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No Temnul
TUCITN -
[T HBI

HanmenoBanume TeM QU CIUILINHEBL, UX KPATKOE CO-
IepxKaHue

O0beMm
qacoB

13 nux mpaktu-
gecKas Mmoaro-
TOBKA, YACOB

5 cemecTp

IIpakTHueckass padora Ne 1. DiiekTpHueckHi
paspsil B rasax. XapakTEpPUCTUKH SJIEKTpPHYE-
CKOTO IOJIT U OOmMMU METOH pacdyera €MKOCTH M
HAIIPSKEHHOCTH AJIEKTPUYECKOTO MOJIA ITPOCTEH-
IMX CUCTCM KOHIACHCATOPOB.

M3yaurs MeTon pacuera eMKOCTH U HAMPSKEHHO-
CTH SIEKTPUUYECKOTO MOJA HPOCTEHUIINX CHCTEM
KOHJIEHCATOPOB.

1,5

IIpakTHueckas padora Ne 2. DjiekTpHYeCKHH
paspsia B raszax. Pacuer mnockoro, nuiamHapude-
CKOTO U C(pepruaecKkoro KOHIEHCATOPOB.

M3yauTe OCHOBHEIE METOABI pacdyera ILIOCKOTO,
IJIMHOPUIECKOTO M CPEepUuEeCcKOro KOHIEHCATO-
pOB.

1,5

1,5

IIpakTHueckas pabdora Ned. HU3oassTopbl BO3-
AVINHBLIX JIHHHH H moJAcTaHuumii. YactHeie Me-
TOOBI PACUETOB EMKOCTH U HANIPSAKEHHOCTH CIJIOK-
HBIX SJIEKTPUUYECKUX MMOJIEH.

M3yuuTs METOIBI pACYETOB EMKOCTH WM HAIIPSKEH-
HOCTH CIIOKHBIX NIEKTPHUECKUX ITOJIEH.

1.5

IIpakTHueckas pabora Ned. UsoasiTopbl BO3-
AV HIHLIX JTHHHN U noJcTaHIui. O0mias xapakre-
PUCTHKA W 3aKOHOMEPHOCTH PAa3pANOB B Ta30BOU
cpexne.

M3yduTe XapakTepUCTUKY W 3aKOHOMEPHOCTE
SJIEKTPUYECKUAX Pa3psaaoB.

1.5

IIpakTHueckas padora NeS. BuyrpeHHsss H3o-
JANHSA YIeKTPOVCTAHOBOK. OCHOBHBIE (DOPMBEI
pas3psanoB B ra3ax ¥ UX MCHOJIb30BAHHE.

MN3yduTs OCHOBHBIE (DOPMEI pa3psAaOB B ra3ax U UX
MPUMEHEHHUE HA MTPOU3BOACTBE.

1,5

1,5

IIpakTHueckas padora Ne6. UcnbITaHHS H30.15-
uuu. M3MepeHHe CONPOTHBIIEHHS H €MKOCTH
m3ojsiuu. IlepekperTue TBEpAOM WM3OMAIUA U
CKOJIB3AIIME Pa3PAObI HA MOBEPXHOCTH.

M3yauTs MOHATUS NEPEKPRITHA U30JIALNN, CKOJIb-
3AMME pa3pAdbl U MIEPEHANPAKCHAA HA BO3TyI-
HBIX JIMHHAX.

1,5

Ao

C.Epnl wkat: 2C0000043E
Bnangn

eu. llleGayxoea T4Te

IIpakTHyeckas padora Ne7. KoHTpoib THAIEK-
TPpHYECKHX IOTephL H H3MepeHHe NapaMeTpoB
YACTHYHBLIX pa3spaaoB. KoHTpo/Ib NOBbINIEH-
HbIM HANIpPSLKeHHeM. HCIILITAHUSA H30/IAIHH OT-
Je/IbHbIX BHI0B 00opynoBaHHsA. KOHTpO/IbL H30-
vESHIN, KON TAKTHOH ceTH. [eroBoy u snekrpu-

SNEKTHOHERR I .

952205E7BAS500060000043E
3YIHTH ﬂpgag'g[ﬂ BHA BO3HHKHOBCHHA TCIIOBEIX H

YIEKTPUIECKUX TPOoDOEB.

1.5
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IIpakTHueckas pabora Ne8. 3mepeHnne BbICO-
KHX HanpsxeHHN. IlepeHanps:xeHHS B JIeK-
8 TPHYECKHX ceTHAX. ATMoc(epHbIe NepeHANPS-
KeHUsl. PacueT 3a3eMIAI0MMX yCTPOMCTB.
[TpuobpeTenne HaBbIkOB pacuera 3.

1,5

IIpakTHueckas pabdora Ne9. Pacnpocrpanenue
BOJIH MepeHANpsKeHHH. KBAa3HCTAIHOHAPHLIE
H KOMMYTAIIHOHHBIe IepeHANpsKeHHs. 3a-
9 IHTA OT NepeHanpsxkeHH. Pacuer conmpoTuse-
HUS PACTEKAHUIO TOKA MPOMBINUIEHHON YaCTOTHI.
[Tonryuenmne HaBBIKOB pacdeTra COOPOTHBIECHUS
pacTekaHus TOKA MPOMBINIUIEHHON 4aCTOTHL.

1,5

Htoro 3a 5 cemecTp:

13,5

HUroro:

13,5

|t

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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4. Coodeporcanie npaxkmudecKux paoom
Ipaxkmuueckas paooma Ne 1. Inekmpuueckuii pa3pao ¢ cazax. XapakmepucmuKu
INEKMPUUECKO20 NOAA U 00U Mem 00 paciema eMKOCMU U HARPANCCHHOCMU 31eKmpuie-

CKO20 NOJA NPOCMENHUX ClUCmeM KOHOeHCamop0e.

Ilenw: V3yuute METON pacuera €EMKOCTH U HANPKEHHOCTH 3JIEKTPUYECKOTO ITOJIA MPO-

CTEHIIHNX CHCTEM KOHIOCHCATOPOB.

Ocrnoevt meopuii:

Hanpsaxé€unocts snexkrpuueckoro o (E B/M) ects BekTOopHad BemanHa, onpenenaemMas
OTHOMIEHUEM CHUTBI, IEUCTBYIOMIEN B MOJIE HA SIEKTPUUECKUAM 3apsan, K Benuuune 3apana. Ilox
OEUCTBUEM HANPSKEHHOCTH MOKET MPOUCXOIUTH HPOOON MIM TMEPEKPHITHE W3OMUPYIONIEH
CPEIHL.

BekTop HanpsKEHHOCTU 3NEKTPUIECKOTO IO HA TPAHUIIE pa3fenad JBYX W30IUPYIOMINX
CpEI MpU MNEPEXOJE B CMEKHYIO CPENY MPEIOMIIETC, PACKIAABIBAACE HA HOPMAIBHYIO (Em) u
TanreHnuaneHyo (Et) cocrapmsronine.

[Torentman snexkTpudeckoro mois ((p B) ABAAETCA CKATAPHON BEMMUMHOMN. TOUKYM SIEKTPH-
UECKOTO MOJIA UMEIOT MOJIOKUTEIEHEIN, OTPULIATEIBHBIN WIH HYJIEBOM MOTEHIIMAIIEL.

[TonmoxuTenpHBI MOTEHIMA JAHHOW TOYKU NICKTPUUECKOTr0 MOJISA PABEH YHEPTHH, KOTO-
pyro mpuoOpeTaeT € IMHUUHBIN MOJIOKUTEILHBIHN 3apA/l MTPU €r0 NEPEMENICHUH BHETITHUMH CHIAMHA
13 TOYKU C HYJIEBEIM MOTEHIIUAIOM B TAHHYIO TOYKY IPOTHUB AEUCTBUA CHI NEKTPUUECKOTO MOJIA.

HynepeiM moTeHnMasioM yCInoBHO 00Ia1at0T TOYKY, YIATEHHEIE B OECKOHEYHOCTE OT 3a-
pAna mim 3a3eMICHHEIE.

OTpULIATEIBHEBIN TOTEHIINAT XaPAKTEPU3YET PACXOI SHEPTUU ITOJIA HA MEPEMEILICHUE €a1-
HUYHOTO MOJONKUTEIRHOTO 3apAaaa W3 TOUKUA C HYJIEBBIM IMOTEHIMAIOM B JTAHHYIO TOYKY IO
HAIPABJIEHUIO JEUCTBUA CUII SJIEKTPUYECKOTO TTOJIA.

Touku smeKTpUUECKOTO MOMIA, UMEOIINE OIUHAKOBEIA MOTEHIHN A, 00pa3yrOT SKBUITOTEH-
[UATBHBIE TTOBEPXHOCTH.

Pa3HOCTE MOTEHIMAIOB ABYX TOYEK SIEKTPHUUECKOTO MOMA HA3BIBAETCA HanpskeHuem U
MEKIY STUMH TOUKAMHM U U3MEPIAETCA B BOJIBTAX:

U=¢1—¢,=A7¢
M3 onpenenenus moTeHNUaia Kar SHEPTUA €AWHWUYHOTO 3apAnd, BHECEHHOTO B JAHHYIO

AOKYMEHT [OAMWCAH
TOUKY NG/EKTeadyoIQMMIOLPA3HOCTE IOTEHIIMAIOB MEXKAY ABYMA TOUKAMH IO A@ €CTh mpupa-

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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HIeHUE WK YOBRUT ATOM SHEepruu. [ 3apAaaa, o BEIMINHE OTJIMIHOTO OT €AUHUILEL, 3TO MPUpa-
NIEHUE SHEPTUHA MOKHO PaCcCMATPUBATH Kak padory AA, mpOM3BENEHHYIO CUIION gE HA OTpPE3KE
nytu Aa.

[Tpu coBmagenny HampaBaeHUA AEUCTBUS CHIIEL gE C HAITPABICHUEM HEPEMENICHUA 3apsaaa

pabora oTpunaTenbHa, T. €. MPOU3BOOUTCA 3a CUET CHJI ITOJIA, 4 IMPH HECOBMAAEHUH — padoTa

[TOJIOKHUTCIIbEHA, TAK KdK ITPOHU3BOINUTCA 3d CUCT BHCIIHHX CHIIL.

—A =qEAa
Orcroga MOKeT OBITH MOMydE€HA MATEMATUUECKAS CBSI3b MEKAY MOTEHIMATIOM M HAIIPS-
KEHHOCTBIO:
dA
—dp = - = Eda
Unn
= L [/

Hcnone3ys 3aBucuMocTte (1), magum HOBOE ONpeneneHue HAMPAKECHHOCTH: HAMPSKCEH-

HOCTB 3JIEKTPUYECKOTO IMOJIA €CTh CKOPOCTh YOBIBAHMA (3HAK MHHYC) IMOTEHIMAIA IO HAIPaBJIE-
HUIO CUJIOBBIX JIMHHUM ITOJIA.

E.n8/x |

¥t N

m*-- o —

Pucynok 1.1 — I'pauueckas cBA3p MEKIY NOTCHIMAIEHON KPUBOH U KPUBOW HAINPSKEH-

HOCTH

[Iycte m3MeHeHne moTeHnuana MeXAy KaKMMHU-IM00 TOYKAMH NIEKTPUYECKOTO IO
n300paxeno rpadguuecku (puc. 1.1), B sTom cnyuae BemmunHa HAMPAKEHHOCTH SIEKTPUIECKOTO
MOJIA, BEIPAKEHHAA 3aBUCUMOCTEIO | ), MpuoOpeTaer reoMeTpUIeCKUN CMBICI U MOKET OBITE OIpe-
NEJIEHA, KAK TAHTEHC yTJIa HAKJIOHA tg 4 KACATEIbHON K MOTEHIIUAIILHOM KPUBOU | B TOUKE KacaHusA

A, ¢ yuérosomacurradoB-HioTeHIMana M nepeMenienus tram(mm.). Maremarnaeckun HanpsaxEH-
INERTPORROW MNOGNTMCBIO

Ceprud HE’-CT‘E neﬁbhheﬁmfﬁ ﬁmfft mAs Toukn A (Ha KpUBOM 2) BEIpA3UTCA

E|'I|'-.'-. vX0Ba TaTkRAHA / )BHA

S e = A0 A8 37T 5 - 3 M T3
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do - |Ae . myAB m,
E—‘%—hmﬂ—hmw—m—ﬂma
AB Ag Aa
tga=—, AB=——, BC=—
BC my mg,

JlomycTrMm, 4TO XapakTep H3MEHEHUS ITOTEHIINAIA B U30JMPYIOIIEN Cpene 3anaH rpafuae-
cku. Toraa, MCmonan3ys (POpMyIIy, IO TOUKAM CTPOUM KPUBYIO M3MEHEHHS HATIPSKEHHOCTH SI1EK-
TPUUECKOTO ITOJIA.

C opyroi CTOPOHEI, U3 COOTHOMmEHUS nMmeeM d@ = —Eda, , 0TKyaa mo 3agaHHoi aHaIu-
THUYECKOU 3ABUCUMOCTH U3MEHEHUA HANPAKEHHOCTH HneKkTprudeckoro moas E = f(a) momyaum mmo-
TEHI[UAT B

Mr000M TOUKE ATEKTPUIECKOTO

MOJIA, CYMMUPYS OPOU3BENECHUA HANIPAKEHHOCTH SJIEKTPUUECKOTrO IO HA OECKOHEIHO

MAJIBIE OPUPAIIEHNA KOOPOUHATHI IBUIKYILIEUCA TOYKH HA YU4ACTKE OT OECKOHEYHOCTH J0

3a0aHHOM:
il oo
Py = — fEda = f Eda|B]
oo (L

B cooTBeTCTBUH C 3aBUCHUMOCTEIO (3) 1a1M MOTEHIMATY HOBOE OMPENEICHHUE.

[ToreHiman B 3a7aHHOM TOYKE SIEKTPUYECKOTO MOMA €CTh JUHEHWHBIM UHTETPal HANpP:A-
KEHHOCTH B IIpeaenax 0T OECKOHEYHOCTHU 10 3aJaHHOW TOUKH ITOJIA.

['panuent nmorentmana (G B/M) — XapakTepUCTHKA SMEKTPUIECKOTO ITOJIA, YUCIEHHO PaB-
HAas HAIPKEHHOCTH NIEKTPHUUECKOTO ITOJIA, OTINYAONIAACA OT HEE TOJIbKO MPOTUBOITOIOKHBIM

3HAKOM.

['paguenT eCTs BEKTOP, OMPEIEIAIONINN CKOPOCTh HAPACTAHUS MOTEHIIMATA B HAMPaBIIe-

HHUH TPOTHUB CHJI TTOJIS:
— d — —
G =grad ¢ = —FE = E |B/M]

JlusnekTpruaeckas MpoHUIAEMOCTE (B (p/M) — OCHOBHASA XaPAKTEPUCTHUKA SIEKTPHUIECKUX
CBOMCTB M30JIUPYIONIEr0 Marepuana, (PM3NIeCKH XapaKTepU3yonias THTEHCUBHOCTL MPOIIECCOB
MOJIAPU3ALIAY B CPEIE TUAAEKTPUKA, MPOUCXOAANINX MO JEHCTBUEM BHEIIHETO AIEKTPUIECKOTO
mosis. Maremarnaeckn oHa MOKET OBITh MPEACTABIEHA MPOU3BEICHUEM IBYX BETMUNH:

e = eye’|B/M]

TAG, 6 pmppserdpiical P/ M]— d7eKTPHIECKAs MOCTOSMHHAS, YCTAHOB/ICHHASL OIBITHBIM ITy TEM;
3NEKTPOHHOW MOAMKCHIO

Ceptudmkar: 2 COE0E43E NEEHD CHTEMRAIAM s MHIAACSKTPHUICCKAA ITPOHUIACMOCTE MAdTCPHAId (BEI[HIII-*H-IH 0 C3pas-
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3HAUEHUS OTHOCUTEILHBIX TUAIEKTPUUECKUX MPOHUIIAEMOCTEN A Pa3IMIHEIX MATEPHAa-
0B madel B [1-1 *,

Dnexrpuueckoe cmemenne (D k/M?%)—xapakTepucTHKa, OMPENEIMIOmas IeHCTBUE JIIEK -
TPUUECKOTO MOJISA HA TUAJIEKTPUK — €CTh BEKTOPHAA BEIMUMHA, PABHAA MPOMU3BEIECHUIO BEKTOPA
HAMPSKEHHOCTH AMEKTPUYECKOT 0 MOJIA B PACCMATPUBAEMON TOYKE HA IUAIEKTPHUIECKYIO MTPOHHU-
1[AEMOCTE CPEJIBI:

D = Ee [k/Mm?]

DJIEKTPUYECKOE CMEINIEHUE MPEICTABIIET COOOM MIOTHOCTE SNEKTPUUECKHUX 3aPAI0B HA
MOBEPXHOCTHU 3apPsKEHHOTO Tenma Tu00 3apsan, MHAYKTUPYEMBI HA KaKAOM KBAOPATHOM METpE
MIPOBOIANIEH MOBEPXHOCTH, BHECEHHON B JJIEKTPUUYECKOE MOJI€ HOPMAILHO K €r0 CHUJIOBEIM JIU-
HUM.

Jnexkrpruueckad eMKOCTh (C () — moHATHE, MPUMEHAEMOE K KOHCTPYKIIUAM, OPEICTABIIA-
IOTIUM CO00H mpOBOAANINE TEMA (3MEKTPOIBI ), pa3aeIeHHBIE CI0eM AU3neKTpuKa. KoHncTpykimm,
HCITOJIL30BAHHBIE T HAKOTIIEHUSA UM COXPAHEHM A 3apAa0B, HA3BIBAIOTCA KOHIECHCATOPAM.

Ecmit snekTpoasr KOHAEHCATOPa COETUHUTE C HCTOYHUKOM HAMPSAXKEHUA, TO OHU IpHo0pe-
TyT COOTBETCTBYIONINE PABHEIE IO BEIMYMHE U MMPOTUBOIIOJIOKHEIE IT0 3HAKY MOTEHIIMAJIEL:

U=¢1— (=92 =2¢

[To mepe mporekanusa nmponecca MoJAPU3alii B IUIIEKTPUKE HA MOBEPXHOCTH SIIEKTPO-
OB HAKAIIMBAIOTCA 3apsaabl. ONBIT MOKA3BIBAET, YTO MEKIY BEIMUNHON HAKOMUBIIETOCS 3apaaa
Q u BesmunHOU HanpsxeHua U MEexKIy SJIEKTPOgaMHu CYHIECTBYET CBA3b, 3ABUCAMIAA OT T€OMET-
PHUYECKHUX Pa3MEpOB KOHIEHCATOPA M poaa OUAIEKTPHUKA. ITY CBI3b ¢ KOMMYECTBEHHON CTOPOHEI
XapakTepu3yer eMkoCTs C.

EMKOCTE €CTh OTHOUIECHHE 3apAaa K HAIPSIKCHUIO:

Enunumen emkoctu B cucreme CH anaerca papana (¢). Tak kak sTa BeTUduHA MPAKTH-
JECKH 0YEHB BEIMKA, TO B PACUETAX UCIOJIB3YIOT €€ JOIbHEIE equHUIBI (CM. [1-2).

Pacueram eMKOCTH ¥ HATPAKEHHOCTH 3neKTpudeckoro moias B 1 BH npugaercs nckmroun-
TEIBHO BAXKHOE 3HAYEHME, TAK KAK OONBIIMHCTBO BEICOKOBOJBTHBIX KOHCTPYKIMIT COCTOMUT M3

OPOBOJANINX ITOBEPXHOCTEN, PA3AEIEHHBIX CIIOEM JUAJIEKTPUKA.

_I1%10

C=
U2rf

[MKQ]

J TAGERMEEP BB/ EMKO CTH NCITONB3YIOTCA MOCTOBBIE CXEMEI PA3TUYHON KOHCTPYKIUA. Pac-
SNEKTPOHHOW MOAMUCHIO

CeptudpREST MMMW@HEEWEEH IO peE3yjabTdTdM H3IMCPCHHA TOKd H HAITPAKCHHA ITPH 34d-

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

TAaHHOHW 4aCTOTe
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Ecim pacuer eMKOCTH NPOU3BOIUTCS B MPOLECCE KOHCTPYUPOBAHUA U3AEINA, TO CIIOKHAA
(popma MPOBOIANIMX ITOBEPXHOCTEN MIPUBOIUTCA K T€OMETPUYECKH ITPABIIBHOM CUCTEME: ILIOC-
KOCTh—IJI0CKOCTE, [MWIMHAP — UUIMHIDP, cepa — cdepa, A1 KOTOPEIX MOKHO YCTAHOBUTH
eIVMHYIO0 MATEMAaTHUECKYI0 TOCIEI0BATEIBHOCTE PACUETa EMKOCTH U HANPKEHHOCTU. MeXo mHBIM
COOTHOIIEHNEM TAKOTO pacdera ABmieTcs Teopema [aycca™.

Teopema INaycca: moTok BEKTOpA HAMPSKEHHOCTH AAEKTPUYECKOTO MOJISI CKBO3b 3aMKHY-
TYIO IIOBEPXHOCThL PABEH 3apsay, 3aKIIOYEHHOMY B 4ACTU MPOCTPAHCTBA, OTPAHUYEHHOIO STOH
MOBEPXHOCTEIO, JEIEHHOMY HA BEIUYMHY IMAIEKTPUYECKOW NPOHUIAEMOCTH HCCIENYEMOHN
Cpensl.

Marematnuecku Teopema ['aycca Beipakaercsa 3aBUCHUMOCTERIO

Q

$ EdS =
EoE

rae Q — 3apsn, K

E — HanpsKeHHOCTH SJIEKTPUYECKOTO TTOJIA, B/M;

£9E’ — AUANEKTPUYECKAs NPOHULIAEMOCTE Cpeasl, (p/Mm.

[Tpu pacuerax nemnecoo0OpazHo UCMOMB30BATh SKBUMOTEHIIUMAIBLHBIE MOBEPXHOCTH Sa, KO-
TOPEIE C OOQHOU CTOPOHBI TEOMETPUUECKH MPABUILHEL, 4 C APYTrOM BRIOPAHBI TAK, YTO HAMPAKEH-
HOCTB JIEKTPUUYECKOrO moyd BO (Bcex Toukax HeMm3MeHHA. JTO MO3BOIAET BEIHECTH BEIMYHHY
HAMPSDKEHHOCTH 3a 3HAK MHTEerpana. YacTu mOBEPXHOCTH, HE MEPECEKAEMBIE MMOTOKOM BEKTOpa
HAIPKEHHOCTH SJIEKTPUYECKOTO MOJIA, HATPUMED TOPLIEBBIE YACTH IMIUHAPHYIECKOM TOBEPXHO-
CTH, CJIEQYET UCKIFOUYUTE U3 PACCMOTPEHHUA.

DIIEKTPUYECKOTO O U BEMUYUHOM 3apAaa, Ha3eIBAEMOE TeopeMoi ["aycca.

1. ITpumenss teopemy [aycca, MBICTIEHHO OTPAHWYMM OJWH U3 JIEKTPOAOB 3aJAHHOUW CH-
CTEMBI 3aMKHYTOU SKBUIOTEHIIMATEHOM TOBEPXHOCTHIO0, I KOTOPOH BEIPA3UM MATEMATHUECKYIO

CBA3b MEKIY HAMPAKEHHOCTBIO 3JEKTPUYECKOTO IOJIA, 3apAAOM U AUAJIEKTPHUECKON MPOHULAE-

MOCTBIO CPEIBI:

EdS ==
TdK KdK
$dS =S5,
To
F= s,

23]mgmm@mEH}m (3) 1 (9), ycraHOBHUM, UTO HAMTPSIKEHHE MEKIY ICKTPOIAMH

Ceptudmkar:  2C0000043ESABBB952205E7BAS00060000043E
Bnagen MHT emmgggm @wmﬂ CA HEPE3 OIpeacia €HHBIA HHT CrpaJ BEKTOPd HANIPAKCHHOCTH 3JICKTPH-

qECKOT0 I10J14 110 H}’TH }VGLIBHI-H‘IH IMOTCHIIMAIA (.?.HHI{ NH/I’H}’C) BI0OJIE HHHpﬂBHE‘HI{H CHIOBEIX JTPH—II*TFI:
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2
Q (da
U=@1_@2=_f5dﬂ=_ fS [B]
] e

31€Ch MOMIOKUTENBHO 3APSIKEHHOMY SIEKTPoay npucBoeH uHaekc 1. [lomp3ysace gopmy-
nou (6), COTIacHO KOTOPOU €MKOCTh €CTh OTHONIEHUE 3apANa K HAMPSKEHUIO, U 3ABUCUMOCTBIO
(10), momyuiM mocie nepeMeHsl TPENEI0B HHTETPUPOBAHUS COOTHOIIEHNE, OMMPENEIIMIONIEE B 00-

I1EM BHJIE€ EMKOCTh PACCMATPUBAEMOU KOHCTPYKIUN:

E

c=fm£_{l

2§,
B cOOTBETCTBUM € U3JI0KEHHOW MOCIEAOBATEIBPHOCTEIO PACUETA EMKOCTH OJTHUM U3 IPO-
MEKYTOYHBIX OEUCTBUM OBLIO OMPENEIECHUE HAMPAKEHHOCTH (9), OMHAKO MOJNyYEHHAA 3aBUCH-
MOCTB HE MOKET OBITh MPAKTHUYECKH UCIOJIB30BAHA, TAK KAK BeIuuuHa 3apana (Q oOsaHO HE 3a-
maercd.
Jlns monmydeHusa MpakTHIECKU OIPUT0IHON (DOPMYJIIBI pACUETA HATIPSKEHHOCTH SJIEKTPHUE-
CKOTO IOJIA JTI000M TOYKH MEKIY SMEKTPOAAMU, CIEIYET, PACCUNTAB EMKOCTh KOHIAEHCATOPA IO

Gopmyne (11) u 3Hag HapsAIKEHME, TPWIOKEHHOE K IEKTPOIaM, BEIPA3UTE B 3aBUCUMOCTH (9)

3dpAan KaK MPOU3BCACHHUC CMKOCTH Hd HAITPAKCHHUC.

CU
Ex = ——[B/M]
ESy
rae C — eMKOCTE KOHAEHCATOPA;
Sy =8, — DKBUNOTEHIMANBbHAA MOBEPXHOCTH, MPOBEIEHHASA UEPE3 TOUKY C HCKOMOU

HATPSKEHHOCTHIO AIEKTPUIECKOTO OIS, M2
U — nmanpskenune, IEUCTBYIONIEE MEKIY SIEKTPOSAMMU, B;

€ —IUANEKTPUYECKAA NPOHUIIAEMOCTE CPENEI, (P/M.

Jaoanusn:
3aoanue Nl
OnpeaenuTs MEeKTPHIECKOe CMENIEHUE B TOUKE 3JIEKTPHYECKOTO IO HATPSIKEHHOCTHIO

10 kB/cM, ecr M30MMPYIONIEN CPENOHN ABJIAETCA BO3IVX.

Zaoanue No2

OnpenenuTes BEIMYMHY CBA3AHHOTO 3apsafa, MHIYKTUPOBAHHOTO HA MPOBOIAMIEH IJia-

OKYMEHT MOAMNCAH,
CTUHKE BIECMOHBHETRRINOH® SJIEKTPUIECKOE MOJI€ NEPIEHINKYJLIPHO CUIOBEIM JIMHUAM. Hanps-
Ceptudpukat:  2C0000043E9ABBBI52205E 7BAS00060000043E

Brageneg CHHOCYEierTprHaeckore 10/ 12 kB/cM. M3omupyromen cpenon ABIEeTCa TPaHC(POpMAaTOpHOE

MACJIO C OTHOCUTEIEHON AUAJIEKTPUYIECKOH MPOHNUIIAEMOCTRIO, PABHOM 2,5.
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Zaoanue Ne3

OnpenemiTe CPEIHION HANPAKEHHOCTh JIEKTPHYECKOrO ITOJIA HA YYACTKE MPOTAKEHHO-

cteio 0,4 MM, €CITM Pa3HOCTH MOTEHIMAIOB MEXKAY TOUKAMM, OTPAHMIUBAIOIIMMH y9acToK, 600 B.

3aoanue Nod
[Torentmaner 3n1€KTPOIOB M30IMPOBAHHOTO OT 3€MJIM KOHAeHcaropa paeHel +2000 B.

OmnpenenuTs HANPAKEHUE, NENCTBYIONIEE MEKITY €r0 BEIBOJAMU.

Zaoanue No5

OmnpenemTs BETUUNHY 3apAaa KOHAEHCATOPAa EMKOCTEIO 2 MK (], eCITi HAIPAKEHUE MEKTY

ero seieogamu 100 B.

3aoanue Nob
[Inockuit koHAEHCATOP C BO3AYIIHOM M30Anuer nmeer eMkocts 100 ) u 3apsaxen oo
Hanpspkenud 2 kB. Onpe nenuTs HAOPAKEHHOCTD SIEKTPUUECKOTO MOJIA MEKIY €T0 AIEKTPOIAMH,

MMETONIHMHE TIOmAnb 625 cM2.

3aoanue No7
Opnunnounas cepa B BO3ayxe umeer eMkocTs 20 n u 3apsaxena no Hanpsxenusa 30 kB.
OmnpenenuTs HANPSAKEHHOCTh SAEKTPUUECKOTO MO ¥ MOBEPXHOCTH C(eprl, ecmi ee paguyc 20

CM.

Koumponsnwvie sonpocwi:

1. [Touemy npoBoanINE TEIA UMEIOT SKBUMTOTEHIIMAIBHBIE TTOBEPXHOCTH?

2. IlepeunciTe M3BECTHBIE CMOCOOBI TPA(PUUECKOTO M AHAITUTHYECKOTO BBIPAKEHUSA
HAMPSKEHHOCTH SIEKTPUYECKOT0 MOJI.

3. Kak no 3amanHoMy rpa(puky mOTEHIHana DOCTPOUTE TPa(pUK HANPAKEHHOCTH SJIEKTPU-

4ECKOTO TOJIA?
4. Kak onpenenurs Opeaensl IMHEHHOTO UHTErpana IJid pacueTa HANIPAKEHU M0 HAIPS-
JKEHHOCTH SJIEKTPHUECKOTO MOJIA?

5. Kakas gopma yCaoBHOM ITOBEPXHOCTH, OXBATHIBAIONIEH 3apsa, Oyaer Hanbomee papo-

HMHQ@M&W@EH Teopemsl ['aycca?

Ceptudmkar: 2C0 E9AB8B9I52205E7BA500060000043E
ﬁ, EMY ZABUCHMOCTE, IOy YECHHAA I pacueTa HAPAKEHHOCTH IEKTPUUECKOr0 M0

Bnaneneu: e
gepe3 3apAl, OKA3hIBAETCS MPAKTUYECKH HEMTPUTOTHOM
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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7. Kak mepecuurats €eMKOCTE, BRIPAKEHHYIO B (papagax, B mukodapans:?
8. UTo Takoe 3IeKTPUIECKOEe CMENICHHUE?

9. KakoBa BemMUMHA OTHOCUTEIBEHOHN TUAIEKTPUIECKON NPOHUIIAEMOCTH BOIBI M MIPOBO/I -

HHUKOB?

10. UTo mOKA3BIBAET M UTO XAPAKTEPU3YET BEIMUUHA OTHOCUTEIBHON TUNIEKTPHUUECKON
IPOHUIIAEMOCTH !

11. B xakou u3 IByX Cpen IpU TOH K€ BEIMIUHE HANPAKEHHOCTHU SIEKTPUUECKOTO IMOJIA
Oyner OoJbIIE SIEKTPUUECKOE CMenIeHne — B (papdope nmm cmoae?

12. B uem 3akmouaercs 3aKOH MPEIOMIECHHS BEKTOPA HANMPAKEHHOCTH SJIEKTPUUECKOTO

ITOJIA HA TPAHULIE PA3Iena IBYX H30JMPYIONIMX Cpel M KaK IMTPAKTUIECKU OH UCITOJIB3YeTC s’

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ipakmuueckan padvoma Ne 2. Inexkmpuueckuii paspao ¢ 2azax. Pacuem niockozo, yi-

JTUHOPUYECKO20 U CheputecKozo KOHOeHCamopoe.

Ilens: VI3yunTe OCHOBHBIE METOIBI pacdeTa IJIOCKOTrO, HWIMHIPHYECKOr0 U chepuue-

CKOTr0O KOHOCHCATOPOB.

Ocnoevl meopui:
Jlns pacuera eMKOCTH M HATPAKECHHOCTH JIEKTPHUYECKOTO ITOJIA MEKIY JIEKTPOIAMHU KOH-
IEHCATOPa BOCIIOJIB3YEMCA CXEMOH PUC. 3 U BEIMIEU3JIOKEHHOM MMOCIEN0BATEILHOCTELIO PACUETA.

EMKOCTE KOHACHCATOPAd ONIPpEaciIuTCA U3 3daBUCHMOCTH

C = E0€S,

a

B ToMm ciyuae, ecnu HaNpsKEHUE, NPUI0KEHHOE K KOHAEHCATOPY, 3a0aH0, MOKHO IMOJTY-

qUThE (POPMYJITY IS pACUETA HAMPAKEHHOCTH SJIEKTPUIECKOTO ITOJIS B M30JLALNH

. Q UC UesS, U
&S, &5, &S,a a [xen/cm]

M3Menenne noTeHInaia u HanpsKEHHOCTH B CII0€ AUAJIEKTPHKA MOKHO N300pa3uTh rpa-

(praecku.

Pacuer eMKkOCTH " HAIPAKCHHOCTH JICKTPHUYCCKOTO IMOJIA B U30JIATIMHA CIIOMCTOTO KOHICH-

caTopd IMpPpOU3BOIHUTCA COTIACHO ABYM OCHOBHBIM ITOJIOKCHIAM.

a) -HAIIPAKEHUE, MPWIOKEHHOE K BHEIIHUM OOKIAanKaM KOHAEHCATOpa, PABHO CyMME

HAMPSKEHUN, TPUXOJANINXCS -HA KAKIBIM CIIOU:

S

—‘—_—'-'_-1_

e
T
~

SR

Pucynoxk 3-1--PacuerHas cxema nioCkoro KOHOeHCcaTopa:
AOKYMEHT NOAMNCAH
ANEKTPOHHOW MOAMNMChIO

Ceprudmkar:  2C0000043E9AB8BI52205E7BA50006000034REY C/IOBHAA 3aMKHYTAA IMTOBCPXHOCTB,

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

S 4-AKTUBHAA 4aCTh 3aMKHYTOU IMOBEPXHOCTH
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Ceptudukar: 2C0000043E9ABBB952205

0) sneKTpUUECKOe CMENIECHUE U 3aPAJ B IIOCKOCTH JIFOOOTO €10 MTOCTOSTHHEI
D=E¢& =Ee& =E, &,
Q=CU=0_CU =CU, =C(CU,
Pacuernrie popmMyasl EMKOCTH ABYX U TPEXCIONHOTO KOHAEHCATOPA UMEIOT BU:
_ GG
S C + G,
_ (1205
GGy + CyC5 + GGy

C

C

Kpome Toro, u3 paBeHCcTBa 3apAI0B CIEAYET:
Up _ G
U, G
Hampsxenus Mex gy CMEKHBIMU CIIOAMU ITTOCKOTO M JIF000T0 APYroro KOHAEHCATOpa pac-
MPENEIIAIOTCA 00OPAaTHO MPOIIOPHHOHAIEHO EMKOCTSIM 3THX CIOEB.

Jlna BeIBOA pacueTHOM (POPMYJIBI HAMPAKEHHOCTH SIEKTPUIECKOTO OIS B TUIIEKTPUKE

MI0CKOT0 KOHOEHCATOPA MCHOIB3YEM 3aBUCHUMOCTH, OTKYJA IS ABYXCIOMHOTO KOHAEHCATOPA

HGJI}“IHMZ
& A&7 + Az &
=) =)
Ue,
E, =
A&, + A&,
3aBHCHUMOCTE MOKHO BHIOH3IMCHHTE
p U £, U U
(‘11 e + 2<1 E]_ ﬂ.z 1
a (1 +——= a,(1+ -
2 T g, 1( +a1£25) 1( +Cz)
£ wlfom )
J-I-}l [ —

AOKYMEHT MNOANMCAH
SNEKTPOHHOP R 2.2 — OnpITHAS XapaKkTEPUCTHKA 3aBUCUMO CTH ITPO OMBHOT

— P T e ey
f ERSTRINIR S IRIN LN -'[
I E TRINIEIN a LRI NLEL L B |

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MPOYHOCTH BO3AyXa OT PACCTOSHUA MEKIY ITOCKUMU AIEKTPOJAMU ITPU HOPMATIEHBIX
aTMOC(PEPHBIX YCIOBUAX

PerymipoBanne HaNpsAKEHUS «a CI0€ KOHAEHCATOPA MOKHO OCYIIECTBIIATE HOA00POM €T0
TOJIIIMHBL U BETMYUHBI OTHOCUTEILHON JUAJIEKTPUUECKOM MPOHUIIAEMO CTH-MATEPHUAa.

OmneIT ODOKA3BIBAET, YTO BEIWUMHA CPEOHEN NPOOMBHON HAMPSKEHHOCTH BO3IYIIHOM
CPEIBI MEKIY WIEKTPOJAMH IUIOCKOTO KOHAEHCATOPA 3aBUCUT MIPHU MPOUMX PABHBIX YCIOBUIX OT
PACCTOSHUSA MEKAY SACKTponamu (puc.2.2). 310 00OBACHAETCA HAPYLIEHUEM OJHOPOIHOCTH MOJIA
y KPaeB 3JIEKTPOIOB.

[Tone mumMHAPMYECKOr0 KOHAEHCATOPA M0 CKOMIAPALIEIFHOE U XapPaKTEPU3YETCA 0CEBOM
CUMMETPHEHN, MPUUEM SKBUIIOTEHIIMAIBHEIE MOBEPXHOCTH MPEACTABIIOT COOOM KOAKCUAJIBHEIE
LWTUHPEI.

AT

£ may

E.nd/m

,

ﬂu

Pucynok 2.3 — M3menenne nanps:xkeHnoctH (1) n morennmana (2) B C10€ U30IALUH IIH-

JJUHOPHYCCKOT O KOHACHCATOPA

[Tone nmaMHAPUYIECKOr0 KOHAEHCATOPA MJI0 CKOMTAPAUIETRHOE U XaPAKTEPU3YETCS 0CEBOH
CUMMETPHEN, MPUYEM SKBUNOTEHIMAIBHEIE MOBEPXHOCTH MPEACTABIIAIOT COO0M KOAKCHATEHBIE
LMUTUHIPEI.

[TocnemoBarenpHOCTE pacuera:

1. B coorBercrBuu ¢ Teopemou ["aycca:

@
Bx = E0E2TT, [5/cm]

TIEPERIc i Belliiyina rx B 3HAMEHATENE 3aBUCUMOCTH OMPENENSIET TUnepOoTMIecKuii

Ceptu ZCO0000043ESABBEBOS2205ET7BASDODE00D0O0D43E

Bnanen: HKOE HEME?HEHM HAIPAKEHHOCTH 3JIEKTPHYECKOTO TTOJIA.

A —— s T )
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2. Hcnone3ys 3aBUCUMOCTE, BEIPA3UM HAIPSAKECHUE, PUI0KEHHOE K KOHIEHCATOPY,

4epe3 HAMPAKEHHOCTE JJIEKTPUIECKOro moe Ex:

r Td
U=—f E.dx = — 2 f_x

R EoE2mrl )y 1y
OTKY/1a
U 2 | ¢ |B]
=—In— [B
r
3. B COOTBETCTBUM C OMPEIEICHUEM EMKOCTH KaK OTHOIIEHUS 3apsaaa K HATTPS KEHUIO
HMEeM
21EyEl
C="—2-[d]
In—
r

[Tpu 3amene BeIpakeHNN 3apAaa yepe3, MPOU3BEOECHNE EMKOCTH U HAMPSKEHUS TOCIIE CO-
OTBETCTBYIOMIMX NPE00pa3zOBaHWI ITOJIYyUUM YPABHEHUE I HANPIKEHHOCTH SJIEKTPUYECKOTO

OJIsA, IPATOOHOE IS PAKTUYECKUX PacYeTOB:

U
E, = R [B/cM]
2.3xlg =

B OonpmmHCTBE CJIYHACB BAKHEBEL MAKCUMAJIBHAA 1 MUHUMAJIbHAA BCJIMUYHHEL HAITPAAK CHHO-

CTH SAEKTPUUECKOTO IMOJIA, IMOJIyYAEMBIE U3 00MIEN 3aBUCUMOCTH:

U
Emax = R [EKCM]
2.3xlg =
U
Emin = R [EKCM]
2.3Rlg >

Jlnsa pacuera XxapakTepUCTHKU M3MEHEHHA MOTEHIIAAIA B CII0€ U30JIAIUHU BOCIOIB3YEMCA
(popmynamMu, TPEANON0KNB, UTO MOTEHIINAT YMEHBIIAETCA MMPU U3MEHEHUN KOOPIWHATEI TOYKH

oT X 10 R, momyumnm

J‘*"E g U J‘Idx U R
Py = — XX = — — =—7pl8
r 2.31g§ r X lgg X

XapakTepUCTUKA W3MEHEHUS MOTEHIIMATIA W HANPAKEHHOCTH SJIEKTPHYECKOTO ITOJIA
BJOJIb paguyCca IUIMHAPHIECKOTO KOHIEHCATOPa NPUBEAEHE! Ka puc. 2.4, HanpsaxeHHOCTh 31eK-
TPUYECKOTO IO YV MOBEPXHOCTH C MEHBIIUM PagnuyCOM UMEET MAKCUMAJIBHOE 3HAUCHUE.

Takum 00paszom, eciv BOMM3M BHYTPEHHETO 3JIEKTPO1a MAaTEPHAI HAIIPKEH 0 IIPEaena,

TO Y BHE%HPﬁBﬁgEEH OH HEIOTPYKEH.

NEKTPOHHOW NoanKUCLIO
CepTudmkar: 2C00 g@m%@ﬁmﬁﬂme 3dBHUCHMOCTH HdA I\fﬂ'ﬂﬂ’INIyM [MO3BOJJIACT BLIGPHTE HHHGD-
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

jee parMoHAIRHEIE PATUVCEL, TP KOTOPBIX W30JIAINAA 3arpyikeHa 0oee paBHOMEPHO M UMeEeT
1y Y
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MHUHHUMAJIBHYI TOJIMHY. [/1g anamiza OepyT nepBy1o NPOU3BOSHYIO OT 3HAMEHATEIA B BRIPAKE-

HUU U IIPUPABHUBAIOT €€ HYJIIO

d R d
—(rin—) =—(rnkR—-—rinr) =nR—-Inr—1=0
dr r dr

Otkyna

I
—

In—
T.e
R
—=¢e = 2.718
r

MaxkcumaneHas HanpsAKEHHOCTH SJIEKTPHYECKOTO IMOIA BOIW3W MOBEPXHOCTH BHYTPEH-

HETO NHJIHHAPAd MHHHMAJIbHA, CCJIH OTHOIICHHEC PAIMYCOB BHCHIHCTO U BHYTPCHHETO THJIMHAPOB

PaBHO OCHOBAHUWIO HATYPAJIBHOTO Jorapudpma (e=2,718).

. [J [J Uﬂ[ / ]
oy = = = KB/CM
rlng rlne r

[Tycts nmmiHapuYeCKMd KOHAEHCATOP COCTOUT M3 TPEX PA3MUYHBIX CIOEB WU30JIAIINH,
BHYTPEHHHUE PAANYCHI KOTOPRIX 1, 12, 13, a HapyxHbM 4. Takyio KOHCTPYKIIMIO MOKHO MPEACTa-
BUTH KAaK TPH HNOCIEAOBATENREHO coennHeHHBIX kKoHaeHcaropa Cl C2 u C3, eMKOCTh KaxkIoro u3

KOTOPBIX OTIpeAenAeTCs (popmMyIoun

_ &€2ml

HampskeHHOCTE SJIEKTPHUYECKOr0 MO [MUJIMHAPUYECKOTO KOHIEHCATOpPA CO CIOHUCTOHN

W30 EN HA TPAHULIE Pa3Jelia IBYX CMEKHBIX CPEN MEHSAET CBOKO BEIMYUHY CKauK000pas3Ho.
HanmpsaxeHHOCTh WIEKTPUIECKOTO IO B MPEeaax Ca0d U3MEHAETCS IO rumepOomige-

CKOH KPHUBOH, 4 B II€JIOM 00pa3zyer muio00pa3Hyro KPUBYIO (pUC. 7) C pa3HON BEIUUHUHOM «ITHKOBY
HAIPSKEHHOCTH 3JIEKTPUUECKOTO ITOJIL.

E il fcm i
I -
5 '.»*-
OOKYMEHT Uﬂﬂﬂ NCAH ) ﬁ-"/ {:
IANEKTPOHHOW NOANWUCEKO e e :: r".
Ceprvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E i £
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa J:' _.-’
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Pucynok 2.4 — MIameneHue HanpsK€HHOCTH SIEKTPUUECKOT O IMOIA
B M30JLIIUHY MHOTOCIIOMHOTO [IWINHAPUIECKOTO KOHIEHCATa
Jlna pacuera HaNPsHKEHHOCTH 3IEKTPUUECKOT0 ITOJIA B CIOAX MHOTOCIOMHOTO KOHJIEHCA-

TOPA MOAB3YIOTCA (POPMYIIOU:

U
E,. = .
xEn& (C1+Cz+63+ +Cn)

rae C, — eMKOCTB ClIOs, B KOTOPOM OIPENENAETC HAMPSAKEHHOCTE SIEKTPUYIECKOTO TTOJIA;
T, — BHYTPEHHUHN PagnyC UCCIEIYEMOIO CIIOA;
Ty4q — BHEIIHUAMN PaauyC UCCIENYEMOTO CIOA.

Hampumep, mig mepBoro €ios TPEXCIOWHOTO IMJIMHIPUYECKOTO KOHAEHCATOPA HAIPA-

’KEHHOCTb NIEKTPHUUECKOTO ITOJIA B JIIOOOM TOUKE € paIyCOM X OMPENEIAETCA U3 BRIPAKEHU A

U
E1=

C,  Coo
(clﬂa )

Chepuuecknii KOHOEHCATOP B BBICOKOBOJIBTHBIX KOHCTPYKI[MSX BCTPEYAETCS CPABHU-
TEIBHO penko. B OompmmHCTBE Ciydaen ero (popma TOMBKO MPUOIMKAETCS K C(pepruIecKou nin
ABIETCA €€ 4acThio. [IpuMepoM CIyKUT KOHCTPYKIAA MOABECHOTO M30JIATOPA B YACTH MEKIY
nonycpeprueckon mankou u nectukoMm. Muorna 8 TBH ucnonesyrorca opunounsie cpeprr, mis
KOTOPBIX BTOPBIM 3JIEKTPOAOM OECKOHETHO OOJIBIIOTO paauyca CIIYKUT 3€MIIA UM CTEHBI TOME-
IEHUA.

DJIEKTPUYECKOE TIOJIE MEKIY 00KIagkaMu c(hepruuecKkoro KoHaeHcaropa odnanaer chepu-
UECKOW CUMMETPHEMN.

[TocnengoBaTeIbHOCTE pacucra.

l. B coorBeTcTBHU ¢ Teopemou ['aycca
B, =—o
Y e4mr?
2. Hcnoms3ys 3asucuMocTs (10), BEIpa3zum HANpsaxeHUE, TPUIOKEHHOE K AIEKTPO-

AdM, HCPEC3 HAITPAKCHHOCTE JICKTPHYCCKOTO ITOJIA.

ry
Q (™ _, Q1 1 1 QR —n)
U=— | Edr=———] ndr=—|_———|—=]| = .
g4t | el n R e4AmR T
R
3. B COOTBCTCTBHH C ﬂHpE‘,I[E‘I[EH’HEM CMKOCTH KdK OTHOLIICHIM A .?.ﬂpﬂﬂﬂ K HHHpHHfEHIﬂD
HUMECM
OOKYMEHT NnoanncCAH
SNEKTPOHHOW MNOANMUCHIO . 4meR ™ ]
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E _ R — 7T
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa 1
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Hcnone3ys Beipaxkenus (38), (6) u (40), moayuum pacueTHyro (popMyny HAOPAKEHHOCTH

3JIEKTPUUYECKOTO ITOJIA B IPOU3BOJIEHON TOUKE

E = Q  UdmeRry Rny
*eamr2 (R —n)ednr:  r2(R—n)

|KB/CcM].

[Tpu pacuere TOUEK MOTEHITUAITEHOM KPUBOM B IPOCTPAHCTBE MEKAY ChepaMu yCIOBUMCH,
4TO HApPYy)KHaAA cepa 3a3emiIeHa, TOTAA HOTEHIHUAN B MOO0H TOYKE CPEIbl paauyca 1, MOITyIuM

H3 COOTHOIICHHU A

R Rr R dr (R —r
qo_r:f Exdr=U—1f ar_ynlf 7 n)
T T

. R—rn 1?'3:.-2 n(R—n)

3asucumoctu (41) u (42) rpadguueckn n300paxkeHsl Ha puc. 2.5.
B mpaktuueckux pacderax HCIONB3YIOTCA 3HAUECHUA MAKCUMAJIBHOW M MUHUMAIBHOMN
HAIPSKEHHOCTEH AIEKTPUIECKOr 0 MOJIA, MOy Ya€MBIE U3 3aBUCUMOCTH (41) ¢ TekymmmMu pamny-

CaMH BHYTPEHHEH W HAPYKHOU Cep:

£ nticn |

¥ xd

A

%

Pucynok 2.5 — [Torenumanenas kpusas (1) u xapakrepucruka n3aMeHEHU A

HAIPSKEHHOCTH 3JIEKTPUUECKOTO TTOJIA (2) B cpene c(pepuueckoro KOHIEHcaropa

[Tpenmonoxum, uTo paguyc BHEMHEN C(EPEI KOHAECHCATOPA OCTAHETCS HEU3MEHHEIM, 4
BHYTPEHHUH PAaaNyC IUIABHO YBEIMYUTCA OT I'1 10 R, TOr1a 3HaueHne Mak CHMaJIbHOM HAIPKECH-
HOCTH SJIEKTPUYIECKOTO IMOJIS U3MEHUTCA MO TUNEPOOINIECKON KPUBOM, UMEIONIEN TOUKY MUHU-

MyMa. ITa 3aKOHOMEPHOCTh UMEET IMTPAKTUYECKUN MHTEPEC, TAK KAK ITPH COOTHOMIEHUH PAIHyCOB,

COOTBETCHEVRIIMEN bt eeperinda, obecnednBaercs: HanboIee MOIHOE NCTIOIB30BAHNE H30JIs-

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
BJ‘IE,D,E.I'IJILM‘ llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MaremaTnyecku KOOPAWHATY TOYKH MEPETH0a KPUBOU MAKCUMAITBHOW HAMPIKEHHOCTH

3JIEKTPUUECKOTO ITOJIA HOIY4aroT, o (opmyne (43 ), npUpaBHAB HYIIO MEPBYIO NPOU3BOIHYIO OT
3HAMEHATena Apodu, OTKyaa

R

n=z

’

HJIH

40U

E = —.
max R

Kak yxe ropopuiocs, OIMHOUHYIO C(epy, JOCTATOUHO YOATEHHYIO OT 3a3€MJICHHEIX 4a-
CTEH, NPENCTABIAIOT KaK C(pepruecKkuil KOHAEHCATOp ¢ paauycom R =oo. B 3TOM cinyuae pacuer-
Hele (popmynst (40) u (43) mpumyT BUA:
C = 4me'®" ],

Enax = —|xB/cMm].
5]

3aoanun:

3aoanue Nol

s n3mepenus nanpsokenns 110 kB mpumenena cxema eMKOCTHOTO OEIUTENA, COCTOS-
n1as U3 ABYX MOCIEI0BATEIRHO COETUHEHHEIX KOHAEHCATOPOB C| U 3IEKTPOCTATUYECKOTO BOJIBT-
merpa Ha Hanpszxenue 10 kB, myHTupoBanHoro kongencaropom eMkocreio Co= 100 nd. Onpe-

OEIUTh EMKOCTB Kaxa0ro n3 kouaeHcatopoB Ci ecim eMkoCTh BobTMETpA Cp=20 mp

3aoanue No2

[Tnockuii kOHAEHCATOP C BO3AYIIHOW W30JAIMEN U JUCKOBEIMU 3JIEKTPOJAMHU C 3aKPYT-
JIEHHBIMH KpasgMH UMEET PACCTOSHHE MEKIY dIeKTpomamu 2 cM. Onpenennurs HANpsKEHHOCTD
3JIEKTPUYECKOTO IO B U30JIAIINU, €CIIN NMIPUI0KEHHOe HanpsukeHue paBsHo 40 kB. Pacuer mo-
BTOPUTE I CIIydas, KOTQa MEXKAY SIEKTPOJIAMHU TOM K€ PaCcCTOSHUM BBEIECHA CTEKILTHHASA IUIa-
CTUHKA TOJIMHOMN | CM C OTHOCUTENBHOW TUAJIEKTPUIECKON MPOHUIIAEMOCTEIO, PABHOM 0.

OmunouHas cepa ¢ pagmyCcoM Ix CM PACIIONIOKEHA B BO3AYIIHOM cpene. Bripazuts em-

KOCTh OIMHOYHOM C(eprl B muKO(papanax.

Zaoanue Ne3

OmnpenemTs €eMKOCTh OJHOKHUIBHOTO MacjoHamoJHeHHoro kademd Ha 110 kB, pmunon
[IOKYMEHT NMOAMWCAH

1000 m, @BHERMHAIFNTRPpoM ero momoi xumer 22,7 MM U HAPYKHEIM JHAMETPOM Oy MaKHOM
Ceprudmikar: 2C0000043E9ABBBI52205E 7BA500060000043E

Bnanengiz o Tt 46 TPNIM I PR ST HO CUTE TEHOM TUAIEKTPUYECKOM TPOHUITAEMOCTH 3,5.
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3aoanue Nod
[Inocknit BO3IyMIHEIT KOHAEHCATOP € PACCTOAHUEM MEKAY IuractuHamu a = 0,5 ¢M 3a-
psuken no Hanpspkenus Uo= 10 kB. Onpenenurs M3MeHEHHE HAMPIKEHUS MEKIY VIEKTPOdaMH,
€CIM Pa3BECTU IUIACTHHEI HA a1= 5 CM, IPEINOJI0KUB, YTO 3apsd IIPU 5TOM HE U3MEHUT CBOEH
BETUIUHEL.
[TpoX0qHON LMIMHAPHIECKHUI M30IATOP MMEET CEUEHHE TOKOBEIYIIErO CTEPKHA 4CMZ.

Mzonamus — texcromur (E,, = 80 KB/cm). Hanpsxenne mexny crepxnem u puannem 140 xB.

Kos¢p¢ument 3anaca npounoctu K=1.4. 3
1. OnpenemnTs BHYTPEHHHUN PAanyC Kperamero (paanma.
2. [IponsBecTu pacueTr paguyCoB CTEPKHA U (PIaHIa, UCXOOS U3 MUHUMATBEHOMN TOJIIIUHEI

CJIOSI M30JIALMH, IPH COXPAHEHUN MPOUMX 3aJAHHBIX YCIOBHI.

3aoanue No5
OnpenemuTes HANpsAKEHUE HA BBIBOJAX TPEXCIOWHOTO IUIOCKOTO KOHIEHCATOpa, €CITH
HAIPKEHHOCTH YJIEKTPUUECKOro moiia B ero cnosax 20 kB/ca; 10 kB/cwm; 5 kB/cm npu Tonninmaax

CJIOEB, COOTBETCTBEHHO PABHBIX 2 .4 11 6 MM.

3aoaua No 6
OnpeneniTs HAMPSAKEHHOCTH SMEKTPUYECKOT0 TMOMA B CHOAX MIOCKOTO TPEXCIOHHOTO
KOHIEHCATOPA, 3apsaKeHHOro n0 HanpsxeHus 10 kB, ecomm eMKOCTH ero CiI0€B COOTBETCTBEHHO

paBHEI 6 ; 3; 1,5 Mx® npu TommmHax ciaoes 1,2 u 4 mm

3aoanue Ne7

OnHOXKWIBHEIN KAa0EIh UMEET paguyC CBUHIIOBOM 3anMTHON 000/10uky, paBHB 10 CMm,
paauyc TOKOBEMyNIEH Kunbl — 1 cm. OnpenenuTs NOTEHIMAIBL B TOJIIE €70 W30JIANN A1 TOUEK
c pamuycamu 1, 2, 4, 6 u 10 cm, ecrmu HANIpsKEHNE, MPUIOKEHHOE MEKIY KWJIOU U 000JI0UKOMH,

paBuo 100 kB, a 3antiTHas obomouka 3a3emMiaeHa.

3aoanue Ne8
[Tpu koHCTpYHpOBaHUM KADENs 3a0aH pagnuyC €ro TOKOBEAYIIEH K WIBL 5 MM. OnpenemTe
paguyc €ro HapyKHOM 3alUTHON 000JI0UKH M 3amac MPOYHOCTH 1A U30JHALNH, €CITU HAIPAKE-

HHUE, OPUIOKEHHOE K Kabemro, -30 kB, a npobusnaa nmpounocts marepuana 30 kB/mm.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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3aoanue No9

Onunounas cpepa paguycom 10 cMm onynieHa B 0ak ¢ Tpanc(popMaTOpPHEIM MACIOM, UME-
IOIIMM OTHOCUTEIBHYIO JUAIEKTPUIECKYIO MMPOHUIIAEMOCTD 2,5 U 3apsKeHa B TAKOM COCTOAHUH
no 30 kB. OnpenenuTts HATPSKEHHOCTH SJIEKTPUYECKOTO MO Y HOBEPXHOCTH C(PEPHI U €€ TTOTEH-

MUaJI IPpH U3BJACYCHHUH €€ 13 MaACJIa.

3aoanue NelO
[TocTpours mo Toukam ¢ paguycamu 3,6 , 12, 2 0 u 30 cM nOTEHIIMATEHY IO U TPAIUEHTHY IO
XAPAKTEPUCTHKH B MMOJIE C(PEepUUEeCcKOr0o KOHAEHCATOPA, 3apAKEHHOro 10 HampsaxeHusa 2 0 kB,

€CIIU paguyC BHEMIHErO 3IeKTpoaa 30 ¢M, BHYTPEHHETO 3 CM.

3aoanue Noll

K oOknankam cpepuueckoro konaeHcaropa mpunoxkeno nanps:xenue 100 kB. Onpene-
JIUTh PAAUYCH BHEMIHETO U BHYTPEHHETO 3JIEKTPOAOB NPH YCIOBUH HAUMEHBIIEH TOINIMHEL U30-
IALAN MEXAY cepaMu U HaUMEHBIIEH BETUINHON, paBHOU 20 kB/CM y MOBEPXHOCTH BHYTPEH-

HETO DIICKTPOOA.

Koumponsnwvie sonpocwi:

. OT KakuX TEOMETPUUECKUX MAPAMETPOB U KAK 3aBUCHUT €MKOCTh IUIOCKOTO KOHIEHCA-
Topa?

2. B uem 0macHOCTE BO3MYIIHBIX BKIIOYEHUIN MEKIY CIOAMHU MHOTOCIOMHOTO KOHIEHCA-
Topa?

3. Kakumu nmapamerpamu CIE€OyeT 3aaThbCa OPU PacueTe €MKOCTU MIOCKOTr0 KOHIEHCA-
Topa?

4. ITouemy cpenuss mpoOMBHAS HANPSIKEHHOCTh SMEKTPUYECKOTO MOJIA BO3QyXad YMEHB-
[IAETCA NPHU YBEIMIECHUHN PACCTOAHUSA MEXKIY SIEKTpogamu?

5. Kak ycrpanseTcs BmusHue KpaeBoro 3¢ (ekra y mI0CKUX U NUIMHIPUIECKUX YIEKTPO-
TOB?

6. Kak uM3MeHsAETCA €MKOCTh INUIOCKOrO KOHIAEHCATOpPa MPH HOCTENEHHOM 3aITOJHEHWH
TpaHnc(popMaTOPHBIM MACIOM BO3QYIIHOTO MPOMEKYTKA MEKIY JIEKTPOgaMu’?

7. Kak peryimpoBaTh HAOPAKEHHOCTH SJIEKTPUUECKOTO IMOJIS B CIOSX MHOTOCIONHOTO

MI0CKOT 0 KOHAEeH caTopa?

Sanﬁﬂgﬁﬂﬁﬂ%mﬁ@qﬂm}{ MOTEHIMAJIA Y HAIPAKEHHOCTU JJIEKTPUUECKOTO MOJIA TPEeX-

Ceptudmkar: 2C0000043ESABBB952205ETBAS00060000043E w o
Bnanends ] OMHQEQ A AQCKOEQ KOHAGHCATOPA, ¥V KOTOPOro CpCaHHur CJII0H HPDGHT, d OOJUH H3 3JICKTPOIOB

3azemiieH”?
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9. OmuumTe yCTPOUCTBO HIIMHAPHUIECKOT 0 KOHAEHCATOPHOTO BBOIA.

10. Kakoe cooTHOmeEHnEe COOMoOIaeTcs MKy HANPSKEHHOCTIMH 3IE€KTPUUECKOTO TOJIA
Ha TPaHUIIE Pa3eid IBYX CMEKHBIX CIIOEB?

11. ITo kakoMy MareMaTH4eCKOMY 3aKOHY M3MEHAETCA HANPIKEHHOCTh SJIEKTPUIECKOTO
MOJIA B OJHOPOTHOM CI0€ IIUHAPUIECKOTO KOHAEeH caTopa’?

12. Kak pacmonararoT MaT€puansl C pa3TMIHBIMH BEIUUMHAMHA JUSIEKTPUUECKON TPOHU-
IIAEMOCTH IIPH BEIPABHUBAHWU 3HAYECHUA MAKCHUMAJIBHOW HANPIKEHHOCTH AJIEKTPUUECKOTO ITOJLA
B CJIOAX IMUIMHAPUYECKOTO KOHAEH caTopa’

13. Kak pacmonararoT MaT€pHaIbl ¢ Pa3JIMYHBIMU BEITMIUHAMH JUAIEKTPUUIECKOU ITPOHU-
IIAEMOCTH ITPHU BEIPABHUBAHWU 3HAYEHUS MAKCHUMAJIBHOW HANPAKEHHOCTH SJIEKTPUUECKOTO ITOJIA
B CIOSX IUITMHAPUYIECKOTO KOHAeH caTopa’?

14. Kak n3MeHsa€eTCs EMKOCTh HIVIMHAPUYECKOT0 BO3YIIHOTO KOHAEHCATOPA HPU BO3HUK-
HOBEHHMH KOPOHBI Y HEHTPAIBHOTO 3JIEKTPOaa?

15. ITouemy mpu pacuere W30JIAMN HWIHHIPHIECKOTO KOHIEHCATOPA 0 YCIOBUAM €€ OII-
TUMAJIBHOT 0 MCITOJIE30BAHNA WHOT A MPUXOAUTCS HEHTPAIBHEIN 3JIEKTPO U3TOTOBIATE HOJIBIM?

16. IIpn kakuxX COOTHOMIEHMAX MEKAY PaaNyCaMH IIUIMHAPUIECKHAX SIEKTPOIOB MAKCH-
MaJIbHASA HAOPSIKEHHOCTE 3JIEKTPUYECKOTO MOJII MUHUMAIbHA?

1'7. Kak onpenensercs eMKOCTE OOUHOYHOU Ceprr?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ipaxkmuueckaa pavboma Ne3. Hzonamopol 6030yuinbix Ui u noocmanyuu. Yacm-

Hble Mentoobl pacuemoe eMKocmu U HaAnPANCEHHOCIU CJI0OMHCHBLX YJIeKmpuUdeCKUX noJjei.

H é/1b: H.?p}’lIHTE MECTOIOEI PACHCTOB EMKOCTH H HAITPAKCHHOCTH CIIOHBIX 3JICKTPHYCCKHX

ITOJIEH.

Ocnoevl meopui:

[Iycte nBa nmummHzapa ¢ paBHBIMM U PA3HOMMEHHEBIMH 3apsAlaMH PacHOJIOKEHEl Iapal-
JIEJIbHO APYT APYTY HA PaCcCTOAHUM, MO CPABHEHHUIO C KOTOPBIM MX PaaNyChl HPEHEOPEKUTEIEHO
MAJIBI (HAPUMEp, ABA MPOBOJIA JIUHUHU SIEKTPONepenayn). 1ak KaKk paguychl MaJIbl, MOKHO CUM-
TaTh, UTO 3aPAABI COCPENOTOYEHBI HE HA IMMOBEPXHOCTH, d BJIOJIb F€OMETPHUUYECKUX WIH TAK HA3HI-
BAEMBIX YJIEKTPHU Y€ CKUX OCEH MPOBOJIOB.

PaccmoTpum snekTpudeckoe moiae B KOHTponsHOU TO4dke | puc. 10, pacnmonoxeHHon Ha

pPaCCTOSHUAX 4 U B OT COOTBETCTBYROMIMNX ocerl A u B.

Pucynok 3.1 — I'pajuueckoe onpeneneHne noa0kKeHuA AMEKTPUIECKUX 0CEH ABYX 3aps-

K EHHBIX LWIAHIPOB

[TprMeHuB K AneKTpUUECKOMY MO0 TOUKH | momoxkenue 1 ais pacuera CIoKHBIX CUCTEM,
TOJIVUUM
. "
=01+,

! o s . s
rodl MEET NWIrew dJI YVCIOBHOH JMHIPUYECKOH MOBEPXHOCTH B TOUKE | OT merucTBua
r%[l'lE OHHOW nﬂﬂﬂﬁg{lﬂ M i ﬂp p :

Ceprudomkar. 2C0000043E9ABBES952205E 7BAS00060000043E

Bn aﬂenﬁﬂﬂﬁggx%%;ﬁ% M@%Jﬁa OCH
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o
a0
g2d a
.
‘?5’1!? ' — MOTEHIUAI B TOUKE | OT IEMCTBUA OTPHUIIATEILHOTO 3apAaa Ha ocH B;

b
qafszdrz_anm,

g2xd b

rae | — mimHa 3apaxeHHon 0CH;

a, b — panuycCel YCIOBHBIX HUIMHAPHIECKAX MTOBEPXHOCTEM.

Taxum o0Opazom, pe3yasTHPYIONINIT HOTEHIUAT OTIPEAETATCS U3 3aBUCHUMOCTH

&) b
- In==a0.
1 &2 nﬂ aQ

lnE

roe a = — MOTEHIUATBHEIN KOY(P(UIIHEHT.

&2nl

dopmysry MOKHO OPUMEHUTH U K WJIMHAPAM, pATUyCaMi KOTOPEIX HE mpeHeOperaroT. B
5TOM CIIy4ae OPEIBAPUTENBHO CIAEAYET AaHATUTUUECKHU WIH TPa(UIecKu ONpeaeanuTs MOI0KEHUE
3IEKTPUIECKUX Ocen (puc. 3.1).

DIEKTPUUECKUE OCH NBYX PA3HOMMEHHO 3apsKEHHBIX IMJIMHAPOB HAXOOATCSA B TOUYKAX
MEPECEUECHUS MPAMOH, COEAUHAIONIEN X TEOMETPHUECKHE LIEHTPHI, U BCIIOMOTATENEHOU OKPY K-
HOCTH, C ATUAMETPOM, PABHBIM OTPE3KY MEKAY TOUKAMH KACAHUS KACATEIbHOM, MTPOBEIEHHOMN K
MOBEPXHOCTAM PACCMATPUBAEMBIX [[WJIMHIPOB.

[TycTes 3amano pacnonoxeHne IByX NapauIeIbHEIX HUIMHIPOB U ONPEAECICHO TOI0KEHUE
UXOJIEKTPUUYECKHUX OCEH, BOITOM CIIyuae MPOBOAAIINE TOBEPXHOCTH IIMITMHAPOB OKA3bIBA-
I0OTCA SKBUMOTEHIMAJIBHEIMA MMOBEPXHOCTAMHU ITOMA ABYX 3apAKEHHEBIX ocel. Bo3pmem Ha muHuM
LIEHTPOB IBE KOHTPOJBHBEIE TOUKH | W 2, ONpENEAIONINe PACCTOSHUE MEXKAY ILMIHHAPAMH, H

HaHIeM B HUX MMOTEHIIMAIEL:

Q . b
= In—,
@l SZRf aq
Q , b
= In—=,
';‘01 82}31‘,' an

roe by u by — PACCTOSHUA OT OTPULIATENLHO 3APMKEHHOM OCH B 10 COOTBETCTBYIOMINX

TOUCK, AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprupukar: EEmﬁmﬁEﬁ“faﬂii%%é%ﬁwﬂﬁﬂﬁﬁDHDmHTEJTBHD 3aPIKEHHOM OCH A 110 COOTBETCTBYIONIUX TO-

Bnaneneu: L1 eﬁay’ln Ba TarsfAHa KCaHgpoBHa

qJCK.
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JlelicTByOMIEE HANIPAKEHNE MEKAY [UIMHAPAMH PABHO PAa3HOCTH MOTEHIHAIOB MEKIY

pacCMATPHUBACMBIMH TOYKAMH.

b
U=¢—¢p = 0 _jp 292

g2l ﬂlbz ﬁ

OTKVIOd B COOTBCTCTBHH C ONIPCOACIICHUCM CMKOCTH HMCCM

g2

C = [/ ].

n bia;

b’)ﬂl

e

Jlna pacuera HANPAKEHHOCTH AJIEKTPUYIECKOr0 MO, CO3OAHHOTO 3apsaaaMu IMJIMHIPOB,
pacCMOTPUM TOUYKH ITOJA, JICKANINE HA JMHUM, COCAMHAIONIEH LIEHTPHl LIIMHAPOB, TAK KaK
HAMPSKEHHOCTH YJIEKTPUUECKUX ITOJIEH HA 9TOU JIMHUW UMEIOT HAMOOJIBIINE 3HAYEHUS U OTIPETE-
IAIOTCA AreOdpandecKkol CyMMOM HANMPAKEHHOCTEHN SJIEKTPUIECKUX MOIEH, CO3TABAEMEBIX KaK-

IBIM M3 3apsAa0B .B OTJCIbHOCTH:
E=E +(-Ep).

HanmpsakeHHOCTE 3JIEKTPUYECKOro IT0JIA B JFOOOM M3 TOUEK JIMHUM LEHTPOB IOJyYUM W3

fe 2l 1)
g2\ x d-—x

Hcnmonp3ys BeIpakeHUE A MOTEHIMAIA B 000N TOUKE ITOJIA, HAWJEM HOTEHIMAN I

Teopemel ['aycca

TOUKHU 3, HAXOQAMIENCS HA PACCTOAHUN X OT SIIEKTPHUYECKON OCH A

0 d—x
= = ln .
Px =03 g2 X
rne d =ay +by =ay +by — paccrosHne MEKIY HEHTPAMH 3JIEKTPHUECKHX OCEH.

HampsakeHHOCTE SIEKTPUYECKOro MOJIA 1A TOYKU 3 HA JUHUH LEHTPOB MEXKAY I[MIINH-
I paMu OIPENEIUTCA KaK IepBas MPOU3BOAHAA OT MOTEHIMAIA

By =-92 _ 20 4 (g x)-nx]= -2 F+ : }
dx &2nl dx g2r|x d-—x

3 BBIPAKCHHUA HANIPAKCHHOCTH JICKTPHYCCKOTO ITOJIA MOYKHO HAaUTH €€ MAKCUMAaJILHOE

3HAYEHHUE, I YEero CIEeAyeT 3a KOOPOUHATY TOYKH B3ATh PAOUyC UWIWHIAPAa HAMMEHBUIETO aua-

METpa, T. €, IPUHATH 3a X KOOPIUHATY (9, TOTAA

0 (1 1

Epox = +
X e2dlay  d—ay

AOKYMEHT MNOANMCAH
NEKTPOHHOW NOANWUCLHKO

Ceprbuar: 2corPA3KB B BHPAKCHIM 3P4 1€PE3 EMKOCTh U HANPSIKCHUE, ITOJTy Y1M 3aBUCUMOCTb, ITPH-

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

TOJHYIO 1A MPAKTUUECKUX PAaCUETOB:

Nencteutened: ¢ 19.08.2022 no 19.08.2023

97



| 1
_+—
L’Iz d—ﬂz

bias

In
byay

OTOT CIIy4ad XapakTEPHU3yeT IMEKTPUYECKOE MOJIE ABYXIIPOBOIHBIX TUHUNA C HEOOIBIINM

OUAMETPOM ITPOBOJOB IO CPABHEHUIO C PACCTOAHHEM MEKIY HPOBOAAMH, ITO3TOMY CUUTAIOT, YTO

3apAabl PACIIOJIOKEHBI BAOIE TEOMETPUUECKUX OCEH.
3amaercs HANPSHKEHUE W PACCTOMHUE MeKay TpoBoaamu D)y ; H30MpyOmIei CPemaoi AB-
JAETCA BO3YX.

JIByXIIPOBO IHAS JIMHHUS KPOME eMKOCTH Mexkay mposogamMu (o, UMEET eMKOCTh KaK 00

13 mpoBoxoB oTHOCHTENBHO 3eMau Cp u Cyo, HA3BIBAEMYO YACTHYHOM.

COBOKYITHOCTE YACTUYIHEIX EMKOCTEN 00pa3yeTr o0miyro eMKOCTh, KOTOpas ONMPEAEIAeTCsa

KaK OTHOIIECHHE 3apsA1a HA MPOBOAAX K HANPAKEHUIO, TCHCTBYIONIEMY ME) Iy HUMH (puc. 4.1, a):

CIIC’T)
C=Cy» + == _mpu Ciq = Chy,
12 Ci1 +Cor P 11 22
C
C:CIE-i—A.
2

Paznuuaror emie pabouyro eMKOCTs mpoBoaa (puc. 3.2, 0), KOTOPYIO ONMPENEIIOT KAK OT-
HOLLIEHUE 3apAaa HAa MPOBOJE K €ro MOTEHIHAITY B HOPMAJILHOM pexxkume padotsl. [l pacuera
pabougeil eMKOCTH HAO0 3HATh SKBUBAIEHTHYIO €EMKOCTh MEKIY MPOBOJAMH M MTOBEPXHOCTHIO HY-

JICBOTO ITOTCHIIHAIA

Cpﬂfi =Cp1+2C,

a}

1

Pucynok 3.2 — Cxema nys pacyera 4aCTUUHBIX €MKOCTEN ABYXITPOBOIHOU JIMHUU: d —
11 pacuera eMKOCTH JIMHUM, O — I pacuera padboden eMKOCTH NpoBOaa
Pacuer 4aCTUYHBIX EMKOCTEN MPOU3BOIATCS HA OCHOBAHMU ypaBHEHMIT MakcBenna, CBi-
3BIBAIONIUX MOTEHIMAILI C 3apsa1aMy Yepe3 NoTeHIansHeIe KO3 puninents [J1-.9].
N3 ananuza SAeKTpUUECKOTO mOAs MEXKOY ABYMA 3apPAKEHHBIMU OCSAMH CIHEOYET, UTO
TOYKH, JIA KOTOPBIX PACCTOAHUA OT 3apAnoB A u B paBHbl, 00pa3yl0T MOBEPXHOCTEL HYJIEBOTO

AOKYMEHT MNOANMCAH

MOTEHTINATRET W%@qucme HOJIE MEXKAY HUIMHAPAMU U 3€MIJIEH, ABIIIONIEHCS IT0-
CepTudmkar: 2C0000043E9ABBBI52205E7BA500060000043E

Snasengepx HHeTR1d ' HYIeRBIG HOTEHIIIAIa, MOKHO PACCMATPUBATE KAK MOIE MEKIY IIJIMHAPAMHI U UX
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3€PKAILHBEIMU OTOOpaKEHUAMH. JTO MOJIOKEHNE HOCUT HA3BAHUE ITPABUJIIA 3EPKAIIEHOTO 0TOOpa-
xeHud. [Ipumenenne ypapnenun MakcBemna u mpaBwiIa 3¢pKalbHO20 OMOOP AN EH UA
paccmoTtpeno B [JI-9] u B 3amauax.

J171s1 5IeKTPUYECKOro MO JBYX MPOBOIOB HAl 3€MJIEH MOKHO PACCUMTEIBATE TOJILKO €M-
kocte (197, Tak Kak W3-3a OONBIINX PACCTOSHUH MpoBoa0B OT 3emtn eMkoct (1 u Cyy masr.

Jlng pacuera eMKOCTH MEXKIy TPOBOAAMH UCHOIB3YEM 3aBUCUMOCTE (48), B KOTOPOU 3a TOUKHU [
H 2 MPUMEM TOUKH NEPECEIEHUA 00PAa3yOMIMNX [UJIMHIAPOB C IMHUEH, COETUHAIONIEN LIEHTPHI ITPO-

BOIOB. lorma, mpeneOperasa CMENIEHUEM SIEKTPUUECKUX OCEH, UMEEM:

C— EZFE'I B E{}J’d
 bjan . Dy
In 142 In 12
bzﬂl F
by =ay =Dy,
a) = bz =F,
& = 5{].,
WU TTOCJIE HEKOTOPOTO VIIPOIIEHU A
12
C = ne/m
Dy,
lg
F

Jlng pacuera MaKCUMATBEHON HATIPAKEHHOCTH SJIEKTPUYIECKOTO MOJIA BOJIM3U NOBEPXHOCTH

1r000r0 U3 MPOBOAOB UCIOIB3YEM BEIPAKEHNE; MPONU3BES B HEM COOTBETCTBYIONIYIO 3aMEHY Be-

. L1
JJUHHHUH H HpEHEGpEFHH JO0CTATOYHO MAJIOHM BCIIHUYHMHOM D— . HMCCM
11
11
_|._ —
DIE r U
Fmax =0 =5 7= D>’
2ln—2  y2.231g—12
r r

OnuHOUYHEIN MPOBOM HAJ 3€MIIEHN

JTOT CIIydal XapakTePU3yeT Iepe1ady dJIEKTPOIHEPTr UU IO CXEME MIPOBO — 3€MJIA B KOH-
TAKTHOM CETH AIEKTPOIIOIBUKHOTO COCTABA, B IEPeAauax MmoCcToOAIHHOTO TOKa. [y pacuera eMko-
CTH Y HATIPSKEHHO CTH SJIEKTPHUECKOTO OIS, BOCHOIB3YEeMCS MTPABIIOM 3€PKATBLHOTO 0TOOpake-

HusA. [Ipu 5TOM cnegyer y4ecTs, 9TO €CIIM MPOBOA MO OTHOMIEHHWIO K 3€MJIE UMEN MOTEHIHAT @,

TO TOCIE€ BBEAECHWUA B PACYET 3€PKATBHOTO OTOOpaKeHWA MPOBOJA MOTEHIHMAT M PACCTOSHUE

MK Ty T N, SefeE o TeA.
CopTvpuKar. Ecw&j’ ﬁﬁ@ﬁ%ﬁ%ﬁﬁﬁ@%ﬁﬂﬁf@%ﬁy IPOBOJAOM U €r0 3€pPKAJIBHBEIM 0TOOpPaKEHUEM BOCITOIB3Y-

Bnapeneuy; lle@3yxoea YaTeaHa AnekcaHpoBHa

CMCH q)DpNIyHDﬁ, d 114 HDJ’[}“IE-‘HT’IH CMEKOCTH C] | }’I[BDHM 1‘['-’:'.]’[‘},'r IIE-‘H'HLIﬁ pEﬂ}’J’[E:THT.
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Taxum oOpazom, U3 3aBUCUMOCTH

ZFIE{]J
2h
In—
I

Cip =

Jlna pacuera HANPSHKEHHOCTHU SIEKTPUUECKOTO MO BOMM3M MTOBEPXHOCTH MPOBOAA HC-

IT0JIb3yEM BbIpakeHue. OTKyna, yaBausas 3aJaHHBIN HOTEHLIUAN U cuMTas ero 3a U, umeeM

U

max :
23r1g 2"
r

JlBe cepel paBHOTO mUaMeTpa.
Jlannas cucrema npencrasaser co0oi pacnpocrpanenssid B TBH cnygait ucmonszoBanus

1APOBOTO pa3pAOHUKA. JIEKTPUUIECKOE TTOJIE MEKAY cpepamu O1m3k0 kK paBHOMEpHOMY. Hepas-
HOMEPHOCTE y4Te€Ha KO3(P(PUIMEHTOM HEPABHOMEPHOCTH Y | — 1A W30JUPOBAHHBEIX IIAPOB U

Yo — A7 3a3emueHHoro mapa (cm. I1-3), /g ykasanHelX CiiydaeB MakCHMalbHAs HAIPAKEH-

HOCTE 3JICKTPHYCCKOT O ITOJIA OIIPEOaCIACTCA 3dBUCHMO CTAMH.

U
Emax = E}"l s )

U
Emax = ; Yo-

Kos(puimeHTsl HEPABHOMEPHOCTH HOJIA 3aBUCAT OT OTHOIIEHU S PACCTOSHUA MEKIY Ce-

paMu K X paguycy U B npenenax 0—1.5 onpenensrorcs U3 3aBUCUMOCTEN

v =09+0,452,
I
=—la+ a1+4
Yo =575

B I[1-4 1 5 nmpuBeneHs! BEMUUMHEI MPOOUBHBIX HAMPAKEHUH MEKIy C(hepamMu pa3smuaHbBIX

TUAMETPOB.

EMKOCTE MexkIy C(EpUUECKUMM SIEKTPOJAMHA PABHOTO IMAMETPA B BO3AYIIHOM CpENE

ONPENEAETCA 10 ITOJIYICHHOW ONBITHBIM ITYTEM 3aBUCUMOCTH

I1€ @ — PacCTOAHUE MEKAY cpepamu, cm.

AOKYMEHT MNOANMCAH
INEKTPOHHOW NOANWUCEID
Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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3aoanus:

3aoanue Nel

JIBa 3apsAKEeHHBIX NWINHAPA TUAMETPOM 2 CM U JUIMHOW B | M pacmoIOKEHBI B BO3IYXE
napauiensHo. Paccrosaue mexay ocamu mpmmHApoB 100 em. Onpenenurs eMKOCTE MEKIY 1IU-
AUHApAMU, TpeHeOperas BIUSHUEM 3eMIA. [ pemenns BOCMOIb30BATECA (POPMYION CUMTAL,

UTO rCOMCTPUYCCKHEC 1 JICKTPHYCCKHUEC OCH HWIMHAPOB COBIIAArOT.

3aoanue No2

OmnpenemTe €eMKOCTE MEXKAY IMTPOBOIAMH JBYXIIPOBOJIHON TENErpa(pHOU JIMHUU MIPOTH-
#eHHOCTRI0 100 kM mpu paccrosnun mexny npoogamu 40 cMm, paguyce npopoaa 2 mm. Bmis-
HHUEM 3E€MIIM HA EMKOCTh TPOBOA MPEHEOpeys. 3apsa NpOBOAOB CUUTATE PACTOI0KEHHBIM BI0JIb

T€OMETPHUIECKON OCH TTPOBOIA.

3aoanue No3
OnpenemTe npoOUBHOE HANPAKEHUE MEKIY IBYMA M30JIMPOBAHHBIMU MIAPAMHU C PaIly-
camu | M, eCli pacCTOAHUE MEKAY MapaMu 3 CM, a 3HAYEHUE TTPOOUBHOM HANPSAKEHHOCTH JJIEK-

Tpuueckoro mosst 30 kB.

3aoanue Nod

OnpenemTs EMKOCTh MMPOBO/IA U HAMPSIKEHHOCTD SIEKTPUIECKOTO TOIA BOIM3U TTOBEPX-
HOCTH C paguycoM 6 MM, DPOTSHYTOr0 HA ypoBHE 2 M Hax 3emiel. [lorentman mposona pasen 20
kB. [IoBTOpUTE ATOT pacuer ajsa mpoBoaa, HAXOOAMIETOCH HA BEICOTE 20 CM OT 3€MIIM TPHU MMPOIUX

PaBHEIX YCIOBUAX. EMKOCTE pacCYUTHIBATh HA €QUHUILY AJIMHEI IPOBO/IA.

Zaoanue Ne5

JlBa mpoBoga A-95 amamerpom no 14 wmm pacnonoxeHsl Ha BeicoTe 10 v Ham 3emnen ro-

PH30HTAIBLHO W HA PACCTOSHUH 3 M APYT OT aApyra. Onpenemuts vacTuaayo eMkocte (o MexIy

TPOBOJAMH, EMKOCTE Kaxa0ro u3 mpoeonos Cyy = Cry OTHOCHTENIBEHO 3eMIH, pad0uyio eMKOCTE,

T. €. EMKOCTh HPOBOAA OTHOCHTEIBEHO 3€MIN U HEUTPAIN, 4 TAKKE CYMMAPHYIO €EMKOCTh MEKIY

MpPOBOAAMU TUHUH. Pacuer mpou3BecTH B ¢h/kKm TMHUM.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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3aoanue No6
OnpenemTs NpoOMBHOE HANPAKEHUE MEKITY OTUHOYHOU C(Pepou, paCcIiosIOKEHHOU B BO3-
OyXe, U 3a3€MJIEHHOH IUIOCKOCTEIO, ecimu Enp=3(0) k6/cm, pamuyc cdeprr 50 cu, a paccrosHue oo

mrockocTu 40 o,

3aoanue No7
OnpenenTs: a) EMKOCTh MEKTY I1aPOBBIMHU AMEKTPOIaMH PABHOTO THAMETPA, HAXO AATIHN-
MHUCA B BO3ayXxe, ecnu paguyc ux 10 cm, a paccrosnue Mexay HUMH 5 CM, 0) EMKOCTh MEKIY

1apOM U INIOCKOCTBIO IPH TEX K€ YCIOBUAX. B KakI0M Cirydae OOUH U3 3JIEKTPOIOB 3a3EMIIEH.

3aoarnue No8
OnpenemmTs MAKCUMATBHYIO HAMPSKEHHOCTh AJIEKTPHUIECKOTO IMOIA U €MKOCTh MEKIY
[1APOBEIMA M30JIMPOBAHHBIMU 3JIEKTPOIAMH PABHBIX TUAMETPOB, €CIIH IO BOTUMOE HAIIPSIKCHAE

100 xB. makc., paguycsl paBHeI 12,5 cMm, paccrosaue mexay chepamu 16 cm.

Koumponsnwvie sonpocwi:

1. Kak MO¥KHO OOBACHUTE YBEIMYEHNE HEPABHOMEPHOCTH AIEKTPUUECKOTO MOJIS IAPO-
BOTO Pa3pAIHUKA OPU 3a3€MJIEHUH OJHOU 13 ero cep?

2. B xakux mpegenax MOKHO U3MEHATh PACCTOAHUE MEKIY chepaMu mapoBOTO Pa3psia-
HUKA, COXPAHAS AIEKTPUIECKOE ITOJIE PABHOMEPHBIM WX OJM3KUM K PABHOMEPHOMY ?

3. B ueM 3akmodaeTcs npaBuiIo 3€pPKaIbLHOr0 0TOOpaxeHus?

4. Ha ocHOBaHMM KaKOr0 T€OMETPHIECKOTO IMTOCTPOEHHUS MOKET OBITh HAWJIEHO MOJIOKEHUE
LIEHTPOB JJIEKTPUIECKUX OCEH ABYX 3aPSIKEHHBIX [UJIMHIAPOB?

5. B uem 3akmouaercs 0COOEHHOCTh BBEIPAKEHUA 1A MOTEHIHUAIBHBIX KOY(DPUIMEHTOB
TOYEK, MPUHAIEKANINX TOBEPXHOCTH HYJIEBOTO MMOTEHIAIA?

6. Ha ocHOBaHMM KaKOro reOMETPUIECKOT0 MOCTPOCHUSA MOKET OBITE HANIEHO MOJI0KEHHUE
LIEHTPOB JJIEKTPUIECKUX OCEH ABYX 3aAPSKEHHBIX [UJIUHIAPOB?

7. B uem 3akmouaercs 0COOEHHOCTh BBIPAKEHUA A MOTEHIUAIBHBIX KOY()(UIIMEHTOB
TOYEK, MPUHAIEKANINX TOBEPXHOCTH HYJIEBOTO MOTEHIMAIA?

8. Kakoe mpaktuaeckoe MpuMEHEHUE UMEET CUCTEMA U3 IBYX cep?

9. Kakue Meprl npegoCTOpOKHOCTH M TOYEMY CIEIyET IPUHATE HPU padOTe MOHTEPOB HA
OIHOM 00ECTOUYEHHOH LEMN ABYXIENHBIX JIMHUM dIEKTponepenaun’

- NQKYMEHT NOANWCAH
| SheHes tE PO MPEBBINIT OCYIIECTBICHNUA «EMKOCTHOTO OTOOpa» MONIIHOCTH OT BBEICOKO-

Ceprudmkar:  2C0000043E9ABBBI52205E7BA500060000043E
Bnagen®O JIBIHOHo M THHM-)HOKTPOHSDE Taun !
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11. Kak m3menutca popmyna mis padodel EMKOCTH MPOBOJIA IBYXITPOBOIHON JIMHHUH TT€-
peradu mpu 3a3eMIEHUH OJHOTO U3 IPOBOIOB?
12. CpaBauTE MEK Iy COO0H PadOUYI0 EMKOCTh U eMKOCTE JIMHUH TS IBYXITPOBOTHOM CH-

crembl. Kakas U3 yKa3aHHBIX eMKOCTeH Oombe?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IHpaxkmuueckasn pavoma Ned. Hzonamopol 6030yiunblx Tunuil u noocmanyui. Oouias

XaApaKkmepucmuKka U 3aKOHOoMepHOCHb pa3paooe 6 2az060i cpeoe.

Ienw: N3yunTh XapakTEPUCTHKY U 3aKOHOMEPHOCTE SJEKTPUYECKUX Pa3PaI0B.

Ocrnoevt meopuii:

B HOpMAaNBHBIX YCIOBUAX, IS KOTOPHIX MPUHATO aTMoc(epHoe naBmeHue B 760 MM pT.
cr., remmneparypa 293° K (20° C) u conepxanue Baaru 11 r/m3, BO3ayX, ABILAIOMMICA CMECBIO
3IEKTPUUECKN HEUTPATBHEBIX Ta30B, NMIPEACTABIAET COOONU AUAIEKTPUK C 00BEMHBIM COMIPOTHUBIIE-
HHUEM, PABHEIM O€CKOHEUHOCTH.

Tok ckBO3HOI TNPOBOAUMOCTH 4EPE3 TAKOU JUAIEKTPUK MPAKTHUUIECKH HEBO3MOKEH. M e-
ATBHBIM TMAJIEKTPUKOM MOT OBI OKa3aThCs a0COMOTHRIA BAKYYM, OJTHAKO OAKE MPH TEXHUIECKH
OOCTIKUMOM pazpexeHud B 10-6 MM. PT. CT. COXPAHAIOTCA €MIE€ TO0CTATOYHO OOJIBIIOE KOIMUE-
CTBO Tra30BBIX MOJIEKYJ U YCIOBHA U1 00pa30BaHUA 3aPsAKEHHBIX YaCTHULL.

[Tpu BO3a€MCTBUM HA TA30BBIM NPOMEKYTOK SMEKTPUYECKOT0 HOJA C JOCTATOYHOU HAMNP-
’KEHHOCTBIO Ta3 TEPAET CBOU M30MPYIONINE CBOMCTBA U CTAHOBUTCA POBO IANIAM B Y3KOM KaHAIE
JJTM B ONPEIETEHHON 30HE.

[Tponecc kparkOBPEMEHHOM MOTEPHU Ta30M IUAIEKTPUYECKUX CBOMCTB MOJ JEHCTBUEM
MPUJIOKEHHOIO K Ta30BOMY IIPOMEIKYTKY HAIMPAKEHUSA HA3bIBACTCA NIEKTPUUECKUM IMPOOOEM
rasa.

Bemmunna cpemHen HanpAKEHHOCTH SJIEKTPUYECKOTO ITOJA, IPU KOTOPOH BOZHUKAET MPO-
0011, Ha3pIBaeTCa NpoOMBHOM HANpskeHHOCTEI0 Enp. [Ipoboit -ra3zoBoit cpensr 00bACHAETCA pi-
OOM IIPOIECCOB, M3 KOTOPBIX OCHOBHBIMU SABJIAIOTCS MPOIECCH] YAAPHON HOHU3AI[UH, TOBEPXHOCT-
HOU MOHW3AUUN, TEPMOUOHU3AINN U (POTONOHWU3AIIAH.

[Tponecc ymapuon noHuzanum, npu KOTOPOM B 00BEME Taza MpPoOUCXOaUT 00pa30BaHUE 3a-
PAKEHHBIX YACTHUI] 34 CYET KWHETUYECKOM YHEPTUH COYIAPAIONIMXCSA SJIEKTPOHOB U HEUTPATBHBIX

gactull. [Iporekanue mponecca yagapHON MOHM3ANMK 3aBUCUT OT IJIMHBI CBOOOIHOTO mpodera i

1

3apSKEHHON YACTHUIIBL, KOTOPAas OMPENEIAeT YHUCIO0 CTONKHOBEHMH 4YaCTHIL A__ ma EUHUILY
IJIAHEL TA30BOTO ONPOMEKYTKA, YTO B CBOIO OYEPEIb 3dBUCHT OT ILUIOTHOCTU Td30BBIX YACTHIL B
00BEME, T. €. OT JABJICHUS Ta3d P U BEIUUUHELI A, XapakTEPU3YIOMIEU Pa3MEPHI CTATIKHBAOIINX CA

gactull. Maremarndeckn 5Ty 3aBUCUMOCTE MOKHO BBIPA3UTh (POPMyIIOn
AOKYMEHT MOAMNNCAH

ANEKTPOHHOW NOAMUCHIO 1
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E _— = A
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa ;L P
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He kaxkgoe CTOIKHOBEHHME NPUBEAET K OTPEIBY AIEKTPOHA C BHEMIHEW OPOUTEI HEUTPATIb-
HOU ra30BOU Y4ACTULEL. [ 014 yCIEMHEIX CTOIKHOBEHUHN 3aBUCHUT OT ITIOCTOSHHO JEUCTBYIONIEH BeE-
JTAYHUHBI HATPAKEHHOCTH IEKTPUYECKOTO ITOJIA 1 MOHW3AIIMOHHEIX CBOMCTB CAMOr0 rasa.

Tok B ra30BOM mpOMEKYTKE B OPOIECCE YAAPHON HOHU3AWN ONpeneniaercs (popmMynon

[ =1,

b

rae lo=ng — TOK, BEI3BAHHBIN JEUCTBUEM BHENIHETO HOHU3ATOPA.
[To Toynnceny, KOTOPBIN MEPBBIN MPEAI0 KT KOTUIECTBEHHYIO TEOPHUIO Pa3psAaa B raszax,

IPOLECC YIAPHON MOHM3AIINN XAPAKTEPU3YETCS BEMMUMHON KOApPUIIMEHTA YIAPHON HOHU3AIUH
_Ur.r

a = Ape *

b

roe Un— moTeHnaa HOHU3allie rasa.

Kos(ppummenTom ymapHOM MOHM3AUMU HA3BIBACTCA BEIWYMHA, ONPEAEIAONIAA UYHCIIO
YCHEMIHBIX COYAAPEHUH (IIPUBOIAIMNX K PACILICIIEHUIO TA30BOU MOJIEKYJIBI HA JIEKTPOH U MOJIO-
JKUTENBHBIN MOH ), HA | CM myTH OBMKEHUA SJIEKTPOHA BOOJIb MO, [Ipn HanmpsxeHHOCTAX H1eK-
TPUYECKUX MOJIEH, OIM3KUX K NPOOMBHBEIM, U JABIEHUH, OM3KOM K HOPMAJIbHOMY, BEIMYUHA O
oA Bo3nyxa cocrasiser 10-15 em-1

[Tponiecec moBEpXHOCTHON MOHU3ALMH, ITPH KOTOPOM 34 CYET KHHETUUECKOW SHEPTUH I10-
JTOKUTENBEHBIX MOHOB ra3a, 0o0MOapaupyonIiuX MOBEPXHOCTE KATOAA, MPOUCXOIUT OTPHIB HJIEK-
TPOHOB. JTH 3JIEKTPOHEI HACHIILIAIOT Ta30BBIM HNPOMEKYTOK U AKTHUBHO YYACTBYIOT B ITPOLIECCE
00BEMHON HOHHU3AI[HH.

Yucno 5nexkTpoHOB, OCBOOOKIEHHBIX HOpU OOMOAPAMPOBKE OIHUM IMOJOKUTEIEHBIM
MOHOM C IMMOBEPXHOCTHU KATOA, MPUHATO HA3EIBATE KOAP(PUIMEHTOM MOBEPXHO CTHOM MOHW3AIINH
Y.

Bemunna ko3¢ unmenta mnoBepxXHOCTHOM MOHU3AIMU 3aBUCUT OT pPOJa raza, B KOTOpOM
(opmupyercs mpo0oH, 1 OT MATEPUAIA KATOAA C YUETOM COCTOAHHUS €r0 MOBEPXHOCTU. OC00YI0
POIE MOBEPXHOCTHASA MOHU3AINA UTPAET NIPH pa3pAnax B CHIBHO PAa3pEKEHHOU CPENE U B BAKY-
yme. [Ipn Hu3Kux naBaeHuAax BO3AyXa I KaTO4A, BEINOMHEHHOTO 13 keneza v=(0,02—0,04), T.
e. Ha kaxnaeie 100 coymapenuii 0CBOOOKIAIOTCS ¢ MOBEPXHOCTH KATOAA TOJIBKO 2—4 SIEKTPOHA.

[Tponecc Tepmononmn3ammm 1 (POTOMOHM3AIMN, IPU KOTOPEIX 00pa3zoBaHUE 3aPsKECHHBIX
JACTHLl MPOUCXOAUT 3a CYET MECTHOTO pa30TPEBA IMOBEPXHOCTH AAEKTPOJOB WIM OTAEIbHBIX

yYaCTKOB Ta30BOM CPENEI, 4 TAKKE 3a CUET KBAHTOB YJIEKTPOMATHUTHOHN 3HEPrUH, U3y YAE€MEBIX B

oOneMe Rdd L RS KHAEBO30YK IEHHBIX aTOMOB B HOPMATEHOE COCTOSHHUE.

Ceptvdmkar:  2C0QA0043E9ABEBI52205E7BA500080000043E
Branenew:  We6ddKHM,Q QM. JPQOOU rasa u mrodad apyras (opma razoBoro paspsAaa CBA3aHa C JBH-

AHCHHCM B QHE‘KTPHLIECI{GM [MOJIC MMCHOIIMXCA 1 BHOBE ﬂﬁpﬂ?-}'m]]l}ﬂ{(:ﬂ SHEKTPHLIECK}EE .?.HpH,II;GB
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(71eKTpPOHOB M MOHOB 000MX 3HAKOB). /laBneHue rasza, temneparypa, BIa)HOCTE U (popma 3Iek-
TPOJOB, CPEAN KOTOPEIX (popMHpPYETC TPOOOH, ONPEREIAIOT HE TOJIBKO (PU3MIeCKue (POPMEL pas-
pPAna, HO U BEIUUWHEI NIEKTPUUECKNX XAPAKTEPUCTUK MTPOOUBHOM M HAYAIIbHOW HATIPSIKEHHO CTEH.

[Tox snexkTpuuecKoi MPOYHOCTHIO BO3IyXa WIM ra3a MOHUMArOT Hanpsxenue Unp unm Be-
JIUYUHY CPEIHEH HANPSKEHHOCTH IEKTPUIECKOro 1moJra Emnp, mpu KOTOpou IpouCXoauT MpoOo.
Hanbonpmee BausHue Ha BEIMYUHY TPOOUBHON HATPAKEHHOCTH AJIEKTPUIECKOTO MO OKA3BI-
BaeT (popmMa SIEKTPOIIOB, TAK KAK OHA OOpenenser cCO00M CTEMEHbh PABHOMEPHOCTH SIEKTPHYE-
CKOTO ITOJIsI B MOMEHT MPIIOKEHNA HANIPsAKEeHUA. C TEIeHnEM BPEMEHH TTOJIE NCKAKAETCA 34 CUET
0OBEMHEIX 3aPAT0B — MAIONOABWKHEIX MOJI0KUTENBHEIX HOHOB ra3a, mo3ToMy npo0ou popmu-

pPyeTCs HE cpa3y, a CTYIECHAMU.

I #8 mone -0 O-
160

Q. om

Pucynok 4.1 — 3aBucuMoCTs MPOOMBHOTO HANPSIKEHUS

BO3AYIIHOTO MPOMENKYTKA OT (POPMEI SJIEKTPOIOB M PACCTOAHUSL MEKIY HIMH

3 oneITHEIX XapakTepucTuk puc. 4.1, CHATBIX IPU MEPEMEHHOM TOKE M PACCTOAHUAX IO
1—5 cMm MexIy AMEKTPOAAMH PA3IMUHON (POPMEL, CIETYET, 4TO

HAuOOIBIMIEH NPOYHOCTBEIO OOJNANAET TA30BBIM MPOMEKYTOK MEKIY CUMMETPHUHBIMU
5JIEKTPOJAMH AP — MIAP WM IUIOCKUMH 3IEKTPoaaMu Thuma Porosckoro.

HanmeHrsyro npo4HOCTE, UMEET Ta30BBIM ITPOMEKYTOK MEKIY

3JIEKTPOJAMH WIJId — INIOCKOCTh, KOTOPBIA IIPHU IMPOYMX PABHBIX YCIOBUAX 00mamaer He-
CKOJIBKO OOJIBIIEN €EMKOCTBIO, YEM ITPOMEKYTOK MEKIY UTJIAMU WIH CTEPHKHAMH.

Orcroma cnenyer, yro IMpH OJMHAKOBBIX PACCTOSHUAX MEKIY SNIEKTPOAAMH IPOYHOCTE
MPOMEKYTKA TEM OOIbIIE, 4eM 00JIEE PABHOMEPHO SJIEKTPUYECKOE ITOJIE.

Jlns Bcex mMaTepuanoB OONBITOM YCTAHOBIEHBI 3HAYEHUS AIEKTPUIECKON MPOUYHOCTH (CM.

[1-6). Hﬂﬁ%jWEDHHMamT BEJIMIUHY CPETHEH NPOONBHON HANIPAKEHHOCTH SJIEKTPU-

'CO000! WBEBO5Z2205E TEARDODEYU 100043

CepTudukar ZLUU0UL) IESABBBOS2205ETBASDODE —
"PHECKkOr0 Mo MaTepHAd EIIp (KB Makc./MM wimm KB 1eicTs./Mm). J1715 BO3MyXa B YCIOBHAX CTPOTO

Bnaneney Hlaet3y¥oR 1 THHE A

Y 3
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OJHOPOAHOTO WKW PABHOMEPHOTO AJIEKTPUUECKOTO MOIA T4 BEIMYMHA NPH HOPMAITBEHEIX ATMO-
cepHbx ycaoBuax Ommka k 30 kB makc./cm. B ciyuasx HEpaBHOMEPHOrO MO CIEQYET FOBO-
PUTE TOIBKO O CPEAHEN BEMMUYMHE TPOOUBHON MPOYHOCTH, KOTOPASA IpPU OOJBIION YIATEHHOCTH
3JIEKTPOJIOB CHUWKAETCA 00 4,6—2.6 kB makc./cMm (cMm. [1-7). Bo Becex ciyuasx ompenenenus opo-
OMBHON MPOYHOCTH PEKOMEHAYETCS MOJIB30BATHECSA PACUETHRIMM KPUBBIMH WM TAOIUIIAMU, TIPH
HX OTCYTCTBHM MOKHO IMIPUMEHATH SYMOUpUdeckue (popmynel. B pacuerax cienyer yuuTEIBATh KAk
(popMy PIEKTPOAOB, TAK U POJ TOKA — IMOCTOSHHBINA, NEPEMEHHBIN, UMITYJILCHBIN, 4 TAKKE HAIU-
4HE 3a3€MJIEHUSA OJHOT O U3 JJIEKTPOIOB.

3a3eMJIEHHE OTHOTO M3 IEKTPONOB BCErNa CHUKAET IMPOYHOCTE Ta30BOr0 MPOMEKYTKA U3-
3a mepepacnpenenreHus JJMHAN CHJIOBOTO IMOJIA, YBEIMUHUBAONIETO HANPAKEHHOCTh Y ITOBEPXHO-
CTH U30JIMPOBAHHOTO 3IEKTPOA.

3HAYUTENBHOE YBEIMYCHHE MPOYHOCTH Ta30BOT0 MPOMEKYTKA HAOMOOAETCA IpH mepe-
XO0[€ OT JUINTEIbHBIX BO3JAEHCTBUIN HAMPIAKEHNAA HA UMITYJIbCHBIE. DTO KAKYIIEECS YIIPOUHEHUE
00BACHAETCA TEM, 4TO (DOPMUPOBAHUE pa3pAnd HE MOMKET IMPOU30UTH MTHOBEHHO. UeMm MEHbIIE
BPEM: BO3JIEUCTBUS HANPAKECHUA, TEM NPOUHEE OKA3BIBACTCA MMPOMEKYTOK. Y IPOYHEHHNE U30JI-
1M1 OlleHuBaeTcsa kod(pduinmentom nmmynsca f= 1,2—1.8.

[Toxg ko3 PpumeHTOM UMITYyIECA MOHUMAIOT OTHOMIEHUE aMILINTY OBl UMITYJIECHOTO pPa3-
PAIHOTO HAMPAKEHUA K CTATHIECKOMY Pa3pAIHOMY HAIPIKECHHUIO.

OMBIT TOKA3BIBAET, UTO PO OMBHOE HATIPKEHUE BO3AYXA IPU PACCTOAHUAX MEKTY CTEPIK-
HaMu 10 30 cM U3MEHAETCS MO0 KPUBOM, OM3KOU K mapadoIMueckor, a mpru OOJIBIINX pacCTos-
HUAX—II0 TUHEMHOM 3aBUCUMOCTH.

ITO OOBACHAETCA BIMAHMEM KOPOHHOTO paspana BOMM3M OCTpHUA U OOBEMHEIX 3apsAI0B,
CYILIECTBEHHO BEIPABHUBAIONINX IEKTPHUECKOE IT0JIE, TOITOMY IIPH PACCTOAHUAX B NPEAEIax OT
100 mo 200 cm MO¥KHO MOJB30BATHCA MOMYIMIIMPUIECKUMH 3aBUCUMOCTAMH, MPEII0KEHHBIMU
Porom u Batikepom:

7L NEPEMEHHOT0 TOKA 9acToTOU S0 r11;

CCIIH SJICKTPO OBl M30JIMPOBAHHEBIC

U,,=15+38"a

KB OEHCTB.,
€CITH OJIMH SIEKTPO/T 3a3EMIIEH

U, =15+375-a
np KB JTEHCTB.,

LT UMITYIIBCA TOJIOKUTEILHOH [TOJIAPHOCTH

NOKYMEHT MOAMNVCAH _ .
SNEKTPOHHOW NOANMCHIO Upp =75+556-a

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

sranened: e PRI B B PiiaTens0it monsapHo cTH

KB MAKC.,
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U,y =110+6-a

KB MAkKcC.,

B cooTBETCTBUN € 3aBUCHUMOCTSMHA MOKHO OLEHUTHh BETMUWHY MPOOUBHOTO HANIPAKEHUA
BO3QYLIHOTO MIPOMEKYTKA (&, CM) MEKAY SAEMEHTAMU AIEKTPOYCTAHOBKH, YCJIOBHO IPUHUMAS UX
34 CTEPIKHM U 00ecrneunBas TUM HEKOTOPBIM 3amac MpouHoCTH. /i1 pacuera mpoOUBHOM MPOU-
HOCTH OPOMEKYTKA (&, M) MEKIY SIEKTPOIAMHI CTEPKEHb — CTEPKEHB IpU | <a<4 M ucmons3y-

CTCA MOJIYOIMITMPHUUCCKAA 3aBHCHUMOCTB

U,y = (145Va -093)10°

KB MAKC.,
obecrneumBaronias TOYHOCTH B mpenenax +2,5% (cm. JI-18). [lima mpomexyTka CTepxKeHb

— IUIOCKOCTE ITPH a<9 M IIPUMEHAECTCS 3aBUCHUMOCTh

Uyp = 1623/ - 11)03

KB MAkKc.,

oOecneunBaronias TOYHOCTE B npeaenax +£5%, B [1-8, 9, 10 npuBeneHs! ONBITHEIE TAHHEIE
171 pacuera npoOOMBHOM MPOYHOCTH BO3YIIHBIX IPOMEKYTKOB A4 pacCcTossHud 1<a<8.

Poct Temneparypsl 1 CHIKEHHE aTMOC()EPHOTO JABJIEHUS OTHOCHUTENBHO BEIWMYHMH, ITPHU-
HATBHIX 3a HOPMAIBHBIE, MMPUBOAT K YMEHBIIEHUIO IUIOTHOCTH Ta30BBIX YACTHUIl B MPOMEKYTKE
MEKIY AMEKTPOAAMH, YTO CITOCOOCTBYET 00pa30oBaHui0 Mpo0OA. 3TO YUMTEIBAETCA TIABHBIM 00-
pa3oM B pailOHAX, BO3BBIIIIEHHEIX HAl YPOBHEM MOPSL.

Kos(p¢ument OTHOCUTENEHOM INIOTHOCTH BO3yXa

~0.386p

5=
273+t

r1€ p — OABJIEHHUE, MM PT. CT.;

t — Temmeparypa, V C.

[TpobuBHOE HATIPKEHNUE MPAMO MPOTOPLUHUOHATEHO KOA(] PUITMEHTY O:

U g — U {)5 .

C yBEIMUEHUMEM BIAXKHOCTH SIEKTPHUUECKASA MPOYHOCTH Ta30BOTO MPOMEKYTKA BO3pac-
TA€T, TAK KAK B3BCIICHHBIE YACTHIILI BJIATH CBA3BIBAIOT IBHKYIUECA JJIEKTPOHEBL, YMEHBIIAA UX
MOABUKHOCTE. BIaKHOCTE MM BECOBOE KOJIMYECTBO BOAHBIX MAPOB, CONEPKANINXCA B €AUHALIE
00BEMA BO3AYXA, 3aBUCUT OT TEMOEPATYPHI. [l Kaxk 01 TEMOEPATYPEI CYIIECTBYET ONMPENEIECH-
HBIM MPENEIT BIAKHOCTH.

OtHomenne (PaKTMIECKN COEPKAMIEHCS BIIATH K €€ NPEaeIbHON BEIMYUHE HA3BIBAETCS
OTHOCHUTENBEHOU BAAKHOCTEIO {%. 3a HOpMABHYIO BIAKHOCTh BO3AyXa MPUHATA BeTuanHa 65%,

gTO COOTBRU [ Wygl(ﬂHPﬂﬂ 11 r Boger B kyOuueckom merpe Bo3nyxa. Mzmenenue npoOus-
HOW NOANKUCHIO

ANEKTPO
CePTMOHHT 0% Hé 438" O PHOCHTEISHO HOPMAJIBHBIX YCIOBUM YUMTHIBAETCA KO3(pdunmenrom K
Bnaneneu: lleGayxoea TaTeAHa AnexkcaHgpoBHa
(em. TI-11).
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[Tpubmixenno ang wactorsl S0 rip u HaNpsKEeHU npo0os 141 kB Makc 1 BeIE NOMpaBou-

HBIM K02 (pumiment K moxer OvITh onpenenceH no popmyie

K = l,IS—O,ISi,
11

rae f —- (akTuueckas BIaKHOCTE BO3IyXA.
Taxum 00pazom, mpoOMBHAS TPOYHOCTE TA30BOT0 MPOMEKYTKA C YUETOM OABICHUS, TEM-

MepaTypsl U BJIAKHOCTH OIPENEIAETCA U3 3aBUCUMOCTH

0
Unp - Unp Eﬁ)

rae Un p— npoOuBHOE HANPAKEHUE MPOMEKYTKA TP YCIOBUAX, MPUHATHIX 38 HOPMAJTh-
Y Y

HEIC.

3aoanusn:

3aoanue Nol

OnpeaenuTs YiciI0 3JEKTPOHOB, €KECEKYHIHO JOCTUTAIONINX aHOA, €CITH B BO3IYIIHOM
ITPOMEIKYTKE MEIKIY IEKTPOIAMHU CO3JaHbI YCIOBHS I VIAPHOU MOHM3AIMHA. YHUCIIO SIIEKTPO-

HOB, €KECEKYHIHO MOKUIAIONINX KAToM, 2, KO3(p (punimenT yaapHon nonusanuu pasex 1 1.

3aoanue No2
Paccrosanue mexay TokoBeaymnmMu BeiBOgamu tpancgopmaropa tuna TJILIT 90000/110
paBHO 120 cu. Onpenenurs KPaTHOCTh NEPEHANPAKEHUA, IIPU KOTOPOM MPOUCXOIUT NEPEKPEITHE

3TOTO NPOMEKYTKA, U KOAPPUIMEHT €T0 UMITYyJIbCHOU MPOYHOCTH.

3aoarue No3

[Tpu moneBEIX MCOBITAHUAX W30JLIOUU JIMHUU dneKkTponepenaun Ha Beicore 1000 m Han
yPOBHEM MOPS HCIIOJIB30BaH MAPOBOM pa3pAdHHUK, O1HA U3 cep koToporo 3azemiena. Omnpene-
JIWUTH MPOOMBHOE HANPAKEHUE U MAKCUMAIBLHYIO HAMPSIKEHHOCTh SJIEKTPUYECKOTO MONA y MO-
BEPXHOCTH MIAPOB, €CIU quaMeTp cdep 25 cM, pacCTOAHUE MEKIY mapaMu 6 CM, JABIECHHUE BO3-

nyxa 660 mm pr. oT., TemMoeparypa Bozayxa 1 7° C, conepxkanue Biaru 20 r/m3.

3aoanue No4
Bo3aynmierii mpoMeKyToK B | CM MEKAY MIOCKUMHU IEKTPOIAMHU XAPAKTEPU3YETCS TaB-

JTEHUEM 7 0o MNVE PR @TFWHAHATIPSAK EHHOCTEIO Si1eKTpruueckoro mois 29 kB/em. OnpegemiTs aucno
3NEKTPOHHOM MOAMKUCHIO

CeprudA@EE KIPOHOSEHOANTASTAMROMIGAAIECIIN C KATOAA OTPRIBAETCA | 371/CeK, a B IPOMEKYTKE PO C-

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

XOOUT OPOLECC YIAPHOHU MOHU3ALINH.
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3aoanue No5

Tpauncdopmarop na 220 kB ycranoBineH B HEMOCPEACTBEHHON OMM30CTH OT Pa3beIUHU-
Tend (3a3eMJIeHHAA IUIOCKOCTh). OnpenenuTts MUHUMAIRHO AOMYCTHUMOE PACCTOAHUE MEKIY
TpaHnc(popMaTopoOM U pa3bEAMHUTEIEM, ECIIH IT0 YCIOBHAM BO3MOKHEIX TEPEHATPSK €HUI BEIOpaH
JETBRIPEXKPATHBIN 3a0ac MPOYHOCTH STOTO MPOMENKYTKA MPU HOPMATBHBEIX aTMOC()EpPHBIX YCIIO-

BHAX. I[JIH PCILICHHUA BOCIIOJIE30BATECA 3dBUCHUMOCTLBIO.

3aoanue Neb

K razoBomMy MOpOMENKYTKY, 3aKTIOYEHHOMY MEXKIY ABYMS SIEKTPOAAMH, IMPIIOKEHO
HATIPSKEHUE, TOCTATOYHOE /I BO3HUKHOBEHUS pazpaaa. Onpeaeaurs 9ucio NEKTPOHOB, MOKH-
OAIONINX €KECEKYHIHO KATO IO JEUCTBUEM JIYUEH KBAPLEBOM JIAMIIEL, €C/IM TOK B LM 1 MKa,
3apsan Kaxaoro snexkrpona 1,6-10-19 k, nmmna npomexyTka 2 cM, a K0O3(pPUIUEHT y1apHOH HOHU-

saruu 10.

3aoanue No7

OnpenemTs MPOOUBHBIE HANPSKEHUA MEKIY IBYMA U30JIMPOBAHHBIMU CTEPKHAMU, YVa-
JIEHHBIMU JPYT OT Apyra B Bo3ayxe Ha paccrosanusa 120,220, 800 cm. Conepxanue Baaru 20 r/m3,
Temmeparypa Bo3ayxa 30° C u mpapnenue 740 mm pr. CT.

3aoanue No8

OnpenemiTs MPOOMBHOE HAMPAIKEHUE /I BO3AYIIHOTO MpoMexyTKa B 120 cm, 3akatoueH-
HOTO MEXAY M30JMPOBAHHEIM M 3a3€MJIEHHBEIM CTEPKHEBBIMH AeKTpomamu, npu 6=0,945 u ko-
s(puimenre, yaureiBaomeM BaaxHOCTE K=0,91. Ha nmpomexyTok moouepenHo BO3OEHCTBYET

MOMOKUTEIBHBIM U OTPUIATEIEHBIN UMITYJIbCEL.

3aoanue Ne9

[TpobuBHOE HaNIpAKEHNE TA30BOTO MPOMEKYTKA C HEOJHOPOIHEIM ITOJIEM ITPU BAAKHOCTH
8,5 ep/m’ cocrasuio 141 kB maxe. KakoBa IPOYHOCTE 3TOTO MPOMEKYTKA B YCIOBUAX HOPMAIIh-
HoM BiaxHoctu? IlormpaBounsni kosdgduimment npunarte mo ['OCT 1516—60 (cm. I1-12) u pac-

CUUTATh MO AHATIUTHUECKOH (hopMmyIie.

Koumponsnwie eonpocwi:

13%%&8%%@&@ co00 k03(] PuieHTE 00BEMHOM U MOBEPXHOCTHON MOHU3AIMH ]

Ceptudmkar:  2C0Q00Q43E9ABBBI52205E7BA500060000043E
Bnanenel:  |LebduddA QUL PAZPSI, FEPHIHATO HA3BIBATE CAMOCTOATEIBEHBIM U KAKOBEI YCIOBUS €M0 BO3HUKHO-

BEHUA!
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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3. [Touemy yBEemMUueHME COAEPKAHUS BIIATH B TA3€ MOBBINIAET YIEKTPUUECKYIO TPOUHOCTE
ra3oBOr0 IPOMEKYTKA

4. Kakum COOTHOMIEHUEM CBA3aHBI MEKAY COOOU THUAMETPEI ChEP pa3pATHUKA U MPEIEIEI
U3MEPIEMBIX UM HATPSKEHUN !

5. [loscHuTe pose MOAAPHOCTH B (POPMUPOBAHUHN pPa3pAna MEKIY SIEKTPOIAMH WUIIa —
MI0CKOCTB.

6. ITouemy mpu paBHEBEIX YCIOBUAX NMPOMEKYTOK CTEPKEHB — CTEPIKEHb OKA3BIBACTCH
MPOYHEE MPOMEKYTKA CTEPIKEHD — IUIOCKOCTE?

7. Kakou xapakrep uMeeT 3aBUCUMOCTE KO3 (pdurnenra 00EMHON HOHWU3AIAN OT JaBJIE-
HUA rasa’

8. Uro xapakrepusyer codboi kK03 PUIINEHT UMITY T5CHON MPOYHOCTH ?

9. Uto xapakrepuszyer co00u K03(PPUIINEHT UMITYJIECHOH ITPOYHOCTH ?

10. Yo Takoe snekTpudeckuil Oapeep U KAKOBA €T0 POIb B YIPOUHEHUH Ta30BOTO ITPOME-

KyTKa?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilpaxmuueckan padoma Ne5. Buympenuas uzonayus iekmpoycmanoeox. OcHogHble

Gopmul pazpacoe 6 2azax u ux UCNONL3I0BAHUE.

Ienw: N3yunTh OCHOBHEIE (DOPMEI Pa3pAO0B B ra3ax U UX IIPUMEHEHHUE HA IMMPOU3BOICTBE.

Ocrnoevt meopuii:

B TexHMKe BBICOKMX HAMPSKEHUI Tra30Bas Cpeaa CIyKUT M30JUPYIONIUM MATEPHAITIOM,
HAIIPUMEP, IPU PACIIOJIOKEHUN IIPOBOAOB JUHUN SJIEKTPOIIEPEAUH B BO3IYXE, MEKIY AIEKTPO-
OaM¥ BO3AYIIHEIX KOHAEHCATOPOB, B UCKPOBEIX MPOMEKYTKAX Pa3PAOHUKOB U T. A. [IpusTom BO3-
HUKHOBEHHM € MOHU3AI[MOHHEBIX ITPOIECCOB B BO3AYXE SABIACTCA HEKENATEIbHEIM sABIeHuEM. C npy-
rol CTOPOHEL, padoTa psaa anmmapaToB OCHOBAHA HA PAa3IUYHBIX (DOpMAax ra30BOr0 pa3psaia.

Taxumu anmmapatamu ABAAIOTCA TPyOUATEIE PA3PAIHUKI, UCHOMB3VIONINE TYyTOBOU PA3PA;
YCTAHOBKH IO OUMCTKE ABEIMOBEIX Ta30B HA AAEKTPOCTAHIMAX,, MCHIOIB3YIONINE KOPOHHBIHM pa3psi;
BEICOKOBOJIBTHBIE TA30CBETHEIE TPYOKH € XOJIOIHEBEIM 1KATOIOM, UCIOJB3YIONIAE TICIONIUN Pa3-
pAd; YCTAHOBKHU IO 3NEKTPOUCKPOBOM 00padOTKE METAILIOB, UCIIOJIB3YIONIME UCKPOBOW PA3PAL;
yCTAHOBKH ITO OKPACKE U3JEIUHN -B AJIEKTPUYECKOM MOJIE, HCIONB3YIONINE TUXHUH pa3pAl U T. 1.

dusnyeckas (opma ra30BOTO pa3pana 3aBUCHT OT COBOKYITHOCTH; IEIOTO pAaa (pakTopos:
OABJACHUS U TEMIIEPATYPHI Ta3a, HAPAKEHHOCTH M KOH(UTYPALIMH SAEKTPUIECKOTO MOJIA, MOTI-
HOCTHU UCTOUYHMKA, IZIOTHOCTH TOKA ¥ PACCTOAHMS MEKITY SJIEKTPOTAMH.

Tnerommit pazpsan BO3HUMKAET KaK yCTOMYIHUBAA (popMa razoBOro paspsaaa Opy AABIEHUIX
nopanka 10—20 mm pr. cT. OTOT pazpsan xapakrepusyercs Majnol IUIOTHOCTEIO TOoka 20—350)
MA/cM?* GOJIB MM ITepenanoM Hanpskeaus BOmmsu snexrponos 200—400 B.

[Tpu Tneroniem paspsane UMeeT MECTO MEPEXOT AMEKTPOHA C yIATEHHON OpOUTEI HA OPOUTY,
nexantyr Omnke K Agpy U 00/1aJar0nIyIo MO3TOMY MEHbIIEH SHeprueu. M30e1Tok sHEeprumn n3my-
JaeTcsA aTOMOM B MPOCTPAHCTBO B BUAE MOpUMHU SHEprun AA, HA3EIBAEMON KBAHTOM WIH (POTO-
HOM, BEJIMYUHY KOTOPOU MOIKHO BEIPA3UTh KAK PA3HOCTH SHEPrETUUECKUX YPOBHEH OBYX OpOUT:
A1 1 A2 B DJIEKTPOHBONBTAX, T. €.

AA = A, — A4

Tnerommit paspsan B ra30CBETHON TPYOKE ABIAETCA UCTOYHUKOM JIYIUCTOU SHEPIUU WU
cBeTa. fIBneHne X0I0JHOTO CBEUEHHUS ra3a HA3BIBAETCA HIEKTPOIH MUHECI]EHITUEH.

Bumumeiil cBeT mpencraBiaser COOOM AIEKTPOMATHUTHBIE KOJIEOAaHWA € OmpenenEHHBIM
OUAma30HOM 9aCTOT WM JJIMH BOIH, JI71s M3MEpeHNs IJIMH CBETOBBIX BOIH YI00OHO MOJIB30BATHCA

[OKYMEHT MOANVCAH _ .
CTI €L AJTBHEFPeIH TR ColiCH A3 BIBAEMON AHTCTPEMOM U paBHOU [0-8 cm.

Ceprudmkar:  2C0000043E9ABBBI52205E 7BA500060000043E
Bnapenew:  Webdfgpa|ipsuK i MI3BECTHO, YTO MYYOK COTHEUHOTO CBETA PA3JIATAETCA CTEKIIIHHOW MPU3MOH

HA g PA3/IMYHEIX 1IBCTOB 06 d3va CIICKTD. KHH{ 0 BETYV COOTBECTCTB T OIIpEC EI[EI—H—ILIE
NelAcTEUTENEH: 19.!381.%022 no 19-[]8_2[]2%[ ’ p y p A W o y }I}D p A 2
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» COOTBCTCTBYHOIIHH H3JIYYCHIO, BOCITOJIE30BdBIIHCH

Pacuerom MOKHO yCTAHOBUTBH LBET
k- Pacu€rueii kos(ppunmenr (2*1 0'8);

IA€ A- IIMHA BOJHBI M3IYyYEHUS, A

mHBL BOTH. KpacHOMYy 1IBETY, HAITPUMED, COOTBETCTBYIOT AMEKTPOMATHUTHBIE KOJICOAHMS C AT~
AA-sHEpPrus U3Iy4eHus, IB.

HaM¥ BOJH B npeaenax 6300—7700 A.

COOTHOIICHHEM

- - Wl

~ A A

nwemmiesm
- (TN TN HISRIIAREHIARIIIER M

“TITRIIT T TS

S N L N TSSO O T T T
L I NSULLE LN LSS T = T

M--l-.u-.._..._.l:-ll..._._.-.....nu__.-ul._--:-l:
UL LU N PN T T T ST S i

et LN LN T T ST T TS

>y AEEEINERNHIN'UBAS "IREIIIER I SO 2 ) T IOITT
L L N TN T T TS IR

L DL T N IS TS T TR T
“-ll-—.l.--l--II-.-HJ-R.JJ.H _-I-n,..-“““IIM““““"““"“““““ .

SRENHIARRIMENINIRE IR E“sun LIV L TSN OTTT TS
“.-n-l-_---I_:-l:----rnu 2 MHRIHIIGIIER . *YRIn
e AERNINIENIIANIINEEIMARIIART) TN VT TS OIS
ALIENIITERMIIRIREEIIMARININEN LI HLHT T

TIRRIINENIIsamEmIIsERIInEN) —ug
NN ARG NS IR} L L

il
wRin
L1
i0AN
J LU
e
ARRi
WKLY
11
-~ 4l

s
P
im
T

|

-
L]
U LU TN DS

113

Pucynok 5.1 — O000mIEHHBIE XaPAKTEPUCTHKH TTOTEPH MOMTHOCTH HA KOPOHY IJIS pa3-

OOKYMEHT NMoanncAaH

T UHBIX IeMeToB fioro npl: — Xopomasa moroga: 2 — CHET;, 3 — N0k Ab; 4 — HAMOPO3b

2C0000043E9ABEBO952205E7BAS00060000043E

03yXoBa |aTkHHa A.’IUHEE’!HA[_}I’.‘-BHEE]

—_

Ule
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Bnaneneu:



KOpOHHBIM pazpagoM, WK IPOCTO KOPOHON, HA3EIBAETCA OJJMH U3 BUIOB IEKTPHUECKOTO
paspsana B ra30BOU WJIM BO3AYIITHOU CPENE, BO3HUKAIONIEH, B YACTHOCTH, Y MOBEPXHOCTU IPOBOJOB
BO3JIYIIHBIX JTUHUH 3AEKTPONEPENATN U Y TOBEPXHOCTH MOOBIX SJIEKTPOAOB ¢ MAIBIM PaguyCOM
KPUBU3HEI MO JEHCTBUEM PA00UEro HANMPSAKECHU .

KopoHHEIN pazpsan npyu OOABMIOM PACCTOSHUHN MEKIY MPOBOAAMU U, CIETOBATEILHO, IIPH
HEOOIBIIION BETUUNHE CPETHEN HANPAKEHHOCTH SJIEKTPUUECKOTO TTOJIA HE MPUBOJUT K MEPEKPEHI-
TAI0 IMPOMEKYTKA M MOXKET CYIIECTBOBATH UIMTEILHO. KOpOHA COMPOBOKIACTCA CBEYCHHEM
BOIM3H MOBEPXHOCTHU NMPOBOJA, XAPAKTEPHEIM IOTPECKUBAHUEM, 00pa30BAHUEM 030HA U BEICOKO-
JaCTOTHBIMHU IMOMeXamu. [loABIeHNE KOPOHEI CBUAETENECTBYET O PE3KOU HEPABHOMEPHO CTH SJIEK-
TPUUECKOTO MOJIA U O HUIMYNH Y IIOBEPXHOCTH TPEHUPYIOMIETO 3JIEKTPO1a HANPAKEHHOCTH JJIEK-
TPUUECKOTO OO, JOCTATOUHOM MJIsI BOBHUKHOBEHUA Mpoliecca O00BEMHON M MOBEPXHOCTHOH
VOHW3AINH, HA3BIBAEMOU KPUTHYIECKOU Egp.

BO3HUKHOBEHNE KOPOHBI MPUBOAUT K CYIMIECTBEHHOMY BBIPABHUBAHUIO JIEKTPHUYECKOTO
[TOJIA B 30HE €€ IeHCTBHA.

B OonpIIMHCTBE Cy4aeB KOPOHA PACCMATPHUBAETCA KAK BPEOHOE ABJIEHUE, TAK KAK OHA
MPUBOIUT K JOMOJHUTENbHEIM MTOTEPSIM AKTUBHOH MOMTHOCTH Prop ¥ SHEPTUMN.

Kpome Toro, KOpoHa CO304a€T PAAUOTIOMEXH U BPEOHO IEUCTBYET HA M3OIAIMIO OPraHu-
JECKOTO IIPOUCX 0K ICHHUI.

[TonoxuTenpHYI0 POJIE KOPOHA UTPAET MPHU BOZHUKHOBEHUHN TPO30BBIX MMEPEHAI PIKEHUH,
CHIKAA aMIUTUTYy U KPYTH3HY 3JIEKTPOMArHUTHBIX BOJIH. KOpOHA NCHONB3yeTcsa B yCTAHOBKAX
MO OYMCTKE NBIMOBEIX Ta30B, B YCTAHOBKAX IO PA3IEICHUIO SMYJILCHU, B SJIEKTPOCTATUIECKHUX
reHepaTopax, r71e KOPOHUPYIOMMI EKTPOI UCIIOIB3YETCS I IEPEqaur 3apsa0B Ha ABUKY Y-
10CA JIEHTY, U T. 1.

B TBH nanOonee pacnpocTpanéHHbIM ABIAETCA PACUET MOTEPh MOMIHOCTH HA KOPOHY A
TUHWAH snekTponepenadu. [Ipu 5Tom mocaenoBaTensHO ONPEIEIIIOTCA

a) KpUTHYECKAsA WIM HAYAIbHAA HANPIKEHHOCTh SJIEKTPUUECKOTO ITOJIsI, COOTBETCTBYIO-
n1as MOsIBJIEHUIO 00MIEN KOPOHHIL;

0) HATIPAKEHHOCTH HACKTPUUECKOTO MOJIA, CO3JA0MAACA MO ACHCTBUEM pad0dero Hampsi-
’KEHUA JIMHUH,

B) CPEOHETOJ0BEIE IMOTEPH AKTUBHOW MOIIHOCTH HA KOPOHY, PACYET KOTOPHIX ITPOU3BO-
OUTCA MO aHATUTUYECKUM 3aBUCHUMOCTSAM WIM C UCHOJIB30BAHUEM 0000ONIEHHBIX XapaKTEPHCTHK

IJI KA I0TO SJIEMEHTA MOTOBI, MOJIYYEHHBIX HA OCHOBE MMPOMU3BEIEHHBIX U3MEPEHUH {puc. 16).

Pﬁﬁ%ﬁﬁﬂ%ﬁﬁ%%@ﬂm xapakrepucrukam. HauansHasa HanOpAKE€HHOCTE YIEKTPUYECKOTO

Ceptudmkar: 2C0000043E9ABBBI52205E7BAS00060000043E
BnanendlOJL LQQTLBELCIB YHOHIALJLQABICHUIO KOPOHEI, 3aBUCHT OT IABJICHUSA BO30yXd, TEMIIEPATYPEl U

COCTOAHHM A HDBEPKHDCTH HpDBD,I[H H dHAJIMTHYCCKH DHPE‘,[[EI[HETCH 3dBHCHMOCTEBHO.
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0.3
E.» =30,3md (1 + —) KB MakKc/cMm
od ﬁ f ’

rae r- paauyc mpoBoaa, Cum;

P- armocdepHoe naBaeHme, MM Pr.CT.;

c- remneparypa, °C;

m-K03(PUIMEHT HETIAAKOCTH, PaBHEIH 0,82 nad BUTBHIX IMMPOBOIOB.

[Tpn d=1 HagampHAS HAMPSIKEHHOCTH ATEKTPUYECKOTO TOJIS TS MPOoBOIOB Mapku AC-
240, AC-300 u AC-400 cootercreenno pasua 31,9, 31,6 u 31,1 kB makc/cm.

Pabouas HANPAKEHHOCTH AIEKTPUUYECKOT0 MOJIA BOMM3M OOMHOUHBEIX IMPOBOAOB JIMHUHU
OTIPEAETIIETCS 3aBUCUMOCTBIO

Q V2UCy,

2megr 3 2mepT

Emax —

= 0.0147 —2{ks Makc/cv]

rae U — neucTByroniee 3HaU€HNE IMHEWHOTO HAMPSKEHUS, KB;

Cn — pabouas eMKOCTh paccMarpuBaeMou (paser, md/m.

Hcnmonp3ys 3HaueHne cpeaHero10BOU IIOTHOCTH BO3AyXa JJIA 3aJAHHOW MECTHOCTH (1715
Mockosckoit obnactu 1,04) u onmpenemiB HAYATBHYIO HAOPSKEHHOCTH SIEKTPUIEOKOTO IO
TPOBO/IA, CAEAYET CPABHUTH €€ CO CPETHNUM 3HAUECHUEM pabodel HAMPSIHKEHHOCTH TIPOBOJOB JIU-

HHH, [TOTYYCHHBIM H3 3dBHCHUMOCTH

Ecp.max = 5 (Eimax + E2max T Ezmax)

[Tpn E ) max < 0.5 E, MPOM3BOIUTE PACUET MOTEPL HA KOPOHY HE TpeOyeTcs

[pu Ecp max < 0.9 E¢, moTepn Ha KOPOHY OYCHD BEJIMKH.
YcranoBuB HEOOXOAMMOCTE MPOM3BENEHUS PACUETOB MOTEPh HA KOPOHY, CIEIYET BOC-
MOB30BATECA OOOOMIEHHEIMHM XAPAKTEPUCTUKAMHM MOTEPh MOMIHOCTU I PA3TUIHOM IOTOIBI

(ICHO, CHET, TOKb, U3MOPO3b ). ¥ KA3aHHBIE XaPAKTEPUCTUKH I'PA(PUIECKH OMPENENAIOT (DYHKIIN-

OHAJIBHVIO 3dBHCHMOCTD

rAe I — YUCIO MPOBOAOB B (pa3e pacmIenJIEHHOW TUHHUH;
r— paguyc MpoBoaa.
CpenHerogoBel€ MOTEPU MOMIHOCTA HA KOPOHY TPEX(Pa3HOU TMHUU ONMPENENAIOTCA CYyM-

MHPOBAHHEM HNOTEPE MO (pa3aM IMpPHU BCEX BUIAX MOTOAEI IO (popmyie

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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=2 ()5 () ]+ [ (2)+ )+
) +r &) r )

[ El Ez 3
+ ﬁ,3 A + F,. A + FE.(—=— || T,st kBMm/KM,
0 0 Ey

rae Fx, Ea, Ec, Fis — 0000nienHpIe 3aBUCHMOCTH TTOTEPL HA KOPOHY B XOPOTIYIO ITOTOY,

TPU TOKIIE, CHETE U U3MOPO3H.

B smuHuy ¢ ropu30oHTATBHEIM PacosiokeHneM mposo1oB Ei= Ea.

[Tpy mpuOM3UTENEHEIX pacueTax MOroAy MOKHO pa3JeIuTh Ha SACHYIO, CYUTAA, YTO OHA
cocraBmaeT i cpennen moaocel 80% 68 (7000 ) u moxas 20% (1760 1) oT yncia yacos B roay.

B stom cnyuae pacuernaa (popmyiia 3HAYUTEITEHO YIIPOIIAETCA,
P = oo P (52) 24 P (2] 08T+ [Fa (B2) 2+ Fa (B2)] Tt T+ Moo}

Pacuer paboueit emkocTn Tpex(pazHONW TPAHCIIOHUPOBAHHOHN JIMHUM C TOPU30HTAJIEHBIM

PACITIOI0KEHUEM TTPOBOIOB 0€3 TPOCOB

Pucynok 5.2 — Paboume eMKOCTH TUHAY 3JIEKTPOTIEPEaad ¢ TOPU30HTAIEHEIM PACIIOJO-

KeHueM mpoBoaoB: H— cpennsas BeicoTa mpoBoaa Han 3emnen: D— paccroanue mexny (a-

samm; G2 ﬁﬁ%ﬁﬁ%ﬁm et (pa3er; C — cpemHsas eMKOCTh TPaHCIIOHUPOBAHHON JTHHUH 03

Coprubukar:  2C0000043E9ABBBIS2205E7BAS00060000043E . y
wayaera zepmie; C1=C3 eMkoCTE KpalHUX (pa3 TPEXBA3HON JIMHUH

Bnageneuy; llleBayxoea Ta

Nencteutenexd: ¢ 19.08.2022 no 19.08.2023

116



L L D L
3HaueHUe 171 paboueh eMKoCTH KpanHuX (a3 C1=C3 11d Pa3IuIHbIX — M CPEIHEH (a3l

C2 MOKeT OBITEH OMPENENIEHO HEMOCPEACTBEHHO MO KPUBEIM (puC. 5.2), rae mo ocu adCuce oTio-

KE€HA BEMTUUMHA cpenHen padouent emxkoctu C i BCEH MUHUM, ONpEaeIaeMasn 3aBUCHMOCTEIO

24.13

1.26D
r

lg
[Tpu OTCYTCTBUM KPHUBBIX PACUET TEX KE EMKOCTEN MOKET OBITH MPOW3BENEH AHATUTHYE-

CKH 4epe3 B3auMHEIE:
M COOCTBEHHEIE

DOTEHIMANBHEIE KOY(duiiuenTs 1 ypasHeHus Makcsemna, rae hi— cpeaass BBICOTA TTO/I-

BECA MPOBOJIA HAL 3€MIIEH, OnpenenaemMas u3 (PopMyJIbl
hy =h : f
1= ™3

rae ho — BrICOTA IMOABECA ITPOBOJA HA IPOMEKYTOUHOU OIIOPE;
f — cTpena mpoBeca mpoBOaa B MPOJETE;
Dik — paccrosHue Mexay IpPoBOIOM (1) U €ro 3epKaabHEIE 0TOOpakenueM (k)

YpaBuenne MakcBenna, CBA3BIBAIONINE MOTEHIIUATEI U 3PS IbI, MMEIOT BU:

@, =010, +a4,0; +a,3053

Py =03,Q1 + a0, + az30Qs3

Q3 = a3 0y +a,,0; +a;3Q;

Jl71 TOPU30HTAIBEHOTO PACIIONOKEHN MMPOBOJOB CIIPABEIUBEI CICIYIONINE PABEHCTBA!

dyq = dpp = d33

dip = dpq = dp3 = d32

di3 = dz3q

PemmB npuBeneHHyo0 CUCTEMY YPABHEHUN OTHOCHUTEILHO 3aPAI0B, OIY YAM:

Q1 = f1191 + 1202 + B13¢3

Q2 = B2101 + B2292 + B23¢3
[OKYMEHT NOANMWUCAH

rﬂﬁﬁﬁ%ﬂ@@'&ﬂiﬂ%@ru €MKOCTH;
Ceprudmkar:  2C0000043E9ABBBI52205E 7BA500060000043E

Bnaneneu:  Web3ftopa RHSURPATIHOHTBE SIEKTPOCTATHUECKON WHIYKIIVH.
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ITH KO3(PPULIMEHTE MOTYT OBITE BEIPAKEHEI UEPE3 MMOTEHIUAIBHEIE KO(P(PUIIUEHTEI, T10-

JTy4EHHBIE HA OCHOBE 00mien 3apucumocru |JI-16]:

p ( 1)i+kMkt
ik = A
2 2
_QAgzaszz — (Azz) _Apjazz — (a13)
f11 = A 22 = A
__dqpdpz T (ar2)? __dp3dzz — dgpa33
Bz = A Biz = A
dipdp3 — dq3d22 dizdyp — dz3d1g
P31 = P13 = A B2z = P32 = A

— 2
A= a4 [aza33 — (a23)°] — a12(@12823 — @13852) — a13(a1383, — @g2a53)
rae A — onpenenurens CUCTEMEI ypaBHeHul (68a) (cm. [1-29);
Mki — MHHOp, TIOJYUEHHBINM BBIUEPKUBAHUEM M3 ONpeAEnuTents k-U CTPOKH U 1-TO

CcTOJI011A.

Paboune emkocTu (paz HAXOOAT O YPABHEHHUAM:

3

Ci = B11 + P12 + bis _E(ﬁu — f13)
3

Co = Paz + P21 + B2z — E(ﬁzl + B23)

3
C3 = B33+ P31 + P32 — 5(331 — [f32)

B coorBercTtBuu ¢ [IpaBunamu ycrpoiictBa snekrpoyctanoBok (ITY ) nna munuit snek-
Tponepenad I10 u 220 kB kopona ycrpansercs mpuMeHEeHHEM NPOBOAOB CEUEHUEM HE MEHBIIIE,
gem y AC-50 u AC-240, mosToMy mOTEPH HA KOPOHY YUUTHIBAIOTCS OJIS YKA3AHHBIX CEUCHUM
TOJIbKO B BRICOKOTOPHEBIX PaliOHAX, & OJIs OOBIYHEIX palioHOB— HauuHasg ¢ 330 kB u Oonee. lo-
TEPHU HA KOPOHY HE NOJKHBL, ITPEBBILATE 2—5% OT aKTUBHBIX IOTEPE B caMOM Iposone. Ilpu
OOKOE MOTEPH B MUHMAX snekrponepenad Hampsaxenuem 500 kB moryr mocturares 50—100
KBT/KM, ripu rononene 10—135 kB1r/km, B xopoumx ycnoBusax 0.1—0,5 kBT/km.

B kagecTBe mpumepa pacCMOTPUM IMIHUPOKO u3BECTHYIO, (popmyny [luka. [Torepu orne-
CEHBI K OTHOMY MPOBOAY HA | KM MHEI TPEX(PAa3HOM JIMHUK ¢ CUMMETPUUHO PACIIOIOKEHHBIMU
OPOBOJAMH, 4 HATIPAKEHUE MPUHATO (PA3HOE NEUCTBYIOIIEE:

241

AP, = TU’ + 25)\[%([;’,1] — Uy)? 107° kBT/KM

rae f — gacTora mepeMeHHOTO TOKA, TTI;

0 — OTHOCHUTEIRHASA IVIOTHOCTH BO3AYXA;
NOKYMEHT MOAMNWCAH

3NEKTPOHHOW NOANWCHLIO

Ceprudmkar:  2C000h073E R AN CoSEPRBIdda b aE

Bnaneneu: lleGayxoea TaTeAHa AnexkcaHgpoBHa

D — paccrosaue Mexay npoBOIaMu, CM;
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Uo — yCnoBHOE HANPAKEHUE, HA3BIBAEMOE KPUTHUECKHAM U OMPENENAEMOE U3 3aBH CHMO-

CTH.

D
Uﬂ — EﬂT En;

I 13 (POPMYJIBL
Uy =21,20mym,r ln% KB TEHCTB.,
rae mi=(0,98—0,83 )— ko> PuiieHT HETIaaKoCTH TPOBOA;

m2= () ,8§ — k03] PUIMEHT HEHACTHON HNOTOIEI.

Kpurnueckoe TMHENHOE HANPSIAKEHUE MOKET OBITE IMOTYYEHO U3 BEIPAKCHUA
D w
Uy = 84,6m1m25r1g; KB JEHCTB.,

[Torepu Ha KOPOHY HACTYAIOT TIPU PABEHCTBE JIMHENHOTO WM (PA3HOTO HATIPSIKEHUSA JTH-
HUW, COOTBETCTBYHONIEMY KPUTUYECKOMY TUMHEHHOMY WIH (PA3HOMY HAMPAKEHUIO, M BO3PACTAIOT
IPU YBEIWYECHUN JEUCTBUTENBHOIO HANPKEHNA HAl KPUTHUECKUM.

[Tpu pacmonoxennn npoBOAOB B TOPU30HTAIEHOM ILIOCKOCTH KOPOHA HA KPAHUHUX HPOBO-
Iax BO3HUKAET NMPU HanpspKeHusx Ha 6 % Oompnmx, a Ha cpenHeMm npoBonae Ha 4% MEHBIINX
KPUTHUYECKOTO, OMPENEIAEMBIX 110 3ABUCHMOCTSM.

[Torepu Ha KOPOHY BO BCEX TPEX NPOBOAAX IIPH 4ACTOTE nmepemMeHHoro Toka S0 ' ompe-

ACIAOTCA W3 BBEIPAKCHIA.

0.18

AP, = T\/;(U — U,y)? [kBT/KM]

rae U u Up— COOTBETCTBYIOMINE MMHENHOE U KPUTUIECKOE HATIPSIAK CHUA.

Taxum oOpazom, pacuer MpOBOLOB IMHHUN Ha KOPOHY CBOAUTCS K ONPENEIICHAIO KPUTHYE-
CKOT0 HAIMPAKEHUA U YCTAHOBICHHUIO HAJTUYHA WIH OTCYTCTBHUA KOPOHBI U3 COOTHOILIEHUA:

npu U <Up nmoTeps HAa KOPOHY HET;

npu U> Up' morepu nmeroT MeCTo.

[Tocne gero mo popmyne OpoOM3BOIAT PACUET BEIMYUHEI HOTEPHs HA KOPOHY.

D(PPEKTUBHBEIM CPEACTBOM CHWKEHUA ITOTEPHL HA KOPOHY ABJIACTCA NPUMEHEHHUE PACHIETI-
JIEHHBIX MPOBOJOB HA 1B, TPHU U JAKE€ UETEIPE NPOBOAA B KAk I0U (hase.

DKBHUBAJIEHTHBIN PAANyC PACIIEILIEHHOT O TPOBOAA MOKHO HOIYYUTh U3 (POPMYJIBL:

T —
TL-}KE — \/Tﬂﬂ" 1 [CM]
rocro— pH,I[I/[}’C OOJHMHOYHOTO HPDBD,I[H;

N — YUCI0 MPOBOJIOB B PACIIEILUIEHHOM (paze;
AOKYMEHT MOANNCAH

ASNECFRAGtHRYINAB Cf Ty MPOBOIAMU B PACILIETIEHHOU (pase, CM.
Ceprudmkar:  2C0000043E9ABBBI52205E7BA500060000043E

Bnanenew:  WeOkpin INOCTPARTATEEKOEC TPUMEHEHNE UMEET PACUET KOPOHEBI MIJISI CHCTEMBI, COCTOAIIEH U3

HerereBYX KOAKCHATLHEIX TIMIWHAPOB, T. €. IMEIONIMX COBMENIEHHBIE OCH. B ogHux caygasx, I{GI‘,I[;
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KOHCTPYKIMA MPEACTABIAECT COOOM NMIMHAPUYECKUN KOHIEHCATOP, 3aJa4eil pacueTa ABJIACTCA
HEOOIMyCTUMOCTE BO3HUKHOBEHUS KOPOHEI, B IPYIrOM CIy4ae, HANPUMEP B YCTAHOBKAX IO
OUMCTKE JBIMOBBIX Ta30B, UCHOIB3YETCSI UMEHHO (D (DEKT KOPOHHI.

Jlns pacuera HANPAKEHHOCTH SJIEKTPUYECKOTO TMOJIS, IIPU KOTOPOU MEKAY IMIMHIPAMHU

BO3HHMKAET YCTOMUMBASA KOPOHA, HCHOIB3YETCA 3aBUCUMOCTD

0,308

N

Pacuer KpUTHYECKOTO HANPAKEHUSA, [IPH KOTOPOM Y MOBEPXHOCTH BHYTPEHHETO HUIHHAPA

E, =316(1 + KB MaKc./cm

CO3JAE€TCSA KPUTHUECK A HAMPHKEHHOCTD AIEKTPHYECKOT0 TMOJIA, TPOU3BOIUTCS MO (popmyie:
R
U, = Ekln; [kB.MaKC]

rae R, r — COOTBETCTBEHHO PajnyChl BHEIIHETO U BHYTPEHHETO IIWIHHIPOB.

[TpuBeneHHBIE 3ABUCUMOCTH IO CBOEH CTPYKTYpE Oym3ku K (popmymnam (65—70).

JlyroBou pazpsan sBISETCA OMHOU W3 (POPM CAMOCTOSTENRHOTO paspsna, T. €. paspana,
IPOUCXOAANIEro 0e3 BO3OEMCTBUSA BHEIIHUX MOHMU3ATOPOB HA TA30BBEIM MPOMEKYTOK. [[yroBOI
paspan XapakTepPU3yeTcs OONBHION IUIOTHOCTEIO TOKa (250—500 a/cm?) B cBOGOmHOM U 6—18
Ka/cM B 00TyBaeMoii Jyre, BEICOKOI TemmepaTypoii raza S000—10 000° K B 1ieHTpanpHOM 30He
OyTOBOTO CTOA0A M 04E€HB MATIOW BETMIHHON HAMPSKEHHO CTH SJIEKTPUYI ECKOTO oI 15—50 B/cwm,
IPU KOTOPOU MOAJEPHKHUBAECTCA YCTONUMBASA HOHWU3ANMA rda3d B IIPOMEKYTKE.

JlyroBoit pa3psaa opyu HOPMAJIBEHOM aTMOC()EPHOM IABJIEHUN COMIPOBOKIAETCS MHTEHCHB-
HBEIM CBETOBEIM M TEILIOBBIM M3y YEHUEM.

C yBEJMUEHUEM TOKA HAIIPAKEHUE HA YUACTKE OYTH MMANAET, TAK KAK POCT TOKA IMPUBOIUT
K YBEJIMYEHHUIO CEUEHUA KaHAIA AyTH U K YCWICHUIO MPONECCOB TEPMOMOHMU3AIAN Ta3d U TEPMO-
5JIEKTPOHHOM SMHCCHH C MTOBEPXHOCTH PACKATIEHHOTO KATOIa.

ODHOBPEMEHHO € MPOLECCOM MOHU3AIMHU B TA30BOM ITPOMEKYTKE MPOUCXOONUT U JENOHU-
3anusd, T. €. HEUTPATHU3aIUs 3apsaa0B, CIOCOOCTBYIONMIAA OXIAKICHUIO YT H.

Jlng pacuera HanpsKeHU, 00€CIeUNBAIONIETO IO AIEPKAHUE IYTH B BO3AYIIHOM IIPOME-

xyTKe nauHou 1>>100 cMm mpu HOpMaTEHOM TaBIEHUH, MPENJIOKEHA 3aBUCUMOCTE

32.6
Uﬂ},m =62 + | (11.4 + T) B,

rae 1 — TOK B KaHaue AyTH, a;
|— nnauna myru, cM.
[Tpu mepemeHHOM TOKE CO34ABMIAACSA AYra MOJKET MOTACHYTH IPU MEPEXO0]Ie TOKA depes

HYJIEBOE 3HAUCHUE WK IIOBTOPHO 3aXKE€UbCA. ITO 3aBUCUT OT CKOPOCTH BOCCTAHOBJIEHUS SJIEKTPH-
AOKYMEHT TOAMNMCAH

. ONEKTPOHHOW NOANWCEIO

CepmECKOIT TR BHQGTH, L - FOMGHAYFES 1 POCTA HANPSIKEHHOCTH DJIEKTPUYECKOTO IOJIA, CO3/aBae-

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

MOTO BOCCTaHaBIuBaronmMcsa Hanpsxenuem E. Jlyra racuer, ecrm Ei> E.
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bricTpoe yBemIueHHE MPOUHOCTH TyTOBOTO MMPOMEKYTKA HAOIIONAETCA MPU TOPEHUH OyTH
B Y3KMX IIEIX WIH IPU UHTCHCUBHOM II€PEMENIMBAHNY PACKAJICHHON ILJIA3MEI C XOJIOIHBIM Ia-
30M. JTOT IPHHIAN HAMIEN MPUMEHEHHE B KOHCTPYKIMAX TPYOUaThIX PA3PATHUKOB M BEICOKO-
BOJIBTHEIX BBIKITIOUATEAX C BO3AYIIHBIM U MACIISTHEIM TYTHEM.

B BBEICOKOBOJBTHBEIX JIMHUAX SIEKTPONEPEIAUN AYTd MOKET HOABUTECA IMOCIE UCKPOBOTO
MEPEKPBITHA JIMHEMHOUN W30JIAIUA MO ICHCTBUEM BOJHEI TPO30BOTO NMEPEHANPIKEHUA. Hepes co-
30AHHEIM OyTOBOM KAaHAJ 3aMEIKAECTCS BEICOKOYACTOTHBIM TOK KOJIEOATEIEHOr0 KOHTYpa, 00paso-
BAHHOT 0 €MKOCTBIO MPOBOAA U MHAYKTUBHOCTBIO KOHTYpa. [Ipu mepexomax sToro Toka uepes Hy-
JIEBOE ITOJI0KEHUE HOHM3AIM TPOMEKYTKA MOANEPKUBAETCA PAOOUNM HATIPAKEHUEM, U Jyra MO-
€T BOCCTAHOBUTHCA.

CKOpOCTE HApACTaHWUA MPOYHOCTH MPOMEKYTKA, B KOTOPOM TOpEIa Iyrd, 3aBUCHT OT €€
IJIMHBL, BEJIMYMHEI TOKA MOJIHUY, KOHCTPYKIIUW JTUHEHNHON U30JIALIMH, BIOJIb KOTOPOU MPOU30MIE
paspdan, a TAKKEe 0T aTMOC(EPHBIX YCIOBHM.

B snekTpudeckux cucTeMax HAmpsKEeHUEM 10 35 KB BKIIOUNTEeIsHO HEUTPATE CETH U30-
JTUPOBAHA U JYTOBOE 3aMBIKAHUE HA 3€MITIO U PUBOAUT K OTKIFOUEHUIO JTMHHUM 3aIIUTON. B Takux
CeTAX AyTa MOKET CYMIECTBOBATEL JIIMTEILHO U 71 €€ TanleHUA HEOOXO0OMMO NPUHUMATE CITEIHN-
ATEHBIE MEPEL.

Haubonee pacnpocrpaneHHBEIM CpencTBOM OOPEOBI C IyroM SABIAECTCS KPATKOBPEMEHHOE
OTKJIFOYEHUE JIMHUN WIH KOMIIEHCAIIUA €MKOCTH IMPOBOJ0OB UHIYKTUBHOCTAMH, BKIIFOUEHHBIMH B
HEUTPAIb NUTAOIIMX CETh TPAHCPOPMATOPOB.

OTKpEITON AYTON HA3BIBAIOT HMAEKTPUUECKYIO IYTY B BO3AYXE, HE MOABEPTAIONIYIOCA HU-
KAKUM CITEIHATBHEIM BO3AEHCTBUAM, YCKOPAIOIINM MPOIIECC €€ YTaCaAHUS.

Jlyra MOKEeT BO3HHMKHYTH MEKIY KOHIEBBEIMH BEPTUKAIBHBEIMU I T'OPU30HTAIBEHBIMA
synekTpoaamu (puc. 18.1, a, 0) mb0 Mexay NPOTAKEHHBIMH TOPU30HTAITEHBIMA WJIN BEPTUKAJIb-
HBIMU SneKkTpomamu (puc. 18.1, B, r). Ymunenne nyru MokKeT MPOU30UTH OT IEUCTBUSA BETPA,
BOCXOJANIMX KOHBEKIIMOHHBIX MOTOKOB BO3AyXa WU IO AEHCTBUEM SIEKTPOIMHAMUYIECKUX CHIT
camoil ayru. OCHOBHBIM (PAKTOPOM CAMOIIPOU3BOJLHOTO YTaCAHUS AYTH SBIAETCA €€ IJIMHA.
JlmvmHa nyru, opu KOTOpou OHAa 0e3yCI0BHO rac™ HeT, Mpu JAaHHOW BEIMYHMHE TOKA, HA3BIBAETCA

KPUTHYECK OH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pucynok 5.3 — Cxemsl TOpeHUA AIEKTPUIECKON TYTH B BO3AYXE: 4 — BEPTUKAIBHEIE
3JIEKTPOBL, O — TOPU30HTATEHEIE AIEKTPOABL, B — TOPU30HTAIBHEIE MPOTAKEHHEIE 3JIEKTPO/IH,

I' — BCPTHKAJIBHBIC ITPOTAKCHHBIC JICKTPO IBI

[Tpu onenke ycrmoBuil yCHEMIHOTO YracaHWs OTKPBITOM OYTHM CYIIECTBEHHOE 3HAUEHUE
UMEIOT (pOpMA M PacIoNI0KEHNE FIEKTPOI0B.

[Tpu BepTHKaTEHOM PACTIOIOKEHNN SIEKTPOIOB KPUTUIECKAS JIMHA JYTH MOKET OBITE B
MATh, 4 MPU TOPU30HTATBHOM PACHOI0XKEHUN B ABANLATE Pa3 NJIMHHEE PACCTOAHUA MEKIY €€
OMOPHEIMH TOUKaMU. OTCrO1a MOKHO CHEIATh BEIBO: TOPU30HTAIBHAA yTrd TACHET 3HAYUTEIHHO
Jlerue myru, ropsanied MexIy BEPTHKAIBHBIMH SJIEKTPOJAMMU.

[Tpn yBenmmueHny qiIvHEL TyTH YBEJIMUUBAETCS OTBOJ OT HEE YHEPTUH B BUE TEILIOBEIX U
CBETOBBIX M3MydeHUH. Jlyra racHeT — bKOTAAa OTBOAMMAA SHEPTH CTAHET OOJIBIE MOIBOIMMOM.
Tok, ycranapmiBarnmica B MOMEHT OataHCa SHEPTHH, HA3EIBAETCS KPUTHUUECKUM TOKOM OYyTH.

Kpurnueckuit Tox cocrasnaeT 20—40% 0T HaganTbHOU BEIMUWHEI TOKA KOPOTKOTO 3aMBI-
KaHUA.

CpenHsas HaNpsMKEHHOCTh SJEKTPUUECKOTO ITOJIA B CTOJIOE IYIrM HNPH HAYAIBHEIX TOKAX

100—1000 A ompenensierca mpu TOCTUKEHUHU €10 KPUTHUYECKOU UTUHEI 13 COOTHOIIEHHUS

U
Ecp __[2_3]

KJPMHWWIH AYTH 3dBHCHT OT TOKdA I{UPDTI{DFD JAMBIKAHHA, T. €. OT BCIIMYHHEI CO-
JNIEKTFPOHRROW NOLQINTNCBHD

Cepm 1HpDTEtTBJIEH‘1ﬁ ﬁenwﬁﬂﬁjﬁ STOM MEIKITY TOKOM KOPOTKOTO 3aMBIKAHUS, HAMIPSIKEHUEM U KPHUTHYE-

EI'IIkk YX0OBd iTeHHa AJIEKCAHODOBHA
CKOM NIMHOW OYTH CYMIECTBYET ONPENEIECHHAS CBA3b:

- = - « } 'l L E [=] ]
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El) AJET YA CTO daKTUBHOTO COIMPOTHUBJICHHA B LICITH

[n.U n"
E(H’)HP = C . n + 1n+1

0) mis nemu, comepxkaniend TOJIbKO PEAKTUBHOE COMTPOTHUBIIEHHE,

T
U nz
E(IJ“P’ - C . 1&’
n+1 2

rae C — nocrosaHHasa BenuunHa, paBHaa 100 gna 3nauenuii Tokos S00—6000 A;

n — OOCTOAHHAA, paBHAaA 0,25 11 TOKOB B TE€X K€ MPEIEIax.

[Tocne moacTaHOBKM NAHHBIX BEIWYWH UMEET IJI1 KPUTUYECKOMN UIMHEI IYTH U KPUTHYE-
CKOr0 TOKA CIEIYIONINE 3aBUCHUMOCTH

Jl7s ceTu ¢ aKTUBHEIM COMMPOTUBIEHUEM

Lixyp = 0.08UL:
E(I}}{p = 0,21,
IJIS CETH C PEAKTUBHEIM COMPOTHBIEHUEM
Looykp = 0.1U12%>
E[x)}-:p — 0,451(}{_3

rae lk: — melcTByroniee 3HAUEHUE TOKA KOPOTKOTO 3aMBIKAHUA, A.

Brimie Opl10 OTMEUEHO, UTO (HANPAKEHHOCTH B KAaHAIE OyTHM paBHA 2—3 kB/M, Oonee
TOYHO €€ OIIPENEIAIOT U3 3aBUCUMOCTH

E =125+ 341""*B/cm

rae | — ammmiTtyna Toka KOpOTKOTO 3aMBIKAHUA, A.

[Tpu skcruryaranmm TMHUM 9anie BCETO BO3HUKAIOT OTHO(pa3HEIE 3aMBIKAHHMA TPOBOAOB HA
3€MJTIO, IPH 3TOM AYTd TOPUT MEXKIY IIPOBOIOM M JIEMEHTOM 3a3€MICHHOH onopel. [Ipu modas-
HOM OTKIOYE€HUH ¢ momonieio AIIB moBpexaenHoM nuHun ayra 1OMKHA MOTACHYTh, OTHAKO Ye-
P€3 MOHW3UPOBAHHBIN KAHAJ MPOJOIAKAT NPOTEKATE EMKOCTHEIE TOKA OCTABIINXCS ITOJT HAIPS-
JKeHueM mpoBoaos (puc. 19).

OTH TOKHM 3aMENIAIOT JIEMOHU3AIUI0 MTPOMEKYTKA, HA KOTOPOM B MOMEHT OTPEIBA AYTH
BOCCTAHABJIMBAETCA HANIPLKEHUE VX, ONpeaeieMoe u3 cooTHomenus (79).

[Tpenmonoxum, 94TO IpU OTKIIOUEHUH MTOBPEAKIECHHON (PA3bl Ayrd B TOUKE 3aMBIKAHNA HA
3EMITIO TTOTACIIA, U, CIE€A0BATENLHO, €€ CONMPOTUBIEHUE CTAIO OMM3KUM K OeckoHeuHOCTH. Torma

MO3’KHO HAIUCATH 3aBUCUMOCTH JJIS1 HAPSI)KEHUH IBYX 00pa3yrommxcsas KOHTypoB ((da3za 3—2 —

3€MIIA) U (%ﬂa 1—2 — 3emna):
KYMEHT NOAMMCAH
ANEKTPOHHOW NOANMCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Pucynok 5.4 — Cxema cetu ¢ mo (pazueim AI'TB Ce) u cxema npoTekaHnus eMKOCTHBIX TO-

KOB ITpH 0OpEIBE IyTa B BEIKTIOYATENE (6)

U¢(3] — Ugg + U:-:
Ulilf:l:l —_ U]_E + U:.'r.:

rae Uz u U — nanpsxenus Ha eMkoctax Ca2u Ciz

Ux — uckomoe BOCCTAHABIWBAKMICCCA HAIPAKCHHC Ha YVYACTKC ITOracIeH AYTH, KB.

IEHCTB.
Tak kak

.. — I3,

32 wCor,

.. = I,

12 oC,,
I3,

U, =
wCs4

u nosarad, 9to C32=Ci2 u o= 132+112, u3 3aBucumocTH (78) moayuanm

Upz) + Upgo = Usz + Uy +2U, = 22 12 2U, =

w3,
13 UImE
= +2U, = ———=+2U,,
OOKYMEHT NOANWCAH W ng w ng

ANEKTPOHHOW NOAMNWUCHIO
CepTudhmKar: 2[:-3@3151{}!5&@855522055E‘.ASDDDDDDDDDJSE

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Uy = U, (E—i +2)
rmojaras, aro
C
C_i 5
OKOHYATCIBEHO UMCCM
Uy, = 0.14U,

CuuTas, 9T0 B KOHTYPE JEUCTBYET TOJIBKO PEAKTUBHOE CONPOTHUBIEHUE, MOKHO, 3314BAACEH
BEITUUMHOMN BEPOATHOTO OCTATOUHOTO TOKA, COOTBETCTBYIOMIETO TIyXOMY (METALIMIECKOMY) 3a-
MBIKaHUIO (pa3sl HA 3€MITIO, HA Kaxkabele | 00 muHuM O1IEHUTE KPUTUYECKYIO [UTMHY AYTH, UCIIOJIB3Y A
COOTHOILIEHHE

E{IJ}{I‘J — ﬂlUxa{}?gES

Toxku 3ambikanua Ha 3emutio mpuHUMAOTCA paBHeIMA 2 A mia 110 kB, 4 Anna 220 kA u
10 A mna 500 gA.

[Tpenmonoxkus, 4T0 OAyra ropena BOOIb THUPISHABL JIMHEUHEIX HU30IATOPOB € MIMHOU K,

MOYHO YCTAHOBUTE (DAKT CAMOMOTaCaHus JYTH U3 YCIOBHUAL(y)p < A MPU OCYMIECTBIEHUM ITO-

(paznOrO OTKMOUYEHMA JTUHAU ¢ ToMotnIsio AITB

Jaoanus:

3aoanue Nel

OnpeneniTs CPETHETONOBBIE MOTEPH AKTUBHON MOMIHOCTH HA KOPOHY UIA JIMHUU HAP-
xeHueM 525 kB, Beimomnennou nposogom 2XACY-240/300, ecmn mpoaomKUTENEHOCTE SCHOU
noroasl 1x — 7000 4, a nenactuou noroaer [n= 1760 4. 83 PacmonoxkeHne npoBOIOB TOPU30H-
TAJIBHOE C paccrossHueM Mexay Humu 10,5 m. Cpennsas Beicora nmoaseca nposoaa 13 m, mar pac-
memnenusa 30 ¢Mm, OTHOCUTENIRHAA MIOTHOCTE Bo3ayxa — 1. Panguyc mpoBoga 1,12 cm. Pacuer

MPOU3BECTH C MOMOMIBI0 0000OMIEHHBIX XapAKTEPUCTHK.

3aoanue No2
Jlunusa snekrponepenaun anuHou 100 KM BRITOIHEHA HA METAUIMIECKUX OMOPAX € THP-
naaaaMu m30aaTopoB 12x11-4,5, umeronux nmmny 2 M. B pesymsrare armoc(epHoro nepenanpsi-
KEHH NMPOU30LLUIO MEPEKPBITUE TUPJAHALL. Y CTAHOBUTE MO KPUTUYECKOM IOJIUHE OYTH YCIOBUE
€€ TOPEHUA WM CAMOIOTACAHU S, €CIU MMOCIE OTKIIOYEHU MOBPEXKICHHOMN (pa3el MUHUH C pado-
anM Hanp@KeHHey PA0KB ocrarounslii Tok eMkoCTHOH mpoBoAMMOCTH paeH 4 A. B pacuere
Ceprudukar: 2C0000043E9ABBBI52205E7BA500060000043E

Bnanend TA TRIBACTCH, TOTRKO PEAKTUBHOE CompoTHBIeHHE. COOTHOIICHHE MEXKIYy YACTHYHBIMH €MKO-

CTAMM IIPOBOJIOB CMEKHBIX (Pa3 1 (pa3sl HA 3E€MITIO NPUHATE PaBHBIM (,2.
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3aoanue No3

Y CTpPOUCTBO MO OYUCTKE ABIMOBBIX Id30B KOTEIbHONW COCTOUT M3 CHCTEMBI LIUJIMHIPUY E-
ckux TpyO muamerpom 16 cm. [To ocu kaxmon u3 5tux TpyO HATAHYT [IIMHAPUYIECKUI TPOBOT C
auamerpoM 4 mM. OnpenemiTs KPUTHIECKYIO HANPSKEHHO CTh SIEKTPUYECKOTr0 MO U KPUTHIE-
CKO€ HAMPSKEHHUE, MPU KOTOPEIX MOSIBUTCA 001Ias KOPOHA, €CIM OTHOCUTENBHASA IUIOTHOCTH BO3-

ayxa 0,92.

3aoanue Nod

Jlns BO3IyIIHOM JIMHUM 3JIEKTPOIEPENAUH TPeX (PazHOTO TOKA C JIMHEWHBIM HAMPAKEHUEM
115 ¥B nmpumenensr nmposoga M-70 ¢ pacuernsim quamerpom 10,6 mm. [IpoBoga pacmonoxkensr
PAaBHOCTOPOHHUM TPEYTOIBHUKOM C paccrosaueMm Mmexay Humu 400 cm. Kosd¢uiuent nernan-
koctu 0,85, oTHOCHUTENEHAS IDIOTHOCTE BO3ayXa 1, wacrora Toka 50 I'. Onpenemits, BO CKOJIBKO
pa3 yBEIWUATCA MOTEPH MOMIHOCTH HA KOPOHY B JMHHUH NPU HEHACTHOM MOroae (Ko3(puunueHT

moroasl 0,80) Mo CpaBHEHUIO C MOTEPSAMU TP ACHOU MOTOJIE.

3aoanue No5

Jluana snexrponepenaun npoTsKeHHOCTEI0 100 kM ¢ pabounm Hanpsxenuem 115 kB co-
OpYK€HA HA METAUIMYECKUX OMOPaAX € TUpastHaaMu m3oaaropoB 7xI1-4,5, odbmen mmnon 126 cwm.
B pesympTare armoc(epHOro mepeHanpsKEHUS MPOU30UUIO0 MEPEKPHITHE OOHOM W3 TUPIAHI.
Y CTaHOBUTE YCIOBHE TOPEHUS UM CAMONOraCaHus IYTH, €CIM MOCIE OTKIIOYEHH MOBPEIKICH-

HOM (Pa3el OCTATOYHBIM €MKOCTHBIM TOK PAaBEH 2a, & COOTHOMIEHUE MEXKIY YACTUYHBIMU E€MKO-

C
CTIMH —= = §
Cz3

3aoanue Nob

OnpenemTe KPUTHUIECKOE HAMPSIKEHUE U MAKCHMAIBHYI0 HAOPAKEHHOCTH AIEKTpPHUYE-
CKOTO ITOJISI HA MOBEPXHOCTU MPOBOAA JIMHAM HEPEAAYN C HOMUHATLHBEIM HAampskeHneMm 220 kB.
[TpoBoma mapku AC-300 pacmnosoxeHsl B TOPU30HTAIBEHON IDIOCKOCTU C PACCTOSHHEM MEKIY
Humu 7 M. [lorona scuas, armocdepHsie yCI0BIUS HOPMAIBHEIE, (KO3 (PUIMEHT HETIAIKOCTH BU-

toro npooaa 0,85, mramerp nposona 24,2 mm.

Koumponsusle gonpocul:
NOKYMEHT MOANUCAH

KTPOHHOW NoannchLio
CepTHduKar: EE[I'C!DD A%Eﬁﬁi%%%ﬂw KpITTHqECKGH ,I[IH*IHCIH AYTH U IO KPUTHYCCKUM TOKOM Y-

Bnaneneu: llebayxoBa T-EITI:nﬁ.sIE AnekcaHgpoBHa
TOBOT'O PA3PAia
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2. Kak BauseT pacmnosioKeHue 3IEeKTPOJOB U UX KOHCTPYKIIAA HA YCIOBUS CAMOMOTACAHUA
OTKPBITON IYTU?

3. Ilpn kakux yClIOBUAX UMEET MECTO CAMOITOTACAHUE OTKPBITOU AYTH IMEPEMEHHOTO TOKA
Ipu OIHO(Pa3HOM 3aMBIKAHUM HA 3EMITIO !

4. Kaxoe BausHie Ha BOCCTAHOBJIEHNUE MPOYHOCTH OPOMEKYTKA OKA3EIBAET MINPHHA MIEH,

B KOTOPOU ropena ayra

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilpaxmuueckan pavoma Neb6. Henvimanusn uzonayuu. Himepenue conpomugieHus u
emkocmu uzonayuu. Ilepexpoimue meepooi u3onauuu U CKoAb3Au{Ue pa3paosl Ha NOBEPXHO-

Cmid.

I ens: N3yuuTs TOHATHUA NEPEKPHITHA W30JAIMN, CKOMB3ANIME PA3PAIBL U TEPEHANPSIKE-

HWA Ha BO3OYIIHBIX JTHHHUAX.

Ocrnoevt meopuii:

TBepnas BEICOKOBOMBTHASA M30IAINA, PA3AEIAIONIAA TOKOBEAYIINE YACTH, UMEET OTPAHU-
YEHHBIE PAa3MEPHI U 3aKII0UEHA B W30JIUPYIONIYIO CPENY, KOTOPOU SABIAETCA BO3IyX WM TPAHC-
(popmaTopHOE MACIO.

[Ton meiicTBEM pa3HOCTU MOTEHIIMATOB MEKIY OPOBOAANIMMH JACTSAMH BO BCEX M30IHU-
PYIONIIMX CPEAAX YCTAHABIUBACTCS AIEKTPUUECKOE 10J€. BEKTOp HAMPAKEHHOCTH 3TOTO SJIEKTPH-
YJECKOTO IOJIA B KAXKIOM TOUKE MOKHO YCIOBHO Pa3JIOKUTh MO OTHOLIEHUIO K MOBEPXHOCTH pa3-
nena Ha cocraBysomue En 1 Ei. ITepBriit 13 3THX BEKTOPOB HANPABIEH NMEPIIEHANKYIAPHO K pas-
IOEJIAI0NIEN MOBEPXHOCTH, & BTOPOU — IO KACATEIBHOM.

Hcmonp3ys aHAmoTHIO C TIPETOMIEHHEM CBETOBBIX JIYUEH, MOKHO J0KA3aTh, YTO MPHU IIE-
pexone BEKTOpa HANPSAKEHHOCTH U3 OTHOMN CPEABI B APYTYIO OH MOJUUHAETCS 3aKOHY MPETOMIIE-
HUL.

Ecm rpanutia pazaena IByX U30JIUPYIONIUX CPE HE PACIIONOKEHA HOPMAIBHO K CHJIOBBIM
JTUHUAM SIEKTPUIECKOTO IO, TO BEKTOP HAMPIAKEHHOCTH SIEKTPHUUIECKOTO MOJIA UCIBITHIBAET
IPU OEPEXOE B CMEKHYIO CPEIy MPETOMIEHHE TAK, YTO OTHOLIEHUE YIIa MAAeHUA al K YTy Ipe-
JTOMJIEHMS 42 PABHO OTHOIIEHUIO OTHOCUTENBHBIX AMAIEKTPUIECKUX MPOHUIIAEMOCTEH COMPUKA-
caronuxca cpen. [Ipu 5ToM TaHreHIMAIEHEBIE COCTABIAIONINE NPEIOMIAIONIETOCS U IPEIOMICH-
HOT'O BEKTOPOB paBHBI MEk 1y C0001 Eir = E2i, @ HOpMaJIEHBIE COCTABIIAIONINE IO TUUHAOTCA CO-

OTHOILICHHUHO.

Exp & tgay

Ei, & tga,

Hopmanpnas cOCTaBIAONIAS BEKTOPA HAMPAKEHHOCTH SJICKTPUYECKOTO ITOJIS ABIACTCH
MPUYUHON CKBO3HOTO MPO0O0S M30JIAIMN, @ TAHTEHIIUAIbHA S — MPUUNHON pa3paaa BIO0Ib TOBEPX-
HOCTH. 3aBepuieHHasA (popma moCIETHETO HA3BIBAETCA MEPEKPHITHEM H30IsanK. [lepekpreTne He

IPUBOIUT K Pa3pyLICHUI0 W30JLIIUHA M TOJBKO KPATKOBPEMEHHO HApPYILIAET €€ WU30JIHPYIOIe
AOKYMEHT MOANACAH

ceoicTBRENGeTHPOUPAYCARS mepekpEITHS HAMPSKEHHOCTL JJIEKTPHUECKOTO MOJS 3aBHCHT OT
Ceprudmkar:  2C0000043E9ABBBI52205E 7BA500060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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(POpPMEI 1 COCTOSTHUA MOBEPXHOCTHU AUSJIEKTPUKA, CTEMIEHU €€ 3arPSA3HEHHOCTH, YBIAKHEHUA U HE-
PABHOMEPHOCTH SIEKTPUIECKOTO ITOJIA.

Jlna mepex peITHA U30AIIUN B YCIOBUAX HEPABHOMEPHOTO MOJISA BEIMUNHA CPEIHEHN HATIPS-
KEHHOCTH AnekTpuueckoro monsg 0,1— 0,2 k B/MM MoxeT okazarsea 10CTATOUHOU, 4 B PABHOMEP-
HoM — (0,6—0.,8 kB/MM 1 Oonee. Ecmm nepekpeITie MPOUCXOIUT BAOIb MMOBEPXHOCTH I, TO HATPI-

ACHHUC MMCPCKPBITHA OMPEACIUTCA 3aBUCHMOCTEIO

1
Unep — J’ Etdi — EEI:EFIJE
0

Koncrpykrop, u3meHsas (popMy MOBEPXHOCTH HM3OIAINHM, MOMKET, B 3aBUCUMOCTH OT €€
HA3HAYECHUA, IPENONPERETUTE (POPMY pa3paaa, HAMPAaBIAA €ro IO Iy TH MPO00s WiIN MEPEKPHITHAL.

Ha puc. 6.1 npuBeneHs KOHTYPEI 30 TOPOB, MIEPEKPEITHUE KOTOPBIX 3ATPYIHEHO.

a}

Pucynok 6.1 — [Ipumepsr (popM TpyZHO DEPEKPEIBAEMEBIX ITOBEPXHOCTEN M30IATOPOB

B nuHMAX, HAXOAANIMXCA MO KPATKOBPEMEHHBIM MEPEHANPAKEHUEM, TEPEKPBITHE THP-
JAHI HACTYIAET NPy HanpsuxeHud B 1,5—2 pasa mensmeM npoduBnoro. Takum oOpazom, mepe-

KPBITHE TEXHUYECKH UCITONB3YETCA KAK CBOE0Opa3HOE CPEACTBO 3AMMTEI U30AIIMH OT IPo0Os.
AOKYMEHT [ION/CAY
[ BpexTroeBaDh 0GR/ [MX PACCTOAHUAX MEKIY SIEKTPOSAMHU WIN IPU HAIMYAU UCKYC-
Ceptudpukat:  2C0000043E9ABBBIS2205E7BAS00060000043E

Bnanen@T BCHHOYPa3BIFFOINHOBECPXFFOCTH, 3aTPYAHAIONIEH MIEPEKPEITUE, PA3PAl BAOIL IIOBEPXHOCTH MO-

AKET ITPHHATE CTDI‘:I'-II{B 0 CKOJIB3AIICTO PaA3pPAad.
[elcTBuTEneH: C 9.08.2022%19_08_2023 }’T—D q) ph{y m p P‘ A
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CKOAB3ANIMH Pa3psaa B ATUX CIIydasx MPEANIECTBYET MEPEKPHITHIO, COMMPOBOKIAETCA KO-
POHOH Y 3JIEKTPOIOB M UMEET BUJ IPOPACTAFONINX KUCTEH WIN UCKPOBBIX MOOETOB, OCTABIIAIONINX
Ha MOBEPXHOCTH OPraHNIECKON U30JIALNH CIIEIBI B BUIE BRIAIKEHHBIX 00pO3I.

PaccmoTpum ABNEHMA, MPOUCXOIANIME IPH HOBEPXHOCTHOM M CKOJIB3AMIEM pa3psnax.
[TycTe 3aman BO3 Ay IIHBIN DPOMEKYTOK MEKIY ABYMS IIOCKMMH SIEKTPOIaMU, MPOOUBHASA PO Y-
HOCTB KOTOPOTO onpeneneHa. Beenem B mpomMexyTOK (pap(opoBEIi WK CTEKIAHHBIA [UINHIPUK,
IpPOOMBHAA MPOYHOCTE KOTOPOTO 3HAYUTEIHLHO BEINIE TPOYHOCTH BO3OYIIHOTO 3a30pa. Ka3zamocs

OBI, UTO IIPH 5TOM ITPOYHOCTH MPOMEKYTKA MEKIY HIEKTPOIAMH YBEIHMIUTCA.

U e

g
g
&f
£

2

] 2 J & 3 a.cm

Pucynok 6.2 — Paspsannbeie HAMPAKEHUA MEK Y TIOCKUMH IEKTPOAAMU: |- HO BO3IyXY;

2 — 1O MOBEPXHOCTH MApP 3 — IO MOBEPXHOCTH CTEKIA

OmBIT, OOHAKO, MTOKA3EIBAET, YTO PA3PS MO MOBEPXHOCTH TBEPIOTO AUAIEKTPUKA HACTY-
MAeT MPU HANPSIKEHUN, MEHBIIEM MEPBOHAYAIBHO 3aJaHHOTO, TAK KaK MPUCYTCTBYIONINE B BO3-
Oy Xe MOJIOKUTEIBHEIE U OTPUIIATENBHBIE HOHBI EPEPACTHPENENAIOTCA B 00BeMe. OTpHUllaTEnbEHEIE
WOHBI CBA3BIBAIOTCS MOBEPXHOCTBIO TBEPHOM M30JAIMH, a MOJOKHUTEIBHBIE PACTONAraloTCs B
BUIE 00Jlaka HAHA CIIOEM OTPHULATENBHBIX MOHOB. [loa melcTBUEM HOPMANBHOW COCTABIAIONIEH

BCKTOPa HHH@HHC CHHOCTH SJICKTPHYCCKOTO ITOJIA 3TH OPHUCHTHPOBAHHBIC CJIIOH CTPEMATCA C OI1-
JOKYMEHT MNMOANCcAH

SNEKTPOHHOW NOANWCHIO

Cepn 3UTE Cy DE3KQ ¥BSIMIHBAL HATPAKGHHOCTD ITOJIA y MOBEPXHOCTH H30JLATOPA. [Tpn nanuumu Bnaru

Bnageneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa -

MPOLECC YCUIMBAETCA, a IIPU UMITYJILCHOM BO3IEHCTBUH OCIa0eBaer.
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Ecmm B omucanHoM ombITe (papdop 3aMEHUTH CTEKIIOM, Mapa()MHOM WIH APYTUMH MaTe-
puanamu, T0, B 3aBUCUMOCTHU OT aICOpPOUPYIONIEN CITIOCOOHOCTH 3TUX MATEPUATIOB, HAIPSKEHUE,
HEOOXO0QUMOE IS MEPEKPBITHUA NI BOZHUKHOBEHUS CKOJIB3ANINX PA3PAA0B, OyIET NU3MEHATHCA.

[TpencraBiens! ONBITHRIE XAPAKTEPUCTUKH PA3PAOHBIX HANPSKEHHUN BO3yXa U BIOIb MO-
BEPXHOCTEHN CTEKIa U mapaduna, 3aKII0OUEHHBIX MEKIY KECTKUMHI HIEKTPOJAMH.

HccnenoBanusamu yCTaHOBIEHO, YTO MOBEPXHOCTE TBEPAOTO AUAIEKTPUKA, MOKPHITAA A]I-
COpPOMPOBAHHEIMU OTPHULATEIEHEIMU HOHAMH, ABJLIETCS MO0 OTHONICHUIO K HOHHOMY 00/1aKy CBOE-
00pa3HoN 00KJIANKON KOHJIEHCATOPA, UTO IMO3BOJMIO BBECTH IMOHATHE YAEILHOU MOBEPXHOCTHOM
emkoct Co p/cm®

B pesyneTare MHOTOUYHCIEHHBIX OMBITOB YCTAHOBJIEHO, YTO HAMPSAKEHUE, MIPH KOTOPOM

HAYMHAETCA CKOMB3AMIMU Pa3psl, 3aBUCUT OT BETUYUHBI 3TOM EMKOCTH:

~ 1,36-107*

Uek = 0,44
Cﬂ

KB J1IeUCTB

3necey Cp — MOBEPXHOCTHAA yAEIbHAA €EMKOCTE, ONPEE/IIeMAas IS HIIMHIPUYECKUX TN

3aBUCHUMOCTEIO
C e2ml £ 7,7 -1071*
Co =5~ = =—= [/cm?]
2111 2 2 D
2t 2nnlin T ryin ?’1 D 1ga.

rae D u d - COOTBETCTBEHHO HAPYI/KHBIM U BHYTPEHHUN TUAMETPBI TIMJIMHAPUYECKOTO U30-

IATOPA, CM.

3aoanusn:

3aoanue Nol

OnpenemTs HAIPAKEHUE BOZHUKHOBEHUS CKOMB3AMINX PA3PAA0B A LMIMHIPUYECKOTO
W30JIATOPA C HAPYKHBIM IUAMETPOM 7/ CM, AUAMETPOM TOKOBEAYIIEH YACTH 3 CM U OTHOCHUTEIIb-

HOU JUAIEKTPUUECKON NPOHUIAEMOCTBIO H30JIAINA 3,5.

3aoanue Ne2

[ummapuaeckuii IMCK U3 reTuHakca TomuHou (0,2 ¢M 1 guaMeTpoM 6 CM 3a3KaT MEKIY
CTEPKHEBBIMU 371eKTpoaamu. OnpenemTs HanpsaKeHne mpodos 1 MEePEKPEITUL U JATh 3aKI0Ye-
HHUE O BO3MOMKHOCTH OCYIIECTBIEHUS MPo00sA B BO3AYIIHOMN Cpee, eCIM HANPAKEHHOCTh UIEK-

TPUUECKOTO MOJIA nepekpeiTua npunara 4,5 kB/cm, a mpodoa — 20 kB/mm.

JOKYMEHT MNMOANCcAH

SUBHIFRBNEZI0NNACHIO
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KonaeHcaTopHEIA BBO UMEET AECATEH CI0EB 0AKEMMTOBON M30AIMH TOJIMIMHON 3 MM CO
CTAHHOJINEBBIMHM IIPOKJIAAKAMHM MEkKAy Cciaosamu. Onpenemmrs HANpsSKEHUE BO3HUKHOBEHMS
CKOJIB3AIINX PA3PsAI0B BAOIb BBOAA, ECIM OTHOCUTENBHAA TUAIEKTPHIECKAS MTPOHUIIAEMOCTD H30-

nAUud 4,5, a HAPSKEHUE MEKAY CIOSAMM PACIIPENEIAeTCS MOPOBHY.

3aoanue Nod

[l apruaecknii MPOXOIHON U30JIATOP UMEET TPH CJIOSA M30/IAUUU: 0aKeIMTOBYIO, MacC-
naHyoo U (apopoByr0. DIEKTPUUECKHE E€MKOCTH OTAEIBHBIX CIIOEB COOTBETCTBEHHO PABHBEI
10%107'* dp/em?, 20107 dp/em? m 1075, Onpenemrs, mpu KakOM HAIIPSIKEHUH MEKAY (MIAHIIEM H

TOKOBEOYILIUM CTEPKHEM IMOABUTCA CKOJB3AMIMN PA3PL MO TOBEPXHOCTH.

3aoanue No5

OOpaszen cIouCTON U30IAIMA ¢ JUAIEKTPUUECKUMH MPOHUIIAEMOCTAMHU CIIOEB, PABHBIMHU
3 1 8, MOMENIEH B PABHOMEPHOE AIEKTPUUIECKOE MOIE C HANPAKEHHOCTRIO B 10 kB/CM. Bekrop
3TON HATPSKEHHOCTHU MEPECEKAET JIMHUIO pasaena (puc. 6.2) mox yriiom 45°. Onpenenurs HOP-
MANIBHYIO U TAHTEHIIMATLEHYIO COCTABIAIONINE HAMPSKEHHOCTH HAEKTPHUUIECKOTO MOJIA B KAXKAOM

13 CIIOCB.

Koumponsnwie sonpocwi:

1. O0BsACHUTE pa3HUILY B MMOHATHUAX: TPOOOH, MEPEKPBITHE U CKOJIB3AMINN pa3pan. 90

2. [Touemy BHEMIHASA MTOBEPXHOCTHh M30JIATOPOB A HAPYKHOM YCTAHOBKU JAETAETCA PeO-
pucTou?

3. CpopmympyiTe OmpeneneHne moBEPXHOCTHON €EMKOCTH IIPUMEHHUTENBHO K HFIUHIPU-
JECKOMY H30JIATOPY.

4. ChopmympyHdTe OCHOBHBIE MOJIOKEHUA 3aKOHA MPEJIOMICHUA BEKTOPA HAIMPSIKEHHO-
CTH 3JIEKTPUYECKOTO IMOJIA.

5. [Toscaure, mouemy 3aTpyAHEHO MEPEKPHITHE U30IATOPOB, UMEIOTIAX PA3BUTYIO MITH BO-
THYTyI0 (popmy?

6. Kak ciegyer mocTaBuTh OMBIT MPOOOSA MOABECHOTO W30IATOPA, €CIIHU U3BECTHO, YTO IIE-
PEKPBITHE MO MOBEPXHOCTH H30JIATOPA B BO3OYyXE HACTYIMAET MPHU HAMPIKEHUU, 3HAUUTEIIEHO
MEHBILEM OPOOUBHOTO?

7. Kakoe BIuAHNE HA BEIMIUHY HANPAKECHAA NEPEKPEITHA MOKET OKA3aTh MMOKPEITHE IT0-

ﬂ}fﬂpﬂﬂ%ﬂﬁ%ﬁﬁﬁ%ﬂ%ﬁ@ﬂeprﬂ CTH n3o0aAropa’?
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Ilpaxkmuueckan paboma Ne7. Konmpov ousnekmpuydeckux nomeps U UsMepeHue na-
pamempos 4acmuyHsIx pa3paooe. Konmpois noeubllteHHBIM HANPAICEHUECM. UCRbIMAHUA
U30AAUUN OMOETbHBIX 61006 000opyooeanua. Konmpons usonayuu konmakmuou cemu. Ten-

J1060I U YJ1eKmpudeCKuil npoooil.

Ilens: U3yauth yCIOBHA BO3HMKHOBEHUA TEIUIOBBIX U 3JIEKTPHUIECKUX ITPOOOEB.

Ocrnoevt meopuii:

[Ton mpoboem TBEpAOTO AMANEKTPHUKA MTOHUMAIOT MECTHOE Pa3pyILEHUE U30IAINUH, PO-
UCXOAAIIEE N0 JEHCTBUEM CHII SJIEKTPUYECKOTO MOJIA.

B ornurume ot mpo0os JKUOKON WIH Ta30BOM CPENBL, B KOTOPBIX HAPYIIEHUE N30 TUPYIOIIUX
CBOVCTB ABISETCSA BPEMEHHBIM COCTOSTHUEM, ITPU MPO00E TBEPIOH W3OIAIAN TPOBOIAMININ KAHAT
B HEH COXPAHAETCA U MOCIE CHATHUS HANPAKCHUA.

MHOro4ncaeHHBIE OIBITEL TOKA3BIBAIOT, UTO B TBEPAON N30JLILNU MOTYT OBITE ABE (DOPMEI
Ipo00A: SMEKTPUYECKUN U TEMIOBOM.

DJIEKTPUYECKUH MPOOON HACTYNAET B TOT MOMEHT, KOT14 HOPMAJTBHAS COCTABJISIOMIAS BEK-
TOPAa HAPSIKEHHOCTH HIEKTPUIECKOTO IMOJIS JOCTUTAET ONPEAEIbHOTO I TaHHOW M30JIAINN 3HA-
qEHU .

Bemuunel cpegHen mpoOMBHOM HANPAKEHHOCTH SJIEKTPUYECKOr0 MOJIA I HauOoliee
yIOTPEOUTENBHBIX M30JIIMOHHBIX MATEPHUATIOB NpUBEAEHEI B [1-6.

[Tpu3nakamu >IEKTPUIECKOTO TTPOOOA ABIAIOTCA:

a) MOCTOSHCTBO MPOOMBHOTO HATIPAKEHUSA HE3ABUCUMO OT TEMIIEPATYPBI AUAIEKTPHKA;

0) OTCYyTCTBHE BUAMMOTO HATPEBA M30JIALIMU AYTOU B MECTE P00 Tpu OBICTPOM CHATHH
HAIP/KECHUS

B) Majas QJIUTEIBHOCTE BPEMEHU, HE0OX0anMas aiis (popMupoBaHus mpooos;

') 3aBUCUMOCTE BEIMIHUHEBI NPOOMBHOTO HAIPAKEHUS OT (DOPMBI JIEKTPOIOB, T. €. OT CTE-
MEHU HEOTHOPOIHOCTH ITOJIA;

1) HE3aBUCUMOCTh AMILIUTY OBl MMPOOMBHOTO HATIPAKEHUSA OT YACTOTHL U POJA TOKA.

[Tpy M3MmeHeHun TOMIMHEL TUYIEKTPUKA, HAXOIAMIETOCA B HEPABHOMEPHOM AJIEKTPHYE-

CKOM ITOJIC, BCIIMYHHA HPDGHBHDFD HAIIPAKCHWA OIIPCOCIIACTCA M3 I{BﬂﬂpﬂTﬂlﬂ{Dﬁ 3dBHCHMOCTH

[J1-2]:

s
NOKYMEHT MOONWUCAH

U = U
SNEKTPOHHOW MOAMMUCHIO np(2) np(1)

a4
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roe UHF{EJ— OpPOOMBHOE HAMPAKEHUE, ONMPEAECICHHOE ONBITHEIM MYTEM, 171 00pa3na mpo-
W3BOJILHOM TOJIMIMHOM al;

Unpm— OPOOMBHOE HANIPSKEHUE AJI1 00pasna TOMMHOM.

Hanpsaxenue smekTpuueckoro npo0os MOKET OBITH pacCUMTAHO, UCXOOA W3 TAOIMUHBIX
3HAYEHUN NTPOOMBHOU HAMPAKEHHOCTU, MO (POpMynaM i ONPEACICHUS HANPAKEHHOCTH JJIEK-
TPUYECKOTO MOJA B KOHIEHCATOpAX MPOCTEUIMX KOHCTPYKUMI. Hampumep, mia koHmeHncaropa

IWINHIPHYECKOW KOHCTPYKI[UN CIPABEIINBA 3aBUCHMOCTb:
R
Upp = Eppr - 2,339;

roe EHPHEIKD,I[HTEH o [1-0,

Ecim TBepaBIi AUAJIEKTPUK NOABEPTHYTE JIUTEILHOMY BO3AEHCTBUIO HANPSIKEHU, BETH-
UUHA KOTOPOTO HEAOCTATOUYHA AJIA SJIEKTPUUECKOro npodos, Ho Omm3ka k Hed (85—90%), To B
HEM IO JEUCTBUEM TOKOB CKBO3HOW MPOBOIUMOCTU OYAET BBIOEIATHCS TEMJIO, OTBOJ KOTOPOTO
sarpynneH. [log qeiicTBeEM MECTHOTO pa30rpeBa CTPYKTYPA AUAICKTPUKA U3MEHSIETCS, TPOBOIH-
MOCTH BO3PAaCTaeT U NPOTPECCUPYIONINI HATPEB BBHI3ELIBACT MPOKUTAHUE WM OIUIABICHUE W30J1-

nuu. [IpoOou Takon (opMbI HA3BIBAETCS TEMIOBBIM MPODOEM.

ii~8
S04

1

Jag

20T

1840

YT e W03 g% w7t A
L.ocen

Pucynok 7.1 — Xapaktepuctuka npoOUBHOTO HANPSKEHUA IS TBEPAON U30OIISIAN: 4 —

001aCTE UMITYAECHOTO TPO00s; O — 007IaCTh ANEKTPHIECKOTO MPO00sA; B — 00JIACTE TEMIOBOTO

npo0os

Hanmpsxenue, mpu KOTOPOM OPOUCXOINT TEMIOBOM MPOOOH, 3aBUCHT OT (PU3UUECKUX
CBOMCTB CAMOTO OUAJIEKTPHKA, €T0 CTPYKTYPBL, HUTUINUA B HEM HEOTHOPOJHOCTEHN U OT BHEMIHHUX

yCJIOBHUM OTBO/IA TEMJIA.

HpPI EIR"D WJIAKTHYCCKHX HCITBITAHMAX M30JIATIMH ITOBBIIICHHBIM HAIIPAMKCHHCM ITOABJICHHUC
ao EAT NOArncaH

3NEKTPOHHOW NOANMUCLIO —
,k,1TQHHLQ-BﬂFﬂ HIPO0OA HEHKECIATCHLHO , JTOOTOMY MIUTCIIBHOCTE HUCIILITAHHA OTPAHHYUBACTCA OOHOH

Bnapeneu Leb3ayxoBa iITbHAHA AJIeKCaHOpoBHA

WA [ATHI0 MUHYTAMH.

S e = A0 A8 37T 5 - 3 M T3
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[Ipencrapnena BOMBTCEKYHOHAA XAPAKTEPUCTUKA MPOOOS TBEPAON M3OJALUWU (3IEKTPO-
KaPTOH) W BBIAEIEHBI 00I4aCTU TEMIOBOr0 U 3MEKTPUYECKOro npodoes. @opMyIsl O pacdeTa
HAMPSKEHUA, BRI3BIBAIOMIETO TEMJIOBOH IMTPO00H, TIpeanokeHnl akagemMukamu B. A. @okom u H.
H. CemenoBriMm [JI-9] u paccmarpuBarorcs B Kypce « QJIEKTPOMATEPHATIBD).

Hampsxenue, mpu KOTOPOM HACTYHAET TEILIOBOM MPOOON TBEPABIX AUAIEKTPUKOB IMIPHU
BO3IEHCTBUM HNOCTOSHHOTO TOKA, OKA3BIBACTCA HECKONIBKO OONBIIE HAMPAKEHUS HEPEMEHHOTO
TOKA, TAK KaK B MOCIEOHEM CIIy4de UMEIOT MECTO OUAICKTPUIECKHE IMOTEPH, BEI3BIBAIONINE O~
MOTHUTENBHBIA PA30TPEB MATEPUANA.

B TOJmI1€E TBEPABIX CIONUCTHIX MATEPHAJIOB MOTYT 0KA3aThCA BO3YIIIHBIE BKIFOUEHHUS, B KO-
TOPBIX NPH HOBBIMIEHHOM HANMPAKEHUM PA3BUBAETCA MOHM3AUMOHHBIA ITPOLECC, CHOCOOCTBYIO-

niuil Tpo0oro.

3aoanusn:

3aoanue Nel

Tanrenc yrima nusnexkTpudeckux noreps uzoaaropaoro papdopa opu 0° C cocraruin 0,8 %.
a mpu temneparype 83°C— 1,6%. Onpenenurs kK0>(PPUIMEHT BO3PACTAHUA MOTEPE, €CIU OHU

H3IMCHAITCA 110 SKCITOHCHIMAJIBHOMY 3dKOHY.

3aoanue Ne2
[Torepun momHOCTH B OakennToBoi m3omsauuu npu temmeparype 50° C pasuer 6* 1072
Br/cm * B* a mpu temmeparype 90° C pozpocau 1o 30X 107'* Br/em*B®. Onpenemits ko3P durm-

CHT BO3PACTaHHA ITOTCPE B AU3JICKTPHUKEC

3aoanue No3
OnpenemmTe NPOOMBHOE HANPSKEHUE W30JLINH OJHOKWIBLHOTO Kadems ¢ auaMerpoMm
Wkl 15,3 MM 1 TommaoN n3oasuuu 10 MM, ecnu npoOMBHAA HANIPSAKEHHOCTE SJIEKTPUIECKOTO

mons i n3onsauu pasaa 300 kB/ewm.

3aoanue Nod
OnpenemTe TPOOMBHOE HANPSKEHUE UL ANEKTPOKAPTOHA TOMMIMHOM 1,5 MM, ecnm u3-
BECTHO, UTO ITPU UCMBITAHUHU B YCIOBUAX HEPABHOMEPHOTO IMOJIEN 00pazen TomuHoH 0,8 MM mpo-

OuBaercsa npu HanpsxeHuu 3,5 kB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBBO52205E7BAS00060000043E
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= W] o

Lh

-

[TocnenoBarempHOCTE ONpeneneHus PACIPENEICHHUA HANPMKEHNUA M0 THPIAHAE U30JIATO-
POB C MOMOIIIEIO MIAPOBOr0 pa3psaIHUKA CIIEIYIOMIAL:

] ) moaKIIOUNTE pa3psATHUK NOOUEPETHO MAPATIIENBHO KAKIOMY U30IATOPY;

2) BKIIOYWUTH UCTTBITATEIEHYIO YCTAHOBKY U IUTABHO MOTHATE HAMPAKEHUE OT HYJIA OO BO3-

HUKHOBEHUS YCTOMYMBOTO paspsana MEKIy MAaPHKAMA Pa3paIHUKA;

3) pemuuuny Hampsxenua paspana Uiz (sa cropone 200 B) zanectu B tabm. 1.1. [l

s

kaxmoro mzonsropa mpoussectu tpu usmepenus (U{z, U{s u U{5). Heobxoaumo cneaurs,
gTOOBI B IMTPOTIECCE U3MEPEHU I PACCTOSHAE MEKIY MAPUKAMU Pa3PSIIHUKA OCTABATIOCH HEM3MEH-
HEIM;

4) 3anectu B Ta0n. 1.1 3HaueHnsa HanpsaxeHun Ha rupngaHae (Ha cropone 60 kB), mpu ko-

TOPOM HACTYMHAET pa3psi, OMPENESINB UX 0 BEIPAKEHHIO
Uosz=KUj3
60

rae K = 02 k03] (punmeHT Tpancdopmanuu Tpaschopmaropa;

5) BEIUMCIUTH 3HAUEHUS HANIPSKEHUN B MPOIEHTAX I KaXKIOTO U30JATOPA MO BEIPAKE-
Huro (1.5);

6) pe3yJIbTATHI pacueToB 3aHecT B Ta0m. 1.1. [l kaxmoro Bapuanra qomkHa OBITE OIIpe-

IeIeHa CyMMa E U koy, . Eciu cymma otimmaaercs ot 100 %, To HeoOX01uMO MOBTOPUTE PACIET.

Ha ocHoBannu nOny4eHHBIX PE3yJILTATOB HEOOXOAMMO:!

I. Hocrponts 3aBucumocts Ugg ko, = | (/) nma Bcex cayuaeB B OTHUX KOOPAMHATAX

(pacuersl MOTYT OBITH BEIMOJTHEHEI IO KOMITBIOTEPHOW ITPOTPAMME).
2. Onpenemits KO3(PUIMEHT HEPABHOMEPHO CTH PACHPEIEACHN A HAMPSKEHMSA BIOIb THP-

JIAHOBL 1A BCCX CIIYVUACB

AIOKYMEHT MOAMMCAH U ec k% max
SNEKTPOHHOW MOAMNWUCHIO n-= U
Ceptucdmkar: 2C0000043E9ABSBI52205E7BA500060000043E ec k% min

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IHpaxkmuueckasn pavoma Ne8. Hsmepenue evicoxux nanpayxcenuu. Ilepenanpasceniis ¢
eKmpuueckux cemax. Ammocgepusie nepenanpasricenun. Pacuem sazemaarouqux

ycmpoucme.

Il enw: ITpuobperenue HABBIKOB pacuera 3VY.

Ocnoevl meopui:

be3zonacHOCTE 0OCTYKHBAIONMIETO MEPCOHAIA, HOPMAJIbHAA padoTa anmapaTroB M 3aniuTa
BBICOKOBOJIBTHEIX YCTAHOBOK OT HEPEHANPSKEHUH HEBO3MOKHA 0€3 CO3JaHMsA 3a3€MILIIOMINX
yCTPOMCTB.

B 3aBucnMocCTH OT HA3HAYEHUA PA3INYAIOT:

a) pabouee 3azeMIIeHIE, K KOTOPOMY OTHOCAT 3a3€MJIEHUE HEUTpaIei TpaHCcpopMaTopos,
OYTOracAnMX KATYIIEK U ANNapaToB, ONPEIEAAIONIUX 00N peKuM padOTEI SIEKTPOYCTAHOBKH;

0) 3azemueHne 0€30aCHOCTH, K KOTOPOMY OTHOCST 3a3€MICHHUE KOKYXOB ITPUOOPOB U aIl-
MapaToB;

B) TPO303AIATHOE 3a3EMIICHHE, K KOTOPOMY OTHOCAT 3a3€MJIEHHE TPOCOB U CTEPKHEBBIX
MOJHHEOTBOA0B, OMIOP U Pa3PATHUKOB.

OCHOBY 3a3€MJISIONIETO YCTPOUCTBA COCTABIAIOT 3a3€MIIMTEIH, T. €. METAIUTMIECKUE 3JIe-
MEHTBI, HAXOJAIIMECS HEMOCPEACTBEHHO B TPYHTE, U 3a3€MIIIONINE MPOBOIA (CHYCKH), HTOCTYII-
HBIE JJI1 OCMOTpA.

OCHOBHBIMM XapPakTEPUCTHUKAMH 3a3EMIAIONIETO YCTPOUCTBA SABIAIOTCA CONPOTHUBICHUE
R 3 pacrekanuro TOka MPOMBINILUIEHHOM YaCTOTHL U CONMPOTUBIEHUE R 3 1 pacTEKaHNIO UMITYJIECHBIX
TOKOB TPO30BOTO pa3pAa.

Bemiunna HOPMHPOBAHHOTO COMMPOTHUBIIEHNA PACTEKAHUIO TOKA MPOMBIILIEHHOHN YaCTOTEL
HaxomurTcA B npenenax 0,5—25 om.

HccnenoBanus MOKa3eIBAIOT, UTO XAPAKTEP PACHPENEIEHNA TOKA B ITOYBE 3ABUCHUT OT €T0
qaCTOTHI, YAEILHOTO CONMPOTUBIIEHUA IPYHTA, JIMHEHNHBIX PA3MEPOB U B3aUMHOT0 PACIOIO0 KEHUA
3a3EMIIUTEIIEH.

[Tpu pacuerax 3azemMiIeHUSA UCIONB3YVIOTCA (DOPMYJIBL, ONMPEAEIIAIONINE BEIMUNHY COIPO-
TUBJICHUS PACTECKAHUIO TOKA PUMEHUTEIEHO K 3aJaHHON (pOpME 3a3EMIUTEIA.

DJIEKTPUYECKHAH TOK, PACTEKAACH B IIOUYBE B MOMEHT MOPAKEHHUE YCTAHOBKH I'PO30BEIM Pa3-
PAIOM WIHM OpU Npo00e M30AIMH TOKOBEOYIIMX YACTEN, CO34AET BIOJb CBOETO IyTH MANEHUE

AOKYMEHT MOANACAH
HAIP K CHEAPAEODUPORWEEOTBETCTBYIOT OINPENEICHHBIE MOTEHIMAIBl Ha ITOBEPXHOCTH 3E€MIIH.

Ceprvcukar:  2C0000043E9ABBBI52205E 7BAS00060000043E
Bnagendd pU \DFONMDEF 0TI AOBEPREOCTH, PACIIOIOKEHHEIE HA paccToaHuu 20 M 1 0onee OT 3a3eMIuTENnA

HJIM MCCTd 3dMBIKAHHWA Hd 3CMIIIO, ITPAKTHYCCKH UMCIOT H}’JIEBDﬁ [TOTCHITHA.

Nencteutened: ¢ 19.08.2022 no 19.08.2023

137



Haupriciium nmm momseiM noreHuuaaoMm Up OyayT 00nanaTte BCE TOUKU, UMEIONINE MeE-

TAJIMYCCKYIO CBA3E C 3d3CMIIMNTCIICM.

"S-

Pucynoxk 8.1 — [Torenumanenas xapakrepucrtuka (1) u HanpsxeHne MPUKOCHOBEHUSA PU

OOMHOYHOM CTEPKHEBOM 3a3emiuuTene (2)

OTHOUIEHHE TOJIHOTO MOTCHIIHAJIA K BCJIMYHUHE TOKd, ITPOTCKAOTICTO YEPE3 343CMITMTC]Ib,

OmpenenaeT COO0H CONMPOTUBIECHUE PACTEKAHUIO TOKA JAHHOTO 3a3E€MIICHUA

rae Un — mOJHBIM MOTEHIIHA, KB,
I. — TOK-B 3azeMiIMTEIIE, KA.

Ha puc. 8.1 moka3zano pacnpeneneHHue MOTEHIIMAIA HA TOBEPXHOCTH 3€MIIH MJIA MTOTEHI[U-

aTbHAA XApPAKTEPUCTHUKA (1) 111 OTUHOTHOTO CTEPIKHEBOTO 3a3EMIIUTENA.

[Tommemi moTeHnMaM 1 XapakTepUCTHKA PACTPENEICHNA HAIPAKEHHUA 110 PATuyCy OT OCH
3a3EMIIMTEI OTNPENEA0T COO0M BaKHBIE BETUYHUHBI C TOUKH 3pEHNA 0€30MacHOCTH 00CITyKuBa-
IOMIEr0 MEPCOHAIA!

l)maroBoe HanpaxeHue Uy mOI KOTOPEIM ITOAPA3YMEBAIOT TY HANOOJIBIIYIO pa3-
HOCTB ITOTEHIIMATIOB, KOTOPYIO UIMEIOT CTYITHH YE€I0BEKA, OKA3aBIIHECA HA paccToanuu 0,8 m npyr
OT ApyTa no paguycCy OT LEHTPA 3a3E€MINTEIIA;

2) HAJRA Fegiiig mpukocHOBEeHUA Unp, T. €. HANOOIBINEE HAPIIKEHUE MEIKY ITO0-

3NEKTPOHHOW NOANMCLIO
CeprudBEPXIOCDBIC: 33 NHCHIO 16 cd EBIPeEA (I{ KOTOPOMY B MOMCHT pPa3pAadd MONKECT MPUKACATECA YCII0-

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

BEK) U TOUKAMM ITOBEPXHOCTH 3eMIM HA pacctosuuu 0,8 .
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Pacuer 3azeMsiromiero yCTpOMCTBA HOCUT MOBEPOYHBIM XAPAKTEP B TOM CIyuae, KOraa
CX€eMa 3a3eMJICHUA 3aJaHa WIX HOCUT YACTO PACYETHBIN XaPAKTEP, KOTad 10 3aJaHHOM BEITUUYNHE
HOPMHPOBAHHOTO COIPOTHUBIIECHUA CO3AETCA €r0 CXEMA.

Bo Bcex ciayuasx npu pacuere HEOOXOOUMOU BEIMYMHOM ABIETCS YIAEIEHOE COMPOTHB-
JIEHME TPYHTA p OM*CM, TIPUUEM HANOO0I€€ K ETATENEHEIMU ABIIAIOTCS PE3YJIBTATHI HEMOCPENCTBEH-
HBEIX U3MepeHuid. [IpuMepHEIe BEMMUNHEI YAEIBHBIX CONMMPOTUBICHUM IPyHTOB aaHel B [1-14. Be-
JTUYUHEI YAEABHBEIX COMPOTUBIIEHUN MMOABEPKEHEI CE30HHBIM U3MEHEHUAM, IPUIEM HAUOOIBIIEE
BJIMSIHUE OKA3BIBAIOT BIIAXKHOCTH, TEMIEPATYPA, CTENEHb IMTPOMEP3aHUA, HUTUIHUE COJIEH.

Uewm rimy0Oike pacroioxeH 3a3€MINUTENb, TEM CTA0MILHEE OKA3BIBAETCS COMPOTHUBIICHUE
TPYHTA U JIyUII€ YCIOBUS I PACTEKAHUA TOKA, HOATOMY 3a3EMJINTENMN PACHOJIATaI0T TAK, YTOOBI
BEPXHA KPOMKA BEPTHKATLHBEIX 3a3€MIMTENIEH WM YPOBEHB TOPHU30OHTAIBHBIX HAXOIWINCH HA
riayoune 0,5—1,0 m oT moBepxHOCTH, a HUKE —OT 3 10 20 M.

YT00BI HCKIIOYNATE BEPOATHOCTH ITOBBINIEHHUA YAECIBHOTO CONPOTHUBIIEHH, B PACUETAX HUC-
MOJIB3YETCA YIAEIBHOE CONMPOTHBIICHUE, MOIYYEHHOE HEMOCPENCTBEHHBIM U3MEPEHUEM pProv HA
OaHHOM YYaCTKE, YMHOKEHHOE HA KOS (P Pu UM eHT CEe30HHOCTHU \/, YUUTHIBAKONIIMHA BO3-

MOKHOCTE BBICBIXAHUS TPYHTA:
P pacu = Pusm¥

[Tpubmixennoe 3nauenue kox(ppurmenra cezonHoctu npunumaerca 1,4—1.8 ansa ropu-
30HTANBHBIX 3a3€MIIMTEIIEH, YI0KEHHEIX HA riryoune 0,5 v, n 1,2—1.4 nnsa BepTUKaIBHBIX 3a3€M-
JTWATENEN TIIMHOU 2—3 M, IPUUEM, ECIIM BO BPEMSA U3MEPEHUA YIAEIBEHOTO COMPOTHUBIIEHUS 3E€MIIA

CcyxXada, TO MPHHHUMACTCA MCHBIIICC 3HAUYCHHUE, d CCIIH [MOYBd BJIAKHAA — OoJRIIAd BEIHUHMHA.

3aoanusn:

3aoanue Nol

CrepKHEBOM TPy OUATHIN 3a3€ MIIMTENDL TUAMETPOM S CM U IJIMHOH 2 M 3a0UT B TPYHT, UME-
FOIMif pacueTHoe yaeasHoe comporusiaerue 1-10° Om:em. OnpenenuTs BeMMIUHY COMPOTHBIIE-
HUS PACTEKAHUIO TOKOB B CTATHYECKOM PEKUME IS CIydas, €CIH 3a3EMINTENb 3a0UT 10 YPOBHA

3eMITH, U JIJIA caydas ero 3armyonenus Ha 0,5 m.

3aoanue No2
Konb1ieBoM 3a3eMIIMTEND BEINIOJHEH U3 TPOCAa AuaMeTpom 1 cm u 3arnyOuneH B rpyHr Ha (0,5

M. PacueTHas BenmuuHa yAeapHOro conporusaenus rpyata 2+-10° Omem. JTuamerp kombua 12 M.
AOKYMEHT MOANWCAH

ANEKTPOHHOW NOONWUCEIO w
oo QTIPSASTITE SONPOTHRACHITS sasemmirent Ges yuera caaseit.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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3aoanue No3

Merammueckas ommopa BEICOKOBOJIBTHOM JIMHHUM PUC. 8.2 UMEET MOHOJIMTHBIN JKeIe300¢e-
TOHHBIH (DYHIAMEHT, METAUTMYECKUI KAPKAC KOTOPOTO MOKET OBITh IPUHAT 34 monycdepy ¢ pa-
nuycom 1 M. Pacuernas BenuuuHa yaensHOTO CONPOTUBIEHUSA TPYHTA B MECTE 3AJI0KEHUA (PyH-
namenra 0.5:10% Om-cm. OnpenemTs COMPOTUBICHUE 3a3E€MIIEHMS, MOTHBIN MTOTEHIMAI OO PEL U
IarOBO€ HANIPSKEHUE A cranaapTHoro mara 0,8 M, ecim TOK pa3psaaa MOJTHUHA, MO PAKAIONIETO

onopy, 100 xa, a marooe HanpsHKEHUE ONMPEACIHIETCA MEKIY TOUYKAMHU IIOBEPXHOCTH 3€MIIH, Y-

JIEHHBIMHU HA 2 1 2,8 M OT LIEHTPa 3a3€MIIUTENA.

Uy = 80048 48

Pucynok 8.2

Konmponsnwie eonpocwi:

1. UTo HA3pIBAETCA MIATOBBIM HAOPSKEHUEM U OT KAKUX ITAPAMETPOB 3aBUCHUT €T0O BEIU-
guHa?

2. UTo HA3BIBAETCA HAMPSKEHUEM MPUKOCHOBEHUS U OT KAKUX MAPAMETPOB 3aBUCHUT €T0
BEITUUHHA

3. C mOMOMIBIO KAKUX CPEICTB MOKHO CHA3UTH BETUUNHY HANPAKEHUA MPUKOCHOBEHMA !

4. JIns KakUX TPYHTOB LENECO00PA3HO IPUMEHATE NMPOTAKEHHBIE TOPU30HTAIBLHEIE 3a3€M-

aurenu’

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilpakmuueckaa paooma Ne9. Pacnpocmpaneniie 60,1H nepeHanpadsceHiti. Kea3ucma-
WUOHAPHbBIE U KOMMYMAUUOHHbIE NepeHanpacenus. Jauiuma om nepenanpaxycenui. Pac-

Hem CONPOMUEICHUA DACMEKAHUI0 MOKA RPOMBIUICHH Ol YACHL OMbL.

I]ens: ITomyueHne HABEIKOB pacueTa COMPOTUBICHMUA PACTEKAHUS TOKA MPOMBINLIEHHON

JadCTOTHI.

Ocrnoevt meopuii:

[Tpu kKOHCTpPYHMpOBAHMN 3a3E€MIAIONIMX YCTPOMCTB, KAK MPABWIO, UCIMOJIB3YIOTCA CTAH-
OApPTHBIE SAEMEHTEL: TPYOBI, YTOJIKOBAasA WM MOJI0COBAS CTANb, CTAIEHEIE TPOBOA U TPOCHL.

Jlns BCeX ATUX 3JIEMEHTOB BEIBEIEHBI PACUETHBIE (POPMYIIEI CONMPOTUBIAECHUS PACTEKAHUIO
TOKA MPOMBINIUIEHHON 9aCTOTHI, YIUTHIBAIONINAE IMHEHHBIE PA3MEPEI SIEMEHTOB U Ty OMHY UX 34-
IO EHHUS;

a) mma TpyOsr mamerpoM d WIM YTrOJKOBOW CTAIH C IMIMPHHOM MOJKH b u mmuHOH | 0e3

3ariry OneHus B TPYHT BEPXHEN KPOMKH

41
Re =L 1t
24 d
0) 1711 TPy OBl WUIH YTOJIKOBOW CTANHN, 3aray0JIEHHBIX B TPYHT HA TIyOUHY t OT mOBEpX-

HOCTH 3C€MJIHM 00 CCPCOHHBI 3JICMCHTA

21 1. 4r+1
Ry — P 2 —m
27 d 2 4r-1

B) I Tpoca auamMeTpom d, 3a70KEHHOTO B TPYHT HA TIyOMHY t M MMEFOIIETO BT

[MTPOTAKCHHOTO 3a3CMITATCIIA

2.3 [
Ry = 5 lg
27 T dt
r) 714 TTOJIOCOBOM CTAJIM WKW KPYIJIOTO MPOBOJA B BUAE KOIBLA C auamerpoMm D u
3ariry OneHneM B IPyHT Ha t:
2
2.3 87D
Y 2x°D  dt
23p . 4aD?
Reno=7>18 ;
Y 2xtD - dt

AOKYMEHT MOANUCAH
Y EKTPORHGTIRABCEHDIT cTamm mmpuHO b, 3a/103KEHHOM B TPYHT HA T1yOnHY t, ipu 00mIeH
Ceprucpukar:  2C0000043E9ABBBI52205E7BAS00060000043E

Bnanen ﬁ' m{ﬁﬁﬂﬁﬁﬂ?ﬂﬂﬂib’l“a AnekcaHgpoBHa
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23p . 217
= e
0 om ° dt

Ilpumeugnue. JIna CTEPKHEBBIX 3a3€MIMTENECH HCHOJIB3YIOTCS TPYOBI WM YrOJIKOBAS

CTaJdb JJIMHOU 2—3 M, C IUAMETPOM WIM IHUPUHOMN MOJIKU 35—7() MM, a 11 MOIOCOBEIX 343€EM-
JUTEenel — I0JI0CoBas CTAIL TOIIIHMHON He Menee 4 MM 1 ceuenuem He menee 100 M.

BemuuHel COMPOTUBAEHUN PACTEKAHUIO TOKA MPOMBINLUTIEHHOHN 9aCTOTHI U1 CTEPKHEBOTO
U TOJIOCOBOTO 3azemumrenei madel B [1-15. u [1-16.

TpeOoBanus, mpenbABIAEMBIE K 3A3EMILTIONIEMY YCTPONCTBY 4 OTHOIIEHWH BEIMUWHEI CO-
npotuBaeHuA (0,5—10 owu, cm. I1-17), B OompmuHCTBE CiTydaeB HE MOTYT OBITH YIOBIETBOPEHEL
O TMHOYHEIM 3a3C€MJIHTEIIEM.

[TpakTraecku o mOaIy4eHUss OPUEMIEMBIX BETMUYUH CONMIPOTHUBIECHUA CO3AIOT CIIOKHBIM
3a3E€MIIUTENB, COCTOANIMNA U3 N MAPAINEIbHO COEQUHEHHBIX OOWHOYHEIX 3azemymreneit. MoxHO
OBLIO OBI MPEATIOIOKUTE, UTO 0OMIEE COMPOTUBIECHUE TAKOTO CIOKHOTO 3a3€MINTENA OyIET B 1
pa3 MEHBIIE CONPOTHUBICHUS KAKIOTO AJIEMEHTA, 9YTO B CIy4a€ UX OJHOTHUITHOCTU COOTBETCTBO-

Bano OkbI popmyne
Ry

n

Ronco =

Ha camowm gene, mpu HCIOIB30BAHNH CJIOKHOTO 3a3€MIIUTCS MO PACTEKAHUS TOKOB C OT-
OEIBHBIX 37EKTPOAOB HEPEKPHIBAIOT APYT APYrad U COMPOTUBRIECHHUE BCETO 3a3EMIIUTENSA OKA3BIBA-
eTcsA OOJIbIIE TPENNOIaraeMoro. ¥ BEIMIECHUE COTPOTUBJIEHNA CJIOKHEIX 3a3€MIIATEIECH YIUTHIBA-
erca KOA(PPUIIMEHTOM UCITOIB30BAHUA 1).

3HaueHus KOAPPUIMEHTOB MUCHOIB30BAHUA 3aBUCAT OT KOHCTPYKTHUBHOTO BBITOJTHEHUS
CJIOHOTO 3a3€MIIMTENA W JJI TOPU30HTAIBHEIX M BEPTUKAIBHBIX 3a3€MIIMTENEH NMPUBEICHEI B
mpunoxkenusx [1-18 u I1-19.

Pacuernas Gpopmyna i CI0KHOTO 3a3€MIMTEN U3 ITOIOCOBBIX O JTHOTUITHEIX 3a3€MIINTE-

JI€H ¢ YIETOM B3aMMHOTO AKPAHUPOBAHUA UMEET BUIL:
Rﬁn
nrj

,HI[H CJIONHOTO 3a3CMIIMTEIIA, COCTOAMICTO U3 N BEPTHKAJIBHBIX 3JICKTPOIOOB M GG’EE,I[PH-IHTD-

R

cucoO —

IHUX UX TOPU30OHTAJIBHEIX,

OOKYMEHT UDﬂHHCHH d 7 1
IANEKTPOHHOW NOANWUCEKO RCHCE} = .
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E Rg R ?}'Z
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa + a
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IA€ Tz —IIPUHUMAETCA /I KOHKPETHOU CXEMEI BCero 3azemmuren (em. [1-20).

Pucynok 9.1 — XapakTep mOTeHIMATBEHON KPUBOU /I CIIOKHOTO 3a3€MIIMTEIA

He menee BaKHBIM CIE€ICTBUEM UCHOIB30BAHUA CIOKHBIX 3a3€MINTENEH B BEICOKOBOJIBT-
HBIX YCTAHOBKAX, KPOME CHIKEHUA OOIIEr0 CONPOTUBIIEHUSA, ABIAETCS MOBEIIIEHNE TOTEHIMAIA
HA y49aCTKax Mexay iekrpomamu. OOmiee BeIpaBHMBAHWE MOTEHIMAna (CM. puc. 9.1) 3nauu-
TEIBHO CHIKAET MIArOBOE HAMPIKEHNE U HATPSKEHNUE MPUKOCHOBEHMUA B 30HE HANOO0IIEE BEPOAT-

HOTO HaXO0KIEHHUA 00CITyKUBAOIIETO IIEPCOHANA.

3aoanun:

3aoanue Nol

['opi30HTATEHEIN ABYXIYYEBOM 3a3€EMINTEND C MOABOIOM TOKA B CPETHIOI TOUKY U JJIH-
HOM Kaxxaoro ayda 10 m, mposokeH B TPYHTE C YIEABHBIM COONPOTHUBIEHUEM, U3MEPEHHBEIM B
cyxyro moromy, 1-10* Om-cm. Onpenenurs CONPOTHBICHUE 3a3€MIIAIONIETO YCTPOMCTBA B UM-
MyJABCHOM PEKNUME, ECIIM TOK MOJTHAU ONPUHAT PaBHBIM | 00 KA. 3a3eMIMTE s BRIMOIHEH U3 CTATh-

HOro npyra guaMerpoM 1 cm. I'myOuHa 3aimoxenns 3azemnmrenei cranaaprHas, pagaas 0,5 m.

3aoanue No2

KoIb11€BOM 33a3€MINTENE, BEIMOTHEHHBIN U3 ITOJIOCOBOM CTAIH HIUPUHOU 4 CM U TOJMIINHOU
2.5 MM, uMmeeT quaMeTp 4 M U 3a10keH Ha rayoune 0,5 M oT moBepxHoCTH. Pacuernas BennumHa
yAETLHOT0 COMPOTUBIEHNA TPyHTA MpuHaATA 2-10% Om-cM. KOJIBII0 3aMKHYTO M HIMEET TPH CBS3H,

pacnonoxkennsle mon yriaom 120°. Onpenenuts CONPOTUBIEHUE 3a3€MIIMTENA, €CIINM TOK I'PO30-

BOTO paﬁﬁéﬂﬁ%@ B TOUKY coemuHenus cBazeil, npuHar 40 kA. [TpoBoammocTeio CBi-

Ceptudomkar, ECDDGGGSBEEABBBQEEEDEETBAEDDDED*]EIDDdSE

Bnapen E?LPH r!l]%@ﬂ @ﬁ&’ﬁmenc aHApOBHA
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3aoarue No3
[TomocoBou 3a3eMymTens BEITOJIHEH U3 Tpoca quaMeTpoM | cm u mmmon 17,5 m. Onpene-
JUTH COTIPOTHUBJIEHUE PACTEKAHUIO TOKA MPOMBINLJIEHHON 9aCTOTHI, €CIU YIAEIbHOE COMPOTUBIIE-

Hue rpyHra (pacuernoe) npuaaTo 1-10% Om-cm.

Konmponsnwie eonpocwi:

1. M3n0xkuTe mocCaenoBaTEeNbHOCTE PACUETA UMITYJIBCHOTO CONMPOTUBICHUS 3a3€MIICHUSA
P OPOTEKAHUHU TOKOB TPO30BOTO pa3psaa.

2. MO¥HO MM C ONpPENENEHHOCTRIO CKA3aTh, YTO COMPOTHUBIECHUE 3a3€MIECHHUA B UMITYJIBC-

HOM PCKHUMEC MCHBIIC €TO COITPOTHBJICHHUA TOKAM HpOEMIBILHJIE‘I-H-IDﬁ JACTOTEI!

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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