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JlutepaTtypa .

MPEOVNCITOBUE

C momeHTa onybnunkoBaHnst « PykoBoOsALLMX YKa3aHWUA Mo NPOEKTUPOBAHMIO, CTPOUTENLCTBY U
aKcnnyaTtauumn 3a3eMneHnin B ycTaHoBKax NpOBOAHON CBA3U U pafUOTPaHCIISLMOHHbIX y3rioBy B 1953 T.
NOSsIBUNMCb HOBbIE pa3paboTKK MO BOMpocam 3a3eMIIsoLLMX YCTPONCTB B YCTAHOBKAX CBSI3N, U3MEHUITUCH
HEKOTOPble HOPMbl Ha COMPOTUBIEHMUS 3a3EMITEHUS], BO3HMKITA HEOOXOANMOCTb B AOMONTHEHUSIX U
yTOYHEHUsIX. [laHHOe « PykoBOOCTBOY» ABMSETCS NMOSIHOCTLIO NepepaboTaHHbIM B COOTBETCTBUM C
COBPEMEHHbIMU TPeOOBaHMAMMN.

CocTtaBneHve HOBOW pefakumm pykoBoasLwmx ykasaHui nposegeHo LIHWNC npu yyactim KO LLHUNC
(M.N. Muxannosbim, C.A. CokonosbiM, K.K. Hukonsckum, 3.C. BeprHon).

nasHoe yrnpaesneHue mMex0y20p00HOU merieghOHHOU
ces3u MuHucmepcmesa cessu

LleHmparbHbIl Hay4YHO-uccriedogsameribcKul
uHcmumym cessu

1. OCHOBHBbIE OMNPEAENEHNA N OBLUNE MONOXEHWA

1.1. 3azemnumesiemM Ha3biBAeTCA NPOBOAHMK UMK rpynna NnpoBOAHMKOB NtoGoli hopMbl (Tpyoa,
CTepXXeHb, Nnoroca, NPOBOIIOKa, NTUCT U T.1.), BbINOMHEHHAS 13 NPOBOASLLEr0 MaTepuana u Haxogsiascs
B HEMOCPEACTBEHHOM COMPUKOCHOBEHWM C ITPYHTOM, C KOTOPbIM OHa CO34aeT 3NEKTPUYECKOe COeaUHEHVE
onpeneneHHoro ConpoTUBIEHNS.

1.2. 3asemnsrowum ycmpolcmeom (3a3eMrisiouUuM KOHMYpPOM) Ha3blBaeTCs COBOKYMHOCTb
3a3emMnunTenen N COEQUHSIOLLMX UX MPOBOOHUKOB

1.3. 3aszemneHuem Ha3bIBaeTCA YCTPOWCTBO, COCTOSILLIEE N3 3a3eMIIAIOLLErO KOHTYpa (3asemnurenein) u
NpPOBOAHUKOB, COeANHAKLLNX 3a3eMITUTENN C ANeKTpU4eCKMMN YCTaHOBKaMW.

1.4. ConpomusrnieHue 3a3emMaumersi, Unu cornpomueieHue pacmeKaHur mMoKos ¢

3a3emumernsi Ha3bIBaeTCs CyMMapHOE 3NeKTpuYeckoe ConpoTMBIIEHNE NePeXOaHOro KOHTakTa ot
3a3eMITUTENS K TPYHTY Y CONPOTMBMEHNE NPOXOXAEHUIO (PAacTEKaHWUIO) TOKOB B CMOSIX FPYHTA,
npunexalumx K 3a3emMnuTento.

1.5. Y0enbHbimM conpomusneHuem epyHma Ha3biBaeTCsi SNEKTPUYECKOE CONPOTUBMEHNE, OKa3blBAaeMOoe
rPyHTOM B ¢hopme Ky6a 06beMom 1 M° Npy MPOXOXKAEHUM TOKa OT OAHOW rPaHU 3TOTO Kyba K
NPOTMBOMONOXHON. YAeNbHOE CONPOTUBMNEHNE rPyHTa 0603Ha4YaeTCst YePE3 I 1 BbIPAKAETCH B OM X M.

B 3aBUCMMOCTU OT (hYHKLIMK, KOTOPYHO BbIMOMHSIIOT 3a3eMJIEHUSI B YCTaHOBKaX CBA3M U
pPaanoTPaHCIISILMOHHBIX y3nax, pasnuyatoT pabodee, 3alUMTHOE U MMHENHO-3aLLMTHOE 3a3eMrieHme.

1.6. Paboyum 3a3emreHUeM B TEXHUKE CUMbHBIX TOKOB Ha3blBAETCS 3a3eMIISOLLEE YCTPONUCTBO,
npegHasHavyeHHoe ansi obecneyeHns paboTbl yCTAHOBKM B HOPMaIibHbIX MW aBapUAHbIX YCIOBUSX
(Hanpumep, paboTbl NNHUIA SNEKTponepeaaYm NOCTOAHHOIO TOKa MO CXEME «MPOBO[, - 3EMAY Npu
aBapuIHOM OTKITHOUMEHMM BTOPOro npoBoaa). B TexHuKke npoBogHON CBA3M pabounm 3a3eMneHnem
Ha3blBaeTCsl YCTPOWCTBO, NpedHa3HauYeHHoe A4S CoeanHeHWs annapaTtypbl NPOBOAHOM CBA3U 1
pPafMoTPaHCAALMOHHBIX Y3MOB C 3eMIEN, CryXXalllen OAHUM U3 MPOBOAHMKOB 3MIEKTPUYECKON LIEMNW.
Takoe 3a3emMrneHne NPYMEHSIETCS BO BCEX OAHOMPOBOAHBIX LIENSAX UMK LIeNsiX «ABa NPoBoAa - 3eMIs»
TenerpadHon 1 TenedOHHON CBSA3M, B LIENsIX PagnoTPaHCIISILMOHHON CeTWN, ANCTAHLMOHHOIO NUTaHUS
YCUNUTENbHBIX MYHKTOB M B KATOAHbLIX YCTAHOBKAxX Npw 3aLiute obonoyek kabenern oT Kopposuu.

1.7. 3awumHbim 3a3emreHUeM Ha3biBaeTCsl YCTPOMUCTBO, NpeAHa3HavYeHHoe AN CoOeaNHEHWS C 3eMIeN
MOJTHMEOTBOAOB, Pa3psiAHMKOB, a TakKe MeTanMMYeckmx YacTeln CMIoBOro 1 TEXHONOMMYECKOrO
060pyaA0oBaHNSA YCTPOMCTB NPOBOAHON CBA3M U paanOTPaHCSLMOHHBIX Y3I0B, KOTOPblE HOPMaIbHO He
HaxogATCst Nof, HanpsKEHNEM, HO MOTYT OKa3aTbCsi MO, HAM MPU NMOBPEXAEHNAX U30NSALIMN MPOBOAOB,
Hecywwmx paboymn Tok. Ha ATC Kk 3awmMTHOMY 3a3eMIIEHMIO NOACOEAMHAETCA OAMH M3 NontocoB baTapen
C LLeNbio 3aLLMTbl OT MEPEXOAHbIX TOKOB B CIlydae HapyLleHUs U30onsaumm aboHEHTCKMX nap.

1.8. JluHeliHO-3aWUmHbIM 3a3eMIeHUeM Ha3blBaeTCsl YCTPOMCTBO, NpeAHasHa4YeHHoe A5 3a3eMI1eHNs
MeTanM4ecknx NoKPoBOB 060OMI0YEK 1 SKPAHOB MO Tpacce kabener 1 Ha CTaHUKMsX, Kyaa OHY 3aBOAsITCS.

1.9. B TexHuKe NpOBOAHON CBA3M 1 pafMOBELLaHMS 3a3eMIieHnst obecneynBaoT HopMarnbHyo paboTy
annapaTtypbl cBs31, 6e30nacHOCTb OOCMY>KUBAOLLIErO NepCcoHarna u LenocTb CTaHLMOHHOIO Y MMIMHENHOTO
obopynoBaHus.

1.10. Mpwu TenerpadumpoBaHn 1 TeNedOHNPOBAHNM 3EMIIS YHACTO UCMONb3YETCS B KayecTBe obpaTHOro
npoBoAa 1 3a3eMrieHMe COCTaBNsAET YacTb paboyen Lenu.

1.11. I'Ipw CONMXKEHNSIX NMUHNIA aneKTponepenad C JIMHNAMNU CBA3M B NOCIIeAHUX MOryT BO3HUKHYTb
OonacHbIE HaMpAXXeHnA. MoLuHble pa3pAaoHuKK, yCTaHaBmMBaeMble B 3TOM Clly4dae Ha JIMHUN,



obecneumBatoT 3alunTy annapaTtoB CBA3N U Ge3onacHocTb 060ny>|<MBa+oLuero nepcoHana, ecnu
3asemMrieHune 6yp,eT MMETb Marioe conpoTuelieHne, COOTBETCTBYHOLLEE HOPME.

1.12. B HaceneHHbIX MNYyHKTaX nMmeeTCA ONacHOCTb COMNPUKOCHOBEHUA NPOBOAOB CBA3N C TpaMBaﬁHbIMI/I n
TpOﬂﬂEVI6yCHbIMM npoBoaamMu. BennuuHa CONpPOTUBIIEHNA 3a3eMI1eHUA pa3pAnHNKOB, YCTaHOBIEHHbIX
Ha npoBsofax CBA3U, B AaHHOM CliyYae onpenendeT cteneHb HageXXHOCTU 3allinTbl YCTAaHOBOK CBA3W.

1.13. ﬂ,epeBﬂHHble Onopbl BO3AOYLUHbIX TIMHWIA CBA3N 1 paanoBellaHna npun ygapax MornHum
pas3pyLlaroTca. [nsa 3awunTsl ux ot pas3pyLleHnd yctaHaBMBakOT MOJTHUEOTBO4bl. CTteneHb HaOeXHOCTH
3alnTbl 3aBUCUT OT BEJTMYUHBLI CONPOTUBIIEHNA 3a3eMITeHNA MOJNHMeoTBo4a.

1.14. Hopmbl cOnNpoTMBNEHNS 3a3eMreHnin AN pasfmyHbliX YCTAaHOBOK NPOBOLHON CBA3U U
paanoTPaHCSALMOHHBIX Y3IoB NpuBeaeHsbl B 00Lecoto3Hom ctaHgapTe FOCT 464-68 (3azemneHus gns
CTaLMOHapHLIX YCTaHOBOK MPOBOAHOWN CBA3W U A8 PaAMOTPaAHCIISILUOHHbIX Y3r0B).

1.15. Ha puc. 1.1 nokasaHa npubnuautensHas kKapTvHa ar1eKTPUYECKOro Nons B 3eMrie Mexay ABYMS
3asemnutenamum A n 6. B 3aBMCUMOCTU OT NAIOTHOCTY TOKa Mosie MoXeT ObITb pa3geneHo Ha Tpu
obnactu: B obnactax | -u |l INoTHOCTb CpaBHMTENBLHO Benvka; B obnactu Il oHa He3HaunTenbHa BBUAY
GONbLLOW BENUYMHbBI NMONEPEYHOrO CEYEHUs 3eMMU, B KOTOPOW NpoxoauT Tok. Ha conpoTtueneHve
3a3emnuTens, rmaeHbiM 06pa3oM, BNMAT obnacTy ¢ 60mbLUIOV NNOTHOCTLIO TOKA, T.€. B JaHHOM Cryyae
obnactu I n Il . O6nacTb Il npakTNYeckn He BNMSAET Ha CONPOTUBIEHWE 3a3emMnuTens. MNoatomy
COMPOTMBIEHNE 3a3eMIEHNS MOXET OblTb U3MEPEHO C NMOMOLLIbIO amrnepmMeTpa 1 BonbTMETpa,
BKITHOYEHHbIX TaMm, rae nroTHOCTb TOKa BESUKN.
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Puc. 1.1. Cxema nsmepeHus ConpoTMBNEHNSA 3a3eMreHns (a) u none TokoB B 3emrie (6)

1.16. Ha puc. 1.2 nokasaHo n3MeHeHne OTHOLLEHNA NoTeHumnana Tovek 3emnu U, Mexay 3asemnurensamm
(cm. puc. 1.1) kK noTeHumany ogHoro n3 3asemnurenen U 4, B 3aBUCUMOCTM OT PAaCCTOSIHUA X MeXay
OaHHOW TOYKOW 1 3a3emnuTeneM. Mpu ogHOPOAHOM CTPOEHUM 3EMIM U OAMHAKOBbLIX 3a3€MITUTENSX
TOYKa C HyNneBbIM NOTEHLMANIOM HaXO4MUTCS TOYHO nocpeauHe mexay Humu. V13 kpuson Ha puc. 1.2
BMOHO, YTO BENMYMHA MOTEHLMANa ykasaHHbIX TOYEK 3EMITM PE3KO YMeHbLUAeTCs BONM3N 3a3eMnuTens u
Ha paccTosiHum 20 M OT HEro CTaHOBUTCHA PaBHOW MPUBNN3NTENBHO 2% OT MakCUManbHOIO 3HAYEHUS.
Toukwn, roe noteHuman 3emnu paBeH 2% 1M MeHee OT MakCUMarnbHOMO 3HAYEHWs!, NPaKTUYECKN MOXKHO
cyMTaTb TOYKaMK HYNEBOro MNOTEHUMana, Unun yaaneHHbIMM ToYKamm 3eMIN.

1003




Puc. 1.2. KprBasi M3aMeHeHWs1 OTHOLLEHUS K 1 MOTEHUMana Todek 3eMnm Mexay AByMst
3aseMnuTenamm U, K NoTeHuuany 3a3eMnmTens OTHOCUTENbHO HyNeBol TOYKM B 3aBUCUMOCTU OT
paccTosaAHUs X

1.17. Ha puc. 1.3 nokasaHO U3MeHEHNE OTHOLLEHUS K, PA3HOCTU NoTeHUmanoB U 4« Mexay
3a3eMnuTenemM U paccMaTpuBaeMom TOUYKOM ay K noTeHumnany 3asemnurens U 4, B3aBUCMMOCTU OT
pPacCcTOSAHUA X MEXY 9TON TOUKOW 3eMNKN U 3a3eMnutenem. V13 aTo KpMBOM BUOHO, YTO HA BENUYUHY
noTeHUmMana 3asemMnuTens NPakTUYecKkn okasblBaeT BrNSHME TOMNbKO MPYHT, OKPY>KatoLLWA 3a3eMrnuTerb B
paguyce 20 , 25 m.
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Puc. 1.3. KpuBas nsMeHeHus1 OTHOLLEHUS K, (B MPOLEHTax) pasHoCTU noTeHumnanos U 4, Mexay
3a3emrnmMTernem 1 paccmaTprBaeMon TOYKON X K noTeHumuany 3asemnutens U 4 B 3aBUCUMOCTU OT
paccTosiHus X

AneKTpuyeckoe conpoTuBreHne 3asemnuTens (cM. puc. 1.1) onpegensieTca OTHOLLIEHUEM U3MEPEHHOIO
noTeHUmMana 3a3emMInTens No OTHOLLEHUIO K TOYKE C HyMNeBbIM NMOTEHLMANoM K TOKy, CTekaroLemMy ¢
3a3eMnuTens B rpyHT, T.e.

R, = U/, (1.1)

roe U - nokasaHus BOSIbTMETPA, 8; | - mokasaHua amnepmeTpa, a.
2. PACYET 3A3EMNUTENEN

YOENbHOE COMNPOTUBINEHWE MPYHTA

2.1. OCcHOBHOE BNUSHME Ha BEMNUYMHY COMPOTUBIIEHNS 3a3EMITUTENEN OKa3blBa€T BEPXHUIN CIOW rpyHTa
Ha rny6uHe oo 20 , 25 m, N03TOMy Npu pacyeTe N yCTPONCTBE 3a3eMrleHnn HEOBXO0ANMO 3HATb ero
yAenbHOe CONpOTUBIIEHME.

2.2. B 3aBNCUMOCTM OT cOCTaBa (YepHO3€eM, MECOK, MMK1HA 1 T.M.), pa3MepPOB U NAIOTHOCTU NpUeraHns
OPYr K ApYry YacTuL, BMaXHOCTU U TEMMNeEPATYpPbl, HANMYMsA PacTBOPUMbIX XMMUYECKMX BELLECTB (KUCIOT,
LLIenoYen, NPoAYKTOB MHUEHWS U T.4.) YAENbHOE CONPOTUBIEHNE TPYHTOB U3MEHSIETCS B OYEHb LLMPOKMX
npegenax.

2.3. Hanbonee BaxkHbIMM (hakTopamMu, BIIMSIIOLLMMUN HA BENTUUYNHY YOEMNBHOIMO CONPOTMBIIEHUSA FPYHTA,
SABNSATCSA BMaXHOCTb U TeMnepatypa. Ha puc. 2.1 n 2.2 B kayecTBe npvmMepa npvBeAeHbl KpUBble
N3MEHEHUs YAENbHOro CONPOTUBIIEHNS KPACHOW TNHBI B 3aBUCMMOCTM OT BIAXXHOCTU 1 TeMnepaTypbl.
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Puc. 2.1. KpVIBaFl M3MEHEHNA yOEINTbHOIo CONpPoOTUBIIEHNA KpaCHOVI MWHbI B 3aBUCMMOCTUN O T €€
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Puc. 2.2. KpviBasi nameHeHUs yaernbHOro ConpoTUBIIEHUSI KPAacHOW MUHbI B 3aBUCMMOCTM OT ee
TemnepaTypbl

2.4. B TeyeHMe rofa B CBA3N C U3MEHEHMeM aTMOCMEpPHBIX 1 KIMMaTUYEeCKUX YCIOBUIA COAepXKaHne
BMaru B rpyHTe 1 ero TemnepaTypa U3MeHsIoTCs, a CreaoBaTeribHO, U3MEHSETCH U yaernbHoe
conpoTtueneHne. Hanbonee peskue konebaHms yaensHOro conpoTUBIEHUS HabMoaa0TCsl B BEPXHNUX
Crosix 3emnn, KOTopble 3MMOI MPOMEP3atoT, a IETOM BbICbIXatoT. V3 faHHbIX M3MEpPEHUA creayeT, YTo
npwv NoHWwxeHnn TemnepaTypbl Bo3gyxa oT 0 go -10 °C ygenbHoe conpoTUBIIEHNE TPYyHTa Ha rmybuHe
0,3 m yBenuuuaetcs B 10 pas, a Ha rmybuHe 0,5 m - B 3 pasa.

CornacHo HabnoaeHusm B 6onbLUMHCTBE obnacTten ceBepHon 1 cpegHen yactn CCCP npu
oTpuUaTenbHbIX TeMnepaTypax Bo3ayxa rpyHT UMEET NONOXUTENbHYIO TeMnepaTtypy Ha rnybuHe,
HaumHasa oT 0,8 M. BnaxxHOCTb rpyHTa Ha 3TOM rryobuHe 1 HUXe Npu N3MEHEHUM TemnepaTypbl BO3ayxa
N3MeHSeTCs CpaBHUTENBHO Marno.

B toxHbIx parioHax CCCP rnybuHa npomep3aHusi rpyHToB naMeHsetcs B npegenax ot 0,1 4o 0,5 m.

2.5. Tpun NpOEeKTUPOBAHNN N CTPOUTENBCTBE 3a3eMNSAOLLMX YCTPONCTB HEOOX0AUMO 3HaTb
MaKCUMMarbHy BEMUYMHY YAENbHOMO COMPOTUBIEHNS CMNOS TPYHTa Ha rnyouHe, npubnmanTensHo B Tpu
pasa npesblllaoLLLen rMyouHy 3aknagky 3asemnutens. Tak, HanpuMmep, npu 3abuske BeEPTUKarbHOrO
3a3emMnuTens AnuHom 2 M Ha rmybuHy 3 M HeobxogMMo 3HaTb CpeaHee yaenbHOe COnpoTUBIEHME COst
rpyHTa TOMLWMHOK A0 9 m.

2.6. BennuunHa ygenbHOro ConpoTUBMEHNS TPYHTa onpeaenseTcsa nyTem U3MepeHnii B MecTe yCTpPonCTBa
3a3eMr1eHNs C Y4ETOM KOSPULNEHTOB BNAXXHOCTN, KOTOPbIE NPUBEAEHBI B Tabn. 2.1 1 npuMeHsitoTCA B
crnegyroLmx cnyyvasx:

K 1.1 - €CNY U3MEPEHHas BENNYMHA CONPOTUBIIEHUS TPYHTA COOTBETCTBYET MUHUMANbHOMY 3Ha4YEHNIO
(rPYHT BRaXHbIN, Nnepen M3MepeHnem Bbinagano MHOrO OCaaKoB);

K 1. - €CN U3MEPEHHas BENMYMHA YAENbHOIO CONPOTUBIEHNS FPYHTa COOTBETCTBYET CpeaHeEMY
3Ha4eHuIo (TPYHT cpegHen BNaXHOCTK, nepen M3AMepPeHNeM Bbinagano HEMHOIo 0CagKoB);

K 1.3 - €CN U3MEPEHHas BENMYMHA YAENbHOIO CONPOTUBMEHNS FPYHTa COOTBETCTBYET HanbonbLiemMy
3HaYeHuIo (TPYHT CyXOoWn, nepen M3MepeHNeM Bbinagano COBCEM Marno 0CagKoB).

Tabnuya 2.1
[NonpaBoyHblEe
3asemnutenu [ny6uHa 3anoXeHns, M KO3(pPULMEHTbI
K11 K12 K13
[MoBEPXHOCTHbIE (MPOTSHKEHHBIE) 0,5 6,5 5 4,5
0,8 3 2 1,6
Yrny6neHHble BepTUKanbHble (TpyObl, yronku, 0,8 (BepxHuI KOHeL, 2 15 1.4
CTEPXKHW) 3azemnuTens) 3 (HWKHUIA KoHew,
3a3eMnuTens)

PacueTHOe 3HaueHe yaenbHOro CONpOTUBIEHUS rPyHTa onpeaensieTcs no hopmyne
= . oMM
P = Pt (2.1)

rae r sy - U'SMepeHHoe yaeribHoe CoOnpoTuBIieHne rpyHTa, oM X M.




2.7. KoathdrumneHTbl NpoMep3aHnst TPYHTa K1 U Ky , YYUTbIBaOLLME CE30HHbIE KonebaHust TemnepaTypbl
OIS pasnnyHbIX KNMMaTUYECKMX 30H, NpuBeaeHbl B Tabn. 2.2. KoadhdurumeHT kiucnonb3yeTcs B pacyeT
HbIX popMyrax ang CTePXKHEBbIX AMNEKTPOOO0B ANIMHON 2 | 3 M, BEpLUMHA KOTOPLIX 3aKnagbiBaeTcs Ha
rny6uny 0,5 , 0,8 M. Koadhb1UMEHT K » MPUMEHSIETCA ANS NPOTSKEHHbIX 3NEKTPOA0B, 3aKnagblBaeMblX Ha
rny6uny 0,8 m.

Tabnuua 2.2
CpegHss CpepHss KoadhdpurumeHT
K MHOrOMETHSISA MHoroneTHsas  (CpeaHeronoBoe(l 1pogomKNTENbHOCTH NPOMep3aHns
nMmaTtunyeckme
30Hb! HM3Lwas BbICLLAA KOn-BO 3amep3aHus
Temneparypa Temneparypa 0CajKoB, CM BOAbI, OHU K. K
(sHBapb) °C (ntonb) °C
I -20, -15 +16 , +18 ~40 190 - 170 1,9 5,6
Il -14  -10 +18  +22 ~50 ~150 1,7 4,0
1 -10,0 +22 , +24 ~50 ~100 15 2,2
v 0,+5 +24 | +26 30, 50 0 1,3 1,8

I'IpwmeanMe. (DaKTOpr, onpepgenamowmne KnmmaTnvyeckme 30HbI (TeMHepaTypa, KOnM4yecTBO OCaaKoB U
npoAOIIXNTENTbHOCTb 3aMep3aHna BOD.bI) 3anpalmearoTcA Nnpn N3bICKAHNAX Yy MECTHbIX
MeTeopOosIormM4ecKknx CTaHLUUR.

2.8. B MCKMounTENbHBIX Crydasx Ans OLeHKN BENUYMHbI YOEeNbHOr0 CONPOTUBMEHUS I NpU
NPOEKTUPOBAHUN 3a3EMISIOLLNX YCTPOMNCTB MOXHO NOMNb30BaTbCS CPEAHUMN BENMYUMHAMMU YO,ENTbHOMO
COMPOTUB NEHUS TPYHTA, NpMBeAeHHbIMKU B Tabn. 2.3. OgHako B nocrnenyroLemM npu CTpouTensCcTee
3a3emMreHn HeobXxoaMMOo nepecynTaTb CONPOTUBEHME 3a3EMITEHUS, MPEABaPUTENBHO YTOYHUB I MyTEM
KOHTPOJTIbHbIX N3MEPEHUI. 3a paCUETHYH BENNYMHY YOENbHOro CONPOTUBIEHNS B 3TOM Crydae
npuHUMaroT

Ppace ~ 1’?5':":1: , (2.2)

rae rgp - cpefHee 3HaveHue r, ykasaHHoe B Tabn. 2.3;
1,75 - nonpaBoYHbIN KOIPPULMEHT, NPUHMMAEMbIN OaMHAKOBLIM Ans Bcen Tepputopumn CCCP.
Tabnuya 2.3

TpywT conpoTmaRGIe, on « rpyrt conpormanGIe, on x
Topd 25/[1HO pekun 200,
epHosem 50|I'Iecor< 500,
MMuHa 60|I'IecanM|< 1000]
CyrnnHok 80ICynecok 300
Kokc 2,5 600
Jlecc 250|KBapu, 15000
KameHHbI yronb 130|I'IopMCTbu7| N3BECTHSIK 180
CapoBasi 3emMns 40|I'In0THbu7| M3BECTHSIK 3000
PeuHas Boga 1000|FpaHMT 1100

PACHETHbLIE ®OPMYIbl 4J1A ONPEAENEHNA COMPOTUBNEHUA BEPTUKAITBHbBIX
SA3EMITMTENEN

2.9. ConpotueneHne R TpybyaToro BepTUKanbHOro 3a3eMnmnTensi, MOMeLLEeHHOro Ha rmyouHe h ot
NMOBEPXHOCTU 3emnu (puc. 2.3), onpeaensieTcs no gopmyrne

R- Kli[]n 4l M],m
21 d 2 1+7T7h , (2.3)

rae | - gnvHa Tpy6hkl, M; d - BHELWHWI AnamMeTp TpyObl, M;

h - paccTosiHue oT NOBEPXHOCTM 3EMIM [0 BEPXHETO KOHLA TPyObl, M

I - yaernbHOe CONpPOTUBIIEHNE 3EMITU, OM X M, K 1 - KOI(PULMEHT NPOMEP3aHNS, YHUTbIBAOLLMIA

CEe30HHble KorebaHus TemnepaTypbl rpyHTa.



2.10. ConpoTuvBreH1e BepTUKaNbHOro 3a3eMITUTENS, BbIMONIHEHHOIO M3 Yrorka, onpeaenseTcs Takke no
d-ne (2.3), HO Npu 3TOM 3KBUBANEHTHbIV ANaMETP onpeaenseTcs U3 BblpaXKeHus

d=095b, m, (2.4)
roe b - LPUHa CTOPOHbI yroska, m.

HanGonee LenecoobpasHo norpyxaTb Tpyby Ha Takyto rnyGuHy, YToGbl BEPXHUI KOHELL ee Haxoauncs
HVKe rMyBVHbBI NPOMeEpP3aHKsA rPyHTa 1, BO BCAKOM criydae Ha rnybvHe 0,7 M OT NOBEPXHOCTM 3eMiu, Npu
3TOM 3HaAYUTENIbHO YMEHBLLUTCA KonebaHve ConpoTUBIIEHNS 3a3eMIEHNS B 3aBUCUMOCTM OT BPEMEHU
roga.

2.11. B Tex crnyyasix, korga rry6oko nexallue Criov 3eMnv MMetoT MeHbLUEee yaenbHOe COMpOTUBIIEHNE,
criegyeT norpyxatb Tpy6bl Ha GonbLuyto rmy6GuHy, BNnoTs 4o 20 m.

2.12. Mpwu yBenuyeHun guameTpa TpyObl CBbILLE 5 CM CONPOTUBIIEHME 3a3EMIMEHNS YMEHbLUAeTCs
He3Ha4MTeNbHO, NO3TOMY A0OMBATHLCA €ro YMEHbLLEHUS MyTEeM YBENUYEHNs anameTpa Tpyobl
HeLenecoobpasHo.

AHanNorn4yHbIN BbIBOA MOXET ObITb caenaH OTHOCUTENBHO LUMPUHDBI N TOJNLWKWHBI CTOPOHbI YTrorika.

,ElmameTp pr6b| N TONWwnHa CTEeHKN (MJ'IM LpUHa 1 TornwmHa CTOPOHbI Yrosika 3asemMnutena 13 yFJ'IOBOIZ
CTaJ'IM) BbI6MpaIOTC$| Takumu, YToObl 3a3eMnuTenb o6nap,an [OCTaTO4YHOM MexaHN4ecKom NPOYHOCTbIO.
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Puc. 2.3. Tpybuatbii 3a3emnutens
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Puc. 2.4. KpvBble uaMmeHeHusi conpoTuBneHus R , TpybGyaToro 3asemMnuTens B 3aBUCMMOCTU OT €ro
ANViHbI | Npy pa3nuyHbix avameTpax Tpyb d 1 pasnuyHbIX yaernbHbIX CONPOTUBIEHMUSIX I TPyHTa (Npu
rnybuHe 3akonku 3asemnurtens, pasHon 0,7 m)

B rpyHTax cpegHewn nnoTHOCTM anameTp Tpybbl MoXeT ObiTb 2,5 , 5 cM, lWimMprHa CTOPOHbI yrorka
3a3eMnuUTens u3 yrnoeow ctanu - 2,5, 5 cm. B TBepAbIX rpyHTax MoryT ObiTb MCMOb30BaHbl NMnbo
CMIIOLWHON CTePXeHb gnameTpom 2,5 | 5 cm, nubo Tpyba anameTtpom 4 | 6 cM, Nnbo yronok ¢ LUMPUHOW
CTOpPOHbI 4 , 6 cm.

2.13. IameHeHne conpoTUBNEHNS BEPTUKANbHOMO 3a3eMANTENSA B 3aBUCMMOCTM OT €ro ANUHbI Npn
pasHbIX AnameTpax Tpyb 1 pasnmnyHbIX YAenbHbIX CONPOTUBIIEHUSIX FTPYHTOB NMOKAa3aHo Ha puc. 2.4.

PACYET COMPOTUBNEHUA TOPU3OHTAJIbHbBIX 3A3EMITUTENEW

2.14. ConpoTUBIEHNE 3a3EMIUTENS B BUAE BbITAHYTON METanIMYeCcKon Nonockl, MOMELLLEHHOM Ha
rny6uHe h, m (puc. 2.5), onpegenseTcsa no opmyne



ol —,
W fb (2.5)

roe | - onvHa 3asemnuTens, M; b - WWpuHa nonocsl, M; h - rny6rHa Npoknagk1 Nonockl, M; I - yaensHoe
COMPOTUBIIEHWE FPYHTA, OM X M; K 5 - KO3(MULIMEHT NPOMEP3aHMNS TPYHTa, YYUTLIBAOLNIA CE30HHbIE
koneGaHus TemnepaTypbl rpyHTa.

ConpoTuBneHve 3a3eMnuTens Kpyroro cedeHnst onpeaensieTcs no Tom xxe opmyre ¢ NogCcTaHOBKOM
BMECTO 3Ha4yeHus1 b BennymHbl 2 d :

R=£i:2]n oL

i
- NP 2.6)

YkasaHHble popmyrnbl cnpasegnuebl npu [>d,1>b,h>d,h>Db.
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Puc 2.5. TNpoTsxkeHHble 3a3eMnnUTenu: a) nonocosble; 6) LunuHapunyeckue
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Puc 2.6. KprBasa nsameHeHus1 COnpoTMBIIEHMS MPOTSPKEHHOrO NPOBOSIOYHOMO 3a3eMNTENS B 3aBUCUMOCTU
OT AvameTpa ero NpPoBOOK

2.15 [lnameTp npoBOAa NPOBOIOYHOMO 3a3eMIIUTENS UMW LLIMPYHA NOJIOChI NMOSOCOBOIO 3a3eMuTerns
Maro BUSET Ha BEMUYMHY COMPOTUBIIEHNS 3a3EMITEHMS], YTO BUAHO 13 KPMBOW Ha puc. 2.6.

2.16. [Insi CHWXKEeHWs1 CONPOTUBIEHUS BbITAHYTOrO 3azeMnutens 6omnee LenecoobpasHo yBENMUNTb €ro
ONVHY, a He avameTp. Ha puc. 2.7 nokazaHo M3MEHEHME CONPOTUBIIEHMS 3a3EMISTIEHMS CTANbHOIO
nposoaa aAvameTpom d = 4 MM, YNOXEHHOTO B 3eMJTt0 Ha rnyouHy 0,7 M, B 32aBUCUMOCTU OT ANWHbI ero
ONs1 pasnUYHbIX YaenbHbIX COMPOTUBIIEHNIA 3EMITN.
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Puc. 2.7. KpuBas nsmMeHeHusi ConpoTUBIIEHUS NPOTSXKEHHOTO NPOBOSIOYHOrO 3a3EMNUTENS B
3aBUCUMOCTU OT ero AnuHbl npu d = 4 Mm 1 rmy6buHe 3akonku h = 0,5 | 0,7 M AN pa3nuyHbIX 3HaYEeHUi
yOernbHOro ConpoTUBEHNUS rpyHTa

YBenuyeHue onuHbl 3asemnutens donee 10 m, kak BUOHO M3 KpI/IBOIZ, [aeT OTHOCUTENbHO HebonbLUoe
YMEHbLLUEHNE CONPOTUBIIEHUA. Kpome TOro, rnpun panbHenwem yBeINnn4eHnn ArnHbl 3a3eMnmnTtend
HaYMHalT cKasblBaTbCS COOCTBEHHbIE conpoTuBIieHna n MHAYKTUBHOCTb NMpoBOAa, B pe3dyribTate 4Yero
conpoTuBIieHne 3a3eMiieHna He YyMEeHbLUaeTCA.

MpuBeaeHHble Ha puc. 2.7 AaHHbIE MPAKTUYECKN MOTYT ObITb MCNOMb30BaHb! A5 NPOBOSIOKN N0OOro
AnameTpa oT 2 oo 6 mm. [Ins yCTponCcTBa BbITAHYTOrO 3a3eMuUTENs pekoMeHAyeTcs NPUMEHATb
OLMHKOBaHHYIO CTanbHYyl0 NPOBOMOKY AMameTpoM 4 unu 5 mm. [nybrHa 3akonku Takoro 3asemnutens (13
KpYrnow NpoBOSIOKN UMK NONOCOBOro) A0MKHA OblTh He MeHbLUe 0,7 M B KXXHbIX paroHax cTpaHbl 1 1 M B
ocTanbHbIx obnactsax CCCP.

2.17. B uensax akoHoMun mecta npun yCTpOﬁCTBe 3a3eMIieHnda NeHTO4YHOMY Ui nNpoBOJ1IOHHOMY
3a3eMJIUTENTIO MOXHO npuaaTb ¢)OpMy 3aMKHYTOro KoJsbLa.

ConpoTurBneHne KomnbLEeBOro FIEHTOYHOrO 3a3eMINUTENS, MOMELLLEHHOrO B FPYHT Ha rny6uHy h , M, MoxeT
ObITb NPUONMKEHHO onpeaeneHo no gopmyne

p EFe
R=——xln——,
L N T 27)

roe r - ygenbHoe conpoTuBrieHne rpyHTa, oM X m; D - OnameTp Konbua 3asemMnutena, M, b - LLMPpUHa
nonocsl, M; h - rny6|/|Ha 3aKOMKn 3asemMnuTtend, m.

oA

[nsi NpoBONIOYHOIO KOJbLEBOrO 3a3eMIUTENS COMPOTUBIIEHME 3a3EMITEHUS ONpeaensieTcs no Tom xe
dopmyrne, Ho ¢ 3ameHo bHa 2d .

A= giﬁ:gln E,DM
i '\@

, (2.8)

[Mpn ogHOM 1 TOM e AnrHe NPoBOoAa, NONOCH! UIK JTIEHTbI COMPOTUBIIEHNE KOSbLEBOro 3a3eMnmuTens
Bcerga 6OJ'IbLIJe, 4YeM COonpo TUBINEHUE BbITAHYTOIO 3aseMnnTensa (I'IpOBOp, Unn neHTa, yrnoXxeHHble no
NPSAMON NMUHUK), U pasHuLa TeM Bonblle, YeM MeHbLLE uaMeTp.
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Puc. 2.8. KpuBas nsmeHeHusi CONnpoTUBIIEHNS KOMbLIEBOIO 3a3eMIUTENS B 3aBUCMMOCTM OT paguyca
konbua npu d =4 mm, my6uHe 3akonku 3a3emnutens h = 0,5, 0,7 v AN pasnuyHbIX 3HAYEHWI
yOenbHOro CONnpoTMBIEHNS FPyHTa
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Ha puc. 2.8 nokaszaHa 3aBUCUMOCTb CONPOTMBIIEHUS KOMbLIEBOrO MPOBOSIOYHOIO 3a3eMnnTens ot
paauyca KornbLa npy pasnnyHoM yaenbHOM COMpOTUBIIEHUM TpyHTa. 10 aToW KpnBON, He Aenas

pac4yeToOB, MOXXHO OMNpPeAENnUTb COMPOTUBIEHME KOMNbLEBOIO 3a3eMnuUTeNs ans niodbix 3HA4YEHWUI
yOerbHOro conpoTuenenns rpyHToB B npegenax ot 10 go 1000 om x m.

l'ny6MHa 3aKOMKKM KomnbLEBOro 3asemMnuntena gofkHa BbI6VIpaTbCFI Ha TeX XXe OCHOBaHUAX, YTO 1 Ansa
BbITAHYTOrO 3a3eMnunTend.

2.18. ConpoTUBIEHNE 3a3EMIEHMS MITACTUHYATOro 3a3eMnuTens, NPeAcTaBnsALLLErO COOON KPYryro
UK NPSMOYTOMbHYIO MIACTUHY, 3anOXeHHY Ha rmybuHy h (puc. 2.9), MOXHO onpegenuTb No dopmyre



H= P Ky I—Eart:sinE LA
4l T 3k

(2.9)
rae D - OnamMmeTp nNNnacTuHbl, M, I - yaernbHOe CONpoTUBIIEHNE TPYHTa, OM X M.

i
~ \+ BT >
Puc. 2.9. NMnacTtuH4yaTbI 3a3emMnuTernb

[nsa kBagpaTHON NN NPSAMOYrONbHOW NIIACTUHBLI ONpeaenseTcs aKBUBaNeHTHbIN AnaMeTp no opmyne

D=2 EM

E

LI (2.10)

roe S - nnowaab nnacTuHbl, M-,
YBenuyeHve agnameTpa nnactuHbl cebiwe 125 cv HeuenecoobpasHo, Tak Kak ConpoTuBeHVe
3a3eMIeHns HauHaeT YMeHbLIaTbCst MEATIEHHO.
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Puc. 2.10. I'padmk nameHeHnsi CONPOTUBNEHNS NTAaCTUHYATBLIX 3a3eMnTenen B 3aBMCMMOCTI OT

yAENbHOrO CONPOTMBMEHNUS TPYHTA AN NNACTUHBI C 9KBUBANEHTHBIM paanycoM, paBHbiM 0,55 m, npu h =
0,5,0,7m

[nsi ycTponcTBa 3a3eMrieHns NP NOMOLLM NNacTUHYaTBIX 3a3eMITUTENEN PEKOMEHOYHOTCS
OLIMHKOBaHHbIE NMUCTbI Xeneaa pasmepom 1,42 * 0,71 cm, TonwmnHom He meHee 3,5 Mm. Takne pasmepsbl
nCcTa 3KBMBANeEHTHbI KPYrion nnacTuHe guameTpom okoro 1,13 m.

Ha puc. 2.10 npviBeeH rpadvik M3MeHeHWs1 CONMPOTUBIIEHNS MNacTMHYaTOro 3asemnutens pasvepom D =
|, | M B 32BUCMMOCTU OT YAEMbHOIO COMPOTMBIEHUS TPYHTaA. OTOT rpadduk NO3BONsET, He Aenas
pacyeToB, NMONYy4YnTb HEOOXOAUMbIE CBEAEHNS NPV MPOEKTUPOBaHNMN 3a3€MITEHNIA.

PACYET COMPOTMBNEHUA MHOTOJNMEKTPOOHbLIX 3A3EMMUTESEN

2.19. B rpyHTax ¢ 60MblWMM yaernbHbIM CONPOTUBMEHNEM OAMH 3aszemnuTens (Tpyba, CTepkeHb, Nonoca,
KOMbLO, NfacTuHa 1 T.M.) UMeeT 6oMblLIOe CONPOTUBIIEHNE U AN MONyYeHns TpebyeMon MeHbLLEN
BEMWYMHbI COMPOTUBIIEHNS MPUXOAUTCS YyCTPamBaTh 3a3EMIIEHNE U3 HECKONBKNX €ANHUYHbIX
3a3eMnUTENeNn, BKITIOYEHHbIX NapanmensHo. 3asemnsioLLee YCTPONCTBO Npu 3TOM

Ha3bIBAETCA MHO203/1EKMPOOHbIM.



2.20. I'Ipw napannenbHoM coegnHeHnn e aNHNYHbIX 3a3emnuTenen Heobxoanmo NnpUHMMMaTb BO
BHMMaHNe Sd)d)eKT B3aMMHOIo 3KpaHMpoBaHUA 3a3emMnuTenen, KOTOprVI ckasblBaeTcs B TOM, 4YTO obuiee
conpoTuBIieHne 3a3eMrieHna ymeHbllaeTCd He NponopunoOHaribHO 4Yucny 3a3eMnuTenen coequHeEHHbIX
napanneribHo, a HECKOJIbKO MeHbLLe. 3KpaHI/IpOBaHVIe ckasblBaeTcsi TeM Oorblue, YeM onvke apyr K
apyry 6yﬂ,yT pacnosioXeHbl eANHUYHbIE 3a3eMITUTENN. lMonHoe conpoTmeneHne R . napannensHo
COeaMHEHHbIX 3a3eMnnTeNen oagMHaKoBOro conpoTuBeHna onpegenaeTcad no d)opmyne:

G (2.11)
rge R - conpoTtuelrieHne equHNYHOro 3a3eMIunTend, om, 1 - YACINo 3a3eMJ'||/|Tene|7|; h - KOS(bd)I/ILI,I/IeHT
MCNoJb30BaHWNA, SaBMCﬂLLI,I/IIZ oT KOHd.)I/IpraLI,MI/I N pacnonoxeHunsa 3a3eMnuTernen.

2.21. TonHoe conpoTMBrEeHNe HECKONBbKNUX BEPTUKANbHbIX 3a3eMnmTenert oquHakoBoro CornpoTUBEHUs,
COefMHEHHbIX NapannenbHO C MOMOLLIbIO FOPU3OHTarbHbIX 3a3emMnuTenen (Nonoc nunn nposoaa),
onpegenseTcs no popmyne

RD = RIRQ
i My + mynf , (2.12)

roe Ry - conpoTuBIieHne ropn3oHTarnbHOro 3asemMnnTens (COG,EI.MHMTeJ'IbHOIZ NnoJiocChl, LIJI/IHbI), oM, R, -
conpoTuelieHne BepTUKaribHOro 3aseMnunuTensa, oM, hy- KOG(*)(*)I/ILI.I/IGHT MCNOJ1b30BaHUA NPOTAXEHHbIX
3asemnurenen, KOTOPbIMU ABMAKTCA CoeaAnHUTENbHbIE NMOJ10Cbl U LLUNHbI; hj- KOS(*)(*)I/ILI,I/IeHT
MCnoJib3oBaHUA BEPTUKAbHbIX 3a3emnuTenen; - Konn4yecTeo BepPTUKalbHbIX 3asemMmnuTenen.

Mpumevanune . opmynbl ( 2.14) n ( 2.15) gencTBUTENBHBI AN CryYas OANHAKOBbLIX COMPOTUBNEHUN
KaXK4oro n3 BepTUKarbHbIX 3a3eMnuTenen, 4To 0BbIMHO U NPMHUMAETCS B pacyeTax.

Tabnuuya 2.4
OTHOLLEHME pacCTOSIHUSA MexXay
Tpy6amu (yronkamm) K nx Yucno Tpy6 (yronkos ) n h
anvHe &/ |

0,84, 0,87

3 0,76, 0,80

5 0,67, 0,72

! 10 0,56, 0,62

15 0,51 , 0,56

20 0,47, 0,52

0,90, 0,92

3 0,85, 0,88

5 0,79, 0,83

2 10 0,72, 0,77

15 0,66, 0,73

20 0,65, 0,70

0,93, 0,95

3 0,90, 0,92

5 0,85, 0,88

° 10 0,79, 0,83

15 0,76, 0,80

20 0,74, 0,79




Tabnuuya 2.5

OTHoweHne pacCToAHNA Mexay

Tpy6amu (yronkamu) K ux gnuHe a/l Hucno Tpy6 (yronkos) h
4 0,66 ,0,72
0,58 ,0,65
10 0,52 ,0,58
1 20 0,44 ,0,50
40 0,38 ,0,44
60 0,36 ,0,42
100 0,33,0,39
4 0,76 ,0,80
6 0,71,0,75
10 0,66 ,0,71
2 20 0,61, 0,66
40 0,55,0,61
60 0,52 ,0,58
100 0,49 ,0,55
4 0,84 ,0,86
6 0,78 ,0,82
10 0,74 ,0,78
3 20 0,68,0,73
40 0,64 ,0,69
60 0,62 ,0,67
100 0,59 ,0,65

2.22. KoathdbuumeHTbl Mcnonb3oBaHus h Ans MHOroaneKkTpoaHbix 3a3emnutenen (6es yyeta BrmsHus
COEeANHUTENTbHOW MOMOCHI), COCTOSALLNX U3 BEPTUKATbHbIX CTEPXHEN (TPYO Mnn yronkos), pasMeLLeHHbIX B
psa, npuBeneHbl B Tabn. 2.4, a And Tex e 3asemnurenen, pasMeLleHHbIX MO 3aMKHYTOMY KOHTYpY, - B
Tabn. 2.5. KoapmumeHTbl CNonb30BaHMs NapansiesibHO YIOKEHHbIX MOMOCOBLIX 3a3eMUTenen
(wwrpuHa nonocobl b = 20 |, 40 mMm, rmybuHa 3anoxeHus h = 30 , 80 cm) npuBeaeHbl B Tabn. 2.6.

2.23. KoathduumeHTbl MCNonb30BaHWUsS COeAMHUTENbHOM NOSOChI B psiAy U3 BEpPTUKanbHbIX

3a3emMnuTenen npmeedeHsl B Tabn. 2.7, B 3aMKHYTOM KOHType - B Tabn. 2.8.




Tabnuuya 2.6

[rnuHa Yuecno KoadbpuLimeHTb! ncnonb3oBaHWs Npy paccToSHAN MeXay
KaXK0l napannensHbIx napannenbHbIMY NMonocamun, M
nonocol, M nonoc n 1 25 5.0 10.0 150
2 0,63") 0,75 0,83") 0,92 0,96")
5 0,37 0,49 0,60 0,73 0,79
o 10 0,25 0,37 0,49 0,64 0,72
20 0,16 0,27 0,39 0,57 0,64
5 0,35 0,45 0,55 0,66 0,73
25 10 0,25 0,31 0,43 0,57 0,66
20 0,14 0,23 0,33 0,47 0,57
2 0,60") 0,69 0,789 0,88") 0,93")
0,33 0,40 0,48 0,58 0,65
>0 10 0,20 0,27 0,35 0,46 0,53
20 0,12 0,19 0,25 0,36 0,44
5 0,31 0,38 0,45 0,53 0,58
75 10 0,18 0,25 0,31 0,41 0,47
20 0,11 0,16 0,22 0,31 0,38
5 0,30 0,36 0,43 0,51 0,57
100 10 0,17 0,23 0,28 0,37 0,44
20 0,10 0,15 0,20 0,28 0,345
5 0,28 0,32 0,37 0,44 0,50
200 10 0,14 0,20 0,23 0,30 0,36
20 0,088 0,12 0,15 0,215 0,265
) [aHHble NpUbnmkeHHbIE.
Tabnuuya 2.7
OTHoLueHve paccTositus mexay| KO3PdrLMEeHTLI NCNONb3oBaHNA COEAMHNTENBHON NONOCH! NPK Yncre
Tpy6amm (yronkamm) K nx Tpy6 (yronkos) 11 B psay
AviHe &/ | 4 5 8 10 20 30 50 65
1 0,77 | 0,74 | 0,67 | 0,62 | 0,42 | 0,31 | 0,21 0,20
2 0,89 | 0,86 | 0,79 | 0,75 | 0,56 | 0,46 | 0,36 0,34
3 092 | 090 | 0,85 | 0,82 | 0,68 | 0,58 | 0,49 0,47
Tabnuuya 2.8

OTHOLLEHNE pacCTOAHUS
mMexay Tpybamm

KoadhpuLmMeHTbI MCNoNb30BaHWS COEAMHUTENBHOM NOMOCk! NpK Yucne Tpyo
(YrorikoB) 11 B KOHTYpe 3a3eMreHus]

(yrornkamu) K ux anuvHe a/l| 4 5 3 10 20 30 50 70 100
1 0,45 | 040 | 036 | 0,34 | 0,27 | 0,24 | 0,21 | 0,20 | 0,19
2 055 | 048 | 043 | 0,40 | 0,32 | 0,30 | 0,28 | 0,26 | 0,24
3 0,70 | 0,64 | 060 | 056 | 045 | 0,41 | 037 | 0,35 | 0,33

2.24 Koahu1LMEHTbI NCNOMNb30BaHWA 1151 MHOMoy4eBOro 3a3eMIieHUsl, COCTOSILLENO U3 BbITAHYThIX
NPOTSHPKEHHbIX OOVMHOYHbIX 3a3eMITUTENEN, PACMONOXEHHBLIX B pagvanbHOM HarpaBleHUn, NpMBeAeHbl B

Tabn. 2.9.

Tabnuuya 2.9




KoahdhUumneHTbl UConb3oBaHUA Npu Ynucrne nyyven n

OnuHa 3 4 6

ny4a, M W Npy guameTpe NpoBOAHUKA fy4a, cM

1 2 3 4 1 2 3 4 1 2 3 4
25 |076|074|072)| 0,71 (063 |061]|059| 058 | 0,50 | 0,48 | 0,46 0,45
50 | 0,78 | 0,76 | 0,74 | 0,73 | 0,67 | 0,65 | 0,63 | 0,62 | 0,53 | 0,51 | 0,49 0,48
10,0 | 0,82 | 0,79 | 0,77 | 0,76 | 0,70 | 0,69 | 0,67 | 0,66 | 0,57 | 0,55 | 0,53 0,51
15,0 | 0,82 | 0,80 | 0,78 | 0,76 | 0,72 | 0,70 | 0,68 | 0,66 | 0,59 | 0,57 | 0,55 0,53
30,0 | 0840808 | 0,78 [(075|0,73|0,72| 0,69 | 0,62 | 0,60 | 0,58 0,56

Mpumeyanus. 1. MNMpu npUMeHeHUn Ang nyyein NorioCOBOW CTanu aKBMBASEHTHbIM AnaMeTp NpUHUMaeTcs
paBHbIM b /2, rae b - WwWrpuHa nonocs..

2. MNMpuBeaeHHble kKO3APULNEHTBI MOTYT NPUMEHATLCH AN rMyOouHbI 3anoxenus 0,3 ; 0,8 m.

2.25. KoathdhuumeHTbl MICNonNb30BaHUS A MHOMO3MEKTPOAHbIX 3a3eMMEHUIN, COCTOSILLMX U3 NOMOCHO-
NCTOBbIX 3a3eMIMTeNel, 3anapanneneHHbix mexay cobon, npuseaeHsl B Tabn. 2.10.

Tabnuua 2.10

3HaveHue h npu
Bua 3azemnenuns n
d=4a d=2a
| a 2 0,66 0,62
y y 4 0,52 0,38
i 7277 B 6 0,43 0,3
% %
e g = 8 0,4 0,27
10 0,39 0,25
B d » 2 0,75 0,67
[ 4 0,6 0,46
6 0,55 0,38
i 8 0,54 0,35
10 0,52 0,32

lMpumep pacyema MHO203/1eKMPOOHO20 3a3emrieHus. Onpeaenntb obLlee CONPOTUBIIEHNE 3a3eMIEHNS,
coctosiero n3 20 BepTuKanbHbIX 3a3eMNUTENEN, BbIMOITHEHHbIX U3 YIIOBOW cTanu. 3asemnurenm
pacnonoXeHbl MPSIMOYrOfIbHUKOM 1 COeAUHEHbI MeXay COOO0M CTanbHOWN LLUMHOWN, PACCTOSIHNE MexXay
HuMK a = 2 | . ConpoTMBIIEHNE KaXXaoro yrorka, onpegenenHoe no gp-ne (2.1), R, =

30 om, conpoTuBreHne coeanHuTenbHon nonockl R ; = 15 om. PacueT Begetcs no d-ne (2.12):

Ro - RIRQ
Rt R _

CootBeTcTBYIOLME 3HadYeHns h; u h, npuBedeHbl B Tabn. 2.5 1 2.8: h; = 0,32, h, = 0,63. lNogcTtasnsas B
dopmyny gaHHele R, R, , hi nh,nonyyaem
1530 450
R

= = =2 2hoag
20-032+15 063 20 96 +189

Mpu napannensHOM CoeaVHEHMN YIONKOB Mexay coboi M30nMpoBaHHbLIM NPOBOAOM OfLLee
COMNpOTUBIEHME 3a3eMIieHnst onpegensetcs no opmyne R, =R,/ nh,=30/20 x 0,63 = 2,38 om

2.26. ConpoTUBEHNE 3a3EMIUTENS, BbIMOITHEHHOIO B BUAE MHOTOMYy4YE€BOW 3BE34bl, PACTMOMNOXEHHON Y
MOBEPXHOCTM 3EMIU, pacCcHnTbiBaeTCs No popmyne

R= ixz[ln§ ~1+ N[}:)]

T (2.13)

rae | - onvHa nyya, M; 1 - yaenoHoe ConpoTMBeHne 3eMnun, oM x M; d - AnameTp NPoBOAa, U3 KOTOPOro
caenadbl nyYu, M; 11 - YUCHO NyYen;



. MK
wol  1t+sn —

- M
Min) ;111 —Sjn I3

" . (2.14)
B tabn. 2.11 npmBegeHbl 3HaueHns yHkuuM N (N') NpyM HEKOTOPbIX 3HAYEHUSX 1.
Tabnuvua 2.11
n 2 3 4 6 8 12 100
N (n) 0,7 1,53 2,45 4,42 6,5 11,0 116
Mpu n > 6 dyHKUMA

N(n)»(n-1)In3,414-Inn. (2.15)

3A3EMITUTENW B ABYXCITOMHBIX TPYHTAX

2.27. Ecnu rpyHT B MECTE YCTAHOBKW 3a3EMMNEHNS UMEET SPKO BbIPAXEHHYHO ABYXCMOMHYKO CTPYKTYpY, TO
npu pacyeTe CONpOTUBIEHUI 3a3eMIIEHUN HEOBXOOMMO NPUMEHSITbL AENCTBYOLLEE yaeNnbHOoe
COMpoTUBMEHME rpyHTa. ['pamkm 3Ha4YEHUN OENCTBYIOLLErO YAENbHOrO CONPOTUBIEHUS FPYHTa ANs
TpybuaTbix 3azemnuTenen npmeeaeHsl Ha puc. 2.11, a Ansi ropn3oHTanbHbIX 3a3eMnuTenei - Ha puc.
2.12 1 2.13 npu pasnuyHbIX 3HAYEHUSX 1 /oM K= (ro-ry)/(rp+ry).

2.28. B 1abn. 2.12 n 2.13 npvBeaeHbl COMPOTUBIIEHNS COOTBETCTBEHHO TPYOUaThIX M MOMOCOBbIX
3a3eMnuTernen B HEOQHOPOOHOM FPYHTE Npu BeCbMa pacnpoCTPaHEHHbIX Ha NPaKTUKE 3HAYEHUSIX
OTHOLLEHMS CONPOTUBIIEHNSA BEPXHEIO CNOSA K CONPOTUBIIEHNIO HbKHero cros - 10 n 0,1 m. MnybuHa
3anoXeHus Nonockl (BepxHero koHua Tpyoel) - 0,5 m.




80 —-H
%0 e
w0 AR N RR)cH
o\ RYINANEE RN
i e
il e b
30 avin A
paviy "'p'r*"'{' £r1s] L
20 (LA LT |
g -] Y .
[ e e e
97 NS AR 7 N
06 AR S e s
éj_ ?11-' }_, . -E _b
":'}:w il:lihf:' i \‘..._‘_*:h::u i .
.' R ‘.|;. ‘wl‘h-—-.- _|-- =
“ | ‘L\‘T“ LAY
920 NN 3
o N
014 : A
; 3 ___:.,_;_;:..?F?hg -
G-+ A R
Q08— 188 "".‘,;"‘J*L' B
imun] R EILS
aosi3-H H-E SN A
203\
k! A
007 WA JIES
éﬁﬂ B \" t-‘\
00% St L7
aom I LT
07503 640506 08 10 14 2 3 4 56781k
; ?ﬁ,ﬁmy"ﬁﬂm
] — - ¢
{
-E:,{IE PR ff el ‘%
4= —~ Pr

Puc. 2.11 'padukn 3Ha4eHnn OEeNCTBYIOLLENO YOENbHOMO CO NPOTUMBIEHUS FPyHTa Ang Tpyb4yaTbIxX

3asemnurenen
P 1
P2 100 ; k=0,98;
Pt
Pa 10 =018,
Pt
py 10



4-  K=0,667:
p_l
5. P2 . k= 0,500;
pp_l
6- F2 Kk =0,333;
Pr 4
7- P2 ,k=0;
P1_5
g- P2 . k=-0,333:
P13
9- F2 . k= -0,500;
P1_4
10- P2 , K=-0,667:
Pr_qg
11- P2 . k=-0,818:
P1 100
12- P2 K = -0,98:
Tabnuya 2.12
TonuwwmHa nuHa OTHOLWEHNE AeNnCTBYOLLErO Hencteytoulee ConpoTuBneHme
BEpPXHero cnosa srekTpoaa M YAENbHOro ConpoTuMBIIEHNA K yoenbHoe 3azemnuTens om
rPyHTa, M COMNpPOTUBIIEHNIO BEPXHEro Crnos |conpoTtmuerieHne om X M
p p
) 2 0,13/3,3 65/165 26/66
3 0,4/4,5 55/225 16/65,3
, 2 0,3/1,65 150/82 60/33
3 0,15/0,22 75/110 22/32
. 2 0,85/1,3 420/65 168/26
3 0,36/1,5 180/75 52/22

MpumeyaHue . B uncnutene gaHbl 3HaYEHUS BENUYWH NPU yaenbHOM CONpPOTUBMEHUN BEPXHETO CIlost
rpyHTa r; = 500 oM X M 1 OTHOLLUEHWM YAENbHbLIX COMPOTUBIEHWI CMNOEB r 1 / I, = 10, a B 3HameHaTene -
npur;=50omxmunry/r,=0,1.
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Puc. 2.12. I'padurkn 3Ha4eHnn OeNCTBYIOLLIENO YAENbHOrO CONPOTUBIIEHMS FPYHTA OIS FOPU30OHTaNbHbIX
3a3emMnuTenen Npu pasnuyHbiX oTHoweHuax t/ hun k> 0:
1-t/h=2;2-t/h=15;3-t/h=11,4-t/h=1;5-t/h=0,8;6-t/h=04;,7-t/h=0,2;8-t/h3
15;9-t/h31,1;,10-t/h30,4;11-t/h30,05
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Puc. 2.13. I'padumkn oencTByoLErO yAENbHOro CONPOTUBIIEHUS TPYHTA OJ19 TOPU30OHTarNbHbIX
3a3eMnuTenen Npu pasnuyHbiX oTHoweHuax t/ hn k< 0:

1-t/h=2;2-t/h315;3-t/h=1,1;4-t/h=1,0;5-t/h=0,9;6-t/h=0,8;7-t/h=0,4;8-t/h3
0,05

[aHHble Tabnuu NokasbIBaloT, YTO 3a3eMnTENb UCNOMb3YeTCH TEM fyylle, YeM BbilLe NPOBOANMOCTb
rpyHTa, B KOTOPOM OH MoMeLleH. QPPEKTUBHOCTb 3a3eMINTENS MPU NPaBUITbHOM BbIOOpe ero
pacnonoxeHnsa MoxeT 6bITb NoBbileHa B 3 , 5 n 6onee pas. Npu npoBogMMocTu HxkHero criosiB 3 , 10
pa3 bonbLue, Yem BEPXHEro, criegyeT NPMMEHsiTb BeCbMa AnVHHbIE TPyObl, Npyyem ogHa Takasi Tpyba
MOXeT oKa3aTbCs apdekTnBHEE BOMBbLLOrO Yncna Tpyo MEHbLUEN OJTMHBI.

[nsa nonocoBbIxX 3a3emnuTenen peluaroLLee 3HadeHre npuobpeTaeT rnybuHa 3anoxeHns nonocekl. Mpu
COOTBETCTBYOLLEN rMybrHe 3anoXeHns ogHa KopoTKasi morioca no CBOew NpoBOAMMOCTU MOXET
oKasaTbCsl 9KBUBANEHTHON nonoce, B 4 pasa 6onbLuen OiNHbI.

Tabnuya 2.13



my6uHa OTHoLwweHne
TonwwmHa 3anoxeHus OencTByloLLero LeiicTBylowwee
BEPXHero OnvHa | 3a3emnutens yAenbHOro SIbHOE ConpoTuBneHue
crost  [enekTpoaa m oT COMPOTUBMEHUST K ya 3azemnuTens, om
CONPOTVBIIEHNE OM X M
rpyHTa, m NMOBEPXHOCTK COMNPOTUBIIEHUIO
3emMnu, M BEpXHero cnos
0,5 0,65/2,1 325/105 81/25
5 0,9 0,47/2,6 235/130 59/32
1 0,17/2,7 85/135 21/34
1 0,5 0,58/2,6 290/130 41/182
10 0,9 0,42/3 210/150 29/21
1 0,155/3,2 775/160 11/22
20 0,5 0,52/3,1 260/155 21/12
5 0,93/1,3 465/65 116/16
3 10 0,5 0,88/1,7 440/85 62/12
20 0,78/1,9 390/95 31,8

MpumeyaHue . B yncnutene gaHbl 3Ha4EHUS BENUYMH NPU yOENbHOM CONPOTUBIIEHUN BEPXHENO CNos
rpyHTa r; = 500 oM X M 1 OTHOLLUEHUM YAENbHbBIX COMPOTUBMEHUI CNOEB r 1/ r, = 10, a B 3HameHaTene -
npur;=50o0mxmunry/r,=0,1.

MMYBUHHBIE 3A3EMITUTENN

2.29. B peanbHbIX yCroBUSIX 3eMNsA MMEeET MHOrOCIONHOE CTPOEHUE, OAHAKO Ans NpakTUYecKmx
pacyeToB OOCTATOYHO NPEACTaBNSATb 3EMII0 B BUAE ABYXCIOMHOW CTPYKTYpbl. BO MHOrMX crnyyasx
yOenbHoe COMpOTMBIEHMNE HUXHENO CrOsi HUXKE CONPOTUBIEHNS BEPXHErO Crosi, MO3TOMY

uenecoobpasHo ncnonb3oBaHue 3arnybrneHHbIX (0T 5 4o 10 M) 1 ryBuHHBIX (CBbILLE

10 m) 3a3emMnuTenen, YTo NPMBOAUT K CyLLECTBEHHOM S3KOHOMUM CPEACTB, Tpyaa U MaTepuasnos.

Ha puc. 2.14 npuBogAatcsa rpadounkm Beca MeTansa MHOroS/1eKTPO4HOIo 3a3eMNeHns B 3aBUCUMOCTU OT
yucna anekTpoaos (kpyBas 1) 1 Beca 9KBUBANIEHTHOMO rMyOMHHOro 3a3eMneHns npu pasfnyHom
pPacnonoXeHn 3NeKTPOAOB B KOHTYPE MHOro3rekTpoaHOro 3a3eMIeHns U1 0OGHOPOL4HOM CTPOEHUU
rpyHTa (KpmBble 2, 4, 6 - 3a3emrieHMe B BUAE KOHTYpa CPACCTOSHNEM MEXAY arekTpogamun 7,5; 5 un

2,5 M COOTBETCTBEHHO; KpuBble 3, 5 - 3a3emrneHre B BUAe psga ¢ pacCTosSHUEM MeXAy anektpogamun 5 un
2,5 M COOTBETCTBEHHO). M3 rpachmka BUOHO, YTO CyLLIeCTBEHHas 9KOHOMMUS MaTepuanos OCTUraeTcs npu
NPUMEHEHUIN TNYOUHHBIX 1 3arnybneHHbIX 3a3eMnuTenen U B O4HOPOOHOM rPyHTE (C MOCTOSAHHbBIM MO
rnybuHe yaenbHbIM CONPOTUBMEHMEM) 3a CHET NyYLIEro UCMOfb30BaHNS NOBEPXHOCTU pacTeKaHus

TOKOB.

2.30. ConpoTuMBnNeHne pacTekaHN0 TOKOB C BEPTUKAITbHOIO 3a3eMITMTENS, HAa4YMHaKLEerocsa ot
MOBEPXHOCTM 3EMIN MPU ABYXCITOAHOM €€ CTPOeHUU, onpeaensieTcs no oopmyne

1+x [4; w
=2

2K

=1

1+ 2hn
1+ 2h(n-1)

(2.16)

rae K=(ro-ry)/(ro+ry1) - KOAPPULMEHT HEOQHOPOOHOCTU; I 1 - YAENbHOE CONPOTMBIIEHNE BEPXHETO
Cnosi, OM X M; I - YAENbHOE COMPOTUBEHNE HIDKHETO CIosi, oM x M; h - rnybuHa BepxHero cnosi, m; | -
OnNWHa 3asemnuTtens, M; d - anaMeTp 3aseMnuTens, m.



Bz

1
150

Z

J

A
1ag e z

v
W

N\

1) //

) ] 1" 15 n

Puc. 2.14. Bec MHOrosnekTpogHoro 1 rinyornHHOro 3a3eMsneHnii npyu ogUHaKoOBOM COMPOTUBIIEHNN B
OOHOPOAHOM FpYHTE:

1 - BEC MHOrO3MeKTPOAHOrO 3a3eMIeHNs B 3aBUCUMOCTM OT KONTMYEeCTBa 3NEKTPOAOB; 2 - BEC
3KBMBANEHTHOrO rMy6MHHOro 3a3eMreHust NP BbINOSTHEHMN MHOFO3/1EKTPOAHOMO 3a3eMIeHns B BUae
KOHTypa C pacCTOsIHNEM MeXay anekTpoaamu 7,5 m; 3 - Bec aKBMBaNeHTHOro rnyoMHHOro 3asemnuTens
Npw BbINONHEHMN MHOTFO3MEKTPOAHOMO 3a3eMIeHUs B BUAE PsiAa C pacCTOsTHUEM MeXay anekTpogamu 5
M; 4 - BEC 9KBMBANEHTHOrO rlyOGUHHOIO 3a3eMnuTens Npu BbINOMHEHUM MHOMO3MEKTPOAHOIO 3a3eMI1eHs
B BUAE KOHTYpa C pacCTOsiHMEM MeXay anekTpogamu 5 M; 5 - BeC 3KBMBaANEHTHOrO rnyGMHHOro
3a3eMINUTEens Npuv BbINOMHEHUM MHOTO3NIEKTPOAHOIO 3a3eMieHnsl B BUAE psifa C paccTostHUEM MexXay
anektTpogamu 2,5 m; 6 - BeC 3KBUBANEHTHOrO rMyOMHHOro 3a3eMnuTens npu BbINONTHEHWN
MHOFO3MEKTPOAHOMO 3a3eMINEHNs B BUAE MHOMO3NIEKTPOAHOIO 3aMKHYTOro KOHTypa C pacCTOsIHUEM
Mexay anektpogamu 2,5 m

2.31. dopmyna ( 2.16) Becbma CrioXHa 1 npu pacyeTax NpUXoguTcsl NPON3BOANTL BbIYMCIIEHNE PSAOB.
Mpn OpMEHTMPOBOYHBIX pacyeTax Af1s BbIYMCIIEHNS CONMPOTUBIIEHUS TIYOMHHOIO 3a3emMnuTens MOXHO
nonb30BaTbCA NPUOMKEHHON hopMyon:

1 I E
on| 2+ (2-k) 14
P1 P2 , om (2.17)

dopwmyna ( 2.17) cnpaesegnuea gns rmyObuHHOrO 3a3eMnuTEnsl, BbIMOITHEHHOIO B BUAE OOHOMO CTEPXKHS.

Mpwn I/ h > 6 owmnbka no cpaBHeHMIO ¢ pacyeTamm no -ne ( 2.16) He npeBbiwaeT 3%, anpul/h=15
oHa pgocturaet 15%.
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Puc. 2.15 Homorpamma ans onpeneneHust AnuHbl myBGuHHOTO 3a3eMnuTens
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Puc. 2.16. 3aBucumocTun Beca 1 AnuHbl IMYyOGMHHOIO 3a3eMnuTens oT AnaMmeTpa CTEPXHS npu
NMOCTOSIHHOM COMPOTMBEHNM 3a3EMIIEHUS

2.32. Ha pwuc. 2.15 noCTpoeHbl HOMOrpaMmbl AN onpeaeneHns OfvHbl ryOGMHHOro 3a3eMnnTensi no
3afaHHON BeNnYMHe R 1 n3BecTHbIM BennumHam h, d, ry nr, . [Nopsagok pacyeTa cnegyroLwmn.

Ha npaBow BeTBM 0cK abCLMCC OTNOXEHbBI 3HAa4YeHMS TOMLLMHBI BEPXHEro cnos h . BocctaHaBnmBas
nepneHanKynsp 13 TOYKU, COOTBETCTBYHOLLEN U3BECTHOMY 3Ha4YeHuto h , 4O nepeceyeHmns ¢
COOTBETCTBYHOLLEN NMUHNEN T, [ T 1, HANAEM BENUYMHY A, OTIIOXEHHYIO MO ocu opauHaTt. Janee, 3Has
OTHOLLEHME T / R 1 NpoBeas 13 NONy4eHHON TOYKM Ha OCK OpAMHAT NPSAMYH0, NapanfenbHy ocu
abcumcce, 4o nepecevyeHnss ¢ COOTBETCTBYIOLLEN NUHMEN T, / R, HaigemM Ha neBow BeTBU ocu abcumce
NCKOMOE 3HayeHne ANMHbI IMYyOuHHOro 3asemnutens | .

Taknm obpa3om, OTbiICKaHME BENNYMHBI | CBOOUTCS K MPOBEAEHUIO Ha rpadiuKe Tpex NMHUMN,
napannernbHbIX ocam koopauHaT. Hanpumep, ecnin h =15 m, r; = 500 om x M, r, = 100 oM *m 1
HeobxoaMMo nony4nTb conpoTtueneHne R = 20 om, no rpadumky Ha puc. 2.15 Hangewm, yto | = 18,5 m. Xoga
BbIYMCMEHUI NOKa3aH Ha puc. 2.15 nyHkTupom. MNpu BelMMCNEHUM HOMOrpaMm guameTp riyOUHHOIOo
3a3eMnuUTens nNpuHAT paBHbIM 19 Mm. OgHAKo HEKOTOPOE M3MEHEHME AMaMeTpa He CKaXeTCs Ha
pesynbTaTtax pac4eToB.

2.33. JononHutensHas 3KOHOMUS MaTepuarna MoXeT ObITb NonyyYyeHa npy pauuoHanbHOM Bbibope
OnameTpa npyTka 3asemnutens. Ha puc. 2.16 npuBoautcs rpacduk Beca npyTka 1 ero AnuHbl B
3aBMCMMOCTM OT ANaMeTpa Npu HEM3MEHHOM COMPOTUBIEHUN 3a3EMNUTENS.

rlpaKTVI‘-IeCKoe BbIlMOJIHEHNE FﬂyGVIHHbIX 3a3emMmnuTenen paccmaTpmBaeTCA B 1. 7.



PACYET COMPOTMBNEHUA 3ASEMIUTENEN, MOMELLEHHbBIX B KOKCOBOW MENTOYM

2.34. ConpOoTUBIEHNE PacTEKAHWNIO OAMHOYHOTO BEPTUKAITLHOIO 31EKTPoAa B KOKCOBOW Menoym (puc.
2.17) onpepgensietcst no oopmyne

2 df + )

R =037 2 mdim,ﬁm 45* f* + P g o
+

roe Ky - Ko rLMEHT NPOMepP3aHus, yYUTbIBAOLLMIA CE30HHbIE KOrebaHns TemnepaTypbl rpyHTa 4s
BEPTUKANbHOIO 3a3EMINEHNS; I - yAernbHOEe COMPOTUBIIEHME TPYHTA, OM X M, | 5 - ANIMHA BEPTUKAIbHOIO
anekTpoda M; t, - cpeaHss rnybuHa yCTaHOBKM 3NeKTPoAa, paBHas PacCTOAHMIO OT MOBEPXHOCTY 3eMMU
00 cepeaivHbl anekTpoaa, M; d s - HAPYXXHbIN AnameTp AnekTpoaa, M (ANns SNeKTPO4OB M3 YINOBOW cTanu
BMeCTO fuameTpa d NOACTaBMNseTCa 3KBUBANEHTHasa BENNYMHA, paBHas LUMPUHE
CTOpPOHBbI b yronka ¢ koacpcpumumeHTom 0,95; d 5 » 0,95 b ); I 4 - YOENBHOE 3NEKTPUYECKOE
COMPOTUBIEHNE KOKCOBOWM MENOYN, OM X M ; d g - HAPYXKHBIA OMAMETP KOKCOBOW 3aChIMKU, M.

arT

2.35 ConpoTuBrieHne pacTekaHno OAMHOYHOTO FOPU3OHTaITbHOIo 3riekTpoaa nnu CoeauHUTENbLHON
nonockl B KOKCOBOW Mernoun (puc. 2.18) npu  |.>>d nt,<<I|,/4 onpegenseTcsa no popmyne

R =U,37K3E[lg£+1gi+pﬂlgdﬂ oA

rae Ko - Ko ULUMEHT NPOMep3aHusl, yYUTbIBaOLLMIA CE30HHBLIE KonebaHus TemnepaTypbl rpyHTa Anis
rOpM3OHTarnbHbIX 3a3eMnuUTENeN; r - yaernbHOe CONpPOTUBIIEHNE TPYHTA, OM X M; | - AnnHa
rOpM3oHTanNbHOro 3a3emnurens, M; d . - HapyXXHbl JUamMeTp ropM3oHTaNbHOro anekTpona, M (ons
3NEKTPOAOB U3 YrIOBOW UMW NOMOCOBOW CTanu BMECTO AuameTpa a NoACTaBnseTcs aKBMBaneHTHas
BEMNNYMHA, paBHas LUMPUHE CTOPOHBI b yronka ¢ koadduuymneHtom 0,95); t - rmybuHa npoknagku
ANEKTPOAA, M; I 5 - YOENBHOE 3NEKTPUYECKOE CONPOTUBIIEHNE KOKCOBOW MEMOYN, OM X M. d 5 -
HapyXHbI AnaMeTp akTuesaTopa, M.
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Bepmunanokeid
Jnenmpad

Koxcoban menovy

Puc 2.17. Cxema yCTaHOBK/ OANHOYHOIO BEPTUKAITbHOMO 3a3eMINTENSA B KOKCOBOW 3acblinke

YnenbHoe conpoTUBIIEHWNE KOKCOBOW MESOYM I 4 3@BUCUT OT TUMA YIS, U3 KOTOPOro MOSyYeH KOKC, 1
cocTaBnsieT BenuumHy nopsigka 0,22 | 2,5 om x M. KokcoBasi MenoYb, UCNofb3yemas rnpu yCTponcTBe
3a3emrieHun, npeacrtaenseT cobon 3epHa guametpom 10 |, 15 mm (cornacHo FTOCT MTY-2834 n TY-
1020). MNMpu pacyeTax cnegyeT NPUHUMATb BENUYMHY I o¢ = 2,5 OM X M.
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fowcolon menous
Puc. 2.18. Cxema yCTaHOBKM OLMHOYHOIO rOPM30HTAITbHOIO 3a3eMIIMTENsl B KOKCOBOW 3aChInke

Ha puc. 2.19 nokaszaHa cxema yCTaHOBKM MHOrOSMEKTPOAHOIo 3a3eMneHns N3 BepTuKarbHbIX
3MNEKTPOAOB, NMOMELLEHHbIX B KOKCOBOW METOYMN.
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Puc. 2.19 Cxema yCTaHOBKM MHOMO31EKTPOAHOrO 3a3eMIIEHMS B KOKCOBOW 3achInke

2.36. BmecTo 3acbInku KOKCOBOWM Mernoyn Ha MecTe 060pyaoBaHMsA 3a3eMIEHNI YacTo NPUMEHSIOT
3a3eMNUTEnu ¢ LLeMeHTUPOBaHHON KOKCOBON MENOYbI0 BOKPYT MeTanIMyeckoro CTePXXHS 3aBOACKOro
nsrotosnenus (Tuna 3KA-140). Ha puc. 2.20 nokasaHa cxema yCTaHOBKM MHOIO3M1EKTPOAHOIO
3a3emMneHus u3 anektpogos Tuna 3KA-140.
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Puc 2.20. Cxema yCTaHOBKM MHOMO3M1EKTPOAHOr0 3a3emrieHns u3 anekrpogos tuna 3KA-140

MprMeHeHMe NPOCIONKM B BUAE KOKCOBOW MENOYN MEXAY MeTarnan4yeckumm aneKkTpogamMmn U OCHOBHbBIM
FPYHTOM YMeHbLUAEeT COMPOTUBIIEHNE 3a3eMIIEHNS U YBENMYMBAET CPOK CIYyKObl 3a3eMIeHWIA.

PACYET COMPOTUBNEHUA 3ASEMITUTENEN NMPU UMMYNbCHBIX TOKAX

2.37. B cnyyae npoxoxaeHus Yepes 3a3eMnuTernb UMMYIbCHbIX TOKOB, BO3HMKAIOLLMX NPW rPo3e, B
dopmynbl 4ns pacyeTa CONPOTUBMNEHNS 3a3eMMNUTENS CneayeT BBECTU AOMNOMHUTENBHO MMMYIbCHbIN
KoadppmumeHT.

2.38. MNpn 3HaUNTENDBHBIX NO BEMNYMHE UMMYIbCaX TOKAa B FPYHTE BONU3N 3a3eMnnTeNst BO3HMKAOT
HacTOsbKO BOSbLUME HANPSPKEHHOCTM SMEKTPUYECKOrO MOSS, YTO B OTAENbHbIX Y4acTKax 3eMIu
NPOUCXOAMUT YaCTUYHbIN UCKpoBOoN nNpobon. CornacHo uccnegoBaHMsIM MCKPOBOWM NpoboK B cpefHuX no
NPOBOAUMOCTU FPyHTaxX BO3HMKAET NPU HANPSHKEHHOCTM 3NEKTprUYeckoro nons E = 3 ke/cm.

2.39. B cny4yae BO3HWKHOBEHMS UCKPOBOIO Npobosi LUYHTUPYETCS NepexogHoe ConpoTUBIEHNE
npunerarLwmnx y4acTkoB rpyHTa U yMeHbLIaeTcsl obLlee cConpoTMBMEHNE 3a3eMileHuns. DTO siBNEHNE
NPUBOAUT Kak Obl K YBENUYEHMIO Pa3MeEPOB 3a3eMIUTENS MO CEYEHMIO Y YMEHBLUEHWIO YOENbHOMO
COMPOTMBIEHUS TpyHTa. [103TOMY CONPOTUBIEHME EAMHUYHOMO 3a3eMNTENS AN UMMYSbCHBIX TOKOB
npu rpo3e onpeaensieTcs no gopmyrne

oo = 025, (2.20)

roe R, - conpoTuBrieHne 3aseMnmTens npu NoCTOAHHOM TOKe M TOKax HW3KOW YacToThl; a -
VIMI'IyJ'IbCHbIVI KOSCbeVILI,VIeHT, y‘-IVITbIBa}OLLI,I/II7I CHWXXeHne conpoTmneneHna 3asemMrneHna npnu nMnyrbCHbIX
TOKax.

2.40. imnynbCHble KO3 ULIMEHTBI, KOTOPbIE HEOOXOAVUMO YYUTbLIBATE NMPY pacyeTax 3a3eMITeEHUN,
npefHa3HayYeHHbIX AN 3alMTbl YCTPONCTB CBA3M OT rpo3bl, NpuBeAeHbl B Tabn. 2.14.

Tabnuuya 2.14
O6o03HayeHne BenunyuHa nmMnynbcHoro

MUMMYTbCHOIO KoachbpmLMeHTa Npy yaerbHOM
KOa(ppULMEeHTal COMPOTUBIIEHWUMN FPYHTA T, OM X M

Twvn Cxema OnnHa
3a3eMnuTens| 3asemnuTens  [3a3eMnuTens, M




51,(101,| 301
0o 50 100 | 300" | 500 501, 1000

Tpybuatbii  [Puc. 2.3 2.3 a; 1 0,8 | 0,6 0,4 0,35
[MpOTsKEHHBIN| OPU3OHTaNBHO 5,10 a, 1 0,9 | 0,7 0,5 0,4
NPOBOJIOYHbIN [PaCnoOSIOXKEHHbIN

I 3a3eMnUTEND, 10, 20 1,05|0,95| 0,78 | 0,65 0,5
NMoriocCoOBON  [3akonaHHbIN B 20 , 30 1,2 (11|09 | 0,73 0,52

rPYHT

2.41. IMnynbCHbI KO3 ULMEHT HEOOXOANMO YYUTbIBATL TakKe U Npu onpeaeneHn ConpoTUBNEHNS
MHOrO3M1EKTPOAHOIO 3a3eMInTens, ynoTpebnsemoro aAns 3alnTbl YCTPONUCTB CBSA3U OT rPO30BbIX
pas3psgoB. B aTom cnyyae Ans pacyeTa ConpoTMBEHUS 3a3eMITEHNS U3 CTEPXKHEBbLIX 3a3eMINUTenen,
COefMHEHHbIX N30SIMPOBaHHbLIMW NPOBOAAMU, NMPUMEHSAETCA opMyna

Ry
M
T om, (2.21)
a anqa CTep)KHeBbIX SaSGMHMTeﬂeﬁ, coeaAHEeHHbIX ronbiMun npoao,anM,

RO — R"PRl'lel%
Ryt ogRymy oM, (2.22)

roe a,, a, - bepercsa ns 1abn. 2.14; h,, h, - n3 tabn. 2.4 - 2.9.

R =

,D,J'Iﬂ MNPOTAXXEHHbIX NPOBOJIOYHbIX UITN NOJTOCOBbLIX 3a3eMnuTenen B TOM Xxe crnyyae npumMeHaeTcA
dopmyna

R = Rm%
#la (2.23)

CPOK CNYXBEbl PABOYMX 3A3EMITUTENEW 1 CMOCOBbI MPOANEHNA 3TOFO CPOKA

2.42. MeTannuyeckne 3a3eMnuTenu, Haxoascb B 3eMre, NOABEPratTCsa KOppo3uu, npuydem B 0cobo
HebnaronpUATHBIX YCNOBUSX HAXOASATCA 3a3eMnnMTenmn paboyero 3a3eMreHunsl, Yepes KoTopble NPOXoaaT
paboune TOKN NOCTOSIHHOrO HanpaBneHus.

2.43. K 3a3emMreHnsM, B KOTOPbIX 3a3eMITUTENN NOABEPratoTCa YCUNEHHOM KOPPO3MKM, OTHOCATCS:

- 3a3eMJ1eHnA YCTaHOBOK ANCTAHUMOHHOIO NUTaHNA YCUITUTEIbHbIX NMYHKTOB Ha KabenbHbIX 1 BO34YLUHbIX
JIMHUAX CBA3U MO CUCTEME «MPOBOA - 3EMIIAR;

- 3a3eMIeHNs YCTaHOBOK AUCTaAHLIMOHHOIO NUTaHUS MOCTOSIHHBIM TOKOM Pafuoy3roB
pagMoTPaHCMALNOHHON CeTu;

- 3a3eMJeHNa KaTOOHbIX YCTAHOBOK Ha KabemnbHbIX NIMHUAX CBA3W ANns 3awmTbl obonoyek kabenen ot
Koppo3uu;

- 3a3eMneHna TernerpadHbIX CTaHUMA, paboTaroLLmnX No OQHOMPOBOAHBIM LENsiM;
- 3a3eMIneHna TenedoHHbIX CTaHLWUA C LeHTpanbHon GaTtapeen.

2.44. B nepeyncrnieHHbIx B M. 2.43 yCTaHOBKax MNOABEPralTCs MEKTPOKOPPO3MN TE€ 3a3eMnTeni,
KOTOpblE€ COEAMHEHbI C NMOMOXUTENBHBIM MOMKCOM UCTOYHMKA Toka. CTanbHble TPpyObl N Apyron
hopMbl 3a3eMNIUTENN MNOCTEMNEHHO Pa3pyLUATCA TOKAMM, CTEKAIOLLUMU C HUX B TPYHT. CO cTanbHbIX
Tpy® 1 a ToKa yHOoCuT B rog npaktudeckn ot 9 oo 10 ke meTanna.

2.45. PaccymTaHHas KOHCTPYKLUS 3a3eMNSAOLEro YCTPONCTBa, UCX04sa N3 HOPMbl 0BLLEro
COMNPOTMBMEHMUS, AOMKHA ObITb MPOBEPEHA HA AONTOBEYHOCTb, T.€. Ha CPOK BO3MOXXHOW 3KCMyaTauum
3TOro YCTPOWCTBA.

2.46. 3a npegenbHblii CPOK AKCMyaTaumm 3a3eMnnTenen MOXHO NPUHATb TakoW CPOK, MO NCTEYEHUN
KOTOPOro BEC Kaxaoro 3asemnurens cHusutes o 0,25 nepsoHavanbHoro Beca. [pu aToM ycnosum Cpok
cnyx06bl T 3a3eMnsLWEro yCTpoONCTBa U3 CTanbHbIX BEPTUKANbHbIX MEKTPOLOB ONpenensercs no

dopmyne

2!

T=4710 -l

—d 2)
: , nem, (2.24)



rae - KOfIM4ecTBO OTAENbHbIX 3a3eMnnTenen (pr6) B 3a3emMndLliemMm yCTpOI‘;ICTBe; | - BENUYUMHA
pa60t-|ero TOKa, CTeKakLlero B 3eMJo 4epea 3a3emMrieHume, a, | - onvHa pr6anoro 3asemnurtens, m; dq -
BHELLIHWI anamMeTp pr6anoro 3asemnutend, m; d, - BHyTpeHHI/IIZ anameTp pr6anoro 3asemMmnuTtend, m.

Mpun 3agaHHOM Cpoke CnyxObl 3a3emnuTenst obLLee KonM4ecTBo Tpebyemblx 3a3eMnnTenen
onpegenseTcsa no oopmyne

v = T
ELL a 2 2
4710%a," -4} (2.25)
Cpok cry0bl 3a3emMnuTens MoXxHO onpeaenuTb Takke no bonee obLen dopmyne
075
TF=r—= 2
L nem, (2.26)

roe Q - BeC cTanbHbIX 3NEKTPOAO0B U COeAUHUTENBHOWM NOMOChI, K2, | - pabounii TOK, CTeKatoLLMIn C
3a3eMnuUTernen B 3emIito, a; K - ANeKTPOXUMUYECKNIA KOIPDULNEHT paspyLLEHUS.

B pacueTax k npuHumaeTcs paBHbiM 0,04 ons cTanbHbIX 3NEKTPOAOB, MOMELLIEHHbIX B TPYHT 6e3
KokcoBow mernoun n 0,4 Anga Tex e 3reKTpoaoB B KOKCOBOW MeESoYN.

YuunTbiBadg HeogMHaKoBble ycnosua aKkcnnyataunn ana MHOroas1eKTpogHoOro 3asemMnnuTtend, pac4eT Cpoka
CJ'Iy)K6bI pekomMmeHOyeTca Npon3BoanTb pasaeribHO ANA BePTUKalbHbIX 311€KTPOO0B U FOpI/I3OHTa.I'IbHOIZ
NnoJioChbl.

CpOK CJ'Iy)K6bI BEPTUKalbHbIX 311EKTPOAOB Ts onpenendeTca U3 BblpaXXeHus

T = 0,3%
E ;jem, (2.27)
roe Q; - BeC BepTMKanbHbIX 3NEKTPOAOB, Ke; | 5 - TOK, CTEKAOLWMIN C BEPTUKAIbHbIX 3a3eMnuTenen, a.
BenunuuvHa | ; onpegensieTcs no hopmyne
1
_ iR,
E
R +R
T 'r g (2.28)
rae R ¢, - conpoTvBneHne ropm3oHTanbHbIX 3MeKTpoaoB, OM;
R ¢ ; - conpoTuBrieHne BepTuKanbHbIX 3N1EKTPOO 0B, OM.
Cpok cnyx6bl coeanHUTENBbHOW MOMoChl onpegensieTca no opmyne

T = G,B?—r
T, nem, (2.29)
roe Q. - BeC CoeaMHUTENbHOM MOMOoChkl, Ke; | - TOK, CTEKaKOLWUIN C COeAMHUTENbHOW NONOChI, a:
1
_ IR,
T 1 1
R, +R|

, a. (2.30)

2.47 YacTto cpok crny0bl MOXET oka3aTbCsA 04eHb MarnbiM (3 - 8 neT). OnbIT Noka3biBaeT, YTO
LenecoobpasHo CTPOUTb 3a3emIistoLee YCTPOUCTBO Tak, YTOObI 3a3emneHne pabotano 6e3 3ameHbl
3NeKTpoaoB He MeHee 15 neT. 3To MOXET ObITb JOCTUTHYTO C MOMOLLbIO 3aOUBKM AOMONTHUTENBHbIX
3M1EeKTPOAOB K TEM, KOTOpbIE ObInn onpeaeneHbl U3 yCrioBus coOnoaeHNs HOPMbI 3a3EMITEHMS.

3HaYMTENBLHOTO YBENMYEHNsi CpoKa Cryx0bl 3a3eMnuTerniei MOXHO AOCTUTHYThb, €CMW UCMOMb30BaTh B
Ka4ecTBe MPOCIIONKN MEXOY OCHOBHbLIM IPYHTOM M METAsNIOM 311eKTPOoAa - KOKCOBYH MENoYb.
WccnenosaHusa nokasbiBaroT, YTO B 3TOM Crydae npy CTEKaHWUM 3N1eKTPUYECKOro ToKa C aneKkTpoaa B
TPYHT MPOLIECC Pa3pYLLEHs MeKTPoAa OT SNEeKTPONUTUYECKON KOPPO3UM Pe3Ko 3amearnseTcs.

VIHbIMK crioBamMu, CpoK criykbbl 3a3emMnmTens, COCTOSALLENO U3 3NEKTPOOO0B, B KOKCOBOW Menoyn
yBenu4mMBaeTcs (Mpu AnaMeTpe KOK COBOV MPOCIONKN y Kaxkgoro anektpoga 0,25 M) He meHee yem B 5 |
10 pas.

Mpumep 1. Onpegenutb CPok paboTbl 3a3eMMNEHNS YCTAHOBKU ANUCTAHLMOHHOMO MUTaHUS ycunuTenemn
KabenbHOM MarncTpanu, ecnu 3asemnstoLlee yCTPONCTBO UMEET CreayLme AaHHbIe: KONMYECTBO
Tpy6 n = 25; gnvHa kaxxgon Tpyobl | = 200 cm, BHEWHWI guameTp TpyOobl d ; = 4 cM; BHYTPEHHUM
avameTp d, = 3,2 cm, TOK Yepes 3a3emneHre | = 2 a.

Torga Bpems (B rogax) crnyx6bl 3a3emneHust onpeaennTcs Ho hopmyne



_g 200 25(43 _3,23)= 67

roga.

Ecnu 3agaH cpok crny0bl 3a3eMstoLLLEro YCTPOMCTBA, TO MOXHO ONPELENnUTb HEOOXOANMOE KONMMYECTBO
TpyO4aTbIx 3a3eMnuTenen, UCXOAA U3 ANeKTPoKoppo3nu. [pn Tex e pasmepax equHUYHbIX
3a3eMnuUTenen KonmdecTeo ux npu T = 15 net 6ygeT

_ 215 _
47-107- 200047 - 3,22

T=47" 10'*‘3?(.:;? ~d})=4710

TpyO.
Takum 0b6pa3om, JOMNONMHUTENBHOE KONMYECTBO 3NEKTPOLOB CocTaBnsaeT 56-25 = 31 wr.

Ecnu anekTpogbl paccmaTtprMBaemMoro B JaHHOM NpuMepe 3a3emIieHnst 0yayT NoMeLLeHbl B KOKCOBOW
Merio4u, TO CpoK Cnyx0bl 3a3emneHus byaeT yxe He 6,7 roga, a, no KparHen mepe, B 5 pas bonblue,
T.e. T= 33,5 roga. MNMpun aToM He NOTPebyOTCS JOMNOMHUTENBHbBIE SMEKTPOAbI, KaK 3TO ObII0 NoKasaHo y
3a3eMJIEHMS C 3MEeKTPOoLaAMM, MOMELLLEHHBIMU NMPSIMO B IPYHT.

Mpumep 2 . Onpenenntb cpok paboTbl 3a3eMneHNs aBTomaTu4eckon TenedoHHomn ctaHumm (ATC) ¢
YMCNOM coeanHUTENbHbIX NHMIA 400.

CornacHo 1abn. 4 TOCT 464-68 Ha 3a3emneHne conpoTuBrieHe paboyero 3a3eMneHnst Ans Takow
CTaHLMW OOIMKHO ObITh paBHbIM 2,5 oM. YaenbHOe CONpoTUBIEHNE FPyHTa B MeCcTax yCTponcTBa
3as3emMnenni - r = 60 om x M. 3asemnsioLlee YCTPOMNCTBO COCTOUT M3 TpybyaThiX 3a3eMnuTenein; anvHa
Kaxxgow TpyObl 2 M, BHELUHUIN anameTp 4 cm (BHYTPeHHUIA guameTp 3 cm).

[nsa cobnogeHns Hopmbl CONPOTUBIEHMS 3a3eMnenns (2,5 om) 3azeMnsioLLiee YCTPOMCTBO codepxuT 10
Tpy6 (ykasaHHOro pasmepa), CoeguHEHHbIX napannenbHo mexay cobon. CpegHui ypaBHUTENbHbIN
paboumnii ToK Yepes 3as3eMreHne NpuHAaT 2,5 a, Torga BpemMsi cnyxobl 3asemneHuna ATC onpegensaeTcs no
dopmyne
s in _g 20010
T=4710* 2[a2 - a7)=47 10 T2 (42 - 3)= 26
{ : roga.
3T0T cpok He npuemneM. MNpu pasmeLLeHn SNEKTPOLOB B KOKCOBOW MENOYMN CPOK Crybbl 3HAUUTENBHO
MoBbILLAETCS.

Mpumep 3 . Paccuntartb 3a3emrieHne ¢ UCNonb3oBaHNEM KOKCOBOWM mernoun ans HYT1 kabenbHon
MarmcTpanu npu crieayLmx gaHHbelx: Tun kabensa - MKCB 4 “ 4 © 1,2; annapatypa ynnotHeHus - K-60;
pacyeTHOe 3HayYeHVe yaernbHOro aMeKTPUYECKOro CONPOTUBIIEHNS TPYHTA - ', = 80 oM X M; yaenbHoe
3MNEeKTPUYECKOE CONPOTUBIIEHNE KOKCOBOW MESOUU - I 5 = 2,5 OM X M. 3asemneHne BbINOMHEHO U3
BEPTMKAmNbHbIX 3N1EKTPOAOB 13 yrroBown ctanu 50 " 50 * 5 mm 1 coeguHuTensbHor nomnockl 40 °

4 mm. KoHTyp 3a3emneHus OyaeT aKkcniyaTupoBaTbCs B HEMPOMEP3AoLUX FPyHTaXx.

Mopsgok pacyeTta
1. Onpegenum cuny Toka |, cTekatowero ¢ paboyvero 3azemneHna HYTI:

I=xd

roe K. - konnyecteo cuctem B HYT1, nognexalumnx gUCTaHUMOHHOMY NUTaHuo, | . - TOK, Tpebyembin ans
OAHOM cucTeMbl 1 paBHbIn 0,28 a.

Mpn nonHom ncnonb3oBaHun kabensa MKCE 4 “ 4 “ 1,2 n nocnenoBaTtenbHOM nuTaHnm cuctem K-60 K, =
4,1,=0,28 a (WTC3, u. VI, Tabn. 18.2) n nonHbi pabounii Tok HYT 1 =4 x 0,28 =1,12 a.

2. Paccuntaem conpoTMBNEHNE paCTEKAHNIO TOKOB C BEPTMKANbHOIO arekTpoaa annHon | = 2,5 v B
KOKCOBOW menoym no g-ne ( 2.18):

R - 03? 182 2,5 ,5134'1,95+3'2,5+2,5 0,25

_ ———| =165
2,5 0,25 4:195+25 w0 " 005095

>

oM.

3. Onpegenum KonmM4YecTBO BEPTUKANbHbIX 3NIEKTPOA0B, UCXOOHA N3 HOPMUPYEMOWN BENNYMHBI
COMPOTUBIMEHMS pacTeKaHUIO AN rPYHTOB C YAEIbHbIM 3NTIEKTPUYECKNM COMPOTUBIIEHNEM T <

100 om x m. [na 9TUX YCrIOBUIA CONPOTUBIEHME pacTEKaHUIO aneKkTpoda AOMKHO ObiTb He Bhiwe 10 ov 1
YOOBMETBOPATL AOMNYCTMMOMY NadeHuto Hanpshkenua 12 6, T.e. R, =12/1,12 = 10,7 om, n; = 16,5/10,7 =
1,55 » 2 anekTpoga.

4. Harigem gnviHy |, coeaMHUTENBbHOW LUNHBI, €CAM PacCTOsTHUE MexXay anektpogamm a=5m, |, =(n, -
1)=(2-1)x5=5m.

5. Onpegenum conpoTUBIIEHNE PaCTEKAHMIO TOPU3OHTaNbHOro anekTpoga no d-ne ( 2.19):



Rr=[3l,3?@lg 2'5 g 5 +2’Slg 0,25

= =177
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6. Paccuntaem nonHoe ConpoTMBIEHNE pacTeKaHWIO KOHTYpa 3a3eMreHns R o5y, N0 h-ne ( 2.12):
R, = 17,7165 _

" 16509+177: 052

E

oM,

4YTO yOOBNETBOPSET HOPMaM COMPOTUBIIEHUSA pacTeKaHUIO KOHTYpa 3asemneHns HYT1 ons rpyHToB ¢
yOerbHbIM CONpoTUBEHNEM MeHbLLMM, YeM 100 om x m.

7. Onpepenum cuny Toka, CTeKatoLLLEero ¢ BepTuKanbHbIX 3NeKTpoaos, no g-ne ( 2.28):

1,12-177
0,9 _
b 1?,?+ 16,5 0.763
0% 052

8. Hangem cuny Toka, CTeKatoLLero ¢ ropM3oHTanbHoro anekrpoga no ¢-ne ( 2.30):

112 012’52
fI‘ = mﬁ—_m = 0,355
092 09 .

9. Paccuntaem Bec coegmHuTenbHom nonockl: Q=5 x 1,256 = 6,28 ka.
10. Onpegenum Bec BepTUKarnbHbIX anekTpoaos: Q=2 x 9,4 = 18,8 ke.
11. Hangem cpok cnyx0bl BepTUKanbHbIX anekTponos no ¢-ne ( 2.27): T, = 0,3 x 18,8/0,765 = 7,37 ner.

12. Onpenenum cpok cnyxbbl ropnsoHTanbHoOro 3asemnurens no g-ne ( 2.29): 7, = 0,3 x 6,28/0,355 =
5,3 roga. Kak BMgHO, 3TOT CpOK He yaoBneTBopsieT ycrnosuto T, > T.

[na obecneveHuns ycnosusa T, > T, HEOOXOANMO YBENUUUTDL CEYEHNE COEAMHUTENBHOM Nosiockl. Bmecto
nonockl 40 ~ 4 mm npumem nonocy 60 * 5 MM, YTO HE3HAUYUTENBHO N3MEHUT 06LLEee CONPOTMBIIEHNE
KOHTypa. B aTom cnyyae nonyunm Q ¢ . =5 x 2,36 = 11,8 k2. Cpok crny>k0bl COEaUHUTENBHON NOMOCHI
Oynet paBeH

T¢,.=0,3x11,8/0,355= 10,0 ner,
yTo ygoeneTBopsieT ycroButo T ¢ . > T, T.e. T ¢ = 1,35 T ;. PacyeT MOXXHO cunmtTatb 3aKOHYEHHbIM.

Mpumep 4. PaccumTaTb 3a3emrieHne ¢ UCNoSib30BaHNEM apMUPOBaHHbIX SM1EKTPOAOB 3aBOLCKOro
narotosnenuna tuna 3KA-140 gna HYT kabenbHoM marucTpanu npu CneayroLmnx JaHHbIX: TUn kabens -
MKCB 4 " 4 * 1,2; annapatypa ynnotHeHus - K-60; pac4eTHoe 3Ha4YeHne yaenbHOro afekTpuyeckoro
CONPOTMBMEHMUS TPpyHTa - I = 80 oM X M, yAerbHOEe 3NeKTPUYecKoe ConpoTUBEHNE KOKCOBOW MeNoYn -
Iar = 2,05 oM X M.

KoHTyp 3a3emneHusa 6yget skcnnyaTmpoBaTbCsi B NepBon knumaTundeckon 3oHe CCCP, roe
KoadppmumeHT npomep3aHus paseH 1,8 |, 2,0.

Mopsigok pacyeTa
1. Onpegenum cuny Toka |, ctekatoLero ¢ pabodero 3asemnenns HYTI:

I=xd =4028=112a

2. Paccuntaem conpoTtuBneHune pactekanmto anektpoga 3KA-140, yctaHaBnMBaeMoro BepTuKanbHo.
OnuHa anektpoga |, = 1,4 m, my6uHa 3aknagku anektpoga 1,5 M oT NOBEPXHOCTU 3EMIK:

80 214  234+314 25 018
=2:037— g2 e
& 142018 8 o344 80 20022

=556
OM.

3. Onpegenum KonmM4ecTBO BEPTUKANbHbIX ANTIEKTPOA0B aHanorM4yHo NpuBeAEHHOMY Bbille npumepy. Ons
3TUX YCNOBUI COMPOTUBMNEHNE PacTEKaHWIO arekTpoaa He A0MmKHO npesbiwaTh 10,7 oM X M, T. e Ny =
55,6/10,7 = 5,2 » 6 anekTpoaoB..



4. Paccuntaem conpoTmBriEHNE pacTEKaHMNIO MHOMO3NEKTPOAHOIro
3aszemnutens, R ¢, =Ry =Rs/ nghg=55,6/0,87 x 6 = 10,6 om, 4To obecneynBaeT HOpMUpyemoe
FOCT 464-67 conpOTUBIEHNE pacTeKaHMO KOHTYpa 3asemreHus 10,7 om.

5. Onpepenum Bec cTarnbHbIX 3M1EKTPOAOB KOHTYpa 3a3emrieHust, T.e. Q, =6 x 1,4 x 2,98 = 25 ke.
6. Hanpem cpok cnyx6bl KOHTypa 3a3emnenus: T, = 0,3 x 25/1,12 = 6,7 roga.

NCKYCCTBEHHOE YMEHBLUEHWE COMPOTUBNEHNA 3A3EMITEHNW

2.48. [Ins ycTpoincTBa 3a3eMIieHMs Marioro CONpPoTUBIEHUS B MIIOXOMPOBOAALLNX FPYHTax (Mecok,
rpaBuii, KaMeHb U T.MN.) TPEOYOTCS OECATKN, @ MHOrAA U COTHU cTanbHbIX TPy6, AnvHON kaxaas 2 |
2,5 m, pacnonaraemMbix Ha GOMbLIOV TEPPUTOPUMN.

2.49. C uenblo yaelleBrieHns 3a3eMnsoLLmx yCTPONCTB B MeCTax C BbICOKUM yAerbHbIM
COMPOTUBMEHNEM 3EMITUN NPUMEHSIOT Pa3fiMyHbIe METOObl UCKYCCTBEHHOTO CHWKEHUST YAENbHOro
COMpOTUBMEHUS rPyHTA. [1pn 3TOM YMEHbLLAKTCS KONUYECTBO 3a3eMnuTenen u pasmepbl TEPPUTOPUN,
Ha KOTOPOW OOSIKHbI pacrnonaratbCsi 3a3emmTenu.

2.50. O6u.|.ee conpoTuBeHne 3aseMrieHna 3aBUCUT, Kak yKa3blBallOCb Bbllle, OT CONMPOTUBIEHUA
npunerarnwmnx K 3a3eMIinTernto Crnoes rpyHTa. I'IoaTomy MO>XXHO LI,O6I/ITI:CF| CHMXEeHUA conpoTunerieHnsa
3aseMIieHna NoHMm>xXeHnem yaernibHOro ConpoTuBIieHNA rpyHTa nnilb B HebonbLUon obnacTtu BOKpyr
3asemMnunTenA.

2.51 MCKyCCTBeHHOG CHMXeHne ygernbHOro conpoTtmnerieHnd rpyHTa 4oCTuraeTca NUB0O XMMUYECKNM
nyTemM npu noMoLlun anekTposinTos, nubo nyTemM yknaaku 3a3eMnuTenen B KOTNOBaHbl C HACbIMHbLIM
yrnem, KOKCom, rMUHOMN.

OnbIT Nokasar, YTo MakcMarnbHOE YMEHbLLEHWE CONPOTUBIIEHUS 3a3eMIIEHUS OCTUraeTcs Npu
NCMNOMb30BaHNM 3MNEKTPONUTOB, OPEBECHOrO YIS 1 KOKCOBOW Menoyn. NepBbii cnocob 3akniovaeTcs B
TOM, YTO BOKPYT 3a3eMIUTENEN rPYHT NPONUTLIBAETCA pacTBOPaMM XITIOPUCTOro HaTpusi (0BbIKHOBEHHOW
NMOBapPEHHOW COMK), XNOPUCTOrO KanbLMs, CEPHOKMUCON Meamn (MeaHoro Kkynopoca) n T.4.

CnenyeT OTMETUTb, YTO YKa3aHHbIM CMOCOOOM MOXHO AOOUTHCS CPAaBHUTENBHO BOMbLLOMO CHMKEHWS
BEMNYMHbBI CONPOTUBIIEHNS 3a3EMIEHNS], OOHAKO Ha HENPOAOIKUTENbHBIN CPOK (2 - 4 roga), nocrne Yero
TpebyeTcst BHOBb MPOMUTLIBATL FPYHT 3MEKTPOSTUTOM.

2.52 lNpakTnyeckn MOXXHO pekoMeHaoBaTh creayroLne gsa cnocoba MCKyCCTBEHHOrO CHXKEHMS
yOenbHOro CONpPOTUBIEHUS FPYHTA: CO34aHNe BOKPYT 3a3eMITUTENS 30Hb! C MOHMKEHHbLIM YA eNbHbIM
COnpoTuBMeHneM n obpaboTka rpyHTa Cosblo.

2r  Macewnwod epynm

¢ Ocrolnod epynm
=~ /|| (epawum)

Jazemaumens

Puc. 2.21 Co3gaHne BOKpyr 3a3emnmTens 30Hbl C MOHWKEHHBIM yAEeNbHbIM CONPOTUBIIEHVEM

2.53. inA co3naHus BOKPYT 3a3eMIUTeNs 30Hbl C MOHWXEHHbBIM Y AeNbHbIM COMPOTUBIIEHNEM B IPYHTE
genaetcs Bblemka (koTnosaH) paguycom 1,5 | 2,0 M n rmyBbuHON, paBHOW ANMHE 3a0MBaeMOro CT EpPXKHS.
lMocne 3anonHeHns BeleMKM rpyHTOM (puc. 2.21) ycTaHaBnmBaeTCs 3a3eMnTenb U FPyHT
yTpamboBbIBaeTCS.

B kayecTBe rpyHTa-3anonHuTenst MoXeT OblTb NPUMEHEH MO0 rPYHT, UMEKOLNIA yaenbHoe
cornpoTtuBneHve B 5 , 10 pa3 MeHbLLE, YeM yaerbHOe CONPOTUBIIEHNE OCHOBHOIO rpyHTa. Hanpumep,
€CIv 3a3eMrieHne ycTpamBaeTcs B NECHaHOM UMM KAMEHUCTOM (FPaHUT) FPyHTE, TO 3anOfTHUTENAMM
MOryT BbITb, FMMHA, TOP, YEPHO3EM, CYTTIMHOK, LWMak 1 T.M. Takum cnocobom JOCTUraeTcsl CHUXKEHME
COMpOTUBMEHUA 3a3eMieHuns B cpegHem B 2,5 | 3 pasa.

ConpoTUBIEHNE pacTeKkaHUio Toka R ; B Criy4ae OKpY)KeHUsI 3a3eMITUTENs TPYHTOM C APYrUM YAeNbHbIM
COMPOTUBIIEHNEM HAXOAMUTCA Mo hopmyre
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roe r - yoenbHoe conpotuBrieHne OCHOBHOIO rpyHTa, oM X M, I, - yaelnbHOe CONnpoTUBIIEHNE TPpyHTa-
3anoniHUTENA, OM X M, I o - PaAnyC CTEepPXHA 3a3eMInuTend, M, r - pagnyc BbleMKM KOToBaHa, M, [ -
Fﬂy6VIHa KOTInoBaHa, I'IpVI6J'IVI3VITeJ'IbHO paBHaA onnMHe 3a3eMInTend, m.
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Puc. 2.22 OTHOCUTENBbHOE CHMXXEHME COMPOTUBIEHNS 3a3EMITEHUSA B Clydae NPUMEHEHMUS HACbIMHOIo
rpyHTa Npu pasnuyHbIX pagnycax BblEMKU

Ha puc. 2.22 nprBeaeHbl KpuBble N3MEHEHMS (B MPOLEeHTax) OTHOLLEHWS

conpoTtueneHns R ; 3a3emMnuTens, NOMeLLEHHOro B KOTAOBaH C HAacCbIMHbIM FPYHTOM, K

CconpoTMBReHnIO R ;,3a3eMnuTens, NOMeLLIEHHOrO B OCHOBHOW IPYHT, B 3aBMCMMOCTM OT OTHOLLEHMS
yOenbHOro CoONPOTMBEHNS OCHOBHOMO FPyHTA I K yAENbHOMY COMPOTUBIIEHUIO HACBINHOIO rpyHTa I, . OTn
KpuBbl€ MOCTPOEHbI A5 KOTNoBaHOB ¢ paguycom r = 0,25, 10 w

2.54. 3hhekTnBHbLIM 1 AELIEBLIM CMOCOOOM CHUKEHUSA COMPOTUBINEHNST 3a3EMITEHUIN ABNSETCA
obpaboTka rpyHTa noBapeHHON conblo. [JencTBMe nocnegHen cBogUTCS He TOMbKO K MOHWKEHNIO
yAENbHOrO CONPOTUBMEHNUS TPYHTA, HO U K MOHWXXEHUIO TEMMNepaTypbl €ro 3aMmep3aHus.

2.55 CylecTBylOT pasHble cnocobbl yknagku conu 6nma 3asemnutend. B npaktuke MuHuctepcTea cBs3u
CCCP pacnpocTpaHeHa yknagka okono Tpyb4yaToro 3a3eMsiMTesnis Conm CrosiMm Tak, Kak 3TO NoKasaHo
Ha puc. 2.23 a . Conb MOXET Takke YKnagblBaTbCs BCA Ha rMyOuHe Bo3ne TpybyaToro 3asemnurenst
(pnc. 2.23 6 ) unu Ha HeboMbLUOM paccTosiHUM OT Hero (puc. 2.23 8 ). MNocneaHunin cnocob aensieTcs
bonee yaobHbIM B TOM OTHOLLIEHMM, YTO KOPPO3MS 3a3EMITUTESNA B 3TOM criydae byaeT MUHUMAanbHOMN.
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Puc 2.23 Cnocobbl yknagkun conm oKono BEPTUKAIbHOIO 3a3emnmnTens

KonunuecTtBo conu, Tpebytolleecs Ans o6paboTkn 3a3eMneHns, 3aBUCUT OT ANWHbI anekTpoga: oT 1,5 oo
10 ke Ha 1 M 3a3emnuTens.

VMHorga conblo 3anonHSAeTCs MPOCTPAHCTBO BHYTPY 3a3EMIUTENS, BbIMOSTHEHHOMO B BMAE Nonon Tpybbl ¢
OTBEPCTUSMU, YEPES KOTOPbIE PacTBOP COMNMKY BbIXOAMUT B OKPYXXaKOLLUA rPyHT (puc. 2.232).

Ha puc. 2.24 nokasaH cnocob yKrnagku comnm OKOMo NPOTSXKEHHOTO 3a3eMnUTENS.



Puc 2.24 Yknagka conu okono NpoTsXeHHOro ropnsoHTanbHOro 3a3emnmTens

2.56 TakK kaK comnb CO BpeMEHEM BbIMbIBAETCS, TO CPOK AENCTBUA 06paboTKM rpyHTa orpaHnyeH 1 vyepes
2 - 4 roga ee NpMXoanTca NOBTOPATb. APDEKTUBHOCTL 06PabOTKM HEOAMHAKOBA U C TEYEHNEM BPEMEHN
MeHsieTcs. B nepBbiit rofl, Koraa corb eLle He ycreBaeT pacrnpoCTpaHUTLCS BOKPYT 3a3eMnuTens,
COMPOTUBIEHNE CHUXKAETCA CpaBHUTENbHO Mano. ONTUMarbHbIe YCroBUS HAcTynalT Ha BTOPOM-
TpeTbeM oAy 1 3aTem HauMHaT UATK Ha YObIMb.

CTonkocTb 06pa60T|<|/1 3aBUCUT OT CTPOEHUA IPyHTA, BNaXXHOCTU, KONMM4eCTBa OCagKoB.

2.57 K HeocTaTkam yka3aHHbIX crocoGoB 06paBoTKM IPYHTOB OTHOCATCH: HEOGXOAUMOCTb
BO30GHOBINEHWS NMPOMUTKN IPYHTOB NPMMEPHO Yepes 2 - 4 roga U BO3MOXXHOCTb pa3pyLLeHUs
3asemnuTenein oT XMMMUYECKOro BO3OENCTBUSI Ha HUX COMEN UMW COMSHbIX PacTBOPOB, BCIEACTBME YEro
TpebyeTcs 3aMeHa UX HOBbIMU 3a3eMIUTENAMU.

Henanuce NonbITKK yCTPaHUTb 3T HeQocTaTkK. Tak, B FepmaHum, Hanpumep, 6bin NpeanoxeH cnocoo,
MO KOTOPOMY B FPYHT BOKPYI 3a3eMIUTENs BBOASATCA MeTarn bl B TOHKOU3MENbYEHHOM BUAE, Kak,
Hanpumep, B KOMMOMOHbIX pacTBOpax, Unn B BUAE MENKON MeTanmnyeckon cTpyxku. Ecnv npyu atom
TOHKO U3MernbYeHHble MeTan bl BblOpaHbl Tak, YToObl HE MOrTM BO3HWUKaTb raribBaHWYeCKue napbl C
camumM 3a3emMnuTenem, To NocrneaHun koppoanposaTtb He byaer.

OpaHako konnounabl He 6ornee yCToNYMBbLI B FPYHTE, YEM COJSM U COMsiHblE pacTBOpbl. OHM NOCTENEHHO
BbIMbIBAIOTCH U3 Gnnsnexaiynx K 3a3eMnuTento CroeB A0X4EBOW BOOOW, BCNEACTBUE YEro JOCTUITHYToe
YMEHbLLEHNE CONPOTUBIIEHUS 3a3EMIUTENS C TeYeHnem Bpemenun nponagaet. B CLUA npegnoxeH
cnocob 3aaepaHusi BbIMbIBaHWUS COMsIHbIX PACTBOPOB M3 FPyHTa NyTEM CMELLMBAHMS CONSIHOIO
pacTBopa (HanpuMep, MegHoOro Kyrnopoca) C HepacTBOPMMOM B BOAE MaCTMaCCOBON CMECHIO 1
BMPbICKMBaHNSA UX B PYHT nog 6onblumMm gaeneHvem. OToT cnocob sBnseTcs 4oporum u
NPOJOIMKUTENBHOCTL Ero AENCTBMSA He onpeaensinacsk.

M3 gpyrmx cnocoboB UCKYCCTBEHHOTO CHUXKEHWUST COMPOTUBIIEHNS 3a3eMuTeNen, NPeanoXeHHbIX B
pasnuyHbIX CTpaHax, B NEPBYK oYepeab 3aciy>KMBaeT BHUMaHWS LUBEACKUA Ccnocob - o6paboTka rpyHTa
BOKPYT 3a3eMnuTensi Npu NOMOLLM 3NEKTPONUTOB, 06pasyoLwux refb.

B pesynbTate cMeLleHUsi KOHLLEHTPUPOBaAHHOIO pacTBOpa CEPHOKUCIION Mean C 3KBMBASNEHTHbLIM
KONMYECTBOM KOHLEHTPMPOBAHHOIO pacTBOpa COJM LLLENTOYHOIO CUHEPOAMUCTOrO Xeresa noslyvyaeTcs
HepacTBOPUMBIN B BOAE MPOAYKT peakLum - KenesamcToCMHepoancTas Mefb, Kotopasi Npy U3BECTHbIX
ycrnoBusaix o6pasyeT 04HOPOAHbIV 3MEKTPOMNPOBOASALLNA TMAPOresb.

OnekTpuyeckne 1 pranyeckme CBOMCTBA rMaporens He MEHSITCS CKOMb-NMOO CyLLECTBEHHO OT
ONUTENBbHOIO BO3AENCTBUS BOAbI U SIBNAKOTCA YCTONYMBBLIMU NpY KonebaHusix TemnepaTypbl B npegenax
ot -60 go +60 °C. OgHako OH 3 EKTUBEH MPU CHMKEHNM OYEHB BbICOKMX COMPOTUBITEHUI 3a3€MINEHNI
(mopsigka 400 , 600 om) n manoadhdeKkTUBEH Npu BeNM4mMHax conpotusneHun nopsaka 20 , 30 owm.

3. YCTPONCTBO 3A3EMITEH/ HA BO3AYLLHbIX MMHUAX CBA3U U PAOMOTPAHCNALMOHHbIX
CETAX

OBLUME SAMEYAHNA

3.1. 3azemnstowme ycTponcTBa Ha JIMHUSIX CBSA3U U PaaMoTPaHCHSILMOHHBIX NMHUSIX obopyayroTcs :

- AepEBSIHHbIX OMop;

- BBOAHbIX Kabernen n kabenbHbIX BCTABOK;

- BBOOHbIX YCTPONCTB Ha TenedoHHbIX 1 TenerpagHbIX CTAHUMSAX U YCUITUTENbHbIX NMYHKTaX;

- NMOHU3UTENNbHBIX TPaHCHOPMaTOPOB aOOHEHTCKOW PaanOTPaHCASALMOHHON CETU.

3.2. 3alumTa AepeBsaHHON Onopkl OT pacllienneHns ee MornHMen NPoM3BoaAUTCA MOMHUEOTBOIOM, T.€.
MPOBOAHMNKOM, MPOSIOXKEHHbIM BOOMb OMOPbI CBEPXY AOHM3Y U 3a3eMIIEHHbIM Ha KOHLLE.



3.3. MonHueoTBOAbl YCTaHABNUBALOT:

- Ha BCEX YITOBbIX, NepexoHbIX, kKabernbHbIX, pa3pesHblX, KOHTPOIbHbLIX Oropax, a Takke Ha
TpaHchopMaTOPHbIX onopax puaepHbIX U aGOHEHTCKUX PaaMOTPaHCISALMOHHBIX NTMHWIA,

- Ha NATU GnNKanLINX onopax MarncrtparbHbIX BO3OYLUHbIX TNIVHWIA CBA3N (BKJ'II‘O‘-IaFl 1 BBOOHYHO
Ka6eany+o orlopy) npun nogxone nx K OKOHEYHbIM U MPOMEXYTOYHbIM YCUTTUTENbHLIM MYHKTAaM, a Takxe
na aByx onvxanwmnx onopax (bl/lﬂ,eprIX 1 aBOHEHTCKMX BO3AYLUHbIX PagnoTpPaHCIALNOHHbBIX NVHUA npu
noaxoae ux K CtaHuum mnm noactaHunu;

- Ha pagnoTPaHCNSALMOHHBIX aDOHEHTCKMX CTONOOBLIX JIMHUSIX, PACTMONOXKEHHbIX B HACENEHHbLIX MyHKTaX,
yepes kaxgble aAsa nponeta (100 M) n Ha GnwxkariLwe K aDOHEHTCKOM YCTaHOBKE Onope npu 4fiMHe
aboHeHTCKoro Beoga 6onee ogHoro nporneta (50 m);

- Ha NoBpeXOeHHbIX Koraa-nmbo MorHuen ornopax, a Takke na HoBbIX Oonopax, yCtaHOBJTIEHHbIX B3aMeEH
noBpeXaeHHbIX.

3.4 ConpoTuBrieHne 3a3eMneHnin MONTHNMEOTBOAO0B, BbINOMHAOLNX pPasfinyHble PYHKLMU B 3aBUCMMOCTU
OT yAenbHOro CONpoTUBIIEHUSI TPYHTOB, AOMKHO ObITh HE Bonee BenuuuH, npueeaeHHbIx B FTOCT 464-68.

3.5. MonHneoTBOAb! BINOMHAT U3 CTarbHOW OLUMHKOBaHHOW NPOBOMOKU AnameTpom 4 | 5 mMm (Mnu
OBYMS1 MPOBOSIOKaMu AUaMeTpoM 3 MM), KOTOPYHO NPUKPENsiOT K CToNby ckobamu, pacnonoxeHHbIMU Ha
pacctosHum 30 cm apyr ot gpyra (puc. 3.1). 3rubbl npoBonoku no ctondy He JonycKalTCs.
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Puc 3.1 YcTtpoincteBo MmonHueoTBoga Ha onope (MOfTHMEOTBOA Kpenutcsa ckobamu BrfOTHYHO K CTONOy)

L-Mosnueomba

Hewpolod
NDOMEXY MoK

1
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Puc 3.2 YcTponcTBo MOMHMEOTBOAa C UCKPOBLIM NMPOMEXYTKOM

3.6. Ha onopax nuHuit cBsiaW 1 paanoTPaHCALMOHHBIX, MOABEPXKEHHBIX BIUSHUIO NMHWIA BbICOKOTO
HanpsikeHus (BJT), MONMHMEOTBOAbI YCTPaMBaOT C UCKPOBbLIM MPOMEXYTKOM (puc. 3.2).



3.7. 3azeMneHne MONHNEOTBOAOB B 3aBUCUMOCTM OT yOenbHOro ConpoTmuBEeHnA rpyHTa 1 Tpe6yeM0|7|
HOpMaMu BEJTNYNHBbI COMPOTUBIIEHUA 3a3eMITEeHUA MOXET ObITb BbINOMHEHO B BUAE:

- CNyCKa MOJTHMeOoTBOAa, HanpaBJieHHOro BAOIb NnoA3emMHoN Yactu ctonba (pI/IC. 33),

- BbITSIHYTOrO rOpM30HTAaIbLHOrO Ny4a (SBNSALLErocs NPoSoSiKeHNEM MOJSTHMEOTBOAA), 3aKOMaHHOMO B
3eMIo BAOMb NHMKM Ha rmybuHe 0,5 | 0,7 m (puc. 3.4);

- HECKOJbKUX BbITSIHYTbIX FOPU3OHTAlNbHBIX MyYel U3 CTanbHOW NPOBOMOKM, 3aM0OXeEHHbIX B 3eMIle Ha
rny6uHe 0,7 m (puc. 3.5);

- BepTuMKanbHbIX anekTponos (puc. 3.6, 3.7, 3.10).

3.8. Ipu ycTporcTBE 3a3eMNeHns MONHMEOTBOAA B BUAE BbITAHYTOrO ropu3oHTansHOro fyya
COMPOTMBIEHNE 3a3EeMIMIEHUS B 3aBUCMMOCTM OT AMIMHbI BbITAHYTOM NPOBOSIOKN U TPYHTOB ByaeT umeTb
3HayeHwus, npuBedeHHble Ha kpuon R =j (I) (cm. puc. 2.7).

Croba ug cmanswod
npebonon

onnucomiod u3
cmanswod npofaaoky

Puc. 3.4. 3azemneHne MonHWeOTBOAA B BMAE FOPU3OHTaNbHOro fy4a
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Puc. 3.5. 3aszemneHne MonHMeOTBOAA B BMUAE FOPU3OHTarNbHbIX NyYei:
a) oByxny4eBoro; 6) Tpexny4eBoro; 8) YeTbIpeXy4eBoro

Kak BMOHO, OAVH BbITAHYTbIN NPOBOJSIOYHLIN 3a3eMMUTEND ANMMHOM 6 M MMEeEeT CONpOoTUBIIEHNE
pacTekaHuto TokoB oT 1,5 oo 150 om npu konebaHum yaenbHOro conpoTueneHnst rpyHta ot 10 go
1000 om x m.

a
AR /4

Tnyba

Puc. 3.6. Onopa ¢ 3a3emneHmem nu3 ogHow Tpyobl
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Puc. 3.7. YcTponcTeo 3azemMneHuns n3 ogHom Tpy6bebl

3.9. B cnyyae, korga npu gaHHOM yAenbHOM CONPOTUBMAEHUN FPYHTa BENUYMHA COMPOTUBIEHNS
OOMVHOYHOrO 3a3eMnuUTeNs He YO0BMNeTBOpSEeT Tpebyemon HopMme, YCTpanBaeTCsl MHOrO3NEKTPOAHbIN
(MHorony4yeBon) 3azemnuTtenes (CM. puc. 3.56, 8) ¢ KONMYECTBOM Ny4den 1, onpegensemMsiM no popmyne

Ao
?2 =
RDET] , (31)

roe R ; - conpoTuBrieHe equHNYHOro fy4eBoro 3asemMnuTens, om;

R o - 0OLLee conpoTUBEHNE MHOTO3MEKTPOAHOIO JTy4eBOro 3a3eMIIEHUS], KOTOPOE AOMKHO
yooBneTBopaTb TpeboBaHuam FOCT 464-68, om;

a - UMNYIbCHbIN KO3 ULMEHT;
h - k09 dULNEHT NCNOMNBb30BaHNS 3a3eMITUTENEN.

Mpumep . ConpoTuBneHne 3asemMreHns MOITHUEOTBOAA Ha Onope C NOHMXKaLWMM TpaHCHopMaTopoOMm
paguoTpaHCNALMOHHOM ceTh npu r = 500 om X M JOmMKHO GbITb paBHO cornacHo FOCT 464-68 (tabn. 9)
55 om. TpebyeTcsa paccuntatb YNCNO NyYen 3a3eMnnTensd MONHNEOTBOAA, ECIN NPU ero yCTPONCTBe
NCMNONb30BaHbl NPOBOMOYHbIE BbITAHYTbIE 3a3eMNuUTeny AnuHon | =5 m n gnametpom d = 4 mm.

M3 kpueort R = (1), npuBegeHHON Ha puc. 2.7, Haxoaum, 4to npu r = 500 oM x M CONPOTUBIIEHNE
BbITSIHYTOro 3a3eMnutens anuHon 5 M pasHo 150 om. CnegoBaTenbHO, B JaHHOM criydae notpebyertcs
MHOrO3EeKTPOAHOE (MHOrony4eBoe) 3asemrieHne. KonmyecTso 3asemnurenen onpegensietca no d-ne (
3.1).

Mockonbky KoacbduumeHTol h n a, Bxoaswme B -ny ( 3.1), camu 3aBUCAT OT YMcrna 3a3emnuTenen,
KOTOpPOE Mbl AOMMKHbI ONpefenuTb, TO pacyeT BedyT Criefyolwmm obpasom.

CHauvana onpegensiem 4y1crno 3asemnuTenen 6e3 ydyeta koaddurumeHtoB h n a . B Hawewm cnyyae R | =
150 oM, R o, = 55 om, cnegoBatenbHo, N1 = R/ Ry =150/55 = 2,72 » 3 anektpoga. o 1abn. 2.14 n 2.9
Haxogum, Yytoa, =0,51nh=0,76.

MopcTaBmB yKasaHHble 3HAYEHUS B NOMHy0 popMyny Ans r, nonyydum 1 = (150 x 0,5)/(55 x 0,76) » 2
3azemnuTens. NMocne aToro MoXHo 6ornee TOYHO ONpeaennTbL COMPOTMBIIEHME 3a3EMITSIOLLETO
YCTPONCTBA, COCTOSALLENO N3 ABYX BbITAHYTbIX 3a3emnurenen: R .6 = (150 x 0,5)/(2 x 0,76) = 75/1,5 =
50 om.

3.10. ConpoTmBneHns 3a3eMrsOLLErNO YCTPOMNCTBA, COCTOALLENO N3 BEPTUKANbHBIX CTaNbHbIX
3NEeKTPOAOB, YKka3aHbl Ha puc. 2.4. VI3 npMBegeHHOro Ha 9TOM PUCYHKe rpaduka BUOHO, YTO
COMpPOTUBIIEHNE OAHOr0 BEPTMKANBHOIO 3a3eMITUTENS, B 3aBUCMMOCTM OT €ro AMamMeTpa U OJHbI, a
TaKke yaenbHOro ConpoTMBIIEHUS FPYHTa, U3MeHsieTcsa B npefenax ot 1 go 1000 om.



Korga npu gaHHOM yaernsHOM COMPOTUBIIEHUN PYHTA BENUYMHA COMPOTUBIEHNS OOUHOYHOIO
3a3emnuTens He yaoBneTBopsaeT TpebyeMon HopMe, yeTpanBaoT MHOrO3NEKTPOAHbIN 3a3eMInTENb C
KONMYecTBOM 3a3emMnuTenen, onpegensieMbim no g-ne ( 3.1).

Mpumep . TpebyeTca paccunTaTh 3a3eMreHne Ang MONHUEOTBOAA, YCTAHOBNEHHOIO Ha KabenbHOM
onope B rpyHTe ¢ r = 300 om x M npy Hopme obLiero conpoTtmeneHns R, s = 7 om. ConpoTueneHve
€OMHUYHOro BepTUKaNbHOro 3asemnurens anuHon 1,5 v n guametpom d = 4 MM cornacHo

kpmBon R =j (1) Ha puc. 2.4 npu r = 300 om x M paBHO 148 om.

Mpexae 4yem BblbpaTb 13 Tabn. 2.14 1 2.9 BenuunHbl KOO HULMEHTOB NCMNONB30BaHUS 3a3emMnuTenei n
BENNYUHBI UMMNYNbCHbIX KO3 MULNEHTOB, NPeaBapUTENbHO ONpeaenyM KONMYecTBo 3asemnurenei 6es
yyeTa aTux KoadppuLmMeHToB, T.e. NP R, =148 oMU Rs=70M N, =R,/ Ro,6=21. Onpegenus no

Tabn. 291 2.14,4toh, = 0,6 na; = 0,6, no obwen d-ne ( 3.1) Haxogum n, = (148 x 0,6)/(7 % 0,6) = 21.

I'IpwmeanMe . Takoe KoNn4ecTBO 3a3emMnuTenen r|0Tpe6yeTc;|, eCnn coeanHnTerbHble NpoBoaa 6y£l,yT
M305npoBaHbl OT FPyHTa.

3.11. Mpwu 3a3eMneHnmn kabenbHbIX ALLMKOB C MOLLHBIMY paspsaaHUKaMm U KOXKyXOB TpaHcopmMaTopoB
paavoTPaHCNSALMOHHON CeTu ABa NPOBOAA, UAYLLME OT 3a3eMJIeHNs], MPOKMaabIBaloT Mo MOBEPXHOCTU
cTon6a (nog o6wmmm ckobamu). Ha BeicoTe kabenbHOro smka (Mnu Sumka ¢ MOLHBIMUY paspsigHuKamu,
UMK KOXyXa TpaHcgopMaTopa pagnuoTpaHCrsALMOHHON CeTU) OQUH 13 3TUX NMPOBOAOB MPUCOEAUHSIIOT K
3a3eMNSoLLEMY 3aXUMY YKkasaHHbIX OGBEKTOB, a APYroi - MPoKNaabiBatoT Aanblue A0 BepLunHbl cTonba.
3T0T NpoBog GyAeT ABNATLCS MOMIHUEOTBOAOM AJ15 3aLUWThl CTONGa OT paspyLUeHUs Npu yaape MOHUK
B JIVHWIO.

BEPTUKAJTIbHbIE MHOIO3JIEKTPOOHbLIE 3A3EMITMTENN

3.12. YCTpOoNCTBO 3a3eMreHms 3 ogHow Tpybbl MM OAHOro yrorika nokasaHo Ha puc. 3.6 n 3.7. Mpu
YCTPOWCTBE 3a3eMIIEHUN U3 HECKOSbKUX 3MEKTPOA0B MOCNeaHMNEe B 3aBUCMMOCTM OT MECTHbIX YCIOBUIA
MoryT BbITb 3a6uThl B paa (cM. puc. 3.8a) nnbo B hopme kpecta (cMm. puc. 3.86), kpyra (puc. 3.88) unm
npsmoyrosibHuKa (cMm. puc. 3.82).

3.13. MNepen B6UBaHMEM 3MNEKTPOAOB B MPYHT K KXOOMY M3 HUX AOMKHa ObiTb NpYBapeHa nnv npunasHa
cTanbHas npoBoroka gvameTpom 4 | 5 mm. [NprBapka nnv npunanka NpPoBOSIOKN K Tpybe MoxeT
npon3BoamnTbCS criegytomnm obpasom: Ha pacctosHum 50 n 80 MM OT Kpas B anekTpoge npoceBepnusaroT
CKBO3HbIE OTBEPCTUS; HaPY>XHYI0 NOBEPXHOCTb 3reKkTpoaa Ha AnuHe npumepHo 30 MM no obe CTOPOHLI
BEPXHEro 0TBepCTas OYMLLAIOT 1 3any>XMBatoT; KOHEL, NMPOBOSIOKN Ha AfNVHE He MeHee

100 cm 3anyxuBatoT 1 NPOMNYCKaloT Yepe3 BepxHee oTBepcTMeE B TpyOe nnv B CTOPOHY yrorka Ha ANUHY
50 cm; 3any>KeHHOWN YacTbio MPOBOJSIOKM AeNnatoT NsATb 000POTOB BOKPYT 31eKTpoAa No 06e CTOPOHbI
BEPXHEro 0TBepCTUs (CM. pucC. 3.7); BEPXHUI KOHEL, MPOBOJSIOKN 3aKPENSISAKT XOMYTOM 13 MPOBOSIOKM
ONaMeTpoM 2 MM, a HWXKHUIA KOHELL - MPOMyCKatoT Yepes HbKHee OTBEPCTME U 3arnbaroT; Mecto
coeVHEeHNs NPOBOMOKM C TPYOO TLLaTenbHO NpUBapyBalOT UK NPOMNanBaroT U NOKPbLIBAKOT
acanbToBbIM fTAakoOM UK KaKUM-NMB0 APYrM KACIOTOYNOPHBIM COCTaBOM.

71 ) f) 2)
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Puc. 3.8 PacnonoxeHune TpybyaTtbix 3a3emMnumTenen npn ycTponcTBe MHOMO3MEKTPOAHBLIX 3a3eMI1eHNI
a) B psg; 6) B hopme kpecTa; 8) B hopme Kpyra, &) B hopme npsiMoyronbHuKa

2 Brnadoiu

Tpyba
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Puc. 3.9. CtanbHon BknagbIw ans 3abusku Tpyo



3.14. Ytobbl He noBpenuTb kpasi TpyObl Npy 3abMBKE B FPYHT, B BEPXHUI KOHEL, €€ BCTaBMNSAT CTalNbHON
BKIa4bILL C rOfIOBKOM, KOTOpasi onvMpaeTcsi CBOMMM 3ansiednkamm Ha cpes Tpybbl (cm. puc. 3.9).

3.15. HwkHuI KoHeL, TpyObl, 3abMBaeMbIN B rPYHT, NPeLBaPUTENBHO CMSIOLWMBAKOT, Kak NoKa3aHo Ha puc.
3.7.

3.16. TpyObl MHOrO3NEKTPOAHOIO 3a3eMnNuUTens 06beaNHAIT MeXay COGOoV NPY MOMOLLM
COeAVHUTENbHOW NOMOCh! UMM NPOBOMOKM, MPUBapMBaEeMo UM NpunavBaeMon K BEpXHeN YacTu Kaxaon
TpyObl.

3.17. MNepepn 3abvBkol 3a3eMnuTenel B rpyHT ANs KaXO0ro U3 HUX KonaroT siMy rnyOuHow
0,8 m. 3azemnuTenb 3abMBAlOT B FPYHT B LIEHTPE siMbl Tak, YTOObI BEPXHUIA KOHEL, BO3BbILLANCcs Hag,
ypoBHeM AHa ambl Ha 10 cm (puc. 3.10).

Mexay anekTpogamu npopbiBatoT TpaHLueto wupuHon 20 | 30 cm, rmy6buHon 0,7 M. Ha gHO 3Tol TpaHLuen
yKnagblBaloT COeQMHUTENBHYIO MPOBOSOKY, Kak 3TO nokasaHo Ta puc. 3.10.

3.18. Nocne 3abvBKkKN 3NEKTPOAOB COEANHUTENBbHbIE NPOBOAHMKNA OT 3a3eMIMTENEN CBUBAOT MeXay
cobon ¢ warom ckpyTkn 0,1 , 0,25 m. MNpwu ycTporcTee pabounx 3a3eMrieHnii Bo BCex rpyHTax, a
3aLUUTHBIX - B arpeCCUBHbIX COeANHUTENbHbIE NPOBOAA HAa BCEM NPOTSHXKEHUM 40 BbIXo4a Ha
NMOBEPXHOCTb U30NMPYIOT OT 3eMMNM ABYXCMOMHbIM MOKPbITUEM actanbToBOro naka. lNocrne BbinOMHEeHNs
yka3aHHbIX paboT TpaHLLe 3ackinatoT 3emrel. BMecTo npoBoAoOB MOryT UCMOMb30BaThCSA
coefuHUTESbHbIE MOMOChI UMK LWKWHBLI (CM. puc. 5.1).

3.19. K cnycky OT KabenbHbIX SLUKOB MUK 3aLLMTHBIX KOPOOOK 1 yCTPONCTB Ha rnybuHe 0,5 v oT
NOBEPXHOCTU 3EMIN NOOYEPEAHO NpUNanBatoT NoABOAsLLME NpoBOAa OT 3azemnutenen (cm. puc. 3.10).
o fpoBonora cmanonan ¢4 -5 mm

§ rocr 166846

S llpobonona nepebragunarn ¢ 2mm
<Y
S

AN

&

Tpy6a cmamnans

Puc. 3.10. CoeanHeHune TpybuaTbix 3a3eMnnTenen npoBogamm

SAMYBIEHHBIE U TNYBUHHBLIE S3ASEMINUTENNA

3.20. 3arnybneHHble (0T 3 4o 10 M) n rmybuHHbIE 3a3emnuTenu (cebiwe 10 M) ycTpamBatoTCcsa B TEX
cryyasx, koraa nocpeacTBOM MHOMOSMEKTPOAHOMO 3a3eMEHNST HEBO3MOXHO A0OUTbCS Tpebyemon
BEJTMYMHBI CONPOTUBIIEHNS 3a3EMITEHMS.

VIHorga ¢ MOMOLLIbIO MHOTOSMEKTPOAHbIX 3a3€MSIEHNIN MOXXHO 06ecneynTb HEOOXOANMYIO BENMUYMHY
COMPOTMBIEHUS 3a3EMIEHUS, OAHAKO rMYOUHHbIE 1 3arnybneHHble 3a3eMnuTenu TpebyT MeHbLIMX
3aTpaT py4Horo Tpy4a u matepuaros.

Pacuet 3arnybneHHbIx 1 rmyOrHHbIX 3a3eMnnTenen ocyLecTBNsSeTca cornacHo nn. 2.29 - 2.33.

3.21. 3asemnuTenu u3 npyTtka anuHon o 10 m uenecoodbpasHo norpyxaTb B 3eMi0 HepPa3pe3HbIMU
nocpeacTBOM BBEPTbIBaHMS. [N BBEPTbIBAHUS UCMOMb3YOTCA NEPEHOCHbIE BpaLlaTeNbHble CTaHKU,
Hanpumep, ABUraTenb OT Nunbl «pyx6a», 3NeKTpuiecKkme CBEPUIKA, SNEKTPOAPENb C PeayKTOPHOW
npucTaBko 1 T.4. [ns obneryeHns BBepTbIBaHWSA KOHEL, NMPyTKa cnelmanbHbiM 06pasom
BMaomnameHsieTcs (puc. 3.11).
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Puc. 3.12. CBapka cekumn rmyOBuHHbIX 3a3eMrnmMTener ¢ NOMOLLbIO OTpe3sKka yrorka

3.22. 3azemnutenu anvHon ot 10 4o 15 M BbINOMHATCA CEKLUMOHHbIMW. [nnHa kaxaon cekumm 1,5
2,5 m. PaboTa HaunHaeTcs ¢ 3abuBKM NEPBOro 3NeKTpoaa, 3aTeM K HEMY NMPUCOEOUHSIETCA BTOPON
anekTpoa v T.4. nga 3abuBkn ncnonb3yeTtcs BubpomonoT Tuna BM-2, nsrotosnsemsii KombruHatom
NPOM3BOACTBEHHbLIX MPEeAnpUATUA TpecTa « MeXXropcBA3bLCTPONY.

5

Mpwn 3abvBKe CTEpPXKHEN B TBEPAbIX PYHTaX BUOPOMONOT AOMMKEH ObITb yeuneH. C 3Ton uenbio
npoaenbiBatoTCsA crieayoLme onepauum:

- 06MOTKM cTaTopa 3anvMBatoTCs AMOKCUOHON CMOJIOWN;

- K HaroroBHMWKY NpYBapUBaTCA JOMOMHUTENbHbBIE pebpa KeCTKOCTY;
- 3aKpennsoLee yCTPONCTBO 3MEKTpoaa YCUnNmnBaeTcs.

Bo3MOXHbI 1 fpyrve cpeacTsa BUOPOMOrpy>KeHs.



CoeanHeHve cekumi ocyLLecTBnsieTcs nubo ceapkon (puc. 3.12 ) (B criyyae anekTpogoB U3 YrofkoB),
nnbo cBuHYMBaHMeM (NpyTok). B nocnegHem criyyae cekumm 3apaHee cHabxaroTcsa pe3bboit. Mpu
COUNIEHEHUM CeKUMI Ans obecneyeHnst X HageXXHoro ANEeKTPUYECKOro CoeaUHeHNs BHyTPb
3acBeprieHHOro 0TBepCTUS 3aknabiBaeTcst cBuHeL. [pn 3abrBke 3a3eMnuTens CBMHEL, pacTekaeTcs no
MOBEPXHOCTM, 0becnevmBas MexaHU4YeCckoe CoeAHEHNE U Ha4eXHbI KOHTakT. Hanbonee
LenecoobpasHo NpUMeHATL NpyTok AnameTtpam 18 | 20 mm. Cekuus, norpykaemasi nepBon, UMeeT
3a0CTPEHHbIN HUKHUIM KOHEL, Ha BEPXHUIN KOHeL, HafeBaeTCs CbeMHbIN 60eK, MpeaoxpaHsoLwuii TopeL,
ceKuMn OT pacnsoLmnBaHus.

Obcadnas mpyba

DFTESTE S PSVISTRSTL
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Puc. 3.13 YcTponcTtBo rnybrHHbIX 3a3eMieHnn B panoHax BEYHOW Mep3noThl

3.23. Cnocobbl, nanoxeHHble B nn. 3.21 1 3.22 , npurogHbl AN CPaBHUTENBHO MAMKUX FPYHTOB C
yaenbHbIM conpoTtuenennem go 1000 om x m.

B kamMeHMCTOM UNu ckarbHOM rPYHTE YCTaHOBKA rMyOWHHbIX 3a3eMMTenen BO3MOXHA NULLb nocne
npegsaputenbHoro 6ypernst OypunbHbiv arperatom CbY-150 3 nnn CBY-300 3D,
yCTaHaBnMBaeMbIM Ha aBTomalumHax Tuna 3UJ1, ctaHkomM ygapHo-kaHaTHoro 6ypeHus BY-20-2M,
arperatom ABB-TM-100 Ha ryceHn4yHOM xogy v T.4.

[nsi ymeHbLUEHNS 3aTpaTbl MeTanna obcagHasi Tpyba ycTaHaBnnBaeTCs TOSIbKO B CaMOM Havane
CKBaXXWHbI (Ha ANIMHE NpUMeEPHO 3 M), a 3a3eMITUTENb BbIMNONHAETCS U3 CTarbHOW MOOChl ceYeHnem 4
40 MM®, KOTOPasi OMYCKAETCS B CKBAXKWUHY Mo, AeNCTBUEM rpy3a B BUAE YATMHEHHO GonBaHKk1 BecoM 40
, 50 Ke, ykpenneHHomn Ha koHue nonockl (puc. 3.13). Cama ckBaxuHa 3anosfiHAeTCs TOHKOAUCNEePCHOM
cmecbto rmuHbl 1 10 , 15% conu. BnaxHocTb cMecn 40BOAUTCA 00 TaKOW CTEMEHU, Mpy KOTOPOK eLle He
TepsieTCsl CBOMCTBO ChIMy4YecTy.

4. YCTPOMCTBO 3A3EMJ'IE!-|MV1 Y ABOHEHTOB BO3YLUHOW NHNN CBA3N U
PAOVNOTPAHCIALMOHHOWM CETU

4.1. Ana 3awuTbl abOHEHTOB BO34YLUHbIX FIMHWUIA CBSI3M OT OMACHbLIX HAMPSXKEHUA Y KaXXO0ro U3 HMX
yCTaHaBnuBatT pa3psaHuki. ConpoTUBIEHUs 3a3eMIIEHNI AN TAKUX pa3psgHUKOB AOMKHbI ObiTb HE
Oonblue BenuUnH, npmeedeHHbix B FTOCT 464-68.

4.2. B cnyyae, Korga ofiHO 3a3eMrieHne UCMonb3yeTcs Ans paspsgHUKOB HECKOMNbKMX abOHEHTOB,
COMPOTMBIIEHNE 3TOrO 3a3eMIIEHNS B 3aBUCHMOCTM OT YKCa NPOBOAOB TaKKe He AOIMKHO MpeBbIIaTh
BENWYMH, ykasaHHbix B TOCT 464-68.

4.3. Ons 3awutbl abOHEHTOB PagUOTPAHCIIALMOHHBIX MUHWIA pa3psgHMKM YCTaHaBMMBaKOT B CriegyoLLmx
nyHkTax (cm. «lpaBuna cTpouTeNbCTBA Y PEMOHTA BO3AYLUHBIX MUHWA CBSA3WN U PaaMOTPaHCISLMOHHBIX
ceten», u. IV ):

- Ha onopax aboHEHTCKON NUHMK Yepes kaxaple ABa nponeta (80 , 120 m);

- Ha onopax, MEILLMX OTBOAbI B MOMELLEeHMsI C GONbLUMM CKOMSIEHNEM ftofen (LLKOSbl, ACnN, 6ONbHULLbI,
KryObl, CENMbCOBETHI M AP.), @ Takke B MOMELLIEHMS JKUBOTHOBOAYECKMX hepM;

- Ha Gniwkanwen k abOHEHTCKONM yCTaHOBKE OMope, ecnv AnvHa oTBoAda npeBbiaeT oguH nponet (50 m).

ConpoTurBneHve 3a3eMneHns pa3psiAHUKOB AOMKHO ObiTb He Gonblue BennyunHbl, ykasaHHon B FTOCT
464-68.



4.4, 3azemneHvie y abOHEHTOB NIMHWIA CBS3N N aDOHEHTOB PagnOTPaHCIALMOHHBIX CETEN MOXET ObITb
BbIMOSTHEHO C MOMOLLIbIO CTarbHOrO OLMHKOBAHHOIO MPOBOAA, YIOXEHHOro B 3emnto (puc. 4.1), unu Tpyo6.
JonyckaeTcs Takke UCNonb30BaHME A5 3a3eMITEHUA pa3psgHUKOB, YCTAHOBMEHHbIX Y aDOHEHTOB,
BOZONPOBOAHOM ceTu (puc. 4.2).
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Puc. 4.2. YcTtponcTteo 3a3emneHmns y aboHeHTckoro nyHkta CTC

4.5. Bbibop TUNa 3a3emMnuTens Ans yCTPONCTBa 3a3eMIeHnsl Y abBOHEHTOB 3aBUCUT OT MECTHbIX YCMOBUNA.
B ropogax yknagka npoTsKEHHOrO 3a3eMIUTENS CBA3AHA C PbITbEM KaHaBbl, YTO YaCTO COMPSHKEHO C
HEKOTOPbIMW TPYAHOCTSIMU. [03TOMY B FOPOACKMX YCMOBUSIX LLIenecoobpasHo 1Cronb30BaTh A
3a3eMIIeHUs CTarnbHble BEPTUKAmNbHbIE SMNEKTPOAbI - TPYObI UK YTOMKu.

pr6b| M YIronku 3akanblBatOT B FPYHT U AenaloT BbIBOA NPOBOAHUKA OT 3a3eMITNTENA TakK Xe, Kak Obino
NMOKa3aHoO BblILLe.

4.6. 3a3eMrieHne 13 cTarnbHOro NPOBOAA, YNOXKEHHOTO B 3EMJIO, (CrieayeT NPUMEHSITL TaM, rae MMeeTcst
BO3MOXHOCTb PbITb KaHaBy, T.e. Ha Bcen cetn CTC 1 pagnoTpaHCnsaUMOHHON abOHEHTCKON ce TW.

4.7. MNMpwn ncnomnb3oBaHWmM 118 3a3eMIIeHNst HA aDOHEHTCKUX MyHKTax BO4OMNPOBOAHON CETU NOABOOALLMN
NPOBOAHMK MPUCOEOUHSIIOT K BOAONPOBOAHOM Tpybe B COOTBETCTBUM C pyc. 4.1. [Ind co3gaHunsi XopoLuero
KOHTakTa Tpy0y, XOMYTVK U CBMHLOBbIE MPOKManKku NpeaBapuTENibHO 3a4MLLAIT 40 METAIMYECKOro
Onecka.



Bop,omep [OIKeH ObITb 3allyHTMpOBaH ﬂepeMbI‘-IKOIZ, BKITHOYEHHOM Mexnay OByMA KOHTakTHbIMU
XOMYTUKaMH, YCTaHOBJTIEHHbIMU MO obe ero CTOPOHHbI.

5. YCTPOWCTBO 3A3EMITEHUWM ONA TENEMPA®HBLIX Y TENE®OHHbBIX CTAHLMIA,
YCUITUTESbHbBIX MYHKTOB 1 PAONOTPAHCIAUMOHHBLIX Y3M10B BE3 NPUMEHEHUA
KOKCOBOW 3ACBbIMNKN 3NTEKTPOOB

5.1. Ha kaxxgow TenerpadHon, TenetOoHHON CTaHUUM U YyCUNUTENbHbIX MYHKTax ¢ COBCTBEHHbIMU
NCTOYHUKaMM NUTaHWS yCcTpanBatoT Tpy 060COoBNEHHbIX 3a3eMneHus: paboyee 1 ABa N3MepPUTENbHbIX.
Mpn HopMarbHOM 3KcnnyaTaumMm BCe TpU 3a3eMIIeHNst COEANHAIOT napannenbHO ApYr ¢ APYroMm.
CTaHumMn 1 NoACTaHUMU PaguoTPaHCNALMOHHbIX Y310B 060pyaAytoTCA OAHUM 3aLLUTHBIM 3a3eMIIEHNEM.

5.2. ObLee conpoTuBIeHNe NapannenbHO COeANHEHHBLIX 3a3eMIEHMIN JOIMKHO YAOBNETBOPSATL HOPMaM,
npueeneHHbIM B TOCT 464-68.

[ns cTaHuuin U NOACTaHLMIA PaAMOTPAHCIIALMOHHBIX Y3MOB CONPOTUBREHNE 3a3eMIEHNI AOMKHO BbiThb
He 6ornee 10 oM. BenuunHbl CONPOTUBIEHWI OTAEMbHBLIX 3a3EMIMEHWI He J0MKHbI OTNMYaTLCS ApYr OT
Apyra 6onee Yem B ABa pasa.

5.3. PaccTosiHne MeXxay otaesibHbIMU 3a3eMIIeHNAMU, a TaKkke Mexay nogsoadlmMmmy nposogamum ot
3a3eMnarLwmnx yCTpOI;ICTB, HaxoaAaAWwnMNUCA B rpyHTe, OOJIKHO ObITb He MeHee 20 m.

5.4. Ins 3a3emneHuns TenerpadHbIX U TeNeOHHbIX CTaHUUIA, YCUNUTENBHbIX MYHKTOB U
pagnoTpaHCNALNOHHBIX Y30B UCMOMb3YHT NPENMYLLECTBEHHO BepTUKanbHble 3asemnuTenu. B
HEKOTOPbIX Cry4asix 4onyckaeTcsl NPUMEHEHNE NUCTOBBIX 3a3eMUTENEN.

5.5. Kaxxgoe 3a3emMneHve 13 BepTuKarbHbIX 3a3eMnuTenen A0MKHO COOTBETCTBOBATL YKka3aHWaM pass,.
3. Me>|</:|.y cobori 3MEKTPOAibI OIHONO M TOTO XKe 3a3eMnenms nocrne 3a0VBKU VX B IPYHT COEAUHSIIOT
cTarnbHOW NOMOCoii CeyeHeM He MeHblue 40 4 MM°, KOTOPYIO NPV MOMOLLM HaKMNaAoK NPUBApPUBAIOT K
Tpyb6am (puc. 5.1). CoeamHUTENbHYIO NOMNOCY YKNaabiBaloT B TpaHLwweto my6buHon 0,1 | 1,2 m.

5.6. BbiBog OT 3a3emneHns B 3gaHne CTaHuum AenatoT XryTOM U3 CTarnbHbIX NPOBOSIOK UMW CTanbHbIM
KaHaTMKOM, M30SIMPOBaHHbLIM OT 3eMIu acdanbTOBbIM UMK KakMM-nNnbo Apyrum U3onupyroLwmnm u
BOAOCTOMKMM fakoM. B kayecTBe noaBogdALero nposoga MoXeT ObITb MCMOMb30BaHa Takke LUWHA,
npvBapuBaemas K Tpybam.

Honyckaetcs npumeHeHue kabenen B nnactMaccoBon 0b6omnouyke.

5.7. K coegnHuTenbHOM Nonoce NoABOASALLINIA KAHATUK UITU XKIYT U3 NPOBOAOB MOXET OblTb NPUCOeVHEH
O[HMM 13 CneayrLLmX cnocobosB:

1. Ha ryT unu kaHaTuk HageBaroT CTanbHON HAKOHEYHWK, KOTOPbI CKUMAKOT ABYMsl XOMyTamu. MecTto
COeAVHEHMNS KaHaTMKa UMM XryTa ¢ HAKOHEYHUKOM MponavBatoT; HAKOHEYHUK NMPUKPENMSOT K
COEeANHUTENBbHOWN NONoce XOMYTOM U NpUBapuBatoT K Hel (puc. 5.2).
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Puc. 5.1. CoegnHeHne cTanbHOM NONoCcon Tpyb4yaThIx 3a3emnuTener nocne 3abuBku NX B TPYHT

MecTo naiky HakoOHeYHKKa, a Takke NOoABOASALLEro KaHaTUKa UMW XXryTa ABaxabl NMOKpbIBaOT
acanbToBbLIM NTAaKOM Ha BCEM MPOTSHKEHUM NPOKNaaKM B 3eMrie.

2. HenocpeactBeHHO cBapKoWn.

3. bepyT cTanbHyto nonocy anuHon 1 M n cedeHmem 30 * 10 MM, OOWH KOHEL, KOTOPOK 3anyXunBatoT Ha
pacctosHum 90 Mm. 3aTeM 13 roTaBNMBaOT YASNIMHEHHbIN arntOMUHUEBbBIN HAKOHEYHWK noa kabenb
HeobX0AMMOro ceveHust. 3any)XeHHble NOofoCy N HAKOHEYHWK CTArMBaroT Tpems 6onTaMm 1 MecTo CTbika



nponamBaroT. Ha mecte moHTaxa KOHTYpa 3a3eMiieHuna CtaribHyr norioCcy npmBapmBatroT K

COeOMHUTENBHOW MOoCce JAHHOIO KOHTYPa, @ B HAKOHEYHUK BCTaBMSAOT XWMbl kKabensi U CnpeccoBbIBaOT
npecc-knewamm B 5 - 6 mectax.

1o OKOHYaHUU CTLIKOBKM MECTO CTbIKa CTarlbHOW NOMOChl U HAKOHEYHUKa NOMELLAIOT B YYrYHHYO MydTy
MY-70 n 3anuBatoT rygpoHOM.

lMocnenoBaTenbHOCTb BbIMONTHEHMS CThIKa CTarbHOWM MOMOCkl C HAKOHEYHMKOM 1 HeobXoauMbIe pa3Mepbl
npuBeneHbl Ha puc. 5.3.
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Puc. 5.2. MNpucoeanHeHne nogBoasLLEro KaHaTrKa UK Xryta u3 npoBOJSIOK K COEANHUTENBHOW nonoce
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Puc. 5.3. YCTpONCTBO CTbika CTarbHOWM MOMOChI U HAKOHEYHMKA

5.8. M3onunpoBaHHbI OT 3eMInu KaHaTUK UMK XKIYT U3 CTarbHbIX NPOBOSIOK NPW NPOKMaaKke BBEPX Mo CTEHe
3[aHUS 3alUMLLAETCs OT MeXaHUYeCKNX NMOBPEXOEHU Ha BbicoTe A0 2,5 MHaa NOBEPXHOCTLI0 3EMIIN.
[ns 3aWmTbl UCNONb3YOT YINOBOE Keneso, KOTopoe AOMKHO BbiTh OMyLLEHO B 3eMI0 Ha rMyouHy He
meHee 0,5 m.

5.9. M3onupoBaHHble OT 3eMnu NoABoAsLLME NPOBOAHUKM BBOOAT B 34aHME Yepes3 OTBEPCTUE B CTEHE.
Mpn 3TOM NPOBOAHMKN HE OOMKHbI KAcaTbCA METANNMUYECKMX YacTen 30aHniA U Npu Npoknagke Yepes
CTEHbI 34aHMI OOMKHbI ObIThb 3aLUMLLEHbI LUMTAHIOM M3 M30MNMpYytoLero Matepuana (pesvHoBas Tpyoka,
360HMTOBas 1 T.M.). BHYTpK 30aHMs OHM JOMKHBI ObITb TakKe M30NMpPOoBaHbl. K cTeHe NpoBOAHMKM KpenaT
yepes kaxable 30 cm.

5.10. MNpoBoaa oT OTAeNbHbIX 3a3eMIISIOLLMX YCTPOWCTB, 3aBeAeHHbIe B 34aH1e CTaHUMKU Unn
YCUINUTENBbHOMO MYHKTa ¢ COBCTBEHHBIMM UCTOYHVKAMW NUTAHNUSA, MPUCOEAMNHSOT K TPEM YCTaHOBMEHHbIM
Ha OZHOM LLMTKE OOHOMOSOCHBIM PYOUIbHIKAM C 3aKOPOYEHHBIMY Ha CTaHLIMOHHOW CTOPOHE KIieMMaMu.

OT WwunTKa 3a3eMneHnn «3eMro» NoABOAAT K TOUKaM 3a3eMITEHUS YCTaHOBOK CBSI3U, CUITOBOMY
obopynoBaHuUo Ans NPUCOEAMHEHMS K HETOKOBEOYLLUM YacTsM, K 3KpaHaM, paspsgHukam u T.M. (CM.
«PekomeHgaumm no Bonpocam 060pyaoBaHMs 3a3eMIieHnin n 3asemnstoLlmx nposogok JTALL n HYT»).

5.11. lMpwn pasmeLleHnn TenedoHHbIX 1 TenerpadHbIX CTaHLUMI B BbICOTHbIX 34aHUSX C MaCCUBHbLIM
cTanbHbIM KapKacoM, MPUCOEANHEHHBIM K 3a3eMreHmnio ¢ ManbiM conpoTtuenenvem (0,25 | 0,3 om), He
TpebyeTcs 0CcoObIX 3a3eMIeHnI A4St YCTAaHOBOK CBSA3M, Tak Kak BCe 3a3eMisieMble TOYKU CTaHLUui
NPUCOEOMHSIOT K 3a3eMIEHMIO KapKaca 30aHus.



B Tom Cny4ae, Kkorga MeTanIm4eckmmn KapKacC BbICOTHOIo 3aHvda npeacrtaBendeT cobol ofgHo uenoe ¢
TOYKM 3peHnA SﬂeKTpMHeCKOVI NnpoBOANMOCTU, OH MOXET ObITb UCMOMb30BaH B Ka4eCTBe NOLBOASLLENO
nposoAda OT 3a3eMNALEro KOHTypa.

5.12. Pa3smelLieHre 3a3eMAsoLWmnX YCTPOUCTB OKOSMO YCUIUTENbHbIX MYHKTOB, MMTaeMbIX AUCTAHLUUOHHO,
cM. B «PekomeHaaumsx no Bornpocam obopyaoBaHus 3a3eMieHnin 1 3a3emnstowmx npooaok B JTALL H
HY».

6. YCTPOMCTBO PABOUYMX SASEMITEHU N3 ANEKTPOAOB B KOKCOBOW METOYM U
APMWPOBAHHbBLIX 3ABOACKUX SNEKTPOOOB

6.1. MNpu ycTponcTee pabounx 3azemneHunin HYT1, AMCTaHLUMOHHO NUTaeMbIX MO CUCTEME «MPOBOS -
3eMNA», aHOAHbIX 3a3EMITEHMIN YCTaHOBOK KaTOAHOW 3aLUTbl OT KOPPO3UU NINHENHO-KabenbHbIX
COOPY>XEHUI CBA3M, a Takke ApYrMx 3a3eMreHnn, HaxogsLwmxcs B npouecce akcnnyatauum nog
NOMNOXUTENBbHbLIM MNOTEHLMANOM OTHOCUTENBHO 3eMIK, T.€. NOABEPralLLMXCs B NpoLecce aKennyaTaumm
pacTBOPEHUIO BCNEACTBME 3MEKTPOnn3a, Mexay arnekTpogamu 1 3emren LenecoodpasHo yknaabiBaTb
CIOW KOKCOBOW MeroYu.

6.2. MNMpumeHeHne cTanbHbIX MEKTPOLOB B KOKCOBOW 3achInke, a Takke apMUPOBaHHbIX 3MeKTPOAO0B TUMna
3KA-140 3aBOCKOro M3roTOBMEHUSA UCKITIOYaeT HEOOXOANUMOCTb UCMONb30BaHUA OJ1S1 CHUKEHUS
BEMMYMHbI CONPOTUBIIEHNST 3a3EMITEHUSI COMNKU, KOTopas paspyLuatoLle AeACTBYET Ha CTarbHble
3NeKkTpoabl.

6.3. LlenecoobpasHoCcTb UCMOnb30BaHMsS KOKCOBOW 3achIMNKM UMM apMUPOBaHHbLIX 3aBOACKUX 3r1eKTpoaoB
onpeaensieTcsl KOHKPETHLIMU YCITOBUSIMU YCTPOWCTBA 3a3EMIEHUI B KaXJOM OTAENbHOM Cry4yae, UCXOAst
N3 BENUYMHBI YAEMBbHOIO 3N1EKTPUYECKOro CONpPOTUBIIEHUS TPYHTA, TPEOyEeMOW BENNYMHBI CONPOTUBIEHNS]
3a3eMrieHns, HeobxoaMMOoro cpoka criy>bbl 3a3emMneHns 6e3 3ameHbl ANEeKTPOAOB HA OCHOBE TEXHUKO-
SKOHOMUYECKNX paCHeTOB.

6.4. YCTPOWCTBO 3a3eMIIEHNI C UCMONb30BaHNEM KOKCOBOW MEMNOYM BbINOTHAETCS MO pacyeTam u
yepTexam NPOEKTHOW OpraHn3aummn.

6.5. 3eMnsaHble paboTbl NO YCTPOWCTBY 3a3€MIIEHUI B KOKCOBOM MENOYM MOryT BbITb BbINOSIHEHBI PYYHbIM
NN MEXaHWU3NPOBaHHbIM CNOCOBOM. [N pbiTha TpaHLLEen NpegyCMoTpeHbl TPaHLLENHbIe 3KCKaBaTopbl
Tuna 3TU-161 n poTopHble akckaBaTopbl TUNa ATP-132, 3TP-141 n 3P-6.

[na BypeHusa BepTUKarnbHbIX CKBaXXWUH MOTYT ObITb MCNONb30BaHbl OypoBble ycTaHOBKM Tuna BI'M-2 Ha
aBTomawmHe 3UJ1-157, BKMA-1/35 Ha 3WJ1-164, BMA-157 Ha 3W1-157, BMY-2 Ha TA3-63J1, a Takke

paspaboTtaHHas K& LUHNNC mawmHa Tuna SHCKS-2, nmetowas cneyunanbHble npucnocobnennsa ans

3abMBKM 3NEKTPOLOB.

6.6. MoHTaX 1 ycTaHOBKa 3a3eMnuTenen BbiNMOMHATCSA B COOTBETCTBMM CO CTPOUTENbHBIMU HOPMaMK 1
npasunamm no yctponctay 3asemnenuii (CHull 1lI-E1-62) npyu cTporom cobntogeHmmn npaBun TEXHUKN
©e30MacHOCTU 1 NPOTMBOMOXAPHON OXPaHbI.

6.7. YCTPONCTBO OAMHOYHOIrO BEPTUKAIIbHOrO 3a3emnutens (cM. puc. 2.17) npoM3BoauTcs B cnegyroLem
nopsiake.

B KoOHLIe TpaHLewn, NOArOTOBNEHHOM ANS COEANHUTENBHOrO kKabens, WuHbl UNu NPoBOoAa, Ha rmyobnHe
0,7 M MeXaHN3MPOBaHHbLIM UM PYyYHbIM CMNOCO6OM BypUTCSa CKBaXknHa rnybuHon 2,5 M n gnameTpom
0,25 m. Ha gHO CKBaXXMHbl HACbIMAETCsi CrOM KOKCOBOW Merioym BbiCOToM 15 cm. B ckBaxuHy, No LEeHTpy,
ONyCKaeTCs AMNeKTPOA 1 3acbinaeTcsi KOKCOBOW MeNoyblo, KoTopasi 3aTeM yTpamboBbiBaeTCs Yyepes
kaxkable 30 cm. K BepxHEMY KOHLIY anekTpoaa npuBapuBaeTcsi COEANHUTENbHbIN kKabenb nunmn npoeog,.
MecTo nogknoyeHus kaberns K anekTpoay TLaTenbHO N30NMPYeTCsa N30NALMOHHONM Maccon (4epT. M-
618.01.20 - «'MnpocBsa3b»).

BbicTynaroLLas U3 CKBaXXMHbl BEPXHSISt YacTb SMEKTPOAA 3acbiNaeTcsl KOKCOBOW MENOYbI0 C TakuM
pacyeToM, YTOObI BbICOTbI 3acbInku Gbina He MeHee 10 cm. HesanonHeHHasi YacTb CKBaXKUHbI
3acbinaeTcs 3emren n ytpamboBbiBaeTcs.

6.8. YCTpPOWNCTBO ropu3oHTanbHOro anekTpoga (cMm. puc. 2.18) npom3soguTcs B crieqyroLemM nopsiake.

MexaHn3npoBaHHbIM UK PyYHbIM cnocobom poeTtcs TpaHwes wupuHon 0,25 m n my6uHon 1,2 v go
MecTa COeAVHEHNs C NOABOAALLMM Kabenem nnu npoeogoMm. (dnvHa TpaHwewn onpegenseTca AJIMHON
rOPM30OHTaNbHO YCTAHABIMBAEMOro 3N1ekTpoaa). Ha gHO TpaHLlen HackinaeTcs Crov KOKCOBOW MENoYmn
BbicoTOM 15 cm 1 yTpamboBbiBaeTcs. M0 LeHTPy TpaHLIen yknaabiBaeTcst MeTanMyecKknin anexkTpos
(monoca), K KOHLy KOTOPOro C MOMOLLbHO CBAPKM MOAKMOYAETCS COEAUHUTENbHbIN Kabenb nnmn nposog.
MecTo nogkntoYeHnsa COeAMHUTENBHOIO Kabens K anekTpoay TLaTeNbHO U30nmpyeTcs N30NSLMOHHON
Maccom.

YNOXEHHBIN B TPaHLLEK 3MeKTpos (nonoca) 3acbinaeTcsi KOKCOBOW MenoYbto BbicoTon 10 cm, koTopas
3aTeM yTpaM0boBbIBaeTCA. HesanonHeHHas KOKCOBOW MENOYbi0 TpaHLLes 3ackinaeTcs 3eMIen 1 Takke
yTpamboBLIBaeTCS.



6.9. YCTpOoWCTBO MHOrO3NEKTPOAHbIX 3a3eMreHnii (cM. puc. 2.19) NpomM3BoaUTCA B CrieaytoLleM Nopsiake.

MexaHn3npoBaHHbIM UK PyYHbIM CMOCOBOM MO NEPUMETPY KOHTYpa 3a3eMIIeHUs POeTCs TpaHLLes
rny6uHon 0,7 M n wnpuHoi 0,23 M. B MecTax yCTaHOBKM BEPTMKamNbHbIX 3NIEKTPOAOB B TpaHLlee OypaTcs
CKBaXXVHbI rnyouHon 2,5 M n gnametpom 0,25 M. B CKBaXKMHbI 3acbinaeTcs Crion KOKCOBOW Menoyun
BbICOTOM 15 cM, KOTOPbIN 3aTeM yTpaMboBbIBaeTCA. B noarotoBneHHble CKBaXXMHbI MO LEHTPY
OMyCKaloTCs BepTUKanbHbIe 3MeKTPOoAbl. YCTaHOBUB NocrefHue Tak, YTobbl X BEpXHUE KOHLbI
BbICTYNanu B TpaHLuee Ha 15 cM, B CKBaXMHY 3acbINatoT KOKCOBYIO MENoYb, KOTOPYHO 3aTem
yTpamboBkIBalOT Yepes kaxable 30 cm.

o YKNnaaku COEANHUTENbHOWM NOOChI B TpaHLUe 3acbiNaeTca KOKCoBada Meriodb Crioem 15 cvm
yTpaMGOBbIBaeTCﬂ. I'Ioaepx KOKCOBOW Mero4un YKnagbiBaeTCca coeaunHuUTeErNbHaa CTaribHasa norioca,
KOTOpasd nyTem CcBapkn COeqUHAETCA C BEPTUKalribHbIMU 3N1€EKTPOO4aMN. KOHTyp 3as3eMIieHua npu nomMoLLmn
CBapku noakr4vaeTca K coeANHUTENTbHOMY kabento. MNMogkntoyeHne 3a3emneHmus pekomeHayeTca
BbIMNOJTHATE B Me€CTe COeQUHEHNA BEPTUKAIIbHOro anexkrTpoaa C coefuHuTenNbHOM nonocon. Mecta
NOAKMOYEHNS COeANHUTENBHOM NOMOCh! K BEPTUKaribHbIM 3r1eKTpoaamMm N COegUHUTENTbHOIoO kabens k
KOHTYPY 3a3eMIieHnA TaTesribHO N30JTNPYHTCA N30MSALMOHHOW MacCoWn.

Mocne nogkmnoYeHns COeaANHUTENBHOrO Kabens K KOHTYpY 3a3eMieHUs U M30MSLMU MECT NOOKIIOYEHNS
B TpPaHLLE J0ChINaeTcs Croi KOKCOBOW Mernoyn Bbicoton 10 cm 1 yTpamboBbiBaeTcs. OcTaBLuasics
He3acblNaHHasi YacTb TPaHLLEeWN Takke 3ackinaeTcs n TpambyeTcs.

6.10. YCTPOMCTBO MHOrO3aneKkTpoaHbIX 3a3eMieHnin U3 BepTUKarbHO yCTaHaBnMBaeMblX apMUPOBAHHbIX
3NEKTPOAOB 3aBOACKOro U3rotosrieHns (cm. puc. 2.20) npon3BogmnTCcs B criegytoLem nopsiake.

Mo nepyMeTpy KOHTypa 3a3eMIeHNsA MEXaHN3NPOBAHHbIM UIN PYYHbIM CMOCOO0OM pPOeTCst TpaHLUes
rny6uHon 0,7 m n wnpuHon 0,25 m. B TpaHLlee B MecTax YCTaHOBKM BEPTUKAIbHbIX 3NEKTPOA0B Ha
rnyouHy 2,3 M BypaTcsa CkBaxuHbl AuameTpoM 0,25 M. B CKBaXmHbI ONyCKaloTCs SneKTpoabl.
O6pa3soBaBLUMECS 3a30pbl MEXAY 3NEKTPOAOM U CKB&XKMHOMW 3acbiNatoTCa rPyHTOM 1 TpambytoTcs.

[Mocne ycTaHOBKM 3MEeKTPOAOB B TPAHLUE K KaXK40MY M3 HUX MNPy MOMOLLW CBapPKM NOAKH0YaTCS
N30MPOBaHHbIE MeAHbIE MPOBOAHUKM, OOLLEee cedeHme KOTOPbIX AOMKHO ObITb HE MeHee 16 MM 1
KOTOpblE COEeaMHATCA Mexay coboin nankon. Y3nbl COeANHEHNS NPOBOLOB HEO6X0AMMO TLLATENBHO
n3onuposaTb crioeMm Gutyma, 3aTem SIMMKON NOIMBUHUIXNIOPUOHOW NEHTONM B Ba Cosi U CHOBaA
outymom. CoeanHnTENbHbIN Kabernb NOAKMYaeTCa K y3ny CoOeaMHEeHUs KOHTypa 3a3emrieHus. MecTo ero
NoAKMOYEHMS TLWaTeNbHO N30nMpyeTca GUTyMOM 1 ABYMST CAIOAMW FIUMKON NOSIMBUHUIXITOPUOHOWN
neHThl. [locne NnogknYeHnsa coeauHNTENbHbIX NPOBOAOB N Kabensa CKBaXKUHbI M TPaHLLEs 3acbinatoTcs
3emMnen n ytpamooBbIBaKOTCS.

6.11. o okoH4YaHMK paboT NO YCTPONCTBY KOHTYpa 3a3eMIIEHUSA N3MEPSIETCS €ro CONpPOTUBIIEHME.
VMamepeHHas BenuyMHa He JOIMKHA NPeBbILLaTh PAcCYETHYI0 C y4eTOM KO3hPULIMEHTA MPOMEP3aHNS.

7. YCTPOVCTBO 3A3EMITEHU B PAVOHAX BEYHOW MEP3J10ThbI

7.1. B pailoHax BE4YHOWN Mep3noTbl HA CONPOTUBIIEHME 3a3EMITEHUIN BNUAIOT crnieaytoLmne akTopbl,
OEeNCTBYHOLLNE Ha TeMMepaTypPHbIA PEXMM FPYHTa:

1. PactntenbHOCTb, B OCODEHHOCTN MOX, KOTOPbI MELLaeT NPOXOXOEHUIO Tenna B rnyOb NOYBbI JIETOM U
He NpensiTCTBYET NPOHUKHOBEHMIO HU3KMX TeMMepaTyp 3UMOI. Ha MeCTHOCTU, MOKPLITOM
pPacTUTENbHOCTbIO, FPaHNLIa BEYHOM Mep3roThl 6rM3ka k MOBEPXHOCTM 3EMIN.

2. CHeroBon NokpoB, KOTOPbIA MMEET TaKOEe XKe TEMMOoM30MNMpytoLLee 3Ha4YeHne A11si NoYBbI Npu
npomep3aHuun, Kak Crov necka B ABa-Tpu pasa 0onbLuel TOMNLWMHbI, MOCKOMNbKY TENSONPOBOAHOCTL CHEra
HUYTOXHa. BbicoTa CHEroBoro nokpoea B OOSbLUEN CTENEHN onpeaenseT TemMnepaTypy NoYBbl, YeM
cpenHss rogoBas Temrepartypa Bo3gyxa.

Ecnu nnowagka Hag 3a3eMnuTenieMm nuuleHa cHera, To COnpoTUBIIEHNE 3a3eMITEHNIA 3UMON
yBEINMYMBaAETCS MO CPaBHEHMIO C NeTHUM B 15 - 25 pa3. CBoeBpeMeHHOe HaHeCeHe cHera TONLUHON
30 cm NO3BOMNSET CBECTM 3TO yBENMYeHme A0 5 pas, a npu croe cHera TonwmHon 60 cm ykazaHHoe
COMpOTUBMEHNE YBENNYMBAETCSH 3MMOM B TPK pasa. Takoro xe adpdekrta MOXHO AOCTUTHYTb, NMPUMEHSS
HaCTWIbl U3 TENMOM30NUPYOLLEro Matepuana (HanpMMmep, OPEeBECHbIX ONUIOK, LWraka 1 T.4.).

3. Bogoewmel, senswwmecs pesepByapamMu Tenna v CUIIbHO U3MEHSIOLLME TEPMUYECKNIA PEXNM FPYHTOB.
ConpoTrBneHve 3a3eMreHnsi, CTPOEHHOTO B iHE HE3aMep3aroLLero BoOA0OEMa, MMEET HauMeHbLLnE
kornebaHwus - yBenm4MBaeTcs 3umon npumepHo B 1,5 | 2 pasa.

4. 3aaHus, oKasbiBalLLMEe SKpaHUpYyoLLee OENCTBUE U U3MEHSIOLLME TEMMNEPATYPHbIN PEXUM 3EMIN,
npunerawLen K 30aHnio ¢ cesepa U ¢ tora. C ceBepHON CTOPOHbI rpaHuLa Mep3rnoThl NOgHUMAETCS, a C
FO>KHOW - OMYCKaEeTCs MO CPaBHEHUIO C OObIYHLIM YPOBHEM BEYHOW MEP3IOThI B AAHHOM PalrioHe.

5. BnaxHOCTb U KOHLIEHTpALUSA NOHOB COSEN.
6. YaenbHOe ConpoTMBIIEHME OCHOBBI IPYHTA.



7.2. Mepanble rpyHTbl 06NnaaatoT BbICOKMM yaenbHbIM CONpoTUBNEHneM. BepxHue cnou 3emnu B
panoHax Be4YHOW Mep3roThbl B NETHNE MeCsLbl OTTanBaroT Ha rmybuHy ot 1 o 3 M. B t1abn. 7.1 n 7.2
NnpvBeaAEHbl OPUEHTUPOBOYHbIE 3HAYEHUS YAENbHBLIX CONPOTUBIIEHUIA FPYHTOB B panoHax BEYHOW
Mep3roThl NpK pasnuyHon temnepatype n BraxHoctn 10 , 40%.

Tabnuua 7.1
3HayeHns yaernbHOro CONPOTUBMAEHNS TPYHTA T, OM X M
pyHT = .
Py B Tanom coctosHum | © MEP3MOM CO(?]T:?HMM npu t nput=-5°C
Mecok 500 2000 5000
CyrrnvHok 500 600 1500
MuHa 50 200 500
Tabnuua 7.2
3HauyeHns yaernbHOro CoONpPOTMBMEHNS TPyHTa I
FpyHT YA e 5\)/1 py
[IHO Henpomep3aloLLnx o3ep 50
PeyHas Boaa 400 , 1000
Mopckoe gHo 300
Mopckas Boga 1,100

7.3. YaenbsHoe conpoTMBIIEHNE rPYHTOB B paioHax BEYHON MeP3MoThl MpU OTTasBLLUEM AEeATENbHOM Croe
n3mepsAT 06bl4HBIMKU MeToaamu (CM. pasg. 8), a npy Mep3rnom OeATerNbHOM Coe - C UCNOfb30BaHNEM B
KayecTBe BCMOMOraTerbHbIX arekTpoaoB 06caaHbIxX Tpyb reonornyecknx CkBaxkunH nnm obpabartsiBasi
BCMoOMoOraTerbHble 3NeKTpOoAbl PaCTBOPOM NOBAPEHHOWN COSW.

7.4. B panoHax Be4HOW Mep3noTbl MOMYYUNN pacnpocTpaHeHne BbIHOCHbIE U FIYOMHHbIE (CKBaXXMHHbIE)
BUAObl 3a3eMMNEHNNA.

7.5. Mnowagkn anst KOHTypa 3a3emMreHus cregyeT BoionpaTh B 3aLUULLEHHbLIX OT BeTpa MecTax.

7.6. MNpwn ycTponcTee 3a3eMrieHnsi OKOMO 34aHnst KOHTYP 3a3eMrleHnst creayeT pacnonaratb C KXXHOW ero
CTOPOHbI.

7.7. B 3uMHee BpeMsi NPUHMMAKOTCSA Mepbl MO YTENNEHNIO MOBEPXHOCTU 3EMI B MECTE PaCTONOXeHNs
3azemnutenen. OQHoOM U3 TakUX Mep SIBMSIETCA 3achinka NroLwankM Haf KOHTYPOM 3a3eMrieHust
TEeNnonsonmpyLLMMM MaTepranammn (Hanpumep, APeBECHbLIMU ONUITKaMu, LIakoMm U Ap.) Crnoem
TonwmHon o 0,5 m. 3ackinka NpoM3BOANTCS B KOHLLE OCEHM A0 HACTYMNSIeHNA MOpPO30B. BecHom HacTun
0b6s13aTenbHO CHUMaeTcst 40 oceHn. CHEXHbIl NMOKPOB MOBEPX HACTUNa ABNSETCS 4OMNONMHUTENbHBIM
TennounsonupyLLMM cpeacTBoM. [Ans 3aaep:kaHnsi CHera BOKpYr NrowankM pekoMeHayeTcsl yCTaHOBUTb
LLNTBI.

7.8. BbIHOCHbIE 3a3eMIIEHMS YCTPaMBatoTCS:

- B PYAHbIX XUrax, pacrnofioXKeHHbIX B HEMOCPEeACTBEHHON 61IM30CTM OT 06beKTa U MMEOLLIMX
3HaYMTENbHO MEHbLUEE YaerbHOe COMNPOTUBIIEHNE, YEM TPYHT B MECTE COOPYKEHWS 0ObEKTa;

- B BOgoeMax, npyaax, o3epax, pekax, Mope v T.4.;
- B TanbIX rPyHTax - Tanukax.

7.9. lMpu yCTpONCTBE 3a3eMIIEHMIN B HEMPOMEP3aLLMX 40 KOHLIA BOAOEMAaX U apTE3NAHCKNX CKBaXKUHAX
CTEepXXHEBbIE 3a3eMnMTENN pacnonararTcs B rpyHTe AHa. [lonyckatoTcs Takke 3a3eMIieHnst B Buge
MeTanINYecknx peLIeToK N rpebeHoK, onycKaeMbIX Ha OHO pekK, 03ep Unu Kakux-nnbo gpyrmx
Hernpomep3atLLnX BO4OEMOB. [Mpy 3TOM KONMYECTBO 3a3eMnuTenen, TpedytoLeecsa AN nonyyeHms
HeOOXOAMMOWM BEMMYMHBI COMPOTMBIEHNS, YTOYHAETCS B NPOLIECCE BbINOMHEHUSA paboThbl MO YCTPONCTBY
3a3eMneHus.

YpensHoe ConpoTUBIIEHNE TPYHTa Ha OHE 03ep, PacMONOXeHHbIX BOMM3N MPOMbILLITEHHBIX PaiOHOB,
coctaenseT 40 , 60 om x M, @ yganeHHbIX OT NMPOMbILLMEHHbIX panoHoB - 100 | 300 om x m. 3a
pacyeTHy BENUYMHY crieqyeT NpUHMMaTh yaernbHOe CONPOTUBMEHNE AHA, YBENNYEHHOE AN NPECHON
BoAbl B cpegHem Ha 30%, a Ans MopcKow BoAbl yMeHbLUleHHoe Ha 30%.

COI'IpOTVIBJ'IeHVIe 3aseMrieHud, oGopy,qosaHHoro B AHEe BOOgOEeMa, OCTaeTCsl B TEYEHNe roga cTabunbHbIM.

Mpu OTCYTCTBUM BNIN3KO PaCNONOXKEHHbLIX ECTECTBEHHbBIX BOAOEMOB AEMaETCs CKYCCTBEHHbIA BOLOEM C
pasMepamu, onpegensieMbiMu pasmepamn KOHTypa, u rmybuHon He meHee 1,5 m (puc. 7.1).




7.10. 3azemnuTenu B Tanukax MOryT ObITb Kak BbIHOCHbLIMU, TaK U lTIy6I/IHHbIMI/I. Tanuku - 310 crowm
Tanoro rpyHTa, BCTpe‘-Ia}OLLI,I/IIZCFl B TOJILLIE BE4HOMEPIrbIX CIOEB. Tanuku MOryT BCTpe4aTbCA B BMae
FOPU3OHTAlbHbIX CIlOE€B, BEPTUKAlIIbHbIX «pr6)) N JNTNH3.

7.11. TpyMeHsist rops4YmMmn pacTBOp COMU, MOXHO MOMYYUTb UCKYCCTBEHHbIE Tanuku. [ns aToro pactesop
noa AaBrneHneM HarHeTaeTcs Ha rmyouHy 3 , 5 m. PacTBop conu cMmellaeT TemnepaTypy 3aMep3aHus.

7.12. BbIHOC 3a3eMneHns MOXeT ObiTb caenaH B pyaHoe MeCcTopoXXaeHne npoMbILLTTEHHOIo macwTaba. B
9TOM Cliy4dae 3a3eMIITeNeEM ABNAeTCA CaMa XXura unn pygHoe MectopoxaeHue, a 3abuBaemble
3a3eMJTNTENN BbIMOJTHAKT POSib 3J1EKTPUHECKOro KOHTaKTa.

Pasmep onpedensemca paimepom

Konmypa 3a3eMAenus

Puc. 7.1. YCTpONCTBO KOHTYypa 3a3eMIieHnst Ha AHe npyaa
ConpoTuBneHve 3asemMreHns B JaHHOM criyqae onpegensiercd, no dopmyrne

i
E=p—2
anl (7.2)

rae r - yaenbHoe ConpoTMBIEHME FPyHTa BEYHON MeP3roThl, OM X M;
| - OpMeHTMpoBOYHas ANUHA PYOHOW XWIbl, M; @ - LUMPUHA PYOHOW XUIbl, M.

Ecnn pyaHoe mecTtopoxaeHne nMmeeT B JNIMH3bl, TO pacy4eT CONPOTUBITIEHUA MOXET ObITb caenaH no
dopmyne

P
nl) (7.2)
roe D - npUMepHbIN AuameTp NH3bI, M.

OnekTpoabl 3abMBaTCA B LIEHTP MECTOPOXKAEHUS.

7.13. Ecnn oTTanBaroLwmii B NeTHeE BpeMSI BEPXHUI CNOW FPyHTa B paioHax BEYHON Mep3noTbl
obnagaeT BbICOKMM yAerbHbIM COMPOTUBIIEHNEM, TO ANt CHWKEHUS CONPOTUBIIEHWS pacTeKaHNo Toka
ero obpabartbiBatoT noBapeHHOM corblo (cM. n. 2.55). KonnyecTtBo conu 6epeTtca ns pacyeta 16 ke Ha
1 m cTepXHeBOro 3azemnutenst U 32 ke Ans NPoTAXKEHHOrO.

7.14. C uenbto eLle 6oNbLUEro CHWKEHNST CONPOTUBIEHNST 3a3EeMITEHUS TPYHT-3anoTHUTENb
obpabaTbiBaeTca noBapeHHon conbio. ObpaboTka NponsBoauTCs crieqyrowmum obpasom. [nsa Kkaxgoro
CTEPXXHEBOIO 3a3eMIIUTENS BbIpbIBAETCA KOTNOBaH pagumycom 1,5 | 2 M n rmybuHon 2,5 , 3 M, KOTOpbIN
3aTem 3acbinaetcsa 4o 0,8 M rnyOuHbl NPUBO3HbBIM FPYHTOM C XOPOLLEN NPOBOANMOCTBIO U MPOCTONKaMm
noBapeHHon conu TonwmnHon ao 1,0 cm vepes kaxable 20 , 25 cm, 06UNBLHO CMavBaeMbIMU BOOOMN.

7.15. 3azemneHuns ans MONHMEOTBOAOB U 3a3eMieHVs ONs 3allmThbl kabenen oT yaapoB MOSHUM
criegyeT Aenatb NPOTSHKEHHbIMW U pacnornaraTe B MOBEPXHOCTHOM CrOe 3eMIN.

7.16. XopoLune pesynbTaTtbl MOryT ObiTb MOMyYeHbl MPU NCMOMb30BaHMU B paioHax BEYHOWM Mep3noThl
rnyOGuHHBIX 3a3eMnuTenen, koTopble obopyaytoTcs cornacHo puc. 3.13. PacdeT rmyOGuHHBbIX
3azemMnuTenen npmeedeH B nn. 2.29 - 2.33, a nx npaktnyeckoe BbinosniHeHune - B nn. 3.20 - 3.23.

7.17. Tpn yCTPONCTBE 3a3eMIIEHMNI B FPYHTaX C BbICOKUM yOEeSbHbIM COMPOTUBIIEHNEM (KaMEHUCTbIE
rPYHTbI) HEO6XOAUMO MMETb B BUAY, YTO OCHOBHYIO POfib B CO34aHUN CONMPOTUBIIEHUS PACTEKAHWIO TOKa
urparoT 6nmnsnexaiime K 3a3emMnuTento crnou rpyHta. NMoatomy CHUXeHWs CONMPOTMBEHNS 3a3eMeHNs
MOXHO 40OUTbCHA NOHWXKEHNEM YAENbHOro COMPOTUBIIEHMS rPyHTa B HeBoNbLLON 06nacTy BOKpyr
3asemnutens. [1pyM 3TOM NPMMEPHO OAMHAKOBOIO pe3yfnbTaTta MOXHO AOCTUrHYTb, MPUMEHSAS 0bpaboTKy
3TOrO rPyHTa Kak BeLLecTBamMmn CO CPaBHUTENBHO BbICOKOW NPOBOAMMOCTbIO (Hanpumep, yrinem), Tak 1
BeLlecTBamu ¢ bonee HM3KOM NPOBOAMMOCTLIO (FIMHON).

7.18. ConpoTuBreHne 3a3eMnNTENS B IPYHTaX C BbICOKAM yAENbHbIM COMPOTUBIIEHNEM MOXET ObITb
CHIKEHO 06pabOoTKOM TOrO rPyHTa MOBAPEHHON COSbLY. YCTPONCTBA CTEPXKHEBOIO U MPOTSKEHHOIO
3a3eMnuUTENen B JaHHOM crny4vae rnokasaHbl Ha puc. 2.23 n 2.24. KonvdecTBo conu bepeTcsa u3 pacyeta 8
, 10 Ke Ha Kaxgbli METP CTEPXXHEBOrO 3a3eMnutens. KaHaBku Okono NpoTSXKEHHOro 3azeMnurens (Cm.



pyc. 2.24) 3anorHATCSA CMEChIO FPyHTa C MOBAPEHHOM COSbo U3 pacyeTa 16 k2 Ha kaxabln MeTp
3a3eMnuTens (no 8 ka/mM ¢ KaXxgowm CTOPOHLI 3a3eMInUTens).

O6paboTka conblo NO3BOMAET CHU3UTL CONPOTUBIEHNE 3a3eMreHnin B 3 - 4 pasa. Kaxxable gBa-Tpu roga
obpaboTka rpyHTa NoBTOpSAETCS.

7.19. B MeCTHOCTSIX, rae HaZ KaMEeHUCTbIM UMK NecyaHblM rPYHTOM MMEETCH HaHOCHbIN CIIOW C XOpoLUein
NPOBOAMMOCTbLIO, HE NPOMEP3aloLLMIA Ha BCIO TOMLLMHY B 3UMHEE BpeMs, 3a3eMnuTenu cnegyeT genatb
NPOTSKEHHLIMU N pacronaratb B HENPOMEpP3atoLLLeN YacTn 3TOro Crnosi.

7.20. Ecnv HaHOCHBIN CMON rpyHTa C XOPOLLEN NPOBOAMMOCTbIO OTCYTCTBYET UM UMEET HEBOMbLLYIO
BenuuuHy (8o 20 cm), CHKEHNEe CONPOTUBIIEHUS 3a3eMIIeHUst JocTUraeTcs cnegytowmm obpasom. [ns
Ka)KQoro CTEPXXHEBOro 3a3eMIUTeNs B rpyHTe AenaeTcst koTnosaH paamycom 1,5, 2,0 m v rmybuHon,
paBHOW AnvHe 3abruBaemoro ctepxHs nntoc 0,8 m (cM. puc. 2.21). B 9TOT KOT/IOBaH ycTaHaBnNMBaeTCs
3a3eMInTerb, NOCMe Yero KOTNoBaH 3anofHAETCA rPYHTOM C HEOOMbLUUM yAeNbHbIM CONPOTUBIIEHNEM,
KOTOpbIN 3aTeM yTpaMOOBbIBaETCS.

I'IpM yCTpOVICTBe 3a3eMIIEHNI, COCTOALLNX N3 HECKOMbKMX CTep)KHeI‘/'I, coegunHeHne nocnegHux
OCyLLleCTBNAEeTCA nocre HEenonHom 3acbInky KOTroBaHa.

B kauecTBe rpyHTa-3anofHUTENs MOXET GbiTb NPUMEHEH NGO rPyHT, UMEIOLLUIA YAenbHoe
conpoTtueneHve B 5, 10 pa3 MeHbLUE, YEM yAenbHOe CONMPOTUBIIEHVE OCHOBHOTIO rpyHTa. Hanpumep,
€CIu1 3a3eMrieHne ycTparBaeTcs B NecYaHoM U KAMEHWUCTOM (TpaHuT) rpyHTe, TO 3anoSIHUTENSMM
MOTYT ObITb rMMHA, TOpd, YEPHO3EM, CYITINHOK, LWUNaK 1 T.4.

PaccMOoTpeHHbI cnocob no3BonsieT CHU3UTL CONPOTUBIEHNE 3a3eMINeHns B cpegHeM B 2,5, 3 pasa. Ha
puc. 2.22 faHbl KPUBbIE CHXKEHUST CONPOTUBIEHUS 3a3EMINEHNSA B 3aBUCUMOCTU OT YAENbHOMO
conpoTuBieHna rpyHTa, BHOCMMOIO B BblEMKY. ﬂ,ﬂﬂ elie OOnnbLUEro CHMXeHus conpoTueneHna
3a3eMreHns rPyHT-3anonHuTeNb obpabaTbiBaeTcsl NOBapeHHOW COMbo cornacHo n. 7.14.

ConpoTuBneHne pacTekaHnio Toka B Criydae OKPYXXEeHUS 3a3eMnmTens rpyHToM C ApYrMM yaernbHbIM
CONpPOTMBMEHMEM HaxoanuTcs no g-ne (2.34).

8. 'BMEPEHWA COMPOTUBNEHMA 3A3EMIIAIOLWMX YCTPONCTB U YOENBHOIO
COMNPOTUBIEHUA 3EMITA

OBLWME SBAMEYAHWA

8.1. [1ns1 pacyeToB CONMPOTUBIEHNS 3a3EMITEHNIN HEOOXOAMMO 3HATb BESMYNHBLI YAENbHbIX
COMPOTUBIEHNI TPYHTOB TOM MECTHOCTW, B KOTOPOW NMpeanoriaraeTcsa yCTPONCTBO 3a3eMIEHNN,

Ha rnybuHe, No KpanHen mepe, B TPU pasa NpeBblllatoLLEen rMyOuHY 3aknaaki 3asemnurens. 3HayeHunst
COMPOTMBIEHWI 3a3EMIIEHNI B YCTAHOBKaX CBSI3N U PagUOTPAHCIISALUMOHHBIX Y3M0B AOMKHbI
CUCTEMATUYECKN KOHTPONMpOBaTbCsa U cooTBeTcTBOBaTh HopMaM TOCT 464-68.

[insi HenocpeaCTBEHHOTO U3MEPEHNST 3HAYEHUIA COMPOTUBIIEHUS 3a3EMITEHNIA, @ Takke YAENbHOro
COMPOTUBIEHNS TPYHTOB UCMNONb3YTCA cneumanbHble npubopsl: MC-07, MC-08, KC-1, AHY-1, 3CK-1,
AT3-1, «<Hopma» n gp. Hanbonee yoobHbIM B ynoTpebreHmmn n3 npnbopoB 0TEYECTBEHHOIO
npoussoacTea asnsaeTca «Mameputens 3azemnenms Tuna MC-08». Mpu BbICOKMX yAENbHbIX
conpoTueneHusix rpyHta (cebiwe 1000 om x M) uenecoobpasHo nonb3oBaTtbcs npudopom MKC-1.

W3MEPEHWE COMPOTWBNEHUA SASEMIEHN/ MPUBEOPOM MC-08

8.2. NamepeHune conpoTtueneHns 3asemreHmnsa npudopom MC-08 ocHoBbIBaeTCst Ha MeTo4Ee amnepmeTpa
1 BONbTMETPA C NPUMEHEHNEM BCMOMOraTeNbHbIX SMEKTPOAO0B (30HAOB), yAarneHHbIX Ha PacCTOsTHUE He
MeHee 25 M oT ncnbITyemoro 3asemnutens (puc. 8.1).

8.3. VIcTo4YHMKOM TOKa B 3TOM CXEME CIYXXWUT reHepaTop, YCTaHOBIEHHBIN B Npubope 1 NprBogUMbI BO
BpaLLleHMe OT pyKu Yyepe3 peaykTtop. KOHCTPYKTMBHO aMnepMeTp 1 BONbTMETP BbIMOMHEHb! B BuAe
MarHUTO3NEKTPUYECKOro JIoroMmeTpa.

Ha Bany reHepatopa (puc. 8.2) CMOHTMPOBaHbI ABa CUHXPOHHbBIX KOMMYyTaTopa, Mpeobpa3oBbIBaOLLMX
NMOCTOSAHHbLIN TOK B NEPEMEHHbIN AJ151 BHELLUHEN Lenn N3MepeHns n obpaTtHo - NepPeMEHHbLIN TOK B MO
CTOSIHHbIV ANS Lenen noromeTtpa. TakuMm o6pasom, B Lienu N3MepsaemMoro 3a3emnuTensi npoTekaeT
nepeMeHHbIN TOK, NCKITYaLWNA SBEHNE 3NEeKTPONN3a, a B LEensx U3MepuTensHoro npnbéopa - nocTosiH
HbI TOK, YTO MO3BOMSET NCMOMb30BaTb YyBCTBUTEMBbHYIO MAarHUTO3MIEKTPUYECKYO CUCTEMY FIOrOMeTpa.
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Puc. 8.1. Cxema nsmepeHusa conpoTUBNEHNSA 3a3eMIeHs
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Puc. 8.2. Cxema npubopa «N3meputensb 3azemnenns MC-08»

8.4. bnyxgarowime nepeMeHHble TOKN HE OKa3bIBalOT BMUSIHUSA HA TOYHOCTb M3MepeHus briarogaps
BpaLLatoLemMycst KommyTaTopy. VckrnoyeHnemM SABNSETCS Criyyan, Koraa CKOPOCTb BPALLLEHUsT PyYKH
reHepaTopa TakoBa, YTO YacToTa reHepaTopa NpMbnn3nTeNbHO paBHa YacToTe bryxaatoLero Toka.

BrivsiHme nepemeHHoro GryaatoLLero Toka ckasbiBaeTcs B Buae konebaHusi CTpenku usMeputens,
npuyemM nepuo 1 pasMax koriebaHus yBenmumBaroTcsi Mo Mepe NpubnimkeHnst 4acToThbl Toka reHepaTopa
K YacToTe GnyxaaroLLmx TOoKoB. B aToM crniyyae Ansi UCKIOYEeHWs! BIVSIHUSE OCTAaTOMHO U3MEHUTb
CKOPOCTb BpalLleHus1 reHepaTopa B Ty UIN UHYH CTOPOHY, A0GUBasACh CMIOKOMHOIO OTKITOHEHWS CTPENKM
nsmepuTens.

8.5. NMocTosiHHbBIN BrygatoLLmi TOK NpeobpasyeTcs KOMMYTaTOPOM B MEPEMEHHBIN, HE BANSIIOLLNIA Ha
MarHUTO3NEKTPUYECKNIA NOrOMETP.

8.6. BenvunHa conpoTuBREHNs BCMOMOraTenbHOro 3a3emMnuTens NpuHUMnuanbHO He yBenMinBaeT
MOrpeLLHOCTH, O4HAKO C ero yBenm4yeHneM nagaet YyBCTBUTENbHOCTb n3MepeHus. Becnegcrteme atoro
COMpPOTUBMEHNE BCIOMOraTeSibHOro 3a3eMnuTens AomKHO HaxoauTbes B npegenax 300 |, 400 om.

8.7. N3 cxeMbl, npuBeOeHHON Ha puc. 8.2 , BUOHO, YTO NpMBOp MMEET YeTbipe BHELLHUX 3a)XXMMa: ABa
nUTaLWKMX (TOKOBbIX), 0603Ha4YeHHbIX OykBamu | 1 u |, , 1 ABa namepuTenbHbIX (MOTEHUMANBHBIX) -
E 1 nE ;. Npu nsamepeHnn conpoTUBNeHNs 3a3eMrsioLmnx YCTPOUCTB 3axumebl | ; n E | coeguHaoT
nepemMblYKOn 1 MOAKIHYAT K HUM n3MepsieMblin 3aseMmnutens. K 3axumy |, nogknoyaoT
BCMoOMoraTernbHbI TOKOBbIV 3a3eMIUTENb, a K 3axuMy E , - BcnoMoraTenbHbI NoTeHUManbHbIn
3azemnurens (puc. 8.3).



~! Nl Qemee—e—— fenom
o =TT numauud
I, : Jasernumens

Harep, Fenom.
Jazemaumentd JaremMnument

Puc. 8.3. Cxema namepeHusi ConpoTmBeHns 3a3emMneHns ¢ nomollpto npubopa MC-08

8.8. BcrniomoraTesnbHble 3a3eMIMTeNM BbINOSHAT B BUAe CTanbHbIX cTepxHen annHon 0,75 cvn
AvameTpom 1 cm; conpoTMBReHns nux obbi4HO konebmntotes B npegenax 50 ; 500 om. Mpu GonbLumx
3HaYEHUSIX ATUX COMPOTUBIIEHUNI HEOOXOAMMO YBNAXHATE NOYBY BOKPYT AOMNOSNHUTENBHbIX
3asemnurenen.

8.9. Mpubop MC-08 npu n3amepeHUn ConpoTUBIIEHNSI 3a3eMITEHUS] YCTaHABMMBAKOT rOPMU30HTaNbHO Ha
TBEPAOM OCHOBaHWUM B HEMOCPEACTBEHHOM BIIM30CTM OT UCMLITYEMOrO 3a3eMIIEHUS U NPUCOELMUHSIIOT, Kak
yKasblBanoch B n. 8.7, K uamepsseMoMy 1 BCNOMOraTefibHOMY 3a3eMITUTESNSM.

8.10. Bce coeagnHeHMs BbINOMHAKOT M3011MpOBaHHbIM NMNPOBOAOM, NPOTAHYTbIM HENOCPEACTBEHHO MO
3emMre.

8.11. PaccTosiHne mexay n3amepsieMbIM 1 BCrioMoraTernbHbIMU 3a3eMnnTEeNAaMn 3aBUCUT OT YCTPONCTBa
NCnbITyeMoro 3asemneHus. [Ins 0guHOYHOro 3a3eMnuTens OHO AOMXKHO BbITb HE MeHee yKasaHHbIX Ha
puc. 8.4.
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Puc. 8.4. PaccTosiHusa mexay namepsieMbiM 1 BCIOMOraTenbHbIM 3a3eMAnTensiMm Ansg OANHOYHOro
3azemnurens npu namepexHmun npudopom MC-08

Puc . 8.5. PaccTtosiHns mexay KOHTYPHbLIMU 1 BCMOMOraTeNbHbIMY 3a3eMIUTENSMU NPU N3MEPEHNN
CINOXHbIX 3a3emnutenen npudopom MC-08

8.12. Ins CNOXHbIX 3a3eMnuTenei, BbINOMHEHHbIX B BUAE KOHTYpa C NMPOTSHKEHHbIM NEPUMETPOM,
PacCcTOAHUSI MeXAY KOHTYPOM ¥ BCMIOMOraTenbHbIMY 3a3eMINUTENAMY OMKHbI ObITb HE MeHee
yKa3aHHbIX Ha puc. 8.5.

8.13. lNepen namepeHnem ConpoTUBIEHNSA 3a3eMEHNA NPON3BOAAT KOMMNEHCALNIO CONPOTUBIIEHNSA
BCMOMOraTenbHOro u3MepuTenbHOro 3asemnutens. [ns aToro nepeknovartens «Perynuposka -
Viamepenmre» (cM. puc. 8.2) nepeBOAAT B NOMNOXeHNe «PerynupoBkay u, Bpallas pykosTKy reHeparopa co
CKOpOCTbIo okono 135 06/MuH, MyTeM NOBOPOTA FOMIOBKM peocTaTta yCTaHaBNMBAKT CTPEnKy npubopa Ha
KpacHy OTMETKY LKanbl. Ecriv cTpenka He ycTaHaBNMBAETCS Ma KPacHy OTMETKY LUKarbl, He06Xoanmo
NPUHATbL MEepbl 41151 yMEHbLLEHUST CONPOTUBMEHUSA BCTIOMOraTeNbHOMrO U3MEPUTENBHOMO 3a3emMnmTenst -
YBM@XXHUTb OKPYXXaKOLLIMIA TPYHT.

8.14. MNocne KomneHcaLuun ConpoTUBEeHVs! BCIOMOraTeNlbHOro 3a3eMmuTens nepeknoyaTtenb
«PerynupoBka - ViamepeHune» nepeBogaT B nornoxeHve «3ameperver. MNepeknioyaTtens npeaenos



namepenus (cMm. puc. 8.2) ctaBaT B nonoxeHue npegena 1000 om n Npon3BOAAT 3aMep, BpaLlas pyyky
reHepartopa co ckopocTbio 135 06/MuH. MNpy HE3HAYUTENBHOM OTKITOHEHMW CTPENKN NpMbopa nepexoaaT
nocnegosarernbHo Ha wkany 100 om nnn 10 om. OTCHET NPON3BOAAT HEMOCPEACTBEHHO MO LUKare B
oMax ¢ yy4eToM KoadhduLmneHTa nepecyeTa.

8.15. Ecnv npu namepeHun ctpernka npoaorkaet elle konebaTbcs, TO He0OX04MMO NPOBEPUTL
COMPOTMBIEHNE BCMOMOraTenbHOro 3azemnurens. [ng atoro cnegyeT NoMeHsaTb MecTamMu NPoBoAa,
NPUCOEAMHEHHbIE K 3axkumam | 1 u |, (cm. puc. 8.3), n noBTopuTb M3MepeHune. [Nprubop nokaxet
COMPOTMBIEHNE BCMOMOraTenbHOro 3asemnurens. Ecnu BennymMHa conpoTBneHust npesbillaeT
3HayeHus1, NpMBeAEHHbIE Bbille, MPUHUMAIOTCA Mepbl K €ro YMEHbLLEHWIO, MOCIe Yero npovM3BoauTcs
OCHOBHOW 3amep.

M3MEPEHWE YOEJTIBHOIO COMNPOTUBIIEHNA MTPYHTOB MNMPMBOPOM MC-08

8.16. YaenbHoe conpoTuBIieHne BEPXHUX CroeB rpyHToB MOXHO HaNTU NO AaHHbLIM n3mepeHuna
conpoTueieHna pr6anoro 3aseMnuTtend onpeaeneHHbIX pasmepos:

) Roml _6.28Ri

md

d d , OM X M, (8.1)

rae | - rmy6uHa 3abueku TpyOkl, M; d - guameTp TpyObl, M; R - cONpoTUBNEHNE 3a3eMNTENS MO AAaHHbLIM
namepenusi npuéopom MC-08, om.

MpumeyaHue . OnvHa Tpybbl AormkHa GbITe He MeHee 1,5 M, rny6uHa 3abvBeky - He MeHee 1 wm.

R

Puc. 8.6. Cxema nsmepeHus yaernbHoro conpoTmenenns 3emnum npmdéopom MC-08

8.17. YenbHoe conpoTMBMEHNE FPYHTa MOXHO ONpeaenuTb HENOCPEACTBEHHbIM U3MEPEHNEM METOLOM
YyeTblpex aneKkTpoaoB (3azemnutenen). [ns 3Toro Ha UCNbITYEMOM y4YacTke 3abMBatoT B 3€MJ1t0 MO
NPSAMOWN NINHUN YeTbIpe CTEPXKHSA Ha pacCcTosHUM a, M, apyr oT gpyra. K saxxumam nameputens MC-

08 11 n |, NpMcoeanHSAIOT KparHUe (MUTaoLNE) CTEPXKHK, a K 3axknumam E | n E, - BHyTPEHHME CTEPXKHM
(n3ameputenbHble). MNepembluky Mexay 3axumamu | 1 n E, pasmbikatoT (puc. 8.6) n nponssoaat
N3MepeHne, Npuyem npeaBapuTenbHO NpU NONOXKEHUW NepekntoyaTens «PerynupoBka» ycTaHaBnvMBarT
CTpernky npubopa Ha KpacHyr OTMETKY LiKarnbl [prubop nokasbiBaeT B 3TOM Criyvae COMpoTUBIIEHNE
Mexay ABYMS BHYTPEHHUMU CTEPXKHSIMU B OMaXx.

YnenbHoe conpoTUBIIEHME IPYHTA MO AaHHBIM U3MEPEHUSI MOACUHUTLIBAKOT MO hopMyne
r=6,28aR, om x m, (8.2)
roe R - usmMepeHHoe COnpOTUBIIEHNE, OM; @ - PACCTOSIHUE MEXAY SNeKTpogamu, M.

MprbnNN3nTENBHO MOXHO CYUTATL, YTO NPU AAHHOM criocobe nonyyaeTcs cpefHee yaernbHoe
COMPOTUBIIEHME IPYHTa Ha rNybrHe, paBHOWM PaCcCTOSHWIO MeXay 3abUTbIMU U3MEPUTENbHbLIMU
3a3eMnuUTensmMmn (aNekTpogamm).

8.18. lNpwn nonb3oBaHUN nameputenem 3asemneHusa tuna MC-08 HeobxogmMmo obeperaTb NOCNeaHui oT
TONYKOB U TPSICKM, @ B MOMNEBbLIX YCMOBUSAX OT AOXASA U MbIN.

8.19. o okoH4YaHMN u3mepeHnit cnefyeT 3aKpblTb CTEKMO KPbILLIKOW, BIOXUTb PYKOATKY reHepaTopa B
rHEe300, KOXKaHyH CYMKY 3aKpbiTb CrieLmanbHbIM 3aMKOM.
N3MEPEHWA COMPOTWBNEHMA 3ASEMINEHNN METOOOM «BOJTbTMETPA - AMIMEPMETPA»

8.20. CyLHOCTb N3MepPEHNSI METOLOM «BOMbTMETPA - aMNepMeTpa» 3aKyaeTcs B ONpeaeneHnm
NageHns HanpspKeHUst MeXAy UCMbITYEMbIM U BCOMOTraTeNnbHbIM 3a3eMNMTeNeM, HaxogaWwmmMcs B TOUKe



C HyIneBbIM NoTeHUManom, n B UAMepPEeHnn Toka, npoxogdLlero 4epes UCnbiTyemoe 3asemMieHne (pMC.
8.7). I'Ipw 3TOM COMNPOTUBIIEHWE 3a3eMSieHna onpeaensaetcs gerneHvnem Ug Ha | -

R=D U/l =Udl, om,

raoe D U - nonHoe nageHne HanpsaXXeHna mexay ncnbliTyemMblM 3a3eMIieHneEM n TOYKOWN Hynesoro
noteHunana, e;

U - NOMHbIN NOTeHUMan UCrbITyemMoro 3aseMneHus], 8;
| - TOK, NPOXOAALLNIA Yepes 3a3eMreHns, a.

8.21. Ucnonb3ayemble Npu U3MepeHUn aMmnepmeTp 1 BoNbTMETP AOMKHbI 06nafaTth 4OCTAaTOYHO BbICOKOW
TOYHOCTbIO - He Huxe kracca 1,5. Ecnu ans namepeHns Toka nprMeHsIeTcs U3MepUTesbHbIN
TpaHcdopmaTop, TO U OH JOIHKEH UMETbL KIacc TOYHOCTU He Huke 1, 1,5.

Ly LJ SNy

| v
e :
Py
< D AN TN N AN 26N ” T }vw‘l
Ry R, he

Puc. 8.7 Cxema n3mMepeHumna conpoTuBIeHna 3a3emMrieHma ¢ NoOMoLLbo aMmnepMeTpa - BONibTMETpa

e

Ry K2

<

Puc. 8.8 Cxema namepeHusa conpoTmBIIEHNS N3MEPUTESBHOMO (BCMOMOraTefibHOro) 3a3emnuTens ¢
NMOMOLLIbIO amnepmeTpa - BoribTMETpa

8.22. BonbTmeTp obnagaet BHYTPEHHUM CONPOTUBIIEHUEM, NOSTOMY €ro nokasaHue He byget
COOTBETCTBOBATb BENUYMHE NOTEHUMana 3asemnurens. PacxoxaeHne 6yaet Tem 6onblue, Yem MeHbLUEe
COMpo TMBMEHNE BONbTMETPA. B CBS3M € 3TUM K nokasaHMsM BOfbTMETpa orkHa ObiTb BBEAEHA
nonpaeka:

A -u |1+
6, (8.3)

roe Uy - nokasaHue BonbTMeETpa, 8, R ; - cConpoTuBreHne BCroMoraTernbHOro 3asamnunrens, om, Ry -
BHYTpPEHHEE COMNPOTUBIIEHNE BOSIbTMETPA, OM.

/3 ykazaHHbIX BENUYMH TpebyeTcsa npeaBapuTernbHO onpeaenuTb R (ecnv ata BennynHa He nomeyveHa
Ha camoMm npubope) n R ; ConpoTuBneHne BCNoMoraTeribHOro M3MepUTENBHOMO 3a3eMIUTENS N3MepPSoT
TaK e, Kak 1 CONpPOTUBIIEHNE OCHOBHOMO MCTbITYEMOIO 3a3eMITIEHNS, TOSIbKO U3MepUTErb Toka
BKITIOYAOT Mexay R, 1 Ry, a BonbTMeTp - Mexay R 1 1 R, ,kak nokasaHo Ha puc. 8.8.

MpumeyaHue . ATo N3MePEHME HY)XXHO AOMOMHUTENBHO NPOBOAMUTL B TOM Cryyae, ecriv BHYTPEHHee
conpoTtueneHne byget nvetb 3HavyeHne meHee 1000 om/s.

N3MEPEHWE YOENBHOIO COMPOTUMBIIEHNA TPYHTA METO4OM BEPTUKAJTIbHOIO
SNEKTPNYECKOIO 30OHOMPOBAHNA

8.23. MeToa BepTMKanbHOro anekTpu4eckoro 3oHanpoBaHusa (BAO3) ocHOBaH Ha MHOTOKpPaTHOM
N3MepeHnn yaenbHOro CONPOTUBIEHUS FPYHTA I HA pa3nunyHow rnyovHe nameputenem 3asemneHmn MC-
08 no cxemam, nokasaHHbIM Ha puc. 8.9, Npu pasnnYHbIX PACCTOAHUSX MeXOY 3NeKTpogamMu.

8.24. [Ins Toro 4tobbl M3amepuTenbHble anektpodbl A, B, M, N B ykazaHHbIX CXEMax MO CYATATLCS
TOYEYHbIMU UCTOYHUKAMU U HE BHOCUIN UCKAXKEHWI B HAMPaBIIEHUS CUIOBbLIX NTUHUIA 3NEKTPUYECKOro



nons B6NM3n 3NeKTpoaoB, UX TIMHENHbIN pa3Mep AOMKeH ObiTb B HECKOMNbKO pa3 MeHbLUe KpaTyanLlero
paccTosHUst Mexay Humu (cm. puc 8.9).

8.25. 3oHampoBaHue rpyHTa no cxeme BeHHepa (puc. 8.96) ocyliecTBnseTcs cnegyowmm obpasom:
NnepBOE M3MEPEHUE YOENBHOIO CONPOTUBIEHMS FpyHTa npon3eoaat npu AB = 1,5 m (a = 0,5 m), BTOpOE -
npn AB=2,1m(a=0,7 M) nT.4. lNpn KOXKL0M N3MEPEHUN CUMMETPUYHO OTHOCUTENBHO LIEHTPpa
3oHaMpoBaHusa «0» pasaBuraloT Bee YeTblpe anekTpoda. o mepe yBenuyeHus

paccTosiHus AB nokasaHus UsMepuTensi 3a3emMreHni 0yayT ymeHbluaTecs. MNMpouecc namepennii
HeOoOXOAMMO NPOAOKaTh 4O TEX MOp, Noka He ByaeT AOCTUTHYT HKHWUIA NPeaen LwKankl npubopa.
O6bIYHO 30HAMpPOBaHWeE 3akaHunBaeTcs npn AB =45 90 m, pexe - npu AB =120 , 210 m.

8.26. MNpwn 3o0HanpoBaHMK rpyHTa no cxeme LLntombepxe (puc. 8.9a) nepeoe naMepeHne yaensHoro
CONPOTUBMEHNSA NPON3BOAAT, Kak 1 No cxeme BeHnepa, npn AB = 1,5 m ( MN = 0,5m), BTOpoe - npu AB =
21m(MN=0,5M)nT.4., T.e. CUMMETPUYHO OTHOCUTESTbHO LIEeHTPa 30HOUPOBaAHUSA pa3aBUratoT TOSNbKO
TOKOBble anekTpoabl A u B. MNoTeHumanbHble anekTpoabl M n N ocTtaloTcst Ha npexHnx mectax. Mpu
30HAMPOBaHMK No cxeMe LLntombepyke nocne kaXgoro nocrnenytoLLero M3MepeHns nokasaHusi npnbéopa
YMeHbLLATCA 3Ha4uM TenbHO ObicTpee. B pesynbTarte HWKHUIA Npegen wkansl npubdopa 6yaet 4OCTUTHYT
Npu 3HAYNTENBHO MEHBLLMX PACCTOAHUAX Mexay anektpogamu A n B.

O6bIYHO NpU 30HAMPOBAHUN FPYHTA NPUMEHSOT 06e cxembl. CHayana naMepeHusi Be4yT No cxeme
LLintomBepske, Tak Kak Mpy Manbix pacCTOAHUSAX OHa AAeT OOMbLUY0 TOYHOCTb U3MEPEHUIA, a 3aTeM, MO
OOCTUXKEHUW HWXKHErO Npefena Lwkarnbl 1 He0OXOAMMOCTM NPOAOIDKEHNS N3MEPEHUIA Npu BonbLUIKX
paccTosHUSAX Mexay anektpogamun A n B, nepexogaTt Ha cxeMy BeHHepa. [1ng aToro TokoBble anekTpoabl
OCTaBMAT Ha NPEXHUX MeCTax, a NoTeHUMarnbHble 3aNeKTpoabl pasHOCAT Ha paccTosHne MN = AB /3 un
NPoun3BOAAT NocrneaytoLLee n3MepeHne yaenbHoro ConpoTmMeneHnst 0o Tpebyembix npeenos. B
GonbLUMHCTBE cryyaeB Ha cxeMy BeHHepa nepexogaT npu AOCTMKEHUN PACCTOSIHUSA MexXay TOKOBbIMU
anektpogamu A n B, pasHoro 20 , 50 m.
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Puc. 8.9. Cxembl gns BO3 ¢ nsmeputenem 3aszemnerHunin MC-08:
a) WnrombBepxe; 6) BenHepa; 8) BHUMICX

8.27. MNpwv 30HONPOBaHMK FPYHTA C NMOMOLLBIO NMPaKTUHECKON OBYX3MEKTPOgHOM cxeMbl BO3,
paspaboTtaHHorn BHUMICX (puc. 8.98), nepemMeLLiaoT TONbKO OOUH 3MEKTPOA B NIEBYHO UM NPaBYHO
CTOPOHY OT anekTpoaa A. Npu aTom paccTtosiHue H; A MoxeT n3aMeHsaTbcs B npegenax ot 0,5 oo

2 L, m, a pacctosiHue MA - ot 0,5 0o 0,4 L, m. Cxema BHUNICX aBnsetcst 6ornee 3kOHOMUYHOMN.



8.28. C uenbto nony4yeHmna 0oCTaTto4HOro Konmn4yectea AaHHbIX HeobxoaMmMo npon3BoanTb N3IMEPEHUA
npu cnenyrwmx pacCtoaHNAX MexXay aNeKTpogamMu:

-AnB:15;22;3;4,5;6;9; 12; 15; 21; 30; 45; 60; 90; 120; 150; 210; 300........ M B crydae
ncnonb3oBaHusa cxeM BeHHepa u LLntombepxe;

-MwnA:05;0,7;09; 1,2; 1,6 M1 1.4. Npn npumMmeHeHnn cxembl BHNICX.

8.29. lNpwn npoeenerHnn B33 ¢ nomoLubio nameputens 3asemnenunin MC-0,7 nnu MC-0,8 gomxkHbl ObiTb
BbIMNOSHEHbI BCe TpeboBaHWsi OTHOCUTENIBHO COMPOTUBIIEHUA BHELLHNX Lienen 1 perynuposok. LLkana
nprbopa nporpagyvpoBaHa npu onpeaeneHHon BeNUYMHe ConpoTMBIEHMS NOTeHUmanbHom uenu. Mepen
KaXKblM M3MEPEHNEM I HEOOXOAMMO NPOM3BOAUTL PENYIMPOBKY 3TOM0 CONPOTUBIIEHNST C MOMOLL b
PEerynMpoBOYHOro peocTaTta, BKIHOYEHHOro B ero Lernb.

8.30. B 6onbLUMHCTBE rPYHTOBbIX YCIOBUIA YCTAHOBIEHHas rNyOouHa 3abUBKM N3MepUTENbHbIX
anektpogos (b £a/3 unu b £ MN / 3) no3BonsieT HaunHaTb 3oHAMpoBaHue npu AB = 1,5. Ecnu
OCYLLIECTBUTb PEryNMPOBKY CONPOTUBIIEHUSA NOTEHUMansHom Lenu npu AB = 1,5 M He ygacTcs,
30HOMPOBaHME HauynHatoT ¢ paccTosaHus AB = 2,1 unu 3,0 m.

B necyaHbix rpyHTax ¢ r = 1000 , 2000 oM X M MOryT BO3HUKHYTb TPYAHOCTM B 06ecneveHun Tpedyembix
BEMWYMH CONPOTUBMEHNIN NOTEHLMANbLHON U TOKOBOW Lienen. B aTux criyqasix TOKOBbIE 3MNeKTPOAbl HYXXHO
BbIMOMHUTb U3 OABYX UMW TPEX LUTbIpen 1 3abutb ux Ha pacctosiHum ( |, 2) b apyr ot gpyra. ny6uHa
3abVBKU LUTbIPEN AOMKHA ObITb MakcumMarnbsHown, T.e. b = 60 , 70 cM, a MUHMMarnbHbIE PACCTOSIHUSI MEXAY
anektpogamu M n N - He MeHee 4YeM B Tpy pasa bonblie pacCToAHUSA MeXay LUTbIPSIMU
MHOFOCTEPXXHEBOIO anekTpoaa.

OMPEMENEHVE 3NEKTPUYECKNX MAPAMETPOB F'PYHTA [ABYXCITOMHOW CTPYKTYPbI

8.31. O6paboTka pesynbratoB BAO3 gomkHa HauMHaTBLCS Cpasy e NOCre OKOHYaHUS 3MEPEHUIA, TaK Kak
MOXET BO3HUKHYTb I'IOTpe6HOCTb B NOBTOPHbLIX UM OOMNOJTHUTENbHbIX N3MEPEHUAX.

3anuck pes3ynbTaToB M3MEPEHUN N NX 0bpaboTka OCYLLECTBISITCS Ha crneymanbHbiX 6naHkax. B HkHen
yacTtu GnaHka gaeTcsa ackm3 obcriegyemon nNnoLaan 1 Aenaetcs 3anmMcb CBEAEHUA O COCTOSAHUM TPyHTa
B MOMEHT uameperuin. Obpasel, 3anonHeHnsa 6naHka npmeegeH Ha puc. 8.10.

8.32. Nockonbky B 6GONbLUMHCTBE ParMiOHOB IPYHT MO rryorHe HeO4HOPOAEH, BbIYUCIIEHHOE MO
pesynbTatam BO3 ygenbHoe conpoTmBneHne rpyHTa bygeT aBnsatbCa kaxywmmes ( ry ). BenvunHa ero
onpegenseTca no doopMmynam:

PE3YJIbTATbI B33 T'PYHTA MO CXEMAM BEHHEPA U LWIMIOMBEPXE
[ata npoBegeHuns pabor
Mpnbop MC 08 Ne.......

aB, x)1s|21) 3 |aslss|e |o | 12]14]2|a0]40]60]0

My, x|05]05 050515 [15[L5]5]4 [4 [10]10]2]22
A, M ' 1 [1,51225 3 [45]6 | |o| 20
6 Jewud Aol aony ‘
Pog,om |0_25 0,2 o,zsl o,7s'o,75|o,75 | 2 I 5
H 833 “‘]' R, o.u, 15|s,a 2 |0,74/2,9 |1,6 |0,620,33]1,1 IO,??!O,BI n,160,15| 0,
20m 0 ,o.uuul 50,3| 37,5| 23,5l 23,3[27,3|2s,5|25_5[24,5|27,c|2o,4119,5| 19 |1a,a||s.s
K

MprmeyaHue . PyHT MUHUCTBIN, CPeQHEN BNaXXHOCTU, KONMYECTBO OCaAKOB, BbiMaBLUMX 4O MOMEHTa
N3MepeHnii, COOTBETCTBYET HopMe. [NyBurHa npomep3anus 1,5 M, cpegHsasi MHOTONEeTHAS TemnepaTypa
sHBaps -10°C.

Ha ocHoBaHMK M3MepeHVst YCTaHOBIIEHO, YTO IPYHT UMEET ABYXCIONHYIO 3MTEKTPUYECKYIO CTPYKTYPY C
napameTpamu

rr=80omMxm;r,=18,8omxm; h;=0,5m.
Puc. 8.10. MNMpumepHbIn obpaseL 3anonHeHHoOro bnaHka ang 3anvcu u obpaboTkm pesynstatoB BO3
O6bekT, nnowanka Ne
a) Npu namepeHumn no cxeme LLnomoéepxe:
p, =314R ¥-d
2d , OM X M; (8.4)



0) npu namepeHunn no cxeme BeHHepa:

re=16,28 x Ra, om x m; (8.5)
B) nNpu namepeHun no cxeme BHUNICX:
- Npu nepemeLLeHnn anektpoda ( H 1 ) B neByto CTOPOHy OT anekTpoga A

l?".l
=6,28Rr|1- =
(pn = 626517

- Npv nepemelleHunn anektpoga ( Hi ) b npasyto cTopoHy oT anektpoga A

,OM X M ;

r

L=2r

(py ) = 6,28&“[1 + ]
,OM X M ,

’
roel,d,a, ¥ ,r,L- paccTtosiHus, nokasaHHble Ha cxemMax (cM. puc. 8.9), M, R - nokasaHus
npubopa, om.

8.33. B pesynbTaTe NpoBefeHHbIX BbIYVCIIEHWIA ' MOMy4YaloTcsa criedyroLue 3aBUCMOCTH:
- Npu n3MepeHusix no cxeme LntomGepxe

pe = f(4B12)= F(3). 8.6)
- Npn U3MepeHndax no cxeme BeHHepa
py = AAB13)= £(l,5a). ®8.7)
- Npu uamepeHnsx no cxeme BHUNSCX
re="f(r).

OTM 3aBMCMMOCTU AN nocnegyroLlen 06paboTkm nsobpaxatoT rpaduyecky B NPAMOYronbHbIX
KoopAuHaTax ¢ norapuM1M4ecknm maclutabom no Kaxxaon ns ocen. I'padurkmn akcnepnuMmeHTansHon
3aBucumocTtu r = f( 1), r =11 (1,5a) nr = fo( r ) HasbiBatoTCA KpMBbIMM BO3. [N nx noctpoeHus
npuMeHsieTcs cneumanbHas bunorapndmmyeckasa bymara co ctTaHgapTHeIM MacluTabom (annHa
norapmgmMmyeckon eanHnLbl paeHa 6,25 cv). O6pasel, nocTpoeHust kpueon BO3 nokasaH Ha puc. 8.11.
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Puc. 8.12. Habop naneTtok ans AByXCNOMHOrO rpyHTa

8.34. lNocne noctpoeHus kpmson B3 ¢ nomoLbio cneumanbHoro Habopa naneTtok (puc. 8.12)
onpenensitoTcst NapaMmeTpbl ABYXCIONHON 3NEKTPUYECKON CTPYKTYPbI TPYHTA - yAernbHOE CONpOTUBIIEHME
BEPXHEro ( Iy ) v HWXKHEro ( r, ) CNOEeB M TOSMLWNHA BEpPXHEro crosi hy .

C aton uenbto Ha GunorapmdpmMmyeckyto dbymary, rae nsobpaxeHa kpvasa BO3, HaknagbiBatoT KanbKy, Ha
KOTOPYHO KapaHAaLloM NePeHOCAT KPMBYIO U ee OCY KOOPAMHAT. 3aTem KarnbKy HakrnagbiBalT Ha Habop
naneTok 1, nepemMelLas ee Tak, YTobbl COXpaHANMChb NapannenbHOCTb OCeln koopauHaT, LobusatTcs
[0CTaTOYHO XOpOLUEro coBnageHus s1 kpusor BO3 ¢ ogHOM 13 naneTok unm e 3aKkOHOMEPHOro
pacnosioXeHns ee Mexay ABYMS COCEAHUMMW NaneTkamu.

Mocne 3Toro Ha kanbKy NEPEHOCAT HaYarbHble OCK KOOPAUHAT MNaneToK U CHOBa HaKMNadblBaloT ee Ha
ounorapudmmyeckyto bymary. [JobnBLLIMCL TOYHOTO COBMELLEHMSA N300paKeHWI Ha Karbke U
ounorapudmmyeckon dymare, NpUCTynarT K ONpeaeneHnio napaMeTpoB ABYXCIOMHON CTPYKTYpbI
rpyHTa. Ocb opauHaT naneTok oTcekaeT Ha ocu abcumce kpmBon BA3 3HaueHnns h ;1 , m; ocb abeumncce
naneTok OTCekaeT Ha ocu opanHaTt kpmson BO3 3HaueHue r; , om X M. 3HadeHune r, onpegensieTcsa no
ropmM3oHTanbHOMY y4acTKy B KOHLE kpuBor BO3 (npu 6onblinx | MeeT Mecto acumnToTnyeckoe

cTpemneHne r, —r,).

Mpumep onpeneneHns napameTpoB I, I, 1 h npuBeaeH Ha puc. 8.13. B aTom npumepe r{ =
150om x M r, =19 oM xMuh,=15m.
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Puc. 8.13. OnpepeneHve napameTpoB rpyHTa no kpnson BO3 ¢ nomoLLbio naneTok AN ABYXCOWHON
ANEKTPUYECKON CTPYKTYPbI:

1 - kpuBast BO3; 2 - naneTtku, 3 - ocb abcuuncc; 4 - ocb opanHaT naneTok; 5 - acumnroTta

8.35. B b6ornbLlumHCcTBE criyvaes KpuBble BO3 xopollo coBmeLLatoTca ¢ nanetkamu ang ABYXCrONHON
CTPYKTYpbI FPYHTa, OO4HaKO UHOrAa OHW HECKOMbKO OTIMYATCSA OT NaneTok - MMET Ha KOHLE KPMBOWM
rOPU3OHTasbHbIN y4acTok. MNocnegHee roBopuT O TOM, YTO B HUPKHEM CIOE TPYHT JOCTaTOYHO
OOHOPOAEH, a B BEPXHEM CTPOEHME Er0 CIOXKHOE.

[lna pacyeToB CONPOTMBIIEHUS] PACTEKAHNIO TOKOB C 3a3eMIuUTeneil BaXHO 3HaTb TOYHbIE 3HAYEHUS]
napameTpoB r, U h 1, NO3TOMY NPUMEHEHNE OBYXCIOWHbLIX NaneToK BrofHe JOMYCTHMMO.

Mpumep onpeneneHns napameTpoB Npu HecoBnageHun kpmeon BAO3 ¢ nanetkamu B BEPXHEN ee YacTu
nokasaH na puc. 8.14. B atom npumepe r; = 80 oM X M; r, = 18 oM x m; n h 1 = 1,3 m, Nnpnyem
r, 1 h HangeHbl ¢ HEKOTOPbLIM 3anacom.
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Puc. 8.14. Onpepenenvne napaMeTpoB rpyHTa no kpuson BO3, otnnyatowencsa no opme ot
OBYXCMONHBIX NaneTok:

ol _J_
l R

1 - kpuBast BO3; 2 - naneTtku; 3 - acumnToTa r =r, ; 4 - ocb abcumcc naneTok; 5 - ocb opauHaT naneTok

8.36. B necyaHbIX rpyHTax XopoLlo NPOBOASLLNIA CNOW COBMaZaeT Co CNoeM rpyHTOBOW BOAbI,
noatomMy h; moxet gocturatb 5 M 1 6onee. Npu NCNoONb30BaHNW AN BEPTUKAITbHOIO 3NIEKTPUYECKOro
3oHaupoBaHusa nsmeputenen MC-08 kpueast BO3 nonyyaeTtcst HenonHon, 6e3 HUXKHEN BETBM C
rOpM30OHTanbHbIM Yy4acTKkoM, ecnu rnybrHa BepxHero criost 6onee 5 m. Mo Takon kpyneon BA3 MoXxHO



onpeaenuTb TONbKo ABa napameTpa: r, n h; . Ha puc. 8.15 nokasaHa kpuBast ansir, =
1200 oM x Mmnh, =8 m.

OTHOCUTENBLHO ', MOXHO CKasaTb, YTO ero aHadeHue He npesbillaet 50 oM x M. B criyyae
HEeoBX0AMMOCTU BEMNUYMHA I, MOXET BbITb YTOYHEHA C MOMOLLILIO Gornee YyBCTBUTENbHO annapaTypsl,
KoTopas No3BOMAeT U3MEPSATH I NP BOMbLLUNX PACCTOAHMAX AB UM METOAOM AMMHHOIO KOHTPOMbLHOIO
anekTpoaa.

CneayeTt OTMETUTb, YTO B MecyaHbIX rpyHTax peLlatoLLlyto ponbk uUrpaeT onpedeneHne napameTpa hq, Tak
KaK OH JjaeT BO3MOXXHOCTb HalTK Hanbornee paLyoHanbHyo ANUHY BEPTUKaNbHOro anekTpoaa Ans
OyayLero 3a3eMsoLEero KoHTypa.
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Puc. 8.15. OnpegeneHune napaMeTpoB rpyHTa no kpuson BO3 6e3 HmkHeN BETBU:
1 - kpuBast BO3; 2 - nanetka gnar,: ry = 1:19; 3 - ocb abcumcc naneTok; 4 - oCb OpANHAT naneTok

OPIrAHMSALINA PABOT MO BEPTUKANIBHOMY 3NEKTPUYECKOMY 30HANPOBAHUIO MTPYHTA HA
MIOWAOKAX

8.37. PaboTbl no B33 rpyHTa npm COOPY>XEHUN N KOHTPOSE 3a3eMIEHU MPOM3BOASATCH CneumanbHON
rpynnown, COCTOSILLIEN U3 PYKOBOAUTENS PaboT - MHXeHepa Unmn TEXHUKa 1 AByx paboumnx. [pynn a
ocHalaeTcs HeobxogumbiM 060pyA0BaHMEM Y UHCTPYMEHTaMM, MPUMEPHbIN NepeyeHb KOTOPOro
npveeneH B Tabn. 8.1.

Tabnuuya 8.1
HanmeHoBaHne Epvrnua Konun4yectso
n3mepeHunsi

Wameputenb 3azemneHun tuna MC-08 nnn MC-07 L. 1,2
MbBKve 130MMpoBaHHbIE MedHble NpoBoaa cedernem 1,5 mv’ M 300 , 500
KaTywkn ans HamoTku npoBOAOB (TeNedOHHOro Tvuna) L.
MepHble neHTbl (0ObI4HbIE UMK cneumanbHble ansg BO3) » 2
M3amepuTtenbHble 3nekTpoabl » 4 10
Py4Hble monoTel Becom 1 | 2 ke » 2,3
BriaHkn oTYeTHbIX JOKYMEHTOB, bunorapudmmnyeckas bymara v T.0. - Habop nanetok

8.38. Mpu NpoeKkTMpoBaHUM 3a3eMreHns Ha Hebonbluoii nnowaake (S < 400 M*) BLINOMHAETCH OOHO
BepTUKaNbHOE 3reKTpuyeckoe 3oHaAnpoBaHue. MNpn 3TOM LEHTP CUMMETPUM YETLIPEXINEKTPOAHON
cxeMmbl (LLEHTP 30HOUPOBaHMSA) AOIMKEH HAaXOOUTBCS B LIEHTPe unu B6nmaun ueHTpa byayLiero
3a3eMreHus.

8.39. Mpu ycTpoiicTBe 3a3eMreHust Ha GonbLuvx nnowaakax (S > 400 M?), Ha KOTOPbIX MOTYT UMETh
MECTO HeKoTopasi HEOAHOPOAHOCTb MO YAENbHOMY CONMPOTUBIIEHUIO BEPXHETO CNOSI ( I ) U USMEHEHNE
TOJ'ILLI,VIHbI aToro cnos h 1, YMCNo 30HANPOBaHMIM JOMKHO ObITh GonbLue. MNpu Nnowaan koHTypa S oo
2000 M* MUHUMaTBHOE YMCTIO 30HAMNPOBAHUI MOXET BbITb PACCUUTAHO MO hopmyne

n 3 S /400. (8.8)



8.40. MecTa 30HOMPOBaHMI Ha nnoLazke 6onbLMX pa3MepoB ONPenensatoTCs creqyowmnm obpasom.
Mnowaaky pa3bveatoT NPMMEPHO Ha OAMHAKOBbIE KBaApaThl U 6nskmMe K HUM NPSIMOYTONbHUKM
paamepom 40 * 40, 40 * 50 M 1 T.4. B kaxaom kBaapaTe (NpsiMoyrornbHWKe) NPOBOAUTCS OAHO
30HAMPOBaHUE, NPUYEM LIEHTP 30HAMPOBaHUS BbiOMPaETCA B reOMeTPUYECKOM LieHTpe KBagpara
(npsiMoyronbHuKa). HanpaBneHne pa3HOCK/ 9MeKTPOAOB He UrpaeT peLuatoLLen ponu, Tak Kak
napameTpbl 1 1 h; onpegensoTca 30HAMPOBaAHNEM NPU HEBOMNbBLLMX PACCTOSAHUSAX MEXAY dfeKTpoaaMum
(mo 30 , 45 wm). MNprmepbl opraHM3aumm paboT Ha NnoLaakax pasHbIX pasMepoB AaHbl Ha puc. 8.16.
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Pwuc. 8.16. MNpumepbl opraHnsaumm paboT no BAO3 Ha nnowagkax pasHbIX pa3mepos:
a)S£400m%;6)400<S<2000m>;8)S>2000m?
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Puc. 8.17. MNMpumepbl opraHusaumm paboT no BO3 BONM3N CyLLECTBYHOLLMX 3a3EMNUTENEN Pa3HbIX
pasmepoB;

a) S £ 400 M% 6) 400 < S < 2000 M% 8) S > 2000 M



8.41. YTOYHEHHbIE 3HA4YeHMs NapamMeTpoB r1 1 h | rpyHTa Ha BoNbLUMX MAOLWaAKax HaXoasaTcs no
dopmynam:

_ 1
P_H;Ph‘
h- 1%,

p i

= (8.10)
8.42. SOHﬂMpOBaHMe Ha NOJTHYIO FJ'Iy6VIHy C uenbko onpeneneHna yoernbHoOro ConpoTnBieHna HUXXHEro

Cno4d r, npon3sognUTCA OAMH pa3 B LEHTPE 6y/:|,yu.|,ero 3a3emMneHus. OgHoro 30HOMPOBaHUA OOCTAaTO4HO,
TaK KakK 3TO conpoTuBrieHne npakTn4eCkn He M3SMEHAETCA.

, (8.9)

8.43. PaboTtbl no B33 BONM3M CyLLeCTBYOLLIMX 3a3eMIIEHU OPraHn3yoTCs CrieayoLwmMm oopasom.
/3MepeHVsi Npou3BOASTCS BONN3N KOHTYpa 3a3eMnenus. Ecniv nnowwaab koHTypa S £ 400 M, npoBoasaT
ofHo 3oHaupoBsaHue. MNpn 400 < S < 2000 M NpoBOAAT ABa 30HAUPOBaHWSA. B cnyyae 6onbLumnx
MroLWazoK YMCHO 30HANPOBAHWI 11 ONPeaEensoT B 3aBMCUMOCTU OT NepuMeTpa KoHTypa P B MeTpax no

dopmyne
n3 P /100. (8.11)

JIHUM 30HOMPOBaHMSA pacnonaralT napannenbHo Gnuxkanlen CTOpoHe 3a3eMIISOLLEro KOHTypa Ha
pacctosiHum 5 , 10 M OT Hee.

Ecnv BOonb CTOpOHbI KOHTYpa HeobXxo4MMO npogenaTe 04HO 30HANPOBaAHUE, TO LEHTP 30HAMPOBAHUS
pacnonaratoT HanpoTUB CepeanHbl AaHHOW CTOPOHLI. Ecriv BAOMb CTOPOHbLI KOHTYpa AOMKHO ObIThb
NPOBEAEHO HECKOITbKO 30HAMPOBAHWI, LEHTPbI 30HANPOBAHMI pacnonaraoT paBHOMEPHO BAOMb 3TOW
CTOPOHBbI.

Mpumepbl opraHmnsaumm pabot no BO3 B6NM3n CyLLecTBYHOLUX 3a3eMITEHMI pa3HbIX pa3MepoB
npvBeaeHbl Ha puc. 8.17.

8.44. BepTukanbHOe aneKkTpuyeckoe 3o0HANPOBaHWe rpyHTa NpoBOAMTCS B crieqytoLuen
nocnegoBaTenibHOCTW. Pacnonoxmne okomo LieHTpa 30HOUPOBaHMS N3MepPUTENbHYIO annapaTtypy u
KaTyLLK/ C NPOBOAAMMU, HAMEYAIOT NTMHUIO 30HANPOBaHMSA. Ee MOXHO 0603HauYnTb TpeMs Bexamu, ogHa u3
KOTOPbIX CTaBUTCS B LIEHTPE 30HAMPOBaHUS, a ABe apyrme Ha pacctosHumn 20 , 50 v no obe CTOPOoHbI OT
Hee. Boonb HaMe4YeHHOM NMHUM PacTArMBaloT MepPHbIE NEeHTbI, a 3aTeM pas3MaTbiBaloT NPoBoga U
NPUCOEOMNHSIOT UX K U3MEPUTENBHON annapaType 1 anekTpogam.

PykoBoautenb paboT, HAXOOALWNNCA Y M3MEPUTENBHON annapaTypbl, MPOU3BOAUT U3MEPEHNS,
3anucbiBaeT NokasaHus NpnbopoB N BbIYUCTISET 3HayeHus r . PaboTbl no nepeHocke n 3abuBke
3MNeKTPOAOB, BbINOMHAT ABOE pabounx, HaxoaALWMXcs No 06e CTOPOHbI OT LLEHTPa 30HAUPOBAHKS.

Cxema opraHusaumm pabot no BO3 nokasaHa Ha puc. 8.18.

4 3 b

Puc. 8.18. Cxema opraHusaumm pabot no B33:

1 - Bexu, 0b03HavarLWwme NMHNI0 30HANPOBAHNS; 2 - MEPHbIE NEHTLI; 3 - 3MepuTernb 3azemnennin MC-
08; 4 - kaTywku ¢ nposogamu; A, M, N, B - nameputenbHble anektpoabl; 0 - LeHTp 30HANPOBaHUS

9. KOHTPOIb 3A COCTOAHMEM 3A3EMIIAIOLLMX YCTPONCTB

9.1. ConpoTuBNEHNE 3a3eMIIEHNS U3MEPSIOT HEMOCPEACTBEHHO MOCHE YCTPONCTBA 3TOMO 3a3EMIIEHUS.
VilamepeHHas BenuymHa JormkHa 6biTb He 6onblue HopMbl, ykadaHHow B TOCT 464-68 ans
COOTBETCTBYHOLLEN YCTAHOBKM CBSI3UN UM PaanoOTPaHCSILMOHHONM CETH.

9.2. lMpwu akcnnyaTauum 3a3emMneHnin HeobXo4MMO NEPUOANYECKM NPOBEPSTL BENNYNHY €ro
CONpPOTMBMEHMS (CMOCObbI M NPMOOPbLI M3MEPEHUSA CM. B pa3g. 8).

9.3. /IamepeHuns conpoTMBEHNIN 3a3eMMEHNIN Ha TeNedOHHbIX N TenerpagHbIX CTaHUMNAX,
YCUNUTENbHBIX MYHKTaxX 1y KabenbHbIX ONop NPOBOAATCS ABa pa3a B rof - IeTOM B CyXyto MOrogy v B
cepeauHe 3umbl.



9.4. NIamepeHne conpoTUBMNEHNS 3aLLNTHBIX U NTIMHENHO-3aLUTHbIX 3a3eMneHnin Ha ctaHumsax BPC,
pPaanoTPaHCISALMOHHBIX Y3rax, Ha abDOHEHTCKUX MyHKTax TernedOoHHOM 1 paganoTPaHCNALMOHHBLIX CETEN,
Ha kabenbHbIX 1 BO3LYLUHbLIX JIMHUSIX CBA3W NPOBOAAT OOWH pa3 B rof - IETOM B CyxYylo norogy.

9.5. Pe3ynbTaTbl U3MEePEeHUIA 3aHOCAT B cneLmarnbHbIf XXypHan «3asemneHus». 3anucb pekomeHayeTcs
BeCTV no onpeaeneHHon opme (tabn. 9.1).

Tabnuua 9.1
Yucro un Tun n Cnoco6 M3mepeHHas
MyHkT TemnepaTtypa
mMecsiL HasHayeHue n3MepeHusi BenuumHa  |[MpumedaHue
N3MepeHns z BO3ayxa
N3MepeHns | 3asemneHui (npnbopkl)  |conpoTUBNEHUS

9.6.B Cchny4yae yBenn4eHuna conpoTmeBiieHna 3a3emMrieHna Bbille HOPMbl OOJTXHbI ObITb NPUHATbLI Mepbl NO
BOCCTaHOBJI1€HUIO Tpe6yeM017| €ro Benn4unHbl. 3To goCcTUraeTcd nyTem nobasneHus COOTBETCTBYHOLLEIO

KonuyecTtBa 3a3eMnuTenemn, NoaKntoYeHHbIX napannersnbHO CylweCcTBYyLWEMY 3a3eMJ1EHNIO. KonnyectBo
Tpe6yeMb|x 3asemnurenen onpenendeTca pac4eToMm.

9.7. Mpwu noBpexaeHnn paboyero 3a3eMreHns 4onyckaeTcs BpeMeHHoe noaknodeHune uenen O k
NNHENHO-3aLLUTHOMY 3a3EeMIIEHNIO:

- B nepnoa niioxoro CoOCTodaHnA aopor (3I/1MOI;1 1 BO BpemMA paCI'IyTI/lLI,bI) - B Te4yeHune He bonee 1 Mecaua,

- B Nepu1op XopoLLIero COCTOSHUA I0pOr - B TedeHue He 6onee Yyem 10 gHeln ¢ MOMeHTa 0BHapYXeHUs
NoBpeXaeHUs.

3a ykasaHHble CpokM paboyee 3a3eMreHne OOMKHO GbiTb OTPEMOHTUPOBAHO.

10. YKA3AHUSA MO 3A3EMITEHIO OBONOYEK M BPOHW MEXXAYTOPOHbIX KABENEN CBA3MN

10.1. ns obecneyeHuns 3awmnTbl OT NPAMbIX YAAPOB MOSTHUN U BIIMSIHWS 3NIEKTPOMAarHMTHbIX Nonemn
MeTannuyeckne ob60mnoYkn n 6poHs kabenen JOMKHbI ObiTb 3a3eMIeHbl MO KOHLIAM KaXK4oro
YyCUNUTENbHOTO yyacTka (nepepq Beogom kabenen B OYI1, HYT n OI1) u Baonb NnHMM B COOTBETCTBUN C
«BpemMeHHbIM pykoBogcTBoM rno obopyanosaHmio KU n 3a3emneHnin Ha kabensx cBasm» (CM. Takke .
10.15 HacToswero «PykoBoacTean).

10.2. 3azemMneHne meTannuyeckmx obonoyek n 6poHu BOOSb NMHMM 0BecneynBaeTcs:

- Ha kabensx 6e3 N3onNMpYyLMX MNOKPLITUIN - HENOCPELACTBEHHBIM KOHTAKTOM GPOHM 1 0B0MOYKM C 3eMIIEN
yepes OXKYTOBbIN MOKPOB;

- Ha kabensix C N30NMPYLLIMM MOKPbITUEM Ha 000M0YKe 1 BPOHEN B J)KYTOBOM MOKPOBE MOBEPX
000mM04KN - C MOMOLLbIO NepeMbIYEK Mexay 060no4kon 1 GpoHeNn, ycTaHaBnnBaeMbix Ha KAMM-2;

- Ha Kabernsix C N30NMPYOLLIMM BHELLHMM MOKPbITUEM MYTEM 3a3eMieHnsa obonoyek n 6poHun Yepes KAMM-2
Ha NMHENHO-3aLUNTHbIE 3a3eMNUTENN, UCXOAS U3 3almTbl OT BNMsHUA JIOM, an. X. 4. nepeMeHHOoro Toka
N yoapoB MOSMHUN.

10.3. 3asemneHuns, obopyayemble Ha KaXK4oM YCUITUTENbHOM MYHKTE, MO CBOEMY Ha3HAYeHUo aenaTca
Ha Tpu TMna: paboyee, Yepes KOTOPOE NPOXOAUT TOK ANCTAHLIMOHHOIO NUTAHUS YCUMUTENBbHbIX MYHKTOB
Mo CXeme «MNpoBo[ - 3eMIs»; 3alLMTHOE - Ans NOAKMIYEHUs 3KpaHOB annapaTypbl, 3KpaHOB
CTaHLMOHHbIX Kabenewn, paspsagHMKoB, MeTannmyecknx uuctepH HYT n nuHenHo-3almnTHbIe Onsi
nogkntoveHns obonoyvkn n 6poHn kabenen. PacctosiHue mexay paboumm 1 3alUTHBIMIU 3a3€MIEHNSIMA
[JOIMKHO ObITb He MeHee 20 m.

10.4. Ha nutarowmx yCunuTenbHbIX NYHKTax yka3aHHble TpY 3a3emiieHnst 06beanHsTes u obopyayoTcs
ofHo paboyee (06beANHEHHOE) 1 ABa BCMOMOraTenbHbIX (M3MEPUTENbHbIX) 3a3eMIEHMS.

10.5. B 1abn. 10.1 ykasaHbl MecTa 060pyaoBaHMs MMHENHO-3ALUTHBLIX 3a3EMMEHUI B 3aBUCUMOCTH OT
TMNa kabens 1 UCTOYHMUKA 3NEKTPOMArHUTHOIO BAUSIHUSI.

MpumeyaHue. Ha gencTByoLWNX KabernbHbIX MarncTpansx ¢ ConpoTUBIEHNEM N30NALMM NTEHTOUYHOTO
MOKPbITUSI UMW LUITaHra Ha antoMuHneBor oboroudke Hke 1500 oM X M npsimoe 3aszemneHne 060moYkn
UnNun coegnHeHne ee ¢ BpoHen He JonyckaeTcs. B aToM cnyyae nepemblykv mexay 060noyKkon n semnen
CHMMaroTCs, a Ha knemmbl «O6onouka» KWIM-2 BkntovaroTcss aHogHble 3neKTpoabl. [ns CBMHLOBbLIX
kabenen conpoTuBreHne n3onsaumm o6onoykM No OTHOLLEHMIO K 3EMITE HE HOPMUPYETCS.

OOLee conpoTMBNEHME pacTEKAHMIO TOKAa C 3NEKTPOA0B, NMOAKMHOYEHHbIX Y kaxaoro KU, He 4OomKHO
npe.biwatb 15 o npu r £ 100 om x mun 30 om npu r > 100 om x m.

10.6. CxeMbl BKIMOYEHUS 3a3eMrieHni Npu Beoae kabenen B HYT1 ¢ meTannmMyeckom LMCTEPHOW 3aBUCAT
OT Tvna Kabenen n yaenbHOro CoONpoOTUBIIEHUS 3EMITN.

Mpwn pacnonoxeHun HYTT B rpyHTe € yaenbHbIM conpoTuBrieHnem 3emnu o 300 om X m, Korga
NCMNOMb3YTCHA aHOAHbIE 3NEeKTPoabl AN 3aWwuThl MeTannmnyeckon uuctepHsl HYT1 oT koppo3sun, Ha
BBOZJE Kaxxgoro kabensi BkroYaeTcs nsonupyrowasa mydra. [Ong 3asemneHms odonodek n OpoHu
kabenen obopyayeTcs NIMHENHO-3aLLMTHOE 3a3eMrieHne. B kayecTBe 3aMTHOro 3a3emeHuns




NCMNOMb3YTCA aHOOHbIE 3NEeKTPOoabl, 411S Yero Mexay pebpom xecTtkocTu umctepHbl HYT1 n knemmon
«3emnay annapaTypbl genaetcs nepemMbivka. ObLyee conpoTMBNEHNE pacTeEKaHMIO TOKOB C aHOOHbIX
3NeKTPOoAoB JOMMKHO cooTBeTcTBOBaTL FOCT 464-68. Pabovee 3a3emneHne Beogutcs B HYTI

N30MMpOBaHHLIM Kabernem.

Mpwn pacnonoxeHun HYTT B rpyHTe € yaoernbHbIM conpoTueneHnem 3emnu Boie 300 om x M, korga

aHoHble 3NeKTpoabl ANd 3aLunTbl MeTannuyeckon unuctepHsl HYT oT koppo3um He ycTaHaBnNMBaKTCS;
3aLLNTHOE U NMHENHO-3ALLNTHOE 3a3eMieHns obbeanHaoTcsa. Ha BBoge Kaxaoto kabens c
N30MMPYHOLLUMK MOKPLITUSAMM YCTaHaBNUBaOTCA n3onupytowme My til. Ha BBoge kabenewn 6e3
N30NUPYHOLLMX NOKPbITUA MYdThbl HE YyCTaHABMMBAKOTCS.

10.7. O6ono4ku 1 GpoHenokpoBbl kKabenen 6e3 nsonupytoLLLero NOKpbITHSA Npu BBoge B HYT1 ¢
BEPTUKANbHON LMCTEPHOM 3a3eMnsaTcsa Yepes knemmHbln Wwnutok KUM-1: k knemme «MydTa» wutka
NoAKnYarTCcs nepenasiHiblie Mexay cobor 06004k n GpoHeNoKkpoBbLI kabener ¢ 04HOro
HanpaBsneHus, a k knemme «Ob6onoykay - 3azemneHve. O6ornoyka 1 6pPoHenoKpoBkI kabenen apyroro
HanpaBneHnsi NoaKMYaTCs KO BTopomy LWmTKy KUM-1, knemma «O6onoyvka» KOTOPOro COeAMHSIeTCs C
knemmon «OBonoyka» nepBoro wutka. Oba KNeMMHbIX LLUTKa YCTaHaBMMBAOTCA Ha BHYTPEHHEN CTeHke
HaaseMHon yactn HYTT Bosne nsonupytoLlen MydTol.

10.8. O6ono4ku 6e3 n3onupytoLlero NOKpbITUS Npy Beoae B HYT ¢ ropuaoHTanbHow LMCTEPHON
3a3eMIISA0TCA aHanormyHo.

10.9. O6a KWIM-1 (ansa kabenen pasHblx HanpaBneHun) ycTaHaBNMBaOTCA BO3NE NU30NNPYHOLLMX MYdT.
Mpu aTom obLee 3a3emneHune Ha kaxabln KM nogaeTcsa oTaenbHbIM M30MIMPOBaHHbIM NMPOBOAOM.

Tabnuuya 10.1

MecTa obopynoBaHust 3a3eMnUTeNen U X CONnpPoTUBMEHMS

npuv OTCYTCTBUU

CONMMKEHNS C | MopgkrtoueHu
3alLMTHBIE NOKPOBbI | [y cHAVKEHIM C 311, X. 4. 10U COMVKEHIN C N3N v an. x. o. e
kabens unu N3N nepemeHHoro P NEPEMEHHOTO | 3azeMnenns
ToKa paanocTaHumamm TOoKa 1
paguocTaHumnam
n

1. CBuHLOBasA Ha Beoge B HYT1, OYT un Ol1; R ; - onpepensetca [Ha BBoae B Uepes wntok

oGonoyka 1 6poHsi ¢ [NpOeKToM, HO He Bonee 10 om npur ; £ HYM, OYMN v OIT;|KNM-1

HapYXHbIM XKy TOBbIM
MOKPOBOM

100 oM x Mmn 30 omnipu r ;> 100 om X m

cornacHo TOCT
4164-68

2. AntoMnHueBas
ob6onoyka B LLMaHre un
OPOHS C HaPYXXHbIM
LLNTAHTOM UMK
NMEHTOYHbBIM
NONMBUHUIXIOPUAHbI
M NMOKPOBOM

a) Ha BBoge B HYTT, OYIn
OrT; R ;onpegensietcs
NPOEKTOM, HO He Gonee
Somvnpur,£100 oM x Mn
10 om npur ;> 100 oM x m

a) Ha BBoge B HYTT,
oYl n

Oll; R ;onpegensaeTtc
51 MPOEKTOM, HO He
oonee 10 omnpur , £
100 oM X M un

30 oM x MnOpUr ;>
100 om x m

a) Ha BBOAE B
HYM, OYMN n Orf;
cornacHo NOCT
464-68

Uepes
pasbeMbl Ha
wmTke KUIM-2

©0) Boonb kabens, ncxogs
N3 pacyeTa pearibHOro

KO3 pMLMEHTA 3aLLNUTHOMO
inencTens; R ;onpegenseTtc
9 MpY NPOEKTUPOBaAHUN

0) MNocpeaunHe ycnnuTenbHOro yyactka u Ha
pacctosHumn 1, 2 n 5.5 km ot OYT1, HYT1 B 06e
CTOPOHBbI, ECITM pacYeTHOE OXMOAEMOE KOJTMYECTBO
noBpeXxaeHun kabens ot ygapoB MOSTHUN
npeBbILWaeT gonyctnumoe 3HadeHne. R ; £ 10 om npu
r,£ 100 om x M; R, £20 om npn 100 <
r, <500 om x M, R ,£30 omnpur,>500 omx m

3. AntoMnHueBas
obonoYyka B LUNaHre
(6e3 6poHM)

@) To xe

a) Cm. nn. 2a n 26

4. CBUHLIOBasA 1Unn
anoMnHMeBas
ob6onoyka B LUNaHre
WITN C NEHTOYHBbIM
NOMMBUHUMXIOPUAHbI
M MOKPbITUEM, OPOHS C
Hapy>KHbIM [)KyTOBbIM
MOKPbITUEM

Cm. n. 2a n npumeydaHue 1

Cwm. n. 2a n npumeydaHue 2




MecTa o6opyanoBaHUs 3a3eMIUTENEN U X COMPOTUBIEHMS!

npu OTCYTCTBUM
CONMWKEHN C | MoaknioyeHu
3aLUMTHbIE MOKPOBI | [ny CHAMKEHUN C 311, XK. A. nan v an. x. o. e
kabens npu conuxeHnn ¢
unu JN13IN nepemMeHHoro NEePEMEHHOr0 | 3g33emneHus
pagvocTaHLMsMm
TOKa TOKa U
pagvocTaHUmMsMm
"

Mpumevanus : 1. Boonb kabens, ncxogsa n3 pacyeTa pearnbHOro koadduumeHTa 3awmnTHOro AencTeums,
ycTaHaBnmearTcs ¢ nomoLlbio KUNM-2 nepembivku Mexay 000104Kon 1 GpoHeEN.

2. MNocpepuHe ycunutenbHoro yvactka u Ha pacctosiHim 1, 2 u 5,5 kv ot OYTT n HYT1 B 06e CTOpOHHLI,
ecnun pac4yeTHOe OXuaaemMoe Konm4ecTBO NOoBpeXaeHUn kabens oT yaapoB MOMHMUM NpeBbIlaeT
nonyctTumoe, yctaHaBnuaarTcs ¢ nomoLubio KUNM-2 nepembliuky Mexay 06004Kon 1 GpoHEN.

10.10. O6ono4km 1 6poHst kabenen ¢ N3onMpyLLMM MOKPbITUEM Npu BBoAe B HYT ¢ BepTuKanbHom
unctepHon, a Tarke B OYT1 n Ol 3azemnsoTcs Yepes kneMmMHbIn wutok KUMM-2, kK koTopomy nogsoguTcs
NpoBof OT 3a3eMIeHUsi U CoeauHUTENbHbIE MPoBOAA OT 06onoYek 1 OpoHU AByX Kabenern ogHOro
HanpaeneHusi. CoeanHuUTENbHbBIE NPOBOAA OT 0bonoYvek u 6poHu kabenen Apyroro HanpaeneHUs
NOAKITIYATCA KO BTOPOMY LLMTKY, KnemMa «3emrisi» KOTOPOro COeQUHSIETCS C KNeMMOon «3eMris»
nepBoro wuTtka. KnemMmmHble LWMTKM YCTaHaBNMBAKOTCA Ha BHYTPEHHEN CTeHKe Hag3emHon Yyactu HYT nnn
B waxte OYT1 (Ol1) Bo3ne nsonupyoLwmx MydrT.

10.11. Kabenu ¢ n3onupyoLmm nokpbITeM npu BBoAe B noa3eMHbli HYTT ¢ ropusoHTanbsHoOM LMCTEpPHON
3azemnstoTtcs vyepes KUNM-2, yctaHaBnnBaeMbli Ha pacCToOAHWUN He Aarnee 5 M OT LMCTEPH.

10.12. MNpoBogHMKN 0T 060M04KN 1 BpoHK Kabenen pasHbIX HanpaBreHU 3aBOAATCH Ha OTAENbHbIE
KWI. CoeguHenne KU ¢ 3a3emneHmemM OCyLLLECTBMASIETCA OTAENbHBIM N30SIMPOBAHHbLIM MPOBOAOM.

10.13. B otgenbHbIX cnydasx, korga obopygoBaHue NMHENHO-3aWUTHBLIX 3a3EMITEHUA C MOMOLLbIO
3a3emMnuTenen 13 yrinoBou ctanu u Tpyd SKOHOMUYECKM HeLlenecoobpasHo, A4OoNyCKaeTCs MCNOSb30BaHNE
B Ka4eCTBE MPOTSXKEHHOro 3a3emnurens Tpoca (Hanpumep, Tuna MNC-70), koTopbIi NpoKNagbiBaeTcs B
3eMne Ha rmybuHe 3akonku kabensa n Ha pacctoaHum 0,4 , 1,2 M oT Hero. Tpoc CoeanHsieTcs ¢
obonoukon n 6poHern B MecTax npeanoniaraemoro 3a3eMreHus.

10.14. B cny4ae Mcnonb3oBaHusa A4ns 3awmTbl OT BAnsHUA BT vnu an. . 4. MeaHoro Tpoca nocregHum
MOXET ObITb NpucoeamHeH okono HYTT K IMHeNHO-3alWNTHOMY 3a3eMSIEHNI0, OAHAKO BENUYMHA
COMNPOTMBIEHMS 3a3eMITeHNsI [OIMKHA ONpeaenaTbCs pacyeToOM, UCXOAst U3 YCIOBUIA BIUSIHUS.

10.15. JIMHenHo-3alWnNTHbIE 3a3eMNEHNSA ANg 3alWunTbl kabenen oT ygapoB MOSTHMKM 06opyayTCAa Ha
pacctosHun 1,0; 2,0 n 5,5 km ot HYT1 B kaxkayto CTOPOHY 1 NOCpeanHe yvacTka.
11. KOHTPOJIbHO-MSMEPUTENBHBLIE MYHKTbI (KWUM)

11.1. KU npegHasHaveHbl A451s YCTaHOBKM HA MEXAYropOAHbIX Kabensax CBA3N 1 cnyXxar ans
OCYLLECTBNEHUS 3a3eMreHnst 060noYkn kabens, a Takke Ans U3MepPeHNst BENUYMH, XapaKTepu3yoLLMxX
KOPPO3MOHHOE COCTOsIHNE 060M04eK N BPOHN, COCTOSIHME BHELLHENO U30STMPYHOLLIETO NOKPOBA, COCTOSIHME
3aWunTbl kKabernen oT NPsIMbIX-yA4apoB MOMHWUK, BNUAHUSA J1OIT 1 aneKkTprudnunpoBaHHbIX XeNe3HbIX
Oopor.

11.2. NpumeHaATCA ABa TUNA KOHTPONbHO-U3MEPUTENBbHbIX MYHKTOB:

KMM-1 - gns yctaHoBKM Ha BPOHMPOBaHHbIX Kabensix B MeTannmMyeckmx 06omnoykax 6e3 n3onmpyroLmx
MOKPOBOB;

KWM-2 - ons ycTtaHoBKM Ha BPOHMPOBAHHBLIX 1 HEOPOHMPOBAHHBIX Kabensx B MeTannnyeckmx obomnoykax
C NNacTMacCcoBbIMW U30MNUPYHOLLMMMW NOKPOBaMM.

11.3. C nomouypto KU moryT 6bITh OnpeaeneHs::

- pa3HOCTb MOTEHLMAanoB Mexay obonovkon kabens v 3emnen, a Takke Mexay obonovkon kabens
penbcamu unu TpybonpoBoaoMm;

- Tok B 0bono4ke 1 6poHe kabens;
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Puc. 11.1. Cxema coeguHeHun KATM-1 gna 6poHnpoBaHHbIX kabenen 6e3 n3onvpyroLLmMx NOKPOBOB
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Puc. 11.2. Cxema coegmHeHun KUMM-2 ons 6poHnpoBaHHbIX kabener ¢ n3onmpyoLwmm NoKpoBOM

- conpoTtuBieHne n3onaunn 3alnTHbIX NOKPOBOB Ha MeTanJIn4eCcKmnx obornoykax n 6p0He;

- NepexogHoe ConpoTUBNEHNE MexXay 000noykon kabens n semnen;

- COMPOTMBIIEHNE U30MALMM U30NMPYOLLINX
- COMpoTMBIieHMe 3a3emreHus, obopynosa

MydT;
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Puc. 11.3. Cxema coegunHeHun KUM-2 gna HeOpoHMpoBaHHbIX kabener ¢ M30NMpYHLLMM NOKPOBOM
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Puc. 11.4. Cxema coeguHenun KAMM-1 npy ycTaHoOBKe M30NMpYOLUX MyddT HA BPOHMPOBaHHbIX kabensx
©e3 130nmpyLLMX NOKPOBOB

11.4. Mpwu yctaHoske KNTM-2 gomkHebl ObiTh Npor3BeaeHbl coeauHEeHUs Mexay 060roYKkor n 6poHen
kabens, a Takke C 3a3eMrieHnem, 0bopyayeMbIM C LieNbio 3alimTbl OT YAAPOB MOSTHUM U
3NEKTPOMarHUTHOrO BITUSHUS.

11.5. KM npegctaBnstoT coboto kene3obeToHHbIe CTONBUKM NPSIMOYTONbHOIO CEYEHUsI C BHYTPEHHEN
NpoJorbHON TpyOoW, Yepes KOTOPYH MPOXOaAT CoOeAMHUTENbHbIE NpoBoaa. B BepxHew yactu ctonbuka
yKpennsaeTcsa kopobka, BHYTPY KOTOPOW BEPTMKANbHO Ha LUMUNbKaX KPEHUTCS CbeMHbIN KIEMMHbIN
LLIMTOK M3 U30MSALMOHHOIO MaTepuana, 3akpbiBaembli Asepuei. K knemmam Lwutka nogKmioyarTes
coeanHUTENbHbIE NPOBOAa OT 060noYkM, 6poHu kabensa n 3azemneHns. HukHas YacTb ctonbuka nmeet
OBYCTOPOHHWI rOPU30OHTaNbHbIA BbICTYM, NPENATCTBYIOLLNIA BblAEPTMBAHMIO CTONOUKA U3 3eMN.
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Puc. 11.5. Cxema coeguHeHun KUIM-1 n KUM-2 npy yctaHoBKe M3onupyowmx MydT mexay
OpoHMpoBaHHbIM Kabenem 6e3 N3onmpyLLIMX MOKPOBOB 1 OPOHMPOBaHHBIM kabernem C N3onmpyoLLmmM
NMOKPOBOM
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Puc. 11.6. Beog B HYI1 n 3a3emneHune kabenen 6e3 nsonvpytowero nokpbitust (yaenbHoe
conpoTtumeneHne 3eMnn r, < 300 om x m):

1 - unctepHa HYTT; 2 - cTonka annapatypbl; 3 - kabenb cBA3W; 3a - wnaHr; 36 - 6poHs; 38 - CBUHLOBas
unu anomMmmHneBasa obomnouyka; 4 - 3alWnTHOE UNK NIMHENHO-3aLLNTHOE 3a3emMrieHune; 5 - nsonvpyowas
MyTa; 6 - aHoAHbIN anekTpos; 7 - wmuTok KAM-1; 8 - WMTOK NpOoTeKTOpHON 3awwnThl; 9 - wmtok KUMM-2; P
- paboyee 3azemneHune

= &

T

Puc. 11.7. Beog B HYT1 1 3a3emneHne kabenen ¢ n3onupyoLwmm nokpbitvem ( r, £ 300 om x m)
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Pwuc. 11.8. Beog B HYI1 1 3a3emneHune kabenew ¢ U30nUpyoLLMM NOKpbITUEM ( I, £ 300 om x M)

11.6. KLIM-1 BbINONHAETCA C KNEMMHbIM LLMTKOM Ha ABa KOHTPOIbHbIX BbiBOAa, a KUMM-2 - Ha naTb
KOHTPOrbHbIX BbiBOAOB (puc. 11.1 - 11.11).

11.7. YctaHoBky K/ Ha BHOBb CTPOSLLMXCA MarnucTpansix 1 obopyaoBaHue 3a3emieHunin Npon3BoasiT
OO HOBPEMEHHO C NPOBEAEHNEM MOHTaXHbIX paboT Ha MarucTpanu.

11.8. NMpu akcnnyaTaumm KOHTPOMbHO-U3MEPUTENBHbBIX MYHKTOB OCYLLIECTBISAIOTCS NEPUOANYECKIN
KoHTponb coctosaHun KU n 3a3emneHnn, a Takke npodunakrudeckuii pemoHt KA.

11.9. MNeproamnyecknin KOHTPonb cocTosHUSA KNI 1 3a3emneHnii BKIOYaeT: BHELLHUA OCMOTP 3fIEMEHTOB
KWI, onpegenexve uenoctn coequHUTENbHbIX NMPOBOAOB Y HArM4ms KOHTaKTOB, U3MEepPEHNe BENNYUHDI
CONPOTMBMEHNS 3a3eMITEHNS.

11.10. BennuuHa conpoTuBnenns 3asemneHus, skrtodeHHoro B KU, onpegensietca npubopom MC-08
Unu ApyrMm emy paBHOLLEHHBIM MPU CHATBIX NepeMblukax Mexay knemmamm «3emns», «O6onoykay u
«BpoHay.
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Puc. 11.9. Beog 1 3as3emneHune kabenen 6e3 n3onupyoLwero nokpbitms ( r, > 300 om X m)
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Puc. 11.10. Beoa B OYT1 n 3a3emneHve kabenen 6e3 n3onmpyroLLero nokpbITms
Ui, U, - nepBoe 1 BTOpoe naMeputenbHble HanpsXXeHnst COOTBETCTBEHHO
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Puc. 11.11. Beog B OYT1 n 3azemneHne kabenen ¢ N3onmpyoLmm NoKpbITUEM

TPUTIOXKEHWE 1

MOCTABLLMKM KOKCOBOW MENOYM

Mcnonbsyemaﬂ OnA 3acbINKK 3N1EKTPOAOB KOKCOBaA MerioYb ABMAETCA LWMPOKO pacnpoCTpaHEeHHbIM
MaTepumanom n MoXet ObITb OOCTaBMEHa I'IOTpe6VITeJ'II'O LUeHTparnmn3oBaHHbIM NOPAOKOM UMK nony4yeHa Ha
3aBofax LIBETHOM UK YepHOW mMeTannypriy, MallMHOCTPOEHUA, PEMOHTHO-MeXaHN4YeCKnxX 3aBoaax,
UMEIOLLMX LIEXM NNTBS, @ TakKe Ha 3aBoAdax KOKCOXMMMYECKON NPOMBbILLIIEHHOCTU. Hmke npmuBogmTcs
nepevyeHb OCHOBHbIX UCTOYHMKOB NONy4YeHudA KOKCOBOW MeNoYn LeHTpanm3oBaHHbIM NOPSIAKOM:

. Kokcoxmmmnueckne 3asoabl [lJoHb6acca v NpngHenpoBbs.
. YparnbCkme KOKCOXMMUYECKME 3aBOAbI.

. 3aBoabl 3anagHon Cubupw.

. MOCKOBCKMI KOKCOra3oBbiil 3aBO[.

1
2
3
4
5. BakaBkasckuin MeTannypruyeckmin 3asog.
6. YepenoBeLkuin MeTannypruyeckmii 3asog.
7. KaparaHOuHCK1iA MeTannypruyecknii 3aBsog.
8. JleHnHrpagckmin KOKCOBbLIN 3aBOS,.

9. KanuHuHrpaackun KokcorasoBblli 3aBof.

1

0. 3aBog Ne 11 MuHuctepcTtBa cessn CCCP, r. AxTeipka, Cymckon obnactu, YCCP.



11. 3aBog MuHucTepcTBa cBs3u, r. KOpbes-IMonbckuin, PCOCP.

CepuiHEIN BbINyCcK apMupoBaHHbIX anekTpogoB Tvna 3KA-140 HanaxeH BunbHIOCCKMM pEMOHTHO-
MeXaHU4ecKknM 3aBofOM. YKasaHHble anektpoabl Tvna 3KA-140 moryT 6bITb 3aka3aHbl Mo agpecy:
Mockea A-287, MNucuosasa 16-a, kopn. 3, TpecT CneumMoHTax Ne 8.

PUTIOXKEHUE 2.

MNMPUMEPbI OMNPEOENEHNA ,ElEI?ICTBWOLLI,EFO YOEJIbHOIO COMPOTUBINEHNA ONTA TPYHTOB C
JOBYXCINOVHOWM CTPYKTYPOU

Mpumep 1 . OnpenenuTb AeNCTBYIOLLEE YAENBHOE CONPOTUBIIEHNE OIS CTarbHOMO CTEPXXHEBOrO
3NeKTpoAa Npu creayroLmnx YCnoBusix ): yaenbHoe ConpoTUBNeHNe BepXHero cnos r ;= 600 oM X m ;
HWKHEro cnos r, = 200 om x M; TonwMHa BepxHero cnost h = 2,5 m.

[nsa 3a3emneHns UCNOmnb3yTCs ANeKTpoabl ANUHON 5 M, BEPXHUI KOHEL, KOTOPbIX 3arnybnsercs Ha
rny6uny 1,0 m.

Mpexae Bcero, onpegensemM UCXOAHbIE COOTHOLLIEHMS:
py _ 600 _ 2 ¢ 10
py 200 Posn

LR

Bo25

3HaveHnto t / | = 0,2 coOTBETCTBYET TOUEYHAsA KpuBasi Ha puc. 2.11; 3HadeHuno r 1/ r, = 3 - kpueas 9. o
Kpusoni 9 npu t/ 1 =2 Haxoaum r, /11 = 0,42, oTkyga r, = 0,42 x 600 = 252 omx* m. Janee no d-ne (2.3)
onpeaensiem BenuumnHy ConpoTUBEHNS anekTpodar=r,.

Mpumep 2. OnpenenuTb AEUCTBYIOLLEE YAENBHOE CONPOTUBIIEHNE ANS 3a3eMITIEHUSA MOSTHMEOTBOAA,
BbIMOJTHEHHOIO B BUAE rOpM30HTaNbHOrO Nyya npw cnegyroLmx yCrnoBusix: yaerbHOe CONpoTUBIEHNE
BepxHero cnos r; = 150 om X M; yaenbHOe CONpOTUBIIEHNE HMXKHENO Cro4 r, = 450 oM X Mm; TOMLWMHA
BepxHero cnosa h = 1 m. [Ina 3a3emnennsa ncnonbdyetcs nposoA aAnnHon 10 M, npoknagbiBaeMbli Ha
rny6uHe 0,8 m.

OnpepensieM ncxogHble CooTHOLWeEHNs: rq/r, = 150/450 = 1/3; 1/ h=10/1=10;t/h=0,8/1=0,8.

3HaveHuto 1 / r, =1/3 cooTBETCTBYET NYHKTUPHAA KpuBas Ha puc. 2.12, aHadeHmo t/ h = 0,8 -
KpuBas 5 nnm 6nmakas kK Hen kpusas 4. Mo kpuBon 4 anst/h =1 npunt/h =10 Haxogum, ytOor, /11 =1
,9, oTkygar, = 1,9 x 150 = 285 om x m.

Takvum o6pa3om, ConpoTMBIEHNE MOMNTHMEOTBOAA AAHHON AMWHBI HEODXOAUMO paccyMTbIBaTh, UCXOOS U3
yOenbHOro ConpoTUBAEHUS rpyHTa 285 oM X m.

Mpumep 3. Onpenenutb AeNCTBYOLLEE YAENBHOE CONPOTUBIIEHNE A8 3a3eMITEHNST MOITHMEOTBOAA,
BbINOMHEHHOIO B BUAE rOPU30HTaNbHOrO yya Mpu CReayLwmx YCroBusxX: yaenbHoe ConpoTMBreHne
BepxHero cnog r; = 900 om x M; yaenbHoOe COMPOTUBMNEHUE HUXKHErO crios r, = 300 oM X M; ToNLMHA
BepxHero crnost h = 1 m. [Ins 3a3emneHuns ncnonb3dyetcs nposog anvHon 10 M, NpoknaabiBaeMblin Ha
rny6uHe 0,8 m.

OnpepensieM ncxogHble COOTHOLWEHNS: 1/, =900/300 = 3;t/h=0,8/1=0,8;1/h=10/1 = 10.
3HaveHuto r 1 / r, = 3 COOTBETCTBYET NyHKTUPHAsA KpuBas Ha puc 2.13; aHadeHuto t / h= 0,8 - kpuBas 6. o
KpuBow 6 Haxogum, ytonpu | /h=10r,/r, = 0,65, otkyaa r, = 0,65 x 900 = 585 om x m. [Mpn 3TOM
yAENbHOM COMPOTUBIIEHUN U HY>KHO NMPOBOAWUTL pacyeT CONPOTUBIIEHUSI 3a3eMIIEHUS] MOSTHMEOTBOAA.

Ecnu nony4eHHoe npu pacyeTte conpoTmnBIieHNe OKa3blBaeTCA BbllUEe HOPMbI, Heobxoaumo Bbl6paTb
3azemMnuTenu 6onbluen ANWHbl, OAHAKo B AaHHOM Clny4ae onpenerieHne ,D,eVICTBYIOU.leFO yOEINbHOK



COMNPOTUBIEHNSI HEOBXOAMMO NOBTOPUTB, TaK Kak AfMHA 3a3eMINUTENS ABMASTCA OAHUM U3 OCHOBHbIX
NCXOAHbIX AaHHbIX MPU pacyeTe AENCTBYHOLLEro yaernbHOro conpoTuaneHus. Crieqyet OTMETUTb, YTO
[eicTByolLIee yaenbHOe CONPOTUBMEHNE MOXET BblTb CYLLIECTBEHHO PasnUYHbIM AN pasHbIX TUMOB U
pa3MepoB 3a3emruTenen, NoaToMy 3HaYeHe 3TOro CoNpPOTUBMNEHMUS AN TPYObl HEMb3s PacrnpPOCTPaHNUTb
Ha NOMoCOBON 3a3eMMUTENb 1 Aaxe Ha TpyBy ¢ ApyruMu pasmepamu.

3azemnuTenb MCNOJb3yeTCA TEM Jy4ylle, YeM Bbllle NpoBOANMMOCTbL CI104, B KOTOprIZ OH NOMeELLEH.
MHaue roBop4, I'IpaBVIJ'IbeIVI Bbl60p 3a3semMndaroLliero yCTpOVICTBa NMO3BOJIAET B HECKOJIbKO pa3 COKPaTUTb
€ro pasmMepbl nUnn obLliee KonnM4yecTso ANEeKTpoaoB. Ons rOPU30OHTalbHbIX 3a3emMnuTenen pewawLliee
3Ha4vYeHne an06peTaeT FJ'Iy6l/IHa 3arioXXeHna nornochl. an/l COOTBeTCTByI'OLLI,eIZ rny6|/1He 3arioXXeHna ogHa
KOPOTKaaA nosioca MOXET OKa3aTbCA 3KBMBANEHTHOW NOSI0Ce B HECKOMbKO pas3 OonbLuUen AnVHbI.

MPUTIOXKEHUWE 3

OCHOBHbIE HOPMbI )19 COMPOTUBNEHNM 3ASEMITEHUIA YCTAHOBOK CBA3W (TOCT 464-68)

1. BenuunHbl CONpoTMBIEHUI paboyero 3aseMrneHmns ans tenerpadoHblX CTaHLMA U TPaHCTALUOHHbBIX
MYHKTOB, paboTatoLLMX Mo O4HOMNPOBOAHLIM Lienam, npuseaeHs! B Tabn. M.3.1.

Tabnuua M.3.1
Uucno TenerpadHbIX Lenewn, BBeAeHHbIX B cTaHumio| Ao 5 (ot 6 go 10/ot 11 go 20 ot 21 go 50|cBbiwe 50

ConpoTuBneHune paboyero 3asemMrneHnsi, oM, He

Gonee 20 10 5 3 2

2. BennumHbl CONPOTMBNEHNUI 3aLLUTHOTO 3a3eMIeHnst 451 MECTHBIX Y MEeXOYropoaHbIX TenedOHHbIX
CTaHuuMK1, paboTatoLmnx No ABYXNPOBOAHbIM Lensam, OMMKHbI ObITb HEe 6onee ykasaHHbIX B Tabn. 1.3.2.

3. BennuunHbl CONpOTUBMNEHUI 3aLLUTHOrO 3a3eMieHUs TeNeOHHbIX CTAHLUA, UMEHOLLINX
COEeANHUTESbHbIE NTMHUM, B CXEMAX KOTOPbIX HE UCMOSMb3YETCHA 3eMIS B Ka4eCcTBE NPOBOAA Lienn, JOSMKHbI
ObITb He Bornee ykasaHHbIX B Tabn. I1.3.3.

Tabnwuuya M.3.2

YaenbHoe ConpoTuBEHME 3aLLMTHOTO 3a3€MITEHUS, OM, NPU Y1Cre Lenel, BBeAEHHbIX B
COMNpOoTUBIEHNE CTaHumnto
» OM X M [0 5 Bkn. cBbille 5
1o 100 15 10
Ot 101 go 300 25 20
Ot 301 oo 500 35 25
Cabiwe 500 45 30
Tabnwuya M.3.3
YhenbHoe ConpoTuMBIEHME 3aLLMTHOTO 3a3€MITEeHUS, OM, NPU Y1CHe Lienel BBEAEHHbIX B
COMpOTUBEHNE CTaHuuio
rpyHTa, om x m Ao 5 BK. cBbie 5
1o 100 10 8
Ot 101 go 300 15 10
Ot 301 go 500 20 15
Cabiwe 500 35 20

4. Benn4umHbl CONPOTMBIEHN paboyero 3aseMnennst TeNnedOHHbIX CTaHLMUA, UMEKLLMX COEAUHUTENbHbIE
NHUK, B CXEMaxX KOTOPbIX 3EMIISi UCMOMb3yeTCs B Ka4ecTBe NPOBOAA Lenu, NpvBeAeHsl B Tadn. 1.3.4.

Tabnuuya M.3.4

or26 | otr51 [oTr 101 | oT 201 | oT 501 | cBbILLE
n0o 50 [ go 100 | go 200 | go 500 |go 1000[ 1000

ConpoTtuBneHve 3asemrneHus, om, He bonee| 25 12 6 3 2,5 1,0 0,5

O0LLee YNCno coeaANHUTENbHbBIX NUHUN no 25




5 BenuuunHbl cONpoTUBIIEHUA pabo4nX 3a3eMIEHNN MEXAYTOPOOHbIX TeNEeOHHBLIX CTaHLUIA,
NCMNOMb3YILLMX 3EMITI0 B KAYECTBE OOHOI0 U3 MPOBOLOB COELMHUTENbHBLIX JIMHWUIA, NPUBEAEHLI B Tabn.
M.3.5.

Tabnuua M.3.5

or51 g0 | ot 201 po | ot 501 go CBbiLLEe
200 500 1000 1000

Yucno coegmMHUTENbHbIX

TAH no 25 oT 26 oo 50

ConpoTuBneHne paboyero

3a3eMneHus, oM, He Gonee 30 15 5 2 1 0,5

6. BennuyunHbl COnpoTUBNEHNIA 3a3eMMeHNI AN UCKPOBbLIX pas3psAHUKOB KackagHon 3awwmTbl Tunos UP-7,
1 P -10, NP-15, NP-20, a Takxe Ansa paspsgHukos Tunos NP-0,2 unu NP-0,3 npu ycTaHoBKe 1X Ha
onopax, CMeXHbIX C kKabernbHOM ONopo UK CTaHLUMER, NS UCKPOBbLIX MPOMEXYTKOB, yCTaHaBMNMBaEMbIX
Ha NpoBOAax BO34YLUHOW JIMHUM CBSA3M A1 3aLUThl MEeXOYropoaHbIX kabenewn cBaA3n OT y4apoB MOSTHUM
N NCKPOBbLIX pa3psiaHMKOB, BKITHOYAEMbIX Ha NIMHUSIX pagMOTPaHCIIILMOHHOM CETU, MPUBEAEHbI B Tabn.
1.3.6.

Tabnuua N.3.6

YaeneHoe COnpoTUBIIEHUE TPYHTA , OM X M 0o 100 ot 101 go 300|ot 301 go 500| cebiwe 500

ConpoTvBneHue 3asemneHus, oM, He bonee 20 30 35 45

7. BennumnHbl conpoTUBIEHWUIA 3a3eMINEHNI AN BBOAHBIX KabernbHbIX U ApYrMX Onop, MexayropoaHbIX
TIMHUI CBAI3N N MEXLYrOPOOHON Xene3Ho40pOoXHOM cBA3W, Ha koTopbix No FTOCT 5238-66 TpebyeTcs
yCTaHOBKa B CXeMe 3aluTbl UCKPOBbIX paspsaHukoB Tunos UP-0,2, P-0,3 nnun P-350, npuBeaeHsl B
Tabn. .3.7.

Tabnwuuya M.3.7

YpaenbHoe cCoOnpoTUBIIEHNE TPYHTA, OM X M no 100 o1 101 go 300|oT 301 o 500| cBbiwe 500

ConpoTuBneHve 3asemrneHuns, oM, He bonee 5 7 9 12

8. BenuumnHbl conpoTuBneHuin 3asemneHnn onsa paspsgHukos tuna YP-500, ycTaHOBMEHHbIX B
KabenbHbIX SILLMKaX Ha CTbikax NPOBOLOB BO3AYLLUHbIX JIMHUA ropoackmx TenedoHHbIix ceten (MTC),
cenbckmx TenedoHHbIX ceTen (CTC) n MECTHbBIX CETEWN XENE3HOLOPOXKHON CBA3N C Xunamm kabenbHbIX
NUHWIA, a Takke ansa paspsgHukoB Tunos NP-0,2 nnun UP-0,3, BkntoYaemblx 4ns 3amTbl 3anmparoLmnx
KaTyLwiek B TpeTbux uensx (4ept. 15 FTOCT 5238-66) n knemmax aboOHEHTCKMX TpaHcopmaTopos
paguoTpaHcnaunoHHbix ceTen (PTC), npmeeneHsbl B Tabn. M.3.8.

Tabnwuya M1.3.8
YaenbHoe conpoTMBIIEHME TPYHTA, OM X M no 100 ot 101 go 300|oT 301 go 500| cBbiwe 500

ConpoTuBneHve 3asemrneHuns, om, He bonee 10 15 18 24

9. BennuunHbl CONPOTUBIEHUI 3a3eMEHNS 1151 aDOHEHTCKMX 3aLmnTHbIX ycTponcts A3Y-1 n A3Y-2,
BkMtovaeMbix Ha NMHUAX F'TC n CTC, MecTHOW Xene3HO4OPOXHOW CBA3N 1 MONTHMEOTBOAOB,
yCTaHaBMMBaeMbIX Ha Onopax BO3AYLUHbIX JIMHUIA, NpuBeaeHbl B Tabn. 1.3.9.

Tabnwuya M.3.9

YaenbHoe CoOnpoTMBIIEHNE TPYHTA, OM X M no 100 ot 101 oo 300|oT 301 go 500| cBbiwe 500
ConpoTtuBneHve 3asemrneHnn, oM, He bonee 30 45 55 75
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