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Llenp 1 321241 U3YYEHHS! TUCIUILIHHBI

O6opynoBaHue U MaTepuabl

HaumenoBanue nabopaTopHbIX paboT

Copneprxanue 1a00paTOpPHBIX padOT

JlaGopatopnas padota Ne 1. M301sTOpEI BO3AYIIHBIX JTHHAN U MTOACTAaHINKN. Pac-
MpeJielIeHUe HAPSKEHUS 10 SJIEeMEHTaM THPJISTH/IbI OJBECHBIX HU30JIATOPOB.
JlaboparopHas pabota Ne 2. BHyTpeHHsIs H30IA1IMs AIeKTpoycTaHOBOK. Mccie-
JIOBaHUE AIIEKTPHUUECKON MPOYHOCTH BO3/YIIHBIX MPOMEXKYTKOB B PE3KO HEOJI-
HOPOJTHOM TIOJIE.

JlaboparopHuas pa6ora Ne 3. UcnbiTanus uzonsuuu. Mismepenue cornpoTuBIeHUs
U eMKOCTH M30JsIuH. CTaTUCTHYECKHE 3aKOHOMEPHOCTH MPo0osl.
JlaGopaTtopHnast pabota Ne 4. KoHTpoJIb AMAIIEKTPUUECKHUX MOTEPh U U3MEPEHNE
apaMeTPOB YaCTUYHBIX pa3psiioB. KOHTPOIIh MOBHIIIEHHBIM HAIPSHKEHHEM. HC-
OBITAaHUST M30JIALUN OTNENbHBIX BHJIOB 00opynoBaHus. KoHTponb u3omsuuu
KOHTaKTHOM ceTH. MccnenoBanue nepeHanpspkeHuit B 0OMOTKax TpaHcopma-
Topa.

JlaGopatopnast pabota Ne 5. WcnbitaTenbHble YCTAHOBKH BBICOKOTO TEPEMEH-
HOTO U MOCTOSIHHOTO HamnpspbkeHus. VMccnenoBanue MoJieNnn KackaJHOTO BBIIPS-
MUTENIS BBICOKOTO HAMPSIKEHUSL.

Jlaboparopnas pabora Ne 6. 'enepaTopbl UMITYILCHBIX HanpsbkeHUH. ['eneparop
MMITYJIbCHBIX HamnpsokeHud 750 kB.

JlaGopatopHast pabota Ne 7. I'eHepaTopbl UMITYIbCHBIX HampsbkeHui. Onpeze-
JICHHE 30H 3aLIUThI CTEPKHEBBIX U TPOCOBBIX MOJIHUEOTBOJIOB.

JlaGopaTtopnast pabora Ne 8. PacnpocTpaHeHue BOJIH NepeHANPSDKCHHUN. KBa3H-
CTallMOHAPHBIE U KOMMYTAIIHOHHBIE TTEPEHANPSHKCHUS. 3alluTa OT IepeHanpsi-
KEHUHU. 3aIUTHBIE Pa3psIIHUKU M OTPAaHUYUTENN NIepeHanpsHKeHu .
VY4ebHO-MeToin4Yeckoe U HH(POPMAIIMOHHOE 0OecrieueHNe TUCIIUILTHHBI
[TepeyeHr OCHOBHOM U JOTIOJHUTEIBHON JINTEPATYPhI, HEOOXOIUMOM ISl OCBO-

CHHUA JUCHHUITIIMHBI

Crp.
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[TepedyeHr y4eOHO-METOAMYECKOTO OOECHEUYCHHUSI CaMOCTOSATEIBLHON paboThI
00ydJarouumxcs no JMCUUILITNHE

[lepeuens pecypcoB HMH(POPMALMOHHO-TEICKOMMYHUKAITMOHHONW ceTH MHTep-
HET, HEOOXOIMMBIX JJI1 OCBOCHUS AUCLIUITIIMHBI
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BBenenne

Lenpto paboThl B 1abopaTtopuu sBIsETCS YriyOJeHHWEe U 3aKperIeHue MPHOOPETEHHBIX
TEOPETHUYECKUX 3HAHUI IyTE€M SKCHEPHUMEHTAJIbHOM MPOBEPKU TEOPETUUYECKUX MOJOKEHUH, a
TaKKe 3HAKOMCTBO C 3JICKTPOHHBIMHA KOMIIOHEHTaMH1, 000pYI0BaHNEM, H3MEPUTEIBLHBIMH IPHOO-
paMU U anmnapaTypoii, KCIOJIb3yeMbIMH B JIA0OpATOPUH.

B pesynbrare BeIOTHEHHS JIAOOPATOPHBIX PAOOT CTYASHTHI JOKHBI IPUOOPECTH YMEHUS
Y HaBBIKH 110 COOPKE M MCCIEAOBAHUIO JICKTPOHHBIX CXEM M TPUOOPOB, H3MEPEHUSIM dIICKTpHYe-
CKHUX BeNnMuuH. Temarnka 1abopaTopHBIX padOT MOJTHOCTBIO COOTBETCTBYET COJIEPKAHUIO OCHOB-
HBIX pa3/ieioB Kypca, U3y4aeMoro B BBICHIMX TEXHMYCCKUX YUEOHBIX 3aBelleHUsX. B mpeyiarae-
MOM y4e€0HOM TTOCOOHH OTMCAaHO OJMHHAIATH J1a00paTOPHBIX padoT. B onucannu kaxaou 1a0o-
paTopHOii paboThl chOpMyIMpOBaHa €€ LEeNb, U3JI0KEHB OCHOBHBIE TEOPETUYECKHUE TTOJIOKECHNS,
OIMCaHa CXEMa YCTAaHOBKHU ISl POBEJCHUS HKCIIEPUMEHTAILHOTO MCCIIEIOBAHMS, JaHbl PEKO-
MEH/IALlM Y TI0 POBE/ICHHIO OMBITOB U 00PabOTKE PEe3yJIbTATOB U3MEPCHHUH, a TAKIKE KOHTPOJIbHBIC

BOIIPOCBHI.



1. lensb u 3a0auu uzyuenus OucyunIuHbl

OCHOBHBIMH LETSIMH JUCHUIUIMHBI SBJSIOTCS: (DOPMUPOBAHHUE y CTYACHTOB CTPOHHON M
YCTOMUYMBOW CHUCTEMbI 3HAHUHM O (PyHIAMEHTAIbHBIX 3aKOHOMEPHOCTSX 3a)KUTaHUS U Pa3BUTUSA
NEKTPUUECKUX PA3PAI0B B TUAIEKTPUUECKHX CpellaX, MeXaHU3Max Mpo0os JUAIEKTPUKOB MPH
BO3/JCHCTBUM CUJIBHBIX AJIEKTPUYECKHUX IOJIEH, BUIAaX M30JIALUU BBICOKOBOJIBTHOIO 000pYy10Ba-
HUS ¥ METOJIaX KOHTPOJIS €€ COCTOSHUS, CIIOCO0ax MOJIydeHHsI M M3MEPEHHSI BBICOKHX Harpsike-
HU, IpUpOie BOZHUKHOBEHUS IEPEHAIPSKEHUH U CIIOCOO0B 3aIlUThI OT HUX.

B pe3ynbTare ocBOGHUS JAHHOM AMCIUIIIIMHBI 00€CIIEUNBAETCS JOCTHXKEHUE 1ie1eil OCHOB-
HOM 00pa3oBaTeabHON MPOrpaMMBbl «JEKTPOIHEPTEeTUKA U AIEKTPOTEXHUKA»; NMPUOOPETEHHbIE
3HAHMSI, yMEHUS U HABBIKU TIO3BOJIAT IOJrOTOBUTH BBIITYCKHHKA!

— CIOCOOHOI0 K pacyeTy, aHaJIU3y U IPOEKTUPOBAHUIO 3JIEKTPOIHEPIreTUUECKUX IJIEMEH-
TOB, OOBEKTOB U CUCTEM C MCII0JIb30BAaHHUEM COBPEMEHHBIX CPE/ICTB aBTOMATU3ALMN POEKTHBIX
pa3paboToK;

— Hay4HO-MCCJIE10BATENbCKOM JESATENIbHOCTH, B TOM UUCIIE B MEKIUCLUIUIMHAPHBIX 00J1a-
CTSIX, CBA3aHHOM C MaTEMaTUUYECKUM MOJIETIMPOBAHUEM IIPOLIECCOB B JIEKTPOIHEPTETUUECKUX CH-
cTeMax U 00beKTax, POBEJAECHUEM HKCIIEPUMEHTANIBHBIX UCCIEIOBAHUN U aHAINU30M UX PE3YIlb-
TaTOB;

— K CaMOCTOSITEIbHOMY 00yYEHHIO ¥ OCBOCHHIO HOBBIX 3HAHUW U YMEHUH U1 peanu3aluu

cBoel MpodeccuoHaNbHOM Kapbephl.

2. Obopyooeanue u mamepuaot

AnmapaTHbIe CpeJCTBA:

— KomrekT yue6Ho-1a60paTopHOTo 000pyA0BaHUS «DNEKTPOTEXHUUECKIE MaTepUaIbl».

VYyebHas ayauTopus A1 IPOBENCHUs YyUeOHBIX 3aHITHI, OCHAIIeHa 000pyIOBaHUEM U
TEXHUYECKUMH CpecTBaMu o0yudeHus. [lepeHocHON HOYTOYK, MMPOEKTOP, JOCKAa MarHUTHO-Map-

KepHasl.

3. Haumenoesanue navopamopuvix paoom
st 09HO-3209HOM (OpMBI 00yUEHHUS MPEAYCMOTPEHBI CIEAyIONre JTabopaTopHbIe pa-
60T1sI: JTaboparopHas padora Ne 1. Mzonaropsl BO3AyIIHBIX IMHUHN U noAcTaHUIUi. Pacnipenene-
HUE HAMPsHKEHUS 10 3JIEMEHTaM THPJISTH]IBI TIOJIBECHBIX U30JIATOPOB — 2 yaca, MpakTudeckas moji-
rotoBka — 2 4aca; JlabopaTopHas pabora Ne 2. BHyTpeHHsST U30-TIS1IUS AJIEKTPOYCTAHOBOK — 2

qaca.
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JlabopaTopnass padora Ne 1. U3oasiTopsl BO3-
AYUWIHBIX JJUHUHA M moAcTaHUMM. Pacnipenenenue
HANPSDKEHUS 110 3JIEMEHTAM THPJISIH/IBI ITO/IBECHBIX
U30JISITOPOB.

BolsicHeHne npuyMH HEpaBHOMEPHOIO paclpene-
JICHUS HAIIPSDKEHMSI 110 2JIEMEHTaM U30JIALIMOHHBIX
KOHCTpyKuui. OmpeneneHue  pacupeneseHus
HAIPsDKEHUS 10 TUPISAHIC MOABECHBIX H30JIATO-
poB. M3ydueHue BIMAHUA 3aIUMTHOM apMaTypbl Ha
XapakTep pacnpeesIeHNs HapsKEHUs BIOJIb THP-
asgHAbl. O3HaKOMJIEHHE C METOJMKOMN IOHMCKa Jie-
(heKTHBIX U30JIATOPOB B TMPJISH]IE.

JlabopaTopnasi pa6ora Ne 2. BHyTpeHHsiA U30-
JISIIUS YJIEKTPOYCTaHOBOK. VccnenoBanue siek-
TPUYECKOHN NTPOYHOCTH BO3AYLIHBIX IIPOMEKYTKOB
B PE3KO HEOTHOPOTHOM IIOJIE.

N3yuenue ocobeHHOCTEM pa3BUTHS pa3psiia B He-
OJTHOPOAHBIX MosiX. MccienoBanue BIUSHUSA TO-
JPHOCTHU DJICKTPOA0B HA pa3saAHbIC HAITPAKCHHUA B
PE3KO HEOJTHOPOJHOM DJIEKTPHUUECKOM IOJie BO3-
OYLIHOTO IPOMEXYTKA. MCCIEIOBAHUE BIIMSAHUA
Oapbepa Ha DIEKTPUYECKYI0 MPOYHOCTH BO3MYIII-
HOTO MPOMEXYTKa. DKCIEPUMEHTAIBHOE OIpeie-
JICHHE ONTHUMAaJIbHOTO PacloioKeHus Oapbepa.

Jladoparopnasi pa6ora Ne 3. UcnbiTanusi u3o-
Jsinuu. U3mepenune conpoTuBIICHHS H eMKOCTH
n3ouasinuu. CraTUCTHYECKHE 3aKOHOMEPHOCTHU
npo6os.

O3HaKOMJIEHHE C OCHOBHBIMHM CTaTUCTHYECKUMHM
3aKOHOMEPHOCTSIMU IPOo0OO0sI NMPH HUCHBITAHUHU 00-
pa3LoB ra3oBOW M KUAKOW m3oysAnmu. VM3yueHune
CTaTUCTHUYECKUX METOJI0OB O0pabOTKM W aHaIn3a
HKCIEPUMEHTAJIbHBIX JIAHHBIX IPU HCIBITAHUU
nzosinuu. Pacuer mapaMeTpoB M NOCTPOEHHE
muddepeHIMaNbHbIX W HHTErpalbHBIX KPHUBBIX
pacrpeesieH!s] BepOoITHOCTEH MpoOosl.

JlaGoparopnas padora Ne 4. KoHTpoJib 1u3j1eK-
TPUYECKHX NMOTEPb M H3MepPeHHe NMapamMeTpPoB
YaCTUYHBIX pa3psaoB. KoHTPoab mNOBbINIEH-
HBbIM HaNpsiZKeHHeM. UCTIBITAHUS U30JISIIUH OT-
AeJBHBIX BUIOB 000pynoBanusi. KoHTpoab u3o-
JALUMHM KOHTAKTHOM cerH. VMccnenoBanue nepe-
HaIpsHDKEHUH B 00MOTKax TpaHchopmaTopa.
O3HAaKOMHUTBCS CO CXEMOM U paboToi aHAMM3aTOpa
MEePEXOIHBIX MPOIECCOB. M3ydnTh METOABI OIpe-
JIeTICHUS [IEPEHAIIPSKEHUI B IJIABHOM U NMPOJOJIb-
HOM M3OJAIMH OOMOTKH TpaHchopMaropa MpH
BO3JICHICTBUHM HA 0OMOTKY I'PO30BBIX UMITYJIBCOB.




JlaGoparopHnasi padora Ne 5. UcnbiTarejJbHbIe
YCTAHOBKH BBICOKOTI'0 NEPEMEHHOI0 U NMOCTOSH-
HOr0 HanpskeHusi. VccnenoBanue Moaenu kac-
KaJIHOT'O BBIIIPSIMUTEISI BHICOKOTO HAIPSIKEHUSL.
N3ydenue ycTpoiicTBa U MPUHIIUIIA JEUCTBUA Kac-
KaJIHOTO BBINPSAMUTEIIS BBICOKOTO HANPSHKCHHUS.
Omnpenenenne U3MEHEHUI MOTEHILMAIOB pa3iiny-
HBIX TOYEK CXEMbI TPEXKACKAIHOT'O BBIIPSIMUTEIS
B YCTaHOBUBIIEMCS PEXKHUME MPU XOJIOCTOM XOJIE.
CHsiTHE 3aBUCUMOCTEHN BBIXOJIHOTO HAIPSIKEHUS U
NyJabCalliil HampsKeHHsT OT TOKa Harpy3ku H
YKCJIa CTYNEHEH BBITPSIMUTEIS.

JlaGoparopHnasi padora Ne 6. I'enepaTopbl uMm-
MyJbCHBIX HamNpsiKeHuil. ['eHepaTop uMITYyIIbC-
HbIX HanpsbkeHuit 750 kB.

O3HAaKOMHTBCSI CO CIOCOOAMH TIOJTYYEHHUST TPO30-
BBIX HMIYJIBCOB, YCTpOHCTBOM U pabdoroit ['MH
750 kB; M3yuuTh METO/ABI pErylupoBaHMs Mapa-
METPOB T'PO30BOI0 UMITYJIbCA U METOJbI UX U3MeE-
penus; [IpousBecTn M3MEpEHHE aMILIUTYABI IPO-
30BOTO HMIIYJIbCA C IIOMOIIBI0 HM3MEPUTENBHBIX
nrapoB guameTpoM 50 cM. O3HAKOMHUTBCSI C METO-
JlaMH perucTpanuu GopMbl IPO30BOTO UMITYJIbCA C
IIOMOUIBIO JIEKTPOHHOT'O ocuuiuiorpaga.

JlaGoparopHnasi pabora Ne 7. I'enepaTopbl uM-
NyJbCHBIX HanpskeHuil. OnpezneneHue 30H 3a-
LIUTHI CTEPKHEBBIX U TPOCOBBIX MOJIHUEOTBOOB.
N3y4unuTh pacueTHbIE METO/BI ONIPEIEICHMSI 30H 3a-
IIUTHI CTEPKHEBBIX U TPOCOBBIX MOJIHUEOTBOJIOB.
O3HAaKOMHUTCS C IKCHIEPUMEHTAIbHBIMU METOIaMU
WCCJIEIOBAHMSI 3AIIMTHBIX 30H MOJIHUEOTBOJOB C
ucnonszoBanueM I'MMH. Onpenenuts skciepumeH-
TaJbHO U CPABHUTH C PACUETHBIMU 30HBI 3aILUTHI
CTEPKHEBBIX U TPOCOBBIX MOJIHNEOTBOAOB. [IpoBe-
CTH BU3Y&JIbHOE MCCIEJOBAHUE 30H 3alllUTHhI
CTEPKHEBBIX U TPOCOBBIX MOJIHUEOTBOIOB 110 KOM-
NBIOTEPHON IPOrpaMMe.

JladopaTopnasi pa6ora Ne 8. PacnpocTpanenue
BOJIH IepPeHANpPSIKeHUH. KBa3HCTANMOHAPHBIE
U KOMMYTALMOHHbIE TepeHanpsikeHus. 3a-
IIMTA OT MepeHanpsiKeHui. 3alUTHBIE pa3psl-
HUKU U OTPAHUYUTENN NIepEeHaNPsKEHUH.
O3HakOMJIEHHE ¢ HA3HAYEHUEM, NIPUHIUIIOM JEH-
CTBUS U KOHCTPYKIUEH pa3psIHUKOB U OrpaHUYH-
tened nepenanpspkenuit (OIIH). M3yuenue oco-
OeHHOCTell paboThl U MPUMEHEHUS OCHOBHBIX TH-
NOB TPyOUaThIX M BEHTWUJIBHBIX Pa3psIHUKOB H
OIIH. Pacyer xapakTepUCTHUK U 3alUTHOTO JEH-
CTBUS Pa3psIHUKOB C HCIIOIb30BaHEM DBM.
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4. Cooeprcanue nadopamopHnulx padoom
Jlabopamopuasa paboma Ne 1. H3zonamopwt 6030yuinuix aunuil u noocmanyuil. Pac-

npeaeﬂeuue HANPANHCEHUA RO I1IeMEHmMam zupmmdbl HO008eCHbIX Uu301amaopoe.

Ilenv pabompi: BrisicHeHUE PUYUH HEPABHOMEPHOT'O PACIIPEACIICHUs] HANPSKEHUS MO
3JIEMEHTaM H30JISILUOHHBIX KOHCTpYKUMH. OmnpeneneHue pacrpeneacHuss HaupspkeHUs 10 TUp-
JISTHJIE TIOJIBECHBIX U30JIATOPOB. V3ydeHne BIUsHUS 3alIMTHON apMaTyphl Ha XapakTep pacipeae-
JICHUS! HAIIPSHKEHUSI BOJIb TUPIIAHIbI. O3HAaKOMIJIEHHE C METOIUKON NOUCKa Je(PEKTHBIX H30JIATO-

POB B TUPJISIH/IE.

OcHnoevt meopuu:

B snekTpuueckux ycTaHOBKaX UMEET MECTO HEpAaBHOMEPHOE paclpeiesieHne HalPsHKeHUS
M0 OTJEIBHBIM JIEMEHTaM U y4acTKaM M30JSIUU. DTO MPUBOAUT K BOZHUKHOBEHUIO KOPOHBI U
YaCTUYHBIX pa3psJ0B Ha OTJEJIbHBIX 3JIEMEHTaX U B 00beMax U30JIALIHUU, YTO B KOHEYHOM UTOTe
SIBIISICTCS IPUIMHOM MOSIBIICHHS HAYaIbHBIX J1e(DEKTOB U TOCIEAYIONIETO Pa3BUTHSI TOBPEKICHHS
U3O0JISIIIHN.

Bo BHemHel u3onsanuu Hanboliee HEPAaBHOMEPHOE pacIpe/ieNieHue HalpsHDKeHUs HaOIio-
JTaeTCsl Ha TUPJISIHAAX MOABECHBIX N30SI TOPOB, OMOPHBIX U30JISLMOHHBIX KOJIOHKAX, BHICOKOBOJIb-
THBIX BBIBOJIaX TPAaHC(OPMATOPOB U BHIKIHOYATENEH.

PaccmotpumM xapakTtep pacnpeneneHus HanpsiKeHUs JUIsl TUPISHIbI TOJBECHBIX U30JISITO-
POB, COCTOSIIEH U3 N AIeMeHTOoB (puc. 1.1).

['upastHAy U30JIATOPOB MOXKHO IMPEACTABUTH AIEKTPUUECKONW CXEMOM 3amelleHus (puc.

1.1,6), tme C = 40...70 n® — coberBennas emkoctpb uzomnsropa; Cq = 4...5 n® — eMkocTh U30-
nsTopa otHocuTenbHO 3emMin; Co = 0,5...1,0 n® — eMKOCT H30JISTOpPA OTHOCHTEIHLHO POBO/IA.
i A

npkF————-—

a)
Pucynok 1.1 — I'upnsinaa noaBeCHBIX U30ISTOPOB:
a — cXeMa yCTaHOBKH; O — EeMKOCTHas CXeMa 3aMellEeHUs;

B — pacnpe/esieHne HanpsbKeHUs 10 U301 TOpaM TUPIISHIBL.



OcHOBHOC BIIMSHHUE Ha HCPAaBHOMCPHOCTb PaCHpCACIICHUA HAIIPAKCHHUA IO 3JICMCHTAM

THPJISHIBI, KaK BUIHO M3 CXEMBI 3aMelienus puc. 1.1 0, 0Ka3bIBaIOT TOKHU, IPOTEKAIOIUE 110 EM-
koctsim C1 u Co.

[Tafgenue HAIPSHKEHUS HA KAXKIOM 3JIEMEHTE TUPJISH/ILI OyIET ONpeaesThCs aaredbpanye-
CKOM CyMMOii TOKOB, IpoTekarolnux 1o usositopy. [lockonsky Cq >Co, To HanbombLIIMiA TOK

IIPOTEKAET M0 U30JISITOPY, PACIOJI0KEHHOMY OKOJIO IIPOBOJA, HAUMEHBIINN — 110 U30JIATOPY, pac-
MOJIOKEHHOMY TJIe-TO B CepeAMHE THPISH/bI, a 3aT€M HECKOJIbKO YBEIMUMBAETCS Ha SJIEMEHTaxX Y
3a3eMIIeHHOM omnopbl. bosee moapoOHbIN aHAM3 CXEMbl 3aMEIlEeHUs] TUPJISIHABI JaH B COOTBET-
cTByloleH auteparype [1, 2].

HepaBHoMepHOCTh pacmpeiesieHus: HAnpsKEHUsI IO U30JITOpaM OyIeT YBETUYHBATHCS C

YBCIMUYCHUECM 4YHCJIA DJIEMCHTOB B THPJIIHAC, TAK KaK B 3TOM CJIydac€ BCJIIMYHHA SKBUBAJICHTHOM

o C
€MKOCTH, 00yCJIOBJIEHHAs COOCTBEHHOM EMKOCTBIO H30JIATOPOB Cy = — , Oy/IET COn3MepUMa C eM-
n

koctsimu Cq u Co.

[Ipu Hanmuuuu mecty U 6oJiee U30JIATOPOB B THPJISHIE HA TIEPBBIM OT MPOBOJIA U3OJISITOP
npuxoautcs npumepHo 20-25 % dasnoro HampsixeHus. Takum o0pa3oM, NP HOMHUHAIBHOM
HanpspkeHuu 154 kB u BbIle H30ISTOPBI, pacmoioKeHHbIe BOIM3U MPOBOJA, OYIyT KOPOHUPO-
BaTh.

JIy1st BEIpaBHUBAHUS paclpeielICHUs] HAMPSHKEHUS BAOJIb TUPJISIHABI IPUMEHSIOT 3aIlUT-

HYIO apMarypy B BHUJIE KOJIEl], OBaJIOB, BOCBMEPOK U T. II., YKPEIJIEHHBIX Ha 000OUX KOHIAaX THp-
JISTHIIBI MJTM TOJIBKO Ha JIMHEHHOM KoHIle. Apmarypa yBennuuBaeT emkoct Co u Cy . Ananorny-

HBIM 00pa30M MO>KHO BBIPOBHSTH pacrpe/ielieHue HAPsHKEHUS BJIOJIb CTEP)KHEBBIX U30JIITOPOB.
ApMaTypa Takke 3allMIIaeT U30JIATOPbI OT BO3IECUCTBUS AYTH IPU MEPEKPHITHH U30JIATO-
POB, TaK KakK Jyra mpu MepeKpbITUU TUPIISTHIBI BOSHUKAET MEXKIY dJEKTPOJaMH apMaTypBhl.
W3 aHanu3a cxeMbl 3aMeIIeHUs TUPIISHABI TaKXkKe CIeayeT, 4To 0ojiee paBHOMEPHOI'O pac-
MIpeeNICHNs] HAMPSDKEHUS 110 U30JIITOpaM MOXKHO JOCTHYb, YBEIHMYHUBAsI COOCTBEHHYIO €MKOCTh

H30JIATOpAa, T.C. UCTIOJIb3YA 0oJiee MaCCHBHEIC HU30JIATOPBI WK CABOCHHBIC TUPJIAHABI. B aTom ClIy-

Yac€ TOKH, NPOTEKAIHE MO EMKOCTAM Cl u C2, OKa3bIBalOT MCHBIIEC BJIMWAHHUC HAa BCIIMYUHY

TOKOB B eMKocTsx C .

PacnipeienieHre HanpsKEHUS 110 TUPIISHJIE CTAHET TakKe 0ojiee paBHOMEPHBIM, €CITH yBe-
JIMYUTHh aKTHBHYIO COCTABIISIONIYIO CKBO3HOTO TOKa, HAIPHUMEP, MTOKPHIBAS H30JSATOPHI TOIYIIPO-
BOJIsANICH MTa3ypbto. [1o00HOE sIBIICHHE HAOIIOIACTCS MIPH JIOK/C, KOT/1a BO3POCIINE aKTHBHBIC

TOKHU YTE€UYKHU MPUBOIAT K BBIPABHUBAHUIO paclpeeNiCHUs] HAPSKEHUS.



W3mMeputs pacrpenesieHue HalpspKeHUs 0 U30JIATOpaM TUPIISHIBI MOXKHO C ITOMOIIBIO
WU3MEPUTENIBHOM LITAHTH UJIU IIAPOBOTO Pa3psAHUKA.

W3mepurenbHas MITaHTa MPEICTaBIsAET COOOH CUCTEMY M3 ABYX DJIEKTPOIOB. DIEKTPOIbI
C IIOMOILBIO KOHTaKTHBIX MPUCIOCOOJIEHUH (B BUAE «yCOB», LIIYIIOB) COEAUHSAIOTCS C BEpXHEH U
HIDKHEH MeTaJlsIMuecKoi apMaTypoil u3oistopa. PaccTosHue Mexay 31eKTpoJlaMi MOXKHO U3Me-
HSTH IIyTEM IIOBOPOTA PYKOSTKH INTAHTU. DIIEKTPUUYECKOE TT0JI€ MEXTY IEKTPOJaMH — CllaboHe-
OJTHOPOJHOE, U HANPsDKEHHE MPOOO0S BO3AYIIHOTO IIPOMEXKYTKA MEXK/TY JIEKTPOJaMH OyIeT 3aBH-
ceTb OT paccrostHus. Illkana U3MepUTENbHOM IUTAaHTM NPOrpajyupoBaHa B KUIoBoJbTax. Mme-
IOTCS TAKXKE IUTAHTH € HJIEKTPOCTATUYECKUMU BOJIBTMETPAMHU.

Meroavka onpeaeseHus pacupeaeeHus] HAPSKEHUsI 110 AJIEMEHTaM TMPJITHIBI ¢ IIOMO-
IIBIO LIAPOBOI0 Pa3psiAHUKA CIEAYIOIIAs:

1) Pa3psaagHuk moouepeHo MOAKIIOYAETCS MapajuIeIbHO KaXIOMY U30JISTODY.

2) BxirodaeTcst ucnbiTaTeNabHasi ycTaHOBKA, U IJIABHO IMOJAHUMAETCS HANPSHDKEHUE OT HYJIS
J0 BOBHUKHOBCHU A }’CTOI;'I‘-II/IBOFO paspdaaa MKy HIapuKaMu pa3psaaAHHKa.

3) OTHOCHUTENBHOE 3HAYCHHE HAIPSIKEHUS Ha KaXKJI0M U30JISTOPE ONpEAeseTcsl pacyer-
HBIM IIyTEM.

JU1s KaX/10r0 U30JITOpa MPOU3BOAUTCS TpU M3MepeHus. Heo6xonumo cineauTb, YToObl B
IpOLECcCe U3MEPEHUN PACCTOSIHUE MEXAY IIapUKaMU pa3psIHUKA OCTaBAJIOCh HEU3MEHHBIM.

Tak kak HAMpsOKCHUE 10 HU30JIATOpaM pacupeacasaeTCsa HEPaBHOMCPHO, TO BCIWMYMHA
Harnpsokerus U 5 , IIPUJIOKEHHOI'O K | -My H30JIATOPY, IPU KOTOPOM HPOOHMBAETCS Pa3psIHUK,
6YI[CT 3aBHCCTh OT MECTA MMOJOXKCHUA U30JIATOPA B TUPIIAHAC, T. €.

Ug #Uzxp =..2Uz #..2Ugx
Haunmenspiee 3HaueHuE 6y,HeT HUMCTb U 31, [IpM YCTAaHOBKC pa3psAHNKA Ha IICPBOM HU30JI5-

TOpE OT NPOBOJA, a Hanbousiee U 5 pH ycTaHOBKE pa3psiiHUKA TAS-TO B CEPEANHE THPIISTHIbL.
)
U eck = U
&
rae U — HanpspkeHue, Mpy KOTOPOM MTPOOUBAETCS pa3psITHUK;
U 5 — HampsbKeHHe Ha TUPISIH/IE TIPH YCTAHOBKE paspsiIHUKa Ha K -OM H30J11TOpe.

st Bceil TUpIIHABI

n
U—+U—+ +U —U[ 1 + L + +i)—uzi—1
Uy Uxp Uz Wg Ugxp Uz .1Ua_
| =

CJIGI[OB&TGJIBHO, OTHOCHUTCIIbHOC 3HAYCHUC HAIIPSAXKCHUA HA K -om H30JIATOPEC MPU U3MC-

PEHHH LIAPOBBIM Pa3psSAHUKOM:
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1

Ueck - n
Va )y,
x -
U =
i-1
WK B IIPOIIEHTAX
100
Uisko = n
UekZU
i=1> el

Bo BHyTpeHHEeH M30Js11MH HauOoJbIlIas HEPABHOMEPHOCTh PaCIpeeICHUs HAPsKEHUS
o 00beMy M30JISIIMU HaOI0gaeTcs B Kabemsx, TpanchopMaTropax v reHepaTopax.

B uzonsuuu kabeneit HanbosbIIasi HAIPSHKEHHOCTD AJIEKTPUYECKOT0 T0JIsl HA0II0AaeTcs y
TOKOBCAYIIHX KHJI. HO3TOMy AJI1 BBIpAaBHUBAHUA I10JIA 11O TOJIOWHE U30JALUA IPUMCHAIOT I'pa-
TupoBaHue 30K, CyIIHOCTh TPaAUPOBAHUS 3aKJIFOUACTCS B TO, YTO M3OJISIUS, HATpUMeEp Oy-
Ma)kKHasi, IMEET CIIOHM C Pa3jIMYHbIMH BeIHMUYMHAMU KO3((UIIMEeHTa TUIIEKTPUIECKON MPOHUIIAe-
MOCTH €; ONTMKE K JKUJIE UCIIONIb3yeTcsl Oymara ¢ OOJIBIINUM €.

B tpanchopmatopax Hanbosnbiias HEOAHOPOJHOCTh IEKTPUUECKOTO OIS - Y Topla 00-
MOTKH, IPUMBIKAIOIICTO K MarouTOMNpoOBOaY. I[JI?[ BbIpaBHHUBAHUA MOJA IPUMCHAIOT CMKOCTHBIC
KOJIbIIA U DKPaHBI.

B snekTpuueckux MammHax MakCUMallbHasi HEOAHOPOAHOCTD 3JIEKTPUUYECKOTrO TOJI BO3-
HUKAaeT B MECTax BBIXOJA CEKIIMH W3 Ma30B CTATOpPA. 3/1€Ch AJI BHIPABHUBAHMS SJIEKTPUUYECKOTO
MOJIAA MPUMCEHATIOT IMOKPBITUEC JI000BBIX YYaCTKOB U30JIALUHA IMOJTYIIPOBOAANIUM JIAKOM Ha OIpPECac-
nennyro anuny. [logpoOGHee o MeTomax peryIupoBaHus MOJIEH B CUIIOBBIX Kabesix, Tpanchopma-

TOpax U MallIMHaX CMOTPHUTE.

Ykazanue no mexnuxe 6esonacnocmu:
VYka3zaHus 1o TeXHUKE O€30MMaCHOCTH MPH BBIITOJHEHUH JIa0OPATOPHBIX padOT MPUBEIEHBI

B IIPWJIOJKEHUE A.

Ykazanua no eévinoanenuro nabopamopnoit padomoi:

OrnpenenuTth pacnpeneieHrne HampsHKEHUST BOJIb THPJISHIBI U3 IMECTH CTEKIJISTHHBIX M30-
asitopoB tumna [1C70 ¢ moMoIIbIO ITAHTH U METOJIOM IIapOBOI0 pa3psiiHUKA MPU:

1) orcyTcTBUM 1e(heKTHBIX U30JSTOPOB;

2) HaJIMYUU OJTHOTO Je(hEKTHOTO HU30JIATOPA;

3) ¢ 3amuUTHON apMaTypoil.
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PaboTa BeIMOTHSIETCS HA BHICOKOBOJIBTHOW MCIBITaTeNIbHOW ycTaHoBKe 60 kB (puc. 1.2).

TpaBepca noipKHA OBITH 3a3€MJICHA, 4 BBICOKOE HATIPSKCHHE MTOABOTUTCS K IIPOBOTY.
T1

<

Pucynok 1.2 — Cxema ucnelTaHusi yCTaHOBKU

®

[Tpu n3mMepeHnn HaPsHKEHHUS IITAaHTOM HE0OXOAMMO:
1) BKJIFOUNTH UCTIBITATENIbHYIO YCTAHOBKY U YCTAHOBUTH HANPSYKEHUE 110 HU3KOM CTOPOHE

200 B, uTo cooTBETCTBYET BTOPHUHOMY HanpshkeHuto 60 kB;
2) ¢ IOMOWIBIO IITAHTH 3aMepUTh HanpspkeHne U | Ha KaXI0M U30JTOpe, IIPH KOTOPOM

BO3HHUKACT Hp060ﬁ MCKAY JJICKTPOAaMU HITAHT'U. PeBynBTaTBI I/IBMepeHI/Iﬁ 3aHeCTH B Tabm. 1. 1;
3) 3HA4YCHUA HaHpH)KCHI/Iﬁ B IPOLCHTAX HAa KaKAOM HU30JIATOPC 3aHCCTU B Ta0II. 11, orpe-

JCJINB UX 110 COOTHOIICHUIO

U, 100
K% = 77 ..
U A
rie UAj — HampsbkeHue, NPHIOKEHHOE K THPISIHAC M30JSITOPOB (B HAIleM Cliydae

60 xB);
4) nist IPOBEPKH MPABUIILHOCTH U3MEPEHHH HEOOXOIMMO BBIYHCIUTH CYMMY E U ko -

Ecnu cymma otmnuaetcst ot 100 % 6onee yem Ha £10 %, To n3MepeHHst cieayeT CUUTaTh HEYI0-

BJICTBOPUTCIIBHBIMHU, U OIILIT HY?KHO ITOBTOPUTD.

Tabmuua 1.1

Usmepenus

N3mepenus mapoBbIM pa3psTHUKOM N

LITAHT O

Howmep uzomnsitopa ot
IIpoBOJJIAa | /i 1" " e

poBoZa, Ufss | Ul 1 | Y1ar | U2as | Ueckon' | Uk Ukop»

B B B B kB % kB %

1
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ITocnenoBaTenbHOCTh ONPENECIICHUS PACIIPECIICHUS HAPSYKEHNUs 110 TUPIISTHIE U30JITO-
POB C MIOMOUIBIO IAPOBOTO PA3PSAHUKA CIEAYIOIAS:

1) IOAKITIOUNTH pa3psTHUK MTOOYEPEIHO MAPATUICTHHO KXKIOMY U30JIATOPY;

2) BKJIFOUUTH UCTIBITATEIbHYIO YCTAHOBKY U IJIABHO MOAHATH HAIPSHKEHUE OT HyJIs 10 BO3-

HUKHOBCHUA YCTOﬁqHBOFO pa3psaaa MEXKXAy HIapuKaMu pa3psaaHHuKa;

3) Bennuuny HanpspxeHus paspsana U 15 (sa cropone 200 B) 3anectu B ta6m. 1.1. Jlnst kax-

noro uzoisitopa npoussectu Tpu uzmepenus (U {5, U {5 u U {4). Heobxoanmo cienuts, 4ToObI B

MpoLecce U3MEPEHUN PACCTOSIHIE MEXKAY IIApUKaMU Pa3psiIHUKA OCTaBaJIOCh HEM3MEHHBIM;
4) 3anectu B TaOJ1. 1.1 3HAYCHUS HaNpsDKEHUH HA rupisHAe (Ha ctopoHe 60 kB), mpu ko-
TOPOM HACTyNaeT pa3psill, ONPEAEIUB UX 10 BBIPAXKEHUIO
U2z = KU1
rae K = 02 K03 uureHT TpanchopMaluu TpaHCHOpMaTopa;
5) BBIYUCIUTH 3HAUYCHUS HANPSDKEHUH B MPOIIEHTAX IS KKIOTO U30JIATOPA 110 BhIpaKe-
Huto (1.5);

6) pe3yabTaThl pacyeToB 3aHecTH B Ta0:. 1.1. Jist kaxoro BapuanTa J0KHA OBITH OIpe-

ACJICHa CyMMa E U k% - Eciu CyMMa OTJIINYACTCA OT 100 %, TO HCO6XOI[I/IMO IIOBTOPHUTDH PACUCT.

Ha ocHoBanuu IMMOJIYYCHHBIX PC3YJIbTATOB HCO6XOI{I/IMOZ

1. TToctpouts 3aBucumocts U eck% = f(l) JUI BCEX CIIy4aeB B OJHMX KOOpJIMHATaX

(pacdeTbl MOT'YT OBITh BBIITOJIHEHBI 110 KOMIIBIOTEPHOI MpOrpamMmme).
2. Onpenenuts K03 HULHNEHT HEPABHOMEPHOCTH pacpeieTICHUs HalpsKEHUs BJI0JIb THUP-

JIIHABL IJI1 BCEX CJIIYy4YacB

_Uégk%max

U ec k% min
rne U &c k% max ¥ U &c k% min — HanOoJIpIIIee M HAMMEHbILIEE HAMIPSDKEHHE Ha U30JISTO-

pax TUpISHABL.
13



Cooepocanue omuema:

OTuer HOKEH COlepKaTh:

1. Ha3Banue paboThI;

2. llens paboThI;

3. Kparkue TeopeTuueckue CBeICHHS;

4. Onucanue UCroiab3yeMoro o0opy10BaHusl U MaTepUaJIOB;
5. [Topsaok BeIMOTHEHUS PaOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BBIBOJIBI.

KOHmpOJleble eonpocol:

1. OOBsCHUTE IMPUYXHBI HCPABHOMCEPHOCTU PACHPCACIICHUA HAIIPSIKCHHA B U30JIAIUMOH-

HBIX KOHCTPYKIHUAX.

2. B ueM niposiBIsieTCst OTpULIATENbHOE EHCTBHE HEPAaBHOMEPHOTO PACIIpeIesICHIs HaIpsi-

xeuud?

3. Hepe‘lI/ICHI/ITB CIIOCOOBI BbIpaBHUBAHUSA HAIIPSAKCHUA 110 HU30JLATOpaM TUPJIAHIABI, a

TaK>Ke MPHU BHITIOJIHEHUH U30JIAIINH KaOelel, TpaHChOpMaTOpPOB U TeHEePaTOPOB.

4. TTosICHUTH C UCIIOJIL30BAHUEM IMOJIYYCHHBIX PE3YJIbTATOB BJIUAHUC Jle(i)eKTHOFO MN30JI4-

TOpPa Ha paClpeaACIICHUEC HAIIPSKCHUS 110 THUPIIAHAC.
5. Hepe‘{I/ICHI/ITB CITOCOOBI BBISIBJICHHS I[e(I)eKTHLIX H30JIATOPOB.

6. Bupl 3a1uTHON apMaTyphl U 9KPaHOB U ISl Yero OHU MPHUMEHSIOTCSI.

14



Jlabopamopnas paboma Ne 2. Buympennan uzonayusn rnekmpoycmanoeok. Hecneoosa-

Hue 9J1el<mputtea<oﬁ npoinocmu eos‘dyumux RPOMEINCYMKOB 6 DE3KOo H800H0p00HOM noJne.

Ilenv pabomoi: VI3ydenne ocOOCHHOCTEH pa3BUTHS pa3psaa B HEOJHOPOIHBIX MoJisx. Mc-
clieIoBaHKe BIMSHUS MOJIIPHOCTH 3JIEKTPOAOB Ha Pa3siAHbIC HAMIPSDKEHUS B PE3KO HEOTHOPOAHOM
AIIEKTPUYECKOM TI0JI€ BO3AYIIHOTO MTPOMEKYTKA. UCCIIEIOBAaHHUE BIMSIHUS Oapbepa Ha dJIeKTpude-
CKYIO MPOYHOCTh BO3JYIIHOTO MPOMEXKYTKA. DKCIIEPUMEHTAILHOE OINPECIICHHE ONTUMAIBLHOTO

pacrnoioxeHus 6apbepa.

OcHogvl meopuu:

DneKTpuYecKasi IpOYHOCTh BO3AYIIHBIX MPOMEKYTKOB 3aBHCHT OT psja GakTOpPOB, B TOM
qrclie OT poja HapsHKeHUsI, GOPMBI JIEKTPOIOB U UX MOJSIPHOCTH.

B ognopogHom snextpuueckom noje (E=const) pazpsa B Bo3ayxe BOSHUKAET MPU HATIPSI-
YKEHHOCTH 110151, O1r3Koi kK 3 MB/M, 1 HE COTPOBOXKIACTCS SIBJICHUEM KOPOHBI.

CreneHb HEOTHOPOTHOCTH IIEKTPUYECKOTO MOJISI MPUHATO XapaKTepu30BaTh K03 duiu-
€HTOM HeoJHOpoHOCTU K, paBHBIM OTHOLIEHUIO MAKCHMAJIbHON HAMPSHKEHHOCTH OIS MEXKIY
anextponamu (Emax) k cpenneii ee Bemuunne (Ecp): K = Emax/ Ecp, e Ecp= U/S. [y 0mHOPOAHBIX
nosieit K, = 1, nns HeogHopoaueix K, >1 n yBenuuuBaeTcs pu yMEHBIIEHUN painyca KPUBU3HBI
AIIEKTPOJIOB ¥ POCTE PACCTOSHUS MEX]Ly HUMHU. Y CIIOBHO CUMTAETCS, UTO MoJe OyIeT ciaboHeo -
HOpoaHBIM Tipu K ,, <2 u pe3ko HeomHopoaHoMm mpu K, >2...4. Drta rpanuna xapaktepHa AJis
ciTydasi KOHIIEHTPUYIECKUX HUIMHAPOB mpu R/r =3, s mapamiensHbiX mpoBoaoB S/r=30 u mis
IByX chep onuHakoBoro paaunyca S/r =8 (S- Be3ae paccrosiHre MeXIy dekTpoaamu) [1].

DNEKTPUUECKOE IT0JIE IPOMEXKYTKA C AIEKTPOAAMH OCTPUE-TLIOCKOCTD SIBJISIETCS HEOJHO-
ponubM (K, >4). B TakoM npomexxyTKe pa3psIHble HAlPsHKEHUS OKa3bIBAIOTCS 3HAYUTENBHO 00-
Jiee HU3KUMHU, YEM B BO3AYIIHBIX POMEKYTKAX C OJTHOPOJAHBIMHU WU CIIa00OHEOHOPOIHBIMHU TO-
astmu. [pu 3TOM HckpoBoMy paspsiay (po6oro) MpeecTByeT KOpOoHa.

IIpu 11000# MONAPHOCTH 3JIEKTPOJOB OCTPHE-TUIOCKOCTh HOHU3AIMM HAYMHACTCS Y
OCTpHS, IOCKOJIbKY HAIIPSKEHHOCTD I0JIS 3/1eCh Oouiblile, YeM Yy TiockocTi. O0pasyrouiics npu
TOM OOBEMHBIH 3apsi/i COCTOUT, B OCHOBHOM, U3 MOJOXHUTEIbHBIX HOHOB, T.K. 3JIEKTPOHBI, 00JIa-
JlaroIye Majoil mMaccoil u, cieoBaTeNbHO, OOJbIIeH MOABUKHOCTHIO, TPAKTUYECKH MTHOBEHHO
HNOKHJIAIOT 00J1acTh HOHM3aLUH. [1010)KUTENbHBIN 00bEMHBIN 3aps]l HCKa)KAET MOJIe U OKa3bIBAET
CYIIIECTBEHHOE BJIMSHUE HA MPOLIECC Pa3BUTHS paspsa.

Kak BugHO M3 puc. 2.1, npy NOJIOKUTENBHONW MOJISIPHOCTH OCTPUS BO3HHMKAKOIINANA IIPHU
MOHU3AIMN OOBEMHBIN 3apsi/i YMEHbIIAET HANPSHKEHHOCTH MOJISI HEMTOCPEICTBEHHO y OCTPUS U

YBCIUYUBAIOT €C B OCTaJILHOM YacTH MMPOMCIKYTKaA.
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[Tpu oTpHUIATEILHOM MOJIIPHOCTH OCTPHS BIUSHHE 00BEMHOTO 3apsiia OyaeT MPOTHBOIIO-
JIO)KHBIM, - OH YBEIIMUMBACT HAINPSDKCHHOCTH IOJISI OKOJIO OCTPUS U OCJA0ISET €€ B OCTaJIbHOM
YaCcTH MPOMEXYTKa. B pe3ynbraTe H3MEHSETCS HANPsHKEHUE BOSHUKHOBeHHE KOpoHbl Uk 1 pas-
psiiHOE HanpspkeHue npomexkyrka Up.

[Tpu 1OJI0KUTETBHOM MOJIIPHOCTH OCTPUS BOSHUKHOBEHHE KOPOHBI OyIET 3aTpYIAHEHO,
T.K. HAIIPSAPKCHHOCTD ITOJIAA HCIIOCPCACTBCHHO Y OCTpPUA IMOHUIKCHA. I[J'IS'I BO3HHKHOBCHHA KOPOHBI
norpebyercs 6oiee BbICOKOE Hanpsukenue, T.e. Ux™ > U,

[TockobKY HAMPSHKEHHOCT IMOJIS 0 HAITPABJICHHUIO K TUIOCKOCTHU MPH MOJI0KUTEIBHOM 1M0-
JSIPHOCTH OCTPHSI YBEIIMYMBACTCS, a IPU OTPHIIATEIbHON yMeHbIaeTcs (puc.2.1), To npu aalib-
HEHIIEM MOBBIIIECHUN HAIPSKEHUS [P MOJI0KUTEIIEHOM OCTPUE Pa3psll B IPOMEKYTKE IPOU30M-

JET Ipu 6ojiee HU3KOM Hanpsukenuu, T.e. U, <Up

0)

E
< -
E

:—_L_%

PI/ICYHOK 2.1 - HaHpH)KeHHOCTB QJICKTPHUYCCKOTIO ITOJIAI B IPOMEIKYTKE OCTPUC-TIIIOC-
kocTh: E - 0e3 y4d€Ta BJIUAHUA 00BEMHBIX 3apA0B, Eq - cozaaBacMasl MOJOXKHUTCIbHBIMU 00BEM-

HbIMU 3apsigamu; E+Eq — pesynsTupyromas

3aBUCUMOCTD Pa3psiAHOIO HANPSKEHHS] B HECUMMETPHUUYHBIX MOJIAX OT MOJSPHOCTH DJIEK-
TPOAOB Ha3bIBAIOT 3(PPEKTOM MOIAPHOCTH.

VYIpaBiasATh 3AEKTPUUECKUM ITOJIEM PA3PSIAHOTO MPOMEKYTKA U €r0 AIEKTPUIECKON TPOoY-
HOCTBIO MOYKHO, HAIIPUMEP, TOMECTUB MEXKY JIEKTPOAAMHU TOPOUAAIBHBIN TPOBOIAIINN IKPaH,
Ha KOTOPBIN MOJIaH TOT WM UHOM IMOTEHLHAN. B 3aBUCMMOCTH OT IOJIOKEHUS DKpaHa U 3HAYCHUS
€ro MOTEeHIIMAIa MOKHO JOOUTHCS YBETMUEHUS WM YMEHBIIEHUS Pa3psAHOTO HANPSHKEHHS IPO-
MEXYTKa.

YcerpanuTh 3¢ ¢GeKT MoJIpHOCTH YACTUYHO WIIM MOJIHOCTHIO MOYKHO, TOMECTUB MEXIY

anekTpoaaMu 6apbep (meperopoaky) b (puc. 2.2) u3 ausnekrpuka.
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Marepuan 6apbepa CyImecTBeHHOTO 3HAYCHHSI HE UMEET; BaXXHO, YTOOBI Oaphep ObLI J10-

CTAaTOYHO IIJIOTHBIM, HCIPOHHUIIAEMbIM IJII HOHOB.

XX A XY

KRR ALX

D

%

0

C XXX
|

X

V¢

XX

X X2

|

6) E

0 > S

Pucynok 2.2 — bapbep (a) 1 HanpsHKEHHOCTh 3JIEKTPUUECKOro 1oJs (0) B IpOMEXYTKE

OCTPHE-TIIIOCKOCTh: 1- 6e3 6aprepa; 2 - ¢ 6aprepom

[Ipu Hanmuyuu Gapbepa U MOJOKUTENBHON MOJISIPHOCTH OCTPHS MOJIOKUTENIbHbIE HOHBI Ha
IIOBEPXHOCTHU Oapbepa, pacpeaelsiloTesl TeM 00Jiee paBHOMEPHBIM CIIOEM, YEM JajIbIlEe OT OCTPUS
ycTaHOBJIEH Oapbep. B pesynbraTe HampspKeHHOCTh 3JIEKTPUYECKOTo MOJs Ha ydacTke Oapbep-
IUIOCKOCTh HECKOJIBKO MOBBIMIAETCA, HO, pacipeaenseTcs 6ojee paBHOMepHO (puc. 2.2, 6) B npo-
MEXYTKE, YTO ¥ IPUBOJIUT K 3aMETHOMY YBEIMUEHUIO Pa3psIHOTO HANPSHKEHUS MPU ONTUMAJIb-
HOM I0JIOKEHHH SKpaHa.

ITpu Hanmuuu Gapbepa M OTPULIATENILHON MOJIAPHOCTU OCTPUsl HAOJIIOJaeTCsl KaK CHIDKe-
HUE pa3psIHOrO HANpPsHKEHUS MPOMEXYTKA, TaK M HE3HAYUTEIbHOE €ro yBeanueHue (puc. 2.3).

[Ipu nepemenHomM HampspkeHuu (mpu gactote 50 ') B mpomMexyTKe OCTpUE-TUIOCKOCTb
pa3psii BO3HUKAET MPU MOJOKUTEIHHON MOJISPHOCTH HANPSDKEHUS Ha CTEPKHE, MMOCKOJIbKY MpHU
3TOM Pa3psIHOE HANIPSHKEHUE 3HAUUTEIIBHO HUKE, YEM IIPU OTPULIATENIBHOM MOJISPHOCTH OCTPUSL.
[TosToMy nmpuMeHeHHe Oapbepa Ui yBETUYEHUs IPOYHOCTH MPOMEXKYTKOB 3(h(PEeKTUBHO U MpHU

HaIpsoKCHUN HpOMBIIHHeHHOﬁ HaCTOTHI.
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Pucynok 2.3 — Pa3psiniHble HanpsiKeHUsI IPOMEKYTKa OCTPUE-TIIIOCKOCTb!

1 — Ge3 Oapwepa; 2 — ¢ 6apbepom.

PaSPHI[HBIe HAIMPsDOKCHUA IPOMCIKYTKaA C 3JICKTPpOAAMHU OCTPHUC-OCTPHUC TTIPHU IIEPEMCHHOM

HAIpPsDKEHUU OyIyT BBILIE, YEM pa3psiAHble HAIPSDKEHUS NPOMEKYTKA OCTPUE-TUIOCKOCTh. DTO

00BSCHSIETCS TEM, UTO B MOCJEIHEM cllyyae (B CHILy OOJIbLIONW €MKOCTH CUCTEMBI KaHall CTPUM-

MEpa - HHOCKOCTB) IJIOTHOCTDH 3apsjaa Ha (prHTC CTpHUMEpa 1, CIICIO0BATCIIbHO, HAIIPAKCHHOCTD

IOJIg BOJIM3HM HETro OKa3bIBaIOTCA Ooliee BBICOKMMH, 4YTO obneryaer YCIOBHUE pACIIPOCTPAHCHUS

CTpUMepa BriIy0b IPOMEXKYTKA.

Ykazanue no mexnuke 6ezonacnocmu:

VYkazaHus 1o TeXHUKE OC30IMaCHOCTH ITPpU BBITTOJIHCHUH J'Ia60paTOpHLIX pa60T IIpUBCACHLL

B IIPUJIOKEHUE A.

2.4.

Ykazanus no evinonnenuro nabopamopmnoii pabomoi:

PaGora BEITIOTHSETCS HA BbIprIMPITCJ'IBHOfI YCTaAHOBKE, CXEMa KOTOpOI>'I IMpUBCICHA Ha pUC.

AKB PU1 KM4 VD1
O e | ® o [N
) I_+ N L= H]
SB1 ‘ R
KML T1 KM2 T T2 O
QSl TC HL3 |||—1
-

SB2
~220 HLW ®
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KPT1 127V @ e
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KM T PT
PU2 E
KM3 "
\ I

Pucynok 2.4 — [IpuHiunuanbHas cCXeMa BbIIPSIMUTEIbHOW YCTAHOBKHU:

0
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PaboTa Ha ycTaHOBKE IPOM3BOIUTCS B CIEAYIOLIEM MOPSIKE:

1. Heo6xomumo yOeanuThCs, YTO YCTAaHOBKA MOJHOCTHIO OTKJIFOUEHA OT CETH:

Brikmouens! pyomnsHuk QS1 muTKa yrpaBiIeHUs, PETYIATOP PETyINPOBOYHOTO TPAHC-
¢dopmaropa T1 HaxoIUTCs B OTKJIIOUEHHOM IOJIOKEHUH, U Ha BBIXOJ] BBICOKOT0 Hanpspkenuss BH
YCTaHOBKH HAJIOKEHO BPEMEHHOE 3a3¢MJICHUE.

2. Ilocie 3TOro MOKHO 3aXOJUTh 32 OrPaKJICHHE YCTAHOBKU M MPOU3BOAUTH HEOOXOIH-
MbIE€ U3MEHEHHUS B CXEME UCCIIEI0OBAHUS.

3. 3akoHYUB PabOTy 3a OTrPaXKAECHUEM, 3aKPBIBAIOT JABEPh OIPAXJEHUs, BKIOYAIOT LEMb
osokupoBku AKB, cHUMalOT BpeMEeHHOE 3a3eMIICHHE.

4. BxmouatoT pyOminbHUK QS1 1muTKa nutaHus, Ipy 3TOM MOJAeTCs HaNpsKEHUE Ha pe-
TyIIMpOBOYHEINA TpaHchopmarop T1, 3aropatorcst curranbable Jammsl HLW n HL3.

5. Bximrogarot kHonky QS1 Ha mynbTe ynpaBieHHUs, IPU 9TOM 3aMbIKAIOTCA KOHTAKTBI Mar-
HUTHOTO nyckarenst KM u nojaercs HanpspkeHUe Ha BBICOKOBOJIBTHBIN TpaHcopmarop T2, cur-
HanbHY!o Jamny HLR u o6moTky TokoBoro pene PT.

1. Onpenenuts pa3psAHbIE HANPSKEHUSI BO3AYILIHOTO MPOMEXKYTKA OCTPUE-TNIOCKOCTh B
3aBHCHUMOCTH OT PACCTOSIHUSA S MEXy 2JIEKTPOJaMU IIPHU MOJIOKUTEIBbHON U OTPULIATENILHOM I10-
JSIPHOCTH OCTPHSL.

Pe3ynbTarhl ONBITOB CBOAST B TaONIUILY CIAEAYIOLIEN (POPMBL.

Tabmuua 2.1
+ S, -1 .
I —n
1 s ou s {
S, cm
U, kB U p.cps U, kB Up.cp,
1 2 3 kB 1 2 3 kB
1 0,5
5 25

3nechk Up,cp — cpeliHee 3HaueHNE HAMPSHKEHUS] MEeXAY 3JIEKTPOJaMU B MOMEHT Ipobost, KB.

Ha ocHoBaHWYM MOTy4eHHBIX JaHHBIX TOCTPOUTH 3aBUCUMOCTE Up=£(S).

1. OnpenenuTs pa3psaHble HANPSHKEHUS TPOMEXYTKA OCTPUE-TUIOCKOCTh ¢ 0apbepoM
IpY PA3TUYHOM MOJIOKEHUN Oapbepa U Pa3InYHOM MOJIIPHOCTH OCTPHSL.

Bbaprep pacnonaraior B cieliMagbHOM MPUCTIOCOOTIEHUH; PACCTOSTHUE S yKa3bIBaeT MPerno-

naBaTellb. Pe3ynbTarhl ONBITOB 3aHOCST B TAONHUILy CIEAYIOUIEH (POPMBIL.
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2. Ha ocHoBaHUM MOTYyYEHHBIX PE3yIbTaTOB MOCTPOUTH 3aBUcUMOCTH Up=f(x/S)
JUTSL pa3JIMYHON MOJSIPHOCTH 3JIEKTPOo10B. Ha 3TOM ke rpaduke moka3aTs pa3psaHbIe HAPSHKEHUS
MPOMEXKYTKA IS JAHHOTO PACCTOSHUS S MPH Pa3IUYHBIX MOJIIPHOCTSAX OCTpus 0e3 Oapbepa.

PacnipenencHre u HaNpsHKEHHOCTH AJIEKTPHUYECKOTO TIONSI BIMSIOT HA KOHCTPYKTHBHBIE
0COOEHHOCTH M KCIUTYaTallMOHHBIC XapaKTEPUCTHKH IEKTPOTEXHUIECKOTO 000opynoBanus. [1o-
ATOMY pacyeT HaMpPsKEHHOCTH JJICKTPUUYECKOTO TOJIS MPECTABIISICT BAXHYIO 3a/1a4y MIPH MPOCK-
TUPOBAHHUU TOKOIIPOBOJA0OB, U30JIATOPOB, SKPAHOB U APYTUX KOHCprKL[I/IfI U30JIA0UN.

B M30JIAIIMOHHBIX KOHCTPYKIMSX C HEOJHOPOHBIM II0JIEM, HAllPUMEp, B KOAKCHAIBHBIX
TOKOIIpOBOJIax (puc. 2.5, a) HANPSHKEHHOCTH 3JIEKTPUIECKOTO 1MoJist E B 10001 TOUKe Ha paccTosi-
HUU I' OT OCH paBHA

e- Y

r
r-In| -2
r.l

rae U - HampspkeHne MexX 1y JKUJION U 000JI0UKOM;

1 ¥ I'2 - BHYTPEHHUH U HAPY>KHBIA PagUyChl U30JIALHH.

Tabmuua 2.2
+ 4 - (
— X S t‘ — X S t‘
XIS
U, kB U, kB
Up’cp, KB Up,cp, KB
1 2 3 1 2 3
0,0
0,25(0,2)
0,75(0,8)
1,0
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Pucynok 2.5 — Pacuetr HanpsiXKEHHOCTH 3JIEKTPUYECKOTO MOJIS
B M30JIALIMOHHBIX KOHCTPYKLHUSIX C HEOAHOPOIHBIM MOJIEM:

a — B KOAKCHUAIBHBIX TOKOTIPOBOIAX; O — B chepuIecKOM KOHIIEHTPATOPE

Pacuer HanpspKEHHOCTH M0 B JIFOOOM TOUKe cheprudecKoro KonaeHcaropa (puc. 2.5, 6)

BBITIOJTHSIETCS 110 (hopMYyJIe
u-n-n
2
re(r,—n)

HOI[O6HI>I€ TOYHBIC COOTHOLICHUSA IMOJIYYCHBI U UIA APYTUX CPAaBHUTCIBHO IPOCTHIX CHU-

E =

CTEM BJIEKTPOJIOB.
Pacuer HanpsEHHOCTH ANEKTPUYECKOTO OIS B pEAJIbHBIX U30JILIUOHHBIX KOHCTPYKIIUSIX
4acTO MPEJCTABIAET COOOH CIOXKHYIO U TPYJOEMKYIO 3a/1a4y, ¥ [I03TOMY BBIIIOJIHAETCS € IIpUMe-

HEHHUEM YHCIEHHBIX METOI0B U DBM.

Cooepowcanue omuema:

OT4YeT OJKEH COAepKaTh:

1. Ha3Banue paboThl;

2. llens paboTsl;

3. Kparkue TeopeTnieckne CBeICHHUS,

4. Oncanue UCIOTb3yeMOTo 000pyIOBaHHS U MaTEPHAIIOB;
5. Iopsiiok BBIOSTHEHUS PaOOTHI;

6. Beruncnenus u o6paboTKa pe3yabTaToB;

7. BBIBOJIBI.

Konmponvnuvie éonpocwi:

1. Cxema UCTIBITAaTETLHONM YCTAHOBKH.

2. Pe3ynbTarhl HCIIBITAHUHA B BHJIC TAOIUI] B TPA(HUKOB.

3. BrIiBOIbI 1O pe3ynbTaTtaM paboThl M 3aKII0UEHHE O HanboJiee BHITOJHOM PacoIOKEHUN

Oapbepa [Tl TaHHBIX JJIEKTPOJIOB.
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Jlabopamopnas paooma Ne 3. Henvimanusa uzonayuu. Usmepenue conpomuenenus u

emMKocmu u3onauuu. Cmamucmuueckue 3aKOHOMeEpHOCmU npoﬁoﬂ.

Ilenw pabompr: O3HaKOMIIEHHE C OCHOBHBIMH CTATUCTUYECKMMH 3aKOHOMEPHOCTSMH IIPO-
6051 IpU UCIIBITAHUM 00PA3L0B ra30BOM U KUJIKOH U30JAMU. V3yueHne cTaTUCTUYECKUX METOI0B
00pabOTKM M aHaJIM3a YKCIIEPUMEHTAIBHBIX TaHHBIX PU UCTIBITAHUHU W30JALuuU. PacueT napamer-
POB U nocTpoeHue MU GepeHINaTbHBIX U HHTEIPAIbHBIX KPUBBIX paclpeaeiICHUs BEPOSTHOCTEN

po0osi.

OcHoevt meopuu:

O06pa3ziibl U30Js1KU (Ta30BOM, JKUJIKOM, TBEPION ) U U30JISIIMOHHBIE KOHCTPYKIIMH MTOABEP-
rarTCsl pa3IMYHOTO pojia UcHbITaHusIM. Hanmpumep, snekTpudeckas NPpOYHOCTh Fa30BbIX POMeE-
JKYTKOB U KOHCTPYKLHH MPU MOCTOSTHHOM WJIM EPEMEHHOM HANPS)KEHUH OINPEAEIIAeTCs IPU He-
MPEPHIBHOM TIOIbEME HAMpsDKEHUS 0 Tpo0osi. CKOPOCTh HapacTaHUs HAMPSHKEHUS B 3TOM CITy-
4ae, KaK MPaBuIIo, He TUMHTHPYETCs. [Ipr MOBTOPHBIX HCIIBITAHKSIX HA0JIF01aeMbIC 3HAYCHHUS ITPO-
OMBHBIX HAIPsHKEHUN OyAyT HEOAMHAKOBBI. Pa3bpoc mpOOMBHBIX HAINPSKEHUN MPU TAKOM BUJE
UCIIBITAaHUSX ONPENEIACTCA MHOTUMH IPUYMHAMU: HE UJIEHTUYHOCTBIO IPOMEKYTKOB OT UCIIBITA-
HUS K UCTIBITAaHUIO; HECTAOMIIPHON MTOTPEITHOCTHIO U3MEPUTEIHHOTO MPUO0Pa; CyOBEKTUBHOCTHIO
omnepaTopa; CTaTUCTUYECKUMHU 3aKOHOMEPHOCTSIMH, CBA3aHHBIMHU C BOSHUKHOBEHUEM U PA3BUTHEM
camoro mpoiiecca pa3psaa u T.11., - T.. pa30poc 3aBUCUT OT MHOTHX CIY4ailHBIX (PaKTOPOB.

Cpennee 3HaueHHE TPOOUBHOTO HANPSKEHUS:

Yacto npuBOIUTCS KaK XapaKTEPUCTHKHU AJIEKTPUUECKON MPOYHOCTH 00pa3la Win U30Js-

LIUOHHOM KOHCTPYKIHH. OIIHaKO JJIE MHOTHUX IPAKTUYCCKUX CJIY4acB BA’KHO 3HATh, IOMUMO U P

, XapaKTCPpUCTUKHU, CBA3AHHELIC C pa36p000M HpO6I/IBHBIX HaHpﬂ)KeHHf/'I; MHHHMAJIbBHOC HpO6I/IBHOe
HAIIPSI’KCHUEC Up min, BEPOATHOCTD HpO60$I IIpu MOABEMC HAIIPSIKCHUA 1O JaHHOM BEIMYHHBI

Ui—P(Up<Ui); cpennexBapaTHIHOE OTKIOHEHHE

N

Z(UPK_UP)Z
K=1

O =
N-1

KOTOpOE SIBJIIETCS Mepoit KpyTu3Hbl 3aBrcumoctu P(Up < Uj).
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3aBHCHUMOCTh BEPOATHOCTHU HpO60$I OT BCJIMYHMHBI HAIIPSAXKCHHUA 11O SKCIICPUMCHTAJIbHBIM
JaHHBIM CTPOUTCA CICAYIOIIUM MCTOAOM. PaSI[eJII/IM Auarna3oH IMOJTYYCHHBIX N 3HaueHUi Inpo-

OMBHBIX HANpPSHKEHUI Ha N paBHBIX 3JIEMEHTapHbIX Auana3oHoB AU 10 COOTHOLLIEHUIO

U U

Pmax

n

Pmin — AU

Ka)KI[OMy M3 OTUX 3JIEMCHTAPHBIX AWAITIa30HOB HpO6I/IBHOFO HaIpsAKCHUA 6yz[eT COOTBET-

CTBOBATh YUCIIO MpoOoeB Ani; An2... Anp u
n
D> 4n =N
k=1

An o o
Bennuunna Tk = p, TPUOTU3UTEIHHO PaBHA BEPOSATHOCTH TOTO, YTO MPOOOH MPOU30UIET

B JHUAIIa30HC 3HAYCHUS HAIIPAKCHUA OT Uk a0 Uk+1 .

k=N
[Ipu ycnoBusix HopmupoBku AU=1 u Z Pk = 1 II0JIy4aeTCsl dKCIIEpUMEHTAJIbHAsL TH-
k=1

crorpamma (puc.3.1) pacnpeneneHus INOTHOCTH BEPOSTHOCTH MpoboeB. CyMMUpyst Pk OT P1 A0 Pi

k=i
nojyyaem: P, (U, <U,)= Z p, - IPUOIMKEHHYIO BEPOSTHOCTh TOTO, UTO MPOOOIi MPOU30iiieT npu
k=1

Up. Crynenuarsiii rpa¢ux P (U, <U;) naer skcnepuMeHTanbHYIO 3aBUCUMOCTE Pi OT Hampsike-

Hus1. VI3 Teopuu BepOSTHOCTH U3BeCTHO, 4To ipu N — 00, AU — dU,An, — dn dyukuus Pk(U)

npeJcTaBiIsieT co0oi pacnpeeneHue MIOTHOCTH BEPOSATHOCTH WIH AUPPEepeHInaTbHYI0 KPUBYIO

pacrpesiesIieHUs] BEpOSTHOCTEH Mpo0ost.

P(Up<Ui)
7
7
7
/7
/
/ _
/ P(U,<Ui)
= /
P(U <Ui)=05
( p< ) I I/
1/
:If_ I
=pU
an 240 Pk = o(
y 4 1 G
i 101 Rg
vl 1+ 111
U =U,Y Uy, U, J.a Vo =U pmax

Pucynok 3.1 — IToctpoeHue 3KkCriepuMeHTaIbHBIX TUCTOTPAaMM PACTIPEEIEHUS BEPOSIT-
HOCTH NPOOOEB U ANIIPOKCUMHUPYIOIIUX KPUBBIX JU(PPEpEeHIINaTIbHOIO U HHTETPaIbHOTO pacipe-

NENEeHUN
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[Ipu sTOoM
Uy
PU, <U,) = jpk(U)-du

MHTErpalibHask KpUBas pacipeaeIeHus BEpOITHOCTH poobosi. B obmiem cirydae 3Tu KpuBbIe
HKCIEPUMEHTAIBHO MOJTydeHbl ObITh HEe MOTYT ( N — 00). OHako, Hcxoas U3 pU3MIECKUX Ipea-
TIOCBIIOK, SKCIIEPUMEHTaIbHbIe rucTorpammel At pk u B (U ; <U;) moryt 6biTh anmpoxcumu-
POBaHBI KAKUM-JINOO MaTEeMaTHUECKUM 3aKOHOM PacIipeieIeHUs] BEpOSITHOCTEH.

MHOrO4HCICHHBIE UCCIIEAOBAHMS TTOKA3aIM, YTO MPU MHOTOKPATHBIX MPOOOSX BO3AYIL-
HBIX IPOMEKYTKOB 3aBHCUMOCTH BEPOSITHOCTH BO3HUKHOBEHUS pa3psaa OT HAIPSHKCHUS paspsa

B mpenesiax —30...+30 YAOBICTBOPUTEIILHO OMUCHIBACTCS (PYHKIIUCH HOPMAJIBHOTO pachpeie-

nenus ['aycca
u T \2
1 peXp—(Up_Up)
N2ro 252

rae U, 1 o - mapaMeTpbl pacipeieeHus.

P(U<U,)= U

p H

TouHOCTH OIIPpCACIICHUSA Haﬁ,[[eHHLIX 3Hayenuii U P H 0 110 CPpaBHCHHIO C UICTUHHBLIM 3aBH-

cut ot N. Hampumep, oTHOCHTENbHAS OrPEIIHOCTD onpexenerns o u U | ¢ HanesxHocTbio 0,95

HaXoAUuTCA 110 COOTHOIIICHUAM

g =26 o .
Up \/ﬁ L_pr
X — 1,96

7 2N

CooTBeTcTBYIOIIHE a0COTIOTHBIE MOTPEIIHOCTH

HOCTpOCHI/Ie KPHUBBIX HOPMAJIBHOT'O paCIPCACIICHUA 10 U3BCCTHBIM IMAapaMCTpaM o U U P

MPOM3BOJIUTCS C UCIIOIB30BAHUEM COOTBETCTBYIOIIUX TaOIMII, TPUBEICHHBIX B TOCOOUSX U CIIpa-
BOYHHUKAX 110 TEOPUU BEPOSTHOCTH M MaTEMATHIECKON CTaTUCTHKE (HEKOTOpPhIE TaOJIUYHbIC 3HA-
YEeHUs MPUBEJEHBI B PUIIOKEHUU K JaHHOHN paboTe).

[Ipy aHANMOTMYHBIX HCHBITAHUSIX OOPA3IOB KHUAKOCTU (HAMpHUMEp, TpaHCHOPMATOPHOTO

Macna) pa36poc HpOﬁI/IBHLIX HaHpH)KCHI/Iﬁ ulU P 3aBHUCAT HC TOJBKO OT BCCX (paKTOpOB, nepeuuc-

JICHHBIX JJ1 ra3000pa3HbIX 00pa3lioB, HO M OT BPEMEHHU BO3/IEUCTBHUSA (CKOPOCTH MOAbEMA) HaMps-

KEHUA.
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dopMupoBaHUE pa3psia B TEXHUIECKH YUCTOM KUIKOCTH IIPH CPABHUTEIHHO ITTUTEITHHOM
BO3/ICHCTBUY HANIPSHKCHUS (CEKYHIBI U 00JIee) CBSA3aHO C HATMYUEM U PACIIONIOKEHUEM B MOMEHT
UCTIBITAHUS B POMEKYTKE PA3IMYHOTO POJIa MPUMECEH, My3bIPbKOB, UX HAKOIUICHHEM, edopMa-
[IAEH U T.]1.

[TosToMy pa3zdpoc MpOOMBHBIX HANPSHKEHUN B KMAKOCTH OyzneT OoJibllie, YeM B rase, W,
MOBTOpPsieM, OyIeT CHIIBHO 3aBUCETh OT CKOPOCTH MoJbeMa HampsikeHus. ClieJoBaTenbHO, MPU
UCTIBITAHUSX )XUJIKUX 00pa3I[0B CKOPOCTh HApACTaHUS HANIPSDKEHUS OJKHA OBITh CTPOTO JIMMU-

N,(U,<U;)

tupoBana. Kpupas ~ PR (U, <U;) npu ucnsITaHusIX KAIKOHM U30JSLUN TAKKE Y10~

BJICTBOPHUTEIILHO AIIIPOKCHMHUPYETCS] YCEUCHHBIM (0T -30 10 +30) UHTErpalibHBIM pacipe/ierie-
HueM ["aycca, XOTs oTiIn4Me 1eHCTBUTENbHOM KPUBOI OT HOPMAaIbHOT'O 3aKOHA 371eCh MOXKET OBITh
6osiee 3aMETHO.

Jnist OOJIBIIMHCTBA MPAKTHYECKU BAKHBIX CIy4aeB MPHU U3BECTHOH (HaiIeHHON) KpUBOU

pacnpenesenns BEpoATHOCTEW POOOEB M0 HANIPSLKEHUSAM 32 MUHMMAJIBHOE pa3psiAHOE HalpsiKe-

HUC ITPpU UACHTUYHLBIX YCJIOBUAX OIIbITA IPUHHUMACTCA U pmin — U p -30.

Ykazanue no mexnuxe 6esonacnocmu:
VYka3zaHus 110 TeXHUKE OE30MMACHOCTH MPH BBIITOJIHEHUH J1a0OPAaTOPHBIX pabOT MPUBEIEHBI

B IIPWJIO’KEHUE A.

Ykazanus no evinonnenuro nabopamopnoi pavomet:

1. [Tomy4uuTh SKCIIEpUMEHTAIIBHBIE JaHHBIE I ONPEAEIICHNs CTATHYECKUX XapaKTe-
PHUCTHK ITPOOOSI MPU UCIBITAHUU BO3IYLIHBIX U MACJISHBIX MPOMEXKYTKOB IIPH IJIABHOM MOIbEME
HaNPSDKEHUS IPOMBIIIIEHHON 4acTOTHI.

2. HOCTpOI/ITB IO 3KCIICPUMECHTAIBHBIM JJAaHHBIM T'HCTOTpaMMBbl IS Pk, paCCUMTATh

Pi(Up<Ui) u U ¥ OlIeHNTH TOYHOCTb UX OTPEJIENEHNUS.

3. [To naitnenusiM U | © o, ucionb3ys TaOIHIEL, TOCTPOUTH TpadrK HOPMATHHOTO

p
pacripeniesieHus (MHTerpajgbHas KpuBasi) u onpeaenutb Umin.
4. J1J1s1 osTy4eHHBIX ONBITHBIX TAaHHBIX 110 TporpamMe DBM (1o oTaenbHOM HHCTPYK-

HI/II/I) IMOCTPOUTH TUCTOI'PAMMBI IIJIOTHOCTHU BEPOIATHOCTU U BEPOATHOCTHU HpO60€B JJI1 pa3HbIX BE-

Iu4uH N. PaccunTarth napamMeTphbl U 0,87 , &, U INOIY4YUTHb KPUBLIC ,ZLI/I(I)(I)CpCHLII/IaJ'IBHOFO )51

p> Up

HHTCIPpAJIbHOI'O paCpeaACIICHUSA Faycca.
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PaGota BbImoNHSAETCS HAa BHICOKOBOJIBTHOM HCHBITATENIbHOM yCTaHOBKE, KOTOpasi mpuBe-

JieHa Ha puc. 3.2.

el
220V H

KM2 TV1

Qs1

KM sSB1 SB2

KM3

KA1l

PI/ICYHOK 32— IMpUHOUIIKAJIbHAA CXCMa HUCIIBITATEIILHOM YCTaHOBKH

Bxurouenune obecneunBaercs ¢ noMoinpto pyomisauka QS1, kaonku SB1 (BKJI) u mar-

HuTHOro nyckarenst KM. OTkitodenune 1 3amumra — ¢ HoMolibio TokoBoro pesie KA, apromara SF1

u kaonku SB2 (OTKJI).

HpI/I BBIITOJIHCHHUHU OIIBITOB UCIIOJIB30BATH 3a/IaHHBIC ITPCTIOAABATCIIEM ITIPOMCIKYTKH. Peko-

MCHAYCTCA IJIS MMOJIYYCHU S ITPUCMIICMBIX OLICHOK BBITIOJIHUTDH N=50 onbsITOB AJIg KaXKJA0ro rnmpome-

KyTKa. CKOpOCTI) moaAbEMA HAITPAKCHUA U YCJIOBUA IPOBCACHUS OIBITOB BBIACPKATD, I10 BO3MOXK-

HOCTH, IIOCTOSHHBIM. ILJ'I?[ IMOCTPOCHUA THCTOTpaMMBbI IO JaHHBIM 50 ombITOB N IMIPUHUMACTCA

00b14HO B mpeaenax 7-9. Ilpu pabote ¢ mporpamMmmoit BM urcno quana3oHOB N MOXXHO MEHSTh.

Pesynbprathl u3MepeHuii 3anucath B Ta0. 3.1, a pacueTs! — B Ta01. 3.2.

Tabmuma 3.1
No U, kB No
Ui, B Uzi, kB U, B | Uz, kB | Uz, kB

/1 Uz=kpU1 n/m
1 U,, ~U pmin 26 U2,26 zL_Jp

2 27

1 U zU max

U, ~U p 250 i

25 50
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Tabmua 3.2

N U,-0, an,| 2% _p J
| TTe TR T TRL R(U, <U) U, | o g, s
II

[To monmy4eHHBIM ¥ paCCYUTAHHBIM JAHHBIM IIOCTPOUTH rHCTOrpamMMsl it Pk(4 Uk) 1 Pi(Up
< Ui), uHTerpabHy0 KPHBYIO HOpMalIbHOrO pactpeneieHus ['aycca B npenenax (—30)...(+30
BeposiTHOCTB ONIaAaHNsl HOPMAJIBHO pacrpeereHHo ciryyaiiHoi Bennunnbl U (B HamieM

CIIydae - BeposTHOCTh 1poOost) B uHTepBan (U1, U2) Beraucisercs mo gpopmyie

P(U, <U <U, ):%{@(UZ _UJ—@(Ul _Uﬂ,
O (o2

u-u
u-oy 2 ¢ Y
rae @ = J e? -dt - dynkuus Jlannaca (MHTErpan BEPOATHOCTH), HEKOTO-
0

o N2

pbl€ 3HaUEHUSI KOTOPOW PUBENIEHBI B TAOJIULIE.

[IpuBenem pacder ogHOM TOYKH. [lOMyCTHUM, IO SKCIIEPUMEHTAIBHBIM JTaHHBIM 0=5 KB,

U =30 xB. Onpenenum P(U < 25).

P(U, <25)=P(0<U,, s25)=%{(p(25;30}_@(0—530ﬂ=

= %[cp(— 1)-o(-6)]= %[—0,6827 +1]=0,1586
Hur €rpall BEPOATHOCTHU ABJISACTCA (byHKLIPIefI HEYETHOH "
Dd(-U)=-d(U).

AHAJOTMYHO PACCUUTHIBAIOTCS BCE OCTAIBHBIE TOYKH B TIpeJIeiiax ot - 30 — 110 +30.

Cooepocanue omuema:

OTyeT N0JKEeH ColIepKaTh:

1. Ha3Banue paGoThI;

2. llens paboTsr;

3. Kparkue TeopeTuueckue CBeICHHUS;

4. Onmcanue UCIoIb3yeMOro 000pyIOBaHHS U MaTEPHAIIOB;
5. [Mopsaok BeIMOTHEHUS PaOOTHI;

6. Berunicnenus u o0paboTKa pe3yabTaToB;
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7. BEIBOIEL.

Konmponvnuvie éonpocwi:

1. Yem onpenensercs pa3dpoc MpOOMBHBIX HAMPSHKEHUH 00pa3Ii0B H3OJISIIIHH?

2. [Touemy pa3dpoc nMPOOMBHBIX HANPSKEHUH JKUKON M30JSIUM OOJIbIIE, YeM BO3YII-
HOU?

3. SIBnsieTcst M MCUEPIIBIBAIONICH XapaKTePUCTUKON M30JISIIMOHHBIX BO3MOKHOCTEH KOH-

J ?
crpykuun Bennunnal 7

4. TlosicHUTE CMBICIT OCHOBHBIX IaPAMETPOB HOPMaIbHOTO pacnpenenenus (o,U ).

5. Hoquy HOPpMAJIbHOC pacrpCacICHUC Faycca YAOBJICTBOPUTCIBHO AIlIIPOKCUMUPYCT

sKkcriepuMeHTanbHyro kpuByto P (Up = Ui) B mpenenax Up +30?

6. HacTo oueHb BaKHOM BEITHYMHOM JJIs1 OOCHKH H30IA0UH ABJISICTCA BCINMYHMHA Up,min.

[Touemy?

7. Onpenenute HEOOXOAMMBIM 00BEM MCTIBITAHUN NI olleHKH U = M G TIpH 3aJaHHO Be-

p

JIMYMHE NOTPCHIHOCTH.
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Jlabopamopnas paooma Ne 4. Konmponav ouriekmpuueckux nomepo u usmepenue na-
pamempos wacmuunvix pazpaoos. Konmpons noeviuieHnvim HanpasiceHueM. UCHbIMAaHus
u3zonAyuu OmoeabHbIX 6U006 000pyodosanusn. Konmpons uzonayuu konmaxkmnou cemu. Hc-

clledoganue nepeHanpaAsceHuil 8 00MOmMKax mpancgopmamopa.

Ilenv pabomer: O3HAKOMUTHCS CO CXEMOU U pabOTON aHANM3aTOpa NEPEXOAHBIX MPOIIEeC-
COB. M3yunTh METO/BI ONpeCICHUs IEPEHAIPSDKEHUI B TIIABHOM M MPOJOIBHON M30JIALIUU 00-

MOTKH TpaHchopMaTopa Ipu BO3AEHCTBUN Ha 0OMOTKY IPO30BBIX UMITYJIBCOB.

Ocnoevt meopuu:

N30ms11151 00MOTOK BBICOKOBOJIBTHBIX CUJIOBBIX TPAaHC(OPMATOPOB B 3HAUUTEIBHON MEpe
olpeieNsIeTcsl NepeHanpsHKeHUAMHI, BO3HUKAIOIMMH B 0OMOTKAaxX MpU BO3ACHCTBUM HA HUX I'PO-
30BBIX UMITYJbCOB. IIpu majeHnn Ha 0OMOTKY MMITYJIbCHON BOJIHBI BO3SHHMKAIOT CJIOXKHBIE DJIEK-
TPOMarHUTHbBIE MPOLIECCHI, KOTOPbIE NMPUBOAAT K OBICTPO MEHSIOLIUMCS INEpEHANpsKEHUEM Ha
AJIEMEHTaX IVIABHOM U IPOJOIBHON U3O0JISILMH.

TouHbIif pacueT 3TUX MPOLECCOB MPAKTUUYECKH HEBO3MOXKEH BCIIEICTBHE B3aMMHOTIO BIIU-
SIHUSL MHOTHX 2JIEMEHTOB: PACIIPEeIEHHBIX POI0IbHBIX U ITONEPEUHBIX EMKOCTEH 0OMOTKH, COO-
CTBEHHBIX U B3aUMHBIX MHIYKTUBHOCTEH BUTKOB M OOMOTOK M T.1. [loaTOMYy Hapsiny ¢ Teoperu-
YECKUMU MPHUOIMKEHHBIMHU pacyeTaMHu U MOJIEIMPOBAHUEM IIPOLIECCOB ¢ omollsio 9BM vacto
U HauboJiee IUIOJ0TBOPHO HCMOJIB3YIOTCS UCHBITAHUA HAa MOJENSIX WM peaibHbIX 0OMOTKax ¢
IIPUMEHEHHUEM aHAJIN3aTOPA IEPEXOIAHBIX MTPOLIECCOB.

O6mMmoTKa TpaHchopMaTopa MOKET OBITh MPECTaBIICHA JTMHEHHOMN AJIEKTPUUECKON 1IETIbIO

(puc. 4.1), mapameTpbl KOTOPON OTHECEHBI K €AUHULIE JITTUHBI.

___I__f I______L

I = O Mas |

Uo /1\ v N
& Fa'a\ —_—— —
L o L P———%plw
Ki =—=C T T Ci

Pucynok 4.1 — Cxema 3amenieHus: 0OMOTKH ofHO(a3HOro TpaHchopmaropa mpH maje-

HUM Ha OOMOTKY MPSIMOYTOJIbHON BOJIHBI.

[Ipu nagenun Ha TpaHcHopMaTop MPSIMOYTOJIBHON BOJHBI U, =const WHIYKTUBHOCTH B

MEePBBI MOMEHT He MPOMYCKAIOT TOKA, ¥ paclpe/iesieHne HAMPSKEHHsI BIOJIb OOMOTKH OTpees-
totcst Toabko eMkocTsimu C u K. Pacuer takoii emkoctHoi nenouku ([1], [3], ¢.201), mpuBoaut k

NpUOIMKEHHOMY BBIPaKEHHUIO
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X
at=
t

Uy (x) =Uge ~Uqe ™,
CropaseUIMBOMY M Ul CIIydas 3a3€MJIEHHOM, M Ul Cllydas M30JIMPOBAHHON HEWTpaJIH.

[Tpu 5TOM /ISl COBPEMEHHBIX TPaHCHOPMATOPOB:

a|:\/§.|: 1€ _ 1w _19.00,
K K \VK,

Tak Kak BUTKM M KaTyIIKA OOMOTKH COEIMHEHBI MEX 1y co00i 1 00pa3yroT TOKOIIPOBO IS~
HIYIO IIeMb, IEPBOHAYAILHO BO3HHUKILIEE PACHpPEEICHUE HAMPSIKEHUS HE MOXKET COXPAHUTHCA.
BoszHukaer nepuoanyeckuii mepexoaHbli mpolecc, KOTOPbIi 3aKOHYUTCS yCTaHOBUBIIMMCS (TIpH-

HYXJIEHHBIM) pacipe/esieHueM HanpspKeHUs BJOJb oOMOTKU. [IpuHuMas M, << L JUIs CXEMBbI

puc. 4.1, nonyuum:

NP 3a3€MJICHHON HEHUTpasu:
Xy .
Uy'cm('x) = UO(]'_T) 1

IIPY U30JIMPOBAHHON HEUTPAJIN:

U,.(x)=U,.

ycm(
HanpspkeHne B HEKOTOPOH TOYKE X B IIPOM3BOJIBHBIA MOMEHT IIEPEXOIHOTO MPOIEcca MO-
KeT OBITh MPE/ICTABICHO B BUJIE:
k=0
U(xt) =U,,,(x) +U,,(x1) =U,,, () + D U, (x)cosm,t
k=1
I71I€ @, - 9aCTOTa K-OU NMPOCTPAHCTBEHHON rApMOHUKH,

U,(X) - yHKIMS pacnpeaeneH s Mo X 3aTyXalolUX aMIUTUTYA COOCTBEHHBIX KOJeOaHui

qacTOThI w .
YacToTa COCTaBIISIOIINX ONPEIeIsIeTCs TapaMeTpaMu SIKBUBAIICHTHOM cxeMsl (puc.4.1),
kr
D = f 2_2 !
LC + K°z°LK
a aMIUTUTY/bI 3aBUCST OT pacCMaTPUBAEMOM TOYKM W KpaeBBIX yCIIOBHH. Hampumep, mpu

[IIyXOM 3a3eMJIeHHH HelTpaiu U, (x), U,(x) 1 U,(x) pacrpeaeneHsl o JJIMHe 0OMOTKH, Kak MoKa-

3aHO Ha puc. 4.2,a — kpuBble 1, 2, 3. C pocTtoM HOMepa FrapMOHUKH aMILTUTY/AbI OBICTPO YMEHb-
IIAI0TCS, TOITOMY JJIsl Tpy00il OLIEHKH MEePEeX0IHOTO Mpoliecca JOCTATOYHO YUUTHIBATD JIUIIb TPU
NepBbIEe COCTaBIAIONIME. XapaKTepHble KpUBbIE MepeHaNps>KeHUsI B 0OOMOTKE B pa3jIM4HbIE MO-
MEHTBI BpeMEHU TpeacTaBieHbl Ha puc.4.2. KpuBas, mpoBeaeHHas yepe3 MaKCUMallbHbIE 3Haue-
HUS HaNpsDKEHUs, BO3HUKAIOIIKME B OOMOTKE B pa3jIMuHble MOMEHTBI BpEMEHH, Ha3bIBACTCS OTU-

62[}01_]_[61‘;1 MAaKCHUMAJIbHBIX ITOTCHIIMAJIOB.
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Pucynok 4.2 — Kpussie pactpeaeneHus HanpspDKeHus 1o 00MOTKe TpaHcdopmaropa

Jlist puONIMKEHHOM OLEHKH MaKCHUMajibHO BO3MOXKHBIX MOTEHLUAIOB B KaXKAOH TOYKE
00OMOTKHM MO’XHO CUHTATh, YTO TAPMOHUYECKHE KOJeOaHMsI HEe 3aTyXaloT U Mepuoj Konedanus T

BCCX 'ApMOHHUK OJJHMHAKOB. Torz[a

ke
U (X) e = U, () + D Ui (X) =
k=1
=U,,(0+[U,,00 U ., (9] =20 ,(0 -V, ()
Kak BumHO m3 puc. 4.2 MakcuMalbHbIE HANPSDHKEHUS NMPH M30JMPOBAHHOW HEUTpan
HaOJII0JAFOTCS Ha KOHIIE 0OMOTKHU U MOT'YT nocTHYb BenuuuH (1,7-1,9) U, . JIns tpancdopmaTtopos

C 3a3eMJICHHOM HEHTpasbio MakcuMaibHoe Hanpsbkenue 10 (1,2-1,3) U, Habmomaetcs BOIH3H
X
Hayaja 0OMOTKHU (? ~ O,3j .

MakcuManbHbIE HAIIPpAKCHHOCTU B HpOL[OJIbHOﬁ MN30JIANH H8.6J'IIO)13.IOTC$I B Hayayie 00-
MOTKH B HCpBHﬁ MOMEHT IOCJIe MMaAeHus BOJIHBI. BennmurnHa MakCHMaJbHOTO TpaJUCHTA MAXET

OBITH OIIEHEHA IO COOTHOIIEHUIO

au =U e
dx
S -V IV PR
dx Mmaxc dx x=0 I

U
rae E,, = 7" - POAOJIbHAS HAMIPSHKEHHOCTh IPU PAaBHOMEPHOM PacIpeieICHUN HalpsiKe-

HUA BAOJb OOMOTKH.
B MMOCICAYIOIUE MOMCHTBI BPEMCHU MAKCUMAJIBHBIC HAITPSKCHUA HA HpOlIOJ'IBHOfI H30JIAd-

LMY PACIPOCTPAHSIOTCS BIIIyObh OOMOTKH, IIPU 3TOM YMEHBIIAETCA UX aMILTUTY/Ia.
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JInst CHUKEHMS IepEeHaNpPsHKEeHU M, BOSHUKAIOIINX Ha TJIABHOM U MTPOAOJIBbHON U30JISIMHU, B
HEKOTOPBIX TpaHCHOpPMATOpaX YCTAHABIMBAIOTCS €MKOCTHBIE SKPaHbI B BUIE PA3OMKHYTHIX KO-
JIell, COSJMHEHHBIX C Ha4YaJloM OOMOTKH. B 3TOM cityuae monepeyHble TOKH, OTTEKAIoIIHe OT 00-

MOTKH 4Y€pPE3 CEMKOCTH Ci , KOMIICHCUPYIOTCS TOKaMH, ITOATEKAOIINMHI Yepe3 eMKoCcTu C ., U IIep-

202

BOHAYAJIbHOC pacnpeCaciICcHuC HAIPA)KECHUA BIOJIb 0OMOTKH BbIPpABHUBACTCA. ITonHoe YCTPAHCHUE

Koe0aTeIbHOTO TIporiecca B OOMOTKE TpaHchopMaropa ¢ 3a3eMJICHHOW HEUTpaiabio MpU

C; =const wacrynaer npu yenosun

C =——C

a1 - 1

rae | — HOMep KaTyIlIKH, CYMTas OT Hadajga OOMOTKH; M — YHCIIO KaTyIIeK B OOMOTKE
(puc.4.1).

B nacrosmieit pabote ¢ mOMOIIBbIO aHATN3aTOPa MEPEXOAHBIX IPOIIECCOB UCCIEAYIOTCS Te-
peHanpsbkeHus B ooMotke Tpanchopmaropa TM 10/380 320 kBA. Mcnionb3yercst u3oaupoBaHHas

obmoTka BH omHo# a3er. OOMOTKA HU3KOTO HANPSDKEHUS ATOW (ha3bl pa3OMKHYTA.

Vkazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHUKE OC30IMaCHOCTH ITPpU BBITTOJIHCHUH J'Ia60paT0pHLIX pa60T IIpUBCACHLL

B IIPUJIOKEHUE A.

Ykazanus no evinonnenuro nabopamopmnoii padomoi:

1. [Tonath HampspkeHHE Ha cXeMy ¢ MOMOIIbIo BhIKItouatens QS1 u aBrorpanchop-
matopoM T1 ycranoBuTh HeoOxoaumoe HampspkeHue Ha tupucrtope VU1, VDI (mo ykazanuto
npernojaBaTess).

2. N3menss cucremoit Hanpsbkenne R1, C2 Ha ynpaBisiomeM 37€KTpPOoAe OTKPHITH

TUPUCTODP. Ha Brixoge 1 CHEpaTopa MOABJIAOTCA UMITYJIbCHI.

3. [TpoxoHTpOIMpPOBaTH GOPMY UMITYJIECA C TOMOIIBIO OcLMIIorpada.

4. [MoaxrounTh HCcIeayeMblii TpaHCPOPMATOp K TEHEPaTOpy UMITYIIHCOB COTIIACHO
puc. 4.5.

5. C nomoipio ocuusutorpada Uccie0BaTh H3MEHEHHE HANpPsDKEHUS MPU Tepexo/l-

HOM IIpoliecce B OTAeNbHBIX Toukax (1,2,3,4,5,6) 00MOTKH Ha TIaBHON u3omsun (puc. 4.3):
a) C 3a3eMJICHHON HEHUTpPAJIbIO;

0) ¢ M30JTUPOBAHHOU HEUTPAIIBIO.
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Pucynok 4.3 — Cxema noaxIr0ueHus ocIipuuiorpada rmpu UCCiieI0BaHUH MepeHanpsixKe-
HUIl B 00MOTKe TpaHchopMmaropa; 1- u3MepeHre HapsHKCHUs Ha TJIABHOW U30JISIUH; 2 — U3Me-

PCHHUC HAIIPAKCHUA Ha HpOI[OJ'ILHOﬁ U300

Pesynbratsel paboTsl 3anucars B a0 4.1.

Tabmuna 4.2
3azeMIIcHHAS N3onupoBanHas
Hccenenyemslii yuacTok
HEUTpab HEUTpab
OOMOTKH
AU Makce AU Makc

1-2
2-3

3apucoBarh 2-3 XapaKTepHbIE OCHHAIIIOTPAMMBI.
IIpoBepuTh BIMSHME BEIWYMHBI R2 HAa AU IIpU H30JIMPOBAHHOM M 3a3€MIICHHOU
HEUTpaJH.

E MAaKc (x)

cp

[To pesynbpTaTam Tab. 4.2 TOCTPOUTH B OTHOCUTEIIBHBIX €TUHUIIAX KPUBBIC

= f(x)

AU MAKC
JUTsE 000WX MCCTIEIOBAaHHBIX cllydaeB E . (x) = A W, HaMpUMep
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AU MAKC (1 - 2) I/I T

EJ'Z(ZKL‘ (1 - 2) = 0 06

.

AHaJIOrM4HbIE UCCIIEAOBAHUS MOXHO IPOU3BECTH HA MOJAEIM OOMOTKH, CXeMa KOTOPOH
COOTBETCTBYET CXeMe 3aMelleHus Tpaicdopmaropa (puc. 4.1). CMoHTHpOBaHHAs B 1abopaTopun
TBH wMonens umeer cienyrolue IapaMeTpbl: €MKOCTH KaTyIIeK OTHOCHTEIBHO 3€MIIH

C;=C =..C..=C,=800no; NPOJOJILHBIC €MKOCTH C =K =..K =K, =80no,

o C
L =L =..L, =187% . IIpu Takux BenuunHax eMKocTer al = [—=-N ~10, T.€. COOTBETCTBYET al pe-
° G

n
JIBHBIX TpaHCc(HOPMATOPOB.

Bce ycnoBHBIE TOUKHM MOJIETH UMEIOT BBIBO/IbI, IO3BOJISAIOIINE HAOUPATh YUCTO EMKOCTHBIE
LIENIOYHBIE CXEMBI, CXEMBI C UHAYKTUBHOCTSIMH, cXeMbI ¢ C.

Emkoctu C, - cmennble u MoryT MeHATbes 0T 100 nd 10 3000 nd, yTo AaeT BO3MOKHOCTD
peryaupoBath IepBOHAYAIbHOE PACHPE/Ie/ICHIE HAIPSDKEHUS BJI0JIb OOMOTKH OT 3KCIIOHEHIMalIb-

Horo U(n)=U,-e* mpu C,=0 no nuHeiHOTO IpH

B xauectBe nnayktuBHOCTEH L cnonb3yroTcst apoccenu. CoOCTBEHHAst YacToTa KoJyieOa-
HUIi MOJIeTTH OOMOTKH MIPU BKJIOYEHHBIX C, U C, JOKHT B npeaenax 10°+2-10° I'i, uTo 01am3K0 K
CcOOCTBEHHBIM YacTOTaM KoJjiebaHH 0OMOTOK peanbHbIX TpaHchopmaTropoB. OHAKO 3Ta YacToTa
HECKOJIbKO HUXKe COOCTBEHHO uacToThl Uccaenyemoro Tpancopmatopa TM — 10/0,4; 320 kBA
(5-10° T'm). IepexomaHO# MpoIECC B MOJICIIA PETHCTPUPYETCS OoJiee YETKO U HATJISIIHO, U paboTa

C MOACIIBIO JOCTATOYHO MMPOCTA.

Cooeporcanue omuema:

OTueT 10IKEH COAepKaTh:

1. Ha3Banue paGoThI;

2. Llenb paboTHI;

3. Kparkue TeopeTuueckue CBeICHHUS;

4. Onycanue UCIOb3yeMOro 000pyI0BaHUS U MaTEPUAJIOB;
5. Iopsiiok BBIOSTHEHUS PaOOTHI;

6. Berunicnenust 1 00paboTKa pe3yIbTaToB;

7. BBIBOJIBI.
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Konmponwsnwie eéonpocwi:

1. Hapucyiite cxemy 3amernieHuss 0OMOTKH TpaHc(hopMaropa B MOMEHT IaJIeHUsI Ha 00-
MOTKY MPSIMOYTOJIBHON BOJIHBI, B YCTAHOBUBIIIEMCSI PEKUME H B IIEPEXOTHOM PEIKUME.

2. Yo Takoe orubaromiye MakCuMaibHBIX MTOTECHIHATOB?

3. Ha xakoM y4acTke 0OMOTKH BO3MOKHBI MAKCUMAaJIbHbIE HAMPSXKEHUS B IEPEXOTHOM pe-
JKUME JIJIS ClTydasi: a) ¢ 3a3€MJICHHON HEUTpaliblo; 0) ¢ M30JIMPOBAHHONW HEHTPAIIBIO?

4. Kak OIleHUTh BEJMYNHY HAMPSKCHHOCTH B MTPOJIOJILHOMN M30JISINH, €CJIA U3BECTHA KPH-
Bas pacrpejiesieHus] HapsHKEHUs BAOJIb OOMOTKH?

5. B kakoit yactu 0OMOTKHM HaOII0AAI0TCSI HAUOOJIbIIIKE HATIPSKEHHSI Ha POJIOJIBHOM HU30-
s’

6. Kakue BBI 3HaeTe CrocoObl BHIPABHUBAHHS PaCIpECIICHUs HANPSDKCHHS BJIOJB 00-
MOTKH?

7. Kak paboTtaeT cxema aHanu3aTopa nepexoIHbIX npoueccoB? HazHaueHue ee OTAeTbHBIX
JJICMEHTOB.

8. Kak HaxomuTCcsi TepBOHAYAIBLHOEC W YCTAHOBUBIICECS paCIpecliCHUE HAMPSIKCHUS
BJI0JIb OOMOTKH C IIOMOIIIBIO OCIIMIIIOTPaMM, MOTYYEHHBIX TP padoTe aHAIM3aTOpa MEPEXOIHBIX
MpoIECcCoB?

9. Kak BimsieT Ha MAaKCHMAaJIbHOE HAMPSDKEHHUE B TJIABHOM U30JIAIIUN ¥ MAaKCUMAJTbHBIE TPa-

JUEHTHI B IPOAOIBHON 30NN KpyTHU3HA (PpOHTA Majaromieid Ha 0OMOTKY BOJIHBI?
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Jlabopamopnan paooma Ne 5. HenvimamenvHole ycCman08KuU 6bICOKO20 NEPEMEHHO20 U
nocmoanno20 Hanpaxycenus. Hccnedosanue mooenu KackaoHo20 bINPAMUMENS 6bICOKO20

HANPANHCEHUA.

ILlenv padomui: Vizyyenue ycTpoucTBa U MPUHIIMIA JCUCTBUS KACKAIHOTO BBITPSAMUTES
BBICOKOTO HarpsikeHus. OrnpezesieHne M3MEHEHU MOTEHIUAIOB PA3IMYHbIX TOUEK CXEMBI TPEX-
KAaCKaJHOTO BBIIIPSIMUTENISI B YCTAHOBUBIIEMCSI PEKUME MPU X0JI0CTOM xo1€e. CHATHE 3aBUCUMO-
CTEil BBIXOJHOTO HAIPSHKEHUS W MYyJbCAllMil HANPSHKEHUsI OT TOKA HArpy3KHU U YHclia CTyIeHeH

BBIIIPAMUATCIIA.

Ocnoevt meopuu:

Bricokoe HanpsikeHue MOCTOSIHHOTO TOKa AJISi UCHBITAaHUS U30JISLMOHHBIX KOHCTPYKIIUN
HOJIy4at0T OOBIYHO C MIOMOIIBIO BHICOKOBOJIBTHBIX BBINPSMHUTENEH, B KOTOPBIX B KAUECTBE BEHTH-
JIeil UCTI0NB3YIOTCA MOJIYIIPOBOAHUKOBBIE BBITPSMUTEIBHBIE TUO/IbI.

[Ipu oTHOCUTENBHO HEOOIBIIKX HAanpsbKkeHusAX (10 100-200 kB) npumenstor ogHomnonyne-
PHOJAHBIE, IBYXIOJIYIEPUOIHBIE UM MOCTOBBIE CXEMBI BBIIPSAMIICHUSA. DTU CXEMbI ITUTAIOTCS OT
CEeTH MEePEeMEHHOr0 TOKa Yepe3 MOBbIIaIni TpaHchopmaTop. BropuuHoe aMIuinTyiHOe Hanps-
KEeHHe TpaHchopMaTopa JO0JKHO ObITh MPUOIM3ZUTEIHLHO PaBHO TPEOyeMOMY HAINPSKEHHUIO TO-
CTOSIHHOT'O TOKa.

Jlns mosmyyeHus 0oJiee BBICOKUX HAIPSDKEHUM MOTYT ObITh HCIIOJIb30BaHbI CXEMBI BBIITPSIM-
JIEHUS] ¢ YMHOKEHUEM HAIPSDKEHUS — CXEMBbl yIBOCHMS HAIPSDKEHHS WJIM MHOTOCTYIIEHUYAThIE
cxeMmbl. OHU MO3BOJISIIOT MOJIYYHUTh O0Jiee BBICOKOE MOCTOSTHHOE HANpsKEHHE, YeM BTOPUYHOE
HaNpspKEHUE MUTAIoIIEro TpaHcpopMaTopa pu CpaBHUTEIHLHO HEOOJIBIIOM 00paTHOM HaIpshKe-
HUU HAa BEHTUJIAX.

PaccmoTpuM paboTy cxembl, IpuBeAeHHOM Ha puc. 6.1. s ynpolieHus aHaau3a npeamno-

JIOKHUM, UYTO BEHTHUJIN U KOHACHCATOPHLI NACATIbHBIC.

VD,

Pucynok 6.1 — CxeMa 0J1HO CTyIIEHH KaCKaJHOTO BBIIPSIMUTEIS
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Iycts Ha cxemy noxano Hanpsokenne Uy =Uop -Sin(@t + ) (puc. 6.2). B Teuenne
niepBoit uerBeptr meproza (0 -17) Bertuns VD2 3akphIT, a BeHTHIIb VD1 OTKPHIT ¥ KOHACHCATOP
C1 zapsikaercst 1o KoHTYpy 0-2-1. B Moment 1], HanpsbkeHue Ha KOHIeHCaTOpE U C1= U om 4
3apsg Ql = Qm = Cl U om - 3aTeM, U 2 TPOWJIS YePE3 OTPULIATENBHBIM MAKCUMYM, HAUUHAET
yBenM4YuBaThCs. IloTeHnman (P9 TOYKHU 2 CTAHOBUTHCS MOJOKHUTENbHBIM. Bentuis VD1 3akpbiBa-

ercst, a Beutrib VD2 oTkpbiBaercs. B reyennn Bpemenn 1 — Uy mox neiictBiem Hanpsokenus ne-

TOYHHKA IMUTAHUA U HAIIPAKCHUA Ha KOHACHCATOPEC Cl, KOTOpBIfI BKJIIOYCH COIJIaCHO, B LICTIU 1-

2-3-0 mpotekaet Tok. Konnencarop C1 paspspkaetcs, a kouaeHcarop C2 3apspkaercs. Hampsike-
nue Ha C2 I0CTHraeT MaKCUMAJILHOM BEMYKMHBI B MOMEHT 1o .

AU

T Y e NS

NEAVAZ! g v
\iv/ N/ \/

Pucynok 6.2 — VI3aMeHeHHre NOTEeHIMATIOB TOYEeK cXeMbl (pHc. 6.1) pu 3apsaKe BhITPSIMHU-

TCIIA

Jlns onpenenenns U cLH UCZ paccMoTpuM KOHTYp 1-2-3-0. Bentune VD2 BkitodeH B

IIPSMOM HAIIPABJIEHHH, M €ETO CONpoTHBIeHHe paBHo Hyio. [Tostomy Uo +Uc1 =Uco. B mo-

ment Bpemenn ty: Uy =U o, a nanpsukenne na konnencarope C2 Uy = ——, rme Q - 3apsz,
2

NIEPEMECTUBLIMICS IO KOHTYpPY 3a Bpems I —t,. 3apsan xonaencaropa Cl yMEHBIIUTCA U CTAHET

Q-Q
Cy

pasueim Qq —Q , mosromy U C1= . YUuuThIBas 3TO, NOJIY4YHM:

Ql_Q = Ql 50041

Usm +
2m Cl C2
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Qp C;+Cy

Upy +—== :
2m C2 ch'Cz
Tak xak
Ql/C]_:UZm,TO
C,-C
=2y 22
Q M, +C,
Ortkyna:
Ci -Gy
U =2Uyy ————=
C1 ZmC1+C2
C
Uy =2Upp —2—.
C2 2mC1+C2

[pu C1=C2 B Moment ty xounencarop C1 nonHoctsio paspsiken, a C2 sapsiken 10 U o,

[ocne 1) nuraromee HanpsykeHHe HaYMHACT YMEHBIIATBHCS, (P9 CTAHOBHUTCS HUKE (3.
Benrtis VD 3akpsiBaercst. Bertmns VD1 otkpoercst Tonbko mocne {3, korna HanpsbkeHne mu-
TaHMsI CTAHOBHMTCS OTPHLIATEIBHBIM M (P - HUKe Hys. Kongencarop Cl 3apskaercs o KOHTYpY
0-2-1 m x momenty t4 Ugyp =Uo,.

[ocine Uy HampspkeHue TUTaHUS YBEIUUUBACTCS, (P9 CTAHOBUTCS IIOJIOKHTENBHBIM, HO

BeHTUWIL VD2 OTKpBIBaeTcs Tobko B MoMeHT g, korma @9 = @3 =U 9. Konnencarop C2
nojaszapsbkaercs o KoHTypy 1-2-3-0. Ilonb3ysick yxke pacCMOTPEHHBIM METOJOM, MOXKHO JIETKO

onpenenuts, 4to B MomerT {g U1 =0,5U5,a Uy =15-Uyp,.

Hocne tg Bentwns VD2 3akpbiBaetcs, Ha KoHpeHcatope C2 ocraercs Hanpspkenue 1,5
Uy, . Korma @) craneT paBHBIM HYIIO, OTKpoeTcs BenTunb VD2, u konaencatop C1 noxzaps-
mutes 10 U oy, . TTocne Toro, Kak nuTaroliee HanpskeHUue TIPOHJIET Yepe3 OTpHIATENbHBIN MaK-

CUMYM, (09 CTAHOBHTCS IOJIOKUTEIBLHBIM U VD1 3aKkpoeTcs.
3areM oTkpoeTcst BeHTuiIb VD2, n konaencarop C2 noxzapsaurcs 3a cuer Cl u nurato-

mero Hanpskenns 10 1,75U o, . HeTpyHo BUieTh, UTO B yCTaHOBMBIIEMCS PEKUME HaTIpSIKe-

uue Ha C2 nocturaer 2 U o, .
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Ecmm mexny Toukamu 3 u 0 BKiIrOYeHa Harpys3ka R,, To B TeUeHHE MpOMEXyTKa BPEMEHH,
korzna VD2 3aneprt, konaeHcarop C2 Oyzner yacTUUHO paspsbkarbes uepes R,. BeixoaHoe Hamps-
enue Oyzner mynscupyromuMm (puc. 6.3). Ilynbcanun Hanpskenus OU 3aBUCAT OT BEIUYHHBI

C2, R, u BpeMeHH, B TEYEHUU KOTOPOTO 3aKPBIT BEHTUIh VD2, M3-3a MOCTOSIHHOTO pa3psijia am-

mmtya Hanpsokenns Ha C2 6yzer otmmuarses ot 2 U o, Ha nekoropyto semmunny AU | koro-

PYIO Ha3BIBAIOT NMajeHueM Hanpsbkenus. Ilpu pasenctee C1 u C2AU =0U .

AU
l ¢ 2U2 max

AU
oU

Pucynok 6.3 — Ilanenue HanpskeHUe U HAIPSDKEHUE MYIbCAllUi ISl CXEMBbI

Cxema TPEXCTYIICHYATOTO KACKaIHOT'O BBIIIPAMUTECIIA IIPUBEICHA HA PUC. 6.4. HpOI_[CCC 3a-

PAAKH KOHACHCATOpA BO BPEMCHHU ITPOTCKACT TAK KC, KAK U B O,I[HOCTyrICH‘IElTOfI CXEMC.

Pucynok 6.4 — Cxema TpeXxCTyneH4aToro KaCKaJHOTO BBITPSAMUTENS

B ycranoBuBmeMcs pexume kounencatop C1 3apsxen g0 Hanpsxenns U om»>aC2—no
2 U om - [lorennman Touku 2 nsmensercs ot 0 1o 2 U om - CirenoBarensHo, KoHaeHcaTop C3 Mo-

ket 3apsauthes 10 2U o . Tloteniman Touku 4 Torna 6yner menstbest ot 2 Uoy 10 4U o,
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uepe3 Bentwib VDS konnencarop C5 sapsautcst 1o 2U 5y, . Toraa norenuuan touku 6 Gymer

mensaTses ot 4 U om 10 6U om» 4 uepe3 VD6 konnencarop C6 3apsaanutcs 10 2U om - Beixoanoe
HaNpsHKEHUE CXEMbI CKJIabIBACTCS U3 HANpsKeHU Ha konaeHcaropax C2, C4, C6 u coctaBut 6

U5, . B 06uiem cirydae npu n cTyneHsx

U =2Uom -n=2vJ2-n-U,
[TockoabKy 3apsii, MOCTyHAONUK Ha BEPXHUE CTYIIEHU, OTOMPAETCs OT MPEABIIYIINX, TO
MHOI'OCTYIICHYATbIC CXEMBI OKAa3bIBAIOTCA OYCHb YYBCTBUTCIIBHBIMHU K Harpy3KeE. Hal‘IpSDKeHI/Ie
nynbcanuu oU u majgenue HanpspkeHus: AU ObICTpo BO3pacTalOT C yBEIIMUCHUEM YK CIIa CTYIICHEH.

I[J'ISI BBIIPAMUTEIIA € 1 CTYIICHAMUA 3THU BECJIIMYUHBI MOT'YT OBITh pacCUruTaHblI 110 CJICAYIOIIUM IIpHU-

OJIM)KEHHBIM COOTHOIIIEHUSIM:

I, (n+D)n
f.c 2

oJ =

AU :I—”(En3+1n2 —ln),
f-C'3 2 6

rae |, - cpeaHee 3HaYeHUE TOKA Harpy3KH,
H

1 — YHCJIO CTYNIEHEH TeHepaTopa;

fc - 4aCTOTa NUTAKOIICTO HAIIPSAKCHUS,

C - emxoctb KoHIeHcaTopa cxembl (rpu C1=C>2=...Cph=C).

Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHUKE OC30IMaCHOCTH ITPpU BBITTOJIHCHUH J'Ia60paTOpHLIX pa60T IIpUBCACHLIL

B IIPUJIOXKEHUE A.

Ykazanua no evinonnenuro nabopamopnoii pabomui:

B nacrosmeit pabote He0OX0AUMO:

1. O3HaKOMHTBCSI CO CXEMOW W MIPUHITUIIOM Pa0OTHI KACKaIHOTO BBITPSIMHUTEIS, TTOITOTO-
BUTH TAONUILY JUTS 3alUCH PE3yJIbTaTOB M3MepeHU. O3HAKOMHTBHCS C PACIOJIOKEHHEM pPYydeK
yIpaBJIeHUs OCIHuIorpada.

2. C pasperieHus mpernoiaBaTens 1MojiaTh Ha YCTaHOBKY IMUTAaHHUE, BKIIOUYUTH OCBEIICHUE
AIIEKTPOCTATUIECKOTO BOJIETMETPA U MTPOBEPUTH IMOJIOKEHHE HYIS, BKIIOUYUTH AJIEKTPOHHBIN OC-
muIorpad M OTperyaIupoBaTh GOKYCHPOBKY M IPKOCTB JIyda.

3. He BkitO4ast Harpy3KkH, epeyepTUTh ¢ dKpaHa ocuusutorpada Ha oguH oouuil rpaduk

HAIMpsKCHUEC HAa BCCX CTYNCHAX BBIITPAMUTCIIA.
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Jlnst TOr0 BKIIIOUMTH BBIKIIOYATENb B, nepekmtouarenem 11 monate Ha cxemy nepeMeH-
HOE HaNpsHKEHUE U C TOMOIIBIO0 aBTOTpaHc(hopMaToOpa YCTAaHOBUTH BXOJHOE HANPSHKEHUE CXEMBI
5B. Bxoa nocTossHHOTO TOKa ocuuyuiorpada BKIIOUUTh Mex 1y Toukamu 0-1. Ycunenue ocuuimio-
rpada momodpaTe TaKMM, 4TOOBI pa3Max CHHYCOUZIBI Ha 3KkpaHe cocTaBisii 1 cm. IlepeuepTuth
bopMmy HanpskeHUs Ha rpaduK. 3aTeM, He MEHsISl yCUJICHHS U HE CMEIlIas MOJI0XKEHHS JIy4a, BKITIO-
quTh ociuuiorpad mexay toukamu 0-2, 0-3, 0-4, 0-5, 0-6, 0-7 u mepedepTUTh GopMy HaIpsHKE-
Huil. [Tomydennslii rpaduK CpaBHUTH € pUC. 6.5, 0OBACHUTS.

4. TlporpanyrpoBaTh MO HANPSHKEHUIO OCHILIOrpad Mo BXOAYy IepeMeHHOro Toka. s
3TOr0 MEPEKIII0YaTENb BX0[a ocuiuiorpada co cXembl BHITPAMUTENS MOJaTh IEPEMEHHOE HaIpsi-
KeHrne 5B 1 yCTaHOBUTH YCHUJICHHE TaKUM, YTOOBI pa3Max CHHYCOWJBI Ha IKpaHe ocuuiuiorpada

cocTaBisuI 4 cM. Torza 4yBCTBUTEIBHOCTS OCHMIIIOrpada Mo HaPSKEHUIO COCTaBHT:

[Tpu ganpHEHIIMX U3MEPEHHSIX TOJI0KEHUS OCIuIIorpada He MEHATb.

5. CHATH 3aBHCHMOCTb BBIXOJHOTO HANPSIKEHUS M HANPSDKCHMs IIyJbCallud OT TOKa
Harpy3Ku JJIs OIHOM, IByX U TPEX CTYNEHEHW KaCKaJHOTO BBIIPSMUTEIIA.

JI1st 3TOr0 yCTaHOBHUTH HalpshkeHue nuTtanus Beiupsamutess [7B. Ilo snexrpocrarnue-

CKOMY BOJIbTMETPY ONIPEACIIUTDb BBIXOAHOC HAIIPAKCHNUE BBIIIPAMUTCIIA, U3MCHAA TO HArpy3KH OT

0 mo 400 MKA.

U
A @1

>

e

@3

4U2 m — >

@4
2U2 m s =

Pucynok 6.5 — MI3MeHeHne MOTEHINAI0B B PA3JIMYHBIX TOYKAX CXEMBbI TPEXCTY-

MNEHYATOI'0 BBIIPAMUTEIIA B YCTAHOBUBIICMCSA PCIKUME
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Ha skpane ocuumiorpada u3mMepuTh BEITUUUHY TYJIbCAIUI BBIXOJHOTO HAIPSYKEHUS B CM.

PesynbTarsl u3MepeHuii 3aHecTu B TaOIULLy.
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Tabnuma 6.1 — BerxogHoe HaNpsOKEHWE U HAMIPSDKEHUE TYJIbCAIMN KaCKaTHOTO BBITIPSI-

MUTCIIA
o TOK Harpvy3Ku BBIIIPAMHA-

IJJH q;‘;i;;;ﬁ:iz“ lea, MKA ’ 100 | 200 | 300 | 400
u. B
1 1 & oM
sU ,B
U, B
2 2 &y .M
sU ,B
U, B
3 3 & .M
sU ,B

3,[[60]:: U - BBIXOAHOC HAIIPSAKCHUC BBIIIPAMUTCIIA, OIIPCACIIACMOC 110 JJICKTPOCTATHUYC-

6bIX

CKOMY BOJIETMETPY;

&y - HalpsDKEHHE MyJibcalluii Ha 3KpaHe ocuuiuiorpada, cMm;

SU - HaIIpsDKEHUE MyJibcalui, B;

K, - 9yBCTBUTEJIHHOCTh OCLMIUIOrpada, onpesesieHHas B 6.3.

HpI/I HU3MCPCHUU BLIXOJHOI'O HAINPSAKCHUS BBIIPAMUTCIIA Ha XOJIOCTOM XOAY OTKIIFOUYUTDH

OT CXEMBbI BBITIPAMUTCIIA HArpy3Ky U BXOJ ocunnnorpa(ba.

6. Ilo monay4eHHBIM TaHHBIM MOCTPOUTH JJISi OAHOM, IBYX, TPEX CTYNEHEH BBIIPSIMUTENSA

3aBUCHMOCTH BBIXOJIHOTO HAIIPSKEHUS U HAIIPSDKEHUS MTyJIbCALIMU OT TOKa Harpy3ku U, = f(l,)

1 oU="f(l,).

7. PaccuuTtaTh BBIXOJHOE HAIPSPKCHUEC U HAIIPSPKCHUC ITYJIbCAIUN JIJISL OHHOﬁ; ABYX, TpCX

CTYNEHEHN BBIIPAMUTENSA U ITOCTPOUTH 3aBUCUMOCTH U,

rpaduxke.

Cooepocanue omuema:

OTyeT D0JKEeH ColIepKaTh:

1. Ha3Banue paGoTsl;

2. llens paboTsr;

3. KpaTtkue Teopetnueckue CBEACHHUS,

4. Onrcanue UCIoJIb3yeMOro 000pYyI0BaHHS M MAaTEPUAJIOB;

=f(l,) u U = f(l,)- Ha OpeabIAYIIEM

43



5. [Mopsaok BeIMOHEHUS PAOOTHI;
6. Berunicnenus u 00paboTKa pe3yabTaToB;

7. BBIBOJIBL.

Konmponsuwie éonpocoi:

1. [Tpunun paboTs! 0AHO(A3ZHOTO BEIIPSMUTENS HAa eMKOCTHYIO Harpy3Ky. COOTHOIIEHHE
HaNpsHKCHUH Ha DJIIEMEHTaX CXEMBI.

2. CxeMa W MpUHIMI pabOTHl OJHOW CTYIEHU KAaCKaJHOTO BBIIPSMHUTENS B IpOLIECcCe 3a-
PSLIKH.

3. IlpuHIMI YMHOKEHUS HAMIPSHKEHUS C TIOMOIIBIO MHOTOCTYIIEHYATOM CXEMbI BHITIPSIMU-
TEIs.

4. JIocTOMHCTBA M HEIOCTATKH MHOTOCTYIIEHYAThIX KACKAIHBIX BBIIPSMHUTEIICH.

5. [Ipoananu3upoBars pabOTy OJHOI CTYNEHH BBIIPSMHUTEINS MIPU MTUTAHUH MIPSIMOYTOJIb-

HBIMHU UMITYJIbCAMH YEPEAYIOIIEHUCS MOIAPHOCTH.

44



Jlabopamopnan paooma Ne 6. I'enepamopvt umnynscuvix nanpsaxcenuii. I'enepamop

umMnyabcHolx Hanpaxcenuil 750 kB.

Ilens padomur: O3HaKOMUTHCS CO CLIOCOOAMHU MOTyYEHUS TPO30BBIX UMITYJIBCOB, YCTPOM-
ctBoM u padoroit [MIH 750 kB; M3yunTh METOIBI peryJupoBaHuUs MapaMeTPOB TPO30BOTO UM-
myJibca ¥ METO/bl UX u3Mepenus; [IponsBecTy u3MepeHrue aMILUIUTYAbl TPO30BOTO MMITYJIbCA C
MOMOIIBbIO U3MEPUTENBHBIX MApPOB AuamMeTpoM S0 cM. O3HAKOMUTBCS C METOJIaMH PETUCTPALIUU

(G opMBbI IPO30BOTO UMITYJIbCA C TOMOIIBIO JIEKTPOHHOTO ocuusuiorpada.

Ocnoevt meopuu:

B nporecce skcmityarauuy Ha 3JI€KTPUUYECKYIO M3OJISILMIO JIMHUM U anmapaToB BO3/AEH-
CTBYIOT I'PO30BbIE U BHYTPEHHHE NIEPEHAIIPSDKEHUA. [ p0o30BBIE IEpEHANIPSKEHNS BOSHUKAIOT IIPU
yJlapax MOJHHUHU U UMEIOT (POpMy KpaTKOBPEMEHHOI'O allepruoJUuecKoro uMIyiabsca. BHyTpennue
NEPEHAIPSHKEHUSI CBSI3aHbl MPEXKJIE BCErO € PA3IMYHOrO pojia KOMMYTALMUSIMHU U NEPEXOAHBIMU
pexumamu. @opma BHYTPEHHUX [EPEHAINPSKEHUN 3aBUCUT OT MX BUJA, HO Yallle BCEro — 3To 3a-
TyXarolue KoyebaHus ¢ HEeKOTOpoil MakcuManbHOM amruTynoi. [Ipu 1abopaTopHbIX Hccaeno-
BaHUSX UMITYJIbCHBIX IIPOLIECCOB UCIOIb3YHOTCS T€HEPATOPHI TPO30BBIX M KOMMYTAIIMOHHBIX UM-
MyJBCOB U U3MEPUTEIIbHBIE CUCTEMBI, TO3BOJISIOIINE ONPECIIUTh aMIUIUTYAY U PETUCTPUPOBATD
(GbopMy OAHOKPATHOTO UM MHOTOKPAaTHOTO UMITYJIbCa HAIIPSKEHUSI.

AMIUIUTYZa MOKET OBITh MU3MEpPEHa C MOMOIIbIO MIAPOBOT0 Pa3psiAHUKA, a IS PErucTpa-
11K (POPMBI UMITYJICA UCTIONB3YIOTCS BRICOKOBOJIBTHBIE OCHMIIIOrPa(bl C EMKOCTHBIMU UJTH CME-
HIAHHBIMU JIETTUTENIMU HaPsKEHUSI.

NMnynbCcHBIE YCTaHOBKU JOJKHBI 00E€CTIEYUTh FEHEPALIMI0 allepUOANYECKUX UMITYJIbCOB
HanpsokeHus (Toka). OCHOBHBIMHU MapaMeTpaMu uMityibca (puc. 7.1) sBistorces: aMuntyaa Umax,

JIIUTCIIbHOCTD (1)pOHTa HUMITYyJIbCA T, JJIUTCIBHOCTh UMITYJIbCA Ty.

e L
0.9
05 ——f/—1 —
0,3_ Umax
N
u

Pucynok 7.1 — OcHoBHBbIe TapameTpsl umiysibca ['TH
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CrangapTHbIE UMITYJIbCHI, UMUTHPYIOIINE aTMOC(EPHbIE IEPEHAIIPSHKEHUS, UMEIOT 7=1,2
MKC, =50 MKkc. UMIyIbChl, HUMUTHPYIOLLIME BHYTPEHHUE NIEPEHANPSKEHUS, UMEIOT 75=250 MKC,
7,=2500 MKc.

Cxema 'MH, nipencraBnenHas Ha puc. 7.2, COCTOUT U3 ABYX OJIOKOB — 3apsITHOTO YCTPOK-

ctBa 1 (3Y) u ymHoxurens Hanpspkenus 2 (YH).

Pucynox 7.2 — Cxema 'MTH

3apsiHOE YCTpOMCTBO | BKIIIOUAET perynpoBOUYHbIN aBTOTpancopmarop T1, nosslaro-
mui Tpancdopmatop T2 1 BEICOKOBOJIBTHBIH BhipsiMuTeNnb VD, TO ecTh 3V mpeacTaBisieT 0J1HO-
IIOJIyTIEPUOIHBIN, BBICOKOBOJIBTHBIN, PETYJINPYEMBIH BhIIpsAMUTENb. B kauectBe BenTmwia VD Ha
HanpspkeHue 100 kB ncnonb3yroT BEIIPSIMUTEIbHBIE CTOJIOUKHN HA MOJYTIPOBOIHUKOBBIX AHOJaX.

YMHOXHTENb HANpsHKEHUs 2 BKIt0YaeT KoHaeHcaTopsl C, pe3ncTopsl Raaw, R3, Ry, Ry n
paspsanble npomexxyTku FV1, FV2. Ha puc. 7.2 npuBenena cxema yIBOCHMs HANIPSKCHHUS.

[Tpunun padotel 'MHa 3aximtouaercs B cienyrolieM: Ha MEpBON CTaIHM, B PEKUME 3a-
psna xoHjeHcaTopsl C coelMHEHbI MapalljIesIbHO U 3apskatoTcs oT 3Y uepes pe3ucTopbl Riam, R3
C TIOJIAPHOCTHIO, YKa3aHHOH Ha cxeMe (pHc. 7.2). 3ammTHEIH pe3nucTop Raam = 3-10° OM npeana-
3HA4YEH JUI OTPaHUYECHMS TOKa 3apsija B MOMEHT BKJIIOYEHHs, T.€. 3alIUINAECT BEHTWIb VD n
TpaHnchopmarop T2 oT meperpyskH.

BennunHa HanpspKeHUs, 10 KOTOPOTO 3apsbKaroTesl KoHAeHcaTopbl C onpenenseTcs 3IeK-
TPUYECKON MPOYHOCTHIO HCKPOBOrO MpoMexyTKa FV1HO He Jo/KHA IPEBBIIATh aMIIUTYy BbI-
NpsIMIIEHHOTO HanpskeHust Uzm.

Korna nanpsbkeHue B Touke | MPEBBICUT AIIEKTPUYECKYIO IPOYHOCTh NpoMexyTKa FV1,
IPOMCXOTUT MPOOOIl ITOro nmpoMexyTka U KoHjaeHcaTopsl C COeAMHSIOTCS MOCIeI0BaTeIbHO, -
Touka 2 Oy/AeT coeuHeHa ¢ Toukoi 1 uepes nemmndupyrontuii peauctop R, u conpoTuBnenue uc-

KpoBoro nmpomexyrka FV1.
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Braronaps TOMy, UTO CONpOTHBIEHHE pe3ucTopa R Bemuko (R3=5-10% Om), a conpoTus-
nenue pesuctopa Ry mano (Ry=10-20 Om), KOHJEHCATOPHI HE YCHEBAIOT Pa3psSaIUThCs, MOTEH-
1[MaJl TOYKU 2 MOBBIIIAETCS JI0 MOTEHIIUANA TOYKH 1, a MOTEeHIHUAaN TOYKH 3 yBEIUYUBACTCS, IPHU-
MEPHO, B JIBa pa3a.

[Ipu nepexiitoueHuu KoHaeHcaTopoB C ¢ MapajieibHON CXeMbl Ha MOCIIeI0BaTEeIbHYIO
MPOUCXOIUT IPOoOOH paszpsaHoro npomexxkyrka FV2, Tak kak ero aiekTpudeckasi IpoOYHOCTh HIKE
BEJIMYMHBI YBOCHHOTO HAIPSIKCHUSI YMHOXKHUTEIS, BEIXOAHOE HAMPSHKECHHE YMHOXKUTENS OyeT
NPUIIOKEHO K 00beKTy uctbiTanus Cy ¥ pa3psiHOMy pe3ucTopy Rp.

CKopocCTh HapacTaHMs HAIPSDKEHUS Ha 00BbEeKTe (ITMHA PpoHTa UMITyJIbca) OyAeT ompe-

ACIIATBCA MMOCTOSTHHOM BPCMCHH 3apsAaaa KOHACHCATOpa Cq), T.C.
75 =(2+3)-(Rg+Ry)-Cy
Korna nanpsbxenue Ha o6bekte (Cy) JOCTUTHET NMpeAeIbHOr0 3HaYeHHs, KoHaeHcaTopsl C
u Cyp HaYHYT pa3psHKaThes uepes TIaBHBIN pa3psaaHblid pesuctop Ry (cnag umnynsca). [Ipu aTom

AJIUTCIIBHOCTDb BOJIHBI UMITYJIBCA HpI/I6J'II/I3I/ITeJII)HO B Il&HHOfI CXEMCEC 6YI[6T paBHa

7 :o,67((23+c¢j-(R0 +R,+R,)

Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHUKEe OC30IMacCHOCTH IIPpU BLIITOJIHCHHUU J'Ia60paTOpHBIX pa60T IMPUBCJACHBI

B IIPWJIO’KEHUE A.

Ykazanus no evinonnenuro nabopamopnoi pabomet:

1. O3HaKOMMTBCS ¢ MHCTPYKLUEH MO TEXHUKE 0€30MaCHOCTH ISl TaHHON YCTaHOBKH.

2. Oznakomutecs co cxemamu ['MTH-750, cxemoint 3apsinHoro ycrporictsa 3Y-150 u
CXEMOMW yIpaBJIeHHUS LIapaMH.

3. O3HAaKOMUTHCS C IEPEUUCIEHHBIMU YCTPONCTBAMU 1 YCTAaHOBKaMH B HaType, 3amu-
caTh MacHOPTHbIE JJaHHbIE OCHOBHOTO O0OPYAOBaHUS M ONPEACTUTH MOJIIPHOCTH MOJIy4aeMOro
UMITyJIbCA.

4, Paccuurars ocHoBHBIE napameTphl [ TH: eMkocTh B ynape C,, SHEPIHIO B yAape U

koddurmeHT ucnonb3oanus [ TTH.
S. PyxoBoactBysice uHcTpykuueit k 3Y-150 Bxmounts ['MH-750 B paboty u no-
OUTHCS YCTOMYMBOTO paboyvero xXo/a ¢ NepuoAMYHOCTHIO UMITyJIbca 3-5 c.

6. W3mepuTh aMIUIMTYAy UMITYJIbCA U3MEPUTEIBHBIMU HIapaMH.

47



7. Hcnonb3yst UMITYIBCHBIN 3JIEKTPOHHBIN ociruiiorpad, onpeeIuTh OCHOBHBIC ITa-
paMeTphl MOJIY4EHHbBIX UMITYJIbCOB.

8. IIpoBecTu ucciaenoBaHue BIUSHUS Pa3IMYHbIX napameTpoB cxeMbl I IH Ha Benu-
YUHY aMIUIUTY/Ibl TPO30BOr0 UMITYJIbCA U BPEMEHU €€ JOCTUIKEHHUSI, UCIIOJIb3Ys] KOMIIBIOTEPHYIO
nporpammy GIN (MHCTpyKIMs 1O TOJB30BaHUIO TporpamMmoi npuBoautcs B [lpunoxkenun 1

IPAKTUKYMA).

Cooeprcanue omuema:

OTuer 10JDKEH COAepKaTh:

1. Ha3Banue paboThI;

2. Llenb paboThI;

3. Kparkue TeopeTuueckue CBeICHMS;

4. OnucaHue UCIOIb3yeMOro 000py10BaHUs U MaTEPUAJIOB;
5. [lopsiok BeINONHEHUS PabOTHI;

6. Berunicnenus nu 00paboTKa pe3yabTaToB;

7. BeIBOIEL.

Konumponvnwie éonpocwi:

1. Haznauenue u npunuun padotst I'H.

2. OcHoBnble 2nemenTsl [ MH 1 ux BnusHue Ha popMy 1 apamMeTpsl UMITYJIbCA.

3. Cnoco6sl perynupoBanus pexxuma padbotsl [ MTH muig usmepenust aMIminTyibl UMITyJ1b-
COB U YacTOTHI UX CJIEJOBaHUS.

4. Metonibl U3MEpEHUsl UMIYJIbCHBIX HAIPSHKEHUN: aMIUIMTYAbl alepuoInYecKoro UM-
nyJbca, AIUHBI (POHTA U JUIMHBI UMITYJIbCA.

5. brnok-cxema ocumitorpada A perucTpani OJHOKPAaTHBIX KPaTKOBPEMEHHBIX HM-

ITyJIbCOB BBICOKOI'O HAIIPSAXKCHH.
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Jlabopamopnan paooma Ne 7. I'enepamopvt umnynscuovix nanpasxcenuii. Onpeoenenue

30H 3auiunmbl CMEPHCHEBBIX U MPOCOBBLX MOSTHUCOMBOO08.

Ilenv pabomei: I3yunTh pacyeTHbIE METOAbI ONPENEICHUS 30H 3aIIUThl CTEP)KHEBBIX U
TPOCOBBIX MOJIHUEOTBOAOB. O3HAKOMHMTCS C SKCIIEPUMEHTAIBbHBIMU METOIaMU UCCIIEJOBAHUS 3a-
HIMTHBIX 30H MOJIHMEOTBOJIOB C ucnoiib3oBanueM ' MH. Onpenenuts 3KcriepuMeHTaIbHO U CPaB-
HUTHb C PACYETHBIMH 30HBI 3aLUTHI CTEPKHEBBIX U TPOCOBBIX MOJHUEOTBOJOB. [IpoBecTn BU3y-
aJIbHOE UCCIIEAOBAHUE 30H 3aILUTHI CTEPKHEBBIX U TPOCOBBIX MOJIHUEOTBOIOB IO KOMITBIOTEPHOU

mporpamme.

Ocnoevt meopuu:

CreprKHEBBIE U TPOCOBBIE MOJIHUEOTBOIBI ABJIIIOTCS OCHOBHBIM CPEJICTBOM 3alLUThI YHEP-
reTUYEeCKUX U MPOMBIIIJICHHBIX COOPYKEHUN U YCTAaHOBOK OT MpPsSIMbIX yaapos MojHuH (ITYM).
PeanbHbIii MOTHUEOTBO COCTOUT U3 MOJIHUETIPUEMHHKA B BUJI€ CTEPKHS WM TPOCa, BO3BbIIIA0-
HIETOCs HaJl 00bEKTOM 3aIUTHI, TOKOBEIYIIINX CITYCKOB U 3a3€MJIUTEIIS.

MoIHHEOTBObI BOCHIPUHUMAIOT Ha ce0sl yapbl MOJIHUU M 00pa3yloT BOKPYT ce0s Mpo-
CTpPaHCTBO, 3auuieHHoe oT [IYM ¢ 6osbl1oi cTeneHblo BEpOATHOCTH. ITO IPOCTPAHCTBO HA3bI-
BAETCs 30HOU 3aIlMTHI MOJIHUEOTBOJA.

3ammTHOE ACHCTBHE MOJIHMEOTBOA CBSI3aHO C T€M, YTO Pa3BUBAIOIIUNCA OT O0OJiaka Jin-
JIEpHBIN pa3ps]i OPUEHTHUPYETCS B HANpaBICHUU MaKCUMAaJIbHOI'O I'pajleHTa (HaNpsHKEHHOCTH)
SIEKTPUYECKOro mosst. HaumHas ¢ HEeKOTOPO BBICOTBI H =10-20h, rie W sBiseTcs BBICOTOO
3alUIAEMOr0 00BbEKTa HAa OPUEHTALHMIO JIMAEPHOTO pa3psijia HAauWHAET BIUATh Haubosee BO3BbI-
MIAFOIIMICS POBOISAIINI 3a3eMIICHHBII IpeMeT (MOJIHUEOTBO/I BBICOTOM N), B HAaNpaBJIeHUH KO-
TOPOTIO IOJIE PE3KO YCUIIUBAETCA.

ITpu GpopmupoBaHUM JTHIEPHOIO KaHada HAJl MOJHUEOTBOJIOM HJIM C HEKOTOPBIM CMellle-
HHeM (He Ooree 3,5N) MOJTHUS MITM TOPAa3UT MOJTHUEOTBO/I, MIIM YIAPUT Ha 3HAYUTEITBHOM PacCTo-
SHUU B 3EMJIIO.

Ecnu BOIM3M MOJTHMEOTBO/a WIIK MTOJT HUM PAcIOaraloTcsl COOPYKEHHs WK 000pya0Ba-
HUE, TO MPU ONPEEeIEHHOM BO3BBIIIEHUH MOJHUEOTBOJAa HaJl 00bEKTaMU 3alUThl BEPOSTHOCTh
ux nopaxenus [IYM moxer ObITh JOBEJIEHA 10 OYEHb MaJbIX 3HaueHUH. OJHAKO cleayeT MOM-
HUTb, YTO CTATUCTHUYECKUI XapakTep mpolecca MpoOos JIMHHBIX BO3AYIIHBIX HMPOMEXYTKOB
(MOJHMHM) MIPH JTIOOBIX YCIOBUSAX OCTaBISIET HEKOTOPYIO BEPOSITHOCTD MOPAKEHUS MOJIHUEN 00b-
exrta 3amuThl. [103TOMYy 30HBI 3alIMTHl MOJTHHEOTBOJIOB OTPAaHUUYMBAIOTCS PACCTOSHUIMHU (KpHU-

BBIMH), ONIPE/ICJICHHBIMU C 33JJaHHOM CTENEHBIO BEPOATHOCTH 3alIUTHL, Hanpumep ¢ P, =0,999.
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[IpuHATBIE HOPMBI U PEKOMEHIALMH IO PACYETY 30H 3aIUTHl MOJTHUEOTBOIOB ITOJTYyYEHbI
HA OCHOBAaHUU JIA0OPATOPHBIX UCCIICOBAHUIA M TIOJITBEPKIAIOTCS MMOJICBBIMU HAOIOICHUSIMU 32
nopaxaeMocThio [TYM peanbHBIX 00BEKTOB U MOTHUEOTBOIOB.

30Ha 3alIUTHl OJIMHOYHOTO CTEP>KHEBOTO MOJIHMEOTBoJa (puc. 8.1) BcieAcTBUE OCEBOM

CUMMETPUHU UMEET BH/JI TeJla BpallleHus: ¢ 00pa3yrolieH, yI0BIETBOPAIOIIECH YPaBHEHUIO:
r.=1,6h—=p
h+h,

rre p=1 Opu h<30 4 p:5,5/\/ﬁ npu h>30.

Jliis nBYyX, TpeX u 00Jiee CTEP>KHEBBIX MOJIHUEOTBOIOB IPH ONTUMAIBHOM MX PACIIOIOKE-
HUU 00111251 30HA 3aIUTHI 3aMETHO TIPEBBIIIIACT CYMMY 30H OT/ICIBHO CTOSIINX JIBYX, TPEX U OoJiee
MOJIHUEOTBOJIOB, TaK Kak 00Ilas BEpOSITHOCTh MPOpPHIBA MOJIHUU K O0BEKTY B cepe neiicTBus
HECKOJIBKUX MOJHHUEOTBOIOB YMEHBIIIAETCS.

Ha puc. 8.2 npencraBienbl 30HbI 3alIUTHI ABYX, TPEX M YETHIPEX MOJHUEOTBOMOB. [[is
JIBYX MOJIH€OTBO/IOB BHEIIIHSISI OTMOArOIIas B pa3pe3e MPOBOAUTCS TaKKe, KaK U 711 OJUHOYHOTO

MOJHHCOTBOAA. HpOFI/I6 OFH68.IOIJ.[CI>1 MCKAY BECpHIMHaAMU OIIPEACIIACTCA IO OKPYKXHOCTH, ITPOBEC-

JneHHo uepe3 Touku 1, 2 (puc. 8.2, a). Haumenspinas mmpuna 2b, Ha ypoBHE h, B IUIaHE HaXo-

JUTCA 10 KPUBBIM HJIHU I1O BBIPAXKCHUIO
b, = 4r,(7h, —a)/(14h, +a)

HOCTpOCHI/IC BHEIITHEHN rpaHUIBbI 30HBI 3aIIATHI TPEX HJIM YCTBIPCX CTCPIKHEBLIX MOJIHUC-
OTBOJAOB IMPOU3BOJUTCA MOIAPHO IO pAaCYCTHBIM COOTHOIICHUAM IJIA KaKABIX ABYX COCCIHUX

MOJIHUEOTBOJIOB. Y CIIOBHE 3aIIUThI BCEH IO MEXAY MOJIHHEOTBOIaMU Ha YpOBHE h, ormpe-
nensercs cootHomenueM D <8h,, rae D sBasiercs nuaMeTpoM OKpYKHOCTH, IPOBEJACHHBIM Ye-

pe3 Touku 1, 2, 3 unum Gonblas AMaroHanb YeThlpexyronbHuka 1, 2, 3, 4 (puc. 8.2 6, B).

Pucynok 8.1 — 30Ha 0OIMHOYHOTO CTEPKHEBOI'O MOJTHUEOTBO1A
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Pucynok 8.2 — 3oHa 3a1uThl JBYXCTEPKHEBOTO MOJIHUEOTBOAA

Jnisa orieHku 3P PEeKTUBHOCTU TPOCOBOM 3amuThl TpoBoAoB BJI vare Bcero ucnonb3yercs

MOHsATHE yria 3aiuTel & (puc. 8.3).

JIaGopaTopHbI€ HCCIIEJOBAHUS U MOJIEBBIC HAOIIOICHUS MTOKA3BIBAIOT, YTO () (HEKTUBHOCTH

TPOCOBOM 3aILIUTHI MOXKET OBITH OINPEAEIICHA 110 BBIPAXKEHUIO
gP, = ahy _,
90 ’

rae P, - BEpOSATHOCTb IPOPBIBA MOJHUHU YEPE3 TPOCOBYIO 3AILUTY;
h,, - BBICOTa OIIOPHI B METPAX;

@ - YroJl 3aIlMThI, TPATyCHI.

ITpu naGopaTopHBIX MCCIEIOBAHUAX KaHAI MOJHHM MOJIEIUPYETCS OOBIYHO MeTauinye-
CKUM CTEpKHEM, Ha KOTOpBIN MoaaroTcs uMiyibchl HanpsbkeHust ot ['TH. Crepaxens pacnonara-

€TCs Ha «BBICOTE OpUEHTALIUN» MOJIHUU H,, ~ (10-20)h ,
rae h, - BeICOTa MOJEIN MOJIHUEOTBOA.
CrepikeHb MepeMeIaeTcsi B TOpu30HTAIBHOM TUIOCKOCTH Ha paccTostHUM 10 4 h 1 Gonee

OT OCH MOJIHHUECOTBOAA (I/I.]'II/I HaO60pOT MOJIHUEOTBOA NNEPEMEIIACTCA OTHOCUTCIIBHO HEIIOABHXK-

HOTO CTepHs ). MakcumanbHas BbIcOTa H,, TIpU 3TOM OrpaHHyY€Ha PacCTOSHUEM, KOTOPOE MOKET
ObITH MepekprITo ¢ nmomotibio I'H nmpu nonoxurensHoM uMnysbee. [1o Benmuunae H, MOXHO

HaWUTH pa3sMEpPhL MoJeje MOJIHHEOTBOAOB U 00BEKTOB 3alllUTHI.

51



UcneitatenpHas ycranoBka (puc. 8.4) cocrout uz ['MH-750 kB (cm. 1a6. padoty Ne 7);
CTEPIKHS, IMUTHPYIOIIET0 KaHaJl pa3psiia MOJIHUU; 3a36MIICHHOM ITIOCKOCTH; MOJIETICH CTepIKHE-
BBIX MOJIHUEOTBOJIOB; MOJIeNIell 0OBEKTOB 3aIMTHl M MOJAETU BO3AYIIHON JIMHUU C 3alIUTHBIMU
TPOCAMH.

Mopenu MOXHO MPOU3BOJIBHO pacrioyiarath Ha IJIOCKOCTH, a CTEPIKEHb IepeMeniaTh o

BEPTUKAIH. AMILTUTYAHOE 3HadeHue umiyiasca [ TH-750 U =600 -700 kB. DT0 Hanpsxe-

umn. max

HUE IIPU MOJO0KHUTEIbHON MOJISPHOCTH CTEPIKHSI MO3BOJISIET NEPEKPBITh paccTosgHue 1-1,2 metpa.

[ToaTomy Ui Mozenelt CTepKHEBBIX MOJHUEOTBOJOB MpUHATHL h, =10 u 15 cMm, 00beKkTOB 3a-
umThl h, . =517 cm.

Kpowme cTpororo cobmonenns npasui Th npu paboTe Ha HCIIBITATETFHBIX YCTAHOBKAX BbI-
COKOT'0 HaIpsKEHUS ITPH BBIIIOJIHEHUU JIaHHOM paboThl HEOOXOIMMO UMETh B BUJY CIIEYIOIIEE:

1. IToaroroBka Mozenel K UCIBITAHUIO U UX MEPEMEIEHHUE 110 XOAY pabOThl IPH CHATOM
HANPSDKEHUU U 3a3eMJICHHOM ycTaHOBKe, a Takxke BKiIroueHue ' MH-750 B paboty u ero oTkitode-
HUE BBITNOIHAETCS TOJIBKO NIPENOAABATENIEM HIIU JIAOOPAHTOM.

2. Ilpu pabore I'MH-750 kB cTyaeHTbI 10JIKHBI HAXOJUTHCS Ha paccTOsIHUM He MeHee 0,5

MCTpa OT CETUATOI'O OI'pAKIACHHA.

N
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\
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Pucynok 8.3 — 30HbI 3a1IUTHI

THH - 750

I

Pucynok 8.4 — npuHIMIUAIBHAS CXEMa UCTIBITATEIbHOM YCTaHOBKH
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Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus Mo TeXHUKE OE30MaCHOCTH MIPH BHIMOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B IIPWJIOXKEHUE A.

Ykazanua no eévinoanenur nabopamopmnoit pabomoi:

1. TTo 3apanHbIM pazmMepam MOJIHHEOTBOAOB (N) 1 00BbEKTOB 3auUTHI (HarpumMep, h,, = 0,5h

a) paccuuTaTh PagUyC 3alIUTHl OTAEIHHO CTOSILEro CTEPKHEBOTO MOJIHHEOTBOAA Ha
YPOBHE 3eMJIH U Ha YpOBHE Nog;
0) paccunTaTh MAaKCUMAJILHOE PACCTOSHHUE (a) MEXKY IBYMS MOJIHHEOTBOJIAMHU OJTMHAKO-

BOIi BBICOTHI (N) TIpH pacosoKeHUu: MOCPEANHE MEXY HUMU 00BbeKTa 3aiuThl (h,, = 0,5h);
B) BBIYEPTUTH IOJIyYE€HHBIE 30HBI 3aIlIUTHl B pa3pe3e U B IUIaHe (HA ypoBHAX h, =0 u
hx = h06 )

2.BBINOIIHUTG ONBITHYIO IPOBEPKY PACUETHBIX 30H 3aLUTHI HA MOJIEIIN:
. H,
a) OmpeNeNuTh MacTad TUHEHHOrO MOIeTUpOBaHus K,, = - 1P Hy =1w s ciiydas

H =10h TPH h <30x M BBIYUCIUTH pazMepsl Mojenu (h, = K, h);
0) yCTaHOBUTH MOJIETTb MOJTHHEOTBO/Ia HE PACCTOSHUU 35h,, OT OCH CTEP)KHSI, a MOJIEITh

o0bekTa 3auuThl h, . =h =05h Ha pacCTOSHUU r,, OT OCU MOJHHUEOTBO/IA;

M.06

B) BKItounTh [ TH-750 1 onpenenuts BEpOATHOCTH MOpPaXEHUs] 00bEKTA Uil 3aJaHHOTO
upcna pazpsaos (10-20).

Buumanmne! Onepanun BriatoueHus u otkiroueHust I MH-750 BeIMOIHAIOTCS TOJIBKO Mpe-
Mo/IaBaTeNIeM WK JabopaHTOM;

I') YCTAaHOBUTH MOJIEIH JIBYX CTE€PKHEBBIX MOJIHHEOTBOJIOB OJMHAKOBOW BHICOTHI Ha pac-

CTOSHUHU «,, = oK » APYT OT Apyra 1 MOICIIb 0o0BeKTa 3alIiThl h MMOCPCANHEC MCKIAY MOJIHUC-

M.00
orBojamu. Bxmounts 'MH u ybenuThbes, 4To npyu NPUHATHIX YCIOBUSAX BEPOSITHOCTh MOPasKEHUS
00BbeKTa MPAKTHUECKU paBHA HYIIIO.

3. PaccuuTarh BEpOSATHOCTH MPOPHIBA MOJIHUM MUMO Tpoca K IIPOBOAY JJIsl OIIOP BBICOTOM
h=16m u 20m tipu yriaax 3amutsl 0=20°, 25° 1 30°. BIMOIHUTE KAYECTBEHHYIO MPOBEPKY P eK-

THUBHOCTH TpOCOBOﬁ 3allluThl HA MOACIN BOS,Z[yuIHOfI JIMHHH.

Cooepocanue omuema:
OTyer N0JKEeH ColIepKaTh:

1. Ha3Banue paboThI;
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2. llens paboThI;

3. Kparkue TeopeTuueckue CBeICHHS;

4. Onucanue UCIoiIb3yeMoro o0opy10BaHUs U MaTepUAJIOB;
5. [TopsaoK BeIMOTHEHUS PaOOTHI;

6. Beruncienust u 06paboTKa pe3yabTaToB;

7. BBIBOJIBI.

Konmponwvuwvie sonpocwi:

1. O6bscHuUTE, C 4eM CBA3aHO 3aLUTHOE AEHCTBUE CTEP>KHEBBIX U TPOCOBBIX MOJIHHEOTBO-
JI0B.

2. C xakoii BRICOTHI MOJHHUS HAUWHAET OPUEHTUPOBATHCSI HA MOJTHUEOTBOA?

3. Uto Takoe 3amuTHas 30Ha MOJIHUEOTBO1a?

4. ITouemy 3aImuTHas 30Ha OrPAaHUYMBACTCS MOBEPXHOCTHIO, KOTOPAsk ONpPENENsIeTCs C He-
KOTOPOH BEPOSITHOCTHIO?

5. Kak onpenenstorcs rpaHulibl 3alUTHBIX 30H CTEP’KHEBBIX U TPOCOBBIX MOJIHHEOTBO-
noB?

6. B uem 3axitoyaercst IMHEHHOE MOJICIMPOBAHNE MOJHHEOTBOJOB M OOBEKTOB 3aIUTHI
ot [IYM?

7. Kak npoBepuTh COOTBETCTBUE PE3YJIbTATOB, OJYYEHHBIX Ha MOJEIISAX, 3aLIUTHOMY JI€H-
CTBUIO PEAIIBHBIX MOJHUEOTBOAOB?

8. Ilokaxxurte 3amIUTHBIN yros TpocoBoi 3amuThl BJI. Kak 3aBuCHT BepOsSTHOCTH MPOPHIBA

MOJIHUM MHUMO TpOCa K IPOBOY OT BEJIMYUHBI 3alIUTHOTO yria?
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Jlabopamopnas pavoma Ne 8. Pacnpocmpanenue 60,11 nepeHanpaxceHuil. Kea3ucma-
UYUOHAPHDBIE U KOMMYMAYUOHHbIE NEPEHANPANCEHUA. 3AUUMA OM NEPEHanpPA;ceHull. 3a-

mumubtepaspﬂdnuku u ocpanudumetu nepenanp}lafcenuﬁ.

Lenv pabomoer: O3HaKOMJICHHE C Ha3HAYEHUEM, PUHIIUIIOM JAEHCTBUS U KOHCTPYKIIMEH
pa3psIHUKOB M orpanmuutened nepeHanpspkeHuit (OITH). M3yuenue ocobeHHOCTEH pabOTHI U
MPUMEHEHHUS OCHOBHBIX THIIOB TPYOUaThIX U BEHTWIbHBIX pa3psaHukoB u OITH. Pacuer xapakre-

PUCTHK Y 3al[UTHOIO JIEUCTBUA Pa3psIHUKOB C UCIIOIb30BaHUEeM DBM.

OcHogvl meopuu:

BouHbl mepeHanpspKeHuid, BOZHUKIINE HA JIMHUAX MPH yAapax MOJIHUH, PacpoCTpaHs-
IOTCS 110 MIPOBOJIaM, JOXOJAT JI0 MOACTAHIIMM U MOTYT HPEACTaBIATh OMACHOCTh JUIsl M30JIALIUU
YCTAHOBJICHHOI'O Ha MOJCTaHIMKM 000pynoBaHMs. Takoi jke 0OMacHOCTH MOT'YT IOJBEpraTbecsi OT-
JIeJIbHbIE MECTa Ha JIMHUU, UMEIOLIUE OCIabJeHHYI0 M30JIALUI0 WM OCOOEHHO OTBETCTBEHHbBIE
YYaCTKH (TPaHCIIO3UIIMOHHBIE OTOPHI, MPOJIETHl NepeceUeH s, IIEPEX0/Ibl Yepe3 TPAHCIIOPTHBIC
MarucTpaiu, OoyblIe peKd U T.1.). B 3Tux ciaydasx Hapsdy C 3allUTON OT MPSIMBIX yIapoB C
IIOMOIIBI0 MOJIHUEOTBO/IOB ITPUMEHAETCS 3alluTa OT Haberamomux BoiaH. s npeaynpexaeHus
MOBPEXICHHUS KaKO-TTI00 N30JIIIMOHHON KOHCTPYKIH NapaJlIeIbHO MOXET OBITh BKITIOYEH HC-
kpoBoit mpomexytok UII (puc. 5.1, a), Bombr-cekynmnas (Up-tp) xapakTepucTHKa KOTOPOTO
JOJDKHA JiexkaTh HUKe Up-lp XapakTepuCcTHKH 3aluiaeMoi nzonsuuu (puc.5.1, COOTBETCTBEHHO
kpuBble 2 1 1). [Ipu cobmroieHrnn 3TOro ycnoBHs Ma/IeHHE BOJIHBI IEpEeHANPsKEHUH BBI30BET MPO-
601t UII c nocnenyromuM pe3kum nagenueM (“‘cpezom’) HanpsxkeHus Ha U1 u 3amumniaemont nzo-

JISIIIHAY.

w1

AR S - >
0 0) tp

Pucynoxk 5.1 — [IpuHIun 3aUThl OT HAOETAOIINUX BOJIH:

a — IpUHOUIIMAaJIbHAA CXEMaA, 0— BOJIBT-aMIICPHBIC XapaKTECPHUCTHUKU

Bcenen 3a UMITyTbCHBIM TOKOM Yepe3 UCKPOBOW IPOMEXYTOK HaYHET MPOTEKATh TOK, 00Y-

CJIOBJICHHBIN HAIIPSYKEHUEM ITPOMBILUICHHOW YaCTOThI 3JIEKTPOYCTAHOBKH, - COIPOBOKIAIOIINAN
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TOK, KOTOPBIH JJOJ’KEH OBITh OTKJIFOUEH C TOMOIIIBIO PEIEHHOM 3allUThl U OTKJIIOYAIOIINX amapa-
TOB.

3anuTHEIC pa3psIHUKN 00ECTIEYNBAIOT HE TOJIBKO 3aLUTY U30JISIIUH OT MEpEeHANpsKEeHNU,
HO U TralleHue Tyr'd CONPOBOXKIAIOIIEr0 TOKAa B TEYEHHUE BPEMEHH, MEHBIIET0, YeM BpeMs Jeii-
CTBUS PEJICHHOM 3aIlUThI.

B nocnennee BpeMsi akTUBHO BHEAPSAIOTCS orpannunTenu nepeHanpsbxenuit (OITH), npen-
CTaBJISIIOIIME COOOM yCTPOMCTBO C BApUCTOPOM, OIPaHUYMBAOIINM COMPOBOKIAIOIINM TOK IpaK-
tudecku a0 Hyas. OIIH BkiIrodaroT HemocpeACcTBEHHO, NapauleinbHO U30JSLKU, 0€3 HCKPOBOTO
IPOMEKYTKA.

Cy1iecTByeT 1Ba OCHOBHBIX THIA Pa3psiAHUKOB, OTIMYAIOLIMXCS MPUHIUIIOM TallIeHUS
IYTH COMPOBOXAatonIero Toka: Tpyouarsie (PT), B KOTOPHIX rameHue Jyru OCyIIeCTBISIETCS CO-
3JaHMEM MHTEHCUBHOI'O MPOJIOJILHOIO AyThsl U BeHTUIIbHBIE (PB), B KOTOpBIX Iyra racHer 6jaro-
Jlapsi YMEHbILICHUIO CONIPOBOKIAIOIIET0 TOKA € MOMOIIbIO HEJIMHEHHOI0 CONpPOTUBIIECHUS (Bapu-
CTOpa), BKJIIOUEHHOI'O MOCIIEA0BAaTENbHO C HCKPOBBIM IIPOMEXKYTKOM MJIM JIOCTATOYHO CJIOKHOMN

CHCTEMOM TaIllCHUS AYyru COIMPOBOXKAAIOIICTO TOKA.

0 U .
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PucyHok 5.2 — TpyOuareiii  Pucynok 5.3 — Onpenenenue
pa3psAAHUK OCTAOLIETOCS HANPSKEHUS
Da3DANHUKA

[Ipu nepeHanpskeHUH B €T 00a UCKPOBBIX MPOMEXKYTKa IPOOUBAIOTCS, U BOJIHA IEpe-
HanpsbkeHus cpesaercs. [1o myTu, co3gaHHbIM UMITYJIBCHBIM pa3psIoM, HAUMHAET IPOTEKaTh CO-
IIPOBOKJAOIINN TOK, U UICKPOBOM paspsij MEPEXOAUT B 1yroBoil. Ilox nelictBueM BBICOKON TEM-
nepaTypbl KaHajla JIyrd MaTepuai TpyOKHU pasiiaraetcs ¢ BbleIeHHEeM OOJIbIIOro KOJIMYECTBA ra-
30B, JaBJICHHE B HEH pe3Kko Bo3pacTaeT (10 HeckoinbKux MIla), 1 ra3bl ¢ cuiioi BEIPBIBAIOTCS YePE3
otBepcTHs (raHua 3, cozaBas HHTEHCUBHOE MTPOJOJIBLHOE 1yThe. B pe3ynbrare ayra racHeT npu
[IEPBOM IIPOXOKICHUU TOKA Yepe3 HyJIb.

ITpu cpabarbiBaHMM pa3psIHUKA U3 HETO BHIOpACHIBAIOTCS pacKkalleHHbIE ra3bl B BUAE ¢a-
kena JumHoM 1,5-3,5 M u mmpuHon 1-2,5 M 1 paznaercs 3ByK, HaOMUHAOIUH BICTpelL. [ToaTomy
JUTSL IPEAYIPEKACHHUST MEXIy(Pa3sHbIX 3aMbIKaHUI MPU MOHTaXE Pa3psIHUKOB HYXKHO CJIEIUTh,

YTOOHI B 30HY BBIXJIOIIA HE MOoMagair TOKOBCAYIIUEC YaCTH COCCAHUX (1)33.

56



Hanpsoxkenne cpabaTbiBaHus pa3psIHUKOB MOXHO PETyJIUPOBaTh, U3MEHSS PacCTOSHUE
BHEIIIHETO MCKPOBOT'O MPOMEXKYTKA Sp, HO HEJb3sl CHHXKATh HIKE ONPENIEJICHHOTO MUHHUMYyMa

(Tabm. 5.1), Tak Kak 3TO BBI3BIBACT CIMIIKOM YacTble cpabaThIBaHUS U MOBBIIIEHHBIA H3HOC pa3-

PATHHKA.
Tabmuma 5.1
Un, kB 3 6 10 35 110 220
Sy, MM 8 10 15 100 400 500

Benuuuna ocraromerocs Hanpsbkenus (kpusbie 1 u 2, puc.5.3) onpenensiercs, B OCHOB-
HOM, COTIPOTUBIICHUEM 3a3eMJICHHSI pa3psaHuKa R, KOTOpoe AOIKHO OBITh, 10 BO3MOKHOCTH, Ma-
aeiM. [To Hopmam R; <10 Owm, Torna npu Z=400 OM nmeeM Uoger~ 0,05Un.

2Un 2Un

R, = -10 = 0,05Un
Z+R, 400 +10

HJ’IH YCIICUIHOTO T'allICHUA AYTI' H606XO,Z[I/IM3 onpeacicHHasd HHTCHCUBHOCTDb F83006p330—
BaHUsL, [IOOTOMY CYHICCTBYCT HIDKHUA IMpeaciI OTKIIIOYACMbIX TOKOB |min, IIPpHU KOTOPLBIX pa3psAaIHHUK
CIIC MOXKET IIOIraCuThb AYyr'y B TCUHCHHUU 1-2 TIOJIYIICPpHUOIOB. BerHI/Iﬁ npeacii OTKIHOYACMbIX TOKOB
Imax TaxoKe OrpaHN4uBacTCs, TaK KaK CJIMIIKOM MHTCHCUBHOC Fa3006pa3OBaHI/IC MOKECT NPUBECTU

K pa3pylleHuto (pa3pbiBy) pa3psiHUKa. J(nana3oH OTK/II0YaeMbIX TOKOB YKa3bIBaeTcsi B 0003Ha-

YeHUU pa3psiHuKa: Hanpumep, PTB % O3HauaeT TpyOUaThlii pa3psAHUK BUHUILJIACTOBBIN Ha

35 kB c npenenamu Tokos 0,5...2,5 KA.

Br160p TpyOuaThIX pa3psAHUKOB IPOU3BOJAUTCS 10 HOMUHAIBHOMY HANpPSKEHUIO CETH U
npenenaM TOKOB KopoTkoro 3ambikanus (K3) cetu B Touke ycranoBku PT. MakcumanbHbIH TOK
K3 paccunThiBalOT mpu YCIOBHH BKJIIOYEHHS BCEX AJIEMEHTOB CETH (JIMHUH, TPaHCHOPMATOPHI,
TE€HEPaTOPhl) C YUYETOM arepuoaNYecKoil coctaBistonieil Toka K3, MUHUMAaNbHBIA TOK — TIPH
CXEMe€ CeTH C YACTHYHO BBIKJIIOYEHHBIMU 3JIEMEHTaMU (HarlpuMep, JUIsl KaluTaJbHOTO PEMOHTA) U
6e3 yuera anepuoanyeckoi cocrapistomeid. Haiinennslie npenenst Toka K3 10mKHBI yKiaabl-
BaThCs B TMpeleibl OTKIIOYaeMBbIX TOKOB TPyOUaToro paspsiiHuka. TpyOuaTeie pa3psiIHUKH BBI-
IIyCKAarOTCs Ha HarpsbkeHue ot 3 1o 220 kB, oTkimrouaeMble TOKHM Jiexat B npenenax ot 0,2...7,0
u 1,5...30 kA nipu Hanpspkennn 3...35 kB 10 0,4...7,0 u 2,2...30 kA npu Hanpspkenun 110 kB.

OCHOBHBIM HEIOCTAaTKOM TPYOYATHIX Pa3psSIHUKOB SBISIOTCS: HAJIMYKE 30HBI BBIXJIONA;
KpYTOU Cpe3 BOJHBI NTEPEHANPSKEHUS; 3aMbIKaHUS (XOTS M KPATKOBPEMEHHBIE) TMHUHN Ha 3€MJIIO,
U OCOOEHHO — KpyTasi BOJbT-CEKYHAHAsI XapaKTEepPUCTHKA, UCKIIIOYAIonias BO3MOKHOCTh IIHPO-

Koro npuMeHenus PT B kauecTBe armapara 3aliuThl MOJCTAaHIIMOHHOTO 000pYI0BaHUSI.
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Henocratkom PT sBisiercst Takke Haauuve NPEAEIbHBIX OTKIIOYAEMBIX TOKOB, 4YTO
OCJIOKHSETCS UX ITPOU3BOJICTBO U IKCILITyaTaIUIO.

bnaronaps coeil mpocToTe M HU3KOH CTOMMOCTH TpyO4aThie pa3psiAHUKA IPUMEHSIOTCS
B Ka4€CTBE BCIIOMOTaTEIbHBIX CPEJACTB 3aLIUThI OJICTAHLIUN, a TAKKE OTAECIbHBIX YYaCTKOB JIU-
Huit. Crieqryer, 0JHaKO, OTMETUTh, YTO B IOCIIETHEE BPEMS IPUMEHEHHE TPYOUaThIX pa3psIHUKOB
Bce 00JI€€ OrpaHUYMBAETCS, U €CTh NIPEANOCHIIKY, YTO B ceTsAX Pb ckopo ux He ocraHeTcst BoBce
(MO MOCJeIHUM JIAaHHBIM YK€ HE OCTAJIOCh).

BenTuibHbIe pa3psAaHUKH SBISIIOTCSA OCHOBHBIMH allaparaMu B CXEMax 3alllUThl U30JIs-
IIUU JIEKTPOOOOPYAOBAHUS CTAHIUI U MTOACTAHIUH.

Bentunbnbiii paszpsauuk, Harpumep, PBC (puc.5.4) cocTOUT U3 CUCTEMBI COETMHEHHBIX
NOCJIeI0BAaTENbHO UCKPOBBIX MpoMexyTkoB UII u BapucTopa (HEIMHEMHOIO CONPOTUBIICHHE).
ConpoTusieHne BapuCTOpa 3aBUCUT OT NPUIIOKEHHOIO HAIIPSDKEHHUS, TO3TOMY €r0 BOJIbTaMIIep-
Hasl XapaKTepHUCTHKa (M COOTBETCTBEHHO pa3psIHUKA B IIEJIOM) TaK)Ke HeluHelHas (puc.5.5).

PaGoraer BeHTWIIBHBIN Pa3psIHUK CICAyOmUM oOpazoMm. Korja MrHOBEHHOE 3HAYCHHE
BOJIHBI TIepeHanpspkeHust Un Ha pa3psiiHUKE TOCTUTAET UMITYJIBCHOTO TPOOUBHOTO HANPSIKCHUS
UCKPOBBIX MPOMEXYTKOB, OHU IpoOuBaroTcs. ConpoTHBIIEHHE pa3psIHUKA MPU 3TOM Majo, U
yepe3 Hero MpoTeKaeT 3HAUYUTENbHBIN 10 BETUYMHE UMITYJIbCHBIN TOK lp, KOTOPBIN U ompezenser
HanpspKeHue Ha paspaaHuke. HanOonplee HanpsbkeHUe Ha pa3psIHUKE P MaKCUMAIIBHO JIOMY-
CTUMOM HMITYJIbCHOM TOKE uepe3 Hero lu, max Ha3pIBatOT octaromuMmcs HanpsikeHueM Uoen. 9TO
HarnpspKeHue J0KHO ObITh Ha 20...25% MeHbllle UMITYJIbCHOM MPOYHOCTH 3aIIUIIAeMON U30J15-
nuu. [locie npoxoXxaeHNs UMITYJILCHOTO TOKA Yepe3 pa3psAHUK HAUMHAET POTEKaTh COIPOBOX-
JAIOUINHI TOK MPOMBIIUIEHHOM 4acTOTHI lconp, 00yCIIOBIEHHON pabounM HamnpskeHueM cetu. Tax
KaK 3TO HaNpsHKEHHE 3HAUNTENIbHO HIKE aMIUIMTY/Abl UMITYJIbCa EPEHANPSKEHUs, TO COIPOTHUB-
JIEHHE BapUCTOpa PE3KO BO3PACTAET, U BEIUYHMHA CONPOBOKIAIOIIETO TOKA OTPAaHUYMUBAETCS 10
BEJIMYMHBI, IPH KOTOPOH J1yra, pa30uTas B UCKPOBBIX MMPOMEXKYTKaX Ha OOJIBIIOE YUCIO OT/IENb-
HBIX AYKEeK HeOOJbIION AMHBI, FAaCUTCS MPHU IIEPBOM Ke IepeX0ie COMPOBOXKAAIOIIETO TOKA Ye-

pe3 HyJIb.
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Pucynok 5.4 — YcrpolictBo u Pucynok 5.5 — Boneramnepnas
CXeMa BKJIKOYEHHS] BEHTHIIBHOTO XapaKTEePUCTUKA Pa3PsTHHKA.

pa3psiiHuKa (IIyHKTUPOM
nokaszaH Bapuant OITH).

Haubonpiee HeﬁCTBYIOLHGG 3HAYCHHUC HAIIPSAKCHHUSA TallICHUA OYT'd Uggm, IIpu KOTOpOM
HaaCXKXHO O6pBIBaeTC$I HpOXOI[HIJ_[I/Iﬁ 4cpe3 paspsasaAHUK TOK, Ha3bIBa€MbIii TOKOM TalllCHUS Iggm,
JOJIXKHO OBIThH BBIIIEC MAKCHMAJIEHO BO3MOYKHOT'O HAIMpsOKCHUA Ha PA3pAJHUKEC B MOMCHT IralliCHUS
AYyTru, THA4YC paspAaHUK MOKET HC ITOraCUTh AYTry COIIPOBOXKAAIOIICTO TOKA IIPU IIEPBOM ITPOXOK-
JACHUU €I'0 UCpe3 HYJIb U BBIﬁHeT H3 CTPOA.

U eaut = Kj’U HOM !
rae Uy - HOMUHATBbHOE TMHEHHOE HAMPsKEHUE;
K; - xoaduimenT, 3aBUCIINiA OT crioco0a 3a3eMJICHHS HEUTpau;
K;=0,8 wm 1,1 nns ycTaHOBKH € 3a3€MJICHHOW W M30JIMPOBAHHON HEUTPaAIbIO COOTBET-
CTBEHHO.
BaxxHoii xapaKTepuCTHKON BEHTUIBHBIX Pa3PsTHUKOB SBIsIETCS KOA(D(UIIMEHT 3aIUThI
U

ocm

“w sy

Tak xkak U.uy 3aBUCHT OT U0y YCTAaHOBKH, TO Kiayy omipenensieT 3HaueHue Uoen paspss-
HUKA, T.€. TpeOyeMblil ypoBeHb H30sAUuu. CHU)KEHUE YPOBHS U30JISIMU IPH COXPAHEHUH HaJIEXK-
HOCTH 3aIIUTHI €€ ¢ MOMOIIbI0 PB MOkeT ObITh JOCTUTHYTO ITyTE€M MPUMEHEHHSI pa3psAIHUKOB WIIN
OITH c 6onee nooroii BonbTaMIepHON XapakTepUCTUKOH (puc. 5.5, KpuBbie 2,4) UK IyTEM yBe-
JMYEHUs TOKAa TalleHWs 3a CUET YJIy4YLIEHHUS AYroracsiiuX CBOWCTB HMCKPOBBIX MPOMEXYTKOB
(xpuBas 3).

HckpoBble IPOMEXKYTKH BEHTUIIBHBIX PA3psAIHUKOB JIENAIOTCSI MHOTOKPAaTHBIMH, T.€. CO-

CTOAIIMMH U3 OOJIBIIIEro YKCIa MOCICA0BATCIIbHO COCAMHECHHBIX CANHUYHBIX IIPOMEKYTKOB. HpO-

CTeHIINN eTMHUYHBIN TPOMEXKYTOK (pUC. 5.6) COCTOUT U3 ABYX JIATYHHBIX AJIEKTPOJIOB 1, pazne-
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JICHHBIX M30JIMPYIONICH Mmai0oil 2. DIEKTPUUECKOe MOJIe MEXKITY JIEKTpoaaMu OJIM3KO K OJHO-
POHOMY, TIOATOMY MPOMEKYTOK MpoOuBaercs mpu ko3puirenre uMmynsca, OJM3KOM K eu-
Hure. KonmuecTBO €MHUYHBIX MPOMEKYTKOB B PA3pSIHUKE YCTAaHABJIMBAIOT W3 pacyera Mpu-
MepHO 1 mpoMexxyTok Ha 1-2 kB (ha30Boro HOMUHAIILHOTO HATIPSKCHUS Pa3PSAHUKA.
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Pucynok 5.6 — EAuHUYHBIN uC- Pucynok 5.7 — Enquanu-
KpPOBOM MPOMEKYTOK C HETOIBUXK- HbII UCKPOBOM MPOMEKY-
HOW Ayrou TOK C BpaIllarOIIEUCs Ty-

Taxum 006pa3oM, ayra COpoBOKAAIOIIETO TOKA OKa3bIBA€TCs pa30UTOM Ha psJ 1yr MaJloi
JUIMHBI, 4TO oOecreyuBaeT npu Tokax leonp 10 100 A HaxexxHoe ramenue ayru. [Ipumensitorcs
Takue npoMexyTku B paspsaaaukax PBII u PBC. Ilpu conpoBoxnaromux Tokax cssime 100 A
IIPUMEHSIOTCS IPOMEKYTKH C IMOABUKHOMN TYyTOM.

Tako# mpoMexxyTok (puc. 5.7) mpeacTapisieT cOO0M 3a30p MEXKIY KOJIBIIOM | U TucKoM 2.
Jyra 3, ropsias Mexay 3TUMH 3JIEKTPOJIaMH, B pe3yJibTaTe B3aUMOJCHCTBUS ¢ MarHUTHBIM TO-
JIeM, CO3/JaBaeMbIM ITOCTOSTHHBIM MarHUTOM 4, riepeMenaeTcs ¢ 60JbII0N CKOPOCTHIO MO KOJIblie-
BOMY 3a30pYy, 4TO 00eCIeunBaeT ee ramieHue. Yka3aHHble IPOMEXYTKU HaJIe)KHO racsTt Ayry npu
lconp 10 250...300 A.

[IpuHIMI KEMCTBUSA UCKPOBBIX MPOMEXKYTKOB C PACTATHBAIOLIEHCS AYTrOM ITOKa3aH Ha PUC.
5.8. JIBaanexTpoza 1 pacnosaratroTcst MEX1y CTEHKaMH AyTOraCUTEIbHOM KaMephl 2 B MArHUTHOM
nosie H. B Takom moJse Ha yry 4 conpoBOKIAIOIIET0 TOKa AeicTByeT cuia F, B pe3ynbrare 4ero
Jyra MepeMeaeTcsl U pacTATUBaeTCsl MEX/1y MepPeropoikamMu 3 KaMephl 2, CTPEMSCh 3aHSTh KO-
HEYHOE IoJI0KeHNe 4, oxJytaxkaaeTcsl U racHeT. CTEeHKN Kamepbl 2 U3r0TaBIMBAOTCS U3 JyTrOrach-
TEIBbHON KepaMHUKHU. [IpOMeXyTKH C pacTAruBaroIIencs 1yroi NpUMeHs0TCA B paspsaaukax PBT

u PBPJI.
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Pucynok 5.8 — UckpoBoit Pucynok 5.9 — Bapucrtopsl
IIPOMEKYTOK C BEHTHUJIbHBIX Pa3psiIHUKOB
paCTATUBAIOLLIEHCS TyTOMN

Jlist yBenuueHUs IpOOMBHOTO HANIPSKEHUSI Pa3psJHUKOB IIPU MPOMBIIIIICHHOM YyacToTe U
o0JieryeHus raieHus 1yru COIpOBOKAAIONIET0 TOKA pacpeieeHNs HapsKeHUs IO UCKPOBBIM
IPOMEXKYTKaM JJOJDKHO OBITH paBHOMEPHBIM. [[1151 3TOro MCKpOBbIE MPOMEKYTKH IIYHTUPYIOT pe-
3uctopamu R (puc. 5.4), conpoTUBIIEHHE KOTOPBIX BHIOMPAIOT TaK, YTOOBI Yepe3 HUX MpOTEKall
TOK, ITPEBBIIIAIOLINIA B HECKOJIBKO Pa3 €eMKOCTHBIN TOK HCKPOBBIX IPOMEKYTKOB.

Paboune conportuBieHus (Bapuctopsl) r paspsaHukoB PBC, PBII usrorasnuBatoTcs u3
MOpOIIIKa 3JIeKTpoTexHHuueckoro kapoopynaa SiC. Ha noBepxHocTH 3epeH kKapOOpyHIa UMEETCs
TOHKHUH 3aIIOpHBIN ci10i U3 okucH kpeMHus SiOx.

VlenbHOE COMPOTUBIIEHHE 3epeH KapOopyH/a HeBeInKko — mopsaaka 102 Om M, a compo-
TUBJIEHUE 3alIOPHOTO CJIOS] HEJIMHEMHO 3aBUCUT OT HAIPSHKEHHOCTH AJIeKTpudeckoro nous. [lpn
MaJIbIX HAMPSKEHHOCTSAX (HEOOJBITUX HANMPSHKEHHUSX HA BApUCTOPE) YASITHHOE COMPOTUBIICHUE
3anopHoro cros coctabnsger 10%...10%0M-M, Bce npuoskeHHOE HAMPSKEHUE TIAJAeT P STOM Ha
3alIOPHBIN CJIOM, KOTOPBIM U ONPEAEIISIET COIPOTUBIICHUE BAPUCTOPA.

[Ipu noBeIIEHNN HATIPSHKEHHOCTH TOJIsI COMPOTUBIICHUE 3aIIOPHOTO CII0SI PE3KO MalaeT, U
BEJIMYMHA CONPOTHUBICHHUS BapUCTOpPAa HAYMHAET OMPEAEIATHCS CONPOTHUBIEHHEM COOCTBEHHO
KapOopyHa.

Henuneiinoe conpoTHBiieHNE BEHTUIIBHBIX Pa3psIIHUKOB BBITOIHIETCS B BUJIE TUCKOB, CO-
CTOSAIIUX M3 KapOOPYHIOBOIO MOPOLIKA U CBS3YIOIIEro Marepuaia. B Hacrosiee BpeMs npume-
HAIOTCA JUCKU U3 BUINTA U TEpBUTA. J[J1 N3rOTOBIEHUS BUJIMTOBBIX IUCKOB B KAUECTBE CBA3YIO-
LIETO MPUMEHSETCS KUAKOE CTEKJIO0. DTO MO3BOJIAET CIIEKaTh JUCKU MPU CPABHUTENBHO HU3KON
temneparype (okoso 300 C). TepBuToBbie AUCKHU MTPU U3TOTOBIEHUU 00KUTAIOTCS, IPU TEMIIEpa-
type cBbiie 1000 C. [Ipu 3TOM YacTh 3aMOPHBIX MJIEHOK BHITOPAET, YTO MOBBIIIAET MPOMYCKHYIO

CIIOCOOHOCTH MaTtcpuajia, HO YMCHbIIACT CTCIICHb HEJIMHEHHOCTH.
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Bentunpabie paspsaanku mo 'OCT 16537-70, koTopslii ycTaHAaBIUBAEeT TPEOOBAHHS K
ANEKTPUUECKUM XapaKTEPUCTUKAM BEHTUJIBHBIX Pa3psiIHUKOB, pa3/ielieHbl Ha YeTbipe rpynmsl. K
| rpynne OTHEceHbl pa3psAIHUKU C HAWIYYIIMMH 3alllUTHHIMA CBOMCTBaMH, T.€. HMMEIOIIUE
HaVMEHbIIIEe 3HaYEHUE OCTAIOLIErocs HanpskeHus. K 3Toil rpyIine OTHOCATCS pa3psiiHUKU CEpUuit
PBT u PBP/I. 3arem cienytot paspsgHuku 2 rpynmsl — cepur PBM, paspsanuku 3 rpynmnsl —
cepuu PBC u 4 — cepun PBII.

Ob6neruennsie pa3psaHuky cepur PBIT mpuMeHsI0TCS TS 3aIUTHI U30JISIIUH TOACTAHIINN
HanpspkeHueM 3...10 kB. oHM UMEIOT BapuCTOPBI U3 IUCKOB AUAMETPOM 55 MM, U UMITYJIbCHBIN
TOK ISl HUX HE JJOJKEH IIPEBBIIIATH S5 KA.

Paspsmauku yaudumupoBanHoii cepun PBC ciyxaT aJis 3auThl 3JEKTPO0oOOpYI0BaH HsI
MOJICTAHIINH U BBIITYCKAIOTCS B BUJIE 2JIEMEHTOB Ha Hanpsbkenue 15,20,33,35 kB, npuyem snemeHT
Ha 33 kB npenHa3zHayeH UCKIIIOUUTENBHO I KOMILJIEKTOBAHUS pa3psIHUKOB Ha O0jiee BHICOKHE
Hanpspkenus (110...220 kB). IIponycknas crioco6HOCTh pa3psiaHukoB 10 KA (IuameTp JUCKOB
100 mm).

BenTuibHbie pa3psIHUKE C MATHUTHBIM TallICHUEM MapKUPYIOTCS Ha Hanpsbkenue 3...35
kB kakx PBM, Ha nHanpsbkenue 110 kB u Boime, kak PBMIT (rpo3o3anutasie). Paspsaankun PBM
MPUMEHSIOTCS, B OCHOBHOM, JUIsl 3alIMThl M30JALMM Bpallamomuxcsd MamuH. Ha HanpsbkeHue
3...20 kB pa3psAIHUKHU BBITYCKAIOTCS B BHUJIE OTIEIBHBIX JIEMEHTOB, Ha HarpsbkeHue 35 kB u
BBIIIE KOMIUIEKTYIOTCSI U3 HECKOJIBKUX AJIEMEHTOB. B paspsaHukax 3TUX CepHil MPUMEHEHBI UC-
KpPOBBIE MPOMEXYTKH C MarHUTHBIM TalleHHUEM. BJIOKM €IMHMYHBIX MCKPOBBIX MPOMEXKYTKOB
IIYHTUPYIOTCS HETMHEHHBIM PE3UCTOPOM TOTYKOIBIEeBOH (hopMbl. [IprMeHeHne BUTUTOBBIX AHC-
KOB AuaMeTpoM 150 MM MO3BOJIMIIO BJIBOE YBEIMUYUThH MPOMYCKHYIO CIOCOOHOCTh pa3psIHUKOB
PBM u PBMI no cpaBHenuto ¢ pazpsaaukamu tuna PBC.

B HOBOI1 cepun MarHUTHO-BEHTWJIBHBIX pa3psnHukoB PBT (pa3psaHuK BEHTUIBHBIA TO-
KOOT'PaHUYMBAIOIINI) TPUMEHEHBI TOKOOTPAHUYMBAIOIINE UCKPOBBIE TPOMEKYTKH C PacCTATUBa-
forerics myrou (puc.5.8). MarHuTHOE Moje CO3/1aeTcs KaTylKaMu, BKIIOUEHHBIMU TMOCIIEI0Ba-
TEIbHO C MCKPOBBIMM MPOMEXKYTKaMU. 32 BpeMs MPOTEKaHUS MMITYJILCHOIO TOKa Jyra cylle-
CTBEHHO PACTSAHYTHCS HE YCIIEBAET, U CONPOTUBIIEHUE €€ HE BeNUKO. [Ipu mpoTexkannn conpoBox-
JIAIOIIIETO TOKa MPOMBIIIIEHHON YaCTOThI {yTra BBOJAUTCS B Y3KYIO 1IEb pa3psIHUKA, paCTATUBa-
€TCsl, €€ CONPOTUBIIEHNE BO3PACTAET, U BETMUYHNHA COMPOBOXKIAIOIIETO TOKA OTPAHUYNBAETCS yiKe
HE TOJIBKO CONPOTUBJICHUEM pabovero BapucTopa, HoO U CONPOTUBICHUEM AYTH.

Bapuctops! paspsiaukoB PBT nHa Hanpsoxenue 3...10 kB koMiekTyercs U3 TEpBUTOBBIX
IuckoB nuametrpom 70 MM, a pazpsiaaukoB 110...500 kB — u3 aquckoB quamerpom 100 mm. Ocra-

roleecs HanpsbkeHue paspsagaukoB PBT npumepno Ha 20 % Hubke, 4em y pa3psSIHUKOB CEpUHU

PBM.
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OIIH BbINONHSIETCS B BUJE CUCTEMBI KEPAMUYECKUX PE3UCTOPOB Ha OCHOBE OKHUCH I[MHKA
(ZnO) c BBICOKOI CTENEHBbIO HEMMHEHHOCTU. MeTalllIM3UPOBAHHbIE C TOPLIOB AUCKH (Hanpumep, 4
NapajuIeJIbHBIX KOJOHKHU U3 AUCKOB AuameTpoM 28 MM U BbicoToil 8 mm — OIIH 110) pa3zmemia-
I0TCS B TeoMeTprudeckoM u3oiupyrouieM kopnyce. OITH obecnieunBaroT orpaHndeHne ConpoBOX-
naromero Toka g0 10.10° A npu paGouem HanpskeHHH CeTH, 06J1aas J0CTaTOYHO BBICOKOM
IPOIYCKHOW CIIOCOOHOCTBIO MPH MEPEHANPSIKEHUAX. Y POBEHb OIpaHUYEHHS IPO30BBIX MEpeHa-
npsoxeHuit ¢ nomoursto OITH cocrasnser (2,0...2,2) Uy, kommyTarmonssix — (1,68...1,8) Ug.

PacueTHsiMu BennurHaMu pu BeiOope U ycranoBke OITH sBnstoTcs JNIMTENBHOCTD BO3-

HeﬁCTBHH NEPCHAIIPAKCHUA. B 3aBucuMocTHu ot JIMTCIBHOCTHU BO3,Z[€I>'ICTBH5I OIpEACIIACTCA I1apa-

Un(t)

MeTp T, = T rae Uc — nanpsokenue Ha OITH, koTopoe oH 10JKeH BhIIEPKUBATh KaK YTOJHO

c

nonro; Un(t) — mnepeHampsbkeHHe 3aJaHHON JUIMTENBHOCTH. THIHYHAS —XapaKTepPUCTHKA

Tc=f/{Un(t)] npusenena na puc. 5.10.

Tc o
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410" 10° ¢
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U
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Pucynok 5.10 — 3aBucumocts T, =

c

Ota XapaKTepuCcTHKa He00X0AUMa Il KOPPEKTHOIO BEIOOpA YCTABOK PeNCHHOM 3aluTh
U IPYTUX CUCTEM aBTOMAaTUKU. Tak ke pacueTHON BenuunHoM mpu Beidope OITH sBnsercs konu-
YECTBO MMIIYJIbCOB 33JJaHHOM (hOpPMBI U MaKCUMaIbHOE 3HaYEHHE UMIYIbCHOrO Toka. COOTBET-
CTBYIOIIIEE HOPMHMPOBAHHOMY ocTaronieMmycst HanpsokeHuto U,y TUmMyHas XapakTepucTuKa

Uon=f(l) npuBenena Ha puc. 5.11.

Uomi B A

Uoc'r
kU

10 I, KA

Pucynok 5.11 — Cootnomenue Uy k U B 3aBUCHMOCTH OT UMITYJILCHOI'O TOKA
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B 3aBucumoctu ot tuna u HazHauenus OIIH K=2-4. IIpu Uony < U., TOK NpOoTEKAIOIMNMA
4yepe3 HeJIMHEWHBIN Pe3UCTOP, COCTABISIET eMHUIBI MA U TIIaBHOM MpoOIEMOH NpH KCILUTyaTa-
mun OITH sBnsieTcs HenoOMyleHHe BO3pacTaHUs 3TOTO TOKa (pasrepMeTH3alus U YBJIAKHEHUE
KOHCTPYKLIMU U T.1.).

Meroauka pacdyera u Beioopa OITH mpomoimkaeT coBEepLIICHCTBOBATHCS, U CO BPEMEHEM

OITH moyKHBI 3aMEHHUTH BCE BUBI 3AIIIUTHBIX PAa3PSITHUKOB.
Ykazanue no mexnuke 6ezonacnocmu:
VYka3aHus 110 TEXHUKE O€30MaCHOCTH NP BHITIOJIHEHUH JTA0OPATOPHBIX padOT MPUBEICHBI

B MPUJIOKEHHE A.

Ykazanus no evinonnenuro nabopamopmnoii pabomoi:

1. Ocku3 BeHTWIBHOTO paspsianuka (PBC-6 unu PBC-15) ¢ ykazaHueM OCHOBHBIX
pa3MepoB.
2. Ocku3 Tpyduarsix paspsaaukos (PTB, PT®). Ha scku3ax m0mmKHO OBITH TOKa3aHO

BHYTPEHHEE YCTPOUCTBO Pa3psIHUKOB.

3. DCKHU3 U ONIMCAHNE UCKPOBBIX MPOMEXKYTKOB pa3psiaHukoB Tuna PBC u PBM.

4. Ornucanne BapuCTOPOB BEHTUIIBHBIX Pa3psAHUKOB.

5. Ocku3 u onucanue OITH (o ykazanuro npenojgaBaTess).

6. [TocTpouTh BONbTaMIIEPHYIO XapaKTepUCTHUKY paspsianuka PBC-6, ecnu uzBectHo,

yro a=0,22 u U, =30000B npu toke 1,=5000A, cunras, CTo HanpsHKeHUE Ha pa3psAHUKE U3Me-

ustercs no 3akony U, =Cl 7.

7. Brimonauts pacyer U p= f (| p) ul,, =f (| onn ) JUIsl BEHTUJIBHBIX pa3psi-

HUKOB pa3HbIX TUnoB U OITH ¢ ucnons3oBanueM nporpammel 9BM (mo ykazaHuio npemnojaBa-
TEJIS).
8. BoImonHuUTE pacder nepeHanpspDKeHUs Ha MOJCTAHLUY 110 MporpaMMme (BBIOIHS-

€TCsl pacyeT Mo OTAEIbHON HHCTPYKIIUHN).

Cooeporcanue omuema:

OT4er KOKEH CONEPIKATh!

1. Ha3Banue paGoTsl;

2. llens paboTsr;

3. Kparkue TeopeTuueckue CBeICHHS;

4. Onmcanue UCIoIb3yeMOro 000pyI0BaHUS U MaTEPUAJIOB;
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5. [Mopsaok BeIMOTHEHUS PaOOTHI;
6. Berunicnenus u 00paboTKa pe3yabTaToB;

7. BBIBOJIBL.

Konmponsuwie éonpocoi:

1. Ha3nayenue TpyO4aThIX ¥ BEHTHIIBHBIX Pa3psIHUKOB.

2. Ilpunimn paboThl TPyOUYaAThIX U BEHTWIBHBIX Pa3psAHUKOB.

3. IlpumeHeHne 1 0cOOCHHOCTh PabOTHI OTJENBHBIX THUIIOB BEHTUJIBHBIX Pa3psAHUKOB
(PBII, PBC, PBMI, PBT, PBP/, OIIH).

4. KOHCTpYKIIMY BEHTHJIBHBIX U TPYOUaThIX Pa3psSAHUKOB U HA3HAYCHHE UX OTIEIBHBIX
YaCTEH.

5. Metoauka pacueta u Beioopa OITH.

6. [Ipumepsl pacueTa yCTaHOBKU TPYOUaThIX, BEHTUIBHBIX pa3paaHukoB u OITH.
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnevenue OUCYUNIUHDBL

5.1 Ilepeuenv 0cHo8HOI U OONONHUMEILHOU TUMEPAMYPbl, HEOOX00UMOU 0 0C80e-
HUA OUCUUNIUHDL

5.1.2 Ilepeuens ocnognoil iumepamypul:

1. BouapoB IO.H. TexHuKka BBICOKMX HaIpsHDKCHUN [DIEKTPOHHBIA pecypc]| : yueOHOe
noco-6ue / KO.H. bouapos, C.M. [dyaxun, B.B. TUTKOB. — DEKTPOH. TEKCTOBHIC JaHHBIC. —

CIIb. : Cankr-IletepOyprekuii monuTexuuueckuii yausepcutet Ilerpa Bemukoro, 2013. — 265

€. — 978-5-7422-3998-7. — Pexwum noctyna: http://www.iprbookshop.ru/43976.html

5.1.3 Ilepeuenv oononnumenvHoll 1umepanmypol:

1. .dernos, H. B. CoBpemenHbie BUABI U301, YacTh 2. 30511151 BBICOKOBOJIbTHBIX
BBOJIOB [DNEKTPOHHBIN pecypc] : yueOHoe mocobue / H. B. lllernoB. — DneKkTpoH. TEKCTOBBIE
nanHbsle. — HoBocubupck : HoBocuOupckuii rocynapcTBEHHbIH TEXHUYECKUN YHUBEPCHUTET,

2010. —72 c.—978-5-7782-1317-3. — Pexxum nocryna: http://www.iprbookshop.ru/45161.html

5.2 Ilepeuensv yueono-memoouuecko2o odecneuenus camocmoamenbHoi pabomot ooy-
YauUxca no OUCYUNIUHE

1. Meroanueckne yka3aHus 110 BHIIIOJHEHHUIO MPAKTUYECKUX paldoT o quciuminHe « Tex-
HUKA BBICOKMX HaIPSKEHUIN.

2. Metoanueckue yKa3aHus 10 BBITOJIHEHHIO JJAOOPATOPHBIX PA0OT Mo AUCHUILIINHE «Tex-
HUKAa BBICOKMX HaIPSKEHUI.

3. Metoanueckue yKazaHus 10 BHITIOJTHEHUIO KOHTPOJIBHON paboThl IO qucuuIumHe «Tex-
HUKA BBICOKHMX HalPsyKEHUIN.

4. Meroanyeckue yka3zaHUs 110 OpraHU3alMM U MPOBEIECHUIO CAMOCTOSITEIbHON paboThI

10 AUCIUIIIINHE «TexHnKa BRICOKAX H&Hpﬂ)KGHHfI)).

5.3 Ilepeuens pecypcoe ungopmayuonno-meneKomMmyHuKayuonnoi cemu Humepnem,
Heo0X00UMBIX 07151 0C6OCHUSA OUCUUNTIUHDL
1. http://lwww.biblioclub.ru -O5BC "Yuusepcuterckas 6ubaroTeka oHmaia"

2. http://www.iprbookshop.ru/ - DnexkrponHo- 6ubnuoreunas cucrema IPRbooks
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[Tpunoxenue A

Ykazanue no mexnuke 6ezonacnocmu

Jlo Hayana paGoThI CTYACHTHI 00S3aHbI U3YYUTh MPaBUIa TEXHUKU O€30MaCHOCTH MPH pa-
6ore ¢ anekTpoycraHoBKaMu. OO M3y4eHHUU MPaBUI TEXHUKHU 0€30MacCHOCTH U IMOJYYEHUU WH-
CTPYKTaXka CTYJICHTHI PaCIHMCHIBAIOTCS B CIIELUAIBHOM XKypHaie. CTyJeHTbI, HE U3YYHUBIIHUE ITpa-
BWJIA TEXHUKU O€30MAaCHOCTH M HE MPOMIEIINE HHCTPYKTaXK, K BBITIOJTHEHHUIO Ja00paTOPHBIX pa-
00T HE I0MYCKAIOTCS.

VYyebHas rpynna (Wi MoArpymnmna) pa3ouBaeTcss Ha Opuraabl, YUCIO KOTOPHIX YKa3bIBa-
eTCs Iperno/iaBaTesieM, a COCTaB OpUral KOMIUIEKTYETCS CTYICHTaMH Ha JOOPOBOJIBHBIX Hayallax.
Cnucok rpymisl (HOArpymibl), pa30UTON Ha Opuraibl, CTapoCcTa MPEIOCTABIIAET IPENOIaBATENIO,
BeyliemMy J1a00paTopHbIe 3aHATHS.

Kaxxnas u3 6pura BIOIHAET 1a00PaTOPHYIO pabOTy B COOTBETCTBHH C IpapuKoM, HAXO-
JSAIEMCSE B TaOOpaTOpUH.

[epen KaXKabIM 3aHATHEM CTYACHT 00s513aH MOATOTOBUTHCS K BBITIOJIHEHUIO TAO0PaTOPHOI
paboThI 110 JAHHOMY METOAMYECKOMY IMOCOOUI0 U peKoMeHayeMoit nuteparype. [lepen Hauanom
paboThl IpenoAaBaTens IPOBEPSIeT 3HAHUS CTYICHTOB IO COJIEPKAHUIO BBITIONHSAEMOM PabOTHI.
[110X0 MOATOTOBIIEHHBIE CTYICHTHI K BBITIOJTHEHHUIO JIA0OPATOPHON PabOTHI HE TOMTYCKAFOTCH.

Pabotas B nabopaTopuu, HeOOXOAMMO COOJIIOAATH CIEAYIOIINE MPaBHIIA:

K BbInonHeHuto 1a6opaTopHON paboTHI CileyeT NPUCTYNATh TOJIBKO MOCIE MOJHOTO ysc-
HEHMS €€ CO/IepKaHMsl U OJTYUYEHUs J0IMyCcKa K HeH.

2. HaunHate paboTy cienyeT ¢ 03HaKOMJIEHHs ¢ MpubopamMu U 000pyI0BaHUEM, IPUME-
HS€MBIMHU B JAaHHOM padoTe.

3. Ha naGopaTtopHoM CTOJI€ JOJKHBI HAXOJIUTHCS TOJIBKO MPEIMEThI, HEOOXOAUMBIE IS
BBITOJIHEHUS TAaHHON paboTBhI.

4. PacrionoxeHue anmnaparypbl Ha pabodyemM cToJie JOKHO OBITh TAKUM, 4TOOBI CXeMa CO-
eIMHEHNH TTOJTyYrJIach HanOoJIee MPOCTON, HATISITHON U paboTa C anmapatrypoi Obiia yIo0HOM.

5. XKenatenbHo, 4TOOBI CXeMy COOMpAT OJMH U3 YWICHOB OpUTaJbl, a JPYTrue KOHTPOIUPO-
BaJIH.

6. ITpu cOOpKe CIIOKHBIX CXEM CJIeTyeT BHaYalle COSTUHHUTD TIIaBHYIO, TIOCIIEIOBATEIbHYIO
IeTTh, HAYMHAsE COOPKY OT OJJHOTO 3KMMa UCTOYHMKA TOKA U 3aKaHYMBAs HA IPYTOM, a 3aTeM yiKe
HOJKJIIOUUTH MapajuiebHbIe eI .

7. Iocne Toro, kak cxema OyneT codpaHa, HE0OX0AUMO yOeAUTHCS B MPAaBUILHOM ycTa-
HOBKE JIBJKKOB PEOCTAaTOB, aBTOTPAHC(OPMATOPOB M PYKOSTOK JPYTUX PEryIHPYIOIINUX

YCTPOICTB.
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8. CobpanHas cxema 0053aTeJIbHO JOJDKHA OBITh IPOBEpEHa MPETo1aBaTesIeM HITH CTapIINM Ja-
OOpaHTOM U TOJIBKO C UX PAa3pELICHUs] MOXKET OBITh BKIIOUEHA 10]] HAPSHKEHHE.

9. Ilpu BKITIOYEHHUH CXEMBI 0CO00€ BHUMAaHUE CIIeAyeT OOpaTUTh Ha MOKA3aHUS aMIIePMET-
POB U JIPYTHX H3MEPUTEIBHBIX TPHOOPOB. B citydae pe3koro ABMKCHHS CTPEIKH aMIIepMeTpa K
KOHITY IIKaJIbl CXeMY HEOOXOAMMO HEMEIJICHHO OTKJIIOUUTH OT UCTOUYHUKA HAMPSKEHUS.

10. Heo6xoammo GepekHO OTHOCUTHCS K amnmaparype, UCIoiab3yeMoit B padote. O00 Bcex
3aMEUYEHHBIX HEMCIIPABHOCTSIX WJIM MOBPEXKACHUSAX CTYACHT JOJKEH HEMEICHHO COOOIIUTH Tpe-
M0JIaBaTEIIO0 WM JTa00OpaHTYy.

11. Ilocne BbIMONIHEHUSI Pa0OTHI CTYACHT 00s13aH, HE pa30upas CXxembl OKa3aTh MOTyUYeH-
HBIE JIaHHbIE TIpenoaaBaTento. Eciau pe3ynbTaTsl U3MEpEHUN BEPHBI, TO MPENnoiaBaTelb UX MOj-
MUACHIBAET. DKCIIEPUMEHT C HETPABIIIBHBIMU PE3YJIbTaTaMU CJICIYET MOBTOPHUTb.

12. Cxemy cienyeT pa3oupath TOJIBKO MOCIIE €€ OTKIIOYEHUS OT CETH.

13. Kareropuuecku 3anpeniaeTcs:

— TporaTh pyKaMu OTOJICHHbBIE ITPOBOJIA U YaCTU MPUOOPOB, HAXOASIIMECS O/ HAMpsIKe-
HUEM, JIaXKe €CIIM OHO HEBEHNKO;

— IPOU3BOANTH U3MEHEHHUSI B CXEME NP MOAKITIOYCHHOM UCTOYHUKE MUTAHMUS;

— 3aMEHSATh WK OpaTh 000PYyI0BAaHUE, UITH MPUOOPHI C IPYTUX pabouux MECT

— 0e3 paspelieHus mpenoaaBaTens Wi 1abopanra;

— OTXOAWTH OT MPUOOPOB M MAIIMH, HAXOJSIIUXCS TOJ HAMPSHKEHUEM WU OCTABIISITH
CXeMYy IOJ] HapsDKEHUEM Mpu 00padOTKe Pe3yIbTaTOB H3MEPEHU;

— MeperpyxaTb IpHUOOPH TOKOM WM HANpsHKEHUEM, MPEBHIIIAI0NIMM HOMUHAIBHOE 3Ha-
YEeHHE.

[TpoBepky HanmM4MsI, TOIABAEMOTO K CXEME WJIM DJIEMEHTAM CXEMbl HaNpPsHKEHHUST He00XO0-
JTUMO TIPOU3BOIUTH TOIBKO KOHTPOJILHOU JIAMITOYKOM UITH BOJILTMETPOM, COOJTI0/1ast TIPaBUIIa TEX-
HUKU O€30MaCHOCTH.

[Tpu pabote B nmabopaTopuu cleayeT CTPOro COOI0aTh MEPhI MPEAOCTOPOKHOCTH, TaK
KakK AJIEKTPUYECKUN TOK, TPOXOAIINAN Yepe3 Teo yenoBeka, BennunHoi B 0,025 A yxke aBisercs

OITaCHBIM JIS )KU3HU.
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OEPA30BAHM S POCCUCKOM

OEAEPALINN
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHE
BhICIIIET0 00pa30BaHuUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uactuTyT (pruman) CKOY

MeToanuyeckue ykazaHus
10 BBITTOJIHEHHUIO MPAKTHYECKUX padoT
no aucimmmine « TEXHUKA BBICOKUX HAITPSDKEHUM»
JUTSL CTY/ICHTOB HAIPaBJICHUS IOJATOTOBKU
13.03.02 DnexkTposHepreTuKa 1 MEeKTPOTEXHUKA

[Tsturopck 2025 r.
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M A 0N e

4.2

4.3.

4.4

4.5

4.6

4.7

4.8

4.9

Conepxanue

BBenenue

Llenp u 3a7a4l U3y4EHHUS! TUCLUILIAHBI

OO6opynoBaHue U MaTepUalIbl

HanmeHnoBanue npaktuyeckux padot

CopepxaHue MpakTU4eckux padboT

ITpakTrueckas padora Ne 1. DnekTpudecKuid pa3ps B ra3zax. XapaKTEPUCTHKU
AJIEKTPUYECKOTO NOJIsl U OOLINI METOJT pacyeTa EMKOCTH U HaIIPSHKEHHOCTH AJIEK-
TPUYECKOT'0 MOJISl IPOCTEUIINX CUCTEM KOH/IEHCATOPOB.

[TpakTiueckast pabota Ne 2. DnekTpudeckuil pa3psa B razax. Pacuer miockoro,
MUIMHIPUYECKOTO U c(hpeprudecKoro KOHJIECHCATOPOB.

[Tpaktuyeckas padota Ne3. M301sTOpbI BO3AYIIHBIX JTMHUNA 1 OACTaHIUH. YacT-
HbIE METO/Ibl PACUETOB EMKOCTH U HAIIPSLDKEHHOCTH CIIOXKHBIX 3JIEKTPUUYECKUX I10-
nen.

[TpakTrueckast padbota Ned. M30m4TOpbl BO3AYIIHBIX JIUHUN U noAcTaHiuii. O6-
11ast XapaKTepUCTUKA U 3aKOHOMEPHOCTh Pa3psiioB B Ta30BOM cpejie.
[TpakTrueckast pabora NeS. BHyTpeHHsISI M30Is1IUs 3J€KTPOYCTaHOBOK. OCHOB-
HbIe (DOPMBI pa3psI0B B razax M UX UCIOJIb30BAHHE.

[TpakTiaeckas padota Ne6. cnpitanus uzonauuu. i3MepeHue conpoTUBICHUS U
€MKOCTH n30siAuu. [lepekpbITie TBep oM U30JALUN U CKOMb3AIINE pa3ps/bl Ha
MOBEPXHOCTH.

[TpakTraeckas padora Ne7. KOHTpoIb AUANEKTPHUECKUX TOTEPh U U3MEPEHHE Ta-
paMeTpOB YACTUUHBIX pa3psiioB. KOHTPOJIb MOBBIIEHHBIM HANPSIKEHUEM. UCIIbI-
TaHUSl M30JIALMU OTAENIbHBIX BUIOB 000pyaoBaHusa. KOHTposb M30/IALMN KOH-
TaKTHOU ceTh. TenIoBOM U INEKTPUIECKUN TTPOOOIA.

[TpakTuaeckast padora Ne§. M3mepenne BbICOKUX HampspkeHuid. [lepeHampsixke-
HUS B DJIEKTPUYECKHX ceTAX. ATMochepHbIe nepeHanpshkeHus. Pacder 3azemis-
FOIINX YCTPOMCTB.

[TpaxTrueckas padota Ne9. PacnipocTpaneHue BoJH nepeHanps>KeHuil. KBa3ucTa-
[IHOHAPHBIE U KOMMYTAIIMOHHBIE TIEPEHAIIPSKEHUs. 3alUTa OT ePEeHANPSKEHUN.
Pacuer conpoTuBieHUs paCTEKAHUIO TOKA TPOMBIIIIEHHON YaCTOTHI.

YueObHo-MeToan4YecKoe U HHPOPMAITMOHHOE 00ECTICUCHHUE TUCITUTIITHHBI

Crp.
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5.1

5.2

5.3

[TepeyeHh OCHOBHOM U JIOTIONHUTEIBHOM JINTEPATYPhl, HEOOXOIUMOM ISl OCBOE-
HUS JUCHUITIINHBI

[Tepeuens yueOHO-METOMUECKOTO 00ECTIeUeHHsI CaMOCTOSITEIbHOM paboThl 00y-
YaIOMIUXCS MO TUCIUIINHE

[lepeuens pecypcoB HHPOPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHOM ceTu HTEpHeT,

H€O6XOI[I/IMBIX JJIs1 OCBOCHUA JUCHUITIIMHBI
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BBeneunue

[IpakTryeckne 3aHATHA CO3JAIOT ONTUMAIIbHBIC NTUAAKTUYECKHE YCIOBUS UIS JEATENb-
HOCTHOI'O OCBOEHUS CTYJEHTAMH COJEPKAHUS U METOI0JIOTMHU U3ydaeMol JucuUIuIMHEL. [IpakTu-
YEeCKHE 3aHATHUS 3aHMMAIOT MIPEUMYILIECTBEHHOE MECTO NPH U3yYEHUH 00LIenpodecCHOHaNbHbBIX
U TPOo(eCcCHOHANBHBIX AUCUUIUINH. [IpakTHuecKue 3aHATHS TPOBOISATCS C IENbI0 BBIPAOOTKH
NPAaKTUYECKUX YMEHHH U MPUOOPETEHUS] HABBIKOB B PEIICHUU 337a4, OTPAOOTKU YIPaKHEHUH,
BBINOJIHEHUH YepTEKeil, IPOU3BOICTBE pacU€TOB U T.II.

Iesnbro NpakTUYECKUX 3aHATUH sBseTcs (OPMUPOBAHHUE MPAKTUUYECKUX YMEHUHN — Mpo-
(beccnoHaIbHBIX (BBIIOIHATH ONpEACIEHHBIE EHCTBUSA, ONlepaliii, HEOOXOAUMBbIE B MOCIEAYHO-
eM B po(hecCHOHAIBHON IEeSATETFHOCTH) WM YIeOHBIX, HEOOXOAUMBIX B MOCIEAYIOMEH yueo-
HOU JEATEIBHOCTH 10 00IenpoecCHOHATBHBIM U TPOPECCHOHATBHBIM TUCIUILTHHAM.

bubnuorpaduyeckuii CIMCOK COAEPKUT CBEACHUS O CIIPABOYHOM JIUTEpaType U AONOTHU-

TCJIBHBIX U3JaHUAX, HCO6XOI[I/IMBIX JJIA er'Iy'6J'IeHHOFO HU3YUCHUA OTHCIBbHBIX BOIIPOCOB.
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1. I]endb u 3a0auu uzyuenus OUCYUnIUHbL

OCHOBHBIMH LETSIMH JUCHUIUIMHBI SBJSIOTCS: (DOPMUPOBAHHUE y CTYACHTOB CTPOHHON M
YCTOMUYMBOW CHUCTEMbI 3HAHUHM O (PyHIAMEHTAIbHBIX 3aKOHOMEPHOCTSX 3a)KUTaHUS U Pa3BUTUSA
JIEKTPUUECKUX PA3PAI0B B TUAIEKTPUUECKHX CpellaX, MeXaHU3Max Mpo0os JUAIEKTPUKOB MPH
BO3/JCHCTBUM CUJIBHBIX AJIEKTPUYECKHUX IOJIEH, BUIAaX M30JIALUU BBICOKOBOJIBTHOIO 000pYy10Ba-
HUS ¥ METOJIaX KOHTPOJIS €€ COCTOSHUS, CIIOCO0ax MOJIydeHHsI M M3MEPEHHSI BBICOKHX Harpsike-
HU, IpUpOie BOZHUKHOBEHUS IEPEHAIPSKEHUH U CIIOCOO0B 3aIlUThI OT HUX.

B pe3ynbTare ocBO€HUS JAHHOM IUCIMITIIMHBI 00ECIIEUNBAETCS JOCTHXKEHUE 1ie1eil OCHOB-
HOM 00pa3oBaTeabHON MPOrpaMMBbl «JEKTPOIHEPTEeTUKA U AIEKTPOTEXHUKA»; NMPUOOPETEHHbIE
3HAHMSI, yMEHUS U HABBIKU TIO3BOJIAT IOJrOTOBUTH BBIITYCKHHKA!

— CIOCOOHOI0 K pacyeTy, aHaJIU3y U IPOEKTUPOBAHUIO 3JIEKTPOIHEPIreTUUECKUX JIEMEH-
TOB, OOBEKTOB U CUCTEM C MCII0JIb30BAaHHUEM COBPEMEHHBIX CPE/ICTB aBTOMATU3ALMN POEKTHBIX
pa3paboToK;

— Hay4HO-MCCJIE10BATENbCKOM JESATENIbHOCTH, B TOM UUCIIE B MEKIUCLUIUIMHAPHBIX 00J1a-
CTSIX, CBA3aHHOM C MaTEMaTUUYECKUM MOJIETIMPOBAHUEM IIPOLIECCOB B JIEKTPOIHEPTETUUECKUX CH-
cTeMax U 00beKTax, POBEJAECHUEM HKCIIEPUMEHTANIBHBIX UCCIEIOBAHUN U aHAINU30M UX PE3YIlb-
TaTOB;

— K CaMOCTOSITEIbHOMY 00yYEHHIO ¥ OCBOCHHIO HOBBIX 3HAHUW U YMEHUH U1 peanu3aluu

cBoel MpodeccuoHaNbHOM Kapbephl.

2. Obopyooeanue u mamepuaot

AnmnapaTHble CpeJCTBa: IEPEHOCHOI HOYTOYK, MPOEKTOP, I0CKa MarHUTHO-MapKepHasl.
VYuebHas ayauTopus Ui MPOBEACHUS Y4eOHBIX 3aHATHUH, OCHaIleHa 00OpyIOBaHHUEM U

TEXHUYCCKUMU CPEACTBAMU O6y‘—IeHI/I$[ .

3. Haumenosanue npakmuueckux paoom
Jlnst 04HO-320YHOM (OpPMBI 00YUEHUSI MPEAYCMOTPEHBI CIEYIOUINE MPAKTUYECKHE pa-
60T1sI: [IpakTrueckas padora Ne 2. DnexTpuueckuil pa3psan B razax. Pacder miockoro, UMIMHIPH-
YECKOT0 U ChepHUSCKOTO KOHICHCATOPOB — 2 Yaca, MpakTudeckas MmoAroToBka — 2 yaca; [1pakTu-

yeckast pabora Ne3. M3014TOpBI BO3AYIIHBIX JTUHUNA U MOACTAHIIMNA — 2 yaca.

Ne Tembr N3 Hux npaktu-
HaumeHnoBaHue TeM AUCHUIUIMHBL, UX KpaTkoe co- | O0beM
JUCLH- 4yecKas MOoAro-
JiepyKaHue 4acoB
TUJTMHBI TOBKQ, 4aCOB
5 cemecTp
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IIpakTnyeckass padora Ne 1. DaekrpuyecKui
pa3psa B ra3zax. XapakKTEpUCTUKH JJIEKTpHUUe-
CKOT'O MOJs U OOIIMK METOJ pacueTa eMKOCTH U
HaIPSKEHHOCTH AJIEKTPUUECKOTO TOJISI MPOCTE-
HIMX CUCTEM KOHJICHCATOPOB.

N3yuuth MeTOI pacyeTa EeMKOCTH U HAIPSKEHHO-
CTH DJIEKTPUYECKOIO IMOJI MPOCTEHIINX CUCTEM
KOHJICHCATOPOB.

IIpakTnueckass padora Ne 2. DiaekTpuUyecKHi
pa3psa B razax. Pacuer miockoro, HuiIuHIpUye-
CKOT'O U cpepruyecKkoro KOHIEHCATOPOB.

I/I3yT-II/ITb OCHOBHBIC MCTOABI pacycTa IIJIOCKOTO,
HUIMHIPUYECKOTO U c(PepruuecKoro KOHIAEHCATO-
pOB.

IpakTuyeckass padora Ne3. U30.ATOpPBHI BO3-
AYUWHBIX JHMHUA W moacTaHumi. YactHeie me-
TOJBI PACYETOB €EMKOCTH U HANPSKEHHOCTHU CIIOK-
HBIX JJIEKTPUYECKUX MOJIEH.

N3yuuTh METOABI pACYETOB EMKOCTU U HANIPSIKEH-
HOCTH CJIOKHBIX JJICKTPUUECKUX TOJIEH.

IIpakTuyeckass padora Ned. U30.TOPHI BO3-
AYLIHBIX JUHUN 1 noacTtanuuii. O01as xapakre-
PUCTHKA U 3aKOHOMEPHOCTb Pa3psiioB B Tra30BOM
cpene.

W3yunTh XapakTepUCTUKy M 3aKOHOMEPHOCTH
DJIEKTPUUIECKUX Pa3PsHO0B.

IIpakTyeckas padora NeS. Buyrpennsas mu3o-
JANUA JIJIeKTPOYCTAaHOBOK. OCHOBHBIE (HOPMBI
pa3psioB B ra3ax U UX UCIOJIb30BaHUE.

N3y4unth OCHOBHBIE (POPMBI pa3psIOB B razax v UX
IIPUMEHEHNE Ha IPOU3BOJICTBE.

IIpakTnyeckas padora Ne6. UcnibiTaHus n30J1s1-
nuu. M3mMepeHue CONpPOTHBIICHUA U €MKOCTH
u3oasiumu. IlepekppiTe TBEpPAOW H3OISUUMUA U
CKOJIB3SIIME pa3psabl HA IOBEPXHOCTH.

N3yunTh NOHATUSA NEPEKPBITHS U30JALUH, CKOJIb-
35IME pa3psabl U NEPEHANPSKEHUS Ha BO3LYIL-
HBIX JIMHUSX.

IIpakTnyeckas padora Ne7. Konrpoas amiiek-
TPUYECKUX NMOTepPh W HM3MepeHHe NnapaMeTpoB
YaCcTHYHBIX pa3psaaos. KoHTpoab mnoBblIlIeH-
HbIM HANpsi’KeHHeM. HCIIBITAHUA U30JISIIIUH OT-
JAeJbHBIX BHI0B 000pynoBanusi. KoHTposb n3o-
JIAUUM KOHTAKTHOM ceTH. TerioBoil U 3JIeKTpu-
yecKUil po0oii.

W3yunth ycnoBHUsi BO3HMKHOBEHMSI TEIUIOBBIX H
HIIEKTPUUYECKUX TPOOOEB.

IIpakTuyeckas padora Ne8. U3mepenune BbICO-
KNX Hanpszkenuil. IlepeHanpsikeHusi B 3JIeK-
TPUYECKHUX ceTsAX. ATMoc(pepHble nmepeHanps-
sKeHusl. Pacuer 3a3eMIsIOIMX YCTPOMCTB.
[TpuobOpeTenne HaBBIKOB pacyeTa 3Y.
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IIpakTnueckas padora Ne9. Pacnpocrpanenue
BOJIH TepPeHANPSKeHNH. KBa3UCTAIHOHAPHbIE
U KOMMYTAIMOHHbIE TNepeHANpsKeHus. 3a-

IMTA OT NepeHanpsikenunii. Pacuer conporubiie- 2
HUS PACTEKaHUIO TOKA IPOMBILUICHHON YaCTOTHI.
IlonmydyeHue HaBBIKOB pacueTa CONPOTHBIICHUS
pacTekaHus TOKa MPOMBIIIIJICHHON YacTOTHI.
Hroro 3a S cemectp: 18 4
Hroro: 18 4

75



4. Cooeprcanue npakmuueckux paoom
Ilpakmuueckaa paooma Ne 1. Inekmpuueckuii pazpao 6 zazax. XapaxmepucmuKku
INEKMPUYECKO20 NOJIA U OOUWUTL MEMOO pacuema eMKOCIU U HANPANCEHHOCMU JJ1eKmpuye-

CKO020 noJin npocmeﬁmux cucmem Koudeucamopoe.

Ilens: VI3yunTh METOJ pacuyeTra eMKOCTH M HAINPSHKEHHOCTH 3JIEKTPUUECKOIo IOJIs Ipo-

CTEUIINX CUCTEM KOHJIEHCATOPOB.

Ocnoevt meopuu:

Hanpsoxéanocts anextpudeckoro noist (E B/M) ecTb BeKTOpHAsI BETUYKHA, ONIpeesieMast
OTHOLICHHUEM CHUJIbI, ACUCTBYIOLIEH B IOJIE HA JIEKTPUYECKUM 3apsal, K BennuyuHe 3apsza. [lox
JecTBUEM HaNpsHKEHHOCTH MOXKET MPOUCXOIMTh NMPOOOH MM IMEPEKPBITHE H30IUPYIOIIEeH
Cpeapbl.

BexTop HanpsyKEHHOCTHU AJIEKTPUYECKOTO OISl Ha TPAHUILIE pa3fielia JBYX U30IUPYIOIIUX
Cpell IIpH MEepexoJie B CMEKHYIO Cpely IperoMIIseTcs, packiaabiBasch Ha HopManbHyto (Enm) n
tanrennuanbHyto (Et) coctaBnsromue.

[Torenmman s5ekTpryecKoro mois (¢ B) ABISAETCS CKATISAPHON BETUINHONW. TOYKH dIIeKTpH-
YECKOT0 TMOJIsI UMEIOT MOJIOKUTEIbHBINA, OTPUIATEIbHBIN NN HYJIEBON MOTEHIUAIIBI.

[TosoxUTENBHBIN MOTEHLIMAJ JaHHOM TOYKH 3JIEKTPUYECKOIO MOJI paBEH YHEPTUH, KOTO-
PYIO IPHOOPETAET €AMHUYHBIN MOJ0XKUTENBHBIN 3apsi/i IPH €To MePEeMEIIeHUH BHEIIIHUMH CUIIaMH
13 TOYKH C HYJIEBBIM ITIOTEHIMAJIOM B IaHHYIO TOUKY ITPOTUB AEUCTBUS CHJI AJIEKTPUUECKOTO MOJIS.

HyneBbM noTeHIManoM ycaoBHO 00a/lat0T TOUYKH, yAaJEHHbIE B OECKOHEYHOCTh OT 3a-
psna iy 3a3eMIIEHHBIE.

OTtpunarenbHbIi NOTEHIMAN XapaKTEPU3yeT PACX0l JHEPTHH 10JIS HA MIEPEMEIIECHUE €/IH-
HUYHOTO TIOJIOKHUTEIBHOIO 3apsifia M3 TOYKU C HYJEBBIM IOTEHIMAJIOM B JAaHHYIO TOYKY IIO
HAIPAaBJIEHUIO JEHCTBUS CUJI SJIEKTPUUECKOTO TOJIS.

Touku 35eKTpUYEecKOro MoJist, UMEIOLIUE OJMHAKOBBINA MOTEHLIMAT, 00pa3ylOT 3KBUIIOTEH-
LIUAJIbHBIE [IOBEPXHOCTH.

Pa3HoCTh MOTEHIIMAIOB IBYX TOUYEK IEKTPUUYECKOTO IOJIsI Ha3blBaeTCsl HanpshkeHuem U
MEX1y 3TUMHU TOYKaMHU U U3MEpSIeTCS B BOJIbTAX:

U=¢1—¢,=A0¢
W3 ompenenenust noTeHuana Kalr SHEPruu €IMHUYHOIO 3apsA/ia, BHECEHHOTO B JAHHYIO

TOYKY MOJIA, CJIEAYET, UTO PA3HOCTh MOTEHIIMAIOB MEXIY IBYMSI TOUKaMu noJist A@ ecTh npupa-
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HIEHHUE WK YObUIb 3TOM 3Hepruu. [{is 3apsiia, mo BeIMUruHEe OTIMYHOTO OT €AUHHUILIBI, 3TO MPHUpa-
HICHHE PHEPrUH MOXKHO paccMaTpuBaTh Kak paboTy AA, nmpousBeAeHHYIO cliIoi (E Ha oTpeske
nytu Aa.

[Ipu coBnaiennn HanpaBiIeHUs AeHCTBUS CUIIbI (E ¢ HampaBiIeHHEM NepeMeNIEHUs 3apsiaa
paboTa oTpHIaTeNbHA, T. €. MPOU3BOIUTCS 3a CUET CHJI MOJIS, a IPU HECOBMAJAEHUN — paboTa

IMOJIOKHUTECJIbHA, TaK KaK ITPOU3BOANUTCS 3a CUHET BHCUIHUX CHUJI:

—A =qEAa
Otcro1a MOXeET OBITh MOJyYeHAa MaTeMaTHYecKash CBsI3b MEXKy MOTCHIIMAIOM U HAmps-
JKEHHOCTBIO:
dA
—dp = — - = Eda
Wi
E= —Z—(g [B/M]

Hcnonb3ys 3aBucuMocth (1), mamuM HOBOE OIpenesieHHe HAMpPsHKEHHOCTH: HaIPsHKEH-
HOCTB 3JIEKTPUYECKOTO IOJISI €CTh CKOPOCTh YOBIBaHUS (3HAK MUHYC) IOTSHITMAJIA T10 HAIIpaBJIe-

HUIO CHJIOBBIX JTUHUM TOJIA.

Ealin §
N
\
pS
Bl .
\\ 1
A Y
Y {,;

-,

-

SYY

N

L e

Pucynok 1.1 — I'paduueckas cBsA3b MeKy NOTEHLIMAIbLHONW KPUBOM U KpUBOI HAINpsKEH-

HOCTH

HYCTB HN3MCHCHHUEC IMOTCHLOHUAIa MCXKIY KaKUMH-TH00 TOYKaMU OJICKTPHUYCCKOI'O IOJIA
n3o0paxkeHo rpadudecku (puc. 1.1), B aTom ciydae Benuunaa HanpspKEHHOCTH SIIEKTPUUIECKOTO
TOJIs1, BRIPAYKEHHAS 3aBUCUMOCTBIO 1), mpruoOpeTaeT reoMeTprUIeCK il CMBICIT M MOKET OBITh OTpe-
JIeJIeHa, KaK TAHTE€HC yTJia HAKJIOHA tg a KacaTeIbHOM K MOTeHIINAIbHOW KpUBOH | B TOUKE KacaHUs
A, ¢ yuéroMm MacmTaboB MOTEHIMANa M MepeMerieHus TaM(MM.). MaTteMaTH4ecKu HanpsKEH-

HOCTB JICKTPUUYECKOTO TOJIS I TOYKH A (Ha KpUBOM 2) BBIPA3UTCS
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do Ag my,AB  m,
= 2] i 28] = i A2 _
|d(p| o Aa o m,BC m, ga
. _ 4B AB_A(p BC = Aa
99=pc’ - m,’ T mg

JlonmycThM, 4TO XapaKTep M3MEHEHHsS IOTEHIIMAIA B U30JIMPYIOIIEH cpelie 3a/1aH rpaduye-
cku. Torga, ucrnonb3yst Gopmyity, IO TOYKaM CTPOUM KPUBYIO U3MEHEHHSI HAPSHKEHHOCTH IIEK-
TPUYECKOTO TIOJISL.

C npyroii CTOpOHBI, U3 COOTHOIICHHS uMeeM d¢ = —Eda; , OTKy/a 1o 3aJaHHON aHaJIU-
TUYECKOH 3aBUCUMOCTH M3MEHEHHSI HANPsHKEHHOCTH AekTpudeckoro nois E = f(a) momyuum mo-
TEHIIMAJ B

J000M TOUKE NEKTPUYECKOTO

MOJIS, CYMMUPYS TIPOU3BEICHUS HANPSDKEHHOCTH JIEKTPHUECKOTO TOJIsl HA OECKOHEYHO

MaJIbIC IIPUPAIICHHA KOOPAUHATBI ﬂBH)KymeﬁCH TOYKH Ha Y4aCTKE OT OECKOHEYHOCTH a0

3aJIaHHOM:
a [ee}
Qg =— jEda= J EdalB]
09} a

B cooTtBeTcTBUM € 3aBUCHMOCTHIO (3) 1aguM MOTEHITHAITY HOBOE OIpE/IeTICHUE.

[ToTrennman B 3aJjaHHOM TOYKE JIEKTPUYECKOTO MOJIA €CTh JIMHEHWHBIN MHTErpall Harps-
XKEHHOCTHU B TIpeziesiax OT OECKOHEYHOCTH JI0 33JJaHHOM TOYKHU MOJISL.

I'panuent norennuana (G B/M) — xapakTepuCTHKA HIEKTPHUUECKOTO TOJIsI, YUCIEHHO PaB-
Hasl HaPSYKEHHOCTH 3JIEKTPUYECKOTO MOJIsA, OTIMYAIOLIASCS OT HEE TOJIBKO MPOTUBOIIOIOKHBIM

3HAKOM.

I'paguieHT ecTh BEKTOP, ONPEAEISAIOMNN CKOPOCTh HapacTaHUs MOTEHIMAla B HallpaBJle-

HUU IPOTUB CUJI TTOJIA:

G=gradp=—F="
=grad g = —E =——[B/M]

JsnexTpudeckasi MPOHULIAEMOCTh (B (/M) — OCHOBHAs XapaKTEPUCTUKA ANEKTPUUECKUX
CBOWCTB M30JIMPYIOLIET0 MaTepHuaia, GU3NYECKH XapaKTepU3ykolasi HHTEHCUBHOCTh IPOLIECCOB
NOJIIPU3ALUU B CPEJIE AUDIEKTPUKA, IPOUCXOAAIINX MO IEHCTBUEM BHEIIHETO JIEKTPUUECKOTO
noJisi. MareMaTndecku OHa MOKET ObITh NMpPEACTaBIeHa MPOU3BEICHUEM JIBYX BEJTUUHH:

e = eyge’[B/M]

TJIE €)—g gge+10-12 | §/M]— dJIeKTpHYECKas IOCTOSHHAS, yCTAHOBJICHHAS OLBITHBIM ITyTEM;

€ '— OTHOCHTEJbHAs JUAJIEKTpUUYECKasi MPOHHUIIAEMOCTh MaTepuaia (BelnuuuHa Oe3pas-

MepHasi).
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3Ha4YeHUsI OTHOCUTEINIBHBIX TUAJIEKTPUYECKUX TPOHUIIAEMOCTEH I Pa3IMYHbIX MaTepHa-
noB jgauHsl B [1-1 *.

Drektpuueckoe cMemienne (D k/M?)—xapakTepucTHKa, onpeessromas AeiCTBHE dIIeK-
TPUUYECKOI'O MOJIS HA IUNIEKTPUK — €CTh BEKTOPHAs BEJIMYMHA, PaBHAs IPOU3BEICHUIO BEKTOPA
HANPSHKEHHOCTH 3JIEKTPUYECKOTO MO B pacCMaTPUBAaEMON TOUKE HA JUAICKTPUUYECKYIO TIPOHU-
LAEMOCTb CPEJbL:

D = E¢ [k/M?]

DNeKTpUYEeCKOoe CMEILIEHUE MIPECTaBIsseT cOOO0N IIOTHOCTD AIEKTPUUECKHUX 3apsiioB Ha
MOBEPXHOCTHU 3apsDKEHHOTO Tela MO0 3apsill, HHIYKTUPYEMBIH Ha KaKJOM KBaJIpaTHOM MeETpe
IPOBOJIAIIEH TOBEPXHOCTH, BHECEHHON B 3JIEKTPUYECKOE I10JIe€ HOPMAJIbHO K €r0 CHUJIOBBIM JIM-
HUSIM.

Onexrpuueckas eMKocTb (C ¢) — noHsTHE, IPUMEHAEMOE K KOHCTPYKLUSAM, PEACTABIISA-
I0IIMM cOo0OH MPpOBOAIIME Tea (IEKTPObI), pa3eiIeHHbIE clI0eM AndeKTpuka. Koncrpykunmy,
UCIOJIb30BaHHbIE /ISl HAKOIUICHUSI UM COXPAHEHUs 3aps0B, Ha3bIBAIOTCS KOHACHCATOPAMHU.

Ecnu 3neKkTpo/ipl KOHJEHCATOPa COEAMHUTh ¢ MICTOYHUKOM HaIpsDKEHUS, TO OHU TproOpe-
TYT COOTBETCTBYIOIIME PABHBIE 110 BETUYHNHE W MTPOTHBOIOJIOKHBIE 110 3HAKY OTEHIIHAIIBI:

U=¢;—(—¢z=2¢

ITo Mepe mpoTekaHus Tpoliecca NOISPU3aAUN B IUIIIEKTPUKE Ha TTIOBEPXHOCTH AIIEKTPO-
JIOB HAKaIUTMBAIOTCS 3apsbl. OIBIT MOKAa3bIBAET, YTO MEKAY BEIMYMHON HAKOTIMBILETOCS 3apsiaa
Q u BenmnunHOI HanpsokeHuss U MeXTy 3J1€KTpoJIaMH CYILECTBYET CBS3b, 3aBHCAIIAsl OT T€OMET-
PHUYECKUX pa3MepOB KOHAECHCATOPA U pojia AUIIEKTPUKA. DTY CBSI3b C KOJIMYECTBEHHOW CTOPOHBI
xapaktepusyet eMkocTh C.

EMKOCTB €cTh OTHOIIIEHHE 3apsaaa K HallpsAKCHUTIO!

c==
U

Enununeii emxoctu B cucteme CHU apnsiercs dapana (¢). Tak kak 9Ta BeIMUMHA IPAKTU-
YeCKH OYeHb BEJIMKA, TO B PACUETaX MCIOIB3YIOT €€ JOJIbHbIe eqUHULBI (cM. [1-2).

PacueraM emKkOCTH M HaNPS’)KEHHOCTH 3J1eKTprdeckoro nmosist B TBH npunaercs uckmoun-
TEIbHO Ba)XKHOE 3HaU€HHUE, TaK KaK OOJBIIMHCTBO BBHICOKOBOJBTHBIX KOHCTPYKLUHH COCTOUT M3
IIPOBOIALLUX IIOBEPXHOCTEM, pa3I€ICHHBIX CJI0EM JIUIJIEKTPUKA.

_I>l<106

= Uznf [Mkd]

JI1st n3MepeHnst EMKOCTH HUCITOJIb3YKOTCS MOCTOBBIE CXEMBI Pa3JINYHOM KOHCTpYKIMHU. Pac-
4eT EMKOCTH MOJKET OBITh POM3BE/IEH 0 pe3yabTaTaM W3MEPEHHUs TOKa U HaNpsDKEHUS P 3a-

IAHHOU 4acTOTe
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Ecnn pacyeT eMKOCTH IPOU3BOAUTCS B IIPOLIECCE KOHCTPYUPOBAHUS U3IENHS, TO CIIOKHAS
¢dopma MPOBOAIINX TTOBEPXHOCTEH MPUBOIUTCS K TEOMETPUUECKU MPABHIBHON CHCTEMeE: III0C-
KOCTb—IIJIOCKOCTD, IMJIMHAP — IUIUHID, chepa — cdepa, A8 KOTOPbIX MOKHO YCTaHOBHTH
€IMHYI0 MATEMAaTUYECKYIO [TOCIIE0BATEIbHOCTD pacue€Ta EMKOCTH U HANPSHKECHHOCTHU. MIcXOqHBIM
COOTHOILIEHUEM TaKOro pacyera siBisercs reopema ["aycca™.

Teopema I'aycca: HOTOK BEKTOpa HAIPSAYKEHHOCTHU DJIEKTPUUECKOIO MO CKBO3b 3aMKHY-
TYI0 IIOBEPXHOCTb PABEH 3apsilly, 3aKJIIOYEHHOMY B 4acTU IPOCTPAHCTBA, OTPAHUYECHHOI'O 3TOU
IIOBEPXHOCTBIO, JCIICHHOMY Ha BEJIWYMHY JUDJIEKTPUYECKONW ITPOHULAEMOCTH HCCIIELyEeMON
CpeBl.

Maremarnuecku Teopema ['aycca BbpakaeTcst 3aBUCHMOCTBIO

Q
EdS = —
$ £0€

rae Q — 3apsn, K;

E — HanpsykeHHOCTh 2JIGKTPUYECKOTO TOJIs, B/M;

£p& — IUMDIICKTpHUYECKAs IPOHUIIAEMOCTb Cpeabl, (/M.

[Ipu pacuerax 1enecooOpa3HO UCIOIL30BATh HIKBUIIOTCHIIMAIBHBIE TTOBEPXHOCTH Sa, KO-
TOPBIC C OJTHOM CTOPOHBI TEOMETPUICCKHU MTPABWIILHEI, a C APYroi BRIOPAHBI TaK, YTO HAIMPSKCH-
HOCTb 3JIEKTPUUYECKOTO ToJisi Bo (Bcex Toukax HeM3MeHHa. DTO MO3BOJISET BHIHECTU BETUUHHY
HaIpsKEHHOCTH 3a 3HaK MHTerpaia. YacTh MOBEPXHOCTH, HE MEpeceKaeMble MOTOKOM BEKTOpa
HaIPSHKEHHOCTH JIEKTPUUECKOTO T0JIsA, HATPUMEDP TOPIIEBBIC YACTH IIIJIMHIPUIECKOM MTOBEPXHO-
CTH, CJIETYeT UCKITIOYUTH U3 PACCMOTPEHHS.

DNEeKTpUYECKOro MoJjs U BEJIMYUHOM 3apsijia, Ha3biBaeMoe TeopeMoit ["aycca.

1. Ilpumensis TeopeMy ['aycca, MBICIIEHHO OTPaHUYUM OJIMH U3 BJIEKTPOJOB 3aIaHHON CHU-
CTEMbI 3aMKHYTOM SKBUIIOTEHIIMAIbHON TOBEPXHOCTBIO, 11 KOTOPOU BBIPa3UM MaTEMaTUUYECKYIO
CBSI3b MEXK]Iy HAIPSKEHHOCTHIO SJIEKTPUUYECKOTO TOJIS, 3apS/IOM U TUAJIEKTPUIECKOM TTPOHUIIae-

MOCTBIO CpCIbI:

Ef dS =)
TaK KakK

$ds =S5,
To

2. Vcnonb3ys cootHomenus (3) u (9), ycTaHOBUM, UYTO HANPSDKEHUE MEXTY dJIEKTPOAaAMHU
MaTeMaTUYECKU BBIPAXKAeTCsl yepe3 OIpe/ieJIeHHbIH HHTErpall BEKTOpa HAPSKEHHOCTH AJIEKTPHU-

Y4eCKOT0 TOJIs 10 ITyTH yOBIBaHUS MOTEHIIMAJIa (3HAK MUHYC) B0 HAIIPABJICHHUS CHIIOBBIX JIMHUMA:
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m | Q

l

3/1ech MOJOKHUTETHHO 3apPsSHKEHHOMY 3JIEKTpoay npucBoeH unaekc 1. [Tonp3yscs ¢popmy-

2
U=(p1—(p2=—fEda=—
1

701 (6), COrIacHO KOTOPOil eMKOCTh €CTh OTHOILIEHUE 3apsja K HAPSDKEHUIO, U 3aBUCUMOCTBIO
(10), momy4nm nocse rnepeMeHsl MpeiesioB UHTErPUPOBAHUS COOTHOLIEHHE, OIpeIestoliee B 00-

IIIEM BHJIE EMKOCTb pacCMaTpUBAaEMOM KOHCTPYKIIUH:

£
tda
J.

25y

C=

B cooTBeTcTBUM C U3TI0KEHHOW MOCIIEI0BATEIBHOCTBIO PACUETa EMKOCTH OJJHUM U3 IIPO-
MEXYTOUHBIX JNEHCTBHUI ObUIO ompeseNeHne HanpsbkeHHOCTH (9), 0OHAKO MOTY4YeHHAs 3aBUCH-
MOCTb HE MOXET OBITh MPAKTUYECKU MCIOJB30BaHa, TaK KaK Beln4rHa 3apsiaa Q oObIYHO He 3a-
JTAeTCsl.

JUi1st TosTydeHus MPaKTHYECKH IPUTOIHOHN (hOpMYIIBI pacueTa HaIPsHKEHHOCTH dJIIEKTpUIe-
CKOTO IOJIS JIF0O0H TOUKH MEXY 3JIEKTPOJIaMU, CIEeIyeT, pAaCCUMTaB EMKOCTh KOHAEHCATOpa 10
dopmyne (11) u 3Has HampsHKEHHE, TPUIIOKEHHOE K AJIEKTPOJaM, BBIPA3UTh B 3aBUCUMOCTH (9)

3aps] Kak [IPOU3BEIEHNE EMKOCTH Ha HaNpsKEHUE:

cu
Ex = —[B/M]
&Sy
riae C — eMKOCTb KOHJIEHCATOPa;
Sy = S, — DKBUINOTEHLMAJIbHASI NMOBEPXHOCTh, MPOBEJAEHHAs Y€pe3 TOUKY C MCKOMOI

HAIMPsSPKCHHOCTBIO DJICKTPUYCCKOI'O IMOJIA, MZ;

U— HaITpsI’KCHUC, HeﬁCTBYIOHlee MCKAY 2JICKTPOAaMHU, B,

& —IUBJICKTPUUYCCKas MPOHNIAaCMOCTb CPEbI, q)/M

3aoanusa:
3aoanue Nel
OnpenenuTsb SIEKTPUYECKOE CMEIICHHE B TOUKE DJIEKTPUIECKOTO MOJIS HAMPSKEHHOCTHIO

10 kB/cM, ecii U30JIUPYIOIEH CPEIOil ABISETCS BO3IYX.

3aoanue Ne2

Onpenenutbs BEIUYMHY CBSI3AHHOTO 3apsj]ia, WHIYKTUPOBAHHOTO Ha MPOBOASAIICH Ijia-
cTuHKe B | cM?, BHECEHHOH B AIEKTPHUECKOE TI0JIe MEPIIEHNKYIISPHO CHIOBBIM JTHHMAM. Hanps-
KEHHOCTB dJIEKTpUUecKoro mois 12 ks/cMm. M3onupytomeit cpenoit siBiseTcst TpancpopmaTopHoe

MacJI0 C OTHOCUTEIbHOM JUAJIEKTPUUYECKON MTPOHUIIAEMOCTBIO, paBHOM 2,5.
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3aoanue Ne3
OnpenenuTb CPeTHIO HAMPSHKEHHOCTh 3JIEKTPUYECKOTO MO Ha Y9aCTKE MPOTSKEHHO-

ctbio 0,4 MM, €cJIi pa3HOCTh MOTEHIIUAJIOB MEK/ly TOUKaMHU, OTPaHUYMBAIOIIMMH y4acTok, 600 B.

3aoanue Nod
[ToTeHumanel 3I€KTPOJOB M30JIMPOBAHHOIO OT 3eMJIM KOHAeHcaTropa paBHbel +2000 B.

OrnpenenuTh HaNpsOKeHUE, ACHCTBYIOIEE MEXKTY €ro BHIBOJAMHU.

3aoanue Ne5
OnpenenuTh BEIMUUHY 3apsiia KOHIEHCATOPa EMKOCTBIO 2 MK(), €CITH HAIPSHKEHUE MEXTY

ero BeiBogamu 100 B.

3aoanue Neb
[Inockuil KoHAEHCATOP ¢ BO3AYLIHOM M3omsuueil umeer emkocth 100 g u 3apspkeH 10
HanpsbkeHus 2 kB. OnpenenuTs HapsHKEHHOCTh JIEKTPUUYECKOTO MOJI MEXKAY €r0 3JIEKTPOJaMH,

UMEIOIIMMH IUIOmans 625 cM2.

3aoanue Ne7
OnuHouHas cdepa B Bo3yxe umeer eMkocTh 20 n¢ u 3apsbkena 1o HanpspkeHus 30 kB.
OnpenenuTs HaNPsHKEHHOCTh 3JEKTPUUECKOro MOJs Y OBEpXHOCTU cepsl, eciu ee paauyc 20

CM.

Konmponwvusie eonpocwi:

1. ITouemy mpoBoOASIIKE TENA UMEIOT IKBUIIOTEHIIMATbHBIE TOBEPXHOCTHU?

2. Tlepeuncnuth HW3BECTHBIE CMOCOOBI TPaUUECKOTO0 W AHATUTHYECKOTO BBIPAKCHHS
HaIPSKEHHOCTH YJIEKTPUUYECKOTO OIS,

3. Kak mo 3aanHomy rpaduky MoTeHIrana nocTpouTh rpaduk HAMPSHKEHHOCTH JIEKTPHU-
YeCcKOoro nomis?

4. Kak onpenenutsb npeaessl JMHEHHOro HHTerpajia A pacueTa HalpsLKeHUs 110 Hampsi-
KEHHOCTH JIEKTPUUYECKOTO OIS ?

5. Kakas ¢opma yciioBHOM OBEpXHOCTH, OXBATHIBAIOIIEH 3apsi, OyaeT Haubosee pauo-
HaJbHOM MpHU KCIIONb30BaHUU Teopembl ["aycca?

6. [ToueMy 3aBUCHMOCTB, TTOTYYEHHAS JIJIs1 pacdeTa HaMPSKEHHOCTH JICKTPHUECKOTO TTOJIS

yepes 3aps/l, OKa3bIBACTCS MPAKTUYECKU HEMPUTOTHOM ?
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7. Kak nmepecunTaTh €MKOCTh, BRIpPAKEHHYIO B (hapanax, B mukodapaasi?

8. Uro Takoe 3IIeKTpruiecKoe cMelieHne?

9. KakoBa Benmu4rHa OTHOCUTEIIBHOMN JIUAICKTPUUCCKON MMPOHUIIAEMOCTH BOBI U TIPOBOI-
HUKOB?

10. Yro nokaspIBaeT M YTO XapakTEpU3yeT BEJIUYMHA OTHOCUTEIHHOU AMIICKTPUUECKOM
IIPOHUIIaEMOCTH ?

11. B kaxoii u3 1ByX cpej IpH TOM K€ BEIMYHUHE HANPSHKEHHOCTH JIEKTPUUECKOIO MO
OyneT OoJIbIIe IIEKTpUIECKOe cMeleHne — B apdope uiu cirozae?

12. B uem 3axitouaeTcsi 3aKOH IPEJOMIICHUSI BEKTOpa HAIPSKEHHOCTH AJIEKTPUUYECKOTO

II0JIs1 HAa TPaHMILIE pa3/ielia IBYX U30JIMPYIOIIUX Cpell U KaK IPAaKTUYECKU OH MCIIOJIb3yeTCs?
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Ilpakmuueckan paooma Ne 2. Inekmpuueckuil pazpao e 2azax. Pacuem nnockozo, yu-

JIUHOPUYECKO20 U chepuuecKo2o KOHOEHCamopoe.

Heﬂb: HSyLII/ITI) OCHOBHBIC MCTOAbI pacd€Ta IIIOCKOI'0o, HUJIMHAPUYECCKOTO U cq)epnqe-

CKOI'0O KOHZCHCATOPOB.

OcHoebl meopuu:
Jlist pacyeTa eMKOCTH ¥ HAPSHKECHHOCTH JIEKTPHUUECKOTO TIOJISI MEXKIY AJIEKTPOIaMH KOH-
JICHCAToOpa BOCIIOJIb3YEMCSI CXEMOM PUC. 3 U BBIIICH3IIOKEHHOM TIOCIICI0BATEIILHOCTHIO pacyera.

EmkocTth KOHACHCATOpa OMPCACIUTCA U3 3aBUCUMOCTHU

E0ES,

a

B Tom cJIydac, €CJIn HalpsKEHUE, IIPUIJIOKCHHOC K KOHACHCATOPY, 3alaHO, MOXKHO IIOJTY-

YUTH (bOpMy.]'Iy JJIA pacdyCTa HAIIPSAKCHHOCTH 3JICKTPUYCCKOI'O I10JIA B U30JIAINH

_Q uc uves, U
&S, &S, e€S,a a LB /cu]

M3MmeHeHre OTeHIIMAIa | HAMIPSHKCHHOCTH B CIIOC TUAJICKTPUKA MOXKHO U300pa3uTh rpa-

duyecku.

Pacyer eMKOCTH M HAIIPSZKEHHOCTH 3JIEKTPUUECKOTO MOJISI B U30JIALUN CIOUCTOrO KOHCH-
caTopa IPOU3BOAUTCS COIJIACHO IBYM OCHOBHBIM ITOJIOKEHUSIM:
a) -HallpsDKEHHE, MPWIOKEHHOE K BHEIIHMM OOKJIaJKaM KOHJEHCAaTopa, PaBHO CyMMeE

HaIPSOKEHUH, IPUXOASAIINXCS -Ha KaKIBIM CIION:

.'

{

~
&

A

————-—-\—

S
~

A

Pucynox 3-1--PacueTHast cxema mIocKoro KOHJIEHCAaTopa:
S-yCIOBHAs 3aMKHYTasi TOBEPXHOCTb;

S o-aKTHUBHAs 4aCcTh 3aMKHYTON MOBEPXHOCTHU
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0) AIEKTPUIECKOE CMEIICHHUE U 3apsi/l B TNIOCKOCTH JTFOOOTO CJIOSI TOCTOSTHHBI

D =E e = Eyep = Ej&p

Q =CU = (C,U, = CU, = CL U,
PacuetHbie popMyITBI EMKOCTH ABYX M TPEXCIOWHOTO KOHJIEHCATOPA UMEIOT BH/I:
C1C,

C1+C,
C1CC3
C1C, + C1C3 + C5C3

C =

C =

Kpome Toro, u3 paBeHCTBa 3aps10B CIEAYET:
U G
U, G
HanpsoxeHns Mex 1y CMEKHBIMU CIIOSIMU TUIOCKOTO H JIFOOOTO IPYroro KOHIeHcaTopa pac-
MPENIEISIIOTCS 00PATHO MPOMOPIIMOHATBHO EMKOCTSIM 3TUX CIIOEB.
Jl1g BeIBOJIa pacueTHOU (hOpMyIIbl HAPSHXKEHHOCTH AJIEKTPUYECKOTO OIS B TUIIIEKTPUKE

IJIOCKOI'0 KOHACHCATOpa MCIIOJIB3YyEM 3aBUCUMOCTH, OTKYyIda JJIA HBYXCHOﬁHOFO KOHJACHCAaTOopa

MOJTYYUM:
a,& + ae;
U=Ea, +Ea, =Ea; + E1 a2 = E1(—g )
2
Uez

3aBUCHMOCTE MOYKHO BUIOU3MCHUTDH

g U £ U U
1= a,e; | —
i\ + 28] 0,14 85% 0,0+ D
2

€ nlfom
3z \
3

TN 1

w

o

IS

2

Pucynok 2.2 — OnpITHas XapakTepUCTHKA 3aBUCUMOCTH MPOOUBHON
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MPOYHOCTH BO3/IyXa OT PACCTOSHHS MEXTY TUIOCKUMH JICKTPOIaMU MPH HOPMAITbHBIX
aTMOC(HEPHBIX YCIOBUSIX

PerynupoBanue HanpspKeHUs «a clioe KOHIASHCATOPa MOXKHO OCYIIECTBIIATH 10100POM €ro
TOJIIIMHBI U BEIMYUHBI OTHOCUTEIBHOM JUAJICKTPUIECKOM MPOHUIIAEMOCTH -MaTepHara.

OmnbIT TMOKa3bIBaCT, YTO BEIMYHMHA CPEAHEW NMPOOWBHOW HANPSHKEHHOCTH BO3TYNIHOMN
CpeIbl MEXKIY IEKTPOAAMHE ILUIOCKOTO KOHJIEHCATOPA 3aBUCUT IIPH MPOYUX PABHBIX YCIOBHUSIX OT
PACCTOSIHUSL MEXKAY AJIeKTpoiaMu (puc.2.2). DTO 00BSICHSIETCS HAPYLUICHUEM OJHOPOJIHOCTH TOJIS
y KpaeB 3JICKTPOJIOB.

[Tone nMIMHAPUIECKOTO KOHCHCATOPA IIOCKOMApAIUICIbHOE U XapaKTePU3yeTCsl OCEBOU
CUMMETpHUEH, IPUYEM IKBUIIOTCHIIMATBHBIC MOBEPXHOCTH MPEACTABISAIOT CO00I KOaKCHUAIbHBIE

HWIAHPBL.

——

V.né f € mas

E.n/m

» B aa

Pucynok 2.3 — M3menenue HanpspkeHHOCTH (1) 1 moteHimana (2) B clioe U30Js1UH 1TH-

JIMHAPHUYCECKOI'0 KOHACHCATOpA

[Tosie MAMHIPUYECKOTO KOHICHCATOPA TUIOCKOMAPAIIEIbHOE U XapaKTePU3yeTCs: OCEBOM
CUMMETpHEH, TPUYEeM IKBUIIOTEHIIMAIBHBIC MOBEPXHOCTH MPEICTABISAIOT COOOH KOaKCHATbHBIE
[WINH/IPBIL.

[MocnenoBarenbHOCTh pacyera:

1. B cootBercTBuU ¢ TeopeMoii ["aycca:

X

7 [8/cu]

EQE2TTy
[lepemenHass Benmu4nHA Ix B 3HAMEHATENE 3aBUCUMOCTH OIPEAesSeT TUIepOOTnIecKuit

3aKOH U3MCHCHUA HANIPSAKCHHOCTH JICKTPUYCCKOI'O ITOJIA.
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2. Hcnonb3ys 3aBUCUMOCTD, BBIPAa3UM HampshKeHHUE, MPUIIOKEHHOE K KOHAEHCATOPY,

YCPE3 HAIIPSXKCHHOCTD 3JICKTPUYCCKOTI'O I10JIC Ex:

T Q T dx
o[ =L [
R g0€2mr l Jp 1y

OTKy/1a
_Q R
U= —ln; [B]
3. B cooTBeTcTBHH C ONpeeieHneM EMKOCTH KaK OTHOIICHUS 3apsiaa K HAlPSDKCHHUEO
uMeeM
_ 2megel
In R
r

[Ipu 3ameHe BpIpaK€HUU 3apsAzia Yyepes, IPOU3BEACHUE EMKOCTU U HAIIPSKEHUS IIOCIIE CO-
OTBETCTBYIOUIUX MPEOOPa30BAHUN IMOJIYYUM YpaBHEHME JUIs HAIPSHKEHHOCTH 3JIEKTPUUECKOIO
0JIs1, IPUTOJHOE JUIsl IPAKTUYECKUX PACUETOB:

U
E, = — & [B/cM]
2.3xlg?

B GonpmmHCTBE CJIY4acB BA)KHbI MaKCUMAJIbHass © MUHHUMAJIbHAA BEJIMYWHBI HAITPSKCHHO-

CTHU BJICKTPUYCCKOTO IOJIA, ITOJTYIaCMBbIC U3 061116171 3aBUCHUMOCTH:

U
Emax = — R [B/CM]
2.3xlg -
U
Emin = — R [B/CM]
2.3ng?

Jlnst pacdera XapaKTEpUCTUKH U3MEHEHHs TOTEHIMAJIA B CJIO€ U30JISILIUHA BOCIIOJIb3yEMCsI
dbopMynaMu, NPEANOI0KUB, UTO MOTEHIIMAT YMEHbIIAETCA IPU U3MEHEHNH KOOPAMHATHI TOUKH
oT X 10 R, momyuum

_ fxEd _ U fxdx_UlR
(px_ . xAX = rx_lgggx
T

R
2.3lg ?
XapaKTepI/ICTI/IKI/I U3MCHCHHUA IIOTCHIHAJIA W HAIIPSAXKCHHOCTU DJJICKTPHYECKOI'O IT0JIA
BJOJIb paanyCa NUINHAPHUYICCKOIO0O KOHACHCATOpA NMPHUBCIACHBI Ka pHUC. 24, HaprI)KCHHOCTB QJICK-
TPUYICCKOTO ITOJIA Y HOBECPXHOCTH C MCHBIIUM paInyCOM UMCECT MAKCHUMAJIbHOC 3HAYCHUC.
Takum 06pazom, eciii BOJIM3U BHYTPEHHETO JIEKTPOa MaTepHal HAIIPsHKEH JI0 TIpeiena,
TO Y BHEIIHEW [TOBEPXHOCTH OH HEJAOTPYXKEH.

MarteMaTH4eCcKoe UCCIeI0BaHEe 3aBUCUMOCTH Ha MHUHUMYM ITO3BOJISACT BBI6paTL Han0o-

Jee palMoHaJbHBIC PAINYChl, IPU KOTOPBIX M30JIALHUA 3arpykeHa Ooyiee paBHOMEPHO U UMEET
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MUHUMAaNbHYIO TOJIIIUAY. /11 aHanu3a GepyT nepByro MPOU3BOAHYIO OT 3HAMEHATEISI B BHIpaXKe-

HUU U IPUPABHUBAIOT €€ HYIIIO

d('R)—d(lR Inr)=IR—Inr—1=0
dr T'lnr _dr rin rinr) =in nr =

Otkyna

R
—=e=2.718
r

MakcumanbHas HaAIIPAXKCHHOCTDb 3JICKTPUYCCKOI'O ITI0JIA BOJIH3HU INOBEPXHOCTHU BHYTPCH-
HEro NWJIMHApPpa MUHUMAJIbHA, CCJIM OTHOMICHUC PAAUYCOB BHCIHIHCTO U BHYTPCHHCTO HUJIMHAPOB

pPaBHO OCHOBAHUIO HATypaJibHOTO Jorapudma (e=2,718).

E U U UO[ Je]
max = —=5 = = —[KkB/cM
rlng rlne r

[TycTh MIMHAPUYECKUH KOHJIEHCATOP COCTOUT M3 TPEX PA3IMUYHBIX CIOEB H30JISLNH,
BHYTPEHHUE PaJnyChl KOTOPBIX I'l, 12, 13, a HapykHbIH r4. TaKkyro KOHCTPYKIIMIO MOKHO NpeCTa-
BUTb KaK TPH MOCJIEI0BaTEIbHO coequHEHHBIX KoHaeHcaTopa C1 C2 u C3, eMKOCTh KaXKa0ro U3
KOTOPBIX orpejensercss GopmyIioi

_ &e2ml

n- Th+1

Tn

In

HanpsKeHHOCTb 3JIEKTPUYECKOrO MOJs LMIMHIPUYECKOTO KOHJEHCATOpa CO CIOUCTON
U30JIIUEN Ha TPaHULE pa3ziera JBYX CMEXHBIX CPEJ] MEHSET CBOKO BEJIMYUHY CKa4KO0Opa3Ho.

HanpsikeHHOCTb 3JIEKTPUUYECKOTrO MOJIs B MpezenaX cia0s U3MEHseTcs Mo rurnepooianye-
CKOM KpHBOHi, a B 11eJIOM 00pa3yeT N1j1000pa3Hyto KpUBYIO (pUC. 7) ¢ pa3HON BETUUUHON «ITHKOBY
HANPSHKEHHOCTH AJIEKTPUYECKOTO TTOJIS.

£, 48/ cM
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Pucynok 2.4 — I3MeHeHne HaNPsSy)KEHHOCTH AJIEKTPUYECKOTO OIS
B U30JIA11UHU MHOTOCJIOMHOTO MUJIMHAPHUYCCKOro KOHACHCATA
Jlnst pacueTa HAPSHKEHHOCTH 3JIEKTPUUECKOTO TOJISI B CJIOSX MHOTOCIIOMHOTO KOHJIEHCa-

TOpa MOJIB3YIOTCS (HOPMYIION:

U
E, = .
Tes1 (Cx | Cx | Cy Cy
xln—rx (Cl+CZ+C3+ +Cn)

rae C, — eMKOCTb CJIOS, B KOTOPOM OMPEEIsAETCSl HAPSKEHHOCTh 3JIEKTPUUYECKOTO TOJIS;
Ty — BHYTPEHHUH pauyc UCCIETYEeMOro CIOs;
Ty4+1 — BHEIIHUI pajinyCc UCCIENYeMOro CIOs.
Hamnpumep, 1i1st mepBoro ciost TpEXCIOWHOTO IMIMHAPUYECKOTO KOHJIEHCATOpa Hamps-

JKCHHOCTD JJICKTPHUYCCKOI'O IIOJIA B JII000H TOYKE ¢ paanyCcoM X OIIPEACIIACTCA U3 BbIPAKCHUSA
U

E1=

7"2 C1 C1

( to TG

Cdepuueckuii KOHAEHCATOp B BBICOKOBOJIBTHBIX KOHCTPYKIMSIX BCTpEYaeTCs CpaBHU-
TEJIBHO peKo. B GonbmmHCTBE ciiy4aeB ero popma TONBKO MPHOIIKaeTes K chepudeckoil mim
ABJIIETCS €€ 4acThlo. [IpruMepoM CIIyKUT KOHCTPYKLHS [OJABECHOIO M30JIATOPA B YaCTH MEXAY
nonycdeprudeckoi mamnkoil u nectukoM. Muorna 8 TBH ncnons3yrores onnHouHbIe cepsl, s
KOTOPBIX BTOPBIM 3JIEKTPOJIOM OECKOHEUHO OOJIBIIOTO pajnyca CIYXKHT 3eMJIsl HIIU CTEHBI TOMe-
ICHHUS.

DNEeKTPUUYECKOE TMOJIe MEXK Ty OOKIaaKaMu chepruiIecKoro KoHAeHcaTopa ooianaer chepu-
YECKOW CUMMETPHUEM.

IlocnenoBatreabHOCTh pacucTa:

1. B cootBercTBHM ¢ Teopemoit ['aycca
Y ednr?
2. Hcnone3ys 3aBucuMocTh (10), BbIpa3uM HampsHKEHHE, MPHIOKEHHOE K AJIEKTPO-

AaM, 4€pe3 HANIPSKCHHOCTD 3JICKTPUYCCKOT'O ITOJIA:

1

Uz—fExdr:—i :rx‘zdr:_—Q —l—(—l> =M.

&4 enl ny R e4nRTy
R
3. B cooTBeTCcTBUY C onpeieNieHneM eMKOCTH KaK OTHOIICHHS 3apsiia K HAIPSHKEHUTO
nMeeM
4meRTy
R - T‘l
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Ucnonszys Beipaxenus (38), (6) u (40), moydum pacdeTHy0 GOpMyITy HAMPSHKEHHOCTH

SJICKTPHUYCCKOTIO I10JIA B HpOI/I3BOHBHOI71 TOYKC

_Q  UdmeRr, U Rry
¥ e4nrz (R—-rpednrE T 1r2(R—1y)

[kB/CM].

[Tpu pacueTe TOUEK NOTEHIMATIBHON KPHBOI B IPOCTPAHCTBE MEKAY ChepaMu yCIOBUMCH,
YTO HapykHas c(epa 3a3eMiieHa, TOrJa NOTEHIMAJ B JII0OOH TOUKE Cpelibl paauyca Ty MOJyYUM
13 COOTHOILLIECHUS

R Rr Rar (R —r,
o= [ B[y
T T

1 R—m ), 12~ n(R—-r1p)

3aBucumoctH (41) u (42) rpaduyecku n300pakeHsl Ha puc. 2.5.
B mpakTudeckux pacderax HCIOJB3YIOTCS 3HAYEHHMsS] MaKCHUMajlbHOW M MHUHUMAalTbHON
HAIPSDKEHHOCTEH AJIEKTPUYECKOTO T0JIsL, [T0JIy4aeMble U3 3aBUCUMOCTH (41) ¢ TeKylIIMMU paguy-

caMU BHYTpPEHHEH U HapyX HOU cdep:

Enliowm |
% r

Pucynok 2.5 — IlorennuanbHas kpusas (1) 1 xapakTeprucTUKa U3MEHEHUs

HaMPsKEHHOCTH AJIEKTpUdecKoro moist (2) B cpene chepruueckoro KoHaeHcaTopa

[Ipenmnonoxum, 4yTo paanyc BHEIIHEW cepbl KOHJIEHCATOpa OCTAHETCS HEM3MEHHBIM, a
BHYTPEHHHUH PaJNyC IIJIaBHO YBEJIMUYUTCA OT I'1 A0 R, TOrAa 3HaueHne MakCUManbHOW HAPSKEH-
HOCTH 3JIEKTPUYECKOTO TOJII U3MEHUTCS TI0 TUIEepOOINYeCcKOi KpUBOW, NMEIOIIEH TOUYKY MUHH-
MyMa. OTa 3aKOHOMEPHOCTh UMEET NPAKTUYECKUI HHTEPEC, TAK KaK IIPU COOTHOILIEHUH PaJInyCOB,
COOTBETCTBYIOLIIMX TOYKE Meperunda, odecrnednBaeTcst Haubosee MoJHOE UCTIONb30BaHUE U30JIs-

LUH.
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MareMaTtnuecku KOOPJAMHATY TOYKU TNepernda KPUBOM MaKCUMaIbHON HAIPSIKEHHOCTH
AIIEKTPUUYECKOTO MOJIS TIOIYYaloT, o (hopmyre (43), MpupaBHAB HYIIO MEPBYIO MIPOU3BOIHYIO OT

3HaMEHaTeNs IpoOH, OTKy1a

nimn

E _4U
max — R

Kak yxe roBopuiioch, 0IuHOUHYIO chepy, JOCTATOYHO YIATIEHHYIO OT 3a3€MJICHHBIX Ya-
CTEH, MPEICTaBISIOT KaK chepudecKuii KOHACHCATOp C paanycoM R = oo, B atom cirydae pacuer-
Hble popmyisl (40) u (43) npumMyT BUA:
C = 4me'*on[],
U

Enax = —[kB/cM].
51

3aoanusa:

3aoanue Nel

s usmepenust HanpspkeHus 110 kB npumeHnena cxema eMKOCTHOTO JIEIMUTENS, COCTOs-
I1ast U3 IBYX TOCJIEIOBATEIBHO COCTUHEHHBIX KOHACHCATOPOB C1 M AIEKTPOCTATUYECKOTO BOJIBT-
MeTpa Ha HanpsbkeHue 10 kB, myHTupoBaHHOro kKoHAeHcatopoM eMkocThio Co= 100 ng. Ompe-

ACJIIUTb EMKOCTb KaXJ0I'0 U3 KOHACHCATOPOB C1 eclii eMKOCTb BOJIbTMETpPA Cz=20 H(l)

3aoanue No2

[Inocknii KOHEHCATOP € BO3AYLIHOW M3OJISIUEN M AUCKOBBIMU JIEKTPOJAMU C 3aKpYT-
JICHHBIMU KpasiMU UMEET PACCTOSHUE MEXAY dJIEKTpoaaMu 2 cM. OnpenenuTs HanpsyKEHHOCTh
IIEKTPUYECKOTO MOJI B U30JIALUH, €CIIM IPUIIOKEHHOE HanpsbkeHue pasHO 40 xB. Pacuer no-
BTOPUTB JUIs CiIydasi, KOIAa MEXAY dJIEKTPOAAMH TOM K€ PACCTOSHUM BBEJICHA CTEKJISTHHAS ILIa-
CTUHKA TOJIIIMHON | CM C OTHOCUTENBHOMN JUAIEKTPUUECKON MTPOHUIIAEMOCTBIO, PaBHOM 6.

OnunouHas cepa ¢ pauycoM T'x CM PacIloIoKeHa B BO3AYIIHOU cpene. Bripazuth em-

KOCTb OJIMHOYHOM cephl B mUKodapagax.

3aoanue Ne3
Ornpenenutb €eMKOCTh OJHOKHIJIBHOTO MacJIOHANoJHeHHOro kabens Ha 110 kB, miuHOMA
1000 M, ¢ BHETHUM JIMAMETPOM €r0 MOJION KMIIbI 22,7 MM M HapyXHBIM JHAMETPOM OyMa>KHOU

n3oJsun 46,7 MM TIpPU OTHOCUTENBHOU TUANIEKTPUUECKON MPOHUIIAEMOCTH 3,5.
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3aoanue Nod
[Inockuii BO3AyNIHBINA KOHJIEHCATOP C pacCTOsSIHUEM MexAay miuactuHamu a = 0,5 cM 3a-
psoxeH a0 HanpsbkeHus Uo= 10 xB. OnpenennTs U3MEHEHUE HAIIPSHDKEHUS MEX]Y IEKTPOAAMH,
€CJIM Pa3BECTU IJIACTUHBI HAa a1= 5 CM, IPEIIOI0KUB, YTO 3apsij IPHU 3TOM HE U3MEHUT CBOEH
BEJINYUHBI.

[TpoX0HOM LUIMHAPUYECKUH M30IATOP UMEET CeueHHe TOKOBELYIEro cTepxkHs 4cM?.
zonanus — texcromrt (E,, = 80 KB/cm). Hanpskenue mexy crepxnaem u (uannem 140 kB.
Koaddurment 3anaca npounoctu K=1,4. 3

1. OnpenenuTh BHYTPEHHUN PaInyC KpeIsiero ¢uiaHia.

2. [IpousBecTH pacyeTr paJnycoB CTEP>KHS U (IIaHIa, UCXOAS U3 MUHHUMAIBbHOW TOJIIUHBI

CJI0A U30JiIIUA, IIPpU COXPAHCHHUU ITPOYHX 3aJlaHHBIX YCHOBI/Iﬁ.

3aoanue Ne5
OnpeenuTh HampsDKEHHE Ha BBIBOAAX TPEXCIIOMHOIO IIOCKOIO KOHJAECHCATOpa, €CIU
HAIPSDKEHHOCTH 3JIEKTpUYecKoro moiist B ero ciosx 20 kB/cm; 10 kB/cm; 5 kB/cM nipu TommuHax

CJI0€B, COOTBETCTBEHHO PaBHbIX 2 ,4 U 6 MM.

3aoaua Ne 6
Onpenenuts HAMPSKEHHOCTH JJIEKTPUYECKOTO TMOJISI B CIOSX IIOCKOTO TPEXCIOWHOTO
KOHJICHCATOPAa, 3apsDKeHHOTo 110 HanpsbkeHus 10 kB, ecin eMKOCTH ero clIoeB COOTBETCTBEHHO

paBHblI 6 ; 3; 1,5 Mk® npu TonmuHax cioes 1,2 u 4 Mmm

3aoanue Ne7

OAHOXWIBbHBIN Kabenp UMeeT pajnyCc CBUHIIOBOM 3alIUTHON 0005104KH, paBHBIM 10 cM,
paanyc ToKoBeayIien xkuiibl — 1 cM. OnpenenauTs NOTEHIHAbI B TOJIIIE €10 N30JISILUU JJIs TOUEK
¢ paguycamu 1, 2, 4, 6 u 10 cM, ecniu HanpsDKEHUE, TIPHIIOKEHHOE MEXKIY JKIIIOH B 000JI0YKOH,

pasHo 100 kB, a 3amurHas 060104Ka 3a3eMIIeHa.

3aoanue Ne8
[Tpu KOHCTpYHpOBaHUY KaOeTs 3aaH PaInyC €ro TOKOBEAYIIeH Kbl 5 MMm. OnipenenuThb
paanyc ero Hapy>KHOM 3alUTHOM 00OJIOUKH U 3armac MPOYHOCTH IS U30JIAINUY, €CITH HaIpshKe-

HUe, TPHIOKEHHOE K Kabenro, -30 kB, a npobuBHas mpounocTs MaTepuaia 30 kB/mm.
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3aoanue No9

Onunaounast cdepa paguycom 10 cm omymieHa B 6ak ¢ TpaHCHOPMATOPHBIM MaCIIOM, UMe-
IOIUM OTHOCHUTEIIBHYIO TUAICKTPUICCKYI0 IPOHUIIAEMOCTh 2,5 M 3apsHKeHa B TAKOM COCTOSIHUU
10 30 kB. OnpenenuTh HaNPsKEHHOCTD 3JICKTPUIECKOTO OIS y TIOBEPXHOCTH ChEPHI U €€ TIOTEH-

nyaj IIpu U3BJICYCHHUU €€ U3 Macjia.

3aoanue Nel0
[Toctpouts 10 Toukam ¢ paguycamu 3, 6, 12,2 0 u 30 cM NOTEHIMATBHYIO U TPAAUEHTHYIO
XapaKTepUCTHKHU B MoJie c(hepruuecKoro KOHAeHcaTopa, 3apsikeHHOro qo Hampsikenus 2 0 kB,

€CJIM pauyc BHENTHETO AeKTpoaa 30 cM, BHYTPEHHETO 3 CM.

3aoanue Nell

K o6knaakam cdepuueckoro konaeHcaropa mnpuioxkeno Hanpsokenue 100 kB. Ompene-
JIUTh PaJyChl BHEIIHETO U BHYTPEHHETO 3JIEKTPOJIOB IPU YCIOBUU HAaMMEHbILIEH TOJIIUHBI U30-
JSIAXA MEXIy cepamu 1 HauMeHbIIeH BeIMYMHOM, paBHOH 20 kKB/cM y mOBepXHOCTH BHYTPEH-

HETO JJICKTpOJa.

Konmponsnwvie eéonpocwi:

1. Ot kaKuX reoMeTpUYECKUX MapaMeTpPOB U KaK 3aBHCUT €MKOCTb IIJIOCKOT'O KOHJIEHCa-
Topa?

2. B yeMm omacHOCTh BO3IYIIHBIX BKIIOYEHHH MEXKIY CIOSIMH MHOTOCIIOWHOTO KOHJECHCA-
Topa?

3. Kakumu mapamerpaMu ciiefyeT 3a/1aThCsl PH pacueTe eMKOCTH IUIOCKOTO KOHJEHCa-
Topa?

4. Tlouemy cpenHsisi IpOOUBHAS HAMPSHKEHHOCTh DJIEKTPUUECKOTO TMOJI BO3yXa YMEHb-
[I1aeTCs MPU YBEIMUEHUHU PACCTOSHUS MEXKAY dJIEKTPOIaMu?

5. Kak ycrpansercs BausiHue kpaeBoro 3¢ ¢hekra y miocKuX U HUIMHIPUUECKUX IEKTPO-
J0B?

6. Kak u3meHsieTcsl eMKOCTh TUIOCKOTO KOHJEHCATOpa MPHU IMOCTEIIEHHOM 3allOJIHEHUN
TpaHCPOPMATOPHBIM MACJIOM BO3AYIIHOTO TPOMEKYTKA MEXKAY dJIEKTPOIaMu?

7. Kak perynupoBaTh HaNpsKEHHOCTh 3JIEKTPUYECKOIO MOJIS B CIOSX MHOTOCIOWHOTO
IUIOCKOTO KOH/IeHcaTopa?

8. Kak BeIrnsaasaT rpadmku MOTEHIMANA W HAMPSDKEHHOCTH 3JIEKTPUYECKOTO IO TPeX-
CJIOMHOTO TIOCKOTO KOHJIEHCATOpPa, Y KOTOPOTO CPEAHUHN CIOW MPOOWT, a OAWH U3 AJIEKTPOJIOB

3a3eMieH?
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9. OnumuTe yCTPOHCTBO MMIMHAPHYECKOTO KOH/ICHCATOPHOTO BBOJIA.

10. Kakoe cooTHoLIeHHE COOMIOIACTCS MEKAY HAPSHKEHHOCTSAMHU SJIEKTPHUECKOTO TTOJIS
Ha 'PaHHUIIE pa3Jieia IByX CMEXHBIX CI0EB?

11. TTo xakOMy MaTeMaTH4YECKOMY 3aKOHY M3MEHSETCS HAPSHKEHHOCTh 3JIEKTPHYECKOTO
HOJISL B OJJTHOPOJTHOM CJIO€ LIMUIMHIPUYECKOT0 KOHJeHcaTopa?

12. Kak pacnionaraior MaTepualibl ¢ pPa3IMYHbBIMUA BETMYMHAMU AUAICKTPHUECKON MTPOHU-
HacMOCTH IIPU BbIpaBHUBAHWHN 3HAUYCHUSA MaKCHUMaJbHOM HAIMPSPKCHHOCTU JJICKTPUYCCKOI'O IMOJIA
B CJIOSIX IMJIMHIPUYECKOTO KOHJeHcaTopa?

13. Kak pacrionaratoT MaTepHajbl ¢ pa3INuHBIMHI BETHYMHAMH AUIIEKTPUIECKON TIPOHU-
HAaCeMOCTH IIPU BbIpaBHUBAHWHW 3HAUYCHUA MaKCHUMaJbHOMN HAITPS’KCHHOCTHU DJICKTPUYCCKOT'O IOJIA
B CJIOSIX LIMJIMHAPUYECKOTO KOHeHcaTopa?

14. Kak n3aMeHseTcs eMKOCTh HWIMHAPHYECKOTO BO3IyLITHOTO KOH/ICHCATOpa ITPU BO3HUK-
HOBEHHH KOPOHBI Y IEHTPAJILHOT'O JIEKTpoa?

15. TTouemy npu pacueTe H30JSAMUN HUIHHIPUIECKOT0 KOHACHCATOPA 110 YCIOBUSAM €€ OTl-
TUMAJIbHOT'O UCIIOJIb30BAHUA MHOIJa IIPUXOJUTCA HCHTpaJIBHBIf/'I QJICKTPOA U3TOTOBJIATH MOJBIM?

16. IIpu KakuX COOTHOILIECHUSAX MEXKIY PaJlyCaMi IIIMHIPUIECKUX JIICKTPOJOB MAKCH-
MaJlbHasl HaIlPSDKEHHOCTD JIEKTPUYECKOTO OIS MUHUMAaIIbHA?

17. Kak omnpezensieTcsi eMKOCTh OJIMHOYHOM cepb?
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Ilpakmuueckan paooma Ne3. H3onamoput 6030yuinsix aunuil u noocmanyuit. Yacm-

Hble Memoobl pacuemoeé emMKocmu U HARPANCCHHOCMU CIIOHCHBIX IJIEKMPUUECKUX noneili.

Heﬂb.' H3y‘lI/ITB METOJBI PACU€TOB €EMKOCTH MU HAIIPSAXKCHHOCTHU CIIOXKHBIX SJICKTPUYCCKUX

MOJIEH.

OcHoebl meopuu:

[Tycte nBa HUIWHApPA ¢ PaBHBIMH M Pa3HOMMEHHBIMHU 3apsilaMH PaCIIOJIOKEHBI Iapall-
JIETBHO JIPYT APYTy Ha PACCTOSIHUM, IO CPABHEHHUIO C KOTOPBIM UX PaJNyChl IPEHEOPESKUTETHLHO
MaJibl (Harpumep, JBa IpOBOJAA JIMHUY JIEKTporiepenayun). Tak Kak pajnychl Majibl, MOKHO CUH-
TaTh, YTO 3aPsAbl COCPEIOTOUCHBI HE HA TTIOBEPXHOCTH, a BIOJIb N'E€OMETPUUYCCKUX WA TaK Ha3bl-
BAaEMbBIX DJIEKTPHYECKHU X OCEH MPOBOJIOB.

PaccmoTrpum anekTpudeckoe 1osie B KOHTposbHOM Touke 1 puc. 10, pacnonoxeHHoON Ha

pPacCTOSHUAX a U B OT COOTBETCTBYIOIIMX ocell A u B.
| b ol

‘]d

Puc. 10, Cxema pacnoiDmKenua 3NeKTPINECKHX ocef

“

& b
- "'l

A BN

Pucynox 3.1 — I'paduueckoe onpeiereHue MOT0KESHHS JIEKTPUUECKUX OCEH IBYX 3apsi-

JKCHHBIX IMUJIMHAPOB

[IprMeHUB K 3JIEKTPHUUECKOMY MO0 TOUKH 1 mosoxeHnue 1 s pacueTa CI0XKHBIX CUCTEM,

MOJIyYUM
o + "
=P TP,
rjie (] — TMOTEHIMAN YCIOBHOM [MIMHIPUYECKOM TIOBEPXHOCTH B TOUKe 1 OT jeiicTBus

IMMOJIOKHUTEIBHOI'O 3apsaaa Ha OCHU A
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a
(pi:—jEdr: Q Inf;

g2ad a
@] "' — moTeHIMAaN B TOUKE | OT AeHCTBUS OTPHUIIATENLHOTO 3apsiia Ha ocH B;
b
— o0
of = [ Edr = Qi
g2rd b
riae | — mmHa 3apsKeHHOM OCH;

a, b — pamuycel yCIIOBHBIX IMJIMHAPHYSCKUX TOBEPXHOCTEH.

Taxum 00pa3oM, pe3yIbTHPYIONINI TOTSHIIUAI ONIPEIESIIUTCS U3 3aBHCUMOCTH

b
= Q Ih—=aqQ,
g2d a
b
In —
rue a = od MOTEHITUATBHBIA KO3 PHUITUECHT.
&

dopmMyiry MOKHO IPUMEHHUTH ¥ K IIHJIUHIPAM, PaJiycaMHu KOTOPBIX He peHeOperatoT. B
ATOM ClTy4yae MpeIBapUTEIbHO CIEAYEeT aHATUTHIECKN WM TPapUUECcKH ONPEISIIUTh TOI0KECHUE
ANEKTPUUECKUX ocel (puc. 3.1).

DNEKTPUYECKHE OCH JIBYX Pa3HOMMEHHO 3apsDKEHHBIX IUJIMHIPOB HAXOJATCS B TOUKAX
nepecedeHus MpsIMON, COSTMHSIONIEH X TeOMETPUIECKUE IIEHTPhI, 1 BCIIOMOTaTeIbHONU OKPYK-
HOCTH, C TUAMCTPOM, PABHBIM OTPEC3KY MCKAY TOYKAMHU KaCaHU KacaTeHBHOﬁ, HpOBCI[CHHOi/JI K
MMOBEPXHOCTAM paCCMAaTpUBACMBIX MUJIUHAPOB.

[TycThb 3amaHO pacmonokeHne ABYX MapalljieIbHbIX IIWINHIPOB U OMPEIENICHO MOJI0KEHNE
UXDJIEKTPUUYECKUX OCEW, BITOM cilydyae MPOBOSIINE MOBEPXHOCTH HUIMHAPOB OKa3bIBa-
IOTCA SKBUITOTCHIHUAJIBHBIMU ITOBEPXHOCTAMU ITOJIA IBYX 3apPsAKCHHBIX ocerl. Bo3pMeM Ha nuHnn
HOCHTPOB JIBC€ KOHTPOJIBHBIC TOYKHU lmn 2, OMpEACIAIOIHNE PACCTOAHUC MCKAY HUJIMHAPAMH, U

HalileM B HMX IIOTEHIIUAJIbI;

”m =—Q |nﬂ ,
g2 a1
Q . b
- p2,
2 g2 as

rie by u by — paccrosmus or orpunarensHo 3apsKeHHO ocu B 110 COOTBETCTBYIOMIMX
TOYEK;
a1 U d» — PacCTOSHUSA OT MOJIOKUTENBHO 3apsSKEHHOM OCH A 10 COOTBETCTBYIOILUX TO-

YCK.
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JleiicTByrolee HaMpsHKEHUE MEXKIY UUWIMHAPAMH PaBHO Pa3HOCTU MOTEHIIMATIOB MEXIY

paccMaTpuBaeMbIMU TOUKAMH.

i P12

U= Py =
L2 = 827z| " ayb,
OTKYI[a B COOTBCTCTBHHU C OHpeﬂeHeHI/IeM CMKOCTHU UMCEM
£
C=—"—[¢p/nm].
blaZ
bzal

I[HSI pacucTa HAPAKCHHOCTH SJICKTPUYCCKOI'0 110JIA, CO3AaHHOI'0 3apssaaMu HUJINHIAPOB,
pacCMOTPHUM TOYKH IIOJIA, JCKAIIHUC Ha JIMHUHU, COG,HHH}IIOIHGI}'I OCHTPLI HMUJIMHAPOB, TAK KakK
HaAIIPAKCHHOCTU JICKTPHUYCCKUX MOJIEH Ha TOM JUHHU UMEIOT HanOOJIbIINE 3HAUYECHHUS U orpeac-
JSFOTCST ANre0pandeckol CyMMOM HAMpPsKEHHOCTEH SJIEKTPUYECKUX TOJICH, CO3/1aBaéMbIX Ka-
AbIM U3 3apAa0B .B OTACIIBHOCTH!

E=E +(-Ejp).

HaprDKCHHOCTI) SJICKTPUYCCKOTI'O II0JIA B JIF000I M3 TOYEK JIUHHHU LHCHTPOB IMOJIy4YUM U3

E, = Q (1+ 1 j
g2d\x d-x

I/ICHOJ’IB?;YSI BBIPpAXKCHUC JIA MMOTCHUOMAJIA B JII000I TOYKe 10JI4, HaI\/JIIIGM NOTCHIMAJ JJIs

TCOPCMbI Faycca

TOYKHU 3, HaxoJsAIIeHcs Ha pPacCTOSAHNU X OT BHGKTqueCKOﬁ ocu A:

Q nd—x
g2 X

rne d =a; +b; =ay +by) — paccrosiHne Mex Ty HEHTPAMH SIEKTPUYECKHX OCEH.

HaHpH)KCHHOCTL QJICKTPUYCCKOTO TTOJIS IJIA TOUKH 3 Ha JIUHUHU HEHTPOB MCKAY HHUJINH-

ApaMH OIIPCACINUTCA KaK II€pBasd MMPOU3BOAHAA OT MIOTCHIUAJIA

E3:—dﬂ [In(d x)—In x]= Q F+ 1 }
dx 527z1 dx g2nx d-x

)4 & BBIPAXKCHUA HANPSAKCHHOCTH 3JICKTPUUCCKOT'O ITOJII MOKHO HalTH €€ MaKCHUMaJIbHOE

3HAYCHHUC, UIA YCTO CJICAYCT 3a KOOPAUHATY TOYKHU B3AThH paaAuyC NUJIMHAPA HAMMCHBIICTO AHUA-
METpa, T. €, IPUHATH 3a X KOOPAHUHATY a2 , TOTrJga

s Q1,1
g2 as d—a2

BLIpaSI/IB B BBIPAKCHUMU 3apda ] UCPE3 EMKOCTh U HAIIPAKCHHUE, ITIOJTYUIUM 3aBUCUMOCTD, ITPU-

TOJIHYIO JUISl PAKTUYECKUX PACUETOB:
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DTOT ciyyail XapakTepu3yeT JIEKTPUUECKOE T0JIe ABYXIIPOBOAHBIX JTUHUI ¢ HEOOIbIIUM
JIMaMETPOM MPOBOJIOB 10 CPABHEHUIO C PACCTOSHUEM MEX1Y IIPOBOJAMH, TO3TOMY CUUTAIOT, YTO
3apsi/Ibl PacIoNOKEHbI BJOJIb T€OMETPUUECKUX OCEH.

3ajaeTcst HaNpsHKEHUE M PacCTOsIHUE Mex Iy poBofamu Djo ; u3onupytomieii cpenoil ss-

JI€TCS BO3MYX.
JIByXIIpOBO/JHAS TMHHSI KPOME EMKOCTH MeX 1y rpoBogamMu Cqp, IMeeT eMKOCTb KaXI0ro

H3 IIPOBOAOB OTHOCUTCIIbHO 3CMJIN Cll n C22, Ha3bIBACMYHO YaCTUYHOM.

COBOKYIHOCTh YaCTHUHBIX €EMKOCTEH 00pa3yeT OOIIyI0 EMKOCTh, KOTOPAast ONPEIeIsieTCs
KaK OTHOLIEHHE 3apsjia Ha IPOBO/IaxX K HANPSKEHUIO, eHCTBYIOLEMY Mexay HUMH (puc. 4.1, a):

C1C
C=C12 +M npu Cll =C22,
Cnn+Cp

C= C12 + @ .
2
Paznuuarot eme pabouyro eMkocTh poBojia (puc. 3.2, 6), KOTOPYIO ONMPEAEISIOT KaK OT-
HOIIIEHHUE 3apsijia Ha MPOBOJIC K €ro MOTEHIIHATY B HOPMAJIBHOM pexume padotel. [jis pacuera
paboueii eMKOCTH HaJI0 3HaTh SKBUBAICHTHYIO €MKOCTh MEXAY MPOBOIaMHU U TIOBEPXHOCTHIO HY-

JICBOI'o moTcHIMaJia

Cpag =C11+2C1

Pucynok 3.2 — Cxema it pacyeTa YaCTUYHBIX €MKOCTEH IBYXIIPOBOJHOM JIMHUU: @ —
TSl pacueTa eMKOCTH JIMHUM; O — JJIA pacdyeTa padoueld eMKOCTH MPOBOIA
Pacdet yacTUUHBIX €MKOCTEN MTPOU3BOIUTCS HA OCHOBAaHUM ypaBHEHHN MakcBeuia, CBS-
3BIBAIOIINX MMOTCHITHAIIBI C 3apsIaMH Yepe3 OTeHIMaIbHbIe Ko uimenTs! [J1-.9].
N3 ananuza »lEKTPUUECKOTO MOJISI MEXKAY JABYMS 3apSIKEHHBIMU OCSIMU CIIEAYET, 4TO
TOYKH, JUIsl KOTOPBIX PAaCCTOSHUSA OT 3apsiioB A U B paBHBI, 00pa3yiOT MOBEPXHOCTh HYJIEBOTO
noreHnuana. [1IoaToMy 3JIeKTpUYECKOe o€ MEXAY UUIMHIPAMH U 3€MIICH, SIBISIOIIEHCS T0-

BCPXHOCTHIO HYJICBOI'O IOTCHIIMAJIA, MOKHO paCCMAaTpPUBATh KaK IMOJIC MCKAY HNUJIMHAPAMU U UX
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3epPKAILHBIMH OTOOPAKEHUAMHU. DTO TIOJIOKEHHE HOCUT Ha3BaHUE TIPAaBHIIA 3€PKaJbHOTO 0TOOpa-
xenus. [IpuMenenne ypaBHeHHI MakcBesia U MpaBWia 3ePKAAbHO20 OMOOP AN eH U
paccmotpeno B [JI-9] u B 3amayax.

JLyist DIEKTPUUECKOTO TI0JIs IBYX POBOJIOB HAJl 3¢MJICH MOKHO PAaCCYUTHIBATH TOJIBKO M-
koctb Cqp, Tak Kak u3-3a GOMBIINX paccTosHUIT TpoBoa0B oT 3eMiu emMkocTd Cqpq u Cop MaisL
Jlyist pacuera eMKOCTH MEXy [IPOBOJIAMH UCIIONIB3YEM 3aBHCHMOCTD (48), B KOTOpOii 3a Touky 1
H 2 IPUMEM TOYKH TIePeCceUEHHs 00PasyIOIIUX UIHHIPOB C JINHUEHN, COSIUHSIONIEN LIEHTPbI IIPO-

Bos10B. Torna, npenedperas CMELEHUEM JIEKTPUUECKUX OCEH, UMEEM:

g2 gon
€= ba, . Dip
|n 172 |n 712
b2a1 r
by =ap =Dyy,
a1 = b2 =r,
E=&0,
WK TIOCJIE HEKOTOPOT'O YIIPOIIEHHS
12
C= ng/m
9 Dy

Z[J'ISI pacucTa MaKCHMaJIbHOM HAITPAKCHHOCTH JJICKTPHUICCKOI'O ITOJIA BOJIU3HU MMOBEPXHOCTHU

JF000T0 M3 IMPOBOAOB UCHOJB3YEM BBIPAKCHHUC, IIPOU3BEAA B HCM COOTBETCTBYIOIITYIO 3aMCHY BC-

JIMYMH U TpeHedperast 10CTaTOYHO MaJIoi BETMYMHON —— , UMEEM
D11
1 1
D12 r U
Emax =U -

21n P12 r2-2,3|g%
r r

OIrMHOYHBIN TPOBOJ HAJ 3€MIIEH

DTOT ciayyail XapakTepu3yeT repeaavy dJIeKTPOIHEPTUH 10 CXeMe MPOBOJ — 3€MJISl B KOH-
TaKTHOM CETH 3JIEKTPOIOABHUKHOTO COCTaBa, B Mepeiayax MOCTOSIHHOTO Toka. Jljist pacyeTra eMKo-
CTH M HAIIPSHKEHHOCTH JIEKTPUUECKOTO TTOJISI, BOCTIONB3yeMCsI TPaBUIIOM 3€pKAIbHOTO OTOOpake-
Hus. [Ipu 3TOM ciieryeT yuecTb, 9TO €Ciu MPOBOJ MO OTHOIIEHUIO K 3eMJIe UMEJT MOTEHIIHA ¢ ,
TO TIOCTIE BBEJCHHS B pacueT 3epKajlbHOrO0 OTOOpa)KeHHUs MPOBOJA MOTEHIMAT M PACCTOSHUE
MEXIy MPOBOJIAMH YJBaUBAIOTCA.

Jlst pacyeTa €eMKOCTH MEXIY IIPOBOJIOM M €T0 3€pKaJbHBIM OTOOPaKEHHEM BOCIIOIB3Y-

emcst popmyoit, a uist momydeHust eMKocTd Cqq{ yABOMM MOJTYYEHHBIH pe3yibTarT.
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Takum 006pa3om, U3 3aBUCUMOCTH

HJ’IH pacuc€Ta HANPSA)KEHHOCTH 3JICKTPUYUCCKOI'O ITOJIA BOJIM3U IMOBEPXHOCTHU IIPOBOAA HC-

HOHB3yeM BBIpa)KeHI/IC. OTKYI[a, y,I[BaI/IBaH 3aHaHHBIﬁ IIOTCHIOIMAJ U CUUTAaA €ro 3a U 0> HUMECEM
Ug

Ermx -
2,3r|gED
r

JlBe cdepbl paBHOTO AUaMETpa.
JlanHast cuctema npeacTaBisieT co0oii pacripoctpanennbiii B TBH cnyuait ncnonb3oBanus

IIAPOBOTO pa3psIHUKA. DIEKTPUYECKOE T0JIe MEX Ty chepamu OIM3K0 K paBHOMepHOMY. Hepas-
HOMEPHOCTh YuTeHa KO3 (PUIIMEHTOM HEPaBHOMEPHOCTU Y4 — JUIA U30JMPOBAHHBIX LIAPOB U
Yo — Juig 3a3emiieHHoro mapa (cm. I1-3), Jlns ykazaHHBIX CllydaeB MaKCHMallbHasl HaIPsKEH-

HOCTD JJICKTPHUYCCKOI'O ITOJIA OIPCACIIACTCA 3aBUCUMOCTAMMU:

U
Ermax = — Y1,
max = Y1, )

E e = — Yo.
max = Yo

KO3(1)(I)I/II_II/IGHTBI HCPAaBHOMCEPHOCTHU ITOJIS 3aBUCAT OT OTHOIICHUA PACCTOAHUA MCKIAY C(pe—

paMu K uX paauycy u B npenenax 0—1,5 onpenensitores U3 3aBUCUMOCTEN

y; =09+0,452
;

a2
+(—j +4
2

B I1-4 u 5 npuBeaeHbl BETUYMHBI TPOOMBHBIX HANPSLKEHUN MeXAy cepaMu pa3ivuHbIX

Vo ==
0775

—1|Q

AUaMETPOB.
EMKocTh MCKOY C(I)epI/I‘-IeCKI/IMI/I QJICKTpOJAaMHU pPaBHOTO AWaMCTpa B BO3,Z[y1.[IHOfI cpeac
OnpeaAcIsACTCA MO l'IOJ'Iy‘-I@HHOfI OIIBITHBIM ITYTEM 3aBUCUMOCTHU
_ gp7a

c- 2]

TJIe @ — PAcCTOSIHUE MEXAY chepamu, cu.
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3aoanusn:

3aoanue Nol

JIBa 3apsiKEHHBIX HUWIMHAPA AUAMETPOM 2 CM U JIJIUHOM B 1 M pacnoyioKeHbl B BO3AYXE
napasienbHo. Paccrosinue Mexay ocsiMu uinHIpoB 100 cm. OnpeaenuTs eMKOCTh MEXIY 1U-
JUHIpaMH, peHeOperas BIUSHUEM 3eMJId. [ pemeHus: BOCTIONb30BaThCs (hOPMYJION CUnTas,

YTO rCOMCTPHUICCKUC U IJICKTPUICCKUC OCU UIIMHAPOB COBIIAAIOT.

3aoanue No2

OmnpenenuTs eMKOCTh MEXIY NMPOBOAAMHU IBYXIPOBOJHON TenerpadHON JTUHUU MPOTS-
xeHHocThio 100 kM npu paccTostHMM Mexay mpoBogamu 40 cm, paguyce npoBojaa 2 mm. Buus-
HHUEM 3eMJIM Ha EMKOCTh POBOA IIpeHeOpeub. 3apsa IPOBOJIOB CUUTATh PACIIONIOKEHHBIM BJIOJIb

FeOMeTqueCKOﬁ OCH IIpoBOAA.

3aoanue Ne3
Omnpenenuth MPOOMBHOE HANIPSHKECHUE MEXTY ABYMS U30JIMPOBAHHBIMHU IIAPAMHU C PAJIHY-
cam 1 cM, eClTi pacCTOSTHUE MEKIY IIapaMu 3 M, a 3HaYeHUE TPOOUBHOM HANPSHKEHHOCTH AJICK-

Tpuueckoro noss 30 kB.

3aoanue Nod

Onpenenutb eMKOCTh MTPOBOJAA U HAMIPSKEHHOCTh AJIEKTPUIECKOTO OIS BOIU3U TOBEPX-
HOCTHU C PaJILyCOM 6 MM, IPOTSHYTOr0 Ha ypoBHE 2 M Haj 3emuieid. [loTeniman npoBonaa pasex 20
KB. HOBTOpI/ITI) 3TOT pvaeT JJISA HpOBOI[a, HaxXoas1Ierocda Ha BbICOTE 20 CM OT 3€MJIN HpI/I HpO‘II/IX

PaBHBIX YCIIOBHAX. EmKocTh pacCUUThIBaTh HAa CAMHUIY JJIMHBI ITPOBOAA.

3aoanue Ne5

JBa mpoBoaa A-95 nuamerpom no 14 mm pacnosioxensl Ha BeicoTe 10 m Haa 3emien ro-
PH30HTAIBHO M HA PACCTOSIHUM 3 M IpYT OT Apyra. Onpenenuts yactuanyio eMkoctb Cpo MexIy
IPOBOIAMH, EMKOCTh Ka)k10r0 13 mpoBoaoB Cqq = Cpy OTHOCHTENBHO 3eMJIH, pab0Uy0 eMKOCTb,

T. €. EMKOCTb ITPOBOJAa OTHOCUTCIIbHO 3€MJIN U HCI\/'ITpaJ'II/I, a TAKIK€C CYMMApHYIO CMKOCTb MCKIY

MIPOBOAAMH JMHHUH. Pacder nmpousBecTH B ¢b/km JTUHUM.
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3aoanue Nob
Omnpenenuts TPOOUBHOE HAMIPSHKCHUE MKy OJJUHOYHOU Cepoi, pacIiooKEeHHON B BO3-
IyXe, U 3a3eMJICHHOU TUIOCKOCTBIO, eciu Eqp=30 x6/cm, pamuyc cdepbl 50 cm, a paccTostHUE 10

mwiockocta 40 cm.

3aoanue Ne7
Onpenenuts: a) EMKOCTh MEK/Ty IIAPOBBIMU AIEKTPOAAMU PABHOTO TUAMETPA, HAXOJISAIIH-
MUCSI B BO3yXe, eciu paguyc ux 10 cM, a paccTossHuE MEXKIy HUMHU 5 cM, 0) eMKOCTh MEXKIY

rapoMm 1 IJIOCKOCTBIO IMTPH TCX KE YCIIOBUSAX. B kaxgom CJIydyac OAWH U3 3JICKTPOAOB 3a3CMIJICH.

3aoanue Ne8
Onpenennutb MaKCUMaJIbHYIO HAIPSKEHHOCTh 3JEKTPUUYECKOTO MOJs U €MKOCTh MEXIY
[IapPOBBIMU U30JMPOBAHHBIMU SJIEKTPOIAMH PABHBIX IUAMETPOB, €CIIU MOBOAMMOE HAIPSKEHUE

100 kB. MaKc., paguycsl paBHbI 12,5 cM, paccTostHEE MeXAy chepamu 16 cm.

Konmponsuwie sonpocwi:

1. Kak MOXHO OOBSICHUTH YBEJIMUCHUE HEPABHOMEPHOCTH JJICKTPHUYCCKOTO TOJIS IIapo-
BOT'O pa3psiTHUKA MPHU 3a3eMJICHUU OJTHOM U3 ero cdep?

2. B kakux npeaenax MOKHO U3MEHSATh PACCTOSIHHE MEXIY chepamu IMIapoBOTO pa3psii-
HUKa, COXPAHAS IEKTPUIECKOE M0JIe PABHOMEPHBIM WIIH OJIU3KUM K PaBHOMEPHOMY?

3. B gem 3akimrogaercs mpaBmiio 3€pKATBHOTO OTOOpakeHUS?

4. Ha ocHOBaHMH KaKOI'0 FT€OMETPUYECKOT0 MOCTPOCHHS MOKET OBITh HAlJICHO MOJI0OKEHHE
HEHTPOB AIEKTPUUECKHUX OCEU ABYX 3apsiKEHHBIX [TUIMHIPOB?

5. B uem 3akirouaeTcsi 0COOCHHOCTh BBIPAKEHUSI 111 TOTEHIIUATBHBIX KO0A()(PUIIMEHTOB
TOYEK, TPUHAIICIKANTUX TOBEPXHOCTH HYJICBOTO IMOTEHITHAIIA?

6. Ha ocHOBaHMY KaKOTO TEOMETPHYECKOTO IIOCTPOCHUS MOXKET OBITh HalICHO TTOJI0KEHUE
[EHTPOB AIEKTPUIECKUX OCEU ABYX 3apsiKEHHBIX ITUIMHIPOB?

7. B uem 3akirouaeTcsi 0COOCHHOCTh BBIPAKECHHSI NI TOTEHIIMATBHBIX KO0()(PHUIIMEHTOB
TOYEK, TPUHAIISKANTUX TOBEPXHOCTH HYJICBOTO MOTEHITHAIIA?

8. Kakoe mpakTudeckoe IpuMeHEHHE UMEET CUCTeMa U3 IBYX chep?

9. Kakue Mepbl IpeJOCTOPOKHOCTH U TTOUEMY CIeAyeT MPUHATH MPU paboTe MOHTEPOB Ha
OJIHOM 00ECTOYEHHOM IeTH ABYXIEMHBIX JIMHUHN dNIeKTporiepeaadn?

10. TMosicHATE MPUHIIMIT OCYIIESCTBICHHUS «EMKOCTHOTO OTOOpPa» MOIITHOCTH OT BBICOKO-

BOJIbTHOW JIMHHUHM 3JICKTpONIEpeaaun?
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11. Kak usmenutcst popmyna st pabodeit eMKOCTH MPOBO/IA IBYXIPOBOIHON JIMHUH TIE-
peladu npu 3a3eMJIEHUH OJHOTO U3 ITPOBOJIOB?
12. CpaBHuTE MEXy COO0H pabouyro eMKOCTh i EMKOCTh JIMHHUH JIJIS1 IBYXIIPOBOIHOM CH-

creMbl. Kakast ©3 yKa3aHHBIX eMKOCTEH OOJIbIIe?
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Ilpakmuueckan paooma Ned. H3onamopwt 6030yuinbix Tunuil u noocmanyuil. Qowan

XapaKkmepucmuKa u 3aKOHOMEPHOCHb Pa3pa00e & 2az080il cpeoe.

Ilens: 3yunth XapaKTepUCTUKY U 3aKOHOMEPHOCTb 3JEKTPUUECKUX Pa3psAA0B.

OcHogvl meopuu:

B HOpManbHBIX yCIOBUSX, A1 KOTOPBIX MPUHATO atMocdepHoe naBieHue B 760 MM pT.
ct., Temmneparypa 293° K (20° C) u conepxanue Biaaru 11 r/m3, Bo3ayX, SIBISIOMIUNACS CMECHIO
AIIEKTPUYECKH HEUTPATBbHBIX I'a30B, IPEACTABISIET COOOW JUAIEKTPUK C OOBEMHBIM COTIPOTHUBIIE-
HHUEM, PaBHBIM OECKOHEUHOCTH.

Tok cKBO3HOM MPOBOJIMMOCTHU Yepe3 TAKOW TUAIEKTPUK MPAKTUYECKU HEBO3MOKEH. M ie-
ANBbHBIM JTUAIIEKTPUKOM MOT OBl OKa3aThCsl aDCOMIOTHBIN BaKyyM, OJJHAKO )K€ MPH TEXHUYECKU
JOCTH>KUMOM paspexeHuu B 10-6 MM. pT. CT. COXpaHSIOTCS €Ille JOCTaTOYHO OOJBIIOE KOJIUuYe-
CTBO T'a30BBIX MOJIEKYJI U YCIOBUS JJIs1 00pa30BaHUS 3apsHKEHHBIX YacTHIL.

[Ipu Bo3eicTBUY Ha ra30BBIA MPOMEXKYTOK SJIEKTPHUUECKOTO MO ¢ JOCTATOYHOM HATIpPsI-
YKEHHOCTBIO T'a3 TePSIeT CBOU U30JIUPYIOILINE CBOMCTBA M CTAHOBUTCS MTPOBOSIIKMM B Y3KOM KaHaJIe
WJIU B ONPEJIEIICHHOU 30HE.

[Ipouiecc KpaTKOBPEMEHHOW MOTEPH Ta30M JUAJIEKTPUYECKUX CBOMCTB MOJ JIEUCTBHEM
HNPUIIOKEHHOTO K ra30BOMY IMPOMEXYTKY HAIpPsDKEHHUs] Ha3bIBaeTCs JIEKTPUYECKHM MPoOoeM
rasa.

BennunHa cpenHeil HalpsKEHHOCTH AJIEKTPUYECKOTO OIS, IIPU KOTOPOH BO3HUKAET IPO-
Ooii, Ha3bIBaeTCs MPoOMBHOI HanpsbkeHHOCThio Enp. IIpo0oit -ra3oBoii cpeasl 00bsICHsIETCS -
JIOM MPOIIECCOB, U3 KOTOPBIX OCHOBHBIMHU SIBJISIFOTCS ITPOLIECCH] YAPHOI MOHU3AIMH, TTOBEPXHOCT-
HOW MOHU3AIH, TEPMOUOHU3ALUHU U (DOTOMOHU3AINH.

ITponecc ynapHoO# HOHU3AIMH, TP KOTOPOM B 00BEME T'a3a MPOUCXOIUT 00pa30BaHUE 3a-
PSKEHHBIX YacTHUIL 33 CUET KHHETHUECKOM SHEPTUU COYAapSAIOLINXCS AIEKTPOHOB U HEUTPaJIbHBIX
yactull. [IpoTexanue npoiecca yaapHON HOHU3AIUHU 3aBUCUT OT JUIMHBI CBOOOAHOIO Mpobera A

1
3apsSOKEHHOM YacCTHUIbl, KOTOpasl OMpENeNseT YHMCIO CTOJKHOBEHUN YacCTHI] A— na €AMHUILY
JUIMHBI Ta30BOT0 MPOMEXYTKA, YTO B CBOIO OYEPElb 3aBUCHUT OT IUIOTHOCTU T'a30BBIX YaCTHUIl B
o0beMe, T. €. OT JIaBJICHUS Ta3a P U BEIMYHHBI A, XapaKTepU3YIOLIeH pa3Mephl CTATKUBAIOLIUXCS

yacTul. MaTeMaTH4ecKu OTY 3aBUCUMOCTH MOXHO BBIPA3UTH (I)OpMy.]'IOI\/'I

1
PR
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He kaxmoe cToKHOBEHHE MPUBENIET K OTPHIBY JICKTPOHA C BHEITHEH OpOUTHI HEHUTpaIb-
HOM ra30BOM 4acTULbI. /{011 yCIIEIIHBIX CTOJIKHOBEHHM 3aBUCUT OT IIOCTOSIHHO JICUCTBYIOLLEH BE-
JUYUHBI HAMIPSHKEHHOCTH 3JIEKTPUUECKOTO MOJIsl 1 MOHU3ALMOHHBIX CBOMCTB CaMOT0 Tasa.

Tok B ra30BOM NpOMEKYTKE B MPOIIECCe YIapHOU HOHHU3AIMH olpeaesseTcs popmyson

. aa
=1,

rae lo=ng — TOK, BeI3BaHHBIN JEICTBUEM BHEIITHETO MOHU3ATOPA.
ITo Toynaceny, KOTOPBIM NEPBBIN IPEIIOKIII KOJIMYECTBEHHYIO TEOPUIO paspsiaa B ra3ax,
npoIiece yIapHOW HOHU3AIUH XapaKTEePU3yeTCsl BETUYMHON KO UIIEHTa YAapHOH HOHU3AINH

-uU

u

a = Ape *£

,
rae Un— noTeHIMall HOHU3AIUH Ta3a.

KoaddunmenToMm ynapHOi HOHHW3AIMM HA3BIBACTCS BEIMYWHA, OMPEICSIISIONIAs YUCIIO
YCIENIHBIX COyAapeHH (MPUBOIAUINX K PACHICTVIEHUIO TA30BOM MOJIEKYIIBI Ha AIEKTPOH U MOJIO-
JKUTENIbHBIN MOH), Ha 1 CM MyTH JBMXKEHUS 3JIEKTPOHA BIOJb mouisd. [Ipu HanpsHyKEHHOCTSAX dIIeK-
TpI/I‘IeCKI/IX HOHCﬁ, 6JII/I3KI/IX K HpO6I/IBHI>IM, U JaBJICHHUU, 6JII/I3KOM K HOpMaJILHOMy, BCJIIMYHUHA O
Ju1st Bo3yxa coctasisier 10-15 cm-1

[Iporiecc MOBEpXHOCTHON MOHU3AIUH, TPU KOTOPOM 32 CYET KMHETUYECKOW YHEPTHH TI0-
JIO)KUTENBHBIX HOHOB Ta3za, 00MOapIUPYIONIUX MOBEPXHOCTh KATOJA, MPOUCXOAUT OTPHIB IIEK-
TPOHOB. DTH 3JIEKTPOHBI HACHIIIAIOT Ta30BBIM MPOMEKYTOK M aKTUBHO YYaCTBYIOT B Tpoliecce
00BEMHOI HOHU3AINH.

Uucno 5IEKTPOHOB, OCBOOOXKICHHBIX MPH OOMOApAMPOBKE OJHHUM TOJOKHTEIHHBIM
HMOHOM C TTOBEPXHOCTH KaTo/a, MPUHSITO HA3bIBaTh KOIPPHUIIMEHTOM OBEPXHOCTHOM HOHU3AIIUU
Y.

Bennunna ko3 uirienTa moBepXHOCTHON MOHMU3ALMH 3aBUCUT OT POJa raza, B KOTOPOM
dbopMupyetcst mpoOoii, U OT MaTepuasa KaTo/a ¢ Y4eTOM COCTOSIHUSL €r0 MOBEpXHOCTH. Oco0yro
POJIb MOBEPXHOCTHAS MOHU3AIIMSI UTPAET TIPU pa3psaax B CUIHHO pa3pekKCHHOH cpelie U B BaKy-
yme. [Ipu HU3KUX JaBIEHUSX BO3MyXa JJIsl KaToJa, BRIOJHEHHOTO U3 xene3a y=(0,02—0,04), T.
e. Ha kaxasie 100 coymapenuit 0cBOOOXKIAIOTCS C TOBEPXHOCTH KAaToa TOJIBKO 2—4 3JIEKTPOHA.

[Ipouiecc TepMoroHM3auK U (POTOMOHU3AIMH, TIPU KOTOPBIX 00pa3oBaHUE 3apsHKEHHBIX
YaCTHUIl MPOUCXOIUT 3a CYET MECTHOTO Pa30rpeBa MOBEPXHOCTH DIIEKTPOJIOB WM OTACIBHBIX
YYaCTKOB Ta30BOM CpejIbl, a TAKXKE 332 CYCT KBAHTOB DJIEKTPOMATHUTHOW SHEPTUU, U3TyIacMbIX B
o0BeMe rasa Impu rnepexojie Bo30yKICHHBIX aTOMOB B HOPMAJILHOE COCTOSTHHE.

Takum obpazom, poOoii raza u modas Apyras Gopma razoBoro paspsija CBsizaHa C JIBH-

JKCHHUCM B JJICKTPUUYCCKOM I10JIC UMCIOIIUXCA U BHOBb O6p3.3y}OH_[I/IXCSI QJICKTPUYCCKUX 3apsAI0B
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(371eKTpOHOB M MOHOB 000WX 3HAKOB). /aBneHue raza, Temmneparypa, BIaXKHOCTb U (opMma dJiek-
TPOJOB, CPEIU KOTOPBIX (hOpMHUPYyETCst TPOOOH, ONIPEIENSIOT HE TOIBKO Gu3ndeckue Gopmsl pas-
psiaa, HO U BETMYUHEI JJIEKTPUIECKHIX XapaKTEPUCTHK MTPOOUBHOM M HAUYATHbHON HAMIPSHKEHHOCTEH .

[Tox snexTpuyeckoil MpOYHOCTHIO BO3AYyXa UJTK ra3a MOHUMAIOT Hanpsbkenue Unp uium Be-
JUYHUHY CPeIHEH HAMPSKECHHOCTH JIEKTPUUYECKOTO oIt Enp, mpu KOTOPOil MPOUCXOIUT MPOOOIA.
Haubonbiiee BivsHue Ha BEIUUYUHY MPOOMBHOM HANPSHKEHHOCTH 3JIEKTPUYECKOTO MO OKa3bl-
BaeT ¢opMa 3IIEKTPOJIOB, TaK KaK OHA OINpeAesseT cOOON CTENeHb PAaBHOMEPHOCTH 3JIEKTpHUYe-
CKOTI'0 TIOJISI B MOMEHT MPUJI0KEeHUS HanpspkeHust. C Te4eHuEM BPEMEHHU I0JI€ UCKaKaeTcCsl 3a CUET
00BEMHBIX 3apsI/I0B — MAJIOMOIBIKHBIX TIOJIOKUTEIBHBIX HOHOB ra3a, mo3ToMy poooi (hopmu-
pyercs He cpasy, a CTYHEeHIMHU.
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Pucynok 4.1 — 3aBucumMocTh IPOOUBHOTO HANPSKEHUS

BO3YIIHOT'O IPOMEIKYTKaA OT (l)OpMH QJICKTPOAOB M PACCTOSAHUA MCKAY HUMU

W3 onbITHBIX XapakTepUCTUK puc. 4.1, CHATBIX NpU MEPEMEHHOM TOKE U PaCCTOSTHUAX /10
1—5 oM Mexay 2NeKTpoIaMu pa3InyHON (HOPMBI, CIIEAYET, YTO

HauOOJbIIeH MPOYHOCTHIO 00Ja/laeT Ta30BBI MPOMEKYTOK MEXIY CUMMETPUUYHBIMH
AJIEKTPOJIAMU TIIap — IIApP WU TUIOCKUMU 3JIEKTPOIaMH THITa PoroBcKkoro.

HanmMenbIryro npo4HOCTh, UMEET Ia30BbIi IPOMEKYTOK MEXTY

ANEKTPOJAAMHU UIJIa — TUIOCKOCTh, KOTOPBIM MPU MPOYNX PaBHBIX YCIOBHUSAX O0JIagaeT He-
CKOJIBKO OOJTBITIEH €MKOCTBIO, YeM MTPOMEKYTOK MEXK]Ty UTJIAMU WUJTH CTEPIKHIMHU.

Otcrofa cieayer, 4To NMPH OJUHAKOBBIX PACCTOSHUSX MEXIY JJICKTPOJAMH MPOYHOCTH
MIPOMEKYTKA TeM OoJibiiie, 4em 0osiee paBHOMEPHO JICKTPHUECKOE TT0JIE.

Jl7is BceX MaTepHalioB OMBITOM YCTaHOBIIEHBI 3HAYCHHS JICKTPUUECKON MPOYHOCTU (CM.
[1-6). [Tox 5TUM TEpMUHOM MTOHUMAIOT BETMYHHY CPEAHEH MPOOUBHON HAMIPSIXKEHHOCTH DJIEKTPHU-

YEeCKOro noJis MaTepuana Enp (kB Makc./MM WU KB IeHCTB./MM). J{J1s1 BO31yXa B YCIIOBHSIX CTPOTO
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OJIHOPOJIHOT'O WJIM PAaBHOMEPHOIO 3JIEKTPUYECKOIO MOJIS 3Ta BEJIMYHMHA IIPH HOPMAIbHBIX aTMO-
cdepHbIx ycnoBuax Oimska kK 30 kB Makc./cM. B crmyyasix HepaBHOMEPHOTO TOJSI CIIEAYET TOBO-
PHUTB TOJIBKO O CpellHEel BeIMYMHE MPOOUBHOM MPOYHOCTH, KOTOpasi MpU OOJNBIION yIaIeHHOCTH
3JIEKTPOJIOB CHIKaeTcs 1o 4,6—2,6 kB makc./cMm (cm. [1-7). Bo Becex ciayuasx onpeneneHus mpo-
OMBHOI MPOYHOCTH PEKOMEH]IYEeTCS MOJIb30BAThCS PACYCTHHIMU KPUBBIMU UIU TaOJIMLIaMU, TIPU
WX OTCYTCTBHH MOYKHO IIPUMEHSTh SMITUPHUECKHUE PopMyIbl. B pacuerax ciieyeT y4uThIBaTh KaKk
(dbopMy 3IEKTPOIOB, TaK U POJ] TOKA — MOCTOSIHHBIN, IEPEMEHHBIHN, UMITYJIbCHBIN, 8 TAKXKE HAU-
Yyue 3a3€MJIEHUS OJTHOTO U3 3JIEKTPOJIOB.

3a3eMJIeHHE OJJTHOTO U3 AIEKTPOJOB BCErJa CHUKAET IPOYHOCTh Ia30BOr0 IPOMEKYTKA U3-
3a nepepacnpeesieHus JUHUNA CHIIOBOTO I10JIs, YBEIUYHUBAIOIIET0 HAPSY)KEHHOCTh Y TTOBEPXHO-
CTH M30JIMPOBAHHOTO 3JIEKTPO/A.

3HAaYUTENbHOE yBEIMYCHHE MPOYHOCTH T'a30BOI0 MPOMEKYTKA HAOIIOAETCs MPH Iepe-
X0J1€ OT JUIMTEJIbHBIX BO3/ICUCTBUI HAINPSKEHUS HA UMITYJIbCHBIE. DTO Ka)XXyllleecs YIpPOYHEHUE
00BsICHSIETCS TeM, 4YTO (POPMUPOBAHUE pa3psa HE MOXKET IPOU30HUTH MIHOBCHHO. UeM MEHbIIe
BpeMs BO3CHCTBUSA HANPSDKCHHS, TEM MIPOYHEE OKA3bIBACTCS MPOMEKYTOK. Y TPOUYHEHUE U30JIs-
MU OlLleHHBaeTcs KodpduueHTom umnyisca = 1,2—1,8.

[Tox koaddumeHTOM UMITYIBCa TIOHUMAIOT OTHOILIEHUE aAMILTUTY/IbI UMITYJIbCHOTO pa3-
PATHOTO HAIPSKEHUS K CTATUYECKOMY Pa3psAHOMY HaIPSKEHUTO.

OMBIT MOKA3bIBAET, UTO TPOOMBHOE HAMIPSHKEHUE BO3AyXa ITPH PACCTOSHUIX MEXTY CTEPIK-
HAMHU 710 30 cM H3MEHsIeTCs 10 KpUBOM, OJMM3KOM K mapabonnyeckoil, a mpu OONBIINX paccTos-
HUSIX—TIO JIMHEWHOW 3aBUCUMOCTH.

OT0 00BsICHSIETCA BIUSHUEM KOPOHHOTO paspsia BOJU3HU OCTpUS U OOBEMHBIX 3apsiOB,
CYILIECTBEHHO BBIPABHUBAIOIINX AIEKTPUUYECKOE I10JIE, TOITOMY IIPU PACCTOSHUAX B MpEesiax OT
100 no 200 cM MOKHO MOJB30BATHCS MOJYIMIUPUUECKUMHU 3aBUCUMOCTSIMHU, MPEIIOKEHHBIMU
Porom u Baiikepowm:

JUISl IEPEMEHHOT0 TOKa yacToTor 50 rix:

€CJIN AJIEKTPO/IbI U30JIUPOBAHHBIE

U,, =15+38-a

KB JICHCTB.,
€CJIM OJIH DJIEKTPOJ 3a3EMJIIEH:

U,, =15+375-a

KB JIEHCTB.,
JUISL UMITYJIbCA TTOJIOKUTEIBHON MOJIIPHOCTH

U, =75+556-a

KB MakKc.,

AJI1 UMITYJIbCa OTpHHaTCHLHOﬁ MOJIAPHOCTH

108



U,, =110+6-a

KB MakKc.,

B cooTBeTcTBUHM € 3aBUCHMOCTSIMU MOKHO OLICHUTh BEIMUMHY IPOOUBHOTO HANpPSHKEHUS
BO3/yLIHOT'O IPOMEXKYTKA (@, CM) MEXKY 3JIEMEHTAMU AJIEKTPOYCTAaHOBKH, YCIOBHO IIPUHUMAs UX
3a CTEP)KHHU M 00eCTeyrBasi 3TUM HEKOTOPBIH 3amac npoyHocTH. /i pacuera mpoOUBHON MpoU-
HOCTH IPOMEXYTKA (a, M) MEKAY 3JIEKTPOAAMHU CTEPKEHb — CTEpXkKEHb NpHU 1<a<4 M UCHOJb3Y-

€TCs IMOJIYOMITUPUYECKAs 3aBUCUMOCTDb

U,, = L45Va -0,93)10%

KB MakKc.,
o0ecrnieunBaroIas TOYHOCTh B mpenenax +£2,5% (cm. JI-18). [lns mpoMexyTka cTep:KeHb

— INIOCKOCTD IIpH a<9 m MMPUMCHACTCA 3aBUCHUMOCTD

U, = L62¥a ~11)10°

KB MakKc.,

obecrnieunBaroIas TOUHOCTh B mipenenax £5%, B I1-8, 9, 10 nmpuBeneHbI ONBITHRIC JaHHBIC
JUTSL pacdeTa MpOoOUBHON MTPOYHOCTH BO3AYIIHBIX POMEKYTKOB JUIsl pacCTOSTHUN 1<a<§.

PocT Temneparypsl U cHIKEHUE aTMOC(EpPHOTO JABJICHUS OTHOCUTEIIEHO BEJTUYHH, IPH-
HATBIX 32 HOPMAaJIbHBIE, IPUBOJAAT K YMEHBIICHHUIO TUIOTHOCTU T'a30BBIX YaCTHUI[ B MPOMEKYTKE
MEX]y DJIEKTPOJIaMH, YTO CIIOCOOCTBYET 00pa30BaHUIO IPOOOS. DTO YUUTHIBAETCS TJIABHBIM 00-
pa3oM B pailOHaX, BO3BBIMICHHBIX HAJI YPOBHEM MOPSI.

Koaddument oTHOCUTEIBHON MIIIOTHOCTH BO3yXa

5o 0,386 p
273+t

I7le p — JaBJICHHE, MM PT. CT.;
t — Temmeparypa, ° C.
[Ipo6GuBHOE HalpsKEHHE MPSIMO MPOMOPLUUOHATIBHO KO (PULIUEHTY O:
Us=Ugpo.

C yBenMYEHHMEM BIIAKHOCTH JJIEKTPUYECKAs] MPOYHOCTh I'a30BOTO IMPOMEXYTKa BO3pac-
TaeT, TaK KaK B3BEILIEHHbIE YACTUIIbI BJIAru CBS3BIBAIOT JBIKYILHECS 3JIEKTPOHBI, YMEHbIIAs UX
MOJIBUJKHOCTb. BIa)KHOCTB MJIM BECOBOE KOJIMYECTBO BOJASIHBIX [1aPOB, COJEPIKAIIMXCS B €IMHULIE
o0beMa BO3/1yXa, 3aBUCHT OT TeMIepaTypbl. [ ka0l TeMepaTypsl CyIIeCTBYET ONpeIeIeH-
HBII IpeJies BIaXKHOCTH.

OTtHomeHne (hakTUUECKU COJepIKalllelcs BIaru K ee IpeaebHON BeJIMYMHE HA3bIBAETCS
OTHOCHUTEJBHOW BIaXHOCTHIO f%. 32 HOpMaNBbHYIO BIaXXHOCTH BO3/lyXa MPUHSATA BennunHa 65%,
YTO COOTBETCTBYET coziepkaHuio 11 r BoJbl B KyOMuecKoM MeTpe Bo3ayxa. MizMeHeHune npoOuB-
HOT'O HaNpsKEHUs Ta3a OTHOCUTENIBHO HOPMAJIbHBIX YCIOBHH yuuThIBaeTca Koddduuuentom K
(cm. I1-11).
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[Tpubmmxenno ais gactotsl S0 111 1 HanpspKeHust Tpo0ost 141 KB Makc ¥ BBITIE MTOMTPaBOY-

HbI Kod(hdutimeHT K MoxkeT ObITh omnpenescH no Gpopmyie

K=115- 0,15i ,
11

riae T —- dakrudeckas BIaKHOCTh BO3/IyXa.
Taxum o6pa3omM, IpoOUBHAS IPOYHOCTh I'A30BOT0 MPOMEXKYTKA C YUETOM JaBJICHUS, TEM-

MNEPATyphl U BJIAXKHOCTU OIMPECACIIACTCA U3 3aBUCHMOCTHU

o

Un an’

p =U

)

rae Unp— npoOuBHOE HAPsKEHUE IPOMEKYTKA MTPH YCIOBUAX, IPUHATHIX 32 HOPMaJlb-

HBbIC.

3aoanusn:

3aoanue Nol

OrnpenenuTh YUCio 3JIEKTPOHOB, €KECEKYHIHO TOCTUTAIOIINX aHO/Ia, €CIIH B BO3IYIITHOM
MPOMEKYTKE MEKIY DJIEKTPOJIaMU CO3JaHbl YCIOBUS 7Sl yIapHOU MOHU3aUU. YHCI0 3IIeKTpo-

HOB, €KECEKYHJIHO MOKHUIAIOUINX KaTo/, 2, KoahdUIIMEHT yAapHOU HoHu3auu paBeH 11.

3aoanue No2
PaccrosiHre Mex a1y TOKOBEIYIIMMHU BbIBoJamMu TpaHcdopmartopa Tuma TIALT 90000/110
paBHO 120 cm. OnpenenuThs KpaTHOCTD NEpEHANPSKEHUS, TP KOTOPOM IIPOMCXOAUT NEPEKPBITHE

ATOTrO MPOMEXKYTKA, U KOOPPUIUEHT €ro UMIYJIbCHON MPOYHOCTH.

3aoanue No3

[Tpu MoNEeBBIX UCHBITAHUSX H3OJSALUU JIMHUU dJeKTponepenaun Ha Beicote 1000 M Hax
YPOBHEM MOPS MCIIOIH30BaH IIAPOBOW pa3psAHKK, OJTHA U3 chep KOToporo 3azemieHa. Omnpeje-
JINTh HpO6I/IBHOC HaprDKeHI/Ie 58 MaKCI/IMaJ'H)HyIO HaprI)KeHHOCTB BHGKTqueCKOFO T10JI51 y 110-
BEPXHOCTH IIIapOB, €CIN AUaMeTp cdep 25 cM, pacCTOSHHUE MEXAY apaMu 6 CM, JaBlIEHUE BO3-

nyxa 660 MM pr. oT., Temreparypa Bosayxa 17° C, conepxkanue Biaru 20 r/m3.

3aoanue Nod

BoznymHelil npoMexXyTok B 1 ¢cM MexAy IJIOCKMMHM 3JIEKTPOJIaMHU XapaKTEpPU3yeTCs 1aB-
aerreM 760 MM pT. CT. U HANPSHKEHHOCTHIO AJIeKTpuyeckoro noist 29 kB/cm. Onpeaenuts yucio
3JIEKTPOHOB, JOCTHUTAIOIINX aHOJIA, €CIIH C KaToJa OTpbIBaeTcs 1 3i1/cek, a B MPOMEXYTKE IPOHC-

XOJIUT TIPOIIECC YAAPHOU HOHU3AIIIH.
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3aoanue No5

Tpanchopmarop Ha 220 kB ycTaHOBIIEH B HEMOCPEACTBEHHON OMM30CTH OT pa3beIUHU-
Tensl (3a3eMJIEHHAas IIOCKOCTh). OmpenenuTs MUHUMAIBHO JOMYCTHMOE PACCTOSHHUE MEXIY
TpaHcGOpMaTOPOM U pa3beAMHUTEIIEM, €CITH IO YCIOBUSAM BO3MOXHBIX NIEpEeHAIPSHKEHUN BHIOpaH
YEeTHIPEXKPATHBIN 3aIlac MPOYHOCTH 3TOTO MPOMEXKYTKA MPH HOPMAIBHBIX aTMOC(HEPHBIX YCIIO-

BHUAX. I[JISI pelicHud BOCIIOJIB30BAaThCA 3aBUCUMOCTBIO.

3aoanue Nob

K razoBoMy mnpomexyTKy, 3aKIIOYEHHOMY MEXAY ABYMs S3JEKTPOJAMH, MPHUIOKEHO
HaIpsKEHUE, JOCTATOYHOE JJISI BOSHUKHOBEHHS pazpsia. OnpeaeuTb Yuciao dJIEKTPOHOB, TOKH-
JAIONINX €XKECEKYyHTHO KaToJ| O]l JeHCTBHEM Jiyuel KBapLieBOH JIaMIIbl, €CJIM TOK B Ilenu 1 MKa,
3apsi Kaxaoro snektpona 1,6-10-19 k, anuna npomesxytka 2 cM, a ko3hPHUIHEHT yaapHO HOHH-

samuu 10.

3aoanue No7

Onpenenuts NPOOUBHBIE HANPSKEHUS MEKIY ABYMS M30JIMPOBAHHBIMU CTEP)KHSAMHU, yia-
JICHHBIMU JIpYT OT Apyra B Bo3ayxe Ha paccrosHus 120, 220, 800 cm. Conepxanue Biaru 20 r/m3,
temneparypa Bozayxa 30° C u naBnenue 740 MM pT. CT.

3aoanue No8

Onpenenuts NpoOUBHOE HANIPSKEHUE JUTS BO3LYLIHOTO MpoMexyTKa B 120 cM, 3aKIIr04eH-
HOTO MEXIY M30JMPOBAaHHBIM U 3a3€MJIEHHBIM CTEP)KHEBBIMU 3JIeKTpojamu, rnpu 6=0,945 u xo-
s ¢unuente, yuntsiBaromeM BiraxHocTe K=0,91. Ha npomexxyTok moouepeHo BO3AECHCTBYET

MOJIOKUTEIBHBIN U OTpI/II_[aTeJ'II)HHﬁ HUMITYJIBCBI.

3aoanue Ne9

[TpoOuBHOE HaMpsHKEHNE Ta30BOTO MPOMEXKYTKA C HEOHOPOIHBIM TI0JIEM TP BIAYKHOCTH
8,5 ep/m’ coctaBuiio 141 kB maxc. Kakosa mpoYHOCTh 3TOTO MPOMEKYTKA B YCIOBUAX HOPMAJIh-
Hoi BnaxkHoctu? [lonpaBounsiit koapdumment npunath mo 'OCT 1516—60 (cm. I1-12) u pac-

CUYUTATh TI0 AaHATMTUYIECKOHN (opMyIIe.

Konumponwnvie gonpocwi:
1. Uro npeacraBnsoT coboit k03 uimeHTs 00beMHOM U MOBEPXHOCTHON HOHU3ALIUU?
2. Kakoii pa3psi mpuHATO HAa3bIBaTh CAMOCTOSITEIEHBIM U KaKOBBI YCIIOBHS €70 BOSHUKHO-

BeHus?
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3. [louemy yBenuueHue coiep>KaHUs BJIard B ra3e MOBBIIIACT 3JIEKTPUUECKYIO TPOYHOCTh
ra30BOTO MPOMEXKYTKA

4. KakuM COOTHOIIICHHEM CBsI3aHBI MKy 000 qruaMeTpsl chep paspsaIHuKa U Ipeaesbl
M3MEPSAEMbBIX UM HAIPSKEHUM?

5. [losicHUTH poJib MOJSPHOCTH B (POPMUPOBAHUU pa3psa MEXKAY JIEKTPOJaMH UrJia —
IJIOCKOCTb.

6. [loyeMy mpu paBHBIX YCIOBHUSX MPOMEXKYTOK CTEPKEHb — CTEPKEHb OKAa3bIBAETCS
MIPOYHEE MPOMEKYTKA CTEPKEHb — IIOCKOCTH?

7. Kaxkoii xapaktep uMeeT 3aBUCUMOCTb K03 puirenTa 00beMHO HOHU3ALUU OT JaBiie-
HuUs raza?

8. Uto xapakTepusyer co60it K03(h(HUIIMEHT UMITYJIbCHOW POYHOCTH?

9. Yro xapakrepusyeT coboi KorhHUIIUEHT UMITYJIbCHON MPOYHOCTH?

10. Yro Takoe aneKTpudeckuii 0apbep U KakoBa €ro pojb B YIIPOUYHEHHH ra30BOT0 MPOMeE-

KyTKa?
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Ilpakmuueckan paooma Ne5. Buympennan uzonayusa riekmpoycmanoeox. Ocrnoenoie

gopmut pazpacoe 6 zazax u ux ucnob308anue.

Ilens: 3yunth OCHOBHBIE ()OPMBI Pa3psiIOB B Ia3ax U UX MPUMEHEHHE Ha MPOU3BOICTBE.

OcHogvl meopuu:

B TexHMKe BBICOKHMX HAIpPsDKEHUMN ra3oBasi Cpela CIY)KUT M30JUPYIOLIMM MaTEpHAJIOM,
HaIpUMep, IIPU PaCcIOI0KEHUHU IIPOBOAOB JIMHUH JIEKTPOIIEPENAYN B BO3AYXE, MEXKAY IEKTPO-
JlaMH BO3JIyILIHBIX KOH/IEHCATOPOB, B UCKPOBBIX IIPOMEKYTKAX Pa3psiAHUKOB U T. 1. [IpuaTom Bo3-
HUKHOBEHUE HOHU3ALMOHHBIX IIPOLIECCOB B BO3YXE SIBIISETCS HEXeENaTeNbHbIM siBieHueM. C ipy-
roif CTOpoHbI, padoTa psjia anmnapaToB OCHOBaHA Ha pa3IMuYHbIX (opMax ra3oBoro paspsua.

Taxkumu anmapatam sIBJISIIOTCS TpyOUaThble pa3psiAHUKU, UCTIOIb3YIOLINE TyTOBON pa3ps;
YCTaHOBKH IO OUMCTKE JILIMOBBIX I'a30B Ha JIEKTPOCTAHLIMSX, UCIIOJIb3YIOLIME KOPOHHBIM pa3psi;
BBICOKOBOJIBTHBIE T'a30CBETHBIC TPYOKH C XOJIOJHBIM IKaTOJIOM, MCIOIB3YIONINE TICIOIUN pa3-
psiL; YCTAaHOBKU IO 3JIEKTPOMCKPOBON 00pabOTKE METAIJIOB, HCIIOJIb3YIOIINE UCKPOBON paspsij;
YCTaHOBKH I10 OKPACK€ U3JIEIHUH -B IIEKTPUUECKOM I10JIE, UCTIOJIb3YIOIINE TUXUH pa3psia U T. 1.

dusnueckas Gopma razoBoro paspsia 3aBUCUT OT COBOKYITHOCTH; LIEJIOTO psija (hakTOpoOB:
JABJICHUS U TEMIEPATyphl ra3a, HANPSYKEHHOCTH U KOHPUTypaluu 3JIEKTPUYECKOTO MOJIs, MOII-
HOCTH UCTOYHUKA, ITNIOTHOCTH TOKA U PACCTOSIHUS MEKIY MIEKTPOJAMH.

Tneromuit pa3psii BO3HUKAET Kak ycTolunBas (hopMa ra3oBoro paspsijia npu JaBJICHUAX
nopsiaika 10—20 MM pT. cT. DTOT pa3psa XapakTepU3yeTcss Majoi MIOTHOCThIO Toka 20—>50
MA/cM? GOTBIINM TIEpEenaioM HAMPsKeHUs BOMM3M d1ekTponos 200—400 B.

[Tpu TaeromeM paspsie UMEET MECTO MIEPEX 01 JIEKTPOHA C YAAIICHHONW OpOUTHI Ha OpOUTY,
JeKalyro Olmke K sipy ¥ 00Ja1aollyto TOATOMY MEHbIIEH sHepruel. MI30bITOK SHEpruu u3iy-
yaeTcs aTOMOM B IIPOCTPAHCTBO B BHJI€ MOPIMH 3HEprun AA, Ha3pIBaeéMOU KBaHTOM WMJIM (OTO-
HOM, BEJIMYMHY KOTOPO MOKHO BBIPa3UTh KaK Pa3sHOCTb SHEPreTHUECKUX YPOBHEHN JABYX OpOUT:
A1 ¥ A2 B 3JIEKTPOHBOJIBTAX, T. €.

AA =A, — A

Trnerormuit pa3ps B Ta30CBETHON TPYOKe SIBISETCS UCTOYHUKOM JTyUYUCTON DHEPTUU WIIH
cBeTa. SIBIeHME XOJI0IHOTO CBEUEHUS T'a3a Ha3bIBAETCS DIIEKTPOJIOMUHECLIEHIIUEN.

Bunumelii cBer mpexacrtaBiseT coOoil 371EKTpPOMAarHUTHBIE KOJEOaHUS ¢ OINpenesIEHHBIM
JUana30HOM YacTOT WIIM AJIUH BOJIH, 711 ©3MEpeHUs AJIMH CBETOBBIX BOJIH Y100HO MOJIB30BaThCS
CIIeIMaIbHON €UHULIEN A, Ha3pIBAEMOM aHrcTpeMoM M paBHOM [0-8 cm.

W3 ¢pu3uKn U3BECTHO, YTO MYyYOK COJIHEYHOTO CBETA Pa3jiaraercsi CTEKJISTHHON MpU3MOn

Ha JIy4d pa3IMyYHBIX LIBETOB, 00pa3ys cnekTp. KakaoMy LBETY COOTBETCTBYIOT OIpeacIEHHbIE
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JUHBI BOJTH. KpacHoMy 11BeTy, HanpuMep, COOTBETCTBYIOT 3JIEKTPOMarHUTHbBIE KOeOaHus ¢ JITH-

HaMH BOJIH B nipenenax 6300—7700 A.

PacueToM MOXKHO YCTAaHOBUTH LBCT, COOTBCTCTByIOH_II/Iﬁ H3JTYyUCHUIO, BOCIIOJIB30BABIINCH

COOTHOIICHHUEM

rzie A- JUIMHA BOJHbI U3IIy4eHHUs, A;
k- Pacuétnpii kodpdumment (2*1078);
AA-3Heprus u3ilyuyeHus, 3B.

P

PEP
oepl3084 85 88

70808 10 11 1213

30

C

20

[

0.03
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002

0,0/

0,008

£

0% 03 98 47

Pucynok 5.1 — O000mEHHBIE XapaKTEPUCTUKU

0940 W 1213 §

MOTEPh MOIIIHOCTH Ha KOPOHY JUIs pa3-

JIMYHBIX 3JICMCHTOB NIOTOJIbI: — XOpolIad Imoroaa: 2— CHET, 3— JOXKIb, 4 — HaMOpO3b
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KOopOHHBIM pa3psaoM, WU IPOCTO KOPOHOM, HAa3bIBAETCS OUH U3 BUJIOB DJIEKTPUIECKOTO
paspsiia B ra30BOM WIM BO3YLIHOM CpEZie, BOZHUKAIOIIEH, B YaCTHOCTH, Y IOBEPXHOCTHU IIPOBOJOB
BO3/YLIHBIX JIMHUN 3JIEKTPONEPESAUN U Y IOBEPXHOCTH JIFOOBIX 3JIEKTPOJOB C MAJIBIM PagHyCcOM
KPUBU3HBI IO IeiicTBHEM paboyuero HanpspKeHUs.

KoponHblii pa3psit pu O00JIBIIOM paCCTOSTHUM MEXy IPOBOJIAMHU U, CII€0BATEIbHO, IIPU
HEOO0JIbIION BEJIMYMHE CPEAHEN HAIPSHKEHHOCTH IEKTPUUYECKOTO M0l HE IPUBOJIUT K IIEPEKPHI-
THIO NPOMEXKYTKA U MOJKET CYILIECTBOBATH [UIMTENIBHO. KOpoHa CONpoOBOXKIaeTCs CBEYEHUEM
BOJIN3H IIOBEPXHOCTH IIPOBOJIA, XapaKTEPHBIM IIOTPECKUBAaHUEM, 00pa30BaHUEM 030HA U BBICOKO-
4aCTOTHBIMHU oMexaMH. [1osBIeHrE KOPOHBI CBUIETENBCTBYET O PE3KOM HEPABHOMEPHOCTH HJIEK-
TPUYECKOTO MOJIA U O HATUYMH Y IIOBEPXHOCTH TPEHUPYIOIIETO 3JIEKTPOAA HAIPSKEHHOCTH DJIEK-
TPUYECKOTO JI0JIsI, AJOCTAaTOYHOM JJii BO3HUKHOBEHUS Mpoliecca 0ObEMHOM M MOBEPXHOCTHOM
VOHM3ALMH, Ha3bIBAEMOU KpUTUYECKOU Exp.

BoO3HMKHOBEHHE KOPOHBI IPUBOJAUT K CYIIIECTBEHHOMY BBIPABHMBAHUIO HJIEKTPUYECKOIO
IIOJISI B 30HE €€ ICUCTBUS.

B OousbIIMHCTBE Cily4aeB KOpOHa paccMaTpUBAETCA KaK BPEAHOE SIBJIEHUE, TaK KaK OHa
IIPUBOJUT K JOIOJHUTEIBHBIM IIOTEPSAM aKTUBHON MOIIHOCTHU Pop M DHEPIUH.

Kpome Toro, KopoHa co3ziaeT paiuONIOMEXHU U BPEJHO JCHCTBYET Ha U3OJISILIMIO OpraHu-
YECKOI'0 MPOUCXOKICHUS.

[TonoxuTenpHyr0 poiib KOPOHA UTI'PAET NPU BOSHUKHOBEHHWH I'PO30BBIX MEPEHANPSKECHUM,
CHW>KAsl aMIUINTYly M KPYTU3HY 2JIEKTPOMAarHuTHBIX BOJIH. KOpoHa Mcnonb3yercs B yCTaHOBKax
[0 OYMCTKE ABIMOBBIX I'a30B, B YCTAHOBKAX I10 PA3ICIICHUIO OMYJIBCUH, B DJIEKTPOCTATUYECKHUX
reHeparopax, rie KOpOHUPYIOIHN 3JIEKTPOL UCIIONIB3YETCs IS IEPEIadu 3apsI0B Ha JIBHKYIIY-
10CS JIEHTY, U T. 1.

B TBH nauGonee pacnpocTpaHEHHBIM SBISETCS pacy€T MOTEPh MOIIHOCTH Ha KOPOHY JJIs
JVHUY d5ekTporepenadn. [Ipu 3Tom nmociuenoBaTesbHO OIPEIETIAIOTC

a) KpUTHUYecKas WM HayalbHAas HAMPSHDKEHHOCTh JIEKTPUYECKOTO TOJIsI, COOTBETCTBYIO-
11ast MOSIBJICHUIO OOIIe KOPOHBI;

0) HaNPSHKEHHOCTD JIEKTPUUECKOTO TOJIsL, CO3AaoIasics Mo AeHcTBIEM pabouero Hampsi-
JKEHUs JINHUU;

B) CPEJHET0/I0BbIE MOTEPU aKTUBHOM MOIIHOCTH Ha KOPOHY, pacdyeT KOTOPBIX MPOHU3BO-
JUTCS 110 aHAJTUTUYECKUM 3aBUCUMOCTSIM WJIM C MCIIOJIb30BaHHEM OOOOIIEHHBIX XapaKTEPUCTHK
JUISL KaXKJI0T0 3JIEMEHTa MOT0/Ibl, IOJTY4YEHHBIX Ha OCHOBE IPOM3BEACHHBIX U3MEpeHUi {puc. 16).

Pacuet o 0060011eHHBIM XapakTepucTukaM. HavanbHas Hanps>KeHHOCTD AJIEKTPUUYECKOTO

II0JIsI, COOTBETCTBYIOIAS MOSBICHUIO KOPOHBI, 3aBUCUT OT JABJICHHs BO31yXa, TEMIEPATYpPHl U

COCTOSIHUS IOBEPXHOCTH MPOBO/A U AHATUTUYECKU ONPENENIETCS 3aBUCUMOCTBIO:
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0.3
E,5 = 30,3mé (1 + \/?> KB MaKc/cm

rjie - paanyc IpoBoja, CM;

P- atmocdepHoe naBieHue, MM pT.CT.;

C- Temmieparypa, °C;

M-k03(pPUITMEHT HErIaKOCTH, paBHBIN 0,82 115 BUTHIX TPOBOJIOB.

[Ipu 6=1 HayaJbHAs HANPSIKECHHOCTHb JJICKTPUYCCKOrO TOJIS IS MPOBOJIOB Mapku AC-
240, AC-300 u AC-400 coorBercTBeHHO paBHa 31,9, 31,6 u 31,1 kB Makc/cMm.

Pabouast HAaNPSODKEHHOCTH JJCKTPUUYECKOTO TOJS BOJM3M OJMHOYHBIX TPOBOJIOB JIMHUU
OTIPEICTIACTCS 3aBUCHUMOCTBIO

_Q _ Na2uc, _ UCy
Emax = Tmear — Vazmear — 0.0147 " [kB Makc/cM]

rae U — nmelicTByroniee 3HaUCHUE JIMHEHHOTO HANIPSHKCHHUS, KB;

Cn — pabouasi eMKOCTb paccMaTpuBaeMoi ¢asbl, /M.

Wcnonb3ys 3HaYeHUE CPEHET00BOM IJIOTHOCTH BO3yXa JUIS 33JJaHHON MECTHOCTH (151
MockoBckoit obnactu 1,04) u onpeneuB HaYaIbHYIO HANPSHKEHHOCTD AJIEKTPUYCOKOTO TTOJIS
IIPOBO/JIA, CIEAYET CPABHHUTD €€ CO CPEIHUM 3HAUCHUEM padoyeil HaNpsHKEHHOCTH MPOBOIOB JIH-

HUU, ITOJIYYCHHBIM N3 3aBUCUMOCTHU

1
Ecp.max = § (Elmax + EZmax + E3max)
Ipyu Ecp max < 0.5 E,, NPOM3BOMMTE pacyeT MOTEPh HAa KOPOHY HE TPeOyeTcs
Ipu Ecp max < 0.9 Ep moTEpH HA KOPOHY OYECHD BEITUKH.
VYcTaHoBUB HEOOXOIUMOCTh MPOU3BEIEHUSI PACUETOB MOTEPh Ha KOPOHY, CIEAYET BOC-
MOJIb30BaThCsl OOOOIIEHHBIMU XapaKTEPUCTUKAMU MOTEPbh MOIIHOCTH ISl pa3iMYHOW MOTOJbI

(sIcHO, CHET, 10 /b, U3MOPO3b). YKa3aHHbIE XapaKTePUCTUKH IrpauuecKy ONpeensoT GyHKIH-

OHAJIBHYIO 3aBUCUMOCTD

Ir7ie T — YKCJI0 IPOBOJAOB B (ha3e pacilerIeHHON JINHUY;
Ir— paJuyc IpoBo/a.
CpenHerooBbie MOTEPH MOIHOCTH Ha KOPOHY Tpex(a3zHOW JIMHUM ONPENeNIOTCs CyM-

MHPOBAHUCM INTOTCPH IO (ba3aM IIpr BCCX BHUAAX MOroAbl 1o (I)OpMyJ'IC
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b= el (52) (5 + e 2| ome o mn () + 2 () + () s
+[re () + £ (5) + 7 )

[FHS ( ) + E; (Z) + E,; (gi)] Tus} KBM /KM,

rae Fx, Ex Ec, Fus — 0000111eHHBIC 3aBUCHMOCTH MTOTEPHh HA KOPOHY B XOPOIIYIO ITOTOY,

MIpU I0%K€E, CHETE U U3MOPO3H.

B nmHMM ¢ TOPU30OHTAIIBHBIM PACIIOIOKEHHEM NIPOBOAOB E1= Es.

[Ipu mpuOGAM3UTETHHBIX pacueTax MOroy MOKHO pa3Ae/IuTh Ha SICHYIO, CUMTas, YTO OHA
cocrtapnsieT 1uist cpenneit moiockl 80% 68 (7000 1) u qoxans 20% (1760 1) OT yrcna 4acoB B TOAY.

B atom cityuae pacuetHas popmylia 3HAYUTEIBLHO YITPOILIACTCS;
= e ([P (2) 2+ B (B2) 0T+ [P (B2) 2+ P (B2)] T+ Tt o)

Pacuer paboueit emMkocTu Tpex(da3HON TPaHCHIOHUPOBAHHOM JMHUU C TOPU3OHTAIHHBIM

pacrosokXeHueM IPOBOIOB O€3 TPOCOB
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Pucynok 5.2 — PaGoune eMKOCTH JTUHUU AJIEKTPOIIepeaun ¢ TOPU30HTAIBHBIM PacTIOfo-
KEHHEeM MPOoBOJI0B: H— cpemHsist BpIcOTa MPoBOa HAJl 3eMJeit: D— paccTosHue mexny da-
3amu; C2— eMKOCTh cpeqHeit Ga3er; C — cpeaHsisi eMKOCTh TPAHCIIOHUPOBAHHOW JTMHUH 0€3

yuaera 3emiie; C1=C3 eMKoCTh KpailHuX (a3 TpexBa3HOU JIMHUH
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. . D .
3Havenue st pabodeit emkoctu KpaitHuX a3z C1=C3 mis pa3InyHbIX - 1 CpeJiHei hazwr

C2 MokeT OBbITh OIpeIeTICeHO HEMOCPEACTBEHHO 110 KPUBBIM (pHcC. 5.2), T1e 1o ocu abcuuce oTio-

’KEHa BeJIMYHMHA cpeqHel paboueil emxoctu C Ay Beeil TMHUY, onpesersieMas 3aBUCUMOCTBIO
24.13

~ . 1.26D
lg —

[Tpu OTCYTCTBUM KPUBBIX pacueT TeX )K€ eMKOCTEH MOKET ObITh MPOM3BECH aHAIUTHYC-

CKH 4€PE3 B3aUMHBIC!

U COOCTBEHHBIE

MoTeHIHaIbHbIE KO3 PHIneHTH U ypaBHeHUs: MakcBea, rae hi — cpenHsis BpIcOTa O-

Beca MPOBOJia HaJl 3eMJIeH, oripenensiemMas U3 GopMyJibl
2
hy =ho—%f
3
riae ho — BbIcOTa MojiBeca MpoBo/ia Ha MPOMEKYTOYHON OTIOPE;
f — cTpena npoBeca mpoBoia B MpoJeTe;
Dik — paccrostHre My poBoioM (i) U ero 3epkaibHbie oToOpakeHreM (k)
VYpaBHenrne MakcBeia, CBA3bIBAIOIINE NOTEHIUAIIBI U 3apsI/ibl, UMEIOT BUJL:

@1 = 0a1101 + a120Q0; + a;303
P2 = 3101 + az20Q2 + a303

@3 = a3101 + a120; + 4303

JI71s1 TOPU30HTAIBHOTO PACIIOJIOAKEHUS ITPOBOJIOB CIIPABEUIMBBI CIEAYIOIINE PABEHCTBA!
d1p = dz = d33
diz = dzq = dz3 = A3z
d13 = d31
PemnB nprBeneHHYI0 CHCTEMY YpaBHEHUI OTHOCUTEIBHO 3aPsI0B, MOTYyUHUM:
Q1 = P11¢1 + B1292 + B1393
Q2 = B21901 + P22 + P23 93

rie f;;-Ko3pUITUEHTH EMKOCTH;

Bir-K03(PbUITUESHTHI JIEKTPOCTATUHICCKON MHIYKITHH.
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O1H K03 GUITMEHTH MOTYT OBITh BBIPAXKEHBI Yepe3 MOTEHITMAIbHbIE KOA(PGUIIMEHTHI, TI0-

Jy4CeHHBIC Ha OCHOBE 0011eH 3aBucumoctu [JI-16]:

o (=DM,
ik A
By = az2a33 — (az3)° _d11d33 — (a;3)?
11 A 22 A
Bys = ajjaz; — (a12)° __9dp3dz3 — dppa33
33 A 12 A
d12d23 — d13dp2 di3dqz — d23d11
Bz1 = P13 = B2z = B3z =

A A
A= a;;[az;a33 — (a23)%] — a12(a12823 — a1332) — a13(a53332 — Ag2a23)
rae A — onpeaenuTens CUCTEMbI ypaBHeHu# (68a) (cm. 1-29);
Mki — MHHOp, TOJYYCHHBIH BBIYEPKUBAHHEM W3 olpenesutens K-l cTpoku u i-ro
cTonona.

PaGoure eMKocTH (pa3 HAXOAAT 110 YPABHEHMSIM:
3

Ci = P11+ P12+ P13 — 5 (B12 — B13)
3

Cy = B2z + Ba1 + P23 — 5 (B21 + B23)

3
Cs = B3z + fa1 + B3z — 5 (B31 — B32)

B cootBerctBun ¢ IlpaBunamu yctpoiictBa snektpoyctaHoBok (I1YD) mis nunuit snek-
tponepenad I10 u 220 kB kopoHa ycTpaHseTcs IpUMEHEHUEM IIPOBO/IOB CEYEHHEM HE MEHbIIIE,
yeM y AC-50 u AC-240, mo3ToMy NOTEPH Ha KOPOHY YUYMTHIBAIOTCA JJISl YKA3aHHBIX CEUEHUN
TOJILKO B BBICOKOTOPHBIX pallOHAX, a JJIsl OOBIYHBIX paiioHOB— HauuHas ¢ 330 kB u Oonee. Ilo-
TE€pU Ha KOPOHY HE JIOJDKHBI, MIpeBbIIaTh 2—5% OT aKTUBHBIX MOTEPh B caMoM mpoBoje. [lpu
JIOX/Ie TIOTEpPH B JIMHHSX dJieKkTpornepenad HampspkeHuem 500 kB moryr mocturats 50—100
KBT/KM, Tipu Tostonieae 10—15 kB1/kM, B xopoumx ycnoBusx 0.1—0,5 KBT/KM.

B kauecTBe mpumepa pacCMOTPUM IIMPOKO U3BECTHYIO, ¢popmyny ITuka. Ilorepu othe-
CEHBI K OJHOMY MPOBOY Ha 1 KM JUIMHBI TPEX(Pa3HOM JIMHUU C CUMMETPUYHO PACIIOI0KEHHBIMU
MIPOBOJAMH, a HANpsDKEHHE MPUHATO (a3Hoe AeHCTBYIOLIee:

AP, = %(f + 25)\/% (Up — Up)? 107> kBT/KM

rae f — gacTora mepeMeHHOTO TOKA, TII;
& — OTHOCHTEIIbHAs TUIOTHOCTh BO3/TyXa;
I — paJanuyc MpoBOJa, CM;

D — paccrosiHue Mexay MpoBOJamMu, CM;
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Uo— YCJIOBHOC HaIIPSXKCHHUE, HA3BIBAEMOC KPUTUYCCKHUM U ONIPEACTIACMOEC U3 3aBUCUMO-

CTH.
Uy = Eyr In—
0 0 -
uiu u3 popmyibr
D .
Uy = 21,26mymy,r ln; KB JICHCTB.,
rae m1=(0,98—0,83)— xoaddurneHT HEermaaKkoCTH MPOBO/IA;

mz= 0,8 — k03¢ HUIIMEHT HEHACTHOW TTOTOIBI.
Kputnueckoe inHeiiHOE HalIpsPKEHUE MOKET OBITh MOIYY€HO U3 BBIPAXKEHUS
D .
U, = 84,6m;m,6r lg: KB JICHCTB.,
ITorepu Ha KOPOHY HACTYNAIOT PU PABEHCTBE JIMHEHHOIO WK (a3HOTO HANPSKEHUS JIH-
HUH, COOTBETCTBYIOLEMY KPUTHUECKOMY JINHEHHOMY WK ()a3HOMY HAaIPSKEHUIO, U BO3PACTAIOT
IIPU YBEJIMYEHUH JIEHCTBUTEIBHOTIO HAPSYKEHUS HaJl KpUTHUECKHM.
[Ipu pacnonoxeHuu NpoBOIOB B TOPU30HTAIBHOM IUIOCKOCTH KOPOHA HAa KPalHUX IIPOBO-
JlaX BO3ZHUKACT MPH HAINpPSDKEHUsIX Ha 6 % OoJblluX, a Ha cpefHeM NpoBoJe Ha 4% MEHbIINX
KPUTHYECKOI' 0, ONPENEISAEMBIX 10 3aBUCUMOCTSIM.
[loTepu Ha KOPOHY BO BCEX TPEX MPOBOJAX MPHU YacToTe nepeMeHHoro Toka 50 ' onpe-
JIEJSI0TCS U3 BBIPAYKEHUS:

_ 018

AP, = T\/%(U — Up)? [xBT/KM]

rae U u Up— cooTBeTCTBYIOIINE THHEHHOE U KPUTHUECKOE HAMPSIKEHUS.

Taxum 00pa3om, pacueT MPOBOIOB JMHUU Ha KOPOHY CBOIMTCS K OMPEEIICHUIO KpUTHYe-
CKOT'0 HAaNPsHKEHUS U YCTAHOBJICHUIO HAJTMYUS WIIM OTCYTCTBUS KOPOHBI M3 COOTHOLICHHUS:

npu U <Up notepb Ha KOPOHY HET;

npu U> Up' noTepu UMEIOT MECTO.

[Tocne yero mo Gopmysie MPOU3BOIAT pacyeT BETMIUHBI TIOTEPh HA KOPOHY.

D¢ hexkTUBHBIM CPECTBOM CHHKEHHS ITOTEPh Ha KOPOHY SIBJISETCS IPUMEHEHUE pacIlen-
JICHHBIX TIPOBOJIOB Ha J[Ba, TPU U JIaXKe YEThIpe MPOBO/A B KXo (haze.

DOKBHUBAJICHTHBIA PaINyC PACIIECIUIEHHOTO IPOBO/IAa MOKHO MOTYYUTh U3 (OPMYIIBI:

ok = n\/ roan—l [CM]

TJie To — Paguyc OJMHOYHOTO MMPOBOJIA;

N — YUCIIO TPOBOJIOB B pacIIETNICHHOH (ase;

a — PacCTOsSHUE MEX/1y NPOBOIaMU B pacLIeIsIeHHOH ¢ase, cM.

Bosbiioe npakTHueckoe NpUMEHEHNE UMEET pacueT KOPOHBI ISl CUCTEMBI, COCTOSIIECH U3

JABYX KOaKCHAJIBHBIX MUIMHAPOB, T. €. HMCIOIIUX COBMCHICHHBIC OCH. B OJHHUX ClIydadaX, Korja
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KOHCTPYKLUSI IIPEJCTaBIseT co00M LMIMHAPUYECKUI KOHAEHCATOp, 3aJaueil pacyera sBIISETCS
HEJIOIYCTUMOCTb BO3HHMKHOBEHUs KOPOHBI, B JIPYrOM Cilydae, HaupuMep B YCTAHOBKAax I10
OYHUCTKE JBIMOBBIX I'a30B, UCIIOJIB3YETCI UMEHHO 3(h(PEeKT KOPOHBHI.

Jlia pacuera HalpsHKEHHOCTH JIEKTPUYECKOTO MO, TP KOTOPOH MEXKIY LWIMHIPAMU

BO3HHUKACT YCTOﬁqHBaH KOpPOHaA, UCITIOJIb3YCTCA 3aBUCUMOCTD

0,308
KB MaKc./cm

N

Pacuer KPpUTHUYCCKOI'O HAIIPSIXKCHUS, IIPU KOTOPOM Y ITOBEPXHOCTHU BHYTPCHHETO UJIMHAPA

CO3/1aeTCs KpUTHYECKas HAMIPSKEHHOCTh 3JIEKTPHUUECKOro MOJIsl, MPOU3BOAUTCA IO PopMyIIe:
U = Ekln§ [kB.MaKc]

rae R, r — cooTBETCTBEHHO paJiyChl BHEITHETO U BHYTPEHHETO IIMJIMH]IPOB.

[TpuBeneHHbIE 3aBUCMOCTH I10 CBOEH CTpyKType Onn3ku K popmyiam (65—70).

JlyroBo#i paspsia sSBISETCS OJHON M3 (OpPM CaMOCTOSTEIBHOTO paspsia, T. €. pa3psia,
IPOMCXOAIIEr0 0e3 BO3ACHCTBUS BHEIIHHX MOHM3aTOPOB Ha Ta30BbIM MPOMEXYTOK. JlyroBoit
paspsi XapakTepusyeTcs GOMBIIOH MIOTHOCTHIO Toka (250—500 a/cm?) B cBOGOMHOM 1 6—18
ka/cm® B 00yBaeMoil ayre, BeICOKOU Temmeparypoit raza 5000—10 000° K B nieHTpanbHOil 30He
JyTOBOTO CTOJIOA M OYCHB MAJIOW BEIMYMHON HANIPSHKCHHOCTH dJIEKTpUIecKoro mosst 15—350 B/cwm,
MIPU KOTOPOH MOIEPKUBACTCS YCTONYNBAsE HOHU3AIIHS Ta3a B IPOMEKYTKE.

JlyroBo#t pa3psii npu HOpMaabHOM aTMOC(HEPHOM JaBICHUH COMPOBOXKIAETCS WHTEHCHUB-
HBIM CBETOBBIM U TETJIOBBIM HU3ITyUYECHUEM.

C yBenuueHHEM TOKa HaNPsHKEHUE Ha YYaCTKE JYTH MaJaeT, TaK KaK POCT TOKA MIPUBOJAUT
K YBEJIMYEHHUIO CEUCHHS KaHaJlla IyTU U K YCUJICHUIO TPOIECCOB TEPMOMOHM3AIIMH Ta3a U TEPMO-
AIIEKTPOHHON SMUCCHHU C TOBEPXHOCTU PACKAJIEHHOTO KaTo/Aa.

OIHOBPEMEHHO C MPOILIECCOM MOHU3AIMHU B TA30BOM MPOMEKYTKE IPOUCXOJUT U IEUOHU-
3a1us, T. €. HeUTpamu3aius 3aps10B, CHOCOOCTBYIOIIAs OXJIAXKICHUIO YT H.

Jl;st pacuera HaMpsHKEHUsI, 00ECTIEYMBAIOIIETO TIOIICPKAHUE TyTH B BO3IYIITHOM TIPOMeE-

XKyTKe JuuHO#H 1>>100 cM mpu HopMaJIbHOM JaBJICHUH, PEATI0KEHA 3aBUCUMOCTh
32.6
Upyru = 62 + 1 (11.4 + T) B,

rJie 1 — TOK B KaHaJe JIYTH, &,

|— nyuHa myru, oM.

[Tpu mepeMEeHHOM TOKE CO3/aBINAsCS Ayra MOKET MOracHyTh IPHU IMEPEX0jIe TOKa uepes
HYJIEBOE 3HAYCHHE WM TIOBTOPHO 3aK€UbCS. DTO 3aBUCHT OT CKOPOCTH BOCCTAHOBIICHUS DJIEKTPH-
4ecKoi mpouHOoCTH Ei mpoMexyTKa ¥ pocTa HampsHKEHHOCTH DJICKTPUYECKOTO MOJIs, Co3/IaBae-

MOT0 BOocCTaHaBIMBarolMMcs HanpsbkeHueM E. [lyra racuer, eciou E> E.
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BricTpoe yBennueHune Npo4HOCTH AYyTrOBOTrO MPOMEKYTKa HAaOJF01aeTCs TPU TOPEHUH 1yTH
B Y3KHUX IIEISAX WINA IPU UHTEHCUBHOM NIEPEMEUIMBAHUMN PACKAIIEHHOM I1a3Mbl C XOJIOJHBIM ra-
30M. DTOT NMPHUHLUI HAIIEJ MPUMEHEHUE B KOHCTPYKIMAX TPYOUATHIX Pa3psIHUKOB U BBICOKO-
BOJIbTHBIX BBIKJIFOUATENSAX C BO3AYIIHBIM U MACIISHBIM TyThEM.

B BBICOKOBOJIBTHBIX JIMHUSX 3JIEKTPOIIEPENauH Ayra MOXKET MOSBUTHCS IIOCIIE UICKPOBOTO
MEPEKPBITHS JIMHEMHON U30JISIUMHU IO IEUCTBUEM BOJIHBI TPO30BOT0 NepeHanpsikenus. Yepes co-
3IaHHBIN TYTOBOM KaHaJl 3aMBIKA€TCsl BRBICOKOYACTOTHBIN TOK K0JIe0aTenbHOTO KOHTYpa, 00pa3o-
BAaHHOI'0 €MKOCTBIO [TPOBOJIa U MHAYKTUBHOCTBIO KOHTYpa. [Ipn nmepexogax 3Toro Toka yepes Hy-
JIEBOE MOJI0KEHUE HOHU3AIHS TPOMEXKYTKA MOACPKUBACTCS paOOUNM HANPSIKEHUEM, U AyTra MO-
JKET BOCCTAHOBUTHCS.

CkopocTh HapacTaHUsl IPOYHOCTH MIPOMEXKYTKA, B KOTOPOM ropelia Ayra, 3aBUCUT OT €€
JUTMHBL, BETUYMHBI TOKA MOJIHUH, KOHCTPYKLIUH JTMHEHHONU N30JSUUHU, BAOJIb KOTOPOM IPOU30ILIEI
pas3psij, a TakKe OT aTMOC(EPHBIX YCIOBUI.

B anexTpuueckux cucremMax HampspbkeHueM 10 35 kB BKIIIOUMTENbHO HENTpaib CETH U30-
JMPOBaHA U TYTOBOE 3aMbIKaHNE Ha 3€MJII0 U IPUBOAUT K OTKJIFOUEHUIO JINHUY 3aIIUTON. B Takux
CETsIX Jyra MOXET CYIIECTBOBATh JJIUTEIBHO U JJIS €€ TalleHuss He0OX0IMMO MPUHUMAThH CIIELIU-
aJbHbIE MEPHI.

Haubonee pactpocTpaneHHBIM CPeICTBOM OOpHOBI C TYTOM SBISETCS KPAaTKOBPEMEHHOE
OTKJIFOUYEHHUE JIMHUM WJIM KOMITEHCAIUsl EMKOCTH NIPOBOJOB MHAYKTUBHOCTSIMH, BKJIIOUEHHBIMU B
HEeUTpalb MUTAIOLIUX CETh TPaHC(HOPMATOPOB.

OTKpBITOI Qyrol Ha3bIBalOT JIEKTPUUECKYIO YTy B BO3JyX€, HE IOJBEPTarOLIyIOCs HU-
KaKHUM CIIelMaIbHbIM BO3JEHCTBHUIM, YCKOPSIOIIUM IIPOLIECC €€ yracaHusl.

Jlyra MOXeT BO3HMKHYTb MEXIY KOHIIEBBIMH BEPTHUKAJIbHBIMU WJIM TOPU30HTAIBHBIMU
anekTpoaamu (puc. 18.1, a, 6) 160 Mexly NPOTKEHHBIMU TOPU3OHTATBHBIMU UM BEPTHUKAIIb-
HBIMU 3JIeKTpoaamu (puc. 18.1, B, ). YuIMHEHUE Tyrd MOXKET MPOM30WUTH OT JIEHCTBHS BETpa,
BOCXO/SIIIMX KOHBEKITMOHHBIX MTOTOKOB BO3/lyXa WJIM MO IEHCTBUEM DJIEKTPOUHAMUYECKHUX CHIT
camoii yru. OCHOBHBIM (DAKTOPOM CaMONPOU3BOJIBHOTO YracaHus JIyTW SBISETCS €€ JJIMHA.
JnuHa 1yru, mpu KOTOpoi oHa 0e3yCcIOBHO rac* HeT, MpU JaHHOHM BEIMYMHE TOKAa, Ha3bIBAeTCA

KPUTHUYECKOMH.
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PI/ICYHOK 5.3 — CxeMnl ropCHu:Aa 3J'ICKTpI/I‘ICCKOI71 AYT'U B BO3AYXC: a — BCPTUKAJIBHBIC
SJICKTPOAbI, 00— TOPU30OHTAJIIBHBIC BJICKTPOABI, B — IOPHU30HTAJIbHBIC IPOTAKCHHBIC 3JICKTPOAbI,

I' — BCPTUKAJIBHBIC IPOTAKCHHBIC 3JICKTPOAbL

IIpn oueHke yCIIOBUH YCIEIIHOTO YracaHHs OTKPBITOM IyTH CYIIECTBEHHOE 3HAUYCHHUE
UMEIOT (hOpMa U PACIIOIOKEHHE NIEKTPOIOB.

[Ipu BepTHUKATIBHOM PacHOIOKEHUH AIEKTPOIOB KPUTHUECKAs JUIMHA TyTH MOKET ObITh B
ST, & NP TOPU3OHTAJIBHOM PACIOJIOKEHWN B ABAALIATH pa3 JJIUHHEE PACCTOSHMS MEXIY €€
OMOPHBIMU TOUYKaMH. OTCIOZja MOKHO CIEJIaTh BBIBOJ: TOPU30HTAJIbHAS 1yTa TACHET 3HAYUTEIBHO
Jlerue nyru, ropsiiei MeX,1y BEpTUKAIbHBIMU JIEKTPOIaMHU.

[Ipu yBennueHun JJIMHBI IyTH YBEJIWNYUBACTCSI OTBOJ OT HEE SHEPTUHU B BUJIE TETVIOBBIX U
CBETOBBIX M3JydyeHHUH. [lyra racHeT — bKOTia OTBOJUMAsI SHEPTUsl CTaHEeT OOJIbIIE MOABOAUMOI.
Tok, ycTaHaBIUBAIOIIMNACSA B MOMEHT OajlaHCca YHEPTUH, Ha3bIBACTCS KPUTUYECKUM TOKOM JIyTH.

Kputnueckuii Tok cocrapinsier 20—40% oT HauanbHON BEIMYHUHBI TOKa KOPOTKOTO 3aMbl-
KaHHUS.

CpenHsisi HaNPsHKEHHOCTh 3JIEKTPUYECKOro MOJs B CTOJ0€ Jyrd MpU HAavyaJdbHBIX TOKaX

100—1000 A ompenensercs MpH JOCTHKEHUH €0 KPUTUYECKOM JITMHBI U3 COOTHOIIIECHUS

U
Eeop = 1o [2 —3]
kp
KpHTquCKaSI JAJInHA AYTH 3aBUCUT OT TOKAa KOPOTKOI'0 3aMbIKaHH, T. €. OT BEJIMYNHBI CO-
IMPOTUBJICHUSA LICIIN. HpI/I OTOM MEXKAY TOKOM KOPOTKOI'O 3aMbIKaHUS, HAIIPSAXKCHUECM U KPUTHUYC-

CKOM JUIMHOW yTU CYILECTBYET OIPEACICHHAs CBS3b:
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a) IJI1 YUCTO AKTUBHOI'O COIIPOTUBJICHUA B LCTIN

r.u n"
l(R)KP = C 'n + {n+1

0) 11 TIenH, CoJIeprKaIlel TOJIPKO PeaKTHBHOE COITPOTHBIICHHE,
n
n n
] _ LU n2
(xX)xp — C n+1’
n+12

rae C — nocrosHHas BenuunHa, paBHas 100 qis 3nagenuit TokoB S00—6000 A;

N — nocrosinHas, paBHas 0,25 111 TOKOB B TE€X ke Mpejenax.

ITocne moacTaHOBKM aHHBIX BEJIMYMH UMEET JUIsl KpUTUYECKOM JUIMHBI JYTH U KpUTHYE-
CKOT'0 TOKa CJIeyIOIUe 3aBUCUMOCTH:

JUJ1st ceTu C aKTUBHBIM COITPOTHBIICHUEM

lookp = 0.08U12:25
l(x)Kp = 0'211{.3
IUIsl CETU C PEaKTUBHBIM CONPOTUBICHUEM
liyp = 0.1UI225
lpokp = 0,451

rne lc; — aefcTByroIee 3HaYeHHE TOKa KOPOTKOTO 3aMBIKaHUS, a.

Beimie 66110 0TMEUYEHO, 4TO (HANpPSDKEHHOCTh B KaHaie Jyrd paBHa 2—3 KB/M, Oosee
TOYHO €€ ONPEAEISAIOT U3 3aBUCUMOCTH

E =125+ 34I"% B/cm

rne | — aMrmTyna Toka KOpOTKOTO 3aMBIKaHus, A.

[Tpu sKcIuTyaTauy JIMHUH Yalie BCero BOZHUKAIOT OAHO(a3HbIe 3aMBIKaHUS ITPOBOJIOB Ha
3eMJII0, IPH 3TOM JIyra TOPUT MEX1y MPOBOJOM U 3JIEMEHTOM 3a3eMiIeHHOH omnopsl. [Tpu nodas-
HOM OTKJIFOYEHHUH ¢ oMoIbio AIIB noBpexaeHHoM IMHUY Tyra JOJDKHA OTacHYTh, OJTHAKO Ye-
Pe3 MOHM3UPOBAHHBIN KaHAI MTPOJOIDKAIOT MPOTEKATh EMKOCTHBIE TOKH OCTABIIMXCS TI0]] HAIPSI-
YKeHHEeM MpoBoI0B (puc. 19).

OTH TOKM 3aMEISIOT IEMOHU3AINIO MPOMEXYTKA, HA KOTOPOM B MOMEHT OTphIBa IyT'H
BOCCTAHABJIMBAETCs HANPsDKEHUE VX, ollpenensieMoe u3 cootHomeHus (79).

[Ipenmnonoxum, 9TO PU OTKIIFOYCHHUHN TTOBPEXKICHHOH (ha3bl Tyra B TOYKE 3aMBIKaHUS Ha
3eMJTIO TIOTaca, U, CIIE0BATENIFHO, €€ CONPOTHBIICHHE CTAIO OJM3KUM K OeckoHewHoCTH. Torma
MOYKHO HAIMCaTh 3aBUCUMOCTH JUUIsl HAMIPSDKEHUH IBYX 00pa3yIoMxcsi KOHTYpoB ((aza 3—2 —

3emiisi) 1 (aza 1—2 — 3emuis):
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Pucynok 5.4 — Cxema cetu ¢ o ¢gaszusim AI'TB Ce) u cxema npoTekaHusi eMKOCTHBIX TO-

KOB IIpH 0OpBIBE JIyra B BRIKIIOUaTene (6)

U(l)(s) = U32 + UX
U¢’(1) = U12 + UX

rae Usz u Uiz — nanpspkenust Ha eMKocTsX Csz v Cr2
Ux — HMCKOMOE BOCCTaHABIMBAIOIIEECs HANpsOKEHUE Ha y4acTKe MOraciield Tyru, KB

JIEHUCTB.
Tak kak
I3,
U, =
32 wCs,
P
12 ol
I
U, = 32
wCy3
u nionarasi, 9to C32=C12 u |>= I32+l12, u3 3aBuCcHMOcTH (78) momyunm
j— 2 _ 132 + 112 2 _
U¢(3) + U(I)(!O - U32 + U12+ Ux = T:,,Z + UX =
I U
= +2U, = ZXwlzz +2U,,
wC3; wCs,
Otkyna
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roJiaras, 4To

OKOHYAaTeJIbHO UMEEM
Uy = 0.14U,

Cunrtas, 4TO B KOHTYPE AEUCTBYET TOJIBKO PEAKTUBHOE COIIPOTUBIIEHUE, MOYKHO, 33/1aBasICh
BEJIMYMHOI BEPOATHOIO OCTaTOYHOI'O TOKA, COOTBETCTBYIOLIETO INIyXOMY (METAJNIMYECKOMY) 3a-
MBIKaHUIO (pa3bl Ha 3eMITt0, Ha Kaxiple 100 JIMHUM OLEHUTh KPUTHUECKYIO JUTMHY 1yTH, UCTIONIb3YS
COOTHOIIIEHUE

l(x)Kp = 0-1Ux11(<).'325

Toku 3aMbIkaHusl Ha 3eMiIt0 TpUuHUMaroTcs paBHbIMU 2 A uist 110 kB, 4 Anns 220 kA u
10 A s 500 KA.

[Ipennonoxus, 4YTO Ayra ropeja BAOJIb TUPJSHBI JUHEHHBIX U30JATOPOB ¢ AnuHOU K,
MOXKHO YCTaHOBUTHL (HaKT CaMOIIOracaHus JYTH U3 YCIOBHAl(yx), < A DU OCYIIECTBICHUH T10-

(da3HOro OTKIIIOUEHHS JIMHUK ¢ TTomotbio AIIB

3aoanus:

3aoanue Nol

OrnpenenuTh CpeIHEro/I0BbIC MOTEPU AKTUBHON MOIIIHOCTH Ha KOPOHY JUIsl JIMHUU HaIps-
xeHueMm 525 kB, BeinonHeHHoM npoBogoM 2XACY-240/300, ecau mpoAoKUTENBHOCTh SICHOU
noroasl Tx — 7000 4, a HeHacTHOM noroasl Ta= 1760 4. 83 PacnonoxeHue NpoBo10B TOPU30H-
TajgpHOE ¢ paccrossHueM Mexy HuMu 10,5 m. Cpeansist BeicoTa nojseca npoBoja 13 m, miar pac-
merieHust 30 cM, OTHOCUTEINbHAs MJIOTHOCTh Bo3ayxa — 1. Panmyc npoBona 1,12 cm. Pacuer

MIPOU3BECTU C TOMOIIbIO OOOOIIEHHBIX XapaKTEPUCTHK.

3aoanue Ne2

JInuus snektponepenaun JiiuHON 100 KM BBINMOJHEHA HA METAIIMYECKUX OMOpax C TUp-
asHAaMHU u3oisTopos 12xI1-4,5, umeronux anuny 2 M. B pesynbsraTe atMocepHoro nepeHamnpsi-
JKEHHS TTPOU30LLIO0 MEPEKPBITUE TUPISHIBL. Y CTAHOBUTH 110 KPUTUUYECKOMN JUIMHE ITYT'H YCIIOBHE
€€ TOPEHUS WJIM CaMOIIOTacaHusl, €CH MOocle OTKIIOYCHHs TOBPEXACHHOH (ha3pl TUHUU ¢ pado-
yuM HanpsokeHnem 230 kB ocTaTO4YHBIN TOK €MKOCTHOW MPOBOAMMOCTH paBeH 4 A. B pacuere
YUHUTBIBAETCSI TOJBKO PEAKTUBHOE CONpOTHUBICHHE. COOTHOIIEHHE MEXAY YaCTHYHBIMU €MKO-

CTSIMM TIPOBOJIOB CMEXHBIX (a3 u (pa3bl Ha 3eMITIO MPUHATH paBHBIM (,2.
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3aoanue Ne3

VYCTpoiCTBO 1O OYUCTKE JIBIMOBBIX T'a30B KOTEJIIBHOM COCTOUT M3 CHUCTEMbI IIUIMHApPUYE-
ckux TpyO auameTpoM 16 cm. [To ocu kKaxaoi U3 3TUX TPYO HATAHYT MMJIMHIAPUICCKUN TPOBOJI C
nuameTpoM 4 MMm. OnpeieIuTb KpUTUYECKYIO HAMPSHKEHHOCTh 3JIEKTPUUECKOro OIS M KpUTHYe-
CKOE HAMpsDKEHHE, IPU KOTOPHIX MOSBUTCS 00IIasi KOPOHA, €CIM OTHOCUTEIhHAS TUIOTHOCTh BO3-

nyxa 0,92.

3aoanue Nod

JUist BO3IYITHOW JIMHUY DJIEKTPOIIepeiaun TpeX(Pa3HOro TOKA C IMHEHHBIM HAPSHKCHHEM
115 kB npumenens! nposoga M-70 ¢ pacuetHsiM nuamerpoM 10,6 mm. IIpoBoaa pacriosoxeHbl
PaBHOCTOPOHHHUM TPEYTOJILHUKOM ¢ paccTosHueM mexay Humu 400 cm. Kosddunment nernaa-
koctH 0,85, oTHOCUTENIBHAS INIOTHOCTB Bo3ayxa 1, yacrora Toka 50 I'n. OnpenennTs, BO CKOJIBKO
pa3 yBenuyarcs MoTepu MOIIHOCTH Ha KOPOHY B JIMHUU MPHU HEHACTHOH morojne (KodduuueHT

noroibl 0,80) 10 CpaBHEHHUIO € OTEPSIMU MPU SICHOU MOTO/IE.

3aoanue Ne5

JIunus >nexTporepenadu npotskeHHocThio 100 kM ¢ pabounm HanpsixkeHuem 115 kB co-
Opy’XKeHa Ha METaJUIMUYECKUX OTopax ¢ TUpIsSHAAMU u30ssiTopoB 7x11-4,5, obmieit quHoi 126 oM.
B pesynbTare aTmMochepHOro mepeHanpspKeHUsl MPOM30LUIO MEPEKPhITHE OJHOW W3 TUPISHA.
Y CTaHOBUTH yCIOBHE TOPEHUS WM CAMOIIOTaCaHMsl AYTH, €CIIU MOCIIE€ OTKIIOUEHUS MTOBPEKICH-

HOM (pa3bl OCTATOYHBIH €MKOCTHBIM TOK paBeH 2a, a COOTHOILEHUE MEXIy YaCTUYHBIMU E€MKO-

C
CTIMU 22 =5
Cz3

3aoanue Neb

Onpenenutb KpUTHYECKOE HAMPSHKEHHE W MaKCUMAIbHYIO HaNpsKEHHOCTh 3JIEKTpUYe-
CKOTO I0JIsI HA TOBEPXHOCTH MPOBOJIA JIMHUY I€pelaul ¢ HOMUHAJIBHBIM HanpspkeHueM 220 KB.
ITpoBona mapku AC-300 pacrnosnokeHsl B TOPU30HTAIBHOM IIOCKOCTH C PACCTOSIHUEM MEXIY
Humu 7 M. Ilorona sicuast, atMmocepHbie ycI0BHUS HOpMallbHbIE, (KOOQOUIIMEHT HErNIaIKOCTH BU-

toro nposoja 0,85, nnameTp nposoaa 24,2 Mm.

KOHmPOJleble eonpocol:
1. Y10 CJICAYCT IIOHUMATh 11O KpPITH‘lCCKOfI JJIMHOM Ayru 1 104 KPUTHYCCKUM TOKOM 1y-

roBOro paszpsiaa’?
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2. Kaxk BiusieT pacnosyiokeHue 3JIeKTPOI0B U UX KOHCTPYKIIMS HA YCIOBUS CaMOIIOTacaHusl
OTKPBITON Jyru?

3. Ilpu KakuX yCIOBHAX HMEET MECTO CaMOIIOTaCaHNEe OTKPBITON AYTH IMEPEMEHHOTO TOKa
Ipy 0JHO(A3HOM 3aMbIKaHUH Ha 3eMJII0?

4. Kakoe BiIusiHHE Ha BOCCTaHOBJICHHE IPOYHOCTH IPOMEKYTKA OKa3bIBA€T LIMPUHA IIEIH,

B KOTOpPOM ropesia ayra
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Ilpakmuueckasa paooma Ne6. Hcnvimanusa uzonayuu. Uzmepenue conpomuenenus u
emkocmu uzonayuu. Ilepekpvimue meepooit uzonayuu u cKoabv3auwue pa3paovl Ha NOGEPXHO-

cmu.

Heﬂb.' HSyLII/ITI) IMOHATHUA IIEPEKPBITHUA U30JIALKUH, CKOJB3AIINEC paspsaabl U IICPCHAIIPSAXKE-

HUS Ha BO3YIIHBIX JIMHUAX.

OcHoevl meopuu:

TBepaast BLICOKOBOJIbTHASI U301, Pa3Ieisionias TOKOBEAYIIUE YaCTU, UMEET OIPaHHU-
YEHHBIE pa3Mepbl M 3aKJII0UEHA B M30JUPYIONIYIO CPEAy, KOTOPOH SIBISIETCS BO3IYX WUIIU TPaHC-
dbopmaTopHOE Maco.

[Ton meiicTBHEM pa3HOCTH MOTEHIIMATIOB MEXAY MPOBOISIIMMH YacTSIMU BO BCEX M30JIH-
PYIOIIMX Cpe/lax yCTaHABIMBAETCS AIEKTPUUYECKOE 1051€. BEKTOp HANpsSKEHHOCTH ATOTO 3JIEKTPU-
YECKOT0 MOJISl B KAXKJ0M TOYKE MOKHO YCJIIOBHO Pa3JIOKHUTh IO OTHOIIECHUIO K TTOBEPXHOCTH pPa3-
nena Ha cocTaBisitomue En u E;. [lepBbiif U3 3THX BEKTOPOB HAMpaBJIeH MEPIEHAUKYIISIPHO K pa3-
JENAIONIeH TOBEPXHOCTH, a BTOPON — MO KacaTeNIbHOM.

Hcnons3yst aHAIOTHIO ¢ TIPEIOMIICHUEM CBETOBBIX JIyued, MOXKHO JIOKa3aTh, YTO MPHU Tie-
pexojie BEKTOpa HAMPSHKEHHOCTH U3 OJHOU Cpefibl B IPYTYIO OH MOIUMHSACTCS 3aKOHY MpeoMIIe-
HUSL.

Ecnu rpannia pa3aena AByX U30JMPYIOLIUX CPell HE PAacoI0KeHa HOPMAJIBHO K CHJIOBBIM
JUHUSAM 3JIEKTPUYECKOTO TOJIS, TO BEKTOP HANPSHKEHHOCTU SJIEKTPUUYECKOTO IMOJISI UCIBITHIBAET
IIPU NIEPEX0/IE B CMEXKHYIO CPEly IPETOMIIEHUE TaK, YTO OTHOLICHHE yTJIa MaJeHUs a1 K YIJy Ipe-
JIOMJICHHSI a2 PABHO OTHOIIICHUIO OTHOCUTENIBHBIX JUAICKTPHUUECKUX MTPOHUIIAEMOCTEN COMpUKa-
caromuxcs cpell. [Ipu 3ToM TaHreHIMaaIbHbIe COCTABIISIIOUINE MPETOMIISIONIETOCS U MPEIOMIICH-
HOTO BEKTOPOB paBHBI MEKIY co0oii Eit = Epi, a HOpManibHbIE COCTaBISIONINE TOTYHHSIFOTCS CO-
OTHOIIIEHUIO:

Fu_s_tge
Ein & tga;

HopMmanbHas cocTaBisitomias BEKTOpa HAIPSHKEHHOCTH JJIEKTPUUYECKOTO OIS SIBIISETCS
MPUYMHOM CKBO3HOTO MTPO0O0S U30JIALIMH, a TAHT€HLIMAIbHAasi — MPUYMHOMN pa3psiia BI0Jb IOBEPX-
HOCTHU. 3aBepieHHas (popma mociaeHero Ha3blBaeTcs MepekpriTueM u3onsiuuu. [lepexpoiTie He
IPUBOJIUT K Pa3pyLICHUIO M3OJISLHMUA U TOJIBKO KPAaTKOBPEMEHHO HApYyIIAET €€ HU30JUPYIOLIHE

CBOICTBA. I[OCTB.TO‘-IHHJI AJI1 MIEPCKPBITUA HANPSAKCHHOCTD JJICKTPUYCCKOI'O II0JIA 3aBUCUT OT
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(GbOpMBI U COCTOSIHUS TTOBEPXHOCTH JUAJIEKTPUKA, CTETICHH €€ 3arpsi3HEHHOCTH, YBIaKHEHUS U He-
PaBHOMEPHOCTHU JIEKTPUYECKOTO ITOJIS.

J11s IepeKphITHS U30JISLUU B YCIOBHUIX HEPABHOMEPHOIO TIOJISI BETUYMHA CPEAHEHN HaIpsi-
JKEHHOCTH 3JiekTprudeckoro nois 0,1— 0,2 kB/MM MokeT oka3aTbcst JOCTaTOYHOM, a B paBHOMEP-
HoM — 0,6—0,8 xB/MM u 6ostee. Eciiu mepekpbITHE MPOUCXOIUT B0 TOBEPXHOCTH I, TO Hamps-

JKCHHUC MICPCKPBITHA OMPEACIIUTCA 3aBUCUMOCTBIO

1
Ur[ep = f Etdl = Et(cp)l
0

Kouncrpykrop, usmensiss ¢opMy MOBEPXHOCTU H3OJIALIUU, MOXKET, B 3aBUCUMOCTH OT €€
Ha3Ha4YeHUsI, IPEJONpeaeauTs popMy paspsiia, HalpaBiisis €ro 1o MyTH IPpo00s WIN NEPEKPHITHS.

Ha puc. 6.1 npuBeneHsl KOHTYPBI H30JISTOPOB, IEPEKPHITUE KOTOPHIX 3aTPYIHEHO.

x
%

Pucynok 6.1 — [Ipumeps! GopM TpyAHO NMEPEKPHIBAEMBIX TOBEPXHOCTEH N30JIATOPOB

SRR

N

B JIMHUAX, HAXOOAIIUXCA MO KPAaTKOBPEMCHHBIM IIEPCHANIPSKECHUEM, IICPEKPBITUC TUP-
JISTHA HACTyMaeT Mpu HampsbkeHuu B 1,5—2 paza MeHbleM npoouBHoro. Takum oOpa3om, nepe-
KPBITHE TEXHUYECKH UCTIONIB3YETCs KaK CBOCOOPA3HOE CPENICTBO 3AIMTHI U30JIALUHU OT MPOOOS.

ITpu noctaToyHO OONBIIMX PACCTOSHUSAX MEXKAY IEKTPOJAMU MU MIPU HATHMYUHM UCKYC-
CTBEHHO Pa3BUTOH IOBEPXHOCTH, 3aTPYIAHAIONICH MEPEKPBITUE, Pa3psAl BAOJIb NOBEPXHOCTH MO-

KET MPUHATh YCTOWYUBYIO (OPMY CKOIB3ALIETO paspsa.
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Cxonp3s1ui pa3psa B 3THX CIIy4asX MPEALIECTBYET NEPEKPBITUIO, COMPOBOXKAAETCS KO-
POHOIA Y 3JIEKTPOZOB U UMEET BUJI IPOPACTAIOLINX KHCTEH MIIN HCKPOBBIX MOOEr 0B, OCTABIISIONIIUX
Ha MOBEPXHOCTH OPTaHUYECKOM M30JISLIUHU CIIEIbI B BUJE BEDKKEHHBIX O0PO3.

PaccmoTpuM siBieHMS, MPOUCXOASAIINE IMPU MOBEPXHOCTHOM M CKOJB3SIIEM pa3psiax.
[TycThb 3a71aH BO3IYLIHBIA MPOMEKYTOK MEXKIY JIBYMS IJIOCKUMHU AJIEKTPOIaMu, MPOOUBHAs MPOY-
HOCTB KOTOPOTO onpejieieHa. Beeaem B mpoMexxyTok GpaphopoBblil MK CTEKISTHHBIA IUITHHIIPUK,
IPOOMBHAs IPOYHOCTh KOTOPOTO 3HAYUTENIBHO BBILIE IPOYHOCTU BO3YIIHOrO 3a30pa. Kazanock

6]31, YTO IIPH 3TOM IIPOYHOCTH IMIPOMEKYTKaA MCKIAY JICKTPOJaMH YBEIIUYUUTCA.

Uné mang
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Pucynok 6.2 — Pa3psinHble HanpsiKeHUs] MEXKAY TUIOCKUMU JIEKTpoaMu: 1- HO BO3yXY;

2 — 10 IMMOBCPXHOCTH I1ap 3—mo MIOBEPXHOCTHU CTCKIIA

OmbIT, 0OJTHAKO, TIOKA3BIBAET, YTO Pa3ps MO MOBEPXHOCTH TBEPAOTO JAUIIIEKTPUKA HACTY-
MaeT Mpu HaANPsHDKCHUH, MEHBIIIEM TMEPBOHAYAIBHO 3a/IaHHOTO, TaK KaK MPUCYTCTBYIOIINE B BO3-
JyX€ MOJIOKUTENHHBIE U OTPUIIATEIbHBIE HOHBI TIepepactpeessioTcs B o0beme. OTpuiiatenbHbIe
MOHBI CBSI3BIBAIOTCS MOBEPXHOCTHIO TBEPJON H3OJISIIUHU, a MOJIOKHUTEIbHBIE PACIONAralTcs B
BHJIe 00JIaka HaJl CJI0OEM OTPHUIIATEeNbHBIX MOHOB. [loa melicTBHeM HOpMallbHOW COCTaBIISIOIICH
BEKTOpA HAMPSHKEHHOCTH AJICKTPUYECKOTO TOJISI 3TH OPUEHTUPOBAHHBIE CJIOW CTPEMSATCS COMU-
3UThCS, PE3KO YBEIMUMBAsi HAIPSHKEHHOCTD MOJISl y TOBEPXHOCTHU n3osTopa. [Ipy Hannuuu Biaaru

MPOIIECC YCUIIMBAETCS, a TIPU UMITYTLCHOM BO3JICHCTBUU oclabeBaert.
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Ecnu B onucannom ombite papdop 3aMEeHUTH CTEKIIOM, MapadUHOM WM JIPYTUMHU MaTe-
pualiaMu, TO, B 3aBUCIMOCTH OT aJICOPOUPYIONICH CITOCOOHOCTH ITUX MATEPHAIIOB, HAMPSIKEHUE,
HEO00XO0IUMOE IS IEPEKPHITHUS I BOZHUKHOBEHUS CKOJIB3SIINX Pa3psoB, OYIAET U3MECHSITHCS.

[IpencraBieHbI ONBITHBIC XaPaKTEPUCTUKH Pa3PSIHBIX HAIPSDKEHHUIA BO3IyXa U BIIOJb I10-
BEPXHOCTEH CTEKIIA U mapaduHa, 3aKITFOUESHHBIX MEXY KECTKUMH JICKTPOIAMH.

HccnenoBaHUsIME yCTAaHOBJICHO, YTO MIOBEPXHOCTH TBEPOTO AUAJICKTPUKA, TOKPHITAS afl-
COpOMPOBAHHBIMU OTPHUIIATECIILHBIMUA HOHAMHU, SIBJIIETCS 110 OTHOIIIEHUIO K HOHHOMY 00JIaKy CBOe-
00pa3HO¥ 0OKIIaKOW KOHIEHCATOPA, YTO TIO3BOJIMIIO BBECTH MTOHITHE YACIbHON TTOBEPXHOCTHOM
emxoctr Co d/cm?

B pesynbrare MHOTOYHCIICHHBIX OIBITOB YCTAHOBIICHO, YTO HAINPSIKCHHE, MPU KOTOPOM
HAYMHACTCS CKOJIB3SIIIMIA Pa3psi/, 3aBUCUT OT BEJTUYUHBI 3TOH €MKOCTH:

1,36-107*

ck = 04z KB/IEHCTB
Co

3I[CCI) CO — IMOBCPXHOCTHAA yACIbHAad CMKOCTb, OIIpEaAcCIACMan 1JIA HUJIMHAPUYCCKUX TCII

3aBHCUMOCTBIO
c C e2ml € €7,7-10"14 (/e
0= = = = CM
21yl n n D
2t 2anlin T ryln " Dlg g

rae D u d - cOOTBEeTCTBEHHO Hapy>KHBIM U BHYTPEHHHUM JUaMeTphl HUIMHIPUYECKOTO U30-

JSITOpa, CM.

3aoanusn:

3aoanue Nol

OnpenenuTh HAMPSHKCHHE BOSHUKHOBCHUS CKOJB3SIIUX Pa3PsIOB JIJIS IIWIHHIPHIECKOTO
M30JISITOpa C HAPYKHBIM JHAMETPOM 7 CM, TUAMETPOM TOKOBEIYIEeH YacTH 3 CM M OTHOCHTEIb-

HOU JUAJIEKTPUUECKON TPOHULIAEMOCTBIO U30JISILUH 3,5.

3aoanue Ne2

Hunuaapudeckuii TUCK U3 TeTHHaKca TonuHon 0,2 cM 1 quamMeTpoM 6 M 3a)kKaT MEXIy
CTEPXKHEBBIMHU dJIeKTpoaamMu. OmpeaenuTs HalpsbKeHne MPo0ost ¥ IEPEKPBITUS U 1aTh 3aKITI0YUe-
HUE O BO3MOXKHOCTH OCYIIECTBIICHHS MTPOOOsI B BO3AYIIHON Cpejie, eCITH HANPSHKCHHOCTh JJICK-

TPUYECKOr0 MOJIsl IepeKphITUs npuHsTa 4,5 kB/cM, a mpobost — 20 kB/Mm.

3aoarnue Ne3
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KonneHncatopHblii BBOJ UMEET JECATH CIOEB 0AKEIMTOBON U30JISAIMHA TOJIIMHOW 3 MM CO
CTAaHHOJIMCBBIMHU HpOKJIaI[KaMI/I MG)K,Z[y CJIOSIMU. OHpeHeHI/ITB Hanp;m(eHHe BO3HUKHOBCHUA
CKOJIB3AIIUX pa3p;m013 BJOJIb BBOAA, €CJIIM OTHOCHUTCIIbHAsA I[I/IBJIGKTpI/I‘-IGCKaSI HpOHI/ILIaeMOCTb n30-

asauuu 4,5, a HanpsHKEHUE MEXY CIIOSIMU pacIipeiessieTcsl IOPOBHY.

3aoanue Nod

Hunuaapudeckuii TpOXOAHON H30JSTOP UMEET TPH CIIOS U30JISALUU: OAaKeTUTOBYIO, Mac-
asHy0 U (GapopoByr0. DNEKTPUUYECKHUE €MKOCTH OTAENBHBIX CJIOEB COOTBETCTBEHHO PaBHBI
10*107 p/em?, 20*10°4 p/em? m 10718, OnpenenuTh, pH KaKOM HaIPsDKEHUH MEXTy (BIaHIIeM 1

TOKOBCAYIIHUM CTCPKHEM IMOABHUTCA CKOJII:3$IHII/II>1 paspan 1o MOBECPXHOCTH.

3aoanue No5

OO6pazelr cIOUCTON U30JSAIUHN C TUAIEKTPUUECKUMH TPOHUIIAEMOCTSMU CIIOEB, PABHBIMU
3 u 8, moMeIeH B paBHOMEPHOE 3JIEKTPUYECKOE TI0JIe ¢ HANpPsDKeHHOCThIO B 10 kB/cM. Bektop
ATOW HAIPSHKEHHOCTH IMEepeceKaeT JUHUI0 pazzaena (puc. 6.2) nmog yriom 45°. Onpenenuts HOP-
MaJIbHYIO ¥ TaHT€HUHATIbHYIO COCTABJISIONINE HANPSXKEHHOCTH YIEKTPUYECKOrO MO B KAXKIOM

n3 CJIOCB.

Konumponvnwie éonpocwi:

1. OOBsicHUTE pa3HUILY B MOHATHSX: MPOOOI, MEPEKPHITHE U CKOIB3AINH pa3psia. 90

2. [Touemy BHEUIHSSI TOBEPXHOCTh U30JIATOPOB JUIsl HAPYKHOM YCTAaHOBKHM JieiaeTcs: ped-
pucToi?

3. ChopmynupyiiTe ornpeeeHue MOBEpXHOCTHOW eMKOCTH IPUMEHUTENBHO K IMITHHIPH-
4ECKOMY U30IISTODY.

4. ChopmynupyiiTe OCHOBHBIE MOJIOKEHHSI 3aKOHA MPEIOMIICHUS BEKTOpa HaIPsKEHHO-
CTH JIEKTPHYECKOTO ITOJISL.

5. [NosicanTe, IOYEMY 3aTPYAHEHO TIEPEKPHITHE H30ISATOPOB, UMEIOIINX PA3BUTYIO WITH BO-
THYTYIO hopmy?

6. Kak ciemyer moCcTaBUTh OMBIT MPOOOS MOJIBECHOTO U30JIATOPA, €CJIM U3BECTHO, UTO I1e-
PEKpBITHE TI0 TIOBEPXHOCTH HM30JISITOpa B BO3JYyXE HACTYIMACT NMPH HANPSHKCHWH, 3HAYUTEIHHO
MEHBIIIEM TPOOUBHOTO?

7. Kakoe BIMsHUE HAa BETUUMHY HANPSOHKEHUS IEPEKPHITHS MOKET OKa3aTh MOKPHITHE MO-

JYIPOBOJSAIIEH I1a3yPbI0 IOBEPXHOCTH U30J1ATOpa’?
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Ilpakmuueckan paooma Ne7. Konmponav ouziekmpuueckux nomepo u usmepenue na-
pamempos wacmuunvix pazpaooe. Konmpono nogvluieHHbIM HANPAIICEHUEM. UCHBIMAHUA
uU30nAYUU OMOEIbHBIX U008 000pydosanus. Konmpons uzonayuu konmaxkmmuou cemu. Ten-

J108011 U INEKMPUYECKUIL NPOOOil.

l[eﬂb.' I/I3yT-II/ITb YCJI0BUS BO3BHUKHOBCHUS TCIIJIOBBIX M SJICKTPHUYCCKUX HpO60€B.

Ocnoevt meopuu:

[Ton mpoGoeM TBEPAOTO AUAIEKTPUKA TTOHUMAIOT MECTHOE Pa3pylIeHUEe H3O0JSAIHHU, TTPO-
UCXOdLIee MO AEHCTBUEM CHII DJIEKTPUYECKOIO TOJIS.

B otiinume ot npo6os xKUIKOM MK ra30Boii Cpefibl, B KOTOPBIX HAPYLICHUE N30JIUPYIOIIHUX
CBOWCTB SIBJIIETCS] BPEMEHHBIM COCTOSTHHEM, IPU MPo00e TBEPON U3O0JSALMH TPOBOIALINN KaHaI
B HEHl COXPaHSAETCS U MOCJE CHATUS HAIPSHKEHUS.

MHOTOYHCIICHHBIE OIBITHI TTOKA3BIBAIOT, YTO B TBEPI0M H3OJISIMUA MOTYT OBITH IBE ()OPMBI
po0osi: NEKTPUUECKUN U TEIIOBOM.

OnexkTpuyeckuil mpoOoil HaCTyNmaeT B TOT MOMEHT, KOT/1a HOpMaJIbHAs COCTaBIIAOLIAs BEK-
TOpa HANPSYKEHHOCTH 3JIEKTPUUECKOI0 MOJIS JOCTUTaeT MPEESIbHOTO /ISl JAaHHOM M30JISI1IUH 3Ha-
YEHMUSL.

Bennuunsl cpenHell mpoOMBHON HANMPSKEHHOCTH JIEKTPUUYECKOTo MOJS JUlsl Hambouiee
YIOTPEOUTENbHBIX U30JSALMOHHBIX MaTepHaioB MpuBeieHb! B [1-6.

[Tpu3HakaMu 3JIEKTPUYECKOTO MPO0Ost ABISIOTCS:

a) MOCTOSIHCTBO MPOOUBHOIO HANPSKEHUSI HE3aBUCUMO OT TEMIIEPaTyphbl AUDIEKTPHKA;

0) OTCYTCTBHE BUJIMMOTO HarpeBa U30JISILIUK Tyroil B MecTe Mpo0ost Mpu ObICTPOM CHATUU
HaNPSKEHUS;

B) MaJjasl JUINTEIbHOCTh BpeMEeHH, HeoOXxoaumasi JUIst popMupoBaHUs TPoOos;

I') 3aBUCUMOCTb BEJIMYUHBI TPOOMBHOTO HAIIPSIKEHUS OT (POPMBI AJIEKTPOJIOB, T. €. OT CTE-
MEHU HEOJHOPOIHOCTH TOJIS;

1) HE3aBUCHUMOCTb aMIUIUTY/Ibl TPOOMBHOTO HAMPSKEHUS OT YaCTOTHI U pojia TOKa.

IIpn u3MeHEeHUH TOJIUHBI JUAJIEKTPUKA, HAXOAALIETOCS B HEPABHOMEPHOM JJIEKTpUYE-

CKOM II0JIE€, BEJIMYMUHAa HpO6I/IBHOFO HAIPSXKCHUA OIIPCACIACTCA U3 KBaJIpaTHqHOﬁ 3aBUCHUMOCTH

[JI-2]:

a;
Unpz) = Unp(1)
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r71€ Uyp(2)— NPOOMBHOE HATIPSIKEHUE, OTIPEIETIEHHOE OMBITHBIM IyTEM, /JIs1 00pasia mpo-
W3BOJILHON TOJIIIMHOH a1

Unp(1)— MPOOMBHOE HANPSDKEHKE JUIsL 0Opa3Ia TONHUHOMH.

Hanpsokenue anektpudeckoro npo0osi MOXKET ObITh PACCUUTAHO, UCXOJS M3 TaOJIUUHBIX
3HaueHUH MPOOUBHON HANPSHKEHHOCTH, TI0 hopMyJiaM JIJIsl ONPEIeICHHs HAPSDKEHHOCTH DJICK-
TPUYECKOTO TOJS B KOHAEHCATOpax NPOCTEMIIMX KOHCTpyKUMi. Hampumep, 11t KOHIEHcaTopa

HHHHHHPHHCCKOﬁ KOHCTPYKIHMHU CIIpaBCIJIMBa 3aBUCUMOCTE:
R
Unp = Ein‘ ' 2,3lg?

e Ey,naxonures no I1-6,

Eciu TBepbIii TUAIIEKTPUK TIOBEPTHY T JUTUTSILHOMY BO3JICHCTBHIO HAIIPSHKCHUS, BEJIH-
YHHA KOTOPOTO HEJOCTATOYHA JJISl DJIEKTPUUECKOro mpobos, Ho Onu3ka K Hel (85—90%), To B
HEM TI0JT ISHCTBUEM TOKOB CKBO3HOU MPOBOJIUMOCTH OYJIET BBIACIATHCS TEII0, OTBOJ KOTOPOTO
3arpynaHeH. [lox gelicTBHeM MECTHOTO pa3orpeBa CTPyKTypa JUAIISKTPUKA U3MEHSIETCS, TPOBOIH-
MOCTB BO3pPAacTaeT U MPOrPECCUPYIOIINI HArPeB BBI3bIBACT MPOKUTAHUE WU OILIABICHUE U30JIsI-

ruu. [Ipo6oii Takoi (opMbl Ha3bIBAETCS TEIIOBBIM IIPOOOEM.

UnE g
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Pucynok 7.1 — XapakrepucTtruka npoOMBHOIO HaNpsHKEHUS 711 TBEPAON U30ISIUM: a —
00J1aCTh UMITYJIBCHOTO TMPO00sT; 6 — 00JIaCTh IIEKTPUUECKOTO MP0OO0sT; B — 001aCTh TETIOBOTO

po0ost

Hampspkenue, mpu KOTOPOM MPOUCXOIUT TEIUIOBOM MPOOOH, 3aBUCHT OT (DU3UYECKUX
CBOWCTB CaMOTr0 AUAJIEKTPUKA, EM0 CTPYKTYPbI, HAJTUYUS B HEM HEOJHOPOJHOCTEN U OT BHEITHUX
YCJIOBUW OTBOJIA TEILIA.

[Tpu mpohMIAKTUIECKHIX UCTIBITAHUSX W30JISIIIHH TOBHIIIIEHHBIM HANIPSKEHUEM TIOSIBIICHHE
TEIJIOBOTO MPo00s HEXENaTeNbHO, MMOATOMY JUIUTEILHOCTh UCTIBITAHUSI OTPAaHUYMBACTCS] OTHON

HJIN IIATBIO MUHYTaMH.
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[IpencraBiena BOJBTCEKYHIHAsI XapaKTEPUCTHKA MPOOOsT TBEPAOH M30JSIUU (DIEKTPO-
KapTOH) U BBIJIEJIEHBI 00JaCTH TEIIOBOTO U 3JIEKTpUYECKOro npobdoes. Dopmyibl ais pacdera
HAIPSDKEHUS, BBI3BIBAIOLLETO TEIJIOBOM MPo00H, npeioxkeHsl akageMukamu B. A. @okom u H.
H. CemenoBsiM [JI-9] 1 paccmaTpuBaroTcs B Kypce «JIEKTpOMaTeprably.

Hanpsokenue, mpu KOTOPOM HACTYIAET TEIUIOBOM MPoOOMl TBEPHbIX AUAIEKTPUKOB IpU
BO3/ICUCTBUM MOCTOSTHHOTO TOKA, OKa3bIBACTCS HECKOJIBKO OOJIbIIE HANPSDKEHUS MEPEMEHHOTO
TOKA, TaK KaK B ITOCJIIEJHEM CIy4ae UMEIOT MECTO AUDJIEKTPUUECKUE NOTEPH, BBI3BIBAIOLIUE JI0-
MIOJIHUTEJIbHBIN Pa30TpEB MaTepuaa.

B Toune TBEpABIX CIOUCTHIX MATEPUATIOB MOT'YT OKa3aThCsl BO3AYIIHbIE BKIFOUEHHS, B KO-
TOPBIX NPU MOBBILICHHOM HAIPSHKEHUH Pa3BUBAECTCS MOHU3ALMOHHBIN MPOLIECC, CIIOCOOCTBYIO-

A TPO0OF0.

3aoanusn:

3aoanue Nel

TanreHc yria IM3IeKTPHUECKUX TOTeph u3oisTopaoro dhapdopa mpu 0° C cocrasmi 0,8%.
a nipu temreparype 83°C— 1,6%. Onpenenuts ko3hPHUIMEHT BO3pacCTaHUsI MOTEPb, €CIH OHU

HU3MCHSAIOTCA 110 SKCIIOHCHIIHAJIbHOMY 3aKOHY.

3aoanue No2
[ToTepH MOIIHOCTH B GaKeIMTOBOH M30MSAIMM MpH Temmeparype 50° C pasubI 6* 10712
Br/cm * B? a mpu Temneparype 90° C Bospociu 10 30X 1072 Br/cm*B2. Onpenenuts koddduiim-

CHT BO3paCTaHus MMOTCPb B AUIBJICKTPUKE

3aoanue Ne3
Omnpenenuth NMpoOMBHOE HAMPSHKEHUE H3OJALUU OJHOXHUIBHOTO KaOens ¢ JTuaMeTpoM
Kuibl 15,3 MM 1 TommuHON 301K 10 MM, eciti MpoOWBHAS HATIPSIKEHHOCTH YJIEKTPUUIECKOTO

noJtst i71st m3ossiiuu pasHa 300 kB/cwm.

3aoanue Nod
Ompenenuth MPOOUBHOE HATIPSKEHUE JJISI DJIEKTPOKAPTOHA TOJIIMHOMN 1,5 MM, ecnu u3-
BECTHO, YTO MPH UCIIBITAHUH B YCIOBUSIX HEPAaBHOMEPHOTO MoJjiei oOpaser ToamuHoii 0,8 MM mpo-

O6uBaetcs npu HanpspkeHuu 3,5 kB.

3aoanue Nes
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Onpenenuth HANMpsSHKEHUE TEIIOBOTO MPo0O0s s HUIMHIPHUYECKOT0 0aKeTUTOBOIO U30-
JSITOPA, UMEIOIIETO PAInyC TOKOBEAYIIETO CTEPKHS 2,0 CM M HapY>KHBIA pagnyC U30JSLUH 3 CM.
UYacrota toka 50 I', oTHOCHTENbHAS IMANEKTpUYECKass IPOHULIAEMOCTD 4,5, TaHreHC yriia Ju-
anektpudeckux noreps 0,04, koaddunuent Bo3pacranus nmoreps 0,045, ynenbHas TEMIOMPOBO-
HocTh Gakermuta 1,5-10 Br/cM * rpaj, Ko3Q(UIHEHT TerIonepeaun OT MEKTPOIOB K BO3AYXY

0,001 Br/cm?*rpan.

Konmponvuwie éonpocwi:

1. Kakoe BIusiHME OKa3bIBAaeT BJIara Ha BEJIMUMHY HAIIPSDKEHUS, IPU KOTOPOM BO3HHUKAIOT
CKOJIB3SIIIHE Pa3psIbI?

2. B cripaBOYHBIX TaOnMIaX MPUBOIATCS JaHHbIE TPOOWBHOM MPOYHOCTH M3OJISIHUU TPU
OJTHOMUHYTHOM HCHbITaHUU. Kak 00bsSCHUTH yKa3aHHe Ha MPOJODKUTEIIBHOCTD UCTIBITAHUS ?

3. [Toyuemy BenMYMHA HANPSKEHUS TEIUIOBOIO MPOOOS 3aBUCUT OT YacTOTHI M TeMIepa-
TYpbI JUAIIEKTpUKa?

4. Yem 0oOBsCHSACTCS M3MEHEHHE KOAPPUIIMEHTA Iepel KOPHEM B OpPMYJIax TEILIOBOTO
po0os?

5. IIpu kakux yclOBUSX TEMJIOBOTO OajlaHCca MPOUCXOAUT IMEPEXO] OT JIEKTPUUECKOrO
po0os K TerIoBomMy?

6. [Touemy B Ta30BOM M KHJIKOM JAMIJIEKTPHKAX ITOCIIE MTPOOOST BOCCTAaHABIMBAIOTCS U30-
JHMpPYIOLINE CBOMCTBA, a B TBEPJOM HET?

7. Kak Oyzer MEHAThCS cpeiHss NPOOUBHAs HANPSHKEHHOCTh 3JIEKTPUUECKOTO MOJIs TBEp-

A0ro JUSJICKTPHUKA IIPHU YBCIIMYCHUUN €TI0 TOJ'IIIII/IHI)I?
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Ilpakmuueckan pavoma No8. Hzmepenue evicoxux nanpaxcenuit. Ilepenanpsasricenusn
IneKkmpuueckux cemax. Ammocghepuvie nepenanpaixicenus. Pacuem 3azemnaoujux

ycmpoicmea.

Ienw: IlpunoOpeTeHne HaBBIKOB pacuera 3.

OcHoevl meopuu:

bezonacHocTh 00CTyKHBaOIIEro MepcoHaia, HopMaibHas padoTa amnmapaToB M 3allUTa
BBICOKOBOJIBTHBIX YCTAaHOBOK OT II€pEHANpSKEHUN HEBO3MOXKHA 0€3 CO3/1aHus 3a3eMIISIOIINX
YCTPOMCTB.

B 3aBucuMocTH OT Ha3HAYEHUSI PA3TIUYAIOT:

a) paboyee 3a3eMJICHHE, K KOTOPOMY OTHOCST 3a3eMJICHHE HeHTpalieill TpaHnchopMaTopos,
Jyroracsilux KaTyLIeK U alnapaToB, ONPEAeIonnX 00Ul peXuM paboThl AIEKTPOYCTaHOBKU;

0) 3a3emiieHre OE30MTACHOCTH, K KOTOPOMY OTHOCAT 3a3eMJIEHHE KOKYXOB ITPHOOPOB U arl-
1aparTos;

B) IPO303aLIUTHOE 3a3eMJICHHE, K KOTOPOMY OTHOCST 3a3€MJICHHE TPOCOB U CTEP>KHEBBIX
MOJIHUEOTBO/IOB, OTIOP U Pa3psiIHUKOB.

OCHOBY 3a3eMJIFIOILEr0 YCTPOICTBA COCTABISAIOT 3a3€MIIUTENH, T. €. METAJUIMYECKUE JIe-
MEHTBI, HaXOJIAIIHeCs HEMOCPEICTBEHHO B TPYHTE, U 3a3eMIISIFOIINE TPOBOJIa (CITYCKH), AOCTYII-
HBIE JUIT OCMOTpA.

OCHOBHBIMHU XapaKTEPUCTHKAMHU 3a3EMIISIFOIIETO YCTPONUCTBA SIBISIOTCSI COMPOTHUBIICHUE
R3 pacrekanuto Toka MpOMBIIINIEHHON YaCTOTHI U CONTPOTHBIIEHUE R3 1 pacTekaHUI0 HMITYTECHBIX
TOKOB I'PO30BOI0 pa3psjia.

BenuunHa HOpMUPOBAHHOTO COMPOTUBIICHUS PACTEKAHHUIO TOKA IPOMBIIIIEHHON YaCTOTHI
Haxonautcd B npeaenax 0,5—25 om.

HccnenoBanus moka3pIBalOT, YTO XapaKTep paclpeieIeHHsl TOKa B IOYBE 3aBUCHUT OT €ro
YacTOThI, YAEIBHOTO COIIPOTUBIIEHUS TPYHTA, JTUHEHHBIX Pa3MEPOB U B3aUMHOTI'O PACIOJIOKEHUS
3a3eMJIMTENEN.

[Tpu pacuerax 3a3eMJICHHS HCIONB3YIOTCS (DOPMYITBI, OMPENESIONIIe BEIUIMHY COIMPO-
TUBJICHUS PACTEKAHUIO TOKA MPUMEHUTENBHO K 33JaHHOM (opMe 3a3eMITUTEIS.

DneKTpUUeCKU TOK, pacTeKasiCh B IOYBE B MOMEHT IIOPAKEHHUE YCTAHOBKH I'PO30BBIM pa3-
PSAAOM WIH TIPH MPOO0E M3OJSAINHA TOKOBEAYIIUX YacTel, CO3/1aeT BAOJIh CBOETO MyTH MaJCHHE
HANPSDKEHHUS, KOTOPOMY COOTBETCTBYIOT OMpPEEICHHBIE MOTEHIMAIbI Ha TTOBEPXHOCTH 3EMIIH.
[Tpu 5TOM TOUYKM MMOBEPXHOCTH, PACTONIOKEHHBIE Ha paccTossHun 20 M 1 0osiee OT 3a3eMIIUTENS

WJINA MECTa 3aMbIKaHUs HA 3eMJII0, IPAKTUUYECKH UMEIOT HYJIEBOM MOTEHLUAL.
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HawupiciuM minm monaHbIM noteHnuanoM Uy OyayT o0anath BCce TOYKH, UMEIOIINAE Me-

TAJUIMYCCKYIO CBA3b C 3a3CMIIMTCIICM.
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Pucynok 8.1 — [lorennuanpHas xapakrepuctuka (1) u HanpskeHue NPUKOCHOBEHUSI IIPU

OJIMHOYHOM CTEP>KHEBOM 3azemuuTtene (2)

OTHoNIEHHE TOJHOTO IMOoTCHIMAJIa K BEJIMYHUHE TOKA, MPOTCKAIOIICTO YE€PE3 3a3€MIIUTECIIDb,

ornpezenser co0oi CONPOTUBIIEHNE PACTEKAHNIO TOKA JAHHOTO 3a3€MJICHUS

rae Uy — NOoaHBIN MOTEHIINAT, KB,
l; — TOK-B 3a3eMIIUTEIIE, KA.

Ha puc. 8.1 nokazano pacnpeenaeHue NOTEHIMAIa Ha TOBEPXHOCTH 3€MJIM HJIA TTOTEHIIN-
asibHas Xapakrepuctuka (1) A7 OJJUHOYHOTO CTEPKHEBOTO 3a3EMIIUTEIS.

ITosHBII NOTEHIIMAN U XapaKTEPUCTUKA PACIIPEIEICHNS HAPSHKEHUS 110 paAuyCy OT OCU
3a3eMJINTEIS] ONPENIESIIOT COOO0M BayKHBIE BETMUYUHBI C TOUKHU 3peHHs 0€30MacHOCTH 00CTyKUBa-
IOLIETO MepCoHana:

l)maroBoe HanpsixkeHue Uy, MOA KOTOPBIM MOPA3yMEBAIOT Ty HAaHOOJBIIYIO pa3-
HOCTb IIOTEHIMAJIOB, KOTOPYIO UMEIOT CTYITHU Y€JI0BEKa, OKa3aBlInecs Ha pacctossHuu 0,8 v apyr
OT JpyTra Mo paJnycy OT LIEHTpa 3a3eMJIUTENs;

2)HanpsXeHUue NpUKocHOBeHH s Uyp, T. . HAMOOIBIIIEE HAPSKEHUE MEK/TY 10~
BEPXHOCTBIO 3a3€MJIEHHOTO anmapara (K KOTOpoMy B MOMEHT pa3psifia MOXKET IPUKACaThCs Yes0-

BEK) U TOYKAaMHU [MOBEPXHOCTHU 3eMJIH Ha paccTosiHuu 0,8 m.
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Pacuer 3azemuisiioniero ycTpoicTBa HOCUT MOBEPOYHBIN XapaKTep B TOM Cilydyae, KOorjaa
CXeMa 3a3¢MJICHMS 3aJ]aHa WIM HOCHUT YUCTO PAaCYECTHBIA XapaKTep, KOrja 10 3aJaHHON BEJINYUHE
HOPMMPOBAHHOI'O COIIPOTUBIICHHUSI CO3/1A€TCS €T0 CXEMA.

Bo Bcex ciyuasix mpu pacuere He0OXOIMMOM BEIMUMUHOMN SBISETCS YAETbHOE COMPOTUB-
JICHHE TPYHTA p oM CM, TIpUUYEeM HanboJiee xKenaTeIbHbIMU SIBISIFOTCS PEe3YJIbTaThl HEITOCPEACTBEH-
HBIX U3MepeHuil. [IpuMepHble BEIMUMHBI YAEIBHBIX COIPOTUBIEHUN ITpyHTOB JaHbl B I1-14. Be-
JIMYUHBI YJEJIbHBIX CONPOTUBICHUH MOJBEP/KEHBI CE30HHBIM M3MEHEHUSM, IPUUEM HauOoJbIlIee
BIIMSIHUE OKA3bIBAIOT BJIAXKHOCTh, TEMIIEPATYPA, CTEIICHb IPOMEP3aHUSI, HATMYUE COJICH.

UYem riy0Orke pacmoJio’KeH 3a3eMIIUTENb, TEM CTaOUJIbHEE OKa3bIBAETCSl COMPOTUBIICHHE
IpyHTa U Jy4llle YCIOBUS JJIsl paCTEKaHUs TOKA, [I0ATOMY 3a3€MJIMTEIIHN PacIoaraioT TakK, YTOObI
BEPXHssSI KPOMKa BEPTUKAJIbHBIX 3a3€MJIMTENEH WIM YPOBEHb TOPU3OHTAIbHBIX HAXOAWINUCH Ha
rnyoune 0,5—1,0 » ot moBepxHOCTH, a HUXKE —OT 3 110 20 M.

UT0oOBI UCKITIOYUTH BEPOSITHOCTh MOBBIIICHUS YIETLHOTO COPOTUBIICHUS, B pacyeTax Uc-
IIOJIB3YETCSl YJEIbHOE COIPOTUBIIEHUE, IMOJYYEHHOE HEIOCPEIACTBEHHBIM H3MEPEHUEM Prow HA
JTAHHOM YyYacTKe, YMHO)KEHHOE Ha KO3 () GUIUEHT CE30HHOCTH \, YIUTHIBAIOIIUN BO3-

MOKHOCTb BBICBHIXaHHUS TPYHTA:
Ppacu = Pusu¥

[TpubnmxenHoe 3HaueHHe KO3 PUIMEHTa CE30HHOCTH puHnMaercs 1,4—1,8 nis ropu-
30HTAJIBHBIX 3a3EMJIUTENEH, yI0KeHHBIX Ha rinyoune 0,5 v, u 1,2—1,4 11t BepTUKAIBHBIX 3a3€M-
auTenel UIMHON 2—3 M, IpUYeM, €CJIM BO BpeMs U3MEPEHHUS YACTbHOTO COMPOTUBICHUS 3eMJIs

CyXxas, TO IPpUHUMACTCA MCHBIICC 3HAUCHUEC, a4 CCJIN ITI0OYUBA BJIA’KHAA — OoJIbIIIast BeJIUYHHA.

3aoanusa:

3aoanue Nol

CrepxHeBOH TpyOUaThIi 3a3eMIIMTENb TUAMETPOM S5 CM U JUIMHOW 2 M 3a0UT B IPYHT, UMe-
roluil pacueTHoe yaenbHoe conpotuienue 1-10* Om-cm. OnpenenuTs BeIMUHHY COMPOTHBIIE-
HUS PACTEKaHUIO TOKOB B CTATUYECKOM PEXHUME ISl cllydasi, €Clid 3a3eMJIMTENb 3a0UT 10 YPOBHS

3eMJIH, U IS cydas ero 3ariayoneHus Ha 0,5 M.

3aoanue No2
Konb1eBoii 3a3eMauTeNb BHITOJIHEH U3 Tpoca JuameTpoMm | cm u 3armyOsieH B rpyHT Ha 0,5
M. PacueTHas BenuuMHa y/ieIbHOTO CONpoTHBIeHHs rpynTa 2-10% Om-cM. Jluamerp kombua 12 M.

OHpCIleJ'II/ITB COIIPOTUBJICHUEC 3a3CMIIUTCIIA oe3 ydeTa CBs3€I.
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3aoanue No3

Merandeckast Oopa BEICOKOBOJIBTHOM JIMHUM pUC. 8.2 NMEET MOHOJIMTHBIN xKene300e-
TOHHBINA (PYHIAMEHT, METAJUTMYECKUI KapKac KOTOPOTO MOXKET OBITh MPHHAT 3a HoJycdepy ¢ pa-
muycoMm 1 M. PacyeTHast BenMunHa yIeIbHOTO CONPOTUBIICHUS TPYHTA B MECTE 3aJI0KeHUS (yH-
namenTa 0,5-10* Om:cm. OnpesienuTh CONPOTHBIEHHE 3a3eMIICHH S, TIONHAII TTOTEHIMA OIOPHI U
11aroBO€ HaIpsDKEHUE AJid cTaHaapTHoro mara 0,8 M, eciiv TOK paspsiia MOJIHUY, [IOPaKaroLEro
onopy, 100 ka, a m1aroBoe HarpsKEHUE ONPEAEIAETCS MEKIAY TOUKAMU IOBEPXHOCTH 3€MJIH, y1a-

JICHHBIMM Ha 2 1 2,8 M OT IIEHTpa 3a3€MJIMTEIS.

Pucynok 8.2

Konumponwvusie éonpocwi:

1. Yto Ha3bIBAETCS IMIArOBLIM HAMPSIKEHHEM U OT KaKUX MapaMeTpOB 3aBUCHUT €T0 BEJIH-
ypHa?

2. Uto Ha3bIBaeTCs HAMPSKEHHEM MPUKOCHOBEHUS M OT KaKUX MapaMeTPOB 3aBHCHUT €0
BeJIMYMHA?

3. C moMoIIpIo KaKUX CPEJICTB MOYKHO CHU3HTH BEJTUYHHY HAMPSKCHUS IPUKOCHOBCHHSI?

4. JIns Kakux TPYHTOB IEJI€CO00Pa3HO MPUMEHSAThH MPOTSHKEHHbBIE TOPU30HTAIBHBIC 323€M-

JIUTETN?
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Ilpakmuueckasn paboma Ne9. Pacnpocmpanenue 6011 nepeHanpsaiiceHull. Kea3ucma-
UUOHAPHbBIE U KOMMYMAUUOHHbIE NEPEHANPANCEHUA. 3auuma om nepenanpaycenuil. Pac-

uem COnpomuej1eHus pacmeKkanuo moka npwnbmmelmoﬁ yacmomeal.

Heﬂb.' HOHy‘leHI/IC HaBBIKOB pacye€Ta COIPOTUBIICHHUA PAaCTCKAaHUA TOKa HpOMBIHIHGHHOﬁ

4aCTOThI.

Ocnogvt meopuu:

[Ipu KOHCTPYMPOBAHHH 3a3EMIISIOUINX YCTPOMCTB, KaK IMPAaBHJIO, UCIOIB3YIOTCS CTaH-
JApTHBIE 3JIEMEHTHI: TPYOBI, YTrOJIKOBAs WM MOJIOCOBAs CTallb, CTAIBHBIE TPOBOJIA M TPOCHI.

JInst BceX 9THX DJIEMEHTOB BBIBEICHBI PACUeTHBIC (POPMYIIBI COMPOTHBIICHHUS PACTEKAHUIO
TOKA IIPOMBIIIJICHHON YaCcTOTHI, YYUTHIBAIOLINE TMHEHHBIC Pa3MEpPhl 2JIEMEHTOB U TITyOUHY X 3a-
JIOKEHUS;

a) s TpyOsl auamerpoM d WIIM YrOJIKOBOW CTalH C MIMPUHOW MOJKU b u jumHOU 1 6e3

3arny0sieHus! B TPYHT BepXHEH KPOMKH

4
RC) = £ In —
21 d
0) JUIsL TpYOBI MJTM YTOJIKOBOW CTaJIM, 3aryOJIEHHBIX B TPYHT Ha TIIyOMHY t OT OBEpX-

HOCTH 3€MJIN N0 CCPCANHBI 3JICMCHTA

o (21 1. 4t+l

Ry =L\l +Zh "
2 d 2 4t-1
B) IUIsL Tpoca auaMeTpoM d, 3a7I0’)KEHHOTO B TPYHT Ha TIIYOMHY t M MMEIOIIETO BUJL
MPOTSHKEHHOTO 3a3€MITUTEINS
23p, 12
Rao = S0
2711 T dt
r) JUISL TIOJIOCOBOM CTalId WJTM KPYTJIOTO MPOBOJIA B BUJE KOJbIA ¢ AuamMeTpoM D u
3arayOJeHueM B TPYHT Ha t:
23p . 82D? .
Rin=7> lg ’
27D~ dt
2
23p , 47D |
Remo = 2 lg >
2z°D ~ dt
1) JUTSI TIOJIOCOBOM CTaJIM IIMPUHOM b, 3a10)KEHHON B TPYHT HA TIIyOUHY t, Ipu 0011t

JUIMHE TI0JIOCHI 1
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_2’310 |g£
T 24 7 dt

ngumetmnue. Z[J'Iﬂ CTCPKHCBBIX 3a3eMIINTENCH HCITIOJIB3YHOTCA Tp}I6I>I HJIN YT'OJIKOBas

R

CTaib JUIMHOW 2—3 M, C IMaMETPOM WJIM MUPUHON MOJIKUA 35—70 MM, a JIsl TTOJIOCOBBIX 3a3€M-
JNUTeNeil — I0JI0COBas CTAJIb TONIIMHOM He MeHee 4 MM U cedeHneM He Menee 100 Mv°.

BenuuuHbl conpoTUBIEHNN paCTEKaHUIO TOKA TPOMBIIIEHHON YaCTOTHI JIJIs1 CTEP>KHEBOTO
U IIOJIOCOBOIO 3a3zemuinTenie naursl B [1-15. u I1-16.

TpebGoBaHus, peAbSBISEMBIC K 3a3eMJISIONIEMY YCTPONCTBY a OTHOIICHUH BETUYUHBI CO-
npotusieHus (0,5—10 om, cm. 11-17), B G0ABIIMHCTBE CIy4aeB HE MOTYT OBITH Y/IOBJIETBOPEHBI
OJUHOYHBIM 3a3€MJIUTEIIEM.

[IpakTrdecku s OTYyYEHUS IPUEMIIEMbBIX BEJIMYUH COMTPOTUBIICHHS CO3/IAI0T CIOMKHBIN
3a3eMJIMTENb, COCTOSIIIMA U3 7 TTapaJLICIbHO COSAMHEHHBIX OJMHOYHBIX 3a3eMiIMTeNIeld. MOXKHO
OBLIIO OBI TIPEIITOJIOKHUTD, YTO OOIIEE COMPOTHUBICHUE TAKOTO CIOXKHOTO 3a3eMIIUTEINSI OYACT B 1
pa3 MEHbIIIE COMPOTUBICHUS KaXKOTO 3JIEMEHTA, YTO B CIIy4ae MX OJHOTUITHOCTH COOTBETCTBO-
Basio Obl hopMmyIie
R3

cuco n

R

Ha camom niene, npy MCHOIB30BaHUU CIIOKHOTO 3a3€MIIMTCS TI0JIS1 PACTEKAHUS TOKOB C OT-
JEJIBHBIX JIEKTPOJOB MEPEKPHIBAIOT APYT APYra U CONPOTUBIIEHUE BCETO 3a3€MIINTENS OKa3bIBa-
eTcs O0JIbLIE MPEANOIaragMoro. Y BeIMUeHHE COIIPOTUBIICHHS CIIOKHBIX 3a3€MJIMTEIEH YUUThIBA-
eTcst KO3 PUIIMEHTOM HCTIOIb30BaAHUS M.

3HayeHus K03()(PUIUEHTOB HMCHOIB30BAHUS 3aBUCAT OT KOHCTPYKTHBHOT'O BBIMOJHEHUS
CJIOKHOTO 3a3€MJIMTENS U NIl TOPU3OHTAIBHBIX U BEPTUKAJIBHBIX 3a3€MIINTENIEH NPUBEICHBI B
npunoxenusix [1-18 u I1-19.

PacueTHast popMyna Ui CI0KHOTO 3a3€MIIUTENS U3 MTOJIOCOBBIX OJHOTUIIHBIX 3a3€MIIUTE-
JIEH ¢ y4eTOM B3aUMHOTO SKPAaHUPOBAaHUS UMEET BUI:

R . — Rén
cuco nn
JU1st CIIOYKHOTO 3a3€MIIUTENIS, COCTOSIIIETO M3 N BEPTHUKAIBHBIX 3JEKTPOJIOB U 0OBEANHSIO-

MHUX X TOPU30OHTATIbHBIX,
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rJie Nz —IIPUHAMACTCS I KOHKPETHOM CXeMbl Bcero 3azemimtest (cm. I1-20).

Pucynok 9.1 — XapakTtep NoTeHIMATbHOM KPUBOH JIJIs1 CIIOKHOTO 3a3€MITUTENs

He MeHee BaKHBIM ClI€ICTBHEM MCIIOJIb30BAHUS CIIOKHBIX 3a3€MJIUTENCH B BBICOKOBOJIBT-
HBIX YCTaHOBKAX, KPOME CHIDKEHUS OOIIET0 COMPOTUBIICHUS, IBISETCS TIOBBIICHNUE TOTCHIIHATIA
Ha yJyacTKax Mexny siekTpomamu. OOlee BrIpaBHHBaHUE MoTeHIuana (cMm. puc. 9.1) 3Haum-
TEJIbHO CHIIKAET I1aroBOE HAMPSKEHHE U HANPsHKEHUE MPUKOCHOBEHUS B 30HE HanboJliee BeposiT-

HOT'0 HaXOKJEHUs 00CITyKHBAIOILIEro IEpCcoHaIa.

3aoanus:

3aoanue Nol

l'opu30oHTaNbHBIN IBYXIYy4€BOM 3a3€MIIUTEIb C TOJABOJAOM TOKA B CPEIHIOIO TOYKY U JUIH-
HOM Kaxkaoro Jyiyda 10 M, MpoJIOKEH B IPyHTE C YAEIbHBIM CONPOTHBIIEHUEM, U3MEPEHHBIM B
cyxyio moroay, 1-10* Om-cmM. OnpesienuTh CONMPOTHBIEHHE 3a3eMIISIOIIETO YCTPOHCTBA B UM-
IIyJIbCHOM PEKUME, ECJIM TOK MOJIHUU NPUHAT paBHbIM 100 KA. 3a3eMIIUTENb BBIIIOJIHEH U3 CTaJIb-

HOro npyta AuamerpoM 1 cm. ['myOuHa 3anmoxkeHus 3a3emiuTenell ctanaapTHas, paBHas 0,5 M.

3aoanue No2

KonblieBoii 3a3eMIIUTENb, BHITOJIHEHHBIN U3 MTOJIOCOBOM CTaIN IIMPUHON 4 CM U TOJIILIUHON
2,5 MM, IMeeT tuameTp 4 M U 3aiokeH Ha rimyouHe 0,5 M oT moBepxHOCTH. PacyeTHas BenmnunHa
Y/IeTBHOTO COMPOTHBIICHNS rpyHTa prHATa 2 10* OM-cMm. KobIo 3aMKHYTO ¥ HIMEeT TPH CBSA3H,
pacnosiokeHHble moJ1 yriom 120°. Onpeaenutsb CONPOTUBICHUE 3a3€MIIUTENS, €CIIU TOK IPO30-
BOT'O pa3psija, MIOCTyNaroluii B TOUKY coeIMHEHUs cBsi3el, mpuHsT 40 kKA. IIpoBoAMMOCTBIO CBS-

3eil mpeHeoperaem.
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3aoanue Ne3
[TonocoBoii 3a3emiinTeNb BBIIOJIHEH U3 Tpoca AuameTpoM 1 cM u anunoi 17,5 m. Onpene-
JUTH CONPOTHUBJICHUE PACTEKAHUIO TOKA MIPOMBIIIUICHHOW YaCTOTHI, €CJIM YACIbHOE COIIPOTHUBIIC-

HUe rpyHTa (pacyeTHoe) npuHaATo 1-10* OM-cMm.

KOHMPOJleble eonpocol:

1. Uznoxure MMOCJICAOBATCIIbHOCTh pacdCTa HMMITYJIbCHOT'O COIIPOTHUBIICHUSA 3a3CMJICHUA
IIpU IMMPOTCKAHUH TOKOB I'PO30BOI'0 paspsaa.

2. MOHO 11 C OIMPEACIICHHOCTBIO CKAa3aTh, YTO COIIPOTUBIICHUEC 3a3€MJICHUSA B UMITYJIbBC-

HOM PCKUMC MCHBIIC €0 COMMPOTUBIICHHA TOKaM HpOMBIIHJIGHHOfI 4acTOThI?

145



5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnevenue OUCYUNIUHDBL

5.1 Ilepeuenv 0cHo8HOI U OONONHUMEILHOU TUMEPAMYPbl, HEOOX00UMOU 0 0C80e-
HUA OUCUUNIUHDL

5.1.2 Ilepeuens ocnognoil iumepamypul:

1. BouapoB IO.H. TexHuKka BBICOKMX HaIpsHDKCHUN [DIEKTPOHHBIA pecypc]| : yueOHOe
noco-6ue / KO.H. bouapos, C.M. [dyaxun, B.B. TUTKOB. — DEKTPOH. TEKCTOBHIC JaHHBIC. —

CIIO. : Cankr-IletepOyprekuii monuTexuuueckuii yausepcutet Ilerpa Benukoro, 2013. — 265

€. — 978-5-7422-3998-7. — Pexwum noctyna: http://www.iprbookshop.ru/43976.html

5.1.3 Ilepeuenv oononnumenvHoll 1umepanmypol:

1. .dernos, H. B. CoBpemeHHbIe BUABI U30sUMHU. YacTh 2. N30SI BBICOKOBOJIBTHBIX
BBOJIOB [DNEKTPOHHBIN pecypc] : yueOHoe mocobue / H. B. lllernoB. — DneKkTpoH. TEKCTOBBIE
nanHbsle. — HoBocubupck : HoBocuOupckuii rocynapcTBEHHbIH TEXHUYECKUN YHUBEPCHUTET,

2010. —72 c.—978-5-7782-1317-3. — Pexxum nocryna: http://www.iprbookshop.ru/45161.html

5.2 Ilepeuensv yueono-memoouuecko2o odecneuenus camocmoamenbHou pabomot ooy-
YauUxca no OUCYUNIUHE

1. Meroanueckne yka3aHus 110 BHIIIOJHEHHUIO MPAKTUYECKUX paldoT o quciuminHe « Tex-
HUKA BBICOKHMX HaIPsKEHUIN.

2. Metoanueckue yKa3aHus 10 BBITOJIHEHHIO JJAOOPATOPHBIX PA0OT Mo AUCHUILIINHE «Tex-
HUKAa BBICOKHX HaIPsSHKEHUI.

3. Metoanueckue yKazaHus 10 BHITIOJTHEHUIO KOHTPOJIBHON paboThl IO qucuuIumHe «Tex-
HUKA BBICOKHMX HalPsyKEHUIN.

4. Meroanyeckue yKa3zaHHs 110 OpraHu3alldy U MPOBEJCHHUIO CaMOCTOATENbHOM paboThl

10 AUCIUIIIINHE «TexHnKa BRICOKAX H&Hpﬂ)KGHHfI)).

5.3 Ilepeuens pecypcoe ungopmayuonno-meneKoMmyHuKayuonnoi cemu Humepnem,
Heo0X00UMBIX 07151 0C6OCHUSA OUCUUNTIUHDL
1. http://lwww.biblioclub.ru -OBC "Yuusepcuterckas 6ubnrorexka oHmaiia"

2. http://www.iprbookshop.ru/ - DnexkrponHo- 6ubnuoreunas cucrema IPRbooks
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OEPA30BAHM S POCCUCKOM

OEAEPALINN
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHE
BhICIIIET0 00pa30BaHuUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uactuTyT (pruman) CKOY

Meroanuyeckue ykasaHus
10 BBIIIOJIHEHUIO KOHTPOJIbHOM pabOoThI
no aucimmmine « TEXHUKA BBICOKUX HAITPSDKEHUM»
JUISL CTYJIEHTOB HaIlpaBJICHUSI IOATOTOBKU
13.03.02 DnexTposHepreTuKa U ANEKTPOTEXHUKA

[Tsturopck 2025 r.
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8.2

8.3

Conepxanue

BBenenue

Ilenp, 3a1a4M U pean3yeMble KOMIETEHIUH AUCIUILIMHbBI

dopmMynUpoOBKa 3a/1aHUS U €€ 00beM

OO6ue TpeGoBaHUs K HAMCAHHUIO U O(POPMIICHHIO PaOOTHI

PexomeHjanuuy 1o BITOJHEHUIO 3aJaHUs

[Tnan-rpaduk BBIMOTHEHUS 3a/1aHUS

Kpurepun onennBanust paboThbl

[Topsinok 3amuThl paboThI

Y4ebHOo-MeTon4Yeckoe U HH(POPMALIMOHHOE 00ecrieueHNe TUCIUILIMHEI
[TepeyeHb OCHOBHOM M JIOTIOJIHUTEIBHOM JINTEPATYpPbl, HEOOXOAUMOIL ISl OCBOE-
HUS TUCIUTUTHHEI

[lepeuens yueOHO-METOIMYECKOTO 00ECTIeUeHHsI CaMOCTOSITEIbHON paboThl 00y-
YAOLIUXCS IO AUCLUIIIUHE

[Tepeuens pecypcoB HHPOPMALMOHHO-TEIEKOMMYHHUKALIMOHHOM ceTn HTepHeT,

H606XOI[I/IMI)IX JJIs1 OCBOCHUS JUCHTUITIIMHBI

Crp.
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BBeneunue

OnHMM M3 OCHOBHBIX BUJIOB 3aHATHI IO KypCy IUCHUUIUIMHBI « T€XHHUKa BBICOKHUX Hampsi-
KEHUI» SIBIIIETCS BBIIIOJHEHUE KOHTPOJIbHOU pa®oThl. [IpearaemMple B METOAMYECKOM yKa3aHUU
3aJaHusl OXBAThIBAIOT BECh OCHOBHOM MaTepHall Kypca U COOTBETCTBYIOT YTBEPXKIECHHOM ITPO-

rpaMMe.
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1. Ilens, 3a0auu u peanuszyemvle KOMnemeHyuu OUCYUNIUHDBL

OCHOBHBIMH LIETSIMH JUCHUIUIMHBI SBISIOTCS: (POPMUPOBAHHE y CTYJCHTOB CTPOWHON U
YCTOMUYMBOW CHUCTEMbI 3HAHUHM O (PyHIAMEHTAIbHBIX 3aKOHOMEPHOCTSX 3a)KUTaHUS U Pa3BUTUSA
JIEKTPUUECKUX PA3PAI0B B TUAIEKTPUUECKUX CpellaX, MEXaHU3Max Mpo0os AUIEKTPUKOB IpU
BO3/JCHCTBUM CUJIBHBIX AJIEKTPUYECKHUX IOJIEH, BUIAaX M30JIALUU BBICOKOBOJIBTHOIO 000pYy10Ba-
HUS M METO/IaX KOHTPOJISA €€ COCTOSHHUSA, CIIOC00aX MOIydeHHsI B M3MEPEHHSI BBICOKHX HarpsikKe-
HU, IpUpOie BOZHUKHOBEHUS IEPEHAIPSKEHUH U CIIOCOO0B 3aIlUThI OT HUX.

B pe3ynbTare ocBOGHUS JAHHOM AMCIMITIIMHBI 00€CIIEUNBAETCS JOCTHXKEHUE 1ieIeil OCHOB-
HOM 00pa3oBaTeabHON MPOrpaMMbl «DJIEKTPOIHEPreTUKA U IEKTPOTEXHUKA»; IPUOOPETECHHbIE
3HAHMSI, yMEHUS U HABBIKU TIO3BOJIAT IOJrOTOBUTH BBIITYCKHHKA!

— CIOCOOHOI0 K pacyeTy, aHaJIU3y U IPOEKTUPOBAHUIO 3JIEKTPOIHEPIreTUUECKUX JIEMEH-
TOB, OOBEKTOB U CHUCTEM C MCIIOJIb30BAaHHEM COBPEMEHHBIX CPE/ICTB aBTOMATU3ALIUU MTPOEKTHBIX
pa3paboToK;

— Hay4HO-MCCJIE10BATENbCKOM JESATENIbHOCTH, B TOM UUCIIE B MEKIUCLUIUIMHAPHBIX 00J1a-
CTSIX, CBA3aHHOM C MaTEMaTUUYECKUM MOJIEIMPOBAHUEM IIPOLIECCOB B AJIEKTPOIHEPTETUUECKUX CH-
cTeMax U 00BbeKTax, IPOBEIEHUEM HKCIIEPUMEHTANIBHBIX UCCIEIOBAHUN U aHAIM30M HUX PE3YIlb-
TaTOB;

— K CaMOCTOSITEIbHOMY 00yYEHHIO ¥ OCBOCHHIO HOBBIX 3HAHUW U YMEHUH U1 peanu3aluu
cBoel MpodeccuoHaNbHOM Kapbephl.

ITpu BBIMOTHEHUHN KOHTPOJIBHOM paboThl peasin3yroTCs ClaelyIouil epedyeHb IIaHupye-

MBIX Pe3yJIbTaTOB O0Y4YEHHUS 10 TUCHUIUINHE

[Tnanupyemble pe3yabTaThl

00y4eHHS IO TUCIIUTLITNHE
(MozyIt0), XapakTepHu3yro-
11ue 3Tamnsl GOpMUPOBAHUS
KOMIETEHINH, NHIMKaTOPOB

Kon, popmynuposka komne- | Koz, popmynupoBka nnamka-
TEHLUU TOpa

3HaeT OCHOBHbIE (PU3UUECKHE
SIBJICHHSI, MEXaHU3MBI BO3-
JEHCTBUS DIIEKTPOMATrHUTHBIX
MOJIEH BHICOKOTO HaIpsiKe-
HUS Ha U30JISIUIO B pa3iny-
HBIX YCIIOBMSX JKCILTyaTa-
AN,

YMeeT 000CHOBBIBATh BHIOOD
rapamMeTpoB JIEKTPOOOOPY-
JTIOBAHUS CUCTEM 3JIEKTPO-
cHaOkeHusi 00BEKTOB, YUH-
TBIBasi TEXHUYECKUE OTPaHH-
YEeHHUs U YCIIOBHSI SKCILTyaTa-
1.

NJT-3rk-1 OG0CHOBBIBACT BhI-
[TK-1 Cnocoben ydacTBOBaTh | OOp mapaMeTpoB AIIEKTPOOOO-
B ITPOCKTHPOBAHHUH CHCTEM PYIOBaHUS CHCTEM DJIEKTPO-

ANEKTPOCHAOKEHHS CHAOXEHUsI, yIUTHIBAs TEX-
HUYCCKHUEC OIrpaHUYCHUSA
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Bnaneer HaBbikamu BbIOOpa
rapameTpoB 3JIEKTPOOOOpY-
JIOBaHUSI CHCTEM JJIEKTPO-
cHa0XeHUs1 OOBEKTOB, YUHU-
TBIBasi TCXHUYECKUE OTPaHU-
YCHUA U YCJIOBUS SKCIITyaTa-
1.
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3aoarnue Nel

2. @opmynuposxa 3a0anus u ee 0o6vem

BricokoBosbTHast uHus anekTponepenad (BJI) ¢ HoMmunansabiM Hanpsbkenuem U u BodI-

HOBBIM compoTuiieHueM Zy= 300 OM pacrnosiokeHa B 30He IPO30BOH J1€ATEIbHOCTH.

NmnynbscHas npouHocTs uzoisuuu BJI paBHa U,, BbIcOTa METAIIIMYECKON ONOPHI U BbI-

coTa MojiBeca MmpoBoja paBHa h, cTperia mpoBeca MpoBoja paBHA f, HHAYKTUBHOCThH €IMHHMIIBI

JUIHHBI o1IopkI Lo = 0,5-10—-6 I'n/M, uMIyibCHOE COMPOTUBIICHUE 3a3eMiIeHuUs onopsl R;=10 Om.

Tpebyercs onpenenuTh BeIUUMHY NepeHanpskeHus Ha BJI, kpaTHOCTh nepeHanpseHus

H BCPOATHOCTD IICPCKPLITHA U30JIALUMKU BO BPEM:A pa3psaia MOJIHHUHA C aMHHHTy,HDﬁ lyu JIINTCIIBHO-

CTBhIO HapacTaHus ((POHTA) KOCOYTOMBLHOM BOIHBI TOKA paBHO T¢= 107° ¢:

o IpH y1ape MOJHHUH B OTOPY;
o IIPU y1ape MOJHHUH B IPOBO/I;
o IIPU yIape MOJHHUH Ha PacCcTOSTHUU «a» oT BJL

3Ha4YeHMS BCEX MNEPEMCHHBIX IMapaMCTPOB A COOTBCTCTBYIOIIHUX BAPHUAHTOB IIPUBCICHBI

BTadm. 1.1m 1.2.

Tabmuua 1.1 — Mcxoansle naHHble K pacyery 3anaun Nel

BapuanT (npennocnenusis undpa mudpa)

I1

OKa3aTelx 1 > 3 2 5 6 7 8 9 10
Hanpsxenne nunnn, 10 35 110 35 10 110 10 35 110 10
U, kB
MMmynbchas IPOSHOCTL | 4y | 3507 | 650 | 350 | 120 | 650 | 120 | 350 | 650 | 120
n3omAnyy tuaun U, kB
Bricora noaseca mpo- 10 12 16 14 11 18 10 15 18 11
BOJA h, m
Crpena nposeca 15 2 3 25 2 4 18 | 35 | 45 | 1.8
poBoja f, m
AMIUIUTYIa TOKA MOJI- 5 10 15 20 25 30 35 40 45 50
HuH |y, x4
PaccTostHue ot Mecta
ynapa MonauK 10 BJI 5 7,5 10 12 13 14 15 18 19 20

«ar, m
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3aoanue Ne2

Jlnist 3amuThl 00BEKTA C MIUPUHON «@», IITMHON «B» U BBICOTOW «h» OT MPAMBIX yAapoB
MOJIHHH C aMILIUTyo# Im 1 BpemeHnem Hapactanus pponra t¢p=10—6¢c ycTaHOBICH OJUHOYHBIH
MOJIHUEOTBOJ. [yOuHa HUXKHEro KoHua (yHIaMeHTa MOJHHEOTBOJAA OT MOBEPXHOCTU 3E€MIIU
hd=3,2 M, mupuna ¢pyngamenta ap=0,8 M, yneapHoe compoTtusieHue 3emtn p, Om-m. Cxema

PacIOJIOKEHHUSI MOJIHMEOTBO/IA M 3aIlMIaeMoro o0beKTa npuBeeHa Ha puc. 2.1.

/

I\I HH B

T Janmnmae-
MBI
00BEKT h

Y
@hm;—ﬂi ! -

a

e

PI/ICYHOK 2 — Cxema PACIIOJIOKCHUA MOJIHUCOTBO/JAA U 3allIUIIIAEMOT' O 00BeKTa

1. Paccuurtatrh ycTpOCTBO 3a3€MJIEHHS MOJIHUEOTBO/1a, COCTOSIIIEE U3 €CTECTBEHHOI'O 3a-
3emutnteds ((pyHIaMEeHTa MOJTHUEOTBO/IA) M UICKYCCTBEHHOTO 3a3€MIIMTEIIS U3 YCIIOBUH, UTO JIOMY-
CTMMOE UMITYJILCHOE CONPOTUBJICHNE YCTPOHcTBa 3a3eMiieHus R3 He noimkHO npeBbimath 10 Om.
HauepTuTh 3cKk13 KOHTYpa 3a3eMJICHHS COBMECTHO C 3alllUIIAeMbIM 00BEKTOM.

2. PaccunTath MUHUMAITFHO JIOITYCTUMBIE PACCTOSIHUS OT MOJTHUEOTBO/IA 0 3aIIHIIIAEMOTO
0o0BeKTa, painyc 30HbI 3alIUTHI X Ha BbIcOTe 00bekTa h u BeicoTy MonHueoTBoia H. Ha ackuze
M0Ka3aTh CEYEHUE 30HBI 3ALIUTHI CTEPKHEBOI'O MOJIHUEOTBOAA. 3HAUEHHUSI COOTBETCTBYIOIIMX II€-

PEMEHHBIX TapaMeTPOB JJIS pa3IMYHBIX BAPHAHTOB 3aJIaHMs IPUBEICHBI B Ta0I. 2.
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3. B pac4eTHO-TIOSICHUTENTLHOM 3aIMCKe PUBECTH YCIOBHE 3a/1a49H HCXOTHBIC JAHHBIC BBI-
OpanHoro BapuanTta. HapucoBaTh cXxeMy pacnoJjOXEHHS MOJIHHEOTBOJA M 3aIIUIIAEMOro 00b-
eKTa.

4. PaccunTaTh MMITYJBCHOE CONPOTHBIICHHE (PyHIaMEHTa MOJIHUEOTBOA. MIMITYIbCHBIH
KO3 QUIUEHT i1 CONMPOTUBIICHUS (YHIaMEHTa BHE 3aBHCHMOCTH OT COIPOTHBIICHUS I'PYHTa
npusaTh oud =0,8, a rmyOuHa HUKHETro KoHIA ¢pyHaamenTa t = hd.

5. Paccuntath HEOOXOAMMOE UMITYJILCHOE COMTPOTUBIIEHUE HCKYCCTBEHHOTO 33EMIIUTEIS.

6. PaccunTarh UMIYJIbCHOE COTPOTUBIICHUE, COCTOSIIEE M3 JABYX TOPHU30HTAIBHBIX TIOJIOC
U 110 HEPABEHCTBY CEaTh BHIBOJI O JJOCTATOYHOCTH 3TOTO COMPOTUBIICHUSI.

7. Ecnu HEepaBEHCTBO HE BBIMOJIHACTCS, H3MEHSS KOJMYECTBO WM JUTMHY TPYO mpoaos-
KHUTh PacdyeT UMITYJIbCHOTO COMPOTUBIICHUSI HCKYCCTBEHHOTO 3a3€MIIMTEINS JI0 TeX TOp, MOKa He
OyZIeT BBIOIHATHCSA HEPABEHCTBO (2.9).

8. PaccunTarh MUHUMAJILHO JIOMTYCTUMBIC PACCTOSIHUS OT MOJIHUEOTBO/IA JI0 3aIIMIIACMOTO
00BEeKTa pasnyc 30HBI 3aIUTHI IX HA BBICOTE 00BEKTa h 1o ¢opmyse u BeicoTy MoTHHEeoTBOAa H
no popmyse. [Ipu pacuere no popmyne npunsaTh, uTo Lo =1-10-6 ['H/M, 0Cp BBIYUCIUTS.

9. HauepTuTh 5CKM3 KOHTYpa 3a3€MJICHUSI COBMECTHO C 3aLIUIIAEMBIM OOBEKTOM.

10. Ha scku3e moka3aTh CEYCHUE 30HBI 3aIUTHI CTEPIKHEBOTO MOJIHUEOTBO/IA M B3aUMHOE

PacCIoJIOKECHHUE 3allIUIacMOTro 00BEKTa U HCKYCCTBCHHBIX 3a3eMIIMTEICH.

Tabnuma 2 — Vcxoauble gaHHbIe 1S pacuera 3agaun Ne2

BapuanT (npennocnenuss undpa mudpa)

Hoxasarermn 1] 2 | 3 ] 4 5] 6 ] 78] 9 |10
AMIIMIYI TOKAMOI- | 5y | 40 | 45 | 20 | 25 | 30 | 35 | 40 | 45 | 50
1305050 POV |
VYV ienpHO€E CONpOTUBIIE-

HUE 100 | 200 | 500 | 200 | 100 | 200 | 500 | 200 | 100 | 500
rpyHTa p, Om-m

[Mupuna o6bekTa a, M 3,0 3,2 3,4 3,6 3,8 4.0 4.2 4.4 4.6 4.8
JlnuHa o0bekTa B, M 3,2 3,4 3,6 3,8 4,0 4.2 4.4 4.6 4.8 5,0
Bricora 00BexTa h, M 12 11 10 9,5 90 | 105 | 125 | 115 | 85 8,0

3aoanue Ne3

OHpe,Z[CJ'II/ITB YHUCJIO U30JATOPOB B HO,Z[I[Cp)KI/IBaIOIJ_ICﬁ TUPIIAHAC HpOMC)KyTO‘-IHOfI OITOPEIL

10 YAEJIIbHOW HOPMHUPOBAHHOM JiuHe myTy yreuku. JISII npoxoaut Ha BeicoTe meHee 1000 M Hax

YPOBHEM MOPSI, OCTaJIbHbIE HEOOXOAUMBIE TaHHbIE U BApUAHTHI 33/1aHUN IPUBE/IEHBI B Ta0J1.3
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Tabnuma 3 — Mcxoanabie qaHHBIE 1S pacueTa 3a1a4qu Ne3

Bapuant (mpennocnensis nudpa mudpa)

Hoxasaresn 11213 ] 4] 51 6 | 7 8 9 10

HomunansHoe
Hanpsbkenue muanm, | 110 | 220 | 330 | 500 | 750 | 110 | 220 | 330 500 750
kB

Tumn omopsl x/6 | ®/6 | %/06 | meT | meT | */0 | ®/0 | x/0 MeT MeT
Crenenb 3arpssHe- 1 5 3 4 4 4 3 5 1 5
HUS atMocepsl
gl = aa) 2] da) = =
S|S2lge|cs|gs|e|e|& || s
Tun nzonsaropa SN — — N A 3N 3N — — —
Sl o |lou|lo |8 8 O O O
=1 E|E|E|E |F|F|E = =

Juametp Tapenku

255 | 255 | 280 | 300 | 320 | 255 | 255 255 280 280
D, mm

CtpoutenbHas BbI- 127 | 146 | 170 | 195 | 195 | 146 | 146 | 146 170 170
cora H, mm

JnvHa myTy yTeuku
Ly, MM

303 | 320 | 370 | 370 | 390 | 303 | 320 | 370 370 390

3aoanue Nod

BHyTpeHHss 1305511151 BHICOKOBOJIBTHOT'O 000PY/I0BaHUsI COCTOUT U3 JIBYX CJIOEB, UMEIO-
IIMX B YCTAHOBMBILIEMCS PEKUME COOTBETCTBEHHO COIpOoTUBIeHHE yreuku Ri, R2 m emxoctu
cioes C1 u Ca.

Tpebyercs o xapakTepy U3MEHEHHUS TOKa a0COPOLIMU U 3HAYEHUIO COMPOTUBIICHUS HU30-
JSIUUU B UCXOJIHOM COCTOSIHMM M3OJISIIMM U IIPU YMEHbBILIEHUU CONPOTUBIIEHUS MEPBOTO CIIOS B
100 pa3 (0,01R1) nath 3akimroYeHIE O KAYECTBE U3OJISIIIAH M ONIPEICITUTH JIOIYCTUMOCTD CTEIICHU
YBIJIQKHEHUS.

TaHTeHC yria AMdIeKTPUYECKUX ToTeph npu Temmeparype To = 20°C paBen — tgdo; ko-
3¢ ULHEHT, XapaKTepU3YIOIINA TEMIIEPAaTypHYIO 3aBUCUMOCTb TAaHT'€HCA yIIla AUDIEKTPUUECKUX
MOTEPh OT TEMIIEPATyphl, PaBEH — (.

Tpebyercst paccunTarh ¥ MOCTPOUTH I'paUKU 3aBUCUMOCTU TaHT€HCA TUAIIEKTPUUYECKUX
MOTeph ¥ MOIIHOCTH MOTEPh B JMAIEKTPUKE MPH M3MeHeHnH Temnepatyphl o 20°C mo 100°C u
npuiiokeHnu nepeMenHoro HanpsbkeHust U = 10 kB ¢ wacroroit 50 ['u. 3HaueHus Bcex nmepeMeH-

HBIX MMapaMETPOB JJIs1 COOTBETCTBYIOIINX BAPHUAHTOB IIPUBCACHBI B Taou. 4.
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Tabmuia 4 — Vicxoaabie JaHHbBIE 1S pacdera 3agaqun Ned

Bapuant (mpennocneansis nudpa mudpa)

Hoxasarem 1] 23] 456 | 7 8 9 10
Ry, 10°, Om 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190
C1, 105, @ 36 | 34 | 32|30 28 | 26 | 24 | 22 | 20 1,8
R, 10°, Om 10| 11 | 12 | 13| 14 | 15 | 1.6 | 17 | 18 1,9
Cz, 10, @ 36 | 34 | 30 | 32 | 28 | 26 | 24 | 22 | 20 18

tgd0, 107 40 | 38 | 36 | 34 | 32 | 30 | 28 | 26 | 24 2.2
o, 103, 0C1 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 20
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3. Oougue mpedosanus K HANUCAHUIO U OPOPMIIEHUIO PAOOM bl

OcHogrbvle mpedosanus K pabome

[Tpu BeImosHeHNH 1 opopmiieHHH KOHTPoabHOM 110 'OCTy Hamo yuyuThIBaTh 00IIHME TpE-
0OBaHUs, KOTOPBIE MIPEIBABISAIOTCS K padoTe:

— CTYJIEHT JOJIKEH IMPUAECPKUBATHCS 3aJaHHOM TEMAaTUKU;

— 3aMpeIieHo MEHITh TEMY CAMOCTOSITEILHO 0e3 00palleHHs K MPero1aBaTeio;

— ipu opopmiIeHHH pabOThI HY>)KHO YyIuThIBaTh HOPMBI U ['OCTHI;

— KOHTPOJIbHAS BBINOIHIETCA HA OCHOBAaHUH HE MEHEe CEMU UCTOYHHKOB, BHIOPAHHBIX aB-
TOPOM;

— paboTa J0KHA OBITH aBTOPCKOM, B HEW JOJDKHBI COICPIKATHCS COOCTBEHHBIC BBIBOIBI
CTYJICHTA,

— TCKCT KOHTpOJ’IBHOﬁ JOJI2KCH UMCTb 00BbeM He MeHee 7 JTUCTOB.

Odopmaenue no 'OCTy mexkcma KOHmMpO1bHOU

Korna pabota BbInonHeHa, ee He00X0AMMO MTPUBECTH B COOTBETCTBYIOIIMNA BUJ| COTIACHO
I'OCTawm:

— KOHTpOJIbHYIO HabupaioT B Word uiau Apyrom TEKCTOBOM PENAKTOpPE C aHAJIOTMYHBIM
(G YHKIIMOHAJIOM;

— npu Habope HYKHO KCMob30BaTh wpudT Times New Roman;

— UHTEPBaJ MEXKAY CTPOK — IOJYTOPHBIN;

— pa3mep mpudrta — 14,

— TEKCT BBIPABHUBAETCSI 110 IIUPUHE;

— B TEKCTE JIENAI0T KPACHbIE CTPOKH € OTCTYNOM B 12,5 MM;

— HIDKHEE U BEPXHEE I10JIs1 CTPAHULIBI TOJDKHBI UIMETh OTCTYI B 20 MM;

— cieBa orctyn cocrasisieT 30 My, cipaBa — 15 MM;

— KOHTpOJIbHAs BCEr/la HyMepyeTcs ¢ MEepPBOro JUCTA, HO Ha TUTYJIBHOM JIUCTE HOMEp He
CTaBsT;

— HOMEp CTpaHHUILIbI B pabOTe BCET/1a BBHICTABIISIETCS B BEPXHEM IIPABOM YIIIY;

— 3aroJIOBKH paboThl 0(OPMIISIOTCS )KUPHBIM HIPU(TOM;

— B KOHIIE 3ar0JIOBKOB TOYKA HE MPEyCMOTPEHA;

— 3ar0JIOBKM HAOMPAIOTCSI MPOITMCHBIMU OyKBaMU;

— BCE IIYHKTHI U pa3Jiesibl B paboTe JT0JKHBI ObITh IPOHYMEPOBaHbI apabCKUMU U (pamu;

— Ha3BaHHUs Pa3/eJI0B Pa3MEIalOTCs MOCEPEANHE CTPOKH, TIOJPA3IeIibl — C JIEBOT0O Kpas;

— paboTa pacrieuaTbIiBaeTCs B MPUHTEPE Ha JIUCTaxX A4;
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— TCKCT JOJIKCH pacrojaratbCsa TOJIbBKO Ha 0I[HOI71 CTOPOHC JIUCTA.

Paboma umeem maxyo cmpykmypy:

1. TUTyIbHBIN JTHUCT;

2. OrnaBneHue U BBE/ICHUE;

3. OCHOBHOM TEKCT U pacdeT KOHTPOJIBbHOI;

4. 3aKIounTeIbHAS YaCTh PaOOTHI;

5. IlepedeHp MCII0JIB30BAaHHOM JIUTEPATYPhl U UCTOYHUKOB;

6. JlononHeHus ¥ NpUIIOKEHNUS.

Ecnu B paboTe ecTh MpHUIIOXKEHHS, O HUX HAJI0 YIIOMUHATH B OTJIABJICHUU.

Ccpuikn HyMepyIoTCsi apaOCKuMHU U paMu, IPU 3TOM YUYHUTHIBAIOT CTPYKTYpPY PaOOTHI

(pa3mensl B MOpa3aeibl ).
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4. Pexomenoayuu no 6b1no0JIHEHUIO 3A0AHUA

Ykazanue k pewienuro 3a0auu Nl

MonHust mpencTaBisieT coO0M ANEKTPUYECKUIl pa3ps] MEXIy oOJIakoM U 3emiied Wid
MEXIy 00JIaKaMHu.

Ha HavyanbHOM cTaguu, Ha3bIBAEMOM JIMJICPHOM, KaHAJ pa3psia MOJIHUM Pa3BUBACTCA CTY-
nenyaTo. CTyneHu clneayroT Apyr 3a Apyrom ¢ uHTepBaioM 30+50 mxc. Bo Bpems Kaxaoi CTy-
MIeHU KaHaJ yaiuHsercs Ha 5+/100 m. Kanan nunepa okpykeH oOIIMPHOM 30HOM HOHU3AIMK. 30HA
MOHM3AINH JIHIepa UMeeT U30bITOYHBIN 3apsijl TOTO ke 3HaKa, 4YTo M 00Jako. 3apsaasl o0jaKa u
aujepa UHAYKTUPYIOT Ha MOBEPXHOCTH 3€MJIM U Ha PACIOJIOKEHHBIX HA HEM 00bEeKTax 3apsibl
JIPYroro 3Haka.

Korna xanan nuaepa coequHsIOTCA ¢ 3eMIIed U 00BEKTOM, PACIOIOKEHHBIM Ha 3eMIIE,
HAYMHAETCS TJIaBHas CTaaus pa3psana. Bo BpeMs 3Toi cTaguu NpOUCXOAUT HEHTpaIu3anus 3apsi-
J10B, 00pa30BaBIIMXCS BO BpeMs pa3BuTus auzaepa. [Ipoiecc pacnpocTpaHsercs B HalpaBiIeHUU
OT 3eMJIH K 00JIaKy CO CKOPOCTBIO IOCTUTAOIIEH MTOJIOBHHBI CKOPOCTH PACIIPOCTPAHEHHUS CBETA U
COTMPOBOXKAAETCA CUIBLHBIM CBEUEHHEM KaHaja MoiHuu. KaHan paspsiga, pa3orpersiii 3a o4eHb
KOPOTKOE BpeMs J10 TeMrepatypsl (20+-30)10° °K, GsicTpo pacimmpseTcs, 4To BBI3BIBAET PACIIPO-
CTpaHEHHUE B OKPYXKaroIleM BO3yX€E yAapHOW BOJIHBI, BEIPOKIAIOLIEHCSI B 3BYKOBYIO U BOCIIPH-
HUMaeMOH KakK TpOM.

Tok B KaHaje MOJHHUU 32 HECKOJIBKO MUKPOCEKYHJ JOCTUraeT aMIUIUTYAbl 2+250 kA, a
3aTeM 3a BpeMs 25+150 mkc cnagaeT 10 MOJIOBUHBI MAaKCUMAJIbHOTO 3HAUEHMUSI.

Bbonee nmoapoOHbIe cBeleHNsT 0 MEXAHU3ME Pa3BUTHUS MOJHUHU M MOJHHE3AIIUTH MOXKHO
HaWTH B pEKOMEHI0BaHHOM suteparype [1; 2; 3; 4].

[Ipu pacuerax nepeHanpsHLKEHUI M MOJIHME3AIUThI IPUHUMAETCA BO BHUMAHUE, YTO BOJI-
HOBOE COIPOTHBIIEHUE KaHala MOTHHH cocTaBisieT 6onee 1000 Om u BIusHUE COMPOTUBICHUN
3azeMieHul ¢ R3 < 50 Om Ha aMIIUTYly MOJIHUM MOXHO HE YYWTBHIBATh, T.€. pAaCCMaTpPUBATh
MOJIHUIO KaK HCTOYHUK TOKA.

C Touku 3peHUs BO3JIEHCTBUS Ha n30snui0 BJI kpome aMmimuTy el Toka MOHUM |, Bax-
HOE 3HAYCHUU UMEET KPYTU3Ha (PPOHTA TOKA MOJHUH, TIOCKOJIBKY OHA ONpEAesieT NHAYKTUBHOE
najieHue HapsDKSHMS B TPOBOTHUKAX U MHAYKTHPOBAHHBIC HATIPSDKEHUS B MATHUTHO-CBS3aHHBIX
HEsX.

[Tpu pacuerax nepeHanpsHKeHUN A7 yI00CTBA HCTIONB3YIOT CPETHIO KPYTH3HY:
Ly

)

IJi€ Ty — IVIUTENLHOCTh HapacTanus ((ppoHTa) TOKa TIIABHOTO paspsijia

acp =
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MOJIHHUH.

Benuunna nepeHanpspkeHUs Ha BEpLIMHE OMOPBI MPU MPSMOM yIape MOJIHUU B OMOPY

paBHa CyMME Ha,Z[CHI/Iﬁ HaIIPsXKCHUS HA UMITYJIbCHOM COIIPOTHUBJICHHUM 3a3€MIJICHHA U MHAYKTHUB-

HOCTH OTIOPBI:

Uon = Rsly + Lohag,
rjae R, — UMyJIbCHOE CONIPOTUBJIEHUE ONOPbI;
IM — AMIJINTy/Jla TOKa MOJIHHH;
Lo — yaesbHasd UHAYKTUBHOCTDb OINOPHI;

h — BbICcOTa OMOPHI.

Ilox TakmMm xe HAIIPSAXKCHUEM OKAXKCTCA U U30JIAAHA ITPOBOJOB JIMHUU JJICKTpONICPpEaAaYN.
HpI/I yaape MOJIHUU B IIPOBOM JIMHUH JJICKTPOIICPEaald TOK MOJIHUHN PACTCKACTCS 110 IIOpa-
JKCHHOMY IIpOBOAY B 00e CTOPOHBI, MIO3TOMY aMILIMTYAA BOJIHBI IICPCHAIIPSPKCHUA HA IIPOBOJAAX

ompeensercs mo Gopmyie:

Ly * Zyp
W=y

™1

T

Pucynok 1 — Cxema pacnonoxxenns BJIOII

Paccmotpum B ympoiieHHOM Gopme, Kak BO3HUKAET AJIEKTpUYECKasi COCTaBJISIONIast UH-
TyKTUpOBaHHOTO nepeHanpsbkenus (puc. 1). [Ipu pazsutuu nuaepHoro kaHana MoiaHuM 1 BOIM3M

BJI 3apsinpl kaHama MOJIHMM CBSI3BIBAIOT (HABOMST) Ha MPOBOJAX 2 3apsiibl MPOTUBOIOIOKHOTO
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3HaKa (sSBJICHUE JEKTPUUECKON HHAYKIUMHU). Bo Bpems riaBHOro paspsija, T.e. KOrjaa MOJIHUS J0-
CTHUTAET 3€MJIH, 3apsiIbl JINJepa MOJIHUU HEUTpanu3yroTcs, npu puc. 1 K o0bsaBienuto odpazosa-
HUS 3TOM CBA3aHHBIC HA IPOBOJAC MHAYKTHUPOBAHHBIX HepeHaHmeeHHﬁ:

3apspl 0CBOOOKAAIOTCS, UTO | — YIPOIIEHHBIN BUJT KaHala TuAepa MOJIHUU; 2 — YCIIOB-
HBII BU]I IPOBOJIOB

CorpoBoXaeTcsi MOBBIIIE- JTMHUK 3JIeKTponepenay; (—) — 3apsabl B HEM MOTEHIIMANA
MPOBOJIA KaHaJe JUaepa OTPULIATEIHbHON MOSIPHOCTH;, U 00pa3oBaHUEeM UMIMyJbca (+) — HaBe-
JIEHHBIE 3aps/Ibl OJI0KUTEIbHOM MOJSPHOCTHU HA MIPOBOJIAX HAMPSKEHHUS, PACIIPOCTPAHSIOIIETOCs
0 MPOBOJY B 00€ CTOPOHBI.

MaxkcumanbHoe 3HaueHus: Uy, npsiMo MponopuuoHalIbHO aMIUIUTY 1€ TOKA U CPEHEHN BbI-
core nojaBeca mpoBojaa (Ngy) U 00paTHO MPONOPIMOHAIBLHO KpaTyaiilieMy PacCTOSIHHIO «@» OT

IPOBO/JIA IO TOYKHU yapa MOJIHUH.
ky * Iy * hep

5] a

rae k, — kodhpUIMEeHT MPONOPIHOHATBHOCTH, UMEIOLINI Pa3MEPHOCTh CONPOTHUBICHUS
Y YMEHBIIAIOIIUICS TTPU BO3pACTaHUU CKOPOCTH TJIABHOTO pa3psijia MOJHUH.

Cpennsig BeICOTA MOJIBECA MPOBOAa Ha onopax BJI onpenensiercs mo ¢popmyie:
h —2f
P 3

rac h — BeICcOTa noaBecCa MMpoBoOJa Ha Oo1opax B.H,

he

f — cTpena mpoBeca npoBoa.

N3menenrne MarHuTHOTO TOJIS MPHU TJIABHOM paspsifie MPUBOJAUT K BO3ZHUKHOBEHHUIO Mar-
HUTHOM COCTAaBIISIFONIEH MHAYKTUPOBAHHOTO HAMPSKEHUSI B TIETJIE «OMOpa-TUPJISH/IA U30JIITOPOB
— MPOBOI-3EMJIS».

MakcumanbHoe 3HaueHue U, Takxke mpsiMo IPOMOPIIMOHAIBHO aMIUTUTY/I€ TOKA U CPeJl-
HEel BBICOTE TOJIBECA MPOBOJIA, 1 0OPATHO MPOMOPIMOHATHLHO KpaTyaliieMy pacCTOSTHUIO «@» OT

NPOBO/IA /IO TOYKHU yJapa MOJIHUHU, HO UMEET CBOM KOA(PPUIIMESHT MPOMOPIIUOHATEHOCTH K.
ky * Iy * hep
UI/IM = a )

rae Ky, — ko3 GHUIMEeHT MpOmopIHOHaTbHOCTH, HMEIONIHI pa3MEPHOCTh COMTPOTHBIICHUS
Y YBEJIMYMBAIOIIHICS ITPU BO3PACTAHUHM CKOPOCTH IIABHOTO pa3ps/ia MOJHHH.

MaxkcuMmanpHOE 3HaUEHUE HHAYKTUPOBAHHOT'O HAITPAKCHHUA PABHO:
_ 30Rgyl,

UHH;[ = Uua + UI/IM - T'
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3HavyeHUs TepeHanpsHDKeHUH, moydeHHbIX 1Mo dopmynam (1.2), (1.3), (1.7) oneHouHsle,
MOCKOJIbKY HE YUHUTBIBAIOT MHOTHE (DAKTOPBI, BIUAIONINE Ha BEIUYNHY ITepeHanpsokenns. Hampu-
MCp, HC YYUTBIBACTCA, YTO MHAYKTHPOBAHHBIC IICPCHAITPAKCHU A BOSHHUKAIOT TAKKE U IIPU yAapax
MOJIHHH B IIPOBO/IA (TPOCHI) U OMOPHI M, HAKIIA/IBIBASICh HA MIEPEHANIPSDKEHUS TIPSIMOTO yapa, yBe-
JMYUBAIOT PA3HOCTh MOTCHIIMAIOB HA U30JIAAIIUH, YTO BTOpoe ciaraemoe B ¢opmysie (1.2) umeer
CYIIECTBEHHOE 3HaUEHHE TOJIBKO B Mpeseiax (PpoHTa TOKA MOJIHUH.

VYder 3Tux U Apyrux GaxTopoB 3HAYUTEIBHO YCIOKHIII ObI pacueT MepeHanpsHKeHui.

KpaTtHOCTb nepeHanpsnpKeHHs H30JISINAN JIMHUYU OIPEIEIIETCS KaK OTHOIICHHE BETMYMUHBI

NEPCHANPSAXKCHUA K aMIUVIMTYAHOMY 3HAUYCHUTIO (1)33HOFO HAaIIPsSXKCHUS JIMHUU

Uy U3

Uq)_ Uv2

rac U, - MakcUMaJIbHOE 3HAYECHHE MNEpCHANPANKCHUSA B 3aBUCUMOCTU OT MECTa yAapa MOJI-

HUH,

U- neiictByromee (3¢ (heKTuBHOE) 3HAYCHHE HOMHUHAIBHOTO (MEXIy(pa3HOTO) HampsoKe-
Hus BJL

Jliisi OLIEHKH BEPOSTHOCTH MEPEKPBITUS U30JIAIUN HEOOXOMMO CPpaBHUBATh pacCUMTAaH-
ubie 3HadeHus nepeHanpskeHus (Uon), (Unp), (Uuno) ¢ 3a1aHHON UMITYIBCHOM MPOYHOCTHIO U30-
nsinuun (U,). TlepexppiTre N3041UH TPOU30HIET €CITn:

Uon = Rl + Loha, = U,

Ly * Zyp

np :T— W
30h.,1

g = %2 U,

Kak BuaMM, EpEKPHITHE U30JSILMU ONPEAEIAETCS aMIUIUTYJOM TOKA MOJTHUM U MECTOM
yZaapa MOJIHUH.
MuHumanbHas aMIIUTYa MOJIHUH |;, Ipy KOTOPOM MPOUCXOIUT NEPEKPHITUE U30JISALUHY,

TIPH yape MOJTHHH:
Uy
o B oniopy - Pyepon = P(I;) = exp (—0.04 R—3)

=9
axUy

o Ha paccrosuun «a» -Brep yuy = P(I;) = exp (—0.04 W)
p

o B npoBox - P, = P(I,) = exp | —0.04

ep.np
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Ykazanue k pewenuio 3a0auu Ne2

3amuTa OT OpSIMBIX YAapOB MOJHHUM OCYLIECTBIISIETCS C IOMOIIBbIO MOJIHUEOTBO/IOB.

MoHUEOTBOT TPEACTABISICT COOON BO3BBHIMIAIOIICECS HAJA 3alIMIIAEMBIM OOBEKTOM
YCTPOMCTBO, uepe3 KOTOPOe TOK MOJIHUU, MHUHYS 3allUIIaeMblii 00BEKT, OTBOAMUTCA B 3E€MIIIO.
MonHUEOTBO] COCTOUT M3 MOJHUEIPUEMHHUKA, HEIOCPEICTBEHHO BOCIIPUHUMAIOIIETO Ha cels
yZlap MOJIHHUH, TOKOOTBO/A U 3a3€MJIUTEIIA.

MoJHHEOTBObI IO TUIY MOJHUENPUEMHUKA PA3JIEISIIOTCS HA CTEPKHEBBIE U TPOCOBBIE.
Crep)KHEBbIE MOJIHUEOTBOJIbI BBIMOJHSIOTCS B BUJEC BEPTUKAIBHO YCTAHOBJICHHBIX CTEpP)KHEH
(Ma4T), COEIMHEHHBIX C 3a3EMIIUTEIICM.

TOKOOTBOJIOM Cily’KaT METAJUIMYECKUE UIIH KEJIe300€TOHHBIE ONOPHI WJIN CTaJIbHbBIE ITPO-
BOJIA ceueHHeM He MeHee 50 MM, aKTHBHOE CONPOTUBJICHHE KOTOPBIX COCTABIAET JOIU OMa, a
WHAYKTUBHOCTh 3aBUCHUT IIPEKJE BCETO OT €ro JIWHBL. Y AeTbHas MHIYKTUBHOCTh TOKOOTBOJIOB
L, 3aBHCHT OT KOHCTPYKIIMH MOJTHHEOTBOJIA ¥ n3MeHsercs B quanasone (0,4 + 1,7)107° I'u/u.

3a3eMIIMTENH JIENSTCS Ha €CTECTBEHHBIE U UCKYCCTBEHHbIE. B KauecTBe eCTeCTBEHHbIX 3a-
3eMJIUTENEH CTEPIKHEBBIX MOJHHUEOTBOJOB MCIIONB3YIOTCS MX JK€1€300€TOHHbIE ()YyH/IaMEHTHI.
J1J1st MICKYCCTBEHHBIX 3a3eMJIUTENEH UCIIONBb3YIOTCS BEPTUKAIBHBIE M TOPU30OHTATIbHBIC SJIEKTPOIbI
(3a3emumTenu). [l ropu30HTANIBHBIX 3a3€MIIMTENEH NCIIONIb3YETCs CTaIbHAS MIIM MeJIHas 10JI0ca
C TUIONIA/IbIO TIOTIEpEeYHOTO ceueHus 6oinee /00 MM% utst cTand ¥ 50 mm? IUISL MEIH W MHOTO-
TIPOBOJIOUHBIH METHBIH KaHAT C TIONIEPEYHBIM CeueHneM He MeHee 35 mu?. B kauecTBe BepTHKAI-
HBIX 3a3€MJTUTENIeH TPUMEHSIOTCS CTaTbHBIE TPYOBI, CTEP>KHU U MPOUIbHAS CTab.

3a3eMIIMTENb XapaKTePU3yeTCs 3HAUEHUEM CONPOTHUBIIEHUS, KOTOPOE OKPYXKaroias 3eMJIs
OKa3bIBAET CTEKAIOIIEMY ¢ HETO TOKY. CONpOTUBICHNE 3a3EMIIUTEINS 3aBUCUT OT €r0 reoMeTpHye-
CKHX Pa3MepOB U YAEIbHOTO CONPOTUBIICHUS TPYHTA P, B KOTOPOM OH HAXOIUTCS.

Jns mpuONIMKEHHOTO pacueTa CONPOTHBIIEHUS 3a3€MJIEHUS OJMHOYHOIO CTEPKHEBOTO

MOJIHHEOTBO/Ia WM JUHEHHON OMOPBI UCTIONB3YIOTCS cienyronue GopMybl:

. ConpoTuBIeHHE KeIe300eTOHHOTO (PyHIaMeHTa

_ P\ (2 _
Ry = 1.7 x (Znt) In (F>,me t = hq,

. ConpoTuBieHNE TOPU3OHTATILHOM MOJIOCHI

(&) m ()]

Ma*N

o1

. ConpoTuBieHne BEpTUKATbHON TPYObl TN CTEPKHS

41 (2t +1
RTP: L .In (——i_)
27l d (4t +1)
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rae | — qmHa TpyObl WITH TTOJI0CH;

t — rmyOmHa 3aJIeraHus MOJIOCHI, BEPXHETO KOHIIA BEPTUKAILHOTO AIEKTPO/Ia WIIH HIKHETO
KOHIIa ()yHJAMEHTa;

b — mupuHa mosock! Wik GyHIaMEHTA;

d — nuamerp TpyOBI HIIH CTEPKHS.

Paccunrannbie mo Gpopmynam COMPOTHBIICHUS 3a3eMIIUTENCH HA3bIBAIOT CTAIIMOHAPHBIMH.

[Tpu poxoKaeHUH Yepe3 3a3eMIIUTENb UMITYJIbCa TOKa MOJTHUY COTIPOTHBIICHUE 3a3EMJTH-
TS OTJIMYACTCS OT PACCYMTAHHOTO 1O (hopMyJiaM, TaK KaK IPH 3TOM BOKPYT 3a3eMJIUTENs o0pa-
3YIOTCSl 30HBI MCKPEHHS, KOTOPbIE KaK Obl YBEJIMYMBAIOT pa3sMepsl 3IeKTpoaoB. C Apyroi cro-
pOHBI, 6I)ICTpOC HapaCTaHI/Ie I/IMHy.HI)CHOFO TOKa CO31acT MMaacHUEC HaprDKCHI/Iﬂ Ha I/IHILYKTI/IBHO-
CTHU HpOT?DKeHHOI‘O 3a3€MJIUTECIIA, UTO OFpaHI/I‘-II/IBaCT OTBOJ TOKaA C y,[[aJIGHHI)IX ero qaCTeﬁ.

Bnusiaust 9THX ¥ psia Apyrux GakToOpoB YUUTHIBACTCS UMITYJILCHBIM KO3(DOUIIUEHTOM Oy

Ecnu 3a3emimtenb COCTOMT M3 n TPYO WIIM IOJIOC, TO €r0 UMITYJIbCHOE CONPOTHUBIICHHE
paBHO
B Ou * Ry,

R )
b My *n

/1€ Ny —MMIYJIbCHBIA KO (DHUIIMEHT NCTIOBE30BaAHUS 3a3EMITUTEIS, YIUTHIBAIOIINN YX VI~
HIEHUE YCTIOBUM PACTEKAaHUs TOKA MOJIHUU BCJIEACTBUE B3aMMHOTO SKPAHUPOBAHUS 3JIEKTPOJIOB.

NmnynbcHbie KO GUIIMEHTHI JaXKe ISl KOHKPETHOTO PACIOJIOKEHUS U Pa3MEPOB DIIEK-
TPOJIOB HE SABJISIFOTCS BEIMYMHON NOCTOSHHOMN U 3aBUCAT OT aMIUIMTY/bI TOKA, YAECIBHOTO COIPO-
TUBJICHUS U IPOOUBHOM HANPSHKEHHOCTH TPYHTA.

YcpenHeHHbIe 3HAUSHUS OU U MU 711 HEKOTOPBIX KOHCTPYKIIMMA 3a3eMITUTENeH MPUBEICHBI
B Tabm. 1.

Pacuer conpoTtuBieHus 3a3eMIIMTEINST HAUMHAECTCS C ONPEIEICHUS CONPOTUBIICHUS JKelle-
300€TOHHOTO PyHAaMeHTa o Gpopmyiaam

[TockonbKy UMIYIBECHOE COMPOTHBICHHE (DYHIaMEHTa, KaK MPaBUIIO, OOJNbIIE AOMYCTH-
Moro 3HaueHus 3azemiurens (R3 = 10 Om), To Bo3HHKaeT HEOOXOAMMOCTb COOPYKEHUs JOMOJI-
HUTEJIBHOTO (MCKYCCTBEHHOT0) 3a3emuutens. [lapamnensHoe coeuHEHNUEe COMPOTUBICHUS (PyH-
JTaMEHTa U UCKYCCTBEHHOIO 3a3€MJIUTEIISI HE TOHKHO mpeBbimath 10 Om. [osToMy nMnynbcHOe

COIPOTHBIICHUE UCKYCCTBEHHOTO 3a3€MJTUTEIISI BEIYHUCIISETCS 110 ClIeAytomei (hopMyire
R R Ry,
U —
qu - R3
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Tabmwmia 1

Ou TIPU YACTIBHOM CONPOTUBIICHUH p, OM M

3a3zeMiIuTeNb Nu 100 (rnuHa, yep-
200 (CyrJIMHOK) 500 (cymecox)
HO3EM)

BeprukanbHble  CTEp)KHH,
COCIMHCHHBIC IIOJIOCOH
(paccrosinue MEXKY
CTEP>KHSIMHU BABOE OOJIbIIIE

0,75

WX JUIMHBI) B KOJIMYECTBE:
2-4 0,5 0,45 0,3

8 0,7 0,55 0,4

15 0,8 0,7 0,55

JIBe TOpU3OHTANIBHBIE IIO-
JIOCHI JJIMHOM TI0 5 M, pac-
XOAsIIMecs B MPOTUBOIIO-
15 0,65 0,55 0,45
JIOKHBIE CTOPOHBI OT TOUKH

MIPUCOCTUHEHUS

TOKOOTBOAA

B kauecTBe MCKYCCTBEHHOTO 3a3€MIIUTENSI B TPYHTE C YJECJIbHBIM CONPOTHUBIIEHUEM p =
(100+200) Om*M crenyeT BEIOpaTh HanboIEe MPOCTON NCKYCCTBEHHBIN 3a3€MIINTEIb, COCTOSIIIUI
U3 JByX TOPU30HTAIBHBIX Noj0c mupuHoil 0,04 M 1 nnuHOM 1o 5+10 M, CUMMETPHUYHO pPacxos-
HIMXCS OT TOUKH MPUCOEIMHEHHSI TOKOOTBO/A U PACIIOJIOKEHHBIX Ha TiyouHe 0,5 M.

NMnynibCcHOE COMPOTUBIIEHUE TAKOTO 3a3€MJTUTENISE BBIUMCISIETCS 110 (popMyJiaM U paBHO

&)n(2):
ml Vot/l

Ma*N

o1

3HayeHus Kod3PpPUIHUEHTOB dx , N BIOMpaeTcs no Tadnuue 1.
Ecnu nmmynscHOE CONPOTHUBIICHNE HCKYCCTBEHHOTO 3a3€MIIUTEIS B BUJE MOJIOC:

RI'II/I S RI/II/I

TO O6H_ICC HUMITYJIbCHOC COITPOTHUBIICHUC 3a3CMIIUTECIIA

= R R 10 0y
R(DH + RHI/[
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Ecnu HepaBeHCTBO HE BBINOJIHACTCS, TO HEOOXOAMMO YMEHBUINTD UMITYJIbCHOE COIIPOTHB-
JICHHE UCKYCCTBEHHOI'O 3a3eMIUTENs. J{JIs 3TOro ciieayeT K FOpU30HTaIbHBIM [10JI0CaM IIPUCOEIU-
HUTH (C TOMOLIBbIO CBAPKHU) BEPTHUKAIbHBIE CTEPKHU B BUJE TPYO AnuHOM 2+3 M ¢ auamerpoM 0,05
cM. TpyOslI K 1oj10caM NPUCOEAUHATH HA PACCTOSHUU BABOE OOJIbIIE UX JJIUHBI.

NMmynbcHOE CONPOTUBICHUE BEPTUKAIBHBIX TPYO paBHO

FAMEICDIN
271 )\ d(4t+1)

My N

3naueHuss kK0d(HPUIUEHTOB Oy , NMu BbIOUpaeTcs mo Tadu. 1. M3mMeHss KOIU4YecTBO WU

R

P

JUIMHY TpyO HE00X0uMO TOOUTHCS, 4YTOOBI apaienbHOe COEAUHEHNE Ry U Ripy OBLIIO MeHbIIIE

uiu paBHO Ruy. Torma

‘R, R
R,, = Rass Riun *Rrvi <R, =10 Om

(RCDI/I RHH + R(DH RTPH + I:QTPH RHI/I )

Pacuer HMITYJIbCHOT'O COIMMPOTUBIICHUSA 3a3CMIIUTECIIA 110 HpHBeHeHHOﬁ MCTOJHMKE JacT OLIC-

HOYHBIN PE3YJIbTAT.

Ho Hago oTMeTUTh, 4YTO CONTPOTUBIICHUE TPYHTA BEIMUMHA IEPEMEHHASL HE TOJIBKO 10 TIIy-
OMHE pacroI0XKEHUs 3JIEMEHTOB 3a3eMJIMTENs], HO OHO M3MEHSETCs B TEUCHHUE Ce30Ha IPO30BOM
JIEATEIILHOCTH B PA3HOM CTEIIEHM B PAa3HBIX PallOHAX CTPAHBI.

[Ipu u3MepeHusx yaenbHOro CONPOTUBIICHUS TPYHTA BBOAST TaK Ha3bIBAE€MbIN CE30HHBIN
K03 PUIHUEHT, KOTOPBII MOXKET U3MeHAThCs OT 1,4 10 2,6. [Io3TOMy TOUHBIE pacueThl UMITYJIbC-
HBIX COIIPOTUBIIEHUH 3a3€MIIMTENEH HA TPAKTUKE IPUMEHSIOTCS PEAKO.

[IpocTpancTBO BOJIM3M MOTHHEOTBO/IA, 3aLIUILIEHHOE OT MONAaJaHUi MOJIHUH, Ha3bIBaeTCs
€ro 30HOU 3aIUTHI.

30HBI 3aIUTHl MOJIHUEOTBOJIOB YCTAHOBJIEHBI Ha OCHOBE JIAOOPATOPHBIX UCHBITAHUH, U
HaJIe)KHOCTh UX MOATBEPKACHA MHOTOJIETHUM OIIBITOM 3KCIUTyaTalluy. 30HA 3aIIUTHI OIMHOYHOTO
CTepKHEBOro MoJiHueoTBoa BeicoToi H < 30M mpezncrapnser co0oil KpyroBoil KOHYC ¢ BEpILIHU-
Hoii Ha BeicoTe 0,9H, ceuenne koToporo Ha BbicoTe hx UMeeT paanyc rx.

J11s 066eKTOB BbICOTOM hx < 20 M paguyc rx BRIYHCIsAETCS MO hopmMyIie

hX
r=15H-——
0,92
HpI/I MMPOXOKACHUN TOKA MO0 MOJIHUCOTBOAY CO3HACTCA MaACHUC HANPSAKCHUA Ha COIIPO-

TUBJICHUH 3a3eMiuTeNs R3 M Ha MHIYKTUBHOCTH TOKOoOoTBOja. Ilpu cpeanelt kpyrtusHe (poHTa

TOKa MOJIHUU
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MaxkcuManbHBIH MOTEHIMANI B TOYKE MOJHHEOTBO/A Ha paccTosiHUU hx = h oT 3a3emmu-

TCJIA, T.€C. HAa BBICOTC 3alIMIIACMOI'0O O6’beKTa, HaCcTynacT B MOMCHT MaKCUMyMa TOKa MOJIHUH
Uy =Rsl, +Lh-,

rac Lo— HHAYKTHUBHOCTb €AWHHUIIbI IJIMHBI MOJTHUCOTBO/AA, 3aBUCAIIAsA OT KOHCTPYKIUHU
TOKOOTBO/JaA.

3aH_[I/IH_[aeMBII71 00BEKT JOJDKCH ITIOJIHOCTBIO BXOJUTH B 30HY 3allUThl MOJIHUCOTBOIOB.
Bwmecte ¢ TeMm oH IOIDKEH pacmoJiaratbCda Ha ONpeaACICHHOM PaCCTOAHUN OT HUX. Ecnu sto pac-
CTOAHHUEC MCHBILIC AOITYCTHUMOI'0, TO IIPpHU yAapax MOJIHUH MOTYT HNPOUCXOAUTD IICPEKPBITHA C Ya-
cTe MOJIHMEOTBO/Ia Ha 3alIMIIAEMBbIN O0OBEKT. HpI/I YCTAHOBKE OTACJIbHO CTOALICTO CTCPKHEBOT'O
MOJIHHCOTBOAA JOJI?KHO CO6JIIOIIaTI>C$I Oe3omacHoe pacCToOAHHUE 1O BO3AYXY U B 3EMJIC OT MOJIHHEC-
OTBOJIa M €r'0 3a3EeMIIHUTEIICH 0 3JIEMCHTOB 3aIUIIAcMOTO 00BEKTA.

MuHUMaJIbHO AOITYCTUMOC PACCTOSAHUC 110 BO3AYXY IMI/IH.B OT MOJIHUCOTBOJa A0 3alluiiac-
MOro oOBeKTa pPacCUUTBIBACTCA C YUCTOM HOHYCTHMOﬁ HaAIIPAKCHHOCTU SJICKTPUYICCKOI'O IT1OJIA E

= 500xB/M, HO HE MeHbIIIE 5 M.
Ry, +Lha,
MuH.8 500

MakcuMaTbHbBII MOTCHIMAI B TOYKE MOJIHUCOTBO/JIa HA YPOBHE 3€MJIM HACTYIIACT TAKXKC B

>5m

MOMCHT MaKCUMYyMa TOKa MOJIHUH U PAaBCH

U =R,l,

3
MuHuMaabHOE pacCTOAHHUE B 3EMJIC IMHH,g MCKAY 3a3CMIIUTCIIEM U Omkaiei K HEMY TOY-
KOH 3a3eMIJICHHS 3aIUIIaEMOTO 00BEeKTa pacCUUTBIBACTCA C YUCTOM I[OHYCTI/IMOI\/'I HAIPsSP’KCHHOCTHU

anekTpuaeckoro nois B 3emiie E = 300kB/m, HO He MeHbImie 3 M.

| :ﬂ >3 m

Pannyc 3amuiaeMoit 30HpI MOJTHUEOTBO/IA HAa BRICOTE 3allIHIaeMoro oowsekTa h onpene-

nsieTcs, ucnoinb3ys Teopemy [udaropa

3Has paguyc 3allUIIaeMOoil 30Hbl U BBICOTY 3alUIIAEMOT0 00BEKTa, BBICOTY MOJHHUEOT-

Boza H onpenenstor u3 cooTHOIIEHUS
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H=| 2 |+100n
15

B anektposHepreTruke 4acTo NPUHUMAIOT pacueTHbIC 3HAYCHHS TOKAa MOJHHUU U CpPEeIHEN
KPYTH3HBI €ro ()pOHTA, COOTBETCTBEHHO, 60 KA 1 30 KA/MKC, @ MHTYKTUBHOCTh €IMHMIIBI JUTHHBI

TokooTBOma Lo = 1,7 Mxl['H/M.

| =012R,+0,1h

| =0,2R,

MUH.3
OTMeTHM, YTO Ha MPAKTUKE HHOTIA IPUXOAUTCS 10 U3BECTHBIM | yyw 3, | wuns M h HAXOUTH
[0 BBIIICTIPUBEICHHBIM (hOpMYJIaM BEJIMYMHY CONPOTHBIICHUS 3a3eMJICHHUsS, 00ECTICUNBAIOIIYIO

0€30aCHOCTb COMYKEHUS] MOJIHUEOTBO/IA U 3aIIUIIaeMOTro 00BEKTA.

Ykazanue k pewenuio 3a0auu Ne3

Pemmrs cormmacuo ITYD.

Ykazanue k pewenuio 3a0auu Nod

B mporecce sKkcrutyatanui BBICOKOBOJIBTHOIO 000PYIOBaHUS U3-3a NEpErpena, yBIaxHe-
HUS, MEXaHUYECKHX MOBPEXKICHUH U Nepe HaNPSHKEHUH TPOUCXOAUT 001Iee CTapeHne U30IISIIHH.
B u3ondumy Bo3HUKAIOT pacrpeielieHHbIe U MECTHBIE (cocpeioToueHHbIe) nedekThl. [locTeneHHo
pa3BUBAsCh, 3TU Ae()EKThl CIOCOOHBI HACTOJIBKO CHU3UTH MMPOOMBHOE WIIM Pa3psAAHOE HAIpsKe-
HUE, YTO M30JIALNS MOXKET HE BBIIEPKATh EPEHANPSKEHUHN, BPEMsI OT BpEMEHH NOSIBIISIFOIINXCS
B QJIEKTPUYECKUX CUCTEMAX, WIH Jjake pabouero HanpspKeHuUs.

B GonpmmmHCTBE ciydaeB 3TH /1e(EKThl HE MOTYT OBITh OOHApPY)KEHbI IIyTEM MPOCTOIO
O0CMOTpa M30JISIIMU U JJIS MX BBISIBICHUS HEOOXOMMBI ClIeMaIbHbIe METOAbI UCTIBITAHUH, KOTO-
pble Ha3bIBAIOTCS MPOPUIAKTUIECKUMHU.

I'pynna npodmiakTH4eCKUX METOAOB KOHTPOJIS U3OJISAIMHU, IPH KOTOPBIX UCHOIb3YIOTCS
[0 CPaBHEHHUIO ¢ pabOYMMHU Malible HalpsKEHUs. U pa3lInyHble KOCBEHHBIE CIIOCOObI OIIEHKHU Xa-
PaKTEPUCTUK U30JISIIMY HAa3bIBAETCSA HEpa3pylIaoUIe UCHbITaHus. [Ipyryto rpymmy ucnbITaHuR
C HCIIOJIb30BAaHUEM HANPSIKEHHs, TOBBIIIEHHOTO MO CPaBHEHHIO C pabO4YMM U BBI3BIBAIOIIETO
YCKOPEHHOE Pa3pylIeHHE U3OJSAIUH B 1e(DeKTHOM MECTE, HAa3bIBAIOT PAa3pyIIAIOIINMHU HUCIIBITAaHH-
SAMHU.

Jljig Ka)k0ro BUAA M3OJISIUU XapaKTEpHbI ONpeaeTeHHbIe BUbI 1e(EKTOB U MPUMEHSI-

IOTCS Pa3TUYHbIE METO/IbI TPO(UITAKTUYECKUX UCTIBITAaHUHN. [1epnoIuaHOCTh U HOPMBI HCITBITAHHUH
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YCTaHaBJIMBAIOTCS CTAH/IAPTAaMU U BEIOMCTBEHHBIMHA MHCTPYKIUSAMH JJI KaKJIOTO BUAA AIEKTPO-
000pyTI0BaHUs.

CornacHo CyLIECTBYIOIIHUM IIPEACTABICHUSIM OCHOBHON IPUUMHON CTApEHUs BHYTPEHHEN
M30JSIUUN TIPY BO3ACHCTBUU CUIIbHBI AJIEKTPUUECKUX TOJIEH SIBISIOTCSA TaK HAa3bIBA€Mble YaCTHY-
Hble paspsanasl (UP). UP Bo3HMKAIOT B ra30BBIX BKIIOUCHUSX WIIHM MPOCIONKAX KHIKOTO JTHUAJICK-
Tpuka. CKOPOCTh pa3pylleHUs] U30JISLUU 3aBUCUT OT UHTeHCUBHOCTH YP. Perucrpanus uHTeH-
cuBHOCTH YP BO Bpems 3KCIITyaTalllii BBICOKOBOJIBTHOT'O 000py10BaHUS U B 1a00PATOPHBIX yCIIO-
BUSIX IIPOBOJIUTCS C MIOMOILBIO JIEKTPHUUECKUX, ONTHYECKUX U YIbTPAa3BYKOBBIX METOIOB.

[IpoHMKHOBEHME B M30JSLUIO U3 OKPYKAOLIEH Cpe/ibl BJIaru, pa3jIndHbIX IPUMECEH U KUC-
JI0pOJ1a 3HAYUTENIBbHO YCKOPSIOT MPOLIECCHl CTAPEHMSI U30JISLUH.

[Ipu HepazpymarOIIUX METOAAX MCHBITAHUH JUJISl OLEHKHU KauecTBa M30JIALUU UCIOJIb3Y-
IOTCSI UBMEPEHHUSI XapaKTepa U3MEHEHHUs XapaKTePUCTUK JUAJIEKTPUKOB BO BPEMEHHU, OT YaCTOThI
WCIIBITATEIBHOTO HANPSYKEHUS U OT TEMIEPATYPBI.

B xauecTBe BHyTpeHHEHN N30JISILIMU BBICOKOBOJIBTHOTO 000PYA0BaHUs OYEHb YacTO MTPUMe-
HAIOTCA KOMOMHALIMY AUAJIEKTPUKOB, COUETaHUE KOTOPBIX MO3BOJISET MOIy4YUTh Haubosee 6aro-
MPUSITHBIE CBOMCTBA U30JIALIMOHHON KOHCTPYKIMHU. B 4acTHOCTH, O4eHb OOJIBIIOE pacpoCTpaHe-
HUE MOJy4Yuia CIOUCTas U30JISIIUS, B COCTaB KOTOPOI BXOJAST NPOIUTAHHBIE MACIaMU BOJIOKHU-
CThI€ MaTepuasbl TUa Oymaru (kabenu, KOHJIEHCATOPHI, TpaHCHOPMATOPHI | 1Ip.).

VYXyzlueHue kauecTBa CIOMCTON M30JISALHUY B OOJIBIIMHCTBE CIy4YaeB MPOUCXOAUT MyTEM
6oJiee UM MeHee OHOPOIHOTO U3MEHEHNUS CBOICTB OJJHOTO U3 CIIOEB, TOT/ja KaK XapaKTepHCTUKA
JPYTHUX CJIO€B OCTAKOTCS NPAKTUYECKH HEU3MEHHBIMHU. JTO MPUBOAUT K U3MEHEHUIO HEOJIHOPO/-
HOCTHU n3oisiiuu. [1o xapakTepy 3TOro H3MEHEHHsI MOKHO CYJUTh O COCTOSTHUU M30JISLIUH.

B npocreiiniem ciiydae HE0THOPOAHASI U30JISALUS COCTOUT U3 JBYX CJIOEB, KAXKIBINA U3 KO-
TOPBIX XapaKTEPU3YETCs CBOEH yIEIbHOW MPOBOAUMOCTBIO CIOEB Y U JUAJIEKTPUUECKON TIPOHU-
LIaEMOCTBIO €. MozieNb ABYXCIOMHOTO TUIEKTPUKA IIPEICTaBICHA HA PUC. 2.

JIns aHanmu3a mpoueccoB B MOJENHU ABYXCIOMHON U30JIAILIMN MOKHO UCIIOJIb30BaTh CXEMBbI
3aMelIeHMs, TOKa3aHHbIe Ha puc. 2. B cxeMe Ha puc. 3, a CONnpoTHUBIIEHNE YTEUKH IIEPBOTO U BTO-

PpOro CJI0CB B YCTAHOBUBHICMCA PCIKUME COOTBETCTBCHHO PABHBI:

ij

\&\\\\\

7\

Pucynok 2 — Mojienb 1ByXCIOWHOTO IU3JIEKTPUKA
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Pucynok 3 — Cxema 3aMenieHus JBYXCIOWHOTO IUAJIEKTPUKa

[Tpu MoOAKIIIOYSHNU AUAICKTPUKA K UCTOYHHUKY C TIOCTOSIHHBIM HaIpsDKEHHEM, KPOMe T10-
CTOSTHHOT'O TOKA YTE€YKH M3-32 MUTPAIIMOHHOH MOJISIPU3ALUH AUIIECKTPUKOB, B TEUSHHE HETIPO0JI-
KHUTEITHHOTO BpEMEHH HAOJI0AAeTCs TaK HA3bIBAEMBI TOK a0COPOIUH.

Co BpemeHeM TOK abCOpOIMU CIaiaeT 10 HyJs M0 SKCIOHEHIIMAIbHOMY 3aKkoHy. B mpo-
1ecce CTapeHus U30JISIMY, HAIIPUMEP YBIQXKHEHHH OJHOTO M3 CIIOEB, TOK aOCOPOIMH YMEHBIIIa-

ercs. ITo 00CTOATENBCTBO HCIIOJIB3YCTCA IJIsI KOHTPOJIA COCTOSHUS U30JISIIHUU.
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5. Inan-2paghux evinonnenusn 3a0anus

AYIOIIHUX 9TAaIIOB:

Paborta Hag KOHTPOIBHON PabOTOM MOXKET OBITh MIPEICTABICHA B BUJIC BHITIOJHEHUS CIIC-

Ne
HaumeHnoBanue stana Cpoku BBINOJTHEHUS
/i
Ounas popma o0OyueHust
Ha nepsom
1. [Tonyuenus 3aganus
IIPAKTUYECKOM 3aHSATUU
Ha neppom
2. [lepBuuHas KOHCYIBTAIMS C MIPENOaBaTEIEM
MPAKTHYECKOM 3aHSATUU
3. PaGora ¢ nHpOpMAITMOHHBIMH HCTOYHUKAMH B teuenuu cemectpa
4. Hanmcanue KOHTPOJIbHOW pabOTHI B teuenun cemectpa
5. [IpenocraBienne KOHTPOJIBbHOM paboThI Ha Kadenpy B teuenun cemectpa
Ha nocnennem
6. 3ammTa KOHTPOJIBHON paboOTHI
IPAKTUYECKOM 3aHSATUU
3aounas popma o0yueHus
Ha nepsom
1. [Tonyuyenus 3ananus
IPAKTUYECKOM 3aHSATUU
Ha nepsom
2. IlepBuuHas KOHCYIbTALUS C PENOIABATENEM
IIPAKTUYECKOM 3aHATUU
3. Pabora ¢ nHpOpMaAIIMOHHBIMH HCTOUHUKAMHU B teuenuu ceccumn
4. Hanucanue koHTposbHON paboTHI B teuennn ceccun
S. [IpenocraBieHne KOHTPOJIBLHON PabOTHI Ha Kadenpy B teuennu ceccun
Ha nocnennem
6. 3ammTa KOHTPOJIHLHON pabOTHI
MPaKTUYECKOM 3aHATUN
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6. Kpumepuu ouenueanus paoomaol

B OCJIAX MMOBBINICHUA Ka4CCTBA BBIMTOJIHACMBIX KOHTPOJIbHBIX pa60T npenoaaBaTejib pyKo-
BOACTBYCTCH CICAYIOIIUMU KPUTEPHUAMU OLCHUBAHUA ITMCbMEHHBIX pa60T CTYACHTOB.

Ouenka «zaumeno (Omanyno))» 6blCMAGAACMCA, eC/IU CIYOCHM.:

— MPEICTaBUII pacueTHO-TpapuuecKyto paboTy B yCTaHOBIEHHBIN CPOK U 0(OpPMUII €€ B
CTPOTOM COOTBETCTBUH C U3JIOKEHHBIMU TPEOOBAHUSIMH;

— UCIOJIb30BaJ PEKOMEHIOBAHHYIO U JOIOJHUTEIBbHYIO yUEOHYIO U CTPAHOBEUYECKYIO JIH-
Teparypy;

— MY BBIIOJHEHUH YIPaKHEHUH MOKa3ajl BHICOKUI YPOBEHb 3HAHMSI JIEKCUKO-TpaMMaTH-
YECKOr0 U CTPAaHOBEIYECKOr0 MaTepuaia Mo 3aJaHHOW TeMaTUKe, MPOSIBUII TBOPUECKHUI MOIXO0]
IIPY OTBETE Ha BOMPOCHI, YMEHHE TI1yOOKO aHAIM3UPOBATh PodIieMy U JesaTh 0000I11at011e Bbl-
BOJIBI;

— BBINOJIHWI pabOTy TPaMOTHO C TOUKH 3pEHMSI IOCTaBJICHHOM 3ajauu, T.€. 0€3 oluOoK U
HEJI0YETOB WX JAOIYCTHII He 00jIee OJJHOrO Helo4ueTa.

Ouenka «3aumeno (Xopouio)» 8bICIABIACHICA, €C/IU CHLYOCHM:

— MPEJICTaBHII pacueTHO-TpapUuecKyt0 paboTy B YCTaHOBIEHHBIN CPOK U 0(OPMUII €€ B
COOTBETCTBUH C U3JI0KECHHBIMU Tp€6OBaHI/I$IMI/I;

— UCTIOJIh30BAJI PCKOMEHIOBAaHHYIO U JIOTIOJIHUTEIBHYIO JIHTEPATYPY;

— MPU BBINOJHEHUH YITPAKHEHUH MOKa3all XOPOIIHi ypOBEHb 3HAHUS JIEKCUKO-TpaMMaTH-
YeCKOTr0 ¥ CTPaHOBEAYECKOr0 MaTepHraia 1o 3aIaHHON TeMaTHKe, TPAKTUYEeCKH IPaBUIBLHO chop-
MYJIIMPOBAJI OTBETHI HA ITOCTABJICHHBIC BOIIPOCHI, MPCACTAaBHUII O6HI€€ 3HAHUC I/IH(bOpMaIII/II/I I10 Ipo-
oieme;

— BBIMOJHWI paboOTy MOJHOCTHIO, HO JOMYCTUJ B HEH: a) He Oojee OqHOW HerpyOoun
OIIMOKU ¥ OJJHOTO Hefo4eTa 0) Uiu He 0oJiee IBYX HEJIOUETOB.

OueHKa «3aumeHo (Y0081emeopumesibHo)» 8bICHIAGIACMCA, eC/IU CHIYOCHNL:

— MpeACTaBUI pabOTy B YCTAHOBIIEHHBIM CPOK, MpH 0(OpMIICHUH pabOThl AOMYCTUIT He-
3HAYUTEJIbHBIC OTKIOHEHHUS OT U3JI0KEHHBIX TpeOOBaHU;

— MOKa3aJ JOCTAaTOYHbIE 3HAHUS 110 OCHOBHBIM T€MaM KOHTPOJIBHON paboThI;

— MCII0JIb30BaJl PEKOMEHIOBAHHYIO JTUTEPATYDY;

— BBITOJIHWI HE MEHEe TOJI0OBUHBI Pa0OThI WM JIOMYCTHII B HEW a) He Oosiee IBYX IpyObIxX
omnooK, 6) uiu He 6oJee 0 JHOM rpy0oii OIMOKK M OJJHOTO HEZI0YETa, B) WM He OoJiee IBYyX-Tpex
HErpyObIX OIMOOK, T') WM OJHON Herpy0oil OIIMOKM U TpeX HEI0YETOB, 1) WIH IPU OTCYTCTBUU

omuOO0K, HO TIPU HAJTUYUU 4-5 HETOUYETOB.
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Ouenka «nezaumeno (1eyoos1emeopumesivbio)y) 6blCmagiaemc:

— KOT'JIa YMCJIO OIMOOK U HEJJOYETOB MPEBOCXOUT HOPMY, IIPH KOTOPOH MOXKET ObITH BbI-
CTaBJICHA OLIEHKA «3aYTE€HO (yIOBJIETBOPUTEILHO)» WIH €CIIU IIPaBUIIBHO BBIIIOJHEHO MEHEE I10-
JIOBUHBI PabOTHI;

— €CJIM CTYJIEHT HE IIPUCTYIa K BBIIIOJHEHUIO pa0OThI WM MPAaBUIIBHO BBIIOIHUI HE 00-

nee 10 mpoLIeHTOB BCEX 3aJIaHUM.
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7. Ilopaook 3auwgumut padomul

HanucanHas cTy1leHTOM KOHTpOJIbHAs paboTa ciaercs Ha Kadenpy B CpPOK Ul peLeH3H-
poBaHus. CTyAEHT 3allMIIAeT pacyeTHO-rpaduuecKyro paboTy 10 SK3aMeHa (3aueTa) nepes mnpe-
nonasaresneM. bes 3ammtel KP cryneHT k sk3aMeHy (3a4eTy) He JOIycKaeTcsl.

Pabota He nomycKaeTcs K 3aIlUTe, €CJIM OHAa HE HOCUT CAMOCTOSATENILHOTO XapaKTepa, CIIH-
caHa M3 JMTEpPaTypHbIX UCTOUHUKOB WM y JPYI'MX aBTOPOB, €CJIM OCHOBHBIE BOIIPOCHI HE pac-
KPBIThI, U3JI0KEHBI CXEMaTUYHO, (parMEHTapHO, B TEKCTE COJEPKATCS OIIMOKHU, HAyYHBIN amma-
pat opopMIIeH HeNPaBUIIbHO, TEKCT HAITUCaH HEOPEIKHO.

B xoze 3amuThl KOHTPOIBHON PabOTHI 3a/1a4a CTYICHTa — I0KA3aTh YTIyOJICHHOE IOHH-
MaHHUE BOIIPOCOB KOHKPETHON TEMBI, XOPOIIEE BIIaIEHUE MAaTEPUAIOM I10 TEME.

3amura pacyeTHO-rpaduueckoil paboThl MOKET MPOXOIUTh B PA3IMYHBIX (hopMmax IO
YCMOTPEHHIO NPENOAaBaATENs:

— B (hopMe UHIMBUYaTIbHOU Oeceibl CTy/IeHTa C PyKOBOJAUTEIEM 110 OCHOBHBIM IOJIOXKe-
HUSM pabOThI;

— B (hpopMe MHIMBUAYAIbHON 3alUThl B IPUCYTCTBUM BCEH TPYIIIBI CTY/IEHTOB;

— B (hopMe rpynnoBoi 3aluThl — OJIHOBPEMEHHOM 3aIUThl KOHTPOJILHOW paboThI IO Of-
HOMY HallpaBJICHUIO. B 3TOM cirydae KayKplii CIIEAUT 32 XOJI0M PaCCyKI€HUM TOBApUILEH, TOITOJ-
HSIET, YTOUHSIET UX, UTO, HECOMHEHHO, YCUJIMBAET pabOTy MBICIIHM U CLIOCOOCTBYET Pa3BUTHIO 3KO-
HOMMYECKOTO MBILIUICHUS.

JIro0ast popma 3alUThl KOHTPOIBHOM paboThl YUUT OTCTAaUBAaTh CBOIO TOUKY 3pEHUs, yoe-

JTUTEIHLHO apTyMEHTHPOBATH €€, YTO CIIOCOOCTBYET MEePEPACTAHUIO 3HAHUM B YOCKICHHUS.
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8. Yueono-memoouueckoe u ungpopmayuonnoe ovecneuenue oucyuniIuHbl

8.1 Ilepeuenv 0cHOGHOI U 0ONOIHUMENbHOU TUMEPAMYPbl, HEOOXOOUMOIL 01 0C80e-
HUA OUCUUNIUHDL

8.1.2 Ilepeuensv ochosHoll Numepamypol:

1. bouapos IO.H. TexHuka BEICOKHX HaMpsDKEHUH [ DIEKTPOHHBIN pecypc] : yueOHOe 1o-
cobue / FO.H. bouapos, C.M. lyakuH, B.B. TutkoB. — DneKkTpoH. TekcToBbie nanubie. — CII0.
: Cankr-IlerepOyprckuii monmurexHuuecknii yauepeuret Ilerpa Bemukoro, 2013. — 265 ¢. —

978-5-7422-3998-7. — Pexxum poctyna: http://www.iprbookshop.ru/43976.html

8.1.3 Ilepeuens 0ononnumensbHol 1UmMePAmypoL:

1. .dernos, H. B. CoBpemeHHbIe BUABI U30sUMHU. YacTh 2. N30SI BBICOKOBOJIBTHBIX
BBOJIOB [DNEKTPOHHBIN pecypc] : yueOHoe mocobue / H. B. lllernoB. — DneKkTpoH. TEKCTOBBIE
nanHbsle. — HoBocubupck : HoBocuOupckuii rocynapcTBEHHbIH TEXHUYECKUN YHUBEPCHUTET,

2010. —72 c.—978-5-7782-1317-3. — Pexxum nocryna: http://www.iprbookshop.ru/45161.html

8.2 Ilepeuens yueono-memoouueckozo obecneuenus camocmoamenabHoil padomol 00y-
YauUxca no OUCYUNIUHE

1. Meroanueckue yka3aHus 110 BHIIIOJHEHUIO MPAKTUYECKUX padoT o quctumimHe « Tex-
HUKA BBICOKHMX HaIPsKEHUIN.

2. Metoanueckue yKa3aHus 10 BBITOJIHEHHIO JJAOOPATOPHBIX PA0OT Mo AUCHUILIINHE «Tex-
HUKAa BBICOKMX HaIPSKEHUI.

3. Metoanueckue yKazaHus 10 BHITIOJTHEHUIO KOHTPOJIBHON paboThl IO qucuuIumHe «Tex-
HUKAa BBICOKMX HaIPSYKEHUIN.

4. Meroanyeckue yKa3zaHHs 110 OpraHu3alldy U MPOBEJCHHUIO CaMOCTOATENbHOM paboThl

10 AUCIUIIIINHE «TexHnKa BRICOKAX H&Hpﬂ)KGHHfI)).

8.3 Ilepeuens pecypcoé unghopmauuonno-meneKoMmyHuKayuonnou cemu Humepnem,
Heo0X00UMBIX 07151 0C6OCHUSA OUCUUNTIUHDL
1. http://lwww.biblioclub.ru -O5BC "Yuusepcurerckas 6ubnrorexka ormaiin"

2. http://www.iprbookshop.ru/ - DnexkrponHo- 6ubnuoreunas cucrema IPRbooks
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MUHHUCTEPCTBO HAYKHU U BBICIIEI'O OBPA3OBAHUS POCCUMCKOM
OEAEPALINN
denepanbHOE rOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTeNbHOE YUPEKICHUE
BhICIIET0 00pa30BaHuUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uactutyt (pruman) CKOY

MeTtoauyeckue ykazaHusi
110 OPTaHU3aIUK U TIPOBEICHUIO CAMOCTOSITEIIBHOIN paboThI
no aucimmmne « TEXHUKA BBICOKUX HATTPSDKEHUM»
JUISL CTY/ICHTOB HAIPaBJICHUS TIOJTOTOBKH
13.03.02 DneKTposHEPreTHKa U JICKTPOTEXHUKA

[Tsturopck 2025 r.
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~N oA oW

Conepxanue

BBenenue

OO01m1ast XapakTepUCTHKA CaMOCTOSITEIBHON PabOThl 00YJarOMIErocs Mpu u3yde-
HUM JUCIUTUTMHBI « TeXHHMKa BBICOKUX HANPSKCHUI

[Tnan-rpaduk BHIIOIHEHUS CAMOCTOSITEIbHON paboOThI

KoHTposbHBIE TOUKH U BUJIbI OTYETHOCTH 110 HUM

MeTtoanueckie peKOMEHIAUH 110 U3YYEHUIO TEOPETHUYECKOT0 MaTepuaa
MeTtoanueckue yka3zaHus 110 MMOATOTOBKE K KOHTPOJIbHOM paboTte

yLIe6HO'MeTO)II/ILICCKOG u I/IH(bOpMaI_[I/IOHHOG obOecrieueHue JUCIHUITIINHBI
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BBenenne

CaMocrosiTenbHas padoTa — riaHupyemas yueOHas, yae0HO-HCCIIeI0BaTEeIbCKasl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJICTBE IperojaBaTelisi, HO 0e3 ero HermocpeaCTBEHHOTO
ydactus (Mpy YaCTUYHOM HEMOCPECTBEHHOM Y4aCTHUHU MPENO0IaBaTelis, OCTABISIONEM BEYIIYIO
pOJIb 32 pabOTOMN CTY/IEHTOB).

CamocrosTenpHas pabora cTyneHToB B BY3e siBisercs Ba)KHbIM BHIOM YYCOHOW U Hay4-
HOM JIeSATEIBHOCTH CTY/ICHTA.

Benymas nens opranuszanuu u ocymiectsienus CPC momkHa coBnagaTs ¢ 1enpio ooyde-
HUS CTYyJIEHTa — IMOATOTOBKOM OakanaBpa ¢ BeicInM oopazoBanueM. [1pu opranuzaiuu CPC Bax-
HBIM ¥ HEOOXOMMBIM YCIIOBUEM CTAaHOBSTCS ()OPMUPOBAHUE YMEHHUS CAMOCTOSITEIILHON PabOThI
JUTSI IPUOOpETEHNS 3HAHNH, HABBIKOB M BO3MOXHOCTHU OpraHU3alluy yueOHOU U HAYYHOH e TeIIb-
HOCTH.

[lenpro camMoCTOSTETEHOM PabOTHI CTYJCHTOB SIBIISICTCSI OBNIaJCHUE (DYHIaMEHTATbHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPUYECKOH, HCCIEI0BATENbCKON NeATeNbHOCTH. CaMocTosITenbHas paboTa CTYyIEHTOB CIOC00-
CTBYET Pa3BUTHUIO CAMOCTOSITEIHHOCTH, OTBETCTBEHHOCTH M OPTaHM30BAHHOCTH, TBOPYECKOTO

MOJIX0/Ia K PELIECHUIO Mpo0JIeM y4eOHOro 1 NpoQeccroHaIbHOTO YPOBHSL.
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O01mas xapakTepuCcTHKA CAMOCTOSITEJIbHON PadoThl 00y4aK0IIerocs Npu u3y4eHuu

JUCHUILINHBI « TeXHUKa BBICOKHX Hanpmlcenni/i»

CamocrosiTenbHas paboTa - IulaHupyemMasi yueoHasi, yueOHO-UCCIIeJOBaTeNbCKas, HayYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHIIOIHIEMAas BO BHEAYTUTOPHOE (ayIUTOPHOE) BpeMs 110
3a/laHUI0 M TP METOJUYECKOM PYKOBOJICTBE INPENOJABATENs, HO 0€3 €ro HenocpeACTBEHHOIO
y4dacTus (IpU YaCTUYHOM HETIOCPEICTBEHHOM YYaCTHH IIPENOJABaTENsl, OCTABISIOLIEM BEIYILYIO
POJIb 32 pabOTOM CTYICHTOB).

CamocrosTenpHas pabora cTyeHToB B BY3e siBisercs Ba)KHbIM BHIOM YYCOHOW U Hay4-
HOU JIeATeNIbHOCTH cTyAeHTa. CaMocTosTeIbHast padoTa CTYJJICHTOB UTPAET 3HAYUTEIBHYIO POJIb B
pPEUTHHTOBOI TexHOIOTUU 00yueHus. B cBs3u ¢ atuMm, oOyuenne B BY3e BkirouaeT B cedst aBe,
MPAKTUYECKH OJMHAKOBBIE IO 00bEMY M B3aMMOBIHUSHUIO YacTU — Mpoliecca 0Oy4eHHUs U IMpo-
necca camoooydenus. [losromy CPC nomxkHa ctath 3 QeKTUBHOMN U 1eJIeHaNpaBIeHHOM paboToi
CTYJEHTA.

K coBpemeHHOMY crienagucTy 00IEeCTBO NPEABSABISAET JOCTATOYHO LIMPOKUN ITEpEeUEHb
TpeOOoBaHUil, Cpeal KOTOPHIX HEMATOBAXKHOE 3HAYCHHE UMEET HAIMYUE Y BBIITYCKHUKOB OTpee-
JICHHBIX CIOCOOHOCTEN U YMEHUS CaMOCTOATEIHHO J00BIBATh 3HAHUS U3 PA3IMYHBIX HCTOYHUKOB,
CUCTEMATHU3UPOBATh MOIYYEHHYIO0 HHPOPMAIHUIO, 1aBaTh OLIEHKY KOHKPETHOH (PMHAHCOBOM CUTY-
aruu. @opmupoBaHUe TaKOro YMEHHsI MPOUCXOAUT B TEUEHHE BCETO Mepuojia oO0ydyeHus yepes
y4acTHe CTYJEHTOB B MPAKTUYECKHX 3aHATHX, BBIIIOJHEHHE KOHTPOJBHBIX 3a/laHUIl M TECTOB,
HalMCcaHUe KypCOBBIX U BBIITYCKHBIX KBATU(UKALMOHHBIX padoT. [Ipu 3TOM camocTosiTeNnbHas pa-
00Ta CTYJEHTOB UTPaeT pelIatollyIo POjib B X0/1€ BCEro yueOHOro mpoiecca.

Benymas nens oprannzanuu u ocymectsienuss CPC nomkHa coBnagarh ¢ Lelblo o0yde-
HUS CTYJIeHTa — IOJATrOTOBKOM crenuanucra 1 6akaigaBpa ¢ BeIcuM oOpa3oBanueM. [1pu opranu-
3anuu CPC BakHBIM U HEOOXOJIMMBIM YCIOBHUEM CTaHOBSATCA (POPMUPOBAHUE YMEHHS CaMOCTOS-
TeIbHOU paboThl /Ui MPUOOPETEHUS 3HAHUM, HABBIKOB M BO3MOKHOCTH OpraHU3alliy yueOHO! 1
Hay4YHOU JEATEIbHOCTH.

@DopMbI CaMOCTOATENBHOM PabOThI CTYJEHTOB pa3Ho0Opa3Hbl. B cooTBeTcTBHM ¢ paboueit
IpOTpaMMOM JTHUCIUIUIMHBI MIPETYCMOTPEHBI CIIEAYIONINE BUbI CAMOCTOSITEIbHON PabOTHI CTY-
JeHTa:

- CaMOCTOSATEIbHOE U3YUEHHUE JINTEPATYPhI;

- CaMOCTOSTENBHOE PELIEHUE 3a/1aY;

- BBIIIOJIHEHUE KYPCOBOTO MTPOEKTA.

Ilenv camocmoamenvno2o uzyuyenusn aumepamypsl — CAMOCTOATEIHHOE OBJIAJICHUE 3HA-

HUSIMH, OIIBITOM HUCCIJIEI0BATENILCKOM JESATETbHOCTH.
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3aoauamu caMoCTOSTETLHOTO U3YUCHHS JTUTEPATYPHI SBISIFOTCS:

o yrIIyOJICHHE U PACIIMPEHUE TEOPETHUSCKUX 3HAHUIA,

o (dbopMHUpOBaHUE YMEHHUI HCIIOJIL30BaTh HOPMATHBHYIO, IMPABOBYIO, CIIPABOYHYIO
JIOKYMEHTAITUIO M CIICIHATbHYIO IUTEPaTypYy;

o pa3BUTHE MTO3HABATEIBHBIX CIIOCOOHOCTEW M aKTUBHOCTHU CTYIICHTOB.

Ilens camocmoamenvhozo pewienusn 3a0au - oBjajieHHe MPO(HECCHOHATLHBIMUA YMEHH-
SIMU ¥ HaBBIKaMH JCSITEIbHOCTH 1O PO OyAyIIel AesTeIbHOCTH.

3adauamu caMOCTOATEILHOTO PEIICHUS 3a/1a4 SIBISIOTCS:

J CUCTeMAaTH3AIMs U 3aKPEIJICHUE MOJIYYCHHBIX TCOPETHUSCKUX 3HAHUHN U TPAKTH-
YECKUX YMCHHI CTY/ICHTOB;

° (dbopMUPOBaHHE CAMOCTOSTSIILHOCTH MBIIICHUS, CITOCOOHOCTEH K CaMOPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO M CAaMOPCaTH3aIIHH;

o Pa3BUTHUEC UCCICAOBATCIIBCKUX yMeHI/H\/JI

Ienvto camocmoamenvHozo 6bINOIHEHUA PACUEMHO-2paduyecKoil padomsl TIO TUCIU-
IUTMHE SIBJISICTCS OBJIaJICHUE PYHIaMEHTAIbHBIMU 3HAHUSIMH, TPOPECCUOHATBHBIMI YMCHHUSMHU U
HABBIKAMU JICSTSILHOCTH 110 MPOQIITIO, OMTBITOM TBOPUYECKOH, MCCIIEA0BATEIHCKOM ACSITEITLHOCTH.

3adauamu naHHOTO BUA CAMOCTOSTEIILHONW PAOOTHI CTYACHTA SIBISIOTCS:

° CUCTEMAaTU3alud U 3aKPCIUICHUC TMOJTYYCHHBIX TCOPECTUICCKUX 3HAaHUU U IMpaKTu-
YCCKUX YMCHI/Iﬁ CTYACHTOB,

. yrIyOJICHHE U paclIMpEeHNe TCOPETHUSCKUX 3HAHUM;

. (dbopMUpOBaHHE YMEHHMM HCIOJIb30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOUYHYIO
JOKYMEHTALUIO U CIIEHUAIBHYIO JIUTEPATYPY;

o Pa3BUTHUC MMO3HABATCIIbHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTYACHTOB!: TBOpquKOﬁ
HHUIUATUBBI, CAMOCTOATCIIbHOCTU, OTBETCTBECHHOCTU U OPIraHU30BaHHOCTH,

° dbopMHUpPOBAHKNE CAMOCTOSITEILHOCTH MBIIIJICHUS, CTIOCOOHOCTEHM K CAaMOpPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOPEaTU3allnu;

o pa3BHUTHE UCCIICJOBATEILCKUX YMEHUIA;

J WCTIOJIB30BaHUE MaTepHaia, COOPaHHOTO M IMOJYYEHHOTO B XOJI€ CaMOCTOSTENb-
HEIX 3aHATHH Ha CECMHHapax, Ha MPAKTHYCCKUX U .]'Ia60paTOpHBIX 3aHATHUAX, [TPU HAITMCAHUHU KYypP-

COBOM pabOTHI.
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B pesynbrare ocBOEHUS TUCHUIUIMHBI (OPMUPYIOTCS CIEIYIOMIMNA MepedyeHb IIaHupye-

MBIX PE3YJIbTAaTOB 06yqu1/151 10 JUCHMIIIIMHE, COOTHECEHHEBIX C IJIaHUPYCMBIMHU PE3YyJIbTaTaMU

OCBOEHUS1 00pa30BaTENbHOM IPOrpaMMBl:

Kox, popmynupoBka komre-
TEHIIUU

Kox, popmynupoBka nnauka-
Topa

[Inanupyemblie pe3ynbTaThl
o0yueHus o TUCIUILINHE
(MonyII0), XapakTepu3yro-
1ue sTamnsl GOpMUPOBAHUS

KOMIIETECHIIMI, HHIUKATOPOB

ITK-1 CniocobeH y4acTBOBaTh
B IPOCKTHPOBAHUU CUCTEM
INMEKTPOCHAOKCHHUS

N J1-3nk-1 O6G0CHOBBIBAET BhI-
00p mapamMeTpoB IEKTPOOOO-
PYIOBaHUS CUCTEM JICKTPO-
CHa6)KCHI/I$I, YUUTBIBAsA TCX-
HUYECKUE OIPaHHYCHHS

3HaeT OCHOBHBIE (PU3UYECKUE
SIBIICHHSI, MEXaHU3MBI BO3-
NeUCTBUS SJIEKTPOMATrHUTHBIX
II0JIEN BBICOKOT'O HAIPsIKe-
HUS Ha U30JIALUIO B pa3iny-
HBIX YCIIOBHSX JKCILTyaTa-
1.

YMeeT 000CHOBBIBAThH BHIOOP
HapaMeTpoB IEKTPOOOOpy-
JIOBAHUS CHCTEM JJIEKTPO-
cHaOkeHus: 00BEKTOB, YUH-
TBIBas TEXHUYECKUE OTPaHH-
YEeHHUs U YCIIOBHS SKCILTyaTa-
IHH.

Bnaneer HaBbikamu BbIOOpa
napameTpoB AJIEKTPOOOOPY-
JIOBAHUS CUCTEM 3JIEKTPO-
cHa0keHusi 00BEKTOB, YUH-
ThIBasi TEXHUYECKHE OIPaHU-
YEeHUS U YCIIOBHSI SKCILTyaTa-

oM.
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IInan-rpa¢guk BBINOJHEHHS CAMOCTOSATEJIbHON PadoThI

Konpl peanuzye-

OObeM 4acoB, B TOM YHCIIC

Cpencrsa u Tex- KonraktHas
MBIX KOMIIETEH- Bun nesrenbHocTH
. HOJIOTHUH pabota ¢
UM, MHIUKA- CTYJICHTOB CPC Bcero
OILIEHKH perojaBa-
TOpa(oB) TereM
Ounas ¢hopma oOyueHus
5 cemecTp
CaMocTosTeEnTbHOE
uszydenue mureparypsl | CobecenoBanue | 26,88 3,32 30,2
o TeMaM Nel-9
Ionroroska K iek- CobecenoBanue | 1,62 0,18 1,8
UM
IIncrMmennbrit
i i i OTYeT O pere-
TIK-1 M2I-3mk1 | HogroToska k mpax HHUH THIOBBIX, 3,24 0,36 3,6
THYECKUM 3aHSATHIM
Pa3HOYPOBHBBIX
3az1a4
Ionrorosxa x nabo- CobecenoBanue 4,86 0,54 54
paTopHbBIM paboTam
BHHOHHgHHe KOH- CobecenoBanue 12 1 13
TPOJILHON PabOThI
HTtoro 3a 5 cemectp: | 48,6 54 54
Hroro: 48,6 5,4 54
OuHo-3a04uHas hopMa o0yueHus
5 cemecTp
CaMoCTOSTENLHOE
uzydenue murepatrypsl | CobecenoBanue | 67,959 7,551 75,51
o TemaMm Nel-9
Honroroska kaek- | v 60 cnopanme | 0477 | 0,053 0,53
UAM
IIncrMenHbIi
i i i OTYET O pele-
TIK-1 M]1-3mc-1 | TozroToska x mpak HHUH THIOBEIX, 0,954 0,106 1,06
THYECKUM 3aHATHIM
Pa3HOYPOBHBBIX
3a1a4
Honrorosxa k nabo- CobGecenoBanue | 1,44 0,16 1,6
paTopHBIM paboTam
BHHOHH?HHC KOH- CobecemoBanne | 15,57 1,73 17,3
TPOJIbHON pabOTHI
Hroro 3a 5 cemecTp: 86,4 9,6 96
Hroro: 86,4 9,6 96
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KOHTpOJIbeIe TOYKH U BUJABI OTYCTHOCTH 110 HUM

Ne Bun nesrenbHOCTH CTYIEHTOB Cpoxku KomnuectBo
n/m BBITIOJTHEHUS OaioB
5 ceMecTp
1. IIpakTnueckoe 3anarue Ne 2 6 Hepnens 25
2. JlabopaTtopHoe 3ansTre No 6 10 nHenemns 15
3. ITpakTrueckoe 3ansTue Ne 8 16 Henens 15
Hroro 3a 5 cemectp 55
Hroro 55

MaxkcrMaabHO BO3MOXHBIN Oaill 32 BECh TEKYLIUH KOHTPOJIb MaKkcUMallbHO BO3MOKHBIN

0aJw1 3a BeCh TEKYIIMM KOHTPOJIb yCTaHABIMBAETCS paBHBIM 55. Tekylliee KOHTPOJIbHOE MEPOIIPU-

ATHC CHUTACTCA CAAHHBIM, €CJIM CTYACHT IOJYYHUII 3a HEI'O HE MCHEC 60% ot YCTAHOBJICHHOI'O IS

OTOI'O KOHTPOJIAI MaKCUMAJIbHOI'O Oanna. PeMTUHIOBBIN 6ann, BBLICTaBJIIEMBII CTYACHTY 3a TCKY-

e KOHTPOJIbHOC MEPOIIPUATUC, CAAHHOC CTYACHTOM B YCTAHOBJICHHBIC Fpa(i)I/IKOM KOHTPOJIbHBIX

MEPOINPUATHIA CPOKH, OIPEAEIAECTCA CIEAYIOIIMM 00pa3oM:

YPOBGHB BBIITOJIHCHHA KOHTPOJIBHOT'O

PeifituHroBsriii 6amt (B % OT MakCHMaJIBHOTO

Oayma 3a KOHTPOJILHOE 3a]aHue)

3aJlaHus

OTIHYHBIH 100
Xopommuii 80

Y 1OBIETBOPUTEIBHBIN 60
HeynosiieTBOpUTENbHBIN 0

PeliTunrosas cuctema ycreBaeMOCTH CTYJEHTOB HE MPEyCMOTpPEHA JJIsl 3a04HON (OpMBI

o0OyueHusl.
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MeToanyeckue peKOMEeHIAIMH M0 U3YYeHHIO TeOPeTHYeCKOro MaTepuasa

CamocrosaTenbHas padoTa CTy/eHTa HAUMHACTCA ¢ BHUMATEIBHOTO O3HAKOMJICHHS C CO-
JiepKaHueM y4eOHOro Kypca.

N3yuenue ka0l TeMbl CleyeT HauMHaTh C BHUMATEJIbHOIO 03HAKOMJIEHUS ¢ HAabOpoM
BONPocoB. OHU OPUEHTHUPYIOT CTYAEHTA, MIOKA3bIBAIOT, YTO OH JIOJDKEH 3HATh 110 JAHHOH TEMeE.
Bonpocs! TemMbl Kak ObI HAKJIQABIBAIOTCS HA COOTBETCTBYIOILYIO TTIaBy U30paHHOTO YUeOHHKA WK
y4eOHoro nocobus. B utore 10mKHO OBITH SICHBIM, KaKH€ BOIPOCHI TEMbI Y4€OHOIO Kypca U ¢
KaKoH INyOMHOM pacKpbIThl B KOHKPETHOM yu4e€OHOM MaTepHale, a Kakue BOoOIIe OnyIeHsl. Tpe-
OyeTcsi TBOPUECKOE OTHOLIEHUE U K CAMOMY COJIEP>KAHUIO JUCLUILINHBI.

Bomnpocsl, cocraBnstonye ee coaepxkanue, 001agar0T pa3sHoi CTENeHb0 BaKHOCTH. EcTh
BOIIPOCHI, BHIMOIHAOLME (PYHKIUIO JJOTHYECKOHN CBSI3KU COJCPKAHUS TEMbI U BCETO Kypca, UMe-
IOTCSI BOIIPOCHI OIMCATEILHOTO MIIH Pa3bsICHUTEIBHOTO XapaKTepa, a TaKXKe HCTOPHUECKOro 3KC-
Kypca B 00J1aCTh U3y4aeMO TUCHUIUIMHBL. Bee 3TH BOIIPOChl HE COCTABIIAIOT CYTH MOHSA-TUHHOTO,
KOHIICTITYaJIbHOTO CO/ICPKaHUS TEMBI, HO HEOOXOIUMBI JIJIS IETIOCTHOTO BOCHIPUSATHUS H3y4aeMbIX
po0JieM.

W3yuaemast iuCHUIIMHA UMEET CBOM KaTeropualbHO-NIOHATUIHHBIN antnapaT. HayuHble mmo-
HATUS — 3TO Ta 0a3a, Ha KOTOPOW CTpOMTCS Kaxaas Hayka. [IoHATHS — y3/10Bble, OMOPHbBIE
MYHKTBl KaK Hay4YHOT0, TaK U y4eOHOro MO3HaHUsI, JOTMYECKHE CTYIEHU JABM)KEHUS B yuede OT
IPOCTOTO K CJIOKHOMY, OT SIBJIEHUS K CYIIIHOCTU. be3 sicHoro moHuManus noHATHH yye0Oa KpaiiHe
3aTpyAHSAETCS, a CoiepKaHne MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PaCIlJIbIBYATHIM.

CTyneHT AOKEH MOHUMAaTh, YTO CaMOCTOSITENIbHOE OBJIaICHUE 3HAHUSIMU SIBJISIETCS TJIaB-
HBIM, OTIpeESIoNMM. BrIciias mkosa co31aeT st 3Toro HeoOX0IMMBbIE YCIIOBHS, TIOMOTaeT 0y-
JyIIeMY BBICOKOKBATH(UIIMPOBAHHOMY CIIELUAINCTY OBJIAETh TEXHOJIOTHEH CaMOCTOSTEILHOTO
IIPOU3BOJICTBA 3HAHUM.

B camocrosTenbHO# paboTe cTyeHTaM NMPUXOIUTCS UCIOJIBb30BATh JINTEPATYPY pa3any-
HBIX BUJIOB: IEPBOMCTOYHUKH, MOHOTpaduu, HaydHble COOPHUKU, XPECTOMATUH, YIE€OHUKH, yueO-
HBbIE [T0COOUS, KYpHAJIBI U JIp. MI3yyeHue Kypca npeanoiaraeT 3HakoMCTBO CTYJICHTOB € OOJIbIIUM
00BbeMOM HayyHOU M y4eOHOH JUTepaTyphl, YTO, B CBOIO OYEpE.lb, MOPOXKIAET HEOOXOIUMOCTh
BBIPA0OTKH Y HUX PallMOHAIBHO-KPUTUYECKOTO MOAX0Aa K U3y4aeMbIM UCTOYHUKAM.

UToOBI HE «YTOHYThH» B OTPOMHOM 00BbEME PEKOMEHJOBAHHBIX MY JJIsl U3Y4YEeHUS UCTOY-
HUKOB, CTYJEHT, IIPEXE BCETO, JOJDKEH HAYUUThCA MPABUIBHO UX 4uTaTh. [IpaBuibHOE UTEHNE
PEKOMEHI0BaHHBIX HCTOYHUKOB IIPEJIITOJIAracT CIe10BaHUE HECKOJIBKUM HECIIOKHBIM, HO BECbMA

IMOJIC3HBIM ITPpaBUJIaAM.
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[IpenBapuTenbHbIil MPOCMOTP KHHUTM BKJIIOYA€T O3HAKOMIIEHHE C TUTYJIBHBIM JIHUCTOM
KHUTH, aHHOTALlMEH, IPEeTUCIIOBHEM, OryiaBieHrneM. [Ipu 03HaKOMIIEHHH C OTJIaBJICHHEM HE00XO0-
JIMIMO BBIACTUTD Pa3Jebl, TTaBbl, naparpadbl, IpeACTaBIsAIOIINeE U BaC HHTEPEC, OETII0 UX Mpo-
CMOTpETh, HAUTU MeCTa, OTHOCALIMECS K Teme (ab3alpl, CTpaHULbI, naparpadsl), U MO3HAKO-
MUTBCSI C HUMU B OOIIIUX YepTax.

Hayunble u31aHus CONMPOBOKIAIOTCS PA3IMYHBIMU BCIIOMOTaTEIbHBIMU MaTepUaIaMu —
HAYYHBIM aIIapaTroM, IO3TOMY Ba)KHO 3HATh, U3 KAKUX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBBI
ero (pyHkIuu.

3HAKOMCTBO C KHUTOM JIy4Ille BCErO HAUMHATh C U3yUEHUs] aHHOTAllMM — KPaTKO#l Xxapak-
TEPUCTHKN KHHUTH, PACKPBIBAIOLICH €€ CoAepiKaHue, WACHHYI0, TeMAaTHYECKYI0 M KAHPOBYIO
HaIpaBJICHHOCTh, CBEACHUS 00 aBTOpE, HA3HAYECHHUE U JAPYrHue 0COOEHHOCTH. AHHOTAIUS TIOMO-
raeT COCTaBUTh MPEABAPUTEIHHOE MHEHHE O KHUTE.

I'my0xe MOHATH coiepKaHNe KHUTH MO3BOJIAIOT BCTYNUTEIbHAS CTaThsl, B KOTOPOU JaeTcs
OLIEHKA COZEp)KaHUsSI KHHUTH, 3aTParuBacMoil B Hel poOJIeMaTHKH, CONEPKUTCS HHPOPMAIHS O
KU3HEHHOH U TBOpYeCKOi Onorpaduu aBTopa, BEICKa3bIBAIOTCS MTOJIEMHUYECKUE 3aMEYaHNUs, pa3b-
SCHSIOTCSI OTJENIbHBIEC MOJTO0XKEHHUS KHUTH, Tal0TCd KOMMEHTapuu U T.7. BOT moyemy 3HaKOMCTBO
C BCTYNHTENBHOM CTaThell MpeICTaBIsSeTCs] OU€Hb BaKHBIM: OHO MTOMOTAeT CTYACHTY COPUECHTH-
poBaThCsl B TEKCTE pabOThl, 0OpaTUTh BHUMaHUE Ha €€ HanloJiee IEHHbIE U BaXKHbBIE pa3JIebl.

Toii e nenu coaeiucTByeT 3HaKOMCTBO C OIVIABJICHUEM, NPEIUCIOBUEM, ITOCIECIOBHEM.
Becbma mosie3HBIMM 3JIEMEHTaMU HAay4HOTO arnapara sIBJISIOTCS CHOCKM, KOMMEHTapuH, Tab-
JMLBI, TpaUKU, CIIUCKU JauTepaTtypbl. OHU HE TOJBKO MIUIIOCTPUPYIOT OTJENbHBIE MOJOXKEHUS
KHUTH WK CTAaThH, HO M CaMH MO ce0e SIBIISIOTCS TOTIOJHUTEIbHBIM HCTOYHUKOM MH(OpPMAaIuu
JUTSL YATATEIS.

Ecnu yuratens 3anHTEepecoBajia Kakas-TO BbICKAa3aHHAs aBTOPOM MBICIb, HE Hallle/IIas
OJPOOHOTO OCBEILEHHS B JTAHHOM MCTOUYHUKE, OH MOXKET OOpaTUThCA K TEKCTY UCTOUHHUKA, YIIO-
MHHAEMOTO B CHOCKE, JINOO K UCTOYHUKY, KOTOPBIA OH MOXET HalTH B CIUCKE JINTEPaTypHI, pe-
KOMEHIOBAHHOW aBTOPOM JIJIsl CAMOCTOSITEITBHOTO H3Y4YCHUSI.

Cy1iecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (MPOCTON U pa3BepHYTHIN) — Hanbojee kpaTkas Gopma 3anucu NpOUYUTaHHOTO,
IpeCTaBIISIoNIast COOOH ImepeueHb BOMPOCOB, pACCMAaTPUBAEMBIX B KHHUTE WJIH CTaThe. Pa3BepHy-
THIN TUTaH TPENICTaBIIsAET cOO0M OoJsiee MOAPOOHYIO 3aMUCh TPOYUTAHHOTO, C JETaTU3aIuel OT-
JIENTbHBIX TTOJI0)KEHUH 1 BBIBOJIOB, C BBIMUCKOM IIMTAT, CTATUCTUYECKUX JAaHHBIX U T.J. Pa3BepHy-
THI TUTAH — HEOIIEHUMBbIM TOMOIIHHK MPH BBICTYIUICHUH C JOKJIAJ0M Ha KOHKPETHYIO TEMY Ha

ceMHuHape, KOH(DEPEHITNH;
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— TE3UChl — KPATKO c(POpMyIHpOBaHHBIE MTOJIOKEHHSI, OCHOBHBIE [TOJIOKEHUS KHUTH, CTa-
ThU. Kak npaBuio, T€3UChl COCTABIISIIOTCS MOCIIE IPEIBAPUTEIBHOIO 3HAKOMCTBA C TEKCTOM HC-
TOYHHUKA, IPU €r0 HOBTOPHOM IIPOYTEHUH. OHU ITOMOTaIOT 3alIOMHUTh U CUCTEMATU3UPOBATh UH-
dbopmanuio.

CocraBiieHre KOHCIIEKTOB

bonpuiyro posib B yCBOGHMM U IIOBTOPEHUHU IPOMJAEHHOTO MaTepuajga UrpacT XOpPOILUUN
KOHCIIEKT, COJIEPKalliil OCHOBHBIE HJIEU IPOUYNUTAHHOIO B yUEOHHUKE U YCIIBIIIAHHOTO B JIEKLIUU.
Koncnekt — 3710, 110 cymiecTBy, HaOpOCOK, pa3BEPHYTHIN IIJIaH CBSI3HOTO PAaCcCKa3a M0 OCHOBHBIM
BOIPOCAM TEMBI.

B kakoli-To Mepe KOHCIEKT paccuuTaH (B 3aBUCMMOCTH OT MHAWBUYAJIbHBIX OCOOEHHO-
CTEH CTyJeHTa) HE TOJbKO HAa UHTEJUIEKTYAIbHYIO U SMOLIMOHAIBbHYIO, HO U Ha 3pUTEIbHYIO Ma-
MSITh, IPUUYEM TEKCT KOHCIIEKTa HEPEJIKO aCCOLIMUPYETCS elle ¥ C TEKCTOM Y4eOHHKA WU 3aHChI0
nekuuu. [loaromy nerye 3amoMuHaeTcsi COJAep)KaHUE KOHCIEKTOB, HAMMCAHHBIX Pa30opUYuBO, C
MOTYEPKUBAHIEM WIIM BBIZICIICHHEM Pa3psSAKON KIFOUEBBIX CIIOB U (pas.

CamoCTOATeNbHO M3YyYEHHBIE TEMBI MPEIOCTABISIOTCS IPEToAaBaTeno B (Gopme KOH-
CIIEKTa, 0 KOTOPOMY IIPOUCXOJUT cobecenoBanue. TeopeTnueckre TeMbl Kypca (OTAeIbHBIE BO-
MPOCHI), BBIHOCUMbIE Ha CAMOCTOATEILHOE U3YUCHHE, ITPE/ICTABICHBI HIDKE.

TunoBble KOHTPOJIBbHBIE 33/1aHNS U UHBIE MaTepualbl, XapaKTepU3YIOIIHME 3Tanbl GopMHu-
pOBaHUSI KOMIIETECHIINI

Bomnpocs! 11 cobeceroBanus

1. TTouemy mpoBoAIIME TeNla UMEIOT SKBUIIOTEHIIMAIbHbIE TOBEPXHOCTU?

2. TlepeuncnuTh HW3BECTHBIE CIOCOOBI TPAQHUUECKOTO W AHATHTUYECKOTO BBIPAKECHUS
HANPSHKEHHOCTH AJIEKTPUYECKOTO TTOJIS.

3. Kak no 3ajanHOMY rpaduKy NOTeHIIHaNa TOCTPOUTh TpadUK HAPSKEHHOCTHU IIEKTPU-
4eCKoro nosis?

4. Kak onpenenutsb npeaessl JMHEHHOro MHTerpajia AJisd pacuera HalpsLKeHUs 110 Hampsi-
KEHHOCTH JIEKTPUUECKOT0 MoJisi?

5. Kak onpenenuts npenaenbl IMHEHHOTO HHTErpaia Ui pacyeTa HalpshKEeHHs 10 Hampsi-
KEHHOCTH JIEKTPUYECKOT0 MOJIsA?

6. Kakast popma ycIIOBHO# MMOBEPXHOCTH, OXBATHIBAIOIIEH 3aps, OyJaeT Hanboee parmo-
HaJIbHOW MPH MCIOJIb30BAHUU TeOpeMBI ['aycca?

7. [Touemy 3aBHCHMOCTB, OJYYECHHAS IS pacueTa HalpsKEHHOCTH SJIEKTPUYECKOTO MO
yepes 3apsj], 0Ka3bIBaeTCsl NPAKTUUECKU HETPUTOHOM?

8. Kak mepecuntath eMKOCTh, BEIp@KEHHYIO B (hapanax, B mukodapaasi?

9. Yto Takoe AIeKTpUIecKoe cMetieHne?
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10. KakoBa Bemu4MHa OTHOCUTEIHHON TUANIEKTPUUYECKON MPOHUIIAEMOCTH BOJIbI M TIPOBOJI-
HUKOB?

11. Yro nokasplBaeT U YTO XapaKTEPU3YeT BEIIMUYMHA OTHOCUTEIBHOU AMIIEKTPUUECKON
MIPOHHUIIAEMOCTH?

12. B kaxoii u3 IByX cpej IpH TOH e BEeJIMYHUHE HAMPSHKEHHOCTH AJIEKTPUUYECKOTO MO
Oyzet Ooblie AIEKTprUecKoe cMenieHne — B Gapdope nmu cmroae?

13. OT KaKuX reoOMeTPUYECKUX MTapaMeTPOB U KaK 3aBUCHT EMKOCTh IUIOCKOTO KOHJCHCA-
Topa?

14. B yem 0macHOCTb BO3IYIIHBIX BKIFOUEHHI MEXIY CIOSIMH MHOTOCIIOIHOTO KOHAEHCa-
Topa?

15. Kakumu mapamerpaMu cienyeT 3a1aThCs MPU pacyeTe eMKOCTH TUIOCKOTO KOHJICHCa-
Topa?

16. Ilouemy cpeansisi npoOMBHAS HANPSKEHHOCTD JIEKTPHUUECKOTO MOJIS BO3/1yXa YMEHb-
IAETCSI IPH YBEIIMYCHUU PACCTOSIHHS MEXTy JIEKTPOJaMu?

17. Kak ycrpansieTcs BIHsIHIE KpacBoro 3peKra y INIOCKUX U IMITUHAPUICCKIX dJIEKTPO-
noB?

18. Kak u3MeHsieTcsi eMKOCTh IUIOCKOTO KOHJIEHCATOpa MpPU MOCTENEHHOM 3aIl0JIHEHUU
TpaHc(OPMATOPHBIM MACIIOM BO3YIIHOTO IMPOMEXKYTKA MEXKTY HJIEKTPOIaMu?

19. Kak perynmupoBaTh HampsHyKEHHOCTh AJIEKTPHUECKOTO TIOJISI B CIOSX MHOTOCIIOHOTO
IJIOCKOTO KOH/IeHcaTopa?

20. Kak BeIMISIIAT rpadyiKu MOTEHIMANA U HAPSHDKEHHOCTH AIIEKTPUUECKOTO TOJS TPEeX-
CJIOMHOTO TIOCKOTO KOHJIEHCATOPa, Y KOTOPOTO CPEAHUMN CIOM MPOOUT, a OAUH U3 DJIEKTPOIOB
3a3emiieH?

21. OnumuTe YCTPONUCTBO HUIMHAPHIECKOTO KOHASHCATOPHOTO BBOIA.

22. Kakoe COOTHOIIEHHE COOIIIOIAeTCS MEXAY HAMPSHKEHHOCTSIMH AJIEKTPUUYECKOTO OIS
Ha TpaHUIle pa3felia ABYyX CMEKHBIX CI0eB?

23. 1o xakOMy MaTeMaTHYECKOMY 3aKOHY M3MEHSETCS] HAIPSHKEHHOCTD YJICKTPUIECKOTO
HOJIS1 B OTHOPOJIHOM CJIO€ LMJIMHAPUYECKOTO KOHeHcaTopa?

24. Kak pacrojiaraioT MaTepHalbl ¢ Pa3IMYHBIMU BETHYMHAMHE TUIJIEKTPUIECKON MTPOHHU-
[[AEMOCTH TIPU BBIPABHUBAHHUH 3HAYCHHSI MAaKCUMAIbHOW HAMPSKCHHOCTH DJICKTPUICCKOTO TTOJIS
B CJIOSIX HWJIMHIPUYECKOTO KOHIeHcaTopa?

25. Kak pacrionararot MaTepHaibl ¢ pa3IMdHbIMEU BEIMYMHAMHE TUIICKTPUIECKON TPOHU-
[[AEMOCTH TPU BHIPABHUBAHUH 3HAYCHHS] MAKCUMaTbHOWU HAMPSKEHHOCTH AJIEKTPUIECKOTO OIS

B CJIOSIX IIWJIMHIPUYECKOTO KOHAeHCaTopa?
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26. Kak u3meHsieTcsi eMKOCTh [IJIMHAPUYECKOTO BO3TYITHOTO KOHJEHCATOpa IPU BO3HUK-
HOBEHHMH KOPOHBI Y LIEHTPAJIILHOI'O 3JIeKTpoa?

27. Iloyemy npu pacueTe U30JSIUH [HIHHIPUYECKOT0 KOHACHCATOPA 10 YCIOBHSM €€ OIl-
TUMaJIbHOT'O UCIIOJIB30BAaHNUSI HHOTAA MPUXOAUTCS HEHTPAJIbHBINA AJIEKTPO/I U3TOTOBIIATH MOJIBIM?

28. [Ipu KakuX COOTHOILEHUSAX MEXIY PauyCcaMU HUJINHAPUIECKUX DIEKTPOJOB MaKCH-
MaJibHasl HaIIPSHKEHHOCTD 3JIEKTPUUECKOT0 T0JIs MUHUMaJIbHA?

29. Kak MOXHO OOBSCHUTH YBEIHYCHUE HEPABHOMEPHOCTH JIEKTPUIECKOTO OIS IIapo-
BOT'O pa3psIHUKA IIPU 3a3€MIIEHUU OJIHOM U3 ero chep?

30. B kakux mpenenax MO>KHO U3MEHSATh PACCTOSTHUE MEXY cpepaMu I1apoBOro paspsii-
HUKA, COXPAHSS IIEKTPUIECKOE 10JIe PAaBHOMEPHBIM HJIH OJIM3KUM K paBHOMEPHOMY?

31. B geM 3akirro9aeTcs MPaBHIIO 3ePKATLHOTO OTOOpasKeHHs?

32. Ha ocHOBaHMM KaKOTrO T€OMETPUUYECKOT0 TOCTPOCHUSI MOKET ObITh HAWJEHO MOJIOXKE-
HUE [ICHTPOB JEKTPUUECKUX OCEH JBYX 3apsKEHHBIX IIMIIMHIPOB?

33. B yem 3akirodaeTcss 0COOCHHOCTh BBIPKEHUS ISl MOTEHIIMATBHBIX KO (OUITNECHTOB
TOYEK, IPUHAIJIEKALINX TOBEPXHOCTU HYJIEBOTO MOTEHIMAA?

34. Ha ocHOBaHMM KaKOTO T€OMETPUUYECKOTO TTOCTPOCHUS MOKET ObITh HAWCHO MOJIOXKE-
HUE [ICHTPOB JEKTPUUECKUX OCEH JBYX 3apsKEHHBIX IIMIIUHIPOB?

35. B yem 3akirodaeTcss 0COOCHHOCTh BBIPKEHUS ISl MOTEHIIMATBHBIX KO (OUITHEHTOB
TOYEK, IPUHA/IJIEKAITNX TOBEPXHOCTH HYJIEBOTO NMOTEHIIMAaa?

36. Kakoe npakTuueckoe MpUMEHEHHE UMEET crcTeMa U3 IBYyX chep?

37. Kakue Mepbl PeJOCTOPOKHOCTH U MOYEMY CIIEAYEeT NPUHATH MPU paboTe MOHTEPOB
Ha OJIHOM 00E€CTOYEHHOM LIETIH IBYXIIEMHBIX JTUHUHN dJIeKTporiepeaadn’?

38. TlosicHuTe MPUHIUT OCYIIECTBICHUS «EMKOCTHOTO OTOOPa» MOIIHOCTH OT BBICOKO-
BOJIbTHOM JIMHUU 3JIEKTpOIepeaun?

39. Kak m3menutcs ¢popmyna ans pabodeld eMKOCTH IPOBO/A IBYXIIPOBOIHON JTMHHH T1€-
penayu npu 3a3eMJIEHUN OJHOTO U3 MPOBOJOB?

40. Yto mpeacTaBisioT co0oi Koa(hGUIMEHTH 00bEMHOM U TOBEPXHOCTHOW HOHU3AITNHN?

41. Kakoii pa3psi IpUHATO Ha3bIBaTh CAMOCTOSITEIbHBIM U KaKOBBI YCIIOBHS €r0 BO3HHK-
HOBEHUS?

42. Tlouemy yBeTMUYECHHUE COJICPKAHNUS BIIaTH B Ta3€ MOBBIIIACT MIEKTPHUECKYIO TIPOYHOCTh
ra3zoBOro MPOMEXKyTKa

43. KakuM COOTHOIIIEHUEM CBSI3aHbI MEXy cO00i TuameTpsl chep pa3psIHUKa U IPeesTbl
U3MEPSEMBIX UM HAMPSIKCHHI?

44, TTossCHUTH POJTH TIOJIIPHOCTH B (DOPMHUPOBAHUH Pa3psiga MEXKITY MIEKTPOIaMU UTjIa —

IUIOCKOCTb.
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45. Tlouemy Npu paBHBIX YCIIOBHUSAX MPOMEXKYTOK CTEPKEHb — CTEP)KEHb OKa3bIBaeTCs
IpOYHEE MPOMEXKYTKA CTEPIKEHb — IIIOCKOCTH?

46. Kakoii xapakTep UMeeT 3aBUCUMOCTb K03(puiimenra 00beMHON HOHU3AIUHY OT JaBJie-
Hus raza?

47. Yro xapakTepu3yeT co00i K03(pHUIIUESHT UMITYIbCHOW MPOYHOCTH?

48. YUro xapakrepuzyeT co00il Kor(pUIMEHT UMITYIBCHON MPOYHOCTH?

49. Yrto Takoe 3IeKTPHUECKUI Oapbep U KaKoBa €ro pojib B YIIPOYHEHUHU Ta30BOT0 IPOMe-
KyTKa?

50. YUro crnenyer NOHUMATh MOJ KPUTHYECKOM IIIMHOW AYTH U MOJ KPUTHUYECKUM TOKOM
JIyTOBOTO pazpsiaa’?

51. Kak BiusieT pacrooXeHue 3JIeKTPOIOB M UX KOHCTPYKIIHS Ha YCIOBHUS CaMOIO-raca-
HUS OTKPBITON Jyru?

52. [Ipu KakuX yCIIOBUSX UMEET MECTO CaMOIIOTacaHhe OTKPBITON TyTd MEPEMEHHOT0 TOKa
npu 0HO(Aa3HOM 3aMbIKaHUH Ha 3eMJTIO?

53. Kakoe BimusiHHE HAa BOCCTAHOBIJIEHHE MPOYHOCTH MPOMEXKYTKA OKA3bIBAET HIMpPUHA
IeNd, B KOTOPOU ropena ayra

54. O0OBscHUTE pa3HHUIY B MOHATHUSX: MPOOOIL, MEPEKPHITUE U CKOIB3ALINI pa3psa. 90

55. [louemy BHENTHSISI TOBEPXHOCTH U30JISITOPOB ISl HAPYKHOM YCTAHOBKU JIeJIaeTcs ped-
pucToi?

56. Chopmynupyiite onpeseneHre MOBEPXHOCTHON €MKOCTH MPUMEHUTENBHO K IIMITHH-
JIPUYECKOMY U30JISATOPY.

57. ChopmynupyiTe OCHOBHBIE TIOJIOKEHHS 3aKOHA TTPEJIOMJICHUSI BEKTOPa HAMPS)KEHHO-
CTH AJIEKTPUYECKOTO TTOJISI.

58. IosicHuTe, MoueMy 3aTPyIHEHO MEPEKPHITHE U30JIATOPOB, UMEIOLIUX PAa3BUTYIO WUIIH
BOTHYTYIO (hopmy?

59. Kak creryet moCTaBUTh OIBIT IPOOOS TIOABECHOTO U30JIATOPA, €CITH U3BECTHO, UTO ITe-
PEKpBITHE TI0 TIOBEPXHOCTH HM30JSITOpa B BO3/AYXE HACTYIAET NMPH HANPSKCHWH, 3HAYUTEIHHO
MEHbIIIEM ITPOOUBHOTO?

60. Kakoe BIusiHME Ha BEIMUMHY HANPSKEHUS IEPEKPHITHS MOXKET OKa3aTh MOKPBITUE I10-
JYTIPOBOASAIIEH II1a3ypbl0 MOBEPXHOCTU U30J15TOpaA?

61. Kakoe BiusiHHE OKa3bIBaET Bilara Ha BETMUUHY HAMIPSDKEHHS, TIPH KOTOPOM BO3HUKAIOT

CKOJIB3SIIIIME pa3psibl?
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Memoouueckue ykazanusa no no020mosKke K KOHmpoavHou pabome

KonrposibHast paboTa — 3TO caMOCTOSITEIbHAasl MMChbMEHHAs paboTa CTyIEHTa, KOTopas

JO0JIDXKHA IMOKa3aTh HE TOJIBKO €I'0 BIIAACHUEC TCOPETHYCCKUM MaTC€pUaioM, HO U IPOACMOHCTPHUPO-

BaTh NPAKTHYCCKNEC YMCHUS IIPOBOJUTH PACUCTEI.

Lenn BBIMTOTHEHHSI KOHTPOJIBHOU PaOOTHI 3aKITIOYAIOTCS:

— 3aKpPCIIUTh U CUCTEMATU3HUPOBATH TCOPCTHUYCCKUC 3HAHUA U MTPAKTUYCCKUC HABBIKU CTY-

JIEHTA;

— Hay4uTh paboTaTh C JIUTEPATYPOIl — U3ydaTh, aHAIU3UPOBATH HH(OPMALIMIO U3 HAYYHBIX

HUCTOYHHUKOB,

[Tpu BBIMOTHEHNH KOHTPOJIBHON pabOThI PEATH3YIOTCS CIEIyIONe KOMIETCHIINH:

Kopx, dopmynupoBka komme-
TCHLUH

Kon, popmynupoBka nunauxa-
TOpa

IInanupyemslie pe3ysbTaTsl
00y4YeHHS IO TUCIUTUIMHE
(MonyII0), XapakTepu3yro-
IIHe ATarbl GOPMUPOBAHHS

KOMHCTGHHHﬁ, HHIUKATOPOB

[TIK-1 Crnioco6en yuacTBOBaTh
B IPOEKTUPOBAHUU CUCTEM
3IEKTPOCHAOKEHHUS

W J1-3rk-1 OO0OCHOBBIBAET BbI-
00p mapamMeTpoB IINEKTPOOOO-
PYIOBaHUS CHCTEM DIIEKTPO-
CHa6)K€HI/I$[, YUUTBIBasA TCX-
HUYECKUE OTPaAaHHUYCHHUS

3HaeT OCHOBHBIE (pr3nvecKue
SIBIICHHSI, MEXaHU3MBI BO3-
JEUCTBHS DIICKTPOMarHUTHBIX
II0JIEW BBICOKOI'O HaIIpsikKe-
HUS Ha U30JIALUIO B pa3iny-
HBIX YCIIOBHSIX JKCILTyaTa-
IHH.

YMeet 000CHOBBIBATH BHIOOD
napaMeTpoB AIEKTPOOOOpY-
JIOBAaHUS CHCTEM JJIEKTPO-
cHa0XeHUs1 OObEKTOB, YUU-
TBIBast TEXHUYECKUE OTPaHH-
YEeHHUs U YCIIOBHS SKCILTyaTa-
IHH.

Bnaneet HaBbikamu BbIOOpa
rapamMeTpoB JIEKTPOOOOPY-
JTIOBAHUS CUCTEM 3JIEKTPO-
cHaOkeHusi 00BEKTOB, YUH-
ThIBasi TEXHUYECKUE OTPaHU-
YEeHUS U YCIIOBHSI DKCILTyaTa-
VM.
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Yueono-memoouuecrkoe u unghopmayuonnoe obecneuenue oucyuniunvl

Ilepeuenv ocHo6HOU U 0ONOTHUMENbHOU TUmMEPAMYPbl, HEOOXOOUMOU 01 OCEOCHUA
OUCUUNTUHDL

Ilepeuens ocnoenoil tumepamypol:

1. BouapoB IO.H. TexHuKka BBICOKMX HaIpsHDKCHUN [DIEKTPOHHBIA pecypc]| : yueOHOe
noco-6ue / KO.H. bouapos, C.M. [dyaxun, B.B. TUTKOB. — DEKTPOH. TEKCTOBHIC JaHHBIC. —
CIIO. : Cankr-IletepOyprekuii monuTexuuueckuii yausepcutet Ilerpa Benukoro, 2013. — 265

€. — 978-5-7422-3998-7. — Pexwum noctyna: http://www.iprbookshop.ru/43976.html

Ilepeuens oononnumenvHoil 1umepamypol:

1. .dernos, H. B. CoBpemeHHbIe BUABI U30sUMHU. YacTh 2. N30SI BBICOKOBOJIBTHBIX
BBOJIOB [DNEKTPOHHBIN pecypc] : yueOHoe mocobue / H. B. lllernoB. — DneKkTpoH. TEKCTOBBIE
nanHbsle. — HoBocubupck : HoBocuOupckuii rocynapcTBEHHbIH TEXHUYECKUN YHUBEPCHUTET,

2010. —72 c.—978-5-7782-1317-3. — Pexxum nocryna: http://www.iprbookshop.ru/45161.html

Ilepeuens yueono-memoouuecko2o obecnedenus camoCcmoameabHoil padoomst 00yuar-
wuxca no OUCyUnIuHe

1. Meroanueckue yka3aHus 110 BHIIIOJHEHHUIO MPAKTUYECKUX padoT o quctumimye « Tex-
HUKA BBICOKHMX HaIPsKEHUIN.

2. Metoanueckue yKa3aHus 10 BBITOJIHEHHIO JJAOOPATOPHBIX PA0OT Mo AUCHUILIINHE «Tex-
HUKAa BBICOKMX HaIPSKEHUI.

3. Metoanueckue yKazaHus 10 BHITIOJTHEHUIO KOHTPOJIBHON paboThl IO qucuuIumHe «Tex-
HUKA BBICOKMX HaIPSKEHUI.

4. Meroanyeckue yKa3zaHHs 110 OpraHu3alldy U MPOBEJCHHUIO CaMOCTOATENbHOM paboThl

10 AUCIUIIIINHE «TexHnKa BRICOKAX H&Hpﬂ)KGHHfI)).

Ilepeuens pecypcos unghopmayuonno-meneKommynukayuounou cemu Humepunem, ne-
00X00UMBIX 07151 0C6OCHUA OUCUUNTIUHDL
1. http://www.biblioclub.ru -OBC "Yuusepcurerckas OnbarnoTeka oHmanH"

2. http://www.iprbookshop.ru/ - DnexkrponHo- 6ubnuoreunas cucrema IPRbooks

191


http://www.iprbookshop.ru/43976.html
http://www.iprbookshop.ru/45161.html

