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Llems u 3agau H3y4YeHH S JUCIIIIHHEI

OO6opyaoBaHHE U MaTEePHAIIBI

HarmveHoBaHuEe 1a00paTtopHEIX pador

Coxepxanie 1adopaTopHBIX padoT

JlaGoparopHasa padora Nel. PacripefgeneHue HalpsoKeHHS IO 3JIEMEHTAM THp-
TISTHJTBI TTOJABECHBIX H30IISTOPOB.

JlabGoparopHas padora Ne2. MccregoBaHue aleKTpHYECKOH IIPOYHOCTH BO3IYIII-
HEIX ITPOMEKYTKOB B PE3KO HEOJHOPOIHOM ITOJIE.

JlaGoparopHasa padora Ne3. CraTHCTHUYECKHE 3aKOHOMEPHOCTH ITPpoOOsL.
JlaGoparopHasa padora Ned. FcciaemoraHie IlepeHanpsKeHHH B OOMOTKax
TpaHc(popMaTopa.

JlaGoparopHasg padora Ned. 3allHMTHBIE PA3PSIHHKH H OTPAHHYHTEIH IepeHa-
TTPSDK CHII.

JlaGoparopHasa padora Ne6. Mccnemoraniie MOJIEIH KaCKaJHOI'O BEIITPSMHITEIIS
BBICOKOI'O HaITPSDKEHH L.

JlaGopaTtopHas padora Ne/. ['eHepaTop HMITYIIBCHBIX HampsoKeHH /50 KB.
JlaGoparopHas pabora Ne8. OrnpeierieHHe 30H 3aI[UTEI CTEPKHEBBIX H TPOCOBBIX
MOITHHEOTBOJIOB.

Y4yeOHO-MeTOAHYECKOE H HH(POPMALIOHHOE 00ecIIeYeHHEe JHCIIHILIHHEI
IlepeyeHb, OCHOBHOH H JTOITOIHHUTEILHOH JINTEPATYPRI, HEOOXOIHMMOH JIJIS OCBO-
EHH S JTHCLIATL/IHEI

IlepeueHr y4eOGHO-METOAHYECKOIO OOECIIEUEHHSI CaMOCTOSTEINBHOH PabOoTEI
OOVYYAFOINMXCA 110 JUCIIHIUIHHE

[lepeueHs pecypcoB HH(pOPMAIHOHHO-TEIeKOMMYHHKAIIMOHHOH ceTH HHTep-
HET, HEOOXOIMMBIX JJIS1 OCBOEHNS JHUCI{MITIINHEI

[ IprimoxeHn s

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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BeeneHue

[lenpro paboTel B 1a00PaTOPHH SBISETCS YVITIYOIEHHE H 3aKpeIUIeHHEe IIPHOOPETEHHBIX
TEOPETHYECKHX 3HAHHI ITYTEM SKCIIEPHMEHTAILHOH IPOBEPKH TEOPETHUYECKHX ITONOKEHHIL, a
TaKXKe 3HAKOMCTBO C 3IIeKTPOHHBIMH KOMITOHEHTAMH, 000PYA0BaHHEM, H3MePHTEIbHBIMH ITPHOO-
paMH H armrapaTypoH, HCIIOIB3YeMBIMH B J1a00paT OPHH.

B pes3yibTare BRIIOIHEHH A 1a00paTOPHBIX PadoT CTYAEHTH JOJIKHEI ITPHOOPECTH YMEHIS
H HAaBBIKH 110 COOpPKE H HCCIIEAOBAHHIO JIEKTPOHHBIX CXeM H ITPHOOPOB, H3MEPEHHSM AIIeKTpHYE-
CKHMX BeIHYHH. TeMaTHKa 1a00paTOPHEIX paboT IMOIHOCTHIO COOTBETCTBYET COMEPKAHHIO OCHOB-
HBIX Pa3/elIoB Kypca, H3y4aeMOI'0 B BBRICIIHX TeXHHYeCKHX YUeOHBIX 3aBeJIcHHSIX. B mpearae-
MOM Y4eOHOM ITOCOOHH OIMHCAHO OAHHHAAIATE JIa0OopaTOpHBIX padoT. B ormcaHuy KaxmgoH 1ado-
paToOpHOI padboThl chOPMYIIHPOBaHA €€ IIelb, H3T0KeHbI OCHOBHBIE TeOPeTHYECKHE TTOI0KEHHS,
OIMICaHa CXeMa YCTAaHOBKH IJIS ITPOBEAEHHS SKCIIEPHMEHTAIILHOI'O HCCIIENOBAHHS, JaHBI PEKO-
MEHIALIHH T10 ITPOBEAEHIIO OIBITOB H 00paloTKe pe3yIbTaTOB H3MEPEHHI, a TAK/Ke KOHTPOJIbHBIE

BOITPOCEHI.
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1. I[ens u 3a0 auu u3yueHus OUCUUNIUHDL

OCHOBHBIMH LETSMH JHCIHIUIHHBI SBITIOTCS. (DOPMHPOBAHHE Y CTYJIEHTOB CTPOHHOH H
YCTOHYHBOH CHCTEMBI 3HAHHH O (pyHIaMeHTaJIbHBIX 3aKOHOMEPHOCTSX 3aKHTaHHSI H Pa3BHTHSA
3IIEKTPHYECKHX Pa3psafoB B JHANEKTPHUECKHX CpelaxX, MeXaHH3Max IPo0os JHAIEKTPHKOB ITPH
BO3JEHCTBHH CHIBHBIX 3IEKTPHYECKHX TOTIEH, BHAAX H3OISIHH BEICOKOBOILTHOIO O0OPYIOBa-
HILSI H MeTOHaX KOHTPOIIS €€ COCTOSHMS, CIToco0axX IMOMYYeHHS H H3MEPEHH I BEICOKHX HaITPshKe-
HII, IIPHPOJIE BOSHHKHOBEHHS IIEPEHAIIPSLKEHII H CITOCOO0B 3aII[HTHI OT HHUX.

B pe3ynpTaTe OCBOSHNS JaHHOH JHUCIHMIUIHHEBI 00eCIIe YMBAETCA JOCTHKEHHE 1[EJIEH OCHOB-
HOHl 00pa30BaTENBHON IPOrPaMMBI « OJIEKTPOIHEPreTHKA H IIEKTPOTEXHUKAY , TIPHOOpeTEHHBIE
3HAHHS, YMEHHS H HABBIKH IIO3BOIIST ITOATOTOBHTH BBIITYCKHHKA!

— CITOCOOHOTI'0O K pacueTy, aHAIH3Y H IMIPOEKTHPOBAHHIO AIeKTPOSHEPreTHUECKHX AIIeMEH-
TOB, OOBEKTOB H CHCTEM C HCIIOIIE30BAHHEM COBPEMEHHBIX CPEACTB aBTOMATH3AI[HH ITPOEKTHBIX
pa3paboToK;

— Hay4YHO-HCCIIEQ0BATEILCKOM JeITeIIbHOCTH, B TOM YHCIIE B MEKIHCITHIIIMHAPHBIX 00IIa-
CTSIX, CBS3aHHOH ¢ MaTeMaTHYeCKHM MOAETHPOBAHHEM IIPOLECCOB B BIIEKTPOSHEPTeTHYECKHX CH-
cTeMaxX H 00BbeKTaX, IIPOBEAcHHEM AKCIIEPHMEHTAIBHEIX HCCIEMOBAHIIT H aHAIN30M HX Pe3Vilb-
TaTOB,

— K CaMOCTOSTEIIbHOMY OOYUEHHIO H OCBOEHHIO HOBBIX 3HAHMI H YMEHHH JUIS peaH3alHu

CBOEH ITPOo(eCCHOHAIBHOH KaphePHhl.

2. Obopyooearite u mamepuaisl

ATmapaTHbIe CpeJCcTBa:
— KomruiekT yueOHO-1abopaTOpHOro 000py10BaHH « SIEKTPOTEXHHYECKHE MAaTEPHAIIBI).
YuyeOHas ayIHTOPHS IS MPOBeJeHHS YUeOHBIX 3aHSATHI, OCHaIlleHa oOOpyAOBaHHEM H

TeXHHYECKHMH CpeJcTBaMH 00yueHHS. [lepeHOCHOH HOYTOVK, IPOEKTOP, JOCKa MarHHTHO-Map-

KEpHas.
3. Haumenosanue nao opamopHsix pabom
No Temebl M3 HUX TIpaKTHYe-
HarmeHoBaHIe TEM TUCIMIUIMHEL, HX KpaTKoe co- | O0BeEM
IIHICIIH - CKasl ITOJr OTOBKA,
IepKaHHe YacOB
T HEI YacOB
OOKYMEHT NOANUCAH ~CTp
ANEKTPOHHOWM NOANUCHLIO u
CepTudmkar:  12000002A633E30113AD425FB50002000002A6 TIpeAEIIEHHE
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BeIsicHeHHE ITPHYHH HEPaBHOMEPHOI'O pacIipeie-
TIeHHS HaITPSOKEHH S 110 AIIeMeHTaM H30ISI[HOH-
HBIX KOHCTPYKI[HIL. OIpeieleHHE pacIIpelelIeHH
HAIPSDKEHH S I10 THPJLSIH/IE TTOJIBECHBIX H30ISITO-
poB. M3yuyeHHe BIHAHNS 3aIl[UTHOH apMaTyphI Ha
XapaKTep paclpeeleHHs HalpsoKeHHS BIOIb
THPJISTHABL. O3HAKOMIIEHHE ¢ METOJHKOH ITOHCKa
Je(peKTHBIX H30IISTOPOB B THPIITHJIE.

JlaboparopHas padora Ne 2. McciaegopaHiie
3IEKTPHYECKOH ITPOYHOCTH BO3AYIIHEIX ITPOME-
’KYTKOB B PE3KO HEOIHOPOIHOM IIOJIE.

HM3yuyeHHe 0COOeHHOCTEH Pa3BHTHS pa3psaa B He-
OJTHOPOJHLIX ITONSX. FccinemoBaniie BIIMSHHA I10-
JISPHOCTH JIEKTPOIOB Ha Pas3sHbIe HAIIPSDKEHIS
B PE3KO HEOJHOPOIHOM 3IIEKTPHYECKOM ITOIIE
BO3IVIIHOTO ITPOMEKYTKA. HCCIIEOBAHHE BIIMSI-
HHS Oapbepa Ha 3IEKTPHYECKYIO IIPOYHOCTh BO3-
IYIIHOTO IIPOMEKYTKA. DKCIIEPHMEHTAIIbHOE
OIIpe/ielIEHHE OITHMAaILHOIO PACITONOKEeHH A Oa-

pbEpa.

Jladboparopnas padora Ne 3. CtaTHCTHYECKHE
3aKOHOMEPHOCTH ITPOOO0SL

O3HAKOMIIEHHE ¢ OCHOBHBIMH CTATHCTHYECKHMH
3aKOHOMEPHOCT SIMH ITpO0OOS IIPH HCILITAHHH O0-
PAa3LOB ra30BOH M KHIKOH H30ISIHH. M3yueHHe
CTAaTHCTHYECKHX METOI0OB 00pabOTKH M aHAIIM3a
SKCIIEPHMEHTAILHEBIX JTaHHBIX ITPH HCIHITaHHH
H30ISIHH. PacueT mapaMeTpoB H ITIOCTPOEHHE
m(depeHITHaIbHEIX H HHTerpalbHBIX KPHBBIX
pacrpeelIeHHs BEPOSITHOCTEH ITpoOO4L.

1,5

JladboparopHas padora Ne 4. McciegoBaHiie Iie-
PEHAIPSKEHHI B OOMOTKaX TpaHCc(pOopMaTopa.
(O3HAKOMHTBCS CO CXEMOH U pabOTOH aHaIH3a-
TOPa IEPEXOIHBIX ITPOIECCOB. M3YUHTE METOIEI
OIIpeIelICHU IIEPEHAITPSKEHNH B TTIAaBHOH U ITPO-
JTOIIbHOH M30IISIIHH 0OMOTKH TPaHC(OopMaTopa
IIPH BO3AEHCTBUH Ha OOMOTKY I'PO30BEIX HMITYJIb-
COB

1,5

JlabopaTtopHas padora Ne 5. 3anuTHEIE pa3psi-
HHKH H OrPAaHHYHTEIH IIE€PeHaIIPSIKEHIH.
O3HaKOMIIEHHE ¢ Ha3HAUYEHHEM, IIPHHIIHIIOM JIEH-
CTBHS U KOHCTPYKIIHEHN Pa3spsIHHKOB H O PaHH-

5 ynTenel nepeHanpsxermii (OITH). U3ydeHne
O0COOeHHOCTEH paboThI U IIPHMEHEHHST OCHOBHBIX
THITOB TPYOYATHIX H BEHTHIILHBIX Pa3spPSIHHKOB H
OIIH. PacueTr XapakTepHCTHK H 3all[HTHOIO JcH-
CTBHS Pa3PSTHHKOB C HCIIOJIb30BaHHeEM OB M.

1,5

TTafonaroanuaa nafnra No & WeciieopaHIe MO-
AOKYMEHT NoarmmcCAH

3NEKTPOHHOW MOANUCHIO BHICOKOTO Hallp3-
Ceprudukar: 12000002A633E3D113AD425FB50002000002A6
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M3ydyeHHe YCTpOHCTBA H ITPHHIIHIIA JeHCTBH S
KAaCKaJHOTO BBEITIPSAMHTEIS BBICOKOI'O HaITpsTKe-
HHs. OTpefeneHiie H3MeHEHHI ITIOTEHIHAJIOB Pas3-
JIMYHBIX TOUYEK CXeMBI TPEXKACKAHOI'O BEIITPSIMH-
TEJIS B YCTAHOBHBIIIEMCS PEKHME ITPH XOIOCTOM
xojie. CHATHE 3aBHCHMOCTEH BEIXOIHOI'O HaIIPS-
KEHH S H ITYIIbCALHH HAITPSCKEHHS OT TOKa
HAarPY3KH H YHCIIa CTYIIEHEH BEIIPSIMHTENS.

JlabopaTropnas padora Ne 7. ['eHepaTop HM-
ITYJIb CHBIX HaIpsokeHuH 750 kB.

O3HAKOMHTBCS CO CITOCOOAaMH ITOIIYYEHHS I'PO30-
BBIX HMITYJILCOB, YCTPOHCTBOM H padoron I MH
750 xB; U3y4uTh METOMBI PETrYIIHPOBAHHA ITapa-
7 METPOB I'PO30BOI'0 HMITYIIbCA H METOJBI HX H3ME-
peHus, [IponsBecTH H3MEPEHHE aMITINTYIEL I'PO-
30BOI'0 HMITYJIbCA C IIOMOINBIO H3MEPHUTEIIBHBIX
Irapos guaMeTpoM 50 cM. O3HAKOMHTECS C METO-
JaMH PeErHCTPaIHH (POPMBI I'PO30BOI0 HMITYIIbCA
C IIOMOIIBIO SIEKTPOHHOIO OCIHIIIOrpada.

1,5

JlaboparopHas padora Ne 8. OnpeencHue 30H
3AIHUTEL CTEPKHEBBIX H TPOCOBBIX MOJIHHEOTBO-
JIOB.

M3y4nTh pacyeTHBIE METO/IBI OIIPEAETIEHHS 30H
3AIIHUTEL CTEPKHEBBIX H TPOCOBBIX MOIHHEOTBO-
I0B. O3HAKOMHTCS C 3KCIIEPHMEHTAIBHBIMH Me-

8 TOJJaMH HCCleOBaHHU 3all[HTHBIX 30H MOJIHHEOT -
BOJZIOB C HcCITOIb30BaHHeM [ MTH. Ompenennts 3Kc-
IIEPHMEHTAIIBHO H CPAaBHHTE C PACUETHBEIMH 30HEBI
3AIIHUTEL CTEPKHEBBIX H TPOCOBBIX MOIHHEOTBO-
IOB. I IpOBeCTH BH3YAJIbHOE HCCIENOBAHHE 30H 3a-
II[UTHI CTEPKHERBIX H TPOCOBBIX MOJIHHEOTBOIOB
10 KOMITBIOTEPHOH MPOrpaMME.

1,5

HToro 3a S cemecrp:

13,5

Hrtoro:

13,5
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4. Cooepacarue nadbopamopHsix pad om
Jlabopamopnaa paboma Nel. Pacnpeoenernue HanpasceHUA no 3J1eMeHmam ZUpiAHObl

11006 eCHBIX U3 0JIAM opoe6

Ilens padomer: BrisscHeHHe IIPHYHMH HEPaBHOMEPHOI'O pacIipelelleHHS HaIpsOKeHHS I10
sIeMeHTaM H3OJIIIMOHHBIX KOHCTPYKIMI. OrmpelelleHHe paclipelelIceHHS HaIpsOKeHHSI 110 THp-
TISIHZE TTIOJIBECHBIX H30IITOPOB. M3yueHHe BIIFSHIS 3alIUTHON apMaTyPhl HAa XapaKTep pacIipejie-
JIEHHSI HAITPSKEHNS BAOIIb THPIISH B, O3HAKOMIIEHHE ¢ METOJHKOH ITOHCKA Je(peKTHBIX H30JISTO-

POB B THPJISIHJIE.

OcHoébl meopuu.;

B 3l1eKTpHYeCKIX YCTaHOBKAaX HMEET MECTO HEPAaBHOMEPHOE PacIIpeelIcHHE HAITPSDKEHHT
110 OTJEIBHEIM 3JIEMEHTAM H YYacTKaM H3OIISIHH. 3TO IPHBOANUT K BOZHHKHOBEHHIO KOPOHEBI H
YACTHYHBIX Pa3psaJI0OB HA OTAEIIbHBIX BJIeMeHTaX H B 00beMaxX M30MIAIHH, YTO B KOHEYHOM HTOIe
SIBJISIETC S IPHYHHOH TOSBIIEHHS Ha4allbHBIX JIe()eKTOB H ITOCIEAYIOIEr O Pa3BHTHS ITOBPE K] CHH S
H3OJISILHH.

Bo BHelHeH H30IAIIH HaHOOoIee HEPAaBHOMEPHOE PpacIIpeielIeHIe HaITpshKeHH S HalIro-
NAEeTCS Ha THPIISHIAX ITOABECHBIX H30JISITOPOB, OIMOPHBIX H30JISIIOHHEIX KOITOHKAX, BEICOKOBOIIb-
THBIX BEIBOJAX TPAaHC(OPMATOPOB H BEIKIIIOYATEIIEH.

PaccMOTpHM XapakTep paclpeleIeHH s HaIIPSOKeHHS IS THPIISHABL TIOABECHBIX H3O0IISTO-
POB, COCTOSIIEH H3 N 311eMeHTOB (pHc. 1.1).

[HpIIHAY H30IATOPOB MOKHO ITPENCTAaBHTh SIEeKTPHYECKOH CXEeMOH 3aMeleHHST (pHC.

1.1,6), rme C = 40...70 nd — cobcTBeHHas eMKOCTh H3omaTopa, C1 = 4...5 md — eMKoCTh H30-

nsropa oTHocHTensHO 3emm;, Co = 0,5...1,0 n® — eMKOCTh H30MIATOPa OTHOCHTEIHHO IIPOBOJA.

H

0 U, %
a) 0) B)
NOKYMEHT NoanuncAH | .
SNEKTPOHHOWM N oanmckio Aoa ITOJBCCHBIX H30IIATOPOB.
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— CMKOCTHAA CXCMa 3aMCIIICHITA

KCHILA I10 H30JIATOPAM I'HPIIIHADI.



OCHOBHOE BIDISHIE Ha HCPAaBHOMCPHOCTE PacCIIPpCACIICHIA HAIIPsLKCHHIA ITO 3JICMCHTAM

THPJISTHABL, KaK BHAHO M3 CXEMBI 3aMellleHHs pHC. 1.1 6, OKa3pIBarOT TOKH, IIPOTEKAOIIHE TI0 EM-
xkoctsm Cy n Co.

[TageHrie HaIPsDKEHI S Ha KaKOM 3JIEMEHTE THPIISHIBL OVIET OIpedellsIThCs anredpanye-
CKOI CYMMOI1 TOKOB, IIPOTEKAOIIIX 110 H3onsaropy. Ilockonsky C1 > Co, TO HaHGONBIIG TOK

IIPOTEKAET IO H30IIITOPY, PACcIIONOKeHHOMY OKOJIO IPOBOJa, HAaHMEHBIIIHIT — ITO H30ISTOPY, pac-
ITOII0KEHHOMY I'ZIe-TO B CEpeJHHE THPILIHEI, a 3aT€M HECKOIIbKO YBEIIHYHBAETCS Ha SIIEMEHTaxX Y
3a3eMJIEHHOH ONOpHI. bojlee MoApoOHEIH aHAIH3 CXeMbl 3aMeNeHHS THPISHABI JaH B COOTBET-
CTBYIONIEH mHTepaType [1, 2].

HepaBHOMePHOCTS paclpeieIeHHI HaIlPSKeHH S IT0 H30JIITopaM OyIeT YBeIHYHBaThCs ¢

YBCIIHUCHIICM HHCIIA 3JICMCHTOB B I'HPJIHAC, TdK KdK B 3TOM CJIYHAC BCIIHYIIHA SKBHBAJIEHTHOH

g C
CMKOCTH, Dﬁ}’GHDBHEHHﬂH COOCTBEHHOH €MKOCTBhIO H3OIIST OPpOB Cfr = —, 6}’I[ET COH3MCPHMA C
n

emxoctsMi C1 u Co.,

[Ipu Harmuny mectH U 60lee H30IISTOPOB B THPIIHIE Ha IIEPBBIH OT IIPOBOJA H30ISATOP
IIPUXOIUTCSI IpHMepHO 20-25 % (aszHoro HampsokeHHS. Takum oOpa3oM, ITpH HOMHHAIbHOM
HamnpsoKeHHH 154 KB H BEIIIE H30IISTOPBI, PacIoIOKEHHBIE BOIM3H ITPOBOAA, OVAYT KOPOHHPO-
BaTh.

J11s1 BRIpaBHUBAHNS PACIIPEIEIICHNS HAIPSKEHHS BIOIb THPJLIHABI IIPHMEHSIOT 3aIlHT-

HYIO apMaTypy B BHJE KOIIEIl[, OBAJIOB, BOCBMEPOK H T. II., VKPEIUIEHHBIX Ha O00HX KOHIaX I'Hp-
JISHTBI FUIH TOJBKO Ha JIHEeHHOM KOHIle. ApMaTypa yBemmurBaeT eMkocTH Co u Cy . AHanormy-

HBIM 00pa30M MOXKHO BEIPOBHSTE paclpelelIeHHe HaIIPsDKEHHS BIOIb CTEPKHEBBIX H30JIITOPOB.
ApMaTypa TakKe 3aIMHINAeT H30JIITOPEI OT BO3JAEHCTBHS AYTH ITPH IIEPEKPBITHH H3O0IISTO-
POB, TaK KakK Jyra IIpH IMePeKPhITHH THPIISHILI BOZHHKAET MeKIY 3JIeKTPoJaMH apMaTyPhl.
M3 aHami3a cxeMbl 3aMeIleHHS THPIISHABI TaKKe CIIeyeT, YTo Oolnee paBHOMEPHOTO pac-
NIpeielIeHUS HaIIPSDKEHHS 10 H30IISITOpaM MOKHO JOCTHYD, YBEIIHYHBAS COOCTBEHHYHO €MKOCTE

H30JIATOPa, T.C. HCIIOIIb3VA Oolee MaCCHBHEBIE H30IISAT OPBI HIIH CABOCHHBIC I'HPIIAHABI. B sToM CIIY-

Hac TOKH, ITPOTCKAIOIIHE II0 CMKOCTAM C1 H CQ:, OKd3bIBAIOT MCHBITICC BJIMAHIIC Hd BCIIMNYIITHY

TOKOB B eMKocTax C .

PHGHPE,I[EHEHHE HAITPsOKCHH A 11O THPIIAHAC CTAHET TAKKC Ooree PAaBHOMCPHBIM, €CIIH YVBC-

NOKYMEHT [_'IEJ,D,!"[MDAH JKa., HAITPHMCED, ITIOKPBIBAA H30JIATOPEI ITOJIVITPO-
INEKTPOHHOW NOAMMACHIO
Ceprudbmrar: 1 112000002A633E3D113AD426FB50002000002A6 TacTCs IIPH AOXKIE, KOr/a BO3POCIIHE aKTHBHBIC
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
~ACIICHITA HaITpsDKCHILA.
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M3MepHTh pacnpejielieHHe HaMPSOKEHHS 110 H30ISITOpaM THPISHIBEI MOKHO C ITOMOIIBEO
H3MEPHTEIILHOH INTAHTH HIIH IIApOBOI0 Pa3psIHHKA.

M3MepHTeIbHAS IITaHTa MPeACTaRIsSeT COOOH CHCTEMY M3 JABYX AIIEKTPOIOB. OIeKTPOIbI
C ITOMOINBIO KOHTAKTHBIX IIPHCITOCOOJIeHHH (B BHJIE «YCOBY», II[YIIOB) COEIHHSIIOTCS C BEpXHEH H
HIDKHEH MeTaJDITHYeCKOH apMaTypoH H30IaTopa. PaccTosHHE MeXIY SIeKTPOoJaMH MOKHO H3Me-
HSTH ITYT €M ITOBOPOTa PYKOSTKH INTAHTH. DJIeKTPHYECKOe ITONe MeXX Iy AIeKTpoJaMH — cl1aboHe-
OJHOPOIHOE, H HAIIPSLKEHHE ITPOO0s BO3AYIIHOIO IIPOMEKYTKa MEKIY BIIeKTPOojaMH OyIAeT 3aBH-
ceTh OT paccTosHHS. IlIKaa H3MEpPHTEIbHOH INTAHTH ITPOrpaJyHpoBaHa B KIIOBOIbTaX. Mme-
FOTCS TaKJKe INTAHTH C 3JIeKTPOCTaTHYECKHMH BOIBTMETPAMH.

MeTomuka onpejielieHHs paclpelelIeHHS HalPsDKeHHS 110 SIIeMEHTaM THPJISTHABI C ITOMO-
II[BIO IIAPOBOTO Pa3psAHHKA CIIeIYIOIIas:

1) PaspsagHik rmoodepefHO ITOAKITIOYAETCS MapalIeIbHO KaKIOMY H30ISTOpPY.

2) BxmoyaeTcs HCIIBITAT eIbHASI YCTAHOBKA, M ITIABHO ITOAHUMAETCS HAIIPSDKEHHE OT HYILI
110 BOBHHKHOBEHHS YCTOHYHBOIO pa3psia MeKIy HIapHKaMH pa3psIHHKA.

3) OTHOCHTEIbHOE 3HAUYEHHE HAIPSUKEHH S Ha KaKJIOM H30ISTOPE OIpeelseTcs pacueT-
HBIM ITyTEM.

J11s1 KaKI0ro H30IITOopa IMIPOH3BOIUTCS TPH H3MepeHHI. HeoGXoaumMo ciieIHTh, YTOOHL B
IIpoIecce H3MEPEHHI PAaCcCTOSHHE MeKIY IIapHKaMH pa3psyIHHKA OCTaBalIOCh HEH3MEHHBIM.

Tak Kak HaIlpspKeHHE II0 H30IIITOpaM paclpejelsieTcs HEPaBHOMEPHO, TO BEIMYHHA
HarpsvkeHns U 5 , TPHITOKEHHOrO K | -My H30JISTOPY, TIPH KOTOPOM IIPOGHBAETCSL Pa3psYIHIK, GY-
IEeT 3aBHCETh OT MECTa ITOJIOKEHHS H30JISITOPa B THPILIHJIE, T. €.

Uz #Ugp=..#U5 =..2U 4
HamMeHBIIIee 3HaUeHHE 6}",I[ET HMCTD U al IIPH YCTAHOBKE Pa3pPAJHHKA Hd ITIEPBOM H30JIH-

TOpe OT IIPOBOJa, a HanbombInee U 5 MpH ycTaHOBKe PaspsylHHKa I7le-TO B CePe/IHHE THPIISHIEL.

U
Tk Uy

rae U — HampsokeHHe, TIPH KOTOPOM ITPOGHBAETC ST Pa3PSIHHK,

U gk — HaIIPANKCHHE Ha 'HPIIAAAC ITIPH YCTAaHOBKRE PA3PAIHIIKA Ha K -OM H30IAT Opc.

J171s1 BCEH THPIISTHIIBI
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SNEKTPOHHOW NOAMUCHIO

Ceptucukar:  12000002A633E3D113AD425FB50002000002A6 e HaIlpsDKeHHS Ha K -OM H30JISITOpe ITPH H3Me-
Bnapeneuy; lLebayxoea TateAHa AnekcaHapoBHa
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Bo BHYTpeHHEN H3OISIIMH HAHOOIIbINAS HEPABHOMEPHOCTh pacCIpee/IcHH I HaIIPSKEHH S
110 00BeMY H3OIIIMH HaOmrogaeTca B KaOellsIxX, TpaHc(opMaTopax H reHepaTopax.

B mzorsamn kadenen HanOobInas HalpsoKEHHOCTE 3JIEKTPHYECKOro IO HaOmoJaeTca v
TOKOBEAYIIHX KIUI. [103TOMY J711 BRIpAaBHHUBAHMS ITI0JI IO TOJII[HHE H3OISILHH ITPHMEHSIEOT I'pa-
THPOBAHHE H3OISIIHH. CYIITHOCTE I'PaJHPOBAHH I 3aKIFOYAETCS B TO, UYTO H3OJISLIHSL, HaIIpHMeED OY-
MayKHas, HMeeT CIIOH ¢ Pa3IHYHBIMH BelIHYHHAMH Ko3( QHIlHEHTa JHAIIeKTPHYECKOH ITPOHHIAE-
MOCTH €, OJIMJKe K KHJIE HCIIOIb3YeTCa OyMara ¢ OONIBIIHM €.

B TpaHcdopmaTopax HanOOJIbINasI HEOJHOPOIHOCTE AIEKTPHYECKOr O IO - Y TOpIa 00-
MOTKH, ITPHMBIKAOIIET 0 K MAarHUTOITPOBOAY. JJIs1 BRIpaBHHBAHHA ITONIS ITPHMEHSEOT €MKOCTHEIE
KOJIbI[a H SKPaHBI.

B 3lIeKTpHYEeCKHX MalllMHaX MaKCHMallbHas HEOAHOPOAHOCTE ANEKTPHYECKOIO ITOISI BO3-
HHKAET B MeCTaX BBIXOJa CEKIIHMH M3 I1a30B CTAaTOpa. 3HeCh IS BEIPaBHHBAHHS 3IEKTPHYECKOr O
TTOIS IIPHMEHSIOT ITOKPHITHE JTOOOBBIX YUACTKOB H3OJIAIHMH TTOJIYITP OBOASIIIM JIaKOM Ha OITpeIe-
neHHYIo JIHHY. [logpoOHee 0 MeToaxX peryIHpOBaHH S IOIeH B CHIIOBBIX KaOellsax, TpaHC(hopMa-

TOpax H MalllMHaxX CMOTPHTC.

YKkazanue no mexHuxe 0 e3onacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpHBD{ pE]ﬁDT ITPHBCACHDBL

B ITPHIIOKEHHE A.

VKa3aHusa no 6bIno0JHEHI0 J1ADOPpAmMopHOU padonbl:
OImpeAelTh pacpeaelcHIe HaIIPsDKEHIS BAOIb THPISHABI H3 INeCTH CTEKIISTHHBIX H30-
nsaropos THIra [1C70 ¢ IIOMOIIBIO INTaHTH H METOAOM IIIAPOBOr0 pa3psgHHKa ITPH:

1) oTCcyTCTBHH Je(peKTHBIX H30IISITOPOB;

AOKYMEHT MOANMCAH ba:
ANEKTPOHHOM MOAMNUCHIO ’

Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lleBGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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PaGora BBRIITOTHSAETCS Ha BRICOKOBOJIBTHOM HCITHITaTeIbHOM ycTaHOBKe 60 kB (pmc. 1.2).

TpﬂBEpCﬂ IOIIKHA OBITH 3d3CMIICHA., 4 BBICOKOC HAIIPsLKCHIC ITOABOJIITCAHA K IIPOBOAY.

Tl SF T2 R

HLR

PucyHok 1.2 — CxXema HCITEITaHH I YVCTAaHOBKIH

[Tpn n3MepeHHH HaIIpSDKEHHS ITTaHTOH HeOOXOIHMO:
1) BKIFOUHTH HCITBITAaTEIbHYIO YCTAHOBKY H YCTAaHOBHTH HaIlPSKEHHE IT0 HH3KOH CTOPOHE

200 B, 4TO COOTBETCTBYET BTOPHUYHOMY HaITps:KeHHIo 00 kB,
2) ¢ TTIOMOITBIO MITAHTH 3aMepUTh HanpspkeHue U ) Ha KaXJJOM H30JATOpE, ITPH KOTOPOM

BO3HHKAET ITPOOOH MY AMNEKTPOJAMH IUTAHTH. Pe3yibTaTel H3MepeHHH 3aHecTH B Ta0mm. 1.1;
3) 3HaYeHH HAIIPSOKEHHH B IIPOIEHTaxX Ha KaKI0M H30IIITOpe 3aHecTH B Tabm. 1.1, ompe-

ACIIHB HX 110 COOTHOLICHITHO

J._ Ugt00

O —

kK% U,ﬁf

I'JIC Uﬂf — HAIIPpKCHHE, ITPHIIOKCHHOC K T'HPIIHAC H3O0JIATOPOB (E HalllCM CJIyYac

60 xB);
4) [ IMpOBepKH MTPaBIILHOCTH H3MePeHHI HeOOXOTHMO BEIYHCIHTL CYMMY E U oy, -

Ecm cymma otmmyaercs or 100 % Gonee yueMm Ha +10 %, To H3MepPeHH ClIeYeT CUMTATh HEYIO-

BJIICTBEOPHTCIIbHBIMIL, H OIIBIT HYAHO ITOBTOPHTD.

Tabmima 1.1
H3mMmepeHNs
M3MepeHHs IIapOBBIM Pa3PSIHHKOM -
[ITAHTOH
Homep msossaropa or
OBOJA, i , : T
HPOBOY, Uiz | Ufs | Ul | Uias | U2as | Usgren | Yk Uk
D D - o/ g
[OKYMEHT NOAMUCAH 5 B | xB %o | KB 7o
SNEKTPOHHOW NOANUCHLIO
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lebayxoea TateAHa AnekcaHgpoBHa
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[TocemoBaTebHOCTE OIpeJelIeHHs pacIpeielIeHH T HallPSDKEHHS IT0 THPISIHIE H3O0IISTO-
POB C ITOMOIIBIO ITAPOBOr0 Pa3psAHHKA CIETYIOIIA:

1) MOAKITFOYHTE Pa3pSAHHK ITOOYEPESHO ITapallIe]IbHO KaXI0MY H3O0IISTOpY,

2) BKIIFOYHTH HCITBITATENhHYIO YCTAaHOBKY H INTABHO MOAHSATEH HAITPSOKEHHE OT HYIIS IO BO3-

HHKHOBEHH S YCTOHYHBOIO pa3psaa MeXAY IapHKaMH pa3psIHHKa,

3) BemmuHy HanpspkeHus paspsga Uqs (Ha ctopore 200 B) 3aHectu B TaGm. 1.1. s

Kakgoro msonsropa mpomssectn Tpu miMepernst (U{s, U{s n U{%). Heobxomumo crequrs,

yTOOKI B IIPOIecCe H3MEPEHHH PACCTOSHIE MEKAY IIapHKAMH Pa3psSIHHKA OCTaBalIOCh HEHM3MEH-
HBIM,
4) 3aHecTH B TaOm. 1.1 3HaYeHMI HAIIPSOKEHHIH Ha THPIISHAe (Ha cropoHe 60 xB), mpH ko-

TOPOM HACTYIIACT Pa3pAd, OIIPCACIIHE HX ITO BBIPAKCHHIO
Uog = KU1z

60
rme K = 02 — K03 prarreHT TpaHc) opMaIHH TpaHchOopMaTopa,

5) BEIMHCIHTH 3HAYEHHS HaIIpsSOKeHHH B IIPOIleHTax I KaXKJI0r0 H30/IITOpa IO BhIpaKe-
Huto (1.5);

0) pe3yIbTaTH PacyeToOB 3aHecTH B TaOm. 1.1. J[1g KaKIoro BapHaHTa JOIKHa OBITh OIlpe-

JIEJIEHA CYMMa E U o, - Ecrm cymma oTmmdaercst or 100 %, To HE0OXOAHMO IIOBTOPHTE PAcyeT.

Ha ocHOBaHHIH ITOIIYHCHHBIX PE3VIIBTATOB He0OXOIHMO:

1. IIocTpOHTH 3aBHCHMOCTE Uép K% = f(i) 1nma Bcex ciIydaeB B ORHIX KOOPHMHATAX

(pac4yeThl MOT'YT OBITH BEITIOIIHEHEI 10 KOMITBEOTEPHOI IIPOrpaMMe).
2. OnpegennuTh K03 QHIHEHT HepaBHOMEPHOCTH pacIipeielIeHHS HallPSKEHHS BJIOTIb THP-

JIAAABI JJIA BCEX CIIVHACB

lJ ec k% max
NOKYMEHT NoanncAH ¢ Ko
3NEKTPOHHOW NnoancCeio 'J ] ° ;
CepTucbukar: 12000002A633E3D113AD425FB50002000002A6 < e¢ k% min

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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rie U ac ko, max 1 U g k9% min —HaHOONbIIeE I HAHMEHBIIIEe HAlPSUKEHHE Ha H30ILITO-

Pax THPJLSTH/IHL.

Codeporcarue omuema:

OT4YeT JOIKEH COMEPXKATh:

1. Hazeanue paboTEI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrHcanie UCIoIb3YeMOro 000PYAOBaHHS H MaTEPHAJIOB,
5. ITopsaox BRIMTOIHEHH S PaOOTHI,

6. Beruncienmsa n o6padorka pe3yibTaToB,

7. BEIBOJIEL.

KoumponsHsie éonpocet:

1. OOBSCHHUTSL IIPHYHHBEI HEPABHOMEPHOCTH PACIIPeIelIeHHS HAIlPSOKEHHSI B H3OISI[HOH-
HBIX KOHCTPYKIHSX.

2. B UeM ITPOSBIISETCS OT PHILIATEIIFHOE JIEHCTBHE HEPABHOMEPHOI O PacIIpeAeIeHHS HalIpsi-
KeHHIT?

3. Ilepeunciaurs crocoOBl BRIPABHHBAHHS HAIPSKEHHS II0 H30JISATOPAaM THPJISIHABL, a
TaK’Ke IIPH BEOTOTHEHHH H30IISIHH Kalbelnel, TpaHc(popMaTOpPOB H I'eHepaTOPOB.

4. TToSICHHTE ¢ HCITONb30BAHHEM ITOTYUYEHHBIX Pe3ylIbTaTOB BIHAHHE Je(peKTHOrO H30/I9-
TOpa Ha paclpeaeicHHe HaIIPsDKEHH A 110 THPIISHIIE.

5. IlepeyriciiTh CIIOCOOBI BBISBIIEHHS Ie(PEKTHBIX H30ISTOPOB.

6. BHIOBI 3all[HTHOH dPMATYPEL H 3KPdHOB H JIJIAH YCT'O OHH ITPHMCHAKOTCAH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jabopamopras paboma Ne2. Hceenedosarue 3ieKmpuueckoil npouHocniil 6030YUIHbIX

NPOMENHCYHIKOB 6 PEIKO HEOOHOPOOHOM NOJiE

Ilenv pabomesi: V3ydyeHe 0OCOOEHHOCTEHN PA3sBUTHS paspsAa B HEOJHOPOIHBIX ITOJISX. Mc-
CIIeJOBAaHH e BIIISHHA ITOISPHOCTH 3IEKTPOIOB Ha Pa3sHbIe HAIIPSKEHHS B PE3KO HEOAHOPOIHOM
3JIeKTPHYECKOM IT0JI€ BO3AYIIHOIO IPOMEKYTKA. HCCIeJOBaHHe BIIIHIA Oapbepa Ha 3JIeKTpHYe-
CKYIO ITPOYHOCTEH BO3IVIIHOIO ITPOMEXYTKA. DKCIIEPHUMEHTAIIPHOE OIPeIelIEHHE OITHMAIBHOI O

pacIonokeHHs Oaphepa.

OcHoébl meopuu.

OJleKTpHYECKasI IIPOYHOCTh BO3AYIIHBIX ITPOMEKYTKOB 3aBHCHT OT psifia (PaKTOPOB, B TOM
JHCIIE OT PoJa HaIPSKEHHS, (POPMEI SIIEKTPOJOB H HX ITOISIPHOCTH.

B omHopomHOM 3nekTprHueckoM Itolie ( E=const) pa3psa B BO3ayxXe BO3HHKAET ITPH HaIIpsI-
’KEHHOCTH 101, OyM3KoH K 3 MB/M, H He commpoBoXkIaeTcs ABIeHHEM KOPOHBI.

CTerneHb HeOJJHOPOAHOCTH 3JIEKTPHYECKOTr O IO IPHHSTO XapaKTepPH30BaTh KO3((HIH-
EHTOM HEOJHOPOAHOCTH K, PaBHBIM OTHOIIEHHIO MAKCHMAJILHOH HAIIPSDKEHHOCTH ITOIS MEKIY
aeKTpoaMU (Eynqx) K cpeliHel ee BeMYHHE (Eep): Ky = Enay/ Eep, T Ecp= U/S. ]IS OHOPOTHBIX
ronen K= 1, 1719 HeoOqHOPOAHEIX K »>1 H YBEIHMYMBAETCS IIPH YMEHBIIIEHHH PagHyca KPHBH3HEL
3JIEKTPOJOB H POCTE PACCTOSHHA MEKAY HUMH. Y CIIOBHO CUHTAETCSL, YTO IToJie OyaeTr cinaboHeo -
HOPOAHBIM IIPH K 4 <2 M Pe3KO HEOJHOPOIHOM IIpH K, >2...4. DTa rpaHHila XapaKTepHa I
cIIydasi KOHI[EHTPHYECKHX IHIIMHIPOB IIPpH R/r =3, IS IapalulelbHBIX IIPOBOAOB S/1=30 H I
IBYX c(hep OJHHAKOBOIO pajpyca S/r =8 (S- Be3Jle pacCTOSHHE MeXAay NeKTpojaamH) [ 1].

OIEKTPHUYECKOE TI0JE IIPOMEKYTKA C IEKTPOJAaMH OCTPHE-INIOCKOCTE SBIISIETCS HEOTHO-
pomHbIM (K » >4). B TakoM IIpOMeKYTKe pa3psIHbIe HAIMPSDKEHHS OKa3bIBAIOTCSA 3HAUHTEIIBHO O0-
JIe€ HU3KHMH, YeM B BO3AYIIHBIX IIPOMEKYTKAX ¢ OAHOPOIHEIMH HIH Cl1a00HEeOHOPOIHEIMH I10-
isivH. [IpH 3TOM HCKpOBOMY pazpsaay (Impoboro) MpeAIecTBYET KOPOHA.

[Ipu moOoH MOISAPHOCTH 3IEeKTPOMOB OCTPHE-IUIOCKOCTh HOHHM3AIMH HAaYHHAETCI V
OCTPHSL, TTOCKOIBKY HAIPsDKEHHOCTS ITOJIA 3eCh OONBINE, YEM Y ITIOCKOCTH. OOpa3VIOIIMIICS ITPH
3TOM OOBEMHBIH 3aPS COCTOHT, B OCHOBHOM, M3 ITOIIOKHUTEILHBIX HOHOB, T.K. 3IIeKTPOHEI, 00I1a-
JTAIOIIHE MaJIOH MAacCOH M, CIeJ0OBaTeIbHO, OONBINEH ITOJBHKHOCTRIO, IIPAKTHYECKH MIHOBEHHO
ITOKHIAFOT 00IacTh HOHM3AIMH. [10m0KHTeIbHBI OOBEMHBIH 3PSl HCKaKaeT IT0JIE H OKA3hIBAET

CYIIECTECHHOC BJIIAHIIC Hd IIPOLICCC PA3SBHTHA Pa3pAaad.

[IOKYMEHT IMOAMNVGAH
SNEKTPOHHOW NOAMNKCHIO
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu. lLleBayxoea TateAHa AnekcaHapoeHa

TbHOH INOIIPHOCTH OCTPHA BO3HHKAFOILHIT ITPpH
PLKEHHOCTDE ITOII HEIIOCPEACTBCHHO ¥V OCTPHA H

d.
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[TpH oTpHIIaTETBEHOI ITOISIPHOCTH OCTPHS BIHSHIE 00BEMHOr0 3apsifa OyaeT IIPOTHBOIIO-
JIOKHBIM, - OH YBEJIHYHBAET HAITPSKEHHOCTH ITONIS OKOJIO OCTPHS H OCHAONISeT €€ B OCTalIbHOM
JacTH IIPOMEKYTKa. B pe3yinsrare H3MeHsIeTCS HallpsDKeHHe BOZHHKHOBEHHE KOPOHBL Uy H pas-
PSIHOE HalpsDKeHHe IpoMexyTKa U,.

[IpH IOJIOKHUTENBbHOH ITOISPHOCTH OCTPHSI BO3HHKHOBEHHE KOPOHEI OYAET 3aTPYIHEHO,
T.K. HaIIpsDKEHHOCTH ITOJIS HEITOCPEACTBEHHO Y OCTPHS MOHIKeHa. (71 BOSHHKHOBEHHS KOPOHBI
noTpebyeTcs Oojlee BRICOKOE HanpshkeHue, T.e. Ux™ > Uk

[TocKkonmbKY HAITPSDKEHHOCTD ITOJIS ITO HAIIPABIIEHHIO K ITTOCKOCTH ITPH ITONIOKHTEIbHOH I10-
JISIPHOCTH OCTPHS YBEIHYHBAETCS, a IIPH OTPHI[ATEIILHON yMeHbIIaeTcs (prc.2.1), To IIpH gajb-
HeHIIeM ITOBBIIIEHHH HaIIPsUKeHHS ITPH ITOJI0KHTEIIEHOM OCTPHE pa3psl B IIPOMEIKYTKE ITPOH30H-

IIET TIpH OOllee HU3KOM HalpsokeHud, T.e. Up™<U)

E, S

PrucyHoxk 2.1 — HarnpscKe HHOCTE BIIeKTPHYECKOrO IO B ITPOMEKYTKE OCTPHE-IUIOC-
KOCTh: E - 0e3 yueTa BIHSAHHS O0BEMHEIX 3apAA0B; Eq - co3gaBaeMast IOI0KUTEIBHBIMA O0BEM-

HBIMH 3apsmaMi;, E+Eq — pesyibTHpyroIas

3aBHCHMOCTB Pa3psIHOr0 HAIPSDKEHHS B HECHMMETPHYHBIX ITOJISIX OT ITOJISIPHOCTH 3JIEK-
TPOJ OB Ha3bIBAIOT A(P(EKTOM ITOISPHOCTH.

YIpaBIIATh 3IIEKTPHYECKHM II0IEM Pa3PSIHOrO IIPOMeKYTKa H ero 3IeKTPHYEeCKOH IIPOoY-
HOCTBHIO MOXKHO, HaITpHMe]P, ITIOMECTHB MEKAY IIeKTPOJaMH TOPOH IaIbHBIH ITPOBOASIIHI SKpaH,
Ha KOTOPEIH ITOJIJaH TOT MJIH HHOMH ITOTeHIHal. B 3aBHCHMOCTH OT ITONTOKEHHSI SKpaHa H 3HaYeHHS
ero ITOTEHI[HAIa MOKHO JOOHTHCS YBEIIMYEHHS HIIM YMEHBIIEHHS Pa3psHOI0 HaIIPSTKEHHS ITPO-

MCKVTKA.
OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHLIO (HO HIIH ITOIMHOCTBIO MOJKHO, ITOMECTHB MEXKIY

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu; LUebayxosa TaTeana AnerkcaHpoBHa ) I3 JHAIIEKTPHKA.
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Martepnan Gapbepa CYIIeCTBEHHOTO 3Ha4YeHHI He HMeeT, BaKHO, YTOORI Oaphep OBLI JO-

CTATOYHO IUIOTHBIM, HCIIPOHHI[dACMBIM JJIH HHOHOB.
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PrcyHok 2.2 — bappep (a) H HaIIpsHKEHHOCTD AJIEKTPHYECKOro Mo (0) B IIpoMeXyTKe

OCTPHE-IUIOCKOCTE: 1- 6e3 Gaprepa; 2 - ¢ GaprepoM

[Tpn Hammunu Gapbepa M IIONIOKHTEIBHOH IOIIPHOCTH OCTPHS ITOJIOKHTEIbHBIE HOHBI Ha
ITOBEPXHOCTH Oapbepa, pacIIpeJelIIroTcsa TeM Oolee paBHOMEPHBIM CIIOEM, YeM JAJIbINE OT OCTPHS
yCTaHOBJIEH Oaphep. B pe3yinbTaTe HAIIPSKEHHOCTH 3IIEKTPHYECKOr O IO Ha y4acTKe Oaphep-
IUIOCKOCTh HECKOJIBKO ITOBBIIIIAETCS, HO, PacIIpeielIsieTcs 0ojlee paBHOMEpPHO (pHC. 2.2, 0) B ITpo-
MEXKYTKe, YTO H IIPHBOJHT K 3aMETHOMY YBEIIHYEHHIO Pa3pSAHOrO HAITPSKeHHS IIPH OIITHMAJIb-
HOM ITOJIOKEHHH SKpaHa.

[Tpn Hamiruny Gaphepa H OTPHIIATEILHOM MOISPHOCTH OCTPHS HaOMOJaeTC KaK CHIKe-
HHE Pa3psSIHOr0 HaIIpsDKEHHS IIPOMeXKYTKa, TaK H HE3HAYHTEIIbHOE €ro YBelmYeHHe (pHc. 2.3).

[Ipn nepemenHOM HarpspkeHHH (ITpH yacToTe 50 I'1) B IMpOMEKYTKE OCTPHE-INIOCKOCTh
pa3ps BOBHHKAET ITPH ITOJIOKHUTEIIBHOH MOISIPHOCTH HAIIPSDKEHHS Ha CTePJKHE, ITOCKOJIBKY ITPH
STOM pa3psSHOE HAIIpsSKeHHE 3HAYHTEIbHO HIDKE, YeM ITPH OTPHIIATEeIIbHOM IOISPHOCTH OCTPHSL
[TosTomy nmpHMeHeHHe Gapbepa IS YBEIHYEHHS IIPOYHOCTH IMPOMEXYTKOB 3(P(EeKTHBHO H ITPH

HallPAKCHHIT ]’[pDI%IBIH.UIEI-H-[Gﬁ HaCTOTHI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Prcynok 2.3 — Pa3psiHbie HaIIpsDKEHHS ITPOMeKYTKaA OCTPHE-TTIOCKOCTB:

1 — ©e3 Gaprepa, 2 — ¢ daprepoM.

PaszpsHble HaIIPSKEHHS IIPOMEXYTKA C 3IeKTPOJaMH OCTpPHE-OCTPHE ITPH IIepeMeHHOM
HaIpsDKEeHHH OYAYT BBIIIE, YeM Pa3psIHbIC HAIIPSDKeHHS ITPOMeKYTKa OCTPHE-TUIOCKOCTh. 3TO
O0OBSICHSAETCS TeM, YTO B IIOCIeTHEM cIy4yae (B CHIY OONIBIINON eMKOCTH CHCTEMBI KaHal CTPHM-
Mepa - TNIOCKOCTh) IUIOTHOCTE 3apsjla Ha (PPOHTe CTPHMepa H, CJIeOBaTelIbHO, HAIIPSDKEHHOCTD
IO BOIIH3H HErO OKasbIBAOTCS OoOllee BBICOKHMMH, YTO OOIerdaeT YCIIOBHE PacIIpOCTPaHEHHS

CTpHMepPa BrIIyOb ITIPOMEKYTKA.

YKazaHue no mexHuxe 0 e30nacHocmu.
YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BBOIOJIIHCHITH HﬂﬁﬂpﬂTﬂpI{BIX pElﬁDT IIPHBCOACHDBIL

B ITPHIIOKEHHE A.

VYKazanusa no 6uinojiHeHUI0 140 0pamopHoil padomal:

Pabota BBITIOIMHSETCS Ha ELIHPMHEHBHGﬁ YCTaHOBKC, CXCMa I{GTGpGﬁ IIPHUBEACHA Ha PIHC.

2.4,
AKB PUI KM4 VDI
—-— _1 - - l ~—1 B
[ 1sBI .
. Cl - Ry
KMI / 43 T LME |_-J,- I2
Qsl TC HL3 | )
- —1 ‘ £
SB2
20| wvQ@ HLR% kv)
. PV
KPTIN 127y
KM
ez | LA
OOKYMEHT NoAnvcAH .

SNEKTPOHHOW NOAMUCHIO
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Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa .
S CXCMd BBIIIPAMHTCIIBHOH YCTAHOBKIH.
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PaGora Ha YCTaHOBKE IIPON3BOAHTCA B CIEIVIOIIEM ITOPSIIKE:

1. Heo®xommmo yOeqUTHCS, YTO YCTaHOBKA ITOJTHOCTRIO OTKIIFOUEHA OT CETH:

BrexinroueHBl pyOHIIBHHK QS IMHTKa VITPaRIIEHHS, PETYIIATOP PErYIIMPOBOYHOIO TPaHC-
¢opmaropa T1 HaxoUTCSI B OTKIIFOYEHHOM ITOI0KEHHH, H Ha BBIXOJ, BEICOKOIO HaITpsDKeHHS BH
YCTAaHOBKH HaAJIOKEHO BPEMEHHOE 3a3EMIICHHE.

2. Ilocme 3Toro MOXKHO 3aXOAUTH 3a OrpakKIcHHE YCTaHOBKH M IMPOH3BOIHTE HEOOXO/IH-
MbIE H3MEHEHHS B CXEME HCCIIELOBAHIIA.

3. 3aKOHYHB PadoTy 3a Orpa’kIeHHEM, 3aKPBIBAIOT JBEPh OTrPaKIeHISL, BKIIFOYAIOT IIEIIh
OnmokupoBKH AKB, CHHMaroT BpeMEHHOE 3a3EMIIEHHE.

4. Bxmroyaror pyOHIIbHHK QS1 IHTKA IIHTAHHU S, IIPH 3TOM IIOAAETCS HAIIPSDKEHHE HA pe-
T'YIHPOBOYHBIHI TpaHc(opmaTop T1, 3aroparorcsa curHanbHbIe namimel HLW un HL3.

5. BkmroyaroT KHOIKY QS1 Ha ITyIIbTe YIIPaBIESHHS, ITPH 3TOM 3aMBIKAIOTCSI KOHTAKTHI Mar -
HHUTHOTIO ITycKaTess KM H mogaeTcs HalpsDKeHHe Ha BBICOKOBOJIBTHEIH TpaHc(opmarop T2, cHr-
HaJIbHYIO J1aMity HLR u o6morky TokoBoro pene PT.

1. OnpenemiTh paspsyiHble HAIIPSDKEHHS BO3IVIIIHOIO ITPOMEKYTKA OCTPHE-IDIOCKOCTh B
3aBHCHMOCTH OT PACCTOSHHS S MEKIY SIEKTPOAaMH ITPH TTOIOKHUTEIILHON H OTPHIIATEIIEHOH II0-
TISIPHOCTH OCTPHSL

Pe3yIbTaThl OIMBITOR CBOASAT B TAOIHILY CIIeAVIOIIEH (DOPMEL.

Tabmira 2.1
+ S. -
I L
S, CM
U:, I{B U P, Cps U:- I{B Upch’

1 2 3 KB | 2 3 KB

| 0.5

5 2.5

3nech Upcp — CpefiHee 3HaUeHHE HaIlPSDKeHIS MeKIY 3JIEKTPOAaMIl B MOMEHT ITpo0ost, KB.
Ha ocHOBaHMH TTONTYYEHHBIX JaHHBIX ITOCTPOUTH 3aBUCHUMOCTE Up,=f(S).

1. OrpeeNTh pa3psaHble HAIPsDKEHHS IIPOMEKYTKa OCTPHE-IDIOCKOCTh ¢ OaphepoM

[IOKYMEHT NOAMNMCAH
SNEKTPOHHOM MOAMUCHIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lebayxoea TaTeAHa AnekcaHgpoBHa

O ITOJIIPHOCTH OCTPHSL.

IC]’[GCG@HEI—HHI; PaCcCTOIHHE S YKA3bIBACT IIPEIIO-
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2. Ha ocHOBaHHMH TOTYYeHHBIX PE3YIIbTAaTOB IIOCTPOUTH 3aBHCHMOCTH Up=f(x/S)
IUIS Pa3/ITYHOMH ITOJIIPHOCTH 3MIeKTPoAoB. Ha 3ToM ke rpaduke IoKa3aTh pa3psiHbIe HAITPSKEHILS
IIPOMEKYTKa JIJISI JAHHOI'O PACCTOSHHSA S IIPH Pa3IHYHBIX ITOISPHOCTSX OCTPHS Oe3 Oaphepa.

PacripesienieHne H HaIIpsSKEHHOCTH 3JIEKTPHYECKOIrO OIS BIHSIOT Ha KOHCTPYKTHBHBIE
0COOEHHOCTH H 3KCILITyaTallHOHHBIE XaPaKTePHCTHKH 3IeKTPOTEeXHHYECKOro o0opymopaHus. [1o-
STOMY PacueT HAMPSKEeHHOCTH 3JIeKTPHYECKOTro IO ITPeIcTaBIIeT BaKHYIO 3aaqy IIPH MPoeK-
THPOBAHHH TOKOIIPOBOJIOB, H30IIITOPOB, SKPAaHOB H APYIHX KOHCTPYKIIHI H3O0IISIHH.

B H30JIMOHHBIX KOHCTPYKIISX ¢ HEOJHOPOIHBIM ITOJIEM, HAIPHMEDP, B KOAaKCHAJIbHBIX

TOKOITPOBOAAX (pHC. 2.5, a) HAIPSOKEHHOCTh AIIEKTPHYeCKOro mons E B 1000 TOUKe Ha paccTos-

HHIT T OT OCH PdBHAa

U

.
reln| =
F

rae U - HanpsDKeHHE MeXX Ty KHIIOH H 000IIOUYKOM,

r1 M r2 - BHYTPEHHHI H HapPY>KHBIH PaJHyChl H3OIISLIHH.

Tabmira 2.2

| At

U, kB U, kB
Up ep, KB Up o, KB
| 2 3 | 2 3

X/S

0,0

0,25(0,2)

0,75(0,8)

1,0
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PuCYHOK 2.5 — PacueT HaIpsDKEHHOCTH NIEKTPHYECKOTO IO
B H3OISIHOHHBIX KOHCTPYKI[HAX C HEOIHOPOIHEIM ITOJIEM:

d — B KOAKCHAJIbBHBIX TOKOIIPOBOJ4X, 0—B G(l) CPHUCCKOM KOHIICHTPATOPE

PacueT HaIps»KeHHOCTH IO B TH000H TouKe chepHUeCKOro KoHaeHcaTopa (pHc. 2.5, 0)

BBITIOITHSAETCS IO (pOopMyTIe

U'Fl 'F2

L =
2
r-(rn—n)
[TomoGHBIE TOYHEBIE COOTHOIIEHHS ITOMYYEHEI H I APYTHX CPaBHHTEILHO ITPOCTBIX CH-
CTEM BIIEKTPOJIOB.
PacueT HaIpsDKEHHOCTH SIEKTPHYECKOTO IO B PEANIbHBIX H3OIA[HOHHEIX KOHCTPYKI[HSX

HdaCTO ITPEACTABIISCT coOoH CIIOMNHVYIO H TPYAOCMKYIO 3a1da1V, H ITO3TOMY BbBIOIOJIIHACTCS C ITPHMCE-

HeHHeM YHCIEHHBIX MeTOJIOB H DB M.

Codeporcarue omuema:

OT4YeT JOIKEH COLEPKATh:

1. HazpaHue paboTHI,

2. Llenp paboTHI,

3. Kparkie TeOpeTHYECKHE CBEICHH S,

4. Orucanne UCIoIb3YeMOro 000PYAOBaHHS H MaTEPHAJIOB,
5. Ilopsamok BeIOIHEHH S PaOOTHI,

6. Beruncnennsa n o6paborka pe3ylnbTaToR;

7. BEIBOJIBI.

K OHMPOJIbHbBIE 601NPOCHL.

1. CXema HcIbITaTeIbHOH YCTAHOBKI.

AOKYMEHT NOAMNMCAH
INEKTPOHHOW NOANMMCBLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TaTeAHa AnekcaHdpoBHa
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Jabopamoprana paboma Ne3. CmamucmuuecKkue 3aKOHOMEPHOCHIL NP oo oA

Ilens pabompr: O3HaKOMIEHHE C OCHOBHBIMH CTaTHCTHYECKHMH 3aKOHOMEPHOCTSIMH ITPO-
00S ITPH HCIIBITAHHH 00pa3I[OB Ia30BOH H KHIKOH H30JIIIHH. M3y4ueHHe cTaTHCTHYECKHX MeTOIOB
00paboTKH H aHAJIH3a 3K CIIEpHMEHTAIbHBIX JaHHBIX ITPH HCIIBITAHHH H30JIAIHH. PacyeT ImapaMer-
POB H IOCTpoeHNe U] PepeHIIHATbHBIX H HHTET PaIbHBIX KPHBHIX pacIpeeIeHH S BePOSITHOCTEMH

Impodos.

OCHO6bL MeopUlL:

OO0pasIbl H3OILIHH (Ta30BOH, JKHIKOH, TBEPAO0H) H H3O0IISIHOHHbIE KOHCTPYKIIHH ITOJIBED-
TaloTCs Pa3/IMYHOrO pojAa HCIBITaHHIM. Harmpumep, sneKTpHyecKas IMPOYHOCTh Fa30BBIX ITPOME-
’KYTKOB M KOHCTPVKIIHI ITPH ITOCTOSHHOM IIH TIepeMEHHOM HaITpsKeHHH OIpeAelIsIeTCs ITPH He-
ITPEPBEIBHOM ITOAbEME HAITPSKEHN S J0 Ipo0ost. CKOPOCTh HapacTaHH s HAIIPSKEHNS B 3TOM CIIY-
yae, Kak IPaBIIOo, He IMMHTHPYETCS. [ IpH IMTOBTOPHBIX HCIIBITAHH SIX HAOI0JaeMbI€ 3HAaUEHH S ITPO-
OHMBHBIX HAITPSKEHHH OyIyT HEOAHHAKOBEL. Pa3z0poc NMpoOHBHEIX HAMPSDKEHHH ITPH TaKOM BHJIE
HCIBITAHHSIX OIIPEACIIIETCS MHOTHMH ITPHYHHAMIL He HASHTHYHOCTEIO ITPOMEKYTKOB OT HCIIBITa-
HI K HCITBITAHHIO, HECTAOIUIFHOM ITOrPEIHOCTHIO H3MEPHTEIIFHOI O IIPHO0pa;, CYOBEKTHBHOCTBIO
oIeparopa;, CTaTHCTHYECKHMH 3aKOHOMEPHOCTSIMIH, CBST3aHHBIMI C BOZHHKHOBEHHEM H Pa3BHTHEM
caMOro IpoIEcca pa3psiaa H T.I1., - T.€. pa30poc 3aBHCHT OT MHOT'HX CIIYyYaHHBIX (DPaKTOPOB.

CpenHee 3HaYeHHe IIPOOHBHOIO HAIIPSDKEHH:

Yacto IIPHBOAHTCA KdK XdPAKTCPHCTHEKIH BHEKTPIHECKDﬁ ITPOYHOCTH DﬁpﬂBHﬂ HITIHI H30J154-

ITHOHHOH KOHCTPYKIIHI. OIHaKO 7151 MHOTHX ITPAKTHYUYECKHX CJIVHACB BdAHO 3HATb, ITONMIIMO U »

, XapaKTepHCTHKH, CBS3aHHBIE ¢ Pa30pocoM IIPOOHBHBIX HAIIPSDKEHHI , MHHHMAJIbHOE ITPOOHBHOE

HanpsokeHHe Uy in, BEPOSATHOCTH IPOOOS TPH IMOABEME HAIPSKEHHUSA O JAHHOH BEIIMYHHBI

Ui—P(U, < U,;); cpeqHekBapaTHYHOE OTKIIOHEHHE

N —_—

S Upg ~Up)*
K=1

| v

NOKYMEHT TMOAMNVCAH cHMocTH P(Up < Ui).

SNEKTPOHHOW NOAMUCHIO
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3aBHCHMOCTbD BCPOATHOCTH Hpﬂﬁﬂﬂ OT BCIIMYITHBI HAIIPSTKCHIA 11O SKCIICPHMCEHT A IBHBIM
JaHHBIM CTPOHTCA CIICAVYIOIIHM MCTOMOM. PazgenmmM aHara3oH ITOIIYVHCHHBIX N 3HaueHHH IIPO-

OHBHBIX H&HP}DI{EHIHT Hd 11 PABHBIX 3JIEMCHTAPHBIX JHAIIA30HOB AU I10 COOTHOIIIEHHIO

U!‘max _U."‘min _ &U

1y

KEDI{I[GI\{Y H3 3THX 3JICMCHTAPHBIX JHAIIA30HOB ]'[pGﬁHEHGI‘G HaIlpAAKCHITA 6}7,I[E:T COOTBCT-

CTBOBATh YHCIIO IpodoeB Ani,; An2... Any, u

An, - -
BemumHa —* = p, IpHOIH3HUTEIIFHO PaBHA BEPOSTHOCTH TOr'0, YTO IIPOOOH IIPOM3OHIET
N

B JHAIId30HC 3HAYCHI A HAITPsDKCHHA OT Ur 10 Uksr .

k=N
[IpH ycinoBHsSX HOpMHPOBKH AU=] u Z P =1 momydaercs skcepHMeHTaIbHas TH-
k=1

crorpamma (pHc.3.1) pacrpeelieHHs ILIOTHOCTH BEPOSTHOCTH ITpoboeB. CyMMHpPYS pi OT p1 IO pi

k=i
Tomy4aeM: P (U, <U,) = Z p, - IPHOIIMKEHHYIO BEPOSITHOCTD TOT'0, YTO IIPOOOH ITPOH3OHIET ITPH
k=1

Up. Crynendarsii rpapuk £ (U, <U,) naer sKCIIepHMEHTAIBHYIO 3aBHCHMOCTE P; OT HaIpsDKe-

HUs. Y3 TeOpHH BEPOSTHOCTH M3BECTHO, UTO ITpH N —> o0, AU — dU,An, — dn dysximsa Py U)

IIpeICTaBIsIeT coOO0H pacnpeellieHHe INIOTHOCTH BePOSTHOCTH HITH JH( () epeHIIHAIbHYIO KPHBYIO

pacmpeJielIeHH I BEPOSITHOCTEH ITpo0osl.

P(U, <U;)

”~
e

/
/

/

/ P(U,<U:)

P(U,<U; )=0,5 /

R

EJ‘IJ =U ,u.ululi"ll.EE"fﬁE"'I [ f.-'ru f_-'rm_l. E"II:'.I:;I:i. =U [ e
Pn ﬂﬁk?HEHJF nﬂﬁﬁﬁ'éﬁ'ﬁ" T TCTTTTTIT T HTABHBIX THCTOTPAMM PacIIpeelIeHH S BEPOST -
SNEKTPOHHOW NOAMWUCHLIO
CepTudimkar: ' 12000002A633E3D113AD425FB50002000002A6 TH(QepeHIHanbHOTO M HHTETPAIbHOIO PacIipe-
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[Ipu sToM
U
PW,<U,) = jpk (U)-dU

HHTerpajIbHas KpHBas pacIipeie]IeHHs BepOosTHOCTH ITpo0os. B o0ImeM cirydae 5TH KpHBBIE

SKCIIEPHMEHTAIILHO ITOITYYEHBI OBITE He MOTYT ( N —» o0). OTHAKO, HCXOAS M3 (PH3HYECKIX IIPEI-

TIOCHIIIOK, SKCIIEPHMEHTANBHEIE THCTOrpaMMEL i px M F(U , <U;) MOryT OBITH armIpoOKCHMH-

POBAaHBI KaKHM-TH OO0 MaTeMaTHYeCKHM 3aKOHOM pacIipcaAcIICHHA BEPOAT HOCTEH.
MHor oUHCIIEHHBIE HCCIIeOBAHHI IIOKA3dJIH, YTO ITPH MHOI'OKPATHBIX Hpﬂﬁﬂﬂ?{ BO3VIII-
HBIX ITPOMCKYTKOB 3daBHCHMOCTE BEPOATHOCTH BO3HHKHOBCHIA Pa3piald OT HAIIPAKCHILA Pa3psiia

B IIpefieiax — 30...+ 30 YIOBIETBOPHTEIIFHO OIMHCHIBAETCS (PYHKIHEH HOPMAJIBHOI'O pacIipejie-

neHud ['aycca
U i N2 |
| 3 (Up o Up )
PU=<U,)= eXp| — dU
= 2no _'L d 262 P

rae U, U o - mapaMeTphl paclpeaeneHHs.
TOYHOCTD OIpeNieNneHNs HaHIeHHBIX 3HaYeHHil U , ¥ ¢ IO CPaBHEHHIO C HCTHHHBIM 3aBH-

cHT oT N. HampuMmep, OTHOCHTEIbHAS MOTPEIHOCTD ONpeAeneHnd ¢ 0 U | ¢ HafeXXHOCThIO 0,95

HaXOJHTCAH 110 COOTHOIISHITAM

CDDTEETGTE}’TOH_[HE aO0COIITOTHEBIE IO PEHIHOCTH

e~ =g~ Uy, €,=E.0C.

U, U, o
HGG'I‘I]GEHIIE KPHBBEIX HOPMAJIBHOI'O PACIIPEACIICHIA 11O H3BCCTHBIM IIAPaMETpaM ¢ H U P

ITPOH3BOAHTCH C HCITOJIIB30BAHHEM COOTBCTCTB VIO HX Tﬂﬁﬂ]?[l_[:, IIPHBEACHHBIX B ITOCOOHSIX H CIIpa-
BOUHHKAX ITO TCOPHIH BEPOATHOCTH I MaTeMaTHYeCKOH CTaTHCTHKE (HEKGT OPBIC TaOIIYHEIE 3HA-

YeHH S IIPHBEJCHBI B IIPIIOKEHHH K JaHHOH padoTe).

[Ipn aHAIOrHYHBIX HCILITAHHISX 00pasloB KHAKOCTH (HAIIpHMep, TpaHCc(hOpMaTOPHOIO

Macia) pa3opoc IIPOOHBHBIX HAIIPsDKEeHH U U | 3aBHCST HE TOJIBKO OT BCeX (PaKTOPOB, IIEPEYHC-

[NOKYMEHT NOANMUCAH
SNEKTPOHHOW MOANUCHIO eMeHH BO3JeHCTBHS (CKOPOCTH ITOIheMa) HaIlps-
Ceptudnkar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lebayxoea TaTeAHa AnekcaHgpoBHa
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DopMIpOBaHIE pa3psa B TEXHHUYECKH YHCTOH JKHIKOCTH IIPH CPaBHUTEILHO JIIHTEIbHOM
BO3JICHCTBHH HalpspKeHN (CEKYHIBI H O0JIeE) CBSA3aHO C HAJIHYHEM H PACIIONOKEHHEM B MOMEHT
HCIIBITAaHH I B IIPOMEXKYTKE Pa3IMYHOI O Pojia IIPHMECEH, ITy3bIPhKOB, HX HAaKOIUIEHHEM, Je(hopMa-
I[HEN M T. 1.

[Ioaromy pas3dpoc MpOOHBHEIX HAIIPSDKEHHH B KHAKOCTH OyAeT OONbINE, YEM B rase, H,
ITOBTOPSIEM, OVIET CHIBHO 3aBHCETH OT CKOPOCTH IOAbeMa HampsoKeHHSI. CllegoBaTENbHO, IIPH
HCIBITAHHSIX KHIAKIX 00pasI[OB CKOPOCTh HapacTaHMs HaITPsKeHN S JOIKHA OBITh CTPOro JIHMMH-
N,(U,<U,)

N

THpoBaHa. Kpnpas ~ P(U , <U, ) IpH HCTIBITAHHSX KUIKOH H3OTIAIHHI TAKKe Y0~

BIIETBOPHTENLHO aIlIIPOKCHMHPYETCS YCeUeHHBIM (0T -3 0 JI0 +3 ) HHTETPaJIbHBIM PacIipeiee-
HHeM ['aycca, XOTS OTIIHYHE JEHCTBHTEIIFHOH KPHBOH OT HOPMAJIBHOT'O 3aKOHA 37[Ch MOJKET OBITH
0oJiee 3aMETHO.

J1s1 OONBIIMHCTBA IMPAKTHYECKH Ba)KHBIX CIIy4YaeB ITPH H3BECTHOH (HaHIeHHOH) KPHBOH

pacIpe/ielIeHH I BEPOSITHOCTEH IPoO0ER 10 HAIIPSDKEHHSM 3a MHHHMAJIbHOE pa3psIHOe HaITpsoKe-

HHE ITPH HACHTHYHBIX YCIIOBHAX OIIBITA ITPHHHIMACTCA U =U 0 30.

pmn

YKkazanue no mexHuxe 0 e3onacHocmu.
YKa3aHH I10 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHECCHBIL

B ITPHIIOKEHHE A.

VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:

I. [ [OMyYHTE 3KCIIEPHMEHTANBHBIE JAHHEIE M1 OIPEAEIIEHNS CTATHYECKHX XapaKTe-
PHCTHK ITPOOOS IMPH HCIIBITAHHH BO3IYIIHAIX H MACIISHBIX ITPOMEXYTKOB IIPH ITIABHOM ITOABEME
HAaIIPSDKEHUS IPOMBIIIIIEHHOH YaCTOTHI.

2. HGGTPDHTL ITO 3KCIICPHMCHTAJIIBHBIM JdHHBIM I'HCTOI'PAMMEBL JJIA pPr, PACCHHTATD

Pi{U,<U;)) u U , H OLIEHUTb TOYHOCTH HX OIpeAeIeHNS.

3. [lo HafineHHbiM U, H o, HCIIONB3YA TAOMHUIIBL, TOCTPOHTE I'pa(pK HOPMATIBHOIO

pacrpejielieHHs (HHTerpajdbHas KpHBasA) H ONMPeAelHTh  Uin.
4. J[11s1 mMOIMy4YeHHBIX OIBITHBIX JJAHHBIX ITO ITporpammMe 5BM (1o oTAelIbHON HHCTPYK-

I_[I]II) ITOCTPOHTDE I'HCTOI' PAMMEL ITNTIOTHOCTH BCPOATHOCTH H BCPOATHOCTH ]’[pDﬁGEE AJIA PA3HBIX BC-

nHyuH n. Paccunrarh nmapaMeTrpel U

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMACKIO
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PaboTa BBIMTOIMHSETCS Ha BBICOKOBOJIBTHOH HCIIBITATEIIBHOH YCTAaHOBKEC, KOTOpPasA IIPpHBEC-

JIcHa Ha pucC. 3.2.

KM?2

TVI

QS1

220V

PHCVHOK 3.2 — IIpHHINIIIMAIBHAS CXEMa HCIIBITATEIFHOH YCTaHOBKH

BxmoueHHe oGecrieynBaeTcs ¢ moMonbo pyomwrbHuKa QS1, xHomku SB1 (BKJI) u Mar-

HHUTHOTO ITyckaTend KM. OTKroueHHe H 3allHTa — ¢ IIOMOIIBI TOKOBOTO pelie KA, apTomara SF1

1 kHorkH SB2 (OTKIJI).

HpII BBITIOJIHCHHH OIIBITOB HCIIOIIB30BATDh 3aJdHHBIC ITPCIIOAABATCIICM ITPOMCIKYTKH. Pexko-

MCHAYCT CA JJIA ITOJIYHEHHA ITPHEMIICMBIX OLICHOK BBIOIOJIHHTD N=50 OITLITOB AJI Ka:KIOr0o ITPOME-

AYTKA. CI{DPDGTB IO BEMA HAITPAAKCHIA H YCJIOBHA ITPOBEACHIA OITBITOB BEIJACPATD, 110 BO3MOK-

HOCTH, ITOCTOAHHBIM. ,HJIH ITOCTPOCHHA THCTOI'PAMMEI 11O JdHHBIM 50 OIBITOB N ITPHHHMACTCA

OOBIMHO B Ipejiennax 7-9. IIpu padore ¢ nporpammon 2BM 4HCIO JHATIA30HOB N1 MOKHO MEHSTH.

PesyIbTaTel H3MEPEHHH 3aItHcarh B Tadml. 3.1, a pacueTsl — B Ta0m. 3.2.

Tabmira 3.1
No U, kB No
U[z, B Ugi:, KB U[, B Uz, KB Ugi: KB
T/IT Ux=k U, T1/TI
1 U.?_-.',f ~ Upmiu 26 Uzszﬁ' ~ Uﬁ'
2 27
U ~ E UE,_‘FG ~ Urmm.r
[IOKYMEHT MNOAOMNMUCAH o "
SNEKTPOHHOW NOANUCHLIO 50
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6
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Tabmira 3.2

MU, -0 | A p —
o pk p k N — 1k PE_(UP iUs) Uﬂ a Eﬁ,, E_
I1

[To romy4YeHHBIM U pac CYMTaHHBIM JAHHBIM ITIOCTPOUTE THCTOrpaMMbl I pi(AU) 1 Pi( U,
< U;), HHTETpaJIbHYIO KPHBYIO HOPMAaJIbHOIO pacnpedeneHus ['aycca B mpefenax (—30)...(+ 30
BeposTHOCTS ITonagaHH I HOpMaIbHO pacIpe/ieIeHHOH CIy4YaiHOH BeTHYHHEL U (B HaIlleM

CIIy4ae - BEPOSTHOCTH ITpo0os) B HHTEPBA (U;, U2) BEMHUCISETCS ITO (popMyTIe

P(U,<U<U, )= é{@[“zg U)@[U’JU)}

L=u

v-u ] = 2 _[ e? -dt - ¢yHKIHA Jlannaca (MHTerpal BepOSTHOCTH ), HEKOTO-
0

J2r

PbIC 3HAYCHHA KOT 'Dpﬂﬁ ITPHBCACHEL B TaOIIHIIE.

2

rie Gﬁ(
o

IIpuBeeM pacueT OAHOH TOUYKH. J[OITYCTHM, IIO 3KCIIEPHMEHTAJIBHEIM JaHHBIM 0= KB,

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

P(U,<25)=P(0<U, <25)= é[‘p[%;joj—@[%ﬂ:

- é[qr:-(— 1)-o(-6)|= é[— 06827 +1|=0,1586

MHTerpan BepoSTHOCTH SBIISETCS (PYHKIIHEH HEYETHOH H
O(-U )=—-D(U ).

AHAaIOrHYHO PACCHHTBIBAIOTCA BCC OCTAJIBPHBIC TOYKIL B ITPEACIIAX OT - 30 — 110 +30.

Codeporcarue omuema:
OT4YeT JOIKEH COLEPKATh:
1. HazpaHue paboTHI,

2. Llenp paboTHI,

3. KpﬂTI{HE TCOPCTHYCCKHC CBCACHI A,

JOKYMEHT noarnwucAH _ _
SNEKTPOHHOW NMOANMUCHIO A H MAaTEPHAIIOB,
CepTudukat: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLlebayxoBa TaTeAHa AnekcaHapoBHa
NeitcTBuTeneH: ¢ 20.08.2021 no 20.08 2022 B,
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7. BEIBOJIBI.

KoumponsHsie 6onpocel:

1. UeM ornpegensgercs pa3opoc MMpoOHBHEIX HAITPSLKEHHH 00pas31[OB H3OJISIHH?

2. Ilouemy paszOdpoc MPOOHBHEIX HAMIPSDKEHHH KHIKOH H30ISIHH OOIBIIE, YEM BO3IYIII-
HOH?

3. JBISETCA JIM HCUYEPITBIBAFOINEH XapaKTEPHCTHKON H3OIIHOHHAIX BO3MOKHOCTEH KOH-

CTPYKIHH BemmHa U |, ?

4. ITosAcHHUTE CMBICT OCHOBHBIX ITapaMeTPOB HOPMAIBHOTO pacrpeaeneHus (o,U ).

5. IloyemMy HOpMaJIbHOe pacIipelielieHHe ['aycca yIOBIETBOPHTEIILHO ATIIIPOKCHMHPYET

sKcrepuMeHTaIbHYIO KpHBYIO P (Up =Ul) B nipegenax U, £ 30 ?

P
6. YacTo o4YeHb BaKHOH BEIHYIHOMN I OIeHKH H30ISIIHH SABIISIeTCS BelHynHa Up,min.

[Touemy?

7. Onpefiermire HEOOXOMMMBIH 00beM HCIBITAaHHHI AT OUeHKH U , H G ITPH 3aJaHHON Be-

JIMHHHC ITOI'PCIIHOCTH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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JJabopamopran padoma Ned. Heenedosariue nepeHanpAMdCeHUIL 6 00MOMKAX MpAarc-

gopmamopa

Ileny pabomer: O3HAKOMHTECS CO CXeEMOH H pabOTOH aHaIH3aTOPa IePEXOMHBIX IIPOIIEC-
CcOB. M3yulTh METOAHI OIpeelIeHHS TIEPEHAITPSDKEHHH B TTIABHOH M IIPOAOILHOH H3OJISMI[HH 00-

MOTKH TPaHC(popMaTOopa ITPH BO3AEHCTBHH Ha 0OMOTKY I'PO30BBIX HMITYJIbCOB.

OCHO6bL MeopUIL:

Mzomsamisa o0MOTOK BRICOKOBOILTHBIX CHIIOBBIX TPAaHC( OPMAaTOPOB B 3HAYHTEIILHON MEpe
OIpeHEIISIE TC A TIePEHAIIPSLKEHISIMHI, BOSHHKAIOIIHMH B OOMOTKAaX ITPH BO3ASHCTBHH Ha HHUX IPO-
30BBIX UMITYIILCOB. IIpH majgeHnn Ha 0OMOTKY HMITYIIbCHOHM BOJIHBI BOSHHKAIOT CIIOXKHBIE DIIEK-
TPOMAarHUTHEIE TIPOIECCHI, KOTOPEIE IMPHBOASAT K OBICTPO MEHSIOINHMMCS IEpeHalpsDKeHHEM Ha
3JIEMEHTAX ITIABHOM M IIPOLOIIEHOM H30IISIHH.

TOUHEIH pacyeT 3THX ITPOIIECCOB IMPAKTHYECKH HEBO3MOKEH BCIEACTBHE B3aHMHOI'O BIIH-
STHISI MHOTHX 3JIEMEHTOB. pacIipeelIeHHBIX ITPOAOIBHBIX H ITOIIEPEUYHBIX eMKOCTEH 0OMOTKH, cO0-
CTBEHHBIX H B3aHMHBIX HHIYKTHBHOCTEH BHTKOB H OOMOTOK H T.II. [I03TOMY Hapsay ¢ TEOpeTH-
YeCKHMH ITPHOIIDKEHHBIMH pacyeTaMH H MOJETHPOBAHHEM IIPOIECCOB ¢ IMOMOIIEI SBM yacto
1 HaHOoIlee IUIOLOTBOPHO HCITONB3YIOTCS HCIIBITAHMS Ha MOJEIIIX HIIH pealbHBIX 0OMOTKaxX C
ITPHMEHEHHEM aHAIH3aTOPa IEPEXOIHBIX ITPOLECCOB.

OOMoOTKa TpaHc(popMaTopa MOXKeT OBITh IpeJicTaBIeHa THHEHHOH 3IIeKTPHYECKOH IIEITh 0

(prc. 4.1), mapaMeTpbl KOTOPOil OTHECEHBI K eJHHHIIE JIIHHEI.

— L. L I______L

Us ""'l IVI[.;E,.____'I__\CH /___._.__\IVIH I
1 il v
Ky == Cy T _I_ C; _I_ Ky

Pucynok 4.1 — Cxema 3aMelneHHsI 0OMOTKH OJHO(]a3HOT0 TpaHc(opMaTopa IIpH Iaje-

HHH Ha OOMOTKY ITPSIMOYT OJIbHOH BOJIHEI.

[Tpn mmageHnn Ha TpaHc(popMaTOp MPSAMOYTOIBHON BOIHBI U, = const HHIYKTHBHOCTH B

HEpEBIﬁ MOMCHT HC ITPOITYCKAIOT TOKaA, H PacCIIpCACcIICHHE HAITPAXKCHILA B 0JIb OOMOTKH OITpEaciIa-

10TCs TOMbKO eMKocTsMH C H K. PacdeT Takoi eMKocTHOH 1ermoukH ([ 1], [3], ¢.201), IpHBOIHT K

NOKYMEHT NoanncAH
INEKTPOHHOW NOANMNACHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 k
Bnapeneuy: LLlebayxoea TateAHa AnekcadapoBeHa -od— _
Aot ! e Uge ' =Uge =,
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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CrpaBeJIHBOMY H IJIS CIIy4as 3a3eMJIICHHOM, H IS CIIydas H30IHPOBAaHHOH HEeHTpallH.

[IpH aTOM 7151 COBpeMEHHBIX TPaHC(pPOpPMaTOPOB:

m*:\/Ef: el Cﬂ5=10+m*
K VK71 K,

TaK KaK BUTKH U KaTYIIIKH OOMOTKH COEJHHEHBI MEXKIY COOOH H 00pa3yIOT TOKOIIPOBOIS-

VIO IIETh, IIEPBOHAYAIIEHO BO3HHKIIIEE PacIpeJelIeHHE HAIIPSDKEHHS HE MOJKET COXPAaHHTHCH.
Bo3HHKaeT nmepHoadeCcKHH IepeXOIHBII ITPOLECC, KOTOPEIH 3aKOHYHTCS YCTAH OBHBIIIHMCS (ITPH-

HYKJIEHHBIM) paclipeie]IeHHeM HalpsoKeHHSI BAOIb OOMOTKH. [IpHHHMAs M,, << L JJIS CXEMBI

pHC. 4.1, TTIOTYYHM:

ITPH 3a3eMIIEHHOH HEHTPaIIH:

U (I):Un(l__);

yem

ITPH H30IIHPOBAHHONH HEHTPAJIH:

Upvn::m{‘x) = U{:I *

HﬂHpH}I{EHIIE B HEKOT Gpﬂﬁ TOUKC X B HpDIIBEGHLHLIﬁ MOMCHT IIEPCXOJHOI'O ITPOLECCA MO-

KeT OBITH IMPpEACTaBICHO B BHAC!

k=nm

Ux.1) = U,(3) + Uy (x.1) = U, (X) + > U, (x)cosat

W W

k=1

TJIe @, - YaCTOTa K-OH IPOCTPAHCTBEHHOHN FapMOHHKH,
U, (x) - QYHKIIHSA pacTIpeJelIeHH 10 X 3aT yXAKIHX aMIIHTY COOCTBEHHBIX KOIeOaHHIT

HACTOTEL @ .
YacToTa COCTAaBILTIOINHX OIpeAensIeTcs ITapaMeTpaMH SKBHBAJIEHTHOH cxXeMbl (pHe.4.1),
km

VLC + K*m’ LK

a aMIUIHT Bl 3aBHCST OT paccMaTpHBAaeMOH TOYKH M KpaeBBIX YCIIOBHI. Hamprmep, mpu

TIIyXOM 3a3eMJIIEHHH HEUTpaH U, (x), U,(x) H U,(x) PacIpeleleHbl 110 JUIHHe OOMOTKH, KaK I10-

Ka3aHO Ha puC. 4.2,a —KpHBBIE 1, 2, 3. C pOCTOM HOMEpPA F'APMOHHKH aMIUIMTYIBI OBICTPO YMEHB-
IIIAFOTCSI, TIOATOMY JJIS IPYOO0H OILIEHKH ITEPEXOIHOrO ITPOIECCa JOCTATOYHO YUHMTHIBATh JIHIIE TPH
IIEPBBIE COCTABIISIONE. XapaKTEPHBIE KPHUBRIE IIEPEHAIIPSIKEHIS B OOMOTKE B Pa3/IMYHBIE MO-
MEHTBI BpEMEHH IIpeIcTaBIeHEI Ha pHc.4.2. KpuBas, MpoBeeHHas Yepe3 MaKCHMAaJIbHBIE 3HAYe-
HILS HaITpSDKEHHS, BOSHUKAIOIIE B OOMOTKE B pas3iMUHble MOMEHTHI BPEMEHH, Ha3bIBAETCS OTH-

OaroIeH MaKCHMAIbHBIX ITOTEHI[HAIOB.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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PrcyHok 4.2 — KpHBEIe pacIipeielleHH I HalpsDKeHH S IT0 0OMOTKe TpaHc(opMaTopa

,HJIH ]’[pHﬁJ]II}I{EHHGﬁ OLIEHKH MaKCHMAJIbHO BO3MOKHBIX TTOTEHI[HAJIOB B KaKJOH TOYKE
OOMOTKH MOKHO CHHTAaTb, YTO I'apPMOHHYCCKIC KonmebaHH g He 3aTVyXaloT H IICPHOA KomnebaHua T

BCEX I'apMOHIHK OJJHHAKOB. Torma

k=m

U(I)mxﬂ — U_}I.:m(“:)—i_ ZUJL {I) —
k=1
= U}'CHI{"T) + [U"vcni{“:) o Umzte {I)]: EU}M:(I) o Umzte {1’)
Kak BHaHO H3 pHC. 4.2 MakKCHMAJIIbHBLIE HAMPSKEHHUS IIPH H30IMPOBAHHOH HEHTpPaIH

HaOITIOJAr0TCsI Ha KOHIIE OOMOTKH H MOT'YT JOCTHYE BelyHH (1,7-1,9) U, . J1ng TpaHcpopMaTOpOB

C 3a3e¢MJIEHHOH HeHTpalbI MaKCHMalbHOe HampsxkeHHe g0 (1,2-1,3) U, HaOmomaeTcsa BOIH3H

Hauyaaa OOMOTKH [% s {13] *

MaxcHmManbHbIe HAIIPAKCHHOCTH B Hpﬂ,[[ﬂ]]LHGﬁ H30ILIHH HaOmrogaroTcsI B Hayaile o0-
MOTKH B HEpEbIﬁ MOMEHT ITOCIIE TTaJeHHS BOIHBI. BellruHHa MaKCHMaIbHOI'O I'PaAHCHTAa MaKCT

OBITH OLlEHEeHa II0 COOTHOIIEHHIO

|4y e
dx
dU dU U
Emax:— — |, :Uﬂ'{x:_ﬁm:Ecp'Ug
dx MCKC dx x=0 [

U
T” - IIPOAOJIbHAA HAIIPAKCHHOCTD ITPH PAaBHOMEPHOM PACIIPEACIICHIH HAallIPAMKE-

-

rae E, p =

HHS BIOIbL OOMOTKH.

[OKYMEHT, [IOANMUCAH
SNEKTPOHHOW MOAMNWCHIO
Ceptudpukat: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: [Llebayxoea TaTeAHa AneKkcaHQpoBHa

CHMAJIbHbIC HAIIPsOKCHHA Ha T[pD,I[GHLHGﬁ H30I1-

[OM YMCHBIIACTCA HX aMIIJTIMTV/IA.
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,HJIH CHITKCHIA HEpEHﬂHp}I}I{EPﬂIﬁj BO3ZHHKAFOII[HX Ha ITTTaBHOH H HPGI[GHLHGﬁ H3O0IIAITHIL, B
HCKOTOPBIX TpﬂHC(prMﬂTﬂpﬂX YCTAHABIINBAIOTCAH CMKOCTHBIC 3KPdHBI B BHAC PA30MKHYTBIX KO-
JICII, COCAHHCHHBIX C Ha4YaJIOM 0OMOTKH. B 3TOM CIIYHac ITOIICPEYHLBIC TOKH, OTTCKAIOIIHE OT 00-

MOTKH 4Yepe3 eMKOCTH C, , KOMIIEHCHPYIOTCS TOKaMH, ITOATEKAOIIHMI Yepe3 EMKOCTH C,, , H TIEP-

T i)

BOHAYAJIIEHOC PACIIPEACIICHHE HAIIPAAKCHIA BJ1OIIb OOMOTKH BBIPABHHBACT CAL IlomHoe YCTPAHCHHE

Kole0aTelIbHOrO IIpollecca B OOMOTKe TpaHc(OpMaTopa C 3a3eMIEHHOH HEHTPaIbI0 IIPH

C;, = const yacrymaer IIpH YCIOBHH

Ile | — HOMep KaTYIIKH, CUHTas OT Hayala OOMOTKH, m — YHCIO KaTyIlleK B OOMOTKE
(puc.4.1).

B HacTosmen padoTe ¢ IIOMOIIBIO aHAIIH3aTopa IIePeXOJHBIX ITPOIIECCOB HCCIIEIYIOTC T1e-
peHanpskeHH S B o0MoTke TpaHchopmaropa TM 10/380 320 kBA. Mcnonb3yeTc s H30IHPOBaHHAS

o6moTka BH opHoit dazer. OOMOTKa HH3KOI0 HaITpsKeHHT 3TOi (pa3kl pa30MKHYTA.

YKkazanue no mexHuxe 0 e3onacHocmu.
YKazaHH I10 TeXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI—[ﬁIK pﬂﬁDT ITPHBEICHBI

B ITPHIIOKEHHE A.

YKazanua no 6binoiHeHUI0 1a0opamopHoll padomal:

l. ITogare HanpsoKeHHE Ha cXeMy C IIOMOIIBIO BRIKIIOUaTe I QS1 u aBTOTpaHCchOp-
MaTopoM T1 ycTaHOBHTHE HeoOXOJHMOe HallpsbkeHHe Ha THpHcTope VU1, VDI (o ykazaHHIO
TIIperolaBaTeIsd).

2. HM3meHsq cucreMor HanpstkeHHe R1, C2 Ha yIIpaBISIOIIEM SIIEKTPOJIe OTKPHIThH

THPHCTOD. Ha BrIXOE I'CHCPATOPaA ITOABIIAHOTCAH HMITYIIBCBI.

3. [IpoxoHTpOmMpoBaTh (POPMY HMITYIILCA € IIOMOIIBIO OCIIHIDIOrpada.

4, [TogxIIrounTs HCCIeAyeMBIH TpaHC(OpMAaTOp K TeHepaTopy HMITYILCOB COITIACHO
puc. 4.5.

5. C momonIero ocIpnIorpada HccleJoBaTh H3MeHeHHe HaIIPSOKEHHS IIPH IIepex o/ -

HOM ITpoIlecce B OTJeNbHBIX Toukax (1,2,3.4,5,6) 0OMOTKH Ha ITTaBHOH H30IIHH (pHC. 4.3):

a) ¢ 3a3eMIIEHHOH HEHTPAJIbIO,

il

- QOKYMEHT NognucaH
SNEKTPOHHOW MOANMUCHIO
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PrcyHok 4.3 — Cxema ITOIKITIOYeHH S OCIIHIDIOrpada ITpH HeceJ0BaHHH ITIepeHalpsoKe-
HHil B 0OMOTKe TpaHc]popMaropa;, 1- H3MepeHHe HallpsKeHHS Ha TTIaBHOH H3O0JISIHH, 2 — H3Me-

PEHHEC HAIIPSLKCHITA Ha HPG,HGHLHGﬁ H30IIAITHH

PesyrbTarel paboTEI 3artucaTh B Ta0l. 4.1.

Tabmira 4.2
3a3zeMIIeHHAas M3omipoBaHHas
HccnmeqyeMbIn y4acTOK
HEHTPAIb HEHTPaIb
OOMOTKH
AU, AU,

1-2
2-3

3apHCcoBaTh 2-3 XapaKTePHBIE OCIHIUIOr PAMMEIL.
[IpoBepHTL BIMSHHE BEIHYHHBI R2 Ha AU TIpH H3O0JIHMPOBAHHOH H 3a3eMICHHOIN

HEHTpam.

E.__(
IIo pesympraTtam Tadim. 4.2 IMOCTPOHTE B OTHOCHTEIIbHBIX eJHHHI[aX KPHBEIE J“;ﬂ ) _ f(x)
cp

NOKYMEHT NoanncAH J o
ANEKTPOHHOWM NMOANMUCHIO HJIH, HAalIpHMEDP
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 Al
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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2) = AU ac(1-2) HT.O.

0,06

E

3.1.:3{.:'“ o

AHaJIOrHYHBIE HCCIIEOBAaHHSI MOKHO ITPOH3BECTH Ha MOJEIH OOMOTKH, CXeéMa KOTOPOH
COOTBETCTBYET cXeMe 3aMelleHH TpaHc(popMartopa (puc. 4.1). CMOHTHpOBaHHA B 1a00paTOPHH
TBH wmomens HMeeT CIeAVIOINHE IIapaMeTPhl: €MKOCTH KaTyIIeK OTHOCHTEIBHO 3eMIH

C,=C, =..C..=C, =800nd, IIPOJOJIbHEIE eMKOCTH C =K =.K=K,=80nd;

- C
L=L=.L,=18H. HpH TAaKHX BEIIHYHHaAX €MKOCTEH al = —-N =10, T.e. COOTBETCTBVYET al
0 C e

I

peambHBIX TPaHCc(pOPMaTOPOB.

Bce ycloBHBIE TOYKH MOJIEIIH HMEFOT BBIBOBL, IIO3BOJISIEOINHE HAOHPATh YHCTO EMKOCTHBIE
I[ETIOYHBIE CXEMBI, CXEMBI C HHAYKTHBHOCTSMH, CXEMEI C Cs.

EmxocTtH C - cMeHHBIE H MOT'YT MeHSTECSA 0T 100 1@ 10 3000 rd, yTo JaeT BO3MOKHOCTH

PEI'YIIHPOBATE IICPBOHAYAIIbHOC PACITPEACIICHIC HAIIPAACHITA B OJIb 0OMOTKH OT 5KCITOHEHI[HAJIb-

HOTO U(n)=U,-e¢* mpu Cs=0 I0 IHHEIHOTO IIPH

B kauecTBe HH,I[}*'I{THEHGCTEﬁ L HCITOIIB3YHOTCAH APOCCCIIH. CoOcTBeHHasI YacToTa KoJseba-

HHI MOJIeNIH OOMOTKH ITPH BKIIIOYEHHEIX C, H C, JIEKHT B ITpeenax 107+ 2-10° 1'1, uTo OImM3KO0 K

COOCTBEHHBIM YacTOTaM KoneOaHHH 0OMOTOK pealbHBIX TpaHCc(opMaTopoB. OHAKO 3Ta YacToTa

HECKOIIBKO HHJKe cOOCTBEHHOH 4acTOTHI HeclleyeMoro Tpancgopmaropa TM — 10/0.4; 320 kBA

(5-10° I'mr). IlepexomHoMH MmpoIecc B MOAETH PeTHCTPHPYeTcd OoJlee YETKO H HAITISIHO, H padoTra

C MOJCIIBIO JOCTATOYHO IIPOCTA.

Codeporcarue omuema:

OT4YeT JOIKEH COMEPKATh:

1. Hazeanue paboTEI,

2. Llens paboTHI,

3. Kparkue TeopeTHYECKHE CBEAEHI S,

4. OrcaHHe HCITONIB3YeMOr0o 000PYAOBAHHS H MaTepHAJIOB,
5. Ilopsapok BeITOIHEHH S PaOOTHI,

6. Beruncienmsa n o6padorka pe3yibTaToB,

7. BEIBOJIEL.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Konmpononsie 6onpocet:

1. Hapucylite cxemMy 3aMelleHHs 0OMOTKH TpaHc()OpMaTopa B MOMEHT ITaJieHHI Ha 00-
MOTKY ITPSMOYI'OJIbHOH BOJIHBI, B YCTAHOBHBIIEMCS PEKHME H B TIEPEXOTHOM PEKHME.

2. Uto Takoe orudaroliie MaKCHMaIbHbBIX ITOTEHI[HAIOB?

3. Ha xakoM yyacTke OOMOTKH BO3MOZKHBI MAaKCHMAJIEHEBIE HAITPSKEHHS B IIEPEXOHOM Pe-
KHMe JIUII cIy4as: a) ¢ 3a3eMISHHOH HeHTpaubio; 0) ¢ H30ITHPOBAaHHOH HEHTPaIbio?

4, Kak OILIEHHTH BEJIHYHHY HAIIPSDKEHHOCTH B IPOIOIILHONH H3OIISIIIH, €CIIH H3BECTHA KPH-
Bas pacIpelelIcHH I HAIIPsDKEHHS BJOIb OOMOTKH?

5. B xakon yacTH 0OMOTKH HAaOIIOJAI0TC I HAHOONIBIIHE HATIPSKEHH S HA TIPOIOIBHOH H30-
TISIITHH?

6. Kakue BBl 3HaeTe CIIOCOOBI BEIPABHHBAHHS PaCIIpPee/IeHHI HAIIpsSKeHHS BIOIL O0-
MOTKH?

7. Kak paboTtaeT cXeMa aHalIH3aTopa IEPEXOMHBIX IMporieccoB? HasHaueHIe ee OTHAEIIBHBIX
3IIeMEHTOB.

8. Kak Haxomurcs IIEpPBOHAYAJIBHOE M YCTAHOBHBIIEECS PaclIpefellcHHE HaIpsDKeHHS
BJOJIb OOMOTKH C ITOMOIIBIO OCIHIUIOrPaMM, ITOITYUYEHHBIX ITPH padoTe aHaIM3aTopa IePeXOIHBIX
ITPOIIECCOB?

9. Kak BIISIET Ha MaKCHMAJIPHOE HAITPSKEHHE B ITIABHOHN H3OISIIMH H MaKCHMAaJIbHEIE I'Pa-

JTHEHTHL B ITPOAOILHON H30JISIHHA KPYTH3HA (PPOHTa IafaroIeH Ha 0OMOTKY BOJIHBI?
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Jabopamopran paboma NeS. 3amummsle pa3pAOHUKU I 0ZPAHUYUMETIU REePEeHAnpA-

HCEHIULI

Ilens pabomer: O3HAKOMIEHHE ¢ Ha3sHAUYEHHEM, IIPHHIIMIIOM IEHCTBHS H KOHCTPYKIHEH
Pa3pSAHHKOB H orpaHH4HTenel nepeHanpsokennii (OITH). M3ydeHne ocoGeHHOCTel pabOTHI H
ITPHMEHEHH S OCHOBHBIX THITOB TPYOUATHIX H BEHTHJIbHBIX pa3paaHukoB H OITH. Pacuer xapakTe-

PHCTHK H 3alllHTHOI'O IeHCTBH S Pa3pPATHHKOB C HCIIOIIb30BAHHCM SOBM.

OCHO6bL MeopuUlL:

BOIHBI ITepeHanpspKeHH, BOSHHUKIINE Ha ITHHHSX IIPH yAapax MOIHHH, PacIIpoCTpaHs-
IOTCS I10 IIPOBOJIAM, JOXOMST JO IMOACTAHIIMH M MOT'YT IIPeJCTaBJISITh OIACHOCTh IS H3OJISIIHH
YCTAHOBIIEHHOI' O Ha ITOACTAaHIHH 000pYyAOBaHHA. TaKOH e OITaCHOCTH MOTYT ITOJBEPraThCs OT-
IEIbHBIE MECTa Ha JIMHHH, HMEIOIIHE OCIa0JIeHHYIO H30ISIHI0O HIIH OCOOEHHO OTBETCTBEHHEIE
y4acTKH (TpaHCIIO3HI[HOHHBIE OIIOPHI, ITPOJIETHI IIepeceueH s, TlepPexobl Yepe3 TPaHCIIOPTHBIE
MarHcTpanH, OOJIbIHe PeKH H T.1.). B 3THX ciay4yasx HapsSay C 3allHTOH OT MPSMBIX YAapOB C
TIOMOIIBIO MOTHHEOTBOAOB IIPHMEHSETCS 3all[HTa OT HAaOeraroImix BOIH. {1 IIpeayIIpeKIeHH
TTOBPEKIEHHS KaKOH-THOO0 H3OISIIH OHHOH KOHCTPYKIIHH ITapallIeIbHO MOXKET OBITh BKIIFOUEH HC-
Kposoi mpomexyrok MII (puc. 5.1, a), BombT-cexyHaHast (Up-1p) XapaKTepHCTHKa KOTOPOrO
NIOIDKHA JIe’KaTh HIKe U)p-1, XapaKTEepHCTHKH 3aIlUINAaeMONH H3OISIHA (PHC.S.1, COOTBETCTBEHHO
KpHBEIE 2 H 1). [IpH coOmoIeHHH 3TOT0 YCIIOBH A Ia/ieHHe BOIHBI IIepeHaIIPsKeHHI BBI30BET ITPO-

6oit 11 ¢ mocneyronmmM pe3kHM majeHHeM (“‘cpe3oM’) HanpsokeHHS Ha M1 T i 3anmmmaeMoit H30-

TISIITHH.
UHEI,I[ U
P
a)
0 6) {,
PucyHok 5.1 — [IpuHIpOI 3a1MTel OT HaOeraroIHX BOJIH:
a — IPHHIIHITHAIBHAS cXeMa, O — BOJIBT-aMIIEPHEIE XaPAKTEPHCTHKH
U AOKYMEHT NOANUCAH DOBOH ITPOMEKYTOK HAYHET ITPOTEKATh TOK, 00V-
3NEKTPOHHOW NOANMUCHIO _
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TOK, KOTOPBIH JTOIKEH OBITH OTKIIIOUEH C TIOMOIIBIO PEIEHHON 3aIlUThl H OTKIIFOYAROIIIX allapa-
TOB.

3alMTHEBIE pa3pSIHUKH 00eCIIEUHBAIOT HE TOIBKO 3aI[UTY H3OMSL[HH OT IIEPEH AP SDKEHH A,
HO U TallleHHe AYTH COIIPOBOKIAIOIIErO TOKA B TEYEHHE BPEMEHH, MEHBIIETO, YEM BpeMS JCH-
CTBH S PENEHHOH 3aII[HTHI.

B rocnegHee BpeMs aKTHBHO BHEAPSIOTCS OrpaHHYHTEIH NepeHanpsoxeHrni (OITH), rmpe-
CTABIISFOINHE COOOH YCTPOHCTRBO C BAPHCTOPOM, O PAHHYHBAFOIIHM COIIPOBOKIAFOIIHI TOK ITPaK-
THYeCKH 10 Hy1a OIIH BKIIOYarOT HEMMOCPEACTBEHHO, IMApaJUIEIbHO H3OISIHH, 03 HCKPOBOIO
ITPOMEXKYTKA.

CVIIECTBYET JBa OCHOBHBIX THIIA Pa3psSIHHKOB, OTIIHMYAFOIIMXCS ITPHHI[UIIOM TallleHHs
IYTH COIIPOBOXAAOINEro ToKa: Tpyouarsle (PT), B KOTOPBIX ralieHHe JYTH OCYIIEeCTBISETCS CO-
3IaHHEM HHTEHCHBHOI O ITPOAOILHOTO AYThS H BeHTHIbHBIE (PB), B KOTOPBIX Ayra racHeT Onaro-
IapsI YMEHBIIEHHIO COIPOBOKIAIOIIETO TOKA C IIOMOIIBIO HEIIHHEHHOIO COIIPOTHBIIEHHS (BapH-
CTOpa), BKIIFOYEHHOI'O ITOCIIELOBATEIIFHO ¢ HCKPOBBIM ITPOMEKYTKOM HIIH JOCTaTOYHO CIOKHOH

CHCTEMOH TallleHH AYTH COIIPOBOXRAAIONICIO TOKA.

) ¥ Up‘ 3
1 2 3 T-? f'#“""(%
: M SZ -"""(g HH

=

SL s p N s SO

Pucynok 5.2 — TpyOuareiii  Pucynok 5.3 — OnpeaeneHuc
pa3psIHUK OCTAIOIIETOCS HANPSHKECHUS
pa3psaHUKA

[Ipu nmepeHarpsckeHHH B CeTH 00a HCKPOBBIX ITPOMEKYTKa IMTPOOHBAIOTCS, H BOIHA IIEpe-
HaITpsDKeHH cpe3acTcs. [1o ImyTH, co3MaHHbEIM HMITYIIE CHBIM PaspsioM, HaUHHAET IIPOTEKATh CO-
ITPOBOKIAOIIHI TOK, H HCKPOBOH pasps IIEPEXOANUT B AYTOBOH. I1oja qeHcTBHEM BRICOKOH TEM-
IepaTyphl KaHaa JYTH MaTepHall TPYOKH pasiaracTcs ¢ BhIIelIeHHeM OOIIBIIIOro KOJIHMYeCTBa ra-
30B, JaBJIEHHE B HEH Pe3K0 Bo3pacTaeT (0 HeCKOIMbKHX M11a), H ra3el ¢ CHIIOH BRIPHIBAOTCS UEPE3
OoTBepcTH (pIIaHIfa 3, co3JaBasi HHTEHCHBHOE IIPOAOIbHOE AyThe. B pe3yibTaTe Jyra racHeT IIpH
TIEPBOM ITPOXOKIEHHH TOKA YepPe3 HYTIb.

[Ipn cpabaTEIBaHHH pa3psyIHIKA H3 HETO BRIOPachIBAIOTCS pacKaJIeHHBIE a3kl B BHIE (a-
Kena JUIMHOH 1,5-3,5 M M IIMPHHOMH 1-2,5 M H pa3gaeTcs 3BYK, HAITOMHHAFOIIHI BEICTPel. [ToaTomy

ey T 5Eﬁfﬁgfﬁﬂww parererarfi] [IPH MOHTAXKe Pa3pSJAHHKOB HYKHO CIIEJIHTD,
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HEIHPH}I{EHIIE CpﬂﬁﬂTHEﬂHH_ﬂ Pa3spAOIHIKOBE MOMHO PEIVYIHPOBATDL, H3MCHAA PACCTOAHIIC
BHCIHIHCI'O HCKPOBOI'O IIPOMCKYTKA Sz:. HO HCIIb34A CHHAXATb HHXKC OIIPCACIICHHOI'O MHHHMYMAa

(Tabm. 5.1), Tak KaK 3TO BEI3BIBAET CIIHINKOM YacThle CpaOaThIBAHHS H ITOBBIINIEHHEIH H3HOC pas-

PSIHHKA.
Tabmira 5.1
Un, KB 3 6 10 35 110 220
S, MM 8 10 15 100 400 500

BemiumHa ocraronierocs HanpskeHHS (KpuBBIe 1 H 2, pHe.5.3) ompeAendeTcsa, B OCHOB-
HOM, COITPOTHBIIEHHEM 3a3eMIIEHN A PaspsaHIKa R ;, KOTOPOE JOIKHO OBITH, ITO BO3MOKHOCTH, Ma-
neIM. [1o HopMaMm R; < 10 Om, Torpa npu Z=400 Om mMeeM Uger= 0,05U5.

2Un R — 2Un
Z+R, ~ 400+10

10 = 0,05Un

J11s yCeeIlHOro rarmeHns JyTH HeoOX0oQHMa OIpe/ielleHHas HHTEHCHBHOCTh Ia3000pa3o-
BAHISL, IIO3TOMY CYIIECTBYET HIDKHHH ITPEIENl OTKIFOYAEMBIX TOKOB Iinin, IIPH KOTOPBIX Pa3PSIIHHK
eIl[e MOXKET ITOracHTh Y'Y B TEUEHHH | -2 IOIyIIepHOAOB. BepxXHIH ITpeael OTKII0YaeMbIX TOKOB
Inar TAKOKE OTPAaHUYHBAETCS, TaK KAaK CIHIIKOM HHTEHCHBHOE I'a3000pa30BaHHE MOKET IIPHBECTH

K pa3pylIeHHIO (Pa3phIBY) pa3psSaHHKa. /[Hara30H OTKIKYaeMbIX TOKOB YKa3bIBaeTcs B 0003Ha-

YEeHHH pa3psgHHKa: HarmpumMep, PTB % O3HaYyaeT TPYOUAThIH PaspsSIHIK BHHHUIUIACT OBBIH Ha

35 kB ¢ mpegemamu TokoB 0.5...2.5 KA.

Bri0op TpyOUaThIX pa3psIHHKOBR IIPOH3BOAUTCS 110 HOMHHAIILHOMY HAITPSKEHHIO CETH H
TIIpejeaaM TOKOB KOpoTKoro 3aMbIkaHHs (K3) cetn B Touke ycraHOBKH PT. MakcHMaIbHBIH TOK
K3 paccuHTBEIBaIOT IIPH YCJIOBHH BKIIFOYEHHS BCEX 3IIEMEHTOB CeTH (JIHHHH, TpaHC(OPMaTOpHI,
reHepaTophl) ¢ YYeTOM alepHOAHYEeCKOH COCTaBISIOINEH ToKa K3, MHHHMAIIBEHBEIH TOK — IIPH
CXEME CETH ¢ YaCTHYHO BRIKIIFOUEHHBIMH 3JIeMeHTaMH (HAIIpHMeD, U1 KallHTallbHOTO PEMOHTA) H
0e3 yueTa anepHoJHYeCKOH cocTaBIsrolel. HangeHHeie npeaensl Toka K3 TOMKHBL YKIaIbI-
BAThCS B ITPEJIEIBI OTKIIFOUYAEMBIX TOKOB TPYOUAaTOro paspsaHuka. | pyOdaTeie paspsSIHHKH BbI-
ITYCKAIOTCS Ha HanpskeHHe oT 3 10 220 kB, oTKIIroYaeMble TOKH JIeKaT B mmpeaenax ot 0,2...7.0
H 1,5...30 xA nipu HanpsokeHHH 3...35 kB 100.4...7.0 u 2.,2...30 KA npu HanpsokeHnH 110 xB.

OCHOBHBIM HEeJOCTAaTKOM TPYOUATBIX Pa3psTHHKOB SBIISEOTCS. HAIM4YHE 30HLI BBIXJIONA,

KPYTOH Cpe3 BOIHEI ITepeHaITPSKeHI ST, 3aMbIKaHH S (XOTS H KpaTKOBPEMEHHBIE ) THHHI Ha 3eMIIIO,

[OKYMEHT MOAMUCAH
SMEKTPOHHOW NOAMUCHIO
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Hemgocratkom PT gBIgerca Takke HaMuie MPEAeNbHBIX OTKIIOYAEMBIX TOKOB, YTO
OCJIOHSIETCS X IIPOU3BOCTBO U 3KCIUTYaTaIHIO.

braromaps cBOeH ITPOCTOTE H HU3KOH CTOMMOCTH TPpYOUaThie PaspsSaHUKH ITIPHMEHSIOTCS
B Ka4eCTBE BCIIOMOTraTeJIbHBIX CPEJCTB 3allUThI ITOJICTAHIHI, a TaKXe OTJEIIbHBIX YYACTKOB JIH-
HHH. CIIeayeT, OJJHAKO, OTMETHTE, YTO B ITOCIIETHEE BPEMS IPHMEHEHHE TPYOUATHIX PaspsIHHKOB
BCe OoJlee OTpaHHYHBAECTCS, H €CTh ITPEMTOCHIIIKH, YTO B CeTSIX Pb CKOpPO HX HE OCTAHETCS BOBCE
(110 TTOCTIEIHMM JaHHBIM YK€ HE OCTaJIOCh).

BEHTIUIEHBIE Pa3PSIIHUKH SBIISFOTCS OCHOBHBIMH aIlllapaTaMH B CXEMaxX 3aIl[UTHl H30JI5d-
I[HH IEKTPOOOOPYAOBAHHU A CTAHI[HH H ITOACTAHIIHH.

BeHTHIBHBIH pa3psaaHuk, HanmprMep, PBC (prc.5.4) cOCTOHT H3 CHCTeMBI COeHHEHHBIX
ITOCIIEOBATEILHO HCKPOBBIX IpoMeskyTkoB KMII m BapHcTOpa (HEIHHEHHOIO COIPOTHBIIECHHE).
COITPOTHRIIEHHE BapHCTOPa 3aBHCHT OT IIPHJIOKEHHOIO HAIIPS/KEHH SL, TIO3TOMY €r0 BOJIbTaMIIED-
Has XapaKTepHCTHKA (H COOTBETCTBEHHO Pa3psIHHKA B I[€JIOM) TaKXKe HEITHHEeHHas (PHC.5.5).

PaGoraeT BEeHTWIBHBIH Pa3psgHHK CIEAVIOIIHM o0pa3zoM. Korjga MrHOBEHHOE 3HAUYeHHE
BOJIHHI IepeHaTIpsokeHus U, Ha paspsaHHUKe JOCTHTaeT HMITYIIbCHOTO IIPOOHBHOIO HAITPSDKEHHS
HCKPOBBIX IIPOMEXYTKOB, OHH ITpoOHBaroTCA. (COIPOTHRIEHHE Pa3pSAHHKA IIPH 3TOM MAJIO, H
Yyepes HErO MPOTEKAET 3HAUHTEIILHEIH 110 BETHYHHE HMITYIILCHBIH TOK [, KOTOPEIH U OIIPEAEIIIET
HaIIpsDKEHHE Ha paspsaaHuke. HanbombIlee HaIIpsDKEHIE Ha Pa3spsIHHKE IIPH MaKCHMAJIBHO J[OITY-
CTHMOM HMITYIILCHOM TOKE Yepe3 HETO [, mqx HA3BIBAIOT OCTAFOIIMMCS HAMIPSKEHHEM Uogn. OTO
HampspKeHHe JOJKHO OBITh Ha 20...25% MeHBIIe HMITYIILCHOH ITPOYHOCTH 3aIIHINAEMOH H30II5-
1. [locie mpoxXoXaeHHS HMITYIIbCHOI'O TOKA Yepes paspAaAHIK HAUHHAET ITPOTEKATh COIIPOBOXK-
TArOIII TOK IIPOMBIIIIEHHON YaCTOTHI lconp, OOYCIIOBIIEHHONH paOOuWM HAIIpSDKEHHEM CETH. Tak
KaK 3TO HaIIPSDKEHHE 3HAUHTEIBHO HIKE aMIUIHTY/IbI HMITYIIbCa IIEPEHAITPSKEHHS, TO COITPOTHB-
JIEHHE BApHCTOpPa PE3K0 BO3PACTAET, M BEIMUMHA COIIPOBOKIAIOIIETO TOKA OIPAaHHYHBAETCS IO
BEJIMYHHBI, IIPH KOTOPOH Ayra, pa30HTasi B HCKPOBEIX ITPOMEKYTKAX HA OOJIBINOE YHCIIO OTJIEIb-

HBIX JYHKCK HeOOIbIIIOH AJIHHBI, I'dACHTCH ITPH IICPBOM KE IICPEXOAC COIIPOBOXKIAIONICIO TOKA YE-

pe3 HYIIb.
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Iram 1
FELT_T_I_}_P_ IU max Ip
Iram 3
PucyHok 5.4 — YcrpoiicTRo H PucyHok 5.5 — BosbsTamriepHas
cXeMa BKIIFOUEHH BEeHTHIILHOTO XapaKTepPHCTHKA pa3pslHHKA.

pazpsIHHKA (ITYHKTHPOM
rokazaH papHauT OIIH).

HanOonblnee geHCcTBYIOINEE 3HaUeHHE HapsoKeHHS rameHHS IYTH Uy, TIPH KOTOPOM
HaJeKHO OOPBIBAETCS ITPOXOASIIHI Yepe3 paspsSIHHK TOK, HAa3bIBAEMbBIH TOKOM TaIIeHHS [y,
JTOJKHO OBITH BBIIIE MaKCHMAIIEHO BO3MOKHOI'O HAITPSDKEHHS Ha Pa3psSIHHKE B MOMEHT TallleHHS
IYTH, HHAYe Pa3psIHHK MOKET He IIOTaCHTh YTy COIPOBOKAAIOIIEr O TOKA ITPH IIEPBOM ITPOX0XK-

ACHHI €10 USPE3 HYIIb H BBIHJET H3 CTPOA.

U, =KU

SEd HOoM®

rie Uson - HOMHHAIIBHOE JIMHEHHOE HAIIPAAKCHHE

K

it

- KO3(p(pHITHEHT, 3aBHCSIIIHI OT cIioco0a 3a3eMIIeHHS HEHTPaIIH,

3

K;=0,8 wn 1,1 g yCTaHOBKH € 3a3eMJIEHHOH M H30IIHPOBAHHOH HEHTPAJILID COOTBET-

-t

CTBCHHO.

BakHOH XapaKTepHCTHKON BEHTHIbHBIX Pa3PSIIHHKOBR SBISETCSI KO3 (HIIHEHT 3aIIHTEI

K., = U ,
U

cau

Tak KaK Usay 3aBUCHT OT Uyon YCTAHOBKH, TO Ksqyy OTIpeHenseT 3HaUeHUE Uqn Paspsm-
HHKAa, T.€. TPEOYEMBIH YPOBEHE H30IAINH. CHIKEHHE YPOBHS H3OISIIHH ITPH COXPAaHEHNH HaJEXK-
HOCTH 3aIIUTEI €€ C ITOMOINBI0 PB MOKET OBITh JOCTHTHYTO ITYTEM IIPHMEHEHH S Pa3PSAAHNKOB HIIH
OIIH c 6osee monoroi BOIbTaMIIEPHOH XapaKTe pHCTHKOH (pHC. 5.5, KpHBEIe 2,4) HITH ITYyTEM YBe-
JTHYEHHS TOKa TallleHHSI 3a CYeT VIIVUIIIEHHS JAYToracsiiuxX CBOHCTB HCKPOBBIX ITPOMEKYTKOB
(KpuBag 3).

HCKpOBEIE ITPOMEKYTKH BEHTHIIFHBIX Pa3psSIHHKOB JEIArOTCS MHOIOKPAaTHBIMI, T.€. CO-

CTOSIITHMH H3 OOJIBIIIETO YHCIIA ITOCIIENOBATEIIFHO COeJHHEHHBIX eHHIHYHBIX ITPOMERYTKOB. Hpﬂ-

OOKYMEHT MOAMWUCAH
INEKTPOHHOW NOANMACHIO )CTOHUT M3 JBYX JIATYHHEIX 3JIEKTPOJIOB 1, pasje-
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JIEHHBIX H30IMPVYIOIIEH IaHOO0NH 2. DIeKTPHYECKOe TONe MeXAY IEKTpoaaMH OJIH3KO K OJHO-
POTHOMY, ITO3TOMY ITPOMEXKYTOK ITPOOHBAETCSI MPH KO3()(HIHEHTe HMITYIIbCa, OIITH3KOM K eIH-
HHUIle. KOIMYeCcTBO eIMHHYHBIX ITPOMEKYIKOB B PaspsIHHKE YCTAaHABIIMBAIOT M3 pacueTa ITpH-

MepHO | rmpomekyToK Ha 1-2 kB ()a30BOro HOMHHAJIBHOIO HAIIPSDKEHHS pa3psUIHHKA.

ayra
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PucyHok 5.6 — EAMHIYHEIN JIC- Pucynok 5.7 — EnqnHmg-

KPOBOI IIPOMEKYTOK C HETTOBIIXK- HBII1 ICKPOBOM TIPOME XKy -
HOII IyTOH TOK C BpalllaloIecs Iy -

Taxmm 00pa3oM, Iyra COImpOBOKIAIONIET O TOKA OKA3kIBAETCA Pa3sOHTOH Ha P IYT MAJIOH
IUTIHHEL, YTO OOECIIEUHBAET IIPH TOKaX leonp B0 100 A HamekxHoe rareHue IyTH. [IpHMeHIIOTCA
TakHe IpoMeXyTKH B paspsagHukax PBII u PBC. [Ipu compopoxgaronpx Tokax cBreime 100 A
ITPUMEH SEFOT CS TIPOMEKYTKH C ITOABHKHOH JTYTOH.

Takoil ImpoMeKyTOoK (pHc. 5.7) npeicTariIsgeT co00H 3a30p MeXAy KOIIbIIOM 1 M JHCKOM 2.
Jlyra 3, ropsumast MexJy STHMH 3JIEKTPOJaMH, B Pe3yIIbTaTe B3aHMOJICHCTBHS C MATHHTHBIM I10-
JIEM, CO3{aBa&MBIM ITOCT OSHHBIM MarHHTOM 4, IiepeMelaeTcs ¢ OOIBINOH CKOPOCTHIO ITO KOJIbIIE-
BOMY 3a30pY, UTO OOECIIEUHBAET €€ TalllcHHE. Y Ka3aHHbBIE ITPOMEKYTKH HAJIEKHO racsr YTy IIpH
lconp 10 250...300 A.

[ IpHHITHIT JeHCTBHSA HCKPOBBIX IIPOMEKYTKOB C PacTSTHBAIOIIEHCS JYTOH ITOKa3aH Ha PHC.
5.8. JIBa aniekTpoa 1 pacmnonararorcs MeKIy CTEHKAMH JYTOraCHTEIbHOH KaMePEI 2 B MarHHTHOM
rmore H. B TakoM 1more Ha Ayry 4 conmpoBOXIAIOMIETO TOKA JAEeHCTBYET CHIIA F, B pe3yibTaTe Yero
Iyra MepeMeINacTCsa H pacTIrHBASTCI MEXKTY IIEPErOPOJKaMH 3 KaMEPHI 2, CTPEMSCH 3aHATh KO-
HEYHOE TTONIOKEHHE 4, oXTaKaacTcd U racHeT. CTEHKH KaMePHI 2 U3 OTARIHBAIOTCS U3 IYTOracH-
TEIIBPHOH KepaMHKH. [ [pOMEKYTKH ¢ pacTSITHBAIOIIENCS JYTOH IIPHMEHSIOTCS B paspsaaHikax PBT

1 PBPJ].
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H
Pucynok 5.8 — Hckposon Pucynok 5.9 — Bapucrtopsl
IIPOMEKYTOK C BEHTIJIPHBIX Pa3PSIIHUKOB

pacTsAr UBAKOIIEUCs YT O

JI1s1 yBEITHYeHH S IIPOOHBHOTO HAIIPSIKEHNS PaspSAHIKOB IIPH IIPOMBIIIUIEHHOH YaCTOTE H
00JIeryeHns raleHus JIYTH COIPOBOKIAIOIIET O TOKA PACIIPEIEIIEHH S HAITPSDKEHH S 110 HCKPOBBIM
ITPOMEKYTKAM JOJDKHO OBITh PABHOMEPHEBIM. /711 3TOr0 HCKPOBBIE IIPOMEKYTKH IIIYHTHPYIOT PE-
3ucTOpaMH R (pHc. 5.4), COMpOTHBRIIEHHE KOTOPBIX BEIOMPAIOT TaK, YTOOBI Yepe3 HHX ITPOTeKall
TOK, IIPEBBIMIAIOIIHA B HECKOIBKO pa3 eEMKOCTHBIN TOK HCKPOBBIX ITIPOMEKYTKOB.

PaGoune cormpoTHBiIeHHS (BapHCTOPHI) T pa3psaaHHKoB PBC, PBII u3roTapIHBarOTCS H3
TIOPOMIKA ANIeKTPoTeXHHYeckoro kapoopyHaa S1C. Ha moBepXHOCTH 3epeH KapOopyHIa HMeeTCs
TOHKHI 3aIIOPHBII CIIOH M3 OKHCH KpeMHHI S10;.

VempHoe COIPOTHBIIEHHE 3epeH KapOopyHIa HEBEIMKO — Iopsaaka 102 OM M, a corpo-
THBJIEHHE 3aIIOPHOTO CJIOS HEJMMHENHO 3aBHCHT OT HAIIPSKEHHOCTH 3IIEKTPHUYECKOT O IO, [Ipu
MalIbIX HaITPsDKEHHOCTSIX (HeOONBIINX HaIlPSKEHISIX Ha BapHCTOPE) YAEIbHOE COIPOTHBIIEHHE

3aITOpPHOTO c11osI cocTabiIsgeT 10%...10°0OM-M, Bece IIPIIOKEHHOE HAIIPSDKEHHE TTafaeT IPH 5TOM Ha

3aIIOPHBIN CIIOH, KOTOPBIH M OIPEJIEISIET COIIPOTHRIIEHHE BapHCTOPA.

[ IpH IMOBBOIIEHHH HAITPSKEHHOCTH TIOJIS COIPOTHRIIEHHE 3aIIOPHOIO CII0S PE3KO0 IMagacT,
BEJIMYHHA COITPOTHBIIEHHS BapHCTOpa HAYHMHAET OIPEHelISThCS COIMPOTHRIEHHEM COOCTBEHHO
KapOOpyH/IA.

HennHenHoe COIPOTHRIIEHHE BEHTIUILHBIX PA3PSAHHKOB BBIITOIHSCTCSA B BHIE JTHCKOB, CO-
CTOSIIIHNX M3 KapOOPYHIOBOT'O ITOPOIINKA M CBA3VIOINETO MaTepHaia. B HacTosee BpeMs IIpHME-
HSFOTCS JJUCKH M3 BHIIMTA M TEPBUTA. [[JI1 H3rOTOBJIEHH S BHIIMNTOBEIX JHCKOB B KAUECTBE CBA3VIO-
IIEr0 MPHUMEHSETCS KHIKOE CTEKIIO. JTO IO3BOJSIET CIIeKaTh JHCKH ITPH CPAaBHHUTEILHO HH3KOH

moam rrrasvamemaa favemrra 3OO M T asamorrmanr va rrrravar -
[IOKYMEHT NMOONUCAH [ ITPH H3T'OTOBJICHIIT Gﬁ}I{IH‘ﬂICITCH:, ITPH TEMIICPA

SNEKTPOHHOW NOANMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS0002000002A6

Bnapeneu: lWebayxoea TatekaHa AnexkcaHgpoBeHa

JHICHOK BBITOPACT, UTO INOBBIMIACT IIPOITYCKHYIO

b HEITHHEHHOCTH.
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BeHTtiwisHBIEe paspsagHuky 110 ['OCT 16537-70, KOTOPEI YCTaHABIHBAeT TPeOOBAHMA K
3IIEKTPHYECKHM XapaKTePHCTHKAM BEHTIIPHEBIX Pa3pSIHIKOB, PA3JEIIEHbI Ha YETHIPE IPYIIILI. K
1 rpyrmie OTHeCeHBI paspSAOAHHUKH C HAIWIYVYIIHMH 3all[UTHEIMH CBOHCTBAMH, T.€. HMEIOIIHE
HaHMEHBIIEE 3HAYEHHE OCTAIOIIETrOCI HAPSDKEHHS. K 3TOH IPyImie OTHOCATCS Pa3sPSIHUKH CEPHI
PBT u PBPJ[. 3ateMm cneayroT paspsSgHHKH 2 I'pyImibel — cepuH PBM, paspsSgHHKH 3 TPYIIIEL —
ceprut PBC u 4 — cepun PBII.

OO0neryeHHbIe paspsAaHUKH cepH PBII mpHMeHSsIOTCS A1 3aII{UTHL H30JISIHI ITOACTaHI[IIH
HanpspkeHHeM 3...10 xB. oHH HMeIOT BapHCTOPBI H3 JHCKOB JHAMETPOM 35 MM, H HMITYIIECHBIH
TOK JJISI HUX He JOJIKEH IIPEBBIIATE 5 KA.

Pazpsarnky yHumnpoBaHHoH ceprH PBC ciykaT A1 3aIHTH 31eKTPoo00opyI0BaHH
ITOACTAHIIHI H BEITYCKAIOTCS B BHE ANEMEHTOB Ha HanpspxeHHe 15,20,33,35 kB, mpuueM a11eMeHT
Ha 33 KB npemHasHaueH HCKIIFOYHTEBHO JIS KOMIUIEKTOBAaHHS Pa3psSAHIKOB Ha OONEE BEICOKHE
HarpsokeHHT (110...220 kB). IIponyckHasg crmocoSHOCTE pa3paaHHKOB 10 KA (apaMeTp JHCKOB
100 ).

BeHTHIBHEIE Pa3spPSAHHKH ¢ MArHHTHBIM TallleHHEM MAPKHPYIOTCS HA HAITPSKeHHE 3...35
kB xax PBM, Ha HanpskeHue 110 kB u Brimre, kak PBMIT (rpo3o3anurheie). Pazpagauxyn PBM
ITPUMEHSEOTCS, B OCHOBHOM, JJIS 3aIl[HTHl M30JISI[HH Bpalrarolmuxcs MarnmiH. Ha HarpsokeHne
3...20 xB pa3psgHHKH BEIITYCKAIOTCS B BHJE OTAEIBHBIX JIEMEHTOB, Ha HaIIpsKeHHe 35 KB H
BBIIIE KOMIUIEKTVIOTCS M3 HECKOILKHX 3JIEMEHTOB. B paspsaHuKax 3THX CEpHH IIPUMEHEHEBI HC-
KPOBEIE IPOMEKYTKH C MArHUTHBIM TallleHHEM. BIIOKH €IHHHYHBIX HCKPOBBIX ITPOMEKYTKOB
ITYHTHPYIOTCS HEITHHEHHBIM Pe3HCTOPOM ITOJIYKOILIEBOH () opMbI. [ IpHMeHeHe BHIIHTOBBIX JTHC-
KOB JHAMETPOM 150 MM ITO3BOIHIIIO BABOE YBEIHYHTH ITPOITYCKHYIO CITIOCOOHOCTh pa3psIHHKOB
PBM u PBMI 110 cpaBHeHHIO ¢ paspsgHukKami THiia PBC.

B HOBOH cepHH MarHHTHO-BEHTHIBHBIX pa3psaaHHKOB PBT (pa3psgHHK BEeHTHIbHBIH TO-
KOOI PaHHYHBAIOIIII ) IIPHMEHEHEI TOKOOTIPAHHYHBAKOIIHE HCKPOBBIE ITPOMEKYIKH C pacTsIrHBa-
rorneiicsa ayroit (pruc.5.8). MarauTHoe I1onne co3jaeTcs KaTyIIKaMH, BKIIFOUeHHBIMH ITOCIIEIOBA-
TEIIPHO ¢ HMCKPOBBIMH ITPOMEKYTKAMH. 3a BpeMS IIPOTEKaHHSI HMITYIIBCHOT'O TOKa Jyra CVIIe-
CTBEHHO PacCTSHYTLCS He VCIIEBAET, H COIIPOTHBIIEHHE €€ He BEIHKO. [ IpH IMpoTeKaHMH COITPOBOK-
JAFOIIETO TOKA ITPOMBIIIUIEHHON YaCTOTEI AyTa BBOAUTCS B Y3KVIO IIETIh Pa3psSAHHKA, PacTsTHBa-
€TCS, €€ COIIPOTHBIIEHHE BO3PACTAET, H BEIIHUHHA COIPOBOKIAIOINEI O TOKA OIPAHHYHBACTCS VKE
HE TOIIBKO COITPOTHRIIEHHEM padoyero BapucTopa, HO M COIPOTHBIIEHHEM IYTH.

Bapucrops! paspsauukos PBT Ha Hampspkenue 3...10 kB KOMITIIEKTYETCS H3 TEPBHTOBBIX

AOKYMEHT NOAMVUCAH B ]
SAEKTPOHHOW MOANUCHIO 500 kB — u3 guckoB guamMerpom 100 M. Ocra

Ceptudukar:.  12000002A633E3D113AD425FB50002000002A6

pHO Ha 20 % HHXe. UeM a3 HHKOB CEPHH
Bnapeneu: LlebayxoBa TaTeAHa AnekcaHapoBHa P ’ Y paspii p
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OITH BBINIONMHSIETCSA B BHIE CHCTEMBI KEpaMHYe CKHX PE3HCTOPOB Ha OCHOBE OKHCH I[HHKA
(ZnO) ¢ BEICOKOH CTEINEHBIO HEITHHEHHOCTH. MeTalIH3HpoBaHHbBIE C TOPILIOB JTHCKH (HaITpHMeD, 4
TTapaye]bHbIX KOITOHKH M3 JHCKOB JHaAMeTpoM 28 MM H BeIicoTOoH 8 MM — OITH 110) pasmerna-
IOTCS B TeOMeTpHYECKOM H30nHpyroleM Kopiryce. OIIH ofecrieunsaroT orpaHHyeHHE COIIPOBOXK-
parorrero Toka go 104..10° A mpu paGo4yeM HANPsKEHHH CeTH, oOTafas JOCTaTOYHO BBICOKOI
ITPOITYCKHOH CITOCOOHOCTBIO IIPH IIEPEHAIIPSDKEHHSIX. Y POBEHL OrPaHHYEHHS I'PO30OBBIX IepeHa-
npspkeHmt ¢ iomorpio OITH cocrasiser (2,0...2,2) U, KoMMmyTalHoHHBIX — (1,68...1,8) Us.

PacueTHBRIMH BeJIMUMHAMH IIPH BeIOOpE H ycTaHOBKe OIIH SBISIIOTCS AIIHTENBHOCTE BO3-

IeHCTBHS IICPEHAITPAKCHIA. B 3aBHCHMOCTH OT JAJIMTeIIbHOCTH BO3JICHCTBHA OIIPEACILACTCA ITaPa-

Un(1) U OITH
METP T{_ = U . I'JIC c— HHHPMEHHE Ha . I{GTDPGE OH JOJIEKCH EBI,[[EP}EHEHTB KdK }TG,I[HG
pomro, Uy(t) — TIepeHanpshKeHHe 3aJaHHON JIMTENbHOCTH. THIMYHAS XapaKTepHCTHKA

T.=ff(Ux(t)] npuBeaeHa Ha pHc. 5.10.

T‘:l

>
410y 107 e
Un(t)

U

r

PucyHok 5.10 — 3aBHCHMOCTE T. =

JTa XapaKTepHCTHKA HeoOXOoMMa JIUIS KOPPEKTHOI'O BEIOOpa YCTABOK PEIIEHHON 3allHThI
H IPYTHX CHCTEM aBTOMATHKH. TaK Ke pacueTHOH BeJIMUHHOMH ITpH BEIOOpe OIIH sBIIseTcs KomH-
4eCTBO HMITYJIbCOB 33JlaHHOH (DOPMBI H MAaKCHMAJIbHOE 3HaUYeHHEe HMITYIIbCHOI'O TOKa. COOTBET-
CTBYIOII[EE HOPMHPOBAHHOMY OCTAIOIEMYCS HAIpPsOKeHHIO Uy THIIMUHAS XapaKTepHCTHKA

Uowm=f(I) ipuBeaeHa Ha puc. 5.11.

Un:-m-:'E A
Uun:'r
kU,
U
>
AOKYMEHT NoanmncAH 10 I,xA

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

K B 3aBHCHMOCTH OT I ECHOI'O TOK4
Bnaneneu:  Lle6ayxora TaTbsHa AnekcaHapoBHa Ue IMITYI1
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B 3aBucrMocTtH o1 THITa H HasHaueHHa OIIH K=2+4. Ilpu Uy < Ue, TOK IIPOTEKAFOIIHH
yepes HEIMMHEHHBIH Pe3HCTOP, COCTABISAET €AHHHILI mA H ITITaBHOH ITpoOIeMOH ITPH SKCITIyaTa-
i OITH gBisgeTcss HemomylleHHe BO3pacTaHHS ATOrO TOKa (pasrepMeTH3aldsd H YBIIAaKHEHHE
KOHCTPYKITHH H T.JT. ).

Metoanka pacuera H Beidopa OIIH mpomomnkaeT COBEPIIEHCTBOBATLCS, H CO BPEMEHEM

OIIH momxHBI 3aMEHHTH BCE BHBI 3aIHTHBIX Pa3pAIHHKOB.
Ykazanue no mexHuxe o ezonacHocmu.
YKa3zaHH 110 TeXHHKE 0e30IMacHOCTH ITPH BEOTOJIIHCEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁﬂT ITPHBECHBI

B ITPHJIOKEHHE A.

VYKazanua no 6binojiHeHUI0 140 opamopHoil padomal:

l. Ocku3 BeHTHIbHOrO paspsgHuka (PBC-6 mmn PBC-15) ¢ ykazaHHeM OCHOBHBIX
Pa3sMEPOB.
2. Ocku3 TpyouaTheixX pazpaaHukoB (PTB, PT®). Ha sckn3ax qJonkHO OBITh ITOKa3aHO

BHYTPEHHEE YCTPOHCTBO Pa3pSIHHKOB.

3. OCKH3 H OITHCAHHE HCKPOBBIX IIPOMEKYTKOB paspsaaHHKOB THita PBC 1 PBM.

4. OrmicaHne BapHCTOPOB BEHTHIILHBIX Pa3PSIHHKOB.

3. Ockuiz u orucande OITH (1mo ykazaHHIO ITpeItofaBaTeis).

6. [IOCTPOHTE BOJIBTAMIIEPHYIO XapaKTEPHCTHKY pa3psaaHika PBC-6, ecim H3BECTHO,

yrto o=0,22 u U, =30000B mpu toke /,=5000A, cunTas, cTO HalIpsUKEHIE HA paspsIHUKE H3Me-

HseTes 110 3akony U, =CI ;.

7. Brimomiuts pacuer U p = f (I p ) nlU,, =1 (I P ) LT BEHTHIIBHBIX Pa3psifl-

HHKOB pa3HbEIX THIIOB H OIIH ¢ Hcromp3oBanmeM mporpamMMel OBM (1o ykazaHHIO ITpeItogaBa-
TeJIs).
8. BEITTOIIHUTE pacyeT IepeHalpssKeHHS Ha ITOACTAHIHH II0 ITporpaMMe (BBITTOJIH -

eTCS pacyeT IT0 OTAeIbHOH HHCTPYKIIHH).

Codeporcarue omuema:
OTYeT JOIDKEH COLEPKATH:
1. HazpaHue paboTHI,

AOKYMEHT NOAMNMUCAH

SNEKTPOHHOWM NOANUCHLIO
Ceptuchukar:  12000002A633E30113AD425FB50002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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5. ITopsaox BRIMTOIHEHH S PaOOTHI,
6. Beruncienmsa n o6padorka pe3yibTaToB,

7. BEIBOJIEL.

Konmponousie sonpocet:

1. HazHaueHHe TpyOUYaThIX H BEHTHIIBHBIX Pa3psSIHHKOB.

2. ITpuxirmmn paboTel TPYOUATHIX H BEHTHIILHBIX Pa3PSIHHKOB.

3. IIpuMeHeHHe H OCOOEHHOCTH PAOOTHI OTJENBPHBIX THIIOB BEHTHIHLHBIX Pa3psSIHHKOB
(PBII, PBC, PBMI', PBT, PBP]I, OIIH).

4. KOHCTPYKIMH BEHTIWIbHBIX H TPYOUATHEIX Pa3psSIHHKOB H Ha3HAUEHIHE HMX OTeJIbHBIX
yacTeH.

5. Metoamka pacuera u Beidopa OIIH.

6. [IprmMeprl pacueTa YCTaHOBKH TPYyOUYaThIX, BEHTIIBHEIX paspsaaHuKkoB 1 OITH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jlabopamopran paboma Ne6. Hcenedosarue moodenu KACKAOHO20 6bINpAMUMENA 6bl-

COKO020 HANPAXHCEHUA

Ilenv pabomsr: NU3yueHHe YCTPOHCTBA M ITPHHIHIIA JeHCTBHS KaCKaJHOTO BEIIIPSMHTEIS
BBICOKOI'O HaIpsoKeHHI. OIpeielleHHe H3MeHEHHH ITOTEHIHAJIOB Pa3IHNYHEIX TOUYEK CXEMBI TPEX-
KaCKaJHOI'O BBEIIIPSAMHTEIS B YCTAHOBHBIIIEMCS PEKIME IIPH XOIIOCTOM Xofe. CHATHE 3aBHCHMO-
CTEH BBIXOJHOI'O HAITPSKEHHS M ITYJIIbCAI[MI HAIIPSsDKEHHSI OT TOKa HArpys3KH M YHClIa CTYIIEHEH

BBITTPAMHT CJIA.

OCHO6bL MeopUIL:

BrICOKOE HampsDKEHHEe TTOCTOSHHOIO TOKA IS MCIIBITAHH S H30JISIIHOHHEIX KOHCTPYKIIHIA
ITOIIYYAFOT OOBIYHO C ITOMOIIBIO BEICOKOBOIBTHEIX BREIMTPSAMUTENEH, B KOTOPBIX B KAUECTBE BEHTH-
JIeH HCITONB3VIOT CS ITOIIYITPOBOAHHKOBEIE BBIITPSIMHUTEIIBHBIE JTHOJIEI.

[Tpu oTHOCHTEeNbHO HeCompIIX HanpskeHNIX (10 100-200 xB) IIpHMeHSTFOT OJHOITOITYTIE-
PHOIHBIE, ABYXIIOIYIIEPHOIHEIE IIH MOCTOBBIE CXEMBI BEIIIPSAMIIEHHS. OTH CXEMBI ITHTAIOTCS OT
CETH IIEPEMEHHOr O TOKA Yepe3 MOBBIIIAOIIHH TpaHcpopMaTop. BTOpHYHOE aMITIIHTYAHOE HaIIpsI-
KeHHe TpaHc]opMaTopa JOTKHO OBITH MPHOTH3ZHTEIBHO PaBHO TPeOyeMOMY HAIpPSOKEHHIO I10-
CTOSIHHOTO TOKA.

Jlns rmonnyyeHns Ooree BRICOKHX HAIPSsDKEHIH MOTYT OBITh HCITOJIb30BAHBI CXEMBI BBITIPSIM-
JIEHHS ¢ YMHOKEHHEM HaIIpSUKEHHS — CXeMBl VABOSHHMS HAITPSDKEHHS HIIM MHOTOCTYIIEHYATBIE
cxeMbl. OHH ITO3BOJISIOT ITOJIVUMTE OO0Jiee BBICOKOE ITOCTOSIHHOE HAIIPSDKEHHE, YEM BTOPHYHOE
HaITpsDKeHHe ITHTAONEro TpaHc(opMaTopa IMPH CPaBHUTEIBHO HEOOJILIITOM 00paTHOM HaIpsDKe-
HI Ha BEHTIUISX.

PaccmorpnM padoTry cXeMbl, IIPHBEAEHHON Ha pHC. 6.1. /171 YITPOIIeHH aHaJIM3a IIPEATIO-

JIOKHM, UHTO BEHTHIH H KOHACHCATOPBI HACAJIbHBIC.

C1

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
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[Tycts Ha cxemy mmogaHo Hampsokerne U, = U, -SIN(@f + 1) (puc. 6.2). B TeueHue
TiepBoii YyeTBepTH Teproja (0 -7)) BeHTHnb VD, 3aKpBIT, a BEHTHIIL VD OTKPBIT H KOHJEHCATOP
C1 sapspkaeTcs 1o KoHTypy 0-2-1. B MOMeHT !, HanpspkeHHe Ha KoHeHcaTope U Cl = Uy, u
3apsin Ql = Qm = Cl U5, . 3arem, U5 npoiiysg yepes oTpHIlaTeIbHBII MAKCHMYM, HAaUHHAET
yBENHYHUBATLCA. [loTeHIHAT (P9 TOYKH 2 CTAaHOBHTBLCS IOJIOKHTENBHBIM. BEHTHIIL VD) 3aKpHI-

BaeTcs, a BeHTIWIb VD; OTKpeIBacTcs. B TeueHM BpeMeHH I — 5 IIOJ JeHCTBHEM HalPSDKEHHS

HCTOYHHKA ITHTaHHA H HAIIPSKCHILA Hda KOHACHCATOPC Clj I{GTGPB]IT BRIIIOYCH COI'TIACHO, B IICITH

1-2-3-0 mmporekaeT ToK. KoHaeHcatop Cl paspskaercs, a KoHAcHcaTop C2 3apskaeTcs. Harrps-

’KeHHe Ha C2 gocTHraeT MaKCHMAIbHOH BEJIMYHHBL B MOMEHT [ 7.

AU

PrcyHoKk 6.2 — M3MeHeHHe ITOTEeHIHAIOB TOYEK cXeMEBI (pHc. 6.1) IIpH 3apsaKe BBIITPSIMHI-

TSI

Tns onpenenennsg U CclH U o paccmorpum koHTYp 1-2-3-0. Bentnms VD> BKIIOYEH B

ITPSIMOM HaITpaBJIEHHH, U €0 COMPOTHBIEHHE paBHO Hymto. [Tostomy Uy +U -1 = U 5 . B Mo-

MeHT BpeMerH I : Uy = U, , a HanpsixeHne Ha koHaeHcatope C2 U - = ——, r1e Q - 3ap4r,
2

TIepEMECTHBIIIMIICA 10 KOHTYPY 3a BpeMs !, —1, . 3aps KoHjeHcatopa C1 yMeHBIIINTCSI U CTAHET

_ O -0 |
PaBHBIM Q] — Q , IIO3TOMY U Cl — . YUHTBIBAA ITO, ITOITYHHM
C
U,,, + ! == o
NOKYMEHT NoanncAH Cl C2
SNEKTPOHHOWM NOANUCHLIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 . C C
1 1 T (o
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa - — Q
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Tak kak

Q]/C] :Ugm:.TG

C,-Cy

Q=2U X

ZHICI—I—CZ

OTKyzaa:

C-Cy
U~ =2U ;

Cl1 2HTC1‘|'C2

C
U, =2U 1

C?2 2HIC1‘|‘C2

IIpn C1=C2 B MOMEHT {5 KOHAeHcaTOpP Cl ITOTHOCTRIO pas3psikeH, a C2 3apsDkeH 0 U Y

Ilocne 15 rmrarolee HapsUKEHHE HAYMHAET YMEHBINATBCS, (P CTAHOBHICA HIDKE (V3.
Benrnimb VD 3akpbiBaeTcsl. BeHTHIb VD | OTKPOETCS TOINBKO ITOCHE f3 , KOI/Aa HallpsDKeHHE ITH-
TaHI CTAHOBHTCSA OTPHIIATENBHBIM H (P - HIDKe HYIIA KongeHcaTtop Cl 3apspKaeTcs 1o KOHTYPY
0-2-1 nx momenty ty Uy =Uy,, .

Ilocne f4 HanpspKeHHe IMHTaHHS YBEIMYHBAETCSL, Py CTAHOBHICS ITOIOXKHIEIBHBIM, HO

BEHTHIIb VD2 OTKPBIBAETCS TONBKO B MOMEHT 5, Koraa (P = @3 = U»,, . KongeHcarop C2 noj-
3apspKaeTC s 110 KOHTYPY 1-2-3-0. 11ome3ysce yKe pacCMOTPEHHEIM METOI0M, MOJKHO JIETKO OITpe-

JIeTHTh, 4T0 B MOMeHT tg U~ =0,5U5,,,a U~ =1,5-U>,,.

Ilocne fg BeHTIIL VD2 3aKphRIBaeTcs, Ha KOHJAeHcaTope C2 ocTaeTcs HalpspkeHue 1,5
U,,,. Korma ¢, craHeT paBHBIM HYIO, OTKPOETCS BEHTHIIb VD2, i KoHAeHcaTop Cl moma3aps-
nurcs jo Us,, . Tlocne Toro, kak Iirarolee HallpsKeHIe MPOHJIET Yepe3 OTPHIATEIbHBIIT MaK-

CHMYM, (P> CTAaHOBHTCS IOIOKHTEIBHBIM H VD 3aKpoeTCsL.
3aTeM OTKPOETCS BEHTHIL VD2, H KoHAeHcaTop C2 mmogzapsaurcs 3a cueT Cl H rmraro-

1ero Hanpsokerus 10 1,75U 5, . HeTpyaHO BHAETH, YTO B YCTAHOBHBIIEMCS PEKIIME HaIIPsIKe-

rue Ha C2 goctraer 2 U, .

Ecimn mexay Toukamu 3 B 0 BKIFOYEHA Harpy3ka Ry, TO B TEYEHHE IIPOMeXKYyTKa BPeEMEHH,

1 [JOKYMEHT MOOMMUCAH HYHO pa3pshKaThbes yepes Rx. BRIXOMHOE HaIps-
SNEKTPOHHOWM NOANUCHLIO
Ceprudbmkar: 1 12000002A633E30113AD425FBS0002000002A6 callMH HaIIpsTKEHHSI CS'U 2ABHCYAT OT BelIHUHHEI
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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C2, Ry U BpeMeHH, B TEUEHHH KOTOPOr'o 3aKphIT BEHTHIIb VD). KM3-3a IMOCTOSIHHOrO paspsjia aM-

Ty HanpspkeHrs Ha C2 Gymet ormmryathbest ot 2 U5, Ha Hexoropyto Bemmunuy AU |, xoro-

PYIO HasbIBAIOT NajeHueM HarpsokeHHs. [1pu paseHerse Cl n C2AU = oU .

AU
oU

PucyHok 6.3 — IlajeHHe HalpsoKeHHe H HAIIPSDKEHHE ITYIIb CAlHH U1 CXEMEI

CxeMa TPEXCTVYIICHYATOI'O KdaCKaJHOI'O BEOTPAMHTCJIA ITPHBECHA Ha PHC. 6.4. HPGHECC 34-

PAOKH KOHIACHCATOPd BO BPEMCHH ITPOTCKACT TdK K€, KdAK H B G,[[HGGT}’T[EH‘IHTDﬁ CXEME.

VD3

brde
T
VD2
Cl C2
) | ‘Q: ’
" VDI
1 0

PucyHoK 6.4 — CxXeMa TPexXCTYIIEHYAaTOro KacKa JHOr O BBITIPSAMHITE IS

B ycraHoBuBIIEMCS pexiMe KoHAeHcaTop Cl 3apsukeH po HanpsokeHus Us,,, a C2 — 1o
2 U»,,, . loreniman Touxu 2 m3mensercs or 0 xo 2 U»,, . CriegoBarensHo, KoHAeHCaTOp C3 Mo-
KeT 3apsamuthes 10 2U 5, . [lorentman Toukn 4 Toraa 6yaeT MeHsarbest of 2 Uy, 10 4U»,, . 1

yepes BeHTHIIb VDS xoHzeHcatop CS5 sapsaures go 2U 7 - 1 OrIa TIOTEHIHAT TOYKH O OYIET

ONOKYMEHT I_'ID,HI'IHCAH
INEKTPOHHOW NOAMACBIO HaeHcatop C6 zapsamurcs go 2U 9 - BBIXOTHOE
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 =
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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HaIpsCKEHHE CXEMBI CKIIAABIBACTCSA H3 HAIIPSDKEHII Ha KoHAeHcaTopax C2, C4, Co6 u coctaBuT 6

U»,,, . B obmem cryyae IpH N CTYTIEHIX

Uz =2U»5,, n=22-n-U,
[TOCKOIBKY 3apsifl, IIOCTYITAOIIHII Ha BEPXHHE CTYIIEHH, OTOHPAETCS OT IPEABLAYIINX, TO
MHOIOCTYIIEHYATEIE CXEMbI OKA3bIBAIOTCS OUeHb UYBCTBHTEIBHBIMH K Harpyske. HarpsokeHue

ITYyJIb Al OU U MajfieHHe HanpspkeHHsT AU OBICTPO BO3PacTaloT ¢ YBEIHYeHHEM Y ClIa CTYIIEHEHH.

711 BRITPSAMHTEILA C 11 CTYIIEHSIMH STH BEIIMYHHEI MOT'YT OBITH PACCUHTAHBI IO CIIEYIOIIHM IIPH-
OIHMKEHHBIM COOTHOIIEHH SIM:
1, _(n+l)ﬂ_
f-C 2
I, 2 3 1 o 1

(—n " +—n"~"——n),

f-C 3 2 6

rae [, - CpegHee 3HAaUYEHHE TOKa HaI'PY3KI,

AU =

1 — YHCIIO CTYIIEHEH reHepaTopa;

fe - HacCcTOTa ITHTAIOIIETO HAIIPSKEHH T,

C' - eMKOCTbh KOHJIeHcaTopa cxXeMsl (Ipu C;=C>=...C,=C).

YKazaHue no mexHuxe 0 e30nacHocmu.

YKa3aHH I10 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHECCHBIL

B ITPHIIOKEHHE A.

VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:

B HacTosmen padbote HEOOXOMNMO:

1. O3HAKOMHTECS CO CXEMOH H ITPHHIUIIOM pabOoThI KaCKaHOI' O BEIIPSMHTEIS, IIOATOTO-
BHUTH TaOIMINY IS 3allHCH Pe3VIbTAaTOB H3MepeHHH. O3HAKOMHTBLCS C PaCIIONOKEHHEM PYy4YeK
yIIpaBIeHHS OCIHITIOrpada.

2. C pa3spelleHHs ImperogaBareiis II04aTh Ha YCTaHOBKY IHTAHHE, BKIIIOUHTEH OCBEIIEHHE
3JIEKTPOCTAaTHYECKOT O BOIIBTMETPA H MIPOBEPUTH TTOJIOKEHHE HYIISL, BKIIFOUNTE 3IEKTPOHHBIL OC-
IITIIOTpad M OTPEryIHMpOBaTh (POKYCHPOBKY H SIPKOCTE JIVYa.

3. He BxIrOYast Harpy3KH, IIEPeYepTHTh € BKpaHa OCIHIDIOrpad)a Ha OXHH OOIMHI I'papHK

HAITPAKCHHE Ha BCCX CTYIICHAX BBITIPAMHTCIIA.

OJOKYMEHT NoanmvucAH
SNEKTPOHHOM MOAMUCLIO CPEKIOYAaTEIIEM I11 momaTte Ha CXEMY IICPEMCEH-
Ceptucpukat: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu! Web3yxoea TaTbrAHa AnekcaHapoBHa dTOopa YCTAaHOBHTE BXOAHOC HAITPSDKCHIC CXCMBI
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5B. BX0J ITOCTOSHHOI O TOKa OCIIHJIIOrpada BKIFOYHTh MeK Iy ToukaMH 0-1. YcHIeHHe OCIIHIIIO-
rpada mogoOpaTh TakKHM, YTOOBI pazMaX CHHYCOHMABI Ha sKpaHe cocTaBiiul 1 cM. IlepedeprHts
¢ opMYy HaNpsDKeHHS Ha TpadHK. 3aTeM, He MeH SIS YCHIIEHH S H HE CMEIIas ITOJI0KEHHS JTyya, BKIIIO-
YHTH ocIpmIorpad mMexay Toukamu 0-2, 0-3, 0-4, 0-5, 0-6, 0-7 1 nepedepTHTH (POPMY HaTIpSIKE-
Hul. [TomydeHHBIH rpadHK cpaBHHTH ¢ PHC. 6.5, OOBSICHHTSD.

4. TIporpaayHpoBaTh IO HAIIPSDKEHHIO OCIFIIIOrpad Imo BXOAY IepeMeHHOro Toka. s
ATOrO IePeKIIFoYaTeNlb BX0a OCIIHIUIOrpada co cXeMbI BBOTPSAMHUTEIII ITOAATh IIEPEMEHHOE HaITp -
’KeHHe 5B M yCTaHOBHTH YCHIIEHHE TaKHM, YTOOBI pa3MaxX CHHYCOHJIBI Ha 3KpaHe OCIIIIorpada

cocTariIwI 4 cMm. Torma YYBCTBHTCIIbBHOCTD DCI_[IIHJIGFPH(IJE], 11O HAITPAAKCHIIKO COCTABHT .

[Tpn gampHeNIIINX H3MePEHH SIX ITOI0KEHHS OCIIIIOrpada He MEHSTD.

5. CHArp 3aBHCHMOCTH BBIXOJHOTO HAITPSDKEHHS M HAIIPSDKEHHS ITYIIbCAal[MH OT TOKa
Harpy3KH IS OQHOH, ABYX H TPEX CTYIIEHEH KAaCKaJ{HOI'O BEIIIPSMHTEIIS.

JI1s 3TOro yCTaHOBHTH HaIpsDKeHHe IMTaHHS BeITpaMHTeNS [7B. Ilo smexkrpocrarnue-
CKOMY BOJIILTMETPY OIIPEAETIHTh BEIXOAHOE HAIPSDKEHHE BBIITPSIMHUTENSL, H3MEHSISI TO Harpy3KH OT

0 mo 400 MxA.

U
A @
o
s
>
4U, .. -
2]
s z -~
P2 f
-
P

PHC‘_’;’HGK 6.5 — M3MeHeHHe TTIOTEHI[HAIOB B PA3JIMTIHBIX TOUKAX CXEMbBI TPEXCTY-

IICHYATOI'O BEIOIPAMHTICILA B YCTdaHOBHBIIICMCHA PCKHMC

AOKYMEHT MNOANUCAH [MHHY ITYIIbCAI[Hil BBIXOIHOTO HAIIPSIKEHH I B CM.
SNEKTPOHHOW NOANUCHIO

Ceprudhkar: - 12000002A633E3D 113AD425FB50002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Tabmiia 6.1 — BEIXOAHOE HaIIPSDKEHHE H HAITPSDKEHHE ITYIIbCAl[HI KaCKaHOIO BEIIPSI-

MUTEIST

rﬁ; qﬁﬁgiﬂ}z}f - HHJ;I;}J;BHI:JLHE{LADTPMI 0 [ 100 | 200 | 300 | 400
U,.B

1 1 & ,CM
U B
U. .B

2 2 S ,CM
U B
U.. .B

3 3 8 ,CM
U B

31ech: U ap  — BPIXOJHOC HAIIPAKCHHC BBIITPAMHTCILL, OIIPCACIIACMOC 110 3JIICKTPOCTATHYC-

CKOMY BOJIbTMETPY,
&y - HaIIpsKEeHHE ITYIb CallHil Ha SKpaHe OCIIUIorpada, cM,
oU - HaIIpsDKEHHE ITyIbCcallHil, B,
K, - YYBCTBHTEIILHOCTh OCIIHILIOrpada, onpeieneHHas B 6.3.

[Tpn H3MepeHHH BBIXOJHOTO HaIPSLKEHHS BHIIPSIMHTENS Ha XOJIOCTOM XOIY OTKIFOYHTD
OT CXeMBbI BRIIPSIMHTEIIS HArPY3KY H BXOJ, OCIIHILIOrpada.
0. ITo momy4eHHBIM JaHHBIM ITOCTPOHTE IS OJHOH, ABYX, TPEX CTYIEHEH BBIITPSMHTEILS

3aBHCHMOCTH BBIXOJHOI'O HAIIPSUKEHHS H HAIIPSsDKeHNS ITYJIbCAllHH OT TOKa Harpy3KH U, = f(Iy)
H U= f(I,).

7. PaccuHTaTh BEIXOJHOE HAITPAAKCHIIC H HAIIPAXKCHHE ITYIIbCAIlHH JJIA GI[I—IDﬁ; ABYX, TPEX

CTYIIeHEH BBIIPSMHTENIT H IIOCTPOHTh 3aBHCHMOCTH U, = f(I;) H 88U = f(I;)- Ha IPeAbIAYIIEM

rpadHKe.

Coodepacarue omuema:
OT4YeT JOILKEH COLEPXKATE:

1. HazpaHue paboTHI,

AOKYMEHT NoanncAH
INEKTPOHHOW NOANMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxora TateAHa AnekcangpoeHa
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5. ITopsaox BRIMTOIHEHH S PaOOTHI,
6. Beruncienmsa n o6padorka pe3yibTaToB,

7. BEIBOJIEL.

KonmponsHsie sonpocoi:

1. IIpusIpIn paboThI 0JHO()a3HOTO BEIITPAMHTEIIS Ha eMKOCTHYIO Harpy3Ky. COOTHOIIIEHHE
HAITPSDKEHHI Ha AIIEMEHTAX CXEMBI.

2. Cxema M IIPHHIUIT padOTHI OJHOH CTYIIEHH KacCKaJHOI'O BEOIPSMHTEILS B IIPOLIECCE 3a-
PSIIKH.

3. ITpHHIIT YMHOXKEHHS HAITPSKEHH S ¢ TTIOMOIIBIO MHOTOCTYIIEHYATOH CXEMBI BEITTP SIMH -
TESL.

4. JIoCTOMHCTBA H HEJOCTATKH MHOI OCTYIIEHYAThIX KaCKa HBIX BBIITPSMHUTEIICH.

5. IIpoaHam3upoBaTh padoTy OTHOH CTYIIEHH BBIIIPAMHTEILI ITPH ITHTaHHH ITPSMOYTOlIb-

HBIMI HNITYJIbCaMI quE,I[}’IOH.[EﬁGH ITOJIAPHOCTH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jabopamopran paboma Ne7. I enepamop umnyiscHolx HanpaxceHui 750 kB

Ileny pabomsi: O3HAKOMHTLCS CO CITOCOOAMH ITOIYYEHH S TPO30BBIX HMITYIIbCOB, YCTPOH-
ctBoM H pabdoron 'MH 750 xB; M3yunTs MeTOABI PeryIHpOBaHHSI ITapaMETPOB I'PO30BOI0 HM-
ITyIIbCa M METOABI MX H3MEpPeHHT, IIpoH3BeCTH H3MepeHHe aMIUIHNTYIBI IPO30BOI0 HMIIVIIBECA C
ITOMOIIBIO H3MEPHTEIBHBIX IIapoB AHaMeTpoM S50 cM. O3HAKOMHTBLCS ¢ METOLAMH PETHCTPALlHH

(p OpMBI T'PO30BOrO HMITYIIbCA C TIOMOIIBIO SIEKTPOHHOI 0 OCIFUIIIOrpada.

OCHO6bL MeopUlL:

B mporiecce sKCIuyaTaii Ha 3MeKTPHYECKYIO H3OISIIHIO JTHHIH M arrapaToB BO3IEH-
CTBYIOT I'PO30BBIE H BHYTPEHHHE TIEPEHATIPSDKEHIS. [ PO30OBEIE NepeHaITPSKeHH I BOSHHKAIOT IIPH
yAapax MOJTHHH H HMeIOT ()OpMY KpaTKOBPEMEHHOI'O allepHOIHYECKOI0 HMITYIbca. BHYTpeHHIE
TIEPEHAIPSDKEHHS CBSI3aHBI ITPEXKIE BCETO C Pa3IMYHOI0 poga KOMMYTALMSAMH H IIEPEXOMHBIMI
pexnMaMH. DopMa BHYTPEHHHX TEPEHAIPsDKEHI 3aBHCHT OT MX BHJa, HO Yallle BCEro — 3TO 3a-
TYXaroIHe KoineGaHNs ¢ HEKOTOPOH MAaKCHMAJIbHOH aMIUIHTYAOH. [IpH mabopaTOpHBIX HCCIIEIO-
BAaHHSIX HMITYJIBCHBIX ITPOLECCOB HCITONIB3VIOTCA F'eHEPATOPBI I'PO30BEIX H KOMMYT alTHOHHBIX HM-
ITYIIECOB H H3MEPHTENBHBIE CHCTEMEI, ITO3BOMISIOIIME OIPEAETHTE aMIUINTYAY H PETHCTPHPOBATh
¢ opMy OTHOKPATHOT'O FIIH MHOT'OKPAaTHOI O HMITYJIbCa HaITPSDKEHH.

AMIUIHTYZa MOXKET OBITh M3MEPEHA C IIOMOIIBIO IIapOBOr0 PaspsaHHKa, a IJIS PerHCTpa-
I[HH (DOPMBI HMITYIIb Ca HCITOIb3YFOTC I BEICOKOBOIIBTHBIE OCIHIDIOIPA(EI ¢ EMKOCTHBIMH HIIH CMe-
IITAHHBIMH JETHTEIISMH HAITPSDKEHH S

MITYIIECHEIE YCTAaHOBKH JTOIIKHBI OOeCIIeUHTh TeHEPAIHIO allePHOAMYECKIIX HMITYIIECOB

HaITpsDKeHHA (ToKa). OCHOBHBIMH ITapaMeTpaMH HMITYIIbca (pHC. 7.1) SBILTFOTCS, aMITHTYAA U,

JIIHTCIIBHOCTD Q)pGHTEl HMIIYIIBCA Tp, AJIMTCJIIbHOCTD HMITYIIbBCA 1.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO »Ie ImapaMeTpsl mMiryiasca I'MH
CepTucbmkar: 12000002A633E3D113AD425FB50002000002A6
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CTaHapTHBIE HMITYJIbChI, HMHTHPYIOIIHE aTMOC() EPHBIE TIEPEHATIPSIKEHN 5L, UMEIOT Tp=1,2

MKC, 7/=>0 MKC. IMITYIIb CBI, HMHTHPYIOIHE BHYTPEHHHUE ITepPEHATIPSTKEHIIT, HMEIOT 73=250 MKC,
7.=2500 MKc.

Cxema I’ MH, mpeacraBineHHas Ha pHC. 7.2, COCTOHT H3 JIBYX OJIOKOB — 3apSIHOI0 YCTPOH-

ctBa 1 (3Y) n ymHOXkuHTenI HantpskeHHT 2 (YH).

QS AKB . T1

HL

QS AKB

.—I—f"'.—.—"'"—l

Pucynok 7.2 — Cxema 'MH

3apsIHOe YCTPOHCTBO 1 BKITIOUAEeT perylIHPOBOYHEIH aBTOTpaHc(popMaTop T1, IMOBHIIIaKO-
IHH TpaHcpopMaTop T2 H BEICOKOBOIBTHHIH BEOIPSMHTEL VD, To ecTh 3Y mpeicTaBIIeT OJHO-
ITOITYIIEPHOJHBIH, BRICOKOBOIBTHEIN, PETYIHPYEMBIH BROIPIMHTEIL. B KauecTBe BeHTHIA VD Ha
HarpspxkeHHe 100 KB HCITOnb3yIOT BRIIPAMHUTEIBHBIE CTOIOHKH Ha ITOTYIIPOBOAHNKOBBIX JHOIAX.

YMHOKHUTEIb HAIPSKEHU S 2 BKITFOYAeT KOHAEHCATOPBL C, PE3UCTOPBI Riam, R3, Ry, Rg 1
paspsaHeie mpoMeXyTKH FV1, FV2. Ha puc. 7.2 nipuBefieHa cxeMa YABOEHHS HAITPSKEHH 5L

[ Ipuairmmn paGorel ' MHa 3axmoyaeTcs B CIeQVIOIEM: Ha IIEPBOH CTAJHH, B PEXKHME 3a-
psga KOHAEHCATOPEI C COeAHHEHEI MTapaJlIENIEHO H 3apsKaroTCsa OT 3Y depes Pe3HCTOPBL R, R3
C TIOIAPHOCTBIO, YKA3aHHOI Ha cxeMe (puc. 7.2). 3aImiTHEI pe3ncTop Ruam = 3-10° OM mpeHa-
3HAUEH I OrpaHHYEHHS TOKa 3apsja B MOMEHT BKIFOUEHHS, T.€. 3aIMINAET BEHTHIHF VD H
TpaHcpopMaTop T2 OT Ieperpy3KH.

BemuiHa HalpspKeHH S, 10 KOTOPOro 3apsiKaroTcsa KOHAEHCATOPRI C OIPEHENSIETCS BIIEK-
TPHUYECKOH IIPOYHOCTBIO HCKPOBOTO ITPOMeKYTKa FV1HO He TOIKHa IPEBRIIIATh aMIUIHTYIY BBI-
ITPSIMIIEHHOI O HAITPsDKEHUS Uz,

Korga HarnpspkeHHe B TOUKE | IPEBBICHT 3JIEKTPHYECKYIO IPOYHOCTE ITPOMEXKYTKaA FV 1,
ITPOUCXOAUT ITPOOOH 3TOro ITPOMEXKYTKAa H KOHAEHCATOPRI C COETUHSIOTCS ITOCIEN0BATEIILHO, -
Touka 2 OyJleT coeJHHEeHa ¢ TOUKOH 1 yepes JeMIIpHpYIOIIHH pe3HcTop Ry H COIMpOTHRIIEHHE HC-
KPOBOI'0 ImpoMekyTKa FV1.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Braromaps ToMy, UTO COIPOTHBIIEHHE pe3ncTopa R3Bemko (R3=5-10" OM), a cOnpoTHE-
neHne pesncropa Ry mamo (Ry=10-20 OM), KOHJIeHCAaTOPHL HE YCIIEBAIOT Pa3psSANTHCS, ITOTEH-
I[HAJI TOUKH 2 TIOBBIIIAETCS 4O ITOTEHIHANIA TOUKH 1, a ITOTeHIHANI TOYKH 3 YBEIIHUHBAETCA, IIPH-
MEPHO, B JIBa pasza.

[Ipu rnepekmrodyeHNH KOHJeHCaTOpoR C ¢ IMapaulelbHOH CXEMBI Ha ITOCIeLOBaTEIbHYIO
ITPOHCXOAUT ITPOOOH paspsAHOro IMpoMeXyTKa FV?2, Tak Kak ero 3JIeKTpHYeCKas IIPOYHOCTh HHIKE
BEJIMYHMHEI YABOEHHOI'O HAIIPSIKEHHS YMHOKHTENS, BEIXOQHOE HAIIPSDKEHHE YMHOKHTES OyIeT
TIPHIIOKEHO K OOBEKTY UCIBITAaHHS C ¢ H pa3spsIHOMY PESHCTOPY Ry.

CKOpOCTh HapacTaHHS HaIpsOKeHIHSI Ha oObekTe (JIIMHa (ppoHTa HMITYIIbCca) OyAeT oIpe-

ACIIATHECH IIOCT OSIHHOH BPCMCHIH 3dpAldd KOHACHCATOPA C.:p:. T.C.
7y =(2+3)-(R3 + Ry )-Cy
Korma Hanmpspkenre Ha 00bekTe (Cg) ZJOCTHTHET IPeJelbHOr0 3HaYeHN S, KOHIeHcaTophl C

1 Cy HAUHYT pa3pspKaThbCs Yepes ITIaBHBIH pa3psHbIi pe3ncTtop Ry (crag umirynbca). [Tpu sToM

AIIHTCIIPHOCTD BOJIHBI HMITYIIBCA ]’[pHﬁJIHBHTEJILHG B JJAaHHOH CXeMe 6}"I[ET PaBH4

T, :0,6?[§+C@]-(R5 + Ry + Rp)

YKkazarue no mexHiike é ezonacHocmii:
YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BBOIOJIIHCHITH HﬂﬁﬂpﬂTﬂpI{BIX pElﬁDT IIPHBCOACHDBIL

B ITPHIIOKEHHE A.

VYKazanusa no 6uinojiHeHUI0 140 0pamopHoil padomal:

l. O3HAKOMHTBCS ¢ HHCTPYKIIHEH ITO TeEXHHKe Oe30IMaCHOCTH JJIS TAHHOH YCTaHOBKH.

2. OsHakoMHTBECS cO cxeMaMH ['MMTH-750, cxemMomn 3apsgaHoro ycrporcrea 3Y-150 u
CXEMOH YIIPABIIEHHS IIIapaMH.

3. O3HAKOMHTHCH C IIEPEUHCIIEHHBIMI YCTPOHCTBAMH H YCTaHOBKAMH B HaTYpe, 3aITH-
caTh ITACIIOPTHBIE JAaHHEIE OCHOBHOI'O OOOPYIOBAaHHS H OIPEIEIHTH ITOISPHOCTh IIOIYYaeMOTO

HMIIYIIbCA.

4, Paccunrtars ocHOBHEIE MapaMeTphl I UH: eMKOCTE B yaape C,, SHEPTHIO B yIape H

Koa(prarreHT Hermonb3oBaHuI ['YH.

3. PYyKOBOACTBYSCHE HHCTPYKIIHEH K 3¥Y-1350 Brmrounts I'MMH-750 B pabGotry u mo-

OUTRCH VCTONUHROTO DAOOYETO XONTA ¢ TTIENUONUYHOCTHIO HMITYIIbCA 3-3 C.

NOKYMEHT NMOANMUCAH
INEKTPOHHOW NMOANMUCHIO A3MePHTEILHBIMH IIIapaMH.
CepTucukar: 12000002A633E3D113AD425FB50002000002A6
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7. M crmomns 3y HMITYIIBCHBIH 3IeKTPOHHBIN OCIIITIIorpad), OnmpeJelINTh OCHOBHEIE T1a-
PaMETPBI ITOIMYYEHHBIX HMITYIILCOB.

8. IIpoBecTH HcCIeaOBaHHE BIMSHHS Pa3/IMYHBIX ITapaMeTpoB cxeMbl ' MMTH Ha Berm-
YHHY AMIUIMTYIEI TPO30BOI0 HMITYIIECA H BPEMEHH €€ JIOCTHIKEHH S, HCIIOIb3YS KOMITBIOTEPHVIO

nporpammy GIN (MHCTpYKIHS IO ITONIB30BAaHHIO IPOrpaMMOH IpHBOAHTCSA B IIpmnoxerrm 1

TIPaKTHKYMa).

Codeporcanue omuema:

OTYeT JOIDKEH COMEPKATH:

1. HazpaHme paGoTHI,

2. Ilens paboTHI,

3. Kparkue TeopeTHUYECKHE CBEACHIS,

4. OrrcaHNe HCITONB3YEMOI'0 000PYIOBAaHIS H MaTEepHAJIOB,
5. Ilopsamok BeIOIHEHH S PaOOTHI,

6. Beruncnennsa n o6paborka pe3ylnbTaToR;

7. BBIBOIBI.

Koumpononsie éonpocel:

1. HazHauenne u nmpuHIpaI padotsl 'HMH.

2. OcHoBHBIE 311eMeHTHI ' MH 1 ux BuusHie Ha ()opMy H ITapaMeTpbl HMITYIIbCA.

3. Crioco0nI perymipoBaHH s pexuma padorel ' MH m1a usMepeHHs aMIDIHTYABI HMITYJIb-
COB H YaCTOTHI HX CIIETOBAHH.

4. MeTtomapl U3MePEHHS HMITYIbCHBIX HAIIPSDKEHHH: aMIUIHTY/BI allepHOMHYECKOrO HM-
ITYJIbCa, JUIHHEI (PPOHTA M JIIFMHEI HMITYJIbCA.

5. brmok-cxema ocipniorpada JUIs perucTpaldi OJHOKPAaTHBIX KpPaTKOBPEMEHHBIX HM-

IIYIIbCOB BBICOKOI'O HAITPSDKCHH A,

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
57



JJabopamopraa paboma Ne8. Onpedenerue 30H 3aAU{UMbL CHEPHCHEBEBIX 1L MPOCOEBIX

MOJIHUEOM 60006

HE.E’II’: paﬁﬂmm: I/IB}"IHTL PACUETHBIC MCTOJbI OIIPEACIICHITA 30H 3dlllHTBI CTCPKHEBBIX H
TPOCOBBIX MOJIHHCOTBO/JOB. O3HaKOMHTCS C JKCIICPHMCEHT AJIb HBIMIT METOJdMIH HCCIICTJOBAHI A 34-
IIIHTHBIX 30H MOITHHEOTBOAOR ¢ HcITonb30oBaHHeM I MH . OHPEI[EJ]IITB SKCIICPHMCHTAJIPHO H CPpaB-
HHITDb C PACHCTHBIMIL 30HBI 34IIfIITBI CTCPAKHCBEIX H TPOCOBBIX MOIHHCOTBOLOB. HPGEEGTH BH3Y-
dJIbHOC HCCJICAOBAHHE 30H 3dllIHTBI CTCPAHCBBEIX H TPOCOBBIX MOJIIHHEOTBO/JI0B II0 I{Dhﬂ'[BIDTEpHGﬁ

IIporpamMMe.

OcHoébl meopuu.

CTepKHEBLIE H TPOCOBBIE MOJTHHEOTBO/EI SBIISIOTCS OCHOBHBIM CPEJICTBOM 3aII[HTHI SHEDP-
TeTHYECKHX H IIPOMBIIIIEHHEIX COOPYKEHHI H YCTaHOBOK OT IPSIMBIX YAapoB MOITHHH (ITYM).
PeaJIbHBIH MOJTHHEOTBOJ[ COCTOHT H3 MOJIHHEIIPHEMHHKA B BHJIE CTEPIKHS HIH TPOCA, BO3BBIIIAKO-
II[Erocs HaJl OOBEKTOM 3allHThI, TOKOBEAVIIHX CITYCKOB H 3a3EMIIHTEII.

MOIHHEOTBOAB! BOCIIPHHHMAIOT Ha ce0s yaaphl MOIHHH H 00pa3yrOT BOKPYT ceds ITpo-
CTPAHCTBO, 3anpaueHHoe OT [IYM ¢ GOJIBIIOH CTENEHBIO BEPOSATHOCTH. 3TO IMTPOCTPAaHCTBO HA3EI-
BaeTCq 30HOH 3all[HTHI MOIIHHEOTBO/IA.

3alHUTHOE JEHCTBHE MOJIHHEOTBO/IA CBSI3aHO C TEM, UTO Pa3BHBAIOIIHMIICSA OT OOJIaKa JIH-
JIEePHBIH pa3psy OpHEHTHPYETCS B HaIIpaBIEeHHH MaKCHMAJIbHOIO I'pajHeHTa (HaIpsDKEHHOCTH)
3IIEKTPHYECKOTO IToNnA. HaunHas ¢ HEKOTOPOH BBICOTEL H =10-20h , TAE h SBISETCS BBICOTOIO
3alHIaeéMOro 0ObEKTa Ha OPHEHTALHIO JIHASPHOr O pa3psaaa HaUHHAaET BIHATH HaHOOIee BO3BEI-
IITAFOIITHIICS ITPOBOISIIHII 3a3eMIIEHHBIH ITpeAMeT (MOITHHEOTBO/I BBICOTOMH /), B HaIIpaBIIeHHH KO-
TOPOTO ITOJIE PE3KO YCHIHBAETCS.

[Tpu opmupoBaHHH ITHIEPHOrO KaHalla HaJl MOJIHHEOTBOJAOM HIIH C HEKOTOPBIM CMEIIIE -
HHeM (He Oonee 3,5h) MOITHHS HIH ITOPa3HT MOITHHEOTBOJ, HJIH YAapHT Ha 3HAYHTEIIEHOM PacCTO-
STHHH B 3eMITIO.

Ecin BOIM3H MOJIHHEOTBOAA HIIH IO HHM PacIIOIararoTCs COOPYKEHNS HIH 000pyI0Ba-
HHE, TO IIPH OIPEAEIIEHHOM BO3BBIIIEHHH MOITHHEOTBOAA HaJl OOBEKTAMH 3all[UTHl BEPOSITHOCTH
HX nopaxkeHus [1YM moxeT OBITh JOBEAEHA OO OUYEHb MAJIBIX 3HAYEHHI. OIHAKO CIEAVET ITOM-
HHTBH, YTO CTAaTHCTHYECKHH XapakKTep IIpolecca ITpo00s IIHHHBIX BO3AVIIHBIX ITPOMEKYTKOB

(MOIHHH) ITPH TOOBIX YCIIOBHSIX OCTaBIISIET HEKOTOPYIO BEPOSATHOCTD ITOpaKeHHS MOJTHHEH 00b-
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HPIH-[HTLIE HOPMBI H PCKOMCHIAIHIT ITO PACHUCTY 30H 3aIllIThl MOIITHHCOTBOJ OB ITOIIYHCHBI
Ha OCHOBAHHH HﬂﬁﬂpﬂTDpHLIK HCCIIEOBAHHIL H INOATBCPAKIAOTCA ITOJICBBIMI HaOIFOJeHHSMH 3a
I10PaKacMOCTB IO IIYM PEAJIBHBIX 00BEKTOB H MOJIHHEOTBOOB.

30Ha 3aIlUTHl OJHHOYHOIO CTCPHEBOI'O MOIIHHEOTBO/I4 (pHC. 81) BCIIeICTBHE OCEBOH

CHMMETPHH HMeeT BHJI Tella BpallleHHS ¢ 00pa3yIoleH, YA0BIEeTBOPSIONIEH YpaBHEHHIO:

h—h
ry =1,6h =P
h+h,

rme p=1 TpH h<30 H p=55/Jh TIpH h>30.

Il 1ByX, TpeX u Oolee CTepKHEBBIX MOITHHEOTBOJOB ITPH OITHMAIbHOM HX PacIIONOKe-
HHH 00II[asI 30HA 3aII[HTHI 3aMETHO ITPEBBIINAET CYMMY 30H OTEeIbHO CTOSIIHX JIBYX, TPeX H OoJlee
MOIIHHEOTBOJIOB, TaK KaK OOINasi BEPOSTHOCTh ITPOPhIBa MOIHHH K OOBEKTY B cpepe AeHCTBHS
HECKOJIBKHX MOITHHEOTBOJIOB YMEHBIIIAETCS.

Ha puc. 8.2 mpelcTaBieHbl 30HBI 3aIHUTHL JBYX, TPeX H YETBIPEX MOIHHEOTBOJAOB. [
IBYX MOJIHHEOTBOJ[OB BHEIIHSIS OTHOAKOIAs B pa3pe3e IIPOBOANUTCA TaKKe, KaK M JIJIS OJHHOYHOI O
MOIIHHeOTBOJIa. [Iporn0 ormbarormei Mexk 1y BEPIIHHAMH OITpeJelIsIeTcs 110 OKPYKHOCTH, ITPOBe-

JIeHHOH 4Yepe3 ToukH 1, 2 (puc. 8.2, a). HanMeHbIIasg mmpHHa 2b, HAa YPOBHE /. B ITJIaHE HaXo-

AHTCAH ITO KPHBBIM HIIH ITO BEIPAKEHHIO
b, =4r.(Th, —a)/(14h, + a)

HGGTPDEHIIE BHEIIHEH I'PAaHHITBI 30HBI 3aIllIThl TPCX HJIH YCTBIPCEX CTCPKHCBBIX MOJIHIIC-
OTBOJOB IIPOH3BOAHTCH IIOITAPHO IIO PACHCTHBIM COOTHOIICHIAM I KaXJAbIX JBYX COCCIOHIIX

MOJIHHEOTBOJIOB. YCIIOBHE 3aIl[HTHI BCEH IUIOIIAH MEXAY MOIIHHEOTBOJaMH Ha YVPOBHE /i OIIPE-
JEISETCSa COOTHOIIIEHHEM D < 8h , TJE D sSBiIfgeTcd JAHAMCETPOM OKPYAKHOCTH, ITPOBECACHHBIM HC-

pe3 ToukH 1, 2, 3 wu Gomnblnas JHaroHaab YeThIpeXyroiabHuKa 1, 2, 3, 4 (puc. 8.2 6, B).

A A A

I,
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PucyHOK 8.2 — 30Ha 3aIIHTH ABYXCTEPKHEBOIO MOJIHHEOTBOIA

J1s1 onieHKH 3(p() eEKTHBHOCTH TPOCOBOH 3aIlHTHI ITpOBOAOB BJI yarie Bcero HCIonmb3yeTc s

TIOHATHE YITIa 3aluTe & (pHc. 8.3).

JlaGopaTopHBIe HeCIIeJOBAaHHS H ITONIEBEIe HaOIIOIeHH S ITOKA3bIBAIOT, UTO 3(P(PeKTHBHOCTE
TPOCOBOH 3aII[HTEI MOKET OBITH OIIPEIEIEHA ITO BRIPAKEHHIO
a,/h
lg P = — " 4 _}
90
I7e P, - BEPOSTHOCTD IIPOPhIBA MOJIHHH Yepe3 TPOCOBYIO 3aIlHTY,

h,, - BBICOTA OITIOPBI B METpPaAX,

on

@ - YT OJ 3alIHTHI, TPajyCHI.

[Tpu maGopaTopHBIX HCCIeJOBAHH X KaHal MOITHHH MOJIEITHPYETCS OOBIYHO MeTaJUTH4e-
CKHM CTep KHeM, Ha KOTOPBIH IOAATC HMITYILCEI HantpsokeHHs of I’ MH. CrepkeHs pacmonara-

€TCA Ha «BBICOTE OPHEHTAI[HI» MOIIHHH H,, =~ (10-20)h,, .
A€ h, - BBICOTA MOJEIHM MOJIIHHEOTBO/A.
CTEP}I{EI{E IICPEMEIIIACTCA B TGPIIBGHTHJ]LHDﬁ INIOCKOCTH Had PACCTOAHHIT JO 4 h, H Ooree

OT OCH MOIIHHEOTBO/4 (HJ'JII HﬂﬂﬁﬂpﬂT MOIIHHCOTEOH IICPEMEIIACTCA OTHOCHTICIIBHO HEIIOJBH K-

HOI'O CTePkHS). MaKcHMaIbHAsI BRICOTa H, ITPH 3TOM OIPaHHYEHa PacCTOSHHEM, KOTOPOe MOKET
OBITEH IIEPEKPEITO ¢ ImMoMolpo ['MH npu nmomoxurenpHOM HMITYIIBECE. 110 BelmMunHe H,, MOXKHO

HaHTH Pa3MEPhBI MOJelIeH MOITHHEOTBOLOB H OOBEKTOB 3aIlHTHI.
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HcnerratensHasa yeraHoBka (puc. 8.4) coctout u3 'MH-750 xB (cMm. mal. padory No 7);
CTEPIKHS, HMHTHPVIOIIET O KaHall pa3psiga MOIHHH, 3a3eMIICHHOH TUIOCKOCTH, MOJEIEH CTepIKHE-
BBEIX MOIIHHEOTBOJOB, MOJIelIeil OOBEKTOB 3aIHTHI H MOJIENIH BO3IYIIHOH JTHHHH C 3aI[HTHBIMH
TPOCAMH.

Mojgem MOXKHO ITPOH3BOJILHO pacIioiaraTh Ha ITIOCKOCTH, a CTep/KeHb IepeMeIaTh 110

BEPTHKAIH. AMIUIHT VIHOE 3HaueHHe uMItyiasca ' MTH-750 U = 600 — 700 KB. 510 HarpsKeHue

LWARL. Max

TIPH TTOTI0KHTEILHOH MOIIPHOCTH CTEPKHS MTO3BOJISIET MEPEKPHITh paccTosHHe 1-1,2 meTpa. Ilo-

S5TOMY IS MOJENEN CTEPKHEBBIX MOIIHHEOTBOAOB IPUHATEL h =10 M 15 cM, OOBEKTOB 3aIl[UThI
h, . =SH7CM

Kpome ctpororo codmrogeHus rpasii T'b rmpu padoTe Ha HCIIBITaTEIbHBIX YCTaHOBKAX BhI-
COKOI'O HAITPSDKEHHS ITPH BBITTOIHEHHH JaHHOH padoThl HEOOXOHMO HMETh B BHIY CIEAVIOIIEE:

1. IlogroroBka Momeneil K HCIIBITAHHIO H HX IepeMEIleHHe 10 XOAY paOOThI IIPH CHATOM
HaIpsDKEHHH H 3a3eMIIEHHOH YCTaHOBKE, a TakKe BKIroueHHe [' MMTH-750 B paboTy 1 ero oTKIroue-
HHeE BBITIOIMHSETCS TOJBKO ITPeloaBaTelIeM HIIH JJaOOpaHTOM.

2. IIpu pabore I MH-750 kB cTyIeHTH JOIDKHBI HAXOAHUTELCS Ha PacCTOSHIH He MeHee 0,5

METPa OT CETHATOI'O OI'PpaEXIACHHA.

PHCYHOK 8.3 — 30HBI 3aII[HTHI

TCHH - 750
L
- e
|
NOKYMEHT NoanncAH
SNEKTPOHHOWM NOANUCHLIO T
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

'asI cXeMa HCIbITaTeIbHOH YCTAHOBKII

Nencreutened: ¢ 20.08.2021 no 20.08.2022
61



YKkazarue no mexHiike é ezonacHocmii:
YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BBOIOJIIHCHITH HﬂﬁﬂpﬂTﬂpI{BIX pElﬁDT IIPHBCOACHDBIL

B ITPHIIOKEHHE A.

VYKazanusa no 6uinojiHeHUI0 140 0pamopHoil padomal:

1. I'To 3ajJaHHBIM pa3MepaM MOITHHEOTBOJOB (/1) H 00BeKTOB 3aIUTHI (HAIIpHUMED, A, = 0,5k

a) pacCcUMTaTh PaJHyC 3al[UTHl OTAEIHPHO CTOSINETO CTEPKHEBOIO MOJIHHEOTBOZA Ha
YPOBHE 3EMIIH H Ha YPOBHE /06,
0) paccuHTaTh MaKCHMAIbHOE PAacCTOSHHE (a) MEXKIY ABYMSI MOIHHEOTBOJAAMH OJHHAKO-

BOH BBICOTHI (/1) ITPH PacIIONOKEHHH ITOCPeJHHE MY HUMH 00beKTa 3alMThI (4, = 0,5h );
B) BEIUEPTHTH ITONIYUYEHHBIE 30HBI 3all[HTHI B paspe3e H B IUIaHe (Ha YPOBHIX h =0 H
h.i — h.gﬁ )‘

2 .BBITTOITHHTD OIIBITHYIO ITPOBCPKY PACHCTHBIX 30H 34IIIHTBEI Ha MOJCIIH.

- H
a) OIpeJelINTh MacIuTad MHHEHHOr0 MOJAETHPOBAHUS K, = ?" pH H,, = lm U1 CIIy4as

H =10h TIPH h <30a H BEIMHCIIHTE PazsMePhl MOJAEIH (h, = K, h );
0) YCTaHOBHTh MOJIeJIb MOIIHHEOTBOJa He PACCTOSHHH 3,5k, OT OCH CTEPKHS, a MOJEIIb

oObeKTa 3allUTHI A, . =h,, = 0,5h, Ha PAaCCTOSHHH r,, OT OCH MOJTHHEOTBOJA,

Mo

B) BKIroUHTh ['MH-750 1 omnpeAenHTh BepOSTHOCTh ITOpakeHH S 00BbeKTa IS 3aJJaHHOIO
yrcna pa3psagon (10-20).

Banmanne! Orieparipm BKIIOUeHHS H OTKIrOUeHHS 1| IH-750 BEIITOTHSIOTCS TOIBKO IIpe-
IToJaBaTelIeM HIIH J1a00paHTOM,

I') YCTAaHOBHTh MOJENIH JABYX CTEP’KHEBBIX MOJTHHEOTBOJOB OJHHAKOBOH BEICOTHI Ha pac-

CTOSIHHH a,, = @K  JPYT OT Apyra H MOJEeNb OOBEKTa 3aIUTEl /1, ,, ITOCPEAMHE MEXKIY MOIIHHE-

orBofamMHu. Bxmounts I'MH 1 yOeauTh s, YTO IIPH IIPHHSTHIX YCIIOBHAX BEPOSTHOCTE ITOPaKEHHS
00beKTa IPaKTHYECKH PaBHA HYIIIO.

3. PaccunTaTrh BEpPOSTHOCTH IIPOPRIBA MOTHHH MHMO TPOca K IIPOBOAY IJIS OIIOP BBICOTOH
h=16M 1 20M 1ipH yr1ax 3anmTe 0.=20°, 25° 1 30°. BRIITOIHUTE Ka4eCTBEHHYIO ITPOBEPKY 3 pek-

THBHOCTIH TpDCDEDﬁ 3dITHTEI Ha MOOCIIIT EGB,[[}"H_IHGﬁ JIITHITH .

|
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2. Llenp paboTHI,

3. Kparkie TeOpeTHYECKHE CBEICHH S,

4. OrHcanne HCIoIb3yeMOro 000pyI0BaHH H MaTePHAJIOB,
5. Ilopsamok BeIOIHEHH S PaOOTHI,

6. Beruncnennsa n o6paborka pe3ylnbTaToR;

7. BEIBOJIBI.

KoumponsHsie 6onpocel:

1. OOBSCHHUTE, C YEM CBS3aHO 3aIHTHOE JEHCTBHE CTEPKHEBBIX H TPOCOBBIX MOITHHEOTBO-
IIOB.

2. C KaKOH BBICOTHI MOJIHHS HAUMHAET OPHEHTHPOBATHCS HA MOITHHEOTBOJ?

3. Yto Takoe zalmMTHag 30Ha MOIIHHEOTROIA?

4. ITouemy 3aITHAS 30Ha OrPAHHYHNBACTCS ITIOBEPXHOCTHIO, KOTOpas OIPEAEIISIETCS C He-
KOTOPOH BEPOSATHOCTHIO?

5. Kak omnpefensroTcs IPpaHHIlbl 3allHTHEIX 30H CTEPKHEBBIX H TPOCOBBIX MOJIHHEOTBO-
JIOB?

6. B ueM 3aKkmrovaeTcsd THHEHHOE MOAEIHPOBAHIE MOITHHEOTBOLOB H OOBEKTOB 3aII[UTHI
oT [IYM?

7. Kak ImpoBEPHUTE COOTBETCTBHE PE3YIIBTATOB, ITOITYUYEHHEIX HA MO EISIX, 3aIlHTHOMY JICH-
CTBHIO PEaIbHBIX MOTHHEOTBOIOB?

8. Ilokaxure 3alHTHEIH YT OJI TPOCOBOH 3aIluThl BJI. Kak 3aBHCHT BEpOSATHOCTE IIPOPEIBA

MOJIHHI MIMO TpOCa K ITPOBOAY OT BCIIHYIIHBI 3aIIITHOI'O }*TJ'I&'?
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3. Yueono-memoouueckoe u uH@hopmauoHHoe ovecneuerue 0UCUUNTTUHbL

5.1 Ilepeuernv OCHO6HOU U 0ONOJIHUMENILHOIL JILMEPAMYpPbl, HEOOX00UMOIL 014 0C60¢e-
HUA OUCUUNIIUHbL

5.1.2 Ilepeuens 0CHOGHOIL iUmMep AmMypol:

1. BouapoB IO.H. Texmrka BBICOKHX HaIpsDKeHHH |[OIeKTpoHHBIH pecype]| : yueOHOe
rmoco-ome / IO.H. bouapop, C.M. JlyaxuH, B.B. THTKOB. — DIeKTpOH. TEKCTOBRBIE JaHHEBIE. —
CIIO. : CaHkr-lleTepOypreKun MommMTeXHHYecKHi YHUBepcHUTeT Ilerpa Bemnkoro, 2013. — 265

c. — 978-5-7422-3998-7. — Pexum gocryma: hitp:// www.iprbookshop.ru/43976.html

3.1.3 Ilepeuers 00nonMHUMETLHOU JIUMEPAMYPBL:
1. .Iernos, H. B. CoBpeMeHHBIE BUABI H30LAIMH. HYacTs 2. HM30IsIa BRICOKOBOIBTHRIX
BBOJIOB | ONeKTpOHHEIH pecypc] : yueOHoe mocobue / H. B. IIlernmoB. — DIeKTPOH. TEKCTOBBIE

naHHele. — HoocuOHpcK | HOBOCHOHPCKHH TOCYAAPCTBEHHBIH TEXHHYECKHH VHHBEPCHTET,

2010. —72¢.—978-5-7782-1317-3. — PexumM gocryra: http://www.iprbookshop.ru/45161 .html

3.2 Ilepeuennb yuedOHO-MemooUUecK020 obecneueHus camocmoamebHo pao omst 00y-
YAOWUXCA RO OUCHUUNTIUHE

1. Metomgmyeckie peKOMeHAIMH JIIS ITOATOTOBKH K ITPAKTHYECKHM 3aHATHSM 110 JUCITH-
IUIHHE « TeXHIKa BEICOKIX HAITPSDKEHHI.

2. MeroandyecKkue peKOMeHIaIMH IS ITOATOTOBKH K I1a00opaTOpHEIM padoTaM IT0 JTHUCITH-
IUIHHE « TeXHIKa BRICOKIX HAITPSDKEHII.

3. Meroanueckue peKOMEHIAINIH IO BBIITOIHEHHIO KOHTPOILHOH PabOoTHI 110 U CIIHITIIHHE
«TexHHKa BRICOKHX HAITPSDKEHUI.

4. MertogmyeckHe peKOMeH ALK 110 OPTaHM3aI[H CAMOCTOSTEIIFHOH pabOThI CTYAEHTOB

10 JHUCIIMITIIMHE « T eXHHKa BEICOKHX HBHPH}I{EHI]I”I}}.

3.3 llepeuens pecypcoé UH@OPpMAUILOHHO-MEIEKOMMYHUKAUUOHHOU cemu HumepHem,
HeoOX00UMBIX 019 0C60EeHUA OUCHUUNIUHBL
L. http://www.biblioclub.ru -ObC "YHuBepcurerckas OHOIHOTEKA OHIAH"

2. http://www.iprbookshop.ru/ - OnekTpoHHO- 6HONIHoTEYHasA cucTeMa [PRbooks
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[ IpmmoxeHne A

VrazaHue no mexHuKe 0e3onacrHocnil

Jlo Havamna paboThl CTYIAEHTHI O0S3aHbI H3YUHTE IPaBHIIa TEXHUKH Oe30ITaCHOCTH ITPH pa-
00TE C 3IEeKTpoycTaHOBKaMH. OO0 M3YUEHHH ITPAaBIII TEXHHKH OE€30IMaCHOCTH M ITOIIYUYEHHH HH-
CTPVYKTaxka CTYAEHTHI PACITHCLIBAIOTCS B CIIEIHAIBHOM KYypHasle. CTYIeHTHl, He H3VUHBIIIIE ITpa-
BHJIA TEXHHUKH OE€30ITaCHOCTH M HE IPOIIEAIIIE HHCTPYKTaXK, K BBIIIOIHEHHIO T1a00paTOPHEIX pa-
OOT HE JOITYCKAKOTCH.

YueOHas rpymma (FIH ITOATPYIIa) pa3OHBaeTcsI Ha OpHIajbl, YHCIO KOTOPBIX YKa3bIBa-
eTCS IMPEIOIaBaTelIEM, a COCTaB OpHIa ] KOMIIIEKTYETCS CTYAEHTaMH Ha JJOOPOBOJIFHBIX Havalax.
CIHCOK I'PYMITEL (TIOATPYIMIEI), pa3OHTOH Ha OpHIajbl, CTapOCTa IIPeJOCTaBIISIeT IIPeITofaBaTelko,
BEVIIEMY ITaDOPaTOPHEIE 3aHSITHAL.

Kaxnas i3 OpuraJ BEIIIOIHAET JTa00paTOPHYO pa00Ty B COOTBETCTBHH € I'PapIKOM, HAXO-
IAIeMcsa B 1adopaTOpHH.

[lepen KaXIbIM 3aHITHEM CTYAEHT 00S3aH ITOATOTOBUTECS K BEITIOIHEHHIO J1a00paTOpHOH
PadoTHI 110 JaHHOMY METOIHYECKOMY ITOCOOMIO H PeKOMeHyeMOH Teparype. [lepen HauamoMm
paloTHI ITperolaBaTellb IIPOBEPSIET 3HAHHSI CTYAESHTOB I10 COAePKaHHIO BBITOIHSAEMOH PabOTHI.
[ 1710X0 IMOATr OTOBIIEHHEIE CTYAEHTEI K BRITIOIHEHHIO I1a00paTOPHOMN PadOThI HE JTOITYCKAFOTCSL.

Paboras B mabopatopuu, HEOOXOAUMO COONMIOAATE CIIEAVIOIIME IIPAaBHIIA;

K BrIITOImHeHHIO 1ab0opaTOpHOHN padoTHI CIEYET IMIPHCTYIIATh TOJIBKO ITOCTIE ITOITHOT'O VSC-
HEHHSA €€ COAEePKaHH A U ITOJIYUEHHS JOITYCKa K HEH.

2. HawmHate paboTy CIeayeT ¢ O3HAKOMIIEHHS ¢ IMpHOopaMI H 000pYAOBaHHEM, IIPHME-
HSIEMBIMH B JJaHHOH padoTe.

3. Ha mab®opaTopHOM CTOIE JOIKHBI HAXOJIUTHCS TOJIBKO IPEAMETHI, HEOOXOMHUMBIE IS
BBITIOJTHEHN S JTAaHHOH PadOTHI.

4. PacmionnoxeHue aroraparypsl Ha pabodeM CTOJIE JOIDKHO OBITh TAKHM, YTOOEI CXEMa CO-
e IHHEHHH TIOJTYYHIIACh HanOoJIee IPOCTON, HarTISTHOH 1 padoTa ¢ armrapaTypon Obl1a YIOOHOM.

5. JKematenpHOo, YTOOBI cXeMy cOOHMpal OAHMH H3 YWIEHOB OpHIadbl, a APYTHE KOHTPOIHPO-
BaJIH.

0. IIpu cOopke CIIOKHBIX CXEM CIIEIYET BHAYAIIE COETUHUTD ITIABHVIO, ITOCIIE0BATEIIbHYIO
I[eIb, HaYHHasg COOPKY OT OAHOIrO 3aKHMa HCTOYHHKA TOKA H 3aKaHYHBas Ha IPYIOM, a 3aTEM YKE
TTOAKITIOYHTE ITapaUIe/IbHbIE I[EITH.

AQIMERT TIQAHNCAR a, HeoOGXOIHMO VOeHThCA B TIPABIIIHHOIT VCTa-
SNEKTPOHHOM NOANMUCHIO 4 MO yOe TP y
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8. CoOpaHHas cxeMa o0sg3aTelIbHO JOIKHaA OBITH MIPOBEPEHA MPENoJaBaTelIeM HIH CTap-
IITHM J1a00paHTOM H TOIIPKO C HX pa3spelleHN s MOKET OBITh BKIIFOUEHA ITOJ HAITPSIKEHIIE.

9. lIpn BKIrOUEHHH cXeMBI 0OCOO0E BHUMAHHE CIIEAYET OOPAaTHTh Ha ITOKAa3aHHs aMIIEPMET -
POB H APYTHX H3MEPHTEIBHEIX ITPHOOPOB. B ciiyuae pe3Koro ABIKEHHS CTPElIKH aMIIEpMETPa K
KOHIIY IIIKaJIbI CXeMY HeOOXOHMO HEMEIJIEHHO OTKIIFOYHTE OT HCTOUHHKA HAITPSDKECHH L.

10. HeoOxomimMo GepeKHO OTHOCHTECS K armiapaTrype, HCIIOIb3yeMOH B padoTe. OO0 Beex
3aMEYEHHBIX HEHCITPARHOCT SIX HIIH ITOBPEKICHISIX CTYAEHT JOIKEH HEMEUIEHHO COOOIIUTE ITpE-
IO aBaTEII0 WM Ta00PAHTY.

11. Ilocne BeImonHeHHS paboTEI CTYAEHT 003aH, He pa3OHpast CXeMbI IT0Ka3aTh ITOJTYYEH-
HBIE JITaHHBIE ITPEITOAaBaTelr0. ECIn pe3yiasTaTel H3MepeHHH BEPHEBI, TO ITPEIOJAaBaTENb HX IIO/I-
ITHCBHIBAET. DKCIIEPHMEHT C HEITPABHILHBIMH PE3YIIbTaTaAMH CIEIYET TTOBTOPHUTH.

12. Cxemy criegyeT pa3OHpaTh TOJIBKO ITOCIE €€ OTKIIFOUEHH S OT CETH.

13. Kareropuuecku 3aIrpernacTcs:

— TporaTh PyKaMH OrOJIEHHBIE ITPOBOJA H YaCTH IIPUOOPOB, HAXOMSIIHECS IO HAITPSIKE-
HHEM, 1aK€ eCIIH OHO HEBEIIHKO,

— IIPOU3BOINUTE H3MEHEHHS B CXeME ITPH ITOJKIIFOUEHHOM HCTOYHHKE ITHTAHH S,

— 3aMeHATh WM OpaTh 000pYAOBAaHHE, HIH ITIPHOOPEI ¢ APYIHX pabOUHX MECT

— 0e3 paspelecHH A IMperoaaraTerlsd il J1adopaHTa,

— OTXOAHUTH OT IMPHOOPOB H MAIIMH, HAXOMSIIMXCS IT0J HaIIPSDKEHHEM WIIH OCTaBIISATH
CXeMY I1OJI HaIIpPsDKEHHEM ITpH 00paboTKe pe3yibTaTOB H3MEPEHHI,

— Ieperpyxkarb MpHOOPEI TOKOM HIIH HAITPSDKEHHEM, ITPEBRBIIAIOIIHM HOMHHAIIPHOE 3HAa-
YEHIIE.

[IpoBEPKY HAMHYHA, ITOAABAEMOI0 K CXEME HIIH 3JIEMEHTAM CXEMBI HAITPSIKEHIS HEOOXO-
JTHMO TIPOH3BOJINTE TOJIBKO KOHTPOIBHOH JIAMITOYKOH HITH BOJIIbTMETPOM, COOIFOAasI IIpaBHIIa TeX-
HUKH O€30ITaCHOCTH.

[Ipu paGore B maboparopHH clIeAyeT CTPOro COOMIaTh MEPHL IPELOCTOPOKHOCTH, TaK
KaK SIEKTPHYECKHI TOK, IIPOXOAMIIHH Yepes TEI0 YelIoBeKa, BEMYHMHON B 0,025 A viKe gBIIeTCA

OITACHBIM AJIA KI3HH .

AOKYMEHT NoanmncAH
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MWHHUCTEPCTBO HAVYKHU U BEICHIET'O OBPA3OBAHUS POCCUHMCKOU OEJIEPAIIUU
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE YUPEX/IE-
HHUE BEICHIEI'O OBPA3SOBAHUA
«CEBEPO-KABKA3CKHWU ®F IEPAJIbHBIM YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeTtoanyeckue yKa3zaHHs

T10 BBIITOITHEHHIO MTPAKTHYECKHX padoT
o muermmmine «TEXHUKA BBICOKUX HATIPSIKEHUW»
IUISL CTYAEHTOB HAITpaBJIEHHS ITOATOTOBKH
13.03.02 2neKTposHEPreTHKA M AIIEKTPOTEXHHKA
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CepTtudmkar:
Bnapeneu:

ComepKaHHE

BreneHie

[lens M 3agau H3yUYeHHS JUCI{HIUTHHEI

O6opyaoBaHHE H MaTEPHAIIE]

HarmeHoBaHHE IMpaKTHYEeCKHX padoT

CoJiepKaHHe IMPaKTHYeCKIX padoT

IIpakTHueckasa pabora Nel XapakTe pHCTHKH SIeKTPHYECKOr O OIS H OOIIIH Me-
TOJ[ pacueTa eMKOCTH M HAIPSKEHHOCTH 3IIeKTPHYECKOI'O IO IPOCTEHIIIX CH-
CTeM KOHJIEHCATOPOB.

[TpakTiyeckasg padora Ne2 PacueT ImIocKOro, IIIIHHIPHYECKOT 0 H ¢ epHUECKOTO
KOHJIEHCATOPOB.

IIpakTHueckas padora Ne3 YacTHBIE METOIBI PACUETOB €MKOCTH H HaIIPsDKEHHO-
CTH CIIOKHBIX 3IIEKTPHYECKHX ITONEH.

[IpakTHueckas padora Ne4 O01mas XxapakTepHCTHKA H 3aKOHOMEPHOCTE Pa3psaoB
B F'a30BOH CpeJle.

[IpakTtHueckas padora NoS OcCHOBHBIE (DOPMEI Pa3psAOB B ra3ax H HX HCIIONb30-
BaHIE.

IIpakTHueckasa pabora Ne6 IlepekprITHe TBEPIOH H3OJSIIHH H CKOIB3MAIIIE Pas-
PSIIEL HAa IIOBEPXHOCTH.

[IpakTiyeckas padora Ne/ TermoBon 1 3IeKTPHYECKHH ITPOOOH.

IIpakTiyeckas padora Ne8§ PacueT 3a3eMISIFOIIHX YCTPOHCTB.

IIpakTHueckasa padora Ne9 PacueT COIIPOTHBIIEHHS PacTeKaHHIO TOKA ITPOMBILII-
JIEHHOH YaCTOTHI.

Y4yeOHO-MeTOAHYECKOe H HH( OpMAIHOHHOEe 00ecIleueHHe JH CIIHIDIHHEI
[IepeyeHh OCHOBHOH H JOIOJIHHTEIBHOH IHTEPATYPhI, HEOOXOIMMOH IJIS OCBOE-
HILS T CIHIUTHHEI

IlepeyeHs yueOHO-METOAMYECKOT0O O0ECIIEYEHHS CaMOCTOST €JIbHOH padoThl 00Y-
YAFOIIMXCS I10 JUCIUILIHHE

[lepedeHs pecypcoB HH()OPMAIHOHHO-TEIeKOMMYHHKAIIHOHHOH ceTH HTepHET,

HeOOXOMHMEBIX JUIS OCBOSHHS U CITHITTHHEI

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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BrejieHue

[IpaKkTHUeCKHE 3aHSATHS CO3JAaI0T OITHMAIIBHBIE JUIAAKTHYECKHE YCIIOBHS IJIS IESTEIb-
HOCTHOI'O OCBOEHHS CTYIEHTAMH COIEPKaHM I M METOIOIOTHH H3YYaeMO JHCIIHIUIHHEL. | IpakTH-
yecKHe 3aHATHSA 3aHHMAIOT IIPEHMYIIe CTBEHHOE MeCTO IIPH H3YYeHHH OOIIeINTpo()eCCHOHAIBHBIX
1 TpodeCCHOHATIPHBIX JUCIMIUIMH. [IpakTHieckre 3aHSITHSI IIPOBOASICS C IIEIbI0 BEIPAOOTKH
ITPaKTHYECKHX YMEHHH M IIPpHOOPETEHIS HABBRIKOB B PEIIEHHUH 3a7ayd, OTpabOTKH VIIpaKHEHMIL,
BBITTOJIIHEHHH YEPTEKEH, IIPOHU3BOJICTRBE PACUYETOB H T.II.

[{enpr0 IMpaKTHYECKHX 3aHSATHH SRIISETCSA (POPMHPOBAHHE ITPAKTHYECKHX YMEHHH — ITPO-
(pecCHOHAIBHBIX (BBHITOIHATh OIpeelIEHHbIE TeHCTBHS, OIlepallHH, HeOOXOIHMEIE B ITOCIEIYIO-
IIeM B ITpo(eCCHOHATLHOH JeSTeIbHOCTH) HIH YIeOHBIX, HeOOXOHMBIX B ITIOCIEAYIOIEH yuel-
HOH JeSTeIBHOCTH IO OOINEeITpod eCCHOHAIFHBIM H ITPO() €CCHOHATIBHBIM JHCITHIIIIHAM.

brnbnuorpaduyeckii CIICOK COAEPKHUT CBEJAEHHS O CITPAaBOYHOH IIHTEPATYPE M JTOIIOIIHH-

TCIIBHBIX H3AaHIAX, HeOOXOMHMBIX 15 }THY@HEH}I(}I‘G H3YUCHIA OTACIIBHBIX BOIIPOCOB.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
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1. I[ens u 3a0 auu u3yueHus OUCUUNIUHDL

OCHOBHBIMH LETSMH JHCIHIUIHHBI SBITFOTCS. (DOPMHPOBAHHE Y CTYAEHTOB CTPOHHOH H
YCTOHYHBOH CHCTEMBI 3HAHHH O (pyHIaMeHTaJIbHBIX 3aKOHOMEPHOCTSX 3aKHTaHHSI H Pa3BHTHSA
3IIEKTPHYECKHX Pa3psagoB B JHANEKTPHUECKHX Ccpefax, MeXaHH3MaX Mpo0os JUANEKTPHKOB IIPH
BO3JEHCTBHH CHIBHBIX 3IEKTPHYECKHX TOTIEH, BHAAX H3OISIHH BEICOKOBOILTHOIO O0OPYIOBa-
HILSI H MeTOHaX KOHTPOIIS €€ COCTOSHMS, CIToco0axX IMOMYUYEeHHS H H3MEPEHH I BEICOKIX HaITpPshKe-
HII, IIPHPOJIE BOSHHKHOBEHIS IePEHAIIPSLKEHII H CIIOCOO0B 3aII[HTHI OT HHX.

B pe3ynpTaTe OCBOSHNS JaHHOH JHUCIHMIUIHHEBI 00eCIIe YMBAETCA JOCTHKEHHE 1[EJIEH OCHOB-
HOHl 00pa30BaTENBHON IPOrPaMMBI « OJIEKTPOSHEPIeTHKA H IIEKTPOTEXHHKAY, IIPHOOPETEHHEIE
3HAHHS, YMEHHS H HABBIKH IIO3BOIIST ITOATOTOBHTH BBIITYCKHHKA!

— CITOCOOHOTI'0O K pacueTy, aHAIH3Y H ITPOeKTHPOBAHHIO AIeKTPOSHEPreTHUECKHX AIIeMEH-
TOB, OOBEKTOB H CHCTEM C HCIIOIIE30BAHHEM COBPEMEHHBIX CPEICTB aBTOMATH3AI[HH ITP OKTHBIX
pa3paboToK;

— Hay4YHO-HCCIIEQ0BATEILCKOM JeITeIIbHOCTH, B TOM YHCIIE B MEKIHCITHIIIMHAPHBIX 00IIa-
CTSIX, CBS3aHHOH ¢ MaTeMaTHYeCKHM MOJIETHPOBAHHEM IIPOLECCOB B BIIEKTPOSHEPTeTHYECKHX CH-
cTeMaxX H 00BbeKTaX, IIPOBEAcHHEM AKCIIEPHMEHTAIBHEIX HCCIEMOBAHIIT H aHAIN30M HX Pe3Vilb-
TaTOB,

— K CaMOCTOSTEIIbHOMY OOYUEHHIO H OCBOEHHIO HOBBIX 3HAHMI H YMEHHH JUIS peaH3alHu

CBOEH ITPOo(eCCHOHAIBHOH KaphePHhl.
2. Obopyooearite u mamepuaisl
ATmmapaTHBIE CPEACTBA: TIEPEHOCHON HOYTOVK, IIPOEKTOP, JOCKAa MarHUTHO-MapKepHast.
YyeOHasa aygUTOpHS IS ITPOBEAEHHS YUeOHBIX 3aHSATHI, OCHAIlgHa O0OpYAOBAaHHEM H

TEXHHYCCKIMH CPEICTBAMH Dﬁ}”IEHIIH.

3. Haumernoearnue npaxkmuueckux pavbom

No TeMbl M3 HUX ITpaKkTHYEe-
HanmeHOBaHIEe TEM JUCIHIUIMHEL, HX KpaTKoe co- | O0BeEM
ITHICIIH - CKasl IIOATrOTOBKaA,
Iep/KaHHE YaCcOB
TITOHEL YaCOB
5 ceMecTp
IIpakTHyeckas padora Ne 1. XapaKTepHCTHKH
| AMTEKTDHYECKOro oS U OOITHI MeTOJ pacueTa

NOKYMEHT MNOArNvcAH | 1,5
SNEKTPOHHOW MOAMMUCHIO PHHCCKOLO IO
CepTucbukat:  12000002A633E30113AD425FB50002000002A6 DOB.
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HB}"‘HITL MCTO/J paCicTd CMKOCTH H HAIIPsXLKCHHO-
CTH JJICKTPHYCCKOI'O ITOJIA ]'[pﬂCTEfIH_II[K CHCTCM
KOHACHCATOPOB.

IIpaxTHyeckas padora Ne 2. PacueT 1miockoro,
IUTHHIPHYECKOr 0 H c(pepHYeCcKOro KOHAEHCaTO-

POB.
M3yunTh OCHOBHBIE METOABI pacueTa INIOCKOTO,

IUTHHIPHYECKOr 0 H c(pepHYecKOoro KOHAEHCaTO-
POB.

1,5

IIpaxTHyeckas padora Ne3. UacTHEIE MEeTOBI
PacueTOB EMKOCTH H HAITPSDKEHHOCTH CIIOKHBIX

3 3IEKTPHYECKHX TTONEH.

M3yuiTE MeTO/IBI pacyeTOB EMKOCTH H HaIIPSKEH-
HOCTH CJIOKHBIX 3JIEKTPHYECKHX ITOJIEH.

1,5

IIpaxkTH4yeckas padora Ned4, O0Imasa XapaKTepH-
CTHKA H 3aKOHOMEPHOCTH Pa3psioB B Ia30BOH

2 Cpele.

M3yunTh XapaKTepHCTHKY U 3aKOHOMEPHOCTE
SIEKTPHYECKHX PA3PSIOB.

1,5

IIpaxTH4yeckas padora NeS. OCHOBHBIE (DOPMEI
PaspsIoB B razaxX H HX HCITOIIb30BaHHE.

M3yunTh OCHOBHBIE (DOPMEI PA3pSIOB B razax H
HX IPUMEHEHHE Ha IIPOH3BOACTRE.

1,5

IIpakTH4eckas padora Ne6. [IepeKprITHE TBED-
JIOH M3OJISIIHH H CKOIB3SIIHE pa3psaasl Ha I10-
BEPXHOCTH.

M3yuiTh ITOHSTHS ITePeKPHITHS H30ISIHH, CKOJIIb-
3SIIHE PA3PSIBI H IIEPEHANIPSIKEHI S Ha BO3IVIII-
HBIX JIMHHSX.

1,5

IIpakTH4eckan padora Ne7. TelnoBoH H 3IeK-
TPHYECKHH ITPOOO.

M3yuiTh YCIIOBHSA BOSHHKHOBEHH S TEIIJIOBBIX H
BIEKTPHYECKHX ITPOOOEB.

1,5

IIpaxTH4yeckas padora Ne8. PacueT 3a3eMILIIO-
8 IIHX YCTPOHCTBR.
[ IproGpeTeHHEe HABBIKOB pacueTa 3V .

1,5

IIpakTH4yeckas padora Ne9. PacueT cOITpOTHB-
JIEHHS pacTEKaHHIO TOKA ITPOMBIIIIIEHHOH Ya-

9 CTOTBI.
[TomyyeHHe HABBIKOB pacyeTa COIPOTHRIEHHS
pacTeKaHHSI TOKa IIPOMBIIIIIEHHOI YaCTOTHI.

1,5

Hroro 3a 5 cemecrp:

13,5

HToro:

13,5

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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4. Colepacarue npakmuyuecKux pao om
Ipakmuueckaa pavboma Nel. Xapakmepucmuku 3J1eKMPUUEeCcKo20 RO 1 00Ul Me-
Moo pacuema emMKoCmu U HARPAMNCEHHOCMU IJIEKMPUYUECKO20 NOJIA RPOCH eUUIUX CUCTEM

HﬂHﬂEHCHIHﬂpﬂﬁ.

HEJII’:.' HB}*"IHTB MCETO/] PacCHCTd CMKOCTH H HAIIPLKCHHOCTH 3JICKTPHYCCKOI'O ITOIIA ITPO-

CTEHIIIIX CHCTEM KOHACHCATOPOB.

OCHO6bI MeopulL:

HanpsokEHHOCTE AnekTpHyeckoro mons (E B/M) ecTh BeKTOpHAS BEIHYHHA, OIpeeriIeMast
OTHOINEHHEM CHIIBIL, JIEHCTBYIOIIEH B ITOJIe Ha 3IeKTPHYECKHIl 3apsj, K BelHuHHe 3apsaa. Ilof
el CTBHEM HAIIPSDKEHHOCTH MOJKET ITPOHCXOJHTH IPOOOH WM IepeKpPhITHE H3O0ITHPYIOMIEH
CPEbL.

BekTop HanpsoKEHHOCTH 3JIEKTPHYECKOrO IO Ha TPaHHUIIE pa3feia JIBYX H30THPYIOIIHX
cpeJ IIPH Mepexo/ie B CMeKHYIO cpely IMpeloMIsSeTcs, pacKIaJbpBasch Ha HOpMalnbHYIO (Em) u
TaHIeHIIHaIEHYIO (Et) cocTaBmIsrone.

[ToTeHIm AN 31MeKTpHYecKoro oy (¢ B) SABRISeTCS CKAISIPHOH BeIHYHHON. TOYKH 3IeKTPH-
YeCKOI'O IO HMEIOT ITOJIOKHTEIFHBI, OTPHIIATEILHEIN HIIH HYJIeBOI ITOTeHIHAIIEL.

[TonmoKHTEIBHEI ITOTEHIIHA JaHHOH TOYKH 3JIeKTPHYECKOrO IO PaBeH SHEPrHH, KOTO-
PYIO IpHOOpeTaeT eIHHHYHBIH ITOJIOKHTEIbHBIH 3apsI ITPH er o IepeMeIeHHH BHEIITHHMH CHIIAMH
H3 TOYKH C HYJIEBBIM ITOTEHIIHAIOM B JaHHYIO TOYKY IPOTHB JIeHCTBHS CHII AIIeKTPHYECKOr O IO

HymeBBIM ITOTEHIHAIOM YCIOBHO 00IafaroT TOYKH, YAaléHHEIE B 0eCKOHEYHOCTh OT 3a-
psa IUIH 3a3eMIEHHBIE.

OTpHIIaTEILHEI ITOTEHIHAI XapaKTepH3yeT pacxo ] SHEePrHH ITOIIA Ha IlepeMelleHHe eTH-
HHYHOI'O ITOJIOKHTEIRHOIO 3apsAfa H3 TOYKH C HYJIEBBIM ITOTEHIHAIOM B JAaHHVIO TOYKY IIO
HaITpaBIIeHHIO JeHCTBHA CHII AIIEKT PHYECKOIO ITOJISL.

TOoYKH 3IeKTPHYECKOrO ITOJIS, HMEeIOIHe ONHHAKOBBII ITOTeHIHAaN, 00pa3yloT 3KBHITOTEH-
I[HAIIbHbIE TTOBEPXHOCTH.

PasHOCTh MOTEHIMAIIOB JABYX TOYEK 3MIeKTPHYECKOro MO HazbBaeTcsd HalpshkeHHeM U
MEXKAY STHMH TOYKaMH H H3MEPSIETCSI B BOIbTaX:

U=¢1—¢,=A40¢

N3 OIIPpEACIICHH A ITIOTCHIHA/Ia Kdr SHCPI'HH CIHHHYHOI'O 3dpiAaa, BHECEHHOI'O B HJAdHHYTO
OOKYMEHT NoarnncAH

INEKTPOHHOW NMOONMUCHIO B MCKAY ABYMA TOYKAMII I10JIA ﬂ(p cCThb IIpHpPa-
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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IMcHHE HTH }’651]]11 STOH SHEPITHH. l[JIF[ 3apdaiaa, 110 BEJIMTHHE OTIIMYHOI'O OT €AHHHIIBI, 3TO IIPpHpPa-

I[eHHe SHEPrHH MOKHO paccMaTpHBaTh KakK padoTy AA, MpOH3BEAEHHYIO CHIIOH ¢gFE Ha OTpe3Ke

IyTH Aa.

[TpH coBmaieHHH HAITpaBIeHH S JISHCTBHS CHIIBI g E C HallpaBIIeHHeM IepeMelleHHS 3apsa
paboTa OTpHIIaTellbHA, T. €. IIPOH3BOJNUTCS 3a CYET CHII IONIA, a IIPH HECOBMaJeHHH — paboTa

ITOIIOMHICIIbHA, TdK KdK ITPOH3BOJHTCA 3d CHUCT BHCIIIHHX CIHIIL.

—A = gEAa
OTCroa MOKET OBITH ITOIIYYEHA MareMaTHYeCKas CBSA3b MEKIY ITOTEHI[HAIOM H HaIIps-
KEHHOCTBIO:
—dp = —d—A = Fda
a
Hnu
E= —j—(g |B/M]

Hcrmonb3ys 3aBHCHMOCTE (1), TaauM HOBOE ONpeldelcHHe HaIIPSKEHHOCTH: HaITPSDKEH-

HOCTDb 3JIEKTPHUCCKOI'O ITIOJIA €CTh CKOPOCTD WBIEHI—]IIH (BHEII{ hﬂ]]—[}"ﬂ) ITOTCHITHAIA ITO HalIpaBJIC-
HHIO CHJIOBBIX JTHHIH ITOIIA.

E.n8/x |

¥t N

m*-- o —

PrcyHok 1.1 — I'padrdeckas cBSI3b MeKIY ITOTEeHIHAIbHOH KPHBOH H KPHBOH HaITpsDKeH-

HOCTH

H}"ETL H3MCHCHHC IIOTCHIIHAIId MCHEIY KaKHMH-TTHOO TOYKaMH JNEKTPHYCCKOI'O ITOJIA

H300pakeHo rpadguieckd (puc. 1.1), B 3ToM cirydae BelTHUHHA HAIIPSDKEHHOCTH 3JIeKTPHYECKOIO

ITOIIA, BRIPpAXKCHHANA 3aBHCIHMOCTEBIO 1):, ]'[pIIGﬁpETElET I‘EGMETPH‘-IECIGIﬁ CMBICII H MOJKeT OBITh QIlpeE-

ACIICHA, KdK TAHI'CHC YIJId HAKJIOHA tg a KacaTelIbHOH K ITOTEeHIHaIb HOH I{pHEGﬁ ] B TOUKe KacaHH

NOKYMEHT NOAMNUCAH rereHHsI TaM(MM.). MaTeMaTHYeCKH HaIlpsDKEH-
SNEKTPOHHOWM NOANUCHLIO
Ceprudpmkari - 12000002A633E30113AD425FBS0002000002A6 YHBOH 2) BBIPA3HTCA
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
73



d A my,AB m
E = ‘_{p‘ = [im 29 = EimL=iIga
do Aa m,BC m,
AB Agp Aa
tga=—, AB = —, BC = —
BC m, mg

JlommyCcTHM, 4TO XapaKTep H3MeHeHH S IIOTeHIHalla B H30IIHPYIOIIEeH cpejie 3ajlaH rpadiie-
ckH. Torja, HCImonb3ys ()OPMYITY, II0 TOYKAM CTPOHM KPHBYIO H3MeHEHHS HAIIPSKEHHOCTH SIIeK-
TPHYECKOT O ITOISL.

C IPYTOH CTOPOHBI, H3 COOTHOINEHHS HMeeM d@ = —Eda, , OTKya IT0 3aJJaHHOH aHaIIH-
THYEeCKOH 3aBHCHMOCTH H3MeHEHH S HaITPSKEHHOCTH 3JIeKTpHYecKoro momnsd E = f(a) momydrm mo-
TEHI[HAII B

TFOOO0H TOYKE 3IEKTPHUECKOr0

ITOISA, CYMMHUPYSI IIPOM3BEAEHN S HAITPSDKEHHOCTH 3JIEKTPHYECKOIO 1O Ha 08 CKOHEYHO

MAJIBIC ITPHPAIICHHA KOOPAHHATEI ,I[BHH‘C}"H.[EﬁCH TOYKIH Ha YI4CTKE OT 0eCKOHEYHOCTH 0

3aJaHHOH
(i (8]
Pq = — jEda = f Eda|B]
oo (i

B cooTBeTCTBHH ¢ 3aBHCHMOCTBIO (3) JaJHM IIOTEeHIHAITY HOBOE OIpeelICHHE.

[ToTeHiman B 3aJJaHHOH TOYKe SIIEKTPHYECKOrO IOMIS €CTh JIMHEHHBIH HHTerpal Harps-
’KEHHOCTH B IIpeJiellaX 0T OeCKOHEYHOCTH J0 3aJaHHOH TOYKH ITOJLI.

['pagmenT noreHimana (G B/M) — XapaKTEpHCTHKA 3JIEKTPHYECKOIO ITOMIS, YHCIIEHHO PaB-
Hasl HaITPSDKEHHOCTH AIIEKTPHYECKOr O ITOJIS, OTJIHYAOIIASICS OT Hee TOIBKO ITPOTHBOITOIOKHBIM

3HAK OM.

['pafHeHT ecTh BEKTOP, ONPEACIISIOMHA CKOPOCTh HapacTaHHS ITOTeHI[HAlla B HaIlpaBJle-

HHIT ITPOTHB CILII ITOJIA.

G = do = E—d(p
=grad ¢ = — —dﬂ[E/M]

THAIeKTpHYECKas IIPOHMITaeMOCTE (B (/M) — OCHOBHAS XapaKTEPHCTHKA IEKTPHYECKIX
CBOJCTRB H30JHPYIOIIETIO MATEPHAIIA, (bHBHT-IECIG[ XAdPAaKTCPH3VIOIIaA HHTCHCHBHOCTE IIPOLIECCOB
ITOIIAPH3aIlHH B CPCAC AHIJIICKTPHEKA, ITPOHCXOJAIIX ITOT ﬂEﬁCTEHEM BHCHOIHEI'O JJICKTPHYCCKOI'O
rronsd. MaTtemMaTHuecKH OHA MOXKET OBITh IMPpEACTaBIICHA ITPOH3IBCACHHCM JBYX BCIIHYTHH.

e = eye’|B/M]
Lt =N~ NPT I, W A Y. 1
NOKYMEHT NoanmMcAH

SNEKTPOHHOW NOANMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lllebGayxoea TateAHa AnekcaHapoBHa

srerTnInracyaq ITOCTOAHHAA, YCTAHOBIICHHAA OIIBITHBIM ITYVT €M,

MIPOHHI[AEMOCTh MaTepHana (BelH4YHHa Oe3pas-
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3HaYeHHI OTHOCHTENbHBIX JHANEKTPHYECKHUX ITPOHHI[aeMOCTEH I Pa3/IMUHEIX MaTepHa-
JIOB HaHHI B II-1 *,

Dnekrpryeckoe cMemmenne (D kK/M?)—xapaKTepHCTHKA, OIpeAelsIIomas JelicTBHE HIeK-
TPHYECKOI'O IO Ha JHIIEKTPHK — €CTh BEKTOPHAS BEIIHYHHA, PaBHAS ITPOH3BEAEHHIO BEKTOPA
HaIIPsDKEHHOCTH AJIEKTPHYECKOrO IO B pacCMaTPHBAEMOH TOUKE Ha JHATIEKTPHUYECKYIO ITIPOHH-
I[AEMOCTB CPEJIBI:

D = Ee [k/M?]

DNEKTPHYECKOE CMEIIEHHE MPeACTaBIISIeET cOO0H IIJIOTHOCTh ANeKTPHYECKHX 3apsIoB Ha
ITOBEPXHOCTH 3aAPSDKEHHOIO Telna ITHOO 3apsA, HHAYKTHPYEMBIH Ha KaXKIOM KBaJpaTHOM MeTpe
ITPOBOASIIEHN TTOBEPXHOCTH, BHECEHHOH B AJIEKTPHYECKOE IT0JIIe HOPMAJIbHO K €r0 CHIIOBBIM JIH-
HHSIM.

OnexTpHueckas eMKOcTh (C ) — ITOHSTHe, IPHMeHIeMOe K KOHCTPYKIIHAM, ITpecTaBIIs-
FOIIIHM cOOOH ITPOBOSINHE Tella (3TIEKTPOIBI), pa3JelleHHbIe CIIOeM JHAIeKTpHKa. KOHCTPYKIH,
HCIIOJIb30BAHHBIE IS HAKOIUIEHHS HIIH COXPaHeHH 3apsA0B, Ha3bIBAIOTCSI KOHAEHCATOPaMH.

EciH 3leKTpoAbl KOHAeHCATOPa COEIHHHTE C HCTOYHHKOM HAIIPSCKEHHS, TO OHH ITpHOOpE-
TYT COOTBETCTBVIOIIHE PaBHBIE 110 BEJIMYMHE M IPOTHBOIIOIOKHEIE IT0 3HAKY ITOTEHIHAIbI:

U= @1 — (=92 =12¢

[Io Mepe mpoTeKaHus IIpolecca IMOISPH3ali B JHAJIEKTPHKE Ha MTOBEPXHOCTH 3JIEKTPO-
JIOB HAKAILIHBAIOTCS 3apsaabl. OIBIT ITOKA3BIBAET, YTO MEXKIY BEIIHYHHON HAKOIMHBIIETOCS 3apsia
Q M BeJIMUMHON HanpspkeHHS U MeXIy AIeKTPOJgaMH CYIIECTBYET CBS3b, 3aBHCSINAS OT TeOMET-
PHYECKHX Pa3sMEPOB KOHIEHCATOPA H pojia JHUAIEKTPHKA. OTY CBSI3b ¢ KOIMYECTBEHHOH CTOPOHBI
XapaKTepH3yeT eMKOCTh C.

EMKOCTE eCTh OTHOIILIEHHE 3apAlad K HAITPsDKCHHEO.

Enuromieit eMkocTH B cucTeMe CH saBngerca ¢gapana (). Tak kak 3Ta BeJIHUYHHA ITIPAKTH-
YeCKH OUYeHb BellHKa, TO B pacueTaxX HCIIONb3VIOT ee TOIbHEIE eJMHHIEI (cM. 1-2).

PacueTaM eMKOCTH H HaIIpsSKeHHOCTH 3IeKTpHYeckoro 1moind B TBH nmpHaaeTcs HCKIIOYH-
TelIbHO Ba)KHOe 3HauyeHHe, TaK KaK OONBINMHHCTBO BHICOKOBOIIBTHBIX KOHCTPYKIIHI COCTOHT H3

ITPOBOIAIITITX HGEEPXHGCTEﬁj Pa3acJICHHBIX CIIOCM AISIICKTPHEKA.

c ] =10° kD]
— MK
U2nf
H TOKYMEHT MOAMWGAH |~ 1777777 77777 MOCTOBBIE CXEMBI PasIMYHOH KOHCTPVYKIIMH. Pac-
SNEKTPOHHOW NOAMWUCHLIO
CepTudukar: - 12000002A633E3D113AD425FB50002000002A6 bTaTaM H3MCPCHI TOKd H HAIIPAXKCHITA ITIPH 34d-
Bnapeneu: lllebGayxoea TateAHa AnekcaHapoBHa
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Ecmn pacueT eMKOCTH IIPOH3BOIHUTCS B ITPoIlecce KOHCTPYHPOBAHHSA H3IEH S, TO CIIOKHAS
(popMa ITPOBOSIIHX ITOBEPXHOCTEH MIPHBOJHTCS K TeOMETPHYECKH ITPaBHIIBHOM CHCTEME: IIJIOC-
KOCTh—IUIOCKOCTD, IIMUIMHAP — IHIHHAP, chepa — cdepa, I KOTOPEIX MOXKHO YCTaHOBHTH
e JHHYIO MaTeMaTHYeCKYIO ITOCTIeIOBATEIbHOCTh pacueTa EMKOCTH H HallpsDKeHHOCTH. M CXOIHBIM
COOTHOIIIEHHEM TaKOr'o pacyeTa SBIsIeTcsa TeopeMa ['aycca™.

Teopema I'aycca: MOTOK BeKTOPa HANIPSKEHHOCTH AIeKTPHYECKOrO OIS CKBO3h 3aMKHY-
TYIO IIOBEPXHOCTh PaBEH 3apsay, 3aKIIOYEHHOMY B YacTH IIPOCTPAHCTBa, OIPaHHYEHHOIO 3TOH
TIOBEPXHOCTBIO, JEIEHHOMY Ha BEIHYHHY JHANEKTPHYECKOH ITPOHHIIAEMOCTH HCCIeTYEeMOH
CPEIBL.

MaTteMaTHYeCKH TCOpEMa rﬂ,}"ﬂﬂﬂ BBEIPAKACTCA 3dBHCHMOCTBIO

Q
95Ed5_¥

rae Q — 3apsn, K,

E— HAIIPAAKCHHOCTD 3JICKTPHYCCKOI'O ITOJIA, B/ M,

Eo& — MHUANIEKTPHYECKAS ITPOHHUI[AEMOCTE CPEeIbI, (/M.

[Ipn pacuerax 1enecoo0pa3HO HCIIOIB30BaTh S3KBHITOTEHIIHAJILHEIE IIOBEPXHOCTH Sa, KO-
TOPBIE C OJJHOH CTOPOHEI T€OMETPHYECKH IIPAaBHIIbHEL, a C IPYrOH BEIOPAaHEI TaK, YTO HaITPSDKEH-
HOCTh BJIIEKTPHYECKOro momnd Bo (Bcex TOUKax HeH3MeHHa. JTO IT03BOISIET BEIHECTH BEIHUHHY
HAITPSDKEHHOCTH 3a 3HAK HHTerpaia. YacTH ITOBEpXHOCTH, He IlepeceKaeMble ITIOTOKOM BeKTOpa
HaITPSDKEHHOCTH 3JIEKTPHYECKOr O IO, HallpHMeP TOPIIEBbIE YaCTH IIIIHHAPHYECKOH ITOBEPXHO-
CTH, CIIEAYET HCKIIFOUHTE H3 PacCMOTPEHHS.

DJIeKTPHYECKOr 0 OIS H BEIIMYHHOH 3apsjia, Ha3kIBaEMOE TeopeMoH ['aycca.

1. ITprveHss Teopemy ['aycca, MBICTIEHHO OTPaHHYHM OJHH H3 3JIEKTPOJIOB 3aJaHHOH CH-
CTEMBI 3aMKHYTOH SKBHITOTEeHI[HAIIEHOH ITOBEPXHOCTHIO, JUISI KOTOPOH BEIPa3HM MaTeMaTHIECKYEO

CBA3p MCHKAY HAIIPSKCHHOCTBIO 3JICKTPHYUCCKOI'O ITOIIA, 3aPAI0M H ,[[HBHEKTPH‘-IECI{Gﬁ ITPOHIIIAC-

MOCTBIO CPCIEbI.

E ds =)
TdK KdK
$dS =S5,
To
Q
F = —
S,
AOKYMEHT NOANMUCAH [AHOBHM, UTO HAIPsDKEHHE MEKIAY IEKTPOTAMH
INEKTPOHHOW NOAMMACHIO
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

1aK MHHYC) BJIOITh HAITPaBJIeHNS CHIIOBBIX JIHHHIA:
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1

3/iech MONOKHUTEILHO 3apsSKeHHOMY 3JIeKTPOoAY IMpHcBOoeH HHJeKe 1. ITomp3ysack popmy-
110i#t (6), cOrmacHO KOTOPOIl eMKOCTh eCTh OTHOIIEHHE 3apsaa K HaIIpSDKEHHIO, H 3aBHCHMOCTBIO
(10), momy4HM IocIe IepeMeHbI ITPeIelIOB HHTeTPHPOBAHH S COOTHOIIEHHE, OITpe IelIIoIee B 00-

IIEM BHJAC CMKOCTDb pacC CM&TPHE&EMGﬁ KOHCTPVYKIIIH.

E

€= 1da

L
B COOTBETCTBHH ¢ H3TI0KEeHHOH ITOCTIEIOBATEIBHOCTHIO pacueTa eMKOCTH OJHHM H3 ITPO-
MEKYTOYHBIX JeHCTBHH OBUIO OIpejlelIeHHE HaIpsDKeHHOCTH (9), oJHaKO IOoIydYeHHas 3aBHCH-
MOCTh HE MOKeT OBIThH ITPaKTHYeCKH HCIIOIb30BaHa, TaK KaK BeIMYHHA 3apsga Q oOBIYHO He 3a-

naeTcs.

J[11s TIOITyYeHH S TTPAKTHYECKH ITIPHTOJHOH (POPMYIIBI pacyeTa HAIIPSDKEHHOCTH 3JIeKTPHYE-
CKOTO ITOJIS 000 TOUKH MeKIY SIeKTPOJaMH, CIeAyeT, PacCUHTaB eMKOCTh KOHJAeHcCaTopa ITo

dopmyrie (11) u 3Hag HaIIpsOKEHHE, IPHIOXKEHHOE K AIEKTPOJaM, BEIPa3HTh B 3aBHCHMOCTH (9)

3dpial KaK ITIPOH3BEACHHE CMKOCTH Hd HAIIPAAKCHHE.

cU
Ex = —[B/M]
ESy
rae C — eMKOCTh KOHJEHCaTopa,
S, =8, — SKBHIIOTEeHIMaIbHAS IIOBEPXHOCTh, ITPOBEACHHAS YEPE3 TOUKY C HCKOMOH

HAIPSDKEHHOCTBIO AIIEKTPHYECKOTO TI0II, M2;
U — HampspkeHHe, JeHCTBYIOIIee MeXIy SIeKTPOJaMI, B,

£ —IHANIEKTPHYECKas IIPOHHIIAEMOCTD CPEBL, (/M.

3a0anuA:
3aoarue Nel

OHPEI[EJ]IITL JNCKTPHYCCKOC CMCIICHHC B TOYUKE 3JICKTPHYCCKOI'O ITOJIA HAITPAKCHHOCTBIO

10 xB/CM, ecIH H30IHPYIOIIEH CpeJoH SBIISETCS BO3IYX.

3aoarue Ne2

OMNpeIemlTh BEMYHNHY CBS3aHHOTO 3apsaa, HHIYKTHPOBAHHOI'O Ha ITPOBOMSINEI ITIa-
NOKYMEHT MOAMNMWUCAH

SNEKTPOHHOW NOANCHIO 1€ TIEPIEHANKYIIIPHO CHIOBBIM JIHHILIM. Harps-
CepTudvkar: 12000002A633E3D113AD425FB50002000002A6 | . .
Bnapenewy: Webayxoea TateaHa AnexcaHapoeHa HPYIOHICH CPCAOH ABIIACTCA TpﬁHC(l)GpM&TGpHGE
NeiicTautenen: ¢ 20.08.2021 no 20.08.2022 [MI[a€MOCTBIO, PaBHOM 2,5.
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3aoarie Ne3
OmNpeAelTh CPEAHION HANPSKEHHOCTh 3JIEKTPHYECKOrO IO HAa YYACTKe IMPOTSKEeHHO-

CThIO 0,4 MM, €CIIH Pa3sHOCTH ITOTEHIIHAIIOB MEKAY TOYKAMH, OrpaHHYHBAFOIIMMHI y4acToK, 600 B.

3adarue Ned
IIoTeHIMANLl 3JIEKTPOAOB H3OIIMPOBAHHOIO OT 3eMIIM KOHJcHcaTopa paBHEI £2000 B.

OHPE,I[EJ]IITB HAIIPAKCHIIC, ,I[EﬁCTE}’TOH_[EE MEAAY €I'0 BEIBOJdaMH.

3a0arue Ney

OnpeJelniTh BETHYHHY 3apsaa KOHAeHCaTOPa EMKOCTBIO 2 MK(, eCITH HAIIpSDKeHHE MeKITY

ero BeiBogaMH 100 B.

3adarue Neb
[Tmockmii KOHAEHCAaTOp ¢ BO3MYIIHOH H30IsIHel HMeeT eMKocTh 100 11 u 3apspkeH 10
HapspkeHU 2 KB. OmnpeenuTs HaIIPSKEHHOCTD JIEKTPHYECKOTO ITOJIST MEKY ero AIeKTPOo aMH,

HMEIOIIIMMI TIIOIATE 625 M.

3aoarue Ne7
OnnHOYHasA cpepa B BO3yxe HMeeT eMKOCTh 20 1 H 3apsokeHa 1o HanpspkeHHI 30 kB.

OInpefeniTh HAIPSDKeHHOCTD 3JIEKT PHYECKOro IO Y TTIOBEPXHOCTH c(epkl, eciH ee paguyc 20

CM.

KoumponsHusie 6onpocel:

1. IToueMy IIPOBOASINHE Tella HMEIOT SKBHITOTEHIIHAIILHEIE IIOBEPXHOCTH?

2. ITlepeyHcIHTh, H3BeCTHBIE CITIOCOOBI Ipa(pHUECKOro M aHAIHMTHYECKOrO BBIpaKeHHS
HaIIPSDKEHHOCTH BIIEKTPHYECKOTO TTOTIS.

3. Kak 1o 3ajaHHOMY I'papHKy IIOTeHI[HaNa IIOCTPOHTE IpapHK HAIIPSKEeHHOCTH 3IeKTPH-
YeCKOIro IToIg?

4. Kak orpeaenTh IIpeAelibl THHEHOIO HHTerpajia IS pacueTa HampsDKeHH S 10 HaIIps-
KEHHOCTH BIIeKTPHYECKOr'O TTOJIS?

5. Kakas (popma yCIOBHOH ITOBEpPXHOCTH, OXBAThIBAIOIIEH 3apsl, Oy/leT HaHOojIee paIHo-

AOKYMEHT MNOANKMCAH
SNEKTPOHHOW MNOAMNUCbIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

1 pacucTa HAIIPAAKCHHOCTH SJICKTPHYCCKOI'O ITOJIA
Bnapeneu: lLlebayxoea TaTeAHa AnekcaHapoBHa

DITHOH?
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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7. Kak mepecyHTaTh €MKOCTH, BEIPaKeHHVIO B (papagax, B MHKo(apaIbI?

8. UTo TaKoe 3JIeKTpHYECKOe CMEIIEHHE?

9. Kakopa BenmHYHHA OTHOCHTEILHOH JHAIEKTPHYECKOH IIPOHHI[AEMOCTH BOJIBI H IIPOBO/I-
HHKOB?

10. YTo 1mokasbIBaeT H YTO XaPAKTEPH3YET BEIHYHHA OTHOCHTEIILHOH JHAIEKTPHYECKOH
ITPOHHI[AEMOCTH?

11. B Kakoil H3 ABYX Cpel IPH TOH K& BEJIMYMHE HAIPSDKEHHOCTH MIEKTPHYECKOTO TTOJIS
OyzeT OomnbIle 3NMeKTPHYECKOEe CMelleHHe — B (papdope HIIH CIIroge?

12. B 4eM 3aKmroyaeTcs 3aKOH ITPEIOMIIEHHS BEKTOPa HAIMPSDKEHHOCTH SMIEKTPHYECKOro

ITIOJIIA Ha I'PaHHILIE Pa3Jdcild IBYX H30JIHPYIOIIHX CPEa H KdK ITPAKTHYCCKIT OH HGHGJ]I:-B}"ETGH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Ipaxkmuueckaa pavboma Ne2. Pacuem niockozo, UHIUHOPUUECKOZ0 U CchepurecKozo

HﬂHﬂEHCHIHﬂpﬂE

HE.E’II’:.' I/IB}“]HTB OCHOBHBIC MCTOJBI PACHCTA INIOCKOI'O, INIIHMHAPHYCCKOIO H Cd)EpH‘IE-

CKOI'O KOHACHCATOPOB.

OcHoébl meopuu.

,HJIH pPaciucTa EMKOCTH H HAIIPAKCHHOCTI SJICKTPHUYCCKOI O ITOIIA MCKAY IJIICKTPOddMH KOH-
ACHCATOPA BOCIIOJIb3YEMCA CXEMOH PHC. 3 H BBIIIEH3IIOKEHHOH TTOCIEA0BAaTEeIIbHOCTHIO pacHtucTa.

EMKOCTB KOHJICHCATOpPAa OIIPSACIIHTCA H3 3dBHCHMOCTH

EnES
C:D a

a

B ToMm CIIYHAcC, CCIIH HAIIPAXKCHHE, ITPHJIOKCHHOC K KOHJACHCATOPY, 3aJdHO, MOKHO ITOIIY-

HHTH Q)Gph{}"ﬂy AIL PaCiCTa HAIIPAKCHHOCTH SJICKTPHYCCKOI'O ITOJIA B H30IIAITHH

Q uc UeS, U
= = — [KB/cM]

F=—=— =
eS, &S, ¢&S,a a

H3MeHeHHe TTOTeHIHana | HAIIPAAKCHHOCTH B CJIIOC JHIJICKTPHKA MOMEHO IIBO@IJEIBHTB I'pa-

(pHIECKH.

PacueT eMKOCTH H HAITPAACHHOCTH 3JICKTPHYCCKOI'O ITOJIA B H3OJIHAIHH CJIOHCTOI'O KOHJICH-
CaTOPpa ITPOHU3IBOAHITCA COITTACHO ABYM OCHOBHBEIM ITOJIOKCHILAM.
El) -HAIlpKEHHE, ITIPHIIOKCHHOC K BHCIIHHM oOKIagKam KOHACHCATOP4d, PAdBHO CYMME

H&HPH]I{EHI]IHI: ITPHXOJAIIIIIXCA -Hd KdAIbIM CJIOH:

9

26
=
3

SR

PucvHox 3-1--PacueTHad cXeMa ITIOCKOI'0 KOHJIeHcaTOpa:

ONOKYMEHT NMNOoAanncAH
SNEKTPOHHOM NOANMUCHIO MKHYTas IIOBEPXHOCTE,
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa | BHhﬂﬂ{}fIDﬁ ITOBEPXHOCTH
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6) AJNICKTPHYCCKOC CMCIICHIIC H 3apPsi]d B ITNIIOCKOCTH JTIIO00T0 CIIOS ITOCTOSHHEBI
D=E¢& =Ee =E,&,
Q =CU = C,U, =C,U, =C,U,
PacueTHple (hOPMYIIBI EMKOCTH JIBYX H TPeXCIIOHHOT0 KOHIeHCaTOpa HMeFOT BHII:
€165
G+,
C1C505
T C.Cy + CiCs + Gy Co

C

KPGME TOro, H3 PABCHCTEA 3dPAN00B CIICAYCT.
Ui _ G
U, €
HEIHPH}I{EHIIH MCAHAY CMCHHDBIMH CJIOAMII INIOCKOI'O H TF000r0 APYI'OI'o KOHACHCATOPa pPac-
IPEACIIAIOTCA GﬁpﬂTHG ITPOITOPITHOHAJIbHO EMKOCTAM 3THX CIIOCE.

J11s1 BRIBOZIa pacYeTHOH (P OpMYIIBI HAITPSDKEHHOCTH AIIEKTPHYECKOr O OIS B JHATIEKT PHKE

INIOCKOI'O KOHACHCATOPAd HCIIOIB3YEM 3dBHCHMOCTH, OTKVYI4 I ,[[E}*'XCHGﬁHGI‘G KOHACHCATOP4

TTOTYYUIIM:
£ a,&, + a-,€
U:Elﬂl'l‘Egﬂz:Elﬂl-l_El_laE:El( = - 1)
EE EE
Ue
E, = 2

A1E5 + Ay &4

3aBHCHMOCTBh MOXKHO BHAOH3MEHHTH

. U £, U U
g\ g, 4 =251 €1003 1
2 a(1+ a(1+ =
ay 1 a,&,S 1( C,
£ wllfom :
3
J
29
L
+
]
NOKYMEHT NoanncAH _
SNEKTPOHHOW NOAMNMNACHLIO LTEPHCTHKA 3aBHCIHMOCTH HpﬂﬁHEHﬂII
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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ITPOYHOCTH BO3AyXa OT PacCTOSHHI MEKIY INIOCKHMH 3JIEKTPOaMH ITPH HOPMaJIbHBIX
aTMOC(EPHBIX YCIOBHSIX

PerynmpoBaHHe HaAIIPSDKEHUS «a CII0€ KOHIAeHCAaTOPa MOKHO OCVIIECTBIIATH ITOA00POM €TI0
TOIMI[MHEL M BEJIMYHHBI OTHOCHTEIILHOH JI3IIEKT PHYECKOH IIPOHHIIAEMOCTH-MATEePHAIA.

OIBIT IIOKA3BIBAET, YTO BEJHMYHHA CpeJAHeH IPOOHBHOH HANPSKEHHOCTH BO3IYIIHOH
Cpebl MeKIY AMEKTPOAAaMH IIIOCKOr 0 KOHAEHCAaTOpa 3aBHCHT IIPH ITPOYHX PaBHBEIX YCIIOBHSIX OT
PaCCTOSHH S MeKIY AeKTpomaMH (prc.2.2). 510 0OBSICHSETCS HapyIlleHHEM OZHOPOIHOCTH ITOIL
Yy KpaeB 3IEKTPOJIOB.

[Torne mwmHAPHYEeCKOro KOHAEHcaTOpa IIOCKOIIAPaIlIEIbHOE H XapaKTePH3YETCS OCEBOM

GIII‘&HMIETPHE]?'I: IIPHYEM 3KBHIIOTCHIIHAJIbHBIC ITOBCPXHOCTH ITPCACTABIIAIOT co00OH KoaKCHaJIbHbIE

I[HITHH/IPEI.

AT

£ may

End/m )

N

R sa

\\\\i‘

Prcynoxk 2.3 — M3MeHeHHe HanmpsokeHHOCTH (1) B rmoTeHIHana (2) B Cl1oe H30JIIIHH IH-

JINHAPHYCCKOI'O KOHACHCATOPA

Ilome MHIHHIPHYECKOI'O KOHACHCATOPA ITJIOCKOITIAPAJLIICJIIBHOC H XaPaKTCPH3YCETCA OCEBOH
CIII‘uﬂMIETpHEﬁ: IIPHYEM SKBHIIOTCHIIHAJIbHBIC ITOBCPXHOCTH ITPEACTABIIAIOT co00H KOaKCHAalIbHBIE
IIIHAPBI.

Ilocme;oBaTeIbHOCTD pacHucTa.

1. B cooreercTBHH ¢ TeopeMoH I'aycca:

E, = < B/CM
X
EgE2TT, I : !
AOKYMEHT NMOANMUCAH 1€ 3aBHCHMOCTH OIIpeelsgeT IHIepOoIHYecKHi
3MEKTPOHHOW NOANUCHLIO
Ceprudukat: - 12000002A633E3D113AD425FB50002000002A6 OrO TIOMSL
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa
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2. HCHGHLBYH 3dBHCHMOCTD, BBIPA3HM HAIIPAAKCHIIC, ITPHIIOKCHHOC K KOHACHCATOPY,

HCPE3 HAlIPAKCHHOCTE JJIICKTPHYCCKOI O ITOJIC Ex:

r Q r dx
U=—-| E.dx=-— —_
R EoElmrl Ji Ty
OTKVYa
Q. R
U=—In— |B]
r
3. B COOTBETCTBHH € OIpeJelIEHHEM EMKOCTH KaK OTHOIIEHH S 3aps/ia K HAIIPSDKEHHEO
HMeeM
2meyel
= ——[9]
lﬂ?

HPH 3dMCHC BBIPAKCHHH 3aPidad YCPE3, ITPOH3BCACHHEC CMKOCTH H HAITPAXKCHH A ITIOCIIE CO-
OTBETCTB VIOIIIIX HpEGﬁpﬂBGEEIHI]IUI ITOIIYVHHM YPaBHCHHC I HAIIPAAKCHHOCTH 3IICKTPHUCCKOI'O

ITOJIA, IIPHI'OAHOC AJIA ITPAKTHHYCCKILIX PACHCTOB.

U
E, = B |B/cM]
2.3xlgF

B GoImbIIIHMHCTBE CIIYHA4CB BaKHbl MAKCHMAJIbHAA H MITHHMAJIbHAA BCIIMYIHBI HAITPAKCHHO-

CTH JJICKTPHYCCKOI'O ITOJIA, ITIOJIYHACMBIC H3 00I1eN 3aBHCHMOCTH

U
Emax = R [E/CM]
2.3xlg?
U
Emin = R [E/CM]
2.3RZg?

l[JIH pactiucTa XaPaKTCPHCTHKI H3MCHCHHA ITOTCHI[HAJIA B CJIOC H3OIIAIHIT BOCILIOJIB3YCMCAH
QJGPI%I}UIHI&HI:, ITPEAITOJIOZKHEB, YTO ITOTCHIIHAII YMEHBIIIACTCA ITPH H3IMCHCHHH KOOPIIHATBI TOYKH

OT X 10 R, rmonyunm

IIE g U fxdx U R
Px = — xAX = — —=—7l8=
r 2.3Ig$ ro X lgg X

XﬂpﬂKTEpHGTHI{H H3MCHCHHA ITOTCHIIHAIIA H HAITPAXCHHOCTH 3JICKTPHYCCKOI'O IIOJIA
BJOIJIb PaJHYCa INHIIHHAPHYCCKOI'O KOHACHCATOPaA ITPHBCACHBI Ka PHC. 24:, HE]HPH}KEHHGGTL JJICK-

TPHYCCKOI'O ITOJIIA YV ITOBCPXHOCTH C MCHBIIIM PaJIYCOM HMECT MdKCHMAJIbHOC 3HAYCHIC.

Taxmm oOpa3oM, eCIIH BOJIM3H BHYTPEeHHET O AIEKTPOa MaTEpHAIl HaIIpsKEH JI0 IIpejera,

L
T AT DITATTTITATT TTADR AW TTAETTT AT TTAa TTAT T NI AaTr

AOKYMEHT NoarmcCAH
SNEKTPOHHOW NOANMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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MHHHMAJIbHYIO TOIIIHHY. {11 aHam3a OepyT MePRYIO IIPOH3BOIHYIO OT 3HaMeHaTe IS B BhIpakKe-

HHIT H ITPHPABHHBAKOT ©C HYIIHO

d('R)—d(zR Inr) =R —Inr—1=0
7 ﬂnr —drrn rinr) =In nr =
OTKyaa
R
In—=1
T
T.e
R
—=e = 2.718
T

MaxcHmManbHasl HAITP;LKCHHOCTD SJIICKTPHYUYCCKOI'O ITOIIA BOIIH3H ITOBEPXHOCTH BHYTPCH-
HCI'O INIIIHHAPA MITHHMAJIbHA, €CIIH OTHOIIICHHE PaJHYCOB BHCIIHEI' O H BHYTPCHHEI'O ITHIIHHAPOB

PaBHO OCHOBaHHIO HaTypaJbHOro jJorapudma (e=2,718).

U U U,

Emax = rlnﬁ ~rlne r [xB/cM]

r

[IyCTh IIWIHHAPHYECKHH KOHIAEHCATOP COCTOHMT M3 TPEX PAa3IHYHBIX CIIOEB H3OISIIHH,
BHYTPEHHHE PAJHYCHI KOTOPBIX I'l, 12, 13, a HapYKHBI 4. TaKyro KOHCTPYKIIHIO MOKHO ITPECTa-
BHTh KaK TPH ITOCIEAOBATEIIFHO COSMMHEHHBIX KOHAcHcaTopa Cl C2 u C3, eMKOCTh KaXJI0ro s
KOTOPBIX OIpeerrsieTcs () OpMYIIOH

_ &E2ml

|n i1
rH

HanpskeHHOCTh 3IIEKTPHYECKOrO IO IJUTHHAPHYECKOrO KOHAEHCATOpa CO CIIOMCTOH
H30IISIHEN HAa TPAHHUIIE Pas3ilella IBYX CMEKHEIX CPeJl MEHSET CBOIO BEIIMYHHY CKaUYKOOOpasHo.

HanpsxeHHOCTEh 3IIEKTPHYECKOro IO B IIpe/ieliaxX CIIos H3MEHSETCS I10 THIIepOomnye-
CKOIT KPHBOII, a B I[eJIOM 00pa3yeT IMHI000pa3HyI0 KPHBYIO (PHC. 7) ¢ pa3HOH BEIMYHHONH «ITHKOB
HaIIPSDKEHHOCTH 3IIEKTPHYECKOTO ITOTIA.

Endfomb

7

R S e

4 3 R, oM
OKYMEHT MOAMUCAH g
INEKTPOHHOW NOoANMNCBIO _'f-:' % =
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 * _ _:,.
Bnapeneu;  Lle6ayxoea TaTbsaHa AnekcaHapoBHa - 2o
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PucvyHok 2.4 — MI3sMeHeHHe HaPsOKEHHOCTH AIEKTPHYECKOrO IO
B M3OJLIHMH MHOT'OCIIOHHOI O IIIIHHAPHYECKOT O KOHIEHCaTa
JII1s1 pacueTa HaIPsKEHHOCTH 3JIEKTPHYECKOTO TIOJIA B CIIOSIX MHOI'OCIIOMHOI'O KOHJEHCa-

TOpa IOIL3YIOTCS (DOPMYIIOH:

U
E, = .
x in- (cl tote Tt cn)

rae C, — eMKOCTh CIIOSL, B KOTOPOM OIIpeelseTcsI HallPSKEHHOCTh 3IEKTPHYECKOr O ITOTLS,
T, — BHYTPEHHHI PajHyC HCCIEAYEMOIO CIIOS,
Ty+1 — BHEIIHHH paJHyc HCCIEIYEMOIO CIIOS.

HEIHPI]IMIEP:, AILL IIEPBOI'O CIIOA TpEKGHDﬁHOI‘G IMHIIHHAPHYCCKOI'O KOHJACHCATOPAa HAlIpA-

ACHHOCTD JJICKTPHYCCKOI'O ITOJIA B 11000H TOUKE C PaIHYCOM X OIIPCACIEACTCAH H3 BRIPAKCHHA
U

C1 '
(61 +Cz (o

Cd)EpH‘IECI{I]IUI KOHACHCATOP B BBICOKOBOIBTHBIX KOHCTPYEKIIHAX BCTPCHACTCA CPABHII-

E1:

TeJIbHO peJKko. B COoIbIIMHCTBE ciIyyaeB ero (hpopMa TOIIBKO IIPHOIIKAeTCS K ce pHIeCKON HIIH
SIBIIIETCS €€ YacThrO. [IpHMEpPOM CIIYKHT KOHCTPYKIIHS ITOABECHOIO H3OISITOPa B YaCTH MEXKIY
ronycepHueckoH IMaIrkoi 1 necTHkKoM. MHorma 8 TBH ncnone3yioTca OJHHOYHEIE CephI, I
KOTOPEIX BTOPBIM 3JIEKTPOAOM OECKOHEYHO OOIIBIIIOrO pajguyca CIIYKHT 36MIISI HIIH CTEHBI ITOME-
IT[EHILA.

DOJIeKTpHYECKOE IT0JIe MeXKIy 00KIIaJKaMH c(hepHIeCcKOro KOHAeHcaTopa o0nafaeT cepH-
YECKOH CHMMETPHEH.

IlocrieJoBaTEIIBHOCTD pacHtucTa.

l. B cooTBeTCTBHH ¢ TeopeMOH ['aycca
.
Y edmr?
2. Hcnoms3ys 3aBHCHMOCTE (10), BRIpasHM HaIpsDKeHHe, TTPHIOKEHHOE K BIIEKTPO-

daM, HCPEC3 HAITPAAKCHHOCTD 3JICKTPHYCCKOI'O ITOJLA.

ry

= [ Bar ==L [t = 22| L (1) 2R -1

e4m J, el ny R e4mRry
R
3. B COOTBeTCTBHH C OIIpCACIICHHCM CMKOCTH KaK OTHOHICHH A 3aPAda K HAITPSDKCHIEO
HMCECM
NOKYMEHT NoanncAH er
INEKTPOHHOW NOAMMACHIO  —— [(b]

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 -1
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Hcrmonmp3ys BeIpakeHH (38), (6) 1 (40), MomIyuynM pacueTHYIO (DOPMYTY HaIIpPsOKEHHOCTH

SIIEKTPHYECKOTO IO B IIPOM3BOIbHOI TOUKE
7 Q UdmeRr,
X e4nr?z (R —ry)ednr?

U

72(R i‘r’l) |kB/CcM].

[IpH pacyeTe ToUYeK IMOTEHITHAIbHOH KPHBOH B IIPOCTPAaHCTBE MEKIY C(pepaMH YCIIOBHMCS,

YTO HapyKHas cepa 3a3eMIIeHa, TOrJa IIOTEHIHAT B JTFOO0H TOYKE CPEeJbl pajyca T, ITOTYyYHM

H3 COOTHOIIICHH A

T.xrz_ rx(R_Tl).

R Rr R dy (R —7
jExdr:U—lf _ R )
e R_Tl ry

3aBHcHMOCTH (41) 1 (42) rpadydecky H300pakeHbI Ha PHC. 2.5.

B mpakTHYeckHX pacyeTaxX HCIIONB3YIOTCS 3HaYeHHS MaKCHMaTbHOH H MHHHMAaJIbHOH
HAaITPSDKEHHOCTEH AIEKTPHYECKOrO ITONS, MOITy4aeMble H3 3aBHCHMOCTH (41) ¢ TEKVIIHMH paIiy-

caMH BHYTPEHHEH H HapyKHOH cep:

£ nticn |

¥l

P 2

T

gz

PrcyHok 2.5 — IloreHnmanbHasa kpuBas (1) H XapakTe pHCTHKA H3MEHEHH S

HaIPSKEHHOCTH 3JIEKTPHYECKOro IT0JI (2) B cpefie cpepHIeCcKOoro KOHAeHcaTopa

HPEI[HGJIG}I{I]IMI: HTO paJHyC BHEIIHEH G(bEpLI KOHACHCATOPad OCTAHCTCA HCH3MCHHBIM, a
EH}"I‘I)EHHIIﬁ PaJHYC INIABHO YBCJIMYHTCA OT 11 40O K TOrJa 3HaYeHHEe MaKCHMalIbHOH HaIIPAAKCH-
HOCTH 3JICKTPHYCCKOI'O ITOJIA H3MCHHTCA ITO I‘I]]TEP@GHI[‘IEGKDﬁ KpI[E’:Gﬁ:, HMEIOIeH TOYKY MHHII-

MYMaA. OTa 3dKOHOMCPHOCTDb HMECT HPHI{TII‘IEGI{I]IUI HHTCPEC, TAK KaK ITPH COOTHOLICHITH PAaAHYCOB,

AOKYMEHT TNOANMUCAH AeTCI HaHOOIee ITOIIHOEe HMCIIONL30BaHHE H30IId-
SMNEKTPOHHOW NOAMUCHIO
Ceptudbukat: 12000002A633E3D113AD425FB50002000002A6
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MaTteMaTHYeCKH KOOPpIHHATY TOYKII HEpEHIﬁﬂ I{pHEGﬁ MaKCHMAaJIbHOH HaITps-DKEHHOCTH

AJIEKTPHYECKOTO IO ITOJIYYArOT, 110 (hopMyIie (43), IMpHpaBHAB HYIIIO IIEPBYIO ITPOH3BOIHYIO OT

SHAMCHATCIIA ,I[pﬂﬁHj OTKY /4

HITH
4U

E = —
max H.

Kak yke rOBOPHIIOCH, OJHHOYHYIO c(pepy, JOCTaTOUHO yAaIeHHYIO OT 3a3eMIIEHHBIX Ya-
CTell, MpeJCTAaRILIIOT KaK chepHUeCKIIl KOHAeHcaTop ¢ paguycoM R = oo. B 3TOM cimydae pacyer-
Hble popMyTBI (40) 1 (43) IIPHMYT BHI;
C = 4me'®"[p],

U
Erax = —|KB/cM]|.
r

3adanuin:

3adanue Nel

Jlnsa usMmepeHu s HanpspbkeHHs 110 kB ripuMeHeHa cxeMa eMKOCTHOIO JIEJIMTENIS, COCTOS-
I1[as1 U3 IBYX ITOCIeN0BaT elIbHO COSIHHEHHBIX KOHAeHCATOPOR C| H AMeKTPOCTaTHUYECKOI O BOIIBT-
MeTpa Ha HanpspkeHHe 10 kB, nIryHTHpoBaHHOrO KOHAeHcCaTOpoM eMKOcThi0 Co= 100 md. Orpe-

ACIIHTE EMKOCTD KadAJO0TI'0O H3 KOHACHCATOPOB C1 eCIIH eMKOCTB BOJIIBTMETP4A Cs=20 ]'[(1)

3adarue Ne2

[ImockHil KOHAeHCaTOP C BO3AYINHOH H3OJISIHeH H JHCKOBBEIMH SIEKTPOAAMH C 3aKpPVTI-
JIEHHBIMH KpasMH HMEET PacCTOSHHE MEXKAY 3NeKTpogaMH 2 ¢cM. OIpedeIHTh HAIIPsDKEHHOCTD
3JIEKTPHYECKOTO ITOJS B H3OISAIHH, eCIIH IIPHIIOKEHHOE HampsbkeHne paBHO 40 xB. Pacuert 11o-
BTOPHTH JJIS CIIy4as,, KOrJa MeXIY BIeKTPoJaMH TOM K& PacCTOSHHH BBeJlcHA CTEKIISHHAS IUIa-
CTHHKA TOJIIHHOH 1 CM ¢ OTHOCHTEJIFHOH JHUAJIEKTPHYECKOH ITPOHHUI[AEMOCTBIO, PABHOH O.

OnuHOoYHasA cdepa ¢ paJHycOM I'x CM pacIiojokKeHa B BO3AYIIHOH cpelie. BeIpasHTh eM-

KOCTh OJHHOYHOI c(pephl B MHKO(papagax.

3adarue Ne3
OnpeemiTh eEMKOCTh OJHOKHIIBHOI'O MAcCJIOHAIOJIHeHHOro kadeind Ha 110 xB, mmiHoH
NOKYMEHT NMOAOnncAH
ANEKTPOHHOM NOAMNUCHIO BI 22,7 MM H HapYKHBIM JHaMeTPOM OyMaKHOH
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeney; Websyxosa TaTbaHa AnekcaHaposHa pH‘IECI{C'ﬁ ITPOHIITacMOCTH 3:.5.
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AOKYMEHT NOANMCAH
QNEKTPOHHOW NMoArnncbio
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3adarue Ned
[ ImocKHH BO3AYIIHEIN KOHIAEHCATOP € PAacCTOsSHHEM MEKAY IUTacTHHAMH a = 0,5 ¢M 3a-
psoKeH 10 HarpsokeHHsS Up= 10 kB, Onpeaenurs H3MEHEHHE HAIPSKEHHS MEKIY 3IIEKTPOJAMI,
€CIIH Pa3BECTH INIACTHHBI HA aj= 5 CM, IIPEIIIOIONKHB, UTO 3apsyl ITPH 3TOM He H3MEHHT CBOEH
BEJTHYHHEI.
[TpoxOomHOM IHITHHAPHYECKHI H30ILITOP HMEET CeYeHHE TOKOBEAYIIETO CTEPKHI 4cM?.

Wzomsmprs — texcronur (Ey, = 80 KB/cM). Hanpspkerne Mexxay cTepiHeM H QranieM 140 xB.

KoapdmmenT 3amaca mpounoctH K=1,4. 3
1. OnpefiemTh BHYTPEHHHH PaJHyC KPEITSIero (praHIia.
2. IIponsBecTH pacyeT pagHycOB CTEP KHS H (PIIaHIA, HCXOAS H3 MHHHMAIbHOH TOJIIHHEI

CIIOA H30IJHAITHH, ITPH COXPAaHCHHH ITPOYHX 34 JaHHBIX ‘_’;-"CJIOEHﬁ.

3aoarue Ned
OIpeaeTh HalpsDKEHHE Ha BREIBOJAX TPEXCIOHHOIO IUIOCKOTO KOHJIEHCATOpa, €CIIH
HAaITPSDKEHHOCTH 3JIEKTPHYeCKOro IToNnd B ero cinosax 20 kB/cv; 10 xB/cMm; 5 xB/cM pH TommHHax

CIIOEB, COOTBETCTBEHHO PaBHBIX 2 .4 H 6 MM.

S3aoaua Ne 6
OnpeaeniTh HAIPSDKEHHOCTH 3IEKTPHYECKOro ITONSA B CIOSIX INIOCKOrO TPEXCIIOHHOIO
KOHJIeHCaTOopa, 3apsDKEHHOro A0 HamnmpsokeHHI 10 KB, ecliin eMKOCTH €ro CIIOeB COOTBETCTBEHHO

paBHEI 6 ; 3; 1,5 MK® nipu TonmmHax ciuoes 1,2 u 4 MM

3aoarue Ne7

OJHOKIUIBHBIN Kalellb MMeeT PagiyC CBHHI[OBOH 3aIlMTHON OOOIOYKH, PaBHBIN 10 cM,
PagNyC TOKOBEAVIIEHN KB — 1 ¢M. ONIpeaenuTh IIOTEHIHAIBI B TOJIIE €TI0 H3OJISIIMH IJI TOYEK
¢ paguycamu 1, 2, 4, 6 u 10 cM, eClH HaIIpsDKEHHE, IIPHIIOKEHHOE MEXKAY KHIIOH H 000JIOYKOH,

paBHO 100 kB, a 3anpiTHasg o6onouka 3a3eMIIeHa.

3adarue No8
[ IpH KOHCTPYHPOBAHHH KaOelId 3aJaH PaJHyCc ero TOKOBEAVIIEH KHIIBI O MM. OITpeIelIHTh
pPagNyc ero Hapy’KHOH 3aIlfHTHOH OOOJIOYKH M 3arac IIPOYHOCTH IS H30JISIIHH, €CIIH HaIpsDKe-

HHe, IIPHI0KeHHOe K Kabemro, -30 kB, a mpoOHBHas mpoyHOCcTh MaTepHana 30 kB/nm.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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3adarie No9

OnuHouHas cepa pagnycoM 10 cMm omymieHa B 0ak ¢ TpaHCc(popMaTOPHBIM MacIOM, HMe-
FOII[HM OTHOCHTEJIPHYIO JHIEKTPHYECKYIO IIPOHHIIAEMOCTE 2,5 H 3apsKeHa B TAKOM COCTOSHHH
10 30 kB. OnpenermiTh HaIIPSKEeHHOCTD 3JIeKT PHYECKOr O IO Y IIOBEPXHOCTH C(Pephl H ee ITOTeH-

ITHAJI ITPH H3BJICHUCHHH €€ H3 MACJIa.

3aoariue Nel()
[IocTponTh 1O TOUKaM ¢ paguycamMu 3, 0 , 12,2 0 1 30 cM ITOTEHIHAIIBHYIO H I'PAIHEHTHYIO
XapaKTEPHCTHKH B IT0NIE C(pepHYECKOr0 KOHJAeHcaTopa, 3apsDKeHHOro Jo HampsokeHHs 2 0 kB,

eCIIH PaJiiyC BHEIIHETro 31eKTpoAa 30 ¢cM, BHYTPEHHETO 3 CM.

3adarue Nell

K oOkmnagxaMm cdepHUECcKOro KoHJAeHcaTopa IMpHiIokeHo HalnpsokeHHe 100 xB. Ormpene-
JIUTH PAJHUYCHI BHEIIHET O H BHYTPEHHETO AJIEKTPOAOB IIPH YCIIOBHH HaHMEHBINEH TOMIMHHEI H30-
TSIHHE MeKIY cpepaMH H HaHMeHbIIeH BelIHYHHOH, paBHOH 20 kKB/CM y ITOBEPXHOCTH BHYTPEH-

HCI'O JIICKTPOAA.

KoumponsHsie 6onpocel:

1. OT KakuX reoOMeTpPHYECKHX ITapaMeTPOB M KaK 3aBHCHT €MKOCTh IUIOCKOI'0 KOHJEHCa-
TOpa?

2. B 4yeM OImacHOCTh BO3AVIIHBIX BKIIFOUEHHI MEKIY CIIOSMH MHOI'OCIIOHHOI'O KOHJEHCa-
TOpa?

3. KakuMu rmapamerpaMi CIIEAVET 3aJaThCs IMPH pacyeTe EMKOCTH IUIOCKOIO KOHJIEHCa-
TOpa?

4. [loueMy cpeaHssa IIpOoOHBHAS HAIIPSDKEHHOCTh MIEKTPHYECKOrO OIS BO3AYXa YMEHb-
IIAeTCA ITPH YBEITHUYEHHH PACCTOSHIS MEKTY SIIEKTPOLaMH?

5. Kak ycTpaHseTcs BIHSHHe KpaeBoro 3pdekra y INOCKHX H IJIHHAPHY eCKHX 3IEKTPO-
JITOB?

6. Kak H3MeHSeTCS €MKOCTh IUIOCKOIO KOHJEHcaTopa IPH ITOCTEINEHHOM 3aIlOHEHHHU
TpaHC()OPMATOPHEIM MACIOM BO3IYIIHOIO IIPOMEKYTKA MEXAY SIIEKTPOMaMH?

7. Kak perynupoBarh HaIIPsDKEHHOCTH 3JIEKTPHUYECKOTO ITONS B CIIOSX MHOI OCIIOHHOI'O
TIJIOCKOT O KOHIeHcaTopa?

AQKYMERT, HONRAGAH H HAITPSDKEHHOCTH SIIEKTPHYECKOTO IO TPEX-
SNEKTPOHHOM MOAMUCHIO alp p p

Ceptudumkar:.  12000002A633E3D113AD425FB50002000002A6

' CDeJIHIIL CIIOH ITPOOHT. a OOHH H3 3IeKTPOI0B
Bnapeneu: Ulebayxoea TaTbAHa AnekcaHopoBHa pel p i Al POA
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9. OnMIImMTE YCTPOHCTBO IIIIIHHAPHYECKOT 0 KOHIEHCATOPHOIO BBOA.

10. Kakoe cooTHOIIEHHE COOMIOAAETCA MEKAY HAIIPSDKEHHOCT SIMH 31eKTPHYECKOTO ITOIIS
Ha IPaHHIIE pa3jiella JIBYX CMEKHBIX CIIOEB?

11. Ilo xkakoMy MaTeMaTHYECKOMY 3aKOHY H3MeHSIeTCS HAIIPSyKeHHOCTh 3IeKTPHYECKOr 0
ITOJISI B OJIHOPOJHOM CIIOE I[IUIHHAPHYECKOr0 KOHeH caTopa?

12. Kaxk pacrioymararor MaTepHalbl ¢ pa3IMYHBIMH BeITHYHHAMH JHAIEKTPHYECKOH ITPOHH-
I[AaEMOCTH ITPH BhIPABHHBAHHH 3HAYEeHHS MaKCHMAJIbHOH HAIIPSKEHHOCTH 3JIEKTPHYECKOTO OIS
B CIIOSIX IFUIHHAPHYECKOT O KOHIeHcaTopa?

13. Kak pacriojyiararor MaTepHabl ¢ pa3IMYHBIMH BEITHYHHAMH JHAIEKTPHYECKOH ITPOHH-
I[a€MOCTH ITPH BhIPAaBHHBAHHH 3HAYeHHS MaKCHMAaJIbHOH HAIIPSDKeHHOCTH 3IEKTPHYECKOTO ITONIS
B CIIOSIX IUIHHAPHYECKOI O KOHIeHcaTopa?

14. Kax H3MeHsIeTCcsI eMKOCTh IUTHHIPHYECKOI0 BO3AYIIIHOIO KOHAeHCaTOpa IIPH BO3HHK-
HOBEHHH KOPOHBI Y IIEHTPAJIBHOT O 3JIeKTPoaa?

15. IToueMy IpH pacyeTe H3OISLHH IHIIHHAPHYECKOr 0 KOHIeHcaTopa IT0 YCIIOBHSM €€ OIl-
THMAJIbHOI O HCITOIb30BaHH S HHOT LA IIPHXOJHTC S IIeHT PalIbHEIH 3IIEKTPO H3TOTOBRIISTH ITOIIBIM?

16. IIpn KaKHX COOTHOMIEHISIX MEKAY PagHyCaMH IIUIHHAPHYECKHX 3JIEKTPOJOB MaKCH-
MallbHas HaIIPSDKEHHOCTh SIeKTPHYeCKOro MO MHHHMAalIbHa?

17. Kak orpejensaercs eMKOCTh OJHHOYHOH c(ephl?
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Ipakmuueckaa pavoma Ne3. Hacmruble Memoosl pacuemoé emxKocmu U HAnp AHceHHo-

cmil CJIOHCHBIX JIEKMPUUECKHX noJiei.

HE.E’II’:.' I/IS}HIHTL METOJBI PACUCTOB CMKOCTH H HAIIPTHKCHHOCTH CIIOYHDBIX 3JICKTPHYCCKIIX

ITOJIEH.

OcHO6bI MmeopuL:

[IycTh aBa IMIMHAPA C PaBHBIMH M PasHOMMEHHBIMH 3apsaaMH PacIIOIOKEHBI ITapall-
JIEILHO APYT APYTY Ha PacCTOSHUH, IO CPABHEHHIO C KOTOPBIM HMX PAaJHYCHI IIPEHEOPEKHUTEIIEHO
Mallbl (HaIpHMED, ABa IIPOBOJIAa IIHHHH 3IIeKTporepeadr ). Tak KaK paJHyChl MalIbl, MOKHO CUH-
TaTh, YTO 3aPSJIBI COCPEIOTOUYEHBI HE HA TIOBEPXHOCTH, a BAOJIb FEOMETPHYECKIX HIIH TAaK Ha3bI-
BAEMBIX 3 IIEKTPHY ECKH X OCEH ITPOBOJIOB.

PaccMOTpHM 3IIEKTPHYECKOE ITOIE B KOHTPOIBHOH TOuKe 1 puc. 10, pacmonoXeHHOH Ha

PAaCCTOAHIAX a4 H B OT COOTBCTCTBYIOIIHX ocel A H B.

Pucynok 3.1 — I'padrdeckoe omnpeieneHIe MOTOKEeHH I SIeKTPHYECKHX Ocel JBYX 3aps-

ACHHDBIX ITHIIHHAPOB

HPIMEPHIE K JJICKTPHYCCKOMY ITOIH TOYKH | ronmoskeHue 1 s pactucTa CIIOHBIX CHCTCM,

TIOJTYIHM
Q=0+,

[IOKYMEHT MOANUCAH I [PHYECKOH ITOBEPXHOCTH B TOYKE | OT AEHCTBHSA
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