMBAEMYI0 B 30HE HATEKaHHsI KaTOJHOTO TOKAa Ha 3alllUTHOE
3azemsieHre. COENUHSIOT KOHCTPYKIIMIO M3 JBYX TMojlyoOedaek u C TpyOamu u3
TOKONPOBOJALIEro Kommno3uta. Ilpu mnomomm oOopyaoBaHust il HAKJIOHHO-
HaIpaBJIeHHOTO OypeHus: OypsT CKBaXHHY quaMeTpoM 168 MM, KOTOpas MpOXOIUT Ha
rIyOMHE 3aJI0’KE€HUs HIKHEW oOpasyromieil TpyoornpoBoaa. B ckBakWHY TPOTATUBAIOT
KOHCTPYKIMIO M3 TpyO BHEWHUM jguamerpoM 120 MM M3 TOKOMNPOBOASIIETO
KOMITO3UIIMOHHOTO MaTepHasia, TOBOpaYrBasi €ro TakuM 00pa3oM, 4YToOkI moTyodeyuanka
C YJEIbHBIM DJIEKTPUYECKUM CONPOTUBICHHUEM TOKOMPOBOJSILETO0 KOMIIO3UTA PABHBIM
10000 Om'M pacnonaraiach CO CTOPOHBI Y4acTKa, Ha KOTOPOM pacIojIOKEeHa 30Ha,
Xapaktepuszyemasi NOHW)KCHHBIM  3HAY€HUEM  YIEJIBHOIO AIEKTPUYECKOTO
COMPOTHUBJIEHUSI TpyHTa. B TpyOy M3 TOKONMPOBOISALIETO KOMIIO3UTA MPOTACKUBAIOT

npoTtsokeHHbid rnbkuii anon tuna [IBEK mo TY 3435-005-97598003-2011 gymmnoi 1000
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M ¢ KaOeJsiMu, BRIXOJIAIMMHU Ha THEBHYIO MIOBEPXHOCTh M3 000MX KOHITOB CKBKUHBI,
MOAKIIIOYAIOT UX K CTAHIIMU KaTOJIHOM 3aIlUTHI.

BximtoyaroT cTaHIMIO KaTOAHOW 3alllUThl M PETYIUPYIOT CHIIYy TOKa Ha BBIXOJIE
CTaHIIMU TaKUM o00pa3oM, YTOOBI PA3HOCTh TMOTEHIMAIIOB «COOPYKEHUE-3EMIISD)
HAXOJMJIACh B MpeJieiiax quara3oHa, COOTBETCTBYoIero [27]. YcraHaBIMBaloT, 4TO MPH
CHUJIE TOKA Ha BBIXOJE CTAHIIMU KATOAHOM 3amuThl paBHOM 0,12 A pa3HOCTh NOTEHIIUATIOB

«COOPYKEHHE-3eMIISD» COOTBETCTBYET HOPMUPYEMBIM 3HAUYCHUSIM [27].

0

Pucynok 4.5 — Cxema yCTaHOBKH MPOTSKEHHOTO aHOTHOTO 3a3€MJICHHUS

4.4 BeiBoabl no riaase 4

1. Pa3zpaboTraH anropuTM OINpEAENCHHUS] PACYETHOTO 3HAYECHHS YIEIbHOTO
AIEKTPUUYECKOTO COMPOTUBIICHHUS] TPYHTA, MO3BOJSIONMIMA YYUTHIBATH Ha CTaauu
MPOCKTUPOBAHMS cUCTeMbl X3 ra3oHe(TenpoBOJIOB U O0OPYIOBaHMS BO3ACHCTBUE
(bakTOpOB, KOTOPBIC TMpEJiaracTcsl pa3fAeiuTh Ha JBE TPYMIbL: €CTECTBEHHBIC (CE30H,
BJIQXHOCTh TPYHTa, TEMIIEpaTrypa TPyHTa U TPyOOINPOBOJIOB, MOPUCTOCTh TPYHTA) U

HCKYCCTBEHHbIE (METOJI 00pabOTKHU TPYHTA, YIUIOTHEHUE TPYHTA).
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2. Pa3pabotan u 0OOCHOBAaH HOBBIA KpPUTEPUH TPYHTOBBIX XapaKTEPUCTHK
Ky — xodddurnmeHT HEOTHOPOMHOCTH TPYHTOBBIX YCIOBHM, OINPEACISIONTUN
HEO0OXOAMMOCTb MPOBEACHUS JOTOTHUTEIBHBIX U3bICKAHUA HA TEPPUTOPUU OOBEKTa U
ydyeTa CKOPPEKTHPOBAHHOTO CPEJAHEr0 3HAY€HUs YACIBHOIO  3JIEKTPUUYECKOTO
COIPOTUBIICHUS] TPyHTa MpPHU IPOEKTUPOBAHMM cHUCTeM IOX3 razoHe(QTENnpOBOJIOB HU
000py10BaHUS.

3. Pazpabortana mMeToAuKa OLIEHKH YAEIBHOTO 3JIEKTPUYECKOTO COMPOTHBICHUS
IPYHTa B X0J1€ HH)KECHEPHO-T€OJIOTMYECKUX U3bICKAaHUI HA TUIOMIAJKE MPEANOIaracéMoro
COOPY’KEHHUS, PE3YJIbTaThl KOTOPHIX PEKOMEHAOBAHO HCIOJIb30BaTh MPHU ONPEEICHUN
pPacyeTHOrO0 3HAYEHHS YJIETBbHOTO AJIEKTPUYECKOTO COMPOTUBIIEHUSI TPYHTA U OLEHKU
CTENIEHU HEOJHOPOJHOCTU TPYHTOBBIX XAPAKTEPUCTHK NPH INPOECKTUPOBAHUHU CUCTEM
9X3 razoHepTenpoBOJOB U 00OPYIOBAHHUS.

4. TlpennoxeHsl peKOMEHALUU 10 MUHUMH3AIMH HEOJHOPOJHOCTH IPYHTOBBIX
YCIIOBHM Ha CTaJMM MPOEKTHUPOBaHUS cHCTEM OX3 LEIbI0 YCTPaHEHUs HETaTUBHOIO
BJIUSIHUA HAa MapaMeTpbl TOKOpaclpeAeleHus B cucteMe DX3 ra3oHe(pTenpoBOJOB U

CMCIKHBIX CUCTCM.
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3AK/IIOYEHUE

1. Pazpaborana  knaccudukaius, IMO3BOJSAIONIAS  CHCTEMAaTH3UPOBATh
CYILLECTBYIOILIME METObl TEXHUYECKON MENHOPALMU IPYHTOB U OLICHUTH BIUSHUE UX HA
napaMeTpsl TOKOpacnpeaeneHus B cucreMe JX3 MoA3eMHBIX Y4aCTKOB TPYOOIIPOBOIOB,
peanu3yeMble Ha TEPPUTOPUU TPOMBIILICHHBIX TIOMIAIOK.

2. OKCHEpUMEHTAIBHO YCTAHOBJIEHO, YTO pa3padOTaHHAs MOJENb OLEHKH
WHTErpaibHON BennuuHbl Y OC HEOJHOPOJHOrO TPYHTa B BUIE CHUCTEMbl YPaBHEHUU
MOKET OBbITh UCTIOJIb30BaHA JIJISl pacueTa ToKkopacpeeneHus B cucteme X3

3. JlokazaHo, 4YTO 3HAYEHUS YJEIbHOIO 3JIEKTPUUYECKOTO COMPOTUBICHUS
IPYHTa, ONpEeNsieMble B X0/I€ KOMIUIEKCHBIX KOPPO3HOHHBIX OOCJEI0BaHUI CHCTEM
9X3 npOMBIIUICHHBIX IUIOMIAI0K HE B MOJHOW MEpE XapaKTepU3YIOT YCIOBHUS paOOThI
CUCTEMBI KAaTOAHOW 3alUThl U 3aIUTHOIO 3a3€MJICHUS 110 IPUYMHE HEOIHOPOJHOCTH
I'PYHTOBBIX XapaKTEPUCTHUK, SBILIIOMICHCS CIEACTBUEM TEXHUUYECKOW MEIHOpaluu
TPYHTOB.

4, st obecneyenuss X3 pa3paboTaH crmocoO BBIMOJIHEHUS aHOJIHOTO
3azemiieHus (mateHT PO 2751713), no3Bossitouuii OorpaHUuYUTh BO3MOKHOE HETATUBHOE
BJIUSIHUE  HEOJHOPOJHOCTHM  TPYHTOBBIX  XapaKTEpPUCTUK  Ha  HapameTpbl
TOKOPACTIPEAEICHUS B CUCTEME KaTOAHOW 3aIlUTHI HA CTA/IUH SKCILTyaTal|u.

S. Pazpaborana meToauka onpeaeneHus: pacueTHoro 3HaueHus: Y OC rpyHra,
BHEJPEHUE KOTOPOM TIO3BOJISIET OOECHEeUUTh MNPOTHUBOKOPPO3UOHHYIO — 3aILUTY
ra3oHe(pTernpoBOJOB pacnojoxkeHHbIx Ha Tepputopun I[III ¢ yderom BiMsHHS
HEOJHOPOJHOCTH TPYHTOBBIX YCIOBHM. MeToauka MNpUHATA K HCHOJb30BAHUIO Ha

oowvektrax AO «Tpacuedtr-CeBep» 1 OO0 «["aznpom nodsraa Kpacuomapy.
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CIIMCOK COKPAIIEHUI
A3 —  aHOJHOE 3a3eMIJICHUC;
AO —  AxmmoHepHOe 00IIEeCTRBO;
BCTO — Bocrounas Cubups - Tuxuii okeas;
B33 —  BEPTUKAIIBHOE JICKTPUUECKOE 30HAUPOBAHUE;
I'A3 —  TIIyOMHHOE aHOJAHOE 3a3eMJICHUE;
I'KC —  Ta30KOMIIPECCOpHAs CTAaHUUS;
I'PC —  Ta30paclpeAeIuTeNbHAS CTAaHLIUA;
33 —  3alMTHOE 3a3eMJICHHUE;
3y —  3a3€MJICHUE BJIEKTPOYCTAHOBOK;
Uro —  HHXEHEPHO-TEOJOTUYECKUMN DJIEMEHT;
ncC —  HA3MEpUTEIb COMTPOTUBIICHUS;
KC —  KOMIIPECCOpPHAs CTaHLWS;
JIIY — JIMTHEWHOE MPOU3BOJICTBEHHOE YIPABIICHUE;
MAT —  MUHEPAJIbHBIN aKTUBATOP I'PYHTA;
MI' —  MarucTpaJIbHbIM ra30NpoOBOJI;
MT —  MarucTpajibHbIN TPyOOIPOBO;
HIIC —  HedTenmepeKaunBaroIIas CTaHIINs;
OAO —  OTKpBITOE aKIITMOHEPHOE OOIIECTBO;
000 — OOI111eCTBO C OrpaHUYEHHON OTBETCTBEHHOCTHIO;
ITAB —  TIOBEPXHOCTHO-aKTUBHBIE BEIIECTBA;
I[TAO — IlybnuyHoe akoOHEepHOE 00IEeCTBO;
III1 —  NPOMBIIUICHHAS TUIONIA/IKA,;
CK3 —  CTaHIHUA KaTOIHOM 3aIlUThI,
YoC —  YAEJIBHOE JIEKTPUUYECKOE CONMPOTUBIICHHUE;

9X3 —  DJICKTPOXMMMYECKAs 3aIlluTa.
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IMPUJIIOXKEHUE A

AKT
0 BHEAPEHHHU B yHeOHbIil npouece
pe3yAbTATOR AHCCEPTAHOHHOIO HCCIIEIOBAHNS, BBINOJIHEHHOTO
Asopcekoii Enenoii EBrenbeBHOMN Ha TeMy
«OBECMEYEHUE YJIEKTPOXUMHWYECKON 3ALLIMTHI
IF'ABOHE®TEIPOBO/10B B YCJIIOBHSIX HEOJITHOPOJAHOCTH
I'PYHTOB HA TEPPUTOPHUHU NPOMBIIIJITEHHBIX IIOLIATOK»

Hacrosummy  aktom noarsepxaaercs  (axkt ssBegenns ¢ 01.09.2022
PE3VLTATOB, MOAYYCHHBIX B XO/I€ BIMOAHCHHS AHCCEPTALNOHHOIO HCCIICIOBAHNA,
B oOpasosatenbHbiii mnpouece, peanmsyemsiii ®I'BOY BO  «VxTuuckwii
rOCY/IapCTBEHHbII TEXHMHECKHIT YHHBEPCHTET» [10 HANpaBiCHHIO MOArOTOBKH
21.03.01 «Hedrerazosoe  neno»  (yposenb  Oakanaspmara), 21.05.06
«Hedrerazossie Texuuka H TexHonoruu» (yposenb cneumanucra) u 21.04.01
«Hedrerazosoe 1eio» (ypoBeHb MarMCTparypa) B pamMKax AHCUMILIMH «3aunTa
0ObeKTOB Tpancnopra HedTH U raza or Koppoznm» u «llyckonananounsie padboThl
npu coopykenun cuerem DX3».

MeTo/inKa npoBeeHHs IKCNePHMEHTANIbHBIX 1a00PaTOPHBIX HCC/ICA0BAHMH
HCHONb3yeTea NpH nposBeaeHuH nadopaTtopusix pabdot: «Mccaenosanne BAHAHHA
FPYHTOBLIX XapaKTepUCTHK HA napameTpbl TOKOpacnpeleieHHs B CHcTeMe
IMEKTPOXMMHYCCKOIl  3allMTBl  NMOA3EMHBIX  TpyDomposoaos»,  «OueHka
KOPPO3HOHHOI ONMacHOCTH IPYHTa M0 OTHOWIEHHK K craau», «Bsidop
HEOOXOMMOro THIIA H NapaMeTpoB AHOIHOrO 3a3eMiIeHHUs YCTAHOBKM KaTOAHOH
samuTe» W «Onpeaesienne KputepueB 3(PQEKTHBHOCTH INMEKTPOXHMHUYECKOH
3AUMTHL  NOJ3EMHBIX  TpYOONposoaoB». B paMkax [(pakTH4eCKHX 3aHsTHH
pelaioTCs  3a4auM [0 ONpeAc/CHHIO MHTErpajbHOH BEAHYMHHbI  YICIBHOIO
IEKTPUUECKOTO  CONPOTHBJIEHHS  TpyHta M Ouenke  KodhpuuueHra
HEOIHOPOJHOCTH IPYHTOBBIX XapakTePHUCTHK.

5\/‘6)/[/ H. I'l. Jlemuenxo

Havaneunk OJIAnMOO/] [1 % M. O. Benepuukosa

Jlexan HI'D
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«l'azgpom j1obkrda Kpachoaap» -

: A.B. Kanycrun
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AKT

BHE/IPEHUA HAYUHBIX PE3YILTATOB, NOAYYCHHLIX ABopckoit E.E. npu Beinonsennn
AMUCCEPTALMOHHOIO HCCIIE/IOBAHNA HA TEMY

«OBECIEYEHME JIEKTPOXUMHWYECKOM 3AIIUTHI
IF'ABOHE®TEINPOBO/JI0B B YCJIOBUSIX HEOTHOPO/THOCTH
I'PYHTOB HA TEPPHTOPHH IMMPOMBIIINJTEHHBIX IJIOIATOK»

Komucens B cocrase:

1) Masusiii Mixenep B.B. Edpemon
2) HauanbHHK ciayKObl 3a1HThI .
TpyOONpPOBOIOB OT KOPPO3HH I".Il. Usanon

YAOCTOBEPAET, YTO Hay4YHbI€ pe3yabTaThl, noaydenusie SAsopckod Enenoit
EBrenbeBHoit, a HMEHHO METOMKA OTIPEIeIeHHA ONTHMANIBHLIX TPYHTOBBIX YCIOBHH s
obecneyerns TpebyeMBIX MapaMeTpoB NPOTHBOKOPPO3IHOHHOMN 3aumTsl TpyGONpoBoaos
NPOMBILLICHHBIX  TUIOMAA0K M PEKOMEHAAUMH [0  TIOBBIIEHHIO 3 PeKTHBHOCTH
NPOTHBOKOPPO3IHOHHOM 3a1lHThl TPYOONPOBOAOE NPOMBILLICHHBIX IUIOIAJ0K Ha CTaJAHH
NPOEKTUPOBAHHA, BBOJIa B DJKCIUIYATAIMIO M OKCIUIyaTauuH, Oblla HCIONB30BaHA B
MpoLecce NPoBEACHH KOMILICKCHBIX MIEKTPOMETPHUECKHX 00CaeIoBaHHH 3alIMTHOrO
noTeHnmana «Tpyba-3emMan» Ha NnoJBeMHLBIX TPYOOIPOBOAAX NPOMBILLICHHBIX II0LA0K:
124 kv MNazonposoaa Bykrein-Yxra 1-g uurka: 126,0 o1 67 — 193 kM (uns. Ne 038474).

Hcnons3oBaHHe METOAMKH B pesyibTare [TPOBEJACHHBIX JIEKTPOH3IMEpPEeHHi
3AIMTHOTO  NOTEHUMaANa Ha  [OA3EMHBIX  TpyODONnpoBojax nNpOMIVIOLAAOK [pH
IKCIUIYATALHN NMO3BOAWIO NOBBICHTL IPPCKTHBHOCTL NPOTHBOKOPPO3HOHHOMN 3alMTHI B
CAC/YIOIMX HanpapiaeHuAX: BHIOOP THNA IIYOMHHOrO QHOAHOIO 3a3’eMIeHHs M
ONTUMAIBHOI ¢ TOYKH 3PEHHA KOPPO3HOHHO AKTHBHOCTH IPYHTA 30HE! €0 pazMelieHns
HA TEPPHTOPHH NMPOMIVIONIA/IOK B IPYHTAX ¢ HAMMEHBIUMM YICJALHBLIM 2JMCKTPHYCCKHM
CONPOTHBJICHUEM: YTOUHEHHE [aHHBIX pacyeTa M MPOrHO3HPOBAHHE H3MEHEHHA BO
BPEMEHH [EPEXOAHOTO COnpoTHBAeHNs Tpybonpoeoja; anpdepenumuposanusiii BuibOp
THNA M KOHCTPYKUMH @HTHKOPPO3HOHHOTO 3a1UTHOTO NOKPBITHS HA y4aCTKaX MOI3EMHBIX
TpyOONPOBOAOR. MOABEPIKEHHBIX BIAMAHHIO KOPPO3MOHHOH arpecCHBHOCTH IPYHTa B
PazaHYHON cTeneHM; BLIOOP H OLECHKA Lesieco00pasHOCTH peann3aliHi JOTIOHHTEIBHBIX
MEPONPHATHH N0 MHHHMH3AUHH BJIHAHHA HEOJHOPOAHOCTH I'PYHTOBBIX XaPaAKTEPHCTHK
Ha napaMeTpbl TOKOpacnpeaeaeHus B cucreMme X3 npoMbIlICHHBIX MAOLIAA0K.

[ToMuMO 9TOro0, NpeIoKeHbl peKOMeHalHMH 1 crnoco® BEITOJIHEHHS AHOJHOIO
3a3¢MJICHHSA, OFPAHNYHBAIOLIHE HEMATUBHOE BIMAHKE, O0YCIIOBIEHHOE HEOAHOPOAHOCTRIO
rPYHTOBBIX YCIOBMIl Ha TEPPUTOPHM MPOMBILIJICHHBIX (UIOIAA0K, HAa napamerpsl X3
rasoHePTENPOBOIOB N CMEHKHBIX CHCTEM. ,

["naBHbii MHKEHED (/) /i,, // B.B. Eppemos

Havanbnuk ciyxObl 3a1mThl .
TpYOONPOBOAOB OT KOPPO3IHM // I".I'l. UBanoB
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— AKT
BHEAPEHHS HAYYHBIX PE3YJIBTATOB, Noay4eHHbIX SIsopekoii E.E. npyu BuinonHeHny
JIMCCEPTALIHOHHOIO HCCIEA0BAHNS HA TEMY
«OBECHNEYEHUE 2JIEKTPOXUMHUYECKOMN 3ALUTHI
I'ASOHE®TENPOBO/I0OB B YCJIOBUSIX HEOJTHOPOJHOCTH
I'PYHTOB HA TEPPUTOPHUHU NMPOMBIUIJIEHHBIX IJIOLALOK»

Komuceus B cocrase:

1) Pykosomreas rpyrmst [TK3 Kypunos Anexcanp Cepreesny

2) Hauansunk naGoparopun HK 3yGkos Auapeii Anekcanaposny

YJIOCTOBEpSiCT, 4TO HayuHble Pe3y/ibTatsl, mnonyuenisie SBopekoii EiaeHoi
EBrenbesHoii. 8 MMEHHO METOIMKA ONPC/ACICHHS ONTUMAILHBIX IPYHTOBLIX YCIOBHI JUls
obecrieuenns TpeGyeMBIX MapaMeTpoB NPOTHBOKOPPO3HOHHON 3auluThl TPYOONpPOBOJIOB
NPOMBIIUICHHBIX  [UIOMAZOK ¥ PEKOMEHIAUMKM 110 TOBBILECHHIO 3 PeKTHBHOCTH
[IPOTHBOKOPPO3HOHHOM 3aIUuThl TPYGONPOBOIOB MPOMBILILICHHBIX IUI0MIAJ0K Ha CTatHH
MPOEKTUPOBAHMA, BBOJA B DKCILIYATalMIo M JKCIUlyatalwmn, Obuld MCNONB30BAHA B
fpolecce NPOBEACHHS KOMIUICKCHBIX /CKTPOMETPHYECKHX 00CIC/I0BAHMIT 3aUHTHOIO
noTeHIMana «Tpyba-3emisy Ha MOA3eMHBIX TPYyOONPOBOAAX NMPOMBILIICHHBIX TUIOMIA/I0K
HIIC «Yxra-1», HIIC «Mukyub», HITC «Ypaoman.

Mcnons30Banie METOJMKH B Pe3yibTate [POBCJACHHBIX 2JICKTPOH3MEPEHHH
3AMMTHONO MOTEHIMANAa Ha [oja3eMHBIX  TpyOonpoBojgax MpOMILIONIAJA0K  [pH
IKCIUTYATALIMH [O3BOTKIAO TOBBICHTE HPHEKTHBHOCT NPOTHBOKOPPOZHOHHOM 3alUTEL B
CACAYIOMMX HAlpaBieHuAX: BbIGOp THHA [IyOHHHOrO QHOAHOTO 3a3eMICHHA M
ONTHMATBHOM ¢ TOYKH 3peHHs KOPPOZHOHHOI aKIMBHOCTH I'PYHTA 30HBI €r0 pasMeIICHHS
Ha TEPPUTOPHH TIPOMILIONIAIOK B TPYHTaX ¢ HAHMEHBIIHM YACALHBIM JICKTPHYCCKHM
CONMPOTUBJICHHEM; YTOYHEHHME [AHHBIX PACYCTa H MPOrHOZUPOBAHNC W3MEHEHHA BO
BpEMEHH TIEPEXOIHOTO CONPOTHBICHNA TpyOonpososa; AuddepeHipoBantbli BLIOOP
THIA M KOHCTPYKIMHM AHTHKOPPO3MOHHOIO 3allMTHOIO INOKPBLITHA HA  y4acTKax
MOA3EMHBIX TPYOOINPOBOAOB, MOABEPKEHHBIX BAMAHHIO KOPPO3ZHOHHOH arpecCHBHOCTH
rpynTa B pasanunoii crenenn; BHIGOP M OUEHKA 1EN€CO0OPA3HOCTH  peanH3aluy
JIOTIOJIHHTENIbHBIX  MEPONPHATHIT 110 MHHMMM3AIMH  BAMAHHA  HECO/IHOPOAHOCTH
[PYHTOBBIX XapaKTePUCTHK Ha MapaMeTphl TOKOPACHPCACHACHNA B CHCTEME X3
TPOMBHILIEHHBIX TIOMIAJIOK.

[ToMHMO 9TOTO, MPEIOAKEHb! PEKOMEHIALMN U Crocod BBINOIHECHHA AHOIHOrO
3a3eMICHHS, OrpPaHHYHBAIOIIHE HEraTHBHOE BIIHSHHE, obyciioBieHHoe
HEOHOPOAHOCTHIO TPYHTOBBLIX YCJAOBHIT HA TEPPUTOPHH NPOMBILIICHHBIX [LIOIIA/IOK, HA
napamerpsl X3 razoneTenpoBoIOB H CMEKHBIX CHCTEM.

Pykosoaurens rpynsl [TK3 //_,/f* Kypuiaos Asnekcanp Cepreesuy

Hauansauk naboparopun HK 3y6koB Anapei AJleKcanapoBuy
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BHEIPEHIA HAYYHBIX PE3YJILTATOR, 110JYU4CHHBIX SIBOPCKOI Bl 1y ) e
AMCCEPTALIMOHHOIO HCC/ICIOBAHMA Ha TeMY g
«OBECITEYMEHHUME 2J1 EKTPOXMMM‘!ECKOﬂ 3AlllHTbI
INA3OHE®TEINPOBO/10B B YCJIOBUSIX HEO/ITHOPOIHOCTH
I'PYHTOB HA TEPPUTOPUH NMPOMBIIIJIEHHBIX ITOUIA/TOK»

Komucens B cocrase:

1) 3amecruresns riasioro sneprernka AO «Tpancuedrs - Cesep» ILB. Tpycosa;

2) 3amecrurens HadanbHuka otiaena okcruryaraumn AO «Tpancredrs - Cesepy
U.C. ®ununnosa;

3) Havaneuuka rexanueckoro orjaena AO «Tpancuedrs - Cesep» B.B. Mnbuna,

VAOCTOBEPAET, YTO HAyYHBIE PpE3yJAbTaThl, mnojyvenHsie SBopckoit Enexod
EBrenseBHOM, a UMCHHO METOIHKA ONPEACACHHS OMTHMAIBHKIX TPYHTOBBIX YCIIOBHI 1A
obecnedeHna TpedyeMBIX NapaMeTpoB NPOTHBOKOPPO3HOHHON 3aliTsl TPYOOIPOBOAOSE
MPOMBIIIICHHBIX TUIOMANOK W PEKOMCHJIAIMH 110 NMOBBHIEHHIO  S()PEKTHBHOCTH
MPOTHBOKOPPOZHOHHOMN 3aLlHTs! TPYOOTIPOBOIOS NPOMBIIIEHHBIX IUIOMAJ0K HA CTA/IMH
HPOCKTHPOBAHMS, BBOAA B HKCIUIVATAIMIO M HKCIUTYaTALMK, NOMIEKHT HCNOIB30BAHHIO B
[polecce NMpoOBEJICHHA KOMILICKCHBIX JIEKTPOMETPHHECKHX OGCHCJIOBaHHﬁ 3allMTHOTO
NoTeHIHaNa «TpyGa-3eMas» Ha MOAIEMHBIX TPYOONPOBOIAX NPOMBILLICHHBIX TUIOMAN0K
AQ «Tpancuedrn-Cenepy.

Mcnosb3oBanie AanHOI METOAMKH B PE3YAbTATE MPOBEJICHHA NICKTPOHU3IMEPCHHI
JAUMTHOTO  TOTCHUMATA HA  [OJ3eMHBIX  TPyOONMpoBOAax MPOMILIOIAA0K IIpH
IKCIUIYATALMM [103BOJNT TOBBICHTE YPPEKTHBHOCTL NMPOTHBOKOPPO3NOHHOM 3alllHTsl B
CHCAYIOMHUX  HanpasaeHuax: Bei0op THna 1yOHHHOIO AHOJHOINO 3a3¢MICHHA M
ONTUMAIBHON C TOYKH 3PEHHA KOPPO3HOHHOM aKTHBHOCTH IPYHTA 30HbI €10 PasMeIicHHs
Ha TEPPUTOPHH NPOMIVIONIALOK B IPYHTAX € HAHMEHBIIUM YIEIBHBIM IEKTPHYECKHUM
CONPOTHRICHHEM: YTOYHEHHME JAHHBIX pacdeTa M NPOrHOIUPOBAHHE H3IMCHCHHS BO
BPEMEHH TEPEX0IHOro corpoTusiaeHus Tpybonposoaa; muddepenumposanuelii Beidop
THIA M KOHCTPYKUHM AHTHKOPPO3HOHHOTI'O 3aLlHTHOTO MOKPHITHA HA yHaCTKax MO/3eMHBIX
TPYOONpPOBOAOB, MOABEPKCHHLIX BAMAHWIO KOPPOIMOHHON ArpecCHBHOCTH TpyHTa B
pa3IH4HOI cTeneHn; BrbOp U OleHKa 11e1ecoodpasHoCTH pealn3aluy J0MOJTHHTENBHEIX
MEPOIIPUATHIT 110 MHHHMM3AIMH BIAMAHUS HEOJHOPOJHOCTH IPYHTOBBIX XapaKTepHCTHK
Ha napaMeTphbl TOKopacnpeaeaeHus B cuereme DX 3 mpoMBIIUICHHBIX M1011A/10K.

[ToMMMO 3TOro, aBTOPOM MPEIOKEHB! PEKOMCHAALMH H Cnocod BBINOJIHEHHS
AQHOJHOTO  3a3eMJICHHA, OIPAHHMHMBAIOLIME HEIATUBHOC BIAMAHUE, ODYCIIOBIEHHOE
HEOJIHOPO/IHOCTHIO TPYHTOBBIX YCAOBHIT Ha TEPPHTOPHN NMPOMBIILICHHLIX [UIOWA/I0K, Ha
napamerpbl 9X3 razoHe(TenpoBoIoB # CMEKHBIX CHCTEM.

3amecturens raasHoro snepretuka AO «Tpancuedrs - Ceepy == TLB. Tpycos
3aMecTUTEb HaYaIbHUKa OT/1e1a IKCIUIyaTalny
AO «Tpauncuedrs - Cenep» A\
Havanbuuk rexuudeckoro otaena AO «Tpancuedrs - Cesepy (A

| .C. ©ununnos
- B.B. Uasun

(4
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(54) CITOCOB BBITIOJTHEHUSA AHOITHOI'O 3A3EMJIEHHU A

(57) Pegepar:
Hzobperenne OTHOCHTCH K obmactu
AMEKTPOXUMHYECKOA JALHTE TO/T3EMHBIX

COOPYKEHHA OT TPYHTOBOA KOopposmn. Bypsr
CKBAKHHY, KOTOPAS Ha YHACTKE AeACTBHA AHOAHOTO
323CMIACHHS napaniensHa 3AHIAEMOMY
COOPYKCHHIO H NPOXOJNT HIDKE YPOBHS TPYHTOBBIX
BOJ M YPOBHA mpomepsanus rpynta. Mamepsior
BOIMUHMHY TOTCHUHANA COOPYKCHHE - 3eMid

OTHOCHTEIBHO ~ MEJHO-CYJIB(ATHOrO  MIEKTPOAA
cpashenus. PasOHBAlOT  yYAacTOK  BBINOIHEHHS
AHOHOIO 3a3eMIICHUSA HAa HHTCPBALI,
XapaxkTepH3yeMbie Pa3THYHBIM FAUMMTHRIM
noTeHHANOM. ONpeaensiorT HHTePBATLl BIHAHHS
FAMMUTHBIX 3a3eMICHHA H 3a3eMICHHRA
MOIHHE3AIIHTEI HA  NApaMeTphl  HATCKAHHS

KaTO/IHOTO TOKA HA 3aNIHIAEMOEe COOPYKEHHE, HA
KOTOPBIX 3HAYCHHE NOTEHIHANA COOPYKEHHE - 3EMIIA
CHIDKEHO 10 abCOMOTHON BeIHYHHE MO MPHYHHE
JKPAHHPOBAHHA  TOKA  KaTOAHOA  3aNIMTHI
MEMEHTAMH CHCTEMB! 3AIHTHOTO 3A3CMICHHA,

MEKTPHYECKH CBA3AHHBIMH C KATOAHO3ANMIIACMBIM
coopykenneM. B npoSypenHof cCKBaKHHEE Ha TAHHOM
HHTEPBANE YCTAHABIHBAIOT TPYOBI, BLIOTHEHHEIC
B BHAC [BYX COCJMHEHHBIX monayobeuaek i3
MAaTepHAIOB PANTHYHOTO EKTPHYECKOrO
CONPOTHBICHHS, NPH ITOM MPH YCTAHOBKE TPYO
MOBOPAYHBAIOT TPYDYy Takum oOpasom, yToObI
nojyobeyanika H3 Matepuana c¢ Gosnee BRICOKHM
MEKTPHYESCKUM COMPOTHRJICHHEM Obina obpamiena
K JAIHTHOMY 3a3eMieHnio. KOHCTPYKIHIO 13 IBYX
nonyofeyaek, CBAPEHHBIX MEAUTY COBOR, COCTHHSIOT
€ TpyOaMH 13 TOKOMPOBOISIIET O MATEPHATA, BHYTPE
MpH NOMOIIH TPOCA NPOTAIHBAIOT 3AUIHTHRIC
TEKTPO/IBI M 3AKAYHBAIOT MICKTPONMPOBOMKIII
pacteop. TexHuyeckuft pe3ynLTaT - NMOBLINICHHE
CPOKa CIYKOBI AHOTHOTO 323CMICHHS TPH HATHYHK
HCTATHBHOTO  BIMAHHA  WIEMEHTOB  CHCTEMBI
JAMMUTHOTO  3A3eMICHAS M MOJIHHME3AlMTLI  Ha
napaMeTpsl  TOKOPACHIpejieieHns B CHACTeME
KaToHOMA 3ammTel. 1 Wi, | np.
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