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B SANHCHYH) KHHIKKY WHXEHEPA

Buktop [enucerHko

3a3emneHuve B cucTtemax
NPOMBbILLIJIEHHOM OBTOMATU3ALIUMN

Yacrp 2

FANBBAHUYECKAS PA3BA3KA
lTanpBaHMYeCcKass pa3Bsi3Ka IIeTeil sIB-

JISIeTCSl paauKaJbHBIM pellieHrueM O00JIb-

IIMHCTBA MPOOJIEM, CBSI3aHHBIX C 3a3€M-

JieHueM, U e€ TpuMeHeHue (PakKTUIeCKu

CTaJio CTaHAAPTOM B CUCTEMaX IMPOMBbIIII-

JIEHHOW aBTOMAaTU3alliu.

Jns ocyliecTBAeHUsT TalbBaHUUYECKOM
pPa3BsI3KMU (M3OJISILIUM) HEOOXOAUMO BbI-
MOJIHUTh TMOJIayy SHEPrud W mepenavy
CUTHaJa B U30JUPOBAHHYIO YacCTh LICTH.
Ilonaya sHepruu BHIMOJHSIETCS TTOCPEI-
CTBOM pa3BsI3bIBaloOlllero TpaHchopMa-
topa (B DC/DC- uiu AC/DC-npeobpa-
30BaTeIsIX) WU C MOMOIIBIO aBTOHOM-
HBIX UICTOUHMKOB MUTaHMS (raJibBAHUYEC-
CKMX OaTapeit 1 akkyMyJisitopoB). [lepe-
Jlaya CUTHaja OCYILeCTBIISIETCs Yepes Om-
TPOHbBI U TpaHC(HOPMATOPHI, JTEMEHTHI C
MarHUTHOM CB$I3bl0, KOHIEHCATOPbI WU
OINTOBOJIOKHO.

OcHoOBHas uiesi ralbBaHUYECKON pa3-
BSI3KM 3aKJII0YAETCs B TOM, YTO B 2JIeK-
TPUYECKOM LIEMU MOJHOCTBIO YCTPaHSIET-
csl TyTh, 110 KOTOPOMY BO3MOXHa IMepe-
Jladya KOHAYKTUBHOI MOMEXH.

lTanbBaHWYecKass U30SILUs TO3BOJISIET

PELIUTh CJEAYIOIIUE TPOOJIEeMbI:

® KCKJII0YaeT IOSIBJICHME Tapa3suTHBIX
TOKOB TIO 3eMJIe, YPaBHMBAIOIIUX T10-
TEHIIMAJbl, 1 TEM CaMbIM CHUKaeT MH-
JIYKTUBHBIC HaBOJKH, BbI3BAHHBIC ITH-
MM TOKaMU;

@ yMEHbBIIAeT MPaKTUUECKU 10 HY/sSl Ha-
MpsKeHUe CMHGpa3HOoI MToMeXH Ha BXO-
ne nuddepeHIUaIbHOTO NPUEMHUKA
aQHAJIOTOBOTO CUTHajla (Hampumep, Ha
puc. 3 cuHba3zHoe HalpsKeHWE Ha Tep-
MoOITape OTHOCUTEIbHO 3eMJIM He BIIUsI-
eT Ha aquddepeHIUaNIbHbBIN CUTHAJI HA
BXOJIe MOJIYJIsl BBOJA);

@ 3aIIMIIaeT OT MPo0OosT BCIEACTBUE CUH-
(azHOrO MEpeHanpsKeHUs BXOIHbIE U
BBIXOJIHBIE 1IETIM MOJYJIeii BBOJIA U BbI-
Boja (HarpuMep, Ha TOM K€ puc. 3 CUH-
(hazHOE HampsKeHUE Ha TepMoIape OT-
HOCUTEIBHO 3€MJIM MOXKET ObITh KAKUM

YTOIHO OOJIBIIIMM, €CJIM OHO He TTPEBbI-

LIaeT HaMpsKeHUe TTPO00sT U30ISILIUM ).

Jnst mpuUMeHeHMs TaJlbBaHUYECKOM
pa3BsSI3KM CHUCTeMa aBTOMAaTU3alluu Je-
JINTCSI Ha aBTOHOMHBIE M30JUPOBaHHBIC
MOICUCTEMBI, MEXIy KOTOPBIMU OTCYT-
CTBYIOT TIPOBOJHUKM (TrajbBaHUYECKUE
cBa3u). Kaxmasa moacucreMa umeer
CBOIO JIOKaJIbHYIO 3emutto. [lomcucreMsl
3a3eMJISIIOT TOJBKO IJis oOecredyeHust
3JIEKTPOOE30IMaCHOCTH U JIOKAJbHOM 3a-
ILIUTHI OT TIOMeEX.

OCHOBHBIM HEIOCTaTKOM IleTeil ¢
raJlbBaHUUYECKON pa3BI3KOU SIBISIETCS
MOBBIIIEHHBIA  yPOBEHb IIOMEX OT
DC/DC-npeobpa3oBaTesisi, KOTOPBIiA,
OJHAKO, IJISI HU3KOYAaCTOTHBIX CXEeM
MOXHO caejaTh JOCTAaTOYHO MaJlbiM C
noMolibio LUGPOBON M aHaJOroBoOi
bunsTpauuu (CM. pasnen «XapakTepu-
CTUKM moMex»). Ha BbICOKMX yacToTax
€MKOCTb MOJCHUCTEMBl Ha 3eMJI0 U
€MKOCTh MeXay oOMOTKamMu TpaHchop-
MaTopa SIBJISIOTCS (haKTOpaMM, OTrpaHU-
YUBAIOIIMMU TOCTOMHCTBA TaJibBAHUYE-
CKM M30JIUPOBAHHBIX CUCTEM. EMKOCTb
Ha 3eMJII0 MOXXHO YMEHbBIIUTb, MpUME-
HsISL ONTUYECKUI Kabeab M yMeHbllast
reoMeTpUYEeCKre pa3Mephbl rajibBaHUYE-
CKU U30JIMPOBAHHON MOACHUCTEMBI.

PacrnipoctpaH€HHOM OMIMOKOI Tpu
MPUMEHEHNU TaJbBaHWUYECKU pa3BsI3aH-
HBIX LIETICH SIBJISIETCSI HEBEpHAasi TPAKTOB-
Ka TOHSITUS «HaNpsKeHUe N30SI, B
YaCTHOCTH, €CJIM HaIIPsDKEHWE W30JISTIINT
MOJYJIsSI BBOa cocTaBisieT 3 KB, aTo He
0O3HAyYaeT, YTO ero BXOAbl MOTYT HaXo-
IUTHCS TIOJ TaKMM BBICOKMM HarmpsiKe-
HUEeM B pabouux ycioBusix. PaccMoTpum
METOIbI OIMMCAHUST XapaKTEPUCTUK H30-

gguuu. B 3apyOexxHoil nurtepaType s
9TOr0 MCMOJIB3YIOT Tpu cTaHmapta: UL
1577, VDE 0884 u IEC 61010-01, HO B
OINUCAHMSIX YCTPOUCTB TajlbBaHUYECKOM
Pa3BA3KU HE BCeTra IaloTcsl Ha HUX CChLT-
ku. [loaToMy TIOHSTHE <«HAIpsSKeHWE
U30JISILIMU» TPAKTYETCS B OT€UECTBEHHBIX
OMNUCAHUSIX 3apyOekHbIX MPUOOPOB He-
0/IHO3HauHoO. [J1aBHOE pasznuure cocTOUT
B TOM, YTO B OJHUX CJIy4asix peub UIET O
HaIpsLKEHU U, KOTOPOE MOXKET ObITh MPU-
JIOXKEHO K HM30JI1MU HEOTrPaHUYEHHO
nojro (pabouee HarpsiKEHUE U30JISILIAN ),
a B IpYTUX clly4yasix peub UIET 00 UCMbITa-
TETLHOM HATpsKeHWW (HampskeHue
U30JISIIINT), KOTOPOe TIPUKIIAIBIBAETCS K
00pas3ily B TeueH1e BpeMeHU OT | MUHYThI
IO HECKOJIbKMX MUKpocekyHn. Mcmbita-
TeJbHOE HampspkeHue moxeT B 10 pas
MpEeBbIIIaTh pabodee M TpenHa3HAYEeHO
IUTST YCKOPEHHBIX UCTIBITAHUI B TIpoIiecce
MPOM3BOJICTBA, TMOCKOJIBKY OTIpenesie-
MO€ 9TUM HaIpsKEHVEeM BO3IeCTBIE Ha
U3OJISIIIUIO 3aBUCUT TAaKXKe OT JUTUTEIbHO-
CTHU TECTOBOTO MMITYJTbCA.

Tabs. 1 moka3bIBaeT CBsI3b MEXKIAY pado-
YUM W UCTIBITATEbHBIM (TECTOBBIM) Ha-
MpseKeHrneM n3oJsaiu o cranaapty [EC
61010-01. Kak BUIHO 13 TaOIUIIBI, TAKUE
MOHATHS, KaK pabovee HaMpsKeHUe, TMo-
CTOSTHHOE, CPEeTHEeKBaapaTUIeCKOe WIN
MMKOBOE 3HAYEHUE TECTOBOTO HATIpsiKe-
HUST MOTYT OTJIMYAThCS] OY€Hb CUITBHO.

DnekTpudeckast TPOYHOCTb U3OJISIIIUYN
OTEUECTBEHHBIX CPEICTB aBTOMATU3ALIUN
ucneiTeiBaeTcss mo 'OCT 51350 wim
I'OCT P MBK 60950-2002, To ectb cu-
HYCOMTAJIbHBIM HAaMpsSDKEeHUEM C 9acTo-
toii 50 [i1 B TeyeHMe 1| MUHYTBI TIpU Ha-
MPSIKEHUU, yKa3blBAEMOM B PYKOBO-

Yactb 1 ony6nukosaHa B «CTA» Ne 2/2006, cTp. 94.

www.cta.ru

Tabnuya 1
3aBUCUMOCTb MeXKAY PaboumM 1 UCNbITaTeNbHBIM HANPAXKEHUEM U30NALUN
WcnbiTaTenbHoe HanpaxeHue, B
PaGouee Bo3pywHblit MukoBoe CpepHekBagpatuyeckoe | locToAHHOE HanpsXeHue unu
Hanpsikexue, B  3asop, MM HanpsikeHne | (pedcrBylouiee) ,nn HanpsxeHus,
uMnynbca, 50 MKC 50/60 Ny, 1 MuH 50/60 My, Makc., 1 MuH
150 1,6 2550 1400 1950
300 33 4250 2300 3250
600 6,5 6800 3700 5250
1000 11,5 10200 5550 7850
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B 3AMUCHYIO KHUXKY UHXEHEPA

JICTBE I10 IKCIUIyaTallMyd KakK HaIlpsmKe-
Hue u3ossiuuu. Hampumep, npu MCIbI-
TaTeJIbHOM HAaMNpsSDKeHUU  M30JISILMU
2300 B pabouee HampspKeHUE U3OJISILIMA
cocrasisieT Bcero 300 B (ta6a. 1).

MCTOYHUKM NOMEX HA WMUHE
3EMJIM

Bce momexu, Bo3melicTBylolIMe Ha Ka-
0eM, JaTYMKU, UCTIOTHUTEIbHBIC MeXa-
HU3MBbI, KOHTPOJUIEPHI U METa/LTNYeCKue
mwKagbl aBTOMATUKU, B OOJIBIIMHCTBE
cIy4aeB MPOTEKAIOT U T10 3a3eMJISIOIIM
MPOBOAHMKAM, CO3[aBasl Mapa3suTHOE
9JIEKTPOMarHUTHOE I10JIe BOKPYT HUX U
MageHue HampsDKeHUsI TMMOMEXM Ha Ipo-
BoaHUKax. MCTOYHUKAMU U TIpUYMHAMU
TMOMEX MOTYT ObITb MOJTHUSI, CTaTUYECKOE
9JIEKTPUUYECTBO, 3JIEKTPOMAarHUTHOE W3-
JIydeHue, «IIyMsiiee» oOopyloBaHUE,
cetb nutanus 220 B ¢ ygacroroii 50 Iii,
MepekIroYaeMble CeTeBbIe HArpy3Ku, TpU-
003JIEKTPUYECTBO, TaJbBaHUYECKUE Ila-
Pbl, TEpMO3JIEKTpUUECKUii 3(PPEKT, dJIeK-
TPOJUTUYECKUE TMPOLECCHl, IBUXKEHUE
MPOBOJHMKA B MATHUTHOM I10J1€ U Ap.

TocynapcTBeHHbIE LIEHTPBI CTAHIAPTH-
3allMU U cepTUdUKAIIMKU BO BCEX CTpaHax
MUpa He pa3peliaiT MPOU3BOICTBO 000-
PYIOBaHUS, SIBJISIONIETOCS UCTOUHUKOM
MOMeX HEIOMYCTUMO BBICOKOTO YPOBHSI.
OnHako ypoBE€Hb ITOMEX HEBO3MOXKHO
chenaTh paBHbIM Hyawo. Kpome Toro, Ha
MpPaKTUKE BCTPEeYaeTCsi JOCTATOYHO MHO-
IO UCTOYHUKOB MTOMEX, CBSI3aHHBIX C HE-
HUCIIPABHOCTSIMU WM MPUMEHEHUEM He-
cepTUGULIUPOBAHHOTO 000PYAOBAHMSI.

B Poccuu momyctumblii ypoBeHb IO~
MeX M YCTOWYMBOCTH OOOPYHOBAaHUST K
ux BozaeictBuio HopMmupylorcss TOCT
P 51318.14.1, TOCT P 51318.14.2,
I'OCT P 51317.3.2, TOCT P 51317.3.3,
I'OCT P 51317.4.2, TOCT 51317.4.4,
I'OCT P 51317.4.11, TOCT P 51522,
T'OCT P 50648.

[Ipr KOHCTPYUPOBAHUU DJIEKTPOHHOMK
anmapaTtyphbl JUISI CHUKECHUST YPOBHS MO~
MeX MWCIOJb3YIOT MUKPOMOIIHYIO 3Jie-
MEHTHY0 623y ¢ MUHUMaJIbHO I0CTATOY-
HBIM OBICTPOIECTBUEM, a TaKXKe TpaK-
TUKYIOT YMEHBIICHWE JUIMHBI TIPOBOIHM -
KOB M 9KpaHUPOBaHUE.

XapaxkTepucTukm nomex
OCHOBHAasI XapaKTePUCTHUKA ITIOMEXU —
5TO 3aBUCUMOCTh CIIEKTPaJbHOU ILIOT-
HOCTHM MOIIHOCTU TOMEXU OT YaCTOTHI.
ITomexu, BO3aeHCTBYIOIINE HA CUCTEMBI
MPOMBIIIIEHHO! aBTOMAaTU3alluy, MMe-
0T CIEKTP OT HyJIEBOI YaCTOTHI A0 €Iu-
Hull rurarepi (puc. 7) [15]. [Tomexu, ne-
JKalllie B II0JI0CE MPOITYCKAHMsI aHAJIOIO-
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Puc. 7. OTHOCMTENbHbIN VYpoBeHb cneK'rpaanoFl NAOTHOCTU MOLLHOCTU U 4YaCTOTbl OCHOBHbIX

UCTOYHUKOB 3JIEKTPOMArHUTHbIX Nnomex

BBIX CXEM, UMEIOT YaCTOTHI 10
necsaTKoB kuiorepi. Ha -
poBbIE€ 1IeNU BO3AEHCTBYIOT
MOMEXM B TOJ0CE A0 COTEH
merarepu. ITomexu rurarep-
1IEBOTO Jramna3oHa Hermocpea-

=0

0,02

-003

0,04

0,05

CTBEHHOTO BJIMSIHUSI Ha CHC-
TeMbl aBTOMATU3allM1 HEe OKa-
3bIBAIOT, OHAKO TOCJIE JeTeK-
TUPOBaHUSI B HEJIMHEUHBIX
3JIEeMEHTaX OHU IOPOXAAIOT
HU3KOYACTOTHbBIE IOMEXU, Jie- -0,00
JKalllMe B TpaHMIAaX BOCHpPU-
HUMAaeMOro CIeKTpa.

B curHanbHBIX LIETISIX U 1ie-
MSIX 3a3eMJIEHUSI CUCTEM aBTO-

OnHaMyCEaR NOrpewHDcTs, Y%

a1 oz 03 04 05 il ar

YRCTOTE BDQHOMD curHana, My

Puc. 8. 3aBUCMMOCTb AUHAMUYECKOM norpewHoCcT! OT 4acToThbl

MaTU3aLMU COLEPXKUTCS BECh BXOJHOrO CMrHana Ha npumepe moayneit Reallab! cepuu NL

CHEKTP BO3MOXHBIX TOMEX.

OnHaKo BIMSIHAE OKa3bIBAIOT TOJBKO
TMOMEXH, YaCTOThl KOTOPBIX JIEXKAT B MO-
JIoCe MPOITYCKaHUSI CUCTEM aBTOMaTH3a-
uu. CpenHekBaapaTUyeckoe 3HauyeHue
HarnpstKeHus! (WK TOKa) ]'[E)MCXI/I E orvexu
ornpenensieTcs IUPUHOM e€ creKTpa:

i
Eponen =\ [ & (9 a1,
g
rae €2 (f) — chekTpajbHasl TIOTHOCTD
MomHoctu nomexu, B2/Tu; f, m f, —
HVKHSISI M BEPXHSISI TPAHMIIBI CIIEKTpa
nomexu. B yactHoM ciryyae, korna e? (f)
c/1a00 3aBHUCUT OT YacCTOTHI, MPUBEIEH-
HOE COOTHOUICHUE YIPOIIACTCS:

Erovexn =\ (= fi)-

Takum o6GpazoM, JUIsi YMEHbBIICHUS
BJIMSIHUSI TIOMEX Ha CUCTEMbI aBTOMATH-
3allMU HYXXHO CYXaTh LIUPUHY MOJOCHI
npornyckanus (f, — f,,) aHaJIOrOBBIX MO-
nyJieii BBoJa v BbiBofa. Hanpumep, eciu
MOCTOSIHHASI BpEMEHM JaTYMKa T COCTaB-

aster 0,3 ¢, 4TO NPUOIUBUTENIBHO COOT-
BETCTBYET I10JI0CE IIPOITYCKAHMSI CUTHAJIA
f0,7 = 0,5 Iix (f0’7 = 1/2 m't), TO OrpaHu-
YeHUEe I10JOCHI MPOMYCKAHUS MOIYJIS
BBoga BeauuuHoit 0,5 [1 Mmo3BOIUT
YMEHBIIUTb YPOBEHb MOMEXU U TEM Ca-
MbIM IOBBICUTb TOYHOCTb M3MEPEHHUIA,
CHU3UTDH TPeOOBAHMUSI K 3236 MJIEHUIO, DK~
pPaHMPOBAHUIO U MOHTaXy CUCTeMbI. O~
HAKO (UJIBTP BHOCUT IMHAMUYECKYIO
MOrPEIIHOCTb B PE3YJILTaThl U3MEPEHMSI,
3aBUCSIIYIO OT YaCTOThI (CIIEKTpa) BXOMI-
HOro curHana. B kadecTBe mpumepa Ha
puc. 8 mpuBeAeHa 3aBUCUMOCTb ITOTPeIll-
HocTM u3dMepeHuii monyieit Reallab! ce-
puu NL OT 4acTOTBI: MPU YacCTOTE BXOJ-
Horo curHana 0,5 Ii1 (kak B paccMaTpu-
BaeMOM IIpHMepe) IMOrpelIHOCTb, BHO-
cumas pwisrpoM, coctasisieT —0,05%.
Haubonee MoliHOI B cucTemMax aBTO-
MaTH3allK SBJISIETCS TTIoMeXa ¢ YaCTOTOM
nuratomieii cetu 50 Ii1. IToaromy mist e€
MOJaBJIeHUsI UCITOJIb3YIOT Y3KOIOJIOCHbIE
(UIBTPBI, HACTPOSHHBIE TOYHO (C ITOMO-
mpio kBapua) Ha vactoty 50 I, Ha

"
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B 3BANMUCHYIO KHMXKY MHXEHEPA
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Puc. 9. AYX SINC3 cunbTpa, BXOAALEr0 B COCTAaB aHANION0BbIX

mopynei NL

puc. 9 B KayecTBe MpuMepa MpuBeIecHA
aMIUIMTYIHO-4aCTOTHAsI XapaKTepPUCTHU-
Ka (AYX) mudpoBoro GpuasTpa, UCIOJIb-
30BaHHOTO B aHAJIOTOBBIX MOAYJsIX NL:
GUIBTP HACTPOEH TaKUM O0pasoM, 4YTO
oH ocjabistet Ha 120 n1b (Ha 6 mopsiaKoB)
nomMmexy ¢ yactoroii 50 Iir. Cieayer orme-
TUTh, YTO AMHAMMUYECKAs MOTPEIIHOCTb
CBOMCTBEHHA BCEM M3BECTHBIM METOIaM
oc1abJ1eHYsI ToMeX HOPMaJIbHOTO BU/IA,
XOTsI OHA YaCTO He yKa3bIBae€TCsl B XapakK-
TEPUCTUKAX aHAJOTOBBIX MOJYJIEi, YTO
MOXKET BBOJUTD MOJIb30BATEISI B 3a0TyXK-
JIeHUe.

IIpu ewmé OGosblieil MHEPLUMOHHOCTU
JTIAaTYMKOB MJIM KOHTPOJMPYEMOI CHCTe-
Mbl (HampuMmep, KOorma AaT4uK CTOUT B
Ie4yu, BpeMsl BbIXOJa Ha PEXUM KOTOPOit
COCTaBJIIET HECKOJIbKO YacOB) MOXKHO
0oJjiee CyLIECTBEHHO CHM3UTh TpeboBa-
HUSI K YPOBHIO MIOMEX, BBE[IsI IIPOLIEIYPY
MHOTOKPATHBIX U3MEPEHUI 1 JTOIOTHU-
TeJbHYIO UMGPOBYIO (UIBTpALUIO B
YIPaBIISIIONIEM KOHTPOJUIEpE WIIM KOM-
nbeloTepe. B ob1iem ciiydae, yem 0oJibliie
BpeMsl U3MEPEeHUsI, TeM TOYHEe MOXKHO
BBIICJIUTH CUTHAI Ha (hoHe IIyMa.

CrenyeT OTMETUTh, 4YTO HaJWdMe
duasTpa He Bcerma criacaeT OT BIWSTHUS
momMex. Hampumep, eciiv BBLICOKOYACTOT-
Hasl ToMexa, Tepell TeM Kak IToIacTh Ha
BXOII MOMYJSI BBOJA, NETEKTUPYETCI WU
BBIMPSIMITSICTCST HA HEJTMHEWHBIX 9JIEMEH-

a Bpesan

AP

Tax, TO W3 CHUTHAJa ITOMEXU
BBIICJISIETCS TIOCTOSTHHAST VTN
HU3KOYaCTOTHAsT COCTaBJISIIO-
mast, Koropast y>ke He MOXeT
ObITH ocjabyieHa (QUJIBTPOM
MOJyJsl BBoJa. B KauecTBe He-
JIMHEHMHBIX 3JIEMEHTOB MOTYT
BBICTYIIAaTh, HampuMep, KOH-
TaKThl Pa3HOPOMHBIX MeTaj-
JIOB, 3alllUTHBIC TUOIBI, CTa-
OUITUTPOHBI, BAPUCTOPHI.

" MNomexm n3 cetn

3NeKTPOCHAGXXeHuUs
IMuraromas cers 220/380 B

¢ vacroroit 50 I m mon-

KJTIOYEHHBIE K Hell OJIOKM TTH-

TaHUS SIBJISIIOTCS. UCTOYHUKAMU CIIEIYI0-

LIHX [TOMEX:

® ¢oH c yacroroit 50 Iir;

® BbIOpOCHI HAIpSIKEHUsT OT paspsiia
MojHuu (puc. 10 a);

® KpaTKOBPEMEHHbIE 3aTyXalollre Koje-
GaHMsI TIPU MEPEKTIOYeHN UHIYKTUB-
Hoit Harpy3ku (puc. 10 6);

©® BBICOKOYACTOTHBIM IIyM (Hampumep,
rmoMexa OT paboTaloliell pagrMoCTaH-
LIMM), HAJOXEHHBIA Ha CHHYCOUIY
50 Tix (puc. 10 6);

® MHOPAHNU3KOYACTOTHBIA IIIyM, IIPOSIB-
JISIIOIIMICS KaK HEeCTaOMJIBHOCTb BO
BpEMEHM BEJIMYMHbBI CPeIHEKBaAPATH~
YEeCKOro 3HAUYEHUSI CETEBOrO HaImpsiKe-
Hus (puc. 11);

@® J0JIrOBPpEMEHHbBIE UCKAXEeHUsT (POpMBbI
CUHYCOMIbI Y TAPMOHUKHU IIPU HACBI-
LIEHWHU CepAeYyHMUKa TpaHchopmaropa
U I10 IPYTUM IIPUYMHAM.
HauGosnblee BIMSIHME Ha CHUCTEMBI

MPOMBIIIUIEHHON aBTOMATMKKM OKa3bIBa-

[OT IIepBble TPU Buaa rmomex. st yMeHb-

IIeHUsT KPAaTKOBPEMEHHBIX BBIOPOCOB

HaIpsDKEHUs UCIOJb3YIOT ClielalbHble

3alUTHbIE OMOABI M BapuCTOpbl. MH-

GpaHU3KOYACTOTHBIMA LITYM M UCKAXKEHUS

CUHYCOUJIbI OT(OUIETPOBBIBAIOTCS CTAOM -

JIN3aTOPOM M CIJIAXKHMBAIOIIUM (DUIETPOM

CETEeBOI0 UCTOYHMKA MUTAHUS U HE TIPO-

XOISIT CKBO3b IMapa3suTHble EMKOCTU Ce-

TeBOro TpaHchopmaropa.

6 Bpsesan

ITpyyrHAMM U UICTOYHUKAMM CETEBBIX
MOMEX MOTYT OBbITh pa3psiaibl MOJTHUU MPU
MonajiaHuu B JUHUIO JIEKTpOIepeaauu,
BKJIIOUEHME WJIM BBIKIIOYEHUE BJIEKTPO-
MpUOOPOB, TUPUCTOPHBIE PETrYJSITOPbI
MOIIIHOCTHU, peJie, 3JEeKTPOMarHuTHbIE
KJIaraHbl, 2JEKTPOJIBUIaTe/lU, DJEKTPO-
CBapoOYHOE 00OPYIOBaHUE U JIP.

ITyTh MPOHUKHOBEHUSI CETEBOI MOMEXU
nokasaH Ha puc. 12. CHJIOBOI1 WK pa3Bsi-
3bIBAIOIIMI TpaHC(hOpPMaTOp BKIIOYEH B
cetb 220 B (50 Iir). Certb mpeacraBieHa
9KBUBAJICHTHBIM MCTOYHMKOM HamMpsiKe-
HUsL CeTU E_55op M SKBUBAJIEHTHBIM KC-
TOYHMKOM Iomex £ . . ONMCaAHHBIMU
paHee. HyneBoii mpoBo MICTOUHUKA CETe-
BOTO HampsKeHUsI 3a3eMJIEH Ha TJIABHOM
LIMTe y BBOAA B 3MaHue. Eciau BeIXOd Mc-
TOYHUKA TMTAHUS TOXE 3a3eMJIEH, YTO
YacTO HEOOXOAMMO ISl LieJel 3JIeKTpo-
0€30I1aCHOCTH, TO BOBHUKAET ITYTh IPOTe-
KaHWsS TOKa TIOMEeXH, IOKa3aHHBI Ha
puc. 12, BKIJIIOYAIOIIMI COMPOTHUBIEHUE
3eMJIM MEXIY ABYMsI 3a3eMJIUTEISIMU
R3 iy OCHOBHBIM 3BEHOM B 3TOM LieNU
SIBJISIETCS TTapa3uTHast EMKOCTb MEXKITy 00-
MOTKaMM CHJIOBOTO TpaHchopmaTopa
Cnapl, IIJIST YMEHBIIEHUST BIUSIHUSI KOTO-
poOii 4acTo HCIOJB3YIOT 3a3eMJIEHHBIN
2JIEKTPOCTAaTUUYECKU 3KpaH (puc. 13).
Tok momexu mpoTeKaeT Mo obIIeMy Mpo-
BOJLy MICTOUHMKA MMUTAHUS 1 3236 MJIUTETIO
(puc. 12), co3naBasi Ha MX COIPOTHUBIIE-
HUU MaJeHUe HaMPSKeHYsI TTOMEXU, O KO-
TOPOM pPeub MOUAET B CAEAYIOIIUX pa3/e-
Jax (Ha puc. 12 3TH yJyacTKH 1IeNy Bble-
JIeHbl XUpHOU nuHuei). Toxk momexu
(akTUUYEeCKM MOXET 3aMbIKaTbCsl HEe Ha
MOJACTAHLIUM, a Yepe3 BHYTPEHHEE COMpPO-
TUBJEHUE APYTUX DIJIEKTPONPUOOPOB,
MOAKITIOUEHHBIX K 2JIEKTPUUYECKOI ceTH, a
TaKKe yepes EMKOCThb KabeJis.

Haubonee 3Ha4YuUTEIbHOI IOMEXOM,
MPOHMKAIOIIEH B LIMHY 3a3eMJICHUSI U3
cetu 220 B (50 Iir), siBAsiIOTCS €MKOCT-
Hble TOKHU, TPOTEKaoII1e Yyepe3 EMKOCThb
MEXIy OOMOTKOI IBMTaTeNsl U €ro Kop-
MYCOM, TOKM MEXIYy CEeTeBOi OOMOTKOM
TpaHchopMaTopa U CEpIeYHUKOM, TOKHU
yepes KOHAEHCATOPbI CETeBBIX (hUIBTPOB.

8 Bpoun

Puc. 10. Buabl nomex, NPOHNKAIOWMUX U3 CETU NUTAHUA: @ — OT Pa3paAa MONHUM; 6 — NP NepeKnioYeHnN MHAYKTUBHOM Harpy3Ku; 8 — OT PafuOCTaHLMI
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B 3AMUCHYIO KHUXKY UHXEHEPA

Ilyte TOKa ToOMexu Yepe3 EMKOCTb
MEXIy TepBUYHON OOMOTKOU TpaHC-
dopmaTopa U ero 3a3eMJIEHHBIM cepaey-
HUKOM Cm1p3 MmokasaH Ha puc. 12. Dror
TOK TaKXKe IMPOTeKaeT yepe3 OOIIuit po-
BOJI ICTOYHMKA MUTAHUS U 3a36MIUTEb.
Hannuue éMKOCTH TPUBOIUT K TOMY, YTO
He3a3eMJIEHHbBIE 3JIEKTPONPUOOPBI
«OBIOT TOKOM». [Ipu OTCYyTCTBUU 3a3eM-
JICHUSI TTIOTEHIIM A METaUIMYeCKOTO KOp-
nyca npuOOpoB, MOJKIIOYEHHBIX K CETU
220 B, cocTaBiisieT OT HECKOJIbKUX AECST-
KoB 110 220 B B 3aBUCMMOCTH OT COMNpPO-
TUBJIEHUSI YTeUKu Ha 3emuto. [loatomy
KopIyca npubopoB, BKIIOUEHHBIX B CETh
220 B, 1OJKHBI OBITH 3a3€MJICHBI.

Ilpu wucnoapzoBanun DC/DC- n
AC/DC-npeobpazoBaTeieil K MCTOUHUKY
nomexu £ NOOABISAETCS EMKOCTHAS
¥ MHAYKTUBHAsI HaBOJKa OT COOCTBEHHO-
ro reHepaTopa rnpeodpaszonsates. [1osTo-
My B OOIlleM cilydyae ypOBEHb MOMEX Ha
o6miem mposoae y DC/DC- u AC/DC-
npeobpa3oBaresiecii Bbillle, YeM B UCTOY-
HUKaX ¢ OOBIYHBIM CHUJIOBBIM TpaHcdop-
MaTOPOM, XOTSl MpoxoaHass EMKOCTb
Cmlpl B IpeoOpa3oBaTesisiX MOXET ObITh
yYMEHBIIIEHA 0 €IWHUI] MUKodapan Io
CPaBHEHMIO C COTHSIMHU TMKodapam ist
0OBIYHOTO CWJIOBOTO TpaHChopMaTopa.

Jnst yMeHbIIeHUs] TPOHUKHOBEHMUS
MOMEXHU B UCTOUYHUKAX MUTAHUS UCTIONb-
3yI0T pas3iesibHOe SKpaHUPOBAHMUE IMep-
BUYHOI M BTOPUYHOM OOMOTOK TpaHC-
¢dopmaTopa, a Takxke pasaeJeHue CUr-
HaJIbHON M KOPMyCHOM 3emiau (puc. 13).
Ha pucyHke CIijionHOM XKUPHOU JTUHUEH
HapuCOBaH METAUTMYECKUI KOPITYC MpU-
0opa, Kpy>KOUKHM 0003HAYaIOT KJIEMMHbBIE
coeuHUTen. MeToabl COeNMHEHUS pa3-
JIMYHBIX 3eMeJIb MEXy CO00I OyIyT OIu-
caHbl ganee (cM. pasaesl «MeToabl 3a3eM-
JICHUS» ).

MonHua n atrmocpepHoe
3JIEKTPUYECTBO

MonHuu SIBISIOTCS OOHMMM M3 pac-
MPOCTPAaHEHHBIX MPUYMH HeXelaTesb-
HbIX MepeHanpsLKeHnil, c00eB U OTKAa30B
B CUCTeMax aBTOMaTu3aluu. 3apsii, Ha-
KaIIMBaeMblil B O0JIaKaxX, UMeeT MOTEH-
LKA BEJIUYMHON OKOJIO HECKOJbKMX
MUWUIMOHOB BOJIBT OTHOCHUTEJIbHO IIO-
BEPXHOCTH 3eMJIM U SIBIIIETCS OTpHLIa-
TeabHBIM. JIJIUTEIBHOCTL paspsiia MOJ-
HuUM cocrtasisieT B cpeaHem 0,2 ¢, peako
no 1...1,5 ¢, mMIMTEeNbHOCTb NEpPEeIHEro
¢dpoHTa umIyabca — ot 3 10 20 MKc, TOK
COCTaBJIIET HECKOJIbKO TBICSY aMIiep U
naxe no 100 KA (puc. 14), Temrepatypa B
kaHaje pmocturaet 20 000°C, mosiBisieTcst
MOII[HOE MarHUTHOE I10JI€ U PaAOBOJIHbI

[3]. MoaHuu moryt 230,0
00pa30BbIBAThCS TaK- 2280
K€ MPU MbUIEBbIX OY-

2200
pSIX, METEJISIX, U3Bep- @
KeHusIX ByikaHos, & #2150

=

Yacrora mnopaxeHus E. 210,0 -
MOJIHUE 3MaHUIA BbI- B 2060 |
coroit 20 M U pazMe- ®

p T 2000
pamMu B TU1aHe
100x100 M cocTaBsi- 166.0

23:18

er 1 pa3 B 5 jiet, a uist
3MIaHUI C pazMepaMu
nopstaka 10x10 m — 1
nonanaHue 3a 50 jget
(PO 34.21.122-87).
KoanyecTBO MpsIMBIX yIapoB MOJHUHM B
OCTaHKUHCKYIO TejleballHIio BBICOTOM
540 m cocrasisier 30 ynapoB B Troj.

JI71s1 3alUThl OT TIPSIMOTO yaapa MOJI-
HUUW UCITOJIB3YIOT MOJTHUEOTBOIBI, KOTO-
pble COCTOST W3 INTHIPS (MOJIHUE-
NPUEMHHMKA), HAXOSILErocs Hajl 31aHU-
€M, 3a3eMJIUTEeNIsI U COCIUHSIONIETO WX
npoBoaHuka. CucteMa MOJIHHMEOTBOIA
00pa3yeT HU3KOMMITETAaHCHBIN MyTh IS
MPOXOXICHUSI TOKa MOJIHUM Ha 3eMIIIO,
MUWHYS CTPYKTYpBI 31aHMsI. MOJHHUEOT-
BOJIl MOJKEH HAaXOIWThCS KaK MOXHO
JlaJibIlle OT 3IaHUs, YTOOBI OCTa0UTh -
(GeKT B3aMMHOW WHAYKIHUHU, U B TO K€
BpeMsl JOCTAaTOYHO OJIM3KO, UTOOBI 3a-
IIUTUTH 3JaHUE OT MPSIMOTO MOMNaTaHUs
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03:38

12:14
BpemMA (H4ackiMHHY Th)

0754 16:34 20:52

Puc. 11. U3meHeHunA cpeaHeBbINPAMIIEHHOr0 3Ha4YeHUA CeTeBoro
HanpsxeHus B TeueHue cytok (u3mepero 8 HAJI ANl 12.11.2005)

MoJIHUU. 1 37aHUil ¢ OOJIBIION TLIO-
LIAJbI0 KPBIIIU MOJTHUEOTBObI YCTAHAB-
JIMBAIOT Ha KPbIIIE U COCNUHSIOT MEXIY
CcO0O0M1 U ¢ 3a3eMJIUTEIEM CTAIbHBIMU MO~
JlocaMu. 3a3zeMJUTeSb MOJHUEOTBOIA
BBITOJIHSIIOT OTAEJIbHO OT 3alIUTHOTO 3a-
3eMJICHUS 3[0aHUS, HO JIEKTPUUECKU CO-
€AUHSIIOT C HUM C LEJIbI0 BBIPABHUBAHUS
MOTEHLIMAJIOB U YCTPAHEHUST BO3MOXHBIX
uckpennii (P11 34.21.122-87).

Tox MoJiHUM, TIPOXO/s TIO 3eMJIe, CO3-
IaéT B Hell MaJieHe HaIIPsSDKeHMST, KOTO-
pOe MOXET BBIBECTH M3 CTPOS ApaiiBephl
uHTephecoB, ecii OHU HE UMEIOT T'alb-
BaHWUYECKOM pa3BA3KM U PACIIOOXKCHBI B
Pa3HbBIX 30aHUSX (C Pa3HBIMU 3a3EMJIMTE-
JISIMH).
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Puc. 12. MyTtb npoHUKHOBEHUA nomexu u3 cetn 220 B (50 My) B cucTemy 3a3emneHuns u o6Lumi
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Puc. 13. UCTOYHUK NUTaHMA C TPEMA TUNaMu 3emMenb (C/1eBa HanNpaBo): 3alUTHOM, SKPaHHOM U

CUrHaNbHOMN
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B 3BANMUCHYIO KHMXKY MHXEHEPA

B nuHMAX snaexkTporiepenayd paspsia
MOJIHUM TIPUHUMAETCS Ha SKpaHUpYIO-
1WA TIPOBOJI, KOTOPHIM OTBOAUT MOJHUIO
B 3eMJTIO Yepe3 3a3eMJIUTEIb. DKpaHUPYIO-
LM TIPOBOJ, MPOTSATUBAIOT Hal (Da30BbI-
MM MPOBOJIAMM, OTHAKO Ha (Da30BBIX MTPO-
BOMAaX HABOIUTCS MMITYJIbC 3MIC BCIEACT-
BUE SIBJICHUSI 3JIEKTPOMArHUTHON MHIYK-
MU, DTOT MMIYJIbC TTPOXOAMT Ha TpaHC-
(OpMaTOpHYIO TMOACTaHIIMIO, TIe Ocaad-
JISIETCSl UCKPOBBIMM paspsinHuKamu. Oc-
TAaTOYHBIN UMITYJIbC TTPOXOAUT B MOTPEOM-
TeJIbCKYI0 JUuHMIO (puc. 10 a) u yepes cu-
JIOBOI TpaHchopMaTop — B 1NN 3a3eM-
JIGHUSI CUCTEM aBToMaTu3auuu (puc. 12).

Ha cucrembl aBTOMaTH3aliMd MOJHUU
BO3MIEHCTBYIOT 4Yepe3 3JeKTPOMarHuT-
HBII UMITYJIbC, KOTOPBIIA MOXET BbIBECTU
U3 CTpOSl YCTPOMCTBa rajibBaHUYECKOU
pPa3BsI3KM U Mepexedyb MpoBoJa Majioro
MOMEPEYHOro CeYeHUsI TOKOM, KOTOPBIi
TeHepUpyeTcsl  BCAEACTBUE  SIBJICHUS
3JIEKTPOMArHUTHOM MHAYKLUHU [8].

BropbIM TIpUpOAHBIM SIBIEHUEM, CBS-
3aHHBIM C TPO30ii, SIBJIsSIeTCS aTMOChepHOe
9JIEKTPUYECTBO. DJIEKTPUICCKUI TTOTEH-
1IMaJl TPO30BOrO ObJIaKa BO BpeMsl TOXIS
MOXET COCTaBJISITh ACCSITKA MWIIMOHOB 1
naxe 10 1 muumapna BosbsT. Korma Ha-
MPSLKEHHOCTD 3IEKTPUYECKOTO OIS MEXK-
11y 00JIaKOM M TOBEPXHOCTBHIO 3eMJIM J10C-
turaet 500...1000 B/m, HaunHaeTcs aeK-
TPUYECKUI pa3psii ¢ OCTPHIX MPEIMETOB
(MauThl, TPYOBI, IEPEBbSI U T.I1.).

Bricokasi HampsDKEHHOCTb TIOJISI, BbI-
3BaHHasi aTMOC(EPHBIM 3JIEKTPUUYECT-
BOM, MOXET HABOAMWTH 3apsiibl B «IUIa-
BAIOIINX» 1IETISIX C BBICOKUM COMPOTUBJIC-
HUEM M30JISILIMM OTHOCUTEJIBHO 3€MJIN Be-
JIMYMHOM B HECKOJBKO THICSY BOJBT W
MPUBOIUTDH K TTPOOOIO ONTPOHOB B MOJIY-
JISIX TaJlbBaHUYECKOM pa3Bsizku. [l 3a-
IIUTBl OT aTMOC(MEPHOro 3JEKTPUUECTBA
TraJlbBaHWYECKU H30JMPOBAHHbIE IIETH,
He UMeIolIe HU3KOOMHOTO ITyTH Ha 3eM-
JII0, TOJIKHBI OBITh MOMEIIEHBI B 3a3eM-
JNEHHBINA BJIEKTPOCTATUYECKUI 3KpaH. B
YaCTHOCTH, aTMOC(EPHOE JIEKTPUIECTBO
SIBJISIETCS OMTHOM M3 TIPUYMH, 10 KOTOPBIM

IIPOMBIIIJICHHBIC CETU IIPO-

KJIaIbIBAIOT 3KPaHUPOBAHHOMI
BUTOM TMapoil. DKpaH Kadesst
HYXXHO 3a3eMJISITb TOJBKO B
OIHOI TOuKe (CM. Toapasaen
«3a3eMJieHue BKpaHOB CHUT-
HaJIbHBIX KabeJsieii»).

CrnenyeT OTMETUTb, YTO
MOJIHUEOTBOJbI, CllyXalllue
IUJIS1 3a1IMTHI OT MPSIMOTO ya-
pa MOJIHUU, HE MOTYT Cyllie-
CTBEHHO YMEHBIIUTh HaMNpPSXKEHHOCTb
3JIEKTPUUYECKOTIO MOJIsI aTMOCHEPHBIX 3a-
PSIIOB M HUKAK He 3allMIIAIoT arnapary-
Py OT MOII[HOTO 3JIEKTPOMAarHMTHOTO M-

ToK pazpsia MoSTHAK

ITyJIbCa BO BPEMS I'PO3LI.

CraTuueckoe 3M1eKTpU4ecTBo

CraTuyeckoe 3JeKTPUYECTBO BO3HU-
KaeT Ha IMAJEKTPUUYECKUX MaTepuajax.
BenunuuHa 3apsina 3aBUCUT OT CKOPOCTH
NBUKEHUS TPYIIMXCS TEJ, X MaTepuaia
M BEJIMYMHBI TIOBEPXHOCTHU COMPUKOCHO-
BeHus. [IpumepaMu Tpymmxcsi Tea Mo-
I'yT ObITh:
® peMEHHBIN TTPUBOI;

@ JICHTA KOHBENepa;
@ CUHTeTHYecKas oexaa M o0yBb Ha Te-

JIe YeJI0BeKa;
® TIOTOK HETMPOBOISIIMX TBEPABIX YACTHILI

(TIbUIM ), Ta3a WJIM BO3IyXa Yepe3 COILIo;
@ JIBWXKCHME HEMPOBOISIICH XUAKOCTH,

3arOJIHAOLICH LIMCTEPHY;
® aBTOMOOUJIbHBIC IITWHBI, KaTSIIUECs

10 HEMMPOBOJSIIEH qOpore;
® PE3MHOBBIC POJIUKU TIOJ CTYJbSIMU,

KOTJa CTyJIbs TIepeMeIaroTCcs Mo He-

MPOBOSIIEMY ITOJTY.

PeMEHHBIN TTPUBOJ, COCTOSIIIMIA U3 TN~
3JIEKTPUYECKOTO PEMHSI M JBYX IITKUBOB,
SIBJIIETCS Haubosiee OOILIUM TIPUMEPOM
reHepaTopa CTaTUYeCKOro 3JeKTPUIeCTBa.
TloTeH1nan cTaTMYecKOro 3apsiia Ha peM-
He Moxer gocturarh 60...100 kB, a mpo-
OMBaeMblil BO3AYIIHBIA ITPOMEXYTOK —
9 cM. [ToaToMy Ha B3pHIBOOMACHBIX TTPO-
M3BOJICTBAX (2J1€BaTOPbI, METbHULIBI) PEM-
HU UCTIOJIB3YIOT C TIPOBOASIIIMMMU MPUCA-
KaMM WM MeTayusanueit. JUist cHITust

Bpems

Puc. 14. TunoBas ¢opma mnynbca Toka npu paspage monium [3]

3apsIIOB C PEMHEN U APYTUX 3JIEKTPU3YI0-
IIMUXCS TPEIMETOB HCIOJB3YIOT 3a-
3eMJIEHHBIN MOANPYKMHEHHbBIN METaUIU -
YECKUM rpedelloK WM ILIETKY, KOTOpbie
KacaroTcsl ABMKYIIEHCS MOBEPXHOCTH.
KoHBeiiepHbIe JEHTbI JIEKTPUBYIOTCS Xy-
JKe peMEHHOTO MPUBO/IA BCJIEICTBUE OoJiee
HU3KOI CKOPOCTHU JABWXKEHUSI JIEHTHI.

BropbiM crioco6om 6opbObI CO cTaTUYe-
CKWM 3JIEKTPUUYECTBOM SIBJISIETCS YCTAHOB-
Ka B MOMEILIEHUU YBIQKHUTENST BO3MyXa
IUTSI TIOJTyYEeHUST BIaXKHOCTH BbIte 50%.

JIJ1s1 yMEHbIIEHUS 3apsII0B Ha TeJjie ye-
JIOBeKa MCIIONb3YIOT 3a3eMJIeHUE 3arisi-
CThsl PaOOTHUKOB, BJIEKTPOIPOBOIHBIE
MOJIbI, JIEKTPOIPOBOAHYIO ONEXAY, YB-
JIaXKHEHUE BO3yxa.

PesynbraToM BO3HUKHOBEHUSI CTaTH-
YECKUX BJICKTPUUYSCKUX 3apsIIOB MOXET
OBITH MPOOOIT BXOMHBIX KAaCKallOB M3Me-
PUTETBHBIX CHCTEM, ITOSIBICHUE JTUHUI
Ha DJIT-MoHUTOpAX, EPEXO TPUTTEPOB
B JIPyroe COCTOSTHWE, IOTOK OIMMOOK B
LU(POBBIX cucTEMax, MPOOOIl U3OJISILUU
raJlbBAHUYECKM M30JIMPOBAHHBIX IIETeit
¢ OOJIBIIIMM COTTPOTHBIICHUEM Ha 3eMJTIO,
BOCITJIaMEHEeHUE B3PBIBOOTIACHON CMECH.

JInsT 3aIIUThl CUCTEM aBTOMAaTU3alluu
OT c0OeB, BBI3BAaHHBIX CTAaTMYECKUM
3JIEKTPUIECTBOM, MCITOJIB3YIOT JIEKTPO-
cTaTUYeCKWe SKpaHbl, COSNMHEHHBIC C
SKpaHHBIM 3a3¢eMJICHUEM, a TaKXe Ipe-
oOpa3zoBaTtein MHTep(eicoB ¢ 3aluTon
OT CTAaTMYECKOTO 3JIeKTpuuecTBa (Ha-
npumMep, mnpeodpazoBaTesb MHTepdeii-
coB NL-232C umeer 3alIMTy OT CTaTUYe-
CKUX 3apsiIoB C MOTeHIManioM 10 +8 kB
no cranaapty IEC 1000-4-2).
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Puc. 15. MpoxoxpaeHne KOHAYKTUBHOI NOMeXU NpU HENPaBUIbHOM COEAUHEHUM 3eMenb U Lieneit curHana (a) U npu npasunbHOM coeauHeHum (6)
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B 3AMUCHYIO KHUXKY UHXEHEPA

KoHpaykTuBHBIE HOBOAKM

KoHnykTuBHas1 HaBoIKa — 3TO TOMe-
Xa, KOTopasl TepemaéTcsi U3 COCEIHUX
9JIEKTPUYECKUX 1IeTeil He uepe3 2JIeK-
TPOMarHUTHOE I0Jie, a TIyTEM TepeHoca
3JICKTPUYECKOTO TOKa IO OOIIUM ISt
00euXx 11ereil MpOBOJAHUKAM, B OCHOBHOM
yepe3 oOIlMe yJyacTKM LieTiel 3a3emiie-
HUs win nuTtaHusl. OObIYHO MCTOYHHU-
KOM KOHJIYKTUBHBIX ITOMEX SIBJISTIOTCS Te-
HepaTophl, LENMU C OOJBIIUM TOKOM,
HudpoBasi 4acTh aHajIoOro-uudpPoBOM
cxembl, pene, DC/DC- u AC/DC-npe-
oOpas3oBaTesid, IIaroBble ABUIaTeId C
WMITYJIbCHBIM TTUTaHUEM, MOIIIHbIC TIeYn
¢ HIUM-ynpaBiieHHEM, a TAKXKe TTOMEXU
M3 CETU MUTaHUSsI, MpOTEKaloIue Mo 00-
1IeMY YYacTKy 3a3eMJICHUSI, U TIOMEXU C
yacTOTON IpeoOpa3soBaHUsl MCTOYHMKA
oecnepedoiiHoro nutanust (UPS).

HaubGonee TUNUYHOM NPUUYMHONM IO-
SIBJICHUS] KOHAYKTUBHBIX IOMEX B CUCTE-
Max TPOMBIIIJIEHHON aBTOMaTU3aluu
SIBJISIETCSI HETIPABUJIbHO BBIMTOJHEHHOE
3a3eMJICHHUE.

Paccmorpum npumep (puc. 15). Tok
MUTaHUsI LMMPOBOI YaCcTU MOJyJist BBOJA
1\, TPOXOINT IO OOILEMY YYACTKY IIPO-
BOJa, KOTOPBIII MMEET COIPOTUBJICHUE
Rig; ¥ €O31A€ET HA HEM TajieHre Harpsi-
xKenus nomexu V. Ilpy HempaBuib-
HOM COCIMHEHMU aHaJoroBOro BXOma
MOJYJISI BBOAA C MCTOYHMKOM CHUTHaja
(Ha puc. 15 a moka3zaHo 3a4EpKHYTOI T~
HUE) KO BXOILY MOJYJIsl IPUKJIaAbIBACTCS
CyMMa HarpspKeHUs M3MEpPSIeMOTO CUT-
Hajla U HanpsokeHus nomexu £, + V.
[Ipu Gosee mpaBUIBHOM COEIWHEHUM
BX0JIa «—» MOMAYJISI C MICTOUHUKOM CHUTHa-
Jna (Ha puc. 15 ¢ mokazaHO HITPUXOBOM
JIMHUEN) Ha BXOI MOAYJS JCUCTBYET

cuHpasHas nomexa V. KoTopas mpu
HEIOCTaTOYHOM KO3((UIIMEeHTe MoaaB-
JIeHUsI CUH(DA3HOTO CUTHAJIa MOXET BHO-
CUTb MOTPEIIHOCTh B PE3yJIbTAT U3MEpe-
Hus. g yctpaHeHUs] 000MX MCTOYHU-
KOB IOTPEIIHOCTU COSAMHEHNE aHAJIOTO-
BOil M 1MGPOBOIl 3eMJIM HEOOXOAMMO
BBIMIOJIHATL B OJHOW o0OLIEel TOUYKe
(puc. 15 6). I1Ipu aTOM MameHUe Hampsi-
JKeHHUSI TIOMEXM Ha 3a3eMJISIIOIEeM Tpo-
BOJHMKE HMKaK He CKa3blBaeTCsl Ha aHa-
JIOTOBOM 4acTU MOJIYJIS.

AneKTPOMAarHUTHbie HABOAKM
DJIeKTPOMarHUTHbIE HABOIKHW TIOSIBJISI-
JOTCSI BCJICACTBUE SIBJICHUST 3JIEKTpOMAar-
HUTHOM MHIYKIWW: B TIPOBOASIIEM KOH-
Type, HaXOASIIEMCS B 3JICKTPOMAarHUTHOM
mnoJjie, BO3HUKAET BAC WMHAYKIIUU, €CIU
KOHTYP Pa30MKHYT, WM MHIYKIIMOHHBII
TOK, €CJIU KOHTYp 3aMKHYT. IcTouHrKaMu
3JIEKTPOMArHUTHOTO TOJISI TIOMEXU MOTYT
OBbITh paguMoMoOIeM, paauoTeiaehoH, pa-
JIMOPETPAHCISTOP, PAAUOCTAHLIMSI, COTO-
BbI MepeIaTuMK Ha KpbIlle 30aHUs, TBU-
rateib C UCKPSIIMMMCS IETKAMU, DJIEK-
TPOCBApOYHBIN anmapar, TpaMBaii, JJIOMU-
HECLICHTHBIE JIaMITbl, TAPUCTOPHBIN pery-
JIITOP, KOMIIBIOTED, TEJICBUBMOHHBIE 1 pa-
JIMOCTAHLIMU, COTOBbIC TeJiepOHbI, LMU(-
poBasi 4acTb M3MEPUTEIbHOU CHUCTEMBI,
peJie peryssitopa, KOCMUYeCKOe KOPOTKO-
BOJTHOBOE U3JIydeHUeE, yaap MOJHUU U JIp.
M cTOYHUKOM 3JIEKTPOMAarHUTHOM MO-
MeXU MOXKET OBbITb Takxke M LudpoBas
(mMcKkpeTHast) moAacucTeMa CUCTEMbI aBTO-
MaTU3aluK, HalmpuMep, KOMIIbIOTEP, pe-
Jie, TUPUCTOPBI, MOILHbBIC BbIXOIbI AUC-
KPEeTHBIX MomyJeil. CUIbHBIMUA UCTOYHM-
KaMM 3JIEKTPOMArHUTHbBIX TOMEX SIBJISTIOT-
Csl M ONITOBOJIOKOHHBIE TMepelaTYUKU, M0~

CKOJIbKY OHU MOTPEOJISIIOT OOJIBILION TOK U
paboTaloT Ha BBICOKMX YacToTax. U3myya-
IOTCSI TIOMEXM C TIOMOILBIO CIy4ailHbIX
MPOBOHUKOB, OOPA3YIOILINX AUMOIBHYIO
WM paMOYHYIO aHTeHHY. JlunosbHas aH-
TEHHa SIBJISIETCSI ICTOYHUKOM TTpeUMYyIIe-
CTBEHHO 3JIEKTPUYECKOTO TOJIS B €€ OKpe-
CTHOCTH, paMOYHasi — UCTOYHUKOM Mar-
HUTHOTO MoJisi. Baaau oT Takux UCTOYHU-
KOB JJOMUHUPYIOLIETO IOl HET, €CTh MO-
repeyHasi 2J1eKTpoOMarHuTHasi BojiHa. Pe-
TbHbIE CUCTEMbl OOpa3ylOT MHOXECTBO
U3JTyYalolIUX aHTEHH, COCTOSIIIIUX U3 TTPO-
BOJIHUKOB, Ka0eJieil U pa3InyHbIX MeTal-
JIMYECKUX TTOBEPXHOCTEN.

HaBogasitcs anekTpoMarHuTHbIe ToMe-
XM Ha BCeX MPOBOJSIIUX MPEeIMeTax, KO-
TOpbIE B pacCMaTpPUBAEMOM cJlyyae urpa-
IOT POJIb aHTEeHH. MOIIHOCTh HaBEAEH-
HOU MOMEXM 3aBUCUT OT IUIOIIAAU KOH-
Typa, OXBAaY€HHOTO MPOBOJHUKOM, WU
OT IUIMHBI TipoBona. [lomexa, HaBeaEH-
Hasl B Takoil aHTeHHEe, KOHIYKTUBHBIM
MyTEM MOXET MepelaBaTbCid B CUTHAIb-
HbI€ LIETIA WU LIENU 3a36MJICHUSI, BbI3bI-
Bas MOTOK OLIMOOK B LM(MPOBBIX cxeMax
WJIA TIOTPENTHOCTH TIepeladyn CUTHaJIa B
AHaJIOTOBBIX.

Haubonee pacripoctpaHEHHBIMU TIpU-
E€MHUKaMU 2JIEKTPOMATrHUTHBIX TIOMEX SIB-
JITIOTCST JUTMHHBIE TIPOBOJIA: LT 3a3eM-
JIEHUsI, TIPOMBIIIICHHbIE CeTH (ITOJIeBbIe
IIWHBI), KabeIn, COeqUHSIONINE TaTINKI
Y MOJTYJTV aHAJIOTOBOTO BBOJIA, KaOe 1 NH-
¢dopMallMOHHBIX KOMMYHUKanuii. Ilosu-
pobHee o 3ammTe Kabenell CUCTeM aBTO-
MAaTUKH OT JIEKTPOMATHUTHBIX TIOMEX CM.
[2]. «3amackupoBaHHBIMI» TIPUEMHUKA-
MU 2JIEKTPOMArHUTHBIX TIOMEX SIBJISTIOTCST
MeTa/UTMIeCKre KOHCTPYKIINY B 3MaHUSIX:
METaJUTMIEeCKUe CTeJITaKU, OKHA C MeTaJI-

81

CTA 3/2006

www.cta.ru

© 2006, CTA Ten.: (495) 234-0635 dakc: (495) 232-1653 http://www.cta.ru



82

B 3BANMUCHYIO KHMUXKY MHXEHEPA

g - Al s s s e e e
I :
A q
[1 'l
I U
re e T -

Puc. 16. HaBegeHue 3nN€KTPOMarHUTHOM NOMexu Yepes
«3aMaCKMPOBaHHYI0» aHTEHHY U B3aUMHYI0 UHAYKTUBHOCTb

JIMYECKOI1 paMoii, TpyObl BOTOCHAOKEHUS
U OTOIUICHUSI 30aHUsI, 3allIUTHOE KOHTYp-
HOE 3a3eMJICHUE 3IaHKs U T.II.
OCHOBHBIMM MeTOJaMU OOpPLOBI C
2JIEKTPOMArHUTHBIMUA HABOIKAMU SIBJISI-

IOTCSl yMEHbIIIEHUE
MIoIIaaAu KOHTYpa,
MPUHUMAIOIIETO I10-
MeXY, U TIpUMEHEeHUEe

I nuddepeHLaIbHO-
ro criocoba mnepena-
Yy CHUTHaja B coye-
TaHUU C BUTBIMU T1a-
pamMu npoBoOJOB [2].
OnHako naxe B KOH-
Type C MajJeHbKOM
MIOIIAABI0  MOXET
HaBOAUTbLCS 0O0JIb-
1asi moMexa, eciu
npyd MOHTaxe J0-
NyCTUTh  OLIMOKY,
MOKa3aHHYIO Ha

puc. 16: B MeTaJUTMYECKOI paMe CTeJuIa-

Ka (CToJIa) HABOAUTCA TOK momexu I

OT UCTOYHMKA /|, KOTOPBIA Jajee HaBO-

IMT HalpsDKeHue V,  BO BTOPOM BUTKE

MpoBO/a, TO €CTh IPOUCXOIUT TpaHC-

I e mumaions

dopmalmsa curHaja MoMexyd 4depe3 Ko-
POTKO3aMKHYTBIi BUTOK, OOpa3yemblit
pamoii crejuiaxa.

ME'I'OAI:I 3A3EMJIEHUA

TexHuKa 3a3eMJICHKS B CUCTEMaX IIPO-
MBIILJIEHHO aBTOMAaTU3allMi CUJIbHO
pasnuyaeTcs Uil rajJbBaHUYECKU CBSI-
3aHHBIX M I'aJIbBAHUYECKM Pa3BsI3aHHbIX
Lerneii. BoMbIIMHCTBO METOI0B, OMKUCAH-
HBIX B JINTepAType, OTHOCUTCS K rajibBa-
HUYECKHU CBSI3aHHBIM LIEIISIM, I0JIsI KOTO-
phIX B IIOCJI€OHEE BPeMsl CYIIECTBEHHO
YMEHBIIUJIACH B CBSI3U C PE3KUM MMaaeHU~
eMm 11eH Ha DC/DC-npeo6pasoBaTtesiu.

3aszemneHue rasbBAHUYECKU
CBSI3CGHHbIX LLlenem

MpbI peKOMeHIyeM u30eraTh MpUMeHe-
HMSI rajibBAaHUYECKU CBSI3aHHBIX LIETIEi, a
€CJIM IPYToro BapuaHTa HET, TO XeJaTe/Ib-
HO, 4YTOObI pa3Mep 3TUX Lierneil ObLI1 Mo
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Puc. 18. Npumep peweHus npobnembl, NoKa3aHHoOW Ha puc. 17
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BO3MOXHOCTU MaJIBIM M YTOOBI OHU pac-

ToJIarajuch B Mpeenax oqHoro mkada.
IIpumepom ranbBaHUYECKU CBsI3aH-

HOI LIeTNU SIBJISIETCS] COeAMHEHNE MCTOU-

HUKa U TIPpUEMHUKA CTAaHAAPTHOTO CUT-

Hama 0...5 B (puc. 17, 18). UtoObI mosic-

HUTh, KAK KOPPEKTHO BHITTOJIHUTH 3a3EM-

JIeHWe, PacCMOTPUM BapuaHT Hempa-

BUJbHOTO (puc. 17) W mNpaBUJIBHOTO

(puc. 18) monTaxa. Ha puc. 17 nonyiie-

HBbI CJICAYIOIIME OIIMOKM:

©® TOK MOIIIHOM HArpy3Ku (ABUTATEJS MMO-
CTOSIHHOTO TOKa) TIPOTEKAaeT IO TOH Xe
LIMHE 3a3eMJICHUSI, YTO U CUTHAJI, CO3-
NaBas NaJeHKe HanpsoKeHus Voo

@ VCTIOJIb30BaHO OIHOIIOJSIPHOE BKJTIO-
YyeHue MpUEMHMKA CUTHaNa, a He Tud-
depeHIaNIbHOE;

@ 1CTIOIb30BaH MOJIY/b BBoJA O3 rajib-
BaHMYECKON pa3Bs3Ku HUGPOBOH U
AHAJIOTOBOM YacTe, TI0O3TOMY TOK IH-
TaHUs LM(PPOBOI YaCTU, COAEPKALLIMIA
momexy, TMpoTeKaeT uepe3 BbIBOJ
AGND u co3naér onoJIHUTEIbHOE Ta-
JIeHNEe HATIPSDKEHUST TOMEXU Ha COTPO-
TUBJIEHUU R;.

IlepeuncieHHble OMIMOKY TTPUBOASIT K
TOMY, YTO HalpskKeHUe Ha BXOIe
NpUEMHMKA V,, PaBHO CyMMeE HaIpsKe-
HuUs curana V,, - 1 HalpsDKeHUs IIOMeXU
Vaewmn = Ry - Uy T Iyp)- st yetpane-
HUSI 9TOTO HEJOCTaTKa B KayecTBe MpPo-
BOJHUMKA 323€MJICHUSI MOXKHO UCTIOJb30-
BaTh MEIHYIO LIMHY OOJBIIOTO CEUeHUsI,
OJIHAKO JIy4llle BBITIOJIHUTH 3a3eMJIEHUE
Tak, Kak oka3aHo Ha puc. 18, a uMeHHO:
@ Bce 1IeT1 3a3eMJIEHUST COEAUHUTD B OJI-

HOI TOUYKE (IIPU 5TOM TOK TOMeXU [y,

yXe He MPOTeKaeT Yyepe3 COMPOTUBIE-

Hue R));

@ MPOBOAHUK 3a3eMJICHUS] MPUEMHUKA
CUTHaJa TIPUCOETUHUTD K TON Xe 00-

el Touke (IIpu 3TOM TOK /. yXe He

IIPOTEKAET Yepe3 CONpOTUBIeHue Ry, a

MajeHrue HaMpspKeHUsT Ha COMPOTUB-

JICHUY NIPOBOIHUKA R, He CKJIalblBa-

€TCSI C BBIXOAHBIM HANpPSKEHUEM HC-

TOYHMKA CUTrHana V).

OOILIMM TIPaBWJIOM OCJIa0JIeHUsI CBSI3U
yepe3 0oOLLIUi TPOBO 3a3eMJICHUST SIBIISI-
eTcsl JesieHue 3eMeib Ha aHaJOTOBYIO,
11bPOBYIO, CUIIOBYIO U 3aLIUTHYIO C MO-
CJIeYIOLMM WX COEAVMHEHUEM TOJBKO B
onHoii Touke. [1pu pasneneHuu 3azemie-
HUW TaJbBAHUYECKM CBS3AHHBIX LEMen
HUCTOJIb3YeTCsl OOIUMI MPUHUMIT: LEnu
3a3eMJIEHUsI C OOJBIIMM YPOBHEM LIyMa
JOJKHBI BBITIOJHSTBCST OTAEIBHO OT 1ie-
Meil ¢ MajJbIM YpPOBHEM IllymMa, a COelu-
HSITBCSI OHU JOJIXKHBI TOJIBKO B OIHOM 00-
e touke. Toyek 3a3eMJIEHUS] MOXET
OBITb HECKOJIBKO, €CJIA TOMOJIOTHS TaKoi
LI He TIPUBOIUT K TMOSIBIEHUIO y4yacT-
KOB «TI'PSI3HOI» 36MJIM B KOHTYpE, BKJIIO-
YalollleM UCTOYHUK U MPUEMHUK CUTHA-
Jla, a TaKXKe €CJIM B LIeTNH 3a3eMJIeHUs He
00pa3yloTcsi 3aMKHYThIe KOHTYPBI, MPU-
HUMaIOLIMe 3JIEKTPOMarHUTHbIE TOMEXMU.

Henocratkom MeTonma pasneneHus:
MPOBOJAHUKOB 3a3eMJIEHUSI SIBJISIETCS
Hu3kass 3(pHEeKTUBHOCTP Ha BBICOKMX
4acToTax, KOrjaa OOJbUIYIO POJIb UTPAET
B3aMMHasl UHAYKTUBHOCTb MEXAY PSIIOM
UIOYLIMMU TPOBOIHUKAMU 3a3eMJICHUS,
KOTOpasl TOJbKO 3aMEHsIeT rajbBaHUYe-
CKHMe€ CBSI3W Ha MHAYKTUBHBIC, HE pelast
MPOGJIEMBI B 1IEJIOM.

Bonbinast imvHa MpOBOIHUKOB ITPHUBO-
AT TaKXKe K YBEIMYCHUIO COMPOTUBIIC-
HUST 3236 MJICHMST, YTO BaKHO Ha BBICOKUX
yactorax. [ToaTomy 3a3emiieHre B OMHOM
TOYKEe HWCIONIb3YyeTCsl Ha dYacToTaxX [0
1 MIix, cBeie 10 MIix 3a3emMsiTh Jiydliie
B HECKOJIBKMX TOYKAaX, a B MIPOMEXYTOU-

ey mnmanms

HoM auana3zoHe ot 1 mo 10 MIir cienyer
HCTIOJTb30BaTh OMHOTOUEYHYIO CXEMY, €C-
JI1 HanboJiee TMHHBINA TPOBOIHUK B 1Ie-
nu 3a3emyieHus: MeHblie 1/20 oT AIMHBI
BOJTHBI TTOMeXU. B mpoTuBHOM citydae nc-
IOJIb3YETCS MHOTOTOYeYHas cxeMa [16].

3azemJieHHe B OJHOM TOYKE YaCTO UC-
TOJTb3YeTCST B BOGHHBIX M KOCMUYECKUX
ycrpoiicTBax [16].

3asemneHue ranbBaHUYECKHU
Pa3BA3GHHbBIX Lenen

PagukaabHbIM pellieHUeM OMUCaHHbBIX
npobieM (puc. 17 u 18) saBnseTcsa npu-
MEHEHME TaTbBAHUYECKOW W3OJSIIUU C
pasnesibHbIM 3a3eMyieHueM LuGpOBOIi,
AHAJIOTOBOM U CUJIOBOM 4acCTe CUCTEMBbI
(puc. 19). CunoBasi yacTb OOBIYHO 3a-
3eMJISIETCSL Yepe3 IIMHY 3al[UTHOIO 3a-
3emiieHus. [IpuMeHeHUe rajibBaHUYE-
CKOIl M30JSIMKM TIO3BOJISIET PAa3NETUTh
aHAJIOTOBYIO U LIMGPOBYIO 3eMJIIO, a 3TO,
B CBOIO OY€pe/ib, UCKJIIOYAET MPOTEKaHUE
110 aHAJIOTOBOW 3eMJIe TOKOB IMOMEXU OT
CUJI0BOM U LIM(POBOIA 3eMIIU.

AHajioroBasi 3eMJIsl MOXET OBbITb CO-
eIMHeHA C 3allUTHBIM 3a3¢MJICHUEM Ye-
pes3 conpoTusieHue R, qyp (monpobHee
CM. paszaensl «,[lnaBaroriasa® 3eMiass» u
«[anbBaHMYecKast pa3Bs3Kar).

3asemneHue 3KPaHOB
CUrHANBbHBbIX Kabenen

Bormpochl mepegauyn CUrHajIOB IO Ka-
Oeto MoapoOHO omucaHbl B padote [2].
31ech Mbl PACCMOTPUM TOJIBKO 3a3eMJie-
Hue MpU Iiepeaavye CUrHaa o BUTOM 9K~
pPaHMPOBAHHOI Iape, IMOCKOJbKY 3TOT
cilydail HaubOoJjee TUIIMYEH Ui CUCTEM
MPOMBIIUIEHHON aBTOMAaTU3aLIMH.

Tak Kak JUIMHA CUTHAJIbHOIO KabOesst
OOBIYHO COCTaBJISIET AECSITKM U COTHM
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Puc. 19. Npumep paanKanbHOro peweHus npo6aembl, NoKasaHHOM Ha puc. 17 n 18
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METPOB, OH JIOJDKEH OBITh 3alWILIEH OT
MEePeMEHHOTO0 MarHUTHOTO moJis (Mpu-
MEHEHHUEM BUTOM Taphl), 3JEKTPOCTATHU-
YECKHUX 3apsiioB U EMKOCTHBIX HaBOMOK
(3KpaHUPOBAHUEM).

Ecnu yactora momexu He MpeBbIIIAET
1 MIi1, To kabenab HaIO 3a3eMJISTh C OJI-
Hoit cTtopoHbl. Ecnu ero 3aszeMiauth ¢
nByX cTopoH (puc.20), To obpasyercs
3aMKHYTBIII KOHTYp, KOTOPBI OyaeT pa-
0OTaTh KaK aHTeHHa, MPUHUMAas 2JIeK-
TPOMAarHUTHY1O MoMexy (Ha puc. 20 MyTh
TOKa TMOMEXM TOKa3aH IITPUXOBOU JIM-
Hueit). Tok momexu, MpoXoasl Mo IKpaHy
Kabesst, OyaeT HaBOAUTH Ha LIEHTpasb-
HBIX XKUJIax KabeJisl ToMexy Yepes3 B3auM-
HYIO MHIYKTUBHOCTb.

Ecau Touku 3a3eMieHUsT KOHIIOB Kabe-
JIsl pa3HECeHbl Ha 3HAYUTEIbHOE PACCTOSI-
HUE, MEXIY HUMM MOXKET CYIIECTBOBATb
pPa3HOCTh TOTEHLMAJIOB, BbI3BaHHAs
OJIy>KIaIOIIMMU TOKaMU B 3eMJIe WU T10-
MexaMM B IIMHe 3a3eMieHus. biyxmaro-
1€ TOKU HABOMSTCS 3JEKTPUDUIIUPO-
BaHHBIM TPAaHCIOPTOM (TpaMBasiMHU, TO-
e3laMy METPOTIOJUTEHA U KeJIE3HBIX 10-
por), CBapOYHBIMU arperaTaMu, yCTpOMCT-
BaMU 2JIEKTPOXMMUYECKOM 3allIUThI, €CTe-
CTBEHHBIMU 3JEKTPUYECKUMU TMOJSIMHU,
BBI3BAaHHBIMM (PUIIBTpALIEiT BOA B TOPHBIX
nopoaax, auddysneit BOTHBIX PaCTBOPOB
u J1p. OcoOeHHO 0OJIbLINE TOKU BO3HUKA-
10T NIpY yaape MoJHuU. biyxnatoliiue To-
KM BBI3BIBAIOT Pa3HOCTb IMOTEHIIMAIOB
E, o vexu MEXIY KOHLIAMMU OILIETKY Kabes
M TIapa3uTHBII TOK, KOTOPBIii TaKXKe HABO-
JIAT B LIGHTPAJTbHBIX XKWJIaX TTIOMEXY BCIe/I-
CTBHE B3aMMHOW MHIYKIIWH.

OmiéTky Kabensi Hamo 3a3eMJISITh CO
CTOPOHBI UCTOYHMKA curHaja. Eciu 3a-
3eMJICHME  cleJlaTb  CO  CTOPOHBI
NpUEMHMKA, TO TOK TOMEXU OyIEeT IMpoTe-
KaTh MO IyTH, MOKa3aHHOMY Ha puc. 21
IUTPUXOBOM JIMHUEH, TO €CTh 4epes
E€MKOCTb MEXJIy XKUJIaMu KabeJsisi, co3ma-
Basl Ha Heil U, CleI0BaTeIbHO, MEXIY
nuddepeHIMaNTbHBIMIA BXOAaAMU HaMpsi-
KeHue nomexu. [ToaToMy 3a3eMIsATh OM-
JIETKY HaJ0 CO CTOPOHbI MCTOUHUKA CUT-
Haja (puc. 22), B 3TOM cJiyyae MyTh JJIst
MPOXOXKIEHUsI TOKA TIOMEXU OTCYTCTBYET.

Ecnu ncToyHMK curHaiza He 3a3eMJIEH
(HampuMep, TepMorapa), TO 3a3eMJISITh
9KpaH MOXHO C J1000i CTOPOHBI, TakK
KakKk B 3TOM cCJjlyyae 3aMKHYTBHI KOHTYp
JUJIS TOKA TMTOMeXH He oOpasyeTcsl.

Ha yacrorax 6onee 1 MIi1 yBennuuBa-
eTCsl UHAYKTUBHOE COIPOTUBJEHUE 2K-
paHa, U TOKM €MKOCTHOI HaBOAKM CO3-
JIal0T Ha HEM OOJIblIOe TMaJeHUE Hampsi-
JKEeHUS, KOTOPOE MOXET MepenaBaThCs Ha
BHYTPEHHHUE KUJIbI yepe3 EMKOCTh MEX-
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Puc. 21. Npumep HenpaBunbHoro (co CTOPOHbI NPUEMHMKA CUTHANA) 3a3eMeHUs IKpaHa Kabens
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Puc. 22. HpaBuanoe 3a3emJieHue 3KpaHa (AOHOHHMTe]’IbHOE 3a3emMjieHue cnpaea ucnosb3yetca

ANA cny4yaa BbICOKOYAaCTOTHOrO curuana)

ny oruiétkoi u xujgamu. Kpome Ttoro,
npu IJuHe Kadessi, CpaBHUMOM ¢ UTHU-
HOI BOJIHBI MOMeXU (JUTMHA BOJIHBI MO-
Mexu Ha yactote 1 MIi1 paBHa 300 M, Ha
yactote 10 MIi1 — 30 M), Bo3pacTaer co-
MPOTUBJIEHUE OTLIETKU (CM. pa3aen «Mo-
IeJib ,,3¢MJIM“»), YTO PE3KO IOBBIIIAET
HarpsixkeHue rmoMmexu Ha orérke. Ilo-
3TOMY Ha BBICOKMX YacTOTaX OIIETKY Ka-
0eJisl Ha/lo 3a3eMJISITh HE TOJIbKO ¢ 00eunX
CTOPOH, HO M B HECKOJIBKMX TOYKAX MEX-
Iy HUMM (puc. 23). DTU TOYKU BbIOMpa-
10T Ha paccrosiHuM 1/10 UIMHBI BOJTHBI

IIOMeXH OfHa OT npyroi. Ilpu 3TOM 1O
OIIETKE Kabessi OyneT MpoTeKaTh 4acThb
TOKa I3, ., TEPENAIOLIETO IIOMEXY B
LICHTPAJbHYIO XUy 4Yepe3 B3aUMHYIO
MHIYKTUBHOCTb. EMKOCTHBIIl TOK TaKXKe
OyleT mpoTeKaTh MO MyTH, TOKa3aHHOMY
Ha puc. 21, oJHAKO BBICOKOYACTOTHAs
COCTaBJISIIONIAsl TTIOMEXHU OyneT ociabiie-
Ha. BbIOOp KonuyecTBa TOYEK 3a3emiie-
HUs KabeJssl 3aBUCUT OT Pa3HULIbI HAMPsI-
KEHUI MOMeXM Ha KOHIaX 9KpaHa, Jyac-
TOThI TIOMEXU, TpeOOBaHUI K 3allUTe OT
yIapoB MOJIHUM WX OT BEJUYMHBI TO-
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Puc. 24. [iBoiiHOe 3KpaHUpOBaHMe AJIMHHOTO Kabens

KOB, MPOTEKAMONINX Yepe3 SKpaH B CITy-
Jae ero 3a3eMJICHMSI.

B xauyecTBe MpoOMeXXyTOUYHOTO BapUaH-

Ta MOXKHO HCIIOJIb30BaTh BTOPOE 3a3eM-
JIeHUE 3KpaHa uepe3 €MKOCTb (puc. 22).

IIpu 2TOM 1O BBICOKOM YacTOTe 3KpaH
noJiyyaeTcsl 3a3eMJIEHHBIM C JIBYX CTO-
POH, IO HU3KOM 4acTOTe — C OAHOI. DTO
MMEET CMBICJI B TOM CJly4yae, KOra 4acTo-

Ta nomexu npesbimaer 1 MIii, a qnuHa

ka6ess B 10...20 pa3 MeHblIEe IJIMHbBI BOJI-
HbI TIOMEXH, TO €CTh KOT/a eIlé He HyX-
HO BBINOJIHSITH 3a3eMJIeHUE B HECKOJIb-
KHX MPOMEXKYTOYHBIX TOYKaX. Benmnuuny
€MKOCTM MOXHO paccuuTaTh Mo ¢hopmy-

ne C,, = 1/2-m- f- Xp), tae f— Bepx-

HAA 4aCcTOTa I'paHUIIbI CIICKTPa MOMECXH,

X — €EMKOCTHOE CONPOTUBIIEHNE 3a3EM-
JISIIOIIETO KOHJAeHcaTtopa (IOoJM oma).

Hanpumep, Ha yactore 1 MIi1 KoHaeH-
carop émkocTthio 0,1 MK® uMeeT compo-

tusiaeHune 1,6 OM. KonmeHcaTop g0KeH

OBITh BHICOKOYACTOTHBIM, C MaJIOii CO0-
CTBEHHOI MHIYKTUBHOCTBIO.

J171s1 KaueCTBEHHOTO 9KPaHUPOBAHMS B
IIMPOKOM CIIEKTPE YacTOT MCIOJb3YIOT

NIBOITHOI aKpaH (puc. 24) [8]. BHyTpeH-

HMIA 3KpaH 3a3eMJISIIOT C OJIHOI CTOpPO-
Hbl — CO CTOPOHBI MCTOYHMKA CUTHAaja,
YTOOBbl MCKJIIOUUTH TPOXOKIACHUE EM-

KOCTHOI MOMEXM MO MyTU, TTOKa3aHHOMY
Ha puc. 21, a BHEIIHUI 9KpaH YMeHbIlIa-
€T BICOKOYACTOTHbIE HAaBOJKHU.

Bo Bcex ciyyasix 9KpaH JI0JK€H OBbITh
M30JIMPOBaH, YTOOBI MPEAOTBPATUTH €O
cllydaiiHble KOHTaKThl ¢ METALINYECKU-
MU NpeaMeTaMU U 3eMJIEN.

OTMeTHM, YTO YacToTa MOMEXH — 3TO
4acToTa, KOTOPYIO MOTYT BOCIIPUMHUMATh
YYBCTBUTEJbHBIE BXOAbl YCTPOWUCTB CHUC-
TeM aBTOMaTu3aluu. B yacTHoCTH, ecu
Ha BXOJIe¢ aHAJOTOBOI'O MOJIYJISI UMEETCs
GWIBTP, TO MaKCMMaJlbHasl 4yacToTa Mo-
MeXH1, KOTOPYIO HaJ0 YUYUTHIBATh MPU K-
PaHUPOBAHUM U 3a3€MJIEHUU, OTTpenesi-
€TCs BepXHEW rpaHUYHOI YaCTOTOW MO-
JIOCHI MPOITyCKaHUsI (OUIIBTPA.

IMockobKy maxe Mpy MpaBUILHOM 3a-
3eMJICHUM, HO JUTMHHOM KabeJie roMexa
BCE paBHO MPOXOIUT Yepe3 3KpaH, TO IS
rnepenavyr CUTHajIa Ha OOJIBIIIOe PACCTOSI-
HUE WY TIPY TTOBBIIIEHHBIX TPeOOBaHMSIX
K TOYHOCTH M3MEpEeHUIl HYXXHO Tiepema-
BaTh CUTHaJ B I pOoBOii (hopme niu e
JIydilie 4yepe3 onThueckuii kabenb. st
3TOTO MOXKHO WCITOJIb30BaTh, HAIpUMeEp,
MOJyJIU aHajioroBoro BBosna ReallLab! ce-
pun NL win ADAM-4000 u onToBoJjio-
KOHHbIE Mpeobpa3zoBarenn uHTepdelica
RS-485, nanpumep tunma SN-OFC-ST-

62.5/125 dupmbr HUJT ATT uiin ADAM-
4541/4542+ xkommanun Advantech.

3asemneHue 3KpaHOB Kabenein
CUCTEM ABTOMATU3ALIUMN
HA J1IEKTPUYECKUX NOACTAHLUAX

Ha snextpuyeckux MOACTAHLIMSIX Ha
OIIETKE (3KpaHe) CHUTHAJBbHOTO KaOesst
CHCTEMbI aBTOMATU3ALIUH, IPOJIOKEHHO-
IO IIOA BBICOKOBOJIBTHBIMU IIPOBOIAMM
Ha YPOBHE 3eMJIM U 3a3¢MJIEHHOIO C OfI-
HOIl CTOPOHBI, MOXET HABOIUTHCS Ha-
NpsDKeHWe BEJIMYMHOM B COTHU BOJIBT
[17] BO BpeMsi KOMMYTAlLlMM TOKA BbI-
kimodatesieM. [103ToMy ¢ LIeablo 3JIeK-
Tpo0OE30MacHOCTH OIUIETKY Kabens 3a-
3eMJISIIOT C JIBYX CTOPOH.

JInst 3alIUThl OT 3JIEKTPOMATHUTHBIX
nosieit ¢ yacroroii 50 iy skpaH kabess
TakXKe 3a3eMJISIIOT ¢ 00eMX CTOPOH. DTO
OIIPaBIaHHO B CJIy4asix, KOrJa U3BECTHO,
YTO 3JIEKTPOMAarHWTHas HaBOIKa C 4ac-
totoit 50 Iix OoJibllle, YeM HaBOJKa, Bbl-
3BaHHAs MPOTeKaHUEM BbIpaBHUBAIOIIIE-
ro TOKa 4yepe3 OIIETKY.

3asemneHue 3KpaHOB Kabenein
ANS 3AWMTbl OT MOJIHUM

s 3aliMThl OT MAarHUTHOTO IIOJISI
MOJIHUM CUTHAJIbHBIC KaOe/IM CUCTEM aB-
TOMATU3ALUU, IPOXOASIIUE IO OTKPBI-
TOI MECTHOCTHU, IOJDKHBI OBITh IIPOJIO-
XKEHBbI B METALTMYECKUX Tpybax u3 ¢ep-
POMarHMTHOIO MaTepuajia, Harpumep
craynu. TpyObl UrpaloT pojb MarHUTHOTO
skpaHa [3]. HepxaBeloliyio cTaiab HC-
10JIb30BaTh HEJb3sI, IOCKOJIbKY 3TOT Ma-
Tepuaj He sBiIsieTcs: (heppOMarHUTHBIM.
TpyObl mpokjaabiBalOT MOA 3eMJIEH, a
IpYU Ha3eMHOM pACIOJIOXEHUU OHU
JTOJIKHBI OBITh 3a3eMJICHBI IIPUMEPHO Ye-
pe3 kaxabie 3 meTpa [8]. Kabenb noykeH
OBITb DKPAHUPOBAH M DKpaH 3a3eMJIEH.
3a3zemMJjieHHME 3KpaHa JOJKHO OBITh MPO-
MU3BEICHO OYeHb KauyeCTBEHHO ¢ MUHU-
MaJIbHBIM COIIPOTHBIIEHUEM Ha 3eMJIIO.

BHyTpM 31aH1sI MArHUTHOE T0JIE OC1a0-
JIIETCsI, €CIU 3[aHKe 3KeJe300eTOHHOe, U
He 0CJIabJIsIeTCsI, €CJIM OHO KUPITMYHOE.

PagykanbHBIM pellieHUeM TpooieM 3a-
LTI OT MOJIHUU SIBJISIETCST IPUMEHEHUE
OIITOBOJIOKOHHOTO KabeJssi, KOTOPBIi
CTOMT YK€ JOCTATOYHO JAEIIEBO U JIETKO
nojkJjouaeTcst K uHtepgeiicy RS-485.

3asemneHue
npu gudpdpepeHunanbHbIX
U3MepeHUusx

Eciu MCTOYHUK CUTHAIa HE UMeeT CO-
MPOTUBJICHUS Ha 3eMJTIO, TO MU audde-
PEHIIMATbHOM M3MEpPEeHUU 00Opaszyercst
«I1aBarponuii» Bxoa. Ha «miaBaroiiem»
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BXOJIe MOXET HaBOIUTHCS CTAaTUYECKMIA
3apsil OT aTMOC(EPHOTO 3JIEKTPUYECTBA
(cM. Takxke pasnesbl «MOJHUS U aTMO-
cdepHOe 2JIEKTPUYECTBO», «,,[lnaBaio-
mas“ 3eMJs1») WM BXOTHOTO TOKa yTeu-
KM OIepallMoHHOro ycunurens. st oT-
BOJIA 3apsiia M TOKa Ha 3eMJIIO TTOTEHIIN-
aJlbHbIe BXOJbl MOJYJIeil aHaJIOTOBOTO
BBOJa OOBIYHO COJEpXKaT BHYTPU ceOs
pPe3UCTOPHl COMPOTHUBIEHUEM OT 1 1O
20 MOM, coenuHsIOLIME aHaJOroBbIe
BXOABI ¢ 3eMJIE. OaHAKO MPU OOIBILIOM
YPOBHE TTOMEX UJIK OOJIBIIIOM UMIIeIaHCe
MCTOYHUKA CUTHajla Jaxe COIMpPOTHBIIE-
Hue 20 MOM MOXeT oKa3aTbCsl HEI0CTa-
TOYHBIM U TOTIa HEOOXOAUMMO MOIOTHU-
TEJIbHO MCIIOJb30BaTh BHEILIHUE DPE3U-
CTOPbl HOMUHAJIOM OT AECSATKOB KOM 110
1 MOM unu KOHAEHCATOPbl C TAKUM Xe
CONPOTUBJEHUEM Ha 4YacToTe IOMEeXH
(puc. 25).

3asemneHue
MHTEJINIEKTYNIbHbIX AATYUNKOB

B mocnenHee BpeMsI MOIyYMIN IIKPO-
KOE pacIpoCTpaHEeHUEe M pa3BUTUE TakK
Ha3bIBaeMble MHTEJICKTyaIbHbIC daTUl-
KU, cofiepKaliiie MUKPOKOHTPOJLIEP IS
JIMHeApU3aluy XapaKTepUCTUKK I1Pe0-
pa3zoBaHus naTyrka. MHTeIeKTyaabHble
JATYMKKM BBIOAIOT CUTHAJ B LUMPOBOIA
win aHajoroBoit ¢opme [18]. Beaeact-
BHME TOrO, 4TO Liu(poBast 4YacTh AaT4MKa

COBMeEIIIEHa C aHaJIo-
roBOI, TIpU Hempa-
BUJIBHOM
HUU BBIXOJAHOW CUT- |
HaJl UMeeT IIOBbI-
IIEHHbI  YPOBEHb
myma. Hekoropbie
NaTYUKU, HaMpuMep
¢upmbl  Honeywell,
nmerot LHATIT ¢ Toko-
BBbIM BBIXOJIOM M I1O-
3TOMY TPeOYyIOT MOA-
KJIIOUEHUsI BHELITHETO
CONPOTUBJIEHUSI Ha-
rpy3ku nopsiaka 20 kOm [18], moatomy
MOJIE3HBI CUTHA B HUX MOJIydyaeTcsl B
(dopMe HamnpsKeHUsI, TaJalollero Ha Ha-
rPY30YHOM PE3UCTOpPE IMPU MPOTEKAHUU
BBIXOJTHOTO TOKA JaTYMKa.

Paccmorpum mpumep (puc. 26). Ha-
MpsDKeHUe Ha Harpy3ke paBHO:

Tepmonapa
3a3€EMJIe- f

-1

Harp

Harp = Vout Rl + 12 ’ RZ’

TO €CTh OHO 3aBUCHUT OT TOKa /,, KOTOPbIiA
BKJIIOUaeT B ce0s1 TOK LIM(MPOBON 3eMIIH.
Tok 1mdpoBoil 3eMAU COACPKUT IIIYM U,
B COOTBETCTBUM C MPUBEIEHHON (PopMy-
JIOW, BIMSIET HA HAIPSDKEHUE Ha Harpys-
Ke. UToOBI yCTpaHUTD 3TOT 3 DeKT, 1enu
3a3eMJICHUSI HAJO0 BBHITIOJTHUTH TaK, Kak
noka3zaHo Ha puc. 27. 3nech TOK LHUppo-
BOIl 3eMJIM He TIpOTeKaeT 4yepe3 COIpo-

-

e vt Th i R.'

A < o

LGN D+ AGND

1 &

D¢~

oy

Puc. 26. HenpasunbHoe 3a3emneHue UHTENIEKTYaNbHbIX AATYNKOB

-

Hmrevaesmya b K

AT -

DOGND+AGND

Puc. 25. 3a3emneHune aHanoroBbix BXOA0B Yyepe3 conpoTuBneHua ana
YMeéHblIeHUA NoMex Ha «nJjiaBaloLem» Bxoje

TUBJIEHNE R, U TO3TOMY HE BHOCHT IIYM
B HampsKEHYE CUTHAIA Ha HarpysKe.

3asemneHue wkadpos

C annaparypom cucTtem

GBTOMATU3IALUMN
MonTax 1mKadoB ¢ anmapaTypou 10J-

KEeH YYUTHIBATh BCIO paHee U3JIOKEHHYIO

nHpopmailo. OgHaKo 3apaHee Hesb3s

cKa3aTb OMHO3HAYHO, KaKue TpeOOBaHUs

SIBJISIIOTCSL  00sI3aTENbHBIMU, KaKue —

HET, TOCKOJIbKY Ha0op 00s3aTeabHBIX

TpeOOBaHUI 3aBUCUT OT HEOOXOAMMOM

TOYHOCTU U3MEPEHUI U OT OKPYKAIOILIE

3JIEKTPOMArHuTHOI o0cTtaHOBKU. [lo-

3TOMY MPUBEAEHHBIE Jajee MpUMepbl 3a-
3eMJICHMST pas3ieieHbl Ha «ITPaBUIbHbIE»

U «OIKUO0YHBIe» ycioBHO. Ilpu 3Tom

«IIpaBWJIbHBIM» IpUMep Bcerma maéT

MEHBIINI YPOBEHb TTOMEX, UeM «HeIpa-

BUJIbHBI».

Ha puc. 28 npuBeaéH npumep, B KOTO-
POM Kax/10e OTJIMYMe OT puc. 29 yBeIu-
YUBAaeT BEPOSTHOCTH COOEB LIM(PPOBOI
YacTy Y YXyIIIAeT MOTPEIIHOCTh aHaI0-
rosoii. Ha puc. 28 cnenaHbl ciaeaytoniye
«HETpaBWIbHbIE» COEUHEHUSI:

@ 3a3zeMJeHUE IIKa(OB BBHITIOJHEHO B
pPa3HBIX TOYKaX, MO3TOMY TOTEHIIMA-
JIbl X 3eMesib oTanyarorcs (puc. 17
u 18);

@ 1mKadbl COeNMHEHBI MEXIY CO00I1, UTO
€c0o31a€T 3aMKHYTHI KOHTYP B LIeTIN 3a-
3emieHus (cM. puc. 16, a Takxke paszie-
JIbl «3alllUTHOE 3a3eMJICHUE 3MaHUIi»,
«3azeMJisiiolIe  MPOBOAHUKW» U
«DIeKTpOMarHUTHbIE HABOJIKM»);

©® NMPOBOJHUKHU aHAJIOTOBOI M LIM(PPOBOIt
3eMeJib B JIEBOM IKady Ha OOJbIIOM
yJacTKe MAYT MapajjiebHO, TTO3TOMY
Ha aHAJIOTOBOI 3eMJie MOTYT TOSIBUTh-
Csl MTHIYKTUBHBIC M EMKOCTHbBIE HaBO/I-
KM OT UM(POBOI1 3eMJIU;

I3 .'H o @ BbiBo GND Gi10Ka MTUTaHKsT COENUHEH
—i=3 -
EE ¢ Koprnycom 1ukada B Onvxaiiniei
T 7l TOUKE, a HE Ha KJIEMME 3a3eMJICHMS,

MO3TOMY IO KOPITyCy IiKada Teu&T TOK

Puc. 27. MNpasunbHoe 3a3emneHue UHTENIEKTYaNbHbIX AATYNKOB MOMEXM, IMTPOHUKAIOLINI Yepe3 TpaHC-
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Puc. 28. MNpumep HenpaBUNbLHOrO 3a3eMyeHUA LWL

T Fararce MraEsUREMIER TGN

KaoB C annapaTypoil CUCTEMbI aBTOMATU3aLNN

(KpaCHbIM LBETOM Bblfie/ieHbl HenpaBuJibHblie COeAUHEHUA; GND — BbIBOA ANA NOAKAIOYEHUA

3a3eMNEHHOro BbIBOAA nwrarma)
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Tifivinee mrdesenesiien soeruen

Puc. 29. Mpumep npaBunbHOro 3a3emneHus WKahoB CUCTEMbI AaBTOMATU3ALMUN

dopmaTtop 6soka nmutaHus (puc. 12 u
13);

@ UCIOJIb3YeTCsI OMUH OJIOK MUTAHMUS Ha
nBa mkada, 4To yBeJIMUMBACT JUIMHY U
VHIYKTUBHOCTh ITIPOBOIHMKA 3a3eMJIe-
HUS;

@ B 1paBoM IiKacdy BbIBOABI 3€MJIM IO/~
COCIMHEHBI He K KIIEMME 3a3eMJICHUSI,
a HeMOCPEeACTBEHHO K KOpITycy iKada.
I1pu aToM KopIyc 1mKada cTaHOBUTCS
MCTOYHUKOM MHIYKTMBHOW HAaBOIKU

Ha BCe IPOBOIA, MPOXOISINKE BIOJb
€ro CTeH;

@ B IIpaBoOM IKady B CpeIHEM PsiIy aHa-
JioroBasi ¥ g poBasi 3eMJIM COSIUHE-
HBI IIPSIMO Ha BBIXOZE 0JI0KOB, YTO He-
npaBuibHO (puc. 17, 18, 19).
[lepeunciieHHble HETOCTATKU YyCTpa-

HeHbl Ha puc. 29. JIoMOJHUTEIbHBIM

yay4lleHUEeM Pa3BOAKKM B 3TOM IIpuMepe

ObLI0 OBbI MPUMEHEHME OTIEJIbHOTO MPO-

BOIHMKA 3a3eMJIeHUs [Jisi Haubosee

YYBCTBUTEJbHBIX aHAJOTOBBIX MOYJeEit
BBOJA.

B npenenax mkada (cToiiku) xeya-
TEJbHO TPYNIMPOBATh aHAJOrOBbIE MO-
Iy OTAEIbHO, LIM(PPOBBIE — OTAEILHO,
yTOOBI MPY TMPOKJIAIKE MPOBOAOB B Ka-
0eJbHOM KaHaje YMEHbIIUTb JIUHY
YYacTKOB TapajuieIbHOTO MPOXOXKACHMS
Hernei HupoBoii U aHAJIOTOBOM 3eMeTb.

3asemneHue B pacnpegenéHHbIX
cUCTEeMax ynpasneHUsa

B cucremax ympaBieHus, pacrpe-
NEJIEHHBIX 0 HEKOTOPOW TEPPUTOPUHU C
XapaKTepHBIMU pa3MepaMu B JIECATKU U
COTHM METPOB, HEJb3s HCIT0JIb30BaTh
MOJYJIY BBOAA 0e3 TaJbBaHUUECKOU pa3-
Bs3KU. TONbKO TajbBaHUUYECKasl pa3Bsi3-
Ka TO3BOJISIET COEAUHSATH ILIeTH,
3eMJIEHHBIE B TOYKAX C Pa3HbIMU MTOTEH-
LUaJaMH.

KabGenu, nmpoxoasiine 1mo OTKPBLITOM
MECTHOCTHM, JOJKHBI OBbITh 3allUILIECHbI
OT MarHUTHBIX MMITYJIbCOB, BO3HUKAalO-
IIUX BO BpeMsI Tpo3bl (CM. pasmesibl
«MoaHus u atMocepHOe JEKTPUIECT-
BO», «3a3eMJIEHHE DKpaHOB KabeJeit 1js
3alIUThl OT MOJTHUMW»), U OT MAarHUTHBIX
MoJieli, TMOSBISIOIIMXCS MPU KOMMYTa-
LIMM MOILHBIX HArpy30K (cM. pazaen «3a-
3eMJIEHUE 9KpaHOB Kabeseil cucteM aB-
TOMaTU3alMM Ha 3JEKTPUYECKUX TOMA-
craHLusIX»). Ocoboe BHUMaHUE HaIo0
YVACIUTh 3a3eMJICHMIO 3KpaHa Kabes
(cM. paszen «3a3eMJIeHMe 9KpaHOB CUT-
HaJIbHBIX Kabeseil»). PagukanbHbBIM pe-
LIEHUEeM JUIS TEPPUTOPUATIBHO pacIpe-
NeIEHHOM CUCTEeMBbI yIIPaBICHMUS SIBJISICT-
csl Tepefgavya MHGOPMALMM TIO OINTUYE-
CKOMY BOJIOKHY WJIM paJuoKaHaly.

Herutoxue pe3ynbraThl MOXKHO ITOJTY-
YUTh, OTKA3aBIIUCh OT Tepeaadyn MHHOP-
Maluy MO aHaJOrOBBIM CTaHAapTaM B
TOJTB3Y UG POBBIX. [IJ15T 3TOT0 MOXKHO HC-
ITOJTb30BaTh COOTBETCTBYIOIIE MOIYJIN
IUTST TIOCTPOGHUST PACIIpeeIEHHBIX CUC-
TeM YIIpaBJIeHUs, HampuMep Ccepuit
ADAM-4000 v NL. CyTb 3TOrO0 1oaxo-
J1a 3aKJII0YaeTCsT B TOM, YTO MOIYJIb BBOZIA
pacrojlaraloT Bo3Jie JaTuMKa, yMeHbIIast
TEM CaMbIM JUTUHY TIPOBOJIOB C aHAJIOTO-
BbIMUM curHaiamu, a B [TJIK nepenaércs
curHain no uudpoBoMy kaHaiy. PaszHo-
BUIHOCTBIO TAaKOTO TIOIXOAA STBIISIETCS
MMPUMEHEHNEe TaTYNKOB CO BCTPOSHHBIMU
B HUX ALLIT 1 uudpoBbiM uHTEpdEiicom.
[MonoOHBIE MaTYMKKU ceiyac ecTb Cpeiu
U3IeUii MHOTMX (QUPM, HaIpumep
Pepperl+Fuchs, Siemens, Omron u np.;
BBIITYCKAIOTCSI TaKWe MaTIYUKU yXKe YIo-
MuHaBleics cepur NL, Hanpumep aat-
yukK BiaxHoctu NL-1DT100.
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Puc. 30. 3asemneHue B NpOMbILLIEHHOI CETU Ha OCHOBe MHTepdeiica RS-485

3asemneHune YyBCTBUTENbHbIX
U3MepUTesIbHbIX Lenen

Jns1 u3MepuTenbHBIX LIENeil ¢ BBICO-
KOM YyBCTBUTEJIbHOCTBIO B IJIOXOM BJIEK-
TPOMArHUTHOI O0OCTAaHOBKE JIy4yllIne pe-
3y/NbTaThl JAET TMPUMEHEHUE <«IUIaBalo-
ei» 3eMiu (CM. pasaen «,,[LnaBaromias ™
3eMJIsI») COBMECTHO ¢ OaTapeiiHbIM IUTa-
HueM [19] u nepenaveii nHGOpPMaLIMK IO
OITOBOJIOKHY.

3asemneHue UCNONHUTENbHOTO
060pyAOBAHMS U NPUBOAOB
ACY TN

Ilenu nutaHus ABUTaTeCH C UMITYJIbC-
HBIM YIIpaBJIEHMEM, IBUTATENIEld CEpPBO-
MIPUBOIOB, UCIIOJHUTEIBHBIX YCTPOICTB C
LI M-ynpaBieHUeM JTOKHBI ObITh BbI-
MOJIHEHbI BUTOM ITApOU ISl YMEHBILICHWUS
MAarHUTHOTO TOJIsI, a TAKXKe 9KpaHUPOBa-
Hbl [UISI CHUKEHUSI 3JIEKTPUYECKOM CO-
CTaBJISIIONIEH M3JTydaeMOi TTOMeXu. DK-
paH Kabest JOJKeH ObITh 3a3eMJIEH C OJ1-
HOW cTopoHbl. Llenu moakioueHust aat-
YUKOB TAKUX CUCTEM JO0JIKHbBI ObITh ITOME-
LIEHBI B OTACIBbHBINA 3KPaH U 10 BO3ZMOX-
HOCTU MPOCTPAaHCTBEHHO OTHAJEHbI OT
HCIOJTHUTEIbHBIX YCTPOMCTB.

3asemneHue B NPOMbBILLIIIEHHbIX
cerax

IIpombllIeHHAs ceThb HA OCHOBE MH-
Tepdeiica RS-485 BwuImomHseTCS 3Kpa-
HUPOBAHHOW BUTOW Mapoil ¢ 00sI3aTelb-
HBIM MIPUMEHEHUEM MOMIYJeH rajJbBaHU-
yeckoit pa3Bsasku (puc. 30). 1t HeGosib-
KX paccTosiHUi (ropsinka 10 M) mpu
OTCYTCTBUHM TIOOJM30CTHU HMCTOYHHKOB
MOMeX 9KpaH MOXHO HE MCIIOJb30BaTh.
ITpu GonpbiIMX paccTOSIHUSX (CTaHAAPT
JIOTyCcKaeT JUIMHY Kabess 10 1,2 kM) pas-
HUIIA MOTEHILIMAJIOB 3eMJIM B YIaJEHHbBIX
ApPYr OT Apyra TOYKax MOXET JOCTUTaTb
HECKOJIbKMX €IVHMII U Jaxe IeCSITKOB
BOJIBT (CM. pasnen «3a3eMyIeHUe 9KpaHOB
CUTHaJIbHBIX Kabeneit»). [TosTomy, yTo-
ObI MPEIOTBPATUTh MPOTEKAHKE IO IKpa-
HY TOKa, BbIPAaBHUBAIOILLETO 3TU IMOTEH-
LIMaJIbl, 9KpaH KabeJssi Hy>)KHO 3a3eMJISITh

TOJILKO B OHOI TOYKe (0e3pa3iuyHo, B
Kakoii). DTo TakxXe NpeaoTBPaTUT MOsIB-
JIECHMEe 3aMKHYTOIO KOHTypa OoJjbllIoi
TUIolIaad B LIEMM 3a3eMJIEHUSI, B KOTO-
pPOM 3a CUET 2JEeKTPOMArHUTHOU MHAYK-
LMK MOXET HaBOIUTBCSI TOK OOJbLION
BEJIMYMHBI TPU yrapax MOJHUU WIU
KOMMYTallMM MOIIHBIX Harpy3ok. Tok
yepe3 B3aMHYI0 WHIYKTMBHOCTb HaBO-
OAT Ha LEHTPaJbHOW Mape MpPOBOJOB
5]C, KOTOpPasi MOXET BBIBECTU U3 CTPOSI
MUKPOCXEMBI IpaiiBepoB MopTa.

I[Ipu wucnoyib30BaHUM HEIKPAHUPO-
BaHHOTO Kabesis Ha HEM MOXET HaBO-
IUTHCS OOJBINONW CTAaTMYCCKUM 3apsi
(HECKOJIbKO KWJIOBOJIBT) 3a CYET aTMO-
chepHOro 3JIeKTpUUYECTBA, KOTOPBII
CIOCOOCH BBIBECTH W3 CTPOSI DJIEMEHTHI
raJIbBAHUYECKOM pa3Bsi3Ku. st IpenoT-
BpallleHUs1 3Toro adexra n30JaupoBaH-
HYIO 9acTh YCTPOMCTBA TaJlbBaHUYECKOM
Pa3BSI3KU CJelyeT 3a3eMJIMTh Yepe3 COo-
npotusieHue, Hanpumep 0,1...1 MOm.

ComnpoTuBJeHUE, T[MOKAa3aHHOE Ha
puc. 30 mWTPUXOBOW JIMHUEHN, CHUXKaeT
TakKe BEPOSITHOCTH IMPOOOsI TIPU TTOBpe-
KACHUSIX 3a3eMJICHUSI MU GOJTBIIIOM CO-
MPOTUBJIEHUN TaJbBAHWUYECKOW W30JIsI-
MU B cllydae TIPUMEHEHUsT IKPaHUPO-
BaHHOTO Kaoess.

OCcO0GEHHO CUJIBHO MPOSIBJISIOTCS OMK-
caHHble 2ddekThl B ceTsix Ethernet ¢ Ko-
aKCHUaJIbHBIM KabejieM, KOTJIa TPy 3a3eM-
JIECHU B HECKOJIbKUX TOYKaX (MJTU OTCYT-
CTBHU 3a3¢MJICHUST) BO BPEMsI TPO3bI BbI-
XOISIT M3 CTPOST Cpa3y HECKOJBKO CeTe-
BbIX Ethernet-ruiar.

B cerax Ethernet ¢ Manoit mpomyckHo
crocobHocThio (10 M6uT/C) 3a3eMiieHue
9KpaHa CJIe/yeT BBITTOTHSITH TOJIBKO B Ofl-
Hoii Touke. B Fast Ethernet (100 Mowut/c)
u Gigabit Ethernet (1 ['out/c) 3azemie-
HHUE 2KpaHa CJIe[yeT BBITIONHSIThL B He-
CKOJIBKMX TOYKaX, TMOJb3YSICh PEKOMEH-
JAnUsIMU pasfena «3a3eMIeHre SKPaHOB
CUTHATBHBIX Kabemeil».

PykoBoncTBoBaThbCs MpaBWIaMU U3
JMAHHOTO pa3iesia Hy>KHO U TIPU MPOKJIaf -
Ke KabeJst Ha OTKPBITOI MECTHOCTH.

3asemneHne HA B3PbIBOOMNACHBIX
NMPOMBILLISIEHHbIX 06BbEKTAX

Ha B3pbIBOOMACHBIX MTPOMBIIILIEHHBIX
00BbeKTaxX TIpPU MOHTaXe 3a3eMJICHUS
MHOTOXWJIBHBIM TTPOBOIOM HE JIOMycKa-
eTcsl MPUMEHEHME TTailkuy 7151 CTTauBaHUsI
KWJT MEXIY CO0O0M, TTOCKOJIBKY BCJICICT-
BUE XJAQAOTEKy4eCTH TMPHUIIOSI BO3MOXKHO
ocnabJieHue MeCT KOHTaKTHOTO [aBlie-
HUSI B BUHTOBBIX 3aXKHMax.

DkpaH Kabenss uHTepdeiica RS-485
3a3eMJISIeTCSl B OTHOM TOUKE BHE B3PbIBO-
ornacHoii 30HBI. B mpenmenax B3pbIBO-
OMacHOW 30HBI OH MOJKEH OBbITh 3a-
IUIIEH OT CAYyYallHOTO COMPUKOCHOBE-
HUSI ¢ 3a3eMJIEHHBIMU TTPOBOJAHUKAMMU.
MckpobesonacHble LENM HE TOJIKHBI 3a-
3EeMJISIThCSI, €CJIM 3TOTO HE TPEOYIOT yCI0-
BUS pabOThl  BJIEKTPOOOOPYAOBAHUS
(I'OCT P 51330.10, m. 6.3.5.2).

WUckpobe3onacHble LENUA JTOJKHBI
ObITb CMOHTHUPOBAHBI TaKUM 00Opa3oM,
YTOObl HABOJKHW OT BHEIIHUX 3JIEKTPO-
MarHMTHBIX MOJIel (HampuMmep, OT pac-
MOJIOKEHHOTO Ha KpbILlIe 31aHUs paauo-
nepeaaTyuka, OT BO3AYLIHBIX JWHUIA
9JIEKTpoIepeauyn Wil Oau3aexalmnx
Kabeseit st riepenadyu OOJIbIION MOII-
HOCTHM) HE cO3/[aBajiy OMacHOTo Harps-
KEHUS WM TOKa B MCKpPOOE30MacHBIX
HeTsIX. DTO MOXKET ObITh JOCTUTHYTO K-
paHMpPOBaHUEM WM yIaJeHUEM HCKPO-
0e30IacHbIX 1eTell OT UCTOYHUKA JIeK-
TPOMarHUTHOM HAaBOIKH.

ITpu npoxiiagke B 00IIEM My4YKe WU
KaHaJle KabeJI ¢ MUICKPOOITaCHBIMU 1 UC-
KpOOEe30TacHBIMU  LIETIAIMU  TOJIKHBI
OBITH pa3esieHbl IIPOMEXKYTOYHBIM CJIO-
€M M30JSILIMOHHOIO Marepuajia Wid 3a-
3eMJIEHHOI MEeTaJUIMYeCKOU Ieperopo-
koii. Hukakoro pa3sneneHust He TpeOyeT-
Csl, €CJT MCITOJIb3YIOTCsI Kabesn ¢ MeTal-
JIMYECKOI 000JI0UKOI WJIU SKPAHOM.

3azeMJIEHHbIE METALIMYECKNEe KOHCT-
PYKIIMM HE MOJIKHBI UMETh Pa3pbIBOB U
TUTOXUX KOHTAKTOB MEXIY CO0O0ii, KOTO-
pbIe MOTYT UCKPUTB BO BpeMsI TPO3bI WU
pY KOMMYTAIIUX MOIITHOTO 060pyIoBa-
HUS.

Ha B3pBIBOOIMaCHBIX MPOMBITIUIEHHBIX
00BEKTaX WCITOIB3YIOTCS TPEUMYIIECT-
BEHHO 2JIEKTPUUECKUE PACIIPEICTTUTE b~
HBIE CETH C U30JIUPOBAHHOU HEUTPAIIBIO,
YTOOBI UCKITIOYUTH BO3MOXHOCTH TTIOSIB-
JICHUSI MCKPBI NIPU KOPOTKOM 3aMbIKa-
HUM (a3bl Ha 3eMJII0 U CpabaThIBaHMS
TpeIOXpaHUTENICH 3aIUThI IIPY MOBPEXK-
TIEHUW U30JISIIINN.

JI7IsT 3aI0UTBl OT CTATMYECKOTO BJIeK-
TpUYECTBA WCIIOJNB3YIOT 3a3eMJICHUE,
OIMKMCAaHHOE B COOTBETCTBYIOILIEM pasie-
ste. CTaTndeckoe 3JIeKTPUIECTBO MOXKET
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B 3BANMUCHYIO KHMXKY MHXEHEPA

OBbITh MPUYMHON BOCIUIAMEHEHMSI B3PbI-
BoomacHoi cmecu. Hampumep, mnpu
éMKOCTHU YeJIOBEYEeCKOTro Tena
100...400 n® u norenumane 3apsina 1 kB
SHEPrusi UCKPOBOIO paspsiia ¢ Teja 4e-
JoBeka Oynet paBHa 50...200 mx/Ik, yTO
MOXKET OBITh TOCTATOYHO [IJIsI BOCILIAMeE-
HEHHUsI B3PBIBOOMACHOM CMECH TIPYIIIbI
11C (60 mxIx) [20].

BEPUOUKALMSA 3ABEMJIEHMUA

s oGHapyXeHUs TTpobJieM 3a3emIe-
HUSI UCTTOJIB3YIOT OCIIUJUTIOTpadbI C «I1Ia-
BaloIIMM» (OaTapeiiHbIM) TIMTaHUEM U
CaMOTTUCIIBI.

Camornucubl [11] momoraioT HalThH
TUIOXME («IIypIlalie») KOHTAKThI B 1ie-
MU 3a3eMJICHUST M TIMTaHUS anmapaTyphbl,
PENKO MOSBISIONINECS COOM B CHUCTEMax
aBTOMaTU3alMu. [IJIsT 9TOro ¢ MOMOIIIbIO
MHOTOKaHaJIbHOTO KOMIBIOTEPHOTO ca-
MOIMCIIa KOHTPOJUPYIOT HMHTEPECYIO-
UK TapaMeTp, HampsLKeHUe B 1enu
HU3KOBOJBTHOTO MUTaHMSI, B MUTAOIICH
cetu 220 B u pasHOCTb HaNpsiKeHUM
MEXIy HECKOJbKUMHU TOYKAMU CUCTEMBbI
3azemyieHMs1. HenpepbiBHas 3amuch Ia-
paMeTpoB Ipoliecca U HampsLKeHU mo-
3BOJISIET YCTAHOBUTH NMPUUUHHO-CIIEACT-
BEHHYIO CBSI3b MEXIy COOSIMU TEXHOJO-
TMYECKUX MapaMeTpoB U BbIOpOCaMU Ha-
NPsDKEHUST B LIENU MMUTAaHUSL U 3a3eMJie-
HUS.

Ocuumnorpadbl ¢ «IIaBalOIIMM» TTH-
TaHueM [19] MO3BOJISIIOT KOHTPOJIMPO-
BaTb BEJMYMHY M YacTOTy ITOMEXU Ha
KJIeMMax 3a3eMJeHMSI B MOHTaXKHbIX
mKadax CUCTeM aBTOMATM3allMM, Olle-
HUTb YPOBEHb W HAUTHU MCTOYHMUK Mar-
HUTHOTO TIOJIsSI TIOMEXU C TTOMOIIIbIO aH-
TEHHBI U3 HECKOJIbKMX BUTKOB IIPOBOJIA,
MOAKJIIOUEHHOI K ocuwuiorpady. AHa-
JIOTMYHO MOKHO HAWTU MCTOYHUK DJIEK-
TPUIECKOTO TTOJISI C TIOMOIIIBIO TUTACTUHBI
(0OKJIagKU KOHAEHCATOpa).

HNpaeanbHbIM TTpUOOPOM TSI MCCIIEeNO-
BaHUsI TTIOMeX MOT ObI ObITh MUHMATIOP-
HbII LMdpoBOil ocuuiorpad ¢ manoi
€MKOCTBIO Ha 3eMJTIO Y Ha PYKU OIlepaTo-
pa, ¢ GarapeiiHbIM TMTaHUEM W Tiepe-
JTAOIIMI CUTHAJT B KOMITBIOTED Yepe3 OTl-
TUYECKUI Kabelsib, UMEIOIINI MOTeHLIM-
aJTbHBIN, TOKOBBIM M 3JIEKTPOMETpHUYE-
CKUM BXOIIBI.

BoiBOADbI:
NMPABMJIA 3A3EMJEHMUS

PapukanbHble meTofbl pelueHus

npo6nem sasemneHus

1. Mcrionb3yiiTe MOAynu BBOAA-BBIBOAA
TOJIBKO C TaJIbBAHUYECKOW Pa3BSA3KOMN.

2. He mpumeHsiiiTe NIMHHBIX MPOBOIOB
OT aHaJOTOBBIX NaT4YMKOB. Pacmona-
raiite Moayiaud BBOJa B HETMOCPEICT-
BEHHOI1 OJIM30CTU K AATUYMKY, @ CUTHAJ
nepeaasaiite B uudponoii popme.

3. Ucnonp3yiiTe AaTYMKUA C LMOPOBBIM
nHTepdeicom.

4. Ha OoTKpBITOI MECTHOCTHU U IpU 00JIb-
WX AUMCTAHIUSAX UCMOJb3YUTE OMTH-
YeCcKuii Kabeab BMECTO MEJHOTO.

5. Ucnonb3yiite TOJbKO aupdepeHn-
aJibHbIe (HE OMMHOYHBIE) BXOJbI MOy~
Jiell aHaJIoroBOro BBojaA.

Apyruve coBeTbl

1. Ucnonw3yiiTe B mpeneaax Baiieit cuc-
TeMBbl aBTOMAaTHM3allUM OTAECJIbHYIO
3eMJII0 M3 MEIHON IIMHBI, COCANHUB
€€ C IIMHOM 3alIUTHOTO 3a3eMJICHUS
3MaHUS TOJbKO B OHOI TOUKE.

2. AHaJIOTOBYI0, LIM(PPOBYIO U CUJIOBYIO
3eMJII0 CUCTEMBbI COCIMHSIMTE TOJIBKO
B omHoii Touke. Ecinu atoro caenarh
HEBO3MOXHO, HCIOJb3YHTE MEIHYIO
LIMHY C OOJIbLION IUIOLIAAbIO TOoMe-
pEYHOro Ce4YeHMsl NI YMEHbIIEeHUS
COTNPOTUBIICHUSI MEXIY pa3HbIMU
TOYKaMU MOIKTIOUEHUS 3€MeJIb.

3. Cnenute, 4TOOBI MPU MOHTAXKE CUCTE-
MBI 3a3eMJICHUS CJIyyaifHO He 00pa3o-
BaJICSl 3AMKHYTBIN KOHTYP.

4. He ucnonp3yiiTe MO BO3MOXHOCTHU
3eMJII0 KaK YPOBEHb OTCYETa Hampsi-
JKEHUS TIpU Mepeaadye CUrHaa.

5. Eciu mpoBojn 3a3eMJIEHUSI HE MOXET
OBITh KOPOTKUM MJIM €CJIM 1O KOHCT-
PYKTUBHBIM COOOpaXXeHUsSM Heo0X0-
JIMMO 3a3€MJIUTh ABE YaCTU TaJbBaHU-
YEeCKHU CBSI3aHHOM CHCTEMbI B Pa3HBIX
TOYKaX, TO 3TU CUCTEMbl HYXXHO pa3-
JIEJIUTh C TOMOIIIbIO TaTbBaHWYECKOM
Pa3BsI3KMU.

6. llenu, uM301MpOBaHHbIC TajJbBaHUYE-
CKHU, HYXKHO 3a3eMJIsITh, YTOObI 130e-
JKaTh HAKOIJIEHUs] CTAaTUYECKUX 3apsi-
TIOB.

7. DKcnepuMEHTUPYITE U TIOJb3yTeCh
npudopaMu JJisl OLIEHKU KayecTBa 3a-
3eMJieHus. [lomnylieHHble OUOKU He
BUJIHBI Cpasy.

8. IlbrTaiitech MIEHTUPUIIUPOBATH UC-
TOYHUK U MTPUEMHUK ITOMEX, 3aTeM Ha-
pUcCyiiTe SKBUBAJIEHTHYIO CXEMY LIeMU
rnepeaayy MoMexu ¢ y4eToM mapasuT-
HBIX EMKOCTEI U UHAYKTUBHOCTEH.

9. IlpITaiiTech BBIAEIUTH CaMyI MOIL-
HYIO TTOMeXy U B IEePBYIO OYepenb 3a-
LIMIIANTECh OT HeE.

10.lenu ¢ cylmecTBEHHO pa3inyarolei-
Ccsl MOIIHOCTBIO CIIEIYeT 3a3eMJISITh
IpyIIaMu, B KaXI0# rpyrmie — 6J10Ku
C TIPUMEPHO PaBHOM MOIIIHOCTHIO.

11.3a3emstiolie MPOBOAHUKU C OOJIb-
IIUM TOKOM IOJIKHBI IMPOXOIUTH OT-
NIEIbBHO OT YYBCTBUTEJbHBIX MPOBOJ-
HUKOB C MaJIBIM U3MEPUTEbHBIM CUT-
HaJIOM.

12.TTpoBon 3a3eMJIeHUs 1OJKEH ObITh 1O
BO3MOXHOCTU MPSIMBIM U KOPOTKUM.

13.He nenaiitTe mojocy MNpomnycKaHUs
NMpUEMHUKA CUTHAJIA IIKpPE, YeM 3TO
Halo U3 COOOpaXeHUil TOUHOCTU W3-
MEPEHU.

14.Ucnionb3yiiTe 3KpaHUPOBAaHHBbIE Ka-
Oesn, BKpaH 3a3zeMJIsIiTe B OJHOU
TOYKE CO CTOPOHBI UCTOYHUKA CUTHA-
Jla Ha yactoTax Huxe 1 MIi1 u B He-
CKOJIBKMX TOYKaX — Ha 0oJiee BbICO-
KHX YacToTax.

15.J1151 0000 4YBCTBUTEIbHBIX U3MeEpPE-
HUI UCMOJIb3YiTe «IJlaBaloluii» Oa-
TapeWHBIA NUCTOYHUK MATAHWUS.

16.Camast «rpsi3Hasi» 3eMJist — OT CETEBO-
ro 6soka nutaHusi. He coBmermaiite
e€ c aHaJIOTOBOI 3eMJIET.

17.9KkpaHbl TODKHBI OBITH M30JUPOBAH-
HBIMU, YTOOBI HE TTOSBUJIOCH CIyJaii-
HBIX 3aMKHYTBIX KOHTYpPOB, a TaKXke
3JIEKTPUIECKOTO KOHTAKTa MEXIY 9K-
paHOM U 3eMJIEN.

18.IIpouTtute Takxke cTathu [2 1 21].®
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