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IpenucaoBue

B Hayke 0 KOppO3uH M 3aIlIUTE OT HEE CHIEJIAHO HACTOJIBKO MHOIO, YTO Y
IPaKTUKOB YacTO MPOMNAJAeT BCAKAs HAJEXKIa OTHICKAaTh B 3TOM MOpe MHPOP-
MallU¥ 4YTO-TO CPOYHO HEOOXOJUMOE U KOTOPOE, BOZMOXKHO, TABHO MOKOUTCS
Ha N-0i1 cTpaHulle TOJICTOM MOHOTrpaduu BechMa yBaxkaemoro aBtopa. IToaTto-
My WH)KEHEP YaCTO HE OYEHb JIECTHO OT3BIBACTCS O JESITEIBHOCTH KOJUIETH-
YYE€HOTO, KOTOPBIU “‘HE JAa€T HUYETO HOBOT'O ', IOPOM CKPBIBAs 32 3TUM CKEIICH-
COM CBOE€ HE3HAHWE WJIM HEYMECHHME HAWTH JABHO IMOATOTOBIICHHYIO JISI HETO
OTraJKy HepemeHHo# 3a1aun. Ecinu Obl MHXKEHEP-KOPPO3UOHUCT CTapaTesIbHO
M, 4TO BECbMA BA)XKHO, CBOEBPEMEHHO PEAIIM30BBIBAJ BCE, UTO €EMY PEKOMEH-
IYIOT y4€HbIE, TO MOKHO OBUIO Obl M30€XaTh KaTacTpO(hUUECKUX KOPPO3HOH-
HBIX pa3pylIeHUuM, KOTOPbIE BpeMs OT BpEMEHH OyJI0pakaT MHUP.

DTa KHMTa ceNIaHa JUIsl T€X, KTO XOYET YJIOXKHUTh CBOIO TPyOy B 3eMIIIO Ha
100 ner, u 4TOOBI O €€ KOPPO3UOHHOM COCTOSIHUM HE OECIOKOMJIUCH HU €ro
BHYKH, HH €r0 ITpaBHyKH. KHHAra Hanucana si36IK0M, JOCTYITHBIM ISl CTYAEHTA,
UHXEHepa, pepMepa U rpaMOTHOrO cliecaps, MOCKOJIbKY 3HaHUA 00 3JIEKTPO-
xumuyeckon 3amute (DX3) BOZMOXKHO MPUTOJATCA UM JUIsl aHTUKOPPO3UOH-
HOM 3aIlUTHI CBOET0 JUYHOTO ABTOMOOUJIS.

NuxeHep-npOEKTUPOBIIKK U CTYJACHT-AUILUIOMHUK MTO3HAKOMSATCS B KHUTE
C YHUKQJIbHBIMU KOMIIBIOTEPHBIMHU IIPOIpaMMaMH, KOTOPBIE MO3BOJISIIOT pe-
1aTh TaK Ha3bIBAEMYIO CETEBYIO 3a/1a4y, KOrJa UIIETCS PaCHPENECICHUE TOKA U
MIOTEHIMAJIA B CJIOXKHBIX MEPEIUIETEHUSIX MOA3EMHBIX KOMMYHUKAIMKA TOpPOaa
WM TIPOMBIIIICHHOTO MPEANPUATHS U aHAJM3UPYETCS MPU 3TOM paboTa B3au-
MOCBSI3aHHOM CHCTEMbI OJITHOBPEMEHHO JIEMCTBYIOIIMX YCTaHOBOK DX3. 311ech
K€ BIEpBbIe B 00OOLIEHHOM BHJIE€ AAE€TCA TEOPHUS MOJIA TOKOB JIJIsl CETEBOU 3a-
Jayu.

MHOKECTBO IIPUMEPOB pacueTa, MPUBEICHHBIX B KHUTE, BCEISIET YBEPEH-
HOCTb, UTO KOMIIBKOTEPHBIE MPOTPAMMBI YCHENIHO PEMIAIOT MPAKTUYECKU BCE
BAXKHBIC 337]a4M AHTUKOPPO3UOHHOW MPAKTUKU. K HUM MOKHO OTHECTH Takue,
KaK ONpPEACIICHUE KOPPO3HMOHHO-OMACHBIX 30H, BBIYHMCIIEHUE CKOPOCTH SI3BEH-
HOM KOpPO3HUH, BHIOOp MapaMeTpoB JIEKTPO3AUIUTHBIX YCTAHOBOK C Pacuy€TOM
NoJisi TOKa U MOTEHIMajga Ha JII0OOM KpHUBOJIMHEWHOM TpyOOINpOBOAE C pas-



BETBJICHUSIMUA W HEOJHOPOAHOCTAMM PA3JIMYHOIO POJA, ONPENECICHUE OITH-
MaJIbHOTO KOJIMYECTBA YCTAaHOBOK DX3 M ONTUMAJIIBHOW CXEMBI UX pa3Melle-
HUS TPU YCIIOBUM MHUHUMYMa KaNUTAJbHBIX M JKCIUTyaTallMOHHBIX 3aTpar.
[IprueM MOryT OBITh HaWJIEHBl ONTUMHU3ALMOHHBIE CXEMbl COBMECTHOM 3alllu-
ThI psiia Pa3HOPOAHBIX CETEN OOIIMMU cpeacTBaMu D X3.

[IporpamMmbl Jake BBINOIHSAIOT CMETHO-(DMHAHCOBBIN PAaCYET B COOTBETCT-
BUU B JCHCTBYIOIIMMH HOPMAaMH U MPEHUCKYpaHTAMU U PacCIl€dyaThIBAIOT IPO-
€KTHO-CMETHYIO JIOKYMEHTAIIUIO.

B npouecce o0ydenus nepcoHana OpearnpusTHil TpeasiaraeMble KOMIbIO-
TEPHBIEC MPOrPAMMBI MOYKHO HCHOJIB30BAaTh KAK TPEHAXKEPBI. Tak, Harpumep,
MOHO BBECTH B KOMIIBIOTEP JIECHUCTBYIOIIYIO B JJTAHHOM MHUKPOPAOHE CXEMY
OX3 u npourpeiBaTh Ha TaKOW MOJIENU pa3IUYHbIE BapHUaHThI €€ PadOThI, Me-
HSSI TOKOBYIO Harpy3Ky YCTaHOBOK, MECTOIOJIOKEHUE aHOAHBIX 3a3E€MIIUTEIIEH,
X KOJIMYECTBO, YCTAHABJIMBAS MEPEMBIYKH, UCCIEIYsS BPEAHBIX BIHUSHUS TO-
KOB 3aIlIMThI HA COCEAHNE HE3ALUILIEHHBIE COOPYKEHUS U T.1.

B kHure, pazymeercs, He 00OWIEHBI BONPOCHI CXEMHOTO U KOHCTPYKTHB-
HOTO YCTPOWMCTBA, MOHTA)Ka W 3KCILUTYaTAUW 3alIUTHBIX YCTAHOBOK Pa3IU4YHO-
ro poJia, a TAK)KE COBPEMEHHBIE METOJIbI MOJIEBBIX M3MEpeHUl. B wacTtHOCTH,
IPOJAEMOHCTPUPOBAH HOBBIM PACYETHO-TIOJIEBOM METOM, NAKOIIUKA BO3MOXK-
HOCTb OIPEAEHATh BEIUYMHY YIECABHOTO 3JIEKTPUYECKOIO COMPOTUBIICHUS
M30JIUPYIONIIETO MOKPBITUS TPYOOHPOBOJIA, MPUYEM B 3aJaHHON TOYKE TPyOO-
IPOBOJIHOM CETU U, pazyMeeTcs, 0€3 BCKPBITUS TPYOOIPOBOA.

PacueTHO-OJIEBOM METOJ NPUTOACH HAXKE IJI ONPEACIICHUS BEJIMYUHBI
MJIOTHOCTU TOKA KOPPO3HUH U 3alUTHI B 33JITaHHOM TOYKE TPyOOIpoBoIa.

CereBast 3amava 1l TpyOOINPOBOJOB MAJI0 YEM OTJIMYAETCS OT CETEBOM
3alaud I apMaTypHOU CETKU »KEJI€300€TOHHOM KOHCTPYKIIUM, HAMPUMED,
CBaMHOr0 OCHOBaHUsA 31aHus. [lo3TOMY NpencraBieHHas TEOPUS U ONMCAHHBIE
KOMITBIOTEPHBIE MTPOrPAMMBbI MTO3BOJIAT IMOJIB30BATEII0 PACCUUTATH TOKHA KOP-
pPO3UHU M 3aIUTHl BCEBO3MOKHBIX CBAMHBIX OIOP, 3a3eMJICHUMN, 00CaTHBIX KO-
JIOHH CKB)KMH U JIPYTUX COOPYKEHUM, KOTOPBIE MOKHO MOJIEIIUPOBATH IKBU-
BaJICHTHOM TPyOOIPOBOAHOM CETHIO.

KHunra noaroroBneHa Ha OCHOBE mMaTepuana JICKIHWN, YATAEMbIX B Boseo-
2paocKol 20Cy0apCmMEeHHOU UHICEHEPHO-CMPOUMENbHOU aKademuy aBTOPOM,
KOTOPBIA 3aHUMAETCS TEOPUEU U MPAKTUKON 3aIUThl TPYOOITPOBOJHBIX CETEH
U JPYTruX METAUIMYECKUX COOpyKeHuh yxe Oosiee 45 ner. KommbroTepHbie
IporpaMmbl B €ro pa3paboTKe MPOLUIM HAJIEKHYIO MPOBEPKY HE TOJIBKO B
yueOHOM TIpoliecce, HO W Ha MPOMU3BOJICTBE B JABYX JECATKAX MPOEKTHBIX U
DKCIUTyaTallMOHHBIX OpPTraHU3aluil CTPaHBI.
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[Taker APM-2X3-611 pexomeH10BaH il MpUMEHEHUsT PykoBoasium 110-
kymeHToM P/ 153-39.4-091-01 «MHCTpyKIMA MO 3alIUTE TOPOACKUX TOA3EM-
HBIX TPYOOIPOBOJIOB OT KOppo3un», noarotoBiaeHHbiM AKX um. K. 1. [Tamdu-
JIOBA - TOJIOBHOM opraHu3ainueid P® no koppo3uu U 3amure TpyOoonpOBOIHBIX
ceTen.

[lepBoe M3AaHME KHUTH PA30ILUIOCh YPE3BBIYAMHO OBICTPO. ABTOpP HE pa3
BCTpEUal CBOIO KHUTY, IIepeneyaTaHHyto Ha kcepokce. [1o npock0e cBoux yu-
TaTelel U uMesd BBUAY MH(POPMALMOHHBIA TOJOJ MOCJIEIHHUX JIET B 3TOU 00-
JJACTH, aBTOP MOCYMTAT CBOMM JIOJTOM NEPEU3IATh KHUTY, IIPUYEM C CYILIECT-
BEHHOU MepepadOTKOMN U JOMOTHEHUEM.
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[[naBa 1. lNpobnembl KOPPO3UKU 1 3aLLUUTDI

1.1. KOpp0o31OoHHbIe NoTepu

Koppo3us HacTOMbKO NPUBbIYHA, YTO Mbl FOTOBbI COMMIACUTLCA CUMTATL e
Hen36eXXHbIM 3/10M HaLLEero BpemMeHu. M ckopee BCEro, 370 AEUCTBUTENBHO TaK.
Pa3pyLuaeTcs BCe BOKPYr: KPOLUUTCA BETOHHbIA KaMeHb, CTapeeT N SIOMaeTCs
nnacTMacca, THUeT U TpecKaeTcs [epeBo, “KOpPoAMpYeT”, K CoxaneHuto, Balu
3y0, BO3MOXKHO, CeMbsl Baluero cocefa, Halle 06LLECTBO U, HAKOHELL, rocyaap-
CTBO. HeunsbexkxeH N1 npouecc paspylueHns? [a, HaCTOMbKO XKe, HACKO/IbKO
Hen36eXXHO BO30OHOB/IEHME HOBbIX (DOPM >KMU3HW. Toraa CTOMT NN NpunaraThb
ycunus ans 6opb6obl co 310M? Ecnn Ball OTBET yTBEPAUTENbHbINA, TO Bbl Ha-
bepeTecb MYXeCcTBa MPOYUTaTb 3TY KHWUTY A0 KOHUA, C HaleXOoi, 4YTo OHa
nact Bam cusbl 451 60pb0Obl C OAHUM U3 3M1EAMLLINX BParoB YesioBeYecTBa - Kop-
PO3Mei MeTansos.

NTak, koppo3usi - corrodere 03Ha4aeT Mpouecc paspylieHns. Mexay
MPOYUM, KOPPO3NOHHbIE MOCAEACTBUA MOMYT ObiTb W MONOXKUTENbHLIMU AN
o6ulecTBa. Pa3Be naoxo 6b1710 Obl NOMOXKUTLCA Ha KOPPO3WIO, FNsas Ha 6po-
LLIEHHbIE NOC/Ee NUKHWKA XXeNe3Hble 6aHKM 1 NakeTbl? OQHaKO HeXenaTelbHbIX
MNOCNeACTBUIA OT KOPPO3UM MHOIO GO/bLLE.

HapyLueHne HageXXHOCTU KOHCTPYKL NN,

[Moa3emMHbIA TPY60MNPOBOA C OAHUM eAMHCTBEHHbLIM CKBO3HbIM MPOPXKaB-
NEHNEM Y>XKe HENnpurodeH Ana HOPMasibHOW 3KCnyaTauun, XOTS OH elle Ha
99,99% uen n HeBpeanM.

DKoNorn4yeckme nocneicTeums.

Ho ecnn Tpy6onpoBoz C 0TBEPCTMEM B CTEHKE - 3TO ra3onpoBOf BbICOKOIO
AaBNeHNs, TO YNOMAHYTOe paspyLueHue (Bcero nuwb 0,01% oT uenoro) MoXxet
[0POro CTouTb OOLUECTBY, cnyuuck aBapus CO B3PbIBOM K OrHem. po uenble
03epa HeT BOAM3N He(PTENPOBOAOB, KepOCUHA BOMM3N KEPOCUHOMPOBOOB
[A0CTaTOYHO MHOIO Mbl C/bILWAN U YATAIN,
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[loTepn NPUPOAHbLIX PECYPCOB.

B KOHe4yHOM cuyeTe Ha OTAAHHYHO B METa/1/10/1I0M MeTa//INYECKYHO KOHCT-
PYKUMIO B CBOE BPEMSA MHOIO NMOTPAYeHO 3Heprun n cpeacTts. Ho BeAb HeNb3s
cobpatb BeCb MeTa/1/10/I0M C TeM, YTOObLI CHOBA MepenaBnTb ero B MeTal.

[MpAMble 3aTpaThbl HA KOPPO3UIO.

YObITK/ OT KOPPO31M B MMPE HACTOMbKO OFPOMHbI, YTO O6OLLIECTBO BbIHY-
YKOEHO TPaTUTb EXEerogHo AECATKW, a MOXKET OblTb U COTHN MUNNNAPA0B 40N-
napoB Ha 60pbby C Heir. O6W@As cymma MPSMbIX KOPPO3MOHHbLIX MOTepb B
CLUA cocTaBnset okono 70 mnpA.nonnapos B rog, T.e. 6onee 4% BasioBOro
HaLuMOHaNbHOro npodykra. ogcumnTaHo, 4Tto 0Koo 15% 3TuX NoTepPb MOXHO
Ob1N0 Obl N36eXaTb, CBOEBPEMEHHO MCMOMb3Ys COBPEMEHHbIE CPeACcTBa 3aLlu-
Tbl. KcTatun, octaBlumecs 85% - 3T0 Hen3bexXHoe 37107

KoCBeHHbIe MOTEPU OT KOPPO3UN.

OHW onpefensoTCs AaseKo He BCEraa /erko U npocto, HO, HECOMHEHHO,
OYeHb BENNKMN. [JOCTATOUHO TO/bKO MEPEUNCINTL YaCTb U3 HUX:

- MPOCTOM MPOV3BOACTBEHHBLIX MOLLHOCTE C HeaoBbIPAaGOTKON NPOAYK-
Lynm;

- MOTEPW FOTOBOV NPOAYKLNN;

- CHUYKEHVE MOLLHOCTM W NPOU3BOANTENIbHOCTY;

- U3MMLLHME JONYCKMN Ha TONLMHY CTEHKMU;

- 3arpsi3HEHNE OCHOBHOM NPOAYKLMW NPOAYKTaMU KOPPO3WMN.

NTaK, KOppo3nsi - 3TO HE MPOCTO 3/IeEMEHTAPHOE PacTBOPEHME METasna,
KaK MOXHO CHauana npeanosioXkuTb, a, CKOpee, nopya MeTa//IMYeckoro co-
OPYXKEHMS KaK Pe3yNbTaT KOPPO3VOHHOIO PaCTBOPEHMUS.

Ho a pXaBneHue - 3T0 KOPPO3us XKeNesa 1 ero cniasoB. LIBeTHbIE MeTas-
Nbl HE PXKABEIOT, a KOPPOAMPYHOT.

1.2. Knaccngumkaumsa npoueccoBs Kopposun

ANEeKTPOXMMUNYECKAS KOPPO3US]

MpaKTUYECKN BCE MHOr006pasve KOPPO3MOHHbIX MPOSBAEHWUIA, C KOTOPbI-
MW Mbl MOBCEMECTHO BCTPeYaeMcs B ObITY U Ha NMPOU3BOACTBE, MPOTEKAET MO
OfIHOMY MEXaHWU3MY - 3/IEKTPOXUMMUYECKOMY, T.€. BbI3BAHO 3/EKTPOXMMUYe-
CKOIi KOppO3ueid, Hanbo nee NPOCTO OMNPeAeNSeMOii CneaytoLLM 06pa3oMm.

SNeKTPOXMMUYECKAS KOPPO3WIS - PACTBOPEHIE MeTanna B BOJE.
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Ecnn Takas uypesBblMaiiHO cCXaTas (OPMY/IMPOBKA 3/1EKTPOXUMUYECKOM
KOPPO3UM MOKAXKETCH CAULLIKOM YNPOLWEHHOW, TO MOXHO Y/10BMEeTBOPUTLCA
CneayoLlei.

ANeKTPOXMMMYECKass KOppo3ns - 3TO OKWC/eHWe MeTanna, COnpoBOXK-
AAloLLIeeca XUMUYECKMMMU pPeakuusMn 1 NepeHOCOM 3NEKTPUYECKUX 3apsaoB
Me>Ky MeTaloM U OKpY>KatoLLel cpefion, NP HeNMpemMeHHOM y4YacTun BOApbI.

XUMMYecKas Kopposus

MOXHO 6bI/10 6bl A/19 NPOCTOThI OTOPOCUTL OMNpeaesieHne “3NeKTPOXUMK-
yeckas”, ec/iv 6bl He CyLLLECTBOBaAsIA eLLe N XMMUYecKas Kopposus.

Xnmmyeckas Kopposnsa - pacTBOpeHne MmeTana 6e3 yyacTus BOAbl.

[MprMepbl XMMUYECKOI KOPPO3UN:

- pacTBOpeHMe MeTas1/1a B KOHLEHTPUPOBAHHbIX KMCNOTax U Lefoyax;

- paspyLueHue (BbIropaHne) Metania nof AencTBUEM TOMOYHbIX Fa30B Npw
TemnepaType 6onee 100 rpamycos.

IANEKTPOKOPPO3US

K Heil OTHOCAT KOPPO3uto, Bbi3blBaeMy) ONy>KAatoLWMMKU TOKaMK PenbCo-
BOI0 3/1IEKTPOTPAHCMOPTa N MPOYNMN UCTOYHMKAMU TOKA B 3eM/ie. DEeKTpo-
KOpPO3us 3TO (DaKTUYECKM 3NEKTPONN3. MeTaNa Nof AeACTBUEM Ha/lOXKEHHOTO
TOKa, T.e. TOKA BHELUHEro MCTOYHUKA, B TO BPEMSA KakK TOKM 3NEKTPOXMMUYe-
CKON KOPPO3uK poXKAatoTcA 3a CHET COOCTBEHHON ra/lbBaHUYECKON HEOAHO-
POAHOCTU AAaHHOIO METaI/INYECKOr0 COOPYXKEHMA.

KoMniieKcHoe paspylieHne

ONeKTpoXMMMYeckass KOppo3usi MOXET y4yacTBOBaTb B paspyLUeHUM CO-
BMECTHO C ApyruMu npoueccami. B aTom cnyyae Tvn KOPPO3uM MOXET UMETb
OpYroe nwms.

B1OKOpPPO3Ust - MPOLIECC 3/IEKTPOXMMUYECKON KOPPO3WM, NPOTEKatOLLWiA
MpY y4yacTUn MUKPOOPraHn3MoB. MpoayKTbl WX XXU3HEAEATENbHOCTU CTUMY-
NMPYIOT TY U/ MHYO CTaauIO 3N1EKTPOXMMUYECKOrO PacTBOPEHMUS.

Koppo3noHHas apo3ust - NPOLLECC, COYETAtOLLMIA 3p03uto (paspyLUeHue OT
MEXAHWYECKUX BO3MENCTBUM, W3HOC) W 3MEKTPOXMMUYECKYIO KOPPO3MIO.
O6bIYHO BbI3bIBAETCA ObICTPOTEKYLLEN XUAKOCTLIO U 3aBUCUT OT CTENEHW TYp-
OYNEHTHOCTM NOTOKA.
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KaBnTaunoHHast Koppo3usi - NMpPoLEecc COBMECTHOIO BO3/ENCTBUS KaBU-
TaLUMn 1 KOPPO3uK: B3PbIBAOTCS My3bIPbKM rasa Wav napa, 06pa3oBaBLUMECS
MNPV NOHMXXEHHOM [aB/IEHUN, HAaNPUMEP, Ha TPEeOHbIX BUHTaX Cy/10B.

@D peT TUHI-KOPPO3US - MPOLIECC Pa3PYLLEHNS ABYX KOHTAKTUPYIOLLMX U
CKO/b3ALLMX NMOBEPXHOCTENA.

MexaHOXMMUYeCKasi KOpPo3nsi - KOPPO3usi, YCKOPEeHHast BHYTPEHHUMM
MEXaHUYECKUMMN HanpsHXKeHUAMU MeTanna. Mpu pacTarvBatoLLmMX YCUnnsx mMo-
)KET BO3HUKHYTb KOPPO3MOHHOE pacTpPecKMBaHme No rpaHuLaM KpUcTannTos.
Mpn Nepuoanyeckn N3MEHSIOLLIEICS Harpyske U He6aronpuATHLIX KOppo3u-
OHHbIX YC/OBUAX MOXHO 0XWAaTb KOPPO3VMOHHYH YCTaNnocTb.

Bu/ibl KOPPO3MOHHbIX Pa3pyLLEHWN

MepeuncneHHble TUMbl KOPPO3UW BbI3bIBAKOT PaspyLUEHUs CReaytoLIMX
BU/10B:

- paBHOMEpPHOE, C 06pa3oBaHMEM €108 OKUC/IOB;

- 13BEHHOE, a TAKXXe NMUTTUHIOBOE (TOUYEYHOE);

- MEXXKPUCTAIIMTHOE, N36MpaTesibHoe 1 fIp.

Koppo3noHHbIe cpeabl

KOppo3noHHbIA NpoLecc nofd TOHKOW NAEHKOW Bnarn UAeT He Tak, Kak B
TO/LWE BOAbI 1 HE TaK, KakK B 6eTOHE. M03TOMy OTAe/bHO paccMaTpuBatoT Mpo-
LIeCCbl B CNefyoLMX KOPPO3UOHHbIX cpeaax:

- B PeYHOM, MOPCKOM, 03epHOM BOJE;

- B NOYBE, IPYHTE, B HACbIMHbIX MaTepuanax, 6eTOHE;

- MOA C/IOEM aTMOCHEPHbIX 0CaAKOB, MOA MNEHKON BOAbl, B TOHKUX Ha-
CNOEHUAX U T.[.

1.3. Knaccnmkauma mMeTogoBs 3alliuUThbl

B 3agayy 3aluTbl, KaK 3TO He MOKaXKeTCA CTPaHHbIM, He BXOAWUT MOJIHOe
npekpaLeHne npoLeccos Kopposmn. K Tomy Xe, 3T0 U HEBO3MOXHO. OCHOB-
Has LeNb - 3aMefl/IMTb CKOPOCTb KOPPO3NOHHOIO paspyLleHns A0 NpueMIeMo-
ro ypoBHs. Tak, Tpy60onpoBo/, NPOooXeHHbI K HEKOTOPOMY OObEKTY, MOXET
MOp&a/ibHO ycTapeTb yke yvepes 20 net. [Mo3aToMy ecTb /M CMbIC NpefycmaT-
pMBaTb [151 HErO CPOK CNYXObI - 3a CYET CPEACTB aHTUKOPPO3NOHHOW 3alUNThI
- BnTensHoCTLIo 40 NeT? HekoTopas AeTaslb MallMHbI MeXaHWYEeCKN N3HaLLIN-
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BAeTCA MHOro ObICTpee, YeM Pa3pyLLAETCS 3a CUET 3NEKTPOXUMMUYECKMX SABfe-
HUIA. B 1aHHOM c/lydae Npo6/ieMbl KOPPO3UK CKOpee BCEro BoobLLe HeT. U, Ha-
KOHeL,, HEKOTOPbIA HeBO/bLLIOK 3/1EMEHT aTOMHOr0 peakTopa paspyLuunsics u
3TO BbI3Ba/10 PaAM0aKTVBHOE 3apaXKeHNe OKPY>KaroLLero npocTpaHcTea. Takoi
3IEMEHT MPU NPOEKTUPOBAHNN aHTUKOPPO3UNOHHOIN 3aLUNTLl 6E3YCNOBHO A0/1-
YXEH UMETb [BOMHOI-TPOMHOIA 3anac HaeXHOCTH.

3almTa 0T KOPPo3un 3TO KOMMIEKC MEPONPUATWIA, BbIGUPaAEMbIX NHXKe-
HEePOM-KOPPO3MOHUCTOM UCXO0/S 13 ero onbliTa, KOTOPbIA BEPOATHEE BCErO OC-
HOBBIBAETCA Ha MMPOBLIX 3HAHUSX. JIErKO Nepeunc/IMTb BO3MOXKHbIE CNOCOObI
3alnTbl N aHTUKOPPO3NOHHbIE MEPONPUATUA, TPyAHEe MNPUHATL Hambonee
MpaBU/IbHOE PELLIEHNE.

1.3.1. KOppOo3MOHHOCTOMKME MaTepuasibl.

Be3ycnoBHO, NnacTmMaccoBas Tpyba nydlle CTanbHOW, eC/i HE OTB/IEKATb-
Cs TaKUMK “Menoyammn” Kak CTapeHue W pacTpecKuBaHWe nnacTMacchbl, AecT-
PYKUMS CBapHbIX LUBOB C pa3repmeTtu3aument CTbikoB. CTblK TpyO - upesBbl-
yaliHO cnaboe MeCTO MnyacTMaccoBoro Tpyéonposoda. 103ToMy ecTb HEKOTO-
pas yBEpPeHHOCTb, YTO TPybOMNpPOoBOAbI N3 MaNoyrnepoanucTOon 1 HU3KONErmpo-
BaHHOW CTa/i1, MOBCEMECTHO MPUMEHSAIOLLMECSA Ceivac, He CKOPO YCTYMAT CBOE
MecTo Tpybonposodam M3 nnactmaccbl. OCO6EHHO 3TO KacaeTcst MarncTpasib-
HbIX TPY60MpPoBO40B 6O/LLLOIO AMaMeTpa 1 BbICOKOr0 AaB/IeHUS.

Kepamuyeckne, CTeKNsHHbIe, >Kene306eTOHHble TPYy6OonpoBOAbl HALL/N
CBOIO 00/1aCTb MPUMEHEHNA N C YCMEXOM 3aMEHSOT CTaslbHble TaMm, rae 3710
MOXHO: 6e3HanopHble TPYO6ONpPoBOAbl, XMMMUYECKMEe NPOU3BOACTBA, Menvopa-
Lmsa 1 np.

C Manor CKOpPOCTbHO KOPPOAMPYHOT YyryHHble TPy6onpoBoAbl, KOTOpble
LLIMPOKO MCMNOMb3YHTCSA B BOAOCHABXEHNN.

MHOro4McneHHbIE MapKN HEP>KaBeKLLEn CTanu ¢ Nernpyrowmmmn obas-
KaMu XpOoMa, HUKeNs, MONnoaeHa 1 TuTaHa npeaHasHayveHbl, Ka3anoch Obl, AN
3allMTbl BO BCEX arpeccuBHbIX cpefax. Ho, K COXaleHuo, UMEHHO Hep>Ka-
BEIOLLME CTaM KOPPOAMPYIOT MO MeXaHMU3My MEXKPUCT/IIMTHOW U MUTTUH-
roBoM KOppo3un. Tak, HepyKaBetoLLMe CTaI CTOMKM B a30THOW, CEPHUCTON, BO
MHOIMX OpraHMYecKuMx KuUcnotax W Lienovax n, pasymeeTcs, B aTmocepe u
HEeUTPabHbIX Cpefax, HO YXXe HECTONKM B pa3daB/ieHHbIX pacTBOPaXx COJSHON
KWUCNOTHI.
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K TOMYy >Xe NoKa HeT XenarLLmMX CTPOUTb 0POron noa3eMHblii Tpyoonpo-
BO/l U3 HEPXKABEIOLLLEI CTasN.

1.3.2. 3onunpyroLime NnoKpbITUA

MepBoe, Ha YTO UHTYUTMBHO HaAeeTCst NPOCTON 06bIBaTE b, MOKPACUTb U
C 3TUM CHSITb KOPPO3MOHHYIO Npo6neMy. Ho Toraa nycTb He YAMBASET TaKoM
(haKT: MOPCKOI Kopab/ib MpW ero NepuoamMyeckoM PeMOHTE MOKPbIBAOT Ye-
ThIPbMSl, U JaXKe LeCTb CNosIMW Kpackn. [Ins ManeHbKoro MUHOHOCLA BO-
novamMeleHmeM 1600 T TpaTuTcst 1,5 T BbICOKOKAUYECTBEHHOW KPacKn Ha OuH
CNOI NOKPbITWS. A NPOCTOE 0/JHOC/IONHOE NOKPbITUE - 3TO HE AHTUKOPPO3NOH-
HOE, a [leKopaTMBHOE.

OCHOBHOE Ha3HauyeHWe N60ro Buaa NOKPbITUS - YMEHbLUWTL JOCTYN ar-
PECCUBHOI CPeAbl K MOBEPXHOCTM META/INA.

MPUMEHSIIOT cneaytoLLme BU/bl MOKPbITUS:

- MET JI/INYECKOE,
- HEOPraHNY€eCKOE,
- 1aKOKPaCOYHbIE U MNMOJINMEPHDbIE.

K coxaneHuto, Bce BUAbl NOKPLITUSA - NOPUCTbIE UM UMEKOT MeXaHuue-
CKWe noBpexaeHns. MoaTomy HafesTbCa Ha APMPEKTUBHYIO 3aLLMTY OT KOpPPO-
3MN TOMBKO C MOMOLLbIO MOKPBLITUIA Henb3d. OfHako M 6e3 MOKPbITUSA, Kak
Ba)KHelLlero 3BeHa KOMIMIEKCHOW 3aliyThbl, 060MTUCL Henb3d. [1o3Tomy Ko-
POTKO MO3HaKOMMMCS C 0COGEHHOCTAMMU Hambosiee pacnpocTpaHeHHbIX BUA0B
MOKPbITHS.

MeTa/I/IMYecKne NOKPbITUS

LINHK Ha CTa/n - »KepTBa CTa/IbHOr0 COOPYXKEHWs arpeccuBHOI cpeje.
[leACTBUTENBHO, LMHK B NMape C Xene30M 00pas3ytoT raslbBaHUUYECKUIA SNEMEHT,
B KOTOPOM, KaK W3BECTHO, OJJHOMY W3 3/1EKTPO/I0B - aHOAY - CYXKJEHO PacTBO-
PATLCS, STUM CaMbIM [jaBasi XXM3Hb (3HEPTUI0) APYroMy 3/MeKTPOoaY - Katoay. B
[IAHHOM CNy4ae LMHK - aHof, CTalb - KaTof. Moka Ha MOBEPXHOCTU CTann
eCTb OCTPOBKM LIMHKA, CTa/lb MOXET HafesTbCsl Ha 3aWwuTy. B JaHHOR cuTya-
UMK paboTaeT Tak HasbiBaeMasi NPOTEKTOPHAs 3alMTa, 0 KOTOPO pedb ellle
BrEpe/u.

MpaBaa, ahheKTMBHAS NPOTEKTOPHAs 3alliyMTa PacrnpoCTPAHSETCS Ha yua-
CTKN He OYeHb [aNieKo OTCTOSLLUME OT Kpasi OCTPOBKA LIMHKOBOIO MOKPbITHS.
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Tak, B MOPCKOM Bofe 3PdeKTUBHLIM KaTOAOM MOXKET CNYXXUTb MOBEPXHOCTb,
OTCTOSLLAA OT rpaHuLbl C LMHKOM AadXKe Ha AecATKU CaHTUMETPOB, B TO Bpems
KaK B HU3KOMUWHepann3oBaHHOW BOfe, ClefoBaTe/lbHO, B Cpefe C HU3KOI 3/ek-
TPONPOBOAHOCTLHO, YXKe Ha PacCTOAHMM HECKO/IbKO MWIMMETPOB OT LMHKa
MIOTHOCTb KATOAHOIO TOKA He3aMeTHa M XKene30 TamM HauMHaeT PXXaBeTb.

B MOpcKou Bofe UMHK pacxofdyeTcs Co CKOpPOCTbio npumMepHo 0,03 mm B
rog. Takow >ke TOMWMWHbI MOKPbITME B aTMOC(epe MOPCKUX PailoHOB MOXKET
MPOCTOATb 8 NIET, B TO BPeMS KaK B MPOMbILLIEHHbIX palloHax CPOK MUX C/TYXXObI
MOXET COCTaBUTb TO/bKO 4 rofa.

B npouecce paboTbl raibBaHNYECKOW Mapbl LMHK-Xene3o obpasytoTcs
MPOAYKTbl KOPPO3uu, Hanpumep, ZnO, 3ano/nHAKLLIME TPeLWMHbI 1 nopsbl. o-
CKOMbKY ZnO - 3TO MPOBOAHWMK C 3MEKTPOHHOW MPOBOAUMOCTbLIO CO CBOMM
COOCTBEHHbIM 3/1IEKTPOXMMMYECKUM MOTEHUMANIOM, TO 3.4.C. Fa/lbBaHNYECKOM
cucTeMbl ByaeT MeHATLCA. OMbIT MOKa3bIBAaET, YTO TOK Mapbl LMHK-XeNe30 Co
BpeMeHeM MOXKET ynacTb [0 Hynd. Ho elle onacHee cuTyaums, Korga 6naro-
naps ocagkam ZnO MOXET MPOM30MTU M3MEHeHWe MONAPHOCTU ra/ibBaHuYe-
CKOW CUCTEMBbI, T.€. XKe/e30 YNCTOe CTaHeT aHoAOoM, a XKene3o nof cnoem ZnoO -
KaTo4oM. BO3HMKHET A3BEHHAsA KOPPO3ns, YTO 1 Hab/o4anock He pa3 B aspu-
POBaHHOW ropsyeii Boe.

OfHaKo HecMOTpA Ha 3TO 4acTO eAMHCTBEHHbIM CMNOCO60M 60pPLOLI C
BHYTPEHHe KOppo3meil TpybonpoBoda ropsyein Bodpl SABNSETCA LMHKOBaHWE
TpYo.

HuvkeneBoe NOKPbITKWE HAa CTann - KatoAd. [M0o3aToMy KOppo3uko CTanu B
nopax MOKPbITUS MOXHO M36eXaTb NULb YCTpaHWB 3TK Mopbl. [MOKpbITUE
O0/MKHO ObITb AOCTATOYHO TOMCTBIM C NOPaMu 3arofIHEHHbIMI U NIAKOM, UK
pacniaBoM /1IerkonsaBkoro Metansa, Hanpyumep, 0/10Ba.

YacTo cBepXy Ha C/l0il HUKENS 3/1IEKTPOOCAXKAEHMEM HAHOCAT C/I0M XpoMa
WU €elle OAMH TOHKWIA CNOW HUKeNs, KOTOpbIA 6narodaps nernpyrowmm io-
6aBKaMm fieNnatoT NMopuUCTbIM U K TOMY XKe aHO40M OTHOCUTENIbHO HXKHEFO CI0S.

OO6LLaa TONLMHA CMOS HUKENEBOro MOKPbITUA Konebnetcs ot 0,008 mm -
BHYTPW XWUNOro nomeweHns, 0o 0,2 MM - Ha NPOM3BOACTBAaX B XMMUYECKOM
MPOMbILLIIEHHOCTMW.

Ans 3aWmTbl METAINIMYECKMX 3/IEMEHTOB, MOrPY)XEHHbIX B BOAY, NPUMe-
HAOT a/lOMUHNEBOE MOKPbLITWNE, N3roTOB/IEHHOE METOAOM HarbINeHns - Me-
Tannmnsaumen. NokpbiTne (06bI14HO TONLWMHOK 0,08...0,2 MM) 3aTeM MPOMUTbI-
BalOT OpraHMYecKUm nakom. B nape c >Xenes3om asitoMMHMEBOE MOKPbITUE MO-
XKET BbICTYMaTb Kak aHOAOM, TaK W KaTO[OM B 3aBUCUMOCTU OT XMMUYECKOIO
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CoCTaBa KOPPO3MOHHOWM cpedbl. [py aToM onpeenstollee Bo3AencTBne Ha no-
TeHUMan a/TlOMUHUA 1 XKene3a 0KasblBatoT MoHbI ClI™ 1 SO, .

HeopraHnyeckmne NoKpbITUs

CunmMKaTHbIE 3MaNN U CTEKIO3Ma/IN U3rOTaB/IMBAKOTCA MYyTEM Har/iaB-
NeHNa pasmosioToro MopoLlKa CuaMkKaTa TOro WM MHOro CocTaBa Ha 3aliu-
LLLaeMYIO MOBEPXHOCTb. OMa/iMpoBaHHasA nocyaa, eMKOCTU, AeTanu Tpybonpo-
BOJa W AaKe Lefble TPy60onpoBoAbl - BCE 3TO MOXET ObITb M3rOTOB/IEHO C 3Ma-
NeBbIMU MOKPLITUAMMN.

[MOKpLITUA NPAKTUYECKN HeMpPOoHMLAaeMbl 418 BOAbl, HO 4O TeX Mop, rnoka
He NOSBATCA TPELUMHbI, YTO NMPY  XPYNKOCTW TaKoro poda NOKPbITUIA BPsAf, /in
MOXHO 136exarb.

LleMeHTHbIe NOKPbITKA 061a4al0T OWYTUMbIM MPEUMYLLLECTBOM - OHW
MMEKT HU3KYK CTOMMOCTb W YA0OHbLI Npy NpUMeHeHuW. LiemeHT 06blYHO Ha-
HOCAT Ha MeTa/l/INYEeCKYHO CeTKY Coem 5...25 mwm.

HecmoTpsa Ha TO, YTO 0ObIYHOE LIEMEHTHOE MOKPbITNE BOAOMPOHULAEMO,
KOPPO3MOHHbIE MPOLECChI NMPAKTUYECKN He MAYT M3-3a BbICOKOI LLEI0YHOCTM
6etoHa (pH>11). Mpwn 60nbWIOM YKUC/e TPELMH W BblWenaymBaHMm 6eToHa
3aLUMTHbIE CBOWMCTBA MOKPbITUSA CHKAKOTCS.

3a CYeT BbICOKOM LLIE/IOYHOCTU 3alMLLieHa apmatypa Xene3o0eToHHbIX Co-
OPY>XeHWI, Hanpumep, MOCTOB, HO 0 TeX MOop, MoKa LeN0YHOCTb He YMeHb-
LUMTCA 3a CYET MPOHWKHOBEHWUA COJMIEn 1 aTMOCHEPHOro BO3AyXa, U3MEHSHO-
LLMX XMMMUYECKNIA cocTaB 6eToHa. YacTo apmatypy nepeg 3aknagkon nokpbl-
BalOT C/I0EM U30NALMN, HANPUMepP, AMOKCUAHON CMOJION.

CTasib B 6eTOHE MMeeT 60/1ee MOMOXUTENBHBIN 3MEKTPOXMUMUYECKUNIA MO-
TeHUuMan, YeM CTasib B noyse. M103TOMy NMpu KOHTaKTe C apMaTypoil »kene3obe-
TOHHOTO COOPYXXeHUS NOA3eMHbIA TPYybonpoBog paboTaeT aHOLOM M MOXET
aKTMBHO paspyLuaTbCA.

OKcuanpoBaHMe N aHOAMPOBAHME - MPOLECChl XMMUYECKON U 3/1eKTPO-
XUMNYECKOI 06paboTKM 3allmLLaeMO MET/IINYECKOI MOBEPXHOCTU C 0bpa-
30BaHMEM HepacTBOPAOLLEIACA MNMEHKM OKUCNOB. MOKPbITUA XOPOLLO CTOAT B
aTmocdepe, HO Ans TPYO6ONPOBOLOB HEMPUIOLHbI.

J1aKOKpaco4YHble 1 NOIMMEPHbIE MOKPbITUS

BecbMa MHOroo6pasHblii BbIOOP PasNMUYHOro poja KpacoK He CBUETE/b-
CTBYET O TOM, UYTO BCE MPO6MEMbl aHTUKOPPO3MOHHOM 3alLLIMTbI Y)XKE PELLEHBI.
Mano Toro, YTo 3TK MOKPbLITMS NOPUCTbIE, HO eLle U CTOMMOCTb PaboT Mo MX
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HaHECEHWIO - C NOAroTOBKON OKpalLMBaeMO MOBEPXHOCTU - B HECKO/IbKO pa3
NpeBbIaeT CTOMMOCTb Kpacku. OfHako 6e3 M30IMPYHOLLMX MOKPbITUIA B aH-
TUKOPPO3MOHHOI 6opbbe 060ANTUCL HeNb3S.

BUTYMHbIE aMann UM MacTUKM - LUMPOKO PacnpoCTpaHeHHbIn BUA Mo-
KPbITUS NOA3EMHbIX TPYOOMpPOBOAOB - U3rOTaB/MBAOT M3 CMECU HeTAHbIX
OGUTYMOB 1 pa3/IMYHOro pofa HanonHuTeNeil. HaHocAT B pacnnaBfieHHOM MNpw
Temnepatype 160-170 °C Buie Ha OYULLEHHYIO W OTTPYHTOBAHHYIO MOBEPX-
HOCTb. [py 3TOM MOBEPX MACTUKMK eLle B ropsiyem COCTOAHUM HaKnadblBakoT
apMUPYIOLLIAIA CNOI CTEKNOXO/CTA.

KOHCTPYKUMA BUTYMHOIO MOKPbLITUA MOA3EMHOr0 TpybonpoBoaa onpese-
nsetca TpeboBaHMAMM HOPM W MpaBU/ B COOTBETCTBUM C arpecCUBHOCTLIO
rpyHTa. Tak, 419 HeKOTOpbIX Cped NPUMEHAKT YCUIeHHOe MOKPbITKWe, Co-
CTOsLLLee N3 CNeayoLLnX CroeB:

- GBUTYMHasA rPYHTOBKA;

- MacTMKa 6UTYMHO-PesnHoBas 1M GUTYMHO-NOIMMEPHas;

- CTEKJ/10X0/CT;

- MacTMKa 6UTYMHO-pPesnHoBas 1M GUTYMHO-NOMMEpPHas;

- CTEK/I0XO/CT;

- Hapy»XHaa 06epTKa 13 KpaT-6ymaru.

Buenom TonwmnHa YCUIEHHOT0 NOKPLITUA 0KOM0 6 MM.

[MpUMEHSAOT 1 BeCbMa YCUIeHHOE MOKPbITUE TONLWMHOM 9 MM. Takoe no-
KpbITVE BK/OYaeT B Ce6s [OMNOMAHUTENIbHO eLe OAUH C/I0 MacTUKM CO CTek-
JIOXO/ICTOM.

AHa/IorMyHa KOHCTPYKLUMA MOKPLITUA Ha OCHOBE KaMEHHOYro/lbHOW CMO-
Nbl.

BUTYMHOE U KaMeHHOYrosibHoe MOKPbLITUS rOTOBAT B OCHOBHOM B 3aBO-
ACKUX YCNOBUSAX, CTbIKN TPYO BPYYHYIO 33fenbiBatoT Ha Tpacce. CyLlecTBytoT
TaKXKe MallnHbI AN HAHECEHWUS NOKPbLITUA B TPACCOBbLIX YC/TOBUSAX.

[elueBn3Ha N HafeXHOCTb OUTYMHbIX MOKPbITUIA OTKPLINA UM LUMPOKYHO
fopory npumMepHo ¢ 30-X rogos, B TO BpeMSA KaK KAMEHHOYTO/IbHbIE MOKPLITUA
ANA N30MAUMKA YYTYHHbIX TPYO60NpPOBOAOB U3BECTHbI y)Ke 6osiee 100 neT. Ho
MOXHO BCMOMHWUTb, YTO eLle NMpu CTpouTenbLCTBe Asopua uapa ConomoHa B
980 r. A0 H.3. BUTYM UCMONL30BaNN NS 3aLNTbI OT KOPPO3NN.

1.3.3. SneKTpoXMmMmn4yeckKas salmTa

CornacuBLUNCL C TEM, YTO MO/IHOCTBIO M30/MPOBaTh META/IMYECKYHO MO-
BEPXHOCTb OT OKPY>KaKOLLLER Cpeabl HeNb3s (aaxe, eCiv HaTSHYTb Ha CTalbHYHO
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TpybYy HeKnin 6eCnOPUCTLIN LWNAHT, TO KakK PewwnTb Npobremy repMeTusaunm
CTbIKOB MeXAy LuaHramMmm?), Koppo3noHHas Hayka BblABUHYNa anbTepHaTuB-
Hbli1 cnocob 3awmTbl. CNocob 6kl NPEeAsIoKEH B Havane MpoLuioro Beka, Ho,
KaK 3TO 4acTo ObIBaeT, 0Kasa/iCa He OYeHb HY)XXHbIM W MOy4Yun pacrnpocTpa-
HeHue nuwb Yepe3 100 net. 3TO - aEKTPOXMMUYECKas 3alimTa (BX3) metan-
JMYECKMX COOPYXKEHWNIA OT KOPPO3UW, YeMy C 6/1aroroBeHMeM OTAaHa >XMU3Hb
aBTOpa 370 KHUTN.

PasnunyaroT YeTbipe BMaa SI'IeKTpOXI/IMI/ILIECKOIZ 3allnTbI:

a) NPOTEKTOPHYIO;

0) KaTOAHY!O;

B) 3/1EKT POAPEHA KHYIO;

[) aHOAHY!O.

Ha puc.1.1 gaHbl CXeMbl Pa3IMYHbLIX BULOB 3/IEKTPOXNUMNYECKOW 3aLLNTHI.

[MO3HAKOMMMCS C HAMK CKOpee B UCTOPWYECKOM MnaHe, OCTaBUB (DyH[a-
MeHTa/lbHbI/ aHaIn3 Ha nocneayowme rnasbl.

[1poTEKTOPHAaA 3aLlumMTa

B 1824 r. Xemdpn [eBun npeanioxun 3allMTnTy MeaHy 06LUNBKY Kopab-
NSt C NMOMOLLbIO MPUKPENNSAEMbIX K Hel >KenesHbIX (MU LUUHKOBLIX) G/10KOB
MpX COOTHOLLEHNN MOBEPXHOCTEN »kene3a 1 meam 1:100. Kak Mbl Tenepb Mno-
Humaem, X.[eBn BnepBble MPEAA0XKMUN NPOTEKTOPHYO 3allMTYy - pasHOBUA-
HOCTb 3/1EKTPOXUMNYECKOA. JeNCTBUTENIbHO, CKOPOCTb KOPPO3UN MeLAHbIX

~220
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Puc.1.1. CxeMbl MPOTEKTOPHOW (), KaTOAHOI (6) 1 3NEeKTPOAPEHAKHON (B)
3aWmTbl Tpybonposoga: 1 - Tpybonposos,; 2 - NPOTeKTop; 3 - aHOAHbIA
3a3eMnTeNb; 4 - BbINPAMUTENIb NMEPEMEHHOrO TOKA; 5 - pesibCbl 3/1EKTPO-
TpaHcnopTa.
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NCTOB N KPenswmx Ux reo3fen 3aMeTHo ynana, Ho 3allMileHHas Meab cTana
obpactaTb MOPCKUMM OpraHn3MamMu, 3aMeTHO CHU3MBLLMMMW CKOPOCTb CyaHa W
BpuTaHCKoe AQMUPaNTENCTBO OTBEPr/Io 3Ty nAeto. Jlnwb nocse Toro, Kak fe-
PEBAHHbIE KOPabn ¢ MeqHOW 0OLLIMBKOMW Obl/IN 3aMEHEHbI CTa/lbHbIMU CYlaMMu,
MPOTEKTOPHAA 3allMTa- K TOMY >Xe C NMOMOLLbH LWHKOBbIX MIacTUH - cTana
TpaanLMOHHOIA.

[MpoTeKTOpHasA 3alumTa - ANEKTPOXMMUYECKas 3alumTa C MOMOLLbIO TO-
Ka ranbBaH14ecKoi napbl.

CoBpeMeHHble NMPOTEKTOPHbIE MaTepuasibl - 3TO CM/aBbl HA OCHOBE MarHus
NN aniOMUHKS, PeXe - UMHKA. Bce OHWM OTAn4yaroTes OT CTa/lbHOro 3alyuiiiae-
MOr0 COOPYXXEHUS CBOUM 3MEKTPOXUMUYECKMM MOTEHLMANOM, @ UMEHHO, WX
NoTeHUMan 6onee aneKTpooTpuLaTeneH. bnarogapsi pasHOCTN MOTEHLMANOB
B ra/lbBAHMYECKON nape BO3HMKAET TOK, CTEKAKOLLMIA ¢ aHoaa (60nee 3neKTpo-
OTPULATENLHOMO 3M1EKTPOAA) W HaTeKaroLWMIA U3 3N1eKTPonnTa Ha Katod. Cos-
[aHNe HaTEeKaKLLEro TOKa - Le/b 3NeKTPOXMMUYECKON 3aLlnTbl.

KatogHad 3alinTa

[M03e 3NeKTPUYECKNA TOK, HEOBXOAUMBIA AN X3, pewnnmn nonyyatb C
MOMOLLbIO BHELLUHEro MCTOYHMKA. Tak BO3HMKNA UAes KaTOAHOW 3alnThl -
OPYrov pasHOBMAHOCTU 3MIEKTPOXUMMUYECKON 3allMTbI, KoTopas Oblia npakTu-
yecKkun peannsosaHa B AHrnmm n CLLUA B 1910-1912 rr.

[Mpn KaTo4HOW 3aliMTe; HanpuMep, NOA3EMHOr0 CTa/lbHOro Tpy6onpoBo-
[a, B KayeCcTBe XXepTBEHHOro aHoJa BbICTYNAET 3/1IEKTPOA-3a3eMINTENb, 3a/10-
XXEHHbI B 3eM/I0 HeAaeKo OT Hero. s Toro, Y4Tobbl 3TOT 3a3eMINTENb pa-
6oTan aHoAOM, a Tpyba - KaToAoM, BK/HOYAKOT BHELLIHWIA UCTOYHUK MOCTOSAH-
HOro TOKa, Npu4yem “nawcomM” - K aHoay, “MUHYycoM” - K KaToay. ['lpn 3Tom B
MpUHUMNe 6e3pasninyHo, U3 KaKoro mMarepuasna BbIMOMHEH aHOA, BaXKHO /NLLb,
4TOObI 06Pa30Ba/ICA NEKTPUYECKMIA TOK W 4YTOObI 3TOT TOK Obl/1 Hanpas/eH
U3 3eMn Ha Tpyby. [eiCcTBUTENLHO, TOK UAET OT “+” UCTOYHMKA Ha 3a3eM/In-
Te/lb, 3aTEM B 3eM/H0, 13 3eM/IN - HAa TPYOY 1 BO3BPALLAeTCA Ha “- ” MICTOUHMKA.

DNeKTpoApeHaXKHast 3allmTa

TpeTbeil pa3HOBUAHOCTLIO IX3 ABNAETCA 3NEeKTPOAPEHA>KHAA 3alnTa,
MCNOMb3YIOLIaa B KauyecTBe KaTOAHOro (HaTekarowlero) Toka Ony>KaatoLini
TOK Pe/ibCOBOro 3/1IEKTPOTPaHCNOPTa. bayXaatoLmii TOK eCTb YacTb TAFOBOI0
TOKa 3M1eKTponoesaa nnv Tpameas. Tak Kak penbCbl ABIAKTCA MPOBOAHMKOM
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TArOBOrO TOKAa M OHW HEe N30/IMPOBaHbI OT 3eM/I1, TO YaCTb TOKa NPOTEKAET B
3eM/le HefaIeKo OT Pe/ibCOB M MOXET MonacTb Ha CocefHue TPyO6OnpoBOAb!.
CTekatowuii 3aTtem ¢ Tpybonposoda, 6ny>KaatoLinili TOK BbI3bIBaeT 3/IEKTPO-
NINTUYECKOE pacTBOpeHVe MeTanna. Ecnn Becb 6nyxaaroLmii TOK OTBOAUTH
(apeHupoBaTh) € TpybonpoBoAda, TO TOK Be3de OyAeT TONbKO HaTEKaLWWM,
YTO 1 06ecneyunT 3MEKT 3amnTLI.

[MpocTeiuas aneKTpoApeHaXkHast YCTaHOBKa - Kabe/bHas rnepemMbluka Me-
XAy TpybonpoBogoMm n penbcamu (puc.1.1,8). BenmunHa Toka B nepemblyke
OyfeT onpefensTbCa Pa3HOCTLIO MOTEHLMANoB TPy6a-pesnibChbl B TOUKAX MX CO-
eivHeHNa. bnyxaatowmin ToK OyAeT BbIMOMHATL CBOWM 3aLMTHbIE (DYHKLUMN,
ec/iv NoTeHUMan penbCoB MeHbLUe NoTeHUnana Tpybonposoda. B atom cny-
yae TOK M0 NnepeMbIvKe Harnpas/ieH U3 TPyO6ONPOBOAA B PENbChI, a HE B 3EM/HO.

B 1895 r. B nateHTe No 538755, BblaHHOMY YOTKWHCY, OMUCbLIBAETCH,
BEpPOATHO, BNepBble, YCTPOMNCTBO, KOTOPOE ceilyac Mbl Ha3blBaeM 31eKTpoape-
Ha>KOM. [epBble HEMPUATHOCTU C GNYXAAOWMMU TOKaMy Ha TpybonpoBoae
Ob1M 3admKcmpoBaHbl B 1887 r. B bpyKnnHe B6AU3M HOBEiLLIEW TpaMBalHOM
NMHUA. STUM 03HAMEHOBA/I0Cb HaYas1o 3pbl TpamBas.

AHOAHaA 3almTa

Ecnn npu KatogHoW 3awmTe TpebyeTcs 06ecneunTb HaTEKAOLWMNA TOK, TO
MNpn aHOAHOMW - Ha06oPOT. AHOAHAA 3alUMTa NPUMEHSETCA ANa METaN/oB, KO-
TOpble MOTyT MNEPexoAmTb B ‘TaK HasblBaeMOe MacCMBHOE COCTOsAHME. 3TO,
rNaBHbIM 00pPa30M, Hep)KaBelollMe W YrnepoancTble CTaIM B KOHLEHTPUPO-
BaHHbIX KMCNOTax, Lenovax 1 conesbiX pacteopax. MNpn X3 Tpybonposoaos
aHoAHaAa 3almTa He NPUMeHnMa.

KomnsiekCHas 3allnTa

[MpaKTUYECKM BO BCEX CNyvasaX NMPUMEHAIOT X3 COBMECTHO C 3aliuTOoin
N30NALUMOHHBIMU MOKPLITUAMU. OMNbITKWU NCNOML30BaTh X3 AN1a HEN30I1po-
BAHHOI0 COOPY>XEeHUA NPUBEAYT K HeonpaBaaHHbIM 3aTpaTaM 3/1eKTPO3HEPT NN
M aHOAHOro maTapuana. [encTeutenbHo, Npn 3X3 N30/IMPOBAHHOIO COOpPY-
YEeHNA TOKKM 3aWwnThbl ByayT pacnpefensThCA Wb MO TPELMHAM 1 NPOKO-
NamM B U301AUMKN, YTO Pe3KO CHU3UT 3aTpaTbl Ha 3NEKTPO3HEPruto. ToKn IX3,
Taknm 06pasom, “3aneyumBaroT paHbl M30NALMU™”, KOTOpble OHa MOJy4yaeT B
npoLiecce CTPoUTeNbCTBa U 3KCNyaTaunm coopyxeHus. K Tomy Xe B nopax v
TPewmrHax MU30NaUUn NPU 3NeKTPOXUMUYECKOIN 3allMTe 06pas3yeTcs COMNeBou
0CafoK, KOTOpbIA “naomMoupyet” noBpexaeHWs. VIMeHHO 6narogaps Takou
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LPYXXECTBEHHOCTN NMOBCEMECTHO NMPUMEHAETCA KOMMNJIEKCHaa 3awuTa - u3ong-
LIMOHHbIE NMOKPbLITUA B COYETaHUn ¢ IX3.

1.3.4. INpoune BNAbI 3aLUNTHI

NHrmbutopHas 3alimnTa

NHrmMbnTop unn 3amennnTenb - 3T0 XMMUYECKOE BELLLECTBO, UCKYCCTBEH-
Hasa 0o6aBKa KOTOPOro B arpPecCuMBHYIO cpefy, MPUYeM B OYEHb MasloM KOJu-
4eCTBe, YMEHbLLAET CKOPOCTb KOPPO3UM.

CunTatoT, YTO 3alUMTHOE AENCTBME WHITMOMTOpa CBSI3AHO C 3KPaHUPYHO-
WMM 3PPeKTOM afcopbUpOBaHHON MNMEHKN WHIMOMPYIOLLEro BeLLEeCTBa Ha
KOPPOANPYIOLLIE MOBEPXHOCTU. ITOT Gapbep 3aTPYAHSET WUOHHbLIA OOMEH W,
cneaoBaTenbHO, KOPPO3MOHHbIN NpoLecc.

HrMOGUTOPBLI LUMPOKO NPUMEHAIOTCA A4 3alMTbl BHY TPEHHNX NMOBEPXHO-
cTeil TpybonpoBOAOB MPK TPaHCMOPTUPOBKE arPeCcCUBHBIX XXUAKOCTEN, a Tak-
e B XMMWYEeCKUX Npou3BOACTBaX. B Mupe 3anaTeHTOBaHbl ThICAYM XMMUYe-
CKMX COEAUHEHWIA, MPUTOAHbIX B KaUeCTBE MHIMOUTOPOB B TOW W/IM MHOW KOp-
PO3MOHHOIA cpeae.

[3aspaums Bobl

ITOT €cNOCco6 3alMTbl OCHOBaH Ha (hakTe, YTO NPY YMEHbLLEHUI COAEpPXKa-
HUS KCNOPOAA B BOAE ee arpeccMBHOCTb NajaeT.

Kncnopog yaansieTca n3 Bofbl IM60 XMMUYECKN, MO0 NapoBO 1IN BaKy-
YMHOW feaspaupeld. B napoBbix AeaspaTopax KUCN0POA BbiNapmBatoT B TOHKUX
CNOSIX BOfbl MM B Gpbl3rax Ha HarpeTbiX Napom MoBepxHOCTAX. MonyyeHHas
ropsyasl Boga aanee Ncnosnb3yeTcs B BOAAHbIX KOT/IAX UM B CUCTEME FrOpsyero
BOAOCHA0XEHWNSA, 61aronpusaTHO AEACTBYSA Ha KOPPO3MHKD BHYTPEHHMX MOBEPX-
HOCTei TpybonpoBO/0B.

B BakyyMHbIX A3aspaTopax 06eCKMCNOPOXXMBAETCS XO/0AHas Boga NyTem
MOHVKEHWNA NABMEHMS C MOMOLLLbIO B MapOCTPYMHbIX HAcocoB. pu 3TOM yaa-
NATCSA U APYrue pacTBOPEHHbIE B BOJE rasbl.

AHTVKOPPO3MOHHAs 3alllMTa CTasv B ropsiyeil BoAe UMEET MeCTO MPU KOH-
LieHTpauun Kucrnopoaa B Heil He 6onee 0,1 mr/n, yTto 0bGecneymBaeTCs CTaH-
AAPTHbIM AeaspaTtopam. KcTaTu, KOHLIEHTpaUus KMCIopoaa B BoAe B HOPMaslb-
HbIX YCNIOBUSAX MOXET AocTuraTb 20 mr/n.
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1.4. Hopwmbl 1 npasuna

OTeYyecTBEHHbIE TOCYAaPCTBEHHbIE CTaHAAPTbI

OTeyecTBeHHas MpaKTUKa 3aLMTbl OT KOPPO3UM GasnpyeTcsa Ha Cregyto-
LLIMX OCHOBHbIX rOCYAAPCTBEHHbIX CTaHAapTax.

FOCT 9.101-78. EpguHaa cuctema 3alWMTbl OT KOPPO3MU U CTapeHus
(EC3KC). OCHOBHble MOMNOXEHUS.

FOCT 9.602-89. EC3KC. Coopy»xeHusi noasemHble. O6Lne TpeboBaHMA K
3allmTe OT KOppo3uu.

FOCT P 51164-98. TpybonpoBoAbl CTa/lbHble MarncTpanbHble. O6uime
TpeboBaHMA K 3aLLMTe OT KOPPO3UMN.

NHCTPYKLIMN 1 0TpacneBble CTaHAAPTHI

Kpome nepeyncrieHHbIX CTaHAapToOB B TEXHOIOTUN 3alLUThl OT KOPpPO3uun
NPUMEHSAIOTCA pPa3/InyHbIe 0Tpac/eBble HOPMATUBHO-TEXHUYECKME JOKYMEHTHI.
Hwxe oTMeyeHbl HEKOTOPbIE N3 HUX.

1) VIHCTpYKUMA Mo 3aliuTe ropoAcKMX MOA3EMHbIX TPy6oMmpoBOLOB OT
Kopposun / PykoBoaswmii gokymeHT, P 153-39.4-091-01. AKX um. K.A.
Mamdmnosa. M.:Boennsgat, 2002.

2) VIHCTPYKUMSA MO NPOEKTUPOBAHMIO M pacyeTy 3/1eKTPOXMMMUYECKOW 3a-
WMTbl MarncTpasbHbIX TPY6OnpoBOAOB M MPOMbICNIOBLIX 00beKTOB. BCH-2-
106-78. MuHHeTerasctpoi. 1980.

3) PyKoBOACTBO MO 3KCrnyaTaumMm CpefcTB MPOTUBOKOPPO3MOHHOA 3aLLy-
Thbl MNOA3EeMHbIX rasonposogos. T.1 n 2. - BHUWI A3.1986.

4) PyKoBOACTBO MO MPOEKTMPOBAHWNIO W 3aLLMTe OT KOPPO3UN MOA3EMHbIX
MeTa/I/INYeCKMX COOpY>KeHWin cBsA3n.- LUIHNC.1984.

YuebHas nutepatypa.

MWHNCTEPCTBOM BbICLLENO M CPeAHero cneunanbHOro obpasoBaHusA [0-
MylweHbl Kak ydebHble nocobusa nuwb Ase KHuru: B.B.KpacHospckoro wu
N.A.Unkepmanra [1] n E.W. Oun3eHKo ¢ coaBTopamu [2].
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1.5. PasBuTume HayKn 0 KOppo3uu u saLuuTe

YyacTure Bo3gyxa B OKUCEHMM MeTan1a oTMeTun ewle M.B. JIomoHOCOB B
1748 1. n gokasan 1o B 1773r. ppaHuUy3 A.JlaByasbe, yKa3aB Nnpu 3TOM Ha Ku-
cnopog. Ho Tonbko B 1791r. Jlynmku ManbBaHn - pu3nkK n3 BofoHbN - ony6-
/IMKOBa/1 CBOW 3HaMeHWUTble 3MIEKTPOXMMUYECKME WnccnefoBaHUA. Jlanka ero
NACYLWKW, Kak MepBbld 3NEKTPOMU3MEPUTENBHBIA NPMOOpP, YKasana UCTUHHBINA
MNyTb K 3aKOHaM KOPPO3UK - OT XUMUU K 3NIEKTPOXUMUN. HO Toraa eLle HUKTO
He gorafblBa/ics, YTO MMEHHO ra/bBaHW4yeckas napa ecTb ABMXKYyLlad cuna
KOppo3uw.

CuHbop J1.['anbBaHW, HaBepHOe, He 3Has, yuto B 1936 r. 6113 barpaga
HadyT HECKO/MbKO FIMHSAHBIX KYBLUMHOB BbICOTOWM OKO/MO 14 CM, BHYTPW KOTO-
PbIX HaxoAWCA MeOHbIA UMAVHAP WU NPOPXKABEBLUNIA MKeNe3Hblil CepaeUHUK.
AHanornyHble cocybl 6bl1M HalfeHbl B pa3BaanHax cefeHust Ha bepery Tu-
rpa. 9Tv npeameTbl OblIM OTHECEHbI K nepuody PUMCKON mmnepun 27 1.00
H.3.- 395 r.H.3. He ABNAOTCA N HalAeHHble COCY/bl ranbBaHWYECKUMW 3/e-
MeHTaMW, KOTOpble, KaK NpeanonarakoT, ObIin UCrob30BaHbl 415 31eKTPONn-
TWUYECKOro 30/104eHNsT MeNKMX npeamMeToB? Torga Kak ke ObiTb C NpuopuTe-
TOM Jlynmku ["anbBaHu ?

Bblile y>xe ynommHanocb mma Xemdgpu [leBn co CBOMMU LOCTUXKEHUAMMN
Mo 3almTe MeAHbIX IMCTOB OOLLMBKN AepeBAHHbLIX KOpab/ieil ¢ MOMOLLbIO >Ke-
nesa. Ho aHTWYHbIe CTpOUTENM CyA0oB 00 3TOM Aorafaimcb MHOrO paHbLLUe.
[N 3amTbl OT YepBen-APEBOTOULEB K AEPEBAHHOM AOCKE C MOMOLUBIO Mea-
HbIX rBO3[ei MPUKPENIAIN CBUHLOBYIO MnacTuHy. OaHako CBMHeL, BGMM3U
reo3fsd ObICTPO paspyLuasncs, NockKosbKy, KaK Mbl Ternepb MOHMMAaeM, CBUHELL
MO OTHOLUEHUIO K Mean SBNSETCA aHOAOM. I umm 6bl10 HaWAeHO OTIMYHOE
peLleHue: NOKPbITb CBUHLIOM TaKXKe U FOMI0BKN MeAHbIX reo3aei. B pesynbTa-
Te 3TOro rasibBaHM4yeckKas napa ncyesna U TOK KOpPo3um npekpaTuics.

NHTYMUMA Halimx OpeBHUX MPeaKoB [OCTOMHA YBaXKEHMWSA, HO JIMLLb CUC-
TemaTnyecKune MUCCnefoBaHns No3BoNAT (hoOpMynnpoBatb PyHAAMEHTa/IbHbIE
3aKOHbI. imeHHO X.[eBn B 1812 r. BbIABUHYN TMIMOTE3Y O CBA3U MEXAY XUMU-
4YeCKMMW NpeBpaLLeHNAMU U 3NEKTPUYECKMM COCTOSSHMEM BeLLlecTBa: eCcnu Be-
LLLeCTBY NpuaaTh CNabdbli OTpULATENIbHbLIA 3apad, TO XUMUYECKNE U3MEHEHNS
N, CnefoBaTtesibHO, KOpposus OyayT npeaotepalleHbl. O TOM, YTO MeTasibl
PasNNYaroTCA 3M1EKTPUYECKMM MOTEHUMAaIOM BAPYr CTa/lo M3BECTHO BCEM: B
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1797 r. A.Bonbta 1306pen cBov BoNbTOB CTON6, B 1795 r. A.I'ymbonbAaTt 06-
Hapy>Xnn npoLecc 31ekTponmsa, B 1798 r. Puttep 3ameTmnn cBA3b NOTEHUMaNa
CO CK/IOHHOCTbIO MeTaslfia K OKUCNeHUH0. U 3To - cpasy Xe nocse 3HaMeHUTOM
ny6nvkauum J1. MNanbBaHn B 1791 .

X.[eBN He TONbKO 3aliuTWN psg Kopabnieil 0T MOPCKOM KOPPOo3un, HO K
BblpacTun 3HaMeHUToro Maikna ®apages. VimeHHo dapageit B 1834 r. o6Ha-
PY)XXU/T KOJIMYECTBEHHYHO CBSI3b MEX[Y MacCoW pacTBOPUBLLErOCs MeTanna u
BE/IMYMHOIN 3MEKTPUYECKOro TOKa. Bcs coBpeMeHHas Teopusi 3M1eKTponn3a
nonb3yeTca uncnom Papages.

3aTeM B HayKe O KOPPO3UW HacTynui nepuoj 3aTullbs U NLLb OKOJ0
1890 r. 3HaMeHUTbIN Tomac AnbBa SAMCOH MOMbITA/ICA KaTOAHYHO 3aLUUTY Cy-
[0B OCYLLECTBUTb C MOMOLLbIO BHELUHEro UCTOYHMKA MOCTOSAHHOIO TOKa, 0f4-
HaKO0 B TO BPeM$ 3TO Obl/1I0 TEXHUYECKN HE paLnOHasbHO.

Havano 3pbl KaTOAHOWN 3alUMTbl MOXXHO [10BOJSIbHO TOYHO COBMECTWUTH C
Havyanom XX ctonetus. OeincteutensHo, B 1902 r. K.KoaH, 3atem B 1908 .
X.["'ennepT coopyannn nepsble KaToAHbIe CTaHLMM A4 3alnTbl TPYOONpPoBo-
noB. Ho “oTuoM KaToAHOI 3almTbl” amepuKaHLbl Ha3Bann PobepTa K. KyHa,
KOTOpbI B 1928 r. nocTpoun nepeyto YCTaHOBKY KaTOAHOW 3alUMThbl Ha Maru-
cTpasnbHOM Tpybonposode B HoBom OpreaHe. P.KyH ABaXkabl 3HAMEHWUT: OT
Hero naet uncno - 0,85 B - Tak Ha3blBaeMbIil, MUHUMA/bHbIA 3aLIMTHbIA MO-
TeHUuan, ABNAKOLWNIACA COBPEMEHHBIM KPUTEPUEM 3/EKTPOXMMMUYECKON 3aLLin-
Thl.

3HaMEeHUTbIX UMEH B TEOPUN KOPPO3UMK U 3alMTbl HACTO/IbKO MHOIO, YTO
MepevyncnnTb NX - 60MbLIoN TpyA. HO NycTb 3anoMHATCA UMeHa m3nka HepH-
CTa C Teopuen 3MIeKTPOAHbIX U AMKDMY3NOHHbLIX NoTeHumanos, HO.3BaHca C
nonapmsauMoHHbIMK gnarpammamn, M.Iyp63 ¢ guarpammamm COCTOAHUS Mo-
TeHuman-pH, Tadena co cBOUM 3HAMEHUTbLIM YpPaBHEHWEM, U MHOTUX OPYTrUX
N3BECTHbIX Y4YeHbIX U NHXeHepos: .Ynur, B.doH BakmaH, X.Kawwe, X.Knac,
®.Toar, &.BeHHep, 3.3yHae, P.ne Bpoysep, M.[Mapkep, B.LLBeptderep,
Ik.Ckannu, B.l'Nnyoek u T.4.

OTeyecTBEHHass Hayka 3HaMeHUTa TakKMMW WMeHamMn KakK [.AKNUMOB,
A.PPYMKUH, H.Tomaluos, N.Po3eHpenba, A.KonoTbIpKuH,
FO.Muxaitnosckuid, B.KpacHospcknia, 3.'yTMaH, BHECLUMX BKMaf B TEOPWUIO
kopposun; B.lNNputyna, B.HerpeeB, A.CnupuH, B.KanbmaH, W.EpLloB,
M.Tpudens, N.dpaHuesny, [.ABepoyx, B.BbICOLKNA - NEPBOMNPOXOAUNKN B
npakTMke KatogHon 3awmntbl; W.CTtpwkesckuid, B.JleuH, M.Cypuc,
A.MapueHko, K.Hukonbckuin, E.H1MkuteHko, B.IMna3kos, H.IMna3oB, B.KOTuK -
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co3jaten HopM M NpaBun ANd MNPakKTUKU 3NeKTPOXUMUYECKON 3alluThbl;
b.JlopTknnaHngse, HO.Moccenb, B.OctaneHko, B./BaHoB, B. JlykoBuu,
B.Amntpues, B.TkauyeHko, J1.Pa3ymoB, O.T030HM - pa3paboTyMKuU MeTOAOB
pacyeta 3M1eKTPOXUMNYECKON 3allUTbl, U1 MHOIO APYruUX WM3BECTHbIX UMEH C
LUNPOKNM  AnanasoHoM faeATenbHocTh, Takme Kak H.OKyK, [1.AKOIb3WH,
E.JTto6nmHekniA, J1.AHTponoB, M.®okuH, J1. LiukepmaH, M.TapHUXEBCKWA,
l.®peitmaH, A.KoTenbHukos, [.TomnsHosud, E.[Ou3eHko, B.Hosocenos,
H.Tecos, b.Pein3unH, 3.®uHkenbwTeliH, B.Mputyna, I'. Mapksapar, H. Cepre-
eB, I'.KneHoB, A.I'OHUK, M.["eTMaHCKWiA 1 T.[.

NTak, katogHoin 3awmTe - 100 net. Bo Bcex cTpaHax 6e3 MCK/YeHNs -
3TO MPU3HaHHbIA 1 0693aTeNbHbIA METO/ 3almMTbl TPYOONPOBOLOB OT KOPPO-
3un. o HaumoHanbHomy ctaHzapTy CLUA BCce BHOBb CTPOALLMECA CTaslbHble
NnofA3eMHble TPY6OMpPoBOAbl AO/MKHbI 06ecrnevnBaTbCa 31EKTPOXMMMNYECKO
3almToin. KaToaHyto 3awWmTy NPUMEHSAIOT A5 pe3epBYyapoB, pas/IMYHOro Tuna
annapaToB C arpecCUBHLIMUN XNAKOCTAMU, MOPCKMX CBai, LeNb(oBbIX HeTH-
HbIX YCTAHOBOK, MOPCKMX U PeyHbIX CYfl0B, LWIH30BbIX BOPOT U T.A4,

B Halwuein cTpaHe HaxogAaTca B aKCrayaraumm LeCATKU TbICAY YCTaHOBOK
9X3. B HacTtosuwee BpemMsa To/bKO B I..Bonrorpage pabotatot 750 KaToAHbIX
CTaHUMii, KoTopble 3awmwiaroT 1100 KM ropoACKMX ra3onpoBOAHbIX CeTei
HU3KOI0 1 CPeHEero AaB/ieHns.

3afaya Haykm W MpaKkTUKW CErofHsALIHEro [HS - He 0CnabnAtb Temn
6opbObI C KOPPO3KeEil.
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[(naBa 2. INpougecchbl 3NEKTPOXUMMNYECKON KOPPO3UK

2.1. [epBONpUYNHBLI KOPPO3UU

MOXHO 6bl10 Obl HayaTb C MPEANOSIOXKEHUSA, YTO OCHOBHasA NPUYMHA
3NEKTPOXUMUYECKOI KOPPO3un - rasibBaHuyeckas Heo4HOPOLHOCTb C 06pas3o-
BaHMEM Ha MOBEPXHOCTN META/I/IMYECKOrO COOPYXKEHUA MHOXKECTBA MWKPO-
aHOZ0B, Harmpumep, 3a CYET CTPYKTYPHOW HEOLHOPOAHOCTY CMNaBOB M3-3a Ha-
NNYNS B HUX NErMpyroLLmx 406aBoK 1 npumecein. Ho noyemy »e Torga Koppo-
ONPYIOT, KakK NOATBEPXKAAET OMbIT, 3MEKTPOXMMUYECKN abCONHOTHO O4HOPOA-
Hble, YACTblE MeTa/bl?

TeopeTnkn KOopposumn pasfennsinch -Ha MpUBEepXXeHLUEB Teopun MUKPO-
ra/lbBaHNYECKNX 3/IEMEHTOB 1 TEOPUN-FOMOrEeHHOro pacTBopeHus. NocnegHue
MOryT 060MTUCL 6e3 NMOHATMSA “ranbBaHNYecKas reTepOreHHOCTb”, XOTS U He
oTpuuatoT ee. [eicTBUTeNbHO, Kak 6bl HU Oblla OTMO/IMPOBaHa NMOBEPXHOCTb
XUMUYECKN YMCTOr0 MEeTa//INYECKOro Tena, Ha MOJEKYNISIPOM YPOBHE Bbl
BCTPETUTE TaKOW Habop HeOoXMAaHHOCTeN M HEOAHOPOAHOCTEN, YTO HW O Ka-
KO rOMOreHHOCTM W 3KBUMOTEHUMATbHOCTU [BYX COCEHMX TOYEK U Peyn He
MOXET ObITb. Tak, ABe pa3Hble rpaHn OAHOro Kpuctasia MeTa/lIMyecKoro Tena
MMEIOT pasHble 3/1IEKTPOXMMMYECKMEe NOTeHUMabl. OTO M eCTb MNepBas rajibsa-
HMYecKas rnapa Ha MMKPOYPOBHE.

Kak Bbl yBMAETE HMXKe, 00e 3T TEOPUN He aHTOrOHUCTUYHBI. oaTomy
3aby[leM Ha BpemMs O rasibBaHMYeCKMX Napax, BO3HMKAKOLWMX MO KaKUM-TO
MPUYMHAM Ha METa/IIMYECKO NMOBEPXHOCTH,

[MycTb 6yAeT TONbKO BOAA U KMUCTOPOA,

OfHa u3 yamBUTENbHbIX 0COBEHHOCTEN MOMEKY bl BOAbI - €e AUMO/bHbIE
CBOICTBA. HeCMOTpS Ha ypaBHOBELLIEHHOCTb 3apsiaoB H 1 OH™ BHYTpU Mo-
NeKysbl, BOAA - NOMAPHO 3apsKeHHas yactuua, cnocobHas npuTarnmeBaTbCa K
MOIOXKNTENIbHO WX OTPULIATE/NIbHO 3apsXKEHHbIM MOHaM OKpY)KatoLLel cpeapl,
Hanpumep, K noHam enesa (puc.2.1).



29

ATOMbI MeTa//ia 06pasyroT KPUCTA/I/IMYECKYHO PELLETKY, B NMPOCTPaHCTBE
KOTOpOW CBOOGOAHO MepemMeLlaroTCcst 3M1eKTPOHbI, NMOKUHYBLLVE CBOW aTOMbI, -
TaK Ha3blBaeMble, Ba/IEHTHbIE 3/IEKTPOHbI, YTO 1 MOKa3aHOo Ha puc.2.1, Kak nep-
BOe COObITMe npouecca Koppo3mun. HeypaBHOBELUEHHbI NOHU3MPOBAHHbI
aToM MeTanna Fe" - 10 Tex nop Noka OH IULLIEH MEKTPOHA - SBMSETCS CNabbIM
MeCTOM peLLeTKN. ECin 3TOT MOH JOCTYrMeH AN ataku MOMEKYN BOAbl, Hanpw-
Mep, OH HaxoAuTCA Ha camOi MOBEPXHOCTM MeTaa, a flydlle - Ha BepLUMHe
rpebHA UM HEPOBHOCTM MOBEPXHOCTW, TO BCTYMAalT B [AEACTBUE 3N1EKTPO-
cTaTU4yecKne cunbl NPUTA>KeHna. OKpyXKas MOH MeTas1a, MOSIEKY bl BOAbI -
B CW/Ty CBOE NMOABM>KHOCTW - CMOCOOGHbI pacluaTaTb PeLUeTKY U OTAeNUTb
OH.

Puc.2.1. 3Tanbl pa3BUTUS KOPPO3MOHHOIO MpoLecca Noj AeicTBreM
BO/lbl U KM1CNOpoAa

He 6yab NPOTUBOAENCTBUS TaKOMY Haudany, KPpUCTa/l/IMyecKas peLleTka
ObICTPO 6bl paspyLumnack. NpPoOTUBOAENCTBIME MPOLIECCY ““ pacTaCKMBaHUS” op-
raHU3yeT ()POHT BaSIEHTHbIX 3/1EKTPOHOB - 06/1aK0 CBOOOAHO CTPAHCTBYHOLLMX
OTPULATENbHO 3apAXKEHHbIX YacTUL,. SNEKTPOHbI, NULLEHHbIE MaTePUHCKNX
CWU/1 NOAAEPXKKN CO CTOPOHbI CBOMX aTOMOB, YLUeALNX B pacTBOpP, COOMpatoTCH
BO/IM3UN rPaHULbl MEeTasIN-3M1EKTPONIUT, MNbITasACb BEPHYTHCA K BPOLLEHHBIM UMK
paHee YacTuuam metanna. HaunHaeTca nepetarvBaHMe KT0-KOro: 3/1eKTPOHbI -
B OHY CTOPOHY, BoAa - B Apyryto. Ecnn npouecc Bo3BpaTa MOHOB MeTania
NIET C TaKOW XXe CKOPOCTbIO, YTO U MPOLIECC MX yXoaa “B BOAY”, TO Ha rpaHu-
Lie yCcTaHaB/IMBaeTCA AMHaMU4YeCcKoe paBHOBecKe 6e3 Kakux nmbo maTepuasb-
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HbIX NOTEPb. BO3HUKAET TaK Ha3blBaeMblil TOK 0OMeHa 1 (POPMUPYETCS [BOWA-
HOW 3NeKTPUYECKNIA CMOW: ero BHELLHEe 06KNaaKon SABAATCA ruapaTupo-
BaHHble MOHbI MeTaINa, BHYTPEHHE - 3NEKTPOHBI.

OflHaKo paBHOBeCME MOXKET ObITb HapyLLEHO, ec/in BMELLAETCA TPeTbs
cuna, crnocobHas 6naronpuATCTBOBaTb TOMY WX NPOTUBOMOIOXKHOMY (PPOHTY
Ha [IBOMHOM cnoe. Takas cuia UCXO4UT OT MOJEKY/bl KCNopoaa, KoTopas no-
[AO6GHO MoOsieKyne BOAbl, ABNSSICL B LE/IOM HEMTpasibHOW, HO CnocobHa, 4To
BeCbMa YAMBUTE/NLHO MPU €e 3/IEKTPOHENTPANIbHOCTU, NMPUTArMBaThL K cebe
3NeKTPOHbI. B JaHHOWM cuTyaummn arpeccopbl Nogenunn cgepy AedTelbHOCTY:
BOZe - MONO>XKUTENBHO 3aps>KeHHas YyacTuua MeTanna, KACIopoay - OTpu-
LaTenbHas.

Kucnopog accumunnpyeT 31eKTPOH M 06pasyeT BHe Mpeaesios MeTanna
HEKOTOPYIO OTPULATE/TbHO 3aPSXKEHHYHO YacTULLy.

CBA3blBas 3/M1EKTPOH, KUCMIOpoA, Takum obpas3om, obneryaet paboty Mo-
NeKynam BOAbl, KOTOPble Tenepb yXKe 6e3npensTCTBEHHO OTPbIBAOT, HEUTpa-
NN3y0T N 6e3B03BPaTHO YHOCAT MOH MeTana. PaspyLleHne - CBepLUMBLUNIACS
(haxT.

Takmm 06p8.30M, ans 6e30CTaHOBOYHOI0 NPOTEKaHUA TMpoLecca pas-
pyweHna AoCTaTo4HO BOAbl 1 KUC/0PO4A.

3ameTbTe, 06bSCHUTL NEPBONPUYNHY KOPPO3UK, Kak Bbl BUAETE, MOXKHO U
6e3 NpMBNEYEHUs NOHATUS rabBaHNYeCcKoi napbl. HO Aasblue 3T0 AenaTb YXKe
TPYZHO 1 laXke HeLenecoobpasHo.

2.2. [1BMXKyLlaa cuiia TOKOB KOppo3nn

2.2.1. N'anbBaHoMapa Ha NOBEPXHOCTU MeTasl/INYECKOro
COOPY>XKEHUS

MycTb Tenepb 3a CYET AMGKY3NOHHBIX 3aTPYAHEHUIA ANs KMCNopoaa, - a
KWUCNOpPO/, NOCTYNaeT B 3M1EKTPONNT M3 aTMOCHEpPbI,- ero KOHLIEHTPaLIMS Yy Kop-
POAMPYHOLLEV MOBEPXHOCTM M3MEHUNACh TaK, YTO B OJJHOM MECTe ero U30bITOK,
a B APYrom - HefoCTaToK. Torga SMHWKM TOKa, 06pasyemble 371EeKTPOHAMM,
MLLLYLLIMMW KACNIOPOA, YANMHSIOTCS B CTOPOHY 06/1aCTU C 136bITKOM KMC/OPO-
03, KaK 3TO MoKas3aHo Ha puc.2.2. B aTOM cny4ae 30Hbl AeACTBUS BObl U KM-
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C/IOPOAA NTIOKANN3YIOTCA: B 06/71aCTW M30bITKA KUC0pOoaa NMPOTEKatOT B OCHOB-
HOM, KaTO/HblE, T.€. BOCCTaHOBUTE/IbHbIE NMPOLECCHI C NMOTPE6/IEHNEM 3/1EK-
TPOHOB, YTO He MPUBOAUT K OLLYTUMOMY YMEHbLUEHUIO MAcCbl METa/INA, a B
[IPYroli 4acTh NMOBEPXHOCTM - aHOAHbIE, T.e. OKUCIUTEeNbHbIE NPOLECChI, CO-
MNPOBOX/AIOLLIMECS BLIHOCOM MeTasna.

W =femoK sooksl Hztkmok kMoaopoga
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Puc.2.2. O6pa3oBaHue ranbBaHNYECKOM Napbl B HEOAHOPOAHOM cpefe

Tenepb MOXHO OTHOCUTLCA K MPOLIECCY KOPPO3UK KaK [eACTBUIO ecTecT-
BEHHO 06pa30BaBLUENCA KOPPO3MOHHOW ranbBaHUYeCKoi napsbl.

Mexy aHOAOM M KaTO[OM PacCTOSIHME MOXET ObITb NMPEHEOPEXUMO Ma-
NbIM, €C/IN PeYb UAET O KOPPO3uUn BeCbMa YMCTOro MeTasia B 04eHb OAHOPOA-
HOW cpefae, HO 1 IOCTUraeT rPOMaaHbIX pa3mMepoB B AECATKN METPOB, C/IN 3TO
- Tpy6onpoBof C KYCOYHO-HEOAHOPOAHOW MOBEPXHOCTbID B HEOAHOPO/HbIX
rpyHTax.

Tem 6osiee MOXKHO OXKMAATb /IOKa/IM3aUUM aHOAHOrO M KaTOAHOro npo-
LLeCCOB, €C/IN MOTOK 3/1eKTPOHOB CTPEMUTCS K nepepacnpeaeneHnto 6naroga-
PA KOHTaKTy pasHOPOAHbIX METaNNOB. Tak, N30bITOK 3/1eKTPOHOB MOXHO OXKU-
natb Y MeTania, UMetoLLLero 6osee aNeKTPooTPULATENbHbIN NOTEHLMAN, ECN
C HUM KOHTaKTUPYET APYroin mMeTans, MMEKLWKNii 60n1ee NoNoXKUTENbHbIA No-
TeHUMan, T.e. ecnn paboTaeT KOHTaKTHasA ranbBaHuyeckas napa, Hanpuwvep,
XKene3o-Mefb, rae Xeneso - 60n1ee 3NeKTPooTpULAaTENbHbIA 3nekTpod. OTTOK
3NIEKTPOHOB OT 60/1ee 3NEKTPOOTPMLATENBHOIO 3N1eKTPoAa 3TON napbl K 60nee
MONOXMNTENbHOMY BbI30BET OAHOBPEMEHHbIV YX0A4 B PacTBOP WMOHOB C 3TOr0
>KE 3NeKTPoaa, T.e. aHOAHYH PeakLUUIo Ha HEM.,

B KOHEYHOM UTOre ¢ aHoda YXOAAT U UOHbI, 1 3N1EKTPOHbI.
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CneayeT 3aMeTUTb, YTO KOHTAKTHasi napa - 3TO He TONbKO Kene3o-Mefp,
HO W XXEeNne30-)Kene3o, eci OfiHa U3 TOUYEK CTPYKTYPHO HEOJHOPOAHOrO Ke-
NIe3HOr0 Te/a No 31eKTPOXMMUYECKM NPU3HAKAM OT/IMYAETCS OT APYToiA.

Takum 06pa3oM, aHOAHbIe W KaTOAHble 30HbI BO3HMKAIOT M3-3a KaKWX-
NM60 HEOJHOPOAHOCTEN B KOPPO3MOHHOW Cpefie 1 Ha MeTaIMYECKO NoBepXx-
HocTu (puc.2.3). Tpuyem OHMM M3 MPU3HAKOB KaTOAA SBMSETCS U30bITOK
K1cnopoaa.

Mexay aHOJOM W KaTofloM KOPPO3MOHHONM Mapbl BO3HMKAET TOK. [o-
CKONbKY HanpaBneHne ToKa MPUHUMAETCs NPOTUBOMOMNOXKHBLIM HanpaBieHUto
[BVKEHNS 3MIEKTPOHOB (KTO TONMbKO 3T0 npuayman!), To TOK B MeTanne Kop-
POAMPYIOLLLETO COOPYXKEHMS HanpaBneH 0T KaToda K aHoay. Ho nMHMS Toka
BCerja 3amMkHyTa. M03aToMy Aanee TOK GyAeT cTekaTb C aHoAa B KOPPO3UOH-
HYIO cpefly U 3aTeM HaTekaTb Ha Katof. T.e. TOK aHOAHbI - 3TO TOK, CTe-
KatoLmiA ¢ MeTaNIMYecKoi NOBEPXHOCTN B KOPPO3VOHHYHO cpefy, TOK Ka-
TOAHbIN - TOK HATEKAaMLLMIA N3 KOPPO3NOHHOI Cpefibl Ha Hee.
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Punc.2.3.KOppo3nOHHbI/A ranbBaHUYECKU A MUKPO3/IEMEHT Ha
NOBEPXHOCTU MeTanNa, rae lopp — TOK KOPPO3NK |

PaccMOTPUM XMMUYECKYH KUHETUKY ABYX3NEKTPOAHOIO0 KOPPO3MOHHOIO
ra/1bBaHNYECKOIo 3/1IEMEHTA Mosarad, 41o Ha OAHOM N3 3NIEKTPOAOB MNMPOTEKAET
TO/MIbKO aHOoAHaa peakums, a Ha ApPYyromM - ToNbKO KaToAHasa. STU peakuum Hau-
6onee BEPOATHO OMMNCbIBaKOTCA C/IeAYHOLLIM o6pa30|v|:
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Fe+ mH,0 « Fe** mH,0+2e - aHog;
H,O+2e+0,« OH - KaTog, (2.1)

T.6. Ha aHo/Je noj AeincTBMEM M MOJIEKYN BOAbI MAET NPOLECC OKWUCIEHUS, Ha
KaTofle - TakKXe He 6e3 yuyacTus Bofbl - NPOLLECC BOCCTAHOBNEHNS. BellecTBo
OKUCNAIOLLEecs 0TAAeT 3NEKTPOH U, pa3yMeeTcs, MOH, 1 3aTeM NpeBpaLlaeT-
CA B OKWCEN, a BOCCTaHaB/IMBAIOLLLEECS BELLECTBO BOCMPUHUMAET 3/1EKTPOH,
eC/I OH eMYy HEOOXOAMM U HUYTO 3TOMY He NPensTCTBYeT, 06pasys HOBOe Be-
LLIECTBO.

TpyAHO 0CO3HATb, YTO 3/MIEKTPOHENTPA/IbHON MOMEKyne K1cnopoga Heob-
XOAMUM 3MEeKTPOH, B TO BPEMSA KaK MONOXUTENbHO 3apsiXXeHHble MOHbI, Takune
kak Na“, Mg" 1 apyrue, BO MHOXECTBE OKpYXatoLLye No6yH Koppoaupyto-
LLLYIO MOBEPXHOCTb, OCTalOTCA MHAUMDMEPEHTHLIMM MO OTHOLLEHNIO K  3/1eK-
TPOHY. JInLb TONLKO NOH Bogopoda H' (3amMeTbTe, CHOBa YacTb MO/EKY/ bl BO-
Obl!) MOXET y4yacTBOBaTb B KaTOAHOM KOPPO3MOHHOM NpoLecce, Aa U TO NnLb
B [I0BO/IbHO KMC/O cpefie, rAe ero KOHUeHTpaLms Bemka.

Peakuma Ha Katofe c yyactmem O, ‘BefleT K MOJLlenaqymMBaHUIO cpeapl,
T.e. K 06pa3oBaHNIO MoHa rugpokcuna OH™, 4To B CBOK OYepefb Bbi3blBaeT
BbINajleHNe BCEBO3MOXHbIX 0CaK0B, TaK, NOH Fe™ | BO3HUKLLMIA Ha coceHEM
aHoje, BCTynaeT B CBA3b C MOHOM OH™ , obpa3ys rugpart 3akucu >kenesa
Fe(OH),, KOTOpbIn 3aTeM MEPEXOAUT B 00Mee YCTOMUMBOE COEAUHEHME
Fe(OH); n panee npespatlaerca B Habop okucnos Fe,O;, FesO, npeacTas-
NAKOLLMX COO0I KOHEYUHbIA NPOAYKT COBMECTHOMW pPeakLmm - PXKaBUnHY.

2.2.2. [anbBaHMYyecKne MMKPOHEOAHOPOAHOCTH

C nomoLllslo puc.2.4 nNponnnoCTPUPOBaHbI Hanbonee BEPOATHbLIE MPU-
Y/MHbI BO3HWKHOBEHWS Ta/lbBAHUYECKUX 3M1EMEHTOB HeOOMbLIOIO pasMepa -
KOPPO3MOHHbLIX MUKPONap.

1. Mpu CTPYKTYPHON HEOAHOPOAHOCTV METa/NINYECKOl MNOBEPXHOCTY
(pnc.2.4,1), a 370, HaNpUMeP, BKPanAeHWs 1 KPUCTaNIUTbI NErnpyoLmx aoba-
BOK 1 MpuMeceid, aHO0M BYAEeT CNYXWUTb META/IIMYECKOE BKOUEHNE, UMEtD-
Liee MeHee GNaropofHble CBOWCTBA. Tak, B Mape C XKene3om LMHK paboTaeT
aHOAO0M, a Meflb - KaTOZ0M.
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Puc.2.4. TpuynHbI BOSHUKHOBEHUS KOPPO3MOHHbLIX MUKPOMap Ha NoBEPXHO-
CTU MeTa/I/INYeCKOro CoopyXeHus: 1-CTpyKTypHad HeOAHOPOLHOCTbL MeTasl-
na; 2-uapanuiHbl, Wenun; 3-puckn; 4-HacnoeHus, OKNC/bl, OKaINHa; 5- fetop-
Mawms, Haknen; 6-Heo4HOPOAHOCTL Cpedbl; 7- CBapPOUHbIiA LLIOB.

O “cTeneHn 6naropoAcTea” MeTasnia CyasaT Mo ero 31eKTPpoAHOMY MOTeH-
Umany: Yem 60iee NoONOXKMUTENEeH NOTEeHUMa, TemM 6onee 61aropoieH MeTas.
Tak, noTeHUuanbl YNOMAHYTbIX METa/I/I0B B OAHOM W TOM XXe 3/IeKTPONnTe
pasnnyaroTca cnegyrowmmM 0bpasom: j g = - 0,34 B, j ¢, = +0,05 B. 305070, B
6/1aropoficTBe KOTOPOr0 HMKTO He COMHEBAETCH, MMeeT MOTeHUMan j ay, =
+1,42 B.

CTpyKTypHas Heo4HOPOAHOCTb MeTaslla MOXKET BbI3bIBaTb MeEXKKpUCTas-
NIMTHYIO KOPPO3NK, XapaKTepHy ANA NerMpoBaHHbIX MeTasl/loB B BbiCOKOAr-
PeccuMBHbLIX cpeaax. B 3ToM cnyyae paspyLuaroLleecs MeETa/IINYeCKoe N3aenne
NpeBpaLLaeTcs B NOPUCTOE TeN0, XOTH BHELLUHE BbIrNAANT 06bIKHOBEHHO.

HekoTopble crnasbl NOABEPXKEHbI MUT TUHIOBO KOPPO3UK, NOCNeACTBUS
OT KOTOPOW MMEKOT BMA ByNaBOYHbIX MPOKOsoB rnyouHon 0,1...2 M.

2. [JHO uapanuHel (puc.2.4, 2), Kak npasuso, paboTaeT aHOAOM, 0COBEHHO
ecn  LapanuHa MaoTHO 3abuTa rpss3blo U NPoAyKTamy KOppo3uu, 3aTpya-
HAIOLLIMMW AOCTaBKY KUC/0POAa, B TO BPEMSA Kak O6/vKailllme y4acTK1 coopy-
XXeHNa 60nee AOCTYMHbI AN KUCN0poAa U No3TOMY BbIMOHAT PO/b KatoAa.
MOXHO 0XXuaaTb, YTO B MepBoe BpeMsl Haubosiee UHTEHCUBHLIM aHOAOM Bbl-
CTYNaroT OCTPble KPOMKM LiapanuHbl U TOIbKO NMOTOM KOPPO3us nepemMeLLiaeT-
sl Br/y0b.

HeoaHopoAHOCTL B BUAEe rNyo0Koi Wenv, 06pa3oBaHHOM [ABYMS MeTasl-
NNYECKUMWN IACTAMKN U JeTandaMU MPU UX Haknagke U COMpsXKeHUN, Bbi3bl-
BaeT, KaK 3TO LUMPOKO OTMEYEHO B MPaKTMKe, ABMIEHWE LLENEBOM KOPPO3uK,
MMeloLLLEN BECbMA OMacHble KOPPO3MOHHbIE NOC/IeACTBUS.

3. 3aBOACKME PUCKU, MOSBNSIOLMECS MPW BOMOYEHUN TPYO, UHULMKPYIOT
KOpPPO3WH, KOTOpas, OfHaXK/bl Ha4aBLUWNCh, B OOLLUEM Clydyae MOXET Mpo/on-
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XaTbCA GECKOHEYHO A0/1r0, MEHAA MPUUUHBI U (PAKTOpPbI, 3aTyxas Uan Bo3006-
HOB/IAACH.

4. BecbMa onacHa Koppo3sus, CBsi3aHHasi C 3aBOJICKON oKannHO. IMog cno-
eM OKa/IMHbl MPOTEKAKT aHOAHble MPOLECCHI, ecn PALOM MMEKOTCA YUCTbIe
YUYaCTKU METa/ININYECKON NOBEPXHOCTK, HE UCNbITbIBAKOLLME HEOCTAaTKa B KU-
cropoge.

AHaNOrM4yHO BANAHNE N MOOBLIX APYTMX MOPUCTbIX CNOEB: OKUCHbLIX Mie-
HOK W HAaC/OEHWIA, CONEBbLIX OT/IOXKEHWA, pa3pyLUEHHOro U30/SLMOHHOrO Mno-
KpbITMA 1 np. B Nt060M cny4vae 3aTpPyAHEHVE B AOCTaBKe K1Mcnopoga MHULMK-
PYeT aHOfHbI npoLuecc, ecnv psaaomM ecThb NOBEPXHOCTH, rae Kucnopoda us-
ObITOK.

5. [edopMMpPOoBaHHbIA  y4acTOK MeTa/NIMUYECKO NMOBEPXHOCTM - 3TO, B
CYLLIHOCTK, Y)Ke IpYroil MeTasn co CBOMMM 31eKTPOXMMUYECKMMI CBOCTBAMM
M Npex/ae BCEro CBOMM 3/1eKTPOXMMMUYECKMM NOTeHUManom. Tak, 06pasytoT
KOPPO3MOHHbIE Mapbl OTOXOKEHHbIV W 3aKaNeHHbIA Y4aCTKM MeTaiIM4Yeckoro
COOpYXXeHuns (06pasytoLLMecs, HanpruMep, B NPOLIECCe CBapKM), y4acToK C Ha-
Knenom (Bbl BblpaBHMBAeTe KyBanfoii HEGPEXHO MOrHYTYH KPOMKY TpyObl
nepeq CBapKOi, Hafesicb Ha 61arogapHOCTb), THYThIV y4yacTOK Tpy6bl (3TOrO,
noXxanyi, He n36exaTb) U T.A. 3TO - MOTEHLMANbHO OMacHble MecTa COopY»Ke-
HUS.

Kak npaBuno, AethopMUPOBaHHbI y4acToK paboTaeT aHogoM. MoyKHO
OXW/aTb, YTO PACTSHYTble BOMOKHA GyAyT paspyluaTbCsi MHTEHCUBHEE, YeM
HeHanpPsXKeHHbI MeTann. Koppo3noHHbIe paspyLLEeHUS, MHULMUPOBaHHbIe Me-
XaHWYECKMM COCTOSIHEM MEeTan/a, OTHOCAT K MeXaHOXMMUYECKO KOPPO3UML.

6. Pa3HoOOpa3Hbl MPUUMHLI HEOAHOPOAHOCTU OKPYXKalOLLEW cpefibl W
00yCNnoBfieHHass 3TUM CKOPOCTb KOPPO3uKW. Tak, AOCTATOMHO MPUCYTCTBUS
KOMKa T/IMHbl B XOPOLLO a3pupyeMOoM MecYaHOM rpyHTe, YTobbl BO3HMK/A Na-
pa anepeHumanibHoM aspaummn ¢ aHoAoM Nof FMHUCTON LIanKoA,

Ecnn cpefa B AaHHOW TOUYKE OT/IMYaeTCA MO XMMUYECKOMY COCTaBy, TO
noTeHUMan MeTasna 34ecb OyAeT MHOW. Tak, CHUXKeHWE MnoKasaTtens KuUCoT-
HOCTU pPH Ha OfHY eAuHULY, T.e. He3HAYUTE/IbHOE NOAKUCNEHNE CPedbl, Y)Ke
BbI3bIBaeT CHMXXEHWE NOTeHUMana »Xenesa npumepHo Ha - 0,06 B, genada ero
6ofee aKkTMBHbIM aHOAOM. Ecnn, Hanpumep, K O4HOW YacTh MeTasI/IMYeCKOM
MOBEPXHOCTM npuneraet 3emnsd ¢ pH = 7, a K gapyrov ¢ pH = 6, TO BO3HUKHET
raslbBaHonapa ¢ 3NeKTpoaABMXKYyLLEen cunoin pasHoun 0,06 B.
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7. CBapOYHbIil LLIOB MOXET BbI3BaTh KOPPO3WIO KaK HEMOCPEACTBEHHO MO
LLIBY, TakK 1 B OKO/IOLLOBHOM MPOCTPAHCTBE B 3aBUCUMOCTY OT 3/1EKTPOXMMUYe-
CKMX CBOWCTB MaTepuasa CBAapOUHOro 3/1eKTPoAa. Koppo3MoHHOE Hayano Mo-
KET BbI3BAaTb MEXaHWYECKOe MPOAO/HKEHME Pa3pyLUEHUs, Pe3yNbTaTOM YEero
SBNISIETCS Pa3pbiB TPYObl MO LWIBY, MPUYEM YacTO C BECbMa CEPbe3HbIMM MO-
CNefCTBUSMM.

NCKNIOUYNTbL HEOAHOPOAHOCTL - BOT OCHOBHOM MeTo[ 60pb0bl C KOp-
po3uen.

Ecnu Bbl NMO-X034CKM OTHOCUTECH K Aeny, TO TpyOy npu ee yKnaake B
TPaHLLIEIO YNIOXMNTE B MSATKWIA TPYHT, NPUYEM XenaTeNbHO B Necok. He 3ps no
CTaHAAPTY 3TO Ha3blBAeTCs “YNOXWUTb B MocTenb”. CBepxy Tpyby cnepyeT
NpUCbINaTh TaKXXe 0OfIHOPOAHbLIM FPYHTOM. I Npu pa3rpyske MallWHbI C Tpy6a-
MW Bbl He MO3BOMMTE MX COpACbIBATb HaBasioM, 6UTb, LapanaTb. VHMLMMPO-
BaTb KOPPO3MIO - OYeHb MPOCTO, @ OCTAHOBUTL ee 6e3 HaLLEero yyacTus yke He-
BO3MOXKHO. V1 3TO yyacTvie MOXET MPOSBUTLCA CAIMLIKOM MO3AHO WK NoTpe-
60BaTb C/IULLKOM 60MbLUNX CPEACTB U YCUIUIA.

2.2.3. KOppo3noHHbIe MaKponapsbl

OnpeaeneHHoOro aeneHns KOPPO3WOHHLIX rasibBaHonap Ha MUKPO- N Mak-
ponapbl MO NUX pasmepam HeT. OAHaKO PacCMOTPEHHbIE HIXKE MPUMepPbl OTHO-
CATCA AABHO K KaTeropum makponap.

BO3HWMKHOBEHME NpPeACTaB/IEHHBIX Ha PUC.2.5 KOPPO3MOHHbLIX Makponap
00YyCNOBNEHO (PAKTUYECKN OfHMM OOLLUMM (haKTOPOM -  AudepeHUmanbHON
aspaumein. Kak 6b1/10 OTMEYEHO Bbille, B 06/1aCTU MNOBbILLIEHHON KOHLEHTpa-
LMW1 KMcnopoga MeTa npuobpeTaeT CBOMCTBA KaToda, ecnv psagom ecTb
30Ha C NMOHWKEHHOW KOHUEHTpaumein O,.

1) Ha pwuc.2.5,1 npeacrtaBneH BecbMa pPacnpoOCTPaHEHHbIA Cnydail K3
NPaKTUKKN. TakK Kak BO34yxocoaep»XaHne necyaHoro rpyHTa Bbille, Yem rnHu-
CTOro, TO Ha TpybonpoBOoAe, MepeceKkatowemM rpaHnLy Mecok-ranHa, BO3HUK-
HeT ra/ibBaHM4yeckas napa, npuMyem B necyaHoM rpyHTe Tpybonposog 6yaer
paboTaTb KaToIOM, @ B [MIMHACTOM - @HOZOM.

2) AHanoruyHa cuTyauus, NpeacTaBneHHas Ha puc.2.5,2. Tak Kak BO3fy-
XOMPOHULLAEMOCTb BO/Ibl MHOFO MeHbLLEe YeM MO4YBbI, TO TPYOGOMNpPOBOA, YI0-
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YXEHHbI B BOJE UMW B MINCTOM TPyHTe, ByaeT paboTaTb aHOAOM, B TO BPEMS
Kak GeperoBoi y4yacTok TpybonpoBofa - KaTtofoM. ITOT NPUMep TakXe Xa-
paKTepeH Ana 6010TUCTbIX TPAcC C OCTPOBKaMM NAOTHOM WX HACbINHOW 3eM-
NN N TPacc C Pe3K0 NepeMeHHOI BNaXKHOCTbIO: Ha 60/1ee BNa>kKHbIX yyacTKax -
aHogHas 30Ha.

Bbino 6bl 60nee payMoHanbHO CTPOUTL TPYOONPOBOL He MOMepeK Peku, a
BO/b Hee (pasyMeeTcs, C No3nLmii KOPPO3NOHHMUCTA).

Puc.2.5. Mpumepbl NPOTSHXKEHHbIX KOPPO3MOHHbIX rasibBaHoMNap-Makponap,
BO3HMKAIOLLIMX B HEOHOPOAHbIX Cpe/ax.

3) Ha npeanpusaTusx ycTpamBaroT 3a3eM/IEHNST KOPMYCOB 3M1eKTPOYCTaHo-
BOK, C KOTOPbIMW YacTO CBA3bIBAOT apMaTypy >Kene306eTOHHbIX 0nop 1 pas-
NNYHOE MeTaN/IMyeckoe 060pyaoBaHme Liexa. K HUM ke aBTOMaTMyecKu noj-
K/IIOYAKTCA NOA3eMHble TPYOGOMNPOBO/AbI, MOCKO/IbKY MOCNefHME Ha BBOAE B
LeX KpenaTcs K MeTa/l/IMYecKUM 4acTsM CTeH. BO3HMKaeT pa3BeTB/IeHHas
rafibBaHN4ecKas cUcTeMa “UCKYCCTBEHHbIE U ECTECTBEHHbIE 3a3eM/IEHUS - TPY-
6onposoa” (puc.2.5,3). MNpu aToM KaTOAOM PaboTaeT 3a3eMINTENb - K HEMY
[0CTaBKa Kucnopoga ob6nerdyeHa, 0CO6eHHO 3a CUET pas3MYHbIX Mano 3arnyo-
NEHHbIX 3N1EMEHTOB, a aHOAOM - MOA3EMHbI TPYOOMNPOBOA, ECNMN K TOMY XKE OH
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MOKPLIT CNOEM M30NAUMN (pasymeeTcs, C AetieKTaMu) U Y/IOXKEH B MOKPbIiA
[PYHT.

13BeCTHO, apMaTypa »Xene3o6eTOHHbIX KOHCTPYKLIMIA BCeraa MeeT 6onee
NONO>KUTENbHBIA NOTEHLUMAN, YeM OTKPbITast CTaslb, YTO 06YC/IOB/IEHO BbICO-
KOV CTEeMeHblo LLENOYHOCTY 6eToHa. M03TOMY apmaTypa B TOHKUX TPeLuHax
6eToHa Bceraa paboTaeT KaTo/loM, HO Ta XKe apmMaTypa B MEcTax MosIHOro pas-
PYLLEHNS1 GETOHHOTO KaMHS - Y)Ke aHOZ.

4) Makponapa “Tpyba nsonunposaHHas - Tpyba HeM301MPOBaHHasA” BO3HU-
KaeT Nno TOW »e npuynHe. Ha puc.2.5,4 HeU301MPOBaAHHOW YacCTblO ranbBaHu-
YECKOI CUCTEMbI SBMISIETCA NPeAOXPaHAIOLWMIA PYTNAp Ha BBOAE M30/IMPOBaH-
HOro rasonposoja B 3fdaHue. HeusonupoeaHHas Tpyba He UCMbITbIBAET 3a-
TPYOHEHWI B [OCTaBKe KMUC/Iopoda 1 No3aToMy paboTaeT KaTogoMm. MNpobniemsl
yaanocb Obl M30eXaTb MPU XOPOLUEN 3NEKTPUYECKON m3onauum qyrtnapa ot
rasonposofa. Tak >e cfeayet NocTynuTb U B Cyyae C 3a3eM/eHHbIM Tpy6o-
NPOBOAOM, T.e. C/leAyeT 0TCeYb ero 0T 3a3eM/IeHA Ha BBOAE B 34aHWe.

Ctofja e OTHOCWUTCS Mapa “Tpy6a C HOBOW M30nsuUueii- TpyGa ¢ paspy-
LLEHHOV m3onauuein”, rae ctapas Tpyba OyfeT urpath ponb Katoga. BHOBb
CTPOSILLMIACA Y4aCcTOK TPY6OMNPOBOAA, ECAN OH SIBNISIETCA Pa3BUTMEM CTapoii ce-
TW, XKenaTenbHO 3NeKTPUYECKUN OTAEANTb OT CeTU. [Ns 3TOI Lenn NpUMeHsItoT
n3onupytoLLe onaHLeBble COEANHEHNS, pPacceKatoLLve TPy6onpoBo Ha YacTMm.

UYacTto HabnofaeTca Koppos3us rasonpoBoja B MecTax MNepeceyeHns C
Tpaccoil cunoBoro kabens. O6o/ovka Kabens creuuanbHO 3a3eM/ieHa Ha
TpaHCHopPMaTOPHBIX MYHKTaxX M Cly4aiiHO CBsi3aHa C ra3onpoBOAOM Ha BBOAAX
B 34aHMa (Hanpumep, Yepes apmaTtypy Xene3obeToHHbIX 3/1eMeHToB). Obpasy-
eTca pas3BeTB/IeHHaA rasibBaHNYecKas CUCTEMA, B KOTOPYHO, MeXay Mpoyum,
BXOAMWT TaKXe eLle U HeM30/IMPOBaHHbIM BOAONPOBOA, TEMIONPOBOA U NpoYme
Tpy6onpoBoApl, BXoAAwWwme B 34aHme. OHY, Kak npasuio, paboTaroT KaTtogamu,
a rasonposop - aHogoM. O6s3aTe/ibHO CneayeT OTAENNTb ra3onpoBOo4 OT 3TOM
“KOMNaHMUK” N30/IMPYIOLLIUM (hNaHLLEM, EC/IN eCTb XKeNaHne n3bexarb ero Kop-
PO3MM N 0COBEHHO YTEUKM FOPHOYEro rasa B nofpasn 34aHus.

5) MOXXeT BO3HMKHYTb Makpomnapa Ha BepPTUKa/lbHO Pacro/ioXKeHHOM Me-
Ta/I/IMYECKOM COOPYXKEHUW, HanpumMep, Ha LUMYHTOBOW GeperoykpenuTebHOM
CTEeHKe, CTa/lbHOW orope, Tpybe CKBaXKMHbI U Np., KOr4a BepXHSAs 4acTb CO-
Opy>KeHns (OHa 6oraye K1Cnopoaom) paboTaeT KaTogoMm, a O/IMKanLLIniA HUXKe
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PacnonOXeHHbI y4acToK - aHo4oMm (puc.2.5,5). Pa3spyLueHne no BaTEPANHUN -
pacnpocTpaHeHHbI B, KOPPO3UK B PEHHOW 1 MOPCKOW BOJE.

6) Npn BbICOKOCTOSALLEN FPYHTOBOI BOAE BO3HWKAET Makporapa “BepX-
HK3” TPYObI, FAe HKHAS YacTb, BBUAY 3aTPYLHEHWI C AOCTaBKOW KMUC/I0POAa,
paboTtaeT aHogoMm (puc.2.5,6).

7) W, HakoHeLl, OfHa M3 MPUYMH BHYTPEHHE KOppo3uu Tpy6onpoBoaa
WKW pe3epByapa, NOKasaHHast Ha puc.2.5,7, cBsizaHa C rPsi3eBbIMK OCaKaMM.
Ecnu BepXHSAs YacTb CTEHKM TPyObl CBOOGOJHO OMbIBAETCS U TaM HET KWCNO-
POAHOI NPOGNEMbI, TO BHU3Y NOA NAOTHbIM CMIOEM TPsA3n MOXKET BO3HUKHYTh
MOLLIHbI aHof. Koppo3us BAOMb TPYOGONPOBOa, Kak MoKasana NpakTuka, me-
eT KaHaBOYHbIli XapaKTep 1 NO3TOMY KOppo3us Gblia Ha3BaHa KaHABOUHOIA.

TakuM 06pa3om, onpeaensoLLMMA NPU paspyLleHnn MeTanna sBns-
I0TCA KMCNopoA U Bofa, KOTOpble, Oyly4yn Hadanamm >KWU3HW, B AaHHOM
C/ly4ae XOpoLUO JeMOHCTPUPYHOT eANHCTBO XMU3HU 1 CMEPTW.

2.3. DaKTOpPbl' KOPPO3nK

MOXHO OTMETUTb PSif 00X (PaKTOPOB, CrOCOOCTBYHOLLMX paboTe TOW
NN UHOW KOPPO3NOHHOIA rasibBaHOMapsl.

JBWXEHWE 31IeKTPOINTa

KOppOo3MOHHbLIM NPOLECC akTUBU3NPYETCS B ABVKYLLENCA KOPPO3MOHHOW
cpefe, 0COGEHHO ecnM YacTb METa/IIMYECKOr0 COOPYXXEHUSA MPU 3TOM Haxo-
ONTCA B 3aCTOMHOW 30He, rae 1 06pasyeTca MOLLHbIA aHof. 34ecb onsATb CKa-
3blBAeTCA B/IMAHWE KMUCNOPOAA: LOCTaBKa K1CIopoAa K OMbIBAEMOIA MOBEPXHO-
CTW 06neryaeTcs - BepPOATHOCTb BO3HMKHOBEHWSA KaTOAHOro mpotecca yBenu-
4mBaeTcs.

Cosiecofep)XaHue

YacTo BO3HMKAET BOMPOC O BAUAHUM CONECOAEPXaHUSI OKPYXKatoLLein cpe-
Abl Ha CKOPOCTb KOppo3uu. Ecnn He 3agaBaTbCa 3agadamu aHanmsa BANSAHUA
OTAENbHbIX XUMUYECKMX COCTaBNAIOLINX, TO C YBENMYeHNEM OOLLEro coneco-
[ep>KaHna CKOPOCTb KOPPO3UWM AOM>KHa BO3PacTW, TaK KaK YMeHbLUAeTCs
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3/IEKTPUYECKOE COMPOTMB/IEHNE LENN TafibBaHNYECKO Mapbl aHOA-KaTod W,
cnefoBaTesibHO, pacTeT TOK KOPPO3UN.

OpHako cnepyeTt 3aMEeTUTb, YTO C YBE/IMYEHMEM COMECOAEPXKaHNSA YMEHb-
LLIAETCS PacTBOPUMOCTb KUCNOPOJa B BOAE, UTO MOXET TOPMO3UTb KaTOAHbI
npouecc. Tak, ecnn B MPECHON BoAe KOHLUEHTpauua Kucnopoga gocturaet 20
Mr/n, TO B BbICOKOMUHEPaIN30BaHHO BOAe, Harnpumep, ¢ NAOTHOCTbIO 1,145
r/cm® |, OHa MOXeET CHVKaThest 40 0.7 Mr/n. [Mo3TOMY MO CTeNneHN MUHepann3a-
1M BOAbl HeNb3s OAHO3HAYHO CyAUTb O CKOPOCTM KOPPO3WUWU: C YBENNYEHMEM
conecofiep>kaHusa CKOpoCThb KOPPO3UM MOXKET YMEHbLLUMTLCA.

TemnepaTypa

K yBeNMYeHN0 CKOPOCTU KOPPO3UKU BeAET YBeNNYeHne TemnepaTypbl OK-
py)KatoLLiel cpefbl, O4HaKO [0 Tex Nnop, NokKa C poCTOM TemrnepaTypbl He Hau-
HeTCA 3aMEeTHOEe CHWXXeHWe COAepXXaHWs KUCnopoga - 0BecKMCNOpOoXKMBaHME
cpeabl (MpumepHo oT 80° C v BbiLLe).

MukpoopraHmsmbl

AHO/IHbIA N KaTOAHbIN NPOLECChl aKTUBU3MPYHOTCA MPU HaMNYMK B KOp-
PO3MOHHOI cpefle onpefeneHHOro Tmuna 6akTepuia. Tak, cynbgaToBOCCTaHaB-
nmBaroLye 6aKkTepuK, pasMHOXKatoLLIMecs NPy OTCYTCTBUM KUCNOpoda, peay-
LMPYIOT B NPOLECCE CBOEN XKU3HEAEeATe/TbHOCTN cepoBogopos H,S, KOTOopbIN,
SBNISACL BECbMa CW/bHbIM OKUCNWUTENeM, o6ferdyaeT KaTtofHblii Mmpolecc, W,
CNneaoBaTenbHO, aHOAHbIW, Bbi3biBas BECbMa OMAaCHYH CEpOBOAOPO/HYH KOp-
po3uio.

BakTepusamu 3apakatoT HePTAHbIE MIACTbl HEITENPOMBIC/IOB NPW 3aKauKe
B HMX CTOYHbIX BOf C LIeNblO BblAaBNMBaHUA HepTU. AKTUBHO Pa3MHOXasCh B
rnyouHe 3emnn, 6akTepun peayUnpyroT CepoBOA0POA. 3apaxeHHas CepoBo/Io-
POAOM BOAA BbIXOAUT BMECTE C He(hTbi0 W BbI3bIBAET pa3pyLUeHne HedTenpo-
MbIC/I0BOr0 060pya0BaHUA, HauMHaa OT 06CaAHbIX KOJIOHH CKBaXXWH M Haco-
coB. K TOMy >Xe B MpoLiecce CepoBOAOPOAHOIA KOPPO3nKn 0bpasyeTcs - B BUJE
OT/IOXEHNA Ha KOPPOAUPYIOLLIE MOBEPXHOCTU - CepHUCTOE >Kene3o FeS, Ko-
TOpOe SABNSETCA MOLLHbLIM KaTO4OM W C/Y>KUT NPUUYNHON BO3HUKHOBEHUS KOp-
PO3MOHHLIX rasbBaHonap, Hanpumep, No MexaHusmy puc.2.4, 4.

MexaHnYyecKoe Bo3aelicTBme

B BOJHbIX cpefax YacTo MMeeT MECTO KOPPO3NOHHAS KaBuTauums - paspy-
LLEHVe MeTasifia B Pe3ynbTaTe OfIHOBPEMEHHOIO KOPPO3MOHHOFO U YAapHOro
BO3/eCTBUS CPefbl, U KOPPO3VOHHAS 3P03Msi, KOTOPasi 06YC/OB/IEHa COBMECT-
HbIM [e/iCTBMEM 3MIEKTPOXMMUYECKON KOPPO3UM 1 MEXAHUYECKOTO M3HOCa, a
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TaKXXe (PPeTTUHI-KOPPO3uns - KOPPO3ns TPYLLMXCS MOBEPXHOCTEN, 0 YeM YyxkKe
YNOMWHANOCh.

KOppo3noHHbIe MUKponapbl OTHOCUTENbHO HEOO/bLLMX PasMepoB N MOLLL-
HOCTW BbI3blBatOT TaK Ha3blBaeMyld PaBHOMEPHYH KOPPO3M0, CKOPOCTb KOTO-
PO/ HeBeNMKa W He ABNSETCA onpeaenstowein Ans 60MnblLNHCTBA MeTaNinye-
CKNX COOPY>KEHWIA.

Punc.2.6. 3Tanbl pasBUTUA S3BEHHOM KOPPO3UW Ha CTEHKE
Tpybonposoaa

OCHOBHYO OMAacHOCTb MPeACTaB/sSeT NoKalbHash UMW SI3BEHHas KOPPOo3us,
CBSI3aHHAs C MOLLUHbIMM KOPPO3MOHHLIMW ~Makponapamu, reHepupyoLwymMm
BOMbLUOW TOK, a TakXe C 61yXXAaloLWMMIN TOKAMU, SBIEHNE KOTOPbLIX PAacCCMOT-
PEHO HIUXe.

Ha puc.2.6 nokasaH NpoLiecc U3MeHeHUs (OPMbl KOPPO3VMOHHON 3Bbl B
TeueHue psifa net. O6bIYHO COCTaBMAOLLIME BEKTOPA CKOPOCTM KOPPO3MOHHOTO
NPOHNKHOBEHWS BrNy6b 1 BAOML MOBEPXHOCTM Pa3NNYHbI, Kak 3TO U NOKa3aHo.

2.4. TloTeHUMaN N TOK KOPPOo3nn

[MOTOK MOHOB XXene3a HeCceT MOJOXUTENbHbIE 3apabl, 06pasytoLLne 3eK-
TPUYECKNA TOK l,, HanpaBneHHbIA 13 aHOAa B KOPPO3MOHHYHO cpefy. Takoi
e Mo Be/nn4vmHe ToK |, Cco3faeT NMOTOK 3/1eKTPOHOB OT aHofa K KaTtoady, B
KOHLIe KOHLOB MOKMaaroWwmx MeTann Ha Katoge. 1ot ToK | = I, = I, MOXXHO
NpeacTaBUTb Kak pe3ynbTaT AeNCTBUA 3NMEKTPOABVKYLLEA CUNbI FalbBaHNYe-
CKOro 3/1eMeHTa, T.e.

|=( k- Joa)/R, (2.2)
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roe | - TOK ralbBaHMYECKOro 3/1EMEHTA, | ok, | oa - I/TEKTPOXUMUYECKME MO-
TeHUWanbl COOTBETCTBEHHO KaToda W aHoa, onpeaesieHHble Npu YCoBUN XO-
NOCTOro xofa ranbBaHMyeckoro anemeHTa (npy | = 0); R - conpoTueneHne
Llenu aHoA-Ccpefa-KaTos,.

3aBMCUMOCTb (2.2), HECMOTPSA Ha KaXKyLLLYHOCA NPOCTOTY, A0BO/IbHO C/I0X-
Ha, NOCKO/IbKY COMPOTUBNEHNE R ABNSETCSH HEMMHENHOW (DYHKUMEN 3neKTpoa-
HOro TOKa. Tak, 3/IEKTPOAHbIA TOK 00bIYHO NOAUYMHAETCA PacnPOCTPaHEHHOW B
Npupoae 3aKOHOMEPHOCTK

| = Ae"'B, (2.3)

rge h - cMelleHne noTeHUmana OTHOCUTENIbHO CBOEro PaBHOBECHOIO COCTOSI-
HUS1 U 06bIYHO Ha3bIBaEMOe MepeHanpsi>KeHneM npouecca; A, B - HEKOTOpbIE
KOHCTaHTbl, 3aBUCALLME OT NapaMeTPOB OKPYXKatoLlel cpefbl 1 CBOCTB Me-
Tanna.

Torga conpoTUBNEHME YYacTKa LIENW MEXAY. O[JHAM U3 3/1EKTPO/I0B U Cpe-
[0Vi cneaosano Obl BbIYMCAATL NO hopmMyse

R|'|on =h/l. (2.4)

ConpoTueneHmne Ry, , Npeactasnstoulee coboin conpoTmBIEHNE ABONHOIO
3NEKTPUYECKOr0 CMos METaNI-3MEKTPONNUT, MOCKONbKY h - NajeHne Hanpshxe-
HMS Ha 3TOM C/10€e, Ha3bIBatOT MONAPMU3ALMOHHBLIM, TaK KakK ero BeimynHa 3aBu-
CWUT OT BEIMYUHBI 1 HanpaBfeHNs TOKa NoNspu3aLnu.

Takum 06pa3oM, 3.4.C. INeMEHTA TPATUTCS Ha NPEOJONEHNE OMUYECKOTO
CONPOTUB/IEHUSI KOPPO3MOHHON Cpeflbl B LENN MeXay aHOAOM W KaTo4oM K
ABYX MONAPU3aLNOHHbIX CONPOTUBNEHWNIA, TaK UTO [ANS FasibBaHUYECKOr0 3/ie-
MEHTa

jOK'joa:hK"' ha+ OJ; (2-5)

I=(h¢+ hy+DU.)/(Py/Sc+ Py /Sa+Re), (2.6)

roe hy, h, - BEMUMHA HaNpsXXeHWA Ha NOAPU3aLMOHHOM CONPOTUB/IEHNN Ka-
ToAa M aHofa COOTBETCTBEHHO; DU, - nafieHne Hanps»KeHns B KOPPO3MOHHOWA
cpeae; Py, P, - yaenbHble nonspusauyoHHble CONPOTUB/IEHMA KaToda WU aHo-
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na, OMM?%; Sy, S, - MNOLWAAM KaToaa v aHoAa, M R, - CONpOTMBAEHE cpeapl
mMexXxay anektpogamu, Om.
[py 5TOM COMPOTUB/EHWNEM MeTana 31eKTPOA0B NpeHeGperatoT.

Ha puc.2.7 npeactaBneHa nonspusaumoHHas auvarpaMma paboTaroLleit
napbl, TaK HasblBaemass auarpaMma ABaHca, NMOACHANLAA COOTHOLeHNs (2.5)
n (2.6).

Mo ocn abcumcc OTKNaAbIBatOT abCOMOTHbIE 3HAYEHWS TOKa [JaHHOro
3/1eKTPOAa, a Mo OCY OPAMHAT - CMELLEHNs MOoTeHUMana ¢ y4eToM MxX 3HaKoB, a
MMeHHo h, <0, h,> 0.

HecmoTpsi Ha TO, YTO AmarpaMMa dBaHca B TaKOM BUJE - 3TO NLLb Kaye-
CTBEHHas UNCTpaums npotecca (ee NPaKTUUYECKN MOXHO CHSATb, €CN B3ATb
NBa HE3aBMCUMbIX 3/1EKTPO/a CO CBOMMMW MOTEHLIMANAMM | o U | oa U MONSPU30-
BaTb OAVH aHOJHO, APYrOi KaTOAHO C MOMOLLIbIO BHELLHErO MCTOUYHMKA TOKA),
C €e MOMOLLLbI0 MOYKHO cienaTb psj NpakTUYeCKNX BbIBO/IOB.

1) Yem 60nbLie ToK nonspusaumm (1), TemM Cu/ibHee NonsapusyoTes - U3-
MEHAKT CBOW NOTEHUMAN - 3NekTpoapl. [lpn 3TOM aHop nonsapusyeTcs no-
no>kuTensHo ( hy,> 0 ), T.e. ero noteHumMan cTaHOBUTCA 6oMee MONOXKUTENb-

HbIM, @ KaT0[ - 0OTpULATENbHO, TaK Kak h, < 0.
3amMeTbTe, N0 OCK OPAMHAT BBEPX OTKNa/bIBAOT, XOTA 3TO U HEMPUBLIYHO,
OTpULATENbHbIE 3HAYeHMS MNOTeHLMana. JTO - AaHb MOJe.

Puc.2.7. Koppo3noHHaa guarpamma
JBaHca, rae E=j ok- j oa - 3.4.C.
KOPPO3MOHHOM ranibBaHonapsl, h,, hy,
DU, - Hanps»XeHna y4acTKOB Lienu co-
OTBETCTBEHHO Ha NoNApU3aLNOHHOM
COMPOTMBEHNN aHO/a, KaToaa 1 B
cpefie MeXay HUMMW.
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2) B KOHEYHOM cueTe 3MeKTPo/bl napbl NpruobpeTatdT HEKOTOPbLIA cpeq-
HWA MOTEHLMAN | xop, HA3bIBAEMbI NOTEHLMANOM KOPPO3UN. STOT MOTEHLMAN
B TOYHOCTW onpeaensnca Obl TOYKOW MepecevyeHnss aHOAHOW U KaTOAHOWN Xa-
PaKTEPUCTUK, ecnv Bbl MOXKHO BbI1I0 NPeHebpeyYb OMUYECKON COCTaB/SAOLLEN
Llenu - NafieHnem HanpshkeHus B cpeae ( U, ).

3) ToK Koppo3un |y, 3aBUCUT OT PA3sHOCTMW 3MEKTPOAHLIX MOTEHLMASIOB
( oa J ok ), KOTOPbIE, K COXaNEHWUIO, Aa/IeKO He BCerga M3BeCTHbI, a He OT Mo-
TeHUMana Kopposum | yop. HECMOTpSA Ha CBOE MM, MOTEHLMaN KOppo3un He
ornpefenseT TOK KOppo3uu, a CKopee HaobopoT: Mpu TOKe KOPPO3UK lyq, YCTa-
HAB/IMBAETCA HEKNA KOMMPOMUCHbIA NOTEHLMAN | «op.

4) TOK KOppO3nKn TEM BblILLIE, YeM MEHbLLE MONSPU3ALMOHHOE COMPOTUB-
neHune. OYeBNIHO, YTO TOK KOPPO3MM TEM BbILLIE, YEM MEHbLLIE CONPOTUBEHNE
cpeap!.

2.5. INokasaTtesin KOPPO3UOHHOI0 paspyLLUeHUs

2.5.1. CKOpOCTb KOPPO31K.B COOTBETCTBUN C 3aKOHOM dapaes

CornacHo 3akoHy dapafes, KONMYeCcTBO 3/EKTPUYECTBA, CTEKAIOLLENO C
INEKTPOAa, NPONnopUnOHa/IbHO NMOTEepe MacCbl 3TOro 3/IEKTPOA4a

G=qIT; 2.7)
g= 3600M / (nF),

roe G - macca pacTBOPMBLLIErOCA MeTanna, r; q - 3NeKTPOXUMUYECKUIA IKBU-
BafleHT MeTanna, rAy™: M - aTomHas Macca, r/monb; F = 96500 - umcno da-
pages, Kn/r'OkBe; n - BaNIeHTHOCTb MeTanna; | - BeNMYmMHa 3M1eKTPOAHOI0 TOKaA,
A; T - Bpewms, u.

Tak, ecnv Npy aHOIHOW peakUmMmM 06pa3yeTcs ABYXBaNIeHTHOE Xenes3o (N =
2 ), TO 3NEKTPOXUMUYECKNIA IKBUBANEHT Npu M = 56 r/monb 6yaeT paBeH ( =
1,0424 rA 'y nnn q = 9,12 kr/(Arop).
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Pa3fennB MnpaByld M NEBYID YacTW Ha MNoLaab NOBEPXHOCTU PacTBO-
patoLLLerocs anekTpoaa S, noayunm Gopmyny, CBsA3bIBatOLLYO NNOTHOCTL TO-
Ka KOpPOo3ui C NoTepeii Macchl

i=1/S=G/(SqT), (2.8)

13 KOTOPOVi CReaytoT NpakTudeckne hopmynbl s pacieTa CKOPOCTUW Koppo-
31

I 0,95 V1
j=i (2.9)
) 0,85 Vo

rfje j — NNOTHOCTb @aHOAHOTO TOKA KOppo3u, A/M?; vy - CKOPOCTbL BECOBOW KO-
po3uu, r/(M°u); v, - CKOPOCTb MPOHMKALOLLEN KOPPO3NK, MM/Tog,

Takum 006pa3oM, BenMUMHA MIOTHOCTUW aHOAHOTO TOKa ecThb Mepa
CKOPOCT N KOPPO3WMW.

2.5.2. JKCNepUMeHTasIbHOe ornpeaesieHMe CKOPOCTN KOPPo3nn

3KCI'IepI/IMeHTafIbeIe MeTOoAbl onpeaeneHna CKOPoCTn KOPPO3nnM MHOIO-
O6pa3HbI. Hwvyke npnBeaeHbl HEKOTOPbLIE U3 HUX.

1o Be/IMYMHE NONAPW3ALIMOHHOIO COMPOTUB/IEHNSA

LLINPOKO pacnpocTpaHeHHble B 3apybeXHO NpakThKe KOPPO3UMETPLI
O6LLEro MPUMEHEHNS KOHTPOIMPYHOT BENMYMHY MOMSPU3ALMOHHOIO COMpo-
TUBNEHNA ABYX 3/1eKTPOAOB AATUMKa, MOrpy>KaeMbiX B KOPPO3MOHHYIO Cpeay U
MOAKMHOYAEMbIX K BHELUHEMY MCTOYHUKY NOCTOSHHOIO TOKa MaJsioro Hanpse-
HUsA (U » 10 mB). Mpun 3TOM M3MepA0T HaNoXKeHHbIM ToK napbl (1), onpege-
NAKT NONAPU3aLMOHHOE CONpoTUBNEHNe Ry, = U /1 1, BBOAS HEKOTOPBIiA
MONPaBOYHbIA KOIPPULINMEHT, HaXOAAT CKOPOCTb KOPPO3NN.

K coxaneHuto, Npy n3MepeHunsx UKCUPYHOT BO3AENCTBME KOPPO3MOHHOIA
CpeAbl Ha 3MEeKTPOAbI AaTUMKa, HO He Ha caMOe MeTa/l/INYecKoe COOpYXKeHNe,
pagn KOTOPOro MpoBOAATCA U3MepPeHus. Tak, 3TOT METOZ, He MOo3BOJAET peru-
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CTPUpPOBaThb KaKune-nmbo KOPPO3NOHHbIE Ta/ibBaHOMapbl, 0 BANAHUN KOTOPbIX
MHOI0 CKa3aHO BblLLE.

["paBrMETPUA

3mepsoT 06LLYH KOppOo3uKo 06pa3La-CBUAETeNS, KOTOPbIN NOMeLLatoT B
KOPPO3MOHHYIO cpeay, Mo BO3MOXHOCTM MOAENNPYS peasbHble YCNOBUA 3KC-
nayataynum COOpYXeHus. MeToq LUMPOKO MPUMEHSIETCS AN NabopaTopHbIX
nccnenoBaHuiA, HO Mano NPUroAeH NS NoneBbIX.

KOHTPO/Ib_31€KTPOCONPOTUB/IEHUS

3mepuTenbHbIMM AaTunKaMu B @aHHOM Cfly4vae ABNAKTCA MPOBO/IOYHbIE
NN NHbIE 3/1EMEHTbI, COMPOTUB/IEHME KOTOPbIX YBENNYMBAETCA B MPOLLECCE UX
KOPPO3WOHHOIO paspylueHns (3a CYET YMeHbLUEHUSI MOMepevyHoro CeyeHus).
Koppo3nmeTpsbl, MOCTPOEHHbIE HA 3TOM MPUHLNMME, - BECbMa TOYHbIE 3/1EKTPU-
Yeckne N3MepuTeNbHble MPUOOPLI, MO3BONAIOLWIME HAGMOAATL KOPPO3UKO BO
BPEMEHW, HO KakK 1 npouyne MeToAbl U3MEPEHUS, PETNCTPUPYIOT NLLbL KOPPO-
310 JaTUYMKOB, a He peasibHOro MeTa/IIMYECKOro COOPYXKeHWs.

[poyne MeToabl

YNbTpPasByKoBO/ KOHTPO/Ib MO3BONSET ONpeaensTh (hakTUUYecKyto Ton-
LMHY CTEHKM TPyGOMpoBOAa W pe3epByapa no U3MEHEHUIO BPEMEHU MpPo-
XOXK/[EHMS YNbTPA3BYKOBOIO CUFHANA Yepe3 CTEHKY.

PaanorpadMyeckunii  KOHTPO/b OCYLLECTBASAKOT C NMOMOLLIbK PEHTIEHOB-
CKUX Ny4eit, “npoceeynBan” CTEHKY pe3epByapa v annapara.

MOCKONbKY M3MepeHre CKOPOCTM KOPPO3UM PeanbHOro MeTasiIMYeckoro
COOPYXKEHWSI NOKa BbIMOMHUTbL He YaeTCsl, TO OLEHKY KOPPO3MOHHOM OnacHo-
CTW BeayT MO KOCBEHHbIM MokaszaTensm. OfHaKoO B creaytoLleli rnaBe npea-
CTaB/leH HOBbI pacyeTHO-MONEBO MeTOA OnpeaeneHnst NIOTHOCTY TOKa Kop-
P03, KOTOPbI/ MO MHEHWIO aBTOPa MOXKET UMETb NMepcrneKTMBY NPUMEHEHWS
Ha AelCTBYHOLLMX TPYOONpPOBOaX.

[Mpn KpuTepmanbHOM OLEHKe KOPPO3MOHHYKD CTOMKOCTb MEeTa/sioB onpe-
AensoT no tabn.2.1.
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Tabnuua 2.1
ban CKOpOI\CATl\:I’/:ngOWM’ ["pynna CTONKoCTH
1 MeHee 0,001 CoBepLUEHHO CTONKME
2 0,001...0,005 Becbma cTOlKMe
3 0,005...0,01
4 0,01...0,05 CTolikune
5 0,05...0,1
6 0,1..0,5 MOHMXEHHO CTOMKME
7 0,5...1,0
8 1,0...5,0 ManocToiKkne
9 5,0...10,0
10 Csbiwwe 10,0 HecTolikune

[Na CNOKONHOI MOYBEHHOW KOPPO3UM XapakTepHbl BenmynHbl 0,01...0,1
mm/rog, T.e. 6annbl 4-5. HA3BeHHaa KOpPo3us, BO3HMKaOLLLaa B npoLecce pabo-
Tbl MOLLHbIX KOPPO3MOHHbIX rasibBaHONap, MOXET XapakTepn3osaTbCs banamu
6-8 C MaKCUMMasibHOM CKOPOCTbLHO, Kak npasuno, 2...3 MM/rof, XoTsa NpakTUKOi
OTMeYasiaCb KOppo3us 1 60/ee BbICOKOTO YPOBHSA BMNIOTh 40 20 MM/TOS.

Bny>xaatoLme TOKM MOTYT Bbl3BaTb KOPPO3MIO cusioi go 10 6ansos.
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[ naBa 3. Koppo3noHHasa AnarHocTuka

3.1. 3aga4n KOPPO3NOHHOM ANarHOCTUKM

BbifiBNeHMe o4yaroB Kopposmm M OLEHKA WHTEHCMBHOCTU KOPPO3MOHHbIX
TOKOB OTHOCUTCA K MPEANPOEKTHbIM paboTaM, KOTOpble AO/MKHbI 06ecneynTb
NH)KeHepa-npPOoeKTUPOBLLMKA UCXOAHBIMM AaHHbLIMW, OMpedensarolmnmmn o0bbem
N COfepXKaHVe MPOeKTa 3alinThbl, & TaKKe 04YepedHOCTb BbIMOSIHEHUS aHTU-
KOPPO3UOHHbIX MepornpuaTui.

O6bemM KOPPO3MOHHOW AMArHOCTMKM MAaHUPYHOT UCX0A4A U3 TpeboBaHWit
HOPMaTMBHOW JOKYMeHTaUun 1 0CObeHHOCTEN 06beKTa B 3aBUCMMOCTHM OT Xa-
paKTepa MeTa/I/INYeCcKOro COOPY>KEHNA 1-YCM0BUNIA €ro aKCnyatauumn.

KOppo3noHHbIe MCcCnefoBaHNA MOFYT BbIMOMHATLCA MOMeBbIMU, nabopa-
TOPHbIMW U YNC/IEHHBIMU METOAAMM.

Ha cTtagum KOppPO3MOHHbLIX MCCNefoBaHWA NMPOEKTUPYEMOro K yKnafke
MoA3eMHOro TPY60NpPOBOAa BbINOHAOT:

- N3MEPEHNSI KOPPO3MOHHOIN arpeCcCUBHOCTM FPYHTA;

- W3MepPeHMs PasHOCTN MOTEHUMANIOB PenbC-3eMs 3NeKTPUnLMpoBaH-
HOro PenbCoBOro TPaHCNOPTa;

- U3MEPEHNS PasHOCTM NOTEHLMANIOB TPYbOa-3eM1s B CMEXHBIX TOUYKAX Ha
COCeiHMX MOA3EMHBIX COOPY>KEHUSAX;

- pacyeT noss 6MyXAAKOLWMX TOKOB C OMpefeneHMeM aHOAHbIX 30H Ha
Tpy6onposoaax.

Ana cyuwecTByloLlero Tpybonposoaa 106aBNAOT creaytoLye paboThbl:

- U3MEePeHUs Pa3HOCTM MOTEHLMANOB TPyba-3eMns NPU BKNOUYEHHON 3neK-
TPOXMMMWYECKOIA 3aLLmTe 1 63 Hee;

- U3MEPEHNsI TPAIMEHTOB MOTEHUMANA U ONpeAeneHne Nons TOKOB B 3eM-
ne;

- onpefieneHne BPeaHbIX BAVSHWIA TOKOB 3M1EKTPOXMMUYECKON 3alliMTbl Ha
COCefIHVE MOA3EMHbIE COOPYXKEHUS;
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- OnpefeneHne HaIMUYUSA Ta/lbBaHNYECKUX CBS3EN C COCEAHUMM COOpYXKe-
HUAMW 1 aHann3 paboTbl Fa/IbBAHNYECKUX KOPPO3UOHHbIX Makponap;

- onpejeneHne MecT NOBPEXAEHNS N30NSLMOHHONO MOKPbITUS TPY6OMNpo-
BO/a,;

- pacyeT CKOPOCTY KOPPO3WK Mo pe3ynibTaTam NoseBbIX U3MEPEHWIA;

- pacyeT YAeNbHOro COMPOTMBAEHUSI U30MSLMUOHHOIO MOKPbLITUS TPY6O-
MNPOBO/A MO TOKaM YCTAHOBOK 3/1EKTPOXUMMNYECKOI 3aLLMTbI.

daKTUYECKUIi 0OBEM M3bICKATENLCKUX PaboT onpeaensieT NpoeKTHas op-
raHm3aLms.

3.2. OnpegeneHmne arpeccCMBHOCTU rpyHTa

B cootBeTcTBUM C AercTyowmmMm FOCT 9.602-89 “Coopy»xeHuns noasem-
Hble. O6LLUMe TpeboBaHMA K 3alUuTe OT KOPPO3UU” OOHUM U3 KPUTEPUEB Kop-
PO3MOHHOW ONACHOCTW ANS CTa/lbHbIX MOA3EMHBIX METa/IIMYECKUX COOPYXKe-
HU SBNSIETCS KOPPO3WOHHAsA arpecCUBHOCTb. Cpeflbl, KOTOPYHD OMNpeaenstoT
[Ba Nnokasartesns:

1) yaenbHoe 3/1eKTPMYeCcKoe CONpOTMBIIEHNE TPYHTA NO Tpacce Tpybonpo-
Boa (r);

2) yAenbHOe KaTofHOe mnonspusaumoHHoe conpotueneHune (P ), onpeae-
NiemMoe Mo NJIOTHOCTM TOKa monapusauymy obpasLa-CcBuaeTeNs B YCIOBUSAX,
6/IM3KMX K YCNOBUSAM Tpacchl TPy60MnpoBoaa.

Po/ib 3TVX NOKa3saTeneit Kak KpUTePUEB KOPPO3MOHHOI ONacHOCTU CTaHeT
OYeBWHOW, eCNN PacCMOTPETL (hopMy bl (2.5) 1 (2.6), KOTOpble B COBOKYIMHO-
CTV gatoT

| =E/R; (3.1)
R=R; +R¢+ R,

roe | - Tok Koppo3un, E - 3.4.C. KOPPO3MOHHOW rasibBaHonapbl, R - nosiHoe
COMpPOTUB/IEHNE TOKY KOPPO3UN.

CocTaBnawowasa R, ecTb CONpPOTUBEHNE “3eMNIAHOI0” yyacTKa Lenn rasb-
BaHMYeCcKoro anemeHta. OHa 04HO3HA4YHO ONpeaenseTca BeNMYNHOW yaenbHO-
ro 3/IEKTPUYECKOr0 COMPOTMBEHNSA TPYHTA (I ) Kak 00bIKHOBEHHAA OMUYecKas
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COCTaBNAOLWWAA NEKTPUYECKON Lenn. 30eCb 0YEBUAHO, YTO YeM MEHbLUE I' 1,
CfefoBarte/ibHO, MeHbLUe R,;, TeM 60/bLle TOK KOpPo3uu.

BTopoit yyacTok uUenn R obpa3yeT KaTtofHOe MoMspu3alyoHHOE Corpo-
TUBNEHNE Ry. DTOT Yy4yaCTOK KOHTPONMPYETCA YAelbHbIM KaTOAHbIM MONs-
PU3aLMOHHBLIM CONPOTMBIEHMEM coopyXkeHus (P,), MOKonbKy Ry = P/ Sy, raoe
Sy - Mnowaab KaTo4HbIX Y4acTKOB. 3[eCb CrpaBefIMBO aHaIormyHoe npasuo:
yem MeHbLUe Py, TeM 60/bLe TOK KOpPo3uMu.

TpeTunin yyacTok - aHOAHOe NoNApM3aLMoHHOe CONpPoTMBEHNe R, - Mo-
no6eH katogHoMy (Ry ), HO TEXHUYECKMMM HOPMaMM Kak KPpUTEPUin KOPPOo3n-
OHHOW OMacHOCTM He pacCMaTPUBAETCA, XOTS 3TOT NapameTp TakXxe yrpasnseT
BE/IMYMHOI TOKa KOpPpOo3uu.

He yuTteHa Hopmamu TakXe 1 BennymHa 3.4.c. ( E ) ranbBaHomnapbl B CBA-
31 C OTCYTCTBMEM HAAEXHbIX IKCMEPUMEHTa/IbHbIX CMOCOB0B ee KOHTPOS.

Bo BTOpOW rnaee 661710 OTMEYEHO MHOXECTBO M APYrnxX )akTopos, B TOW
NN NHOI Mepe onpeaensitoLLmMX CKOPOCTb KOppo3un. Ho MOXHO nonaratb, UTo
BCe OHM BO3AENCTBYIOT U/IX Ha Be/IMUMHY R C ee cOCTaBNAOLWLMMM, NN Ha Be-
NNYMHY E, MeHAS 3/1eKTPOXMMUYECKNIA NOTEHLMaN 3/1eKTPOAO0B Napbl.

Taknm 06pa3oM, TEXHUYECKMMI HOPMaMK NpesycMOTPeHbI 1Ba MoKa3aTe-
NS arpeccUBHOCTU cpefpl - Mo r 1 No Py O606LaloLIeEro KpuTepnst KOPPo3u-
OHHO arpeccMBHOCTW FPYHTaA HET. T103TOMY YKa3aHHble Bbillie TPeOGOBaHMS
FOCTa npy HEOOXOAMMOCTY JOMONHAKOTCS APYTMMU IKCNEPUMEHTA/ILHO MPO-
BEPEHHbIMM CMOCOGaMM OLEHKM KOPPO3MOHHOM OMacHOCTK, HasHayaeMbIMY
MNPV NPOEKTUPOBAHNN.

3.2.1. N3mepeHns yaenbHOro 3/IeKTPUYECKoro ConpoTuBEHUS
rPyHTa

I3mepeHnsa yaensHOro 3/1eKTPUYECKOro CONPOTUBIEHUSA TPYHTa B Mose-
BbIX YC/IOBUSIX BbIMO/HAKT C NMOMOLLbI YETbIPEX3NIEKTPOAHON YCTAHOBKM MO
cxeme puc.3.1.

MeToA NOCTPOEH Ha UCMO/b30BaHMM U3BECTHOW (POPMY/IbI ANS NOTEHUMA-
na B Mojie TOYe4yHOro UCTOYHMKA TOKa B MOMYMNPOCTPAHCTBE, Hanpumep, Ko-
POTKOI0 CTEPXKHA-3a3eM/INTENSA, PACNOI0XKEHHOI0 Y NOBEPXHOCTN 3eM/N

j =1Ir I(2pr), (3.2)
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roe j - noTeHUMan B UCCNeayemon TOUKE 3eMN B M0/1e TOYEYHOIO UCTOUHMKA
TOKa, B; | - TOK TOYEYHOro UCTOUHMKA, A; I - PacCTOSHME OT UCTOYHMKA [0
nccneayemon TOUKKU, M; - yaenbHOe 3MeKTPUYECKOE COMPOTUB/IEHNE TPYHTA,
OmMm.

@ @ Punc.3.1. Cxema 4YeTbIpexsnekTposa-
T HON YCTAHOBKW [NS  M3MEpPEeHWS
yAeNnbHOro 31eKTpuyeckoro conpo-

I N B TUBNEHWNA TPYHTa M ee NnoJsie TOKOB.
A,B - TOKOBble 3nekTpoabl, M,N -

A

e S \L

\\ / N3MepuTenbHble 3nekTpoabl, I —
- )

NCTOYHUMK TOKa.

TR

CTa/lbHble 3MeKTPOAbl HEGONLLION AAnHbLI A 1 B, Kak ABa TOUYEYHbIX UC-
TOYHMKA TOKa, YCTaHABNMBAOT B MUCC/EYEMOM PaiioHe 1 MOAK/OYALOT K re-
HepaTopy TOKa, B pe3ynbTaTe Yero 4Yepe3 oba anekTpoga B N060/ MOMEHT
NPOTEKAET OAMHAKOBbLIA MO MOAYAID U OTINYAIOLLMIACA NULLL 3HAKOM TOK I.
N3MepstoT pa3HOCTb MOTEHLMANOB, BO3HUKAIOLLYH MEXAY ABYMS WU3Mepu-
TeNbHbIMK 3nekTpogamv M 1 N, yCTaHOBNEHHBLIMU MO OAHOV NIMHUK C TOKO-
BbIMM 3nekTpogamu A 1 B. B COOTBETCTBMM C (hopMynoii (3.2) Ans YyCTaHOBKM
no puc.3.1 noteHumansl B Toukax M N onpeaenstoTcs Kak pasHOCTU

jm=1Ir [1/(2pa) - 1/ (4pa)];
jn=1Ir [1/(4pa) - 1/ (2pa)], (3.3)
rge a — war yCtaHOBKWU WU PaCCTOAHME MeEXAY COCEAHUMWN 3INEKTPOLaMU

CUMMETPUYHOW YeTbIPEX3NeKTPOAHOM YCTaHOBKM.
Torga, umes B Bugy, Uto U = | v - | N, 419 BbIYUC/IEHUA ' MONYYUM

Y,00HYt0 hopmyy

r =2paR, rge R=U/I. (3.4)
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OO6bIYHO N3MEPAOT HENOCPEACTBEHHO BEMMUYUHY R, 5151 Yero UCnosnb3ytoT
He aMnepMeTp M BOMbTMETP, Kak YC/I0BHO MOKa3aHO Ha CXeme, a /IOroMeTp -
npuoop, N3MepSOLWMNIA OTHOLLEHWE ABYX 3/EKTPUYECKMUX BEIMYUH. VICTOYHK-
KOM TOKa MOXET CNY>XXWUTb BaTapes U3 CyxXmx 3/1eMeHTOB UM reHepaTop nepe-
MEHHOr0 TOKa C Py4YHbIM MPUBOAOM.

dopmyna (3.2) crnpasegnmea Ansa 0AHOPOAHOIO rpyHTa. Peub MOXKET uaTu
MWL O HEKOTOPOM CpefHEM UK «Ka>KYLLEMCA» 3HAYeHUW I B paiioHe n3Me-
PUTENbHOM YCTaHOBKW. lMonaratoT, YTO M3MEPeHHOe I XapakKTepusyeT CroW
3eM/IM MeXAY MoTeHuManbHbIMK 3nekTpodamun M 1 N rnyeuHoON paBHOWN Mnpu-
mMepHO AB/2 (cMm.3aKpaLleHHyto obnactb puc.3.1).

KOppOo3nOHHbIMKM HOpMamMK NPeayCcMOTPEHO Luar M3MepuTesibHON YycTa-
HOBKM CBA3bIBaTbL C ry6VHON yKnagku Tpybonposoga (hy,) COOTHOLLEHMEM &
= hyp.

[MocnefHve TeopeTUYeCKmne UccnefoBaHus, NPOBeAeHHbIE HAMW AN MHO-
FOCNONHBIX Cpef, NoKasasiun, YTo NPeanoYTUTeNIbHEe YCIoBUE

a= 2th’ (35)

B noateepXkzeHuMe 3TOMY Ha puUC.3.2 NoKa3aHO, HAaCKOJ/IbKO 3aBMCUMO
«KaXKyLleecs» yeNnbHOe 3MeKTPNUYeCKoe CONpPoTuBeHNe rpyHTta (ry) OT npo-
N3BOSIbHO MPWHMMAEMOro Liara YCTaHOBKM (@) A8 HeKOTOPbIX TUMUYHbIX
MHOrOC/TIOMHbIX CTPYKTYP, XapakTepHbIX 415 Tpacc NoA3eMHbIX TPy6onpoBo-
[0B.

3afava As19 TO4e4YHOro MCTOYHUKA B MHOTOC/IOMHBIX cpefax — 3T0 0fHa U3
3afja4 MeTofa 3epKabHOro otobpaxkeHus. Hanbonee npuemnemblii aniroputm
ON19 peLleHns Takmx 3aday CoBpemMeHHbIMK crnocobamm 3a/10KeH B MeTofe Orl-
Tnuyeckoin aHanorum A..Akobca [ ]. lMNpouecc pelueHns 3[4ecb CBOAUTCA K
OTbICKaHWI0 KOOPAMHAT U MHTEHCUMBHOCTM 3KBUBA/IEHTHbLIX, T.6. OTPaXXeHHbIX
OT rpaHuL, pasaena Ccnoes, MICTOYHMKOB TOKa. 3aTeM ONpeaenseTca CyMMapHbIil
NMoTeHUMan B 3afaHHO TOYKe Cpefbl, Bbl3BaHHbIA BCEMU OTPaXKEHHbLIMU UC-
TOYHUKaMU TOKa.

Pe3ynbTaTbl pacyeTa, NPeACcTaBeHHbIE HUXKE, MOy4YeHbl C MOMOLLGH HO-
BOW nporpammbl «kEZSLOY» komnnekca APM-3X3-7. 3Ta nporpamma npeg-
HasHayeHa TaKxe A1 UCC/ef0BaHNA MONA TOKOB KOPPO3UK U 3almTbl Tpy6o-
MPOBOAOB B MHOIOC/IONHBIX Cpefax.

KpuvBas A pyc.3.2 OTHOCUTCS K TPYHTaM, Y KOTOPbIX BEPXHWIA C/IOI OTHO-
CUTENbHO CYXOM, HO C rNyBUHON BNaXXHOCTb C/I0EB M1aBHO YBENMYMBAETCS, U,
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C/lel0BaTe/bHO, YAeNbHOe 3/1eKTPUYECKOe CONPOTUBIEHNE YMeHbLUaeTcs. [
3TON CTPYKTYPbl MPUHAT Cheytowmii pag 3HaueHU YaenbHOro 3neKTpude-
CKOro conpotmeneHusa cnoes: r; =120, 70, 40, 32, 27, 22, 21, 20, 18, 16, 15.
Kpusble B 1 B — TOT e IPyHT, HO C YBNaXHEHHbIM B Pa3/INYHON CTENeHN
BEPXHUM CNoeM. 34eCb A1 BEPXHEro €109 BMECTO I ;= 120 OM.M NPUHATO I 4
=40 Om.Mm (ana cTpykTypbl B) nam r, = 20 Om.m (gna cTpyktypsl B). Ton-
LLMHA KaXK40ro c/1os NpuHaTa pasHoi 0,2 m.

P OM-A

100 4

g0

50

=g

40 I

20

Puc. 3.2. «Kaxyleecs» yaenbHOe 3/MeKTPUYECKOe COMPOTMBEHNE
3eM/IN I, MHOFOC/NOWHBIX CTPYKTYp A, B 11 B, BblUMCNEHHOE B 3aBU-
CMMOCTM OT LLara a YeTbIPexaneKTPOAHOM M3MEePUTENbHON YCTaHOB-
KW.

MycTb WLLETCA CNOi rpyHTa Ha rnyéuHe hy, = 1,5 M, T.€. cebMOit Cnoi ¢
(haKTUYECKMM YAeNbHbIM 3/IEKTPUYECKNM COMPOTUB/IEHNEM I ;= 20 OMm.M. 3TO
MOXHO cfenatb C NMOBEPXHOCTW 3eM/N, MPUHAB LUAr YCTaAHOBKW paBHbIM & =
3 M, T.e. npy ycnosuu npun a = 2hy,.

Ho 310 n0X0 cornacyercs ¢ NPUHATOW B NPaKTUKE HOPMOW a = hyy,

Ce30HHble N3MEHeHNA BEPXHUX CMNOEB rpyHTa (CTPYKTYpbl B 1 B, prc.3.2)
MPaKTMYEeCKN He OTPaXatoTCA Ha pesy/bTaTax 30HAMPOBAHUSA CnoA i =7, T.e. U
B 9TOM C/lyyae CnefloBaso Obl NPUHATL a = 2hyy,.
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bonee Henpeackasyema HeoAHopoAHOCTL Buaa ri = 120, 70, 40, 32, 27,
22,20, 22, 30, 40, 45 Om.M, Korfa B cnoax Hke Tpyoonposoga (hy, = 1,5 M)
yAe/bHOe 3M1eKTPMNYECKOe CONPOTUB/IEHNE TPYHTa BHOBb BO3PaCcTaeT v Tam I >
20 OM.m. B aTom cnyuae cnovi ri = 20 OM.M, nexatimi Ha rnybuHe 1,5 M, yxe
He O0OHapy»xmuBaeTca Boobule (puc.3.2, kKpmeas [ ). OOHako, Kak Ham npea-
CTaB/ISETCA, MOSBMIEHME TaKOW CTPYKTYpbl TPyHTa NO Tpacce Tpybonposoga
MasioBepoATHO. Ce30HHble M3MEHEHUS UM BO3HWKHOBEHME MECTHbIX 04aroB
3arpsA3HEHNSt MOTYT KOCHYTbLCS NNLWb BEPXHUX CJI0EB.

Be3ycnoBHO, 60/1ee HafeXXHble Pe3ybTaTbl M3MEPEHUS MOXKHO MOJTYUUTb,
eC/IN NMOrpy3nTb M3MEPUTENIbHBIE 3/IEKTPOAbLI YeTbIPEX3NEKTPOAHOW YCTaHOBKY
HENOCPeACTBEHHO B HYXHbIA CNOI - Ha INYyOUHY yKnagku Tpybonposoga. 3a-
rnyénsemble 3N1eKTPOAbl — TOHKWE M30/IMPOBaHHbIE CTEPXKHM C 3a4NLLEHHBIMM
KOHL,amu.

e ey [
A
ot — A
M
a A
g

Puc.3.3. BapuraHTbl YeTbIpeXaeKTPOAHbIX U3MEPUTENIbHbLIX YCTaHOBOK
[nga 30HANPOBaHUA 3EM/IN B MHOTOC/TOMHbIX rPYyHTax.

B T1abn.3.1 npvBefeHbl pe3ynbTaTbl pacyeTta r B MHOMOC/IOMHOM FpyHTe
MpY MasbIX 3HAYEHNAX a U O4HOBPEMEHHOM 3arny6/ieHnn BCexX YeTblpex 3/ek-
TPOAOB Ha rNybuHYy z.

Kak cnefyet ns tabnuubl, 3arnybneHume anektpogos npu a < 0,5 m obec-
MeYNT BbICOKYI JOCTOBEPHOCTL Pe3y/bTaToB 30HAMPOBaHWA Cfl0s, B KOTOPOM
HaXo4ATCA U3MEPUTENbHbIE 3N1EKTPOABI.
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Tabnuua 3.1
3arny6- | YaenbHoe afeKTpn4ecKoe COnpoTMBIIEHME TPYHTA,
NeHune r, OMm.m
TSQZIS'B | 3a/1aH- pacCUMTaHHOe, I
Z, M HOe, I; a=1m a=05m a=025m
0,1 120 37,780 63,952 90,612
0,3 70 33,649 49,207 62,339
0,5 40 30,708 39,742 42,779
0,7 32 28,111 32,392 32,695
0,9 27 25,377 26,914 26,820
1,1 22 23,139 23,370 22,832
1,3 20 21,247 20,684 20,140
1,5 18 19,698 18,859 18,370

B BapuaHTe ¢ 3arny6neHHbIMK 3M1eKTpoAami no cxeme puc.3.3, a B pac-
YeTHyt0 thopmyny (3.4) fo/mKeH 6bITb BBEJEH NErKO PAacCUMTLIBAEMbIN Monpa-
BOYHBIA KOIh(MULIMEHT K, YUMTbIBAIOLLIMIA 3epKa/lbHOE OTPaXKEHWE TOKOBbIX
3M1EKTPOL0B YCTaHOBKY

r=2pakU/I; (3.6)

k=1/(1/(2a) +1/{22)* +a* - 1/ 2z)* +(2a)?).

Tak, npu a = 0,25 m 1 3arnybneHnmn 3neKTpoaoB paBHOM z = 0,5 M AO/MK-
HO 6bITb k = 1,92,
[Mpn MCnonb30BaHUKM CXeMbl MO PUC.3.3,0 1 a<<z AO/MKHO ObITb k = 2,

Mpwn noneBbIX paboTax BbIGUPAKOT UHTEPBAN MEX/IY TOUKAMU U3MEPEHWIA
Ha 1ccneayemoi nnowaake. STOT MHTEPBaN 3aBMCUT OT XapakTepa rpyHTa B
palioHe nUccnefoBaHmiA: YeM 6onee HeOHOPO/EH FPYHT, TeM yallle U3MepPeHus.
Kak 6bIf10 NOKa3aHO Bbillie, OAHA U3 NPUYMH BOSHUKHOBEHMSI KOPPO3VOHHbIX
Makponap auddepeHUmanbHOM aspauun Kak pas3 U CBsidaHa C HEOAHOPOAHO-
CTbtO IpyHTa Mo Tpacce TPy6onNpoBoa.
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Mpwn BbIGOPE NAOWAAKKA ANF U3MEPUTENbHOW YCTaHOBKW, BO N36eXaHMWe
MOrPeLLUHOCTEN U3MEPEHUS], CTapatOTCs 3MIEKTPOAbI YCTaHaB/MBATb He G/MXKe
2a 0T G6/vKaiilero Tpy6onposoda Unn Kabensi.

Koppo3noHHaa arpeccmBHoCTb rpyHTa no NOCT 9.602-89 onpenensetca
no rpage 2 1abn.3.2: YeM MeHbLLE Ye/lbHOe COMPOTUB/IEHNE TPYHTA, TEM
OH arpeccuBHee.

3.2.2. OnpegeneHne arpeccMBHOCTI FPYHTA Mo NSIOTHOCTU
TOKa nonspusaunm

[aHHbIA MeToL OTHOCUTCA K N1abopaToOpHbIM W ABNAETCS a/lbTEPHATUBHbLIM
MeTOoZY OLIEHKM MO BemyuHe r. Mpu ncnonib3oBaHUM 3TOM0 MeTofa haktuye-
CKM M3MepsAeTCa KaTOAHOe MoffpusalMoHHoe conpoTueiieHMe Ry = Py / S
CTa/lbHOro obpasua naowaabio S B rpyHTe, B3ATOM C Tpacchl Tpyb6onpososa.
Kak 0TMeyeHo BbiLle, YeM MeHbLLE YAenbHOe MOAsapM3aLnMoHHOe COMpoTMBe-
Hue ( Py), Tem 60/bLUE TOK KOPPO3UK rasibBaHOMapbI.

Tabnuua 3.2

Y [ensHoe anekTpuye- M/10THOCTS

Koppo3noHHas ar-| CKOE COnpOoTMB/IEHUE
TOKa nonspusaunn,
PECCMBHOCTb rPyHTa, o A
r, OMMm nom

Huskas CsblLwe 50 o 0,05
CpepaHsas Ot 20 o 50 010,05 000,2
Bbicokas o 20 Csblwe 0,2

CtanbHOM 06pa3sel, NOMELWAKT B AYEKY C TPYHTOM U KaTOAHO NOJsSpU-
3yHOT B TeYeHMe 3aaHHOro nHtepsana spemeHn (10-40 MWH.), NoadepP>KmnBas
KaToA4HOoe CMeLleHMe noTeHUnana Ha yposHe 2J, = 0,1 B = const, nocne 4ero
(bMKCUPYIOT CPEeHIO NIOTHOCTb TOKA KAaTOAHOW MONAPU3ALNN jon U OLIEHN-
BAlOT KOPPO3MOHHYHO arpeccMBHOCTL Mo rpade 3 1a6/1.3.3.

YensHoe KaTofHOe MONsApu3aLnMOHHOE COMPOTUBMIEHME MPU HEobXoan-
MOCTM BbIYUCNAKOT NO popmyrne
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P«= DJi! jnon. (3.7)

Kak cnefyet 13 tabnuubl, nmes seuay, 4to P, = 0,1 / juon, MONYUUM, UTO
npn Py £ 0,5 omm? FTPYHT CUMTAeTCHA BbICOKOArpeccuMBHbIM, a nNpn Py 3 2
OMM’ - HearpeccuBHbIM, T.€. YeM MeHblLLE Py, TeM arpeccyBHee rpyHT.

[aHHbIA MeToL MOAEeNMPYET KaTOAHbIA NPOLECC KOPPO3nK NPUOBINKEHHO,
MOCKO/IbKY peasibHas KOHLEHTpaUMa K1CIopoaa y NnoBepxHOCTM TpybonpoBo-
03, a UMEHHO KMCNOPOL, KOHTPONMPYET BENNYMHY YAENbHOr0 Nofspu3aLoH-
HOro CONPOTUB/IEHUSA Py, MOXET CYLLLECTBEHHO OT/INYATLCA OT MOZE/bHOIA.

K Tomy e ocTaeTcst 6e3 BHUMaHWNA aHO/HbIA npouecc. Tak, KOPPO3UOH-
HbIiA aHa/In3, BbINO/IHEHHbIA 3TUM METOAOM B MJIOTHbLIX FPYHTaX TWUNa r/nHb,
YKaXKeT Ha HM3KYI arpeccnBHOCTb FpPyHTa Ans obpasua Le/IMKoM NoMeLLeHHO-
ro B rNuHy. M 310 AeiCTBUTENBHO TaK, MOCKO/bKY KaTOAHbIE NPOLECChl B AaH-
HOM C/y4Yae Pe3K0 3aTOPMOXeHbl AOCTaBKOWN KMCNOPoAa, BCIEACTBME YEro or-
paHnyeHbl TaKXe 1 aHOHble NMPOLEeCChI.

Ho Ta e ravHa, nverowasa rpaHuly ¢ neckom, OYeHb arpeccmsHa no oT-
HOLUEHWIO K MPOTSXEHHOMY MeTa/lInyeckoMy Teny - Tpybonposoay, nepece-
KaroLLemy 3Ty rpaHuuy, NMOCKO/bKY B [AaHHOM Cflyvae BO3HMKAET KOPPO3WOH-
Has Makponapa anddepeHunanbHOM aspauyn 1 B FVHE NPOTEKAT HUYEM He
3aTOPMOXKEeHHble aHOHble NPOLIECChL.

[Mo3TOMY Ype3BblYaiiHO M0JIE3HO ObIN0 Obl OTNIAANTL METOANKY M3MEPEHNUS
MoNAPM3aLMOHHOIO COMPOTMBAEHNA P, HemocpeACTBEHHO Ha Tpacce Tpy6o-
NpoBoAa, YTO, MO KpaiHel Mepe, CHWU3UI0 Obl 3aBUCMMOCTb OT MPOU3BONA C
KNC/TIOPOLOM M BNaXKHOCTLHO B 1a60PaTOPHOM YCTaHOBKE.

Ha cxeme puc.3.4 faetca MHOroKpaTHO Onpo6oBaHHasA B HATYPHbIX YCO0-
BUSAX CXema n3mepeHuns Py.

Puc.3.4. OnekTpnyeckaa cxema
YCTaHOBKM AN1a MO/IEBOro Me-
TOoAa KaTo4HOW MoNnapusaummn:
1- Mef- Hocynb(aTHbIA 3nek-
TPOJ, CpaBHEHUSA; 2 - 30HA; 3 —
aHo.
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N3mepuTenbHblii 30H4 (2) B BMAe OCTPOM LINWIbKMA B W30/IMPYHOLLIEN
TPY6Ke 3arnyonat0T Ha HYXXHYK TyOUHY 1 NPUCOeAnHAT K aHoay (3), Ha-
npumep, K BPYCKyY M3 NPOTEKTOPHOrO cnjasa. BKoyas-BblkNoUas TOKOBYHO
Lienb, M3MEPAIOT CMeLLEeHMe NoTeHLMana 30H4a 1 TOK Mofspusaunm, nocrne Yve-
ro ygenbHoe MonsApu3auMoHHOe COMPOTMB/IEHWE BbIYUCAAOT MO (HOpMYyre
(3.5), rae NNOTHOCTL TOKA OMpPefenstoT no naowaan paboderr NOBEPXHOCTU
30H[a.

B 1a26/1.3.3 npnBoasaTCA cpaBHUTENbHbIE AaHHbIE MOIEBLIX U3MEPEHWNI Ha
obbekTax AO «Bonrorpagl OPI"A3» B 1998-2000 rr.

Tabnuua 3.3
le')”l}llg r, OM.M A{mg le')”l}llg r, OMM | jron, AIM?
1 20,3 0,215 15 14,2 0,227
2 29,1 0,155 16 24,5 0,160
3 33,0 0,148 17 26,3 0,280
4 34,7 0,118 18 48,8 0,055
5 30,0 0,091 19 43,2 0,090
6 33,8 0,105 20 20,7 0,254
7 27,3 0,230 21 32,0 0,176
8 30,0 0,150 22 49,8 0,160
9 21,6 0,249 23 33,8 0,094
10 20,7 0,214 24 8,5 0,50
11 435 0,180 25 22,7 0,180
12 18,8 0,300 26 21,6 0,249
13 30,0 0,104 27 30,0 0,150
14 59,2 0,064 28 27,3 0,230

3mepeHnst BbINOMNHANUCH CTalbHbIM 3/1eKTPOAOM-30HAOM AMAaMETPOM 5
MM, 06Llend annHoit 600 MM, ¢ paboyein (HEM301MPOBAHHO) YacTbHO A/IMHOM
318 MM, YTO COOTBETCTBOBAO Nowaam S = 5.10° M.

Pa3bpoc 3HAUYEHWI jnon HEM3OEXEH, NOCKO/bKY BENNYMHA NOMSPU3ALNOH-
HOro CONMPOTUB/IEHMS OMNPEAENsieTCs MOHHbIM COCTAaBOM BOA FPYHTa, a Be/IMuu-
Ha 7 - 0OLLMM conecofep)kaHnem. HecmoTpst Ha 3TO, KOpPenaums ¢ AaHHbIMK
Tabn.3.2 oueBnaHa.
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3.3. MeToabl nccnegoBaHns paboTbl KOPPO3MOHHbIX
Makponap

3.3.1. MeToa rpagueHTa noteHumana

MeCTONOMOXKEHNE aHOAOB MPOTSHYKEHHbLIX KOPPO3VMOHHBLIX Makponap Ha
Tpy6onpoBogax B psifie CNy4vaeB NErko 06HapYy>XXMBAETCA C MOBEPXHOCTU 3eM-
nn. Ha puc.3.5 npoaemMoHCTPUPOBaHbI A1s 3TON LieNI BO3MOXHOCTM MeToAa
rpafveHTa noTeHumana.

a) &)

- &+

Rz on {22

T T R T N R R S i T T S 4R S O G e P e T i e

Puc.3.5. OnpegeneHe MeCcTONoN0XeHUs aHOAa KOPPO3MOHHO
MaKpomnapbl METOAOM FpajiueHTa NoTeHLmana.

[Ba n3mepuTenbHbIX (MeAHOCYNbgaTHbIX) 3M1eKTpoJa MepemMeLwatoT no
Tpacce Tpyb6ornposoda BAonb (a) nnv nonepek ee (6) ¢ HEKOTOPbIM MOCTOSAH-
HbIM LLIarom. Ipn OTCYTCTBUN KaKMX-TMO0 TOKOB B 3eM/ie N paBeHCTBe COBCT-
BEHHbIX MOTEHUMANO0B 3MeKTPoAoB (B XyALleM c/yvae COOCTBEHHblE MOTEH-
Linanbl 3N1eKTPOAOB Pa3nyatoTCa Ha HECKO/IbKO MB, UTO MOXHO Yy4YecTb B pe-
3yfnbTatax M3MePeHUsi Kak CUCTeMaTUYeCKyto OLUMOKY) MWUINNBONBTMETP MO-
KaXXET HYy/Nb rpagueHTa noteHymana, T.e. 2J=0.

Mpex/e YeM 3aHATbCA aHa/IM30M NPeAcTaB/IEHHON Ha prc.3.5 antopbl No-
TeHLManoB, He06X0AMMO YUeCTb CnefytoLLiee.

[na n3mepeHnini 6epyT MUINNBONbTMETP, UMEIOLINIA LLIKaNY C HYnem rno-
cpeanHe mnn uudgposoit Npnbop. OB6bLIYHO Y CTPENOYHOI0 U3MEPUTENIBHOIO
npubopa “nnrocosasd” Knemma pacnonoXkeHa Ha Kopryce crnpasa. [1oaTomy oT-
KNIOHEHWE CTPEesIKN U3MEPUTENbLHOro Npubopa Bnpaso OT HYNA, T.e. B CTOPOHY
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3aKUMa “+7, (BMKCUPYET NONOXKUTE/NbHOE 3HAYEHME U3MEPSEMOI BE/IMUNHBI
(0J > 0), o3HavaroLlee, YTO NOTEHUMAN Ha 3aXKUMe “+” B0fblUe, YeM Ha 3a-
XnUMe “-” 1 TOK B U3MEPUTENIbHOM NPUO0ope NPOTeKaeT, KakK 1 NOSIOXEHO, OT
OoNblUEro K MeHbLUeMY, T.e. OT “nntoca” K “muHycy”. CnenosartefibHO, U B
3emJie HanpasfeHWe Takoe Xe: 0T “N/1KCoBOro” 3/1eKTpoAa K “MUHYyCcoBOMY™.

[MycTb B pe3y/nbTare M3MepPeHUn 0Ka3asocb, YTO ABYX3/IEKTPOAHAA YyCTa-
HOBKa c/fieBa no puc.3.4,a pukcupyet 2J > 0, T.e. CTpenka OTK/0HMMACh Brpa-
BO W, CNefoBaTe/lbHO, 3NeKTPO/, MOAKMOUEHHbIA K 3aXKUMY “+”, UMeeT 60/ee
MONOXUTENbHbIA NOTEHUMAN, YEM 3MIEKTPOM, MOAKMOUYEHHBIA K 320KUMY “- 7.
OTclofa cnegyeT, YTo MeXay 3/1eKTPo4aMn B 3eM/ie CYLLEeCTBYeT TOK, Harnpas-
NEHHbIN 0T TO4YKKM 1 K ToukKe 3.

A, ogHOBpeMeHHO, MyCTb YCTaHOBKa crpaBa Ha puc.3.4,a QuKcupyet
0DJ < 0. 30ecb TOK B 3eM/ie Y»Ke HarnpaB/ieH cfieBa Hanpaso, OT TOYkM 1 K
TOUKe 2.

Ho nsmeHeHne HanpaBneHUsA TOKa B 3eM/1e, @ 3TO B HaLleM Nnpumepe nmeet
MECTO B TOUKe 1, MOXET ObITb 3a)MKCMPOBAHO B peasibHON CUTYaLUKN TOMbKO B
TOM Cflyyae, eCn MeXay NeBOo WU MNPaBOM M3MePUTENIbHbIMU YCTaHOBKaMu
“(oOHTaHMPYET” TOK HEKOEro UCTOYHMKA. Ecnn apyrux npeanosnioxXeHui HeT,
TO 3TUM UCTOYHNKOM ByaeT TPyoonpoBod, a LeHTp “thoHTaHa” (Touka 1) ecTb
LIEHTP aHoAa rasibBaHNYeCKO MaKponaphb!, Kak 37O U MOKa3aHo Ha puc.3.5,a.

[na noareepXxaeHns hakta HaMumsa aHoga [denaroT U3MEPEeHUs B MNone-
peyHoM HarnpasneHun (puc.3.5,6). B 3Toi cuTyaLmm CTpesika OTK/IOHUTCS Brie-
BO OT HYNA, T.e. MPUOOP MOKAKET, UTO 3nekTopos A1 oTpuLatenibHee 3eKTPo-
fla 92.

Mpn ncnonb3oBaHUN UUGPOBOrO MUNIMBONLTMETPA WU3MEPEHMUSA BbIMNO/I-
HAKOTCA OTHOCUTE/IbHO 3a)KMMa, MOMEYEHHOro 3Hakom *. Ecnu, Hanpumep,
ANEeKTPOoA 32 MOAKMYEH K 3aXKUMY *, a anekTpod 31 — K Apyromy BbiXoady
npubopa, T0 B cuTyaumm no puc.3.5,6 npnbop 3aguKCcUpyeT oTpuLaTeNbHOE
3HayeHKne noTeHUmana 31 OTHOCUTENIbHO I2.

3.3.2. MeToZ BbIHOCHOIO 3/1IEKTpOAA.

Kak 13BECTHO M3 NpefblayLlero, aHof - 60nee aneKTPOOTPULATENbHbIN
anekTpoA. Mo3aTomy nepBbIM NPU3HAKOM NPUCYTCTBMS aHOAA rasibBaHOMNaphb B
[aHHOI TOouKe TPy6OMpoBoga CNyXWUT 6onee aNeKTPOOTPULATENLHOE 3HAYe-
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HVEe Pa3HOCTU NOTEHLMaN0B TPyba-3eM/si CPAaBHUTENBLHO C aHAIOMMYHO pas-
HOCTbO NMOTEHLIMAMOB B COCE/IHEl TOUKE.

PaccMOTPUM 3Ty CUTYaLIMIO HECKONBKO MoApobHee. Ho npexae onpepe-
NIUMCS C OHWUM M3 YacTO UCMO/b3YEMbIX B MPAKTUKE TEPMUHOB - CTaLMOHap-
HbIM MOTEHLIMANIOM METAIIMYECKOTO COOPYXKEHMS. BylemM Ha3biBaTb CTaLmo-
HapHbIM MOTEHUMANIOM TPYOONpPoBOAa - PAsHOCTb MOTEHUMANoB ““Tpybda-
3eM75” NP OTCYTCTBUM TOKOB 3/IEKTPOXMMNYECKON 3aLLNThbI.

CTaLMOHAPHbIA NOTEHLMAN PEaslbHOTO META/IIMYECKOTO COOPYXKEHUS - He
0YeHb CTPOruli TEPMUH U3 3NEKTPOXMMUYECKOTO NIEKCMKOHA. B 06LLem ciydae
3TO eCTb Pa3HOCTb NOTEHLIMANOB

UCT:jT_j3+U3’ (38)

roe Ug - CTauMOHapHbIA noTeHuman Tpybonposoda; j r - NOTeHUMan Tena
TpybonpoBoAa OTHOCUTE/IbHO GECKOHEUHO YyAafleHHOW TOYKW 3eM/u, T.e. OT-
HOCUTE/IbHO TOW TOYUKW, rfe MOoJSIEM TOKOB KOPPO3UN MOXHO MPEeHebpeYsb;
j 5 - NnoTeHuman 3eMnn B6NN3M TPYOONPOBOAA, TakXe OTCUMTaHHbLIA OTHOCK-
TeNbHO “nanekoit” 3emnun; U, — COBCTBEHHbIA MOTeHUMan U3MEPUTENBHOIO
(MegHOCYNbMATHOr0) 3NeKTpoda cpaBHEHUS. [py OTCYTCTBUM KaKuUX NMBO TO-
KoBB3emne j ;=0unj ;=0.

B 271eKTpoXumMun Yaile roBopsT 0 CTauMoHapHOM NOTEHUMane MeTanna
] or KaK MoTeHumane 060co61eHHOr0 3/1eKTpoa Masoro pasmepa.

Mpn n3MepeHUN CTauMoOHapHOro noTeHUuMana Tpyb6onposoda ‘“ntoc”
BO/IbTMETPA (MNN 3KUM *) MOAKNKOYAKOT K TPY6e, “MUHYC” - K U3MepuUTeb-
HOMY 3M1eKTPOAY, KOTOPbIA pacronaratoT BO3MOXKHO 6/vke K Tpybonposofy.

= Efl ! El Pnc.3.6. dntopa pa3HOCTU MOTEH-
T RS RS RS UManoB Tpyba-3emns, Mony4eHHas
e — —_ i
: —— : , MNpy U3MEPEHMN METOOM BbIHOCHO-
l=-0,55 20,63 -0,72 -0,68 ro afeKkTpoaa.

MeTo/ BbIHOCHOIO 3/1IeKTpOoa , NPeACTaB/IeHHbIN HA puc.3.6, npegnona-
raet, Y4To MepenBUXKHON N3MEPUTENbHBIA 3/1EKTPOA, HaX0AUTCA Ha MOBEPXHO-
CTW 3eM/IX N ero nepemMeLaroT ¢ HebonbLwmm warom (10...20 M) BAO/b Tpacehl
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TpybonpoBoaa, CoeanMHUB “+” npubopa ¢ OGAMXKalLei AOCTYMHOW TOUKOW
Tpy6onposoaa. [okaxeM, 4TO Haubonee OoTpuULATENLHOMY 3HAYEHMIO CTa-
LlMOHapHoro noTeHunana U, COOTBETCTBYET LEHTP aHoAa.

[ycTb, HanpuMMep, B TPeX COCEAHMX TouKax TPybonpoBoAa WU3MEpPEHbI
cTaunoHapHble noTeHUnanbl Ugr 1, Uero, Uer s, MPUYEM OKa3asioch, YTO

UCT.l > UCT.2 < UCT.3.

B cootBeTcTBUM C (hopmynoit (3.6), nonarast U, = const, [0/MKHO ObITb
Jrn-Ja>jn-]2<jm-]aa.

[MOCKOMbKY 3TN TOUYKM PacrosiOKeHbl HEAANEKO APYr OT ApYra, TO MOXHO

AonycTUTb
/. Tl :/. T2 :/. T3

T.e. MOXXHO MpeHebpeyb M3MEHEHMEM MOTEHLUMANa B Tene Tpybonposoa (3To
A0MNyLLEHME NErko A0Ka3bIBAaeTCS, C/M YYECTb, YTO YAeNbHOe NPOA0/bHOE CO-
NpoTUBMeHWe TPy6OMpoBOJa upesBblyaiiHO Mano M coctaBnser 107..10°

Owm/m). OTCrofa, cokpalllas BCe j ; M MeHsAs 3HaK1 HepaBeHCTBa Ha MpPoTMBO-
MONOXHbIE, MONYYUM

/. 31</' 32>/' 33

JTO 03HAYaEeT, uTo

- TOK B 3eM/1e Hanpas/ieH OT TOUKN 2 K TOYKaM 1 1 3;

- BONM3M TOYKM 2 HaxoauTca “(poHTaH” TOKa, T.e. aHOoA, a TOYKM 1 1 3
Pa3MeLLEHbl B KaTOAHOI 30He.

Taknum 06pa3oM, KOPPO3MOHHO OMacHbIMM TOUKaMU BAO/b TPYOOMPO-
BOAa SIBSIOTCA TOYKM C 60Mee 31eKTPOoOTpULLaTe/IbHOM Pa3HOCTbLIO Mo-
TEHUMaI0B Tpyba-3emMNs, eciu psaoM UMETCs TOYKM C 6onee MonoXku-
TeNbHbIM NOTEHLMANOM.

3.3.3. PacueT TOKOB KOPPO3NOHHOM MakKponapbl

o pe3ynbTaTaMm U3MEPEHNS MOMEPEYHOro rpajneHTa NoTeHumMana MoXKeT
ObITb paccyMTaHa NI0THOCTbL aHOAHOro Toka. Ha pI/IC.3.7 npeacrtaB/ieHbl KOJIN-
YEeCTBEHHO TOYHO MOCTPOEHHbIE 3KBUNMOTEHUWa/IbHbIE JIMHUW T10/11 TOKOB KOP-
po3ni B 3eMJiE€ B MOMepevyHomMm Ce4eHnn pr6onp080p,a. MO>XHO nonaraTb, UTO
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3TU IMHUUN — eCTb Cnefbl GOKOBbLIX MOBEPXHOCTE COOCHbIX MONYLUMANHAPOB
He6O0NbLLIOK, HaNpPUMep, METPOBOI ANMHbI.

AU,
0 1Ayl 2 wihg

I
oo
VP

e

w

/s

thTp

Pnc.3.7. NI3MeHeHre OTHOCUTE/IbHOW HamnpsXXeHHOCTW MONepeyHoro no-
na TOKOB Tpybonposoja B 3emne, E,/ Eq: 1 - 0,206; 2 - 0,197; 3 - 0,182;
4 - 0,163, rae Eq - Hanps>keHHOCTb MoNA B 3eM/ie Y NOBEPXHOCTU TPY6O-
MPOBOAA,; X, Y, Z — KOOPAMHATLI TOUKM 3eMnK, rae ocb Oy — nonepeyHas.

Mo 3akoHy OMa NMIOTHOCTb TOKA B 3eMnie B Hamnpas/eHun ocu Oy onpeae-
NSETCH Yepe3 HanpsiXKeHHOCTb Mo/s TOKOB, T.€.

y=E, /I (3.9)

roe Ey = -DU, /Dy - cocTaBnstollas rpagueHTa noteHumnana saons ocu Oy;  jy
— 0CeBasl cocTaB/isAlOLLas NJIOTHOCTK TOKa B 3emsie; DUy — Hanps)KeHne Mexay
ABYMS G/IM3KO PacrofioXKeHHbIMK N3MEPUTENbHbIMK 3n1eKTpodamun; Dy — pac-
CTOSIHWE MeX/Y 3TUMU 3/1eKTpoJamMun.

Onpefenvis j, 1 3Has nnaowaib 60K0BON LNNNHAPNYECKO MOBEPXHOCTY
Sy, KOTOPYHO NPOHM3bLIBAET 3TOT TOK, MOXHO BbIUYMCIUTL CYyMMapHbIA TOK KOp-
PO3UN lyopp, @ 3aTEM MO AMamMeTpy Tpybornposofa d HaWTK M MAIOTHOCTbL TOKa
KOpPO3uK, CTEKAIOLLEro C eIMHULbI J/IMHBLI TPYOOMPOBOARA jxopp-
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PaccmMoTprM 3TOT anropuTm Ha npumepe. MNycTb TOYHO N3BECTHA (hopMa U
[JIMHA OAHOIN 13 3KBUMOTEHLMabHBIX SIMHWIA NoNa TOKoB (prc.3.7), Hanpuwvep,
Ta, KOTOpas HayMHaeTCcAa Ha MOBEPXHOCTW 3eM/IM B TOYKE C KOOPAMHATOMN
y/hyp, = 2. 3Ta KpriBas OMNpeaensercs ¢ NomoLLblo KOMMLIOTEPHOW NPOrpamMmmbl
APM-3X3-7T1, onncaHne KOTOpPOW NpuBeAeHO Huxe. BblbpaHHaa KpuBas 3a-
[aeT nowlaab 60K0BOW NoBepxHOCTH nonyumnmHgpa Sy= 10,35 M, MOCKONbKY
MPUHUMAEM, YTO ASIHA NOAYLMANHAPA - OAWH NOTOHHbLINA METP.

MycTb rnybrHa yknagku Tpyéonposoga hy, =1,5 M, KOOpANHaTLI N3MepU-
TeNbHbIX 3/1EKTPOAOB Y1=2,5 M N Y, = 3,5 M, rpagneHT noteHuynana DUy = 11,3
MB npu Dy=1 M, yaenbHOe 3NeKTpUYecKoe COnpoTmBiieHMe TpyHTa r = 10
OM. M.

Mo chopmyne (3.7) NNOTHOCTbL TOKa B 3emsie j, = 1,13 MA/M?, CyMMapHBbIii
TOK KOPPO3UK lygpp = Jy Sy= 11,7 MA.

Ecnn onametp Tpy6onposoaa d = 0,5 M, TO TOK, CTEKAIOLNIA ¢ TPy6Onpo-
BOAa eAUHNYHONM AnunHbl (Dx =1 M), 6yaeT paBeH

jKOpp - IKOpp/ (pdTp) =7,44 MA/M?,

KOPPO3MOHHbIA TOK TaKoin BENMUKHBI HE CeflyeT 0TOPachIBaTh Kak HECy-
LLIECTBEHHbIA. VIMEHHO TaKoro nopsiika Ma0THOCTb TOKA 371EKTPOXUMUYECKOL
3aWWThI, NpUYeM Ans TPYOGONPOBOAOB C BecbMa NIoXol usonsumeid. K Tomy
YK€ U3BECTHO, YTO TOK 3alL1Tbl, KaK NPaBu/Io, OMXKEH ObiTh B 2-4 pa3a 60/bLLUe
TOKa KOPPO3UN.

OUEHUM BbIYMCNIEHHOE 3HAYEHVE KOPPO3UMOHHOIO TOKa MO BENIMYMHE CKO-
POCTM KOPPO3VWOHHOFO MPOHWUKHOBEHWSI. B cooTBeTcTBUM C chopmynoli (2.9)
CPEeAHASA Mo NOBEPXHOCT W CKOPOCTb KOPPO3MOHHOTO NPOHNKHOBEHMS paBHa

V2 = jxopp 10/ 0,85 = 8,77:10° mm/rog,

Ho npu ranbBaHNYeCcKOM HEOAHOPOAHOCTH, T.€. B pacCMaTPMBAEMOM CNy-
yae, TPybonpoBoa KOPPoAMNpPYeT He paBHOMEPHO, a A3BaMu. Bo3MOXXHO, YTO B
Koppo3umn y4dacTtByeT simwb 0,01 yacTb MOBEPXHOCTN U AadKe ellle MeHbLLas
ee fona. NoCcKOoMbKY, K COXa/leHNH, Mbl NMOKa 3TO ONpeaennTs He CMOXEM, HO
OMbIT NO/ICKa3bIBaET, YTO CKOPOCTb A3BEHHOW KOPPO3UKN MOXET Ha 2-3 nopsf-
Ka NpeBbllaTb CKOPOCTb PaBHOMEPHOM KOPPO3WUW, T.e. MOXHO OXWAaTb CKO-
POCTb A3BEHHOI Koppo3un nopsaka 0,8...1,0 mm/rog,
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3.4. YUMcneHHbIN aHanIM3 paboThl KOPPO3NOHHOW MaKponapb!

Hw>ke ncnonb3oBaH METOA pacyeTa, NPeAcTaB/eHHbI B rnase 6, U peanu-
30BaHHbIA B OAHOM M3 nporpamm Komnnekca APM-3X3-711, onucaHHOro B
rnase 7.

[1ycTb MeTo4OM BbIHOCHOIO 3/1eKTpoja B Toukax Li, L,,...,.Ln M3MeEpeHsbI
3HaYeHMsA PasHOCTU noTeHUManoB U mexay TesioM TPy6bl U TOUKaMu, pacno-
NOXXEHHbIMX Ha MNOBEPXHOCTU 3emnuM BAOMb ocu Tpybonposoda (U = Uy,
U,,...,Uyn ). CocTosiHne U 1 const BOONb TpacChl CBUAETENLCTBYET O HAMYNN
TOKOB KOPpO3uK. 3agada COCTOMT B OTbICKaHWUM pacrpefeneHma naoTHOCTU
TOKa j (aHOAQHOro M KaTO4HOr0) B 3TUX TOYKaX.

[na pacuyeta TpybonpoBoA pa3dmsatoT Ha N OTpe3KoB, Ha3blBaeMbIX OT-
peskamu auckpeTwusauun ( L, Oy,...,0-N ), KOTOPbIE B JaHHOM C/y4vae npea-
CTaBNAT COBO0 PACCTOSHUS MeXAY TouKaMu uamMepeHus, T.e. L = L; - Li.q,
roe i=1,2,...N. TTocKO/bKY 3TK OTPe3KM CBA3aHbl MeXay CO60M 1 TOKWN B3au-
MO3aBUCUMbI, TO 06pa3yeTcs cucTema ypasHeHU N-ro nopsika OTHOCUTENIbHO
HEU3BECTHOW j. DTy CUCTEMY YA0OHO MpeicTaBuUTb B BUAE ABYX MATPUUHbIX
ypaBHeHWI

(BA- E)j=-Bj ¢r;
Ry +] or=U, (3.10)

roe j - UCKOMbIA BEKTOP MNOTHOCTM TOKa TpybonpoBoaa; Ry; - BEKTOP Y/eNb-
HOro COMNPOTMB/IEHUA M3onauuun; B,A - matpuubl, onpeaenstole napameTpsbl
Tpy6onpoBoAa, ero KOHUrypawmto, B3auMOB/IMAHNA YHaCTKOB M CBA3N MeXay
N y3namu guckpetusaunn; E - eaMHMYHas Matpuua; j o - 3N1eKTpoaHble (CTa-
LIMOHAPHbIe) MOTEeHLMaNbl KaXXA0ro 13 0TPe3KoB AMCKpeTm3aummn; U - BEKTOp
N3MEPEHHbIX 3HAYEHWNIA PA3HOCTW MOTEHLMANIOB TPyba-3eMns.

Hen3BeCTHbl 3M1eKTPOAHbIe MOTEHUMabl | . OTPE3KOB [AUCKPeTU3aLmu,
O[IHAKO 3TO He BbI3bIBAET MPobeMbl, MOCKOMbKY B cucteme (3.10) aga ypas-
HeHMa ON19 ABYX HEM3BEeCTHbIX. HO MOCKO/bKY, Kak npasusio, Njaoxo onpeae-
NeH ellle 1 napametp R,; TO peLLeHne CUCTEMbl CTaHOBUTCA MI0XO 00YC/0B-
NeHHbIM. Mo3ToMy pelleHne yao6Hee BECTM UTePALMOHHLIM MeTOA0M, 3alaBa-
ACb MNpexxae HyneBbIM NpubAMKeHnem R, = R, U O0BepUTeNbHbIM UHTEPBa-
nom anaj . =-0,5+0,2 B.
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PacueTHOe 3HayeHue j eCTb MIOTHOCTb TOKA Ha efIMHMLE O/MHbI TPY6OoMnpo-
Boga (A/m). ToaToMy NS OTbICKAHWUSA OEACTBUTE/IbHOM MMIOTHOCTM TOKa Ha
efvHMLe nnowaaun, T.e. NJIOTHOCTM TOKA Ha Or0JIEHHOM YacTu TpybonpoBoaa,
NMoHagobmnocb BBECTM KOAMULMEHT NOPUCTOCTU U30MALUMOHHOIO NOKPbITHUA
Snop KaK OTHOLLEHWe CyMMapHOi niowaan nop Ha OofvH KeagpaTHbIA METP
06LLEN nnowaan nosepxHoCTY Tpybonposoaa.

[na ynoBneTBOPUTENbHOM, MIOXOM U OYeHb MIOXON M30NAUNN KO3d K-
LIMEHT NOPUCTOCTN MOXKHO B3Tb U3 UHTEPBAA Spop = 0,02...0,2.

Mocne peweHns 3agaun (3.10) OeACTBUTENbHYHKO MMOTHOCTb TOKA U CKO-
POCTb KOPPO3uKn (Ha aHOAHbIX y4acTKaxX) BbIYUCAAKOT MO hopMynam

Jxopp = 1/ (PASnop) ; (3.11)
V= 1,18 jxopp:

rO€ Jxopp - AEVCTBUTE/bHAA MNOTHOCTL TOKa KOPPO3WUM B Mopax MOKPbITUS,
A/M%; j - pacuyeTHast MAOTHOCTb TOKa Ha eauHuLIe A/MHbI TPY60npoBoaa, A/M;
d - AameTp TPyb0onpoBoAa, M; V - CKOPOCTb KOPPO3NOHHOIO NMPOHUKHOBEHWS,
mm/rog (cm.copmyny (2.9)).

Ha puc.3.8 npusegeHbl MICKOMbIe 3aBUCMMOCTM CKOPOCTH KOopposun (V) OT
YAEeNbHOr0 3/1eKTPUYECKOro CONpPOTUBIEHNA TPYHTA (r') AN 4OCTATOYHO MOLL-
HbIX Makpornap pas/M4yHO NPOTSXKEHHOCTW. [py 3TOM 3a A/IMHY Makponapsbl
(L) npuHATa 4nmnHa yyactka Tpybonposofa Mexay ABYMSA KaTogamn U OgHUM
aHOZOM MeXAay HMMM, HanpruMep, Kak 3TO NokKasaHo Ha puc.3.5, a sennymHa U
ecTb npeaenbHoe (amnanTygHOe) M3MeHeHre CTauMoHapHOro noTeHymana, T.e.

U = Unax = Uniin

roe Umax, Umin - NPeAenbHble 3HAYEHUS M3MEPEHHOW Pa3HOCTU MOTEHLMAaNoB
Tpy6a-3eM/if Ha UCCeayeMoM yYacTKe.

OTMETbLTE, UTO CKOPOCTb KOPPO3UWN BeCbMa CYLLECTBEHHA B TPYHTax C
HN3KUM 3HayeHnem r < 20 Om.M. He 3pA B HOPMaTMBHbLIX JOKYMEHTaxX rpaHu-
La MeXOy rpyHTamu BbICOKOM W CpefHel arpecCMBHOCTU MPOXOAUT 4epes
TOUky r = 20 OmM.Mm.
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mMm/rogl
1.0y Pnc.3.8. 3aBMCUMOCTb CKO-
i Mow U=0.3 B POCTU KOpPpO3uK OT Yyaesb-
0,8 r HOr0 COMPOTUB/EHUSI TPYHTA
Ans TpybonpoBoga Anamer-
06| pom d=0,2 M c MaKpornapom
ANMHON L 1M NopuUCTOCTbHO

MOKPbITUA Spep= 0,12.
0,4r

] 5 10 15 20 30 P CInewa

3 rpadmkoB, npefacTaBieHHbIX aasnee Ha puc.3.9, crnedyeT, YTO CKOPOCTb
KOpPPO3uK, Bbl3blBaeMast TOKaMK rasibBaHOMaphbl, NPakTUYeCKnU JIMHENHO 3aBU-
CUT OT YAENbHOW 3NeKTPONPOBOAMMOCTA TPyHTa — BENNYMHbLI 0OPaTHOM
yenbHOMY conpoTusBneHuto (1/r ), a TakXKe npornopumvoHanbHa amnauTyae
N3MEHEHMA CTalMOHapPHOro noTeHuUuana no Tpacce Tpybonposoga (U). Takas
0COGEHHOCTb MO3BONSET MOCTPOUTL NPOCTENLLNE IMIMPUYECKME (DOPMYIIbI.

[Mpoune pesynbTaTbl pacyeTa MOKasaiM, YTO MOLHAA Makponapa npwu
U > 0,3 B MOXEeT ObITb TOMbKO APU OYeHb MNIOX0A M3onsaumu, T.e. ¢ Ry, < 10
Om.Mm. Mpn Ry; > 150 Om.m. cnepyeT oxkunaatb U < 0,05 B. Io3aTomy, Kak Koc-
BEHHbI pPe3ynbTaT pacyeTa, CneayeT OTMETUTb: YeM 6GOMbLUe aMnNaMTyda u3-
MeHeHUs NoTeHumana no Tpacce U, TeM Xy>Ke 13onaumna Tpybonposoaa.

Mpun U<0,05 B KOPPO3MOHHOIA ranbBaHonapbl NPaK TUYECKN HET.

Ecnv Ansg oueHKN CKOPOCTU KOPPO3MM OPUEHTMPOBATLCA Ha 3HaYeHns U
=0,2x0,05B n L =50 %20 m, BCTpeyaeMble Ha NMPaKTUKe, TO MOXXHO OXU-
aate npu r = 20 OMM  Koppo3uto co ckopocThio v = 0,15...0,2 mm/rog. Ans
CpaBHEHMS OTMETUM, YTO KOPPO3Usi B OAHOPOAHOW cpeae (Npu OTCYTCTBUM
MaKponap) MMeeT CKOPOCTb Ha MOPsSAOK Hmke, a mmeHHo v = 0,01...0,03
MM/rofl, KOTOPYHO CUMTAIOT 6e30MacHOM.
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MO Mp L=00 m Puc.3.9. CKOpocTb KOpPpo3uu
B 3aBUCUMOCTU OT BE/IMUMHDI

0.4r MaKCUMa/IbHOTO  CMeLLeHNS
0,3t noTeHUuWana B npegenax gein-
CTBUS Makponapbl ANHON L

024

/ MPW  PasNYHbIX 3HAYEHUSIX
10 YAENbHOr0  COMPOTUBNEHMS
I : : : ' rpyHTa.
o1 02 0,3 B by

icnonb3oBaHve KOMMbIOTEPHbLIX nporpaMm Komnnekca APM-3X3-7T1
CBOAMTCSA K Auanory npu BBOAE AaHHbIX, Tae TpebyeTcs Ha3BaTb BCe YNOMAHY-
Tble BblLLIE MapameTpbl, a TaKXKe Takue Kak riybuHa 3aioxeHus Tpybonposoa,
OTHOCUTE/IbHbIE KOOPAMHATLI Y3/10B AWCKPETM3aumMmM 1 psag Apyrux, 06blYHO
N3BECTHbIX AN1A paccMaTpuBaeMoro y4yactka ceTu. 3HauyeHue yaenbHOro anek-
TPUYECKOro COMPOTUBIEHNSA M30NAUMN Ry, 3aAaeTcA MPUGIMXKEHHO M 3aTeM
aBTOMAaTNYeCKM YTOUHAETCA B NMPoLecce UTeEpPaLOHHOr0 CYeTa.

3.5. KonnyecTBeHHas oLeHKa KadecTBa 1U301aLmnn
TpybonpoBoga

Mpwn pacyeTax TOKOB KOPPO3WK, a TaKXKe TOKOB 3/1IEKTPOXMMMUYECKON 3a-
LUWTbI, BO3HMKAET NOTPEOHOCTb B KONMUYECTBEHHON OLIEHKE Y/eNbHOrO 3/1eK-
TPUYECKOr0 COMPOTMBIEHUS U30MALIMOHHOTO MOKPbITUS Tpyoonposoda (Rys).
UacTo BO3HMKAET HEOOXOAMMOCTb B AMArHOCTUKE (DM3NYECKOr0 COCTOSIHMS
Tpy6onpoBoAa C LieNbio NOKaNM3aLMn MeCT NOBPEXAEHMS U30MALMN U NNaHW-
POBaHMS PEMOHTA MO ONPeeNeHHbIM KONIMYECTBEHHbIM MOKA3aTe/NsAM.

PacueTHas 4acTb M3MOXEHHON HMXe METOAMKW H6a3vpyeTcst Ha nporpam-
Max Komnnekca APM-39X3-7T1.
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3.5.1. PacyeT cpegHero s3HayeHMA yaeibHOro ConpoTuB/IeHNS
N30NAUMK B TPYOOMPOBOAHON CETU

HacTosLLyto MeTOAUKY pacyeTa MCMoMb3yT Mpu rpyobort KonnvecTBeH-
HOI OLIEHKe 06LLEro COCTOSAHUS 3aLUUTHOrO MOKPbLITUA TPYOONPOBOAHOWN CETU
B npefienax MuUKpoparoHa ropoga C Lenbi MOMyyYeHUs CPefHero 3HavyeHus
YA€NbHOr0 3N1eKTPUYECKOro conpoTmsieHNs (Rys cp)-
["paHMYHbIE TOYKM MUKPOPaoHa - 3TO rpaHuLbl 30HbI AEACTBUSA BCEWN CUC-
TeMbl X3 MUKpopainoHa. B rpaHMYHbIX TOUKaX 00bIYHO 3aLLMTHbIA NOTEHLIN-
an Tpybornposoga MUHUMANEH, a MPOAO/bHBIA rpaaveHT NoTeHUMana 3emsm
(pa3HOCTb NOTeHLMANoB 3eM4-3eM/s, U3MEPEHHas C MasibiM LLarom B0 /b OCU
Tpy60onpoBoAa) paBeH HY/IHO.
cxXofHbIMY faHHbIMK AN pacyeTa Ry qp, ABMAKOTCA:
- CYMMapHbIiA TOK KaToAHbIX cTaHumin (KC) paccmaTpmMBaeMoro MMUKpO-
paiioHa, leyw, A;

- CyMMapHas n/owaab MOBEPXHOCTM 3allMulaeMblX TPy6onpoBoaoB
MUKPOpaiioHa, Seyy . M*;

- CcpefiHee N0 MUKPOPaNoHy CMeLLeHUe 3allMTHOro rnoTeHumana Tpyobo-
NpoBOJa NPW BKNHOYEHHbIX U BbIKAHOUYEHHBIX KC, DU, ¢, B.

PacueT BeflyT no (opmyrne:

Rus.cp = DUrpcp Seym / loyws OM.M. (3.12)

3.5.2. PacyeT pacnpegeneHna ynesisHOro CornpoTmBIeHUS
N30NAUMN B TPYOONPOBOAHOM CETU

HacToawmii pacyeT BbIMOMHAKT AN CPaBHUTENbHOW OLIEHKM Ka4yecTBa
N30M5IUMN B COCEHUX TOYKAX MCCeayeMoil TPyO6ornpoBOAHOM CETU C LENbIO
ornpefeneHns CTeneHn OHOPOAHOCTU MOKPLITUA W BbISIBIEHNA Y4aCTKOB C
aHOMa/IbHbIMU 3HAYEHUAMMN R ;.

cXo4HbIMW faHHBIMK AN11 pacyeTa ABNAKTCS:

- M3MepeHHbIe 3HaYeHNA 3alMTHOrO NoTeHUMana TpybonpoBoaa B y3nax

pacyeTHOIN cxembl CeTU, Uqp ;

- 3HayeHus CTaUMOHAPHOro NoTeHUWana TpyobonpoBoaa B TeX Xe y3nax,

Uer ;
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- 3HauyeHus TokoB KC, COOTBETCTBYHOLLNX N3MEPEHHBIM 3HAYEeHUAM Uy,

- YAENbHOE 3/IEKTPUYECKOe CONPOTUBIEHNE TPYHTA, /.

PacueTHasd cxema [Jo/mKHa ObITb OrpaHMYeHa 30HON AeiNCTBUA paccMaTpu-
BaeMbIX KC.

3agady pelsatoT ¢ nomollsko nporpamm APM-2X3-711 B pexknme M=3
"YnenbHoe conpoTuBeHMe nsonauum™.

B pe3ynbTarte pacyeTa onpeaenstoTcs 3HaveHna Ry;i B y3naxi=1,2,..., N,
roe N - obuiee 4MCno y3/10B ANCKPETM3ALMN.

3.5.3. OnpepeneHne yaenbHOro coNPoTMBAEHUA N30NALUN
B MPON3BOJIbHON TOUKE CETU

B COOTBETCTBUM C [@aHHON METOAMKON ONpeaenstoT NOKa/bHOE 3HAYEHME
Rys B 3a[laHHOM TOYKe TPYO6ONpPoOBOAHOrO y4vacTka. PacueT R,; N0 aHHOW Me-
TOJMKE MOXHO paccMaTpmBaTb KaK KOPPEKTUPOBKY Pe3ynbTaTOB OLIEHOYHbIX
pacyeToB Mo n.3.5.2.

[MepBMYHBIMU UCXOAHBIMU AaHHLIMK ABMAKOTCA TNyOMHA 3a/I0KEHUSA TPY-
bonposofa B uccnefyemoit Touke hy,u.ero guamerp d (m).

[ns npoBefieHNs1 MOMEBbIX WU3MEPUTENbHbLIX PaboT TPebyeTcs OMbITHaS
unu ctaumoHapHas KC, 6nmaiilias K uccnesyemoii TOUKe.

Cxema M0/eBON M3MepUTENIbHOW YCTaHOBKM NpefcTasieHa Ha pumc.3.10.
MepudepuniiHble 3MepuTENbHbIE 31EKTPOAbI 31 1 32 yCTaHaB/INBAOTCA CUM-
METPUYHO OTHOCMTENIbHO OCM TPybompoBoja U LieHTpasbHOro anektpoga 30
Ha PaccToAHUN L) < 2hy, M.

Uzem.l Uzem.?

Pnc.3.10. Cxema pa3smeLLeHus

)
aif a0 b
”Lﬁ ji i b N3MePUTENbHbLIX 3M1EKTPOAO0B Haj
dy
k 0Cbl0 TPy60MpPOBOAa.
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C nomoLLblo 3NeKTpoAoB 31 1 32 BbIMOMHAKT N3MepPeHUsa pasHOCTU Mno-
TeHUManoB 3eMna-3eMNA (Usem1, Usew2), @ TaKKe Tpyba-3emns (U,,), OTHOCK-
TeNbHO LIeHTpanbHOro anekTposa 30.

3TN N3MepeHUst BLINOMHSIOT ABAXKAbI: C BKMOUYEHHON (U sout, U sem2,
U TIO) N BbIK/IHOYEHHOM onbITHON KC (U sents Usenz, U TIO) Mpn Hannunn
ONY)XAAOLLINX TOKOB M3MEPEHNS MOBTOPSOT MHOIOKPaTHO U 6epyT cpefHue
3HAYeHUs.

3aTeM BbIYMCNAKOT M3MEHEHUS MOTeHUMana 3emMam no obe CTOPOHbI OT
Tpy60nNpoBoAa, Bbi3BaHHbLIE BK/1HOUEHNEM-BbIKHOUeHNeM KC:

DUsem1=U zem1—Uzem1, DUsem2=U sem2—Usem2 .

PacuyeTHOe npupatleHne noteHumana 3emnn DU, BbIMUCNAIOT Kak anreo-
panyeckyro nonycymmy

DU5en = (DU3en1 + DUsen2) /2, B (3.13)
BbluncagoT NA0THOCTb TOKa Tpybonposoaa
jrp= DUy / (Crd), AM*, (3.14)
roe C - KoaduumeHT HopMbl 3KBUMOTEHUMASIbHON KPUBOM Kak (DYHKLUMA La-
ra yCTaHOBKW 1 rny6vHbl yKnagku Tpybonposoga. Tak, npu Oy/h.,, = 2 oH pa-
BeHC =12/4.

BblUNCNAIOT YAeNbHOE 3M1EKTPUYECKOE COMPOTUB/EHME W30NSLMOHHOIO
NoKpbITUSA R,; No hopmyre

Rys = 1 dDUq /(CDUsey), g DUpp = (U 1p- Uyp) (3.15)
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3.5. TpeboBaHWNA K 3/1EKTPOMN3MEPUTE/IbHBLIM Npubopam u
obopyaoBaHUIO

3.5.1. OneKTpoAbl CpaBHEHUA

[Na KOHTaKTa n3mMepuTenbHOro npuobopa ¢ 3eMnert MPUMEHSAIOT CTa/lbHble
N HeNONAPU3YHOLLNECS 3/1EKTPOALI CPaBHEHWS.

CTalbHON 3MeKTpo4 -  MPOWM3BONbHO W3rOTOB/IEHHbIA 3a0CTPEHHbI
CTa/lbHOM CTepXKeHb. K 60/1bLLIOMY COXa/leHWI0, CTa/lbHbIE 3/IEKTPOAbI BCE eLLle
MPUMEHSIOTCA MPY U3MEPEHNAX PA3HOCTM MOTEHLMANIOB TPy6a-3eM/s, UTO Mpu
BbICOKOW Ky/bType MPOM3BOACTBA BPAA N1 NPUEMNEMO. [eACTBUTENLHO,
CTa/IbHOW 3/1EKTPO/, HE MOXKET CUUTATLCA U3MEPUTENbHLIM MHCTPYMEHTOM, MO-
CKOJIbKY €ro CO6CTBEHHbIN 3NeKTPOXNMUYECKNIA NOTeHUMAN HecTabuneH. Bo-
NepBbIX, OH N3MEHAETCA BO BPeMeHM (C MOMeHTa YCTaHOBKW B TPYHT UK BOAY
ero 31eKTPOXUMNYECKNIA NOTEHLMAN MOXET CTabUNN3MPoBaTLCA YacaMu, BO3-
pactasd, Hanpumep ot -0,3 go -0,6 B ), n, BO-BTOPbIX, N3MEHSAETCHA B NPO-
CTpaHcTBe (Ero NOTeHUMan 3aBUCUT OT XMMUUYECKMXCBOWCTB OKPY>KatoLLei
Cpefbl, a 3arpsi3HeHe NoYB HEM3BECTHLIMU BeLLleCTBaMMN — 0ObIYHOE Aen0).

[Mo3TOMY CTa/lbHble 3M1eKTPOAbI IPUMEHAOT

- VNN NpK TpyobIX N3MEPEHMNSAX BOMbLUMX HaMPSHXeHWIA, Hanpuvep, pas-
HOCTM MOTeHLNaI0B PefbC-3eM/A;

- WM B U3MEpPUTENbHbIX YCTaHOBKaX, KOrga CO6CTBEHHbIM MOTEHLNaN0M
3/1eKTPOAA MOXHO MpeHebpeYb, Hanpumep, Npu MoeBbiX N3MEPeHUsX
YAeNbHOro 3/1eKTPUYECKOr0 COMPOTMBMIEHUA TPYHTA YeTblipexasnek-
TPOAHbIM MeTOAOM C MCMO/b30BaHNEM reHepaTopa nepeMeHHOro TOKa,
rae NOCTOSAHHbIE COCTaBNANOLLME B N3MEPUTENBHOW LEenn NPOCTO UIrHO-
PUPYIOTCH, T.€. HE (DUKCUPYHOTCA U3MEepPUTENIbHbIMK Nprbopamu;

Henonapusyrowmiica aneKTpos cpaBHeHWS, a UX HECKO/IbKO TUMOB, Harpo-
TUB, UMEET ONPeeNeHHbIn U CTabubHbI COOCTBEHHbIN NOTEHUWan. Henons-
PU3YIOLLIMIACA BOAOPOHbIA 3NEKTPO/ cpaBHeHMsA (HB3J) aBnsieTcs 3Ta/loHOM
MpY N3MEPEHUSX B 3/IEKTPOXUMUN. Ero cCOBCTBEHHbIN NOTEHUMaNn NpUHUMaET-
CS paBHbIM HY/H0, @ NOTeHUMas bl APYrnX HeMONAPU3YIOLLNXCA 3/1EKTPOAOB OT-
CUNTLIBAKOTCA OTHOCUTENbHO HB3. Tak, COBCTBEHHbIA MOTEHLUMan MeHO-
cynbpaTHOoro anektpoga (M3C) paseH +0,30 B no HB3 (cMm. Takxxe rnasy 7).

B o00uwem cnyydae HenonsapusyloLNACs 3NeKTPOA 3TO MeTa/l/IMYeCcKUin
CTEPXKEHb, SABNSAKOWMNACA COOCTBEHHO 3M1EKTPOOM, MOMELLEHHbLIA B COCY[ C
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pacTBOPOM ONPefesieHHOro 31eKTPOoNnTa, rae A0 Havana Kakux-nnbéo namepe-
HUA NprobpeTaeT HEKOTOPbIA CTaBU/IbHbIA 3MEKTPOXMMUYECKNIA MOTEHUMA.
KOHTaKT CO Cpefoil OCYLLECTBNAETCS Yepe3 MOPUCTYIO Meperopoaky, nponu-
TaHHYIO 3/1EKTPOSIUTOM.

B noneebix paboTax Mofiydynn LUMPOKOE pacrnpocTpaHeHWe MeaHOCY/lb-
(haTHbIN anekTpoga cpasHeHNs (M3AC), cxema KOTOPOro nokasaHa Ha puc.3.11.

B M3C cTepeHb 1 BbIMOMHEH U3 YACTON paUHMPOBAHHOW Meau, 3MeK-
TPONUTOM SABNAETCA HACbILEHHbIA pacTBOpP MeaHoro Kynopoca CuSQy, KOH-
TaKT C 3eM/Iell OCYLLIECTB/ISETCA Yepe3 MOPUCTYIO MePeropoaKky 5, Hanpumep,
NEPEBAHHYIO NPOBKY N MIOHOOOMEHHYIO MeEMOpaHy.

MO3C c uenbto ctabunmsaumm noTeHUmana Ao/MHKeH ObiTb 3a/IUT He MeHee
yeM 3a 24 yaca 0 Ha4ana n3mMepeHnin. Hannume HepaCTBOPUBLLIMXCA KPUCTaSI-
JINKOB MeAHOro Kyrnopoca 4 A0/MKHO CBMAETENbCTBOBATL O TOM, YTO pacTBop -
HaCbILWEHHbIN W, CNieaoBaTe/IbHO, AMIEKTPOL, OTBEYAET TPeObOBaHNAM CTaHAapTa.

[Mpn n3mepeHusx nepeHocHok MOC ycTaHaBNMBAOT B YBNAXKHEHHYHO
NYHKY Ha MOBEPXHOCTU 3EMJIN.

[MpUMeHSAIOT Takke cTaumoHapHble M3C, KOoTopble 3aKanblBalOT Ha He-
CKOJIbKO NIET B 3eM/IK0 Ha rNyouHY 3anoXeHus Tpybonposoda. Y Takux MOC
3NEKTPOJIUT UMEET XenleobpasHblil B U 000 COXPaHSETCS.

. 1 Pnc.3.11. YCTpoiCTBO Henonspu-
2 3ylouieroca  MeAHOCY/b(aTHOro
3 anekTpoga cpaBHeHus (M3C).
4
5

1 - MedHbIN 3N1eKTpos; 2 - Kopnyc
. . N3 ON3NEKTPUKA; 3 - HACbILEHHbIN
o H a0 R . ) .
“ |||”ﬁf) pactBop CuSQ,; 4 HepacTBo

- PUBLLMECA KPUCTaIINKK; 5 - no-
PUCTOEe [HO.

—L =

AnekTpuyeckoe conpoTtusneHne M3C 06bI4HO He npeBbilaeT 1 KOM, Xo-
TA ANA HEKOTOPbIX TUNOB MOXET A0CTUTraTb 15 KOM.

B npakTuke ncnonb3yrotca nepeHocHole M3C Trna M3l-AKX, cTauuo-
HapHble M3CA-AKX, SHEC n ap.
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3.5.2. DneKTponsmMepuTeNibHbIE NPUGOPLI

Mpnbopbl A8 N3MepeHns rpagmeHTa noTeHUnana B 3emse 1 pasHoCTH Mno-
TEHUMaN0B MEXY COOPY>KEHMSAMMN N 3eM/eil JOM>KHbI UMeTb BbICOKOE BHYT-
PEeHHee CoNPOTWB/EHNE, NPeBbILLIAOLLEE CONPOTUBNEHMNE MEXKAY TOUYKaMn 13-
MepeHusa He MeHee, YeM Ha [Ba nopsaaka.

[Mpn OLEHKe BESIMUMHBI CONPOTUBIEHNA U3MEPSEMOI LeNn KakK Harpys3Ku
O/19 U3MepUTeNIbHOro npubopa, cneayeT MMEeTb BBUAY, YTO OCHOBHOW BK/af B
3TO conpoTuseHme BHocnt M3C.

[enicTBuTeNnbHO, conpoTmereHne M3C, a 3TO ero BHyTpeHHee CONpoTMB-
NeHVe B COBOKYMHOCTW C KOHTaKTHbIM COMPOTUB/IEHNM MeX/Yy MOPUCTON ne-
PEropofikor u 3emneir, MOXeT npesbiwarb 10 kKOM, TOrga Kak conpoTumsie-
HWe COOCTBEHHO 3emin MexXay AByms MOC MHOro meHblue (MMeeTcs BBUAY
[BYX3/IEKTPOAHAA yCTaHOBKa BMAa puc.3.5).

BHyTpeHHee CONpPOTWMBEHWE WU3MEPUTENLHOrO npubopa A0MKHO ObliTb
nopagka 1 MOM, 4To 06ecneymT NprUemIeMyHo OLLMOKY N3MEpPEHUS.

JTOMy  TpebOBaHWIO  YAOBMETBOPAOT BCE  3/1EKTPOHHbLIE  BOJbT-
MWINNBONBTMETPbI, HO Ja/1eKO He BCE CTPEeN0YHbIe NPUBOopbI

Takmum 06pas3oM, MOrpeLHoOCTb U3MEpPeHNs pPasHoOCTY MOTEeHUMaNoB on-
pefenseTca ConpoTUBNEHNEM U3MEPUT e/IbHOTO 3N1eKT poja.
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[ naBa 4. bny>aaroLine TOKU

4.1. ICTOUHUKM 61y>KaatoLWmMX TOKOB

CneflyeT OTI4aTb TOKM KOPPO3WUK, NopaxKaaeMble raslbBaHUYeCKON Heoa-
HOPOAHOCTbLIO TPYO6ONPOBOAA, OT By AatoLLMX TOKOB, CO3aBaeMbIX CTOPOH-
HUMMW OTHOCUTENIbHO A@aHHOro TPY60npoBoaa MCTOYHUKAMN.

B NpuBLIYHOM MOHMMaHUK GY>KAAtoLMe TOKM - 3TO TOKA YTEUKM C
PENbCOB 3NeKTPUdmUMpoBaHHOro TpaHcnopTa. OAHAKO MCTOYHUKOM B/yXK-
NAOLLINX TOKOB MOXKET ObITb HE TOMbKO TpamBail NN 3NeKTpUpULMpoBaHHas
»KenesHas fopora.

CnefyeT npexae BCero otaennTb 6yKaatoLme TOKW, Bbl3BaHHbIE NCTOY-
HMKaMy NOCTOSAHHOIO TOKa M UCTOYHWMKAMW MEepPeMEHHOro ToKa. Tak,
TpamBai Bcerfa nuTaeTcs NoCTOAHHOM TOKOM, B TO BPEMS KaK pPsifi 3NMeKTpu-
(MUMPOBaAHHbIX YKENe3HbIX A0OPOr PpaboTaeT Ha NepemMeHHOM TOKeE.

Cpazsy ke criegyeT 3aMeTUTb, YTO TOKM MepemeHHOro ( CMHYconaaibHOro)
HanpsXKeHNs B 3eM/ie 3HAUYUTE/IbHO MeHee OrnacHbl M 0 HUX Mbl Oyaem roso-
PUTb Masio. B 3apy6exxHOIn NpakTUKe NepeMeHHble 6/1y)KAatoLLIMe TOKN Xenes-
HbIX JOPOr, Kak 00beKT KOPPO3NOHHOK 0NacHOCTW, BOOGLLIE UTHOPUPYETCA.

K nctouHmkam 6nyXxaaroumx TOKOB CrefyeT TakXke OTHECTU NIMHUK 3ek-
Tponepeaay nocTosHHOro Toka (S13M MT), B KOTOPbIX 04HMM U3 NPOBO/OB
aBnseTcs 3eMmnsa. Ho takuve J13I noka elle He Monyvyunn B OTEYECTBEHHOM
NMPakTUKe LUMPOKOro pacnpocTpaHeHUs 1 noTtomy 6opbba ¢ HMMK ellle Briepe-
an.

Pan npeanpuaTnii NoTPe6/seT MOCTOAHHBLIN TOK AN TEXHOMNOrMYeCKnX
npoLieccoB, HanpumMep, B 3NEKTPOM3epax UK Xe Npu UCNosib30BaHUM 3NeK-
TPOCBapPOYHbLIX annapaToB NOCTOAHHOIO TOKa. B ranbBaHMYecKMX NPon3BoA-
CTBax MOryYT BObITb YTEUKM TOKA Yepe3 Xene3obeToHHbIe KOHCTPYKLNN, TPy6O-
MNPOBOAbI U AaXKe Yepe3 3arpsa3HEHHbIE 3IEKTPOIMTOM OrpaxkaatoLLne nosepx-
HOCTW.
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MOXHO OTHECTU K O/Y)KAAKOLIMM TOKaM TOKW KaTOAHOW CTaHLUMMK, ecnu
3TN TOKW MepeTeKaeT ¢ OAHOro TPybonposoaa Ha ApPYyron, “6nyxnas” B CeTu
MOA3EMHbIX KOMMYHMKaUWiA. HO 3TK TOKWM Yallle Ha3blBaOT TOKaMu1 B3aUMHO-
ro BAUAHMUA.

TpyaHo BOO6Pa3nTb B KAYECTBE MCTOUYHMKA 61y OatOLLINX TOKOB BO3AYLU-
Hyt0 J13I nepemMeHHOro Toka, 0AHaKo 34ecb He BCe TaK NpocTo. [leno B ToMm,
YTO BbICOKOBO/bTHaA JISIT MOXET MHAYLMPOBATbL Ha MPOTAXKEHHOM, Harnpu-
Mep, MarnctpasibHOM, XOPOLUO W30/IMPOBaHHOM TPYy6ONpPOBOAE, KOTOPbIiA
YNoXeH napannensHo Tpacce JI3M, 3HaUnTeNbHbIE 3NeKTPOABUXKYLLNE CUbI,
BbI3bIBalOLLIME NPOAO/bHbIE TOKW. BennumHa WHOyUMPYeMOW 3.0.C. MOXET
MPeBbILLATb COTHN BOMIbT. B MOMEHT pa3pbiBa 3/IEKTPUYECKOW LIenu, Harpu-
Mep, Npu pacceyeHnn TpyobonpoBoda BO BPEMS €ro PemMoHTa, BO3HMKAeT uc-
Kpa W1, eCnn PEMOHTUPYEMbIA TPYOONPOBO/ SBMSETCS ra3onpoBogoM C ocTar-
KaMW B3bIBOOMACHOro, rOPHOYEro rasa, To MOXXHO 0XuaaTb 6efy, 4To, K coXa-
NEHUIO, YXKe He pa3 Mmenio Mecto. K ToMy >Ke He OYeHb XenaTeslbHO MpuKoc-
HOBEHME 4efioBeKa K MET/I/IMYECKOMY Teny, HanpsaXeHne KOTOPOro COTHU
BOJIbT, B TO Bpems Kak 6e30rmacHbIM A1 XKWU3HN MOXHO CUMTaTb HanpsXeHue
24 B.

TOKM NOA3eMHOr0o Kabens 3fIeKTPUUECKON CeTU He BbI3bIBAET NOJIS B 3eM-
ne, MOCKO/IbKY ero TOKOBeAyLLUME XW/bl 3KpaHMpOBaHbl MeTa/IINYECKON 060-
NOYKON W CTanlbHOW 6poHeil. BpeaHoe BNMSIHME Ha COCeAHWMA TPpy6onpoBof
MOXET OKas3aTb /INLWb cama 000M04Ka Kabend, a TouHee, 3alUTHbIE 3a3emiie-
HMSA, BO MHOXECTBE pa3bpocaHHble B KabesbHOW CeTn. 3a3eM/eHHas Kabenb-
Has CeTb BbICTYNaeT KaTOAOM pPa3BETB/IEHHON ranbBaHWYECKON CUCTEMbI,
roe aHofbl - pasfMyHble U30/MPOBaHHble TPy6onpoBodbl. O BO3MOXHOCTU
BO3HWKHOBEHWS TaKMX raslbBaHMYECKNX Nap Y>Ke roBOPU/IOCH BblLLe.

4.1.1. JInHnK penbCcoBOro 3NEKTPOTpaHcnopTa

Ha puc.4.1 npuBeaeHa cxema, NOACHAKOLWAA NPUYMHBI U CneacTeus 6ny-
XOAKOLLMX TOKOB PefibCOBOA IMHUK, paboTatoLLeil Ha NOCTOAHHOM TOKe.

PenbCbl ABNAKOTCA 00paTHLIM NPOBOAHWKOM B LIEMW HArpy3ku TArOBOW
noactaHumMn. ToK OT “nntoca” noacTtaHUMW MOCTYNaeT 4vepe3 KOHTAKTHbIiA
MNPOBO/A N TOKOCLEMHWK 3/1IEKTPOMNOe3a Ha ero anekTpoasuratens. [anee ToK
Yepes KOJIeCHYH napy nornagaeT Ha pefibCbl M N0 HUM BO3BPALLAETCA K MUHYC-
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LLnHEe noacTaHUUN. |_|OCKO]'Ibe PENbCbl HE N30J/INPOBaHbLI OT 3EMJ/IN, TO HaCTb

TArOBOro TOKAa - ONy>KAAKLLIMA TOK - OyAeT NpoTekaTb B 3eM/ie, B KOHEYHOM
CYeTe BO3BpaLLlasiCb CHOBa B PE/bChl B PailoHe TArOBOM NOACTaHLINN,
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Puc.4.1.PenbcoBas NMHUA 3N1EKTPOTPAHCMNOPTa NOCTOAHHOIO TOKa Kak uc-
TOYHUK G6M1yXKAaoWmMX TOKOB. K - KOHTaKTHbIM NPOBOJ, OT “nstoca” Taro-
BOI noacTaHumu, P - penbcbl, T - Tpy6onposog, Uy - antopa pasHOCTH Mo-
TEHLMAN0B PenbCbl-3eM/IS.

[Mpn HanMuun B 3emsie CTajlbHOro TPybonpoBoAa, UMEKOLWEro OT/INYHYIO
MPOAONbHYHO NPOBOAMMOCTb U, K COXANEHUIO, AA/IEKO He HY/NEeBYHO nornepey-
HYHO (3a CUET MOBPEXAEHWNIA B N30/ISLMOHHOM NOKPbLITMK), 61yXaatoumii TOK
OyfeT HaTeKaTb Ha TPybONpPoBO/, €C/IM ero OCb B KaKOW-TO CTeMNeHW CoBMa-
[aeT C CUI0BOW NIMHMEN TOKa B 3emsie. Ho nmonaB Ha TpybonpoBoA B O4HOM
MECTe, TOK B TOM XXe KOIMYecTBe 6yAeT CTeKaTb B APYroM, YTOObI BEPHYTbCH
K CBOEMY UCTOYHUKY. TOK, CTeKaroLMil B 3eM/t0, KaK 3TO OMNpefeneHo BblLLE,
- aHOAHbIN, paspylialowmin. B Mectax HaTekaHus Ha TpybonpoBog OGyX-
OAOLWMNA TOK NMPUHOCUT HEOXKNAAHHYIO MOMb3y, SBAAACH KATOAHbIM, T.e. 3a-
LWMTHBIM, YTO, NPaBaa, MasloyTeLIUTESNbHO.

Takum 06pa3oM, Ha MNOA3EMHOM METa//IMYECKOM COOPY>KEHUN BO3HNKAKOT
aHoaHas 1 KaTofHas 30Hbl.

[Mpn 3TOM OTMEYatoT eLle M 3HaKONepeMeHHYHO 30HY, KOTopas 3aHMMaeT
HEKOTOPYHO 06/1aCTb Ha rpaHuLe Mexay KaTtofHOW 1 aHO4HOW, rae 6nyxaato-
LMe TOKM BPSMSA OT BPEMEHW MEHSIOT CBOE HanpasieHue. [leno B TOM, YTO
GecnpepbIBHO MEHSETCA MeCTOMO/IOXKEHNE 3/IEKTPOMOe3[0B N BeNYMHa UX
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TOKOBOI HarpysKku, B pe3y/ibTaTe Yero 6ecnpepbiBHO MEHSETCS KapTuHa noss
TOKOB B 3eM/E.

O[lHOIh 13 XapaKTepUCTUK nons 6ayKAaloLWmx TOKOB SIBNSETCS Pa3HOCTb
MOTEHLMANIOB PenbC-3eMNs

Up :J p = J 3 +UCT_p, (41)

rae U, - pasHOCTb NOTEHLMAN0B PenbC-3eM/isi B HEKOTOPOW TOUKE PesbCOBOMA
CETU; | p, ] 5 - COOTBETCTBEHHO NOTEHLMAN PeNbCOB U NOTEHLMaN 3eMan B6K-
31 PEeNbLCOBOM JIMHWM, OTCYMTaHHbIE OTHOCUTENIbHO “Aanekoin” 3emnut; Uep -
CTaLMOHapHbIA NOTEHLMAN PENbCOB.

[Mpn NONHOM OTCYTCTBUW TAMOBOW Harpy3Ku CTOPOHHErO MONs HeT, T.e.
] p=0,]; =0 1 BONLTMETP 3aPETUCTPUPYET TO/MLKO CTaLMOHAPHbIA MOTEHLW-
an penbcoB U, = Uer .

OueBNHO, CTaUMOHAPHbIA MOTEHUMAN U3MEPUTL NIErKo, HO LWL TOoraa,
Korfa BApYyr OCTaHOBW/IUChL BCe TpamBau U 3nekTponoesna. MOoXHO NPUHATb
npu HeobxoanmocTn Ugrp, =-0,55 B - no M3C unn Ug,, = 0 - No CTaibHOMY
3NEKTPOAY CpaBHeHWA. OObIYHO MpWU n3MepeHun U, UCMOMb3YIOT CTallbHON
3NeKTPOJ CpaBHEHUS, Nonaras, YTo 3MEKTPOXUMUYECKUIA NOTEHUMAN CTalb-
HOrO 3MeKTPOAA PaBeH 3MIEKTPOXUMNYECKOMY MOTeHUMany cTabHbIX pefb-
COB, T.e. MPW OTCYTCTBUM BnyxaaroLmx TokoB U, = U, = 0.

JTO YNpoLLaeT aHann3 Monsa TOKOB B 3eM/ie. Tak, ecnv npu U3MepeHun
CTa/lbHbIM 3/1EKTPOAOM 06HapyxwuTcs, 4to U, > 0, T.e. B COOTBETCTBUM C CO-
oTHoLleHWeM (4.1) j ,>] 5, TO bnyKAatoLL e TOKN Hamnpas/ieHbl U3 PeNbCOB B
3eM/to (0T 60/bLLErO K MeHbLUeMy), aycnoButo U, =j p- j s=0 mam j ,=j
OyOeT COOTBETCTBOBATb Hy/eBasd TOUKA B pefibcax, rhae yTeuku 6/1yKaatoLmx
TOKOB B MOMEHT N3MEPEHNS HET.

Takum o6pasom, npu U, > 0 penbcbl paboTaroT aHogom, npu U, < 0 -
KaTOLOM.

PenbCbl, MeXay NpounM, Toxe paspyLuaroTcs. OIHAKO CKOPOCTb UX KOp-
PO3VIOHHOIO Pa3pyLUeHNs MeHbLLe CKOPOCTN MeXaHNYeCcKoro nsHoca v noaTto-
My OM1y>KaaroLLe TOKW BNnafesnbLeB 3/1eKTPOTPaHCMNOPTa He MHTepecoBan Bbl
BOOOGLLIe, ecnn 6bl OHWN He ObINN “MHTEPECHbI” ANA BNagenbLeB CoOCeqHNX Nof-
3eMHbIX KOMMYHWKaUWiA, rae CKOPOCTb KOppo3um MOXeT pocturaTe 20
mm/roa!
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Kak nokasana npakTuka, NOrpeHocTb U3MEPEHUA PasHOCTWN MOTEHLMa-
/OB pPenbC-3eM/ig C MOMOLLLIO CTa/IbHOrO 3NeKTpoda npuemnemMa. Tak, ecnu
CTauMoHapHbIA NOTEHUMan MeTania PeibCoB OT/IMYAeTCA OT CTalMOHapHOro
noTeHUMana ctasbHOro anekTpoga Ha = 0,1 B, uT0o 1 ABNsAeTCA abCONOTHON
MOrpeLHOCTbIO M3MEPEHWS, TO Npu n3mepeHusax U, B nHTepsane U, =1 ...
10 B BO3HWKHET oTHOCUTENbHaA norpewHocTs oT 10% [0 1% , 4To BMO/He
A0MNYyCTUMO.

4.1.2. JInHnM aneKTponepegay MNocTosAHHOro Toka

Opyrum UCTOYHMKOM 6nyxKaaroLWmX TOKOB ABnsetca JS19I nOCTOAHHOro
TOKa, paboTaroLlas B pexxmme “nposod-3eMns’™ no puc.4.2.
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Puc.4.2.bnyxpaatoLine TOKN OT IMHUKN 3N1eKTponepesayn NocToAHHOroO To-
Ka. [ - anekTpocTaHuua, [ - anekTponpuemHuk, B - Bbinpamutens, U -
nHBepTop, 31,32 - 3azemnmTenu, J1I3AM - BO3AYLLUHbIA NPOBOA,

B Hauyane nMHMM nepeMeHHbIid TOK anekTpocTaHuun (I ) npeobpasytoT B
NnocTosiHHLIA ( B), nepepatot no J1I3I 1 3aTeM - nepes UCNosb30BaHUEM - MO-
CTOSIHHbI TOK MHBEPTUPYHOT CHOBA B NMepeMeHHbIin (IN).

[MOCKONbKY OAHWM M3 MPOBOAHWUKOB CUCTEMbI SIBMSETCA 3eM/s, TO Ha
OYeHb OOLUMPHOWN TEpPUTOPUM - B COTHU KWU/IOMETPOB MeXay paboymmmn 3a-
semnmTensmm (31,32) - BO3HUKAET nose 6nyXaaroLmx TOKOB, KOTOPoe He MU-
HYeT MHOMOUMC/IEHHbIE MOA3EMHbIE COOPYXKEHUS.

NHTEHCMBHOCTb AeNCTBMA By aaroLmx TokoB J1I9IN Ha nofa3eMHble Co-
OPY>XeHMS OrpefenseTcs KpoMe BCEro MpoYero reosiorMyecKUm CTPOeHUEM
3eMnn. Tak, rnyouvHHble BOJOHACHILEHHbIE W BbICOKOMUHEPaAIN30BaHHbIE
C/IOV 3eM/IN, OTCacblBas Ha cebd NPUMOBEPXHOCTHbIE TOKK, OyAyT 3aMeTHO
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YMeHbLLUATb WX MAOTHOCTb Y AHEBHO MOBEPXHOCTU, YMEHbLLAA TEM CaMbIM
KOPPO3MOHHY0 0NacHOCTb AN MOA3EMHbLIX KOMMYHUKaLWIA.

Ho ocobyto 0nacHOCTb MOXHO OXWAaTb BO/IM3M paboumx 3a3emsmTenei,
BO3MOXHO, B pagnyce HeCKONbKO JECATKOB KNIOMETPOB.

BeposaTHO, 6yayT OTMeYeHbl aHOMa/ibHble ABfIEHUA U B CKa/IbHbIX TPYH-
Tax, rAe BbICOKOMPOBOAALLME C/ION M MPOXUIKA XaOTUYHO YepepyroTcs C
MPaKTUYECKM HeMnpoBOAALMMKN CTPYKTYpaMu. B 3aTom cnydae 6nyKparouime
TOKN MOTYT NOABUTLCA “BAPYr” B MeCTax Ka3anoCb-Obl 6ECKOHEYHO YyaaseH-
HbIX OT BCEX MbIC/IMMbIX UCTOYHUKOB.

4.2. KayeCcTBEHHbI aHaNu3 nons 61y>aatoLmx TOKOB

Koppo3noHHas onacHoOCTb 419 Tpybonposa B nose 6nyxaatoLmx TOKOB
onpefenseTca KoHgurypauuen TpybonpoBoga W ero nosioXKeHneM OTHOCU-
TeflbHO UCTOYHUKOB TOKa. B npocTeiillem cnyvae, nofgobHOM NpecTaBeH-
HOMY Ha puc.4.1, aHolHaa 30Ha B TPYOONPOBOAHOM CETU HabMOAaeTCs BOIM3M
TAroBON noactaHumn. OaHaKo B 60/ee CAOXHbLIX CUTyaLMsAX 3TO He TaK ouve-
BUAHoO (puc.4.3).

B aHofHbIX 30Hax TPybonpoBOAa, YC/OBHO MOMEYEHHbLIX 3HaKoM “+”,
TPYy60oNpoBOA NPUOBPETAET MONOXKUTENbHOE CMELLleHMe MOoTeHUMana, a B Ka-
TOAHbIX “- " - oTpuuaTensHoe. lNNpu 3TOM, KaK 1 Bbille, Noj CMELLeHNeM Mo-
TeHynana Tpybonposoda [J; MOHMMAKOT PasHOCTb MOTEHLMAN0B BHELLHENO
nons

wT:j T~ J 3 (42)
T.e. NoTeHuwnanos Tpybéonposoga (j ) v 3emam (] ;), KOTOpble MPU OTCYTCT-
BUM 6NyXKAAKOLWNX TOKOB paBHbl HyNHO. [py 3TOM NofJ pasHOCThb NOTeHUMa-

noB Tpy6a-3eMns B none 6ny>xaatowmx Tokos U; 6yaem noHMmartb, Kak 00bIy-
HO, COOTHOLLEHWE

U,= OJ; + U, (4.3)

roe Ugr - CTaUMOHapHbIA NoTeHUman TpyobonpoBoa.
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Taknm obpasom, no qopmyne (4.2) ycnosuo 2J; > 0 COOTBETCTBYET Ha-
paB/fieHVe TOKOB U3 TPYy6bl B 3eM/1K0 (aHOAHAsA 30HA), MOCKO/bKY B 3TOM Cy-
yae j ;>] ,(TOK TeyeT OT 60/bLUEro NOTeEHUMANa K MeHbLLeMyY). Ha cxemax
prc.4.3 COCTOSHMIO “TOK M3 TPYObI” COOTBETCTBYET 3HaK “+”, a COCTOSHMIO

“Ha Tpyby” - 3HaK “- ”.

na Tpyéonposoga nog Homepom 1 (puc.4.3) Hanbonee onacHas 061acTb
- MECTO repeceyeHns C pefibcaMu, B TO BPeMSA KakK Ha Tpy6onposogax 3...5
Nof, PenbCOBOW /IMHMEN Ha TPYOONpPoBOAE pacnonarakdTCs KaTOfHble 30HbI.
310 06yCNOBNEHO HarpaB/ieHMEM TOKOB B 3eM/1e B 06/1aCTW MepeceyeHus.

[ecTBUTENbHO, B MEPBOM C/y4vae penbCbl B6/IM3M TPYObl OTpULATENbHbI
oTHOCUTENbHO 3emn (U, < 0), N03TOMY TOKM “0TCaCbIBAHOTCA® KaK U3 3eM/n,
TaK W, eCTECTBEHHO, C COCefHero TpybonpoBoda, Tak YTo Ha TpybonpoBoje
MMeeT MeCTo j ;> ; (13 Tpybbl B 3eM/IK0) 1N HA HeM 0bpasyeTcs “nacosas’,
aHogHas 30Ha.

B cnyuae puc.4.3,3 Tok ¢ penbcoB cTekaeT ( Up,> 0 ) 1 “ BNpbICKMBAET-

ca” B COCe[HMIA TPYOONpPoBOA, TaK UTO Y €ro NOBEPXHOCTU | 5> ; (M3 3eM/N B
Tpy6y).
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Puc.4.3. PacnipeeneHve aHOAHbIX (+) 1 KaToAHbIX (- ) 30H Ha TpybonpoBodax B
3aBMCUMOCTM OT UX KOHUTYpaL MM 1 MOMNOXEeHUsI OTHOCUTENBbHO JIMHMMK PesibCo-

BOIro 3JIEKTPOTPaHCNopTa. Up - AMopa pPa3HOCTN NOTEHUWaI0B PEbC-3EM/IA,
n/cT - TAroeas noactaHyuna.

HavmeHee onpefeneHo COCTOAHME B 30He MepeceyveHuns ¢ Tpy6onpoBoLoM
nog Homepom 2 (puc.4.3), KOTOPbIA NMPOXoAMT BOM3N TOYKW HYNEBOro Mo-
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TeHumana penbco ( U, = 0 ). 3aecb HaxoauTca YNoMAHYTas BbilLiE 3HaKore-
peMeHHas 30Ha (Kak Ha penbcax, Tak U Ha TPyOOnpoBo/e), BO3HMKaIOLLIAA B
CBS3M C HECTAOW/IbHOCTLIO TATOBOWN Harpy3Ku B PefibCOBOW CETH.

BeposAaTHo, Hanbonee HebnaronpuaTHOE PacronoXeHne Tpybonposoda -
B1O/Ib CWU/IOBOI NIMHWKM, @ HaW/ydLLIee - BAO/Mb SKBMMOTEHUMANbHON IMHUKN NO-
na. B nocnegHeM cnyyae, MOCKOMbKY Tpacca TpybonpoBoga paBHOMOTEHLM-
anbHa (j ;= const ), 6yaeT OTCYTCTBOBAaTb COCTaBMAOLAA 6/1y>KAatoLEero To-
Ka, Harpas/ieHHas B 3eM/ie BAO/b TPYboNpoBoAa W, CleaoBaTe/ibHO, Mo caMoMy
TpybonpoBoAy, NOCKO/bKY HET rpaMeHTa MnoTeHUMana - HeT ToKa. Ho ecnu
HeT TOKa B Tpybe, TO HET nafeHns noTeHUMana BAOMb TpPybonposoaa, T.e.
NO/MKHO 6bITb Be3fde | = 0. Torga n3 gopmynel (4.2) cnegyet [OJ; = const,
YTO YAOBNETBOPSETCS NMNLLb B OAHOM YacTHOM cnydae, ecnn OJ; = 0. [elcT-
BUTE/IbHO, TPYOONpoBOA B Mosie 61y)XAatoLmMX TOKOB He MOXET ObiTb Be3fe
TONbKO aHogom ( 2J;=const > 0 ) unmn Tonbko katogom ( 2J;= const <0).

4.3.13mMepeHnsa B nosie 6/1y>KaaroLmx TOKOB
4.3.1. Pa3HOCTb MOoTeHLMaNoB Tpyba-3emsis

OCHOBHasA 0COGEHHOCTb MOAA 61yXKAAKLWMX TOKOB - HeCTabu/IbHOCTb BO
BPEMEHW, 06YC/0BEHHas MePeEMELLIEHEM HArpy30K B TAroBou ceTu. Moatomy
MpU U3MEPEHUSIX B KAKOM-NMO0 TOUKE BelyT OTCUET MHOXKECTBA MIHOBEHHbIX
3HAYEHNN 3NEKTPUYECKOW BennynHbl (06bI4HO B TedeHue 10...15 MUH yepes
Kaxxable 5...10 ¢) ¢ nocneayowmmM BblYMCIEHMEM CPefHEro 3HayeHus. Yacrto
BbIMOMHAT CUHXPOHHbIE W3MEPEHUA C OAHOBPEMEHHLIM (MKCUPOBaHMEM
3HaYEeHNIN HECKONbKMMIW MPrUbopamun B psfie TOYEK CETH.

CneflyeT 3aMeTUTb, YTO OCHOBHbLIM MPU3HAKOM Hanuumsa 6ny>KAaroLmx
TOKOB B TPYOONPOBOAHOM CETU WX 3eMIe CMYXKaT XapakKTepHble ““6pocKn’
N3MePSAEMOro NoTeHLManNa BO BPEMEHMN.

3mMepeHnst pasHOCTK MOTeHUMaNoB Tpyba-3eMns 1 rpagueHTa noTeHuma-
/0B B 3eM/1e BbIMNOJIHAKT TEMMU Xe UHCTPYMEHTaMu, YTO U B C/ly4vae Uccnemo-
BaHMA KOPPO3NOHHbLIX Makponap, T.e. UCMOoNb3ysa HenonapusyrLmeca MeiHo-
cynbhaTHble 31eKTpoAbl cpaBHeHUs (MOC) 1 BbICOKOOMHbIe BO/IbTMETPbLI U
MUNNNBOMLTMETPbI. OfHaKO pesynbTaThbl U3MepPeHNsa B No/e BHELLUHUX TOKOB
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1 B MOMie COGCTBEHHbLIX TOKOB MHTEPMNPETMPYHOTCSA COBEPLLEHHO NO pasHo-
MY, Ha YTO C/lieqyeT 06paTuTb BHUMAHME,

[MycTb MpK OTCYTCTBUM OMY>KAAKOLINX TOKOB CTalLMOHAPHbIN MOTEeHLMa
Tpy60onpoBoAa B HEKOTOPbIX TOUYKax n3mepeHns A n b 6bi1 0AUHAKOB U paBeH
U; = Uy =-0,55 B. Ecnn npy Hanmuum 61y aatoLimx TOKOB NMOTeHuMan B
TOouKe A nony4ynn oTpuuatenbHoe cMelleHne n cHmsmnca go U, =-0,75 B, a B
Touke b nosbicunca oo - 0,35 B (nosbicuca ¢ y4eTom 3Hakal), To MOXHO yT-
BEPXKAATb, YTO TOYKa A - Katoj, Toyka b - aHol, NOCKO/IbKY M3BECTHO, YTO
KaTogHaa nondpusauma - 3TO CMelleHVe NoTeHuMana B OTpulaTeNbHYH
CTOpPOHY, a aHoAHaa - B MONO>KUTeNbHYI. CnefosartefnibHO, KaTog - 60see
3/IEKT POOT PULAT €/IbHbIN Y4acCTOK.

B cnyyae ¢ cOGCTBEHHbIMX TOKaMK, KakK OblI0 OMpeaesnieHo Bbille npwu
aHanm3e paboTbl rasbBaHonapbl, aHofd - 6onee 3MEKTPOOTPULAT €/bHbIN
Y4YacCTOK.

Mpocneamm eule pa3. B Touke A TpybonpoBoA CTan oTpuuaTesibHee, T.e.
ero cmelleHne OJ; < 0 n, cnegoeartenbHo, no gopmyne (4.2) j +<j 5 T.e. TOK
Hanpas/fieH U3 3emnu Ha TpyOy, B pesynbTaTe yero Tpyba Monsapusyerca Ka-
TOAHO.

Taknm 06pa3omM, 0 BpeHOM BAUAHNKN 61y>XKOAKOLNX TOKOB CYOAT TaK: ec-
NN NoTeHUman Tpyba-3eMns NoNo>KUTeNbHEe CBOEro CTauNOHAPHOrO MO TEH-
umana, To flaHHas ToUKa HaXoAWUTCA B aHOAHOW 30He.

OueBNHO, YTO ANS NPaBW/IbHOM OLEHKW rpaHuL, aHOAHOW N KaTOAHOW
30H HeoOX0A4MMbl [JOCTOBEPHbIE CBEAEHNA O BennvmHe U, BO BCEX MUCCNeaye-
MbIX TOUKax TPY60npoBOAHOM CeTU. MOCKOMbKY 3TO BbINONHUTb NPaKTUUYECKU
HeNb3a NPWN BKIKOYEHHBIX TATOBbIX Harpyskax, TO rpaHuLbl 30H onpenenswT
NPMONMKEHHO, 3aaBasCb CPeiHMM 3Ha4yeHMeM CTalMOHApPHOro MoTeHUuana.
Kak y»e 0TMeyasiocb, B KQUeCTBe CpefHero B NpPakTuUke NpMHUMaKoT 3HaYeHMe
U, =- 0,55 B.

4.3.2. [ pafneHT noTeHUmMana B 3emse

MeTopg rpagneHTa noTeHumana, NPUMEHSEMbIA MPU OLEHKe N0/ TOKOB B
3em/ie, NO3BOMSAET UCK/OYNTL BINSAHWE HeOonpeaeneHHOCTN, CBA3aHHOW C Be-
nnumHon Ug.. Ha puc.4.4 paccMOTpeHbl HEKOTOPbIE TUMNYHbIE CUTYaLuUK C pe-
3ynbTaTaMun U3MepeHns rpagmeHTa noTeHunana B nose 6/1y>kaaroLmnx TOKOB.
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Mpn M3MepeHnaxX npeanonaranocb, YTO OAMH M3 U3MEPUTENbHbLIX 3/1EK-
TPOAOB, & UMEHHO TOT, KOTOPbIA MOACOEAMHEH K 3aXMUMY “+” BOSIbTMETPA,
SABNIAETCS NOABMXKHbBIM, a APYroi 3adhMKCMPOBaH Haj, 0Cbio TPYOONPoBOAa.

Kak B cnyyae a (Tpyba - CTOK), Tak 1 cnydae 6 (Tpyba - UICTOK) 3HaK rpa-
[veHTa [0J He MeHsaeTCAa NMpu nepeHeceHnn “naocoBoro” 3M1ekTpoda c npa-
BOM CTOPOHbI Tpacchbl Ha NeBY0 U HaobopoT. [einCTBUTENbHO, HarpaB/eHne
TOKa B WU3MEPUTENbHOW LENU BONbTMETPA NPU 3TOM OCTaeTCH HEN3MEHHbIM:
oT “+” K “-* B cnyyae (a) n ot“-“ K “+” B cnyyae (6). Toraa, NOCKO/bKY
“nnocoBas” Knemma BOMbTMETPA BCerfa cnpaea, B KaTOAHOW 30He (@)
CTPenKa OTKNOHAETCS BCeraa Bnpaso, B aHoAHoM (6) - BNEBO, eC/n, pasyme-
eTcsa, NepemMeLlaeTca “natcoBOM” 3MEKTPOA, KaK 3TO MPUHATO B CXEMeE
puc.4.4.

Puc.4.4. Sntopbl NOMEpPeYHOro rpagneHTa noteHuuana semnm Hag Tpy6o-
NMPOBOAOM B KaTOAHOW 30He (@), aHoAHOW 30He (6) U KaTo4HOW 30He AN
Tpy6onpoBo/a ¢ XopoLuen nsonsauuen (B).

Ho 3T aBa cny4vas uaeanbHbl: TPY6ONPOBOA HE MOXET MOSTHOCTLI “Me-
PEKPbIBaTbL” MyTb TOKY B 3eM/ie, T.e. 3KpaHMpoBaTb Mnone. Yactb ToKa 0653a-
TeNbHO By[eT nNpocaymMBaTbCs MUMO TPYBONPOBOAa, KakK 3TO, Hanpumep, OT-
MeuyeHOo B cny4vae (B). O Tom, Kak paboTaeT Tpyba - CTOKOM WM UCTOKOM,-
CrefyeT CyauTb MO PasHOCTM abCoMOTHbLIX BENNMYMH J creBa M cnpasa OT
ocu. Tak, ecnn YCTaHOB/IEHO, YTO Harnpas/ieHWe TOKa B 3eM/ie Mo Ty U ApYryto
CTOPOHY TPy60onpoBoAa Hem3MeHHO (Hanpumep, cfeBa Harpaso, KakK NokKasaHo
Ha cxeme puc.4.4,B), TO yMeHblLeHMe abCOMOTHOIO 3HavyeHns LJ no xody
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TOKa O03HayaeT, YTO 4acTb TOKa “oTcacbiBaeTca” Tpybonposogom. Cnenosa-
Te/lbHO, B JAHHOM C/ly4ae TOK SBMSETCA HaTeKatoLWyM 1 30Ha - KaToAHOW. B
NPOTMBHOM C/lydae 0TMeYyaeTcs aHoAHasA 30Ha.

HanpasneHne BeKTOpa NJIOTHOCTW TOKa B 3eM/e, HE3aBMCUMO OT npu-
CYTCTBMSA TpybONPOBOAA, OMPEefeNnseTca Mo M3MEpPeHWsM Ha ABYX B3aUMHO
nepneHAnKynapHbix ocsax (LU, n 0J,), pa3buBaeMbiX Ha NOBEPXHOCTW 3eM/IN B
nccnefyeMoMm panioHe. cnonb3yeTcs ABYX3MeKTPOAHast YCTaHOBKa C MOCTO-
AHHbIM LWIarom o0bbl4yHO B AmanasoHe AL = 20...100 M. Ha nnaHe Tepputopmm
Mo mamepeHuss OJ; n OJ, cTponTCca pesynbTupyrowmini sekTop DU (oH Xe
BEKTOP M/IOTHOCTM TOKa B 3eM/e j).

Tak, ecim NOABMXKHbLIA 3MEKTPOM, Kak WM npexae, NoAcoeiMHeH K “+”
npubopa, n obe coctasnawowme OJ, 1 LJ, nonoxntensHbl, To: 1) obe co-
CTaB/IAOLLME MJIOTHOCTW TOKa HanpaB/ieHbl B 3eM/ie  OT “M/IKOCOBOr0” 3/1eK-
TpoAa B CTOPOHY “MWHYCOBOI0”; 2) pe3yNbTUPYHOLLMIA BEKTOP M/IOTHOCTA TOKA
j No HanpaBneHNo BAMKe K TOW OCU M3MEPEHUS, BAOMb KOTOPOW ero cocTas-
NALLas 60/bLLE.

4.4. \amepeHnA B 30He AeNCTBUSA MepPeMeHHbIX TOKOB

B coOTBETCTBUM C AEWCTBYHOLUUM CTaHAapTOM 3allmMTa TPy6onpoBooB B
30Hax OMacHoro BAMAHUA MEPEMEHHOr0 TOKa, BbI3bIBAEMOI0 PeibCOBbIM 3/1EK-
TPOTPAHCMOPTOM, paboTaltolMM Ha MepeMeHHOM TOKe, [OO/HKHA OCYLLECTB-
NATLCS HE3aBMCMMO OT CTENEHN KOPPO3MOHHOWN arpecCMBHOCTM FpyHTa. 3aaa-
4a COCTOUT NIULLUb B TOM, KaK OMNpeaennTb, HaXoamMTca 1 TpybonpoBoa “B 30He
onacHoro BAnUsaHuA”.

OnacHbIM CUMUTAETCs Y4acTOK TpybornposoAa, rae noj AencTBUMEM Mepe-
MEHHOro TOKa noTeHuman Tpybbl CMeLWaeTCcAa B O TPULATENbHYH CTOPOHY He
MeHee yem Ha 10 mB.

JKCnepnMeHTa/IbHbIe NCCNeaoBaHNA NOKasain, YTo NMpu yTeyke nepemeH-
HOrO TOKa C METa/l/IMYeCKOro COOpYXXeeHnUs (DOPMMPYETCA NOCTOSAHHAsA Co-
cTasndawLLlas 3Toro Toka. M ecnu ata cocrtas/istoLLlad oTpuLaTenbHa, TO OHa
co3daeT Ha Tpybe aHanor aHoJa Kak B 06bIYHOM KOPPO3MOHHOM rasibBaHun4e-
CKOM 3/1IeMeHTe. OTY COCTaB/IAOLLYIO 1 CnefyeT 3aMKCMPOBaTb NPU MOMEBbIX
nccnenoBaHUSX.
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C 3TOM Uenbio B HEGOMbLLOW LWYPX PALAOM C TPYO6ONpoBOAOM MOMELLAOT
Mo onpeaeneHHoOM MeTOAMKe NOAroTOB/IEHHbIN CTaNbHOW 06paseL, 1 N3MepsoT
ero crauuoHapHbii noteHuman (Ug;) OTHOCUTENIBHO PACMOSIOXKEHHOrO PALOM
MeHOCY/b(PAaTHOro 3/1eKTpoda CpaBHeHMA. 3aTemM obpasel, yepes Mpepbisa-
TeNb TOKa COeAUHAT C TPybonpoBoAoM, NPOAO/HKAA U3MEPSATb ero NnoTeH-
unan U; yepes kKaxkable 5 ¢ B Ted4eHne 10 MuH. locne aToro BbIUUCAAKOT cpes-
Hee 3HauyeHne n3mepeHHoro noteHumana Ug, 1 NICKOMOe cMmeLLeHne U

n

=1 (4.6)
0J = Ucp' UCT,l

rae n - o6Lee YMcno N3MepeHNIa.

Ecnn OJ < -10 mMB, To flaHHas TouKa Haxo4mMTCA B ONacHOW 30HE.

Kpome o6pasLa, MefHOCYb(AaTHOro 3/1IEKTPOAa CPaBHEHMA U BONbTMETPA
B ONWUCAHHOW W3MEPWUTENbHON YCTAHOBKE WMMEETCA KOH/EHCATOP, KOTOpPbIi
BK/IHOHAIOT Mexay 06pasLom 1 TpybonpoBoAOM A5 UX FaslbBaHUYECKOWN pas-
BSA3KW MO NOCTOSAHHOW COCTaBAOLLIENA.

[Mofo06HbIE M3MEPEHUSI MPOBOAAT B PSAE KOHTPO/IbHbLIX TOUYEK TPYy6Ornpo-
BOJHOW CeTW, rfe ye OTMeYeHa NepeMeHHas COCTaB/AoLLAA PasHOCTU Mo-
TeHUManoB Tpyba-3emns, npesblwatowas 0,3 B (N0 cTanbHOMY 3M1EKTPOAY
CpaBHeHNs). 0N M3MepPEeHNs MUCNO/b3YHT BOMLTMETP, MO3BOMANOWMIA U3Me-
PATb HanpsKeHWe Kak NepeMeHHOro, Tak 1 NocTOssHHOIO TOKOB.

4.5. MeponpusaTUs Mo orpaHnYeHnIo 61yXXaatoWmx TOKOB

OCHOBHble TPebOBaHWS MO OrpaHMYEHU0 TOKOB YTEUYKWN C PefibCoB CBO-
AATCA K 00eCrneyeHnto:;

- BbICOKOIO NEPEXOAHOr0 CONPOTMBNEHUS MEXAY pPe/ibCaMu U 3eMIEN;

- H3KOIr0 NPOA0NLHOI0 CONPOTMUBNEHUS PENbCOBLIX LIEMEMN;

- I0CTAaTO4YHO PaBHOMEPHOro pacnpefeneHns TOKOB B OTCACbIBAIOLLEN Ce-
™.
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[NepexoaHoe CONPOTUB/IEHNE PE/ILCOBON IMHUN

XapakTepusyeT CONpPOTMB/EHNE MeXOY PenbCOBOW NIMHUN U 3eMMER U
BNINSIET Ha BE/IMUMHY TOKA YTEUKM C PEeIbCOBOro MyTW: YeM MeHbLLIE Nepexoa-
HOe CONPOTMB/EeHMe, TeM 60/blle TOK yTeuku. O6bIYHO (NyTem pacyerta Mo
pesynbTataM M3MEpPEeHWUin) onpeaensieTca yaenbHOe MNepexofHoe ConpoTuBIe-
HUe efVHULbI [/INHLI PENbCOBON NIMHUN Ryep, VIMEOLLIEE Pa3MEPHOCTL OM'M
(nnn OM'Km).

BennunHa Ryep 3aBUCUT OT KOHCTPYKLUM PEIbCOBOIO NYTU U NEXUT, Kak
npaBsnno, B Cnedyrowmx npegenax:

- 1N PENbCOBON NNHWUK, YTOM/IEHHOW B 3aaca/ibTUPOBaHHYH MOCTOBY!O,
00bIYHO Rpep <20 OMM;

- AN MarncTpasibHbIX XenesHbIX A0POr CO LWebGeHOUYHbIM OCHOBAHMEM Ha
Lnanax, NPonuUTaHHbIX MacNsiHbIM aHTUCENTUKOM, Rpep > 200 OMM;

- [N191 PENbCOBbLIX NIMHNIA METPOMNO/INTEHA, YNOXKEHHbIX OTKPbITO, HOPMMU-
pyeTcs BeNMUYnHa Rpep > 500 OMM;

- [N NOA3eMHBIX JIMHNIA METPO Rpep > 1500 OM'Mm.

[1pof0/IbHOE CONMPOTUB/IEHWNE PENIbCOBON JINHUW

TakXe KakK U Rpep, Y/ENbHOE NPOLO/IbHOE COMPOTUBEHNE Ry, BANSET HA
BE/IMUMHY TOKA YTEYKW. YeM MeHbLUe MPOAO/IbHOE COMPOTUBAEHUE, TeM
MeHbLLIE CONPOTUB/IEHNE TATOBOMY TOKY, BO3BpaLLatoLLEeMyCa MO peibcam Ha
MOACTaHLMIO, TEM MeHblle TOK yTeuykn. MOoXHO 6bln0 6bl HafeATbCA Ha 13-
GaBfieHne 0T KakKnx-1mbo 6nyxaatoLLmx TOKOB, eC/in MOXHO ObIno 6bl 0becne-
YNTb OHOBPEMEHHO Ry ® 0 U Rpepy® ¥ .

OueHVBalOT NPOAO/LHOE COMPOTUB/IEHNE MO BENIMYMHE YAE/bHOro Mpo-
[0/IbHOTO CONPOTUB/IEHNA eAUHULbI AMHbI Ry, € pasMepHOCTbio OM/M (Mn
OM/KM).

BennunHa Ry, 3aBUCUT OT:

- MNOLWAAM MOMNepPeyYHOro CeYeHns penbea;

- KOMINYeCTBa HUTOK PeibCOBOV NINHUN;

- KayecTBa PefibCoBbIX Lienei.

Ecnn nnowadb nonepeyHoro cevyeHus penbca 3aBUCUT OT ero Tmnopas-
Mepa, @ KO/IMYECTBO HWUTOK - OT KOJIMYecTBa MyTel JaHHOW NIMHMKU, TO ANS
06ecneyveHnst BbICOKOr0 KavyecTBa PeNnbCoBbIX Lenei BAOb PENbCOBOI IMHUK
yCTaHaB/MBAIOT CreLMaibHble MeAHbIE N CTa/lbHble NepeMblUKN:
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- MEXCTbIKOBble (KaX/blii COOPHbIA CTbIK PeNbCoB, He HaAeAaCb Ha 3/ek-
TPUYECKME CBOWCTBA CTa/IbHbIX HaKNafoK, 601TaMu COeAMHAIOWMX PEsbChl,
LUYHTUPYETCSA NPUBAPEHHON MeXAY penbcamy MeAHON NepemMblHKO CeHeHEM
nopsgka 70 Mm?) ;

- MeXaypenbcoBble (Yepe3 Kaxable 150 M TpamBaiHble PenbCbl OAHOI0
MyTWN CBapMBatOT MeXay c060i CTanbHOW MOMN0CON);

- MeXAynyTHble (NpuMepHO 4epe3 Kaxable 300 M TpamBaiHble PefbChbl
[BYX COCEeJHNX NYTei 3NeKTPMUUECKN 00beANHAIOT CTasIbHOI MOI0CONA).

MeponpusaTusa B CUCTeMe SHEProcHabXKeHMs

TokKoBast Harpy3ska TOro Wam MHOro y4acTka pesibCoBOW CeTW OnpeaenseT-
CA KO/IMYECTBOM M MapameTpamu [ABWXKYLLerocs TpaHcnoprta. Ecnn B Tpam-
BaiHOI ceTn 60/ee YeM OAMH MapLUPYT, TO MO Pa3HbIM MapLlpyTaM Kypcupy-
eT pa3Hoe YMC/Io MOoe3[0B CO CBOMMW HarpyskaMu U MHTepBasiaMy ABUXKEHUS.
B pesynbTaTte 3TOr0 y4aCTKM CYLECTBEHHO pa3NMyarTCca N0 TOKOBOW Ha-
rpyske.

3afayva 3MeKTPUYECKOro pacyeta TAroBOM CeTU COCTOUT B Bblbope onTu-
Ma/IbHOr0 PacronoXeHns ToUeK NUTaHNA (B KOHTAKTHOM CETN) M TOUeK oTcoca
(B penbCOBO CeTH), yUNTbIBAA HEPABHOMEPHOCTb TOKOBOI HarpysKu.

Ha pwuc.4.1 npuBeneHa nNpocTenilas cxema ¢ OAHO TOYKOW NUTaHms (+)
M OHOW TOYKOI OTcoca. B obem cnydvae Kaxaas TpamBaniHas Tarosas nog-
CTaHUMSA MOXET UMETb MO HECKONbKY TaKMX TOYEK.

Ecnn BbIpaBHATbL Harpysky NUTalOWMX W OTCacblBalOLWIMX Kabeneun, TO
COo34aAyTca YCnoBus, Npu KOTOPbIX pas/iMyHble TOYKWU PefibCoBOW CeTu byayT
Masio OT/INYaTLCA MO NOoTeHUMany. Yem MeHbLUe pasnimume mMedXKay noTeHuma-
namu B penbcoBoii ceTn Uy, TeM MeHbLLE TOK yTeUKM.

K coxaneHuto, B Aa/flbHUX TOUKaxX 30Hbl NMUTaHWS OaHHOW TArOBOW NOf-
cTaHuun U, moxeT gocturats +10...+20 B, a B6nmn3n noactaHumm -5... - 10
B, T.e. HEAKBMMOTEHUMNANBHOCTb MOXET 6bITb Nopsaaka 15...30 B.

BesycnoBHO, 3TV MOTeHUMasbl MOSHOCTLIO CAeNaTb OAUHAKOBbLIMI HEBO3-
MOXXHO. [1na 3TOro Hago 6b110 Obl 06ecneYnTs HyneBoe NPOAOLHOE COMpo-
TVB/IEHMe PenbCoBbIX Lenelt (R, ® 0). B Takom naeasbHOM Criyvae Hanpsxe-
HMe, BbI3BaHHOE TArOBbIMW TOKaMn MeXay NHObIMUA TOYKaMW PenbCoBON -
HUW, OyfeT paHO Hy/H, CfefosaTeNbHO, MOTeHUMan penbcoB OyAeT Besfe
OIMHaKOB 1 TaKXe paBeH Hyno (U, = 0). Torga npuumH Ang BO3HUKHOBEHUSA
61y>KaatoLmx TOKOB BOOOLLE He OCTaHETCH.




89

TakumM 06pa3om, MUHUMYM By>KatoLmnX TOKOB 06ecreymBaeTcs, ecm

- MPY CTPOUTENBCTBE U PEKOHCTPYKL MK ONpeaenvTb ONTuUMabHble MecTa
PacnonoXeHns THAroBbIX MOACTAaHUUA, MX KOIMYECTBO M MOLLHOCTb, MMES
BBMAY, YTO HOMWHa/IbHas Harpyska TUMUYHOW TpamBalHOW NOACTaHUMM He
npesbiwaeT 2000 A,

- HaTW Hamny4ywne MecTa PacrofioKEHUsI TOUEK MOAK/IYEHNUs oTca-
CbiBaKOLWMX Kabenen, cBA3bIBAOLMX PebChl C “MUHYC-LLUWHON” TArOBOW Mof-
CTaHUMK, MMea BBUAY NPeXXae BCEro paBHOMEPHOCTb 3arpys3ku 0TcachlBato-
LLIEW CETW;

- C MOMOLLbIO PeocTaToB WUAN APYTMMK NYTAMK 00ecrneynTs UCTUHHYHO
PABHOMEPHOCTb 3arpy3ku 0TcacbIBalOLLMX Kabenein Ana Kaxxaonm u3 noacraH-
LniA;

- UCKNKOYNTb HEHYXXHblE 3a3eM/IEHNS Pe/lbCOBO CETU U OCOOEHHO 3a3eM-
NeHne “MUHYC-LUNHBI™.

O6bl4YHO B TpaMBalHOW CETU TAroBble MOACTAHLUMWN pacnpeneneHbl ¢ UH-
Tepsasiom 1...3 KM. Ha 3neKTpupuuUmnpoBaHHbIX Yene3HblX 4oporax nocTosH-
HOro TOKa 3TOT MHTEPBa 3HAYMUTENbHO O0MbLLE M AOCTUIaeT 25 KM.

B 3akntoueHne OLEeHUM OTPMLUATEfbHbIA KOMMYECTBEHHbIA 3Q¢eKT OT
onyxaaroLmx TokoB. MNycTb Ha yyacTke anmHoit L = 1000 M penbCcoBOi CETU
TpamBas CpefiHUIA noTeHUuan penbcos paseH U, = +10 B. Ecin nepexogHoe
COMPOTUB/EHNE Rpep = 50 OM.M, TO /IMHENHASA NNOTHOCTbL TOKa YTEUKU C pefib-
coB cocTaBuUT j = U,/ Rpep=10,2 A/M, a CyMMapHbIii TOK, CTEKAIOLLIMIA C y4a-
cTKa, 6yget paseH | = 200 A. Ecnv Tonbko 10% 3TOro Toka nonager Ha co-
cefHWn TpybonposoA, TO 3TOro OyAeT AOCTaTO4HO, YTOObI PacTBOPUTL 3a
OAVH rof 186 Kr >kenesa. OcTaeTca TOMbKO MpPefCTaBUTb, B Kakoe peLleTo
npeBpaTuTCca TPybonpoBoA, ec/iv ero He 3almuaTh.

PacyeT TOKOB B pe/lbCOBOI CETU W M/IOTHOCTM TOKa YTEYKN C PenbCOB MO-
XKeT ObITb BbIMO/HEH C NMOMOLLbIO nakeToB nporpamm APM-3X3-6I1 n APM-
IX3-71T1.
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[[naBa 5. TOKM 3/1eKTPOXMMNYECKOW 3aLLMNTbI

5.1. IneKTpoxmmmyeckas saLumTa

ANEKTPOXMMMYECKAS 3aLlMTa - NOJABNEHNE aHOHbIX TOKOB KaTOAHbIMU C
MOMOLLb BHELLIHEr0 UCTOYHMKA. [eACTBUTENbHO, ECNN TOK HaTEeKatoLWMiA Ha
y4yacToK TpybonpoBoaa 60/blie, YeM TOK CTeKatloWmin ¢ Hero (CM.TOYKY a Ha
pnc.5.1), TO aHOAHbI MPOLIECC CMEHUTCA KaTOAHbLIM.

L

Puc.5.1. None KOPPO3NOHHbLIX U 3alUTHBLIX TOKOB MPU 3NEKTPOXUMMN-
YecKon 3awmrte. 1-3aWlMUiaeMbld  MOA3EMHbIA  TPYyO6ONPOBOA;
2-BCNOMOraTe/bHblI/ 3M1eKTPOA-aHO/, BHELLHEr0 MCTOYHMKA TOKa.

[l0 Tex nop, noka MeTa/IINYecKoe COOpY>KeHNe paboTaeT KaTtoAoM - OHO
BeYHO. HO BEYHOCTb He aaeTca Aapom. Mano Toro, YTo Ha 3NEKTPOXMMUYe-
CKYIH 3allUTy pacxofyeTcsa 3MeKTpuYyecKas 3Heprns BHELUHEro UCTOYHMKaA
(pnc.5.1), ewe n paspyLLaeTcs BCNOMOraTe/lbHblii 31eKTPoj, 3allMTHON YyCTa-
HOBKU - aHoA, 2. ECnv TOK Ha 3alluMLLaeMoe COOPY>KeHNe HaTEKaeT, TO C aHoAa
OH [0/DKeH cTeKaTb. oka “>XMBET” KaTto4-TpybonpoBoj, paspyLUaeTcs XepT-
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BEHHbI aHOM. DTO CBOWCTBO KaTtoAa “BeYHO XWUTb 3a CUET XKEPTBbI” U UCMO/Ib-
30BaHO MPW 3N1EKTPOXNMNYECKOI 3alLLnTE.

B CcOOTBETCTBUM C pacrnpoCTpaHeHHON KnaccumKalmein crnocobos 3alin-
Tbl OT KOPPO3UM 3N1EeKTPOXMMUNYECKYHO 3aLMUTY OTHOCAT K aKTWUBHbIM CMOCO-
6OM, B TO BPEMS KaK 3aLLUUTY C NOMOLLBK U30MAUMOHHbIX MOKPLITUI - K nac-
CVBHbIM criocobom. Oba 3TK cnocoba NPUMEHATCA Ha NOA3EMHbIX MeTa/n-
4YeCKNX COOPY>KEHNAX COBMECTHO.

[MpK 3TOM MOXKHO CUMTaTb, YTO NAacCMBHAsA 3aliMTa - OCHOBHOW UMW TaB-
Hbli1 CNOCOO6 3aWnTbl, aKTUBHASA - BCOMOraTe/NbHbIA.

Ho Henb3d yTBepXXaaTb, UTO U30NALUMOHHBIE MOKPLITUS - AOCTATOUHbIN
BUA 3alUMThl. Kak 6bl HY Oblfa XopoLua 130nsauus, Bcerga HanayTca B Held no-
BPeXAeHNA B BUAE TPELLUMH, UrofibyaTbiX NMPOKOMOB, My3bIpeil, TeEXHOMNornye-
CKUX UapanuH n np. VIMEHHO B 3TUX MecTaxX NOKa/I3yeTca A3BEHHaa Koppo-
31a. Ho n30/14UmMa K TOMY XXe CTapeeT, 0Tc/anBaeTcs, obuiasa naowanb orose-
HWUA NoA pa3pyLUaloLLENC M30NALUMEN C KaxablM rofgomM Bo3pacTaeT. 1 BOT
3[leCb, OKa3blBaeTCH, Mly4Llero cnocoba “nnomoupoBath” NOBPEXAEHUs B U30-
NAUUK, YEM C MOMOLLbIO TOKOB 3/IEKTPOXUMMNYECKONW 3amnThbl, HET. OCOBEHHO
eC/I1 3HaTb, YTO KaTOAHble TOKM MOTYT Bbl3BaTb - 61arofaps a1eKTPoAHbIM pe-
aKUMAM - NOSB/IEHME NNOTHbIX COMEBbIX, KOPPO3MOHHO UHEPTHLIX OT/IOXKEHWU
BO/IM3M KaToda, T.e. B Mopax M30Maumn, YTo AeACTBUTENBHO MOX0XKe Ha 3ase-
4ymMBaHMe paH.

NTaK, N30naUMOHHOE MOKPLITME Orpa>KaaeT, a 3/IEKTPOXUMUYECKas 3a-
LLINTa NoJaBnsaeT.

B 3aBucMMoCTM OT cnocoba nosyvyeHusa 3N1eKTPUYeCcKoro Toka pasnnyaroT
TPy BUAbl 3X3: KaTOAHYH, MPOTEKTOPHYHO, 3/1EKTPOLPEHaKHYH, O YeM
y>Ke ObIN0 cKa3aHo B rnase 1.

5.2. KaToaHaa nongpusayoHHas xapakTepmucTmka

[Mpn 3NEKTPOXMMMYECKON 3aLLMTE BO3HMKAET 3((DEKT KaTOAHOW Nonspu-
3aUmn: NOTEHUMaN KOPPOAMPYIOLLEA MOBEPXHOCTU NPUOBPETAET KaTOAHOE
CMELLEHME, B pPe3y/bTaTe Yero 3/IEKTPOXUMUYECKUIA NOTEHLMAN 3alMLLIAEMOrO
COOPY)KEHWNA CTaHOBUTCA 3M1EKTPOOTPULATENbHEE CBOErO CTaLMOHAPHOro Mno-
TeHuMana.

MNOTHOCTb TOKa KaTOAHOW Monspu3auumn j U 3neKTPOXMMUYECKWIA No-
TeHuman uccnegyemoro mMetania U 06bl4HO CBA3bIBAtOT rpagiMyeckoin 3aBu-
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CUMOCTbHO, Ha3bIBAEMOI KaTO/HON NONSAPU3aLOHHON XapaKTepucTukon U =
F(j), BMA KOTOPOI OnNpeaenserca MHOXeCTBOM (PM3NKO-XUMUYECKMX (PaKTo-
POB, MPOABNAOLLMXCSA HA MOBEPXHOCTM MOMAPU3YIOLLIErOCA 3M1eKTPOoAa.

Ha puc.5.2 npuedeHa TUNuYHasa MoNAPU3aLMOHHAA XapaKTepuUCTuKa U
yCTaHOBKa [N15 WUCCNefoBaHWUsA KaToAHOW nonspusaumun. Viccnegyemblii 3nek-
TpoA-Katof 1 noAkIo4valT K MUHYCY UCTOYHMKA TOKa, NKC KOTOPOro CBS-
3bIBalOT C BCMOMOraTe/lbHbIM 3/1EKTPOAOM-aHoAoM 2. locnefHuiA pacnonara-
0T TaK, YTOObl CTEKalOLWMIA C HEro TOK 3aTeM HaTeKasl Ha Katof A0CTaTOYHO
PaBHOMEPHO. 13MepuTeNbHbIA 3/1EKTPOA, WX ero 30H4 3 yCTaHaB/IMBAKOT ps-
[,0M C UCCNeafyeMbIM 3/1EKTPOLOM-KATOL0M.

Mo NPOLLIECTBUN HEKOTOPOro BPEMEHN, HEOOXOANUMOr0 A4/ CTabunmnsauun
3/IEKTPOXMMMUYECKNX MPOLLECCOB, M3MEPAIOT CTauuMoHapHbIA NoTeHunan uc-
crefyemoro anektpoga Ugr, nocne 4ero, MeaneHHo Uan CTYMEHSMU U3MEHSS
TOK MONApU3aLnn, CHUMaOT NONSPU3ALMOHHYIO KPUBYIO.

Inp J. MAm2

Punc.5.2. YcTaHOBKa AN151 CHATUSA NONAPM3aLMOHHON XapaKTepucTuUKK (a) n Tn-
NMYHasa KatogHas nonsapusaunMoHHas XapakTepucTrKa CTasibHOro anektpoda (6):
1- nccnefyemblil 3NeKTPOA,; 2-BCrIOMOraTeslbHbI 3N1eKTpoA-aHoh; 3- U3Mepn-
Te/bHbIN 3NeKTPOA; 4- UICTOUHUK TOKa; 5- cocyn C 3NeKTPONIUTOM.

Cnefyet OTMETUTb, YTO KaTOAHOE CMelleHWe [J eCTb OTpuUaTeNbHOE
npupaweHne noTeHUMana 3/eKkTpoga OTHOCUTENIbHO CBOEro CTalMOHapHOro
cocTosAHUA U .

CMelLieHMe noTeHumana Hem3onMpoBaHHOIO 3/1eKTPOAA - 3TO NMajeHue Ha-
MPSXXEHNA Ha NOMAPU3ALNOHHOM CONPOTUBAEHUN, T.e. OJ = Pj. JTa 3aBuCK-
MOCTb NOAYMNHANACL Obl 3aKOHY OMa, ec/in Obl Oblna NMMHENHOA.

Ha puc.5.2 BaXKHO 06paTUTb BHMMaHME Ha TOYKY nepernda O, - H,, Ko-
TOpas COOTBETCTBYET TakK Ha3blBaeMOMY MpeAensHOMY AMGY3NMOHHOMY TOKY
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Jnps TPV AOCTUXKEHUW KOTOPOr0 HauMHaloTCA 3aTpyfHEeHUs B [OCTaBKE KWC/O-
pofa 4vepe3 TO/LLY 3neKTponmTa. INpy Heb6OMbLLIOK NJIOTHOCTU TOKa Nosspu3a-
UMW j < Jpp KATOAHBIVA MPOLLECC MAET NPU YYacTUK KUCMOPOAa, T.e. UMEET Me-
CTO KucnopogHas aenonspusauuns, onucaHHas ogHUM K3 ypaBHeHui (2.1). Ho
NPW j > jnp, NMOCKOJIbKY BO3HWKAKOT 3aTpyAHEHWs C Auddysueid Kucnopoaa,
MPOLLECC KMCMOPOAHON Aenonspu3saLmMm nocTeneHHo BbITECHAETCA BOLAOPOLHOM
Aenonspu3aLmen, KOTopoi COOTBETCTBYET peakums

2H +2e® H,, (5.1)

rfie MOH BOAOPOAa, NOTPe6Nss 3NEKTPOH, MPEBPALLAETCs B ra3006pasHoe Be-
LLIECTBO.

TakuM 06pa3oM, Npy GOMbLLMX MAOTHOCTSX KAaTOAHOrO TOKa Ha 3a-
LNLLLIAEMOM COOPY>KEHUW MPOUCXOAUT BblJeNeHNe ra3006pas3HOro Bo0PO-
[a. ATO BaXKHO NOMHUTb, TaK Kak raso06pasHblii BOJOPO/ B AaHHO CUTYaLMu
- BECbMa BPeAHOE BELLECTBO, AEVCTBYHOLLEE paspyLUatoLLe U Ha U30NSLMOHHOE
MOKPbITVE, N HA META/I/T COOPYXKEHUS, O YEM HEMHOFO MOAPOGHEE CKA3aHO HU-
XeE.

5.3. Kputepumn 3neKTPOXMMNUYECKON 3aLLNTbI

[Mof KpUTEPUAMN 3NEKTPOXMMMUYECKONW 3aLUTbl MOHMMAOT TEOPETUUECKM
N 3KCNEePUMEHTa/IbHO 0BOCHOBAHHbIE 3HAYEHWUSA NNOTHOCTM TOKa U MOTEH-
UMana 3aulMLiaemMoro COOPYXXEHWS, MNPy AOCTUXKEHWUUM KOTOPbIX KOppPO3us
MPaK TUYECKM NpeKpallaeTCs.

B npaktrke 3X3 KpUTEPUAMU 3alUThbl SABMIAKOTCS:

- MWUHUMa/IbHaA 3aLUTHAA MI0THOCTb TOKA, jsau min;

- MVHVMa/IbHOE 3aLLMTHOE CMeLLeHne noTeHumana, Odsay, min;

- MVHVMa/bHBIA 3aUTHBIA noTeHuman, U suy min ;

- MaKCUMasIbHbIl 3aWMTHbIA noTeHunan, Usay, max-

B HOpPMaTMBHOW 1 CNPaBOYHON NUTepPaType YNOMUHAETCS eLle psia npar-
MaTUYECKUX KPUTEPUEB, MPUMEHEHME KOTOPbIX BO3MOXHO B CNOXHbIX CUTYa-
LMsIX.
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5.3.1. MUHMManbHasa 3almTHasA NJI0THOCTL TOKa

BHeWHNA KaTOAHbIA TOK, AaXKe O4YeHb MasibliA MO BeNMYMHe, [LOSIXKeH
MMETb 3aLUMTHbIE CBOMCTBA - OH 0043aTe/lbHO YMEHbLLAET MPOTMBOMOMNOXHO
Harpas/ieHHbIA TOK aHOAa KOPPO3MOHHOW Mapbl. HO KakoW [O/MKeH 6bIThb 3a-
LUMTHBIA TOK MO BeNMYMHe, YTOObl NOAABUTL CaMblii MOLHBIA aHOf, BCeX Aei-
CTBYIOLLMX KOPPO3NOHHbLIX Nap AaHHOro Tpybonposoga? Kccneposartento He
TaK NPOCTO y6eanTbCSA B TOM, YTO MPW BKIKOYEHUN 3N1EKTPOXUMNYECKOIA 3aLL M-
Tbl BCE TOKM Ha NOBEPXHOCTM TPYObLI Nprobpenn o4HO eANHCTBEHHOE Hanpas-
NeHve - 13 3emM1 Ha TPybonpoBoa.

K ToMy e HaTeKaroLMiA TOK pacxodyeTcs He paumoHanbHo. Ecnn Bep-
HYTbCA K pXC.5.1, TO MOXHO 3aMeTUTb, YTO YaCTb 3aLLUUTHOrO TOKa HATEKAET Ha
KaTOAHbIE, Y>Ke 3aliuLLeHHbIe 3a CYET TOKOB KOPPO3nM y4acTKu1 Tpybonposo-
Aa. 3Ty YacTb 3alMTHOrO TOKa CrefyeT cuMTaTb Kak Gecrosie3Ho 3aTpayeH-
HYyt0. JlabopaTopHble UCCNefoBaHUA MoKasaiu, UTo 6ecnonesHo pacxomyertcs
60...80% 3alMTHOro TOKa.

[M03TOMY [OCTOBEPHbIX CBEAEHUI O BEANYMHE MUHUMANbHOW 3aliyiTHOM
NA0OTHOCTYN TOK& ( Jsau min ), FAPAHTUPYIOLLEN HALEXKHYIO 3aLLUTY AAHHOTO CO-
OpPY)XXeHUsi B AaHHbIX KOPPO3MOHHbIX YCMOBUAX, Kak npasunio, HeT. Of4Hako,
4acTo NMPUMEHAOT crieaytoLee NpuobMXKeHHOe COOTHOLLEHNE

jsam.min =(3...5) jKopp , (5.2)

A€ Jsau,min -~ MUHUMaNbHAA 3aWMUTHaA NIOTHOCTL TOKa, AlM: Jxopp = MNOTHOCTb
TOKa KOppo3uu, onpefeneHHas no obpasuam-CBUAETENAM WX APYTMM CroCo-
60M B AaHHBIX KOPPO3VOHHBIX YCNoBMsAX, A/M’.

Tak, ecnn YCTaHOB/EHHbIE Ha HEKOTOPOE BPEMS B JaHHOW KOPPO3NOHHOIA
cpefe 06pa3ubl-CBUAETENN MOKa3aM CKOPOCTb KOPPO3UW pPaBHYD VvV =
0,03 r / (M%.u), To Mo thopmyne (2.9) 3TO COOTBETCTBYET MAOTHOCTM TOKa KOp-
PO3UN Jyopp = 28,5 MA/M?. CrefoBaTenbHO, AN NOAABAEHNS Takol KOppo3um
notpedyeTca obecneynTb MIOTHOCTb 3ALUTHOMO TOKA HEe MEHEE sy > 85
MA/M?.

Mpw 3TOM CnefyeT YUUTbIBaTb, YTO jsau min U3 COOTHOLLEHUA (5.2) OTHO-
CUTCS K OrO/IEHHbIM y4acTKaM 3allMLLaemMoro COOpYXXeHus, T.e. 3TO He CpeaHss
MI0THOCTb MO MOBEPXHOCTM 3allMLlaeMoro Tpybonposoda, a pakTuyeckas
MI0THOCTb TOKA Ha MeTasiie TPybonposoda - B nNopax v NoBpexXxaeHnsaxX 13o-
NAUUK, KOTOpas MOXET ObITb Ha OAMH-ABa NOPsiAKa 60/bLLIE CPEAHEN.
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OTOT MeTOoA, OLEHKM CTEMEeHW 3aliMLLEHHOCT MPUMEHSIOT MPU 3aluTe
MOPCKMX COOPYXXEHWIA, pe3epBYapoB U APYrMX OObEKTOB, €CAW AN HUX HeT
COOTBETCTBYHOLLMX FOCYAAPCTBEHHbIX CTaHAAPTOB. MOXHO A1 OPUEHTNPOBKM
nonaratb, YTO MIOTHOCTb TOKA [N HEN30/IMPOBAHHOIO CTa/lbHOrO COOPYXKe-
HWA B 3eM/ie, B MPECHON M CONMeHol Bofe NexuT B npefenax 20...150 MA/M.
Mpruem, YeM MeHee arpeccMBHa cpefa, TeM MeHblLE MIOTHOCTb 3aliMTHOrO
TOKa.

5.3.2. MnHUMasibHOe 3allUTHOe CMeLLleH e NoTeHUana

N3-3a TEXHUYECKNX TPYAHOCTEW, BO3HUKAKOWMX MPU HATYPHbIX U3Mepe-
HUAX MI0THOCTEN TOKOB Jsau W Jxopp, OCOBEHHO MPY NCCNEJOBAHUM MOL3EMHbIX
TPYy60MNpOBOAOB, Yallle O Ka4ecTBe 3alUNTbl CyasaT He MO |, a Mo Be/IMYNHE Mo-
TeHUmana U nnm cmelleHna noteHumana 2J.

PacyeTHoe 3alinTHOoe cMeLlleHWe NoTeHLMana no
B. B. KpacHOsApcKoOMY
B.B.KpacHospckunii nonyunn TeopeTnyecKoe COOTHOLLEHME, MO3BO/A0-
LLlee OLeHMBaTb CTENeHb 3alNT bl COOPYXEHNS B 3aBUCMMOCTN OT BE/IMUYMHDI
KaTOLHOrO CMeLleHusa noTeHuwana. NMpegnaraemasd MM pacyeTHas opmyna
MOXET ObITb NpejcTaB/eHa B BUJE

D 30 min =~ 0,059 Ig (jKopp ! Ja), (5.3)

roe  DJsaymin - MUHUMa/IbHOE 3aLLUWMTHOE CMELLEHMe noTeHumana, B; juopp -
nepBOHava/ibHas M/IOTHOCTb TOKa Koppo3nn 6e3 3X3; j, - NpeaenbHO Oonyc-
TUMas MIOTHOCTb TOKa KOPPO3UK NPW BKNKOYEHHOM 9X3.

Tak, AN CHUXKEHUSI CKOpocTK Koppo3umn B 100 pas, T.e. AN BbINONHEHUS
YCNOBUA jyopp / Ja = 100, HEOOGXOAMMO CMECUTL MOTEHLMAN COOPYXKEHNSA Ha Be-
NMUUHY D550, min = - 0,059 19100 = - 0,118 B.

Hake npy DJzqy min = - 0,018 B ckopocTb KOppo3un cHu>KaeTcs BABOE!

OueHka no gopmyne (5.3) nonesHa yxxe Tem, YTO BCENSAET YBEPEHHOCTD,
YTO [aXKe TaKoe HE3HAUUTENIbHOE CMeLLeHNe KaK sy min = - 0,02 B npoannt
CPOK CyxX0bbl BaLLiero Tpybonposoja BABoe, a NpU Ly, min = - 0,1 B Bo06LLe
MOXHO HUN O YeM He 6ECTNOKOUTLCS.
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CtangapT NACE (HaunoHanbHas accoumaumns
NHYXEHEPOB-KOPPO3noHmncTos) CLLIA
[NpennaratoT B KayecTBE MUHUMANILHOMO 3alUMTHOIO CMeLLeHMA NOTeH-
Lana cnegyroLime 3HavyeHus

DJ sy min =- 0,1 B - 419 HEWN30MPOBAHHBIX COOPYXKEHWIA;
DJ sy min=- 0,3 B - N4 n301mpoBaHHbIX TPYOONPOBOAOB.

MepBblit U3 3TUX KPUTEPMEB XOPOLLIO ONPeaesieH TEOPETUYECKN, UTO ObIIO
OTMEYEHO TOMbKO-YTO BbllLe, KaK A0CTATOYHOE MOMSPU3ALMOHHOE CMELLEHMe
noTeHUMana cTanu, obecneymsatoLee npuMepHo 100-KpaTHOE CHUMKEHUE CKO-
POCTM KOPPO3UW. STUM KPUTEPMEM YacTO MOMb3YHOTCS MPW 3aLluTe KOPMycoB
Kopabneid, NOCKONbKY OKpacka Cy/Ha - 3TO elle He U30naums, a Takke B py-
FUX aHANOTNYHBIX CNyYasX.

BTOPOiI1 KpUTEPWIA YUNTLIBAET He TONbKO-NONSPU3ALMOHHYIO, HO U OMUYe-
CKYH0 COCTaB/ISIIOLLYIO CMELLEHUS MOTeHLMana, nof KoTopoi 06bIMHO MOHUMa-
0T NajieHVe NoTeHUMaNa B nopax U3onsuum.

3aech cneayet caenaTb BBEAEHME B CMOPHYH 06/1acTb O MapuTETE NONs-
PU3ALMOHHOW COCTAaBMAIOLLENA 3aLUTHOIO MOTEHUMana. YCnoBUMCS CUUTaTb,
yTo

- OMUYecKas cocTasnsoLas cMelleHns noteHunana ( g, ) 3TO Hens-
BEXHOE 1 K TOMY XK€ COBEPLLEHHO GECNONe3HOE U [aXe BpeaHOe MajjeHne Ha-
MPSHKEHWS, BbI3BAHHOE TOKOM 3aLlMTbl Ha HEKOTOPOM COMPOTUB/EHWU, Kyaa
BXO/JMT CONPOTUB/IEHME 9MIEKTPONTA B MOPax U30NALMM U YYacTOK 3eMn Me-
X[y TPY6ONpPOBOJOM U U3MEPUTENbHLIM 3/1EKTPOAOM, OCO6EHHO €C/IN B6AN3Y
M3MEPUTENLHOTO 3M1EKTPOJA aKTUBHO MO/E BHELLHWX TOKOB, Hampumep, nosne
TOKOB aHOZIHOTO 3a3eM/IUTENS KATOAHOW CTaHLUW;

- nonspusaunoHHas cocTasnsowas ( Mgy, ) - NONE3HOE NafeHne Ha-
NPSHKEHMS HA MONAPU3ALMOHHOM COMPOTUBAEHUN METAI-3NEKTPONT, T.€. B
TOHKOM C/10€ Ha rpaHunLe METasIN-3N1eKTPOMNT.

Takum 06pa3oM, A1 3TOr0 KpUTepus

Dz min = Do, min + Dlowmin (5.4)
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Tak Kak anq 3alnTbl 4oCTaTouHO LJpon. min =- 0,1 B, TO Npn UcnosbL30Ba-
HUW 3HaYeHUSA Ly min = - 0,3 B, KakK KpUTepus 3alliMTbl, NOfaratoT, YTo Be-
NNYMHA OMWYECKOI COCTaBNAOLLE Ha M30NSALUMOHHOM MOKPbLITUU B [1aHHOM
cnyyae He npesbiwaeT OJoymin = - 0,2 B.

O cnocobax M3MepeHns MOTEHLNANOB C LIENbH UCKKOYEHMS OMUYECKON
COCTaBNAOLLEN KaK NOrPELLIHOCTM CKa3aHO HNXKE.

5.3.3. MYHUMasbHbIN 3alMTHbIA NOTeHUMas

O6Lenpu3HaHHbLIM B MUPOBOKM MNPaKTUKe KPUTEPMEM 3alLUTbI ABISETCA
MUHUMaUIbHbIA 3aLMTHBIA NOTeHUWan, KOTOPbIA NPUHUMAIOT PaBHbIM Usay min
=- 0,85 B (no megHoCynbaTHOMY 3/IEKTPOAY CPaBHEHUS).

ATOT KpUTEPWiA BBEN B NPAKTUKY 3MEKTPOXUMNYECKON 3aLLUMUTbI NOA3eM-
HbIX CTa/lbHbIX TPYy6ornpoBogos Pobept KyH ewe B 1928 r. OH 3KcnepumMeH-
Ta/IbHO A0Ka3al, YTO NPW TakoM 3allMTHOM MOTEeHUMane CKOpPOCTb KOppo3uu
CTaHOBUTCA MPeHEOPEXMMO Masion C MPaKTU4ecKoin nosmuymn. 4o 60-x ronos
MPOLL/IOro CTONETMS CMOKONHO MCNO/b30BaNy 3TOT KPUTEPUIA N 3alMLLLEHHbIE
TPYy60NpPOBOAbLI HE KOPPOAMPOBAN.

OfHako 3aTeM B MOpsALKe YTOYHEHMSA 3TOT0 KpUTepusa K HeMy [06aBuu
C/I0BO MONApM3auMoHHblin. OIHAKO 3TO YTOUYHEHWE MPUBESO K BECbMA CYLLECT-
BEHHbIM WU3MEHEHNSAM B METOAMKE U3MEPEHNS 3alUTHbLIX NoTeHUManos. Aeno
CTaBW/IOCb TaK, YTOObI 0653aTe/IbHO MCKNOUYATbL OMUYECKYHD COCTAaB/AOLLYIO
KaK MOrpeLlHoCTb Mpu BCEX MOMEBbIX U3MEPEHNAX Ha MOA3EMHbIX Tpybonpo-
BOJaX.

Tpebysa BbINOHEHNA TaKUX “TOHKOCTEN”, HENb3A 000MTU BHUMAHNEM He-
KOTOpble MpoTmBopeuns. [elcTBUTENIbHO, MUHUMA/IbHbIA 3alUMTHLIA MOTEH-
Lnan ecTb CyMMa MUHMUMa/IbHOTO 3alMTHOIO CMELLLEHUA NOoTeHLnana Hens3onm-
POBaHHON NOBEPXHOCTU Msqy min = - 0,1 B 1 cTaumoHapHoro noteHumana U,
T.€.

Usaugmin = DJsauy .min + Uer. (5.5)

Tak Kak MOXKHO 0XXnAaTb, YTO PakTUYeckme 3HaveHnst Ug; ANs peasibHoOro nog-
3eMHOro Tpybonposoga (OHM onpefenstoTcs PU3NKO-XMMUYECKUMUN CBOMCT-
BaM OKPY>KatoLLLEro rpyHTa) fiexxar B AuanasoHe
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U;=-04..-0,75B,

TO NPUEMNEMbIA MUHUMabHbLIA 3aLLUMTHBIA MONSPU3ALMOHHBLIA NOTEHUWA
MOXET NeXaTb NpakTUYeCKN B Npeaenax

U3a|_|_||,min - - 0,5 e T 0,85 B

Bb160p BeMUUHBI Usyy min = - 0,85 B Kak eJMHCTBEHHOI0 KpUTEpUs 3allin-
Thbl CBSI3aH CKOpee CO CTaHAapTu3auunen, YHUUKaLumen mn xenaHnem obecne-
YMTb 3anac HadeXXHocTu. [pu nparmaTnMyecKoM noaxofe BblI6op KpuUTepus 3a-
LTI MOXET ObITb MHbIM, 1 0COBEHHO NPW CNIOKOMHOM COCTOSAHUK TPy6onpo-
BOAa, Korga U » const.

Mpobnema BblaeNneHNs NONAPMU3ALMOHHOM COCTaBNAOLLIEA U UCKITHOYEHMS
OMMYECKON MMEET NPaKTUYeCKoe 3HayeHue. [JeCTBUTENbHO, 3TO CBSI3aHO HE
TONbKO C HaleXKHOCTbHO 3aLLNTLI, HO M CO CHUXKEHWEM 3aTpaT Ha 3/1eKTPO3Hep-
rmio.

BblNno Obl He MNOX0 CHU3UTb MUHUMalbHbLIA 3alUTHbLIA NOTEHUMan fAo
ypoBHS, Hanpumep, Usyymin = - 0,75 B, YTO, KakK MoKa3asM Halln nccneaosa-
HWA, BNOJIHE AonycTUMO. BO BCAKOM. C/lyyae, He cneflyeT MnepecmarpuBaTb
MPUHATOE MUPOBOI NMPaKTUKON 3HaYeHNEe MUHMMAaNbHOMO 3alUTHOrO MOTEH-
umana Usqy min = - 0,85 B.

OTeuecTBeHHbIe CTaHAAPTbI MO KOPPO3UK 1 3allnTe TPYOONpPoBOAOB per-
NTAMEHTUPYHOT BEMUYNHY MUHUMAabHOTO NONAapu3auMoOHHOro 3alMTHOro no-
TeHUMana Ans CTalbHbIX COOPY)XXEHWI B COOTBETCTBMM C Tabn.5.1. OaHako
NnpuMeHeHne KpuTepunes B AnanasoHe Uy min = - 0,95 ... - 1,2 B gaxe gna ro-
pAYMX TPYO BPAL N OnpaBaaHoO M, BEPOATHO, OYAET NepecMOTPEHO.

MVHVMabHOE 3alUTHOE CMeLLeHMe noTeHumana Oy, min KaK KPUTEPUIA
yrnomuHaeTcs B TOCT 9.602-89 nuiub Ans CBUHLOBbLIX 060/104eK Kabenel cBs-
31 N pernamMmeHTUpyeTcs BEeMUNHOW  DJsqymin = - 0,1 B, COOTBETCTBYIOLLEN
MUPOBbLIM CTaHAApPTaM.

Tabnnuya 5.1
Usau,min ,B Ycnosus npuMeHeHus
-0,85 C UCKNHOYEHNEM OMNYECKOIA COCTaBNAIOLLENA MPU N3MEPEHUM
-0,9 [Mpy HEBO3MOXHOCTU NUCKHOUEHNA OMUYECKOI COCTaBNAOLLEN
-0,95...-1,2 | [4ns TpybonpoBOAOB, TPAHCNOPTUPYHOLLNX HArpeTble cpesb!
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5.3.4.MaKcMabHbI 3alNTHbIA NOTEHUMAnN

Heo6Xx0AMMOCTb OrpaHMyeHmns 3alUTHOrO NoTeHUKnana cBepxy, T.e. BBe-
[ieHNne MaKCMManbHOro 3alyTHOro noTeHunana Usyy max, KaK KPUTEPUSA 3aLLM-
Tbl, TAKXKe He MOXKET paccmaTpmBaTbca 6e3anbTepHaTUBHO. Be3ycnoBHoO, 6bIN0
Obl MAeanbHbIM B LIENAX SKOHOMUWN 3/IEKTPO3HEPrUmM 3amonspun3oBaTh BCHO 3a-
LWMLLAaeMY0 CETb NNWb A0 YPOBHA MWHUMaIbHOIO 3alUMTHOrO MnoTeHumnana
Usaw,min. OffHAKO 3aKOHbI pacnpefeneHns noTeHumana B Tpy60npoBogHON CeTu
TaKOBbI, YTO HEM36eXHA CyLLEeCTBEHHAA HEIKBUMOTEHUMANIBHOCTb. Tak, B6U3N
aHOAHbIX 3a3eMnuTeneit (cm.prc.5.1) NIOTHOCTbL TOKA 3allMThl BCeraa 60sbLie
N, cnegoBsatesibHO, 60/bLUe Pa3HOCTb NMOTeHUManos Tpyba-3emnsd. MuHuManb-
HbIi1 3alWUTHbIA NOTEHUMaN NOAAEPXKNBAIOT, KaK NPaBu/o, Ha rapaHnLax 30Hbl
NencTBNA YyCTaHOBOK IX3.

FOCT 9.602-89 HopMMpYeT ANs NOA3EMHbLIX COOPYXXEHUIA BENNYMHY MaK-
CUMa/IbHOI0 MONAPU3aLNOHHOIO 3alLMTHOIO NoTeHLMana u yctaHaB/IMBAET ero
paBHbIM Upnop saumax = - 1,15 B 14 BCex BLOB TPy60MNpPOBOA0B, He Onpeaenss
AOMYCTUMYHO Be/IMUNHY 06LLero noTeHumana (C y4eTOM OMWYECKOW COCTaB-
nawouwlein). B aTom Xe cTaHAapTe AN €TabHbIX 000M104eK Kabenen cBA3n [10-
rnyckaeTcs ooLuin noteHuman 3awnTsl Usay max = - 2,5 B.

Mo MOCT P 51164-98 Ha marucTpa/ibHbIX TPYy6onpoBoAax AoMyCKaeTcs
00 noTeHUMaN Usay max == 2,5 B, ecnm Tpy6onposofbl UMET 6UTYMHYHO
n3onAUMI0, NN Usay max = - 3,5 B - Ang TpybonpoBogos ¢ Mo/IMMEPHO nne-
HOYHOW M30NALKEN.

B aMepnKaHCKOM M HEMELLKOM CTaHAapTaxX Be/MyMHa MakCUMasibHOro 3a-
LLMTHOrO MoTeHUMana He HOPMMUPYeTCHA BOOOLLE U BbIOMPAETCA NCXOOA U3 TEX-
HNKO-3KOHOMMYECKMX CO0BPaXKeHMA NPy NPOEKTUPOBAHNN 3aLLUTbI.

OTcyTCTBME HEOOXOAMMOCTM TLWATE/IbHOrO HOPMWPOBaHWUA BenyMHa
Usau, max MOXET 6bITb 060CHOBaHO CNeAyHoLLIM 06pa3oM.

Mpy 6onbLINX TOKAxX Monsapusauun u, cnefoBartenbHO, 60MbLINX 3aLLWT-
HbIX MOTEHLMANAX, KaK y>Xe 0TMeYasiocb, BbleNseTcs ra3o06pasHblii BOAOPOL.
Bo3HMKasa B nopax 130MaUMn 1 B nasyxax, OH CrocobeH cobupartbes B My3bipu
N co3faBaTb paspyllaroulee gasfeHve. Mukponysbipn, ecnn B HUX 60/bLLIOE
naB/fieHne, MOrYT BbI3BaTb [a/lbHelllee pa3pylueHue musonsauun. OTcnoeHune
M30NALUMN - OCHOBHAA OMacHOCTb, CBA3aHHAA C 60/bLWMMY OTPULATENbHBIMM
noTeHUmanamu.
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Kak nokasaHO Ha puc.5.3, aKTMBHOe BblAe/leHNne BOAOpoAa HayMHaeTcA
npu 3alMTHOM NoTeHumane otpuuatenbHee Ungnsay = -1 B (N0 M3C). Konu-
4eCTBO BblAeNALLErocs BogopoAa npu 60MbLIMX OTpULATebHbIX MOTEHLMa-
nax cnabo 3aBMCUT OT MJIOTHOCTWN KaTOAHOr0O TOKa, NMPU4YeM, Kak 3TO creayet
N3 rpauKoB, He 3aBUCUT OT KayecTBa U30M1AUUKN N, BEPOATHO, APYrux napa-
METPOB 3alinTbl. lNoTeHUMan BblAeneHNs Boopoda He npeBbiwaeT - 1,15...
- 1,2 B, NOCKO/bKY NIOTHOCTb KaTOAHOIO TOKa B pPeasibHbIX YC/I0BUAX HE MO-
eT 6bITb GonbLLe 10 A/MA.

[Mo3TOMYy NOMSAPU3ALMOHHBIA  MOTEeHUMan MNOA3EMHOro Tpy6onpoBoaa
(PaKTUYECKN He MOXET ObITb OTpuLaTensHee BeNNUUHbI Ungpsay = - 1,2 B, He-
3aBMCMMO OT Be/IMUMHbLI TOKa Nonspusauun. T.e. Kakon Obl B peasibHbIX YCo-
BUSIX X3 He HaBOAMNCA 3aLLMTHBIA NOTEHUKWAN B npeaenax Usawmax =-1,5 ...
— 4 B, nonsipmnsaLnoHHas cocTaBfoWas NpakTMYecky 6yaet oHON N TOM Xe.

Lo d "
1 10 100 1000 j, mAjm2

Punc.5.3. MNasibBaHOCTaTMYeCKME MONAPU3ALLMOHHbIE XapaKTePUCTUKM CTaslb-
HOro obpasua B HeMTPaIbHOM 3M1eKTPONNTE 6e3 U30MALMOHHOIO MOKPLITUA
(1) n c NOpPUCTbLIM MOKpPbLITHEM (2).

B oTeuyecTBeHHbIX CTaHAapTaxX WUCMO/b3YHTCA MMEHHO 3TWU 3HAYEHUs Mo-
TeHuunana BblaenieHna BOA0PO4a B Ka4eCTBe MaKCMMa/lbHOro Nonspu3aLUnoHHO-
ro sawmtHoro noteHumana ( Unopsaymax = - 1,15 B ). ®akTuyeckn B ctaHaap-
TaxX KOHCTaTMPYEeTCS eCTECTBEHHOE COCTOAHME 3aLUNTLI, YTO, NO BCE BUAMMO-
CTW, MOXHO ObI/10 Obl 1 He AenaTb.

Mpwn BblbOpe BeMMUMHBI Uy max LieN1€CO06PA3HEE 6b110 Obl PYKOBOACTBO-
BaTbCA NNLLb TEXHUKO-3KOHOMMYECKMMU NoKasaTensiMy npoekta X3, obec-
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MneunBast MMHUMYM KanuTa/ibHbIX W 3KCMyaTaUWMOHHbIX 3aTpaTt 3alluLLaeMoro
0b6beKTa.

5.4. 1amepeHre Nonapu3auMoOHHON COCTaB/ISAOLLEN
3alMTHOro noTeHUmnana

HecMOTpsi Ha COMHUTE/bHYHO HEOOXOAUMOCTb OLIEHKW BETMUYUHBI NONSPU-
3aLIMOHHON COTaBNAOLLIENA 3aLMTHOrO MOTeHUMana, B AelCTBYIOLLEIA HOpMa-
TUBHOM [OKYMEHTALMW LUMPOKO PErfamMeHTUPYHOTCS METOAbl M3MepeHus
wnon-

Kak 6bI/10 OTMEUYEHO, B 3alLMTHYIO Pa3HOCTb MOTEHLUMAN0B TPy6a-3emMis
Usay, BXOAAT, MOMUMO CTaLMOHapHOro noTeHumana Ug, elle ABe COCTaB/sto-

Lme

Usaw= Uer + Do + Do, (5.6)

roe oMu4eckas coctasnawlowas OJo, ABASETCA HeXenaTe/lbHOW MOrpeLuHo-
CTbtO, KOTOPYIO MPU U3MEPEHMSX CNedyeT WCKUUTb UK, N0 KpanHel Mepe,
yyecTb, & OJpo, - UICKOMOE HanpsKeHre Ha NonspusyroLLEeMCs Cnoe MeTasu-
YECKOiA noBepxHocTH (puc.5.4).

Puc.5.4. PacnpefeneHne cocTas-

P2 C NAIOLMX PA3HOCTA MOTEHLMANOB
: Ll Tpy6a-3emnst DUgy 1 DUpon B Lienn
A Ea A [0 B ETR B b N3MEPEHNS BbIHOCHBIM 31EKTPO-
AU oy nom (M3C).
TN
AU an

B oMMYyecKylo COCTaBNAOLLYIO BXOAUT MadeHue HanpsXXeHWs B nopax
n30NAUMN Do, W B 3eMIIe DUyey MEXAY TPYOOMPOBOAOM U M3MEPUTE/bHBIM
3N1eKTPOAOM, T.€.

Doy = Dnop + Doy (5.7)
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BennunHa OJ,, 3aBUCUT He TONbKO OT TOKOB TPybOMNpoBoAa, HO U OT TO-
KOB ApPYruX BHELLUHUX NCTOYHNKOB.

MeToarKa N3mMepeHns Noaspru3aLmMoHHON COCTaBAAOLLLEl

[NA MCKNIOYEHMS OMMYECKOW COCTaBNAIOLLE W BblaeNeHNs nonspusaun-
OHHOW DU, MONEBble M3MEPEHUS BeAyT MeTOAOM MpepbiBaHns TOoKa Mnoss-
prsaunn. [leno B TOM, YTO NpU OTKIKOYEHUM TOKa OMUYecKas COCTaBNAoLLas,
KaK TOro Tpebyet 3akoH OMa, MrHOBEHHO Mcye3aeT. Ho coBcem He TaK BeAeT
ceba coctaBnarowwan OJpg, : C MOMEHTA OTK/IKOUYEHUN TOKa Monspu3aLmMoHHas
COCTaB/AloLLLaa yMeHbLUAETCA ME/IEHHO, MOCTENeHHO 3aTyxas.

IT0 06BACHAETCA TEM, UTO NPOUCXOAUT pas3psaL ABOMHOMO 3NEKTPUYECKO-
ro Cnost MeTani- 3NEKTPOSIUT MO aHaNornn ¢ paspsagomM KOHAEHcaTopa, YTo Bee-
rfa CBA3aHO C 3aTpaTtamu BpeMeHW. Ha KaTofe - 3alimiaeMom TpybonpoBose -
MMEeKTCA M30bITOYHbIE 3MIEKTPOHbI, MOCTYNaBlne ¢ aHoda (KcTtatu, MMEeHHO
6narofaps n36bITOYHLIM 3/IEKTPOHAM KaTof “oTpuuaTtesnbHblic”). Mpu paspbise
Lleny KaTof-aHoA 3TUM 3/1IeKTPOHaM MOTPeOyeTCs elle Kakoe-TO BpeMs Ans
MOSIHOW peKoMOMHALMM, NOCKO/bKY B KOHEYHOM CUYETe MeTa/l/IMYeCKoe COopy-
YXEeHWe [0/HKHO CTaTb HENWTPabHO 3apAXKEHHLIM TENOM.

[MpOAOMKMUTENBHOCTL pa3paa 3aBUCUMT OT EMKOCTU [BONHOI0 3/1eKTpUYe-
CKOro €108 1 ConpoTuBNeHNs Lenk pa3paga. Havyano npouecca paspsga npu
N3MEPEHMAX N MbITAKOTCA 3aIMKCMPOBaTh C TEM, YTOObI N3MEpPUTL B 3TOT MO-
MEHT MaKCMMaslbHOe 3HaYeHne g,

[Nna n3MepeHns MrHOBEHHOro 3HadeHusa U, pa3paboTaHbl pa3nyHbIe
MeToAbl 1 npubopsbl. Ha puc 5.5 npuBeaeH oanH 13 3TUX CNOCOO0B, PEKOMEH-
YEMbIil OTEYECTBEHHON HOPMATUBHON NOKYMEHTALIMEN.

Pagnom ¢ TpybonpoBoAom 1 ycTaHaBNMBAKOT CTa/lbHON HEWM3OMMPOBAHHbIN
3/IEKTPOA-AATUMK 2, KOTOPbI HOPMasibHO JO/KeH ObITb BCErga nepekntoyeH
Ha TpybonpoBog. ITOT 3MeKTPOA MOAENMPYyeT Oro/feHHbIN y4acTOK Tpy6o-
nposoga. [Npn 3ToM nonarakT, YTO MHTEHCUBHOCTb KaTOAHbLIX NMPOLECCOB MO-
NApU3aLMN Ha 3M1EKTPOAE-AaTUNKe U B MeCcTax OroseHus Tpybonposoga - ogHa
nTaxe, T.e. Dy, 3NEKTPOAa paBHa Uy, TPY6OMpPOBOAA.

N3mepeHunst BeoyT Mo cneaytollen metoamke. C rnomoLlbto aBToOMaTmnYe-
CKOro npepbiBaTena Toka 4 3MeKTPOA-AaTUMK 2 Nepuoanyeckn nepeknoyvaroT
OT Tpy6onpoBoAa K BOMIbTMETPY. [1poAo/HKMTENIbHOCTE KOMMYTaLMKN “aaTunK-
BO/IbTMETP” A0/MKHa 6bITb B npegenax 0,2...0,5 mMc, Npofo/HKNUTENIbHOCTL KOM-
MyTauun Lenu “aaTymk-Tpyoonposog” - B npegenax 5...10 mc.
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Puc.5.5. Cxema ycTaHOBKM [AN4
@ M3MepPeHNsT NONAPM3aLMOHHON CO-
CTaBNANOLLEN Pa3HOCTU NOTeHUMa-
nos Tpyba-3emna. 1 - Tpybonpo-

BOA, 2 - CTa/lbHOWM 3MEKTPOA-
S S X - [ATUVK; 3 - M3MepUTENbHbIiA
1 anektpog M3C; 4 - aBTOMaTUYe-
O b CKMIA MpepbIBaTeNb TOKa.
2 5

C nomoLbo N3MEPUTENBHOIO 3n1ekTpoda 3 (CTalnoHapHbIA UK NEePeHOC-
Hoil M3C) 1 BoNbTMETPa Yepe3 Kaxable 5 ¢ B TedeHne 10 MUH (oMKCUMPYHOT
MHOXECTBO MIHOBEHHbIX 3HAYEHWI1 NOTeHLUMana anekTpoda-gatumka U; (i =
1,2,...,n).

MrHOBeHHbIe 3HauYeHUs U; pasnnyarotca Mexay co6or 13-3a MHEPLNOH-
HOCTW NOJIEBbIX BO/IbTMETPOB U MPUCYTCTBUS TEPEMEHHBIX BO BPEMeHU ByxX-
[aloWmMxX TOKOB. JlMWb TOMbKO ocuuniorpap cnocobeH 3agmkcuposatb WUC-
TUHHO MIFHOBEHHOE 3HAYEHWE 3EKTPUUECKOM BENNYMHBI.

[Mocne 06paboTKN pe3ynbTaTOB U3MEPEHNS MOJSyYatoT CPeaHee 3HaYeHue
MONAPM3aLMOHHOI0 3alWMUTHOrO -NoTeHUnana Tpyoonposoaa Ung, = D, +
Ucr, MMLLEHHOTO OMMUYECKOWN COCTaBNAOLLIEN

Unon =1/ n__él Ui , (5.8)

rae n - ooLee YMcno 3MePEHNN.

5.5. PacyeT nonspmsaLmMoHHO COCTaB/ISAOLLIEN

Ecnn ana cyuwlecTByOLLEro pr60|'|pOBOﬂ,a KO/INYEeCTBEHHO OLEHUTL COOT-
HOLUEHUE I'IO]'IFIpI/I3aLI|I/IOHHOI71 N OMUYECKOM COCTaBAKOLLNX MOXXHO 3KCNepun-
MEHTa/IbHbIM MYTEM, TO A1 NMPOEKTUPYEMOTO - TO/IbKO PaCHETOM.
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[N OUEHKN BENMYMHbI MONSAPU3ALIMOHHON COCTABNAOLEN 3alLMTHOM
Pa3HOCTU NOTEHLMANoB Tpyba-3eMns NMPU KaTOAHOM 3aliuTe BOCMO/b3YeEMCS
METO/IOM, M3MOXEHHBLIM HVXKe B rnaBe 6. PelleHWe 3aaun 3NeKTpoXuMmYe-
CKOIi 3alWTbl CBOAMTCS K PELUEHMIO CUCTEMbI anrebpanyecknx ypaBHEHWI
BMA

i=(BA-E)""(J- Bj), (5.9)

roe A,B,E - KBagpaTHble mMaTpuubl, onpegensarolie napameTpbl yyaCTKOB
TPYy60NPOBOAHOM CETU N UX CBA3M, & OCTa/lbHble MaTPULIbI - CTONBLOBbLIE, MPK-
YeM j - UICKOMas JIMHENHas NMNOTHOCTb TOKA 3aWMThbl; | 5 - MOTEHUMAN 3eM/In B
Mone aHoOAHbIX 3a3emMnuTenein; J - yaenbHasd TOKOBas Harpyska KaTOAHbIX
CTaHLWIA.

[Mocne OTbICKaHWS | OMPeAensatT Pa3HOCTb MOTEHUWanoB Tpyba-3emns
Usau Y1 €€ COCTaBNSAOLLNE

Dusam =Ru];
Rus = Ruont Row ; (5.10)
DUr0n = Rronds DUow = Row J

roe Ry; - BEKTOP YAe/bHOro 31eKTPUYECKOro CONPOTMB/IEHUSA N30MAUNN TPY-
oonpoBoda; Ruen, Row - NOMASpU3aLMOHHAA M OMUYECKas COCTaBNAOLLNE;
DU, 05 , DUgy - CKOMbIE NOMSAPU3aLMOHHAA U OMUYECcKas COCTaBNSOLWME CMe-
LLleHMS NOTeHUMana.

YnensHoe Nonsipu3alMoOHHOE COMPOTUBNEHUE Ryg, 3aBUCUT OT MCKOMOIA
MNOTHOCTW TOKA j , MPUYEM HEJIMHEMHO. ITO MOXHO OTMETUTL, HaNpuUmep, no
MONAPM3aLMOHHOM XapaKTePUCTUKe puc.5.2, ecnv UMETbL BBMAY, YTO OTHOLLIE-
Hne U / j ecTb yaenbHOe NOnsSpu3aUmMoHHOe CONpoTMBIeEHME MeTasna. B ces-
31 C 3TUM BblpaxeHue (5.9) npespallaeTca U3 NPOCTOM (HOPMY/bl B HENNHEN-
HOE ypaBHEeHNe OTHOCUTESLHO J.

[1prmep pacyeTa 1

MycTb yyacToK TpybonposoaHoi cetn anametpom d = 300 MM YNOXeEH B
FPYHT C YAe/bHbIM 3MIEKTPUYECKUM COMPOTMUBAEHNEM I = 40 OM'M 1 3aLLMLLEH
KaTOAQHOW CTaHUMWeRn, NOAKNHYEHHO B Hayasle yvyacTKa ¢ aHOAHbIM 3a3eM/un-
TeNleM, PacnonoXeHHbIM Ha PaccTosHMM 25 M 0T TPy60npoBoaa NPOTUB TOUKN
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apeHaxa. CtauuoHapHbIA noTeHuman Tpyoonposoaa Ug; = - 0,55 B. LLar anc-
KpeTunsauum UM paccToaHne mexay nccnegyembiMm Toukamm - 100 m.

B 1a6n.5.2 npuseaeHbl pe3ynbTathl pacyeTa 3alMTHbIX NMapamMeTpoB TPy-
6onposofa ¢ nnoxou nsonsauuen ( Roy = 10 Omm), a B Ta611.5.3 - ¢ y10BNETBO-
puTenbHOM ( Rgy = 100 Om.M ). Mpur 3TOM B NnepBoM cyvae KoaQgUUUEHT no-
PUCTOCTM M30MALMN OKas3aics PaBHbIM Sy, = 0,04, Bo BTOpom - B 10 pa3
MeHbLLE.

PacyeT BbINOMHEH C NOMOLLbIO NporpaMmm naketa APM-2X3-611 B ontu-
MW3aLNOHHOM peXxxnme, T.e. NMPW YCNOBUN 06ecrneyeHns Ha 3aaHHOM yyacTke
TpybonpoBoAa MWHUMabHOIO 3awmnTtHoro noteHunana Usy £ Usyymin =
- 0,85 B.

Tabnmuya 5.2
nn jl‘lOpl jl Pl erOﬂl EUnon, EUom, Usau.l,’ U’sau.l,’
MA/MZ| MA/M | OM.M%| OM.M B B B B
1 (1760 |70.385 |[0.341 |9.363 -0.600 -0.704 |-1.854 | -2.625
2 (491.2 |19.649 |0.636 |[15.769 {-0.313 -0.196 [-1.059 | -1.217
3 (364.4 (14576 |0.668 [16.420 |-0.243 -0.146 |-0.939 | -1.061
4 1321.8 [12.871 |0.689 |16.891 [-0.222 -0.129 (-0.900 | -1.009
5 1300.6 (12.026 |0.700 {17.125 |-0.210 -0.120 |-0.881 | -0.983
6 (288.7 |11.550 |0.694 [17.086 |-0.201 -0.116  |-0.866 | -0.964
7 1282.3 |11.294 |0.691 (17.036 |-0.195 -0.113 |-0.858 | -0.955
8 1280.0 (11.200 |0.690 |17.018 |-0.193 -0.112 |[-0.855 | -0.951
9 12814 |(11.258 |0.691 |17.029 |-0.194 -0.113 |-0.857 | -0.954
Tabnuua 5.3
nn jI'IOpl jl Pl erOﬂl EUnon, EUom, U3aLLI, U’sau.l,’
MA/MZ| MA/M | OMM? | OMM | B B B B
1 | 5454 | 2.182 | 0.628 156.4 | -0.343 | -0.218 | -1.111 | -1.140
2 | 331.8 | 1.327 | 0.684 | 169.2 | -0.227 | -0.133 | -0.910 | -0.920
3 | 298.7 | 1.195 | 0.699 | 1729 | -0.209 | -0.119 | -0.878 | -0.888
4 | 2879 | 1.152 | 0.694 | 172.3 | -0.200 | -0.115 | -0.865 | -0.867
5| 2827 | 1.131 | 0.691 171.7 | -0.195 | -0.113 | -0.859 | -0.868
6 | 279.6 | 1.119 | 0.690 1714 | -0.193 | -0.112 | -0.854 | -0.864
7 | 2779 | 1.112 | 0.689 171.2 | -0.191 | -0.111 | -0.853 | -0.862
8 | 2776 | 1.110 | 0.689 | 171.2 | -0.191 | -0.111 | -0.852 | -0.862
9 | 279.0 | 1.116 | 0.689 | 171.3 | -0.192 | -0.112 | -0.854 | -0.864
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B nepsom BapuaHTe 415 ONTMMa/bHOM 3alMTbl NOTPeboBaica TOK KaTo/-
HOW cTaHUuMK lg; = 20,0 A, BO BTOPOM lg; = 1,3 A.

Mpn pacyete Ry, WCMONb30Ba/IM OMbITHbIE [AaHHblE ANA YAENbHOro
(NOBEPXHOCTHOIO) MOMAPU3ALMOHHOTO COMPOTHBAEHMA P (OM'M?), NpuBeaeH-
Hble B rpade 1 1abn.5.4, KOTopble COOTBETCTBYHOT MasIOil CTEMEHM 3arnonsapu-
30BaHHOCTM MeTa/lna, HarnpumMep, B CyXuX rpyHTax Uam B nepeble CYTKN Nocse
BK/THOYEHMSA TOKa Monspumsaunn.

Tabnvuya 5.4
jrop: BapuaHTbl P, OM.M°
MAM [ 1 2 3 7
50 0.3 0.3 0.5 0.8
75 0.4 0.5 1.2 2.5

100 0.5 0.7 2.1 3.1
150 0.6 1.1 2.5 3.3
200 0.65 1.2 2.2 3.1
300 0.7 1.1 1.7 2.1
400 0.65 1.0 1.2 1.3
600 0.62 0.8 0.8 0.8
800 0.62 0.7 0.7 0.7
1000 0.6 0.6 0.6 0.6

Tam xe ( P,,P3,P4 ) npuBeaeHbl peKOMeHAOBaHHbIE 415 MPaAKTUYECKUX
pacyeToB AaHHble 414 APYrux ycnoBmid. Tak, AaHHble U3 rpadbl P, XapakTep-
Hbl 415 YCNOBUIA O4/IMTENbHOW nonspusauun, Hanpumep, B TedeHne 30 CyT. BO
BI2XKHOW cpefie.

B fononHeHve K Ta6:.5.4 gna BblUNCNEHNA YAe/bHOMo Nonsapm3aumoHHo-
o COMPOTUBEHUA MPU jnop > 1000 MA/M? MOXHO N0/b30BaTbCA (hOPMY/IOVA

P=0,6/jnop - (5.11)

AHanM3npys pesy/bTaThl pacyeTa, MOXXHO OTMETUTb CEAYHOLLIEE.

1. OMmn4yeckad COCTaBNAKOLLIAA 3HAUMUTE/IbHA N ee Helb3d NTrHOPMPOBATb,
OCOOEHHO B NPYHTaX C BbICOKUM YAENbHbLIM 3JIEKTPUHECKUM COMNPOTUBIEHNEM.
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3aMeTMM, UYTO B AaHHOM npumepe NpUHATO r = 40 OMM 1 YTO OMUYECKas CO-
CTaB/IAKOLLLIasa NPOMNOPLMOHa/IbHA BE/TMUMHE T .

2. He3aBMCMMO OT KayecTBa M30/5LUUN, COOTHOLLIEHME MEX/Y OMUYECKOM
N NONAPM3ALMOHHOM COCTaBNSAOWMMK NPUMEPHO OAHO M TO Xe. B gaHHOM
cnyvyae DJpon /[ Ddoyw = 1,7. Mpn r = 20 OMM 3TO COOTHOLLIEHME 3aMETHO
6onbLue N paBHO DJpo,/OJoy = 5,9.

3. 3alWUTHbIA NONAPU3ALMOHHBLIA noTeHuuan Ugy, Kak CymMma cTalmuoHap-
HOro noteHuuana Ug 1 NONspu3aLMoHHON COCTaBNAKOLLEN CMELLEHUS Dy,
HUr e He MPEBbILLAET MaKCUMa/lbHbIM 3alUUTHBIA MOTeHUManN, YCTaHOBMNEHHbII
HopMamu TOCT 9.602-89 v paBHbI Usay max = - 1,15 B. [leiicTBUTENBHO, MpK
NpuHATOM B pacyete U = - 0,55 B 3aWMTHBIN NOASPU3aLUMOHHBIA NOTEHLMAN
B TouKke 1 paBeH Upy, = -0,55 -0,6 = - 1,15 B, uTo 1 HopmupyeTca. B To Xe
BPeMA CYMMapHbIiA 3alLUWUTHBIA NOTeHUMan B 3TOM TOUKEe paBeH Uy = U +
Do + Doy = -1,854 B.

4. B 1abnmuax nof U sy, AaH CYMMapHbIA 3aLLMTHBIA NOTeHUman, pac-
CUMTaHHbLIM MPU YCNOBUU, UYTO W3MEPUTESIbHbLIM 3/1EKTPOA PAacro/ioKeH Ha
[IHEBHO/ MOBEPXHOCTW 3eMAM Haf TPYyOONpoBoAOM , B TO BpeMaA KaK Us,y,
npeanonaraeT N3MepeHne OTHOCUTETLHO TOUKN 3eM/IM HEMOCPEACTBEHHO Y MNO-
BEPXHOCTU TPYy6bl. Kak cnedyeT U3 pe3ynbTaToB pacyeta, OMUYeCKasi COCTaB-
NAoLWas MOXEeT CyLeCcTBEHHO BO3pPacTu, 0CO6eHHO B6IM3M aHOAHOrO 3a3eM-
NNTeNA, rae oHa paBHa o, =-2,625+055+0,6 =- 1,475B.

Takum 06pa3oM, 40N OMUYECKOW COCTaB/ISOLLEA B CYMMApPHOM 3aLluT-
HOM MOTeHUMane XoTb M BEeMKa, HO He HACTO/bKO, YTOObI He3HaHWe ee Besu-
YMHbI OTPa3nIoCh Obl Ha KayecTBe 3aWuThbl. [JOCTaTOUYHO, KaK 3TO Oroeapusa-
eTca B AENCTBYIOLLMX HOPMAX, OrpaHMunTLCA A06aBKoi - 0,05 B K MUHMUMASIb-
HOMY 3allnTHOMYy noTeHumany -0,85 B u cgenatb ero pasHbiM -0,9 B
(cm.Tabn.5.1). Ho nydwe 1 3atoro He Aenatb, MOCKOMbKY MONAPU3ALMOHHOMN
COCTaB/AOLWEN BMOJIHE AOCTAaTOYHO, YTOObI 06EecneynTb NPUEMIEMbIA YPO-
BeHb 3alMTbl. [eicTBMUTENbHO, Be3fe B Tabnmuax nonspusaunmoHHoe cMellle-
Hue U, MHOTO oTpuuatensHee - 0,1 B, 4TO y»e 6b110 Obl 4OCTATOYHO AN
CHUXEeHMA ckopocTh Koppo3un B 100 pas.
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5.6 BTOpUUHbIe SAB/IEHUS NPY 3NEKTPOXMMNYECKOI 3aLLmTe

5.6.1. KaToHble ocagku

B pe3ynbTare npoTekaHWs KaTtoAHOW peakumn B6nn3m Tpybonposoaa 06-
PasyoTCa U30bITOYHBbIE MOHBI Tuapokecnna OH | T.e.npoMCXoamT noALlenayn-
BaHWe cpedbl. M3BeCTHO, YTO MoALLenaymBaHne N3MeHSET YCNoBMe paBHOBECUS
psifa coneu, coaepxkallmMxcs B NoYBe: OHWM 13 pacTBOpa BbiNafarT B OCallok.
HenocpeacTBEHHO Ha MOBEPXHOCTWN TPybonpoBoda 06pa3yeTcs CNol CONEBbIX
OT/NO>KEHWIA, B OCHOBHOM COCTOALLMIA M3 KapboHaTa Kanbuusi CaCOs 1 ruapo-
okucu marHma Mg(OH),. XapaKTepHO CYLLECTBEHHOE YBeNNYeHWEe KOHLEH-
Tpauum CaO n COz% .

KnHeTnka o6pa3oBaHns rMapoOKMCHO-KapboHaTHbLIX OCalKoB onpenens-
eTca MHOrMMK (haktopamu. Tak, npu 60NbLLIOK MIOTHOCTY TOKa, HECMOTPS
Ha BblMageHne B CBA3M C 3TMM OOMbLLIOIO KOMM4YeCcTBa 0CafKoB, 00pasyoTcs
pbIX/ible C/oN. Pa3pbIXeHN0 0CafKoB CMNOCOOGCTBYHOT MNy3bipbKM BOAOPOAA,
BO3HMKalOLWMe Npu 60/bLLIOIKA NIOTHOCTM TOKa, T.6. NPV BOAOPOAHOIN Aenosns-
pu3aumn. HanpoTtms, Npn Manoi NAoTHOCTM ToKa (MpW KMCNOPOAHOW Aenonsi-
pr3aummn) opMmUpyeTcs NIOTHbIV CONEBOI CMNOI, KOTOPbLIA B CUNY CBOMX M-
3NIEKTPUYECKNX CBOWCTB CO3[aeT HeKOTopoe nogobue “cnost nsonaumm”, cno-
COBCTBYA CHM>KEHMIO 0OLIero ToKa 3aWuTbl U yBeinumBas paBHOMEPHOCTb
pacnpefeneHns 3auMTHOM NNOTHOCTU TOKa.

MOXHO OTHeCTM BCe (DaKTOpbl, MEHSOLMNE BO BPEMEHN KUHETUKY 3MeK-
TPOXUMNYECKMX NPOLECCOB Ha KaToAe, K OHOMY - K M3MEHEHUIO Monspu3aLm-
OHHOr0 CONPOTWBNEHUA. [eACTBUTENbHO, KaK 3aTpyaHeHue (TOPMO>KEHNE)
KaTOAQHOW peakummn B ABONHOM 3M1EKTPUYECKOM C/10e, Harnpumep, 1u3-3a ampagy-
3MOHHbIX NPO6/IEM C J0CTaBKON KUCNOPOAa, Tak W 3aTpyaHeHMe (CONpPoTuMBNe-
HWe), BbI3BaHHOE PacTYLLMM C/I0eM 0CafKoB, NMPUBEAET K OAHOMY U TOMY XKe
pe3ynbTaTy - YMeHbLUEHUIO TOKa Monspusaumm uam, Yto paBHo3Ha4Ho, K yBe-
NINYEHMIO NONAPM3ALIMOHHOIO CONPOTUBEHUS.

C pocTOM yaenbHOro nonfspusaumMoHHOro ConpoTuBieHNs P npu nocTo-
AAHHOW MNOTHOCTY TOKa 3aWTbl B Nopax u3onaunm (jnep) [O/MKHA BO3pac-
TaTb NONAPU3aLMOHHAA COCTaBMAKOLWIAA 3alWMTHOMO noteHumana Jn, =
Pjnop- CKOpoOCTb BO3pacTaHus DUne, M NpefenbHblii ypoBeHb 3TOro pocta
TPYAHO npefyragatb, MOCKO/MbKY 3TO ONpefensiercs (PU3nMKo-XUMNUYeCKUMM
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YCNOBUAMU Ha Katofe U B OKpyXKatoLlel cpege. OlHAKO OTMeYeHOo, YTO pocT
NONAPU3aLMOHHOIO NOTeHUMana MOXeT MPOAO/HKATLCS B TEUEHME HECKO/bKMX
MecsLEeB.

N ewe ogHO 3ameyaHue NO MOBOAY W3MEHEHWs NOMAPU3aLUOHHOrO Co-
MPOTUB/EHNS BO BpEMeHW. B rpyHTax, B OT/IMUMeE OT XUAKUX Cpea, nonspusa-
LIVOHHOE COMPOTUB/IEHNE MOXKET U3MEHSATLCA BO BPEMEHM B HEMPeLCKa3yemMoM
HanpasneHnn. Tak, Npy MAOTHOCTSAX Toka 100...300 MA/M?, 6/M3KMX K MAOT-
HOCTUM MpeaesibHOro ANMMY3NOHHOI0 ToKa, MOXHO 0XnaaTtb “60pb0y 3a npaso
Ha y4yacTue B npoLecce” Mexay Mofiekynamu kucnopoga ( KucropogHas [fe-
nonspusauma) n MOHOB Bogdopoda (BodopoaHas Aenonspusaums). MNpu Taknx
MIOTHOCTSAX NEPBble Y>Ke He MOryT, MOCKO/IbKY HacTynun Anggy3voHHbIR
npegen Ans KWCNopofa, BTOPble elle He MOryT, MOCKO/IbKY HeAoCTaTo4vyHO
3/IEKTPUYECKOE HaNpshKeHe MeXay B3aMMOENCTBYHOLLMMU YacTUUKaMU.

[Mpr KNCNOPOAHOWN AENONSAPU3aLMN KATOAHbIN 0CAf0YHbIA CMON N0 THbIN,
Npu BOAOPOAHOI, BGnarofapst BO3AEACTBUIO My3blpbKOB BOAOPOAA, - PbIX/bIiA.
CnefoBsaTefibHO, B MepBOM Cflyyae Moaspm3aLMoOHHOE CONPOTMBEHWe OyAeT
BO3pacTaTb BO BPEMEHWN, BO BTOPOM - CHIKaTbCA. Kncnopog CTpomT, BOAOPOL,
- paspyLuaeT. Pe3ynbTar Takoil COBMECTHOM MOCTPONKN HenpeacKasyem.

Hvke paccMOTpeH npumep pacyeta nonspusaumoHHOro noTeHumana Tpy-
6onpoBofa C y4eTOM M3MEHSIOLLIErOCH BO BPEMEHW YAeNbHOr0 Nospu3aLyoH-
HOro conpoTusneHus. MNpegnonaraeTcs, YTO NpeaBapuUTEeNbHO BbIMOHEHbLI MO-
NeBble N 1a60PaTOPHbIE 3NEKTPOXNUMNYECKINE UCCEA0BaHNA CTaln B IPyHTAX,
XapaKTepHbIX ANs Tpacchbl AaHHOro Tpybonposoaa.

[Npumep pacyeTta 2

[ycTb TOT Xe TpybonpoBof, UCCNefoBaHHbIA B npumMepe 1, aanee nons-
pU3yeTcA NOCTOAHHbLIM MO BenYMHe TOKOM g, = 20,0 A. I'lo mepe Hakonne-
HNA KaTOAHbIX 0CAalKOB MOJSPU3aLMOHHOE COMPOTMB/EHNe ByaeT Bo3pacTaTb
(M1 yMeHbLUATLCA - NPX 60MbLINX MIOTHOCTAX TOKA) W, CcrieaosaTenibHoO, by-
NeT MEHATLCS 3alUTHbIA NOTEHLUMAN.

PacueT 6yaem BecTU A7 Pa3MYHbIX MONSAPU3aLMOHHBLIX YCNOBUIA, npes-
CTaB/leHHbIX Tabn.5.3, rae crtonbubl ot Py A0 P, XapakTepusytoT pas3/inyHyto
CTeneHb NONAPU3YEMOCTb CTann OT cnaboi ( P, ) A0 BeCbMa CyLLECTBEHHOMN.
Tak, P, cneflyeT OTHECTM K MeTa/llaM B OYEHb BMIaXKHbIX FPYHTax WA Boje
MpW HENPEPbIBHOW MONApM3aUmMn B TEYEHWE HECKOMNbKUX HefdeNb. OCTaslbHble
CTONGLbI - NPOMEXYTOUHbIE, rae Py, Kak 6b110 OTMEYEHO, XapaKTepusyeT Ha-




110

YasbHbIM 3Tan nonspusaummn. PesynbTaTbl pacyeTa NpuBeaeHsl B Tab/.5.5.

Tabnuua 5.5
NN P, P, P P,
TO- jnop; 5 EUnom jnop, 5 EUnom jnop; 5 EUnom jnop; 5 EUnom
yek | MA/M B MA/M B MA/M B | MA/M B
1 1760 | -0.600 | 1814 | -0.600 1857 -0.600 | 1885 | -0.600
2 492 -0.313 475 -0.439 491 -0.500 510 -0.523
3 365 -0.243 353 -0.369 346 -0.509 345 -0.600
4 322 -0.222 313 -0.340 299 -0.510 290 -0.638
5 301 -0.210 294 -0.325 279 -0.503 265 -0.649
6 289 -0.201 283 -0.315 267 -0.498 252 -0.650
7 283 -0.195 277 -0.310 261 -0.494 245 -0.649
8 281 -0.193 274 -0.308 258 -0.493 241 -0.648
9 282 -0.194 276 -0.310 257 -0.494 241 -0.648

Ecnu npocneamTtb NOMeYeHHYH CTPOKY Tabn.5.5 cnesa Hanpaso, TO MOX-
HO OTMETUTb TPEXKPaTHOe MOBbILLIEeHWe NoTeHUMana 1, cneaoBaTesibHO, Takoe
XKe yBe/IMyeHne yaenbHOro nonsapmnsaLloHHOro COnpoTMB/IEHNS BO BPEMEHW.
Ho 3T0 MMeeT MeCTO /ILLb Ha Y4acTKe C KUC/TOPOAHOIN Aenonspusaumein ( npu
Jnop< 300 MA/M?). Tpu YnCcTO BOAOPOAHONM Aenonspusaumm (Touka 1) nonspu-
3aUMOHHOE CMeLLEeHMe MoTeHUmMana OCTaeTcs MpPakTUYeCKN HEU3MEHHbIM, TaK
KaK pPOCTY MNJOTHOCTU TOKa COOTBETCTBYET TAKOE XK€ CHU>KEHWe Yyae/lbHOro
NoNApmM3aLMOHHOr0 COMPOTWB/EHNA, B pPe3ynbTaTte 4ero MxX MpousBefeHue
DJnopn = Pjngp OCTAETCA NPAKTUYECKN HEM3MEHHBIM. Ha 3TOM y4acCTKe COMEBbIE
KaTO[Hble OT/MIOXEHWNSI N3-3a UX PbIXIOCTU, KaK Y)Ke 0TMeYanocb, He UCMOMHS-
0T PO/b AONOSIHUTENBHOMO 3alUTHOIO Gapbepa. BennunHa yaensHoro nons-
PU3aLMOHHOIO COMPOTUB/IEHMSA OKa3blBAaeTCA 06paTHO MPOMNOPLIMOHA/IbHON
MAOTHOCTY TOKa (cM.cpopmyny 5.11).

Ha puc.5.6 npeacTtaBneHbl rpaivkn CyMMapHOro 3alinTHOro noTeHumana,
B KOTOPbIN BXOAUT NOMSPU3aLMOHHas COCTaBnstoLWan m3 tabn.5.5. OuesnaHo,
YTO YeM Nydllie M30N5AUKMs, B TOM YMC/e M 3a CYeT MoNsapu3aLoHHOro conpo-
TUB/EHWNA, TEM KayeCTBEHHee 3aumTa.
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Punc.5.6. PacnpegeneHve 3alMTHOrO noTeHumana BLO/Mb TPybOonposoja
NPWN pasINYHbIX NMONAPU3ALMOHHbBIX XapaKTepuctukax. Homepa y KpuBbIX
COOTBETCTBYIOT laHHbIM B KOMOHKaxX P;...P, Tabn.5.5.

5.6.2. MocnefeincTBme KaToAHOM NonsipusaLmm

[MOCKOMbKY MO Mepe HaKOoMMeHUs! KaToAHbIX 0CaAKOB W YBENIMUYEHUS MOSS-
PU3aLMOHHOI0 CONPOTUB/IEHMS MONAPU3ALMOHHBLIN noTeHunan Ug,, BO Bpe-
MeHW Mef/IeHHO BO3pacTaeT, 4OCTUrast CBOEro npejena yYepes COTHU 4acos, TO
CHVDKEHME MONAPU3ALMOHHOIO NoTeHUMana - NPy BbIKIYEHUN TOKa NONSAPU-
3aUMKM - HE MOXET OblTb MFHOBEHHbLIM U TaKXe MOXET [/IMTbCA MHOMO 4acos.
IMEHHO 3TOT 3PPEKT NOCNeAeNCTBUA UCNONb3YIOT NPU U3MEPEHUN MONAPK-
3aLMOHHOM COCTaBMAOLWEN 3alMTHOrO0 noTeHumana OJn,, , 0 YeM CKa3aHO
BblILLIE.

Ho M3BEeCTHbI yCneLuHble MPUMEPbI UCNO/b30BaHMA 3dhdeKTa nocneaei-
CTBWA He TONbKO NPWU NU3MEPEHUAX MOTeHUMana, Ho U HenocpPeACcTBEHHO A1
yBenMueHns syPeKTUBHOCTY KaTOAHON 3allnThl. JeACTBUTENbHO, eCNN Me-
Ta/I/INYECKOe COOPYXKEHME KaKOoe-TO BPeMS MOC/e OTK/HOYEHUS TOKa Monspu-
3aUmMn “NOMHUT” CBOWN 3alUTHbIA NOTeHUMasn, TO Obl10 6bl BbIFOAHO MPUMe-
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HATb KaTOAHYIO 3aLMTY B NPEPbIBUCTOM Pe>XKNME, Yepeays BK/IHOUEHME Ka-
TOAHOM 3aLLNTBI C €€ BbIKHOYEHNEM.

AUpon. B

-1.0f
-0at
OB
07 L

006 |

0,01 0,1 1 10 100 1000t

Puc.5.7. VI3ameHeHne noTeHUMana CTain MOCME OTK/IKUEHUSA Ka-
TOLHOTO TOKa Mpu NPOAO/MKUTENLHOCTM nondpusaumm 500 4 u
NMOTHOCTY Toka 200 MA/M.

Ha puc.5.7 nokasaHa xapakTepHas KpumBas CHWXEHUA 3EKTPOAHOr0 no-
TeHUMana cTasv nocsne OTKNHYeHN KaTogHOro Toka [1].

Cy[as no xapakTepy KPpUBOW, KaTOAHYHO 3alUTy - 6n1arogaps agekTy no-
CNefencTBms - MOXKHO 6b1/10 Obl 66360/1€3HEHHO OTK/IOYNUTL Ha 10 1 6onee Ya-
COB, MOC/Ie YEro BK/KOYNTL €€ CHOBa W, BEPOATHO, Ha TAKOM XX CPOK.

Bosspar metania K CBOEMY CTalUMOHApPHOMY COCTOSHWIO MPOAO/KAETCH
OYeHb [10/1r0 M MOXKET MPEBbILLIATbL COTHU YacoB.

AeKT NocnefencTBNA APKO NPOSBMSETCA B XUAKNX cpedax, T.e. B MOp-
CKON N peyHoil BOAE, U UCMONb3YETCA MPU 3alUnTe TaKMX COOPYXKEHUW KaK
Kopnyca cyoB. Ho, K COXaneHuto, 3TOT 3PQeKT He3HaunTeNeH A1 noa3em-
HbIX TPY60NpPoBOAOB. Kak 0TMeYeHO B NMpaKTUKe, NPU OTKNHOYEHUN KaTOAHOM
3alnTbl Ha TPybonpoBoae BMeCTO 3aidheKTa MocneaencTenst MOryT BO3HUK-
HYTb KOPPO3WOHHbIE MaKponapbl.

[eicTBUTENbLHO, BCMEACTBME TOro, YTO MPOLECC pacrnonspusaumm mUnm
“paspsga” 3ameqnsieH, obnactb Tpybonposoaa B6/M3N aHOAHOIO 3a3eMINTeNs,
KaK 00/1ee 3/M1eKTpooTpuLaTenbHas vYacTb Tpybonposoaa, byaeT Kakoe-TO Bpe-
MS paboTaTb aHO0M.
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Takas rasbBaHM4Yeckas Makpornapa MOXeT (PYHKLUMOHMPOBATb HECKO/IbKO
4acoB, NPMHOCA OLLYTUMbIA 1 NOPOW HEOXKNAaHHbIN ywep6. He pegku cnyyau,
Korfja oTmeyvanacb f3BeHHas KOppo3us Ha TpybornpoBofax, Kasanocb Obl 3a-
LMLLIEHHbIX HaAeXHOo. lMpuymHa aToMy - NepuoaMYECcKMe nepepbiBbl B 3/1eK-
TPOCHabXeHMM KaTOAHbIX CTaHLMMN.
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[naBa 6. PeLLeHVe ceTeBOW 3aa4m 3N1eKTPOXUMMNYECKON
3alWNnTbI

6.1. VicxonHasi cuctemMa ypaBHEHW

6.1.1. CeTeBasi 3aa4a 3/IEKTPOXUMUYECKON 3aLLINTbI

Moa ceTeBOM 3afaveil 6yaem MoOHUMATL 3adady pacyeTa pacnpegeneHus
TOKa 1 NoTeHUMana B TPyOOMNPOBOAHON CeTW NPOMN3BONBHOM KOH(Urypauum B
nose BHeWHUX (6ny>xharowWwmx 1 3alnTHLIX) N COBCTBEHHLIX (rasibBaHNYe-
CKNX) TOKOB.

Mpefnaraemblii HAXe METOA, PeLUeHns CeTeBOM 3afayn NMpUrofeH Takxke
A9 pacyeTa pacnpefeneHns Toka U noTeHuMana B PebCOBON CETU 3/IEKTPO-
TpaHCcnopTa, B MeTa/I/INYECKMX 060/104KaxX KabenbHbIX NIMHWIA, BAONb CTEpPX-
Hell CNOXHbIX KOHTYPOB 3a3eMJIEHUS, B apMaTypPHOI CeTKe >Keie300eTOHHOM
KOHCTPYKLUUK, MO 06CaHOM KOMIOHHE CKBaXKMHbI U Ha APYrux nogobHbIX Me-
Ta/I/IMYECKNX COOPYIKEHUSX.

MepeuncneHHble 3aaayun 06pa3ytoT HOBYHO, paHee He PacCMOTPEHHYH B
Teopun rpynny 3agay Anis CUCTEMbI 3NEKTPUYECKIX NMPOBOAHNKOB C Y TEUKOIA,
OTANYMTENbHAsA 0COBEHHOCTL KOTOPOIA:

- NPON3BOJIbHaA KOHCbl/II'ypaLI,I/Iﬂ CETN NPOBOAHNKOB,
- ANIEKTPNYeECKad N ra/ibBaHN4eCkKad HEOAHOPOAHOCTb YHaCTKOB,
- B3aMMOB/ISIHME NOJIEI TOKOB MPOBOAHWNKOB B 3EMJIE.

B 3aBMCMMOCTM OT MOCTAHOBKM CETEBOI 3a7a4n UCKOMbIMM NPUW peLleHnm
MOTYT OblITb:

1) noTeHuman (NoTeHuunan TpybonpoBoaa M NoTeHUMan 3eMu, pasHOCTb
MOTEHLMAN0B COOPYXKEHWNEe-3eMNA, TPaaNeHT NoTeHUMana nNpu 3agaHHbIX To-
KaxX MCTOYHMKOB W M3BECTHOM CONPOTMBNEHU Lienei);
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2) TOK (TOK MCTOYHWKOB, BbI3bIBatOLLMX 3af@aHHbIA NOTEHUMan nNpu 3a-
NAaHHOM COMPOTUB/EHUN LIEMeN, KONNMYECTBO UCTOYHUKOB M UX ONTUMasbHOE
pasmeLleHne B TPYOONPOBOAHON CETW);

3) conpoTueneHue (yaensHOe CONPOTUB/IEHME U30NALMK, NONAPU3ALMOH-
HOe CONPOTUB/EHNE, CONPOTMBEHNE OPEHAXHOI MePeEMbIYKA NPU 3afaHHOM
TOKe 1 NOTeHUmnane).

PelleHns Bcex Tpex 3afay B KOHEYHOM cyeTe MOCTPOEHbI HA OAHOM (hyH-
[ameHTe - 3aKkoHe OMa /151 3IEKTPMYECKOro NPOBOAHMKA C YTEUKON KOHEUHO
[/INHbI.

6.1.2. OCHOBHbIe YpaBHEHUSA U hopMy/ibl

[MycTb y4aCTOK MoA3eMHOro Tpy6onpoBoAa OTCeYeH OT CETU U HaXOAMTCH
B M0/1e KAKUX-NMBO0 BHELLHUX MM COBCTBEHHbLIX TOKOB. HanpasuM BAOMAbL OCK
Tpy6onpoBoAa KPMBOMNHEHYIO KOOPAMHATHYHO 0cb OL 1 paccMoTpumM BG3N
TOYKM L 3nemMeHTapHbIin y4acToK gnavHon O (puc.6.1).

Puc.6.1.PacyeTHas cxema Ans
1.I I \I —+ BbIBOJJa OCHOBHbIX YpPaBHEHWIA
H AN TOKa W noTeHumana Tpy6o-
| npoBoja, rae r¢- paccTosiHWE OT
Tmmmnmmm e 3/1EMEHTApPHOrO  yuyacTKa  3ep-
|

—L—d Ka/IbHOrO OTOOPaXKeHUst TPy6o-
r W2 NPOBOAA [10 UCCNeAYeMOl TOUKM
Y NOBEPXHOCTW PeasibHOro Tpy-
bonpososa.

I .
p(L) m |:L+du
it

Ecmj-(L) n j.(L+LL) - noTeHumnansl TpybonpoBoga Ha rpaHumLax
3/IEMEHTAPHOr0 yyacTka, To Mo 3akoHy Oma Ans NPoAOo/bHOro Toka 6ynem
NMETb

L) = (C+) - j+(L))/(Ryp AL),
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roe i(L) - cpeaHee 3HayeHWe MPOAONLHOIO TOKa TPyobonpoBoda Ha 3/1eMeH-
TapHOM y4yacTke L1; Ry, - yAenbHOe NPOoAOoALHOE COMPOTMBIEHME TPY6OMNpO-
Boaa, Om/Mm.

B anddepeHLmanbHOR hopmMe 3TO ypaBHeEHME NMEET BUL

i(L) = - 1/Ryp dj £(L)/ dL, (6.1)

rae 3Hak “- “ yTBep)Kaaet, UTo NPUHATOMY HanpasneHnto Toka (i > 0) cooT-

BETCTBYET MPOTMBONMO/OXKHOE Harnpas/ieHWe rpaaneHTa noteHuuana (d; ; <0).
Ho TOoK Ha 3anemeHTapHOM y4yacTke dL He MOCTOsiHEH. M3meHeHWe npo-

nonbHoro Toka di(L) 3meck onpeaenser TOK yTeuku TpybonposBoaa, T.e.

j(L) = - di(L) /dL, (6.2)

roe j(L) - NMHeHas NNOTHOCTb TOKa YTeuku Tpyoonposoaa, A/M.

[Mpy 3TOM NPUHATO, YTO TOK YTEYKM NONOXKUTENEH, eC/i OH Hanpas/e-
HUN U3 TPYObl B 3eM/0, U OTPULATENEH, eCAN OH HaTeKaeT U3 3eM/n Ha Tpy-
6onposog. Toraa B COOTBETCTBMM C MPUHATLIM HanpasieHnem Toka npu j > 0
AOO/MKHO ObITb di < 0, T.e. yMeHbLLEHWE MPOAO/ILHOIO TOKA B MONOXKNTE/IlbHOM
HarpasfeHUN KOOPANHATHOI OCK, YTO M OTMEYEHO 3HaKoOM -

®opmynbl (6.1) 1 (6.2) NpUBOAAT K OHOMY M3 OCHOBHbIX YpaBHEHWUN,

CBA3bIBaOWNX ABE HEN3BECTHbIE j 7 j T
j(L)= U/Rypd?¥ +(L)/ dL?. (6.3)
Lpyroe ypaBHeHMe ons TeX XKe HEM3BECTHbLIX MMEET BU[
Rus J(L) =] +(L) - sem (L) - ] er(L), (6.4)

roe Rys - yAenbHOe ConpoTmBeHMe n3onauum Tpybonpososa, OMM; | sy - MO-
TeHUMan 3eMn Yy CTEHKM TPYBONpoBOaa; j o - CTaUMOHAaPHbIA NOTEHUMaN Me-
Tanna Tpybbl OTHOCUTE/IbHO BbIBPAHHOI O 3/1EKTPOAA CPaBHEHWS.

PaccmoTprM cocTasnsoLme ypaBHeHUs (6.4) nogpo6Hee.

JleByt0 4acTb ypaBHEHUSA MOXHO UHTEPMNPETMPOBAThL KaK Hanps>KeHne Ha
usonauum Tpybonposoaa, T.e.
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oJ = ij (65)

WM KakK CMeLLeHMe NoTeHuuana Ha NnoBepxHoCTY TPYObl, BbI3BAHHOE TOKaMK
yTeukun Tpybonposoa.

[MpaBas YacTb ypaBHeHUs (6.4) eCTb BbIpaXKeHWe 3TOro XKe HarnpsXXeHus
[J, HO npefcTaB/EHHOrO KakK pasHOCTb MoTeHuuanoB Tpyobl (j 1) U 61n-
YKanLLen TOUKN 3eMIN (f sen ) C YUETOM 3/IEKTPOXMMUYECKOW HEIKBUMOTEHL M-
a/IbHOCTU MeTan1a TpYob! (] ).

CTaumoHapHbIN NOTeHLMAN

YCnoBuUMCS pa3nnyatb CTalUMoHapHbIA MNOTeHUMan MeTanna j ¢ U craumo-
HapHbIA noTeHUman Tpybonposoga U.;. O6a OHM npexxae Bcero npeanonara-
0T, YUTO MPU UX U3MEPEHUN OTCYTCTBYHOT BHeELLHME TOKW. Ho ecnn U ecTb
00bIYHbIM CNOCOO0OM M3MepsSieMas Pa3HOCTb NMOTEHLUKMANOB TPyba-3eMNs, TO | ¢
eCTb Pa3HOCTb MOTEHLUMAN0B MEXAYy 000C006/IEHHbIM “KYCKOM” TPyObl U 3eM-
Nen, T.e. | ¢r - 3NEKTPOXUMUYECKUNIA NOTEHLMAN HEKOEro 060CO6NEHHOIO Me-
TaNIMYECKOro 06pasua-anekTpoga u3 mMartepmana TpyobonpoBofa B AaHHbIX
FPYHTOBbIX YC/TOBUSIX, U3MEPEHHbI OTHOCUTE/IbHO ONpPeeneHHOro 3neKTpoaa
CpaBHeHUA. YacTo j ¢; Ha3bIBalOT NOTEHLNANIOM KOPPO3MN.

Mpn peleHnn 3a1a4 ¢ KOPPO3NOHHbLIMY FasibBaHOMapamun cneayeT noJsib-
30BaTbCS MOHATUEM | o, @ NPU PELUEHUN TOMbKO 3a[a4 3/1EKTPOXUMUNYECKOM
3alUTbl MOXKHO nonaraTb, YTo j ¢ = U .

[MoTeHUMan 3emnaun
B npaByto yacTtb ypaBHeHUA (6.4) BXOOWT ellle 04HA KOMMOHEHTA - MOTeH-

LIMan 3eM/N | .. EF0 CReayeT NpeacTaBUTb ABYMS COCTABNSAIOLLMMMN

Jsem = Jart]s, (6.6)

rae j s - NOTeHUMan 3emMnn Nnoss TOKOB AaHHOro TPybonpoBoaa; | ;- NOTeHUM-
an 3eMNN, BbI3bIBAEMbIA TOKAMW BHELLIHUX UCTOYHUKOB ( Pe/IbCOBLIMU NINHUSA-
MW 3N1EeKTPOTPaHCNOPTa, aHOAHbIMU 3a3eM/IUTENAMU YCTaHOBOK X3 1 T.4.).

Pacuet noteHumana 3emnm (j ;) 6a3npyeTca Ha U3BECTHbIX 3aKOHaX, KOTO-
Pble OTOOPaXKEHbI B HMXKEMNPEACTaB/IEHbIX PACYETHbIX POpMynax.
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a) MoTeHUnan 3eMnn B Nosie TOYEYHOro NCTOYHMKa TOKa

[MoTeHUMan B Nosie TOYEYHOro NCTOYHUKA TOKa (B MAealbHOM Cry4ae - 3T0
YeANHEHHbIA CepnyecKnii 3a3emInTeNb, NOAKIHOUYEHHbIA K “+” UCTOYHMKA
TOKa), Haxopasllerocs B 6e3rpaHNUYHOM NPOBOASLLEN Cpefe, BblYUCNAETCA MO

dhopmyne
] s =1Ir/(4pr), (6.7)

rae j ;- NOTeHUMan Nossi Toka B UCCNeAYEMO TOUKE 3eMNn; | - TOK TOUEYHOro
MCTOYHWKA, I - PacCTOSAHWE OT WUCTOYHMKA [0 MCCNedyeMOn TOUKU 3eMN;
I - yOenbHOe 3/IEKTPUYECKOe COMPOTUBIIEHME 3EM/IN,

[Na NCTOYHMKA, HAXOASLLErocs B 3eM/e Ha KOHEYHOW rnybuHe, hopmyna
NMeeT BMA

js=Ir/(dp)(L/r+1/r), (6.8)

roe r’ - pacCTosiHMe OT 3ePKasibHOro (OTHOCUTENIbHO [HEBHOWN MOBEPXHOCTK)
0TOOPaXXeHNS NCTOYHMKA [10 UCCNeLYEeMOM TOUKMN.

B yacTHOM cnyyae, Korga TOYeYHbIA MICTOYHMK HaXOAMTCS Ha MOBEPXHO-
cTv 3emn (r =r’), UMeem

js=1r [ (2pr). (6.9)

PeanbHblil 3a3eMNIUTENb MOXET ObITb 3aMEHEH TOYEYHbIM 3a3eM/INTENIEM
6e3 3aMeTHOW OLIMOKK ANt UCCNelyemoin TOUKK 3eMIn, eCN AN paananbHOi
KOOPAMHaTbl 3TON TOYKWN cnpaBeannBo r > 2 L,, rae L, - MakcumasibHbIin pas-
Mep 3a3eMIMTeNs.

6) [MoTeHuUmMan 3eM/11 B MoJsie NPOT AXKEHHOI0 3a3eMNnUTens

Ecnu pa3mepbl 3a3eMNNTENSA BEIMKA OTHOCUTENIbHO PacCTOSAHUA [0 UCC/ie-
oYyEeMOW TOYKW, TO ero AeNnsT Ha OTPE3KW, KaXKAblA U3 KOTOPbIX 3aTEM 3ame-
HAKOT TOYEYHbIM UCTOYHUKOM TOKa. Toraa, ecnu | - o6LWNIA TOK 3a3eMNNTENS,
L. - ero NpoTsXeHHOCTb, TO j = |/ L, - NMHEeNHas NNOTHOCTb TOKa 3a3eM/nTe-
ns. Mpenctaenss NMMHENRHbIA UCTOYHUK COBOKYNMHOCTbH TOYEUHbIX MHTEHCUB-
HOCTbO jdL 1 gonyckas j = const, Nonyymnm



119

L
i ,=r/ (@4p)o (L/r+1/rddL, (6.10)
0

r4e r - pacCTosiHMe OT TeKYLLUeW TOUKW Ha 3a3eMnnTenie A0 (PUKCUPOBaHHOM
TOYKN B 3eMfe; I’ - TO XXe AN1A 3epKa/ibHOro OTpaxkeHWa anektpoga (cm.
puc.6.1).

B) MoTeHUman 3eMnn B none Tpy6onposoja

[MoTeHUMan 3emMnn, Bbi3BaHHbIA TOKaMKU YTeYKn TpybonpoBoaa, BblUUCS-
erca no dopmMyne aHanornyHoi (6.10), HO C Yy4eTOM TOro, 4TO BeNNYMHA
MNOTHOCTW TOKa 3aBUCUT OT NPOA0/bHOM KOOPAUHATHI

31 =1 /4p) 0i(x) G(x,x,y,2) dx; (6.11)
(L)

G(xx,y,2) =1/r(xxy,z)+ 1/r(xxy,z),
e r - pacCTOsiHNE MeXAy TeKyLLel TOYKOW X Ha ocu Tpybornposoga 1 PUKCU-
POBAHHOW TOYKOM X,y,Z Ha ero NOBEPXHOCTMU; I’ - TO XXe caMoe, HO OT 3epKa/ib-
HOro 0TOGpaXXeHNs.

6.1.3. FpaHMUHbIe YCIOBUS A1 yYaCTKa CEeTY

a) B Touke NogkItoyYeHNsA cocpeloTOYEHHOW TOKOBOW Harpy3ku

=0

e

i1=0 1 i Puc.6.2. PacueTHasi cxema

L
Ly fé**jf;# % L+l

[MycTb K TOYKe L= L, 060C06/1IEHHOr0 y4acTKa CeTu MPUIoXKeHa Cocpeao-
TOYEHHaaA TOKoBadA Harpyska |, Hanpumep, NMOAKNKYeHa KaToAHas CTaHLuS.
PaccpeoTounm Harpysky |, BAONb 3/IEMEHTAPHOrO yyactka LL 1 B COOTBET-
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CTBUW C NPUHATLIMW Ha PUC.6.2 HarpaBneHUAMN TOKOB, 3aruLleM MepBbInA 3a-
KOH Kupxroda a4 manoro otpeska L1 B OKPECTHOCTU TOUKW L, :

i - i+ ly- jOL =0 (6.12)
nnn

j=- (- i)/ O+l 0. (6.13)

BbINoNHAA npeaensHbIA nepexod, Nonyymm guddepeHumnansHoe ypaBHe-
HWe AN1s TPYO6OoNpPoBO/a C COCPeOTOUEHHBIMI Harpy3Kamm B TOUKax m

j(L)=-di(L)/dL + d(Lm,L) Iy
Nnn
j(L)=1/Ryp)d? (L)/ dL® + d(Ly,L) Iy (6.14)

roe d(Ln, ,L)- genbta-gyHKUMA [Mpaka, UCMo/b3yowasca Kak CUMBO/ Halu-
umsi B TOUKe L, COCpeloTO4YEHHOr0 NCTOYHKKa. Ee CBOICTBa B paccmarpuBae-
MOI CUTyauuu:

d(L.,,L) =0 npum L < Ly,
dLm,L)Iw=Jn npu L=Ly,

roe Jn = Iy / O, - NNOTHOCTb TOKA BHELLHEN Harpys3ku B npeaenax 3femMeH-
TapHOro yyactka Ll B peanbHbIX YCNOBUAX TOK BHELLHEN Harpy3Kn He MOo-
XET BbITb NPUNOXKEH K (PU3NYECKOM TOUKE N MO3TOMY BeNIMUYMHA J,, BCeraa Ko-
HeyHa.

Hannumne cocpefoToHeHHOR Harpy3ku U3MEHUT BUA, AUtdhepeHLManbHOro
ypaBHeHus (6.1), KOTOpOe TeMepb CNeAyeT pasnyath A4S ABYX YUYACTKOB: 10
TOYKM NOJK/OUEHUS HArPY3KM 1 MOC/E HEe:

1-1/Rppd/ +(L)/ dL npy L <L,
i(L) =i (6.15)
T-1/Rpd/ (L)/ dL+ 1, npul 3Ly
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®dyHKUMA i(L) Npu nepexo/ie Yepe3 TOUKY MPUNOXKEHNA COCPE0TOUEHHO
HarpysKun MoXeT U3MEHUTb CBOM 3HaK.

6) B TouKe pacceveHna Tpyobonposoja

B Touke pacceyeHusi TPy6OMNpPoOBOAa WM Ha ero KOHLE, ecin 3[ech He
NPWoXeHa BHeLHsAs Harpyska ( 1, = 0), cnpaBeiMBo yc/ioBume

i(L)=dj,(L)/dL =0 npuL=Lg, (6.16)

roe Ly - KoopAuHarta KOHEYHOW TOUKW TPyOOMpOBOAHOWN NMHUN UK TOYUKM
ToKopasgena, rae, o4eBuaHo i(Lg) = 0.

B) B y3ne pa3seTBeHNS

[ycTb B Touke L = L, , r4e npuaoXeHa cocpegoTodeHHas Harpyska |p,
Tpy6b0onpoBoA, pa3BeTBNAETCA Ha T Ny4Yen, KaXKdblii N3 KOTOPbIX UMEET OT/INY-
HOe OT [pYyrux yaenbHoe NpPoAosibHOe COMPOTUBEHNE Ry M YAE1bHOE CONPO-
TUBMEHWe nonauumn Rys: (t = 1,2,...,T, pnc.6.3). B cOOTBETCTBMM C NPUHATLIM
Harnpas/IeHNEM TOKOB MIMeeM:

Puc.6.3.PacueTHas cxema

Ii- (L+is+.. +ip)+ 1, - JOL=0; (6.17)
nm O.=(0,+ ..+04+.+0.;)/2,
roe [/ 2 - noNoBMHA O/IMHbI 3N1IEMEHTAPHOI0 y4YacTKa, OTCYMTAHHOIO BAO/b

KOOZMHATHON ocK t-ro Nyya ¢ Hayasiom B y3/e pa3BeTBNeHUs; L1 - pacyeTHas
[/IHA 3KBMBA/IEHTHOIrO 3N1EMEHTAPHOIO YYacTKa /s y3na pasBeTBneHns. Oue-
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BUAHO, YTo npu T = 2 chopmyna (6.17) nepexogut B hopmyny (6.12) ansa He-
pas3BeTB/IEHHOro Tpybonposoaa, a npn T = 1 - Ana Harpy>keHHOI KOHCO/N.

Pasgenus (6.17) Ha [L v BOCMO/Mb30BaBLUMCL BblpaXkeHnem (6.14) ans
MIOTHOCTU TOKa yyacTKa, NpuaeM K 0gHOMY 13 OCHOBHbIX YpaBHEHWIA, CBA3bI-
BarOLLMX HenseecTHble j(L) nj (L)

T

j(L) - 2/Té’1l (1/Rupe) d % (L) / dL%= d(Ly L) I, (6.18)
t=

rfe COCTaB/SHOLAsA CO 3HAKOM A& €CTb CPeAHsst NNOTHOCTb TOKA YTEUKU B y3/ie
Pa3BETB/IEHMS, MOMEYEHHOM HEKOTOPOW KPUBOIMHEIHOW KOOPAMHATOM L.

6.1.4. Cuctema ypaBHeHUIN 08 060c06/1EHHON CeTun

MycTb NpoeKTMpyemasi TPYOONpPOBOAHAs CETb NPOM3BObHOW KOHDMUIypa-
umn (puc.6.4) ¢ TOKOBbIMM Harpyskamu oTaeneHa OT CYLLECTBYIOLLEA CeTH B
TOUKax TOKOpa3zaena.

Lge
Puc.6.4. PacuyeTHaa cxema
Ans 060co6/1eHHON ceTu, rae
Im - TOKOBble Harpysku, Lg -
o TOYKWN TOKOpaszgena.

CucTtema ypaBHeHUI 011 Harpy>XeHHOM 060C061EHHOI CETU CKNalblBaeT-
CAl U3 YPaBHEHWIA, MOMYYEHHbIX BbILLIE, N UMEET BUA
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Ry (LYHLY+ pi (Am) [ H(E) &, L) 48— @y (L) = =0 (L) — o (L);
(L)

T

| 2 1 d%p (L)

=== D B (L L) (6.19)
t=1 TPt

F. Y

dr,

do, (L) dL =0 npn L=1L,.

Tak, nepBoe ypaBHeHue B cucteme (6.19) ecTb CUHTE3 ypaBHeHuWil (6.4),
(6.6) n (6.11), BTOpOE - (6.18), TPETLE - (6.16).

PelleHune ceteBoi 3afaun (6.19), BBUAY ee CMOXHOCTM A4/19 CETU MPOm3-
BO/IbHOI KO(hurypawumm, BO3MOXHO /INLLIb YMNCNIEHHbIMW METOAAMM, WN3/I0XKEH-
HbIMU HKE.

6.2. UMCNeHHbI MEeTO/ pacyeTa CeTeBOM 3aayn

6.2.1. OCHOBHbIe MOM0XXeHUA MeToAa ANCKpPeTMn3aLn

3amMeHUM TPyOOMPOBOAHYO - CETb, KaK COBOKYMHOCTb MPOBOAHWUKOB C
YTEUKOI C paBHOMEPHO pacrpefeneHHbIMU napameTpamu, NPOBOAHMKAMU C
YTEUKOI C ANCKPETHO U3MeHSoLWMMMCS napameTpamun. C 3Tol Lenblo npej-
CTaBMM TPY6OMNPOBOAHYO CETb COBOKYMHOCTbIO MPSIMONMHENHBLIX OTPE3KOB
OVCKPETU3aLMM C HEM3MEHHBIMU B Mpefenax oTpe3ka napameTpamu. TOUKM
CTbIKa OTPE3KOB ANCKPETM3ALIMIN HA30BEM Y3NaMU ANCKPe TU3aLN.

3aKCpyem MOMOXKEHUE KaXKAOro y3na AUCKPEeTM3aLUMKU B [1eKapTOBON
CUCTEME KOOPAMHAT, NPOM3BO/LHO PacMosioXMB NAOCKOCTb X0y Ha MOBEPXHO-
CTW 3eMNM 1 HanpaBmB 0Cb 0z BHU3.

Y3Mbl AUCKPETM3ALMN LieNnecoobpa3Ho COBMECTUTL C TaKMMU XapakTep-
HbIMU TOYKaMK TPYOGOMPOBOAHON CETU KaK Y3/bl Pa3BETB/EHUS, KOHEUHble
(rpaHMYHbIE) TOUKU TPYOOMPOBOAHBLIX NMHWIA, YrNbl MOBOPOTA Tpacc, MecTa
pasMeLLEHNs KOHTPO/bHO-U3MEPUTENbHBIX MYHKTOB W MPOUYMMK KOHTPOK-
PYEMbIMM MPU 3KCNAyaTauun To4KaMu CeTu. [ Hepa3BeTB/EHHbIX 1 NPSAMO-
NINHENHbIX TPY6ONPOBOAOB Y3/bl AUCKPETM3ALMM CNefyeT Ha3HauMTb MPOU3-
BO/IbHO.
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[MapameTpbl 0Tpe3ka AuckpeTusaumm Ll mexay i-m 1 k-m cocegH1MM
y3namu, a UMeHHo, yaenbHoe npoaosbHoe conpoTusieHne ( Rypix ), yaenbHoe
conpoTtueneHne n3onauun ( Rysik ) U ctaumoHapHblin noteHuman ( Uerik ), Kak
Mbl YCNOBWU/INCL, OyaemM nonaratb Hem3meHHbIMW. [MapameTpbl i-ro ysna guc-
KpeTusau ( Rppi, Rusi, Ueri), NPY HEOBXOAMMOCTH, BYAEM BbIYUCNATL Kak
CpeflHMe M3 3HAYEHWNn NMapameTPoB CThIKYHOLLMXCA OTPE3KOB AUCKPETU3ALNN.
[Mpn 3TOM BBEAEM MOHATME LWAr gnckpeTusauuy L Ans i-ro ysna Kak rnosny-
CYMMY AJINH CTbIKYIOLLMXCA OTPe3KOB AMCKPeTM3aummn (Cm. Takxe qopmyny
(6.17))

Oi=(Ls+Lp+..+Li) /2, (6.20)

roe T - 4MC/Oo CBS3eid JaHHOr0 y3na AMCKPeTU3aUnm ¢ cocegHnmu; Li - aimHa
t-ro otpeska gnckpeTnsaumm, ucxogawero us i-roysna (t=1,2,...,T).

B meTofe AMCKpeTM3auuun Ans CEeTeBOWN 3afayn, B OTIMYME OT Knaccuye-
CKOro MeTo/a KOHeYHbIX pa3sHOCTeN, rae OTPe3oK AMCKpeTU3aumMm Ll ABnseTcs
NUWb “6e3bIMAHHBLIM™ aHaNoroM 6eCKOHEeYHO Masioro 3/1eEMeHTapHOro yyacT-
Ka dL, oTpe3oK auckpetmsaunm Ll “oBeLllecTsneH”, T.e. KOOPANHATHO Mpu-
Bsi3aH, €ro OCb OPMEHTMPOBaHA B NMPOCTPAHCTBE N UMEET Aa/leKo He 6ecKoHeu-
HO Many OJINHY.

Takoe npefcTaB/ieHVe B ONpPeeIeHHOM CTENEHN aHaIOTMYHO (DU3NYECKO-
MYy MOZEeNnpoBaHuio TpybonpoBoaa ¢ NOMOLLLI0 Habopa noc/efosaTe/lbHO Co-
eIMHEHHbIX OTPE3KOB-3/1EKTPOA0B, HANpuMep, TPYOOK, MOTrPy>KeHHbIX B 3/1eK-
TPOMIUT WM UHYIO MPOBOASALLYIO Cpedy, MOAEMPYIOLLY HEKOTOPbIA 00beM
3emnn. Metof (h3nNYecKoro MoAeMpoBaHnA B HeJasleKoM MPOLLIOM Bbl LWK-
POKO pacrnpocTpaHeH, HaunHasa ot KanbmaHa B.C. B 40-x rogax, 3atem 6naro-
naps paéoram JlesuHa B.M., KotenbHnkosa A.B., Mapksapgra IM.I., LLlakosa
B.W., TkaueHko B.H., Kynukosa A.A., To3oHu O.B., B.B.lNputynsl n gp.

Ho B anoxy BceobLleit KomMnbioTepm3aumm MeTo pruanyeckoro 1 aHano-
rOBOro mMofennposaHus bbi1 3amMmeH 60/1ee 3NPEKTHbIMU MeTOo4aMN YACIEHHO-
ro MOZENMPOBaHNA, Kyaa v 0THOCUTCA NnpefsiaraeMblii MeTOL, ANCKPETU3aLNN,

MeToa AUCKpeTu3auumn ABNAETCA B HacTosLLee BpeMs eAMHCTBEHHbIM, MNO-
3BONIAIOLLIMM peLlaTb CeTeBYHO 3afadvy, T.e. 3aflavy pacnpefeneHns ToKa n no-
TeHUMana B pa3BeTB/IEHHON TPYOOMPOBOAHOW CETU MPON3BOSILHON KOHQUIY-
pauunn.
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6.2.2. Cuctema ypaBHEHUIA ONA CETU C ANCKPETHLIMW NapameTpamu

B cOOTBETCTBMM C METOAOM AUCKPETUIALNN CUCTEMA YPaBHEHWIA CETEBOW
3agaun (6.19) pgomkHa ObiTb 3aMeHeHa ee KOHEeYHO-Pa3HOCTHLIM aHa/iorom
C/eflytoLLero Bmuaa

M
Rnsi + E-'ﬂj_kfk — P = Pa — Pogg - npH 1=1,2, ., A
k=1
{ , 4 ] opu 1=m;
! t=1 0 HHoe.

(6.21)
rae N- 4ncrio ys3noB gucKpeTnsaumnm; Ti- YMCNO Y3/10B HA CBASU C i-M; ji - UC-
KOMasi NJIOTHOCTb TOKa ANA i-ro y3na; j 1 - UCKOMbI NOTeHUWan i-ro ysana;
] tit - NOTEHUWan t-ro y3na, Haxo4ALWerocs Ha cBsAsn ¢ i-m ; Ll - paccTosiHue
mMexay i-M B t-M y3namu (OTpe3oK AMCKpeTusaumn); LL i - pacyeTHbI war
AMcKpeTusaumm ana i-ro yana; Rysi - (yaenbHoe CONpOTUB/IEHWE WU30NALUN;
] 3i - NOTEHUWaN 3eM/N; | ¢ri - CTaUMOHAPHBIA MOTeHUMan MeTanna; R ppit -
yAenbHOe NPOAO0/bHOE COMPOTUB/EHWE COOTBETCTBYIOLLErO OTpe3ka AUCKpe-
TU3auun; m - HoOMep y3na ¢ NOAKIKYEHHOW COCPefOTOUYEHHOW Harpy3kom Iy,
ik - KOA(ULUMEHT, yunTbIBaIOLWMIA BNUSHME K-ro oTpe3ka AUCKpeTM3auumn Ha
I-1 y3en n onpeaensemblii popmysoi

T, Lie/2

Qi =1/ (4p)é ikt dX (6.22)
t=1 0

Mpwn aTom Gjy BblUMCAAETCA MO hopmynam Tuna (6.11). Tak, ans t-ro ny-
ya k-ro ysna, ecnm nyy ropusoHTasieH, Umeem

G = 1/ sz +(Zk-Zi+di/2)2+l/ 0I’2+(Zk+ Zi+di/2)2;
r* = (X + X COS Qi - Xi)* +(Yi+ X Sinq ¢ - Vi)’ (6.23)
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Qu=arctg (Yk - Yi)/ (X - %),

roe Xs,Ys, Zs - KoopanHatbl s-ro ysna (s =i, k, t); d; - cpeaHuii guametp Tpy60-
npoBofa B i-M y3ne.

Cnepyet 3aMeTUTb, ULWLETCA BMSAHUE K-ro y3na Ha i-il. Mpn aTom B k-m
y3/le UCTOYHUK TOKa HaxOAMTCA Ha ocu Tpybomposoda, a NOABEpPXXeHHas
B/IMSHUIO TOYKa y3/1a i pacrosiokeHa Ha BHELUHeW MOBEPXHOCTU M30MALMK
Tpy6b0onpoBoa Mo ero HYXKHel 06pasyroLLeil.

6.2.3. PelleHne cucTeMbl YpaBHEHNIA

Anrebpanyeckyto CUCTEMY YypaBHeHWUI ceTeBoW 3agaun (6.21) ynobHee
NpeAcTaBUTb B MATPUUHON hopme

Aj'j T:_jS_jCT;
j- Bj =-17, (6.24)

roe A = {Ain - KBaapaTHas MaTpuLa, KoaghhuLUMEHTbI KOTOPOI OTpaxKatoT
(haKT HaNMMYMs B3aMMHBIX B/IMSTHUIA MEXAY OTPE3Kamn AMCKPeTU3aLmm

i ikt Rysj npu i =k;
Aik =i (625)

~

I Ak OCTaJ1bHOE,

roe i,k =1,2,...,N - npon3B0/IbHO Ha3HAaYeHHble HOMepa Y3/10B ANCKPETM3ALNN.

B cucteme (6.24) B - KBagpaTHad mMarpuua, KO3(UUMEHTbI KOTOPOW
{Bix }n ONpeaenstoT CBA3N U COMPOTUBNEHNS MEXAY Y3namu, U BblYNCNAKOTCS
o hopmynam:

—Uﬁﬁlzlf(&ﬁﬂﬁwj - mpm k=1

2
By =9 1/(AL &thﬁmlt ) - npH k=it (6.26)

] - OCTANBHOE.
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rge i - HOMep y3na AUCKPEeTU3aumnmn, HaxoaAaLerocs Ha CcBasm ¢ i-m; t - ycnoB-
HbliA HOMep OTBETB/IEHMS OT i-ro y3na, T;- Y1CN0 CBA3eN i-ro y3na.

OcTtasibHble MaTpuubl | 1, 3 ,J or B cucteme (6.24) - cTtonbuoBble BUAa
{ji I 6e3 ocobeHHOCTEN, 3a UCKNYeHneM ctonbua J = {J; }n, 0N
KOTOpOro

1 1n/ O npu i =m;
Ji =i
10 OCTa&/IbHOE,

rae m - HoMepa y3noB C TOKOBbIMW Harpyskamu |, .

CneflyeT HaroOMHWUTb, YTO 3a NONOXKUTE/TbHOE HanpaB/eHNe TOKa Harpy3Ku
|» MPUHATO HanpaB/ieHME U3 NUTAtOLLIEN CceTU B Tpybonposoa. CneaosatesbHO,
TOK KaTOHOI CTaHUWUN B TOYKE [PEHAXa - Harpyska oTpuuaTesibHas, a TOT Xe
TOK aHOAHOI 0 3a3eM/IUTENS - NMOMOXKMTENbHAS.

UTO KacaeTcsa rpaHMYHbIX YC/IOBUI Ha KOHUaxX TpybonpoBoaa (CM. TPETbE
ypaBHeHuMe B (6.19)), TO OHN aBTOMATMYECKWN BbIMONHAKTCSA NPU 3aroHEHNN
mMaTpuupbl B. Tak, ecnu i-i y3en KOHeYHbIn, To B hopmyne (6.26) ana amaro-
Ha/IbHOr o 3iemMeHTa By cnegyet npuHate T; = 1.

a) MaTpu4Hoe ypaBHeHME ANst N0 THOCTU TOKa

CKounm 13 cuctembl ABYX YpaBHEHWIA (6.24) HEU3BECTHYIO | 1, 41151 Ye-
ro YMHOXWM MepBOe ypaBHeHWe cfieBa Ha B 1 3aTem BblYTEM 13 HEro BTOPOe, B
pe3ynbTaTe Yero nosyynm OCHOBHOE ypaBHEHME CeTeBOM 3afayn B MaTpuu-
HOM BUAe

(BA-E)j=J- Bl:+t o), (6.27)

roe E - eauHnyHas matpuua pasmepHocTt N N, 3anosiHeHHas Besde Hynsamu,
KpOMe r1laBHOW AnaroHanu, rie 3afaHa equHuua.

B maTtpnyHOM ypaBHeHUU (6.27) MCKOMbIM SIB/IAETCA BEKTOP MIOTHOCTU
TOKA j.

B obuem cnyyae, NOCKO/MbKY BCe MaTpuLbl B ypaBHeHMM (6.27) oTpaxkatoT
(PM3MYECKYHO peaslbHOCTb WM MO3TOMY He MMET OCOOEHHOCTEW, peLleHue
MOXXHO NpeAcTaBUTL B BUAE
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i=(BA-E)'(J- Bj;-Bj«) (6.28)

rae (BA - E)™ - obpaTHas maTpuua.
CucTtema 60nee 3)(heKTUBHO peLLaeTcs CTaHAAPTHLIMK MeTodamu, T.e. 6e3
BbIYMC/IEHMSA 0OPATHBLIX MaTPULL,

6) dopmyna Ana pacyeTa pasHOCTW MOTeHUManoB Tpyba-"6nmskaa”
3eMJIs.

[Mocne onpeaeneHns BEKTOPA j BbIYUCAETCA Pa3HOCTb MOTEHLKWANoB Me-
XOy TPyoour 1 “6113KOIN” 3eM/eil UNK, Kak Mbl YXKe YCNOBWU/IUChL paHee B Tep-
MMHaX, MPOCTO Pa3HOCTbL NOTEHLUMAN0B TPyba-3eM/is

U=Ryj+jor. (6.29)

B) dopmyna And pacyeTa NoTeHumana 3emanm, BbI3BaHHONO TOKaMu
Tpybonposoaa

[MonesHa Ana fanbHeWwero aHanmsa (popmMmyna noTeHuMana 3emun, Bbl-
3BaHHOr0 TOKamu Tpy6onposoa

jar=Aqg (6.30)

roe j st - BEKTOp MoTeHLMana 3eMu, BbI3BAHHOIO TOKamMy yTeuku Tpybonpo-
BOZa, 3/1EMeHTbl KOTOPOro COOTBETCTBYIOT hopmyrne (6.7); A= {ai }n - KBaa-
paTHas MaTpuua, 3/1eMEHTbI KOTOPOW BbIYMCAAOTCA NO opmyne (6.22); j -
peLleHue cuctembl (6.27).

r) MaTpuryHoe ypaBHeHWe Anst NoTeHUuana Tpyoonposoaa

[na onpeaeneHnst NPOAObHbLIX TOKOB i HEOBXOAUMO 3HaTb MOTEHLMar
Tpybonposoaa j ;. ANa WCKIOYEHUSI N3 CUCTEMbI (6.24) HEM3BECTHOW | YM-
HOXWM BTOPOE YpaBHEHWE CeBa Ha A U BbIYTEM €ro 13 Nepeoro, B pesysbTare
Yero Nosy4nuM MaTpUUHOE YpaBHEHME A1 | ¢
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(AB- E)j:=AJ-j,s-jo (6.31)
OO6Llee pelleHne Ans noTeHUMana j  UMeeT BUf,

jT:(AB' E)-l(A‘J-jS_jCT)' (632)

0) MaTpuyHoe ypaBHeHMeE ANA YAeNbHOro ConpoTUB/IEHNA U301ALMN

Onpegennm BekTop R,;, MCX0AA M3 Pe3y/bTaTOB OMbITHLIX W3MEpPEHWA
Pa3HOCTM NOTEHUMaNoB Tpyba-3eMns B Mosie AeWCTBYHOLLE KaTOAHOW CTaH-
umu, T.e. 6yaem cumtatb U3BecTHbIMU U 1 DU - cTaumMoHapHbIA NoTeHUMas 1
CMeLLeHVe NoTeHUMana, Bbl3BaHHOe TOKaMy KaTOAHbIX CTaHLMIA, BO BCEX Y3Nax
nccneayemon ceTu.

Boigenum 13 matpuubl A = {Aitn, onpegensiemoint hopmynamm (6.25),
cton6eu ¢ Ry;. Toraa nepsoe ypaBHeHMe B cuctemMe (6.24) nonyyunT crnemyto-

Wwnin Bug (Npu gonyweHmn j = U ¢ ):
A J+Rpj-J=-]s - Ue, (6.33)

roe A’ - MaTpuua B3aMMHbIX BIMSHWUIA, YNIOMAHYTas B popmyre (6.30).
TaK Kak pasHOCTb noTeHuUuanos Tpyba-emna U = DU + U, 3adaHa v K

ToMy Xe DU = R,; J , TO NpUAEM K CUCTEME, aHa/lOrMYHON CUCTEME YPaBHEHWI
(6.24)

AJ-]j+=-]s5-U;
j_ Bj == J. (634)

ckniouas U3 cUCTEMbI, KaK 1 NPexae j ;, NonyyMM MaTpuU4Hoe ypasHe-
H1e OTHOCUTE/TbHO |

(BA’- E)j=J- B(j,+V), (6.35)
rnocne peLleHns KOToporo Hailgem R,; no dopmyne

w=DUj . (6.36)
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e) dopmyna Ana pacyeTa pasHOCTU MOTEHUManoB TpPydbl 0THOCU-
Te/IbHO BbIBGPAHHOM TOUKM 3eM/N

Ecnn ecTb HEOBXOANUMOCTb B BbIUUC/IEHU Pa3HOCTM MOTEHLINAIOB MeXy
TPYy60i1 N NPOU3BO/ILHOI TOUKOWN 3emn, TO hopmyny (6.29) cnemyet aornon-
HUTb

U=Ryj+D0 s+ U, (6.37)

roe Dj ;- HanpshKeHne Mexay nccneiyemon TOUKOM 3eMIn U TOYKOIA 3eMIN Ha
BHELLHe NoBepXHOCTN M30M14LmMmn Tpybonposoa.

Ona onpeneneHuns Dj ; BblumncnaoT no gopmynam (6.30) noteHuman 3em-
N, BbI3BaHHbI TOKaMu TPy6onpoBoa, ABaXAbl: A1 “ON3KOIN” TOUKMN 3eMI
-§ 31 (%, Vi, zi+di /2) n Ons KOHTPONMPYEMOI TOUKM - | 51 (X,Y,Z), MOCNe Yero
GepyT MX pasHOCTb

D s=] sr (XY,2) -] 52X Vi, zi+di/2), (6.38)

rge Xi Vi, zi +di /2- koopanHaTbl TOYKMU Ha MOBEPXHOCTW U30MAUMK Tpybonpo-
BOAA MO ero HUXXHe 06pasyHoLLEN.

Tak, npn z=0, X = X;, Yy =Y; onpeaenserca noteHumnan j 5. (x,y,0) Ha no-
BEPXHOCTW 3eMN Haj, OCbHo TPybonpoBsoaa.

>X) dopmyna and BbIYMUCIEHNSA NPOAO/NbHBLIX TOKOB TPybonposoia

Ecnu Bo3HMKaeT HeOO6XOAMMOCTb B BblUMC/IEHUW MPOAOSbHLIX TOKOB TPY-
6onpoBo/a, TO BbIMOMHAKT peLleHne cuctemol (6.31) 1 3aTem no 3akoHy Oma
HaxoOaT TOK i HA OTPe3Ke AMCKpeTM3auumn mexay k-m n kt-m cocegHumm y3-
namu

i kt = (J Tk ~ J T.kt) / ( I—kt R np.kt ) (639)

rae iy - CpeaHee 3HavyeHe ToKa KOHTPONMPYEMOTO YHaCTKa; | rk, | 1.kt - MOTEH-
LiMasibl Ha KOHLAX y4acTKa; Ly - A/IMHA Y4acTKa; Ryp - YAeIbHOE NPOAo/bHOE
COMPOTUB/IEHNE TPYOBI.
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6.3. PacueT Tpy60npoBOAHOIA CETU NPON3BO/ILHOWN C/TOXHOCTH

6.3.1. [lnakonTumka - pacyeT CeT/ Mo YacTam

YacTo paccmatpvBaeMast Tpyb6onpoBoAHas CeTb SBNSETCA YacTblo 60/ee
KPYMHOW CETK, pacyeT KOTOPOI UM BbINOJSTHEH paHee, UM He MpeanonaraeTcs
B HaCTOALLMA MOMEHT. 3afjaya COCTOMT B TOM, YTOObI, pacCUNTbIBas TOMbKO
OlHY YacTb CETU - N0J06MACTb CETHU, - YUECTb BNUAHWE APYTOiA.

PeLleHne nofo6HbIX 3a4a4 BeayT MeTodamMn AMaKoMTUKKU, YTO 03HAYaeT
pacuyeT Mo yacTsAMm.

OTCeyeHNe YacTu CEeTH BbI3OBET MCKaXKEHWE NOJSA B OCTaBLLEWCS CETU, Aa-
Xe ec/in OTCEeYEHHast YacTb He MMeeT TOKOBbIX Harpys3ok. Ecnm e oTépachbl-
BaTb TPYOOMPOBOAHbIE CETWN, HArPY>KEHHbIE KaTOAHLIMK CTaHUMAMK, UK pac-
ceKaTb PefibCOBYIO NIMHUIO MarncTpasibHO YKeMe3Ho A0poru - MOLLUHbLIA UC-
TOUYHUK 6MY)KAAIOLLMX TOKOB, - TO UCKAXXEHWS B OCTaBLLIEIACS CETU MOrYT BbITb
HeA0NYCTUMO 60MbLLIMMN.

Pacuet no yacTsiM 4acTo HEOO6X04MM B CBSI3W C OFPaHMYEHHOCTbH) OCHOB-
HO OnepaTMBHON MaMsATX KOMMbHOTEPA M Npobnemamy 3aaeiicTBOBaHNA A0-
MOMHUTENbHOM NaMSATU NPU PELLEHUN CUCTEM YPaBHEHUIA BbICOKOrO nopsiaka
npsAMbIMU MeToAgamn. OfHaKO OCHOBHas MpUYMHa NPUBIEYEHN MeTOA0B Ana-
KOMTUKK - OTCYTCTBME HEOBXOAMMOCTM pacyeTa COCeAHEN, Kak npaBuno, cy-
LLEECTBYHOLLIE TPYOONPOBOAHO CETU, KOrAa BHOBb CTPOSILLMIACS, MNOANEXKALLNN
pacyeTy, y4acToK OTHOCUTENbHO Mas 1 TpebyeT Heb0bLLOro Tpyaa npu nog-
FOTOBKE W BBOJIE UCXOAHBIX AAHHbIX.

MO>KHO npeHebpeyb BAUSHMEM OTCEKAEMOM CETU, ECIA, HAaNpPUMEpP, B MEC-
Te CTbIKa 3aMpoeKTMPOBaTh 3MEKTPMUECKOE pacceyveHne TpybonpoBoaos ¢ Mno-
MOLLIbIO  M30NUPYIOLLLErO (h1aHUEBOrO CoefuHeHns. OaHaKo B 3TOM Cy4ae
HeMb3si NpeHebperatb TeM ()akTOM, UTO TOKWM aHOAHbLIX 3a3eM/IMTENEeR KaToj-
HbIX CTaHUWIA, AENCTBYIOLUNX B OTCEKAEMOW CETU, BbI3OBYT MOTEHLMA/IbHOE
rone j ; B paccyMTbIBAEMO MOA06MACTM, MOCKOMbKY 3eM/0, Kak Tpybonpo-
BO/l, MPOCTO TaK OTCEeYb Hefb3A.

A, HanpoTMB, NHOra eCTb HEO6XOAMMOCTb MPOaHaIN3MPOBaTb CUTYALINIO
C BO3MOXHOCTbIO 3alMTbl BHOBb CTPOSLLErOCA y4acTKa CeTU 3a CUET YXKe Cy-
LLLECTBYIOLLIEA CUCTEMbI KaTOAHOW 3alnTbl B AEMCTBYHOLIE CETU AN TOro,
4TOObI HEe CTPOMTbL HOBYHO KaTOAHYH CTaHLMIO.
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BepoATHO, yunTbiBass NPUGIMMXKEHHOCTb KOPPO3NOHHLIX pacyeToB BOOOLLE,
MOXXHO B psfe C/y4vyaeB MnpeHebpeyub (PaKTOM pacCeyeHus CEeTU WM YYeCTb
3)heKT B3aMMHOI0 BAUAHNA MPUBNMKEHHO.

6.3.2. CeTb KaK COBOKYMHOCTb ABYX N0A06NaCTeN
C OJJHOM TOUKOW CBA3N

PaccmoTprM BHavase NPoCTEMLLNIA CNyyait CTbiKa ABYX NogobnacTei cetu
Mo puc.6.5.

Puc. 6.5. Llenb cBA3X Ha CTbIKe
ABYX nogobnacTten.

[MycTb ABe NoA06/1acTy TPYOONPOBOAHON CETM M U N CTbIKYHTCSH OAHOM
LLenbto CBA3KW. 11 TOUKKU CThbIKa CrpaBei/MBO YpaBHEHME, aHaOrM4yHoe Bbipa-
YKEHUIO 3aKkoHa OMa A1 MoIHOM Lenu

ls=( m-] m)/ (Rm+Zn +2Z), (6.36)
roe le; - TOK NepeTeKaHnsa Ha CTbIKe; | tm, ] - NOTEHUMasbI TPYOONpoBoaa B
TOUYKax CTbIKa COOTBETCTBEHHO B M1 M N-i1 Nof061acTaX, onpeaenseMble npw
OTCYTCTBUW CBA3U; Ry, - CONPOTUBIIEHME LIEMW CBA3M MEXY TPY60npoBoaamu;
Zm, Z , - BXO[IHble CONMPOTUB/IEHUA CETN B TOYKAX CTblIKa Ml K N-il nogobna-
CTel.

Ecnn mexay TpybonpoBogamu B CTbIKE OTCYTCTBYET 3/IEKTPUUECKas ne-
PEMbIYKA C 3aflaHHbIM CONPOTUB/IEHMEM, HaNpuUMep, TPYO6ONpoBoabl coeanHe-
Hbl Ha CBapKe, TO cnedyeTt NPUHATL R 1, = 0.

BxoflHOe CONPOTUBMEHNE CeTU “NO Aanekoin 3emne” ( Z ) B KaKOn-nmoo
TOUYKe eCTb YaCTHOE OT Ae/IeHMs NOTeHUMana / ; 3TOW TOUYKM Ha TOK COCPe[o-
TOYEHHOW Harpysku |, Bbi3BaBLUEMY 3TOT MOTEHUMAN U NPUIOXKEHHOMY B pac-
CMaTPUBaEMOiA TOUKe, T.€.
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Z=j./1. (6.37)

TakmuM 06pa3oM, AN onpeaeneHns BXoAHbIX CONPOTUBNEHUIA Z, N Z, He-
06X0AMMO PeLLNTb CUCTEMY OTHOCUTESIBHO j + COOTBETCTBYIOLLIEW NOA061aCTH

(AB- E)j,=AJ- U, (6.38)

3a0aB B BeKTope J = {Ji }n eANHUYHBIA TOK Harpy3ku | = 1 051 TOYKK CTbIKa,
T.e. npuHAB Ji=1/ DL w nonaraa J; = 0 Ana apyrux y3nos. 3Ha4YeHue j ; B
TOYKe CTbIKa ByAeT YNCNEHHO paBHO Z.

[Mocne oTbICKaHWA BENMYMHBI TOKa NepeTekaHusa l; 3afadya onpeneneHus
MIOTHOCTW TOKa B M1 nofobnacTn 6yaeT 3aKnYaTbCA B PELLEHUWN CNeayto-
LLLE CUCTEMbI YPaBHEHWIA

(BA- E)j=J+Js- B s+ &+ Usr) (6.39)

roe Jes - BEKTOP MIOTHOCTU TOKa MepeTekaHns KakK 3KBUBAIEHTHAs Harpyska
TOYKM CTblKa Mnogo6sacTu

1 1! O npu i =s;
Jes :{ Jesi }N ’ Je.i=1
T0 OCT&/1bHOE;

j e - NOTEHUMAN 3eM/IX B MN0A06M1aCTW, HaBeleHHbIW N-NoA061acTbio C enH-
CTBEHHOW COCPefOTOYEHHOM HArpy3Kon |, BKIKOYEHHOW B TOUKE CThlKa B N-
nogo6nactu. Mpu 3TOM YCNOBMMCA CUMTaTb, YTO TOK |l BTeEKaeT B m
nogobnactb W BbITEKaeT U3 N-nofo6nactn, T.e. I, >0 and mt n Il < 0
ansa n-m nofo6nacTen.

[nsa onpefeneHns j ¢ B (6.39) HEO6XOAMMO CHaYana HamTN NIOTHOCTL TO-
Ka j, BbI3BaHHYIO B -1 N0A061acTv TOKOM - | , U3 YpaBHEHWS

(BA - E)j =-Jg- BUg , (6.40)
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a 3atem no dqopmyne (6.30) HaTK 3HAYEHNA | 5 B TOUKaX Mid nogobnactu,
MMes BBUAY, YTO B JAHHOM CNyYae j s = 37.

[Mprmep pacyeTa 1

Y3namu 1...5 Ha puc.6.6 3anaHa cylecTsyroLas Tpy6onposoaHas ceTb (N-
CeTb), K KOTOPOW MPOEKTUPYETCS NOAK/IOYEHNE HOBOIO TPybonpoBoaa C y3-
nammn 6...8 (MmceTb). Y3bl 3 U 8 NOAroTOBMEHbI A1 CBAPKM U HaxodAaTcs ps-
aoM. TpebyeTca HalTW pacnpefeneHne NoTeHUWana B TPy60onposoaax nocne
NX COEAUHEHNS.

a) i

\

5

Pnc.6.6. PacyeTHble CxXeMbl TPyO6ONPOBOAHOW CETWU: MCXoaHaa (a) u
pacceyeHHas Ha e nogobnactu (6), rae | - TOK KaToAHOW CTaHUMW;
les - TOK nepeTeKkaHus.

PacueT npoBeaem AMaKOMTMYECKUM METOAOM, T.e. KaXOyt Mnofo6nacTb
paccunTaeM B OTAENbHOCTU, BbIYUC/IUM TOK MepeTekaHus, Y4TEM B3aMMHbIE
BNUAHWUIA N0A06/MacTen U HalleM CyMMapHYH pa3HOCTb MOTeHUManoB Tpyba-
3eM/1. 3aTeM peLlnm Ty XKe 3aaady 6e3 pacceyeHns Ha Nogo6acT 1 CPaBHUM
pe3ynbTaThbl pacyeTa.

KoopanHaTbl Y3/10B AUCKPETU3ALMM N NPOUNE UCXOAHbIE AaHHble AN ce-
TW 3afaHbl B Tab.6.1. Pe3ynbTartbl pacyeta NPOCNEXEHbI HUXKE NO3TArHo.
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Tabnuua 6.1

>

X,M | y,M [MapameTpbl TPY60MPOBOOB
0 0 |nybuHa 3anoxeHnsa, z=1m
200 | O |[dvameTp u TonwwHa cTeHkK, d” t= 200" 6 MM
400 | O |YpgenbHoe conpoTmeneHue nsonaunn, R,;=100 Omm
500 | - 100 | Tok KaToAHOM cTaHuun, 1 = 10 A
600 | - 200 | KoopAnHaTbl pasMeLleHna aHOAHOro
500 | 100 |3a3emnuTens - X,=300, y,=50, ;=2 (m)
600 | 200 |YpenbHoe conpoTMBAEHNME FPYHTa, 7 = 30 OM'M
400 1 |CraumoHapHsbIii noteHyman, Ug =0

o ~No o hwNR|Z2

JT1an 1. BXoaHble conpoTuUBNEHNA A1 060C061eHHbIX N0A06M1acTen on-
pegenmm no ¢.(6.38) n (6.37):

anaysna3: Zn= 0,234 Owm;
anaysna8: Z,=0,517 Om.

Jtan 2. lNMoTeHuman j ; NP1 YCnoBuwu, 4TO TPYOOMPOBOAbLI pacceyveHbl U
coceaHAs nogobnacTb 0THeceHa B 6ECKOHEYHOCTb, Bblumcmm no ¢.(6.32):
anaysna 3:j m= 2,012 B;
anays3na8:j ,=0
JT1an 3. Tok nepetekaHnsa BbluMcaMM no o.(6.36) :
Il = (2,012 + 0,0) / (0,234 +0,517 ) = 2,68 A.

JT1an 4. Pa3HOCTb NnoTeHUManoB Tpyba-3emna U ¢ yyetom J 1 Jgs, HO Npu
j s =0 1 U,=0, onpegennm no dgopmynam (6.39) n (6.29), a pe3ynbTaThbl 3aHe-
cem B Ta6/1.6.2.

Tabnuua 6.2
nn JTan 4 Jrtan 5 Stan 6 | 3ran 7
TOYEK | n-CeTb MCeTb N-ceTb MCeTb
1 -1,163 -0.062 -1.224 | -1.201
2 -1.114 -0.044 -1.158 | -1.136
3 -1.081 0.180 -0.901 | -0.915
4 -0.926 -0.027 -0.953 | -0.936
5 -1.095 -0.047 -1.142 | -1.124
6 - |-0.858 - 10.036 -0.822 | -0.962
7 - 1-1.046 - 10.055 -0.991 | -1.139
8 - [-1.059 - 1-0.092 -1.151 | -0.963
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JT1an 5. Pa3HOCTb NOTeHLUMaNoB Tpyba-3emnst U C YY4ETOM j ¢z, HO NPU Jgg
= 0, Bbliumcanm no gpopmynam (6.39) n (6.29) (cm.1a611.6.2).

JT1an 6. ickomoe 3Ha4yeHMe pasHOCTW NOTeHLManoB Tpyba-3emns U, T.e.
C YY4ETOM J, | o U Jes, HA[EM KaK CYMMY pPe3y/ibTaTOB pacyeTa Ha aTanax 4
n5 (tabn.6.2).

Jtan 7. VICTMHHOe 3HayeHWe pPasHOCTU NOTeHLUManoB Tpyba-3eMna 4/
HEpacCeYeHHOW CETU - TaM XE .

Takum 06pa3om, NOrpeLlHOCTb pacyeta (CpaBHM CcTONGeL, 3Tam 6 co
cTonéuom atan 7 B Ta6/1.6.2) B pacCCMOTPEHHOM NPUMepe BOJIHE MPUemMema,
XOTA O/ HEHarpy>XeHHoW nogobnacT (mcetb, T.e. y3/bl 6...8) OHa gocTuraert
14%, B TO e Bpems Ans 0CHOBHOW (y3/ibl 1...5) He npe.bIwaeT 2% .

Bonee TOro, y4eT j ,; He MOBbILWIAET TOYHOCTM pacyeTa (CpaBHM B 3aKpa-
LeHHoW cTpoke: U=-1142 B -Cj ¢z, U=-1,095B - 6e3j 5, U=-1,124 B -
TOYHOe 3HayeHune). CneaoBaTenbHO, 3TOM COCTaBNSOLLEN, BEPOATHO, MOXHO
BooOLle npeHebpeyb, T.e. A4 KOMMeHcauuu coceaHeil nogobnacTu gocrta-
TOYHO YUYNTbIBATb TONbKO TOKOBYH HAarpysky li; B TOYKe pacceyeHusi co
CTOPOHbI UCCNeyemoin nogobnacTw.

[Mpy BbIYMCNIEHUM TOKA MepeTekaHna MOXXET BO3HMKHYTb npobnema 3aja-
HUA NOTeHUMana / 1 CO CTOPOHbI CYLLECTBYIOLLIEN CETU, MOCKO/bKY B pacrops-
YKEHUWN MCcnefoBaTens NULb PA3HOCTbL MOTeHUKWanoB Tpyba-"6nm3kasa 3emns”
U. OueHnm norpeLuHocTb 3aMeHbl / + Ha U 1 UCNob30BaHNA BMECTO (hopMy/
(6.36) 1 (6.37) 60nee AOCTYNHbIX DOPMY/I, UMEIOLMX BUA

ls=(Um - Un)/ (Zun +Zwn); (6.41)
Z,= DU/, (6.42)

raoe Z, - BXO[IHOe COMpOoTUB/IEHNE MO “613KO0I 3eMne”; LU- CMELLIEHNEe pas3Ho-
CTW NOTeHUMaNoB Tpyba-3emns, Bbl3BAHHOE TOKOM |, NPUIOXEHHbIM B 1CCrie-
nyeMoW TOYKe TPy6onpoBOAHON CETU.

Cpasy cnefyeT 3aMeTUTb, YTO MOCKONbKY OJ =/ - / su U= 0J + U,
TO MOrPELUHOCTL OT 3aMeHbl hopMynbl (6.37) Ha (6.42) MUHMMa/IbHA, eC/in OT-
cyeT 3HavyeHumin U B (hopmynax (6.41) n (6.42) BeCTU OTHOCUTENNbHO OAHON W
TOW >Ke TOUKN 3eMAu, T.e. 06ecnevnTs ycnosme / ;= const n U = const.
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[Mprmep pacyeTa 2

PaccmMoTpyM Ty ke TPyO6ONpPOBOAHYHO CeTb, HO BbIYMC/IMM TOK NepeTeka-
HMA He no .(6.36), a Yepe3 NOTeHUMabl TPYO60NPOBOAOB MO “6/13KO0I 3emsie”
(Un, Un). I3MeHeHnA B METOAMKe pacyeTa KaCHYTCA NULLb MePBbIX TPeX aTa-
MoB MpeAaplayLlero npumMepa pacyera. 34ecb, Kak U paHee, 0Oyaem nosaratb
Be3ne U, = 0.

MycTb y3nbl 1...5 npuHagnexar K cywecTBYyoLlen ceTun (n-ceTn), a y3/bl
6...8, KaK 1 npexae, K NPoeKTUpyemMoin (mcetn).

Jtan 1. BxoaHoe conpoTuBEHME “No 6/1IM3KOMN 3eMne” O/1s CYLLEeCTBYHO-
LLE CeTV B TOUKe CTblKa OMNpefdenm Mo pesy/nbTataM HaTypHbIX MCCneaoBa-
HUWA. NS 3TOr0 BK/IKOYMM BPEMEHHYHO KaTOAHYH CTaHLMIO B TOYKE CTbIKa,
nposefem nsmepeHnsa | 1 U, nocne 4yero BbIYNCINM WUCKOMOE COMPOTUB/IEHNE
no goopmyne (6.42).

[MonoXkeHne (MUKCMPOBAHHON TOYKW, TaKXKe KaK W MOMOXeHWEe aHO4HOro
3a3eM/INTENS BPEMEHHON KaTOAHOW CTaHUMW, - MPOM3BOJIbHOE. B OaHHOM
npumepe 4S9 BPEMEHHON KaTOLHOW CTaHUMW Oblfl UCMOJb30BaH CYLLECTBYHO-
M1 aHOAHbIV 3a3eMNTeNb C KoopanHatamn x, = 300, y, = 50, z,= 2 (M), UTO B
06LLEM He NNLLEHO CMbICNA W B IeNCTBUTENBbHON NPaKTUKE.

C uenbto “3afaHns pe3ynbTaToB HaTyPHbIX M3MEPEHWIA” BbIMOJHUM pac-
yeT N-cetu no opmynam (6.27),(6.32), (6.34) n (6.42).

B 1a6n.6.3 npvBefeHbl pe3ynbTaTtbl pacyeTa Zy, CYLEeCTBYIOLLER CeTh npu
Pa3INYHbIX 3HAYEHNAX KOOPAUHAT (PMKCUPOBAHHON TOYKU U eANHUYHOM TOKE
Harpy3ku (1 = 1) BpeMeHHOI KaTO4HOI CTaHLMN.

Tabnuuya 6.3
KoopanHatbl QUK- .
Bapvl- CU p.ﬂ. - Cb ] 3 Zun ) Zn )
POBaAHHOW TOUKMN,
aHTbI B Om Owm
X,¥,Z, M
1 450, 0,0 - 0,009 0,196 0,205
2 400,50,0 0,014 0,219 0,205
3 400,1,0 - 0,048 0,157 0,205
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[Mpn 3TOM | 5 - CYMMapHbIii NOTEHLMaN 3eM/IU, BbI3BaHHbIA BCEMU TOKamu
B 3emne. [Mockonbky j=U +],, a yncneHHole 3HadeHna U n Znpn | =1
COBMafaloT, TO BXOAHOE COMNPOTUB/IEHME MO “Oanekoin 3emMne” O6yaeTr paBHO
Z,=] +/1=0,205 Om BO BCeX Tpex Cy4asx.

AHa/IOrMYHO NOCTYNUM W C NPOEKTUPYeMOiA ceTblo (Y3/bl 6...8), T.e. By-
[eM nonaratb, YTO OAMH MOJMIOC UCTOYHMKA eAMHWUYHON TOKOBOW HarpysKu
MOAK/HOYEH K TOYKe 8, a ApYyroi - B 3em/ie B TOUKe PacrosiodXeHNst aHOLHOro
3a3eM/IMTENSA BPEMEHHOW KaTOAHOM CTaHLNN.

Tabnuua 6.4
Bapu- KCCI)/IOp,EI,I/IHaTbI cbvu_< i 7z | z.
AHTbY POBaHHbIX TO B om | Om
Yek, X, Y, Z, M
1 450, 0,0 - 0,031 0,462 | 0,493
2 400,50,0 0,014 | 0,479 | 0,493
3 400,1,0 - 0,049 | 0,443 | 0,493

[anee “nposegem nsMepeHre” pasHOCTK NoTeHUManos Tpyba-semna (U, )
B TOYKE BPE3KM CYLLIECTBYHOLLEIA CETWN, HArpy>XeHHOW KaTOAHOWN CTaHLUMen no
cXeme puc. 6.6,a Npu NOAHOM OTCYTCTBUM MPOEKTUPYEMOI ceTh (T.e. MCETb
oTAeneHa N OTHeceHa B GECKOHEYHOCTb). [pn 3TOM, Kak M npexae, oyaem
“n3mepsaTb” U, OTHOCUTENBHO (PUKCMPOBAHHbLIX TOYEK 3EMJIN.

PasHOCTb NOTEHUMaN0B Tpy6a-3eMns A/ TOUKM BPE3KN B NMPOEKTUPYEMON
cetn (Un ) NPUMEM paBHOW HYNMHO, T.e. TakKXe MpeHebpexxeM MpucyTCTBUEM
CYLLIECTBYIOLLLEI CETM N yuTeM, Y4TO NpUHATO U = 0.

Tabnuua 6.5
Bapl/l' Un, ICB! 0/40.
aHTbI B Zi, OM A A%
1 -1923 | 0658 | 2922 | 8.2
2 -2.158 | 0.698 | 3.092 | 13.3
3 -1547 | 0.600 | 2578 | 3.9
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B 1a6n.6.5 npmBefeHbl pe3ynbTaThbl pacyeTa TOKOB MepeTekaHus no ¢op-
myne (6.41).

VICTUHHOE 3HayeHue ToKa nepeTekaHws, BblYMC/EHHOE Yepe3 MoTeHuman
Mo “ganekoit 3emne”, paBHo l; = 2,68 A. B nocnegHeli rpae 1a6n.6.5 npmse-
[eHbl NOTPELLIHOCTN AAHHOTO MPUG/IMXEHHOro pacyeta OTHOCUTENbHO UCTUH-
HOro 3HavyeHus lq.

MocneaHss cTpoka 1abn.6.5 OTHOCUTCA K TOYKE Ha MOBEPXHOCTU 3eMIN C
OTK/IOHEHMEM OT Tpacchl Tpybonposoga B 1 M. O4eBNAHO, Takas NOrpeLlHoCTb
BMOJIHe Npuemsema.

Taknm 06pa3oM, METOAMKA BbIYMCNEHNS TOKA MepeTeKkaHns no BXOAHOMY
COMPOTUB/IEHWNIO, HaeHHOMY MO “6/M3KOIN 3em/1e”, MMEET MNpaBo Ha Ccylle-
CTBOBaHWe, 0COOEHHO ecnn n3mepeHns U BbINONHATb OTHOCUTENbHO OfHOW W
TOW >Ke N AeCTBUTENbHO 6M3KOM K TPybonpoBoay TOUKK 3eMIIN.

6.3.3. [1Be nofobnactu ¢ NPou3BO/bHbIM YMC/I0M CBA3EN

O6was 3afgava AMaKONTUKK - pacCeyeHne KPYMHO 06/1acTh Ha paf He-
60/bLUMX NOA06/1ACTEN-PANOHOB - MOXKET ObITb NMOCTaB/IEHA MPU PELLEHUM Ta-
KX CNOXXHbIX 00bEKTOB Kak TPybonpoBoAHasA CeTb Lefioro ropoga. Jaxe pe-
LLeHKMe 3afaun X3 ANd BHYTPUKBapTa/lbHOW Pa3BoOAKM, eC/iv pacCMaTpuBatoT-
CA pasHOpOAHble TPybONpoBOAHblIE CeTU Of4HOBPeMeHHO (raso-,Bofo-
TENIONPOBOAHbIE CETU), SABMSETCA TPYAHOW, HO paspeluMoi 3afaqvent, ecnu
BOCMO/1b30BaTbCA NpMeMaMn ANaKkonTUKN.

[MycTb mcCeTb CBfA3aHa C N-CeTb0 B Q Toukax. BKNHOUMM B TOUKAX CTbIKa,
KaK 1 npexznae, KOMNeHCUpPYHoLLMe Harpyskn - TOKU nepetekaHns ey, roet =
1,2,...,Q, 1 HanpaBMM MX TaK, KakK NokKasaHo Ha Cxeme puc.6.7, T.e. U3 N-CETU B
MCeTb.

Tenepb 3HaYeHMe ToKa nepeTekaHms B t-i Touke ( let) OYAYT 3aBUCETH HE
TO/IbKO OT Pa3HOCTW MOTEHLMANO0B Ha 3TOM CTbIKe, HO M OT BE/IMYMHbI TOKA B
cocefiHen uenn cBsA3n ( legs), HaNpUMep, B ToUKe S. TOKM MepeTekaHus, Takum
06pa3oM, CBsi3aHbl CUCTEMOW YpPaBHEHWIA, KaX[0e W3 KOTOPbIX YYUTbIBAET
B3aMMOB/INAHNE CETEN, HArPY>XXEHHbIX TOKaMW NepeTeKaHus.
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Puc.6.7. PacuyeTHaa cxema Ans
[BYX CETEN, CTbIKYIOLLMXCA B psi-
[le TOYeK.

[ns uenn cBs3n B t-M CTbIKE MOXHO 3anmcaTb YpaBHEHME aHa/NorMyHoe
(6.36)

lest Rest = (J TNt~ D] T.nt) - (J mt T D] T.mt); (643)

roe lest, Rest - TOK M CONPOTUBAEHNME t-i1 LENWN CBA3Y; | tnt, | t.mt -- NOTEHLMA
Tpy6onpoBoaa B t-M CTbIKe COOTBETCTBEHHO B N-CETU M MCETN NPU YCNOBUN,
yTo ceTu pasfeneHbl; Dj 1nt, Dj 1mt - CMELLEHNA NOTeHUMana TpybonpoBoaa,
BbI3BaHHbIE TOKaMW NepPeTeKaHUs, 1 OnpeaenseMble COOTHOLLIEHUAMY

Q

Dj TNt = él( Zntns - Znt.ms) less ;

(6.44)

Q
Dj M= él (' Lnins t Zm.ms) lsss

roe Q - KO/IMYECTBO CTbIKOB Mexay nofAobnactaMu; Zpins - CONPOTUBNEHNE
BMIMSIHWSA NO ““Nanekoi 3emne”, T.e. HEKOTOPbIE, NoA/exalle onpeaesneHnIo Ko-
A hMUMEHTDI, OTpaXKatoL e (hakT BIMAHNA /7-CETU C TOKOM | B TOUKE S Ha
TOUKY t B /m-ceT. B YyacTHOM cny4vae Zp i - €CTb BXOAHOE CONPOTUBNEHNE /17
CeTu B TOYKe t no “aanekon” 3emne. C Lenbo Aa/bHENLWEr0 BbIUNCNEHUS Z s
3TOT KOI(PMLUMEHT LieNecoobpasHo TPaKToBaTh Kak MoTeHUuWan Tpyoonposoa
/+ B TO4YKe t, HaxoasLlenca B /17-CeTU, BbI3BaHHbIAN N-CETbIO C eANHNYHOW
TOKOBOM Harpy3Koi B TOUKE S.
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3Hakun nepep KospduumeHtamu B (.(6.44) onpenenstoTca NPUHATLIM Ha-
paBneHNeM TOKOB MepeTekaHus: U3 N-CeTn B mceTb (CM.puc.6.7). Ecnn B pe-
3ynbTaTe pacyeTa OKaXKeTcs, YTO I < 0, TO B AEMCTBUTENLHOCTM TOK Harpas-
NeH U3 MCEeTU B N-CeTb.

Mocne noactaHoBkK (.(6.44) B (6.43) NOMy4YMM CUCTEMY YpPaBHEHWUIA OT-
HOCUTENIbHO TOKa MepeTeKkaHus

Q
o]
al ( Zotns = Zotms = Znins T Lot ) les.s TRest lest=
S=

_:j nt - J T npu t= 1,2,...,Q, (645)

KOTOpasi B MaTPUYHO hopme UMEET BUA

Z 1= Ug , (6.46)

rae Z ={Zs}o - NPAMOYro/ibHash MaTpuLa CanemMeHTammn, Zis = Zuns - Znms
- Znins t Zoims + A¢Rest, Npnuem di=1,ecm t=s u d;=0, ecnn nHaue;
Ucs ={Ucs }o - cTONGLIOBaS MAaTPULA, Ues t =] tnt= | r.mt-

Koath(uMeHTbI MaTPUL, BbIYMCTAKOTCA MO MPUBEAEHHBLIM Bbille (HopMy-
nam.

Kak Ob1/10 0TMEYEHO, BIMSHWMEM TOKa NepeTekaHus, Kak Harpysku, BKJILO-
YEHHOW B COCeflHel MoAo6nacTu, MOXKHO MpeHebpeyb. DTO 03Ha4aeT, yTo B
afeMeHTax MaTpuLbl Zi MOXHO OT6POCUTL COCTAB/IAIOLLME CO 3HAKOM MUHYC,
T.e. Zntns U Zptns - TAKXKE 00bIYHO HET HEOBXOAMMOCTU B yyeTe Rgs:. OcTas-
LUMecs Ko3(h(ULUMEHTbI €CTb BXO[Hble COMPOTUBEHUA CeTeW MO “Oanekow
3eM/1e”, KOTOpble, KakK MOoKa3aHo, Npu HeO6X0AMMOCTU MOTYT OblTb 3aMEHEHBI
Ha BXOAHble CONPOTUBNEHNSA NO “6nKn3Koil 3emne” no i.(6.42). B aToM cnyyae
cocTasnsowme maTpuubl Ut OOMKHbI ObITh 3aMEHEHbI Pa3HOCTSMMW MOTEH-
Luanos Tpy6a-"6nuskas 3emna” (Unt M Um).

Mocne peweHuns cuctembl (6.46) 3agada npuBoanTca ¢ cucteme (6.39), rae
MPMHMUMAIOT | ;s = 0, ecnmn oTbpoLLEHbl KOINPUUNEHTBI Zntns U Zntns -
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6.3.4. CeTb KaK COBOKYMHOCTb HECKO/IbKUX NOA061aCTEN.

Hanbonee cnoXHas cuTyaums - pacyeT CeTell C COTHAMMU UK JaXe TbICA-
4yaMu y3/10B, KOra BO3HMKAET HEO6XOANMMOCTL B PaCCeYeHUN CeTU He Ha [iBe, a
MHOXeCTBO noao6nacteil. Hanpumep, cTaBUTCSA 3afadvya PEKOHCTPYKUUN W,
ClefoBaTefibHO, MepepacyeTa KaToOAHOW 3aliMTbl TPYOONPOBOAHbLIX CETeN Lie-
NOro ropoja.

B o6LeM 3afa4a Masno OTIMYaeTCs OT MOCTaB/IEHHOW BbILLIE N CBOAUTCH K
OTbICKaHWMIO TOKOB MepeTeKaHns Mexxay BceMu nogobnactaMvm 04HOBPEMEHHO,
T.e. K peLweHnto cuctembl (6.46), rae Q - obuiee YMcno CBA3EN MeXay BCEMU
nogobiacTamu,

[NocnepgoBaTenbHOCTL pacyeTa CeTeBoWA 3afiayn cneayroLlas.

OT1an 1. Pa3bveHune ceTun Ha NogobnacTw.

OnTnmanbHas cxema pasbneHuns 6yaeT onpeaenaTbcsa 06LWMM YNCIOM Y3-
NOB ANCKPETU3aUMKn peLlaemoit CeTn 1 AoMycKaeMbIM - B COOTBETCTBUM C pe-
cypcamy KOMMbioTepa U NPUKIafHo Nporpammbl - YACIOM Y3/10B ANCKPETU-
3aumm nopobnactn (N). Mpu atom N _ecTb MOPSOAOK CUCTEMbl YpaBHEHWUM
(6.27), KOTOPYIO B COCTOAHUM PELLMTL AaHHas KOMMbIOTEPHas Nporpamma.

JT1an 2. OnpefeneHve noTeHuuana TpyobonpoBoAoB Ha CThIKax.

Ha kaxkgyto nogo6nacTb HAHOCAT KOOPAWHATHYHKO CETKY, BBOAAT COGCT-
BEHHYI0 HyMepauums Y3/10B U KaTOAHbIX CTaHUMWA, KOOPAMHATbLI aHOAHbIX 3a-
3eM/INTENEN, UX TOKW 1 NP. B COOTBETCTBUK C TpeboBaHWeM Mporpammsbl. Pe-
LLeHWe BeayT no i.(6.28), HO PUKCUPYIOT 3HaYeHNS NoTeHLUMana TpyoonpoBo-
Aa / + MMWb B TOYKaX CTbIKa.

Jrtan 3. OnpeaeneHne KOIPPUUNEHTOB B3aVMHOIO BAUAHUA O TOYEK
CThbIKa.

B s-i1 Touke cTbika mit nogobnactn (s = 1,2,..., Qm, rae Qm - YMCNO CTbl-
KOB [JaHHON No06/1acT) BKAKOYAKOT KaTOAHYH CTaHLUMIO C eAMHUYHOW TOKO-
BOW Harpyskou M C 3a3eM/nTeNIeM, OTHECEHHbIM B GeCKOHe4yHOCTb. Bce oc-
Ta/lbHble Harpy3ku nNoao6nacTu 3aHynatoT. PewweHve BeayT no ¢.(6.28), k-
CUPYS 3HAYeHNs | ; ANa ToYeK CTbiKa (t). YncneHHoe 3HaveHme KoapduumeH-
Ta B3aUMHOIO BANAHNA Zy s B TOUKE t 3TOW Nogobnact paBHO abCoMOTHOMY
3HAYeHWNIO NOTeHUMaNa j ; B 3TOW TO4UKe. PacyeT noBTopsAT Qp, pa3, MeHss
MOMOXKEHNE HArPY>XeHHOro y3/a S.
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AHaNOrMYHO rOTOBAT TA0/MLY 3HAYEHWNIA Zn s AN APYTUX MOA06MACTEN
(n=1,2,..., M, rae M- uncno nofobnacTein paccMaTprBaeMon ceTu).

JT1an 4. OnpefeneHne TOKOB NepeTeKaHns.

MonbupatoT napbl Znns W Zains, COOTBETCTBYHOLLME OAHOW LENN CBS3W,
CKNalblBalOT UX M NPMUCBaMBalOT UM MapHbIA MHOEKC B COOTBETCTBUM C pac-
KNafoM 371EMEHTOB MaTpuubl (6.46). Tak, ecnin p,q - UHAEKChl MaTpuLbl Z =
{qu }, p,g=12,..0Q, rae Q - obLlee YMCNO CBA3EN Mexay nogobnactamm
BCEl paccMaTpuBaemMoln CeTu, TO CneflyeT YCTaHOBUTb COOTBETCTBUE MEX[Y
NHAEKCaMNn Ny ® p N mgy ® q. locne nepenHaekcaumun, pewlas cuctemy
(6.46), HaxoOAT 3HAYeHNS TOKOB nepeTekaHns | .

3Tan 5. PelleHne OCHOBHOIO ypaBHeHMS.

Bktouasa KoMMeHCHpytoLLme Harpyskm e, a Takke Harpyskm aneKTpoxu-
MWYECKOI 3alinThl, pewwatoT cuctemy (6.39) ans no6oid /+cetn, Kak 060cob-
NEeHHOW NoAo6/1acTn, YTO AaeT 3HaYeHMs MIOTHOCTU TOKa YyTeuku Tpybonpo-
Bofa j. 3atem no .(6.32) HaxoAAT UCKOMYH pPa3HOCTb NOTeUmanoB Tpyba-
3emna U.

Ecnn pelueHo yyecTb nose B 3emMie OT TOKOB MepeTekaHus j ¢, TO Ha 3Ta-
ne 3 AOMOMHUTENIbHO OMNPEeAeNatT OTOPOLUEHHbIE KO3IPMUUMEHTbl Zpins U
Znins, KOTOPbIE Ha 3Tane 4 BblUUTAKOT M3 3HAYEHWNA COOTBETCTBYHOLMX KO-
(DALMEHTOB Z,, .

[Mpn NOCTaHOBKe KOHKPETHOI 3aaayn 1, Npexzae BCero, onpeaeneHns rpa-
HUL nogobnacTei, cnefyeT MMeTb BBUAY, YTO YyAaseHHbIMU Nogo6MacTAMM
OTHOCUTE/IbHO PaccMaTprBaemMoin MOXHO BOOOLLE MpeHebpeyb. 34ecb MOXHO
PYKOBOACTBOBATLCA COOCTBEHHbLIM OMbITOM KaTOAHOW 3alUWTbl. Tak, B C/OX-
HOW ropoACKOM CEeTU paanyc AeNCTBUA KaTOLHOW CTaHUMM 06bIYHO He MpeBbl-
waet 1 kM 1 yacto paBeH 150...300 m. No3ToMy BAUAHMEM [aXKe HE QYeHb
yAa/IeHHbIX NOA06/1acTel MOXHO NpeHebpeuyb.

6.4. ONTMM3aLMOHHbIE 3a0a4u SI'IeKTpOXI/IMI/I‘—IeCKOI\/’I 3allNThbI

Mpw peLLeHnn CeTeBOI 3a4a4m YacTo BO3HMKAET HEOOXO0AMMOCTb Onpese-
NeHNs oNTUMa/bHbIX MapaMeTPoB CUCTEMbl OX3, a MMEHHO, A0CTAaTOYHOrO
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(MHUMa/ILHOT0) KONMYECTBA KAaTOAHbIX CTAHLMIA 418 paccMaTPUBaeMOli CeTH,
MWUHMMa/IbHO [0CTATOYHOIO TOKAa KabKAOV M3 HUX MPU HEKOTOPbIX OrpaHnum-
BAlOLLMX YCNOBUSAX, Harpumep, 3aJaHHOM WHTepBa/ie 3HAUYEHWIA 3aUTHOro
NnoTeHUMaNa Ha 3afiaHHOW TePPUTOPUN, MUHUMYME CYMMAPHOro TOKa 3aLyTh
BCei ceTn u np. Takue 3aaun peLlatoTcs MeTodamu ONTUMM3ALUN U OTHOCST-
CA K 3ajayaM JMHENHOro NporpaMMm1pOBaHNsS C OrpPaHNYEHUSIMIA.

OAHMM 13 METO/0B, NO3BONAIOLLNX IPEKTUBHO peLlaTh NoJo6HbIe 3aa-
Un, ABNISIETCS CUMMNEKC-METO.

MycTb TpebyeTcs onpeaenuTb NapaMeTpbl ONTUMAIBHON cMCTeMbl X3
3a/laHHOV TPYOOMNPOBOAHOM CETWU, PYKOBOACTBYSCH CEAYIOLMMW OrpaHuye-
HUSAMW.

1. CyMMapHbIA TOK BCEX YCTaHOBOK OX3 MUHMMANEH.
B COOTBETCTBUM C CUMMIEKC-METOLOM 3TO O3HAYaeT, YTo TPebyeTca Mu-
HUMW3NPOBATL C/IEAYIOLLYIO LiefIeBYHO (DYHKLMIO

F=l+L+.. +1ly, (6.47)

rae l; - abCONOTHOE 3HAYeHWe ToKa i-il KaToJHOW CTaHLUMM N UX KOJIMYECTBO
(i=12,.,M).

2. HaBefeHHbIM 3allUTHbIA NOTEHLMaN BO BCEX Y3M1ax CETU He [0MKEH
ObITb MeHbLUe (M0 MOAY/0) MUHUMaIbHOTO 3aLLMTHOrO noTeHumana Usay, min.

[Ns BbINOSHEHUS 3TOr0 OrPaHNYEHNS CneflyeT yUYecTb CUCTEMY JIMHENHBIX
ypaBHeHWI

Zip i+ + Zig lk +oo.+ Zim I 2 Ui = Usay min, (6.48)
npmi=12,..N, k=1.2,..M,

roe U; - pa3HOCTb NOTEHUMAN0B Tpy6a-3emsist 6e3 3M1EKTPOXMMMYECKON 3aLLl-
Tbl; Zjx - BXOAHOE CONPOTUBEHNE NO “O/N3KOW 3eme” ans i-ro y3na npu yc-
NOBWUK, YTO e€AMHCTBEHHAA TOKOBas Harpyska pacnosioxxeHa B k-M y3ne. AHa-
NOrNYHbIN NapameTp onpeaeneH B .(6.44), HO No “ nanekon 3emne”. PaKTu-
yeckun npoussegeHne LJ; = Zi Ik ecTb 3aWMTHOE CMELLEHNE PasHOCTU NOTEH-
umnanos Tpyba-3eMna B i-M Yy3ne, BbI3BaHHOE K-l KaTOAHOW CTaHUMen npu
I, > 0.

3. HaBeaeHHbI 3allUTHbIA NOTEHLUMAN BO BCEX Y3/ax CeTU AO/MKEH ObITb
He 60/bLUe (Mo MOAY/H0) 3aaHHOI0 MaKCMMasibHOMo 3aLUMTHOMO NOoTeHLUMana .
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OrpaHI/ILIeHI/IFI dHaJ/10I'NYHbI N UMEKOT BUA

Ziy 1+ Zp o+ Zivw Im £ Up - Usaymax,

Loy 1+ Zp ly+..4 Zom Im £ Uz - Usayy max,
................................... (6.49)

Inili + Zng lp +o+ Zym Im £ Un - Uiy max,

4. TpoeKTHas BeNMYMHA TOKA KaTOAHOW CTaHUMWM He [O0/IKHa MpeBbIlaTh
HEKOTOPOro npefenbHOro 3Ha4YeHus lyay, Hanpumep, HOMUHaIbLHOIO TOKa ca-
MO MOLLHOI KaTOoAHOW CTaHUUK, AOCTYMHOWN MPOEKTUPOBLLMKY. ITO NPUBO-
ONT K cucteme n3 M orpaHnyeHunin snga

Ik £ lnax, TOE k=1,2,...,.M. (6.50)

BO3MOXHbI TakXKe Apyrue KomouHaumm orpaHn4eHmin. Ho BaXkHO, UTOObI
BCE YPaBHEHMS CUCTEMbI ObINN NMHENHO HE3ABUCUMBI, T.€. HU OAHO U3 HUX He
OO/MKHO NOMYYaTbCs Kak NMHEeHas KoMOnHaumsa apyrux. Kpome Toro cuctema
NO/MKHA ObITb COBMECTHOM, T.e. Cpean YpaBHEHUI He [0/HKHO ObITb NPOTUBO-
PEUNBBLIX.

Cuctembl ypaBHeHuid (6.48) - (6.50) coBMeCTHO ¢ ypaBHeHMeM (6.47) 06-
pas3yroT Habop MCXOAHbIX AaHHbIX, AOCTATOYHbIA AN CTaHAAPTHOW KOMMbHO-
TEPHOI nporpaMMbl MO cUMMNAEKC-MeToay. Ho Hago MMeTb BBUAY, YTO Nped-
BapuTEeNIbHO BCE HEpaBeHCTBa 3aMEHAIOT paBeHCTBaMW, BBOAS [OMOSHUTE b-
Hble NMepeMeHHble. B faHHOM cy4yae 06LLee YMCI0o NepeMEHHbIX paBHO 2M +
2N. MNpouecca peLleHns Mbl KacaTbCsi He Oy aem.

6.5. HennHenHas ceTeBas 3agava

6.5.1. MeToanKa pacyeTa NONAPU3ALIMOHHOW COCTABNAIOLLIEN

O6CcyxaeHWe posn NoNAPU3aLMOHHOW COCTaBNAOLLEN BblI0 NPOBEEHO B
rnase 5. 30ecb NPUBOOATCA TEOPETMYECKOE U 3KCMepUMeEHTa/IbHOe 060CHOBA-
HMe COOTBETCTBYIOLLIENO METO/1a pacyeTa.

YOensHoe COnpoTUBEHME M30NAUNN R,; COCTOUT M3 NOMSPU3ALINOHHOA
Rion 1 OMUYECKON Ry, COCTaBSIOLLMX
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Rus = Rnon + Row - (6-51)

[NonapmnsaLMoHHasa cocTaBAKLLLas.

byaem pasnumyaTb Rnon - YAENbHOE NIMHENHOE NOMSPU3aLMOHHOE COMpo-
TuBneHne (OMM ) n P - yaenbHoe NOBEPXHOCTHOE NOSPU3aLMOHHOE COMpPo-
TUBNeHve ( OMM? ). 3TV NapaMeTpbl CBA3aHbI CAEAYIOLLIMM COOTHOLLIEHNEM

P = pd Ruon Snop (6.52)

roe d - guameTp TPyOONpPOBOAA, M; Spop - KOINMULMEHT MOPUCTOCTW U30/N-
PYIOLLErO MOKPbLITUA KakK A0NS OF0/IEHHOM YacT NOBEPXHOCTM TPYObI Ha eau-
HYLLe ee noLagn.

Y fenbHoe nongpusaynoHHoe conpotueneHne (P) aenseTca doyHKUmMel, Bo-
NepBbIX, MMOTHOCTU TOKa B Mopax M30NAUMN ( jnep ), TaK Kak P 3aBMCUT OT
aKTMBHOCTM KaTOAHOro npouecca B [ABONHOM -3/1EKTPUYECKOM CNoe MeTasis-
3NIEKTPOSIUT W1, BO-BTOPbLIX, ONPeLenseTca NpoAo>KNTENbHOCTLI0 Nonsapusa-
uuu ( t), mockosbky P yBennumMBaeTcs Mo Mepe HaKOMIeHUA KaTo4HbIX COfie-
BbIX OT/I0XKEHUI, BO3HMKAIOLLMX Ha 3aLMLLaeMO NOBEPXHOCTU. Taknum obpa-
30M, P IBNISETCS CNOXHON PyHKLMen ToKa 1 BpeMeHn P=P(j,t).

COOTHOLLIEHME MEXAY MOBEPXHOCTHOMN jnop Y IMHEAHOW | NIOTHOCTAMMU
TOKa NMeeT BUf,

Jrop = J 1 (PdSnop) (6.53)

rAe Jnop - WCTMHHAA MNMIOTHOCTb TOKa B mopax u3onauuu (Ha cBo60fHON OT
N30MALMN MOBEPXHOCTU MeTaina), A/M% j - NnHeliHas NAOTHOCTb TOKa Ha
eAVHNLY ANMHBI M301MPOBaHHOIO Tpybonposoaa, A/Mm.

Ha puc.6.8 B KauecTBe npumMepa NpPeacTaBieHO CEMENCTBO KpMBbIX P =
P(Jnop, ) YAENBHOTrO NONAPU3ALIMOHHOIO COMPOTUBNEHNSA CTA/IN B PEYHO BO-
[e.

KpuBble MOCTPOEHbI HA OCHOBAHWUWN KPWBbIX 3apPAMKEHUSI U BPEMEHHbIX
MONAPM3ALMOHHbIX XapaKTepUCTUK. [1Na NOCTPOEHUSA KPUBLIX 3apsKeHNs 1c-
cnegyeMble 06pasLbl MeTa/1a BblAEPXNBAKOT B ra/lbBaHOCTATUYECKOM PEXMME
(j = const ) KaXablil NPY CBOEM TOKE B TeUYEHMEe HECKO/IbKNX MeCSLIEB, CUCTE-
MaTUYeCKM U3MePSa NX MOoNspu3aLMoHHbIi noTeHuman. Ha prc.6.9 npusene-
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Hbl TaKNE KPMBbLIE A1 CTa/IbHbIX o6pa3u,03 B HOPMaJ/lbHbIX YC/TIOBUAX B HEeW-

TPa/IbHOM 3/1EKTPONNTE.

L~

0 1 L L 1 L 1 1 1
1040 200 300 400 z00 A0 TaO jncp:*ﬂm"z

Pnc.6.8. YaensHoe nonspusaumMoHHOE. COMPOTUB/IEHNE CTaIn B HeW-
TpanbHOW cpefie Kak YHKUMA NJOTHOCTM TOKa B Mopax M30nsumuun
(Jnop ) W NPOJOMKUTENBLHOCTYM NOAApPU3aLmm (t).
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Prc.6.9. BpeMeHHbIE XapaKTePUCTUKM KaTOAHOW NoNspu3aLum HU3Koyrne-
POAMCTON CTaIn B PEUYHOI BOAE MPW Pa3NUHbIX NIOTHOCTAX TOKa, NOCTO-

AHHBLIX BO BPEMEHMN.
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OmMunYeckasa cocTasnAaroLLas.
[MpeacTaBnseT co60i CONPOTUB/IEHME 3/IEKTPONNTA B NMOpaxX U30NAUUN U
BblUMCNSAETCA NO popmyne

Row =T Nnop / (PdSpep) , OM'M, (6.54)

rae hnop - CPEAHAA AMHA MOPbI U30NALMK, M; I' - YAe/lbHOe COMpPOTUB/IEHME
aneKTponuTa B nopax, Om m.

Tak, ecnun NpUHATL hye = 0,01 M, TO 06LLasa hopmyna ANa yaenbHoro co-
NpoTMBAEHUS nsonaumm (6.51) nonyunt sug

Rus= (P +0,01r )/ ( pdspep), OMM. (6.55)

[Mpn ncnonb3oBaHUM 3TOM (HOPMY/bl CUCTEMA anrebpanyeckmx ypaBHeEHWA
(6.24), onucbiBarowan 3agadvy 9X3, CTaHOBUTCS He/IMHENHON BCeAcTBME TO-
ro, 4T0 KO3APPULMNEHTbI YPaBHEHWNIA, B KOTOPblE BXOAUT R,;, 3aBUCAT OT UC-
KOMOW NI0OTHOCTU TokKa. [leCTBUTENbHO, B COOTBETCTBMU C popmysoi (6.25)
Rys BXOOUT B AMaroHasbHblid 3n1emMeHT maTpuubl A. M03TOMy peLleHne Takoi
CUCTEMbI YPaBHEHWNIA HE MOXKET ObITb BbIMOTHEHO NPSAMbIMU METOAAMMU.

6.5.2. AAropmTM peLleHns 3agadm

MoAroTOBKY MCXOAHLIX AAHHBLIX U pPacyeT BbINOHAKT B Ananore ¢ KOMm-
NbIOTEPHbIMM nporpammMammn komnnekca APM-2X3-6I1 nnn APM-32X3-7T11,
Nnoapo6HoOe onucaHne KOTOPbIX MPUBEAEHO B rnase 7.

PeweHne ana U,y 1 ee COCTaBNAOLWNX ULLETCA METOAOM MOC/e0BaTe b-
HOro NPUGMKEHWS.

1. 3apatoT Hynesoe NpubamxeHne R, = const ncxoasa 13 Kayectsa M30Ms-
L Tpybonposoda. Tak, Ansa ropofckmMx razonposogos R,; 0ObIYHO NEXUT B
npegenax R,; = 25...150 Omwm.

2. OnpenenstoT KO3PAULMEHT NOPUCTOCTK NO NPUBIVXKEHHOR opmyne

Snop = Pep / (PdRys), (6.56)
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roe Pep - cpefHee oXujaemoe 3Haquv|e yAeNbHOro nosfApM3aLMoHHOro Cco-
NPOTUB/IEHNA pr6or|posop,a OM'M?. 3HauyeHne Pcp MOXHO NPUHATL U3 MHTEP-
Basa Pe, = 0,6.. 1,5 OMM2,

3.PeluatoT oCcHOBHOe ypaBHeHWe (6.27) M BbIYUCAAOT MJIOTHOCTb TOKA |
npwn 3a4aHHOM 3HaUYeHUN Ry;.

4. Mo dopmyne (6.53) onpenenstoT akTUYECKYHO MJIOTHOCTb TOKA B Mo-
pax U30NALNUN jnop M NO 3apaHee NOArOTOBMIEHHbIM TabAULAM WK TpaduKam
HaxoaAT 3HayeHna P = P( jpop, 1)

5. Mo dopmyne (6.55) BbIMMCNAOT HOBOE 3HAYEHWe YaeNbHOIro CONPOTMB-
NeHNA U30naunn Ry;.

6. Bo3BpalatoTcs K .2, TeM caMbiM BK/OUas UTEPALIMOHHbIV NPOLECC, W
BEAYT €ro A0 AOCTVXKEHUS NPUEMIEMON TOYHOCTW, CPaBHMBAsA NMOCNeAYtoLLee U
npeaplayLlee 3Ha4eHus j.

Mpumepbl pacyeTa MNONAPU3ALMOHHOM COCTaBNAOLLEA MPUBEAEHbI B
rnase 5.
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[naBa 7. MeToan4yeckoe obecriedeHue 3agad 9X3

7.1. KoMmniekc KOMMNbIOTEPHBLIX Nporpamm

[Na YncneHHOro pelleHuns 3agady X3 TpybonpoBO4HOM CETU B COOTBET-
CTBUW C TEOpWeRn, NpeacTaB/eHHOW B Npefblaylilen rnase, B Bonrorpaackoin
rOCYA4apCTBEHHON apXMTEKTYPHO-CTPOMTENBHON akafeMun Nof PyKoBO-
ACTBOM aBTOpa BeAYTCA NOCTOSAHHbIe PaboTbl NO CO34aHNI0 U COBEPLLIEHCTBO-
BaHWIO KOMMJ/IEKCa KOMMbKOTEPHbIX nporpamm cepum APM-2X3. 3a nepuog ¢
1981 r. 6bI/10 CO34aHO MHOXECTBO MOAY/eil U OTAeNbHbIX NMporpaMm, no3eo-
NINBLUNX OTbICKATb YA0OHbIE aNropuUTMbl pacyeta u yoeamTbCa B 4OCTOBEPHO-
CTN MeTofa. o3xe ObINN Co34aHbl MepBble BepCUN NPOgecCnoHaIbHbIX MpPo-
rpamm, KOTopble Obinn nepefaHbl B MPOEKTHbIE OpraHM3auumn pasinyHbIX ro-
pofoB Poccun ansa anpobaumu npegsiaraemMoro Metoga pacyeta v ydyeta no-
TPebHOCTEN NPOEKTUPOBLLMKA.

ABTOp 6n1arogaput PaboTHUKOB MPOEKTHbLIX WMHCTUTYTOB I./DKeBCKa —
«YAMYPTrpaxaaHnpoekT» n «MpomMnpoeKkT», NepBbiMK B3ABLUMMU Ha Cebs
TPYZ MO BbIAB/IEHUIO CEPBUCHbLIX HE0YETOB NMporpaMmMmnpoBaHus. ABTOp Ypes-
Bbl4ailtHO 006s3aH .M.I[ny36epry u3 «YKpHUUIrpaxaaHcenscTpon», KoTo-
pblid elle B 1986 r. nepBbIM CONOCTaBMN Pe3y/bTaThbl pacyeTa X3 ¢ pesynbTa-
Tamu NOJIEBbIX U3MEPEHUIA Ha CETAX OAHOIo M3 MUKpopaioHoB r.Kunesa u oc-
TasicA BeCbMa [0BOJIeH. Tem 60/ee 6bln1 LOBOJIEH aBTOP, MOCKO/LKY peLuasnach
3afa4va AX3 419 Ype3BblvaiiHO 3anyTaHHOW CXeMbl, COCTOSLLEN M3 raso-, BO-
[0-, TENIONPOBOAA U KabeslbHOW IMHUK, COeAMHEHHbIX NepeMblukamu [42].

B HacTodwee BpeMsa B pas/IMYHbIX opraHmsaumax PP HaxoaaTca B JKC-
nayataumm nporpammHble Komnnekcbl APM-3X3-6(1998) n APM-3X3-7
(2002), pasnuyaroLimecs B OCHOBHOM CBOMMW CEPBUCHBLIMW BO3MOXHOCTAMM.
PaboToCcnoco6HOM ABNAETCA TakXe cTapast Bepcust aton cepum — APM-9X3-
5(1994). Huxe gaHo onucaHue nporpamm Kommnnekca APM-3X3-7 — nocneg-
Hell BepCUn 3TOIN Cepun.

Komnnekc APM-2X3-7 COCTOUT 13 TPeX NakeToB:
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1) APM-3X3-7I1 — pacyeT 1 npoekTnpoBaHme IX3;
2) APM-3X3-7C — thopmmpoBaHmne CMETbI U cneuugukaumm,;
3) APM-3X3-73 - BefieHNe apxmBa akcnyaraumm 9X3.

7.1.1. NakeT nporpamm APM 3X3-7T1

B 3aB1CMMOCTM OT MOCTAHOBKM CETEBOW 3afa4vn NporpaMmMbl AaHHOMO na-
KeTa Mo3BOAI0T BbIMOHATL PACUET B CeAYOLWMX pexxnmax (Kog 3agaum M):

M=1. OnTummn3aLMoHHas 3agada IX3.

M=2. PacueT 9X3 npu 3afiaHHbIX TOKaXx.

M=3. PacyeT yaenbHOro 3/IeKTPUYECKOro COnpoTUBIEHUS U30NALUN,

Pexum M=1
[MocTaHOBKa ONTMMMU3ALMOHHON 3aayn npeacTasfieHa B rnase 6. Vicxog-
HbIMW JaHHbIMW NP 3TOM ABNAKOTCS:
- npeanonaraemble MecTa pasmMeLLeHns YCTaHOBOK 3X3;
- BWJIKA JOMNYCTUMbIX 3aLMTHBIX NOTEHUMNAN0B Usay min U Usay, max ;
- npeaenbHbI (HOMUHAIbHBINA) TOK KaX/A0M U3 YCTaHOBOK IX3.
B pesynbrarte pelleHns onTMMU3aLMOHHOW 3afaym (OHa pPeLlaeTcs B aB-
TOMaTU3MPOBAHHOM PEeXUMe) onpeaenstoTcs:
- OMTMMa/IbHOe pa3MeLleHne YCTaHOBOK DX3 1 X MUHUMASIbHO NpUeM-
NIeMO€ KOJIMYeCTBO;
- MUHUMa/IbHbIE TOKM YCTaHOBOK IX3, obecreynBatoLLme 3afaHHbIN pe-
XXMM 3alMThbl BO BCEN CETH;
- pacnipefenieHne 3aWMTHOro NoTeHUMana BAo0/b Y4aCTKOB CETU.
[Mocne peleHns ONTUMMN3ALMOHHON 3aayum HaXo4AT ONTUMasbHbIE Napa-
MeTPbl aHOAHbIX 3a3eMNTENEN U APEHKHBIX IMHWIA.

Pexxum M=2
B aTOM peXxume peLuaeTca MHOXXeCTBO MPOM3BO/IbHO MOCTaB/IeHHbIX 3a-
[ad, rnaBHble U3 KOTOPbIX CnefyroLlme:

- pacnpefeneHune 3aWnTHOro NoTeHUnana Npu NPou3BOIbHbIX 3HAYEHUAX
TOKa YCTAHOBOK 9X3 1 UX pasMeLLeHuns;

- pacyeT TOKOB NepeTekaHns Mexay cocegHUMU NMoA3eMHbLIMU COOpPYXKe-
HUAMU NPU UX 3NEKTPUYECKOM UK Ta/lbBAHUYECKOM pasnyuu;

- pacnpefeneHune nNja0THOCTM TOKa 3alMThbl BAOb TPYOOMPOBOA];
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- pacnpe/eneHne NIOTHOCTW TOKa KOPPO3WK NPU MPOAO/LHON FralbBaH)-
4eCKOI HeOHOPOAHOCTM TPYBONPOBOAA;

- pacnpefeneHve 61yXaaloLMX TOKOB B 3eM/ie U Ha TPy6onpoBojax B
rnosie PeNbCOBOV CETU 3NEKTPOTPAHCMOPTA,;

- MOWUCK ONTMUMASIbHOTO BapMaHTa COBMECTHO 3aLMThbl psaa NoA3EMHbIX
COOPY>KEHUIA OBLLMMI 3aLLMTHBIMMW CPEACTBAMMU;

- pacyeT pacnpeesneHuns noTeHLMana B HEOAHOPOAHOMN CETW, Hanpumep,
C YUYETOM Ha/IMUMS YUACTKOB C MHbIM KAaYeCTBOM M30MSLMK, NPY 3a3eM-
NEHUN TPYOOMPOBOAHONM CETU C MOMOLLbIO UCKYCCTBEHHBIX U eCTECT-
BEHHbIX 3a3eMUTENEN, NPY HAIMYMK TPYOOMNPOBOAHbLIX BCTABOK MHOTO
ANaMETPa, N30NMPYHOLLMX hiaHueB, PyTASPOB 1 np.

- pacnpejeneHne TOKa U NoTeHLMana Ha “oKBMBANEHTHbLIX TPYy6ONpPoBo-
[ax” Npv UX 3MeKTPOXMMUYECKOI 3aLLMTe, HaNnpUMep, BA0b 06CaHbIX
KOMTOHH CKB&XXWH, MO CTEPXKHAM KOHTYpa 3a3eMSIEHUs, M0 MEeTa/l/inye-
CKVM 0ropam, B0/ b apMaTypbl XKeNe300eTOHHbIX KOHCTPYKLIMIA 1 T.[.

- pacueT pacnpejeneHns NoTeHUMana 3eMn B Mose TOKOB TPy6onpoBo/a
WAW PENbCOBOI NMHUN U T.4.

Pexxum M=3
B faHHOM peXknme pellaeTcs 3agada onpefeneHnsa yaenbHoro afekTpuye-
CKOro COMPOTUBIEHUS U30N1AUMK NO-y4acTKaM CYLLEeCTBYHOLLEro TPy6onposo-
aa. [ns aToro Ao/MKHO 6bITh 33A4aHO0:
- pacnpefeneHune 3aWnTHOro noTeHunana BA0MNb UCCNeQyeMOro yyacTka
Tpy6onposoga npu 9X3;
- pa3MellieHne YCTaHOBOK OX3, BbI3BaBLUMX 3TOT 3aLUUTHbIA NOTEHUMAS
Ha uccnegyeMoM y4yacTKe;
- TOK YCTaHOBOK 3X3;
- YAENbHOe 3/1eKTPUYECKOe CONPOTMBEHNE TPYHTA.,
B pesynbTarte pelleHna 3afavym onpenensaroTca 3HayeHus R,; B HameuyeH-
HbIX TOYKax BAO/b TPY6OMpPOBOAa.

TeopeTnyeckoe obecreveHme

MeTop peLleHmnst CeTeBOI 3aa4mM NOCTPOEH Ha TEOPETUYECKMX MOSIOXKEHN-
X rNaBbl 6 1 06ecrneynBaeT BbIMNOSHEHWNE YC/TOBUIA:

- TpybonpoBOAHasA W penibCcoBasi CEeTWM MPOM3BOJIbHLI MO NapaMeTpam U
KOHUrypauuu;

- paccunTbiBaemMast TPybonpoBOAHaA CeTb CBA3aHA HEemnmocpeaCTBEHHO UK
3a CYET B3aMMHbIX B/NAHUIA C COCEAHMMM TPYOGONpPOBOLAMU MW NMOA3EMHbLIMU
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COOPYKEHUSIMU, HanpuMep, 06cafHbIMU TPYOaMM CKBXKWUH, 3a3eMIMTENAMMU,
pesepByapamu 1 T.4.;

- aHO/IHbII 3a3eMNINTENb HAXOAUTCS B MHOTOC/IOMHOM FPYHTE.

B uenom ceTeBas 3afaya pellaeTcs KakK KpaeBasi C FpaHWYHbIMU YC/O-
BUAMM TPETLEr0 poja Ana LWMAVHAPUYECKOTO MPOBOAHMKA C YTEYKON C
Pa3BETB/IEHMEM N 3aKO/bLIOBAHHOCTHIO. [py peLleHn oNnTUMU3aLMOHHON 3a-
[aun MUCMo/b30BasiCa CUMMEKC-MeTod. [Ans 6onblINX ceTell NpeaycMOTPEHO
CMNOMb30BaHME METO/I0B ANAKOMTUKM.

APPeKTNBHOCTL MakeTa rnporpaMmm

TexXHMKO-3KOHOMMYecKas 3((PEKTUBHOCTL MPUMEHEHMA NakeTa 3aK/oya-

eTCcs B CeAyHoLLeMm:

- TNOBbILIAETCA MPOM3BOAUTENBHOCTL TPYyAa: TEKCTOBas M rpafuyeckas
OOKYMeHTaL s NoAroTaB/IMBAETCA C NOMOLLbH KOMMbIOTEpa,;

- MNOBbILLIAETCA AOCTOBEPHOCTL Pe3y/bTaToB pacyeTa IX3: UCMOMb3yeTcs
Hay4YHO 0B60CHOBAHHbLIM U MHOIOKPaTHO MPOBEPEHHbIV B NPaKTUKE Me-
TOA, pacyerta.

- TNOBbILIAETCA KayeCTBO MPOeKTa: B aBTOMaTM3MPOBAHHOM peXunme on-
pefenseTcs onTMMa/ibHbIA BapUaHT pasMeLLeHns cpeacTs IX3;

- BO3MO)XXHa MHOrOBapuaHTHOCTb. MPOEeKTa: C Y4YeTOM CTapeHus Wu3o-
NAUMN, CTOMMOCTM 060PYAO0BaHMS N MaTepuasnos, pasMeLLeHus nepe-
MbIYEK, Ha/IM4nsA COCeAHUX KOMMYHMKaUMA 1 T.4.;

- Hano/IHeHWe 41a/IoroBoOr YacT NPorpamMmm paccyMTaHo Ha cnabo noga-
rOTOB/IEHHOI O NMO/b30BaTeNs;

- BO3MOXXEH pacyeT pacrpefefieHne TOKOB KOPPO3uUW B MOJie AencTBus
KOPPO3MOHHbIX Makponap;

- BO3MOXXEH pacyeT TOKOB MepeTeKkaHus Mexnay COCefHVMU COOopy>Ke-
HUAMUW NPU UX ra/lbBaHNYECKOI Pa3HOPOAHOCTY;

7.1.2. IakeT nporpamm APM 2X3-7C

[MakeT npeAHasHayeH AN (DOPMUPOBAHMA CMeTbl M cneuyuukaunum Ha
CTPOUTENbHO-MOHTaXXHbIe PaboTbl Mo IX3.

CMEeTHbIe pacyeTbl BeyTCA B COOTBETCTBUM C AEMCTBYHOLLMMN HOPMaMK Y
MpencKypaHTaMmm ¢ y4eToM KO3hMuMeHTa YO0POXKaHUSA, XXErogHO YTOUHSe-
moro Mocctpoem P®. YuTeHO 60/bLIMHCTBO YaCTO BCTPEYAKOLWMNXCA CMETHbIX
KO3(P(hMLMEHTOB, UCMO/b3yeMbIX NPU (hOPMUPOBAHMM CMETbI HA MPON3BOACTBO
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pabot no 3X3. KosahpunumeHTbl MOXKHO N1erko U3MeHATb U ybumpartb 13 pac-
neyaTKum.
basa fgaHHbIX cneungukaumm oTKpbITa 415 NONOHEHNA N U3MEHEHWS.

7.1.3. INakeT nporpamm APM 3X3-732

MakeT npefHasHayeH AN apXMBUPOBaHUS CBEAEHWUA NO AENCTBYHOLLEN
cucteme 3X3:

- ajpeca n TeXHMYeCcKne gaHHble No ycTaHoBKam IX3;

- Tabnmubl 3aLMTHBLIX NOTEHLUWANO0B U TOKOB,

- BbIKONUPOBKM K3 MnaHa TPybonpoBOAHON CETHU;

- TeKyllre CBeAeHNs 06 OCTaTOYHOM pecypce aHOAHbLIX 3a3eMIUTENEN;

- TeKyLUue 3aTpaTbl 31eKTPO3IHEPTN U MIP.

OObEM CEPBUCHLIX BO3MOXHOCTEA NakeTa MOXET OblTb paclUMpeH W

YTOYHEH MNPW 3aK/TOYEHMM A0rOBOPa Ha NOCTaBKY.

7.1.4. CtpyKTypa naketoB APM-32X3

OCHOBHbIe NMporpaMMbl NEPeYnC/ieHHbIX MaKeToB PaboTarkoT Mog yrpas/e-
Hem MsAccess 2000 - cepBUCHOI nporpamMmbl ynpaeieHUs 6asamMy JaHHbIX,
BX0AALLEN B cocTaB oucHbIX nporpamm MsOffice 2000.

OcHoBHas nporpamma rnaketa pacyeta 9X3 - EZpacyeT.mde.

BcnomoraresibHble NporpamMmbl;

- EZRW.exe — pacyeT 9X3;

- EGD.exe — rpagmueckuii peakTop;
- EGP.exe - rpagmka cetu;

- EGS.exe - rpadgmka ceTn.

Mporpamma EGD.exe MoXeT paboTtaTb He3aBMCMMO. C ee MOMOLLIbHO MOX-
HO BbIMO/HATL MHOXECTBO Onepauuii npyv NOCTPOEHMM MJIAHOB pPa3MeLLeHns
YCTaHOBOK X3 1 Y3/10B CUCTEMbI X3, B TOM UNC/IE KOPPEKTMPOBATL PacyeT-
HYO CXemy TpybonpoBOAHON CEeTK C A06aB/IEHNEM HOBbLIX Y3/10B 1 Y4aCTKOB,
MacLUTabupoBaTb, CMeLLaTb N300paXKeHNE Ha IKpaHe Npu NOAroTOBKe PUCYHKA
K neyaTtu v 1.4,

BcnomorarenbHble ghaibl, popmupyemble nporpaMmmoin EZpacyeT:
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NMM#A — uncxogHole gaHHble (Mma VIMA BbibMpaeTcs Monb3oBaTesiem
MPO3BO/1bHO);

NMAAHOL — pe3ynbTaTtbl pacyeTa aHOAHOIO 3a3seMnnTensd Ansa 3afayu
NMA,

NMMACMmeTal, MMACMeTa2, MMACneund — pesynbTaTbl pacyeTa
CMEeTbl U cneuudmKaunu;

[MoTeHUmanbl.txt — pes3ynbTaThl pacyeTa pacnpegeneHns noTeHunana,;
Tokup.txt — pe3ynbTaTbl pacyeTa TOKOB 3/1EKTPOAPEHAKEMN;
TokuKaT.txt — pe3ynbTaTbl pacyeTa TOKOB KaTOAHbLIX CTaHUMA U MNpo-
TEKTOPHbIX YCTAHOBOK;

YnConpoTusneHne.txt — pesynbTaTbl pacyeta YAENbHOro 3/1EKTPUYe-
CKOro COMpoTUB/IEHNS U30NALNMN;

RR30, RR33, RR43, RR47 — npumMepbl rpauryeckmnx NoCTPOEHNIA;

OUT - haiin-nepeHoCcUHnK MMEHW peLlaemMoit 3aaaqn.

Komnnekc APM-3X3 cHabkeH MnoApoOHbIMW KOMMEHTapuAMM M MOA-
CKaskamu 4ns nonb3osaTens. [logseanTe Kypcop K HYy>KHOMY MO0 U KHOM-
Ke 1 [OXANTECH NOSBNEHWSA BCM/bIBatOLLEN MOACKa3KN. nn BBeanTe Kypcop B
3TO NOJIE N HAXKMUTE KHOMKY «CrpaBKa.

MakeT APM-3X3-7I1 (6I1) pekomeHA0BaH ro/ioBHOW opraHusaumen P®

Mo 3aWuTe ropoACKMX MOA3EMHbIX COOPYXXEHWIA OT KOPPO3UWU ANs LUMPOKOro
ncnonb3oBaHMa. OnucaHne nakera v NpuUMepbl UCNO/b30BaHNA NPUBEAEHbLI B
PykoBogsllem fokymeHTe PA-153-39.4-091-01 «/HCTpyKUMA No 3awmTte ro-
POACKMX MOA3EMHbIX TPYOOMPOBOAOB OT KOPPO3UW», MOATOTOB/IEHHOM AKa-
AemMmnel KOMMYyHasibHoro xossiictea M. K. . Mamduniosa.

7.2. PacuyeTHble napameTpbl Tpybonposoaa

7.2.1. YenbHoe Npofo/IbHOE CONPOTUB/IEHME

B 1abn.7.1 npnBoaaTca 3HavyeHWUs yAenbHOro npoAosibHOro ConpoTuBe-
HUA Ry, 4N4 LUIMPOKO WUCMOMb3YEMbIX COPTaMeHTOB Tpyb. [pn OTCyTCTBUM B
Tab/mue TpedyemMbIX AaHHbIX MX MOXHO BbIYUC/IUTL MO hopmyne

Rnp =1/ (pt(d - 1)), (7.1)
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roe r- = 0,18 - cpefgHee 3HayYeHWe yOe/bHOIO 3/IEKTPUYECKOro CONPOTMB/IEHNS
TPY6HOI cTanu, OMMM*/M; d - BHELHMI AnaMeTp Tpy6bl, MM; t — TOALLMHA ee
CTEHKMU, MM.

7.2.2.Y 1IeNbHOe 3/1IEKTPUYECKOE CONPOTUBEHNE N301ALMN

[Mpn OTCYTCTBMM Pe3yNibTaTOB MOMEBbIX U3MEPEHMn Ry, U pe3ynbTaToB
pacyeta B pexxume M=3 (cM. nn.7.1.1), peKoMeHAyeTcs 3HaYeHna R, NpuHK-
MaTb 13 Tabn.7.2.

[Mpn HeobxoaMMoOCTU AN nepexoda K yAerbHOMY JIMHENHOMY YAeNbHOMY
conpoTusneHnto (Rq,;) cnenyet BOCMO/b30BaTbCA COOTHOLLEHNEM:

R¢s =Ry / (pd), Omm, (7.2)
Tabnuua 7.1
OnameTp ” TONWMHA CTEHKN Y ensHoe NpofonbHoe conpo-

Tpy6onposoaa, TUB/NEHWE,
d” t, MM Rnp , OM/M
57" 3,5 3,0610™*
89" 3,5 1,92'10"*
108" 4 1,3810*
133" 4,5 9,91107°
159" 5 7,44107°
219" 6 4,4810°
273 6 3,5710°°
325" 7 2,57'10°°
377 8 1,94'10°°
426" 8 1,7110°°
529" 9 1,22'10°°
620" 9 1,0410°°
720" 10 8,07'10°°
820" 10 7,0810°
920" 11 5,7310°°
1020" 12 4,7410°°
1220" 12 3,9510°°
1420" 12 3,3910°°
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Tabnuua 7.2
KauecTo M30nsLMK Y [OenbHoe 3/1IeKTpuYeckoe COI'Ip;)TI/IBI'IEHI/Ie
nonauuu, R,;, OMm
ra3onpoBO/HbIe CETU mMarucrTpanu
OTnnyHoe 6onee 500 60nee 5000
XopoLuee 500...100 5000...1000
Y noBneTBOpUTE/NIbHOE 100...50 1000...200
noxoe 50...20 200...50
OueHb noxoe meHee 20 meHee 50

CyLLeCTBEHHOE pa3/inumne 3HaveHnin R,; 115 ra3onpoBo/I0B CETEBLIX U Ma-
FMCTPaIbHbIX 0OBACHAETCA HA/IMUMEM HEYUTEHHbIX CBSA3E CETEBOr0 rasonpo-
BOAA CO BCEBO3MOXKHbIMM 3a3eM/IEHHBbIMU COOPYXKEHNAMMW - 060/104KaMK CUSO-
BbIX Kabenel, BOJONPOBOAHBLIMA 1 TEM/IOBbIMU CETAMU, apMaTypoi »ene3obe-
TOHHbIX COOPYXXeHWA N T.0. Ona ceTn R,; - 3T0 NapaMeTp HEKOEro 3KBBa-
NEHTHOro Tpybonpososa.

MpaKTUYecKMe PeKOMeHaaLMM No BbI6opy 3Ha4eHn Ry; .

1. Mpwn oTcyTCTBUN U30NUPYOWMX (hnaHueBbIX coeanHeHmnin (MPC) poc-
TaTOYHO NPUEM/IEMOE COBMageHne pesynbTaToB pacyeTa C pesy/bTaTaMn Ha-
TYPHbIX U3MEPEHNIA NS ra30NpPOBOAHbLIX CeTel MMEET MeCTO NpPW UCNO/b30Ba-
HUW CTPOKM “yA0BNETBOPUTENLHOE™ |

2. Mpun Hannumm NPC B pa3BeTB/IEHHbIX ra30MPOBOAHbLIX CETAX 3HAYEHUe
Rys CneayeT 6paTbh U3 BePXHE YacTu 1abn.7.2.

3.INpy NONHON YBEPEHHOCTW, YTO (iaHLbl OTCEKAT BCe 3a3eM/eHNUs,
MOXHO 3HayeHust R,; B35iTb M3 CPeAuHbl BTOPO KONOHKW - A7 MarucTpasib-
HbIX TPy60MpPOBOL0B.

4. [1ns BOAOMPOBOAHbIX M TEMMNOMPOBOAHbIX CETEN 3HAa4YeHNs R,; COOTBET-
CTBYIOT MOCNeAHen CTpoke Tabn.7.2, T.e. He NpesbIlaoT 20 oMM’ .

5. MarucTtpanbHble HedhTe-NPOAYKTONPOBOAbI 3KBUBA/IEHTHbI MO 3NEKTPU-
YECKMM XapaKTepucTUKaM MarucTpanbHbiM rasonposogam. MaructpanbHble
BOAOMPOBO/bl MO Ka4eCTBY M30NALMUN, KaK MPaBUO, XYXe.
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6. "pynnoBble (KONEKTOPHbIE) MPOMbIC/IOBbIE HE(ITEra30onpoBOAbl 3aHW-
MalT MNPOMEXYTOYHOE MOMOXEHNE MeXAYy MarucTpasibHbiIMM U CeTeBbIMU
Tpy6onposogamn. 3Ha4yeHUs Ry; NS HUX NEXUT B HUXKHEW YacTn BTOPOI KO-
NOHKM Tabn.7.2.

7. CoopHble (WnenhoBble) TPY6ONPOBOAblI OT MPOMbICNIOBLIX CKBAXWUH K
KOJINeKTOpaM MOXHO OTHECTW K NNOXMM CETEBbIM ra3ornpoBoam.

8. Tpy6onpoBoHbIE CETW MPOMbILLNEHHbIX NPEANPUATUAIA UMEOT BeCcbMa
NAOXY0 M30MALMIO 1 TaM KaToAHas 3alimTbl 63 npumeHeHus MOC He addek-
TUBHA.

OO6bIYHO KAYeCTBO M30MSILUNUN M ee KONMMYECTBEHHYIO XapaKTEPUCTUKY Ry,
ONpeaenstoT OMNbITHLIM MYTEM, eCn TPYOONPOBOA CYLLECTBYHOLWMA N HA HEM
MOXHO NPOBECTW 3N1EKTPOUN3MEPUTE/bHbIE PABOTHI.

7.2.3.Y leNbHOe 3/1IEKTPUYECKOE COMNPOTUBIIEHME TPYHTA

Y [enbHOe 3N1eKTPUYECKOe COMPOTUB/IEHME TPyHTa () onpedenser yuc-
NEHHOEe 3Ha4YeHue NoTeHUMana 3eMn | ;, KOTOPbIA 3aBUCUT OT I IMHENHO (CM.,
Hanpumep, opmyny (6.7)). OT | ; B CBOK 04Yepefb 3aBMCUT MCKOMas PasHOCTb
noTeHumanos Tpy6a-zeMna U =j ;- | ..

OfHako 3aBucnUMOCTb U OT 7 fianieko He Tak 0HO3HaYHa, KakK 3T0 BUAMTCA
N3 NPUBEAEHHOr0 COOTHOLLEHMS. JTO, Hanpumep, MNPOAEMOHCTPUPOBAHO B
Tabn.7.3, rae gaHo pacnpegeneHne U npu KaTogHoW 3awwmTte Tpybornposoja
anametpom d = 200° 6 MM NpK PasINUHbIX 3HAYEHNAX T .

13 pacyeTHbIX AaHHbIX C/edyeT, YTO CTeNeHb 3aTyxaHua NoTeHumana Tem
6onbLue, Yem 6onblue 7 . OQHAKO 3TO OTMeYaeTCs MLLb BOM3N TOYKN ApeHa-
»Ka Unn, To4uHee, B6/IM3K aHOAHOr 0 3a3emnnTens (B Hadane Tpyoonposoaa). Ho
CyMMapHbIA 3alUTHBIA TOK, KakK cneayeT U3 Tor Xe Tab/.7.3, NpakTUYecKu
He 3aBUCUT OT BENNYMHbI 7. [elCTBUTENbHO, TaK KaK BO BCEX BapuaHTax
pacyeTa B NpPUMepe 3a/10KeHbI efiMHble YCNOBUSA PeXnma onTUMasIbHOW 3aLLy-
Tbl, @ UMeHHO, orpaHmnyedne U £ Uy min = - 0,85 B, TO pe3ynbTarbl MOXHO
conocTaBnATb. M Torga oKasblBaeTCsl, YUTO CYMMAapHbIA 3aLLMUTHBIA TOK KaTof-
HOI CTaHUMM NPAKTWUYECKN HE U3MEHUTCS, €CIU / MO KaKUM TO MpUYMHaMm,
BAPYr, Bo3pacTeT B 10 pas.
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Tabnuua 7.3
3Ha4veHuna U 3Ha4veHuna U
X, M npu R,; = 20 OM'm° npu R,; = 200 OM'™?
r=100mMm | r=1000mMm | r =100MM | r =100 OMmm

0 -2,0371 -4,5483 -0,9526 -1,4199
50 -1,4663 -1,5798 -0,9127 -1,0439
100 -1,3458 -1,3024 -0,9025 -0,9742
200 -1,2348 -1,1100 -0,8924 -0,9243
300 -1,1676 -1,0301 -0,8860 -0,9027
500 -1,0749 -0,9553 -0,8766 -0,8810
800 -0,9801 -0,9012 -0,8661 -0,8645
1200 -0,8998 -0,8649 -0,8564 -0,8531
1800 -0,8500 -0,8500 -0,8500 -0,8500
2000 -0,8893 -1,0573 -0,8544 -0,8929
Tok, A 14,3622 13,9534 0,9978 1,0481

OTclofla MOXHO caenaTb BeCbMa BaXKHbIW, MPaKTUYECKNA BbIBOA: HEOMpe-
[ENEeHHOCTb UCXOAHBIX AaHHbIX, MOAroTaB/IMBaEMbIX /15 pacyeTa ToKa KaToj-
HOW CTaHUMM N MUMEIOLWMX 3aMeTHbIA pasbpoc BENNYMHBI 7 Ha UCCeayemoi
TEPPUTOPUM, ABNSETCA TOMbKO KadKyLleincsd. [ns BbIMUCIEHNA CYMMapHOro
3aLUMTHOrO TOKa TPY6ONPOBOAHOIA CETN AOCTATOUYHO B3ATb CPeAHEE 3HAYeHne 1
A9 AaHHON TepPUTOPUN.

Takum 06pa3oM, TLATEIbHOCTb U3MePEeHWs YAeNbHOr0 3/1eKTPUYECKOoro
COMPOTUB/IEHMSI TPYHTA MO Tpaccam NPOeKTUPYeMbIX TPY60NpPOBOAOB He NUMe-
eT CMbIC/a, eC/i CTaBMTbCA 3afayva OnpedeneHns UHTerpaibHbIX TOKOB Ka-
TOAHOM 3almMTbl. HO 3TO He O3Ha4aeT, YTo BeNMYMHA ' U XapaKTep noseje-
HWSA 3TOr0 NapameTpa B 30He [JeNCTBUA KaTOAHOW CTaHUMN He MMEKOT HUKaKo-
r0 3HaYeHWs.

BivsHue r  ckasblBaeTCs NP CReayroLwmnx o6CToATeIbCTBAX.

1. MNpexXae BCero, Kak 310 BUAHO U3 JaHHbIX Tabn.7.3, CTeneHb 3aTyxaHus
noTeHLMana 3aBUCUT OT I, 0CO6EHHO B6/IM3M aHOAHbIX 3a3eM/IMTeNeit: 3M4ech
rpagMeHT NoTeHUMana TeM BbilLe, Yem 6O/bLLE T .

2. Y[enbHOoe 3MeKTPUYecKoe CONpPOTUMB/IEHUE U30MSUMKN R,; 3aBUCUT OT
BE/IMYMHbBI ' MPUIEratoLLero cnos 3eMan: Yem MeHbLUe I, TeM MeHbLLUEe Kak
OMMYecKas Tak U NonsapusaunmoHHas COCTaBAoLLME COMPOTUB/IEHMS U30/5-
LIAW.
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3. B thopMynbl Ans BbIYUCNEHWSI COMPOTMBNEHNSI PacTEKAHWUIO aHOAHbIX
3a3eM/IMTENEN I BXOAWUT He3aBUCUMbIM KO3((ULMEHTOM, TaK UYTO KOMMYECT-
BO CTEPXKHEl 3a3eM/IUTENS MOYTM MPONOPLMOHANbHO BennumHe r . [oatomy
CNneayeT MMETb BBUAY, UTO YeM MeHbLUE I B pailoHe aHOJHOro 3a3eMuUTens,
TEM MeHbLLEe ero CONpoTWBNEHNE PACTEKAHMIO U, OUYEBMIHO, TeM MeHbLLEe pac-
X0f] 3NeKTPO3HEPT N KAaTOAHOW CTaHLMN.

4. 3TO XKe OTHOCUTCA W K TyGUHHOMY 3a3eMIMTENHO, NMPOHU3bIBAKOLLEMY
CNoW C Pa3NNYHOI 3NEKTPOMNPOBOANMOCTBIO: YYaCTOK 3a3eMIUTENS, NPOX0/s-
LM yepe3 cnoit 6onee HM3KOrO CONPOTMBNEHUS, OYAeT pacTBOPATLCS Obl-
CTpee COCeAHEro y4yacTKa, MOCKO/bKY ero ConpoTuB/EHNE MEHbLLIE.

5. K nocnefiHeli cutyaummn NnpuMbIKaeT 3afada 0 BAMSIHUW CYLLIECTBEHHOM
reonorn4yeckoli HeoHOPOAHOCTM 3eM/IM Ha pacnpefeneHue noTeHUMana npw
9X3. Tak, BO3HMKAET HEONpPeAeNeHHOCTb NPU OLEHKE I B CKaslbHbIX UIN pes-
KO HEOAHOPOAHbIX rpyHTax. BeposTHO, LienecoobpasHo NpPoBeCcTH reodmnsnye-
CKOe 30HAMPOBaHWE B pailoHe aHOAHOro 3a3eMauTensi, NMPUHSB PacCTosHUE
MeX/y TOKOBbIMU 31eKTpogaMu (AB) UeTbIpeXaneKTPoAHOM YCTaHOBKU COU3-
MEPVMBIM C PACCTOSIHUEM MeXy aHOHbLIM 33a3eMIUTENEM W TPYGONPOBOAOM.

7.2.4. CTaymoHapHbI noTeHUMan

B TEOPETWUYECKO 3NEeKTPOXUMUM TEPMUHOB, POACTBEHHbIX CTaLMOHAPHO-
My MoTeHUuany, KOTopblii Mbl paHee 0603HaUMNM yepe3 Ug,, HECKOMBKO U MX
NonesHo pasnnyaThb.

ANEKTPOAHBIA NOTEeHUMaNn - 06006LLEHHbIA TEPMUH Pa3HOCTU MOTEHLMA-
NOB MeXAay uccnefyembiM 3M1eKTPOAOM M BblOPaHHbIM 3/1EKTPOAOM CPaBHEHNS,
YCTaHOB/IEHHbIM B HEMoCpeACTBEHHOW 6M30CTU OT UCCNEeAYeMOro 3/1eKTpoja.
CTaumoHapHbIi noTeHuman Tpyéonposoga U He cnefyeT HasblBaTb 3/eK-
TPOAHLIM B CBSI3M C BO3MOXHOI raslbBaHUUECKOW HEIKBMMNOTEHLMANbHOCTbIO
Tpy6onpoBsoaa.

MoTeHUMan KOppo3uuM - 9MEKTPOAHbIA MOTeHUMan, ONpeaenstoLLnia
3NEKTPO/], B COCTOSIHUM 3NEKTPOXUMMUYECKOIN KOppo3un. Ero 4acTo HasbIBatoT
GECTOKOBbLIM, KOMMPOMUCHBIM W/ NMOTEHLMAIOM CAMOPACcTBOPEHUS, a Takxke
CTaLMOHapHbIM. OfIHAKO OCTaBMM TEPMUH “'CTaLMOHAPHBIA NoTeHunan™ ans
TpybonpoBoa, a NoTeHLMan Kopposun - Ans 060c061eHHOro 3M1eKTpoaa Unu,
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npy HEoOGXOAMMOCTH, NS HE3aBMCMMOro OT TPYOONpPOBOAHOW CETU OTpPe3Ka
TpPyobbl. B rnase 6 Ang noTeHUMana KOpPo3un NPUHSTO 0O03HAYEHNE | ¢ .

O6paTUMbIA 1 HEOBPATUMbI/A NOTEHLUMANLI - MNPU3HAKU 3NEKTPOAHOIO
NoTeHLMana, XapakTepusyloLle CBOWCTBA XMMWUYECKMX peakumii. Ecnm
aHOAHas 1 KaToAHas peakuum NpsaMo NPOTUBOMOMOXKHbI, TO HA 3MEKTPoJe yc-
TaHOBUTCSA PABHOBECHbIN UM 06paTUMbIi NoTeHUman. MpuMep e HeobpaTy-
MOro (HepaBHOBECHOr0) MOTeHLMaNa - MOTEHLMAN KOPPO3nM.

CTaHaapTHbIA (HOpManbHbIA) NOTEeHUMan - 0AHO U3 3HAYeHWin obpaTu-
MOro (PaBHOBECHOr0) MOTeHUMana, NPUHATOE 3a Hayaio OTcYeTa 3NeKTPo-
XMMWYECKMX NOTeHUManoB. CTaHAapTHble NOTEHLMANbl BIMUCASKOTCS U NPK-
BOAATCS B TabNMLAX NPAKTUYECKUN NS BCEX META/INIOB U PABHOBECHBIX CUCTEM.

3a YCMOBHbIA HY/b NPU U3MEPEHUMN W pPacYEeTe 3/IEKTPOAHbIX NOTEHLMAN0B
MNPUHAT NOTEHLNa HOPManbHOro BOAOPOAHOrO 3nekTpoaa - HB3.

Hanbonee ynotpedutesibHble 3/1EKTPOAbI CPaBHEHUA U UX COOCTBEHHbIE
noTeHUwnanbl 0THocuTenbHO HBO npuBeaeHbl B. Tab.7.4.

[na nepecyeTta pesynbTaToOB MOJIEBLIX U3MEPEHUA, BbIMOMHEHHbLIX C MO-
MOLLIbHO MeAHOCYNb(aTHOro 3nekTpoda cpaBHeHns (M3C), Ha Apyroi anek-
TpoA4 HeobXoAMMO K pe3ynibTaTaM W3MEPEHUS [006aBUTb Pa3HOCTb 3HaYeHWIA
COBCTBEHHbIX MOTEHLMANOB C YYeTOM 3HakKa. Tak, ecnn noTeHuunan n3mMepeH c
nomoubto M3C 1 paBeH U = - 0,55 B, To Npn nepecyete Ha Apyrue snek-
TpoAbl NONYYNM:

-no HB3 Uy =-0,55 + (0,30 - 0)=-0,25 B;
-no XC3 Ug =-0,55 + (0,30 - 0,20) = - 0,45 B:
-no HK3 Ug =-0,55 + (0,30 - 0,25) = - 0,50 B.

Tabnnua 7.4
HanmeHoBaHWe anekTpoaa O603Ha- | CoOBCTBEHHBIN NO-
CPaBHEHUA UeHne TeHLI,I/Ia]'I,B
HopmasibHbI BOLOPOLHbIN HB3 0
XnopcepebpsHbIA HaCbILLEHHBbI XC3 +0,20
KanomenbHbIin HaCbILLEHHbIA HK3 +0,25
MegHocynb(aTHbIN M3C +0,30
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A, HaKOHel, HamMW LLUMPOKO MCNO/Mb3yeTcs NoTeHUuman Tpybonposoda B
Mo/e BHELLHEro TOoKa, KOTOPbI Mbl Ha3Banu | ; . MoTeHuunan j ; B Heobxoau-
MbIX C/ly4asX MOXHO Ha3blBaTb HaBeAEeHHbIM MNOoTeHUuanoM. OH npeacTaBnseT
coboi pa3HOCTb MOTEHLMANOB MeXay TPYO6onpoBoAOM N GECKOHEYHO YaaeH-
HO TOYKOM 3eM/IN UM TakOW TOUKOW, B KOTOPOI MoSeEM TOKOB MOXHO Mpe-
Hebpeyb. OTOT MOTEHUMAN HEe MNbITAOTCA U3MEPSATb BBUAY MNPaKTUYECKOWM
C/IOXXHOCTWU M OTCYTCTBMEM HEOOXOAMMOCTU, HO OH BXOAMT HEOTHLEM/IEMOIA Ya-
CTbHO B TeOpUo OX3, MOCKO/bKY Yepe3 Hero BbIYUCISETCH MCKOMas Pa3HOCTb
noTeHumanos Tpyba-zemns (U).

Tpe6oBaHMs K CTaUOHApPHOMY NOTEHUMaNy KaK pacieTHOMY napameTpy
OnNpeenstTCs NOCTAHOBKON 3aJauun.

1. Mpn pacyeTe 3NeKTPOXUMUYECKM OAHOPOHOW CETU B MO/e TOKOB IX3
ANA NPOEKTUPYEMOrOo K YKnagke TpybonpoBofa AO0CTATOMHO NPUHATb U =
const. 3TO COCTOAHME COOTBETCTBYET CUTYyaLUK, KOraa KOPPO3MOHHbIX MaKpo-
nap HeT uan nvmu npeHebpernun. MNpu atom ans pacyeta U 6e3pasnnyHo, Kakoe
3HayeHne Ug; 6blf10 BbIOPAHO, MOCKO/MLKY MPK pacyeTe (OUKCUPYETCH /ULLb
CMellleHne noTeHunana £J. Moatomy npu pelleHrn nofJobHbIX 3adad, a ux
O0NbLUNHCTBO B NPaKTUKE MPOEKTUPOBaHMS, OOCTATOYHO BblOpaTb HEKOTOPOE
cpefHee 3HayeHue U, C TeM, YTOObI pe3ynbTarthbl pacyeTa B abCOMOTHOM WC-
YMCNEHNN He CUMbHO OTNIMYANNCL OT AlaHHbIX MOMEBbIX W3MepeHNiA. OObIYHO
ANA NPOEKTUPYeMbIX TpybonpoBoaos npuHumaroT U = - 0,55 B, a ana cyule-
CTBYIOLUNX - DaKTUYECKN N3MEPEHHbIE 3HaYEHNS.

B T1a6n.7.5 npounntoctpnpoBaHo naMeHeHue U (no M3C ) ctanbHOro
06pa3sLa, Norpy>XXeHHOro BO BIaXKHbI NECOK, CMOYEHHbI BOAOMPOBOAHONM BO-
non. MpueeneHbl npeaenbHble U3MEHEHNA Ugrmin < U < Ugrmax U3 CEPUIA
aHa/IorMYHbIX OrbITOB.

Tabnuua 7.5

Braxnocts || 5 | 19 | 15 | 20 | 25
rpyHTa, %

Ucr.max, B -0,35 | -0,45| -0,53 | -0,60 | -0,64 | -0,65
Ucr.min, B -0,55 | -0,67 | -0,74 | -0,76 | -0,77 | -0,78
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2. IMpn pacyeTe KOPPO3MOHHBLIX Makponap, AeMCTBYHOLWMX BAOMb TPY6O-
NPOBOAOB, UM pacdeTe IX3 NpU HannymMm Makponap, ycnosme U. = const
Henpuemnemo. CreayeT pacnonaraTb JaHHbIMW O 3/1EKTPOAHOM MOTeHUuasne
/ o CTANM ANSA YCNOBWiA Tpacchl TPYO60MNPoBOAaA.

7.3. PacuyeTHas cxema Tpyb0onpoBOAHOM CETU

PeasibHyt0 TpyOOMpPOBOAHYHO CeTb CO MHOXECTBOM ee [ieTa/leid U 0CO6eH-
HOCTel, KaXYLLMXCA BaXXHbIMU 1 He ABNAOWMMUNCA TaKOBbIMW, NN [eACTBU-
Te/lbHO BaXKHbIMW, HO MOPOW MpeHebperaeMbIMy, NPeACTaBNAT pPacyeTHOIA
CXeMOMW, 6e3yC/IOBHO NPUOIMKEHHON, YNPOLLEHHOW, BOCNPON3BOAALLEN 3aKO-
Hbl pacnpefeneHns NoTeHUMana U ToKa B peasibHO TPYOGONPOBOLHOW CETU C
MOrpPeLHOCTbIO, YacTO BeCbMa CYLLIECTBEHHOMW, HO BMOJIHE MPUEMIEMOn Ans
NH)XeHepa-npoeKTUPOBLLMKA, eC/IM OH 3HAeT, KakoBa MnpefesibHO foMyCcT1mas
MOrpeLHoCTb A4NA 334a4 AaHHOro Kfacca M HaCKoMbKO 6e360/1e3HeHHbI  Lwarun
M0 KOPPEKTMPOBKE MPOEKTHOrO peLUeHns B MNpoLecce MpoBefeHUs Haagou-
HbIX paboT.

PacyeTHaa cxema TpybonpoBoga - AUCKPETHbIA ero adasnor. [Npu atom
MOCTYNatoT NPUMEPHO Tak e, Korda rnafkyro KpMBYHO 3aMEeHAOT IOMaHOoW U
MWYT 3Ha4YeHWs TOKa W MoTeHWMana B y3nax AMCKPeTu3auuu, nonarasd, yto
3HaYeHUA ATUX NePeMEHHbIX -Ha Y4acTKe MeXay COCeAHVMMM Y3/aMun Nno/b30Ba-
Te/lb NP HeoOX0AUMOCTI HaAET NPOCTON NHTEPMONALME.

7.3.1. LLlar anckpeTtmsaymn

OT wara AWCKPETM3aLMKW, T.e. PACCTOSHUS MeXAy COCEAHUMU Y3namu
[VNCKPETM3ALIMM, 3aBUCUT TOYHOCTb BbIYMC/IEHMS PA3HOCTY MOTEHLIMANOB TPY-
6a-3emns. [pu onpeaeneHny BENNUMUHBI LUAara AUCKPeTU3auumn GyaeM UCXo-
OUTb U3 psAfa O4YeBUAHBIX UK TPEOYIOWNX MUHUMANBHOIO A0Ka3aTeNbCTBa
npaBu/I1, NepBoe 13 KOTOPbIX:

YeM MEeHbLUIE Lialr ANCKPETU3aLnn, TeEM TOYHEE PELLIEHNE,

MOCKOJIbKY TEM 6/1XKe YNCNEHHOE peLleHune, peannsyemoe Ha IBM, K cBoemy
npeageny, 1.e. K peweHno angd nposogHMKa ¢ paBHOMEPHO pacnpegeneHHbIMU
MapaMeTpammn.
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LLIar anckpeTr3aumm HelenecoobpasHo [enarb 0YeHb MasibIM: Masiblid Luar
- 3T0 60/bLUOE YWCNO Y3/10B AUCKPETM3aUMUU W, CNefoBaTe/IbHO, A0MOMHU-
Te/lbHble C/IOXKHOCTW KaK NpW NoAroToBKE MacCuBa UCXOAHbLIX AaHHbIX, TaK
MNpn pacyeTe, 0COGEHHO, CI UMETb BBUY TOYHOCTb PELLIEHUS CUCTEM anreo-
panyecKnxX ypaBHEHWI BbICOKOrO Mopsika, NOCKO/bKY MOpsAoK CUCTEM YpaB-
HEHWI B HaLUMX 3afla4axX paBeH YnCy Y3noB AUCKpeTmsaumn. OTcroda cnemy-
eT, YTO NPW BbIGOPE OMNTUMAaNbHOIO Lara He06XoANM KOMMPOMUC:

Lar ANCKPeTn3aLmm - NEPEMEHHbIN,

T.e. I0/DKEH ObITb:

a) B Mepy MaJiblM, eC/in paccMaTpuBaemast 061acTb PACUHETHOWM CXEMbI Tpe-
OyeT getanusaumm Uan OTBETCTBEHHA 3a TOYHOCTb PeLleHus 3a4adu B LIe/IoM
(Hanpumep, 06nacTb B6AM3N MCTOYHMKOB TOKA U/ Ha y4acTKe NnepeceyeHms u
CONMXKEHNSA KOMMYHUKALNIA );

6) fLOCTATOYHO 6O/MbLINM, €C/IN B 3TO 06/1aCTW NOJe TOKOB B 3eMJIE U Ha
Tpy6onpoBoAax M3MEHSETCA HEeCYLeCTBEHHO WAM MOXET OblTb 3a4aHo Mpu-
ONKEHHO (Hanpumep, ANa MepugepnintHoin NOA06/1acT, He MOoANeXXallen
TLLIATENbHOMY pacyeTy, [N XOPOLUO WU30MMPOBAHHOr0 MarucTpasbHoOro Tpy-
6onpoBofa, Ha y4yacTke MeXay ABYMS COCEAHUMWN KaTOAHbIMW CTaHLMAMW W

np.).
OUuUeHNTb 0fIHY M3 MOTPeLLIHOCTEN, CBSA3aHHYHO C LLIarom AUCKpeTm3aunn,
MOXHO, eC/li1 BOCMNO/1b30BaTbCS JOPMY/I0N

dU % = 8,33R/ Rpep dL?, (7.3)

roe dU % - oTHOCUTeNbHasA MOrPeLHoOCTb ANCKPETU3aUMA NPU BblYUCIEHUN
pasHOCTU MnoTeHUManoB Tpyba-3emna, % ; dL -war guckpeTusaunmn; Rpep -
yAe/bHOe NnepexoHoe conpoTtuaieHne, OMM, onpeaensemoe hopmynoin

Ruep = Rys + 1,91, (7.4)

rae R s - yAenbHOe NIMHeliHoe ConpoTHBAEHNEe n3onsaLmv no (7.2).

Tak, Ana ropoAackoro Tpyo6onpoBoda C OTHOCUTENIbHO MIOXUMKU napameT-
pamu, T.e. ¢ anameTpomM d = 108 MM, TO/LUNHOW CTEHKN t = 4 MM, YAe/bHbIM
NNHENHbIM conpoTMBeHnemM usonauma RG; = 20 Om.m, npu r = 20 Om.M
nMeem Rp, = 1,38'10°* Om/m, Rnep = 58 OM'M 1, cnefjoBaTeslbHO
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npmdL=50m dU% =0,05% ;
npu dL =500 m dU% = 5%.

LLlar AucKpeTm3aumm Ans maructpanbHoro Tpy6orposoga npu Rp, =
8,07:10 ® Om/m u Rnep = 400 OM'M MOXET 6bIThb CYLLECTBEHHO YBE/IMYEH, TaK
KakK

npmdL=500m dU% =0,04% ;
npndL =5000 m dU% =4,2% .

Be3ycnoBHO, NOrPELLIHOCTM TaKoro rnopsaaka npuemseMbl Ana npakTUKA 1
6oMbLION War AMckpeTusaumm pasHbii dL = 500...5000 M BecbMa »enaTesneH
1 BIOJIHE BEPOSATEH.

OfiHaKo cnefyeT yyeCTb, YTO MCMNO/Mb30BaHHAsA OLEHOYHas popmyna npu-
roflHa Npu ycnoBuu, Korga nosieM aHoAHOro 3a3eMINTENS MOXKHO NPeHebpeYb,
B YaCTHOCTW, EC/IN PACCTOSIHME 3a3eMANTENS OT UCCNeayeMoi ToUKM B 4...5 pa3
MpeBbILIAET €ro Kpatyarillee paccTosiHMe Ao Tpyoonposoaa. MosTomy ¢ HEKO-
TOPbIM 3aMacoM HaleXXHOCTN MOXHO MPUHATb

BepPXHWUIA Npeaen-Lara AMckKpeTusaumm
ns ropoackux cetei - 200 m, anga maructpanen - 2000 m.

[na onpegeneHns HU>KHero npegena ans dbL BOCMOMb3yeMcA METOLOM
YMCMNEHHOro 3KCMepuUMeEHTa, ‘MOCKO/bKY MOAXOAALLME pacyeTHble (opMYy/ibl
NN OTCYTCTBYIOT, WX BecbMa MPUOBAMKEHHbI U CaMW BHOCAT HEOMNpeaesneH-
HYI0 MOrpeLlHoCTb. PacyeT nposedem C MCMO/Mb30BaHMEM MaKeTa Mporpamm
APM 3X3-7I1. 3a ToOYHOe peLleHne NPUMEM PeLLIEHME pacCMaTpuBaeMon 3a-
Aayn ¢ npegesibHo MasbiM LIAroM AUCKpeTn3aLmm.

B 1abn.7.6 npmeefeHbl 3HA4YEHUSI OTHOCUTE/IbHON MOTPELHOCTN AUCKpe-
Tm3aumn (dU%) npmn dL = 25, 50, 100 M ans psga ToYeK C KOOPAMHATON X
NpsMONNHetHOro Tpybonposoga AnvHoit L =1000 M, MMetoLLero cnegyrowyme
napametpbl: d = 108 mm, t =4 mm, R,=30 OMM; ocb Ox Hanpas/ieHa BLOSb
Tpybonposoaa; eanHcTBeHHas CK3 BK/KOYeHa B Hayasle KOOPAWHAT C aHOA-
HbIM 3a3eMINTENEM B TOUKE Y,= 0, z,=1 M C BapbMpyeMOi KOOPAMHATON X, =
var.
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Tabnuua 7.6

)I\(/; X,=-100 m Xa.=-50Mm Xa=-25M
25 50 100 25 50 100 25 50 100
0 1,0 3,5 9,6 1,6 4,7 11,7 2,8 6,7 15,7
50 0,2 1,3 7,2 1,3 2,6 6,9 1,9 5,2 13,0

100 - 0,7 5,4 1,1 2,2 6,5 1,5 3,8 12,4

N3 Tabn.7.6 cnefyert, UTo HWKHWUIA npefen wara AUCKpeTu3auun 3aBu-
CWUT OT PacCTOSIHUSA [0 aHOAHOro 3a3eMIUTeNs. Ecnu, Hanpumep, JONYCTUTb
norpewHocTb guckpetusauuy du% = 5...10%, ToO B KaUYecTBE MUHUMAa/IbHOTO
3HauyeHus dL cneayeT NPUHATL BENMUMHY, GNIM3KYHO K KpaTyaiillemy paccTos-
HUIO OT TPYGOMNpPOBOAa [0 3a3eMInTeNs. B ropofckmx ycnosumsx - 370 dL =
50 m. Mo3TOMY BMOHE NPUEMIEMO NPaBUIO

HVKHUW Npeaen wara AUCKPeTU3aumy - Ha YpoBHE KpaTyanLLero
PacCToAHNA A0 aHOAHOIO 3a3eMJ/INTENA.

Uem Bbillle KayecTBO M30/1AUMM TPybonpoeoda, Tem 6ofbllue MOXKET
ObITb war. Tak, npn Ry; = 150 OMM, 4TO B 5 pa3 nydile NPUHATOrO Ans 3adad
B Tab6/.7.6, npeaenbHas MOrpeluHoCTb AUCKPETU3aUMM YMeHbLIaeTcs 6onee
4yem B[BOE.

Taknm 06pa3om, onpeaennnncs npeaenbHble 3HaYeHUa AN Lwara AucKpe-
TU3aLMK, YTO U PEKOMEHAYETCA ANA NPUMEHEHUS:

ans TpyoonpoBoaHbix ceTen -dL =50 ... 200 m;
ans marnucTpanbHbix Tpybonposogos - dL =200 ... 2000 m.

7.3.2. KoHurypaums pacuyeTHOR cxemMbl CETU

PacnonoeHune 1 KONMYECTBO Y3/10B AUCKPETM3ALMM Ha NnaHe TPy6onpo-
BOJJHOW CETW 3aBMCWT MpPeXae BCEro OT CTeneHW [AeTanusauuu W, cnenosa-
TeNlbHO, TOYHOCTU peLleHns 3agaun. Mpexxae BCero Ans NOCTPOeHUS pacyeT-
HOIA CXeMbl He0OX0AMM YA06HbIV ANt paboTbl MacLITabupoBaHHbIA MnaH ce-
TW, HO He cXema. Mpon3BONLHO BbIGMPAOT HaMpPaB/eHUs KOOPAMHATHBIX OCeli
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Ox n Oy nekapToBOi cucTeMbl, 0Cb 0z HanpaBNAT BHWU3 OT MOBEPXHOCTUN 3eM-
Nn.

Kak y>e oTMevanoch Bbille, Lar ANCKPeTn3aLmm MoXeT ObiTb NepemeH-
HbIM, YBE/IMYMBAIOLLMMCA MO Mepe yaaneHUsa oT UCTOYHMKOB TOKa U APYTux
MecCT, re AeTanmsaums 3agadm obgasaresnibHa. NoaTomy pasmMellieHne Y3/10B Ha-
YMHAIOT C Hanbosee OTBETCTBEHHbLIX YYacTKOB CeTW. B 3Tol cBA3M OyayT no-
Ne3Hbl CneayroLLne CoBEThI.

1. O6LLee YnCo Y3N0B AUCKPETU3ALMN HE OO/MKHO MPeBbIAaTh Npeaesb-
HOrMo 3HayeHWs, YKa3aHHOro B MHCTPYKUMWU K nakeTy nporpamm. Ans APM
9X3-711 3101 Npefen paseH 200 y3nam.

2. Y3/Ibl AUCKpeTM3aL MM 0653aTeNlbHO pacnosarator:

a) B y3/1ax pa3BeTB/IeHNs TPybonpoBOAOB;

6) Ha KOHLIaX OTBETB/EHNIA;

B) B TOUKaX ApeHaxa 1 B MeCTax pasmeLLeHns nepeMblyek;
) B 6/vKainX K aHOAHOMY 3a3eM/IMTENH0 TOUKaX;

) B MeCTax rnepeceyeHns 1 CONMKEHNS KOMMYHMKaLWI;
€) Ha NMoBOpoTax Tpacc TPybonpoBOAOB;

) B TOUKAX M3MEHEHMA MapamMeTpoB TpybonpoBoAa;

3) B KOHTPO/IbHO-U3MePUTENbHbIX MYHKTaX.

3. Y3nbl ANCKpeTM3aLnnN HeobsA3aTe bHbI:

a) Ha KOHLAX HebO0MbLUMX M0 MPOTAXEHHOCTM M HEOTBETCTBEHHbIX OT-
BeTB/IEHMIA-BBOAOB (4/IMHOM 40 50 M BAa/IM OT aHOAHbIX 3a3eM/IEHNIA);

6) Ha NoOBOpPOTax, ecnn CrpsAM/IEHME TpacChl AOMYCTUMO (BAaN OT UCTOM-
HWKOB TOKa);

B) Ha cocefHem TpybonpoBoae, ecnn OH 00bLeANHSAETCA C paccMaTprBae-
MbIM B O[IVH 3KBMBa/IEHTHbIA.

4. He »enaTeneH pe3ko M3MeHSIIOLLMIACS Luar AUCKPeTU3aLu: Nocneayto-
WA LWar A0/MKeH OTIMYaTLCS OT NPeablayLLEero, Kak npaBuio, He 6oee Yem B
2 pasa.

5. Cyuwlecteyroulasd TpybonpoBofHas CeTb, He uccnegyemas B J1aHHOM
NMPOeKTe, HO BIMAIOLLIAS HA paccMmaTpuBaemyto (NMPOEKTUPYEMYIO), YYMUTbIBAET-
CA NMyTem BBeAEHUA NepudepninHom ceTu (CM.HIDKE).

6. [1ns ceTen ¢ UMCnoOM Yy3noB 6ONbLUe MPeaebHOro NPUMEHSIOT METO,
ANaKONTUKWN - METOA pacyeTa CeTei Mo YacTsM.
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7.3.3. MNMepudbepuiiHas ceTb

Mo nepuepuiiHoOin CeTblo OyAeM MOHUMATb YacTb PACYETHOM CXEMb,
MPUBMXKEHHO BOCMPOM3BOAALLYHO OKPaUHHYIO TPY6ONpPOBOAHYIO CEeTb, pacyeT
KOTOpOi He 06s3aTeneH. bygem Has3biBaTb CeTb, HE MOAJIEXALLYIO pacyeTy,
CyLecTBYyHOLLeN (MCeTb0), a pacCUNTbIBAEMYHO - NMPOeKTUPYeMol (N-CETbIO).

B rnase 6 npuBeAeHbI MPUMepPbI pacyeTa, ecin yXKe 3aiaHa KoOH(urypaums
nepudgepunitHoin cetn. B gaHHOM naparpade ctaBuTcs 3agava hopMupoBaHmus
MPUGNMKEHHOW NepUdepuinHoin cetn. Hike paccMOTpeHbl CUTyaL MK, BCTpe-
YakoLLMecs NP peLleHnn 3TOI 3a4aun.

Mporpammoii EZpacyeT npeaycmoTpeHa npnbnmkeHHas MeToamKa yyerta
neputepuinHomn cetu.

B cyLLIeCTBYIOLLEN CETU OTCYTCTBYIOT TOKM

Kak nokasaHo B rnase 6, CyLECTBYHOLLYO TPYOOMNpPOBOAHYHO CETb YYUTbI-
BalOT MyTEM BBEAEHNA [ABYX MNapameTpoB:

- TokoB nepetekaHns (le), BKIOYaEMbIX B TOUKAX paccevyeHns co CTOpo-
Hbl MPOEKTUPYEMOW CETU;

- noTeHUMana 3emnu (j ), HaBeAEHHOro TOKaMun NepuepPUnHON ceTu.

TOK nepeTeKaHus.
TOK nepeTekaHna 6yaem BbluMUCAATL Mo opmyne (6.41) ¢ UCNOb30BaHN-
eM NOTeHLUManoB no “6an3kom 3emne”

les=(Um-Un) /! (Zum +Zin), (7.5)

BXxoHOe COMpPOTUBNEHNE CYLLECTBYHOLLIENA CETU B TOYKE CThbIKA Z,mBbIYUC-
NAKOT N0 pe3y/bTaraM MOJMEBbIX U3MEPEHWNIA MPU UCMOMNb30BaHNN NepeBuX-
HOI KaTtoAHO cTaHUUKN. OBbIYHO 3HAYEHUS Z, 019 TOPOACKNX TPY6OnpoBo-
[0B iexXart B MHTepsane Zyn= 0,05...0,2 Owm.

TOK nepeTekaHNs BKNHOYAKOT KakK COCPeAOTOUYEHHYIHO Harpys3Ky B TOYKe
pacceyeHns Co CTOPOHbI NPOEKTUPYEMOI CETU N YUNTLIBAKOT NPU YMNCNIEHHOM
peleHnn Kak [06aBKy J.; K MpPaBOil YacTW OCHOBHOW CUCTEMbI YpPaBHEHWA
(6.39). lNMpaKTMyeCcKn BBOAAT HEKYH 3KBMBANEHTHYH KaTOAHYH CTaHUMIO C
aHO[HbIM 3a3eM/INTeNIEM OTHECEHHbIM B GeCKOHe4yHOCTb. [lpn 3TOM cnedyet
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YUMTbIBATb 3HaK TOKa le, MMes BBUAY, YUTO B Mporpammax MPUHAT 3HaK «+»
AN ToKa 06bl4HON CK3.

[MoTeHUman 3eMn j .

TOK nepeTekaHunsi, HO BK/KOYEHHbIV B BMAE COCPeOTOUEHHOW Harpy3Kmn co
CTOPOHbI CYLLECTBYIOLLEN CETW, MPOTMBOMONOXKEH MO 3HAKY BbIYUC/IEHHOMY
no qopmyne (7.5). NoayepkmBaem, 4YTO 3a NOSMOXNUTENbHOE HanpaB/eHME TOKa
l;s NPVHATO HanpaBfeHKe U3 CYLLECTBYHOLLIEN CETU B MPOEKTUPYEMYIO.

ATOT TOK CO3AaeT Moje B 3eM/e, XapaKTepmn3yeMoe NoTeHUMUaNoOM | ¢, KO-
TOPbIN TOXe BXOAUT B MPaByHO YacTb cUCTEMbI (6.39).

Kak nokasaHo B npumMepax pacyeTa rfiaebl 6, COCTaBAAOWYIO | .z MOXHO
He yunTbiBaTb WKW YYecTb NpUbAMmKeHHO. B nocregHem criydae MOXHO BOC-
M0/1b30BaTbCA CNEeAyHLLEN METOANKOMN.

1. CyllecTBYOLLYIO CETb C M3BECTHLIM BXOAHbLIM COMPOTMBNEHUEM Z
3aMEHSOT MepPUgepUinHoin ceTbto B BUE TPYyOb0NpoBoAa-/yya, Npou3Bo/bHO
HanpaBMeHHOro OT TOYKM pacceyeHns B rnyob CYLLECTBYIOLLIEA CETU U UMEID-
LLLEro pacyeTHYHO AJIVHY

Lok =100 / Zym, (7.6)

roe BXOAHOMY COMPOTUB/IEHUIO Z,m MOCTaB/IEHbI B COOTBETCTBME (M 3aTeM
NO/MKHbI ObITb YUYTEHbI MPU BBOJE MCXOAHbIX AaHHbLIX) CMeayoLLme napameTpbl
Tpy6onpoBoaa-nyya:

- Anametp, d =1500 mwm;

- TONWMHA CTEHKWN, t =30 mm;
- YAenbHOoe conpoTuBneHne nsonauymum, R,; =350 OomM?.

2. PellatoT OCHOBHYH 3afady Ansa 060C061eHHOro TpyoonpoBoda-nyya,
T.e. C NOMOLLbI CUCTEMBI (6.27) BbIMUCAAKOT MAOTHOCTb TOKA MPU Ha/mumm
TONbKO /UL Harpyskn le, NPUNOXKEHHON K TPY6ONPOBOAY-/Ty4Yy CO CTOPOHb
pacceyeHus.

3. Mo opmynam (6.30) (nporpamma EZpacueT, KHonka «[1one TOKOB B
3em/1e) A1 BCEX Y3/10B MPOEKTUPYEMOro TpybonpoBoAa BblYUCIAKOT NOTEHLM-
a1 3eM/IN j 51, BbI3BaHHbI TPYOOMPOBOAOM-/TYHOM.

4. ToTeHuman j 5 (B ypaBHeHUN (6.39) j .z €CTb HM YTO UHOE KaK | 51, T.E.
J s =] 31) BBOAAT KaK NonpaBKy K CTaLUWOHAPHOMY MOTEHLMaNY, T.e. 3aMEHAIOT
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ctontey Ug; ® Uy +j s W, A06aBNB BEKTOP Jgs, pewlaroT cuctemy (6.39) B
MosIHOM 06beme A/19 NPOEKTUPYEMOIA CETH.

K 3a7aue ¢ 3KBMBASIEHTHbLIM Sly4eM CBOAMTCS PacnpoCTPaHeHHast B Npak-
TUKE CUTYyalust C 3a3eMNeHHbIM TPy6onpoBoaoM. B aTom cnyuyae Tpy6onpo-
BO/-Nyd LieNiecoobpasHee HanpaBuTb BryOb 3eMIN.

B cyLLeCcTBYIOLLEN CETU AENCTBYHOT YCTAHOBKM X3

B gaHHOM criyyqae npu nocTpoeHun neputiepuinHom CeTu cneiyer peLlnTb
Tpuv 3a0auun.

1. Mopobpatb Hanbonee “6e360Me3HEHHbIE” TOYKU pacceveHus Tpyb6o-
MPoBO/0B.

2. Y4eCTb TOKW MnepeTeKaHus.

3. Y4YecTb TOKW B 3eM/1e, Bbi3BaHHble aHodaMu CK3, geicTeyowmmMm B OT-
CeKaeMoW CeTH.

Hanbonee npocTo peluaeTcs nepeast 3agaya B Cnyvae OTCeYeHMs GeCKO-
HEYHO [/IMHHOI BETBM MarmcTpanbHOro TpybonpoBoda. 34eck MOXHO BOC-
Nonb30BaTbCA CNefytoLLeli 0COBEHHOCTLIO: pacceueHne TpyO6oNpoBoaa B TOUKe
TOKopasaena, T.e. Ha rpaHULe 30H AENCTBUA KAaTOAHbIX CTaHLWMiA, Hanbonee
6naronpuaTHO, Tak Kak pacceuyeHie NPOBOAHMKA B TOUKE, B KOTOPOI TOK OT-
CYTCTBYET, HUKaK He MOB/MSET HA PaboTy anekTpuyeckoii uenu. OTctoaa cre-
nyeT cnoco6 peLLeHns NepBoii U3 NepeunCneHHbIX Bbillie 3a1ay:

MPOEKTUPYEMYIO CETb OrpaHNYMNBaAOT TOYKaAMIK TOKOPA3e/la.

Mpw 3aTPyaHEHWM C BbIGOPOM TOUEK TOKOpa3zena 3ajady pellatoT MeTo-
[I0M M0C/1e0BaTENbHbIX MPUBINKEHWIA.

BTopas 3agaya pelwlaetcd AOCTATOYHO MPOCTO, €C/N MMEETCA BO3MOX-
HOCTb MPOBECTW MOJEBblE N3MepPeHUss. B atom cnydvae no dopmyne (7.5) on-
pependaoT ToK nepetekaHusa (lg) U yunTbIBAKOT MOTeHUMaNn BAUAHUA (] ¢s).
BO3MOXHO, MCXOAA W3 C/IOXKHOCTM CYLLECTBYHOLLE CeTH, MoTpebyerca umc-
M0/1Ib30BaTb He OANH TPY6ONpPOBOA-NyY, a ABa-TPU, UCXOAALLMX, N3 TOUKKN pac-
ceyeHus.

[lns ydeTa BAMSIHWS NONS TOKOB aHOJHOMO 3a3eMnunTens (TPeThbs 3ajaya)
[I0CTAaTOYHO, KaK MpaBu/o, YY4ecTb aHOHbIe 3a3eMANTENN GNMdKAILLKMX KaToj-
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HbIX CTaHLUWI, PacnofOXKEHHbIX B CYLLECTBYHOLLEA CETU. DTU KaTOAHbIE CTaH-
LMW LleNnecoobpasHO BBECTM B PacUeTHYHO CXeMy MPOEKTUPYEMOW CeTH, XOTA
MX MOXHO YYeCTb aHasIorMyHO TOMY, Kak 3TO CAeNaHo ANd j o - npeasapu-
Te/IbHO BbIYUC/IUTL BEKTOP MOTeHLUMana 3eMan j ; 1 4o6aBUTb ero B MpasByto
4acTb cuctemsl (6.39).

KaToaHble cTaHUMK B NEPUQEPUIAHO CETI XKenaTelbHO BKKOUNTb Ha He-
KW 3KBMBaNEHTHbIA TPYyOONpoBOA, MPON3BOMIbHON [/IMHBLI U KOH(Urypauuu,
PAcNOJIOXKEHHbIN B 06/1aCTU AEACTBUA 3TUX CTaHLMIA U He CBS3aHbIA rasibBa-
HUYECKW C MPOEKTUPYEMOIA CETBLIO.

Takum obpasom, 4515 yveTa Mnons TOKOB B 3emsie OT cyulecTByrowmx CK3
crnepyer:

VUYECTb B pacyeTe 6amKailume KaToaHble CTaHUMW, BKIKUYMB X Ha
nepeepnnHyro ceTb NPOCTenLLEn KOHDUrypauumn.

Mpn pelleHnn ceTeBOl 3afauM C aHOAHLIMU 3a3eMAUTENSAMU COCEAHUX
CK3 ux BnusiHME 00bIYHO YYMTLIBAOT MO3XKE, T.€. B MPOLECCEe YTOUHEHUS pe-
LLIEHUS.

B cyLecTBYOLLEN CETU NMEKOTCA 61y XKAAKOLLIME TOKM

[aHHasa cuTyaums aBnseTca Hambosiee CMOXKHOW ANs onpefeneHns napa-
METPOB MepUtepUInHON CETU B TOUKAX CTbIKa. 3afaym Takoro poaa, ecnu ne-
pUdEPUiNHan CeTb COBEPLLEHHO HE NpeacKasyema, J0/HKHbI peLlaTbcs MeTOA0M
rnocnefoBaTeNlbHOW feTanm3ayun. B aTom cnyyae 3agadvy peLlatoT, Mo Kpaw-
Heli Mepe, [BaXK/bl: CHa4yana B Me/IKOM MacluTabe 6e3 fetanein, HO C Y4ETOM
OCHOBHbIX MarucTpasbHbIX YH4aCTKOB KaK CYLLECTBYHOLLEN, TaK 1N NPOEKTUPYe-
MOiA ceTeld, a 3aTeM - B 60/1ee KPYMNHOM.

Ha nepsoM aTane HaxoAaT noTeHUManbl B TOYKaxX OyAyLLEro pacceveHus
MPOEKTUPYEMOI U CYLLIECTBYIOLLEI CETed, BTOPO 3Tan JaeT OCHOBHOE peLLe-
HKe 3a7a4n.

CneflyeT 3ameTWUTb, YTO /19 NEPBOro arana Heob6XoAMMO BblAENNTb 00-
nactb TPyGONpoBOAHOIN CETK, MO KpalHeid Mepe, He MeHbLLE (B MONEPEYHNKE),
4yeM PaccTosHME Mexay GamkailmMn TAroBbIMK MoAcTaHUMAMW. PenbcoBas
CeTb [0/IKHa 0XBaTbIBaTb 30HY AEMCTBUA BNMKaliLLein TAroOBOW NOACTaHLMN.

Ha BTOpOM 3Tane penbCoBYyt0 CETb BOCMPOU3BOAAT BHOBb, HO B TOYKaXx
pacceyeHns NPOEKTUPYeMOil TPYBOMNPOBOAHON CETU BBOAAT TOKOBbIE Harpy3Ku
les, NOAGKMPAs NX Tak, YTOObI, MO BO3MOXXHOCTW, 06ecrnevnTb 3aJaHne nepeBuny-
HbIX MOTEHLMaN0B MNepPBOro atana pacyera. Ha aToM aTane MOXHO BOCMO/1b30-
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BaTbCS Pe3yNbTaTaMy HaTYPHbIX M3MEPEHWNIA, SKCTPanonmMpys aTu pesy/bTaThl
Ha NPOEKTMPYEMbI TPYOOMpoBoa.

7.4. PacyeTHas cxemMa cUCTeMbl 9X3

[TOCTPOMB OMMCAHHYIO BbILLIE PACUYETHYIO CXeMY TPY6ONpPOBOAHON CETU U
MopasmbIC/IMB MO X0A4Y [ena 0 KOPPO3MOHHOM CUTyaL MK, K TOMY e 06cneao-
BaB pailoH B HaType, MHXXEHEP Y>Ke MMEET TO WM MHOe MpefAcTaB/ieHne O by-
OYLEN CUCTEME 3/IEKTPOXMMMYECKOW 3almnTbl. BeposTHee BCEro OH yXXe Ha-
METU/1 MecTa BO3MOXHOIO pasMeLeHnss aHOAHbIX 3a3eM/IMTeNein U Toyek
ApeHaXa, NoCTaBW/I BOMPOC O Lie/Iec006pasHOCTX MPUMEHEHNSA 3MeKTPOApPeHa-
XXer, NPeAnonoXnn BO3MOXHOCTb MCNO/b30BaHNA MPOTEKTOPHbLIX YCTaHOBOK.
OcTanunck nnub "mMenkue™ Bonpocsl:

- CKOJIbKO KaTOAHbIX CTaHUMIA 1 rae nx LenecoobpasHee pasmecTuTb, py-
KOBOZACTBYACb MPUHLWNOM "dyemM MeHbLUE, TeM ayuLle”;

- KaKoBbl OMTMMa/IbHble 3HAYEeHWS TOKa KaXX0W N3 KaTOAHbIX CTaHLMWIA U,
cnefoBaTesibHO, 3KCnyaTalMoHHbIe 3aTpaThl Ha KaTOAHYHO 3aLlUTy B LENOM;

- KaKOBbl ONTUMa/IbHblE MapameTpbl aHOAHbIX 3a3eM/INTENEN, a oTcro4a U
OCHOBHbIe 3aTpaTbl Ha CTPOUTENbCTBO KaTOAHbLIX CTaHLNN;

- CKOJIbKO MPOTEKTOPHbIX YCTAHOBOK, CKO/IbKO NMPOTEKTOPOB B KaXK0uW U3
HUX 4a W CTOUT /N NNaHUPOoBaTb NMPUMEHEHVE TON WA MHOW KaTOLHOW CTaH-
LMW, eCNN [OCTaTOYHO, Harnpumep, OA4HOIN MPOTEKTOPHOW YCTAHOBKY;

- KakK BbIrNA4UT MoTeHUMalbHas AuarpaMma fnpu TOM UM MHOW CXeme
pasMeLLleHnsa YCTaHOBOK IX3;

- KaKOBO KayeCTBO W30/ALMOHHOIO MOKPbLITUA TpybonpoBoda, CTeneHb
BIMSHUS Pa3/IMYHON0 poja 3a3eM/eHUI, PO/ib CYLLECTBYIOLLMX N30IMPYHOLLNX
(hnaHues 1 T.4.

B cooTBeTCTBUM CO CTPYKTYpOi naketa APM 9X3-711 BCce 3TK 1 pag Apy-
FMX YaCTHbIX 334a4 PeLLaroTca Nno 04HOW M3 Tpex METOAMK, 0603HAYEHHbIX KO-
famn M=1...3.

Hwe AaHbl pekomeHZaumy no nofgoopy rnapameTpoB PacyeTHOW CXEMbI
9X3 B 3aBUCMMOCTIM OT KoZa 3afa4ym N METOAMKMN ee peLleHus.
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7.4.1. OnTMMKM3aLOHHasA ceTeBada 3ajgaya

CeTteBad 3aga4a gna X3 B pexxume M =1 cTaBuTCA CregyroLnm 06pasom:
onpefennTb ONTUMa/IbHOE KOIMYECTBO YCTAHOBOK X3 U UX PacrnonoXkeHve B
npegenax uccrnefyemoit TpyoonpoBOLHOM CETU NPU  YCIOBUM MUHUMYyMa 3a-
LLUNTHOrO TOKa ¥ ONTMMyMa 3alMTHOro NOTeHLMana.

[Mpn NocTaHOBKe 3aayun B pexkume M=1 nepuepninHyto YacTb CeTU Cre-
AYET UCKMIOUNTL U3 pacyeTta, 406aBMB ee 3aTeM NPW YTOUHEHWUW PEeLUeHNs B
pexnme M=2.

MoaroToBKy 3agayn npu M =1 HauymMHalOT C BbIOOpPa Hanbosiee BepOAT-
HbIX MECT pa3MeLLieHNS YCTaHOBOK 3X3, MOCKO/bKY Mporpammon npeaycmor-
PeH BbIGOp onNnTMMyMa U3 3a 4 aHHOT O MHOXecTBa. [leno B TOM, YTO
nporpamme Hesfb3si [0BEPATb CAMOCTOATE/bHbIA BbIOOP MECT pa3MeLleHus
aHOHbIX 3a3eM/INTeNEe, He OrpaHMUMB ee MIaHOM 3aCTPOMKK paccMaTpuiBae-
MO TeppUTOPUKN, NPUBA3KAMM K MCTOYHUKaM NMUTaHus u T.4. Ho ¢ apyroi
CTOPOHbI UHXXeHep-MPOeKTUPOBLUMK MMEET ULLb MHTYUTUBHbIE COOBPaXKeHNs
0 [EACTBUTENbHOM CXEME PacronoXeHnsa YCTaHOBOK 3X3. [osTomy B 1UCXO[-
HbIX JaHHbIX

npeanonaraemMoe KonmyecTso YCTaHOBOK X3 NOMKHO ObITh B34TO C
130bLITKOM.

He cTtonT 0Cc06eHHO 6GecrOKOUTLCSA, eCc/iv 3TOT "M30bITOK™ He OYeBMAEH.
KoMnbloTep Npu peLleHnn 3a4avm B He0OX0AUMbIA MOMEHT BblaacT coobLue-
Hne "HenocTaTO4YHO KO/IMYECTBO YCTAaHOBOK IX3", - eCnnm NX Masio 3ayMaHo,
NN NPOCTO NPOUTHOPUPYET BallW NMPeAnonoXKeHUa N OCTaBUT CTOMbKO YCTa-
HOBOK OX3, CKO/IbKO HY)XXHO, ec/in y Bac nepebop.

B o6llee KONMYecTBO YCTaHOBOK IX3 BXOAAT KaTOAHble CTaHLMuK, Npo-
TEKTOPHbIE YCTAHOBKM U 3neKTpoapeHaxn. OcobeHHOCTU 3afaHus UX napa-
METPOB COCTOAT B CNeAYIOLLEM.

KaToiHble CTaHLMW.

1. Ncnonb3ys UMEIOLLMIACA OMbIT 3MEKTPOXUMUYECKON 3alUThI, 3a4at0T
KOOP/JWHATbI LEHTPOB aHOAHbIX 3a3eM/UTENEN, pacnonaras X Ha PacCTOSHWUK
OT TPy60ONpPOBO/OB

AN MarncTpanbHbiX - 150...250 M,
ana ceteBblX - 30...50 M.
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2. 3aal0T npefesibHbIA TOK KaTOAHbIX CTaHUMiA, PYKOBOACTBYACb HOMM-
Ha/TbHbIMW 3HAYEHMAMM CYLLECTBYIOLLMX UMM UMEIOLLMXCA B HA/IMUNWN MPE06-
paszoBaTeneil. O6bIMHO MpefenbHblid ToK 6epyT Ha 10...20% MeHblUe HOMU-
Ha/lbHOrO 4718 JaHHOro KaTtoAHOro rnpeobpasosaTend. HeobxoanumocTs BBee-
HMSA TaKOro napameTpa ANKTYeTCA orpaHUyYeHnaMy ONTUMU3aLMOHHOM 3aa4un.

3. PeLatoT OCHOBHYHO 3a/auy.

4. Tlocne BblYMCNEHNSA ONTUMAbHBLIX TOKOB 3X3 HaxoAAT MapameTpbl
adHOAHOrI 0 3a3eM/INTENA, APEHAKHOTO Kabens, rlpeo6pa30|3aTenﬂ.

[1pOTEKTOPHbLIE YCTaHOBKM

1. Pa3meLlatoT NPOTEKTOPHbIE YCTAHOBKW C yaaneHnem 4...6 m ot Tpybo-
NpoBoAa.

2. YCTaHaBNMBatOT Npefe/bHblil TOK KaX /40 yCTaHOBKW. B KavecTBe npe-
AeNbHOro Toka Ana 0fMHOYHOro NPOTEKTOPA MOXHO MPUHATL 3HadeHue |, =
0,03 A, HO NnLWLIbL Ans TPY6O0I OUEHKN. PaKTUYECKM HEOOXOAMMOE YMCIIO MPOo-
TEKTOPOB N UX TOK ONPefensaoT B Auanore ¢ KoMnboTepoM. NMpy NoCTpoeHum
PacUYEeTHON CXEeMbl BbIMOMHAT NULLbL MPUKWUIAKY CYMMapHOro TOKa 3alUuThl
KaXK[10M YCTaHOBKMW.

3. Mpn HeO06X0ANMOCTU BbIYUCNAKOT COMPOTUB/IEHNE PaCTEKAHMIO MPOTEK-
TOPHOM YCTaHOBKM 1 NPOBEPSAIOT ee BO3MOXKHOCTU MO FreHepUpOoBaHNIO 3aaH-
HOro TOKa.

IANEKTPOAPEHAKMN

1. OnpenensitoT TEXHUYECKN MPUEMIEMbIE TOYKWN peHaXKa COOTBETCTBEH-
HO Ha TPy6onpoBoe 1 penbcax.

2. B gmanore ¢ KOMMbOTEPOM B ONTUMMU3ALMOHHOM PEXUME ONpeaensoT
TOK APEHaXHOW Lenun. 3HaydeHe npefenibHOro TOKa 3/IEKTPOAPEHaXa B NPo-
rpamMmme orpaHn4eHo BenMunHon 500 A ans BCex BUAOB APEHAXKEN.

3. BblbupatoT TN ApeHaxa U No pasHOCTU MOTeHUManoB penbc-Tpyba B
TOUKe ApeHaXka BbIYUCNAOT CONPOTUB/IEHNE APEHAXKHOI Lienn.

7.4.2. PacyeT npu 3agaHHbIX TOKax
B pexume 3agaun M=2 wvietca pacnpefeneHme noTeHumMana, Bbi3BaHHOe

ToKaMn I9X3 npn ycnosnun, 410 BE/INHNHBLI TOKOB, a TaKXX€ KOJIMYECTBO U pas-
MeLEHNE 3allNTHbLIX YCTAaHOBOK 3a[laHbl. I'Ipo6ne|v|a MnoAroToBKu pacquHoM
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CXEMbl CBOAUTCA IMLLIb K HAa3HAYEHUHD MECT pa3MeLLiEeHNS aHOAHbLIX 3a3eM/n-
Tenemn.

7.4.3. PacuyeT KayecTBa 1301AUUN

ckoMbIM B 3afjadve, pellaemoin B pexmme M =3, ABNAeTCH yae/bHOe
3/IEKTPUYECKOe CONpoTMBeHME M30n1auun ( Ry;) N0 yvacTKaMm CyLLEeCTBYIOLLIEN
Tpy60NpPOBOAHOM CETN.

icxofHble AaHHbIE AN pacyeTa:

- TOKMW CYLLeCTBYHOLUMNX ( UM ONbITHbIX ) KaTOAHBLIX CTAHLWIA;

- Tabnuua NpupaweHnin NOTeHUWana, Bbl3BaHHbIX AaHHLIMU KaTOAHbIMU
CTaHUMAMU;

- MPUBSI3KN TOYEK [ApeHaXKa U MECT pa3MeLLIEHNA aHOAHbIX 3a3eMIUTENEN;

- Tabmua cTaumMoHapHbIX NOTEHLMANOB.
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[ naBa 8. KatogHada 3aluTa

8.1. CxeMbl COeIMHEHNI KAaTOAHOW CTaHLU MK

Ha puc.8.1 npeacTtaBneHa cXeMbl TUMUYHON CTaHUMN KaTOAHOW 3alTbl
(CK3). OcHoBHble npu3Hakn CK3, oTanyatoLLme ee OT APYrux BUAOB 3/1EKTPO-
XUMNYECKOI 3aLUNTBI - HANIMYME UCTOYHIMKA TOKa U aHOAHOro 3a3eMIUTeNs.

ANeKTprUecKas sHeprus, HeobxoammMas ansa 3NeKTPOXUMUYECKO 3aLLATHI,
MOCTYynaeT 13 CETU NepPeMeHHOro ToKa B nNpecbpasosaTenb 1, rae Hanps>xeHue
MepeMeHHOro ToKa CHauyasa CHUXaeTca [0 HeobX0AMMOro YPOBHS, 3aTeM Bbl-
NpAMNAETCA N fanee UCMONb3yeTCA ANa co3aHna MOCTOAHHOIO perynmpyemMo-
ro Nno Be/IMYMHe ToKa 3alluUThbl.

e
-2l B

Pnc.8.1. Cxema coeiMHEHWIA KaTOAHOW cTaHUMK. 1 - npeobpa3oBaTesib

NepeMeHHOro TOKa B MOCTOSHHbIN; 2-aHOAHbIA 3a3emnuTens;  3-
3alMLLIaeMblli TPY6ONPOBOA; 4-KOHTaKTHble YCTPOICTBA; 5- Kabenb-
Has NINHWS.

Kak cnefyet U3 cXeMbl COEAUHEHWIA, BbIMPSAMEHHbIA TOK OT “+” UCTOY-
HMKa 1 NocTynaeT Ha aHOAHbIN 3a3eMNNTENb 2, 3aTEM MO 3eM/ie HaTeKaeT Ha
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TPy60npoBoA 3, BbIMNO/HAA TEM CamMbIM CBOU 3al/THbIe (DYHKLMW, MOC/Ee Yero
BO3BPALLAETCA Ha “-” CBOEro UCTOYHMKA. KOHTaKTHble YCTPOMCTBA 4 - pasb-
eMHble 60MTOBble COeAMHEHMA - MpeAHasHaYeHbl 4NA MOAK/NHOYEHUs Kabesb-
HOW TMHUN 5 1 ANA N3MEePEHUs NOTEHLMANO0B.

Kpome nepeyncneHHbIX y3/10B B KATOAHYHO CTAHLMIO MOTYT BXOAMWTD:

- BbICOKOBO/IbTHbI MOHMXatoLWMiA TpaHcgopmatop ana nutaHna CK3 ot
ceTun Hanps>xeHnem 6onee 1000 B;

- aBTOMaTU4Yeckoe OTK/IHOYatolLLlee YCTPOMCTBO Ha MUTAKOLLEA NIMHUK Me-
PEMEHHOIO TOKa,;

- CYETUMK 3N1EKTPMNYECKOI IHEPTUU;

- 3aLlUTHbIA 3a3eM/IMTeNb Kopnyca npeobpasoBarens;

- 6/10KN N5 COBMECTHOI 3aWnThbl psaa NOA3EMHbIX COOPYI>KEHNIA;

- OrpaXkieHune 13 KOJIKoUeil NPOBOJIOKN BOKPYT npeobpa3osartens ¢ TpaHc-
(hopmatopom ( Ha MarncTasbHbIX TPY6ONpPoBoAax).

Ha puc.8.2 nokasaHbl HEKOTOPbIE 3/IEMEHTbI CXEMbl TAKOWN YCTOXXHEHHOM
KaTOAHOI CTaHUMW.

. 33 1

CeTk Brixog

Al

_‘i_l Wik =220 B -'113?
(7 & T K aHogHomMy
Beog 3A3EMITMTENH

o1 cetw 220 B

K tpybonpoeony

Pnc.8.2. CxemMa NOAKNHOYEHWNA KaTOAHOW cTaHUMKW. 1- npeobpas3oBatesib
KaTOAHbIN; 2 - WKa BBOAHO-YYETHbIN; 33 - 3aLLUUTHBIN 3a3emnuTenb; All-
aBTOMaTMYeCKUin BblkoYvaTeslb; Wh - CHETUMK 3NEKTPUYECKOI IHEPTUN.
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8.2. KatoaHbI npeobpasoBaresb

Mpeobpa3oBaTesib KaToAHOM cTaHuMK (prc.8.1, no3.1) yacTo Ans ynpotie-
HWUA Ha3blBalOT KaTOAHOW CTaHUMER, YTO BPSA NI MOXET BbI3BaTb CEPLE3HYIO
MNyTaHuUy. Kpome TOro ero MOXHO Ha3BaTb PErymmpyembiM BbINPAMUTENEM
UMK XKE NO UMEHU, NPUCBOEHHOMY €MY 3aBOOM-N3rOTOBUTESIEM.

Mpeo6pas3oBaTe/ib B OCHOBHOM MpeHa3HauYeH Ans
- BbINPAM/IEHMS CETEBOrO MEPEMEHHOIO TOKa;
- PErynIMpoBaHNs BENUMHBI TOKA U €r0 U3MEPEHMUS.

ATUX ABYX (PYHKUMIA 6GOMbLUE YacTbi A0OCTATOYHO AN 3afaHust Hop-
Ma/IbHOT0 peXXnma paboThl KaTOAHOW CTaHLUN.

Ha puc.8.3 npuBeaeHa 3NeKTPUUECKash CXemMa TUMOBOrMO0 HeaBTOMATWYe-
CKOro npeobpasoBatesisi, LMPOKO PacnpoCTPaHEHHOTO B MPaKTUKe 3MeKTPO-
XVMWYECKOI 3aLLUTbI.

T
F
P — g2 D 1

I | ] +
~220E é i N I

[

Pnc.8.3. Cxema TMNUYHOro npeobpasoBaTens KaToAHON CTaHUWW.
S1 - BbIK/OYATENb ABYXMNOMKOCHLIN; F - nnaBkue npefoxpaHnuTenu;
T - TpaHcgopMaTop MOHMXKaOLWMA ¢ 0TBOAaMU; S2 - NepeksoYa-
Te/lb MHOrOMO3ULUMOHHBIIA; D - BbINPAMUTENlb MOCTOBOW; A - LUYHT
C aMnepmeTpoM.

[MoHWKaroLWMin TpaHcopmatop T npefHasHayeH ANS COrfiacoBaHWs Ha-
npsbkeHns cetn 220 B ¢ paboumM Hanps>KeHWeM KaTOAHOWN CTaHL MKW, KOTOPOe
Y pa3HbIX TUMOB YCTAaHOBOK Konebnetca ot 24 fo 96 B. TpaHcdopmaTop nveet
pAL MPOMEXYTOUHbLIX 0TBOAOB, KOTOPbLIe NMPX UCMOMb30BaHUN NepeknoyaTens
S2 NMo3BONAKOT CTYMEHAMM U3MEHATb BbIXOAHOE HarnpsXKeHne. TpaHcgopmaTop
CBA3aH C BbinpamuTenem D, cobpaHbIM M3 CWUIOBLIX AMOAOB, Hanpumep, Mo
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MOCTOBOM CcXeMe. Ha BbIX0e BbINPAMUTENS BKKOUAOT aMnepmMeTp A C BHeLL-
HUM LLYHTOM - Ka/IMOPOBaHHbIM COMPOTUB/IEHNEM - Ha TOK 0 100 A.

Ho HekoTopble NpeobpasoBaTenii MOryT BbINOMHATL PS4 AONOHUTENbHBLIX
(hYHKLWIA:

- NOAAEPXKMBATb B aBTOMATMUYECKOM PEXMME HEU3MEHHbLIM MONSAPU3aLIN-
OHHbIA NN O6LLMIA 3alUTHBIA NOTEHLUMAN HA BbIXOE KaTOAHOW CTaHUWW;

- CHMWXaTb YPOBEHb PaAMONOMeX, BO3HUKAKOLWMX Mpu paboTe 3/1EKTPOH-
HbIX LIENei aBTOMaTUUeCKOM KaTOAHON CTaHLNN;

- paboTtaTb B MPEPbLIBUCTOM PeXUMe BK/IHOYEHMEe-OTKIHOUEHNE C LIeNbH
MCMONb30BaHNA apdeKTa NocneaencTBMSA KaTOAHON NONApM3aLmnn.

Cxema npeobpasosatens, NO3BONAOLLErO MN1aBHO M aBTOMATMUYECKUN pery-
NMPoBaTb TOK Harpysku, NpuBeAeHa Ha puc.8.4.

aj @ &)
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Pnc.8.4. Cxema ynpaBnsieMoro BbINpPAMUTENS Ha TMpuUcTopax (a) U Bpe-
MeHHAas Auarpamma Toka Harpysku Tupuctopa (6).

HanomHuM, 4TO TMPUCTOP - NOJSTYNPOBOAHMKOBbLIA NMPUOOP, TakK Xe Kak U
avoa, VMeKLWMiA OfAHOCTOPOHHIOK MPOBOAMMOCTb, T.e. 0B6paTHbIA TOK €ero
OYeHb Man U UM npeHebperatoT. HO B 0T/IMuMe OT AMoAa, KOTOPbIA OTKPbIBa-
eTca NPakTUYeckn npu Hynesom Hanps>keHun (npym U = 0,4...0,7 B), TMpncTop
He paboTaeT [0 TeX Nop, NoKa Ha ero ynpasnsoLWNiA 3N1eKTpo He 6yaeT nogaH
curHan. Yem 60nblie 3afiepXkKa BO BpeMeHU (No (hase) ¢ nogadeit ynpaensito-
LLero curHana, TeM MeHblle KO/IMYeCTBO 3/IEKTPUYeCTBa, NpoLUejLlee yepes
TUpUcTop 3a nepuog. Ha puc.8.4,6 3awiTpmxoBaHHasd 061acTb - UHTErpasibHOe
3HayeHue BbINpameHHOro Toka. Mpu a = 0 TMpucTop paboTaeT B pexume
06bIKHOBEHHOI 0 Anoaa.
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dopmMpoBaHUE YNPaBSIOLLETO UMMYNbCa U 0GECMEeYeHNe ero casura no
hase BbINOMHAETCS aBTOMATUYECKM B 3aBMCMMOCTM OT 3a[]aHHOTO YPOBHS 3a-
LIMTbI TPYO6ONPOBOAA. KpaTKo 3TOT MPOLLECC MOXHO OMNMUCATh CeayHLWMM 06-
pasom.

A) 3ajaHHas npy NyCcKe KaTOAHONM CTaHLIMN BEINUYMHA 3aLLUTHOIO MOTEH-
Lmana Kak aTasioHa GEecrpepbIBHO CPAaBHUBAETCS C (DAKTUYECKMM 3HAYEHMEM
NnoTeHUMaNa Ha WU3MepUTENbHOM 3NeKTpose (B TOUKe ApeHaxa). Kak Tonbko
HapyLIaeTCst UX PaBHOBECWE, BOSHUKAET CUMHA PAcCOrIacoBaHUs.

B) CurHan paccor/siacoBaHusi BK/HOYaeT (ha30CABMratolLlee YCTPOCTBO,
MEHSIIOLLEE B TY UM MHYIO CTOPOHY Yron OTCEYKM a, T.e. YCTaHaB/IMBAET MO-
MEHT MnoJauu ynpasistoLLEro UMMY/bca HA TUPUCTOP.

B) MopaaeTcs KomaHa o hopMMPOBaHUK YNPaBNSHOLLEr0 UMMY/bCa, KOTO-
PbIN TYT Xe NOoCTyNaeT Ha YNpaBAsOLLMIA ANeKTPOA TUPUCTOPA.

') TOK KaTOAHOW CTaHLMM N3MEHSAETCHA 1 paBHOBECKE BOCCTaHaB/IMBAETCA.
[MpumepHO Tak paboTatoT npeobpasoBatenn Tmna OINC-2 ["alickoro 3aBo-
aa “3AnekTponpeobpasosartesib”.

8.3. KOHCTPYKLUMKM aHOAHbIX 3a3eM/INTENEl

Huyke NnpuBeaeH psf BapuaHTOB YCTPOICTBA aHOAHbIX 3a3eMNNTENEN, Bbl-
6Op KOTOPbIX OMPEeAeNnsieTcs TEXHUKO-3KOHOMMUYECKUMI COOBPaKEHMAMM MPW
MPOEKTUPOBAHMMN CUCTEMbI KATOHOM 3aLLUUTHI.

Hanb6onee npoctas v AellieBas KOHCTPYKLUUS aHOAHOIO 3a3eM/MTeNs Mo-
KazaHa Ha puc.8.5. CTep)kHW (3NEeKTPOAbI) aHOAHOro 3a3emnuTens 1 yknafbl-
BAalOTCS B TPaHLUE Ha NybUHY, NPEBbILIAIOLLYIO TNYy6UHY MPOMep3aHus
rpyHTa. Mpr 3TOM CTEPXKEHb JO/MKEH UMETb MOCTENb U MPUCHIMNKY 13 KOKCOBO
MeNoun 4, 0 Ha3HaYeHUM KOTOPOI - HECKONMbKO Mo3e. Bce anekTpombl no-
CPeACTBOM TLUATENbHO M30MMPOBAHHbLIX OT 3eM/IM KOHTaKTHbIX 3aKMMOB 3
ANEKTPUYECKN MOACOEANHSIOTCS K 00LIeMy Kabento 2, BbIXOASLLEMY K  KOH-
TaKTHOMY ycTpolicTBY (KY) aHOAHOr0 3a3eMIUTENS.
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Pnc.8.5. Fopun3oHTa/IbHbIA aHOAHbIV 3a3eMNNTENb U3 rPatuTONIACTOBbIX
anekTpogoB Tuna A T-2500 (1500): 1- anekTpofd; 2- Kabenb 0AHOXWb-
HbIi1 B BUHMNOBOIK 060/104Ke ABBI™ 1x25; 3 - pa3BeTBUTENbHAs KOPOOKa,;
4- KoKcoBas 3acbinka B npusamke 3000 x 400.

Pnc.8.6. BepTuKasbHbIA aHOAHbIN 3a3eMINUTENb M3 rPatuToNIacToBbIX
anekTpoaos A T-2500(1500). O603HaYeHNs - Ha puc.8.5.

Ecnn HET BO3MOXXHOCTW MPOBECTU OTKPbITbIE 3eM/ISHbIE PaboThbl MO YCT-
PONCTBY TpaHLIeWn, Hanpumep, U3-3a CTECHEHHbIX FOPOACKUX YCMNOBUWA, UMeS
BBMAY, UTO PacCTOSHME MEXY 3MEeKTPOAaMMN MOXKET NPEeBbILWATb 7 M, TO U3ro-
TaBNMBAKOT BEPTUKaNbHbIA aHOAHbIA 3a3eMINUTENb, MOKa3aHHbIA Ha puc.8.6,
rae He TPebyOTCA TpaHLUeHble, HO HeO6X0AMMbI YXKe Bonee foporve padboThl
- BypeHmne CKBaXKUH,

Bonee CNoOXHbIiA aHOAHbIN 3a3eMIUTENb - TNTYOUHHbIN, BbIMOMHEHHbLIA W3
TeX XKe 3nekTpoaos Tnna 3 T, npeactaBneH Ha puc.8.7. NyouHHbIE aHOHble
3a3eMUTENN - UX A/IMHA 0ObIYHO He npeBbilaeT 100 M - NPUMEHSIKOT B CTEC-
HEHHbIX YCNOBMSX rOpoMoB, KOrAa NPUNOBEPXHOCTHbIE 3a3eM/IUTENN pa3Mec-
TUTb HET BO3MOXHOCTU. ITO ANKTYETCA B OCHOBHOM TEM, YTO aHOAHbIN 3a3eM-
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NUTENb AO/MKEH ObITb YaaneH 0T BCEX NOA3EMHbIX KOMMYHUKaLMIA Ha AOCTa-
TOYHO 60/bLLOE PacCTOSAHNE.

1
| [l

et H Pt T % i =

H A H b

S = gl &0
¥ o E}

& 5 & £
= 3 & 7
JATHTE i 3 &
BHTYMOM AR (E3 2 2
— T z 4 * #
E % P b
P % — b 3
& = & Z
& ) e -
e -\..',:: = S
s =
L % 4 (B
= v by z
2l LI = ALE
i ||
21 Iz AL
TR T ST
2| [ Al
A [ IE I E
> 2|
L = & X
S I

2 | =rals

2500z = 3
AE SILE
A= K B
DS IngEren

Punc.8.7. BapnaHTtbl a U 6 rny6MHHOr0 aHOAHOIO 3a3eMINTENS U3 3/1IEKTPOLOB
Tuna 3 T-2500. 1- HanpaBAAOLWMIA OroN0BOK; 2- BOPOT A/ OMyCKa KOJIOH-
Hbl; 3- kabenb K “+” npeobpasosatens; 4- crtasbHOW nposog [MNCO-4;
5- anekTtpog 3IT-2500; 6- MeXanekTpoLHas nepemblyka kabenem ABBI
1x25; 7- 60NTOBOE COefMHEHMEe Ha CTblKe ABYX 3/IEKTPOLOB; 8- coeAuHU-
Te/bHbIN HAMMENb Ha pe3bbe 13 rpagurTonnacTa.

Tpy6uaTble rpaciMTONNACTOBbIE 3MEKTPOALI 5 CBUHUMBAOT MOCPEACTBOM
rpacmMTONNacTOBbIX HUMMeENeli 8 B KOMOHHY, KOTOPYO MO Mepe HapallyBaHus
[/IMHbI ONYCKAOT B CKBaXKMHY C MOMOLLBIO Tpoca 4 1 nebefkn 2. DneKTpofbl
NpW 3TOM 3M1EKTPUYECKM COEAUHSIOT MeXay Co60i oTpeskamu Kabenei 6, a
KOHTAKTHbIE Y3/bl 7 TLLATeNbHO U30NUPYIOT. HUNNenb 8 MMeeT MA0CKyo npo-
YLUWHY C OTBEPCTUEM A1 BONTOBOr0 KOHTAKTHOIrO COeAUHEHMS 3MeKTpoda C
HaKOHeUYHUKaMU Kabeneii.

Mocne onycka KOMOHHbI A0 NMPOEKTHON OTMETKM L CKBaXXMHY 3amOHSOT
KOKCOBOW MeNoYblo. VIHOraa B CKBaXKMHY Nepes 3TUM OMycKaroT neptiopupo-
BaHHYIO M/1aCTMACcCOBYHO TPYOKY C BbIXOIOM Ha [JHEBHYHO MOBEPXHOCTb, Npej-
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Ha3Ha4YeHHYI0 A/19 0TBOAA rasoo6pasHbiX MPOAYKTOB KOPPO3UK, KOTopble 06-
pasyroTcs Npu pacTBopeHun rpadmta. C TOW Xe LieNbl BEPXHIOK YacTb CKBa-
YXMHbI YaCTO 3aMNO/HAKOT rPaBUEM.

Ecnu ckBaxknHa rnybokas (bonee 50 m), To Ans 6ypeHUs ycTaHaBMBatOT
HanpaBNAOLLMIA OronoBoK 1 no BapmaHTy puc.8.7,6.

Pnc.8.8. TnybuHHbLIA aHoA-
HblA 3a3eMNNTENlb U3 CTaslb-
HOM  Tpybbl.  1-KPbILWKa,;
2- KNEMMHUK; 3-XOMYT; 4-Ha-
npasnsowas Tpyba; 5-ctanb-
CTaslbHast Tpyba; 6- Kabesb;
7-HaknafgKu NpUBapHbIE;
8-KOHTaKTHbIA Yy3en; 9- Ka-
6enb NUTaHuS.

RN,
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B0O3MOXHO NPYMEHEHMe NMPUNOBEPXHOCTHLIX W TNYOMHHbIX 3a3eMNTENEN
N3 CTa/IbHbIX 3N1eKTPoAOB. BapmaHT Takoro aHOAHOro 3a3eMIuTensa npuBedeH
Ha pwrc.8.8. OgHOBPEMEHHO C BypeHneM B CKBaXKMHY OMYCKarKT 06CafHYH KO-
NOHHY 5, KOTOpas npefgHasHayeHa Cy>XWUTb 3/1IEKTPOLOM 3a3emMnnTens. Tpyoobl
KO/TOHHbI COEAUHAIOT MeXay cob0i NpnBaprBaemMbIMU Haknagkamun 7. B aByx-
Tpex MecTax Ha BHYTPEHHE MOBEPXHOCTN TPYO KOMIOHHbI YCTpamBatOT KOH-
TaKTHbIE Y3/1bl 8, OT KOTOPbIX Ha 06LLMIA KNEMMHWK 2 BbIBOAAT NUTatOLLME Ka-
6enn 6. Y3nbl 8 TWaTtenbHO M30NMPYIOT OT BOAbI, KOTOPas B KOHLE KOHL0B
nonageT BHYTPb TPYOb!.

BO3MOXeH eLle psf BapMaHTOB aHOAHbIX 3a3eminTesnieid. Tak, B CUY He-
KOTOPbIX XO3ANCTBEHHbIX MPUUYMH YacTO B KayecTBe 3/1eKTPOLOB MCMO/b3YOT
Pa3INYHbIA METa/II0/I0M, B YaCTHOCTWU, PefibCbl, TPYObl (CTa/lbHbIE N YYTyH-
Hble), YrofIKOBYIO CTa/lb U T.A.
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8.4. Matepuan aHOOHbIX 3a3eM/IUTENEN

OCHOBHOe Tpe6oBaHWe, NPeAbABIAEMOe K aHOAHOMY 3a3eM/IUTENO, - Ma-
Nnas CKOPOCTb aHOAHOro pacTBopeHus. B COOTBETCTBMM C 3aKOHOM dPapajes
(cm.chopmyny 2.8) 1 amnep aHOAHOrO ToKa 3a 1 rof pactBopsieT 0kono 10 Kr
enesa. Tak, 750 KaToAHbIX CTaHUMiA r.Bonrorpaga co cpeaHum Tokom 20 A
KaXK0M U3 HUX 1 cyMMapHbIM 15000 A 3a 0AUH /IMLLb TOMIbKO rof NpeBpaTaT
B HUYTO 150000 Kr >kenesa. MNMo3aTomy Hapsady Co CTaslblo, KOTopas nsHayaslb-
HO MPUMeHsANacb NPV KaToAHON 3aliuTe U BCE ellle NPUMEHSEeTCs ceryac, 6bin
co3faH pa4 maTepuanoB, CneunanbHO npefHasHavyeHHbIX A9 U3rOTOB/eHUS
cnabopacTBOPMMbIX aHO0B KaTOAHbIX CTaHLNA.

B 1a6n.8.1 npvBedeH nepeyeHb OCHOBHbIX MaTepuanoB, WUCMO/b3YeEMbIX
A9 aHOAHbIX 3a3eM/IUTENEN, a HKE fiaHbl KOMMEHTapUK MO KaXKAOMY U3 HUX.

8.4.1. Ctasib N YyryH

Mo cBoel AO/ITOBEYHOCTU CTallb - Hal/lxy,EI,LIJI/IVI N3 BCEX MPUMEHAEMbIX Ma-
TEPKNasoB. OfHaKo, K CoXaneHur, CTa/lbHble aHOAHbIE 3a3eM/INTENU LLNPOKO
pacnpoCTpaHeHbl B OTEYECTBEHHOW nNpakTuKe. Ipuyem npuymHa 34ecb eanH-
CTBEHHaA - OTHOCUTE/IbHAA AOCTYMHOCTb MaTepPUala.

Ta6nnua 8.1
AHO[HbINA CKopocTb pac-
marepuan TBOpEHMS, q ,
Kr/(Arop)
Cranb 10
YyryH 4.5
"padut 0,8..15
deppocunug, 0,1...0.3
CBuHeL+Ccepebpo 0,04...0,08
MarHeTut 0.002
[MnatuHa ~0
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[Mpo6GneMa NpUMeHEeHUs CTa/lbHbIX 3/IEKTPOAOB YCYTyoOnfeTcs elle 1 Tem,
4To Yepes 1...2 rofia CTasibHOWN 3a3eM/INTE/b MOXET NPEKPaTUTL CBOK paboTy,
[aneko elle He PacTBOPMBLUMCL MOMHOCTLI. OCOBEHHO 3TO KacaeTcs BepTU-
Ka/lbHbIX 3/1EKTPOA0B 13 Tpy6. Ecnmn Tpyba npu ee ycTaHOBKe MN/IOTHO BOMBa-
eTcs B NMpoOYpeHHYH CKBaXKMHY, TO TBepAble NPOAYKTbl KOppo3uu, Gecnpe-
PbIBHO 06pa3yoLUnecss B MpoLiecce PacTBOPEHWs, MOCTENEHHO YMIOTHAACH,
CO3/[at0T CNOW BbICOKOIO 3/1EKTPUYECKOr0 CONPOTUB/EHNS, KOTOPbII BbI3bIBAET
Me[l/leHHOe, HO BEPHOe YMeHblleHMe paboyero TOKa 3/1eKTpoda A0 MOJIHOro
ero npekpatleHuns. Bce NonNbITKU BblAEPHYTb 3/1IEKTPOA U3 3eM/I AN PEMOHTA,
KaK npasuo, 6e3ycneluHbl, YeMy NPensaTCTBYET MOLUHbIA U Janeko He rnag-
KW CNOI PXXaBYMHbI. ITO U MOHATHO, €CNN YYECTb, UTO 06BEM PXKaBUMHbI 6O-
Nnee 4yeM B 3 pasa MPEBbILAET MepBOHaYa/ibHbIA 00bLEM pPacTBOPUBLLErOCS
CTa/IbHOro n3aenus.

3pa CTa/bHbIX aHOAHbIX 3a3eM/IMTENEN BCe XKe 3aKaHumMBaeTcs, TeM 6osee
YTO CYLLECTBYeT psAf anbTepHaTUBHbIX MaTepuanoB. Ho ecnn Bce XXe ecTb
060CHOBaHHast HE0OXOANMOCTb NMPUMEHEHMNSA CTa/IbHbIX 3a3eMNTENEN XOTA Obl
B MaJsloil CTeneHn NpruemMneMbiM CPOKOM Cy>K6bl, TO UX YCTpamBatoT C KOKCO-
BOi 3aCbINKOWA.

Llenecoobpa3HOCTb NPUMEHEHMSA KOKCOBOMW 3aCbINKn Ans NPOANeHNs Cpoka
CNY>KObl aHOHbIX 3a3eMNINTENEN B 3apyOeXHOM MPaKTMKe AaBHO He 06CyXaa-
eTCA 1 3Ta TEXHO/OMNS UCMO/b3YeTCA MOBCEMECTHO.

KOKC - TBepblii OCTaTOK C BbICOKMM COAepXKaHWeM yrnepoda, obpasyto-
LLMIACS NPV HarpeBaHWN Pa3IMYHbIX BUA0B MCKOMNAEMOro TOMnavBa [0 BbICOKNX
Temnepatyp 6e3 goctyna kucnopoda. Kokc n3 kameHoyronbHOro n HepTAHOro
reKa sBNAeTCA CbIpbeM /19 U3rOTOB/IEHMSA 3MEKTPOAOB NIaBUIbHBIX NEYel.

[na 06CbINKW 3a3eMNNTENEN UCNO/b3YETCA KOKCOBas KPOLLKa pa3mMepoMm
00 8 MM, KOTOpasi NOC/IONHO YTPaMO0BbIBAETCSA BOKPYT 3fieKTpoda. MnoTHOCTb
KOKCOBOIA KPOLLKY NpuUMepHo 0,6 T/m°.

A PEKT CHMKEHMA CKOPOCTM PaCTBOPEHUSA CTa/IbHOrO 3/1eKTpoAa 0b6bsc-
HAeTCA crnedyrownm. bnarogaps yrnepoay KOKC - NPOBOAHWUK C 3M1EKTPOHHOM
MPOBOAMMOCTbIO. 1O3TOMY B TOYKE KOHTAKTa 3MEKTPUYECKON MNapbl KOKC-
CTa/lb HET 3NeKTPONMTUYECKOro pPacTBOPEeHUA. PacTBOpPeHMe MMeeT MeCTO
NPV KOHTaKTe CTaNb-BOAa M KOKC-BOAa. HO KOKC, Kak M yrosnb pacTBOPSETCSA B
10 pa3 meaneHHee ctanm (cm.Ta6n.8.1). Cnot n3 KOKCOBOW KPOLLUKK [0JIXKeH
YMEHbLUNTH [0 TOKa, HENoOCPeACTBEHHO CTEKAKLWEro CoO CTalbHOM Mo-
BEPXHOCTU B 3NEKTPONMT. bonbluas yacTb TOKa, NMepeTekas C 3/1eKTpoaa Ha
KOHTaKTUPYIOLLIME C HUM 3epHa KOKCa, CTEKAaeT B 3/MEKTPO/IUT YXKe He Co
CTa/IbHO MOBEPXHOCTW, @ C MOBEPXHOCTM 3epeH crabopacTBOPSIOLLErocs
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KOKCa, UYTO N ABNSAETCA NMPUUNHON YBENMYEHUA CPOKA CNyXXObl aHOAHOrO 3a-
3eM/INTENS.

OfHaKO B OTEYECTBEHHOMW MPaKTUKe [0 MOC/MefHEero BpemeHu ObITOBaNA
MHasa TOUKa 3PEHUS: TEXHUYECKUMI HOPMaMM KOKCOBYHO 3acCblInKy paspeLlaeT-
CS 3aMEHATb [MIMHUCTbIM PacTBOPOM.

Ho aTa 3aMeHa Jafieko He paBHOLIEHHas U faXe HanpoTuB. [eiCcTBUTeNb-
HO, N/IOTHbIA CNOW FNMHbI B6YAeT cnoco6CTBOBaTb BO3HUKHOBEHWNIO MNOTHOIO
CNOS PXKaBuuMHbI, NPMBOAALLErO, KaK 3TO CKa3aHO BbILLE, K 3anupaHuto afnek-
Tpoda W npekpawleHnto Toka. KoKcoBas KpOLLIKa, K TOMY e, Croco6CTBYeT
06pa30BaHNIO PbLIXNIOrO CNOS PXKaBUMHbI, 3aNONHAKOLLEro NYCTOThI MeXay 3ep-
HaMW M He NPenATCTBYHOLIEro MPOTEKaHWIO TOKa. YBeNuyeHWe CTOMMOCTW
aHOAHOr 0 3a3eMANTENS MPU NPUMEHEHNM KOKCOBOW 3aCbINKN KOMMEHCUPYETCS
YBE/TMYEHMEM CPOKa CNY>XObl KaK 3a CYET YMEHbLLUEHNSI CKOPOCTW PacTBOpE-
HWS, TaK U 3a CUET MNOBBbILLEHNS PA6OTOCNOCOOHOCTY 3a3EMNTENS.

UyryHHble TPyObl KaK aHOAbl MMEOT 60/Mee HU3KYH0 CKOPOCTb PacTBOpE-
HUS, YeM CTa/lbHble. TUMOBLIMU PaBoUMMIK YepTexamu anbboma cepumn 5.905-6
OHV PEKOMEHAYIOTCA ANS NPUMEHEHMS.

BbinyckatoTcs crneunanbHble CTa/lbHble aHOAHble 3a3eM/INTENN B KOM-
M/1eKTe C KOKCOBbIM HarosiHuTenem. Tak, aHoAHbl 3a3emimTens tvna AK-1
COCTOWUT U3 CTa/IbHOIo CTEPXKHA AnameTpoM 50 MM, anuHoi 1500 mm, maccoil
21 Kr, ONpPeccoBaHHOr0 KOKCOBBLIM Haro/IHUTENIEM, KOTOPbIA MOMELLEH B KO-
XYX U3 XeCcTu. [lnameTp 3nekTpoaa B KoxKyxe -185 mm, anmHa -1420 mm, mac-
ca - 60 Kr. Takoi1 3a3eM/INTe/b He XenaTeflbHO NPUMEHATb BO BNaXKHbIX IPyH-
Tax.

KOKCO6eTOHHbIN 3a3emnutens Tuna AKLL, HanpotmB, npeiHasHayeH Ans
FPYHTOB C MOBbILLEHHOW BNaXXHOCTbHD. CTa/IbHOM CTEPXKEHb AnameTpoM 50 Mm
3aMOHO/IMYeH B GETOH, HaNOJIHNTENEM KOTOPOro SBMSIETCA KOKCOBas KPOLLKa.
[MabapuTbl anekTpoaa 150x150x1700 mm, macca - 77 Kr.

8.4.2. 'pacut

["padToBble 3/1EKTPOALI B CBOE BPeMs ObliM Ha3BaHbl “HepPacTBOPUMBI-
MW, HO MO3Xe, KaK 3TO cneayeT 13 Tabn.8.1, NoTepsnn CBOW NMPUOPUTET, OA-
HaKO BCe eLle LUMPOKO NPUMEHSAIOTCS.

["padunT MMEET 3NEKTPOHHYO NPOBOAUMOCTbL C YAE/bHbIM 3/IEKTPUYECKM
conpoTmeieHneM (2...5)10"°> OM'M, nnoTHocTbio 1600...2100 Kr/m*. CKopocTb
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pacTBOpPeHUA rpagnTa, Kak aTo BUAHO 13 prc.8.9, cnabo 3aBUCUT OT MJIOTHO-
CTW aHOA4HOIO TOKa.

Cnabas pacTBOPUMOCTb rpaduTta, a TakKe APYrux PacCMOTPEHHbLIX HUXKe
“HepacTBOPMMbIX” 3/1IEKTPOAOB, OOBACHAETCA TEM, YTO MPU OKUCUTENbHO-
BOCCTaHOBMTE/IbHOM MPOLIeCCe Ha aHOe MPOUCXOANUT 0b6pa3oBaHMe rasos Mo
peakunsam

2H,O - 2e=0, + 4H+, (81)
2CI" +2e =Cl,.

[MponopumMoHanbHOe COOTHOLLEHME 00bEMOB BbIAENAOLINXCA ra30B - Ku-
cnopofja, Xnopa 1 yrnekucnoThbl - onpeaenseTca XMMnMYecKMmM COCTaBOM OKPY-
XaroLLen cpefbl. Tak, B MOPCKOIA BoAe pacxof rpaduta MeHbLLE, YEM B IPYH-
Te, NOCKONbKY rpagmt C pearupyet ¢ kucnotoin HCIO B coOTBETCTBUM C
YpaBHEHUAMMN

Cl, + H,0 = HCI + HCIO; (8.2)
C + 2HCIO ® .CO, + 2HCI.

A NOCKO/bKY 3HauMTe/bHasA YacTb X/10pa OTBOAMTCS C MPOTOUYHON BOJOM,
TO KOSIMUYECTBO X/I0PHOBATUCTOM. KcnoTbl HCIO HeBeNMKO 1 No3TOMY HeBe-
NIVK MaTepuasbHbIA yiep6b OT HemocpeacTBEHHOW KOpPPOo3vKM aHofa Mo Cpas-
HEHUIO C KOPPO3Wei B MPECHOW BoAe W TPyHTe, rAe npeo6nafaeT npsmMoe
OKWC/IEHUE C YYaCTVEM KICMIOPOAA MO YPaBHEHUIO

C+0,® CO,. (8.3)

OObIYHO UCMOMBL3YKOTCA rPaPUTOBbIE N YrofibHbIE 3M1EKTPOAbI, MpeaHa-
3Ha4YeHHble ANA [YroBbIX MMeyeil B 3NeKTPOMETaNyprun. Ona yBennyeHus
CTOMKOCTU BO BMIaXKHbIX FPYHTaX M B CpefiaxX C BbICOKMM COAEPXXaHWEM CY/lb-
(baT-MoOHOB rpaUTOBbIE 3MEKTPOAbI MPOMNUTLIBAOT CBA3YHOLLUM BeLLECTBOM,
Hanpumep, eHoNhopMabAerMaHoM CMOMON, a TakXKe MOMELLAKOT B KOKCOBYHO
KPOLLKY.

KokcoBas 3acbinka faet 0co60 OLYTUMbIA 3)(DEKT - CKOPOCTb pacTBope-
HUA rpauTa CHMKAETCA B HECKO/bKO pa3. Tak, ecnn  6e3 KOKCOBOW 3aCbIMKK
noTeps Maccbl cocTtaenseT q =1,2kr/(Arron), To ¢ 3acbinkon g = 0,2 Kr/(Aropn).
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KokcoBas 3acbinka B rnape ¢ rpauToBbIMA UKW YIONbHBIMU 31EKTPOAAMM
MPOSABNSET eLle OA4HO CBOe BaXKHOE CBOMCTBO: CNOCOOCTBYET OTBOAY rasoob-
pas3HbIX NPOAYKTOB KOPPO3nUN. ECin nx He OTBOAMTL OPraHn30BaHHO, TO MOTYT
BO3HUKHYTb Ma3yxu, NycToTbl, MPUBOASALLME K HEPaBHOMEPHOCTM PacTBOPEHNS
3/1IEKTPOAA, YBENMYEHUIO ero CONPOTUB/IEHNSA U fiadXKe K NMpeKpaLeHnto paboThbl.

MOXHO OXUaaTb 06pa3oBaHMe KMCI0poza o ckopocTbio 1,83 mM*/(ATog).
O6pasyowminca xnop - A40BUTLIN U arpPecCUBHbIN ras, YCKOPSAIOLWMNIA paspy-
LLUEHWe aHoAa W APYruX 3/1eMeHTOB 3a3eM/INTeNs, B TOM YuMC/e, NiaacTMacco-
BbIX M30/MPYIOLLMX 060/104eK NuUTatoWwmx Kabened. Ero Tem 6onee Hago no-
CKopee yaanuTb.

[Mpn pacTBOPEHUN CTa/lbHbIX 3M1EKTPOLOB ra3 NpPakTUYeCKn He BbldenseT-
CA 1 MO3TOMY MaTepuasibHble 3aTpaTbl HA KOPPO3UKO COOTBETCTBYHOT 3aKOHY
Papages.
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Prc.8.9. CKopoCTb KOPPO3UKN aHOAHbIX 3a3eMnnTteneit. 1 - rpagu-
TOBbIA 3M1EKTPOS, 6€3 KOKCOBOWM 3acbIMNKW; 2- (heppoCUInLO0BbIN
aneKTpog 6e3 KOKCOBOW 3acbinku; 3- (heppoCUNNLOBbLINA 3NEKTPOS
C KOKCOBOW 3aCbINKOW.

OTeYecTBEHHON MPOMBILLIIEHHOCTLHO BbIMYCKAKTCA U HALLIAM LUIMPOKOE
MPMMEHEHNEe B CTpaHe rpaduTonnacToBble 3N1eKTPOAbl Mapku AT, KoTopble
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BbIMOIHAKOTCA B BMAE TPYObl C BHELUHMM AuameTpom 115 MM, BHYTPEHHUM -
90MM, anmHoi ot 1,5 0o 3 M. CpeaHuin Bec 3-X METPOBOI0 3/1eKTPOAa COCTaB-
NAET 22 K.

OCHOBbIM KOMMOHEHTOM rpagmToniacta SBNSeTCA MCKYCCTBEHHbIWA rpa-
ut (82%), CBA3YIOWMM CNY>XUT CUHTETUYECKas Cmona B BWUAe Mpecc-
nopoLuka. CMecb NepemeLLnBatoT, NAaBaT npu TemnepaType 140°C v n3roTas-
NNBAKOT TPYOY C BHYTPEHHE pe3bboit Ha KoHUax (CM.puc.8.7, a Takxke anbbo-
Mbl TUNOBBIX YepTexen cepun 5.905-6 n 8.402-5 “Y3/bl U geTann 31eKTPOXU-
MUYECKOW 3awnTbl’).

[padToniacT WMMeeT  YyAeNbHOe  3/IeKTPUYECKOe  COMPOTMBIIEHME
(8...13)10"> OM'M, UYTO HECKONbKO GOMbLUE, YeM Y FpauTOBbIX 3M1EKTPOLOB.
[MpenenbHbIA Harpy3oUHbI TOK 3M1eKTpoda ANMHOM 3 M cocTaBnseT 5 A unu
4,5 A/IM?, B TO BpeM$ KaK rpaduTOBbIe 371eKTPOAbI AOMYCKAIOT MAOTHOCTL TOKA
20 A/M? 1 6onee.

OCHOBHOW HefoCTaToK rpafuToBbIX WM, OCOBEHHO, rPaUTONIACTOBbIX
3/IEKTPOAOB - XPYNKOCTb. Ob6pasyoLmecs Npyv MOHTaXe TPeLMHbI U NMOBPeX-
[eHVA B rpadmToniacToBON TPybe NPOSBAKOTCA 3aTeM KaK o4aryv mexaHude-
CKMX paspyLUeHnii N NoKasibHO Koppo3uu. K Tomy ke rpadutonsiacT “passa-
nnBaeTcA” Npu 60/bLWOW NIOTHOCTM TOKa, T.e. NjacTMaccoBas MaTpuLla B 3TOM
C/lyyae y)ke He B COCTOAHUN YepXKaTb YaCTUYKK rpadumTa.

8.4.3. deppocunng,

Hanbonee LIMPOKOe pacnpocTpaHeHWe nofy4ynnn aHoAHble 3a3eMIUTENn
N3 >KeNesoKpPemMHUCTbIX ((heppocnanaoBbIX) 3MeKTPOL0B. B cocTaB »kenesok-
peMHUCTbIX cnnasos C14...C17 sxoauT 14...17% KpemHua (Si) N3 KBapLeBoro
necka. MnoTHoCTb (eppocunnga 7000...7200 kr/mM®. OH oUeHb XPYrnoK 1 TpyA-
HO MOAJAaeTCAa MexaHU4YecKon 06paboTke pe3aHueM.

Manas CKOpOCTb pacTBOPeHUs 3neKkTpoda 06bACHAETCA 06pa3oBaHEM Ha
ero roBepXHOCTU 3aLLUMTHOM NMEHKK, cocTosAen 13 okmcna SiO,, KOTOpbIN
CMOCOOCTBYET BblAe/IEHMIO KUCopoAa B3aMeH BblfeneHUs MOHOB >kenesa. B
MOPCKOM BOZE M CONOHYAKOBbIX FPYHTax 06pa3oBaHMe NacCMBUPYHOLLIEN NIEH-
Kn SiO, 3aTpyaHeHo. B aToM cny4vae 60nbLUMIA 3(EKT Oat0T heppocunpl C
n06aBKoin MonimbaeHa (ao 4%) nnm xpoma.

CKOpOCTb pacTBOpeHus eppocunnga 60nee CyLleCTBEHHO 3aBWUCUT OT
MIOTHOCTW TOKa, YeM rpagura. Tak, U3 puc.8.9 cnefdyer, 4to CKOPOCTL pac-
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TBOPEHNs (Peppocuimaa pacTteT C YBeNMYeHWeM MI0THOCTU aHOAHOro TOKa.
Kak gna rpadwura, Tak 1 ana geppocnnnia CKOPoCTb PacTBOPEHUSA 3aMETHO
CHXAETCA MPU MCMOJSb30BaHUM KOKCOBOW 3acbIMKW. PekomeHayemas nnot-
HOCTb aHOAHOro ToKa - 10...50 AlM?

BBuay Manon CKOpPOCTM pacTBOPeHUs, eppocunnaoBble aHOAbl MOXHO
Ob1110 6bl YKNaablBaTb HEMOCPEACTBEHHO B FPYHT, HO NpK 06s3aTeNbHON opra-
HM3aL MM 0TBOA ra3o06pasHbIX MPOAYKTOB.

Pnc.8.10. KOHTaKTHbIN Yy3en (eppocuivaoBoro 3nekrTpoga.l- kabenb B
[IBOHON BUHWNOBOW 060/104KE; 2- 3NeKTpoL (heppocunnMaoBsblii; 3- repme-
TM3npyowas KabenbHasa 3anvBKa; 4- NONU3TUIEHOBasA Tpybka; 5- (hTopo-
nnacToBas LWanba; 6- anoKcMaHas cMona; 7- CBUHLL0Bas 3a4ekaHka; 8 - me-
CTO Manku; 9- cTasibHON BKNaAbILL, 3afenaHHbI B Teno anektpoga; 10- Bu-
HWUnoBas Tpyoka; 11- NoMaTUNEHOBas fIeHTa.

B oTeuecTBEHHOW MNpaKTUKe MPUMEHSAIOT rOTOBblE A/S YCTAHOBKM KOM-
NIeKTbl (PePPOCUIMNAO0BLIX 3N1eKTPOAO0B. Tak, B KOMM/EKT aHOAHOro 3a3eM/n-
Tena ASM-2 BxogdaT 24 anektpofa, 4 KOHTaKTHble KOPOOKKM 1 60 M coenHN-
TeNbHOro Kabensd. 9nekTpog aAvaMeTpoM 65 MM 1 anmHoit 1500 mm ¢ aByX
KOHLIOB MMeEeT KabefibHble BbIBOAbI, TLUATE/bHO M30/MPOBaHHbIE OT OKpPY-
Xatowlen cpeabl. Ha pnc.8.10 gaHbl BapuaHTbl NOACOEAMHEHUS Kabenein K
(heppocmnnaoBbiM 3nekTpogam. MNpu aTom y3en a UCNosb3yeTcA B aHOAaX TuMa
A3M-2 n npurofeH ans CO0PKN KONOHH FNYy6UHHOIO 3a3eMnnTens, y3ibl 6 1 B
- ANA MHAMBNAYaIbHOTO NPUMEHEeHUS.



191

Kpome aHogHoro 3asemnntens A3SM-2 BbINyCKarOTCA KOMIMNEKTHbIe dep-
pPOCUNNAOBbLIE 3a3eM/INTENN B KOXKYXE C KOKCOBbIM HanonHuTenem tnuna AK-3,
AK-1I", AK-2I" n gpyruve. Mabaputebl anektpoga AK-3 B cbope: anametp - 185
MM, gfvHa - 1420 mm, macca - 53 Kr, macca (peppocuIngoBoro CTep)kHs -12
Kr, ero gnametp - 40 mm.

8.4.4. CBuHel,

CBWHEL, YMCTbIA PacTBOPSETCA CO CKOPOCTbIO B TPU pasa 6osbLuei, yem
CTaNb. [eACTBUTENbHO, ecin AN CTanu no qopmyne (2.7) aneKTpoxumunye-
CKMWi1 3KBMBaNeHT ecTb ( = 9,12 kr/(A.rog), To ANd CBMHLA NPX ero aTOMHOM
Macce M = 207,2 nmeem

q = 3600 207,2 /(2 96500) = 3,8673 r/(A4) nnu
q=3,8673 365 240,001 =33,8 kr/(Aropn).

OfHaKo coBCeM HebO/bLLOe KOMNYECTBO cepebpa [fenaeT Takoil crinas
MPaKTMYeCcKn “HepacTBoparoLMMCa™. [eiACTBUTENBHO, CN/aB Ha OCHOBE CBUH-
La, cogepxawmin Bcero nnwb 1% cepebpa 1 6% CypbMbl, CHUXAET CKOPOCTb
pacteopeHus a0 0,05 kr/(Aron). MNMpuyem gonyckaemas TOKOBas Harpyska Ta-
KVX 3M1EKTPOZ0B BECbMa CYLLIECTBEHHA 1 MOXET A0CTUraTh 350 A/MP.

10T aPheKT 06bACHAETCA 06pa3oBaHMEM Ha MOBEPXHOCTU aHOoAa NIoT-
HOrO XOPOLLIO MPOBOAALLEr0 OKUCHOIo cnosi PbO,, KOTOpPbIA 1 ABNSETCA TOKO-
OTAatoLLEe NOBEPXHOCTLIO. [py OTCYTCTBUM NErMpYHOLLMX 406aBOK B BUfE Ce-
pebpa 3TOT C/I0 CTAHOBUTCH MOPUCTHLIM N B paboTy BK/HOYAETCS HIDKeNexXa-
LA METaNNNYECKMIA CBUHEL,, KOTOPbI ObICTPO pacTBOPSETCS.

OcHOBHOe TpeboBaHMe K yCNoBNAM paboThbl CBUHLOBOro aHoga Pb+Ag -
cpefa [o/mKHa ObITb C 60MbLUMM COAEpP>KaHNeM X/opa, YTO AasieKo He Bcerga
BbINO/IHUMO A1 YCNOBUWA MOA3EMHbIX TPYO6ONpPOBOAOB. TN 3MEKTPOAbl He
HaLL/IM NPUMEHeHNs A9 NoA3eMHbIX TPY60MpPoBOAOB.
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8.4.5. MarHetur

MarHetut, opmyna Kotoporo Fe; O4, MOXXHO OTHECTM K OKMCNam Xene-
33, T.e. K PXXaBUMHE - KOHEYHOMY MPOAYKTY KOpPPo3un. Mo3ToMy KaK MOXHO
OT TaKOro BeLLecTBa OXWAATb elle Kakon-1nmbo rnoTepu Maccbl Npy aHOAHOM
Harpyske, ecnn yxe Bce NoTepsaHo? K ToMy Xe MarHeTUT He AM3NEeKTPUK, UMe-
eT 3/IEKTPOHHYO NPOBOAMMOCTb M MOXKET MCMO/b30BaTbCA B 3/IEKTPUUECKNX
Lensx. Ero yaenbHoe aneKTpuyeckoe CONPOTUB/IEHNE BENIMKO, HO CPaBHMUMO C
yAeNbHbIM CONPOTMBAEHNEM rpatnTa, T.e. nopaaka r = (5...10)10°> Om.m.

MarHeTuT BCTpeYaeTcs B BMAE MUHepana U A00bIBAETCA KaK >Kene3Has
pyga. Fopa MarHuTHas y r.MarHMToropcka - Ternepb y»e bbiBLIas - COCTOANA
N3 MarHeTuTa.

N3nenns n3 marHeTuta OT/MBAKOT NPU BbICOKOW TemmepaType CO Cheuu-
aflbHbIMK no6aBKamn. JINTOW 3NeKTPoA rNafkuii, TBEPAblA U MNMOTHbIA Kak
CTEKJ/10.

Pacxof maTtepuana noj TOKOBOW Harpy3koW uype3BblyaiHO Masl U COCTaB-
nset 1..2 r / (Arop), T.e. B 1000 pa3 meHble, yeM Yy rpaduta 1 B 10000 pa3
MeHbLLIE, YeM Y >Kenesa. Paboyas NAoTHOCTL Toka - 90...200 A/M?.

O6nacTb MPUMEHEHNS - MOBCEMECTHO. K coXaneHuto, OTeYeCTBEHHOW
MPOMbILL/IEHHOCTLIO MarHETUTOBbIE 3M1EKTPO/bI MOKa He OCBOEHHI.

8.4.6. NnatunHa

HecmoTps Ha KaXKyLLytOCsi 39K30TUYHOCTb TaKOro maTtepuana, 0COGeHHO
Npw 3aLiMTe KOMMYHaNbHbIX TPY6OMNPOBOAOB, 3TOT MaTepuan HaxoauT NpuMe-
HEHWe, Hanpumep, NpY 3alllMTe MOPCKUX CY[O0B W MOPTOBbIX COOPYXEHWIA, a
TaK)Ke NPV KaTOHOI 3aLluTe BCEBO3MOXHbIX PE3epByapoB, anmnapaToB, HAaco-
CoB 1 np. OIHAKO NPUMEHSIIOT CKOpPee He NMaTMHOBbIE, a NNATWUHUPOBAHHbIE
aNeKTPoapb!.

ONeKTPOoAbl Ha OCHOBE NNATUHbLI U3roTaBMMBAKOT U3 TUTaHa, HAOOKS KUK
TaHTana, Ha KOTOpble, KakK Ha NacCKBHbIE AePXXaTenn, HAHOCAT 3NEeKTPOXMMM-
YECKUM WX APYTrMM CNOCOBOM TOHKWIA Cnold nnaTtuHbl ( TOALWMHON 2,5...10
MKM), KOTOpbIVA 1 SIBNSieTCA paboyeil YacTbio NOBEPXHOCTY aneKTpoa. Mpuyem
3TOT CNol MOXET 6biTb AaXe B Bue 060C06MEHHbIX OCTPOBKOB, NEHT WUAW
MOSICKOB Ha fiepyKaTene.
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Pacxog nnatuHbl BecbMa MaJsl, a 3gheKT ype3BblHaiHO BeNWK. [eicTBU-
TeNbHO, NpefenbHo AoNYCTMMaa NJOTHOCTL aHOAHOMO TOKa C OCTPOBKOB MNJla-
TUHbI MOXET AocTuratb 2000 A/M?, a NoTeps Maccbl NAaTWHbI - BCEro NNLLb
4...10 mr/(Aropg). Mpwn aTom TUTaH U 0CO6EHHO HMOOWIA, 6narogaps HernpoBo-
AALNMM OKUCHBIM MJ1eHKaM, BO3HUKAKOLWMM Mpu nx pabote, (yHKUNOHUPYIOT
KaK abCONOTHO HepacTBOPALMECA YACTN TaKOro 3/1eKTposa. Jlnb TONbKO
npu HanpskeHun 10...14 B gna tutaHa uav npu 50...100 B ang HMobus npo-
MCXOANT NPOBOI NacCUBMPYIOLLLETO CNI0A Ha AepXKaTene U aNeKTpog, K coxase-
HWIO, MOC/e 3TOro 6bICTPO paspyLlaeTca. OgHaKO 3TO JIErKO KOHTPOMPOBATh
N HEAOMYCTUTD.

AHOHbIE 3a3eM/IUTENN HA OCHOBE MIATUHUPOBAHHOIO TUTaHa XAYT CBO-
ero NPMMeHeHNs NP 3awmnTe KOMMYHasbHbIX TPYOG0MNPOBOAOB.

A3BECTHbI NOMbITKA CO34aHNA U APYrnX KOMOMHMPOBAHHbLIX aHOAOB Ha
OCHOBE BEHTW/IbHbIX MeTasIoB TUMa TUTaH C PasHOO06Pa3HbIMU OKUCHBIMIN MO-
KpbITUAMMK, BMIOTb A0 OKWUC/NOB )Kenesa. TakuMe aHoAbl KakK OKWUCHO-
pyTeHueBble (OKMCeN PyTeHUs Ha TUTAHOBOM [epXKaTesie) C YCrexom npume-
HAKOTCA B 3/1EKTPO/IMTUYECKNX BaHHAX B rafbBaHMYecKnx Lexax. K coxkane-
HWIO, 3TW 3NEKTPO/bl He TEPNAT 3arpA3HEHHbIX Cpea, U TeM 60nee, rPYHTOBbIX
YCNOBWIA.

8.5. PacueT KaTtoiHOW 3allnThbl
8.5.1. NocTaHOBKa 3ana4vu

CoBpeMEHHbIN (hyHAAMEHTa/IbHbIN METOA pacyeTa 3MeKTPOXMMMYECKON
3alUMTBI, B TOM YMC/Ie KATOLHOW, NpuyeM ans TpybonpoBOAHbIX CeTel /060l
KOHUrypauumn, npusegeH B rnase 6. Jpyrve metofbl pacyeta — ana 060cob-
NEHHbIX MPAMOMNHENHBIX TPYOONPOBOAOB - M3M0XEHbI B paboTax E.3yHpe,
1.0.Pa3ymoBa, B.H.OctaneHko, B.B.JlykoBuya, B.T. /iBaHOBa, X Y4EHNKOB U
rocnefoBaTeseil.

OHOBPEMEHHO C peLLeHneM 3aa4 X3 B (hyHAaMeHTa/IbHOM NOCTaHOBKeE
MOXHO B OLIEHOYHbIX pacyeTax WCMo/b30BaTb MPOCTENLLNE aHAIMTUYECKME
COOTHOLLEHUA, MMeSt BBUAY, YTO TPYOONPOBOA C KaTOAHOI 3amMTOn TEOPETHU-
yeckas 3M1eKTPOTEXHMKA OTHOCUT K aKTWBHbIM MPOBOAHMKAM C YTe4Koi. B
3TOI NOCTAaHOBKE A1 6ECKOHEYHO [/IMHHOIO NPOBOAHMKA C YTEYKOW - aHasora
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MarucTpanbHoro TpybonpoBoda - C COCPefOTOYMEHHOM TOKOBOW Harpyskoi
NMeeM

U(L) =U(0)e ", (8.4)

roe L - koopamHaTa nuccnefyeMoin TOUKM BAOb OCK TPy6onpoBoga ¢ Havasiom
oTcyeTa B TOYKE NOAK/OYEHUSI TOKOBOWN Harpysku; U(L) - pa3HOCTb MOTEH-
LumanoB Tpyba-3emna B uccnegyemoit Touke; U(0) - pa3HOCTb NOTEHLUMANOB B
Hayase KOOPAMHATHOW OCU; a - KO3(W(ULUMEHT 3aTyXaHMs UK KO3WMULMEHT
YTEUKN.

Ha puc.8.11 nokasaH XapakTep U3MEHEHWNS1 3KCMOHEHLMANbHOW (DYHKLMK

e @k DKkcnoHeHTa ¢ OTpULATENbHBIM apryMEHTOM - 3TO 3aTyXatoLLas MYHKLMS,
OMMUCbIBAKOLLLAS B HAYKe U TEXHMKE MHOXECTBO aHa/I0rMYHbIX NPOLIECCOB.

Punc8.11. PacnpefeneHue
pasHOCTN MOTeHLMaNoB Tpy-
6a-3emna U(L) n nnoTHOCTK
ToKa j(L) mpn 3akcnoteHUu-
a/IbHOM  M3MEHEeHMn 3aTy-
Xarowen MyHKUMN;  Lgay -
N1e4yo 3aWnuTbl  KaTOLHOWA
CTaHUUW;  Usaymin — MWUHU-
Ma/IbHbIA  3aWUTHBLIA  MO-
TeHuman.

B Teopmun 31eKTPOXUMMYECKON 3alUThbl 3aBMCUMOCTb (8.4) LUMPOKO npu-
MeHsiacb paHee. Mpy ee MCNOMb30BaHUM CeAyeT MMETb BBUAY COOTHOLLUEHUS:;

a= CORpp/ Ruep; (8.5)
U@)=a | Ry; (8.6)
Riep = Rus + b1, (8.7)
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rae Rnp - yAenbHoe npogosibHoe conpoTrBiaeHne Tpydonposoaa, OM/M; Ryep -
yAeNbHOE MepexoHoe ConpoTUBNeHe Tpy6onposoaa, OMM; R, - yAenbHoe
(nnHerHoe) conpoTuBneHne usonauun, OMM; r - yaenbHOe 3M1eKTPUYECKOe
COMpPOTMBNEHUNE TPYHTA, OM'M; | - TOK KaTOHON CTaHUWUN; b - KO3IPPULINEHT,
MPUONMKEHHO YUYMTbIBAKOLWMIA MOME, BbI3BaHHOE TOKaMu Tpybornposoda B
semne (b =1,4...2,0 npn d = 100...1000 mMm).

CnefyeT Nof4YepKHyTb, YTO BCE APYrve NposAB/eHUs Mo, Hanpumep, ot
aHOJHOro 3asemnnTens WAM cocefHero TPybompoBofa, WUrHOPMPYHOTCH, T.e.
Be3ge nonaratot | ;= 0.

HecmoTpsa Ha To, 4To (hopmyna (8.4) BecbMma npwvB/ekaTe/ibHa Mo CBOE
MPOCTOTe, €0 CfiefyeT MO/Mb30BaTbCA /NNLLbL AN OLEHOYHbIX pacyeToB. Bce
pacyeTbl KaTOAHON 3almMTbl 6yAeM BbINOMHATL C UCMO/Ib30BAHNEM MPOrpamMm
Komnnekca APM 3X3-7T1, pa3pab0oTaHHbIX B COOTBETCTBUWN C TEOPUEN rNaBbl
6 1 NpeacTaBeHHbIX B raBse 7.

8.5.2. PacyeT BNAHMA aHOAHOI0 3a3eM/INTENSI Ha NACCUBHbIN
TpybonpoBsoAa

[Mono)KeHne aHOAHOro 3a3eM/IUTENS CYLLECTBEHHO B/IMAET Ha pacnpepje-
NeHne 3alMTHOro noTeHumana BAOMb TPy6onpoBoAa M NPOTAXKEHHOCTb 3a-
LLIUTHOM 30HbI KaTOAHOW CTaHLIAN.

TOK aHOAHOro 3asemMnnUTeNd, CTekas B 3eM/1l0 OT “narca” CBOero UCTou-
HWKa, HanpaBnseTcad B KOHEYHOM CYeTe K 3a3eM/IeHHOMY “MUHYCY”, KaKOBbIM
B 00ObIYHbIX YCMOBUAX SABNSAETCA 3alMLlaeMblii Tpybonposod. OaHako B none
[AaHHOr0 aHOAHOI0 3a3eM/INTENA MOXKET 0Ka3aTbCA U APYroi, He BK/IKOYEHHbIIA
B CMCTEMY KaTOAHOW 3awyThl, Tpybonposod. Takoil Tpybonposog 6yaem Ha-
3blBaTb NAacCMBHbIM WMAN COCEAHUM, B TO BpPeMSA Kak TpybonpoBoA, Haxoad-
LLIMACA B CUCTEME KATO[HOW 3aLUUTbl - aKTUBHbIM.

[na aHanmsa BAVMSAHMA NMONS TOKOB aHOAHOIO 3a3eM/IMTENS Ha MacCUBHbI
Tpy60NpoBOA, MbIC/IEHHO OTHECEM 3alMLLIaeMblil MW aKTUBHbLIA TPY6oMnpoBos
B 6ECKOHEYHOCTb. DTUM Mbl - 4191 YNCTOTbI aHan3a - OTAENIMM UCC/eayeMbIid
3a3eM/INTeNb OT BCEX APYIMX aKTUBHbIX, T.€. Harpy>keHHbIX TOKOM, 3/1eMeHTOB
B 3eMJ/Ie.

Mone TOKOB 060C0O6/MEHHOro 3a3eMnuTtensd (HaMm Moka HUYTO He MeLuaeT
3aMEHUTb peasibHbI 3a3eM/IUTENb TOYEYHbIM, PaCMoOXKeHHbIM Ha MOBEPXHO-
CTW 3emsin) 6bI10 Bbl CTPOro pagnasnbHbIM, T.e. IMHUM TOKa, KaK Nydun CBeTS-
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LLENCA TOYKW, OblM Obl Hampas/ieHbl M3 LEHTPa 3a3eMNnUTeNs No Npsamoi B
6eCKOHEYHOCTb. HO 3TO BEpHO /LWL NPW OTCYTCTBMM B 3eMJIE KaKMX-NM6o
NPensaTCTBUI U HeogHopoAHOCTeN. Hanbonee “MowHas” HEeoAHOPOAHOCTb -
COCefHWI, NacCUBHbIA TPYOONPOBOA,

[MycTb 060C06MEHHbIA aHOAHbIN 3a3eM/INTeNb YCTaHOB/IEH BOAM3M nac-
CMBHOro Tpy6onposoga (pnc.8.12). Takas cuTyaums He MOXKET He BCTPETUTLCH
Ha NPaKTUKe: KaTOAHO 3alMLLaeTCs rasonposog U O4HOBPEMEHHO MOABEPXKeH
B/IMSHUIO TOKOB aHOJHOr0 3a3eMNTeNs COCeAHWMiA BOAOMNPOBOA. Kak TOMbKO
YTO YC/MOBWIUCL, BANAHWEM MONSA TOKOB rasonpoBoa Ha BOAOMPOBOZ NOKa
NpeHebpexxem.

KoHmrypauuio antopbl cMeLeHna noteHumana OJ(L), npefacTaBfeHHOM
Ha prc.8.12, MOXXHO B KakOW-TO CTENEHW npeayrafarb, Aaxe He 3Has aHa/u-
TUYECKOI 3anncuy 3TOIN KPUBOIA.

i+ G+

Prnc.8.12. Sntopbl cMelLeHNa noTeHuunana Tpyéonposoga (1) npu 6513Ko
pacrnosoXeHHom (a) n yaaneHHom (6) aHogHOM 3a3emnutene (2).

[eCTBUTENBHO, TOK HATEKAeT Ha TpybonpoBoA B6/IM3M aHOAHOIO 3a3eM-
NUTensi, a CTeKaeT - Baaneke. Npu sTom, BO-MepBbIX, HAO6OPOT ObITb HE MO-
XET, U, BO-BTOPbIX, €C/IN TOK HATEKAET, TO OH rae-To U cTekaeT. OTCoa M no-
BefleHMe OJ KaK 3HaKornepemeHHoM (hyHKLUUM NPOA0/bHON KoopAnHaTbI L :
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- BO6/IM3M 3asemnutens scerga OJ < 0, NOCKOMbKY MIOTHOCTb HaTEKalo-
Lero 13 3emnv Toka ( j ) MMeeT oTpuLaTeNbHbIA 3HaK U K TOMY e [OUJ =
Rus'J;

- BJasieke OT 3a3emMnnMTens Ha TPybonpoBOAe BO3HMKAET aHofHasA 30Ha,
Te. j>0unLJ>0;

- 06was nnowaab anopbl 2J(L), BepHee, antopsbl j(L), AomkHa BbITb pas-
HOI HY/IO, YTO O3HaYaeT GanaHC TOKOB: CKO/IbKO HaTeKaeT, CKOJIbKO XXe CTe-
KaeT (CpaBHW 3alLTPUXOBaHHbIe YacTn “+” 1 “- ” puc.8.12). CnegosaTesibHO,

TOK aHOHOI 0 3a3eMANTENS Pa3pyLLAET NacCMBHbIN TPYO6ONpPoBOo/ Ha
HEKOTOPOM yAaNIEHNN OT 3a3eMJ/TUTENA.

3TO NepBbI NPaKTUYECKN BaXKHbIA BbIBOL.

CpaBHUM, [anee, 3ntopbl a U 6 puc.8.12 ¢ TOYKU 3PEHUSA BINAHUS pac-
CTOSAHNA aHOAHOr 0 3a3eMInTeNs oT Tpybonposoaa. 3 rpakos BUAHO, YTO C
yAaseHnem aHOAHOr 0 3a3eMIMTens:

- NPOTS>KEHHOCTb KAaTOHOW 30HbI UM 30HbI HATEKAHMS YBENNUMBAETCH
n “Hynesada” TouKa L, ygansetcs,;

- MUK noTeHunana DJya B O/MKaLLEN K 3a3eMIUTENI0 TOYKE YMEHbLLIA-
eTcs.

[encTBUTENLHO, ecnn B3ATb NPefe/ibHbIA N0 CBOEW Masioil BEPOATHOCTU
Cy4yal - rOpu3oHTaNbHbIA 3a3eMAUTENb YNIOXKEH B OJIHON TpaHLLee ¢ Tpy6o-
MPOBOAOM, TO TOK 3a3eM/NTeNd, CTekasd C Hero, OyAeT TyT XKe HaTeKaTb Ha
bnM>KawmMin y4acTok Tpybornposoda. 30Ha HaTekaHusl OydeT npeaenbHo Ma-
na, a NK noTeHLmana, eCTeCTBEHHO, MaKCUMa/lbHbIA.

Ecnun e 3a3eMnuTeNlb Havyatb yaanaThb B 6eCKOHEYHOCTb (Y, ® ¥), TO
(DPOHT HaTeKaHus, T.e. NPOTAKEHHOCTb KaTOAHOro yyacTka, 6ydeT SABHO yBe-
nnumeatbeA. Mpy aTOM yBeNM4YeHMe 30Hbl HaTeKaHWs NPuMBedeT K YMeHbLie-
HUIO NSIOTHOCTM TOKA HaTeKaHWs, eCnn, pa3yMeeTcs, Mbl 3KCNEPUMEHTUPYEM C
3a3eM/INTeNIEM, TOK KOTOPOrO HEM3MEHEH MO BeNIMYMHE. /IMEHHO NO3TOMY MO-
TeHuman OJ ey C YBEIMYEHNEM Y, YMEHbLLIAETCS.

Mpwn yaaneHnn 3a3eMnnTens B 6eCKOHEYHOCTb MOJie TOKOB, Bbl3BaHHOE 3a-
3eM/INTENEM, NCYE3HET U, CNeloBaTenbHO, Be3ae byaet 2J = DUy, ® 0.

Ha pnc.8.13 nokasaH xapakTep U3MEHEHMA NUKOBOIo noteHumnana L.y B
3aBMCMMOCTW OT PacCTOAHUA MEXIY 3a3eMINTesieM U TPyOOonpoBOAOM Y,. Pac-
yeT BbinosHeH npu 1 =10 A, r =40 Omm, d = 200 X 6 MM, R,;; =50 Omm.

MNpn y, > 200 M BIMSAHMEM @HOAHOIO 3a3eMNNTENA MOXKHO NpeHebpeyb
M CYMTaTb ero yaaneHHbIM B 6eCKOHEYHOCTb.
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JTOT BbIBOA OTHOCUTCA K TUMWUYHOMY C/ly4atd C MPOTAXKEHHbIM MarucT-
pasibHbIM TPY60NPoBOAOM. N5t TPYO6ONPOBOAHOWN CETU KOMIMUYECTBEHHbIN aHa-
NN3 BNNAHUA aHOAHOTO 3a3eM/INTENA MOXXHO MPOBECTU C MOMOLLbHO MporpaMm
Komnnekca APM 9X3-7T1.

PaccTosiHMe OT aHOAHOro 3aseMnuTens 4o foboro Tpybonposoga B npe-
nenax y, = 150...250 M [JaBHO BblOGpaHO MPaKTUKOW Kak OnTumanbHoe Ans
mMarncTpanbHbIX TPyoonpoBoaos. [11A ceTeBbIX TPYyOONpPOBOAOB YAOBIETBO-
PUTb 3TOMY TPeboBaHNIO He yaaeTcs BBUAY CTECHEHHbIX YCI0BWiIA rOPO/OB.

Apyras kpusaa puc.8.13 aaeT npeacras/ieHWe 0 NPOTAXEHHOCTN KaToj-
HOM 30HbI Ha TpybonpoBoge. PaccTosHMe 4O rpaHuMupbl pasfena KaToAHOW K
aHofHown 30H ( L, ) B TpyboNpoBOAHBIX CETSAX 00bIYHO L, = 200...300 M, B TO
BPeMS# KaK 4719 MarncTpasbHbiX Tpybonpoeoaos L, = 600...800 m.

Almax. B
24

Lom
1oy -2.0

g00| 1.5
6000 4 5

4':“:'_ B

2000 -0.4

ol 0

L L . P S T T T | T i— ——
10 20 30 40 50 60 8O 100 200 300 400 5, m

Pnc.8.13. BnusiHne paccTosHusA Mexay aHOAHbIM 3a3eMauTenieM 1 Tpy6o-
NMPOBOAOM Y, Ha BEIMUYMHY CMeLLeHNs NoTeHUWana, BbI3BaHHOI0 TOKOM 3a-
3eMMTens, B Gnvkalillen K 3a3eMIUTENO TOoUKe Tpy6onpoBofa DU« U
Ha NPOTAXXEHHOCTb nJeya HaTekaHusa L.

8.5.3. PacueT BNAHMA aHOAHOr0 3a3eM/INTENSE HA aKTUBHbIN
TpybonpoBsoa

PaccmMOTpUM fanee aHafIorMuHyto 3afavy ¢ aHOAHbIM 3a3eM/IMTENEM, HO
YXKe BOMM3M KaTOAHO 3aLLMLLIEHHOIO UM aK TUBHOTO TPY60onpoBoa. Pa3oobem
3Ty 3a/lauy Ha /iBe 1 NPeCcTaBUM cebe pacUeTHbIE CXEMbI:
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a)“+” KaToAHOW CTaHUMM NOAKNHOYEH K aHOAHOMY 3a3eM/INTENIO, -
OTHeCeH B 6ECKOHEYHOCTb;

6)”-” KaToOHOI CTaHUWUW MOAK/YEH K Tpybornposody, “+” OTHECEH B
6eCKOHEeYHOCTb.

icnonb3ys NPUHLUN CYNEePNOo3nLIMM UM HaIOXKEHNS, MOXKHO 3anucaTb

DJ = DJ+D0J,, (8.8)

roe OJ,, OJ, - CMeLleHne noTeHUMana TpybonpoBoaa, Bbli3BaHHOE TOKOBOWA
HarpysKom, NPUNOXeHHOW COOTBETCTBEHHO WM TO/IbKO K aHOAHOMY 3a3eM/Iun-
TeNo, Unn K Tpybonposody; OJ - AeNCTBUTENbHOE 3aLUMTHOE CMeLLeHne Mo-
TeHuwnana Tpybonposoaa.

Puc.8.14. 3niopbl  CMeLLeHUS
noTeHUMana TpybonpoBosa, Bbl-
3BaHHble  B/IVAHWEM  TOJIbKO
aHogHoro 3semnutens (a), npu
OTCYTCTBUW aHOAHOr0 3a3em/u-
Tensa (6), cymmapHas (B).

Kpusas [J, Ha puc.8.14,a N0 xapakTepy HUYEM He OT/INYaKTCA OT KPU-
BbIX pnc.8.13, a kpmBas OJ, (6) MOXKET ObITb U 3KCMOHEHTOW, KaK 3TO YNOMU-
Ha/loCb Bblille. TpeTbs Kpusas (B) MonyyeHa CyMMMPOBaHWEM COOTBETCTBYHO-
LLMX OPANHAT MepPBbIX [ABYX.

ConocTasnas anopbl, Cnefyet caenatb fABa BbiBoAa. BAn3ko pacrnosio-
YXEHHbI aHOAHbIV 3a3eM/IUTENb:

- YBENMUMBaeT NMK NOTeHUMana B bnv>Kaiillein Touke Tpybonposoaa;
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- YMEHbLUAET 30HY 3alMThl, MOCKONbKY YMEHbLLAET 3aLUMTHbIA NOTEH-
uyan Bgan oT 3a3emMnTens.

3TN 0COBEHHOCTN ABNAOTCA AOMNONHUTENbHBLIMU NMPUYMHAMM MasIoin NPo-
TSXKEHHOCTU 30HbI AEACTBUA KATOAHbIX CTaHUMIA B TPYOONPOBOAHbLIX CETSAX MO
CPaBHEHWUIO C MarncTpasabHbIMK TPYOONPOBOAAMMN.

OCHOBHadA nNpuyKnHa, cnegyet HaNnOMHUTL, CBA3aHa C HU3KMM NEPEXOAHbIM
COMPOTUB/IEHNEM CETEBbIX TPYOOMPOBOAOB 3a CYET eCTECTBEHHbIX 3a3eM/ie-
HUI.

OfHaKo Ha NpakTUKe - NPu 3alinTe MarucTpasbHbIX TPYO6ONPOBOAOB - Y,
yBennumeatoT A0 300 M, YTO 0OBACHAIOT XKeNaHWeM CHU3WTb A0 npedena nuk
noTeHupana B6/13n 3asemnnTens. Ho, Kak 0TMeyasnioch Bbille, npu y, >200 m
B/IMAAHWEM aHOAHOIO 3a3eM/NINTENSA BOOOLLIE MOXHO MpeHebpeYb.

3 pnc.8.15 BMOHO, YUTO YeM Xy>Ke KayeCTBO M301AUMM, a TaKKe YeM
61M>Ke aHOHbIN 3a3eMINTeNb, TEM MEHbLLIE NMEYO 3alMUThl. Tak, Npu Na0Xoin
nsonauum Ry; = 50 OM'M 1 paccToaHumM y, =10 M naeyo 3almTbl HeLONYCTUMO
Mas10 U COCTaB/NISET BCErO NNLWb Lay = 65 M, B.TO Bpems Kak npu R,; = 500
OM'M 1 TOM XK€ 3HaUYeHUN Y, 30Ha AeACTBUA NpumepHO B 10 pa3 60nbLLE.

Ha puc.8.15 nokasaHo, Kak BNNSET Y, - B COBOKYMHOCTWN C KAYECTBOM U30-
NAUNK - Ha NPOTXKEHHOCTb Neya 3atlnTbl. PacyeT BbIMOMHEH npy r = 40
OmM, d = 200x6 MM Mpu YCNOBUK, YTO B TOUKE ApPeHaXKka - OHa PacrosioXeHa
MPOTMB aHOAHOrO 3a3eM/INTENS - 3alLMTHbIA NOTEHLUMAN paBeH MaKCUMasIbHO-
MY 3alUMTHOMY, T.€. Usay = Usaiymax = - 2,5 B, a B KOHLIe nneva 3almThbl - MU-
HUMasIbHOMY 3aLLUMTHOMY Usay = Usay min = - 0,85 B.

L3am .M

10000
i RH3=S|:”:| DHH

1000 Ep=50 Omm
Puc.8.15.3aBMcMMOCTL  Mpo-
TAXKEHOCTM Meya 3alnTbl OT
paccTosiHMA A0 aHOAHOro 3a-
3emManTens y, U KayecTsa

u3onaummn Tpybonposoaa Rys.

100

10
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[na ropofcknx ceten, rae Tpyéonposoabl ¢ R, = 50 OMM - 06bl4Has
MPaKTnKa, 6b110 Bbl O4EHb XOPOLLO, KaK 3TO c/eayeT 13 rpaduka puc.8.15, oT-
HOCWUTb 3a3eMINTENb Ha PacCcTosaHMeE Y, >60 M.

OTcloga 1 HecpaBHUMbIE MO Be/MUNHE (PaKTMyeckre (OHU Xe TeopeTuye-
CKMe) 3HayeHus neya 3allmTbl O719 CeTEBbIX U MarncTpasibHbIX TPYy6onpoBo-
[0B:

- CeTeBble npu y,= 30...100 m Lsa, = 150...1500 Mm;
- MarucTpabHble npun y,=150...250 M Ly, =4000...20000 m.

[N CTeCHEHHbIX FTOPOACKMX YCOBUIA CrefyeT peaslbHO OPUEHTUPOBATLCA
Ha uHTepBan y, =30...50 m.

[na marnctpasbHbliX TPYyOOMNpoBOAOB, A4/ KOTOPbIX PeasibHO 3HaYeHume
Ry; = 500 OM'™M, HanpoTuBs, BMOJIHE NMPUEMIEMO paccToaHue Y, = 100 M, no-
CKO/IbKY MPW fabHENLLEM YBENIMYEHUN Y, MEY0 Ly, YXKe yBenmumsaetcs
cnabo.

[prBeAeHHble 3HAYEHNS Lsay, CNEQyeT UCMOb30BaTh NPU OPUEHTUPOBOY-
HbIX OLIEHKax MapameTpPOoB KaTOAHOW 3aLUMThI 1 3aTeM YTOUHATb PaCYETOM.

M ewe oHO HEMa/IOBaXKHOE 3aMeyvaHme: YeM MeHbLUe YaenbHOe 3eKTpu-
YeCcKoe CONpPOTWB/IEHUE TPYHTA 7, TeM 6/IM>Ke MOXKHO yCTaHaBMBaTb aHOA-
HbI 3a3eMMTeNb. JeiACTBUTENbHO, B NpeaeibHOM cy4ae, Korgar ® 0, none
B 3eM/1e ncyesaet (j ; ® 0) u, cnegosaTenbHO, McYe3aeT cocTasnstowas 2J, B
topmyne (8.8). Tak, npu r <10 OM'M MOXHO AOMYCTUTb, KaK 3TO HU CTPaH-
HO, faxe Y, =10 m.

8.5.4. AHOHbIN 3a3eM/IUTeNb B TPYOONMPOBOAHOWN CETU

[MycTb B6/IM3M aHOAHOrO 3a3eM/INTENIA HaxXOAATCA KakK aKTMBHbIA (3aLm-
LLaembli1), Tak M MacCUBHbIA (coceaHuin) TpybonpoBoAbl. Pacnonoxmm aHod-
HbIA 3a3eMINTENb NPON3BOJILHO OTHOCUTENIbHO TOYKN ApeHaka Tak, Kak rnoka-
3aHO Ha punc.8.16.

YacTb TOKa aHOAHOr0 3a3eMNnNTeNs, 0603HaYeHHas Ha CXeMe j,, nonagaet
Ha MaccuBHbIA TPYyboONpoBOA, a Apyras 4acTb j, WAET TPaH3UTOM Ha 3awuTy
aKTMBHOro. ToK |,, CTekas 3aTem c Tpy6onposoa T, CO34aeT Ha HeM BOM3W
TOUKMN ApeHarka aHOAHYH0 30Hy. py 3TOM MMeeTCs BBMAY TOUKA ApeHaka Ha
3aluLLaeMom (aKTMBHOM) Tpy6bonpoBoe.



202

Icim
Ty
K 5, K R
i E-;J;Ij' .
T i "{‘{} + . + Ja +
AHOTHAT o, ] T, '_‘l‘
SOHA : n T
' e
¢ ™

Prc.8.16. AKTUBHBIN T, U NacCuBHbIA T, TPyOONPOBOAbLI B M0/IE TOKOB
aHOAHOro 3a3emMnuTenst AH KaToAHOM CTaHUUN |qys.

PasymeeTcs, TOK j,, NOC/Me CBOEro paspyLUMTe/IbHOro AeACTBMSA, Mo 3em/e
BO3BPALLAETCA Ha aKTUBHbIN TPY6ONpoBOaA W, peabunutupysa cebs, yvacTeyeT
B €ro 3awure.

NTak, Kak 1 cfefosasio 0XuaaTb, Ha NMacCMBHOM TPybOoMnpoBOAe BO3HUKaA-
0T BO/IM3M aHOAHOIO 3a3eMNNTeNdA - KATOAHas 30Ha, BOMM3M TOUKM ApeHarKa
- aHoaHas.

ADEKT NOSABNEHUS aHOAHOW 30HbI, BbI3bIBAEMO aHOAHbLIM 3a3eM/NTe-
NleM, BCTPEYaeTCAa Ha NpPaKTUKe 4acTo U NMKBUAMPYETCA, KaK nNpasuio, nyTem
BK/IOYEHNSA ApeHa>KHON nepemMblykn Ry, (prc.8.16). B aTom cnyyae TOK 0TBO-
ANTCA “OpraHn3oBaHHO”, T.e. He Yepes 3eM/Ito, a Mo Kabesto.

B peanbHbIX YCNOBUSAX MOTYT C/IOXUTLCSA 60/ee CMNOXHble CUTYaUnn N nx
aHann3 MpoBOAAT, 4epedysd 4YUCNEHHble MeToAbl pacyeTa (C MPUMEHEHMWEM
KOMMNbKOTEPHbIX Nporpamm APM 3X3-711) ¢ noneBbIMU N3MEPEHUAMMN.



203

8.6. PacyeT aHoAHOro 3asemnnTens

PacueT BbINOMHAETCA NPU YCNOBMM, UTO TOK KaTOAHON CTaHLMM U3BECTEH,
a TaKXe M3BECTHbl TUMOPa3MepPbl BbIMYCKAEMbIX MPOMbILLIEHHOCTbIO KaToA-
HbIX MpPeobpasoBaTeneil.

8.6.1. ConpoTnBNeHMEe pacTeKaHUIO 3N1eKTPoAa

Mof cOnpPOTMBNEHNEM PACTEKAHMIO R NOHMMaOT YacTHOe OT [e/NeHns Mno-
TeHUMana 3a3eMnnTenst / OTHOCUTENIbHO GECKOHEUYHO YaaleHHOWM TOUKM 3eM/IN
Ha BE/IMYMHY ero Toka |. PaKTU4ecKn aTo BXOAHOEe COMpPOTMB/eHNE “no aane-
Kow 3emne” Z (cM.coopmyny (6.37)), ecnuv 3a3emMnnTe/lb paccMaTpuBaTh Kak 3K-
BUBA/IEHTHbIA TPY6OMpPoBOA.

[ycTb, HaNpPUMeEP, 3NeKTPOA UMEET CdepnyecKyro hopMmy paauyca r 1 Ha-
MONOBMHY MOTPY>KEH B 3eM/H0 C YAeNbHbIM 3MEKTPUYECKUM COMPOTUB/IEHNEM
r . QNeKTpof co3faeT paauanbHOe 3NeKTPUUYECKOe Mnose, HanpsXKeHHOCTb KO-
Toporo E Ha paguyce r onpegenseTca 3akoHom Oma

E=rj=-dj(r)/dr, (8.9)

rae j - NNOTHOCTb TOKa B 3eme. Tlpun Toke | 3nekTpoda NIOTHOCTL TOKa Ha Mo-
BEPXHOCTW nonychepbl OyaeT paBHa

j=1/S=11(2pr?). (8.10)

[MoTeHUMan 3eMn - 3TO HaNPSHXKEHME MEXY TOYKOM C KOOPAUHATON r U
GECKOHEeYHO yfaneHHOM TOYKOI 3eMn, TAe Nnose OTCYTCTBYET, T.e.

L=

() =—p |sdr 8.11)

¥

[MoTeHuwan anekTpoda / OydeT oTAM4YaTbCs OT NoTeHumana 3emnn j (r) B
OnvKaiLlein K HemMy TOUKe NafieHMeM HanpshkeHust U Ha npurpaHU4HOM Ccroe
MeXay MeTa/l/IoM N 3N1eKTPO/IMTOM, T.e. - NMPU OTCYTCTBUN U30MALUMK Ha MO-
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BEPXHOCTN INEKTPOAA - Ha NoMApn3ayMOHHOM COMPOTUBIEHNN METasl/1a INEK-
TPOAa

J =1 (r)+ Unon . (8.12)

[Mpn pacyeTe aHOAHBIX 3a3eMnnTeNen cocTasnstowen Uy, NpeHebperatoT
BBMAY MaNOCTU BENNYMHbI YAE/bHOro aHOLHOro MONAPM3aLMOHHOIO COrpo-
TuBnennsa (P, = 0,05...0,5 OMM?). MoaToMy Ans CONPOTUBAEHNS TOKY Ha yua-
CTKe MeXAy NOBEPXHOCTbIO 3/1IEKTPOAA Y BECKOHEYHO Y/eNeHHOWN TOUYKOW 3eM-
NN NN CONPOTWMB/EHNSA pacTeKaHUIO Noycepnyeckoro afekTpoga paamyca
I - nocsnie nHTerpmposaHns (8.11) ¢ yyetom (8.10) - nonyymm

R=j(/1=r/2pr). (8.13)

ConpoTuvBeHne pacTekaHUIO 60/1ee CNOXHbIX 3/1eKTPOAOB BbIUYMCAKT MO
MPUGAVXKEHHBIM (hOPMY/aM:

- BepTI/IKafIbeIM CTEP>KEHDb

R=r/(pL)In(2L/d(4h+3L)/(4h+L)), (8.14)
- FOpI/I3OHT8J'IbeII7] CTEP>KEHb

R=r /(2pL)In(L?/ (hd)), (8.15)

roe L - anvHa ctepxkHs; h - rny6rnHa 3anoxxeHns 4o Bepxa; d - aguameTtp CcTepx-
HA npu ycnosumn d<<L, h<<L.

Ha puc.8.17 npuBeneHbl pesynbTathl pacyeTa pacnpeneneHns nioTHoCTU
TOKa BAO/b CTEPXHA 3a3eMINTENS KaK 3KBMBa/IEHTHOro Tpybonposoga. TyT
e NpuBeAeHbl pesynbTaThbl pacyeT BesimunHbl R no hopmynam (8.14) n (8.15).

Mpexxae BCero o4eBMAHO, YTO OT MOJMIOXKEHNA CTEP>KHA BeMYMHa Co-
MPOTUBAEHNA pacTeKaHNO Masio 3aBUCUT.

Ans fanbHenLwwero cnefyeT ewle pa3 OTMETUTb, YTO CONPOTMBIEHWE pac-
TEeKaH1i NPAMONPOMNOPLMOHA/IbHO YAe/IbHOMY COMPOTMBEHUIO FPYHTA.
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Pnc.8.17. 3ntopbl NMOTHOCTU TOKAa BAOSIb aHOAA C [AEeMOHCTpaLueit
“KpaeBoro agpekrta”. YKasaHbl YMC/IOBble 3HAYEHUS NMIOTHOCTU TOKa
B XapaKTepHbIX TOUKaXx.

A, HakoHel, cnefyeT NoayYepKHYTh, YTO M/IOTHOCTb TOKa BAO/b CTEPXKHSA —
Be/IMUYMHA CYLLLECTBEHHO He NMocTosHHA. OTMeYaeTCcs U3BECTHbI B TEOPMM MO-
ns “KpaeBoi aPpdeKT”, Korga Ha KoHUAX 3apsKeHHOro CTEPXKHS MNOTHOCTb 3a-
PSA0B CYLLIECTBEHHO 60/ibLUE, YeM B CpeaunHe. B cuTyaumm ¢ aHOAHbLIM 3a3eM-
NNTENEM 3TO 03HAYaeT, YTO CTEePXKEHb PaCTBOPSETCA Ha KOHLAX aKTUBHee U
6narogaps aToMy 6yaert B npoLecce paboTbl 3a0CTPATLCS.

PacyeT nons TOKOB BbINO/IHEH B COOTBETCTBUM C METOAMKOM rNaBbl 6 Mo
nporpammam APM-3X3-7I1. Tam e y4TeHbl BCe pacyeTHble (hOpMYy/ibl AN
BbIYMC/IEHNSA CONPOTUB/IEHNSA pacTekaHuto ( R ) 3a3emnuTens nto60i KoOHUry-
paunn,

8.6.2. ConpoTnBNEHME pacTeKaHUIO FPynnbl 3/1eKTPOL0B

[Mpn 06beANHEHNN 3M1EKTPOAOB B 0OLLMIA 3a3eMIUTENb “KpaeBor adpdeKT”
MEPEHOCUTCA Ha KpavHWe 3M1eKTPOo/bl, CONPOTUB/IEHNE PacTEKAHUIO KOTOPbIX
OKa3blBaeTCA MeHblUe, YeM CpefHMX, BC/EACTBME YEro KparHue 3/MeKTpoapbl
OyayT 60nee Harpy>eHbl. [103TOMY, ecnn Ry,, - 006LLee CONPOTUBIIEHNE 3a3eM-
NATENSA, COCTOSALLErO N3 N CTEPXKHER, & R - CONPOTUB/IEHNE OTAE/bHOTO CTEPXK-
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HA, TO KaXKyLasncs BepHon opmyna Rs;,;= R/ n TpebyeT nonpaBoYHOro Koag-
(mumeHTa, T.e.

R.s=FR/n, (8.16)

roe F - KoathdomumeHT 3KpaHMpoBaHUA UM B3aUMOBUAHUS; Ry, - COMPOTUB-
NeHVe pacTekaHMo BCEro aHOAHOro 3aseMnaunTend; R - conpoTuBieHNe pacTe-
KaHW0 060CO6/IEHHOMO CTEPXKHS; N - KOMIMYECTBO CTEPXKHEMN.

B.bekvaH ¢ coasTopamu [ ] npegnaraloT KO3(UUNEHT B3aNMOB/INAHUS
BbIYUCNATL MO NPUBAMKEHHOW hopmye

F=1+r1In(0,66n)/(psR), (8.17)

rae s - Lwar pasmeLleHns CTepXXHEN.
OO6bI4HO 3Ha4veHMe F nexxunt B npegenax 1,1....1,8.

8.6.3. KOHOMNYHOE YNCNO CTEPXKHEN 3a3eM/TNTESS

PacyeTHOe KONMMYECTBO CTEPXKHEN 3a3eMNnTenst (nN) MOXHO YTOYHUTb, UC-
X045 U3 TPeboBaHU MUHUMYMa CyMMapHbIX 3aTpaT Ha KanutaibHOe CTPOu-
TenbcTBO (C,) 1 akcnnyataumio (C,) KaToaHo cTaHUMK, T.€.

C=Cy+C,=min;
CK: Ekn+ K, (818)
C,=1%(FR/n) (3t/h) + C,,

roe kK - ygaenbHble CTPOUTENIbHO-MOHTaXKHbIE 3aTpaTbl HAa OAWH CTEPXKEHb
aHOHOro 3asemnuTens, pyo/wT; K, - npuBeaeHHble KanuTabHble 3aTpaThbl Ha
CTPOUTENLCTBO KaTOAHOW CTaHUMW 3a BbIMETOM 3aTpaT Ha CTPOUTE/NLCTBO
aHOZHOro 3asemnutens, py6./rog; 3 - yaenbHas CTOMMOCTb 3/1EKTPO3HEpPruu,
py6/kBT.4; C, - roioBble 3KCMNyaTaLWOHHbIe 3aTpaTbl HA COepPXXaHNe KaToa-
HOI CTaHUWUW 3a BbIYETOM CTOMMOCTW 3/IEKTPO3HEpPrum, pyo6./rod; E - HopMma-
TUBHbIA  KOIULMEHT 3PYPEKTUBHOCTN  KanuTa/lbHbIX BIOXEHUA, E =
0,11...0,15; | - TOK KaToAHON CTaHUMN,A; t - YACno YacoB PaboTbl KATOAHOM
cTaHUuuu B rogy, t = 8750 u; /7 - KO3PPULIMEHT MONE3HOr0 AENCTBUSA KaTOAHOM
cTaHumm, h =0,5...0,6.
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N3 MUHUMKU3aUMK CyMMapHbIX 3aTpaTt npoamddepeHumupyem C no n u
pewnm ypaBHeHue dC /dn = 0, B pe3ynbTaTe Yero noayymnm

n=1CB876 FR3/(Ekh). (8.19)

KonnyecTBo cTep>kHein ( n ) cnefyeT npexxzie BCero onpeaennTb No 3aaH-
HOMY CPOKY CNy>K6bl 3a3eMIMTens, T.e. UCXOAMTb U3 TpebyeMol Macchbl 3a-
3eM/INTENA, & pacyeT 3KOHOMUYHOIO yncna cTepxxHeld no gopmyne (8.19) npo-
BOAMTb B CMOPHbIX C/Ty4asix.

[na ynobctea gopmyny (8.19) MOXXHO nNpeAcTaBuTb B BUAE

n=02110r | (8.20)

rae KoathuumeHT 0,21 COOTBETCTBYET TUMUUHBLIM UCXOAHBIM AAHHbIM.

8.6.4. CpoK cny>k6bbl aHOAHOI0 3a3eM/INTENSA

B cooTBeTcTBMM C 3aKoHOM Papages G = glT cpok cnyxobl aHoga ( T)
npsmonponopunoHaneH ero macce ( G ) n obpatHonponopumoHaneH Toky (1).
OTcrofa cnegyet popmyna 4as pacyeTa KomyecTBa 37eKTpogos (n) no macce
aHOJHOT0 3a3eMNNTENS

n=qlT/(Gyh), (8.21)

rae g - 3NeKTPOXMMNYECKMIA 3KBMBA/IEHT aHOAHOro marepuana (cMm.1abn.8.1);
G, - Macca 04HOro cTepXkHa 3asemnutend, Kr/wt; h = 0,4...0,6 - KO3hPULMEHT
MO/IE3HOI0 AECTBUSA U KOIPMPULUMEHT HepaBHOMEPHOCTM PAcTBOPeHUS 3a-
3eMnTeNS.

[Mpumep pacyeTa

AHOAHbIN 3a3eMnnTeNb Ha TOK | = 10 A BbINOSHEH U3 (heppoCHINL0BbIX
anekTpoaoB A3M-2 maccor G,, = 12 KI KaX/bli Ha CPOK CNy»6bl T = 15 neT
MPU CKOPOCTM pacTBOpPeHUs deppocunnga B KokcoBowW Menoun q = 0,2
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Kr/(Aron) v k.n.g. h =0,5. MNo ¢gopmyne (8.21) Tpebyemoe YMCNO 3/1EKTPOAOB
Oynet paBHO

n=0,2"10"15/(120,5) =5 wr.

Uncno anekTpogos no macce (N =5 ) He MPOTUBOPEUUT YUC/Y 3NEKTPO-
[0B, OnpefeneHHoOMY 3KOHOMMYeckum nytem (n = 6 ). OfAHaKO He3aBUCKUMO OT
3TOro pe3ynbTatbl HAC MOIYT BCE XXe He YA0BNeTBOPUTL. [les1o0 B TOM, YTO MO-
YeT MMeTb MeCTO HECOBMECTMMOCTb C paboumM Harnps>keHreM npeobpasosa-
Tens.

[leicCTBUTENbHO, €CN COMPOTMB/IEHNE pacTeKaHW0 OAHOro 3M1eKTpoaa
paBHO R=3,6 OMnpn r =10 OM.M 1 KOI((PULMEHT B3anMOBANAHNA F = 1,4,
TO HanpsXXeHne Ha aHOAHOM 3a3eM/nTesne, Bbluncnsgemoe no 3akoHy Oma, co-
CTaBUT

U=1'Ryu=1"FR/n=10"1,43,6/5=10B.

[nsa aToro 3azemMnuTens N60IN 0TeYeCTBEHHbIN MpeobpazoBaTe/b MPUro-
[EeH, MOCKO/IbKY paboyee HanpshkeHue npeobpasoBatesieil 06bIYHO He MeHee
U, =48 B.

Ho ecnn yaenbHoe 3/1eKTPUYecKoe CONPOTUB/IEHNE TPYHTA B YETbIpe pasa
6onblue, T.e. r = 40 OM.M, TO R BO3pacTeT B 4 pasa W, cneaoBaTesibHO, Hanps-
YeHVe Ha 3a3emmTesie 4O/HKHO ObiTh paBHbIM U = 40 B, 4TO y)ke Ha npegene
BO3MOXXHOI0 A/15 npeobpasoBaTens.

3ameHUM (heppOoCUIMAOBBIA 3N1EKTPOL BeCbMa CTOMKUM 3M1EKTPOAOM U3
MarHeTuTa, 4719 KOTOPOro CKOpPOCThb pacteopeHus B 100 pa3 meHbLue. Torga
Mpn pacyeTe Mo mMacce JOCTATOYHO OYAeT OrpaHMYUTLCA SIMWb OAHUM 3/1eK-
TpogoMm (n = 1). B aToMm cnyyae HanpshkeHWe Ha 3asemnutene 6yget B 5 pas
6onblie, yem npun =5, 1e. U=50B (npn r =10 Om.m) nam U = 200 B
(npn r = 40 OM.M), UTO COBEPLUEHHO HAC He YCTpPauBaeT, ec/iv B Halllem pac-
MopskeHnmM npeobpasosatens Ha U, = 48 B. T.e. C/IMLLIKOM CTOMKUIA 3N1eKTpoa
HaMm He HYy)>keH? Be3yCnoBHO, TOPONUTLCA C TaKUM BbIBOLOM He cnefyet. He-
06X0AMMO BEpPHYTHCH K TEXHUKO-3KOHOMUYECKMM pacyeTam 1, BO3MOXHO, 3a-
MeHUTb NpeobpasoBaTeb.
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8.7.BcnomoraresibHoe 060pyaoBaHme

PacCMOTpPeHHOE HMXe 060pYyJoBaHME WMEET OTHOLLUEHWE K CUCTeMaMm
3NEKTPOXMMUYECKOI 3aLUThbl BOOOLLE, HO BCE XXE NPENMYLLECTBEHHO K KaTo/-
HbIM CTaHLMsIM. [03TOMY peLleHO 06beANHUTL 3TW CBEAEHWNS B IAHHON rNaBe.

8.7.1. [lpeHakHasa 1 nuTaroLas TMHUN

[lpeHa>KHaa MHUA coequHAeT npeobpasoBaTenb C aHOAHbLIM 3a3em/nTe-
nem n TpybornposoaoM, obecrneymBas paboTy Lenu NOCTOAHHOrO Toka. [u-
Tawlas MHNS coefnHseT npeobpasoBartesib C MICTOYHUKOM MepemMeHHOro To-
Ka.

Kak apeHaxHasi, Tak U NUTatoLLast IMHUM MOTYT BbINOMHATLCA B BUE Ka-
6enbHOM WU BO3AYLLHOWN TMHWIA.

ApeHa)kHas NMHUSA

Kak n3gectHo (cM.purc.8.1), B Lienb Harpy3Ku npeobpasoBaTtens BXOAAT:

- aHOAHbIV 3a3eM/INTESb;

- TpybonpoBsoa;

- APpeHaXHas NNHUS;

- 3eM/4.

HanpsykeHve Ha BbIXO4e npeobpasosatens, TakMM 06pas3oM, ypaBHOBe-
LLIMBAETCA YETbIPbMA COCTaBAAOLLMMM

Uy= U, + U+ Uy + DU, (8.22)

roe U, - HOMMHaIbHOE BbIXOAHOE HarpsikeHue npeobpasoBaTtens KaToAHOM
cTaHumn; U, - Hanps>keHWe Ha CONPOTUB/IEHUN pacTeKaHWO aHOAHOIO 3a3eM-
nntens; Uy - NOTeps HanpsXeHust B APeHaXKHOW NnHUK; U; - HanpsXeHne Ha
COMPOTMBMIEHUN pacTeKaHUIo Tpybonposoga (Ha BXOAHOM COMPOTUBAEHUN Z);
[J, - Hanps>keHVe B 3eM/le KaK HEKOTOpas MonpaBka, yunTbiBaroWwas KoOH(u-
rypaumio rnons TOKOB B 3eM/ie, M KOTOPOM, KaK MOKasblBaeT aHa/in3, MOXHO
npeHebpeyb.

[peHaXKHas NIMHNA MOXKET BbI3BaTb HEMPUEMIEMYIO MOTEPK0 HAMNPSXKEHWS,
eC/i1 PYKOBOACTBOBATLCA CTaHAAP THLIMU HOpMaMU pacyeTa 3/1IEKTPUYECKNX
NMHWIA MO TOKY, He Y4nTbIBasd cneummkn KaTogHoM ctaHumn. Moatomy nog-
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6op cedyeHMs kabens wnam nNposoda AN LenW NOCTOSSHHOIO TOKa KaTOAHOM
CTaHLMM MMEET 0COBEHHOCTb. PacCMOTPUM 3TO Ha NpUMepe.

[Mpumep pacyeTa

TPeXKUMbHbIV Kabenb C aMtOMUHUEBON XXMON CeYeHreM 2,5 MM? MOXeET
BblepXXaTb M0 CTaHAAPTHbIM HOpMaM Harpysky Ao 30 A Ha O4HY XUy Unn B
uesniom 90 A, ecnu XXunbl COeAVHUTb NapansienibHo U UCMOob30BaTb 3TOT Ka-
6enb Kak ApeHaXKHbIA. Takoi Kabenb Obln Obl 4OCTATOYEH MO TOKY A8 NH060M
KaToAHOW cTaHuun. OQHaKo, NPOEKTUPOBLLMK KaTOAHOW CTaHUMK BbiGpan Bbl
0N TOKa I = 50 ...100 A Kabenb ¢ 06LLeii nnowaabo ceyeHms 95...120 Mm?,
T.e. B 40 pa3 6osibLUe. To/MbKO MOTOMY, YTO OH OY[eT PyKOBOACTBOBATLCA HE
CTaHJapTHbIMW HOPMaMK, a BENNYMHON SKOHOMMUYECKM MPUEMIEMOW NOTEPU
HanpPs>KeHNs, KoTopas, Kak npaswnio, coctasnsaetr U, = 1...2 B.

MycTb, panee, anvHa kabens L = 100 M, ToK ly; = 50 A, ceueHune Tpex
aIIOMVUHNEBBIX XKW, BKAKOYEHHBIX MapainensHo S = 1673 = 48 mm% Conpo-
TUBNEHNE TaKO NMHUW NMPU YOE/bHOM 3/1eKTPUYECKOM COMPOTUBIIEHNM aslto-
MUHWA T o = 0,03 OM'MM?/M paBHO

R=0,03L/S=0,03 100/48 =0,06 Om.
MoTeps HaNPsHKeHUS B KabenbHOM IMHUM COCTaBUT
U,=1R=500,06 @3B,

YTO B OOLLEM Y)XKe Ha 3KOHOMMYECKOM npeaene. OencTBUTENbHO, NOCKO/bKY
Ha [JOMI0 aHOAHOro 3a3eM/IMTENA - MPU HOMUHAIbHOM Hanps»XeHun npeobpa-
3oBatens U, = 48 B - ocTtaHeTcs, MMes BBMAY COOTHOLUeHMe (8.22), nuwb U, =
44B (npu U; @1 B n 0J, =0). K TOMY >e Ha KaTOAHOW CTaHLMK He MI0X0
MMETL 3anac no HanpskeHUo nopsagka 30% mnnm 15 B, NOCKO/ILKY COMpPOTMB-
NeHne aHOAHOro 3a3eMfuTeNs CO BPeMeHeM pacTeT M paboyee HanpskeHue
KaTOAHON CTaHUMM NMPUXOAMTCA B KakKOW-TO MOMEHT yBeNmMumBaTb. Torga Ha
aHO/IHbI1 3a3eM/IUTENb OCTAHETCS BCEro Nvilb 29 B.

CeyeHune apeHaXHOro Kabens A1 KaTOAHOW CTaHUMW MOXKHO BblGUpaTh
N3 1abn.8.2, rae AaHbl napameTpbl TPEXXKUILHOMO Kabens ¢ atoMUHUEBLIMM
Xunamu. MNMpn 3TOM NpeanonaraeTcs, Yto BCe XWsbl Kabens 6yayT BKOYEHDI
napaniensHo.
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Tabnuua 8.2
TOK KaTofHOM Mnowasb
cTaHumm, CEYEHMS XWIbl Ka-

A 6ens, MM’
0..12 4
12...18 6
18...25 10
25...35 16
35...50 25
50...100 35

O6bI4YHO NpUMEHAIOT Kabenn mapkn ABBIT ¢ ABOIHOW BUHWNOBOW N30/5-
LUMer, a Npu THKENbIX MeXaHUYeCKMX Harpyskax - GpOHMpPOBaHHblE Kabenu
TMna ABPB, ABBELL 1 ap.

a) 1 B)

mmmmmm

o | o | | o ||

P1c.8.18. YCTPOMCTBO KabelbHON APEHaXHOW NMMHUM KaTOAHOW CTaHL MK,
1- npeobpaszoBatenb; 2-KNEMMHUK; 3-Kabesnb; 4-CTanbHas Tpyba; 5-kpac-
HbI KNPNWY; 6-acbecToLeMeHTHast Tpyba; 7-rpyHT 3eM/ISHOIR; 8-recyaHas
noAyuika; 9-gopora.

[lpeHaXHbIN Kabenb 1nv YKNaablBaloT B 3eM/IH0, UM 3aKPEN/ISKOT Ha CTe-
Hax 3aHunii. Mpy yCTPOICTBE BO3AYLLUHbIX JIMHWIA Ha YKene300eTOHHbIX 0nopax
MNOABELLNBAIOT rOMblIA A/IIOMUHUEBDI NPOBOA,
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B ropogax He »enaTenbHa MpPoKiagKa Ha ornopax m3 3CTETUYECKUX CO06-
PaXKeHWiA, B TO BPEMS KaK /1 KaTOAHbIX CTaHUMWIn MarucTpasbHbIX TPy6onpo-
BO/10B, HaMpPOTMB, BO3AYLUHbIE MHUM NPEANOYTUTE/bHEE.

KabenbHas NMMHMUA COOPY>KaeTcs Mo HopMam K npasuniamM Ans HU3KOBOSIbT-
HbIX ceTeil. Ha pnc.8.18 nokasaHbl OCHOBHbIE 3/1EMEHTbI KabenbHOM TMHUN Ka-
TOZHOW CTaHUMW.

Kabenb yknaablBatOT B MecYaHyt MOCTe/lb W 3aKPbIBAKOT OT MexaHu4e-
CKMX NOBPEXAEHUI KPacHbIM KMPMUYeMm, a nof aBTOMOOU/IbHLIMU U MPOYMMM
[0poraMu UCnonb3ytT acbeCTOLEMEHTHYIO TPYOY.

[nTaoLas AMHUS

[Na NuTaHns KaToAHbIX CTaHLMIA rOPOACKMX TPYO6ONPOBOAOB UCMOMb3YHOT
6nvmkaiime TpaHchopMaTopHble MOACTaHUMKU, BBOAHO-pacnpeaennTebHble
YCTPOICTBa 3[aHUSI U COOPYXXEHWA, pacrpefenvTeNibHble YCTPOMCTBa npes-
NpuaATUIA HanpskeHrem 220 B.

[Mpn YyCTPOMCTBE HMU3KOBO/IbTHON ABYXMPOBOAHOW NIMHUW AN CTaHAapT-
HOI KaTOAHOM CTaHLMM CeyeHre NPOBOAa JOCTATOYHO B3ATb PaBHbIM 6 MM 110
UTHOMUHNIO.

HekoTopble TWUMbl KaTOAHbLIX CTaHLUMIA MO3BONAOT MCNOMb30BaTb UCTOY-
HUKN Hanps>keHnem 6 nnm 10 KB ¢ nocnefyrowm NOHMKEHNEM C NMOMOLLbIO
CTaH4apTHOro MM BCTPOEHHOro: TpaHcgopmatopa (puc.8.19). Takue kartog-
Hble CTaHLMM YCTpamMBarOTCA Ha MarucTpasbHbIX Tpybonposodax v TPebytoT
MPOKNaAKN BbICOKOBO/IbTHOM NMHUK 6/10 KB, uTO, 6€3yCNnoBHO, CYLLECTBEHHO
MOBbILLAET CTOMMOCTb KaTOAHOW 3aLLMTbI.

He Tak faBHO genanvcb NONbITKW UCMNOMb30BaTh AN NMUTAHUA KaTOL4HbIX
CTaHLMIN BETPO3NIEKTPOreHepaTopbl, UCMOMb3YOLWMe 3HEPru0 BeTpa 4N no-
NyYeHUs 3N1eKTPO3Heprun. B nopy BETPOBOro 3aTuLLbs A5 paboTbl KaTo4HOW
CTaHUMW npeanonaranocb UCnosb3oBatb OydepHble akKyMyAaTOPbl, KOTOPbIE
Obl NoAzapsXancb B Nepuos HopMaibHOM paboTbl BETPOYCTaHOBKKU. He wmc-
K/TIOYEHO, YTO K 3TOI nee Mbl BEPHEMCS CHOBa, MOCKO/bKY B MOC/eAHee Bpe-
M 3aMETHO BbIPOC MHTEPEC K HETPaAMLMOHHBIM BO30OHOBISEMbIM UCTOYHM-
KaM aHeprum.
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)

9_?—4=DTEH A xE

sy ot BEII 6 xE

Prc.8.19. MoaknoyeHe KaTogHOM CTaHUMU K MUTAKOLE CETU MepemMeHHOro
TOKa. a - C MUTaHNeM OT CeTU HanpshkeHnem 220 B; 6,8 - ¢ NUTaHMEM OT BO3-
AYLIHON NHUK HanpshkeHneM 6/10 KB. 1 - npeobpasoBatenu; 2 - 0gHO(a3HbIi
MOHWKAKOLLMIA TpaHcgopmaTop; 3 - pa3beAMHUTENb N NPeLoXPaHUTESb BbICOKO-
BO/IbTHbLIW; 4 - npoBoga 220B B Tpy6e; 5-py4yHON NpUBOA pasbeanHuUTenNs; 6 -
KOHeYHast onopa BO34YLUHON IMHUW; 7. - BbICOKOBO/IbTHbIN 610K CK3; 8 - HKs-
KOBO/IbTHbIN 610K CK3; 9 - orpaxaeHue.

8.7.2. N3onmpytoLLee hiaHLEBOE COeAMHEHNE

Ha puc.8.20 nokasaHO YCTPOICTBO M30MMPYHOLLEro (haHLLEBOrO COeMHE-
HUs (M®C), KoTopoe B 06LLUEM CMydyae NpPeaHa3HaAueHO A1 3MEKTPUYECKOTO
pacceueHmns Tpy6onpoBosa.

N®C npexe BCEro ycTaHaB/MBAOT Ha BBOJAX 3aLLMLLAEMOro TPY60mnpo-
BO/la B 3[1aHIE UMM COOPYXKEHME C ECTECTBEHHBIMMU U UCKYCCTBEHHBLIMU 3a3eM-
neHvsmu. Mpu 3ToM NP C BbINONHSET Be YHKLUN:

- CO,CI,GIZCTByeT CHM>XEHNKO CKOPOCTW KOPPO3nn 1
- YBEMMYNBAET 30HY IEI,GIZCTBI/IFI KaTO,CI,HOIz CTaHunn.
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Bo3gelicTBMe Ha KOPPO3no 0OBACHAETCA TEM, YTO NPOUCXOAUT paspene-
HMe KaTofa M aHoAa KOPPO3MOHHOW Makporapbl W, CnefoBaTeNbHO, Mpekpa-
LLleHMe ee (PDYHKLMOHNPOBaHMA (0 Makponapax cMm.nn.2.2.3).

AhhekT yBENNYEHUS 30HbI AEACTBUSA KAaTOAHO CTaHLMW CBS3aH C TEM,
YTO BO3PACTaeT MepexofHoe CONPOTUBIIEHNE MEXAY TPYOOoW 1 3emsiei 3a cUeT
OTCeYeHNs 3a3eMJ/IEHMIA, KaKOBbIMU SABMSKOTCA HEWU30/MPOBaHHbIe OT 3eM/n
MOA3EMHbIE COOPYXKEHUS.

! Pnc.8.20. Msonupytowee naH-
.w/_ - LleBOe coefuHeHue. 1- dnaHey,
NPUBapHOI; 2 - W301MpYytoLLas
- LWainba;3- n3onupyolas Mymra;
| 4- n3onupyrollee KosmbLo; 5 -
6onT C raikoin; 6 - cTa/lbHas

Hal LWwaiba; 7 - TpybonpoBsog,

£/

[
Gk

Mo cyLecTByOWUM HopMaM NP C A0/MKHbI VOASE I E/IBHU YC I dHABI INBA | b-
CA Ha BBOAAX rasonpoBOAOB B XW/ble JoMa, U TeM 6o/iee Ha BBOAAX B NMPOU3-
BOACTBEHHbIE 3[aHNA U coopyXKeHusi. IPC cTaBAT Ha MarucTpasibHbIX Tpy6o-
MPOBOAAX Ha BbIXOAe 13 HACOCHOW MM KOMMPECCOPHOW CTaHUMW, AN oTaene-
HMSA NOA3EMHOr0 yyacTka Tpy6onpoBOAHOM CETU OT HAA3EMHOr0, Y0XKEHHOr0
Mo CTa/lbHOIN 3acTakage W, cneaoBaTtefibHO, 3a3eM/IEHHOr0. VIHorga nsonupyto-
UMK hnaHuaMm OTAeNA0T BHOBb MOCTPOEHHbIA Y4YacToOK Tpybornposoda OT
CYLLIECTBYIOLLLETO - C U3HOLUEHHON N30NALUMEN -, eC/IN 3[4eCb MOXHO OXXWAATb
BO3HWKHOBEHWE KOPPO3WMOHHOW Makponapb! Wan ecnn OAuMH M3 Y4acTKOB Tpe-
OyeT /I0Ka/IbHOIN 3M1EKTPOXMMMNYECKOM 3aLLMTbI, & APYroil MOXKHO MO KaKUM-TO
MPUYMHAM He 3alMLLaTb 3NEKTPOXUMNYECKMN.

NDC MOXXHO yCcTaHaBIMBATb:

- Ha BO3[YLUHOM Y4acTKe Tpy6ornpoBoja npwv BbIXOAe ero U3 3eMu;

- HEMOCPeLCTBEHHO B 3EMJIE;

- B KOMofLe.

Yacto B MPC nepeobopybiBatoT 06bIKHOBEHHOE (haHLEeBOe COeAMHEHNE
3aBVXKKM WM KaKOro-1M60 SIMHENHOr0 YCTPOCTBa Ha TpybonpoBoze.

[Mpn akcnnyataumm cnegyet UMeTb BUAY, YTO ecnn MOC ycTaHOBEHO B
KOMOALe WM HENOCPeACTBEHHO B 3emM/ie, TO MPU KaTOAHOW 3aluTe MOXKHO
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OXWOATb YXYALIEHUS KOPPO3MOHHOIO COCTOSHWUA Ha OTCEKaeMOoi (He 3allu-
LLLAEMOW) YacTW MOA3EMHOr0 COOPYXKEHMS B HEMOCPEACTBEHHOW 6AM30CTM OT
NOC. [eiAcTBUTENbHO, A1 OTCEKAEMOro TPYO60NPOBOAa TOKN KaTOAHOI CTaH-
LM ecTb By>KaaroLime TOKM CO BCEMU CBOUMW HEMPUATHOCTAMWU. [1o3aToMy
y4yacTKu Tpybonposoga no obe ctopoHbl MPC 60nee TwaTeibHO U30NNPYHOT.
K Tomy xe NDC, npeagHa3HayeHHbIe ANa YCTaHOBKN HenocpeacTBEHHO B 3eM-
Ne, UMEKT APYryr0 KOHCTPYKLNIO, NO3BONAIOLLYIO N30/1MpoBaTh OT 3eM/IN BCe
MeTannn4veckue anemeHTsl NPC.

8.7.3. KOHTaKTHbIe yCcTpoicTBa

Ha pnc.8.21 npuBefeHbl BapuaHTbl KOHTPObHO-U3MEPUTE/bHBIX NMYHKTOB
(KWIT), npegHasHayYeHHbIX 415 KOHTPOSA 30HbI AeACTBUA KaTOAHON CTaHLUN,
N KOHTaKTHOe ycTpoincTBO (KY) Ans NOAKMOYEHNS APeHaXHOro Kabens.

KWIMbl ycTaHaBMBatOT Tak, YTOObI MOXHO ObIN0 6bl N3MEPATHL NOTEHLMA-
Nbl € Wwarom He 6onee 200 m - B ropoackux cetax 1 500 M - Ha maructpanax. B
ropoackux ycnosuax ucnonb3yroT KUl ¢ KOBEpOM, Ha MarncTpansx - ¢ Ko-
JTOHKOW.

Pnc.8.21. YCTPOICTBO KOHTPObHO-M3MEPUTENIbHOIO NMYHKTa B KOBepe (), B KOJTIOHKE
(6) 1 KOHTaKTHOE YCTPOWCTBO Ha Tpybonposode (B): 1- KoBep; 2 - MeAHOCY bMhaT-
HbI 3M1EKTPO/ CPaBHEHUSI C AATUYMKOM MOMSPU3ALMOHHOIO noTeHumana; 3 - cTa/lb-
HOM 3NeKTPOA CPaBHEHUS B M/1aCTMacCOBON TPybOke; 4 - cTanbHas nosoca, npuBea-
PeHHast K Tpybonposoay; 5 - 3aluiiaemMblii Tpybonposos; 6 - 6eTOHHasA NodyLlKa Ha
NMecyaHOM OCHOBaHUW; 7 - XXeNne300eTOHHasA KOMOHKa; 8- KNEMMHUK; 9 - Masblii KO-
nofew, ¢ Kpblwwkou; 10 - y3en noakntoyeHns Kabens K Tpyobonposoay.
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CTaNibHOIN 3M1eKTpos 3 yCTaHaBNMBAKOT Ha TOT C/ly4yail, Koraa MeLHOCY/ b-
(haTHbIN anekTpog cpaBHeHns (M3AC) 2 Bbilwen U3 CTpos 1 TpebyeT 3aMeHbl.
[eno B ToM, 4TO 3nekTponMt M3C, HeCMOTpPA Ha ero »keneobpasHoe COCTONA-
HWe, NOCTENEeHHO BbITEKAET N 3MEKTPOL NPUXOAMT B HErOAHOCTL. [Mo3ToMy Ha
Mneprof 3ameHbl cTaumMoHapHoro M3C 06bI4HO UCNOMbL3YHOT WU MEPEHOCHOM
M3C, nnn cTaynmoHapHbIN CTa/lbHO 3M1EKTPOM, XOTS CieAyeT HanoOMHUTb, YTO
CTa/lbHOW 3/1IEKTPOA, B LMBUIN30BAHHOM MUPE He NPUMEHSIIOT.

8.7.4. BNNOKN COBMECTHOW 3alLNTbI

CoBMeCTHada 3allyTa - 31eKTPOXMMUMYecKasa 3aluTa psaga pasHoOpPOAHbIX
MOA3EMHbIX COOPYXXEHWIA C MOMOLLbIO O4HOW WM HECKOMbKUX COrnacoBaHHO
paboTatoLLMX YCTAaHOBOK IX3.

KomnnekcHas 3awmTa - akTMBHas 3aliMTa B CoYeTaHum ¢ naccuHoi. OHa
npefycMaTpuBaeT NpUMeHeHne B TOM UM MHOM COYeTaHUN:

- COBMECTHOW UNI pa3fenbHON aNeKTPOXNMUYECKON 3aLLUThI;

- U30NNPYIOLLIMX NMOKPbITHIA;

- U30NNPYIOLLIMX (hNaHLEBbIX COEAUHEHNI, ANINEKTPUYECKMX MPOKNAAoK,
(yTNAPOB, BCTABOK;

- MEpOoNPUATUIA HAa UCTOUHMKAX GNY>KAAOLLNX TOKOB;

- MEPONPUATUIA MO CHMKEHWUIO arPeCcCUBHOCTM OKPYXKatoLLEN cpefbl.

[na peanusaumy TpeboBaHUn MO COBMECTHO 3aLLMTE KakK ONTUMaIbHOM U
4acTO €AUHCTBEHHOM METO/E 3alUTbl B C/OXHbIX CETEBbIX YC/OBUAX, KOraa
BK/HOYEHNE KATOAHON CTaHLUMM Ha OAHOM COOPY)XEHWUW BefET - 13-3a nepete-
KaHWIA TOKOB 3alUTbl - K YXYALWEHNO KOPPO3NOHHOIO COCTOSIHUSI Ha APYroMm,
MPUMEHSIOT PSA Mep, B TOM YMC/e BKKOYAKOT B CUCTEMY 3alUThbl CeayoLLme
YCTPOMCTBa 1 060pya0BaHME:

- TNyxune NOTEHLMANBbIPABHMBAIOLLIME MEPEMBIYKMA MEXAY BAUSIOLIM W
MNOJBEPXKEHHBIM BAVSHUIO COOPYXXEHUAMM;

- PEryNMpYeMble NePeMbIUKI MeX/Y COOPYXXEHUAMM;

- BEHTWU/bHbIE MEPEMbIYKUN MEX/Y COOPYXKEHUAMM;

- NONONHUTENbHbIE KaTOAHble NPeobpa3oBaTe/in C COOCTBEHHbIMM aHOA-
HbIMW 3a3eMNNTENAMM (BCMIOMOraTe/lbHble KaTOfHble CTaHLMN);

- AOMONHUTENbHbIE aHOAHbIE 3a3eMUTENU C OAHWM OOLUUM KaTOAHbIM
npeobpasoBatenieM (pacnpeaeneHHble 3a3eMANTeNN).
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Cnyxve nepemMblYKn MeXay ABYMS COCEAHMM TPYOOMpPOBOAAMM, a TaKXKe
LUYHTUPYIOLLME MEPEMbBIYKM Ha 3aABMXKaX U CTbIKax, 00ECMeUYnBatOT HaAeX-
HYI0 NPOBOAMMOCTb U BbINOHSKOT, KaK NPaBu/o, CTa/lbHbIMU LWMHaMK, OfHa-
KO HEM30/MPOBaHHas NepeMblyka Npu XopoLuUel n3onauumn Tpybonposoaa Mo-
XKET CYLLECTBEHHO YXYALLINTb YPOBEHb 3aLLWThI B PaiioHe NEPEMbIYKN, YTO NO-
Ka3aHO pacyeTOM HUXE.

Perynupyemasi nepemblyka BK/IHOYAET B CebsA 610K C MepeMeHHbIM pe3n-
CTOPOM. XapaKTepUCTUKN YHMBePCa/lbHbIX 6/I0KOB COBMECTHOI 3alLMTbI TUMa
YCB3 npeacrasneHbl B Ta61.8.3.

Tabnuua 8.3
Textueckie YCB3-10 YCE3-50
XapaKTePUCTUKM
HomuHanbHbIN TOK, A 10 50
MakcuManbHbIN TOK, A 30 100
MakcrmasibHoe 0,3 0,24
conpoTumefeHune, Om
LLIar perynuposaHus, Om 0,01 0,05
MabapuTbl, MM 180x140x95 305x320x150
Macca, Kr 2 6,2

B TunosbIX yepTexax cepun 7.402-5 “Y3nbl N getann yctaHoBoK 3X3”
NpeaycCMOTPEHO NPUMEHEHNE PerynpyemMbiX CONpoTMBaeHnA Tuna CA3.

B BEHTW/bHOI NepeMbluke B 610K COBMECTHOM 3alUMTbl fJ06aBneH nosy-
MPOBOAHMKOBbIA Anof. K BEHTUNbHbIM 6/10KaM OTHOCATCA, Hanpumep, 6/10Kun
ApeHaxHoi 3awmTbl 53-10 1 BA3-50, perynmpoBoYHble XapaKTePUCTUKM KO-
TOPbIX COOTBETCTBYIOT AaHHbIM Ta6/1.8.3. OHM 06bIYHO YyCTaHaBMBAIOTCH B
MnepemblyKax Mexxay Tpybonposogammn 1 Kabensimm CBA3u.
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[(naBa 9. [NpoTeKTOpHaA 3almMTa

9.1. O6Lme cBeieHUA

[MpuMeHeHNe NPOTEKTOPA-3allUMTHUKA - NEPBbIA LIAr B UCTOPUM 3MEK-
TPOXMMMNYECKOW 3almnTbl. Ero BeposTHee BCero caenany Hawu apesHue npej-
K cny4vaiiHo. [eiCcTBUTENbHO, COEAMHMB MPOYHO [Ba npeameta 13 pasiny-
HbIX MET&//IOB MOXXHO OTMETUTb, YTO OAUH N3 HUX MepecTasl KOppoanpoBaTh,
a Apyrow, HanpoTuB, CTajl paspyLlarbcs obicTpee. Ceivac Teopust aTOro ABse-
HUA 13BecTHa BceM, X0Ta 200 feT Hasas 3TOT aPdeKT BbI3biBa1 TOMLKO YAUB-
NeHue.

NTak, [deicTBMe NPOTEKTOPHON 3alUTbl 3TO [AeNCTBME WCKYCCTBEHHO
CO3[laHHOI rasbBaHNYeCKON napbl, Y KOTOPOW KaTo4oM SIBNSETCA OXpaHAeMOe
MeTa/l/INYEeCKOe COOPYXKEHME, @ aHOOM - HEKMIA “XKEPTBEHHbIN” 3M1eKTPo[, Ha-
[EXKHO NMPUCOEANHEHHBIN K [aHHOMY COOPY>KeHWt0. TakoW aHoj HasblBatoT
NPOTEKTOPOM, a 3alUTYy - MO-Pa3HOMY: WX MPOTEKTOPHOWN, WM KaTOAHOM
6e3 MICTOYHNKA TOKa, UM raibBaHN4YeCKoin. Mbl Bbibepem nepsoe.

Mpexxae BCero cnefyet BCMNOMHUTL, YTO B Mape C KaTo4oM aHof - 6osee
3ANeKTPOOTPULATENbHBIN 3NEKTPOA,

Mpn paspylleHnn aHoAa-NPOTEKTOPA ero MOHbI YX0AAT 6e3B03BPaTHO B
3eM/1t0, & OCBOOOAMBLUNECA 3M1EKTPOHbI NEPeTeKatoT, KaK N30bITOYHbIE, Ha Ka-
TOA-TPYOONPOBOA, 3apskas ero oTpuuaTenbHo. T.e. nof AelicTBMeM 3.4.C.
raibBaHonapbl “Tpyba-npoTeKTop” B KOHTYpe “NpoTeKTop - 3eMns - Tpybo-
MPOBOA”~ BO3HMKAET 3alMTHbIA TOK, HaTEKaoLWMiIA, KaK 1 MOMOXEHO MPW 3/1eK-
TPOXMMMYECKOM 3alLnTe, 13 3eMIn Ha Tpybonposos (prc.9.1,a).

[MOCKOMbKY 3.4.C. Napbl €CTb PasHOCTbL CTauMOHAapHbLIX MOTEHLMANOB Ka-
TOoda M aHofa, TO TOK B LEenu “rnpoTekTop - 3eMnd - TPy6onposoa” B 06LLEM
cfy4ae onpepensaetcs 3akoHom Oma B hopme (2.2).
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HanomMHMM Tak)e, UTO B COOTBETCTBUM C 3aKOHOM Papafesa KOMYECTBO
pacTeopmBLLeroca metanna (G) cBsizaHO C 3/1EKTPOXUMUYECKMM 3KBMBA/IEHTOM
() cooTHOLLEHMEM (2.7).

a)
i
2 In 1
UK _\_\_\_q_'_ﬂ_,_,.o-"" Uﬂ.

Prc.9.1. Cxema npocTeiiLleil NPOTEKTOPHOM YCTAHOBKM (a) U AnarpaMma
noteHymnanos (6): 1 - NpoTeKTOp; 2 - TPYGONPOBOA; 3 - COEAUHUTESbHbIN
npoBog, |, - Tok npotekTopa; U, Uy - cTaumoHapHble NoTeHLmasbl npo-
TeKTopa 1 Tpybonposoa.

Cne,qyeT MO3HAaKOMUTLCA C HOBbIM TEPMUHOM: TOKOOT Aaya - KO/IMYeCT -
BO 3/IEKTpnYyeCcTBa Ha egmnHnuy mMacchbl

Q;=8750/q;
(9.1)

Q:QTlh !

roe Q;, Q - TeopeTnyeckas, yaoBneTsopatoLlad 3akoHy Papaaes, N akTnye-
CKas TokKooTaaun, A 4/kr; h - KOa)(MUMEHT MONE3HOro UCMO/b30BaHUA UK
KO3(D(PULIMEHT BbIXOda MO TOKY; ( — 3/IEKTPOXMMMUYECKNIA SKBMBANIEHT WK
CKOPOCTb pacTeopeHus, Kr/(A.roa).

dakTnyeckas TOKOOTAaya BCerfa MeHblle TEOPETUYECKOW. ITO CBSA3AHO
Mpexe BCEero ¢ AB/eHNeM camopacTBOPEHNSA NPOTeKTopa Kak Heo4HOPOAHO-
ro MeTasifia, BKIKOYaKoLWero B cebs nervmpyrowme 406aBku 1 pasinyHble npu-
mMecn. K TOMY >Xe Ha NMOBEepXHOCTWN MPOTEKTOpa MOrYT UATK MOOOYHbIe peak-
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LMW C BbleNeHNeM BOAOPOAA, & He TO/IbKO PacTBOPEHMSA MeTasina. 3TO Hapy-
LLIAeT NPONOPUMOHATIBHOCTL MeX/Iy TOKOM W rnoTepeit maccbl MeTasina no da-
pagero, YTo 1 y4TeHO KoadhdmumeHTOoM h.

Mockonbky Q < Qr, TO M NPOAC/IKUTENLHOCTL PACTBOPEHUA MPOTEKTOPA
( T ), onpenensiemas hopmynoin (2.7), TaKKe MeHbLLEe TEOPETUYECKOM, COOT-
BeTCTBYtOLLe 3aKoHY Papafest. oaToMy opmyna Ans BblYUCIEHUS (DaKTU-
4eCKOro cpoka cny»obl npotektopa (T, 4) B 3aBUCUMOCTU OT ero macchl (G,
Kr) 1 BennyunHbl Toka (I, A) nveet Bug

T=QGh/l. (9.2)

3.4.C. [eCTBYIOLWEN ranbBaHN4Yeckoin napel E = Uy - U, ypaBHOBeLLNBa-
eTca najeHMeM Hanps>KeHWA Ha BCexX y4yacTKax Lenu, YTo OYeBMAHO U3 Auma-
rpamMmbl puc.9.1,6, rae OJy, - CMeLLeHre noTeHUmana Ha nonsapusalmoHHOM
COMPOTUB/IEHNN MPOTEKTOPA;, LJsqy, - 3aWUTHOE CMELLEHNE MOTEHLMANA TPY-
6onpoBofa; DU, - NOoTepsa Hanps>keHus B 3emne. Criefyer He 3abblBaTb, UTO
KaTog, MONApM3yeTCca OTpuLaTeNbHBbIM TOKOM, @ aHOA - MON0XNTeNbHbIM, 6/1a-
rogapst yemy DJzay <0 n OJy, > 0.

B pesynbTate nonsapusaumm Ha TpyobonpoBoae M MPOTEKTOPEe yCTaHaB/ -
BAKOTCA Hanps>KeHns

Usaw = Uk~ Dsay;
9.3)
Unp = Ua + Dy,

rae Usa,Unp - (DaKTUYECKMe pasHOCTY NOTeHLManos Tpyba-3emMns 1 MnpoTek-
TOp-3eM/IA.

Ecnn BennumHa Usy,, COOTBETCTBYHOT NMPUHATLIM KPUTEPUAM 3/1EKTPOXM-
Mrueckom 3almnTbl (Usay < Usaumin ), TO MPOTEKTOP HaAEXHO BbIMOMHAET CBOM
OYHKLMW.

TakuM 06pa3om, NPOTEKTOPHAA 3alWMTa - 3TO KaTOoAHAaA 3awnTa, rae
NCTOYHNKOM TOKa CHYy>KWT rajbBaHMyeckas napa ““Tpybonposof-
NpoTeKTOop™.
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9.2. NpoTeEKTOPHbIE MaTepunasibl

3a BCKO MCTOPMIO NPOTEKTOPHOM 3aLLMTbI CTa/IbHbIX COOPYXXEHWIA MO YMUC-
TO NPaKTUYECKUM COOOPaXKEHMSAM LLMPOKO UCMO/Mb30BaN NNLLIL TPX BUAA Me-
Tanna: MarHui, UMHK 1 antoMUHWIA. B HacTosilLiee BPeMS eCTb MOMbITKU Npu-
MEHUTb A8 3TOW LeNn cnaiaBbl MapraHua 1 faxe MapraHLUOBUCTYHO CTaflb.

B psay craHgapTHbIX 3MEKTPOAHbLIX MOTEHLUWAN0B Ha3BaHHble METasbl
HaxoAAaTca Ha /leBOM (pnaHre, T.e. BCe OHW OTpuuaTenbHee >Kenesa. B
Ta6/1.9.1 NpnBOOATCA CTaHAAPTHbIE 3NEKTPOAHbIE MOTEHUMANbI STUX META/NOB
(no HBD).

Tabnnua 9.1

MaTepuan MarHuin | Anomu- | LIMHK Mapra- | Keneso
HUI HeL|,

MoTeHuman, B| -2,36 -1,66 -0,76 -1,18 -0,44

[N N3roToBNeHMUa MPOTEKTOPOB MCMO/b3YIOT HE YUCTble MeTal/ibl U3
Ta6/1.9.1, a cnnasbl HA UX OCHOBE. MHOroMIETHNE MONCKM MHOXECTBa /labopa-
TOPWIA MMpa NPUBENN K CO34aHNI0 ONTUMa/IbHbIX CM/1aBOB, Y/A0B/ETBOPSAOLLMNX
TpeboBaHUAM NPaKTUKMN.

B 1a6n.9.2 ... 1a6n.9.4 NpMBOAATCA XMMWUYECKME COCTaBbl HEKOTOPbIX
MPOTEKTOPHbLIX CrM/1aBOB COOTBETCTBEHHO HA MarHWeBOW, a/lOMUHWEBOW W
LIMHKOBOW OCHOBE, pa3paboTaHHbIX 0TEYeCTBEHHOW HaYKOM.

Tabnnua 9.2
Mapka
Jlervipytolme 3nemeHTsbl, Mpymecy npefenbHble ,
MarHu- 0 0
Yo Yo
eBOro
cnnaea Al Zn Mn Fe Cu Ni Si Ti
Mni6 |75.9 | 2.3 | 0,15...05 | 0,03 0,15 | 0,01 0,2 -
Mn4By 5.7 | 2.3 | 0,15..0,5 | 0,003 | 0,004 | 0,001 | 0,05 -
M1 5.7 | 2.4 | 0,02..05 | 0,003 | 0,004 | 0,001 | 0,04 | 0,04
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Tabnnua 9.3
Mapka
ano- Mpnmecn
JlervpyroLime 3NemMeHThl,
MUHWe- o npefensHble,
0 0
BOI0 %0
cnnasa Zn Mg Sn Zr Fe | Cu Si
All2 104..08 - - - 011001 01
All3 4...6 - - 0,001..0,1 (01| 001 | 0,1
All4 4...6 0,5..1,0 | 0,05..0,1 - 0,1]001]| 01
Tabnnua 9.4
Mapka Mpnmecn
JlervpyroLime 3NeMeHThI,
LINMHKO- o npefenbHble,
0
BOr0 %
cnjasa Al Mg Mn Ti Si Fe Cu Pb
L | 0,4..0,8 - - - - 0,001 | 0,001 | 0,005
iz | 05..0,7 1 0,1.03 | 0,1...0,3 - - 0,004 | 0,001 | 0,005
L3 | 0,2...0,6 - - 0,005...10,005... 0,004 | 0,001 | 0,005
01 |.01

YucTble MeTa/ibl HE NOMYYUIN PAcNpPOCTPaHEHNS B CBS3U C UX HU3KOWA
3aPeKTUBHOCTLIO. Tak, YMNCTbIA MarHuii MMeeT KO3((ULMEHT NOME3HOr0 UC-
nonb3oBaHus (h) Ha 10...20% MeHbLUE, YeM MPOTEKTOPHLIW CMNaB Ha ero oc-
HOBe. UMCTble UMHK M altOMUHUIA CK/IOHHBI K MaccuBaumm ¢ 06pa3oBaHeM Ha
MOBEPXHOCTWN MJI0XO NPOBOASALLEN MNEHKN. XOTHA cnefyeT 3aMeTUTb, YTO Bbl-

COKOUUCTbIN UMHK (unctoTor 99,995%) npurofeH U UCNONb3YeTcs Ansd U3ro-
TOB/IEHUSI NPOTEKTOPOB.
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Bonee BbICOKOE COAepXKaHue NPUMECE B CriaBax Mo CPaBHEHMIO C TeEM,
YTO YKas3aHO B Tabnmuax, CYLIECTBEHHO CHMXKAeT KO3P(ULUMEHT MOMNE3HOro
MCMONb30BaHUSI MPOTeKTopa. Tak, AN antOMUHWEBBLIX CM/ABOB YBENYEHME
cyMMapHoro cogepxaHus Fe+Si+Cu ot 0,2% no 0,5% cHmkaer h ot 85% a0
55%. B aTOM Cny4yae 3a CYET ra/ilbBaHNYECKO HEOAHOPOAHOCTU CM/iaBa CyLLe-
CTBEHHO YCKOPSeTCA MpOoLiecC caMopacTBOPeHUS NpPOTeKTopa W, Cnefo.a-
Te/IbHO, CHKAETCA [0/ MacChl, MONE3HO PacXo4yeMoil HENOCPeACTBEHHO Ha
3aWmTy Tpybonposoaa.

-TU,B * Q, hubr -U.B ¥ g hmie UB Y QAwk
158 | 11450 1,10—\“—2900 104 [N T 1an0
156 | 11400 1,08 F 12800 1,02} " 1aag
154 } l1350 1061 o 12700 1,00 7 1780
152 | 11300 1,04 -/-2500 098} 1770
150 1250 1,02 2560 0,06 . . 1760

1 3 5 7] am? 1 3 5 7] &t 1 3 5 7) Amw?

Pnc.9.2. iameHeHne dakTtuyeckoro noteHumana (U) (no M3C) n thakTnyeckom
TokKooTgaun (Q) cnnasos MI1 (a), AM4 (6) v LM1,LM2,LMA3 (8) B 3aBMCUMO-
CTV OT NIOTHOCTY aHOLHOIO TOKa.

OCHOBHbIMW MPOEKTHLIMK MapamMeTpamin MPOTEKTOPHbLIX CrM/1aBOB SABNA-
toTcs hakTuyecknii noreHuyvan (U = Uy, ) 1 (hakTUyecKas TokooTgada (Q).
Ha puc.9.2 npuBeaeHbl XapakTepHble 3aBUCMMOCTW 3TUX MapameTpoB OT
MIOTHOCTM aHOAHOIO TOKa.

Tabnnua 9.5
. | TeopeTtu- ANeKTpoXu-
. | PaKTUYecKumn o
[MPOTEKTOPHBLIN yeckas Bbixop MUYECKUIA
noTeHuUwman,
cnnas TOKOOT- MO TOKY, | 9KBMBAIEHT,
Unp, B aava, Q h, % q
’ Ty ’ H
(no M3C) Au/Kr Kr/(Artop)
MarHueBblIit -1,5 1400 60 7,2
ANOMUHNEBBIN -1,1 2600 85 3,9
LIMHKOBBIA -11 790 95 12,6
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[MOCKONbKY (PakTUYecKMe 3HauyeHMst TOKOOTAaun M NnoTeHumana CyulecT-
BEHHO 3aBUCAT OT YC/0BMIA 3KCnyatauun, To Ansa npubamkeHHOro pacyeta
06bI4HO NPUHMMAIOT HEKOTOPblE CpeAHMe 3HaYeHWUs 3TUX napameTpoB. s
MoA3eMHbIX TPYOOMNPOBOAOB 3TV 3HAYEHNA NpuBeaeHbI B Ta6/1.9.5.

N3meHeHve Ug, 06yCnoBneHo ABieHNeM MONApU3aLn 1 ABIAETCA HeXe-
natefibHbIM. YeM MeHblle BeMyMHa CMeLleHWe MoTeHUMana npoTeKTopa
(DJnp), TEM KavecTBeHHee NMPOTEKTOpPHasA 3awurta. besycnosHo, 3HaveHune CTa-
LIMOHAPHOI0 NOTeHLUMana 3aBUCUT OT CBOMCTB OKPYXKatoLwein cpefpl 1, Kak no-
Ka3asia NpakTuKa, MOXET U3MEHSATLCS Ha BeNMYMHy nopsagka + 0,1 B oTHocK-
Te/lbHO NPUBeEHHbIX B Ta6/1.9.5.

[Mpn MCNoNb30BaHUN NPOTEKTOPOB B FPYHTOBLIX YC/IOBUAX MOXHO OXW-
[aTb Takke yMeHblUeHNs Ha 5...10% BennumnHbl h, akTnyeckn AenstoLencs
KO3((PMLMEHTOM MONE3HOI0 AeCTBUSA NMPOTEKTOPHOWM YCTAHOBKWU. DTO CHU-
»KeHre h cBA3aHO C HeOAHOPOAHOCTLIO PAcTBOPEHMS NPOTEKTOpa W, CefoBa-
Te/lbHO, C ero MexaHU4eCcKMM paspyLUeHVEeM, Korga yke TpebyeTcs 3ameHa
MPOTEKTOPA, B TO BPEMS KaK OH eLle He paCTBOPW/ICA MOMHOCTbHO.

9.3. NpOoTEKTOPHbIE YCTAaHOBKM

9.3.1. KOHCTPYKLMM NPOTEKTOPOB

10 KOHCTPYKTUBHOMY MCMOSIHEHUIO MPOTEKTOPbI AENATCA Ha CTEP>KHe-
Bble, N/IOCKMe 1 NpPyTKoBble (pnc.9.3), XOTA MPUHUMNUANbHOW TPYLHOCTM B
OT/IMBKE MPOTEKTOPOB Nt06OM Apyroi hopmMbl HET. B MapKmnpoBke NpoTeKTopa,
Harnpumep, MNMM-10 undpbl 03HAYakOT ero maccy B Kr, 6yksa M - MarHmeBblIi,
A - alOMUHMEBLIA U Ll - UWMHKOBLIW ChnaBbl, Apyrue 6yKBbl - KOHCTPYKTUB-
HOe NUCMOJHEHNE,

CTepXkHeBble MarHueBble nNpoTekTopbl Tvna MNM-5...NM-20, a Takxe Ta-
Kne kak l11-69...M4-69, npegHasHayeHbl Ans MoA3eMHbIX TPybonpoBoAos, a
MHOrAa, Kak MoABECHble, AN MOPCKMX COOPY>KeHWiA. T10CKue 1 NpyTKOBbIE
npotekTopbl (M-KOA-10, M-KOM-10, M-H/IM-14 v np.) ucnonb3yroTca ans
3allNTbl CYA0B, Pe3epByapoB, pas/IMYHbIX annapatoB. bbliv NONbITKA NpUMe-
HWUTb NPYTKOBbIA NPOTEKTOP M A1 3aLMTbl TPY6ONpPOBOLAOB.



225

[MpyTKOBbIE MPOTEKTOPbLI (He MPOWINKOCTPUPOBaHHbIe Ha puc.9.3) npea-
CTaBNAOT COO0M OYXTY M3 OUMETaNIMUYECKOro MPYTKa, CepieyHnK KOTOoporo
CTa/lbHOW, a 060/104Ka - U3 MPOTEKTOPHOro crnaesa. Hanpumep, NpyTKOBbIiA
npotekTop Tnna M-KrMA-2 nmeeT BHelHWIA gnameTp 30 MM, YaenbHYH maccy
-2 Kr/m, AnamMeTp CTa/IbHOro cepaeyvHuKa - 4 MM, ooLLyto ainHy -30 M.

=

g) )
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Prc.9.3. KOHCTPYKUUM NPOTEKTOPOB: a- CTEPXHEBOW MarHueBblid Tuna MNM-
20; 6-CTepPXXHEBOI C akTMBaTopoM Tuna NM-20Y; B- NNOCKNUIA a/ItOMUHMWEBbIIA
Tmna M-KOA-10; r - nnockunid antoMmHueBblin Tuna M-POA-9. 1- teno npo-
TeKTopa; 2 - CTa/IbHOW CTEPXKEHb; 3 - aKTUBATOP B X/10NM4aTOOYMaXKHOM MeLL-
Ke; 4 - MeWOoK 6yMaxHbIid; 5 - NPoBOA M30/IMPOBaHHbIA 10 M; 6 - GUTYMHO-
pe3nHoBas macca; 7 - Wwarba haHepHas; 8 - 0TBEPCTME KpenexHoe; 9 - KOH-
TaKTHbIA 60NT.

[MpOTEKTOPLI NPU MOHTaXE MOTYT COEAMHATLCA C 3alMLLaeMbIM COOpY-
YXEHNEM WK HAKOPOTKO WK BbITb perynupyemMbiMin no Toky. K nocnegHum
OTHocuTCA npoTekTop Tuna M-POA-9, nokasaHHbIN Ha prnc.9.3,r, KOTopbIn 3a-
KPEennseTca Ha NOBEPXHOCTU 3alluLLaeMOro COOpPY>XeHUs He Ha cBapke, Kak,
Hanpumep, npotekTopbl M-KOA-10, a Ha ON3NEKTPUYECKOW MNacTUHe, K KO-
TOPOW KPenuTCs C UCNO/b30BaHNEM OTBepPCTUA 8. Mexay NpoTeKTOpPOM U 3a-
L MLLIAEMbIM COOPYXKEHMEM, UCMOMNb3YS U30NMPOBaHHbIA OT 3TOr0 COOPY>KEHUSA
6onT C pe3bboil 9, BK/IKOYAETCA PerynnpyeMoe COMPOTUB/IEHME, KOTOPOE B
rpoLiecce Hanafakm 3alnTbl 06eCrevmBaeT HY)XKHYIO BEIMUNHY TOKa.
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Horga 1o6aBoYHOE COMPOTUB/EHNE BK/HOYAKOT B LIEMb COEANHUTENBHOIO
nposoga 5 pnc.9.3, 6. 3T0 MOXKET UMETbL CMbIC/T MPX BbICOKOIN 3MEKTPONPO-
BOJHOCTW FPYHTa WX BOfibl, KOrfa TOK CMMLLIKOM 00MbLLIOK. B none 6/1yx-
NAKOLLNX TOKOB B 3TY LIEMb MOrYyT BK/HOYATb 1 NMOMYNPOBOAHNUKOBbIA BEHTU b,
He NPenATCTBYHOLWINIA MPSMOMY TOKY M 06ecrneyMBatoLLMiA 3anmMpaHue Lenu
ana 6nyxaarowero Toka, Hanpas/eHHOMo ¢ TPY6onNpoBoAa B 3eMJIO.

9.3.2. AKTMBaTOpHasa 3acblnka

AkTuBaTOp 3 Ha pnc.9.3,6 npeaHasHayeH 4ns obecrnevyeHUs paBHOMEp-
HOCTW PacTBOPEeHMA MPOTEKTOpa M YMeHbLUEHUS COMPOTUB/IEHMA pacTeka-
H1t0. B Ta6n.9.6 npmBOAATCA COCTaBbl HEKOTOPbIX MOPOLLKOBbIX aKTMBAaTOPOB
ANA MPUMEHEHNSA B TPYHTAX Pa3/IMUYHON 3M1EKTPONPOBOANMOCTN.

Tabnnua 9.6

r, MarHuesble NPOTEKTOPbI LIMHKOBbIE NPOTEKTOPGI

OM'M 'mnc, | BeHTO- Tpe- Na,SOq, "nnc, BeHTO- | Na,SOy,

% HUT,% nen,% % % HUT,% %

<20 65 15 15 5 25 75 -
25 75 - - 50 45 5

20...100 70 10 15 5 75 20 5
75 20 - 10 - - -

>100 65 10 10 15 - - -
25 50 - 25 - - -

'nnc (CaSO4H,0) npenaTcTByeT 06pa3oBaHNIO Ha NOBEPXHOCTU MPOTEK-
TOpa N/0X0 NPOBOASALLEA KOPKK, YTO COCOBCTBYET paBHOMEPHOMY pacTBOpe-
HUIO.

BEHTOHUT M Tpenen - MUHepPannM3oBaHHas MHa - YAEPXKMUBaKOT Bnary u
3aMefNA0T pPacTBOPEHWNE COJEN, NOAAEPXKMBASA TEM CaMblM MOCTOSAHHYHO MPO-
BOJMMOCTb C/0S.
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["nay6epoBa conb (Na,SO4 '10H,0) ymeHbLLAET yae/ibHOe COMPOTUBIIEHNE
aKTuBartopa.

CTaHOapTHbIM aKTUBATOPOM CYMTAETCA COCTaB, BbIJENEHHbIA XUPHO B
Ta671.9.6. YaenbHoe 3NeKTPUYECKOe COMNPOTUB/IEHWE TaKOW MacCbl B NPUro-
TOBJ/IEHHOM COCTOSHUM I ; = 0,5...1,5 OM'Mm.

9.3.3. PasmelLeHme NpoTeKTOPOB
[MpoTekTOpHasa YyCTaHOBKa - 3TO OAMH WM HECKO/IbKO MNPOTEKTOPOB,
BK/IKOYEHHbIX Tpynnoi. Ha puc.9.4 nokasaHO YCTPOWCTBO HEKOTOPbIX BUAOB
MPOTEKTOPHbIX YCTAHOBOK .

a) ) &) 2]

&

]

T

r______I

) —

Pnc.9.4. Buapbl NpoTEKTOPHbIX YCTAHOBOK: a - KOPOTKO3aMKHYTas; 6 - KOHTPO-
nupyemasi no Toky (¢ K/Mom); B - rpynnosas ¢ N NpoTeKTopaMu BAO/b TPaCChl;
I - rpynnoBas nog Tpy60npoBoOM B CKBaXXMHE. 1- NPOTeKTOp;  2- Tpy6omnpo-
BOZ, 3 - W30/MPOBaHHbIA COEAMHWTENbHBIA NPOBOA; 4 - KOHTPO/bHO-
M3MEPUTENbHBIA MYHKT NOJ KOBEPOM W/N B KOMOHKE; 5- CKBaXMHA.

HekoHTponnpyemble NPOTEKTOPHbIE YCTAHOBKM (prc.9.4,a) NMPUMEHSAIOT B
CUCTEME MPOTEKTOPHONM 3aLUMTbl U3 pacyeTa NPUMEPHO 5 HEKOHTPOIMPYEMbIX
YCTaHOBOK Ha OfHYy KOHTponupyemyto (puc.9.4,6). [pynnoBble YCTaHOBKM
LienecoobpasHbl NMpy MI0XOM KayecTBe M30n1auun Tpybonposoda, Korga Tok
OJHOro nNPOTEKTOpa HeaocTaToyeH. [pPynnoByk YCTaHOBKY MO puc.9.4,r
YA0OHO NPUMEHUTL B CTECHEHHbIX TOPOACKUX YC/OBUSX.
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PaccTosHMe npoTekTopa OT TPy6onmpoBoAa BblOMPAOT 0ObIYHO PaBHbIM
3...5 M, rybuHy 3a10XeHns - Ha ypoBHe Tpybonposoda. LLiar mexay npotek-
TOPHbIMW YCTaHOBKaMW OMpesenstoT pacyeToM.

B cTpouTencHble paboTbl BXOAUT OypeHue HernyboKoM CKBaXKUHbI NS
MPOTEKTOPA N PbiTbe TPaHLlen 4NA COeAMHUTENbHOrO nposoga. lMpoTekTop,
€C/IM OH B KOMI/IEKTE C aKTUBATOPOM, OMyCKatOT B CKBAXXUHY BMECTE C MeLL-
KOM W 3acbInatoT C yTpaMOOBKOM U YBNaXXHEHUEM. V13roToBieHHas Taknum 06-
pa3oM YCTaHOBKa pa3BMBAET CBOW MaKCUMasibHbIA TOK TOMbKO CMYCTA He-
CKOJIbKO AHEiA.

BennunHa ToKa NPOTEKTOPHON YCTaHOBKM ( I, ) 3aBUCUT OT COMPOTHUBIIE-
HUA Uenn “npoTeKTop-3eM/A-CoOpy>KeHne”. [na n30nmpoBaHHbIX TPyb6onpo-
BOZ0B 00bI4HO |np = 20...200 MA. Tpw 3aLmTe TakKnMX COOPYXKEHNIA Kak pesep-
Byapbl C BbICOKOMWUHEPA/IM30BaHHOW BOAO N 6€3 U30NSALUMOHHBIX MOKPbLITUIA
CTEHOK TOK YCTAHOBKM MOXET ObITb OYeHb 60/bLLMM, AocThras 2 A.

9.4. PacyeT NPOTEKTOPHON 3aLLMThbI

PacueT 1 NpoeKTMpoBaHMEe MPOTEKTOPHON 3alWuTbl Tpybonposoda Lesne-
CO06pa3HOo BbIMOMHATbL, UCMONL3YA NakeT nporpamm APM 3X3-7T1. MNpwn oue-
HOYHbIX pacyeTax BO3MOXHO NPVMeHeHKe NPoCTenLwnx hopmyin.

3afiaya pacyeTa MOXeT 6bITb B BYX NOCTAHOBKaX:

- TOK NPOTEKTOPHOM YCTaHOBKW 3afaH, TpebyeTca onpeaennTb KOnMYecT-
BO NPOTEKTOPOB;

- TpebyeTca onpefenvTb (hakTUUeCKNiA TOK, KOTOPbIn BYaeT reHepnpoBaThb
NPOTEKTOPHAsA YCTaHOBKaA.

9.4.1. PacueT npu 3alaHHOM TOKE NPOTEKTOPHON YCTaHOBKM

[MycTb B npouecce pacyetra TPyO6ONpPOBOAHOW CETM B ONTUMMU3ALNOHHOM
pexunme (kog M =1) okasasiocb, YTO OfiHA 13 YCTaHOBOK 3X3, peKOMeH/10BaH-
HbIX KOMMbIOTEPOM, AO/MKHA MMETb OTHOCUTE/IbHO HEOO/bLLIOI TOK, Hanpu-
Mep, lgs = 0,2 A. Takyto KaTOAHYH CTaHLMIO LleNecoobpasHo 3aMeHnTb rpyn-
MOBOI NPOTEKTOPHOW YCTaHOBKOM.
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9.4.2. PacyeT ranbBaHN4ecKoW napbl NPOTeKTOP-TPY6ONpPoBoy,

TOK OTAeNbHOro MPOTEeKTOpa WAM MPOTEKTOPHON YCTAHOBKWU, a TakXXe
pacrnpefeneHve noTeHumnana 3awunTbl, BbI3BAHHOITO 3TUM TOKOM, CNnefyeT orl-
pefensaTb C MOMOLWbK nporpaMmmbl B pexume M=2 “["anbBaHun4yeckaa napa”
Komnsekca APM-3X3-7I1. ITOT pacyeT aBnsieTcs 60/5ee NosHbIM Mo CpaBHe-
HWIO ¢ pacyeToM no nn.9.4.1.

[Mpwn BbIYNCIEHNM TOKA B 3TOM PEXUME 334al0T CTauMoHapHbIe NoTeHLma-
Nbl Tpy6a-3eMnsa Uy, M NpoTekTop-3eMnsa Un, 40 BK/IKOUEHUA MPOTEKTOPHOM
3alnTbl. IcKoMoe pacnpeeneHne 3aulMTHON NIOTHOCTK ToKa ( j ) HaxodsaT u3
CUCTEMbI YpaBHEHMUI (6.27), KOPPEKTUPYS ee ANs raibBaHNMYecKoW napsbl, T.e.
MNPY YCNOBUN OTCYTCTBUA COCPEAOTOUEHHbIX Harpy3ok (J = 0) n npyn Hann4mum
rasibBaHNYeCKOW HEOHOPOAHOCTU CeTU (j o = var).

B atom pexume paccMaTpuBalOT 3KBMBAIEHTHYO TPYO6OMNPOBOAHYIO
ceTb, B KOTOPOI MPOTEKTOPHAsA YCTaHOBKA - 4acCTb rajibBaHUYeCKN Heo4HO-
POAHOI TPYBONPOBOAHOM CETU, MPUYEM | & = Uny - 419 NPOTEKTOPHOM, | o =
Usay, - 419 TPYOOMNPOBOAHOIN YaCTV 3KBUBANIEHTHOW CETMW.

3[eCb HeT Heob6X0AMMOCTU B BbIYUC/IEHWM COMPOTUB/IEHWUA PacTeKaHUIO
MPOTEKTOPHONM YCTAHOBKM, a TaKXKe BXOAHOro CONpPOTUB/IEHNA Tpybonposoaa -
3TN napamMeTpbl aBTOMATUYECKM YUTeHbl NPy (hOPMMPOBaHUN MaTpULlbl B3a-
NMHBIX BIUAHUA A. TOK OTAEAbHOro NPOTEKTOpa UK YCTaHOBKM ( 1y, ) onpe-
AeNnAT N0 BbIYUC/IEHHOW MIOTHOCTW ToKa ( J ), WHTErpupys no AnHe npo-
TeKTopa.

B pexume pacyeta M=2 MOXHO Y4eCTb Takue 0COBEHHOCTU KaK KOH(U-
rypaums sawmiiaemoro TpybonpoBoa, BANAHNE PacrofiokeHUa MPoTeKTopa,
HanpuMep, HeMocpeACTBEHHO Y NMOBEPXHOCTM TPYObI, B3aMMHOe BANAHWE NPO-
TEKTOPOB MPU X MPOU3BOSILHOM PaCcMooXeHU B rpyrne 1 npoymne 0Co6eH-
HOCTW, KOTOPble HE MOAAAIOTCA YYeTy Mpu MUCMOoSb30BaHNN N3BECTHLIX METO-
[l0B pacyerta.

[Mocne onpeaeneHns Toka TUMNWYHOW MPOTEKTOPHOWN YCTAHOBKM, €CNN Ta-
KX YCTAHOBOK B 3allMLLaeMOl CETU He OAHa, MOXKHO BEPHYTLCA K METOAMKE
M=2 “ToKWN 3alWMTHbIX YCTAHOBOK 3afaHbl”, YTO MO3BO/IUT PeLUnTb 3afdadvy
pacnpefeneHnsi noTeHuuana B Tpy6ONpoBOAHON CETU C 1OOLIM YMCIOM MpPo-
TEKTOPHbIX YCTAHOBOK W pasMYHbIMK MHTEPBanaMu MX pasMelLleHns BAO/b
Y4aCTKOB CETW.
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9.4.3. OLLEHOYHbIV pacyeT MPOTEKTOPHOI 3aLLNTbI

CyuiecTBytoLime NpUBAMKEHHbIE METOAbI pacyeTa NMPOTEKTOPHON 3alm-
Tbl, He ncnonb3ytowme APM 3X3-7T1, CTPOATCA Ha pacHeTHOW opmyse Tuna
3aKoHa Oma. lMpn 3TOM BBOAAT MOHATUE [E/CTBYIOLLEro HanpsxeHns Uy, Ko-
TOpoe /18 MarHMeBoro npoTekTopa npuHMMaroT pasHbiM U, = 0,6 B, Ans
LHKoBoro - U, = 0,2 B 11 KOTOpOe nrpaet posib 3.4.C. ra/lbBaHUYECKON Mapbl.
Ynpouas n3secTHble popmy/bl 415 CONPOTMBEHNA PaCTEKAHNIO NPOTEKTOPA,
NPUXOJAT K BeCcbMa MpocTbiM popmynam. Tak, And BbluUcneHUa Toka (Iqp)
npotektopa Tina NMM20Y npegnaraetca gopmyna

lip=U, /Ry =0,6/(0,4r)=1,5/r, A. (9.4)
[anee, 3agaBascb CpefHMM 3HaYeHMeMm MAOTHOCTU TOKa 3aliuTbl TPy6O-

nposoga (jp), ONPeaensdoT CyMMapHbIi TOK APOTEKTOPHOM 3amTbl (1 ) 451A
paccmartprBaeMoro yyactka Tpybonposoga

Is = jep'Sa (9.5)

roe Sy - nnowaib NoBepxHOCTW 3alluMiiaeMoro TpybomnpoBoaa, Moc/e Yero
onpeaenstoT KoNM4ecTso (N) NPOTEKTOPOB

n= Ié / Inp. (9.6)
MeToz pacyeTa Mo cpeiHeil 3alMTHOM NAOTHOCTY TOKa paspaboTaH co-

TpyaHvKamu AKX nm.K.[.Mamdunosa. MNpu ygaqyHo BIGPaHHON BENYNHE g,
(hopMy bl 06ecrneymBatoT NPUEMIEMYHO TOYHOCTb pacyerTa.

[Mpumep pacyeta 1

[MycTb yyacTok Tpybonposoda puc.9.5 anametpom d = 100 MM Ha OfHOM
KOHLIe UMeeT n3onupyroLee qaHLeBoe CoeMHEHWE, a Ha APYrom CBsi3aH C
CYLLIECTBYIOLLEN TPYy6ONpPoBOAHOM ceTbio. CTauMOHapHbIN (3aLUUTHBIA) MNo-
TeHUman Tpybonposofa NPUHAT Be3fe paBHbIM Ugr = Uy, = - 0,75 B B npes-
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MOMOXEHUW, UYTO pPacCMaTPMBAEMbIA Y4YacTOK Hefo3allWLleH KaToAHbIMU
CTaHUMAMMW, YCTaHOBNEHHbIMMW B CYLLIECTBYIOLLIEN CETW.

N3onaumua TpybonpoBoa NpuUHATa YA0BNeTBOPUTENbHON npu R,; = 100
OM'M, yaenbHOoe 3/1eKTPUYECKoe COnpoTmMB/IeHNEe TPyHTa - 1 = 20 OM'M.

 —
 —

R —
—
);
| —

Pnc.9.5. dntopa pasHOCTM MoTeHUnanos Tpyba-3emns (a) npu npoTeKTop-
HOI 3awWmTe TpybonpoBoaa ¢ ycTaHOBKami o cxeme (6): 1- npoTekTop; 2
- Tpy6onposos; 3 - n3onupytoLee giaHLEeBoe CoeauHeHNe.

[na 3amThl BbloepeM MarHueBble npotekTopsl NMM-20 cpegHnm anavert-
pom cTepXxHa d = 175 mm, ganHon | = 650 MM, cTaumMoHapHbIM NOTEHLMaNoM
Uy = -1,5 B, 3arnybneHHbIM 10 YPOBHA yKnafKu Tpybonposoga h =1 m.
[MycTb 0AHa NMPOTEKTOPHAasA YCTaHOBKAa COCTOUT M3 ABYX NPOTEKTOPOB, pas-
MELLEHHbIX MO Ty U APYry CTOPOHbI TPy6OonpoBoga Ha PacCTOAHUN 3 M OT
Hero. 3afaya 3aK/I4aeTca B OnpefeneHnn KonnyectBa MPOTEKTOPHLIX yCTa-
HOBOK M MHTepBasia MeXxay HAMU 414 3alWmTbl yyacTKa Tpybonposoja.

9Tan 1. OnpegeneHne BeNMUMHbI TOKA NPOTEKTOPHON YCTaHOBKW.

PaccMoTpuM Cxemy C OfHOI Napoil NPOTEKTOPOB, NMOAKMOYEHHbIX K TPY-
6onposody y nsonupyrowlero gnadua. MNpm noarotoBke pacHeTHOM CXeMbl Ha
3TOM 3Tarne KaX/blii NPOTEKTOP COBMECTHO C COeAUHUTENbHLIM MPOBOAOM 3a-
MEHUM 3KBMBa/IEHTHbLIM TPY6ONpPOBOAOM, COEMHEHHbIM C OCHOBHbIM TPYy60-
MPOBOAOM B TOYKe ApeHaxa. MapaMeTpbl Y4acCTKOB 3KBWMBAJIEHTHOro TPy6o-
MpoBoAa Onpeaennm cnegyowmm o6pasom.
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YpenoHoe nondapusaumoHHOe CONpPOTUMBIEHUE MarHMeBOro MNpPOTEKTOPA,
cyas no rpagmky puc.9.2, a, BecbMa Masio 1 COCTaB/ISET:

P,=(1,54-1,51)/(5- 1)=0,0075 OmM>.

[MoaTomy yaenbHoe (IMHENHOE) CONPOTMBEHME N30MSALMIN 3TOMO yvacTka
3KBWBA/IEHTHOIO TPY6oNpoBoaa AO/MKHO ObITb PaBHO

Rys = P,/ (pd,) = 0,0075 / (3,14 0,280) » 0,01 OmM,

roe d, - AMamMeTp NpoTeKTopa C aKTUBATOPOM.

Y [enbHoe CONpPOTMB/IEHNE U30MAUMM APYroro yyacTka 3KBMBaSIEHTHOMO
Tpy6b0onpoBoAa - N30/IMPOBAHHOIO OT 3eM/IM COeAMHMUTENIbHOrO NPOBOAA- Cle-
AYeT B3ATb 60/bLLMM, HanpumMep, paBHbIM R,;=10000 OM'M. Ero sKkBmBasieHT-
HbIA AMAaMETP M TONLMHY CTEHKN MOXHO NPW XenaHun nogobpatb Tak, YToobI
MPOAOSIbHOE COMPOTUB/IEHNE 3TOr0 yyacTtka Obl10 6bl paBHO MPOAOCALHOMY
COMPOTMB/IEHNIO PeasibHOro Kabesnsa unm nposoja.

OCHOBHOI1 Tpy60rnpoBos 6bi1 pasbuT Ha OTPE3KU AUCKPETU3ALUKN C YBe-
NNYMBaLLMMCA MO Mepe YAaleHMs OT TOYKM [peHaxa warom [L =
3,6,12,...,2000 M. OKBMBANIEHTHbIA TPYO6ONPOBOA, 3aMEHSAIOLLINIA NPOTEKTOP,
pasbuT Ha 3 OTpesKa ANCKPeTU3auun ¢ y3namm AMCKPeTM3aL M COOTBETCTBEH-
HO BBEPXY, B LEHTPe W BHU3Y MPOTEKTOPA, a 3KBUBA/IEHTHbIA TPYO6ONPOBOA,
3aMEHAIOLLNIA COeANHNTENBHBIN NPOBOA, NPeACTaBeH O4HUM Y4aCTKOM C Y3-
JIOM, PacronoXeHHbIM MeXxay MPOTEKTOPOM U TPY6OoMnpoBOLOM.

[Mpn BKAOYEHUW OAHOI Napbl NPOTEKTOPOB B Hayase Tpybonposoda (npw
L=0) y n3onunpytoLLero naHLeBoro CoeiMHeHns, 30Ha AeMCTBUA 3aLLNTBI CO-
CTaBWna BCEro /Mlib 5 M C PasHOCTbIO MOTeHUManoB Tpyba-3eMna Usy, =
-0,938 B (no M3C) B Touke L =0 1 Uz, =-0,845B - B TOUKE L = 6 M.
TOK KaXkgoro n3 npoTekTopoB npu 3ToM 6bin paBeH | = 0,112 A. BennumHa
TOKa Obl/1a onpeaeneHa MHTerprpoBaHeM TOKOB BAO/Ib MPOTEKTOPA.

Tan 2. OnpefeneHne KonnyecTsa NPOTEKTOPHbIX YCTaHOBOK

[ns TOoro, YTo6bl YMEHbLUWTL 3aTPaThl PYYHOro Tpyaa no GopMrUpoBaHmIo
pacyeTHO CXeMbl NPU 6ONbLLIOM KO/IMYECTBE NPOTEKTOPHbLIX YCTAaHOBOK, 3a-
MEHUM WX 3KBUBA/IEHTHbIMW KaTOAHbIMW CTaHUMAMM C TOKamu, OnpepeneH-
HbIMW Ha NepBoM 3Tane pacyeta. K TOMy >Ke 3TO YCKOPUT aHan3 BapnaHTOB
pasMeLLEeHNs MPOTEKTOPHbIX YCTaHOBOK. C 3TOM UENb0 TOYeuyHble aHoAbl-
MPOTEKTOPbI ObIIX - NOC/e MNPOOHbLIX OLEHOK - paccTaB/eHbl NOMapHO BAO/b
Tpacchl TpybonpoBoaa ¢ UHTepBaioM 20 M M Harpy»XeHbl KaXKablii N3 HUX TO-
kom | =0,112 A.
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Ha purc.9.5 nokasaHa antopa noTeHUMana, onpeaeneHHas pacyeTom.
Ecnu npy 0jHOM NPOTEKTOPHOI YCTAHOBKE MU0 3aLLMTbl HE MPEBbILIAET
5 M, TO B Fpynne 13 6-T1 YCTaHOBOK 3TO N/IEYO YXKe B [1Ba Pa3a 60sbLLE.

[Npumep pacyeta 2

B 1a61.9.7 npuBefeHbl pe3ynbTaTbl pacyeTa MPOTEKTOPHOM 3aLLMTbI KO-
POTKOW TPyObl - 3aWMTHOro (hyTnspa rasonpoBoja, MpoK/iafblBaemMoro, Ha-
npumep, Noj aBTOMO6WU/ILHOW AOPOrOiA.

Anametp dyTtnapa paseH 600 mm, ero gnvHa - 40 m, rnyomnHa 3a10XKeHns
[0 OcU - 2 M, YAenbHOe 3/1IeKTPUYEeCKoe COnpoTuBeHne rpyHTa - 20 OMMm,
y[eNbHOe 3/1eKTPUYECKOe COMPOTUBEHNE N30M1ALUN TPYOBbI - 25 OM'M.

Tabnunua 9.7
Mpogonb-| Craumo- 3alwnTHbI NnoTeHuuan, B
Has Ko- HapHbIN no 2 npo- KOHTAKT ¢ 3a- | KOHTaKT C He-
OpAvHa- | noTeHuman, OfVH TeKTopa Ha 3alMLLEHHbIM
Ta, M B MPOTEeKTOpP KOHLIaX HMLLEHRBIM TpPy60npoBo-
TPYy60MNpPOBOAOM 7IoM

0 - 0,55 - 0,723 -1,107 -1,141 - 0,845

10 - 0,55 - 0,642 - 0,849 - 0,880 - 0,643

20 - 0,55 - 0,630 -0,828 - 0,853 - 0,625

30 - 0,55 - 0,628 - 0,849 - 0,883 - 0,644

40 - 0,55 - 0,647 -1,107 - 1,156 - 0,847

Mpy 3TOM pacCMOTPEHbI BapnaHTbl CUTyaLMK:

1) dyTnsp n3onmnposaH OT razonposoja unm

2) (yTnsp cBsA3aH C rasonpoBOAOM 3MIEKTPUYECKM 33 CUET C/lydyaliHoro

KOHTaKTa.

B nocnegHem BapmaHTe rasonpoBoj;
a) Y>Ke 3alLNLLIEH 3N1EKTPOXMMUYECKN NN
0) He3aluLLeH, B TO BPeMs Kak (hyTnap yxKe 3aliMLLeH YeTbipbMSA MPOTEK-

Topamu.
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Kak cneayet 13 1a61.9.7, yeThipex NPOTEKTOPOB A/ 3aWMnThl Py TsApa
AOCTAaTOYHO, eC/iv K TOMY >Ke OH HafeXXHO CBA3aH 3/1eKTPUYECKN C ra3onpo-
BO/IOM.

B 1a6n.9.8 npuBeaeHbl pe3ynbTaTbl pacyeTa NPOTEKTOPHOM 3aLUNTbI TOrO
e (hyTnifpa B 3aBUCMMOCTW OT PacCTosiHMA A0 npoTtektopa (Y, ). [aHbl 3Hauye-
HMA PasHOCTM NOTeHUManoB Tpyba-3emna B ABYX Toukax: B Hadane (U;) u B
cpeamHe ( Uz) TpybonpoBsoaa.

Tabnuua 9.8
Mpn Ry; = 25 OM'M Mpn Ry; = 250 Omm
ya Ul, US, ya, Ul, US, ya, Ul, US,
M B B M B B M B B
1 -1,461 | -0,717 | 8 -1,002 | -0,865 | 0,5 | -1,007 | -0,824
2 -1,195 | -0,800 | 10 | -0,992 | -0,870 1 -0,940 | -0,846
3 -1,107 | -0,828 | 15 | -0,982 | -0,877 2 -0,904 | -0,855
4 -1,064 | -0,842 | 20 | -0,979 | -0,879 3 -0,895 | -0,860
5 -1,038 | -0,851 | 50 | -0,978 | -0,880 5 -0,889 | -0,866
6 -1,022 | -0,857 | ¥ -0,978 | -0,880 | ¥ -0,879 | -0,866

3 Ta61.9.8 cnenyet, 4To NpeanoyYTUTeNIbHEE YCTaHAB/IMBATb NPOTEKTOPbI
Ha pacCTOsHUK Y, 3 5 M OT TPYObI, ec/in TPyO6ONpoBo - C N/I0XO0WN N30MALMENA.
Ecnn e nsonayma xopollas, TO MOXXHO CYLLIECTBEHHO YMeHbLUUTbL 3TO pac-
CTOsiHMe. HO MOCKOMbKY M30M1AUNA CTapeeT N paspyLlaeTcsd, TO MOXHO PEKO-
MeHA0BaTb NOBCEMECTHO 3 £ y, £ 6 M.
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[(naBa 10. SneKTpoapeHaXkHas 3aluTa

10.1. O6wime cBeaeHUA

[lpeHa>xoM B MeNvopaLun Ha3bIiBakOT O0TBO/, FPYHTOBbLIX BOA, 8 B TEOPUM U
NPaKTUKe 3/1eKTPOXMMMNYECKON 3aLMThl - 0TBOJ 6ny>KAatoLmMx TOKOB. ECTb,
KCTaTu, U B MeULIMHE PEHaXKHbIE CUCTEMbI.

B rnase 4 nokasaHo, YTO 6/1y)XaatoLme TOKM PenbCOBOro 3/1eKTPOTPaHC-
nopTa ABNSAKTCS TOW YaCTbi0 TArOBOro TOKa, KOTOpas BO3BPALLAeTCA K CBOEMY
MCTOYHUKY - TArOBOW NOACTaHUMM - MO 3emse. CTeKaeT TOK B 3eM/IH0 BAaseke
OT TArOBOW MOACTaHUMW, a HaTeKaeT Ha PenbCbl - BO/M3M Hee. CTekarowmii
(aHOAHbIN) TOK NOMAPUSYET PenbChl NoNoXKUTeNLHO (DU, > 0) , HaTeKaroLmi -
oTpuuarensHo (DU, < 0), npuyem Hanbosiee oTpULATENbHBIA MOTEHLMa Ha-
ONIOAAeTCA Ha penibcax B TOYKE MOAK/IOYEHUS TArOBOM NoAcTaHUmMuM, Hambo-
nee NONOXWUTENbHbIN - Ha FPaHULIE 30HbI MUTaHMSA [aHHOW WU COCEHEN TAro-
BbIX MOACTaHLINIA.

B Tpy6onpoBoagHoi ceTn, Ha0bopOoT, BONM3WM TAroBOM noAcTaHuun 6ny-
>KAaKLWMin TOK CTekaeT ¢ TpybonposoAa, paspywias ero. pu atom Tpy6o-
MPOBOA, MONAPM3YETCA NOMOXKUTENbHO. [eMCTBUTENbHO, eCIM TOK CTEKAeT C
Tpybonposoaa, To ero noteHuuan (j ;) 6onbLue noTeHUMana 6nmxaiLlen Tou-
Kn 3eMnu (j ;) U, cneposatensHo, OJ; = | ;- | ;> 0. Boanu ot Trosoi nog-
CTaHUMK TpybonpoBoA MnosyyvaeT oTpuuaTe/bHOe UK KaTOAHOE CMELLIEHME U,
CNefloBaTe/lbHO, - HE3aBMCMMO OT HaLLEero >enaHums - 34ecb TPybonpoBof
3/IEKTPOXMMMUYECKN 3aLLMLLAETCH.

Ha prc.10.1 npuBeaeHbl TUMUYHbIE KaPTUHbLI pacnpeaeneHms CMeLeHus
noTeHuwana Tpyoonposoda (L2J; ) B none 6MyaatoLimx TOKOB Mpu OTCYTCT-
BUW 3/1EKTPOPEHAXKHO 3aLLNTBI 1 MPYU €€ BKNHOUEHNN.

3afja4a 3NeKTPoAPEeHaXKHOW 3alMTbl - pacnopsaanTbes 61y)KaatoLwmm To-
KOM TaK, 4TOObl 06eCneynTb KaTofHOe COCTOSIHME Ha BCEM MPOTSKEHUU TPY-
6onpoBo/a, a He TO/bKO Ha y4acTKe Baneke OT TAroBOM NoACTaHLNN.
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CoeguHnM B6/M3M TATOBOMW MOACTaHUMWM TPYOOMpPOBOA C pesibcamn ape-
Ha>KHOW NepemMblYKon - kabenbHoW nnHmen (puc.10.1,6). Tok, paHee CTekas-
LUKniA ¢ Tpybonposoga B 3eM/to, Ternepb OyAeT OTBOAUTLCA U3 Hee “OpraHu3o-
BaHHO”, T.€. N0 NepeMblUKe.

Punc.10.1. 3ntopbl cMeLLeHns NoTeHUana Ha penbcax (p) 1 Tpybonposoae
(T) 6e3 3awmThbl (@), C BLICOKMM (6) U HU3KUM (B) 3HAYEHMSAMM CONPOTUB-
NeHVA fpeHaxKHON Lenn R, .

Kasasniocb 6bl, 3afjava aneKTpoapeHarka - 0TBeCTYU TOK, pewleHa. OcTa-
eTca B [peHaXHY0 nepemMblyKy R, BKIHOUUTbL amMepMeTp - A1 KOHTPOsS,
npefoxpaHnTens - Ansa 6e30MacHOCTM OT 0YeHb O0MbLUNX TOKOB, PYOUIbHUK -
A1 OMepaTUBHOIO YMpaBfieHUs - N 3NeKTPoApeHa>KHad yCTaHOBKA YKOM-
M1eKToBaHa.

UTo KacaeTcs pybusibHMKa, TO 34eCb BCe ACHO. HO BO3MOXHO /1 OTBECTY
BECb TOK, MOnaBLUMiA Ha TpybonposoA? Befb TOK MOXeT BO3BpaLlaTbCA K
penbcam He TO/IbKO MO Mnepemblyke, Kak HaM X0Tenock 6bl, HO 1 Mo 3eM/e, T.e.
ABYMSA napansiefibHbIMK NMyTAMM, 4YTO 1 MOKasaHOo Ha punc.10.1,6. JpeHax Mo-
XeT 0Ka3aTbCA He 04YeHb INMNEKTUBHLIM.

[ecTBNTENbHO, BO3bMUTE B KaYeCTBe APEHaXXHOro Kabens TOHKYH Npo-
BOJIOKY W HMKAKOro 3alMTHOro apdekta He nonyymte, NocKoNbKY ApeHupye-
MbliA TOK B 3TOM C/y4ae 6yaeT CIMWKOM Masl U3-3a BbICOKOIO 3/1EKTPUYECKOTrO
COMPOTMB/IEHNS APEHAXKHOIO NPOBOAA.
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Ho Boo6pasnTte Kabesb 6eCKOHEYHO 60/bLLIOr0O CeveHns Tak, YTobbl nage-
HUEM Harnps>KeHUs B HeM BOOOLLE MOXKHO 6b1/10 6bl NpeHebpeyb. B aTom cny-
yae TpPybonpoBog B TOUKE ApaHaxa HUYeM He OyfeT OT/MyaTbCa Mo NoTeH-
Lnany OT penbCcoB MO APYryt0 CTOPOHY nepemblyKn. TpybonpoBos NpespaTuT-
CA Kak Obl B YaCTb PebCOBOM CETU. V1 MOCKO/bKY Ha penbCbl B parioHe nepe-
MbIYKN TOK HaTeKaeT (Tak Kak [ApeHax, Mo HalleMy YCNOBUK, YCTaHOBJIEH
BONN3M TArOBOW MOACTaHUMN), TO U Ha TPYOY, KaK YaCTb Pe/ibCOB, TOK TaKXXe
OyfeT TO/MbKO HaTekaTb. JTUM [OKasaHa NpUHUMNUaIbHas BO3MOXXHOCTb
3/IEKTPOAPEHAKHON 3aLLMTbI BOOOLLE: NPU 4OCTATOYHO MasoM CONpPOTYBIe-
HUW OPEeHa>KHOI Lenu TOoK Ha TPyby - ToNbKo HaTekatowwmin (puc.10.1,B).

Mbl BOOGpa3un ApeHaXHbIin kabesb 6eCKOHEYHO BOMbLUOIO CeYeHUs Un
Nnyuylle cKasatb - Npefe/bHO Manoro conpoTmuBneHNs. MOXKHO C YBEPEHHOCTbIO
MPeanosioKUTb, YTO B 3TOM C/lydae APeHaXKHbIA TOK, a TakKXe U 3aluTHOe
CMeLLleHMe noTeHuwnana Tpybonposoda (OJ;), 6yayT npenensHo 60/bLWNMA.

[anee octaetcs NogobpaTb ONTUMa/IbHOE CeYeHNe APEHaXHOro Kabens B
3aBMCMMOCTM OT Tpebyemoi BeIMUNHBI CMeLleHUs ;.

Ecnn TOK BENWK, TO B APEHAXKHYIO LIEMb BK/OYAKOT PErYIMPOBOYHbIN pPeo-
cTaT, NocPeACcTBOM KOTOPOro B MNPOLecce HanafKn CHUXarT TOK W, CrefoBa-
Te/IbHO, YMEHbLLAKT BeNMNUNHY OJ; . PazymeeTcs, Npu 3TOM MpeaBapuTensHO
BbIMO/IHAKOT PacyeT OMTUMaTbHOFO COMPOTUB/IEHWSA APEeHaKHOW uenn R, u
noaouparoT Kabenb A0CTaTOYHO Masioro ceyYeHus.

Ecnn HanpoTMB ApeHaXHbIA TOK Man WU HefoCTaTO4eH AN 3alunUThbl MpK
Ntobom 60/bLLIOM CevyeHUN Kabens, TO WMNN O0TKas3bIBAKOTCA OT MPUMEHEHMSA
3NIEKTPOJiPpEHaXKa BOOOLLE M MPUMEHSIIOT KaTOAHYHO CTaHLMIO, UK XXe B ape-
Ha>KHYIO LieMb BKIKOYAKOT AOMNOMHUTENbHLIA UCTOYHUK TOKa, T.e. OMNATb XKe
MCMONb3YIOT HEKYK KaTOAHYH CTaHUMIO, BCTPOEHHYHO B 3/1IEKTPOAPEHaKHYIO
Lienb.

10.2. CxeMbl 3/1eKTPOAPEHAXKHOWN 3aLLNTbI

3neKTpo,qpeHa>K|/| B 3aBMCMMOCTU OT UX CXEMbI ObIBalOT TPEX TUMOB:

- NPAMbIE;
- NONAPW30BAHHBIE ;
- YCUNIEHHbIE.
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MpyMeHeHNe TOro UM UHOIO TUMA ONPeAenseTcs NPeXae BCero MecToMm
BK/IIOUEHUS ApeHaXka B penbcoBoit ceTn. Ha pnc.10.2 npeacTaBneHbl TpU cy-
yas BK/IIOUEHUS, XapaKTEPHbIE NS 3NEKTPOAPEHAKHON 3aLLUNTbI.
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Pnc.10.2. CutyalMoHHble YCMOBMSA BK/IKOYEHUA npamMoro (a), monspuso-
BaHHOro (6) 1 ycuneHHoro (B) anekTpoapeHaxen, rae A1...03 - COOTBETCT-
BYIOLLME 3MEKTPUYECKME CXEMbI 3/IEKTPOAPEHKHbLIX YCTPOWCTB: S - py-
OUNbHUK; F- NnaBkuiA NpeaoxpaHuTenb; R - perynMpoBoYHbIii peocTaT; R1
- WYHT (KannMbpoBaHHOe COMPOTUB/IEHWE) ANA U3MepeHus Toka; D - 610K
CUNOBbIX AnoAoB (BeHTUNe); D1 - perynmpyemblii BbINPAMUTESIb CETEBOIO
TOKa; N/CT - TAroBas NnoAcTaHums; T,p - TPy60NnpoBOA 1 PesnbChbl.

10.2.1. IMpAmMOoiA aneKTpoapeHax
Mpsmoint anekTpogpeHax (puc.10.2, A1) NpuMeHsoT nNpu ycrnoBun
U, < Uy, (10.1)

rae U, ,U; - pa3sHOCTM NOTEHLMANnoB penbCc-3eMns U Tpyba-3ems COOTBETCT-
BEHHO.

3Ta cuUTyaums, Kak NpaBuio, UMEeT MeCTO B HEMOCPEeACTBEHHOW GN30CTU
OT TArOBOW MOACTAHUMW - B 30HE YCTOWUMBOIO OTPULIATENILHOrO MOTEHUMaNa
Ha penbcax.
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BmecTo ycnosua (10.1), KOHe4HO, 6onee KOPPEKTHO HEPaBeHCTBO | , <
j r.TO€] p U ] - €CTb NOTEHLMASbI PENLCOB M TPYOOMPOBOAa OTHOCUTEILHO
“nanekoin” 3emnam (cMm., Hanpumep, opmyny (4.1)).

[MpuMeHeHWe NPAMOro ApeHaxa [JaneKko He Bcerfa Aonyckaetcs. MoTeH-
LMan penbCcoB, Aaxe HEnocpPeACTBEHHO Y TArMOBOW MOACTaHLMM, MOXET, XOTS
Obl HA KOPOTKOE BPeEMS, MEHATb CBOWN 3HaK. OTO CBA3aHO C XapaKTepoM TAro-
BOM Harpy3ku: oHa HecTabu/ibHa M BO BPEMEHW, U B MPOCTPAHCTBE, KaK He-
CTabUIbHO MOJMIOXKEHME 3N1EKTPOMOoe3a Ha IMHUM U ero TOKOBas Harpyska B
npovecce ABMXeHusA. B aToM ciyvae npsMoi ApeHax Hebe3onaceH, NocKo/b-
Ky M3MeHeHMe 3Haka NnoTeHunana penbcoB BefeT K U3MEHEHWUIO Hanpas/ieHns
TOKa B ApeHa>KHOW Lenu: TOK NOoMAeT He U3 TPpybonpoBoaa, a B Tpy60onpoBsos
C Tem, YTOObI re-TO BCE XKe BbIATN M3 Hero B 3eM/t0. B aTom cnyyae cnegyet
OT NPAMOro ApeHaxka NepenTy K Nonspn3oBaHHOMY.

10.2.2. MNonapusoBaHHbIN 3NeKTPOAPEHAK

nOﬂﬂpMBOBaHHbIVI ANEKTPOAPEHXK MPUMEHAIKOT NP YCNOBUN

U, <> U, (10.2)

T.e. NPV 3HAKONEepPeMEHHO Pa3HOCTM NOTEHLMAN0B PenbC-TPpyoa.

Ha pnc.10.2,6 nponnnocTpupoBaHa NpuynHa BO3HUKHOBEHUS CUTYaLUK
(10.2).

B penbcoBOW CETK Ha rpaHuLEe aHOAHON N KaTOAHOW 30H HaXoAUTCA TaK
HasblBaeMasd TouKa Hy/nesBoro noTeHuynana, B Kotopoit U, = 0 - no cTaibHOMY
3NEKTPOLY CpaBHEHMA — uan, B 06Lem cnydae, U, = Ugrp, rae Uerp - CTaumo-
HapHbIA NOoTeHUMan penbcoB. OAHAKO 3Ta ToUKa GecnpepbiBHO MEHSIET CBOE
MOMOXEHWE, MOCKO/IbKY 6GEeCnpepbIBHO MEHSET CBOK KOH(Mrypaumio 3ntopa
noteHumana U,. Mpn neperpyske wav Heforpyske OA4HOro M3 y4acTKoB naje-
HMe HanpsKeHWs BAOMb PE/IbCOBOM /IMHUK OYAEeT MEHATLCA U HyNneBas TOYKa
OyaeT cMeLWaTbCs B TY UK APYryH0 CTOPOHY (CM. MYHKTUPHbIA y4aCTOK pefib-
coB). Ecnu B pailoHe Hy/EBO TOUKM MOAK/OYUEH ApeHax, To npu U, > U, B
ero Lenu 06a3aTe/lbHO BO3HUKHET 06paTHbIA TOK - U3 PEbCOB B TPYOOMpo-
BO/l, YTO He MPUBEAET HM K YEeMY MHOMY, KPOME KaK K YCMeLIHOMY pa3pylLie-
HMa Tpybonposoa.
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[pyrasa npuyvHa BO3HWKHOBEHMA 3HAKOMEPEMEHHOCTI NOTeHLMana pefb-
COB B TOYKE [peHaXka 3aK/1H4aeTCs B C/iefyHoLLEeM.

[MycTb B pailoHe OaHHO TAroBOWM MOACTAHUUM K pefibcam MOJK/IYEH
MOLLHbIA 3/IEKTPOAPEHAX WM AaXKe HECKONbKO ApPeHaXKHeil BnafesbLeB pas-
NNYHBIX MOA3EMHbIX X03AUCTB. MpK MOAK/IOYEHUN HOBOIO ApeHaXKa pesibCbl
npruobpeTatoT AOMOSHUTENIbHOE TMOMOXKUTENbHOE CMELLeHMe NoTeHuMana
(Tak)Ke Kak TpybonpoBof - OTpMLATENbHOE).

[MyCTb 3TN ApeHaXn NOAK/OYEHbI HEMOCPEACTBEHHO K MUHYC-LUNHE TArO-
BOW MOACTaHLMKW, YTO HOPMaMMK paspeLLaeTcs, ec/im MnoTeHuman penbCcoB He-
[0CTaTOYHO oTpuuareneH (cm. puc.10.2,a).

MuHyc-lUnHA - Hanbonee oTpuyaTeNbHas TOYKa CMCTEMbI OTCACbIBaKO-
Wwmx (0bpaTHbIX) Kabenein noactaHumMn. K Heil cXof4aTcs BCe OTcacblBatoLme
Kabenu, nayuime ot pas/IMyHbIX Y4acTKOB PesibCOBOM CETU.

[MonoxnTensHoe CMeLLieHre NOTeHLMaNa MAUHYC-LUMHBI MPY NOAK/IHOYEHUN
K Hell o4YepefHOro ApeHaxka Bbi3blBaeT MOMOXKUTENbHOE CMeELLEHME NoTeHLma-
Na B penbcax B TOYKAX 0TCOCA U MOXKET BbI3BaTh M3MeHeHWe 3HaKa NnoTeHuma-
na U, [leicTBUTENbHO, B OTCACbIBAIOLLUX Kabensax, CBA3bIBAIOLLMX MUHYC-
LUMHY C penbcamMm, MOXeT UMETb MeCTO 60/bLLIOe MajeHne HanpsxeHus. Tak,
ec/In NoTeHUMaa MUHYC-LUMHBI NOC/e NOAKNIOYEHNS ApeHaXel cTan paBeH - 5
B, a nafeHune HanpskeHUs1 B Kabesie cocTaB/seT 6 B, TO penbCbl B TOUKE Noa-
K/IKOYEHWS OTCACbIBAKOLLEro Kabenst 6yayT MMeTb NONOXKUTE/bHbIA NOTEHL WA
U,=+1B.

Takum 06pa3omM, yrposa MOoABMEHWUA MNOJMIOXKMTE/NIbBHOrO MOTeHUMana Ha
penbcax B TOUKe ApeHaKa [enaeT OnacHbIM BK/IKOUEHWE NPAMOro gpeHaxka. B
3TOM CNydae NPUMEHSAIOT MONMSPU30BaHHbIE 3NEKTPOAPEHAXKM - YCTPOWCTBA,
obecneuynBatoLLIe OIHOCTOPOHHIOK NPOBOAMMOCTb [IPEHA>KHON LienMu.

Ha cxeme [2 puc.10.2 nokasaHa cxema MNonsapu3oBaHHOIO 3/1eKTpoape-
Haxka. OT/IMYaeTca OH OT NPAMOro Tem, YTO B Hero BK/IKOUEH NOJYNpPOBOLHM-
KoBblIi gnog D nam 610K Anofos, 6narogaps Kotopomy npu U, > U, fpeHax-
Haa Lenb paboTtaeT, a npu U, > U; 0Ha aBTOMaTU4eCKN paspbIBaeTCs.

[MpaBaa, NpU 3TOM 3M1EKTPOAPEeHaKHas 3alluMTa nepecTaeT AenCTBOBATb:
HeT 06paTHOro TOKa, HO HET U NPAMOro, 3alMTHOro. Ecnm BpemeHHOW npo-
MEXYTOK, Korfa ApeHaXkHas Lenb pa3opBaHa, OTHOCUTENIbHO HeBeSIMK, TO pa-
6oTa MONMAPU30BAHHOIO [peHaXka cyuTaeTca 3(eKTMBHON. Ecnn apeHax
60/bLLEe OTK/NHOYEH, YeM BK/IHOYEH, TO BMECTO MONAPM30BAHHOIO MPUMEHSAIOT
TaK Ha3blBaeMbli1 YCUIEHHBI ApeHa>K, KOTOPbIA PaCCMOTPEH HIXKE.
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3 CyLLECTBYIOLLMX OTEYECTBEHHbIX MOMAPU30BAHHbIX 3/EKTPOAPEHAXKEN
nony4nnmn pacnpoctpaHeHve aea - NA-3A v Mr .

AnekTpoapeHax MA-3A paccuntaH Ha HOMUHaNbHbLIA TOK 500 A ¢ [0-
nycTumon neperpyskoit 4o 1000 A B TeyeHue He 6onee 30 c. BbinpsaMuTesb-
Hblii G/1IOK COCTOMUT M3 6 napasnefbHO BK/KOYEHHbIX KPEMHMEBLIX AMOLOB
(BeHTUNEN). W3-3a pe3Ko HeNUHEHON BONbTaMMepPHON XapaKTepUCTUKK
KPEMHMEBOIO BEHTUNA APEHaXX MOJIHOCTLHO OTKPbIBAETCA /ILLL NMPU Hanpske-
HUK, npesbiwatoulem 0,7 B. DnekTpoapeHax BKOUaeT B cebs 610K perynu-
POBOYHOIO COMNPOTUBEHUA U3 4-X CEKUUIA, uMeeT rabapmntbl 820x410x31 MM,
maccy 30 Kr.

AnekTpoapeHax M Bbinyckaetcd B Tpex moaudumkauusx: MIA-60M,
nrAa-100M v MNrA-200M Ha 60,100 n 200 A cooTBETCTBEHHO. PerynmpoBoy-
HOe COMPOTMBIIEHME BbINOHEHO M3 10 cekumii no 0,05 Om kaxkaas. MabapuThl
ApeHaXXHOro wkada - 665x365x285 Mm.

10.2.3.Y CUNEHHbIN 9NEKTPOAPEHAXK

YCrnoBue npuMeHeHns YCUNeHHOrO 3f1iekTpoapeHaxka (cm.puc.10.2,8)
Up,> Uy, (10.3)

T.e. MpY NpeobnafaHnn NofoXmTeNbLHOro 3Haka U, B 3HaKoNnepeMeHHOI 30He,
KOrfa nossipu3oBaHHbI ApeHax yXke He 3(i(DeKTMBEH.

YCUNEeHHbIN ApeHaXK - 3TO He TPagWUUMOHHbLIA ApPeHaX, KakK YCTPOMCTBO
AN19 0TBOAa GNyXKAatoLero Toka. 3710 (hakTMYeCcKM KaTogHad cTaHuus, y Ko-
TOpPOW PenbCbl ABNSTCA aHOAHbIM 3a3eM/IMTENEM, & UCTOYHUKOM NUTaHUs -
aneKTpuyeckas ceTb Hanps>keHnem 220 B. YCUneHHbIA gpeHa>Kk - 3TO Bbl-
NPAMUTENb CETEBOr0 NnepeMeHHoro Toka (cm. puc.10.2,43).

CeTeBOI1 TOK - Nnocne npeobpasoBaHns U BbINPAMIEHUA - MOCTynaeT oOT
“nnoca” gpeHaxka B pesibCbl, 3aTeM U3 HUX - B 3EM/IKO, MOC/IE YEro - Ha TPpy-
bonposoA u, ganee, - K “MUHYCY” CBOEro MCTOYHUKA. 3allumiiaeT Tpybonpo-
BOJ, CETEBOV TOK COBMECTHO C APEHaXHbIM TOKOM, €C/IM OH B 3TOT MOMEHT
MPOTEKAET B JaHHOW APEeHaXKHOIA LIenMW.

Ha cxeme A3 puc.10.2 nokasaHo HanpasneHWe BbIMPAMIEHHOIO TOKa B
OAMH 13 MonynepuoaoB paboTel ceTn. B gpyroit nonynepuog, o4esnaHo, by-
[EeT TO XKe camoe, HO B paboTy BK/OUMTCA Apyras napa AU0oA0B.
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Penbcbl - “XKepTBa 3alMThbl”, MOCKOJIbKY OHU, KaK M MOJIOXKEHO aHoAy,
paspyLiatoTca. Bnagenbupbl pefibcoBOro X034McTea 00bI4HO He BO3paXkaroT, BO-
MepBbIX, MOTOMY, YTO PesibChbl U 63 TOro paspyLLakTCA, TaK KakK Ha pefbcax B
3TOM paioHe - aHOoAHas 30Ha, W, BO-BTOPbIX, MEXaHWYECKNA M3HOC TO/I0BKY
penbca NAeT BbICTpee 3MEKTPOXMMMYECKOr0o pacTBOPEHMSA MOAOLLBbLI Pesibea.

[Mpn MOAKNHOYEHUN YCWUNEHHONO [ApeHaxa K pefibcaM 3N1eKTpuduumpo-
BaHHOMN >KeNe3Hoi Joporu (He TpamBas) PYKOBOACTBYIOTCA PSAAOM OrpaHmde-
HUW. Tak, He [OMyCKaltOT MOsB/EHME YCTOMUYMBOIO MOMOXKUTENBHOIO MOTEH-
Umana B penbcax B TOYKaX OTCOCA, He AONYCKatoT NOACOeANHEHNE APEHAKEN
HEenocpeACcTBEHHO K penbcaM. [peHaXkn NoAKN4arTca K CpegHUM Toukam
NyTeBbIX gpocceneil (Mexay ABYMS KaTyLlKamu, COeAUHAIOLLMMU PenbCbl 0f-
HOW Konen 1 npefHasHaveHHbIMU 419 06CNY)KMBAHUS LIENen CurHanmnsaunm un
ynpasneHuns (CLB)).

CoBpeMeHHble YCWUNIEHHbIE 3MIEKTPOAPEHAXM MMElT Lenn aBToMatuye-
CKOro ynpasfieHUs ona nopjepXaHwus 3aJaHHOro 3alwlMTHOro noTeHuuana B
TOYKe ApeHaxka. VIHorga yctaHaBNMBAKOT LOMOMHUTENbHbIA aHOAHbIA 3a3eM-
NINTENb U aBTOMATUYECKN MepekTovatoTCsa Ha HEro B TOT MOMEHT, Korja Ha
pefibcax BO3HMKAET C/IMLLKOM BbICOKWNIA MOAOKMUTENbHbIA NOTEHUMA.

10.3. PacyeT ApeHaXKHOM 3allnThbl

10.3.1. O6Lme TpeboBaHUS K pacHeTHOM CXeme

PacueT pacnpefeneHuns 6nyxgarowmx M 3aWUTHbIX TOKOB B CUCTEME
penbcoBas CeTb-3eMNA-TPYOONPOBOAHASA CETb BbIMOMHAKT MO Mporpammam
APM 32X3-7I1. [1ng O0LeHOYHbIX pacyeToB MMEKTCA IMMUPUYECKIE (POPMYIIbI.

3afjaya pacuyeta pacnpefeneHms 6nyxaatoLEero Toka U TOKOB 3/1eKTPO-
OPEHAXHOW 3aWnTbl eCTb CETeBas 3afada B Havnbosiee NOMHON hopme U npea-
CTaB/IAETCA CUCTEMONA

(BA-E)j=J3- B( s+ o), (10.4)
U=Ruj+U;.
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PacueT HauMHaKOT C NOArOTOBKM pacuye THOW CXEMbl Harpy>KEHHON penb-
COBOI CETK, C MPMEMNEMON TOYHOCTLIO 3afatoLLen NOTEHUMAIbHOE Nose To-
KOB B 3eM/e | ;.

Kak nokasblBatOT pacyeTbl - 1 3TO He MPOTMBOPEUUT HATYPHbIM AAHHbLIM,-
Ha hopMmnpoBaHMe NOTeHLUMana TPy6onpoBoAa MOryT OKa3aTb BMSIHME yyacT-
K PeNbCOBOMN CETW, OTCTOALLME OT pacCMaTPUBAEMON TOYKM HA MHOTME KWUNOo-
MeTpbl. HO ecnu mccnegyembli Tpy60npoBoa UMEET MPOTSXKEHHOCTb BCErO
NLWb 1 KM, TO BO3HUKAOT COMHEHUS: CTOMT /M YUYNTbIBaTb [JasIeKyd MHOIO-
KNIOMETPOBYIO PENTbCOBYHO /IMHWIO, EC/IN B Pe3y/ibTaTe CPaBHEHMS TOYHOMO U
MPUGIMKEHHOIO PacUYETOB BbISIBUTCA NOTEPS TOYHOCTU, HaNpPUMep, Ha YPOBHE
0,05B7?

K ToMy e NpOeKTUPOBLLMK, 3aHMMAKOLLINIACA AaHHON TeppuTopuein u
pacnonaras Martepuanamy 3M1eKTPUUYECKUX W3MEPEHUI Ha CYLLECTBYHOLLNX
TPYOOMNPOBOAHbIX CETAX, MOXKET OLEHUTb MHTEHCUBHOCTb MONS 6/1yXAatoLmX
TOKOB, Harnpumep, No amnauTyae KonebaHwuii pasHOCTU MOTeHUManoB Tpyba-
3eM/1 B TOYKE BPE3KM MPOEKTUPYEMOro yyacTka. [Jaxe ucxods U3  3TuX
OaHHbIX Y)KE MOXHO MPOrHo3MpoBaTb Oyaylllee COCTOSIHWE WUCCNEeayeMOoro
Tpy6onpoBsoaa.

[Na CNnoXKHbIX HenoAdaroLnXCs NpeaBapuTeNlbHOMY aHann3y CUTyauuii
MOXHO, MOBUAVMOMY, PYKOBOACTBOBATHLCS CEAYIOLLIMMU NPaBUIaMn:

YUNTbIBaEMad PE/IbCOBaAA CETb MO MNPOTAXEHHOCTW AO0/DKHA MPEBbILLATb
MaKCUMa/IbHYH MPOTSHYKEHHOCTb paccMaTpuBaemMoro Tpyéonposoja B 2...3
da3a,

BepXHUW npeaen npoTHKEeHHOCTU YUYMUTLIBAEMOI PenbCOBO CeTU B 60/b-
LUMHCTBE peaslbHbIX CUTyauMiA He NpeBblllaeT PacCTOSHUS MeXay cocel-
HUMW TAroBbIMW NOACTAHLUMSAMMN,

N BOOOGLLE, B CUTYaUUN C Penbcamit BMOIHE MPUEMIEMO NPABUIO: NyYLLIE
[/MHHEe, YeM Kopoue. Tem 6osiee, YTO LIar AWCKPeTM3aLuM Ha yAaleHHbIX
y4yaCTKaX PacyeTHON CXEMbl PETbCOBOM CETM MOXHO JOMYCTUTh BeCbMa 3Ha-
UUTENbHBIM.
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10.3.2. LWar guckpeTtmsaumnm penbcoBon NMUHUN

Cpazsy ke cregyeT NoAYepKHYTb, YTO 3ajadva Bblbopa Lara AUCKpPeTm3a-
unn (OLp) AN penbCoBON CETU PeLLaeTcs C UCMOo/b30BaHMEM TeX XKe npasui,
4yTo 1 A58 TPybonpoBoAHoOI ceTn (cm.rnasy 7). W NOSTOMY MOXHO 6€3 Kako-
ro-nMéo 060CHOBAHUA COMNacUTbLCA C TeM, YTO MUHUMa/IbHOE 3HaYeHKne Lwara
ONCKPETU3aUUKN 1151 PeNbCOBOM CETU, KaK U MarncTpasibHOro Tpybonpososa,
paBHO L min = 200 M.

MakcumanbHoe 3HaveHve wara ( Dlpmax) ONpefenserca npexpie BCero
XapaKTepoM M3MeHeHWs NoTeHUMana BAoAb PeNbCoBOM NMMHUK. Tak, ecniv pac-
CTOSIHME MeXay COCefHUMWU TAroBbIMM noAcTaHumamm 25...35 KM, 4YTO COOT-
BETCTBYET CETSIM MarucTpasibHbIX YXENe3HbIX A0POr, TO U CPeAHWA Lar amc-
KpeTn3aumm Ha 3TOM y4acTKe MOXET OblTb B3AT PaBHbIM Llpmax = 2...4 KM,
T.€. MOXET ObITb NPUHATa pacyeTHas cxema ¢ N, 3 10 y3namu JUCKpeTH3aLmu.

Mpwn BbibOpe 3HAYEHUA Ll pmax MOXHO UCXOAUTbL, HANPUMeEpP, U3 Crefyto-
LLlero: JOCTaTo4yHO /M MfaBHad Kpueas OyaeT HadepyeHa B TOM Cnydae, KOrga
Bbl CTPOUTE 3MOPY PasHOCTM NOTeHLMaNoB penbe-3emna no N, Toukam? Ecnu
Aa, To, BepoATHO, N, 1 eCTb MUHMa/IbHOE YMC/O Y3/10B AUCKPETU3ALNN,

bonee cnoxHasa cuTyaums CKnafblBaeTCcs, OYeBMAHO, NPW  aHanunse ro-
POACKMX YCMOBWiIA, KOrga pacCTosiHMe MeXAay MoACTaHUMsMU  MOpoid
yMeHbLUaeTca 40 1...2 KM, K TOMY e pefibCoBasd CeTb Pa3BeTBfIEHa, a rpaam-
eHT MNOTEeHUWaNoB BAOMb PeNbCOBOM NUHUK aocTuraeT 10 B /km. Ho 1 3aech
MOAXOAMT TOT XKe KPUTEPUIA OLLEHKM:

MUHUMYM TOYEK, HEOOXOANMBIX 418 NOCTPOEHNS rNafKoil KPUBOW, ECTb
MWHWUMYM VY3/10B ANCKPETU3ALINN.

PasymeeTcs, MMeeTcsa B BUAY, YTO "TNagKyr" KpUBYH c/efyeT CTPOUTb Mo
CpeAHVM, HO He MTHOBEHHbIM 3Ha4YeHUAM noTeHumnana. MNMopoi Habntogaemas B
OEACTBUTENIbHOCTM aMNIMTyAa U3MEHEHWNIA MOTeHLMana BO BPEMEHN He YKNa-
NbIBAETCH B paMKW 3paBoro cmblicna (Hanpumep, = 20 B !). Ho aT0 He gomxk-
HO 0CO6EeHHO 6ecrnoKOUTbL MPOEKTMPOBLUMKA MO IX3, MOCKOMBbKY KOpPPO3nto
ONpeaensatoT Aa/leKO He MTHOBEHHbIE 3HaYeHMA TOKOB U MOTEHLNANO0B.

TakuM 06pasoM, yunTbiBasg BO3MOXHOCTb MPUMEHEHNS Pe3KO HepaBHO-
MEPHOro Lwara, MakCMMa/lbHbIi Liar AUCKPeTM3aLMmn penbCoBO CETU XKeses-
HbIX AOPOTr MOXET ObITb NMPUHAT PaBHbIM L1, max = 4000 M.
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[nsa ropoAckoro Tpameas MOXHO MPUHATL L, max = (0,1...0,2) Ly, rae L, -
PacCTOAHNE MEX Y COCEAHUMUN TATOBbIMW MOACTAHLUAMM.

10.3.3. lNorpewHOCTb NOMA ANCKPETHOIO NMPOBOAHMKA

[Mpn NOCTPOEHMN PacUeTHOWM CXeMbl PeIbCOBO CETU BO3HWMKAET BOMPOC
06 ONTUMa/IbHOM MOMIOXKEHUN TOr0 WX MHOTO Y3na AMCKPETU3aLMN PenbCoB
OTHOCMUTE/IbHO 6/IMXKaLLIMX Y3/10B AMCKPETU3aLMN TPYO6ONpoBoAa.

PenbcoBas ceTb MOAENNPYETCS He paaun ee camoil. MNMpPoeKTUPOBLUMKa, 3a-
HYMatoLLerocs Bonpocamy 3X3, pacnpegeneHne noTeHumana B pebcax B Ko-
HEYHOM CYeTe He MHTepecyeT (pa3yMeeTcs 3a MCK/IKYEHNEM Cly4aeB, Korga
3aKa3unMKOM BbICTYMaeT TpamMBalHO-TPONIENOYCHOE yrpaBneHue). PenbcoBas
CeTb - WCTOYHUK NOMS TOKOB B 3emsie N 3Ty (DYHKUMIO AUCKPETHas MOfeSb
PENIbCOBOW CeTu, T.e. ee pacyeTHas CXema, AO0/DKHA BbIMOMHATL AOCTATOUHO
CTporo.

[Mpn ANCKPETHOM NPeAcTaB/eHNN NPOBOAHMKA C YTEUKOW, KaKoBbIM fB-
NAETCA penbcoBas JIMHUA, KaXAbliA OTPE30K AUCKPeTM3aumu - 3TO NINHEN-
HbI UICTOYHWK C HEM3MEHHOW MNOTHOCTBLIO TOKa. Takoe A0NyLLUIEHME U Bbi3bl-
BaeT NOrpeLlHOCTb.

MoTeHumMan AMCKPETHOrO MPOBOAHMKA | 5(L) MEHseTca CKaukoM Ha rpa-
HULE ABYX COCEAHMNX OTPE3KOB ANCKPETU3ALMN. DTOM0 Xe MOXKHO 0XKMAATb U C
MoTeHUManom 3eMnu j ;(L) B HenocpeacTBEHHOW 6/M30CTM OT NPOBOAHMKA B
painoHe CTblKa ABYX OTPE3KOB AMCKpeTU3aumn. Ho ecnm paccmaTpuBaTh TOUKM
3eM/I1 He 0YeHb 6/IM3KMe K MPOBOAHMKY, TO NPW NepeMeLLeH BLO/b TOI Xe
NpoJo/IbHON ocu L KpmBast noTeHumana 3emnu j 5(L) 6ygeT ckopee HEMOHO-
TOHHOW, HO Y)Ke He TOMaHoA.

Ha kpuBoii | 5(L) MOXXHO OyeT OTMETUTb [iBe TOYKW nepernda: a) Ha rpa-
HULE MeXay oTpe3kaMu AUCKpeTM3aumMm 1 6) NpoTMB UX LEeHTPOoB. 1o mepe
MPOABMXXEHMSA BAOb NMHUM L CKOPOCTb U3MEHEHMS NOTEeHLMana 3eMIn B of-
HOW M3 TOYeK rnepernba HayHeT YyBennumBaTbCA (B 06/71aCTU NPOTUB LEHTPA
0Tpe3Ka), a B ApYyrov - yMeHbLlIAaTbCs (Ha CTbiKe). B pe3ynbTaTe 3TOr0 KpuBas
noTeHumana 3emnu OyaeT BOSHOOOPA3HON W, CnefoBaTe/lbHO, MHOrOKpPaTHO
repecekaTbCs C KPUBOW UCTUHHOIO 3HaYeHUS NOTeHUMana, COOTBETCTBYHOLLLE-
ro uaeasibHOMy MPOBOAHUKY C YTEUYKONA, T.e. MPOBOAHMKY C paBHOMEPHO pac-
npefeneHHbIMM napameTpamy. B Toukax nepecevyeHnsi KPpUBbIX MOrPeLIHOCTb
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MOJENMPOBaHMS paBHa HyMt0. OUEBUIHO, YTO 3T TOUKWU HAXOAATCS B HEMO-
CpeAcTBEHHO 6/IM30CTM OT TOUEK Mepernoa, T.e. MPOTUB LIEHTPa U Ha CThIKE.

TakuM 06pa3om, Npv OMpeAeneHU B3aUMHOTO MOMIOXKEHWS Y3M10B [INC-
KpeTu3aLun penbcoB 1 TPyO6onpoBoa cneayeT UMETb BBUAY, UTO

HanMeEHbLaA NOrpeLHOCTb - B TOYKaX MPOTUB LIEHTPOB OTPE3KOB ANCKPE-
Tn3aunn 1 Ha rpaHnuax Mmexay HMMNn.

EcTecTBeHHO, M0 Mepe yaaneHus muccnemyemoin Tpaccol ( TpybonpoBoaa)
OT AUCKPETHOro0 UCTOYHMKA TOKOB (PefibCoB) KpMBasi M3MeHEHUsi NoTeHumana
3eMnN OyeT BCe 60/ee CrnaxmBaTbCA M, KaK MOKa3blBaKOT OLLEHKKM, NPK pac-
CTOAHUM Mexay Humun ( L ., ) 6onee ogHoro Lwara Auckpetusaummn L1, npak-
TUYECKM 3TN KONebaHNs yXKe He3aMeTHbI, T.e.

npw L., > A, NOrpeLiHoCcTbio ANCKPETM3ALNN MOXKHO NpPeHebpeYb.

10.3.4. KoHhMrypaumnsa pacHeTHOM CXeMbl Pe/ibCOBOIA CETU

Hepa3BeTB/1ieHHasA pesbcoBas NMHUA

[prHAB BO BHMMaHMe peKoMeH4aLMn 0 A/IMHe 0Tpe3Ka AMCKpeTu3aunm u
OMTUMa/IbHOM MOJIOXKEHUN 3TOrO OTPe3ka OTHOCUTENIbHO TPY6ONpPOBOAHOM
CeTu, cneayeT NPUCTYNNTb K MOCTPOEHMIO PaCYETHON CXEMBI.

PacueTHas cxema pefibCOBOM CETW COCTaB/IAETCA MO NpasuniaM, HECKObKO
OT/IMYHLIM OT NpaBun And TpybonpoBoaos. Eciv npu NoaArotoBKe UCXOAHbLIX
OaHHbIX [N TPyO6ONpPOBOAHOW CETU KOMMNbKOTEP TPEOYET OT MO/b30BaTENS
CBeieHMsa 0 Lensax CBA3W AN KaxKaoro 13 y3noB AMCKpeTusaumn, To B PesbCo-
BOW CeTW MO YMOMYaHNIO MPUHMMALOT, YTO KaXKAbl MOCNeayoLwmii y3en amc-
KpPeTm3aLmn cBA3aH TO/IbKO C npeablaywmm. 370 YNpoLeHe onpasaaHo fo-
FMKOW NporpaMmmmcTa U HUCKOMBKO He MeLaeT MoJb30BaTesNo, Jaxe eciun
penbCcoBasi CeTb pas3BeTBfieHa WM B paccMaTpvBaemMoil 06nacTu [ABe-TpU He-
CBSA3aHHbIX APYr C APYroM PefibCOBble CETU, HaMpPUMep, 3NeKTPUULMPOBaH-
Has )Kene3Hasa Jopora v Tpameai. Hxke pacCMOTPEHbI 3TU CUTYaLUUN.

M elle oyeHb BaXKHOe NpefBapuTesibHOe 3ameyaHune, 00yC/oB1eHHOe 0Co-
6eHHOCTbIO naketa nporpamm APM-3X3-7I1. [Ina Kaxaoro ysna AMCKpeTmsa-
LMK penibcoBOi CeTW 3afaeTcs ero noreHuman U, (He 3abbiTb, Mexay npo-
YMM, YTO OH [O/DKEH ObITb M3MepeH M 3adaH oTHocuTensHo M3C). B cuny
MPUHATLIX AONYLLEHWNIA
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MoTEHUWMaN B Y3/1€ PaBEH CPEAHEMY NOTEHUWATY Ha OTPE3IKE ANCKPE-
Tn3aunn mexkay aHHbiM y3/10M 1 CrieaAyrouinm Mo HOMEpPY.

T.e. HEO6XOAMMO MOMHWTb, YTO €CNK 3afaH MoTeHUuas, Hanpumep, ysna
8, TO NoA 3TMM e MOTEeHUMAaIOM Haxo4MTCs OTPE30K AMCKPETU3aLNN Mexay
y3namu 8 1 9 (HO He mexay y3namm 8 u 7).

[MoaTomy pacyeT OyAeT TOYHee, eCcnv BOMIM3N HEKOTOPOro, TpebytoLero
0c060ro BHUMaHMA y3na TPyoonpoBoAHOM ceTu (HanpuMep, B TOUKE Ha nepe-
CEYEHWNN C PefibCOBOM NIMHMNEN), HAXOAMUTLCS He Yy3en 8 1 He y3en 9, a LeHTp
oTpe3ka auckpetusaumm { 8,9 }. K TomMy >e 3TO He pacXoAuTCs C PEKOMEH-
faunamm nn.10.3.3.

MO>KHO, pasymeeTcsi, BOCNO/b30BaTbCA OCOBEHHOCTbIO, HAO/OAAEMOIN Ha
CTbIKe [BYX COCEAHMX OTPEe3KOB AMCKPeTU3aLWK, rae, KaK OTMEYEHO BblLLIE,
TaKXXe NOrpeLHoCTb NPMBAMKAETCA K HyNM0. Ho Toraa cnefyet NOMHUTB, YTO
Ha 3TOM CTblKe MOTeHLMaN PeibCoB PaBeH CpeAHeMY 3HAYEHMHO MOTEHLMAOB
COCEAHNX Y3/10B. ITO YUMTbIBAETCA KOMMLIOTEPOM MPU pacyeTe.

[MPUHATO, YTO CaMblii NOCMEAHUA OTPE30K [AMCKPETU3aL MM pPacyeTHOM
CXeMbl Pe/ibCOBOM CeTW paBeH Mo ANNHe TPeanocreqHeMy 1 reoMeTpUYEeCKm
PacnonoXeH Kak NpPoAO/IKeHVE ero B TOM e Hanpas/ieHUN.

Pa3BeTB/IeHHas pesibcoBas CeTb

PaccMoTpum 0COGEHHOCTU  (hOPMUPOBAHUS PacHeTHON CXeMbl Pa3BETB-
NEHHOI penbCoBOW CETH.

Mpn cospgaHmn nporpamm APM-32X3-711 NpUHATO, 4TO pacyeTHasd CXxe-
Ma PenbCOBOW CETU - 3TO HEPA3BETB/IEHHAA LieNb aHa/lorMyHas Lenu ans Ma-
rMcTpasibHOro Tpy6onposoda. 15 TOro 4Ytobbl MOAENNPOBATb TaKXe U pas-
BETB/IEHHbIE Pe/IbCOBbIE IMHUK, NOCTYNAKT CAeAYHLWMM 06pasom.

HymepytoT y3nbl ANCKPETU3ALMN PAaCHETHOM CXeMbl MO Kakou-nMbo of-
HOIA, OCHOBHO PenbCOBON NMNHNW. 3aTeM B Yy3/1e OTBETB/IEHNS BBOAAT oUepe[-
HOV HOMEP W MPOA0/KAKT Hymepauuio Aanee BAONb OTBETBMEHUSA. Y3en OT-
BETB/IEHMSA MMEET, TaKUM 06pa3oM, ABOMHYHO HYMepaLuio.

[ycTb, HaNpUmep, y3nbl OCHOBHOW PeNbCOBOM IMHUM UMEKOT HYMEPaLNIo
oT 1 00 9, a B y3ne 5 - otBeTBNeHNe. COBMECTUM o4epeHoit y3en 10 ¢ y3nom
5, T.e. B TOYKe pa3BeTB/IEHNSI BBeAEM ABOMHYIO HymMepauuio. [anee nopsgok
HymepaumMyM oCTaBUM O00bIYHbIN - OT y3/1a 10 K KOHLYY OTBETB/IEHUS,

Ecnn B ceTn eCcTb elle OTBETB/IEHMA, TO MOCTyNalOT aHaNornM4yHo, T.e. B
obLem cnyyae
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KOHEL rocnegHero npoHymMepoBaHHONo Yy4acCTkKa CBA3bIBAOT C
Ha4a/10M HOBOI'O OTBETBJ/IEHNA U HYMEPaLUWIO NMPOoAO0/HKALOT.

Ecnn B jaHHOW TOYKE PeNibCOBOI CETW [1Ba OTBETBMEHUS (KpecToobpas-
HOe repeceyeHre PenbCoBbIX NIMHWIA), TO TOYKa Pa3BETB/IEHMS [0/HKHA UMETb
TPONHYIO HyMepaLmto. B npuHLMe BO3MOXHa N1t06as KpaTHOCTb Hymepauuu.

Bo3HMKaeT 3aKOHOMepPHbI BONPOC O B/IMSIHUM 06pa30BaBLUErocs TaKum
06pasoM (PUKTWMBHOIO OTpPesKa AMCKPeTU3aLMM - yyacTKa, 00befNHAOLLErO
KOHeL, OCHOBHO penibCOBOW IMHNM 1 Ha4ao ee OTBETB/IEHNS.

[na TOro 4ytobbl UCKNKOUUTL 3TO BMUAHWE, [LOCTATOYHO NOC/EAHEMY Ha
OCHOBHOW PenbCoBON NHUKM Y31y (pa3yMeeTcs, Mpu Hainyuu OTBETB/IEHNSA)
MPUCBOUTL NOTEHUMaN paBHbIA HyMo (Mpy mMcnosb3oBaHun APM-3X3-7T1
3TOT MOTeHUMan Ao/mkeH 6biTb paBeH - 0,55 B). Tak, ecnn noteHuman ysna 9
MPUHATL PaBHbIM HYMO (NPUMepP CM.Bbile), TO aBTOMAaTUYECKM OKaXKeTcs
paBHbIM HYNHO M NOTEHLMaN BCEro yyacTKa AUcKpeTunsaumm mexay 9-m n 10-m
y3famu. 3ITO 06ecrneynMT HyNeBoe 3HayeHWe TOoKa Ha (PUKTUBHOM Yy4yacTke
AMCKPEeTM3auumn 1, cnefosartesibHO, OTCYTCTBUE MOMA UCKaXKEHWIA.

TakumM 06pa3om, Npu HaSIMYMK OTBETBNIEHNS HEOOXOAMMO, YTOObI

MOTEHLUMAN KOHEYHOrO y3/1a OCHOBHOW IMHUWN, HaxXOoAsILEerocs Ha
CBA3M C MePBbIM Y3/10M OTBETB/IEHNA, OblN PaBEH HY/HO.

AHaNorM4HO MOAroTaB/IMBAOT PacUETHYH CXeMY B C/lydae MO/e/MpoBa-
HMS CMeLUaHHbIX PenbCoBbIX: CETEN. MycTb, HanpuMep, YUYWUTbIBAOTCSA OAHO-
BPEMEHHO Pe/bCOBbIE CETU TpamBas W 3MeKTPUQULIMPOBAHHOW XeNe3Hon ao-
poru. MocnenoBaTenbHOCTb Pab0Thl CeAYHOLLAS.

A) BbINONMHAT 00bIYHYHO HYMEpaLMI0 Y3/10B OAHOM U3 PenbCoBbIX /U-
HWIA B COOTBETCTBUM C METOAMKON, U3M0XEHHOI Bblille. [ycTb 3TO 6yaeT, Ha-
npumep, TpamBaiiHasi IMHUSA C YNCIOM Y3/10B B Hell paBHbIM P.

B) MocneHuin y3en OWCKPeTU3aUMM TpamBalHOW NNHUN COEAMHSOT C
MePBbIM Y3/10M AMNCKPETU3ALMM PENLCOB XENe3HON [O0poru, npuceanBast eMy
Homep P+1, 1 npogomkaloT Hymepauuto fanee. ¥Y3en P+1 Kak Hava/lbHbli
NO/MKEH ObITb, Pa3yMEETCs, B Havane PenbCoBOM NMHUN.

B) 3agatoT HyneBoe 3HayeHWe TOKa (PUKTUBHOIO OTpesKa [AMCKPeTu3a-
umn [P, P+1], T.e. npuHMmatoT noteHuman y3na P paBHbIM U .
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10.3.5. PenibcoBasi NMHUA KaK 3KBMBa/IEHTHbI TPybonpoBsos

B npegpigywnx cnyyasx B y3nax AUCKPETU3auumn penbcoB 3adaBasics no-
TeHuman U,, KOTOPbIA Noaraics U3MepeHHbIM 1 U3BECTHbIM. HO MOXET BO3-
HUKHYTb HeobxoanMmocTb pacuyeTa U, N0 3a4aHHbIM TOKOBbIM (TATOBbIM) Ha-
rpy3Kam.

[MycTb 3a4aHO pacrpefeneHne TOKOBbIX Harpy3ok B pPefibCOBOW CETW,
pasMelLleHre TAroBbIX NOACTaHUMIA U UX TOKK. TpebyeTca HalMTn pacnpesene-
HWe noTeHumMana penbcoBoin NnHUK (U, ), Kak nepBblid aTan peLleHns ceTeBon
3afa4un ana TpybonpoBOAHON CETU.

B 3TOM cnyyae penbCoBYHO CETb 3aMeHAIOT 3KBMBa/IEHTHbIM TPybonpo-
BOAOM W Harpy><atoT ero 3KBMBa/leH THbIMW KaTOAHbIMW CTaHUMAMN, BOCMPO-
N3BOAALLIMMN TArOBble Harpy3ku. INpu aTom TOKK 3kBMBasneHTHbIX CK3, moge-
NIMPYIOLWMX PeNbCOoBYH HarpysKy, AO/HKHbIMMETL 3HAK "MUHYC", a ana Taro-
BbIX MOACTAHLNIA - 3HaK "nkoc”.

AHOHbIN 3a3eM/INTENb Y BCeX 3KBUBa/IEHTHbIX CK3 f0/KeH 6bITb OAWH,
[MOSIOXKEHNE ero - NPOU3BO/IbHO. A MOCKO/bKY Harpyska B TAr0BOW CETU ypaB-
HOBELLIEHA, TO CYMMapHbI TOK 9KBMBa/IEHTHOIO 3a3eM/INTENA OKaXETCHA paB-
HbIM HY/IHO.

PasymeeTcs, Takas MeToAMKa MpueM/IeMa, eciv YUMTbIBAETCA LieSIMKOM
BCA pesibcoBas CeTb UK, NO KpaiHelr Mepe, B Npegenax nutaHus OfHON TAro-
BOW noactaHumun. B NpoTMBHOM C/lydae HeO6X0AMMO NoAo6paTh NPUeMIEMOE
MO/IOXKEHNE aHOAHbIX 3a3eM/INTENEN SKBUBANIEHTHbIX KaTOAHbIX cTaHumid. Lle-
NnecoobpasHee BCEro BBECTW HECKO/IbKO TaKMX aHOAHbIX 3a3eM/IMTesNiein - no
YMC/y OTCEKAEMbIX BETBEI PefibCOBOM NMMHUN. AHOAHbIE 3a3eM/IUTENIN B 3TOM
C/lyyae cnefyeT pacnonoXuTb BO/IM3M TOUEK pacceyeHns BO BHELLUHeW Noao6-
nacTw.

PacueT BefyT Npu BapbMPOBaHUN MOJSIOXEHUS U BESIMUNHBI TOKOBbIX Ha-
rpy3ok. Iocne Toro, kak 6yfeT Hal4eHo pacrnpeseneHme NoTeHUman B penbCo-
BOV NIMHWUM Up, NPUCTYNalOT K pacyeTy TpybonpoBoAHOM ceTu. 3HadeHns U,
BBOAAT KaK MCXO[Hble [aHHble, MOC/e Yero nporpaMmmMa roToBUT BEKTOP j 5 U
pewlaet 3agavy (10.4) ¢ Tpy60onNpoOBOAHON CEThIO.
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10.3.6. peHaxkHble Lenu

Ecnn penbcoBas NMHWA 3afaHa SKBMBa/IEHTHbIM TPYOOMPOBOAOM C TOKO-
BbIMW Harpyskamu, TO ApeHaXK BOCMPOU3BOAAT MepPeMbIUKOM C 3afaHHbIM CO-
MPOTMB/IEHNEM MEXAY peasibHbIM W 3KBMBasIEHTHbIM Tpybonposogamu. Bapb-
Npys CONPOTUB/IEHNEM MEPEMbIYKM, HAXOAAT ONTUMa/IbHbIA PEXMUM 3alUThbl.
PacueT BefyT B pexxume M=2 nporpamm APM-3X3-7T1.

Mpn HEOOXOAMMOCTM B MEPeMbIUKY BK/IHOYAKT KaTOAHYH CTaHUMIO, MO-
OENNPYIOLLYIO YCUNEHHbIA ApeHaxK. [lns 3TOro BBOAAT eLle [Be TOKOBble Ha-
FPY3Kn: NOMIOXKMTENbHYIO - B TOUKE ApeHaa Ha Tpybonposoge 1 oTpuuaTeb-
HYI0 TaKOW >Xe BEe/IMYMHbI B TOUKE [peHaka Ha penibcaxX. AHOAHbIE 3a3eMnTe-
NN 3TUX 3KBMBANEHTHbIX KATOAHbIX CTaHU1iA OTHOCAT B 6ECKOHEUYHOCTb.

Ecnu Harpyska pesibCoBO NMHWUM 33faHa noTeHuuaiom Uy, TO ApeHax-
Hbli1 TOK WULLETCS MO Pa3HOCTWU MOTEHUMANO0B penbc-Tpyba. INpun ncnonb3oBa-
HUK pexxuma pacyeta M=1 “OnTummnsalmoHHas 3agada” BblYMUCNAETCSA ONTU-
Ma/IbHOE 3Ha4YeHMe TOKa 3aluTbl N AAETCA PeKOMeHAaums MPOEeKTUPOBLUUKY
06 MCNONb30BaHUN TOrO UKW MHOTO TUMa ApeHaXel, a TakxKe NPUBOANTCS CO-
NPOTUB/EHNE APEHAXKHOI0 Kabens.

Mpy 1CNOMb30BaHUM M3BECTHBLIX AMMUPUYECKUX (QopMyn AN pacyeTa
APEHAXKHOW 3aLLMTbl UCXOAAT MPEX/e BCEro M3 TOro, YTO BEIMUMHA APEHAXK-
HOro Toka coctaenset 20% OT TOKOB Harpysku TAroBoi nofactaHuuun. Bnus-
HMe NpoYnx (PaKTOpPOB YUWUTLIBAKOT, BBOAA HEKME MOnpaBoyHble KO3IduLm-
eHTbl, Ha3HaYeHHble, BEPOATHO, CY0M 3KCIMEPTOB.

[Mpunmep pacyeta 1

Ha puc.10.3 npuBeaeHa pacyeTHas cxema TPyO60npoBOAHOM CETW, pacno-
NOXKEHHOW B OYeHb OMACHOM COYETAHWUW C PefibCOBOW NNHMEN. Tpexae BCcero
Yy4acTOK Tpybonposoaa mexay Toukamu 1 1 12 anuHoit 600 M ynoxeH napan-
NENbHO PenbCoBOMY MYTW, NPUYEeM Ha 0YeHb Maslom pacctosaHun - 10 M. Kpo-
Me TOro TPy60rnpoBoj, NepeceKkaeT PeibCOBYHO JIMHUIO B TOUKE 4, HAX0AALLYHO-
CAl, KaK rnokasas nocneayroLnia pacyeT, nof “MUHYCOBbIM” NMOTEHLNAIOM.
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Pnc.10.3. CoBMeLleHHasA pacyeTHas cxema TpybonpoBoAa M penbCcoB
3NEKTPUDNLMPOBAHHOW XXENE3HOW A0pOru.

Tpy6onposon Be3ae vmeeT anameTp 200 MM, TOMLWIMHY CTEHKU 6 MM,
yAe/fbHOe 3/1eKTPUYecKoe conpoTtusaeHne nsonaumm 50 OMm, rnyouHy 3aso-
XXeHna 1 M, cTauMoHapHbIA noTeHuman - 0,55B.

PenbcoBasi NIMHUS BbIMNOMHEHA U3 PenbcoB TUNa T-60, YTO NO NPOAOLHOM
MPOBOAMMOCTM COOTBETCTBYET 3KBMBA/IEGHTHOMY TpPy60onpoBody [AMaMETPOM
200 MM C TOWMHOW CTeHKM 11 MM. epexofHoe COMpOoTUBIIEHME Pe/ibCOBOM
nnHUK - 30 OM'M, cTaumoHapHbIA noteHuwan - 0,55B. YaenbHoe anekTpuye-
CKOe ConpoTmB/ieHne rpyHTa - 20 Omm.

B penbcoBoi CeTN Harpyska MOXeT NMoABOAMTLCA COCPeA0TOHEHHO Yepes
Kaxable 100 M. O6LMiA TOK TAroBown noactaumu paseH 1400 A.

PenbcoByto CeTb NPW pacyeTe cHavasa 3aMeHnIM 060c0o6/1eHHbIM 3KBUBaA-
NEHTHbIM TPYBONPOBOAOM C Harpyskamu, 3aTeM BbIYMCNUAWM €ro noTeHuuan
Up, nocne Yero BBeM €ro B UCXOAHbIE AaHHbIe A1 MOCNeAyOLLero pacyera
TPYy60NPOBOAHOM CETN N APEHAXKHOI 3aLLINTHI.

PaccmaTpuBannch Tpy pe>kiMa Harpy3Kkun TSroBoii CeTu:

peXXnm A - Harpyska B IMHMM paBHOMePHas, T.e. KaK NnokKasaHo Ha CXeme
pnc.10.3, npn | = 100A= const;
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pexxum b - gonylleHa neperpyska AaibHEro yyactka nMHUN: |y = lqg =
3OOA, |1: |2: |3: |4: O,

pexkum B - neperpyska 6nm>kHero yvactka: I;=1,=300 A, lg=lg= 1=
|11::O.

Pa3fenvm pesynbTaTbl aHasM3a Ha fiBe YacTu:
- 63 ApeHa>KHOI 3anTbl U
- C IPEHA>KHO 3alMTOMN.

Be3 ApeHa>KHOW 3aln T bl

Ha puc.10.4 npmBeaeHbl arMopbl NOTEHUMAIOB paccMaTprBaeMoi 3aaum
MPY OTCYTCTBUM KaKoW NGO 3N1eKTPOXUMNYECKON 3aLLMUTbI.

Kak 1 cnefosano 0XkuaaTb, aHOAHAs 30Ha pacrosiaraeTca Ha 6/IMKHUX K
TArOBOM MNOACTaHUMW y4yacTKax TpybornpoBogHou cetu. Hambonee onacHas
TOYKa - HENoOCpPeACTBEHHO MOJ, PENLCOBOM NIMHUEN.

Idacurrabe

100m

| IS— |

1E

| E——

Pnc.10.4. Snopbl NoTeHUManos Tpyba-3emns u penbc-3emns (no M3C) npu oT-
CYTCTBMM 3aLLMTbI U PaBHOMEPHO pacrpefenieHHOM Harpy3ke pesibCoBO MHUN
(pexkum A).
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OObIY4HO NPW HATYPHbIX UCCNeA0oBaHMUAX 3Ta TOYKAa TEXHUYECKW Heaoc-
TyMHa 1 NO3TOMY MOMYyYEeHHbIE PaCYETHbIM NMYTEM CBEEHMSA O KOPPO3UOHHOM
yrpo3se noj penbcamvt A0/IKHbl OblTb OTHECEHb! K YHUKasbHbIM. loTeHuman
Tpy6onpoBoga OTHOCUTENbHO GAMKaLLIE K ero CTeHKe TOYKM 3eM/IN 34eCb
paBeH U,=+1,176 B (no M3C), 4to Npn Hann4mn rnoBpexneHns B N3014L1N
BbI30BET KOPPO3UOHHbIA TOK NMIOTHOCTLIO

Jkop= (1,176 - (-0,55) )/ P,.

[Mpn yaensHOM aHOAHOM MONAPU3aLMOHHOM COMPOTMBEHUM PaBHOM P,=
0,1 OMM? 3TO NPUBELET K YPE3BLIYAIHO BLICOKOM CKOPOCTW A3BEHHOI KOPPO-
31K, PaBHOWA

v =1,18 jyop = 20,2 Mm/rOA.
Y>Ke Ha paccTosAHUM 5 M OT OCK XKeNIe3HOIN 10POr PasHOCTb NOTEHLMAN0B

Tpy6a-3emns yMeHbllaetca o U; = +0,065/B, 4TO CHMXAET KOPPO3MOHHYHO
OMacHOCTb BTPOe, XOTA 1 3TO abCOMOTHO HEAO0MYCTUMO.

Tabnnua 10.1 Tab6nnua 10.2

Pa3HOCTb NOTEHLMaNoB Tpyba- Pa3HOCTb NOTEHLNaN0B
NN semng, U;, B (M3C) NN | pensc-3emng, Up, B (M3C)
nn | Pexxum A | Pexxum b | Pexxum B | | nn | Pexkum Al Pexkum b | Pexkum B
1 -0,127 -0,086 -0,312 1 -1,33 -2,17 -0,57
2 0,065 0,100 -0,251 2 -5,84 -7,50 -3,85
3 1,176 1,169 0,039 3 -3,08 -4,22 -1,71
4 0,078 0,115 -0,243 4 -2,13 -3,17 -0,96
5 -0,172 -0,113 -0,296 5 -1,39 -2,17 -0,57
6 -0,515 -0,379 -0,310 6 -0,65 -1,20 -0,28
7 -0,324 -0,359 -0,408 7 -0,07 -0,23 -0,09
8 -0,566 -0,634 -0,521 8 0,40 0,64 0
9 -0,767 -0,795 -0,610 9 0,78 1,41 0,02
10 -0,927 -1,006 -0,838 10 1,07 2,10 0,03
11 -1,046 -1,260 -1,210 11 1,28 2,74 0,03
12 -1,124 -1,469 -1,419 12 2,28 4,70 0,21
13 -0,440 -0,272 -0,211
14 -0,234 -0,167 -0,308
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|15 | -0482 | -0336 | -0,285 |

["paHuLa aHOAHOW M KaToAHOI 30H Ha TpybonpoBone (3TOMY COOTBETCT-
ByeT U; = U = - 0,55 B) HaxoauTcsa B6/M3n TOUKM 8 (Ha antope NoTeHUWanos
Tpy6onpoBoAa aHoAHasA 30Ha 3aKpalleHa 60/1ee TEMHbIM TOHOM).

3a npefenamun To4ek 15 1 6 aHoHas 30Ha TakXe NepexoauT B KaTOAHYHO,
a B6NM3M TOUKM 13, HaNpPoOTMB, KaToAHas CMEHSIETCS aHOAHOW. 3TO HU B KOEN
Mepe He NPOTUBOPEUNT 3[PaBOMY CMbIC/Y - MEPUITY BCEX TEOPETUUECKUX U3bl-
CKaHWMN.

B 1a6n.10.1 npuBeaeHbl 60Mee NosHble CBeleHUA O pacnpeaeneHnun no-
TeHUMana Tpybonpoeoaa, NPUYEM B Pa3INUHbIX pexxnmax paboTbl TArOBON ce-
™" (CM.Bbiwe). [na cpaBHUTENbHOrO aHanusa B 1a61.10.2 gaHbl NOTeHUMaNb!
PENbCOBOI NIMHMM B 3TUX peXumax (Hymepauuio Y3noB B pefibcax CM. Ha
pnc.10.4).

HecMOoTps Ha, Ka3anock Obl, CYLLECTBEHHbIE U3MEHEHUA BEIMUNHBI U; npu
N3MEHEHUN MHTEHCUBHOCTW TOKOBbIX Harpy3oK - 0CO6eHHO Ha (DOHe 3ameT-
HbIX U3MeHeHWi noTeHumana U, - rpaHuLla aHoAHON 1 KaTO4HOW 30H MpaKTy-
YECKN He CMecTunacb U npoxoaut B6nu3n 1.8, rae U » - 0,55 B. Moatomy
MOXHO nofaratb, YTO B pacyeTax nons 61y><aaroLlmx TOKOB BrojHe AocTa-
TOYHO 3aaTh CPe/IHNE 3HAYEHWIA NOTEHLMANOB PENbCOBOW CETW.

Tabnuuya 10.3
nn PeXXUMbI Harpy3skm nn PeXXUMbI Harpyskm
31 A 5 B ys- A 5 B

J10B J10B
1 | -1132 | -1,087 | -1,393 9 -1,802 | -1,826 | -1,723
-1,168 | -1,128 | -1,577 | 10 -1,893 | -1,969 | -1,877
-0,85 -0,85 | -2,141 | 11 -1,943 | -2,154 | -2,175
-1,190 | -1,149 | -1,607 | 12 -1,967 | -2,308 | -2,326
-1,125 | -1,184 | -1,453 | 13 -1,034 | -0,864 -0,85
-1,398 | -1,258 | -1,259 | 14 -1,249 | -1,179 | -1,401
-1,490 | -1,520 | -1,662 | 15 -1,491 | -1,341 | -1,375
-1,669 | -1,732 | -1,707 | I,A 49,6 49,4 53,4

O NO OIS~ WN
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3[1eCb >Xe NHTEPECHO OLEHUTL Anana3oH U3MeHEHUS MOTeHLUMana penbCcoB
N TpybonpoBoa BO BPEMEHN B KakKOW MO0 BblOPaHHON TOuYKe. OCKO/MbKY
peXumbl b 1 B - ganeko He npefenbHble, TO MOXHO OXWAATb elle 60/bLINX
aMnNAUTYAHbIX M3MEHEHWIA NOTEHUMANa.

[pn ApeHa>KHO 3alNTe

B 1a61.10.3 npuBeaeHbl pe3ynbTaThbl pacyeTa pacrnpeaeneHms noteHymana
Tpy6b0onpoBoAa Npu BKAKUEHUN [peHaxa MexXay TOUKOM 1 Ha Tpy6onpoBoae 1
TOYKOI 4 Ha penbcax. PacyeT BbIMOMHANCSA B ONTUMMN3ALNMOHHOM pexxume M=1
npun 3agaHHOM 13 Ta6n.10.2 NnoTeHUWane pefibCoBO CETU.

Kak cnefyet 13 pesynbTaToB pacyera, MAUHUMa/IbHbIA 3alUUTHBLIA NOTEH-
Lnan ycTaHaBNMBaeTCd, KaK NMpaBu/io, B TOYKE C MaKCUMa/IbHbIM 3Ha4YeHNEM
KOPPO3MOHHOIo NoTeHUmana Ha Tpyoonposoe (Touka 3).

[peHaXHbIN TOK (CM. nocnefHow CTPOKy Tab6n.10.3) NpakTUYecKn He
MEHSETCA C U3MEHEHMEM PeXMMa paboTbl PeNbCOBOIA CETU B PaCCMOTPEHHOM
AnanasoHe. Ho cnefyeTt HanoOMHUTb, YTO BO BCEX TPEX PEXUMaX TOK TATOBOW
NOACTaHLMN ocTaBasics HeEM3MeHHbIM 1 paBHbIM 1400 A. OueBMAHO, APeHaXK-
Hbli1 TOK BYET MEHATLCA NPONOPLUNOHA/ILHO N3MEHEHNIO TOKA MOACTaHLUN.
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[naBa 11. CxeMbl 3N1EKTPOXMMMNYECKON 3aLLUTbI

11.1. KaTofHble CTaHLUKM C HECKOJTIbKUMM 3a3eMINTENAMU

B cnoxHoit Tpy6onpoBOAHOMW CETU BO3HMKAeT HEOOXOAUMOCTb “pacLLien-
NEHNs’” aHOAQHOro 3a3eMNNTENst OAHOM KaTOAHOW CTaHUWMW AN TOro, Ytobbl
YBE/IMUNTb 30HY €€ AeNCTBUS.

N3BECTHO, uYeM O/MKE aHOAHbLIN 3a3eMnnTeNb K TPYO6OMpoBOAy, TEM
MeHbLLIE 30Ha 3aLlMTbl. B 6amKaliLlLMX Toukax Tpy6onpoBoaa TOKU aHOAHOrO
3a3eM/IUTENS BbI3bIBAOT OTPULIATENIbHOE MPUpaLLIeHVe NOTeHUMana, B yaaneH-
HbIX - NONOXMTeNbHOe. MepBblii (haKToOp: BbI3bIBAET Nepe3alluTy, BTOPOI - He-

[03aLLKnTY.

11.1.1. PacnpepeneHHble 3a3eMINTENN

[Mpumep pacyeta 1

CpaBHMM 3(h(heKT KaTOAHOW 3alunTbl TPy6onposoaa anametpom 200 mm,
TONLUMHOW CTEHKN 6 MM, YAeNbHbIM 3/IEKTPUYECKUM COMNPOTUB/IEHNEM N30/~
umm 50 Omm, gnmHoin 2000 M nNpu Tpex BapuaHTax pa3MeLLleHNst aHOAHbIX
3azemnutenei (puc.11.1):

BapuaHT 1 - OANHOYHbIA 3a3eMInTeNb BONN3M TPY6ONpoBoaa;
BapuaHT 2 - NATb 3a3eMNNUTENEN BIO/Ib TPYOONPOBOAa;
BapuaHT 3 - OANHOYHbIA 3a3eMIUTESNb MPU ONTUMaIbHOM YaNeHUN.

3agady pewunm B pexkxume M=1 nporpamm APM-3X3-71 Kak onTumMn3a-
LINOHHY!IO.
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Puc.11.1. Nccnepgyemble BapnaHTbl pasMeLLEHNA aHOAHbIX
3a3eMnnTeNet KaTo4HOM CTaHUUN.

MpuBedeHHble B Tabn.11.1 pe3ynbrarbl pacyeta MO3BOMAT cAenaTb He-
KOTOpPble 0606LLatoLMe BbIBOABbI.

Tabnnua 11.1

BapuaHTbl BapuaHTbl
Koop- Koop-
WHaTa PasMeLLieHst aHOAHBIX 3a- WHaTa PasMeLLEHMst aHOAHBIX 3a3eM-
M 3emManTenen « M JINTENEN
’ 1 2 3 ’ 1 2 3
0 -2,500 |-1,662 - |-2,458 700 ]-0,700 1,010- -0,986
50 -0,986 |-1,510 |[-1,703 800 |-0,691 -0,975 -0,959
100 |-0,862 |[-2,500 |-1,442 900 |-0,683 -0,948 -0,937
150 |-0,815 |-1,579 |-1,319 1000 [-0,676 -0,925 -0,918
200 |-0,789 |[-2,500 |-1,246 1100 (-0,671 -0,906 -0,901
250 [-0,772 |-1,546 |-1,195 1200 [-0,666 -0,891 -0,887
300 [-0,758 |-2,500 |-1,156 1300 (-0,662 -0,878 -0,875
350 |-0,747 |-1,461 |-1,124 1400 [-0,658 -0,867 -0,865
400 |-0,737 |-2,183 |-1,097 1500 [-0,656 -0,859 -0,858
450 |(-0,730 |-1,265 |-1,073 1600 [-0,654 -0,853 -0,853
500 |-0,723 |-1,147 |-1,052 1700 [-0,653 -0,850 -0,850
550 [-0,716 |-1,094 |-1,033 1800 [-0,653 -0,851 -0,851
600 |-0,710 |-1,059 |-1,016 1900 [-0,656 -0,859 -0,859
650 |-0,705 |[-1,032 |-1,000 1950 [-0,685 -0,942 -0,943
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BapvaHT 1 HempurogeH Boo6LLe, MOCKO/bKY YAAOoCh 3aWUTUTL TOMbKO
100 m TpybonpoBoja: pacCTosAHMe 40 aHOAHOrO 3a3eMaunTend y, = 10 m cnmw-
KOM MaJio.

BapvaHT 2 obecneunBaeT 3awmnTy B 3a4aHHOM AmanasoHe 3aLMTHbIX Mo-
TEHLMaN0B. 3TO OKa3a/loCb BO3MOXHbLIM MpU cnefytowem onTUManbHOM Co-
YyeTaHMM TOKOB MATU aHOAHbIX 3a3emnuTteneit : Iy = 6,00 A, 1, =6,07 A, I3 =
6,39 A, I, =517 A, Is =0 npn cymmapHOM TOKE KaTOAHOWN CTaHUMMN lg; =
23,63 A.

BapvaHT 3 Takxe obecneyrBaeT MoOAHYH 3aLUUTY, OAHAKO MPU MEHbLLEM
3HAYeHUN TOKa KaTOAHOW CTaHUuuu - lg = 17,98 A 1 BCero nvilb OAHMM
aHOJHbIM 3a3eM/INTEeNEM, HO YAalleHHbIM [0CTaTOYHO AasieKo OT TPybonpoBo-
fa (ya=40m).

Be3ycnoBHO, BapnaHT 3 - Hanbosee yaayHblil B JaHHOW cuTyauun. Ho B
NHXXEHEPHOW MPaKTMKe BCTPEYatoTCa pelleHns 6/n3kme K BapuaHTy 2. Mox-
HO nonaratb, YTO

BapuMaHT C pacnpeneneHHbIM aHOAHbLIMK 3a3eManTenamMm addek-
TUBEH TOJIbKO MPW NIOKaNLHOW 3alliuTe BbIOpPaHHOIo yyacTtKa Tpybo-

MpoBoAa.

OnTManibHOe YNCIo aHOAHbIX 3azemnuTenein ( N, ) oKasanocb paBHbIM 4,
B TO BPeMS KakK peLleHo 6b110 3a4aTb N, = 5. BbI6opoM onTuMyMa Kak Mo Ko-
JINYECTBY, TaK U MO TOKY pacnopsaannace nporpamma APM-3X3-711 camo-
CTOATESIbHO.

11.1.2. KaTogHada cTaHuMs ¢ NPOTUBONOTEHLa/IOM

B npakTuke genannchb nonbITKA CHU3UTL Ype3MepHO 60NbLUON 3aLLI|I/ITHbI|7I
noTeHUWMaJl BOMN3K adHOAHOr o 3a3eMnnTend nyrtem yCtaHOBKU pAaoMm C pr60-
nposogom B 3TOM MECTE AOMOJIHUTENNIbHOI O 3a3eM/INTENA, HO C TOKOM MNMPOTU-
BOMOJ/IO>KHbIM TOKY OCHOBHOIo aHOAHOro 3a3eM/INTENA. Takoi KaToi-
3a3EM/INTENb HaBOAUT I'IpOTIABOI'IOJ'IO)KHbIVI MO 3HaKy MNOTeHLUWa/T B bnvxain-
LLNX TOYKaxX pr6OI'IpOBOﬂ|a, T.€. BbI3bIBa€T NMPOTUBONOTEHUNA.
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[MprmMep pacyeTa 2

Ha puc.11.2 npusefeHbl ABe anopbl NOTEHLNAN0B, e nepBas 0THOCUTCA
K CTaH4apTHOMY peXumy paboTbl KaTOAHOW CTaHuum ¢ Tokom 20 A 1 aHog-
HbIM 3a3emMInTenem Ha pacctosHum 10 m. Bo BTOpoM BapuaHTe AOMNO/HUTEb-
HO K MepBOW KaTOAHOWN CTaHUMKN BK/IKOUYeHa BTOpast - C NPOTUBONOTEHLNA/IOM -
npun ToKe 7,5 A, C KATOAHbIM 3a3eM/IUTENEM, YCTaHOBNEHHbLIM Ha PACTOAHUN S
M OT Tpyb6onpoBsoja.

be3 npoTnBonoTeHLUMana pexxmm 3alluTbl HegonycTuM, T.K. PasHOCTb MNo-
TeHUManoB Tpy6a-3emna B6M3M aHOAHOrO 3a3eMIMTeNA No pacyety paBHa U;
=- 5,33 B.

'[J”Jﬁ*”* 100 200 300 A00m

Punc.11.2. 3niopa pasHOCTU NOTeHUManoB Tpyba-3eMns B HOPMasibHOM
pexknume (Ur1) 1 B pexunme ¢ npotmsonoTeHumanom (Uqy).

HecMOoTps Ha TO, YTO MPU BK/KOYEHUMN [ONOSHUTE/IbHON KAaTOAHOWN CTaH-
UMM MUK NOTeHUMana yaanocb cpesartb, 30Ha AECTBMS 3allMTbl COKpaTU-
nacb. Bo3mMOXKHO, MOryT ObITb CUTYyaUWW, KOTAa CHUXEHNE 30Hbl 3aLLNTbl He-
CYLLIECTBEHO MO CPaBHEHWIO C BbIUTPbILLIEM OT YMEHbLUEHMA NMUKOBOIO MOTEH-
Lnana.

3aflaya peLuaeTcs nporpaMmon B pexmme M=2 “Toku 3X3 3afaHbl” C
NBYMSA KaTOAHbIMW CTaHUMAMM U TOKaMW, NPOTUBOMNO/IOXHBLIMM MO 3HAKY.
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11.1.3. KaTogHaa cTaHumMs ¢ 3a3eM/INTE/IEM-TOKOBBO/AOM

CHWXXeHMe NMMKOBOro noTeHumana B6/M3n aHOAHOIO 3a3eM/IMTENA MOXHO
06ecneynTb C NOMOLLbIO CrneunanbHOro 3a3eMeHns TpybonpoBoa.

YNnoxvm B6/M3M aHOLHOIO 3a3eM/IMTeNs OTPE30K o0 Tpyobl N coeau-
HAM €ero C 3awuiiaeMbiM TPy6ONpoOBOAOM B TOYKe ApeHaxa. Tpybonposof
OKa)KEeTCA 3a3eM/IEHHbIM, YTO MPUBEAET K CHMXEHUIO ero 3alMTHOro MoTeH-
Lmana. 3TO aHa/IorMyYHO BK/IKOYEHWNIO KaTOAHOW CTaHLUUKN C MPOTMBOMNOTEHLMA-
NIOM, PacCMOTPEHHOW BblILLIE, HO 6€3 AOMOTHUTENNIbHOIO UCTOUHKKA TOKa.

Tabnnua 11.2

NN X, M Vo= ¥ y ;=1M Ys=7M
1 0 -5,332 -2,819 -2,342
2 5 -4,816 -3,685 -2,537
3 10 -3,932 -3,435 -2,374
4 20 -2,783 -2,529 -1,868
5 40 -1,945 <1,797 -1,393
6 100 -1,400 -1,311 -1,067
7 200 -1,193 -1,126 -0,941
8 500 -1,005 -0,958 -0,827
9 1000 -0,873 -0,840 -0,747
10 2000 -0,865 -0,832 -0,742

[Mprmep pacyeTa 3

B 1a6n.11.2 npmBeaeHbl AaHHbIe NO KaTOAHOW 3allmMTe 06bIMHOIO TPy60-
npoBoda (y;= ¥) 1 3a3eM/IEHHOr0 Ha OTPE30K HEM30MPOBAHHOW TPYOBI, YOo-
YXEHHOI napannenbHO 3allMaeMomy Tpy6onpoBoay Ha PaccTosHUU Y; = 1 M
WK y; = 7 M OT HEro NPoTMB TOUMKN ApeHaxa. [eincTBuTenbHO, HabaaeTcs
3heKT CHMIKEHMA MUKOBOIO NOTEHUMana, Ho, Kak 1 npu paboTte KaToAaHOM
CTaHUUX C MPOTUBOMNOTEHLMA/IOM, OAHOBPEMEHHO CHM>MXKAeTCHd W 3allMTHas
30Ha.

[AnameTp 3aliuiiaemoro Tpybéonposoga Obl1 NPUHAT paBHbIM 200 MM,
TOMNLNHA CTEHKN - 6 MM, YyAeNbHOe COMNpoTMBAEHME u3onaumum - 50 OmwMm,
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anvHa - 2000 m. 3azemnstowlas Tpyba umena AnmHy 6 M, anametp - 300 Mm,
yeNbHOe KaTOAHOe MOoNApu3auyoHHoe ConpoTuBfeHne Py = 2,8 OM'M?, uTo
COOTBETCTBYET Y/Ae/lbHOMY MOFOHHOMY COMPOTUB/EHUIO M3oNAuMn Ry= 3
OmM. TOK KaToAgHOW cTaHUuK - 20 A, yaenbHOe 3NeKTPUYECKOe CONpPoTuBIe-
HKe rpyHTa - 20 Om'Mm.

BennunHa Toka, 6ecrnosie3Ho HaTeKaroLLero Ha 3aseMnnTenb TPy6onpoBo-
[a npuy,=7 M, OKazanacb paBHou 5,96 A, T.e. coctaBnsier 30% OT TOKa Ka-
TOAHOM CTaHUMW. Ho 37O, BEPOATHO, BbIrOAHee, YeM yCTaHaB/IMBaTb A0MOJHN-
Te/lbHbI KaTOAHbIV NpeobpasoBaTenb A5 CO34aHNA NPOTMBOMNOTEHLMANA.

[Mpn NOAroTOBKe pacyeTHOW CXeMbl 3a3eMIUTENb Obln NPeAcTaBieH Tpems
OTpe3Kamun AucKpeTmsaumn ( KpaiHue - no 1,5 M, cpegHuii - 3 M ) C y3namu
AVNKPETM3aLMN HA KOHLAX N B LEHTPe COOTBETCTBEHHO. CBA3b 3a3eMINTeNs C
Tpy60NpPOBOAOM - N30/IMPOBAHHBLIM MPOBOAHMUKOM.

11.2. CoBMecTHasa 3awnTa

Heo6XxoAMMOCTb B COBMECTHOI 3aluTe AWKTYETCS BPeAHbIM BIUSHUEM
O/IHOTO NMO/J3EMHOI0 COOPYXKEHWSA Ha APYroe Npu 31eKTPOXMMUYECKON 3aLuTe
OIHOTO U3 HUX.

11.2.1. 1Ba napannensHO y/0XXeHHbIX TPy6onpoBoja

[Mpumep pacyeTta 4

Ha puc.11.3 npuBeneHbl TUMUYHbIE CUTYyauun, BO3HUKaroLWme npu 3X3
TPYy60ONPOBOAHBIX CETEN, a B Tabs.11.3 - pe3y/bTaThbl pacyeTa pacnpeaeneHms
NOTEHLMANOB B 3TUX CUTYyaLNsX.

[ns aHanu3a B3ATbl ABa Nnapansie/ibHO YN0XKEeHHbIX yYacTKa PasHOTUMHbIX
Tpy6onpoBoAos: nepsblit (Y3nbl 1...9) - ras3onpoBof C YA0B/ETBOPUTENbHON
nsonaumen R,; = 50 Omm, gnametpom d = 200 mm; BTOpOiA (Y3nbl 10...18) -
BOAOMNPOBOA CO cnefamu usonauum npu Ry, = 5 OMM 1 TOro Xe AnameTpa.
[Monaraem, YTO CXemMa CUMMETPUYHA, T.e. Ha OTpuLUaTe/bHO nonyocn 0X - Ta
XXe cuTyaums.
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Puc.11.3. PacyeTHble CXeMbl COBMECTHOM 3aLLMTbl ABYX TPY6ONpPOBOLOB:

a) les = 15A, X3 = 0, Y, = 15M ; 6) TO XK€, HO C NEPEMbIYKONM CTa/IbHOWN LLUMHOW
150 Mm% B) ABe CK3: I3 = 15A, I, = 50A, Xz = 0, Xa2 = 0 (MM Xz = 80M),
Ya1 = Ya2 = 20M.

Tabnuuya 11.3
NN | Koopau- Cxembl no puc.11.3
3" | hata, x, M a 6 >
/0B Y Xa2= 0 Xa2=80 M
1 0 2,777 -1,334 -6,348 -2,651
2 10 -2,051 -1,460 -4,374 -2,085
3 20 -1,709 -1,204 -3,292 -1,875
4 40 -1,411 -0,942 -2,121 -1,805
5 80 -1,238 -0,790 -1,377 -2,616
6 200 -1,100 -0,705 -0,959 -0,935
7 500 -0,964 -0,662 -0,826 -0,857
8 1000 -0,838 -0,635 -0,790 -0,783
9 2000 -0,807 -0,640 -0,855 -0,797
10 0 -3,480 -2,800 -6,929 -2,256
11 10 -1,029 -1,090 -2,757 -1,192
12 20 -0,726 -0,740 -1,746 -0,976
13 40 -0,596 -0,647 -1,133 -0,919
14 80 -0,545 -0,596 -0,857 -2,698
15 100 -0,527 -0,571 -0,712 -0,599
16 500 -0,529 -0,560 -0,639 -0,579
17 1000 -0,538 -0,535 -0,595 -0,564
18 2000 -0,552 -0,552 -0,567 -0,556

Kak 1 cnefioBano oXuaaTb, NPy OTCYTCTBUM KaKUX-TMO0 Mep Mo COBMe-
CTHoOI 3awmTe (pnc.11.3, @), YacTb TOKa, CTEKAOLLEro C aHOAHOr0 3a3eM/n-
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Tena v Nayulero B KOHEYHOM cyeTa Ha 3allMTy ra3onpoBoja, cHavana HaTeka-
eT Ha BoionpoBof ¢ y3nax 10...13, T.e. Ha 6amkanLnii y4acToK AnMHon 40 M,
a 3aTeM CTEKaeT C HEero rno BCen 0CTaBLLENCS ASINHE.

HeTpyaHo noacuuTtartb, YTO Ha BOAOMPOBOM HAaTeKaeT W, pa3ymeeTrcs, 3a-
TEM CTEKAET C Hero ToK 4,75 A, KOTOpPbI/ 3a O[IMH o, pacTBOPUT OKO/O 44 Kr
Xenesa. EANHCTBEHHAA HaleXaa, YTO CTEKatoLMIA TOK pacnpeaennuTcs BAOSb
TPpYyObl PaBHOMEPHO W CPedHAs CKOPOCTb KOPPO3UKU OYAeT He3HauYUTeNbHON.
[encTBUTENbHO, CNN aHOAHOW 30HON cuMTaTb Y4acToK AnnHor 1000 M, To
CPeaHsst NMHelHaa MNOTHOCTb TOKa YTeuku 6yaet paBHa j¢& 0,00475 A/wm.
Torga cpeiHAS NOBEPXHOCTHAsA MIOTHOCTb TOKa yTeuku npu anameTpe d = 0,2
M, MPUHATOM B pacueTe, cocTaBuT j&= 0,00755 A/M?, uYTO 3KBMBAJIEHTHO
cpefHei ckopocTk Kopposun v = 0,00895 mm/rog. daxe, ecnn HepaBHOMEp-
HOCTb CKOPOCTU KOPPO3UWN OLEHUTb KoaduumeHTtom nopuctoctn s = 0,05,
YTO MPY N/IOXON N30/1ALMM ABHO 3aBbILLIEHO, TO MECTHAs UM A3BEHHAs KOPPO-
3na He Gyget npesbiwats 0,18 MM/rof, ¢ YemM KaKoe-TO BPeMS elle MOXHO
MUPUTBLCA.

[MoaKNYMM NOTeHUManBbIpaBHBAKOLWYI0 NepPeMbIYKY, Hanpumep, CcTab-
HYIO LLUMHY cedeHnem 150 MM? 4/IMHOI 10 M, MeXay TpybonpoBogamMm K TOUKe
apeHaxa (puc.11.3,6 ) n octaBMM B paboTe Ty Xe KaTOAHYH CTaHuuio. Hera-
TUBHbIE NOCNEACTBUA 3TOr0 OYEBUHbI: HE 3aLUMLLEH HA TOT, HMW OPYroin Tpy-
6onposoabl. Ecnu 6e3 nepeMblUKK 30Ha 3aWMTbl razonposoga gocturana 900
M, TO C NMEPEMbIYKOIA - TOMbKO AnLLb 70 M. Ipy 3TOM yaanoch 3aluTnTb BCEro
b 15 M Bogonpososa.

MOXHO NOMbITaTbCA YBENMNUNUTb TOK KaTOAHOW CTaHUUK. Tak, YyBENNYEHME
TOKa KaToAHON CTaHUWK, HanpuMep, A0 50 A - Npu BKIKOUYEHHON NEPEMbIYKE -
BeeT K nepesallnTe 1 Ha TOM, U Ha Apyrom TpybonpoBogax, HO He Bbl3blBaeT
3aMETHOr0 YBe/IMYEHNS 3aLLUNTHO 30HbI.

BeposiTHee BCero B aHHOWM CUTYyaUuW KaXKablA TPyO60onNpoBoA cneayet 3a-
WMLWATb OTAE/bHBbIMW KaTOAHbIMW CTaHUMAMK, HO Npu 0b6sA3aTe/lbHOM COorna-
COBaHMM MX PEXMMOB PabOThI.

[Mpn NoaKMHOUYEHNN ABYX KATOAHbIX CTaHLUMIA COOTBETCTBEHHO K TOYKaM 1
n 10 nnm ogHOMN KaTOAHOW CTaHUMKW, HO C ABYMS PEryNMPYeMbIMIA BbIXO4amMK
Ha Te »Xe ToYku (pnc.11.3,8), KAPTMHA HE MEHAETCHA K /y4ylIEeMY, eC/in Y 3TUX
KaTOAHbIX CTaHUMA OAMH O6LWMA aHOoAHbIN 3azemnuTenb (Tabn.11.3,8ap.l),
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PACMOIOXKEHHbIA MPOTUB TOYEK APEHAXKA, T.€. B TOUKE C KOOPAMHATAMMU X1 =
0, X2=0 1 Y =20, Yar =20 (m).

Ho cOoBuHYB OAWH M3 aHOAHbLIX 3a3eM/INTENEN B CTOPOHY BAOMb TPy6O-
npoBofaa ( Xz = 80 M, Y, = 0), nonyymm, noxanyin, Hambonee oNTUMasbHbIA
BapMaHT 3allMTbl, XOTS U 3TOT BapMaHT He peLlaeT npobnemy.

Ecnn Bce Xe eCTb HacToATe/IbHas HEOOXOAMMOCTb B 3alMTe AaHHOIO He-
M30IMPOBAHHOI0 BOAOMPOBO/A, TO Nepedbop BapuaHTOB Halo NPOAO/MKUTL, Ha-
paLiuBast YNC/I0 aHOMHbIX 3a3eMNNTeNein BAOb Tpybonposoda. Yalle B TakKuX
CUTYaUUsIX CYUTAIOT, YTO 3allmMTa Hea(eKTMBHA N OTKa3bIBatOTCA OT COBMe-
CTHOM 3allMTbl C BOAOMPOBOAOM [0 TexX Nop, Noka He OyaeT 3aMeHeHa ero
N30N5LMS.

MpY NOAroTOBKE PAcUETHO CXEMbl, ECNIN CTABATCS 3a7ayv O B3aVIMHOM
BANSHUWN MEXAY Tpy6onpoBojamMu, HEOOXOAMMO BHMMATENbHO OTHECTUThL K
BbIOOPY LUAra AucKpeTusauun. Mocne Nepeoit NoMbITKW PeLLIeHNst 3aadn Bo3-
MOYXHO MPUAETCS YMEHbLUWTbL LUAr BABOE W MOBTOPUTLCS. LLIar AMckpeTm3aa-
LM MOXET 6bITb YBENNUMBAIOLLMMCS MO MEPE YAaNeHUs oT Uccnesyemoii 06-
NacTu, Harnpumep, Mo TFeOMETPUYECKON ‘MPorpeccun. >KenatenbHo, 4TOGbI
B6M3K 3TOl 06/1aCTW NPeAbIAYLNIA Lar ANKPETU3ALMN He NPEBbILLIAI MOC/e-
OYIOLLIMIA Gonee YeM B 2 pasa.

11.2.2. MNyyeK napansiesibHO Y/I0XKeHHbIX TPY6OMPOBOAOB

UacTo napanfienbHO YNOXEHbl HECKONbKO TPy60oMnpoBOAOB, HarpuMmep,
NpW YCTPOACTBE MHOTOHUTOYHOIO MarncTpaslbHOro Tpy6onpoBoaa. Mpu 3ToM
CTaBUTCS 3aJaqa 06513aTe/IbHON 3aLLMTbl BCEX HUTOK.

[Mpnmep pacyeTa 5

Ha puc.11.4 npeacrasneH y4acTOK TpacChl MarncTpaibHOro Tpybonposo-
[a U3 NATU HATEIN, YNOXKEHHbIX C MHTepBaioM 20 M. Y4acTKu crnpasa U cresa
OT paccmMaTpuBaemMoro y4yTeHbl, HO He nokasaHbl. LLlar guckpetmsaumm - yBe-
NNYMBAIOLLMIACA B reOMETPUYECKON MPOrpeccmMmn no Mepe yaaseHns OT TOYKK
apeHaxa. Aunametp Bcex HUTel Tpyoonposoaa - 200 MM, YaenbHOe 3N1eKTPK-
4yeckoe conpoTmeieHne nsonaumm - 150 OMM, yaencHoe 3/1eKTpuYeckoe Cco-
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NpoTMBfeHne rpyHTa - 20 Omm, Tok nepsor CK3 I, = 50 A, BTOpon - I, =
20 A.

BKnoueHne He3aBMCMMOWN KaTOAHOW CTaHUMK Ha Tpybonposode 1
(pnc.11.4,a) BbI3bIBAET BpeAHOE BMAHME HA COCefHMe TPybOonpoBoabl: Haum-
Has C TOYKM C KoopauHaTon x=150 M Tpy6onpoBoabl nNpuobpetardT aHOAHOE
CMeLLIeHMe NoTeHUnana sennymnHomn ao +0,06 B.

a)

R0 10010

Prc.11.4. 3awmnTHble 30HbI NPY Pa3IMyHbIX CXeMax COBMECTHON KaToAHOIN 3a-
WMTbl “My4ka” mMarucTpaibHbIX TPyOOMpPOBOAOB. a- WHAMBMAYabHaA 3aliuTa
KpaitHero Tpybonposoga 1; 6- ¢ nepemblukamy R Mexay Tpybonposogamu; B -
TO Xe W [jBa aHOAHbIX 3a3eM/INTeNA C OAHON TOUKOIN ApeHaxa; I - TO Xe 1 pas-
HeCeHHble TOYKWN ApeHaKa.

Cyasa no pesynbTatam pacyeTa BK/IHOUYEHWE MepeMblbek Mexay Tpybonpo-
BOJaMm B TOUKe apeHaxa (puc.11.4,6) He obecrneymBaeT MosHON 3allUTbl y4a-
cTKa. MonbITKN yny4ywnTb 3QGeKT BKIHOUYEHNEM NEPEMbIYEK B APYrMX MecTax
TaKXXe He Jann OLYTUMOro pesynbTara.
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BkntoyeHne BTOPOro aHOAHOr 0 3a3eM/INTENSA CO CTOPOHbI 5-1 HUTK 1 yBe-
Nn4yeHme obLlero Toka 3almnTbl 40 70 A - NPy HaIMYMN OAHOM TOYKK IpeHaXa
(pnc.11.4,8) - NpaKTUYECKN He yy4LlaeT KapTuHYy.

PaKTNUYeCKN TPebyeTCs BKIOUEHME 2-X UMK faXKe 3-X KaTOAHbIX CTaHLMI
C 000CO6MEHHbIMIN  3a3eM/IUTENAMU N Pa3HECEHHbIMM TOYKaMK [peHaxa
(pnc.11.4,r). MNMpwn sTOM NOTEHUMANBLIPABHMBAOLLLAA NEPeMblUKa BCe YKe Heob-
XoAmma.

PaccmoTpeHHas cuTyaumsa TUNNYHA A9 He(TenpPOMbIC/IOBbIX U MarucT-
pasibHbIX TPY6OMpPOBOAOB, HO BCAKWUIA pa3 TpebyeT BHMMATE/IbHOMO PaccMoT-
PEHUS C MPMMEHEHNEM YMC/IEHHOrO 3KCMneprMeHTa Ha 6ase nporpaMm naketa
APM- 9X3-7T1.

B 1a6n.11.4 npueedeHbl pa3HOCTU MOTeHLUMaNoB Tpyba-3emnsa and obnac-
T BONN3M TOUKM ApeHaxka (X =0) ¢ nepeMbIYKOiA.

Tabnnua 11.4
Homepa TpybonpoBooB
X, M 1 2 3 4 5

-20 | -3.377 | -2.332 | -1.871 | -1.779 | -2.090
0 | -2,348 | -1.354 | -1.141 | -0.979 | -1.450
20 | -8.319 | -2.282 | -1.826 | -1.738 | -2.053
40 | -3.314 | -2.325 | -1.855 | -1.719 | -1.867

[Mpy 3TOM MOXHO OTMETUTb OCOOGEHHOCTb, BO3HMKAIOLLYK) B CUCTEME
B3aVIMOB/IMAIOLLINX TPYOOMPOBOAOB: B TOYKE [ApeHadKa Kaxaoro us tpybo-
MPOBO/OB 3alMTHbIA MNOTEHLMAN MEHEE OTPULATENEH, YEM B COCEIHEN TOUKE
Ha 3TOM >Xe Tpybonposoge. Ho Takad CuTyaumsi He MOXET BO3HWKHYTb B
“HopManbHbIX” ycnoBuax! OOBACHUTL 3TOT APHEKT MOXHO Cneayrowmm 06-
pasom.

Ha nto60oi n3 Tpy60onpoBoaoB B 06/1aCTV NEPEMbIUKUN AEACTBYHOT:

1) aHOAHbI 3a3eMNNTENb, BbI3bIBAIOLLNA OTPULATENLHOE CMELLIEHNE MO-
TeHUMana Tpyb6a-3emns B 61vKanlumx K Hemy Toukax (LU, < 0);

2) cOoCeflHUM 3alUMLLEHHbIA TPYOONPOBOA, BbI3bIBAOLUNA NONOXKNTENb-
HOe CMelLleHKe noTeHumana (£2J, > 0);
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3) nepemblyKa, eCNN OHa BbIMOHEHA CTa/lbHOW HEW30NMPOBAHHOW LLIMHOWA,
BbI3blBalOLLLAA NONOXKNTENbHOE CMeLLleHMe noTeHunana (L2Js > 0), NOCKONbKY
OHa B [JaHHOM C/lydyae HMYEM He OT/IMYaeTcs OT COoCefHero, 3alluLleHHOro
Tpy6b0onpoBoAa, HO HaxXOAMTCS, K COXa/leHMIO, B HENOCPEeACTBEHHOI BNN30CTY
OT paccMaTpuBaemoro Tpy6onpososa.

Anrebpanyeckas cyMMa 3TUX CMELLEHWIA ByaeT onpeaensiTe BENMMYUHY U
3HaK noTeHuuana BwaHua OJg, = OJ, + OJ, + OJ;. B gaHHOI cuTyaumn B
TOUKe [peHaXka MoTeHUMan BANAHUS - 3a CYET 6/M30CTM HEW30NMPOBAHHOM
MEPEMbIYKM - ABHO NOMOXMUTENbHBIN (O2Jg, > 0) , a N0 Mepe yaaneHns oT Hee
[DJg;, yMeHbLUAeTCa 1 fanee MOXXeT CMeHUTb 3HaK.

310 N oTMevaeTcd B Tabn.11.4, NOCKOMbKY B pacyeTe Oblna NPUHATA
CTa/lbHas Heun3onMpoBaHHasA rnepemblvka. Kak TOMbKO B MCXOAHbIX AaHHbIX
pacyeTta 3aMeHWUN CTa/lbHYIO LUMHY W301MPOBaHHbLIM Kabenem, 3TOT 3gheKT
ncyes, T.e. B TOUKe ApeHaXka MoTeHumMan, Kak 1 cnefqyet B HOPMa/ibHbIX YCO-
BUAX, CTa/1 Hanbosee OTpMLATENbHBIM.,

KcTtaTun, npeacrtasneHHas B Ta6n.11.4 3aliMTHas pasHOCTb MOTEHLMAN0B
(Usaw) €CTb cyMMa Usyy = Upep + gy, 1€ Upep < 0 - pasHOCTb NOTEHLIMANOB,
BbI3BaHHasA TOKOM, OTBOAUMbIM MePEMbIYKOW HENOCPEACTBEHHO N3 TPY6ONPO-
BOAa, B TO Bpems Kak g, > 0 - eCTb CMeLLEHME, BbI3BaHHOE TOKOM, 0T Cachl-
BAHOLLIMMCS NMOBEPXHOCTbIO NepeMbIvKN ( 13-3a MI0OX0N ee U30NALUNN ) U3 TPY-
bonpoBofa Yepes 3emMt0. epBas COCTaBMAOLLLAA - 3alluLLaloLLlas, BTopas -
paspyLuaroLLas.

11.2.3. BNM3KO pacrnosioXeHHble TPY60NpPoBOAbI

[Mprmep pacyeTa 6

Ha puc.11.5 nprBeneHa cxema ABYyX G/IM3KO PacnonoXXeHHbIX Tpybonpo-
BO/JI0B MPW MUX NapansienibHOM YKNaaKe 1 NepeceveHnn Ha 0HOM U3 0TBO/OB.

MpennonaraeTcs, 4To TPYOONPOBOAbl ObIIN YNOXEHbI B OAHON TpaHLLee
Ha paccTosHun 0,5 M Mexay nx ocamu. pocBeT Mexay Tpybamm B TOUKe ne-
peceyeHnn OHOM N3 HUX C OTBOAOM OT APYron Takxe npeaesnbHo Man - 0,5 m
MeXAay 0CAMM.
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B 1a6n.11.5 npmBeaeHbl pe3ynbTaTbl pacyeTa Pas3HOCTU MOTEHUWaNoB
Tpy6a-3eMnsi NPy 3aLimMTe 0HOro U3 TPY6OMNPOBOAOB KATOAHON CTaHLUmen | =
15 A C TOYKOI ApeHaxka B y3ne 22 1N aHOAHbLIM 3a3eM/INTeNeM B ToUKe X,=300
M, Y, = 40 m.

aj ' 6
I
116 17 18 19 22‘[ :-:
B *=300
2110 11 1z 13 15 ¥=0
SR} Y-— Tt E=100
q-L 7=0,5
=0 X =300 I
87 =30 T =40 }
?1r

Punc.11.5. PacyeTHaa cxema yyacTka CeTu C 6/M3KO PacrnosioXXeHHbIMU Y
nepeceKaroLnmmncs Tpyoonposogamu.

Tabnnua 11.5

nn | X, M U, B nn [ X, M U,B n | y,Mm U,B
9 0 -0,432 1 0 | -0,923 2 0,25 | -0,870
10 | 05 | -0442 ] 16 | 0,5 | -0,961 3 0,5 -0,869
11 1 -0,455 | 17 1 -0978 | 4 0,75 | -0,867
12 3 -0,484 | 18 3 | -1,004 ) 1,5 -0,863
13 10 | -0,519 | 19 | 10 | -1,040 6 3 -0,859
14 30 | -0548 | 20 | 30 | -1,076 I 10 -0,862
15 | 100 | -0,585 | 21 | 100 | -1,140

22 | 300 | -2,136

Kak v cnemyer oxuaatb, Ha He3allWLLEHHOM TpyOonpoBode B TOYKaXx
9...14 BO3HMKNA KOPPO3MOHHAsA OMacHOCTb, MOCKO/IbKY MOTeHUMan 34ecb no-
Nyynn aHoAHoe npupatleHme (CTauuoHapHbIA NOTeHUWan Be3ae 6bin NPUHAT
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paBHbIM U = - 0,55 B). B Touke 15 y»Ke 3aMeTHO B/IMSH/E aHOAHOrO 3a3eM-
NNTENSA, KOTOPbIN 3[4eCb Bbi3Bas1 KATOAHOE NpupaLLeHne noTeHLmana.

Ha 3awmuieHHom TpybonpoBofe B paiioHe nepeceveHns (Toukn 1...7)
ynan aggekT 3awuTbl. JeACTBUTENbHO, TPaAMeHT noTeHumana 3emnm (M3me-
HeHVe BeNNYMHbI Pa3HOCTM MOTeHUManoB Tpyba-3eMnsa Ha eavHuLy LANHBI)
MeXxay Toukamu 1...16 okasancs MHOro 60/bLUe rpaaveHTa NnoTeHUMana Mex-
Ay Toykamm 19...20, a UMeHHO

DJ/Eng_go = (Ulg - U20 ) /20 = 0,0018 B/m ;
QJ/D_l_le = (Ul - Ugg ) / 0,5=0,076 B/m.

B 1O e Bpemsa A0/KHO ObITb HA0OOPOT: MPU OTCYTCTBUM COCedHEro Tpy6o-
npoBoda cneayet oxuaate OJ/O 116 < DI/ O 1950, T.€. NO Mepe Npuonmxe-
HUA K KaTOAHOW CTaHUWMW rpagueHT noTeHumana A0M>KeH pacTW, HO He na-
naTb. Bce aHOManum ¢ rpagmMeHToM MOXKHO OObSCHUTL TOMbKO B/INSIHWMEM CO-
cefiHero Tpybonposoaa.

[Mpn aHanM3e NOTeHUWAIbHOrO MoNsa creayeT MMEeTb BBUAY, UTO FPadneHT
noTeHUmnana mexay i-u u k-in Toukammn Ha Tpy6onposoge OJ/ 0L i ecTb rpagm-
eHT MoTeHUMana B 3eM/e MeXay COOTBETCTBYHOLLMMM TOYKAMW Y NOBEPXHOCTY
Tpy6onpoBoaa, NOCKO/MbKY

DO i = (( i - Jai)- (Jok = J a))/Dlic=10 s - J ai)/DLi, (11.1)

TaK KakK M3MeHeHMeM noTeHuman tena Tpyobl (j ;) Ha HebGOMbLLIOM OTpPe3Ke
MOXHO npeHeobpeyb. MoaTomy, YeM 60/bLUe U3MEHEHME Pa3HOCTU MOTeHLUMa-
NnoB Tpyb6a-3emna BAOMb TPy6onpoBoAa, TeM 60/bLUE rpagnMeHT noTeHUMana B
3eM/ie U TeM 60/bLLE MIOTHOCTL TOKA (] ) MeXAy 3TUMWM TOYKaMu 3eM/n, No-
CKO/IbKY

jik: - DJIOC ik/r . (112)

CoBMeCTHas 3alliMTa HauMHaeTCsl, KaK NpaBuo, C YCTaHOBKM MEPEMbIUKU
MeXay Tpyo6onpoBogaMu. PaccMOTpUM psif, BApMaHTOB 3aLLUThI.

BapnaHT 1. CoeguHMUM 3N1EKTPUYECKMN TOUKU 3 U 9 U yBEIMYMM TOK Ka-
ToAHOW cTaHumm ¢ 15 A 10 20 A. PacuyeT NoKa3bIBaeT, UTO B TOUKE [peHaxa
(T.22) noTeHuUuan TPyobonNpoBoAa MPEBLICUT MaKCUMaSIbHbIA  3aLLUTHbINA
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(Usaumax = - 2,5 B), N03TOMY flasibLLie TOK YBeNMUMBATb Henb3s. B TO e Bpems
B TOYKaxX 2,3 U 4 - Heao3allmMTa: TaMm 3alUUTHBIA NoTeHUMan 6yaeT nosioXu-
TenbHee BennymHbl - 0,82 B.

BapuaHT 2. Bkntoumum gononHutensHyto CK3-2 B paiioHe nepeceyeHus
TPy60onpoBOAOB, He CHUMasA nepemblukn. MNMoacoeanHum CK3-2 B Touke 4,
aHO/HbIN 3a3eMINTENb YCTAHOBUM B TOUKE Xp = 10 M, Y = 10 M.

Pe3ynbTaThbl peLleHns 3anayn, BbIMOMHEHHON B ONTUMU3ALMOHHOM PEXU-
Me, cneayroLlpe:

,=133A, I,b=19A, Uy=-1937B, U,=-0,85B.

T.e. na 3alnTbl HY)KeH TOK 15,2 A, 4TO MeHbLUe, YeM B BapuaHTe 1, HO
TpebyoTCca KanuTa/lbHble 3aTpaTbl HA YCTAHOBKY ellle OAHO KaTOAHOI CTaH-
Lnn.

BapnaHT 3. OTKMtounm CK3-2 1 octaBum CK3-1 Ha npeXkHem MecTe, HO
yAaIMM aHOAHbIA 3a3eMUTeNb ellle Ha 20 M, T.e. NpUMeM Yy, = 60 M. B 3TOM
cryyae nMeeTcs onTumanbHoe peleHne ansa-ycnoBua Usay min < Usaw, < Usaw max
npu Toke |, = 21,5 A. BeposiTHO, BapuaHT 3 ABNseTca 60s1ee NpeanovTUTENb-
HbIM M3 PacCMOTPEHHbIX.

B 60nee CNoXHbIX Cny4vasx B3avMHOIO PacrnosioXXeHWs TpybornpoBOAoB
noTpedyeTcs Nnepedbop 60MbLLEr0 YNCa BapUaHTOB COBMECTHOW 3aLLIATbI.

11.2.4. INepecekaroLmecsa Tpyo6onpoBogbl B6/IM3N aHOLAHOIO
3a3eMInTend

[Mpumep pacyeTta 7/

Ha cxeme puc.11.6 npeacrasfeHa ogHa U3 Hambosnee onacHbIX CUTyaLni,
TpebytoLan He3ameaIMTEeNbHbIX Mep N0 COBMECTHOW 3aLlMTe.

[MycTb coceaHnin Tpy6bonpoBo4 NPOXOAUT BO/IM3M aHOAHOIO 3a3eM/NTENS
«UYXKOM» KaTOJHOW CTaHLUMK C TOKOM 15 A, a 3aTem MepecekaeTcs ¢ TPaccom
3aLmMLLaemMoro Tpybonposoda nog yrnom 45°. YacTb ToKa HaTeKaeT Ha coced-
HWUIA TPYOONpoBOA Y 3a3eM/INTENS N CTEKAET C HEr0 B palioHe nepeceyeHus,
4TO XOPOLLUO BUAHO M3 pe3ynbTaToB pacyeTa B Ta61.11.6.

B Toukax 1...5 obpasyeTcs BeCbMa akTMBHAA KOPPO3MOHHAs 30Ha C Mak-
CUMaIbHON BEMYMHOW aHOAHOrO CMeLLeHUst noTeHuwana 2J; = +0,57 B
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(cTaumoHapHbIn NoTeHumMan NpuHAT Besge U = - 0,55 B). CpeaHsas nnort-
HOCTb TOKa KOpPpO3un B TOYKe 1 Npu NPUHATOM B pacyetax 3HaYeHUWN yaenb-
HOro conpoTmeneHns nionsaumm R,; = 50 OMm 1 amametpe Tpyobonposoda d =
0,2 M cocTaBuUT

j1=0,5/ (mdR,;) = 0,016 A/M>.

a) 6)

-

I
\D 1011 12 13 14 IEI x

Punc.11.6. PacyeTHaa cxeMa ans AByX TPyO6OMNpoBOAOB, MNepeceKatoLLmMXCs
noza yrnom.

MNpn yaensHoM aHOAHOM MonApM3alMOHHOM conpoTtueneHun P, = 0,5
OMM? KOS(MULIMEHT MOPUCTOCTN U30NALMN BY/ET paBeH

s=P,/ (pdR,s) = 0,016.
OTcrofla CKOPOCTb A3BEHHOW KOPPO3ni
vi=1,18j,/s=1,18 mm/roga.

OfHako Takylo “CTpallHYH” KOPPO3UKD MOXXHO JIerKO npeaoTBpaTuThb,
BK/THOUMB MepeMbIUKY MeXAy TPybonpoBoAammn B TOUKE MUX nepeceyeHuns. Pac-
YeT nokasasl, 4YTo NPy 3TOM YC/I0BUN ONTUM&a/IbHasas COBMECTHadA 3alluTa BO3-
MOXXHa npu Toke 12,2 A. INMpun 3ToM B To4Kax 1 n 0 3alMTHbLIA noTeHUman by-
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net paeseH - 0,85 B, a B Touke apeHaxa (T.15) oH coctaBuT - 1,21 B. Haunbo-

nee OTpULATENbHBIA NMOTEHUMAN OXMAAeTCAa Ha TpybonpoBode BOAM3N aHOA-
Horo 3asemnutens (T1.7), rae oH coctasut - 2,59 B.

Tabnnua 11.6

Nn [ X, M| yM U,B Nn | X,M | yM U,B
1 0 0 0,021 0 0 0 | -1,620
2 1 1 | -0,021 | 10 1 0 | -1,598
3 3 3 | -0,088 | 11 3 0 | -1,568
4 10 | 10 | -0,195 | 12 10 0 | -1,533
) 30 | 30 | 0,338 | 13 | 30 0 | -1,523
6 70 | 70 | -0,855 | 14 60 0 | -1,550
7 | 100 | 100 | -2,066 | 15 | 200 0 | -1,788
8 |130 | 130 | -0,608
9 |250|130]| -0,318

11.3. 3a3eM/ieHHble TPYO6ONPOBOAbI

Tpybonposobl MOryT ObiTb CBA3aHbl C UCKYCCTBEHHbIMW W eCTECTBEH-
HbIMM 3a3eM/IEHUAMU, KOTOpPble, 06/1a4ast HU3KMM COMPOTMB/IEHWMEM pacTeka-
HUIO, CYLLLECTBEHHO CHMXKAIOT 3(DEKTUBHOCTb 3/1EKTPOXUMUNYECKOI 3aLLMUTDI.

CKyCCTBEHHbIe 3a3eM/eHns - 3TO 3a3eM/IeHUsA KOPMYCOB 3/1eKTPO06opY-
[0BaHWS, HYNeBbIX TOYEK TpexdasHbIX CeTel, YTO BCerfja UMeeT MecTo B Ha-
COCHbIX U KOMMPECCOPHbIX CTaHUMAX. Kpome TOro, B rasonpoBOAHbIX CEeTAX
NCMOJb3YHOTCA 3a3eM/IEHNA MOJSIHME3ALNTLI, YCTaHaBIMBaeMble Ha rasopac-
npegenuTenbHbIX nyHkTax (MPM) n rasoperynatopHbix ctaHumax (MFPC). Ha
He(hTenepenMBHbIX 6asax yCTaHaB/MBAKOT 3a3eM/IeHNA OT CTAaTUYECKOrO 3/1eK-
TpU4ecTBa.

EcTecTBeHHble 3a3eM/IeHns - 3TO 3a3eM/IeHUs Yepes apMaTypy Xene3obe-
TOHHbIX KOHCTPYKUMWIA 1N (DYHAAMEHTOB, BCEBO3MOXKHbIE META/I/INYECKME OMO-
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Pbl, KPOHLITENHbI, (yTNApbl U T.A., KOTOPbIE NOCTOSHHO CBSi3aHbl C 3eM/IEi
WU C MOKPOM NOBEPXHOCTbLIO CTPOUTE/bHBIX KOHCTPYKLMIA.

Hanbonee pagmkanbHblii CNOCO6 YCTPaHEHNUS BANAHUS 3a3eMJIEHUIA - YC-
TaHOBKa M30/Mpyowmnx naHuesblx coeanHeHnin (MPC) Ha CTbike Mexay 3a-
LW MLLaeMbIM TPYOGOMPOBOAOM U 3a3eM/IEHMEM, UTO Temnepb BbINOSHAETCA MO-
BCeMeCTHO. OfIHaKO CTapble ra3ornpoBoHbIE CETN BCE ellle 3KCMNyaTUpYyoTCs
6e3 PC. Ha Herasonposogax B ropogax PC Boobuie He cTaBaTca. [MoaTo-
MYy CneflyeT YMeTb OLEHMBATb CTereHb BUAHWA 3a3eMMIEHMA Ha KayecTBo 3a-
LLMTBI, €C/I OHN He OTCeYEHbl 3N1EeKTPUYECKM OT 3aLluLLaemMoro Tpybonposoaa.

11.3.1. 3a3eM/ieHMEe KaK 3KBMBa/IEHTHbI TPy60onpoBos

3a3em/ieHrie MOXKHO BK/IKOYMTb B pacyeTHYH CXemy Tpy60ornpoBOAHOA CETU
ABYMSA criocobamu:

A) npeacTaBUTb €ro 3KBMBANIEHTHON - TPYy6ONPOBOAHOW CeThi0, MaKCU-
Ma/IbHO NMPUBAMKEHHOW K peasibHON KOHMUIYpaLIMm 3a3eMNEHMS;

5) 3dMEeHNTb 3a3eM/sieHne I'IpOCTGI7ILLII/IM IKBMBA/IEH T HbIM pr6OI'IpOBO,£I,OM
C COOTBETCTBYHOLLUNMWN NapaMETPaAMMN.

Cnoco6 A MOXHO NPUMEHSITb, eC/I KOHCTPYKLNS 3a3eM/IEHUS M3BECTHA,
HanpuMep, B Clydae C UCKYCCTBEHHbIMM 3a3eMnuTensmun. Cnocob b npeanou-
TUTENEH AN eCTECTBEHHbIX 3a3eMNIEHWIA, KOraa 3afaHo TO/MbKO NLLIb COMpPo-
TUBNEHWE PacTEKaHWIO.

Cnoco6 A npu HaNYUK CNOXKHOTO, FPOMO3/KOr0 3a3eM/eHMs NoTpebyeT
pasbueHre 3a3eM/IeHUs Ha OYeHb BOJbLLIOE YMC/IO OTPE3KOB AMCKPeTU3aLuK,
YTO MOXET NMOKa3aThCA HeLeNecoo6pasHbIM MO Pa3HbIM NPUUYMHAM, HanpuMep,
ecnnm TpybonpoBoAHast CeTb TaKXKe C0XKHA W 3a3eMNeHMe He eanHCTBEHHOe.
Mo3aToMy 60nbLLUE YacTbIO LienecoobpasHo MCMo/b30BaTh 06a cnocoba oAHO-
BPEMEHHO, YTO 1 NPOAEMOHCTPUPOBAHO HIMXKE.

Mpn HeOGXOAMMOCTY 3KBMBANEHTHOM 3aMeHbl CNI0XKHON TPy6onNpOBOAHONA
CETV 3KBMBANEHTHbLIM TPYOGONPOBOAOM WM YNPOLUEHHOV TPy6onpoBOAHON
CETbto ByeM MCNO/b30BaThb YCNOBUS IKBUBANEH THOCTY

2y =2)"; (11.3)
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put =00

roe Z,', Z," - BXOAHble CONPOTMBMEHUA “No 6/1M3KoN 3emne” (cM.chopmyny
(6.42)) 3KBMBANEHTHbIX CETEW Pa3/IMYHON CNOXKHOCTU, MOAENMPYIOLLMX [daH-
Hoe 3a3emneHne; OJ', OJ " - cMeleHust noTeHUnana “no 611M3Koi 3emne” B
TOUYKE CBS3W, BbI3BaHHbIE OAHUM W TEM XXE MO BESIMUMHE TOKOM, MPUMNOXKEH-
HbIM B HEM.

[MapaMeTpbl 3KBUBANIEHTHOIO Tpybonposoda 6yaem onpeaenstb Mo cre-
AYIOLLEIA METOANKE.

1. HasHaumMM KOHUrypauuto sKBMBasIeHTHOrO Tpy6onpoBoga, Hanpumep,
B BMe OAMHOYHOI0 BEPTUKA/IbHOTO CTEPXKHA MM NPOCTENLero npsamoyrosib-
HOro KOHTYpa.

2. Bblbepem Npon3BobHO ANAMETP Uy M TONLLMHY CTEHKU tys IKBUBA-
NEHTHOro Tpybonposoaa.

3. Bbluncnmm 3HaveHue yaensHOro afeK TPUYeCKoro ConpoTMBAEHNS N30-
NAUMN 3KBUBANEHTHOrO TPy6onpoBoAa R;sw B CNefytoLLel nocneaoBarteb-
HOCTW:

- Ha3Ha4YMM MOJIeNbHbIA TPYO6ONPOBO/, MOMHOCTLID COOTBETCTBYIOLLMIA NO
napameTpam 3KBUBaNEHTHOMY, HO C MPOU3BO/bHbLIM 3HAYEHNEM Ry

- Harpysum MofefbHbliA TPYOONPOBO B TOYKE CBSA3N TOKOM MPOU3BO/Ib-
HOW BE/IMUYNHBI | 1 BbIYUCNM B 3TOM TOUKE CMELLIeHNe noTeHumana 2J;

- no copmyne (6.42) HaileM BeMUMHY BXOAHOrO COMPOTUBMEHUS MO-
[enbHOro Tpybonposoaa Zyy ;

- BbIUNC/IUM Ry; 55 IKBMBANIEHTHOIO TPY60NPOBOAA 13 NPONopL MK

IQI/I3.3KB = IQI/IS.M ZU / ZU.M ) (114)

rae Z, - BXOIHOE CONPOTMB/IEHME UCCNEAYEMOrO0 3a3eM/EHNS .

dopmyna (11.4) nonyveHa mexopda mn3s ycnosuin (11.3) ¢ yyetom (6.42) u
(6.5), oTkyma cnenyet

: (11.5)
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Mpu ycnosumn nponopumoHansHoct j'/ j* = 1"/ 1", Bcerga UMeroLlei
MeCcTo ANna (OMKCUMPOBaHHOW TOYKKM, 06beAnHMB 06a paBeHcTBa (11.5), nony-
UMM

R's=R" Z'W/Z", (I')"/1"]"). (11.6)

[MOCKO/bKY 3HauYeHWe BbIpaXXeHNs B KPYr/ibIX CKOOBKax Bcerfa pasHo 1, 10
nony4mm chopmyny (11.4).

[Mprmep pacyeTta 8

[MyCTb 3a3eM/IeHME BbINO/THEHO B BU/E YETbIPEXCTEPXXHEBOIN KOHCTPYKLIUN
Nno cxeme puc.11.7,a, raoe ropusoHTasbHblE CTEPXKHU TakXke paboune. Paso-
ObeM BCHO KOCTPYKLMIO Ha 24 0Tpe3ka AMCKPeTM3aLmmn, Kaxablid N3 KOTOPbIX
npeacTaBuM Tpy6oi anameTpom 50 MM, YTO COOTBETCTBYET CTEPXKHIO YT OMKO-
BOro npouna npumepHo 40x40x4. YpenbHoe COMPOTUMBIIEHWE W30MALNN
NpMMeM paBHbIM R,; = 2 OM'M?, ecnn 3a3eMnTenb paboTaeT KaTogoM, 1 Ry, =
0,5 OMM?, - ecit OH aHoA. MOCKOMbKY CTEPXKHN HEN30MMPOBaHHbI, TO Ry, -
3TO (haKTMYeCcKM yaenbHOe NonapusauMoHHoe conpotusieHne (P, nnm Py).
YenoHoe 3NeKTpUYecKoe CONpPOTUBNAEHWE 3eMIM NPUMEM PaBHbIM I =
20 Om'M™.

L
M =®E | acn

o o I

Puc.11.7. PacyeTHble CXembl KOHTYypa 3a3eMieHns (a) 1 3KBUBASIEHT-
HOro emy BEPTUKa/IbHOIO CTEPXXHA-TPYbonposoa (6).
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PacueT 3a3eM/eHWi Jan cneaytoLme pesynbTaThl:

- uccneagyemoe 3asemnenuve (puc.11.7,a):

Z,=0,183 Owm;

- MOJeNbHbI Tpybonposos (puc.11.7,6):

Lowe = 18 M, Qgg = 50X2, Zy = 0,679 OM NpY Ry = 2 OM'MZ;

- 3KBMBaNEHTHbIA Tpybonposog (puc.11.7,6):

Lake= 18 M, Uoe = 50%2, Ry = 2 0,183/ 0,679 = 0,539 Omm* .

[MorpelwHoCTb 3aMeHbl CNOXHOW 3KBUBANIEHTHOW CETU MPOCTEMLLMM 3K-
BMBA/IEHTHLIM TPYOONPOBOAOM CBfi3aHa C pasMyumMeM KX KOoHQurypauun. B
[AAHHOM C/lydae pacxoXKAeHue BeNMUYUH Z, AN UCCMeAYyeMOro 3a3em/IeHns v
3KBMBA/IEHTHOrO Tpybonposoga He npesbIicno 2,5 %.

Kpome TOro pacuyet nokasasi, YTO 3KBMBA/IEHTHbIA TPybOoNpoBog B BUAe
MPOCTENLLEro KOHTYpa pasmepoM 8 8 M, pa3meLleHHOro y noBepxHOCTN 3eM-
nn, Npu 4-X y3nax gucKpeTmsaumm 4aeT NpakTUyYecKn Ty XKe ONOKY 3aMeHbl,
HO C APYrM 3HaKOM.

11.3.2. BnnsaHne 3a3eM/ieHNA Ha 3eKTUBHOCTb 3alLUThI

Mpexae Yem oTceub ¢ nomoulbd VPC sawmiiaemslii Tpyoonposog ot
MeLLaloLLlero emy 3a3em/ieHus, KOMIMYECTBEHHO OLEeHUM 3deKT BpeaHOro
B/IMAHNA Ha KayecTBO I3X3.

Mpexkae BCero crnegyet UMeTb BBMAY, UTO 3a3eM/iEHME C BXOAHbIM COMpPO-
TUBNEHWEM Z, O0TBNeKaeT Ha ceba Tok | = OJ / Z,. Tak, npu U =-0,85 B, U
=-0,55B unZ,=0,183 Om B TOUKe CBA3MU, KaK 3TO NPUHATO B NMpeablayLlem
NpuMepe pacyeTta, TOK HaTeKaHWA Ha 3a3eMneHne byaet paseH | = 1,64 A. MNpwn
obLemM TOKe 3aWunTbl paBHOM, Hanpumep, I = 16 A ato coctasut 10%, C
4eM yXKe cneflyeT cUMTaTbCA.

O[fHaKO B peasibHON CUTyaLMM NPU KaTOAHOW 3aLLMTe CETU 3TO JaneKo He
TaKk BCe OAHO3HAa4YyHO, O YeM CBUAETENbCTBYIOT pe3ynbTaTbl pacyeTa, npuee-
NEeHHbIe HIXe.
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[Mpumep pacyeTa 9

[[a30MpoBOAbl HU3KOIO U CpefHero [aBfieHNs OLHOBPEMEHHO 3a3eM/IeHbl
Ha KOHTYp MOSIHME3aWMTbl rasopacnpegenmresisHoro nyHkra (puc.11.8).
LnameTp 1 TonWwmMHa CTEHKM rasonpoBoaoB - 200X6 MM, yaAenbHOe 3/1IeEKTpuYe-
CKOEe COMpOTUBIIEHME n3onaumMm - 100 OM'M? |, 06LLast MPOTSXEHHOCTb - 3000
M, Y[e/bHOe 3/IEKTPUYECKOoe conpoTusneHmne semnm - 20 Om-m.

[MycTb BXOA4HOE CONPOTMB/IEHME 3a3eMieHnsa 6yaeT paBHo Z, = 0,183 Om,
T.e. 3a3eM/IeHe UMEET KOH(Urypaumio 1 napameTpsl no puc.11.7,a. 3aMeHUM
ero 3KsMBa/leHTHbIM TPy60npoBoAoM Mo puc.11.7,6 ¢ napameTpammn Lye= 45
M, Use = 50X1 MM M pacyeTHbIM YAeNbHbIM 3/IEKTPUYECKMM COMPOTUBIEHNEM
N3019UNN Rz 5 = 1,4 OM'M?, 4yTo 06ecneymBaeT 3afaHne Z, ¢ NOrpeLlHocCTbo
mMeHee 1%. Yucno y3noB AMCKpeTu3aumm TpybonpoBogHOW ceTn - 17, B TOM
YnC/e Ha 3KBUBaNIEHTHOM TpybonpoBose - 4.

Pe3ynbTaTbl pacyeTa Mpu pas/IMYHbIX PeXXmMmax KaTOAHOWN 3aliMTbl pac-
cMaTprBaeMbIX TPYO60NPOBOAOB AN Y3108 1-8 npuBegeHsbl B Tab1.11.7.

Pe>xum 1. Tpybonposoabl 3a3emieHbl. [TonbiTka 3heKTMBHO, T.e. B HOp-
MaTMBHbIX npegenax - 2,5 < Uy, < - 0,85 B, 3auTnTb 3a3eMneHHbIn Tpybo-
MPOBOA, KaTOAHOMW CTaHUMeN, NOAKIHOYEHHON K Y3y 8, He fana pe3y/bTaroB
13-3a HeAo3allnThl B TOUKe cBA3mn (y3en 1, x = 0).

a) B) .
5 I 14 13 12 1234 . EJ X
_.__,.-__I . i M bk M A .
3 :':_I-'"{I- o
10

|z

I'l

Ol

Pnc.11.8. Masonposogpl 'l n M2 (a), cBA3aHHbLIE C KOHTYPOM 3a3eM/IeHUs
1 TP 2 v oTAeNeHHble 3aTeM M30NUPYIOLWMMU (PaHLEBLIMW COeLMHe-
HUAMU 3 C BO3MOXXHbIM LLUYHTUPOBaHMEM C MOMOLLbIO NnepemMblvek 4 n 5; 6
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- pacyeTHasi cxema, rae y3nbl 9..11 pacnonoeHbl Ha 3KBUBASIEHTHOM

Tpyb6onpoBsoae.
Tabnuuya 11.7
nnys-f .\ Pa3HoCTb noTeHumanos Tpyba-3emns, Usy, B, B
JI0B ’ Pas/IMYHbIX PeXKMMax 3aluTbl
1 2 3 4 5
1 0 -0,777 | -0,851 | -0,863 | -1,010 | -0,850
2 5 -0,997 | -1,144 | -0,863 | -1,013 | -1,146
3 15 |-1,063 | -1,231 | -0,864 | -1,018 | -1,242
4 50 |-1,124 | -1,313 | -0,867 | -1,041 | -1,360
5 150 | -1,171 | -1,375 | -0,875 | -1,105 | -1,520
6 500 | -1,261 | -1,495 | -0,910 | -0,929 | -1,208
7 1000 | -1,422 | -1,708 | -0,982 | -0,858 | -1,083
8 2000 | -2,500 | -3,141 | -1,493 | -0,850 | -1,070
Tok CK3, A | 179 23,8 8,5 6,9 13.1

Pe>knm 2. To >Ke, HO gonyllieHa nepesaiwimMTa. Ecnm Bce Xe AonyCTUTb
nepesawmty B y3ne 8 (x = 2000 m), To 414 TOro, YToObLI MOBLICUTL YPOBEHb
3aWwnThl B ToUKe X = 0 A0 Usay min = - 0,85 B, He06X04MMO YBENNUUTL TOK Ka-
TOHOM CTaHUUKN C ly; = 17,9 A 10 s = 23,8 A,

Pe>kum 3. 3asem/ieHne 0TKIOYeHO. OdeKTBHAA 3almTa obecneymBa-
eTCA Ha BCEM NPOTSHXKEHUN TPYOONPOBOAOB, MPUYEM C MasibIM TOKOM lg; = 8,5
A.

Pe>kum 4. Touka gpeHarka nepeHeceHa B y3en 5, 3a3eMeHnsa HeT. ELle
nydile, eCnn KaToAHYH CTaHLUMIO NepemMecTuTb 6mKe K LeHTPY Tpy6onpoBo-

na.

Pe>knm 5. To >Ke, 4TO0 1 pe>kum 4, HO ¢ 3a3emneHneM. V1 gaxxe 6e3 oTco-
eIMHEHMNS 3a3eM/IEHNS 3aLLUMUTY MOXKHO cUMTaTb 3NEKTUBHOWM, €C/IN KaTOHas
CTaHUMs pa3mMeLleHa B6nM3N 3a3eM/ieHnst (C TOYKON ApeHaxa - B y3ne 5). bo-
Nee TOro, Kak nokasas Aa/ibHenLmniA pacyeT, ec/in TOUKY ApeHaXka COBMeCTUTb
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C TOYKOW CBA3M C 3a3eM/IEHNEM, TO TOK - eLle MeHbLUE: C lg = 13,1 A OH CHU-
aetca oo .= 10,6 A.
Takum 06pa3om, AN KaToAHOW 3alluTbl

XY)KE He TO 3a3eM/IeHNe, KOTOPOEe PSiA0M, a TO, KOTOPOEe Ha Nepudepun.

BopoHka Hanpsa>keHus.

[MpucyTcTBME 3a3eMeHNs Ha TPyb6oMnpoBoAe OO6Hapy)XMBaeTcs Mo Hanu-
Yo “BOPOHKM HanpsxeHusA”. Ha puc. 11.8,a noKasaHO M3MeHeHne pasHoCTU
noTeHuwanos Tpyba-3emna (U) 3a3emneHHOro B Touke X = 0 Tpyb6onpoBoaa
MNpu M3MePeHWW, Hanpumep, BbIHOCHbLIM 3/1EKTPOAOM. Hanmume 3a3emsieHus
BecbMa OLyTMMO: noteHuman U HenocpeacTBeHHO Haf 3a3eM/ieHneM npuob-
peTaeT NonoXnTesnbHOe cMeLleHne pasHoe U, - U, = 0,29 B.

O Ha/IMunn 3a3eM/eHUsi CBUAETENbCTBYET N BECbMa 3aMETHbIN rpaaneHT
noTeHUmana 3eMnn j ,. Tak, NoTeHUMan 3emMnn. HENOCPEACTBEHHO Haf, 3a3eM-
NeHvneM paBeH | ; = - 0,44 B (pnc.11.8,6). O4eBnaHO, TOUKa HaL 3a3eM/IeHNeM
MMeeT Hanbonee O TPULATENbHbIA NOTEHLMAT.

a) b)
“50 0 50 100 150 x,m 0 50 100 150¥,m
L e ) e e ) L 1 N
0,7 0,1
88
= -0,3 opH x=0, z=0
-1,0 alalf ’
i e
ips, B

Punc.11.8. lMapameTpbl “BOPOHKN HaMpsXKeHWUs” BOMM3N TOUKM 3a3eM/IeHNs
Tpy6onposoda: 1 — npy HaMunKn 3a3emsieHns, 2 — Npu ero OTCyTCTBUM.
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11.3.3. MHOrokpaTtHo 3a3emM/ieHHast TpybonpoBoaHasa CeTb

["OpoACKMe rasonpoBo/bl Ha BBOAAX B XWJ/ble AOMa - 38 CUET CBA3EN C He-
N30NIMPOBaHHbLIMM OT 3eM/IM COOPYXKEHUAMM - 3a3eMNA0TCA. Ha TeppuTopusax
C NJIOTHOW 3aCTPOMNKO MOXKHO CUMTaTb, YTO TaKMe CBA3WN pacrpesesieHbl B ce-
TV paBHOMepHO ¢ wwarom 30...100 m, MMes B BUAY PacCTOAHNA MeXAay Nnoabes-
[AaMy JOMOB M COCEAHUMW AOMaMK. 3ameHa KaXKAoro u3 3a3eM/eHnin OTAeNb-
HbIM 3KBMBa/IEHTHbIM TPYO6OMPOBOAOM BpAL Nn LenecoobpasHa. [loatomy
MOXHO NOCTYNUTb C/eAyroLUM 06pasom.

MycTb B TpybonpoBoaHON cetu ¢ warom L, (puc.11.10,a) pacnpeneneHsi
3a3eM/IEHNS C BXOAHbIM CONPOTUBNEHNEM MO “G/M3KON 3eMne” Z, . 3aMeHUM
OTPe3oK L, 3a3emsieHHOro TpybonpoBofa 3KBMBaIEHTHbLIM TpPYyb0ONpPoOBOAOM
TaKOW e ANMHbI, HO 6e3 3a3eMneHns (punc.11.10,6). PeasibHas MHOroKpaTHO
3a3eM/ieHHasa TpybonpoBoAHAA CeTb 3aMeHSAeTCd, TakuM 00pa3oM, 3KBMBa-
NEHTHON TPY6OMPOBOAHON CETLHO, OTINYALOLLEIACS OT peasibHOM TOMbKO NNLLIb
BE/IMYMHOIN YAENbHOIO 3M1eKTPMUYECKOr0 COMPOTUBIEHNA U30NAUNN Rz 5 W,
pasymeeTcs, OTCYTCTBMEM 3a3eM/IEHNS.

[N9 YNCNEHHOIN OLEHKM pacCMOTPUM y4yacTok L, puc.11.10.

[1prmep pacyeTa 10

MycTb L, = 60 M, UTO XapakTepHO 414 rasonposoia B ropoACKOM >KNIOM
MaccuBe CcpeaHeil NIOTHOCTWU 3acTPOMKW. pumem amameTp Tpybornposoaa
paBHbIM d = 200X6 MM, yae/ibHOe 3M1eKTPUYECKOe CONPOTUBIIEHNE TPYHTA - I =
20 OM'M 1 onpeaenum, KakoB BKNag B BEIMYNHY R; 5xg IKBUBANIEBHTHOIO TPY-
6onpoBofa BHOCUT BeNMYMHA BXOAHOI0O COMPOTMBIIEHNSA 3a3eMeHNs Zy npu
pa3IMYHOM KayecTBe M30M1AUMN peasibHOro Tpybornposoda R, 3agaammcs
BECbMa LLUMPOKUM AnanasoHoOM M3MeHeHUA R,; U Zy U BbIYUCIUM 3HAYEHUS
Russks M0 METOAMKE, U3NTOXKEHHOM BbIle (CM. opmyny (11.5)).




281

a) 6

I bz =Lz —

1 L Ryz M Rz sue
s i

Puc.11.10. PacyeTHaa cxema Mnpyv MHOrOKpaTHO M paBHOMEPHO
3a3eM/IeHHOM TPy6onpoBo/e (a) 1 OTPe30K 3KBMBA/IEHTHOIO TpY-

6onposoga (6).

Ha puc.11.11 npuBefeHbl rpadvkn Ry, s KakK QYHKUMK R,; 1 Zy. Oue-
B1HA BeCcbMa cfiabas 3aBUCUMOCTb Ry; s OT Rys . OTO NO3BONSET cAenaTh Ka-
3a10Cb Obl NapafoKcanbHbIA BbIBOA NO MOBOAY TPeOGOBaHWMA K KavyeCTBY W30-

NALUMK peanbHbIX TOPOACKUX ra3onpoBOAOB:

HeT CMbICNa 60pOTbCA 33 BbICOKOKAYECTBEHHYH M30MALMIO, €Cu

TPY60oNpoBO/bI 3a3eM/IEHbI HA BBOAAX B 3[aHWA.

JTO TeM crnpasefMBee, YeM MeHbLLEe BXOAHOe COMPOTMB/IEHME 3a3eM/ie-

HUA Zy.

Rz sxe En=5 Om

Ormad |
_ Z,=1 Cme
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Zoy= 0,1 Cm

1 il v nn By
100 1000 10000 Croad

Puc.11.11.YpenbHoe 3anekTpuyeckoe
COMpPOTMB/IEHNE W30M1ALMN  IKBUBA-
NneHTHoro TpyéonpoBoda (Ryssks),
3aMelLalowero peanbHblil ¢ yaesb-
HbIM COMPOTUBNEHNEM R,;, KOTOPbIN
paBHOMepHO C wWarom 60 M 3a3em-
NIeH yepes ConpoTuB/EHNE Z,
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Pa3ymeeTcs, 3T0 He eCTb PeKOMeHAauums K rnosHomy 6e3pasnnumio npwu
YCTPOWCTBE MU30N5UUK TpybonpoBoda. XyXKe U30MaUms - 60/bLie KOPPO3UOH-
Hble NOTepU 1 60/bLLE TOK 3aLLUNTBI. Peub MAET HE O CHKEHMM TPeboBaHMI K
KayecTBY M30M1ALNN, @ O HEO6XOAMMOC T NPUMEHEHUS N30NNPYIOLWNX dnaHue-
BbIX COEAMHEHWIA Ha BCEX BBOJAX ra3onpoBOOB B 3A4aHWNS U COOOPYIXKEHUS.
YctaHosunB IPC, MOXHO cuntatb Npobsiemy 3X3 peLLeHHOM.

3TOT BbIBO/, NOXaNyin, Tenepb He NOANEXUT COMHEHNIO. K coxXaneHuto,
B peasibHbIX TPYBONPoBOAHbIX ceTaX P C ycTaHOBMEHbI - TaK CNOXMMNOCb UC-
TOPUYECKM - Aaneko He BCeX ra3oBbIX BBOJAX.

A, HakoHel, cnefyeT o6paTuUTb BHMMaHWe Ha abCOMOTHbIE 3HAYEHUA
Rysse- OTOpacbiBas KpPamHOCTM, MOXKHO MonaraTb, YTO 15 < Rysae < 150
OMM? - ecTb Hanbosnee BEPOSTHBIN AMANa3oH U3MEHEHUIM OAHOrO M3 CaMbIX
HeonpeaeneHHbIX PacYeTHbIX NapamMeTPoB CETEBOWN 3afayuun - yAe/bHOro 3/eK-
TPUYECKOro CONPOTMBAEHNA U30NaUMN. Halim nosesble U3MepeHns nokasanu,
4YTO 3HayeHns Zy ANs rOpPOoACKMX rasornpoBOOB HM3KOro AAB/IEHMA NieXaT B
npegenax Zy=1,8 £ 0,75 Owm.

TakuM 06pa3om, ecnn Bbl MOTPATUAN YCUNNA N CPeLCcTBa Ha M3roToB/e-
H/Ee BbICOKOKAYeCTBEHHOW M30M1ALMKN, HO CIKOHOMWUIN HA YCTAaHOBKE M30/U-
PYIOLLWMX (riaHLes, To npu Ry, = 1000. OMM? 1 Zy = 1 OM (OTAMYHaA 130Ns-
umal) akTnyeckn Oynete 3allMwaTb TPy60npoBoa, MMEKLWMNA Ry ;e = 50
OM'M?, UTO 03Ha4aeT, YTO Bbl MOTPATUTECH ELLE Pa3 - Ha SKCMyaTauuy 3aLLm-
Tbl, TaK KaK TOK 3aluTbl 6yfeT npesbilaTb Tpebyembli B 20 pas.

CKynoW nnatuT ABaXapl.
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[naBa 12. >Kene306eTOHHasA KOHCTPYKUMA KakK
3KBMBasIEHTHas TPYyobonpoBoAHas CeTh

12.1. ApmaTtypHas ceTb »esie306eToHa

MeTanIMyeckme 3NeMeHTbl TaKMX >KeNe300eTOHHbIX KOHCTPYKUMIA Kak
CBaiHble ONOpPbI 34aHNUIA U COOPYXXEHWIA, TEHTOYHbIE U CM/OLWHbIE (DYHAAMEH-
Tbl, ONOPbI MOCTOB, OrPaXAEeHUs MMAPO- U OYUCTHBIX COOPYXKEHWIA, XKene3o6e-
TOHHbIE TPYObI U T.[. MOTYT ObITb NOJBEPXKEHDI:

- COBCTBEHHOW KOPPO3UK, MPUYEM C paspyLLUEHNEM KaK MeTala Tak U OK-
PY>KatoLLEro Nx LEMEHTHOIO KaMHS;

- BO3AENCTBUIO BY>KAAOLWMX TOKOB U TOKOB COCEAHUX YCTAaHOBOK 3/1€K-
TPOXUMWYECKOW 3aLLNTbI;

- B/IMSIHUIO COCEAHMX METAIIMYECKMX COOPYXXeHWn Gnarogaps obpasosa-
HUIO C NX y4aCTUEM NPOTSKEHHbIX KOPPO3UOHHBIX Fra/lbBaHUYECKUX nap.

[Mo3TOMy NpW PacCMOTPEHWUM NPUUUH KOPPO3MKU M NapameTpoB 3alUThbl
ceTer MOA3EMHbIX METa/INIMYECKNX TPYOONPOBOAOB, 0COOEHHO B ropofax 1 Ha
TEPPUTOPUAX MPOMbILLMIEHHBLIX NPEANPUATWIA, HENb3S UTHOPMPOBATb HanMune
apMaTYyPHbIX CETEN MHOXECTBA BCEBO3MOXHbIX YKE1e300€TOHHbIX KOHCTPYK-
LM, OCOBEHHO eCnN yYeCTb, YTO 3afadva pacyeTta pacrnpefeneHns Toka B ap-
MaTypHOI ceTu - ofiHa M3 Pa3HOBWAHOCTEN CETEBOWN 3afayu, NpeacTaBieHHON
B rnase 6.

[eACTBUTENbHO, HE WMEET 3HayeHus, M3 KaKUX 3/1eMEHTOB MOCTPOEHa
CETb NPOBOJAHUKOB C YTEUKOW - U3 TPYO UM CTEPXKHEN - NnLb Obl 3Ta CETb
MMeNa 3NeKTPOXMMMYECKYHO CBSA3b C OKPYXKatoLLEn cpeaoit 1 bbina rasbBaHu-
YeCKW eflMHa. BETOH, OKPY)KatoLLMIA apMaTypHble CTEPXKHW, B MOKPbIX M BaX-
HbIX cpefax NPOBOAUT 3MIEKTPUUECKUI TOK HE XYXKe 3eM/I1, MOCKO/bKY GETOH -
MOPUCTbIV MaTepurarn.

Mof Koppo3meit Xene3o6eToHa NOHNMaKOT



284

- 3/IEKTPOXUMUNYECKOE PACTBOPEHME METANIIMYECKMX 3/IEMEHTOB - apMary-
Pbl Y Pa3IMYHbIX 3aKNaiHbIX AeTaNeNn;

- XMMNYECKOE N MEXAHO-XMMWNYECKOE pa3pyLLEeHMe BETOHa.

O6a Buaa paspyLLeHMs CnocoBCTBYHOT ApYyr Apyry. LIEMEHTHbIN KameHb,
OCHOBa KOTOPOro - MMAPOOKMCh KaslbLMs, MOXET paspyLlatbca ¢ 06pa3oBaHu-
eM WM PbIX/bIX BELLECTB, KOTOPbIE Aasiee BbIMbIBAOTCA BOAOW, WK, Harpo-
TUB, KPUCTANINIOB COJE B MOpaX, BbI3bIBAOLLNX pacTArnmBatoLLee 1encTBMe Ha
OETOH W NosABNEHNE TPELMH. U TO n apyroe - rybuTeNnbHO Ans CTa/lbHOW ap-
MaTypbl: 00pa3yroTCs KaHasbl A1 40CTaBKM BOAbl M KMCNOPOJa U HauYMHaeTCA
3IEKTPOXMMMYECKWNIA NPOLECC pa3pyLLEHMS METaa.

CnnoLwHoi cnoi 6eToHa BOKPYr apMaTypbl - CBOeobpasHas aHTUKOPPO3u-
OHHas n3onaums. HecMoTpsa Ha To, YTO BETOH - NOPUCTOE TeNo, KOTOPOe K To-
MY YK€ MOXKET ObITb NOIHOCTbIO HACLILLEHO BOMON, 3/1EKTPOXUMUYECKAs KOp-
PO3U1S Ha MOBEPXHOCTWN apMaTypbl He Hab4aeTCcA, ecn 3aWnTHBIA Croin Ge-
TOHa AOCTATOYHO TO/CTbIN, eCN 6ETOH A4OCTATOYHO MJIOTHBIIA, €CNIN OCHOBHbIE
KOMMOHEHTbI XMMWYECKN CTONKM U Np. Ho camoe rnaBHoe 3allMTHOe CBOMCTBO
OeTOHa - ero BbICOKas LWENOUYHOCTb, O YEM ~ HUXKE.

12.2. BeTOH KaK 3M1eKTpOoNpoBoAHas cpefa

BeToH npeacTaBnseT co60iM TpexdasHyr CUCTEMY - TBepPAblA Kapkac,
YXNIKOCTb M BO3AYX, T.€. OH SIBNSIETCA KanunisgpHO-NMOPUCTbIM TENOM.

Teepgas hasa COCTOMUT M3 Mecka W LEeOHS, CKNEeHHbIX MexXay coboi
npopearnpoBaBLUMMK C BOJOA YaCTMUKaMW, Hanpumep, cuaMkata Ka/bLus
n'Ca0SiO, - B cnyyae NpPMMEHEHMA LUMPOKOPACMPOCTPaHeHHOro nopTiaHa-
LLEMEHTAa, 0 KOTOPOM B OCHOBHOM W MOWAET peudb Huxke. IMNopucTocTb 6eToHa
M3 NopTnaHALeMeHTa cocTaBniseT He MeHee 25% OT BHeLUHero obvema rug-
paTHbIX HOBOOGPa30BaHWI.

CneflyeT 3aMeTUTb, YTO 3EMSAHOW TFPYHT - 3TO TaKXke KanunnspHo-
nopuctoe Tenio ¢ o6vemom nop ot 30 % (necok) o 90 % (Topd), uTO AenaeT
FPYHT 1 GETOH NPUMHLUMMMANBHO HEPA3NMNYMMbIMU C TOUKK 3pEHNS creunanm-
CTa no 9X3.

Bo3gywHaa hasa B nopax 6eTtoHa npeactasfieHa KOMMOHEHTaMW OKpY-
XaroLein atmocdepsl. Knucnopog, nonasLwimnii B Nopbl NPy U3roTOBEHUN U Ne-
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PEMELLMBAHMN LIEMEHTHOrO TeCTa, OCTaeTcs B 6e34eiCTBUM A0 TeX Nop, noka
He OyfeT BOCTpeboBaH BO3HMKLLEN MO KaKUM-M60 NpuUMHaM KOPPO3VOHHOM
Mapou, rae KUCNOPoA HY)XKeH A4 KaTo4HOro npouecca. 1 korga Koppo3voH-
Hbli1 Npouecc Ha MeTanne B rnybuHe GeTOHa BCE XXe BO3HUK, TO KUcnopoaa
OyfAeT [OCTaTOYHO A/1A MOAJep>KaHusA rpolecca, MOCKOMbKY npobnema ero
NOCTaBKM M3 aTMOC(epbl 3a CHET ANQGY3MM HUYEM He OT/INYAETCA OT aHaslo-
FMYHbIX MPO6GAemM AN FPYHTOB, F4e O MOHOM TOPMOXEHMM KOPPO3MOHHbIX
MPOLLECCOB M0 3TOW NPUYMHE HE MOXKET ObITb N Peyn.

Xungkaa asza - 370, B OCHOBHOM, HaCbILWEHHbI pacTBOP TMAPOOKMCK
Kanbums Ca(OH), B Boge, nonasLUein Mo pasHbIM JM3NYECKUM NPUYMHAM B
nopbl 6eToHa. Bofa npucyTCTBYeT TakXe 1 B XMMUYECKM CBA3AHHOM BUAE Kak
yaCTb rMApaTMpPOBaHHbIX MOHOB, U B BMAE afCOpPOUMOHHOW Bnarn. B 6eToHe
MeCA4YHOro Bo3pacTa KO/MYECTBO XMMMWYECKWN CBA3AHHO Bnarv COCTaBNseT
npumepHo 70% , a manyeckn ceszaHHoW - 30% Bofbl 3aTBOPeHUs. bnaroga-
PA CBSA3AM MeXay rnopaMu W MycTtoTamu, 3amno/iHeHHbIMW BOAOW, OETOH -
3/IEKTPONpoBoAsLLee Teno. B Xunakoi ase cogep)kaTcsi B OCHOBHOM WOHbI
Ca™ un rugpokcuna OH™ , obpasyroLme ruapooknch Kanbuus Ca(OH),, 1 - B
MEHbLLIER cTeneHn - noHbl AlO,™, SiO3 °, SO, ™ 1 FeO, .

[MOCKONbKY KOHLEHTpaLUmMa OCHOBHBIX MOHOB B XKMAKOW (ha3e LleMEHTHOro
KaMH$ U3 NnopTiaHALemMeHTa pas/inyHbiX COCTaBOB MPUMEPHO OAMHAKOBA, TO U
YAeNIbHOE 3/IEKTPUYECKOE CONPOTUBMEHNE XMAKON (a3bl 00bIYHO KOnebnercs
He3HaunTenbHO U HaxoauTca B npegenax r = 1...100 OM'M, YTO OYeHb XOPO-
IO coBMafjaeT C [Avana3oHOM W3MEHEHWS peaslbHOM BeNNYWHbLI YAENbHOro
3/IEKTPUYECKOro COMNPOTUB/EHNA Hanbosiee pacrnpoCTPaHeHHbIX TUMOB FPYH-
TOB.

CneposatefnibHO, eciv He 3afaHbl 60/Mee TOYHble CBefeHNs 00 yaenbHOM
3/IEKTPUYECKOM COMPOTUB/IEHMM PACCMaTPUBAEMOrO Xene306eToOHHOro Co-
OPY>XeHMS B 3eM/ie, TO MOXHO MPUHATb, YTO I GeTOHA PaBHO '  OKpy>Kato-
LLiein cpeapl.

Andgysus B Teno 6eToHa MOHa X10pa, ec/iv OH MPUCYTCTBYET B OKPY-
XKatoLLeil BOLHOW cpefe, MOXKET YMEHbLUUTb 3/1EKTPUYECKOe COMpPOTUBIEHNE
XNaKon hasbl B 3...5 pas.

BcneacTBume HacblLeHNs 6eToHa noHamm Ca™ 1 OH™ xuakas (asa nmeet
SIBHO BbIP@XEHHbIW LWeNoYHOW xapakTep. Mo MHOro4YnCNeHHbIM JaHHbIM BO-
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[OPOAHBIA NOKa3aTeNb XWAKON (hasbl 6eTOHa HaxoauTcs B npefdenax pH =
12,2...12,7, B TO BpPeMs KaK Ans rnoyuseHHou snarn pH = 6,5...7,5.

LLLeNnoYHbIA XapaKTep NOpoBoOW Bnarn 6eToHa ABNSETCA MPUUNHON BbICO-
KO KOPPO3MOHHOW YCTONYMBOCTY apMaTypbl U LEMEHTHOrO KamHs. 3TO He
OO/MKHO NOKa3aTbCA YAMBUTENbHBLIM, MOCKO/bKY eLle B MepBblX rnasax Obl/1o
OTMEYEeHO, YTO MPOLECC HAa KaTOAe COMPOBOXAAETCA MOJLLeaynBaHNemM cpe-
abl. MycTb WenoyHas cpefa accoLumpyeTcsi C HEKOPPO3MOHHOIN Cpefoil.

YacTo roBopsT, 4TO B WEN0YHOI cpede npu pH >11,8 meTann nepexoamt
B MacCMBHOE COCTOSHME C MPM3HAKaMM MOYTU MOMHOrO OTCYTCTBUA KaKuX-
NGO KOPPO3MOHHLIX MPOABEHMA. [1o3TOMy t060e MPOHUKHOBEHUE B MOpbI
6eTOHa BELLECTB, CHDKAKOLMX LENYHOCTL MOPOBO Bnarv OT 11,8 1 Huxe,
BeleT K YCUNeHUo Kopposuu. K TakMM KOPPO3MOHHbLIM areHTam OTHOCAT
peXxae BCEro MOHbI Xopa 1 yrnekncnblii ras. Kak Tonbko B Kakom-n11bo mec-
Te CHWXKAeTCH LLEeNOYHOCTb, TYT XKe U3MeHSAETCA MoTeHUMan MeTasna B 3TOM
MeCTe W BO3HWKAEeT KOPPO3MOHHaa napa. B paboTy BCTynaeT OCHOBHOM areHT
KOPPO3MK - KNCNOPOJA, BCerfa 0XKuaatoLLmii CBOEFO BPeMeHM B TO/LLEe BGeTOHa.

CKOpOCTb NPOHMKHOBEHMA ras3oB, U MPeXx/e BCero K1Caopoaa, B Teno be-
TOHa CBfi3aHa C BOAOHACHILLEHHOCTLIO MocsieaHero. Ecnmn Bce nopbl 3anosHe-
Hbl BOAOW (MOABOAHbLIE KOHCTPYKLMKW), TO ANDPPY3MA KMcnopoda MOXET ObiTb
Ha TpWU nopsaka MefneHHee MOo. CPaBHEHUIO AMDMY3Med npu BO3LYLUHO-
B/IQYKHOCTHOM COCTOAHUW. N0/Has BOLOHACHILLEHHOCTb MOXET MpaKTUYecKu
MOMIHOCTHIO 3aTOPMO3UTL Pas3BUTUE KOPPO3MK apMaTypbl. B To Xe Bpems Kop-
PO3US MPEKPALLLAETCs NPU CHMKEHUN OTHOCUTENIbHOW BNaXKHOCTW BO3A4yXa [0
60 %.CnefnoBatenibHO, HamMbosee arpecCMBHLIMU MOXHO CUMTATb BNA>KHbIE
OeTOHbl BO BNAXHbLIX FPYyHTaxX, YTO B 0OLiEM He MPOTUBOPEUNUT 34paBoMY
CMbICAY.

12.3. INeKTPOXNMUNYECKME NapamMeTPbl apMaTypbl

12.3.1. DNeKTPOXUMUNYECKNIA MOTEHLMA

Bbicokas LLENOYHOCTbL 6GeToHa 06ycnaBnMBaeT BbICOKWW MOTEHLMAN
CTa/lbHON apmatypbl. VI3BECTHO, UTO 3NEKTPOXUMUYECKUIA MOTEHUMAN CTaiu
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YBE/IMYMBAETCA B MNOJIOXKUTENLHYIO CTOPOHY NpumMepHo Ha +0,06 B ¢ yBennye-
Hnem pH cpeapbl Ha eanHULY, T.€.

DJ= 0,059 pH , (12.1)

roe OJ - cMmelleHe NoTeHUmMana CTanbHOro 3/1eKTPoAa OTHOCUTENbHO CBOErO
CTalUMOHapPHOI0 COCTOSHWS.

Tak, NoTeHUMan apMatypbl B LEN0YHOM cpeae npu pH=13 6yageT nono-
YKUTe/bHee MoTeHUMana Takoro e CTa/lbHOro 3/1eKTpofa B HelTpasibHOW
cpefe (Mpu pH=7 n Tex e Pusnyeckunx ycnosusx) Ha sennumHy 2J = 0,35 B.
370 - 0fiHa M3 OCHOBATE/bHBIX MPUYMH BO3HUKHOBEHWSA CEAYHOLLMX KOPPO3U-
OHHbIX ranbBaHonap:

- CTa/1b B BETOHE - CTa/lb OTKPbITas;

- apamarypa nog CrioWHbIM C/I0eM 6eTOHa - apmaTtypa nof cfoem 6eToHa
B TPELUMHaX;

- OTKPbITbIA TOpeL, 3aKnagHoW MeTalInyYecKon AeTanu B GeTOHe - Teno
3TOW AeTann B TO/LLE GETOHa U np.

Bo Bcex nepeyncneHHbIX cy4vasax cTaNb B 6eToHe paboTaeT KaToAoM,
a CTa/lb OTKPbITast - aHOAOM. TakK, eCi OTKPbITbIA CTa/IbHO 3/1EKTPO UMEET
noteHuwan j , = - 0,55 B, T0 noA cnoem 6etoHa j « = - 0,2 B. Bo3MOXHbI ©
NHble 3HAYEHMS MOTEHLUMAN0B B 3aBUCUMOCTU OT (PU3NKO-XMMUYECKUX YCNO-
BUIA OKPY>KatoLLel cpeapbl.

12.3.2.KaTogHoe nonspusaumoHHOE CONpPoTUBIEHME

Ha puc.12.1 npuBefeHbl TUMMYHbIE NMONAPU3ALIMOHHBIE XapaKTEPUCTUKM,
CHATbIE Ha CTa/bHOM 06pasLe Mog croeM 6eToHa. KaTtogHoe cMeLeHne mo-
TeHUMana, BbI3BaHHOE TOKOM MIOTHOCTbIO j = 100 MA/M?, NMPUMEPHO PaBHO
0J, = -0,3 B. 3T0 COOTBETCTBYET KaTo4HOMY Yyae/IbHOMY MOMAPU3aLNOHHbIE
CONpOTMBAEHNO P, = 3 OMM® Tlpy NAOTHOCTM TOKA MeHbliue 100 MA/M?
NonAPM3aLMOHHOE CONPOTUBIEHNE BObLLE.

C BENNUMHON YAENbHOTO KaTOAHOrO MOMSAPU3aLMOHHOrO CONPOTUB/IEHNS
nopsgka Py = 2...4 OMM? Mbl Y>Ke BCTPeYa/IMCb NMPY 060CHOBAHUM PaCUETHbIX
NapameTpoB A/ BbIYMCEHNS MOMAPU3ALMOHHBIX MOTEHLMAI0B Ha TPy6onpo-
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BOAAXx, T.e. MPW aHann3e NonsPU3aLMOHHbLIX ABMEHUA Ha OTKPLITON MeTan/um-
YECKOI NMOBEPXHOCTU B HeWTpPasibHbIX cpefdax (M. rnasy 6). Cyas no cpaBHM-
BaeMbIM [aHHbIM, KO/IMYECTBEHHbIE Pa3NYMs NapameTpPoB KaToAHOI nonspu-
3aLMOHHON XapaKTEPUCTUKKN CTaln B HEUTPA/IbHO U LLIENOYHONM Cpeaax Hese-
NNKMN.

AUE

A2k

0.3} ale
-I:I.ld" .

i //“jfnjn/ﬂtuu 600 800 ), mA/M?
04

0z} AU,

1,2}

1,61

Puc.12.1. Tunn4yHble aHo4HAaA W KaToAHaA NoNApU3aLMOHHbIE XapaK-
TEPUCTUKM CTa/IbHOTO 3/1eKTpoAa B 6ETOHE 13 NopTIaHALeMeHTa

[M03TOMY MOXXHO MPUHUMATL: B KayecTBe pacyeTHOro napameTpa Ans ap-
MaTYpPHbIX CETOK BEe/NMYMHY YAENbHOro KaTOoOAHOro nonspusaunoHHOro Co-
NPOTUBNEHNS 6/N3KYIO K P =3 OMM?.

12.3.3. AHoaHOe nonspusaLnoHHOe CoNpoTMB/IeHNE

13 kpuBoii U, puc.12.1 cnemyeT, uTo NAOTHOCTM TOKa j = 200 MA/M? co-
OTBETCTBYET aHOAHOe CMeLLeHMe noTeHUmnana npumepHo 2J, = 1 B v yaenb-
HOe aHOoZHOe NonApu3aLnoHHOe ConpoTMBEHNE P, =5 OmMM>.

AHOHOe NoNspPn3aLMOHHOE CONPOTUB/IEHNE CT/IbHOTO 3/1eKTpoga B be-
TOHEe UMEET SIBHYK OCOOEHHOCTb: ero Be/IMYMHA Ha OfMH-ABa nopsaka 60/b-
e, yem P, AnA CTa/IbHOr0 OTKPLITOr0 3/1eKTpoa.

KakK M3BECTHO, CBeXe3auulleHHass NMOBEPXHOCTb aHola B HEeWTPasibHOM
cpefie MOXeT umeTb P, = 0,1...0,5 OMM?, B TO BpeMsi Kak rog, c/i0em 6eToHa
P, > 5 OMM?. HO 3TO He MOKaXKeTcsl YAUBUTENbHBIM, ECIY UMETb B BUAY, UTO
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MMEHHO BbICOKOE NOMAPM3aLNOHHOE COMPOTUB/IEHNE - CBUAETENLCTBO BbICO-
KO KOPPO3WOHHOW CTOMKOCTM MeTaslfia U ero CnocobHOCTM K camonaccuea-
uun. Takass 0COGEHHOCTb MPUCYLLLA BCEM CTa/lbHbIM 3/1EKTPOAaM, HaxXOoAALWMNM-
CA B LLLENI0YHOI cpefe.

TakuM 06pa3oM, AN XKene3o6eToOHHOM KOHCTPYKLUMK C OrofieHHOW apMa-
TypoW, paboTatoLLen aHOOM, BeNMUNHY P, cnefyet nNpuHUMaTb MHOMO MeHb-
LLIEI, YeM A8 apMaTypbl N0/ HAAEXHbLIM C/IOEM GETOHA.

12.4. ApmaTypHas ceTKa Kak 3KBMBasileHTHas TpybonpoBogHas
CeTb

[MOoCKOMbKY apmaTypHas CeTKa SBNSAEeTCA Le/IbHOM CBapHON KOHCTPYKLUM-
e, TO ee MOXKHO paccmaTpuBaTh Kak CeTb NMPOBOAHUKOB C YTEYKOW U pellatb
ee B COOTBETCTBMM C Teopumei rnasbl 6. Torga B nporpaMmmMax naketa APM-
3X3-7I1 Be3ne nofd TeEPMUHOM “Tpy6onpoBo4d” cneflyeT NMOHUMATb CTEPXEHb
apmatypbl AnameTpom d 1 TONWMHOWN CTeHKM t = d / 2. Y aenbHOe ConpoTuB-
neHuns msonaumm (Ry;) Takoro TpybomnpoBOoAa [A0/MKHO COOTBETCTBOBATH
yAeNbHbIM NOMAPU3aLNOHHBLIM CONPOTUBEHUAM P, 1 P, apmatypbl.

KoHMrypauuo sKBMBasIEHTHOW TPYOOMPOBOAHON CETU - YXKE Mpu ee
hopMmpoBaHUN - LIeN1Ieco0bpasHO MpPeacTaBuTb, NO BO3MOXHOCTU, Gonee yri-
POLLEHHOI. PaccMoTpuM CUTyauuu, BO3HMKaIOLLME MPU NOCTPOEHUN pacyeT-
HbIX CXEM 3KBMBA/IEHTHbIX TPYOOMPOBOAHbIX CETEN.

12.4.1. TlyyeK 13 CTePXKHeN
Myyek 13 N NpyTKOB ANaMeTPOM d.;, CBAPEHHbIX BMECTe M 06pasyoLLnX
e[INHbIA CTEPXKEHb, LIeNecoobpasHO 3aMEHNUTb OHWM 3KBMBaNlEHTHbIM TPy60-

MPOBOOM ANAMETPOM

d = hnde, (12.2)
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roe h - KoahMUMEHT 3KpaHUPOBaHWUA, AN KOTOPOro MOXKHO MPUHSATL Crie-
ayrowme 3HaveHma: npun=2 h=09, npun=3 h=0,88, npu n=4 h =
0,85.

Byagem nonaratb, YTO yaenbHOe (MOBEPXHOCTHOE) COMPOTMBIIEHWE W30/~
umn (Ry; ) NPYyTKa M 3KBUBWANEHTHOIO TPYOOMNPOBOa PaBHbI APYT APYTY.

12.4.2. CeTKa yyacTKa KOHCTPYKLMN

PaccMOTpUM XapaKTepHbIA Y4acTOK apMaTypHOW CEeTKM MPOTAXKEHHOI
KOHCTPYKUMK, NMest BBUAY NOCTAHOBKY W pPeLLeHne ABYX CeAyroLmxX 3adad.

A. ViccnegoBaHue pacnpefeneHns NoKanbHbIX TOKOB MEXAY CTEPXHAMY
CETKM, Hanpumep, Npu ee rasbBaHUYECKOW HEOAHOPOAHOCTU WM NPU MoA-
KNOYEHUW K KaKOWi-IM60 TOUKE BHELLIHEr0 MCTOYHMKA TOKa.

5. OnpefeneHve nNapamMeTpPOB SKBMBA/IEHTHOTO TPY6OMpoBoga, 3ame-
LLIAOLLIErO YYACTOK CETKMN U BCHO CTPOUTE/BbHYIO KOHCTPYKLIVIO B LIE/IOM.

Mpu pelieHMn 3adaum A SKBUBaNIEHTHas TPYOGOMNPOBOAHAsA CETb, 3ame-
LLAoLLLAs CeTKY, A0/MKHA MOAENNPOBATL 3Ty CETKY A0CTaTOYHO MOAPOOHO, HO
He fAeTanbHO. Tak, Lienecoo6pasHo rpynnupoBaTh MonepeyHble MepeMblUKm
MEX/Y NMPOAO/bHLIMU CTEPXKHAMU B MYUYKU W BKIHOYATb 3TU MYUYKU TONMbKO B
y3nax AUCKPEeTU3aLMmn. Bo3MOXHbI U Apyrie YNpoLEeHUs, eC OHWU NOATBEp-
XKAAKTCS YMCNEHHBIM SKCNEPUMEHTOM.

Mpn NOAroTOBKE PacueTHOW CXeMbl A/ FasibBaHUYECKN HEOAHOPO/HOVA
CETKM ONpefensitoT - UCXOAs M3 YCNOoBUIA ee paboThl - KaTOAHble U aHOAHbIE
061acTi, BBOAAT B Y3/bl AWCKPETM3ALMN COOTBETCTBYHOLLUME CTaLIMOHAPHbIE
NOTEHLMA bl M Ha3HAYalOT YAe/bHble NOMAPU3ALMOHHbIE CONPOTUBEHMS.

Huxe, B npumepe pacyeTa 1 faHbl HEKOTOPbIE MPAKTUYECKME PEKOMEH-
AaLymn, NonyYeHHble NP PeLLeHn 3aaaum A.

PelleHue 3aaaun B 1 COOTBETCTBYHOLLME NPUMEPbLI PACCMOTPEHbI AaNee.

[Mpumep pacyeTta 1

ccnemyem TOKM KOPPO3MK apMaTypbl XKene3o6eToHHOM cBaun no puc.12.2
anvHoin 10 m, ceyeHnem 350° 350 MM, MOrPY>XEHHOW B 3eM/KO C YAeNbHbIM
3NEeKTPUYECKNUM conpoTueneHnem r = 20 OMM. ApmaTypHasa CeTKa MMeeT Mo-
nepeyHnk 300" 300 MM, BbINO/HEHA M3 CTEPXKHEN 20 MM AMaMeTPOM, KOTOpbIe
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06beNHeHbI NOMepeyHbIMI CBA3AMU, pacrpeeneHHbIMU paBHOMEPHO. byaem
nonaratb, YTO Ta WM MHas YacTb CBau MOKPbITA TPeLMHaAMN U 30ecb apMary-
pa pa6otaeT aHogoM (j , = -0,4...-0,6 B = var, P, = 2 ...0,2 OmM?* = var), a
Hepa3pyLUeHHas YacTb, CNeoBaTeNbHO, KatogoM (j « = - 0,2 B, P, = 2 OMM?).
LLIar oMcKpeTusalmm sKBMBaNeH THOMN TPYOONPOBOAHON CETU NPUHSAT He-
paBHOMepHbIM: Mo KoHuam cean DL = 0,5 m, B cpeanHe - DL = 1...3 m.

6)

E8 4
1.0 B}

Il
:§ ol s =045
L~ L~
] "

10,0 ==

27

=

200300

Puc.12.2. >Xene3obeToHHas cBas B 3eM/e (@), 3KBUBa/IeHTHas TpybonpoBoAHas
ceTb (6) 1 antopa noTeHUmana 3emnn j ; no ocn Ox npuy =0, z =0 ¢ aHOAOM B
y3nax 1...9.

3agaya 1. lNycTb B npouecce CTPOMTENbCTBA Oblia paspyLleHa BepxHAs
yacTb cBau Ha ydyactke 0..0,5 m, rge B y3nax 1,10,19 n 28 cTauMoHapHbIi
noTeHUMan apmatypbl CTa/l OTpuUUaTENbLHEE OTHOCUTENBHO MOTeHUMana oc-
Ta/lbHO YacTN CeTKW. B 3aBMCMMOCTWU OT KOMMYECTBA TPELWMH W NoLLaan
OrofieHNa MeTa/na ero aHo4Hoe yaenbHoe NonapusalMoHHOe CONMPOTUB/IEHME
MOXET U3MEHATLCA B AnanasoHe 0,1< P, < 2 OM'M?, re HKHUI Npeaen - Ans
MOMHOCTHLH OTKPbLITOM MOBEPXHOCTU, BEPXHUI - ANA MOBEPXHOCTU MO/ CI0EM
B TOHKMX TpewnHax. MoXXHO npeanonaratb, YTO MO Mepe PacKpbITUA TPeLnH
Be/IMYMHA CTaLUMOHAPHOro noTeHumana 6yaet MeHATbLCA OT | - = - 0,2 B (Ka-
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TOHOE COCTOsIHME nof, c/ioem 6eToHa) 10 j - = - 0,6 B (aHoAHOe cocTosHMe
OTKPbITOM NOBEPXHOCTN).

Pe3ynbTaTbl pacyeta No BapmaHTam Habopa [faHHbIX MPUBEAEHbl B
Tabn.12.1. Ipn 3TOM NOA, Viax MOHNUMAETCSH CKOPOCTL IOKATbHON KOPPO3UK Ha
[He TPeLMHbl B OT/IMYMK OT CPeAHEein CKOPOCTM KOPPO3nK, onpeaeneHHon ans
eIMHULbI NoLLAaAN NMOBEPXHOCTN apMaTypbl.

OCHOBHOI4, Ka3anocb 6bl abCypHbINA BbIBOA, CNeayOLnUA N3 pe3ynbTaToB
pacyeTa, TaKOB: YeM Xy>Ke 3alMTHbIA CNoi 6eTOHa, NOKPbIBAKOLWNIA apmaTy-
py (Pa® 0,2 OMM?), TeM MeHbLLE CKOPOCTb NIOKATLHON KOPPO3UN  (Vinay).

Tabnnua 12.A
Bale' Pa, J CT UCT’ J cps jmax, Vmax;
aHTbl | OMM? | B B | MA/M® | MA/M®* | mMm/rog
1 2 -0,41-0,313| 414 414,0 0,497
2 0,5 -05]-0,456 | 81,2 202,5 0,244
3 0,2 -0,6 | -0,587 | 125,8 | 125,8 0,151

OfAHaKo, u4TO y)XKe He MPOTUBOPEYUMT HalleMy 3A4paBOMY CMbIC/Y, C pac-
KPbITUEM TPELLWH CPeLHAS CKOPOCTb KOppo3nn ( je,) pacTeT.

BbiCOKasi CKOPOCTb KOPPO3WK MOf Cl0eM GeTOHA B MENIKMX TPeLMHaX
BJBOMHE onacHa. Kpome npsiMoii yrposbl pa3pyLUeHns MPOUCXoAUT paspyLue-
HVE LeMEHTHOr0 KaMHsi, NOCKO/IbKY TBep/ble MPOAYKTbl KOPPO3UK, YMIOTHS-
ICb B TPELLMHAX, BbI3bIBAKOT MOSIBAEHMNE MeXaHUUYecKuX ycunuii. Mocneayto-
LLiee 3aTyxaHne Koppo3um - No Mepe PacLUMPeHUs TPELWH - BPS/, N ABNSETCS
yTELLEHNEM.

3agaya 2. MNycTb paspyLUeH 3aLUNTHBIN CNO GETOHA HE B BEPXHEN YacTy
CBau, Kak B 3afiaye 1, a B HUXKHEN - B paioHe y3noB 9,18,27 n 36 (puc.12.2).

PacueT nokasan, 4To 61arogaps Kpaesomy apdekTy OTHOCUTENbHAA CKO-
POCTb KOppo3uu BHU3Y byaeT Ha 20% Bbile, YeM BBepXy. Tak, npn P, = 2
OMM? U ¢; = - 0,4 B uMeem

Vmax = 0,611 mm/rog - Koppo3ms BHU3Y B y3nax 9,18,27,36;

Vmax = 0,497 mm/ropg - Koppo3sus BBepxy B y3nax 1,10,19,28.
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3agaya 3. lNycTb paspylleH 3aluTHbIA Ccnoi 6eToHa BAOMb OAHOMO M3
MPOAO/bHbLIX CTEPXKHEN, NpuYem Mo Bceil gimHe ceam (y3nbl 1... 9). OueHUMm
MaKCUMaslbHY0 CKOPOCTb KOppo3uu, And yero 6ygem nonaraTb, YTO GETOH
MOKPbLIT MENKAMMN TPeLmMHamMn 1, cneaoBate/ibHO, aHOAHOe NONAPU3aLMOHHOE
COMPOTUB/IEHME CTanM apMaTypbl Bennko (P, = 2 OMM? j o = -0,4 B). B
Tabn.12.2 npuBeaeHbl pe3ynbTaTbl pacyeTa A/id 3T0ro COCTOSAHUS.

Hago yToOuHWUTb, YTO MOA4 MEeNKUMW TPeLMHaMK B Halux npumepax no-
HUMaeTCcs oroneHune apmatypbl Ha 10% , NOCKONbKY NPUHATO jep / jmax = 0,1.

Tabnnua 12.2

nn y3' z UCT’ jcp, jmax, Vmaxs
/108 M B MA/M? | MA/M? | mm/rog
1 0 -0,321 38,2 382 0,458
2 0,5 -0,307 44,5 445 0,535

9,5 | -0,307 445 445 0,535
9 10 | -0,295 50,8 508 0,611

oo -

CpaHuBas 3HayeHWs NIOKaSIbHOM CKOPOCTWM KOppO3uuM B TPEX 3adadax,
MOXHO OTMETUTb, YTO CKOPOCTb Vi BO BCEX C/yYasX MPUMEPHO OfHa U Ta
Xe. IMo3ToMy Npn NOCTaHOBKE 3aday 3TOro BUAa MOXHO OrpaHn4nTbLCs 6onee
MPOCTON pacyeTHON cxemoil. CnefyeT NLlb YY4eCTb, YTO C YMEHbLLEHNEM OT-
HOLLEHMSI NNoLaAen aHoAa 1 KaToda CKOPOCTb KOPPOo3un yBenmumnaaetcs. Tak,
ecnn aHo40M paboTatoT He 9 Y3108, a NMNLLb OAWH, TO

Vmax = 0,573 mm/rog - ¢ aHogom B y3ne 1;
Vmax = 0,458 mm/ropg - ¢c aHogom B y3nax 1... 9.

3agaya 4. MOXHO NN UHCTPYMEHTA/IbHO OOHAPYXXWUTb AEeNCTBYHOLLYHO
KOPPO3MOHHYK0 Makponapy? 3ta “mHULWLIHAN” 334a4a peLlaeTcsi ¢ MOMOLLbIO
nporpaMmmbl APM-3X3-711 B pazfene «AHa/n3 Mons TOKOB B 3eM/IEX.
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Ha pnc.12.2,8 faH rpadmk nsaMeHeHus noteHumana semnm (j ;) no ocm 0x
Ha MOBEPXHOCTW 3emMnn. Hannume aHofa SBHO OLLYLLAETCA MO rpagueHTy no-
TeHUmana 3eM/n, KOTOPbIA MOXKET ObITb CBOOGOAHO M3MEPEH C NMOMOLLH M-
NNBONILTMETPA U [ABYX W3MEPUTENIbHLIX 3/1eKTPOL0B. [lprnyem oTMevaeTcs
TaKXKe 1 KaTof, ec/in YUYecTb 3HaK rpagneHTa noTeHumana.

[MpencraeneHHasa KpyBasi COOTBETCTBYET CUTYyaUun ¢ aHOAOM B y3nax 1...9
npu P, = 0,2 OmMM?, ] o =-0,6 B. MakcumanbHOe Hanps>KeHue, KOTOpoe OT-
MeyaeTcs Ha MOBEPXHOCTU 3eMn, PaBHO Dj ;max = 0,138 B.

Jlerko 06Hapy»XnBaeTCs NOKa/IbHbI aHO, B BEPXHEW 4acTu cBau, T.e. B
y3nax 1,10,19,28, nockonbKy B 3TOM cnyvyae D ;max = 0,246 B, HO MHCTPY-
MEHTa/IbHO BPSAA, I MOXKET ObITb 3aMKCUPOBAH aHO/ B HUXKHE YacTu (B y3-
nax 9,18,27,36).

12.4.3. SKBMBaJIEHTHAasA CeTb COOPY>KEHUS

[ns uccnefoBaHWst pacnpefenieHne TOKOB MeXAy 3/eMeHTaMu npoTs-
)KEHHOM KOHCTPYKLMW, Hanpumep, Npu. pacCMOTPEHUN TOKOB B NIEHTOYHOM
WX CBaiHOM (hyHAAMeHTe onpeaeneHHON KoHhUrypaumm, cneayeT oT apMa-
TYPHOIA CETW yyacTKa NepeiTn K npocTelillemy 3KBMUBaNEHTHOMY TPyGOmMpo-
BO/lY, BOCMPOM3BOAALLEMY 3TOT Xe y4yacTOK apMaTypHOIA CeTu 1, Janee, K aK-
BMBA/IEHTHO TPYOGOMPOBOAHON CeTU BCE KOHCTPYKLIMM.

PaboTy BeayT B CrieflytoLLel NOCNeL0BaTelbHOCTH.

A. Pewarot 3agayy A1 CeTKM XapaKTepHOro yyacTka WcCnefyemMol
KOHCTPYKUMKX NO MeToAuKe Nn.12.4.2 ¢ TOKOBOW Harpyskow | B 0/HOM 13 LIEH-
TPa/lbHbIX Y3/10B U BbIYUCAIAOT BXOLHOE COMPOTMB/IEHNE CETKM MO “GNN3KOWA
semne” Z= 0J /| gna atoro y3na (MHAEKC B Z, ONYCTUM 418 YNPOLLEHNSA).

b. Ha3sHaualoT napameTtpbl yyacTKa MofenbHOro Tpybonposoaa, 3ame-
LLLAOLLLEro CETKY XapaKTepHOro yyacTtka:

L - 4/IMHY, paBHYIO NPOTAXXEHHOCTW BbIGPAHHOI0 Y4acTKa;

d - gnametp, 6M3KNIA K cpegHeMY pasMepy nonepeyHmnKa KOHCTPYKLNK;

t - TONWMHY CTEHKW, 334al0LLY0 COBMECTHO C ANAMETPOM (PaKTUUeCKyHo
MPOAO/IbHYIO NMPOBOAMMOCTL Y4YacTKa CETKM; ee CreayeT BblYUCNUTb, UCMOb-
3y COOTHOLLIeHWe pdt = npde / 4, rae der - ANaMeTp NPOAOSbHBIX CTEPXKHE,
N - NX KOMIMYECTBO;
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Y [enbHOoe 3MeKTPUYECKOe COMPOTUB/IEHNE N30NALMN MOLE/NbHOro Tpy6o-
NpoBo/a BbIGUPAIOT NPON3BOSLHO, HAMPUMED, Rysw = 2 OMM?.

B. PewatoT 3agayy 45 yyacTKa MOAeNbHOro Tpy6ornposoda ¢ TOKOBOWA
Harpy3Koil B ero cpefiHein TOYKEe W BbIYUCMIAKOT €ro BXOAHOE COMpOTUB/IEHME
Zy.

[". BbluncnaoT yaenbHoe conpotusieHne nsonaunm (R,;) yyacTka sKBu-
Ba/leHTHOro Tpybonposoda no opmyse aHanornyHon (11.4)

Rus = Rysw Z | Zy - (12.3)
. YTOYHSIOT KOH(Urypaumio 3KBUBANEHTHOW TPYyOONPOBOAHON CeTw,

3aMeLLatoLLeil BCHO KOHCTPYKUMIO, UM pellatoT 3afavy B LIEJIOM, MCMOSb3yS
HaaeHHble 3HaveHna d, tn Ry

[Mpumep pacyeTta 2

TOKM 3alMT bl B NPOTAXKEHHON KOHCT PYKLUMW.

B NEHTOYHbIA (PYHOAMEHT NOA COOpPYXeHuwe c rabaputamm 50" 24 ™
(pnc.12.3) 3anoxxeHa apmartypHas cetka ¢ nornepeyHnkom 300° 300 mm, co-
cTosilan 13 4-x NPoAo/bHbIX CTepXHel anameTpoMm 20 MM 1 psaa nonepey-
HbIX CBSi3el. PYHAAMEHT Y/IOXKEH B 3eM/I0 C YAeNbHbIM 3/1EKTPUYECKUM CO-
npotusneHvem r = 20 OM'm Ha rnybuHy 1 m. KakoB TOK KaTOAHOMW 3aluThbl
OyfeT OTB/eKaTbCs Ha apMaTypy, ec/ii C Held CBsizaH 3alyuLLiaeMblii NOA3eM-
Hblin TPy6onpoBoa?

3amMeHMM apMaTypHY0 CETKY Ha TUMUYHOM yYyacTKe (PyHAamMeHTa 3KBU-
Ba/lEHTHOI TPy6OoNpoBOAHONM CeThio Mo cxeme puc.12.3,6, a 3aTemM 1 IKBUBa-
NEHTHbIM TPY6ONPOBOAOM MO puc.12.3,B.

BbiGepem Luar AUCKPeTU3aLmMmn BAob hyHaaMeHTa paBHbIM 0,5 M, Uncnio
Y3/10B AUCKPETM3aLMM 5 (MUHMMANbHO BO3MOXHOE! ), T.e. pacCMOTPUM yua-
CTOK [/IMHOM L = 2 M. [onepeyHble CBA3M MEX/Y MPOA0NbHLIMU CTEPXKHAMM
yCTaHOBMM BO BCeX Y3/axX AMcKpeTusaumm (puc.12.3,6). LLar auckpeTmsauum
nonepek KOHCTPyKuumn - 0,3 m. [AnameTp Tpy6OonpoBoAa 3KBUBANEHTHON ap-
MaTypHOIA CETM NpUMeM paBHbIM 20 MM, T.e. paBHbIM AMAMETPY apMaTypbl,
TONLUMHY CTEHKW 3TOro Tpybonposoaa - 10 MM, yaenbHOe 3M1eKTPUYECKOe COo-
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NPOTUBNEHNE U30NALMK - 2 OMM?, CTALUMOHAPHbIV MOTEHLMAN apMaTypHOIA
ctaimj  =-0,2 B.

3002300 &300

Punc.12.3. KoHurypaums neHTouyHoro yHaameHTa (a), SKBUBASIEHTHAs TpY-
6onpoBoAHas CeTb, 3aMeLLatOLLAas y4acTOK apmaTypHOR ceTKu (6) 1 sKBMBa-
NEHTHbIN TPY60oNpoBOj, 3aMeLLaroLLniA y4acToK pyHAaMeHTa (B).

2. Paccuntaem BXofHOe conpoTmBeHme (Z) yyacTka L apmaTypHoin ceT-
KW. [N 3T0r0 NOAK/IOYMM K 3KBUBANEHTHOW TPYOOMNPOBOAHOM CeTW Mo
pnc.12.3,6 KaToAHyo CTaHUMIO B y3/1e 3 C aHOAHbIM 3a3eM/INTeNIeM, OTHECEH-
HbIM B GECKOHEYHOCTb, M pPelnM 3agady B ONTUMM3ALMOHHOM pexxkume (Kog
M = 1). B pe3synbTaTe pacyera TOK 3alUUTbl y4aCcTKa OKasa/csi paBHbIM | =
0,318 A, 3alMTHOe CMeLLleHMe NoTeHLMana B Touke gpeHaxka 2J = - 0,65 B,
cnepoBaTtesibHO, BXOAHOEe COMPOTMB/IEHME yYacTKa ceTkn Z = 2,04 Owm.

3. HasHaumm napameTpbl MOAeNnsHOro Tpyoonposoda: anameTp - 300 Mm,
TOMWMHA CTEHKM - 3 MM, O/IMHA - 2 M, YAeNbHOe COMPOTUB/EHME N30NALMN
Ry = 2 OMM?, CTaUMoHapHbIA noTeHuman j « = - 0,2 B, uncno y3noe auc-
KpeTusaumn - 5, KatofHas cTaHumnsa - B y3ne 3, ee Tok - 0,318 A. Pe3ynbTarthl
pacyeTa: CMeLleHMe NoTeHUWana B Touke apeHaxa J =- 0,482 - (-0,2) = -
0,282 B, BxogHoe conpoTtuBneHne Z, = 0,888 Owm.

4. 3aMeHVIM MOZENbHbIN TPy6onpoBos ¢ napameTpamMu Ry, = 2 OMM? 1
Zy = 0,888 OM MCKOMbIM 3KBMBASIEHTHBLIM TPYOOMPOBOAOM, HE OT/IMYAOLLIUM-
CA Mo napamMeTpamM OT MOZENLHOr0 3a UCK/HYEHNEM BENNYNHBLI R,;, KOTOPYHO
M Haingem no copmyne (12.3)

Ru=RuuZ/Z,=22,04/0,888=460MM>.
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YnobHo cuuTatb, YTo Ry; = 2 OMM? - HyNeBoe NpubnmxkeHune, a R,; =
4,6 OM'M? - NepBoe NPUBAVKEHNE PeLLIEHNS A1S SKBUBASIEHTHOIO TPY6Ompo-
BO/a.

5. OueHUM MOrpeLLHOCTb 3aMeHbI, AN1F YEero BbIMOMHUM pacyeT 3KBUBA-
NeHTHOro Tpy6onposoda npu R,, = 4,6 OmMm2. TMpu Toke | = 0,318 B TOuKe
[ipeHaXka noTeHUwan Tpybonposoga okasasncsd paBHbIM - 0,89 B, B TO Bpems
KaK B apMaTypHOI CeTKe Mo .2 OH NPV TOM >Xe ToKe 6bi/1 paBeH - 0,85 B. Ab-
CONKOTHaA norpewHocTb - 0,04 B, oTHOCUTENbHAA - He NpeBbIlaeT 5% .

6. He TpyAHO MOBbLICUTb TOYHOCTb 3KBWBANIEHTHOW 3aMeHbl. [N 3TOro
[OCTaTOYHO ellle pa3 YTOUYHUTbL 3HadeHne R,; no qopmyne (12.3), T.e. HalNTK
BTOpPOe NpubnmxeHne, NPUHAB 3a NapameTpbl MOAENbHOro TpybonpoBoaa
Rysw = 4,6 OMM? 1 Z,, = (0,89 - 0,2) / 0,318 = 2,17 OM. Toraa yTOUYHeHHOe
3HayeHWe NCKOMOro napameTtpa 6yaeT paBHO

Ru=RysuZ/!Zy=4,62,04/217 = 4,34 OMM>.

[Mpn 3aToM 3HayeHUM R,; NOrpeLHoCTbL pacyeta cHU3Mnacb Ao 2%, 4To
6e3yCNoBHO BMOJHE JOCTATOYHO, Mes BBMAY OOLMIA YPOBEHb TOYHOCTU YKC-
NEeHHbIX pacyeToB METOAOM AUCKPETU3ALMM U HeomnpeaeneHHOCTb HEeKOTOPbIX
MCXOAHbIX NapameTpoB.

7. Takum o6bpa3om, napameTpbl 3KBMBa/IEHTHOro TPybonposoaa, 3ame-
LAKoLEro yyacTok apmatypHoi ceTkm 300 300 MM K3 4-X NPOAObHbIX
cTepXkHein anameTpom 20 mm, onpeaeneHsl: d = 300 mm, t = 3 MM, Ry, = 4,34
OmM>.

Cnegylownin aTan pacyeTa - OT 3KBMBA/IEHTHOro Tpybonposoga, 3ame-
LLLAKOLLLEr0 YHaCTOK CETKU, K DOPMMUPOBAHMNIO PaCcUETHOM CXEMbl 3KBUBANEHT -
HOW TPYbONpPOBOAHON CETK, 3aMeLLAIOLLEI XeNe300eTOHHYH KOHCTPYKLWIO B
Lie/IoM.

8. W, HakoHeL, BbIMOMHAKT pacyeT 9KBMBANEHTHO TPybONpPOBOALHON
CeTW BCE KOHCTPYKUMK, KOTOpas B J@HHOM C/lydae MMeEeT BMA NPAMOYIo/b-
HOro KOHTypa pa3smepamu 50° 24 M, npu 8 y3nax ANCKPETM3aUnn 1 ¢ KaToa-
HOI CTaHuUMel B O4HOW U3 YrNOBbIX TOYeK (B TOYKe CBA3W C peasibHOW Tpy6o-
MPOBOAHOI CETLIO).

PacueT nokasas, YTo 4514 3aluUTbl TAKOro KOHTYpa A0 YPOBHA MUHUMaSb-
HOro 3alMTHOro NoTeHUMana Heobxoamm ToK | = 22,44 A,
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9. Ansa npoBepKu [OCTOBEPHOCTM pacyeTa onpefes MM BeIMYMHY TOKa 3a-
WMTbl (1) BCEI KOHCTPYKLUMKM Yepe3 TOK 3allMThbl yYacTKa apaTypHOU CETKM,
onpefeneHHblin B n.2. Tak Kak MnosfHas AnvMHa PyHaaMeHTa coctaBnset 148 m,
a Ha 3allnTy [0 YPOBHA MUHUM&aILHOIO 3alMTHOrO NoTeHUuana yJyacTka gim-
HOI 2 M Hy>eH Tok 0,318 A, To A1 3alMTbl BCEro oyHaameHTa noHagoomuTcs
TOK | = 0,318 /2148 = 23,6 A, 4UTO NPaKTUYECKN COBMaJaeT C pe3ynbTaTaMu
pacyeTa o n.8.

10. Kak BbIBOf, CneflyeT OTMETUTb, YTO TOK, OTB/IEKAEMbIA Ha 3aLUTY
(hyHOaMeHTa, ec/iv K TOMY e (PyHAAMEHT eLle He paspyLUeH 1 apmaTypa He
TpebyeT KaTOAHOW 3alunThbl, BecbMa 3HaunTeneH ( > 0,15 A Ha OflMH MOroH-
Hblil MeTp (oyHAaMeHTa) M BUAHUEM >Kene300eTOHHbIX (YHAAMEHTOB Mpu
3/IEKTPOXMMMYECKONW 3alimuTe peasibHbIX TPYOONpoBOAHbLIX CeTell He crnepyet
npeHebperars.

[Nprmep pacyeTa 3

TOKM 3alMTbl B NPOCTPAHCTBEHHON KOHCT PYKUUN.

PyHOAMEHT 3[aHUA BbINOJIHEH Ha >Kene300eTOHHbLIX CBafAX MO CXeme
pnc.12.4. MNapameTpbl apMaTypPHOI CETKM OTAE/IbHOW CBau NPUMEM TaKUMM XKe
KakK U Bbille, T.e. 4 NPOAONbHLIX CTEPXKHA AnaMeTpom 20 MM MO yriam Ksaj-
pata 300 mm. CBan norpyXeHbl B rpyHT ¢ /7 = 20 Om'M.

OnpeaenvM napamMeTpbt- YMNPOLLEHHON 3KBUBANEHTHON TPYy6ONpPOBOAHON
CeTM NpPW YCNIOBUK, YTO AN €€ 3aLUNTbI HYXXEH TaKOW XKe TOK, KakK 1 AN 3aliu-
Tbl pea/lbHOM apMaTypHOW CETW.

MocnefoBaTenbHOCTL pacyeTa cnefyroLas.

1. 3amMeHMM Yy4acTOK peasibHO apmaTypHOW CETKM MOAeNbHbIM Tpy6o-
MpoBOAOM W, fafiee, SKBMBaNeHTHbIM TpPybonposBogom. NpuceonM 3KBMBa-
NEHTHOMY TPyb60npoBoay Ha 3TOM 3Tane wugp T1.

[na oTbiCKaHMA napameTpoB Tpybonposoda T1 BOCMONb3yeMCs pesy bTa-
Tamu, NoMy4YeHHbIMU MPU PeLLeHn NpuMepa pacyeTa 2, rge Ansa aHaaormy-
HO CEeTKW OnpeaenieH 3KBMBA/IEHTHbIA TPYybOMNpoBO4 C MapameTpamu: Aua-
meTp d = 300 MM, TOMWMUHA CTEHKM t = 3 MM, YAeNbHOe CONPOTUB/IEHME U30-
naun Ry, = 4,3 OMm2.

2. 3aMeHNM peasibHblin (hyHAAMEHT SKBMBa/IEHTHOW TPY6ONpPOBOAHON Ce-
Tbio (Wndp T2), AOCTAaTOMHO NOAPOOGHO BOCMPOU3BOAALLENA €ro KOH(Mrypa-
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LIMIO U MMEIOLLEN MapameTpbl y4acTKOB rno T1, 1 onpenenum napameTpbl pac-
YyeTHOW cxeMbl ceTu T2.

10.0

Puc.12.4.Mpoduns (a) n nnaH (6) cBaiHOro (hyHAamMeHTa M TpaHc-
(hopmaums ero yyactka B 3KBUBa/IEHTHbIV Tpybonposos (B) u ().

B COOTBETCTBMM C YCNOBUSAMM 3a[a4M YMCNO CBal - 22, Lwar Mexay HUMmu
O =5 M, rnyérHa norpy>eHns OT NnoBepxHocTn 3eMnn -10 M. Ecnn B AeACT-
BUTE/IbHOCTW LUar Mexay CBagMu MHOI0 MeHbLUe 1 UX KOJIMYeCTBO BENNKO, TO
C LENbH COKpalleHMsi o6bema BblUMC/EHMIA (Kaxdas cBas OTHUMMET 3 WK
6onbLUe y3/10B ANCKpeTnsaumm!) cnemyet 06beANHUTL HECKO/IbKO 6M3KO pac-
MOJIOXKEHHbLIX CBail B OAHY, OrMpefenvB ee 3KBMBAJIEHTHbIN AnameTp no ¢op-
myne Buga (12.2).

[Nonaraem, 4YTO CoeAMHANOLLAA apMaTypy ropu3oHTa/lbHas NepemMblyka Ha-
XOAWTCS Haf 3eMneit. s Hee NpuHATO Ry, = 10000 OMM>.

O6pasoBaBLUYyOCA TakuM 06pa3om ceTb T2 (puc.12.4,a) pa3obbem Ha 66
OTPE3KOB [AMCKPETM3aUMM ANNMHOW L = 5 M K paccunTaeM pacnpeieneHue To-
KOB B HEM MPKU NOAK/OYEHNN K OAHOMY M3 Y3/10B (6e3pa3IMUHO K KaKkoMy) 1c-
TOYHMKA KaTOAHOro TOKa C aHOAHbLIM 3a3eM/INTeNeM, OTHECEHHbIM B “GecKo-
HEYHOCTb” (X = Ya = Z; = 10000 m). 3agadvy pewnm B ONTUMN3ALNOHHOM pe-
YXUMe npu cTaunoHapHoOM noTeHumane / . = - 0,2 B.
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B pe3ynbTaTe pacyeta 00LMIA TOK 3alUTbl 0Kaszancs pasHbiM | = 80,7 A,
TOK Yrnosoi ceanm - I, = 3,67 A, TOK CBau B LIEHTPEe [/IMHHOWN CTOPOHbI - I, =
2,17 A.

TOK cBan BbIMMCNANM KaK CYMMY TOKOB OTPE3KOB AMCKpeTu3auun. B
NaHHOM Cnydae npu 3-x y3nax ANCKpeTnsaunmn 1 anmnHe ceam 10 m nveem

lc= (2,500; + 5 DUjuy + 2,5 DJins) | RG, (12.4)

raoe i - Homep y3na BepxHero KoHua k-i ceaum, k = 1,2; R¢; = R,;; /(pd) - conpo-
TUBNEHNE U30MAUMK eiMHULbI AMHbI cBan, OMM; DJ;/ RG; -nnHeliHaa nnoT-
HOCTb TOKa i-ro y3na, A/m.

BxofHble CONpPOTUBEHNS BblOpaHHbIX CBail paBHbl Z; = 0,457 Owm, Z, =
0,461 Om. PacueT Z BbIMO/HEH MO CPeAHUM 3HayeHUAM [J BAOMb AaHHOM
cean. Cyaq no pesynbTartam pacyeTa, 0UeBMAHO, YTO MOXKHO NPUHATL 4N JiO-
60i1 cBan paccmaTpuBaeMoro pyHaameHTa cpeHee 3HadeHne Z = 0,46 Om.

3. 3aMeHNM Yy4acToK “CBailHOIN” ceTn T2 Yepe3 MoAe/bHbIN TPy6onpoBos,
y4acTKOM “6e3CBaitHOI™ ceTu, MPMUCBOUB MocneaHemy wndgp T3.

[MycTb y4acTOK T3 - rOpu3oHTanbHbIA M0 puc.12.4,r 1 BOCMNPOU3BOANT
yyacTOoK [L (hyHOaMeHTa C OfHOW CBaeil no puc.12.4,8. And mMoAenbHOro
Tpy6onposoda npumem crneaytoume napametpbl: d =300 Mm, t=3 MM, Rysy
=2 OMM?, [L =5 M, riy6uHa 3anoxeHus L, = 5 m.

PacueT nokasan, 4to 414 Mofe/ibHOro Tpybonposoda 3alnTHOE CMeLLle-
HWe noteHumana OJ = - 0,65 B obecneumsaetca npu Toke | = 1,835 A, uTo
faet Z,, = 0,354 Owm.

[MapamMeTpbl yyacTKa 3KBMBaNeHTHOro Tpyéonposoga T3 (puc. 12.4, 1)
COOTBETCTBYIOT MOZENIbHOMY, HO Npu R,,, Bbl4McieHHOM Mo dopmyne (12.3),
T.e. npu

R,; =20,46 /0,354 =2,6 OMM?.

4. Bblbepem KOH(Mrypaumo yrnpoLeHHon “6e3cBainHoin” ceTun T4, 3ame-
LaroLlen Becb (oyHAaMeHT, paccMaTprBas BeMYMHY 06LLEro Toka 3awuThbl |
= 80,7 A KaK KpuTepunii 3KBMBa/IEHTHOCTMW.

A) TMpexae BCero chaenaem MonbITKY MoAennpoBaHUs cetn T2 3KBMBa-
NEHTHON ceTblo T4 B BWEe BEPTUKaNbHOIO TPybonposoAa A/IMHON pPaBHOW
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CyMMapHOW AnnHe Bcex cBail, T.e. L =220 M 1 Npu YeTblpex paBHOOTCTOALLNX
y3/ax AMCKpeTm3aumn. TOK 3aWuThbl (B ONTUMU3ALMOHHOM PEXMUME) B 3TOM
cnyyae paseH | = 61,6 A, UTO MeHbLLIE TOYHOrO 3Ha4YeHNs Ha 23,5% .

B) B apyrom BapuaHTe A4 T4 - B BUAe rOpuU3oHTaIbHOro Tpybonposoaa
- TOK 3aWMThbl oKasasca paBHbIM | = 60,9 A, UTO Mano oTIMYaeTCA OT Npeabl-

OYLLIEro.

B) Ecnv npu pacyeTe peasibHOW TPYyGONPOBOAHOW CETU, CTbIKYHOLLEACS C
[AaHHbIM 3a3eMnTeNieM, KOHUrypauus T4 He MMeeT 3Ha4YeHWs, TO MOXHO OC-
TAHOBUTLCA Ha BapuaHTe C BePTUKalbHbIM TPYOGONPOBOAOM, HO MPU 3TOM
CKOppeKTUpoBaB ero givHy. Tak, npu L = 300 m nmeem | = 79,2 A, 4TO CHU-
YKaeT MorpewHocTb 3amMeHbl Ao 2%. 3aMeHa Mccnegyemoro 3asemeHusa oau-
HOYHbLIM BepTMKa/ibHbIM TPYOOMPOBOAOM, BEPOSATHO, U eCTb Haunbosnee npo-
CTOI N [OCTATOYHO ONMTMMAaSIbHbIA BapuaHT.

5. PacyeT 3aKaHUMBAKOT PELLEHVEM 3a[aUM 3MEKTPOXUMUYECKON 3aLLUTbI
peasibHOl TPYOONPOBOAHOV CETU COBMECTHO C 9KBMBASIEHTHON CETbIO T4 B CO-
OTBETCTBUW C METOANKOI NPeAbIAYLLENA rNaBhbl.

12.5. PacnpegeneHme TOKOB KOPPO3UKM N0 OKPYXKHOCTU CTEPXKHSA

Bo BCcex pacCMOTPEHHbIX BblLLIE 3a/la4aX, MOCTPOEHHbIX HA TEOPETUYECKNX
MONOXEHWAX rNaBbl 6, WUCCNEN0BaNOCh pacnpeaesieHne NoBePXHOCTHONO TOKa
BONb NPOAO/NLHOW OCU CTEPXKHSI B MPEANOSOXKEHUN, YTO B MOMEPEYHOM Ha-
MpaBeHNN, T.e. N0 OKPY)XHOCTU CTEPXKHS, U3MEHEHWNIA TOKa HeT. Ecnm 3aTto
MOXXHO A0MyCTUTbL Ans 060C06/1eHHOro noA3emMHoOro Tpybonposoga B OAHO-
POLHOM TPYHTE U He [enatb 3[1eCb Pa3MumMa MeXay Be/IMUYMHOW MNAOTHOCTU
TOKa BHM3Y N BBEPXY TPYObl, TO NPWN MUCCNeA0BaHNUN KOPPO3UM apMaTypHOro
CTEPXKHS, NOCKO/IbKY OH MOKPLIT CI0eM GETOHA B TPELLMHAX, BOSHUKAET HeoO-
XOANUMOCTb Y4eTa MeCTHON HEOAHOPOAHOCTM: YaCTb NOBEPXHOCTU MO OKPY>K-
HOCTW, & UMEHHO, B pailoHe TpeLLMHbI, paboTaeT aHOAOM, a OCTa/lbHas - KaTo-
A0OM. [0 cuUX NOP Mbl YUMTbIBA/IN 3NEKTPOXUMUYECKYHO HEOJHOPOAHOCTL ap-
MaTypHOWN CETKWN, HO He apMaTypHOro CTEPXKHSI.
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HeobxoAnMocCTb MccneaoBaHns NOMepeyHoro nons rnoseAseTcs 1 B 3aaa-
yax C NoA3emMHbIM TPYyOONpPOBOAOM B HEOAHOPOAHbIX MO rNy6UHe rpyHTax, Ha-
MpUmep, NPV BbICOKOCTOALLMX FPYHTOBbLIX BOfax. B aToM cnyyae, Kak y»e ro-
BOPWU/IOCL, BEPX TPYObl paboTaeT KaTo4oM, a HA3 - aHOAOM.

12.5.1. NocTaHoBKa 3agauyn

PaccMOTpUM HEO6O0/bLLOM YYaCcTOK CTEPXKHS, BAO/Mb KOTOPOr0 M3MEHEHNEM
MOBEPXHOCTHOrO TOKa MOXHO MpeHebpeub. Torga nosesasd 3afjaya ansa no-
BEPXHOCTHbIX TOKOB B MOMNEPeYHOM CeYEHUWN CTEPXKHA MOXKET ObITb MOCTaB/le-
Ha Kak 3ajaya Ha NioCKoCTU. TUM 0b6/n1eryaeTcs YMC/eHHas peanusaums 3a-
[ayun Npu Ncrnonb3oBaHNUW MeTofa AUCKPETU3aLnn.

Kak 1 paHee, 6yfem Ha3blBaTb CTEPXXeHb apMaTypbl 3KBUBA/IEHTHLIM TPY-
6onpoBoaoM, TeM 60see, UYTO 334a4a CTABUTCA TaKxKe U 48 peasibHoro Tpy6o-
npoBoja.

[MycTb Tpy6onpoBsos AvaMeTpom d MOFPYXXeH B MPOBOAALLYHO cpefy (3em-
NK0) C YAeNbHbIM 3/IEKTPUYECKMM COMPOTVBAEHNEM I, 060C06/eH OT CeTw,
NMEET YyAenbHOE 3NEKTPUYECKOe COMPOTUBIEHME WN30NALUK, 3aBUCALLMM OT
MOSIOXKEHNA MUCCeAYyeEMO TOUKM M Ha OKpY>KHOCTK R,; = R,5(M), € 3aaaHHbIM
3aKOHOM M3MEHeHUs CTauMoHapHOro noteHunanaj «=j (M) (pnc.12.5).

Puc.12.5. PacueTHasd cxema
NS KOPPO3MOHHOI MNapbl No
OKPY>KHOCTU CTEPXKHS.

B OKpecTHOCTM TOYkM M B6MM3M MOBEPXHOCTM TPYObl, KaK U MpPexnae,
MeeM
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Rmsj:jT' j3' jCT1 (12-5)

rae j - NNOTHOCTb ToKa Tpy6onposoda, A/M? | 1 - NMOTEHLMan TPY6onpoBoaa
NN NOTEHLMAN Ha BHYTPEHHEN MOBEPXHOCTN N30/IMPYHOLLErO CNosi; | ; - MNo-
TeHUMan 3emnM UM NOTEHUMAN Ha BHELLHENW MOBEPXHOCTU M30MMPYIOLLIErO
CNosK; | o - CTALMOHAPHBIA NOTEHUMaN MeTanna.

Bygem cumtaTh, YTO HanpaB/ieHNe HOPMaIN K NMOBEPXHOCTM TPyObl COB-
naflaeT C Hamnpae/ieHWeM aHOHOro ToKa. Toraa Ans NA0THOCTM TOKa B 3eM/ie Y
CTEHKW TPybOonpoBoaa MMeem

j=- 1r 9 /T, (12.6)

rae n - KoopAamHata, 0TcHMTaHHas No HopmasbHo ocu n (prnc.12.5).
O6beanHas ypaBHeHusa (12.5) n (12.6), nony4yMm OCHOBHOE YypaBHeHWe
peLlaemoi 3agayn

Js- R/t )Y /M=) - | (12.7)

[N KOHKpeTu3auumn pasfennm noBepxHOCTb TPyb6onpoBoda Ha [ABe 06-
NacTn - aHOAHYHO M KaTOAHYHO - W 3alaamMM MX NOTeHUManbl. Toraa aTo ypas-
HeHVe ANna uccnefyemon ToYku M Ha NOBEPXHOCTM U30MAUMK TPy6onposoaa
NpUMET BUL

1/3. 3(M) - (Rms(M)/r ) ﬂ] 3(M)/ﬂnl/2_ :j T (M) - J CT(M);
(12.8)

i, npuMIT L,

J
. L=L +L,;
j. npuMTL, a K

: i
Jer=1
|
roe L,, Ly - NPOTSXKEHHOCTb COOTBETCTBEHHO aHOAHOW U KaTOAHOW 06/1acTei
MO OKPY>XHOCTW TPYOOMPOBOAA; | a, | «x - MEKTPOXMMMYECKME MOTEHLMASbI
Tpy6onpoBoaa COOTBETCTBEHHO B aHOAHOMN 1 KaTOAHON 06/1acTAX.



304

OTbICKaHMe noTeHUnana B 3emne (j ;) 1 ero nponssoaHoi (1] 5/fn) Ha no-
BEPXHOCTM TPybOoMNpoBo/a ABNSAETCA LeSIbi0 3aayn, onucbiBaeMon anddepeH-
LIa/IbHbIM YPaBHEHNEM B YAaCTHbIX NPOM3BOAHbIX (12.7).

12.5.2. AHaNNTMYecKoe peLLeHne

3a/aun ANs KPUBOSIMHENHBIX MOBEPXHOCTEN, KOrja ULLETcs pacnpeaene-
HWe MONS NNLLb Ha rPaHNLLE UCCneayemoii 061acTh, CBOAATCA K UHTErpasibHO-
MY YpaBHeHWIO Tuna (6.19), HO He OTHOCKUTENBHO NAIOTHOCTM TOKA j, @ HEKOTO-
pOI1 BCnomMoraTesibHoin hyHKLUNN.

BBefeM HEM3BECTHYIO MOKa BCMOMOraTenbHy tyHKUMo n(M) Ha rpa-
HWYHOI NOBEPXHOCTW W, BOCMO/Ib30BABLUMCL TEOPUE NOTeHUMaNa U MOHS-
TEM NPOCTOrO C/OSl, BbIpas3M MCKOMbIIA NOTEHLMan 3emnn B Touke M vepes
3Ty (DYHKLMIO CNeaytoLLMM 06pasom

J (M )=r/pymQ)InL/ry Jdl, (12.9)

rfe rvo - paccTtosHne Mexay uccnegyemoin (M ) n snnsioLLein (Q) Toukamu; lg
- KPMBOJIMHENHaa KoopAauHaTa ToukM Q Ha oKpy»XHocTu L (puc.12.5).

[Mpon3BoAHas NoTeHUMana Tak Ha3bIBaEMOro NPOCTOro Cos Ha rpaHny-
Hoil noBepxHOCTN (] 5/TIn) UMeeT OCOBEHHOCTb W BbIPAXXaeTCs CreayoLen
thopMyrioi

T «(M)In = () s(M) /Tin)o = pr{ M ), (12.10)

roe nepeoe criaraeMoe cnpasa - OObIKHOBEHHAs NPOM3BOAHAA MHTerpania
(12.9) B TO4uKe M nO HOpmanu; 3HaK Mepes BTOPbIM CraraeMbiM 3aBUCUT OT
HanpasfeHUsa HOPMa/I U NONIOXKEHUA TOUKN: M - BHE NN BHYTPU OrpaHNYEH-
HOI 06nacTun. NMoCKoNbKY HaMK BblbpaHa BHELLHSS HOPMaslb W BHELLIHAA 3aja-
Ya, TO CreflyeT B3ATb “MUHYC”.
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Mpon3BoAHas NOANHTErPasibHON (PYHKLIMM NO HOPMaN UMEET BUJ

T/M(n(1/ryg))=-cosym/rvg, (12.11)

rae ywm - Yyron Mexay Hopmasbio M HarnpasfieHnem M3 Toukn M B Touky Q
(pnc.12.5).
IMOXHO MoKa3aTb, YTO COS Y y OnpefenseTca (hopMy oil:

COSYym=-Iuo/d. (12.12)

[Mo3ToMy NPou3BOAHAA MHTerpana Noay4mT B,

(7 .M )/ ), =r/pddynQ)dl,. (12.13)
L

Moactaensaa qopmyny (12.11) ¢ yyetom (12.12) B (12.10) 1 yMHOXKas Ha
1/r, nonyynm BbipaXKeHe ANs BTOPOM cocTaBNAoLLEN YpaBHeHMS (12.8)

Tenepb, YMHOXas 00e yactu paseHcTBa (12.10) Ha Ry/r 1 06beanHAsA
BblpaxeHusa (12.13), (12.8) n (12.7), nony4ynm OKOH4YaTe/lbHO MCKOMOE ypaB-
HeHve Ana m(M) B BUAe NHTErPanbHOMo ypasHeHUs dpefronbma BTOPOro po-

Aa
RysMM )+ mQ)KM,Q)dly =/ .-/ .\ (12.14)
L
roe K(M,Q) =r/pIn(1/ryg) - Rus/(pd) - A4p0 MHTErpasbHOro ypasHeHUs.

12.5.3. YHncneHHoe peLleHne

[na yncneHHoro pewleHns ypaBHeHWs (12.14) pa3obbeM OKPY>XHOCTb L
Ha N oTpe3koB AMcKpeTmsauumn gimHon L = pd/N, nonaras B npegenax ot-
pe3ka (M) = const. Torga nHTerpan B ypaBHeHUn (12.14) MOXHO 3aMEHUTb
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CYMMOVi pafa, B pe3ynbTaTe Yero UHTErpaibHOe YpaBHEHWE NpeBpaLlaeTcs B
CUCTEMY anredbpanyecknx ypaBHeHUiA N-ro nopska

k= N

Rusimi+ LL ék[‘% ak=] ri- ] cri (12.15)
|+ L

ak = O<M;iQx)dl (12.15")

I

rae i-v y3en guckpetmsaumm oTobpaxaeTt nccnegyemyto Touky M, a k- ysen -
TOUKY Q, COOTBETCTBYHIOLLYIO MEPEMEHHON UHTErPUPOBaHNS.
B matpuyHoin hopme cuctema (12.15) umeet BuA
Am=j, (12.16)
roe A ={ai}.n - KBagpaTtHas MaTpuua, 3MeMeHTbl KOTOPOW ONpeaenstTcs

(hopMynamu:

aix= L (r/p In(L/ry) - Rusi/(pd))+ Rysidi;

rik:0,502_dél - COS qik;

gik=2p/N¥i - k¥
di=1npni=Kk;
di=0npunilk;

j ={j i}...- cTon6LOBas MaTpMLA C INEMEHTAMMN ABYX BUIO0B

ji=i (12.16")
Tjri-Jw O 1=Na+1 ... N,
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N, - UnCno y3noB AUCKPETU3aLMN B Npesenax aHoOAHON 061acTu.

B cucteme (12.16) K Hen3BeCTHbIM CnedyeT B 06LLEM C/ydyae OTHECTU U
noTeHUWan j j, T.e. MEPEMECTUTb ero B fIeByr0 YacTb. OfHaKO Ans OrpaHUYeH-
HbIX MO pa3Mepy Tes MOXHO AOMYCTUTb | = CONSt, yCTAHOBMB K TOMY ke Npo-
N3BOJSIbHO HayasibHblil YPOBEHb OTCYUETa MOTEHUMas, Hanpumep, NPUHAB | =
0. Toraa cooTHoweHMs (12.16") 4OMKHbI BbITb CKOPPEKTUPOBAHLL: | j = - | 4 U
] i=- ] « COOTBETCTBEHHO.

Mockonbky nuccnegyemana M; n Bnnsiowaa Qg TOYKM HaXoAATCA MO pasHble
CTOPOHbI C/10S1 U30MALUMK TPYOONPoBOoaa, KaKMm Bbl TOHKUM He Obln 3TOT C/OM,
TO npu i = r Bceraa riy > 0. Kak nokasan YnC/eHHbIA 3KCNEPUMEHT B 3TOW
0CO60I TOUKE A0CTATOYHO B3SITh = L[l

12.5.4. AHann3 pe3ynbTaTOB pacyeTa

PacyeT BbINoNHeH No nporpammve EZST n3 naketa APM-32X3-611. Vccne-
[0BaNOCh B/IMAHME Pa3/IMYHbIX MapamMeTpPoB C Lie/Iblo OTbICKaHWS Onpeaensto-

LLWX.

[MapameTpbl aHoda P, 1/,

B 1a6n1.12.3 npuBeaeHbl pe3ynbTaTbl pacyeta CKOPOCTM KOPPO3UK Ha Mo-
BEPXHOCTW apMaTypHOro ctepXxHsa avameTtpom d = 20 mm npu ycnosun P, =
2 OM'M%, r =20 OM'M C BapuaHTaMu NapameTpoB P, U | . AN aHoda npu co-
OTHOLUEeHMM Nowaan aHoda K nnowaam karoga 1:12 v pasfMyHoin nopucTo-
CTW (Snep) 3aLLUTHOrO €108 BeTOHA Haf aHoAOM. [py 3TOM OKPYXKHOCTb Oblna
pa3buta Ha 80 OTPE3KOB [AMCKPETM3aLMW PaBHO A/IMHbI, N3 KOTOPbIX 6 pac-
rnonarasimcb Ha aHofe.

B 1abn.12.3 npuBefeHbl faHHbIe 0 KOPPO3UX B NPUrPaHUYHOM C KaTo4oM
y3/e (B y3ne 6), T.e. MaKCMMa/lbHble 3HAYEHUsI TOKOB KOPPO3UN.

Tabnnua 12.3

Pa, J a SI'IOp ij’ jmax, Vmax,
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omm? | B MA/M® | MA/M? | mm/Tog
2 -04 | 0,1 | 0,090 | 0,900 1,062
0,5 -05 | 04 | 0,417 1,042 1,230
0,2 -0,6 1 0,963 | 0,963 1,136

OCHOBHOW BbIBOf, KOTOPbIV cneayeT m3 Tabn.12.3, - CKOpoCTb KOPPO3nu
cnabo 3aBMCUT OT MapameTpoB aHoda P, W j 5, MOCKONLKY 3TN MapameTpbl
N3MEHSAOTCA B MPOLECCe KOPPO3MKN OAHOBPEMEHHO M B Pa3HbIX Hanpas/ieHUsX.

S/IEKTPUYECKOE COMPOTUB/IEHUSA Cpedbl

OUEHOYHbIA pacyeT BbINOMHEH MNPU W3MEHEHUWN BENMUYUHBLI YAENbHOro
afleKTpuyeckoro conpotmeiieHnsa (r) B 20 pas npu HEM3MEHHbIX 3HAYeHUAX
P,=0,20MM? j,=-0,6 Bud=20 MM. Pe3ynbTarbl pacyeTa cnegytoLme

Vmax = 1,254 mm/rog npur =5 Omwm;
Vimax = 0,823 mm/rog npur-= 100 Omm;

Cyfs no pe3ynbTaTaM - CKOPOCTh KOPPO3UK CNabo 3aBUCUMT OT BENNYMHBI
I , XOTS U PacTeT C ero yMeHbLUEeHNEM.

AnamMeTp CTEPXKHA

Pacuet npu P, = 0,2 OMM?, j .= -0,6 B nr = 20 OM'M nokasas, uTo
anameTp (d) - Takdke He onpeaensaroLMii akTop Kopposun. Pe3ynbTaThl
pacyeTa cnefyolume

Vmax = 1,211 mm/rog npn d = 10 mMm;
Vmax = 1,074 mm/rog npu d = 30 mm.

Co0THOLLIEHVE NM10LLLaAer aHoda 1 KaToda

B 1a651.12.4 npuBeaeHbl pe3ynbTaTbl pacyeTa CKOPOCTN KOPPO3MK B 3aBU-
CUMOCTW OT KO/M4YecTBa Yy3n0B aAuckpetmsaumm Ha aHoae (N,) n katoge (Ny)
npu obuwem nx yncne N =80 n P, = 0,2 OMM?, ]a=-0,6B, r =20 OmM,
d =20 mm.

Tabnuua 12.4 Kak cnegyet u3 Tabn.12.4, ¢ ysenu-
L No [ Ne | Voo | YEeHWeM OTHOCUTENLHOTO  pasmepa
aHoJa CKOpPOCTb KOppO3UM CyLLEeCT-
BEHHO CHI>KAETCA. OTO O4UH U3 BaX-
HbIX OMpefensaoLWmx (HhakTopoB KOppo-
30N,
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Mm/rop
2 78 1,701
6 74 1,136
40 40 0,302
75 5 0,055

13 3TOro MOXKHO cfienatb M TakoW BbIBO/A: MO Mepe pas3pyLueHns 3alinT-
HOro cnosi 6eTOHA CKOPOCTb KOPPO3un CHU>KaeTCcsA. Ho 3T0 y)Ke BpPA4 /N SAB-
NAETCH YTELLEHNEM.

Camas onacHaa cutyaumsa ( N, - Mano ) nMeeT MeCTO B Hayasne npolecca
paspyLleHns - NPy NosABMEHNUN NEPBOI TPeLMHbI. K TOMY Xe Hafo y4ecTb, UTo
KaTo4oM paboTaeT He TO/IbKO YaCTb paccMaTpuBaemMoro CTEPXKHS, HO N BCe
OCTa/IbHble CTEPXXHU KOHCTPYKLMMK, €CIN OHN HaXOAAaTCA B HepaspyLLUEHHOM
GeTOHe 1 rajibBaHMYeCKM CBs3aHbl MeXay CoboiA.

3aKnyeHme,

AHanmsnpys Bce pesynbTaTbl B COBOKYNMHOCTU MOXHO CAenaTb OAMH [/10-
GanbHbIN BbIBOA: MPWU NEPBbIX, CyYalHbIX paspyLleHnax 3aWwmnTHOro cnos Ge-
TOHa HA4YHeTCA CaMOoBO36Y>KAatoLMINCA NPOLLECC KOPPO3UK: NPOAYKTbI KOPPO-
3UM MeTa/11a B TOHKUX TPeLLMHax 6eToHa BbI30BYT MeXaHW4YeCcKoe paspyLueHune
6eTOHa; yBeNnM4yMBaroLMecs B pasmMepax TPeLLMHbI BbI30BYT Aa/bHeilllee yBe-
NyeHne obLlero Toka Kopposuu u 1.4. lMpouecc B3auMoBInSAHUA ByaeT npo-
TeKaTb [0 MOJIHOIO pPa3pyLLEHUS XKene306eToHa.

OnpeenatoLwmmM (hakTopoM KOppo3um ABMSETCA 3.4.C. KOPPO3MOHHON na-
Pbl, T.€. Pa3HOCTb CTaLMOHAPHbIX NOTeHUManoB aHoda (j ,) v katoga (j ).

[Mpn M3MEPEHNAX Ha >Kene300eTOHEe B eCTECTBEHHbIX YC/TOBUAX BO3MOXHO
onpefeneHne TONMbKO JIMLWb HEKOTOPOro CpeAHero CTauuMoHapHOro MnoTeH-
Lmana KOHCTPYKUMN Ug, KOTOPbIA CBUAETENbCTBYET O KOPPO3UU KOCBEHHO.
OfHako npu ukcnposaHun BennumHbl U < - 0,2 B MOXXHO roBOpUTL O Ha-
nMummn paboTarolein KOPPo3MOHHOI napbl. Yem 6osblle TpewmH B BETOHE,
Tem oTpuuaTenbHee NOTEHLUMAN apMaTypbl Xene306eTOHHOW KOHCTPYKLNN.

OCHOBHasi peKoMeHJauus no 3alimMTe apmatypbl Xene3o6eToHHO KOHCT-
PYKUMN - 0becrneyeHne LenoCTHOCTY LeMEHTHOro KamHs. locne nosisieHuns
TPELLMH - NMPOLIECC KOPPO3UN HEYNPaBIISEM.
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