KoMiuiekcHe q0c/IiIKeHHs eJIeKTPoOe3neKu

Meta pod0TH — TOCTIIUTH XapaKTep PO3MOILTY KPOKOBHX HAMPYT i CHIIM CTPYMY, IO MPOTi-
Kae yepes JIOAMHY, NMPH 3aMUKaHHI a3y Ha KOPIYyC €JIEKTPOYCTAHOBKU 1 BUSBUTU (PAKTOPH, LIO0
BIUTMBAIOTh HA HACIHIJKU YPa)XCHHS HANPYTOI0 KPOKY; O3HAHOMUTHCS 3 MPHHIUIIOM POOOTH 3aXHC-
HOT'O 3a3€MJICHHS 1 OI[IHUTH BIUTUB OMOPY CTPYMOBI PO3TiKaHHS Ha €(EKTUBHICTh 3aXHCHOTO 3a3e-
MJICHHSI B €JICKTPOyCTaHOBKax Hampyroio a0 1000 B; o3HalioMuTHCS 3 NMPUHIUIIOM il 3aHYJICHHS
Ta OLIIHUTHU HOT0 e(hEeKTUBHICTD.

EjexkTpoTpaBMaTH3M Ta Jlisl €J1eKTPUYHOI0 CTPYMY HA OPraHi3M JIIOJMHU

Enexmpobesnexa — 11e cucteMa opraHizaliifHiX Ta TEXHIYHHX 3aXOiB 1 3ac00iB, 110 3a0e3re-
YyIOTh 3aXHCT JIIOACH BiJl IIKIIJIMBOTO Ta HEOE3MEYHOTO BIUIMBY €JICKTPUIHOTO CTPYMY, €ICKTPUY-
HOI AyTH, €IEKTPOMArHiTHOI'O MOJIS 1 CTATUYHOI €JIeKTPUKU.

Haii6ipa KUIBKICTh BUNIAAKIB €JIEKTPOTPAaBMaTU3MY, B TOMY YHCII1 13 CMEPTEIbHUMH BHUIIA-
JIKaMH, CTAEThCA MPH EKCIUTyaTalii el1eKTpoycTaHOBOK Harpyroto no 1000 B, mo nos’s3aHo ix mo-
HIMPEHHSM 1 BIIHOCHOIO JIOCTYITHICTIO MMPAKTUYHO I KO’KHOT'0, XTO MpAaIfoe Ha BUpOOHUITBI. Bu-
HaJKu eJeKTPOTpaBMaTU3My, Iij 4ac eKCIUTyaTallii eJIeKTpoyCcTaHOBOK Hampyroto moHaza 1000 B
HEYacTi, 1110 00YMOBJIEHO HE3HAYHUM IOIMIMPEHHSIM TaKUX €JIEKTPOYCTaHOBOK 1 0OCIIyrOBYBaHHSIM
iX BUCOKOKBaJIi()iKOBAaHUM I1EPCOHATIOM.

OCHOBHMMH MTPUUMHAMU €JIEKTPOTPABMATU3My Ha BUPOOHUUTBI €:

» BUIAJKOBE JAOTOPKAHHS 10 HEI30JbOBAaHUX CTPYMOIIPOBIIHUX YAaCTHH EJIEKTPOYCTATKY-
BaHHS;

» BUKOPHCTaHHS HECHIPABHHUX PYYHHX EJIEKTPOIHCTPYMEHTIB;

» 3aCTOCYBaHHsI HECTaHJIAPTHUX a00 HECTIPAaBHUX NMEPEHOCHUX CBITHIIBHUKIB Hanpyroro 220
yn 127 B;

» pobora 0e3 HaIHHUX 3aXHCHUX 3aCO0IB Ta 3aMO0IKHUX MPUCTOCYBAHb;

» JIOTOPKaHHS JI0 HE3a3eMJICHUX KOPIYCiB €JIEKTPOYCTAaTKyBaHH, L0 ONMWHMINCA IIiJ] Ha-
MIPYTOI0 BHACIIIOK MOIIKOKEHHS 130JIA1I11;

» HEIOTPUMAaHHs MpaBWJI yJIALITYBaHHs, TEXHIYHOI eKCIUTyaTallii Ta MpaBuil TEXHIKU Oe3me-
KU TIPU eKCTUTyaTallii eIeKTPOYCTaHOBOK Ta iH.

Opranu 4yTTs JIOJMHU HE 37]aTHI HA BiJCTaH1 BUSBIATH HAsBHICTH €JIEKTPUYHOI HANpyru. B
3B’S3KY 3 ITUM 3aXHCHA PEaKIlis OpraHi3My MPOSBISETHCS JIUIIE MICIIS TOTO, SIK JIFOIAHA TIOTPAITnIa
mij Jito enekTpuyHoi Hanpyru. [Ipoxoasun yepes3 opratisM JIFOJUHH €IEKTPUUYHUN CTPYM CIpaBIIsie
Ha HbOT'O TEPMIUHY, EJIEKTPOIITUYHY, MEXaHIUHY Ta O10J0T1YHY Aif0.

TepmMmiuHa 11ist CTPyMY MPOSIBISETHCS OMIKAMH OKPEMHX JUISHOK Tijla, HarpiBaHHSIM KPOBOHO-
CHHIX CYIIMH, CEpIlsi, MO3KY Ta iHIIUX OpraHiB, 4epe3 sKi MPOXOAUTH CTPYM, IO MPU3BOANUTH JI0 BH-
HUKHEHHS B HUX (QYHKIIOHATBHUX PO3JIaIiB.

EnextpomituyHa fisi CTpyMy XapakTepHU3y€eThCS PO3KIAJIOM KPOBI Ta 1HIIUX OpraHiyHUX pi-
JIUH, 1110 BUKJIMKAE CYTTEBI MOPYIICHHS 1X (DI3UKO-XIMIYHOTO CKJIAIy.

MexaHidHa Jisi CTPyMY HPOSIBISIETHCS YITKOJDKEHHAMHU (PO3PUBH, PO3IIAPYBAHHS TOILO) Pi3-
HOMAaHITHUX TKaHWH OPraHi3My BHACIIOK €JIEKTPOAMHAMIYHOTO €EeKTY.

Biosoriyna fisi cTpyMy Ha KHMBY TKaHHHY TPOSIBISIETbCS HEOE3MEUYHUM 30y KEHHAM KIITHH
Ta TKAaHUH OPraHi3My, L0 CYNPOBOKY€ETHCS MUMOBUIBHUM CYJIOMHUM CKOpOYEHHSM M’s3iB. Take
30y UKEHHSI MOK€ TPU3BECTH JI0 CYTTE€BUX MOPYILICHb 1 HABITh MMOBHOTO NMPHUIMHEHHS iSUIBHOCTI
OpraHiB IUXaHHS Ta KPOBOOOITY.

[Toxpa3HeHHsT TKAaHWH OpPraHi3My BHACITIOK il €JIEKTPUYHOTO CTPYMY MOXKE OYyTH NPSIMHM,
KOJIU CTPYM IPOXOAUTH O€3M0oCepeIHbO uepe3 Ll TKAaHUHHU, Ta peQIeKTOPHUM (depe3 LEHTPATbHY
HEPBOBY CUCTEMY), KOJIM TKAaHUHH HE 3HAXOJATHCS Ha IIISXY MPOXOIKEHHS CTPyMY.

Buau eeKTpHYHHX TPaBM.
IIpuunHM JeTaJbHUX HACTIAKIB Bij il €JIEKTPUYHOI0 CTPYMY

Enexmpompaema — 1ie TpaBMa, sika CIIpUUMHEHA €0 €JIEKTPUYHOTIO CTPYMY YH €JIeKTPUYHOT
OyrH. 3a HACHiKaMH eJEKTPOTPAaBMH YMOBHO TOAUISIOTH Ha JBAa BUIW: MICIIEBI €IEKTPOTPABMH,
KOJIM BUHUKA€ MICLIEBE YIIKOMKEHHs OPraHi3My, Ta 3arajibHi €J1eKTPOTPABMHU (E€ICKTPUYHI YIapH),




KOJIM YPaKaEThCsl BECh OPraHi3M BHACIIIOK MOPYIICHHS HOPMAaJbHOI JisITBHOCTI JKUTTEBO BaXKIIH-
BUX OPraHiB 1 CUCTEM.

XapaKTepHUMHU MICIIEBUMHU €JIEKTPHYHUMH TPAaBMaMH € JICKTPUYHI OINKH, eIeKTPUYHI 3Ha-
K1, MeTaJi3allis NKipYU, MEXaHi1YH1 YIIKO/DKEHHS Ta eJIeKTpoodTanbMisl.

Enexmpuunuii onik — HalOLIBII MOUIMPEHA MICLIEBA €JIEKTPOTPAaBMa, sIKa, B OCHOBHOMY, CIIO-
CTEpIraeThcsl y MPAIliBHUKIB, 110 OOCITYTOBYIOThH JiI0Ui €JIeKTpOycTaHOBKU. EnexTpuuHi omiku 3a-
JISKHO BiJl yMOB iX BHHUKHECHHS OyBalOTh JBOX BH/IIB: CTPYMOBI (KOHTAaKTHI), KOJIM BHACIIIOK MPO-
XOJDKEHHSI CTpyMy €JIeKTpUYHA CHEpris MEpeTBOPIOEThCS B TEIUIOBY, Ta JYrOBi, SKI BUHHUKAIOTh
BHACIJIOK [Ii Ha TIJIO JIFOJUHHU €JIEKTPUYHOI Iyru. 3ajeXHO B1JI KUIBKOCTI BHJIIJICHOI TEIUIOTH Ta
TEMIIepaTypH, a TAKOXK 1 PO3MIPIB JyT'H €JIEKTPUYHI ONIKM MOXKYTh ypa)kaTu He JIMIIE LIKIpY, ane i
M’5131, HEPBHU 1 HaBITh KICTKH.

Enexmpuuyni 3naxu (enekmpuuni nosHauku) SBISIOTH COOOK0 IJISIMU CIpOr0O YH OJ1110-)KOBTOTO
KOJIbOPY Y BUIJISII1 MO30JISI HA IOBEPXHI IKIPU B MICHI 11 KOHTAKTY 13 CTPYMOBIIHUMH YaCTHHAMH.

Memanizayis wkipu — 11€ IPOHUKHEHHS Y BEPXHI IIAapU HIKipKU HAMIpiOHIIKMX YaCTOK MeTaly,
10 PO3ILIABIISIETbCSA BHACTIAOK 1T €JIEKTPUYHOI AYTH.

Mexaniuni yuwkoOoicennss — 1€ YIIKOPKEHHsI, IKI BAHUKAIOTh BHACIIOK CyJJOMHUX CKOPOYEHb
M’SI31B M1J1 JI€F0 €JIEKTPUYHOIO CTPYMY, L0 MPOXOJAUTH Yepe3 TUIO0 JIOAUHU. BoHU POSBISIIOTHCS Y
BUTJIS/II PO3PUBIB ILIKIpH, KDOBOHOCHUX CYJIMH, HEPBOBUX TKAHHMH, a TAKOX BUBHUXIB CyIJI00IB 1 Ha-
BITh NIEPEJIOMIB KICTOK.

Enexmoogmanvmiss — 11e ypakxeHHs1 o4eil BHACHIOK Jii yIbTpadioleTOBUX BUIIPOMIHIOBaHb
€JIEKTPUYHOI T1yTu.

Haii0inpi HeOe3reuHuM BUJIOM €JIEKTPOTPAaBM € €JIEKTPUYHHUM yaap, sKUi y OUIBIIOCTI BU-
NaJIKiB IPU3BOAUTH A0 CMEPTI MOTEPILIOTO.

Enexmpuynuii yoap — 1ie 30y/UKEHHS )KUBUX TKaHUH OPraHi3My €JIEeKTPUYHUM CTPYMOM, ILO
CYIPOBOIKYETHCS CyJIOMHUM CKOPOUYCHHSIM M’s131B. 3aJICKHO BiJ HACIIIKIB YpaKeHHS €JICKTPHUYHI
yZap1 MOKHa YMOBHO MiJPO3AUTUTH HA YOTUPH CTYIICHS:

I — cynomHi ckopodeHHs M’ s131B 6€3 BTpaTH CBIJOMOCTI;

IT - cynomHI CKOpOYEHHSI M 5I31B 3 BTPATOIO CBIZIOMOCTI, aje 31 30epeKeHHAM JUXaHHs Ta po-
60TH cepls;

IIT — BTpaTa cBiIOMOCTI Ta MOPYIIEHHS CEPIEBOi AISUIBHOCTI 4M AuXaHHsS (200 OJHOTO 1 Ipy-
roro pa3om);

IV — IiHIYHA CMEpTh.

Kniniuna cmepms — 11e mepexiHui Epioa Bif )KUTTS 10 CMEPTI, IO HACTA€E 3 MOMEHTY 3yITH-
HKU CepLEBOi JisIbHOCTI Ta JETEHIB 1 TpUBa€e 6 — 8 XBUWINH, JIOKU HE 3aTMHYJU KIITUHU TOJIOBHOTO
Mo3Ky. [liciist iporo Hactae 010J10T1YHA CMEPTh.

[TpuyrHaMU JTeTaTbHUX HACTIAKIB Bif Mii €IEKTPUYHOTO CTPYMY MOXKYTh OYTH:

¢ 3yMHUHKA ceplsl ud Horo (GiOpuisiis (XaOTHYHE CKOPOYCHHS BOJOKOH CEPILEBOTO

M’s13a);

** IPUIIMHEHHS JMXaHHS BHACTIJOK CYJOMHOTO CKOPOUYEHHS M’S3iB T'PyIHOI KIITKH,

1110 OepyTh y4acTh y MPOLEC AUXAHHS;

+* CJICKTPUYHUI MIOK (CBOEPIJHA HEPBOBO-PE(IICKTOPHA PEaKIlis OpraHi3My y BijIoO-

Bi/JIb Ha MO/IPa3HEHHS €JIEKTPUYHUM CTPYMOM, IO CYIPOBOJDKYETHCS PO3JalaMi KpOBOOOIry,

JMXaHHs, 0OMiHY PEYOBHH 1 T. TI.

MoxJinBa TakoX OJHOYAcHa Aisl 1BOX a00 HaBITh YCIX TPhOX BHUIIEHA3BaHUX MPHUUYUH. IIOKO-
BUI CTaH MOXX€ TPUBATH BiJl KIJTBKOX JECATKIB XBUJIMH JI0 1i0.

YHHHUKH, 10 BIVIUBAIOTH
HA HACJIIKH yPaKeHHsI eJIeKTPUMYHUM CTPYMOM

XapakTep BIUIMBY €JIEKTPUYHOTO CTPYMY Ha OpraHi3M JIIOJMHH, a BIATAK 1 HACIIAKH ypaskeH-
Hsl, 3aJIe)KATh BiJ| 17101 HU3KH YMHHUKIB, K YMOBHO MOKHA TIIPO3AUINTH HA YNHHUKU CIICKTPUY-
HOTO (cuna cmpymy, Hanpyea, onip mina Jr0OUHU, U0 MA YACMOma cmpymy) Ta HEeIeKTPHUIHOTO
xapaxkrepy (mpusanicme Oii cmpymy, WIAX NPOXOONHCEHHS CMPYMY uepe3 mino A00UHU, iHOU8ioya-
JIbHI 0CcOOIUBOCII THIOOUHU, YMOBU HABKOIUUHBLO20 CePedosULd MOUl0).




CuJja cTpymy, 110 TPOXOTUTH Y€pPe3 TiJI0 JIOJAWHN € OCHOBHUM YHHHHUKOM, SIKHH 00YMOBITIOE
HACJIJIKK YpakeHHs. Pi3Hi 32 BEIMUYMHOIO CTPYMU CHPABISAIOTH 1 PI3HUHN BIJTUB HA OPraHi3M JIOIH-
HU. PO3pI3HSIOTH TPU OCHOBHI IOPOTOB1 3HAYEHHS CUJIM CTPYMY:

— IIOpPOroBUH BIAYYTHUH CTPYM — HaliMEHIIE 3HAUYEHHsI €JICKTPUYHOTO CTPYMY, 1110 BUKIIMKAE
IpU IPOXOJKEHHI Yepe3 OpPTraHi3M JIIOUHU BiAUyTHI MOAPa3HEHHS;

— TIOpPOTOBUHM HEBIJMYCKAIOUUHI CTPyM — HaliMEHIE 3HAYEHHS ENEKTPUYHOIO CTPyMy, SIKEe
BHUKJIMKA€E CYyJOMHI CKOPOUYEHHS M S31B PyKH, B KOTPi 3aTUCHYTHH MPOBITHUK, 110 YHEMOKITUBITIOE
CaMOCTIiiHe 3BIIbHEHHS JIIOJIUHH BiJl J1ii CTPyMY;

— MoporoBuil QiOpwiIALIiHUI (CMepTenbHO HEOE3MeuHui) CTpyM — HaWMEHIIEe 3HAaYeHHS
€JICKTPUYHOTO CTPYMY, IO BUKIIUKAE MPU MIPOXOKEHHI Yepe3 Ti10 J0IUHU DiOpHIIAIito cepls.

B Tabn. 1 HaBeneHO MOPOTOBI 3HAYEHHS CHIIM CTPyMY IpU HOTO MPOXOKEHHI 4Yepe3 TiJio
JIIOJIMHY TI0 NIISAXY ,,pyKa — pyka” abo ,,pyka — HOTH .

Tabmus 1
Iloporogi 3HaYeHHs1 3MiHHOI'0 Ta MOCTIHHOT0 CTPYMY
Bia crpymy Hopourom/m BIUYT- HOpOFOBUI/II/I HEBIAMY- Ho.puorolaml Gbi16puis-
HUM cTpyMm, M4 CKarouuil cTpym, m4 LIHHUN CTpyM, M4
SMIHHIIT CTPYM  Hac- 0,5-1,5 6-10 80 — 100
totoro 50 [y
[ocriiinuii cTpym 5,0-7,0 50 -80 300

CtpyMm (3MiHHMH Ta MOCTIHHUI) Oliblie 5 A BUKIMKAE€ MUTTEBY 3YIHHKY CEplis, MUHAIOUU
cTaH (piOpursLii.

3HaYeHHs NMPHUKJIAJeHOl Hanpyru U, BIUIMBA€E Ha HACHIJKU yPaKeHHS, OCKUIBKU 3T1JTHO 3a-
KoHy OMa BU3HAYa€ CUITy CTPYMY /,, III0 IPOXOAUTH Yepe3 TUIO JIIOJUHH, Ta foro omip R;:

L=Us/ R (1)

YuM BuUIlle 3HAYEHHS HANpPYTrH, TUM Oinblia HeOe3leka ypaKeHHsI eJIeKTPUYHUM CTPYMOM.
YMOBHO 0€3ME4HOI0 JJIs XKUTTS JIOAWHA MIPUMHATO BBAaXKaTH HAIIpYTry, 110 He nepesuinye 42 B (B
Vkpaini Taka cTaHIapTHA HAMpyTa CTAaHOBUTH 36 Ta 12 B), mpH sKiii HE MMOBUHEH CTATHUCS MPOOiit
HIKipY JIFOUHH, 110 IPUBOIMUTH J0 Pi3KOT0 3MEHIIEHHS 3arajlbHOTO OMOpY ii Tija.

EnexTpuunuii onip TijNa JOJAMHU 3aJIeXKUTh, B OCHOBHOMY, BiJl CTaHy HIKipH Ta IIEHTPaJIb-
HOi HEpBOBOI CHUCTEMH. 3arallbHUi €JIEKTPUYHUIN OMip Tisia JIFOJUHA MOXHA MPEJCTABUTH K CyMy
JIBOX OTIOPIB IIKIpX Ta OMOPY BHYTPINIHIX TKaHWH Tina (puc. 1). Haibinpmumii omip mpoxoKeHHIO
CTpYyMy YMHHTH LIKipa, 0COONMBO ii 30BHINIHII OpOroBiMii map (emigepmic), TOBIIMHA SKOTO CTa-
HOBUTH Oyn3bK0 0,2 mm. Omip BHYTPIIIHIX TKAHUH Tija He3HayHu# 1 ctaHOBUTH 300 — 500 Om.

3araiapHUN OMip TiJIa JIOAWHHA 3MIHIOETHCS B IIMPOKUX Mexkax — Bif 1 1o 100 xOm, a iHO1 T
Oinpire. J{ms po3paxyHKIB Omip Tija JTIOAUHUA YMOBHO IPHHUMaIOTh piBHUM R, = 1 kOm. I1pu 3Bo10-
KeHHI, 3a0py/IHEHHI Ta MOIIKOJKeHHI MKipHU (MOTOBUIUICHHS, MTOPi3H, MOAPSIIMHU TOMIO), 3011b-
HICHHI MPUKIAJCHOI HAMIPYTH, TUIOIII KOHTAKTY, YaCTOTH CTPyMy Ta yacy Horo Aii omip Tijia JII0Iu-
HU 3MEHIIIYETHCS JI0 MIEBHOTO MiHiManbHOTO 3HaueHHs (0,5 — 0,7 kOm).

Omip TiNa AIOAWMHYA 3MEHIITYETHCS TaKOXK MPU 3aXBOPIOBAHHAX IIKIPH, IIEHTPAIBHOT HEPBOBOT
Ta CepIIeBO-CYIMHHOI CUCTEM, MTPOSBAX AJIEPTIYHOI peaKilii TOIIO.

Puc. 1. Cxema omopy Tijia JTIOUHU:
R,, — axtuBHU# omip mkipu; C,, — EMHICHUH OMip IWKipH; R, — OMip BHYTPIIIHIX TKAaHUH Tijla



Bua Ta yacToTa cTpyMmy, 10 MPOXOJUTH Yepe3 TiJIO JIFOIUHH, TAaKOXK BIUIMBAIOTH HA HACIIi[-
k1 ypaxkeHHs. [loctilinuit ctpym npubnusHo B 4 — 5 pa3iB Oe3neuHimmii 3a 3MiHHUH. Lle moB’s13ano
3 THUM, TIO TIOCTIHHUN CTPYM Yy TOPIBHSIHHI 31 3MiHHAM IPOMHUCIIOBOI YaCTOTH TaKOTO X 3HAYCHHS
BUKJIMKA€ GiTbII c1abuIi CKOPOUEHHs M’SI3iB T4 MEHII HENpHeMHi BimxuyTTs. Moro mis, B 0OCHOBHO-
My, TeruioBa. OIHaK, CIIiJT 3ayBaXKUTH, 110 BUIE3a3HAYCHE CTOCOBHO MOPIBHSILHOT HEOE3MEKH TOC-
TIHHOTO Ta 3MIHHOTO CTPyMYy € CHpaBeUIMBUM Juie Juist Hanpyru 1o 500 B. IIpu Ginbln BUCOKUX
Hanpyrax NOCTIHUNA CTPYM CTa€ He Oe3NMEeUHIIMM HiK 3MIHHUH.

YacToTa 3MIHHOTO CTPyMY TaKOXX BiJlirpa€e Ba)KJIMBE 3HAUEHHS CTOCOBHO MHUTaHb €JIEKTPOOe3-
neku. Tak HalOLIbII HEOE3MEUHNM BBAXKAETHCS 3MIHHUN cTpyM dacTtoToro 20—100 /y. [Tpu gacro-
Ti MeHIi Hik 20 abo Ginpuriii 3a 100 /7y HeGe3neka ypaKeHHS CTPYMOM IOMITHO 3MEHILY€ThCS.
Crpym gacrortoro oran 500 x/y He MOKEe CMEPTENbHO ypa3uTu JoAuHy. OqHaK TyKe 4acTo BH-
KJIMKA€E OIIKH.

TpusasicTs aii cTpyMy Ha OpraHisM JIIOIMHM ICTOTHO BILJIMBA€ Ha HACHIJKH ypPaKCHHS:
yUM OUTBLIMHA Yac MPOXOKEHHS CTPYMY, TUM ILBHUJIIE BUCHAXKYIOTHCS 3aXMCHI CHJIM OpPraHi3My,
IIPpU LbOMY OMIp Tij1a JIOJUHU PI3KO 3HUXKYEThCA 1 BaKKICTh HACJ1JIKIB 3pocTae (Tadi. 4).

HInAax mpoxXojKeHHsl CTPYMY 4epe3 TijI0 JIIOAMHU € BAaXIUBUM 4YMHHUKOM. HeGesmeka
ypaXKeHHs1 0COOIMBO BEJIMKA TOJIi, KOJIM HA NUIAXY CTPYMY 3HAXOJSATHCS KUTTEBO BAYKIIMBI OPTaHU —
ceplie, JIereHi, FoJIOBHUM MO30K. IcHy€e 6araTo MOXKJIMBUX HUIAXIB IPOXOPKEHHS CTPyMy 4yepes TiIo
TOIMHU (TIETENh CTPYMY ), XapaKTEPUCTUKNA HAUOLIBII MOMTMPEHUX Cepell HUX HaBeACHI B Ta0OI. 2.

Tabmums 2
XapakrepucTHKa HAOLIbII MOIIHPEHUX HIJISIXIB MPOXOMKEHHS CTPYMY
yepes Tij10 JHOIMHA

. 3HaYeHHS CTPyMY, 110
YacTka noTepnuiux,
YacroTa BUHUKHEHHS . . IIPOXOUTH Uepes3 ce-
nsx ctpymy JAHOTO LUIAXY CTPyMY KL BTpatialIi CBIA0- pue, % Bij 3arajabHO-
o ) MICTh TIPOTATOM JIii o éTPYMY 10 1po
0 o , -
cTpymy, %6 XOJUTh Yepe3 TUI0
Pyka—pyka 40 &3 3.3
IIpaBa pyka—Horu 20 87 6,7
JliBa pyka—HOTH 17 80 3,7
Hora—mora 6 15 04
I'omoBa—HoOTH 5 88 6,8
I'onoBa—pyxn 4 92 7,0
JBsiinsl 8 65 —

InauBinyanbHi 0c00IMBOCTI JIOAMHM 3HAYHOIO MIpPOIO BIUIMBAIOTh HA HACIIIKH ypa)KeHHS
€JIEKTPUYHUM CTPpyMOM. [IJ1sl KIHOK MOPOTOB1 3HAYEHHSI CTPYMY NMPHUOJIU3HO B MIBTOPA pa3H € HUXK-
YUMH, HIXK U1 MyX4uH. CTYIiHB BIUTUBY CTPYMY ICTOTHO 3QJIEXKHTh BijJl CTaHy HEPBOBOI CUCTEMHU
Ta BChOTO OpraHizMy B I[IoMy. Tak, y CTaHi HEpPBOBOTO 30y KEHHS, JEIpecii, CIl HIHHS, 3aXBO-
proBaHHs (0COOJIMBO MPHU 3aXBOPIOBAHHIX LIKIPH, CEPLIEBO-CYAMHHOI Ta IIEHTPaIbHOI HEPBOBOI CH-
CTEeM) JIFOJIY 3HAYHO YyTJIMBIII JI0 Jii Ha HUX CTpyMy. BaxuinBe 3HaU€HHS Ma€ TaKOXK YBaXHICTh Ta
NICUX1YHA TOTOBHICTH JIFOAMHU /10 MOKIIUBOI HEOE3MEKH yPaKEHHS CTPYMOM.

YMo0BH HABKOJIMIIHBOIO Cepel0BHIA MOXYTh MMiJBUIIYBAaTH HEOE3MEKY ypasKeHHS JIFOIH-
HU €NIEKTPUYHUM CTpyMOM. Tak, y IpUMIIIEHHX 3 BUCOKOIO TEMIEPATYPOIO Ta BiJHOCHOIO BOJIOTi-
CTIO TOBITPSl HACHIAKU ypa)K€HHS MOXYTh OyTH Ba)XXUMMH, OCKUIbKM 3HAYHE MOTOBUJIICHHS IJIs
HiATpUMAaHHS TeIUIo0ajJaHCy MK OpraHi3MOM Ta HaBKOJMIIHIM CEpEelIOBHILEM, MPU3BOJIUTH 10
3MEHILIEHHS ONOpY TiJIa JIFOAUHU.

JonmycTumi 3HaYeHHsI CTPYMIB i Hanpyr
Jlnst mpaBUIIBHOTO BU3HAYCHHS HEOOXITHUX 3aC001B Ta 3aXO0/I1B 3aXHUCTY JIIOJICH Bij ypaKeHHS

CJIEKTPUYHUM CTPYMOM HEOOX1JJHO 3HATH JIOMYyCTUMI 3HAUEHHsI HAIlPpyT JOTOPKAHHS Ta CTPYMIB, 110
HPOXOSTH Yepe3 TIIO JIOJHHY.



Hanpyaa 0omopkanns — 11e Hanpyra MiX JBOMa TOYKaMH €JIEKTPUYHOTO KOJIa, O IKUX OJHO-
YaCHO JIOTOPKA€ThCS JIIOAUHA. ['paHMYHO JOMyCTHMi 3HAYEHHS HANpyrd AOTOPKaHHS Ta CHIU
CTpyMy JJisi HOpMajbHOro (6e3aBapiiiHOro) Ta aBapiiHOTO PEKUMIB €JIEKTPOYCTAHOBOK IMPH IPO-
XOJPKEHH1 CTpyMy 4epe3 TUIO JIIOJMHHU MO HUIAXY ,,pyKa — pyKa” 4H ,,pyKa — HOTH~ PErJIaMeHTYIOTh-
¢ 'OCT 12.1.038-82 (tabin.3 Ta 4).

Ta0muus 3
I'pannvHoONyCcTHMI 3HAYEHHA HANPYTH 10TOPKaHHA U, Ta cuiu cTpymy 1, o npo-
XO/IMTh Yepe3 TIJIO JIIUHU IPH HOPMAJBHOMY PeKHMIi eJ1IeKTPOYCTAHOBKH

Bun ctpymy

Ujon, B (1€ OLIBIIIC)

1,, mA (ue Ginbie)

3Mminuunii, 50 I'n
3Mminnumi, 400 '
TTocritinuii

2
3
8

0,3
0,4
1,0

[Tpu BuKOHaHHI pOOOTH B yMOBaxX BHCOKOI TeMmepatypH (Ounbiie 25 °C) i BIZTHOCHOT BOJIOTO-
cTi noBiTps (OibIe 75 %) 3HaueHHs TabuuLl 3 HEOOX1HO 3MEHIIUTH Y TPU pa3H.

ABapiifHUIl peXUM €JIEKTPOYCTAaHOBKH O3HAUa€, 10 BOHA Ma€ MEBHI MOUIKOHKEHHS, IKi MO-
JKYTh TIPU3BECTH 10 BUHUKHECHHS HEOE3MEeUHNX cuTyaIii. Sk BuaHo 13 Tabmuii 4 3HaueHus Uy, Ta
1, ICTOTHO 3aJeXaTh BiJl TPUBAJIIOCTI il CTPyMY.

Tabmuis 4
I'pannyHoOIONMyCTHUMI 3HAYEHHSI HATIPYTH A0TOPKAHHA Uj,yp TA I, IO IPOXOAUTH YEpPe3
TiJ10 JIIOINHY NTPH aABaPiliHOMY PeKHMi eJIeKTPOYCTAHOBKH

TpusanicTs nii ctpymy ¢, ¢
Brx HopMmoBane 3naueHHs binpure
CTpyMy 0,1 0,2 0,5 0,7 1,0 1.0
3MiHHUH, Ujom, B (HE OlbI1IC) 500 250 100 70 50 36
501y 1,, mA (He OinbIe) 500 250 100 70 50 6
ITocriii- Ujom, B (HE OlbI1IC) 500 400 250 230 200 40
HUH 1,, mA (He GinbIe) 500 400 250 230 200 15

['paHUYHOIOMYCTHMI 3HAYSHHS CHJIM CTPYMY (3MIHHOTO Ta MOCTIHHOTO), IO MPOXOIUThH Ye-
pe3 TiJIO JIOAWHY TPU TPUBAJIOCTI Aii Oinbine HiX 1 ¢ HUKYi 32 TOPOTOBUIT HEBIITYCKAIOUHHA CTPYM,
TOMY TPH TaKUX 3HAYEHHSAX JIIOAWHA JOTOPKHYBIIMCH 1O CTPYMOIPOBITHHX YaCTHH YCTaHOBKH
3/IaTHA CAaMOCTIIHO 3BUTBHUTHUCS BiJl /1ii €JIEKTPHYHOTO CTPYMY.

Knacudgikanis npumimeHnb
3a cTyleHeM He0e3NeKH YPAKeHHs eJIEKTPUYHUM CTPYMOM

3a cryneHeM HeOe3MeKH ypaXeHHs eJIEKTPUYHUM CTPYMOM BCl MPUMILICHHS TOIUISIOTHCS Ha
TPH KaTETopii: npumiwenus 6e3 niosuuyeHoi Hebe3neku; npumiujerHs 3 niOSUEHOK Hebe3NeKoIo;
0Cco0OaUB0 Hebe3NeyHi NPUMIUEHHS.

[TpuMiIIeHHs 3 MiABUIIEHOI HEOE3MEKOI0 XapaKTepU3yIOThCsI HassBHICTIO OJHI€T 3 HACTYTTHUX
YMOB, IO CTBOPIOIOTH MiJIBUIIIEHY HEOE3MEKy:

" BHCOKOI BIiTHOCHOI BOJIOTOCTI MOBITps (TIepeBUIye 75 % MPOTATOM TPUBAJIOTO Yacy);

* BHCOKOI TeMrepaTypu (nepesunrye 35 °C nmpoTsIroM TPUBAJIOTO Yacy);

" CTPYMOIIPOBIHOTO MHITY;

" CTPYMONPOBIIHOI MiIJIOTH (METANIEBO1, 3eMJISTHOT, 3aT1300€TOHHOT, IIETJISTHOI 1 T. 11.);

" MOJJIMBOCTI OJJHOYACHOTO TOTOPKAHHS JO METAJEeBHX €JIEMEHTIB TEXHOJOT1YHOTO yCTaT-
KyBaHHS YM METaJOKOHCTPYKIIii Oy/IiBIi, 1110 3’ €/IHAHI 13 3€MJICIO Ta METAJIEBUX YaCTHUH EJIEKTPOYC-
TaTKYBaHHS, SIKi MOKYTh OITHHUTHCSI ITi]] HAIIPYTOIO.

Oco61uB0 HeOe3MeUHI MPUMILICHHS XapaKTePU3YIOThCSl HAsBHICTIO OJIHI€T 13 YMOB, 110 CTBO-
PIOIOTH OCOOIMBY HEOE3IEKY:

" JIy>Ke€ BUCOKOI BITHOCHOI BoJjiorocTi moBiTps (61u3bko 100 %);

" XIMIYHO aKTHBHOTO CEPEIOBUINA;




" O/IHOYACHOIO HASIBHICTIO ABOX YH OiTBIIE YMOB, IIIO CTBOPIOIOTH ITiIBUIIICHY HEOE3IEKY.

[MpumimieHHs 6e3 MiABUIICHOI HEOE3NMEeKH XapaKTepPU3yIOThCS BIACYTHICTIO YMOB, IO CTBO-
PIOIOTH 0COOIMBY a00 MiABUILEHY HEOE3IEKY.

OcCkibKM HasiBHICTh HEOE3MEYHHUX YMOB BIUIMBA€E HA HACIIIKHM BUIAIKOBOTO JOTOPKAHHS 110
CTPYMOIIPOBIIHUX YaCTUH €JEKTPOYCTAaTKYBaHHS, TO Ui PYYHHX TEPEHOCHHUX CBITHJIHHHKIB, MiC-
IICBOTO OCBITJICHHS BHPOOHHYOTO yCTaTKyBaHHS Ta €JIEKTPH(IKOBAHOTO PYYHOTO iHCTPYMEHTY B
MPUMIIIEHHSX 3 MABUIICHOIO HEOE3MEKO0 JOMyCKAEThCS HAIIpyTa KUBJIEHHS 10 36 B, a y ocobnu-
BO HeOe3MeyHuX MpuMilieHHsx — a0 12 B.

YMoBM ypaskeHHS JIIOAUHU CTPYMOM
NPH J0TOPKAHHI 10 CTPYMONIPOBITHUX YACTHH €JICKTPOMepex

k1o roaMHA 0THOYACHO JOTOPKAETHCS 10 MIOHAWMEHIIIE TBOX TOYOK, MK SIKUMH 1CHYE J1e-
sIKa Hampyra, 1 Ipy bOMY YTBOPIOETHCS 3aMKHYTE €JIEKTPHUYHE KOJIO, TO Yepe3 TLI0 JIIOAUHU MpOo-
XOIMTh €IEKTPUYHUI cTpyM. BenmuunHa mporo cTpymy, a BiATak i HeOe3neka ypakeHHs JIFOIUHH,
3aJICKUTh BiJl HU3KM YUHHHUKIB: cxemu nio0 €OHaHHA TH0OUHU 00 el1eKMPUYHO20 KOd, Hanpyeu me-
Pedrci, cxemu camoi mepedici, pexcumy ii Heumpaii, AKocmi i3018Yii cmpymMonposioHux 4acmuH 8i0
3eMli, EMHOCHI CIPYMONPOBIOHUX YACMUH BIOHOCHO 3eMi | m.N.

Enextpuuni Mepexi MOAUISIOTHECA Ha MEPEXKi MOCTIHHOTO 1 3MIHHOTO CTpyMy (0JHO- Ta Oara-
todasni). Hailiyacriie B MpOMHCIOBOCTI 3aCTOCOBYIOThCS TpU(a3HI Mepexi 3 130JbOBAHOI0 HEHUT-
pajutio (TpbOX MPOB1JIHI) Ta 3 MIyX03a3€MJICHOIO HEUTPaUII0 (YOTUPHOX MPOBIIHI).

I'nyxosazemnena nevimpans — HEUTpaib TeHEpaTopa Yyu TpaHchopMaTopa, sika MpUETHAHA 10
3a3eMJIIOBAJIbHOTO IPUCTPOIO Oe3rocepeIHbO ad0 Yepes arnapaTy 3 MajluM OIOPOM.

[301v06ana nelimpany — 11e HeUTpailb TpaHchopMaTopa Yu reHepaTopa, siKa He MPUEAHAHA 10
3a3eMJIIOBAJIBHOTO MPUCTPOIO a00 MpHEHAHA 10 HHOTO Yepe3 anaparu 3 BEJIMKUM ONOPOM (TpaHc-
dopmaropu HaNpyru, KOMIEHCAI1HI KOTYIIKH TOLIO).

Cxemu mijn’€AHAHHS JIOAUHU JI0 €JIEKTPUYHOIO KOJIa MOXKYTh OyTu pisHUMH. OJHaK Haii-
OUTBII XapaKTEPHUMHU € JIBI CXEMU i/’ €THAHHA: MIDXK JBOMa (a3zaMM eJIeKTpUIHOI Mepexi (ABodasz-
HE JOTOPKaHHS) Ta MIX OJIHI€I0 (a3oro Ta 3emiiero (oHoa3He TOTOPKAHHS).

JIBodazHe (1BonoatocHe) noTopkanus. [Ipu 1BodasHomMy AOTOpKaHHI 1O CTPYMONPOBIIAHUX
yacTHH (puc. 2) cuiia cTpymy /,, 1110 MPOXOAUTH Yepe3 T1JI0 JIOAUHHA BU3SHAUAETHCS 3a GOpMYJIaMu:

- JUI Mepexi MOCTIHHOro a0 0AHO(A3HOT0 3MIHHOTO CTPYMY

_ U 06 .
1” =>r R, (2)
- Jutst TpUGa3HOT Mepexi
U B 3)
R R:

ne R, — onip Tina moguan, OMm; U, — poboda Hanpyra mepexi, B; U,;, — niHIliHA Hanpyra
mepexi, B; Uy — pas3na Hanpyra Mepexi, B.

JBodhazne motopkaHHsS € OUTBIT HEOE3MEUHUM, OCKITBKY [, 3aJIeKUTH JIUIIE BiJ] HAPYTH Me-
pexi Ta onopy Tina groauHu. OJIHAK Taki BUMAJIKK 3yCTPIYalOThCs JOCUTh PIAKO 1 €, 3a3BUYaid, Hac-
J1AKaMU MOPYLIEHHS MPaBUJ TEXHIKK O€3MEKH.



Puc. 2. Cxema nBo(ha3HOTO JOTOPKAHHS:
a — B MEPEXi MOCTIHHOTO a00 ogHO(a3zHOTO CTPyMY; O — B Tprda3Hild Mepexi

OnnodasuHe (ogHOMOJIOCHE) JoTOPKAHHS. [Ipy ogHOda3HOMY TOTOPKAaHHI B MEpPEXi 3 TIy-
X03a3eMJICHOI0 HEUTpautio (puc. 3,a) depe3 TiIO JIOAMHUA MPOXOJUTh MEHIIUN CTPYM, OCKUIBKU

Harnpyra, HiJ sSIKOI0 ONMHHUIIACH JII0/IMHA HE nepeBullye ¢a3zHoi, 1o y NE) pa3iB € MEHUIO HIX Ji-
HillHa Hanpyra mepexi. OKpiM TOro, 3arajbHUN OHIp €JIEKTPUYHOIO KOJIA MOXKE CKJIaJaTHCS He
JIUIIE 3 OTIOPY TiNIA JIFOJWHU R, Ta Omopy 3a3eMJICHHs HeHTpami Ry, a i 3 onopy MiIoTu (OCHOBH)
R,, Ha SKii CTOITH JFOJMHA Ta OOy ii B3YTTA R,. B 3aransHOMY BumNanky /, BU3Ha4aeThes 3a Gop-
MYJIOIO:
_ Up _ (4)
Ri+Ro+ Ru+ Re

[Tpu onHOda3zHOMY HOTOpKaHHI y TpudasHiii Mepexi 3 1301b0BaHOI0 HeHTpamto (puc. 3,0)
CTpYyM, 11O MPOHJEe Yepe3 TUIO JIIOAUHU Oy/1e MEHILUM HIXK MPH aHAJIOT1YHOMY JOTOpKaHHI y Mepe-
X1 3 TIyX03a3eMJIeHOI0 HelTpamo. Lle moB’s3aHo 3 THM, 110 JI0 3arajbHOrO ONOPY €JIEKTPUUHOTO
KOJIa II€ JOJAETHCS OMIp 1301 (74, ¥4, ¥c) TA EMHOCTI (Cyy Coy Co)Pa3. Y Takilh MEpeXkKi HAPYToro
10 1000 B xonu 3Ha4eHHs onopy i30JiALii Beix TpboxX (a3 piBHi (7, = 7 = ), @ EMHICHUM OIIOPOM
MO’KHA 3HEXTYBATH (¢, = C4 = C¢), TO CTPYM, 1110 IPOXOAUTD Yepe3 JTIOJUHY, JOPIBHIOE:

L

L= Yo _ 3Us , )
R7+R0+R3+Rn+g 3(R+ Rot Rut-Refhr
anpu Ro=Ri=R:s=0 ]ﬂ:ﬁ. ©
3R7+l"



Puc. 3. Cxema ogHO(]a3HOTO JOTOPKAHHS PU HOPMATEHOMY PEKUMI POOOTH:
a —y TpudasHii Mepexi 3 IIyX03a3eMJIICHOIO HEUTpasutio; 0 — y TpudasHiid Mepexi 3 130Jb0BaHOI0
HEUTPaJLIIO

HeoOXigHO 3ayBakWTH, IO BHIIEHABEJCHI MIPKyBaHHS CTOCYIOTbCS HOPMAIBHOI POOOTH
enextpomepexi. [Ipu aBapiiHUX pekuMax eleKTpoMEpeki (3aMUKaHHI Ha KOpImyc abo Ha 3eMITIO)
YMOBH 3MIHIOIOThCS. Hampukiman, sKimo oaHa i3 ¢a3 3aMUKaeThCs Ha 3eMitto (puc. 4), TO CTpyM,
SKHW TIPOMIe Yepe3 Tijo JIIOJAWHU y BHUIAJKY 11 JOTOPKAHHS JI0 CIPaBHOI (ha3u MOXHA BUPA3UTH
TaKOIO 3aJICXKHICTIO:

Ulin

Ri+ R«
SIK paBuUIIO, OMip KOPOTKOTO 3aMHUKaHHA R, JOCUTh MAJINH 1 HUM MOHA 3HEXTYBaTH, TOAI
!
AiH
[7 = N (8)
R:



ne Up <U"in< Ulin.

Puc. 4. Cxema ogHo(a3HOTO JOTOPKAHHS JI0 CIIPaBHOI (pa3u HECIIPaBHOI EIEKTPOMEPEKI

TakuM 4YWHOM, NPOAHATI3yBAaBIIM PO3IJISHYTI YMOBU YpPaK€HHS JIIOJUHH CTPYMOM MO>XKHA
3pOOHUTH HACTYITHI BUCHOBKH:

— HaliMeHII HeOe3euHUM € 0iHO(a3He TOTOPKAHHS J0 MPOBOY CIIPABHOT MEpexi 3 130J1b0-
BAHOK HEUTPAILIIO;

— IpuW 3aMUKaHHI OJHIET 13 a3 Ha 3eMiTro (HecmpaBHA Mepexxa) HeOesneka oaHo(a3HOTO 10-
TOPKaHHS J0 CIpaBHOI a3y y Takiil Mepexxi OUIbIa HIX y CIpaBHINA MEpexi pH Oyab-IKOMY pe-
KHUMI1 HEHTpaIi;

— mpH oAHO(}A3HOMY JOTOPKaHHI y MEpexXi 3 TIyX03a3eMJICHOI0 HEUTpaJUII0 HACHiIKU ypa-
JKEHHS ICTOTHO 3aJieXaTh BiJl OTIOPY OCHOBU (TIAJIOTH), HA SIKii CTOITH JIIOJIMHA Ta OMOPY ii B3YTTS;

— Haunebesneuniuum € 1BodazHe TOTOPKAHHS TP Oyab-SIKUX PeKUMaxX HEUTpali;

— y Mepexax Hanpyroto moran 1000 B nebe3neka onHodazHoro uu ABo(hasHOro J0TOpKaHHS
MPaKTUYHO OJTHAKOBA, MPH ITbOMY € BUCOKA IMOBIPHICTh CMEPTEIILHOTO YPaKECHHS.

Hebe3nexa 3aMUKaHHSA Ha 3eMJII0 B €JICKTPOYCTAHOBKAX

3amuxanuam Ha 3emar0 Ha3MBAETHCS BUTAJKOBE EIEKTPUYHE 3’€THAHHS YaCTHH EJIEKTPOyC-
TAHOBKH, SIK1 3HaXOJAThCA IMiJl HAIIPYTolo, 13 3eMiieto. Take 3aMMKaHHS MOXe BiZOyTHUCS MPH MOII-
KOJDKEHHI1 130711111 Ta miepexoai ¢ha3HOi HampyTH MEPEXi Ha 3a3€MJICHI KOPITYCH €JIEKTPOYCTaHOBOK,
NP MaJiHHI HA 3eMJII0 TIPOBOJIY ITiJ] HATIPYTOIO Ta B IHIMIMX BUnaakax. CTpyM BiJ 3a3eMJICHUX KOP-
MyCiB, 1[0 ONUHWIKCS MiJ HAPYTOl0 MEePEeXOAUTh Y 3eMJII0 Yepe3 eJeKTPOd, AKUil 311 CHIOE KOH-
TakT 3 rpyHTOM. CrieriaqbHIi METaNeBUil eNeKTPo, KU JUIsl IbOTO BUKOPUCTOBYIOTh MIPUHHSATO
Ha3uBaTH 3azemiosavem. CTpyM, pO3TIKalOUNCh Y TPYHTI CTBOPIOE HA HOTO MOBEPXHI IMOTCHITIANH.
OCKUTBKH 3a3eMJTIIOBA4 MOYKE MaTH Pi3HI po3Mipu Ta GopMy, TO 3aKOH PO3MOALTY NOTEHIIIaiB BU-
3HAYAETHCS CKJIAJHOIO 3ajiexkHICTIo. OKpiM TOro, €JeKTPUYHI BIACTHUBOCTI IPYHTY HEOIHOPIJHI,
0COOJIMBO TPYHTY 3 PI3HUMH INpouapkamu. J{ist Toro, mo6 COpoCTUTH KapTUHY PO3TIKAHHS €JIEeKT-
PUYHOTO TIOJIS IPUIMAEMO, IO CTPYM CTiKa€e B 3eMJIIO Yepe3 OJMHAPHUI 3a3eMITOBad HariBCQepu-
4qHOT (POpMHU, SIKUI 3HAXOAUTHCS B OJTHOPIAHOMY 130TOIMHOMY I'PYHTI 3 TUTOMHM OIOPOM p, KOTpUH
3HAYHO MEPEBHINYE MUTOMUI OIip MaTepiary 3azemiitoBada (puc. 5). ['yctuHa cTpymy o B Touii A
Ha TIOBEPXHI TPYHTY, L0 3HaXOAUTHCS Ha BIZCTaHI X BiJ 3a3eMJIIOBadya BU3HAYAETHCS K BiTHOLICH-
HSI CTPYMY 3aMHUKaHHS /; 710 TIJIOIII MOBEPXHI MiBKYJII PaJiycoM X:

I
e ©)
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Puc. 5. Po3rikanHs cTpyMy B TPYHTI uepe3 HamiBChEpUIHUN 3a3eMITIOBAY

Jlyis BU3HA4YeHHS MOTEeHIIaTy TOYKH A BUIUIMMO €JIeMEHTapHHUH map TOBIMHOO dx. [TagiHas
Hanpyry B 1boMy mapi cranoButh dU = E-dx . [loTeHuian To4ku A JOpiBHIOE CyMapHOMY MaiH-
HIO HaIllpyTH BiJl TOUKU A 710 3eMJIi, TOOTO HECKIHYEHHO BiJaJICHOI TOYKH 3 HYJOBUM IOTEHIla-
JIOM:

gDA:UA:TdU:TE-dx. (10)

HamnpyxeHICTh eIeKTPpUIHOTO TOJS B TOUIll A BU3HAYAETHCS 13 3akoHy OMa, KUl BUpa3HUMO
HACTYIHOIO (OPMYIIOIO:

E=5p. (11)
[TincTaBUBIIM 1€ 3HAYCHHS, OJACPKUMO:
2 2 L
pi=Us=[6 p-dx=[-Lrdx=""". (12)
0 o 27 2mx

3 bopmynu (12) BHAHO, 110 MOTEHITIATH TOYOK IPYHTY B 30HI PO3TiKaHHS 3MIHIOIOTHCS 3 Ti-
nepOoIIiYHUM 3aKOHOM (pHC. 5).

3omnoto posmikanua cmpymy Ha3UBA€TbCA 30HA 3€MJI1, 32 MEKaMU SIKOT €JIEKTPUYHI MOTEHIIia-
71, 00yMOBJIEHI CTPYMOM 3aMHKaHHS Ha 3€MJIF0O MOYKHA YMOBHO NPHUHHATH 32 HyJb. SIK MpaBMiIo,
Taka 30Ha 0OMeXy€eThCs 00’ eMoM miBchepu pagiycoM mpudanuzHo 20 M.

JlronmuHa, 1m0 CTOITH HA 3eMJII YM HA CTPYMOIPOBINHIN MiAN031 B 30HI PO3TIKaHHA CTPyMY 1
JOTOPKAEThCS MPH LBOMY J0 3a3eMJICHHX CTPYMOIIPOBIIHUX YAaCTHH, ONMUHSAETHCS MiJ HAMpPYyTOIO
JOTOPKaHHS. SIKIIO K JIIOJMHA CTOITh UM MPOXOJUTH Yepe3 30HY PO3TiKaHHS TO BOHA MOXE OMUHU-
THUCSI TTi]] HATIPYTOI0 KPOKY, KOJIH ii HOTH 3HAXOASTHCS B TOUKAX 3 PI3HUMH TOTEHITIaJIaMH.

Hanpyra noropkanusi. J[7s J0JUHY, IO CTOITh HA 3eMJI1 1 IOTOPKAETHCS 10 3a3€MJIEHOTO
KOPITyCy, IO OMMHUBCS TIiJl HAIPYTOI0, BU3HAYUTH HANPYTY AOTOPKAHHS U,y MOXKHA SIK PI3HHUITIO
HOTEHL1aJIIB Mi’K PyKaMU ¢, Ta HOTaMH @,

Uz)om:¢p_(0y- (13)

OCKIIbKH JIIOJJUHA TOTOPKAETHCS 0 3a36MJICHOTO KOPITyca, TO MOTEHLIAN PyKH 1 € OTeHIIia-
JIOM LBOTO KOpITyca abo HApyro 3aMUKaHHS:

p=U="P (14)
270

10



Horu nronHM 3HAXOIATHCS B TOUIl A 1 IIOTSHITIA HIT IOPIBHIOE:

I
@:@1:27’;. (15)

Puc. 6. Hanpyra notopkanHs 0 3a3eMJIEHUX CTPYMOIPOBITHUX YaCTHH, 10 OMTMHIIIUCS I1i]] Ha-
HpyTOI0

Ha puc. 6 moka3zaHo Tpu KOPIYCH CIOXKHBAUiB (€JIEKTPOJABUTYHIB), K1 MPUETHAH] 10 3a3€M-
moBava R,. [ToTeHIiany Ha MOBEpPXHI TPYHTY NpPHU 3aMUKAaHHI Ha KOPITYC OYyIIb-SKOTO CIIOKHBaYa
(da3HOi HAaPYTH PO3MOAUIAIOTHCS 3a KpuBoro /. [ToTeHIiamu ycix KOpImyciB OJHAKOBI, OCKLIBKH BO-
HU €JICKTPUYHO 3’ €JHAHHI MK COOO0I0 3a3€MITIOBAJILHUM MTPOBITHUKOM, ITAJiHHIM HAaNPyTH B IKOMY
MO’KHA 3HeXTyBaTH. [ Toro, mo6 BU3HAYUTH Hanpyry noTopkaHHs Uy, HEOOX1THO BiA HaNpyTu
3amukaHHs U, BIIHSITH IMOTEHITIAN TO1 TOYKHU TPYHTY, HA SKIi CTOITh JIFOAMHA. SIKIIO JTIFOIMHA CTOIThH
HaJ 3a3eMJII0BaYeM TO HaIlpyra JOTOPKaHHS JOPIBHIOE HYJIO, OCKUIBKH, MOTEHIAN PYK Ta HIT OJ-
HaKOBI 1 JOPIBHIOIOTH MOTEHIIATY KOpIyciB (Harpy3i 3amukanus). [Ipu Binmaneni Bix 3a3eMiroBayda
Hampyra JOTOPKaHHs 3pOCTa€ 1 y JTIOJUHH, [0 JOTOPKHYJACh 10 OCTAaHHBOTO (TPETHOT0) KopIyca
BOHA CTa€ PIBHOIO HANpy3i 3aMUKAHH, OCKUIBKH B LIl TOYI[ TPYHTY NOTEHIIIaJ HIr JIFOJUHH JTOPiB-
HIOE HyJI0. TakuM YWHOM, Hampyra JOTOPKAaHHS B MEKax PO3TIKaHHS CTPYMY € YAaCTKOIO HalpyTru
3aMHKaHHS 1 3MEHIIYEThCS B Mipy HaOJIMKEHHS JI0 3a3eMJIIoBaya. B 3arampHOMY BUTIQAKY JUTS 3a-
3eMITIOBaviB Oy ab-sIKO1 KOH(DIryparmii

Uoom=Usax , (16)

Iie 0. — Koe(ilieHT HAPYTH JOTOPKAHHS, SKUI 3aJIS)KHUTh BiJ (OpMHU 3a3eMIIIOBava i BijcTaHi
BiJl HHOTO (IPUIMAETHCS 3a TAOIUIICIO).

Hanpyra kpoky. JltoquHa, sika ONMUHSIETHCS B 30HI PO3TIKAHHS CTPYMY, 3HAXOIUTHCS ITiJ] Ha-
MPYTo0, SIKIIO 11 HOTH CTOSITh Ha TOYKaX TPYHTY 3 PI3HUMU MOTeHLianamMu. Hanpyzow kpoky (Kpo-
KOBOI0 Hanpyeor) Ha3MBAEThCS HAMIPYTa MiXk JIBOMa TOYKAMH CJICKTPHYHOTO KOJIA, 0 3HAXOIATHCS
OJlHa BiJ OAHOI Ha BiacTaHi kpoky (0,8 M) 1 Ha SKUX OJTHOYACHO CTOITh JroAuHa. Ha puc. 7 HaBene-

11



HO pO3MO/ILJ NOTEHI1aiB HAaBKOJIO OJAMHOYHOrO 3a3emintoBada. Hampyra kpoky U, BU3HAYa€eThCS SIK
PI3HUIISA MOTEHLIaIiB Mk Toukamu 1 Ta 2, Ha AKUX CTOATb HOTHU JIFOJAUHU:
UK:§01—(02. (17)

Puc. 7. Hanpyra kpoky

OckUTbKY TOYKa 1 3HAXOAUTHCS HA BIJICTaHI X BiJl 3a3eMJIFOBava, TO ii MOTEHITIA MTPH HaIliBC-
bepruuHOMY 3a3eMITIOBadi JOPIBHIOE
01 = Lp2rx. (18)
Touka 2 3HAXOAUTHCS HA BIJCTaHI X + @, JIe @ — BIJICTaHb KPOKY JIIOJUHH. B TAKOMY BHUIAJIKY ii
[TOTEHIaJI CTAHOBUTD

@2 = Lp/2n(x + a). (19)
Toni
v=te (L ] j: Lpa (20)
2-r \x x+a 2-7r~x~(x+a)

I3 popmynu (20) Ta puc. 7 BUIHO, 1110 HANIPYTra KPOKY 3HMXKY€ETHCS B Mipy BiJJaJIeHHs BiJ TO-
YKHU 3aMHUKaHHS Ha 3eMJTIO Ta TIPU MEHIIIH TOBXWHI KPOKY JIIOAMHHU. X04a TPH HAIPY3i KPOKY CTPYM
POXOJUTh Yepe3 TLI0 JIOAWHY MO0 IUIAXY ,,HOra — Hora”, KU € MeHIIl HeOe3MeuyHUM 3a 1HII, Of-
HaK BIJIOMO HEMAaJl0 BUMAJKIB ypaXX€HHS CTPYMOM, SIKI CIIPUUMHEHI caMeé KPOKOBOKO HAmpyTolo.
BaxkicTh ypaskeHHsS 3pOCTa€ i3-3a CyJIOMHHMX CKOPOYEHb M S31B HIr, I10 MPU3BOAUTH A0 MaJiHHSA
JIOIMHY, TIPU LIBOMY CTPYM HPOXOAUTH HO LUIXY ,,pyKa — HOTH~ 4Yepe3 )KUTTEBO BAXKJIMBI OpPraHH.
Kpiwm Toro, 3picT moauHu OUTBIINIA 32 JOBXKHHY KPOKY, 10 OOYMOBIIIO€ OUIBIITY PI3HHUIIO MOTEHIII-
aJliB.

VY Bumaaxky oOpuBY NpOBOAY JiHII enekTporepeaad 3a00pOHS€ETHCS HAOIMKATHCA 10 MICII
3aMHKaHHS TTPOBOJy Ha 3eMJIIO B pajaiyci 8 M. Buxoautu i3 30HU pO3TIKaHHS CTPyMy HEOOXiTHO
KpOKaMH, [0 HE TIEPEBUIYIOTh JOBXHHH CTYIHI. SIKIIO0 HEOOXiTHO HAOIM3UTUCS O MICIS 3aMHU-
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KaHHS [POBOJAY Ha 3€MJII0, TO JJIsl 3al100IraHHs ypaKeHHsI KPOKOBOIO HAIpPyroro HEOOXI1AHO BISAT-
HYTHU JIEJIEKTPUYHI KaJoIli Y1 OOTH.

Cucremu 3axo4iB i 3ac00iB 0e3me4yHOI ekcIUTyaTaLil eJIEKTPOYCTAHOBOK

besneuna excrutyaraitisi €IEKTPOYCTaHOBOK 3a0€31eUy€EThCS:
— KOHCTPYKIII€I0 €JIeKTPOYCTaHOBOK;
— TEXHIYHUMH CIocoOaMu Ta 3aco0aMu 3aXUCTY;

— oprasizaliiHUMU Ta TEXHIYHUMH 3axo0JjiaMu (puc. §).
3acobu Ta 3ax01u 0e3MeyHOol eKcITyaTamii

CJICKTPOYCTAHOBOK

Konctpyxis enexrpoyc-
TaHOBOK

Texniuni ciocobu Ta 3a-
xonu 3axucty (TC33)

Oprani3ariiiti Ta TeX-
HIYHI 3aX0]I1

TC33 npu HOpMaTBLHUX
pexkuMax poOOTH eJIeKT-
POYCTaHOBOK

TC33 npu nepexoai Ha-
MIPYTH HA HOPMAJILHO He-
CTPYMOIIPOBITHI YaCTHHH

€JIEKTPOYCTAHOBOK

Enexrtpo3axucHi 3acoou
Ta 3ano0iXHi MPUCTO-
CyBaHHS

[30ms11i51 CTPYMOIIPOBI-
HUX YaCTHH

3axycHe 3a3eMIICHHS

[30m0BaNTBHI €1IEKTPO-
3axXUCHI 3acO0H

3a0e3neueH s Heq0C K-
HOCTI HEI30JIbOBAHUX
CTPYMOIIPOBITHAX YaCTUH

3axucHe 3aHyJECHHS

OropmKyBalbHI €IEKT-
po3axucHi 3acobu

ITonepenxyBanbHa cUrHa-
Ji3awis

3axycHe BUMHUKAHHS

3amno0ixHI eeKTpo3a-
XMCHI 3ac00U Ta Mpuc-
TOCYBaHHS

Mana nanpyra

Enextpuunuii moxin me-
pex

BupiBHIOBaHHS TIOTEHIIia-
B

Puc. 8. Knacudikaris 3aco6iB Ta 3ax0/1iB 0e31meuHoi eKcIuTyartailii e1eKTpOyCTaHOBOK

KoHcTpyKILisi €JIEKTPOYCTAHOBOK

KoHcTpyKuis enekTpoycTaHOBOK IMOBMHHA BIJMOBIZATH YMOBaM iX eKCIulyaTtalii Ta 3abesrme-
qyBaTH 3aXHCT MIEPCOHAITY BiJi MOXKIMBOTO TOTOPKAHHS JI0 PyXOMHX Ta CTPYMOIIPOBIIHUX YacTHH,
a YCTaTKyBaHHs — BiJl HOTPAIISIHHS BCEPEMHY CTOPOHHIX MPEIMETIB Ta BOIH.

3a crocoboM 3axHCTy JIOJUHM Bifl YPaXKEHHS €IEKTPUYHUM CTPYMOM BCTAHOBJIEHO II’STh
KJnaciB enexrporexHiyaux Bupoo6is: 0, 0L, I, I, I1I. Jlo kmacy O HanexxaTh BUPOOH, SIKi MAtOTh POOO-
4y 130JIA11110 1 Y SKMX BIZCYTHI e1eMeHTH s 3a3emiieHHs. Jlo kmacy Ol HamexxaTs BUpoOH, SKI Ma-
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I0Th POOOUY 130JIA11i10, €JIEMEHT JIsl 3a3eMJICHHS Ta MPOBiJ 0€3 3a3eMITIOBATBHOT JKUIH JIJISl TIPUE-
HaHHA J10 JpKepena >kuBieHHd. [lo knacy I HanexxaTs BUpOOH, sIKi MalOTh pOoOOUy 130JIAL1I0 Ta eje-
MEHT JUTsI 3a3€MJICHHS. Y BUNAJKY, KOJIU BUPiO kiacy | Mae mpoBija 1o joKepena KUBJICHHS, TO IeH
IPOBiJ MOBUHEH MAaTH 3a3€MJIIOBAJIbHY JKWJIy Ta BUIKY 13 3a3€MJIIOBAIbHUM KOHTakTOM. J{o Kiacy
II HanexaTh BUpOOH, SIKI MalOTh MOABINHHY a00 MOCUIJIEHY 130JIAL1I0 1 HE MalOTh €JIEMEHTIB Ui 3a-
3emuieHHs. [lo kmacy III Hamexath BUpoOH, SKi HE MAIOTh BHYTPIIIHIX Ta 30BHIMIHIX €JIEKTPUYHUX
KU 3 HAaIPyTolo BULIO0 HiXK 42 B.

Texniuni cmocodu Ta 3aco0u 3axXUCTy

Texniuni cnoco6u Ta 3acobu 3axucty (TC33) migpo3aiisitoTees Ha (puc. §):

— TC33 npu HOpMaJIBHUX peXUMax POOOTH €IEKTPOYCTaHOBOK (130JIAL1s CTPYyMOIIPO-
BIJTHMX YaCTHH, HEJOCSHKHICTh HEI30JIbOBAaHUX CTPYMOIIPOBIJHUX YaCTHH, MONEPeKyBajbHA
CUTHaJI3allisl, MaJla Halpyra, eJIeKTPUYHHUHI MOALT MepeK, BUPIBHIOBAHHS OTEHLIAJIB);

— TC33 npu nepexoi HalIpyru Ha HOPMaJIbHO HECTPYMOIIPOBI/IHI YACTUHU €JIEKTPOY-
CTaHOBOK (3aXMCHI 3a3€MJICHHS, 3aHYJICHHS, BAMUKAHHS);

— Enexrpo3zaxuchi 3acobu Ta 3armo01kHI IPUCTOCYBAHHS.

TexHigHi cnocodH Ta 3aCO00H 3aXUCTY
IPY HOPMAJLHHUX PEKUMAX POOOTH €JIEKTPOVCTAHOBOK

[30s1s1Llist CTPYMONPOBIIHUX YACTHH 320€3MeUy€EThCS IIITXOM MOKPUTTS IX IIapOM JI1€TIeKT-
pHKa IS 3aXUCTY JIFOJAWHY BiJ] BUNIAJIKOBOTO JIOTOPKAHHS JI0 YaCTHH €JIEKTPOYCTaHOBOK, Yepe3 sKi
MIPOXOJHUTH CTPYM. PO3pi3HAIOTH po0O0Uy, 10JaTKOBY, MOJBIMHY Ta MOCWICHY 130JIAIIIO.

Pob6ouoro Ha3MBaeThCs 1307111 CTPYMOIIPOBITHUX YaCTUH €JICKTPOYCTAaHOBKH, sika 3abe3re-
yye 1i HopMaJIbHy pOOOTY Ta 3aXUCT BiJl ypPaXXKEHHS CTPYMOM.

Jooamxo60to Ha3UBAETHCA 13011151, SIKA 3aCTOCOBYETHCS JI0JIATKOBO IO po00YOi 1 y BHITAIKy
il MOIIKO/KeHHA 3a0e3Meuye 3aXUCT JIOUHU Bl YPaKEHHS CTPYMOM.

I1o0sitino1o Ha3UBAETHCS 130MIA111s, KA CKIAIAEThCS 3 POOOYOi Ta JOAATKOBO.

Tlocuneroro Ha3MBAETHCS TTOKpAIieHa poOoYa 130111,

MexaHiuHi MMOMIKOI)KSHHSI, BOJIOTA, ITepeTrpiBaHHs, XIMIYHI BIUTMBU 3MEHIIYIOTh 3aXUCHI BIla-
CTUBOCTI 130J1s111i. HaBiTh y HOpMaJIBHUX YMOBaX 130JI11is TIOCTYIIOBO BTpavyae CBOI IMOYATKOBI BJla-
CTHBOCTI, ,,cTapie”’. ToMmy HE0OXiTHO CHCTEMaTHYHO MPOBOAUTH MPODITAKTHYHI OTJISIIN Ta BHIIPO-
OyBaHHS 13011111, Y MPUMIMIEHHSAX 3 MiABUIIEHOI HEOE3MEKOW Ta B 0OCOOJMBO HEOE3MEUHHX, Bi-
MIOBIJTHO HE piAIIe OJHOTO pa3y B J[Ba POKU Ta B MiBPivysl, NEPEBIPSIOTH IIJISIXOM BUMIpIOBAHHS Bi-
JMOBITHICTD OTOPY 13051s11iT 10 HOpM. liist Mepex Hampyroro g0 1000 B omip i3o0ss1ii cTpymorpo-
BiJTHUX YaCTHH MOBUHEH OyTH He MeHIMM Hixk 0,5 MOwm.

3abe3neyeHHs] HeTOCSKHOCTI Hei30JIbOBAHUX CTPYMONPOBIIHMX YAaCTHH Tepeadadae 3a-
CTOCYBaHHS 3aXHCHHX OTOPOK, OJIOKYBaJIbHHX MPHUCTPOIB Ta PO3TAIyBaHHS HEI30JIbOBAHUX CTPY-
MOTIPOBITHMX YaCTHH Ha HEJIOCSHKHIM BHCOTI YU B HEJOCSHKHOMY MICIIL.

3axucHi o2opooici MOXYTh OyTH CYHUIBHUMHU Ta citTyacTUMH. CyIiIbHI Oropoxi (KOpmycH,
KOKYXH, KPHUILKH 1 T.I1.) 3aCTOCOBYIOTbCS B €JIeKTpoycTaHOBKax Hampyroro 1o 1000 B, a cituacti —
1o i Bumie 1000 B. 3axucHi ABepIaTa 4M 1Bepi MOBUHHI 3aKpUBAaTHCh HA 3aMOK a00 00J1aIHyBaTHCh
0JIOKYBaJIbHIMH TIPUCTPOSIMH.

Bnokysanvni npucmpoi’ 3a IpUHIUIIOM Jii MOAUISAIOThCS HA MEXaHI4HI, €JIeKTPUYHI Ta eJeKT-
ponHi. BoHu 3a0e3meuyroTh 3HATTS HAMPYTH 13 CTPYMOIPOBIAHUX YAaCTHH MPU BIAKPUBAHHI OrOpo-
%1 Ta cipo0i MPOHUKHYTH B HEOE3EUHY 30HY.

Posmawysanns neizonbo6anux cmpymonpogionux 4acmun Ha HeOOCANCHIU 8UCOMI YU 8 Hedo-
cadcHomy micyi 3abe3nedye Oe3neKky 0e3 3aXMCHUX OropoXk Ta OJOKyBaJbHUX MPUCTPOiB. Bubupa-
104X HEOOXiJHY BHCOTY MIJBICY MPOBOIIB Tij HANPYTO BPaXOBYIOTh MOXJIMBICTH BUITaJIKOBOTO
JOTOPKAaHHS JI0 HUX JIOBI'MX CTPYMOIIPOBIIHHUX €JIEMEHTIB, IHCTPYMEHTY Yd TpaHCIopTy. Tak BUCo-
Ta MIJBICY MPOBO/IIB MOBITPSHUX JIHIN €JIeKTporepeaad BiIHOCHO 3eMJIl TIPH JIIHIMHIN Hampy3i 10
1000 B noBuHHA OyTH HE MEHIIOIO HIX 6 M.
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ITonepenkyBajbHa cCUrHAMI3alisl € TaCUBHUM 3aCO00M 3aXHUCTY, IKHI HE ycyBae HEOe3MeKu
ypaxkeHHsl, a Juiie iHpopmye mpo i HasBHICTh. Taka cUrHami3allisg MoXe OyTH CBITIOBOIO (JIaMIIo-
YKH, CBITJIO IO/ 1 T.II.) Ta 3BYKOBOIO (3yMepH, I3BIHKH, CHPCHH).

Mana Hanpyra 3acTOCOBY€TBCS Ul 3MEHIIECHHSI HeOe3NeKn ypakeHHs eJeKTPUYHUM CTpY-
MoM. Jlo Manux Hampyr HajexaTb HOMIHaJbHI Hampyru, 1o He nepeBuinyioTh 42 B. Ilpu Takux
Hanpyrax CTpyM, L0 MOXKe MPOWUTH Yepe3 TUIO JIOAUHHU € JTy’Ke MaJIUM 1 BBAXKA€THCSI BITHOCHO 0€3-
neyHuM. OfHaK, TapaHTyBaTH aOCOJIOTHOI OE3MEKH HEMOXKIIMBO, TOMY TOPSI 3 MAJIOIO HAMpyTOIO
BUKOPUCTOBYIOTbH 1 1HILI CLIOCOOU Ta 3aCO0M 3aXUCTY.

Maui Hanpyru 3aCTOCOBYIOTH y MPHUMIILIEHHSX 3 MiJBULIEHOI HeOe3nekor (Hampyra 10 36 B
BKJIIOYHO) Ta B 0COOJIMBO HEOE3MEeUHUX MPUMILICHHAX (Harpyra 10 12 B BKIIOUHO) JUIs )KUBJICHHS
PYUYHUX €JIEKTPU(IKOBAHUX IHCTPYMEHTIB, IEPEHOCHUX CBITWJIBHUKIB, JJISi MICLIEBOIO OCBITJICHHS
Ha BUPOOHMYOMY YCTATKyBaHHI.

Jlxepenamu Takoi Halpyrd MOXYThb CIyryBaTH Oarapei rajibBaHIYHMX €JIEMEHTIB, aKyMYyJIs-
TOpH, TpaHchopMaToOpH 1 T.I1.

3acToCyBaHHSI MaJUX HaIpyr CyTT€BO 3MEHUIye HEOE3MeKy ypa)K€HHS €JIEKTPUYHUM CTpPY-
MOM, OJTHaK IpH I[bOMY 3pOCTa€ 3HaAUYE€HHS poOOUOro cTpyMy, a BiATAK 1 IJIOIIA [TONIEPEYHOr0 Mepe-
pi3y, 110 B CBOIO 4epry 30UIbIIy€e BUTPATH KOJIbOPOBUX MeTaiiB. KpiM Toro, mpu Maiux Hampyrax
ICTOTHO 3pOCTalOTh BTPATH €IEKTPOCHEPTii B MEPEXi, 10 OOMEXYE IX MPOTSHKHICTh. Y CUILy BUIIIE-
Ha3BaHUX OOCTaBUH MaJll HAPyTU MalOTh OOMEXEHE BUKOPUCTAHHSL.

Puc. 9. BupiBHIOBaHHS MMOTEHITIAJIIB ITPHU KOHTYPHOMY 3a3eMJICHHI1

BupiBHIOBaHHSI MOTEHIiATIB € ClTOCOOOM 3HIDKEHHS HAMPYT JTOTOPKAHHS Ta KPOKY MiX TO-
YKaMU €JIEKTPUYHOTO KOJIa, /10 IKUX MOXKIJIMBE OAHOYACHE TOTOPKAHHS JIOJUHU, a00 Ha SKUX BOHA
MOYKE OJJHOYACHO CTOSITH. BUpiBHIOBaHHS MOTEHIIAIIB JOCATAETHCS IUISIXOM IITYYHOTO ITiIBUIICH-
Hs TIOTEHINAJy OMOPHOI MOBEPXHI HIT JI0 PiBHSA MOTEHIiATy CTPYMOIPOBIIHOI YaCTHHH, & TaKOX
Ipy KOHTYpHOMY 3a3emiieHi. BepTukanbHi 3a3eMiltoBadyi B KOHTYpHOMY 3a3emJieHi (puc. 9) po3mi-
HIYIOTBCA SIK 10 KOHTYPY, TaK 1 B CEpeIHHI 3aXUIyBaHOI 30HH 1 3 €IHYIOTbCSA CTAJIEBUMHU MOJIOCA-
mu. [Ipu 3aMUKaHHI CTPYMOTIPOBITHUX YaCTHH Ha KOPITYC, IO MPUETHAHUM 10 TAKOTO KOHTYPHOTO
3a3eMJICHHS JUISSHKU 3€MJII BCEpPEIMHI KOHTypa HaOyBalOTh BUCOKHMX MOTEHIIANIB, sIKi HaOmmka-
IOTBCS IO TIOTEHITIaTy 3a3eMJIIOBaviB. 3aBISKH I[bOMY MaKCUMallbHI HANpyru AOTOpKaHHS Upyy Ta
Kpoky U, 3HIKYIOTBCS 70 JOMYyCTUMHX 3HAYCHb.

EjnexTpuynuii moaisi Mepesk nepeadadae moaia eIeKTPOMEPEKi Ha OKpeMi, EIEKTPUIHO HE
3’eHaHl MiX 00010, TUISTHKU 3a JOMOMOIOI Po3AinbHUX TpaHchopmaropiB PT 3 koedilieHTOM
tparcdopmarii 1:1 (puc. 10). Skmo eauHy, CHIBHO PO3raTy’)KeHY MEPEXKY 3 BEIIMKOIO EMHICTIO Ta

15



MaJIMM OIOPOM 130JIsLlli, HOJIIMTH HAa HU3KY HEBEIMKUX MEpEX TaKOi X HamlpyTH, SIKI MalOTh He-
3HaYHY €MHICTh Ta BUCOKHUH OIMIip 13011111, TO IPHU LIbOMY Pi3KO 3MEHIIYEThCSI HeOe3MeKa ypaKeHHS
JFOTUHU CTPYMOM.

Puc. 10. Cxema enektpuuHoi Mepexi 110 (a) Ta micis (6) moaiTy:
H — naBanraxenns; PT — po3ainsauii Tpancopmarop; BH — mepexa Bucokoi HanpyrH;
HH — mepesxa HU3bKOI Hanpyru

TexHiugi cmoco0u Ta 32cO0H 3aXUCTY NPH NEPEX0ai HANPYT
HAa HOPMAJLHO HECTPYMOIPOBIAHI YACTHHH €JIEeKTPOYCTAHOBOK

3axucHe 3a3eMJI€HHS 3aCTOCOBYIOTh y Mepexax 3 Hanpyroto 10 1000 B 3 i3010BaHOI0 HEl-
TpaJuTio Ta B Mepexkax Hanpyror Buie 1000 B 3 Oyap-akuM peskuMOM HEUTpai JpKepesia dKUBJICH-
HA (puc. 11).

3axucHe 3a3emnenHs — 11e HABMHUCHE €JIEKTPUYHE 3’ €HAHHA 13 3eMJIel0 a0o 3 ii eKBIBaJICHTOM
METaJICBUX HOPMAaJIhHO HE CTPYMONPOBITHUX YACTHH, SIKI MOXKYTh OITMHHUTHCS 1111 Harpyroro. [Ipu-
3HAYEHHS 3aXMCHOTO 3a3eMJICHHS MOJSTae B TOMY, 1100 y BHUIAJKy MOSBH HAllpyTd Ha METaJeBUX
KOHCTPYKTUBHUX YaCTHUHAX EJICKTPOYCTATKyBaHHs 3a0€3MEYUTH 3aXHUCT JIOJAWHHU BiJl ypaKEHHS
EIEeKTPUYHUM CTPYMOM TpH ii JOTOPKAHHI JO TAKUX YACTHH.

[TpuHIMIT i 3aXHCHOTO 3a3€MJICHHS B MEPEKax 3 130JIbOBAHOK HEHTPAILTIO TOJISATAE B 3MEH-
HIeH1 10 Oe3MeYHUX 3HaYeHb HANPYTH JOTOPKAHHS Ta KPOKY, 3yMOBIEHUX 3aMUKaHHSM Ha KOPITYC.
Ie nocsiraeThCst 3MEHIIEHHSM TOTEHIIaTy Ha KOPITYCi 3a3€MJICHOTO YCTaTKyBaHHS, a TAKOX BUPIB-
HIOBaHHSM TOTEHIliaNiB, TOOTO MiABUIIECHHSAM MOTEHIIaJly OCHOBH J0 TOTEHINAIy 3a3eMJICHOTO
YCTaTKyBaHHSI.

B enextpoycranoBkax Hampyroto Buiie 1000 B 3 edexTuBHO 3a3eMICHOIO HEUTPAIUIIO 3aMU-
KaHHS Ha KOPITyC 3aBIISIKH HAasBHOCTI 3aXMCHOTO 3a3€MJICHHS MEPETBOPIOETHCS HAa KOPOTKE 3aMH-
kaHHA. [Ipy IboMy CHIpaIlbOBy€ MAaKCUMAJIBHUN CTPYMIB 3aXHUCT 1 ITOIIKOKEHA JUISTHKA eIeKTPOY-
CTaHOBKHU BUMHUKAETHCSI.

SIK10 KOpIyc ycTaTKyBaHHS € He3a3eMJICHUM 1 B110yJI0Cs 3aMUKAaHHS HbOTO OJIHIET 13 (a3, To
JOTOPKAaHHS JIO TAKOTO KOPITyca PiBHO3HAYHO JOTOPKAHHIO 10 (a3u. SIKII0 K KOPIyC eNeKTPUIHO
3’€IHAHMIA 13 3eMJICIO, TO BiH OMMMHUTHLCS ITiJ1 HANpyrow 3amukanns Us = LLRs, a moauHa, sika J0To-
pPKaeThCsl 0 TAKOTO Kopmyca, 3riiHo 3 Qopmynor 16 morparuise Mg HAOpyry AOTOPKaHHS
Usom=Usa . CTpyM, SIKUIA TIPOIE Yyepe3 JII0IMHY, B TAKOMY BUIIAJKy BU3HAYAETHCSA 13 PIBHSHHSA:

_Usom _ LR:cx

L , 21
R R 1)
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3BIKW BHJIHO, III0 YMM MCHIIUMU € 3HaYCHHS R; Ta o, THM MEHIIIUI CTPyM MPOMC Yepe3 TIIO JIfo-
JIUHH, SKa CTOITh Ha 3eMJIi 1 JOTOPKAETHCSA A0 KOPITyca YCTaTKyBaHHSI.

Puc. 11. Cxema 3axucCHOTro 3a3eMJICHHS: a — B €JIEKTpOyCTaHOBKax Hanpyrot 10 1000 B Ta Bumie
TIPH 130JIbOBAHIN HEUTpaIli MEPEKi KHUBJICHHS, O — B €JIEKTpOyCcTaHOBKax Hanpyroro Buiie 1000 B
U 3a3eMIICHIN HEUTpasi Mepexi >KUBICHHS

3azemnroeanbHum npucmpoem Ha3UBaIOTh CYKYIHICTh KOHCTPYKTHBHO 00’ €THAaHUX 3a3€MJIIO-
BaJIbHUX IPOBIIHHUKIB Ta 3a3eMIIIOBava. 3a3zemn08ay — TPOBIAHUK a00 CYKYIHICTH €JICKTPUIHO
3’€IHAaHUX NPOBIAHUKIB, K1 EepeOyBalOTh Y KOHTAKTI 13 3eMJIet0, a0 11 eKBIBaJIEHTOM. 3a3eMIIo-
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Bavi OyBarOTh MPUPOJIHI Ta MITYYHI. SIK MPUPOIHI 3a3eMITIOBa4i BUKOPUCTOBYIOTH €JIEKTPOTIPOBITIHI
YaCTHHU OYyIIBENbHUX 1 BAPOOHMYUX KOHCTPYKIIii, a TAKOXK KOMYHIKaIliil, sIki MalOTh HaIIHUI KO-
HTAKT 13 3eMJieto (BOJIOTIHHI Ta KaHaTi3aIiitHl TpydonpoBoan, GyHIaMeHTH OyaiBenb 1 T.1.). J{ns
MITYYHHUX 3a3€MIIFOBA4iB BUKOPUCTOBYIOTH CcTajeBi TpyOu aiametpom 35 — 50 MM (TOBIIMHA CTIHOK
He MeHIe 3,5 MM) Ta KyTHUKH (40%40 ta 60x60 MmM) noxuHoro 2,5 — 3,0 M, a TaKOX CTaJIeBl Mpy-
TU JiaMeTpoM He MeHIne Hik 10 MM Ta qoxunoro 10 10 M. B Ginbiiocti BUNaAKiB MITY4YHI BEPTH-
KaJIbHI 3a3eMITIOBaul 3HAXOAThCs Y 3emutl Ha rmbuHi £ = 0,5 — 0,8 M (puc. 12). BeptukanbHi 3a3e-
MITIOBaul 3’€IHYIOTh Mk cO00I0 IITAab0I0 3 MONEPEYHUM Iepepi3oM He MeHIIe HiX 4X12 MM abo
IPYTKOM 3 JiaMeTpOM HE MEHILIE Hi’K 6 MM 3a JJ0IoMororo 3BaproBaHHs. [Ipuennanns 3a3eMitoBa-
JBHOTO MPOBITHUKA JI0 KOPITyca yCTaTKyBaHH 3/{1IHCHIOETHCS 3BapKOI0 ab0 Oositami.

Puc. 12. Cxema po3sranryBaHHs 3a3eMJII0BaviB: | — 3a3eMiIoBadi; 2 — 3a3eMIIIOBAILHUHN TIPO-
BIJTHUK

OO0’ exTH, IO M UISATAIOTh 3a3€MJICHHIO TIPUETHYIOTHCS 10 MaricTpaii 3a3eMJICHHS! BUKITIOYHO
napasesbHO 3a JOOMOTOI0 OKPEMOTo NpoBinHuKa (puc. 13).

3anexHO BiJ pO3TaIlyBaHHS 3a3€MIIIOBAYiB CTOCOBHO YCTaTKyBaHHS, IO Mi/JIsATaE 3a3eMJIICH-
HIO, PO3PI3HAIOTh BUHOCHE (30Cepe/KeHe) Ta KOHTYpHe (posmoiineHe) 3a3emiueHHs. [lepeBara Bu-
HOCHOTO 3a3eMJyIeHHs (puc. 13, a) monsirae B TOMy, 10 MOXKHA BUOPATH MiCIIe pO3TaIllyBaHHS 3a3¢-
MJTIOBA4iB 3 HAWMEHIIIMM OTIOPOM TPYHTY (3eMiIi). 3a3eMiIroBadi KOHTYPHOTO 3a3eMyeHHs (puc. 13,
0) pO3TalIOBYIOTh Oe3MmocepeIHbO Oils nepuMeTpa (KOHTypa) AiIbHHMII, Ha SIKil 3HAXOJAUTHCS 3a3€e-
MITIOBAJIbHE ycTaTKyBaHHA. Lle 703Boisie BUPIBHATH TOTEHIaM BCepelnHI KOHTYpa, a BIATaK —
3HM3WUTHU HANPYTY AOTOPKAHHA Ta KPOKy. ToMy Oinbin e(peKTUBHUM 3 TOUKH 30pY €JIEKTPOOE3NEKH €
KOHTYPHE 3a3€MJICHHSI.

[TpaBuna ynamryBanHs enekTpoycTtaHoBoK (ITYE) oOMexyroTh HaiOuIb1Ii ONOPH 3a3eMJICH-

HS:

* JUIsl €IEKTPOyCTaHOBOK Hanpyroto 1o 1000 B:

— TIpU CyMapHiil MOTYXHOCTI TeHepaTopiB abo TpaHchOpMaTOPiB B MEPEXKi KUBIICH-
Hs He oubiie 100kBt ado 100 kBA — 10 Owm;

— B IHIIKX BUMaakax — 4 Owm;
* 17151 €JIEKTPOYCTaHOBOK Harpyroto Buiie 1000 B:

— mpu e(eKTUBHO 3a3eMJIeHIM HelTpani Mepexi kuBieHHs (Hanpyrax 110 kB ta Bu-
11e 1 BeTMKUX CTpyMax 3aMHUKaHHs Ha 3emito) — 0,5 Owm;

— TpU 130JbOBaHIN HeHTpasli Mepexi >KuBJIeHHs (Hampyrax 1o 35 kB Bkimo4HO) Ta
YMOBI, L0 3a3€MJIIOBAY BUKOPUCTOBYETHCS TIJIBKHU ISl €JIEKTPOYCTAHOBOK HAIpyTrol BUILE

250 .
1000 B ﬁ <10 Om;
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— TC X CaMe, aJIc IIpH YMOBi, 10 3a3€MJIF0OBa4 BUKOPUCTOBYETHCSA OAHOYACHO IJid

€JIeKTpoyCcTaHOBOK Hampyroto no 1000 B — 12% ; IPU UbOMY NPUNMAETHCS HAUMEHILHI

PO3paxyHKOBHI1 OITip a00 MOTPIOHMIA 7151 €IEKTPOyCTaHOBOK Harpyroro 10 1000 B.

Puc. 13. BunocHe (@) Ta KOHTypHE (6) 3a3eMJICHHS:
1 — 3a3eMitoBayi; 2 — 3a3eMJIIOBaJIbHI MPOBIAHUKY; 3 - YCTaTKyBaHHS

Bianosigao no ITYE 3axucHe 3a3eMIIeHHS HAJIE)KUTh BUKOHYBATH:

" [pu Hampy3i 3MiHHOTO cTpyMy 380 B 1 Bue Ta 440 B i Buiie 11t MOCTIHHOTO CTPY-
MY — Y BCIX €JIEKTPOYCTaHOBKaX;

" [IpH HOMIHQJIBHUX HANpyrax 3MiHHOTO CTpyMy BHIIe 42 B Ta moctiiHOro cTpymy
Buie 110 B — yiuie B e1eKTpoycTaHOBKaX, 10 3HAXOATHCS B MPUMIIMICHHSX 3 IT1IBHIICHOIO
HeOe3MeK010, 0COOTMBO HEOE3MEYHHX, a TAKOXK Y 30BHIIIHIX €IEKTPOYCTaHOBKAX;

* mpu OyAb-sKii Hampy3i 3MiHHOTO Ta TOCTIHHOTO CTpyMy — Yy BHOYXOHEOE3MEeUHHX
YCTaHOBKaXx.
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B mporeci excruryarariii e1eKTpoyCTaHOBOK MOXKIIMBE TOPYIICHHS HIJTICHOCTI 3a3eMITIOBAIIb-
HUX MPOBIIHUKIB Ta MiJBULICHHS Onopy 3a3emiieHHs Buie Hopmu. Tomy ITVE nepen6aueno npo-
BEJICHHS BI3yaJIbHOTO KOHTPOJIO (OIJIsAY) IUTICHOCTI 3a3€MIIIOBAJIbHUX MPOBIIHHUKIB Ta BUMIpIO-
BaHHs OIOpY 3a3eMJIeHHs. Taki BUMIpIOBaHHS NMPOBOAATH, SIK MPaBUIIO, PU HAMMEHIIIH MPOBiIHO-
CTi TPYHTY: JIITOM — IpW HAHOUIBIIOMY BHCHXaHHI Y 3UMOIO0 — MPU HAHOUIBIIOMY NpOMEp3aHHI
IpyHTYy. BUMiproBaHHs onopy 3a3eMJICHHS HAJEKUTh MIPOBOIUTH IMICIs MOHTAXy €JIEKTPOYCTaHOB-
KU, IMicos 11 pEeMOHTY UM peKOHCTPYKIIii, @ TAKOXK HE PijIe OJHOTO pa3y Ha piK.

3aHyJieHHs. 3a3eMJICHHSI KOPIYCIB €JIEKTPO0OIaJHAHHS, 1110 CIIOKUBAE EIEKTPOCHEPTito Bij
Mepexi Hanpyroro 10 1000 B 3 rmyxo3a3emMieHO0 HEUTpasutio kepena, HeedeKThuBHE, 00 Mpu 3a-
MHUKaHHI ()a3u Ha KOpIyC HaIllpyra Ha HbOMY BIJTHOCHO 3€MJIi IOCSTa€ 3HAYEHHS OUIBIIOrO YU piB-
HOTO TTOJIOBHHI (pa3HOTO, & CTPYM 3aMHUKaHHs Ha 3€MIII0 HEJOCTATHIN JUIsl CTIpaIllbOBYBaHHS MaKCH-
MaJIbHOTO CTPYMOBOI'O 3aXHMCTy. TOMYy B TaKUX MEpEKaxX 3aCTOCOBYETHCS 3aHYJICHHS KOPIYCIB eJe-
KTPOYCTaTKyBaHHSI.

3anynenns — 11e HABMHUCHE €JIEKTPUYHE 3’ €IHAHHS 3 HYJIbOBUM 3aXMCHUM MPOBIIHUKOM METa-
JIEBUX HOPMaJIbHO HECTPYMOITPOBITHUX YACTHH, SIKI MOXYTh OMMHHUTHUCS ITiJl HAIIPYTOIO.

Hynvosuii 3axucnuti npogionux — 1e MPOBITHUK, AKUN 3’€IHY€ YaCTHHH, IO MiJIATaloTh 3a-
HYJIEHHIO, 3 TJIyX03a3eMJICHOI0 HEUTPaJIbHOIO TOUKOI0 OOMOTKH JKepesa cTpyMy ado ii eKBiBaJIeH-
TOM.

Puc. 14. Cxema 3aHyJIeHHs

[TpuHTMN 71ii 3aHYJIEHHS MOJISITae B MEPETBOPEHI 3aMUKaHHS (ha3u Ha Kopiyc B omHodaszHe
KOPOTKE 3aMHUKaHHs, TOOTO 3aMUKaHHSI MiX ()a3HUM 1 HYJIBOBHM IPOBIIHUKAMH, 3 METOIO OJIEP-
YKaHHS BEJMKOTO CTPYyMY, 3[JaTHOTO 3a0€3MEeYHTH CHpPaIllbOBYBAaHHSI MAaKCHMAaJIbHOTO CTPYMOBOTO
3axUCTy. BHACHIOK LIbOTO €NEeKTPOyCTaHOBKA aBTOMATUYHO BUMHUKAETHCS arapaToM 3axXUCTY BiJ
CTPYMiB KOPOTKOTO 3aMHKaHHs. CHiia IIbOro CTPyMy OOYMOBIIIOETHCSI (Pa3HOIO HANPYTOK Ta TOB-
HUM OIIOPOM JIAHI[IOTa KOPOTKOTO 3aMHUKaHHS (TeTs ¢a3a — HyJib) 1 BUBHAYAETHCS 32 (POPMYIIOH0:
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Ic= Ue , (22)

\/(R<1>+R0)2 +0* -(L<1>+Lo)2 +Z3T

ne Ry — aktuBHUH omip (a3Horo nposinnuka, Om; Ry — akTUBHHIM OMip HYJIOBOTO MPOBiIHU-
ka, OM; Ly — IHIYKTUBHICTB (pa3HOTO NpOBigHUKA, ['H; L) — IHIYKTUBHICTH HYJIHOBOTO MPOBITHHKA,
I'n; Zr - po3paxyHkoBuii omip TpanchopmaTtopa, Om.

Jlns 3MeHIeHHsT HeOe3NeKH ypakeHHsI CTPYMOM, sIKa BUHUKA€E BHACIIJOK OOPHBY HYJIHOBOT'O
NPOBIAHMKA, BJIAIITOBYIOTH (0araTOKpaTHO) JIOJATKOBE 3a3€MJICHHS HYJIBOBOTO IPOBITHHKA R,
(puc. 14).

VY cxemi 6e3 TOBTOPHOTO 3a3eMJICHHS HYJILOBOTO MIPOBITHUKA MOTEHITAN BITHOCHO 3€MJIi KO-
pIIyca MOUIKOPKEHOTO O0JIaHaHHS, SIKIIO 3HEBAKAaTH OMOPOM TpaHC(HOpPMATOpa Ta iHIYKTHBHHM
OTIOpOM TeT1i (haza — HyJIb, IPU 3aMUKaHHI (a3 Ha KOPIYC BU3HAYAETHCS 3aJICKHICTIO:

Ro
Oc= Up — (23)
Ro+ Ro ’
a I[pu HaHBHOCTi IIOBTOPHOT'O 3a3CMJICHHA HYJIBOBOI'O HpOBiI[HI/IKa:
Ro Ry

@ZU@-

. . (24)
Ro+Ro Ro+ Ro

VY Bumnaaxky oOpuBY HYJHOBOTO MPOBIAHUKA MK JDKEPEIOM KUBJICHHS Ta MOUIKOKEHUM elle-
KTpOoOOJIaJHAHHSAM MOTEHIIa] KOpIlyca BiTHOCHO 3€MJIi, SIKIIIO HEMAE MMOBTOPHOTO 3a3€MJICHHS HY-
JHOBOI'O MPOBIIHHUKA, JOPIBHIOE (a3Hii Hanpysi ¢ = Ugp, a IpU HASIBHOCTI IOBTOPHOT'O 3a3€MJICH-
HS:

O =Us- i . (25)
Ro+ Ro
TakuM 4MHOM, OBTOPHE 3a3e€MJICHHS HYJIHOBOTO IPOBITHUKA B Mepio] 3aMUKaHHS (a3u Ha
KOPITYC 3HIDKY€E HAMPYTy JOTOPKAHHS JI0 3aHYJICHOTO €JIeKTPOOOIalHaHHS SIK MIPH CIPABHIA CXeMi,
TaK 1y BUITQJIKy OOpUBY HYJIHOBOTO IPOBITHUKA.
CtpyM, 110 TIPOTIKAE Yepe3 TUIO JIFOINHY, KA JJOTOPKAETHCS IO KOPITyca MOIIKOKEHOT eNeK-
TPOYCTAaHOBKH, BU3HAYAETHCS 32 (HOPMYJIOIO:

=% 26
7 (26)

o cxemu 3anynenns [IYE npen’siBisroTb Taki BAMOTH:
1. ctpyM onHOGA3HOTO KOPOTKOTO 3aMUKAaHHSI TIOBUHEH MEPEBUIIYBAaTH HE MEHIII HiXK B 3 pa-
3M HOMIHAJIBHUN CTPYM IIIaBKOi BCTABKHM a0 CTPYM CIIPallbOBYBAHHS PO3LIIIUIIOBA4Ya aBTO-
MaTUYHOTO BUMHUKaya 13 3BOPOTHOIO 3aJIeXKHOI0 XapaKTepucTukoro. [Ipu 3axucrti mMepexi aB-
TOMATHYHUMHU BUMHUKAaYaMH, SIKi MAIOTh TUTBKH €JIEKTPOMArHITHHIA PO3IIIILIIIOBAY, KPATHICTh
CTpyMy mpuiiMaeThbcs 1,1; mpu BiICYyTHOCTI 3aBOACHKUX JaHUX KoedirieHT nmpuiiMaetbes 1,4
JUIS aBTOMATIB 3 HOMiHAJIBHUM cTpyMoM 10 100 A, anst iHmux — 1,25.
2. TMOBHA TPOBIIHICTh HYJHOBOTO IMPOBITHUWKA Y BCIX BHIIaJIKaxX IMOBHHHA OyTH HE MEHIIE
50% mpoBigHOCTI (ha3HOTO MPOBITHUKA.
3. mo6 3abe3neynT Oe3MepepBHICTh KOJa 3aHYJIEHHS, 3a00pOHSIETHCS BCTAHOBIIEHHS B HY-
JHOBUI TMPOBIIHUK 3aMO01KHUKIB Ta BUMHKaUiB. BUHATOK JOIMyCKAa€ThCS TIIBKH B TOMY BU-
MajJKy, KOJIM BUMHKAY Pa3oM i3 HYJIbOBUM ITPOBITHMKOM PO3MHUKAE i yCi (a3Hi MPOBITHUKH.
4. omip 3a3eMIJIIOIOUOTO TPUCTPOIO, O SKOTO MPHUEAHYIOTHCS HEUTpasi JuKeped >KUBJICHHS
(poboue 3a3zeMiieHHS R)), HE MOXe TEPEBUIILyBaTH 3HAYCHb, K1 HaBeJIeHI B Ta0JI. 5. 111 omopH
MOBUHHI 3a0€31e9yBaTUCh 3 YpaXyBaHHSIM BUKOPHUCTAHHS MTPUPOTHUX 3a3EMJITIOBAYIB, a TAKOK
3a3eMIIIOBayviB TTOBTOPHHUX 3a3€MJIEHb HYJIHOBOTO IMPOBIJHMKA MOBITPSHUX JIiHIA €JIeKTpoIie-
penadi o Hanpyror 1000 B mpu KUTBKOCTI JIiHIN, IO BIAXOAATH, HE MEHIIE TBOX. AJle TIpH
[[OMY MOBUHHI TIepeadavaTucs 1 MTYYHI 3a3eMJII0Bayi 3 OMOPOM, 3HAUEHHS SKHX HE MMOBUHHI
NIepEeBUIIYBaTH JlaHi, HaBeIeHi B Ta0I. 5.

Ta0muus 5

Hampyra Haii0inpi JomyCcTHMI OTIOpH 3a3eMJITIOI0YHX MPHUCTPOiB, OM

Mepexi, 3azemuieHb HelTpasi TpanchopMaTopis, Ry | TToBTOpHUX 3a3eMJICHB HYJIHOBOTO MPOBI-
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ITHUKA, R,

ExBiBajsieHTHE (3 ypaxyBaHHIM
MIPUPOTHUX 3a3€MIIFOBAYIB 1 T10-

B tomy umcni
JIMIIE TTYYHAX

ExBiBasieHTHU O11ip
BCIX TIOBTOPHHUX 3a3€M-

B Tomy uucni
OTIip KOKHOTO

BTOPHUX 3a3€MJIEHb HYJIbOBOTO IIOBTOPHOI'O
. 3a3eMJICHb JICHb
IIPOBITHHUKA 3a3eMJICHHS
660/380 2 15 5 15
380/220 4 30 10 30
220/127 8 60 20 60

[Ipumitka. Axmo muromuii omip p 3emiti Outbimid 100 OMeM, J0mMycKaeThesl 301IbITYBATH
ykazanuii B Tabauwi omip B 0,01¢p pas, aje He OLIBII HIXK AECATUKPATHO.

5. TloBTOpHE 3a3eMJIEHHS HYJIHOBOTO MPOBITHHKA MOBUHHE BUKOHYBATUCH HAa KIHIAX IMOBIT-

PSHUX JTiHINA a00 BiramyKeHb TOBXHHOK Ounbie 200 M, a TakoK Ha BBOJaX MOBITPSHUX JIi-

Hill y IPUMIIICHHS, €JIEKTPOYCTAHOBKH SKUX MiIISTal0Th 3aHYJICHHIO.

6. 3araJbHUN OMip 3a3eMIIIOIOUMX MPUCTPOIB BCIX MOBTOPHUX 3a3€MJICHb HYJIHOBOTO MPOBIi-

HHKa 1 KO)KHOTO ITOBTOPHOT'O 3a3€MJICHHS HE IOBHHEH IIEPEBHIIYBAaTH 3HAYCHb, HABEJICHUX B

Tabm. 5.

Cunig 3a3HaYUTH, IO OJHOYACHE 3a3€MJICHHS Ta 3aHYJICHHS KOPITYyCiB €JIEKTPOYCTAaHOBOK 3Ha-
YHO MIJBUIIYE 1X EIEKTPOOC3MIEKY.

3axucHe BUMHKAHHS 3aCTOCOBYETHCS, K OCHOBHHM a00 J01aTKOBHUI 3aci0, Ko Oesneka
HEe MO)ke OyTH 3a0e3neueHa MUIIXOM BIIAIITYBAaHH 3a3eMJICHHsI, a00 1HIIUMH CII0OcO0aMU 3aXHUCTY.

3axucne sumukanHsa — 1e MBUAKOAIIOYNN 3aXUCT, KUH 3a0€31euye aBTOMaTHYHE BUMKHEHHS
€JIEKTPOyCTaHOBKH (He Oinbiie Hixk 0,2 ¢) mpyu BUHUKHEHHI B Hill HeOE3MeKH ypaKeHHS! CTPYMOM.

IcHye OaraTo cxem 3aXMCHOTO BUMUKAHHS.

EnexrposaxucHi 3aco0u Ta 3ammo0KHI IIPUCTOCYBAHHS

Enexmposaxucnumu 3acobamu Ha3WBAOTHCS BUPOOU, MO TEPEHOCATHCS Ta MEPEBO3SITHCA 1
CIIYTYIOTH JUISl 3aXHCTY JIFOICH, SIKi TPAIFOIOTH 3 €JIEKTPOYCTAHOBKAMHU, BiJl YpasKeHHS €JICKTPUIHAM
CTPYMOM, BiJ{ JTii €JIEKTPUYHOI AYTH Ta €JICKTPOMArHITHOTO TOJISI.

3aneHO BiJ NMPU3HAYEHHS EJIEKTPO3aXUCHI 3aCO0M MiIPO3IUISIOTECS HA 130JIF0JIbBAHI, OTO-
POJUKYBAIIBHI Ta 3aMO01KHI.

[30/110Ba/IbHI €1€KTPO3aXUCHI 32C00M TMPU3HAYCHI JUTS 1301511 JIIOJUHY BiJl YaCTHUH €JIEKT-
POYCTaHOBOK, III0 3HAXOAATHCS il HAIPYTOIO Ta BiJl 3eMJTi, SIKIIIO JIFOJJUHA OJHOYACHO JOTOPKAETh-
Cs1 10 3eMJII UM 3a3€MJICHUX YaCTHH €JIEKTPOYCTAaHOBOK Ta CTPYMOIIPOBITHUX YaCTHUH YW METAJICBUX
KOHCTPYKTHBHHX €JIEMEHTIB (KOPIYCIB), sIKI OMUHUIKMCS i HAIPYTO¥0.

Po3pi3HAIOTh OCHOBHI Ta_JIOJATKOBI €JIEKTpO3axucHi 3acobu. Jlo ocrosunux Hamexarh Taki
€JIEKTPO3aXKCHI 3aCO0H, 130JIAIIis SIKMX MPOTATOM TPUBAJIOTO Yacy BUTPUMY€E poOOUy HAmpyry eje-
KTPOYCTAHOBKH, 1 TOMY HUMH J03BOJISIETHCS TOTOPKATUCH 10 CTPYMOTIPOBITHUX YaCTHH, 110 3HAXO-
JAThCS T HAPYTORO:

— TpH pobOTax y eleKTpoycTaHOBKax 3 Hampyrorw g0 1000 B — nienexTpuuHi pykaBu-

YKH, 130JI0BAIbHI INTAHTH, IHCTPYMEHTH 3 130JIbOBAHUMHU PYYKaMH, CTPYMOBHMipIOBAJIbHI

KJTIIII;

— mpH poboTax B €JIEKTPOyCcTaHOBKax 3 Hampyroro Buie 1000 B — i301r0BanbHi mTaH-

T', CTPYMOBHUMIPIOBaJIbHI Ta 130I0BAIBbHI KJIIII, ITOKAKYUKN HAMIPYTH.

Jlooamxkoai 130J1F0BaIbHI 3aXUCHI 3aCO0M MarOTh HEJIOCTATHI 130J1I0BaJIbHI BIACTUBOCTI, TOMY
NpU3HAYEHI JIUIIE IS TICUIICHHS 3aXHCHOI Jii OCHOBHUX 3ac00iB, pa3oM 3 SIKUMH BOHH 1 3aCTOCO-
BYIOThCS. J|0 HUX HaekaTh:

— Tpu poboTax y eJIeKTpOyCTaHOBKax 3 Hampyroo a0 1000 B — nienekrpuuni kajomii,

KUJIMMKH, 130JIFOBaJIbHI HiJICTABKH,

— Tpu poOOTax B €JICKTPOYCTaHOBKaX 3 Hampyroto Buiie 1000 B — mienekrpuuni pyka-

BUYKHU, OOTH, KHJIMMKH, 130JIF0BAJIbHI ITiICTABKH.

OropoakyBajibHi €JIEKTPO3aXHCHI 3acCO0M TIPU3HAYEHI JJII TUMYACOBOTO OTOPOJIKYBaHHS
CTPYMONPOBIIHUX YacTUH (IIUTH, Oap’€pH, MEPEHOCHI OTOPOXKi), a TAKOXK JISl 3a3€MJICHHSI BUMK-
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HYTHUX CTPYMOIIPOBIAHMX YaCTHUH 3 METOIO 3ar00IraHHs ypaXeHHsI CTPYMOM IIPU BUIAJAKOBIN MOSIB1
HANpyTH (TUMYACOBE 3a3€MJICHHS).

3ano6ixkHi eJIeKTPo3axXMCHi 3ac00M Ta NMPUCTOCYBAHHS TIPU3HAYEHI JJI 3aXUCTY TMEPCOHA-
Jy BiJ BHIAJKOBOTO MaJiHHS 3 BUCOTH (3aMOODKHI MOsICH); AJsl 3a0e3neueHHs] 6e3MeYHOro MmiaHi-
MaHHS Ha BUCOTY (IpaOuHM, ,,KIrTI”), A 3aXUCTY B1Jl CBITJIOBOI, TEIUIOBOI, MEXAaHIUHOI il €NeKT-
PUYHOT AyTH (3aXHMCHI OKYJISIPH, IIUTKU, CICIOAT, PYKaBHUKH TOIIIO).

OpranizaniifHi Ta TeXHiYHI 3aX01M eJ1eKTpoOe3neKn

Jlo poboTH Ha eNeKTPOYCTAHOBKAX JIOMYCKAIOTHCSA 0coOU HEe Moot 18 pokiB, sIKl MPOUIILITH
IHCTPYKTaXK Ta HaBYaHHs 3 O€3MeUHUX METO/IIB Mpalli, MepeBipKy 3HaHb MPaBUJI OE3MEKH Ta IHCTPY-
KIIi# BIAMOBITHO /0 3aiiMaHOl ocaau Ta KBaIi(iKaIiiHOI TPYIU 3 €IEKTPOOE3NEeKH, 1 1Kl HE MAIOTh
HpPOTH MOKAa3iB, BU3HAYCHUX MiHICTEPCTBOM OXOPOHU 3A0POB’sl YKpaiHH.

st 3a0e3neuenHs Oe3neku poOIT y III0YUX €IeKTPOYCTaHOBKAX HaJeKUTh BUKOHYBATH Ha-
CTYIIHI OpraHi3alliifHi 3aX0/u:

— TpU3HAYEHHs 0Ci0, K1 BIINOBIIAIOTH 32 OpraHi3aliio Ta MPOBEICHHS POOIT;

— o OopMIICHHSI HApsAy YH PO3TMOPSKEHHS Ha MPOBEICHHS POOIT;

— oprasizalis Harjsay 3a POBEIEHHSIM pooOiT;

— o¢opMIIeHHS 3aKiHUEHHS poOIT, NepepB y poOOTI, epeBeACHHs Ha 1HII poboyl Mic-

1.

Jlo TeXHIYHMX 3aXO0JiB, SKi HEOOXITHO BUKOHYBATH B JIIOYMX €IEKTPOYCTAHOBKAX IS 3a0e3-
NeYeHHs OE3MeKu pOoOIT HAIEeKATh:

1. mpu mpoBeieHHI POOIT 31 3HATTSAM HAINIPYTH B AIFOUUX €IEKTPOYCTaHOBKAaX 4M MOOJIN3Y HUX:

— BHUMKHEHHS YCTaHOBKM (4aCTHHU YCTAHOBKH) BiJ JPKepelia )KMBJICHHS €JIEKTPOCHEp-

rii;

— MexaHi4yHe OJIOKYBaHHS NIPUBOJIB anaparis, AKi 3A1MCHIOIOTh BUMKHEHHS, 3HATTS 3a-
MOOKHKKIB, B/ €HAHHS KIHIIB JIHII, sIKa 3M1ACHIOE €IEKTPOTIOCTaYaHHs Ta 1HII 3aXO[H,
110 YHEMOXJIMBIIIOIOTh BUIIAJAKOBY 110/1a4y HANpPYTH 0 MICIs IPOBEIACHHS POOIT;

— BCTAHOBJICHHS 3HaKiB O€3MEKH Ta 3aXMCHHUX OTOPOXK 01Nl CTPyMOIIPOBITHUX YaCTHH,
10 3aJIMIIAIOTHCS M1/l HAMIPYTOIO 1 0 SKHUX B MPOIIECIB pOOOTH MOXKIJIMBE TOTOPKaHHS a00 Ha-
OJKEHHS Ha HeJIOIyCTUMY BiJICTaHb;

— BCTAHOBJICHHS 3a3€MJICHHS (BBIMKHEHHS 3a3€MIIIOBAJIbHUX HOXIB UM BCTAHOBIICHHS
MEPEHOCHUX 3a3€MJIEHD);

— OTOPOJKEHHSI pOOOYOTO MICIIS Ta BUBIIITYBaHHS TUTAKATIB O€3MEKH;

2. Ipyu TpoBeIeHH] POOIT Ha CTPYMOIIPOBITHUX YaCTHHAX, K 3HAXOAATHCS MijJ HANPYTOIO Ta
Mo0OJIN3y HUX:

— BUKOHAHHS pOOIT 3a HApsA0M HE MEHII HIXK JBOMA MpalliBHUKAMH 31 3aCTOCYBaHHIM
eJIEKTPO3aXMCHUX 3ac00iB, MMiJ] MOCTIHHUM HarfsaoM, i3 3a0e3neueHHs M 0e3MeYHOro po3Ta-
IIyBaHHs MPalliBHUKIB, BUKOPUCTOBYBAaHUX MEXaHI3MIB Ta IPUCTOCYBAHb.

KBanidikauiiini rpynu
3 eJIEKTPO0E3NeKHU eJIeKTPOTEXHIYHOI0 NMePCOHATY

o enexmpomexniunoeo nepconany HalleXaTb OCOOH, sIKi OOCIYrOBYIOTh 1 €KCIUTyaTyIOTb
€JIEKTPOYCTAHOBKH. J1JIs €IEKTPOTEXHIYHOTO MEPCOHATY BCTAHOBJIEHO I’ Th KBaJli(iKaliHHUX TPyl
3 €JIEKTPOOE3EKH.

I rpyna. I'pyna npucBoroeTbest ocodam, ki He MaIOTh CHENialbHOI eIeKTPOTEXHIYHOT MiAro-
TOBKH, aJIeé MAalOTh €IEMEHTAPHY YSIBY NP0 HEOE3MEKy YpaKeHHs EJICKTPHYHUM CTPYMOM 1 Ipo 3a-
XOJU eNeKTpoOe3neKu mpu poOdoTi Ha 0OCTYroByBaHii MiMBHUIN, enekTpoycTanoBli. s I rpynu
CTaXX poOOTH B €NIEKTPOYCTAHOBKAX HE HOPMYETHCH.

II rpyna. Ocobu 11i€i Tpynu MOBUHHI MaTH €JI€MEHTapHe TEXHIYHE 3HallOMCTBO 3 €JIeKTpOycC-
TAHOBKaMHU, YITKO YSBIISITU HEOE3NEKY YpaKeHHS €JIEKTPOCTPYMOM, HAOIMKEHHS O CTPYMOIIPOBi-
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JTHUX YaCTUH, 3HaTU OCHOBHI 3aXOJH Oe3NeKu Mpu poOOTI Ha €JIEKTPOYCTAaHOBKAX, BMITH HaJaTU
HepIIy TOTOMOTY.
III rpyma. Oco0wu, 1110 HalekAaTh JI0 i€l TPYIIH, TOBUHHI:

— 3HATH OYJIOBY €JICKTPUYHUX YCTAHOBOK Ta BMITH iX 0OCITyTOBYBaTH;

— MaTH ysBY Ipo HeOe3MeKy i 9ac 00CIyroByBaHHS €JICKTPUYHUX yCTAaHOBOK;

— 3HATHU 3arajibHi MpaBuUiia TEXHIKK Oe3MeKu, MpaBuiia J0MYCKy A0 poOOTH B €JIEKTpHU-
YHUX yCTaHOBKax Hampyro fo0 1000 B, cnemianbHi npaBuia TeXHIKH O€3MEKH 3 TUX POOiT,
K1 BXOJATH J0 KOJjia 000B’SI3KiB JaHOI 0CO0H;

— BMITH 3/11iCHIOBAaTH HaIJISA]] 32 TUMH, XTO MIPALIIOE 3 €JIEKTPOYyCTaHOBKaMM Ta HaJaBa-
TH TIEPILY TOTIOMOTY.

IV rpyna. Oco0wu 11i€i rpyny MOBUHHI:

— MaTH 3HaHHS 3 eJEKTPOTEXHIKU B 0031 CIeliani3oBaHOro Npo(rexyyniIniia;

— MAarTH TIOBHY YSBY PO HeOE3MeKy i 9ac poOOTH Ha eIEKTPOYCTAHOBKAX;

— 3HATH MOBHICTIO mpaBuia TexHiyHoi ekcruryaTamii (IITE) Ta nmpaBuiia TexHigHoi 6e3-
neku (I1TH) npu excrutyaTariii e1eKTpoyCTaHOBOK;

— 3HATH YCTAaHOBKY Ha CTUIbKH, 1100 BiIJILHO OPIEHTYBATHCh Y TOMY, SIKi CaMe €JIEMEHTH
MOBHMHHI OyTH BUMKHEHUMH JJ1s1 O€31I€YHOr0 BUKOHAHHS pOOIT;

— TEepeBIpSITH BUKOHAHHS HEOOX1THUX 3aXO0/IB 3 TEXHIKH O€3MeKH;

— BMITH OprasidyBaru Oe3rneyHe BUKOHAaHHS poOIT Ta 3/1IICHIOBATH HArJsA/ 3a HUMH B
€JIEKTPUYHMX yCTaHOBKax Hampyrow g0 1000 B;

— 3HATU CXeMy Ta 00JIaJHAHHS CBOET NUTHLHUIL;

— BMITH HaBYaTH NEPCOHAN IHIIMX TPYH MPaBHJIAM TEXHIKH O€3MEKH;

— BMITH HaJ[aBaTy MEpIIy JOIOMOTY OTEpIiIOMY.

V rpyna. Ocobu 1i€i Tpyny NOBUHHI:

— 3HATH BC1 CXEMHM Ta 00JaJHaHHA CBOET TUIHHUILIL;

— 3»atu IITE ta IITH B 3aranpHiii Ta cremiajbHii YaCTUHAX;

— 3HATH, YMM BUKJIMKAaHA Ta YU 1HIIA BUMOTA MPaBUIT,

— BMITH OopraHizyBaTH Oe3leuHe BUKOHaHHS poOIT Ta 3AiHCHIOBATH HATJSAA B €IEKTPH-
YHHUX YCTaHOBKaX OyIb-KOI HAIIPYTH;

— HaBYaTH MEPCOHAJ HIIUX TPYI MPaBUI TEXHIKH O€3MEeKH;

— BMITH HaJiaBaTH MEPILy JOMOMOTY.

HananHs nepiuoi 10nomMoru
NPH YPAKEHHI eJIEKTPUYHUM CTPYMOM

[lepmia gormomora npu ypakeHHi eIeKTPUIHUM CTPYMOM CKJIQIa€ThCS 3 ABOX €TaIliB:
1. 3BUIBHEHHS MOTEPIUIOrO Bij J1i €JIEKTPUYHOTO CTPYMY;
2. HaxaHHS KoMy HEOOXiIHOT T0MIKapChKOi JOTIOMOTH.
3BiJibHeHHs] MoTepmizioro Bix aii ejdekTpu4HOro crpymy. [Ipu ypaxeHH1 eleKTpUUYHUM
CTPYMOM HeO0OXi1JIHO, TIepIIl 3a BCE, HETalfHO 3BUILHUTHU MOTEPIIOro BiJ il CTPyMy, OCKUIBKH BiJ
TPUBAJIOCTI TaKO1 Jii BArOMO 3aJIe)KUTh BAXKKICTh €JIeKTpoTpaBMu. HeoOxi1qHO mam’siTaTu, MO TIATH
Tpeba MIBUIKO, alle B TOM ke 9ac 00epexHo, 00 caMOMy HE MOTPANUTH ITiJ] HApyTy. HaiOe3ned-
HIUH CIOCi0 3BUTbHEHHS TOTEPIJIOTO BT A1l €IEKTPUIHOTO CTPYMY — 1€ BUMKHEHHS €JIEKTPOYC-
TAHOBKH, JI0 SKOi TOTOPKAETHCS MOTEPIIUINI 32 TOTIOMOTOI0 HAaHOIMKIOr0 BUMUKaua, PyOUIIbHHKA,
YH IHIIOTO arapara Jjis 3HECTPYMIICHHS.
SIKI10 BUMKHYTH JTOCHTH HIBHAKO HEMAa€ 3MOTH, TO HEOOXITHO 3BUIBHHTH MOTEPIHIIOTO Bij
CTPYMOIIPOBIAHUX YaCTHUH, JI0 SIKUX BIH JOTOPKAETHCS.
JUis1 3BUTBHEHHS MOTEPIIIOTO BiJl CTPYMONPOBIAHUX YacTUH abo mpoBoay Hampyroro 1o 1000
B HEoOXiTHO CKOPHCTATHUCh MATHIICIO, JIOIIKOI0, 00 Oyb-SKUM IHIIUM CYXHUM IPEIMETOM, IO HE
MPOBOAMTE E€NEKTpUUHH cTpyM. [Ipu 1pomy OaxaHo i3oioBatu cebe BiJ 3emili (CTaTH Ha CyXy
JIOIIIKY, HECTPYMOIIPOBIIHY MiACTUIKY). MOYKHa TaKOX TepepyOaTH MPOBOAH COKHPOIO 3 CYXHM
JiepeB’ STHUM TOTOpHUIIeM a00 MEePeKyCUTH iX IHCTPYMEHTOM 3 130JIbOBAaHUMHU pyUYKaMH (KyCauKaMH,

24



nacaTrKaMu 1 T.I1.). TIlepepyOyBaTH UM MEePeKyCyBaTH MPOBOAM HEOOXiTHO MO(a3HO, TOOTO KOKHUKN
MIPOBiJl OKPEMO.

Jis 3BIIBHEHHS TIOTEPIIOTO BiJl CTPYMOIIPOBITHMX YAaCTHH MOXHA TaKOX BIATATHYTH HOTO
3a oJiAT (SIKILO BiH CyXWH 1 BIJICTa€ BiJl TiJia), HANPUKIIA] 32 MOJM Xajara M mimkaka. [Ipu nupomy
HEOOXIJTHO YHUKATH JOTOPKAHHS 10 HABKOJIMIIHIX METAJIEBUX MPEJIMETIB Ta BIIKPUTHX YaCTHH Ti-
na. Jns 13om4mii pyk, 0coOIMBO KOJTM HEOOXITHO JTOTOPKHYTHCS IO Tila MOTEPIHiIOro, PATIBHUK
NOBUHEH HAJIATHYTHU JIIEIEKTPUYHI PyKaBUUKH a00 0OMOTATH pyKy CyXUM OJSTOM (HampuKJaj Iia-
pdom abo cyxoro marepiero). [Ipu BIATATYBaHHI MOTEPIUIOrO BiJi CTPYMOIIPOBIAHUX YaCTUH PEKO-
MEHAYETHCS 11€ POOUTH OJHIEI0 PYKOIO.

SIKIIO eJIEKTPUYHUM CTPYM IMPOXOAUTH Y 3€MJII0 Yepe3 MOTEPIIOro 1 BiH CyIOMHO CTHCKAE Y
Pyl OJIUH CTPYMONPOBIAHUM €IeMEHT (HampuKJIaj IpoBiJ), TO MPOCTILIE IPUITUHUTHU JII0 CTPYMY,
BIJIOKPEMUBILY [TOTEPIIOrO Bij 3eMill (IiACYHYBLIM MiJl HOTO CyXY JOLIKY a00 BIATATHYBIIN HO-
T'M B1Jl 3eMJIl MOTY3KO10, 41 3a cyXi mranu). [Ipu npomy HE0OXiIHO mam’siTaTu Ipo 0cOOUCTY Oe3-
HEKYy.

[t 3BUIBHEHHS MOTEPIIOro BiJl CTPYMONPOBIIHUX YAaCTUH Ta MPOBOJIIB, L0 3HAXOJATHCS
nia Hanpyroto Bumie 1000 B HeoOXiHO HaAATHYTH Ji€IEKTPUYHI PyKaBUUYKU Ta OOTH 1 AIATH 130-
JIOBAJIBHOIO IITAHTOK0 a00 KITIIIAaMH, 10 pO3paxoBaHi Ha BIANMOBIAHY Hampyry. [Ipu mpomy HEoO-
X1JIHO IaM’sITaTH Mpo HeOe3MeKy KPOKOBOT HANPYTH, SIKIIO MPOBIJ JIEXKHUTH Ha 3eMJIi.

Hananns nposikapcebkoi gonomoru. Ilicis nmpunuHeHHs Oii €IEKTPUYHOTO CTPYMYy Ha JIFO-
JTUHY HEO0OX1HO BUKIIUKATH JIiKaps, OJTHAK IO KOTO MPUOYTTS CIiJl HAAATH MOTEPILIOMY HEOOXITHY
JI0TIOMOTry. 3aX0/11 JA0JIKapChbKOi JOIOMOTH 3ajeKaTh BiJ CTaHy, B IKOMY IepeOyBa€ MOTEPILIHil.
JUis OLiHKM CTaHy HOTEPIIOro MepeBipsAOTh HASABHICTh Y HBOTO CBIJOMOCTI, TUXaHHS, MYJIbCY.
[Torepninuii, micas 3BUIBHEHHS BiJ All €JIEKTPUYHOIO CTPYMY, MOXKE MepedyBatu, K IpaBuUIIO, B
OJTHOMY 3 TPbOX CTaHIB:

— TIPH CBIIOMOCTI;
— HETMPUTOMHHM, OJTHAK Y HHOTO € JUXAHHS Ta ITyJIbC;
— B CTaHi KJIIHIYHOI cMepTi (BIACYTHE TUXAHHS Ta HE MPOIILYITY€ETHCS MYJIIhC).

SKI10 MOTEepIINI MPU CB1IOMOCTI, TO MOTO CIIiJT MOKJIACTH Ha IMiICTUIIKY 13 TKAHUHH YU OfI5I-
Ty, CTBOPUTH MPUIUIMB CBIXOTO TMOBITPS, PO3CTIOHYTH OJIAT, IO CTHCKAE Ta MEPEIIKOKAE HXaH-
HIO, PO3TEPTH Ta 3IrPITH TUIO 1 3a0€3NMeYUTH CIOKiN 10 TpuOyTTs Jikaps. [lorepmizomy, mo 3Haxo-
JUTHCS B HETIPUTOMHOMY CTaHi, CJiJ IaTH MMOHIOXATH BaTKYy, 3MOYEHY HAIIATUPHUM CIIUPTOM abo
00ONpPUCKATH JIMLE XOJIOAHOI0 BOJIO0. SIKIIO moTepniinil npuiine 10 TAMu, oMy CIii 1aTH BUMUTH
1520 kparens HACTOSHKH BaJiepiaHU Ta rapsiaoro Yaro.

[Tpu BiACYTHOCTI O3HAK >KHUTTS (JUXaHHS Ta MYJbCY) MOTPIOHO HETAHO PO3MOYATH CEPIIEBO-
nereHeBy peaHimarito (CJIP), amxe iMOBIpHICTB YCHIXy TUM MEHIIIA YUM OUIbIIE Yacy MPOMIILIO Bix
MmovaTKy KiiHigHOi cmepTi. Jlo 3axomiB CJIP HaymexaTh MITydHE TUXAHHS Ta HETPSIMHKA (3aKPHUTHIA)
Mmacax cepiis. LlITydHe muxaHHS BUKOHYETBCSI CITIOCOOOM ,,3 poTa B pot” abo ,,3 poTa B HIC”. JIFOIH-
Ha, fIKa Ha/1a€ JI0IOMOTY POOMThH BUIMX 13 CBOIX JIET€Hb B JIET€HI IOTEPILIOro 0e3nocepeHbo B Ho-
IO POT UM HiC; y MOBITPI, 10 BUAUXAETHCS JIOAMHOIO € 1€ TOCUTh KUCHIO. [lonepenHpo morepmino-
ro HEOOXIJTHO TOKJIACTH CIMHOIO Ha TBEPAY PIBHY MOBEPXHIO, 3BUIBHUTHU BiJl OJSTY, IIO CTHUCKAE
(po3CTEOHYTH KOMIp COPOYKH, MACOK, MOCTA0UTU KPaBaTKy), MiJKIACTH IiJ JOMATKH HEBEIHKUI
BaJIMK 3 Oy/Ib-sIKOTO MaTepianty (MOXHa OJSTY), BIIXWINTH FOJIOBY MAKCUMAaJIbHO Ha3a/l.

[Tepen moyaTKOM HITYYHOTO AMXAHHS CIIiJl IEPEKOHATHUCS B MPOX1THOCTI BEPXHIX JAUXATBHUX
HUISAX1B, K1 MOXKYTb OyTH 3aKpHUTI1 3allaBIIN S3UKOM, CTOPOHHIMH IpeIMeTaMH, HAKOTTUYEHUM CJIH-
30M.

PsriBHUK pOoOUTH TTMOOKUI BAMX, a TIOTIM, IIUTHHO MPUTHCHYBIIH CBIM POT Ye€pe3 Mapiro 10
poTa MOTepHiIoro (Mpu LbOMY, SIK PABUIIO, 3aKPUBAE HIC MOTEPIIIOTO CBOEIO IIIOKOIO), BIYBAE IMO-
BITps B jiereHi. [Ipu mboMy rpyaHa KITITKA TOTEPIIIOTO PO3IIMPSETHCS. 3a PaXyHOK €JaCTUYHOCTI
JIETEHIB Ta IPyAHOI CTIHKM MOTEPIUINI poOUTh MacuBHUM BUIUX. B 11eil uac ifioro poT moBuHeH 0y-
TH BiAKpUTUM. YacToTa BIyBaHHS TOBITPsS MOBHMHHA CKianatd 12 pas3iB 3a XBUIWHY. AHAJIOTIYHO
NPOBOIUTHCA IITYYHE TUXAHHS CIIOCOOOM ,,3 pOTa B HIC”, IPH IIbOMY BJIyBalOTh IMOBITPS Yepe3 Hic,
a POT MOTEPIIIOTO TOBUHEH OYTH 3aKPUTHUM.
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[Tpu mpoBeAeHHI MITYYHOTO AMXAHHS CJiJ OYyTH YBaXXHHM, OCKUIBKH KOJIM Y TOTEPIIIOTO
3 ABIAIOTHCS MEPILi 03HAKU CJIA0KOTO MOBEPXHEBOTO JAMXAHHS, TO HEOOXITHO A0 HHOTO MPHUCTOCY-
BaTH PUTM IITYYHOTO JMXaHHS.

Crig 3a3HauuTH, 10 € CHeliaNbHi 3ac00M AJI IITYYHOTO IUXaHHS, SIKi, TepIl 3a Bce, T03BO-
JSIFOTh YHUKHYTH TPSMOTO KOHTaKTy M POTOM TOTEPIIIOro Ta poToMm psTiBHUKA. Came 1 00-
CTaBUHA 1HOJII CTBOPIOE CBOEPIAHHI MCHXOJIOTIYHUN Oap’ep y HEMiATOTOBIEHOTO psATiBHHUKA. J{is
TOr0, 1100 HE 3aBJATH IIKOJW MOTEPIUIOMY PSATIBHUK NOBHHEH BMITH KOPUCTYBATHUCh TaKUMHU 3a-
cobamu. B 3aranpHOMY, 3aCTOCYBaHHS CHELIaJIbHUX 3aCO0IB IITYYHOIO JUXAHHS HE CYTTEBO CIIPH-
s€ MABUILEHHIO SKOCTI peaHiMalli 1, caMe roJO0BHE, IPU3BOJIUTH J0 BTPATU Yacy, L0 MOXKE 1HO/I
BUSIBUTHCH BUPIILAIBHUM JUISI AKUTTS TOTEPIILIOTO.

VY BUMNAIKy 3yMHUHKA CEPIis, IKy MOKHA BU3HAYUTH 32 BIJICYTHICTIO Y MOTEPIIIOTO IyJILCY Ha
COHHIM apTepii 1 32 pO3MHPEHHIM 3iHUII a0 ioro ¢idpumsAIii, HEOOXiAHO OJHOYACHO 3 MITYYHUM
JTVXAHHSIM MTPOBOJIUTH HENPSIMUN Macax CepIis.

ITpu HEOOXiAHOCTI MPOBEIEHHS HEMPSAMOIO Macaxy Ceplisi HOTEPIIOro KJIaayTh CIMHOIO Ha
TBEp/Y MOBEPXHIO (I1JUI0ra, CTUI), OrOJII0Th HOro rpyAHy KJIITKY, po3CTiOal0Th Macok. PATiBHUK
CTae 37iBa YM CIIpaBa BiJl MOTEPIILIOro, MOKIABIIN HAa HIDKHIO TPETHHY TPYAHOI KIITKH KHUCTI PyK
(omHa Ha ApYTY), EHEPTIMHO (TOIITOBXaMHU) HATUCKYe Ha Hel. HaTuckyBatu moTpiOHO TOCUTH Pi3KO,
BUKOPUCTOBYIOUH IIPH 1IbOMY Bary BJIACHOTO TiJIa, 1 3 TAKOIO CUJIOIO, 1100 IpyJHA KJIITKA MPOrHHA-
nack Ha 4-5 cM B cTopoHy 10 xpedta. HeoOxigHa yactoTa HATUCKYBaHb CTAaHOBHUTH 60 — 65 pasiB 3a
XBUJIUHY.

Macax cepist He0OXiTHO TO€AHYBaTH 3 MITy4HUM auxaHHsMm. Skmo CJIP 3aiiicHioe omgHa
JFO/IMHA, TO 3aXOJH LIO0 PATYBAHHS MOTEPILIOro HEOOXiHO MPOBOJUTH B Takiil MOCIIIOBHOCTI:
micisl ABOX INIMOOKMX BAYBaHb Y POT UM HIC 3pOOUTH 15 HaTUCKyBaHb Ha IPpyJHY KIITKY, IOTIM
3HOBY IOBTOPHUTH J[Ba BIYBaHHS 1 15 HaTHCKyBaHb I Macaxxy cepl 1 T.J. SKIIO JOIMOMOr'Y Haja-
I0Th JIBOE PSTIBHUKIB, TO OJMH IOBUHEH POOUTH IUTYyYHE TUXAHHS, a 1HIIUNA — HENPSIMHUI Macax
ceplis, IpUYOMYy B MOMEHT BJyBaHHS MOBITPS Macax ceplisi NpUIHUHAIOTh. [1icis oHOro BIyBaHHS
MOBITPS B JIETEHI MOTEPIIOr0 HEOOX1THO I’ SITh Pa3iB HATHCHYTU HA WOTO TPYAHY KIITKY.

3axo/ 0JJ0 O’KUBJIEHHS MOKHA BBaXKATU €(EKTUBHUMHU, SKIIO:

— 3BY3WINCS 31HHIII,
— IIKipa MOYMHAE POXKEBITH (B MEPIIy Yepry MIKipa BEPXHBOI Iyon),
— TIPY MacaXHHX IOIITOBXaX SBHO BiTUyBa€ThCS MyJIbC HA COHHIN apTepii.

[lItyuyHe nuxaHHS Ta HEMPSAMUN Macax ceplis HEOOXiTHO BUKOHYBATH JIOTH, MIOKU Y MOTEPITi-
JIOTO TIOBHICTIO HE BiTHOBUTHCS JMXaHHS Ta poboTa cepiist adp MoKK He mpuOy/ie MBUAKA MEIUIHA
JOTIOMOTa.

3axucT Bil CTATHYHOI eJIeKTPUKHU

Cmamuuna enekmpuka — 11€ CyKyIHICTb SIBUILI, 110 IOB’A3aHl 3 BUHUKHEHHSAM, HaKOIIMYEH-
HSIM Ta peJlaKcalli€lo BUIBHOTO €JIEKTPUYHOIO 3apsay Ha MOBEpXHi a00 B 00’€Mi JieIeKTpUYHHUX Ta
HaMIBIIPOBIIHUKOBUX PEYOBHH, MaTepialiB Ta BUp0OiB. BUHMKHEHHS 3apsAAiB CTATUUHOI €IEKTPUKU
€ Pe3yJNbTaTOM CKJIaJHUX MPOLECIB MEPEPO3NOILTY €IeKTPOHIB Y 10HIB MPU CTUKAHHI JBOX Pi3HO-
PLOHUX TiT (PEUOBUH).

[TopyiieHHsI MOBEpPXHEBOTO KOHTAKTY MPH TEPT1 TUT MPU3BOAUTE IO eleKmpu3ayii - BUHHUK-
HEHHS eJIEKTPUYHUX 3apsiiiB, K1 MOXKYTh yTPUMYBATHCh Ha MOBEPXHI IIUX TUI IPOTATOM TPUBAJIOTO
yacy. Taki 3apsau, Ha BIAMIHY BiJl pyXOMHX 3apsiB AUHAMIUHOI €EKTPUKU (E€IEKTPHUUHUI CTPYM)
3HAXOISTHCS Y CTATHYHOMY CTaHi.

Enextpuuni 3apsau BUHUKAIOTh:

— TpU TEPTi AICTEKTPUYHUX T OAMH 00 oxHOTro abo 00 MeTayn (HAampWKJIa, MacoBi
nepenadi);
— TpU IepesMBaHHi, epeKayyBaHHI, IEPeBE3CHHI B EMHOCTSIX TOPIOYMX Ta JIETKO3ai-

MUCTHUX PIiJIUH;

— TpHU TPAHCTIOPTYBaHHI TOPIOYUX Ta3iB TPyOOMPOBOIOM;
— Tpu oAPiOHEHHI JIIeNIEKTPHUKIB;
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— TpU NEPEeMIIIeHHI CYyXOro 3alWICHOro MOBITPA 31 MBUAKICTIO moHax 15 — 20 m/c i

T.IL.

3a CHpUATIUBUX YMOB, HalpUKIaJ, IPU HU3bKIH BOJIOTOCTI MOBITPS CTaTUYHI 3apsad HE JH-
II€ YTBOPIOIOTHCS, a ¥ HaKOoNU4ytoThcs. Konu B pe3ynbrari Takoro HaKOMUYEHHS BOHU HAOyayTh
BUCOKOI'O MOTEHLIaTy, TO MOK€ BUHUKHYTH IIBUAKHH ICKPOBUH pO3pPsl MK YaCTUHAMHU YCTaTKYy-
BaHHS a00 po3psAn Ha 3eMJI0. Takuil iCKpOBHIA pO3pS MPH HASBHOCTI TOPIOYHMX CyMilIeH MoOKe
CIPUYMHUTH BUOYX YU MOXKEXY. B 1boMy 1 nonsirae ocHoBHa Hebe3MeKa CTaTUYHOI eJIEKTPUKH.

3apsau CTaTUYHOI €JIEKTPUKUA MOXKYTh YTBOPIOBATUCH YU MEPEaBaTUCh (KOHTAKTHUM abo 1H-
OYKUIHHUM IUJISIXOM) TUTY JIFOJUHH. SIKIIO BUHUKHYTH ICKPOBI PO3psiiv, TO BOHU BUKIUKAIOTh (i3i-
OJIOTTYHY [II10 Y BUTJIAJI YKOJY YA HE3HAYHOTO TIOIITOBXY, SIKI caMi 10 cO01 HE SIBJISIIOTH HEOE3MeKH
JUIs JIFOAMHY (CHja cTpyMy po3psiay Ayxke mMana). OnHak, BpaxoByIOYH HEOUIKyBaHICTh TAaKOTO pO3-
pAany, y JIOJUHU MOXE BUHUKHYTH NEPEIISIK, BHACIIJOK SIKOTO MOXe BIIOYTUCH peIeKTOpHUl pyX,
10 B HU3LI BUMAJKIB MPU3BOAUTH 10 TpaBMyBaHHs (poOOTa Ha BUCOTI, OIS PyXOMHUX He3axullle-
HUX YaCTHH YCTaTKyBaHHS TOILO).

CucteMaTHUHUN BIUIMB €JEKTPOCTATUYHOIO IOJISA MIJBUINEHOI HANpYXEHOCTI HEraTHBHO
BIUTMBA€E HA OPTaHI3M JIIOJWHH, BUKJIUKAIOYH, B MEpITy 4epry, QyHKIIOHATIBHI PO3JIaid IEHTPaTh-
HOT HEpBOBOI Ta cepie-cynuHHoi cucteM. Biamosiguno no OCT 12.1.045-84 rpanndHo gomycTuMa
HaANpPYyKEeHICTh eJIeKTPUYHOro noiis E,y,, Ha poOOUnX MicLsSX HE MOBUHHA nepeBuiryBatu 60 kB/M,

SIKILO Yac BIUTUBY f, He Tepesutye 1 rog; mpu 1 rof < f, <9 rof— Foon=60+/% .

3axuCT BiJl CTATHYHOI EJIEKTPHUKH Ta 11 HeOe3MeUHUX MPOSIBIB T0CIATAETHCS TPHOMa OCHOBHHUMHU
crocobamu:

1. 3anoOiraHHsIM BUHHUKHEHHS Ta HAKOMUYCHHS CTATHYHOT CIEKTPHUKH,
2. TPUCKOPEHHSIM CTIKaHHS €JIEKTPOCTATUUHUX 3apsiiiB,
3. He#Tpaizami€elo eneKTPOCTATUIHUX 3aPs/IiB.

3ano0irTi BUHUKHEHHIO CTaTUYHOI €JIEKTPUKM YW 3MEHIIUTHU ii BEJIMYHMHY MOXKHA 3aMIHOIO
HeOe3MeYHo1 TeXHOJIOril, 3MEHIICHHSAM IMIBHJIKOCTI PYXYy PEYOBHHU HO TPYOONPOBOIY, BUTOTOB-
JICHHSIM TIOBEPXOHb, 110 TPYTHCS, 3 OJTHOPITHUX MaTepiaiB.

[TpuckopeHHIO CTIKaHHS 3apsiiiB CIIPHUSE 3a3€MJICHHSI YCTAaTKYBaHHS, 30UTbIICHHS €NEKTPOI-
POBIIHOCTI MaTepiaiiB NUISIXOM HAHECEHHS Ha iX MOBEPXHIO aHTUCTATHUHUX JI00aBOK UM MPHUCATIOK,
T IBUIICHHS BiTHOCHOI BOJIOTOCTI TOBITPSI.

Hetitpamizarist 3apsi1iB CTATHYHOI €IEKTPUKHU 3IHCHIOETHCS BHACTIAOK 10HI3aIlli TOBITPS 1H-
TYKIIHHUME, BUCOKOBOJIETHUMHU, PAII0aKTHBHIMHE Ta KOMOIHOBAaHUMH HEHTpatizaTopamu.

3axucr Big aTMmocgepHOi eeKTPUKH (0JTUCKABKH)

FBnuckaexoszaxucm — 11e cucTeMa 3aXMCHHUX MPHUCTPOIB Ta 3aX0JIiB, IO MPHU3HAYEH] s 3a0€3-
neyeHHs O0e3MeKH JIIIeH, 30epekeHHs Oy TiBENb Ta CIIOPY/l, YCTaTKyBaHHS Ta MaTepiajiB BiJ MOX-
IuBHX BHOYXIiB, 3aiiMaHb Ta pyHHYBaHb, CIPUUYNHEHHUX OJHMCKABKOIO.

bnuckaska — oco0nuBUil BUA MPOXOIKEHHS €JIEKTPUYHOTO CTPYMY depe3 BeJIn4Ye3Hl MOBITpsI-
Hi MPOILIAPKH, JHKEPETIOM SKOTo € aTMOC(hepHUil 3aps]], HAKOMMYEHHUH IPO30BOI0 XMapoi0. YMOBU
YTBOPEHHSI TaKMX XMap — BEJIMKa BOJIOTICTh Ta IIBHIKA 3MiHA TEMIIEPATypH TOBITPs. 3a TaKUX
yMOB y aTMocdepi 3eMili MpOoXoAsTh CKIaaHI (Pi3UUHI MpolecH, SKi MPU3BOJATH O YTBOPEHHS Ta
HAKOMMYEHHS eJeKTPUYHUX 3apsAniB. [Ipu miBUIIIEHH] HAIPYKEHOCTI €EKTPUYHOTO MOJI 10 KpH-
TUYHUX 3HAYE€Hb BUHUKAE PO3PAM, SKUH CYNPOBODKYETHCS SICKPAaBUM CBIUCHHSIM (OJIMCKAaBKOIO) Ta
3BYKOM (rpoMoM). JloBkMHa KaHaTy OJIMCKaBKUA MOXe JOCATaTH KUJIbKOX KIJIOMETPIB, CUila CTPyMy
—200 000 A, nanpyra — 150 000 kB, a remnepatypa — 10 000 °C i Ginbire. Yac icHyBaHHS OJHCKa-
Bk — 0,1 — 1 c.

Po3pi3HsI0Th IEpBUHHI (MIPSIMUIA y1ap) 1 BTOPUHHI MPOSIBU OJIMCKaBKU.

Ipamuii yoap 6auckasku (ypakxeHHs OJIMCKAaBKOIO) — O€3MocepeiHii KOHTAKT KaHary OJuc-
KaBKH 3 OyIBIICIO YU CIIOPYJIOI0, IO CYNPOBOKY€ETHCS MPOTIKAaHHAM depe3 Hei CTpyMy OJncKaB-
ku. [IpssmMuii yap O1MCKaBKY 3/IIMCHIOE HA YpaKeHUH 00’ €KT HACTYITHI il

— EJIEKTPHUYHY, 1110 MOB’s[3aHa 3 YPaXXEHHSM JII0JIeH 1 TBAPUH €JIEKTPUYHUM CTPYMOM Ta

BUHUKHEHHSM HANpyT Ha €JIEMEHTAaX, M0 SKUX CTPYM BiIBOIHUTHCS B 3€MITIO;
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— TeIUIOBY, II0 3yMOBJICHA 3HAYHUM BUIUICHHSIM TEIJIOTH HA HUIAXAX MPOXOKCHHS
CTpyMy OJINCKaBKH uepe3 00’ €KT;

— MEXaHiuHy, 10 CIIPUYMHEHA yAapHOI0 XBHIICIO, SIKA MIOITUPIOETHCS Bl KaHaTy OJrc-
KaBKH, a TaKOX EJIEKTPOAMHAMIYHUMHU CHJIaMU, 110 BUHUKAIOTh y KOHCTPYKLISX, Yepe3 sKi
MPOXOJUTH CTPYM OJIMCKAaBKH.

Ilopsiiok BUKOHAHHSA PO0OOTH

1. JlochiauTH 3a€KHICTh CUIIM CTPYMY, SIKAH IPOTIKAa€ yepe3 TUIO JIFOJUHU, Ta HAIPYTH Ha
HI{ BiJl OMIOPY BUTOKY MEPEXi MpU JOTUKY JO MOIIKOKEHOT0 00JIaJHAHHS TIPH 130JIbOBaHIN HEM-
Tpaji Mepexi xxuBieHHs (puc. 11, a). Pesynbpratu 3anectu B Ta011.6.

2. [ToGynyBatu rpadiku 3anexHocteit Iim = f (r) Ta Un = f (r) s BUmaakiB 10TUKY 710 He3a-
3e-MJICHOT'O KOPITYCY, 3a3€MJICHOTO 3 BEJIMKUM OMOPOM 3a3€MJICHHS Ta 3 OMIOPOM 3a3eMJICHHS, Bif-
Mo-BigHUM HOpMI. 3anexHicTh m = f (r) 11t ycix TppoX BUNAAKIB MOOYAyBaTH Ha OJHOMY Tpadiky,
a Un = f (r) — Ha iHmomy.

3. Buznauutu cuity cTpymy, L0 MPOTIKAE Yyepe3 TUIO JIIOAUHHU, 1 HAPYTy Ha Hil [P 10TOP-
KaHH1 JI0 KOpIyCy 00JIaiHaHHS MPU 3a3eMIICHIH HEHTpalli Mepexi KUBJICHH] Ta HANPY31 KUBJICHHS
Buie 1000 B (puc. 11, 6). Pesynbratu 3anectu B Ta01.7.

4. BU3HAUUTH CHITy CTPYMY, IO MPOTIKAE Yepe3 TiIO JIOAWHY, 1 HAIpyTy Ha Hil MpH A0TOP-
KaHHI 10 KOpIycy oOjiaaHaHHs MPU 3a3eMJICHIN HEUTpasi MepexXi )KMBJICHH] Ta HaNpPy31 KUBJICHHS
1o 1000 B (puc. 14). PesynbraTu B Ta0MI. 8.

5. BuszHauutu cuity cTpyMmy, 1110 NPOTIKAE Yepe3 TUIO JIFOAMHHU, Ta HANPYTy Kpoky. Pe3ynbra-
TH 3aHECTH B Tab1.9.

6. 3a nanumu BuMiproBaHb noOynyBatu rpadiku [, = f (/) 1 Uy = { (/). I[loOynyBaTu BoJIbT-
aMIIepHY XapaKTepUCTUKy Tina moaunu I, = £ (Uy).

7. JAns KoKHOTO 3HaueHHs U, 00YHCIINTH OIip TU1a JIFOAUHU 1 o0y xyBaTH rpadik R, = f (U,).

Cuna cTpyMy, 110 IPOTIKA€ Yepe3 TIJI0 JIIOJAMHI BU3HAYAETHCS 32 (POPMYIIOH0:

o U U
" R+R R+6-p

ne R, — omip tina moauau, OM; R, — omip po3TiKaHHS CTPYMY B I'PYHTI MK TOUKaMH, B SIKHX
3HAXOJATHCS HOTH JIIOJUHH (,,0Tip KPOKY’’), SIKIIO 3HEXTYBATH OTIOPOM B3YTTs, TO R, = 6°p,, 1€ p, —
MUTOMUH OITip TPYHTY TOBEPXHI.

0
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IIporoxou 1adopaTopHoi podoTn «KoMiuiekcHe 10CTiIKEHHA eJ1eKTPo0e3neKn»

CTYACHTa

rpynu

Meta po00TH — JOCTIAUTH XapaKTep pPO3MOAUTY KPOKOBHX HANpyT i CHIIM CTPYMY, L0 IPOTi-
Kae 4epes JIOAWHY, NMPH 3aMUKaHHI a3y Ha KOPITYyC €IEKTPOYCTAHOBKH 1 BUSIBUTH (aKTOPH, IO
BIUIMBAIOTh HA HACIIJKU YPaXXCHHs HAIIPYTOl0 KPOKY; O3HAHOMUTHCS 3 MPUHLUIIOM POOOTH 3axXHC-
HOT'O 3a3€MJICHHS 1 OL[IHUTH BIUIUB ONOPY CTPYMOBI PO3TIKaHHS Ha €(pEKTUBHICTh 3aXMCHOI'O 3a3e-
MIIEHHS B €JIEKTpOyCTaHOBKax Hampyroro 1o 1000 B; o3HaiioMUTHCS 3 NPUHIMIIOM [ii 3aHYJICHHS
Ta OLIHUTHU HOro e(heKTUBHICTD.

Buxounanus podooru

1. 3aneXHICTh CHIIU CTPYMY, SIKUH IPOTIKA€ Yepe3 TII0 JIOAMHYU Ta HAIIPYTH Ha Hil, BiJ OIO-
Py BHTOKY MEPEXi MPH JOTUKY 0 MONIKOIHKEHOro 00JaHaHHS NP 130JIbOBaHIN HEUTpasi Mepexi

KHUBJICHHS.
Tabmuns 6
XapakTepuCTHKA 3a3eM-
R, kxOMm r, KOm C, MKD I,, MA U,B
JICHHSI KOpIIycy
0
1
2
1. Kopmyc He3azemuenuit 5
10
400
0
1
2. Kopmiyc 3’etHanwmii i3 3
3a3eMJTIOBAYEM, OIIIp KO- 5
ro OubllIe HOPMHU
10
400
0
1
3. Kopnyc 3’eqHanuit i3 3
3a3eMITFOBAYEM, OITip KO- 3
'O BIJINOBiAa€ HOPMI
10
400
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2. I'padixm 3anexnocreit [, = f () ra U, = f (r) 11 BUNaaKiB JOTHKY IO HE3a3€MJICHOTO KOP-
yCy, 3a3€MJICHOTO 3 BEJIMKUM OIOPOM 3a3€MJIEHHS Ta 3 OMOPOM 3a3€MJICHHS, BIAMOBIIHUM HOPMI.
3anexHictsb I, = f (7) 11 yciX TpbOX BUMAJKIB Ha OAHOMY rpadiky, a U, = f () — Ha iHIIOMY.

3. Cuna ctpyMy, 1110 NPOTIKA€E Yepe3 TiI0 JIOAMHH, 1 Harpyra Ha Hiil Ipu JOTOPKaHHI 10 KOp-
nycy oOJjaJiHaHHS MPH 3a3eMJIEHIN HelTpaii Mepexi )KUBJIEHHI Ta Hanpy3i kuBjeHHs Bumie 1000 B

(puc. 11, 6).

Tabmms 7

PexxuMm pociainkeHHs

I,, MA

U,B

1. Kopmryc HezazemieHuit

2. Kopmiyc 3’etHaHMiA 13 3a3eMJITIOBa4YeM, OIIip SKOTO OibIe
HOPMH

3. Kopmyc 3’ennanmii 13 3a3eMiIroBadeM, OMip sIKOTO BiJIIOBI-
JIa€ HOpMi
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4. Cuna cTpyMy, IO IPOTIiKa€e 4epe3 TLIO JIOMHM, 1 Harpyra Ha Hill Ipy JOTOPKaHHI 10 KOp-
nycy oOnaJHaHHS MPU 3a3eMIICHIH HEeHWTpalli Mepexi >KMBIEHHI Ta Hampy3i >kuBieHHs a0 1000 B

(puc. 14).
Ta0muus 8
Crpym B
Pexum pocaimkeHHst HYJIbOBOMY I,, MA U,B
MPoOBOIi, A
1. Kopmyc 3anynenuit
2. Kopmyc 3anyiieHuii, Hy1bOBUH MTPOB1Jl HOBTOPHO 3a3e-
MJICHHI 3 OIOPOM 3a3€MJICHHS 3HAYHO O1IBIIIUM HOPMHU
3. Kopmyc 3anynennii, Hy1bOBUI TIPOB1I TIOBTOPHO 3a3€-
MJICHHI 3 OIOPOM 3a3€MJICHHS, IO BiJIOBi1a€ HOPMi
5. Cuna ctpymy, 110 MPOTIKA€E Yyepe3 TUTO TIOUHH, Ta HAPyTa KPOKY
Tabmus 9
Ha- Cuiaa . Bumi- BiacTanp JIOAMHU BiJ Miclisi 3aMUKAaHHA HA 3eMJII0 [, M
| Sh |
TPOYy- | KaHHSl | MJIeH- oﬁqu.c-
cTa- 1A 3e- ns, JIeHi 08|16 | 24 (3,2 |40 | 48 | 56 | 6.4 | 7,2 | 8,0
HOB- | MJIIO, Om rapa-
KH, kKB A MeTpH
I,, MA
o0 U.,B
R,, Om
I, MA
0,5 U,B
6 R,, Om
I,, MA
10 U,B
R,, Om
I,, MA
50 U, B
R,, Om
I,, MA
o0 Us,B
R,, Om
I, MA
0,5 U,B
R,, Om
35 I,, MA
10 U,B
R,, Om
I,, MA
50 U.,B
R,, Om
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6. I'padixu 1, = £ (/) i U, = f (/). BonpT-ammniepna xapakrepuctuka tina moguau [, = f (Uy).

7. Omip Tina JOAUHU A KOKHOTO 3HaueHHs Uy 1 rpadik R, = f (Uy).
Cuna cTpyMy, IO IPOTIKAE Yepe3 TUIO JIFOIHHH:

Uk Uk

].rl = ~ =
RJ+RK er+6’pn
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