HPAKTUYHE 3ABJIAHHSA 3 KYPCY «OXOPOHA ITPAIL B I'AJTY31»

(IS CTYZAEHTIB €IeKTPOTEXHIYHOTO (haKyIbTeTy 32049HOI ()OPMH HaBUAHHS)

PO3PAXYHOK 3AXNUCHOI'O 3A3EMJIEHHS
1. 3araabHi MoJ0KeHHA

3axucne 3azemnenHs — 1l¢ HABMHCHE eJIEKTPUYHE 3 €THAHHI 3
3eMIICI0 200 1i eKBIBAJICHTOM METAJIEBUX HE CTPYMOBEIYIHMX YACTHH, KOTPi
MOXYTh OINUHHUTUCH MiJ HAIpyrol BHACTIIOK TMOPYIICHHS 130JALil
€JIEKTPOYCTaHOBKH.

Ilpusnauenus 3axucrHoeo 3a3emieHHs — TIEPETBOPCHHS 3aMUKaHHS Ha
KOpITyC Yy 3aMUKaHHS Ha 3eMJII0 3 METOI0 3HW)KCHHS Halpyrd JAOTHKY Ta
HaNpYTrd KPOKY 10 Oe3MeYHNX BEIHYHH (BUPIBHIOBAHHS MOTECHLIAMTIB).

IIpn HasgBHOCTI 3aXHMICHOTO 3a3eMJICHHS OIip MK 3aMKHEHOIO Ha
Kopryc ¢a3o Ta 3eMJICI0 BH3HAYAETHCA, B OCHOBHOMY, OIOPOM
3a3€MJIIOBAJIBHOTO TMPUCTPOIO0 R, 3a3eMItOBaIbHHUN MPUCTPIH, SK HPABUIO
CKJIQIA€THCS 3 METAIICBHMX 3a36MITIOBAYIB Ta 31 3’ €HYBaIbHUX MPOBITHUKIB.

Po3pi3ustoTh Ba BHIM 3aXHCHOTO 3a3¢MIJICHHS — BHHOCHE (abo
30cepelkeHe) 1 KOHTypHe (abo po3nojinere). [Ipyu BUHOCHOMY 3a3eMIleHH1
3a3eMJII0Badi BHHECCHI 3a MEXI MalZaH4YMKa, HA KOTPOMY 3HAXOAUTHCS
eJIeKTPOOOIaTHAHHSA. 3aBISIKHA IIbOMY € MOXKIIMBICTH BHOpAaTH Micle 3
HallMEHIIIUM OTMOPOM TPYHTY JJISl pO3TallyBaHHS 3a3eMIIIOBaYa. 3a3eMJICHI
KOPITYCH 3HAaXOSTHCS 1032 MOoJeM PO3TIKaHHSA CTPyMY 3a3eMJICHHS, TOOTO
BMHOCHE 3a3€MJICHHS 3aXHIIa€ JIUIIE 32 PaXyHOK MaJoOTO OTOpPY MPHUCTPOIO
3a3eMJICHHSI.

Enexrponn KOHTYpPHOT'O 3a3eMJIIOBAJIEHOTO HPUCTPOIO
PO3TalIOBYIOTECS MO0 KOHTYpY MaigaHuyuka a0o0 TNpHUMILIEHHS, e
3HAXOMWUTHCS OONaJHAHHS fKE 3a3eMJIIOI0Th, a TaKOX BCepenuHi
MaiiiaHuuka abo npumimenHs. TyT B Oyab-Kiii TOYLI HOBEPXHi IPYHTY B
pasi 3aMHUKaHHS Ha 3eMJII0O MOKE BUHUKATH 3HAYHUH MOTeHIial. Bracmigok
IIOTO PI3HUIS IOTEHITIATIB MiX TOYKAaMH IIOBEPXHi, SKi 3HAXOIATHCS
BCEpEINHI KOHTYPY, 3HIKYETHCS 1 CHJIa CTPYMY 4Yepe3 TUIO JIFOIUHU, IO
TOPKAETBCS KOPIyCy, MEHIIA, HiK MpH BHHOCHOMY 3a3emiieHHi. [lpu
BUKOHaHHI KOHTYPHOTO 3a3eMJICHHS, SIKII0 HEOOX1THO TAK0X MPOKIAAal0Th
TOPHU30HTAILHI METANEBl CTPIUKHM (3a3eMIIIOBAY Y BUTJLIAI CITKH), KOTpi
JOJATKOBO BHUPIBHIOIOTh NOTEHLIANM BCEpPeOUHI KOHTYpY. BcepemuHi
NpUMillleHb BUPIBHIOBaHHS MOTEHIAJIB BiJOYBA€ThCS TaKOXK 33 PaxyHOK
HAsBHOCTI METaJIEBUX KOHCTPYKIIiH, TPyOONpOBOMiB, KaOETiB Ta IHIIUX
CTPYMOIIPOBITHUX TIPEIMETIB, SKi PO3TAIIOBaHI B IOBEPXHEBOMY Imapi
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IPYHTY 1 3B’s13aH1 3 MEPEKEIO 3a3EMJICHHSI.

B cepemnuni OymiBenh TPOKIAAalOTh BHYTPIIIHIO MaricTpaib
3a3eMJICHHSI B3JIOBX CTiH, [JO KOTpOi WiA’€OHYIOTb MapajesbHO
3a3eMJIIOBaHi MPOBITHUKH BiJl KOPIYCiB €JIEKTpoOOIagHaHHS, KOTpe
miyisira€  3a3eMiieHHIo.  IlociioBHE BKJIIOYEHHS OOJagHAHHS, IO
3a3eMJTFOETHCS HE JIOMYCKAETHCA.

IcHyrOTh IUTY4YHI 3a3eMJIOBadi, TMPH3HAYECHI BHUKIIOYHO IS
3a3eMJICHHS €ICKTPOOOIaHaAHHS, 1 IPUPOJIHI — CTPYMOIIPOBITHI IPEIMETH,
KOTp1 3HAXOATHCS B 3¢MJTI Ta KOMYHIKAIIi{ 1HIITOTO TIPH3HAYCHHS.

SIK IpupoIHi 3a3eMIII0Bayi MOKHA BUKOPHCTOBYBATH:

- MEeTaJIeBl KOHCTPYKIIi Ta apMaTypy 3al1i300€TOHHUX KOHCTPYKLIH,
KOTp1 KOHTAKTYIOTh 3 3eMJICIO;

- IpOKJIaJeHi B 3eMJIi BOJOTIHHI TpyOM Ta CBMHIIEBI OOOJIOHKH
KaOeiB;

- obcamHi TpyOM apTe3iaHCHKUX CBEPIUIOBHH Ta KOJOII3IB.

3a00pOHSIETECS BUKOPUCTOBYBAaTH, SIK TPHUPOIHI  3a3eMITIOBaYI
TpyOOmpoBOAN 3 TMOXKEKOBHOYXOHEOE3NMEUHUMH piAMHAMH 1 Ta3zamu,
AIFOMIiHI€BI 000JIOHKH Ka0elliB Ta alFOMIiHI€BI IPOBITHUKH.

2. MeToauKa ii aJIrOpUT™M pO3paxyHKy 3aXHCHOIO0 3a3eMJICHHSI
[Mopsmok mpoBeneHHs pO3paxyHKY HACTYITHUM:
1. 3’scyBaTH BUXiaHI qaHi (mogaTok E).

2. BuzHaunti HeoOXimHWi omip mTy4HOro 3aszemioBada R,, Owm,
AKIIO MependadyaeTbcsi BUKOPUCTAHHA TaKOX MPUPOJHOIO 3a3eMIIFOBada
R, , 3a hopmyiioro:

R, =—<"2 Owm; (1)

Jie R, — omip poO3TiKaHHIO CTPyMY MIPUPOTHUX 3a3eMiTtoBadiB, OMm;
R, — po3paxyHKOBHII ~HOPMOBAaHWUU  OIIp  3a3eMITIOBAIHLHOTO
npuctporo (3I1), OM (mogarok A).

[Ipu BigCYTHOCTI TNPHPOAHMX 3a3€MIIOBAYiB HEOOXITHHMK OIIip
IITYYHOTO 3a3eMJIOBA¥a JOPIBHIOE PO3PaxOBaHOMY HOPMOBAHOMY OIOpY

3II: R, =R..

3. BuzHauuTH pO3paxyHKOBUH MUTOMHH OHip IPYHTY, [UIs
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BEPTUKANBHUX 1 TOPU30HTAILHUX €IEKTPOAIB, 32 POPMYJIIOI0:

pe(e) :psu/w'yle(e)’ Om - m; (2)

1€ P, P — PO3PAXYHKOBUI NMHUTOMHUI OMIp IPYHTY BEPTHKAIBHHX 1
TOPHU30HTATLHUX €IEKTPOIiB, OM M;
Peuy — IATOMAN OTIpP TPYHTY, OTPUMAHHUM y pe3yJbTaTi BUMIpIB,
Om-M;
W, W, — KOC(ILIEHTH  CE30HHOCTI, I  BEPTUKAJIBHUX 1
TOPU3OHTAIBHUX €JIEKTPO/IiB, III0 BPAXOBYIOTh IIPOMEP3aHHS YN BUCHUXAHHS
rpyHry (nomatku I, /1)

4. O6uncauTH otip PO3TiKaHHIO CTPyMy OJIMHOYHOTO
BEPTUKAIBLHOTO 3a3emiioBada R,, Om. JImsd cTpmKHEBOro 3a3eMiloBava
KPYTJIOTO Tepepidy, 3ariauOiIeHOro B IPYHT (PUCYHOK 1), po3paxyHKOBa
(dhopMyJia Ma€ BUTJISI;

VN YN YA
0.8

d

» <
> <

PI/ICyHOK 1 — Cxema 3ansranus CTPUKHEBOTO pr6‘{aCTOFO 3a3€MJIroBadya

Ps '(an'l“ +l,[n4't8—+18],0M; 3)

T2l d 2 50,1,

IIe p — pO3paxyHKOBHM MUTOMHUIL OITip TPpyHTY, OM"M;
[, — TOBXKWHA BEPTUKATBHOTO CTPUKHSA, M;
d — miaMeTp mepepizy CTPUKHS, M;
t,— BIACTaHb B TIOBEPXHI IPYHTY JO CEPEAMHHA JIOBKHUHHU
BEPTHKAILHOTO CTPYDKHS, sIKa OOUNCITIOETHCS 32 (hOPMYIIOH0:
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1
Q=OB+5L,M 4)

5. PoszpaxyBaTi HaOmkeHy (MiHIMalbHY) KiJIBKICTh BEPTHKAIBHUX
CTPYDKHIB

=%, T, (5

e R, —omip pO3TIKaHHA CTPyMy OIWHOYHOTO BEPTHUKAIHLHOTO
3a3emirroBada, OwMm;
R, — HeoOXigHMH OMip IITYYHOTO 3a3eMiroBada, OM.

SIKIII0 BUXOUTH 3 PO3MIPIB KOHTYPY:

n=L, um (6)
a

e P—mepuMeTp  TPAMOKYTHHKA  (IpUMIIIeHHS), M.  SIKuit
BU3HAYAETHCA 32 (HOPMYJIOH0:

P=2-(L+B),M (7)

L — noBxuHA MPUMIILIEHHS, M;
B — mupuHa NpuUMITICHHS, M;
a — BIICTaHb MIXK CTPKHSIMH, 0OYMOBJICHA 31 CITIBBITHOIICHHS, M:

a=k-1; (8)
1e [, — TOBXKHMHA BEPTHKATBHOTO CTPYIKHS, M;
k —koeQillieHT KpaTHOCTI, skuid gopiBHoe 1, 2, 3 (mis
3arIMONICHNUX CTalliOHAPHUX 3a3eMIIoBauiB k = 1).

OTpuMaHy KITBKICTh CTPWKHIB  OKPYTJISIOTH 10  OUIBIIIOTO
JTOB1IKOBOTO 3HAYCHHS, aJie He MEHTIIe 72”.

6. BuzHaunuTH MOBXWHY TOPU30HTAIBHOI CMyrd Ipu KoH(iryparii
IPYMOBOTO 3a3eMITIOBaYa — KOHTYP:
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JIe 1 — KUTbKICTh BEPTUKAIBHUX CTPHIKHIB;
@ — BIICTaHb M)XK BEPTUKAJILHUMH CTPIDKHSIMU, M.

7. O0uucnuTH  OMmip  PO3TIKAHHIO  CTPyMy  TOPHU3OHTAILHOI
3’emayodoi cmyrd R,, Om. VY BHIIagKy TOPHU30HTAIHLHOTO CMYTOBOTO
3a3eMITIOBava (PUCYHOK 2) pO3paxyHOK BUKOHYETHCS 32 (DOPMYIIOLO:

NI ANV
b. 0.8 t

Pucynok 2 — Cxema ropu30HTaJIbHOTO CMyTOBOT'O 3a3eMyII0Baya

P- 2'122 .
Re=2'7r'l 'lnb , OM; (10)

c 't
JIe p — pO3paxyHKOBHM MUTOMHUIL OITip TPyHTY, OM"M;
[, — TOBXWHA TOPU3OHTAIBHOT CMYTH, M;
b, — mmpuHa CMYTH, M;
t,— BIACTaHb B TIOBEPXHI TIPYHTY [0 CEPEAWHH IHPUHU
TOPH30HTAIBHOT CMYTH, 5K OOYUCITIOETHCS 32 HOPMYIIOLO:

1, =0,8+%bC,M, (11)

8. PozpaxyBaTi eKBiBaJICHTHHH OIip PO3TIKAHHIO CTPYMY I'PYIOBOTO
3a3eMIiIroBaya.
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Re '772+Re ‘T n ’

R,

Owm; (12)*

e R,—omip pO3TIKaHHA CTPyMy OIWHOYHOTO BEPTHUKAIHLHOTO
3azemuroBada, Owm;
R, — orip po3TikaHHS CTPyMy TOpHU30HTaIBHOT cMyTH, OM;
Ne» M. — KOSDILIEHTH BHUKOPUCTAHHS BEPTUKAJIBHHMX CTPIIKHIB 1
ropu3oHTaIbHOI cMyTH, OM (zomatok b, B);
7 — KUIBKIiCTh BEPTHKAJIBHUX CTPHKHIB.

9. OtpuMaHuii OTip PO3TIKAHHIO CTPYMY T'PYIIOBOTO 3a3eMITIOBAYa HE
MMOBUHEH TIEPEBUITYBATH HEOOXI1THUI OITip, BUBHAYECHUH Y ITYHKTI 2.

R,<R,. (13)

# . . . .
Dopmyity 12 oTpuMaHO LUIIXOM IiACYMOBYBAaHHS IIPOBIIHOCTEH 3a3eMIIIOBAdiB
000X THMIB, OCKIIbKKM BOHH MPALOIOTh MapaieIbHO:

1 1 1 n’]({ + 772 R(f’]z +R2n77(f
R, R,. R R, R, R,R,



Hooamox A

I[OHYCTI/IMi 3HAYCHHA OIOPY 3aXUCHOTO 3a3€MJICHHSA
B GJ'IGKTpOTGXHi‘IHI/IX yCTaHOBKax

XapakTepucTHKa yCTAaHOBOK

Haii6inpmmii
JOIYCTUMHH OMip
3a3eMiteHHs, Om

YcranoBku Hanpyroro Bume 1000 B

3axucHe 3a3eMIICHHS B YCTAHOBKAX 3 BEMTUKAMU
cTpymMaMu 3aMHKaHHS Ha 3emmo (1, > 500 4)

0,5

3axucHe 3a3eMJIEHHS B yCTAHOBKAX 3 MAJIUMU CTPYMaMU
3amukanss Ha 3emmo (1, <500 4):

- 3a3eMJIFOIOYHH TPUCTPiil OTHOYACHO BUKOPUCTOBYETHCS
JUIsl yCTaHOBOK Hampyroto 1o 1000 B

125/1,<10

- 3a3eMJIFOFOYHH MPUCTPiil BUKOPUCTOBYETHCS TUTBKHU JUTS
ycTtaHoBOK Hanpyroto Bume 1000 B

250/1,<10

YcranoBku Hampyroio 1o 1000 B

3axucHe 3a3eMJICHHS BCiX YCTAHOBOK

| 4

Mooamoxk b

KoedinienTn BUKOpUCTAaHHS 77, BEPTUKAJIBHUX EIEKTPOAIB IPYIIOBOTO
3a3eMIItoBaya (TpyO, KYTOUKIB 1 T.I1.) 0€3 ypaxyBaHHS BIUIMBY CMYTH 3B’ S3KYy

Kinbkictb Koedimientu KinpkicTh Koegimuieatn
3a3eMJIIOBAYiB | BUKOPHCTAHHS 7], | 3a3€MJIIOBAdiB | BHUKOPHUCTAHHS 7,
4 0,69 34 0,428
6 0,61 36 0,422
8 0,59 38 0,416
10 0,57 40 0,41
12 0,55 42 0,408
14 0,53 44 0,406
16 0,51 46 0,404
18 0,49 48 0,402

20 0,47 50 0,4
22 0,464 52 0,398
24 0,458 54 0,396
26 0,452 56 0,394
28 0,446 58 0,392
30 0,44 60 0,39
32 0,434




Hooamox B

KoedirienTn BUKOpUCTAHHSI 77, TOPU3OHTAIBHOTO CMYTOBOTO EIIEKTPOJIA,
110 3'€IHY€ BEPTUKAJIbHI €JIEKTPOIU (TPYOH, KYTOUKH 1 T.I1.) FPYIIOBOIO

3a3eMIIIOBaYa
Kimskicrs Koedimieatn Kimskicrs Koedinientn
BEPTHKAJIbHUX BEPTHKAJIbHUX
. BUKOPHUCTaHHS 7], . BUKOPHCTaHHS 77,
CJIEKTPO/IIB CJIEKTPO/IIB

4 0,45 34 0,235

6 0,4 36 0,23

8 0,37 38 0,225

10 0,34 40 0,22

12 0,326 42 0,218

14 0,312 44 0,216

16 0,298 46 0,214

18 0,284 48 0,212
20 0,27 50 0,21
22 0,265 52 0,208
24 0,26 54 0,206
26 0,255 56 0,204
28 0,25 58 0,202

30 0,245 60 0,2

32 0,24

Hooamoxk I

Koedinientn cezonHocTi ¥ ni1st mapy Ce30HHHUX 3MiH y 0araTomapoBoMy
IPYHTI

KJIiMaTI/I‘lHayMOBHa TOBIIINHA BOJ‘IOFICTB 3C€MJI1 1110 yac BI/IMlpIOBaHB 11 OHOpy
11apy C€30HHUX .
30Ha . HI,Z[BI/IH.[eHa HOpMaJ'IBHa MajJjia
3MIH, M
1 2,2 7,0 4,0 2,7
Il 2,0 5,0 2,7 1,9
I 1,8 4,0 2,0 1,5
vV 1,6 2,5 1,4 1,1




Hooamox /]

KoedirieHTH C€30HHOCTI ¥ 711 OTHOPITHOTO TPYHTY

CraH 3eMIIi ITiT 9ac BUMIPIOBaHb ii OTIopy MpH

Knimatnana 30Ha BOJIOTOCTI
migBumeniii | Hopmanmbmiii | MaJii
BepTukanpHul €IEKTPO]] TOBKHHOIO 3 M
1 1,9 1,7 1,5
11 1,7 1,5 1,3
11 1,5 1,3 1,2
v 1,3 1,1 1,0
BepTukanpHuil €I1eKTPO]] TOBKHHOIO 5 M
I 1,5 1,4 1,3
11 1,4 1,3 1,2
111 1,3 1,2 1,1
v 1,2 1,1 1,0
T"opu3oHTaIRHUH €IEKTPOa TOBXHHOI 10 M
I 9,3 5,5 4,1
11 5,9 3,5 2,6
il 4,2 2,5 2,0
v 2,5 1,5 1,1
T"opu3oHTaIBHUHN €IEKTPOI TOBKUHOI 50 M

I 7,2 4,5 3,6
11 4,8 3,0 2,4
il 3,2 2,0 1,6
v 2,2 1,4 1,12
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Hooamoxk E
[Tepenik iHAUBITyaIEHUX 3aBJIaHb JO PO3PAXYHKY 3aXHCHOTO 3a3EMJICHHS
o | B Fnd 5] [ 2.
Ne | U, |mpumimenss,| R, jo——— CMYTH, | Py, E % s E 'E E
n/u| B M Om Mo |Omm|z & 52| 58
M o =
L | B w1 4 | b 2 &
1 [ 380 12 6 913 0,012 1 0,032 | 100 | II |Oanopinuuii|Hopmansra
2 [380] 5 5 6 15| 0,01 0,04 | 90 I |Onnopimmuit| Hopmansna
31380 7 3 8 [31]0,012)0,025 | 92 | III |Omnopinnuii|Hopmansia
4 1380 8 4 121 5 0,01 0,028 | 94 [ IV |Oanopinunii|Hopmansra
5 (380 12 7 [10] 3 ] 0,014 [ 0,03 [ 96 | I |Onsopinsunii|Hopmansia
6 [380] 14 10 [16[ 5| 0,016 | 0,034 | 98 | II [Onsopinnnuit|Hopmansia
7 | 380 18 5 18] 3 0,018 ] 0,036 | 102 | IIT |Oanopinumii|Hopmansra
8 [380] 6 5 6 15| 001 [0,038 | 104 | IV |Onsopinunii|Hopmansua
91380) 9 7 71310014 ] 0,04 |106 | I [Onuopinumit|Hopmanena
10 | 380 13 4 10| 5 0,01 0,042 | 108 [ II |Oanopimumuii|Hopmansna
111380 11 5 [11]3 ] 0,012 ) 0,046 | 110 | III [Omnopinsnii| Hopmansia
12| 380 10 10 141 5 | 0,014 | 0,048 | 114 | IV |Oanopinunuii| Hopmansra
13(380] 16 14 1913 0,016 | 0,035 118 [ I [Ommopimmuii|Hopmansia
141380 13 12 (17| 5| 0,018 [ 0,045 | 120 | I [Onuopinuuii|Hopmansua
151380 ] 30 12 (20| 3 0,01 0,04 124 | II |Omuopinuuii|Hopmansua
16| 380 22 16 — 5 0,0 12 0,02 5 126 IV |Onnopinuuii | Hopmansaa
17380 15 9 [-13]0014 [ 0,04 [ 80 | III |Onsopinsnmii|Hopmansia
18 | 380 5 4 6 5 0,016 | 0,036 82 I |Onuopimuuii | Hopmansua
19(380] 6 5 8130018 | 0,038 | 84 | II [Omopimuii|Hopmansia
20380 6 6 [10] 5] 0,01 [ 0,03 [ 8 | II |Onsopinsnii|Hopmansia
211380 8 6 141 5 0,01 0,044 | 76 | IV |Oanopinuuii|Hopmansra
221380 11 6 133 ] 0,012 | 0,046 | 78 I  |Oanopinumii|Hopmansna
231380 | 13 8 18] 5 | 0,014 | 0,032 | 130 | IIT |Oanopinuuit|Hopmansra
24380 | 19 8 -1 3] 0,016 [ 0,035 132 | IV [Onwopinmmii| Mana
251380 | 20 6 — 1 5] 0,018 | 0,045 [ 134 | IV |Oanopinnnii[Hopmansna
26380 | 18 18 [10f 3 | 0,01 [0,048 | 136 | I [Onsopinnnuit|Hopmansia
271 380 14 12 141 5 0,012 0,05 140 | II |Omuopinuuii|Hopmansua
28380 15 14 11213 | 0,01 | 0,025 | 142 | III [Omsopinnnuii|Hopmansia
291380 | 13 11 |18 5] 0,012 | 0,028 | 144 | IV |Omnopinnuii|Hopmansia
30| 380 40 22 - |3 0,014 ] 0,032 | 150 | II |Oanopinumii|Hopmansra
31(380]| 6 6 [12] 5] 0,016 [ 0,03 [ 78 | I |Onsopinsunii|Hopmansia
321380 17 7 10] 3 0,018 0,04 152 | III |Omuopinuuit|Hopmansua
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