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Copepxanue

Beenenue

[lems 1 3amaun M3ydyeHus O CIUILIHNHEL

O0opynoBanue U MaTEPUAIBI

HanmenoBanue mabopaTtopHeix pador

Conepxanue mabopatopHeIX padoT

Jlaboparopnas padbora Ne 1. M30/14TOpEI BO3 Ay IIHBIX JIMHAN U ITOACTAaHIIUN. Pac-
MPENESIEHNE HAMIPSKEHWA [0 SJIEMEHTAM THPIIIHIBI TOABECHBIX M30IATOPOB.
JIaboparopnas padora Ne 2. BHyTpeHH:a M30IA1Ms 37I€KTPpOy CTaHOBOK. Hccne-
DOBAHME 3IEKTPUUECKON MPOUHOCTH BO3IYIIHBEIX MPOMEKYTKOB B PE3KO HEO-
HOPOIHOM ITOJIE.

Jlaboparopnas padora Ne 3. Ucnerranus nzomsaumm. Mamepenue conpoTuBieHUA
1 €MKOCTH W30 uu. CTaTUCTUYECKUE 3aKOHOMEPHOCTH PO 004.
JIaboparopnasa padora Ne 4. KOHTpOIE AMSIEKTPUUECKHAX MTOTEPh U M3MEPEHNE
HapaMETPOB YACTUYHBIX PA3pAg0B. KOHTPOIIE MOBEIIEHHEIM HANPAKEHUEM. HC-
NBITAHUSA W30JILMU OTAEIBHEIX BUAOB 00OpynoBanHusA. KOHTpONb w30/mA1MA
KOHTAKTHOM ceThu. MccnenoBanme nepeHanpsuxkeHnil B 00MOoTKax TpaHcdopma-
TOpA.

Jlaboparopnasa padora Ne 5. McneiTarensHble yCTAHOBKH BBEICOKOTO HEPEMEH-
HOTO 1 MOCTOAHHOTO HAITPAKCHNA. HCCJIE,I[GBHM’IE MOIOCIH KAaCKaaHOTO BBIITPA-
MUTEJI BBICOKOTO HAIPAKEHUA.

Jlaboparopnas pabora Ne 6. I'enepaTopsl *MITYJIbCHBIX HAIPsKEHUU. [ enepatop
MUMITYJIbCHBIX HampsxeHu 750 kB.

Jlaboparopnasa padora Ne 7. I'enepaTopsl UMITy IbCHBEIX HANpsKEeHUH. Onpene-
JEHUE 30H 3aNIUTEI CTEPKHEBBIX U TPOCOBBIX MOTHUEOTBOIOB.

Jlaboparopuasa padora Ne 8. Pacnpocrpanenue BOJIH NepeHANPAKECHUI. KBA3H-
CTALIMOHAPHBIE U KOMMYTAIIUOHHBIE NEPEHANPAKEHHUA. 3aIIUTA OT MEPEHAIP-
KEHUM. 3aNIUTHBIE PA3PAIHUKH U OTPAHWUYUTENN MEPEHAIPSKEHUI.
Yuebno-meroquueckoe u MH(POPMAINOHHOE 00ecTeueHne QUCIIUIITHNHEL

[Tepedens 0CHOBHON M JOMOIHUTEILHOM JIUTEPATYPHI, HEOOXO0IMMOU 71 OCBO-

SHAARS I FOHHIERIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



5.2 Tlepeuenp yueOHO-METOAUYECKOTO OOECHEYEHMUS CAMOCTOATEIBHOM pabOTHI
00yYAFOINX CSA TI0 TUCIIATITNHE

5.3  Ilepeuens pecypcoB MH(OPMANIMOHHO-TEIEKOMMYHHUKAIMOHHON cetn HuTep-
HET, HEOOXOTMMBIX JIJIT OCBOEHUS TUCIUTLTHEI

[Tpunoxenus
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Beenenue

Llenpro paboTer B naboparopuu ABAETCA YriyOJIEHHE M 3aKPENIEHUE NTPHUOOPETEHHBIX
TEOPETUYECKNX 3HAHUM MyTEM HSKCIIEPUMEHTATBHON MPOBEPKH TEOPETHUECKHUX ITOJIOKEHUH, a
TAKKE 3HAKOMCTBO C 3JIEKTPOHHBEIMH KOMITOHEHTAMH, 000 Py TOBAHN €M, H3MEPUTEIBHEIMHI OPHO0-
paMu U anmnaparypoi, UCIMOIb3YEMBEIMH B Ta00PATOPHH.

B pesynerare BEITOIHEHHS JIA00PATOPHBIX PA0OT CTY IEHTEI JOJLKHEL IIPHOOPECTH YMEHUA
Y HABBIKHM MO COOPKE M MUCCIENOBAHUIO IEKTPOHHBIX CXEM U MPUOOPOB, U3MEPEHUAM JIIEKTPUYE-
CKUX BEIMYMH. | emaruka 1adopaTopHBIX padOT MOMHOCTEIO COOTBETCTBYET COMIEPIKAHUIO OCHOB-
HBIX Pa3JenoB Kypca, M3y4aeMOro B BEICIINX TEXHUUYECKUX Y4E€OHBIX 3aBeneHusax. B npenmarae-
MOM y4eOHOM mOCOOMH OMMCAHO OAUHHAAIATE 1adopaTopHBIX padoT. B omicanum kaxmaon 1ado-
paropHou padoOTEl CHOPMYITUPOBAHA €€ €N, N3JI0KEHEI OCHOBHEIE TEOPETUIECKHUE TTOTI0KECHHUA,
OmMCaHa CXe€Ma yYCTAHOBKW IJIA MPOBEACHUA SKCHEPUMEHTAILHOTO MCCIEIOBAHUA, JaHBI PEKO-
MEHJAIIMH TT0 TPOBEACHUIO ONBITOB U 00pabOTKE pe3ynbTaTOB H3MEPEHUHN, 4 TAKKE KOHTPOIBHEIE

BOTIPOCHI.
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1. Ilenw u 3a0aun uszyuenus OUCUUNIUHDI

OCHOBHBIMM LIEAAMU OUCIIATUTUHEI ABIAIOTCA: (POPMUPOBAHUE Yy CTYAEHTOB CTPOMHOU U
yCTOMYUBOM CUCTEMBI 3HAHWUM O (PYHIAMEHTAIBHBIX 3aAKOHOMEPHOCTAX 3QKUTAHUA U PA3BUTHA
SJIEKTPHUECKUX Pa3pAnoB B JUAIEKTPHUECKUX Cpenax, MEXaHM3Max Mpo0osAs DUSIEKTPUKOB MPH
BO3JCHCTBUM CUIBHBIX AJIEKTPUUECKHUX MOJEH, BUAAX M30IAIMM BEICOKOBOJIBTHOTO 00OpymoBa-
HUA U METOIAX KOHTPOJIA €€ COCTOSHMA, CITOCO0aX IMOJyUeHU U U3MEPEHUA BEICOKUX HAIpPsAKe-
HUI, OPUPOIE BO3HUKHOBEHUA MEPEHANPKEHNN U CIIOCOOOB 3aNIUTEL OT HUX.

B pesynerare 0CBOEHUA JaHHOU TUCHUILIMHEL 00€CIeUNBAETCS JOCTUKEHUE TIEIEH O CHOB-
HOU 00pa30BaTEILHON MPOTPAMMEBI « ITEKTPOSHEPreTHKA U JIEKTPOTEXHUKA»; MPUOOPETEHHBIE
3HAHMSA, YMEHUS U HABBIKY MMO3BOJIAT MOATOTOBUTE BBEIMY CKHUKA:

— CHOCOOHOr0 K pacuery, aHaau3y U NPOEKTUPOBAHUIO JJIEKTPOIHEPIreTHYECKUX JIEMEH-
TOB, 0OBEKTOB U CUCTEM C UCITOJIL30BAHUEM COBPEMEHHBIX CPEICTB ABTOMATH3AIIUN MPOEKTHBIX
pa3paboToK;

— HAy4YHO-MCCIIEN0BATENBCKON IEATEIBHOCTH, B TOM YUCIIE B MEKINCIUILIMHAPHEIX 00J1a-
CTAX, CBA3AHHON C MATEMATUIECKIM MOJIETUPOBAHNEM HPOLIECCOB B ANIEKTPOIHEPTETHUIECKUX CH-
cTeMax U OOBEKTAX, MPOBEIEHUEM SKCIIEPUMEHTAIBHEIX HCCIEN0BAHUN U AHATM30M UX PE3YIb-
TaTOB;

— K CAMOCTOATEILHOMY 00YUEHHIO U OCBOECHUIO HOBBIX 3HAHUH U YMEHUH U1 PEATH3AIUH

CBOEH MPO(ECCHOHATTEHON KAPBEPHI.

2. Obopyoosanue u mamepuasnl

ATlmmaparHeie CpencTsa.

— Komruiekt yueOHo-1adoparopHoro 000pyn0BaHus « INEKTPOTEXHUIECKUE MATEPUATIBIY.

YuebHas ayauTopus Ay MPOBENEeHUS YUEeOHBIX 3aHATHIL, OCHANIEHA 000pyI0BAHUEM H
TEXHUYECKUMHU CpeacTBaMu 0Oyuenus. [lepenocHoi HOyTOYK, MPOEKTOP, JOCKA MATHUTHO-MAp-

KEpHAas.

3. Haumenosanue nadopamopuvix paoom
Jlns 3a0unoi (popMEBI 00yIEHUS TPETY CMOTPEHEI CEAyoNIMe 1adoparopueie padoTs: Jla-

Ooparopuas padora Ne 1. M30aaTOpEl BO3OYIIHEIX TMHWN U ITOACTaHnmil. Pacopenenenue Hamps-

"
K ECHUSA n&%%ﬂkﬁﬁmﬂm MOOBECHBIX M30JIATOPOB — 1,5 gaca, mpakTuueckas moaroTOBKa

Cepruchmkar: 2C0000043E9AB BeﬁzzuﬁE?BaamﬂEﬂ%ﬂmaaﬁN
Bnanenst l,i”&%qagam pazepHag.padora Ne 3. Ucnerranna nzomanuu. M3mepenne conpoTruBieHus u

eMKOCTH M30aAnun. CTaTHCTUYECKUE 3aKOHOMEPHOCTH nTpobos — 1,5 gaca.
Nencteutened: ¢ 19.08.2022 no 19.08.2023



Bnan

Ne Temnr
TUCITN -

ITJIMHEI

HanmenoBanume TeM QU CIUILINHEBL, UX KPATKOE CO-
IepxKaHue

O0BeMm
JaCOB

13 nux mpaktu-
gecKas Mmoaro-
TOBKA, YACOB

5 cemecTp

Jlaboparopuass padora Ne 1. U3oasaTopsl BO3-
AVUIHBIX JJHHANH | nmojacTaHuuii. Pacipenenenue
HAIPSKEHUA 110 37IEMEHTAM THUPJITHIBI ITOJBE CHBIX
WU30JIATOPOB.

BrisicHeHHE MPUYMH HEPABHOMEPHOTO paCIIpese-
JAEHUS HAMTPSIKEHUA IO SJIEMEHTAaM N30 M OHHBIX
KOHCTpyKuui. OmnpeneneHue  pacnpeneneHus
HAIPSKEHUA MO THUPJAHAE MOABECHBIX W30JIATO-
poB. U3yuenue BauaAHUA 3alIUTHON apMaTypel HA
XapakTep pacrnpeacacHus HampsKEeHU BI0Ib THP-
aaHabl. O3HAKOMIEHHE C METOQUKON IOMCKA Je-
(pEKTHBIX N30IATOPOB B TUPJIAHTE.

1.5

1,5

JlaboparopHast pabora Ne 2. BHyTpeHHsIsI H30-
JISANHAA YIeKTPOYCTAHOBOK. VccnenoBanue smek-
TPUUECKON MPOYHOCTH BO3AYIIHBIX MPOMEKYTKOB
B PE3KO0 HEOTHOPOIHOM IOJIE.

MN3ydenne ocoOEHHOCTEN Pa3BUTHSA pa3pAna B HeE-
OOHOPOOHBIX moiax. MccnenoBanue BIMAHUA MO-
JSIPHOCTH SJIEKTPOJOB HA PA3AIHEIE HAIPAKEHUA B
pPE3KO HEOTHOPOTHOM AIAEKTPUIECKOM MOJIE BO3-
OYIIHOTO TPOMENKYTKA. HCCIAETOBAHUE BIIMSHUSA
Oapbepa Ha SIEKTPUYECKYI0 MPOYHOCTH BO3IYIII-
HOTO MPOMEKYTKA. JKCHEPUMEHTAIBHOE OHpELe-
JIEHHE ONTUMAILHOTO PACIOI0KEHUA Dapeepa.

JlaboparopHnast pabdora Ne 3. UcnibiTaHusl H30-
Janud. U3MepeHne cOpoTHRIEHHA H eMKOCTH
m30AHA. CTaTUCTHMYECKHE 3aKOHOMEPHOCTH
npo0os.

O3HakOMJIEHHE C OCHOBHBIMHM CTATHCTHYECKUMHU
3aKOHOMEPHOCTSIMH IIPO00SA MPU UCHBITAHUU 00-
pas3noB ra30BOM W KUAKOM m3omsauuu. M3yuenue
CTAaTUCTHYECKUX METONOB 00pabdoTKu M aHammsa
SKCHEPUMEHTAJILHBIX JAHHBIX IPH  HCILITAHUU
mwomAmu. Pacuer mapamMeTrpoB M IMOCTPOEHHE
nu(pPepeHInanbHEIX U HMHTETPAIBHBIX KPHUBBIX
pacrpeaeaeHus BEPOSTHOCTEN TPo0osI.

1.5

1,5

Ao

JlaboparopHasi padora Ne 4. KoHTpo.1b THYIE K-
TPHYECKHX MOTeph H H3MepeHHe NapaMeTpoB
YACTHYHLIX pa3psaa0oB. KoHTpo/b IOBBILIECH-
HbIM HAMNPSKeHHEeM. HCIILITAHUA H30/IAIHH OT-
Ne/IbHBIX BHIOB 00opyaoraHus. KoHTpoOJIb H30-
JAIHH KOHTAKTHOH ceTH. VMccnemosanue mepe-
HANPAKEHUU B 00MOTKax TpaHchopmaropa.

MQ%%MBCH CO CXeMOU U padOoTOHN aHanusaropa

BNEKTAOHBPIR ROIMMGERC ITPOIECCOB. M3yuuTs METOaBI Ommpe-
CEFT1 vkar: 2C0000043E
I

eu. llleGayxoea T4

Tig;ﬁ@ﬁ?ﬁ?ﬁ%%ﬁEHlﬁ B I'TABHOM U IMPO0JIb-

HOM M30IAIMHA OOMOTKH TpaHcdopmaropa mpH
BO3EHCTBUH HA 0OMOTKY I'PO30BBIX HMITYJILECOB.

1.5

Nernct
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JlaboparopHass pabora Ne 5. UcnbITaTe/IbHBIE
YCTAHOBKH BLICOKOI'O IIepeMEeHHOI'0 H MOCTOAH-
HOI'0 HanpstxeHHs. lccnenoBanme momemn kac-
KaIHOTO BBEIIPAMUTEIA BEICOKOTO HATIPAKEHMA.
M3ydenne yCTpoOHUCTBA M NPUHIINIIA TEHCTBUS KaC-
KaIHOTO BBIIPAMUTENA BBEICOKOTO HAMPAKECHUA.
OnpeneneHue U3MEHEHUM IMOTEHIIUATI0B pPa3iIid-
HBIX TOYEK CXEMBI TPEXKACKATIHOTO BBIITPAMHUTENA
B YCTAHOBHUBILIEMCSH PEKHUME IIPH XOJIOCTOM XOIE.
CHATHE 3aBUCUMOCTEN BBIXOTHOT O HANPSKEHUSA U
MyJIbCAIMH HANPKEHUA OT TOKA HATPYy3KH H
UM CIA CTYIIEHEN BRINPAMUTEIIA.

1.5

JlaboparopHasi padora Ne 6. I'enepaTopbsl HM-
NyJIbCHbIX HaNpsixeHHH. ['eneparop ummyinc-
HEIX Hampsxenuit 750 kB.

O3HAKOMUTECS CO CHOCO0AMU TMOIYYEHHS T'PO30-
BEIX MMITYJIBECOB, YCTpOHUCTBOM u paborou ['MH
750 xB; M3yuuts MeTOABl pPETyJIMPOBAHUS MApPA-
METPOB TPO30BOT0 UMIYJIbCA U METOIEI UX HU3MeE-
penus; [Ipoussectn m3mepenne aMImMTyOsl TPO-
30BOTO HMMITYJIbCA C IOMOINIBIO H3MEPUTEIBHEBIX
mapoB mramerpoMm S50 cm. O3HAKOMHUTECA € METO-
JaM# PErUCTpaIiiu (POPMBI TPO30BOTO UMITYJIECA C
MOMOIIBIO SJEKTPOHHOTO ocuuiuiorpada.

1.5

JlabopatopHas padora Ne 7. I'eHepaTopsl HM-
NyJIbCHbIX HanpsikeHHH. OnpeneneHue 30H 3a-
IIUTEL CTEP/KHEBBIX U TPOCOBBIX MOJHHUEOTBOIOB.
MN3yuuTs pacueTHsIE METOIBI ONIPEAETEHI 30H 3a-
IIUTEl CTEPHEBBIX U TPOCOBBEIX MOJHHEOTBOIOB.
O3HaKOMHUTCS C HKCHEPUMEHTATBEHBIMA METOTAMHU
7 UCCJIEMOBAHUA 3AMIUTHBIX 30H MOJIHHEOTBOIOB C 1.5
ncnons3oBanuem ' MH. Onpenenuts 5kcriepuMeH-
TAJIHHO M CPABHUTEH C PACUETHBIMH 30HBI 3AITUTEHI
CTEPKHEBBIX U TPOCOBEIX MOJIHUEOTBOIOB. [IpoBe-
CTH BHU3YQJIBHOE MCCIENOBAHHUE 30H 3aNINUTHI
CTEPKHEBBIX U TPOCOBEIX MOJHHEOTBO OB 10 KOM-
OEIOTEPHOUN MPOTPAMME.

JlabopaTtopHas pabdora Ne 8. PacnipocrpaHe Hue
BOJIH IepeHANpsKeHHH. KBa3sHCTAllHOHAPHBIE
H KOMMYTAIHOHHBIC IIepeHANpPSLKeHHs. 3a-
IIHTA OT MepeHanpsizKeHui. 3anuTHEIE pa3ps-
HUKH M OTPAHUYUTEIN NTEPEHAIPAKCHHH.

O3HAKOMJIEHHE C HA3HAUECHUEM, NMPUHLOUOOM JEH-
CTBMA U KOHCTPYKIHMEN PA3PATHUKOB U OT PAHUYH-
tenen nepeHanpsxenud (OIIH). M3yuenne oco-
OeHHOCTEN PAOOTHI 1 MPUMEHEHHUA OCHOBHBIX TH-
MOB TPyO4ATBIX W BEHTWIBHBIX PAa3pATHUKOB H
OIIH. Pacuer xapakTE€pUCTUK U 3AMIUTHOTO OEH-

AOKMEHT MOANMCAH
SNEKTROSEBMAQMABPAGHIKOB C UCITONIE30BaHnEM JBM.

1,5

o

ngT dumkar: 2C0000043E9ABBBY52205E7BAS00060000043E HTﬂrﬂ 39 5 EEMECTP: 13&5
nan :
Hroro: 13,5

o
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4. Coodepocanue nadopamopHsix paoom
Jadopamopnasn padoma Ne 1. Hzonamopwl 6030yunbix aunui u noocmanyuu. Pac-

npeoenenie HanPANCCHUA N I1eMEeHMaM CUPAAHObL NOOBECHBIX U30/IAMOPOE.

Ilenv padomwpi: BelscHEHNE TPUYMH HEPABHOMEPHOTO PACHPENEICHUS HAMPSKEHUA MO
5JIEMEHTAaM W30JHIMOHHBIX KOHCTPyKUMHU. OnpenencHue pacnpeneneHus HANpKEHUS 0 THp-
JSAHIE MOABECHBIX N30ATOPOB. M3yueHne BIusaHua 3anUTHON apMAaTyphl Ha XapakTep pacipene-
JIEHU L HATPAKEHWA BOOIb TUPIAHAEI. O3HAKOMIEHHE C METOIUKOU IMTOUCKA 1€() EKTHBIX M30JIATO-

POB B TUpIISHIE.

Ocnoevl meopuu:

B snekTpruecKknx yCTaHOBKAX UMEET MECTO HEPABHOMEPHOE PACIPENEIIEHN € HATPSKEHIA
MO OTAEJILHBIM JJIEMEHTAM M Y4aCTKaM HU30JLALMHA. JTO NPUBOIUT K BO3HHKHOBEHUIO KOPOHEI U
JACTUYHBIX Pa3pAN0B HA OTIENBHEIX JIEMEHTAX U B 00BEMAX WM30IAI[MH, 4TO B KOHEYHOM UTOTE
ABJIAETCS NPUYMHON MOABJIEHHA HAYAIBHBIX TE(EKTOB U IMOCIEIYIOMIETO PA3BUTHS ITOBPEK IECHUS
W30 H.

Bo BHEmHEN M304A1IMM HAUOOIEE HEPABHOMEPHOE PACIPENEICHUE HANMPKEHUA HAOITIO-
NAeTCsa Ha THPIIAHAAX [TOABECHBIX U30JATOPOB, OO PHEIX U30JIALMOHHEIX KOJOHKAX, BEICOKOBOJIb-
THBIX BBIBOJIAX TPAHC(POPMATOPOB U BEIKJTIOYATEIIEH.

PaccMmoTpum xapakrep pacnpeneneHus HanpsaKEeHUs AJI TUPJAHABL TOJBECHBIX U30JIATO-
pOB, cocTosAmier U3 N sneMeHToB (puc. 1.1).

['upnsangy M30IATOPOB MOKHO HNPEACTABUTH SIEKTPHUECKOM CXEMOM 3aMENmIEHHUs (puc.

1.1,6), rme C = 40...70 n® — coberrennas emxocts msomaropa; C1 = 4..5 n® — emxocTs u30-

naropa orHocurensHo zemmn; Co = 0,5...1,0 n®d — emxocTs M30719TOPA OTHOCUTENTEHO MPOBOIA.

H

-

0 U, %
a) D) B)

[OKYMEHT MOAMUCAH
anekTPOHHON noanncbBucynok 1.1 — I'mpnsanga moABECHBIX N30AATOPOB:

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
Bnaneneu:  IleGayxosa TaresHa AnexcangpesgX €Ma VCTAHOBKH; O — EMKOCTHASA CXeMa 3aMEeIIeHNS;

Nencteutened: ¢ 19.08.2022 no 19.08.2023

B — pacHpeneneHue HAIPAKEHUS 10 U30JIATOPaM THPJIAHIEL.



OCHOBHO€ BIMAHME HA HEPABHOMEPHOCTEH PACIIPENECICHHUA HAMPAKECHUA II0 3JIEMEHTAM

TUPJISHIBL, KAK BUIHO U3 CXEMBI 3aMenieHus puc. 1.1 0, oka3sBaroT TOKU, OPOTEKAIONINE IO EM-
koctam Cq u Co.

[Tanenune HanpsAKeHN HA KaKIO0M SJIEMEHTE TUPIAHALI Oy IET OMPENEIAThCS anredpanye-
CKOI CyMMOII TOKOB, TpoTekarnmx mo usonaropy. I[Tockoaeky C1 > Co, T0 Haubomsmmif TOK

MPOTEKAET MO U30JATOPY, PACTOI0KEHHOMY OKOJIO IMIPOBOJA, HAMMEHB NN — IT0 U30JIATOPY, pac-
MOJIOKEHHOMY T€-TO B CEPEANHE TUPSAHBL, 4 3ATEM HECKOBKO YBETMIUBAETCSA HA AIIEMEHTAX Y
3a3€MJIIEHHOH OTIOpEI. bosiee mogpoOHBIN aHANMN3 CXEMBI 3aMENIEHUS TUPJAHAL JaH B COOTBET-
cTByromieH aureparype [1, 2].

HepaBHOMEPHOCTE pacupeneneHus HANPAKEHUA 10 U30IATOpaM OyIeT YBEIMUUBATHCS C

VYBCIIHUCHHUEM YHCIA JICMCHTOB B THPJIAHAC, TdAK KdAK B 5TOM CJIY4dC BCIIMYHHA YKBUBAJIEHTHOH

€MKOCTH, 00yCI0BICHHAA COOCTBEHHOM €MKOCTBIO M30IATOPOB Cy = —, Oyaer comsmepuma C
n

emxoctsvu Cq u Co.

[Tpu Hamiunu mectu U 0oIee U30IATOPOB B TUPIAHAE HA MEPBRIA OT MPOBOIA U30JIATOP
npuxomurca npumepno 20-25 % ¢dasznoro nanpsaxennsa. Takum o0pazom, npu HOMHUHAIBHOM
Hanpspkenun 154 kB 1 BeIlie M301ATOPEI, PpACIOI0KEHHEIE BOIM3HU NTPOBOAA, OyayT KOPOHUPO-
BATG.

Jlnd BEIpaBHUBAHWA PACIpPENENCHUA HAMMPAKEHUSA BIOIb TUPIAHIE MPUMEHAIOT 3AMINAT-

HYIO apMaTypy B BHOE KOJEI[, OBAIOB, BOCBMEPOK U T. II., YKPEIUIEHHBIX HA 000MX KOHIAX THP-
JIHIEL WIM TOJILKO HA IMHEHHOM KkoHIe. ApmaTypa yBemmuusaer eMkocty Co u Cy . Ananoruu-

HBIM 00pa30M MOKHO BEIPOBHATE PACIPENEICHHUE HANPSIKEHUA BIOIb CTEPKHEBBIX U30JIATOPOB.
ApmMarypa Takxe 3anIuniaeT U30aITOPEI OT BO3ACHCTBUA AYTH MPU MEPEKPHITUH U30JIATO-
POB, TAK KAK IyTra IIPU NEPEKPBITUH TUPILTHABL BOZHUKAET MEKAY NIEKTPOIAMH apMaTy pPEL.
M3 ananusa cxeMel 3aMENIEHNA THPIAHABI TAKKE CIEAYET, 4T0 00JIEe PABHOMEPHOTO pac-
MPENEIIEHN HANPSKEHNS IO U30JIATOPAM MOKHO JOCTHUYb, YBEIMYUBAA COOCTBEHHYIO €MKOCTE

WU3014TOpA, T.€. UCIOJIE3Y s 00JIee MACCUBHBIE W30JIATOPEI MJIA CIBOEHHEIE TUPIAHALL. B 5TOM Ciiy-

qJdC TOKH, IMPOTCKAKIIHUEC ITO0 EMKOCTAM C1 H 02, OKA3BIBAIOT MCHBIICC BJIMAHKC HA BCIIMYHHY

ToKOB B emkoctsax C .

Pacnpenenenne HanpaKeHU IO THPIAHIE CTAHET TAKKE 00JIE€ PABHOMEPHEIM, €CIIH YBE-

mauTh ARIHEHEIG LICFaiarontyio CKBO3HOTO TOKA, HAIPUMEP, MOKPEIBASI H30JLITOPEI MOJIyIPO-

CepTiduKar: 2cﬂm:}ndaEaABaBeﬁEzﬁ?eﬂ%mﬁmﬂmdﬁ 6 )
Bnanend OIIEH, LIA3Y DBIO, L1OAQOHOC ABJICHUE HAOIIOOACTCA TPH AOMKIE, KOTd BO3POCIINE AKTUBHBIC

TOKH }"TET-II{H HpHEﬂ,I[HT K BLIPHBH'HBHHI’HD pﬂCHpE,I[EI[EHHH HHHpHHfEH'HH.
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Ceptucukar: 2C0 043E9ABBBOS2205E7TBAS00060000043E
PTGk Coreé ﬁLHE OTHOCHTE
Bnaneneu: lLleB3yX0Ba TaTbHHa ANeKkcaHnpoBHa

M3Mmeputs pacnpeneneHue HaANpAKEHUA OO0 H30JIATOPAM THPISAHIB MOKHO C ITOMOIIBIO
WU3MEPUTEIBHON IITAHTY WK MAPOBOTO Pa3PAIHUAKA.

M3MmepurensHas mranra npeacTaBiaeT COOOH CUCTEMY M3 IBYX JJEKTPOINOB. JIEKTPOIEI
C NOMOIIBIO KOHTAKTHBIX MIPUCIOCOONEHNHN (B BUAE «yCOBY», HIYIIOB) COEIUHSIIOTCS C BEPXHEHU U
HIDKHEH METATUTMUECKON apMaTypor u30iaTopa. Paccroanme Mexay S1EeKTpogaMid MOKHO U3Me-
HATH MyTEM ITOBOPOTA PYKOATKH IITAHTH. JIEKTPUIECKOE MOJIE MEKIY SIEKTPOIaMu — craaboHe-
O JHOPOAHOE, U HANPAKEHUE MPO00s BO3AYIIHOTO MPOMEKYTKA MEKAY JIEKTPOaaMu OyIE€T 3aBU-
ceTtb OT paccrosuus. lllkana m3MepuTENb HON IITAHTH MPOTPATyUPOBAHA B KUIOBOabTax. Mme-
FOTCS TAKIKE [ITAHTH C AJIEKTPOCTATHIECKUMH BOIBTMETPAMH.

Meronuka onpeneneHusa pacupeneneHus HAIPAKEHU 0 NIEMEHTAM THPJIAHOBL C ITOMO-
MIBI0 MIAPOBOTO PA3PATHUKA CIEAYIONIAL:

1) PazpsagHuk nmoouepeqHo MOAKITIOUAETCA NAPAILUIENBEHO KAKIOMY U30ILATOPY.

2) Bxmouaercsa ucnelTarenbHas YCTAHOBKA, U TUTABHO MOJHUMAETCA HAMPSKEHUE OT HYJIA
10 BO3HMKHOBEHMS YCTOMUUBOTO pPa3pana MExKIY MAPUKAMH Pa3PsAIHUKA.

3) OTHOCHTEILHOE 3HAUYECHUE HANPAKEHUA HA KAKIOM H30JATOPE ONPENEIAETCS PacyeT-
HBIM ITyTEM.

Jls Kaxqoro u30aATOpa NPON3BOANTCS TpU U3MepeHus. HeoOxoaumo cineaurs, 4TOOBI B
IPOLECCE U3MEPEHUN PACCTOAHUE MEKIY MAPUKAMH Pa3pAIHUKA OCTABAIOCH HEU3MEHHEIM.

Tak kak HampsKeHME MO H30JATOPAM PACHPENENA€TCA HEPABHOMEPHO, TO BEIWYHMHA
nanpsxerns U 5 , npuinoxennoro k i -My M30714T0py, TIPH KOTOPOM POOHMBAETCA Pa3pamaHUK, Oy-
NIET 3aBUCETH OT MECTA MOJIOKEHUA U30JATOPa B THPIAHAE, T. €.

Uz zUp=..2Uz =..2U5

Haumensmee snauenne Oyaer umers U 3, mpu ycTanoBke paspsaanuka Ha mEPBOM H301-

Tope oT mpoBona, a Haubomemee U 5 mpu ycranoske paspsaHuka rae-to B CEpPEqMHEe TUPIIAHIIE.

U

rae U — HanpskeHue, mpu KOTOPOM MTPOOUBAETCS PA3PSTHUK;
U 5 — manpssxeHne HA TUPITHIE IPU YCTAHOBKE PA3pAIHMKA HA K -OM U30IATOPE.

Jlnst BCE TUPAAHIBI

n
U U U 1 1 1 Z 1
- +...+Ua_n_u P +U§2+.“+U§1 —U. 1U§ =
| =

AOOKYME I-LI{ I@Jﬂﬂ H(L;;{.Iéz

3NEKTPOHHOW NOANMCLIO

BAT UTECIEHOE 3HAUYCHUE HANPMKEHUA HA K -OM M30JITOPE TIPH U3Me-

PEHUM LIAPOBBEIM Pa3PAIHUKOM:

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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HJIA B ITPOTCHTAX

Uiz ko = nq
UEE:Z
i=1 Uz

Bo BHyTpeHHEN M30IAIMN HAUOOIBIIAA HEPABHOMEPHOCTE PACHPENEICHUA HATIPSKEHU
no 00BeMy M30mAIMY HaOmoaaercs B kabdenax, Tpanc(opMaropax u reHepaTopax.

B m3omsammn kadesnent HanOonpmas HAMpsK CHHOCTh SIEKTPUYECKOr0 NOJIA HAOMIO 1AEeTCA ¥
TOKOBEAYNMX KWiI. [TosToMy A BeIpaBHUBAHMSA MOJIA MO TOMMIMHE U30/IALNN TPUMEHAIOT IPa-
aupoBanue n30aaiun. CynHOCTh TPagupPOBAHUS 3aKITF0YAETCS B TO, UTO W30IALMA, HATPUMED OY-

MaKHas, UMEET CIIOM C PA3JIMYHBIMH BEIIMUYMHAMHU KOA(PPUIMEHTA TUAIEKTPUYECKON ITPOHULIAE-

MOCTH &; OJIMKe K KUIJIE UCTOAB3YETCs Oymara ¢ OOIbmNM E.

B Tpancdopmaropax HanOoIbpIas HEOAHOPOTHOCTE JIEKTPHIECKOTO MO - Y TOpHA 00-
MOTKH, IPUMBIKAIONIETO0 K MATHUTONPOBOAY. /(7151 BEIpaBHUBAHUS MOJA MPUMEHSIOT EMKOCTHEIE
KOJBIIA U SKPAHEI.

B snexkTpuuecknx MammnHax MakCHUMAIbHAs HEOJHOPOAHOCTE 3JIEKTPHUECKOTO MOJIA BO3-
HHUKAET B MECTAX BBIXOAA CEKIIMM M3 MMA30B CTATOpA. 34ECh i1 BRIPABHUBAHUS AEKTPUIECKOTO
MOJISL MPUMEHSIOT MMOKPBITHE JIOOOBEIX YIACTKOB M30JIAIMH TTOIY TPOBOIAIINM JTAKOM HA OTIPeae-
nennyo anuny. [Togpodnee 0 MeTomax peryaupoBaHus NOJIEH B CUIOBEIX Ka0emix, Tpanchopma-

TOpax U MallMHax CMOTPHTE.

Yrkazanue no mexnuke 0e3onacHocCmi:
YKazanusa mo TeXHUKe 0€30macHOCTH MPU BEITOJIHEHUH J1A00paTOPHEIX paboT NpUBEIEHBI

B IIPUJIOKEHUE A.

Ykazanua no evinonnenuro n1adopamopHoii padbonivi:
OnpenemTs pacopeneieHue HAIPsKEHNUA BIOIb TUPASHIR U3 MIECTH CTEK/ISHHBIX M30-
naropoB tuna [1C70 ¢ moMonipro mranru 1 METOAOM MAPOBOTO PA3PATHHUKA IIPU:

1) oTrcyrcTBUM AE(PEKTHBIX U30IATOPOB;

2) i At sedexToro M30IATOpA;

Ceprudomkar: 2C00Q000043ESABBES522Q0ETBAS0006000Q043E

Bnaneneu: e &aﬂMH@EEﬂM—IE’PQH .

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Pabora BEIMOMHAETCA HA BEICOKOBOJBTHOM MCHBITATENRHOM ycTaHoBke 60 kB (puc. 1.2).

TpaBepca nqomkna OBITE 3a3€MIIE€HA, 4 BEICOKOE HANPSKEHHUE ITOABOIUTCS K IIPOBOAY.

Tl SF T2 R

HLR

Pucynok 1.2 — Cxema uCOeITaHUA YCTAHOBKH

[Tpu n3mepeHnu HanpAKEHNUA ITAHTOU HEO0X0 TUMO:
1) BKJIFOYUTE UCTIBITATENBHYIO YCTAHOBKY M YCTAHOBUTH HANPSKEHUE IO HU3KOHM CTOPOHE

200 B, uT0 COOTBETCTBYET BTOPUIHOMY HanpskeHno 60 kB;
2) ¢ TOMOIIBIO MITAHTH 3aMepuTh Hampsxenue U | Ha xammoM M3014TOpE, IpH KOTOPOM

BO3HUKAET MPOOOU MEKIY AUIEKTPOIAMU MITAHTH. Pe3yapTaTel M3MEpEHNI 3aHeCTH B Ta0mI. 1.1;
3) 3HAYEHUA HANPAKEHUN B NPOIEHTAX HA KaXIOM H301ATOPE 3aHecTH B Tabi. 1.1, ompe-

OCJIUB UX 10 COOTHOIMCHHKD

Uy 100
K% — U i
rne U Af — HaAIpsKEHNE, TPWIOKEHHOE K THPJIAHIE M30IATOPOB (B HAMIEM CIOydae
60 kB);

4) nis OpOBEPKU MPABWIBHOCTH U3MEPEHUN HEOOXOAMMO BEIUMCIUTE CYMMY E U ko, -

Ecm cymma ormuuaercs ot 100 % 0onee wem Ha 10 %, TO U3MEepeHUst CIEAYET CAUTATE HEYI0-

BJICTBOPHTCIILHBIMH, H OIILIT HYKHO IMOBTOPHTE.

Tabmma 1.1
M3mepenus
H.?pME‘pEHHH [ﬂﬂpﬂBHM pﬂ.?.pH,I[I-H{HDM -
MTAHTOH
Homep mzomaropa ot
HPGBG'HH" l U{é’g U'i:g-_: Uf:é’-,- _1‘-,- Uzﬁa Ué(;;{%"' Uk‘! Uk“x&’
O
OOKYMEHT UDﬂHHCHH B B B B KB % KB /E?
IANEKTPOHHOW NOANWUCEKO
CeptvdmkaTt EEGGGGGdSEEABBTQEEEDSETBAEﬂEIﬂEﬂl]ﬂEIﬂdSE
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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-

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

] ) moaKIIOUNTE pa3psATHUK NOOUEPETHO MAPATIIENBHO KAKIOMY U30IATOPY;

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

HUKHOBEHUS YCTOMYMBOTO paspsana MEKIy MAaPHKAMA Pa3paIHUKA;

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

s

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

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

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

rae K = 02 k03] (punmeHT Tpancdopmanuu Tpaschopmaropa;

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

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

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

Ha ocHoBannu nOny4eHHBIX PE3yJILTATOB HEOOXOAMMO:!

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

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

JIAHOBL 1A BCCX CIIYVUACB

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

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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rne U éc k% max ¥ U éc k% min — HanOOTBbINEE M HAUMEHBIIEE HANIPSIKEHUE HA U30JIATO-

pax TUPJIAHIBL.

Cooepoicanue omuema:

OTuer D0IKEH COIEPKAaTh:

1. Hazpanue paOoTsr;

2. llens pabortsr;

3. Kparkue TeopeTuueckue CBEICHN A,

4. Onucanue UCnoap3yemMoro 000pyJ0BaHUA U MATEPHUATIOB;
5. [Topanok BeimomHeHMS padOTHI;

6. Beruncienus nu 00padoTka pe3yiabTaToB;

7. BEIBOIEL.

Koumponsnwie sonpocwi:

1. OOBACHUTE NPUIUHEI HEPABHOMEPHOCTH PACHPENCTCHU HANPAKEHUA B W30JAIHOH-
HBIX KOHCTPYKIIHAX.

2. B ueM nposBIsgeTCs OTPULATEILHOE JEUCTBUE HEPABHOMEPHOTO pACIPENEICHNA HAIP-
KEHUA !

3. Ilepeuncmmuts CoOCOOBI BEIPABHUBAHUSA HAMNPAKEHUSA MO W30AATOpAM THUPISAHOBL, 4
TAK’KE MMPU BEITOIHEHUN W30JIAIIMN Ka0enen, Tpanc(popMaTopoB U TEHEPATOPOB.

4. ITosacHUTE € UCTIOJIB30BAHUEM MOMYYEHHBIX PE3YIBTATOB BIMAHUE AE(PEKTHOTO M30JIA-
TOpa HA PACHPENEICHUE HANPKEHAS 110 TUPIIAHIE.

5. [lepeuncmnTs CrmoCOOEI BRIABICHUS O€() EKTHBIX U30IATOPOB.

6. Buas! 3ammTHON apMaTypel U SKPAHOB U IJIA YE€TO OHU IMTPUMEHSIOTCS.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Jlabopamopnan padoma Ne 2. Buympennsnn uzonayus snexkmpoycmanoeox. Hecneoosa-

HUe ITIeKMPUYEeCKOll NPOYHOCMU 8030YUIHBIX RPOMENCYNKOE 6 Pe3K0 HeOOHOpOOHOM no.Jie.

Ilens padbomer: VIzyaenue ocoOeHHOCTEN pa3BUTHA pa3psAla B HEOIHOPOAHBIX mosax. M-
CJIEQOBAHUE BIMSHUA IMOJISIPHOCTH AJIEKTPOIOB HA PA3AIHBIE HAMPAKEHUS B PE3KO HEOTHOPOIHOM
3JIEKTPUYIECKOM I0JIE BO3AYIIHOTO MPOMEKYTKA. MCCIEIOBAHNE BIMAHUSA Oapbepa Ha SIEKTpUde-
CKYI0 IMPOYHOCTE BO3OYLIHOTO IMIPOMEKYTKA. JKCIEPUMEHTAILHOE ONPENEICHUE ONTUMAILHOTO

pacmonokenus Oapeepa.

Ocrnoevt meopuii:

DJIEKTPUYECKas MPOYHOCTh BO3AYIIHBIX MPOMEKYTKOB 3aBUCHUT OT psAna (pakropos, B TOM
4HCIIE OT POJa HAIPAKEHUA, (DOPMBI SJIEKTPOLOB U UX ITOJIAPHOCTH.

B ogHoponnoM snektpuueckom moiie (E=const) pa3psan B BO3ayxe BOZHUKAET MPU HANPA-
KEHHOCTH o, omskon k 3 MB/M, 1 He compoBokIaeTcs ABICHUEM KOPOHHI.

Crenenp HEOTHOPOTHOCTH SAEKTPUUECKOTO MOJIA MPUHATO XapaKTEPHU30BATE KO PUIin-
€HTOM HEOTHOPOIHOCTH Ky, PABHEIM OTHOUIEHWIO MAKCHMAJEHON HANMPAKEHHOCTH MO MEKIY
YIEKTPOAAMH (Emax) K cpegHen ee BeMIuHe (Eep): Ky = Emay/ Ecp, o€ Ecp= U/S. [l 0THOPOIHBIX
nmoneu K »= 1, mia neognopoauelx K =1 1 yBenTUIHUBAETCA IIPU YMEHBIICHUHN PAINyCa KPUBU3HEL
3JIEKTPOJIOB M POCTE PACCTOAHUA MEXKIY HUMU. Y CJIOBHO CUMTAETCs, 4TO ImoJe Oyaer cinadoHeoa-
HOPOOHBIM npu K » <2 1 pe3ko HeogHOpoaHOM mph K » >2...4. Jra rpaHdnia XxapakTepHa I
ClIydas KOHLUEHTPUYECKUX HUIMHAPOB Opu R/r =3, nid mapajuIenbHEIX IPOoBONOB S/1=30 1 1t
aByx c(ep omunakoBoro pamuyca S/r =8 (S- Be3ne paccroanue Mexay saekrpomamu) [1].

DJIEKTPUYECKOE ITOJIE MMPOMEKYTKA C SIEKTPOJAMU OCTPHE-ILIOCKOCTE ABJIAETCS HEOTHO-
ponueM (K »>4). B TakoM mpoMeRyTKe pa3psaaHble HATIPAKEHNA OKA3BIBAIOTCA 3HAYUTEIBHO 00-
7€€ HU3KUMH, €M B BO3AYIIHEIX MTPOMEKYTKAX C OJHOPOIHEIMHI WIH CIA00HE0IHO PO AHEIMHU M1O-
namu. [Ipu 5ToM nckpoBoMy paspsany (mpo0oro) mpeauiecTByeT KOPOHA.

[Ipu mo0ol MOMAPHOCTH HIEKTPOAOB OCTPHUE-IUIOCKOCTH WOHWU3AIMHU HAYUHAETCA ¥
OCTpH S, MOCKOIbKY HANPSKEHHOCTD IOJIA 34€Ch 00NbIIIE, 4eM Y IIOCKOCTH. O0pasyrommiicsa npu
3TOM O0OBEMHBI 3aps COCTOUT, B OCHOBHOM, U3 HOIOKUTEILHBIX MOHOB, T.K. 37IEKTPOHEBL, 001a-
OAFONIAE MAIOM MAaCCOU M, CIEI0BATEIBHO, OONBIIEN TOABUKHOCTBIO, MPAKTUUECKA MTHOBEHHO
MOKHA0T 001acTe noHn3auuu. [1onoxkuTensHel 00BEMHEBIN 3aPs] UCKAMKAET ITOJIE M OKA3BIBAET
CYILIECTBEHHOE BIWAHUE HA MPOLECC PA3BUTHA pa3pAaa.

OKYMEHT MOANVCAH " o
Kk «BIOAHON HBnMtCio2. 1, TPH MOJIOKUTENEHOU MOJIIPHOCTH OCTPUA BO3HUKAONIANA HPH

Ceprudpmkar:  2C0000043E9ABBBI52205E7BAS00060000043E
Bnapendd OH MBaEId: 0B EMHBHEAGdPd] YMCHBIIACT HAITPANKCHHOCTE ITOJIA HCIMOCPCACTBCHHO YV OCTPHA H

}’EEJTHT-H{BHTDT cC B ﬂCTHﬂEHGﬁ qacTi HpﬂMEHf}’TI{H.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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[Tpu orpuniarensHOM NOMAPHOCTH OCTPUSA BIMAHUE O0OBEMHOTO 3apana OyaeT mpoOTHUBOIIO-
JIOKHBIM, - OH YBEJIMYUBAET HAMPAKEHHOCTE ITOJIA OKOJIO OCTPHA M OCHAaOIIeT €€ B OCTAIIBHOU
JaCTH MPOMEKYTKA. B pe3ynbTare U3MEHAETCA HANIPAKEHUNE BOSHUKHOBEHUE KOPOHBI Uk U pas-
pAnHOE HanpsKeHUe nmpomexyrka Up.

[Tpu monoxuUTENEHON MOJSPHOCTH OCTPUS BO3ZHUKHOBEHHUE KOPOHEI OyIeT 3aTPYyIHEHO,
T.K. HAMPAKEHHOCTE IOJIA HEMOCPEACTBEHHO Y OCTPUA MOHWKEHA. [[711 BOZHUKHOBEHUA KOPOHEI
noTpedyercs 0onee BEICOKOE HanpsaxkeHue, t.e. Ur™ > Uk

[TockonpKy HANIPAKEHHOCTH ITOJIA [0 HAMPABJIEHUIO K ILIOCKOCTH HPH MO0 KU TEIBHOHU IT0-
JIAPHOCTH OCTPHUSA YBEIUUYUBAETCA, 4 MPHU OTPUUATENRHON yMeHbIaercs (puc.2.1), To npu nais-
HEWIIEM MTOBHIIIEHUH HANPSKEHU TP ITOJIOKATEILHOM OCTPHE Pa3pal B IPOMEKYTKE IMPOU30U -

et npu 0omee HU3KOM HanpskeHuu, 1.€. Up™<Up

E, S

Pucynok 2.1 — Hanpsik€HHOCTB 3IEKTPUYECKOTO MOIA B MIPOMEKYTKE OCTPHE-TIIOC-
KOCTh: E - 0e3 yuera BiusaHus 00beMHEBIX 3apaaoB; Eq - co3naBaemas monoKATENBHEIMU 00BEM-

HBeIMU 3apsaaamu; E+Eq — pesynsTupyromias

3aBUCUMOCTE Pa3pAgHOTO HANPSKEHUA B HECUMMETPHYHBIX ITOJISAX OT MOJAPHOCTH HIICK-
TPOJIOB HA3BIBAIOT H(P(PEKTOM MOIAPHOCTH.

YOpaBaATh ANEKTPHUECKUM MOJIEM PA3PAIHOTO ITPOMEKYTKA U €T0 SIEKTPUIECKON ITPOY-
HOCTBIO MOJKHO, HAMPUMED, MTOMECTUB MEKAY EKTPOIaAMH TOPOUIATHHEIN TPOBOIANIIII SKPaH,
Ha KOTOPBIHN MOJAaH TOT WJIM MHOM IMOTEHIUAN. B 3aBUCHMOCTH OT IMOJIOKEHUS YKPAaHa U 3HAUCHUSA
€r0 MOTEHIUAJIA MOJKHO TOOUTHCS YBEIMYCHUA WM YMEHBIICHUS Pa3PAIHOTO HANPSKEHUA MIPO-

MEKYTKA.
AOKYMEHT MOANACAH

VORI SHPERT nonaprocT wacTHuHO MM MOTHOCTEIO MOKHO, TOMECTHB MEKITY
Cepmucomkatr: 2C0000043ESABBB9522 i

BAS00060000&4 3E

P Sret PORANIT GAPL &P (HéPetopoaxy) B (puc. 2.2) u3 IMOIEKTpHKA.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Marepuan Oapeepa CynieCTBEHHOTO 3HAYEHUA HE UMEET; Ba¥KHO, UTOOKI Oapeep OwLn no-

CTATOYHO IUTOTHBIM, HCIIPOHHIIACMEBIM IJI HOHOB.
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Pucynok 2.2 — baprep (a) 1 HApsKE€HHOCTh NIEKTPUIECKOro Mot (0) B IpOMEKYTKE

OCTPHUE-TIIOCKOCTE: |- 0e3 Daprepa; 2 - ¢ baprepom

[Tpu Hamaum Oapeepa 1 HOM0KUTETEHON TOIIPHOCTH OCTPHUS TOJIOKUTEIFHEIE MOHBI HA
MOBEPXHOCTHU Daprepa, pacpeaenaoTCa TEM 001€€ PABHOMEPHBIM CJIOEM, UEM JAMBIIE OT OCTPUA
yCTaHOBJIEH Oapeep. B pesynprare HanmpsaKEHHOCTE SJIEKTPUUECKOTO MOJIA HA ydacTke Oapeep-
MJI0CKOCTh HECKONBKO MOBBIIIAETCA, HO, pACIPENEsIeTca Donee paBHOMEPHO (puc. 2.2, 0) B mpo-
MEKYTKE, 4TO U MPUBOINUT K 3aMETHOMY YBEIWUEHUIO PA3PAIHOTO HANPSIKEHUA IMPU ONMTUMAITh-
HOM MOJIOKEHUH SKpaHa.

[Tpu nanuumm Oaprepa U OTPULATEIBEHON MOIAPHOCTH OCTPHA HAOTIOTAETCA KAK CHUKE-
HHE PA3PAOHOr O HANMPMKEHUS MPOMEKYTKA, TAK M HE3HAUUTEIBHOE €ro yBenuueHue (puc. 2.3).

[Tpu mepemennom nanpskennu (npu gactore 50 ') B mpoOMEKYTKE OCTPHE-TIIIOCKOCTE
pa3psaa BO3HUKAET MPHU MOJIOKUTEINBEHON MOJSIPHOCTH HAMPAKEHUS HA CTEPIKHE, MOCKOJIBKY IIPH
5TOM pa3psAaHOE HANIPAKEHHUE 3HAYUTENIBHO HIKE, €M OPH OTPULIATENBHOM MOAAPHOCTH OCTPHAL.
[TosToMy mpumenenue Oaprepa A8 YBEIMUEHUA OTPOYHOCTH MPOMEKYTKOB A(P(PEKTUBHO U TIPH

HAIPAKEHUN TTPOMBINLIEHHON YaCTOTEL.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pucynoxk 2.3 — Pa3psanneie HANPMKEHUS MPOMEKYTKA OCTPUE-TLIOCKOCTD:

1 — 0e3 Daprepa; 2 — ¢ dapeepoM.

Pazpsannpie HAMPSKEHUA OPOMEKYTKA C DIEKTPOIAMH OCTPHE-OCTPUE MPU MTEPEMEHHOM
HANPSKEHUW OyAyT BBINIE, UEM PA3PAIHBIE HATIPAKEHUSA MPOMEKYTKA OCTPHUE-TIIOCKOCTE. JTO
OOBACHACTCS TEM, UTO B HOCIECIHEM CIy4ae (B CHIy OOIBIION €MKOCTH CHCTEMBI KAHAJI CTPUM-
Mepa - MJIOCKOCTH) IUIOTHOCTE 3apsAaa Ha (PpOHTE CTPUMEpPA M, CIEO0BATEILHO, HANPAKEHHOCTD

Moy BOJMIM3M HETO OKA3BIBAKOTCA 00JIEE BBEICOKMMH, 4TO OOJErd4aer yCiOBHE PACIPOCTPAHEHHA

CTpUMEpa BIIIyOb IPOMEKYTKA.

Yrkazanue no mexHuke 0e30naCHOCHIUL:
VYKazanus mo TeXHUKE 0€30macHOCTH MPU BEITOJIHEHUHN J1JA00OPATOPHBEIX pad0OT NpPUBENEHBI

B IIPUJIOKEHUE A.

Ykazanua no evinonnenuro n1adopamopHoii padbonivi:

Pabota BEITOTHAETCA HA BEIONPAMUTENBHON YCTAHOBKE, CXEMA KOTOPOU IMPUBEIEHA HA PUC.

2.4,

AKB PUI
—-=

KM

~220) HLW ®

PU2
OOKYMEHT NoanncaH
SNEKTPOHHOM I'ID,EII'IH%EIUE_'
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E =
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pucynok 2.4 — [IpuHiiunuansHas cxema BRIIIPAMHUTEIBHON YCTAHOBKH:
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Pabora Ha yCTaHOBKE MPOU3BOAUTCA B CIAEAYIOMIEM IO PAIKE:

1. Heobxomaumo yOenuTsCs, 9T0 yCTAHOBKA ITOJIHOCTBIO OTKJIIOYEHA OT CETHU:

Breixmouensl pyOunsauk QS1 murka ynpaBiaeHUs, PETYJIATOP PETYAUPOBOYHOTO TPAHC-
(popmaropa T1 HaxoauTcs B OTKIIIOYEHHOM ITOJIOKEHUM, U HA BBIXOJ BEICOKOTO Hanmpsmxenus BH
yCTAHOBKH HAJIOKEHO BPEMEHHOE 3a3EMIICHHE.

2. Ilocne 3TOr0 MOKHO 3aXOOUTH 34 OTPAKAECHUE YCTAHOBKU U MPOU3BOIWUTE HEOOXO0IM-
MBI€ U3MEHEHHS B CXEME HCCIEIOBAHNA.

3. 3akoHuuB padOTy 3a OTrpaxkIACHUEM, 3aKPHIBAIOT ABEPL OTPAKIECHUSA, BKIIOYAIOT LEMh
OnoxkupoBkn AKB, cHUMAaOT BpEMEHHOE 3a3EMIICHHE.

4. Bkmouarot pyOmwisHuK QS] mmTKka muTaHus, Opu STOM MOJAETCS HANPSKEHUE HA pe-
ryaIupoBOUHEIN Tpancopmarop 11, 3aroparorcsa curnanensie nammsl HLW i HL3.

5. Bxmrouaror knonky QS1 Ha nyneTe yrpaBiaeHusA, OPU STOM 3aMBIKAIOTCSA KOHTAKTEI MAr-
HUTHOTO myckarens KM u momaercsa HanpsKeHue Ha BEICOKOBOILTHEIN TpaHcpopmarop 12, cur-
HaneHyI0 nammy HLR u odmorky TokoBoro pene PT.

1. Onpenenurs pa3psAIHBIE HAMPSAKEHUA BO3AYIIHOTO IMPOMEKYTKA OCTPHE-ILUIOCKOCTE B
3aBUCUMOCTH OT PACCTOSHUA S MEKIY SIEKTPOTAMH HOPH MOJIOKUTEIBHONU U OTPHUIIATEIBHOM IO-
JAAPHOCTH OCTPUSL.

Pe3yIbTaTel ONBITOB CBOIAT B TAOMUILY CIEAYIONIEHN (DOPMEL

Tabmuma 2.1
+ S., =
I [
S o S
S, CM
U._, KB U p.CPs U-, kB Upﬁpa
1 2 3 kKB | 2 3 kB
1 0.5
5 2.5

3necek Upcp — CpeqHEe 3HAUCHUE HANPSKEHNA MEKIY SIEKTPOAAMH B MOMEHT mpo0os, kB.
Ha ocHoBaHnnu nony4eHHEBIX JAHHBIX DOCTPOUTE 3aBUCUMOCTE Up=f(S).

l. OrnpenemTs pa3psaaHbIe HAPAKEHUA MTPOMEKYTKA OCTPHE-ILUIOCKOCTE C DapeepoM

JOKYMEHT MNOANCAH w
P Pa3 HABHTO0HHITAGIHHIE Oapbepa U Pa3IMIHON ITOJIIPHOCTH OCTPHA.

Ceptudpukat:  2C0000043E9ABBBI52205E 7BAS00060000043E
Bnagenew:  Lech@PhEP-PACHOFANAIOT B CICIIMATEHOM IIPUCITOCOOIEHNH; PACCTOAHUE S YKA3BIBAET MPEITO-

naBarenb. Pe3yIbTarsl ONBITOB 3aHOCAT B TAOJIHIY CIEAYIOMIEN (POPMEL.
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2. Ha ocHOBaHMM NMOJIyUEHHEBIX PE3YJILTATOB MOCTPOUTH 3aBUCUMOCTH Up=f(x/S)
IJI PA3JIMYHOU ITOJIAPHOCTH JIEKTpOoa0B. Ha 5ToM ke rpaduke mokaszars pa3psagHble HAPIAKCHUA
MPOMEKYTKA JUIA JAHHOTO PACCTOAHUA S IIPH PA3IMYHEIX ITOJIPHOCTAX OCTpHs Oe3 Ddapeepa.

Pacnpenenenne m HANPAKEHHOCTH SJIEKTPHUYECKOTO ITOA BIUAIOT HA KOHCTPYKTHUBHEIE
0COOEHHOCTH U AKCILTYATAIIMOHHBIE XaPAKTEPUCTUKH HAEKTPOTEXHUIECKOT0 000pymoBanus. [1o-
3TOMY PACUET HANIPAKEHHOCTU SICKTPUUECKOTO MO NPEACTABIAET BAKHYIO 341a9y IIPH PO EK-
TUPOBAHUM TOKOIIPOBOJIOB, M30JIATOPOB, SKPAHOB U JIPYIUX KOHCTPYKIMH H30JISAIUH.

B M30/AIIMOHHBIX KOHCTPYKIMAX C HEOTHOPOIAHBIM ITOJIEM, HATPUMEP, B KOAKCHAIbHBIX
TOKOITPOBOIAX (pUC. 2.5, a) HATIPSKEHHOCTH YJIEKTPUYECKOTO 1mond E B mr000M ToOUKe HA paccTosi-

HHUH T OT OCH PdBHA

U

Fs

r-ln| =
Fy

F—

rae U - HanpsxeHue Mexay KUiIoH U 000109KO0M;

ri U1 r2 - BHyTPEHHUN U HAPYKHBIA PAOUYCEl U30JIALINH.

Tabmuma 2.2

Sty o e

U, kB U, kB
UPHCP-: KB Up,cp, I{B
1 2 3 1 2 3

X/S

0,0

0,25(0,2)

0,75(0,8)

1,0

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pucynok 2.5 — PacdeTr HANpsAKEHHOCTH 3JIEKTPUIECKOTO ITOJIA
B M30JAIMOHHBIX KOHCTPYKIMAX C HEOJHOPOIHEIM ITOJIEM:

a — B KOAKCHAJIBHBIX TOKOOPOBOAAX; 0 — B c(hepuueCKOM KOHIIEHTPATOPE

Pacuer Hanpsa:x€HHOCTH MOJIA B MO00M TOUKe Chepruueckoro koHaeHcaropa (puc. 2.5, 0)

BBIITOJIHAETCA 1O (popmyie

U-Fl 'FQ

E=—
re(m —-n)
[TomoOHBIE TOYHEIE COOTHOMICHUSA MOJYYCHEI M I APYTHX CPABHUTEILHO MPOCTHIX CH-
cCTEM BJ'[EKTPD,I[DB.
Pacuer HAMPSIKEHHOCTH SJIEKTPAUECKOTO OIS B PEATbHBIX H30IAIIMOHHBIX KOHCTPYKIIMIX

JacTO MPEACTABIAAECT COO0M CIOKHYIO U TPYAOEMKYIO 33149y, U HOTOMY BBIMTOJHAETCA C IMPUME-

HEHUEM YHCIEHHBIX MeTOn0B 1 2B M.

Cooeporcanue omuema:

OTUeT OOmKEH CONEPIKATE:

1. Hazpanue paOoTsr;

2. llens pabortsr;

3. Kparkue TeOpeTHUECKHUE CBEICHN A,

4. Onucanue UCnoap3yeMoro 000pyJ0BaHNA U MATEPHUATIOB;
5. [Topanok BermomHeHUs padOTHI;

6. Beruncienus n 00padoTka pe3ynbTaToB;

7. BEIBOOEI.

Koumponsnwie sonpocwi:

1. Cxema uChbeITaTenbHON YCTAHOBKH.

OKYMEHT MOAMNNCAH "
%;ﬁewjmwmmﬂmamﬂ{ B BUE Ta0muIl 1 rpa)uKoB.

Ceprudmkar:  2C0000043E9ABBBI52205E 7BA500060000043E
Bnageney:  Weedd3bTROABARA-PEBEELTATAM PAOOTHL U 3AKITII0OYEHUE 0 HANOO0IIEE BBITOJHOM PACIIOIOKEHUN

6ﬂpBEpﬂ IO TaHHBIX QHEI{TPG,HGE.
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Jlaovopamoprnaa pavoma Ne 3. Hcnvimanua usonayuu. Hzmepenue conpomueneHus u

emkocmu uzonayuu. Cmamucmudeckie 3aK0HOMEPHOCMU NPeDo.

L enws padbompr: O3HaKOMIIEHNE C OCHOBHBIMHM CTATUCTHYECKHMMH 3aKOHOMEPHOCTSAMH MPO-
00 IPU UCTIBITAHUM 00PA3II0B TA30BOM U KUAKOHN H30AIMH. M3yueHne cTaTHCTUIeCKUX METOTOB
00pabOTKH M aHAITN34 SKCHEPUMEHTAIBHBIX JAHHBIX MPU UCIIBITAHUM W30 A1MH. Pacuer mapamer-
POB U MOCTpOeHNE TU(P(PEPEHIINATEHEIX U UHTETPATBHEIX KPUBEIX PACIIPENEIICHUS BEPOATHOCTEN

npo0os.

Ocrnoevt meopuii:

O0pasnsl M30aA1HH (Ta30BOH, JKUIKOWU, TBEPA0I) M M30IALUOHHEIE KOHCTPYKIIUMU MOIBED-
ralTCsA Pa3IMIHOTO PoJaa UCHBITaHUAM. Hampumep, s1ekTpudeckas MPOYHOCTE Fa30BEIX IIPOME-
JKYTKOB U KOHCTPYKIHUH IIPH MTOCTOSHHOM WJIH MIEPEMEHHOM HANPAKEHUN OTIPEIEIAETCS MPU HE-
MPEPEIBHOM MOIBEME HANIPAKEHUA 10 Mpo0osA. CKOPOCTs HAPACTAHUS HANIPAKEHUA B STOM CIIy-
qae, Kak MPaBuio, He TUMUTHPYeTca. [Ipu mOBTOPHEIX HCHBITAHMAX HAOIIOAEMBIE 3HAUEHU S TTPO-
OMBHEBIX HATIPAKEHUU OyAyT HEOAMHAKOBEI. Pa30poc mpoOMBHEIX HATIPSKEHWI ITPU TAKOM BUE
HUCHBITAHUAX OTPEIEIIeTCA MHOTUMH MPUIMHAMHA: HE UAEHTUYHOCTEIO IIPOMEKYTKOB OT UCITBITA-
HUS K UCITBITAHUIO; HECTAOMIBHON MOTPENIHOCTRI0 H3MEPUTENBEHOTO NPU00pa; CyOBEKTUBHOCTBIO
omeparopa; CTaTUCTUYECKUMH 3aKOHOMEPHO CTAMH, CBA3AHHBIMU C BO3HUKHOBEHUEM U PA3BUTHEM
CaMoro Mporiecca pa3pana u T.10., - T.€. pa3dpoc 3aBUCHT OT MHOTHX CIYYaWHBIX (PAKTOPOB.

Cpenuee 3HaueHnEe MPOOMBHOTO HAMPAKEHUS:

N
D U

Uﬂ. — KZIN

YacTo mpuBOINTCS KAK XAPAKTEPUCTUKHN HIEKTPUUIECKON MMPOYHOCTH 00pa3a Wil U301 -

[HOHHOW KOHCTPYKIMH. OTHAKO TSI MHOTUX MPAKTUICCKUX CITyYaeB BAKHO 3HATE, mOMUMO U

, XaPAKTEPUCTUKH, CBA3AHHBIE C pa30pOCcOM MPOOMBHEBIX HANPAKEHUM; MUHUMAIBHOE MPOOUBHOE

HanpsKeHUEe  Up min; BEPOATHOCTE MPO0OA HNPH MOABEME HANPAKEHUA N0 TAHHOW BEITMYHUHEI

Ui—P(Up < Ui); cpenHekBaapaTHIHOE OTKIOHEHHUE

N —
> Upx ~Up)
o :\ K=1

N -1

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudukar:  2COROTOPOBSIBRNET A MEPOIP KPS TIHE 3aBucuMocTa P(Up < Us).
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3aBUCUMOCTE BEPOATHOCTH MPO0O0SA OT BEIMYHUHBEI HAMPAKEHUA IO SKCIIE PUMEHTATBHBIM
OaHHBIM CTPOUTCA CIAEAYIONMMM MeToaoM. Pasznemim quama3zoH moaydeHHBIX N 3HA4eHUI IIpo-

OMBHBIX HAMPAKEHUHM HA N PABHBIX AJIEMEHTAPHBIX Auamna3oHoB AU Mo COOTHOMEHHIO

U!’mux _U."’min _ &U

1

KaxaomMy 13 5TUX 3IE€MEHTAPHBIX JUANAa30HOB NPOOUBHOTO HANPSKEHUA OyIET COOTBET-

CTBOBaTh gucio npodoeB Ani; An2... Ann n
f
> An, =N
k=1

An, o o
Bemiunna Ni = p, OPUOIM3UTEILHO PABHA BEPOATHOCTHU TOTO, UTO NPOOOH IIPOU30UIET

B Auamna3zoHe 3HaueHusA HanpaxeHus ot Ur 1o Uk+r .

k=N
[Tpu ycnoBusax nopmupoBku AU=1 n z Pi =1 momywaercs skcmepumeHTaTBHAS TH-
k=1

crorpammMa (puc.3.1) pacnpenenenus nIO0THOCTH BEPOATHOCTH TpoOoeB. CyMMUPyS pk OT p1 00 pi

k=i
momydaem: P (U, <U,) = Z p, - DIPUOIIKEHHYIO BEPOATHOCTE TOTO, UTO IIPOOON MPOU30UIET IIPH

k=1

Up. Crynmenuarsiii rpadpuk F(U , <U;) naer 5KkCepuMEHTATbHY IO 3aBUCUMOCTE Pi OT HATIpsiKe-

ausa. U3 Teopun BeposTHOCTH U3BeCTHO, uro mpu N — 00, AU = dU,An, — dn ¢yuximmusa Py U)

IPENCTABILIET COOOU paCIpPENEIeHNE ITIOTHOCTH BEPOATHOCTH Wi JU( (P epeHIIMAIBHYIO KPUBYIO

pacnpeneneHus BEPOATHOCTEN npo0o.

P(U,<U;)

3

e [ e — —— — T — — — —— — — T — C— . — — T — — —. — — — — — —

= Ly Vot s =
v i u frann u 2 u 3 u i L Ay g aax

Pugyrek 3idhmmtlacTpoeHne SKCIePUMEHTATBHBIX THCTOTPAMM PACTIPECTICHN ST BEPOST-

SNEKTPOHHOW MNOAMNUCHIO
CeprudHOCTICT O FOETUX KPUBEIX TH HIITHAJIEHOTO U HHTErPAJIBHOT pe-
aC Deen epe AJILHOTO erpaJLHOTO pacipe

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

IeJIeHUH
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[Tpu s5TOM

U
PWU, <U,)= J‘pk U)-dU

— i)

MHTETPATHHASA KPUBASA PACHPEIECIECHHA BEPOATHOCTH Mpo0os. B oOmiem cnydgae 5T KpuBBIE

YKCHEPUMEHTAILHO MOJIYUE€HEI OBITE HE MOTYT ( N —> 00). OmHako, ucxond u3 (PU3nueCcKux npen-

TOCBUIOK, 9K CIEPUMEHTATBHBIE TUCTOTpaMMel ist pr 1 B (U, <U;) MOryT OBITH anmpoKCHMHu-

POBAHBI KAKUM-TM00 MATEMATUIECKUM 3aKOHOM pPacHpeneneHus BEPOATHOCTEH.
MHoOrouuncieHHse NCCAENOBAHNA NOKA3AIM, YTO IIPU MHOTOKPATHBIX NMPO00OAX BO3MyII-

HBEIX TPOMEKYTKOB 3aBUCUMOCTE BEPOATHOCTH BO3ZHUKHOBEHUS PAa3psaaa OT HAOPSLKEHU pa3psaa

B mpenenax —30...+30 YIOBJIETBOPUTEIEHO OMMUCHIBACTCS (PYHKIMEN HOPMAIBEHOTO pacIpeme-

nenusd ['aycca

U T2
| U, -U,)
P(UEUp)zﬁ Iexp-— pz 2p dUp,
ﬂ'{}'_m a

rae U | 1 o - mapamMeTpel pacmpeneneHus.
Tounocts ompeneneHus HanIEHHBIX 3HAUCHUHA U | ¥ 0 110 CPABHEHUIO C HCTHHHBIM 3aBH-

cut ot N. Hampumep, oTHOCHTEIBHAS MOTPEIIHOCTE onpenesnenns ¢ u U, ¢ Haaexnocreo 0,95

HAXOOHUTCA ITO COOTHOIMCHH AM

CooTBeTCTBYIONIME A0COMOTHBIE NOTPENTHOCTH

e- =¢; U, €,=¢€.0.

U, U, a
[TocTpoeHne KPUBBIX HOPMAILHOTO PACIPENETIEHHS IT0 U3BECTHEIM mapaMerpaM ¢ u U )

MPOU3BOIUTCS C UCMOJIB30BAHUEM COOTBETCTBYIONIMX TAOINII, TPUBEIEHHEIX B TOCOONAX U CIpa-
BOYHHKAX MO TEOPUU BEPOATHOCTH U MATEMATUYIECKON CTATUCTUKE (HEKOTOPHIE TAOINUHEIE 3HA-
UEHWS MPUBEIECHEI B IPIIOKEHNN K TAHHOM padoTe).

[Tpn aHanmOrHMUHEIX UCHOBITAHUAX OOPA3IOB KUAKOCTH (HApUMEP, TPaHC(OPMATOPHOTO

Macma) pa3opoc MpOOUBHEIX HANPSKEHUM U U | 3aBUCAT HE TOMBKO OT BCEX (DAKTOPOB, mepeumc-
AOKYMEHT MOAMNNCAH

JIEHHBIX Wﬂﬁ@ﬂﬁﬁ%‘%ﬁ a3110B, HO M1 OT BDEMEHN BO3ZIENCTBUA (CKOPOCTH MOABEMA) HATIPS-
Ceptudikar: 2000004 3E9ABSBISA205E 7BAS00066000043E

Bnaneneu; llleGayxoea TaTeAHa AnexkcaHgpoBHa
AHCHHA
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dopmupoBaHue pazpaaa B TEXHUUECKH YU CTOH JKUIKOCTH P CPABHUTEIEHO JJIUTEIEHOM
BO3EHCTBUM HANPSKEHUS (CEKYHIBI U 00JIe€) CBA3aHO C HATUUMEM U PACIIOIOKEHUEM B MOMEHT
UCHBITAHUSA B MPOMEKYTKE PA3IMUHOTO POga HPUMECEH, My3bIPEKOB, UX HAKOIUIEHUEM, Ae(opma-
ITAEeH 1 T.]I.

[Tosromy pazOpoc mpoOMBHBIX HANPAKEHUH B KUOKOCTH Oyner Oombmie, 4eM B rase, u,
MOBTOPAEM, OyAET CHIBHO 3aBHCETEH OT CKOPOCTH moanema HampskeHus. CiegoBarenasHO, TpU
UCHBITAHUAX KUIKUX 00pa30B CKOPOCTE HAPACTAHWUS HANPAKECHU JOIKHA OBITE CTPOTO JIMMHU-
N, (U,<U,;)

N

ThupoBaHa. Kpusas ~ P(U , <U,; ) 0py HCTIBITAHNSIX JKUKOH H3OJSIIAN TAKIKE Y 10-

BJIETBOPUTEILHO AMIPOKCUMUPYETCA YCEYEHHBIM (OT -30 OO0 +3 G) HHTETPATBHEIM PACIIPENENe-
HueMm ['aycca, XOTs OTInYne TEHCTBUTEIBEHON KPUBOU OT HOPMAJTBHOTO 3aKOHA 3JECH MOKET OBITH
Oosiee 3amMeTHO.

Jlns OOMBEIMMHCTBA NMPAKTUYECKU BAKHBIX CIYUAEB IIPU W3BECTHOU (HAUICHHOW) KPUBOU

pacupeneneHus BEPOATHOCTEN NPOOOER MO HANPAKEHUAM 34 MUHUMAJIBHOE Pa3pPAIHOE HAIPAKE-

HHUC ITPH HACHTHYHELBIX YCIOBHAX OIIBITA ITPHHUMACTCA U

2{71”—30'.

[ min

Yrazanue no mexunuke dezonacHocmi:
YKazanus 1o TeXHUKe 0€30IacHOCTH IIPU BEITOJIHEHUN JJA00OPATOPHEIX pad0OT NPUBEIEHEL

B IIPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padbomol:

L. [TonyauTs SKCHEPUMEHTATBLHEIE TAHHBIE I ONPEAEIEHUA CTATHUECKUX XaPaKTe-
PUCTUK OPO0OOS MPU UCIILITAHUM BO3IYIIHEIX U MACIAHBIX MIPOMEKYTKOB IIPU MJIABHOM IO TBEEME
HAMPSKEHUA MPOMBINLTIEHHONW YaCTOTHIL.

2. [TocTponuTs MO SKCHEPUMEHTAIBEHEIM JAHHEIM TMCTOTPAMMEI UL Pk, PACCUUTATH

Pi(Up<Ui) n UP U OLIEHUTH TOYHOCTh UX ONPEIECICHUA.

3. [To mainennsiMm U | u 0, NCTIONB3Ys TAOJMIIEL, ITOCTPOUTE TPAPUK HOPMATBEHOTO

pacnpeneneHus (MHTErpabHAS KPpUBasa) U onpenenurs Umin.
4. J1ns MO Ty4eHHBIX OMBITHBIX JAHHEIX N0 nporpamme 9BM (o oTaensHOM MHCTPYK-

I[MH) TOCTPOUTE THCTOTPAMMEI INIOTHOCTH BEPOATHOCTH M BEPOATHOCTH NPOOOEB I PA3HEIX BE-

aunauH n. Paccuurare mapamerper U |, 6,6~ , €, ¥ mOnyunTs KpuBkie nudpepeHmanp-HOTo U

p? Ug
OOKYMEHT NoarincCAaH

WHTET aﬁﬂﬁﬁ?@*ﬁ%@ﬂﬂ?@%ﬁﬂm Ta;fcca.

Ceptucukat:  2C0000043E9ABEBIS2205E 7BA500060000043E
snapeneu: LeoPABOTH“BEMTOTH AP Ha BRICOKOBOJIBTHOM MCITBITATEIBHOM YCTAHOBKE, KOTOPAS MpPUBE-

NeicTe b%ggac%ﬂgﬂ]gi r|3|:|29' 08.2023 )5
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PucyHok 3.2 — MpUHIMIHAIBEHAA CXEMA UCIBITATEIEHON YCTAHOBKHI

Brxmouenue obecneanBaercs ¢ momonipio pyomwisHuka QS1, knonku SB1 (BKJI) u mar-

HUTHOTO Imyckarens KM. Otkmodenne u 3anmra — ¢ moMonibpo TOKOBOTO pene KA, aBromara SF1

1 kaHonku SB2 (OTKIJI).

[Tpu BEIMOTHEHNH OMBITOB UCITOJIL30BATH 33 JAHHEIE OPEM0AaBATENEM MPOMEKYTKH. Peko-

MEH/Iy €TCS AJIA MOy YEHUA NPUEMIEMBIX OI€HOK BEIITOJIHUTE N=50 OOBITOB 1A KAKA0r0 IIpoMe-

KyTka. CKOpPOCTh MOABEMA HAMIPAKEHHUA U YCIIOBUSL IPOBENCHUA ONBITOB BEIIEPKATE, ITO BO3ZMOK-

HOCTH, IMTOCTOAHHBIM. I[I[H [MOCTPOCHHUA THCTOTPAMMEI ITO0 OdHHBIM 50 omEITOB N MPHHUMACTCA

00praHO B penenax 7-9. [Ipu padore ¢ mporpammont 9BM uncno npana3zoHoOB N MOKHO MEHATE.

PesynpTaTel m3mepenui 3amucars B Ta0n. 3.1, a pacuersr — B Tadm. 3.2.

X

Bnaneneu:

SNEKTPOHHOW NOAMNMCHIO
Ceprudmkar:  2C0ch AR IHIEEBEDS2205E7BA500060000043E

llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023

Tabmuma 3.1
No U2, kB No
Ui, B Uz, kB Ui, B | Uz, kB | U2, kB

/I Uz=krp U, I/
1 UE,J' ~ Uﬁ.-m'u 26 UE,.Er} ~ {7

2 27
UE,Ej ~ (7;1 Uljﬂ - U

25 50

[IOKYMEHT NOANMWUCAH
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[To momy4eHHEIM 1 paACCYUTAHHBIM JAHHEIM ITOCTPOUTE TUCTOTpaMMEL 11 pi (A Ux) u Pi(Up
< U;), iHTErpAILHYI0 KPUBYIO HOPMATBEHOTO pacmnpenenenus ["aycca B mpenenax (—30)...(+ 30

BepoATHOCTE mOMmagaHus HOPMAJIBHO PACHPEIEIEHHON CAYJaiTHON BETMUMHEL U (B HAIEM
CJIydae - BEpOATHOCTH po00s) B uHTepBai (Ui, U2) Beraucagercsa mo (popmyiie

P(U, {UﬁU”é{@[U;U}_@[U;Uﬂ,

O a

=0

— 7 2 i I~
U-U J: L I e’ -dt - pynkuusa Jlammaca (MHTErpas BEPOATHOCTH ), HEKOTO-
0

J2r

PEI€ 3HAYEHU S KOTOPOM MPUBENECHEI B TA0MMIIE.

2

roe (I{
o

[TpuBenem pacuer ogHOM TOUKH. J|OMyCTHM, MO SKCMEPUMEHTAIBHEIM JAHHBIM =5 KB,

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

P(U <25)=P(0<U, <25)=1|@| 22290 ¢ 2=370)|_
Iy np 2 5 5

_ %[@(— 1)-d(-6)] = é[— 06827+ 1)=0,1586

HMuTrerpan BeposSTHOCTH ABAAETCA (PYHKIIMEH HEYETHOM U
O(-U)=-D(U ).

AHAIOTUYHO PACCUATEIBAIOTCA BCE OCTANBHEBIE TOUKH B MPEEIax OT - 30 — 10 +30.

Cooeporcanue omuema:

OTUeT nOmKEH CONEPIKATE:

1. Hazpanue paOoTsr;

2. llens pabortsr;

3. Kparkue TeOpeTHUECKHUE CBEICHN A,

4. Onucanue UCnoap3yeMoro 000pyJ0BaHNA U MATEPHUATIOB;
OKYMEHT MOAMWCAH

SHGpaeId BeMo@H I PadOTHI;
CepTudmkar: 2C0000043E9ABSBI52205E7BA500060000043E

Brapenew:  WeGyxBriupeabrerprrroOGpadoTKa pe3yIbTaTOB;

7. BLIBD%LI.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Koumponsnwvie sonpocwi:

1. Yem onpenensgerca pa30dpoc mpoOMBHEIX HAMPAKEHUN 00PA310B U30JIAIINN ]

2. Ilouemy paz0dpoc nmpoOMBHEIX HAOPAKEHUHN KUIKOH M30JAINN O0JbIIE, YEM BO3TYIII-
HOU?

3. SBnsAerca 1 NCYEPNBIBAONIIEN XAPAKTEPHUCTUKOHN M30IAIMOHHEIX BO3MOKHOCTEHN KOH-

cTpykimu BemunHal | ?

4. [TosicHuTE CMBICIT OCHOBHBIX [TAPAMETPOB HOPMANBHOTO pacnpenenenus (o,U ).

5. ITouemy nopmansnHO€ pacnpenencHue ['aycca yaoBIETBOPUTENRHO AMIIPOKCHUMUPYET
skcnepumenTanbHyto kpusyto P (Up = Ul) B nmpenenax U, £30 ?

6. Hacto oueHsp BaKHOUW BEMMUYMHOM AJIA OLEHKH W30JIAUN ABIsETCA BennunHa Up,min.
[Touemy?

7. Onpenemute HEOOXOAUMBIN 00BEM UCOBITAHUM [IJIS OLIEHKH U , 1 C IpH 3a0aHHON Be-

JUYHUHEC IMOTPCIIHOCTH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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HMadopamopuan paboma Ne 4. Konmpons ousnekmpuueckux nomeps U usMepeHue na-
pamempos 4acmuyHsIx pa3paooe. Konmpois noeubllteHHBIM HANPAICEHUECM. UCRbIMAHUA
U301AUUU OMOETbHBIX 6UO006 00opyoosanua. Konmponas uzonayuu xonmaxmuou cemu. Hc-

C1e006anie nepeHanpadldceHuil 8 00Momkax mpancgopmamopa.

Llenv padomepr: O3HAKOMUTECA CO CXEMOU U padOTOM aHAIM3ATOPA NEPEXOIHBIX ITPOIIEC-
COB. M3yuure METOIEI ONPENEICHNS MEPEHANPSIKEHUH B TIIABHOU Y MPOAOJILHON W30JALUNA 00-

MOTKH TPaHC(pOpMATOpa IPH BO3AEUCTBUHU HA OOMOTKY T'PO30BBIX UMITYIBCOB.

Ocrnoevt meopuii:

M30mammsa 0OMOTOK BEICOKOBOJBTHBIX CHJIOBBIX TPAHC(POPMATOPOB B 3HATYUTEITBEHON MEpE
ONPENEIACTCA NEPEHANPSIKEHISIMY, BO3HUKAIONIMMYI B 00MOTKAX IIPU BO3OECHCTBUM HA HUX T'PO-
30BBIX UMITYJIBCOB. [Ipn mamennn Ha 0OMOTKY UMITYZIBCHOW BOJIHBI BO3HHUKAIOT CJIOKHBIE JJIEK-
TPOMArHUTHBIE MTPOLECCHI, KOTOPEIE MPUBOIAT K OBICTPO MEHAIOMIMMCH MEPEHANPAKEHUEM Ha
3JIEMEHTAX TJIABHOW U ITPOI0JIbHOW W30JIAHH.

Tounrrit pacuer 5THX OPOIECCOB MPAKTUUECKH HEBO3MOKEH BCJIEACTBUE B3AMMHOTO BIIHU-
AHWUSA MHOTHX AJ€MEHTOB: PACTIPEAECICHHBIX MPOAOIBLHEIX U MOMIEPEUHBIX EMKOCTEN 00MOTKH, COO-
CTBEHHBIX M B3aNMMHBIX HWHIYKTUBHOCTEN BUTKOB U 00MOTOK U T.m. [losTomy Hapany ¢ reoperu-
JECKUMHU MPUONMKEHHBIMHU PACUETAMA U MOJIEIMPOBAHUEM MPOLECCOB ¢ momoniso IBM gacro
1 HanOonee IUIOZOTBOPHO HMCIOIB3YIOTCS MCHBITAHWA HA MONENAX WIA PEATBHBIX 00OMOTKax C
MPUMEHEHNEM AHATTU3ATOPA NEPEXOTHEIX MTPOIIECCOB.

OOmoTka TpancpopmMaropa MOKET OBITE MPEACTABICHA TMHEHHOM SIEKTPHUECKON LIETBIO

(puc. 4.1), mapameTprr KOTOPOM OTHECEHEI K €IMHUIIE JJIUHEL.

"_M__:I;:I_J__ I______L

TN AT

I{I'.[

Pucynoxk 4.1 — Cxema 3amenienus 00OMOTKH 0 7HO(a3HOTO TpaHc(popMaropa mpu majae-

HUM HA 0OMOTKY OPAMOYTOJIBHOM BOJIHEL.

[Tpu magenun Ha TpancpopmaTop NPAMOYTOJIbHOU BOJMHEL U, = const WHIYKTUBHOCTH B

AOKYMEHT MNOANMCAH

MEPBEIN MEKIEATHIE TPONTRAIOT TOKA, U pACTIPENEICHNE HATIPAKEHUA BI0Ib 00OMOTKH ONpenes-
Ceptudpukat:  2C0000043E9AB8B952205E7BA500060000043E

BnanengyTCslPonBR0 entkdCTaNEP €1 K. Pacuer takoir emxocrnou nenouku ([1], [3], ¢.201), mpuBoaut

Hﬁﬂﬂme HOMY BEIDAIKEHIIO

,D,EHCTEHT eH: ¢ 19.08.2022 no
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X
— i —

Upgu(x)xUpe ' =Ue ™,
CopasenmuBOMy W A7 CAydasl 3a3€MIEHHON, W M CAydas W30IUPOBAHHON HEWTPATH.

[Tpu 5TOM 17151 COBpEMEHHBIX TPaHC(POPMATOPOB:

m’:\/E'fz el C“‘jzlﬂ+2{),
k' Nkl \k,

Tak kak BUTKM U KATyIKH OOMOTKH COEIMHEHEI MEx Ay CO0001 1 00pa3yroT TOKOMPOBOA-

OIYI0 L€Nb, IEPBOHAYAILHO BO3HHUKIIECE PACIPENCICHUE HAMPIKEHUSA HE MOKET COXPAHUTHCA.
Bo3HuKaeT nepuoandeCKui NEPEX OIHBIN MPOLECC, KOTOPBIA 3aKOHYNUTCA Y CTAHOBUBIINMCA (ITPH-
HYKIEHHBIM) pAaCIpPEIeIeHUEM HANPAKEHUS BIOML 00MOTKU. [Ipunumas M, <<L Oms cXemsl

puc. 4.1, momyanm:

OpPU 3a3€MIIEHHOW HEUTPAIIH:
I "
U.'-'.:'m('r) — Ul](I o ?) *

OpU W30IUPOBAHHON HEUTPAIIH:
U.h'-:'m(x) = UU *
HanpsxeHnne B HEKOTOPOU TOUKE X B TPOU3BOIBHEIL MOMEHT MEPEXOIHOTO MPOIIECCa MO-

KET OBITh MPENCTABIEHO B BUIE:

Ulx,t)=U

yOH

K=o
(x)+U_  (x.t)=U ,,(x)+ ZU,{ (x)cosm,t
k=1

rae @, - 9aCTOTa K-OM NpPOCTPAHCTBEHHOW FaPMOHUKH,
U _(x) - pyHKUIMA pacrpeseneHus Mo X 3aTyXANMX aMIUIATY ] COOCTBEHHBIX KOIe0aHnit

JAdCTOTEL @ .

YacTora COCTAaBIAIONINX ONPEAEHAETCA NapaMETPaMH SKBUBAJIEHTHOM CX€EMEI (puc.4.1),
krx

JLC + K*2*LK

4 aMILUIMTYIBI 3aBUCAT OT pACCMATPUBAEMON TOYKH M KPAEBEIX yCIoBUH. Hampumep, nmpu

W, =

TJIyXOM 3a3€MIIEHUN HEUTpanu U, (x), U,(x) B U,(x) PacIpenesreHsl 10 JIHHEe 00MOTKH, KaK IT0Ka-

3aHo Ha puc. 4.2,a — kpussie 1, 2, 3. C pocToM HOMEpPA TAPMOHUKH AMILIUTYIBI OBICTPO YMEHB-
IAIOTCA, TO3TOMY A7 TPy 00il OLEHKH TEPEXOTHOTO MPOIIECCa JOCTATOYHO YIYUTHIBATE JIMIIL TPH
MEPBEIE COCTABIAIONINE. XAPAKTEPHEIE KPUBBIE MEPEHANPKEHNUS B OOMOTKE B Pa3INIHEIE MO-
MEHTEL BPEMEHU MTPENCTABACHEL HA puc.4.2. KpuBas, npoBeqeHHAA 4EPE3 MAKCUMAILHEIE 3HAUEC-

HHA Hﬂﬂp%m R&Mﬂ?ﬂﬂlﬂe B 0OMOTKE B Pa3JIMUHBIC MOMCHTEI BPCMCHH, HA3BIBACTCA OTH-
L INEKTPOHHOW NOAMNUCEIO

Ceprnb QB0 BIGH MAKCHMARBERE: A SHEFHATOB.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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L

LI x)

Pucynok 4.2 — KpuBsie pacnpeneneHusa HanpsaKEeHUA Mo 00MOTKe Tpanc(opmaropa

Jlnsg npuOimkeHHOW OIIEHKH MAaKCHUMAIbHO BO3MOYKHBIX MOTEHIHMAIOB B KAXKIOU TOUKE
0OMOTKH MOKHO CUMTATh, YTO TAPMOHHYECKHE KOJIEOaHN HE 3aTyXaroT U nepuos konebanusa T

BCEX TAPMOHMK OJUHAKOB. lorma

k=0
U(I).wm:.:' - U_l.'.:'n.u(I} + ZU.IL (I) =
k=1

X)

= Ul.'.:'m(xj + [U ,,-,:-m(x) o U:m'.' (‘I)] = EUL'.:'J?.'(I) o U:m'.'(
Kak BumHO n3 puc. 4.2 MakCUMAaJIbHEIE HANPSKEHUA NPU W30JIUPOBAHHOW HEUTPAIH

HAOII0 1AT0TCA HA KOHIIE 0OMOTKM U MOTYT AO0CTHYG BenuuuH (1,7-1,9) U, . {na Tpancdopmaropos

C 3a3€MJIEHHOW HEUTPAIBI0 MAaKCUManbpHOE Hampsaxenue no (1,2-1.3) U, nabmopmaercsa BOm3u

i |
Haugaja 0OMOTKH [F ~ {“,I,SJ .

(e

Maxk cuMasbHBIE HAMPSKEHHOCTH B MPOJOJBEHON W30JIAIIMN HAOMIOJAIOTCS B HAJaie 00-
MOTKH B HNEPBBIM MOMEHT HOCIE MAaJAEHUS BOJHBEL. BemunHa MakCUManbHOTO TPAAUEHTa MAKET

OBITE OILI€CHCHA IT0 COOTHOIIICHHIO

duy _ U,oe™
dx
dU dU U
E . =[— =|— :Uﬂ-a:—”{ﬂ:E(,ﬁ-ﬁf
dx Maxc dx x=0 [
rae k., = Y . IPOOIbHASL HAIIPAKEHHOCTE IIPH PABHOMEPHOM PacCIpeneIeHUH HaIIPsKe-

4

HUA BO0JIE OOMOTKH.

JOKYMEHT MNOANCAH w
&WWWEHTH BPEMCHH MAKCHMAJIBHBIC HAIIPAYKCHHA Hd ITPOTOJIBHOHW HU30JIA-

Ceptucpukat:  2C0000043E9ABBB952205E7BAS00060000043E
Bnagend{H PACIPOCTPAH AOTEHBEEY Ob 00MOTKH, ITPH 5TOM YMEHBIIAETCA UX AMIUIUTY 4.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Jlna cHUKEeHUS TTepeHanpsakeHn, BO3HUKAIONIUX HA TIABHOW 1 OPOA0JIHHON U30JIAIUH, B
HEKOTOPEIX TpaHCc(pOpMaTOpax yCTAHABIUBAIOTCSA €MKOCTHEIE SKPAHBI B BUIE PA30MKHYTHIX KO-
€1, COEAUHEHHEBIX C HAYaJIOM 0OMOTKH. B 3TOM ciydae momepedHsIe TOKH, OTTEKAIONINE OT 00-

MOTKH 4€pe3 eMKOCTH C,, KOMIIEHCHPYIOTCA TOKaMU, TOATEKAO UM Y€pPe3 eMKOCTH C,, , U IIep-

BOHAYAIBHOE PACIIPEIEICHHUE HAIPAKEHN BIOJIb OOMOTKY BeIpaBHUBaeTCA. [lonoe yerpanenue

KOIe0aTrenpHOTO Tponecca B OOMOTKE TpaHc(opmaropa € 3a3€MJICHHOW HEUTPAIbl0 IPH

C:- = const HACTyHaeT IPH YCIOBUHU

m-—1i

C.=—-"C,

21 . [

[

rae [ — HOMEpP KaryllKW, CUMTas OT Hadarma OOMOTKH; m — YHUCIO KATYHIEK B OOMOTKE
(puc.4.1).

B Hacrosmieit paboTe ¢ mOMOMIBIO0 AHATM3ATOPA MEPEXO THBIX IMPOIIECCOB UCCIAEAYIOTCS TIe-
penanpsxenus B 00Motke Tpancopmaropa TM 10/380 320 kBA. Mcnmone3yercsa n30mpoBaHHaS

obomoTka BH ognon ¢azer. OOMOTKA HU3KOTO HANPSKEHMA 3TOM (pa3bl pa30 MKHYTA.

VYrazanue no mexunuke de3onacHocmi:

YKazanusa 1o TeEXHUKE 0€30ITacHOCTH IIPU BBITOJIHEHUH JJA00PATOPHEIX pad0T NpUBENEHBI

B IIPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopuoii padomel:

1. [Togare HanpsaxeHne Ha cxeMy ¢ MOMOTMIBIO BeIKIoUarena QS1 u aBrorpancdop-
maropom 11 ycranoBurs HeoOxonumoe nHanpszkenne Ha tupucrope VUL, VDI (mo ykaszanuro
MPEMOgABATEN ).

2. M3menas cucremont Hanpsaxenue R1, C2 Ha ynpapiastonieM S1MEKTPOAE OTKPHITh

TApUCTOp. Ha BEIXOAE reneparopa nosABIAIOTCS UMITYIIECHL.

3. [TpokonTpompoBaTte (pOpPMYy UMITYIBCA ¢ MOMOIIBIO OCIIorpada.

4. [TogkmrouuTe UCCIEenyEMBIN TPAHC(POPMATOP K TEHEPATOPY UMIYILCOB COTJIACHO
puc. 4.5.

5. C momomisro ociurorpada uCCiaeqoBaTeh U3MEHEHUE HAMMPAKEHUA IPH MEPEXO -

HOM ITPOIIECCE B OTAENBHBIX TOUYKax (1,2,3,4,5,6) 00MOTKHM HA rmaBHOM M30JLIUMH (puc. 4.3):

a) C 3a3€MJIEHHOWU HEUTPAIBIO;

0) §oBNEVPRRAREIAI HEUTPAIIBIO.
ANEKTPOHHOW NOAMUCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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n= [
, =008

X ~03]
3 "
4 ;= 0.56
I 11 °
30 30 6  x=I

Pucynok 4.3 — Cxema mogxiIroueHns ocipuuiorpada mpu uCCaeI0BaHun epEHAnpsKe-
HUI B 00MOTKE Tpancpopmaropa; |- u3mepenne HanpAKeHud Ha TJIABHOW M30JIAINN; 2 — U3Me-

pEHHE HAPSKEHU HA PO JOIBHON W30IAIINN

PesymstaTer paboTe 3amucars B Tadm. 4.1.

Tabomuma 4.2
3azeMiIeHHAasA M3omipoBannas
Hccnenyemsnil yaacTok
HEUTPAITE HEUTPAITE
00OMOTKM
ﬂU."lﬂ'h‘E‘ ﬂU."ﬂh‘n‘.‘"

1-2
2-3

3apucoBars 2-3 XapakTEPHBIE OCIIHMJLIOT PAMMEI.

[TpoBepurs BmsHHME BETUUMHBI R2 HA AU TPHA H30IMPOBAHHOW M 343E€MIIEHHOM

HEHUTPAIH.

E  (x)
[To pesyneTaram Tadi. 4.2 mOCTPOUTE B OTHOCUTEIBHBIX €IMHUALIAX KPUBHIE ‘Ef‘ = f(x)

o

OJOKYMEHT Uﬂﬂﬂ NCAH AU
U1 0 00RRENROMEQOBANIEBOCITYUaeB £, (x) = —24¢ WU, HAIPUMEDP
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E ' Al
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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AU, (1-2)
E  (1-2)=—== U T.IO.
v 0,06 s

AHanOTUYHBIE UCCIETOBAHUA MOKHO IMPOU3BECTH HA MOJEIH OOMOTKH, CXEMA KOTOPOH
COOTBETCTBYET CXEME 3aMemnieHus Tpanchopmaropa (puc. 4.1). CmontTupoBantas B 1adoparopuu
TBH wmopems wumeer craenyroomme OapaMerpel: €MKOCTH KATYHIEK OTHOCHUTEIBHO 3€MIU

C,=C =..C...=C, =800nd, IIPOI0JILHBEIC €MKOCTH C =K =..K =K,,=820n®,

. C
L =L =..L,=18u.IIpu Takux BemTuumHaxX EMKOCTEH al = ~-N =10, T.€. COOTBETCTBYET al pe-

ATBHBIX TPAHC(POPMATOPOB.

Bce ycioBHBIE TOUKHM MOAETN UMEIOT BEIBOABI, TO3BOJIAIONINE HAOMPATH YUCTO EMKOCTHEIE
IEMOYHBIE CXEMBI, CXEMBI C MTHAYKTUBHOCTAMHU, CXEMEI C Cs.

Emkoctu G - cmennsie 1 MOTYT MEHATHCA 0T 100 m® no 3000 nd, aTo aer BO3MOKHOCTE

pPETyJIMPOBATH NMEPBOHAYAILHOE PACIIPEAETICHH € HATPAK EHUSA BIOIb O0OMOTKHM OT SKCITOHEHIIUAJTb-

[Fis

HOTO U(n)=U,-¢ “ mpu C>=0 10 TMHENHOTO OpHU

c,=2""¢
I 3"
n
B kauecTtBe MHIyKTUBHOCTEH L mcnone3yroTcea apoccem. CoOcTBeHHas yacrora koaeda-

HUA MOIETH OOMOTKH TTPH BKJTIOUEHHBIX C, U C, JIEKHUT B mipenenax 10°+2-10° ', aro Omm3ko

COOCTBEHHEIM 4ACTOTAM KOIe0annit 00MOTOK peanbHbIX TpancpopmaropoB. OgHAKO 3Ta 4aCTOTA

HECKOJIbKO HWKE COOCTBEHHOM 9aCTOTHI UccaenyeMoro tpancgopmaropa TM — 10/0,4; 320 kBA
(5-10° I'ry). [TepexogHoi mIpomecc B MOAEIHN PETUCTPUPYETCA D0JI€€ YETKO W HATJIAMAHO, B padoTa

C MOIOCIBH JOCTATOYHO IMPOCTA.

Cooepoicanue omuema:

OTuer D0IKEH COIEPKAaTh:

1. Hazpanue paOoTsr;

2. llens pabortsr;

3. Kparkue TeopeTuueckue CBEICHN A,

4. Onucanue UCnoap3yemMoro 000pyJ0BaHUA U MATEPHUATIOB;
5. Ilopsanok BeImoHEHUS PaOOTHI;

6. Beruncienus nu 00padoTka pe3yiabTaToB;

7. BEIBOIEL.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Konmponsnwie eonpocwi:

l. Hapucyure cxemy 3amenieHuss oOMOTKH TpaHc(popmaropa B MOMEHT MMAIE€HUA HA 00-
MOTKY NMPAMOYTOJIBEHON BOJIHEI, B YCTAHOBHUBILEMCS PEKHUME U B IEPEXOTHOM PEKHUME.

2. Yto Takoe orubaronme MakCUMAJIBHBIX IMMOTEHITHAIOB?

3. Ha xakom yuactke 0OMOTKH BO3MOKHBI MAKCUMAITLHBIE HAMPSKEHUSA B IEPEXO THOM pe-
KHME UL CIIydas: a) C 3a3€MJIICHHOH HEUTPalbio; 0) C N30JIMPOBAHHON HEUTPAIBIO!

4. Kak OLleHUTE BETUYNHY HANPSAKEHHOCTH B HPOI0IEHOU U300, €CIIU U3BECTHA KPU-
BasA PACOPEIEIEHNAA HAMPSIKEHUS BAOIb 0OMOTKH?

5. B kako# wact 00MOTKH HAOMIOAAOTCA HAMOOJIB INE HATIPSAKEHUA HA TPOI0ILHON H30-
JIATTAN?

6. Kakue BBl 3HaeTe CrmoCOOBI BRIPABHUBAHUA PACHPEOECNICHUA HANPSKEHUA BIOJIEL 00-
MOTKH?

7. Kak paboraer cxema ananuzaropa nepexoqHbIX mpoueccoB? HaznaueHue ee OTAEIbHBIX
3JIEMEHTOB.

8. Kak Haxomurca INEepBOHAYAIBEHOE W YCTAHOBMBILEECA PACHPEIEICHUE HANPAKECHUA
BJ0JIE OOMOTKH € ITOMOIMIBIO O CIIUIIIOTPAMM, ITOTYYEHHBIX ITPU pad0OTe aHAIM3aTOPa MEPEXOTHEIX
OpPOLIECCOB?

9. Kak BnudeT Ha MAaKCHMAIBHOE HANPKECHUE B ITIABHOW U30JIALMN U MAKCUMAJIBHEIE I'Pa-

OUEHTHI B IPOAOIBHON M30JISIIUN KPyTH3HA (PPOHTA NANAr0NIEH HA OOMOTKY BOJIHEL !

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JTabopamopnas paboma Ne 5. HenvimamenvHble yCMaH06KU 6bICOK020 NePEeMeHH020 U
nocmoannozo Hanpas)ceuua. Heeneoosanue Mooenu KaCKaoHo2o blNPAMUMEIA 8bICOKO20

HanPAMCeHUA.

Iens padomelr: N3yuenie yCcTpoiCTBa U MPUHIMIIA JEHCTBUA KACKATHOTO BEIIPAMUTENA
BBICOKOTO HampsukeHua. OnpeaeneHne n3MEeHEeHU MOTEHIIUMAIOB PA3JIMUHBIX TOUEK CXEMBI TPEX-
KaCKaTHOTO BEIIPAMUTEIA B YCTAHOBUBLIEMCS PEKUME IIPU XOI0CTOM xoae. CHATHE 3aBUCHMO-
CTE€H BBIXOJHOTO HAMPIKEHUSA U ITYJIbCAIMY HANPAKEHUA OT TOKA HATPY3KU M YUCJIA CTYNEHEH

BBEITIPAMMTCJLA.

Ocnoevl meopui:

BEICOKO€ HAIPAKEHUE IMOCTOAHHOTO TOKA IS UCHBITAHUA W30JLMOHHBIX KOHCTPYKIIMHI
MOJIy4ar0T 0OBIYHO C TOMOIIBIO BEICOKOBOJIIBTHBIX BEIIPAMUTEINEH, B KOTOPBIX B KAYECTBE BEHTH-
JIEW UCIOJIB3YIOTCA ITOJIYIPOBOJHUK OBBIE BBITPAMUTEIBHEIE THOIEI.

[Tpu oTHOCHTENBHO HEOOIbIINX HANpAKEeHUAX (10 100-200 kB) mpumenstoT ogHOMOIy I1E-
PHUOIHEBIE, IBYXITOJIYHEPUOIHEIE HUIM MOCTOBBIE CXEMBI BEIMPAMICHUA. JTH CXEMBI MUTAIOTCS OT
CETH MEPEMEHHOT 0 TOKA YEPE3 MOBHIIIAIOIIAN TpaHCPopMaTop. BropuuHoe aMImmTyIHOE HAMIP-
KEeHHE Tpanc(popmMaropa JOJKHO OBITE NPUOIM3UTENEHO PABHO TPEeOyEMOMY HANPAKEHUIO MO-
CTOAHHOTO TOKA.

Jlns mosrydenns 0onee BBICOKUX HAMPSAKEHUH MOTYT OBITh UCITOJIb30BAHBI CXEMBI BEITTPSIM-
JEHUS C YMHOKEHUEM HANPAKEHUSA — CXEMBI YIBOCHHWS HAMPSKEHUA WIN MHOTOCTYIIEHUYATHIE
cxeMbl. OHH MO3BOJIAIOT MOJYUUTE OOJEE BBICOKOE MOCTOSHHOE HAMNPAKEHHE, 4EM BTOPUYHOE
HAIPKEHUE MMATAINIET0 TpaHcpopMaTopa Ipyu CPaBHUTEIBHO HEOOIBIIOM 00pATHOM HAIIPAAKE-
HHUHW HA BEHTHIAX.

PaccmoTpum padoTy cXeMsl, MpUBEAEHHON HA pUC. 6.1. [l ynpomennsa anansa npearno-

JOKHM, HTO BCHTHIIH H KOHICHCATOPEI HACAJIBEHEIC.

Cy
OOKYMEHT UDﬂHHCHH
IANEKTPOHHOW NOANWUCEKO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E -~
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pucynok 6.1 — Cxema 01HOM CTYIEHN KACKATIHOTO BEIIPAMUTENA
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[Tycrs Ha cxemy momano Hanpsxenne Uy =U,,, -SIN(@f + ) (puc. 6.2). B reuenue
nepeoi yersepT nepuonaa (0 -7; ) senruns VD2 3akprIT, @ BeHTWIL VD1 OTKPEIT U KOHAEHCATOP
C1 sapstxaercs mo koutypy 0-2-1. B momenr 1|, Hanpspxenue Ha kounencarope U oy =U,,, un
sapan Oy =Q,, = C; -U,,,.3arem, U5 npoiinst uepes oTpunares il MAKCHMYM, HAUHHACT
yBemunBareCa. [lorennuan (P> TOYKHM 2 CTAHOBUTHCA MOJIOKUTENBHBIM. Bentmie VD1 3akpel-

BAETCA, a BeHTWIb VD2 orkprBaercsa. B Teuennu Bpemenu [ 1 —lrmon OEUCTBUEM HAIPSIKECHU

MCTOYHUKA MUTAHUA U HAOPSKEHUA HA KoHaeHcarope Cl, KOTOPBIM BKIIIOYEH COTJIACHO, B IIEMH

1-2-3-0 nporekaer Tok. Kongencarop Cl paszpsaxaercsa, a konaencarop C2 zapsxaercsa. Hamps-

xenue Ha C2 mocTuraer MakCMMAalbHOU BEJIMUUHBL B MOMEHT [5 .

AU

Pucynok 6.2 — I3Menenune moTeHuanoB TOYEK CXEMEI (puc. 6.1) npu 3apanke BEITPAMU-

TCIIA

Jna onpenenenua U u Uy pacemorpum kouTyp 1-2-3-0. Bentuns VD2 Briarouen B

[IPSMOM HAIIPABICHUH, M €T0 COnpoTuBiIeHue pasHo Hymo. [Tootomy Uy +U ) = U 5 . B mo-

MEHT BPEMEHH [ : U2 = UZm , A HanpsDKeHue Ha konaencarope C2 UC2 = ——,rae Q - 3apsn,
2

MEPEMECTUBIIMICSA IO KOHTYPY 34 BpeMs f, —1, . 3apag konaencaropa Cl yMeHBIIUTCA U CTAHET

0 -0

pasueim O —Q , mosromy U ) = . VuuTEIBas 3TO, MOJTYUNM:
C
O -0 0O
U 'm T = , 1A
AOKYMEHT MNOANMCAH C] C2
SNEKTPOHHOW NOANWUCEIO
Ceptudomkatr: 2C0000043ESABBBO952205E7BAS00060000043E C C
Bnageneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa U Q] o ] + 2
k=0
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Tak xak

Q1/Cy =Uyy, 10

Cy-Cy
QO =2U X
2m C] +C2
Ortkyna:
C, -C
Ucy =2Uy,, ——=:
Cl1 2m C] +C2
Ci
U~ =2U ,
C2 2m C] +C2

[Tpu C1=C2 B momenT > xouzpencarop C1 momnocrero paspsxen, a C2 sapsxen go U,

[Tocne 7, muraromiee HANMPSKEHNE HAYUHAET YMEHBIIATHECA, (PH CTAHOBUTCS HMKE (D3 .
Benrune VD2 3akpeiBaercsa. Bentuis VD1 0TKpoeTcsa TOJIBKO IOCIe 3, KOTAa HANMPS/KEHUE ITH-
TAHWS CTAHOBUTCA OTPHILIATENEHEIM U (P - Hike Hys. Konnencarop C1 3apskaercs mo KOHTypy
0-2-1 ux momenty ty Uy =U»,,.

[Tocne 74 HanpskeHHE MUTAHUA YBEIMYUBACTCA, (P97 CTAHOBMUTCA MOTOKUTEIBHBIM, HO

BEHTWJIb VD2 OTKPEIBAETCS TONBKO B MOMEHT I5,KOTOA (P9 = (P3 = UZm . Konnencarop C2 non-
3apsxaercsa no KOHTypy 1-2-3-0. [Tons3yAce yke pacCMOTPEHHBIM METOIOM, MOKHO JIETKO OMpe-
JEIUTh, YTO B MOMEHT I ! UCI = U,SUzm, a UCZ =1.5- U2m*

[locne tg BenTnie VD2 3akpriBaercsd, Ha xkonzaencarope C2 ocraerca mampssxenue 1,5
U I - Korma (P> CTAHET PABHBEIM HYJIIO, OTKPOETCS BEHTHIIE VD2, u kongencarop Cl noxzaps-

aurca 0o U I - [Tocne Toro, kak nUTarONIEE HANMPMKEHUE TPOUAET YEPE3 OTPHUIATENEHEIN MAK-

CUMyM, (P> CTAaHOBMTCS ITOJIOKUTEIBHBIM U VD1 3akpoercs.

3areM oTkpoercs BeHTWI s VD2, u konaencarop C2 momzapanurca 3a cuer Cl u nuraro-

miero Hampsikerns 10 1,75U,, . HerpymHo BuneTs, 4TO B yCTAHOBUBIIEMCS PEXKIIME HAITPSIKe-

Hue Ha C2 nocruraer 2 U2m*

Ecm mexny Toukamu 3 u ) BKIroueHa Harpy3ka Ry, TO B TEYEHHE MPOMEKYTKA BPEMEHHU,

korna VDpaaneptaapraercarop C2 Oyaer yacTuuHO paspsaxkarscs uepe3 Ry. Beixognoe Hanps-
ANEKTPOHHOW MOAMNMCHIO

Ceprb e HIUEOGYHEIATEIBCAPYROWIANO(PEiE. 6.3). [Tynpcanum mHanpsxerans O/ 3aBUCAT OT BETMUMHEL

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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C2, Ry v BpEMEHH, B TEUEHUH KOTOPOTO 3aKPHIT BEHTHIL VD2, M3-3a mocrosHuOrO paspsana am-

Ty aa Hanpsokerus Ha C2 Oyner otmuarscs ot 2 Uy, va mekoropyro senmnunny AU |, koro-

PYIO HA3BIBAIOT majgenueM Hanpskenus. [Tpu pasencrse Cl u C2 AU =0U .

AU
oU

Pucynok 6.3 — [lanenue HanpsxkeHUEe U HANPSIKEHUE MY IBCAINM IS CXEMBEI

Cxema TpexCTyneHUIaTOr0 KaCKaaHOTO BEIMPAMUTEINA MpUBeEacHa Ha puc. 6.4. [Iponecc 3a-

PAIKHA KOHIEHCATOPA BO BPEMEHH ITPOTEKAET TAK K€, KAK U B OJHOCTYIIEHYATOU CXEME.

6 = 7

C6

boale ;
VD2 d
Cl1 C2
- e 5
’ VDI
1 0

Pucynok 6.4 — Cxema TpexCTyneHUaTor0 KaCKaJJHOT O BEITTPAMUTENA

B ycranosusmemcs pexume konaencarop Cl sapsxen no manpsokenus U, , a C2 — no
2 UZm- [Torenmman Touky 2 me3mengerca ot 0 mo 2 UZm- CnenoBarensHo, KongeHcarop C3 mo-
xer 3apaguTbest 10 2U 5 . . [Torenmman Touku 4 torga Oyner menarscsa ot 2 Uy, 10 4U5,, . 1

gepe3 BeHTWIb VDS kongencarop CS 3apaaurcs oo 2U 7. 10OTIA MOTEHIUAI TOYKH 6 Oymer
[IOKYMEHT NOANUCAH

MEHMLC&"E?W'@&%'?%@?D&%EH uepez VD6 konnencarop Cé 3apsaurcs no 2 U 2 - BBIXOIHOE

Ceprudomkar: 2C0000043ESAB 004 3E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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HAIMPMKEHUE CXEMEI CKJIAIBIBAETCA W3 HANIPSKEHUH HA koHaeHcaTtopax C2, C4, C6 u cocraBur 6

U»,, - B obmem cayuae mpu n crymeHsx

Ugx =2U»,, n=2V2-n-U,
[Tockoneky 3apsan, MOCTYIIAIONINM HA BEPXHUE CTYNEHU, OTOMPAECTCS OT MPEALIAYIINX, TO
MHOTOCTYIEHUATHIE CXEMBI OKA3BIBAIOTCSA OYE€HL UYBCTBUTEIBLHBIMM K Harpy3ke. Hampsxenue
mynscaruu oU u magenue HanpsukeHus AU OBICTPO BO3PACTAIOT C VBEIMYEHUEM YUCIA CTYITEHEH.

Jlna BEITPAMUTEIA C N CTYNEHAMU 5TH BETMYUHEI MOTYT OBITE PACCUWUTAHEL 110 CIEIYIONIAM IPH-

OJIHMIKEHHEIM COOTHOINCHWAM:

St I, (n+Dn
f-c 2

1, 1
f C 3 2 6

AU

—n),

rae I, - CpenHee 3HAYCHUE TOKA HATPY3KH,

N — 9UCII0 CTYIIEHEH TeHepaTopa;

j{ - HACTOTA MUATAIOIICTO HAITPAKCHMU A,

C - emkocTs kKoHmeHcaropa cxemsl (mpu Cr=C2=...Ca=C).

Yrkazanue no mexHuke 0e30naCHOCHIUL:
VYKazanus mo TeXHUKE 0€30macHOCTH MPU BEITOJIHEHUHN J1JA00OPATOPHBEIX pad0OT NpPUBENEHBI

B IIPUJIOKEHUE A.

Ykazanua no evinonnenuro n1adopamopHoii padbonivi:

B nacrosanien padbore HeoOXoauMo:

1. O3HAaKOMUTECA CO CXEMOM U MPUHIMUIIOM PadOTEI KACKATHOTO BEIMPAMUTEIA, TOATOTO-
BUTH TAOIMMIly I/ 3aIACH PE3YJIETATOB M3MEPEHHH. O3HAKOMHTBECA C PACHONOKEHHUEM PydEK
yIpasaeHus ocipuuiorpada.

2. C pazpemenus npenoaaBarens N04aTh HA YCTAHOBKY MUTAHUE, BKIIIOUUTE OCBEIIEHUE
3JIEKTPOCTATUUECKOTO BOJBTMETPA U MPOBEPUTH MOJIOKEHHUE HYJIA, BKIFOUNUTE 3JIEKTPOHHEI OC-
nuaIorpad u oTperyaupoBars (POKYyCHUPOBKY U APKOCTH JTy4da.

3. He Bxmouas Harpy3ku, NepeuepTUTh € SKpaHa ocmwuiorpada Ha oquH o0t rpaduk
HANPSKEHUE HA BCEX CTYIMEHAX BBIIPAMHUTEI.

AOKYMEHT MNOANMCAH

IR RAABGRS, Brrmouarens B, mepexmouarenem [11 momaTs Ha cxemy mepeMeH-
Ceprudmkar:  2C0000043E9ABBBI52205E7BA500060000043E

Sranenfioe HATFPASRCHIFE N TORBIfEI0 aBTOTpaHC(POpMATOPA YCTAHOBUTE BXOTHOE HATIPSIKEHHUE CXEMBI

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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5B. Bxog nocTosHHOr0 TOKa ocuuuiorpada BKIMoYnUTE Mexay Toukamu 0-1. Ycunenue ocuuino-
rpaga monoOpare Takum, 4TOOBI pasMax CHHYCOMIEI HA SKpaHe cocrtasBman | cm. Ilepeueprurs
(popmy HaANpsKEHUA HA TPA(UK. 3aTEM, HE MEH A YCUIIEHUA U HE CMETIAA ITOJIOKEHUA JTyda, BKITIO-
guTh ociporpad mexay toukamu 0-2, 0-3, 0-4, 0-5, 0-6, 0-7 u nepeueptuts (popMy HampsKe-
Huil. [lomyuennsiil rpaduk cpaBHUTE € puC. 6.5, OOBACHUTE.

4. IIporpagyupoBaTe MO HANMPKEHUIO OCHMILIOrpad mo BXOAY IMEPEMEHHOrO TOKa. Jis
3TOr0 IEPEKIFOYATENE BX0AA OCILIOrpad)a co CXEeMBI BEIITPAMUTENA ITOAATE IIEPEMEHHO € HAIPA-
KeHne 5B 1 yCTaHOBUTH yCHUIIEHHE TAKUM, UTOOBI pa3mMax CHHYCOMABI HA SKpaHe ocipuiorpada

cocrariain 4 cMm. Torma 4yBCTBUTENBHOCTH OCHMIIOrpad)a mo HANPAKEHUIO COCTABUT:

[Tpn manpHENIINX U3MEPEHNUAX MOJIOKEHNA OCHUIIOTpada HE MEHATE.

5. CHATH 3aBUCUMOCTH BBIXOJHOTO HAMPSKEHUA M HANPAKEHUS MyIbCAIIUM OT TOKa
HArpy3KH U1 OOHOM, IBYX U TPEX CTYHEHEHN KACKATHOTO BEIIPIMUTEIA.

Jlns sToro ycranoBuTh HanmpskeHue mutanus Bempsamurens [7B. ITo smextpocrariue-

CKOMY BOJBTMETPY OOPEAETUTE BEIXOAHOE HAMPSKEHUE BBITTPSIMUTEIIA, M3MEH A TO HATPY3KHU OT
My y y

0 mo 400 mkA.
U

A ?r o

Do

D3

4U2 m >

P4
2Us 1y - -

P2 [

-

Q1

Pucynok 6.5 — M3MeHeHn € NOTEHIIMAIOB B PA3IMYHBIX TOUKAX CXEMBI TPEXCTY-

[ICHYATOTO BBRIIPAMHTCIEI B YCTAHOBHBILCMCA PCHKHMC

Ha 5K P Siraorpad a n3smMepuTs BETMUMHY MMy JThCAIMIA BHIXOTHOTO HAMPS/KEHHS B CM.

Ceprudoggar: 2C0000043E9ABBESS2205E/BAS00060000043E

Bnanen 53}’1559%%1551} ﬁ%&l@ﬁﬁﬁ%% CTH B Tﬂﬁﬂl/l'[_[}".
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Tabmuma 6.1 — Beixognoe HanpsKE€HUE U HAOPSKEHUE ITYJIbCAIMN KACKATHOT O BEIIIPS-

MHTCJIA

et oy | 1B 0 | 200 [ 300 | o0
U, .B

1 | dy ,CM
ouU B
U, .B

2 2 &y ,CM
ouU B
U, .B

3 3 oy ,CM
suU ,B

31eCh: U, - BEIXOQHOE HANPIKEHUE BEIIPAMUTEIA, ONPEAEIIEMOE MO 3IEKTPOCTaTHYE-

CKOMY BOJIBTMETPY;
dy - HANPAKEHU E MyIbCAlINU HA SKpaHe ocipuuiorpada, cm;
oU - HATIPSIKEHUE MyJIbcaui, B;
K, - 9yBCTBUTEIRHOCTE OCHMILIOTrpada, onpeneneHHas B 6.3.

[Tpu m3MepeHnn BEIXOTHOTO HAMPSKEHUA BEIOPAMHUTENSI HA XOJIOCTOM XOAY OTKTIOUUTE
OT CXEMBI BEIIPAMUTEI HATPY3KY M BXO ociimorpada.
6. Ilo momy4yeHHEIM OAHHBIM MOCTPOUTE IS OOHOU, ABYX, TPEX CTYHEHEH BBINPSIMUTEIL

3aBUCHUMOCTH BBIXOJHOT O HANPAKEHUA U HANPAKEHAA MYyIbCALMA OT TOKA HATPY3KU U = f(I,)
U SU = f(I,,).
7. PaccunTars BEIXOQHOE HANPSKEHUE U HANIPSKEHUE My JIbCALMU 711 OOHOM; ABYX, TPEX

CTyHEHeﬁ BRIIIPAMHTEIA U HOCTPOUTE 3aBUCUMOCTH U, = f({,) U oU = f({,) - HA NPEOLIAYIIEM

rpaduke.

Cooepoicanue omuema:
OT4eT OOmKEH CONEPIKATE:

1. Hazpanue pabotsr;
AOKYMEHT MOAMNCAH
2oNHERBHYSEGRBCHI0
Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu:  WeG3xpATRIFS TEOPEPIfEECKE CBEICHN S,

) 4, Onucanue NCnoap3yeMoro 000pyJ0BaHUA U MATEPHUATIOB;
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5. Ilopsanok BeImoHEHUS PaOOTHI;
6. Beruncienus nu 00padoTka pe3yiabTaToB;

7. BEIBOIEL.

Koumponsnwie eonpocwi:

1. ITpuntinm padoTer 0AHO(A3ZHOTO BEIIPAMUTENA HA EMKOCTHYI0 HATPY3KYy. COOTHOILIEHHE
HAIPSKEHUN HA JJIEMEHTAX CXEMBEL

2. Cxema v mpyuHIMO padOTH OAHON CTYHEHW KACKAIHOTO BEIMPAMHUTEIA B MPOIIECCE 3a-
PAIKH.

3. [TpyHIMI YMHOKEHUS HANPAKEHUA C ITOMOMIBI0O MHOTOCTYHEHYATON CXEMBI BEITTPS MU-
TEJIA.

4. JIoCTOMHCTBA U HETOCTATKH MHOTOCTYIIEHUYATEIX KACKAIHBIX BEIIPAMUTEICH.

5. [IpoanamizupoBars padOTy OHOM CTYNEHH BBIMPAMUTEISA MPU MUTAHUH IIPAMOYTOJIb-

HBIMHW MMITYJIbCAMU YEPENYIOMIENUCS ITOJIAPHOCTH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jabopamopnasa pavoma Ne 6. I'enepamopel umnynscuoix nanpasxcenui. I'enepamop

umMnyabCHblx Hanpaxycernuu 750 kB.

Lenws padompi: O3HAKOMUTECS CO CIIOCOOAMU MOJTYUEHUA TPO30BBIX UMITYJIECOB, YCTPOH-
creoM u padorou ['MH 750 kB; M3yuuts MeTOmBl peryaupoBaHus mapaMmeTpoB rpO30BOTO UM-
MyJIBCa U METOAEI X u3Mepenus; [Ipoussectu m3mepeHne aMIIMTYABl TPO30BOTO MMITYJIBCA C
TOMOIIBI0 U3MEPUTENBHBIX MAPOB quaMeTpoM 50 cM. O3HAKOMUTECA ¢ METOIAMH PETUCTPALIUN

(pOPMBI TPO30BOT0 UMITYJIBCA C MTOMOIIBIO 3IEKTPOHHOTO OcnuiuIorpada.

Ocrnoevt meopuii:

B mporecce skCIutyatanui Ha SJIEKTPUUECKYI0 W30S0 TMHUN W aMapatoB BO3IEH-
CTBYIOT TPO30BEIE€ U BHYTPEHHUE NEPEHANPSKEHNA. | PO30BEIE NEPEHANIPSKEHNUA BOZHUKAIOT IPU
yaapax MOJHUHA U UMEIOT (POPMY KPATKOBPEMEHHOTO aepruoauuecKoro UMIyasca. BHyTpennue
MEPEHANPSKEHNSA CBA3AHBI ONPEKIE BCETO C PA3IMIHOTO POAA KOMMYTALMAMH U HEPEXOIHBIMHU
pexxumamui. @opMa BHYTPEHHUX MEPEHANIPAKEHUH 3aBUCHT OT UX BUAA, HO YaMIe BCETO — ITO 3a-
TYXAIONME Konedanusa ¢ HEKOTOPOU MAKCUMATBHON aMIuinTya0u. [Ipu maboparopusix uccnemno-
BAHMAX UMITYJIBCHBIX MPOIECCOB UCTOIB3YIOTCA TEHEPATOPEI TPO30BEIX U KOMMYTAIMOHHBIX UM-
MyJILCOB M U3MEPUTEIBHEIE CHUCTEMEI, MO3BOJLIIONINE OMPEAEIUTE AMIIJIUTYIy U PETUCTPUPOBATE
(popMy OTHOKPATHOTO WJIM MHOTOKPATHOTO UMITYJIbCA HAMPSACHHAL.

AMIIUTy 12 MOKET OBITh M3MEpPEHA C MMOMOIIBIO0 MAPOBOTO PA3PAIHUKA, A I PErucrpa-
11H (POPMBI UMITYIECA UCHTOIB3YIOTCA BBICOKOBOJIBTHEIE OCHUILTOTPA(EI ¢ EMKOCTHBIMU WITH CME-
IIAHHBIMH JEJIATEIAMH HAIIPSIKECHUA.

MMy nbcHEIE YCTAHOBKH JOJIKHBEL 00ECIIEUUTE TEHEPAIMIO ANTEPHOANIECKUX UMITYIECOB

HanpsxeHusd (Toka). OCHOBHBEIMM ITapaMeTpaMu UMITyJisca (puc. 7.1) apnarorca: ammmryaa Uma,

OIUTENBHOCTE (PPOHTA UMITYIBCA 7, AMUTEIBHOCTE UMITYJIBCA Tu.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudomkar: 2C0000043ESABBESS52205E7BAS00060000043E

Bnaneneu: llebayxoea TateAHa AnexkcaHn Ha
’ "Pucynox 7.1 — OcHoBHBIE MapameTpsl ummyiasca ITHH
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CrangaprHeIE UMY JIECBHI, HUMATHPYIONINE ATMOC(PEPHBIE MEPEHANPKEHUA, UMEIOT 7p=1,2
MKC, 7=50 MKC. UMIIyIBCEL, MMUTHPYIONINE BHYTPEHHUE MTEPEHANTPKEHUA, UMEIOT 75=250 MKC,

7=2500 MKC.
Cxema ['MH, npencrasnennas na puc. 7.2, COCTOUT U3 ABYX OJIOKOB — 3apSTHOTO YCTPOH-

crea 1 (3Y) u ymuoxurens nanpsxenus 2 (YH).

r—————————=
I Q5 AKB. T1
HL
QS. | AKB -

Pucynok 7.2 — Cxema I'MH

3apsaHOE YCTPOUCTBO | BKITIOUAET PETYIUPOBOUYHEIN aBTOTpaHC(Popmarop 11, moBermaro-
niuit Tpancopmarop T2 1 BEICOKOBOIBTHEIN BRIIPAMUTEDE VD, TO ecTs 3Y mpexncraBaseT 0aHO-
HONYIMEPUOAHEIHN, BEICOKOBOIBTHEIN, PETYINPYEMBIN BRIIPAMUTENE. B kauecTBe BeHTWIa VD Ha
Hanpspxenue 100 kB ucnone3yior BEINPAMUATENEHEIE CTOIONKHY HA HOJIYITPOBOTHUKOBEIX IHMOIAX.

YMHOKUTENb HATIpsAKeHUA 2 BKIwodaer kouaeHcatopel C, pe3auctoprl Ruam, R3, Ry, Rp u
pazpaausie npomexytku FV1, FV2. Ha puc. 7.2 npuBenena cxema yIBOSHUS HANMPSAKECHUA.

[Tpuntinm padoter 'MHa 3akmrowaercs B cienyromieM: HA OEPBOM CTATUN, B PEKUME 3a-
pana koHaeHcaropsl C COEIMHEHBI MapaIaeabHO U 3apsmKaroTcsa oT 3Y uepe3 pe3ucTopsl Raam, R3
C MOJIIPHOCTEIO, YKAa3aHHON Ha cxeme (puc. 7.2). 3ammrHeni pe3ucTop Rauam = 3-10° Om npegna-
3HAUEH I OTPAHUYEHUA TOKA 3apsana B MOMEHT BKIIOYEHMS, T.€. 3aIMIIAET BEHTUWIL VD u
Tpancopmarop 12 oT neperpysku.

Bemiunna HanpsskeHus, 10 KOTOPOTO 3apAKaloTCa KoHaeHcaTopsl C onpenensercs HekK-
TPUIECKOH MPOYHOCTBI0 UCKPOBOTO mpoMekyTka FV1HO HE 1omKHA NpeBsInaTe aMIUIUTY Ty BEI-
IPAMICHHOT O HAPsKEHUST Uzm.

Korpa Hanps:kenue B TOYKE | MPEBBICUT UIEKTPUUECKYIO MPOYHOCTE mpomexyTka FV1,
MPOUCXOAUT MPOOOH 3TOTO MPOMEKYTKA U KOHAEHCATOPE C COETUHAIOTCA MOCAEI0BATENRHO, -
TOuka 2 Oymer coequHeHa ¢ Toukou | gepe3 nemmnpupyrommit pesuctop Ry u conpoTuBnenune uc-

KpoBOTO mpomexyTka FV1.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Biarogaps Tomy, uTo comporusienue pesucropa Risemko (R3=5-10* Om), a conpoTus-
nenue pesucropa Ry mano (Rg=10-20 Om), koOHIEHCATOPEI HE YCHEBAIOT PA3PAAUTHCS, TTOTEH-
I[MaT TOUKH 2 MTOBBIIIAETCS A0 MOTEHIMAIA TOYKY |, a MOTeHIIMAT TOUKHA 3 YBEIMUYUBAETCS, TPH-
MEpHO, B 1BA pasa.

[Tpu nepexmouennu kongeHcaropoB C ¢ mapaanenbHON CXEMBI HA MOCIETOBATEILHYIO
MPOUCXOAUT ITPOOOH pazpaaHoTo npoMexyTka FV2, Tak kak ero snekrpuueckas MpoOYHOCTh HUKE
BEIUYUHBl YJIBOEHHOTO HANIPAKEHUS YMHOKHUTEIA, BEIXOJHOE HANPAKEHNE YMHOKUTENA Oyaer
IPUIIOKEHO K 00BeKTY UCTIBITAaHUA Cp U pazpagHOMy pPE3UCTOPY Rp.

CKOpOCTE HApACTAaHUS HAMPAKEHUA HA 00beKTe (mImHaA (PpoHTA UMITYIBCA) OyaeT ompe-

OENAThCA MOCTOAHHON BpeMEHHU 3apana kouaeHncaropa Cg, T.€.
T = (2+3)- (R3 + Rq_p,)- Co
Korma nanpsxenne Ha 00sekre (C¢) TOCTUTHET MPENETLHOTO 3HAYEHNA, KOHAEHCaTOPsI C
1 Cyp HAUHYT paspsKarsCsa 4epe3 TIIaBHBIM pa3pAanHeli pe3uctop Rp (cmag nmmynsca). [pu stom

OIUTEILHOCTE BOJHEI UMIYILCA MPUOIM3UTENLHO B JAHHOU CXeMe OyZIeT paBHa

Yrazanue no mexunuke dezonacHocmi:
YKazanus 1o TeXHUKe 0€30IacHOCTH IIPU BEITOJIHEHUN JJA00OPATOPHEIX pad0OT NPUBEIEHEL

B IIPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padbomol:

l. O3HAKOMUTHCA C MTHCTPYKIIMEH MO TEXHUKE 0€30MaCHOCTH i1 JAHHOW YCTAHOBKH.

2. Oznakomutbcs co cxemamu ['MMTH-750, cxemoit 3apsagnoro ycrpoiictea 3Y-150 u
CXEMOM YITPABJIEHUS [IAPAMHU.

3. O3HAKOMHUTBCSA € IEPEYUCTIEHHBIMHU YCTPOHCTBAMHI U YCTAHOBKAMU B HATYPE, 3aITH-
CaTh MACIOPTHBIE AAHHBIE OCHOBHOTO O0OPYAOBAHMA M OMPENEIUTH MOJAPHOCTE MOJTYy4aEMOTO
MMITYIECA.

4. Paccunrars ocHoBHeIe mapamerper ' MH: emkocTs B ymape C,, sHepruro B ynape u

k03 purment ucrmoas3oBanus ['HMH.

5. PykoBoncrByace mHCcTpykiuen Kk 3¥Y-150 Bkmrounts ['MH-750 B paboty u no-

OUTECA YCTOMYMBOTO paboOUero xoaa ¢ IeEpUOIUIHOCTEI0 UMITyJIbCa 3-5 C.
AOKYMEHT MOAfINCAH

SNEKTPGHHOM NOANUCHIO
CepTUduKaT: 2con0a3E0n bR MEPHTE AMILTHTY,IY MMITYTbCa H3MEPUTEIEHBIMH ILIAPAMMU.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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7. Hcnoms3y s UMIyIBCHEIM ATEKTPOHHBIN OCIAILIOTpad), ONMpEeaeIUTs OCHOBHEIE ITa-
paMeTPBI IMOJIYUYEHHBIX UMITYJIBECOB.

8. [TpoBecTu nccnenoBanne BIMAHUA Pa3aUUHBIX mapameTrpoB cxemel [ MIH Ha Benn-
UUHY aMIUIATYIBI TPO30BOr0 UMIYJIbCA U BPEMEHH €€ T0CTWIKEHUS, UCITOJIB3YS KOMITBIOTEPHYIO
nporpammy GIN (Muctpykius mo momp3oBaHuio mporpammon mpuBonutcs B [Ipumoxenum |

OPAKTUKYMa).

Cooeporcanue omuema:

OTUeT OOmKEH CONEPIKATE:

1. Hazpanue paOoTsr;

2. llens pabortsr;

3. Kparkue TeopeTuueckue CBEICHN S,

4. Onucanue UCnoab3yemMoro 000py10BaHUA U MATEPHUATIOB;
5. [Topanok BermomHeHus padoTHI;

6. Beruncienus u 00padoTka pe3ynbTaToB;

7. BEIBOOEI.

Koumponsnwvie sonpocwi:

. Haznauenue n npunmmn padorsr ' MH.

2. OcuoBueie emenTsl | MH w1 nx Bnusnue va popmy 1 mapamMerpsl UMIYIbCA.

3. CnocoOw1 peryampoBanus pexkuma padorsl ['MH mia m3mepenus aMoauTyasl UMITYITb-
COB U YACTOTHI UX CJIETOBAHMUSL.

4. Meroael M3MEpPEHUsA UMIOYIBCHBIX HANPSKEHUM: AMIIATYABl AEPHOAUYECKOrO0 HM-
MyJIbCA, IIUHEI (DPOHTA U JIUHBI UMITYJIBCA.

5. biok-cxema ocuumnorpada g perucTpanuy OJHOKPATHBIX KPATKOBPEMEHHBIX HMM-

[TYJIECOB BEICOKOTO HAITPAMKCHHA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jlabopamopuan pavoma Ne 7. I'enepamopot umnynscuoix nanpascenui. Onpeoenenue

30H 3QU{LMbL CHLEPIHCHEBHIX U MPOCOBIX MOJTHUECOMBOO0E.

lenv padompr: 13yunTs pacuyeTHble METOABI OMPENEIIEHUS 30H 3ANIATEI CTEPKHEBEIX U
TPOCOBBIX MOJHHEOTBOI0B. O3HAKOMUTCA C HKCITE PUMEHTATBHBIME METOIaMI MCCIETOBAHUA 34-
INIUTHBIX 30H MOJTHUEOTBOAOB C ucnoas3oBanueMm ['MH. Onpenenurs skCriepuMeHTANIBEHO U CpaB-
HUTE C PACYETHBIMH 30HBI 3AIIUTEl CTEPIKHEBEIX M TPOCOBEIX MOJIHHUEOTBONOB. [IpoBecTn Bu3y-
ATBHOE MCCIETOBAHNUE 30H 3AIIUTHI CTEPKHEBBIX U TPOCOBBIX MOJIHUEOTBOIOB IT0 KOMIBIOTEPHOH

ITPOTPAMME.

Ocnoevl meopui:

CTEpKHEBEIE U TPOCOBBIE MOJTHHEOTBOIBL ABJISAIOTCA OCHOBHEIM CPENCTBOM 3AILIUTEL SHEP-
F€TUYECKUX M NPOMBINUIEHHBIX COOPYKEHHH U YCTAHOBOK OT MPAMBIX yaapoB moyHud (ITYM).
PeaspHBIN MOITHMEOTBO COCTOUT U3 MOJTHUENIPHEMHHUKA B BUJIE CTEPKHSA WIH TPOCA, BO3BBIIIAO-
HIEeT0CA HAJl 00BEKTOM 3a0IUThI, TOKOBEAYIIHNX CIYCKOB M 3a3E€MIUTEIA.

MomHueOoTBOABI BOCIPUHUMAIOT HA CE0sl yaapsl MOTHUM U 00pa3yroT BOKPYT cebds mpo-
CTPaHCTBO, 3anmnieHHoe ot [IYM ¢ 001pmon creneHso BEPOATHOCTH. ITO MPOCTPAHCTBO HA3EI-
BAeTCA 30HOH 3aniiuThl MOJIHHUEOTBOIA.

3anTHOE TEUCTBUE MOJTHUEOTBOAA CBA3AHO C TEM, YTO PA3BUBAIONMINNCA OT 00maka iu-
OEPHBIH pa3psan OPUEHTHUPYETCS B HANPABICHUH MAKCHUMAIBHOTO TPAAMEHTa (HANPSIKEHHOCTH)
HIEKTPUIECKOTO TOJsI. Haunuas ¢ HEKOTOPOU BBICOTHI H =10-20h, TAE h SBIAETCS BBEICOTOIO
3aMIMIIAEMOT0 00BEKTA HA OPUEHTALIUIO JIMAEPHOTO pa3pana HAYNHAECT BIUATE HaN0O0JIee BO3BEI-
[AONIUICA MPOBOAANINN 3a3€MIEHHBIM ITPEAMET (MOJIHHUEOTBO BEICOTOM /1), B HAITPABJIEHUH KO-
TOPOTO TMOJIE PE3KO YCUITUBAETCA.

[Tpu popMupoBannn TUOEpPHOTO KaHala HAJA MOJHUEOTBOLOM WIM C HEKOTOPEIM CMEIIE-
HueM (He domnee 3,5h) MOTHAS UK MOPA3UT MOJTHUEOTBO, MW YIAPUT HA 3HAYUTEILHOM PACCTO-
SHHUH B 3€MJTIO.

Ecim BOMmM3M MOMTHMEOTBOIA TN ITOJI HUM PACITONIATAIOTCA COOPYKEHNA MM 000py10Ba-
HHE, TO IIPHU ONPEAEIEHHOM BO3BBIIIEHUA MOJIHHEOTBOAA HAJ 00BEKTAMU 3aNIUTHI BEPOATHOCTH
ux nopaxenus [IYM moxker ObITh oBEneHA OO0 OUEHH MANBIX 3HAUEHUH. OOHAKO CIEOYET MOM-
HHUTH, YTO CTATUCTHUYECKHUM XapakTep mpolecca mpoOOs IIMHHBIX BO3AYIIHBIX NMPOMEKYTKOB
(MOJIHUM ) IPU JTIOOBIX YCIOBUAX OCTABIAET HEKOTOPYIO BEPOATHOCTH MOPAKEHUA MOJTHUEN 005-

OKYM OANMUCAH
CKTa 3&{@}%;@9 mmm 3aIIATEL MOJTHUEOTBOIOB OIrPAHUYMBAIOTCS PACCTOSHUAMH (KPH-

Ceptuchmkat: 2C0000043E9ABBBI52205E7BA500060000043E
BnanenBBIMH ) QIPEACHCHHERMM, 634 TAHHON CTENEHBI0 BEPOATHOCTH 3aIIUTHI, HAPUMED C P, = (0,999.
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[TpuHATEIE HOPMBI 1 PEKOMEHAATIAN 1O PACYETY 30H 3AMIMTH MOJTHHUEOTBOJIOB MOTYUEHEI
HA OCHOBAHWU J1a00PATOPHBIX UCCIEOOBAHUHN U MOATBEPKAAOTCSA IMOIEBEIMI HAOIIO IEHAMH 34
nmopaxaeMocTeio [IYM peamsHbIX 00BEKTOB M MOJTHUEOTBOIOB.

30HA 3aMIUTEl OOJWUHOYHOTO CTEPIKHEBOTO MOJTHHUEOTBOAA (pucC. 8.1) BCrencTBue 0CEBOM

CUMMETPHUH UMEET BU TE€IA BPANIEHUS ¢ 00pa3yronien, ya0BIETBOPAIONIEN YPABHEHHIO:

h—h
r. =1.6h X
X h+hxp

rg€ p=1 Opu h<30 H p:S,SfJE [IpH A > 30.

Jlna nByX, Tpex u 00Jiee CTEPKHEBBIX MOJHHUEOTBOJOB IMPH ONTHUMAILHOM HUX PACIIOJIOKE-
HUM 00114 30HAa 3aNIUTH 3aMETHO MPEBHIIAET CYMMY 30H OTACIBHO CTOANINX JIBYX, TPEX U 0oee
MOJIHUEOTBOIOB, TAK KAaK 00mIad BEPOATHOCTH MPOPEIBA MOJHUH K O00BEKTY B chepe meHCTBUS
HECKOJIBKMX MOJTHHUEOTBOJOB YMEHBIIAETCA.

Ha puc. 8.2 npencraBneHE! 30HBI 3aIIUTHL ABYX, TPEX U YETBIPEX MOIHUEOTBOIOB. [[i1a
IBYX MOJIHUEOTBOOB BHEIIHAA OTM0AI0NIAA B pa3pe3e NPOBOINUTCS TAKKE, KAK U 1JI1 OJUHOTHOTO
MoJHHEOTBO1a. [Iporud orudaronien mexay BEPIIMHAMHA ONPENENAETCA TT0 OKPYKHOCTH, TPOBE-

neHHou gyepes touku 1, 2 (puc. 8.2, a). Hammensmas mmpuna 2h Ha YPOBHE /i B IUIAHE HAXO-

AUTCA ITO KPHUBBEIM HIIH ITO BEIPAKCHHIO
b, =4r.(Th, —a)l/(14h,6 + a)

[TocTpoeHne BHEMIHEN TPAHUIIBI 30HBI 3AIIUTE TPEX WIH YETHIPEX CTEPKHEBBIX MOIHHUE-
OTBOJOB IIPOU3BOMUTCA ITOMAPHO MO PACUETHBIM COOTHOLIEHUAM Ui KAXABIX OBYX COCETHHX

MOJIHHEOTBOOB. ¥Y CJIOBHE 3AIIUTEl BCEH MIOMIAIN MEKIY MOJTHUEOTBOIAMH HA YPOBHE /i OIIpe-
NEJIAETCS COOTHOMIEHHEM D <8k , TAe D sABIAETCA JUAMETPOM OKPYKHOCTH, IIPOBENECHHBIM Y€-

pe3 Touku 1, 2, 3 wnm Oonbias quaroHans deTelpexyroibHuka 1, 2, 3, 4 (puc. 8.2 0, B).

h,

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Bnaneneu:
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SR TP EYHOK 8.1 — 30Ha OAMHOYHOTO CTEPIKHEBOT0 MOJHHEOTBOIA
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a {I.-"r? h

Pucynok 8.2 — 30Ha 3anIUTEl IBYXCTEPKHEBOTO MOITHUEOTBOAA

Jlns onenku 5 (p eKTUBHOCTH TPOCOBOU 3anuTEl NpoBOAOB BJI wamie BCero ncnoms3yercs

MOHATUE yTia 3anmTel & (puc. 8.3).

JlaboparopHsie UCCIE0BAHNA U ITOJIEBEIE HAOMIO IEHNUA MTOKA3EIBAIOT, UTO 3(P(PEKTUBHOCTH

TPOCOBOM 3AMIMTEI MOKET OBITE OIPENEICHA IO BEIPAKEHUIO

o p = SN _
2t = 7y )

rae P, - BEpOATHOCTH IPOPHIBA MOJTHHUM Y€pe3 TPOCOBYIO 3ALIATY;

h,, - BBICOTA OIIOPEI B METPAX;

i)
@ - YrOJI 3aIUTEI, TPATyCHI.
[Tpn nmabopaTOpHBIX UCCIENOBAHUAX KAHAJI MOIHUHM MOACIUPYETCS OOBIYHO METAJLIMYE-

CKUM CTEPIKHEM, HA KOTOPEIM NONA0TCA MM YALCH Hanpsxenusa ot I MH. Crepxens pacnonara-

€TCA HA «BBICOTE OPHCHTALMID MOJIHHH H,, = (10-20)h ,,
rae h, - BBICOTA MOJEIM MOJTHHMEOTBOAA.
CrepKeHp MepeMemaeTcs B TOPU30HTAIBHON MIOCKOCTH HA pacCTOAHUM 10 441, 1 Donee

0T OCH MOJIHHCOTBOId (HJTI«*I Ha00 OpOT MOJHHCOTBOO IMCPCMCIIACTCA OTHOCHTCIBHO HECITO IBH K-

HOTO CTepH:). MakcuMaTpbHas BEICOTA H,, TIPU TOM OTPAHWYEHA PACCTOSHUEM, KOTOPOE MO KET

OpITh mepekpeiTo ¢ momonieto ['MH npu monoxurensnom nmnynece. [1o Bemuunbue H A MOKHO

HAUTH pa3MEPEI MOJEIEN MOJHUEOTBOAOB U 0OBEKTOB 3AMIUTHL.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Hcnerrarensnas ycranoBka (puc. 8.4) cocrour uz 'MH-750 kB (cm. nad. pabdory Ne 7);
CTEPIKHS, UIMUTHPYIONIETO KAaHAJI pa3psaaa MOJHUM; 3a3€MJIEHHON MIOCKOCTH; MOAEIEH CTEpKHE-
BBIX MOJIHUEOTBOJOB; MOJENEN OOBEKTOB 3aMIWUTHL U MOJENH BO3IYIIHON JIMHUU C 3aIUTHBIMHU
TPOCAMH.

Mopemi MOKHO TPOM3BOJIBHO PACITOIATATh HA TUIOCKOCTH, 4 CTEPIKEHD MEPEMENIATE MO

BepTHKAIH. AMIuTyHoe 3HaueHue ummnyiasca [ MH-750 U

LW AR ITax

= 600— 700 kB. 310 HanpskeHune

IPU MOJIOKUTEILHOU MOJIAPHOCTH CTEPIKHSA MO3BOJIAET MEPEKPHITH pacctosHue 1-1,2 merpa. I1o-

3TOMY IJI1 MOIEJIEH CTEPKHEBBIX MOJIHUEOTBONOB MPUHATEL A, =10 1 15 cMm, 00BEKTOB 3amUTEL

h. - =5u’7cMm.

M.

Kpowme crpororo cobmonenus npasui I'b npu padore Ha UCIIBITATEIEHEIX YCTAHOBKAX BEI-
COKOTO HANPSKEHUA MPU BEITOJIHEHUN JAHHOU pa00TEI HEOOXO0IMMO UMETh B BUAY CIEOYIOMIEE:

1. IloaroToBKa MOJEIEN K UCIBITAHUIO M UX NMEPEMENIEHHUE MO X0y padOTHI MPU CHATOM
HAMPSKEHUN U 3a3€MIIEHHOM YCTAHOBKE, a Takke Bkmouenue ' MH-750 B paboTy u ero oTkmoue-

HHEC BBIMOJMHACTCA TOJBKO ITPCIMOTaBaATCIICM HJIH HHGGPHHTCIM.

2. Ilpu pabore I'MH-750 kB cTyneHTsl 10omKHBEI HAXOAUTECA HA paccTOosHUN HE MeHee 0,5

MCTPd OT CCTHATOTO OTrPaKICHHA.

.

PucyHnok 8.3 — 30HBI 3aIIUTEI

I'HH - 750

OOKYMEHT UDﬂHHCHH
IANEKTPOHHOW NOANWUCEKO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E 1
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

PucyHok 8.4 — MpUHIMITUATIEHAA CXEMA UCITBITATEIEHON YCTAHOBKH
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Yrazanue no mexunuke dezonacHocmi:
YKazanus 1o TeXHUKe 0€30IacHOCTH IIPU BEITOJIHEHUN JJA00OPATOPHEIX pad0OT NPUBEIEHEL

B IIPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padbomol:

1. Ilo 3amanHEIM pazmepamM MOJTHHEOTBOIOB (/1) 1 OOBEKTOB 3aUTEI (Hapumep, i . = 0,5k

)

a) paccuuTark PaguyC 3alMTHE OTAEIBRHO CTOSMIETO CTEPKHEBOTO MOJIHHEOTBOAA HA
yYPOBHE 3€MJIM U HA YPOBHE o,
0) paccauraTh MAKCUMAIBHOE PACCTOSHUE (4) MEKAY IBYMSI MOITHHEOTBOOAMH OIMHAKO-

BOU BBICOTHI (/1) TPU pACIOI0KEHNUN TTOCPEAUHE MEKITY HUMHU 00BEKTa 3aniuThl ( A, = 0,5h );
B) BBEIUEPTUTH MMOJIYUCHHBIE 30HBI 3ANIUTHI B pa3pe3e W B IUIaHE (HA YPOBHAX h, =0 H

h =h_).

X (A

2 .BEIMOIHUTE OMBITHYIO MPOBEPKY PACUETHEIX 30H 3AMIUTEL HA MOJEIIN:

o H
a) onmpenenuTs MacTad TMHEMHOTO MOJEIUPOBAHUA K,, = ?"’ npu H,, =1w oy cioy4das

H =10h OpU h <30m W BEIUUCIATE pa3Mepsl Moaenu ( h, = K, h );
0) YCTAaHOBUTE MOJEb MOTHUEOTBOAA HE PACCTOAHUM 35k, OT OCH CTEPIKHA, 4 MOJEIE

00BeKTA 3anWTH A, . =h, =0,5h, HA PACCTOAHUN r, OT OCH MOJHHUEOTBOJA;

M0

B) BkatouuTh [ MMH-750 1 onpenennts BEPOATHOCTL MOPAKEHUI 00BEKTA A 3aTAHHOTO
gucia pazpanos (10-20).

Bunmanne! Onepanym Bxarouenus un otkmouenus ['MMH-750 BemmonnsaoTcsa Toneko npe-
MOoaBaTenemM Win 1a00paHnTom;

I') YCTAHOBATE MOJENM JABYX CTEPKHEBBIX MOJHHUEOTBONOB OJMHAKOBOM BBICOTHI HA pac-

CTOSHUH «,, =K JAPYT OT Opyra U MOJEIb 00BEKTa 3auMThl . MOCPEIUHE MEKIY MOJIHUE-

LR

orBogamu. Bxmouuts ' UH 1 yOenqurscsa, 4To npu NpUHATEIX yCIOBUAX BEPOATHOCTE NOPAKEHUSA
00BEKTA MPAKTUIECKHU PaBHA HYJIIO.

3. PaccunTars BEpOATHOCTE NPOPEIBA MOJTHUM MHUMO TPOCA K MMPOBOAY IJIA OIOP BEICOTOM
h=16mu 20m nipu yrmax 3anure 0=20°, 25° 1 30°. BEIMOMHUTE KaUeCTBEHHYIO MTPOBEPKY d(Pdek-

TUBHOCTH TPOCOBOU 3ANIUTEI HA MOJEIN BO3IYIIHON JIMTHUU.

Cogepacarsiog omsiema:

SNEKTPOHHOW NOAMNUCHLIO
Ceprudmrar:  2COQUPIEP ABOSTHCIIECBATCPHCATIN? 3E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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2. llens paboTHIL;

3. Kparkue TeopeTuueckue CBEICHN S,

4. Onucanue UCnoab3yemMoro 000py10BaHUA U MATEPHUATIOB;
5. [Topanok BermomHeHus padOTHI;

6. Berunciaenus u 06padoTka pe3yabTaToB;

7. BEIBOIBL.

Koumponsnwvie sonpocwi:

1. OO0BAcCHUTE, C YEM CBA3AHO 3AMIUTHOE TEUCTBUE CTEPKHEBEIX U TPOCOBBIX MOITHHUEOTBO-
IIOB.

2. C KakO¥ BBICOTHI MOJTHUSA HAYUHAET OPUEHTUPOBATHCSI HA MOTHUEOTBOI?

3. Yro Takoe 3ammTHAasS 30Ha MOJIHUEOTBOIA

4. [Touemy 3anmiuTHAS 30HA OTPAHUUMBAETCS MOBEPXHOCTEIO, KOTOPAS ONMPEAEAAETCA C HE-
KOTOPOH BEPOATHOCTELIO?

5. Kak ompenensroTcs TPaHUIBI 3ANIUTHEIX 30H CTEPIKHEBBIX M TPOCOBBIX MOJHHEOTBO-
TOB?

6. B uem 3akmoyaercsa MTUHENHOE MOJSIMPOBAHNE MOJHHUEOTBOJOB U OOBEKTOB 3aNIUTHI
ot ITYM?

7. Kak mpoOBEPUTE COOTBETCTBUE PE3YILTATOB, MOMYYEHHBIX HA MO AEIIAX, 3ATATHOMY J1EH-
CTBHIO PEATBHBIX MOJHUEOTBOI0B?

8. [Tokaxwure 3amuTHEIN yroa TpocoBoi 3anuTel BJI. Kak 3aBUCHT BEpOATHOCTE MPOPEIBA

MOJIHUA MUMO TPOCa K IPOBOY OT BEIMYWHEI 3aNIUTHOTO yria?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Javopamopnan pavoma Ne 8. Pacnpocmpanentie 6011H nepeHanpasceHii. Keasucma-
UUOHAPHbBLE U KOMMYMAUUOHHbLE NEPEeHAanPAJICCHUA. 3auiima om nepeHanpaycenHui. 3a-

WHmMHbBlEe PA3PAOHUKU U OZPAHUYUMeNIU nepeHanpaiceHul.

Ienv pabompi: O3HaKOMIECHNE C HA3HAYEHUEM, ITPUHIIUIOM JEHUCTBUAA M KOHCTPYKIIHMEH
pa3paaHUKOB 1 orpaHunuurene nepenanpsaxenni (OITH). M3yuenme ocobennocrenr paboTel u
IPUMEHEHN S OCHOBHEIX THITOB TPy O4aTEIX M BEHTWILHEIX paszpagHukoB u OITH. Pacuer xapakre-

PUCTHK U 3aNIATHOTO AEUCTBUS PA3PATHUKOB C NCTIOIB30BaHEM JBM.

Ocrnoevt meopuii:

BonHbl mepeHanpskeHuil, BOZHUKIINE HA JTMHUAX IIPU yAapax MOJHHH, PACIPOCTPAHA-
IOTCS IO IMPOBOJAM, HOXONAT A0 IMOACTAHLMHM U MOTYT IIPEACTABIIATE ONACHOCTE IS U30JAIUH
yCTAHOBJIEHHOT O HA MOJACTAHIIMM 000pyn0oBaHMA. 1akoU k€ OMaCHOCTH MOTYT HOOBEPTAThHCA OT-
NEJIbHBIE MECTA HA JIMHUHU, UMEIONIAE OCIA0JICHHY W30JALMI0 WM OCOOEHHO OTBETCTBEHHEIE
YYaCTKHU (TPAHCHO3UIIMOHHEIE OMOPEBI, MPOJIETEI MEPECEUCHUA, NEPEXOIBI YEPE3 TPAHCIOPTHEIE
MarucTpajm, OOIpIIME PEKHA U T.4.). B 3THX CiIydasx HApARy € 3alUTOM OT HNPAMBIX YI4ApOB C
MTOMOTIEH0 MOJIHHEOTBOJOB IMIPUMEHAETCA 3amiuTa oT Haberaronwmx BOiH. 1 mpexynpexaeHnus
MOBPEIKICHUS KAKOU-TN00 U30JIUOHHON KOHCTPYKIMH NAPAJUIENLHO MOKET OBITE BKIFOUEH HC-
kpoBou mpomexytok HII (puc. 5.1, a), Boner-cexynmuas (Up-1p) XapakTepucTuka KOTOPOTO
OOJIKHA JIekaTh HUKE Up-1p XapakTePUCTUKHU 3alIUIIAEMON U30IA1UU (pUC.S.1, COOTBETCTBEHHO
kpuBsie 2 1 1). [Tpu cobmro seHmm 5TOro yCaoBus MaaeHne BOTHEI ITE PEHATIPAKEHUN BEI30BET MPO-
0011 U1 ¢ mocne gyronm peskum nageHuem (“‘cpezom’ ) Hanpsxenus Ha MIT u sanumiaemoin uzo-

JISALIAH.

0 0) b
Pucynox 5.1 — IlpuHimn 3anmtel OT Ha0eraronux BOJIH:

4 — IPUHLMITHAIIBHAA CXeMa; O — BOIBT-AMIIEPHBIE XAPAKTEPUCTUKH

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

CepTHpukar: 95“%%@%% CHEIMPBREM gepe3 HCKPOBOU MPOMEKYTOK HAUHET MPOTEKATH TOK, 00y-
X

Bnaneneu: llleGayxoea TaTenAHa AnexkCaHgpoBHa
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TOK, KOTOPBIH JOJIKEH OBITh OTKIFOYEH C MOMOIIBIO0 PEACHHOM 3aNIUTHL U OTKIFYAIIMX armapa-
TOB.

3anMTHEIE Pa3pATHUKHN 00€CIeUuNBAIOT HE TOJBKO 3aNIUTY W30JIAINH OT MEPEHATPA KEHU A,
HO M TFAlIEHHE IYTH COMPOBOKIAIOMIETO TOKA B TEYEHUE BPEMEHM, MEHBILIEr0, YEM BpPEMS JIEH-
CTBHSA PENEHHOM 3AIIUTHL.

B nmocnegnee BpeMs akTHUBHO BHEAPAIOTCA orpaHnunTem nepeHanpsaxenui (OITH), mpen-
CTABJIAIONINE COOON YCTPOUCTBO C BAPUCTOPOM, OTPAHMINBAOIIMM COITPOBOK JAIONINH TOK MPAaK-
trndecku 10 HyJa. OIIH Brimrouaror HEMOCPENCTBEHHO, NAPALIENBHO HU30IAIMH, 0€3 HCKPOBOTO
TPOME Ky TKA.

CyniecTByer aBa OCHOBHBIX THNA PA3PANHUKOB, OTJIMYAOMIMXCA HMPUHIIAIIOM TANIEHUA
OyTU COOMPOBOKAArOMIET0 TOKA: TpyOuareie (PT), B KOTOPEIX ramenmne gyru OCYMIECTBISIETCA CO-
30aHHMEM UHTEHCUBHOTO IMPOJOJIEHOTO OyThA U BEHTUNBHEIE (PB), B KOTOpEIX nyra racuer Omaro-
naps YMEHBLIEHUIO COMPOBOMKIAOMIETO TOKA C IMTOMOINIBI0 HEJIMHEMHOT O CONMPOTHUBJIEHNA (BApH-
CTOpa), BKIIOYEHHOTO ITOCIENOBATEIEHO C UCKPOBEIM IMPOMEKYTKOM HJIM NOCTATOYHO CIIOKHOH

CUCTEMOM TaleHus IyTU COMPOBOKOAIOMIETO TOKA.
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Pucynok 5.2 — TpyOuateiii  Pucynok 5.3 — Onpeienenue
pa3psiIHUK OCTAIOIIErOCs HAIIPSIKEHUS
pa3psIHUKA

[Tpu nepenanpsixennn B ceT 00a UCKPOBBIX NPOMEKYTKA MPOOUBAIOTCSA, U BOJHA MEpe-
HanpsoKeHus cpesaercs. [1o myTu, co3gaHHbEIM UMOYIBCHEIM Pa3psaaoM, HAUMHAET MPOTEKATE CO-
MPOBOKIAONINI TOK, U HCKPOBOM pazpsan nepexoaut B ayrosou. [lox nerctBuem BEICOKOU TEM-
mepaTypsl KaHana AyTH MATEPUAT TPYOKH pa3naraercs C BRIIEICHUEM OOMBIIOT0 KOINIECTBA Ta-
30B, JABJIECHUE B HEN pPe3KO0 BO3pacTaet (10 Heckompkux MIla), 1 ra3el ¢ cunoit BEIPEIBAIOTCA 4EPE3
orBepcTus (praHna 3, co3aaBas MHTEHCUBHOE MPOAONBEHOE NyThE. B pe3yasTare gyra raCHET IIpH
MEPBOM MPOXOKICHUHN TOKA YEPE3 HY JIb.

[Tpu cpadaTeiBannu pa3psAIHNUKA U3 HETO BEIOPACKIBAIOTCS PACKAICHHEIE TA3kl B BUIE (a-

kena mmHou 1,5-3,5 M u nmpunou 1-2,5 M u paznaercs 3ByK, HAMOMUHAONIUM BEICTpen. [TlosTomy

A HPEMMWVMWﬂyQ]HEHMK 3aMBIKAHUH ITPH MOHTAXKE PA3PATHUKOB HYKHO CIEIUTH,

SNEKTPOHHOW NognMcbio
Cepruc HRO O BoBOBEY BBESSIOTIE, HE JIQHBAAH TOKOBEIYIIME JaCTH COCEHUX (as.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Hanpsxenne cpabareiBanusa pa3zpAIHUKOB MOKHO PETYIMPOBATE, U3MEHAA PAaCCTOAHUE
BHEIIHETO MCKPOBOTO IMPOMEKYTKA S2, HO HEIB3SA CHUKATH HUKE OMPENECIECHHOI0 MHHHMYMA

(Tabm. 5.1), Tak Kak 5TO BEI3BIBAET CIAMIIKOM YACTHIE CpA0ATBIBAHUA W MOBBIIMIEHHBIN M3HOC Pa3-

PATHUKA.
Tabmuma 5.1
Un, kB 3 6 10 35 110 220
S2, MM 8 10 15 100 400 500

Bemiunna ocraronierocs HanpsxeHus (KpuBele 1 u 2, puc.5.3) onpenensercs, B OCHOB-
HOM, COTIPOTUBIIEHUEM 3a3€MIEHU S pA3pAIHUKA R, KOTOpOE 1OMKHO OBITE, IO BO3MOKHOCTH, Ma-
neiM. [To mopmam Rz <10 Om, Torpa mpu Z=400 Om umeem Uoer~0,05Un.

2Un R. — 2Un
Z+R, ° 400+10

10 =0,05Un

Jls yenemHoro ramenns Oyru Heo0Xoamuma OnpeneneHHas MHTEHCUBHOCTE razo00paso-
BAHMA, TOTOMY CYIIECTBYET HUKHHUH ITPEIET OTKIFOYAEMBIX TOKOB [min, TPA KOTOPBIX PA3PATHUK
€I11€ MOJKET MOTACUTH AYTY B T€UEHUH |-2 momynepuonos. BepxHui npenen 0TKIrYaeMbIX TOKOB
Inax TAKK€ OTPAHNUNBAETCSA, TAK KAK CIIMIIKOM MHTEHCHUBHOE ra3000pa30BaHNE MOKET MPUBECTH

K pa3pymieHuro (pa3peiBy) paspanHuka. /[nana3zoH OTKII04aeMBIX TOKOB YKAa3bIBAETCA B 0003HA-

4EHUU pa3panHuka: Hanpumep, PTB % 03HA4YaeT TPy OUaThIid pa3psIHUK BUHUILIACTOBBIA HA

35 kB ¢ npenenamu TokoB 0,5...2.5 KA.

Br100p TpyOuaTeIX pazpAIHUKOB MPOU3BOAUTCS IO HOMUHAIEHOMY HAIPSKEHUIO CETH U
IpeaenaM TOKOB KOPOTKOTO 3ambikanud (K3) cetu B Touke ycranoBku PT. MakcumanbHBIN TOK
K3 paccuuTsiBatoT mpu yCIOBUM BKIOUEHHS BCEX NIEMEHTOB CETH (JIMHUM, TPaHC(pOpMAaTOpEL,
TEHEPATOPRI) C YUETOM AmepUOAUYECKON COCTaBIsmomied Toka K3, MUHMMATBHBEIM TOK — IIPH
CXEME CETH C YACTUYHO BRIKIIFOUEHHBIMU 3JIEMEHTAMU (HAIIPUMED, )1 KAMUTATEHOTO PEMOHTA) U
0e3 yuera amepuogudeckou cocrasiptronied. Halnennsie npenensl Toka K3 momkHBL yKIagsl-
BATHCA B MPENENBI OTKIIOYAEMBIX TOKOB TPyO4aToro paspamHuka. | pyOdareie pa3psaIHUKH BHI-
MyCKaroTCA HA Hanpsxenue ot 3 no 220 kB, orkmogaemeie Toku nexar B npeaenax ot 0,2...7,0
u 1,5...30 kA npu nanpsoxennu 3...35 kB 10 0,4...7,0 u 2,2...30 kA npu vanpsxenun 110 kB.

OCHOBHBIM HEIOCTATKOM TPYOYATBEIX PA3PATHUKOB SIBIAIOTCA: HAJIUUYHNE 30HBI BBIXJIOMNA;
KPYTOH CPE€3 BOJHEI NEPEHANPAKECHU A, 3AMBIKAHUA (XOTA U KPATKOBPEMEHHEIE ) IMHUH HA 3E€MITIO,
151 DCD@EH}%%%M%-CEKyHﬂHHH XapaKTePUCTUKA, UCKTIOUAIONIAS BO3MOKHOCTE HINPO-

Ceptucukat:  2C0000043E9ABBBIS2205E7BA500060000043E
Branend@ TOTEPIMEHO RIS AR-lc B Jasie CTBE ammapara 3amniuThl 0ACTAHIIMOHHOTO 000PYTOBaAHMS.
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Hemocratkom PT sABmserca Takke HaIWUME NPEOENBHBIX OTKIFOUAEMBIX TOKOB, UTO
OCIOKHSIETCS UX MPOU3BOACTBO U HKCIUIYATAIUIO.

bmarogapsa cBo€l MPOCTOTE U HU3KOW CTOUMOCTHU TPyOUYaThie PaspAIHUKA MPUMEHIIOTCS
B KAYECTBE BCIOMOTATEIBHBIX CPEACTB 3AMIUTHI IMOJCTAHIMMI, 4 TAKKE OTACIBHBIX YUACTKOB JIH-
Huil. Cnexyer, 0qHAKO, OTMETUTE, UTO B MOCIEIHEE BPEMS MPUMEHEHUE TPYOUATHIX Pa3psIIHUKOB
BCE DOnee OrpaHMYMBAETCS, U €CTh NMPEANOCHUIKH, UuTO B CeTaAX Pb ckopo ux He ocranercsa BOBCe
(IO MOCAEIHUM JAHHBIM YK€ HE OCTANOCH).

BeHTUIBHBIE pa3PATHUKH ABIAIOTCA OCHOBHBIMH AIIIAPATAMHM B CXEMAX 3AIIUTHI U30J1-
LU SJIEKTPOO00OPYI0BAHUS CTAHIIMHN U IO ICTAHIIHH.

BentuneHaeii pazpsaanuk, Hanpumep, PBC (puc.5.4) cocTOUT u3 CUCTEMBI COEOUHEHHBIX
MOCIEA0BATENRHO UCKPOBEIX mpomekyTkoB UII u Bapucropa (HEMMHEMHOTO CONMPOTHUBICHUE).
ConmpoTUBICHUE BAPUCTOPA 3aBUCUT OT IPUJIOKEHHOI0 HAIIPAKEHU, II03TOMY €r0 BOJIETAMIIED-
HAasA XapakTEPUCTHKA (U COOTBETCTBEHHO Pa3PAIHUKA B IIEJIOM) TAKKE HETMHENHAA (puc.5.5).

Paboraer BEHTWIBHBIN pa3psAgHUK CaeayrommM oOpa3om. Korma MrHOBEHHOE 3HAUEHHE
BOJIHBEI nepeHanpsaxenua U, Ha pa3psagHAKE NOCTUTAET UMITYJIbCHOTO MPOOMBHOIO HANPIKEHU
HMCKPOBBIX MPOMEKYTKOB, OHU mpoOuBatTca. CONPOTHUBACHHUE Pa3psATHUKA IMPU 5TOM MAJO, U
Uepe3 HETO MPOTEKAET 3HAYUTENBHEIN M0 BEIUUWHE UMITYJIbCHBIA TOK [p, KOTOPBIA U ONPENEIIAET
HAIPsKEHUE Ha paspagauke. Hanbompmee HanpsaxeHne Ha pa3pAIHUKE IPH MAKCUMAJIBHO JOMIY-
CTUMOM HMITYJIbCHOM TOKE 4€pe3 HErO [y, max HA3BIBAIOT OCTAIOIMIMMCS HANPAKEHUEM Upcm. ITO
HAMpPKEHUE T0JKHO ObITh HA 20...25% MEHBIIE UMIYILECHON MMPOYHOCTH 3AIUNIAEMON W30J15-
1. [Tocne mpoxoxkaeHuss UMy IECHOTO TOKA UEPEe3 PA3PATHUK HATUHAET IPOTEKATh COMPOBO K-
OArONIMHA TOK MPOMBIILIEHHON YaCTOTHI lconp, OOYCIOBIEHHON pad0OUNM HANPAKEHUEM CeTh. lak
KaK 3TO HANPAKECHUE 3HAYUTEIEHO HUIKE AMILIMTY 1Bl MMITYJIbCA [IEPEHAPSKEHU A, TO COIPOTHUB-
JIEHHME BAapUCTOpA PE3KO BO3PACTAET, U BEIMYMHA COIMPOBOKIAIOIIEr0 TOKA OTPAHUYHUBAECTCA OO
BEIINUMHEL, IPU KOTOPOU OyTd, pa3ouTas B UCKPOBBIX MPOMEKYTKAX HA OOJBIIOE YMCIO OTIENE-

HBIX QYKEK HEOOBIION AJUHEBL, TACUTCA MPU HEPBOM K€ MEPEXOAE COMPOBOKIAIOMIETO TOKA Ye-

pe3 HyJIb.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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PucyHok 5.4 — YcTpoHCTBO H PucyHok 5.5 — BosbsTamiiepHas
CXE€Ma BKJIIOYEHNUA BEHTHILHOTO XapakTEepUCTHKA pa3psIHUKA.

pa3psaaHUKA (TYHKTHPOM
mokaszaH Bapuant OITH).

Haubonmemee neicrByroniee 3HAYEHUE HANPAKEHUS rameHuss Oyru Usqw, IPU KOTOPOM
HAOEHKHO OOPEIBAETCA HNPOXOIANIMH UEpPe3 Pa3PATHUK TOK, HA3BIBAEMBIM TOKOM TAMEHUA l-au,
OOJKHO OBITEH BRINIE MAKCUMATEHO BO3MOKHOTO HATIPSKEHUA HA PA3PATHUKE B MOMEHT TalllE€HUS
OyTH, UHAYE Pa3pAIHUK MOKET HE MOTACUTE OYTY CONPOBOKAAONIETO TOKA IIPU IIEPBOM ITPOXO0 K-

IEHUHU €T0 4€PE3 HYJIb U BRIUJET U3 CTPOS.

U., =KU

Sl Hom ?

rae Uion - HOMUHAJIBHOE JIMHEMHOE HATIPAKECHUE;
K’ - koa(p(purimeHT, 3aBUCAIIMMN OT cr1oco0a 3a3eMIEHNA HEUTPAIIH,

K;= 0,8 wm 1,1 nna ycTaHOBKHY € 3a3€MIEHHOW U M30JMPOBAHHON HEUTPAIBIO COOTBET-

CTBCHHO.

BakHoM XapakTepUCTUKOHN BEHTWILHEIX PA3PAIHUKOB ABILIETCA KOA(P(PUIMEHT 3anIUTE
U
K Tauy U

el

cau

Tax kak U-qu 3aBUCHT OT Upon YCTAHOBKU, TO Ksquy OTIpenenseT 3HadeHue Usem pazps-
HUKA, T.€. TPeOyEeMBIN YPOBEHE M30LALINH . CHIKEHUE YPOBHA U30ALMNA TP COXPAHEHWH HAEXK-
HOCTH 3aIIUTHI €€ C MOMONILI0 PB MOKET OBITE TOCTUTHYTO IyTEM NPUMEHEHU A PA3PITHUKOB UITH
OIIH c 6onee momoron BOIBTAMIEPHON XAPAKTEPUCTUKOH (pUC. 5.5, KpUBEIE 2,4) WIN ITyTEM yBe-
JTAYEHUS TOKA TamI€HWA 3a4 CYET YIYyYNIEHHA AYTOracAmUX CBOWUCTB MCKPOBBEIX INPOMEKYTKOB
(kpuBas 3).

HckpoBBIE MPOMEKYTKH BEHTWIBHBIX PA3PATHUKOB AETAIOTCA MHOTOKPATHEIMU, T.€. CO-
CTOAIMMH U3 OOIBIIETO YKMCJIA ITOCJIEJOBATENLHO COETUHEHHEBIX €MMHUYHEIX IPOMEKYTKOB. [1po-

NOKYMEHT MOAMUCAH
CTeﬁmﬁ%ﬁ?ﬁﬂ?ﬁ%ﬁ%m TOK (pHC. 5.6) COCTOUT M3 X JTATVHHBIX JIEKTPOOOB 1, pasme-
2C0000043E9ABBBY52205E (p ) ABY yH pon » Pa3n

CepTudukar: AS00060000043E
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Nencteutened: ¢ 19.08.2022 no 19.08.2023

58



JIEHHBIX W30IUPYIOMIEN man0on 2. JAEKTPHIECKOE MOAE MEKIY NIEKTPOomamu OIM3KO K OOHO-
POOHOMY, MOATOMY IPOMEKYTOK ITPOOUBAETCA NPU KO3P(PUIMEHTE UMITYJIECA, OMIM3KOM K €1U-
Hule. KommyecTBO €IMHUYHBIX NPOMEKYTKOB B Pa3pAIHUKE yCTAHABIMBAIOT W3 pacuera MpH-

mepHO | mpomexyTok Ha 1-2 kB ()a30BOTr0 HOMMHANEHOTO HANPAKEHUS PA3PATHUKA.

Ayra

I Ll /7 r ST TSy =
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PucyHok 5.6 — EMHUYHEIN HC- Pucynok 5.7 — Enunnu-

KPOBOM MPOMEKYTOK C HEIOIBHXK- HBIN UCKPOBOM IIPOMEKY-
HOM JIyrou TOK C BpalraroIrnencs ay-

Taxum o0pazom, 1yra COnpoBOKIAONIETO TOKA OKA3BIBAETCA Pa30UTOU HA pAx IyT MAIOH
IOJIVHBI, 4TO 00eCHeunBaeT Npu TOKAX lconp 10 100 A mHanexnoe ramenue ayru. llpumensrorcs
Takue npoMmexyTku B pazpagnukax PBIT u PBC. Ilpu conmpoBoxknmaronmx Ttokax ceeime 100 A
MPUMEHSAIOTCSA IPOMEKYTKHU C TIOIBUKHOU TYTOM.

Taxoit mpomexyTok (puc. 5.7) mpeacraBiasger co00i 3a30p MEKIY KOABIOM | 1 qUCKOM 2.
Jlyra 3, ropamias Mexay STUMH SAEKTPOOAMHU, B PE3YIABTATE B3aUMOIEHCTBUA C MATHUTHBIM ITO-
JIEM, CO30ABAEMBIM ITOCTOAHHEIM MArHUTOM 4, MEPEMEIIAETCA C OOIBIION CKOPOCTEIO IO KOIbIIE-
BOMY 3a30py, UTO 00ECHEYNBAET €€ TAIEHNUE. Y KAa3aHHBIE MMPOMEKYTKH HAJIEKHO TacAT Iyry IIPH
Tconp 10 250...300 A.

[TpunTIMTT IENCTBUS UCKPOBBIX MMPOMEKYTKOB C PACTATUBAIOMIEUCS JYTOH IMOKA3aH HA PUC.
5.8. IBa snexkrpona 1 pacmonararoTcs MEKIY CTEHKAMU IYTOTACUTEIBHOU KAMEPEI 2 B MATHUTHOM
rmosne H. B TakoM none Ha nyry 4 COMPOBOKIAIOIIEr0 TOKA EUCTBYET cuia F, B pe3yibrare gero
Iyra NEPEMEIIAECTCA U PACTATUBACTCA MEXKIY IEPErOPOAKAMHI 3 KAMEPHI 2, CTPEMACE 3aHATH KO-
HEYHOE NOJIOKEHUE 4, oxyraxaaerca u racHeT. CTEeHKH KaMepsl 2 N3rOTABINBAIOTCA U3 TyTrOracu-
TEJIBLHOU KepaMuKku. [IpomexyTKu ¢ pacTaruBaroniencs Iyrol MpuMeHstoTcs B pazpagaukax PBT

u PBP]I.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Pucynoxk 5.8 — ICKpoBOU Pucynok 5.9 — BapucTtopsl
OPOMEKYTOK C BEHTWJIBHBIX PA3PSTHUKOB

PacTATUBAIOIIEUCS IYTOU

Jlns yBenuueHns mpoOMBHOTO HANPAKEHU PA3PATHUKOB P MPOMBINILTIEHHON JACTOTE U
o0JieTaeHN TamIEHUs JyTH COMPOBOKIAIONIETO TOKA PACIIPEAEICHUA HATIPSKEHUA IO UCKPOBEIM
IPOMEKYTKAM JOJKHO OBITE pABHOMEPHEIM. [[J151 5TOr0 MCKPOBEIE MPOMEKYTKH LIYHTUPYIOT pe-
3ucropamu R (puc. 5.4), CONpOTUBIAEHNE KOTOPBIX BEIOMPAIOT TAK, YTOOBI YEPE3 HUX ITPOTEKA
TOK, HPEBBIMIAIONINI B HECKOJIBKO Pa3 €MKOCTHBIN TOK MCKPOBBIX MPOMEKYTKOB.

Paboune compotuBnenus (Bapuctopsl) r pazpsaagankoB PBC, PBII w3srorasmiBarorcsa us
HOPOIIKA SMEKTPOTEXHNUECKOro kapoopynaa SiC. Ha moBepxHOCTH 3epeH KapOOpyHIa MMEETCsA
TOHKWUU 3aIMOPHEIN CI0H 13 OKUCcH KpemHus S102.

VnemsHoe ConpoTHBIEHHE 3epeH KapOopyHaa HeBexmKo — mopsaaka 10° Owm m, a compo-
TUBJICHHUE 3AMIOPHOTO CIO0S HEMHEHHO 3aBUCHUT OT HATIPAKEHHOCTH SAEKTpudeckoro moud. [Ipu

MAJIBIX HAMPKEHHOCTAX (HEOONBIINX HAMNPSAKEHUAX HA BAPUCTOPE) YIAEIBHOE COMPOTHUBIICHUE
3amopHOTo ¢10a cocrasiaer 10%...10°0On M, BCe NPUIOKEHHOE HAMPKEHUE MANAET IIPH STOM Ha
3AIMOPHBIN CIIOU, KOTOPBIN U OMPENEIAET COMPOTUBIEHUE BAPUCTOPA.

[Tpn moBEIIIEHNH HATTPAKEHHOCTH ITOJIA COMPOTHUBIIEHUE 3AIIOPHOTO CIOS PE3KO MANAeT, U
BEIWYMHA COMPOTHUBICHUSA BAPUCTOPA HAYMHAET OHPENEIATHECA CONPOTHUBICHUEM COOCTBEHHO
KapOopyHIa.

Henunennoe CONMpOTUBIEHNE BEHTUIILHBIX PA3PATHUKOB BEIITOIHAETCA B BUAE TUCKOB, CO-
CTOSAMIMX W3 KapOOPYyHOOBOTO MOPONIKA M CBA3YIOMIEr0 Marepuana. B Hacrosmiee Bpems mpume-
HSIOTCS JUCKH W3 BUIUTA U TepBUTA. |11 M3rOTOBIEHMA BUJINTOBEIX THUCKOB B KAUECTBE CBA3YIO-
IIETO MPUMEHIETCS KUIKOE CTEKIJIO. JITO MO3BOIAET CIEKATh JUCKU OPH CPABHUTEIHLHO HU3KOH
TeMITePATFREARKO AR S )- TepBUTOBEIC TUCKHN MPH U3TOTOBICHHN 00KUTAIOTCS, TIPU TEMITepa-

ANEKTPOHHOW MOAMNMUChHIO

CeprubTyPe2CBEIme: b Coold prasomesdonacTs 3aMOPHBIX TIEHOK BEITOPAET, YTO MOBBIIAET MPOMYCKHYIO

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

CIOCOOHOCTE MATEPUAIA, HO YMEHBILIAET CTENEHh HETUHENHO CTH.
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Bentunensie pazpagauku o 'OCT 16537-70, koropeii ycTaHaBnuBaer TpedOBaHUA K
3JIEKTPUUECKUM XAPaKTEPUCTUKAM BEHTWIBHBIX Pa3PAIHUKOB, PA3AEIECHEl HA YETBIPE TpynIsl. K
| rpynme OTHECEHBI pa3pATHUKA C HAWIYYIIMMUA 3aNIMTHBIMA CBOHCTBAMHU, T.€. HUMEIOIIUE
HAUMEHBIIIEE 3HAYEHUE OCTAONIETOCA HANPSKEeHUA. K 5TOM rpynne OTHOCATCS pa3psaaHUKH CEPUA
PBT u PBPJI. 3arem cnenyror paszpsauuku 2 rpynnsl — cepun PBM, paspsagnuku 3 rpynmer —
cepun PBC u 4 — cepuu PBII.

OOneruennsie pazpagauku cepun PBII mpumenaroTcs i 3ammTel 1301410 UN ITOICTAH LI
HanpsmxenueM 3...10 kB. onn nMerT BApUCTOPBI U3 TUCKOB AUAMETPOM 55 MM, U UMITYJIbCHBIN
TOK UL HUX HE JOJIKEH MPEBRIIATE 5 KA.

Pazpannukn yauduimposannou cepun PBC cmyxar mid 3anuTel 31€KTpoo00py 10BaHuA
MOACTAHIINNA 1 BEIMYCKAIOTCA B BUE AJIEMEHTOB HA HATIpsxkeHue 15,20,33,35 kB, mpuuem snemeHT
Ha 33 kB npennazHaueH NCKIIOUYNUTENIEHO I KOMILIEKTOBAHUS PA3PAIHUKOB HA 00I€€ BEICOKHUE
Hanpsoxenud (110...220 kB). IIponmycknas cmocoOnoCTE paspamguukoB 10 kA (quaMeTp TUCKOB
100 mm).

BenTunsHbIE pa3pAIHUKN C MATHUTHEIM TANIEHUEM MAPKUPYIOTCSA HA HAOPsKEHUE 3...35
kB xak PBM, na nanpsxenue 110 kB u Benuie, kak PBMI (rpo3ozanrasie). Pazpsaanuku PBM
IPUMEHAIOTCS, B OCHOBHOM, JIJIS 3QIIMTHl M30JMAIMK Bpamiarommxcsa mamuH. Ha nanpsxeHue
3...20 kB pazpsagHuky BEITYCKAIOTCA B BUAEC OTAECIBHBIX 3JIEMEHTOB, HA HampsaxkeHue 35 kB u
BBINIE KOMIUIEKTYIOTCA U3 HECKOJIBKMX JIEMEHTOB. B paspanHukax 3THMX CEpHUH MPUMEHEHBI HC-
KPOBBIE MPOMEKYTKH C MATHUTHBIM Tall€HUEM. BJIOKM €IMHWYHBIX HCKPOBBEIX HMPOMENKYTKOB
IIYHTUPYIOTCS HETUHEHHBIM PE3UCTOPOM TTOTYKOABIEBOU (DOpMEL. [IprMenenie BIUIMTOBEIX JUC-
KOB nuamerpoM 150 MM MO3BOMMIO BABOE YBEJIWUUTE MPONYCKHYIO CHOCOOHOCTE Pa3pAIHUKOB
PBM u PBMI no cpanenuto ¢ pazpsanaukamu tuna PBC.

B HOBOM cepuM MATHUTHO-BEHTUIBHBIX pa3paaHuKkoB PBT (paspamHuk BEHTWIBHBIN TO-
KOOI PAHMYHUBAIOIINH ) HPUMEHEHEI TOKOOT PAHWUYHNBAIOIINE UCKPOBBIE NMMPOMEKYTKH C PACTATHBA-
roniercs qyrou (puc.5.8). MaruutHoe nmone co3qaeTcs KaTynlkaMH, BKJIIFOUEHHBIMU ITOCIE0BA-
TEJIBHO C MCKPOBBIMU MPOMEKYTKAMH. 34 BpPEMs HNPOTEKAHWS HUMITyJIECHOTO TOKA Oyra Cymie-
CTBEHHO PACTAHYTHLCS HE YCIIEBAET, M COMPOTUBIIEHUE €€ HE BeMKO. [Ipu mpoTekanum conmpoBox-
NArOMIETO TOKA MPOMBINUIEHHON YaCTOTHI AyTa BBOOUTCA B Y3KYIO HIENb Pa3psAIHUKA, PACTATUBA-
€TCs, €€ COMPOTUBIECHUE BO3PACTAET, U BEIMUMHA CONPOBOIKIAIONIETO TOKA OrPAHUINBAETCS YIiKE
HE TOJIBKO COIPOTHUBJIEHUEM pad0OUero BapuCTopa, HO U CONMPOTUBIEHUEM IYTH.

Bapucrops! pazpagaukoB PBT na nanpsxenue 3...10 kB koMmiekTyercs u3 TEpBUTOBBIX

IHCKOB @%ﬁ%&%ﬁ&@ pazpamgHukoB 110...500 kB —u3 quckor quamerpom 100 mm. Ocra-

Ceprucukar: 2C0000043E9ABBBI52205E 7BAS00060000043E .
BnanendQIIECACH, HAILKeHUE pazpanaukoB PBT mpumepno na 20 % Huke, 4eM y pa3pagHUKOB CEPUU
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OIIH BrImOMHAETCSA B BUAE CUCTEMEI KEPAMHMYECKUX PE3UCTOPOB HA OCHOBE OKUCH I[MHKA
(Zn0O) ¢ BEICOKOM CTENEHBIO0 HETUHENHOCTU. MeTam3upoBatHEIe ¢ TOPIOB AUCKH (HAIIpumep, 4
NAapAJUIENBHBIX KOJIOHKU W3 JUCKOB auaMerpoMm 28 mm U BeicoTon 8 MM — OITH 110) pazmenia-
I0OTCS B TEOMETPUYECKOM n3onupyronieM kopryce. OITH obecnmeunBaror orpanmuenue COmpoBo k-
naromiero Toxka mo 10%..10° A opu padbouem HAMPSKEHUN CETH, 001amas 10CTATOUHO BRICOKOH
MPOITYCKHOW CHOCOOHOCTBIO IIPU MEPEHANPAKEHUAX. Y POBEHb OTPAHMYEHUA T'PO30BEHIX IEPEHA-
npsaenni ¢ nomonisio OITH cocrasnser (2,0...2.2) Up, kommyTtannoHHex — (1,68...1,8) Ug.

Pacuernrivu BenmmunHamu npu BeiOope u yctanoBke OIIH sBasroTca nnmurensHOCTE BO3-

OEUCTBUSA MEPEHATIPAKEHUA. B 3aBUCUMOCTH OT IIIMTENBHOCTH BO3AEUCTBUSA OMPENEIAETCSA Imapa-

Un (r)
U

MeTp T, = , tne Uc — nanpsaxenne Ha OITH, koTopoe 0H I0KEH BBIOEPKHUBATE KAK YTOTHO

nomro; Un(t) — mnepeHanpsaKEeHWE 3a0aHHOM IUTENBHOCTH. [HWIMYHASA XapakTEPUCTHKA

Te=f[(Un(t)] npuBenena na puc. 5.10.

'T'nt:‘I

-
410" 10 e

Pucynok 5.10 — 3aBucumocts 7, =

JTa XapakTEpPUCTUKA HEOOX0AUMA /11 KOPPEKTHOTO BRIOOPA YCTABOK PENEWHON 3ANIUTHI
1 IPYTHX CUCTEM aBTOMATHUKH. lak e pacueTHOU BennuuHou npu Beroope OITH apmsercs komi-
4ECTBO MMITYJIECOB 3aJAHHOU (POPMBI 1 MAKCUMAIBEHOE 3HAYEHUE UMITYJIBCHOTO TOKA. COOTBET-
CTBYIONIEE HOPMHUPOBAHHOMY OCTAOMIEMYCS HAMPSKEHUI0 Usr. THUIMUHAA XapakTepUCTUKA

Uonw=f(I) npuBenena na puc. 5.11.

Uuuu B A
Uu:T
kU,
U
>
AOKYMEHT NOANMWUCAH 10 I, KA

3NEKTPOHHOW NOANMCLIO

Ceptudmkar: 2 Eﬂﬂﬂﬂﬂdfplﬁﬁ.ﬁﬂﬂgﬁ 220 SETEiJ}-iE'D'DG 00004 3E

Bnaneneu: llleGayxoea

smm COOTHOMEHUE Uper K Uc B 3aBUCHUMOCTH OT UMITYJIECHOT'O TOKA

HEVHOK,
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B 3aBucumoctu ot tuna u Haznauenusa OIIH K=2-4. Ilpu Usnu < Ue, TOK IPOTEKAIOTIIMI
gepe3 HEMUHENHBIN PE3UCTOP, COCTABIIIET EQUHUIBL mA W TJIIABHOU NPOOIEeMOHN MPH HKCIITyara-
unu OITH aBaserca megomymieHne BO3pacTaHMA STOTO TOKA (pasrepMeTm3anyia U YBIAKHEHUE
KOHCTPYKIIUM U T.1.).

Meronuka pacuera u BetOopa OIIH npomomkaer CoBepmeHCTBOBATECA, U CO BPEMEHEM

OIIH momxHBI 3aMEHUTE BCE BUIBI 3ANIUTHBIX PAa3PATHUKOB.
Vkazanue no mexnuke oezonacuocmu:
Vkazanus mo TeXHUKE 0e30macHOCTH MPU BEITTOJIHEHUH JTA00OPATOPHBEIX pad0T MPUBEIEHBI

B IIPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padomel:

l. Ocku3 BeHTWIBHOTO paspsaguuka (PBC-6 wnu PBC-15) ¢ ykazanuem OCHOBHBIX
pa3sMepoB.
2. Jckmu3 TpyOuarteix pazpsaanukos (PTB, PT®). Ha sckuzax nomxHo OBITE TOKA3aHO

BHYTPEHHEE YCTPOHUCTBO Pa3pAIHHUKOB.

3. DCKHU3 U ONMMUCAHNE UCKPOBEIX MPOMEKYTKOB pazpanHukoB Tuna PBC u PBM.

4. Omicanue BApuCTOPOB BEHTUILHBIX PA3PAIHUKOB.

5. Ockm3 u omucanne OITH (mo ykazamimo mpemogasaresns).

6. [TocTpouTs BOAETAMIIEPHYIO XaPaKTEPUCTUKY paspanHuka PBC-6, ecnn n3BecTHO,

uro ¢=0,22 u Up =30000B npu Ttoke [,=5000A, cuuras, cTO HANpPIKEHNUE HA PA3PATHUKE U3ME-

uaerca no sakony U =CI7.

7. Bermommrs pacuer U ), = f(fp) nl,,, = f(lmm) IIJI1 BEHTHJIBHEBIX Pa3psii-

HUKOB pasHbeiXx TUNOB B OIIH ¢ ucmons3oBanuem nporpammer IBM (o ykazanuio npemnomaBa-

TEILA).
8. BEIMOMTHUTE pacueT MepEeHANnpsKEeHU HA MOACTAHIMU MO MPOrpaMMe (BBIMOTH -

€TCsA pacueT o OTAEIbHON MHCTPYKIINH).

Cooeporcanue omuema:
OTUeT OOmKEH CONEPIKATE:

1. Hazpanue paOoTsr;

OORBCAH
2:'an ng?—l%u NOAMMCLIO

Copmumar. 20RO RASIARIY Cnenens,

Bnaneneu: e

aTbAHAa ANekKc ApoBHAa

4. Onucanue UCnoap3yeMoro 000pyJ0BaHNA U MATEPHUATIOB;
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5. Ilopsanok BeImoHEHUS PaOOTHI;
6. Beruncienus nu 00padoTka pe3yiabTaToB;

7. BEIBOIEL.

Koumponsnwie eonpocwi:

1. Haznauenue TpyO4aThIX 1 BEHTUIBHEIX PA3PsaIHUKOB.

2. ITpynnnm paOoTE TPyOUaTEIX U BEHTUIIBEHEIX PA3PAIHUKOB.

3. Ilpumenenne n 0cOOEHHOCTE padOTHI OTAENBLHBIX TUIIOB BEHTWIBHEIX PA3PAIHHUKOB
(PBII, PBC, PBMI', PBT, PBP/], OIIH).

4. KOHCTpYKIIMA BEHTWIBHEIX U TPyOUYATEIX pPa3pAIHUKOB M HA3HAYEHUE MX OTJIEIbHBIX
qacTeu.

5. Meroauka pacuera u Betoopa OITH.

6. IIpumeprr pacuera yCTaHOBKH TPYyOUATHIX, BEHTUILHEIX pa3zpaauukoB u OITH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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5. Yueono-memoouueckoe u ungpopmayuonnoe odecneydeniie OUCHUNTUH B

5.1 Ilepeuenv 0CHOBHOU U OONOJIHUMEbHOU UM EPAMYPbl, HEOOXOOUMOU 01 0CB0e-
HUSL OUCHUNIUHDbI

5.1.2 Ilepeuenv 0CHOGHOIL TUMEPAMYPbL:

1. bouapor FHO.H. TexHuka BBEICOKMX HANPsAKEHUU |IDIEKTPOHHBEIA pecypc| : yueOHoe
noco-Oue / FO.H. bouapos, C.M. [lynkun, B.B. TurkoB. — DIEKTPOH. TEKCTOBBIE JAHHEIEC. —

CIIO. : Cankr-IlerepOyprekuin momrexunueckuil yausepeuret [lerpa Bemmkoro, 2013, — 265

c. — 978-5-7422-3998-7. — Pewxum nocryma: htip://www.iprbookshop.ru/43976.html

5.1.3 Ilepeuens oonoiHumenvH oIl 1umepamypbi:
1. .lllernos, H. B. CoBpemennsie Buaer n3omanuu. Hacte 2. M30/ammsa BEICOKOBOJIBTHRIX
BBOJIOB [ DNIEKTPOHHEIN pecypc| : yuebnoe mocodue / H. B. lllernoB. — DneKTpoH. TEKCTOBEIE

nanuele. — HoBocubupck : HoBoCcMOMpCKMM TOCYOapCTBEHHBIM TEXHUUECKHUN YHHUBEPCHTET,

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

5.2 Ilepeuensv yueoOHo-MemooUUeCKo20 obecnedeHus CamocmoamenbHol padonul 00y-
YAOWUXCA RO OUCHURTIUHE

1. Meronnueckue ykasanus N0 BEIOJTHEHUIO MMPAKTUYECKUX padoT Mo auciuinHe « I'ex-
HUKA BEICOKMX HAMPIKEHUI).

2. MeTtoandeckue yKkazaHus 00 BEIMOIHEHUIO IA00PATOPHEIX pa00T MO TUCITUTIIIMHE « T ex-
HUKA BEICOKMX HAMPSKEHUID).

3. Merognueckne ykazaHus IO BEITOTHEHUIO KOHTPOJIBHOU Pa0OTEL MO TUCHUILINHE « ['ex-
HUKA BEICOKHMX HAMPIKEHUID).

4. Meronnueckne yKa3aHus MO OPraHu3anvud U OPOBEICHUIO CAMOCTOSATEIBEHON PAOOTEI

MO JHUCIHITIIHMHE < TexHuka BEICOKHX HHHPHH{EHHFI}}.

5.3 llepeuens pecypcoe unpopmaiiionH o-meneKoMMyHuUKauuonnou cemu Hnmepnem,
HeoOX00UMBIX 018 0CBOCHUS OUCHUNTUHbI
1. http://www.biblioclub.ru -9bC "Yuusepcurerckas dubmiorexa onmain"

2. http://www.iprbookshop.ru/ - Onekrporno- omdmoreunas cucrema [PRbooks

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

CeptudmMKa Z2C0000043E9ABBBS952205ET7TBAS00060000043E

Bnageney, LUleD3ayxoBa |aTeAHa ANeKkcaHapoBHa

- = - « } YT e E [=] ]
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[Tpunoxenune A

Yrazanue no mexuuke oezonacHocmiu

Jlo Hauana padOTEI CTyIEHTHI 00A3aHBI U3YYUTH NMPABWIA TEXHUKH 0€300acHOCTH MPH pa-
0oTe ¢ snekTpoycraHoBkami. OO0 M3yUEHUN ONPABWI TEXHUKH O€30MACHOCTH M MOTYYECHUU WH-
CTPYKTa»ka CTyAEHTHI PACIUCEIBAIOTCS B CIIEIMAIBHOM KypHaie. CTy1€HTHl, HE U3yYUBIINUE MPa-
BWJIA TEXHUKH O€30MMACHOCTH M HE ITPOUIEAIINE UHCTPYKTAK, K BRIIOJTHEHUIO J1A0OOPATOPHEIX pa-
00T HE TOITYyCKAIOTCA.

Yuebnas rpynma (Win moarpyIma) pazoueaercsa Ha Opuramsl, 4MCIO KOTOPBIX YKa3bIBA-
€TCA MPEMOOABATENEM, 4 COCTAB OpUTra ] KOMILIEKTYETCA CTYAEHTAMHM HA 10OPOBOIBHBIX HAYAIAX.
Cmcok rpynrmsl (MOATPY L), pa30UToN HA OpUTaasl, CTAPOCTA MPEI0CTABIAET MPEMOAABATETIO,
BEOYIIEMY JTA0OPATOPHEIE 3AHATHA.

Kaxnas w3 Opuran BermomHsaeT 1adoparopHyto padoTy B COOTBETCTBUH € TpauKOM, HAXO-
OAnIeMcs B 1adoparopumn.

[Tepen kaxapIM 3aHATHEM CTYOEHT 00A3aH MOATOTOBUTECS K BEIOJTHEHUIO JIJA00 pATOPHOM
paboOTEI MO JAHHOMY METOIMUYECKOMY MOCOOMI0 U pekoMeHayemoit nureparype. [lepen nauanom
paboOTEI MpenogaBares NPOBEPAET 3HAHUA CTYJIEHTOB IO CONEP:KAHUIO BEIMOTHAEMOU PAOOTHI.
[I10X0 mMOATOTOBICHHEIE CTYAEHTEI K BEIIIOIHEHUIO 1A00paTOPHOU PaOOTEI HE JOMYyCKAIOTCA.

Paboras B maboparopun, HeoOxonqumo coOmonaTe CIeayoniue npaBuia:

K BeimomHeHuto madoparopHon padOTEI CIeqyeT MPUCTYIIATh TOJMBKO HOCIIE MOJTHOTO YSIC-
HEHUA €€ CONEPIKAHMUS U MTOJTyYEHUA JOMyCKa K HEM.

2. Hauunars pabory ciegyer ¢ 03HAKOMIEHUS ¢ mpuOopaMu 1 000pyaoBaHUEM, ITPUME-
HSAEMBIMHU B TAHHOU padoTe.

3. Ha mabGoparopHom CTOJIE DOMKHBEI HAXOOUTHCA TOJIBKO MPEAMETHI, HEOOXOIUMEIE I
BBIITOJIHEHUS TAHHOU pabOTHI.

4. PacnonokeHue ammaparypsl Ha padodem CTOIe JOMKHO OBITE TAKUM, UTOOBI CXEMA CO-
€IMHEHUH MOTYyIWIaCh HAnO0Iee MPOCTON, HATJIITHON U paboTa ¢ anmapaTtypou Obl1a yao0HOI.

5. XKenarensHOo, uTOOEI CXEMY COOMpaT OOUH U3 WICHOB OpUragsl, a IPyTrue KOHTPOIMUPO-
BAJIH.

6. [Ipu cOOpke CIOKHBIX CXEM CIENYET BHAYAIE COEIUHUTE TJIABHYIO, MOCIEN0BATEIBHY IO
LIEITb, HAYMHAA COOPKY OT OJHOTO 3aKUMa MCTOYHHKA TOKA M 3aKAHYNBAA HA IPYTOM, a 3aTEM YiKE

[MOOKJITIOYHTE MAPAJIICIBEHBIC I1CTTH.

TEM%H%%%%@KEMH, Oymer coOpana, He0OX0aMMO yOEAUTHECA B MPABUIEHON yCTa-

Ceptudmkar: 2C0000043ESABBB952205E7TBAS00060000043E
Bnanendd OBKE@es:;lBELEI OB, AREOLIEEQB, HBTDTpﬂch)DpMHTDpDB H PYKOATOK AOPYIHX PCryJIHPYIOIIHX

yCTPOMCTB.
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8. CobOpannas cxema 00A3aTeNpHO I0JKHA OBITE MPOBEPEHA NMPENOOABATEIEM U CTap-
UM JIA00PAaHTOM U TOJIBKO C UX PAa3pPEIICHU MOKET OBITh BKIIOYEHA IT0T HAIIPAKEHHE.

9. ITpu BKmoyeHnHn CxeMbl 0C000€ BHUMAHUE CIENYET OOpaTUTh HA ITOKA3AHUA aMITEPMET-
POB U OPYTHX U3MEPUTENBHEIX MPUOOPOB. B ciiyuae pe3koro OBUKEHHUA CTPENIKU aMOepMeTpa K
KOHITY HIKAJIEI CXEMY HEOOXOIMMO HEMENIEHHO OTKIFOUYNTE OT MCTOUHUKA HATIPAKEHUA.

10. Heobxoaumo OepexHO OTHOCUTECA K anmmaparype, UCnoas3yeMou B padbore. OO0 Beex
3aMEUYEHHBIX HEUCIIPABHOCTAX WM HOBPEKACHUAX CTYNEHT NOJLKEH HEMEJIEHHO COOOIMMUTE ITpe-
MOQABATEMO WK Ta00paHTYy.

11. ITocne BeimosHeHus paboTEl CTYAEHT 0053aH, HE pa30upas CXeMsl MOKA3aTh MOTY4EeH-
HBIE JaHHEIE mpenoaaBaremo. Eciu pe3yasTarsl H3MEPEHUI BEPHBL, TO MPEN0IaBaTelb UX MOI-
MUCHIBAET. DKCIEPUMEHT C HEMPABWJIBHEIMU PE3YIBTATAMU CIEAYET MOBTOPUTE.

12. Cxemy cnenyer pazOUpaTe TOMBKO ITOCHE €€ OTKIIOYEHUS OT CETH.

13. Kareropuuecku 3anpeniaercs:

— TPOTATh PYKAMH OTOJIEHHBIE ITPOBOJAA M 4ACTH NMPUOOPOB, HAXOMANIAECA IO HAITPSKE-
HHUEM, 1Ak € €CIIU OHO HEBEIUKO;

— MPON3BOJUTE U3MEHEHHA B CXEME ITPH MO JKTFOYEHHOM UCTOUYHUKE MUTAHUA,

— 3aMEHATH UM OpaTe 000pyIOBaHUE, WIM MPHUOOPEL C APYTrux padodmx MECT

— 0e3 pazpemenus IpenogaBaTensa WM J1a00paHTa;

— OTXOOWUTH OT NPUOOPOB M MAILIWH, HAXOIAIMIMXCA MOJ HANPSKEHUEM HIH OCTABJIATH
CXEMY IO HANPSDKEHUEM HpH 00padoTKe pe3yIbTaTOB U3MEPEHHH;

— NEpEerpyKars MPUOOPEI TOKOM WIN HAMPSKEHUEM, TPEBBIIIAIONINM HOMUHAIBHOE 3HA-
JEeHUE.

[TpoBepky HayM UM, MOTABAEMOr 0 K CXEME MIIM NIEMEHTAM CXEMBI HAIIPAKEHUA HEOOXO-
IUMO NPOU3BOIATE TOJIBKO KOHTPOJIBHOH JTAMITIOUYKOW UK BOJIBTMETPOM, COOIFONas MpaBuia TEX-
HUKH 0€30MaCHOCTH.

[Tpu pabore B mabopaTtopuu crnenyer cTporo CoOMmoaaTe MEpPBl NPEI0CTOPOIKHOCTH, TAK
KaK SJIEKTPUUECKUN TOK, IPOXOOAMIMN UEPE3 TEMO YenoBeka, BenuunHoi B 0,025 A yixe aBasercs

OITACHEIM IS KU3HUA.
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MUWHUCTEPCTBO HAVKHU U BBICHIET'O OFPA3OBAHIS POCCUMCKOU ®EJIEPALIUU
OEJIEPAJIBHOE 'OCY/IAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE YUPEX]IE-
HUE BBICHIEI'O OBPA30OBAHUA
«CEBEPO-KABKA3CKHNI ®EJIEPAJIBHBIM YHUBEPCUTET»

[Taruropckmii uHCTUTYT (puiman) CKOY

MeToan4yecKue yKazaHUs

IO BEITOTHEHUIO MTPAKTHIECKUX padoT
o mucimmumue « TEXHUKA BBICOKNX HATTPSKEHUM»
IUISL CTYAEHTOB HANIPABIEHUS MTOATOTOBKH
13.03.02 DOnekTposHepreTHka U SJIEKTPOTEXHUKA
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4.7
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4.9

CepTuduK
Bnanen ELS

Copepxanue

Beenenue

[lens u 3amaun M3y4eHUs JUCITUTIIMHEI

O0opynoBaHne U MaTEPUAITEI

HanmenoBanue nmpaktugeckux pador

Conepkannue mpakTHIECKUX padoT

[TpakTnueckaa padora Ne 1. Dnekrpuueckuii paspan B razax. XapakTepPUCTHKH
3JIEKTPUUECKOTO ITOJIA M OOMIMI METO[ paCueTa €EMKOCTH M HAMPSKEHHOCTH JJIEK-
TPUUECKOTO ITOJIA OPOCTEUIINX CUCTEM KOHIEHCATOPOB.

[TpakTnueckas pabora Ne 2. Dnekrpuuecku paspan B raszax. Pacuer miockoro,
IIUHIPAYECKOTO U CPEPHUIECKOTO KOHIEHCATOPOB.

[TpakTraeckas padora Ne3. M301aTOpEI BO3AYUIHEIX TMHUM U ITOACTAHINM. HacT-
HBIE METOIBI PACYETOB EMKOCTH M HANPAKEHHOCTH CIOKHBIX AJIEKTPUIECKHUX ITO-
.

[Tpaktuueckas padora Ned. M30maTOpEl BO3AYNIHEIX JIMHUK U mOoacTaHuun. OO0-
a1 XapaKTEPUCTUKA U 3aKOHOMEPHOCTE Pa3psAI0B B Fa30BOU Cpere.
[TpakTnueckaa padbora NoS. BHyTpenHas M30aa0MA 31€KTPOYyCTaHOBOK. OCHOB-
HBIE (DOPMBI Pa3psan0B B razax M MX UCHOJIb30BAHUE.

[TpakTrueckasa padora Ne6. Ucnerranms m3omaimn. 3amepenne COnpoTUBICHN U
€MKOCTH M30 AU, [IepekperTie TBEpaON W30 U CKOJIB3ANINE Pa3pAEl HA
TOBEPXHOCTH.

[TpakTnueckasa pabora Ne7. KOHTpOIE IMAIEKTPUUECKUX TOTEPh U U3MEPEHUE ITa-
paMeTpoOB YACTUYHEIX Pa3pAnoB. KOHTPOIE MOBEIMIEHHBIM HAIMPSKEHUEM. HCITHI-
TaHWA W30JLIOMM OTAENBHBIX BUAOB 000pynoBanusa. KOHTpOE M30IA1MH KOH-
TAKTHOM CeTHU. TenIoBOM U HNEKTPUUECKUI TTPOOOIL.

[Tpaktuueckas pabdbora Ne§. U3mepenue BeicOkux HanpskeHwuil. [lepenampsixe-
HHA B NIEKTPUUECKUX CETAX. ATMOC(EpHBEIE nepeHanpaxenua. Pacuer 3azemin-
IOIINX YCTPOUCTB.

[TpakTnueckasa padora Ne9. PacnpocTpaneHue BOJIH nepeHaNpsKEeHNI. KBA3UCTa-

[IMOHAPHBIE 1 KOMMYTAIIMOHHEIE ITE PEHANIPSKEHMA . 3ANIATA OT NEPEHAPS KEHU.

PM%%%@M PACTEKAHMIO TOKA MPOMBINLUIEHHON YaCTOTHI.
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5.1 [Ilepeuens OCHOBHOM M JOMOJHHUTEIBHON JUTEPATY PBI, HEOOXOIMMON JIJIT OCBOE-
HUS TUCIHATUTIHEL

5.2 Ilepeuens yueOHO-METOTUIECKOTO 00ECTIEYEHHUS CAMOCTOATETEHON PadOTEI 00V-
JAFOTIMXCS 10 TUCIUTIIMHE

5.3 Ilepeuens pecypcoB HH(OPMAIMOHHO-TEAEKOMMYHUKAIMOHHOW ceTn MHTepHeT,

HEe0OXO0UMBIX IJI OCBOEHWA MTHUCIATLUIHHEI
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Beenenune

[TpakTHueckue 3aHATHA CO30AIOT ONTUMAIBHBIE OQUIAKTUIECKUE YCIOBUA LA JEATENb-
HOCTHOT'O OCBOEHMS CTYAEHTAMH CONEPKAHUA U METONOJIOTHH U3y4aeMON TUCHUILINHEL [IpakTu-
YECKUE 3aHATHUA 3aHUMAIOT MPEUMYIIECTBEHHOE MECTO HMPH M3YUEHUH O0menpodeccnoHambHBIX
1 npo()eCCHOHANBHEIX AUCHUIUINH. [IpakTndeckue 3aHATHA NPOBOIATCA C IEIBK BEIPAOOTKH
MPAKTUYECKUX YMEHHH M NPUOOPETEHNA HABBEIKOB B PELICHUM 3a1ad, OTPAOOTKN yHpaKHEHUHU,
BBIITOJTHEHUN YEPTEKEN, MPOU3BOACTBE PACYETOB U T.II.

Llenpro mpakTUYeCKNX 3aHATUH ABISETCA (POPMHPOBAHME MPAKTHUUECKUX YMEHUNH — IIPO-
(peCCHOHAIBHEIX (BBITONHATE ONMPEAEIEHHBIE TEUCTBUS, ONEPAIi, HEOOXOOUMEBIE B MTOCIENYIO-
n1eM B Ipo(eCcCHOHATLHON OEATENBHOCTH) WIH YUEOHBIX, HEOOXOIUMEBIX B IMOCIEAYIONIEN YUeO-
HOU JIEATENBHOCTH MO 00menpo(pecCuOHaAIEHEIM U NP0 (PECCUOHATBEHBIM U CIIATITAHAM.

bubmiorpapuuecknii CHMCOK COAEPKUT CBEAEHUS O CIIPABOYHOM JIMTEPATYPE U JOMOTHU-

TEJIBHBIX U3JAHWAX, HEOOXOAUMBIX 1A YIIIYOJIEHHOTO U3yUEHHUA OTAEIBHBIX BOIPOCOB.

AOKYMEHT MNOANMCAH
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1. Ilenw u 3a0aun uszyuenus OUCUUNIUHDI

OCHOBHBIMM LIEAAMU OUCIIATUTUHEI ABIAIOTCA: (POPMUPOBAHUE Yy CTYAEHTOB CTPOMHOU U
yCTOMYUBOM CUCTEMBI 3HAHWUM O (PYHIAMEHTAIBHBIX 3aAKOHOMEPHOCTAX 3QKUTAHUA U PA3BUTHA
SIEKTPHUECKUX Pa3pAnoB B JUAIEKTPHUECKUX Cpenax, MEXaHM3Max Mpo0os TUAIEKTPUKOB MPH
BO3JCHCTBUM CUIBHBIX AJIEKTPUUECKHUX MOJEH, BUAAX M30IAIMM BEICOKOBOJIBTHOTO 00OpymoBa-
HUA U METOIAX KOHTPOJIA €€ COCTOSHMA, CITOCO0aX IMOJyUeHU U U3MEPEHUA BEICOKUX HAIpPsAKe-
HUI, OPUPOIE BO3HUKHOBEHUA MEPEHANPKEHNN U CIIOCOOOB 3aNIUTEL OT HUX.

B pesynerare 0CBOEHUA TaHHOU TUCHUILIMHEL 00€CIeUNBAETCS JOCTUKEHUE LIEIEH OCHOB-
HOU 00pa30BaTEILHON MPOTPAMMEBI « ITEKTPOSHEPreTHKA U JIEKTPOTEXHUKA»; MPUOOPETEHHBIE
3HAHMSA, YMEHUS U HABBIKY MMO3BOJIAT MOATOTOBUTE BBEIMY CKHUKA:

— COCOOHOT0 K pacueTy, aHaaIu3y U MPOEKTHPOBAHUIO SJIEKTPOIHEPreTHIECKUX JIEMEH-
TOB, 0OBEKTOB U CUCTEM C UCITOJIL30BAHUEM COBPEMEHHBIX CPEICTB ABTOMATH3AIIUN MPOEKTHBIX
pa3paboToK;

— HAy4YHO-MCCIIEN0BATENBCKON IEATEIBHOCTH, B TOM YUCIIE B MEKINCIUILIMHAPHEIX 00J1a-
CTAX, CBA3AHHON C MATEMATUIECKUM MOJIETUPOBAHNEM HPOLIECCOB B ANIEKTPOIHEPTETHIECKUX CH-
cTeMax U OOBEKTAX, MPOBEIEHUEM SKCIIEPUMEHTAIBHEIX HCCIEN0BAHUN U AHATM30M UX PE3YIb-
TaTOB;

— K CAMOCTOATEILHOMY 00YUEHHIO U OCBOECHUIO HOBBIX 3HAHUH U YMEHUH U1 PEATH3AIUH

CBOEH MPO(ECCHOHATTEHON KAPBEPHI.

2. Obopyoosanue u mamepuasnl

AmnmaparHeie cpencTBa: MeEPEHOCHON HOYTOYK, TPOEKTOP, MOCKA MATHUTHO-MapKepHas.
YueOuas aynuTtopus IS MPOBEACHUSA yUEOHBIX 3aHATHHA, OCHAIIEHA 000PYIOBAHUEM M

TEXHHYCCKHMH CPCACTBAMH O 6}’ JCHHA.

3. Haumenoeanue npakmuueckux paoom
Jnga 3aounon popmer 00ydeHMS MPENYCMOTPEHBI CIAEAYIONIME MPAKTHUYECKUE PAOOTHI:
[TpakTnueckas pabora Ne 2. Dnexkrpuaeckuil pa3psn B razax. Pacuer miockoro, ImHIPHIE CKOT0
1 cpepudeCcKOro KOHIEHCaTopoB — 1,5 uaca, mpakruueckas moaroroska — 1,5 waca; [lpakruueckas

pabdora Ne7. KoHTpOns OUANEKTPUYECKNX MOTEPE U U3MEPEHUE MAPAMETPOB YACTUUHEBIX pa3ps-

H
IOB. ngp@%%ﬁﬂéﬁﬁ%m HAOPAKEHUEM. UCITBITAHUA U30JIAMN OTAEIBHBIX BUTOB 000PyI0-

Ceptudmkar: 2C0QQ0043E9ABBBIS2205E7BAS00060000043E . 5 _
BnanenBAH Vsl OHTPOAD, M3QASLIM: KOHTAKTHOU CETH. | €emIoBOH U SMIeKTpuuecKku mpodbou — 1,5 gaca.

Nencteutened: ¢ 19.08.2022 no 19.08.2023

72



