MHWHUCTEPCTBO CBSI31 CCCP
T'JIABHOE YIIPABJIEHUE MEXJIYHAPOJHOM
TEJE®OHHOM CBSI3U

PYKOBOJACTBO

IO NPOEKTUPOBAHUIO, CTPOUTEJIBCTBY U OKCIUVIYATAIIUU

3A3EMJIEHMI B YCTAHOBKAX ITPOBOJHOM CBSI3U U
PAJUOTPAHCJIISALHUOHHBIX Y3J10B

N3JATEJBCTBO «CBA3b»
MOCKBA 1971

HNPEAUCJIIOBUE

C MomeHTa onyOnukoBaHus «PyKoBOIAIINX yKa3aHUN IO IPOEKTUPOBAHUIO, CTPOUTEIBCTBY
Y 3KCIUlyaTalluM 3a3€MJICHUH B yCTAHOBKAX IPOBOJIHOM CBSI3U U PaJUOTPAHCISLIUOHHBIX Y3JI0B)»
B 1953 r. mosiBMIIMCH HOBBIE pa3pabOTKH 11O BOMPOCAM 3a3eMJISIOIINX YCTPOUCTB B YCTAHOBKAX
CBSI3U, U3MEHWIIUCh HEKOTOPBIE HOPMBI HA COITPOTUBIIEHUS 3a3€MJICHHS, BOSHHUKIIA
HEOOXOUMOCTh B JIOIIOJIHEHUAX U yTOUHEHUsIX. J[aHHOe «PyKOBOJICTBOY SIBISI€TCS MOJIHOCTBIO
nepepabOTaHHBIM B COOTBETCTBUU C COBPEMEHHBIMH TPEOOBAHUSAMHU.

CocraBieHre HOBOU pellakliMy pyKoBoAsIIKX yka3aHuil nposeneno LIHWUMC npu yuactuu
Ko HHUNC (M.U.Muxaiinossim, C.A. CokonossiM, K.K. Hukonsckum, 3.C. Bepunoit).

1.

1.1.

1.2.

1.3.

1.4.

['maBHOE ympaBiieHHE MEXTyTOpOAHOHN TenedoHHON
CBsA3M MUHHUCTEPCTBA CBA3H.

LlenTpanbHbIi HAYYHO-UCCIIEA0BATENBCKUI
WHCTUTYT CBA3U

OCHOBHBIE OIIPEJAEJEHUA U OBIIUE ITOJOKEHUA

3azemaumenem Ha3bIBACTCSA MPOBOJIHHUK MIIU TPYIIIA MPOBOIHUKOB JH000H (POpMbI
(TpyOa, cTep:keHb, oJioca, MPOBOJIOKA, JIUCT U T.I1.), BHIOJHEHHAS U3 POBOSIIETO
MaTepuaja U HaxXOAIIasiCsl B HEIOCPECTBEHHOM COIPUKOCHOBEHHUH C TPYHTOM, C
KOTOPBIM OHA CO3JIAeT IEKTPUUECKOE COSIUHEHHUE ONPEIEIIEHHOTO COMTPOTUBICHHUS.

3613€MJZ}UOM4MM ycmpoﬁcmeom (3036]!4]1}1}01141/[]!/1 KOHmypOM) Ha3bIBaCTCA
COBOKYITHOCTH 3a3eMIINTEICH 1 COCIUHAIOIINX UX ITPOBOAHUKOB

3azemnenuem Ha3bIBAE€TCS yCTPOUCTBO, COCTOAIIEE U3 3a3EMIIAIOLIETO KOHTYpa
(3a3emymTeneit) U MPOBOAHUKOB, COETUHSAIOIINX 3a3EMIIUTENH C 3JIEKTPUIECKUMU
yCTaHOBKaMH.

Conpomugnenue 3azemaumers, uiu CONPOMuBieHue pacmekaHuro mokos ¢
3a3emaumens Ha3bIBAETCSI CYMMapHOE 3JIEKTPUUECKOE CONPOTUBIIEHUE MIEPEXOTHOIO
KOHTAaKTa OT 3a3€MJIUTENS K TPYHTY M CONPOTUBIICHHE TIPOX0XKICHUIO (PACTCKAHHUIO)
TOKOB B CIIOSIX TPYHTA, MPUJISKAIIUX K 3a3EMITUTEINIO.



1.5.

1.6.

1.7.

1.8.

1.9.

1.10.

1.11.

1.12.

1.13.

Yoenvuvim conpomuenenuem epynma Ha3bpIBa€TCs NEKTPUUECKOE CONIPOTUBIICHUE,
OKa3bIBaeMoe I'pyHTOM B (hopme Kyba oobemoMm 1 T IIPY IPOXOKACHUH TOKA OT
OJIHOH rpaHu 3TOro Ky0a K IPOTHUBOIOIOKHON. Y I€JIbHOE CONPOTUBIIEHUE TPYHTA

o6o3Hauaercs yepes R u BeIpaxaerca B Om*m.

B 3aBucumocTH 0T QpyHKIIMH, KOTOPYIO BBIOJIHSIOT 3a3€MJICHHSI B yCTaHOBKaX
CBSI3U M PaJIMOTPAHCISIIMOHHBIX y3J1aX, Pa3iinyaroT paboyee, 3allUTHOE U JTMHEHHO-
3alUTHOE 3a3€MJICHUE.

Pabouum 3azemnenuem B TEXHUKE CUIIBHBIX TOKOB HAa3bIBAECTCS 3a3€MIISIIOIIEE
YCTPOMCTBO, NpeIHAa3HAYEHHOE 1JIs1 00ecredeHns: padOThl yCTAaHOBKH B
HOpPMAaJIbHBIX MJIU aBapUUHBIX YCIOBUX (Hanmpumep, paboThl TMHUN
JJIEKTPOIIEpEIaYH IIOCTOSHHOIO TOKA 10 CXEMEIIPOBO - 3€MJLsD» IIPU aBapUUHOM
OTKJIFOYEHUHU BTOPOTO NMpoBoJa). B TexHuKke npoBoIHOM cBsI3U pabouum
3a3€MJICHUEM Ha3bIBACTCS YCTPOUCTBO, IPEAHA3HAYECHHOE I COCAUHEHUS
anmnapaTypsl IPOBOJAHON CBSI3U U PAMOTPAHCISIIUOHHBIX Y3JI0B C 3€MJIEH,
CJIy>Kallel OJHUM U3 IPOBOJHUKOB JJIEKTPUYECKON 1ienu. Takoe 3a3eMileHue
IIPUMEHSETCS BO BCEX OJHOIIPOBOIHBIX LIETISIX WIIU LEISAX «JIBA POBOJA - 3€MJISD)
TenerpadHoi U Tene(OoHHOM CBsI3H, B LEMAX PaJHOTPAHCIILIUOHHON CETH,
JMCTaHIIMOHHOTO TUTAHUs YCWINTEIBHBIX IIYHKTOB U B KATOJHBIX YCTAaHOBKaX IpU
3ammTe 000104eK Kadenel oT KOppo3uu.

3awummuviv 3a3emienuem Ha3bIBAETCS YCTPOUCTBO, MTPEIHA3HAUEHHOE JUIS
COEMHEHMS C 3eMJIEH MOJHUEOTBOAOB, PAa3pPsAIHUKOB, a TAK)KE METAIIINYECKUX
YyacTel CUIIOBOTO M TEXHOJOTHYECKOr0 000PYI0BAHUS YCTPOMCTB MPOBOJHON CBS3U
U paJuOTPaHCIILIUOHHBIX Y3JI0B, KOTOPbIE HOPMAJIBHO HE HAXOIATCS MO,
HaNpsDKEHUEM, HO MOTYT OKa3aThCs MOJ1 HUM MPU MOBPEXKACHUAX 30NN
NPOBOJIOB, HecymMx pabounit Tok. Ha ATC K 3a1IUTHOMY 3a3eMJICHHIO
MOJICOETUHAETCS OJIMH U3 TOJIOCOB OaTapeil ¢ 1eNblo 3alIUThI OT MePEXOIHBIX
TOKOB B ClTydae HapyLIeHUs U30JSAIUH A0OHEHTCKUX Tap.

ﬂuHeZZHO'C)’aWuI’I’IHbZM 3azemaerHuem Ha3bIBacTCA YCTPOﬁCTBO, IpeaHa3HAUYCHHOC JIJIA
343CMJICHUA MCTAJUNIMYCCKUX ITOKPOBOB 000J104EK U 9KPaHOB 110 Tpacce KaOeneit u
Ha CTaHIUAX, KyJ1a OHU 3aBOJATCA.

B TexHuKke npoBOAHON CBSI3M U PAaJMOBEIIAHUS 3a3€MJICHUS 00ECTIEYHBAIOT
HOpMaJIbHYIO paboTy anmaparypsl CBsI3U, 6€30MMaCHOCTh 00CTYKUBAIOIIETO
NepCoHaja U eJI0CTh CTAHIIMOHHOTO ¥ IMHEWHOTO 000py10BaHHUS.

[Tpu TenerpapupoBanuy 1 TeIePOHUPOBAHUM 3EMJIS YACTO UCTIOIb3YETCS B
KayecTBe 00paTHOIrO MPOBOJIA U 3a3€MJICHHE COCTABISET YacTh paboyeil 1emnH.

[Tpu cOmmKeHnsxX TUHUHN dJIEKTpoTiepeaay ¢ TMHUSMHU CBSI3U - B TIOCIETHUX MOTYT
BO3HUKHYTH OIACHBIC HAMPsDKeHUs. MOIITHBIEC pa3psIHUKH, yCTAHABIIUBAEMBIC B
ATOM Cily4ae Ha JIMHUU, OO0ECIICUNBAIOT 3aIlUTY alapaToB CBA3U U 0€30MacHOCTh
00CITyKMBAIOIIETO MMEPCOHANA, €CITU 3a3eMJICHHE OyIeT UMETh Majioe
COIPOTHBIIEHHE, COOTBETCTBYIOIIEE HOPME.

B HacelleHHBIX MyHKTaX UMEETCs ONACHOCTh COMPUKOCHOBEHUS IIPOBOJIOB CBSI3H C
TpaMBaHBIMU U TPOJIICHOYCHBIMU TTPOBOIaMU. BemnmunHa conpoTHUBIIEHUS
3a3CMJICHUS pa3psAAHUKOB, YCTAHOBJICHHBIX Ha IPOBOJIaX CBA3U, B JAHHOM CJIIy4ac
OTpEeIEeTISIeT CTENEHb HAJICKHOCTH 3aIUTHl YCTAHOBOK CBS3H.

JlepeBsiHHBIE ONOPBI BO3AYIIHBIX JUHUAN CBSA3U U PaAUOBEILIAHUS IIPU yIapax
MOJIHUH pa3pylaroTcs. [{ns 3aimTel UX OT pa3pylIeHUs YCTAHABINBAOT
MOJIHMEOTBOIbl. CTENEHb HAJEKHOCTHU 3aIUTHI 3aBUCUT OT BETUYMHBI
CONPOTUBIICHUS 3a3€MJICHUS MOJTHUEOTBOIA.



1.14.

1.15.

1.16.

Hopwmsl conpoTrBIiIeHNs 3a3€MIICHAN U1 Pa3JIMYHBIX YCTAHOBOK ITPOBOJIHOM CBS3H
U paAMOTPAHCISMOHHBIX Y3J10B IpUBEACHbI B 0011ecoto3HoM ctannapre 'OCT
464-68(3a3eMIIeHUS TS CTAIIHOHAPHBIX YCTAHOBOK MTPOBOIHOW CBSI3U M JUIS
PaluOTPAHCISILIMOHHBIX Y3JI0B).

Ha puc. 1.1 nokazana npuOIu3UTEIbHAS KAPTUHA JIEKTPUICCKOTO TOJIS B 3eMJIe
MEXIy ABYMs 3a3eMIIUTeNsIMU A U b. B 3aBUCUMOCTH OT IJIOTHOCTH TOKa MOJIe
MOJKET OBbITh pa3zieleHo Ha Tpu obnactu: B o0nactsx | -u |l mioTHOCTH
CpaBHHUTENBHO Benuka; B oonactu |l ona He3HaunTeNbHA BBULY OOJBIION
BEJIMYHHEI IIONIEPEYHOTO CEYCHHS 3€MJIH, B KOTOPOM MPOXOIUT TOK. Ha
COMPOTHUBIICHUE 3a3€MITUTENIS, TTIABHBIM 00pa3oM, BIHUSIOT 00JIACTH ¢ OOBIION
IUIOTHOCTBIO TOKA, T.€. B JaHHOM citydae obnactu | u 1. O6nacts 1l mpakTuuecku
HE BJIMSIET HA CONPOTUBIEHHUE 3a3eMinTens. [loaToMy conpoTruBieHNE 3a3eMIICHHS
MOJKET OBITh U3MEPEHO C MIOMOIIBI0 aMIIEPMETPa M BOJIBTMETPA, BKIIOYCHHBIX TaM,
IZI€ IUIOTHOCTh TOKA BEJIMKH.

Puc.1.1. Cxema usmepenust conpomueiienus 3azemienus (a) u noie mokos & zemie (6)

Ha puc. 1.2 noka3zaHo n3MeHeHHEe OTHOILICHUS MOTEHIMAaa Touek 3eMin UX Mex Iy
3azeminTeNsIMU (M. puc. 1.1) k moTeHuany oxHoro u3 3azemuureneii UA B
3aBUCUMOCTH OT PACCTOSIHUAX MEXKY JAaHHOW TOYKOM M 3a3emunreneM. [Ipu
OJIHOPOJHOM CTPOEHMH 3€MJIM U OJUHAKOBBIX 3a3EMIIUTEISAX TOUYKA C HYJIEBBIM
MOTEHIINAJIOM HaXOJIUTCS TOYHO OCpeauHe Mex 1ty HuMH. W3 kpuBoit Ha puc. 1.2
BHUJHO, YTO BEJIMYMHA MOTEHIMANIA YKa3aHHBIX TOYEK 3€MJIM PE3KO YMEHbBILIAETCS
BOJIM3M 3a3eMJIMTENS U Ha paccTostHUU 20 m OT HETO CTAHOBUTCS paBHOM
npUOIN3UTENBHO 2% OT MaKCUMAIbHOTO 3HaUeHHs. TOYKH, I/le MOTEHIHAN 3eMJIIH
paBeH 2% uiau MeHee OT MaKCUMaJIbHOTO 3HaYEeHHUs1, MPAKTUUECKU MOXKHO CUUTATh
TOYKaMH HYJIEBOT'O MOTEHIIMAJA, WIH YAAJEHHBIMA TOUKaMH 3€MJIH.
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Puc.1.2. Kpusas usmenenus ommouenus Ky NOMEHYUaNa moyex 3emau mMexicoy 08yms
sazemnumensaimu Uy k nomenyuany 3azemiumens OmHOCUMENbHO HY1e80U MOYKU 8
3a6UCUMOCIU OM PACCMOAHUSA X

1.17. Ha puc. 1.3 noka3zaHO U3MEHEHHE OTHOIICHUS K2 PA3HOCTHU MOTEHITMAIOB U 4« MEX Y
3a3eMJIUTENIEM M pacCMaTPUBAEMOM TOUYKOH a, K TOTeHIHaTy 3a3emiuutens Uy B
3aBUCUMOCTH OT PACCTOSIHUSA X MEXKYy dTOM TOYKOM 3€MJIM U 3a3emimresieM. 13
ATOW KPUBOM BUIHO, YTO HA BEJIIMYMHY MOTEHIIMAJIA 3a3EMIIUTEIIS MPAKTHUYECCKU

OKa3bIBAET BIIMSHUE TOJIBKO IPYHT, OKPY KAIOUIHIA 3a3eMiuTenb B paguyce 20 - 25
M.
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Puc. 1.3.Kpueas usmenenus omnoweHus K, (8 npoyenmax) paznocmu nomenyuanos U 4
MedncOy 3a3eMaAumenem u paccmampueaemol moykoul x K nomenyuany 3azemaumens U,
6 3aBUCUMOCIU ON PACCMOSIHUS X

DeKkTpuYecKoe COPOTUBICHUE 3a3eMinTens (cM. puc. 1.1) onpexnensiercs
OTHOUIEHHEM U3MEPEHHOTO MOTEHIMAIa 3a3EMIIUTENS [0 OTHOMICHHIO K TOYKE C
HyJIEBBIM HOTEHIINAJIOM K TOKY, CTEKAIOIIEMY C 3a3€MJIUTENS B TPYHT, T.€.
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Toe:
U -noxasanus sonvmmempa, B

I - nokasanus amnepmempda, A

2. PACUYET 3A3EMJIMTEJIEA

YAEJBHOE COITPOTUBJIEHUE I'PYHTA

2.1. OcHOBHOE BIIMSIHHE Ha BEIHUYMHY COMPOTHUBIICHUS 3a3€MIIUTENECH OKa3bIBAET
BEePXHHUU CJIOH TpyHTa Ha riryoune 1o 20 - 25 m, moaTomMy mpu pacyere u
YCTpOICTBE 3a3eMJICHHI HEOOX0IMMO 3HATh €r0 yAeTbHOE COMPOTHUBIICHUE.

2.2. B 3aBucumocTtu oT coctaBa (4epHO3EM, TIECOK, TIIMHA | T.I1.), Pa3MEPOB H TNIOTHOCTH
MpUJIEraHus JpyT K IPYTy YacTHII, BIAKHOCTH U TEMIEPATyPhl, HATHUHUS
PaCTBOPUMBIX XUMUYECKUX BEIIECTB (KUCIIOT, MEIOYCH, TPOAYKTOB THUCHHS U T.JI.)
YAETbHOE COMPOTHUBIICHNE TPYHTOB U3MEHSETCS B OUEHb IIMPOKUX IpeIemax.

2.3. Haubonee BaxHbIMU (pakTOpamMu, BIUSIOLIMMHU Ha BEIMYUHY YJI€IHHOIO
COIIPOTHUBJICHUS TPYHTA, SBJISAIOTCS BIAXKHOCTh U Temmneparypa. Ha puc. 2.1 u 2.2 B
KayecTBe MpuUMepa NPUBEACHbI KPUBbIE N3MEHEHUS yI€IbHOIO CONPOTHUBIICHUS
KpPacHOM IIMHBI B 3aBUCUMOCTH OT BJIQXKHOCTH U TEMIIEPATYPBI.
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Puc.2.2. Kpusas usmenenuss yoeaibHo20 cCoOnpomueieHus KPAcHou eiunbl 8 3a8UCUMOCU

2.4.

2.5.

2.6.

Tabnuya 2.1

om ee memnepamypbol

B Teuenue roja B CBSA3M ¢ MI3MEHEHUEM aTMOC(HEPHBIX M KIMMAaTHYECKUX YCIOBUH
COJZIEP’KaHUE BJIATH B TPYHTE U €0 TEMIIEPATYPA U3MEHSIOTCS, a CIEI0BATEIIBHO,
U3MEHseTCA U yenbHoe conporusieHue. Hanbomnee peskue konebaHus yaeabHOTO
COIIPOTHBIICHHSI HAOIIOJA0TCS B BEPXHUX CJIOSIX 3€MJIU, KOTOPBIE 3UMOM
IIPOMEP3Al0T, a JIETOM BBICBIXAOT. V3 JaHHBIX U3MEPEHUHN CIEAYET, YTO IIPU
HOHMXEHUU TeMnepaTypsl Bo3ayxa ot 0 1o -10 °C ynenbHOe conpoTuBiIeHne
rpynra Ha rimyoune 0,3 m yBennuuBaercs B 10 pas, a Ha rmy6une 0,5 v - B 3 paza.

CorytacHO HaOJMIOZCHUSAM B OOJIBIIMHCTBE 00JIACTEH CEBEPHOU M CPEHEH YacTu
CCCP npu oTpULIATENIBHBIX TEMIIEPATYPax BO3AyXa IPYHT UMEET IOJOKUTEIBHYIO
TeMIiepatypy Ha riryouHe, HaunHas ot 0,8 . BiakHOCTh rpyHTa Ha 3TOM riyOuHe U
HIWDKE TIPU U3MEHEHUU TEMIIEPATyphl BO3/TyXa U3MEHSETCS CPAaBHUTEIHLHO MaJIo.

B roxnbIX paitonax CCCP rioyOuna npomep3aHus TPYHTOB U3MEHSETCS B IIpeAeiiax
ot 0,1 1o 0,5 m.

[Tpy IPOEKTHUPOBAHUH U CTPOUTENIBCTBE 3a3EMIISIIOIIUX YCTPOHCTB HEOOXOTUMO
3HATh MAKCHMAJIbHYIO BEJIUUUHY YACIBHOTO COIPOTUBIICHHS CJIOS TPYHTA Ha
ri1yOuHe, MpUOIM3UTEIBHO B TPU pa3a IMPEBbIIIAONICH ITyOuHY 3aKIIaIKu
3azemuntens. Tak, Harpumep, Mpu 3a0MBKE BEPTHKAIBHOTO 3a3EMIIUTENS [UIMHOM 2
M Ha T1yOuHy 3 M HE0OXOAUMO 3HATh CPETHEE YACIbHOE COPOTHBICHHE CIIOS
IpyHTa TOJLIMHOIO 110 9 M.

BennuuHa yienbHOTo CONpOTUBIICHUS TPYHTA ONpeessieTcs MyTeM U3MEepeHHi B
MECTE yCTPOHCTBA 3a3eMJICHHS C YI€TOM KOA(P(PHUIIMEHTOB BIaXKHOCTH, KOTOPHIE
IpUBEJIEHBI B Ta0J. 2.1 ¥ MPUMEHSIOTCS B CIEIYIOIUX CIIydasx:

° K1-1 - €CJIM USMCPCHHAA BCIIMYMNHA COMMPOTUBJICHUS I'PYHTA COOTBETCTBYCT
MUHHMAaJIbHOMY 3HAYCHUIO (TPYHT BIQXKHBIN, IIEpe]l U3MEPEHUEM BBITTA a0
MHOT'O OCa/IKOB);

®  Kj.2 - €CJIM U3MEPEHHAsS BEJTMYMHA YIETHHOTO COMPOTUBIICHUS TPyHTA
COOTBETCTBYET CpeIHEMY 3HAUEHUIO (TPYHT CpeIHEN BIaKHOCTH, Tepe]]
M3MEPEHHUEM BBINA/1aJI0 HEMHOTO OCAaJIKOB);

e k1-3 - ecnu u3MepeHHast BEJIMUNHA YAEIbHOIO CONPOTUBIICHUS I'PyHTa
COOTBETCTBYET HAaMOOJIbILIEMY 3HAUEHHUIO (TPYHT CyXOH, Iepe/l U3BMEPEHUEM
BBINAJIAJI0 COBCEM MaJIO OCAJIKOB).

3azemMinTe N

IHonpaBounsble
K03 pHUIHCHTBI

TyOuna 3aj10:KeHus1, 1
K11 K12 K13

IToBepxHOCTHEIE (TIPOTSHKCHHBIC)

0,5 6,5 5 4,5

08 3 2 16

YrnyOneHHbie

CTEP>KHH)

BepTUKaIIbHbIE (TPYOBL, YTOJIKH, 0,8 (BepxHUIi KOHEI] 3a3eMIUTENA) 2 15 14
3 (HMKHUM KOHEI] 3a3eMIINTEIS) ' '

PacuerHoe 3HaUeHUE yICTBHOTO COMPOTUBIICHUS TPYHTA ONPEACISAETCS 1O
bopmye:




2.7.

P = Puu* kD
Toe:

- *
P yizm- UsMepenHoe yoenvHoe conpomusnenue epyuma, Om*m

Koadduuunents! npomep3anus rpyHta K71 K2, yYUTHIBAIOIINE CE30HHBIC
KoJIeOaHUsl TEMIIEPATYPBI U1 PA3IUYHBIX KIMMAaTHYECKUX 30H, IPUBECHbI B Ta0II.
2.2. KoaddunmeHT K7 UCIONIb3yeTCs B pacueTHBIX (popMyIIax st CTePKHEBBIX
3JIEKTPOOB JAJIUHOM 2 - 3 M, BEepIIMHA KOTOPBIX 3aKjaapiBaeTcs Ha rnyouny 0,5-0,8
M. Koaddurment Kz npumeHsercs Iuist MPOTHKEHHBIX AIEKTPOJIOB, 3aKJIaIbIBAEMbIX
Ha Tiryouny 0,8 M.



Tabnuya 2.2

Cpennsas Cpennsas Kos¢punnent
MHOT0JICTHSS MHorosnerHsas |Cpeaneronosoe IIpono/zKuTeILHOCTE | IPOMEP3aHHSA
Kaumarnueckue
30HbI HH3LIAA BbICIIAS KOJI-BO 3aMep3aHus BOIbI,
TemMmepartypa TeMmeparypa 0CaIKOB, CM OHU K1 K;
(ssuBapsb) °C (nr0a1p) °C
| -20 - -15 +16 - +18 ~40 190 - 170 1,9 5,6
I -14 --10 +18 - +22 ~50 ~150 1,7 4,0
Il -10-0 +22 - +24 ~50 ~100 15 2,2
v 0-+45 +24 - +26 30-50 0 13 1,8
Ipumenanue. @axmopul, onpedensouue KiumMamuieckue 30Hul (memnepamypa,
KOJIUHEeCMB0 0CAOK08 U NPOOOJIHCUMETbHOCHb 3aMep3anus 600bl) 3aNPaAUUBAIOMCI
NPU UBLICKAHUAX Y MECTMHBIX MemeopOoa02ULecKUx CmaHyull.
2.8. B vCKII0YNTENBHBIX CITyYasx I OUEHKH BEJIMYUHBI YIEJIbHOTO CONPOTUBIICHUS O

IIPU IPOEKTUPOBAHNUH 3a3€MIIIIOIIMX YCTPONCTB MOXKHO IOJIb30BATHCS CPETHUMHU
BEJIMYMHAMU YJIEJIbHOTO COIIPOTHUBIICHUS IPYHTA, IPUBEACHHBIMU B Ta01. 2.3.
OnHako B MOCIEAYIOIIEM IIPU CTPOUTENLCTBE 3a3€MICHUH HEO0X0IUMO

[IEPECYUTATh CONPOTUBIICHUE 3a3€MIICHMS], IPEIBAPUTEIILHO YTOUHUB 0 IIyTEM
KOHTPOJIbHBIX U3MEPEHUH. 3a paCUETHYIO BEIMUYHUHY YJEIbHOIO COIPOTUBIIEHUS B
9TOM Clly4ae IPUHUMALOT:

Toe:

Ppaca = 1,75 * Pcp (22)

pcp - cpednee 3nauenue I, ykazaunuoe 6 maon. 2.3

1, 75 NONPasouHbll KO3 Guyuenm, npunuMaemslii 0OUHAKOBbIM OJisL 6Cell
meppumopuu CCCP.

Tabauya 2.3
CpenHee yeinbHoe Cpennee yaeibHoe
Tpynt conpoTuBjeHue, Om*u Tpynr conpoTuBjenue, Om*u
Topd 25 JlHOo peku 200
YepHozem 50 [ecok 500
I'nuna 60 [ecuanuk 1000
CyrimHoK 80 Cynecok 300
Kokc 25 600
Jlecc 250 Kgapig 15000
KameHnHslit yrons 130 ITopucTslif n3BeCTHIK 180
CanoBas 3emiist 40 [T10THBII M3BECTHSIK 3000
Peunas Boa 1000 I'panut 1100




PACYETHBIE ®OPMYVYJIbI JJAONPEAEJEHUA COITPOTUBJIEHUA
BEPTUKAJIBHBIX 3A3EMJIMTEJIENA

2.9. Comnporusnenue K Tpy6uaToro BepTHKaIbHOTO 3a3€MIIUTENS, TOMEIEHHOTO Ha
riry6une f1 ot moBepxHocTH 3emiu (puc. 2.3),0npeensercs no popmyie
R—k P (l Zl+1l 4-l+7h)
=k *—(ln—+-In——F-) 3
oam\"a 2" 7)) &

Ioe:
-onuna mpyool, M;

d- snewmnuii ouamemp mpyowl, m;
h- paccmosiiue om NOBEPXHOCMU 3eMIU 00 8ePXHe20 KOHYA mpyobl, M
P - yoenvroe conpomuénenue semau, Om*u;

kl' KO puyuenm npomep3anus, yHumvleaiowuli ce30uHble KoieoaHus
memnepamypbl 2pyHma.

2.10. CompoTuBieHHE BEPTUKAIBHOTO 3a3€MJIUTEIIs, BHIIIOJIHEHHOTO U3 YTOJIKa,
omnpezensiercs Takxke no ¢-ie (2.3), Ho IPH STOM IKBUBAICHTHBIN THAMETD
OINPEEIAETCS U3 BBIPAKECHUS

d=0,95+«b 4
Toe:.

b ~Wupura cmopomrbsl y2oiKa, M.

HaubGonee nenecooOpa3Ho morpyxarb TpyOy Ha TaKylo IIyOHHY, YTOOBI BEpXHHI
KOHEI[ €€ HaXOUJICS HUXKe TITyOUHBI TpOMEp3aHusl TPYHTA U, BO BCAKOM CIIy4ae Ha
rimyoune 0,7y OT MOBEPXHOCTH 3€MIIH, TIPH 3TOM 3HAYUTEIHHO YMEHBITUTCS
Kose0aHue COMPOTUBIICHHS 3a3€MJICHHSI B 3aBUCUMOCTH OT BPEMEHH ToJ1a.

2.11. B Tex cmyyasx, KOr/ia TiTy0OoKO JIeXKaIlie CI0U 36MIIM IMEIOT MEHBIIIee yIeIbHOE
COIIPOTHBIICHHE, CIIEAYET MOrpykaTh TPyObl Ha OOJBIIYIO TITyOHHY, BIIOTH 10 20
M.

2.12. Ilpu yBenuueHUH AMaMeTpa TPYOBI CBBILIE 5 cM COMPOTUBIICHUE 3a3EMIICHHS
YMEHBIIAETCsl HE3HAYUTEIIHHO, II03TOMY JI0OMBATHCS €70 YMEHBIIICHUS Ty TeM
YBEJIMYEHUS TUaMeTpa TpyObl Heleaecoo0pasHo.

AHaJTOTMYHBIN BBIBOI MOXET ObBITH CACJIaH OTHOCUTCIIbHO HIMPWHBI U TOJIIWHBL
CTOPOHBI YI'OJIKA.

JuameTtp TpyObl ¥ TONIUHA CTEHKH (WM IIUPUHA U TOJIIIKMHA CTOPOHBI YrOJKa
3a3eMJIMTENS U3 YTII0BOM CTalln) BEIOMPAIOTCS TAKUMHM, YTOOBI 3a3eMJIUTENb 00J1a1al
JIOCTAaTOYHON MEXAHUYECKOUN MPOYHOCTHIO.

B 1

Puc. 2.3. Tpybuamuuii 3azemnument
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Puc. 2.4. Kpusvie usmenenus conpomusnenus Ry mpyouamoeo 3azemnumens 6
sasucumocmu om e2o Onunvl | npu paznuunvix ouamempax mpy6 d u paziuunvix
YOenbHblX conpomueieHusx ¥ epynma (npu anybune 3akonku 3azemaumens, pagroti 0,7
M)

B rpyHTax cpenHeii INIOTHOCTH AUaMeTp TpyObl MOKeT ObITh 2,5 - 5 cu, mmpuHa
CTOPOHBI YTOJIKa 3a3€MJINTENIS U3 YIJIOBOM cTajiu - 2,5 - 5 cu. B TBepAbIX rpyHTaX
MOTYT OBITh UCITOJIb30BAHBI JINOO CIUIONIHON CTepXKEeHb nuameTpoM 2,5 — 5 cu, mmbo
TpyOa quameTpom4 - 6 cm, OO YroJoK ¢ LIMPUHON CTOPOHBI 4 - 6 cu.

2.13. lI3mMeHeHHE CONPOTHUBIICHHUS BEPTUKAIHHOTO 3a3EMIIUTEIS B 3aBUCHIMOCTH OT €ro

JUIMHBI TIPY Pa3HBIX AUaMETpax TPyO U pazIHuHBIX YAEIbHBIX COMPOTUBICHUSIX
TPYHTOB ITOKa3aHO Ha puc. 2.4.

PACUET CONMPOTUBJIEHUSA T'OPU30OHTAJIBHBIX 3A3EMJIMTEJIENA

2.14. ComnpoTuBII€HHE 323€MIIUTEIIS B BUJIE BBITSHYTOW METAJUTMYECKOH TOJIOCHI,
NoMeIleH oI Ha rry6une A1, m (puc.2.5), onpenensercs 1o Gopmyie

1,51
Vbh

p
R=H*k2*ln (2.5)

I oe:
-ONIUHA 3A3eMAUMENst, M,

b- WUpUHa NoIoCsl, M;
h -2yOUHa NPOKIAOKU NOJOCHL, M,
P - yoenvroe conpomuenenue epynma, Om*m;

kz - KO2Ghpuyuenm npomep3anus Spynma, yY4umvléarOuuil ce30HHbvle KOaeOaHus.
memnepamypbl 2pyHma.

ConpoTHBIIEHHE 3a3eMIIHTENs KPYTJIOro cedeH s ONpeensercs Mo Toi xke
dopmyie ¢ moscTaHOBKOH BMecTo 3HaueHus b pemunnn 2d-

R =£*k2 * In—— (2.6)

ml vdh

Vkaszaunsle popmyisl cripasemussl npu L>d 1L>b, h>d, h>b.
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Puc 2.6. Kpuea}l U3MEHEHUSA CONPOMUBTEHUSA NPOMANCEHHO2O0 NPOBOJIOUHO20
3aszemaumelis 6 3asucumocmu om 0ucwempa €20 npoe6oJiIoK

2.15. JlmameTp mpoBOJa MPOBOJIOYHOTO 3a3€MJIIUTENS WM IIMPUHA MTOJIOCHI ITOJI0OCOBOTO
3a3eMJIMTENS] Majo BIMSAET Ha BEJIMYMHY CONPOTUBIICHUS 3a3€MJICHUS, YTO BUHO U3
KpHUBOH Ha puc. 2.6.

2.16.  Jlns cHUKEHUS COMPOTHUBIICHHUS BBITSHYTOTO 3a3€MIIMTEIIS 00JIee 1es1ecoo0pa3Ho
YBEJIMYUTH €T0 IJINHY, a He quametp. Ha puc. 2.7 mokazaHo U3MEHEHHE
CONPOTHUBJICHHS 3a3eMIIEHHUs CTAILHOTO IPOBoa quaMeTpoM d = 4 wm,
VIJIOKEHHOTO B 3eMJII0 Ha riryOuny 0,7 v, B 3aBUCUMOCTH OT JJIUHBI €T0 IS
Pa3INYHBIX yJIEIBHBIX CONPOTHBICHUNA 3EMITH.

R.om
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Puc. 2.7. Kpusas usmenenus conpomusienus npomssiCceHHO20 NPoGoIOUHO20
3azemaumenst 8 3aeucumocmu om e2o onunst npu d = dum u enyoune saxonku h = 0,5 -
0,7 M Ona pazauuneix 3HAUEHULl YOeTbHO20 CONPOMUBTIEHUS 2DYHNA

YBenuuenue AHbI 3a3emutens oosee 10 v, Kak BUIHO U3 KPUBOM, JaeT
OTHOCHTEJIEHO HEOOJIbIIIOE YMEHbIIIEHHE conpoTuBieHus. Kpome toro, npu
JATBHEHUINIEM YBEITUYCHNUHN JJTMHBI 3a3€MITMTEIIS] HAUMHAIOT CKa3bIBATHCS
COGCTBCHHBIC COHpOTI/IBJIeHI/ISI nu I/IHZLYKTI/IBHOCTB HpOBOI[a, B pCSyHLTaTe yero
COINPOTHBIICHUE 3a3eMJICHHUS HE YMCHBIIIACTCS.



2.17.

[TpuBeneHHbIe HA pUC. 2.7 TaHHBIE IPAKTHYECKH MOTYT OBITH MCIIOJIb30BAHBI JIJIS
MPOBOJIOKH JTF000T0 nameTrpa oT 2 10 6MM. /111 yCTpOHCTBa BBHITSIHYTOTO
3a3eMJIMTENS] PEKOMEHIYETCS TPUMEHSITh OIMHKOBAHHYIO CTAIBHYIO ITPOBOJIOKY
nuameTpoM 4 wiau 5 Mm. ['myOnHa 3aKOIKH TaKoTo 3a3eMIUTENS (M3 KPYTIIoH
MIPOBOJIOKH WJIH ITOJIOCOBOTO) JIOJDKHA OBITH He MeHbIe 0,7 M B I0XKHBIX palioHaX
ctpanbl 1 1 M B octanbHbIx obnactsax CCCP.

B OeJIsIX 9KOHOMHUHA MECTA IpU yCTpOfICTBC 3a3C€MJICHUS JICHTOYHOMY WJIA
IMPOBOJIOYHOMY 3a3CMIJIMTCIIFO MOXKHO MPUAATH (I)OpMy 3aMKHYTOT'O KOJIbIIA.

CoIpoTHBIICHUE KOJIBIIEBOTO JICHTOYHOTO 3a3eMJIUTEIS], TOMEIIEHHOTO B TPYHT Ha
riry6uny A, m, MoxkeT GbITh IIPUOIMKEHHO ONPEENIEHO O (hopMyJie

p 7D
R = D * ko * ln\/ﬁ (2.7)

I oe:

P - yoenvnoe conpomuénenue spynma, Om™*m;
D -ouamemp ronvya sazemnumens, m;

b - wupuna nonocwr, u;

h 'Zjly61/lHa 3AKONKU 3a3emaumeini, M.

JI1s1 IpOBOJIOYHOTO KOJIBLEBOIO 3a3€MJIUTENS COMPOTUBICHUE 3a3EMIICHUS
ompenensercs o Toif e hopmyie, Ho ¢ 3ameHoit hua 2d.

p 5D
R = D * ko * ln\/ﬁ (2.8)

[Tpu oxHOM M TOM K€ JUTMHE MPOBOAA, TIOJIOCH WIIN JICHTHI CONPOTHBIICHHE
KOJIBIIEBOT'O 3a3€MJINTENISI BCerja OOJblIIe, YeM COIPOTHUBIICHUE BBITSHYTOTO
3azeMutuTeNs (TIPOBOJI MITH JICHTA, YJIOKEHHBIE 110 MIPSMOM JINHHUM), ¥ pa3HULA TEM
00JIbIlIe, YEM MEHBIIIE TUAMETP.

R, om
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Puc.2.8. Kpusas usmenenuss conpomusieHusi KOIbyego2o 3a3eMaumens 8 3a6UcUmMocmu
om paouyca xonvya npu d=4 ymm, enybune saxonxu sazemaumens h =0,5 - 0,7 m onn
PA3MUYHBIX 3HAYEHUT YOeTIbHO20 CONPOMUGLEHUS. 2PYHIMA

Ha puc. 2.8 noka3aHa 3aBUCMOCTb CONPOTHUBIIEHUS KOJIbLIEBOTO IIPOBOJIOYHOTO
3a3CMJIUTCIIA OT paanycCa KOJiblia IIpyu pas3jIM4YHOM YACIbHOM COINIPOTUBJICHUN
rpyHTa. [1o 3TOM KpUBOH, HE JI€Tas pacuy€TOB, MOKHO ONPEAECTUTH CONPOTUBIICHUE



KOJIBIIEBOTO 3a3€MIINTENS IS JIFOOBIX 3HAUCHUH YAETBHOTO COMPOTUBICHUS
rpyHToB B npeaenax or 10 1o 1000 Om *m.

['myOuHa 3aKONKM KOJIBIIEBOTO 3a3€MIIMTEINS JOJKHA BRIOMPATHCS HA TEX Ke
OCHOBaHWUSIX, YTO U JUUISl BBITSTHYTOT'O 3a3€MJITUTEIIS.
2.18. CompoTHBIeHHE 3a3eMJICHHUS IIACTHHYATOTO 3a3€MIIUTEINS, TIPEICTABIISIONIETO

co060i1 KpyIiIyIo WK IPAMOYTONBHYIO IIACTHHY, 3aJI0KEHHYIO Ha Iyouny /A1
(puc.2.9),M0KHO OIPeNeTUTh 10 hopMyIie

(1 . )
R = * k ar n
4D 2 T st 3h ol

loe:

D- ouamemp NIACMUHbL, M,

P - yoenvnoe conpomuenenue epynma, Om*m.

\\J—//

.
<\+,7

Puc.2.9. I[Inacmunuamuiii 3a3emaumens

Jliis KBaJpaTHOM MU MPSIMOYTOJILHON TUIACTHHBI ONPEAETAeTCs SKBUBAICHTHBIN
quameTp mo popmyie

D=2 |— @10
T

Toe:

2
S-nﬂoma()b njiacmuHsl, m .

YBenuueHue AuameTpa IIacTuHsl cBbiie 125 cu HenenecooOpas3Ho, Tak Kak
COIPOTHUBIICHUE 3a3€MJICHUSI HAYUHAET YMEHBIIATHCSA MEUIEHHO.
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Puc.2.10. I'pagpuk usmenenusa conpomugnenus NAACMUHYAMBIX 3a3eMaumernell 8
3a8UCUMOCTU O YOETLHO2O CONPOMUBTEHUSA SPYHMA OIS NAACIUHbL C IKEUBANEHIMHBIM
paouycom, pasrvim 0,55 m, npu h =0,5-0,7 u

Jliist ycTpoiicTBa 3a3eMIICHHS TP IIOMOIIU TUTACTUHYATHIX 3a3E€MIIUTEICH
PEKOMEHTYIOTCS OITMHKOBAHHBIC JIUCTHI JKeje3a pazmepoM 1,42*0,71 cu, TommuHoOM
He MeHee 3,5 mm. Takue pazMepsl IrCcTa YKBUBAJICHTHBI KPYTJIOW TUIACTUHE
nuameTpom okotio 1,13 .

Ha puc. 2.10 npuBeneH rpaduk U3MEHEHHS CONPOTUBIICHUS [IACTHHYATOTO
3azemsiutesst pasmepom D = || u B 3aBUCHMOCTH OT YI€BHOTO COMPOTHUBIICHHUS
rpyHTa. DTOT rpaduK MO3BOJISET, HE JeNIas PACUueTOB, MOJIYIHTh HEOOXOIUMBbIC
CBEJICHUS TIPU MPOCKTUPOBAHUH 3a3EMJIICHHIA.

PACUYET COINMPOTHUBJIEHUSA MHOT O3JIEKTPOIHBIX 3A3EMJINTEJIEN

2.19.

2.20.

B rpyHTax ¢ O0IBIIMM yIEIbHBIM CONTPOTHBIEHUEM OJIMH 3a3eMIIUTEND (TpyOa,
CTEpXKEHb, 10JI0CA, KOJIBLIO, IUTACTHHA U T.II.) KMeeT OOJBIIOE CONPOTHBICHHE U IS
MOJTy4YeHHs TpeOyeMOol MEHbIIeH BeTMUYNHBI CONPOTUBICHUS TPUXOIUTCS
yCTpanuBaTh 3a3eMJICHHE M3 HECKOJIBKHUX €JMHUYHBIX 3a3eMIINTENICH, BKITIOYSHHBIX
napaJuIelbHO. 3a3eMIISIOIIee YCTPOICTBO MPU 3TOM Ha3bIBAECTCS
MHO20271eKMPOOHBIM.

[Tpu mapannensHOM COCTMHEHUHU eIUHUYHBIX 3a3eMITUTENeH He00X0AUMO
NPUHUMATh BO BHUMaHUE dPPEKT B3aUMHOTO SKPaHHUPOBAHHS 3a3€MIINTENICH,
KOTOPBII CKa3bIBAaETCSA B TOM, UTO OOIIIee COMPOTHBIICHUE 3a3eMIICHHUS YMEHBIIIAETCS
HE MPOTIOPIIMOHATIBHO YHCITY 3a3€MITUTENEH COeTMHEHHBIX TapauIebHO, a
HECKOJIbKO MEHbIIIE. DKPaHUPOBAHUE CKA3bIBACTCS TEM OOJIbILE, YeM OJIHKe JPYyT K

Apyry OyIyT pacrosioKeHbl eqMHUYHbIE 3a3eMuutenu. [Toanoe conporunenue R g
NapajuieIbHO COEAMHEHHBIX 3a3€MJINTENEH OIMHAKOBOI'O CONPOTHUBIIEHUS
ompezensercs no Gopmyse

R, =—
2.11
06 nu ( )

Toe:.
R -conpomuenenue eOuHuuHo2o 3azemaumens, Om;
1 - yucno 3azemnumeneti;

MU - koagppuyuenm ucnonvzosanus, 3asucawuii om KOHQGUSYPAYUU U PACHOTONCEHUL
3azemaumennetl.



2.21. llonHOE COMPOTUBIICHNE HECKOIBKIX BEPTUKAIBHBIX 3a3EMIIUTENCH OJJHHAKOBOTO
COIIPOTHBIICHHSI, COSTMHEHHBIX MapaUICIbHO C MOMOIIBIO TOPU30HTAITBHBIX
3a3eMJIuTeNel (1MoI0C Wik MPOBOJA), ONpeaAeseTcs 1o Gopmyie

RiR;
R, = (2.12)
H1R; + panRy
Toe:
Rl — CONpomueGJieHue cCOpu3OHmMalbHO20 3d3eMaumelis (coe()uHumeJleOﬁ noJjiocwl,
wunwl), Om,;

RZ — COnpomuejlieHue 6epmuKalbHOc0 3d3eMaumels, OM,

”1' Koaqbqbuuueﬁm UCNOJIb306AHUA NPOMANCEHHbLX 3a3€M]lum€/lelZ, Komopusimu
SABNSIOMCS COCOUHUMEIbHbLE NOJIOCHL UNU WuHbsl,

2 - koagppuyuenm ucnonvsosanus 6epmuxanrbHbIX 3a3emaumenei;

N - xoruuecmeso BEPMUKATIbHBIX 3azemaumenelti.

Ilpumeuanue.
Dopmynvt (2.14) u (2.15) deticmeumenvuvt 0151 CIYHAST OOUHAKOBLIX CONPOMUBTICHUTL
Kax#c0020 U3 8ePMUKATIbHBIX 3A3eMIumenetl, Ymo 00bl4HO U NPUHUMACTCS 6

pacuemax.
Tabnuya 2.4
OTHo1IeHUe PACCTOSTHUS MEKIY
Tpy0amu (yroakamu) kK ux anaune |Ywmceiao Tpy6 (yroyakon) n h
a/l
2 0,84 - 0,87
3 0,76 - 0,80
1 5 0,67-0,72
10 0,56 - 0,62
15 0,51-0,56
20 0,47 - 0,52
2 0,90 -0,92
3 0,85-0,88
2 5 0,79-0,83
10 0,72-0,77
15 0,66 - 0,73
20 0,65-0,70
2 0,93-0,95
3 0,90 - 0,92
3 5 0,85-0,88
10 0,79-0,83
15 0,76 - 0,80
20 0,74 -0,79
Tabnuya 2.5
OTHoOLIEHNE PACCTOSTHUS MEK/T
TpyOamu (yF(l))JIKaMI/l) K HX zmm}{,e a/l Hucao Tpyd (yroakos) h
4 0,66 - 0,72
6 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
2 4 0,76 - 0,80




OTHomIeHUe PAcCTOSTHUS MEXKIY

Tpy0amu (Yyroakamu) K ux auuHe a/l Hucao Tpyd (yroakos) n h
6 0,71-0,75
10 0,66 -0,71
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. Koa¢dduuuments: ucnonabzoBanus M A MHOTORJIEKTPOAHBIX 3a3eMinTeselt (6e3
y4eTa BIUSHUS COCIMHUTEIBbHOM MOJIOCHI), COCTOSIIUX U3 BEPTUKAIBHBIX CTEPHKHEN
(Tpy©O WM YTOJIKOB), pa3MEIIEHHBIX B PSIJI, IPUBEICHBI B Ta0J. 2.4, a IJIs TeX Ke
3a3eMIIUTENEH, Pa3MEIICHHBIX M0 3aMKHYTOMY KOHTYpY - B Tabm. 2.5.
Koaddurnments ncnonp30Banus napaaieabHO YIOKEHHBIX MOJIOCOBBIX
3asemiuresieit (mmpuna nonockl B = 20 - 40 mm, riry6una 3anoxenus A= 30 - 80
cMm) TIpUBEICHBI B Ta0I. 2.6.
2.23. Koa¢dduumeHTs! HCroab30BaHUs COSUHUTEIBHOM MOJIOCHI B STy U3
BEPTHKAIBHBIX 3a3€MJIMTEIICH MPUBEICHBI B Ta0J. 2.7, B 3aMKHYTOM KOHTYPE - B
Tabm. 2.8.
Tabauya 2.6
Jauna Yucao Ko3¢punmenTsl Hcnosib30BaHus NPH PACCTOAHUH MEKAY NapaJlieJbHbIMA
KaKI0M napajuieJibHbIX |[II0JI0CAMH, M
MOJIOCHI, M 10JI0C 1 1 25 5,0 10,0 15,0
2 0,63% 0,75% 0,83% 0,924 0,96
15 5 0,37 0,49 0,60 0,73 0,79
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 0,78% 0,88% 0,93%)
50 5 0,33 0,40 0,48 0,58 0,65
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

1
) Hannvie npubnuscennule.




Tabnuya 2.7

OTHoOLIEHNE PACCTOSTHUS MEKITY
TpyOamm (yroJikamu) K MX JJIUHE

Ko dunueHTsl HCNIOIb30BAHUS COETMHUTEIbHOM MOJIOCHI MPU YHCIe
TpYO (YroJ1KOB) 1 B psigy

a/l 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 0,92 0,90 0,85 0,82 0,68 0,58 0,49 0,47
Tabnuya 2.8

OTHoueHue paccTOSTHUSA
MesKaAy Tpyoamu

Ko3¢gdunueHTsl HCNOIb30BaHUS COEJUHUTENbHOM M0JI0CHI IPU YUCIe TPYO
(YroJIKoB) n B KOHTYpe 3a3eMJIeHHs

(yroaxamm) K ux jymmne a/l |4 5 8 10 20 30 50 70 100
1 0,45 0,40 0,36 0,34 0,27 0,24 0,21 0,20 0,19
2 0,55 0,48 0,43 0,40 0,32 0,30 0,28 0,26 0,24
3 0,70 0,64 0,60 0,56 0,45 0,41 0,37 0,35 0,33
2.24.  Ko3(dunueHTs HCITOIB30BaHMS ISl MHOTOJTYYEBOTO 3a3EMJICHHSI, COCTOSIIIETO U3
BBITSIHYTBIX ITPOTSYKEHHBIX OJMHOYHBIX 3a3€MIIMTENEH, PACIIOJIOKEHHBIX B
paJiMaTbLHOM HaIIPABJICHUH, TIPUBEICHBI B Ta0I. 2.9.
Tabauya 2.9
Nonna ;(03q)qmuneﬂnl l/lCl‘l0J11>30BaHl/lﬂ| Ipn yucie Jgydei n |6
Jay4a,
. U NPHU AMaMeTpe NPOBOJAHUKA JIY4a, CM
1 2 3 4 1 2 3 4 1 2 3 4
2,5 0,76 |0,74 (0,72 |0,71 0,63 (0,61 0,59 0,58 0,50 (0,48 0,46 (0,45
5,0 0,78 0,76 (0,74 |0,73 0,67 (0,65 0,63 0,62 0,53 |051 |0,49 |08
100 (0,81 0,79 |0,77 |0,76 0,70 |0,69 |0,67 0,66 0,57 0,55 0,53 |0,51
150 (0,82 10,80 (0,78 |0,76 0,72 10,70 0,68 0,66 059 |0,57 0,55 0,53
300 1084 (0,82 10,80 0,78 0,75 10,73 0,71 0,69 0,62 ]0,60 ]0,58 0,56
Ilpumeuanus.

1. Ilpu npumenenuu 05 Kyuell NOAOCOBOU CMANU IKEUBAIEHMHBIIL OUaAMemp
npunumaemcst paguvim bl2, 20e b - wupuna nonocwi.

2. [Ipuseoennvie ko3phuyuenmor mo2ym npumeHsmocs 0ist 2younst 3anoxcenus 0,3 -
0,8 m.

2.25.

Tabnuya 2.10

Koaddurmentsr ncmoap30BaHus A1 MHOTOSJIEKTPOTHBIX 3a3€MJICHUM, COCTOSIIIIMX
U3 MOJIOCHO-JIMCTOBBIX 3a3eMITUTEINEH, 3amapaieIeHHBIX MEXKIY COOOH, MPUBEICHBI

B Tab6. 2.10.

Bup 3a3zemienust n 3uauenne h npu
d=4a d=2a
2 0,66 0,62
4 0,52 0,38
6 0,43 0,3
8 0,4 0,27
10 0,39 0,25
- 2 0,75 0,67
b J 4 0,6 0,46
6 0,55 0,38
8 0,54 0,35
a 10 0,52 0,32
-




IIpumep pacueTa MHOT03J1€KTPOTHOTO 3a3eMJICHHSI.

Ol'[peI[eJ'H/ITL 06mee COIIPOTUBJICHUE 3a3CMJICHUS, COCTOSAIICTO U3 20 BCPTUKAJIBHBIX
3a3€MJ'II/ITeJ'ICI71, BBITIOJIHCHHBIX U3 er'IOBOﬁ cTau. 3a3eMJIUTEIIN PaCIIOJIOKCHBI
MNpAMOYT'OJIbHUKOM U COCAUHCHBI MCIKAY co00li cTalIbLHOM MHHOﬁ, pacCTosAHunC

Mesxay Humu @ = 21 ConpoTuBieHne KaxI0ro yroika, ornpeaeneHtoe no ¢-ue 2.1,

R, =30 Owm, conporusiienue coequuuTensHoi nonockl Ry = 15 Om. Pacuer
BeJIeTCs 1Mo ¢-Jie

CooTBeTcTBYIOIIME 3HAaUEHUS U1 U [ TipuBeaeHsbl B Ta0n. 2.5 u 2.8: 4 = 0,32, Uy
= 0,63. IMoxcrasusis B popmyaty gaunsie Ry, Ry, 4 u Uy nonyuaem

15 * 30 450
30+0,32+15+%0,63+20 9,6+ 189

R, = =2,26

[Tpu mapayinebHOM COSTUHEHHUH YTOJIKOB MEKy COO0H M30JIMPOBAHHBIM
MIPOBOAOM OOlIIee COMPOTUBIICHHUE 3a3€MIICHHUS ONpeesercs no Gopmyse

R, 30
nu, 20x0,63

2.26. CompoTuBIIEHHE 3a3eMITUTEIISA, BHIMIOTHECHHOTO B BUJIE MHOTOJTYYEBOU 3BE3/IBI,
PacroJI0KEHHON y IIOBEPXHOCTH 3eMJIH, PACCYMTHIBACTCS 110 (hOpMYyIIe

p
min

R, = = 2,38

R =

41
* ke * lnE —1+N(n)| 213

T oe:

1 - onuna ayua, m;

P - yoenvnoe conpomuénenue semau, Om*u;

d -ouamemp npoeood, u3z KOmopozo COeianbvl iyuu, M,

N - yucno nyueii;

o1+ sin%
N(n) = Z lnT (2.14)
k-1 sinT

B Ta6n. 2.11 npusenens! 3HaueHust GpyHkuuu N(N) mpu HEKOTOPHIX 3HAUCHHUSX 7.

Tabnuya 2.11

n 2 3 4 6 8 12 100

N(n) 0,7 153 2,45 4,42 6,5 11,0 116




3A3EMUIMTEJIMA B IBYXCJIOMHBIXTPYHTAX

2.27.

2.28.

Ecnu rpyHT B MeCTe yCTaHOBKH 3a3€MJICHHS UMEET SPKO BBIPAXKEHHYIO
JIBYXCJIOWHYIO CTPYKTYpPY, TO IPU pacdeTe CONPOTUBIICHUHN 3a3eMJICHUU
HE00X0IMMO MPUMEHSATH JEHCTBYIOIIEE YeIbHOE COMTPOTHBICHHE IPYHTA.
I'paduku 3HaUEHUH 1EHCTBYIONIETO YACIbHOTO COIPOTUBICHUS IPYHTA JIIs
TpyOUaThIX 3a3eMJIMTENCH NpUBEACHbI Ha puc. 2.11, a 11t rOpU30HTABHBIX
3a3eMiuTenel - Ha puc. 2.12 u 2.13 npu pa3aTudyHBIX 3HAYECHUAX

P1 _ P1—p2
nk =—=—
/Pz p1+p2

B ta6i. 2.12 u 2.13 npuBeieHbI CONPOTUBIICHHUS COOTBETCTBEHHO TPYOYAThIX U
MOJIOCOBBIX 3a3EMJTUTENICH BHE OJJHOPOJIHOM IPYHTE IIPU BEChMa
pacipoCTpaHEHHBIX HA MMPAKTUKE 3HAYCHHSIX OTHOIICHHS COTIPOTHBIICHUS BEPXHETO
clos K conpoTuBiieHnto HuxkHero cnost - 10 u 0,1 m. ['myOuHa 3a10KeHMs MOTO0CHI
(BepxHero koHIa TpyOsI) - 0,5 m.
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Puc.2.11 Ipaghuxu 3nauenuii deticmayouje2o y0eabHo20 CONPOMUGIeHUs PYHMA OJis
mpyo6uamulx 3a3emaumeneti



pi_ 1

1: ——:; k=0,98
p; 100
p1_ 1
2: —=—;k=0,818
pz 10
p1_ 1
3: —=—;k=0,667
pz 10
1
4:&=—;k=0,667
pz 5
1
521" k=05
P2 3
1
6:ﬂ=—;k=0,333
P2 2
p1_1
7:—=—k=0
pz 1
8:P1— 2.k = _0,333
P2
9:&=3;k=—0,5
P2
10:ﬂ =5k=-0667
P2
11:22 ~ 10,k = —0,818
P2
12:21 — 100,k = —0,98

P2



Tabnuya 2.12

Tomuna OTHoLIeHUE 1eiiCTBYIOLIEr0 Aeiicryioee

Jdauna YAeJBbHOE ConporuBienue
BEPXHEro CJI0st yIeJbHOI0 CONPOTHUBJIEHHA K

3JIeKTpoIamM COMPOTHBJIEHUE 3azemuuresst Om
TPYHTAa, M CONMPOTHBJIEHUIO BEPXHEr0 CJIOS Ont*n
1 2 0,13/3,3 65/165 26/66

3 0,4/4,5 55/225 16/65,3
2 2 0,3/1,65 150/82 60/33

3 0,15/0,22 75/110 22/32
3 2 0,85/1,3 420/65 168/26

3 0,36/1,5 180/75 52/22

Ipumeuanue. B yuciumene 0anvl 3HAUEHUs. GeIUYUH NPU YOETbHOM CONPOMUBTEHUU
sepxnezo cnos epyuma Pq = 500 Om*m u omuowenuu yoenbHvlXx COnpoOmueieHull
cnoes p1lpo =10, a 6 snamenamene - npu p1 =50 Om*w u p41/p, =0,1.
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Puc.2.12. I'pagpuku 3nauenuii delicmeyrowie2o y0erbH020 CONPOMusLeHUs epyHma 0is

20PUBOHMANLHLIX 3a3emaumeineti npu pasiuunslx omuowenusx th u k> 0:

Q)-th=2;
@)-th = 15;
(3)-th=11;
@ -th=1;
(5) - th = 0,8;
(6) - th = 0,4;
(7)-tth=0,2;
(8) - th = 1,5;
(9) - th = 1,1;

(10) - th = 0,4;

(11) - th =0,05
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Puc.2.13. I'pagpuku delicmayroweco y0enbHo20 CONPOMUGIEHUsL SPYHMA 015
20PUBOHMANLHBIX 3a3emaumeineti npu paziuunslx omuowenusx th u k< 0:

Q) - th = 2;
@) - th = 1,5;
(3)-th=11;
(4) - th = 1,0;
(5) - th = 0,9;
(6) - th = 0,8;
(7) - th = 0,4;
(8) - t/h =0,05

JlaHHbIe TAOIUI] MOKA3BIBAIOT, YTO 3a3€MIIUTENb UCIIONIB3YETCS TEM IyUllle, YeM
BBIIIIE MPOBOAUMOCTH TPYHTA, B KOTOPOM OH momenieH. I PeKTHBHOCTh
3a3eMIIUTENSI IPU TMPABUILHOM BBIOOPE €T0 PACIOJIOKEHUS MOXKET OBITh MOBBINIEHA
B 3 - 5 u Gosee pa3. [Ipu mpoBoarMoCcTH HIDKHETO ciios B 3 - 10 pa3 Gomblie, yem
BEPXHETO0, CJIeIyeT MPUMEHSTh BECbMa JUTMHHBIE TPYObI, TPHUEM OJIHA TaKas Tpyoa
MOXET OKa3aTbes d(PpdekTuBHEE OOTBIOTO YKCa TPYO MEHBIIEH JTITHHBI.

J171st TOJIOCOBBIX 3a3eMIIMTENEH pelnaroliee 3HaueHue mpuodpeTaer riryouHa
3aJI0’KEHUS TOJIOCH!. [Ipy COOTBETCTBYIOIEH TITyOHHE 3a7I0)KEHHS OJJHA KOPOTKAs
0JI0Ca M0 CBOEH MPOBOJAMMOCTH MOXET 0Ka3aThCs SKBUBAJIICHTHOM 1oJIoce, B 4 pasa
OOJIBIIIEN JINHEL.



Tabnuya 2.13

I'nyouna OTtHomenne .
Toamuna Jlnuna 3aJ10KeHHS AelCTBYIOLIEro YAeJbHOI 0 Aeiicreyromee ConpoTuBiieHue
yaejabHOe
BEPXHEro CJIOS |3IEKTPO/AA 3a3eMJINTeJIsl OT  |CONPOTHUBJIEHHS K 3a3eMJIMTeNs,
CONMPOTHBJIEHHE
TPYHTAa, M M MOBEPXHOCTH COMPOTHBJICHUIO BEPXHEro| ) .. - Om
3eMJIH, M cJ10s1
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

Ipumeuanue. B yuciumene 0anvl 3HA4eHUs 6eIUYUH NPU YOETbHOM CONPOMUBTEHUU
sepxnezo cnos epyuma Pq = 500 Om*m u omuowenuu yoenvbHvlx conpomusienuil
cnoes p1lp,= 10, a 6 snamenamene - npu p1= 50 Om*m u p1/p, = 0,1.

I TYBUHHBIE 3A3EMJINTEJIN

2.29.

2.30.

B peanbHBIX YCIOBHSAX 3eMJIsl HMEET MHOTOCIIOMHOE CTPOCHUE, OTHAKO IS
MPAKTUYECKHUX PACYETOB JOCTATOYHO MPEACTABISATH 3MJIIO B BUJIC IBYXCIOMHON
CTPYKTYpbI. Bo MHOTHX CiTy4asix yAeIbHOE CONPOTHUBIICHUE HIDKHETO CII0ST HIDKE
COIIPOTHBIICHHS BEPXHETO CII0S, TIOATOMY LIEJIecO00pa3HO UCTIOIb30BAHUE
3arny6seHHbIx (0T 5 10 10 v) u riyOounHbIX (cBbIme 10 m) 3a3eMinTeneii, 4To
MPUBOJIUT K CYIIECTBEHHON YKOHOMHUU CPEJICTB, TPYJa M MAaTEPHAIIOB.

Ha puc. 2.14 npuBonsrcs rpaduku Beca MeTaia MHOTO3JICKTPOIHOTO 3a3eMJICHHUS
B 3aBUCHUMOCTH OT YKCJIa 3JIeKTPo10B (KpHBas 1) U Beca SKBUBAJICHTHOT'O
rITyOMHHOTO 3a3€MJICHUS TIPH Pa3IMYHOM PACTIOJIOXKESHUH JIEKTPOIOB B KOHTYPE
MHOTO03JIEKTPOTHOTO 3a3€MJICHHSI U OJTHOPOJHOM CTPOCHHH IpyHTa (KpuBbIe 2, 4, 6 -
3a3eMJICHUE B BHUJIC KOHTYpPa C PACCTOSTHUEM MEXAY dJeKTpoaamu 7,5; 5 u 2,5 m
COOTBETCTBEHHO; KpUBBIC 3, 5 - 3a3eMJICHHE B BUJIE PsAJIa C PACCTOSHUEM MEXTY
anekTponaMu 5 u 2,5 m cooTBeTcTBeHHO). VI3 rpadmka BUAHO, YTO CyIIECTBEHHAS
SKOHOMHUS MaTEPHUATIOB IOCTUTACTCS MPU MPUMEHEHUU TITyOUHHBIX M 3arTyOJICHHBIX
3a3eMJIMTEJICH U B OJJHOPOJHOM I'PYHTE (C IOCTOSTHHBIM TIO TJTyOWHE yIeTbHBIM
COIPOTUBIICHUEM) 32 CUET JYUIIIeTO HCIIOJIb30BAHUS MOBEPXHOCTH PACTCKAHHSI
TOKOB.

ConpoTHBIICHHE PACTEKAaHUIO TOKOB C BEPTHUKAJIBHOTO 3a3EMIINTEIS,
HAYMHAOLIETOCS OT MOBEPXHOCTH 3€MJIH IIPH JIBYXCIIOWHOM €€ CTPOCHUH,
orpenensercs 1mno Gopmyie:

oo P 1+k l 41+°°knl l+2hn
= n— n (2.16)
2 2, -
anl_l_k(T_ ) d e l+2h(n—-1)
Toe:
k= 2701 K03 uyuenm HeoOHopoOHoCcm;

P2+P1
P1 - yoervroe conpomuenenue eepxnezo cinos, Om™*m;

P2 - yoenvroe conpomusnenue nudsicnezo cnos, Om*m,

h- 2nyOuHa 8epxuezo cuos, m;




2.31.

l - OnuHa 3azemaumenti, m,

d - ()uaMemp 3azemaumen, M.

P xe
Y
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Z
N
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50 //

o F n 15 n

Puc.2.14. Bec MHO2031eKMPOOHO20 U 2IYOUHHO2O 3a3eMAeHU NPU OOUHAKOBOM
conpomuenenuu 8 00HOPOOHOM SpYHme:

1 - sec MHO20INEKMPOOHO20 3a3eMAEHUS 8 3ABUCUMOCTIU OM KOIUYECBA INEKMPOO08;
2 - 8eC IKGUBANECHMHO20 2TLYOUHHOZ0 3A3eMILeHUS NPU BLINOIHEHUU MHOL0INEKMPOOHO20
3a3eMAeHUs 8 8UOe KOHMYPA C pacCmosiHuem medicoy anekmpooamu 1,5 m;

3 - 6ec IKBUBANEHMHO20 2/YOUHHO20 3A3eMAUMENS NPU 8bINOIHEHUU
MHO2091eKMPOOH020 3A3eMIEHUsL 8 BUOE PAOA C PACCMOSIHUEM MeAHCOY dNeKmpooamu 5
M

4 - gec IKGUBANICHMHO20 2/YOUHHO20 3A3EMAUMENS NPU 6bINOJIHEHUU
MHO202]IEKMPOOHO20 3A3EMACHUSL 8 8UOE KOHNYPA C PACCIMOSIHUCM MENCOY
21eKmpooamu Su;

5 - gec aKxeuBaANEHMHO20 21YOUHHO20 3A3eMAUMENSt NPU 8bINOIHEHUU
MHO2091eKMPOOHO20 3a3eMIeHUs 8 8UOe PAOA C PACCMOAHUEM MeHCOY INeKMPOOaMU
2.5 m;

6 - sec aK6UBANEHMHO20 2YOUHHOZ0 3A3eMIUMEeNs NPU 8bINOIHEHUU
MHO202IEKMPOOHO20 3A3EMAEHUSL 8 BUOE MHO20 INEKMPOOHO20 3AMKHYMO20 KOHMYpad C
PACCMOSIHUEM MeNHCOY dNieKmpooamu 2,5 m

dopmyiia (2.16) BechbMa CII0KHA U TIPH pacueTax MPUXOIUTCS MPOU3BOIUTH
BBIYHUCJICHUC PSAOOB. HpI/I OPHUCHTHPOBOYHBIX pacdyeTax IJIA BBIYUCIICHUSA
COMPOTHUBIICHUS TTTyOUHHOTO 3a3€MJIUTEINSI MOKHO MOJIH30BATHCS MPUOTNKECHHON
dbopmyIoit:

1 / 41
= n— 2.17)
2w h
P2 [P1 + h)]

d
dopmyna (2.17) cipaBeanuBa ais TIIyOHMHHOTO 3a3€MIIMTENs, BHIIOTHEHHOTO B BUJIE
omnoro crepxkns. [Ipu /R > 6 ommbka no cpasuenuo ¢ pacyeramu no ¢-ne (2.16)
e npepbimaet 3%, apu [/ = 1,5 ona nocturaer 15%.
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Puc.2.16. 3asucumocmu 6eca u Onunsl 21yOUHHO20 3a3eMaumess om ouamempa
CMEPAHCHA NPU NOCMOAHHOM CONPOMUBTICHUY 3A3eMTEeHU

2.32. Ha puc. 2.15 nocTpoeHbl HOMOTpaMMBI 7151 ONpeAeTICHHS JUTMHBI Ty ONHHOTO
3a3eMJIMTENs [0 3a/JaHHOM BennvrHe R ¥ n3BecTHhIM BenmmurHam N, d, p1 1 pa.
[Topsimok pacuera ciie 1y rOIui:

o Ha npaBoii BeTBM ocH abCIUCC OTIIOKEHBI 3HAYEHUS TOJLIMHBI BEPXHET0
ciost h. BoccTanaBiuBast MeprieHIUKYIISIP U3 TOYKH, COOTBETCTBYIOIICH
U3BECTHOMY 3HaueHUIO N, 10 epeceueHuns ¢ COOTBETCTBYIOIIEH TuHuEH po/
p1, HAUJEM BEIUYMHY A, OTI0KEHHYIO 10 OCH OpAMHAT.

e Jlanee, 3Has OTHOMLICHUE P2/ R U MpOBeIs U3 MOMYyYCHHON TOUYKH Ha OCH
OpJIMHAT TIPSIMYI0, TTApAJUIEIBHYI0 OCH a0CIHCC, 10 IEPEeCceUEHUs C
COOTBETCTBYIOIICH JIMHKEH po/ R, HalizieM Ha JIeBOI BETBU OCH abCIIUCC
HCKOMOE 3HaYCHHE TUHBI TJIYOMHHOTO 3a3emuuTens |.

Takum 00pa3om, OTBICKAHUE BETHUYHMHBI | CBOJMTCS K MIPOBEICHUIO Ha rpaduke Tpex
JIMHUM, TapaJuIeNbHBIX 0csiM KoopauHat. Hanpumep, eciiu h =15 m, r1 = 500 Om *wu,



r; = 100 Om*u 1 HeoOxoauMoO TONMy4YHuTh conpoTtuBienue R = 20 Oum, o rpaduxy
Ha puc. 2.15 naiigem, uro | =18,5 . Xox BerurcieHuit mokasan ua puc. 2.15
MyHKTHPOM. [Ipy BEIYUCIICHUH HOMOTPaMM JHaMETpP TITyOHHHOTO 3a3E€MITHTEIS
npuHAT paBHBIM 19 ym. OlHAKO HEKOTOPOE M3MEHEHUE TUaMeTpa He CKaKEeTCs Ha
pe3yJibTaTtax pacueToB.

2.33. JlomonHMTENbHAS 3KOHOMUS MaTepHraja MOXKET ObITh OJTy4YeHa IPU PallMOHAIBHOM
BbIOOpE MameTpa npyTka 3azemimrens. Ha puc. 2.16 npuBonutcs rpaduk Beca
IpyTKa U €ro JUIMHBI B 3aBUCUMOCTH OT TUaMeTpa IpH HEM3MEHHOM
COIPOTHUBIICHUHN 3a3EMIIUTEIIS.

Hpakmuuecme BblNOJIHEHUE 2le6uHHle 3a3zemaumenei paccmampueaentcs 6 2. 7.

PACUET CONMPOTUBJIEHUA3A3EMJIMTEJEN, IOMEIIEHHBIX B
KOKCOBOM MEJIOYH

2.34.  CompoTHBICHHE PACTEKAHHUIO OJJHHOYHOTO BEPTUKAIBHOTO 3JICKTPO/Ia B KOKCOBOM
meoun (puc. 2.17) onpenensiercs o popmyJie:
R — 0, 37 kl p 2 lB 4tB + 3lB paKT daKT

— |1 0,51 l .
LI, T, T p a1

Toe:

kl' KO3GhhuyueHm npomep3anus, yHumvl8arowuli ce30HHble KoreOanus
memnepamypuvl 2pyHma 0jis epMUKAIbHO20 3a3EMAeHU,
P - yoenvroe conpomusnenue epyuma, Om*m;

lB - OnuHa BEPMUKAIbHOCO aﬂekmpoda M,

t;- cpeonss enybuna yemanoexu snexkmpooa, pasnas paccmosnuio om nogepxsocmu
3eMIU 00 cepeOUuHblL INeKmMpPood, M,

dB - HAPYJICHBIIL Ouamemp 21eKmpooa, M (01151 IAeKMpPoO08 U3 Yen08ol Cmaiu 6Mecmo

ouamempa d noocmaensiemces IKeUBANCHMHAA 6EIUYUNA, PAGHASL WUPUHE CIOPOHbL b
yeonxa ¢ koapguyuenmom 0,95;

d,,; - 0,95b;
Paxr - yoenvHoe anexmpuueckoe conpomusnenue Kokcosot menoyu, Om*u;

daKT - HAPYIICHbIU ()uaMemp KOKCOo80U 3AcCblnKu, M.

2.35.  CompoTHBIECHHE PACTEKAHHIO OJHHOYHOTO TOPU30HTAIBHOTO dJIEKTPOIa UITH
COEMHUTEIILHOU TOJIO0CHI B KOKCOBO# Mesoun (puc. 2.18) mpu |.>>d  ut. << 1/4
ompenensiercs o Gpopmyrie:

21 l d
R=0,37 kzl£ lg lg — 4 Par lg—=—| 219

T
d, "9, p YIa,

Toe:

kz— K09 Quyuenm npomep3anus, yuumuleaiouuti ce30uHbie KoaeOaHusl
memnepamypbl SpyHma Osi 20pU30HMANbHBIX 3A3eMAumenet,

P - yoenvroe conpomusnenue epyuma, Om*m;
lF - ONUHA 20PUZOHMATLHO20 3A3EeMAUMEIS, M,

dr - HapYJCHBIL OUamMemp 20PU3OHMATLHO20 INeKmpood, M (0711 I1eKmpooos u3
Y2n0801l U NOAOCOBOT CIANU BMECTNO OUAMEmMPA A NOOCNABNAEMCS IKEUBANEHIMHAS
seUMUHA, paHAas wiupure cmoponbl b yeonxa ¢ koagguyuenmom 0,95);

L. - enybuna npoxnaoxu snexmpooa, m;



Paxt - yoenvHoe snexmpuyeckoe conpomueienue Kokcogo menodu, Om*u:

daKT - HapYIICHBI OUaMemp aKmueamopd, M.

R AN DN SRR AN Z AN NN AN

Otm 4 0!n _Mecmo
UTOARGUU  Kalens

0 GALLNN NN

Bepmuransheid
snenmpad

Kowcoban menove

Puc 2.17. Cxema ycmanosku 00UHOYHO20 6EPMUKATLHO20 3A3eMAUMEINSL 8 KOKCOBOU
3acuinke

VY nenpHOE CONPOTUBIICHHE KOKCOBOM MEIOYN [, 3aBUCHUT OT THUIA yTIIA, U3
KOTOPOTO IMOYYCH KOKC, U COCTaBIseT Bemuuny nopsaka 0,22 - 2,5 Om*u.
KoxkcoBast Mesioub, UCIOIb3yeMast PH yCTPOHUCTBE 3a3EMJICHHM, TPE/ICTABIISCT
co6oii 3epraa auametpom 10 - 15 mm (cormacao TOCT MTVY-2834 u TY-1020).

[Tpu pacuerax cienyeT NPUHUMATE BEIUUUHY P cr = 2,5 Om*u.
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Kowcolar senave
Puc.2.18. Cxema ycmanosku 00UHOUHO20 20PU3OHMATLHO20 3A3EeMAUMENS 8 KOKCOBOU
3acvinke

Ha puc. 2.19 noka3aHa cxemMa yCTaHOBKH MHOTOJIEKTPOHOTO 3a3eMIICHHS 13
BEPTHKAIBHBIX 3JIEKTPOJIOB, TOMEIIEHHBIX B KOKCOBOI MEIIOYH.



2.36.
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Puc.2.19 Cxema ycmaHo8Ku MHO2091eKMPOOHO20 3a3eMLeHUs 8 KOKCOBOU 3ACbINKe

BmecTo 3achImki KOKCOBOM MEJIOYH Ha MECTe 000PyIOBAHUS 3a3€MJICHUH 9acToO
IPUMEHSIOT 3a3€MIIMTENH ¢ IEMEHTUPOBAHHON KOKCOBOW MEJIOUBIO BOKPYT
METaJLTHYECKOT0 CTePIKHS 3aBozckoro nsrotosienus (tuna 3KA-140). Ha puc. 2.20
[I0Ka3aHa CXeMa YCTAaHOBKU MHOTORJIEKTPOAHOTO 3a3€MJICHHS U3 JIEKTPOJIOB THIIA
3KA-140.
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. S 7. B - 1. B R 77 ¥
Puc 2.20. Cxema ycmanosku MHO20I1EKMPOOHO20 3A3EMACHUSL U3 DIIEKMPOOO8 Munda

3KA4-140

[IpuMeHeHne MPOCIIONKH B BUJE KOKCOBOM MEJIOUYN MEXKIY METAIINYECKUMHA
JJIEKTPOJIaMU U OCHOBHBIM I'PYHTOM YMEHBIIAET CONPOTUBIICHUE 3a3¢MIICHUS U
YBEJIMYHUBAET CPOK CITYkKObI 3236 MIICHUH.

PACYET CONMPOTUBJIEHUS 3A3EMJIMTEJIENA ITPU UMITYJIbCHBIX TOKAX

2.37.

2.38.

2.39.

B ciyuae npoxokeHus 4epes3 3a3eMIINTENb UMITYJIbCHBIX TOKOB, BOSHUKAIOIINX
Ipu rpo3e, B GOpMyJIbI 7S pacdeTa COMPOTUBIICHUS 3a3€MIIUTEINS CIIEAYET BBECTH
JIOTIOJTHUTEILHO UMITYJIbCHBIN KO3()(DUILIUEHT.

[Tpu 3HAUNTENBHBIX 110 BEJIMYMHE UMITYJIbCAX TOKA B IPYHTE BOJIU3U 3a3€MIIUTEIS
BO3HHUKAIOT HACTOJBKO 60JIBIHI/IC HAIMPAKCHHOCTHU 3JICKTPUYICCKOT'O IIOJIA, YTO B
OT/ICNbHBIX YYaCTKaX 3eMJIM MTPOUCXOAUT YACTUUHBIN UCKPOBOM mpoboi. CoracHo
UCCIIEIOBAaHHUSIM HCKPOBO# MPOOOH B CPpeTHUX MO MPOBOJIUMOCTH IPYHTAX
BO3HHUKAET MIPU HAMPSHKEHHOCTH 3JIEKTpUUYECKOTo nois £ = 3 ke/cm.

B ciyuae BO3HUKHOBEHHSI HCKPOBOTO MPOOOS IIyHTHPYETCS MEPEXOTHOE
COTMPOTHBIICHUE MPUJIETAIONINX YYACTKOB IPyHTa U yMEHbILIaeTCs o01iee
COMPOTHBIICHUE 3a3eMJICHUS. DTO SBJICHHUE MPUBOJUT KaK ObI K YBEIHUCHUIO



2.40.

Tabauya 2.14

pPasMEPOB 3a3CMITUTCIIA IO CCUCHUTIO 1 YMCHBIICHHUIO YACIIbHOTO COITPOTUBIICHUSA
rpyHTa. HOBTOMy COMMPOTUBJICHUC CIUHUYHOI'O 3a3CMIIUTCIIA AJI UMITYJIbCHBIX
TOKOB IpU TPO3€ OIpeaeseTcs no popmyie:

R,u. = a R, (220
Ioe:
R3- conpomuejieHue sazemiumeii npu nOCMoOAHHOM moKe U mokax HU3KOLL qyacmomol,

A - umnynvcnvill Kodgduyuenm, yuumolearowuil CHUNCEHUE CONPOMUBTEHUSA
3a3eMNeHUs NPU UMNYIbCHBIX MOKAX.

HmnynbcHbie K03 (GUIHEHTHI, KOTOPhIe HEOOXOUMO YUUTHIBATh MPHU pacyeTax
3a3eMJICHUH, MPeHA3HAYCHHBIX IS 3aIIUTHI YCTPOMCTB CBSI3U OT TPO3BI,
npuBeIeHbI B Ta0u. 2.14.

Besmunna uMnyabcHoro kodgdunuenta
Tun Cxema Jnuna O06o03HaueHUe Ilplfl*y)jleJIBHOM CONMPOTHBJIEHUHU TPYHTA I,
sazemumTenst  |sazesumrens 3a3eMJIHTEIs, MMIyJIbcHOro |OM*um

M Kod(ppunuenTa 050 51- |101- |301- 501 - 1000

A9°% 1100|300 [500
TpyOuatsrii Puc. 2.3 2-3 a, 1 0,8 0,6 0,4 0,35
Iporsokennstit |['opu30HTANBEHO 5-10 a, 1 0,9 0,7 0,5 0,4
IIPOBOJIOYHBIN  [pACIOJIOKEHHBIN 10 - 20 105 1095 l078 loes 05
HITH TOTOCOBOT |3a3eMITHTENb, 20- 30 12 |11 lo9s |073 l|os2

3aKOTIaHHBIA B TPYHT

2.41.

WMy bCHBIA KOQQHUIMEHT He0OOXOANMMO YUUTHIBATH TAKXKE U MPH ONPEACTICHUN
COIMPOTHUBJICHUA MHOTOQJICKTPOJAHOI'O 3a3€MIIUTEIIA, y1'IOTpe6J'I$IeMOFO JJIA 3aIHUTHI
yCTpOfICTB CBA3HU OT T'PO30BBIX Pa3pAI0B. B stom ciiydac ojid pacucTa
COIMPOTHUBJICHUSA 3a3€MIICHUA U3 CTCPIKHEBBIX SaSGMHHTeHCﬁ, COCAUHCHHBIX
M30JIMPOBAaHHBIMH ITPOBOJIAMH, TpUMEHsIETCs (hopMya:
RTp aq
R06 =
np,

a IJI1 CTCPIKHEBBIX 3a3eMnnTeneﬁ, COCOWHCHHBIX I'OJIBIMH ITPOBOJAMH,
RTp Rnp aa;

(2.21)

Ro6 =

(2.22)
aiR., g2 + 2Ry, pyn

Toe:

A1, Ay - bepemces uz maban. 2.14;
1, N - uz maobn. 2.4 -2.9.

Jis IpOTSHKEHHBIX TIPOBOJIOYHBIX MITH TIOJIOCOBBIX 3a3€MIIUTENICH B TOM )K€ CITydae
npuMensietrcs popmyia
R,

a
R, =

p
np;

(2.23)

CPOK CJYXBbl PABOYMX 3A3EMJIMTEJENA U CIOCOBBI TPOJJIEHUS
9TOI'O CPOKA




2.42.

2.43.

2.44,

2.45.

2.46.

Mertannnueckue 3a3eMIMTEIHN, HaXOSCh B 3€MJIE, [T0IBEPratOTCsl KOPPO3HH,
npuyeM B 0c000 HEOIATOMPHUSITHBIX YCIOBUSAX HAXOIATCS 3a3eMIIUTENH pabodero
3a3eMJICHUS, Yepe3 KOTOPBIC MTPOXOIAT paboure TOKH MTOCTOSHHOTO HAIPABICHHMS.

K 3a3C€MJICHUAM, B KOTOPBIX 3a3CMJIMNTCIIN IIOABEPTAOTCA YCHHCHHOﬁ KOppO3uHu,
OTHOCATCA:

343CMJICHHU YCTAHOBOK JUCTAHIIUOHHOI'O MMMTAHUSA YCHIIUTCIIbHBIX ITYHKTOB
Ha KaOeJbHBIX U BO3YIIHBIX JIMHUAX CBA3U I10 CUCTEME «IIPOBOM - 3EMIL,

e 3a3eMJICHHUS] YCTAHOBOK JIMCTAHLIMOHHOTO MUTAHUS IOCTOSTHHBIM TOKOM
pasvoy3J10B PaluOTPAHCIISILIMOHHON CETH;

e 3a3eMJICHMS KAaTOJHBIX YCTAHOBOK Ha KaOEIbHBIX JIMHUAX CBS3U JJIS 3aILUTHI
o0osouek kabenel 0T KOppo3uu;

e 3a3eMJIeHH TelerpadHbIX CTAHIINMA, PAOOTAIOIINX 110 OJHOTIPOBOTHBIM
LCIISIM;

3a3eMJIeHUs TeJe(OHHBIX CTAHIMH ¢ LIEHTPaJIbHOM OaTapeeil.

B nepeuncieHHbBIX B I1. 2.43 yCTaHOBKAX TOJIBEPTAIOTCS AIEKTPOKOPPO3UH T
3a3eMJIMTENH, KOTOPbIE COCTUHEHBI C MOJI0KHUTEIbHBIM MOJIFOCOM UCTOYHHUKA TOKA.
CranbHble TPyObI WK APYToil GOpMBbI 3a3eMIIUTENH [TOCTETIEHHO pa3pyLIAIOTCs
TOKaMHM, CTEKAIOIUMHU ¢ HUX B IpyHT. Co cranbHbIX TpyO la Toka yHOCHUT B rof
npakTuaecku oT 9 1o 10 xe meTaa.

PaccuntanHas KOHCTPYKIHMS 3a3€MIISIONIETO yCTPOMCTBA, UCXOAS U3 HOPMBI OOIIETO
COTPOTHUBIICHUS, JOJKHA OBITH TPOBEPEHA HA JIOJITOBEYHOCTD, T.€. HA CPOK
BO3MO>KHOM 3KCILTyaTalK 3TOr0 yCTPOUCTBA.

3anpeaenbHbIA CPOK IKCILTyaTAIHN 3a3eMIIUTEIICH MOKHO TIPUHSATH TAKOW CPOK, IO
UCTEYCHUU KOTOPOTO BEC KaXKIO0T0 3a3emuntens cHu3utcs 1o 0,25
nepBOHAaYaIBHOTO Beca. [Ipu 3TOM ycimoBuM cpok ciry k06l 7' 3a3eMIISIFOIIETO
YCTPOICTBA U3 CTATbHBIX BEPTUKAIBHBIX JJIEKTPOJIOB OIpeaeseTcs mo hopMmyiie
(;er):

l
T =4,7 -10? n (di — d3) .24

Toe:
1 -xonuuecmeo omoenvuvix 3a3emnumencii (mpy6) 6 3azemasiowjem yCmpoucmaee,
I -senuuuna pabouezo moxa, cmexarowezo 6 semnio uepes sazemnenue, A;

1 -o0nuna mpyouamozo 3azemiumensi, M,
d1 - BHeWHUT Ouamemp mpyouamozo 3a3emiument, m;

d2 - BHYMPeHHUll Ouamemp mpyouamozo 3a3emaumens, M.

[Tpu 3amaHHOM CcpoKe CITy>KObI 3a3eMIIUTENS 00IIIee KOJIMUECTBO TPEOyeMbIX
3a3eMJIMTENICH onpenensieTcs o Gpopmydie:

IT
n =
oM 4,7-102 (d? — d2)

Cpox ciry>k0bI 3a3eMJIUTEIISI MOKHO OIIPEIETUTh TakkKe 1o Oosee olieit hopmyre
(yer):

(2.25)

0,75Q
I

(2.26)



2.47.

Toe:
Q -8ec CMANbLHBIX 9NEKMPOO08 U COCOUHUMENbHOU NOJIOCHL, K2,
I -pabouyutl mox, cmeKarwull ¢ 3a3emaumernet ¢ 3emuo, A;

k- INEKMPOXUMUYECKUT KOIDDUYUEHmM pa3pyuleHus.

B pacuerax x npuauMaetcs paBabiM 0,04 1151 cTaIbHBIX 3JEKTPOIOB, TOMEIIEHHBIX
B TpYHT 0e3 KokcoBoil Mmenouu u 0,4 11 TeX ke 3MEKTPOIOB B KOKCOBOW MEJIOYH.

YuuThIBas HEOJUHAKOBBIE YCIOBUS SKCIUTyaTallMK JUIsl MHOTOJIEKTPOIHOTO
3a3eMJIMTENS, PACYET CPOKA CIY>KObI pEKOMEHYETCs IPOU3BOAUTE PA3JENIbHO IS
BEPTHUKAJIBbHBIX JIEKTPOJOB U TOPU30HTAIBHON MOJIOCHI.

CpoK CityKObl BEPTUKAIBHBIX 3JIEKTPOA0B T ; onpenensercs us Beipaxkenus (Jer):

T.=0,3 % (2.27)
I,
Toe:

QB - 8eC 6epmuKajlbHblX 3]26Kmp0006, Ke;

IB - MOK, CMEeKalowutli ¢ 6ePMUKAIbHLIX 3a3eMmaumencei, A.

Benuunna I, onpenensiercs mo Gopmyre:

I, = IR, 2.28
B_RF+RB(')

Toe:
Rr — conpomueienue 20PU3OHMANbHbIX INeKMpPo0os, OMm;

RBi conpomueslieHue 6epmuKalbHblX 3/Z€Kmp0006, Owm.

Cpok cimy>k0bl COETMHUTENBHOM MOJI0CHI ONpeesieTcs Mo GopmyJie:

T.=0,3 & (2.29)
I,
I oe:

QI‘ - 8eC 6epmMUKAIbHbLX 3/l€Kmp0606, Ke;

Ir - MOK, CMeKaowull ¢ 6ePMUKATbHLIX 3a3emaumencetl, A.

Benuuuna I onipenensieTcs no ¢popmye:
[ IR,
= ——— (2:30)
R.+ R,
Toe:
Rl" — conpomuejieHue copu3oHmajlbHblx 3Jlel<‘mp0()06, OM,

RB_ conpomuejieHue 6epmuKalbHblx 3]1@Kmp0()06, Om.

YacTo cpok ciy:k0bl MOXKET OKa3aThcst 0ueHb MasbiM (3 - 8 sieT). OnbIT MOKa3bIBaCT,
YTO 11eJIECO00Pa3HO CTPOUTH 3a3eMJISIOIIEee YCTPOMCTBO TaK, YTOOBI 3a3eMJIICHUE
paboTtasio 6e3 3aMeHbI NIEKTPOIOB He MeHee 15 yieT. 3To MokeT ObITh TOCTUTHYTO C
MOMOIIbIO 320MBKHU JOTIOJIHUTEIBHBIX 3JIEKTPOAOB K TEM, KOTOPbIE ObLIH
OTIpEICTICHBI U3 YCIIOBHUS COONIOACHUSI HOPMBI 3a3eMJIICHUSI.



3HAYUTEIILHOTO YBETMYEHUS CPOKA CITYKOBI 3a3€MIITUTENICH MOYKHO TOCTUTHYTh,
€CJIM MCTOJIb30BaTh B KAYECTBE MPOCIONKHA MEKLy OCHOBHBIM I'PYHTOM M METAJLJIOM
AJEKTPOJIa — KOKCOBYIO Meo4b. MccnenoBaHus NOKa3bIBAKOT, YTO B ATOM CIIydae
MIPU CTEKAHUHU 3JIEKTPUUYECKOTO TOKA C AJIEKTPOJA B TPYHT MPOLECC pa3pyILICHUs
AJEKTPOJIA OT JIEKTPOJIUTHIECKOU KOPPO3UU PE3KO 3aMENIIACTCS.

WHBIMU cTIOBaMHU, CPOK CITYKObI 3a3eMIIUTENS], COCTOSILET0 U3 3JIEKTPOJIOB, B
KOKCOBOM M€JIOUr yBeJINYUBAETCs(IIPH TuaMeTpe KOKCOBOM MPOCIONKH Y KaXKI0ro
anekrpona 0,25 u) e menee uem B 5-10 pa3.

Yoanenwvl npumepwl pacuemos.

HUCKYCCTBEHHOE YMEHBIIEHUECOITPOTUBJIEHUSA 3A3EMJIEHUAM

2.48.

2.49.

2.50.

2.51.

2.52.

s yerpoiicTBa 3a3eMIIEHUS MAjIOro CONPOTUBIIEHUS B IJIOXO MPOBOISAIINX
rpyHTax (IIECOK, IpaBHii, KAMEHb U T.II.) TPEOYIOTCS JECATKH, & HHOT/Ia M COTHH
CTAJILHBIX TPYO, JUTMHOM KaXknas 2 - 2,5 m, pacrnonaraeMbix Ha O0JIBIION
TEPPUTOPUH.

C HEJIBI0 YACHICBIICHUSA 3a3CMIIAIOIINX yCTpOﬁCTB B MCCTaxX C BBICOKHUM YJACJIbHBIM
CONMPOTUBJIICHUCM 3CMJIU ITPUMCHSAIOT PA3JIMYHBIC METOAbI HCKYCCTBCHHOI'O
CHMIKCHUS YACIIbHOTO COITPOTUBJICHHA I'PYHTA. HpI/I 9TOM YMCHBIIAIOTCA
KOJUYECTBO 3a3EMIIMTENIEH 1 pasMEpbl TCPPUTOPHUU, HA KOTOpOﬁ JOJI?KHBI
pacmojiaratbCqa 3a3€MJIMTCIIH.

OO11ee cONpOTUBIIEHUE 3a3€MJICHHS 3aBUCUT, KaK YKa3bIBAJIOCh BBIIIE, OT
COIIPOTHBIICHHSI IPUJIETAIONIMX K 3a3€MIIUTEIIIO CJIOEB rpyHTA. [l0aTOMY MOKHO
JOOUTBCS CHUKEHHSI CONPOTUBIICHNUS 3a3€MJICHUS IOHM)KEHUEM Y1€IbHOTO
COIIPOTHBIICHUS TPYHTA JINIIBL BHE OOJIBIION 00JIACTH BOKPYT 3a3€MIIMTEIS.

HckyccTBeHHOE CHUKEHHE YIEIBHOTO CONTPOTHBIIEHUS TPYHTA JOCTUraeTcs 0o
XMUMHUYECKHM IyTEM IPH MTOMOIIH SJIEKTPOIHUTOB, JTHOO0 MyTEM YKIIaJKH
3a3¢MJINTENEH B KOTJIIOBAHBI C HACBHIITHBIM YIJIEM, KOKCOM, INIMHOM.

OmbIT IMMOKas3aJl, YTO MaKCUMAJIbHOC YMCHBIICHUEC COITPOTUBJICHUA 3a3CMJICHUSA
JIOCTUTAETCSI TP UCTIOIB30BAHUH JICKTPOIUTOB, IPEBECHOTO YISl M KOKCOBOM
Mmenoun. [IepBrlit cioco0 3aKimoyaeTcs B TOM, YTO BOKPYT 3a3€MJIMTENEH TPYHT
MPOTHUTHIBACTCS PACTBOPAMH XJIOPUCTOTO HATPHs (OOBIKHOBEHHOH MOBapEeHHOMN
COJIN), XJIOPUCTOTO KAJIBIIHSI, CEpPHOKUCIION Meau (MEIHOTO KyIopoca) u T.1I.

CrnenyeT OTMETHUTb, YTO YKa3aHHBIM CIIOCOOOM MOKHO JOOUTHCSI CPAaBHUTEIBHO
00JIBILIOTO CHUYKEHUS BEJIMUMHBI CONPOTUBIICHUS 3a3€MJIEHHUS, OJTHAKO Ha
HEMPOJOJKUTENBHBIN CpOK (2 — 4 roza), mocie 4ero TpedyeTcs BHOBL MPOMHUTHIBATH
TPYHT 3JIEKTPOJIHUTOM.

HpaKTI/I‘IeCKI/I MOKHO PECKOMCHAOBATH CICAYIOIIHNC 1B crocoba HCKYCCTBECHHOI'O
CHMIKCHUS YACIIbHOTO COITPOTUBJICHUA I'PYHTA: CO3JaHNEC BOKPYT 3a3C€MIIMTECIIA 30HBI
C IMIOHHWXCHHBIM YICJIBbHBIM COIIPOTUBJIICHUECM U o6pa60TI<a rpyHTa COJIbIO.



2.53.

I m
r Hacewmnod 2py.

¥ Ocnpfuod epynm
i /14 (epanum)

Jazemaumens

Puc.2.21 Cozoanue 6oxpye 3a3emaumens 30Hvl ¢ NOHUICEHHBIM YOETbHbIM
conpomuenenuem

[ coznanus BOKPYT 3a3€MIIMTENS 30HBI C IOHM)KEHHBIM YEJIbHBIM
COIIPOTHUBIICHUEM B IPYHTE JIeJaeTcsl BhleMKa (KoTiioBaH) paguycom 1,5 - 2,0 w u
riyOMHOMN, paBHOH JMHE 3a01BaeMoro crepxHs. [locie 3amonHeHust BHIeMKH
rpyHTOM (puc. 2.21) ycTaHaBIMBaeTCs 3a3€MIIMTENb U TPYHT YTPaMOOBBIBACTCSL.

B kauecTBe rpyHTa-3a10JIHUTENS MOXKET ObITh IPUMEHEH JIF0O0H IPyHT, UMEIOILUI
yaenbpHOe conpoTuBieHue B 5 - 10 pa3 MeHbIe, 4eM yAeIbHOe CONPOTHUBIICHHE
OCHOBHOTrO rpyHTa. Hanpumep, eciu 3a3emMiieHHe yCTpauBaeTCsl B IECUAHOM WU
KaMEHUCTOM (IPaHUT) IPYHTE, TO 3aIOJHUTENSIMU MOTYT OBITh, TJIMHA, TOP(,
YepHO3€eM, CYTJIMHOK, IIUTAaK U T.11. TakuM criocoOoM JOCTUraeTcs CHIKEHHUE
COINPOTHBIICHUS 3a3eMJICHUS B cpeHeM B 2,5 - 3 pasa.

ComnpoTtuBieHue pacTekanuio Toka R, B ciiyuae okpykeHHs 3a3eMIIUTENs TPYHTOM
C IPYTHM YJICIIbHBIM COTIPOTHBIEHUEM HAXOAUTCS 110 popmyIie:

VI2+1r2 41
VI2+1r2 -1

R 1 ] 2l 1 ( Y
=—|pyin—+=-(p—p n (2.32)
3 2wl i Ty 2 "

Toe:

P - yoenvroe conpomuenenue octoeroz2o epyuma, Om*u;

Py - yoenvHoe conpomuenenue spyuma - sanoanumens, Om*u;

I - paduyc cmepoicus 3azemaumens, m;

I’ - paouyc eviemxu xomnosana, m;

l - 2ﬂy6uHa KomioeaHra, npu6ﬂu3ume/1bHo paesrnas onune 3azemaumen, M.
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Puc.2.22 Omnocumenvroe chudicenue conpomueieHus 3a3eMieHusl @ cayiae
NPUMEHEHUs. HACLINHO20 2PYHMA NPU PA3TUYHBIX PAOUYCAX 8bleMKU

Ha puc. 2.22 npuBeneHbl KpuBbIe H3MEHEHHS (B MPOIEHTAX ) OTHOIICHHS
COMPOTHBIICHUS R; 3a3eMIHTENs, TOMEIICHHOTO B KOTJIOBAH C HACHIITHBIM TPYHTOM,
K COIPOTHUBJICHUIO R, 3a3eMiiuTeist, HOMEIIEHHOTO B OCHOBHOM IPYHT, B
3aBHCHMOCTH OT OTHOIIICHUS yIETHHOTO COMPOTHUBIICHUSI OCHOBHOTO TPyHTA I' K
YICTBHOMY COIPOTHBIICHUIO HACHIITHOTO IPYHTA ;. DTH KPUBBIC IOCTPOCHBI JIJISI
KOTJIOBAHOB ¢ paamycom I = 0,25-10 u

O PeKTUBHBIM U ACLIEBBIM CIIOCOOOM CHUYKEHHS COITPOTUBIICHHUS 3a3EMJIICHHIMA
SBIIIETCS 00paboTKa TpyHTa TOBAPEHHOU CObIO. [leiicTBrE mocieHel CBOUTCS HE
TOJIBKO K MOHIKEHUIO yIETFHOTO COMPOTHUBIICHUS TPYyHTA, HO U K MOHIKEHUIO
TEMIIEpaTypPhl €r0 3aMep3aHusl.

Cy1iecTBYyIOT pa3HbIe CTIOCOOBI YKIIAIKH COTM 0713 3a3emiunTens. B mpakTtuke
MunucrepctBa cBsisu CCCP pacnpocTpaHeHa ykiiagka 0KoJIO TpyOouaToro
3a3eMJIMTENS COJTM CIIOSIMU TaK, KaK 9TO Moka3aHo Ha puc. 2.23a. Cob MOXKET TaKkxKe
YKJIaJbIBaThCS BCSI HA TIyOHHE Bo3e TpyO4aroro 3azemuutens (puc. 2.236) win Ha
HEeOO0JIBIIOM paccTosIHUM OT Hero (puc. 2.23B). [locnennuii cnocob sBnsercs 6oiee

yAOOHBIM B TOM OTHOIICHHH, YTO KOPPO3HS 3a3eMIIUTENS B TOM Citydae OyieT
MUHUAMAaJIbHOU.
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Puc2.23 Cnocobul ykiadxu conu 0KoI0 86epmMUKAIbHO20 3A3eMAUMENS]

KonugecTBo comu, Tpebyroreecs Ayt 00pabOTKU 3a3eMJIICHHUS, 3aBUCUT OT JITUHBI
anektpoaa: ot 1,5 1o 10 ke Ha 1 m 3a3emuurens.

WHOT/1a COJBIO 3AIOITHSIETCS TIPOCTPAHCTBO BHYTPH 3a3EMJIHTEJIS, BHITIOITHEHHOTO B
BUJIE MOJION TPYOBI C OTBEPCTUSMH, YepPE3 KOTOPhIE PACTBOP COJIM BBIXOJUT B
OKpY>KarloIuii TpyHT (pHc. 2.231).

Ha puc. 2.24 nokasan crioco0 yKJIaJKH COJTU OKOJIO MPOTSHKEHHOTO 3a3€MITHTEIS.
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2.57.
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Puc 2.24 Vxnaoka conu oxono NPOMANCEHHO2O 2OPU3OHMATIBHO20 3A3eMaumeiis

Tak Kak coyib CO Bp€MEHEM BBIMBIBACTCS, TO CPOK JCHCTBHS 00paOOTKH rpyHTa
orpaHuYeH U yepes 2 - 4 rojia ee NPUXOAUTCS TOBTOPATh. DPHEKTUBHOCTH
00paboTKM HEOIMHAKOBA U C TESYCHHEM BpEMEHHU MEHsIeTCs. B mepBbIii To/, Koria
COJIb €Ille HE YCIIEBAET PaCIPOCTPAHUTHCSA BOKPYT 3a3€MJIIUTENIS, CONPOTUBIICHUE
CHIDKAETCSl CPAaBHUTEIBHO Majo. ONTHMAabHBIC YCIIOBUS HACTYIAIOT HA BTOPOM-
TPEThEM I'OJly U 3aT€M HAUMHAIOT UJTH HA yObUIb.

CrolikocTh 00paOOTKH 3aBUCUT OT CTPOSHHSI IPYHTA, BIAYKHOCTH, KOJTMYECTBA
0CaJIKOB.

K HenmocraTkaM ykazaHHBIX CIOCOOOB 00paObOTKU TPyHTOB OTHOCSITCSI:
HEOOXOIMMOCTh BO30OHOBJICHUS IIPOIUTKU TPYHTOB IPUMEPHO uepes 2 - 4 roia u
BO3MOXHOCTb Pa3pyLICHHS 3a3€MJIUTENICH OT XUMHYECKOTO BO3JICUCTBUS HA HUX
COJICH WJIM COJISTHBIX PaCTBOPOB, BCIICJCTBHE YEr0 TPEOyeTCs 3aMeHa UX HOBBIMHU
3a3eMJTUTEIISIMH.

Jlenanuce NONBITKK YCTPAHUTh 3TH HeAOCTaTKU. Tak, B 'epmanuu, Hanpumep, Obu1
IIPEJJIOKEH CIIOCO0, 0 KOTOPOMY B TPYHT BOKPYT 3a3€MJIUTENSI BBOASTCS METAILIbI
B TOHKOM3MEJIBYEHHOM BH/JIE, KaK, HAIIPUMED, B KOJUIOMIHBIX PACTBOpax, WIN B
BH/JIE MEJIKOM METaJUIMYECKON CTPYKKHU. ECIIN IIPU 3TOM TOHKO U3MEJIbUYECHHBIE
METaJUIbl BBIOpaHbI TaK, 4YTOOBI HE MOTJIM BO3HUKATh FaJIbBAaHUYECKHE Taphl C CAMUM
3a3eMJINTENIEM, TO MOCIEIHUI KOPPO3UPOBATh HE OyeT.

OnHako KoJ1ou/Ipl He 0oJiee yCTOMUUBEI B TPYHTE, YEM COJIU U COJISTHBIE PAaCTBOPBI.
OHM NOCTENEHHO BBIMBIBAIOTCA U3 OIM3JIEKAIIMX K 3a3€MIIUTEINIO CJIOEB JI0%K1€BOI
BOJIOM, BCJIEJICTBHE YETO JOCTUTHYTOE YMEHBIIIEHUE CONPOTUBIICHUS 3a3€MIIUTENS C
TedeHreM BpemeHnu npomnajgaet. B CIA npemioxeH cnocol 3aepkaHus
BBIMBIBaHMS COJITHBIX PACTBOPOB M3 IPYHTA MyTEM CMEILIMBAHUS COIISIHOTO pacTBOpa
(Hampumep, MEAHOIO Kylopoca) ¢ HEpaCTBOPUMOM B BOJIE MJIACTMACCOBOM CMECHIO
U BIPBICKMBAHUS UX B TPYHT 10/ OOJIBIINM JaBJI€HUEM. DTOT CIOCO0 SBIISETCS
JIOPOTUM U MPOJIOJIKUTENBHOCTD €T0 JIEHCTBUS HE ONPEENsIIaCh.

W3 npyrux cnoco00B HCKYCCTBEHHOI'O CHUKEHHSI CONPOTUBIICHNUS 3a3€MIIMTENEH,
MPEJIOKEHHBIX B PA3IMYHBIX CTPAHAX, B [IEPBYIO OUEPEb 3aCTyKUBAET BHUMAHUS
HIBEJICKUH c110c00 - 00paboTKa rpyHTa BOKPYT 3a3€MJIIUTENS IPH TOMOIIN
AIIEKTPOJIUTOB, 0OPA3YIOUINX TEllb.

B pe3ynbrate cMmenieHus: KOHIICHTPUPOBAHHOTO PACTBOPA CEPHOKUCION MEAH C
3KBHUBAJICHTHBIM KOJINYCCTBOM KOHIIGHTpI/IpOBaHHOFO paCTBopa COJI IICJIIOYHOI'O
CHUHEPOAUCTOTO KeJie3a MOTy4YaeTcsl HEpaCTBOPUMBIN B BOJIE MPOIYKT PEaKIIUu -
)KGJIGSI/ICTOCI/IHepO,Z[I/ICTa}I MCABb, KOTOpa}I HpI/I HN3BCCTHBIX yCJIOBI/ISIX 06pa3yeT
OIHOPOJIHBIN AIEKTPONPOBOISALINNA THIPOTEIb.



DnexTpudeckre 1 pu3nyecKre CBOMCTBA THAPOTENS HE MEHSIOTCS CKOJIb - JINOO
CYIIECTBEHHO OT [UTUTEIHHOTO BO3/ICHCTBHUS BOABI U SIBISIOTCS YCTOWYNBBIMU ITPH
KoJieOaHusAX TeMIreparypsl B peaenax ot -60 mo +60 °C. Ognako oH 3 pexTuBeH
MIPU CHUKEHUH OYE€Hb BHICOKMX COTMPOTHUBIIEHUH 3a3emieHuil (mopsaka 400-600
Om) 1 ManodpGeKTUBEH MPH BeIMUYMHAX conpoTBieHui nopsaka 20 - 30 Om

3. YCTPOUCTBO 3A3EMJIEHUN HA BO31YIIHBIX JIMHUSAX
CBsI3U U PAIMOTPAHCJISIHUOHHBIXCETAX

OBIIUE 3AMEYAHUS

3.1. 3a3eMIIsIOIIMEe YCTPOMCTBA HA IMHUSAX CBSI3H U PATUOTPAHCIIIIMOHHBIX JIMHHUIX
000pyAyIOTCS Y:

e JICPEBSHHBIX OIIOD;

e BBOJIHBIX Kaleleil 1 KaOEIbHBIX BCTABOK;

e BBOJIHBIX YCTPOMCTB Ha TeJIe(OHHBIX U TeJerpadHbIX CTAHIUSIX U
YCHJIUTEIbHBIX TYHKTaX;

e TOHU3HTENBHBIX TPAaHC(HOPMATOPOB AOOHEHTCKOM paJIMOTPAHCIISIIMOHHON
CETH.

3.2. 3amTa AepeBsSHHON ONOPHI OT PACIICIUICHUS €€ MOJTHUEH TIPOU3BOTUTCS
MOJTHUEOTBOJIOM, T.€.IIPOBOTHUKOM, ITPOJIOKEHHBIM BJIOJIb OTIOPHI CBEPXY JIOHHU3Y U
3a3eMJICHHBIM Ha KOHIIE.

3.3. MOoTHHEOTBO/IbI YCTAHABIMBAIOT:

e HA BCEX YIJIOBBIX, IEPEXOIHBIX, KAOCIBHBIX, pa3pPE3HBIX, KOHTPOIBHBIX
oropax, a Takke Ha TpaHC(POPMATOPHBIX OMOPax (PUAEPHBIX U AOOHEHTCKUX
paMoOTPaHCISIIIMOHHBIX JIMHUH;

e HA IATH OMVKAWIINX ONOpaX MAaruCTPATbHBIX BO3IYIIHBIX JTHHHNA CBSI3U
(BKJIFOUAst ¥ BBOJIHYIO KAaOEJIBHYIO OIOPY) TP MOAX0/IE MX K OKOHEUHBIM U
MIPOMEKYTOYHBIM YCHITHTEIHHBIM ITyHKTAaM, a TAKXKe 1Ma BYX OJIMKaNIINIX
oropax GpuaepHbIX 1 AOOHEHTCKUX BO3YIITHBIX PATIHOTPAHCISIIMOHHBIX
JUHUH MPU TIOJXO0/I€ UX K CTAHIIUU WIH MOJICTAHINH;

e HA PAJAMOTPAHCISIIMOHHBIX A00HEHTCKUX CTOJIOOBBIX JIMHUSIX,
PAacIoNIOKEHHBIX B HACEJICHHBIX MyHKTaX, Yepe3 Kaxbie 1Ba nposeta (100
M) ¥ Ha Onmokaiiineit kK aOOHEHTCKOM yCTaHOBKE OMOpe MPH THHE
a0OHEHTCKOT0 BBO/a Oosiee oHoro nposeta (50 am);

e HA MOBPEKICHHBIX KOT/Ia-JIM0O MOJHUAEH OMopax, a TAaKXKe Ma HOBBIX
0TI0pax, YCTAaHOBJICHHBIX B3aMECH MTOBPEIKICHHBIX.

3.4. ComnpoTuBIIeHHE 3a3€MIICHUH MOJTHUEOTBOJIOB, BHITTOJIHSAIONINX Pa3IHYHbIC
(YHKITUU B 3aBUCUMOCTH OT yACITLHOTO CONMPOTHBIICHHUS TPYHTOB, JOKHO OBITh HE
6onee BenuunH, npuseneHHbIX B [ OCT 464-68.

3.5. MOJTHUEOTBOIBI BHITIOTHSIOT M3 CTAILHOW OIMHKOBAHHOW MTPOBOJIOKH JHAMETPOM 4

- 5 vm (MM IBYMSI TPOBOJIOKAMH UAMETPOM 3 M), KOTOPYIO MPUKPEILISIOT K
CTOJIOY CKOOaMHU, pacroIoKeHHbIMU Ha pacctostHuu 30 cm apyr ot apyra (puc. 3.1).
N3ruds1 MpoBOJIOKH 110 CTOJI0Y HE JOMYCKAIOTCH.
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Puc 3.1 Yempoiicmeo monnueomeoda na onope (MOIHUEOMB0O KPEnumcs ckobamu
8NIOMHYIO K CMOOY)
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Puc 3.2 Yempoticmeo monanueomeooa ¢ UCKpOBbIM NPOMENCYMKOM

3.6. Ha onopax JMHuM CBA3M U paluOTPAHCIISILIMOHHBIX, TOABEPKEHHBIX BIUSIHUIO
JTUHUH BhIcoKoro HampsibkeHus (BJI), MoHHEOTBOIbI yCTpanBaroT ¢ HCKPOBBIM
IpOMEXyTKOM (puc. 3.2).

3.7. 3a3eMIIeHHe MOJIHUEOTBO/IOB B 3aBUCUMOCTH OT yAE€IBHOTO COMPOTHUBIICHUS TPyHTa
U TpeOyeMoil HopMaMH BEJTMYMHBI COITPOTHBIICHUS 3a3€MIICHUSI MOXKET OBITH
BBINOJIHEHO B BUJIE:

° CIIyCKa MOJIHUCOTBO/Ia, HAITPABJICHHOT'O BAOJIb HOI[3CMHOI>'I qacTu CTOH6a
(puc. 3.3);

o BLITHHYTOF (0] I‘OpI/ISOHTaHLHOI‘O qua (HBJ’ISHOH.[QFOCH HpOI[OJDKeHI/IGM
MOJTHHEOTBO/Ia), 3aKOITAHHOT'O B 3€MJIIO BJIOJIb TWHUU Ha Tiryoune 0,5 - 0,7 m
(puc. 3.4);



e  HECKOJBKHX BBITSHYTHIX TOPU30HTAIBHBIX JIy9eH U3 CTaTbHOU TPOBOJIOKH,
3aJI0KEHHBIX B 3eMite Ha riyoune 0,7 v (puc. 3.5);

e  BEPTHKAJbHBIX 3J1eKTpoaoB (puc. 3.6, 3.7, 3.10).

3.8.  Ilpu ycTpoiicTBe 3a3eMICHUS] MOJIHUEOTBO/IA B BU/IC BBITSIHYTOI'O TOPU30HTAIBHOTO
Jy4a COIPOTUBIICHHUE 3a3E€MJICHUS B 3aBUCUMOCTH OT JUTMHBI BHITSIHYTOM POBOJIOKH
Y TPYHTOB OyZeT MMETh 3HaueHHs, puBeeHHbIC Ha KpuBoi R = j(I) (cm. puc. 2.7).

Cwoba uz cmansnod
npofonoxu

TFTTERTS
Q507

Puc. 3.4. 3azemnenue monnueomeooa 6 ude 20pu30HMAIbLHOZ0 1ydd
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Puc.3.5. 3azemnenue monrnueomseooa 6 guoe 2opu3oHMANbHbIX IYHEU:
a) 08yxnyueso2o0; 6) Mpexayueso2o, 8) emvlpexiyieso2o

Kak BUIHO, OJIH BBITSHYTHIN MPOBOJIOYHBIN 3a3€MITHTEIh JITTHHOW 6 M nMeeT
COIIPOTHUBJIEHUE pacTeKaHuIo TOKOB OT 1,5 10 150 Om npu kone6aHuu yaenbHOTO
conpotuiieHus rpyaTa ot 10 10 1000 OM *m.
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Puc. 3.6. Onopa c 3azemnenuem uz 00Hou mpyoul
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Puc.3.7. Yempoiicmeo 3azemnenus uz 00nou mpyowvi
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3.9. B ciyuae, koria npu JaHHOM yA€TbHOM CONPOTHUBIICHUN TPYyHTA BEJTUYMHA
COIPOTHUBIICHUS OJJUHOYHOTO 3a3€MIIMTENIS HE YAOBIETBOPSET TpeOyeMoil HopMe,
yCTparBaeTCsi MHOTO3JICKTPOIHBIN (MHOT0JIy4€eBOii) 3a3eMinTelb (M. puc. 3.56, 6)
C KOJIMYECTBOM JIy4ei 1, ompenensieMbiM 1o popmyre:

R1 a
n=—a@a1
R o6 U e
Toe:
Rl - conpomuejieHue COUHUYHO20 JIy4es020 3azemaumeisl, OM,

R 06 - 00Wee conpomuenenie MHO20I1EKMPOOHO20 IYHeBO20 3A3eMACHUsL, KOMOpoe
doaicHo yoosiemeopsime mpebosanusim I OCT 464-68, Om;

A - umnynvcHovill KOIPPuyuenm;

H - ko3ppuyuenm ucnonvzosanus sazemrumeneii.

3.10.  ComnpoTuBJICHHS 3a3eMJISIOIIETO YCTPOMCTBA, COCTOSIIETO U3 BEPTUKAIBHBIX
CTAJILHBIX DJIEKTPOJIOB, YKa3aHbl Ha puc. 2.4. VI3 MpUBEICHHOTO HAa STOM PUCYHKE
rpaduKa BUIHO, YTO COMPOTUBIICHUE OJJHOTO BEPTHKAILHOTO 3a3EMITUTEIIS, B
3aBHCHMOCTH OT €T0 IUaMeTpa U JJIMHBI, a TAKXKE YACITEHOTO CONPOTUBIICHHUS
rpyHTa, u3MeHseTcs B mpeaenax ot 1 go 1000 Owm.

Korma MNPpUIAHHOM YACJILHOM COIIPOTUBJICHHUU I'PYHTA BEJIMYHUHA COIIPOTUBJICHUA
OJMHOYHOT'O 3a3CMIIUTECIIA HE YAOBJICTBOPACT Tpe6yeM0171 HOpMEC, YCTPpauBarOT
MHOFOZ—)J’IGKTpOIlHBIﬁ 3a3€MJIMTCJIb C KOJIMYCCTBOM 3a3CMJ'II/ITeJ'I€I\/'I, OMpeacIsICMbIM I10

¢-ne (3.1).

3.11.  IIpwm 3a3eMieHNN KaOEIHHBIX SIMIUKOB C MOIIHBIMU Pa3psSAHUKAMHU M KOXKYXOB
TpaHc(hOpPMATOPOB PAIUOTPAHCIIAIIUOHHON CETH JBa MPOBOJIA, HIYIIHE OT
3a3eMJICHUS, TTPOKIIAIBIBAIOT 110 TOBEPXHOCTH cTOoJI0A (101 00muMu ckobamu). Ha
BBICOTE Ka0OEIILHOTO SNIMKA (MK SIIIUKA C MOIIHBIMU Pa3psiIHUKAMU, HITH KOXKYyXa
TparcopMaTopa paaHOTPAHCISITUOHHON CETH)OINH U3 ITHX TIPOBOJIOB
MPUCOCTUHSIOT K 3a3eMJISIOIIEMY 3KUMY YKa3aHHBIX OOBEKTOB, a APYrou -



MPOKJIaAbIBAIOT JAJIbIIC 1O BEPIINHBI cronba. IToT IMpoBOA 6yz[eT ABIATHCA
MOJHHCOTBOAOM IJIA 3allTUThI cT0J10a OT paspymceHus npu yaape MOJIHUHA B JIMHUIO.

BEPTUKAJIBHBIE MHOI'O2QJIEKTPOJIHBIE 3A3EMJINTEJIN

3.12.  YcTpoicTBO 3a3eMIICHHSI M3 OJTHOM TPYOBI HJIM OJTHOT'O YTOJIKa ITOKa3aHo Ha puc. 3.6
u 3.7. [Ipu ycTpoiCTBE 3a3eMIICHIH U3 HECKOJIBKUX 3JIEKTPOJIOB IMOCIICTHUE B
3aBHCHUMOCTH OT MECTHBIX YCJIOBHH MOT'YT ObITh 3a0UTHI B psiz (cM. puc. 3.8a) mubo
B opme kpecta (cm. puc. 3.86), kpyra (puc. 3.86) wiu npsMOyrobHUKA (CM. pHUC.
3.82).

3.13. Ilepen BOMBaHHEM BJIEKTPOAOB B TPYHT K Ka)KJJOMY U3 HUX JOJDKHA OBITH IPUBapeHa
WK TIPUIIAsSHA CTaJbHAS MPOBOJIOKA auametpoM 4 - 5 . TlpuBapka wim npumnaiika
IPOBOJIOKH K TPyO€ MOKET POU3BOANUTHCS CIICAYIOIIUM 00pa3oM: Ha
paccrostannS0 1 80 My OT Kpast B 3JEKTPO/Ie TIPOCBEPIIMBAIOT CKBO3HBIE OTBEPCTHS,
HapYXHYIO TOBEPXHOCTb AJIEKTpo/a Ha JuynHe pumMepHO 30 My 1o 06e CTOPOHBI
BEPXHETO OTBEPCTAst OUMIIAIOT M 3aTy’KUBAIOT; KOHEI] POBOJIOKU HA JJTMHE HE
menee 100 cm 3amyKMBalOT M IPOITYyCKAIOT Yepe3 BEpXHEEe OTBEPCTHE B TPYOE WIIK B
CTOpOHY yroiika Ha JuiHy 50 cv; 3aIyKEHHOH 4acThIO MTPOBOJIOKH JENIAIOT MATh
000pOTOB BOKPYT 3JICKTPOJIa 0 00 CTOPOHBI BEPXHETO OTBepCcTHs (CM. puc. 3.7);
BEPXHHUI KOHEII TPOBOJIOKH 3aKPEIUIIOT XOMYTOM U3 TTPOBOJIOKH THAMETPOM 2 MM,
a HIDKHUH KOHEI - TIPOITYyCKAaIOT Yepe3 HIKHEE OTBEPCTUE U 3aru0aroT; MECTO
COC/IMHCHUS MIPOBOJIOKU C TPYOOIi TIATEILHO PUBAPUBAIOT HIIH MTPOIAUBAIOT U
HOKPBIBAIOT aC(aJbTOBBIM JaKOM MM KAaKUM-THOO IPYTUM KHCIOTOYIIOPHBIM
COCTaBOM.

7} d) f) 2)

Puc.3.8 Pacnonoocenue mpyouamoix 3azemaumeneii npu ycmpoucmee
MHO2021eKMPOOHBIX 3a3eMAeHUl
a) 6 psio; 6) 6 popme Kkpecma, 8) 8 hopme Kpyea, 2) 6 hopme NPAMOY2OIbHUKA
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Puc.3.9. Cmanvroii exnadvius 011 3a0usku mpyo

3.14.  YroObI He MOBPEAUTH Kpast TPyOBI MpH 3a0MBKE B TPYHT, B BEPXHUI KOHEII €€
BCTaBJIAIOT CTAJILHOM BKJIAJIBIII C TOJIOBKOM, KOTOpast ONMUPAETCsi CBOUMHU
3aIuIeunKaMu Ha cpe3 TpyOsl (cM. puc. 3.9).



3.15.

3.16.

3.17.

3.18.

3.19.

Huxuuii koHel TpyObl, 3a0UBaeMblii B TPYHT, IPEJBAPUTEIBHO CIUTIOIIMBAIOT, KaK
MoKa3aHo Ha puc. 3.7.

TpyObl MHOTO3JIEKTPOJHOTO 3a3€MIIUTENS OOBEIUHAIOT MEXKTY COOOM MTPH TOMOIIHU
COEIMHUTENIBHOM MOJI0CHI MU MPOBOJIOKH, IPUBAPUBACMON I ITPUIIAUBAEMON K
BEpPXHEU YacTU KaXa0H TpyOBbl.

[Tepen 3a0uBKOI1 3a3eMIUTENEH B IPYHT AJIS KQXKJOTO U3 HUX KOMAIOT SIMY
riyOuHo# 0,8 . 3azemiuTens 3a0MBafOT B TPYHT B IIEHTPE SIMBI TaK, YTOOBI
BEPXHUI KOHEIl BO3BBIILIANICS Haj ypoBHeM fHa siMbl Ha 10 cm (puc. 3.10).

Mexy anekTpoaaMu mpopsiBatoT TpaHiero mmpuHoi 20 - 30 ey, riryounoi 0,7 m.
Ha nHo 3TO# TpaHIIen yKJIaapIBal0T COSAMHUTEIBHYIO IIPOBOJIOKY, KaK 3TO
nokazano Ha puc. 3.10.

[Toce 3a0MBKH 2JIEKTPOIOB COCMHUTEIbHBIC IPOBOIHUKH OT 3a3eMIIUTEICH
CBHUBAIOT MEX1y co0oii ¢ mrarom ckpyTku 0,1 - 0,25 m.

[Tpu ycrpoiicTBe pabouux 3a3eMJICHUIN BO BCEX I'PYHTAX, a 3alIUTHBIX - B
aneCCI/IBHI)IX: COCIMHUTCIILHBIC ITPOBOAA HAa BCEM IPOTSXKCHUHA O0 BbIXOJda HA
MOBEPXHOCTh U3OJUPYIOT OT 3€MJIH JBYXCIIOMHBIM MOKPHITHEM ac(aabTOBOTrO JaKa.
[Tocne BbINONHEHNS yKa3aHHBIX pabOT TpaHILEIo 3achinaloT 3emieil. Bmecto

MMPOBOAOB MOT'YT UCIIOJIB30BATHCA COCAUHUTCIILHBIC ITOJIOCHI WJIN IIHHBI (CM. puc.
5.1).

K cnycky oT kaOenbHBIX SIIUKOB WU 3aIIUTHBIX KOPOOOK M YyCTPOUCTB Ha TIIyOnHE
0,5 M OT MOBEPXHOCTHU 3EMJTH [TOOYEPEIHO MPUMIAUBAIOT MOIBOISIIUE IPOBOA OT
3azemimrenei (cm.puc. 3.10).

—/lpobonorna cmansnan 4 -5 mm
FOoCr 166846
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Puc. 3.10. Coedurnenue mpyouamoix 3azemiumeneii Rpo6oOamu

3ATJIYBJEHHBIE U I'NTYBUHHBIE3AZEMJINTEJIN

3.20.

3arny6aennsie (0T 3 10 10 m) u rnyOuHHbIe 3a3eminTenu (cBbime 10 u)
YCTPaMBAIOTCS B TEX CIy4asX, KOT/Ia HOCPEICTBOM MHOTORJIEKTPOIHOTO 3a3eMIICHHS
HEBO3MOXXHO TIOOUTHCS TPEOYEMOii BETMYMHBI CONPOTUBIICHUS 3a3CMJICHHSI.

NHorna ¢ momMoIbio0 MHOTOAJIEKTPOIHBIX 3a3eMIICHUN MOKHO 00ECTICUHTh
HEO0OXOIUMYIO BEIMYMHY COTMPOTHUBIICHUS 3a3eMJICHUS, OJJHAKO MTyOHMHHBIE U
3arTy0JICHHBIC 3a3€MIIUTEITN TPEOYIOT MEHBIIIHNX 3aTPaT PYYHOTO TPyIa U
MaTEepUaoB.

Pacuer 3arny0GieHHbIX U TTTyOMHHBIX 3a3€MJIMTENEN OCYIIECTBIISETCS COIIACHO I1.I1.
2.29 - 2.33.



3.21.

3.22.

3azemuuTeny U3 npyTKa uHOM 10 10 v nenecoobpa3Ho morpykarth B 3eMITIO
Hepa3pe3HbIMU ITOCPEICTBOM BBEPTHIBaHHS. J[JIs1 BBEPTHIBAaHHS UCTIONB3YIOTCS
NIEPEHOCHBIC BpallaTeIbHBIC CTAHKH, HAIPUMED, IBUTATEIb OT MBI «Jpyx0ay,
AIIEKTPUYECKHE CBEPIINIIKH, SJIEKTPOAPEH C PEAYKTOPHOW MpUCTaBKOW U T.1. Jlyist
o0IeryeHus BBCPThIBAHUS KOHCI IIPYTKA CIICIUAJIbHBIM 06pa30M BUIAOU3MECHICTCA

(puc. 3.11).
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Puc.3.12. Ceapra cexyuil enybunnbix 3azemaumeriell ¢ ROMOUbIO OMPe3Ka Y2oaKd

3azemuurenu ;uHON oT 10 10 15 v BBEIMOIHSAIOTCS CEKIMOHHBIMU. JIJTMHA Ka) 10k

cexuuu 1,5 - 2,5 m. Pabora HaunHaercs

¢ 3a0MBKH TIEPBOTO JIEKTPOJIA, 3aTEM K

HEMY MPUCOSTUHSIETCS] BTOPO AIIEKTPO. U T.1. [[71si 3a0UBKHU MCTIONB3yeTCS
BuOpomoJioT Tuma BM-2, nsrotosmsiemsiii KomOmHaTOM MPOM3BOICTBEHHBIX
MPENPUATHI TpecTa «MeKTropcBsa3bCTPO».



[Tpu 3a0uBKe CTEp)KHEH B TBEPBIX TPYHTAaX BHOPOMOJIOT JTOJKEH OBITh ycuieH. C
ATOM LENBbIO MPOAEITBIBAIOTCS CICAYIONINE ONepaliu:

e 0OMOTKH CTaTOpa 3aJIMBAIOTCS TOKCUIHON CMOJION;
e K HaroJIOBHUKY IIPUBApPHUBAIOTCS JONOJIHUTENbHbIE peOpa KECTKOCTH;
e 3aKpEINIAIOLIEe YCTPOHUCTBO AIEKTPOAA yCUIUBAETCS.

Bo3MokHBI U Ipyrue cpeacTBa BUOPOIIOrpyKEHUSI.

CoeauHeHHe CeKuuil ocyiecTBisiercs aubo cBapkoii (puc. 3.12 ) (B ciaydae
3JIEKTPOOB U3 YIOJKOB), THO0 CBUHYMBAHUEM (IIPYTOK). B mocieanem ciryuae
CEeKIINH 3apaHee cHaOkaroTcs pe3p0oit. [Ipu couneneHnn cekiuii 1 0oecTieueHus
UX HaJIEKHOT'0 3JIEKTPUUECKOI0 COSAUHEHHSI BHYTPh 3aCBEPIIEHHOTO OTBEPCTHUS
3aKJa/IbIBaeTCsl CBUHEN. [Ipy 3a0MBKe 3a3eMITUTENsI CBHHEI] paCTEKaeTCs 110
MIOBEPXHOCTH, 00ecreurBasi MEXaHMUECKOE COCJMHEHUE U Ha/IeXKHbII KOHTAKT.
Haubonee nenecoodpazHo mpuMeHATh MpyTok quameTpam 18 - 20 mm. Cekrus,
norpy>kaemasi nepBoi, UMeeT 3a0CTPEHHbII HUKHUNA KOHELl, Ha BEPXHUH KOHell
HaaeBacTCs CHhEeMHBIN 6OCK, Hpe)IOXpaHSH-OHII/If/'I TOPEL CEKIUU OT PACIUIIOIIMBAHUAA.
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Puc.3.13 Yempoiicmeo enybunnbix 3a3emienull 8 pauoHax 6e4HOU Mep3i0mobl
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3.23. CrocoOsl, n3noxeHHbIe B 1. 3.21 u 3.22, IpUTOIHBI 111 CPABHUTEITBHO MATKHX
I'PYHTOB C yJeJIbHBIM corpoTuBieHreM 10 1000 Om *m.

B xaMeHHCTOM MM CKaJhbHOM IPYHTE YCTAHOBKA ITyOWHHBIX 3a3eMITUTEIICH
BO3MOYKHA JIMIIB TTOCJIE TIpeABapuTeNsHOro Oypenus OypuibHbiM arperatom ChY-
150 3U® nu CbY-300 31D, ycranaBnmuBaeMbIM Ha aBToMammmnHax trma 3M1J1,
CTaHKOM yJapHo-KaHaTHOTo Oypenus bY-20-2M, arperatom ABb-TM-100 na
I'YCEHHYHOM X0y H T.JI.

Jlist yMEHBIIICHUS 3aTpaThl MeTallIa 00caiHast TpyOa yCTaHABIMBAETCS TOJIBKO B
CaMoOM HayaJie CKBa)KHHBI (Ha JJTMHE MPUMEPHO 3 M), & 3a3eMIIUTEIb BBIMOIHICTCS
13 CTAIIbHO MoMock ceucHueM 4*40 yn’, KOTOpas OITyCKAaETCs B CKBAXKUHY IO/
JIEWCTBHEM TPy3a B BUJIE yNIMHEHHON OosBaHKK BecoM 40 - 50 ke, ykperieHHol Ha
KoHiie moJiock (puc. 3.13). Cama CKBa)KMHA 3aIOJHACTCS TOHKOAUCIICPCHON
cMechio riauHbl U 10 - 15% comu. BrnaxkHocTh cMecH TOBOAUTCS IO TAKOHM CTEIEHH,
IIPH KOTOPOM €I11l€ HE TEPSAETCS CBOMCTBO CBIITYYECTH.



4.

4.1.

4.2.

4.3.

4.4.

YCTPOHNCTBO 3A3EMJIEHU Y ABOHEHTOB BO3J1YIIHOM

JIMHUU CBS3U U PAJIJMOTPAHCJISIIIMOHHOMN CETH

Jnst 3a1muThl @00OHEHTOB BO3AYIIHBIX TUHHUM CBSI3U OT OMACHBIX HANIPSDKEHUH Yy
KaXXJIOTO U3 HUX YCTaHABIUBAIOT pa3psaaHUKU. CONPOTUBICHUS 3a3eMIICHUIN ISt

TaKUX Pa3psTHUKOB JIOJDKHBI OBITH HE 0O0JIbIIIe BeWYuH, npuBeaeHHBIX B [ OCT
464-68.

B cirydae, korza oJJHO 3a3eMJICHUE HCIIONB3YETCs ISl Pa3PSITHUKOB HECKOJIBKHX
aOOHEHTOB, COITPOTHBIIEHUE STOTO 3a3€MJICHHUS B 3aBUCHMOCTH OT YHCJIa IPOBOJIOB
TaKKe He JIOJDKHO NPEBBINIATh BenunH, yKazaHHbx B 'OCT 464-68.

Jnist 321 Thl a0OHEHTOB PAIUOTPAHCISIMOHHBIX TUHUHN pa3psSIHUKU
YCTaHABJIMBAIOT B cieAyonMX nNyHkTax (cM. «IIpaBuna ctpoutenscTBa U peMOHTa
BO3/YIIHBIX JINHUH CBS3H U PAAMOTPAHCIIAIIUOHHBIX CeTei», 4. IV):

e Ha onopax abOHEHTCKOW JIMHUK Yepe3 Kaxpie nBa mposieta (80 - 120 u);

e Ha ONOpax, UMEIOLINX OTBOJIbI B TOMELICHHUS C OOJIBIINM CKOIIJICHUEM
moel (IIKOJIbL, i, OOJBHUILBL, KITyObl, CEJILCOBETHI U JIp.), a TAKXKE B
MIOMEIICHHUS )KUBOTHOBOTUECKUX (PepM;

e Ha Omkaieit K aDOHEHTCKON YCTaHOBKE OIOPE, €CIIU JUTHHA OTBOJA
npesblmaet oauH mnpoet (50 ).

CompoTuBiieHHE 3a3eMIICHUS Pa3psITHUKOB TOJDKHO OBITH HE OOJIbIIE BETUINHBI,
ykazanHoi B 'OCT 464-68.

3azemiieHHe y a0OHEHTOB JIMHUHN CBS3U U @OOHEHTOB PaJIMOTPAHCISAIMOHHBIX CETeH
MOYKET OBITh BBIIIOJIHEHO C MOMOILBIO CTAIbHOI'O OLIMHKOBAHHOTO MTPOBO/IA,
yII05KeHHOTO B 3eMitio (puc. 4.1), wium Tpy6. J{omyckaercst Takyke UCIIOIb30BaHUE
JUIS 3a3eMJICHUH pa3psiIHUKOB, YCTAHOBJIEHHBIX Y a0OHEHTOB, BOJOIIPOBOIHON CETH
(puc. 4.2).
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Puc. 4.1. Yempoticmeo 3azemaenust ¢ UCNOIb306aHUCM 8 KAYECMEE 3A3eMAUMENs
68000NPOBOOHOU MpP)ObL



4.5.

4.6.

4.7.

5.

5.1.

5.2.

fTpolod
NI ceyens [5mm?

Bumnu cnasme
rexdy coboud u
XOMYymuKoM

GormME *15

Bodonpobodnas Clunyobas
mpyda

Puc.4.2. Yempoticmeo 3azemnenus y abonenmckozo nynkma CTC

Be16op Tuna 3azemiurens A yCTpoiicTBa 3a3eMJICHUS Y A0OHEHTOB 3aBUCHUT OT
MECTHBIX YCJIOBHH. B ropojax ykiaznka NpoTsSyKEHHOTO 3a3€MJIMTENS CBSI3aHa C
PBITBEM KaHAaBBI, YTO YaCTO COIPSIKEHO ¢ HEKOTOPBIMU TpyIHOCTAMHU. [IoaTOMY B
TOPOJCKHX YCJIOBUSX LEJIeCO00pa3HO UCIONIBb30BaTh ISl 3a3€MJICHHS CTaJIbHbIE
BEPTUKAJIBHBIE 3JIEKTPOJIBI - TPYOBI HIIU YTOJIKH.

TPYGBI " YT'OJIKM 3aKallbIBAIOT B I'PYHT W ACJIAIOT BEIBOJ IIPOBOJHHKA OT
3a3CMJIMTCIIA TaK XKC, KaK OBLIIO ITOKA3aHO BBIIIIE.

3a3eMJIeHHE U3 CTAJILHOTO MTPOBO/IA, YIIOKEHHOTO B 3eMJTIO, (CIEAYET MPUMEHSATD
TaM, TJIe UMEETCs] BO3MOXKHOCTh PHITh KaHaBy, T.e. Ha Bcell cet CTC u
PaIUOTPAHCISAIIMOHHON a0OHEHTCKON CETH.

ITpu ncnosb30BaHNUH 11 3a3€MIIEHUS HA aDOHEHTCKUX ITyHKTaX BOAOIPOBOAHOMN
CEeTH MOJBOIALIMN NIPOBOJHUK MPUCOEANHSIOT K BOJONIPOBOIHOM TpyOe B
cooTBeTCTBUM ¢ pHcC. 4.1. [ co31aHust XOPOLIEro KOHTAaKTa TpyOy, XOMYTHK U
CBUHIIOBBIE ITPOKJIAJIKU IPEABAPUTENHHO 3aUMIA0T JO METAJUIMYECKOr o OJecKa.

Bonomep noskeH ObITh 3alllyHTUPOBAH MEPEMBIUKOM, BKIIOUEHHON MEXTY JBYMS
KOHTAKTHBIMHU XOMYTHUKaMH, YCTaHOBJICHHBIMH 110 00€ €ro CTOPOHBI.

YCTPOMCTBO 3A3EMJIEHUN JJIS1 TEJTETPA®HBIX U

TEJJE®@OHHBIX CTAHIIUM, YCUINTEJBHBIX IYHKTOB "

PAAJUOTPAHCJIAIIMOHHBIX Y3JI0B BE3 IPUMEHEHUA
KOKCOBOM 3ACBINKHA DJEKTPOJIOB

Ha xaxxnoit TenerpadHoii, TeneOHHON CTAaHIIUU U YCHINTEIBHBIX MTyHKTaX C
CcOOCTBEHHBIMH UCTOYHUKAMHU MTUTAHUS YCTPAUBAIOT TPU 000COOIEHHBIX
3a3emileHus: pabouee U Ba U3MepuTeNnbHbIX. [Ipr HOpManbHOM SKCITyaTaluu Bce
TPU 3a3€MJICHUS COCIUHSIOT NapaJljIeIbHO ApYT ¢ ApyroM. CTaHIMK U TOACTAaHIIUU
PaMOTPAHCISIIMOHHBIX Y3JI0B 000pYAYIOTCS OJTHUM 3alIUTHBIM 3a3€MJICHUEM.

OO111ee COpOTUBIICHHE MAPAIIEIIbHO COSMHEHHBIX 3a3€MJICHUN JOKHO
YIOBJIETBOPATH HOpMaMm, npuBeaeHHbIM B 'OCT 464-68.



5.3.

5.4.

5.5.

5.6.

5.7.

st cTaHui ¥ MOACTaHLIMI PaAUOTPAHCISIHUOHHBIX Y3J10B COIPOTUBIICHUE
3a3eMIIeHUH JOKHO ObITh He 6osee 10 OM. BennuuHbl CONPOTUBICHUN OTICTBHBIX
3a3eMJICHUH HE JOHKHBI OTJIMYATHCS JIPYT OT JIpyra Oojiee 4eM B JiBa pasa.

PaccrositHre MeXly OT/ICIbHBIMU 3a3EMJICHUSIMU, a TAK)KE MEKIY TOBOISIIIUMHU
HpOBOI[aMI/I OT 3a3CMJISTFOIIINX YCTpOﬁCTB, HaXoOAIIMMHUCA B l"p}IHTe, JOJI’KHO 6I)ITB
He menee 20 .

st 3a3emienus tenerpagHbIX U TeIePOHHBIX CTAaHIUM, yCUINTEIbHBIX ITyHKTOB U
PaAMOTPAHCIALMOHHBIX y3JI0B UCIOJB3YIOT IPEUMYIIECTBEHHO BEPTUKAJIbHBIE
3a3eMJINTENH. B HEKOTOPBIX Cllydasix AOMYCKAeTCsl IPUMEHEHHE JTUCTOBBIX
3a3E€MIIUTENICH.

Kaxmoe 3a3emiieHre U3 BEPTUKAIBHBIX 3a3€MJIMTENICH JOIDKHO COOTBETCTBOBATH
yKa3zaHUAM pas3z. 3. Mexay co00i 37eKTpOo/Ibl OTHOTO U TOTO K€ 3a3€MJICHUS 110CIIe
3a0MBKH MX B TPYHT COCTUHSIOT CTAILHOM MOJIOCOM ceueHneM He Menbine 40%4
My, KOTOPYIO IIPH TIOMOIIM HAKITAZ0K IPHBAPUBAIOT K TpyOam (puc. 5.1).
CoeTMHUTEBHYO TTOJIOCY YKJIAIBIBAIOT B TpaHIiero riayouHoi 0,1 - 1,2 m.

BbIBOJ OT 3a3eMileHUs B 34aHUE CTAHLUU JEJIAIOT )KIYTOM U3 CTAJIBHBIX IIPOBOJIOK
WIH CTaJbHBIM KaHATUKOM, U30JIMPOBAHHBIM OT 3€MJIU ac(albTOBBIM UM KaKUM-
1100 IPyTrUM H30JIMPYIOIIUMH BOAOCTOMKUM JIakoM. B kadecTBe moaBosiero
IIPOBOJIA MOKET OBITh UCIIOJIB30BaHa TaKXKe IIMHA, IPUBapUBaeMast K TpyOam.

Jlomyckaercst npuMeHeHue kalenei B I1acTMaccoBOi 000JI0UKe.

K coenunuTenbHOM Mog0Ce NOABOASIINN KAHATUK WU KTYT U3 TPOBOJOB MOXKET
OBITh MPUCOEIMHEH OJJHUM M3 CIECIYIOIIUX CIIOCOOO0B:

5.7.1.

Ha xryT nim kaHaTUK HaJEBAIOT CTaJTbHOW HAKOHEYHHUK, KOTOPBIM COKUMAIOT
JByMs XOMyTaMH. MeCTO COeIMHEHUsI KaHATUKA WM KI'yTa C HAKOHEYHUKOM
MPONAaNBalOT; HAKOHEUYHHK MPUKPETUISIOT K COEUHUTEIIBHOM MOJIOCE XOMYTOM
W [IPUBApUBAIOT K Hel (puc. 5.2).

e
L1 L[II | i

Coedurumenoran nongra-
cmane npoxgmyas nosecefas

Q-L'I

W ] # =7 f:
Haremadua - [pudapim

MLy MpaKamyan
MOHKAR [UCIgian
manuuned Goneg Zuw

fam

Puc.5.1. Coedunenue cmanvhou noiocoi mpyouamolx 3azeMmiumeincii nocie 3a0UeKu ux

5.7.2.

8 epyHm

Mecto naiiku HAaKOHCYHHKA, a TAKKC MMOABOAAIICTO KaHATUKA UJIHU KT'yTa
ABaXX/Ibl ITIOKPBIBAIOT aC(baHBTOBBIM JIAKOM Ha BCCM MPOTANKCHUUN ITPOKIAIKH B
3EMIIC.

HenocpeactBeHHO CBapKOM.



5.7.3.

Bbepyt cranbnyto nonocy amuHou 1 m u cederrem 30*10 ym, oquH KOHEIT
KOTOPO#1 3amy>kuBatoT Ha paccTossHu 90mm. 3aTeM U3roTaBIMBaIOT
y,HJ'IPIHCHHBIﬁ AIIIOMHUHUEBLI HAKOHEYHHUK 1o Kabeip HCO6XOJII/IMOFO CCUCHUA.
3amyKCHHBIC MOJIOCY U HAKOHEYHHK CTATHBAIOT TPEMs 0OJITAMH U MECTO CThIKA
npomnauBarT. Ha MecTe MOHTaXka KOHTYpa 3a3eMJICHUS CTATBHYIO TT0JIOCY
NPUBAPHUBAIOT K COCMHUTEIBHOM MOJIOCE JAHHOTO KOHTYPa, @ B HAKOHCYHHK
BCTaBJISIFOT JKUJIBI KAOEJIsl U CIIPECCOBBIBAIOT Mpecc-KiIelamMmu B 5- 6 MecTax.

ITIo oxOHYaHMM CTBIKOBKM MECTO CTBIKA CTAJIBHOM I10JIOCHI U HAKOHEYHHKA
MOMEMIAIT B 4yTyHHYI0 My(hTy MU-70 1 3/1MBalOT Ty IpOHOM.

[TociienoBaTenbHOCTD BBIIOJHEHUS CTHIKA CTAJIBHOM IOJIOCHI ¢ HAKOHEYHUKOM U
HEOOXOIMMBIE pa3Mephl IPUBEICHBI Ha puC. 5.3.

Hawoweywun - cmans npONGMARE _moKxag
aucmofar monupuwod 15 2mm (FOCT 3660-47)
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Puc. 5.2. I[Ipucoedunenue nodeodsueco KaHamMuKa wiu Jccyma u3 nPoeoaoK K
COeOUHUMENbHOL NOI0Ce
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Puc.5.3. Yempoiicmeo cmuika cmanwbhoti nonocsl u HAkOHEUHUKA

5.8. N30mmpoBaHHBIN OT 3eMJIM KAHATHK WM JKT'YT U3 CTAIBHBIX IPOBOJIOK MPH
MPOKJIAJIKe BBEPX 110 CTEHE 3/1aHUS 3AIIUIIAETCS OT MEXaHUYECKUX MOBPEXKIACHUIN
Ha BBICOTE J10 2,5 M HaJ MOBEPXHOCTHIO 3eMJIH. [J1s1 3aIIUTHI UCTIONB3YIOT YTIIOBOE
Kele30, KOTOpPOe JTOJKHO OBITh OIyIIEHO B 3eMIII0 Ha ri1yOuHy He MeHee 0,5 u.

5.9.  HM3zomupoBaHHbBIE OT 3eMJIM MOABOIAIINE TPOBOJHUKN BBOJIST B 31aHHE Yepe3
OTBepcTHE B cTeHe. [Ipr 3TOM MPOBOAHUKHU HE JOJKHBI KacaThCsl METaJUTMIECKUX
YyacTel 3MaHni U TP MPOKJIAKE Yepe3 CTCHbI 3aHNH TOJDKHBI ObITh 3alHIICHBI
IIJJAHTOM M3 U30JIMPYIOIIEro MaTepraia (pe3nHoBas TpyOka, d00HUTOBAS U T.IL.).
BHyTpu 31aHUsI OHU TOJDKHBI OBITh TaK)KE M30JUPOBaHbL. K cTeHE MPOBOIHUKH
Kperst yepe3 kaxasie 30 cu.

5.10. TIpoBoga OT OTAENBHBIX 3a3EMJISIOIINX YCTPONUCTB, 3aBEACHHBIC B 3IaHUE CTAHITUH
1501051 YCI/IJII/ITCJ'IBHOFO HYHI(Ta C CO6CTB€HHBIMI/I HUCTOYHHMKAMMH IUTaHUA,
MPUCOCAMHSIOT K TPEM YCTaHOBJICHHBIM Ha OJTHOM IIIUTKE OJHOIOJIIOCHBIM
pPYOMIBHHUKAM C 3aKOPOYCHHBIMH Ha CTAaHIIHOHHOW CTOPOHE KIIEMMaMHU.

OT mmTKa 3a3eMIEHUH «3EMIII0» MOJBOJAT K TOUKAM 3a3€MJICHUSI YCTAaHOBOK CBSI3H,
CHUJIOBOMY OOOPYJIOBAHHIO JIJISl IPUCOEIMHEHUS K HETOKOBEIYIIIUM YacTsM, K



5.11.

5.12.

6.

6.1.

6.2.

6.3.

6.4.

6.5.

9KpaHaMm, pa3psTHUKaM HT.1I. (cM. «PekoMeHarmu 1mo BornpocaMm 000pyI0BaHUS
3a3eMIIeHUH U 3a3eMIsttonnx npoBoaok JIALL u HYID»).

[Tpu pa3menierny TeneOHHBIX U TelerpapHBIX CTAHIUN B BBICOTHBIX 3/IaHUSX C
MAaCCHBHBIM CTaJbHBIM KapKacoM, IPHCOEAMHEHHBIM K 3a3¢MJIEHHIO C MaJIbIM
conpotuBiieHreM (0,25 - 0,3 Om), He TpeOyeTcss 0COOBIX 3a3eMIICHUI IS
YCTAHOBOK CBSI3H, TaK KaK BCE 3a3eMJISIEMbIE TOUKH CTAHIIMI MPUCOETHHSIOT K
3a3eMJICHUIO KapKaca 37aHHsl.

B ToMm ciyuae, korna MeTaluIM4ECKU KapKac BBICOTHOTO 3/1aHUS MPECTABISET
co00¥ OJTHO 1IEJI0€ CTOYKH 3PEHUS AIEKTPUIECCKON MPOBOANUMOCTH, OH MOKET OBIThH
MCII0JIb30BaH B KQUE€CTBE MOJIBOISALIETO MTPOBO/IA OT 3a3€MIISIFOLIIETO KOHTYpA.

Pa3MeHICHI/I€ 3a3EMIJIAIOIINX YCTpOfICTB OKOJIO YCUJIINTCIIbHBIX ITYHKTOB, IIMTACMBIX
JTUCTAHIIMOHHO, CM. B «PekoMeHaIusx mo BorpocaM o00pyA0BaHuUs 3a3eMIICHUN U
3azemuisitolux npoBoaok B JIALL H HYII».

YCTPOMICTBO PABOYMNX 3A3EMJIEHUI U3 DJIEKTPO/10B B

KOKCOBOI1 MEJIOYU 1 APMUPOBAHHBIX 3ABOJCKHX
SJEKTPOIOB

ITpu ycTpoiictBe pabounx 3azemsienuit HYII, nucTaHiMOHHO MUTAaEMBIX 110 CUCTEME
«IIPOBOJ, -3€MJIsD», AHOJHBIX 3a3€MJICHUH yCTAHOBOK KaTOJHOM 3aIlUTHI OT
KOPPO3HHU JIMHEHHO-Ka0eIbHBIX COOPYKEHHUI CBSA3H, a TAKXKE IPYTUX 3a3eMIICHHH,
HaXOZSAIIMUXCS B IPOLIECCE IKCILTYaTalMH 0/ IOJI0KUTEIBHBIM ITIOTEHIINAIOM
OTHOCHUTEIIBHO 3€MIJIH, T.€.II0ABEPIAIOIIUXCS B IIPOLIECCE IKCILTyaTalluu
PacCTBOPEHUIO BCIIEICTBUE DIIEKTPOJIN3A, MEXKY DJIEKTPOJAMH U 3eMIIEH
1€JIECO00pa3HO YKIIAbIBATh CJI0M KOKCOBOM MEIOYH.

[TpuMeHeHHe CTaTBHBIX AJIEKTPOJIOB B KOKCOBOH 3aChINKE, a TAK)KE apMUPOBAHHBIX
anekTpoaoB Thna 3KA-140 3aB0ICKOT0 N3TOTOBJICHHS HCKITFOUAET HEOOXOAMMOCTh
UCTIOJIB30BaHUS JIJISl CHU)KCHUS BEJIMYUHBI COTIPOTUBIICHUS 3a3€MIICHUS COJIH,
KOTOpasi pa3pyIIaoiie AeHCTBYET Ha CTATbHBIE IIEKTPOIBI.

[{enecooOpa3HOCTh UCITOIE30BAHUS KOKCOBOM 3aCHIITKH WJIH apMUPOBAHHBIX
3aBOJICKUX DJIEKTPOOB OMPEIENSIeTCS KOHKPETHBIMU YCIOBUSMH YCTPOHUCTBA
3a3eMJICHUH B KaXJIOM OTJICIIBHOM CITydae, UCXOJsI U3 BEIIMIUHBI YICTHHOTO
ANEKTPUIECKOTO CONMPOTUBIICHUS TPYyHTA, TPeOyeMOl BETUYUHBI COTPOTUBICHHUS
3a3eMJICHUsI, HEOOXOMMOTO CpOKa CITy>KOBI 3a3eMIICHHS 0€3 3aMEHBI DJIEKTPOI0B Ha
OCHOBE TEXHUKO-2KOHOMHUYECKHX PACUETOB.

VY CTpoicTBO 3a3€MJIEHUN € HCTIOJIb30BAHUEM KOKCOBOM MEJIOYHN BBIMOJIHSIETCS 110
pacyeTam M uepTexaM MPOEKTHOM OpraHu3aluu.

3emiistHBIE PaOOTHI IO YCTPOUCTBY 3a3€MJICHUN B KOKCOBOM MEJIOYH MOTYT OBITh
BBITIOJTHEHBI PYYHBIM WIIA MEXaHU3UPOBAHHBIM CIIOCOOOM. JIJIsl PBIThS TpaHIIeH
MIpeAyCMOTPEHBI TpaHIIeHbIe SKcKaBaTopsl Tuma DTII-161 u poropHbIe
skckaBatopsl Tna DTP-132, 3TP-141 u OP-6.

Jlist OypeHust BEpTUKATbHBIX CKBKWH MOTYT OBITh UCIIOJIb30BaHbl OypOBBIC
ycranoBku tumna bI'M-2 na aBromarmue 3UJI-157, BKMA-1/35 na 31J1-164,
BMA-157 na 31JI-157, BMVY-2 na 'A3-63J1, a Takxe pazpadorannas KO [THUNC
mammmaa Tuna SHCK3-2, nMeromas cenuanbHbie MPUCTIOCOOISHUS 171 3a0MBKU
AJICKTPOJIOB.



6.6.

6.7.

6.8.

6.9.

MoHTaX 1 yCTaHOBKA 3a3€MJINTEIIEH BBIIIOJHSAIOTCS B COOTBETCTBUU CO
CTPOUTEJIbHBIMU HOPMaMU M IpaBUiIaMHu 1o ycTpoicTBy 3azemienuit (CHull H1-E1-
62) pu cTporoM CoOJIIOICHUH TIPABUI TEXHUKH O€30MaCHOCTH U
IIPOTUBONOXAPHON OXPaHBI.

VY CTpoHCTBO OIMHOYHOTO BEPTHKAIBHOTO 3a3eMiiuTest (cM. puc. 2.17)
IIPOU3BOJUTCS B CIEAYIOLEM HOPSIKE.

B koHI1Ie TpaHmIeu, moAroTOBICHHOHN ISl COeTMHUTEIHLHOTO KaOeJIsl, IIMHbI WITH
npoBoja, Ha riayoune 0,7 m MeXaHU3UPOBAHHBIM UM PYUYHBIM CIIOCOOOM OypHUTCA
CKBaKWHA T1yOouHoM 2,5 v u muameTtpom 0,25 . Ha mHO CKBa)kKMHBI HachITIaeTCS
CJIOM KOKCOBOM MenouH BbICOTOM 15 cm. B ckBaxuHy, 10 LEHTpY, OMyCcKaeTcs
AIIEKTPOJ U 3aCHINACTCSI KOKCOBOM MEJIOYBI0, KOTOpasi 3aTeM YTPaMOOBEIBACTCS
yepe3 KaxJple 30 cu. K BepxHeMy KOHILy 3JIeKTpojia IpUBapuBaeTCs
COCMHUTENILHBINA Ka0eJb MM IMPOBOA. MeCTO MOIKITIOUYEeHUS KaOessl K SJIEKTPOTY
THIATENFHO U30JUPYETCs U30SAIMOHHOM Maccoit (uept. M-618.01.20 -
«"'unpocsszby).

BeicTynaromas u3 CKBayKMHbI BEPXHsISl UACTh 3JIEKTPOJIA 3aChINAaeTCsl KOKCOBOU
MEJIOYBIO C TAKHM PAacdeTOM, YTOOBI BRICOTHI 3aChINKH ObuTa He MeHee 10 cm.
He3zanosnHeHHas 4acTh CKBaYKUHBI 3aChIIAaeTCs 3eMIIel M yTpaMOOBBIBAaETCSL.

Y CTpoiicTBO TOPU3OHTAIBHOTO AIeKTpoaa (M. puc. 2.18) npousBoautcs B
CIIEYIOLIEM HOPSIIKE.

MexaHU3UPOBAaHHBIM WJIH PYYHBIM CITIOcOO0OM poetcs Tpanmies mupuHoi 0,25 v n
riyOuHo# 1,2 M 10 MecTa coeIMHEHUS C MOABOSIIUM KaOeneM I POBOIOM.
(JmiHa TpaHiien onpeaenseTcs AIMHONW TOPU30HTAIBHO YCTAHABIMBAEMOT0
anekTpozaa). Ha nHo TpaHien HachlmaeTcs Clioi KOKCOBOM Meno4yH BhIcOTOM 15 cu
u yrpamboBbiBaeTcs. [1o eHTpy TpaHIlen yKiIaJabIBaeTCss METAITTMUECKHUM AIeKTPOa
(mostoca), K KOHILy KOTOPOT'O C MTOMOIIBIO CBAPKH MOJIKIIOYAETCS COSAUHUTETbHBIN
ka0enb UM MpoBoJI. MecTo MOAKIIOYEHNS COETMHUTENBHOTO Ka0est K 3JIEKTPOY
TIIATEIBHO U30JIUPYETCS U3OJISIITUOHHOW MACCOM.

V0XeHHBIN B TPAHIICIO IEKTPO/I (TI0JI0Ca) 3aChINAETCSI KOKCOBOM MEIOYBIO
BbicoToi 10 cM, KoTOpas 3aTeM yTpamOoBbIBaeTcsa. HezanonHenHas KOKCOBOM
MEJIOUbIO TPAHIIIEs 3aChINAETCS 3eMJIEH U TaKXKe YyTPaMOOBBIBAETCSI.

Y CTpoiicTBO MHOTO3JIEKTPOIHBIX 3a3eMiIeHu# (cM. puc. 2.19) mpousBoautces B
CJIETYIOIIEM MOPSAIKE.

MexaHU3upOBaHHBIM WJIM PYYHBIM CIIOCOOOM IO MEPUMETPY KOHTYpa 3a3eMIICHUS
poercs Tpanmies rayounoi 0,7u u mupuroi 0,23 m. B MecTax ycTaHOBKA
BEPTHUKAIBHBIX JIEKTPOAOB B TpaHIlee OypsITCS CKBRXKUHBI TITyOUHOU 2,5 M U
nmuameTpoMm 0,25 u. B cKkBaXUHBI 3achIlaeTcs CI0KW KOKCOBOUM MeIoYr BhICOTOM 15
CM, KOTOPBIH 3aTeM yTpaMOOBBIBaeTCs. B MOATrOTOBICHHBIE CKBAXXUHBI IO LIEHTPY
OITYCKAIOTCSI BEPTUKAIBHBIC DJIEKTPOJIBI. Y CTAHOBHB MOCIIETHUE TAK, YTOOBI UX
BEpPXHHE KOHI[bI BBICTYIIAIH B TpaHIIee Ha 15 cM, B CKBa)KMHY 3aCHIMAIOT KOKCOBYIO
MEJIOYb, KOTOPYIO 3aT€M YTPaMOOBBIBAIOT Yepe3 Kaxpie 30 cM.

Jlo yKJIaAK1 COeTMHUTEIBHOM M0JIOCH! B TPAHIIEIO 3aChINAETCsl KOKCOBask MEIOYb
cioeM 15 cm u yrpamOoBbiBaeTcs. [ToBepx KOKCOBOM MEJIOYH YKIIAABIBACTCS
COEJMHUTEIIbHAs CTalbHas 10J0ca, KOTOpast MyTeM CBapKU COEAMHSETCS C
BEPTHUKAIbHBIMU 3JIeKTpoiaMu. KoHTyp 3a3eMiieHHs TP TOMOILU CBAPKU
HOJKIII0YAeTCsl K COeIMHUTENbHOMY Kabento. [Toaxitouenue 3a3eMieHus
PEKOMEHIYETCSI BHIIIOJIHATH B MECTE COEAMHEHNS BEPTUKAIBHOIO AJIEKTPO/Ia C
COEAMHUTENILHON N0J0coN. MecTa MOAKII0YEHNsI COeAMHUTENIbHON MOJIO0CHI K



6.10.

6.11.

7.1.

BCPTUKAJIBHBIM 3JICKTPOAAM U COCAUHHUTCIBHOI'O Ka0es K KOHTYPY 3a3C€MJICHUA
THIATCIIBHO U30JIMPYIOTCA HSOHHHHOHHOﬁ Maccoi.

[Tocne noaKIIIOYeHUs] COEAMHUTEIBLHOTO KaOemsl K KOHTYPY 3a3€MIICHHUS U U30JIALUN
MECT MOJKIIOYEHHUS B TPAHILEIO TOCHINAETCS CIIOW KOKCOBOI Menoun BbicoToi 10
cm 1 yTpamOoBeIBaeTcsa. OcTaBIIasicsl HE 3aChblIaHHASI YaCTh TPAHILIEH TaKkKe
3achlNaeTcs U TpaMoOyeTcs.

Y CTpoCTBO MHOTO3JIEKTPOIHBIX 3a36MIICHUM U3 BEPTUKAIBHO YCTAHABIMBAEMBIX
apMHPOBaHHBIX 3JIEKTPOAOB 3aBOACKOTO N3roTOBIeHUs (cM. puc. 2.20)
HPOU3BOANTCS B CIEIYIONIEM HOPSIKE.

ITo nepumeTpy KOHTYpa 3a3eMJICHUS MEXaHU3UPOBAHHBIM UJIM PYYHBIM CIIOCOOOM
poercs Tpanmies riayouHoi 0,7 v u mupuno# 0,25 . B Tpanmiee B Mectax
YCTQHOBKH BEPTUKAJIBHBIX JIEKTPOJOB Ha MIyOUHY 2,3 M OypsATCS CKBaYKUHbI
muamerpoM 0,25 M. B cKBaKHHBI OITyCKatOTCst 21eKTpoasl. OOpa3oBaBIIHecs 3a30PbI
MEX]y JIEKTPOAOM M CKBaKUHOM 3aChIIAIOTCS IPYHTOM U TPaMOYIOTCSL.

[Tocne ycTaHOBKHM 3JEKTPOJIOB B TPAHIICHO K KAKIOMY M3 HUX MPHU MOMOIIM CBAPKHU
MOJIKIIIOYAIOTCS U30JIMPOBAHHBIE MEIHbBIE POBOHUKH, 00IIee CEYCHHE KOTOPBIX
JIOJDKHO OBITH HE MeHee 16 MM2 1 KOTOpBIE COeTMHSIOTCS MEXKTy OO0 MaifKoi.
VY371B1 cOeIMHEHUS IPOBOIOB HEOOXOAMMO TIIATEIHHO U30JIMPOBATH CIOEM OUTyMa,
3aTeM JIUIKOW MOJIUBUHUIXJIOPUIHON JICHTOU B JIBA CJIOSl M1 CHOBA OUTYMOM.
CoenMHUTENBHBIN KaOelb MOIKII0YASTCS K Y31y COSAMHEHHS KOHTYpa 3a3eMJICHUSI.
MecTo ero moAKIIYeHUS TIIATEIBHO U30JIUPYETCs OUTYMOM U IBYMS CIIOSIMU
JIUTNIKOW MOJIMBUHUIXJIOPUIHOM JIEHTHI. [lociie moAKItoYeHUs: COeAMHUTENIbHBIX
MIPOBOJIOB U Ka0eJsi CKBAYKUHBI U TPAHIIIES 3aChINAIOTCS 3eMJICH 1
yTpaMOOBBIBAIOTCS.

ITo oxoH4uaHuu pabOT MO YCTPONUCTBY KOHTYpPA 3a3€MIICHUS U3MEPSETCS €ro
conporusieHue. MismMepeHHas BenrMurHa He JOJDKHA IIPEBBIIIATH PACYETHYIO C
ydeToM ko3 dunmenra npomep3aHusi.

YCTPOUCTBO 3A3EMJIEHUM B PAMOHAX BEUHOM
MEP3JIOTHI

B palionax Be4HON MEp3JIOThI HAa COIPOTUBIICHUE 3a3€MIICHUN BIIUSIOT CIELYIOIIUE
(bakTopbl, NEHCTBYIOIINE HA TEMIIEPATYPHBIA PEKUM I'pyHTA:

7.1.1. PaCTI/ITCHLHOCTB, B 0COOCHHOCTH MOX, KOTOpLIﬁ MCHIACT MPOXOKACHUIO TCILJIA B

TyOb TTOYBBI JIETOM M HE MPEMATCTBYET MPOHUKHOBEHUIO HU3KUX TEMITEPaTyp
3uMoi. Ha MeCTHOCTH, TOKPBITOM PACTUTEIBHOCTBIO, TPAaHULIA BEYHOMN
MEP3JIOTHI OJIM3Ka K TTIOBEPXHOCTH 3€MJTH.

7.1.2. CHeroBoii MOKpOB, KOTOPBIIf UMEET TaKOEe K€ TEIUION30JIUPYIOIlee 3HaUCHHE

JUI IOYBBI IIPU IIPOMEP3aHKHM, KaK CJIOH IecKa B JIBa-TpH pa3a OoJiblIeH
TOJIIMHBI, TTOCKOJIBKY TEIUIONPOBOJHOCTh CHETa HUUTOXHA. BbicoTa cHEeroBoro
HOKPOBA B OOJIBIICH CTENEHU OIpeeIseT TEMIIEPATypy HOUYBBI, UEM CPEIHSAA
roJIoBasi TeMIlepaTypa Bo3ayXa.

Ecnu nnomanka Hazx 3a3eMJIMTENEM JIMIIEHA CHETa, TO CONIPOTHBIICHUE
3a3eMJICHHUI 3UMOM yBETMUMBACTCS 110 CPABHEHUIO C JIETHUM B 15 - 25 pas.
CBoeBpeMeHHOE HaHeceHHe cHera ToMHOM 30 ¢ 03BOJISET CBECTH 3TO
yBEJIMYEHHUE JI0 5 pa3, a mpu ciioe cHera TonuuHoi 60 cm yka3zanHoe
COIIPOTHUBJICHUE YBEJINYMBAETCS 3UMOM B TpH pa3za. Takoro xe 3¢ (exra MOXKHO



AOCTUTHYTb, IPUMCHAA HACTHUJIBI U3 TCIUIOU3OJIMPYIOIICTO MaTCpuralia
(HaanMep, APCEBECHBIX OIIHUJIOK, IJIaKa U T.,Z[.).

7.1.3. BopmoeMmsl, BISIOMIMECS pe3epByapaMu TeIIa U CHIIbHO U3MEHSIOIINE

TEPMUYECKUNA pexXUM IrpyHTOB. CONPOTHUBIICHHUE 3a3€MJIEHUs, CTPOEHHOI'O B JIHE
He3aMep3alolIero BoJ0eMa, IMEeT HauMEeHbIIINE KOJIeOaH!s - yBEITHINBACTCS
3UMOI1 mpumMepHo B 1,5 - 2 pasza.

7.1.4. 3panus1, OKa3bIBAIOIINE SKPAHUPYIOIIEE JCHCTBUE U U3MEHSIONINE

TEMIIEPATYPHBII PEXUM 3EMIIM, IPUJIETAOLIEHN K 3JaHUI0 C ceBepa U ¢ rora. C
CEBEPHOM CTOPOHBI I'PAHUIIA MEP3JIOTHI TOJTHUMAETCS, & C F0KHOMU - OITyCKaeTCst
10 CPAaBHEHUIO C OOBIYHBIM YPOBHEM BEUHOW MEP3JIOTHI B JAHHOM paiioHe.

7.1.5. BnaxxHOCTh U KOHIIEHTPAIMsI HOHOB COJICH.

7.1.6. VYnenpHOE COMPOTHUBICHUE OCHOBBI IPYHTA.

7.2. Mepsnbie rpyHTBI 0071a71a10T BEICOKMM YACIBHBIM CONTPOTUBIICHHEM. BepxHue cion

3€MJIU B paﬁOHax BEYHOH MCP3JIOTHI B JICTHUC MCCALBI OTTAaNBAIOT Ha FJIy6PIHy orl
10 3 m. B tabun. 7.1 u 7.2 npuBecHBI OPUEHTHPOBOYHBIC 3HAYCHUS YICITbHBIX
COIIPOTHBIIEHUI I'PYHTOB B pallOHAX BEYHON MEP3JIOTHI IIPU PA3IUUHON
temneparype u Biaxuaoctu 10 - 40%.

Tabnuya 7.1

3HauyeHus yIeJbHOT0 CONPOTHBJIEHHsI TPYHTA I', OM *u

Tpynr B TAJIOM COCTOSIHUH llsonéep:mom COCTOSHMM MpH € = - npu t = -5°C

Iecok 500 2000 5000

CyrauHok 500 600 1500

I'muaa 50 200 500

Tabauya 7.2

I'pyHT 3HaveHusl YIeJIbLHOT0 CONPOTHBJIEHHS TPYHTa, OM *M

JIHO HenmpoMep3amux o3ep 50

Peunas Bona 400 - 1000

Mopckoe aHO 300

Mopckasi Boja 1-100

7.3.

7.4.

7.5.

7.6.

7.7.

VY nenpHOE COMPOTUBIICHNE TPYHTOB B pallOHAaX BEUHON MEP3JIOTHI IPU OTTASIBIIEM
JeSITEILHOM CJI0€ H3MEPSIOT OOBIYHBIME MeTOIaMHu (CM. pa3. 8), a mpu Mep3JIoM
JeSITETTHHOM CII0€- C UCTIOIh30BAHNEM B KAUECTBE BCIIOMOTATEBHBIX 3JIEKTPOJIOB
00ca/HBIX TPYO reoJOrMUeCKUX CKBAXKHH WM 00pabaThIBask BCIIOMOTaTeIbHbIe
AIIEKTPOBI PACTBOPOM TTOBAPEHHOW COJIH.

B paiioHax BEUHOI MEp3IO0THI MOITYYHIN PACTIPOCTPAHEHUE BHIHOCHBIE U
IJyOMHHBIE (CKBa)KUHHBIE) BUJIbI 3a3€MJICHUH.

Hnomam{n JJIA KOHTYpPa 3a3€MJICHUA CIICAYCT BBI6I/IpaTB B 3alIMIOCHHBIX OT BETPaA
MECTax.

ITpu ycTpoiicTBe 3a3eMIIeHHs OKOJIO 3[JaHUsl KOHTYP 3a3€MJICHHUS CIIeAyeT
pacroJiaratb ¢ X0KHO! €ro CTOPOHBI.

B 3uMHee Bpemsi IPUHUMAIOTCS] MEPBI 110 YTETUICHHUEO TOBEPXHOCTH 3EMJIH B MECTE
pacrionoxxeHus 3azemunteneii. OQHOM U3 TaKUX Mep SBISETCS 3aChINKA TUIOIIAIKH
HaJI KOHTYPOM 3a3eMIICHHSI TETUIOM30IUPYOIUMHI MaTepuaiaMu (HarpuMmep,
JIPEBECHBIMU OIMJIKAMHU, IIIJTAKOM H JIp.) clioeM TosmuHou 10 0,5 m. 3ackinka
MIPOM3BOJIUTCS B KOHIIE OCCHU JIO HACTYIUICHUSI MOPO30B. BecHO HacTHI




7.8.

7.9.

7.10.

7.11.

7.12.

00s3aTeNIbHO CHUMaeTCs 10 oceHU. CHEeXHbIN MOKPOB MOBEPX HACTUIIA SBIIAETCS
JIOTIOJTHUTEIBHBIM TEIUIOU30JUPYIOIINM cpeaAcTBOM. Jliis 3a1epikaHusl CHera BOKpYT
IUIOLIA/IKK PEKOMEHIYETCSl YCTAHOBUTD LIUTHI.

BrinocHblIe 3a3eMIIeHUS YCTpanBarOTCA:

e B PYJHBIX XHWJIaX, paCHOJIO0KEHHBIX B HEMOCPEICTBEHHOM OJIM30CTH OT
00BEKTa U UMEIOIIUX 3HAYUTEIbHO MEHBIIIEE YIeIbHOE COIIPOTHBIICHHUE, YEM
IPYHT B MECTE COOPYKEHUSI 0ObEKTA;

e B BOJOCMax, IIpyaax, 03€¢pax, pCKax, MOpC U T.A.,
e B TAJIBIX I'PYHTaX - TaJIUKax.

ITpu ycTpoiicTBe 3a3eMJIEHHI B HEITPOMEP3AOLIMX O KOHLA BOJOEMAX U
apTE3MaHCKUX CKBAXKMHAX CTEPKHEBBIC 3a3€MIIMTENIN PACIIOIATal0TCs B TPYHTE JIHA.
JlomyckaroTes TakKe 3a3eMJICHUS B BUJI€ METAJUIMYECKUX PEIIETOK U IpeOeHOK,
OITyCKAaE€MBbIX Ha JHO PEK, 03€p WU KaKUX-JIMOO APYTUX HEMPOMEP3AIOIINX
B0J10eMOB. [IpH 3TOM KOJIMYECTBO 3a3eMIIUTENEH, TpeOyrolieecs A MOoTydeHUs
HE0OXOJUMON BETUYUHBI COITPOTUBIICHHUSI, yTOUHSETCS B IPOLIECCE BHIMOIHEHUS
paboThI 110 YCTPOUCTBY 3a3€MJICHHUS.

VY nenpHOE COMPOTUBIICHUE TPYHTA HA JTHE 03€P, PACIIOIOKEHHBIX BOIU3H
MPOMBIIIICHHBIX pailoHoB, cocTaBiseT 40 — 60 Om™u, a ynaneHHbIX OT
pOMBIIIICHHBIX paitoHoB - 100 - 300 Om *um. 3a pacdeTHYIO BEIMYUHY CIICITyET
NPUHUMATD yJICITBHOE CONPOTUBIICHUE JTHA, YBEIMYCHHOE JJIsl IIPECHOM BOIbI B
cpenneM Ha 30%, a ;uIst MOpCKOU BOIBI YMeHbIIeHHOE Ha 30%.

ConpoTHBieHHE 3a3eMIIEHHUS, 000PYIOBAHHOTO B THE BOJIOEMA, OCTAETCS B TEUCHUE
rojaa cTaOuIbHBIM.

[Tpu oTcyTCTBUM OJIM3KO PACIIONOKEHHBIX €CTECTBEHHBIX BOJIOEMOB JICITAeTCs
HCKYCCTBEHHBIN BOJOEM C pa3MepaMH, ONpeIesIeMbIME pa3MepaMu KOHTYpa, U
riyounoit e menee 1,5 m (puc.7.1).

3a3eMIIMTEIN B TaJIUKax MOTyT OBIThH KaK BBIHOCHBIMH, TaK U FJIy6I/IHHBIMI/I. Tannku
— 3TO CJIOH TaJIOTO I'PYyHTa, BCTpeanOIHHﬁCH B TOJIIC BEYHOMCEP3IJIBIX CJIOCB. Tanuku
MOTYT BCTPEYATHCA B BUJAC TOPU3OHTAJIBHBIX CJIOCB, BEPTUKAJIbHBIX <<pr6>> " JIMH3.

[TpuMmenss ropssumii pacTBOP COJIM, MOXKHO MOJIY4YHUTh UCKYCCTBEHHBIE TAUKU. J{i1s
ATOTO PacTBOP IOJ AABJICHHEM HarHeTaeTcs Ha riyOuny 3 - 5.m. PactBop conmun
CMeEIaeT TeMIepaTypy 3aMep3aHusl.

BrIHOC 3a3eMileHHs MOXKET OBITh C/I€NIaH B PyAHOE MECTOPOXKICHNE
MIPOMBINIJIEHHOTO MaciiTada. B aTom ciydae 3a3eminTeneM SBISETCS cama >Kuila
WIN PyJHOE MECTOPOXKJICHHE, a 3a0MBaeMbIe 3a3€MIIUTEINN BBIIOJIHSIOT POJIb

QJICKTPHUYCCKOI'0O KOHTAKTaA.

Jabop

7 £

Pasmep onpedenremeca pazmepom

KONmypa jaiemMnenus

Puc.7.1. Yempoticmeo konmypa 3azemnenus na one npyoa

Yoanen mexcm o pacueme conpomugnenus 3azemuerus 6 PYOHOM MECmMOPOICOCHULL.




7.13.

7.14.

7.15.

7.16.

7.17.

7.18.

7.19.

7.20.

Ecnu orranBaroniuil B JIeTHEE BpEMsI BEPXHHM CIION TPyHTa B palilOHaX BEYHOU
MEP3JI0ThI 00J1a/1a€T BHICOKUM YICJIHBIM COIPOTHBIIEHUEM, TO JJISi CHUKECHUS
COTPOTHUBJICHUS PACTEKAHUIO TOKa €ro 00pabaThIBAIOT MOBAPEHHOM COMBIO (CM. TI.
2.55). KonuvectBo conu Gepetcs u3 pacuera 16 ke Ha 1 m cTep)KHEBOTO
3a3eMJIUTENS U 32 K2 TSl IPOTSHKEHHOTO.

C uenpto eme OOJBIIET0 CHHKEHUS COIPOTHBIICHUS 3a3€MJICHUS TPYHT-
3aroJHUTENh 00pabaThIBACTCS TOBAPEHHOW COJIBIO CIIEIYIOMUM 00pa3om. s
Ka)KJIOTO CTEPYKHEBOTO 3a3€MIIUTENS BEIPHIBACTCSI KOTJIOBAH paanycom 1,5 - 2 v u
riyOuHoM 2,5 - 3 m, KOTOPEI 3aTteM 3ackimaercs A0 0,8 m TIyOHHBI IPHUBO3HBIM
IPYHTOM C XOpOLIeH MPOBOJIUMOCTBIO U IMTPOCIOWKAMH MTOBAPEHHOMN COJIM TOJILUHOM
10 1,0 em gepes xaxapie 20 - 25 cm, 0OMIBHO CMauyuBaeMbIMH BOJIOM.

3azeMiIeHUs JJIL MOJTHUCOTBOAOB M 3a3CMJICHUA JIs 3alllUThI KabOenei oT yAapoB
MOJIHHHU CJICAYCT ACJIaTh NPOTA)KCHHBIMU U pacCliojiaratb B IOBEPXHOCTHOM CJIOC
3CMIJIN.

Xoporue pe3yabTaThl MOTYT OBITh ITOJTyYeHBI TIPU MCIIOJIb30BAaHUH B PaliOHAX
BEYHOI Mep3JI0ThI IITyOMHHBIX 3a3€MIINTEIEH, KOTOpbIE 000PYAYIOTCS COTIACHO
puc. 3.13. PacueT rimyOMHHBIX 3a3eMimTeNei mpuBeaeH B min. 2.29 - 2.33, a ux
IpaKkTU4YecKoe BblojaHeHue - B mi. 3.20 - 3.23.

[Ipu ycTpoiicTBe 3a3eMIeHUH B TPYHTaX C BBICOKUM YJI€JIbHBIM CONPOTUBICHUEM
(KaMEHHUCTBIE TPYHTHI) HEOOXOIUMO UMETh B BUY, YTO OCHOBHYIO POJIb B CO3JaHUU
COIPOTHBIICHUS PACTEKAHUIO TOKA UTPAlOT OJIM3JIeKalIIe K 3a3eMIUTEII0 CI0U
rpyHTa. [103TOMY CHUXEHHS COPOTUBIICHUS 3a3€MJICHUS MOKHO I0OUTHCA
MMOHMKEHUEM yIETLHOTO CONPOTUBIICHUS TPYHTA B HEOOIBIIIONH 00JIaCTH BOKPYT
3azemiutens. [Ipu 3ToM NpUMepHO OJIMHAKOBOTO Pe3yJIbTaTa MOKHO JOCTUTHYTh,
MpUMEHsIsE 00pabOTKy ITOr0 TPYHTA KaK BEIIECTBAMH CO CPAaBHUTEIHLHO BBHICOKOM
MIPOBOAMMOCTEIO (HampuMep, yIriaeM), Tak U BEIIeCTBaMHU ¢ 00Jiee HU3KOM
MPOBOJIUMOCTBIO (TJIMHOM).

ComnpoTHBIICHUE 3a3EMIIUTEIIS B TPYHTAX C BBICOKMM YJIEIEHBIM COITPOTHBICHUEM
MOXET OBITh CHUKEHO 00pabOTKOM ATOT0 TPyHTA MOBAPEHHOM COJIbIO. Y CTPOCTBA
CTEP)KHEBOTO U TIPOTSHKECHHOTO 3a3eMIIUTEIIEH B TAHHOM cllydae MoKa3aHbl Ha PHC.
2.23 u 2.24. KonmuecTBo conu 6epetcs u3 pacyeta 8 - 10 ke Ha Kax bl MeTp
CTEP)KHEBOTO 3a3emiuTens. KaHaBKH OKOJIO IPOTSHKEHHOTO 3a3€MIIUTENS (CM. PHC.
2.24) 3amoNHSIOTCS CMEChIO TPYyHTa ¢ IOBApPEHHOI COJbIO U3 pacueTa 16 xe Ha
KaKJIbIH MeTp 3a3eMiuTens (1o 8 xe/m ¢ KaXa0i CTOPOHBI 3a3EMIIMTEIIA).

O0paboTKa COJIBIO MO3BOJISIET CHU3HTH COTIPOTHBIICHUE 3a3eMiieHu B 3 - 4 pasa.
Kaxxpie nBa-Tpu roga 00paboTKa rpyHTa MOBTOPSIETCS.

B MCCTHOCTAX, TAC HaJl KAMCHUCTBIM UJIU MIECUYAHBIM I'PYHTOM HUMECTCS HAHOCHBIN
CJIOH C Xopomeﬁ MMpOBOANMOCTBIO, HC HpOMGpSaIOH_II/Iﬁ Ha BCHO TOJIIIMHY B 3UMHCC
BpEMs, 3a3CMIIMTCIIN CICAYCT ACIAaTh NPOTAKCHHBIMU U pacriojiaraTtb B
HerOMGPBaIOH_Ieﬁ qacCTH 3TOro CJos.

Ecnu HaHOCHBIH CIIOM IPyHTa ¢ XOPOLIEH ITPOBOAUMOCTBIO OTCYTCTBYET WJIM UMEET
HeOobIy 0 BenuuuHy (10 20 cv), CHUKEHHE COMPOTUBIICHHS 3a3EMIICHHSI
JOCTHUTAETCsI CIEAYIOIUM 00pa3oM. it Kax10ro CTepKHEBOTO 3a3eMIINTENIS B
TpyHTe Jenaercs KoTiioBaH paguycom 1,5 - 2,0 m u riryOuHOM, paBHOI THHE
3abuBaemoro crepxkas mitoc 0,8 m (cm. puc.2.21). B aToT KOTIOBaH
YCTaHABJIMBAETCS 3a3€MIIUTEIb, I10CIIE YEro KOTIOBAH 3alOJIHIETCS TPYHTOM C
HEOOJIBIIINM yJICIbHBIM COTTPOTHBIIEHUEM, KOTOPBIH 3aTeM yTpaMOOBBIBACTCSI.



8.

IIpu ycTpoiCcTBE 3a3€MIIEHUM, COCTOSIIUX U3 HECKOJIBKUX CTEPKHEM, COCJUHEHNE
MOCJIEIHUX OCYILECTBIIACTCS MOCIE HEMOIHON 3aChIIKU KOTJIOBAHA.

B kauecTBe rpyHTa-3aroJHATENSI MOXKET ObITh MPUMEHEH JIF000M TPYHT, UMEIOIIHH
yaenabHOe conpoTuBieHue B 5 - 10 pa3 MeHbIlle, yeM yAeIbHOe CONPOTHUBIICHHUE
OCHOBHOTO IrpyHTa. Hanpumep, eciu 3a3eMIeHHE yCTPAaUBAETCs B IIECYAHOM HJIU
KaMEHHUCTOM (TPaHMT) IPyHTE, TO 3AMOJIHUTENISIMU MOTYT OBITh TJIMHA, TOP(,
YEPHO3€M, CYIJIMHOK, IUTAK U T.J,.

PaccMoTpenHbIl crioco0 MO3BOISIET CHU3UTH COMPOTHUBIICHUE 3a3€MJIICHUS B
cpemHeM B 2,5 - 3 paza. Ha puc. 2.22 nanbl KpUBBIC CHIYKEHUS COITPOTHBIICHUS
3a3eMJICHHUS B 3aBHCUMOCTH OT YJIEJIBHOTO CONPOTUBIECHUS TPYHTA, BHOCUMOTO B
BbIeMKY. [1)1s ere 00JIBIIIETO CHIDKEHUS COMTPOTUBIICHUS 3a3eMJICHUS TPYHT-
3aMoJIHUTENh 00pabaThIBaETCsl IOBAPEHHOM COJIBIO coraacHo 1. 7.14.

ComnpoTuBIICHNE PACTEKAHUIO TOKA B CIIydae OKPYKEHHS 3a3EMITUTEIISI TPYHTOM C
JPYTUM YICIbHBIM CONMPOTHBICHHEM HaxoauTcs 1o ¢-ie (2.34).

M3MEPEHUA CONPOTUBJIEHUA 3A3EMJIAIOIINX
YCTPOUCTB U YAEJBHOI'O COITPOTUBJIEHUA 3EMJIN

OBIIME 3AMEYAHUSA

8.1.

Jnst pacueToB COMPOTUBIIEHUS 3a3eMJICHUN HEOOXOAMMO 3HATh BEITMYMHBI
YAEIBHBIX CONPOTUBIIEHUI IPYHTOB TOM MECTHOCTH, B KOTOPOU MPEATIONAraeTcst
YCTPOICTBO 3a3eMIIEHUH, Ha MIIyOHHE, IO KpaliHel Mepe, B TpU pa3a MpeBbIIaoNeit
riyOuHY 3aKJIa/IK1 3a3eMJIMTENsl. 3HaUCHUsI CONTPOTUBIICHUH 3a3eMIICHUN B
YCTaHOBKaX CBS3H U PaIMOTPAHCISILIMOHHBIX Y3JI0B JOKHBI CHCTEMAaTUYECKU
KOHTPOJHMPOBAThCS M cOO0TBeTcTBOBaTh HOpMaMm ['OCT 464-68.

[l HemocpeACTBEHHOTO U3MEPEHUS 3HAYEHNU CONPOTUBIICHUS 3a3€MJICHUN, a
TaKXe yAeIbHOTO CONPOTUBIICHNUS TPYHTOB UCIIOIB3YIOTCS CHEIMaIbHbIE TPHOOPHI:
MC-07, MC-08, UKC-1, AHY-1, 5CK-1, AT3-1, «Hopmay» u ap. Hauboiee
y100HBIM B yNIOTPEOJICHUN U3 IPUOOPOB OTEUECTBEHHOT'O MPOU3BOCTBA SABISETCS
«M3mepurens 3azemiuenust Tuna MC-08. I1pu BbICOKUX yAETbHBIX
conpoTuBieHusX rpyHTa (cBoiie 1000 Om *u) 1enecoodpasHo Moab30BaThCsS
npudopom MKC-1.

HIPOIIYIIEHO:

U3BMEPEHUE COIPOTUBJIEHUA 3A3EMJIEHUN [IPUEOPOM MC-08

HUSMEPEHUE VJIEJIPHOI'O COIIPOTUBJIEHUA I'PYHTOB ITPU5OPOM MC-08

U3MEPEHUA COMPOTUBJEHUS 3A3EMJIEHUI METOJIOM «BOJIBTMETPA
- AMIIEPMETPA»

8.20.

CyIIHOCTh H3MEPEHHS METOJIOM «BOJIBTMETpPA - aMIIEpMETPay 3aKIIF0YaeTCs B
OHpGIIeJIeHI/II/I ImagacHUus HaHp}I)KCHI/HI Mexc;[y I/ICHBITyeMBIM 1 BCIIOMOTI'aTCJIIBHBIM
3a3eMIIMTEJIEM, HAXOSAIIMMCS B TOUKE C HYJIEBBIM IMOTEHITUAIOM, H B U3MEPECHUHU
TOKa, MPOXO/ISAIICTO Yepe3 UCTIbITyeMoe 3a3emiienue (puc. 8.7). [Ipu stom
COTPOTHUBJICHUE 3a3eMJICHUS onpenensercs aenennem Ug Ha I



8.21.

8.22.

R_AU_UO -
=7 =7 &2

Toe:

AU - noanoe nadenue HanpajceHusi Mexcoy UCnblmyemMbiM 3a3eMieHuem U moukou
Hye8020 nomenyuana, B;

UO' NOHbI nOMeHYUual UCNbINTYEMO20 3A3eMIeHUA, B,

I - mox, npoxooawull yepes 3azemuenus, A.

HCHOJ’IBSyeMLIC IIpru UBMCPCHUHN aMIICPMETP U BOJIBTMCTP JOJI’KHBI O6J'IaJIaTI>
JO0CTAaTOYHO BBICOKOH TOYHOCTBIO - HE HIKE Kjlacca 1,5 Eciu AJI1 UBMCPCHUS TOKa

MIPUMEHSICTCS N3MEPUTEIIBHBIN TpaHCPOPMATOpP, TO M OH JIOJDKEH UMETh KJIace
TO4YHOCTH He Hixe 1 - 1,5.
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Puc. 8.7 Cxema U3MepPEerUsl COnpomueieHUusl 3a3emMaeHUsl C NOMOUWbO amnepmempa -
s0Jlbmmempa

Puc.8.8 Cxema uzmepenus conpomusieHus usmMepumeibHo2o (6CnoMo2amenbHo20)
3a3eMaumens ¢ ROMOWbIO AMREPMEMPA -8OJbIMMEMPA

BOHLTMeTp 06J1a1[aeT BHYTPCHHHM COIIPOTUBJIICHUEM, IIO3TOMY €T'0 ITIOKAa3aHUC HC
6y,Z[CT COOTBETCTBOBATh BEIMUMHE MOTEHIIMANA 3a3eMIUTEIA. PacxoxaeHue 6YI[GT
TEM 6OJ'IBH_IC, YEM MCHBIIC COIIPOTHUBJIICHUC BOJIBTMETPA. B cBs31 ¢ aTHM K
MMOKa3aHUusAM BOJIBTMCTpPA AOJIKHA OBITh BBCJICHA IIOIIPaBKa:

R,
AU =1U, (1 + —) (8.3)
R,
I oe:

Ux - NOKAaszavue sojibmmempa, B,
R3 — CONPOMuUBJIEHUEe 6CNOMOcamelbHOc0 3A3eMIAUmeI, OM,

RB- BHYmMpEHHee conpomuejileHue eojibmmempa, Om.

U3 yka3aHHBIX BEIMYUH TpeOyeTcs mpeasapurelibo onpeneints Ry- (ecnm sra
BEJIMYMHA HEmoMedeHa Ha camoM npubope) u R, Conporusnenue
BCIIOMOTaTEJIbHOTO U3MEPUTEIBHOTO 3a3€MIIUTENS U3MEPSIIOT TaK XKe, KaK U



COIPOTUBIICHUE OCHOBHOT'O UCIIBITYEMOTO 3a3€MJICHHS, TOJLKO U3MEPHUTEIh TOKA
BKIIIOUatoT Mexay R, u Ry, a BonbT™eTp - Mexay Ri u Ry, kak moka3ano Ha puc. 8.8.

Ipumeuanue. Dmo usmepenue HyHCHO OONOTHUMENLHO NPOBOOUMb 8 MOM CIyude,
ecau enuympennee conpomueienue oyoem umemo 3nauenue menee 1000 Om/s.

IIPONIIYIIIEHHO

HU3BMEPEHUE VIEJIBHOI OCOIIPOTUBJIEHUA I'PYHTA METOJIOM BEPTUKAJIBHOI'O

DJIEKTPUYECKOI'O 30OHIHPOBAHHUA (npubopom MC-08)

OMNPENEJIEHUE DJIEKTPUYECKUXTIAPAMETPOB I'PYHTA JIBYXCJIOUHOU CTPYKTYPbI

(npubopom MC-08)

OPI'AHNU3ALINA PABOT IIOBEPTUKAJIBHOMY SJIEKTPUYECKOMY 30HIHPOBAHHUIO

I'PYHTA HA IIVIOHJAJIKAX

9. KOHTPOJIb 3A COCTOSTHUEM 3A3EMJIAIONINX YCTPOMCTB

9.1. ConpoTHBIIeHHE 3a3eMIICHUSI U3MEPSIOT HEMOCPEICTBEHHO MOCJIE YCTPOICTBA 3TOTO
3a3emyieHUs. MI3MepeHHast BeIMuuHa JJOKHA ObITh He 0OJIbIlIe HOPMBI, YKa3aHHOHU B
I'OCT 464-68 my1st COOTBETCTBYIOIIEH YCTAHOBKH CBSI3U WU PAaIMOTPAHCISIIMOHHON
CETH.

9.2. [Tpu skcmmyaranuu 3a3eMiIeHu He00X0AUMO EPUOANYECKU TPOBEPSTH BEIUYNHY
€ro CONMpPOTUBIICHUS (CIIOCOOBI U TPUOOPHI U3MEPEHHS CM. B pa3i. 8).

9.3. W3mepenus conpoTUBICHUH 3a3eMyIeHHI Ha Tele(OHHBIX U TelaerpapHbIX
CTaHIUAX, YCUITUTEIBHBIX MyHKTAX U Y KaOEIbHBIX OMOp MPOBOISITCS JIBa pas3a B IO
- IETOM B CYXYIO TIOTOJIy U B CEPEIUHE 3UMBI.

9.4. N3mepenue conpoTUBIIEHUS 3alUTHBIX U JTMHEHHO-3AIUTHBIX 3a36MJICHUM HA
cranuusx BPC, paanoTpaHCAsSIIMOHHBIX y3/1aX, HA @0OHEHTCKUX IMyHKTax
TeneOHHON U PATUOTPAHCISIIIMOHHBIX CETEH, HAa KAOCIBHBIX U BO3AYIIHBIX JTUHUSIX
CBSI3M MIPOBOJIAT OJMH pa3 B IO - JIETOM B CYXYIO MOTOJTY.

9.5. Pe3ynbrarhl n3MepeHuid 3aHOCAT B CTICIIMATBHBIN KYpHAI «3a3eMIICHUS . 3alUCh
PEKOMEH/IYETCS BECTH 110 OmpeaeacHHoM hopme (Tadm. 9.1).

Tabnuya 9.1
Yucno n Tun n Cnocod H3zmepennas
IMyHkT Temnepartypa
Mecsal Ha3HaAYeHHE H3MepeHus BC€JIUYHUHA HpnMeqaﬂne
H3MepeHust . BO31yXa
H3MepeHusl |3a3eMJIeHUH (mpudopbI) CONPOTHBJICHUS
9.6. B ciyuae yBenmdeHus COMPOTUBIICHUS 3a36MJIICHUS BBIIIIE HOPMBI JOJKHBI OBIThH

MIPUHSITHI MEPHI 110 BOCCTAHOBJICHUIO TPEOYyEeMOM €ro BeIHUNHBL. ITO IOCTUTaeTCs
MyTeM JOOABJICHHS COOTBETCTBYIOIIETO KOJIMYECTBA 3a3EMITUTENEH, ITOAKITFOYEHHBIX
napajuleNIbHO CyIIeCTBYIoIIeMy 3a3emiieHuto. KonnuecTBo TpeOyembIx
3a3eMJIUTENEH ONpeAeIsieTCs] pacueToOM.




9.7.

10.

10.1.

10.2.

10.3.

10.4.

10.5.

[Tpu moBpexaeHNHN pabovYero 3a3eMJICHHSI TOTYCKACTCS BPEMEHHOE TIOIKITIOUCHHE
neneit 11 x TMHENHO-3aIUTHOMY 3a3€MJIEHUIO:

e B IIEPHUOJI IUIOXOI'0 COCTOSTHUS 10POT (3UMOM M BO BpEMsI pacIyTHIIbI) - B
TedeHue He O6osee 1 mecsa;

e B IIEPHOJ XOPOUIETO COCTOSIHUS JIOPOT - B TeueHue He Oonee yem 10 mqueit ¢
MOMEHTa 0OHAPY KEHUS TOBPEKACHUS.

3a yka3zaHHbBIE CPOKH padoyee 3a3eMJICHHUE TOJDKHO OBITh OTPEMOHTHPOBAHO.

YKA3AHUA 110 3ABEMJVIEHUTIO OBOJIOYEK 1 BPOHHU
MEXJIYT'OPOJHBIX KABEJIEH CBSI3U

st obecrieyeHus 3aIUThI OT MPSMBIX yIapOB MOJHUU U BIUSTHHS
AJIEKTPOMATrHUTHBIX TOJICH METaNIMISCKUE 000JIOUKH U OpOHS KabeleH JTOJDKHBI
OBITh 3a3eMJICHBI IO KOHIIAM Ka)K0T'0 YCHIUTEIBHOTO Y4acTKa (Tepe BBOJOM
kabeneit B OYII, HYII u OII) 1 B1osb TMHUM B COOTBETCTBUHU ¢ «BpeMeHHbIM
pykoBoacTBoM 1o obopyaoBanuio KNI u 3a3emnenuii Ha kabemsix cBA3m» (CM.
takoke 1. 10.15 nacrosmero «PykoBoacTBay).

3azemiICHHUE METAIUIMUYECKUX 000JI0UYEK U 6p0HI/I BI0Jb JUHHUHA o0ecreunBacTCs:

e Ha kalemsx 6e3 U30JIMPYIOIINX MOKPBITUHN - HEITOCPEICTBEHHBIM KOHTAKTOM
OpoHU 1 000JIOUKH C 3eMJIel uepe3 IKyTOBBIN IIOKPOB;

e Ha KabessiX ¢ U30JUPYIOIINM OKPBITHEM Ha 000JI0UKe 1 OpOHEH B
JOKYTOBOM ITOKPOBE MOBEPX 000JIOUKH -C ITIOMOIIBIO TEPEMBIUEK MEKITY
o0ooukoii n OpoHeit, ycranaBimBaeMbix Ha KUII-2;

e Ha KabemsiX ¢ U30JUPYIOIIUM BHEITHUM MOKPBITUEM ITyTEM 3a3eMIICHUS
oboouek u 6ponn uepe3 KMUI-2 Ha TUHEHHO-3aIMTHBIC 3a3EMIIUTEIH,
UCXOs U3 3alUThI OT BiustHus JIDIL, 211, k. 1.mepeMeHHOoro ToKa M yAapoB
MOJIHUH.

3a3eMJ'ICHI/I$I, OGOpy,HyeMLIC Ha KaXXAO0OM YCUJIUTCIBHOM IIYHKTC, 10 CBOCMY
HAa3HA4YCHUIO JCJIATCA Ha TPU THIIA:

e pabouee, yepe3 KOTOPOE MPOXOAUT TOK JUCTAHIIMOHHOTO MUTAHUS
YCUJIUTENBHBIX TTYHKTOB TI0 CXEME IIPOBOJI - 3eMJISI»;

e 3aIUTHOE - JUIA MOJAKIOYEHHS YKPAHOB anmnapaTypbl, SKpaHOB
CTaHIIMOHHBIX KalemeH, pa3psIHUKOB, MeTayuindeckux rucrepH HYTI

e JIMHEWHO-3alIMTHBIC JIJIS MOAKIIIOYCHHS 000JI0UKH ¥ OpOHH KaOeleH.
PaCCTOS[HI/Ie Me>1<)1y pa60qI/IM " 3alllUTHBIMHU 3a3€EMJICHUAMU OOJIKHO 6I)ITI) HC
menee 20 .

Ha nuTaromux yCHIUTETbHBIX MTyHKTAX YKa3aHHBIC TPH 3a3EMIICHHS OOBEIUHSIIOTCS
1 000pyaAyIOTCs 0JTHO pabodee (0OBEAMHEHHOE) U ABA BCTIOMOTATEIhHBIX
(M3MepUTETHHBIX ) 323 MIICHHS.

B Ta6x. 10.1 yka3ansl Mmecta 000pyA0BaHHS TUHEHHO-3aIUTHBIX 3a3€MJICHUI B
3aBUCHMOCTH OT THIIA KaOeJisi M HCTOYHHUKA HIEKTPOMArHUTHOTO BIMSHUSL.

Ipumeuanue. Ha Oeticmgyouux KabeabHbiX MASUCTPATSX C CONPOMUBTLEHUEM ULU
JIEHMOYHO20 NOKPIMUS UIU WIAH2A HA amiomunuesol obonouxe nuxce 1500 Om*u
npsamoe 3azemieHue 000I0UKU Ul coeounenue ee ¢ bpouel He donyckaemcs. B smom



cyuae nepembluky Mexcoy 060a04KOU U 3eMiell CHUMAIOMCS, d HA KAeMMbl
«Ob6onoukay KHII-2 sxnrouaromes anoomsvie 21eKkmpoovl. /sl c6uHyoswix Kabenei
conpomueieHue uzousiyuu 000J104KU NO OMHOUWEHUIO K 3eMIe He HOPMUPYEMCS.

OOriee conpoTHBICHNE PACTEKAHUIO TOKA C AJICKTPOJIOB, MOIKIIOUCHHBIX Y
kaxaoro KUII, nenomxno npessimate 150m npu r £ 100 Om *u u 30 Om npu r >
100 Om*wm.

10.6. Cxemsl BKIItOUEHHUS 3a3eMyIeHUi Tipu BBoJe kabenel B HYII ¢ merammnueckoii
[IUCTEPHOH 3aBHUCAT OT THITA KaOeJel U yIeIbHOTO COMPOTHBIICHUS 3EMITH.

[Tpu pacnonoxxenuu HYII B rpyHTE ¢ yAenpHBIM conpoTHBiIeHneM 3eMiu 10 300
Om*m, KOT1a UCTIOIB3YIOTCSI aHOTHBIC AJICKTPOJIBI IS 3aIUTH METAJUTHYECKOM
nuctepubl HYII oT koppo3uu, Ha BBOJIE KaXKAOTO KaOesi BKIFOYAeTCs
n3onupyromias mydra. s 3a3emienus o0oodek u OpoHu kabeneir 06opyyeTcs
JIMHEMHO-3alIUTHOE 3a3eMiIcHUE. B KauecTBe 3alMTHOTO 3a3€MIICHUS
HCIIOJIE3YIOTCS AHOTHBIC JICKTPOJIBI, JIJIS 9ero MEXTy peOpoM KeCTKOCTH
ructepubl HYII u knemmoii «3eMiisy anmaparypsl aenaetcs nepembiaka. Ooiee
COIPOTHBIICHUE PACTCKAHUIO TOKOB C aHOJIHBIX AJIEKTPOJIOB JIOJDKHO
cootBeTcTBOBaTh ' OCT 464-68. Pabouee 3a3emiienue Beoautcsa B HYII
M30JIMPOBAHHBIM KaOereM.

[Tpu pacnonoxxenuu HYII B rpyHTE ¢ yAeTbHBIM CONPOTHBICHUEM 3eMiu Boiiie 300
Om™*Mm, KOTJIa aHOAHBIC AJIEKTPOIBI IJIs 3aIIUTHI MeTautndeckoi ructepast HYII ot
KOPPO3UH HE YCTAHABIIUBAIOTCS; 3aIIMTHOE U JTMHEHHO-3aIIMTHOE 3a3€MJICHUS
o0wveaunstoTcs. Ha BBoJie Kax 1010 Kabesis ¢ U30JIMPYIOIUMHU TOKPBITHUSIMU
yCTaHaBIMBaIOTCA U3onupyromue MydpTol. Ha BBozIe Kabeneli 6e3 N30IUpyomnX
MOKPBHITHIA My(PTHI HE YCTaHABIHBAIOTCS.

10.7. OOGonouku 1 GPOHETIOKPOBHI Kabeneil 0e3 30JUPYIOIIEro MOKPBITHS IPH BBOJE B
HYVII ¢ BepTHKaIbHON TUCTEPHON 3a3eMIISTFOTCS Yepe3 kKieMMHbIH muTok KUIT-1: k
KiIeMMme «MyQTa» IUTKa MOJKII0OYAI0TCS TepenassHHbIe MeXy co00i 000JI0YKHU U
OpOHEMOKPOBKI Kabelell ¢ OTHOTO HampaBJieHus, a K kiiemme «O00moukay -
3azemiieHne. O00I0uKa 1 OPOHETIOKPOBBI Kabemneil Ipyroro HarpaBIeHHs
noAkroYarTes ko Bropomy mutky KUII-1, kmemma«O00109Ka» KOTOPOTO
coeaunHseTcs ¢ kiaeMMoil «O0onouka» nepBoro muTka. O6a KIEeMMHBIX IIUTKA
YCTaHABIIMBAIOTCS HA BHYTPEHHEHN CcTeHKe Haa3eMHon yactu HYII Bozne
U30JIUpyIoIIei My (ThI.

10.8. OOGomouku 6e3 n3oIMpyIONIEero NOKpeITUs Tpu BBoJe B HYII ¢ ropu3onTasHOM
IICTEPHOH 3a3eMJISIOTCSl aHATIOTUYHO.

10.9. O6a KUII-1(m1s kabenei pa3HbIX HaPaBJICHUH) YCTAHABIUBAIOTCS BO3JIE
uzomupyrommx Mmydr. I[Tpu sTom obiee 3a3emnenue Ha kaxasii KUIT monaercs
OT/ICITLHBIM U30JIUPOBAHHBIM ITPOBOJIOM.

Tabnuya 10.1

MecTta 060pya10BaHUSA 3a3eMJIMTeEIeH U UX CONPOTUBJIEHHS

NP OTCYTCTBUH
3ammMTHBIE MOKPOBBI |NPH COJHMMKEHHH C 1. comumkenusi ¢ JIIII u |Iloakiaroyenue
npu cOJMAKEHUH C
Kabeas K. 1. ma JIDII 3JL. K. d. 3a3eMJICHUsS
pPaaMoCTaAaHIUSIMHU
NepeMeHHOro ToKa NepeMEeHHOro TOKa u
paTHOCTAHIHSIMHA
1. CuHnoBas Ha sBone B HYII, OVII u OII; R, - Ha BBone 8 HVII, Yepes muTok

obomouka 1 OpoHsi ¢ |ompezensercs mpoekToM, Ho He 6onee 10 Om  |OVII u OII; cormacuo |KUII-1
Hapy>XHBIM JUKYTOBBIM |11pH I, £ 100 OM*u 1 30 OM mipm 1, > 100 Om*u |[TOCT 464-68
HIOKPOBOM




Mecta 060py10BaHusl 3a3eMJIMTe/Ieil M UX CONPOTUBJIEHUS

NPH OTCYTCTBUH

3amuTHBIC IOKPOBBI |MPH COTMKEHHH C 1. comkenns ¢ JIDI n [MHoaxmovenne
NpH cONNAKEHUH C

Kaoeas oK. 1. mian JIDII 1. XK. 1. 3a3eMJIeHUs
PaAMoOCTAHIUAMM

nepeMeHHOro TOKa nepeMeHHOro TOKa 1
PAAMOCTAHIUSIMH

2. AmoMuHueBas a) Ha BBoze B HVII, a) Ha BBoge B HYII, |a) na BBome B HYII, |Yepe3 pazbeMbl Ha

ob6ojouka B utaire 1 |OYII u OIT; R, OVII u OIL; R, OVII u OII; cornacuo |mutke KNII-2

OpOHS ¢ HAPY)KHBIM OTIpenessieTCst oTIpeeNnsieTcst I'OCT 464-68

IIJJAHTOM WJTN MIPOEKTOM, HO He OoJiee [IPOEKTOM, HO He

JICHTOYHBIM 5 Om nipu 1, £ 1000 *m |6onee 10 Om ipu I, £

MTONMMBHHIIXIOpUAHBIM (1 10 OM npm I, > 100 Om*u 1 300m*m

TTOKPOBOM 1000m*m pu I, > 100 Om *u

6) Bmons xabens,
MCXOJISI U3 pacyera

0) [locpenuHe yCHIMTEEHOTO yYaCcTKa U Ha PacCTOSHUM 1, 2 u
5.5 xu ot OVIL, HYII B 06e CTOPOHEI, €CIIH pacyeTHOE

peansHOro 0XKHJaeMO€e KOJIMYECTBO ITOBPEXKICHUH Ka0ems OT yaapoB
KodunreHTa MOJIHHH TIPEBBILIAET JonycTuMoe 3Hadenue. R, £ 10 Om npwu r.£
3amuTHOTrO AeicTBus; R,|100 Om*u; R, £ 20 Om mpu 100 < r, <500 Om *u; R, £ 30 Om mpu
onpeaessieTcs Ipu r, > 500 Om*u
MPOEKTUPOBAHUH

3. AnmtomuHIeBas a) To xe a) Cm. nim. 2a u 26

000JI04YKa B IIIJIAHTE

(6e3 Oponm)
4. CBUHLIOBAS HITH CM. 1. 2a u npumeyanue |[CM. 11. 2a U IpuMedanue 2
AIIOMHUHUEBAs 1

000JI0YKa B [IJTaHTre
WM C JICHTOYHBIM
TIOJTMBUHUIIXJIOPHIHBIM
MOKPBITHEM, OPOHS C
Hapy>KHBIM JUKYTOBBIM
HOKPBITHEM

Ipumeuanus:

1. Booaw kabens, ucxoos uz pacuema peaibHo20 KOIQ@uyuenma 3auumnozo 0eticmesus,
yemanasnusaromest ¢ nomowvto KUII-2 nepemviuxu mesxcdy 0b6onmoukoi u bponeil.

2. [Tocpeoune ycunumenvrozo yuacmka u Ha paccmosinuu 1, 2 u 5,5 xm om OVII u HYII 6 o6e
CMOPOHDI, eCllU PACYEMHOE 0ACUOAEMOe KONUYECB0 NOBpedcOeHull kabes om yoapos
MOTHUY npegblulaenm OONnycmumoe, ycmanaeiusaromesi ¢ nomowwto KUII-2 nepemvruxu
MedHcdy 06010uKOU U OpOHEl.

10.10.

O06oouku 1 OpoHs Kabemel ¢ N30IHPYIONUM MOKpeITHEM Mpu BBojie B HYTI ¢

BEpTUKAIbHOU 1ucTepHOM, a Takke B OYII u OIl 3a3emitsitores yepe3 KIeMMHbBIN
mutok KUII-2, k koTopoMy MOABOIUTCS MPOBOJ OT 3a3€MJICHUS U COCTUHUTENbHBIE

MPOBO/Ia OT 000JI0UYEK U OPOHM JIBYX KaOeyel OJTHOTO HAIPaBJICHHSI.

CoeauHuTeNbHBIE IPOBOJIA OT 000JI0YEK U OpOHM Kabenel Ipyroro HampaBJIeHUS
MOJKITFOYAIOTCS] KO BTOPOMY IIUTKY, KIIeMMa «3eMJIISI»KOTOPOTO COSAMHSETCS C
KJIeMMOH «3eMJIsD» MepBOro muTKa. KileMMHbIe MIMTKY yCTaHABIMBAIOTCS HA
BHyTpeHHel crenke HaazeMHol yactu HYII nnu B maxre OVII (OIl)Bozne
U30JMPYIONIHX MY (DT.

10.11.

Kabenu ¢ nzonupyromum nokpsITUEM Npu BBoAE B moazemubii HVYII ¢

TOPU30HTANBHOM UCTEpHOI 3a3eMisitoTcs uepe3 KUII-2, ycranaBnuBaeMsblil Ha
pacCTOSIHUU HE Jaee 5. m OT HUCTEPH.

10.12.

[TpoBogHMKY OT 060104KH U OpOHU Kabesel pa3HbIX HalpaBlIEHUH 3aBOAATCS Ha

otaenbubie KUII. Coenunenne KUII ¢ 3a3eMnenneM oCyecTBIs€TCS OTACIbHBIM
M30JIMPOBAHHBIM IPOBOJAOM.




10.13.

10.14.

10.15.

11.

11.1.

11.2.

11.3.

B oTnenpHBIX citydasx, Koraa 000pyJ0BaHHE JTUHEHHO-3aIUTHBIX 3a3€MJIEHUH C
MOMOILBIO 3a3eMJIMTENEH U3 YIJIOBON CTaIM U TPYO SIKOHOMUYECKH
Helesnecoo0pasHo, A0MYCKAeTCs UCTIOIb30BAHUE B KAUECTBE MPOTSHKEHHOTO
3a3eMiuTens Tpoca (Hanpumep, Tuna [1C-70),koTopsli IpOKIagbIBaeTCs B 3eMJI€ Ha
riryOuHe 3aKornku kadens u Ha paccrosauu 0,4 - 1,2 m ot Hero. Tpoc coequHseTcs ¢
000J104K0i1 1 OpoHell B MecTax MPeAINoaraéMoro 3a3eMJICHHU.

B ciydae ncnonp30BaHus U1 3aIlMKATHI OT BiIvsAHUS BJI wim 271. k. 1. MetHOro Tpoca
nociaeIHui MokeT ObITh pucoeauHeH okono HYII k nuHeiHo-3amuTHOMY
3a3¢MJICHHUIO, OJTHAKO BEJIMYMHA CONIPOTUBIICHHS 3a3€MJICHHS TOJDKHA ONPENEIATHCS
pacyeToM, UCXOMs U3 YCIOBUN BIIUSHUS.

JIunelHO-3alMTHBIC 3a3€MJICHUS JIJIS 3aIIUThHI KaOeJIe OT y1apoB MOJIHUU
obopyayrorces Ha paccrostaun 1,0; 2,0 u 5,5 ki ot HYII B kaxkayto cTopoHy U
MOCPEAMHE y9acTKa.

KOHTPOJIbHO-U3SMEPUTEJIBHBIE ITYHKTbI (KHII)

KUII npeaHa3HadyeHsl Ui yCTAHOBKH HA MEKIYTOPOAHBIX KaOEJsX CBA3U U CIyXkKat
JUISL OCYILIECTBIICHUS 3a3€MJICHUS 000JIOUKH Ka0ells, a TaKkKe Ul N3MEPEHUs
BEJIMYMH, XapaKTEPU3YIOIUX KOPPOZUOHHOE COCTOSIHHE 000JI0YeK U OpPOHH,
COCTOSIHHE BHELIHETO U30JIMPYIOLIET0 OKPOBA, COCTOSIHUE 3aIUThI Kabenei oT
OpSAMBIX-yapoB MoJHUM, BiIustHUA JIDII 1 snekTpuuupoBaHHbIX JKeIe3HbIX
JIOpOT.

HpI/IMCHSIIOTC}I ABa TUIIA KOHTPOJIbHO-U3MCPUTCIIbHBIX ITYHKTOB:

e KIIII-1 — st ycTaHOBKM HAa OpOHUPOBAHHBIX KaOEIsIX B METANTMUECKUX
o0ooukax 6e3 H30JIMPYIOIUX TOKPOBOB;

e KMUII-2 — nyist ycTaHOBKH HAa OPOHUPOBAHHBIX M HEOPOHUPOBAHHBIX KaOEISIX
B METAJUIMYECKUX 000JI0UKaX C MIaCTMACCOBBIMU U30JIUPYIOIIUMHU
MOKPOBaMHU.

C nomomursto KUIT MoryT ObITh Onpe/ieNieHbI:

e  Pa3HOCTh MOTEHIIMAJIOB MEXKIY 00O0JIOUKON KaOes v 3eMJIeH, a TaKkKe
MeXTy 000JIOUKOMN Kabes U pelbcaMu Wi TPyOOIpOBOIOM;

e TOK B 000J109Ke 1 OpoHE Kabes;
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Puc. 11.1. Cxema coedunenuiitKHII-1 ons 6ponupogannsix kabeneii 6e3 uzorupyouux
HOKPOBOS
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Puc.11.2. Cxema coeounenuti KUII-2 0na Oponuposannuvix kabeneii ¢ u30aupyroumum
NOKpPOBOM

. COIIPOTUBJICHUEC U30JIALIUHA 3AIIUTHBIX ITIOKPOBOB HA MCTAJUIMYCCKUX
o0osoukax u OpoHe;

e IIEPEXOJHOE CONMPOTUBICHUE MEXKIY 000I0UKOM Kadess 1 3eMIieit;
e COINPOTHUBIICHUE U30JSILUU U3OTUPYIOIIUX MY(]T;

e  CONpPOTHUBJIEHME 3a3eMiieHus, 00opyaoBanHoro y KUIL
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Puc. 11.3. Cxema coedunenuitKUII-2 dns HeOpoHuposanuvix Kabeneil ¢ u30aupyouum
NOKPOBOM
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Puc.11.4. Cxema coeounenuri KHUII-1 npu ycmanoexe uzoaupyowux mygpm na
OpOHUPOBAHHBIX KabeNAX 6e3 U30IUPYIOWUX NOKPOBOE

11.4. TIpu ycranoke KUII-2 nomxHbI OBITH MPOU3BEICHBI COCTUHEHUS MEXTY
000I104KOif 1 OpoHe kabes, a TakkKe C 3a3eMJIEHHEM, 000PYAyEMBIM C LENbIO
3aIUTHI OT YAaPOB MOJTHHUH U DJIEKTPOMATHUTHOTO BIUSHUSL.

11.5. KWUII npeactaBisitoT o000 Ke1e300€TOHHBIE CTOJOMKHU IPSIMOYTOJIbHOTO CEUEHUS
C BHYTPEHHEH MpOA0IbHOM TpyOOil, yepe3 KOTOPYIO MPOXOIAT COeIMHUTEIbHbIE
npoBoja. B BepxHeil yactu cTon0nKa yKpersieTcs: KopoOka, BHyTpU KOTOPO
BEPTUKAJIBHO Ha IIIWIbKAX KPEHUTCS! CbEMHBIN KIEMMHBIHN IIUTOK U3
M30JILMOHHOT0 MaTepHualla, 3aKkpbeIBacMblil 1Bepuen. K kinemmam nurka
MOJKJIIOYAIOTCS COEIMHUTENbHBIE IPOBO/IA OT 000JIOYKH, OPOHH Kabels u
3a3emuieHus. HokHssI yacTh cTOIOMKA HMEET IBYCTOPOHHHUI TOPU30HTAIIBHBIH
BBICTYTI, IPENATCTBYIOMINI BBIJIEPIMBAHUIO CTOJIOUKA U3 3EMJIH.
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Puc. 11.5. Cxema coeounenuilKHUII-1 u KUII-2 npu ycmanogxe u30aupyouux mygpm
MedHcOy OPOHUPOBAHHBIM Kabenem be3 U30IUPYruUx NOKpPo8o8 1 OPOHUPOBAHHBIM
Kabenem ¢ U30AUPYIOUUM NOKPOBOM
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Puc.11.6. Beoo 6 HVII u 3azemnenue kabeneu be3 uzonupyowje2o nOKpuimus (yoeibHoe
conpomuenenue zemau < 300 Om*u):

1 - yucmepna HYII; 2 - cmoiika annapamypsi; 3 - kabenwv ceasu, 3a- winaue,; 30 -
Opons; 38 - c8UHY08AA UTU ANFOMUHUEBAs 000104KA, 4 - 3aWUmHOoe Ul JUHeliHo-
3awummoe 3azemaerue; 5 — uzonupyrowas mygpma; 6 - anoomwlil 21ekmpod; T - yumox
KUII-1; 8 — wyumox npomexmopoii 3awumsl; 9 - wumox KHUII-2; P - pabouee
3azemieHue

Puc. 11.7. Bsoo ¢ HYII u 3azemnenue kabenei ¢ uzonupyiowum nokpormuem (r; = 300
Om*m)



11.6.

11.7.

11.8.

11.9.

11.10.
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Puc. 11.8. Bsoo ¢ HYII u 3azemnenue xabeneti ¢ uzonupyowum noxpwvimuem (r, £ 300
Om*m)

KUII-1 BpImONHSAETCS C KJIEMMHBIM IIIMTKOM Ha JIBa KOHTPOJIBHBIX BbIBOAa, a KUII-2
- Ha MSTh KOHTPOJILHBIX BBIBOJIOB (puc. 11.1 - 11.11).

Ycranosky KUIT Ha BHOBB CTPOSIIIIUXCS MarucTpayisix 1 000py1I0BaHUE 3a3eMJICHUI
MIPOU3BOISAT OJJHOBPEMEHHO C TPOBEICHUEM MOHTAXKHBIX PaOOT Ha MaruCTPaIH.

[Ipu 3Kcrmyarany KOHTPOIbHO-U3MEPUTENBHBIX TYHKTOB OCYILECTBIISIOTCS
nepuoanyeckui KOHTposab cocrosiunii KU1 u 3a3emiienuit, a Takxke
npoduraktuyeckuii pemoHT KUII.

[Tepuoanueckuii KOHTPOJb coctossuus KUII n 3a3emienuii BKItO4aeT: BHEIIHUI
ocmotp annemenToB KUII, onpenenenue neinoctu coeAMHUTENBHBIX TPOBOJOB U
HaJINYXsI KOHTAKTOB, U3MEPEHNE BEJIMUUHBI COMPOTUBIICHUS 3a3EMIICHUS.

Benmuunna conporuBnenus 3azemienus, BkmroueHHoro B KUII, onpenensercs
npubopom MC-08 wiu 1pyrum eMy paBHOIIEHHBIM IPU CHSITHIX MTEPEMBIIKAX MEKITY
KJIIeMMaMu «3eMis, «O0ooukanu «bpoHsy.
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Puc. 11.9. Bsoo u 3azemnenue xabeneii 6e3 uzonupyoue2o noxpvimust (r,;> 300 Om*u)
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Puc.11.10. Bsoo 6 OVII u 3azemnenue kabeneii 6e3 uzoaupyouje2o noKpolmusi
Ui, U, - nepsoe u smopoe usmepumenshvle HanpsiceHust COOmMeEemcmeeHHoO

| g ] G

75 s

N oann-pe
- g S — |
J
— J& Jo 3\5
'I__—p‘
=
=y

Puc. 11.11. Bgoo 6 OVII u 3azemnenue kabeneti ¢ U30AUPYIOUUM NOKPbIMUEM

HPONYIIEHHO:

[PUTO)XEHUE 1. [IOCTABIIHUKHU KOKCOBOU MEJIOYU

T[IPUJIOJKEHHE 2. [IPUMEPBI OIIPEAEJAEHHUS AEUCTBYIOIETO YIEJIBHOI'O
COIIPOTHUBJIEHUA JIUISL TPYHTOB C ABYXCJIOHHOM CTPYKTYPOUH

HPUJIOKEHUE 3.
OCHOBHBIE HOPMBI JIJIA COIPOTUBJIEHUHN 3A3EMJIEHUHU YCTAHOBOK CBA3U (IT'OCT 464-
68)




JIUTEPATYPA

10.

11.

12.

13.

14.

15.

3a3eMIleHus Ui CTAIIMOHAPHBIX YCTAHOBOK MTPOBOIHOMN CBSI3H U CTAHIIHIA
pamuoTpaHCIAIMOHHBIX y3710B. HopMmbl conpotusnenuii. 'OCT 464-68.
PexoMeHnnarmu 1o BornpocaMm 000pyJ0BaHUS 3a3€MIICHUN U 323€MIISIOLIUX MTPOBOOK
JIALL u HVII. M.,«CBs3by», 1969.

[IpaBwmiia CTpOUTENBCTBA U PEMOHTA BO3IYIIHBIX JTHHHUIA CBSI3U U
pamuotpaHcasnnoHHbIX ceted. Y. V. M., Cesaspuzaat, 1963.
NHxeHepHO-TeXHUYECKHIA CITPABOYHUK TIO AIEKTPOCBSI3H. DIEKTPOYyCTAHOBKH. M.,
Casa3puzgart, 1962.

Meroanueckue yka3aHus 0 NPOCKTUPOBAHUIO COOPYKEHUH IIPOBOJHON CBS3H U
paguodukanuu (M-037-64). 3azemistromue ycrpoiictsa. M3, «['umpocssasby», 1964
KonTypsl 3a3emiieHui cOOpyKeHUH POBOAHOM cBsA3H U paanodukanuu (MH-
0930019). Uza.«I'umpocssasby», 1964.

Haiidensn M.P.3amuTHbIe 3a3eMIICHUS B DJIEKTPOTEXHUYECKHUX YCTaHOBKax. M.,
I'ocaneprousaar,1956.

Byprcnopd B.B., Bonkosa O. B. Pacuer ciioxHBIX 3a3eMJIUTENEH B HEOTHOPOTHBIX
rpyHTax«nexkTpuaecTBo», 1964, Ne 9.

Baiinep A.JL.VMmynbcHbIE XapaKTEPUCTUKU CIOKHBIX 3a3emunteneit. [ITHU, 1938
[IpaBuia 1Mo cTpOUTENBCTBY MEXKAYTOPOIHBIX KaOENbHBIX JIMHUN CBA3H M.,
Ces3pu3gat, 1958.

BpeMennoe pykoBOACTBO 10 000PYI0BAaHUIO KOHTPOJIbHO-U3MEPUTENBHBIX TyHKTOB U
3a3eMJICHUN Ha MEKIYyTropoaHbIX kKabemsix cBs3u. Wzn. [THUNC, 1968.

BpeMenHnas HHCTPYKIUS IO MOHTa)Ky MarucTpajibHBIX BBICOKOUYACTOTHBIX Kalenei
cBs13u B amroMuHneBOH o0oitouke tnma MKCA 4*4*1,2 ¢ Honu3THIEHOBLIM
manrom. Mza. HTHUNC,1969.

[IpaBumna ycTpoiicTBa 31€KTPOYyCTaHOBOK. M., «DHeprus», 1965.

I'OCT 5238-66. 3amuTa ycCTaHOBOK IPOBOHOM CBSI3HM OT OMACHBIX HANIPSHKCHUHN U
TOKOB, BOSHHKAIOMINX Ha JTUHUsX. [IpaBuiia u cxeMsl.

COopHUK BETOMCTBEHHBIX TEXHHUECKUX YCIOBUMA. JINHEHHbIE COOpYKEHUs
ropoJickux tenedoHHbIX ceteit M., Cesizpuznat, 1957.



