MHUHOBPHAYKH POCCHUHA
@EJIEPAJIBHOE I'OCYJAPCTBEHHOE BIO/DKETHOE OBPA3OBATEJILHOE YUPEXIEHUE
BBICLLIEI'O OBPA3OBAHHS

«BEJI'OPOJICKHI 'OCYJTAPCTBEHHBIN
TEXHOJIOTHYECKU YHUBEPCHUTET um. B.I.IITYXOBA»
(BI'TY um. B. T'. IllyxoBa)

YIBEPXK/IAIO
JIpeKTOp HHCTHTY HepreTAKY, HH)OPMAIHOHHBIX

TEXHOJI UX CHCTEM
1.B. KocmaueBa  KaHZ.TEXH. 7~ A.B. benoycos
2023 I. « & 2023 r.
PABOYASA IMTPOI'PAMMA

AUCIHHIIJIHNHBI

METOJbI 1 CPEACTBA OBECIIEYEHUS DJIEKTPOBE3OITIACHOCTHA

HaIpaBJICHHUEC IMOATOTOBKHU

13.04.02 DnexTposHepreTuka 1 3JNEKTPOTEXHUKA

Ipo¢uIb MOATOTOBKU

3JI€KTp03HepI‘eTI/I‘-IeCKI/Ie CUCTEMBI H CETHU

KBanmudukanus

MarucTp

®opma obyueHus

Oo4dHasd

I/IHCTHTyT 9HEPreTUuKHU, l/IH(l)OpMaI.lHOHHbIX TEeXHOJIOTHIl 1 YOpaBJaSIOIIHUX CHCTEM

Kadeapa 3/ieKTpO3HepreTHKH H AaBTOMATHKH

benropon — 2023



PaGoyast mporpamMma CocTaBjeHa Ha OCHOBaHUU TPeOOBaHMUII:

e (MenepalbHOTO rOCYAapCTBEHHOrO0 00pa30BaTENBHOIO CTaHAApTa BEICLIETO
oOpa3zoBanmss — MaructpaTypa IO HampaBileHuto noAarotoBku 13.04.02,
yTBEPXKIEHHOTO npukazoM MuHoGpHayku Poccuu ot 28 despans 2018r. Nel47;

e y4yeOHOrO I1aHa, yreepxaeHHoro yueHsIM coBeToM BI'TY um. B.I'. Illyxosa
B 2023 rony.

CocraBuTenb: KaHJ. TEXH. HAYK, JOLIEHT % (0. Y. Kupruna)

[4

PaGouas mporpamMma 00CyX/ieHa Ha 3aceaHuy Kadeapbl JeKTPOIHEPIeTUKH H
aBTOMATHKH

A A B @ﬂ}W&Q 2022 T, mpoTokos No ﬂ_

3aBemyromii KadeIpoii: KaH . TeXH. HayK, JOLEHT %/CA' B. Benoycos)

PaGowyass  mporpaMmMa  CcorjlacOBaHa C  BBIOycKamomedt  kadenpoil
3JIEKTPOIHEPIreTUKU U aBTOMAaTUKH

3aBemyromuii kKadeapoil: KaH . TEXH. HayK, TOLEHT g%””’"ﬁ B. BenoycoB)

« T4 » 5?47/1&&/2 2075 r.

Pabouass mporpamMMa omoOpeHa METOAMYECKOW KOMHCCHEH HHCTUTYTa
DHEPreTUKH, THPOPMALIMOHHBIX TEXHOJOTUH U YIPABIISIFOIIAX CUCTEM

« 295 Ma 20 Z3 r., mpotokon Ne g

[Ipencenarenb: KaHA. TEXH. HAYK, JOLEHT % 9 (A. H. CemepHuR)
/



1. IVTAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS 110 JUCHUIIJIMHE

Kareropus Kon n naumenoBanue

(Tpymma) Kon 1 HanMeHoBaHuE | MHAMKATOpa HanMeHoBaHMe noka3aTesns OLEHUBaHUS
KOMITIETEHI] | KOMIETEHLUU JIOCTHKEHUS pe3yibpTaTa 00ydeHHs 10 TUCTIUTUIHHE
ui KOMIICTCHIIUHU

3unanus
— OCHOB TEOPUH PACTEKaHHs TOKOB B 3eMJIe MPH
3aMBIKAHHUSAX B CETAX C PA3UYHBIMH PEKUMAMHU
HEUTpany;
— TpeOOBaHHUIA, IPEIBSIBISIEMbIX K AJIEKTPUICCKHM
XapaKTEPUCTUKAM M KOHCTPYKIIUHU 3a3eMJIISFOLIMX
YCTpPOMCTB;
OCHOB HOPDMHUPOBaHHS JJIEKTPUYECKHX U
KOHCTPYKTUBHBIX IapaMETPOB  3a3eMIISIOIIUX
YCTPOICTB;
— ANMEKTPOPUIUUCCKUX cobeHHOCTEH
XapaKTEPUCTUK PA3IMYHBIX TPYHTOB;

— TpeOOBaHMII HOPMATHBHBIX JOKYMEHTOB,
METOIbI U CPE/ICTBA TSI

TPEBSBISICMBIX K YPOBHIO JJICKTPOOE30IIaCHCTH;
obecreyeHus

ITK-3. Cniocoben — OoOmMX CBeIEeHHUH, TOHATUH, OCHOBHBIX
0€30MaCHBIX PEKUMOB

I1K-3.2. ITpumenser

OIIPEeNIeIATh U TEPMUHOB u OlpeIeNICHU TEOPUH
padoTHI 000pyIOBaHUS .
HO/IICPKUBATh 3NIEKTPOOE30IIACHOCTH B CHCTEMAX YHEPTETHKHY;
JNIEKTPOIHEPIETHYESCKUX
PEXKUMBI pabOTHI .
ceTeil Ha OCHOBE
Ipodeccno | 0OBeKTOB Ymenus
HUHCTPYMEHTAIILHOT'O
HaJIbHAas JIEKTPOIHEPIeTHKHY, — YYHTHIBaTH OCOOCHHOCTH IPOCKTHUPOBAHUS
aHaJIM3a HMX COCTOSHHMS C N
IlpoexTHas | c y4eTOM 3HEpro- u OMOIIBIO 3a3eMIIIOIIMX ~ YCTPOMCTB OCHOBHBIX TIpYII
pecypcocOepexeHus JNIEKTPOYCTAHOBOK,  T.6.  DIEKTPOYCTaHOBOK

N CTAalMOHAPHBIX U N
U TpeOoBaHUH HampsbkeHueM Beilie 1 kB ceteil ¢ adhdexTuBHO
nepeMeraeMbIx

3MEKTPOOE30MacHOCT . 3a3eMJICHHOW M H30JIMPOBAHHOM HEHTPAJIbIO;
OecmIoTHOM

u . - pa3pabaarbiBaaTh MEpOIIPUSITHS,
ABHUATCXHUKOU

CIOCOOCTBYIOMIHME TMOBBIIICHUIO HAJECKHOCTH H
N3MEPUTECIIbHBIX
HOHGODOD 3NIEKTPOOE30IIACHOCTH B 3JICKTPOYCTaHOBKAX U Ha

pHOOp TEPPUTOPHUSX MPOMBILUICHHBIX TIPESATPUSITHIA;

HaBbikn
— aHanmW3a C TOYKH 3peHUs oOecreueHHs
AIeKTPOOE30MacHOCTH CUTYyaIlHH,

CKJIQJIBIBAIOIIENCS MMPU DKCILIyaTallid CHCTEM
DIIEKTPOCHAGKEHHS, U Pa3pabOTKH MEPOIPHUSITHI
10 €€ 00ECIIEYEHHIO;
- OCYIIECTBIICHHS IKCILTyaTal[HOHHOTO
KOHTPOJISI TApaMETPOB 3a3€MIIIOIIUX YCTPONCTB;
— TMPOM3BOJACTBA PACUETOB  3a3€MIIIOIIUX
YCTPONCTB B HEOJHOPOIHBIX CTPYKTYpax rpyHTa




2. MECTO JUCHHUILIMHBI B CTPYKTYPE OBPA3OBATEJILHOM

ITPOI'PAMMBI

1. Komnerenuus IIK-3. CriocoOeH onpenensiTh U MOAACPKUBATH PEKUMBI paOOThI
OOBEKTOB DJIEKTPOIHEPTETUKU, C YYETOM DHEPro- U  PECypcoCOEpexeHHUS W
TpeOOBaHMI IIEKTPOOE30MACHOCTH

I{aHHaSI KOMIICTCHIIUA q)opMpreTc;I CJICOAYIOINMHU JUCHUIITIMHAMN

CTa}II/Iﬂ HaumeHoBaHNA TUCHUILJINHBI

1

3Heproc6eperaI0H1He TCXHOJIOTHHU B SJICKTPOSHCPICTHYCCKUX CUCTCMAX

HpOI/I3BO,I[CTBCHHa$I HAY4YHO-HCCJIICAOBATCIIbCKas pa60Ta

HpOI/I?;BOI[CTBeHHaSI NpecaAaUIIJIOMHAas INpakTUKa

MeTOI[BI " CPCACTBA obecneueHus 3HeKTp06e3OHaCHOCTI/I

3JICKTpOMaFHI/ITHaSI COBMCCTUMOCTD B BJICKTPOSHCPICTUICCKUX CUCTEMAX

Pacuer PEXKUMOB SJICKTPOSHEPICTHICCKUX CUCTEM

OCHOBEI OIICPATHUBHOI'O O6CJ'Iy>KI/IBaHI/IH QJICKTPOYCTAaHOBOK 3JICKTPO3IHCPICTUUCCKUX
CUCTEM

OHGp&THBHO-I{HCHCT‘ICpCKO@ YIIPABJIICHHUC B SOHCPICTUYICCKHUX CUCTCMAX

O 0| N ookl

HpOBaJ'IBI W NCPCHAIIPAKCHHA B DJICKTPUICCKUX CCTAX

=
o

HpOI/ISBO,I[CTBeHHaH TCXHOJIOTHUYCCKA IIPAKTUKA

3. OFBEM JUCHUIIJINMHbI

OO6111as TpyA0€MKOCTh AUCIMILTUHBI cOCTaBiisieT 4 3a4. equnuil, 144 yacos.

dopMa MPOMEKYTOUHOM arTecTaluu - Aud3ayder (3 cemectp)

Bun yue6HO# paboThI Bcero Cemectp
4acoB Ne 6
OO11ast TPYA0EMKOCTh IUCHUIIMHBI, Yac 144 144
KonTakTHas padora (ayAuTOpHbIE 3aHATHS), B el el
T.Y.:
JEKLIUU 34 34
1ab0paTopHbIe _ _
MIPaKTUYECKHE 34 34
IPYNIOBbIE KOHCYJIbTAIIUU B IEPHO]
TEOPETUYECKOr0 O0YUEHHS U MPOMEXYTOUHOMN 3 3
aTTecTaluu
CamocrosiTesibHast padoTa CTyJEeHTOB, BKJIIOYas
UHIUBHIYAJbHbIE U TPYNIIOBbIEe KOHCYJIbTAI[UH, 73 73

B TOM 4YucJie:

KypcoBoii mpoekr — —

Kypcosas pabota — —

PacuetHo-Tpaduueckoe 3aaHue 18 18

NunuBuyanbHOE JOMAITHEE 3aIaHUE

CamocrosTenbHas paboTa Ha MOJATOTOBKY K
ayJIUTOPHBIM 3aHITUSIM (JIEKI[UH, TPAKTUYECKHE 95 55
3aHATUS, T1a00paTOPHbIE 3aHATHUS)

Jud.3auer — —




4. COJIEPKAHUE JUCHUTIIMHBI

4.1 HaumeHOBaHuUeE TeM, UX COJepKaHne U 00beM

Kypc2 Cemectpl

/o

HanmenoBanne pasaciia

(kpaTKoe cojiepKaHue)

O0BeM HAa TEMAaTUYECKUI

pasjiern 1o Buaam

y4eOHOM Harpy3KH, 4ac

Jlexkuun

JlaboparopHsie
CamocrosiTenbHast

IIpakTuueckue
3aHATHUSL

3aHATHUSL
pabota

1. Da

eKTpO(l)PIZ}PI‘IeCKPIe XAPAKTEPUCTUKU I'PYHTOB

11

I'eoanektpruueckuil paspe3 3emiu. TemneparypHble U3MEHEHUS U U3MEHEHUS
YICNBHOTO  COMPOTHBICHHS  3eMJd 1m0  TiuyOoune.  [lesTenbHbId U
AKKYMYJIALIUOHHBIA CJIOM 3€MJIM. XapaKTEpHBIE TIEO3IEKTPUUYECKUE PpPa3pe3bl
3eMJIM M METOABI monydeHus mHdopManuu o HeM. OO0CHOBAaHHE PACUCTHOTO
HCXOIHOTO CE30HA MPH PEIICHUH BOIIPOCOB 00ECIICUCHHS ICKTPOOE30MacHOCTH
B DJIEKTPOYCTaHOBKax. IIpMHLMI 3aMEHbl pPEAJBHOTO TI'E€03JIEKTPHUUECKOIO
paspesa 3eMJIM OJHOPOIHOM SKBUBAJIEHTHOW CTPYKTYpPOi

2. OCHOBBI T€OPHH PACTEKAHMS TOKOB B 3eMJIe

2.1

IMoge TOYEYHOr0 WCTOYHHMKA B OJHOPOAHON 3emie. Ilomst mIapoBoro,
BEPTHUKAIBHOTO W TOPH30HTAIBHOTO 3a3eMIIUTENEH B OJHOPOJHOM TpPYHTE.
BnusiHre HEOTHOPOHOCTH TPYHTA Ha pacTeKaHHE TOKOB OT 3a3emiuTeds. [lome
TOYEYHOTO, BEPTHKAIBLHOTO M TOPH30HTAIBHOTO 3a3eMiuTeneid. [lone crnoxuoro
3azemyisromero  ycrpovictea  (3Y). Meronsl  mpoOHOTO  3JEeKTpoaa M
BEPTUKAJIHHOI'O 3JICKTPHUUCCKOTO 30HAUPOBAHUS 3EMJIIH

3. IIpakTnyeckue MeToasl pacuera 3Y

3.1

MeTon cpeOHMX HaBEICHHBIX MOTEHHOUANOB B pacyeTax 3a3eMISIOMINX
ycrpotictB. IIpobnema pacdera mapameTpoB 3Y ¢ y4eTOM HEOJTHOPOTHOCTH
3eMJIM.  DJEKTPONPOBOJMMOCTh >KeJe300eTOHHBIX (yHIameHTOB. Pacuer
MTOBEPXHOCTHBIX CETOUHBIX 3a3eMinTeneil. PacueT BepTHKaIbHBIX 3a3€MIISIOIINX
ycrpoictB. CkBaxkuHHbIe 3a3emnurend. O3sepHble 3a3emumrend. Pacuer
KOMOMHMPOBAHHBIX  3a3eMIIIIOIIMX  YCTpoicTB. Pacuer  ecrecTBeHHOH
3a3eMJISIOIIEH CeTH MPOMBINUIEHHOTO IMPeANpHITHs, IeXa, 34anusd. Pacuet 3Y
ABTOHOMHOW TOJICTAHIMK. pacyeT 3Y TIJIaBHON MOHU3UTENIBHON MOJCTaHIIUU
(I'TIIT), BuMcaHHOM B CHTYAIIMOHHBIN IJIaH IPOMIPEANPUITHS

4. OofecneyeHHe 3J1eKTPO0E30MACHOCTH HA TEPPUTOPHM TNPOMBILLJIEHHBIX MNPEeINPHATHI W NOHMAKAIOIIMX

nmoacr

aHUMii ¥ BO3AYNIHBIX JUHUI 2JiekTponepenay (JIIII)

4.1

HopmupoBanue ypoBHs — DJIEKTPOOE30NAacCHOCTH B 3JIEKTPOYCTAHOBKaX.
ObGecrieueHue  3JCKTPOOC30MACHOCTH  MEpPCcoHaja B MPOHM3BOJCTBEHHBIX
noMmeneHusax u Ha repputopuu ['TII1. Pacuer norenuuana, BsiHocumoro ot ['TITT
HaJ3€MHBIMH METAJUINYECKUMU KOMMYHHMKAUUsIMU. MeETOoAMKa CHMXKEHUS
BBIHOCUMOI'O  NOTeHIMayna. Pacuer ToOKopacmpeaeneHusi B CIOXHOU
3a3emyisromieit cetn. OOOCHOBaHNE PacCUETHOTO TOKa OJHO(A3HOTO KOPOTKOTO
3aMBIKaHHAS Ha 3EMJII0 TPH OIICGHKE YPOBHSA 3JCKTPOOE30MacHOCTH B
9JIEKTPOYCTAHOBKAX C Pa3BUTOM 3a3eMIISIIOIIEH CEThIO

4

6 - |10

4.2

Tunosele 3V omop JIDII. Hopmuposanue mnapamerpos 3V omop JIOIL.
UckycctBennble 3azemimrenn omop JIOII um MeTomsl WX COOPYKEHHS.
Xene3o0eToHHbIE OMOPBI KaK €CTECTBEHHBIC 3a36MIIMTENIM U OCOOEHHOCTH
pacdyera CONPOTHUBICHHS PACTEKaHHIO IKEIe300€TOHHBIX OCHOBAHHH OIOD.
Pacuer cram@oHapHOTO CONPOTHBICHHS B OJHOPOJHOM M HEOTHOPOJHOM
rpyHTax. Pacder UMITyJIbCHOTO CONPOTHBIICHHSI HCKYCCTBEHHBIX 3a3eMIINTENEH.
OnpeneneHne TEPMIYECKON CTOMKOCTH 3a3eMIITIONIMX YCTPOHUCTB OTIOP

5. BKCHJ'[yaTalll/lOHH])lﬁ KOHTPOJIb MAPpaMETPOB 3a3€MJIAIOLITUX yCTpoﬁCTB

5.1

TunoBoe 06opynoBaHNe, UCTIOIB3YEMOE IS OLIEHKH apamMeTpoB 3Y U OIEHKH
YPOBHS  3JEKTpoOe30macHOCTH. VI3MepeHne CONpPOTHUBICHUN pacTEKAHHIO
ABTOHOMHBIX  3a3¢MJIUTENCH W  CIOXHBIX  3a3eMJISIFOINUX  YCTPOMCTB




NOHM3UTENIBHBIX  ITOJCTAaHIMH. lI3MepeHHe CONPOTHBIICHUS pacTEKaHHIO
3a3eMJIAIOIIUX YCTPOMCTB OMOP C TPO303AIIMTHBIM TPOCOM U 0e3 Hero.
H3mepeHue pacmpenelieHus MOTEHIMana BOIM3UW OMOpbl. M3MepeHHe TOKOB,
OTCACHIBAIOIIMXCS B €CTECTBEHHYIO 383 MJISIOIILYIO CETh MPENPHUSITUS

6. DKkCmIyaTAMOHHDI KOHTPO.Ib NAPAMETPOB 00HLKTOB 3J1eKTPOIHEPreTHKH ¢ nomoubio BILJIA

Brnusinue cBOEBpEeMEHHOW HMHCIICKIIMH 32 COCTOSSHHEM OOBEKTOB | 8 4 12
ANEKTPOOHEPreTUKH Ha  yYpOBEHb  DJIETPOOE30MAcCHOCTH B
AJEKTPOYCTAHOBKAX  (KOHTPOJb COCTOSHUSA  TPO303aIIUTHBIX
TPOCOB Ha JIMHUAX DIEKTpOIeperadd; MOJIHHEIPUEMHUKOB U
3a3eMJISIIOIIECH CETKM Ha KpBIIe 3JaHUM 3JIEKTPOYCTaHOBOK;
orpaHuuMTeINel nepeHanpsukenus u mp.). BIIJIA - kak oTaenbHbIe
CHIOCOOBI AKCILTyaTaIlUH U JUATHOCTUKH AJIEKTPOIHEPTETHICCKOTO
xo3siictBa  (ycTaHOoBKa  OOOpyAOBaHUS,  MaHEBPEHHOCTb,
CIIOCOOHOCTh TIPHONMKATHCS K OMACHBIM JUIS JKU3HH YEIOBEKa
oObekTaMm). OcHallleHHe HHEPreTUKOB MYJIBTUKONTEPAMH IS
pelieHusl JOKaIbHBIX 33Jlad B XOJI€ OYEPEIHBIX M BHEIIAHOBBIX
OCMOTPOB, @  TakKe TMpU  BBIIOJIHEHWHM  aBapHUIHO-
BOCCTAHOBUTEIBHBIX pPA0OT Ha TPYAHOAOCTYIHBIX YydacTKax
(cwipHOTIEpeceYeHHas, 3a00J0YeHHAass MECTHOCTh W T. [I.)).
OcoOeHHOCTH M IpeuMyllnecTBa wucnoib3oBanus BIIJIA mnpu
TUTAaHUPOBAHUH, CTPOUTENBCTBE  3a3eMJBIIOLIMX  YCTPOMCTB.
OnTuyeckuii ¥ TETUIOBU3MOHHBI MOHUTOPHHT JUISl BBISIBJICHUS TOKOB
YTEUKH 1O TIOBEPXHOCTH H30JATOpoB. OpraHuzaiyis aBapHiHO-
crnacaTelbHbIX paboT. KOHTpomb Koppo3uu JieTajel onop, OrojeHHus |
PPKaBIICHHS apMaTyphbl, BhISBICHUE AeopMalyi ornop U AeeKTOB nX
AQHTUKOPPO3UMHON 3ammThl. OTCIEKUBAHUE 3arPS3HEHUIN H30JIITOPOB
MPOMBIIUIEHHBIME  YHOCaMH (C  yKa3aHHEM IIBETa H30JISTOPOB),
3arpsisHEHHE M30JIITOpoB TThilaMu. Motika wuzomsatopo JIOII ¢
nomotisio BITJIA. O630p npumenenus BITJIA B anektposnepreTrke
3a pyoexoMm;

BCETO: 34| 34 | - | 73

4.2. Conepikanue NpaKTHYECKUX (CEMUHAPCKUX) 3aHATUH

Ne HaumenoBanue K-Bo K-Bo
Tema mpakTUYeCKOro (CEMHUHAPCKOTO)
/T | pasaena JUCIHUTILINHBI 4acoB | YacoB
3aHATHS

CPC

MeTobl IIOJIYUYCHUA HH@MOpMAIIUHN (0]
JuiekTpoduznyeckue A Y (opmau
TEORJICKTPUYECKOM pa3pese 3eMiid. [IpUHIUIT 3aMeHbBI
1 | xapakrepucruxu 4 2

pcajibHOTO TCOJJICKTPUICCKOTO pa3pesa 3E€MJIU

TPYHTOB . . o
OJTHOPOJTHOM 3KBHBAJICHTHON CTPYKTYpPOH

OCHOBBI TEOPUH

pacTeKaHus TOKOB B
o | 3emue Meronbl NpOGHOTO 3NEKTPOAAa U BEPTUKAIBHOTO 4 2
ANIEKTPUUECKOTO 30HIUPOBAHHUS 3EMJITH

MeTo cpeIHIX HABEICHHBIX MOTEHIIMAIOB B pacyeTax
3a3eMisIrOIUX  ycrpoictB.  [Ipobmema  pacuera
3 [pakTuyeckue MeToabl | mapamMeTpoB 3Y ¢ y4eTOM HEOJHOPOAHOCTU 3E€MIIH. 10 3
pacuera 3Y Pacuer mMOBEPXHOCTHBIX CETOYHBIX 3a3eMJIMTENEH.
Pacyer BepTHUKanbHBIX 3a3eMJLIIOIIUX YCTPOMCTB.
Pacyer KOMOWHUPOBAHHBIX 33a3eMJIFOIUX YCTPOUCTB.




Pacuer  ecrecTBeHHON 3a3eMIIIOIIEH  CETH
MPOMBIIIJICHHOT0 MPEeANpUsaTHs, LieXa, 34aHus. Pacuer
3Y aBTOHOMHOI mnoacraHuuu. pacuer 3Y TriIaBHOU
noHmsuresnsHoi noacranuuu (I'TIIT), BrimcanHoit B
CUTYaIMOHHBIH M1aH IPOMIIPEIPUSTHL

OobecneueHue Pacuer  motenuwmama, BeiHOCcUMOro ot  [TIII
3HeKTp06e3OHaCHOCTI/l HaJA3€MHbBIMU  MCTAINIMYECKUMHU  KOMMYHUKALUAMU.
Ha TEPPpUTOPHH Pacuer TOKOpacHupeacJICHUs B CIIO>KHOM 3336MJ’I$HOHICI71 6 2
NMPOMBIIIJICHHBIX cern. Pacder Toka OI[HO(i)aSHOFO KOPOTKOI'O 3aMBbIKaHUSA
NpeanpusATHIA 1 Ha 3€MJIIO TIPH OLIEHKE YPOBHSI 3IEKTPOOE30MaCHOCTH B
NOHMKAOLIMX JNIEKTPOYCTAHOBKAX C PAa3BHTOM 3a3€MIIIOLIEH CETBIO
NMOACTAHIMIA 1 Wzuenne tumoseix 3Y omop JIDII. JKemezoberoHHBIE
4 BO31yIIHBIX JMHUA OIIOPBI KaK €CTECTBEHHBIC 3a3€EMIIUTEIN U 0COOEHHOCTH
anexrponepena4 (JIJII) | pacuera CONPOTHUBJICHUS pacTeKaHUIO
JKeJIe300€ TOHHBIX OCHOBaHUU ormop. Pacuer
CTallTUOHAPHOI'0 COIPOTUBJICHUA B OJHOPOAHOM U 6 2
HCOAHOPOAHOM TpyHTax. Pacuer HUMITYJIbCHOTO
COIIPOTUBJICHUA HNCKYCCTBCHHBIX 3a3eMIIMTEIICH.
Onpez[eneHI/Ie TepMquCKOﬁ CTOMKOCTH 3a3CMJIAIOINX
YCTPOMICTB OIOp
I/I3yquI/Ie THUIIOBOI'O 060py}10BaHI/IH, HCIOJb3yEMOI'0O
JUIsl OLEHKM napaMerpoB 3Y U OLEHKH YPOBHS
IJKCIIyaTauOHHbII 3JIEKTPOOE30MaCHOCTH. N3yuenue TIPUHLIAIIOB
5 KOHTPOJIb MapaMeTpoB HU3MCPCHUA C?HpOTI/IBJIeHI/Iﬁ PaCTCKaHUIO aBTOHOME-IBIX 4 2
3a3eMJIAI0IIUX 3a3€MJIMTCIIEN U CJIOXKHBIX 3a3€MJIAIONIUX YCTPOHCTB
YCTPOMCTB MOHU3UTENIbHBIX NOJACTaHUMM. 3yueHue NpUHIUIIOB
HU3MEPECHUA TOKOB, OTCACBIBAIOIINXCA B €CTCCTBCHHYIO
3a36MIIIOLIYIO CETh IIPEANPUATHS
OcobeHHOCTH u MIPEUMYIIECTBA
ucnonb3oBanus BIIJIA mpu 1utanupoBanuu,
CTPOUTENILCTBE  3a3eMJBIIOIIMX  YCTPOMCTB.
OnTruyecKknid U TEMJIOBU3HMOHHBIA MOHUTOPHHT
JUUT BBISIBJIEHUSI TOKOB YTE€UKHU IO TTOBEPXHOCTU
W30JISITOPOB. Opranuzarust aBapHIHO-
IKCILTyaTAUHOHHBIH crmacatenbHbIX  pabor. KoHTponmb  koppo3uu
5 Eg:;gg:" NMapAMETPOB | netareit omop, OrOTEHNS U PIKABIIECHHS apMaTYpHI, 4 4
3 IEKTPOIHEPreTHIH ¢ BBISIBIICHHE JiehopMaliii Orop U AeEeKTOB HX
nomombio BITJIA AQHTUKOPPO3UIHOW  3amuThl.  OTCnexuBaHue
3arpsi3HEHAN  W30JIATOPOB  IPOMBIILIEHHBIMH
yHOCaMH (C yKa3aHHEM IIB€Ta H30JIATOPOB),
3arpsi3HEHUE M30JIATOPOB  MTUlamMu.  Moiika
uzossitopos JISII ¢ momomsto BITJIA. O630p
npumeHenus: BIIJIA B snexrposnepreruke 3a
pyoexkoM;
UTOI'O: 34 17




4.3. Conep:kaHue J1a00paTOPHBIX 3aHATHI

JlabopaTopHble 3aHATHS YY€OHBIM TUIAHOM HE MPEAYCMOTPEHbI

3amanue

4.4.

Conepmanne pacquHO-rpa(lmqeclcoro 3aJaHuA

: OnpenenuTh HaNpsOHKEHUE MPUKOCHOBEHUS M HANpPsHKEHHE Ha
3a3¢MJLIIOIEM yCTPOMCTBE IIOHU3UTEIBHOM IOJCTaHLMM, DPACIOIOKEHHOM Ha
TEPPUTOPUM C MHOTOCJIOMHOM CTPYKTYpOM TpPYHTa, BIIMCAaHHOM
npomeinieHHoro mnpeanpustus (I'TIII rmyOokoro BBoAa). OLEHHUTH OMACHOCTH

B TI'CHIIJIaH

BBIHOCA IIOTCHOHAJIa C TCPPUTOPUHU QJICKTPOYCTAaHOBKH HaJI3€MHBIMHA
KOMMYHHKaAITUAMU
I/ICXOI[HBIC JAHHBIC:
TabGmuma 1.
[Tnowmany 31aHui U COOPYKEHHUH, pa3MEIIaeMbIX HAa TEPPUTOPHUHU MPEATPHSITHS
Sy S,. Sy Sy Ss. Se. S7. Se. Sg. | Sio

Ne axhb, axb, | axb, axb, axb, | axb, axb, axb, axb,| axb,

M’ M° M? M’ M’ M’ M° M’ M° M°
1 | 60x14Q 30x40 | 50x100| 75x110| 165x30 80x120| 30x90 |90x95 [60x124 40x80
2 | 30x40| 60x140| 30x94 | 75x110| 45x70| 70x100| 45x70 |90x95 |25x90| 60x140
3 | 60x60| 80x90 | 50x100| 30x94 | 70x100 60x60 | 30x90 |60x124|40x80| 45x70
4 | 25x90| 30x94 | 75%x110| 75%x110| 45x70| 30x90 |80x90 |30x90 |60x124 30x90
5 | 80x90 | 60x140| 30x94 | 50x100| 30x90| 90x95 | 90%x95 |60x60 [40x80| 45%70
6 | 30x40| 75x110| 30%x90 | 75x110| 70x100 50x100 | 60x124|80x90 |60x140 30x90
7 | 25x90| 30x90 | 30x40 | 30x94 | 90x95| 60x124|50x100|40x80 |80x90| 45x70
8 | 30x90 | 75%x110| 45x70 | 90x95 | 70x100 60x124| 40x80 |25x90 [60x14() 80%x90
9 | 30x90 | 75%x110| 30x40 | 75x110| 30x94| 40x80 |30%x94 |60x140|80x90| 30%x90
10| 75x110 40%x80 | 90x95 | 30x94 | 75x110 70x100| 50%x100| 45x70 |25%x90| 80x90
111 30x90 | 30x40 | 75%x110| 60x60 | 60x124 50x100| 30x94 | 75x110|70x100 45x70
12| 60x60 | 80x90 | 50x100| 30x94 | 70x100 60x60 |30x90 |60x124|40%x80| 40x80
13| 25x90 | 30%x94 | 75%x110| 75x110| 45x70| 30x90 |[80x90 |[30x90 [60x124 30x90
14| 25x90 | 30x90 | 30x40 | 30x94 | 90x95| 60x124|50x100|40x80 |80x90| 45x70
15| 30x90 | 75x110| 45x70 | 90x95 | 70x100 60x124 | 40x80 |25x90 |60x14() 80x90

[nomans TeEppUTOPUMN IPEATPUSITUS

JlaHHBIE T€ORJIEKTPHUUECKOI0 pa3pe3a 3eMJIu:

— S, =300x600=180000 M.

BapuanT 3ananus

1-5

pL=175 Om-m;
p2=1300 Om-Mm;
p3 =880 OM-M;
p1=1295 Om-Mm;

h1: 1,5 M;
h, = 80 m;

h3: 150 M;
h4:700 M;




05 =300 Om-m; hs =900 M.
6-10 p1=180 Om-M; hy = 1,4 m;
22 = 1300 OM-M; hz = 80 m;
£3=900 OM-Mm; hs =148 m;
04 = 1300 Om-m; ha =700 m;
5 =300 Oma; s = 860 m.
11-15 o1=185 Om-m; h1=1,6 m;
2= 1300 Om-M; hy = 82 m;
p3=910 Om-M; hs =150 m;
04 = 1300 Om-m; ha =700 m;
5 =300 Oma; s =900 m.

Tok 3ambikanus Ha 3emiaio 1D = 8-17 kA.

1. Pacuer 3a3eMJIAIonIen ceTH MOHU3UTEILHON MOACTAaHIIUN
MPOMIIPEANPUATHS

3a3eMJI$II-OHII/If/'I KOHTYD MMOHM3UTEIILHON IMIoACTaHIINH, BIIMCAHHOW B T'€HILJIAaH
IMPOMBIINIJICHHOTO  IPCAIIPUATHA, BCCraa HMMCECT MCTAJUIMYCCKYIO CBA3b C
CCTCCTBCHHBIM 3a3CMJICHUCM IIPOMIIPCAIIPUATHA. 210 JacT OCHOBaHHC 3y
MMOACTAHIMKN M C€CTCCTBCHHOC 3a3CMJICHHC IIPOMIIPCAIIPUATHUA paCCMATPHUBATL KakK
CANHYIO 3a3CMJIAIOIIYIO CUCTCMY.

Pacuer 3V noacranuumii, coopy:Ka€MbIX Ha TEPPUTOPHUH MPOMIIPEIITPUSATHSI,
PEKOMEHyeTCsl IPOU3BOIUTH B CIEAYIOIIEH ITOCIIEI0BATEIbHOCTH.

1) Ompenenenne kodduimeHTa 3amoNHEHUS CUTYAIMOHHOTO —IIIaHa
IPOMBIIUIEHHOTO NPEANPUATHS 3JaHUSIMU U COOPYKEHUSIMU

k=

>

SK
i=E @)
Sn
k=n
rae ZSK — CyMMapHas Iulomagb Ha TEPPUTOPHMHM TI'CHIJIAaHA, 3aHsTas

IMPOU3BOACTBCHHBIMU 3AdHHUAMHU U COOPYIKCHUAMM; Sn =axb — miromanae re’iaHa

IMPOMBIINIJICHHOI'O IIPCAITPUATHA.

Kak npaBuno, 1>0,4, Toraa pe3yibTUPYIONIEE COMPOTUBICHUE PACTECKAHUIO
GyHIaMEHTOB TPOU3BOJCTBEHHBIX 3JaHUM W COOPYXKEHUU TMPUOIMKAETCA K

COIMPOTUBJICHUIO SKBUBAJICHTHOMU IIJIaCTHUHBI, BIIMCAHHOM B T'€HILJIaH NpCAIIPpUATHUAL.

ConpoTuBIIeHHE TaKOM IIJIACTUHBI PAaBHO

R, =047-a-22 )

as

1€ « — KOHTYPHBIM KO3(DPUIMEHT, paBHbI OTHOILIEHHUIO COMPOTHUBIICHUS



pacTeKkaHui0 BceX  (PYHIAMEHTOB MPOMIPEANPHUATUS K  COMPOTUBIICHUIO
SKBHBAJICHTHOW IUIACTHHBI, €r0 BEJIMYHMHA Ompenensercs mo rpadguky (puc. 1);

a, =1lSn — CTOPOHA J3KBHUBAJICHTHOI'O KBaJApaTa I'CHIUIAHA HIPESAIIPUSTUA; O,

SKBHUBAJICHTHOE yJIEIBHOE CONMPOTHUBJIEHUE OJHOPOIHONU CTPYKTYPHI 3€MJIM B pallOHE
JNEUCTBYIOIIETO [POMBIIUIEHHOTO IPEATPUATHS.

25 \

15

— |

1,0

01 02 03 0.4 05 05 *

Puc. 1. 3aBUCUMOCTH KOHTYPHOTO KO3 PUIIMEHTA TPOMILIONIAJAKH OT CTETICHH €&

3aCTPONKHU MPOMBIIIICHHBIMH 3MaHUAMHE (A).

2) Pacyer mapamMeTpoB SKBHBAJICHTHOI'O I€O3JCKTPUUECKOTO pa3pes3a 3eMIIH
peaJIbHON MHOT'OCJIOMHOM CTPYKTYPBbI

Pe3ynbTaToM MpeanpoOeKTHBIX U3bICKAHUN JTOJKHA SBISITECA UHGOPMAIUS O
TEO3JIEKTPUUYECKOM pa3pe3e rpyHTa HAa TEPPUTOPHUHU COOPYKEHUS MOJACTAHIMU U B
MOTEHIIUAJIBHO OINACHBIX TOYKAaX Ha MOBEPXHOCTH 3€MJIM IO TpaccaM HaJI3€MHBIX
KOMMYHUKAIIMI, a UMEHHO: CBEJCHUS 00 yIEeTbHOM COMPOTUBICHUU ( p, Om-m) U
MOIIIHOCTH €J10€B 3eMiH (h, ).

Pacuer mapaMeTpOB 3KBUBAJICHTHOI'O F€OAJIEKTPUYECKOTO pa3pe3a 3eMIIH IS
pEAIbHOM  MHOTOCIIOMHOW  CTPYKTYPhl ITPOM3BOAUTCS B  3aBUCHUMOCTH  OT
KOHCTPYKTHUBHBIX OCOOCHHOCTEH 3a3eMIISIIOIIErO0 YCTPOWCTBA U CBOAUTCSA B
OCHOBHOM K OIPEJEIECHUIO SKBUBAJIEHTHOTO YAECIBHOTO COIPOTUBJIEHUS IPYHTA.

OKBHUBAJICHTHOE YJEIbHOE COMPOTUBJICHUE 3E€MJIA JJI TOBEPXHOCTHBIX
CETOYHBIX, IUIACTUHYATHIX FOPU30HTAIBHBIX 3JIEKTPOJIOB 3a3E€MJISIIOIINX YCTPONCTB
ompeensieTcs corsacHo [3, 6] mo ¢popmyre

Po = P2 Ky "Ky, (3)
rae p,— YACIbHOE COMPOTUBIICHUE BTOPOTO CJIOS 3€MIIU; K,, K, — KOADPUIIUECHTHI,
3aBUCALIME OT MAPAMETPOB TEOAIEKTPUUECKOTO pa3pe3a 3eMIId U XapaKTepHOro
pasmepa 3a3eMIISIOIIEr0 YCTPOMCTBRA.

3HaueHus K03(PPUITUEHTOB K,, K, IPUHUMAIOTCS COTJIacHO Tao. 1.



Tabmuna 1

Crpykrypa
Ky K,
1 1
P2 > P Kl=—h Ky =————
1+71.& _a Kp
P3 < P a p, h, .
1
pZ >101 1 K, :—’
> M= h p _ & K
p3 102 1+7172 ho K12
a p
_ 1
pz <p1 2h Kz - . p
P3 <P € = 1+th(—l)& l+(th} F50)
a P ho P2

B Tabnuue umeercs psa 0003HaUECHUN BEIUYUH:
h, =h, +h, , m — MOIIHOCTH NEPBBIX IBYX CIOEB;
a, M — XapakTEepHBIN pa3Mep 3a3€MIIMTENS], IPUHUMAEMbIA PABHBIM a., ;

Ky, Kyy — KOI(PPUUIUEHTHI, ONIpenesseMble U3 CIAEAYIOMNUX COOTHOIICHHIA:

Kip = A K;3 = Poo) = P2 (4)

- 1 )
P2+ P1 P35) T P2
P>y, Om-M — SKBUBAICHTHOE YJCIBHOE CONPOTHBICHHE CIIOCB 3CMIIH,

IMPOCTUPAOIIUXCA HIKC BTOPOIo CJI04,

_ i=x | i:xﬁ’ (5)
pa(o) \/gp,h. 'Z;P.

r1e p,, h, — COOTBETCTBEHHO yICIbHOE COMPOTHBICHUE M MOIIHOCTH I-T'0 CJIOS 3¢MJIH.

2. OueHka YCJOBHH JJIEKTPO0€30MACHOCTH HAa 3a3eMJIAIoNied ceTu
NpoOMIpeanpUITHSA

Omnenka ycioBuil a5ekTpode3onacHocT Ha Tepputopun OPY moacranium
OCYUIECTBIISIETCS CIEAYIOUM 00pa3oM:
HanpsxeHue Ha 3a3eMIISIOLIEN CETH TPOMITPEANPUSATHS PAaBHO
Uy =15-Ry, (6)
rae |, — TOk, crekarommii B 3emimto ¢ 3Y; R, — CONpOTUBIEHUE 3KBUBAJICHTHON
MJIaCTUHBI 3Y.
Ecnn noreHuman U, Ha 3a3eMJBIIOLIEN CETU IPEANPUATUS MEHbIIE

JIOTTYCTUMOM BEJIMYMHBI, TO YCIOBUS 3JIEKTPOOE30MAaCHOCTH OOECIEYMBAIOTCS B
m000M TOYKE Ha TEPPUTOPHUM IMOJCTAHLIUM, MIPEANPUITHS U B MECTaxX MOAXOJa K



MIPOMBIIIJIEHHOMY KOMIUIEKCY HaJ[36MHBIX KOMMYHUKAIUH;
Ecin noreHuman U, Ha 3a3eMJSIOLIEH CETH MpeanpusaTus Oosblie

JONyCTUMOM BEJIMYHMHBI, TO HEOOXOAMMO OLEHUTh BEIMYMHY HANPSKEHUS [0
npukocHoBeHUs1 Ha Tepputopun OPY. Ilpu BBINOJHEHHH CETOYHOIO KOHTYpa B
COOTBETCTBUH ¢ TpeOoBaHUAMHU [TV D k03P PpUIIMEHT IPUKOCHOBEHUS Ha TEPPUTOPHUU
OPY «=0,08-0,1. [ToaTomy
U,=a-1,R,. (7)
Ecan BemuuyuHa U, NOpPEBBIIACT HOPMHUPYEMYIO, CIEAYET PAaCCTOSHUE
MEXAY IONEPEUYHBIMU ITOJIOCAMU CETOYHOIO0 KOHTYypa CHU3UTH 0 4-5 M. OTO Jaer
OCHOBaHHUE MPHUHATh BETMYMHY KO3 (dUIMEeHTa MPUKOCHOBEHUs « =0,05-0,06, a,
CJIEZ0BATEIBHO, CYLIECTBEHHO CHU3UTD HAIIPSKEHUE 10 IIPUKOCHOBEHUS.
3V npoekTtupyemMoWd NOACTAaHLMHM OyneT YIOBIETBOPIATh TpeOOBaHUSAM
aneKTpoOe3onacHocTy, eciau Ha Tepputopuun OPY  obecneunBaroTcs ycCiaoBHS
U <U e on (U, son =400B TIpU BpPEMEHU cpabaThiBaHus 3auUTHl t.,=05c,

U,pson =880B TIpHM BPEMEHHM CpaOaTBIBAHUS 3alIUTHI t., =0,2¢), a MOTCHIMAT Ha

3a3eMJISIIOLIEM YCTPOMCTBE yA0BIETBOpsieT TpeboBanusam [1YD 1. 1.7.50, cornacHo
KOTOpPOH HanpspkeHue Ha 3Y MpU CTEKaHWM C HETO TOKAa 3aMBIKAHMs Ha 3€MIIIO0 HE
nokHO mpesbliaTh 10 kB. Hanpsoxenwe Bopime 10 kB pomyckaercs Ha 3V, ¢
KOTOPBIX HCKJIKYEH BBIHOC ITOTEHIUAJIOB 3a Npeaeibl 3JaHU M BHELIHUX
OTpaXKJeHu AeKTpoycTaHoBKU. [Ipu Hanpsokenusx Ha 3Y Oonee 5 kB u no 10 kB
JOJDKHBI OBITh NMPEAYCMOTPEHBI MEPHI MO 3alIUTE HU30JSLUN OTXOASIINX Kabemneil
CBSA3U U TEJIEMEXAHMKHU U MO MPEIOTBPAIICHUIO BBIHOCA OMACHBIX MOTEHLIUAJIOB 32

peAeIbl AIEKTPOYCTAaHOBKH.

2. Pacuer Hanmpsi;KeHUii 10 NPUKOCHOBEHHSI M0 TPaccaM HaJA3eMHbIX
KOMMYHUKAIUAT

Ilpu OK3 na o0opymoBaHWe TOACTAHIMK TOK 3ambikanus 1Y Kk
3a3€MJICHHBIM HEWUTpalsiM CHUCTEMbl (MCTOYHUKA MUTAHMSI) BO3BpAIACTCA Yepe3
cucTeMy TpyOONpOBOJOB U METAUIOKOHCTPYKIUU (l;) M oOpaTHBIA 3eMIISTHOMN
nposoa (O3II) (1,,,)- [log o6paTHEIM 3eMIISIHBIM ITPOBOAOM OYJI€eM OHUMATh 30HY
pactpoctpaneHusi oopaTHbix TokoB OK3 B 3emute.

OmnpeneneHve  BEMUYMHBI  TMOTEHIMANA,  BBIHOCHMOTO  CHCTEMOWM
TpyOOTpoBOAOB OT 3Y MOJCTAHIIMHU, CBOAUTCS K pacueTy Ha HUX HaIPSKEHUHN 0
npuKocHoBeHus (U , ;). Benmnuuna U, ,, 3aBUCHUT OT Pa3HOCTH ITIOTEHIIUAIIOB MEKIY

METAJIJIOM TPY6BI M TOYKaMH1 Ha IIOBCPXHOCTH 3CMIIN.

Ha noBepxHOCTM 3eMylM  BEIWYMHA MPOJOJBHOM  COCTAaBIISIIOLIECH



HANpsDKEHHOCTU  JJIEKTPUYECKOro  monsg  E, B/km, Oyder  ONpeaensarTbes
YIAIEeHHOCTBIO aHamu3upyeMoii Touku (x) ot 3Y, Ha kotopoM npomsomo OK3,
YAEJIbHBIM 3KBUBAJIEHTHBIM COIPOTUBJIEHUEM I'pyHTa ( p,) W BenmuuHOM Toka OK3

o dhopmyiie

. 80,/ p
E =0,05l,/1- 11,27|nTa , (8)

B xauectBe CpCAHCIO0 3HAYCHUA p, MOHO IIPpUHUMATBL IIPOJOJBHOC

yIebHOE COMPOTHUBIIEHUE TPYHTA, TOJYYEHHOTO B pe3yibTaTe pacyeTa 1no ¢popmyse

1000
pazp'lzi:k h (9)

i=1 P

. h
HpI/I CYMMHUPOBAHNHN 3HAYCHHUH -+ YUYUTBIBAIOTCA CJIIOHM 3CMJIM  OT
Pi

ITOBCPXHOCTH MU OAJICC Ha FHY6HHy a0 1000 M. B KOIMYECTBEHHOM OTHOIICHUM
IMPOJOJBbHOC YACIbHOC COIIPOTHUBIICHUC 3CMJIN BbIPAKACTCA YUCIIOM, HC3HAYUTCIILHO
OTIIMYAIOIHUMCA OT p CJI0A, UMCHOIICTO HAMMCHBIICC YICIIBHOC COIIPOTHUBJICHHC (B

KaueCTBE  CpPEIHEr0  3HA4YEeHUs oy MOXXHO  TNPUHHMATh  BEJIUYUHY
P, =p-1=400 Om- m).
Bmusane O3Il Ha pacmpeneneHME MOTEHLIHaNa MO IMOBEPXHOCTH 3€MIIU

CJIeIyeT YUUTHIBATh U B ClIyyae, Korza TpyOonpoBol cBsi3bIBaeT 3Y NoJCTaHIMH (T1e
npousouuio OK3) ¢ BEIHOCHBIM 3a3eMIIUTENEM (CM. pUC. 2).

BJI
—-—
Togz f§
Y
@_@ l Toxs
Tpybhompoeog 1 Lir Lar Tpyhonpoeop 2

-

PSSO E e ¢4

— Ruym — Rayer — Fap

I I
N_ Losm, + lozm, DEHI/ o3t 2/

Puc. 2. Cxema 3azemistouieit cetu npomsinuienHo I'TITT. R3y_ I R3y.CT , R3B — COIIPOTHBIICHHUS

3a3CMJIIOIINX YCTpOﬁCTB HWCTOYHHUKA IMUTAaHUsA, IIOJCTAHIIUHN U BBIHOCHOI'O 3a3€MJIUTEISL COOTBETCTBCHHO.



CornachHo cxeMe puc. 2 Tok ¢ Mecta OK3 yacTuyHO cTekaeT B 3eMiito ¢ 3V,
YaCTUYHO B TPYOONpPOBOJA K HMCTOYHHMKY IMUTAHHUS, a YAaCTUYHO B TPYyOOIPOBO,
SABJISFOLIMICS TPOBOAHUKOM MEXY 3Y MOJCTAHIIUU U BBIHOCHBIM 3a3€MJIUTEIIEM.

Hanzemuslil TpyOOIIpoBOJl ¢ TOKOM |, , coenuHstomuil 3Y MmoacTaHuuu ¢

BBIHOCHBIM 3a3€MJIMTENIEM, SBJISAETCS (CM. PUC. 2) NPAMBIM POBOIOM JUIA TOKA |y,

B cucTeMe TpyOompoBoA-3eMJIsi, a TpydorpoBoa 1 ¢ TokoM |, coeaunstomuit 3Y
nojcTaHMu ¢ 3Y UCTOYHUKA NUTaHUs — OOpPaTHBIM JJIs TOKA |, .

HanpskeHHOCTb 3JEKTPUYECKOro IMOJIsl HAa MOBEPXHOCTH 3€MJIM IO Tpacce
TpyOomnpoBoaa 2 MoxkeT ObITh HaijeHa u3 cooTHomieHus (10) mpu mojcTaHOBKE
BMECTO TOKa |, BETMYUHBI TOKA |,; (MaKCUMaJbHBII MOTEHIMAT OYAET UMETh 3EMIIS

B MECTE€ BBOJA TOKAa B 3€MJIIO, T.€. B pailoHe BBIHOCHOTO 3azemuutend. [lo mepe
npubnuxenuss k 3Y mojctaHiuu, Ha KoTtopod mnpousonuio OK3, Ha BenWYuHY
MOTEHIIMAJIa Ha TOBEPXHOCTHM 3E€MJIM HAYMHAIOT OKa3biBaTh BIUSAHUE TOKH,
cTekaronme ¢ 3Y MoJCTaHIUN).

J{nst OlIeHKM BEIMYMHBI HAMPSKEHUS 0 MPUKOCHOBEHHUS Ha TPyOONpoBOE
HE00XO0IUMO 3HATh U3MEHEHUE HANIPSKEHHUSI TT0 Tpacce Kak Ha caMoOM TpyOOIpoOBO/IE,
Tak ¥ Ha noBepxHocTu O3II. Ecnu 3a Touky orcuera npuHATh 3Y NOACTAHILINH, T
npousonwio OK3, To najgeHue HanpsiKeHUs: Ha TPyOOIPOBOJIE 10 TOUKH, YIaJCHHOM
Ha pacCTosiHUE X, OyJeT paBHO

AU; =1 X, - X, (10)
rae |, — Tok B TpyOompoBojae 2; X, — MOTOHHOE MPOJOJIBLHOE COMPOTUBICHHUE
TpyOotpoBoaa 2, Om/km .

[Tanenne HampsixeHus Ha noBepxHocTu O3II, T. €. Ha MOBEPXHOCTU 3E€MJIU

BJIOJIb TPAcChl TPYOOIPOBOIA
AU, =E,_ -X. (11)

[IpumenuTenbHO K TpyOOmpoBOay 1, OTHOCHTENbHAs BEIWYWHA IMaJICHUN
HaIpsDKEHUs. B 3eMJI€ U TPYyOOIIPOBOJIE€ TIO Tpacce, Iie BiausiHuEe 3Y MOJACTaHUIMU He
CKa3bIBACTCS, MOXKET OBITh HalIeHa TIO0 BHIPAKEHUIO

AU, E,
p(x) =2 =—4 (12)
AU; X

rae l,; — Tok B TpybOompoBomae 1; X,; — MOTOHHOE MPOJOIBLHOE COMPOTHBIICHHUEC
TpyoOompoBoaa 1, Om/km .

MakcumanbHOE€  3HAYEHHWE  HAMpPsDKCHHWS 10 MPUKOCHOBEHMSI  HA
TpyOOIpOBOIE onpeensercs no popmye

)] (13)

rae U, HanpspkeHue Ha 3Y MOACTaHIUU.



[To Ttpacce TtpybOompoBona 2 O3Il co3maeTcsi TOKOM, CTEKAIOIIUM C

BBIHOCHOTO 3a3€MJIATEIIS, T. €. TOKOM |,; . B 3TOM ciiydae BennurnHa HaNpsKEHUs! 10

IPUKOCHOBEHHS I10 Tpacce TpybompoBoa 2 OyaeT OnpeaensiThCs BEIPaKEHUEM
Uy =a-uo(1—¢<x)j, (14)

rie a — Ko3(h(dUIHEHT A0 MPUKOCHOBEHUS, 3aBUCAIIUN OT YHCla CBail B OMOpe
TpyOOIIpOBOAa U PACCTOSHUS MEXK Ty HUMU. [[7151 mposeToB auHoin 10-160 M 1 yncna
cBail B onope 1—4 BenuunHa « omnpenemnseTcs no rpadhuyeckuM 3aBUCUMOCTSM PHC.

3; o(x) —mOTeHIMAT HA TOBEPXHOCTH 3eMJIM OTHOCHTEIBHO HAMPSDKCHHS Ha

3a3eMJISIOILEM yCTpoicTBe U, .

1,0

/"":f f 1 \
Za Rk
0,6 1 : 2 ] !
7
0,4 I
20 40 a0 g0 100 120 140 140 :

Puc. 3. BnusHue nnuHbl mposeTa MeXay onopaMu TpyoOorpoBona | Ha

K03 (PUIIMEHT MPUKOCHOBEHUS o IS PA3JIMYHOTO YKCIIa CBald B OTOPE.

JIisi OpUEHTHPOBOYHOTO pacydeTa pacrlpeeieHusl MOTEHIUaaa Mo Tpacce
TpyOOTpoBOAa 2 OT TMOBEPXHOCTHBIX 3a3€MJIMTENICH TUTACTHHYATOTO THIIA MOYKHO
BOCIIOJIB30BAThHCSl 0000IIArOIIEeH MOTEHIIMAIEHON KPUBOM, N300paykeHHOM Ha puc. 4.
DTa KpHuBas 0XBAaThIBACT MPAKTHUYECKH BECh BO3MOKHBIN AHAMa30H T€OMETPUICCKUX
pa3MepoB TOBEPXHOCTHBIX IUJIACTUHYATHIX 3a3eMIIMTENICH IS XapaKTepPHBIX
rE€OIEKTPUYECKUX pa3pe30B B pailoHax Kpaitnero Cesepa.
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Pric. 4. O6o61aromas 3aBUCHMOCTb H3MEHEeH s noTeHimana  ¢(x)=U , /U,

Ha TOBEPXHOCTH 3€MJIM MPU YAAJICHHM OT Kpas KBaJpaTHOM IutacTHHBI (X/a,),

COOTBCTCTBYIOIIAA JICTHCMY BPCMCHU.

HOTGHHI/IEUI B TOYKC X Ha IOBCPXHOCTHU 3CMIIM IIPHU CTCKAHHMM TOKa C
BCPTHUKAJIBLHOT'O 3JICKTPOJda OIIPCACIIACTCSA BEIPAKCHHUEM

_ Pos) Ir]\/I’2+|2 +1

24 r

U(x) (15)

OrpaHuueHue MoTeHIana, BRBIHOCUMOTO TpyOonpoBoaamMu 3a nipenenst OPY
MOJICTAHIIUU, BOBMOKHO MOCPEICTBOM MPOTSIKEHHOTO 3a3€MJIUTEIS, YII0KEHHOTO Ha
ryouny 0,3-0,4 M BHOJIB Tpacchl KOMMYHHUKAITMH. 3a3eMJIMTENIb TAaKOrO THIA
Ha3bIBaeTCsl MPOTUBOBECOM. CBSA3b MPOTUBOBECA C TPyOaMH OCYILECTBIISETCS B €T0
Hayaje, KOHLE M mo Bced Tpacce Ha paccrtosHuu 100-200 m. IIpotmBoBec
YKJIQJIbIBAC€TCSl HA PAaCCTOSTHUU 1-3 M OT Tpacchl TpyOompoBoa.



4.5. Conep:xaHue KypcoBoii padoThl

KypcoBas paboTa yuyeOHBIM IJIAHOM HE MPEyCMOTPEHA

5. OHEHOYHBIE MATEPHUAJIBI JIUIA ITPOBEJIEHUA TEKYIHIEI'O
KOHTPOJISI, MIPOMEXYTOUYHOMN ATTECTAIIMA

5.1. Peaausanuss KoMneTeHIUMI

1 Komnerennun:

IK-3.
QJICKTPOOHCPICTUKH, C YUYCTOM OHCPIo- H

3J'I€KTpO6C3OHaCHOCTI/I

Cnoco0OeH ompenensTh M MOIACPKUBATH PEXKUMBI PabOThI OOBEKTOB

pecypcocOepexxeHuss u TpeOOBaHMIA

HanmeHnoBaHue MHAMKATOPA JOCTHKEHUS
KOMIICTCHIIMH

HCHOJ’ILSyeMBIe CpeacCTBa OICHUBAHUA

TIK-3.2. [IpuMeHseT METOBI U CPECTBA TS L[I/I(bSaIIeT, BBINOJIHEHHE 3a[aHMi B paMKax
obecrieueHHsT 6€30MACHBIX PEKUMOB pPaOOTHI

000pyIOBaHUSI ANIEKTPOIHEPTETUIECKUX CETeH U
CHUCTEM 3JICKTPOCHAOKEHHS

IMPOBCACHUA IMTPAKTUUCCKUX BaHﬂTHfI; TCCTUPOBAHUC
I10 OCHOBHBIM TCMaM AU CLHIIINHBI

5.2. Tunosble KOHTPOJIBHBIC 3alaHUA IJIA aTTeCTallun

ATTecTanus OCyIIECTBIISIETCS B KOHIIE TPETHETO CEMECTPA, MOCIEe 3aBEPIICHUS
U3YYEeHUS JUCIUIUIMHBI B hopme aud3ayuera

Bonpocsl 1151 IOATOTOBKH K Au(3ayery

rpynToB (I1K-3.2)

Ne HanmenoBanue CopepxaHue BOIPOCOB (TUITOBBIX 3aJaHU)
n/n | paszziena JUCHUILUIMHBI
1. YTo Takoe «T€OrTEKTPUIECKUN pa3pe3 3eMIIn»? I 4YeTro
OH HOOX0/UM?
2. KakoBbl TemmepaTypHble W3MEHEHHsS W HW3MEHEHHS
YJEJIBHOTO CONPOTUBIICHUS 3€MJIU IO TIyOrHe?
3. Kak wm3MmeHsieTcst y[enpHOe COMIMPOTUBICHHWE TPYHTa B
3aBHCUMOCTH OT aTMOC(EpHBIX 0CcaaKOB?
DnekTpodu3nIecKue . .
4. Yto Takoe «IeATElIbHBIH U aKKyMYJSLUOHHBIA CIION»
1 | xapakTepucCTUKH

3emun’?

5. CymecTBYIOT JIM  XapaKTEepPHBIE  TEOdJIEKTPUUICCKHE
pa3pe3bl 3eMJIM U KaKOBBI METOJIbI MOJy4YeHUs WHPOpPMAIUU O
HUX?

6. lns dero HeoOXoauMo OOOCHOBAaHHE PACUETHOTO
HCXOJHOTO CE30HAa IMPH PEHICHUH BOMPOCOB OOECIICUCHUS
ANEKTPOOE30MACHOCTH B AJIEKTPOYCTAHOBKAX.




7. B 4yeM COCTOMT TpPUHIMUI 3aMEHbl  PEAIBHOTO
T'€0dJIEKTPUYECKOTO pa3pe3a 3eMIIH OJJHOPOTHON AIKBUBAIICHTHON

CTPYKTYPOM.

OcHOBBI TEOPUH
pacTeKaHusl TOKOB B
semiie (ITK-3.2)

1. Yro mpexcraBnser coboil moie TOYEYHOr0 UCTOUHUKA B
OJIHOPOJHOM 3emiie?

2. Uro npencrasisgeT coOoi Moje MapoBOro 3a3eMIUTENS B
OJTHOPOJHOM IpyHTE?

3. Uto mpexacraBiser Cco0OH TMoONe BEPTUKAIBHOTO H
TOPU30HTAJILHOTO 3a3eMJIMTENEH B OMHOPOAHOM IpyHTE?

4. Kak BiHsAe€T HEOJHOPOJHOCTh TIpPyHTa Ha KapTUHY
pacTeKaHus TOKOB OT 3a3€MJIMTENS?

5. IloueMy  HCHONB3YIOT  CJOXHBIE  3a3e€MIISIOLIHE
ycrpoiictBa? Kak BBITVIAMT TOJE CIOKHOTO 3a3€MIISIOIICTO
ycTpoicTBa?

6. B dem cyTb MeTO/a IPOOHOTO 3IEKTpoaa?
7. B 4eM CyTh MeTO/Ja BEPTUKAIBHOTO JJICKTPUICCKOTO
30HIUPOBAHUS 3EMITH?

IIpakTrnueckue
MeTOo/bl pacuera 3Y
(IK-3.2)

1. B ueM cyTh MeTOAA CPEIHUX HABEJEHHBIX IMOTCHIIMAIOB
B pacueTax 3a3eMIISIOIIUX YCTPONCTB?

2. B gem coctout mpobiema pacdera mapametpoB 3Y ¢
Y4€TOM HEOJHOPOTHOCTH 3€MITH?

3. DJeKTpONpOBOAUMOCTH KeNe300eTOHHBIX ()yHIAMEHTOB.

4. B uyem cCyTh pacueTra IOBEPXHOCTHBIX CETOYHBIX
3a3eMJIUTENCH, B YaCTHOCTH, O3EPHBIX 3a3eMIIUTEINCH?

5. B uem oco0eHHOCTM  pacyeTa  BepPTUKAJIbHBIX
3a3eMJIIOIINX YCTPOMCTB.

6. B uem ocobeHHOCTH pacueTa KOMOMHHUPOBAaHHBIX
3a3eMJISFOIINX YCTPOMCTB.

7. Jlna  d4ero  HEOOXOOUM  pacyeT  eCTECTBEHHOM

3a3eMJISFOIIEH CETH TMPOMBIIUICHHOTO TPEANPHUATHS, IIeXa,
31aHuA?

Obecneuenue
AIEKTPOOE30MaCHOCTH
Ha TEPPUTOPUHU
MPOMBIIITIEHHBIX
IPEANPUATHN U
MOHMKAOIIUX
MOACTAaHLIMI U
BO3JIYIIHBIX JIMHUI
JIeKTpornepeaay
(JIDIT) (ITK-3.2)

1. B gyem cocTtouT CyTh pacuera 3Y aBTOHOMHOM MOJICTAHIIAN
(3Y rnaBHoit monusurensHou noacranimu (I'TII), BiucanHoi B
CUTYAIIMOHHBIN TIJIaH MPOMIIPEATPUSITHS);

2. B yeM cOCTOUT CyTh pacyeTa MOTeHLMalla, BRIHOCUMOTO OT
I'TIIT Haa3eMHBIMU METAITIMYECKUMHA KOMMYHHUKALUSIMU.

3. [losicanute  W3BECTHbIE BaM  METOJbl  CHM)KCHHUS
BBIHOCHMOTO MOTEHIHaIIa

4. Yro nmpencrapistoT coboit Tunossie 3Y onop JIDII?

5. Hopmupytrores au napametpst 3V onop JIDIT?

6. UTo Ha3bIBAIOT «MCKYCCTBEHHBIMH 3a3€MIUTEIISIMU» OTOP
JIDII 1 KaKOBBI METOJIBI X COOPYKEHUS?

7. KakuM JOKyMEHTOM YCTaHABIIMAETCS  HOPMUPOBAHHE
YPOBHS AJIEKTPOOE30MTaCHOCTH B AJIEKTPOYCTAaHOBKAX ?

8. Kak oOecrneunBaercst 371eKTpoOE30MaCHOCTh MEpCOHala B
MIPOU3BOJCTBEHHBIX NMOMENIEHUAX U Ha Tepputopun ['TIII.

9. Yto Takoe «00OCHOBaHHME PAaCUETHOI0 TOKa OJHO(A3HOTO
KOPOTKOTO 3aMbIKaHUSI Ha 3€MJII0 TpH OLEHKE YpPOBHS
9JIEKTPOOE30MaCHOCTH B AJIEKTPOYCTAHOBKAX C  Pa3BUTOM
3a3eMJISIIOIIEH CEThIO»?




1. Yro Takoe «CTalMOHAPHOE CONPOTHUBJICHUE)» B
OJIHOPOJHOM Y HEOJTHOPOJIHOM IpyHTax?

2. UYro TaKoe «AMIYJIBCHOE COMPOTHUBIICHUE)
HMCKYCCTBEHHBIX 3a3E€MIIUTEIICH?

3. Uro Takoe «TepMHUYECKas CTOMKOCTHY 3a3EMIISIFOIINX
YCTPOMCTB?

1. TlepeuncrnuTe TUTIOBOE OOOPYIOBAHHE, HCIIOJIB3YEMOE
Ui OLEHKM  mapaMerpoB 3Y W OUEHKH  ypOBHS
AIEKTPOOE30MaCHOCTH.

2. B uyeM cocTouT CyTh U3MEPEHHS CONPOTHUBIICHUN
pacTEeKaHWI0  ABTOHOMHBIX  3a3€MJIMTENIEM W CJIOXKHBIX
3a3eMJISIIOIINX YCTPONCTB MOHU3UTEIBHBIX ITOJCTAHITUHN ?

3. B dYeM coOCTOMT CyThb HW3MEpPEHHUS COMPOTHBIICHUS
OKCIUTyaTallMOHHBIM | paCTeKaHUIO 3a3€MIISIIOLIMX YCTPOMCTB OMOP C IPO303alIUTHBIM

KOHTPOJIIb TpPOCOM H 6e3 Hero?
5 | mapameTpoB 4. B ueM COCTOMT CyTh H3MEpPEHHUS pacHpeiciICHHs
3a3eMJISIOIINX MOTEHIMAajIa BOJIM3H OTOPHI.
ycrpoiicts (ITK-3.2) 5. Kakum o00pa3zoM u Il 4Yero MPOM3BOIAT H3MEPEHHUE
TOKOB, OTCACHIBAIOIIMXCSI B €CTECTBEHHYIO 3a3€MIIIONIYIO CETh
NpEANPHUATHS ?

6. [Ilepeunciure TUTIOBOE OOOPYIOBAHHE, HCIIOIB3yEeMOE
JUIs  OIIGHKM  mapamMeTpoB 3Y M OICHKH  YPOBHS
ANMEKTPOOE30IMaACHOCTH

7. KakoBbl OCHOBBI HOPMHPOBAHHUSI DIICKTPUYCCKHX U
KOHCTPYKTMBHBIX IaPAMETPOB 3a3€MJIISIOIINUX YCTPOMCTB

1.B 4eM COCTOWT BJIMSHUE CBOCBPEMECHHOW HWHCIICKIIUU 32
COCTOSTHUEM OOBEKTOB  JJICKTPOIHEPreTHKA HA  yPOBCHD
2JIeTPOOE30MaCHOCTH B AJICKTPOYCTAHOBKAX

2.C Kakol UeNbl0 TMPOU3BOAAT KOHTPOJb COCTOSHUS
IPO303AlIUTHBIX TPOCOB HA JIMHUAX  DJIEKTPOIEpEIayH,
MOJIHUCTIPUEMHUKOB 1 3336MJ’I$IIOHIGI71 CCTKHU Ha KPbIIIC SILaHI/Iﬁ

JrCnIyaTANHOHRBII AIIEKTPOYCTAHOBOK; OTPAHUYNTENCH TIEPEHATIPSIKEHUS U TIp.
KOHTPOJIb IAPaMeTPOB 3.Kak wucnoms3ytor BIIJIA B 1memax JIUarHOCTUKHU
00bKTOB AIIEKTPOIHEPTETHUECKOTO X03SHCTBA

JTEKTPOIHEPTETHRM € 4.B yeM coCTOAT MpeuMyIrecTBa ucnob3yoT BITJIA B memsx

nomomsio BILIA (ITK-

3 2) AUArHOCTUKH JJICKTPOSIHCPICTHICCKOT'O X0351CTBa

5.C kakol IeNbl0 HEOOXOJIMMO OCHAIIEHHWE HHEPreTUKOB
MYJIbTUKONITEPAMHU.

6.1 9ero OCYIIECTBIISIIOT ONTHYECKUN M TEIJIOBU3MOHHBIN
MOHHUTOPHHT TIOBEPXHOCTU H30JISITOPOB

7.Kak Ha 971eKTpo0e30MacHOCTh JJIEKTPOYCTAHOBOK — BIIMSIET
OTCIeKMBAaHUE  3arps3HEHHS  M30JIITOPOB  IPOMBIIIIEHHBIMU
YHOCAMH, 3arPSI3HEHNE H30JIATOPOB MTHIIAMH

5.3. [lepeyeHb TUNOBBIX BONPOCOB /IJIs MPAKTHYECKUX 3aHATHH
IIpuMepbl TUNIOBBIX U 32424 JJIS NPAKTHYECKUX 3aHATHI
Tunosblie 3a1auun

3agaua 1. OnpeaenuTs NOTEHIIMAT HA MOBEPXHOCTU 3€EMJIA B 33JIaHHBIX TOYAX
B 30HE pacTEeKaHHWs TOKa B 3eMJIe C OJHOPOJHOW CTPYKTYpOW TIpyHTa H



COMPOTHUBJICHUE PACTEKAHUIO TMOJYCc(HEepUuecKoro 3a3emiIMTeNsl Ha TEPPUTOPHUH
ANEKTPOyCTaHOBKHU HarpsikeHueM 110 kB (pe3ynbTaT moscHUTS).

I(pamkue meopemuuecKue noJjioxxcenus. HpI/I pPaCcTCKaHHMM TOKAa B 3€MJIC CO34ACTCA
AJIEKTPUUECKOE TI0JIE, @ HAa TIOBEPXHOCTH 00pa3yeTcst 30Ha pacTekanus Toka (puc. 1). [Torennuman
3a3eMJIMTENS, C KOTOPOTO CTEKAaeT TOK, a TaK)Ke MOTEHIMAJ Ha TIOBEPXHOCTH 3€MJIM 3aBHCSAT OT
INEKTPUYECKON CTPYKTYPBI 3EMIIM, Pa3MEpPOB M TEOMETPUUYCCKUX OCOOCHHOCTEH CTPOCHHUS
3a3eMJITUTEIIS.

Jis momychepuyeckoro 3JIeKTpoa, B MPEANOI0KEHIH, YTO BTOPOU IIIEKTPOJ TAKOW Ke
¢GbopMBbl ynareH B IPOTHBOIIOJOKHOM HAIpPaBICHUHM Ha OYEHb OOJBIIOE PACCTOSIHME, KapTHHA
AJIEKTPUUYECKOTO TIOJSI PU CTEKaHUHM C HEro TOKa B OJHOPOAHOH 3emiie OyAeT BBITJISAETh, KaK
[I0OKa3aHO Ha PHUCYHKE HIDKE, TO €CTh JMHHUM TOoKa (2) OyAyT HampaBlieHbl IO paauycam.
OKBUIIOTEHIMAJIbHBIE IOBEPXHOCTH (T.€. IOBEPXHOCTU PABHOT'O IIOTEHIIMAJIA) IEPIIEHNKYIISIPHBI K
JMHUAM TOKA U 00pa3yroT KOHIIEHTpUUYeCcKHe noiycdepsl 3.

Ui

Puc. 1. Pactekanue Toka B OHOPOJIHON 3eMIIe

IImoTHOCTF TOKAa Ha CAUHUNY TIUIoIaAn HOJIyCCI)epI/I‘leCKOI?'I SKBI/IHOTCHHI/IaHBHOﬁ
nosepxHoct paguycoM (f +X), A/ m? cocrasur:
|
27(r +x)°
rone  — pagnyc HOJ‘IyC(i)epI/I‘IeCKOFO 3a3EMIIMTENA, X — pacCTodHUE OT Kpasd 3a3€MIIMTCIISL OO
paCCManHBaeMOﬁ TOYKH.
HanpsykeHHOCTb SIEeKTPHYECKOro Tois, B/M, Ha PacCTOSHMM X OT Kpas 3a3eMIIHTENs

o, =

omnpeaensercs no 3akony Oma B muddepeHnuansHoi popme:

- p
2 )
27(r + X)
rae p, Om-m — yAeIbHOE DJIEKTPHYECKOE CONPOTHBJIEHHE 3eMiM (MEKIY IpaHsMHu Kyba co

E,=p-o,=

croponoii 1 m p=RS/l, Om-m?/m wma Om- m).
HOTeHHI/IaH B 30HC paCTCKaHUA TOKAa paBCH HHHeﬁHOMy HHTErpaxy HAIPsSXKCHHOCTHU ITOJIA
ot (r +X) 10 GecKoHEUHO yIaIeHHOM 30HbI, B KOTOPOi OTCHIMAN PABEH HYJIIO:



o0
l- l-
U, = [Edx=[—"F —dx=—"?t
(r'x) 27z(r + X) Zﬂ(r + X)

U3 5TOro BBIpaXKEHHUs CIEAYeT, 4To noteHuuan U, TeM MeHblie, YeM GOJIbIIe JTHMHEHHbI
pasmep 3azewyutens [ W PAcCTOSIHHME OT 3asemiumTens X. llpu X —> oo morenmman U — 0.
TeopeTHUecKd 30HA 3€MIM, B KOTOPOH OTCYTCTBYET MOTEHLUAN, HAXOAUTCS B OECKOHEYHOCTH.
IIpakTHUeCKH 30HOI HYJEBOro MOTEHIMAIa HA3bIBAETCSA 30HA 3€MJIU, B KOTOPOH IOTEHIMAN Ha €€
HOBerHOCTH MaJIo 3aMCTCH. HOTCHHI/Iaﬂ B paCCManHBaeMOﬁ TOYKE X TEM MCHBIIC, YEM GOHB]_HC
OTHOCHTEIBHOE PACCTOSIHUE X/I OT 3a3eMJIUTEI.

Kak npaBuiio, Ha pacCTOSIHUM, PABHOM OJJHOMY JUaMeTpy mnoixychepsl (X = 2r), MOTEHLIHANT

Ha [MIOBEPXHOCTHU 3€MJIU cOCTaBIIAeT 32% HanpsbkeHus 3azemnnrens. Ha paccrositHuu, paBHOM ceMu-
BOCBMU JAMaMeTpaMm moisiycepsl, MOTEHLIMAJl HAa IOBEPXHOCTH 3€MJIM COCTaBUT Bcero 6%
HaIpPsDKEHUS 3a3€MIINTEISL.

ConpoTuBieHne, KOTOPOE OKa3blBAET TOKY 3€MJI, OKpY’Karollas JIEKTPOJ|, Ha3bIBaeTCs
COIIPOTHBIICHUEM PACTEKaHHIO. B mpakTHke ymoTpeOssioT yCIOBHBIA TEPMHH — CONPOTUBIICHUE
3a3emiautens. Ero He cienyer cMemMBaTh ¢ COOCTBEHHBIM COIPOTHUBICHUEM JIEKTPOJa, KOTOPOe
OYEHb MaJl0 10 CPABHEHUIO C CONPOTUBICHUEM MAcChl 3€MIIHM, OKPYKAIOLIEH JIEKTPOA.
ConpoTtuBieHue 3a3eMIUTeNs (CONPOTUBICHNE pacTekaHuto) R, Ou onpenenstoT Kak OTHOIIEHUE
HanpsokeHus 3azemanrend U, K TOKy |, cTeKaroneMy ¢ HEro B 3eMIIIO:

R=U,/I.
ConpOTUBJIEHNE PACTEKAHMIO TTOTYCHEPHUECKOTO 3a3EMITUTENS
R=U,/l=lp/@2x-r-1)=p/27-T).

Ne Pagnyc Paccrosaue ot YAEIBHOE Bennmuunaa
BAPUAHTA | TIOJTYC(EPUYECKOTO | Kpast 3a3€MIIMTENS |  3IEKTPUUECKOE TOKa,

3a3eMITUTEIS hi(o} compoTHBieHHe | CTEKAIOLIEro

rowm paccMaTpuBaeMoi SEMITH c

TOYKU . OMM; 3a3eMITHTES,
X, M I, KA
1 0,2 2r, 4r , 8r 1300 7,0
2 0,4 2r, 3r, 7r 900 8,0
3 0,6 2r, 3r, 6r 800 13,0
4 0,1 2r, 5r, 9r 750 10,0
5 0,3 2r, 4r, 8r 380 15,0
6 0,5 2r, 3r, 7r 1100 9,0
7 0,2 2r, 3r, 6r 470 7,5
8 0,4 2r, 5r, 9r 950 9,3
9 0,6 2r, 3r, 6r 1300 7,0
10 0,1 2r, 5r, 9r 900 8,0
11 0,3 2r, 4r  8r 850 13,0
12 0,5 2r, 3r, 7r 750 10,0
13 0,2 2r, 3r, 6r 780 15,0
14 0,4 2r, 4r  8r 1100 9,0
15 0,1 2r, 3r, 7r 570 7,5




Tunosbie BONPOCHI

1. Yro Takoe «reo3JIeKTPUIECKUN pa3pe3 3eMiIu»? Ut 4ero OH HoOXoaum?

2. KakoBbl TemnepaTypHble U3MEHEHHUSI U U3MEHEHUS YIEIbHOTO COMPOTUBIICHUS 3eMJIH IO
rinyoune?

3. Kak wu3mensiercs ynenbHOE COINIMPOTHUBIECHHE TPyHTa B 3aBHUCHUMOCTH OT aTMOC(EpPHBIX
0CaJKoB?

4. Yto TaKoe «ICSTSIbHBIA U aKKYMYJISIIMOHHBIN CIIOW» 3eMJIU?

5. CylecTBYIOT M XapaKTepHbIE T€03JEKTPUUECKUE pa3pe3bl 3€MJIM U KaKOBbl METObI
noJiydyeHus: uHGOpMaluu o HuX?

6. JInst dero HeoO0X0oAMMO OOOCHOBAaHWE PACYETHOTO HMCXOJHOTO CE30HA MPH PEUICHUU
BOIIPOCOB 0OecTeueHus 3JIEKTPOOE30NaCHOCTH B 3JIEKTPOYCTAHOBKAX.

1. B yeM COCTOMT MNPUHLUII 3aMEHbl PEAJBHOIO TIE03JEKTPUUECKOro pas3pe3a 3eMIld
OJIHOPOJIHOM SKBHUBAJICHTHON CTPYKTYPOU.

2. Yto npexacraBiser coO0# 1Mojie TOYSUHOTO UCTOYHMKA B OJJHOPOAHOM 3emiie?

3. Uto mpexacraBisieT coOOM MoJie MAapOBOTo 3a3eMIIUTENST B OHOPOAHOM IpyHTE?

4. YUto mpexncraBisieT coOOM TOJie BEPTUKAIBHOTO W TOPU3OHTAJIBHOTO 3a3€MIIMTENICH B
OJTHOPOJHOM TpyHTE?

5. Kak Binsier HEOJTHOPOIHOCTh IPYHTA Ha KAPTUHY PACTEKaHUs TOKOB OT 3a3€MIIUTENS?

6. [Touemy UCHONB3YIOT CIIOKHBIE 3a3eMJISIONTNE YCTpoiicTBa? Kak BRIMISIIUT MOJIE CI0KHOTO
3a3eMJISIFOIIETO YCTpOUCTBa?

7. B deM cytb MeTosa mpoOHOTO 31eKTpoaa?

8. B uem cyTb MeTOAA BEPTUKAIBHOTO YJIEKTPUIECKOTO 30HMPOBAHUS 3€MIIH?

9. B yem cyTh MeTOoAa CpeAHHMX HABEACHHBIX IOTEHIIMAJIOB B pacyeTax 3a3eMIISIOLINX
YCTPOMCTB?

10. B uem cocrout mpobiema pacuera mapameTpoB 3Y ¢ y4eTOM HEOTHOPOJAHOCTH 3eMiIn?

11. DaeKTpONpPOBOAMMOCTS KeJIe300eTOHHBIX (DYHIaMEHTOB.

12. B 4yem cyThb pacueTa MOBEPXHOCTHBIX CETOYHBIX 3a3€MIIUTEJICH, B YACTHOCTH, O3EPHBIX
3a3eMiInTenein?

13. B ueM 0coOeHHOCTH pacueTa BEpTUKAIbHBIX 3a3eMJISIOIINX YCTPOUCTB.

14. B ueM 0coOeHHOCTH pacueTa KOMOMHMPOBAHHBIX 3a3EMIISIFOIINX YCTPOUCTB.

15. JIng yero HEOOXOAMM pacyeT €CTeCTBEHHOM 3a3eMIISIOIIEH CeTH MHpPOMBIIIJIEHHOTO
MpennpusaThs, 1exa, 3aanus? B yem coctout cyth pacuera 3Y aBToHOMHOHN mnoactaHuuu (3Y
rnaBHOM  moHusuTenbHOM moactanuumu  (I'TIII), BoucaHHOW B CHUTYallMOHHBIM  TUTaH
MIPOMITPEATIPUSATHS);

16. B yem coctouT CyTh pacyera mnoreHuuana, BelHOcMMoro ot ITIII HagzemHBIMH
METAIIINYECKUMH KOMMYHUKALUSMU.

17. TlosicHuTe N3BECTHBIE BAM METObI CHUKEHHS BBIHOCUMOTO ITOTEHIIMAIa

18. Yro npexncrasisroT coboit Tunoseie 3Y omop JIDII?

19. Hopmupytrorcs iu napamerpst 3Y omop JIDII?

20. Yro Ha3BIBAIOT «HMCKYCCTBEHHBIMH 3azeMiHTesIMUA» orop JIDII m KakoBBI METOABI WX
COOPYKEHHUS?

21. KakuM JDOKYMEHTOM YCTaHABIIMACTCS HOPMHUPOBAHHE YPOBHS DJIEKTPOOE30MacHOCTH B
ANIEKTPOYCTaHOBKaX?

22. Kak o0OecrneunBaeTcss 3JEKTPOOE30MACHOCTh IEpPCOHaia B IPOU3BOICTBCHHBIX
nomenieHusAx u Ha reppuropuu I'TIIL

23. Yto Takoe «OOOCHOBaHWE PACUETHOTO TOKa OJHO(A3HOTO KOPOTKOTO 3aMBbIKaHHS Ha
3eMJTIO IIPU OLIEHKE YPOBHS AJIEKTPOOE30MaCHOCTH B DJIEKTPOYCTAHOBKAX C Pa3BUTOM 3a3eMIIAIONICH
CEThIO»?

24. B ueM COCTOMT BIJIMSHHE CBOEBPEMEHHON MHCHEKIMH 3a COCTOSIHUEM OOBEKTOB
ANEKTPOIHEPIETUKH HAa YPOBEHB JIETPOOE30MACHOCTH B AIEKTPOYCTaHOBKAX



25. C Kakoil 1eNplo MPOU3BOJIAT KOHTPOJIb COCTOSIHUSL TPO303ALIUTHRIX TPOCOB HA JIMHUIX

AJIEKTPOTIepeayH;

MOJHHUCIIPUCMHUKOB U

3a3eMIISIIoNIeH

CCTKHU

3JEKTPOYCTAHOBOK; OrpaHUUUTENEH IEpeHANPSKEHUS U TIP.
26. Kak ucnonbs3yrot BITJIA B 11eisx 1MarHOCTUKU 3JEKTPOIHEPTETHUECKOTO X035HCTBA
27. B uyem cocrosr mnpeumymiecTBa HCNONB3yIOT bIIJIA B 1mensx IUarHOCTHKU

SJICKTPOIHCPIE€THYECCKOI'O XO03sicTBa

KpbILIE  3JIaHUI

28. C kakoii 1ep0 He0OX0MMO OCHAIIIEHUE YHEPTETUKOB MYJIBTUKOIITEPAMHU.
29. Jlns 4ero OCYHIECTBIISIOT ONTHYCCKMHA M TEIUIOBH3HOHHBIA MOHHUTOPHHI TIOBEPXHOCTH

H30JEITOPOB

30. Kak Ha 5371eKkTpoOe30macHOCTh 3JIEKTPOYCTAHOBOK BIMSET OTCIICKUBAHUE —3arps3HECHIS
H30JIITOPOB MPOMBIIUIEHHBIMUA YHOCAMH, 3aIPSI3HEHHE H30JIATOPOB IITHI[AMHI

5.4. Onucanue KPUTEPHUEB OLICHUBAHUA KOMHeTeHHI/lﬁ H IIKAJbI OICHUBAHUA

[Tpu npomexxyTouHO#M aTrTecTaiuu B popme audsadera (3 cemectp)
UCIIOJIb3YETCS CIIEYIONIAs IKala OIEHUBAHUS: 2 — HEYIOBIETBOPUTEIIBHO, 3 —

YAOBJIETBOPUTENBHO, 4 — XOPOIIO, 5 — OTIUYHO.

OneHka mpernojaBaTeneM BBICTABISIETCS MHTETPAIBHO C  YYETOM BCEX
[IOKa3aTeJiell U KpUTEPUEB OLICHUBAHUS

[Tpu npomMexyTouyHoi arrectauuu B popme aud3avera:

Onenka c(hoOpMUPOBAHHOCTH KOMITIETECHIIUH 0 MOKA3aTeNI0 3HAHU.

(hopMyIHPOBOK

Kpurepuit YpoBeHb OCBOEHHUS U OLICHKA
2 3 4 5
3HaeT TeXHUYECKHEe
3HaeT TepMUHBI U
q 3HAET TEXHUYECKHE TCPMHHBI 1
€ 3HAeT TEPMHUHOB M | OIIpe/eIeHH, TepMHHB I OTIPEJIETEHHS OCHOBHBIX
I HUN HOBHBIX aCIIEKTOB o
OHpEACICHIH, OCHO acheKTo onpeaeneHus ACIEKTOB JISHCTBYIOIINX
OCHOBHBIX aCIIeKTOB JefCTBYIONHX
. OCHOBHBIX aCIIEKTOB MPaBOBBIX U
eiiCTB nx TIPaBOBBIX U
A YIom P ﬂeﬁCTByIOIHI/IX HOPMATUBHBIX
TPaBOBBIX U HOPMAaTHBHBIX
IIPaBOBBIX U JOKYMECHTOB B ooOJactu
HOPMAaTHBHBIX JOKYMEHTOB B 00J1aCTH
HOPMATHBHBIX SHEprocOepeskeHUs st
JIOKyMEHTOB B 00JIaCTH | 3HEProcOepexeHHs s
JIOKYMEHTOB B 00J1aCTH OLIEHKH BO3MOKHOCTH
3Hanue SHEProcOepeKeHust I | OLEHKH BO3MOXKHOCTH
SHEProcOepeKeHNs IS TIPUMEHEHHS
TEPMHHOB, OLIEHKH BO3MOKHOCTH TIPIMEHEHHS
. OLICHKH BO3MO>KHOCTH TEOPETHIECKUX 1
ONPEACICHNH, [IPUMEHEHHUS TEOPETUUECKUX U P
i TIPIMEHEHHS 9KCHEPUMEHTAIIBHBIX
TOHATHH TEOPETHIECKUX 1 9KCHEPUMEHTAITBHBIX P
TEOPETHUECKHX METOJIOB pacuera
IKCHEPUMEHTAIBHBIX METOJIOB pacyera
SKCHEPUMEHTAIIBHBIX MOTEHIMAIA
METOJIOB pacdera TIOTEHIMAIa
MCTOJIOB pacyeTa 9Heprod(hHeKTHBHOCTH
HOTeHLHAasa 9Hepro3HEeKTHBHOCTH
TIOTEHIMAIa 0OBEKTOB
9HEProdPPEeKTHBHOCTH | OOBEKTOB -
. 9Hepro3hHEeKTHBHOCTH i
00BEKTOB po(heCcCHOHATBHOM 6 npogeccHoHabHO
00BEKTOB
poQecCHOHATEHON JEeSTENBHOCTH, HO o . ACATEIIBHOCTH 1 MOAKCT
npodeccHOHATEHON
NeATENIBHOCTH JOTYCKAET HETOYHOCTH KOppEKTHO
JeSTENTBHOCTH,

copMyrpoBaTh UX

CaMOCTOATEIBHO




3HaHue
OCHOBHBIX
3aKOHOMEPHOCTE
1, COOTHOIIICHHH,
MPUHIIUIIOB

He 3naer:

— METOJIMIKH pacdeTa
MoTeph NpH padoTe
3JIEKTPOIHEPT € THUECKOT
0 00opymoBaHuS;

— METOMKU
MPOBEICHNUS
SHEproayauTa;

— METOIUKH
HCIIOJIb30BaHMUS
TTOTY4CHHBIX
pe3yIbTaToB JUIS
pacdera nokasareseit
SHEPreTHICCKHX TTOTEPh
U pa3paboTKH
MEPOTIPUATHUH 110
3HEprocOepekeHHUIO;

— TIPUHIIUIIOB pacyera
HCKYCCTBEHHOTO
OCBCILICHUS C IIEIIbIO
npuMeHeHus Ooiee
3Hepro3HeKTHBHBIX
OCBETHTEIILHBIX
YCTaHOBOK JIIs
YBEJIMYUCHUS TIOKA3aTeNs
SHEProcOepeKeHUs

3HaeT, HO JIOIyCKaeT
HETOYHOCTH IPH
(opMympoBKe:

— METO/IMKH pacyera
oTepb IpH padoTe
3NIEKTPOSHEPTeTHYECKOT
o obopyzmoBaHus;

— METOJIUKH
IPOBEJICHNUS
SHEProayIuTa;

— METOAUKU
HCIIOJTB30BaHUS
TIOJTy9CHHBIX
PEe3yIBTaTOB UL
pacuera rokazarenei
SHEPreTHYECKHX MOTePh
U pa3pabOTKH
MEPONPUATHI IO
3HEProcOepeKeHHUIO;

— TIpUHLIMIIOB pacyera
HCKYCCTBEHHOT'O
OCBEILCHHUS C LIENIBIO
TIpUMeHeHus1 Gosiee
3HEpro3hHEeKTHUBHBIX
OCBETHTEIIBHBIX
YCTAQHOBOK IS
YBEJIMYCHHUS [T0KA3aTeIs
SHEProcOepeKeHUSI

3HaeT u criocobeH
HHTEPIIPETHPOBATD
OCHOBBI:

— METO/IMKH pacuera
oTepb IpH padoTe
3NIEKTPO3HEPTETHYECKOT
0 00OpyIOBaHUS;

— METOJIUKH
IIPOBEJICHNUS
SHEProayIuTa;

— METOAUKU
HCIIONB30BaHUS
TIOJTy9eHHBIX
PEe3yIBTAaTOB JUL
pacuera rokazarenei
SHEPreTHYECKHX MOTePh
U pa3pabOTKH
MEPONPUATHH IO
SHEProcOepekeHHUIO;

— IIpUHLIUIIOB pacyera
HCKYCCTBEHHOTO
OCBCLICHUS C LICIIBI0
TIpUMeHeHHs GoJiee
3Hepro3hHEeKTHUBHBIX
OCBETUTEIBHBIX
YCTAQHOBOK IS
YBEJIMYEHHUS [T0KA3aTeIst
SHEProcOepeKeHUst

3HaeT u crnocobeH
CaMOCTOSITENIBHO
0O0BSICHUTD
HpUMEHEHHE:

— METOJIUKH pacyera
ToTeps IpH padorte
IJIEKTPOIHEPTETHIECKOT
0 o0opymoBaHUS;

— METOJMKHI
TIPOBEICHUS
SHEProayuTa;

— METOAUKI
HCHOJIB30BaHMsA
TIOJTy4EHHBIX
Pe3yJIbTaTOB I
pacudera rokasarenei
SHEPreTHIECKUX I0TePh
1 pa3paboOTKI
MEpOIPHATHH 1O
SHEProcOepeKeHHUIO;

— IIPUHIIUIIOB pacyera
HCKYCCTBEHHOTO
OCBEILICHHS C LIETBI0
npuMeHeHus1 Ooiee
9Hepro3(PeKTHBHBIX
OCBETHTEIIbHBIX
YCTaHOBOK sl
YBEITMYEHUSI ITOKA3aTeNst
SHEProcOCepEIKEHUSI




O0bemM
OCBOEHHOTO
MarepHana

He 3naer
3HAYUTCIHLHON YacTH
MaTepuaia
JUCIUTIIAHEI

Hmeer noBepXHOCTHBIE
3HAHMS OCHOBHOTO
MarepHana
JUCLUIUINHEIL, He
YCBOHUB €T0 JIeTalu

3HaeT Marepua
JIACIUILIAHBI B
MOJIHOM 00BeMe

OO0nazaer TBEpABIMU U
HOJIHBIMHU 3HAHUSIMU
Marepuaia
JIMCLUIUINHBI, BlaJeeT
JIOTIOJTHUTEIIEHBIMI
3HaHUAMU

IlonHOTa OTBETOB
Ha BOIIPOCHI

He naer otBeTHI Ha
OOJILIINHCTBO
3a/1aBaeMBIX BOTIPOCOB

Jaet HenomHbIe
OTBETHI HA
OOJIBIITHHCTBO
BOIIPOCOB

JlaeT moJyiHbIe OTBETHI
Ha OOJIBIIYIO YacTh
3a/IaHHBIX BOIIPOCOB

JlaeT monHekIe,
pa3BepHyThIE€ OTBETHI
Ha BCE MOCTaBJICHHBIC
BOIIPOCHI

YeTKoCTh
H3JI0KCHHUS 1
HUHTEpIIpEeTaluu
3HAHUI

Usnaraer 3uanus 6e3

Mznaraer 3HaHMs ¢

Uznaraer 3uanus 6e3

W3naraer 3HaHMS B

HEBEPHO MU3J1aract u

HETOYHOCTHU B
H3JIOKCHUUN U

CYHICCTBY H3Jlaract

JIOTHYECKOH HapYyLICHUSIMU B HapyILCHUH B JIOTHMYECKOH
HOCJIEI0BAaTEIbHOCTU JIOTHYECKOi JIOTHUYECKOH OCJIEI0BATENBHOCTH,
MOCIIEI0BATEILBHOCTH N0CJIEI0BATEIIBHOCTH CaMOCTOSITEIILHO UX
HHTEPIIPETUPYs U
aHAIM3HUPYs
He unmoctpupyer Bemonnser Brmonnser Bemonnser
H3JI0KEHHE HOSICHAIOLIHE MOSCHAIOLINE MOSCHSIOIUE PUCYHKU
TIOSICHSIFOIIIUMU (bOpMyJ'II)I, l“pa(bI/IKI/I n (bopMy_]‘H,I, PHUCYHKH U U CXCMBI TOYHO U
(I)OpMyHaMI/I, PUCYHKH HC6pC)KHO uc CXEMBI KOPPEKTHO U AKKypaTHO, pacKpbIBas
rpad)HKaMH’ OoHInOKaMu MIPaBUIILHO TIOJTHOTY YCBOCHHBIX
PUCYHKaMH U 3HAHUi
IIpUMepamu
He uznaraer Hormyckaer I'pamotHO U MO I'pamoTHO U TOUHO

HMHTEPIPETHPYET WHTEpIpETAIHH 3HAHUS Jenaet
3HAHUS 3HAHUI CaMOCTOSITEIIbHbIE
BBIBOJIBI

n3jaract 3HaHus,

OrneHka c()OpMUPOBAHHOCTH KOMIIETECHIINI MO MOKa3aTeNo Yvenus.

Kpurepuit YpoBeHb OCBOEHMS U OLICHKA
2 3 4 5
Ionxota OTBCTA Ha | OrBeTHI HAa BOIPOCH OTBeTHI AaHEI HE B OTBETHI Ha BOTIPOCHI OTBETHI BBIIOJIHEHBI
BOIIPOCEHI
P 9K3. Ouiera aHbl He MOJTHOM 00BeMe Ousera pacKpbITHI MOJHOCTBIO,
9K3aMEHAI[IOHHOTO OmieTa
BEpHO MOJTHOCTBIO paLHOHAIBHBIM
CII0CcOo00M
KawectBo  otBera  Ha | Mwmerorcs OTBETHI BHIIOJHEHHI C OTBETHI BHIIOJIHEHO C OTBETHI BHITIOIHEHBI
BOTIPOCHI CYIIECTBEHHBIE OIIMOKH | CYIIECTBECHHBIMH HEOONBIINMUA 0e3 omudoK
9K3aMEHAI[IOHHOTO OMJIeTa | TpH OTBETE Ha BOMPOCH | HETOYHOCTSMH, HE HETOYHOCTSIMU
Ounera HOCSIIITAMH
HNPUHIUITHATEHBIH
XapakTep

CaMOCTOSATENBHOCTD
[IOATOTOBKM  OTBETa Ha
BOITPOCHI
3K3aMEHALMOHHOT0 OMIeTa

He moxert
IIOArOTOBUTEL OTBETHL,
B TOM YHCJIE U C
JIOTIOTHUTEILHOM
TTOMOIIIBIO

MoO3K€eT BBIIOJHUTE
3aJlaHKie TOJIBKO C
JIOTIOJTHUTEILHOM
TTOMOIIIBIO

Brimonaser 3a1aHUC B
OCHOBHOM
CaMOCTOATEIIBHO

CaMOCTOSATEIBHO
BBITOJIHSIET 3a1aHIE

‘YMeHue cpaBHUBATb,
COIOCTAaBIATH U 00001ATH
H J1€J1aTh BBIBObI

He ymeer cpaBHuBath,
COIOCTABIATD
0000111aTh, a TAKKE
JICJ1aTh BBIBOABI ITPHU
OTBETE Ha BOIPOCHI
ounera

Jlomyckaer ommoOKu
TIPH COTIOCTABJICHUH,
00001IIeHNH | TIPH
(dhopmynrpoBaHUH
BBIBOJIOB Ha 3a/1aHHbIC
BOIIPOCHI

‘YMeer cpaBHUBATb,
COTIOCTABIIATH 1
00001aTh, HO
JIOMyCKaeT HeOOJIbIINe
HETOYHOCTH IIPpU
(dhopMynHpoBaHUH
BBIBOJIOB

YMmeer cpaBHUBATD,
COTIOCTABIIAIT U
000011aTh, a TAKXKE
JI€1a€T BEPHBIC BBIBObI
Ha 3a]]aBacMble
BOIIPOCHI

KauectBo oopmieHHs
oTBeTa Ha BOIPOCHI
9K3aMEHAIIMOHHOTO Ouiteta

OtBeTbl 0hOopMIIEHO
HACTOJIBKO HEePSILLINBO,
YTO HE MOJIA0TCS
MpoBepKe

OtBeThl 0hOPMIICHBI
HEaKKypaTHo,
OTCYTCTBYIOT
HEOOXOAUMBbIE
MOSICHEHHSI B BHJIE

rpaduKOB, CXEM U

OtBeThI 0 OPMIICHBI
aKKypaTHO, C
HEOOXOMMBIMU

TMOsSICHCHUAMU

OtBeTbl 0(OPMIICHBI
aKKypaTHO, ¢
HEO0OXOIUMBIMH
HOSICHCHUSMH U
CCBUIKaMH Ha

HCIOJIb3YEMbIC




(hopmyin HCTOYHUKH
IIpaBunbHOCTH IIpn oObsicHeHNN OObscHS Teoperuueckuit Teopernueckuit
TIpHMCHCHIT TEOPETHIECKOTO TEOPETUYECKUIL MaTepua IpUMEHEH U MaTepHai IPIMEHEH 1
TEOPETHIECKOTO
MaTeprana Marepuana MaTtepHa, J0MycKaeT HHTEPIPETUPOBAH B UHTEPIPETUPOBAH
JIOIYCKAaIOTCS TPyObIe OLIMOKH, HE HOCSIITHE L[EJIOM TIPaBUIIBHO, HO C | IPaBUIILHO

OIIMOKU B TEXHHYECKUX

TCPMUHAX

HNPUHIUITHATEHBIH
XapakTep

HECYIICCTBCHHBIMU
HCTOYHOCTAMHU

Onenka copMUPOBAaHHOCTU KOMIIETEHIIMM 110 TToKa3zaTento Haguiku.

Kpurepuit YpOBEHb OCBOEHHMS U OLIEHKA
2 3 4 5

BriGop METONUKH HesepHo BbIOpana Meronuxa Meronauka BriOpana BepHas miu
(hopMHpOBaHUS OTBETOB Ha

METOJIUKA MOJTOTOBKU | (POPMHUPOBAHUS OTBETOB | BBINOJHEHHS OTBETOB Hanbonee
BOIIPOCHI OnteTa

OTBETOB BBIOpaHa B [1EJIOM BBIOpaHa BEpHO, HO paLvoHaIbHAs

BEPHO, HO HMEIOTCA UMEIOTCs HEJIOYETHl, HE | meTomMKa

HEC3HAYUTCIILHBIC
HETOYHOCTH IIPU
OIMMCaHUM PACYETHBIX

OTHOCSIIUECS K
OCHOBHBIM PAaCUYETHBIM
3aBUCHUMOCTAM U

(hopMHpOBaHHUS OTBETOB
C IPUMEHEHUEM

rpauYecKoro u

3aBHCUMOCTEH 1 rpaguIecKoMy AHATHTHIECKOTO
rpaduuecKoro MaTepuaiy METOOB
MaTepHaa
Anamms pesynbTaToB | He mpousBeneH aHanu3 | AHallM3 pe3yJbTaToB, Jomyckarorcst IpousBeneH aHaIIHN3
pelIeHus 3a1aqu PE3yIbTATOB PEIICHUS MOTYyYESHHBIX IIPU HE3HAYUTEIIbHbIE Pe3yIbTaTOB PELICHHS

3aga4uynu

pemcHuM 3a1a4u,

HETOYHOCTH B XOJI€

3aa4d U CAEIaHbI

BBIMIOJIHSIETCS TOJIBKO aHanM3a pe3yJIbTaToB HCYCPIBIBAIOLIINE
[PU TOMOIIN pelieHus 3a1a9u BBIBO/IBI
[pernoaBaTess
OGocHOBaHHe [OTYYCHHBIX IIpencrasnsemblie Nmerorcs 3ameuanus K [Ipencrasnsiembie [Ipencrasnsiemble
pe3yJIbTaTos PpE3yNIBTaTHI HE TOJTyYCHHBIM Ppe3ybTaThl 0OOCHOBAHbI | PE3yJIbTAThI
000CHOBaHBI pe3yIbTaTam, U B IIEJIOM 000CHOBAHBI, YETKO
OTCYTCTBYET B apryMEHTUPOBAHBI, apryMEHTUPOBAHBI C

JIOCTaTOYHOM CTETIEHN UX
000CHOBaHHE

HMEIOTCS CCBUIKH Ha
y4e0HO-METOIMUECKYIO
JUTEpaTypy

yKa3aHHeM CChUIOK Ha
HOPMATHBHBIC,
CIIpaBOYHEIE U yIeOHO-
METO/IHYECKUE
HCTOYHHKH




6. MATEPUAJIBHO-TEXHUYECKOE
N YYEBHO-METOUYECKOE OBECIIEYEHHUE

1.1.MarepuajbHO-TEXHMYECKOE o0ecrevyeHue

N‘_’ HaunmeHoBaHue cnnenaJIbHbBIX OCHaIIIeHHOCTb cnnenMmaJIbHbIX HOMe[IIeHHﬁ n l'lOMeIlIeHI/lﬁ I
NOMeEIeHUI ¥ MoOMeleHnii 1J1s €caMOCTOSITEJILHOH padoThI
CAMOCTOSATEIbHOI padoThI
1 YyeOnass ayautopus s JlekninoHHbIE 3aHATHS MPOBOISATCS B ayauTopuu 223
MPOBEACHUS  JICKIMOHHBIX | MEX. Kopilyca. AyIUTOpPHUSl OCHAIIEHA MPE3eHTALMOHHON
3aHATHHI texHukor. Kypc nexnmii obGecreynBaeTcss KOMIUICKTOM

3JIEKTPOHHBIX Npe3eHTauui. B KaduecTBe MarepHalbHO-
TEXHUUYECKOTO 00eCreYeHHs AUCLUUILIMHBI UCIIOJIb3YIOTCS
MyJIbTUMEAUIHBIE CPEACTBA, HOYTOYK

2 VYuebHasg ayauTopust UL [IpakTHyeckue 3aHATHS — CIELUAIU3UPOBAHHBIN
MPOBEJICHUSI MPAKTUYECKUX | KOMITBIOTEPHBIN KJIacC M424, OCHAIEHHBIN
3aHATHH, 71a00paTOPHBIX | MPE3eHTAlMOHHOM TexHuKoW (mpoekTop Acer Projector
pabor, KoHcynpTanui, | P1165) u nepconansusiMu kommnbtotepamu (Intel Core 13-
TEKYIIEro koHTpois, | 8100 CPU 3.60 I'Tw/ Gigabyte Z370 HD3/ RAM 8192 M6/
POMEKYTOUHON HDD 1 T6/ NVIDIA GeForce GTX 750/ LOC 23,8"/ ASUS
aTTeCTaluu DRW-24D5MT/  Wi-Fi/  LAN100Mb/  CyberPower

BS850E), mnoakito4YeHHBIMH K JIOKQIBHOM  CETH
YHHUBEPCHUTETA C JIOCTYIIOM B HHTEPHET

3 UuranbHbli 3271 OMOIMOTEKH Hnst camocrosiTenbHOM ~ pabOThI  CTY/ACHTOB
s CaMOCTOSTEJIBHON | IPEYCMOTPEH KOMIIBIOTEPHBIA  KJIACC, OCHAILEHHBII
padoTEI KOMIIBIOTEPHOM TEXHUKOH c BO3MO>KHOCTBIO

noakmoueHuss Kk cetu «MHTepHer», obecredeHreM
JIOCTyna B ANEKTPOHHYIO nH()OPMAIIMOHHO-

00pa3oBaTeNbHYI0 CpEely YHUBEPCUTETa, a TaKXKe
yuactueM B mnporpammax Microsoft Office 365 s
obpazoBanus (cryaenueckuid) (Ne mor. E04002C51M) ¢
BO3MOYKHOCTBIO OECIIaTHOM 3arpy3Kd MPOTPaMMHOTO
obecneuenuss Microsoft.

6. [lepevyeHb y4eOHBIX H3aHUI U Yy4eOHO-METOAUYECKUX MATEPHAJIOB

6.1. IlepeyeHb OCHOBHOM JIMTEPATYPbI

1. Homun, II. A. Dnekrpobe3onacHocTh. 3agavyHuK : yueb. mocoodue / I1. A.
Honun, B. T. Meagenes, B. B. Kopoukos. - Mocksa : I'apaapuku, 2003. - 213 c.
- ISBN 5-8297-0136-7 : 47.30 p.

2. OCHOBHI JIEKTPOOE30TaCHOCTH (Teopusi U npakTrka). - Hwkuuii HoBropon :
Benta-2, 2004. - 120 c. - ISBN 5-89621-097-3 : 150.00 p.

3. Cubukunu I0.1. DeKTpoOe30MmacHOCTh npu IKCILUTyaTaIiH
3JIEKTPOYCTAHOBOK IPOMBILUICHHBIX npeanpusatuii: M.. H3parenbCkuil LEHTp
«Axanemus», 2008.

4. TOCT 12.1.030 — 81 CCBT. Dnextpo6e30mnacHOCTh. 3allUTHOE 3a3eMJICHUE
U 3aHYJICHHE.

5. Kapsixkun P.H. 3azemusitonue ycTpoiicTBa 31€KTpOycTaHOBOK. CIIpaBOYHHUK.
Bropoe uznanue. M.; ueprocepsuc 2006 r.



6. ManskoB B.JI., 3arpannuneiii C.®. Buasl 3amur, obecreunBaromue
0€30MacHOCTh IKCIUTyaTallMi 3JIEKTPOYCTaHOBOK (B Tpex yacTsax) CII6. «3nektpo
Cepauc» 2008

7. Kapsixkun P.H. YcrpoiictBo Ge30macHbIX 3J€KTPOYCTaHOBOK. CIpaBOYHUK.
M.: Dueprocepsuc 2003r.

8. MonaxoB ~ A.®.  3amuTHble  Mepbl  3JIEKTPOOE30IacCHOCTH B
ANIEKTpoyCcTaHOBKaX. YueOHoe nmocodue. M.; 3AO «3Dueproceppucy, 2008 r.
9. IlpaBuma  ycTpOHCTBa  DJIEKTPOYCTAaHOBOK. 7-e  wm3paHume. M.

3AO03ueprocepsucy, 2006 r
10. Cenuro IL.H. 3nexTpobe30macHOCT B CHCTEMax »3JICKTPOCHAOKEHUS

[TekcT]: PyKOoBOACTBO MO BBIMOJHEHUIO 0a30BBIX AKCHEPUMEHTOB. — YensaOuHCK:
HNIILL «Y4ueOnas Texaukay, 2007. — 81

6.2. IlepeyeHb TOMOJHUTEIHLHOM JIUTEPATYPbI

1. byprcoopd B.B., lko6¢c A.N. 3azemisroniye ycTpoiicTBa 3JI€KTPOYCTaHOBOK.
— M.: DHeproaromusgat, 1987. —400 c.: u.

2. Hupens  S.A.  3azemusronme  yCTpOWCTBA  BO3IYIIHBIX  JIMHUU
anektponepeaaun. — JI.: Sueproaromusnar. Jlenunrp. ora-uue, 1989. — 160 c.: uin.

3. Koctpyba C.U. HM3MmepeHus »dJIEKTPUUECKHMX TMapaMeTpoOB 3eMJU U
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3aBeyIOLINIA
Kadeapoit

noamnucs, PO

JMpeKkTop MHCTUTYTA

noanucek, PO

! 3anonnseTcs Kaxabli y4eOHbIH IO HA OTAENbHBIX JIHCTaX
2 HyxHo€ NoJ4epKHYTh





