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Jlureparypa

HNPEANCIOBHUE

C momeHTa omnyOnukoBaHUs «PyKOBOAANWMX YKa3aHUH M0 MPOEKTUPOBAHUIO, CTPOUTEIBCTBY U
AKCIUTyaTalluy 3a3€MJICHUH B YCTaHOBKAX MPOBOJHOM CBSI3U M PaJiMOTPAHCISIIMOHHBIX y3710B» B 1953 1.
MOSBIJINCh HOBBIE pa3pabOTKM MO BOIMPOCaM 3a3eMJISIONMX YCTPOMCTB B YCTaHOBKaxX CBSI3H,
W3MEHUJINCh HEKOTOpPble HOPMBbI Ha CONPOTHBICHUS 3a3€MIICHHS, BO3HUKIA HEOOXOAMMOCTH B
JIOTIOJTHEHUSIX W yTOouHeHHsX. JlaHHOoe «PyKOBOACTBO» SIBIISETCS IMOJHOCTHIO IEepepabOTaHHBIM B
COOTBETCTBUU C COBPEMEHHBIMH TPEOOBAHUSIMH.

CocraBineHne HOBOHM pemakuuu pykoBoasumx ykazanui npoBeneHo HUMC npu yuactum KO
HHUUC (M. Muxaiinossim, C.A. CokonoBbiM, K.K. Hukonsckum, 3.C. Bepunoit).

I nasnoe ynpasnenue mexncoy2opooHou menephoHHOU
ces3u Munucmepcmea ceszu

L]enmpanvnwlii HayuHO-UCCIE008aM ENLCKULL
UHCIMUMYM CEA3U

1. OCHOBHBIE OINPEAEJEHUSA U OBLIHUE ITOJOKEHUSA

1.1. 3azemnumenem Ha3zpIBaeTCs MPOBOJHUK WM TPYIIa MPOBOAHUKOB 000N (opmbl (Tpyda,
CTepXKEHb, MOJI0CA, TPOBOJIOKA, JIUCT U T.11.), BHIMOJHEHHAS U3 MPOBOISIIETO MaTepraia U HaxOIsIIascs
B HEMNOCPEJACTBEHHOM CONPUKOCHOBEHHHM C TPYHTOM, C KOTOPHIM OHA CO3Ja€T DJIEKTPHUYECKOE
COeZIMHEHUE ONPEACTICHHOTO COIPOTUBIICHUSI.

1.2. 3azemnarowum ycmpoiucmeom  (3a3emMisowum KOHMYPOM) HA3BIBAETCA COBOKYIIHOCTb
3a3eMJIUTENICH U COCTUHSIONMX UX TPOBOIHUKOB

1.3. 3azemnenuem Ha3pIBACTCA YCTPOUCTBO, COCTOAIICE M3 3a3€MIISFOIIETO KOHTYpa (3a3eMIIUTENEH) U
MIPOBOJHUKOB, COCTUHSIIOIIMX 3a3EMIIMTENN C IJICKTPUUSCKUMHU YCTaHOBKAMU.

1.4. Conpomuenenue 3azemnumens, uiu CONPOMUGTEHUE PACMEKAHUIO MOKO8 C 3a3eMIUmes
Ha3bIBACTCSI CyMMapHOE JJIEKTPUYECKOE COMPOTHBIECHHUE IEPEXOJHOr0 KOHTAaKTa OT 3a3eMIIMTENS K
ITPYHTY U CONPOTUBJIEHUE MPOXOXKIEHUIO (PaCTEKaHWIO) TOKOB B CJOSIX TPYHTa, NPUIISKALMX K
3a3eMJIMTEITIO.

1.5. Yoenonvim conpomuenenuem epynma Ha3bplBaeTCs 3IEKTPUUECKOE COMPOTUBIIEHUE, OKa3bIBAEMOE
rpyHToM B (opme kyda oObemom 1 w3 IpU TPOXOXKJACHUU TOKa OT OJHOW TpaHU ATOTO Kyba K
MPOTUBOIOJIO0KHON. Y IeJIbHOE COMPOTUBIICHHE TPyHTa 0003HayaeTcs uepe3 P u BoipakaeTcs B omXm.

B 3aBucuMoct 0T (QyHKUIMH, KOTOPYIO BBIMIOJHSIOT 3a3€MJICHUS] B YCTaHOBKaxX CBSI3U U
PaAMOTPAHCISILIMOHHBIX y371aX, pa3inyaioT padouee, 3alMTHOE U JTUHEHHO-3alMTHOE 3a3eMJICHHE.

1.6. Pabouum 3a3zemneHuem B TEXHUKE CHJIBHBIX TOKOB HA3bIBAETCS 3a3€MIISIOIIEE YCTPOKCTBO,
npeAHa3HauYeHHOEe AJisi OO0ecrieyeHus: padOThl YCTAaHOBKA B HOPMAaJbHBIX WJIM aBApPUHHBIX YCIOBHSIX
(Hammpumep, pabOTHI JMHUN AJIEKTPONEPEaud MOCTOSIHHOTO TOKa MO CXEME «IIPOBOJ - 3eMJIsD IMpHU
aBapUITHOM OTKIIOYEHUU BTOPOTO MpoBOAa). B TexHuke mMpoBOAHON CBs3M pabOUYUM 3a3eMIICHHEM
Ha3bIBACTCSl YCTPOMCTBO, MpeTHA3HAUEHHOE Il COCIWHEHHUS ammaparypbl MPOBOAHOW CBS3U H
PaIMOTPAHCISIIMOHHBIX Y3JIOB C 3eMJICH, CIIyXKallled OAHUM M3 MPOBOJHUKOB SJEKTPUUECKON IIETH.



Takoe 3a3emiIeHME TPUMEHSETCS BO BCEX OJHOMPOBOAHBIX LEMSIX MIIM LEMAX «IBa MPOBOAA - 3EMILD
TenerpadHoil U TeneOHHOM CBS3U, B IEMSAX PaAHMOTPAHCISAIIMOHHON CETH, TUCTAHIMOHHOTO MUTAHUS
YCUJTUTEIbHBIX ITYHKTOB U B KATOJAHBIX YCTAHOBKAX MPH 3alMTe 000JI0YEeK KaOesel OT KOPPO3UH.

1.7. 3awummnvim 3a3emnenuem Ha3pIBACTCS YCTPOIMCTBO, NPEAHA3HAYEHHOE AJIs COCIMHEHUS C 3eMJIEH
MOJIHUEOTBOJIOB, PA3psIHUKOB, a TaKKEe METAUIMYECKMX YacTEHd CHJIIOBOTO M TEXHOJIOTHYECKOTO
000OpyI0BaHUS YCTPOUCTB MPOBOJIHOM CBSI3U M PaTUOTPAHCIALIUOHHBIX Y3JI0B, KOTOpPbIe HOPMAaJIbHO HE
HAXOJISATCS MO/ HAMPSDKEHUEM, HO MOTYT OKa3aThCsl MOJ] HUM TMPU MOBPEXACHUAX U30JSAIUU TPOBOJIOB,
Hecynmx padounii Tok. Ha ATC k 3anumTHOMY 3a3eMJICHUIO MOJCOEAUHSIETCS OJIMH U3 TOJII0COB Oarapeit
C LIEJIBIO 3aIIMTHI OT MEPEXOAHBIX TOKOB B CIydae HAPYIICHUS U30JISIIIUU a0OHEHTCKHUX Map.

1.8. Jluneuno-3auwyumnvim 3a3emienuem Ha3bIBAE€TCS YCTPOMCTBO, MPEIHA3HAYEHHOE JIJI 3a3€MJICHU A
METAJUTMYECKIX ITOKPOBOB 000JI0YEK U HKPAaHOB IO Tpacce kabesei U Ha CTaHIU X, KyJa OHU 3aBOISTCS.

1.9. B TexnuKe mpOBOIHOM CBSI3U M PAIMOBEINAHUS 3a3eMJICHUsSI 00ECTIEUBAIOT HOPMAIBLHYIO padoTy
amnmapaTypbl CBsI3U, O€30MaCHOCTh OOCIY)KHBAIOUIETO MEpPCOHANa M IEJIOCTh CTAaHIHMOHHOTO U
JUHEWHOTO 000PY/IOBaHUS.

1.10. Ilpu TtenerpadupoBanu W TenehOHUPOBAHHHU 3EMJII YACTO UCIIOJIB3YeTCS] B KauecTBE
00paTHOTO MPOBOJIA U 3a3eMJIEHUE COCTABJISIET YaCTh paboye LemH.

1.11. Tlpu cOnM>xeHUsX TUHUN SIEKTpoNepeaay ¢ JIUHUSIMU CBS3U B MOCJIEIHUX MOTYT BO3HUKHYTb
OMacHble HalpsHKeHUus. MoIlHble pa3psAHUKUA, YCTaHABJIMBAeMble B O3TOM CiIydyae Ha JIMHUH,
oOecreunBaroT 3alMTy anmnapaToB CBsS3M W 0€30MacHOCTh OOCIYKHBAIOLIETO IEepCoHaja, eciu
3a3eMiIeHHEe Oy/IeT MMETh MaJloe COIPOTUBIIEHUE, COOTBETCTBYIOIIEE HOPME.

1.12. B HacemeHHBIX NyHKTaX HMMEETCS OIMACHOCTh CONPUKOCHOBEHUS MPOBOAOB CBS3U C
TpaMBalHBIMHM U TPOJUIEHOYCHBIMU MPOBOJaMH. BelnunHa cCOMPOTUBIIEHUS 3a3€MIICHUS pa3psAHUKOB,
YCTAaHOBJIEHHBIX Ha MPOBOJIaX CBSI3U, B JAHHOM ClIydae ONpPEIENSIeT CTENEHb HAJACKHOCTH 3allThI
YCTaHOBOK CBSI3H.

1.13. JlepeBsiHHBIE ONOPBHI BO3AYIIHBIX JIMHUM CBSI3M W PAAUOBEIIAHUS IIpU yaapax MOJHHU
pazpymatorcst. i 3a1MThl UX OT pa3pylIeHUs YCTaHABIWBAIOT MOJIHUEOTBOAbI. CTeNneHb HaleKHOCTH
3alMTHI 3aBUCUT OT BEJIMUYUHBI COIPOTUBIICHUS 3a3€MJICHUSI MOJTHUEOTBO/A.

1.14. Hopmbl cONpOTUBIEHHUS 3a3€MIICHUW [UI PaA3IMYHBIX YCTAaHOBOK IPOBOJHOW CBSI3H U
PaIMOTPAHCISAIIMOHHBIX Y3/I0B TIpuBeAcHBI B o0mecoro3noM ctangapte [OCT 464-68 (3azemueHus st
CTallMOHAPHBIX YCTAaHOBOK ITPOBOJAHON CBSI3U U JUISl paAMOTPAHCISAILMOHHBIX Y3JI0B).

1.15. Ha puc. 1.1 nokazana npuOiau3uTeNbHas KApTHHA 3JIEKTPUUYECKOTO MOJIsl B 3eMJIe MEXKIY ABYMS
3azemMauTes MU A U 5. B 3aBUCMMOCTH OT NJIOTHOCTHM TOKA IMOJIE MOXET OBITh pa3leleHO Ha TpH
obmacTtu: B o0nacTsx / -u /I IIOTHOCTh CPAaBHUTENIBHO BeNMKa; B o0yactu /// oHa He3HAUYUTEIbHA BBULY
OOJIBIION BENMYMHBI TIOTIEPEUYHOTO CEUYCHHS 3e€MJIM, B KOTOPOW MPOXOAWT TOK. Ha compoTuBiieHHe
3a3eMJIMTEIS, TIIaBHBIM 00pa30oM, BIUSIOT 00JaCTH ¢ OOJIBILON MIOTHOCTHIO TOKA, T.€. B JAaHHOM CIIydae
obnmactu [ u II. O6nacte Il mpakTUyYecKd HE BIMSET Ha CONPOTHBIEHHE 3a3emiutens. [lostomy
CONPOTHUBIICHUE 3a3€MJICHUSI MOXET OBbITh H3MEPEHO C IOMOUIBI0 amIepMeTpa M BOJBTMETPA,
BKJIFOYEHHBIX TaM, 1€ TNIOTHOCTh TOKa BEITUKH.



Puc. 1.1. Cxema u3mepeHus CONpOTUBIICHUS 3a3€MJICHUS (@) U T10JIe TOKOB B 3emiie (0)

1.16. Ha puc. 1.2 noka3aHO H3MEHEHHE OTHOIUCHHS MOTEHLHAna To4yeK 3emuu U, Mexnay
3azemuutensiMu (cMm. puc. 1.1) xk moreHmuany ogHoro u3 3azemuurtenedl U4 B 3aBUCUMOCTH OT

pacCTOSIHUSL X MEXKJy JaHHOW TOYKOM UM 3azemunteneM. [Ipu OJHOPOIHOM CTpPOEHHH 3EMIU U
OJIMHAKOBBIX 3a3€MJIUTEIISAX TOUYKA C HYJIEBBIM MOTEHIIMAIOM HAXOJAUTCS TOUHO MOCPEIMHE MEXKIY HUMMU.
N3 kpuBo#i Ha puc. 1.2 BUJIHO, UTO BEIMYMHA MMOTCHI[MAJIA YKA3aHHBIX TOUYEK 3€MJIM PE3KO YMEHbILIAETCS
BOMM3M 3a3eMiuTens W Ha paccTosHuu 20 M OT HEro CTAaHOBHUTCSA paBHOW NpuOIM3UTEIbHO 2% OT
MaKCUMaJIbHOTO 3HA4YeHUs. TOukd, TJe MOTEHI[HaJ 3eMJIM paBeH 2% UM MEHEEe OT MaKCHMAaJbHOTO
3HAQYEHUs], TPAKTUUECKA MOXHO CUMTATh TOUYKAMHM HYJIEBOIO MOTEHIMANA, WX YIAICHHBIMA TOYKAMH
3eMJIH.

106% U
K=< 100"
U

Puc. 1.2. KpI/IBaSI N3MCHCHHUA OTHOWICHMUS K| ITIOTCHIHMAJIa TOUCK 3€MJIN MCKAY ABYMS 3a3EMIINTCIISIMHA Ux

K IIOTCHIIHAITY 3a3CMIUTCIIAA OTHOCHUTCIIBHO HYJICBOﬁ TOYKHU B 3aBUCHUMOCTH OT PACCTOSAHHA X

1.17. Ha puc. 1.3 mokazaHO H3MEHEHHME OTHOIUCHHS K, Pa3sHOCTU MOTeHUUanoB Ugy MEXIy
3a3¢MJIIUTENEM U pPacCMaTpUBAEMOM TOYKOH a, K moTeHuuany 3azemnntens U4 B 3aBUCHUMOCTH OT

PACCTOSTHUS X MEXJy 3TOM TOYKOW 3eMJIM M 3azemiutesieM. M3 3Tol KpUBOM BUJIHO, YTO HA BEIIMYHHY
MOTEHIIMaJIa 3a3eMJIUTENS PAKTUYECKU OKa3bIBAET BIUSHUE TOJIBKO TPYHT, OKPYKAIOLMM 3a3€MIIUTEIND B

pamuyce 20 , 25 m.
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Puc. 1.3. KpuBas u3MeHeHUs OTHOILEHHUS Ky (B MPOLEHTAaX) Pa3HOCTH NOoTeHUHaoB U 4y MexIy
3a36MJIMTEIIEM U PACCMAaTPUBAEMOM TOUYKOM X K ITOTEHIMAITy 3a3emiunTens U4 B 3aBUCHMOCTH OT

PacCTOSIHUS X

DJIEKTpUYECKOE COMpOTUBJIEHUE 3azemnuTens (cM. puc. 1.1) ompenensiercs OTHOILICHUEM
M3MEPEHHOTO TOTEHI[HAaa 3a3eMJIMTENSI MO0 OTHOIICHUIO K TOYKE C HYJIEBBIM TMOTEHIIHAIOM K TOKY,
CTEKaIOLIEMY C 3a3€MJIUTENS B TPYHT, T.€.

Ry = U/ (1.1)
rae U - noka3zaHus BOJBTMETPA, 6, [ - MOKa3aHUs aMIIEPMETPa, d.
2. PACYET 3A3EMJIMTEJIEA
YAEJBHOE COITPOTUBJIEHUE I'PYHTA

2.1. OcHOBHOE BIMSHHE Ha BEIMYMHY CONPOTHBIICHHUS 3a3€MJIMTEJICH OKa3bIBACT BEPXHUM CIIOU
rpyHTa Ha rryoune a0 20,25 u, mo3TOMy IpH pacueTe U YCTPOIMCTBE 3a3eMJICHHUN HE0OXOAUMO 3HATh
€r0 YIEJIIbHOE CONIPOTUBIICHUE.

2.2. B 3aBUCHMOCTH OT coOcTaBa (Y€pHO3€M, IE€COK, TJIMHA W T.M.), pa3MepoOB U ILJIOTHOCTHU
MpUJIETaHUs IPYr K JAPYry YacTHIl, BIQKHOCTH W TEeMIEpaTypbl, HAIMYHUS PACTBOPUMBIX XUMHUUYECKUX
BEILECTB (KUCIOT, IIeJI04YeH, MPOAYKTOB THUECHHUS U T.J.) YACIbHOE COMPOTUBICHNE TPYHTOB U3MEHSETCS
B OYEHb IIIMPOKUX MIpeieax.

2.3. HauGonee BaxxHbIMU (PaKTOpaMU, BIUSIOUMHU HA BETUYHHY yACTBHOTO COMPOTUBIIEHUS IPYHTA,
SBJISIIOTCS BJIAQXHOCTh U Temrieparypa. Ha puc. 2.1 u 2.2 B KayecTBe NMpUMEpPA NPUBEICHBI KPHUBbIC
W3MEHEHUS YAEIBHOTO COMPOTUBIICHUS KPACHOM TJIMHBI B 3aBUCUMOCTH OT BJIAKHOCTH M TEMITEPATYPHI.
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Puc. 2.1. KpuBast u3aMeHeHUs yIeIbHOIO CONPOTUBIICHUS KPACHOM INIMHBI B 3aBUCUMOCTH OT €€
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Puc. 2.2. KpuBas usMeHeHHUs yAEIbHOIO COMMPOTUBIIEHHSI KDACHOM TJIMHBI B 3aBUCUMOCTH OT €€
TEeMIIEPaTypbl

2.4. B TeueHue rofa B CBSI3U C U3MEHEHUEM aTMOCQEPHBIX U KIMMATHUYECKUX YCIOBUM COJEpKaHUE
BJIalM B TPYHTE M €ro TeMIlepaTypa H3MEHSIOTCS, a CJIEA0BaTelbHO, U3MEHSIETCd U YAEIbHOE
conpotuBiieHne. Hambosee peskue koneOaHUs yAETbHOTO COMPOTHBICHUS HAONIONAIOTCS B BEPXHUX
CJIOSIX 3€MJIM, KOTOPBIE 3UMOM IPOMEP3AI0T, a JIETOM BBICBIXAIOT. M3 TaHHBIX U3MEPEHHUI CIEIYET, YTO
MpU MOHMXKEHUHU TeMIiiepaTypbl Bozayxa oT 0 1o -10 °C ynenbHOEe CONPOTUBIIEHUE IPYHTA Ha TIIyOMHE
0,3 m yBenmmumBaercs B 10 pas, a Ha niryoune 0,5 u - B 3 pasa.

CornacHo HaOmoneHUsM B OojblmMHCTBE oOnacteil ceBepHoil u cpenneit uyactu CCCP mnpum
OTPULIATENIFHBIX TEMIIepaTypax BO3/AyXa TPYHT HMMEET MOJIOKHUTEIbHYIO TeMIlepaTypy Ha TiIyOuHe,
HayuHas ot 0,8 m. BnaxkHocTs rpyHTa Ha 3TOM ITTyOMHE U HUJKE NMPU U3MEHEHUHU TEeMIIEpaTyphl BO3IyXa
M3MEHSIETCS] CPAaBHUTEIBHO MaJIo.

B roxubIx paiionax CCCP rmybuna npomepsanus IpyHTOB u3Mensiercs B mpenenax ot 0,1 no 0,5 .

2.5. Ilpu mnOpoeKTUPOBAaHWM U CTPOUTEIBCTBE 3a3EMIISIIOIIMX YCTPOMCTB HEOOXOIUMO 3HATh
MaKCUMAaJIbHYIO BEJIMUMHY YICIBHOIO COMPOTUBIICHUS CJI0s IPyHTa Ha TIyOMHE, MPUOIU3UTENIBHO B TPU
pas3a MpeBBIIIAIONICH TIyOMHY 3aKiIakd 3a3eMiuTeNs. Tak, Hampumep, IpH 3a0MBKE BEPTUKAIBHOTO
3a3eMIIMTENS JUIMHON 2 M Ha TIyOMHY 3 M HEOOXOJUMO 3HATh CpelHee yAeIbHOE COMPOTUBIIECHUE CIIOS
IPYyHTa TOJIIMHOIO 10 9 Mm.

2.6. BenuuumHa yOEIBbHOTO COMPOTHUBJIEHHS TPYHTA ONPENEISAETCS IMYTEM H3MEPEHUM B MECTe
YCTPOMCTBA 3a3eMJICHHS C y4eToM KOA(OpUIIMEHTOB BIIaKHOCTH, KOTOpPbIE MpPUBEACHBI B Ta0m. 2.1 u
MPUMEHSIIOTCS B CIIEIYIOLMX CIydasx:

K]-1 - €CIIH HM3MEpEHHas BEJIWYMHA CONPOTUBIICHUS TPYHTA COOTBETCTBYET MHUHUMAIBHOMY

3HAUEHUIO (TPYHT BJIAKHBIN, ITepe] U3MEPEHUEM BhITIa1aI0 MHOTO OCAKOB);
K]-2 - €CIu U3MEpEHHas BEJIMYHMHA YICIbHOTO CONMPOTUBJICHUS TPYHTA COOTBETCTBYET CPEIHEMY

3HA4YCHUIO (I'IJYHT CpCI[HCﬁ BJIA’)KHOCTH, IICpCa USMCPCHUECM BbIIIAAAJI0 HCMHOI'O OcaI[KOB);
K1-3 - €ClI1 U3MCPCHHAA BCIIMYMNHA YACIBbHOIO COIIPOTUBIICHUA I'PYHTA COOTBCTCTBYCT HaI/I6OJ'H)H_ICMy

3HAa4YeHUIO (TPYHT CYXOH, mepes U3MEepEeHUEM BhITIa1aI0 COBCEM Majio OCAIKOB).

Tabnuma 2.1
TTorrpaBouHbIE
3azemMimTeNH I'yOuHa 3a0KeHus, M K02 QUITHECHTHI
K1-1 K1-2 K1-3
[NoBepxHOCTHBIE (IPOTHKECHHBIE) 0,5 6,5 5 4,5
0,8 3 2 1,6
VYrnyOnennbie  BepTHKabHBIE — (TpyOBI,  yromku, 0,8 (Bepxuuii KoHeI 3a3eMimTeNs) 3 2 1,5 1,4

CTEpP>KHH) (HYOKHUM KOHeI] 3a3eMJIUTEs)



PacueTHoe 3HaueHue yAeabHOr0 CONPOTUBIICHUS IPYHTA ONpeiensieTcs no popmyie
P~ Pumt, 0O M (2.1)

TJI€ Py3m - U3MEPEHHOE YIEIBHOE CONPOTUBIICHUE TPYHTA, OM X M.

2.7. Koa(dpduuumentsr mnpomep3aHus TIpyHTa K| U Ky, YYUTHIBAIOIME CE30HHBIE KOJIeOaHUs
TEMIIepaTypbl Ul pa3IMYHbIX KIMMATUYECKUX 30H, HpuBeAeHbl B Tabm. 2.2. Koadduuuent ki
UCIIOJIB3YETCs B PACUETHBIX (POPMYIIax Juis CTEPKHEBBIX JIEKTPOIOB UIMHOM 2 , 3 M, BepIIMHA KOTOPHIX
3aknajpiBaercsa Ha r1youny 0,5, 0,8 m. KoadduuneHT k2 npumeHsiercs Uisl HPOTHKEHHBIX 3JIEKTPOJIOB,
3aKi1a/ibIBaeMbIX Ha I1youny 0,8 .

Tabnuma 2.2
KmMATIeCKIe Cpemusist MuorosetHsist  Cpemnsist Muorosiettsisi Cpemmeroziosoe [popomkurensHocts  Kosdduument
HHU3LIas TEMIIEPAaTypa  BBICIIAs TEMIIEPATypa KOJI-BO 3aMep3aHus BOJbI,  IPOMEp3aHHs
SOHE (staBaps) °C (uroimp) °C OCaJIKOB, CM OHU K] K2
I -20,-15 +16 ,+18 ~40 190 - 170 1,9 5,6
I -14 ,-10 +18,+22 ~50 ~150 1,7 4,0
I -10,0 +22 +24 ~50 ~100 1,5 2,2
v 0,45 +24 426 30,50 0 13 1.8

[Mpumeuanne. PakTopsl, ONPEACIHIIONINE KIMMATHISCKIE 30HEI (TeMIIepaTypa, KOJIMIECTBO OCAIKOB H TP OIOIDKUTEIHFHOCTh
3aMep3aHusl BOIBI) 3aMPAIIMBAIOTCS IIPU U3BICKAHUSIX Y MECTHBIX METEOPOJIOTHY €CKUX CTAHITHIA.

2.8. B HCKIIOUHUTENBHBIX CIy4asx s OL€EHKA BEJIWYUHBl YAEIBbHOTO COINPOTUBICHUS P IMpHU
MPOEKTUPOBAHUHU 3a3eMJISIOIIMX YCTPOMCTB MOKHO IOJIb30BAThCS CPEAHUMU BEIMUYMHAMU YAEIBHOIO
COMPOTHUBJICHUS TPYHTA, NPUBEACHHBIMU B Taba. 2.3. OgHako B MOCIEAYIOIIEM HPH CTPOUTEIHCTBE
3a3eMJICHUM HEOOXOAMMO TEepPecUYnuTaTh COMPOTUBIICHUE 3a3€MIICHHS, MPEIBAPUTEIHLHO YTOUYHUB P
IIYyTEM KOHTPOJIbBHBIX U3MEPEHHUI. 3a PACUETHYIO BEIMYUHY YAEIBHOTO COMPOTUBIICHHUS B ATOM CIIydae
[IPUHUAMAIOT

Pouce = L75Pg , (2.2)

IIe Pcp - CPeAHEE 3HAYCHHUE P, YKA3aHHOE B Tabmn. 2.3;

1,75 - nonpaBo4HBIi KOAPPULIHMEHT, TPUHUMAEMBIN OHAKOBBIM 151 Beeit Tepputopuu CCCP.

Tabnuma 2.3
Tpysr Cpennee ynenpHOE Tpysr Cpennee yaenbHOE

COIIPOTHUBIICHUE, OMXM COIIPOTHUBIICHUE, OM XM
Topd 25 JIHO pexun 200
YepHo3eM 50 Iecoxk 500
['mana 60 [Necuanuk 1000
CyrimHoK 80 Cynecok 300
Koxkc 2,5 600
Jlecc 250 Ksapn 15000
KamenHslif yrons 130 IopucTslil N3BECTHSIK 180
CanoBast 3eMJIst 40 I 11O THBIN U3BECTHAK 3000
Peunag Boma 1000 I'panut 1100

PACUYETHBIE ®@OPM VYJIbI JJ1 OITPEAEJTEHUSA COITPOTUBJIEHUA BEPTUKAJIBHBIX
3A3EMJIMTEJIEN

2.9. ConpotuBneHue R TpyO4aTOro BEPTUKAIBLHOTO 3a3€MIIMTEINS, MTOMEIICHHOTO Ha TIIyOuHE /1 OT
MOBEPXHOCTH 3eMJH (puc. 2.3), onpenensiercs no Gpopmysne

F=x

li]n?.-?+11n43+?}z o
amil o 2 P+Tk ,

(2.3)



rae [ - nuHa TpyOsl, M; d - BHEIHUM AUaMeTp TPYOBbL, M,
h - paccTosiHUE OT TOBEPXHOCTH 3eMJIU 10 BEPXHETO KOHIIA TPYOBI, M
P - YIEIbHOE CONPOTUBICHUE 3eMIHU, OMXM, K| - KOI(PUIIMEHT Mmpomep3aHus, YIUTHIBAIOIIMI
CE30HHbBIE KOJIEOaHUs TEMIIEPATYPhI TPYHTA.
2.10. ConpoTuBj€HNE BEPTUKATHHOTO 3a3€MJIMTEIS, BBITTOJIHEHHOTO M3 YrOJIKa, OMPEICIISICTCS TakKe
o ¢-1e (2.3), HO IPU STOM SKBUBAICHTHBIN AMAMETP OMPEIEIACTCS U3 BHIPAKEHUS

d=0,95b, m, (2.4)

rae b - mmpuHa CTOPOHBI YTOJKa, M.

Haunbonee nenecooOpa3zno norpyxath TpyOy Ha Takyro TIIyOHHY, 4TOObI BEpXHUM KOHEI] €€ HaXOUJICs
HIKE TIIyOMHBI MTPOMEP3aHUs TPYHTA U, BO BCSAKOM ciiydae Ha rimyouHe 0,7 M OT MOBEPXHOCTH 3eMJIH,
MPU STOM 3HAYUTEIHHO YMEHBIIMTCS KOJICOAHWE COMPOTUBJICHUS 3a3¢MJICHHS B 3aBUCHMOCTH OT
BPEMEHH TroJ1a.

2.11. B Tex cnydasx, Korma TDIyOOKO JIeKale CJIOM 3eMJIM HUMEIOT MEHbIee YAeIbHOe
COIIPOTHUBJICHHE, CIEAYET MOTPYKaTh TPYObI Ha OOJIBINYIO TIIYOHUHY, BIJIOTH 10 20 .

2.12. Tlpu yBenw4eHWH auaMeTpa TPYOBI CBBIIE 5 cM CONMPOTHBICHUE 3a3€MJICHUS YMEHBIIAETCS
HE3HAUUTENIbHO, IO3TOMY JOOMBATHCS €r0 YMEHBINCHHUsS IyTeM VYBEIUYEHHS JuaMerpa TpyObl
HeIerIecoo0pasHo.

AHaJOTMYHBIN BBIBOJI MOKET OBITh C/I€JIaH OTHOCUTENbHO IIIMPUHBI U TOJIIMHBI CTOPOHBI YrOJKa.

Huamerp TpyObl W TOJIMHA CTEHKA (MJIM HMIMPHHA W TOJIMHA CTOPOHBI YroJiKa 3a3eMIIMTENS U3
VIJIOBOM CTalM) BBIOMPAIOTCS TAKUMH, YTOOBI 3a3eMIIMTENb 00Jajan JOCTAaTOYHOW MEXaHHYEeCKON
MPOYHOCTHIO.

HEAFE T, L

Puc. 2.3. TpyOuatblii 3a3eMIUTENTH
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Puc. 2.4. KpuBbie U3MEHEHHS COMPOTUBIIEHUS Ry TPyOUaTOro 3a3eMIIUTEINS B 3aBUCUMOCTH OT €ro

JUTMHBI [ IPY pa3IudHBIX TUaMeTpax TpyO d ¥ Pa3IUuUHbBIX YACTbHBIX COMPOTUBIICHUSX P TPYHTA (TIPU
TyOMHE 3aKOMKH 3a3eMIuTens, pasHou 0,7 m)



B rpyHTax cpenHeil MIOTHOCTH AMAMETpP TPYyObl MOXKET ObITh 2,55 cm, HMMpUHA CTOPOHBI YroJjKa
3a3eMJIUTENS U3 YIIOBOM ctamu - 2,5 .5 cm. B TBepHbIX rpyHTax MOTYT OBITh HCIIOJB30BaHBI JIMOO
CILJIOIIHOM CTEp>KeHb AuaMeTpoMm 2,5 .5 cm, nubo Tpyda nuamerpom 4 6 cm, 1u0O0 yrojaok C MMPUHOMN

CTOpPOHBI 4 | 6 cm.
2.13. I3MeHeHne CONPOTUBIICHUS BEPTUKAIBHOTO 3a3€MJIUTENS B 3aBUCUMOCTU OT €ro JUIMHBI MPU
Pa3HBIX IMAMETPAX TPYO M Pa3TMYHBIX YIACIbHBIX COMPOTUBIICHUSX TPYHTOB MOKa3aHO Ha puc. 2.4.

PACYET COINMPOTUBJEHUS I'OPU30OHTAJIbHBIX 3A3EMJIMTEJIENR

2.14. ConpoTuBIEHHUE 3a3€MJIUTENS B BUJIC BBITSIHYTOM METAJUIMYECKOW IMOJIOCHI, IIOMEIICHHONW Ha
rmyoune h, m (puc. 2.5), onpenensiercs o dopmysne

H= ﬂi:g In E,G‘M
o 2.5)

rae / - JuyiMHa 3a3eMIIMTENs, M, b - IMpPUHA TOJOCK], M; h - TIIyOMHA MPOKIATKU TOJOCHI, M, P -
VICIBHOE CONPOTHBIIEHHE TPYHTA, OMXM, K2 - KOI(MPUIIMEHT mpoMep3aHus TPYHTA, YIUTHIBAFOIIMI

CE30HHBIE KOJICOaHMs TEMIIEPATYPhI TPYHTA.
ConpoTHUBIIEHHE 3a3eMIIUTEINSI KPYIJIOTO CEYEHUsI ONPEACIIETCs 0 TOM ke GopMyrie ¢ MOACTaHOBKON
BMECTO 3HAYECHUS b BEIIMYUHEI 2d:

p {
R=—xln — om
uii i (2.6)
VYxkazanHble GOPMYIIBI CIIPaBEUIUBEI IpH [>d, [>b, h>d, h>b.
O} 7 P R R Y SRR T TS AT
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Puc 2.5. TlpoTsokeHHBIE 3a3eMITUTEIN: @) TIOJIOCOBBIE; O) ITUIMHIPUYECKUE
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Puc 2.6. KpI/IBaSI HU3MCHCHH A COIIPOTHUBJICHUA TPOTAHKCHHOI'O IIPOBOJIOYHOI0 3a3CMIIUTCIIA B
3aBUCHMOCTHU OT AUaMETpa €ro mpoBOJIOK

2.15 lnameTp mpoBoJia MPOBOJIOYHOTO 3a3eMJIUTENS MU IIMPUHA TOJI0CHI TTOJI0COBOTO 3a3€MIIMTENS
MaJio BJIUSIET Ha BEJIMUYUHY COITPOTUBIICHU S 3a3€MJICHU I, YTO BUJHO U3 KPUBOI Ha puc. 2.6.

2.16. lng CHMKEHHUS CONPOTUBIIEHUS BBITSHYTOTO 3a3eMIIMTENs Oojiee 1ienecooOpa3HO YBETUYUTh
€ro JUIMHY, a He nuameTp. Ha puc. 2.7 moka3aHO M3MEHEHUE CONMPOTHUBIICHUS 3a3¢MIICHUS CTaJIbHOIO
MpoBoOJIa TMaMeTpoM d = 4 mm, yI0KEHHOTO B 3eMIIt0 Ha nryOouny 0,7 v, B 3aBUCUMOCTU OT JIJTUHBI €T0
JUTSL pa3IMYHBIX YAECTbHBIX COMPOTUBICHUMN 3eMJIH.
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Puc. 2.7. KpI/IBaSI HU3MCHCHUA COITPOTUBJICHUS TPOTHKCHHOI'O ITPOBOJIOYHOIO 3a3CMIIUTCIIA B

3aBUCHUMOCTH OT €r0 JJIUHBI 11pu d = 4 mm v riryoune 3akonku 2 = 0,5 | 0,7 m 1715 pa3TuyHbIX 3HAYCHU N
YIEJIBHOIO CONPOTUBIICHUS TPYHTA

VYBenuuenue JuHbI 3a3eminTens 6onee 10 v, Kak BUAHO U3 KPUBOH, Ja€T OTHOCUTEIBHO HEOOIIBIIOE
YMEHBIIEHUE CONpPOTUBJIEHHUS. Kpome TOro, mpu apajbHENIIEM YBEIMYEHWUH JUIMHBI 3a3€MIIATEIS
HAaYMHAIOT CKa3bIBaThCs COOCTBEHHBIE CONMPOTUBIICHHS M WHIYKTUBHOCTH MPOBOJA, B PE3yNbTaTe Yero
COMPOTHUBIICHUE 3a3€MJICHUSI HE YMEHbIIAETCS.

[lpuBeneHHbIe HA pUC. 2.7 TaHHBIC MPAKTUYECKH MOTYT OBITh UCIIOIB30BAHBI AJIsi TPOBOJIOKU JTFO0OTO
quamerpa oT 2 1o 6 mm. JUis ycTpoMCTBa BBITSHYTOTO 3a3€MIIMTENS] PEKOMEHIYETCS MPUMEHSTH
OLIMHKOBAHHYIO CTAJIbHYIO ITPOBOJIOKY AMaMeTpoM 4 miH 5 ymm. ['myOMHa 3aKOMKH Takoro 3a3eMIINTEINs
(13 KpyTIIO¥ MPOBOJIOKU HIIH TTOJIOCOBOT0) IOJKHA OBITh HE MeHbIIe 0,7 M B FOXKHBIX palilOHaX CTPaHbI U
1 m B ocransabiX 00nactsax CCCP.

2.17. B uensix 3KOHOMHUHM MeECTa IPH YCTPOWCTBE 3a3€MJICHUS JICHTOYHOMY WJIM IMPOBOJIOYHOMY
3a3eMJIMTEITIO0 MOXKHO MPUIATh (OPMY 3aMKHYTOTO KOJIBIIA.

ComnpoTHuBIIEHHE KOJBIIEBOTO JICHTOUYHOTO 3a3€MIIUTENS, MOMEIIEHHOTO B TPYHT Ha TIyOUHY /A, M,
MOXET OBITh TPUOIMIKEHHO OTIPEACIICHO Mo opMmyrie

A= E #yln L L LA
D e 2.7)

e p - YACNIbHOE CONPOTUBIICEHHUE TPYHTA, oM XM, D - quameTp KoJibla 3a3eMIIUTeNs, M, b - NMpUHa
MIOJIOCHI, M, h - TTyOMHA 3aKOIKH 3a3eMIIUTES, M.

JlJ11 IpOBOJIOYHOTO KOJIBLIEBOTO 3a3€MJIMTENS COIIPOTUBIICHUE 3a3€MIICHUS OIIPEENSIETCs 110 TOM ke
dopmyiie, HO ¢ 3aMeHOoH b Ha 2d.

R= E ,In oD LM
w'D o fdn T 2.8)

IIpu o1HOM M TOM K€ NIMHE MPOBOJIA, MOJIOCHI UJIU JIEHTHI COIMIPOTUBJIIEHUE KOJIBLEBOTO 3a3€MIIMTEIA
BCeraa OOJIbIle, YeM COIMPOTHUBIICHHE BBITSHYTOTO 3a3eMIIMTENS (TPOBOJ WJIW JICHTA, YIOKEHHBIE T10
MPSMOM JIMHUH ), M Pa3HUIIA TeM OOJIbINE, YeM MEHBIIC JHAMET.



Puc. 2.8. KpuBas usMeHeHus cCoOnpoTUBIEHHUS KOJBLEBOTO 3a3eMJIMTENS B 3aBUCUMOCTH OT pajnyca
koublia nipu d=4 ymm, riryouHe 3akonku 3azemuutens 4 = 0,5 0,7 m A5 pa3nuuHbIX 3HAYEHUHN YAETbHOTO

Ha puc. 2.8 moka3aHa 3aBUCHMOCTb CONPOTHBJICHHS KOJIBLIEBOTO IPOBOJIOYHOIO 3a3€MIIUTENS OT
paguyca KoJiblla MPHU Pa3IMYHOM YIAEIBHOM CONPOTUBIEHHUHM TpyHTa. [lo 3TOM KpuBOW, HE penas
pacyeTroB, MOXXHO ONpPEAEIUTb COMPOTUBJIEHUE KOJIBLIEBOTO 3a3eMIIMTENs Jis JII0OBIX 3HAuYEeHHH
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CONPOTHUBIICHUS TPYHTA

YIEIBHOTO COMPOTUBIIEHUS TPYHTOB B npenenax ot 10 go 1000 omXm.

FJ’IY61/IHa 3aKOIIKHM KOJIBIICBOI'O 3a3€MJIMTCIIA JOJIZKHA BBI6I/IpaTBC$I Ha TCX K€ OCHOBAHMIX, YTO U IJIA

BBITAHYTOT'O 3a3CMIIUTCIIA.

2.18. ConmpoTUBICHHE 3a3eMJICHUS MJIACTUHYATOTO 3a3¢MIIHTEIIS, TPEACTABIISIIONITO COO0H KPYIITYO
UITU TIPSMOYTOJIbHYIO TIACTUHY, 3aJI0KEHHYIO Ha TIyOouHy A (puc. 2.9), MOXKHO ONpeAenuTh 1o Gopmysne

L
— |22
7Y

rae D - muaMeTp IIaCTUHBL, M, P - YIEIbHOE COMPOTUBIICHUE TPYHTA, OM X M.

Jnda xBagpaTHOW WM TPSIMOYTOJIBHOW IUIACTUHBI OMPENEISAETCS SKBUBAJICHTHBIN

dopmyne
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Puc. 2.9. [ImacTuHYATHIA 3a3€MIIUTEID

JMamMeTp 1o



n (2.10)

rae S - nmiIomaab MIacTUHBI, M.

YBenuueHue ANaMCTpa IINIACTHUHBI CBBIIIC 125 cm HCHCHGCOO6paSHO, TaK KaK COIIPOTHUBJICHUC
3a3C€MJICHU S HAUNMHACT YMCHBIIATHCA MEIJICHHO.
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Puc. 2.10. I'paduk n3mMeHeHNs: COMPOTUBIICHUS MIJIACTUHYATHIX 3a3eMIUTENEH B 3aBUCUMOCTH OT
YACIBHOTO COMPOTUBIICHHS TPYHTA TSI IJIACTUHBI C YKBUBAJICHTHBIM PainycoM, paBHEIM 0,55 u, mipu A

=0,5.0,7 m

Jns ycrpoiicTBa 3a3emiyieHUMs TpU TOMOIM IJACTUHYATBIX 3a3eMIIMTENEH PEKOMEHIyIOTCS
OL[MHKOBAHHBIE JIUCTHI JKene3a pasMepoM 1,42°0,71 cu, Tomumuol He MeHee 3,5 mum. Takue pasMmepsl
JIMCTa YKBUBAJIEHTHBI KPYIJION IIaCTUHE AMaMETpoM okouto 1,13 .

Ha puc. 2.10 npuBesaeH rpaguk U3MEHEHHUS! COMPOTUBIEHUS MIACTUHYATOTO 3a3eMJIMTENS pa3MepoOM
D = Ll » B 3aBUCMMOCTH OT YJEJIBHOIO CONPOTUBIIEHUsS IPyHTa. DTOT IpaduK MO3BOJSAET, HE Jenas
pacyeToB, MOIYYUTh HEOOXOAUMBIE CBEACHHUS MPU MTPOCKTUPOBAHUH 3a3€MIICHU.

PACUYET CONMPOTUBJEHUS MHOI'O3JIEKTPOIHBIX 3A3EMJIMTEJIENR

2.19. B rpyHTax ¢ OONBUIMM YIEIbHBIM CONPOTHUBICHHEM OJWH 3a3eMJIHUTENb (Tpyda, CTEpKEHb,
1oJioca, KOJbIO, MJACTHMHA M T.N.) UMEET OOJbILOE CONPOTUBIIEHHWE U JUIS MOJydeHUs TpedyeMoit
MEHBILEH BETMYMHBI COPOTUBIICHUSI TIPUXOJUTCS YCTPauBaTh 3a3€MJICHUE U3 HECKOJIBKUX €IUHHUYHBIX
3a3eMJINTeNeH, BKIIOYEHHBIX IMapajUleJbHO. 3a3eMIISIoIee YCTPOMCTBO MpPH 3TOM Ha3bIBAeTCS
MHO2091eKMPOOHbIM.

2.20. Ilpu mapamiensHOM COSAMHEHUHM EIWHUYHBIX 3a3eMiuTeNell HeoOXOAMMO MPUHHUMATh BO
BHUMaHueE 3(PPeKT B3aMMHOIO SKpaHUPOBAHUS 3a3€MIIMTENIEH, KOTOPBIM CKa3bIBAeTCsS B TOM, YTO 00IIee
CONPOTHBJICHHE 3a3eMJICHHSI YMEHBIIAETCS HE MPONOPIMOHAIBHO YUCIY 3a3eMIIMTENEH COeIMHEHHBIX
napajuieJIbHO, @ HECKOJIBKO MEHbIIe. DKpaHUPOBAHUE CKa3bIBAETCS T€M OOJIbIle, YeM OJIMKE IPYT K APYTY
OyoyT pacrnojiokeHbl eIMHMuYHble 3azemsntenu. llomHoe compoTtuBieHne Ropg MapajjienbHO

COETMHEHHBIX 3a3eMJIMTENIEN OJMHAKOBOI'O COMPOTUBIICHUS OINpeesaeTcs mo Gopmyne:

n 2.11)

rae R - CONpOTUBJICHUE €AMHUYHOIO 3a3€MIIUTENSA, OM, 1 - YUCIIO 3a3eMiIuTeneil; | - kodhduiuent
M CITOJIb30BaHUSI, 3aBUCSIIMN OT KOH(QUTYpAIIUU U PACIIONOKESHHS 3a3eMITUTENCH .

2.21. TlomHoe COMPOTHUBJICHHWE HECKOJBKUX BEPTHKAIBHBIX 3a3eMIIMTENICH  OJUHAKOBOTO
COTMPOTHUBIICHUS, COSAMHEHHBIX MapauieTbHO C MOMOIIBIO TOPU3OHTAIBHBIX 3a3eMIUTENeH (M0JI0C UK
MPOBO/A), OllpeenseTcs no gopmyie



Ro = RIRQ
&
My + Mkl (2.12)

rJie R] - CONMPOTUBIICHHE TOPU30HTATBHOTO 3a3eMIIUTENS (COSAMHUTENBFHON MOJIOCHI, IIMHEI), oM, R)
- COMPOTHBIICHUE BEPTUKAILHOTO 3a3eMIIUTENS, OM, M| - KOYPOUIIUEHT MCIOIB30BAHUS MPOTHKEHHBIX
3a3eMJIUTEJICH, KOTOPHIMHU SIBIISIOTCS COCIMHHUTENBHBIC TOJOCH WM IIMHBI;, M2 - Kod(puIueHT
MCMOJIb30BAHUS BEPTUKAIBHBIX 3a3€MJIUTEIICH; 71 - KOJTMYECTBO BEPTUKAIBHBIX 3236 MIIUTENCH.

[Mpumeuanue. @opmyisl (2.14) u (2.15) AeHCTBUTENBHBI yIi CiIydas OJMHAKOBBIX COTPOTHUBICHUN KAXKIOTO W3
BEPTUKATBHBIX 3236 MJIUTEIICH, YTO OOBITHO ¥ IPUHIMACTCS B PacUeTax.

TabOnuma 2.4
OTHOIIICHHE PACCTOSIHUS ME Oamu
(yro HP;( av) K X mg;})y Yucno 1py6 (YroakoB) n
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
) 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
Tabnuma 2.5
OTHOIIICHHE PACCTOSIHUS ME Oamu
(yronI;(aMH) X mﬁ;;)y Yucno 1py6 (YroikoB) n n
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
4 0,76 ,0,80
6 0,71,0,75
10 0,66,0,71
2 20 0,61, 0,66
40 0,55,0,61
60 0,52,0,58
100 0,49,0,55
4 0,84,0,86
6 0,78 ,0,82
10 0,74 ,0,78
3 20 0,68,0,73
40 0,64 ,0,69

60 0,62 0,67



100 0,59, 0,65

2.22. KoapuiineHTsl UCMOIB30BAHUS 1| [Tl MHOTORJIEKTPOIHBIX 3a3eminTenet (0e3 yuera BIUSHUS
COETMHUTEIIBHON TOJIOCHI), COCTOSIIMX U3 BEPTUKATIBHBIX CTEPXKHEN (TPYO HIJIM YrOJIKOB), pa3MEIICHHbIX
B A, IpUBEACHBI B Ta0d. 2.4, a U TeX ke 3a3eMIIMTENeH, pa3MEIIeHHBIX 110 3aMKHYTOMY KOHTYpY, - B
tabn. 2.5. KoapduuueHTsl HCMONb30BAHMS MapajliebHO YIOXKEHHBIX IOJIOCOBBIX 3a3eMIIMTENEH
(umpuna nonocsl b = 20 , 40 mm, rinyduna 3anoxenus & = 30 , 80 cm) npuBeneHsl B Tadn. 2.6.

2.23. Koa(dduimeHTsl HCHOIB30BAaHUS COCAUHUTEIBHONW TMOJOCHI B PSAy M3 BEPTHUKAIBHBIX
3a3eMIIMTENIe MpuBeAeHbI B Tab. 2.7, B 3aMKHYTOM KOHTYpE - B Tabi. 2.8.

Tadonuma 2.6
JlmiHa Kaxoi Yucno Koa¢ purrenTs! HCoMb30BaHMs IPH PACCTOSHUN MEXTy NapauieJbHBIMHU OJO0CAMH,
OJOCHL M napauiCJIbHbIX M
’ 110710¢C 1 1 2.5 5,0 10,0 15,0
2 0,631 0,751 0,831) 0,921 0,961)
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 0,601 0,69 0,781 0,881 0,931
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) JanHbie MpUOMKECHHBIE.
TaOnuma 2.7

Koa ¢ dhunmeHTs! NCTI0NIh30BaHUs COSMHUTENBHOM ITOJIOCHI TP YHCIIe TpYO (YroJKoB
OTHOLLIEHUE PACCTOSHUS MEXTY b P 1py0 (¥ )

n B psjy
TpyOamMu (YroJakaMu) K ux JymHe a// 7 5 A T ) 30 0 %
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
Tabnuia 2.8
OtHomeHue paccTosHUSI Mexay  KoadpuIeHTs! HCTIOIb30BaHus COCIMHUTENLHOM MOJIOCH PU YKcie TpyO (YroJKoB) 7 B
TpyOamu (YroJKaMu) K UX JJTHHE KOHTYy € 3a3eMJICHUS
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 KoappuumeHThl UCOIB30BAHMS IS MHOTOJIYYEBOTO 3a3¢MIICHHS, COCTOSIIETO M3 BBITSHYTHIX
MPOTSHKEHHBIX OJIMHOYHBIX 3a3eMJIUTENCH, paClONIOKEHHBIX B PaAHAIIbHOM HaIMPaBJICHU U, TPUBE/ICHBI B
Tabm. 2.9.

Tabnuia 2.9



Ko purmeHTs! HCIIOIH30BaHUS IPH YUCIIE Ty 9CH 7
Jmna 3 4 6
nyda, m U [IPH JMaMeTpe IPOBOIHUKA Jyda, 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 0,51 0,49 0,48
10,0 0,81 0,79 0,77 0,76 0,70 0,69 0,67 0,66 0,57 0,55 0,53 0,51
15,0 0,82 0,80 0,78 0,76 0,72 0,70 0,68 0,66 0,59 0,57 0,55 0,53
30,0 0,84 0,82 0,80 0,78 0,75 0,73 0,71 0,69 0,62 0,60 0,58 0,56

IMpumeuanws. 1. Ilpu npuMeHeHNN U1 Iy 9el IT0JI0COBOH CTANM SKBUBAJICHTHBIN MaMeTp MPUHIMAETCS paBHBIM b/2, Tie b
- IIMPUHA HOJIOCHL.

2. IlpuBeieHHBIe KO3 () PHUIIMEHTH MOTYT IPUM €HATHCA [T Iy OnHbI 3anoxenus 0,3 | 0,8 u.

2.25. KoadduiueHTsl UCIOIB30BaHUS 1711 MHOTOSJIEKTPOIHBIX 3a3€MIICHUH, COCTOSIIMX U3 MOJIOCHO-
JUCTOBBIX 3a3eMIIMTENIEH, 3amapauieIeHHBIX MEX 1y co00il, mpuBeneHbl B Tadu. 2.10.

Tabnuua 2.10

3HaueHue 1M npu

S

Bun 3azemnenus

d=4a d=2a
a__ 2 0,66 0,62
j»% 7 4 0,52 0,38
| 7, I _ 6 0,43 03
% 7 / 8 04 027
. d o 10 0,39 0,25
d 2 0,75 0,67
P - 4 0,6 0,46
6 0,55 0,38
8 0,54 035
o 10 0,52 0,32

Ilpumep pacuema mHO2031€KMPOOHO20  3a3emienus. OnpenenuTh oOlEee COMPOTUBICHUE
3a3eMJIEHUS, COCTOSIEr0o M3 20 BEPTHKAIBHBIX 3a3¢MIIMTENEH, BBINOJIHEHHBIX W3 YIVIOBOM CTallu.
3a3eMIINTENIN  PACIIOIOKEHBI MPSIMOYTOJbHUKOM M COCIWHEHBI MEXIy COOOW CTaJIbHOW IIMHOM,
pacctosiHue Mexay HUMH a = 2/. COmpoTUBJICHUE KaKIOTO yroJika, onpeaeneHnoe mo ¢-ie (2.1), Ry =

30 om, COMPOTUBIICHNE COSAMHUTEINBHOM TT00CH R] = 15 om. Pacuer Benercs mo d-e (2.12):

£y

R =
; Rz'rll"'RlTIz’?,

CooTBercTBYIOIIME 3HAYEHUS 1] U M2 HpuBedeHsl B Tabm. 2.5 m 2.8: n1 = 0,32, n2 = 0,63.
[oncraBnsis B opmyiny ganuele R1, R, M1 4 12 NOIy4aeMm

) 1530 _ 450
3000,32+15-0,63:20  9,6+189

. = 2, 26aMm
[lpy mnapannenbHOM COEIUHEHWM YroJKOB MEXIY COOOW HM30JMPOBAHHBIM IIPOBOIOM 0OIIee
COIIPOTHUBJICHHE 3a3eMJICHUS onpenensercs no popmyne Rog = R2/nn, = 30/20X0,63 = 2,38 om

2.26. ConmpoTHUBIIEHUE 3a3E€MIIMTES, BHIMOJIHEHHOTO B BUJIE MHOTOJYYEBOM 3BE3Ibl, PACIIOI0KECHHON
y TIOBEPXHOCTH 3€MJIM, pACCUYMTHIBACTCS IO PopMyIie

R= ig[mﬂ ~1+ N(ﬂ)]
min d , (2.13)

rae [ - AMvHA Jyda, M, P - YIACIBHOE CONMPOTUBIIEHUE 3eMIIM, omMXM, d - TuaMeTp MPOBOJa, U3



KOTOPOro CACIAHbI JIYIU, M, n - YUCJIO nyqeﬁ;

a1 ltsm —
Niz)=>h H’?
w1 st ——
M

B ta6mn. 2.11 npuBeneHs! 3HaueHus GyHKIUU N (1) TpU HEKOTOPBIX 3HAYCHUSIX 7.

(2.14)

Tadonuma 2.11

n 2 3 4 6 8 12 100
N(n) 0,7 1,53 2,45 4,42 6,5 11,0 116
[Ipu n> 6 Qpynkumns
Nm)=n-1)n3,414 - nn. (2.15)

3A3EMJIMTEJIM B IBYXCJIOMHBIX TPYHTAX

2.27. Ecnu TpyHT B MECT€ YCTAHOBKM 3a3eMJICHHUS HMMEET SPKO BBIPAKEHHYIO JIBYXCIOWHYIO
CTPYKTYpY, TO TpPHU pacueTe COMPOTHUBJICHUN 3a3eMJICHUM HEOOXOAMMO MPUMEHSTH JIeHCTBYIOIIEE
VIAENIBbHOE COMPOTUBJICHUE TpyHTA. ['paduku 3HAYEHHH NEHCTBYIOIIETO YIACIBHOTO COMPOTUBIICHUS
TpYyHTA JUIsl TPyOUaThIX 3a3eMJIUTENeH MpuBeACHbI Ha pUC. 2.11, a /UIsi TOpU30HTANIBHBIX 3a3eMIIUTENEH -

Ha puc. 2.12 u 2.13 npu pa3nuuHbIX 3HaYeHUsIX p1/p2 u k = (p2 - p1)/(p1 + p2).

2.28. B 1abm. 2.12 u 2.13 npuBeIeHBI CONMPOTHBIICHHS COOTBETCTBEHHO TPYOUATHIX M TOJIOCOBBIX
3a3eMJIUTENIC B HEOJAHOPOJHOM TPYHTE MpPU BEChbMa pPACIPOCTPAHEHHBIX Ha MPAKTHUKE 3HAYCHUSIX
OTHOIICHHS] COPOTUBJIEHUSI BEPXHETO CJIOSI K COMPOTUBIIEHUIO HUXkHero ciost - 10 u 0,1 m. I'myOuna

3aJI0’KEHU S TTOJIOCHI (BEPXHETO KOHIIa TpYyOs) - 0,5 M.



5o u —I -
1 ?
&0 + :"‘J E ! e
A== J4 4442 Bt
70 == 1 A=)
5% Y . ;},}%" 5;?
f’g i :;. ;g:": fr‘::_, A
, 1 2
30 Avir dms alae
Vi ; .'. ,-;.:*.‘-”- =3 "5- L]
-l?ﬂ 4 "lp—{r #Z-"ﬂ 'jf = &'4_:_-
J",.-ﬂ ‘,-';;’*% Hﬁg‘_:__} T o Gk
l"‘l i‘ Tl " Y
4 HE>= gii==y
d = | 7
19
s Sun
45 e
J4d- L N
A 7
= iy
a0
018
4101 1
808}— 1T
A
7] i
105 |— I
404 L
a03 :
a0z “u 1L
daig £
aonFHHEF Ey v
4001 I LR
MBPOISH P 10 (b 2 3 4 56781
T
{ T_;ﬁﬂjﬁyxj 0
el —— FECT
-f-=$3.",_““ j e ﬁ
{"’H_ - Py
I‘-?-"é

Puc. 2.11 I'paduku 3HaUCHU JEHCTBYIOIIETO YACIBHOTO COMPOTUBIICHUS TPYHTA JIJISl TPYyOUaThIX
3a3eMIIMTEIEN

|3'1_1

1-Pz 100 o0y,



I3'1_1

3Pz 10 067

ﬂ_l

4-P2 2 x=0667:

1y
7- P2 ,k=0;
P1_y
§-Pz | k=-0333;
Pz
9-Pa | k=-0500;
P1_5
10-F2 x=-0,667,
PLo1o
11- Pz ,k=-0,818;
P1 o100
12- Pz ,k=-098;
Tabnuua 2.12
OtHo1eHNE NeUCTBYIOLIETO YIAEIbHOTO HecTBytomiee
TommHa BepxHero Jmna ComnpoTuBieHue
COIIPOTHUBJICHUA K COIIPOTUBIICHHUIO YACIbHOE
CJlIoA IrpyHTa, m QJICKTPOa M 3a3CMJIMTCIIA OM
BEPXHETO CJIOA COIMIPOTHUBIICHUC OMXAM
1 2 0,13/3,3 65/165 26/66
3 0,4/4,5 55/225 16/65,3
’ 2 0,3/1,65 150/82 60/33
3 0,15/0,22 75/110 22/32
3 2 0,85/1,3 420/65 168/26
3 0,36/1,5 180/75 52/22

[IpuMmeuvanue. Buyucimurene nanel 3HaueHUs BEIMUYUH MIPH YIEIBHOM CONPOTHUBICHUN BEPXHETO cJios rpyHTa p1 = 500

OMXM ¥ OTHOIICHHUH Y ISTLHBIX CONTPOTHBRIICHHH cIIoeB p 1/py = 10, a B 3HaMeHaTesne - ipu p1 = 50 omXm u P1/Py =0,1.



00 1

_. FU V. . - - #

vens P e p— gt s ad- _‘E:r“_' f B
b — T— J rz-:-.n b= A
o B ) P NS ke et N
x i o i
e e N !
1 1 ¥ L ™ — 1 E—— -a -
[ s . R — R pust- Sy (g S e .
% T O 9 . g o gt o el 2
< T Ik e e i <% 37
art il 't - = & - -
"..-- E o :,....-1--' }_&: . I [y =TT > —
d S L i —
*'.,..-'-" + .-F—‘ .F-'_"_ e _#.
S .‘.f_'E_ M e i)
i . q _'f_.....___.?'ju_.._...f_.___
O I B By e I — o T
'_.".-_u'-ﬂr—h..- P e T el b
m A =
- 4
.\\.

20 ai
Ghparavenun

WZ2ia3g3 — — —
3§50 — — — —
WIg\GeIs | —-—- —
.F EFHE LR
i DL

Puc. 2.12. I'paduku 3Ha4eHU 1EHCTBYIONIETO YASTBFHOTO COMPOTUBIICHUS TPYHTA JJIsl TOPU30HTAIBHBIX
3a3eMJIMTENICH MPU Pa3NUyUHbIX OTHOWEHUSIX ¢/ 1 k > 0:

1-t/h=2,2-t/h=153-t/h=114-t/h=1;,5-t/h=08,6-t/h=04;7-t/h=02;8-t/h31,5;9-t/h31,1; 10 -t/h 304; 11
-t/h 30,05
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Puc. 2.13. I'paduku geiicTBYIOILETO YAETbHOTO COIPOTUBIIEHUS TPYHTA IS TOPU30HTAIBHBIX
3a3eMIIMTENICH TPU Pa3IMUHbIX OTHOMCHUSX /4 1 k < 0:

1-t/h=22-t/h3153-t/h=1,1;4-t/h=1,0,5-t/h=09; 6 -t/h=08; 7-t/h=04; 8 - t/h 30,05

JlaHHbI€ TaOIUII MOKA3BIBAIOT, YTO 3a3€MIIUTEIh UCIIOIB3YeTCs TEM JIyYIle, YeM BbILIE TPOBOAUMOCTh
IPYHTa, B KOTOPOM OH HoMeleH. D(PeKTUBHOCTh 3a3eMIIMTENS. MpPU IPABUIBHOM BBIOOpE €ro
pAacIoIoXKeHUsI MOKET ObITh OBBIIEHA B 3 | 5 u Gosee pa3. [Ipu npoBonumoctu Hux)Hero ciosi B 3, 10
pa3 OoJbllie, YeM BEpPXHEro, CleAyeT MPUMEHSTh BEeChbMa JJIUHHBIE TPYObl, IPUYEM OJHA Takas Tpyda
MOJKET OKa3aTbcs d(PPeKTUBHEE OONBLIOTO YKciaa TPYO MEHBILIEN JUIUHBI.

J171s1 TOJI0COBBIX 3a3eMIIMTENEH pellaollee 3HaueHe NpruoOpeTaeT MyorHa 3aj10KeHus moJockl. [lpu
COOTBETCTBYIOIICH TIIyOMHE 3aJI0KEHHS OJHA KOPOTKasl I0Joca MO CBOEH MPOBOAWMOCTH MOXKET
OKa3aThCsl SKBUBAJIEHTHOM T0JI0Ce, B 4 pa3a OOoJIbIIeH UTMHBI.

Tabnuma 2.13

I'myOuna 3amoxenus  OTHOIIIEHHE AEHCTBYIOIIETO elCTBYIOIIEE
Tommuua le A YIOIH A Yot

BEPXHETO CII0S Jlmaa 3a3€MJIMTEIIS OT YIEIBHOTO CONIPOTUBIICHUS K YAEIbHOE ComnpoTuBieHue
P 9JIEKTPOJia M TOBEPXHOCTH 3€MIJIH, COINPOTHUBIICHUIO BEPXHETO COIIPOTHUBIICHUE 3a3€MJIMTEIA, OM
IpyHTa, M

M cJos OMXM
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

Hp UM edaHue.Buucimurene qaHbl 3Ha4€HUS BEIMYUH IIpU yACJIbHOM COIIPOTHUBJIICHUN BEPXHETO CJIOS TPYHTA P = 500

OMXM Y OTHOILICHUH Y JIEIbHBIX COIIPOTUBIICHHH cJioeB p 1/p, = 10, a B 3HaMeHarteste - ipu p| =50 oumXmu p1/py =0,1.

I''/TYBUHHBIE 3A3EMJIMTEJIN

2.29. B peaibHBIX YCIOBHUSX 3€MJISI UMEET MHOTOCIOMHOE CTPOEHHE, OJHAKO JIs MPaKTUYECKUX
pacdeToB JOCTaTOYHO MPEJACTABJIATh 3eMIII0 B BHJC JBYXCIOMHOW CTPYKTyphl. Bo MHOTHX ciydasx
VIACIBHOE COMPOTHUBIEHUE HWIKHETO CIIOS HUXKE CONPOTHBICHHUS BEPXHETO CIOS, TOITOMY
1[e7IeCO00pa3HO HCMHOJIb30BaHUE 3armyOsieHHBIX (0T 5 mo 10 wm) u rnyOumHHBIX (cBbIe 10 M)
3a3eMJIMTENeH, YTO MPUBOIUT K CYLLIECTBEHHON 3KOHOMUHM CPEJCTB, TPyJa U MaTepuasoB.

Ha puc. 2.14 npuBoasTcs rpaduku Beca MeTajlila MHOTO3JIEKTPOIHOTO 3a3eMJICHUS B 3aBUCUMOCTH OT
quciIa ANEeKTpoaoB (KpuBas /) M Beca HKBUBAJICHTHOTO DIIYOMHHOTO 3a3eMJICHUS MPU Pa3TUIYHOM
PacCHoJIOKEHUU DJIEKTPOJOB B KOHTYpPE MHOTO3JIEKTPOJHOTO 3a3eMJICHUS U OJHOPOJHOM CTPOCHHU
rpyHTa (KpuBbIC 2, 4, 6 - 3a3eMJICHHE B BUJIE KOHTYpa C PaCCTOSTHUEM MEXIy dJIeKTpoaamu 7,5; 5 u 2,5 m
COOTBETCTBEHHO; KpUBbIE 3, 5 - 3a3eMJIeHHE B BUJIE PSAAA C PACCTOSIHUEM MEXKIY dJEKTpoamMu 5 u 2,5 m
COOTBETCTBEHHO). U3 rpaduka BUAHO, YTO CYIIECTBEHHAs SKOHOMHS MaTepUalOB JOCTUTACTCS IMPHU
MPUMEHEHUHU TIIYOMHHBIX U 3arTyOJIeHHBIX 3a3eMJIMTENECH U B OJHOPOJAHOM IPyHTE (C MOCTOSHHBIM IO
IJIyOMHE YIENbHBIM CONPOTUBIIEHHEM) 32 CYET JIYYIIEro HMCIOJIb30BaHUSI MOBEPXHOCTH PACTEKaHMS
TOKOB.

2.30. ConpoTHBJICHHUE PACTCKAHWIO TOKOB C BEPTHUKAIBHOIO 3a3€MJIMTENS, HAUYMHAIOIIETOCS OT
MOBEPXHOCTH 3€MJIM IIPU ABYXCIOWHOM €€ CTPOEHUH, OIpeeiseTcs o Gopmyie

V- CF's M ..+ 2hw
R= =+t ——
omd 2k ][ d Zl I+ 2h(n-1)

1+x]—-1

/ , (2.16)

e k = (p2 - p)/(p2 + p1) - KO3PPULIEHT HEOAHOPOIHOCTH; P - YACIBHOE CONPOTHUBIICHUE
BEPXHETO CIOsl, OMX M, P2 - YIACIbHOE CONPOTUBIIEHUE HIXKHETO CJ0s, oMXM; h - TIIyOMHa BEpXHEro

ClosL, M,/ - NTMHA 3a3eMIIUTENS, M, d - TUaMEeTp 3a3eMIIUTEI, M.
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Puc. 2.14. Bec MHOT03J1€KTPOJHOTO U IITYOMHHOTIO 3a3eMJICHUI MTPU OJUHAKOBOM CONPOTUBJICHUU B
OJHOPOJHOM IPYHTE:

1 - BeC MHOTO3JIEKTPOJHOTO 3a3€MJICHUSI B 3aBUCIMOCTH OT KOJIMYECTBA AJIEKTPOJIOB; 2 - BEC 3KBUBAJIICHTHOTO Ty OMHHOTO
3a3€MJICHUS [P BBIIIOJHEHUN MHOTO3JIEKTPOIHOTO 3a3€MJIEHHS B BUJIE KOHTYpa C PaCcCTOSHUEM MEXKAY dJEKTpoJaMHu 7,5 m, 3 -
BEC HKBHBAJICHTHOTO TITyOMHHOTO 3a3eMJIMTENS IPH BBITIOHEHNH MHOTO3JIEKTPOAHOTO 3a3eMJICHHS B BUJIE PSia C PacCTOSTHUEM

MEXITy JIEKTpOJaMu 5 M, 4 - BEC 3KBUBAJICHTHOTO [Ty OMHHOTO 3a3€MJIMTEIS IPU BBHIIOJHEHUH MHOTOAJIEKTPOJHOTO
3a3eMJICHUS B BHJE KOHTYPa C PACCTOSHUEM MEXKIY AJIEKTPOJAMH 5 M; 5 - BEC SKBUBAJICHTHOTO TITyOWHHOTO 3a3€MIIMTEIIS IPU
BBIIIOJIHEHUH MHOTO3JIEKTPOTHOTO 3a3€MJICHUS B BUJIE PSAJIA C PACCTOSTHUEM MEXIy JIEKTpoAaMu 2,5 m; 6 - BEC SKBUBAJICHTHOTO
DIy OMHHOTO 3a3€MJIMTEIS MIPH BHIIOIHEHIH MHOTORJIEKTPOHOTO 3a3€MJICHHS B BUIE MHOTO3JICKTPOAHOTO 3aMKHYTOTO
KOHTypa € pacCTOSTHUEM MEXy 3JIEKIpoaamu 2,5 u

2.31. ®opmyna (2.16) BecbMa ClOXKHA M IPHU pacdyerax MPUXOAUTCS MPOU3BOAUTH BBIYUCICHHE

psnoB. Ilpy OpMEHTHPOBOUYHBIX pacyeTax Jjsi BBIUYMCICHUS COMPOTUBICHUS MTyOMHHOTO 3a3€MIIMTENS
MOYHO TT0JIB30BATHCS MPUOIMKEHHOU (POPMYIIOH :

om|— + (I - &) —
F1 P2 , OM (2.17)

F =

®opmyna (2.17) copaBemmuBa A TIIYOMHHOTO 3a3€MIIMTENS, BBIOJIHEHHOTO B BHUJIE OIHOTO
crepxHs. [Ipu //h > 6 oumOka o cpaBHEeHHIO ¢ pacyetamu 1o -Jie (2.16) He npeBbimaet 3%, a npu l/h
= 1,5 ona gocturaer 15%.
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Puc. 2.16. 3aBucuMocTu Beca u JUIMHBI TIITYOMHHOTO 3a3€MIIUTENS OT JUaMETpa CTEPKHS PU
MIOCTOSIHHOM COIPOTUBJIEHUH 3a3€MJICHUS

2.32. Ha puc. 2.15 mocTpoeHbl HOMOTPaMMBI JJIsl ONIPEACTCHUS JJIMHBI TIYOMHHOTO 3a3€MIIUTENS 110
3aJ]aHHOW BeJIMYMHE R M M3BECTHBIM BeIMYUHAM A, d, p1 U p2. [lopsnok pacuera cienyronmii.

Ha mpaBoit BeTBH ocu abcuCC OTJIOKEHBI 3HAYEHUS TONIMHBI BepxHero cios /. BoccranaBnuBas
NEePHEHIUKYASp W3 TOYKH, COOTBETCTBYIOUICH M3BECTHOMY 3HAUYEHHUIO /i, /10 IIEpeceueHHsi ¢
COOTBETCTBYIOIIICH JIMHHUEH PQ/p], HallJieM BEeTUUYMHY A, OTIIOKEHHYIO MO Ocu opauHar. Jlanee, 3Has
OTHOLIEHHUE P2/R W TpOBEAsS W3 MOJIYYEHHOM TOUYKM HAa OCH OpAMHAT MPSIMYI0, MapaljieNbHYI OCH
abcruce, 10 TepecedeHnsl ¢ COOTBETCTBYIOIEH JTWHUEW p)/R, HalieM Ha JIEBOM BETBU OCHU aOCIIHCC

HMCKOMOE 3HaUY€HUE JUTMHBI TITYOMHHOTO 3a3eMJIATEIS /.
Takum 00pa3oM, OTHICKAaHWE BEIWYMHBI [ CBOIUTCA K TPOBEACHUIO Ha Tpaduke TpexX JIMHUU,

napajielnbHbIX ocsiM koopauHat. Hampumep, ecnu £ = 15 m, p1 = 500 omXm, p2 = 100 omXm u

HEOOXOMMO MONMYIHTh conpotuBieHue R = 20 om, mo rpaduky Ha puc. 2.15 Haiigem, uto [ = 18,5 m.
Xon BBIUYMCICHUM TOKa3aH Ha puc. 2.15 mnyHkrupoMm. [lpu BBIYHMCICHHWH HOMOTpPaMM JHUAMETP



IJIyOMHHOTO 3a3eMJIMTENSI MNPUHAT paBHBIM 19 mm. OgHako HEKOTOpOe H3MEHEHUE JuaMerpa He
CKa)KETCS Ha pe3y/IbTaTax pacueToB.

2.33. JlomomHUTENbHAs YKOHOMHUSI MaTepHraia MOKET OBITh MOJydeHa MPU paIlMOHaTLHOM BBIOOpPE
quaMeTpa mpyTka 3azemiutens. Ha puc. 2.16 mpuBoautcs rpaduk Beca Mpyrka M €ro JUIMHBI B
3aBHCHMOCTH OT AMaMeTpa MPU HEU3MEHHOM COMPOTHUBIICHUH 3a3EMITUTEIS.

[IpakTrueckoe BHIMOMHEHHE TITYOMHHBIX 3a3eMIIMTENICH paccMaTpyuBaeTcs B TI1. 7.

PACUET COIMPOTUBJEHUS 3A3EMJIMTEJEA, IOMEIIEHHBIX B KOKCOBOM
MEJIOYH

2.34. ConpOoTHUBIIEHHE PACTEKAHUIO OJUHOYHOIO BEPTHUKAIBHOIO AJEKTPOJa B KOKCOBOW MEJIOYH
(puc. 2.17) onpenensiercs no gopmyse

R =037, 2 |in 2 + 050 2 T Por G |
bl ur d, +  p 4y (2.18)

e K| - KOO(QPUIIMEHT IpOMep3aHus, YUUTHIBAIONMI CE30HHbBIE KOeOaHUsl TeMIepaTypsl IPyHTA JUIs
BEPTUKAILHOTO 3a3€MIICHUS; P - YAETbHOE CONPOTUBIICEHUE TPYHTA, OMXM,; [g - IJIMHA BEPTUKAIBHOTO
AJIEKTPOJia M, tg - CPEAHSISI ITTyOUHA YCTAaHOBKH 3JIEKTPOJA, paBHAasl pacCTOSIHUIO OT MTOBEPXHOCTH 3EMIIH
JI0 CEpPEeIUHBI JIIEKTPOa, M, dg - HAPYKHBIH TUAMETP IEKTPOa, M (AJIs AIEKTPOAOB U3 YIIIOBOM CTalH
BMECTO JuaMeTpa d MOJCTAaBJISETCS SKBUBAJICHTHAs BEJIMYMHA, paBHAs IIMPUHE CTOPOHBI b Yroika c
koapurimentom 0,95; dyxg = 0,95b); paxr - YHACIBHOE 3JIEKTPUUYECKOE COMPOTHUBJIEHHE KOKCOBOM
MEJIOUH, OM X M; dagr - HAPYKHBIN JUaMeTp KOKCOBOM 3aCHINTKH, M.

2.35 ConpoTuBIICHHE PACTEKAHUIO OJMHOYHOTO TOPU30HTAIBHOTO 3JIEKTPOJA MIIM COeTMHUTETbHOM
M0JIOCHI B KOKCOBOM Menouu (puc. 2.18) npu I >> dru tr << Ip/4 onpenensercs no gopmyie

2 &
R =037, 7 |ig 55 +1g s Pomgg | o

S Y (2.19)

e Ky - KOO(QULUEHT IPOMEpP3aHusl, yIUTHIBAIOIMI CE30HHbIE KOJIeOaH!s TeMIIepaTypbl IPYHTA JUIs
TOPU3OHTAIBHBIX 3a3eMJIMTENICH; p - yIOeIbHOE CONPOTHUBJICHHE TPYHTA, oMXM, [r - 1uHA
TOPU30HTAIBHOTO 3a3eMJIUTENS, M, dr - HapYKHbII JUaMeTp TOPU30HTAIBHOIO AJIEKTpoAa, M (AJs
AJIEKTPOAOB W3 YIJIOBOM WJIM IMOJOCOBOM CTajlli BMECTO JUAMETpa @ MOJACTABISACTCS SKBUBaJICHTHAs
BEJIMUMHA, paBHas IIMpPUHE CTOPOHBI b yronka ¢ koddgduuuentom 0,95); fr - rIyOUHA TPOKIAIKH
ANEKTPOAA, M, Pakr - YAEIBHOE JJIEKTPUUYECKOE CONPOTUBIIEHUE KOKCOBOM MeNouu, omMXM: dagr -

HAPYKHBI THAMETP aKTUBATOpPA, M.

alim _Mecmao
.j]j’/”'”"”””” Kadeny

Bepmunamphisi
anenmpod

Hoxcobar menovy

Puc 2.17. Cxema ycTaHOBKM OJMHOYHOTO BEPTUKAIBHOTO 3a3€MJIUTENSI B KOKCOBOM 3aChITTKE



VYenpHOE CONPOTUBIIEHHE KOKCOBOW MENIOYHM Pggr 3aBUCUT OT THIIA YNNI, U3 KOTOPOIO IOJY4EH
KOKC, W cocTaBisieT BenuuuHy nopsaka 0,22 2,5 omXm. KokcoBasi Menodb, HCHOJIb3yeMasi MPHU
YCTPOWCTBE 3a3eMJICHUH, MpeacraBiseT coboi 3epHa auamerpoMm 10,15 mm (commaco T'OCT
MTYVY-2834 u TY-1020). IIpu pacuerax cieayeT IpUHUMATh BEAUYUHY Pakt = 2,5 OMXM.
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Puc. 2.18. Cxema ycTaHOBKHM OJIMHOYHOTO TOPU30HTAIBLHOIO 3a3€MIIUTEINSI B KOKCOBOM 3aCHITTKE

Ha puc. 2.19 noka3zaHa cxeMa YCTaHOBKM MHOTOXJICKTPOJHOIO 3a3eMJICHHUS U3 BEPTUKAIBHBIX
AJIEKTPOJIOB, TOMEIICHHBIX B KOKCOBOW MEJIOYH.
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Puc. 2.19 Cxema ycTaHOBKM MHOTOAJIEKTPOIHOIO 3a3€MJICHU S B KOKCOBOM 3aChITIKE

2.36. BMecTo 3achIIKU KOKCOBOM MeENIOYM Ha MecTe 000pYIOBaHMS 3a3€MJICHUM 4acTO MPUMEHSIOT
3a3eMJIMTENN C IIEMEHTUPOBAHHON KOKCOBOW MEJIOUBIO BOKPYI METaNIMYECKOTO CTEP>KHS 3aBOICKOIO
m3rotoBnenus: (tuna 3KA-140). Ha puc. 2.20 moxa3aHa cXemMa YCTaHOBKM MHOTOAJIEKTPOJIHOTO

3a3eMiieHus U3 eKTpoaoB tuna 3KA-140.
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Puc 2.20. Cxema ycTaHOBKM MHOTORJIEKTPOIHOTO 3a3eMIIeHU U3 31ekTpoaoB tuna 3KA-140

[IpyuMeHeHEe TPOCIOWKH B BHUJE KOKCOBOW MEJIOYM MEXAY METAUIMYECKUMH JJIEKTPOJAMU H
OCHOBHBIM TPYHTOM YMEHBIIIAET COMPOTHBIICHUE 323 MIICHUS U YBEITHYUBAET CPOK CITYKOBI 3a3eMIICHUH.

PACUET COIMMPOTUBJIEHUS 3A3EMJIMTEJIEN ITPU UMITY JIbCHBIX TOKAX



2.37. B ciydae mpOXOXKIAEHHUS YEPE3 3a3€MIIMTENb UMIYIbCHBIX TOKOB, BOSHUKAIOUMX IPU T'PO3€E, B
dopMynbl U pacdeTa CONMPOTUBIICHUS 3a3€MIIUTENS CIEQyeT BBECTHU JOMOJHHUTENHFHO WMITYIbCHBIN
KO3(PPUITNEHT.

2.38. Ilpu 3HAUMTENBHBIX IO BETUYUHE UMIYIbCAX TOKA B TPYHTE BOIU3M 3a3eMIIMTENSI BO3HUKAIOT
HACTOJIbKO OOJIbIIIME HAMPSHKEHHOCTU AJIEKTPUUYECKOTO MO, YTO B OTHENbHBIX Y4acTKax 3eMIIH
MIPOVCXOJIUT YACTUYHBIH HCKpOBOW MpoOoii. CoracHo McCleA0BaHUSIM HCKPOBOW MPOOOH B CpPeIHHX
110 TPOBOJIMMOCTH TPYHTAX BOSHUKAET MPU HAMPSHKEHHOCTH JIEKTPUYECKOTo mojisi £ = 3 ke/cm.

2.39. B cnyyae BO3HUKHOBEHHUSI HCKPOBOTO MPOOOSI LIyHTUPYETCS MEPEXOJHOE COMPOTHUBIICHUE
MPUJIETAIONMX YYaCTKOB TPYHTa M YMEHBIIAETCS OOllee CONMPOTUBIICHUE 3a3eMJICHUS. DTO SBJICHHE
MPUBOJUT KaK Obl K YBEIMUYCHUIO Pa3MEPOB 3a3eMJIUTENS MO CEYCHHUI0O M YMEHBIICHHIO YICIBHOTO
COMPOTHUBIIEHUA TpyHTa. [103TOMYy COMPOTUBICHUE €AMHUYHOTO 3a3€MIIMTENS IS UMIYICHBIX TOKOB
MIpU Tpo3€e ompeensercs no gopmyine

—— (2.20)

rae R; - CONpPOTUBIIEHHE 3a3€MIIMTEN MPU IMOCTOSIHHOM TOKE M TOKAaX HU3KOM 4YacTOThl; O -
HUMITYJIbCHBIA KOO(UITUEHT, YIUTHIBAIONMA CHUKEHUE COMPOTUBIICHUS 3a3eMJICHUS TIPH UMITYJIBCHBIX
TOKax.
2.40. NmnynbcHblEe KO3(PPULIMEHTHI, KOTOPblE HEOOXOAUMO YYUTHIBATh MPHU pacuerax 3a3eMJICHUU,
NpeIHa3HaYeHHBIX IS 3Tl YCTPOMCTB CBSI3U OT TPO3bI, MPUBEACHHI B Tabm. 2.14.

Tabnuna 2.14

JmHa O6o3HaueHne BemunHa uMIyIbCHOTO K03 G UIHEeHTA TPU
Tun 3azemimrenss  Cxema 3a3eMJIMTENIST  3a3€MJIMTENS, MMITYJILCHOTO YIETbHOM CONPOTHUBICHUU TPYHTA P, OMXM
M ko3pduumenta xo 50 51,100 101,300 301,500 5011000
TpyOuarterit Puc. 2.3 2.3 o 1 0,8 0,6 04 0,35
[poTsxeHHbIH I'opuzoHTaIBHO 5,10 ) 1 0,9 0,7 0,5 04
HpOBOJ‘IO‘II:II)II/I WJIM PACTIOJI0KEHHBIN 10,20 1,05 0.95 0.78 0.65 0.5
MOJIOCOBOM 3336 MJIUTETIb,

3aKOTIAHHBIN B TPYHT 20,30 1,2 L1 0,95 0,73 0,52

2.41. UWmnynbcHbld KOI(PPUUIHEHT HEOOXOJUMO YYUTHIBATH TaKKe U TPU  OMNPEICICHUU
COMPOTHUBIIEHUSI MHOTOAJIEKTPOIHOTO 3a3€MIIUTENS, YIOTPEOIsIeMOro Juisl 3allMThl YCTPONCTB CBSI3H OT
IPO30BBIX paspsnoB. B 3ToM ciyyae s pacyera CONPOTUBIICHUS 3a3€MJIEHUS U3 CTEPIKHEBBIX
3a3eMJIUTENeH, COeIMHEHHBIX U30JIMPOBAHHBIMH ITPOBOIaMU, IPUMEHsIETCs (hopmyIia

Ry

2 om, (2.21)

R =

a JJ1d CTCPKHCBBIX 33.36MJ'IHT€JI€I>1, COCIMHCHHBIX I'OJIBIMU ITPOBOJAMU,

R, - — 2l
N P e N (2.22)

rae o], a2 - 6epercs u3 Tabmn. 2.14; n1, N2 - u3 Tabm. 2.4 - 2.9.

JIJisi TPOTSHKEHHBIX MPOBOJIOYHBIX MJIM TMOJIOCOBBIX 3a3¢MIIMTEIICH B TOM XK€ Cydae MPUMEHSIETCS
dopmymna

B, - T
g (2.23)

CPOK CJIYKBbI PABOYMX 3A3EMJIMTEJIENA U CIIOCOBBI ITPOJIJIEHHUS 9TOI'O CPOKA

2.42. MeTtamuinyeckue 3a3eMJIMTENN, HaX0sICh B 3eMJie, IMOJIBEPraloTCs KOPPO3UH, TIPUYEM B 0CO00



HEOIAronpuUsITHBIX YCIOBUSIX HAXOJATCS 3a3€MIIMTENIN pabOuero 3a3eMyeHusl, Yepe3 KOTOpbIe MPOXOIAT
paboyrie TOKU MOCTOSIHHOTO HAallpaBJICHUSL.

2.43. K 3a3eMJI€HUSAM, B KOTOPBIX 3a3€MIIUTEIIN ITOJIBEPratOTCs YCUIIEHHONW KOPPO3UHU, OTHOCSTCS:

- 3a3eMJICHUS YCTAHOBOK JAWCTAHIIMOHHOTO THWTAHHS YCHJIMTEIBbHBIX MYHKTOB Ha KaOENbHBIX W
BO3AYILHBIX JINHUSX CBS3H 11O CUCTEME IPOBOJ - 36MILSD;

- 3a3eMJICHUS YCTAaHOBOK JMCTAHUMOHHOIO MUTAaHUS IOCTOSHHBIM TOKOM PaJHOY3JI0B
PaIMOTPAHCISAUMOHHOMN CETH;

- 3a3eMJICHUS KaTOJHBIX YCTAHOBOK Ha KaOEIbHBIX JTMHUSAX CBSI3U JUISI 3alMTHI 000JI0UeK kabemneil ot
KOppO3HH;

- 3a3eMJICHU A TelerpadHbIX CTaHITUH, Pa0OTAIONMX O OJHOIPOBOJHBIM LIETISIM;

- 3a3eMJIeHU s Tesle()OHHBIX CTAaHIIUN ¢ EHTpalbHOM OaTapeeil.

2.44. B nepednclieHHBIX B M. 2.43 yCTaHOBKaxX MOABEPrarOTCsA 3JIEKTPOKOPPO3UU TE 3a3€MIIUTEIH,
KOTOPBIE COEIUHEHBI C IMOJOKUTEIbHBIM IOJIOCOM HCTOYHUKA TOKa. CTallbHble TPYOBl WJIM JIPYrout
GOpMBI 3a3eMJIUTENN TIOCTEIICHHO Pa3pyIAIOTCsA TOKAMH, CTEKAIOIMMU ¢ HUX B TPyHT. CO CTaabHBIX
TpyO la Toka yHOCHT B ToJ1 mpakTuyecku oT 9 1o 10 ke merasia.

2.45. PaccuntaHHas KOHCTPYKUHS 3a3eMJISIIOIIETO YCTPOMCTBA, HCXOAS €3 HOPMBI  OOIIETO
COINPOTHUBIICHUS, JTOJKHA OBITH IPOBEPEHA HA JIOJITOBEYHOCTH, T.€. HA CPOK BO3MOKHOMW SKCITyaTalluu
ATOTO YCTPOKCTBA.

2.46. 3a mpeAeNbHBIN CPOK IKCITyaTallUH 3a3€MIMTEIEH MOKHO MPUHSTh TAKOW CPOK, IO UCTEUCHUHU
KOTOPOT'O BEC KAXAOTO 3a3eMauTensa cHU3uTcsA 10 0,25 nmepBoHavdaibHOro Beca. [Ipu 3Tom ycnoBuu cpok
ciykObl T 3a3eMIIIOILETO YCTPOMCTBA M3 CTAJIbHBIX BEPTUKAIBHBIX 3JIEKTPOAOB OIPEIeNseTcs IO
dopmysie

a !

T=4710°Znla} - d;})
I , Jiem, (2.24)

IJC 7 - KOJMYECTBO OTACIBHBIX 3a3eMiIMTelNeH (Tpy0) B 3a3eMIISIONIEM YCTPOHCTBE; / - BeIMYMHA
paboyero Toka, CTEKAIOIIEro B 3eMJII0 Yepe3 3a3eMIICHHE, a; [ - [yInHa TPyOuaToro 3a3eMiauTens, M, d] -

BHEIIHUN TMaMeTp TPyOuaToro 3a3eMIIUTENS, M, d2 - BHYyTPEHHUN TMaMETP TPyOUaToro 3a3eMIIUTENs, M.

[lpu 3amaHHOM cpoke CcHyKObl 3azemunTesnsi oOIIee KOJMYECTBO TpeOyeMbIX 3a3eMIIMTENeH
ornpeaensiercs mo Gopmyse

L T
a7 0t -dt) (2.25)
Cpox ciry0bl 3a3eMIIMTEIS MOKHO OIPENEIUTD TAKKE 10 6oJiee o0wel Gopmyrne
oo 0750
I, nem, (2.26)

rme O - BeC CTAIBHBIX DJIEKTPOJOB W COCTUHUTEIBHOU TOJIOCH, K2, [ - pabounil TOK, CTEKAIOIIMIA C
3a3eMIIMTENICH B 3€MITIO, @, K - DJIEKTPOXUMHUUYECKAN KOI(PDUITUEHT pa3pyIieHHUS.

B pacuerax x mpuHumaercs paBHbIM 0,04 11 CTadbHBIX AJIEKTPOJIOB, MOMEIICHHBIX B TPYHT 0O€3
KOKCOBOM Menouu u 0,4 117151 TeX K€ SIEKTPOJIOB B KOKCOBOM MEIIOYH.

YuuTsiBasi HEOAUHAKOBBIE YCJIOBUS IKCILIyaTallMW JJI1 MHOTOXJIEKTPOJHOTO 3a3€MIIMTEIIS, pacyer
CpOKa CIY)KObI PEKOMEHIYETCS IPOU3BOJUTH pAa3leIbHO JUIS BEPTUKAIBHBIX DJJIEKTPOJIOB U
TOPU30HTAIBHOM I1OJIOCHI.

Cpok ci1y:KObI BEpTUKAIBHBIX 3JIEKTPOAOB Ty ONPENENIeTCS U3 BBIPAXKEHUS

T =035
L nem, 2.27)



rie g - BEC BEPTUKAIBHBIX JIEKTPOJIOB, K2, Ig - TOK, CTEKAIOIMI ¢ BEPTUKAIBHBIX 3a3€MIINTENEH, d.

Benwumna I onpenensiercs mo gopmyiie
_ IR,
TORGR, (2.28)

rae RCy - cOnmpoTHUBIIEHUE TOPHU3OHTAIBHBIX AJIEKTPOJIOB, OM;
RCg - conpoTuBIeHUE BEPTUKATBHBIX 3JICKTPOIOB, OM.
Cpok ciyObl COETUHUTENBHON MOJIOCHI ONpenensiercs no Gopmysne

T =035
L nem, (2.29)

r1e Or - BEC COEAMHUTEIBHOM MOJIOCHI, K2, It - TOK, CTEKAIOIMi C COeAMHUTEIBHOM MOJIOCHI, a.
1
_ IR}
T 1 1
Ry+E, ,a. (2.30)

2.47 Yacto cpok CIyKObI MOXKET OKa3aThCsl O4eHb MajbiM (3 - 8 jer). OmBIT MOKa3bIBAET, YTO
1[e71€CO000pa3HO CTPOUThH 3a3eMIISIIOIIEE YCTPOMCTBO TakK, YTOOBI 3a3emieHue pabdoTaio Oe3 3aMeHBbI
AJIEKTPOJIOB HE MeHee 15 neT. DTO MOXKET ObITh JOCTUTHYTO C MOMOIIBIO 3a0MBKU JOTIOJTHUTEIBHBIX
AJIEKTPOJIOB K TEM, KOTOPbIE ObLIH ONPEEIICHBI U3 YCIOBHUS COOJIOIEHUS] HOPMBI 3a3€MIICHUSI.

3HAUUTENBHOTO YBEIMYEHHUS CPOKA CITYKObI 3a3eMIIMTENEeH MOKHO JOCTUTHYTD, €CJI UCIIOIb30BATh B
KauecTBE IMPOCIONKMA MEXIYy OCHOBHBIM TPYHTOM M METANIOM 3JIEKTpoJa - KOKCOBYIO MEJOYb.
HccnenoBanus MOKa3bIBAIOT, YTO B 3TOM CIIy4ae MPU CTEKAHUM JJIEKTPUUYECKOTO TOKA C BJIEKTPOJAA B
TPYHT IPOLIECC pa3pyILEHUS 3JIEKTPOa OT JIEKTPOIUTUUECKON KOPPO3UH PE3KO 3aMEIIAETCS.

WubiMU cl0BaMH, CPOK CIYKOBbI 3a3€MJIUTEINS, COCTOAIICTO U3 AJIEKTPOAOB, B KOKCOBOM MEJIOYH
yBenu4uBaeTcs (Mpu AuaMeTpe KOKCOBOW MPOCIONKU y Kaxjoro snekrpona 0,25 m) He MeHee ueM B
5,10 pas.

Ipumep 1. Ompenenuth Cpok paOOTHl 3a3eMJICHUS] YCTAHOBKM JIMCTAHIIMOHHOTO MHUTaHUS
ycunuTenel kabenpHOM Marucrpaiv, €cid 3a3eMIISIIOIee YCTPOMCTBO HMEET CIEAYIOlMe TaHHBIE:
KOJIMYECTBO TpYyO n = 25; miumHa Kaxmou Tpyosr [ = 200 cum, BHemHHUN nuameTp Tpyowsl d] = 4 cm;

BHYTPEHHUM JquameTp d2 = 3,2 cm, TOK yepes 3a3emiieHue [ = 2 a.
Toraa Bpems (B roj1ax) Ciry>kKObl 3a3eMJICHHUSI OTIPEeTUTCs HO hopmyrie

L i 4+ 200-25

T=4710 T[.:ff—.:ff)=4,?-1 (4°-32%)=567

roja.

Ecnn 3amaH cpok CoykObl 3a3eMIIIIOLIETO YCTPOMCTBA, TO MOYKHO OIPENEIUTh HEOOXOIUMOE
KOJIMYECTBO TPYOUAThIX 3a3€MIIMTENEH, UCXO U3 dIEKTpoKkoppo3uH. Ilpu Tex ke pasmepax eIuHUYHBIX
3azeMiIMTeNel KonuuecTBO ux npu 7' = 15 ner Oynet

215
= -4 2 2 =36
47107 200047 -3.2') 7 1pye,

Taxum 00pazoM, JOMOTHUTEILHOE KOJIMIECTBO JICKTPOJAOB COCTaBIsAeT 56-25 = 31 mir.

Ecnm snexrponsl paccMaTpuBaeMoro B JJaHHOM IIpUMeEpe 3a3eMIICHUsT OyayT MOMENIEHbl B KOKCOBON
MEJIOYH, TO CPOK CIYKObI 3a3eMiieHusI OyaeT yxe He 6,7 roaa, a, 1o KpaitHel mepe, B 5 pa3 Oosblie, T.e.
T = 33,5 rona. Ilpu »ToM He MOTPEOYIOTCS MOMOTHUTEIBHBIE JJIEKTPOJbI, KaK 3TO OBLIO MOKA3aHO Y
3a3eMJICHUS C AJIEKTPOIaMH, TOMEIICHHBIMU MPSMO B TPYHT.

Ipumep 2. OnpenenuTs CpoK padOTHI 3a3eMiIeHUs aBToMaTuyeckor tenedonHoi craHuuu (ATC) c
YHUCIIOM COeqUHUTENLHBIX TuHUN 400.



Cornacuo Ta6n. 4 'OCT 464-68 Ha 3a3eMieHuE CONMPOTHUBIIEHUE PAOOYEro 3a3eMIICHHS ISl TaKOU
CTaHUUHU JOJDKHO OBITh paBHbIM 2,5 om. YaenbHOE CONPOTUBJIEHUE TPyHTa B MeCTax YCTpoMcTBa
3a3emiieHUN - p = 60 omXm. 3azeMIsroliee YyCTPONCTBO COCTOUT U3 TPYOUaThIX 3a3eMIUTENCH; AIMHA
Ka)X/101 TpyObI 2 M, BHEIHUH AuameTp 4 cm (BHYTpEHHUN quaMeTp 3 cm).

Jlnst coOMroICHUST HOPMBI COITPOTUBIICHUS 3a3eMIICHHS (2,5 om) 3a3eMIISIOIIEEe YCTPOHCTBO CONEPIKUT
10 Tpy6 (yka3aHHOTO pa3mepa), COSAMHEHHBIX MapayljIeIbHO MEXTy co0oil. CpenHuil ypaBHUTEIbHBIN
pabounii TOK yepe3 3a3eMIICHHE PUHSAT 2,5 a, Toraa Bpems ciyk0b1 3a3emieHus ATC omnpezgensercs mo

dopmyie

T=47 m"*fi(.;ff -d,*)=47 107+ 200100 3y og
! ’5 roaa.

OT1oT cpok He mpuemisieM. lIpu pasmelieHUH 5SIEKTPOJOB B KOKCOBOM MEJIOYM CPOK CITYKOBbI
3HAYUTEIBHO MOBBIIIAETCA.
IIpumep 3. Paccuurtars 3a3emiieHHE C UCIONB30BaHUEM KokcoBou Menouu ans HYII kaGenbHo#

MarvCTpai MpH CIEAyIONMX JaHHbIX: THI Kabens - MKCB 4”47 1,2; anmnaparypa ymiotaenus - K-60;
pacyeTHOE 3HAYCHHUE YACIBHOIO JJIEKTPHYECKOTO CONPOTUBICHUS IPYHTA - Prp = 80 omXm; ynenbHOe

AJIEKTPUUECKOE COMPOTHUBJIEHHE KOKCOBOW MENOYH - Paxt = 2,5 omXm. 3a3eMJeHUE BBIIIOJIHEHO U3

BEPTHKAIILHBIX JJIEKTPOIOB U3 yriuoBoi cramu 50 50" 5 mm u coemuHMTEnbHOM monocel 40 4 mm.
KoHTyp 3a3eMiieHus OYIET SKCIITYyaTUPOBATHCS B HENPOMEP3AIOIUX IPYHTAaX.
I[Topsnok pacuera
1. Onpenenum cuiy Toka /, cTekaromero ¢ pabouero 3azemiienus HYII:

I=xl

e K¢ - KonuecTBo cucteM B HYIL, moanexanmx 1MCTaHIIMOHHOMY TUTaHUIO, Ic - TOK, TpeOyeMbIi
JUISl OTHOM CHUCTEMBI U paBHbIi 0,28 a.
HpI/I HOJIHOM Hcnonb3oBanuu Kadens MKCE 4747 1,2 u nocnenoBarensHoM nutanuu cucreM K-60
=4,1:=0,28 a (UTCD, 4. VI, Tabn. 18.2) u monubIit pabounit ok HYII /=4X0,28 = 1,12 a.

2. Paccuntaem conmpoTHBIEHUE PACTEKAHHUIO TOKOB C BEPTUKAIBHOTO AJIEKTpoJa ATUHOU /= 2,5 m B
KOKCOBOW Menouu 1o ¢-ie (2.18):

2125 4:1,95+3 25 2.5 0,25

=D,3?— —+ 105 =165
= lgDEﬁ e 4185+ 25 13[3[35 0,35

OM.

3. OmnpenenuiM KOJUYECTBO BEPTHUKAIBHBIX 3JIEKTPOAOB, HCXOAS HU3 HOPMUPYEMOH BETUYUHBI
COMPOTHUBIICHUSI PACTEKAaHUIO JIJISi TPYHTOB C YAENBHBIM JJIEKTpHUYECKUM compotuBieHuem p < 100
omXm. JInisg 2TUX YCIOBUN COMPOTUBIICHUE PACTEKAHUIO 3JIEKTpOa JOJKHO ObITh He BhImE 10 om u
YIOBJIETBOPSATH JOIMYCTUMOMY MaJeHUI0 Hanpsbkenus 12 6, T.e. Ry = 12/1,12 = 10,7 om,ng = 16,5/10,7 =
1,55=2 snexrpona.

4. Haiinem nnuHy /r COeIMHUTEIBHOM IMIMHBI, €CIIA PACCTOSIHUE MEXKY 3JIEKTPOAaMU a = S m, Ir = (n

Yir Y r— g
-D)=Q2-1D)X5=5m.
5. Onpenenum CONPOTUBIIEHUE PACTEKAHUIO TOPU30HTAILHOTO 3JIeKTpoa 1o ¢-ie (2.19):

&0 25 5 2,5 0,25
n=7 — + + g ———" =177
%" 5 e 0,04 0,35 & 2077 80 e 0,04 0,95

OM.

6. PaccunTaem noiHO€E CONPOTHBIEHUE PACTEKAHUIO KOHTYpa 3a3eMIEHHS Rogyy 10 ¢-11e (2.12):



17,7-16,5

o = 5054177082 on,

YTO YIOBJIETBOPSIET HOPMaMm CONPOTHUBJICHUS pacTeKaHUI0 KOHTypa 3azemiienus HVYII mna rpyHTOB €

yIEIbHBIM COPOTUBJICHUEM MEHbIIMM, yeM 100 omXm.
7. Onpenenum CHITy TOKa, CTEKAIOIIETO C BEPTUKAIBHBIX JIEKTPOJIOB, TI0 ¢-J1¢ (2.28):

112177
09 _
I = 77, 165 0,765
09 092 J

8. Haifnem cuiy TOKa, CTEKAOIIETO ¢ TOPU30HTAIIBHOTO 3JeKTpoja mo ¢-ie (2.30):

M 012,52
55 g
092 09 .

9. PaccunTaeM Bec COeMHUTENBbHOM MOJIOCHL: Or = 5X 1,256 = 6,28 ke.

10. Onpenenum Bec BEPTUKAIBHBIX 3JEKTPOJIOB: O = 2X 9,4 = 18,8 «e.

11. Haiinem cpok ciaykObl BEpTUKAJIBHBIX J1€KTpooB 1o ¢-ne (2.27): T, = 0,3X18,8/0,765 = 7,37
JeT.

12. Onpenenum Cpok CIy>KObl TOPU3OHTAIBHOTO 3a3eMiuutens no ¢-ne (2.29): 7. = 0,3X6,28/0,355 =
5,3 rona. Kak BUJIHO, 3TOT CPOK HE YIOBJIETBOPSET ycinoBuio 1> 1.

Js obecrieuenust ycinoBust 1. > T, HEOOXOAUMO YBEIUYHUTh CEUEHUE COECIUHUTEIBLHOW IOJOCHI.
Bmecro monocet 404 mm npumem monocy 605 mm, YTO HE3HAYUTENLHO HM3MEHHUT OOLIEe
CONPOTHBJICHHE KOHTYpa. B 3ToM ciywae momyunm QCp = 5X2,36 = 11,8 ke. Cpok ciyxObl

COCIMHUTEIIBHOM TTOJI0CHI OyIEeT paBeH
T¢-=0,3%11,8/0,355=10,0 ner,

4TO yNOBIETBOpPseT yenoButo T¢r > T, 1.e. T¢r=1,35Tg. Pacuer MOXXHO cUMTATh 3aKOHYCHHBIM.

Ilpumep 4. Paccuurtare 3a3emMiieHHME C HCIOJIB30BAHMEM APMHPOBAHHBIX 3JIEKTPOAOB 3aBOJICKOIO
usrorosienus tuna 3KA-140 qns HYII kabenbHON MarucTpaiv mpu CIeAyIOUMX JaHHBIX: TUT KaOes -

MKCB 4747 1,2; annmaparypa ymiotHenus - K-60; pacdeTHOe 3HAaUY€HHE YIENBHOIO JJIEKTPHUYECKOTO
COIIPOTHUBJIEHUS IPYHTA - pr= 80 oM XM, yAeIbHOE dJIEKTPUUECKOE COMPOTUBIEHUE KOKCOBON MEJIOYH -

paxt = 2,05 omXm.
Kontyp 3asemnienus OyneT SKCIUIyaTHpoOBaThcs B TepBoil kimmarudeckoit 3oHe CCCP, e
k03(gduneHT npomepsanus pasex 1,8, 2,0.

I[Topanok pacuera
1. Onpenenum cuity Toka /, crekaroiero ¢ padouero 3azemnenus HYII:
f=x i =4028=112a

2. PaccunTaeM conmpoTuBiieHHE pacTekaHuto sekrposa 3KA-140, ycraHaBIMBaeMOro BEPTHUKAILHO.
Jnuna snexrpona lg= 1,4 m, TnyOrHa 3aKIaAKu 3eKTpoaa 1,5 M OT MOBEPXHOCTH 3eMJIH:



gof 214 234+314 25 018
=2:037= —+]g — 4 g
& 4|5 018 "B 23avia B0 2002

= 55,6
oM.

3. Onpenenum KOIMYeCTBO BEPTUKAIBHBIX JEKTPOJOB aHAIOTUYHO MPUBEICHHOMY BBIIIE TIPUMEDY.
JIns 5TUX yCIOBUI CONPOTUBIIEHUE PACTEKAHUIO JIEKTPOIa HE JOJDKHO NpeBbIath 10,7 omXm, T. € ng
=55,6/10,7 = 5,2~6 31€KTpOIOB.

4. PaccunTaeM CONPOTHUBJIEHHE PACTEKAHHIO MHOTOXJIEKTPOAHOro 3aszemnutens, RCg = Rogu =

Rp/ngng = 55,6/0,87X6 = 10,6 om, yto obecnieunBaer HopMupyemoe ['OCT 464-67 compoTuBieHue
pacTekaHuIo KoHTypa 3azemiieHust 10,7 om.
5. OnpenenuM BeC CTAIbHBIX 3JIEKTPOIOB KOHTYpA 3a3eMieHus, T.€. O = 6X1,4X2,98 = 25 ke.

6. Haiinem cpok cimyx0b1 KoHTYpa 3a3emsieHust: 1, = 0,3X25/1,12 = 6,7 roxa.
HUCKYCCTBEHHOE YMEHBIIIEHUE COIPOTUBJIEHUS 3A3EMJIEHUM

2.48. Jlns ycTpoiicTBa 3a3eMJICHHS MAJOTO COMPOTUBIICHUS B TIOXOMPOBOMSAIIMX TPyHTax (IECOK,

rpaBUil, KAMEHb U T.I1.) TPEOYIOTCS AECATKU, @ MHOTJIA U COTHH CTAJIbHBIX TPYO, TMHOM Kaxnaas 2 ,2,5 m,
pacriojaraeMbIX Ha OOJIBILON TEPPUTOPHH.

2.49. C uenpl0 YACLIEBICHUS 3a3€MIISIIOUMX YCTPOMCTB B MECTaX C BBICOKUM YACIbHBIM
COMPOTUBIICHUEM 3€MIId MPUMEHSIIOT Pa3IUYHbIE METOAbl HMCKYCCTBEHHOIO CHHXEHHUS YAEITHbHOTO
CONPOTHUBIICHUS TpyHTA. [Ipy 3TOM yMEHBIIAIOTCS KOJMUYECTBO 3a3eMJIMTEICH U pa3Mepbl TEPPUTOPHUH,
Ha KOTOPOU JTOJIKHBI PacrojaraTbes 3a3eMIUTEINH.

2.50. OOGmee cONMpOTHUBICHHE 3a3eMJICHUS 3aBUCUT, KaK YKa3bIBAJIOCh BBIIE, OT CONPOTHUBIICHHS
MPUJIETAIONMX K 3a3eMJIMTENI0 ClI0eB TpyHTa. [103TOMYy MOXXHO MOOUTHCA CHUKEHHSI CONPOTHBIICHUS
3a3eMJICHUS] TIOHMKEHUEM YJIEJIBHOIO COMPOTUBIICHUS TPYHTA JHIIbL B HEOOJBLION 00JacTu BOKPYT
3a3eMIIUTETIS.

2.51 UckyccTBEeHHOE CHUKEHHE YNIEIbHOIO CONPOTUBIIEHUS TPYHTA JTIOCTUTAETCS TMOO XUMUYECKUM
MyTeM MpHU MOMOIIM AJIEKTPOJIUTOB, JTUOO MyTeM YKIAIKK 3a3eMJIMTENCH B KOTJIIOBAHBI C HACBHITHBIM
yIJIEM, KOKCOM, TJIMHOM.

OmnpIT MOKa3aj, YTO MaKCHUMaJbHOE YMEHBIICHHWE CONPOTHBIICHHS 3a3eMJICHUS JTOCTHTASTCS TPHU
MCIIOJIB30BaHUM 3JIEKTPOJIUTOB, IPEBECHOIO YIVIS U KOKCOBOM Mesnouu. [lepBrlil crocob 3akirovaercs B
TOM, YTO BOKPYT 3a3eMIIUTEINIEH IPYHT MPOMUTHIBACTCA PACTBOPAMHU XJIOPUCTOTO HATPHS (OOBIKHOBEHHOM
MOBApPEHHOMW COJIN ), XJIOPUCTOTO KaJIbI[UsI, CEPHOKUCIION Meau (MEIHOTO Kylopoca) 1 T.]I.

CrnenyeT OTMETHTh, YTO YKa3aHHBIM CIIOCOOOM MOXKHO JOOMTHCSI CPABHUTEIBHO OOJIBILIOTO CHUKEHUSI
BEJIMYMHBI COPOTUBIICHHUS 3a3eMJIEHU S, OHAKO HA HEPOJOLKUTEIBHBINA CpoK (2 - 4 roga), mocie yero
TpeOyeTcss BHOBb MPOMUTHIBATH TPYHT SJIEKTPOTUTOM.

2.52 TlpakTH4eckd MOXHO PEKOMEHJIOBATh CJEMYyIOUE JBa CIOCO0a MCKYCCTBEHHOTO CHHKECHHS
YAENBHOTO COMPOTHBIIEHUS TPYHTA: CO3JaHUE BOKPYr 3a3eMIIUTENS 30HbI C MOHWKEHHBIM YICIbHBIM
COIIPOTUBIJIEHHEM U 00pabOTKa IPYHTA COJIBIO.

2r _ Hacemnwod epynm
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Puc. 2.21 Co3zpanue BOKpYT 3a3eMJIMTENS 30HBI C TOHUKEHHBIM YIEIBHBIM COIIPOTUBIICHUEM

2.53. I[J'ISI CO3aHuA BOKPYI' 3a3C€MIIMTCIIA 30HBI C INOHWKCHHBIM YICJIBHBIM COIIPOTHUBJICHUCM B

TpYHTE JejaeTcs BbieMKa (KoTyioBaH) paguycom 1,5 2,0 m u rimyOnHOM, paBHOM JUiMHE 3a0MBaeMOro
crepkHs. llocie 3amonHeHus BbIEMKHM TIPYHTOM (puc. 2.21) ycTaHaBIMBAeTCs 3a3€MJIMTENb U TPYHT
yTpaMOOBBIBAETCS.

B kauecTBe TIpyHTa-3amOMHUTENS] MOXKET OBITh MPUMEHEH J000W TIPYHT, MMEIOUMH YIelbHOEe

conpotuBiieHre B 5,10 pa3 MeHbllle, UeM YIEIbHOE CONPOTUBIIEHHE OCHOBHOTO IpyHTa. Hampuwmep,
€CIIi 3a3eMJICHHE YCTpauBaeTCs B MECUYaHOM WMJIM KaMEHUCTOM (TPaHHUT) TPYHTE, TO 3alOJHUTEISIMU
MOTYT OBITh, TNIMHA, TOPQ, YEPHO3EM, CYINIMHOK, IIUTAK U T.M. TakuM CrocoOOM JOCTUTAETCA CHUKEHHE
COMPOTHUBIICHU S 3a3€MJICHUSI B CpeIHEM B 2,5 | 3 paza.

ConpoTuBJIEHHE pACTEKaHUIO TOKAa R3 B clydyae OKPYKEHHMs 3a3eMIIMTENs] TPYHTOM C APYrUM

YIEJIBbHBIM COMPOTUBJICHUEM HAXOAUTCS 1O hopmyrie

1 St ]

2 1
R= PH]ﬂ—Jr—[P_PH)]ﬂ—.-ﬁ
amt O EArt =i om, (2.32)

I7€ p - YACIBHOE COIIPOTUBICHUE OCHOBHOTO I'PYHTA, OM XM, Py - YACIbHOC COIPOTUBJICHUE IPyHTa-

3aMOJIHUTENSA, OMX M, ¥() - PAAUYC CTEPKHS 3a3eMIIUTENS, M, F - PAAUYC BBIEMKH KOTJIOBaHa, M, [ -

FJ'IY61/IHa KOTJIOBAHa, HpI/I6JII/ISI/ITeJ'II>HO paBHAA JJIMHC 3a3CMJIUTCIIA, M.
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Puc. 2.22 OTHOCUTENBHOE CHU)KEHUE COTPOTUBIICHU S 3a3€MJICHHUS B CITy4ae MPUMEHEHUSI HACBIITHOTO
TpyHTa IIPU PA3TUYHBIX PANYCaX BHIEMKU

Ha puc. 2.22 npuBeneHbl KpuBBbIE H3MEHEHHsS (B MPOILIEHTAX) OTHOIICHHUSI CONPOTHUBICHHUS R3
3a3eMJIMTENS], TTOMEILEHHOIO B KOTJIOBAH C HACBIIIHBIM TPYHTOM, K CONPOTHBIIEHUIO Rzy 3a3eMIIUTEI,

IIOMCHICHHOI'O B OCHOBHOM I'PYHT, B 3aBHUCUMOCTU OT OTHOHICHHUA YACIBHOI'O0 COIIPOTUBJIICHUA
OCHOBHOI'O I'PYHTA P K YACIbHOMY COIIPOTUBJICHHUIO HACBIIIHOT'O TPYHTA Py. Ot KPUBBIC ITIOCTPOCHBI IJIA

KOTJIOBaHOB C paauycoM » = 0,25 10 m

2.54. DddbekTUBHBIM W JEIIEBBIM CIHOCOOOM CHHUXEHHUS CONPOTHUBJICHHS 3a3€MIICHUN SIBIISIETCS
o0paboTKa TpyHTa MOBapeHHOW combio. JleiicTBUEe mocieqHell CBOAUTCA HE TOJBKO K MOHMKCHUIO
VIEIBHOTO COMPOTUBIICHUS TPYHTA, HO U K TOHMKEHUIO TEMIIEPATyphl €ro 3aMep3aHUsl.

2.55 CymecTByIOT pa3Hble cOCOOBI YKIaAKUA coiin Onu3 3a3zemuutens. B mpakruke MunucrtepcTa
cBssu CCCP pacnpocTpaHeHa yKIajka OKOJIO TPyOuyaTOro 3a3eMIIUTENS COJHM CIOSIMA TakK, KaKk 3TO
nokazaHo Ha puc. 2.23a. Colb MOXET TaKkkKe YKIaJbIBaThCS BCS Ha TIyOMHE BO3JEe TPyO4yaTtoro



3azemutnTens (puc. 2.236) uau Ha HEOONBIIOM PacCTOSHUU OT Hero (puc. 2.23g). Ilocmemnuit cioco6
sByIsieTcss Oosiee yIOOHBIM B TOM OTHOIICHHH, YTO KOPPO3HS 3a3¢MIIMTENII B 3TOM cliydae Oymer
MHWHUMAaJIbHOM.
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Puc 2.23 Cioco0s1 yKIaJKu COMH OKOJIO BEPTUKATIBLHOTO 3a3€MIIUTENS

KonuuecTBO comu, Tpedyrorieecs st 00pabOTKU 3a3eMJICHHU S, 3aBHCUT OT JUIMHBI dJIeKTpoaa: oT 1,5
10 10 ke Ha 1 M 3a3eMIuTeNIS.

WNHoraa conblo 3amoiHSAETCS MPOCTPAHCTBO BHYTPHU 3a3€MIIMTEINS, BBIMTOJTHEHHOTO B BHJIE TOJION
TPYOBI C OTBEPCTUSIMU, YEPE3 KOTOPHIE PACTBOP COJIM BBIXOJAUT B OKPYKarOIMi rpyHT (puc. 2.232).

Ha puc. 2.24 moka3aH crmoco0 yKIaJKd COJIH OKOJIO TTPOTSHKEHHOTO 3a3EMITHTEIIS.
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Puc 2.24 Vxiagka coiam OKoJIO NPOTSDKEHHOTO TOPU30HTAIBHOTO 3a3€MIIUTENS

2.56 Tak kaKk COJIb CO BPEMEHEM BBIMBIBAETCS, TO CPOK JIEHCTBHUS OOpaOOTKM I'pyHTa OTPAaHHYCH U
gyepe3 2 - 4 roya ee MPUXOAUTCS MOBTOPATh. D(PPeKTHBHOCTh 00pabOTKH HEOJAWHAKOBA U C TCUCHHEM
BpEMEHHM MeHseTcs. B mepBwIii Toj, Korma cosib €lie HE YCHEBAeT PACHPOCTPAHUTHCS BOKPYT
3a3eMJIUTENs], COMPOTUBJICHUE CHUXKAETCS CPAaBHUTEIBHO Manio. ONTUMaIbHBIE YCIOBHUS HACTYIAIOT HA
BTOPOM-TPETHEM IOy U 3aTE€M HAUYMHAIOT UJITH Ha YOBLIb.

CroitkocTh 00pabOTKH 3aBUCUT OT CTPOSHUS TPYHTA, BIAKHOCTH, KOJIMYECTBA OCA/IKOB.

2.57 K HemoctaTkaMm yKa3aHHBIX CIIOCOOOB OOpaOOTKH TPYHTOB OTHOCSTCA: HEOOXOIUMOCTh
BO30OHOBJICHUSI MPOMUTKUA TPYHTOB MpPUMEpHO dYepe3 2 - 4 roga U BO3MOXKHOCTh pa3pylLEHHS
3a3eMJIMTEICH OT XMMUYECKOTO BO3JCHCTBUS HA HUX COJIEW WUIIM COJIIHBIX PacTBOPOB, BCJIEACTBUE YETO
TpeOyeTcs 3aMeHa UX HOBBIMHU 3a3¢MIIUTEIISIMHU.

Jenanuch MOMBITKH YCTPaHUTh 3TH HeAOoCTaTku. Tak, B ['epmaHuu, Hampumep, ObUT MpEAsIOKEH
CHoCco00, MO KOTOPOMY B TPYHT BOKPYI' 3a3€MJIMTENS] BBOISATCS METAIbl B TOHKOM3MEIBLYEHHOM BUJIE,
KaK, HallpuMep, B KOJUIOMJHBIX PACTBOpAxX, WJIM B BUJE MEJIKOW METAINIMYECKON CTpYXKKU. Eciau mnpu
ATOM TOHKO M3MEIbUEHHBIC METAJUIBl BEIOPAHBI TaK, YTOOBI HE MOTJIM BO3HUKATH TAJIbBAHUUYECKUE Maphl
C CaMHM 3a3eMJIMTENIEM, TO MOCIEAHUN KOPPOIUPOBATH HE OyIET.

Opnako KoOJTOMABI HE OoJee yCTOMYMBBI B TPyHTE, YE€M COJM U COJIAHbIE pacTBOphl. OHU
MOCTETIEHHO BBIMBIBAIOTCS U3 OJIM3IEKAIMX K 3a3eMIUTEIIO CIIOEB JIOKIECBOM BOJON, BCIEJICTBUE YETO
JIOCTUTHYTOE yYMEHBIIICHWE COMPOTUBIICHUS 3a3eMIIMTENA C T€UeHUEeM BpemeHu mpomamaer. B CIHIA
MpEeANIOKEeH croco0 3aJepKaHus BBHIMBIBAHHS COJISIHBIX PACTBOPOB M3 TPYHTA IMYTEM CMEIMBaHUS



COJISTHOTO pacTBopa (HampuMep, MEAHOIO Kylopoca) ¢ HEpacTBOPUMOM B BOJIE IJIACTMAacCOBOM CMECHIO
U BOPBICKUBAHHUS WX B TPYHT IMOJA OONBIIMM JaBJICHHUEM. ODTOT CHOCOO SBJISETCS JOPOTHM H
MPOJOIHKUTENBHOCTD €T0 ACUCTBUS HE ONPeesiiach.

W3 npyrux croco00OB MCKYCCTBEHHOTO CHMIKCHUSI COMIPOTUBIICHUS 3a3eMIIMTENICH, TPEUIOKCHHBIX B
Pa3IMYHBIX CTPaHaX, B IEPBYIO OUEpe/lb 3aCTY)KHMBAE€T BHUMAaHUS MBEJICKUN CcIOCO0 - 00paboTka rpyHTa
BOKPYT 3a3eMJIMTEIIS IIPU TOMOIIM DJIEKTPOIUTOB, 00PA3YIOIIMX TelTb.

B pesynbraTe cMerieHHsi KOHIEHTPHUPOBAHHOTO PACTBOpPA CEPHOKHCION MeIu C SKBUBAJICHTHBIM
KOJIMYECTBOM KOHIUEHTPHUPOBAHHOIO pacTBOpa COJIM ILEJIOYHOTO CHHEPOAMCTOrO jKeje3a IMOoJIydaeTcs
HEPACTBOPUMBINA B BOJIC MPOJIYKT PEAKIUU - KEIE3UCTOCHHEPOAUCTAsT MeJlb, KOTOpasi MPU M3BECTHBIX
YCIIOBHSIX 00pa3yeT OTHOPOIHBIN AJIEKTPOIPOBOISIIMNA THAPOTEITb.

Onekrpudeckue W (pU3MYeckue CBONCTBA TUIPOTENsl HE MEHSIOTCS CKOJIb-JTMOO CYIIECTBEHHO OT
JUTATEIIBHOTO BO3JICHCTBUS BOJBI U SBJISIOTCS YCTOHYMBBIMU MPHU KOJICOAHUSIX TEMIIEPATYPHI B TPE/eiax
or -60 go +60 °C. OpmHako OH H(eKTHUBEH TNpPU CHUKEHUH OYEHb BBICOKUX COMPOTUBICHUU

3azemiieHuit (mopsinka 400,600 om) m Manod(ppeKkTUBEH TpPU BEIMYMHAX COMPOTHUBIICHUN TOPSIKa
20,30 om.

3. YCTPOMICTBO 3A3EMJIEHU HA BO3YIITHBIX IMHUAX CBSA3HU U
PAIJUOTPAHCIALIUMOHHBIX CETAX

OBILIME 3AMEYAHUSA

3.1. 3azemusitonme yCTpOCTBa Ha IMHUSAX CBSA3U U PAUOTPAHCISAIUOHHBIX TUHUSIX 000PYIYIOTCS Y:
JIePEBSIHHBIX OTIOP;

BBOJIHBIX KaOeliel U KaOeJIbHBIX BCTABOK;

BBOJHBIX YCTPOUCTB Ha TeNEPOHHBIX U TeNerpadHbIX CTAHIUIX U YCUITUTETbHBIX MyHKTaX;

- TOHU3UTENBHBIX TPAaHCHOPMATOPOB A0OHEHTCKOM pauOTPAHCIALMOHHOMN CETH.

3.2. 3anmTa JepeBsIHHON OMOPHI OT PACIICTVICHUS €€ MOJIHUEH MPOU3BOIUTCS MOJTHHUEOTBOJIOM, T.€.
MPOBOJAHUKOM, MPOJIOKEHHBIM BJIOJIb OMIOPHI CBEPXY JIOHU3Y M 3a3€MJICHHBIM Ha KOHIIE.

3.3. MoJIHMEOTBO/Ibl YCTaHABINBAIOT:

- Ha BCEX YIIIOBBIX, MEPEXOJIHBIX, KAOEIbHBIX, pa3pe3HbIX, KOHTPOJBHBIX OMOpax, a TaKKe Ha
TpaHCcPOPMATOPHBIX OMOPax PUICPHBIX K A0OHEHTCKUX PaTUOTPAHCISIIIMOHHBIX JINHUH;

- Ha TATH OMM>KaWIMX OMopax MarucCTPadbHBIX BO3AYIIHBIX JHHUM CBSI3U (BKIOYAs W BBOIHYIO
KaOENbHYIO OMOPY) P MOAX0E UX K OKOHEUHBIM U MPOMEKYTOUHBIM YCUIIUTETbHBIM MYHKTaM, a TAKKe
na JIByx Onmxailnmx omopax (uAEepHbIX U a0OHEHTCKUX BO3AYLIHBIX PaJIMOTPAHCISILIMOHHBIX JMHUM
IIPU MOAXOJE UX K CTAHIIMHU WJIU MOJACTaHIUH;

- Ha PaJNOTPAHCISAIMOHHBIX a0OHEHTCKUX CTOJIOOBBIX JIMHUSX, PACIOJOKEHHBIX B HaCEICHHBIX
MYHKTaX, 4epe3 kaxapie aa mpoieta (100 ») u Ha Onmxaiiieil kK aOOHEHTCKON YCTaHOBKE OIMOpe MpH
JUTMHE a0OHEHTCKOTO BBOJIa OoJiee oaHOTO mpojiera (50 m),

- Ha TOBPEXICHHBIX KOTAa-Tn00 MOJIHHEH OIopax, a TakKe Ia HOBBIX OMOpax, YCTAaHOBJICHHBIX
B3aMEH MOBPEKICHHBIX.

3.4 ComnpoTuBieHHEe 3a3€MJICHUH MOJIHUEOTBOAOB, BBIMONHSIONMX pa3liuuHble (QyHKIUHU B
3aBUCHUMOCTH OT YJI€JIBbHOTO CONPOTHUBIIEHHS TPYHTOB, JOJKHO OBITh HE 0OJiee BEIIMUMH, IPUBEACHHBIX
B ['OCT 464-68.

3.5. MonHHEOTBOIbI BBITIOIHSIOT U3 CTATBHOW OLIMHKOBAHHOM MPOBOJIOKUA AUAMETpoM 4 | 5 mm (Mnu
JIBYMSI IIPOBOJIOKAMH JTMAMETPOM 3 MM), KOTOPYIO TIPUKPEILISIIOT K CTOJI0Y CKOOaMu, pacioyioKeHHBIMU
Ha pacctossHuu 30 cm apyr ot apyra (puc. 3.1). MI3rudbl mpoBOJIOKH MO CTONI0Y HE AOMYCKAOTCSL.
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Puc 3.2 YcTpoiCTBO MOTHMEOTBOIA C HCKPOBBIM ITPOMEKYTKOM

3.6. Ha omopax JuHH# CBSI3U ¥ PaIuOTPAHCISIIIMOHHBIX, TTOIBEPKCHHBIX BIMSHUIO JIAHUH BBICOKOTO
HanpspxeHus (BJI), MOTHHEOTBOIbI YCTPaNBAIOT C HCKPOBBIM TPOMEKYTKOM (puc. 3.2).

3.7. 3a3emiieHuE MOJTHUEOTBOJIOB B 3aBHCHMOCTH OT Y/I€IBHOTO COMPOTUBIICHHS TPYHTA U TpeOyemMoi
HOPMaMH BEJTMYMHBI COMTPOTUBIICHUS 3a3€MJICHUSI MOKET OBITh BBITIOJIHEHO B BUJIE:

- CIIyCKa MOJTHUEOTBO/Ia, HATPABJICHHOTO BJ0Jb MOA3€MHOM YacTu ctonba (puc. 3.3);

- BBITSHYTOTO TOPU30HTAILHOTO JTyda (SBIISIOIIETOCS MTPOA0DKEHUEM MOJTHUEOTBO/IA), 3aKOITAHHOTO B
3eMJII0 BJIOJTh TuHHUU Ha riayoune 0,5 0,7 m (puc. 3.4);

- HECKOJIbKMX BBITSIHYTBIX TOPU30HTAIBHBIX JIY4eH U3 CTATbHOW IMPOBOJIOKH, 3AJI0KCHHBIX B 3¢MJIC Ha
rnyoune 0,7 m (puc. 3.5);

- BEPTUKAIBHBIX IEKTPo0B (puc. 3.6, 3.7, 3.10).

3.8. Ilpu ycTpoiicTBEe 3a3eMJICHHST MOJIHHMEOTBOJA B BHUJE BBITAHYTOIO TOPU30HTAIBHOIO JIyda
COIPOTUBJICHHUE 3a3€MJICHUSI B 3aBUCUMOCTHU OT JUTUHBI BBITSHYTOW MPOBOJIOKH U TPYHTOB OyIET UMETh
3HauUeHUsI, IpUBEACHHBIE HA KpUBOil R = @(]) (cm. puc. 2.7).
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Puc. 3.4. 3azemsieHre MOJITHHUEOTBOA B BUE TOPU30HTAIBHOIO JTyda
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Puc. 3.5. 3azemiieHre MOJTHUEOTBOA B BU/JIE TOPU3OHTAJIBHBIX JTy4YEt:
a) MByXIydeBOTO; 6) TPEXITyUIEBOTO; 8) YSTHIPEXTyIEBOTO

Kak BUIHO, OMH BBITSHYTBIA MPOBOJIOYHBIA 3a3€MJIATENb JUIMHOW 6 M HMEET CONPOTUBIICHHE
pacTekanuio TOkoB oT 1,5 1o 150 om npu xonedaHuu yneabHOro conpoTuieHus rpyata ot 10 go 1000

OMX M.

Puc. 3.6. Onopa c 3a3emiieHHEM U3 OTHON TPYObI
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Puc. 3.7. YcTpoiicTBO 3a3eMieHus U3 OJHOM TPYOBI

3.9. B cnydae, Korja Mpu JaHHOM YAEIBHOM COMPOTHUBJICHWU TPYHTA BEIMYMHA COMPOTUBIICHUS
OJMHOYHOIO 3a3eMJIMTENSI HE YIOBJIETBOPSiET TpeOyeMOH HOpMe, YCTpauBaeTCs MHOTOAJIEKTPOAHBIN
(MHOTOJIY4€BOI ) 3a3eMIUTENb (CM. puc. 3.56, 8) C KOJIMYECTBOM JIydel 7, ONpeesieMbIM o GopMmyrie

R
=
Rem | 3.1)

rae R - conpoTUBIEHNE EAUMHUYHOTO JIY4€BOTO 3a3€MIIUTENS, OM,

Rop - oOlee cOmpoTHBIECHUE MHOIO3JIEKTPOJHOIO JIy4EBOIO 3a3€MJICHUS, KOTOPOE JOJKHO
ynoBiaetBopsTh TpeboBanusm 'OCT 464-68, om,

O - UMIYIbCHBIN KOA(DPUIIUEHT;

1M - KO3(PPULHEHT UCTIOIB30BAHUS 3a3EMIIUTEIEH.

IIpumep. ConpoTuBIeHUE 3a3eMIICHUSI MOJIHUEOTBO/IAa Ha OTIOPE C MOHMKAIONIM TpaHchopmMaTopom
paanoTpaHcasuoHHON ceTu nipu p = 500 omXm gomxno 66T paBHO cortacHo [[OCT 464-68 (tabi. 9)
55 om. TpeOyeTcsi pacCUMTaTh YUCIO JIyded 3a3eMJIMTENS MOJIHMEOTBOJIA, €CIU MPH €ro YCTPOHCTBE
M CII0JIb30BaHbl IPOBOJIOYHBIE BBITSIHYTHIE 3a3€MIIUTENU JUIMHON [/ = 5 m 1 tuameTpoM d = 4 mm.

N3 xpuBoit R = ¢ (/), npuBeneHHoi Ha puc. 2.7, HaxoauM, uto npu p = 500 omXm cOonpoTUBICHUE
BBITSHYTOTO 3a3eMJIUTEINs TMHOU 5 m paBHO 150 om. CienoBaTenbHO, B TaHHOM Cilydae OTpeOyeTcs
MHOTO3JIEKTpOJHOE (MHOTONy4eBoe) 3azemiieHune. KonnuecTBo 3azemmutenieil ompenensercss mo ¢-ie
3.1).

[Tockonbky kKOd(hHUIMEHTH 1| U o, BXogsaume B ¢-my (3.1), caMu 3aBHCAT OT YKCIa 3a3eMIIHTENCH,
KOTOPOE MBI JIOJDKHBI OMPEEIUTh, TO PACYET BEAYT CIACAYIOIMM 00pa30oM.

CHauvasia onpeziensgeM 4UCIIO 3a3eMinTeneit 6e3 yuera koadpuiimeHToB M u o.. B Hamem ciywae R] =

150 om, Rog = 55 om, cnengoBatensHo, n] = R1/Rog = 150/55 = 2,72~3 snexrpona. Ilo tabn. 2.14 u 2.9
HaxoauMm, yto a2 = 0,5 u n =0,76.

[loncTaBUB yKa3aHHBIC 3HAYCHUS B MOIHYIO GopMmyny mis n, moiayduM n = (150%0,5)/(55%0,76)=2
3azemiutens. Ilocme 3Toro MokHO OoJjiee TOYHO ONPEACTUTh COMPOTHBICHHUE 3a3€MIISIOIICTO
YCTPOMCTBA, COCTOSILIETO U3 IBYX BBITSHYTHIX 3a3emiuteneil: Rog = (150X0,5)/(2X0,76) = 75/1,5 = 50



oM.

3.10. ConpoTuBiieHUs 3a3€MJISIOILIETO YCTPOWCTBA, COCTOSALIEIO W3 BEPTUKAIBHBIX CTAJIBHBIX
AJIEKTPOAOB, YKa3aHbl Ha puc. 2.4. V3 mpuBeNeHHOT0O Ha AITOM pHUCYHKe Tpaduka BHUIAHO, UYTO
COINPOTHBIJICHHE OJHOTO BEPTHKAIBHOTO 3a3€MIIMTENS, B 3aBUCHUMOCTH OT €ro JuameTpa M JJIUHBI, a
TaKKe YJIENbHOIO COMPOTUBIIEHUS ITPYHTA, U3MeHsAeTcs B ipeaenax ot 1 1o 1000 om.

Korma mpu naHHOM yaenbHOM CONPOTHUBIICHHU TPYHTA BEIWYMHA COMPOTUBIICHUS OJUHOYHOTO
3a3eMIIMTENIS] HE YOBJIETBOPsiET TpeOyeMOoW HOpME, YCTPaMBalOT MHOTOAJIEKTPOAHBIA 3a3€MIIUTENb C
KOJIMYECTBOM 3a3eMIIUTENeH, onpeaenseMbiM o ¢-ie (3.1).

IIpumep. Tpebyercs paccuuTarh 3a3eMIIEHHE JUIsl MOJHHEOTBOJA, YCTAHOBJIEHHOTO Ha KaOeiabHOMU
onope B rpyHTe ¢ p = 300 omXm npu HOpMe oOIIEro conpoTuBieHus R,5 = 7 om. ConpoTuBieHHE
€IMHUYHOTO BEPTUKAIBHOTO 3a3eMIIUTENs IIMHON 1,5 M u nuameTpom d = 4 ymm corflacHO KpUBOM R =
¢ (1) na puc. 2.4 ipu p = 300 omXm paBHo 148 om.

[pexne uem BbIOpaTh U3 TabI. 2.14 u 2.9 BenuunHbI KOA(OPUITMEHTOB HUCIIOIB30BAHMS 3a3EMIIMTENEH
U BEIUYMHBI UMIYIbCHBIX KOO(PPULMEHTOB, MPEABAPUTEIBHO ONMPEIeTUM KOJUYECTBO 3a3eMIIUTENCH
0e3 ydera 3TuX Kod(ppuuireHToB, T.€. ipu R) = 148 om u Rog = 7 om n2 = R)/Rog = 21. Onpenenus mno

tab. 2.9 u 2.14, yton2 = 0,6 u a1 = 0,6, mo o6mweit ¢-11e (3.1) Haxogum n) = (148X0,6)/(7x0,6) = 21.

[Ipumeganue. Takoe KOMMIECTBO 3a3eMIHTENCH TOTPEOYETCS, €CIIM COSMHUTENLHBIE IIPOBOIa Oy Iy T H30JMPOBAHBI OT
TPYHTA.

3.11. IIpu 3a3eMiIeHUN KaOENBHBIX AIMKOB C MOIIHBIMU Pa3psAHUKAMU U KOXKYXOB TpaHc(opMaTopoB
pazMoOTPaHCISIIMOHHONW CETH JiBa MPOBOJA, UAYLME OT 3a3€MJICHHUS, MPOKIAAbIBAIOT MO MOBEPXHOCTH
ctonba (moa obummu ckodamu). Ha BeicoTe KaOenpbHOTO sipKa (MM SIMKa ¢ MOIHBIMH Pa3psIHUKAMU,
UJIM KOXKyXa TpaHcopMaTopa paJuoTPAHCISIIMOHHON CeTH) OJIMH U3 ATHX MPOBOJIOB MPUCOCTUHSIOT K
3a3eMIISIOIEMY 32KMMY YKa3aHHBIX OOBEKTOB, a JIPYro - MPOKIAAbIBAIOT Jajbllie 10 BEPIIMHBI CTON0A.
DTOT npoBOJ OYAET SABIATHCS MOJIHHUEOTBOJIOM ISl 3alMTHI CTOJI0A OT pa3pyllieHUs MPU yAape MOJTHUU
B JINHUIO.

BEPTUKAJIBHBIE MHOT'O3JIEKTPOAHBIE 3A3EMJINTEJIN

3.12. YcTpoicTBO 3a3eMIICHUSI M3 OJJHOM TPYOBI MJIM OJTHOTO YroJika rmoka3aHo Ha puc. 3.6 u 3.7. Ilpu
YCTPOMCTBE 3a3eMJIGHUH M3 HECKOJBKUX 3JIEKTPOJOB MOCIEAHUE B 3aBUCUMOCTH OT MECTHBIX YCIOBUMA
MOTYT OBITH 3a0UTHI B psf (cM. puc. 3.8a) nubo B gopme kpecta (cMm. puc. 3.80), kpyra (puc. 3.86) win
MPSMOYTOJIbHUKA (CM. pHC. 3.82).

3.13. Ilepen BOMBaHWMEM D3JIGKTPOJOB B IPYHT K KaKJIOMY M3 HHUX JIOJDKHA OBITH NpHUBapeHa HWIIU
npunasHa cTajbHas MpoBosioka auamerpoM 4 5 mm. IlpuBapka miau npumnaika NpoBOJIOKH K TpyOe
MOXXET MPOU3BOAMUTHCS CleaylonmM oOpa3om: Ha pacctosHuu 50 m 80 mm OT Kpas B 3JIEKTpoJe
MIPOCBEPJIMBAIOT CKBO3HBIE OTBEPCTHU S, HAPYKHYIO IOBEPXHOCTD 3JIEKTpoa Ha JAjuHe npuMepHo 30 mm
1o 00e CTOPOHBI BEPXHEro OTBEPCTasi OUUIIAIOT U 3aTYKUBAIOT; KOHEIl IPOBOJIOKH Ha JJIMHE HE MEHee
100 cm 3amyXUBarOT U MPOMYCKAIOT Yepe3 BepXHEe OTBEPCTUE B TPYOE UIIM B CTOPOHY YroJiKa Ha JJIUHY
50 cm; 3aMy’KEHHOM 4YacThi0 MPOBOJIOKU JIEJAlOT MATh 000POTOB BOKPYI AJIEKTPOJia MO 00€ CTOPOHBI
BEPXHEro OTBEPCTHs (CM. puc. 3.7); BEpXHUM KOHEI] MPOBOJIOKH 3aKPEILISIIOT XOMYTOM M3 MPOBOJIOKH
JMaMeTpoM 2 MM, a HMXKHHMI KOHELl - MPOIYCKAIOT Yepe3 HHM)KHEEe OTBEPCTHE M 3arudaroT; MEecTo
COCIMHEHHUsSI TMPOBOJOKM C TPYOOW TINATEIPHO NPUBAPUBAIOT WU MPOMAUBAIOT U TMOKPHIBAIOT
ac(aibTOBBIM JIAKOM MJIU KAKUM-JIMOO JIPYTUM KUCIOTOYIOPHBIM COCTaBOM.

7) 0) &) 2)




Puc. 3.8 PacnionoxxeHue TpyO4aThIX 3a3eMIMTENCH IPU YCTPOICTBE MHOTOIEKTPOIHBIX 3236 MIICHU I

a) B paxd; 6) B hopMme kpecTa; 8) B hopMe KpyTa, 2) B popMe NpsIMOyTOJbHUKA
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Puc. 3.9. CranbHol BKIabIII U1 3a0UBKH TPYO

3.14. YtoObl HEe MOBPEIUTH Kpasi TPyObl NMpu 3a0UBKE B TPYHT, B BEPXHUN KOHEI[ €€ BCTABJISIOT
CTaJIbHOW BKJIAJBIII C TOJIOBKOM, KOTOpask OMUPAETCs CBOMMHM 3allJIeYMKaMU Ha cpe3 TpyObl (CM. pHC.
3.9).

3.15. Huxuuit koHell TpyObl, 3a0MBaeMbIi B TPYHT, TPEABAPUTEIBHO CILTIONMBAIOT, KaK MOKa3aHO Ha
puc. 3.7.

3.16. TpyObl MHOTOAPNEKTPOJHOTO 3a3eMIIUTENSI OOBEOUHSIIOT MEXAy CO0OiM TMpU MOMOIM
COCIMHUTENIBHOW TOJOCHl WJIM MPOBOJIOKH, MPUBAPUBAEMON WJIM MPUIIAMBAEMON K BEPXHEN YacTH
KaXJI0H TPYOBI.

3.17. Tlepen 3a0uBKOM 3a3eMIIMTENIC B TPYHT JUIsl KQKIOTO U3 HUX KOMAKOT siMy TimyomHou 0,8 .
3a3eMiuTeNb 3a0MBAIOT B TPYHT B IIEHTPE MBI TaK, YTOObI BEPXHUIN KOHELl BO3BBIILAJICS HaJl YPOBHEM
nHa ssmbl Ha 10 em (puc. 3.10).

Mexay siekrpojamMu mpopbiBaioT TpaHiueto nmpuHoi 20,30 cwm, rmyounoit 0,7 m. Ha gHo sToii
TpaHLIEH YKIAJbIBAIOT COCNUHUTEIBHYIO IIPOBOJIOKY, KaK 3TO ITOKa3aHo Ta puc. 3.10.

3.18. Ilocne 3a0UBKU 3JEKTPOAOB COCAMHUTENbHBIC TPOBOJHUKHN OT 3a3€MJIMTENECH CBHUBAIOT MEXKIY
coboit ¢ marom ckpyrku 0,1,0,25 m. Ilpu ycrpolictBe pabouymx 3a3eMIIEHHH BO BCEX TIpyHTax, a
3alMTHBIX - B AarpecCUBHBIX COCIMHHUTENbHBIC MPOBOJA HA BCEM IMPOTSDKEHMHM [0 BBIXOJa Ha
MOBEPXHOCTh U30JIUPYIOT OT 3€MJIM JBYXCIOMHBIM MOKpbITHEM ac(anbToBOro jaka. Ilocie BhImogHeHUs
yKa3aHHBIX pabOT TpaHILIEI0 3achllaloT 3emieil. Bmecto MpPOBOZOB MOIYT HCIOIB30BATHCS
COETMHUTENBHBIC TTOJOCHI WM IIMHBI (CM. puc. 5.1).

3.19. K cmycky oT kaOenbHBIX SIIMKOB MIIM 3alMTHBIX KOPOOOK U ycTpoiicTB Ha riyoune 0,5 m ot
MOBEPXHOCTH 3€MJIM ITOOUYEPEIHO MPUIIAUBAIOT MMOJIBOSIIME TPOBOJIA OT 3a3emiuteneil (M. puc. 3.10).
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Puc. 3.10. CoequHenue TpyoqaThIX 3a3eMIMTEIEH MTPOBOIAMHU
3AI'JTYBJIEHHBIE U T'V1Y BUHHBIE 3A3EMJINTEJIN

3.20. 3armybnennbie (ot 3 10 10 M) u TmyOuHHBIE 3a3eMumTeNn (cBbime 10 ) ycTpamBarOTCS B TEX
cllydasx, KOrja IMOCPEICTBOM MHOTOAJIEKTPOAHOIO 3a3eMJIEHUSI HEBO3MOXKHO JOOUTHCS TpeOyemoi
BEJIMUMHBI COMPOTUBIICHUS 3a3€MJICHUSL.

HNHoraa ¢ moMoupl0 MHOTOAJIEKTPOIHBIX 3a3€MJIEHU MOXKHO 00eCIeuuTh HEOOXOIUMYIO BEJIMUNHY
COMPOTHUBJICHUS 3a3eMJICHUS, OJHAKO TIIYOMHHBIC M 3anTyOJICHHBIC 3a3eMIIMTENIN TPEOYIOT MEHBIIHMX
3aTpaT py4HOro Tpy/Aa U MaTepPHaJIOB.

Pacuer 3arny0neHHbIX ¥ TITyOMHHBIX 3a3€MIIMTENEN OCYIIECTBIISIETCS corniacHo mi. 2.29 - 2.33.

3.21. 3azemuiutenu u3 npyrka anuHou 10 10 wm 1ienecoodpa3Ho MOrpyxarh B 3eMJII0 HEpa3pe3HbIMU
MOCPEJICTBOM BBEPTHIBaHUA. J[JI1 BBEPTHIBAHHS HCIOJB3YIOTCS TEPECHOCHBIC BpallaTeIbHBIC CTAHKH,
HafpuMep, JBUTATENb OT MUIbl «/[pyx0a», dNMEKTpUUYECKUE CBEPIUIKH, dIEKTPOAPETh C PEAYKTOPHOM
npuctaBkod u T.4. Jus oOnerdeHus BBEPTHIBAHUS KOHEI[ NPYTKA CHEHHAIbHBIM 00pazom
BU0M3MeHsieTcs (puc. 3.11).
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Puc. 3.11. HuxxHuii KoHel npyTrka Ipu BBEPThIBAHUHU ITTyOMHHBIX 3a3eMIIMTENICH
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Puc. 3.12. Capka cekiuii nTyOMHHBIX 3a3¢MIIUTEIICH C TIOMOIIBIO OTPE3Ka YroJIKa

3.22. 3azemumtenu JIMHONM OT 10 10 15 M BBIMOMHSIOTCS CEKIIMOHHBIMHU. J[IMHA KaXXJIOM CEKIHU
1,5,2,5 m. Pabota HaunHaeTcs ¢ 3a0MBKH TIEPBOTO JJICKTPOJa, 3aTeM K HEMY MPUCOSIUHSIETCS BTOPOM
anexkTpon u T.1. [ns 3a0uBku ucnonb3yercs Bubpomosor tuna BM-2, usroroBnsemsrii KomGunarom
MPOU3BOACTBEHHBIX MPEINPUATUI TpecTa «MeKTOPCBAZBCTPOM.

[Ipu 3a0uBKe cTepKHEW B TBEPABIX I'PYHTAX BHUOPOMOJOT JOJKEH ObITh ycuiieH. C 3TOH IEJbIo
MPOJEIIBIBAIOTCS CIIEIYIOIME OTEPaIHU:

- OOMOTKH CTaTOpa 3aJMBAIOTCS SMTOKCUIHON CMOJION;

- K HaroJIOBHUKY IPUBApUBAIOTCS JOTIOJHUTENbHBIE peOpa )KECTKOCTH;

- 3aKpEeIISIIOIIEe YCTPOUCTBO 3JIEKTPOAA YCUIINBAETCSL.

Bo3MoXHBI U IpyrHie cpefcTBa BUOPOTIOTPYKEHUSL.

CoennHeHne CEKIIM OCYIIECTBIAETCS MO0 cBapkoil (puc. 3.12 ) (B ciiyyae 3JI€KTPOIOB U3 YTOJIKOB),
nubo cBMHUMBaHHEM (TMpyTokK). B mocneanem ciiydae cekuuu 3apaHee cHaOxkaroTcs pespooi. [lpu
COWIEHEHUU CEeKIUWU i1 O0O0eCleueHUs] HUX HAJIEKHOTO DSJIEKTPUYECKOIO COEIMHEHUS BHYTPb
3aCBEPJCHHOTO OTBEPCTHS 3aKiajapIBaeTcsi cBUHEIN. [Ipu 3a0MBKe 3a3eMIIMTENsl CBUHEI] PACTEKAeTCs MO
MOBEPXHOCTH, OOecleurnBas MEXaHMYEeCKOE COCIMHEHHWE M HaJexXHBI KoHTakT. Hambomnee
1esnecooOpa3sHo MpuUMeHATh Npyrok auamerpaM 18,20 mm. Cekius, morpyxaemas NMepBOM, UMEET
3a0CTPEHHBIN HUKHUN KOHEIl, Ha BEPXHUI KOHEI[ Ha/IeBACTCsl CbeMHBIN 00€K, MPeI0XpaHsIIONIN TOpell
CEKUHUH OT PACIUIIONMBAHUS.
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Puc. 3.13 YcrpolicTBO IiyOMHHBIX 3a3€MIICHUH B pailOHaX BEYHON MEpP3TI0ThI

3.23. CriocoObl, u3noxeHubie B nm. 3.21 u 3.22, IpUTOIHBI JJIsI CPABHUTEIBHO MSTKAX TPYHTOB C
yaenabHbIM conpoTuBieHueM 10 1000 omXm.

B xamMeHHCTOM UIU CKaIbHOM TPYHTE YCTaHOBKA MIYOMHHBIX 3a3€MIIMTENIEH BO3MOXKHA JIUIIb MOCIE
npeaBaputTenbHOro  Oypenuss OypuiabHbiM — arperatom  CBY-150 3U® wumu CbhbY-300 3UO,
yCTaHaBJIMBaeMbIM Ha aBToManmuax Tumna 3WJI, crankoMm ymapHo-kaHaTHoro OypeHust bBY-20-2M,
arperatoM ABb-TM-100 Ha ryceHUYHOM XOAy U T.[.

Jns ymeHbIeHHMs1 3aTpaTbhl MeTajula oOcaiHas TpyOa YCTaHAaBJIMBAeTCs TOJBKO B CaMOM Haydaje
CKBOKHMHBI (Ha IJIMHE MPUMEPHO 3 M), a 3a3€MJIMTENb BBIMOJHICTCS U3 CTAIBHOM MOJIOCHl ceueHUEM 4

" 40 i, KOTOpasi OIMYCKAETCS B CKBAXHHY MOJI IEHCTBUEM Tpy3a B BUJIC YIJTUHEHHOW OOJIBaHKUA BECOM
40 , 50 ke, ykperieHHOM Ha KoHIIE Moaockl (puc. 3.13). Cama CkBa)KMHA 3aIIOJIHSETCS] TOHKOAMCIIEPCHOM

cMmechro mHbL U 10 | 15% conu. BrnaxkHocTh cMecH JOBOAUTCA 10 TAKOW CTENEHU, TPU KOTOPOH €lle He
TEPSETCS CBOUCTBO CHITTYYECTH.

4. YCTPOMCTBO 3A3EMJIEHUIA Y ABOHEHTOB BO31Y LLIHO JUHUM CBSI3U U
PAJIMOTPAHCJISIHMOHHOM CETH

4.1. Ins 3aumThl aDOHEHTOB BO3AYLUIHBIX JIMHUN CBSI3M OT OINACHBIX HAIIPSHKEHUN Y KaXKJIOTO U3 HUX
YCTaHABJIMBAIOT pa3psaaHUkd. COMPOTUBICHUS 3a3€MIICHUHN ISl TAKUX PAa3pSIHUKOB JOKHBI OBITH HE
6onbine BenuuuH, npuBeaeHHbIX B [OCT 464-68.

4.2. B ciydae, Korma OJHO 3a3eMJICHHUE HCHOJIB3YETCS NI Pa3psIHUKOB HECKOJBKHX a0OHEHTOB,
COINPOTHUBJIEHUE ITOTO 3a3€MJIEHUSI B 3aBUCUMOCTH OT 4YHMCJa MPOBOJIOB TAKKE HE JIOJDKHO MPEBHILIATH
BeJIMUMH, yka3aHHbIX B 'OCT 464-68.

4.3. ns 3anmThl aOOHEHTOB pPAJMOTPAHCISLMOHHBIX JUHUN pa3psIHUKA YCTaHABJIMBAIOT B
cienyroumx nyHkTax (cMm. «[IpaBuna cTpouTenbcTBa M PEMOHTA BO3AYUIHBIX JIMHUW CBSI3U U
PaMOTPaHCISIIUOHHBIX CETeH, 4. [V):

- Ha onopax aOOHEHTCKOM JTUHUHU depe3 Kaxapie nBa mpoiera (80 , 120 m);

- Ha Omopax, MMEIIMX OTBOJbl B IMOMEIICHHUS C OOJIBIIMM CKOTUIGHHEM JIoAel (IIKOJIbI, SICIH,
OOJIBHUIIBI, KITYOBI, CETTLCOBETHI U JIP.), a TAKKE B TOMEIICHUS )KUBOTHOBOTYECKUX PepM;

- Ha Ommkaiimel K aD0OHEHTCKOM YCTaHOBKE OTOpPE, €CIU JUTMHA OTBO/A MPEBBINIAET ouH mpoieT (50
M).

ConpoTHUBIICHHE 3a3eMJICHUS Pa3pSAIHUKOB JOJKHO OBITH HE 0OJIbITE BeTUUnHbI, ykazaHHoi B [OCT
464-68.



4.4. 3azemieHne y aOOHCHTOB JIMHUM CBsI3U U aDOHEHTOB PAIMOTPAHCIISAIMOHHBIX CETEH MOXKET OBbITh
BBITIOJTHEHO C MOMOIIBIO CTaTbHOTO OIMHKOBAaHHOTO MPOBOJA, YIOKEHHOTO B 3eMii0 (puc. 4.1), win
Tpy0. JlomyckaeTcs Takke UCIOJIb30BaHUE IS 3a3eMIICHU I Pa3psTHUKOB, YCTAHOBJIICHHBIX Y a00OHEHTOB,
BOJIONIPOBOIHOM ceTH (puc. 4.2).
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Puc. 4.1. YcrpolicTBo 3a3eMiIeHUs C HCIOJIB30BAHUEM B KaU€CTBE 3a3eMJIMTEIISI BOJIONIPOBOJHOMN TPYObI
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Puc. 4.2. YcrpoiicTtBo 3a3emienust y aboHeHTckoro nmynkra CTC

4.5. BpiOop TuUma 3a3eMIUTENs JUIsl YCTPOMCTBA 3a3eMJICHUS Y aOOHEHTOB 3aBUCUT OT MECTHBIX
ycnoBui. B ropomax ykimaaka MPOTSHKEHHOTO 3a3€MIIMTENSI CBSi3aHA C PHIThEM KaHaBBbI, YTO YacTo
CONPSDKEHO C HEKOTOPHIMH TPYAHOCTSAMH. [lo3TOMYy B TOPOJCKHX YCIOBHSX II€JIECOO00Pa3HO
M CIIOIB30BATh /IS 3a3€MJICHU S CTAIbHBIE BEPTUKATIBHBIE SJIEKTPOIBI - TPYOBI UJIH YTOJIKH.

TpyObl M YroJKy 3aKamnbIBAIOT B TPYHT U JENAIOT BBIBOJ MPOBOJHUKA OT 3a3€MIIMTENS TaK *Ke, Kak
OBIJIO TTOKA3aHO BBIIIE.

4.6. 3azemiieHHME M3 CTAJIBHOTO MPOBOJA, YIOKEHHOTO B 3eMJII0, (CIEQyeT MPUMEHSITh TaMm, TJIe
HMMEEeTCs BO3MOXKHOCTh PBITh KaHaBy, T.e. Ha Bceil cetn CTC u paguoTpaHCIAIIMOHHON a00HEHTCKOM



CETH.
4.7. Tlpm wuCHONB30BaHUM MJIs 3a3¢MJICHHST Ha AOOHEHTCKMX ITYHKTaxX BOIOIMPOBOIHON ceTu
MOJIBOJIAIIMM TTPOBOJHUK MPHUCOSTUHSIOT K BOJONPOBOJHOW TpyOe B cooTBeTCTBUH C puc. 4.1. Jlus
CO3aHUsI XOPOIIIETO KOHTaKTa TPyOy, XOMYTHK U CBUHIIOBbIEC MPOKIAJKU MPEABAPUTEIBLHO 3aUUINAIOT J10
METAJIMYCCKOTO OJICCKA.
Bogomep momkeH OBITH 3allyHTHPOBAH IEPEMBIUYKON, BKIIOUEHHOW MEXKTY ABYMS KOHTAKTHBIMH
XOMYTHKaMH, YCTAHOBJICHHBIMU 1O 00€ €r0 CTOPOHHI.

5. YCTPOMCTBO 3A3EMJIEHUN JJIS1 TEJTETPA®HBIX U TEJIE®OHHBIX CTAHIIN,
YCUWINTEJIBHBIX TYHKTOB U PAIUOTPAHCJISIHUOHHLBIX Y3JI0B BE3
IMPUM EHEHHMSI KOKCOBOM 3ACBIIIKH SJIEKTPOJOB

5.1. Ha kaxmoi TtenerpadHoii, Tene@oOHHONW CTaHIIMU M YCHIIMTENBHBIX MYHKTaX ¢ COOCTBEHHBIMU
HMCTOYHUKAMU MHUTAHUS YCTPauBalOT TpU 00OCOOIICHHBIX 3a3eMJICHUS: paboyee U JBa W3MEPUTEIbHBIX.
[Ipy HOpManbHOI HKCIIyaTallMM BCE TPU 3a3€MJICHUS COENMHSIOT MMapajuieIbHO JPYr C APYrOM.
CTaHIIMU ¥ TTOJICTAHIIMHU PAAUOTPAHCISIIIMOHHBIX Y3JI0B O00OPYAYIOTCS OJHUM 3alMTHBIM 3a3€MJICHUEM.

5.2. OOmee COMpPOTHBICHUE MapalieNbHO COCAMHEHHBIX 3a3eMJICHUN JOJKHO YIOBJIETBOPSTH
HopMaM, nipuBeieHHBIM B ['OCT 464-68.

Jnd craHuUMid M MOJCTAaHUMK PAIMOTPAHCIALMOHHBIX Y3JI0B CONPOTHBIIEHUE 3a3€MJIEHUN JIOJKHO
ObITh He Oonee 10 om. BennuuHbI COMPOTUBICHUN OTACIBHBIX 3a3€MJICHHUN HE JTOJDKHBI OTJIMYATHCS
Jpyr oT Apyra 6oJiee 4eM B JBa pasa.

5.3. Paccrosinue Mexay OTAEIbHBIMHU 3a3eMJICHUSIMU, a TakKe MEXIY MOABOASALUMMHU MPOBOJAMH OT
3a3eMIISIONIM X YCTPOMCTB, HAXOAAIIMMUCS B TPYHTE, TOJDKHO ObITh He MeHee 20 .

54. Jlna 3a3emmenHus TenerpadHbIX U TeNe(QOHHBIX CTAHIUNA, YCHJIMTEIbHBIX MYHKTOB U
PaAMOTPAHCISILIUOHHBIX y3JIOB  HMCIIOJB3YIOT MPEUMYILIECTBEHHO BEpPTHKAIbHBIE 3a3emiuTenu. B
HEKOTOPBIX CIy4asix JOMYCKAeTCsl IPUMEHEHHE JIMCTOBBIX 3a3eMJIUTENCH.

5.5. Kaxnoe 3a3eMieHue U3 BEPTUKAJIbHBIX 3a3€MJIUTENEH TOJKHO COOTBETCTBOBATh YKa3aHUAM Pas/l.
3. Mexay coboi 3JEKTpOAbl OJHOTO M TOTO K€ 3a3€MJICHHs TOClie 3a0MBKH UX B TPYHT COCIUHSIOT
CTANBHOI MONOCOH ceuenreM He MeHbine 40 4 yun? KOTOPYIO IPU MOMOIIM HAaKIaJI0K MPUBAPUBAIOT K
Tpybam (puc. 5.1). CoeIMHUTENBHYIO TOJIOCY YKIAIBIBAIOT B TpaHiero riryonHoit 0,1 1,2 m.

5.6. BblBom OT 3a3emiieHHSl B 3[aHUE CTAaHIMHU JENAIOT JKCYTOM M3 CTalIbHBIX MPOBOJOK WIIH
CTAJIbHBIM KAaHATUKOM, M30JMPOBAHHBIM OT 3€MJIM acPaibTOBBIM HWIIM KAKUM-JIHOO APYyruM
M30JIMPYIONMM M BOJIOCTOMKUM JIakoM. B KadecTBe mOABOJIAINETO MPOBO/IA MOXKET OBITh MCIIOJIh30BaHa
TaKxKe IMHA, IPUBapuBaeMas K Tpyoam.

JlonyckaeTcs npuMeHeHue Kabenel B MIacTMacCcoBOM 000I0UKe.

5.7. K coeaMHUTENBHON TMOJNOCE MOABOASIMU KaHATHUK WM KIYyT U3 MPOBOJOB MOMKET OBITH
MPUCOEANHEH OJHUM U3 CIEAYIOIMX CIIOCOO0B:

1. Ha ryr uiam xkaHaTUK HAACBAIOT CTAIBHOW HAKOHEYHUK, KOTOPBIM CKUMAIOT IBYMSI XOMYTaMH.
MecTo coenMHEHUs KaHATHKA WIIM KI'yTa C HAKOHEUHUKOM MPOMAanBaIOT; HAKOHEYHUK MPUKPETUISIOT K
COETMHUTENIBHON M0JI0CE XOMYTOM U MPUBAPHUBAIOT K HE (puc. 5.2).
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Puc. 5.1. CoequHeHue CTaabHON MOJI0COM TPyOUaThIX 3a3eMIIUTENEN Mocie 3a0UBKU UX B TPYHT

Mecro mailku HaKOHEYHHKA, a TaKKe TMOJBOISIIETO KAHATHKA WIIM JKIyTa JBAXIbl TOKPHIBAIOT
ac(aJbTOBBIM JIAKOM Ha BCEM MPOTSHKEHUH MPOKIAJKHA B 3EMIIE.

2. HenocpeaCcTBEHHO CBapKOM.

3. Bepyr cranbayo monocy aauHol 1 v u ceuennem 307 10 mm, OIUH KOHEL KOTOPOU 3ally’KHBAKOT
Ha paccTossHUU 90 mm. 3aTeM M3rOTaBIMBAIOT YAJMHEHHBINH aJFOMUHUEBBIH HAKOHEYHUK O] Kabelb
HE00XOIMMOTO Ce4eHHUsl. 3alTy’>KEHHbIE MTOJIOCY U HAKOHEYHHK CTATUBAIOT TpeMs 00JITaMU U MECTO CThIKa
nponauBatoT. Ha MecTe MOHTaka KOHTypa 3a3eMJICHUSI CTaJbHYIO TI0JIOCY MPUBApUBAIOT K
COCAMHUTENBHON T0JIOCE JIaHHOTO KOHTYpa, a B HAKOHEYHUK BCTaBIIOT KHJIBI Kabems u
CIIPECCOBBIBAIOT MpecCc-KIeIaMH B 5 - 6 MecTax.

[To OKOHYaHUU CTHIKOBKM MECTO CThIKA CTAJIbHOM IOJIOCHI U HAKOHEYHHKA MOMEUAIOT B UYT'YHHYIO
mypry MU-70 1 3anuBaioT ryqpoHOM.

[TocnenoBaTenbHOCTh BBIMOTHEHUSI CThIKA CTAJBHOM IMOJOCHI C HAKOHEYHUKOM M HEOOXOIUMBbIe
pa3Mepsl IpUBEIEHbI Ha puc. 5.3.
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Puc. 5.3. YcTpolicTBO CThIKA CTAIBHOM MTOJOCHI U HAKOHEYHHKA

5.8. MBonupoBaHHbBIA OT 36MJIM KAHATUK WM JKTYT U3 CTAJIbHBIX TPOBOJIOK MPU MPOKIAJIKE BBEPX IO
CTEHE 3[aHHS 3alMIACTCA OT MEXaHWUYECKUX MOBPEKICHUN Ha BBICOTE A0 2,5 M HAJ MOBEPXHOCTHIO
3emud. J[st 3a0MTHI MCHONB3YIOT YITIOBOE JKEJe30, KOTOPOE JOJDKHO OBITh OIMYIICHO B 3eMIIIO Ha
r1youny He menee 0,5 .

5.9. M3onupoBaHHBIE OT 3€MJIM MOJBOJAIIME MPOBOJHUKA BBOJAT B 3/JaHUE YEPE3 OTBEPCTHE B
creHe. [Ipy 3TOM NPOBOAHUKHM HE JOJKHBI KACaThCA METAUIMYECKUX YacCTEN 3JaHUM W MPH MPOKIAJIKE
4yepe3 CTeHbl 3[JaHUN JOJDKHBI OBITh 3allMINCHBI MUIAHTOM M3 M30JIMPYIOLIET0 MaTepuaina (pe3smHOoBas
TpyOka, 200HWUTOBass W T.M.). BHyTpW 3maHusi OHU JOJDKHBI OBITh TakKe H30IMpoBaHbl. K cTeHe
MIPOBOAHUKHU KpensAT uepe3 Kaxasie 30 cm.

5.10. IlpoBoma OT OTAENBHBIX 3a3€MJIIIOIIMX YCTPOMCTB, 3aBEACHHBIC B 3[JaHHE CTAaHIUHA WU
YCUJIUTEIPHOTO TIYHKTa C COOCTBEHHBIMHM MCTOYHMKAMHM THUTAHUS, MPUCOCIUHSIIOT K TpeM
YCTAHOBJICHHBIM Ha OJHOM IMTKE OJHOIOJIIOCHBIM PYOUIIBHUKAM C 3aKOPOYCHHBIMU Ha CTAaHIIMOHHOMN
CTOPOHE KJIEMMaMH.

OT nmTKa 3a3eMIICHUN <«GEMIIIO» MOABOAAT K TOYKAM 3a3¢MIICHUSI YCTAaHOBOK CBSI3H, CHUJIOBOMY

00OpY/IOBaHUIO UIA MPUCOSINHEHHS! K HETOKOBEIYIIIMM YacTsM, K dKpaHaM, paspsAHUKaM U T.IM. (CM.



«PexoMeH1alliu 1o BOIpocaM 000pyA0BaHUs 3a3eMJICHUN U 3a3eMiisitonix mpoBook JIALL u HYTI»).
5.11. Tlpu pa3menieHun TeneQOHHBIX U TelerpagHbIX CTAHIIUM B BBICOTHBIX 3[JAHUSX C MACCHBHBIM

CTaTBbHBIM KapKacoM, MPUCOCINHEHHBIM K 3a3eMJIeHHIO0 ¢ MajasiM conpoTtuBieHuem (0,25 0,3 om), He
TpeOyeTCcs O0COOBIX 3a3eMJICHUM JIi YCTAaHOBOK CBSI3M, TaK KaK BCE 3a3eMIISIEMbl€ TOYKH CTaHIIMN
MPUCOSAUHSIOT K 3a3eMJICHUIO KapKaca 3/1aHusl.

B ToM ciyuae, korga MeTalNIMUECKU KapKac BBICOTHOTO 3/IaHUs MPEACTaBIseT co00il OJTHO 1enoe ¢
TOYKH 3PEHHS DJICKTPUUECKON MPOBOJIUMOCTH, OH MOXKET OBITh MCITOJB30BaH B KaUYECTBE TOABOISIICTO
MPOBO/JIA OT 3a3EMJISIFOIIETO KOHTYpA.

5.12. Pa3memeHue 3a3eMISIONMX YCTPOWCTB  OKOJIO YCHUJIUTENBHBIX TYHKTOB, MHTaeMbIX
JTUCTAaHIIMOHHO, CM. B «PeKOMEHJalusX MO BOMpocaM OOOPYIOBAaHMS 3a3eMJICHUN W 3a3eMJISIOIIMX
npoBoJoK B JIALl H HYID».

6. YCTPOMCTBO PABOUYHMX 3A3EMJIEHUH N3 DJIEKTPOJIOB B KOKCOBOM MEJIOYHU U
APMUPOBAHHBIX 3ABOJICKHX DJIEKTPOJIOB

6.1. IIpu ycrpoiictBe pabounx 3azemiiennit HYII, nMCTaHIIMOHHO MUTAEMBIX IO CHUCTEME «IIPOBOJI -
3eMJIs», AHOJTHBIX 3a3eMJICHHN YCTAaHOBOK KAaTOJHOW 3allMThl OT KOPPO3WHU JHUHEHHO-KaOeIbHBIX
COOPY)KEHHMH CBSI3U, a TaKkKe APYrUX 3a3eMIICHHH, HaXOISIMXCS B MPOIECCe IKCILTyaTalluu IO
MOJIOKUTEIBHBIM MOTEHI[MAJIOM OTHOCUTEIBHO 3€MJIU, T.€. MOJIBEPralOIIMXCs B MPOLIECCE IKCILTyaTalluH
PAcTBOPEHUIO BCIIEJCTBUE AJIEKTPOJIM3a, MEXAY JJIEKTPOJaMHU M 3eMIIed 11eecoo0pa3Ho YKIaIbIBaTh
CJIOM KOKCOBOM MEJIOYH.

6.2. IlpuMeHeHUE CTATbHBIX 3JEKTPOJIOB B KOKCOBOM 3ACHINKE, a TAKKE apMUPOBAHHBIX 3JIEKTPOJIOB
tumna 3KA-140 3aBOACKOrO0 M3rOTOBJIEHUS MCKIIOYAET HEOOXOIMMOCTEL MCIIOJIB30BAHUS IS CHUYKEHUS
BEJIMYMHBI COMPOTHUBIICHUS 3a3€MJICHUS COJIM, KOTOpas pa3pylarolle JACHCTBYET Ha CTallbHbIC
AJIEKTPOJIBI.

6.3. llenecooOpa3HOCTh MCMOJB30BAHUSI KOKCOBOM 3aChIIKM WIJIM ApPMHUPOBAHHBIX 3aBOJICKUX
AJIEKTPOJIOB OIPEAENAETCS KOHKPETHBIMU YCIOBUSIMH YCTPOMCTBA 3a3€MJICHHUN B KaXJOM OTAEIHBHOM
cllydyae, HCXOJS W3 BEIUYUHBI YACIBHOTO SJEKTPUYECKOTO CONMPOTHUBJICHUS TPyHTa, Tpedyemon
BEIIMUMHBI COMPOTUBJICHUS 3a3eMJICHUs, HEOOXOIMMOTO CpOKa CIYKObI 3a3emiieHHUs 0e3 3aMeHBI
3JIEKTPOJOB Ha OCHOBE TEXHUKO-IKOHOMUUYECKHAX PACUETOB.

6.4. YCTpOHCTBO 3a3eMJICHHN C MCIIOJIb30BAaHMEM KOKCOBOM MEJIOYM BBIMOJHACTCA MO pacueTraMm U
YepTekaM MPOEKTHOW opraHu3alui.

6.5. 3emisiHbie PabOTHI MO YCTPOMCTBY 3a3€MJICHUIM B KOKCOBOW MEJIOYH MOTYT OBITh BBIMOJIHEHBI
PYYHBIM HWJIM MEXaHU3UPOBAHHBIM crocoOoM. JIjisi puITbS TpaHIEW MPEeayCMOTPEHBI TpaHIICHHbIE
skckaBaTopbl Tuna DTL-161 u poropusbie s3xkckaBatopsl Thuna DTP-132, 9TP-141 u OP-6.

Jlnst OypeHusi BepTUKAIBHBIX CKBOKUH MOTYT OBITh MCIIOJIB30BaHbI OypoBbI€ YCTaHOBKU Tha bI'M-2
Ha aBromammue 3WJI-157, BKMA-1/35 na 3WJI-164, BMA-157 na 3WJI-157, BMVY-2 na I'A3-63J1, a
takxke pazpaborannas KO [THUNC manmua tuna SHCK3-2, umeromias cnenuanbHble TPUCIOCO0TICHUs
JUTSI 3a0UBKH DJICKTPOJIOB.

6.6. MOHTa&)X M YCTaHOBKAa 3a3eMJIMTENICH BBIMOJHSIOTCS B COOTBETCTBUU CO CTPOUTEIBHBIMU
HOpMaMu M mpaBuiaMu 1o yctpoiictBy 3azemsieHuid (CHull HI-E1-62) nmpu ctporom coOmroaeHuu
MPaBUJI TEXHUKHU O€30MTaCHOCTU U MPOTUBOIOKAPHON OXpaHBbI.

6.7. YCTpOWCTBO OJMHOYHOIO BEPTUKAIBHOTO 3azemiutens (cMm. puc. 2.17) mpous3BoAUTCS B
CJIEYIOLIEM TTOPSTIKE.

B koH11€ TpaHIen, moArOTOBICHHOM JUIsl COEAMHUTEIBLHOTO KaOess, IIMHBI WK MPOBOJA, Ha TIIyOuHE
0,7 m MexaHU3UPOBAHHBIM HUJIA PYYHBIM CIIOCOOOM OYpUTCS CKBa)XXMHA MIYOMHOW 2,5 M U AUaMETPOM
0,25 m. Ha nHO CKBaXMHBI HACBINAETCs CJIOM KOKCOBOM Menoud BbICOTOM 15 cm. B ckBaxuny, mo
IEHTPY, OIMYCKAeTCsl 3JIEKTPOJ U 3aChINIaeTCsd KOKCOBOW MEIOYbI0, KOTOpas 3aTeM YTPaMOOBBIBAETCS
yepe3 kaxasie 30 cu. K BepxHemy KOHIy 3JI€KTpoJa MPUBAPUBACTCS COCAUHUTEIBHBIN KaOelb MM
npoBoA. MecTo MOAKITIOUEHUS KaOelsl K 3JIEKTPOY TIIATEIbHO H30JIUPYETCs M30JALMOHHON Maccoit



(uepT. M-618.01.20 - «I'unpocBs3bY).

BeicTynatonas M3 CKBaXMHBI BEPXHSAA 4acTh DJIEKTPOJA 3aChINAETCsl KOKCOBOW MEJIOYBIO C TAKUM
pacueroMm, 4TOObl BBICOTHI 3achilku Obla He MeHee 10 cu. HesamonmHeHHass 4acTh CKBaKHHBI
3achIMaeTcs 3emiieil 1 yrpaMOOBBIBAETCSL.

6.8. YCTpoiicTBO rOpU30HTAIBHOIO 3JIEKTPoIa (CM. pUc. 2.18) MpOU3BOAUTCS B CIEIYIOIIEM OPSIKE.

MexaHu3upOBaHHBIM WM PYYHBIM CLIOCOOOM poeTcs TpaHiues nmpunoi 0,25 v u rmydunoi 1,2 m no
MeCTa COeIMHEHUsI C MOABOMALMM KabeneM I nmpoBoaoM. ([lyinHa TpaHIen onmpeaensercs JIMHOU
TOPU30HTAIIBHO YCTAHABJIMBAEMOTIO 3JIeKTpoJa). Ha nHO TpaHIen HachlaeTcsi ClIO KOKCOBOW MEJIOUH
BbICOTON 15 cm u yrpamboBbiBaercs. [lo meHTpy TpaHIen YKIaAbIBAETCS METAJUIMUECKHH 3JEKTPOJ
(monoca), K KOHIly KOTOPOTO € MOMOILBIO CBAPKU MOAKIIOYAETCS] COSMHUTENbHbIN KaOeslb UJIM TPOBOJ.
MecTo NOAKIIOYEHUSI COSUHUTENBHOIO Kadels K 3JIEKTPOly THATEIBHO H30JIUPYETCS U30JSALUOHHOU
Maccomu.

VII0)KeHHBIH B TpaHIIEK 3JEKTpoJ] (I0JI0ca) 3achlMaeTcs KOKCOBOM Menoublo BhicoTOM 10 cm,
KOTOpas 3aTeM yrpamOoBbiBaeTcs. HezamonHeHHass KOKCOBOM MENIOYbI0 TpaHIIes 3aChINAeTCs 3eMIIeH U
TaKKe yrpaMOOBBIBACTCH.

6.9. YcTpoiCTBO MHOTORJIEKTPOIHBIX 3a3eMieHuil (cM. puc. 2.19) nmpousBOIUTCS B CIEIYIOIIEM
HTOPSIIIKE.

MexaHu3UpOBaHHBIM UM PYYHBIM CITOCOOOM MO MEPUMETPY KOHTYpa 3a3€MIJICHHUSI POETCS TpaHIIes
rnyounoit 0,7 m u umpunou 0,23 m. B Mecrax yCTaHOBKM BEPTHKAIBHBIX JJIEKTPOJIOB B TpaHIIEE
OypsiTcs CKBaXKMHBI TIyOHMHOU 2,5 m u nuamerpom 0,25 m. B ckBakMHBI 3achIaeTcs CIOM KOKCOBOMU
MeJIouM BBICOTOH 15 cm, KOTOpbIi 3aTeM yrpamOoBbIBaeTCs. B MOATrOTOBIEHHBIE CKBAXKUHBI IO LIEHTPY
OITYCKAIOTCSl BEPTUKAJBHBIC SJEKTPOJIbl. YCTaHOBUB IOCIEAHHE TaK, YTOObBI MX BEPXHUE KOHIIBI
BBICTYIIAJIM B TpaHUlee Ha 15 cm, B CKBaXHHY 3aChllalOT KOKCOBYIO MEJIOYb, KOTOPYIO 3aTeM
yTpaMOOBBIBAIOT uepe3 Kaxpie 30 cm.

Jo yknaaku COeIMHUTENBHON MOJOChl B TPAHILCIO 3ACHINAETCS KOKCOBAas MENOYb clioeM 15 cw u
yrpamOoBbiBaeTcs. [loBepX KOKCOBOW MENIOYM YKIAIbIBACTCS COCIMHHUTENbHAS CTallbHas I10J0Ca,
KOTOpasi IIyTEM CBapKHU COEAUHSETCS C BEPTUKAIBHBIMU 3JIeKTpoaamMu. KoHTyp 3a3eMiIeHus IPU TOMOIIH
CBapKd TOJKIIOUAETCS K COeAMHHUTEeNbHOMY Kabemto. [lonkimioueHue 3a3eMiIeHUsT PEKOMEHIyeTcCs
BBIIIOJIHATE B MECTE€ COCAUHEHUS BEPTUKAIBHOIO JJIEKIPOAA C COCAUHUTENBHOM Iojocou. Mecra
MOAKITIOUEHHS] COCAUHUTEIBHON MOJIOCHl K BEPTHKAIBHBIM AJIEKTPOJIaM M COSAMHUTENBHOIO Kadens K
KOHTYPY 3a3€MJICHHUSI THATENIBHO W30 PYIOTCS U30JIALIMOHHON MacCoOu.

[locne mMOAKTIOYEHUS COCOUHUTEIBHOTO Kabedst K KOHTYPY 3a3eMJICHHS M HW30JSLIHU  MECT
MOAKIIOUEHHS B TPAHINCIO JOCHITIAETCS CIOM KOKCOBOM Menouu BbIcOTOM 10 cm u yrpaMOOBBIBaeTCs.
OcraBiascs He3achlllaHHAs YaCTh TPAHIIEH TAKKe 3aChINaeTcs U TpaMOyeTCsl.

6.10. VYcTpoHCTBO MHOTORJEKTPOJIHBIX 3a3eMJICHUM W3 BEPTUKAIBHO  YCTAaHABJIMBACMBIX
apMHUPOBAHHBIX JIEKTPOJOB 3aBOJCKOTO M3rOTOBJIEHUA (CM. puc. 2.20) mpOU3BOAUTCS B CIEAYIOLIEM
ITOPSIIIKE.

[lo mepuMeTpy KOHTypa 3a3eMJICHHSI MEXaHU3UPOBAHHBIM HJIM PYYHBIM CIOCOOOM POETCS TpaHIIes
rinyounoit 0,7 m v nmpunoit 0,25 m. B TpaHIiee B MecTax yCTaHOBKM BEPTHKAIBHBIX JJIEKTPOIOB Ha
ryouny 2,3 m Oypsrcs ckBaxkuHbl auamerpoM 0,25 m. B CKBaXXMHBI OMYCKAOTCSI AJIEKTPOJBI.
OO6pazoBaBimecs 3a30pbl MEXTy 3JIEKTPOJIOM U CKBAXMHOM 3aChINIalOTCs TPYHTOM U TpaMOYHOTCSL.

Ilociie ycTaHOBKH 3JIEKTPOAOB B TPAHIICKO K KaKAOMY M3 HUX IIPH ITOMOLIM CBapKH IMOJKIIOYAIOTCS

M30JMPOBAaHHBIC MEJIHBIC MPOBOJHUKH, OOINEE CEYCHHE KOTOPBIX JOJDKHO OBITH HEe MeHee 16 MM u

KOTOPBIE COCIUHSIOTCS MEXKIY COOOM MalKoW. Y3Ibl COCTUHEHHS MPOBOJOB HEOOXOAMMO TIIATEIHLHO
M30JIUPOBATh CIIOEM OWTyMma, 3aTeM JIMMKOW MONMMBUHHWIXIOPUIHOW JIEHTOW B JIBa CIIOS M CHOBA
outymoM. CoeTMHUTENBbHBIN Kabelb MOJKITIOYAETCS K Y3)Ty COSTMHEHUS KOHTYpa 3a3eMiieHus. MecTo ero
MOJKITIOYEHUST TIATEIBHO HW30JUPYETCS OUTYMOM M JIBYMSI CJOSIMH JIMITKOW IMOJWMBUHUIXIOPUIAHOMN
neHTol. [locne moakIovYeHns: COeAMHUTEIBHBIX TPOBOJOB U KaOeNsi CKBaXXHHBI U TPaHIIEs 3aChIMAI0TCsS



3eMJieil U yTpaMOOBBIBAIOTCSI.
6.11. Tlo okoHUYaHuU pabOT MO YCTPOMCTBY KOHTYpA 3a3€MJICHUSI U3MEPSIETCSI €r0 COMPOTUBJICHUE.
W3mepenHas BeTUYMHA HE JOJKHA ITPEBHITATH PACUETHYIO C Y4eTOM KOA(DUITHEHTA TPOMEP3aHUSI.

7. VCTPOMCTBO 3A3EMJIEHUM B PAMOHAX BEUHOU M EP3JIOTHI

7.1. B paifoHax BEYHOW MEp3J0THl HAa CONMPOTHUBJICHHUE 3a3eMJICHUH BIMSIOT ciexyroume (pakropsl,
JIEHCTBYIOIIME HA TEMIIEPATYPHBIN PEKUM TPYHTA:

1. PacTuTensHOCTh, B OCOOCHHOCTH MOX, KOTOPBI MEIAET MPOXOXKICHUIO TEeIja B ITyOb MOYBBI
JIETOM U HE MPENATCTBYET MPOHUKHOBEHUIO HU3KHX TemmepaTyp 3umoil. Ha mecTHOCTH, MOKpBITON
PaCTUTENBHOCTHIO, TPAHUIIA BEYHON MEP3IIOTHI OJIM3Ka K TOBEPXHOCTH 3EMIIH.

2. CHeroBoM ITOKPOB, KOTOPBIM MMEET TAaKOE K€ TEMJIOM30JUPYIOIEE 3HAUEHUE JUISl MOYBBI IMPHU
MPOMEP3aHMNH, KaK CIIOH Mecka B IBa-TPHU pa3a OOoJIbINeH TOJIIMHBI, TOCKOJIBKY TEMIONPOBOTHOCTD CHETa
HHUYTOXHA. BBICOTA CHETOBOTO MOKPOBa B OOJIBIICH CTEMEHW OMpEAesieT TeMIeparypy IMOYBBHI, YeM
CpelHsisl roJIoBasi TemrepaTrypa Bo3yxa.

Ecin mnompnaka Haj 3a3eMiIMTENIEM JIMIIEHA CHEra, TO CONPOTHBIICHUE 3a3€MJIEHUM 3UMOU
YBEJIMYUBACTCS 110 CPAaBHEHUIO € JETHUM B 15 - 25 pa3. CBoeBpeMEHHOE HAHECEHUE CHEra TOJIIIMHON
30 cm MO3BOJISIET CBECTH 3TO YBEIMYEHUE O 5 pa3, a MpHU cloe cHera TonumHol 60 cum ykazaHHOe
COMPOTHUBIICHUE YBEIMYHBACTCA 3UMOM B TpH pa3a. Takoro xe dpexra MOKHO JOCTUTHYTh, IPUMEHSIS
HACTUJIBI U3 TEMJIOU30JUPYIOIIEro MaTepuana (Hanpumep, APEBECHBIX OMUIIOK, IUTaKa U T.1.).

3. Bonoewmsl, sBisOLMECS pe3epByapaMH TeEIJIa M CHJIBHO H3MEHSIOLUME TEPMHYECKUM pexuM
rpyHTOB. CONpOTUBJIIEHUE 3a3eMJICHUS, CTPOCHHOTO B JIHE HE3aMEp3alollero BOJOEMa, HMEET
HanMEHBIIME KoJIeOaHUs - YBEIMYUBACTCS 3UMOM mpuMepHO B 1,5 | 2 paza.

4. 3naHusi, oKa3bIBAIOLME SKPAHUPYIOIIEE IEUCTBUE U U3MEHSIONME TEMIIEPATYPHBIN PEKUM 3eMIIH,
MpUJIETAIOIEH K 3/TaHHIO C ceBepa U ¢ tora. C CeBEpHOU CTOPOHBI TpaHUIa MEP3JIOThHI TOJHUMAETCS, a C
F0’)KHOM - OIYCKAETCs 10 CPABHEHUIO ¢ OOBIYHBIM YPOBHEM BEYHOM MEP3JIOTHI B JAHHOM paiioHe.

5. BnaxxHOCTh ¥ KOHLIEHTPAIMSI HOHOB COJIEH.

6. YenbHOE CONMPOTUBIIEHUE OCHOBBI TPYHTA.

7.2. Mep3anble TpyHTHI 00Ja/1al0T BBHICOKMM YACIBbHBIM CONMPOTHUBJIEHHUEM. BepxHue ciou 3emiau B
pailoHax BEYHON Mep3/10Thl B JIETHUE MECALbl OTTaMBAIOT Ha T1yOuHy ot 1 10 3 m. B Ttabn. 7.1 u 7.2
MPUBEACHBl OPUEHTUPOBOUHbIE 3HAYEHUS YIENbHBIX CONPOTUBICHUN TIPYHTOB B pailoHaX BEYHOU

MEP3IIOTHI IPH pa3InyHON Temneparype u BiaaxHoct 10, 40%.

Tabnuma 7.1
Cpvir 3HaueHUs yIeIbHOTO CONPOTHUBIICHUS IPYHTA P, OMXM
Py B TAJIOM COCTOSIHUH B MEP3JIOM cOoCTOssHUM npu ¢ = -1°C npu ¢t =-5°C
Iecoxk 500 2000 5000
CyrmHok 500 600 1500
I'mina 50 200 500
Tabnuua 7.2
I'pynr 3HaueHUs yIeIbHOTO CONPOTUBRIICHUS TPYHTA P, OMXM
JHO HEpOMep3aronMX 03€p 50
Peunas Boga 400 , 1000
Mopckoe qHO 300
Mopckas Bosa 1,100

7.3. YaenbHOE COMPOTUBIICHUE TPYHTOB B pallOHAaX BEUHOW MEP3JIOTHI MPH OTTASBIIEM JIEATEIBHOM
ClIo€ U3MEpSAI0T OOBIYHBIMU MeToAamMu (CM. pasf. 8), a MOpu MEp3JIoM JEeSTeIbHOM CJIO€ - C
HCITOJIb30BAHUEM B Ka4eCTBE BCIIOMOTATENBHBIX AJIEKTPOJOB OOCAJHBIX TPYO T€OJOTHYECKUX CKBAXKUH
UM 00pabaTbIBas BCIIOMOTATEIbHbBIE AJIEKTPO/Ibl PACTBOPOM ITOBAPEHHOM COJIH.

7.4. B paiioHax BEYHOW MEP3NOTHl MOJYYMJIM PACIPOCTPAHEHHE BBHIHOCHBIE U TIyOHMHHBIC



(CKBaXMHHBIE) BUbI 3a3€MJICHUIA.

7.5. TInouaaxku A7t KOHTYpa 3a3eMJICHUS CIIEIyeT BEIOMPATh B 3AIMINCHHBIX OT BETPa MECTaX.

7.6. llpn ycTpoiicTBE 3a3eMJICHHS OKOJIO 3[IaHHSI KOHTYP 3a3€MIJICHUSI CIEAYET pacroiaraTb ¢ FKHON
€r0 CTOPOHHBI.

7.7. B 3umHee BpeMsi NPUHUMAIOTCA MEPbl MO YTEMJICHUIO IMOBEPXHOCTH 3E€MIIM B MECTE
pacronoxkeHus 3azemidteneii. OQHOM M3 TakMX Mep SBJAETCA 3achlllKa IUJIOIIAJIKA HAJl KOHTYPOM
3a3eMJICHUSI TETIOU30JIUPYIOINIMMU MaTepuaiamMu (HampuMep, APEBECHBIMU OMMUJIKAMHM, IITIAKOM U Jp.)
cioeM ToJmHOoN 10 0,5 m. 3achlnka MPOU3BOJIUTCS B KOHIIE OCEHU J0 HACTYILICHUS MOPO30B. BecHoit
HacTUN 00s3aTeIbHO CHUMAaeTcss 10 oceHu. CHEXHBIM TOKPOB TMOBEPX HACTUJIA SIBIISETCS
JIOTIOJTHUTENIbHBIM ~ TEIUIOM30JIUPYIOIIMM CPEeACTBOM. [[nsi 3aaepaHusi CHeEra BOKPYT IUJIOILAJIKA
PEKOMEH1yeTCsl YCTAHOBUTD U THI.

7.8. BeIHOCHBIE 3a3eMJICHU S YCTPaUBAIOTCS:

- B PYIHBIX JXKWJIAX, PACIOJOKEHHBIX B HEMOCPEJACTBEHHOW ONM30CTH OT OO0BEKTa W HMEIONMX
3HAUUTETFHO MEHbINEE YACIbHOE COMMPOTUBRIICHHUE, YEM TPYHT B MECTE COOPYKEHUS 0OBEKTA;

- B BoJIoeMax, Mpyzax, 03epax, pekax, Mope u T.1.;

- B TQJIBIX TPYHTAaX - TaJIUKAX.

7.9. Ilpu ycTpoiicTBE 3a3eMJIIEHHMN B HENPOMEP3AOIMX J0 KOHIIAa BOJOEMAax MU apTE3UaHCKUX
CKBOKMHAX CTEPKHEBBIE 3a3¢MIIMTEIN PACIIOIATal0TCs B TPYHTE JHA. [[ONMyCKarOTCS TakKe 3a3€MIICHUS B
BHUJE METAUIMYECKUX PELIETOK M IpeOCHOK, OMYCKaeMbIX Ha JHO PEK, 03ep MIU KAKUX-JIUOO IPyrux
HEempoMep3aromx BogoeMoB. [Ipu 3TOM KoIMYecTBO 3a3eMiuTenei, Tpelyromeecs s MOJIydeHHS
HEOOXOMMON BETUYMHBI COMPOTUBJICHHS, YTOYHSETCS B TMPOIECCE BBIMOJHEHUS pPA0OTHl O
YCTPOWCTBY 3a3€MJICHH L.

VY enpHOE CONMPOTUBIIEHUE TPYHTA HA JHE 03€P, PACIONIOKEHHBIX BOJINU3U MPOMBIIUIEHHBIX pallOHOB,
cocraiisteT 40 | 60 omXm, a yoaleHHBIX OT IPOMBINUIEHHBIX pailoHOB - 100 300 omXm. 3a pacueTHyrO
BEJIMYMHY CIEAYET NMPUHHUMATh YAEIBbHOE CONPOTHBIICHUE JHA, YBEJIWYECHHOE Il MPECHOM BOJBI B
cpennem Ha 30%, a 11711 MOpCKOM BO/IbI yMEHbIIEHHOE Ha 30%.

ConpoTuBiieHHE 3a3eMJICHHS, OOOPYIOBaHHOTO B JHE BOJOEMa, OCTaeTcs B TEYEHHUE Troja
CTaOUITbHBIM.

[Ipu oTcyrcTBUM OJIM3KO PACIONOKEHHBIX ECTECTBEHHBIX BOJOEMOB JEJIaeTCs HMCKYCCTBEHHBIN
BOJIOEM C pa3MepaMu, OIpeIesIeMbIMHA pa3MepaMu KOHTYpa, U TIyouHou He meHee 1,5 m (puc. 7.1).

7.10. 3azemauTeNH B TAJMKAX MOTYT ObITh KaK BBIHOCHBIMU, TaK M ITyOMHHBIMU. Tanuku - 370 CiI0i
TaJOr0 TPYHTA, BCTPEHAIOUMICS B TOJIIE BEYHOMEP3IBIX CIOEB. TalMKX MOIYT BCTPEYAThCS B BHUJIE
TOPU30HTAIBHBIX CII0EB, BEPTUKAIBHBIX «TPYO» U JIMH3.

7.11. IlpumeHsisi TOpsiMUM pacTBOP COJIM, MOKHO IOJYYUTh HCKYCCTBEHHBIE Taluku. Jjisi 3TOTrO
pacTBOp IMOJ JaBJIECHMEM HarHeTaeTcss Ha rinyouHy 3,5 m. PactBop comm cmemaer Temmeparypy
3aMep3aHusl.

7.12. BbIHOC 3a3eMJICHHSI MOXXET OBITh CIelaH B PYJHOE MECTOPOXKICHUE ITPOMBIIITICHHOTO
Mmacmrraba. B aToM ciydae 3azemiuTeneM SBIISETCS caMa JKHJIa WM PYIHOE MECTOPOXKIEHHue, a
3a0MBaeMbl€ 3a3eMJIUTEIHN BBITIOIHSIOT POJIb AJIEKTPUUYECKOIO KOHTAKTA.
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ConpoTuBIieHHE 3a3€MJICHUS B JAHHOM CIIy4dae OIpeensercs, no gopmyre
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TZI€ P - YAEIBbHOE CONMPOTUBJIEHUE TPYHTA BEYHOM MEP3IOTHI, OM XM,
[ - OpUEHTUPOBOYHAS AJTUHA PYIHOU KUJIBL, M, @ - LIMPUHA PYAHON KHJIbI, M.
Ecmm pyI[HOC MCCTOPOXKACHHUC UMCCT BU/J JIMH3bI, TO PACUYCT COIIPOTHUBJIICHHUA MOXKCT 6BITB CACJIaH I10
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riae D - npuMepHbIA IUaMeTp JINH3bI, M.

DneKTpo/Ibl 3a0MBAIOTCA B LIEHTP MECTOPOKICHHUSL.

7.13. Ecnu oTTauBarOIMi B JIETHEE BpEMs BEPXHUM CIIOM IPyHTa B pailOHaX BEYHOH MEP3IIOTHI
o0yasaeT BHICOKUM YAETbHBIM COMPOTUBIIEHUEM, TO JJIsi CHUXKEHUS CONMPOTUBIICHUS PACTEKAHUIO TOKa
ero oopadaTeIBalOT MOBAPEHHOM coibio (cM. 1. 2.55). KonmmyecTBO conu G6epercs u3 pacuera 16 xe Ha 1
M CTEPKHEBOTO 3a3eMJIUTENS U 32 K2 JJIsl IPOTSKEHHOTO.

7.14. C uenpto eme OOJBIIETO CHUXEHHUS COMNPOTUBICHUS 3a3eMJICHUS TPYHT-3alOJHUTENb
oOpabaThIBaeTCs MOBApeHHOU COJbi0. OOpaboTKa MPOW3BOIUTCS CASAYIONMM oOpa3om. s kakmoro
CTEP>KHEBOTO 3a3eMJIMTENISI BHIPHIBACTCSA KOTIIOBaH pamuycoM 1,52 m u rmybunoit 2,53 m, KOTOpBIH
3aTeM 3acbinaercs 10 0,8 m ryOMHBI TPUBO3HBIM TPYHTOM C XOPOILEH MPOBOJAMMOCTBIO U MPOCIONKaMU

MOBapeHHOU cou ToammHOM 10 1,0 cm gepes xkaxasie 20 25 cm, 0OMIBHO CMaYMBAaEMbBIMU BOJIOM.

7.15. 3azemiieHust I MOJTHHUEOTBOAOB M 3a3€MJICHHS IJIsl 3allMTHl Kabeneil OoT yaapoB MOJIHUU
ClelyeT JenaTh NPOTSHKEHHBIMU M PACcoIaraTh B MOBEPXHOCTHOM CJIO€ 3EMIIH.

7.16. Xopomme pe3yabTaThl MOTYT OBITh MOJYY€HBI MPH KCIOJIB30BAHUM B paliOHaX BEYHOH
MEP3TIOTHI ITyOWHHBIX 3a3eMIIMTENEH, KOTOpble 000pymyroTesi cortacHo puc. 3.13. Pacuer riryOMHHBIX
3a3eMIIMTENEN pUBeeH B M. 2.29 - 2.33 | a uX NpakTUYECKOE BHIMTOJHEHUE - B T, 3.20 - 3.23.

7.17. llpu ycTpoiicTBe 3a3eMJICHUN B TPYHTaX C BHICOKUM YAETBHBIM COMPOTUBJICHUEM (KAMEHUCTHIE
IPYHTHI) HEOOXOMMO UMETh B BUJLY, YTO OCHOBHYIO POJIb B CO3JJaHUU COMPOTUBIICHUS PACTEKAHUIO TOKa
UTPAIOT OJU3JIEekKAIME K 3a3eMIIUTENIO CIIOM TpyHTa. [103TOMY CHMIKEHUS COMPOTUBIICHUS 3a3€MIICHUSI
MOXKHO JOOWTHCS TOHMI)KEHHEM YACNBHOTO COMPOTUBJICHUS TPYHTa B HEOOJBINONW 0OO0NaCTH BOKPYT
3azemuutens. [lpyu 3ToM mprUMEpPHO OJIMHAKOBOTO pe3yabTaTa MOXKHO JIOCTUTHYTb, IPUMEHSST 00paboTKy
ATOTO IPyHTa KaK BELECTBAMHU CO CPaBHUTEJIBHO BBICOKON MPOBOAMMOCTBIO (HallpUMep, YIJIeM), TaK U
BellecTBaMu ¢ 00Jiee HU3KOM MPOBOIUMOCTBIO (TIIMHOMN ).

7.18. ConpoTHBIIEHHE 3a3eMIIUTENS B TPYHTAX C BHICOKUM Y/IEIbHBIM COMIPOTUBICHUEM MOXET OBITH
CHI)KEHO 00pa0OTKOM 3TOTO TPyHTA MOBAPEHHOM COJBI0. YCTPOWCTBA CTEPKHEBOTO M MPOTSDKEHHOTO
3a3eMIIMTENCH B JTAaHHOM cllydae moka3aHbl Ha puc. 2.23 u 2.24. KonudectBo coiiu OepeTcst U3 pacuera
8, 10 xe Ha KaXIBIil METP CTEPKHEBOTO 3a3eMiuTens. KaHaBKd OKOJIO MPOTSHKEHHOTO 3a3eMIUTENS (CM.
puc. 2.24) 3anoigHAIOTCS CMEChIO TPYHTa C MOBAPEHHOW COJNBI0 M3 pacuera 16 xe Ha KaKIbI MeTp
3a3eMIIuTeNs (10 8 Ke/m C KaKI0M CTOPOHBI 3a3eMITUTEIIS).

O06paboTKa COJIbIO TO3BOJISIET CHU3UTH COMPOTUBIICHUE 3a3eMieHu B 3 - 4 pa3a. Kaxaple qBa-Tpu
roga 06paboTKa rpyHTa MOBTOPSETCS.

7.19. B mecTHOCTSIX, i€ HaJ KAMEHHCTHIM WJIM MECYAHBIM TPYHTOM HMMEETCS HAaHOCHBIM CJION C
XOpOIlle MPOBOMMOCTBIO, HE IPOMEP3AIOIIMII Ha BCIO TOJIIMHY B 3MMHEE BPEMs], 3a3€MJIUTEIH CIIETyeT
JienaTh NPOTSLKEHHBIMU M pacioiaraTh B HEMPOMEP3AIOILEH YaCTU 3TOTO CIIOSL.

7.20. Ecnivu HaHOCHBIH CJI0M TPYHTA C XOPOIel MPOBOJIUMOCTBIO OTCYTCTBYET MJIM UMEET HEOOJIBIIYIO
BeNUUuHY (10 20 cm), CHUIKEHHE CONMPOTUBIICHUS 3a3€MIICHUS JIOCTUTAETCS CleayloumM oopazom. s



KQXJIOTO CTEPKHEBOTO 3a3eMJIUTENsS B TPYHTE JAeNaeTcs KOTioBaH pamuycoMm 1,5.2,0 m u royOuHOM,
paBHOI anuHe 3a0uBaemoro crepkHs mioc 0,8 m (em. puc. 2.21). B 3TOT KOTI0BaH ycTaHaBIMBAETCA
3a3eMJIUTENb, I1OCIIE YEeTO KOTJIOBAH 3aIlOJIHSETCS TPYHTOM C HEOOJBIIMM YAEIbHBIM CONPOTUBIICHUEM,
KOTOPBIN 3aTeM yTpaMOOBBIBACTCSI.

[Ipn ycTpoOWCTBE 3a3¢MIICHUM, COCTOSIIIMX M3 HECKOJbKUX CTEPKHEWU, COCAUHEHUE MOCICTHUX
OCYILIECTBJISIETCS TOCJIE HEMOJIHOM 3aChINKU KOTJIOBAaHA.

B kadecTBe TIpyHTa-3amoNHUTENSI MOXET OBITh IMPUMEHEH JF000H TPyHT, MMCIONMK YAEIbHOE
conporuBiicHue B 5,10 pa3 meHblle, 4YeM YyAEIbHOE CONPOTUBIECHHE OCHOBHOrO rpyHTa. Hampuwmep,
€ClIi 3a3eMJICHHE YCTpauBaeTCsl B MECUYaHOM MJIM KaMEHUCTOM (TPaHUT) TPYHTE, TO 3alOJHUTENIIMU
MOTYT OBITh TNIMHA, TOPQ, YEPHO3EM, CYIIIUHOK, LIUTAK U T.1I.

PaccmoTtpenHBIit crmoco0 TO3BOJISIET CHU3UTH COMTPOTHBIICHUE 3a3eMJICHUS B cpemaHeM B 2,5 . 3 pasa.
Ha puc. 2.22 naHbl KpUBbI€ CHUIKEHHUS CONPOTUBIICHHUS 3a3€MJICHUSI B 3aBHCHMOCTU OT YIEJIBHOIO
COMPOTHUBJICHUSI TPYHTa, BHOCMMOTO B BBIEMKy. J[7si emie OOJBINEro CHUXKEHHS CONPOTHBIICHHS
3a3eMJICHUsI TPYHT-3aMOIHUTENb 00pabaThiBaeTCs MOBAPEHHOW COMBIO COriacHo 1. 7.14.

ComnpoTHuBIIEHHE PACTEKAHUIO TOKA B CIIy4ae OKPYKEHHS 3a3€MIIUTENS TPYHTOM C JAPYTUM YIACIbHBIM
COMPOTHUBIICHUEM HaxomuTcs mo ¢-ye (2.34).

8. I3BMEPEHHMSI COITPOTUBJIEHUSA 3A3EMJISAIONINX YCTPOUCTB U Y AEJBHOI'O
COITPOTHUBJIEHUA 3EMJIN

OBILIME 3AMEYAHUA

8.1. Jlns pacdyeToB CONPOTHBIJICHUS 3a3eMJICHUN HEOOXOJAMMO 3HATh BEIMYUHBI YAETbHBIX
COMPOTHUBIICHUN TPYHTOB TOHM MECTHOCTH, B KOTOpPOHM MpEeIojaraercs yCTPOMCTBO 3a3eMJICHUM, Ha
rIyOuHe, Mo KpailHel Mepe, B TPU pa3a MPEBBIMAIOIICH TTyOMHY 3aKIafKd 3a3eMIIUTENS. 3HAUYCHUS
COMPOTUBIICHUN 3a3eMJICHHII B YCTAHOBKaX CBS3M M PAAUOTPAHCISIIUOHHBIX Y3J0B  JOJKHBI
CHUCTEMAaTHYECKU KOHTPOJIUPOBAThCS U cooTBeTcTBOBaTH HOpMaM ['OCT 464-68.

JI1s1 HemocpeICTBEHHOTO M3MEPEHUsI 3HAYEHUW CONPOTUBIICHUS 3a3€MJICHUI, a TakkKe YAEIbHOIO
COMPOTHUBIICHHUSI TPYHTOB MCIOJIB3YIOTCS crienuanbHbie mpuboper: MC-07, MC-08, MKC-1, AHY-1,
OCK-1, ATO-1, «Hopma» u ap. Haubonee ynoOHbIM B ymoTpebieHUH U3 MpuOOPOB OTEUECTBEHHOTO
NMpou3BOACTBa sBisieTcss «M3meputens 3azemnenuss tuna MC-08». Ilpu  BBICOKMX YAETBHBIX
conpoTuByeHusix rpyHTta (cBoitie 1000 omXm) nenecoodbpazno nmonb3oBathes npudopom UKC-1.

V3MEPEHUE COITPOTUBJIEHUA 3A3EMJIEHA ITPUEOPOM MC-08

8.2. M3mepenue comnpoTuBieHHus 3azemieHuss mnpudbopom MC-08 oOcHOBBIBaeTCS Ha METOHE
amIepMeTpa M BOJIETMETPA C NPUMEHEHUEM BCIIOMOIATENIBHBIX 3JEKTPOJOB (30HJAOB), YAAJEHHBIX HA
paccTosiHuE HE MEHee 25 M OT UCHBITYeMOro 3a3eMautens (puc. 8.1).

8.3. McTouHMKOM TOKa B 3TOM CXeMe CIIYXKHUT IeHepaTop, YCTaHOBJICHHBIN B MPUOOpe U MPUBOAUMBII
BO BpAIllEHHE OT PYKU depe3 peaykrop. KOHCTpyKTUBHO aMIlepMeTp M BOJIBTMETP BBINIOJIHEHBI B BUJIE
MarHuTO3JIEKTPUYECKOTO JIOTOMETPA.

Ha Bamy reneparopa (puc. 8.2) CMOHTHpPOBaHbl JBa CHHXPOHHBIX KOMMYTaropa,
peoOpazoBhIBAIOLMX MOCTOSIHHBIA TOK B ME€PEMEHHBIN /JIs BHEIIHEW LEeNnu U3MEpeHHs U oOpaTHO -
MEepeMEHHbIH TOK B MOCTOSHHBIM sl 1eneid joromerpa. Takum o0Opa3oMm, B I[€MHU H3MEPSIEMOro
3a3eMJIUTENS. TIPOTEKAET IIEPEMEHHBIM TOK, MCKIIOYAIOIMM SBJICHUE DJJIEKTPOJIM3a, a B ILEMsX
U3MEPUTENBbHOrO0 Mpubopa - TMOCTOSIHHBIM TOK, YTO IMO3BOJISIET MCIOJIB30BaTh YYBCTBUTEIBHYIO
MarHuTO3JIEKTPUUYECKYIO CUCTEMY JIOTOMETpa.
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Puc. 8.2. Cxema npubopa «M3meputens 3azemueHuss MC-08»

8.4. biyxnaronme nepeMeHHbIe TOKM HE OKa3bIBAIOT BIUSHUS HA TOYHOCTb M3MEpeHus Oiaromaps
Bpal@iounEeMycsi KoMMmyraTopy. MckimtoueHueMm sBISleTCs Cilydail, KOIZla CKOpPOCTh BPAILLECHUS PYUKH
reHepaTopa TakoBa, YTO YaCTOTa reHepaTopa MPUOIU3UTENHHO PaBHA YACTOTE OJIYKAAIOIIETO TOKA.

Bnusinue mepeMeHHOro OMY)KJAIOILIEro TOKA CKa3bIBae€TCs B BHUJE KOJIEOAHUSI CTPEIKU MU3MEPUTENS,
NpUYEM NEPHOJ U pa3Max KoJieOaHHs yBEIIMUYUBAIOTCS MO Mepe MPUOIMKEHUs YaCTOTHI TOKA TeHepaTopa
K 4YacToTe ONMyXKIaloUMX TOKOB. B 3ToM ciydae A MCKIIOYEHUS BIUSHUS JIOCTATOYHO H3MEHUTh
CKOPOCTb BpAILCHHs TeHEpaTopa B Ty UJIM UHYIO CTOPOHY, JOOMBAsICh CHOKOMHOTO OTKIOHEHUS CTPENIKU
U3MEpUTETISL.

8.5. IlocTostHHBIN OMyKAAONM TOK peodpaszyeTcss KOMMYTaTOPOM B TMEPEMEHHBIN, He BIUSIOUMN
HA MAarHUTODJIEKTPUUYECKUN JIOTOMETP.

8.6. BennunHa COMPOTUBIICHUS BCIIOMOTATENIbHOTO 3a3€MJIMTENS IPUHIIUITHAIBHO HE YBEJIMYHUBACT
MOIPEIHOCTH, OJHAKO C €r0 YBEJIMYEHUEM MaJaeT YyBCTBUTEIBHOCTh M3MepeHus. Beiencrtsue storo
CONPOTHUBJICHUE BCIIOMOTATEIIbHOTO 3a3eMJIMTEINS HOJKHO HaxoauThes B mpeaenax 300 , 400 om.

8.7. U3 cxembl, IpuBEACHHOMN Ha puc. 8.2, BUAHO, YTO IPUOOP UMEET YEThIpe BHEIIHUX 3aKUMA: IBa
MATAOIMX (TOKOBBIX), 0003HAYCHHBIX OykBamu /] U 12, ¥ IBa U3MEPUTEIBHBIX (IOTCHIUAIBHEIX) - £ H

Ep. Ilpm u3MepeHUM CONPOTUBIICHUS 3a3¢MIIIOLMX YCTPOUCTB 3aXKUMBl /] UM E] COEOUHSAIOT



MEPEMBIYKOM M MOAKIIOYAIOT K HHUM U3MEpseMblid 3azemynTenb. K 3axumy [ NOAKIHOYAIOT
BCIIOMOTATEIbHBIA TOKOBBIM 3a3eMJIMTENb, @ K 3aKUMYy EQ - BCIIOMOTAaTENIbHBIN MOTEHIIUAIbHBIN

3azemuuTeNnb (puc. 8.3).

£ .
N X
: S N
N e Jenom
Nt — - U
o S FE R TTE S

K

Ry
n\WWMF o
Himep, Fenam.

Ja e AL menh 2 TeMA L mEnk

Puc. 8.3. Cxema n3mepeHus COPOTUBIICHUS 3a3¢MIICHHS C ITOMOIIBI0 Tproopa MC-08

8.8. BcromorarenbHbIE 3a3€MIIMTENIN BBIMOIHSIOT B BUJE CTaIbHBIX cTepkHed mmuHou 0,75 cwm u
nuaMeTpoM 1 cm; compoTuBiieHHs UX oObIYHO Kojebmtores B mpenenax 50,500 om. Ilpu Gombrmx
3HAUEHUSX OTUX COMPOTUBJICHUN HEOOXOAMMO VYBIAXHATH TOYBY BOKPYr JOMOJHUTEIBHBIX
3a3¢MIIMTENEN.

8.9. Ilpubop MC-08 mpu M3MEpEeHHH CONMPOTHUBIICHUS 3a3€MJICHUS YCTAaHABJIMBAIOT TOPU30HTAIBHO
Ha TBEPJOM OCHOBAaHWU B HEMOCPEACTBEHHOW OJM30CTH OT WCHBITYEMOTO 3a3eMJICHUS W
MPUCOEINHSIOT, KaK YKa3bIBaJIOCh B II. 8.7, K U3MEPSIEMOMY M BCIIOMOTaTEIbHOMY 3a3€MJIUTEIISIM.

8.10. Bce coenrHeHMs BBIIOIHSIOT U30JMPOBAHHBIM IIPOBOJOM, IPOTSAHYTHIM HEMOCPEACTBEHHO I10
3eMJIe.

8.11. PaccrosiHue Mexay H3MEpSEMbIM M BCIOMOTaTEJIbHBIMU 3a3€MJIMTEISIMU 3aBUCHT OT
YCTPOWCTBA HCTIBITYEMOTO 3a3eMyieHUs. [[1s1 OMMHOYHOTO 3a3eMJIMTENs] OHO JIOJDKHO OBITh HE MEHee
yYKa3aHHBIX Ha puc. 8.4.
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Puc. 8.4. PaccTosiHUS MEX Ty U3MEPSEMBIM U BCIIOMOTATEIEHBIM 3a3eMITUTEIISIMH JIJIs1 OTMHOYHOTO
3a3eMIInuTeNs Ipu u3MepeHun npudbopom MC-08

Puc. 8.5. PaccrosiHus MEX 1y KOHTYPHBIMA ¥ BCIIOMOTaTEIbHBIMH 3a3€MJIUTEIISIMA TIPU U3MEPEHUH
CJIOKHBIX 3a3emiuteneit npudopom MC-08

8.12. JIns CIOXKHBIX 3a36MJIMTENCH, BBINOJHEHHBIX B BUJIE KOHTypa C MPOTSHKEHHBIM IIEPUMETPOM,



paccTosHUSL MEXIy KOHTYPOM M BCIIOMOTATEIbHBIMH 3a3€MIIUTENSIMU JOJDKHBI OBITH HE MeEHee
YKa3aHHBIX Ha puc. 8.5.

8.13. Ilepen u3MepeHuEeM CONPOTUBIICHUS 3a3€MJIEHUS MPOU3BOAIT KOMIICHCALIUIO COIPOTUBIICHUS
BCIIOMOIaTEIbHOTO U3MEpUTENbHOIO 3azemiutens. g storo mnepewnovarens «PerynmupoBka -
Namepenue» (cM. puc. 8.2) mepeBoAsT B nojoxeHue «PerymupoBkay U, Bpailias pyKosSITKy FeHepaTopa co
CKOPOCTBIO OKO0JIO 135 06/mun, myreM moBOpOTa TOJIOBKM PeocTaTa yCTaHABIMBAIOT CTPEJIKY Mpubopa Ha
KpacHYIO0 OTMETKY IKajbl. Eciiy cTpenka He ycTaHaBJIMBaeTCs Ma KPAaCHYI0 OTMETKY IIKaJIbl, He00X0IMMO
MPUHATh MEPHI 711 YMEHBIICHUSI COMPOTUBIICHUS BCIIOMOTATEIBHOTO M3MEPHUTENBHOTO 3a3eMIIMTENS -
YBJIQXXHUTH OKPYKAIOLUMU TPYHT.

8.14. TIlocrme koMIlEHCAIIMM COMPOTUBIICHUS BCIIOMOTaTEIbHOTO 3a3€MJIATENS TMEPEKITI0YATENb
«PerynupoBka - IM3mepeHnue» mnepeBoasT B mnojoxeHue «M3mepenuey. Ilepewmtouatens npenenos
u3MepeHus (cMm. puc. 8.2) ctaBsat B nosoxenue npeaena 1000 om 1 mpou3BoasT 3aMep, Bpaliast pyuKy
reHepaTopa co cKopocThio 135 06/mun. Ilpn He3HAUUTETEHOM OTKIIOHEHUH CTPEIKU MPpuOopa mepexoasT
nocnefaoBarenbHo Ha mKany 100 om unu 10 om. OTcdeT MpPOU3BOAIT HEMOCPEACTBEHHO IO IIKalIE B
OMax C y4eToM KO3 (ppuIIeHTa Iepecyera.

8.15. Ecniu mpu u3MepeHuU cTpenka MpOAOJDKAeT elle KojeOaThCs, TO HEOOXOAUMO HPOBEPUTH
COMPOTHUBIICHUE BCIIOMOTATEIBHOIO 3a3eMiuTens. Jljist 3Toro ciaemyeT MOMEHSATh MECTaMd MPOBOJA,
MPUCOCIMHEHHBIE K 3akumaM /1 u [2 (cm. puc. 8.3), u moBTOpuTh H3MepeHue. [Ipubop mokaxer
COMPOTHUBJICHUE BCIIOMOTATEIIBHOTO 3a3eMJIMTENs. EcauM BeTWYMHA COMPOTUBJICHUS MPEBBIMIACT
3HAUEHUs, TPUBEICHHBIC BHIIIE, TPUHUMAIOTCS MEPhl K €0 YMEHBIICHUIO, MOCIE Yero MPOU3BOIUTCS
OCHOBHOM 3amep.

M3MEPEHUE YJIEJBHOI'O COITPOTUBJIEHUSA I'PYHTOB ITIPUBOPOM MC-08

8.16. YaenbHOE CONPOTUBIIEHUE BEPXHUX CIIOEB IPYHTOB MOXKHO HAMTHU IO JAHHBIM H3MEPECHUS
COIPOTUBJICHHS TPYOUATOTO 3a3eMIIMTENS ONPEICICHHBIX Pa3MEPOB:

, - Ronl_ 6288

m W
] d , omXm, (8.1)

rae / - mryOuHa 3a0UBKU TPYObI, M, d - ITuaMeTp TpyObl, M, R - CONpPOTUBIICHUE 3a3eMJIUTENS I10
JTAaHHBIM U3Mepenus npudopom MC-08, om.

I[Ipumeuanwne. lnmHa 1pyOs! H0oDKHA OBITE HE MeHee 1,5 4, TyOnHa 3a0UBKH - HE MeHee 1 .u.

R

Puc. 8.6. Cxema u3MepeHus yaeIbHOTO CONMPOTUBIEHUS 3eMiu mpudopom MC-08

8.17. YnenpHOE CONPOTHUBJIEHUE TPYHTA MOXKHO ONPEAEIUTH HEMOCPEACTBEHHBIM HM3MEPEHUEM
METOJIOM YETHIPEX 3JIEKTPOJOB (3a3emiuuTeseit). s 3TOro Ha HCIBITYEMOM y4acTKe 3a0MBAIOT B 3€MIIIO
[0 MPsAMOIl JTUHHUM YEThIpE CTEP>KHS Ha PacCTOSHUM a, M, JIpyr oT Apyra. K 3axumam um3smepurtens



MC-08 /1 u [p npucoequHAOT KpaiiHue (IUTAIOLME) CTEPKHU, a K 3axkuMaM £ u E, - BHyTpeHHHE
cTepkHU (n3MeputenbHble). [lepembruky Mexay 3axumamu /] U E» pa3mbIkatoT (puc. 8.60) 1 Npou3BOIAT

U3MEpPEHHUE, IPUYEM ITPEABAPUTENBHO IIPHU MOJ0KEHUH NTepeKIodarens «PerynupoBKka» ycTaHaBIMBAOT
CTpeJIKy IpruOOpa Ha KpacHY0 OTMETKy IKajibl [IpnOop mokasbiBaeT B 3TOM Cilydae CONpPOTHBIICHHE
MEX/1y IBYMs BHYTPEHHUMHU CTEPKHSIMHU B OMax.

VY enapHOE CONMPOTUBIICHHE TPYHTA 11O JAHHBIM M3MEPEHUS MOJCUUTHIBAIOT MO (GopMyIie

p =6,28 aR, omXm, (8.2)

r1e R - U3MEPEHHOE CONPOTUBJIEHUE, OM, @ - PACCTOSHUE MEXKTY SJIEKTPOIaMH, M.

[TpuOMM3UTENBHO MOXHO CUMTaTh, YTO MPU JAHHOM CIOCOOE MOJIydaeTcs CpelHee YeabHOe
COMPOTHUBJICHHE TPyHTAa Ha TIyOMHE, PaBHON pACCTOSHHUIO MEXIy 3a0HUTHIMH H3MEPUTEIbHBIMU
3a3eMJIUTEISAMH (SJIEKTPOAAMH ).

8.18. Ilpu monb3oBanum u3MepureneM 3azemiienus Tuna MC-08 Heobxoaumo odeperaTh MoCIeTHUH
OT TOJTYKOB U TPSICKH, & B MOJIEBBIX YCIOBUSIX OT JOXK/S U TIBLIH.

8.19. Ilo oOKOHYaHUU U3MEPEHUH CIEAYET 3aKPBITh CTEKIIO KPBIIIKOM, BIOKUTH PYKOSITKY T€éHepaTropa B
THE3/10, KOKAHYIO CYMKY 3aKPBITh CIIEHATIbHBIM 3aMKOM.

W3MEPEHUSA COITPOTUBJIEHUS 3A3EMJIEHV METOJI0OM «BOJIbTMETPA -
AMIIEPM ETPA»

8.20. CymmHOCTh U3MEpPEHUSI METOJOM <«BOJBTMETpPA - aMIIEPMETPa» 3aKII0UYAETCS B OIMpENeIeHUU
MaJeHUsI HAPSDKCHUST MEXKTy HCIIBITYeMBIM M BCIIOMOTATEIBbHBIM 3a3eMJIUTEIEM, HAXOIAIIMMCS B TOUKE
C HYJIEBBIM MOTEHIMAIOM, U B U3MEPEHUH TOKA, MPOXOJAIIETO Yepe3 MCIBITYeMOe 3a3eMIIeHHE (pHC.
8.7). Ilpu 3TOM CONPOTUBIIEHHE 3a3eMJICHHS ompeaensercs aeneauem U() Ha [:

R =AU/ = Uyl om,

rne AU - moyiHOe TaJeHue HaINpsHKEHUST MEXKY HCIBITYEMbIM 3a3€MJICHUEM W TOYKOW HYJIEBOTO
MOTEHIMAJa, 8,
U() - TOJHBIN MOTEHLUAT UCIIBITYEMOTO 3a3€MJICHUS, 6,
I - TOK, mpoXoAdIMK yepe3 3a3eMIICHUS, d.
8.21. Hcnonp3yemple MpU U3MEPEHUHM aMIIEpPMETP M BOJBTMETP JOJDKHBI O00JIafaTh JOCTATOYHO
BBICOKOM TOYHOCTBIO - HE HMXke Kiacca 1,5. Eciau s uaMepeHuss Toka MPUMEHSIETCS U3MEPUTEIbHBII

TpaHchopMaTop, TO ¥ OH JIOJDKEH UMETh KTacc TOYHOCTH He Hrke 1 | 1,5.

e W o




Puc. 8.8 Cxema u3MepeHus COMpOTUBICHUS U3MEPUTEIHHOTO (BCIIOMOTATEIBHOIO) 3a3€MIIUTEIIS C
MOMOIIBIO aMITIEPMETpa - BOJIBTMETpa

8.22. Bonbr™eTp 005afaeT BHYTPEHHHM CONPOTUBIIEHHEM, IO3TOMY €ro IOKazaHue He Oyner
COOTBETCTBOBATh BEJIMUMHE MOTEHIMaNa 3a3eMiauTensd. Pacxoxnenue Oyner TeM OoJiblle, YeM MEHBIIE
CONPOTHBJICHHE BOJBTMETpPA. B CBS3M C 3THM K IOKAa3aHUAM BOJBTMETpA JOJDKHA OBITh BBEJCHA
HOTpaBKa:

av=u 1+
&) e, (8.3)

rac Ux - IIOKAa3aHHUC BOJIbTMECTPA, 6, R3 - COIIPOTUBJICHHUC BCIIOMOIATCIBHOTO 3a3aMJIMTCIIA, OM, RB -

BHYTPEHHEE CONPOTUBIICHUE BOJIBTMETPA, OM.
W3 ykazaHHBIX BeNIUYUH TpeOyeTcs MpelBapUTENbHO OMpeNeiauTh Rp (ecaum STa BenMYMHA HE

noMeveHa Ha caMoM Ipudope) u Rz ConpoTuBIEHUE BCIIOMOTaTeIbHOTO U3MEPUTENBHOIO 3a3eMIIUTENS

U3MEPSIOT TaK K€, KaK U COMPOTHUBJIEHUE OCHOBHOTO HCHBITYEMOTO 3a3€MJICHHS, TOJBKO HU3MEPUTEIb
TOKa BKIIFOYAIOT MEXKITY Ry U R], a BOIBTMETP - MeXAy R] 1 R), KaK moka3aHo Ha puc. 8.8.

[IpuMevaHnue. D10 U3MEPEHUE HYKHO JIOMOJHUTEILHO MPOBOJUTH B TOM CJydae, €ClM BHYTPEHHEE COMPOTUBIICHHE
Oynet umeTs 3HaueHHE MeHee 1000 on/s.

NU3MEPEHHUE YJIEJABHOI'O COITPOTUBJIEHUA I'PYHTA METOJ1OM BEPTUKAJIBHOI'O
IJEKTPHYECKOI'O 30HINPOBAHUSA

8.23. MeTron BEpPTHKAIBHOTO SJIEKTPUUECKOro 30HaupoBaHus (BD3) ocHOBaH Ha MHOTOKPAaTHOM

M3MEpPEHUH YACNBbHOTO COMPOTHUBICHUS TPYHTA P HA PA3IUYHON TIIyOMHE H3MEPHUTENEM 3a3eMIICHUM
MC-08 no cxemam, MOKa3aHHBIM Ha puc. 8.9, IpU pa3InYHBIX PACCTOSHUAX MEXKIY DJIEKTPOJIAMH.

8.24. Jlnist TOro 4ToOBl U3MEPUTENBHBIC AIEKTPOLI A, B, M, N B yKazaHHBIX CXeMaxX MOIJIU CYUTATHCS
TOYCYHBIMU MCTOYHUKAMH W HE BHOCHJIM MCKAXCHUN B HANPABJICHUS CUJIOBBIX JIMHUN AJIEKTPUUYECKOTO
1oJisi BOJMM3H DJIEKTPOJIOB, UX IMHEHHBIN pa3Mep JOKEeH ObITh B HECKOJIBKO pa3 MEHBIIE KpaTdyaniiero
paccTosHUS MEeXKIy HUMH (cM. puc 8.9).

8.25. 3onaupoBaHue rpyHTa mo cxeme BenHepa (puc. 8.96) ocymecTBiIseTcs CISAYIOIMM 00pa3oM:
IIEPBOE U3MEPEHUE YAEIBHOIO COMPOTUBIIEHUS IPyHTa MPOou3BoaArT npu AB = 1,5 m (a = 0,5 m), BTOpOE
-npu AB = 2,1 m (a = 0,7 m) u 1.0. IIpy Kaxa0M U3MEPEHUH CUMMETPUYHO OTHOCHUTEIIBHO IIEHTpa
3oHAMpoBaHusl «0» pa3IBUTalOT Bce 4YeThipe aiekrpona. I[lo Mepe yBenuueHusi pacctosiHus AB
MOKa3aHUsI M3MEPHUTENI 3a3eMJIeHUW OyayT yMmeHbImatbes. lIpomecc w3MepeHUN HEOO0XOIUMO
MPOJOJDKATh JI0 TeX IMOp, MOKa He OyleT MOCTHTHYT HWKHHUHM mpenen mKaiubl mnpubdopa. OObIYHO
30HIMpOBaHuE 3aKkaHunuBaeTcs npu AB =45 90 u, pexe - mpu AB = 120,210 m.

8.26. Ilpu 3onaupoBanum rpyHTa 1o cxeme LllmromGepxe (puc. 8.9a) nmepBoe u3MepeHue yaeIbHOTO
COIPOTUBIICHUS MPOU3BOJIAT, KaK U 1o cxeme Bennepa, npu 48 = 1,5 » (MN = 0,5 m), BTOpOE - 1ipu AB
=2,1 m (MN = 0,5 M) 1 T.A., T.e. CHMMETPUYHO OTHOCUTEIHHO IIEHTpa 30HJAUPOBAHUS PA3[ABUTAIOT
TOJIBKO TOKOBBIE 3JIeKTPOJIbl 4 u B. IloTeHnanbabie 37eKTpoabl M u N oCTaloTCs Ha MPEKHUX MECTaX.
[lpu 3onaupoBanuu mo cxeme lllmromOepike mocie KakIOro IMOCIETYIOIIET0 M3MEPEeHUs MOKa3aHHs
npulopa yMEHBIIAIOTCS 3HAYUTENBHO ObIcTpee. B pesynbTare HMXKHUM Mpeen mKaisl mpudbopa OyaeT
JOCTUTHYT IPU 3HAYUTEIBbHO MEHBIIIMX PACCTOSHUSIX MEKITY dIIEKTpoaamMu A u B.

OOBIYHO TIPY 30HIMPOBAHHMHU TPYHTA MPUMEHSIOT 00e cxembl. CHavalla U3MEpEeHHS BEIYyT IO CXeMe
[Inrombeprke, Tak Kak MPU MaJbIX PACCTOSIHUSAX OHA JAaeT OOJIBIIYI0 TOYHOCTh U3MEpPEHHUM, a 3aTeM, 0
JOCTU)KEHUU HUXKHETO MpeJeNa MIKajdbl U HEOOXOIUMOCTH MPOJOIKEHUS U3MEPEHUN MpH OOJBIIMX
PacCCTOSHUAX MEXAY dJIeKTpoaamMu A u B, nmepexonar Ha cxemy BenHepa. J[J11 3TOro TOKOBBIE 3JIEKTPOBI
OCTaBJISIFOT HA MIPSKHUX MECTAX, a MOTEHIIHAIbHBIC 3JIEKTPOJIbI Pa3HOCAT Ha paccrosiaue MN = AB/3 u
NPOU3BOJAAT TMOCIEAYIOIee H3MEpPeHHe YAETbHOIO COMPOTHBIEHUS 10 TpeOyeMblx mpezaenoB. B



OOJIBILIMHCTBE CIy4yaeB Ha cxeMy BeHHepa mepexoasT Nmpu JTOCTHXKEHUHU PACCTOSHUS MEXKIY TOKOBBIMU

anekrponaamMu A u B, pasaoro 20 , 50 i
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Puc. 8.9. Cxemnl nnst BO3 ¢ uzmepurtenem 3azemienuin MC-08:
a) llImom6bepixe; 6) Bernepa; 6) BHUNDCX

8.27. Ilpm 30HOAMPOBAHMH TPYHTA C MOMOIIBIO MPAKTUYECKOW JBYXINEKTPOJHOM cxeMbl B33,
paszpadborarHoii BHUNOCX (puc. 8.96), mepemMemaioT TOJIbKO OJWH JJICKTPOJ B JIEBYIO WM IPaBYIO
cTOpoHy oT 3nekrpoaa 4. Ilpu atom paccrosaue H; A MoxeT u3MeHsAThes B ipenenax ot 0,5 o 2L, m, a
paccrosiaue MA - ot 0,5 1o 0,4L, m. Cxema BHUNDCX siBnsieTcst 60jiee YKOHOMUYIHOM.

8.28. C 1enpio MoJIyd4eHUs JOCTATOYHOTO KOJIMUECTBA JAHHBIX HEOOXOAMMO MPOU3BOAUTH U3MEPEHUS
P CIEAYIOMMX PACCTOSHUSIX MEKIY JIEKTPOJaMHU:

-Amwn B:1,5; 22; 3; 4,5; 6; 9; 12; 15; 21; 30; 45; 60; 90; 120; 150; 210; 300........ M B cllydae
ucrnoap3oBanus cxeM Bennepa u lllmrombepike;

-MwnA:0,5;0,7;0,9; 1,2; 1,6 m u 1.1. npu npumenenuu cxembl BHUMDCX.

8.29. Ilpu nposeaennu BI3 ¢ nmomomupio uzMeputens 3azemnenuii MC-0,7 nim MC-0,8 10omKHbI
OBITh BBITIOJHEHBI BCE TPEOOBAHMS OTHOCHUTEIHLHO COMPOTHBIICHUM BHEIHUX IENEH U PETryIUPOBOK.
[llkana mpubopa mporpajaydupoBaHa MPU OMPEACTCHHONW BEIMYUHE COMPOTHBICHUS MOTCHIIMATHHOU
nenu. [lepen KaKapIM U3MEpEHHEM P HEOOXOAMMO MPOU3BOIUTH PETYIUPOBKY 3TOTO CONMPOTUBIICHUS C
MTOMOIIBIO PErYIUPOBOYHOTO PEOCTaTa, BKIFOUEHHOTO B €T0 LETIh.

8.30. B OoNbIIMHCTBE TPYHTOBBIX YCIOBHUM YCTAaHOBJICEHHas TIIyOMHA 3a0MBKH H3MEPUTEIbHBIX
anekrponoB (b £ a/3 wnu b £ MN/3) mosBonsier HauumHaTh 30HaUpoBaHue npu AB = 1,5. Ecim
OCYILIECTBUTh PETYJIUPOBKY COMPOTHUBICHHUS NOTEHUMaNbHOW wenu npu AB = 1,5 m He ynmacred,
30HAMPOBAHUE HAUMHAIOT C paccTossHUS AB = 2,1 unm 3,0 .



B mecuanwsix rpyntax ¢ p = 1000,2000 omXm MOTyT BO3HHUKHYTH TPYAHOCTH B OOECIICUCHUHU
TpeOyeMbIX BEIIMYMH COMPOTHUBJICHUN MOTCHIMAIBHONW M TOKOBOM Iemei. B ATHUX ciydasx TOKOBBIS
AJIEKTPOJIbI HYKHO BBITIOJIHUTH U3 JBYX WJIU TpeX LIThIpel U 3a0uth ux Ha pacctosuuu (1,2)b npyr ot
npyra. ['myOuHa 3a0uMBKM IITHIpEN OJKHA OBITh MakCUMajbHOU, T.e. b = 60,70 cm, a MUHUMAaJIbHbIE
paccTosiHUSL MeXIy 3jiekrpogamu M u N - He MeHee 4eM B TpU pa3a OoJiblle PACCTOSIHUS MEXIY
LITBIPSIMA MHOTOCTEPKHEBOTO JJIEKTPOJA.

ONPEJEJEHME DJIEKTPHUECKHX TAPAMETPOB I'PYHTA JIBYXCJOMHOMN
CTPYKTYPbI

8.31. O6paboTka pesynbraToB B33 nomkHa HauMHATHCS Cpasy ke Mocje OKOHYaHUsI U3MEpEeHU i, TakK
KaK MOXKET BOBHUKHYTh MOTPEOHOCTH B MOBTOPHBIX UJTU JOTMOJHUTEIBHBIX H3MEPEHUSIX.

3anuch pe3yiabTaToB M3MEpEeHHl M UX 00paboTKa OCYILECTBIISIOTCS Ha CleluaibHbIX OnaHkax. B
HIDKHEW 4acTu OJaHKa JTaeTcs dCKU3 00CiIeyeMOM TJIOMAIA U JIEJIAeTCsl 3aIMuCh CBEJIEHUN O COCTOSTHUM
IPYHTa B MOMEHT u3MepeHuii. OOpasel 3anoiHeHus OaHka npuBeaeH Ha puc. 8.10.

8.32. TlockonbKy B OONBIIMHCTBE PAalOHOB TPYHT MO TIyOMHE HEOJHOPOICH, BBIYUCICHHOE IO
pesynbrataM BO3 ynenpHOE COMPOTUBIICHUE TPyHTA OyAeT SBISAThCS Kaxynmmcs (pk). Benmnuumna ero

omnpenensiercs no GopMmysam:
PE3YJIBTATBI B33 I'PYHTA 110 CXEM AM BEHHEPA U IIJIKOMBEPKE

Jata npoBeneHus padbot
[Tpu6op MC 08 Ne.......

A, xfrs)|21] 3 [a5]s5]6 |0 |12]14]2]30]|40]60] e

—=

My, x|05]0s |o.s 0,515 iI.E 1,5 1,5 | 4 |4 | 10]10]2]2

A, M l 1 |15 2,25‘ 3 456 m] 20
ff Jewud naolyaony . i
cood, n ]u,zs 0,25 0_25] 0,75 ﬂ,?E]D,i"E 2 ' 5
j sty r 1
H 833 “‘; R, ox mls,a 2 G_H\E,Q 1,6 |n_az|a,33|,: u,zriu,sa 0,160, 15| 0, 1
-
L pﬂ,:r.tl:rﬂl 50_31 3?_5i 28,6 :a,a[ﬂr,alzn,s 95_5{24,5 zr,ﬁzn,atm,al 19 ilﬂ,EllE.s

pumevanue. [pyHT NIMHACTBIN, CpelHEN BIAXKHOCTH, KOJMYECTBO OCAJKOB, BHITABIIMX JO MOMEHTA W3MEPCHHH,
cooTBeTCTBYeT HopMe. [ myOuHa mpomep3anus 1,5 v, cpeliHss MHOTOJIETHSS TeMIiepaTypa ssaBaps -10°C.

Ha ocroBanuu m3MepeHus yCTAHOBIICHO, 9TO TPYHT HMEET ABYXCIOWHYIO AIIEKTPHIECKYIO CTPYKTYPY C TapaMmeTpaMmu

p1 =80 omXm; py = 18,8 omXm; hy =0,5m.

Puc. 8.10. IlpumepHnblii 0Opasers 3amoaIHeHHOTo GJIaHKa /sl 3aluCcH 1 00paboTKH pe3ynbratoB BO3
OO0sbekT, maomaaka No

a) mpu uzmepenuu no cxeme HInromo6epixe:

1 _ 2
o, =314R X~ 4
24 omXwm; (8.4)
0) mpu u3MepeHuu no cxeme Bennepa:
Pk = 6,28 X Ra, omXm; (8.5)

B) pu usmepenuu no cxeme BHUMOCX:
- IIpU IepeMELCHUH 3JIeKTpoAa (/1]) B JIEBYIO CTOPOHY OT 3JIeKTpoja A



¢

(o) = 6,283r“[1 - ’"_]
L , OMXM;

- TIpU TIepeMeIeHuu diekrpona (H1) B mpaByro ctopony oT anekrpoaa 4

lr‘ ]
L-2r , OMX M,

tae A, d, a, *', r, L - paccTosiHusl, TOKa3aHHbIE Ha cxemax (cM. puc. 8.9), m, R - mokazanus npuodopa,

(P ) = 5,233&[1 +

OM.
8.33. B pe3ynbrare NpoBEACHHBIX BBIUMCICHUN Pk MOJIYYAIOTCS CICIYIOIME 3aBUCUMOCTH :

- Ipu u3MepeHusIx o cxeme [llmromGeprke

pe = flABI2)= F(1). (8.6)
- IIpU U3MEPEHUX 0 cxeme Bennepa

o = ALABI3) = All5a), (8.7)
- ipu u3Mepenusix no cxeme BHUMOCX

Pk =/2(1).

OTH 3aBUCUMOCTU JUIsl TMOCIEyIoIed 0o0paboTKH H300pakaroT rpauyeckd B MPSIMOYTOJIbHBIX
KOOpAMHATaX C JOTapU(PMUUYECKHUM MAacIITadoM MO KaxIoM u3 oceil. I'paduku skcrmepuMeHTanbHOM
3aBucuUMOCTH px = f(A), px = f1(1,5a) u px = fo(r) HazpiBaroTcsa kpuBbiMu BI3. [l ux nmoctpoeHus
NpUMEHsIETCA crnenuanbHas OusorapudMuueckass Oymara co CTaHJApPTHBIM Macurabom  (IyiMHa
JorapuMUYECKON eTUHHITBI paBHa 6,25 cm). OOpasen moctpoeHus kpuBoit BO3 mokaszan Ha puc. 8.11.
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Puc. 8.11. Kpupas B33
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Puc. 8.12. HaGop naneTok ass 1ByXCIOMHOIO IpyHTa

8.34. Tlocne moctpoeHus kpupoil BO3 ¢ momommpio crnenuanbHoro Habopa maneTok (puc. 8.12)
OTIpEeAETSAIOTCS MapaMeTPhl JBYXCIONHOM 3JIEKTPUUYECKON CTPYKTYpPBI TPYHTA - Y/IEIbHOE CONPOTUBIICHUE
BEpPXHETO (p]) M HUKHETO (P2) CIOEB U TOJIIIMHA BEPXHETO CIIos /1].

C ar1oit nenpto Ha OunorapudmMuueckyro Oymary, rae n3oopaxena kpuBas BO3, HakmaapIBaloT KaabKy,
Ha KOTOPYIO KapaHJAIlOM IMEPEHOCAT KPUBYIO M €€ OCH KOOpAWHAT. 3aTeM KaJIbKy HaKIaIbIBalOT Ha
Ha0oOp MaJleTOK U, MepeMenas ee Tak, 4YTOObl COXPaHSUIMCh MapalIebHOCTh OCEH KOOpIMHAT,
JMOOWBAIOTCA JIOCTAaTOYHO XOPOIETO COBMAajeHUsI s KpuBoW BD3 c omHON W3 MaleToK WM JKe
3aKOHOMEPHOTO PACIIOJIO0KEHHUS €€ MEXKIY JBYMS COCETHUMH TaIeTKaMU.

[Tocie 3Toro Ha KaIbKy MEPEHOCIT HaYallbHbIE OCH KOOPAMHAT MAJIETOK U CHOBA HAKIIAJBIBAIOT €€ Ha
omwnorapudmudeckyro Oymary. J[oOMBHOIMCH TOYHOTO COBMEINCHHS H300paKCHUW Ha Kajdbke U
ounorapudmuueckoir Oymare, MPUCTYNAIOT K ONpPENEICHUIO IapaMeTPOB JBYXCIOHHON CTPYKTYpHI
rpyHTa. Och OpJMHAT MAJETOK OTCEKaeT Ha ocu abcuucc kpuBod BI3 3nauenus /1, m; och abcuuce

IMAJICTOK OTCEKACT HAa OCHU OpJAUHAT KpHBOﬁ B33 3nauenue pP1, omXm. 3HaucHMUE P2 OIPECACIACTCA 110

TOPU30HTAIIPHOMY YYacTKy B KOHIIe kpuBod BDI3 (mpu OonbmmMX A MMEET MECTO aCHMMIITOTHYECKOE
CTpPEMIICHUE Pg —* P2).

[IpuMmep ompeneneHus mapameTpoB pl, p2 U 4] npuseaeH Ha puc. 8.13. B atom npumepe p1 = 150

omXm; p2 =19 ouXmu h1 =1,5 m.
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Puc. 8.13. Onpenenenue napameTpoB IpyHTa 1o KpuBoit BO3 ¢ momolipbio naneTok Ass ABYXCIOHHOM
DICKTPUYECKOU CTPYKTYPBI:

1 - xpuBast B33; 2 - manetku, 3 - och abcuucc; 4 - 0OCh OpJMHAT MaJIeTOK; J - aCUMITOTa

8.35. B GonmpumHCTBE ciiydaeB KpuBbie BD3 X0poIio cOBMEMAIOTCS ¢ MajleTKaMH IS JBYXCIOWHOM
CTPYKTYPBHI TPYHTA, OJTHAKO MHOTIAa OHU HECKOJBKO OTIUYAIOTCS OT MAJIETOK - UMEIOT Ha KOHIIE KPUBOU
TOPU30HTANBHBIN y4yacTOK. [locienHee roBOpUT O TOM, YTO B HHUXKHEM CJIO€ TPYHT JOCTATOYHO
OJTHOPOJIEH, a B BEPXHEM CTPOEHHE €T0 CI0KHOE.

Jl1s1 pacyeToB CONPOTUBIIEHUS PACTEKAHUIO TOKOB C 3a3eMJIMTENIEN BaXXHO 3HATh TOUHbBIC 3HAUEHUS
apamMeTpoB P2 U /11, TOATOMY IPUMEHEHUE JABYXCIOWHBIX MMAJIETOK BIIOJIHE I0IYCTUMO.

[lpumep ompeneneHus mapaMeTpoB MPU HECOBMAJCHUM KpuBOW BD3 ¢ manerkamu B BepxHeEl ee
yacTu nokasad na puc. 8.14. B atom npumepe p1 = 80 omXm; p2 = 18 omXm; u h1 = 1,3 m, mpudem p|

W /1] HaICHBI C HEKOTOPBIM 3aI1acoM.
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Puc. 8.14. Onpenenenue napaMeTpoB rpyHTa 1o kpuBor B3, otnuuaroieiics mo gopme ot
JIBYXCJIOMHBIX MAJIETOK:



1 - xpuBas BO3; 2 - maneTky; 3 - acUMITOTa Py = Py; 4 - OCh a0CIHCC MAJETOK; J - OCh OPAMHAT MAJICTOK

8.36. B mecuaHbIX TpyHTax XOpOILIO MPOBOISUMN CJIOW COBMAJAeT CO CIOEM TPYHTOBOH BOJIbI,
MO3TOMY /1] MOXET AOCTHIaTh 5 m 1 6onee. Ilpu ncnonb30BaHUM A7 BEPTUKAIBHOIO 3JIEKTPUYECKOTO

3ouaupoBanus usMeputeneir MC-08 kpuBas BO3 momyuaercss HemonHo, 0e3 HUXHEW BETBH C
TOPH30HTAIBHBIM YJ4aCTKOM, €CITM TIIyOMHa BepxHero cios oosiee 5 m. Ilo Takoit kpuBoii BO3 mMoxHO

OTIPENICUTh TOJBKO J1Ba apamertpa: p| u 41. Ha puc. 8.15 nokazana kpuas g p1 = 1200 omXm u h
=8 m.

OTHOCUTENBHO P2 MOXKHO CKa3aTh, YTO €ro 3HadeHue He mnpeBblmaer 50 omXm. B caydae
HEOOXOMMOCTH BEJIMUMHA P) MOXKET ObITh YTOUHEHA C MOMOIIIBIO 00Jiee YYBCTBUTEIBHON amapaTyphl,
KOTOpasi O3BOJISIET U3MEPSITh Py MPH OOJIBIIMX PACCTOSIHUSAX AB UM METOJIOM JAJITUHHOTO KOHTPOJIEHOTO
AIEKTPOJA.

Crnemyer OTMETHTh, YTO B MECUYAHBIX TPYHTAX PEUIAIOLIYI0 POJIb UTPACT OMpeAeNieHue rmapamerpa /21,

TaK KaKk OH JIaeT BO3MOXXHOCTh HAalTH HambOosiee parlMOHAIBHYIO JTIMHY BEPTHKAIBHOTO AJICKTPOJIA IS
OyIyIIeTo 3a3eMJISIOIIETO KOHTYpa.

Py, OMH ;
o -t T l |
1500 E— 3

000 |-

=
P I\
400 1 )
300 b= |
200 . :
44 e j__ B\ WL WAL 1
100 A e 1% % - ‘?'ﬂ
n|
i

by

o s o 1 e i o 5

B i
sl S N % 2
s L_ | J i | *fil'/

. i N
05 10 52 J 4568 10 1520 3040 6080100

Puc. 8.15. Onpenenenue mapaMeTpoB rpyHTa 1Mo kpuBoii BO3 6e3 HIkKHEH BETBU:

1 - xpuBas BO3; 2 - maneTka st py:pg = 1:19; 3 - och abcmuce maneTok; 4 - 0Ch OpIMHAT MANETOK

OPI'AHM3AIIUA PABOT 110 BEPTUKAJIBHOMY JIEKTPUYECKOMY 30HAUMPOBAHUIO
I'PYHTA HA INIOIMAJAKAX

8.37. PabGotet mo BD3 rpyHTa mpH COOpYXKEHHH U KOHTPOJE 3a3eMIICHUH MPOU3BOAATCS
CHEUAIbHON TPYIIOH, COCTOSAIIEH 13 PyKOBOAUTENS padoT - MHKEHEPA WM TeXHHUKA U JBYX pabovmX.
I'pynna ocHamaercss He0OXOIUMBIM OOOpYIOBAaHHEM W HWHCTPYMEHTaMH, INPUMEPHBIA TEpeueHb
KOTOPOTO TIpUBE/ICH B Tabm. 8.1.

Taoauira 8.1
HanmenoBanme Emmnnna nuamepenus Komuectso
Nameputens 3azemnenuii Tunna MC-08 umm MC-07 IIT. 1,2
I'mOxue n301MpoBaHHBIE MEHBIE ITPOBOJIA CEYeHUEM 1,5 2o M 300,500
Katymiku st HaMOTKH TIPOBOJIOB (Tesie(hOHHOTO THITA) IIT. 4
MepHsbie eHTH (0OBIYHBIC WX CTIeIanbHbIe 1t BD3) » 2

N3mepuTenbHbIe 3JIEKTPOIbl » 4 .10



Pyunsle mosotsl Becom 1,2 ke » 2.3
BbraHku 0TY4ETHBIX IOKyMEHTOB, OuorapudMudeckas Oymara u T.I1. - Habop nanetok

8.38. IIpu mpoekTupoBaHUM 3a3eMIICHHS Ha HeOobIon Tomgake (S < 400 MZ) BBITIOJIHSIETCSL OJTHO
BEPTUKAILHOE JJIEKTPUYECKOe 30HIupoBaHue. [Ipy 3TOM IEHTP CHUMMETPHUHM YETBIPEXDIEKTPOIHOM
cxembl (LIEHTp 30HAMPOBAHUS) JOJKEH HAXOJUTHCA B ILIEHTPE WM BOJMU3U IEHTpa OYAyIIero
3a3eMJICHUSL.

8.39. Ilpu ycTpolicTBe 3a3eMIICHUS Ha OONBIIMX IUIOMAIKAX (S > 400 M ), Ha KOTOPBIX MOTYT UMETh
MECTO HEKOTOpasi HEOJHOPOAHOCTh IO YIEIbHOMY COIPOTHUBIICHUIO BEPXHETO CJos (P]) U U3MECHEHHE

TOJIIIMHBI 3TOTO CJIOS /1], YUCIIO 30HIMPOBAHHUI JNOJDKHO ObITh Oombire. [lpu mimomamu koHTypa S 10

2000 ° MHHIMAIBHOE YHCIIO 30HIUPOBAHUI MOKET OBITh paCCYUTAHO MO GopMyrie

n 3 S/400. (8.8)

8.40. Mecrta 30HIUPOBAHUI HA TUIOMRAIKE OOIBIIMX Pa3MEPOB OMPEACIISIIOTCS CIECIYIOIMM 00pa3oM.
[Tnomaaxky pa3dMBaOT MPUMEPHO HA OJMHAKOBBIC KBAJApaThl WJIM OMU3KME K HUM IMPSIMOYTOJIbHHUKH
pasmepom 40740, 40750 M U T.o. B Kakmom KBazpare (MPsIMOYrOJbHUKE) MPOBOIAUTCS OIHO
30HIUPOBAHUE, MPUYEM IEHTP 30HIUPOBAHHS BBHIOMPAETCS B TEOMETPUUECKOM IIEHTpE KBajpaTa
(mpsiMoyronibHMKa). HampaBieHne pa3HOCKUA OJJEKTPOJOB HE UIPaeT peumarouiel pojiad, Tak Kak
napameTpsl p] U /] ONPEeNsiIoTCs] 30HANPOBAHUEM IMTPU HEOOJIBIINX PACCTOSHUSIX MEXY dIEKTPOAAMHU

(mo 30,45 m). Ilpumepsl opraHu3aluu padoOT Ha MIIOIIAIKAX PA3HBIX Pa3MEPOB JaHbI Ha puc. 8.16.
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Puc. 8.16. Ilpumeps! opranuzanuu padbot no B33 Ha miiomaakax pa3HbIX pa3MepoB:

a) S £ 400.47%; 6) 400 < S <20002; 6) S > 2000 2
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Puc. 8.17. Ilpumepsl opranuzanuu padot no BO3 BOMM3M CyIECTBYIONMX 3a3eMIUTENEH pa3HbIX
pa3MepoB;

a) S £ 400 m%; 6) 400 < S <2000 12; 8) S > 2000 1>
8.41. YTouHeHHbIEC 3HAYCHUS MapaMeTpoB P] U /] TPyHTa Ha OOJBIIMX MJIOMIAJKAX HAXOISATCS IO
dopmymam:

_1 s
P_;;Pu’

p=13

e (8.10)

(8.9)

8.42. 3onaupoBaHUE Ha TMOJHYIO TJIYyOMHY C LEJbI0 OINPEICIICHHUS YACIbHOIO COMPOTUBIICHUS
HUD)KHETO CJIOS P MPOU3BOAUTCS OAMH pa3 B IeHTpe Oyayiero 3azemieHus. OTHOTO 30HIMPOBAHUS
JIOCTaTOYHO, TaK KaK 3TO COMPOTUBIICHUE MPAKTUYECKN HE U3MEHSETCH.

8.43. Paboter mo BDO3 BOMM3HM CyIECTBYIONMX 3a3eMJICHUNM OPTaHU3YIOTCS CICIYIONM OOpa3oM.
V3mepeHust MpOU3BOIATCS BONMM3KM KOHTYpa 3a3emiieHus. Ecimu miomaas koutypa S £ 400 M, HIPOBOJAT
onHo 3onaupoBanue. Ilpu 400 < § < 2000 pre MPOBOAAT JBa 30HAMpOBaHHs. B cimydae Oonbrmx
TIJIOIIAIOK YHUCIIO 30HIUPOBAHUM 71 ONPEAEIAIOT B 3aBUCMMOCTH OT MEpUMETpa KOHTypa P B MeTpax mo

dopmyme
n 3 P/100. (8.11)

JIMHUM 30HAMPOBAHMS pacloiaraioT MapauiebHO ONMKailiieil CTOpOHe 3a3eMIISIIOILET0 KOHTYpa Ha
paccrositHuu 5 , 10 m oT Hee.

Ecnmu Boonmp CTOpOHBI KOHTYypa HEOOXOAMMO TpPOJENaTh OJHO 30HAMPOBAHUE, TO ILIEHTP
30HJUPOBAHUS PACMONAralOT HANPOTHUB CEPEIUHBI JaHHOW CTOpOHBI. Eciu BAOJL CTOPOHBI KOHTYpa
JOJDKHO OBITh  TIPOBENIEHO HECKOJIBKO 30HIMPOBAHMI, IIEHTPHI 30HAWPOBAHUN  PaCIIOAraroT
PaBHOMEPHO BJOJIb 3TOW CTOPOHBHI.

[lpumepsr opranuzanuu padboT mo BO3 BOMM3M CyIECTBYIONMX 3a3¢MJICHHH pPa3HBIX pPa3MEpOB



NpUBEJIEHBI HA puc. 8.17.

8.44. BeprukaibHOE JJICKTPUYECKOE 30HJAMPOBAHHE TPyHTA MPOBOAUTCA B  CICAYIOIICH
MOCJIeIOBATEIPHOCTH. PacmonoXuB OKOJO I[EHTpPa 30HIMPOBAHUS H3MEPUTEIBHYIO ammaparypy H
KaTYIIKA C TPOBOJIaMU, HAMEYAIOT JIMHUIO 30HIUpoBaHus. Ee MOXKHO 0003HAUUTh TpeMsl BeXaMH, OJHA
13 KOTOPBIX CTABUTCS B IIEHTPE 30HIUPOBaAHUs, a iBe Apyrue Ha pacctosHun 20 , 50 m mo 06e CTOpOHBI
oT Hee. Bionp HaMeueHHOW JTUHHUU PACcTSITMBAIOT MEPHBIE JICHTHI, a 3aT€M pa3MaThIBAIOT MPOBOJAA U
MPUCOEAUHSIOT UX K U3MEPUTEIBHON anmnapaType U 3J1eKTPOIaM.

PykoBoauTens paboT, HaxOASAIMMHCS Yy H3MEPUTEIIBHOW ammaparypbl, MPOU3BOIUT H3MEPEHHUS,
3allMChIBAET IOKa3aHUsl MPUOOpPOB M BhIUMCHAeT 3HaueHHs Py PaboTel mo mepeHocke U 3a0uBKe

3JIEKTPOJIOB, BBIIOJIHSAIOT IBOE PA0OYMX, HAXOAAIMXCS 10 00€ CTOPOHBI OT LIEHTPA 30HIUPOBAHUS.
Cxema opranuzanuu padot no BO3 nokazana Ha puc. 8.18.

b &

Puc. 8.18. Cxema opranuzanuu padot no BO3:

1 - Bexu, 0603HaYAOIINE JIMHUIO 30HIUPOBAHUS; 2 - MEPHBIE JIEHTHI; 3 - u3MepuTes 3a3emiiennit MC-08; 4 - kaTy1ku ¢
npoBogamu; A, M, N, B - u3amepuTenbHble 3JIeKTpobl; () - IEHTpP 30HMPOBAHHUS

9. KOHTPOJIb 3A COCTOSIHUEM 3A3EMJIAIOIIUX YCTPOMCTB

9.1. ConpoTuBieHUE 3a3eMJICHUS U3MEPSIOT HEMIOCPEACTBEHHO 1OCJE YCTPOUCTBA ATOTO 3a3€MJICHUSI.
W3mepenHass BenMuuMHa JOJDKHA OBITh HE Oonbiie HOpMBI, ykazanHo B [TOCT 464-68 nns
COOTBETCTBYIOLIEH YCTAHOBKU CBSI3U MJIM PAJAUOTPAHCISLIUOHHON CETH.

9.2. Ilpm »sKcmyaTalluM 3a3eMJICHHMH HEOOXOAMMO TEPUOAMYECKH TPOBEPSITh BEIMYUHY €ro
COTMPOTHUBJICHUS (CITOCOOBI M TPUOOPHI U3MEPEHUS CM. B pa3i. 8).

9.3. U3mepeHusi CONMPOTHBICHUI 3a3eMJeHUM Ha TeleQoOHHBIX M TenerpadHbIX CTaHIMIX,
YCUIIUTEIbHBIX MMYHKTaX U y KaOEJIbHBIX OMOP MPOBOJIATCS JBa pa3a B IoJl - JIETOM B CyXYyIO IOTOJY U B
CepeIUHE 3UMBI.

9.4. smepeHune CONPOTUBIIEHUS 3AIMTHBIX U JTUHENHO-3alMTHBIX 3a3eMiieHUN Ha cranuusx BPC,
PaAMOTPAHCISIMOHHBIX Y3/IaX, HA A0OHEHTCKUX IMyHKTaX TeJIe(POHHON U PaiuOTPAHCISIIIMOHHBIX CeTeH,
Ha KaOeNBbHBIX M BO3AYIIHBIX JTHHUSIX CBS3U MIPOBOJIST OJUH Pa3 B TOJ - JIETOM B CYXYIO TIOTOTY.

9.5. Pe3ynbrarhl U3MEpEHNM 3aHOCAT B CIIELMAJIBHBIN JKypHaN «3a3eMJICHU». 3alI1Ch PEKOMEHIYETCS
BECTHU 10 onpeaeneHHon (opme (Tabdm. 9.1).

Tabonuma 9.1
Yucno u N3mepennas
ITyskT Tun u HasHauenne  Temmepatypa Crnoco0 m3mMepeHwus
MecsiIl . BEJIMYMHA [Mpumeuanvie
N3MepeHus 3a3eMIICHUI BO3/Iyxa (pubopsI)
U3MEpEeHHUS COTIPOTHBIICHUS

9.6. B cnydae yBenM4eHHs COMPOTUBIICHHS 3a36MJICHUS BBIIIE HOPMBI JOJDKHBI OBITH TPUHSATHI MEPHI
0 BOCCTAHOBJIEHHIO TpeOyeMoll ero BeNIMYMHBL. OTO JOCTHUTaeTcss MyTeM Jo0aBJIeHHS
COOTBETCTBYIOLIETO KOJMYECTBA 3a3€MIIMTENICH, MOAKIOYEHHBIX MApPAUIEIbHO CYIIECTBYIOLEMY
3azemsieHH10. KonmnuecTBo TpeOyeMbIX 3a3eMIIMTENEN OIPENEIIIETCS PaCUeTOM.

9.7. Ilpu moBpexaeHUU pabovero 3a3eMJIeHUs JOMycKaeTcsa BpeMeHHoe noaximoueHue menei 1T k
JMHEWHO-3allMTHOMY 3a3€MJICHUIO:

- B I€PUOJ] MJIOXOTO COCTOSHUS JOPOr (3MMOM M BO BpEMs pacHyTHIIbl) - B TeueHUe He Oosee 1



Mecsua;
- B TIEPHO/]T XOPOIIIETO COCTOSIHUS AOPOT - B TeueHue He 6osnee ueM 10 aHel ¢ MoMeHTa OOHApyXEHUS
MOBPEXKACHUSL.
3a ykazaHHBIE CPOKU paboyee 3a3eMJICHHE JTOJIKHO OBITH OTPEMOHTHPOBAHO.

10. YKA3AHUSI 11O 3A3EMJIEHHIO OBOJIOYEK U BPOHU MEXIYTOPOJIHBIX
KABEJIEH CBSI3U

10.1. Ins obecriedeHus 3alMThl OT MPSAMBIX YAaPOB MOJHHUHU U BIUSHUS 3JIEKTPOMArHUTHBIX MOJIEH
METaJUTMYECKuE OOOJIOYKM W OpoHs KaOelel MODKHBI OBITh 3a3eMJICHBI 110 KOHIIAM Ka)Jo0TO
YCHJIMTENBHOTO ydacTka (repen BBogom kadeneit B OYIL, HYII u OII) u BA0ab TMHUU B COOTBETCTBUU C
«BpeMeHHBIM pykoBOACTBOM 1o obopynoBanuio KUII u 3a3emnennii Ha kabemnsx cBs3U» (CM. TakKe TI.
10.15 nacrosmero «PykoBoaCTBay).

10.2. 3azemiienne METATHYECKUX 000JI0UEK U OpOHU BIOJb JIMHUU 00€CTIeurnBaCTCS:

- Ha Kabeysx 0e3 M30JIMPYIONMX MOKPBITUH - HEIOCPEJACTBEHHBIM KOHTAKTOM OpPOHHM M O0OJIOYKH C
3eMJIEH Yepes3 JUKYTOBBIN ITOKPOB;

- Ha KabemnsixX ¢ M3OJUPYIOUMM MOKPHITUEM Ha 000704Yke U OpOHEH B HKYTOBOM IMOKPOBE MOBEPX
000JIOUKH - C TOMOIIBIO TEPEMBIUEK MEXKTy 000JI0UKOM 1 OpoHeil, ycraHaBnuBaeMbix Ha KUII-2;

- Ha kabemsiX ¢ M30JUPYIONMM BHEIIHHUM IMOKPBHITUEM ITyTEM 3a3eMJICHUS] 000JIOUEeK M OpOoHH depes
KWII-2 Ha JIWMHEHHO-3alMTHBIC 3a3eMIIMTENIM, HCXO0JAsd M3 3amuThl OoT BausHus JIOII, »sm. k. &
MEPEMEHHOI0 TOKAa M YAapOB MOJIHUU.

10.3. 3azemiienusi, 000pyayeMble Ha KaK/IOM YCUJIUTEIbHOM IYHKTE, TI0 CBOEMY Ha3HAYEHUIO JIEISTCS
Ha TpH THUIIA: paboyee, yepe3 KOTOPOE MPOXOJAUT TOK IUCTAHIITMOHHOTO MTUTAHUS YCHITUTEIIBHBIX TYHKTOB
MO0 CXEME <« IPOBOJ - 3EMJISH»; 3alMTHOE - JUIsl TOJKIIOYEHUS SKPAaHOB armnapaTypbl, 3KpPaHOB
CTAaHIIMOHHBIX KaOellel, pa3psaHUKOB, MeTaummdeckux nucrepH HYIl m nuHeWHO-3ammMTHBIC s
MOJKITIOYEHHST 000JI0UKH 1 OpoHU Kabenel. PaccrosHue Mexy pabodrM ¢ 3alMTHBIMHA 3a3E€MJICHUSIMHU
JIOJKHO OBITH HE MeHee 20 .

10.4. Ha nutaronmx YyCHUIUTEIBHBIX IYHKTaX YKa3aHHbIE TPU 3a3€MJICHUSI OOBEIUHSIIOTCS U
000pyayIOTCsl 0OJTHO pabouee (00bEIMHEHHOE) U ABA BCIIOMOTaTEIbHBIX (M3MEPUTEIBHBIX) 3a3EMIICHUSL.

10.5. B Ta6n. 10.1 ykazaHbl MecTa 00OpYIOBaHUSI JIMHEWHO-3AIMTHHIX 3a3¢MJICHUM B 3aBUCHUMOCTH
OT THUIIA Ka0essl 1 UCTOYHHUKA SJIEKTPOMArHUTHOTO BJIMSTHUSL.

[Ipumevanue. Ha nefictByronmx KaOeMbHBIX MATHCTPAIIIX C COMPOTUBICHUEM H30JBIIIUH JICHTOYHOTO TOKPBITHS I
IUIAHTa Ha aMOMHUHHEBOH o0ojouke Hike 1500 omXm mpsmMoe 3a3eMiieHHEe OO0O0JIOYKH WM COSIMHEHHe ee ¢ OpoHell He
JoTycKaeTcs. B 3ToM ciydae mepeMBIuKu MexXIy O0OJOYKOW U 3eMIiell CHEMAroTcs, a Ha KieMMbl «Obomoukay KUII-2

BKJIFOUAIOTCS] aHOIHBIE AJIEeKTpOoibl. 11 CBHHIIOBBIX KabeJseil cCOnpOTHBICHHE 30U 000JI0UKY TI0 OTHOIICHHIO K 3eMJle He
HOPMHUPYETCSL.

OO1iee CONMPOTUBIICHHE PACTEKAHUIO TOKAa C JJIEKTPOJIOB, MOJKIIOYEHHBIX y Kaxkgoro KUII, we
JOJDKHO TipeBbImath 15 oy ipu p £ 100 omXm 1t 30 om ipu p > 100 omXm.

10.6. Cxembl BKIIOUEHHS 3a3emiieHUM Tpu BBoje kabenerr B HYII ¢ Meramnuueckoil mucTepHOM
3aBUCAT OT TUIIA Kabellel U yJIeIbHOTO COMPOTUBIICHUS 3€MIIH.

IIpu pacnonoxenun HVYII B rpyHTe c ynenpHbIM conmpotuBicHueM 3emiu 10 300 omXwm, korma
WCIIONB3YIOTCA aHOJHBIE AJIEKTPOMbI JUIsl 3alMThl MeTauindeckod mucrtepasl HYIL ot koppos3uu, Ha
BBOJIE KKJOTO Kabesi BKIIOYAeTCsl u3oyupyromias Mmydra. /(s 3azemiueHus: 0007049eKk 1 OpoHH Kadeneit
o0opyayeTcsl JIMHEHHO-3aIMTHOE 3a3eMJICHHE. B KauecTBe 3alMTHOTO 3a3eMJICHUSI HMCIOJIB3YFOTCS
aHOJHBIC JJIEKTPOJIBI, JUISI Yero Mexay pedpom skectkoctu muctepubl HYII u wiemmoit «Gemms»
amnmnapaTyphbl jaenaetcs nepeMbruka. OO0Iiee cOnpoTUBICHNE PACTEKAHUIO TOKOB C aHOAHBIX 3JIEKTPOJIOB
nopkHO cooTBeTcTBOBaTh ['OCT 464-68. Pabouee 3azemiienne BBoauTcs B HYII mzomupoBaHHBIM
Kabenem.

IIpu pacnonoxxenun HYII B rpyHTE € ynenpHbIM conmpoTuBiieHHMEM 3eMid Bbie 300 omXm, xorga
aHOJIHBIE AJIEKTPOJIbI JUIS 3alMThl MeTayndyeckor nucrepusl HYII o koppo3un He ycTaHaBIMBarOTCS;



3alMTHOE U JIMHEWHO-3alMTHOE 3a3emiieHus oOwbemauHsitorca. Ha BBome kaxkaoro kabens ¢
M30JIUPYIONIIMMH TIOKPBITUSIMH yYCTaHABIMBAIOTCS u3oiupyronme wmydrel. Ha BBome kabeneit 0e3
W30JUPYIONMX TOKPBITHI MY(ThI HE YCTaHABIHBAIOTCSL.

10.7. OGonoukn M OpOHENMOKPOBHI Kabesneil Oe3 m3onmpyroero mokpeitTus npu BBoae B HVYII c
BEPTUKATBHON IUCTEpHOI 3azeMJisitoTcst depe3 KieMMHbI nmTok KUII-1: k kiemme «Mydra» nmTka
MOJKITIOYAIOTCS TepenasHHbIe MEXKIy co00il 000J0YkKd W OpOHENMOKPOBBI Kabened ¢ OJHOTO
HampaBJeHus, a K kiemMMme «O6onoukay - 3a3emienue. O0onouka U OpPOHENMOKPOBBI Kabesei Ipyroro
HaIpaBJICHUS OAKII0UatTcsa ko BTopoMy nmtky KUII-1, knemma «O601049Ka» KOTOPOTO COSTUHSIETCS C
KieMMmon «O00104yKa» nmepBoro npTka. O6a KIEMMHBIX IIMTKA YCTAHABIMBAIOTCS HA BHYTPEHHEH CTEHKE
HagzeMHol yactr HYTI Bozie u3onupyromeid My(rol.

10.8. O6onouku 6e3 m30IMpPYrOIIEro MOKpbITUs TIpu BBoAe B HYII ¢ ropusoHTanbHON ITUCTEpHOMN
3a3eMJISIIOTCS aHAJIOTUYHO.

10.9. O6a KUII-1 (ans xabeneil pa3HbIX HANMpaBJIEHUM) YCTAaHABJIMBAIOTCS BO3JIE HU30JUPYIOLMX
mypr. Ilpu stom oOmiee 3a3emiienrie Ha Kaxaeli KUII momaercs OTHENBHBIM H30JMPOBAHHBIM
MIPOBOJIOM.

Taomnuma 10.1

MecTa 060pyIOBaHMS 3a3eMJIMTENEH 1 HX CONP O TUBIICHHS
IIPH OTCYTCTBHU

3aluTHbIE TOKPOBBI IpHY COJMKEHHH C 3J1. K. 1. Tlomximouenue
MU COMKEHUH C commxenus ¢ JIDI u s
Kabens wm JIDIT nepeMeHHOTO 3a3eMJICHHS
ToKa paIMOCTAHIIMSIMHU K. JI. IEPEMEHHOTO TOKa
U paIMOCTAHLIUSAMHU
1. CeunnoBas o6onouka mHa BBome B HVYIL, OVII u OIL; R; - ompenensercs Ha Beoge B HYIL, OYII u Uepes IUTOK
OpoHs ¢ HapyXKHbIM poeKToM, Ho He Gouiee 10 om ipu p; £ 100 omXm uOIL  cornacwo  I'OCT KATI-1
JUKYTOBBIM ITOKPOBOM 30 o ipH > 100 031X 464-68
2. Amomunuesas a) Ha Beone 8 HYIL, OYII na) Ha BBoge B HYII, OVYIla) na BBosie B HYII, OYIIYepes pazpeMsbl Ha

obomouka B nwianre uOIl; R, ompenemtercsiu OlIl; R, ompenemsercsiu Oll; cormacno I'OCT mutke KUII-2

OpoHss ¢ HapyXHBIM poekToM, HO He Goliee STpoektoMm, HO He Gonee404-68

HUTAHTOM W JICHTOYHBIM )5, py p, £ 100 omXmu 1010 om mpu p, £ 100
TOJIMBUHMIIXIO PUHBIM

HOKPOBOM omTpu p; > 100 omXm omXmu 30 omXm Opu p,
> 100 omXm

6) Brosb xabens, ucxoas uz0) [locpeauHe yCUIMTENbHOTO yYacTKa U Ha paccTostHuu 1, 2 1 5.5 xm
pacdeTa peamsroroor OVIL, HYII B 00e CTOpPOHBI, €clM pacueTHOE OKUAAEMOE
K09 pHIIMEeHTa 3aIIMTHOTO KOJIMYECTBO MOBPEXK/ICHUH Kabenst OT yAapOB MOJHHH IPEBBIIIaeT
NeUcTBus; R, onpenensercs nomycmmmoe 3Haqenue. Ry £ 10 om pu p,y £ 100 omXw; Ry £ 20 om
IPpHU IPOCKTUPOBAHUHI npu 100 < p, <500 omXm; Ry £ 30 o miput p, > 500 o.mXom

3. Anmromunuesas a) To xe a) Cm. . 2a u 26

obonouka B mumianre (6e3

OpoHN)

4. CBuHIIOBas i Cum. . 2a y npuMeuanue 1  CM. 1. 2a u npumedanue 2

aTIOMMHHEBas 000JI04YKa B
IUIAHTC WM C JICHTOYHBIM

TTOJTMBUHILTXIIO PYTHBIM
MOKpBITHEM, OpoHA ¢
HapPYKHBIM DKy TOBBIM
MOKPBITHEM

[Ilpumevanus: 1. Bpmoas xabems, uWcxomsd W3 pacyera peajbHOTO KOI(P(HIMEHTAa 3aIUTHOTO JICHCTBHS,
ycTaHaBmBaroTcs ¢ nomomibio KUIN-2 mepembruxy Mesxty 00601049K0# 11 OpoHeit.

2. [TocpemrHe yCHIMTENBLHOTO y4YacTka U Ha pacctossHud 1, 2 u 5,5 kv ot OYII n HYII B 006e CTOpOHBI, €Cii pacueTHOe
OKHJIA€MO€E KOJIMYECTBO MOBPEKACHUH KaOess OT yAapOB MOJIHAHM MPEBBIMIACT JOIYCTIMOE, YCTAHABIMBAIOTCS C IIOMOIIBIO
KUII-2 nepeMbIuku Mex Iy 000I0YKOW 1 OpOHEHH.

10.10. O6onouxu u 6poHs Kabeneil ¢ u3onupyroumMm nokpeiTueM npu seojae B HYII ¢ BepTukanbHON



uuctepHoit, a tarwke B OVYII m OII 3azemustorcss uepe3 wieMMHbl mmTok KHWII-2, x koTopomy
MO/IBOJUTCS MPOBOJI OT 3a3€MJICHUS U COCTMHUTEbHBIE TPOBOJA OT 000J04YeK U OpOHM JABYX Kabemeit
oJHoro HampasiaeHus. CoeTMHUTEIbHBIE TPOBOJIA OT 000J0UYEK U OPOHU Kabesel Apyroro HampaBJIEHHUs
MOAKIIOYAIOTCS KO BTOPOMY LIMTKY, KiIemMMa <«3eMiis» KOTOPOTO COEIUHSETCS C KIEeMMON <«3eMis»
nepBoro umtka. KieMMHbIe IIMTKU yCTaHABIMBAIOTCA HAa BHYTpEHHEH cTeHke HaazeMHoM dactu HYII
unu B maxre O YII (OII) Bo3zne uzonupyronmx MyQr.

10.11. Kabenu c¢ u3onupyroumM MOKpbITUEM TpH BBojJe B moazeMHbii HYII ¢ ropusonTanbHoM
nucrepHoit 3azemisroresa uepe3 KUII-2, ycranaBnuBaemblil Ha pacCTOSIHUU HE Jlajee 5 M OT IIUCTEPH.

10.12. IlpoBoaHuKHM OT 000JI0UKM M OpoHU KaOesel pa3HbIX HANpaBIEHUN 3aBOSTCS HA OTICIbHBIC
KUIIL Coenunenne KHUII ¢ 3a3emiieHrEM OCYLIECTBIISAETCS OTAEIBHBIM U30JIMPOBAHHBIM IIPOBOJIOM.

10.13. B oTmenpHBIX ciydasx, KOrga 00OpydOBaHUE JTUHEMHO-3aIMTHBIX 3a3eMJICHUM C TOMOIIBIO
3a3eMJIMTENIe U3 YITIOBOM CTalM U TpyO SKOHOMUUECKU HEllesieco00pa3Ho, TOMYCKaeTCs UCIIOIb30BaHUe
B KayecTBE MPOTHKEHHOTO 3a3eMinTens Tpoca (Hampumep, tuna I1C-70), koTopblil mpokaabBaeTCs B

3eMJie Ha TITyOMHe 3aKornku Kabens u Ha paccrosiHuu 0,4 | 1,2 m ot Hero. Tpoc coenunsieTcst ¢ 000710YKOM
1 OpoHel B MecTax MpenoaaraeMoro 3a3eMJIeHHUsI.

10.14. B cinyyae ucnonp30BaHusl A 3auMThl OoT BiusHUS BJI wnm 31, k. 4. MeAHOTo Tpoca
nocienHuil MoxeT ObiTh mpucoenuHeH okono HYII k nuHENHHO-3alMTHOMY 3a3eMJICHUIO, OJIHAKO
BEJIMYMHA COMPOTUBJICHUS 3a3eMJICHHS JOJIKHA ONIPEICISITHCS PACYETOM, HCXOIS U3 YCIOBUM BIIMSHUSL.

10.15. JIuHeiHO-3aMTHBIC 3a3eMJICHUS JIJIs 3allMThl Kabenel OT yaapoB MOJTHUH OOOpPYIYIOTCS Ha
paccrossHuu 1,0; 2,0 u 5,5 xu ot HYII B kak1yr0 CTOpOHY U ITOCPEINHE yJacTKa.

11. KOHTPOJIBHO-U3M EPUTEJIBHBIE ITYHKTbI (KHII)

11.1. KHUII npennazHaueHbl JUIsl YCTAHOBKM Ha MEXIYrOpOJIHBIX KaOelsix CBSI3M M CIyXar ajs
OCYILECTBIICHUS 3a3eMJICHHUSI O0OJIOUKM KaOelsd, a TakkKe M1l U3MEPEHHUs BEIUYUH, XapaKTePU3YIOIIMX
KOPPO3MOHHOE COCTOSIHUE O00J04YeK W OpOHH, COCTOSHHE BHEIIHETO0 W30JHMPYIOLIETO MOKPOBa,
COCTOSIHME 3allMThl Kabeneill OT MpsMbIX-ynapoB MoiHuu, BiausHus JIOII u snexrpuduiimpoBaHHbIX
JKEJIE3HBIX JIOPOT.

11.2. IlpumeHsroTCS ABA TUNA KOHTPOJIBHO-U3MEPUTEIBHBIX TYHKTOB!

KIIII-1 - ;s ycTaHOBKM Ha OpOHMPOBAHHBIX KaOenmsx B METAUIMYECKUX o0osioukax 0e3
W30 PYIOLMX TOKPOBOB;

KUII-2 - ana ycraHOBKM Ha OpOHUPOBAHHBIX M HEOPOHUPOBAHHBIX KAOEISIX B METAUTMUYECKUX
000JI0YKAX C TJIACTMACCOBBIMU U30JUPYIOIMMH TOKPOBAMHU.

11.3. C nomompto KUIT Moryt ObITh OIpeieNICHbI:

- pPa3HOCTh MOTEHIIMAJIOB MEXIy 000JI0UKOM Kabemns U 3eMileld, a Takke MEXAy 000J0uKol Kabems u
pesibcaMu WA TPYOOIIPOBOIOM;

- TOK B 000JI0UKe U OpoHe Kabers;
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Puc. 11.1. Cxema coennnenuii KUII-1 mist GpoHupoBaHHBIX Kabenei 6e3 N30IupyoImX TOKPOBOB
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Puc. 11.2. Cxema coenunenuii KUII-2 nyist GpoHrpoBaHHBIX Kabenei ¢ M30JUPYIOIIMM MTOKPOBOM

- CONPOTHUBIICHHUE U30JISIMU 3aIMTHBIX TOKPOBOB HA METAUNIMYECKUX 000JI0UKaxX 1 OpoHe;
- TIEPEXOJIHOE COMPOTUBIIEHUE MEXTY 000I0UKOM Kales u 3eMIlel;

- COMPOTHUBIICHUE U30JISILINU U30TUPYIOIX My(T;

- CONPOTHUBIICHHE 3a3eMiIeHus, obopyaoBanHoro y KUIL
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Puc. 11.3. Cxema coenunennit KUII-2 s HeOpoHUPOBaHHBIX Kalesel ¢ M30JIUPYIOIIMM ITOKPOBOM
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Puc. 11.4. Cxema coenuuenuii KUII-1 npu ycraHoBKe H30IUpYyONMX My(QT Ha OpOHUPOBAHHBIX KaOeIsIX
0e3 M30JIMPYIOLIX TOKPOBOB

11.4. ITpu ycranoBke KUII-2 nomkHBI OBITH MPOU3BEACHBI COSAMHEHUS MEXK Ty 000JI0UKOM U OpoHen
Kabens, a TakKe C 3a3eMJICHHEM, OOOpyAyeMbIM C IIEIbI0 3allMThl OT YIApOB MOJHUH H
AIIEKTPOMArHUTHOTO BIIUSIHUSL.

11.5. KHUII mnpencraBisitoT co00I0 JKEIe300€TOHHBIE CTOJIOMKH TMPSIMOYIOJBHOTO CEUCHHS C
BHYTPEHHEH MPOJOILHON TPyOOH, Yepe3 KOTOPYIO IMPOXOIAT COCIWHHUTENIBHBIC MPoBoJa. B BepxHei
YJacTH CTOJIOMKA YKPETLIIETCSl KOpoOKa, BHYTPH KOTOPOM BEPTUKAIBHO Ha IMIMUJIBKAX KPEHUTCS ChEMHBIH
KIEMMHBIM HMTOK M3 M30JISUOHHOIO Marepuaia, 3akpbiBaemblid aBepueil. K wiemmam nmrtka
MOAKITIOYAIOTCS COCAUHUTEIbHBIE MPOBOJA OT 000JI0UYKU, OpOHU Kabens U 3a3emiieHus. HuxHss yacTh
CTOJIOMKA UMEET JIBYCTOPOHHU TOPU3OHTAIBHBIA BBICTYII, IPEMSATCTBYIONIMI BBIICPTUBAHUIO CTOJIONKA
13 3eMJIN.
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Haoaupyroujud ApoMENYMON

Puc. 11.5. Cxema coenunenuit KUII-1 u KUII-2 npu ycraHOBKe H30IUPYIOUMX My(PT MEX Ty
OpOHHPOBAHHBIM KaleseM 0e3 U30IUPYIOIIMX TOKPOBOB U OPOHUPOBAHHBIM KaOesieM C U30JIMPYIOIIMM
IIOKPOBOM



Puc. 11.6. Beoa B HYII u 3a3emnenue kabemneit 6€3 H30JIUPYIOIIEro NOKphITUS (YIEIbHOE
compoTuBieHue 3eMin p3 < 300 omXm):
1 - muctepna HYTI; 2 - croiika anmapatypsl; 3 - kKabelb ¢Bs3u; 3a - NUIaHT; 36 - OpOHS; 36 - CBUHIIOBAs WM AJFOM MTHHEBAS

000J04Ka; 4 - 3aMMTHOE WM JIMHEHHO-3aIUTHOE 3a3eMJICHIE; 5 - H30JMpYyIomas My (hT1a; 6 - aHOHBIN JIEKTPOJT; 7 - IUTOK
KUII-1; § - nmtok npotekTopHo# 3amuTsl; 9 - mutok KUII-2; P - pabouee 3a3eMiieHIE
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Puc. 11.7. Beox B HYII u 3a3emienue kabeneit ¢ n30aupyrommM mokpeitieM (pz £ 300 omX )
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Puc. 11.8. Beox B HYII u 3a3emienne kabeneil ¢ H30upyrommM MoKpeITHEM (p3 £ 300 omXm)

11.6. KUII-1 BeImonHSETCS C KIEMMHBIM IIMTKOM Ha JBa KOHTPOJbHBIX BbiBOAA, a KUII-2 - Ha nsaTh
KOHTPOJBHBIX BRIBOAOB (puc. 11.1 - 11.11).

11.7. YcranoBky KUII Ha BHOBB CTPOSIIMXCS MarucCTpalIsix U 000pYI0BaHUE 3a3eMJICHUN MTPOU3BOIST
OJIHOBPEMEHHO C IPOBEACHNUEM MOHTAXXHBIX pa0OT HAa MarucTpalu.

11.8. Ilpu skcriryaTaliul KOHTPOJIBHO-U3MEPUTENBHBIX MYHKTOB OCYIIECTBIISIOTCS MEPUOANYECKUIA
koHTpoJb cocTossHui KUII u 3a3emiiennit, a Taxoke npodunakrnyeckuii pemont KUIL

11.9. Tlepuonnyeckuit koHTpoJib cocTtosiHUs KUII m 3a3emiieHHMI BKIIOYAET: BHEIIHUU OCMOTP
sanemenToB KMUII, omnpenenenne 1enocTd COEAUMHUTEIbHBIX IPOBOAOB W HAIMYHUs KOHTAKTOB,
M3MEPEHNE BEIUYMHBI COMMPOTUBIICHUS 3a3€MJICHU .

11.10. Benmumna compotuBieHUs 3azemieHus, BmoueHHoro B KUIIL, ompenensiercss mpubopom
MC-08 wunm aApyruM €My pPaBHOLIEHHBIM HPH CHSTBIX IEPEMBIYKAX MEXAY KIEMMaMH <«3eMIIsD»,
«O60m0uka» u «bpoHsD.

Puc. 11.9. Broxa u 3a3emiienune kabeneit 6e3 n30aupyromero mokpeitus (pz > 300 omXm)
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Puc. 11.10. Beox B OVII u 3a3emiienue kabenei 0e3 U30IMPYIOIIETO MOKPBITUS

Ui, U, - mepBoe U BTOpOE U3MEPUTEBHBIE HAPSHKEHHSI COOTBETCTBEHHO
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Puc. 11.11. Beoxn B OVII u 3a3emiienue kabenel ¢ M30JUPYIOLUIM MOKPHITHEM
HHPUIIOKEHUE 1
MOCTABIIMKH KOKCOBOM MEJIOYN

Hcnonp3yeMas 751 3aChIIKU AJIEKTPOJIOB KOKCOBAsk MEJIOYb SIBJIAECTCS MIMPOKO PACHpPOCTPAHEHHBIM
MaTepHUalioM U MOKET OBITh JOCTaBJI€HA MOTPEOUTENIO LEHTPATU30BAHHBIM MOPSIKOM UJIU MOJydeHa
Ha 3aBOJIaX [[BETHOW WJIM YEPHON METAJUTYypruH, MallMHOCTPOEHU S, PEMOHTHO-MEXaHUYECKUX 3aBOJIaX,
MMEIOLMX I[E€XU JUThA, a TaKKe Ha 3aBOJIaX KOKCOXUMHYECKOW MPOMBINUIEHHOCTH. Huxke npuBoauTtcs
MepEeYEHb OCHOBHBIX UCTOYHHUKOB MOJYYEHHU I KOKCOBOW MEJIOYH LIEHTPATM30BAHHBIM MOPSJIKOM:

1. Kokcoxumuueckue 3aBojipl JJon6acca u [IpuaHenpossi.

2. Ypanbckue KOKCOXUMUUYECKUE 3aBO/IbI.

3. 3aBoabl 3amagnoii Cubupwu.

4. MOCKOBCKMI KOKCOTa30BbIN 3aBOJ.

5. 3akaBKa3CKUl METAJUIYpPIrHYECKU I 3aBOJ.

6. UepernoBenkuii METaJTypTHYECKU 3aBO/I.

7. KaparaHIMHCKUI METaJUIypIUYECKUI 3aBOI.



8. JIeHMHTpaJICKN1 KOKCOBBIM 3aBOJI.

9. KanuHuHIpaacKuil KOKCOTa30BbIi 3aBO/I.

10. 3aBox Ne 11 Munucrepctpa cBszu CCCP, r. Axteipka, Cymckoit obnactu, YCCP.

11. 3aBog MunucrepcTBa cBsizu, r. FOpseB-llonsckuii, PCOCP.

CepuiiHbIil BBIITYCK apMUPOBAaHHBIX 3JIekTpoioB Tuna 3KA-140 Hanaxen BuabHIOCCKUM PEMOHTHO-
MEXaHWUYECKUM 3aBOJIOM. YKazaHHbIe 3JekTpoasrl Tuma 3KA-140 moryr ObITh 3aka3aHbl MO aJpecy:
MockBa A-287, ITucuioBas 16-a, xopm. 3, Tpect CneumMoHTax Ne 8.

1IPUJIO’KEHUE 2.

MPUM EPBI OIPEJEJEHUS JEMCTBYIOIIEIO YAEJIbHOIO COIMMPOTUBJIEHUS JJ151
T'PYHTOB C IBYXCJOMHOM CTPYKTYPOI

Ipumep 1. Onpenenuts ACUCTBYIOLIEE YAEIBHOE COMPOTHBIICHUE MJII CTAIBHOIO CTEPHKHEBOTO
AJIEKTPOJA TIPU CIIEAYIOIMX yCHOBI/mxl): YIIEJIbBHOE COMPOTUBIICHUE BepxHero ciosi pl1 = 600 omXwm;
HIDKHETO cyost p2 = 200 om X m; TONIMHA BEPXHETO cIost 7 = 2,5 m.

J1s1 3a3emiieHHs] UCTIOJIB3YIOTCSI AJIEKTPOABI AITUHOU 5 M, BEpXHUI KOHEI[ KOTOPBIX 3arityOssieTcsl Ha
ryouny 1,0 m.
[Ipex e Bcero, onmpeaensieM UCXOIHbIE COOTHOIICHUS:
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3nauenuto t// = 0,2 cOOTBETCTBYET TOUYeUHas KpuBas Ha puc. 2.11; 3HaueHuo p1/p2 = 3 - kpuas 9.
ITo xpuBoi 9 npwm 7/l = 2 naxomum py/p] = 0,42, otxyna py = 0,42X600 = 252 omXm. danee no ¢-ne
(2.3) ompenenseM BETMYMHY CONPOTHBIIEHHS SJIEKTPOAA P = Pjy.

Ipumep 2. OnpenenuTh ISHCTBYIONIEE YACIHHOE COMPOTUBIICHUE IS 3a3€MJICHUS MOJHHUEOTBO/IA,
BBIMIOJIHEHHOTO B BUJIE€ TOPU3OHTAIBHOTO Jyda MPU CIETYIOIMX YCIOBUSX: YACIBHOE CONPOTUBIICHUE

BepxHero ciost p] = 150 omXm, ynenbHOe CONMPOTUBIEHUE HUKHETO cliod p2 = 450 omXm; TonUmMHA
BepxHero cnost 4 = 1 m. Jlyist 3a3emiieHust McmoJib3yeTcsl nmpoBoa JuinHou 10 m, mpoxiagsiBaeMblii Ha
ryoune 0,8 m.

OmnpenenseM UCX0aHbIC COOTHOIICHUS: p1/p2 = 150/450 = 1/3; I/h = 10/1 = 10; t/h = 0,8/1 = 0,8.

3naueHuio p1/p2 =1/3 cooTBeTCTBYET MyHKTUpHAas KpuBas Ha puc. 2.12, 3navenuto t/h = 0,8 -
KpuBas 5 uim OnusKas K Hell kpuBas 4. Ilo kpusoit 4 qus t/h = 1 npu t/h = 10 naxoaum, 4to pr/pl = 19,
oTKyza py = 1,9X150 = 285 omXm.

Taxum 006pa3oM, COMPOTUBIICHUE MOJTHUEOTBOAA TAHHOM JUTMHBI HEOOX0IMMO PacCUUTHIBATh, UCXOSA
U3 YIEIBHOTO CONPOTUBIICHUS IPYHTA 285 omX M.

Hpumep 3. OnpenennuTs ACUCTBYIONIEE YACIBHOE COMPOTUBJIEHHUE JJI 3a3€MJICHHSI MOJIHUEOTBO/IA,
BBIMIOJIHEHHOTO B BHUJIE€ TOPU3OHTAIBHOTO Jiyda MPU CICTYIOIMX YCIOBUSX: YACIbHOE CONMPOTHBIICHUE
BepxHero cinos p1 = 900 omXm,; yaenbHOe CONMPOTUBIIEHUE HUKHETO ciios p2 = 300 omXm; TonmHa

BepxHero ciost 4 = 1 m. Jljs 3a3eMieHus] UCHONB3yeTCss MpoBoA JiuHOM 10 v, mpoKIagsiBaeMblii Ha
rimyoune 0,8 .

OmnpenenseM UCXOAHBIE cooTHomeHUs: p1/p2 = 900/300 = 3; t/h = 0,8/1 = 0,8; I/h = 10/1 = 10.
3Ha4yeHUI0 P1/p2 = 3 COOTBETCTBYET IMyHKTUPHAs KpuBas Ha puc 2.13; 3Hayenuto t/h = 0,8 - xpuBas 6.

Ilo xpuBo# 6 Haxomum, uTo npu l/h =10 py/p1 = 0,65, otkyna py = 0,65X900 = 585 omXm. Ilpu 3TOM



yIETbHOM COMPOTUBIIEHUU U HY)KHO MPOBOJIUTH PACYET COMPOTUBIICHUS 3a3€MIICHUSI MOJTHUEOTBO/IA.

Ecnu monmydyenHoe mpH pacuere COMpOTHUBIICHUE OKa3bIBAETCS BBIIIE HOPMBI, HEOOXOIUMO BBHIOpaTh
3a3eMJIUTENN OOJIbLIEH [UIMHBI, OJAHAKO B JIaHHOM CIIydae ONpe/AeieHUE ACHCTBYIOILETO YIEIbHOIO
COMPOTHUBIICHUS HEOOXOJMMO MOBTOPUTH, TAaK KAaK JUIMHA 3a3€MIIUTEINS SIBJISIETCSI OJIHUM U3 OCHOBHBIX
MCXOJHBIX JAHHBIX MPHU pacyeTe JICUCTBYIOUIETO YAEIBbHOTO CONMpOTUBIEHUS. CleayeT OTMETUTh, YTO
JIEHCTBYIOIIEE YIETbHOE COMPOTUBIECHUE MOXET OBITH CYIIECTBEHHO PA3IUYHBIM AJi Pa3HbIX TUIIOB U
pa3MepoB 3a3eMIIMTENCH, TOATOMY 3HaYEHUE 3TOr0 COMPOTUBIICHUS JUIsl TPYOBbI HEJb3s PaCIpPOCTPAHUTh
Ha TI0JIOCOBOM 3a3eMIIMTENb U JJaKe Ha TPYOy C IPYTUMH pa3MepaMHu.

3a3eMJIUTENb UCIOJIB3YETCSl TEM JIydlle, YEM BBIIIE MPOBOJUMOCTb CJIOSl, B KOTOPBIM OH IOMEILEH.
WNuave roBopsi, MpaBUIBHBIN BBEIOOP 3a3€MIISIIOILETO YCTPOMCTBA MO3BOJIET B HECKOJIBKO Pa3 COKPaTHTh
€ro pasMepbl WM 00llee KOJUYECTBO 3JIEKTPOJOB. JlJisi TOpU3OHTANBHBIX 3a3eMIIMTENIECH pelaroiiee
3HauUeHHUE MPHOOpETaeT MIyOMHA 3aJI0KEHUS TTOJIOCKL. [Ipy cOOTBETCTBYIOIICH TITyOHMHE 3aJI0KEHUS OJHA
KOpOTKasl 10JI0Ca MOXET OKa3aThCsl SKBUBAJICHTHOMN M0JI0CE B HECKOJIBKO pa3 OoJbLICH IMHBI.

IIPUJIO’KEHUE 3

OCHOBHBIE HOPMbI JIJ151 CONPOTUBJIEHUI 3A3EMJIEHNIA YCTAHOBOK CBSI3HM
(TOCT 464-68)

1. BenuuuHbl cCONPOTUBIECHUM paboyero 3a3eMiaeHust s TenerpadHbIX CTAHIMN U TPaHCIASIIMOHHBIX
MYHKTOB, pa0OTAIONMX 10 OJHOMPOBOAHBIM LIEMsM, MpUBeIeHbI B Ta0u. [1.3.1.

Taonuma I1.3.1

Yucro TenerpadHbIX 1eTieH, BBEJICHHBIX B CTAHITUIO mno s oTt6 10 10 orll 020 o121 1050 cBbIIIE S50

ComnpoTuBieHue pabo4vero 3a3eMIieHus, om, He 6omee 20 10 5 3 2

2. BenmnuuHBI CONPOTUBIICHUH 3aIMTHOTO 3a3€MJICHUS TSI MECTHBIX M MEXTYTOPOIHBIX TEIe(POHHBIX
CTaHI[UH, paOOTAIOIIMX IO ABYXITPOBOAHBIM IIETISIM, IOJDKHBI OBITH HE OoJiee yKa3aHHBIX B Tabm. [1.3.2.

3. BenuuuHbl CONPOTHUBJICHUN 3alMTHOTO 3a3eMJICHUS TENEPOHHBIX CTAHIUM, HMMEIOIMX
COCIMHUTEIIbHBIC JUHUU, B CXeMaX KOTOPBIX HE MCIOJB3yeTCs 3eMJIsi B KaueCTBE IMPOBOJAA IIEIH,
JIOJKHBI OBITH HE OoJiee yka3aHHBIX B Taos. [1.3.3.

Taoauma I1.3.2

ViensHoE ConpoTHUBJICHUE 3AIUTHOTO 3a3€MJIEHUS, O.M, TIPU YHCIIE TIeTIel, BBEJICHHBIX B CTAHIIUIO
COIIPOTUBIICHUE, OM XM 70 5 BKIL CBBIIIIE 5
Jo 100 15 10
Or 101 mo 300 25 20
Or 301 mo 500 35 25
Csrie 500 45 30

Taonua I1.3.3

VY enpHOE CONPOTHBIIEHUE ConpoTuBieHNE 3aIIUTHOTO 3a3€MJICHUSL, OM, TIPU YHCJTIE LeTIel BBEICHHBIX B CTAHLIUIO
TPYHTa, OMXM JI0 5 BKIL CBBIIIE 5
Jo 100 10 8
Or 101 1o 300 15 10
Ot 301 o 500 20 15
Cabiruie 500 35 20

4. BenuuuHBI CONPOTHBIICHHH pabodyero 3a3eMJICHUS TeNCPOHHBIX CTaHIUH, HWMEIOIIMX
COCTMHUTENIbHBIC JMHHUHU, B CXeMaX KOTOPBIX 3eMJIsi HCIOJB3yeTCsl B KauyecTBE IMPOBOJA IIEMH,
npuBeneHsl B Taou. [1.3.4.

Taonuuna [1.3.4

o126 10 orSlmo orl101 mo or201 10 oT501 1O CBBIIIE

O0111€€ YUCIIO COEAUHUTELHBIX TMHUAN o 25 50 100 200 500 1000 1000




ComnpoTHBJICHUE 3a3eMJICHHS, O, HE OoJiee 25 12 6 3 2,5 1,0 0,5

5 BenuuuHBI CONPOTUBIEHUM pabOUYMX 3a3eMIICHUN MEXKIYTOPOIHBIX TelehOHHBIX CTaHIUU,

HCITIOJIB3YIOIMX 3€MJII0 B KAYCCTBC OJHOI'O M3 IIPOBOJOB COCAUHHTCIIbHBIX JIHHHﬁ, IMpUBCIACHLI B TabJI.
I1.3.5.

Taonuma I1.3.5

Yucio coeTMHUTEILHBIX JIMHUN 1o 25 01261050 o151 10200 01201 10 500 o1 501 mo 1000 cBbIme 1000
ConpoTuBieHne pabouero 30 15 5 ) 1 05
3a3eMIIEHUs, oM, He OoJee

6. BenunHbl COMPOTUBICHUN 3a3eMJICHUHN JJI1 UCKPOBBIX Pa3psAHUKOB KACKaJHOM 3alMThl TUIIOB
nP-7, NP-10, UP-15, UP-20, a Taxxe ansa pazpsaaukoB tunos MP-0,2 wiaun NUP-0,3 npu ycraHoBKe uX
Ha OIoOpax, CMEXKHBIX C KaOETbHOW OMOpPOM WM CTaHIIMEH, IS WMCKPOBBIX IPOMEKYTKOB,
yCTaHABJIMBAEMbIX Ha MIPOBOAX BO3AYIIHON JUHUM CBS3U ISl 3AIUTHI MEXKIYTOPOIHBIX Kabenel CBsI3n
OT YIapOB MOJIHMM M HUCKPOBBIX Pa3psiIHMKOB, BKIIOYAEMbIX HA JUHUAX PAIUOTPAHCISAIMOHHON CETH,
npuBeaeHsbl B Ta0. [1.3.6.

Taonuua I1.3.6

VY enpHOE CONPOTUBIICHUE TPYHTA , OMXM Jo 100 ot 101 o 300 ot 301 o 500 csbiie 500
ConpoTusieHne 3a3eMJICHHS, 0.M, HE Ooree 20 30 35 45

7. BenuuuHBl CONMPOTUBJICHUN 3a3eMJICHHMW s BBOAHBIX KaOETbHBIX U JIPYTUX OMOD,
MEXIYTOPOJHBIX JIMHUM CBSI3M M MEKIYTOPOJHOU KEJINE3HOAOPOKHOM CBsA3HM, HAa KOTOphIX o ['OCT
5238-66 TpeOyeTcsi yCTaHOBKAa B CXEME 3allMThl MUCKPOBBIX paspsimHukoB TtunoB MP-0,2, 1P-0,3 unmn
P-350, mpuBenens B Tabm. [1.3.7.

Taoauma I1.3.7

VY enpHOE CONPOTHBIICHUE TPYHTA, OMX M 1o 100 ot 101 o 300 ot 301 o 500 cBbiie 500
ComnpoTuBIeHUE 3a3eMIICHUSI, 0M, HE OoJee 5 7 9 12

8. BenuuuHBl CONPOTHBIEHUM 3a3eMIIEHUI Ui paspsagHukoB Tuna YP-500, ycTaHOBJIEHHBIX B
KaOelbHBIX SIIMKAaX Ha CThIKAX MPOBOAOB BO3AYIUHBIX JUHUN Topojckux TenedoHHbIx cereit (I'TC),
cenbckux TeneGorHbIX ceTel (CTC) m MeCTHBIX ceTel JKeIE3HOIOPOKHOU CBS3H C KUJIAMU KaOeITbHBIX
JUHUN, a Take 11 pa3psaHukoB Tunos MP-0,2 uaun NP-0,3, BKIoYaeMbIX Il 3aIlM Tl 3alTUPAOIIX
KaTymek B TpeThux Hermsx (dept. 15 T'OCT 5238-66) m wiemMMax aOOHEHTCKHX TpaHCHOPMATOPOB
paguotpancisuoHubix ceteit (PTC), mpuBenens! B Tadm. [1.3.8.

Tabonuma I1.3.8

VY ienbHOE CONPOTUBIICHUE IPYHTA, OMX M Jo 100 ot 101 o 300 ot 301 o 500 csbiie 500
ConpoTuBieHne 3a3eMJICHHS, 0M, He OoJee 10 15 18 24

9. BennunHbI CONPOTUBIIEHUH 3a3eMIIeHUS JUI1 a0OHEHTCKUX 3allMTHBIX ycTpoicTB A3Y-1 u A3VY-2,
BrItouyaembix Ha JMHUAX ['TC m CTC, MecTHOW KEIEe3HOAOPOXKHOM CBS3M U MOJHHUEOTBOJOB,
yCTaHaBJIMBAEMbIX Ha OMOPax BO3AYIIHBIX IMHUM, TpUBEAEHBI B Ta0m. [1.3.9.

Taoauma I1.3.9

VY enbHOE CONMPOTUBIICHHE TPYHTA, OM XM 1o 100 ot 101 1o 300 o1 301 mo 500 cebie 500
ComnpoTuBieHue 3a3eMJICHUH, o, He OoTee 30 45 55 75
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