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CozepkaHue

BregeHue

[lens u 3agau H3yYeHH S JUCIMIIIHHEI

OO0opyaoBaHHE H MaTepHaIbl

HarnmeHoBaHue 1ab0paTOPHBIX paboT

ComepxaHue 1ad0opaTopHEIX padoT

JlabopaTopHas pabora Nel. Hccnepopanie XaAPAKTEPHCTHK
ITOITYITPOBOJHUKOBBIX JIHOIOB Ha ITIOCTOSHHOM H ITEPEMEHHOM TOKaX.
JlaGopaTtopHas pabora Ne2. [lapaMeTpHuecKHH cTaOWIN3aTOP HAIIPSDKEHHS.
JlaGopaTtopHasg pabdora Ne3. XapaKTepHCTHKH OHITOISPHOIO TPaH3HCTOpAa.
JlabGoparopHasg padora Ned. XapaKTepHCTHKH ITOIIEBOI0 TPAH3HUCTOPA.
JlaGopatopHag padora Ned. HeyirpariseMbIe BBITPSMUTEIH.

JlaGopatopHasa pabdora Ne6. Kackag VYCHIIHMTENSI TIIEPEMEHHOIO TOKa Ha
OMITOJISIPHOM TPaH3HCTOPE.

JlaGopaTropHas padora Ne/. Y CHIMTEIDL Ha IIOJIEBOM TPAH3HUCTOPE.
JlaGopaTopHas pabora Neo8. Hccnemgopanie XaAPAKTEPHCTHK
ITOITYITPOBOJHUKOBBIX JIHOIOB Ha ITIOCTOSIHHOM H ITIEPEMEHHOM TOKaX.
JlaGopaTtopHasg pabdora Ne9. THPHCTOPHBIN PETYIISATOP HAIIPSDKEHHS.
JlabGopaTtopHasg padora Nel0. OrnepallHOHHBIH YCHIIHTEIID.

JlaGopatopHag padora Nell. I'eHepaTop IMpsSMOYTOIBHBIX HMITYJIHCOB.
JlaGoparopHasg padora Nel2. Tpurrepsl.

YuyeOHO-MeTOAHYECKOE H HH(POPMAIHOHHOE 00ecIeYeHHe JHCIHIUIHHEI
IlepeyeHpP OCHOBHOH H JOIIOIMHHTEJIBHOH JIMTEPATYPBI, HEOOXOAHMOM I
OCBOEHHS JUCIHILIHHEI

IlepeyeHpr y4ueOGHO-METOJHYECKOrO OOECIEeUeHHS CaMOCTOSTEIFHOH pPaboTH
OOYYArOIIMXCS 110 JUCIHIUIHHE

[lepeyeHp  pecypcoB  HH()OPMAI[HOHHO-TEIIEKOMMYHHKAI[HOHHOH  CETH
HMHTepHET, HeOOXOANMEBIX IJI OCBOESHHS JTHUCI[HIUIHHEI

[ IprmoxeHns
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BeeneHie

[lenpro paboTH B J1a00paTOPHH SBISETCS YIIIYOIeHHe H 3aKpeIllIeHHe ITPHOOpeTeHHBIX
TEOPETHYECKHX 3HAHHH ITYTEM SKCIIEPHMEHTAILHONH ITPOBEPKH TEOPETHYECKHX ITOJIOKEHIMH, a
TaK’Ke 3HAKOMCTBO C BJIEKTPOHHBIMM KOMIIOHEHTAMH, OOOPYIOBAHHEM, H3MEPHTEIHbHBIMH
IpHOOpaMI 1 aImapaTypoi, HCIIOIb3YEMBIMH B JTa00paTOpHI.

B pesynpTare BEINMOMHEHMSA J1a0OpPaTOPHBEIX PadoT CTYAEHTH JOIKHBI IIPHOOPECTH
YMEHHS M HABBIKH ITO0 COOPKE M HCCIIEQOBAHHIO JIEKTPOHHBIX CXeM H ITPHOOPOB, H3MEPEHH SIM
SIEKTPHYECKHX BEIMYMH. TemaTHka I1abopaTopHBIX pabdoT IIOIMHOCTRKD COOTBETCTBYET
COIEPKAaHHIO OCHOBHBIX PasJelIOB Kypca, H3YYaeMOI'O B BEICIIHX TEXHHYECKHX VUEOHBIX
3aBeJIcHHSIX. B ormcaHmH KakJIoi mabopaTopHOI paboThl cpOpMYyIHpOBaHa ee Iellb, H3TOKeHBI
OCHOBHBIE TEOPETHUYECKHE ITONMOKEHHSI, OIMCaHa CXeMa VYCTAaHOBKH I IIPOBEJICHIS
SKCIIEPHMEHTAIILHOIO  HCCIENOBAHHSA, HdaHBl PEeKOMEHAAIMH II0 IIPOBEAECHHIO OIBITOB H

00paloTKe pe3ylIbTaTOB H3MEPEHHIT, a TaKKe KOHTPOJIbHEIE BOITPOCHI.
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1. Ilens u 3a0 auu u3yueHus OUCUUNIUHBL

[lenbr0 OCBOEHHMS  JUCIMIUIMHBI «OJMEKTPOHHKA M CXEMOTEXHHKa»  SBIISETCS
(opMHpOBaHHE KOMIUIEKCA 3HAHHI, YMEHHIH H HAaBBIKOB B OOIIACTH 3JIEKTPOHHEIX ITPHOOPOB H
(DYHKIIHOHAIBHBIX Y3JIOB AaHAJIOIOBOM H I[HPPOBOH 3JIEKTPOHHKH H MHKPO3IeKTPOHHKH,
KOTOPEIE SBIISIOTCSA 0a30H I MTOCTPOEHHS O0ee CIOXKHEBIX IIPHOOPOB POA M BEIYMCIIHTEIRHOH
TEXHHKH, CPEACTB H CHCTEM aBTOMATHKI.

3ajauyaMH H3YYEHH S JUCITHIUIMHEL « SIEKTPOHNKA H CXEMOTEXHHKAY SBIISFOTCSL.

— H3yYeHHe (PH3HYECKHX IIPOIECCOB, IIPOHCXOMSIMHX B  ITONYIIPOBOJHHKOBBIX
MaTepHalax M IIPOIECCOB B KOHTAKTaX. ITONIYITPOBOAHHK-IIONYIIPOBOMHHK, ITOIYIIPOBOIHHK-
THA3IEKTPHK, ITOTYIIPOBOJHHK MeTalll, a TakkKe (PH3HYeCKHX 3(P(eKTOB;

— H3YUYEHHE IPHHIMIIA PadoThl, CBOHCTB M OOIACTH ITPHMEHEHNS THIIOBEIX aHAIOI OBBIX
AIIEKTPOHHBIX CXeM (YCHIINTEIIbHBIX YCTPOHCTB, VYCTPONMCTB Ha OCHOBE OIePallHOHHBIX
YCHIINTEIeH, aKTHBHBIX (PIJIIBTPOB, HMITYIIBCHBIX 3JI€KTPOHHBIX YCTPOHCTB, KOMMYTAaTOpPOB, H
T.1.),

— HM3VYYEeHHEe IIPHHIMIA PaboThl, CBOHCTB M OOIACTH IIPHMEHEHHS 0a30BBIX 3JIEMEHTOB H
THITOBBIX CXeM IIH(POBBIX YCTPOHCTR,

— 00y4YEeHHE TIPHHITUIIAM ITPOEKTHPOBAHHSA H pacuéTra 3IEKTPOHHBIX CXEM,

— (opMHpOBaHHE HeOOXOAHMBIX KOMIIETEHIIHIT B cdepe IpodecCHOHAIbLHOH

HEATCIIBHOCTH.

2. Obopyooearite u mamepuaisl

ATIITapaTHEIE CPENCTBA:

— Komiuiekt THIIoBOoro mnadopaTOpHOro oOOpyIAOBaHHS « IeOopeTHYeCKHe OCHOBEI
BIEKTPOTEXHHKID)

— YYeOHBIN CTeH « T eopHs 3JIEKTPHYECKHX IEIeH H OCHOBBI 3JIEKTPOTEXHHKH »

YueOHast ayJUTOPHS IS IPOBEACHHS YUeOHBIX 3aHSATHH, OCHAIlleHa 00OpYAOBAaHHEM H
TEXHHYECKHMH CpeJcTBaMH OOyueHHSI. llepeHOCHOH HOYTOYK, IIPOEKTOpP, AOCKAa MarHHTHO-

MapKepHas.
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3. Haumenoearnue n1ad opamopHslx padbom

No TeMpI
THUCIMIUIHH
bl

HarmeHoBaHIE TEM AHCITHIUIIHDBI, X KPaTKOC
COJCPAKAHIIC

O0BeM
JacoB

M3 HHX
IpaKTHYECKas
TIOJIT OTOBKA, YaCOB

4 cemecTp

JIabopaTtopnaa padora Ne 1. Hcciaegomamue
XapaKTEPHCTHK ITOIYITPOBOIHHUKOBBIX JHOIOB Ha
ITOCTOSIHHOM H ITEPEMEHHOM TOKAaX.
O3HAaKOMHTECS  C paboTOH, OCHOBHBIMH
XapaKTe PHC THKAMI 151 ITPHUMEHEHHEM
TTOIIYITPOBOJJHHKOBOI'O JTHOA.

1,5

JIabopaTopnasn padora Ne 2. [JapamMeTpHYeCKHIT
CcTaOIIIN3aTOP HAIIPSDKEHHA.

O3HAaKOMHTEL CTYIEHTOB CO CXEMOH, ITPHHIHIIOM
pabGoTEl METOAOM pacuéra M BO3MOKHOCTSIMH
ITapaMeTPHYECKOro cTaOHIIM3aTOpa HaITPSDKeHI.

1,5

JIabopaTtopnaa padora Ne 3. XapaKkTepHCTHKH
OHITIONIAPHOTO TPAH3HCTOPA.

OCBOHUTE METOJHUKY TIIOIYUYEHHS BXOMHBEIX H
BBIXOJHBIX XapaKTEPHUCTHK TPAH3HCTOPa, a TaKKe
OITPEJIETIEHNS €I'0 JUHAMIYECKHUX ITapaMETPOB.

1,5

JIabGopatopHasa padora Ne 4. XapaKTepHCTHKH
IIOJIEBOIO TPaH3HCTOPA.

HM3yyeHHe ocolOeHHOCTEH paloThl IIOJIIEBOIO
TPaH3UCTOpa C  VIIPABISIEMBIM  TIEPEXOIOM,
OCBOEHHE METOJIHKH TTOJTYYEHH S €r0
CTOKO3aTBOPHOH H BBIXOJHEIX XapaKTePHCTHK.

1,5

JIabopaTtopnana padora Ne 5. HeympapuaseMbie
BBITIPSIMHT EITH.

HM3ydyeHne cxeM ofHO(a3HBIX H TpEX(]a3HBIX
BRITIPSIMHTEIIEH, CpPaBHEHHE TEOPETHYECKHX H
3KCIIEPHUMEHTAIIPHBIX 3HAUEHHI BEITPSMIEHHOIO
HaITPsSDKEHHS, O3HAKOMIIEHHE C ()OpMaMH KPHBBIX
BRITIPSIMIIEHHOTO HAITPSDK EHH L.

1,5

JIabopaTopnasn padora Ne 6. Kackajg ycHIHTeIS
IIEPEMEHHOI'O TOKa Ha OMITOIISIPHOM TPaH3HCTOPE.

M3yunTh cXeMy KacKajia YCHIIHTEIIS IIEPEMEHHOIO
TOKa ¢ OOIIMM 3MHTITEPOM, ITPAKTHYECKH OCBOHTH
METOMUKY YCTAaHOBKH HaYaJIbHOH padoyeH TOYKH
TPaH3HUCTOPa B peXHMe A, METOIUKY ITOITYUYEHHS
AMIUIMTYHOH M YaCTOTHOH  XapaKTepHCTHK
VCIWIHTEIIS, OINPENENeHUsS €ero BXOJTHOIO H
BBIXOJHOI'O COIIPOTHBIICHHI, IIPOAHAIH3HPOBATh
BIIMSIHHE Ha KO3()(HIIHEHT YCHIIEHHS 3Ha4YeHHI
ITapaMETPOB OTAEIIBHBIX 3JIEMEHTOB CXEMBI.

1,5

SANEKT

Ceptycoukatr: 2C0000043ES
Bnangneu: llleGayxoea T3

JIadbopaTtopnana padora Ne 7. VYcuimmrens Ha
ITOJIEBOM TPaH3HCTOPE.

TG I0RdTE paboTy yCHIHTEIBHOrO KacKajfa Ha
ABEQTRBOM ERPABBHQTOPE ¢ OOIIM HCTOKOM, CHATH

TETONVAMITAITY IHYEO M aMIUIHTYHO-YaCTOTHYIO

XdPAaKTCPHCTHKII, OITPSACIIHTD BXOIOHOC H

Nencteutened: ¢ 19.08.2022 no 19.08.2023




BBEIXOJHOC COITPOTHEIICHIA.

JlabGopatopHaa padora Ne 8. THpHCTOPHBIH
PETYIISITOP TOKA.

HccnemoBath paboTy THPHCTOPHOIO PEryiIsaropa
BBITPSMIIEHHOTO TOKA € (pa3HBIM YIIPaBIEHHEM.

JlabopaTtopnans padora Ne 9. THPHCTOPHEBIH
PETYIISATOP HAITPSIAKEHIS.

W 3y4lTh IIPHHIIMIEI PETYIIHPOBAHH S HAITPSKEHIS
9 C HCITIOJIb30BaHHEM TIOJTYIIPOBOHHKOBBIX
ITpHOOPOE, CHSTH PETYIIMPOBOYHYIO 151
HAaIrpy30YHYI0  XapaKTEPHCTHKH  Pervyisropa
HaITPSDKEHHS.

JIadbopaTtopnaa padora Ne 10. OnepalHiOHHBIH
Y CHIIHTED.

M3y4HTh OCHOBHBIE CBOHCTBA OIEPAI[HOHHOIO
10 YCIJIHTENS, II03HAKOMHTLCS C HEKOTOPHIMH
(QYHKIHSIMH, BBIOIOMHSIEMBIMH C  IIOMOIIBIO
OIePalHOHHBIX YCHIIHTENeH i
COOTBETCTBYIOIMMH CXEMAaMH HX BKIIOYEHHS.

JIabopaTtopnaa padora Ne 11. Tenepatop
IIPSIMOYTOJIBHBIX HMITYIh COB.
W3yunTh IPHHIIHITHAILHYIO CXeMy, HaszHaueHHe
OTJEIbHBEIX €€ 3JIEMEHTOB M paboTy reHeparopa
ITPSIMOYTOJIBHBIX HMITYIIECOB Ha Oase
OIePAIFIOHHOI0 YCHIHTEIIS.

11

JIabopaTtopnas padora Ne 12. TpHITEPHL.

N 3ydeHne TTPHHIHIIOB TTOCTPOEHHS H
(YHKIITHOHAIBHBIX  BO3MOJKHOCTEH  TPHITEPOB
Pa3IHYHBIX THITOB.

12

HrTtoro 3a 4 cemectp:

27

HTtoro:

27
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4. Cooepacarue 1adopamopHslx pao om
Jlabopamopnaa paboma Nel. Hccneodosanue xapakmepucmuk noJaynpo 600 HUKO6bIX

0110006 HA NOCMOAHHOM U nepeMeHHoM moxkadx

Ilens pabomsi: O3HAKOMHUTLCS C¢ padOTOH, OCHOBHBEIMH XapaKTepPHCTHKAMH H

IMPHMEHCHIIEM ITOJIIVIIPOBOJHHKOBOI'O AHOAA.

OCHO6bL MeopuUlL:

JIBYXAIIEKTPOAHBIH ITOIYIIPOBOAHHUKOBBIN BIIeMEHT — JIHOJ COHEPAHT N - H P -
ImpoBOASIIHH cioH (pHc. 1.1). B n-ripoBojsimeM cioe B KayecTBe CBOOOJHBIX HOCHTENIEH 3apsia
mpeoOmaJaroT SIIeKTPOHBI, a B P-TPOBOAMIIEM claoe * mpIpki. B pesymbraTe gu(py3HH
3IIEKTPOHOB H3 N-001IacTH B P-00macTs H, HA0O0OPOT, ABIPOK H3 p-00macTH B n-o0macTs Ha
TPaHHIE CO3JAETCS MOTEHIHAILHBIH Oaphep (pHc. 1.1 a 1 0).

[Ipn mpsSMoM IIPIJIOKEHHOM HaIIpsSKeHHH («+» K CIOK P, « - » K CIOK 1)
ITOTEHIHAIBHBIH Oapbep YMEHBIAeTCS, H JHOJ HauyHHaeT IPOBOJHTE TOK (JHOM OTKPHIT). IIpH
00paTHOM HaITPsSKEHHH TTOTEHIHAIEHEIH Oaphep YBeTHUHBAeTCS (JTHOJ, 3aIlepT).

BonpraMriepHas XapakKTepHCTHKA IHOLa HMEET BHJI, H300paKEHHEIN Ha pHC. 1.1B.
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PucyHoK 8.1 — JIBYX3JIEKTPOIHBIH ITIOIYIIPOBOAHIKOBEIH 3JIEMEHT

Hpﬂl‘dﬂﬁ TOK HCPC3 P-11 IICPCXOd OIPCACIACTCA HOCHTCIIAMI 3dpPiAdd, HCOCHOBHBIMH JIA
TOI'O CJIOA, KyAd OHH IIPOHHKAIOT. B Imponccce ABHYKCHITA OHH CTAJIKHBAIOTCH C OCHOBHBIMH
HOCHTECIMMIT OJAHHOI'O CIIOA H pEKDMﬁHI—HIp}’TOT. C YBCIIHUYCHHEM IIPAMOI'O TOKa II4JICHHC
HAIIPsDKEHHA Ha JHOAC HECKOIIBKO BO3PACTACT. HpH pEKGIﬂﬁIH—I&L{IHI MOKET BBIACILITCAHA SHEPIHA

B BILAC H3JIYVHUCHIHA. OTO SIBIIEHHE HCITOJIB3YETCA B CBETOAHOaX.

B, [SOPATHON "HATIPABIECHNN Yepe3 IHOX IPOTEKaeT TOMBKO HEGONBINOH TOK YTEUKIL,

T By CTOBTIEHHBIT HEOCHOBHBIMIT HOCHTeNSMH. C YBeNHYEHHEM OOPATHOTO HAITPSIKEHHS BHILIIE

IMPEACIIBHO AOITYCTHMOI'O JJI JaHHOI'O THITA AHOJ4 HACTYIIACT l’[pDﬁDﬁ P-11 IICPEXOI4. B muomax

7



pasIMYHBIX THIIOB OH IIPOTEKAET IIO-Pa3sHOMY. B OOBIYHBIX BBIMIPSAMUTEIBHBIX IHOAAX — 3TO
HeoOpaTHMOe pas3pylIeHHe pP-N IlepexXoJa B Pe3yiIbTare ero Ieperpepa, B IJABHHHBIX —
IIPOMCXOANUT JIABHHHOE Pa3MHOKEHHE HEOCHOBHBIX HOCHTEJIEH, YTO IIPHBOJHT K PE3KOMY
YMEHBIIIEHHIO OOPaTHOr'O HAMPsDKEHNI Ha HEM H YMEHBIIIEHHIO HarpeBa, B CTa0IIIHTPOHAX — ITPH
YBEIIMYEHHH OOPAaTHOIO TOKA HMMEETCS JOCTATOYHO IPOTSKEHHBIN YYACTOK BOJIBTAMIIEPHOMH
XapaKTe pHCTHKH, Ha KOTOPOM HaITpsDKeHIe MaJIo 3aBHCHT OT TOKa (3€HepPOBCKHII ITPOOOI).

OCHOBHBIE CTaTHYECKHE IIapaMETPhl AHOAOB, TaKHE KaK ITOPOroBOe HampskeHHe Uy,
IIPsIMOE TTajJieHHe HarpspkeHne Up,, THQ pepeHIHanbHOe COIMPOTHRIEHHE R,, 0OpaTHBIN TOK I,g,,
HamnmpspkeHHe crabwmszaipm  crabwinrpoHa Ug., MOMKHO OIIPEIEIHTh II0 BOJIBTaMIIEPHOM
XapaKTEPHUCTHKE, CHATOH Ha ITOCTOSHHOM IIH MEIJIEHHO H3MEHSIOIIEMCS TOKE.

[[epexmroueHe AHOAa H3 3aKPLITOrO COCTOSHH S B OTKPBITOE ITPOHCXOAHT HE MTHOBEHHO.
OTO MOXHO HaOmIofaTh Ha 5KpaHEe ocIpuUIorpada, ecliH IPHIOKHTb K JHOAY HAIIPSDKEHHE

IIPSIMOYTOIIBHOH (DOPMBI BEICOKOH YacTOTHL (pHC. 1.2).
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PrcyHok 8.2 — BormbTaMIiepHas XapakKTepHCTHKA ITOTYITPOBOHHKOBOIO AHOAA

[Ipn 1epexome ™3 3aKpPRITOTO B OTKPBITOE COCTOSHHE HEOOXOJHMMO BPEMS [l
HeOOXOAMMOe JIJISI paccachlBaHHS M30BITOYHBIX 3apsSfaoB IIOTEHIHAILHOrO Oapkepa |
TOCTHKEeHHS TH(P(PY3HOHHOTO PaBHOBECHS.

[Ipu mepexome M3 OTKPBITOIO COCTOSHHS B 3aKPEITOe HeOOXOIIMO BPeEMS 71, 32 KOTOPOE
paccaceIBarOTCS H3OBITOUHBIE HOCHTEIH H BpPEMSI 7, 3a KOTOPOE BHOBb YCTAHABIMBAETCH
IIOTEHIHAIBHBIH Oapbep. OOIee BpeMsS BBEIKIIOUEHHS fwnn = 51 + £. Ha 3Tare # depes auon
IIPOTEKAET OONBINOH OOpaTHRIN TOK, a HamnpsoKeHHe Ha HEM YOBIBaeT, COXPaHSISd IIPSIMOE
HarpaBjieHHe. Ha sTare 7, TOK oOpaTHBRIH TOK YOBIBAaeT JO HOPMAJIBHOI'O 3HAauYeHHS. PearbHas

KapPTHHa, HaOmmogaeMasI Ha JKPdHE GCI.[HHHGI‘I]&(I)H:, MOXKET HECKOIIBKO OTIIHYATHCS OT OIHCaHHOH

H3-3a BIYHY gm%%ﬂcm ocCI[IIIIOrpada H MOHTaXa.
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YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIIIOJIIHCHIH HﬂﬁﬂpﬂTﬂpI{BIK pElﬁDT

ITPHECACHEBIL B ITPHIIOKCHHC A.

VYKazanua no 6vinoiHeHUI0 140 0pamopHoil pao omal:

1. CoOepute 1emp (puc.8.3. a) 19 CHATHSI IIPSMOH BeTBH BOJIbTaMIIEPHOI
XapaKTEPHCTHKH JHOMO0B. OO0paTHTe BHHMAaHIE, YTO BOJIBTMETP ATOH CXEME ITOAKITIOUEH K TOUKE
«B» (1rmocie ammiepMeTpa.) H Ha ero ITOKa3aHHs He BIIMSET ITaJcHHE HAIIPSDKEHIS Ha aMIIEpPMETPE,
KOTOPOE COM3MEPHMO C IIPAMBIM IaJcHHEM HAIIPsSLKEHHSI Ha AHOAE. B TO Ke BpeMd TOK depes
BOJIbTMETP HECOM3MEPHMO MAJI ¢ IPSMBIM TOKOM JHOJA H He BHOCHT 3aMETHOH IIOI'PEIHOCTH B

ITOKA3dHHA aMIICPMETPA.
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PucyHok 8.3 — CxXeMa BKIIFOUEHHS THOJA

2. YcraHaBRmMBasg TOKH, VKasaHHble B Ta0n.l.1 CHHMHTE IIpSIMYIO BETBB
BOIIb TAMIIEPHON XaPaKTEPHCTHKH CHayalla BBRIIPSAMHUTEIIFHOIO JHOMAA 3aTEM — HMITYJIbCHOTO H,
HakoHell, fHozaa Ilorku. Ha puc. 1.4 mmocTpoiiTe rpagpHKH.

3 M3MeHHTE cXeMy U1 CHATHS OOpaTHOH BETBH BOJIBTAMIIEPHBIX XapaKTePHCTHK
MEPEKIIFOYHB BOJIbTMETP B TOUKY A (0 aMIiepMeTpa) H IlepeBepHYB JHOX. B 3T0M cxeMe uepe3
aMIIEPMETP He IIPOTEKAaeT TOK BOJBTMETpPa, KOTOPHIH TEMNEPh COH3MEPHM H Hake OOJIbIIe
O0OpaTHOIO TOKa Yepes AUOL. B TO XKe BpeMs ITaJIcHHE HAITPSKEHIS Ha aMIIEPMETPE HHUYTOKHO
MaJIO TI0 CPaBHEHHIO ¢ OOpAaTHRIM HAIIPSDKEHHEM Ha JTHOJE.

4. YcTaHaBIIMBAas HAIIPSDKEHHS, YKa3zaHHbIe B TaOn. 1.2, cHUMHTE OOpPaTHYIO BETBb
BOIT-aMIIEPHOH  XapakTepHCTHKH guoma Ilorkmu. VYOemgurech, 4YTO OOpaTHBIH TOK
BEITIPSIMHTEIIFHOIO M HMMITYJILCHOI'O JHOAOB HACTOJIBKO Mall, UYTO €ro HEeBO3MOXKHO H3MEPHTH

HOOpaMERKHMMEBEOIIEIMIIGS B cTeHIe. Ha pHe. 1.4 rmocTponTe rpadHKH.
1p P SNEKTPOHHOW MNOAMNUCHIO P P pag

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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Tabmma 1.1
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Tabmma 1.2

U,B 2 5 10 15 20 25 30

L MA | K]1226

K521

IN5819

5. Jlst uccieqoBaHu XapaKTEPHCTHK JHOIOB Ha IIEPEMEHHOM TOKe COOepHTe Ha
HAOOPHOM IIOJIE LIETIh COITIACHO IIPHHI[MITHAIBLHON cxeMe pHc. 1.4. MsMmepurenbHble ITPHOOPEL B
CXEMY HE BKIIIOYATe, TaK KaK OHH MOI'YT CO3[IaTh MOIOIHHTEIBHEIE IMapasHTHEIE EMKOCTH. He
3a0yIbTEe BKIIFOYHTH HHBEPTHPOBAHIE CHTHaA IO KaHamy II, yTOOBl OTKIIOHEHHE JIy4Ya BBEpPX

COOTBETCTBOBAJIO ITPAMOMY TOKY HEPE3 JHOI.

MA
40
35
30
25
20
15
10
5
B 25 20 15 10 5 0
0,2 04 06 08 B
-0,5
-1,0
-1,5
-2.0
OOKYMBHT Uﬂﬂr NCAH
SNEKTPOHHOWN I'IDJFI'IHEI:I'D
Ceptvdmkar: 2C0000043E9ABEBBYS22050E /BASUL0BU000043E MKA
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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0. JInga Hayajla BKIIOUHTE B ILENDb BBEIIIPSIMHTEIBHBIH JHOJM, IIOJAHTE Ha BXOJI
CHHYCOHJIAIIbHOE HaIpsDKeHHe 4YacTOTOH 1 KI'I[, yCTaHOBHTe PYUKY PETYIISITOP aAMIUIHTY/IBI
IIPHMEPHO B cpefHee NonoxkeHHe (4...6 B) H oTperynmHpyHTe pasBepPTKY, CHHXPOHH3AIHIO H
yCHIIeHHE I10 JIBYM KaHaJIaM ocIfunIorpada Tak 4ToOBI Ha SKpaHe IToMeInamHch 1,5...2 nmepuoaa

KPHBBIX TOKd H HAIIPSAAKCHIA.

| 680 OM
~U
1....100 KL AN .
] BXOA1 BXOAll
[— L (Y),7
O VIHE.

PrcyHok 1.5 — Cxema ITOAKITIOUeHH I ocIHImIorpada

7. Ilepexmroyass MHOXKHTENIL YAacTOTHI x1, x10, x100, m perymipys KaXIbelH pas
IUINTEIIbHOCTh Pa3BEPTKH OcIpuuIorpada, HpoHalOIMogalTe 3a H3MeHEeHHEM KpPHBOH TOKaA.
OOBSICHHTE Ppe3ylbTaThl (MMEHTe B BHAY, YTO B TOIMOXKEHHH MHOXHTend *100 BBIXOJHOE
HaITpsDKEeHHE TeHepaTopa CHIDKAeTCS IIPHMEPHO B 2 pasza).

8. [lepexmrounte ocigummorpad B pexuM X-Y. IIpum 53ToM Ha 5KpaHe ITOSBHTICS
H300paKeHHE JUHAMHYECKOH BOIBLTAMIIEPHOH XapaKTEPHCTHKH JHOAA. IIPSIMOH TOK ITO OCH Y
BBEPX, IPSAMOE ITaJIcHHE HAPSKEHH I — 110 OCH X BITPaBO.

9. CHOBa IIOIEPEKITIOYANTE MHOKHTEIIL YACTOTHI, HaOmogas 3a H3MEHEHHEM
ITMHAMHYECKOH BOJIBTAMIIEDHOH XapaKTePHCTHKH. OOBSCHHUTE, IOYEMY IIPH HH3KOH YacTOTE
ITMHAMITYecKas BOIbTaMIIEpHAsd XapaKTEePHCTHKA COBIIAJacT CO CTAaTHYECKOH, a IIPH BBICOKOH —
He COBITaacT.

10. [lommpoOyHTe MOBTOPHTH 3TH OITBITHI ¢ HMITYIIBCHBIM JHOAOM H ¢ AHOoAOM HIOTKH.
OOBSICHHTE OTJIHYH L

11. CHOBa BKIIIOYHTE B IIeTb BEITPSMHTEIIbHBIH JHOJ, NePeKIIOYHTE OCIUIIOrpad B
PEKHM Pa3BEPTKHM H YCTAHOBHTE Ha BXOJE IIPAMOVIOIBHOE [IBYXIIONSIPHOE HAaIpsDKEHHE
JaCTOTOH nﬂ}mﬁopwﬂnn&ﬂlﬂ.jﬂ KI'1T 1 HeOomprmoil amMIDIMTyAel (2...3 B), 4YTOOBI MEHBIIE

ANEKTPOHHOW NOANUCHIO
CepmdpgKaZKATTOCE-REING I O HATTPIOKEtiie reHepaTopa.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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12. Hactpolite n3o0pakeHHe, IEPepPHCYHTE OCHIIUIOrpaMMy B OTYET (pHc. 1.0), He
3a0BIB yKa3aTh MacInTaOel Mo ocsM (Macmrad IO OCH TOKa BBEIYHCIIIETCS KaK MacIural
HaIpsDKeHHS, 110 KaHaTy 11, JesIEHHBIH Ha COMMPOTHBIIEHHE, C KOTOPOrO CHHMAETCSI CHTHAIL. ).

13. OHPE,[[EJ]IITE IO OCIIHJUIOI'PpAMME BPCEMA BKIITOYUCHHA teen H BPpEMA BBIKIIHOYCHHA.

facn.

MacwTtabobl

Mo kaHany |I:

PucyHok 1.6 — OcipiorpaMma guoaa

Codeporcanue omuema:

OT4YeT JOIKEH COMEPKaTh:

1. Hassanue paGoTHI,

[{ems paboTHI,

KpaTkHe TeopeTHUYeCKIE CBEACHILT,

OrmcaHHe HCIIONIB3YEMOr0 000PYAOBAHIS H MAaTEPHAIIOB,
I IopsimOK BREITTOITHEHHS PAaOOTHI,

BrruncieHns H o0paboTKa pe3yiIbTaToB,

N S e W

BBIBOJIBI.

K OHMPO.JIbHbIE 60NPOCHI.

l. [Iouemy vy gawmoma IIIoTKM TIOpOroBoe HAampsDKEHHE MEHBIIE, 4YeM V
BREITIPSIMHTEJIBHOIO JHOLA H HMITYJIBCHOI'O AHOa, a OOpaTHBIH TOK OONIbIIE?

2. KaxKoH u3 HCIBITAHHBIX JHOAOB HMEET HaHMEHEIIIEe OBICTPOAEHCTBHE H ITOUYEMY?

3. YeM OTIIHMYaeTCs BOJbTAMIIEPHAS XaPaKTepHCTHKA IHOMAA, CHSTAs ITPH BBICOKOM

JaCTOTE ONOPAEHHAOKOIEA%APAKT EPHCTHKH
SNEKTPOHHOW NOANMWUCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jlavopamoprasn padboma Ne2. I1apamempuuecKkuil cmaduiuzamop HaAnpAdceHuA.

Ilens padompr: O3HAKOMHTL CTYJIEHTOB CO CXEMOH, IIPHHI[MIIOM PadoThl METOLOM

pElG‘IETEl H BO3MOHOCTAMI ITAPAMCTPHYCCKOI'O GTH@IU’IHBHTGPH HAITPsKCHITA.
OcHoébl meopuu.

OCHOBHBIM 3JIIEMEHTOM IaPaMCTPHYCCKOI'O CT&@IIJIHB&TGP& HAIIPAKCHHA ABJIACTCA

CTaOIIIHTPOH, BHJ, BOIIbTaMIIEPHON XapaKTePHCTHKH KOTOPOIO IPEICTARIIEH Ha pHC. 2.1.

Ii.

s O

PucyHok 2.1 — BormsraMriepHas XxapakTepHCTHKA CTaOIUIHTPOHA

[Ipy BKIIOYEHHH HaIPsDKEHHS B IIPOBOMSINEM HallPaBIEHHMH XapaKTepHCTHKA
CTaOMIHTPOHA HHYEM HE OTJIMYAETCS OT XAPAKTEPHCTHKH OOBIYHBIX AHOAOB, HCIIOIB3YEMBIX B
cxeMax BhITpsvHTeNIeH. 11pH oOpaTHOM BKIIOUEHHH HAIPSKEHHS A0 HEKOTOPOI'O €r0 3HAUEHHS
COIMPOTHRIIEHHE CTAOHIMTPOHA OCTAETCSI OYEHb BBICOKHM, TOK 4Yepe3 HEro IpaKTHYECKH
OTCYTCTBYET (YyUacTOK XapaKTepHCTHKH «o0a»). IIpH JanbHeiIlleM YBeIHYeHHH HaITpsDKeHIS
HACTVYIIaeT IIPOOOH AHOMA, B Pe3yIbTaTe KOTOPOIO HAIPSDKEHHS COOTBETCTBYET 3HAUHTEIBLHOE
yBelIMUeHHe TOKa (y4acToK «ab»). B cxemax cTaOHIN3aTOPOB HAIPSKeHHS CTaOMJINTPOHBI
HCITOJIL3YIOTCS B PEXKHIME ITPOOOS.

CxeMa ITapaMeTpHYeCKOro crabHiHM3aTopa HanpsDKeHHS, H300pakeHHas Ha pHc. 2.2,
cOoCTOHMT M3 cradmiamszaropa Ct m OamtacTHOro corporueineHHsa RO. Ha Bxox craGmmizaropa

. OOKYMEHT NognmncaH
HO,[[&ETCHHE-FEH}DEDBEWPﬂE;lﬂHECTﬂﬁIIHHBHpﬂEﬂHHGFG HCTOYHMKA TMHTaHHI UIL. CGHPGTHEHEHIIE

Cepmwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E
EH'IEﬂﬁﬂﬂmmEﬂﬁﬂT@mmﬂﬂHapﬂmemHﬂ cO CT&@IIJ]IITPGHGM. Har[pﬂ:&{em[e IIMTAHMA OOJIKHO

OBITh BEBIIIE HaIPsDKeHHS Ipo00s, Torga pasHOCTh HanpsokeHHH Un - Uct magaer Ha
Nencteutened: ¢ 19.08.2022 no 19.08.2023 13



OalIaCTHOM COIPOTHBIIEHHH. CHIDKEHHE HAIpPsDKEHHS TIHTAaHMI ITPHBEIET K HeOOIbINOMY
CHIDKEHHIO HAITPSDKEHHS Ha CTaOWIHTPOHE, IIPH 3TOM TOK YEPe3 HETO, a CIIEMOBATEIIbHO, Yepes
RO pesko YMEHBINMTCS, YTO IPHBEAET K YMEHBINEHHIO ITaJeHII HalpsokeHHsd Ha RO. Taxim
o0pa3oM, CHIKeHHe HaITpshkeHH S U IIPHBOAMT TTOUTH K TAKOMY JKe CHIDKEHHIO HAIPsKEHH S Ha
OalTACTHOM COIIPOTHBIIEHHH H JIMIIb K HE3HAYHTEIIbHOMY CHIDKEHHIO CTaOIIH3HPYEMOIO

HaITPSDKEHHS Ha HarpysKe.

Cm

PucyHoK 2.2 — [ IpHHIMITHATIEHASL CXeMa

IIpn noBeimeHnn U, HanpsokeHHe Us YBENHYHTCS HE3HAUHTEIBHO, BCIIEICTBHE YETO
TOKH I.. #® [ BO3pacTyr HACTOIBLKO, YTO OCHOBHAS 4YacTh IIOBBIIIEHHS HAaIIPsDKEHIS
pacripefieiTcs Ha Rs. I KOIMHYeCTBEHHOH OIleHKH 3(deKkTa cTabHIH3alHi XapaKTepHCTHKY
CTaOIWIHTPOHA B O0NacTH padouyeH IOJISPHOCTH HAITPSKEHHS IIPEACTABHM COCTOSIIEH H3 ABYX
mpsMeIXx  (puc. 2.1). Jlo HampsokeHus U, OyaeM cuHMTaTh COINPOTHBIEHHE CTaOWIHTPOHA
OECKOHEYHO OONIBINMM, IIPH HaNpsoKeHMsIx, Oompumx U, HaKIOH BOIBLTaMIIEPHOH
XaPaKTEPHUCTHKH OITPEIEIISIETCS JHHAMHYECKHM COIIPOTHRIIEHHEM
Ro—=A U/ Al
Ha HTOM YYACTKE HaIpsDKeHHe Ha CTaOHIIMTPOHE
U= Ut Reder
[Ipn U<U, cTaOWINTPOH 3aKphIT, 3P(PeKT cTaOWIH3aI[lH OTCYTCTBYET H HAaIIpsDKEHIE
Ha Harpys3Ke paBHO
U, =UR./(RsRy).
IIpn U.>U, mig cxeMmsl puc. 1.2 cripaBeqimBa cHCTeEMA YPaBHEHIH:

U.;T:Un —I_ RCT ICT

OOKYMEHT UDﬂHHCHH
IANEKTPOHHOW NOANWUCEKO U . I R 4 U
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E o 6 CT
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
[= 1+ L
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= U/ R

[Ipn 3agaHHBIX HaNpPSKEHHH HCTOYHHKA IMMTAHHSA, COIPOTHBIIEHHH HArpy3KH U
HaITpSDKEHHH Ha cTaOIINTPOHE (KOTOpOe, KOHEYHO, JODKHO OBITh B ITpejenax padouero yyacTka
ero XapaKTepPHCTHKH) CHCTeMa IT03BOIISIeT HAaHTH BBIpakeHHe JJIS BRIYHCIIEHHS HeOoOXOIHMOro
OaIIIACTHOT'O COITPOTHBIIEHH:

Rs= Rir Ra(Up- Usr)/[ Ur Rt Ru(Uer- Uy)]

HanMeHbIlee HalpsoKeHHE ITHTAHHS, ITPH KOTOPOM OVIET COXPaHSAThCS CTaOIUIH3aI[HsL
Kak crexyeT u3 (1),

Unmin= Uo(Rs/ Ryt1)

npH 3ToM U= U,, 1.=0, I=[7/U/Re=UL/(Rs+Rs).

Crenyet, 4YTo Rs KelmaTelnbHO HMETh KaK MOJKHO MEHBIIE, YTOOBI PACIIHPHTE JHAIIa30H
BO3MOKHOI'O CHIDKEHHS HAIIPSDKEHHS ITHTAaHHSL, IT03TOMY IIPH BEIMHCIeHHH Rs B (2) HE0OX0AMMO
NIPHHATE Up = Up min, @ 3HaU€HHE U, YVUHTBEIBAS HETHHEHHOCTE BOJIbTAMIIEPHOH XapaKTEPHCTHKH,
IIPHHATh HeckolmbKo Oompine U, (B Hayalme JHHEHHOH 4YacTH padodero ydJacTKa
XapaKTe PHCTHKH).

Hcrone3ys  cuctemy  ypaBHeHmH (1), MOXHO  Takke  HaHTH  3HAauyeHHE
CTaOIIIH3HPOBAHHOI'O HAITPSIKEHHM S, COOTBETCTBYIOIIEE 3HAUEHHIO Uy , IIPH ITPHHSTOM Rs:

U=Ru(R::Us+RsU,)/[| ReRes+Rar(RetRs)]

[ Ipupamennro U, OyIeT COOTBETCTBOBATE ITpHpallieHHE U

AU=AUrRaR+/| RaRstRar(RutRs)]
Oddekr crabHIH3aliHA HAITPSKeHH S OIPeIeNsIeTCS OTHOIIEHHEM:
AU/ AURiR/[ RuRstR A Ryt+Rs)]

YeM MeHbIIIE ATO OTHOIIEHHE, TeM BEIIIe 3(QekT crabmwmizaimi. M3 (6) caexyer, uro
AU./AU; TeM MeHbIIIe, yeM Oojbine R Taxum oOpazom, IpH pacIIHpeHHH HHJKHET O THAIIa30Ha
mMeHeHHSI U, 3a CUYET yMeHbIIeHHS Rs 3Q@ekr craCiiHzaliH yMEHBIIAETCS, IT03TOMY
BEIIMYHHY OallIaCTHOIO COITPOTHBIIEHHS HEOOXOAMMO BBRIOHpATh TakHM o0O0pa3zoM, YTOOBI
VIOBIETBOPHTE 00a TpeOOBaHHMI. M B OTHOIIEHHH KadeCTBa CTAaOMIH3aIli, H B OTHOIIEHHH
HIDKHETO IIOPOra HaITpsDKEHHS IMTUTaHusI. KpoMe Toro, TOK cTabIumMTpOHa HE JOJKEH ITPEBHIIIATE
TOK, JOITYCTHMBIH IT0 YCIOBHAM Harpera. M3 (1) cnemgyer:

c—(Un-Us-IzRs)/( Re+Re),
HaHOOIbIIee 3HAUEHHE [ IMPHHHMAET IIPH OTCYTCTBHH HAarpy3KH H IIPH MaKCHMaJIbHOM

OHIAEMOM HAITPSDKCHHH ITHTaHH .

OOKYMEHT NnoanncCAH L
ANEKTPOHHOW NOAMUCHIO ICTIHHK _(UH 11133-U'3')"I(( R5+RCT) < ICT H0I
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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[Tocme pacyéra OaTacTHOrO CONPOTHBIIEHHS IO (hOpMYJIe HeOOXOIHMO ITPOBEPHTH
BHITIOJIHEHHE VYCIIOBHS. ECIH ITOCIEQHEe YCIOBHE HE BBINOIHAETCS, TO HeoOXOommmo Imbo
VBEIIMUHUTH Rs, b0 BEIOpaTh 605ee MOITHBIA CTA0HIHTPOH.

B HEKOTOPHIX CIIy4yasxX BO3HHKAeT HEOOXOAMMOCTE CTAOMIM3aIMH HAITPSKEHU S TTHTaHHS
ITPH H3MEHEHHH COITPOTHBIIEHHS HArpys3KH. IIpn Ry=0 BCE IMpHIIOKEHHOE HAIIPsDKEHIE TTaJaeT Ha
COMPOTHBIeHHNH Rs. MHHHMAaIbHOE COIPOTHBIIEHHE Harpy3KH, IIPH KOTOPOM HaYHHaeTCs
a(peKT cTaOHIM3aIl, MOKeT OBITh HaHIeH H3 BRIpakeHHA (3):

Rymin= ];E-{’SI—JI:I"'Ir (LIH_UD)
1mpH 31oM Ry HanpsokeHne Un, = U,. C yBemnmueHneM Ry HanpsKeHHEe Ha CTaOHIHTPOHE

OyJIeT pacTH, H IIPH OTCYTCTBHH Harpy3kH (R = o) rpuMeT HanOoJIbINee 3HAYCHHE:

UCTI‘ﬂE}{: (Un RCT—l_ U.;. RE)J"F( R.:f" RE)

YKkazanue no mextHuke dezonacHocmit:

YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTDpI—[BIK pE]ﬁDT

ITPHBEACHBIL B ITPHIIOKCHHC A.

VKa3aHusa no 6bInoJIHEeHII0 J1ADOPAMOpPHOU P Ad onbl:

B maHHON mabopatopHOHN padore HeOOXOAHMO BEIIIOIHUTE CIIEAVIOIIEE:

— CHSTH BOIBTAMIIEPHYIO XapaKTepHCTHKY cTaOHIHTPOHA,

— OIIPEZIEIIUTE ITapaMeTPhl paboyero yyacTka XapakTepHCcTHKH: Uo 1 Rer;

— BBIYHCIIHNTL 3HaueHHe OaUTaCTHOIO COITPOTHBIIEHHS IIPH 3aJaHHBIX COIIPOTHBIEHHH
Harpys3KH H MHHHMAJIFHOM HaIlIpsKEHHH HCTOYHHKA ITHTaHH,

— OIPEAEIHTE 3aBHCHMOCTh CTAaOMIIM3HPYEMOIO HAIIPSDKEHHS OT HaIPsKeHHS HCTOYHIKA
IIMTAHU S IIPH ITIOCTOSIHHOM RH,

— OINpPeJelHTh 3aBHCHMOCTh CTaOHJIM3HPYEMOIO HaIpsKeHHS OT COIIPOTHBIIEHHS
HArpy3KH IIPH ITOCTOSIHHOM UTL.

2. ColOpatk cxemy, H300paXKEHHYIO Ha pHC. 2.3.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Cm

PucyHok 2.3 — [IpuHIOIHaNBHAS cXeMa
3. He momgxmoyass CONPOTHBIEHHS Harpy3KH H MEHSI9 HaIIpsDKeHHe IMTaHHI B
COOTBETCTBHHM CO 3HAUEHMSMH, 3alliCaHHbIMM B Tabmaie 2.1, CHSATHR BOIBTaMIIEPHYIO
XapaKTEPUCTHKY CTaOIIMTPOHA IIPH IIPSMOM M 0OPaTHOH ITOISPHOCTH HAITPSKEHH .

4. Ilo maHHEIM TAOIMHIEI 2.1 ITIOCTPOHTE BOIBTAMIIEPHYIO XaPAKTEPHCTHKY CTaOWIHTPOHA,

orpenennrs 3HaueHHI Uo H ReT.

Tabmmra 2.1.
U B [TonmoxurenpHas MOISIPHOCTE OTpHiiaTerbHas MOISPHOCTD

0481 0,55 ] 0,6 | 0,67 | 0,7 | 0,74 | 0,77 | 6 8 0 [ 9596|971 9.8
[, MA

5. JIma Un mun u RH, 3amaHHBIX IIpeliofaBaTeleM, BBIYHCIHTE RO M BeIOpaTh H3
HMEIOIMXCS OTKarnee OOIbIIEE.

6. YCcTaHOBHTh B cXeMe 3ajlaHHOe RH H nmpuHaToe RGO, IMpoBepuTh NpH 3agaHHOoM U min
sHauyeHHe UCT, 3armcarh ero H CpaBHHUTE CO 3HAUEHHEM, IIPHHATEIM ITPH BEIUHCIIEHHH RO.

7. 3amaBas 3HAUECHHS HalIPSKEHN S ITHTAHHS, YKa3aHHBIE B TaOIHIle 2.2, IIPH ITOCT OSSHHOM

RH:, 3d JaHHOM ITPEIIOAaBaTCIICM, 3dITHCATD B Tﬂﬁ]’ﬂll[}" ITOJIIVHCHHBIC SHaYCHITA

CT&@HJIHBHPGEEIHHGI‘D HaIlPAKCHITA.

Tabmmia 2.2.

UL, B 10 11 12 12,5 13 13,5 14 14,5 15

8. ITH] HK 3aBHcHMOCTH Uct = f(U).
SNEKTPOHHOWM MOANUCHIO

Cepruchukar:  2COQOFPEIABEIMTATE (&P BEIRIFIEHIT, MIHHHMAJIBHOE COITPOTHBJIEHHE HArPy3KH, IIPH KOTOPOM

Bnaneneu: llleGayxoea TatbAHa AnexkcaHgpoBHa

IIPOMCXOAHUT CTalOWIH3alMs HalpsDKeHHS, B cXeMe prc. 2.3 aMIIEpMETP H IepeMBIUKY «II»
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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IIOMEHATE MecTaMH. |[IIaBHO VMEHbBINAsg IIEPeMEHHBIM Pe3HCTOpOoM 1 KOM COITPOTHBIIEHHE
Harpys3kH, IpH Un = 15B yCTaHOBHTE TOKH B IIENIH HArpy3KH, YKa3zaHHBIe B TaOimuie 2.3, H
3aIllHCAaTh COOTBETCTBVIOIIME STHM TOKAaM HaIpSDKEHHS Ha Harpyske. BBIUHCIHTE 110
3allHCAaHHBIM B TalOnmie QopMylaM HaIpsDKeHHe Ha OaIaCTHOM COIPOTHBIIEHHH, TOK,
MOTPeOIsSeMBIH OT HCTOYHHKA ITHTAHHS, TOK Yepe3 CTAOHIIMTPOH H COIPOTHBIIEHHE HATPY3KH.
OTMETHTh COIIPOTHBIIEHHE HArpPy3KH, IIPH KOTOPOM CTaOWIHTPOH 3aIlpPacTCS, CPaBHHTL €ro C

BBIYHCIIEHHBIM. 110 JaHHBIM TaOIHIBI ITOCTPOHTH I'paduk 3aBHcHMOCTH Uct = f(IH).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Tabmmia 2.3.

[o, MA 0 7 8 9 10 12 15 18

Us, B

UEZ Un' UCT

[=Us Rs

oT I' IH

Re=Uso Iy

Codeporcanue omuema:

OTYeT JOIKEH COLEPKaTh:

1. Haspanue paOoTHI,

Ilemp paboThI,

KpaTkHe TeopeTHYECKHE CBEACHHST,

OrmcaHie HCIIOIB3YeEMOro 000pyA0BaHHS H MaTEPHAJIOB,
I IopsimoK BREIITOITHEHHS PaOOTHI,

BrruncieHns H o0paboTka pe3yIIbTaToR,

N Sy R W

BBIBOJIEI.

K OHMPOJIbHBIE 601NPOCHL.

1. OrnmHimre BOIbTaMIIEPHYIO XaPAaKTEPHCTHKY CTaOIIHTPOHA.

2. IlosscHuTE IIPpHHIUIT paboTHI ITapaMeT PHYECKOT0 CTa0IIH3aTOpa HaIIpsDKEHHS.

3. Kak, mone3ysack BOJIBTAMIIEPHOH XapaKTePHCTHKON CTaOWINTPOHA, pacCUMTaTh €ro
IIMMHAMIYECKOE COIIPOTHUBIIEHHE?

4. OT 4ero 3aBHCHT HHKHHH ITOPOI CTAaOHIIM3HPYEMOT'0 HAITPSLKEHHS?

5. Kak BemmuriHa OaljlacTHOIO COINPOTHBIIEHHS BIIMSET Ha KAa4yeCTBO CTaOIIH3AI[IMI
HAITPSDKEHHS?

6. UeM orpaHMYHBAETCSI MHHHMAIILHOE 3HAYeHHe 0a/UTaCTHOI'O COITPOTHRIIEHH?

7. Kak coONnpoTHBIEHHE Harpy3KH BIHSIeT Ha KadecTBO paOOThl cTaOHImM3aTOpa

HAITPSDKEHHS?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jlabopamoprasn paboma Ne3. XapaxkmepucmuKku 0UnoiapHozo mpaH3ucmopa.

HEJII’: pﬂﬁﬂfﬂbl.’ OCBOHTH METOJHKY ITOJIIVUHCHITA BXOJIHBIX H BBIXOJHBIX XAPAKTCPHCTHK

TPAH3HCTOP4d, 4 TAKKC OITPCSACIICHITA CI'0 JHHAMHYCCEKIHX ITaPAMCTPOB.

OcHO6bl MeopuL:

IIpn BEIMTOITHEHHHM PACUETOB CXEM € OMITOISIPHBEIMH TPaH3HMCTOPaMH HCIIONIB3YIOT HX
BXOIHBIE U BEIXOMHBIE XaPaKTEPHCTHKH.

BXOJHBIMH XapaKTepHCTHKAMH Ha3bIBAIOT 3aBHCHMOCTb TOKa Oas3bl 15 OT HaIpPSKEHHS
sMuUTTEpP-0a3a U, IIPH IIOCTOSHHOM HAaNpPSsDKEHHH KOIUIEKTOP-sMHTTEP Uy, BHO sTHX
XapaKTe pHCTHK ITPeICTaBJIeH Ha puC. 2.1.

CHenyer 3aMeTHTh, YTO BXOAHBIE XapPaKTEPHCTHKH, ITOITYUYEHHEIE IIPH Pas3/IMYHBIX
HaMPsDKEHMSIX Uy, OTIIMYHBIX OT HYJIS, IIPAKTHYECKH COBITAIATOT.

[Io BXOOHBIM XapaKTePHCTHKAM OIPEAEISIOT TaKHe JAHHAMHYECKHE XapaKTePHCTHKIH
TPAaH3HUCTOPa, KaK BXOMHOE JHHAMIYECKOE COIIPOTHBIIEHHE

h; =AU,/ A1;

IIpeacrapisoriee  coOOH  OTHOINEHHE — IIpHpalneHus  HampskKeHHs U, K
COOTBETCTBVIOIIEMY IIPHPAIEHHIO TOKa Oas3bl IIPH IIOCTOSHHOM HAaIIPSDKEHHH KOJUIEKTOP-
SMHTTEP, H KOA(P(HIHEeHT 0O0paTHOH CBSI3H IT0 HAITPSDKE HHEO

h13: .&Uaﬁfr &Um
[Ipeacrapinsroniii cOOOH OTHOINEHHE COOTBETCTBYIOIMX APYT JAPYLY IIPHPAIEHHH

HaITPSDKEHHI SMHTTep-0a3a H KOJDIEKTOP-3MHTITED ITPH MOCTOSHHOM TOKe Oa3HI.

1 & U]{g.: UB UE@:SB
A Uss
A lg
ﬂl U&ﬁ
OOKYMEHT DDﬂHHCHH -
IANEKTPOHHOW NOAMNWUCEKD
Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E U
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa 30

PucyHok 3.1 — BXoaHas XapakTepHCTHKA TPaH3HCTOpa
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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BEIXOJHBIE XaPaKTEPHCTHKH OTPa’kKarOoT 3aBHCHMOCTE TOKa KoJUIeKropa I, or
HAITPSDKEHHS KOJUIEKTOP-SMHTTED IIPH PasiIHYHBIX TOKaxX 0asbl, HX BHJ IIPEACTABIIEH Ha PHC. 2.2.
[To BBRIXOJHEIM XapaKTePHCTHKAM OITPeJelISoT TaKHe ITapaMeTpPhl, KaKk KO3 (HIHEHT YCHIIEHH
TOKa Oaskl
hzlz A Im’r A ia (2.3):,

IPEJACTABIIIIONIHH ~ COOOH ~ OTHOIIEHHE  IIPHpAIlleHHMd  TOKa  KOINIEKTopa K
COOTBETCTBVIOIIEMY IIPHPAIIEHNIO TOKa Oa3bl IIPH IIOCTOSHHOM HAIIPSDKEHHN KOIUIEKTOp-
SMHTTED, H BRIXOAHAS JHHAMHYECKAS IIPOBOAHMOCTE

hr=ATJ/ AU (2.4),

IIPEeJCTAaBISIIONAss  CcOOOH  OTHOIINEHHE — IIPHPAIEHHS  TOKa  KOIJIEKTOpa K
COOTBETCTBVIOIIEMY IIPHPAINEHHIO HaMIPsLKEHHS KOIJIEKTOP-3MHTITEP ITPH ITIOCTOSHHOM TOKE
Oaskl.

BcenenctBue HEJMHENHOCTH KaK BXOJHBIX, TAaK H BBIXOAHBIX XapaKTEPHCTHK BCE
IIEPEUYHCIIEHHBIE TTapaMETPhl HMEIOT PasiIHMYHbIEe 3HAUEHHS JJIS PA3/IMYHBIX PabOoulX TOYEK.

OO0nacTh BEIXOJHBIX XaPaKTEPHCTHK, B KOTOPOH OHH IIPaKTHYECKH JIHHEHHBI H B KOTOPOH
TOK KOIUIEKTOPa MAall0 3aBHCHT OT HAIIPSKEHHS KOIIEKTOP-3MHTITEDP, a OIPENEISeTCI TOKOM
0asbl, Ha3bIBAIOT aKTHBHOM 30HOMN. [IpH yBemueHNH TOKa KOIIIEKTOpa M HaltpsokeHsa Uy, pacTéT
MOIIHOCTh TEIUIOBEIX ITOTEPh B TPAH3HCTOPE. OTH IIOTEPH HE JOIIKHBI ITPEBBIINATE JOITYCTHMOI'O
JULSI JAHHOI'O TPAH3HCTOPA 3HAYEHHS Py gon

P Ui Le< Prcgon.

JIMHHS JOITYCTHMBIX ITOTEPh Ha PHC. 3.2 IPOBEIeHA ITYHKTHPOM.

‘ "
I " 15=60MKA
1:=50MEA
IR 1s=40MEA
."I_‘l lﬁ -‘_-"=,_1_ pg;_'qgr[ 15=3[]t\'[m
-&Ul_ﬂ- \\.& I}[ HH_'"'—-..
15=20MKA
- 1e=10MKA
-
OOKYMEHT UDﬂ[‘II—*‘ICAH UHE!
IANEKTPOHHOW NOAMNWUCEKO
Ceptucomkatr: 2C0000043ESABBBO952205E7 @?ﬁ%?@ L
Bnapgeneu: llleGayxoea TaTeAHa AHEHEEHHEEEH Esag BBIXG'I[HEIH KapaI{TEpHGTHI{a TPHHBHCTOPEI

Nencteutened: ¢ 19.08.2022 no 19.08.2023

21



YKkazanue no mexHuke d0e3onacHocmit:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpI{bIK paﬁn:rr

ITPHBEACHEBIL B ITPHIIOKCHHC A.

VYKazanua no 6uinojiHeHUI0 1a00pamopHoil pab omal:

B maxHHonH mabopaTopHOH padoTe HeOoOXOAHMO ITONYYHTh BXOMHEIE H BBIXOIHEIE
XapaKTEPUCTHKH TPAaH3HCTOPAa M BEMMHCIHTD 3HAUEHHS JHHAMHYE CKHX ITapaMETPOB.

[IopsmoK BREITTOIHEHHS PAaOOTHI CIIEMYOIIHI.

1. I/IB}"‘]IITB OCHOBHBIC TCOPETHYCCKIC ITOJIOKCHH A.

+ g . I%H*r—'jL

PuCyHOK 3.3 — CXeMa YCHJIMTENS ¢ OOIIHM 3MHTTEPOM

2. CoOpatp cxeMy, H300paKEHHYIO Ha pHC. 2.3. B cxeMe 0043aTelNbHO IIPEXYCMOTPETE
IepPeEMBIUKY «I1», HEOOXOAMMYIO JJISI H3MEHEHHS MECTa BKIIFOYEHIS MHJUTHAMIIEPMETpa.

3. Ycra”HoBuTh HanpsokeHHe Uxk>=0. IIpm Tokax 0aspl, yKazaHHBIX B TalOmiie 3.1,
H3MEPHTH 3HAUeHHS HanpskeHHs UOs H 3armicate MX B Ta0miiry. [loBTropuTrs onbIr mpH UK? =

25BuloB.
Tabmmra 3.1.

1pH Ug,=0
Us.. B mpu U=2.5B
npu U,.=10B

4. YcraHoBHTE TOK 0aspl 20 MKA. [IepeKIrounTs MHJUIHAMIIEPMETP B IIENH KOJUIEKTOPA,

H3MEHHUTh Ak beMeeRgLT Toka 10 20 MA. YcTaHaBIHBAas 3Haye-HUS HAIPSUKEHHS B eI

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
BnanendOTIRKL OP-IMUT e R« YEa3aHHble B TaOmmile 2.2, 3armicarh B TaOJHMIy COOTBETICTBYIOIIHME 3THM
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HAITPSDKEHHSM 3HAUEHH S TOKa KOJUIeKTopa. M3MepeHHs IMOBTOPHTE IpH TokKaxX 0assl 40, 60 1 80

MKA.
Tabmma 3.2.
Uw, B 0 0,2 0,5 ] 2 5 10 15
pH 1,—=20MKA
pH 1,=40MKA
I, MA
pH 1:=00MKA
IpH 1:=8 0MKA
5. Ilo manseIM Talbmay 3.1 U 3.2 IIOCTPOHTH BXOJHBIE H BBEIXOJHBIE XapaKTEPHCTHKH
TPaH3HUCTOpA.

6. B pﬂﬁﬂ‘ﬂ[}{ TOUKAX, VKd3dHHBIX IIPCIIOA4ABATCIIEM, OIIPSACIHTD JHHAMHYCCKHC

IapaMeTphl TPaH3HCTOpPa.

Codeporcanue omuema:

OT4YeT JOIKEH COAEePKaTh:

1. Haspanue paOoTHI,

[lemp paboThI,

Kparkme TeopeTHUYECKHE CBEAEHU,

OrmcaHHe HCIIONB3YEMOI0 000PYIOBAaHHI H MaTEPHAJIOB,
I IopsimoK BREIITOITHEHHS PaOOTHI,

BrruncieHns H o0paboTka pe3yIIbTaToR,

N S e W

BBIBOJIEI.

Konmpononsie 6onpoceol:

1. Uto npeacTaBisstoT coO0H BXOAHEIE H BRIXOAHBIE XapaKTePHUCTHKH TPaH3HCcTOpa?

2. Pacckaxure O TIOPSAKE TIONYYEHHS BXOAHBIX M BHEIXOAHBIX XapaKTEPHCTHK
TPaH3HCTOPA.

3. llepeuncimre IHHAMHYECKHE IIapaMETPhl OMITONSPHOIO TpaH3McTOpa. Kak Hx
IIOJTYYarOT?

4. Yem OI'PaHHYCHA daKTHBHAA 30HAd BBIXOJHBIX XdPDAKTCPHCTHK TpElHBHGTDpEl?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jlabopamopraa paboma Ned. Xapakmepucmukit nojie6020 mpaH3ucmopd.

Ilens padbompr: H3yueHHe 0COOEHHOCTEH PpalbOTBHI IIONEBOrO TPaH3HCTOPa C
VIIPABILSIEMBIM IIEPEX0OOM, OCBOEHIE METOAHKH ITOIIYYEHHS €TI0 CTOKO-3aTBOPHOH H BEIXOIHBIX

XapaKTe pPHCTHK.

OCHO6bL MeopuUiL:

B maHHON 1abopaTopHOHN padoTe pacCMaTpHUBAETCS IIOJIEBOH TPAH3HCTOP C YIIPABIISEMBIM
IepexoaoM. TPaH3HCTOPE TAaKOI'0 THITA MOT'YT HMETH N-KaHall, B KOTOPOM HOCHTEIISIMH 3apsIOB
SIBJISIEOT CS AIIEKTPOHBL, THOO p-KaHall, B KOTOPOM HOCHTEIISIMH 3apsIOB SBIITIOTCS IBIPKH. CxXeMa

KOHCTPYKI[HH TPaH3HCTOpa C N-KaHaJIOM IIpecTaBlIeHa Ha puc. 4.1.

3aTBOP
ICTOK

e Emmm obeTHEHHAA 30HA

PucyHok 4.1 — CXeMa KOHCTPYKIHH TPaH3HCTOPa C N-KaHAJIOM

B KkpHcTamn IOMyIIpOBOZHHKA N-THIIA, HMEIOMIETO MAIYK) KOHIIEHTPAIHIO ITPHMECH,
BITasiH KPHCTAII P-THIIA C BBICOKOH KOHI[EHTpalHeH IIpHMecH. BceleicTtBHe mTH(QY3HH
AIIEKTPOHOB H3 N-TIONYIIPOBOJHHKA H JBIPOK H3 P-IIONYIPOBOJHHKA HA I'PAaHHIe KPHCTAJUIOB
oOpasyercss oOeJHEHHAS 30HA, JIMIIEHHAS HOCHTEIEH 3apsmgoB H IIO3TOMY HMEIOIIAas O4YeHb
BEICOKOE COITPOTHBIIEHHE.

M3-3a pa3sHOCTH KOHIIEHTPaLH IIPHME cell 00eTHEHHAS 30Ha 3aHHMAaeT ITIOYTH BECh OOBEM
N-ITOITY-IIPOBOJIHHKA, OCTABIISSI CO CTOPOHBI, ITPOTHBOIIOIOKHOH P-TIOTYIIPOBOAHHKY, Y3KHI
KaHalI. Y TpaH3HCTOpa HMeeTCS TPH MEeTAUIHYECKHX 3JIeKTPoja, OJHH H3 KOTOPHIX, Ha3bIBa€MEIH
3aTBOPOM, COEJHHEH C P-TIONYIIPOBOJHHKOM, JBa JIPYTHX, HA3bIBAEMBIX HCTOKOM H CTOKOM,
COeIHHEHBI C KPHCTAJUIOM N-THIIA C ITIPOTHBOIIONOKHBIX CTOPOH, TaK YTO KaHAJl HAXOIHTCS
Me KTy STHMH 3I1eKTPOIaMH.

3aTBOp SABISETCSA VYIIPABILIOINMM SIIEKTPOAOM. EcmM MeXay CTOKOM H HCTOKOM
IIPHJIOKHTEL PA3HOCTh ITOTEHIHAIOB ITPH OTCYTCTBHH ITOTEHIIHAlIa Ha 3aTBOpPe, TO Yepe3 KaHall
TTOTEYET FRKymElPHodE@AAHE Ha 3aTBOP OTPHIATEILHOTO OTHOCHTEIRHO HMCTOKA ITOTEHI[HAalIa

SNEKTPOHHOW NOANWUCHIO
CEETHd}@@EMMEEwaPWMQDMMIHH KaHalld YMCHBIIIHTCA, H COITPOTHBIICHIIC IICIITH CTOK-

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

HCTOK YBCIIHUHMTCA, BCIICACTBHE HUCTO TOK CTOKd YMCHBIIHTC . Hp]?[ ITOM CIICAYET 3aMCTHTB, UTO
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TOK HCPEC3 3aTBOP 6}"I[ET OTCYICTBOBATE., T.K. HAIIPKCHIC IIO IICIIH 3dTBOP-HCTOK IIOAAHO B
HEIIPOBOAIIEM HAIIPABJICHHIL. HPH Inogavc ITOJIOKHTCIIBHOI'O ITOTCHITHAIIA Hd 3aTBOP ITIO IICITH
3dTBOP-HCTOK IIOTEYET TOK, TOIIHMHA KaHala YBCIOMHHTCA, H J47KC IIPH HeOOIIbIIIOM TOKE 3dTBOpPa
TOK CTOKa4 PE3KO EDBPHGTET.

['padmyeckoe m300pakeHHe TPAH3HCTOPOB C YIIPABIISEMBIM IIepeXOJOM IIPeiCcTaBIeHO

Ha puc.4.2.
I 3 [/} 3
e
c 1 c
TPaH3HCTOpP C P-KaHaTOM TPaH3HCTOP C N-KaHaTIOM

PrcyHok 4.2 — I'paduyeckoe n300pakeHHe ITOJIEBEIX TPaH3HCTOPOB

J[11 moneBBIX TPAH3HCTOPOR HCITONMB3YIOT TaKHE XapaKTePHCTHKH, KaK CTOKO-3aTBOPHASL,
IMpeJcTaBILIron[asg co0oH 3aBHCHMOCTh TOKa CTOKa OT HaIpsKeHHS 3aTBOP-HCTOK IIPH
ITOCTOSTHHOM HAaIIPSDKEHHH CTOK-HCTOK, H BRIXOMHBIE, ITPEJICTABIISIOIIHE 3aBHCHMOCTD TOKa CTOKa
OT HaIPSKeHH S CTOK-HCTOK ITPH (PHKCHPOBAHHBIX 3HAYEHHIX HAIIPSDKEHHS 3aTBOP-HCTOK.

J[MHaMIUeCKHMH ITapaMeTpaMH IT0JIEBBIX TPAH3HCTOPOR SABISIOTCA CIIeAYIOMIHE:

— KPYTH3HAa CTOKO3aTBOPHOH XapaKTePHCTHKH

S=d1./du,, ITpH MOCTOSIHHOM ;. H 3aJJaHHOM U,
— BHyTpeHHee JH(PepeHIHaIbHOE COITPOTHRIIEHHE
Rue = e/l
KoTropoe ompeienIroT 110 BEIXOAHBIM XapaKTePHCTHKAM I 3aJaHHBIX Uy: H Uy,
— KO3()(HITHEHT YCHIICHHS HaIIPSDKeHHS

M= duy./du.; TpH MOCTOSHHOM 1. H 33JJaHHOM Uy,

Ykazanue no mextiuke dezonacHocmii:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pElﬁGT

IIPHBCACHBI B ITPHJIOKCHHC A.

VKazanusa no 6inoiHeHUI0 140 opamopHoil pao omal:
IIpH BBINTOIMHEHHH MaHHOH mIalopaTOpHOH pPadoTel HeOOXOAHMO IIOINYYHTL CTOKO-

3dTBOPHYIO H BBIXOJHBIC XAPAKTCPHCTHKH IIOJICBOI'O TPAH3HCTOpPAa C€ KdHAJIOM I11-THIIA,

OOKYMEHT NoarmmcCAH -
OITpe I SIHTH TPy T3HY \CEOK03aTBOPHONH XapaKTepHCTHKH H BHYTpeHHee IH(}epeHIMHaIbHOE

= Y O DL A Y { =
] ! 43E9ABEBRO52205E7BAS 6000004 3E

enCOITPOTHBIFEHI@ Ha Anekcarposns

_ITopsIOK BBIMOTTHEHNSA PaOOThI CIIe Ty FOIIIA:
8.2022 n 18 2023 25



1. HB}"‘]I[TL OCHOBHBIC TCOPCTHHUCCKIC ITOJIOXKCHH A

2. Cobparte cxeMy pHC.4.3 11 CHATHS CTOKO3aTBOPHOM XapaKTe PHCTHKH.

M3MeHs HampspkeHHe UsH OoT -2.5 B 10 Hyis, yOeIHUThCS, YTO TOK B I[EIH 3aTBOpa

OTCYTCTBYET. 3armcarth B TaOmHiy 3.1 3HAYeHHS TOKA 3aTBOpa IIPH YKa3aHHBIX B TaOIIHIlE

ITOIIOMKHT CJIb HBIX HAITPSDKCHIAX 1U3H.

3. AMriepMeTp M nepeMbIuKy «II» moMeHsars mectamu. IIpH yvkaszaHHBIX B Talmrale 4.1

HAIIPSDKCHIAX 3dTBOP-HCTOK 34dIIICATh B TEI,ﬁJ]I]l[}" SHAUCHHA TOKa CTOKA. HGCTPGHTL I‘pEl(bHK

CTGI{G-BHTEDPHGﬁ XdPaKTCPHCTHKI.

I1
T il
li;
10 KOM
15Bf a C
10 kOM 13
. N =
1 \_/ 3 H
158( * \Y4
10KOM Usy
F Y
PucyHok 4.3
Tabmmia 3.1.
U, B -2.5 -2 -1,5 -1 -0.5 +0.2 +0.4 +0.6
1.,MA
1.,,MA

4. CoOpatk cxemy pHC. 4.4 1 CHATHS BEIXOIHBIX XapaKTePHCTHK TPaH3HCTOPA.

OOKYMEHT Noa

SNEKTPOHHOW NOONUCHLIO
-':_._-'jlg_.El_-"El_."".I:_-. THIRISTRIRIRINN] '_:-.E

. R ——
Z LU0 43E9ABBBA52

Bnageneu lllebayxoea TaTeAHa Ane

NMACAH

CAHOADOBHS
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4. 7kOM

PucyHok 4.4

YCTaHOBHTh HAaIPsDKEHHE 3aTBOP-HCTOK -1.5 B ¢ moMmornpro moreHipoMerpa l1KOM.

YcTaHaBIHBAS HAITPpsDKCHITA CTOK-HCTOK, YKd3dHHBIC B TaOIHIIEe 323 3daMCPHTL H 3allMCaTb B

TﬂﬁHI]H}" COOTBCTCTBYIOIIHE 3HAYUCHISA TOKd CTOKA. HGETGPHTL OITBIT ITPH VKa3dHHBIX B TabIme

HaITPpsDKCHIAX U3H, JJIA YCTAHOBKH ITOJIOKHTCIIPHOI'O SHAYCHIA KOTOPOI'O H3MCHHTE ITOIIAPHOCTD

HaITPSDKEHUS, CHIIMAEMOI O ¢ HEPETYIIHPYEMOI'O HCTOYHHKA ITHTaHu s 15B.

Tabmmia 4.2.

Us, B 0

0,5

1,5

12

15

ITIPH Uz—-1,5 B

IIpH U—=1 B

1., MA | IIpH Uz =0,5 B

IIPH U =0 B

ITpH U—1+0.5 B

5. IloCTpoHTE ceMeHCTBO BRIXOMHBIX XapakTepHCTHK 1c=f(Uch).

0. DBBHUYHCIHTE KPYTH3HY

Tu(depeHIIHaIbHOE  COMPOTHBIIEHHE

ITPECITOAABATCIICM.

Codepacarue omuema:

OTYeT JOIKeEH COLCPAKATh.

1. Hassanue paOoTHI,

2., Fﬁﬁ?ﬂé‘&@ ﬂm&%

Tea]L [ ¥=] 200000 BO52205E7 S5N0060000043

3.1 _ _;,,HE]:II{I_I.QI_E_:QPETH‘IECIGIE CBeJIcHHS,

4. OrmicaHie HCIIOIIB3YEMOI'O Gﬁﬂp}fﬂﬂEﬂ}H[ﬂ H MaTCpPHaJIOB,

ITenad: ¢ 19.08. 2027 no 19.08_ 2023

E

OIS

TOYHCK

CTOKO-34TB GpHGﬁ

XAPAaKICPHCTHKIT H  BHYTPCHHEC

Hd  XAPAKTCPHCTHKAX, YKd3dHHbBIX
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5. IlopsimOK BEITTOITHEHHS PaOOTHI,
0. BreruncieHns H 00padoTka pe3yiIbTaToB,

7. BBIBOIELI.

K OHMPOJIbHbBIE 601NPOCHI.

1. OmmTe KOHCTPYKIHIO TTOJIEBOI0 TPAH3HCTOPa € YIIPABIIIE MBIM ITEPEX O OM.

2. IToueMy oO0eHEHHAS 30HA P-N-TlepeXo/Ja PacIiojlaracTcs B OCHOBHOM B 30HE HCTOKa-
CTOKAa?

3. UTo Ha3BIBarOT KaHAJIOM IIOJIEBOIO TPaH3HCTOpa?

4. Kakme HOCHTEIH 3apsa0oB HMEIOTCSI B KaHaJle TI0JIEBOr O TPaH3HCTOopa?

5. B pesyibpTaTe 4ero H3MeHIeTCS COIPOTHRIIEHIE KaHala ITOJIEBOr0 TpaH3HCcTOpa?
0. B KaKHX ciy4asx IIpH paboTe ITOIeBOr0 TPaH3HCTOpa OTCYTCTBYET TOK 3aTBOpa?
7. YUto npeacraBisgeT coO0OH CTOKO3aTBOPHAS XapaKTepHcTHKA? Kak eé IoryyarT?

8. Uto npeacTaBistoT cOO0H BRIXOJIHBIE XapaKTEPHCTHKH IIOJIEBOTO TpaH3HCcTOpa? Kak
HX ITOIIYYarT?

9. Kakne BaMm H3BeCTHBI JHHAMHYECKHE ITapaMeTPEI MTOJIIEBOr0 TpaH3HcTOpa? Kak ux
BBIYHCIISIIOT?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Jlabopamopnas paboma Ned. Heynpaeisemole 6pinpamumeliu.

Ilens pabomer: 3yueHne cxeM OZHO(a3HBIX H TPEX(a3HBIX BEIIPSIMHTEICH, CPaBHEHHE
TEOPETHYECKHX H SKCIIePHMEHTAIbHBIX 3HAUYEHHH BEITPSMISHHOIO HaIPSUKeHH S, O3HAKOMIICHHE

C (bﬂpMﬂhﬂI KPHBBIX BBIITPAMICHHOI'O HAITPAKCHIAL

OCHO6bL MeopuiIL:

OCHOBHas1 4acTh SIEKTPOIHEPIHH BBIPAOATBHIBAETCS H TEPeJaETCS OT I'eHepaTOpPOB K
NoTpeOHTEISIM B BHJIE SHEPrHH IIepeMeHHOIO TOKa. [ ImraHusa moTpeOHTEeNeH ITOCTOSHHOIO
TOKa HCIIOJIb3YIOT BBIOIPSIMHTEIN, KOTOPHEIE BBINIOJIHSIOT, B OCHOBHOM, C HCIIOIIb30BaHHEM
MTOTYTIPOBOJHHKOBBIX TMPHOOPOB. B cXeMaxX HeyIIpaBISIeMBbIX BBIIPAMHTEICH HCIIONb3YIOT
IHOABI. B 3aBHCHMOCTH OT MOITHOCTH Harpy3KH H TpeOOBaHHII K KaUYECTBY BBIITPSIMIEHHOIO
HaITPSDKEHHS IIPHMEHSIOT Pa3IHYHBIE CXEMBI BBITPSIMICHH S

I1 +

~—e- -

PucyHOK 5.1

Hamnbomnee mpocToii SBIgeTCcA cXeMa OJHO(pa3HOr0 OJHOIOIYIIEPHOIHOIO BRIITPSIMICHHT
(puc. 5.1), ucrmonp3zyeMas I MOTpeOHTeIeH MalIOH MOIIHOCTH, JOITYCKAFOIIIX 3HAUHTEIIEHBIH
VPOBEHb IIYJILCAI[HH BBIIPSIMICHHOIO HamnpsokeHHsI. @opMa KpHBOH BHIIIPSAMIEHHOIO TaKHM
BEITIPSIMHTEIIEM HaIlpsyKeHHS (GKHpHas JTHHHSI) TIpejicTaBlIieHa Ha pHc. 5.2. J[JIa criaKHBaHHS
ITyJIbCAI[HI HAITPsDKEHHS ITapalljIe]IbHO Harpyske OOBIYHO BKIIFOYAKOT HSIEKTPOIHTHYECKHIT

KOHJIEHCATOP OONBINOH EMKOCTH.

U

Us

/ ot

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWMCLIO
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[Ipn nuranmu or ogHO(A3HOH LIEMH Yalle ITPHMEHSIOT CXeMBI IBYXIIONYIIEPHOILHOIO
BREITIPSAMIIEHHS, HMMEIOIHE 3HAYHTEIIBHO MEHBIIMI VYPOBEHb IIYILCAL[MIl BEIIIPSAMIEHHOIO
HanpspkeHHSI. CyIecTBYeT JBa BHJIA TaKHX CXeM: CO cpelHel TOYKOH (pHc. 5.3) H MOCTOBasg
(puc.5.4). Ha cxXemaxX HaIlpaBIeHHe TOKa IIOKa3aHO CIUIOIIHBIMH CTpPelIKaMH IIPH OJ[HOI
TIOIISIPHOCTH ITHTAOILETO HAITPSDKEHH S M ITYHKTHPHBIMH — ITPH ITIPOTHBOITOIOKHOH.

JlOCTOMHCTBOM MOCTOBOH CXeMBI SBISETCS OTCYTCTBHE TpaHC(pOpMaTopa CO CpeJHEMH
TOUKOH BTOPHYHOH OOMOTKH. BMecTe ¢ TeM, B 3TOH CXEME TOK OJHOBPEMEHHO IIPOXOIHUT YEPE3
IBa JHOMIA, a HE YEPE3 OAHH, KaK B CXEME CO CPEIHEH TOUKOH, II03TOMY ITaJicHHE HaAIIPSKEHHS Ha

IHodax B BTOH cxXeMe OVAeT B JABa pasza Oonblne. B CBSA3H ¢ OTMEUYEHHBIM OOCTOSTEINBCTBOM

CXCMY CO GpE,[[HEﬁ TOYKOH ITPEAIIOUTHTCIIBHCES HCIIOIIB30BAaTh ITPH OOJIBIIIX TOKAaX.

e

>

PHCYHOK 5.3

AOKYMEHT MOANVCAH
ANEKTPOHHOWNOANNTEO
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PHCYHOK 5.5

KpHpass BBIIPSAMIEHHOTO HaIPsKEHHSA IS O00eHX CXEeM BBITTISAHT OAHHAKOBO, OHa
IIpeCTaBJIEHA Ha PHC. D.5.

[loTpe®uTenu IIOCTOSHHOIO TOKa OOJBIIOH MOIIMHOCTH OOBIYHO IIHTAIOTCS YEPE3
BEITIPSIMHTEIIH OT TpéX(asHbIX Iiemeil. TpéxdasHble cXeMbl BHIIIPSIMISHHS, KaK H OJHO(a3HbBIE,

OBIBAXOT OHOIIONYIIEPHOIHBIMH (PHC. 5.6) H ABYXITOIYIIe pPHOIHBIMH (pHC. 5.8).

A® Rs
B.. -y - e o e o
U BRI
N® 3
PHCYHOK 3.6
' Ussm
U |
_I.'J [!]t
¥ o - Ill' rl,l'f 3 Iljlll — —
."lll ! 'IIIII.
] .III -l'f'.l‘.
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= I'IIII
NOKYMEHT NOANWCAH | e i ¥ . %
SNEKTPOHHOW NOONUCHKD \ \ gl
Ceptudmkar: 2C0000043E9ABBBI52205E7BAS0D060000043E J A Us Uc
Bnageney, lLlebayxoea TaTbAHa AnexkcaHaopoBHa
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@DopMa KpPHBOH BBINPSAMIECHHOIO HAaIlPsDKEHMS IIPH  HCIIOINB30BAHHH OTHX CXEM
IIpeJICTaBIsIeT coO0H OrmOaroIyI0 BEPIIHHBI CHHYCOHJ TPEX(azHOIO HaIpsDKeHHS. B cxeme
pHC. 5.0 OMHOBPEMEHHO MOJKET OBITH OTKPBIT TOJIBKO OJHH JHOJ, HA aHOJE KOTOPOIr'o B JAHHEIH
MOMEHT BPEMEHH HaIpsyKeHHe HAaHOOJIBIIEe, ABAa APYTHe Ha 3TOM HHTEPBale BPeMEHH OVAYT
3aKPBITHL, T.K. IIOTEHI[HA HA HX KaToAaxX OYAET BHIIIE IIOTEHIHAIOB HA aHOAaxX. TaxkuM obOpas3oMm,
mioael 1, J12, /13 OTKpPBIBAIOTCA ITOOUYEPEMHO, H BEOIPSIMIIEHHBIH TOK ITOOYEPEMHO IIPOTEKAET
1o ersM a3z A, B, C. KpuBas BBRIIIPAMICHHOI O HaIIpsDKEHHI Ha pHC. 5.7 H300pakeHa KHPHOI
JIMHHEMN.

B MocToBOil TpéxdazHoil cxXeMe (pHC. 5.8) OZHOBpeMeHHO OTKPBITHI JBa JHOJA,
PacIIONOKEHHbBIe Me KAy TeMH (pa3aMi, ITHHeHHOe HaIpsDKeHHe MeKIY KOTOPBIMH B JaHHBIH
MOMEHT BpeMeHH HaHOombIlnee. OcCTalbHBIE AHOALI OYIVT 3aKPBITHI, T.K. IIOTEHI[HAIBEl Ha HX
KatojaxX OYAYT BHIIIE ITOTEHIMAIOB aHOAOB. Ha puc. 3.9 n300pakeHbl CHHYCOHILI JTHHEHHBIX

HaIIPSDKeHHH TPEX(a3zHOH CHCTEMBI.

A B C
o » 9
U,
!
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=
B

PHCYHOK 5.8
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Ha npomexyTtke 0<ont<30° HanOombImasg pa3HOCTh IMOTEHIHAIOB MeXxay ¢azamu C u B,
ITIOATOMY OTKPBITBIMH OyayT auoxbl /s u JI;, Ha mpoMexyTke 30°<mt<90° moreHnman ¢azsl A
cTaHeT OonbIle MoTeHIMana @(a3el C, mosroMy muon [ 3akpoercs, a /[ — orkpoercs. B
IIOCIIEAVIOIHE HHTEPBAIIBI OYAYT ITOOUYEPEMHO OTKPHITHL: 90°<mt<150° — [, s, 150°<mt<210” —
Ha, Hs: 210°<ot<270" — 4, /11; 270°<ot<330° — Mg, Hi: 330°<aot<30® — cHoBa /g, [ , 1 T.1. Taxmm
oOpa3oM, Me’XKIV KaTOAHON H aHOJHOH TPYIIIIaMH AHOJOB ITOCTOSHHO OVIET HaIlpsSKeHME,
PaBHOE HAHOOIBINEMY II0 aOCOIIOTHOMY 3HAYEHHIO JIMHEHHOMY HAaIlpsDKEeHNIO. KpHpas
BREITIPSMIIEHHOT'O HAIIPSKEHH S Ha PHC. J.9 ITOKa3aHa JKHPHOH JIMHHEH.

CpenHee 3HAYeHHE BBINIPSAMIEHHOrO HampsokeHHSI Ug IS cXeMbl  OZHO(A3HOIO
OJTHOIIOITYIIEPHOAHOI'O BEOIPSMIEHHS OIIPeIelIIeTC BRIPaKeHHEM:

U,=Un/m=\2U/ 7=0.45U,

rae U — IeHCTBYIOIIEE 3HAUEHHE TIEPEMEHHOI O CHHYCOHIAIIbHOI O HAITPSDKEHIS,

U — aMIDIMTYTHOE 3HAYEHHE TTePEMEHHOIO HAITPSKEHH .

JIIIsT OCTaIbHBIX CXEM BEITIPSAMIIEHH S

U,=(1/ m)sin(in/ ) U=\2(/7)sin(mvz)U,

TJIe M — YHCIO (pa3 BEIIPSIMISEMOrO HAITPSDKEHHS.

Hnsgcxemel puc. S.3upuc.44m=2, Uy=0,637 Uyn=0,9 U,

I cxXeMbl pHC. 5.0 m =3, U= 0,827 Uyp= 1,17 Uy,

IS cXeMBI pHC. 3.8 m =6, Uyp=0,955 Uyp,=1,35 U,

B 3armicaHHBIX BBIIIIE BBRIPAKEHISX CPEeIHHE 3HAUEHHS BBIIPSIMIEHHOI'O HaIIPSKEHIS

yKa3aHbl 0e3 yUéTa IMaJIcHHS HAIPsDKEeHHS Ha THOJaxX, KOTOpoe cocTaBiseT oT 0.5 1o 2 B.

YKkazanue no mexHuke d0e3onacHocmit:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpI{bIK paﬁn:rr

ITPHBEACHBIL B ITPHIIOKCHHC A.

VKa3aHusa no 6bIn0JIHEHIUI0 J1ADOPAMOPHOIL P AD OMbl:

IIpH BBINTOIMHEHHH JaHHOH 1abopaTOpHOH padoThl CTYAEHTHI JOIKHBI COOpaTh CXEMBI
OJHO(pA3HBIX H TPEX(A3HBIX BBINIPSMHTEIEH, CPAaBHHThL JCHCTBYIOIIHE 3HAYeHHS HaITPSDKEHIL
IIEPEMEHHOIO TOKAa CO CPEJHHMH 3HAYEHHSMH BBIIIPSIMIEHHOI'O HAIIPSDKEHHS, C ITOMOIIBIO
oCIIHIUIOrpada CHATh KPHBBIE BRINIPSIMIIEHHOI O HaIIPsDKeHHA.

[TopsmoK BREITTOIMHEHHS PAOOTHI CIIE YOI,

Ky NOAMGAH
IEM&%&@@E TEOPETHYECKHE ITOIOKEHH.

Cepmudomkatr: 2C0000043ESABBBO952205E7/BAS00060000043E
Bnageney:  lWebduoet QQPATherceXeMY: pHC. S5.1. Ilomare HampssKeHHe OT HCTOYHHKA IIEPEeMEHHOIO

HanmpsokeHH /B. M3Mepurh BEIHYHHY TIEPEMEHHOIO H  BBRIIMPSMIEHHOI'O HAaIIpPSDKEHHI,
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BBIYHCIOITE BCIIHYHHY IIAACHIA HAITPKCHITA Ha JHOJC. PEB}"JILT&TLI IIBMEPEHI]IUI H BBIYHCIIEHHIT

3aHeCTH B Ta0mmiry S5.1.

3. [logare CHTHaNl BEIIPSMIEHHOTO HAIIPSKEHHS Ha OCIIUIorpad, 3apHcoBaTh (DOPMY

KPHBOH HaITp SDKEHHS.

4. BEBITIOIHHTh aHAJIOTHYHBIE 3daMCPBI, BBITHCJICHITA, HaOIIOeHHSI H PHCYHKIIL, CﬂﬁpﬂB

CXEMBI, H300paXEHHBIE Ha pUC. 5.3, 5.4, 5.6 H 5.8.

Tabmma 5.1
Uf_“_‘p:,
Cxema _ Ucp:, ITayieHye HammpA-
U.,B 3KCIIe pHMEHTAIEH
BBIITPAMICHILA TEOPETHUECKOE KEeHHT HA JTHOIAX
oe
OmHo(dazHasd
OJTHOIIOIIYTIE PHOTHAL
OmHodazHasd

CO CpeHel TOUKOH

OmHodazHasd

MOCTOBAA

TpéxdazHas

CO CpeTHEH TOUKOH

Tpéxdaznasa

MOCTOBAA

Coodepacarue omuema:
OT4YeT JOIKeH COAEPKaTh:
1. Hassanue paOoTHI,

[lems paboTHI;

I IopsimOK BREITTOITHEHHS PAaOOTHI,

N S R W

BBIBOJIBI.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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KonmponwsHusie éonpocel:

1. HapucynTe CXeMBI BBIIPSAMHTEIIEH H VKaXHTE IIYVTh IIPOXOXKIAEHHS TOKa IIPH
M3MEHEHNH ITOISPHOCTH ITHTAIOIIErO HATIPSIKEHH AL,

2. OOBsICHHUTE, TIOUEMY ITPH BRITIPSMIEHHH TPEX(Pa3HOro TOKa B cXeMe C HyJIeBOH TOUKOIH
MOKET OBITh OTKPBIT TOJBKO OJIHH MO, @ B MOCTOBOH CXEME — TOJIBKO JIBa JIHOJIA.

3. OOBSACHHUTE TTOCTIeJ0BaTeIIbHOCTh OTKPHITHS JHOMOB B TPEX(a3HOI MOCTOBOH CXEME.

4. Ilo xakon QopMylle MOKHO BBYHCIHIb 3HAYeHHE CPEJHErO BBITPSIMIEHHOIO
HAITPSDKEHHS?

5. Ilouemy (pakTHUECKOE BHINIPSMIIEHHOE HAIpsDKeHHe HEeCKOJIbKO HIKE TeOpeTHUYECKH

BBIYHCIIEHHOI'O?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Javopamopras padboma Ne6. Kackad ycunumens nepemeHHoZ0 moxKka Ha 0unoiapHom

MPAaHd3ucmope.

Ilens padomwr: V3yunTh cxXeMy KacKaja YCHIIHTENIS IlepeMeHHOrO TOKa C OOI[HM
SMHTTEPOM, IIPAKTHYECKH OCBOHTh METOJHKY YCTAHOBKH HA4YallbHOH pabodell TOYKH
TpaH3HCTOpPa B pekHMe A, METOAHKY ITOMYYeHHS aMIUIHTYIHOI M 4aCTOTHOM XapaKTepPHCTHK
VCHJINTEIIS, OIPEJEIeHHs €r0 BXOJHOIO H BBIXOJHOIO COIIPOTHBIIEHHI, ITPOaHAIH3HPOBATh

BIIMSHHE HA KGB(l)(bI]I[HEHT YCHIICHHA 3HAYeHHIH IMapaMETPOB OTACIIBHBIX JICEMCHTOB CXCMBIL.

OcHoébl meopuu.

CxeMa Kackaja YCIUINTCI IIEPEMCHHOI'O TOKa C OOIIIIM SMITTTCPOM IIPEACTABIICHA Had

pHC. 0.1.

Ex 4.7xOMm Co=0.47MKD
15B Ri=1kOM Ci=IMK | ®
[ -
1 a
U- R
0...3 R
100 Rs T Cs I
OM 5 100M| 10MED ;
T v IKOM L !
PHCYHOK 6.1

IInTaHHe YCIUIMTCIIA OCVYVIICCIBIIACTCA OT HCTOYHHKA IIOCTOAHHOI'O HAIIPAKCHHA 15B.
BXOMZHOH CHTHal IOHAETCSI OT HCTOYHHKA CHHYCOIMIAJIBHOI'O HAIIPAXKCHHA YCPC3 ACIIHICIIb

R3R4, xoTopeIH IpegHasHaueH 1 Oolee INIaBHOIO H3MEHEHHS aMIUIHTY /OBl BXOJHOIO CHIHAlIa

H K CXEME YCIJIHTEIS HE OTHOCHTCAL.

PexxiIM YCHIIHTEIS II0 IIOCTOSHHOMY TOKY OO€ecCIeUHBaeTCd AEIIHTEelIeM HaIlpsKEHIS
R1R2 u comporusieHneM B L sMurTepa R3O, emirenem R1R2 HacTpanBaeTcs MOIOKEHIE
HayaJpHOH padoueit Touku (HPT), T.e. HampspkeHHe Ha KOIJIEKTOPe H TOK KOJUIEKTOpa ITPH

OTCYICTBHI BXOJHOI'O CHI'HAJIA.

ofroRéerm 8 PITAOKa3aHO Ha ceMelCTBe BBIXOJTHBIX XapaKTepPHCTHK TpaH3HCTOpa (PHC.
ONEKTPOHHOW MOANMCLIO

SPTHRG T2 Bl TpaH3HCTOpa. Lcim HaXOIHTCS B I[eHTpe aKTHBHOH
R A R s (V0 T PRI "PAdBOT Ecrmt HPT ¢

Bnaneneu: :'LI_IEEIJWDBE TeAHa AnexkcarngpoBHa

30HBI BBIXOJAHBIX XdPAaKTCPHCTHK, TO TPaH3HCTOP pﬂﬁﬂT d€T B PCKIMCE A: YCHIINBaA KakK
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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ITOJIOKUTEIILHBIE, TAaK H OTPHIATEIBHBIE IIOIYBOIHBI BXOIHOI'O CHTHAIA. ECIH IIOMOXKHTEIBHOE
CMellleHHe Ha 0a3e OTCYTCTBYET, TO TPaH3HCTOp paboraeT B pexnme B (Touka B Ha pHe. 5.2),
YCIUIMBAS TOJIPKO ITOIIOKHTEIILHBIE BOIHBI BXOQHOI'O CHIHAA. [[JIS YMEHBIIEHHS HEJIHMHEHHBIX
HCKaKeHHI, KOTOphIe 0COOEHHO 3aMeTHEI ITPH MaJIbIX TOKaxX 0askl, Ha 0a3y TpaH3HCTOpa IOJAr0T
HeOONIbINOe TIONIOKHTENIbHOEe cMellleHHe (Touka AB Ha puc 6.2), B 3TOM clIydyae TPaH3HCTOP
VCIUIMBAET IIOJIOKHTENbHBIE ITOTYBOIHBI BXOJHOIO CHIHAjla M YaCTHYHO — OTPHIIATEILHBIE.
Pexmvel B 1 AB HCIIONB3VIOT B cXeMaX JBYXTAKTHBIX YCIIIHTEJIEH, B KOTOPBIX OTPHI[ATEIILHBIE
H ITOIOKHTEIILHEIE ITOJIYBOIHBL YCHIIMBAIOTCS ABYMS PasHBIMH TpPaH3HCTOpaMH. B yCHIHTENE,
HCIIOIB3YEMOM B JAHHOH ma0opaTOpHOH paldoTre, TPaH3HCTOpP padoraeT B pexHMe A.
HeOospimmoe compoTHBIIeHHe B ILENMH SMHTTepa RO ImIpegHasHayeHO IS CTAaOIIIM3al[H

MTOITOKEHH HavyaJIbHOH paboueil TOUKH, KOTOPas OCYINECTBIISLTCS CIIEAYIOIHM 00pa30M.

15=300 MKA
- 250 MEA
200 MEKA
____________________ A ) _ 150 MKA
- - 100 MEA
i \ 15=50 MKA
i AB
_ U Uks
Ex

PHCYHOK 6.2

Tok B Lienmu 0aszpl OINpeAelsIeTcs PasHOCTRIO ITOTEHIHAIOB MEXAY 0a30H H SMHTITEPOM,
KoTOpas paBHa (cM. pHC. 6.1) :
Us=U+UL U,
I'me U, paBHO IIPOH3BEIEHHIO IIOCTOSHHOH COCTABJIIIOINEH TOKAa HSMHUITEpa Ha
cornmpoTHRIIeHHe Rs. IlepeMeHHas COCTaBRIIIIONIAS TOKA SMHTITEpa Ha BelmMUHHY U, BIHSHIS HE

GI{EI,SLIEE],ET&D%E +%}|Lla{f}ﬂrl‘[| EEE:I{EIET B OCHOBHOM HYCPC3 KOHACHCATOP C:a:. COIIPOTHBIICHIIC KOTOPOI'O

ANEKTPOHHOW NOANWUCHLIO

ey AL HEPEME‘[HH_:QH COCTABILIOINEH, HAMHOI'O MEHBINE Rs. EcIH MO KakuM-IHOO IpHUIHAM
Bnaper

1a AnekcaHnpoBHa

HDCTDHI—H—IHH GDGTEIBJIHIDH_[EIH TOKd B ICIIH KOJLICKTOP — SMHITCDP EDBPE],GTET TO COOTBETCTBCHHO

ITenad: ¢ 19.08. 2027 no 19.08_ 2023
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BO3PACTET HanpsokeHHe U,., a HanpskeHHe Ug ITIOHM3HICS, YTO IIPHBEIET K CHIDKEHHIO TOKa
0a3el 1 cTtabmwmizain HPT. IIpH CHIpKeHIH ITOCTOSHHOH COCTABIISIIOIIEH TOKA IS KOIUIEKTOP
— BMHUTTEP IMPOUCXOMUT OOpaTHBII ITPOLECC.

Hamrmune xoHmgeHcatopa Cs HCKIOYAeT OTPHIATEIIBHYIO OOpPaTHYIO CBS3b 11O
NIepeMeHHOH COCTaBIISIONIEH H TeM CaMbIM HCKIIIOUaeT YMeHbIIeHHe KO3((pHIHeHTa YCHIEHHST
YCHIIHTETISL, KOTOPOe HMEIO OB MeCTO ITPH HAJIHYHH STOH CBS3H.

BEIXOMHOE HaIIpsDKEHHE YCHWIHTEIS B IIENb HarpysKH Ry CHHMAaeTCcs ¢ KOIJIEKTOpa
TpaH3HCTOpa. [IpH IOMOXHMTEIBHOH ITOIYBOIHE BXOJHOIO HANPSDKEHHS COITPOTHBIIEHHE
TPAaH3HCTOpPAa YMEHBIIAESTCS H IIOTEHIHAIl Ha KOIUIEKTOpEe CHIDKaeTcsa. [IpH oTpHIjaTeIbHOIM
IIOJIYBOIHE BXOAHOI'O YCIJIHBAEMOI'O CHIHajla COITPOTHBIIEHHE TPAH3HCTOPA YBEIMYHBACTCS H
MOTeHIMal Ha Oaze IMOBBOIAcTCS. TakuMm oOpa3oM, (aza HaImpsDKeHHS Ha BBIXOJE YCHIHTENS
IPOTHBOIIOIOXHA (paze BXOTHOI'O CHI'HAJIA.

KongeHcatopel C; H C; SBISIEOTCS pa3AelHUTEIbHBIMHI, IIPEISTCTRYIOIHMI ITPOTEKAHHIO
IIOCTOSIHHOI'O TOKAa OT HMCTOYHHMKA IMMTAHHS BO BXOMHOH LM H B IIENH HArpysKH, HX
COITPOTHRIIEHHE JJIS1 TOKOB YCHJIMBAEMBIX YaCTOT JOJIKHO OBITH HE3HAYHTEJIbHBIM.

Hrak, pexyM paboThl TPAH3HCTOPA IO IIOCTOSHHOMY TOKY OIIpedelIsSeTCs HaPsKeHHEM
HCTOYHMKA ITHTAHHS, BEJIMYMHOH COIPOTHBIEHHS IIEIH KOJUIEKTOP — SMHTITEP H TOKOM Oashl.
[Ipn orcyrcTBHH TOKa Oas3bl TPAH3HCTOP ITOMHOCTHIO 3AKPBIT, T.€. TOK KOIJIEKTOpa OJIM30K K
HYIIIO H BCE HaIlpsDKeHHe ITHTaHHS ITajlaeT Ha COIPOTHBJISHHH TpaH3HcTopa (Touka B Ha pHc.
5.2). Ecm mpeimonoKuTh, YTO TPAH3HCTOP IOITHOCTBIO OTKPHIT (T.€. er0 COIPOTHRIEHHE PAaBHO
HYIIIO), TO BCE HanpsKeHHe HCTOYHHKA ITHTaHHS OyJEeT IajaTh Ha COIMPOTHBIEHHIX Rx B Rs, a
TOK B IIEITH KOIIJIeKTOpa OVAeT:

[.= Lua=E«/( Rt Rs).

IIpp H3MEHEHMH IIOCTOSHHOHM COCTABJISIIOINEH TOKa ©Oas3pl peXuM padoTel 110
IIOCTOSSHHOMY TOKY OVAET OIPelelsarbCsa JIMHHEH, COSIHMHSIOIEN TOYKH B M Ipnz. 3TV ITHHHIO
HA3BIBAIOT JTHHHEH HAarPy3KH I10 ITOCTOSHHOMY TOKY (CM. pHC. 6.2).

[{emp, IO KOTOPOH B YCIJIHTEJIE 3aMBIKAETCS IIEPEMEHHBIH TOK, OTJIMYASTCS OT I[EITH
IIOCTOSIHHOI'O TOKa. BoO-TIepBBIX, M3 IIENH IIEPEMEHHOIO TOKa IMPAKTHYECKH HCKIIOYAeTCs
COMMPOTHRIIEHHE Rs, T.K. OHO INYHTHPOBAHO KOHAEHCATOPOM (s, BO-BTOPHIX, EMKOCTH
KOoHfieHCaTOpoB Cs u C, NIIPHHHMMAKOT HACTOIBKO OONBIIHMMH, YTO HX COIIPOTHBIEHHS
OKa3bIBAIOTCS IIPeHeOpeKMMO MAaJIBIMH II0 CPaBHEHHIO C CONPOTHBIEHHSMH Ryg H Ry.
COITpOTHBJIEHHE HCTOYHHKA ITHTAHHS OOBIYHO TAaKKE Ha 2 — 3 IMOPSAKA HIDKE IIOCIIENHHX JBYX
CG]'[pGTHQﬁi%% Hg.ﬁ%% C OTMeYeHHBIMH OOCTOSATEIIbCTBAMH CcXeMa 3aMelleHHS LelTH

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
BnanendIEPEMEHHOT €, TOKA BRIFISINT TaK, KaK ITPEACTABIIEHO Ha PHC. J.3a.
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PHCYHOK 6.3

OOpaTHM BHHMAHHE Ha TO, YTO BBIXOJHBIE XAaPAKTEPHCTHKH TPAaH3HCTOPa B AKTHBHOM
30HE ITPAaKTHYECKH TOPH30HTAIBHEI, T.€. TOK Yepe3 TPaH3HCTOP HE 3aBHCHT OT HaIIPsDKEHIIS
KOIJIEKTOP — SMHUTTEP, a OIPEJENSIETCS TOIBKO TOKOM Oaskl, IIO3TOMY TPAH3HCTOP B 3TOH 30HE
MOKHO paccMaTpHBaTh KaK HCTOYHHK TOKa, YIIpaBiIgeMbIH TokoM Oaspl IK=B*10, rme [ —
KO3((pHIIHEHT ycHIeHHS 0a30BOro TOKa. B 3TOM ciydae, ¢ YUETOM TOTO, YTO COITPOTHBIIEHHEM
HCTOYHHMKA ITHTAHHS MOXKHO ITpeHeOpeub, CXeMa 3aMeIleHHI ITPUMET BHJ, H300pakKEHHBIH Ha
puc. 5.36. B ston cxeme comporuBieHHI RK m RH BKMIOYeHBl IapawielbHO, IIO3TOMY
IIepeMEHHAS COCTABILIIOINAS TOKA KOIIEKTOPa M, COOTBETCTBEHHO, HAKIIOH JIMHMI HArpy3KH I10
IIEPEMEHHOMY TOKY OITPEJIEIISIOTCSA COIPOTHBIIEHHEM

Rx Re/( Rit+ Ry).

T.K. 3TO COIIPOTHBJIEHHE BCErJa MEHBIIE, YeM COIMPOTHBIEHHE Ryt Rs TO M JIMHHA
HArPy3KH I10 TIEPEMEHHOMY TOKY IS JAHHOI'O YCHIHTENIS MMeeT OONBIII HAKIOH, YeM IIO
IIOCTOSIHHOMY .

OIHHMH H3 OCHOBHBIX ITAPAMETPOB YCHJIHTENEH SBILIFOTCS KO3((HIHMEHTHl YCHIIEHHSL
Kackag 1o cxeme ¢ OOHMM 5SMHITEPOM VYCHIHMBAET KaK HaIlpsKeHHe, TaKk H ToK. llox
KO3((PHIIHEHTOM YCHJIEHHS IO HAIIPSDKEHHIO ITOHHMAKOT OTHOINEHHE aMIUIMTY/IBI HaIlpsDKeHHS
Ha HAI'py3Ke K aMIUIHTYIe HAIIPSKEHHSI BXOJHOIO CHIHala:

Ku=Ubn/Usge m.

AMITTHTYIa HaIIpsDKeHH Ha Harpyske (cM. pHc. 5.30):

Ubin=Iim R Re/( Rt Ry)= P s R Ry/( R+ Ry).

AMT[JIHT}",I[E], HalTp:DKEHHA BXOJHOI'O CHI'HAJIA TAKMKE MOXKET OBITH BBIPAKCHaA HCPE3

AMILITHT R 764 Abdoresio

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E o
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa UBK m 511‘11.5+I~3111r3:~

I'Ac 1s H1, - , COOTBCTCTBCHHO, COIIPOTHBIICHIHA 0asel H SMHITTCPa TPAH3HCTOPA,
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[.;n — aMIUIHTYa TOKa 3MHITEpPA.
Ho Lp=Ism(1+p), mosTOMY
Uszm = lamletoml:(1+P) = Lom|16t1:(14+P) | = Tomhu,

rae  hi= r1st1.(1+pf) — THHaAMIYeckoe BXOJHOE COIPOTHBIIEHHE TPaH3HCTOPa,
BKJITFOUEHHOI'O TI0 CXeMe ¢ OOIIHM 3MHTTEPOM.

Taxrm o6pazoM, KO3(HIMEHT YCHIeHHS KacKaJa M0 HAITPSDKEHHEO

Ku=Unm/Ugn=( B/ hi))| Re Re/( R+ Ry)].

Kak crnemyeT H3 IIOJIyYEHHOIO BBIPaXKEHHS, KO3((QHIMMEHT YCHIEHHS 3aBHCHT KakK OT
ITapaMEeTPOB TPAH3HCTOPA, TaK H OT COMPOTHBIIEHHH Rk H Ryu.

Koad}uimeHT yCHIeHHS 110 TOKY OIpeelsieTcs KaKk OTHOINEHHE aMIUIHTYJ TOKa B I[EITH
Harpy3KH H B I[eIH Oa3kl:

K= i/ Lom.
[ir=Usn/Re= P Iom R /( Ret Ri),
Ki: B RI{ f"( R[{+ RH)

KauecTBOo paloThl yCWIHTEIEH M OONAacTh HX IIPHMEHEHHS OITPEAEIISIOTCS TaKHMI
XapaKTe pHCTHKAMH, KaK aMIUIATYAHAS, aMIUTHTYJHO-4acTOTHAs H (pa30-4acTOTHASL

AMIUINTYIHAasd  XapaKTEepPHCTHKa  OTpakaeT  3aBHCHMOCTh  BBIXOJHOI'O  CHIHAalla
(HampspKeHHS WIH TOKa) OT aMIUIHTYABI BXOJHOrO. BHA aMIDINTYZHOH XapaKTepHCTHKH
IpeAcTaBiIeH Ha puC. 6.4. Touka 1 COOTBETCTBYET HANIPSKEHHIO IIIYMOB, H3MepSIeMOMY TIPH Upy
= (. Touka 2 xXapakTepH3yeT MHHHMaJIbHOE 3HAaYeHHE BXOJHOIO CHTHAlla, pa3IMYHMMOe Ha (POHE
ITyMOB. MeXay ToukaMH 2 H 3 pacIIloIOKeH padouyuy auaria3zoH ycwnurensd. Ilocne Touxkm 3
ITPOHCXOJISAT CYIeCTBEHHbBIe HEIMHEHHbIe HCKaKeHH I BXOAHOro curHana. BemmanHa D = Upggpay/

Ut zmin HOCHT Ha3BaHHE JHHAMHYECKOI'O JHAaIla30Ha YCIUIOITC A

UE]’:-]:!{ A

1|1
Uﬂxmin U]mmaji UEK

PucyHOK 6.4

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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A UgmmEx

f, T
PHCYHOK 6.5

AMIDINTYZHO-YacTOTHaA  XapakTepucTHka (AUX) IpeicraBisieT  3aBHCHMOCTH
OTHOIIEHH S aMIUTHTY]I BBIXOJHOI'O M BXOAHOI'O CHIHAJIOB OT YaCTOTHl YCHIIMBAEMOI'O CHIHAIIA.
Jl11g paccMaTpHBAEMOIT CXEMBI YCIDINTEIBHOIO KacKajla OHa MMeeT BH, H300paKEHHEIN Ha PIHC.
5.5. (@a30-4acTOTHas XapaKTEePHCTHKAa OTPakaeT 3aBHCHMOCTh (PAa30BOr0 CIBHTA MEXKIY
BEIXOIHBIM H BXOIHBIM CHHYCOHJIAIBHBIMH CHTHAJIAMH OT YaCTOTHI.

B psze ciydyaer BaKHOe 3HAUYEHIE HMEIOT TaKHe IapaMeTphl YCHIIMTENS, KaK BXOAHOe Ry,
H BBRIXOMHOE Rpr COIMPOTHBIEHHSA. 3TH CONPOTHBIEHHS IS COOPAaHHOI'O KacKaja HETPYAHO
OITPEIETHTE OIBITHBIM ITYTEM.

HampskeHrie Ha BBEIXOAE VCIUIMTENS OIPEAEIeTCs Yepe3 HaIIPSUKEHHE Ha BXOIE H
KO3(D(PHITHEHT YCHIIEHHT.

Usica= Ky Uz (5.1),

IIPH STOM

[6= Use/Rex.

Ecmi, He H3MeHAS BXOMHOIO HalpsDKEHIS, B Ilenb Oa3bl BKIIIOYHTHL J00aBOYHOE

COITPOTHBIIEHHE R 06, TO TOK Oa3bl OYIET:
[5= Uss/(Rext Rpos),
a HaIlpsDKEHHE B I[elH SMHTTep — Oa3a (HCKIroYas Jo0aBOYHOE COIIPOTHBIIEHHE) OyIeT

PaBHO:

JOKYMEHT MNMOANCcAH —
3NEKTPOHHOW NOANMCLIO IE REK— UEK RBK"I( RBK+ Rﬂﬂﬁ):
Ceptudmkar: 2C0000043ESABBB952205E7TBAS00060000043E
BnaneneL|; eI ERMBAHRAAKSHIIC Ha BEIXOAC YCHIIHTCIIA YMCHBIIIMTCA H CTAHCT PaBHBIM

UEL]::EZ KU UEK REK"I{( REK—I_ R,un:uﬁ) (52)
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Pazgemus (5.1) Ha (5.2), MOITyIHM:

Usemt/ Ugero=( Raxt Ryos)/ Rex, OTKy 1A
Rex= R,‘_]DE Ummzf( Useri- Um,n;z) (5.3).

TaxiM oOpa3oM, BKIIOYHB B Pa3phIB I[eITH BXOJHOIO CHTHaja (TOuyka «a» Ha pHc.0.1)
T00aBOYHOE COIPOTHBIIEHHE H H3MEPHB HAIIPSDKEHHS Ha BBIXOJIE YCHIIHMTEIIS IO H ITOCIIE €ro
BKITFOUEHHS TIPH HEHM3MeHHOM BXOJHOM CHTHAlle, BXOJHOE COIPOTHBIIEHHE MOJKHO BBIYHCITHTE
o gopmyie (3).

JI1s ompeielIeHHs BRIXOJHOIO COITPOTHBJIEHHSI HEOOXOAHMO ITPH HEKOTOPOM BXOIHOM
CHTHaJIe H3MepHTh HanpskeHHEe Ugr IIPH OTCYTCTBHH HarPy3KH. OTO HaIlpsDKeHHE:

U= Ky Usz (5.4).

3aTeM, He H3MeHSII BXOJHOIO CHTHAJIA, Ha BBRIXOJ YCHIHTEIS BKIIOUYHTE COIPOTHBIIEHHE
HarpyskH Ry. IIpH 3TOM HaIIpsDKEHHE Ha BRIXOME YMEHBIIMTCSA H CTaHET PaBHBIM  Upgr= Ky Ups-
[ Resre, HO lper=Usmo/ Ry, TTO3TOMY

Ugm= Ku Uz~ UnmoRee/ Ry, Tanee, ucronmp3ys (5.4), nMeeM:
Usi2™Usi1-Usro R/ R, OTKy T2
R-BLD{:RH(UBL]K IJ'FU BRIX2™ 1 ) (5 . 5) -

YKkazanue no mextHuke dezonacHocmit:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTDpI—[BIK pE]ﬁDT

ITPHBEACHBIL B ITPHIIOKCHHC A.

VKa3aHusa no 6bIn0JIHEHIUI0 J1ADOPAMOPHOIL P AD OMbl:

B maxHoOH maGopaTopHOH padoTe HeOOXOAHMO BBITIOIHHITE CIEAVIOIIEE:

— co0OpaB CXeMy YCIIHTEIS, YCTAHOBHTH HAauyaJIbHYIO pabOYyIO TOUKY,

— CHSATh aMIUIMTYAHYK XapakKTepHCTHKY KacKaja, OIpeJellNTh ero Ko3(Q(HIHEHT
YCHJIEHH S ITO HAIIPSDKEHHIO M JHHAMIYECKHH JHara3oH,

— IIPOAHAIM3HPOBATh BIMSIHHE HA aMIUTHTYIHYIO XapaKTepPHCTHKY H, COOTBETCTBEHHO, Ha
KO3()(HIIHEHT YCHIECHHS II0 HAIpPsSOKEHHIO HaIMYHI KOHAeHcaropa B IEIMH 5SMHITEpa H
BEIIMYHMHBI COIPOTHBIIEHH S B LIETIH KOJUIEKTOPA IIPH HEU3MEHHOM COIIPOTHBJIEHHH HAIPY3KH,

— OIPELEIHTh BXOJHOE H BRIXOJHOE COIPOTHBIIEHH I KacKaa,

— CHATh aMIUIHTYJHO-YACTOTHYIO XapaKTePHCTHKY KacKaja.

1. I/IB}”]HTL OCHOBHBIC TCOPETHYCCKIEC ITOJIOKCHH .

ZE,Q%%W';@G@&H{&}H{W Ha puc. 0.1, mpuHsaB RK =470 Owm.

Cepmudomkatr: 2C0000043ESABBBO952205E7/BAS00060000043E
Bnageney:  Ie63yxold @ BHEXOHAEEEHEPATOPa CHHYCOHJAILHOIO HalpsKeHHI YCTaHOBHTL 4acToTy 2...5

kI’ (110 yKazaHHIO ITIpernojlaBaTellsd) H HamnpsbkeHHe 2 B, IpH 3TOM HaIpspKeHHe Ha BXOJIE
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yeuwnureas Ooyaer 0,2 B. lloTeHIIOMETpOM CMEINEHHS HamnpsoKeHHs Ha 0asze YCTaHOBHUTH
MAKCHMAaJIbHOE BBIXOIHOE HaIIPsDKEHHE YCHIMTENS. CHIHAJI BEIXOAHOI'O HAIIPSKEHHUS II0JaTh Ha
OCIIJUIOrpad) H JOIIOIHHTEIIPHOH HACTPOHMKOH CMeHleHHS JOOHThCSA (POPMBI BBIXOJHOIO
CHTHaja, HauOoimee OMHM3KOH K CHHYCOHIAILHOH. B HampHeHIeM, IIPH  BBIIIOJIHEHHH
1abopaTOPHOH PabOTHI ITOIOKEHHE ITOTEHIITHOMETPA CMEIIEHHS HE H3MEHSTD.

4. OTKIIOUHMTE HaIpsKeHHe BXOAHOro cHrHaima. OJHHM H3 MYJIBTHMETPOB H3MEPHTH
IIOCTOSIHHOE HAaIPsKEHHE MEXAY KOUIEKTOPOM M SMHITEPOM H TOK B IIEIIH KOJIJIIEKTOpA,
BKIIIOYHB aMIIEPMETP BMECTO IlepeMbIYKH «lII». KoopauHaTel ImonydyeHHOH padoder TOYKH
HAaHECTH Ha Ipa()HK BBIXOJHBIX XapaKTePHCTHK TPaH3HCTOpa, ITOTYYEHHBIH ITPH BBIITOIITHEHHH
IIPeABLAYIIEH JTa00PAaTOPHOH PadOTEI H IIPOBECTH IIHHHIO HAIPY3KH I1I0 IIOCTOSHHOMY TOKY.

5. B 11ens Harpys3KH BKIIOYHTE cOmmpoTHBIeHHe 470 OM. He mogaBass BXOJIHOIO CHIHaJa,
H3MEPHTEL HaIIpsDKEHHE Ha Harpyske. [logaTe BXOJHOHM CHIHall, M IIPH ITOCTOSHHOH 4YacTOTE,
H3MEHSI €ro aMIUIMTYZAYy, 3almcars B Tadimmily 0.1 3HAaueHHS BBIXOJHOIO HAaIIpPSDKEHHSL

Berumcimrs 3HaYeHH S KO3 (P (HIHeHTa YCHIEHHS IO HAITPSDKEHHIO.

Ta0muia 6.1.
U, B 0 0,05 0.1 0,15 0,2 0,25 0.3 0,35
C KOH- User. B
IEHCATOPO
Ky
M C,
bes koH- Uz, B
JeHcaTopa
Ky
Cs

[Io pesyimbraTtaM 3aMepoB ITOCTPOHTH AMIUIHTYAHYIO XapaKTePHCTHKY H OIPEIEeIHTh
IITHAMITYECKII JHAITa30H YCHIICHH L.

6. YOpaTh H3 cXeMbI KOHAeHCAaTOp C3 M ITOBTOPHTE HCIIBITAHHS aHAJIOTHYHO I1.5.

7. KoHgeHcatop C» YCTaHOBHTL Ha IIpe:KHEe MeCTO, Ha BXOJ YCHIHTEIS II0JaTh
HarnpspkeHne 0.2 B. YcraHaemiBas 3HaUeHHS COIPOTHBIICHHSA RK, yKasaHHBIE B Ta0imie 0.2,
3arMcaTh B TaOMMIy 3HAUEHHMS BBIXOMHOI'O HAITPSDKEHHS, BBIUHCIHTL H TaKKe 3allcarh B

TaOIHIy 3HaUeHH I Kuy.

Taomuia 6.2

Ri, OM 150 220 330 470 060 1000

Ceptud

EGH"HMEHJ—HQ&FIHGAH
U ., BEKTHOHHOWM MOANKUCHID

pkat: 2C0000043E9ABEBO952205E7BASOPOG0000043E

Bnanens

Bl Llﬁa xoea TareAHa AnekcaHgpoBHp
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8. YCTaHOBHTH BXOAHOE HampspkeHe 0.2 B. YcraHaBnuBas 3HaUEHH S YaCcTOTHI BXOHOTO
CHTHalla, YKa3aHHEIE B TAOIHIle 5.3, H HE MeHSS aMIUTHTYAY BXOQHOI'O HAITPSDKEHI, 3aIIHCATh B

TaOIIHIY 3HAUEHH I BEIXOMHOI'O HaIpsoKeHus. [1o pesynbraraM 3aMepoB ITOCTpouTh AUX.

Taomuia 6.3
f, k'L 0,2 0,4 0,8 1,6 3.2 0.8 12 15 20
Ui, B
U Usgy

9. Ilpu RH = 0 u BXogHOM HanpsokeHnH 0,2 B samepurs HanpsokeHHe UBRIX]. B 1erb
0a3pl (TOuka «a» Ha pHC. 6.1) BKIIOUHTH JoOaBOuHOe comporHBieHHe 330 Om, IIPH TOM Ke
SHAYEHHH BXOJHOI0 HampspkeHHd 3aMepHTh UBBIX2. Ilo ¢opmyrne (3) BBIYHCIHTH BXOJHOE
COITPOTHBIIEHHE YCIHIIHT LS.

10. HMcxmrounts g00aBOYHOE COIPOTHBRIEHHE H3 ILENHM 0Oasbl. 3aMEPHTh BBEIXOJHOE
HampspKeHHe yeuimrensd UBBIX] TIpH OTCYTCTBHM Harpy3KH Ha €ro BBEIXOJE. BKIIOUNB
corpoTrHBiIeHHe HAarpys3kH 470 OM nipu Rk=470 OM H IIpH Ipe ’KHEM BXOIHOM CHITHAJIE H3MEPHTh

UBrix2. I1o ¢popmyie (5) BEIUHCIHTh BXOJHOE COITPOTHRIIEHHE YCHIHTES.

Coodepacarue omuema:

OTYeT JOIKEH COMEPKATh:

1. Hassanue paGoTHI,

[{ems paboTHI,

KpaTkHe TeopeTHUYeCKIE CBEACHILT,

OrmcaHHe HCIIONIB3YEMOr0 000PYAOBAHIS H MAaTEPHAIIOB,
I IopsimOK BREITTOITHEHHS PAaOOTHI,

BrruncieHns H o0paboTKa pe3yiIbTaToB,

N S AW

BBIBOJIBI.

Konmponosrsie éonpocel:

1. UTO IMMOHMMAXOT I10J HaYaJIbHOH padoyeH TOYKOH YVCHIHTEIIS?

2. Kak 3aBHCHT pexuM palboThl YCHIHTENS OT ImonoxeHns HPT?

3. YUem obecnieunBaercs nojoxenne HPT B paccmarpiBaeMoM ycHIHTEIE?

4. K PGHL BBIITOIIHACT COIIPOTHBIICHHE B IICITH SMHTTEPEL'?
AOKYMEHT NOAnMcAH

KTPQHHOW NoannchLIo

Ceptudmkar: ECD&)?} AEE‘QQEE %&MmngB Hel BMITTEPE]“ H'[YHTI IPYIOT KOHACHCAT GPGM?

Bnaneneu: Llebayx TaTesaHa AnekcaHapoBHa
éy. ﬁaK}’TO POIIb E]gIHGJIHHIDT KOHACHCATOPBI B IICIIH 0asel M Ha BBEIXOJIC }"CHJ]IITEJIH?
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7. Kak mocTpOoUTh JIMHIIO HAIPY3KHU YCIJIMTES 110 IIOCTOSHHOMY TOKY ?

8. OOBSACHHUTE CXEMY 3aMEIEHH I YCIIHTEIS IT0 IIEPEMEHHOMY TOKY.

9. Kaknm COIPOTHBIEHHEM OITPEAEIISETCS HAKIOH JTHHHH HArpys3KH VYCHIIMTEIS IIO
IIEPEMEHHOMY TOKY?

10. YTo MoHMMAarOT 110 aMIUIMTYAHOH XapaKTePHCTHKOH YCHIHTEIS?

11. UYro mpexcraBIssOoT co0Oif  aMIUIMTYAZHO-YAacTOTHasA M (pa304acTOTHAS
XapaKTE PUCTUKH YCHIIUTEIIS?

12. YTOo Ha3BIBAOT JHHAMITYE CKHM JHAITa30HOM Y CHIHTEIA?

13. OT 4ero 3aBHCHT BeITHYHHA KO3()(PHIHEHTOB YCHIIEHHS YCHIHTES?

14, Kak OIBITHEIM ITYTEM OIPEAEINTh BEIHMYHHY BXOIHOTO M BBEIXOJHOTO
COITPOTHRIIEHHH YCHIIHTEISA?

15. Kak m3meHHTCS KOA(D(HIMEHT YCIIEHHS YCHIIMTEIA, €CIIH COIPOTHBIIEHHE B LIEITH
SMUTTEPA HE IMYHTHPOBATH KOHIEHCATOPOM?

16. Kax koa(pHIMEeHT YCHIEeHHS YCHIMTEIS 3aBHCHT OT COIPOTHBRIEHHS B ILIEIH
KOIIJIEKTOpa?

17. OOBSICHHTE, TTOYEMY BBEIXOJHOH CHTHAIl YCHIHTEIS OTIHYaeTCSI OT BXOJHOIO IT0 (paze

Ha 18007

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jabopamopran paboma Ne7. Ycunumesv Ha NOJ1€60M MPAH3UCIOPE.

Ilens padbomer: MccrnemoBaTh padOTy YCHIHTEIFHOTO KacKaJa Ha ITOJIEBOM TPAaH3HCTOpE
¢ OOIIMM HCTOKOM, CHSTh €ro aMIUIHTYAHYIH) H aMIUIHTYJHO-YAaCTOTHYK) XapaKTepPHCTHKH,

OITPpEACIIHTD BXOJAHOC H BBIXOJHOC COITPOTHBIICHHS.

OcHOé6bL meopuu.

(CxXeMa KacKaJa YCHJIHTETISA ¢ OOIIMM HCTOKOM H300pakeHa Ha puc. /.1.
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PucyHok 7.1 — CxXeMa Kackaja YCHIHTEIS ¢ OOIHM HCTOKOM

[IutaHme YCIWIMTEIS OCVINECTBISAETCS OT MCTOYHHKA ITOCTOSHHOIO HaIlpspKeHHS 15B.
BXogHON YyCWIMBAeMBIH CHTHaAlI IIOHAETCA OT TIeHepaTopa CHHYCOMIAIBLHOI'O HaIPsDKEHHS
IIEPEMEHHON YacTOTHL. /111 O0olee TUIaBHOrO H3MEHEHHN I aMIUINTY Bl BXOJHOIO CHTHAJIA CITYKHT
IETTUTENL HAIPSDKEHNI, COCTOSIIHMI M3 IIOCTOSHHBIX pesucTopoB 4,7 u 1 KOM U nepeMeHHOT 0
pesucropa 10 xOm. PaspemmrenpHeie KoHpeHcaTtophl 0,47 MKD H 1 MKOD IPENSTCTBYIOT
IIPOXOIKIEHIIO ITOCTOSHHOI'O TOKA B IIEITh HCTOYHMKA BXOIHOIO CHTHAlla M B I[€Ilb HAaIPy3KH, B
KayeCTBE KOTOpPOH B 1MabopaTopHOH paboTe HCIOIb3yeTcd pesucrtop RH. g ycTaHOBKH
HavyaJIbHOH paboyeH TOYKH TPAaH3HUCTOPA CIVKHT COIPOTHBIIEHHE, BKIIFOUYEHHOE B IIEIh HCTOKA,
HAITPSDKEHHE ¢ KOTOPOro ITOAAETCS Ha 3aTBOP uepes pesuctop 1 MOM. HavaneHast pabodast Touka
yCTAHABJIIMBAeTCA B CPEIHEH YacTH JIMHEHHOIO Y4acTKa CTOKO3aTBOPHOH XapaKTepPHCTUKH, B
BTOM ClIyyae YCHJIMBAIOTCS KaK ITOJIOKHUTEIILHBIE, TAK H OTPHIIATENIbHBIE ITOITYBOIHEI BXOIHOI'O
CHTHala IIpH MHHHMAaIbHBIX HETHHEHHBIX MCKa)XXeHHSIX. KOHjeHcatop B IIEIIH HCTOKa

NOKYMEHT MOAMWCAH - .
HCKITIOY &FEOTPHHMETEMEHSEHO 00paTHYIO CBSI3b IT0 IIEpeMeHHOH COCTaBIISIOIICH CHIHAIA.

CepTucomkar: 2C0000043E9ABSBI52205E7BAS00060000043E
Bnaneneu. WEWMWEHWEPHCTHKMI YCHIIHTCIIA C IIOJIEBBIM TPAH3HCTOPOM, KdK H C

OHITON HBIM, ABJIAROTCHA aMIUIMTYVAHAA, dAMIUIHTY AHO-YACTOTHAA H d)ﬂBDIIﬂGTGTHﬂH. BEILI[}" TOI'O,
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YTO BO BXOJHOH IIEITH ITOJIEBOIO TPaH3HCTOPa TOK IIPAKTHHCCKH OTCYTCTBYCT, KGB(b(l)I[L[IIEHTLI
YCHIICHHA IIO TOKY H II0O MOHIOIHOCTH KdCKdJd C IIOJIIEBBEIM TPAH3HCTOPOM OOBIUHO HE
HCIIOJIIB3YVHOTCA, d HCIIOIB3YCTCA TOJIBKO KGBd)(bHI_[HEHT YCHIICHIA IIO HAIIPAAKCHHIO. Gk
IMapaMcTPOB YCHIIHTEIA HCITOIB3VIOTCA TAKKS BXOIHOC H BBIXOJHOC COIIPOTHBIICHHA, KOTOPBIC
OITpEeACIIAOT OITBITHBIM ]’[}*’TEM II0 TOH Xe METOIHEKES, YTO H JIIA }*'CHJ’JIITEHEﬁ C 6IIHDJI$IPI{BIMI

TPaH3HCTOPAMH.

YKkazanue no mextHuke dezonacHocmit:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpHﬁIK pﬂﬁDT

ITPHBEACHBIL B ITPHIIOKCHHC A.

VKa3aHusa no 6bInoJIHEeHII0 J1ADOPAMOpPHOU P Ad onbl:

[IpH BBINIOTHEHHHM JaHHOH J1a0OpaTOpHOH PadOTHl CTYAEHTBI JOIKHBEI COOpaTh CXeMy
KacKaJa VYCIIHTEIII Ha IIOJIEBOM TPAaH3HCTOpPE C OOIMM HMCTOKOM, CHSTh aMIUIHTYIHYIO
XapaKTEpPHCTHKY B PeKHMe XOJIOCTOIO XOJa H IIOJ Harpy3KOH, BBEIYHCIHTE KO3()(PHIHEHT
VCIDIEHHS I10 HAPsDKEHHIO, CHATH aMIUIMTYIHO-YACTOTHVIO XapaKTePHCTHKY, OIIPEIEIHTE
BXOIHOE H BBIXOXHOE COIPOTHBIIEHHS YCIIIHTETIS.

[IopsmoK BREITTOIHEHHS PAaOOTHI CIIEMYOIIHI.

1. Cobparp cxemy ycumurens (puc. 7.1).

2. Ha BBIXOJ YCHIIMTEIIS BKIIXOUHTH ocIfiuraorpad. IIpH yacTore BXOJHOro cHrHana 2 KI'f
H HanpsoxkeHHH 0,5 B H3MeHeHHEM COIIPOTHBIIEHHS B I HCTOKA JOOHTHCS MHHHMAIBHOIO
HCKaKeHHS BBIXOTHOIO CHIHAlA.

3. IIpu yacTtore BXOJHOIO CHIHAalla, 3aJaHHOH IIPEIOAaBaTElIEM, CHSATh aMIUIMTYIHYIO
XapaKTEPHUCTHKY B PeXHME XOJIOCTOro Xojaa. [IpH 3HaueHHSAX BXOMHOIO HaITPSDKEHHSL
yKa3aHHBIX B Ta0mmile 7.1, 3aMepHTh H BHECTH B TAaOIHMIYY BEIMUYHHY BBRIXOJIHOIO HAIPsDKEHNSI 1
BEIYHCIIEHHBIE 3HAYeHHS KO3 (PHIHEeHTa YCHIEHHS IO HAITPSDKEHHIO.

4. To Ke ImpojieNnaTh, BKIIIOUHB Ha BEIXOJ YCIUIMTEISA COIIPOTHBIIEHHE HarPY3KH, 3aJaHHOE
IIPETIO/IaBAT EIIEM.

Tabmma 7.1.

Usx, B 0,01 10,02005]0,1(021]03|04]05|061]0,7]081]09] 1

IIpn | Ug
RHZO KU
AOKYMEHT NOANWCAH

I EXTPDHAOW TOOTTACEH
CEpTHd}HHaT:pHD[I"}G BEEQABBBI52205E TBAS0600000483E

Bnaneneu: B S B e e LRt B
R.H: KU
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OOKYMEHT MNoAnvcaH

ANEKTPOHHOW noanuceblo
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: LLeBayxoea TaTesHa AnekcaHapoBHa
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5. CHATB dMIUIHTYIJHO-YACTOTHVYIO XaPAKTCPHCTHKY ITPH HAIIPAKCHHII BXOJHOI'O CHI'HaJld

0,5 B m mpH yacTtoTax, VYKa3aHHBIX B TaOmiile 7.2, 3aMepeHHbIe 3HAYEHHS BBIXOJIHOIO

HAIIPDKCHHA H BIMHCIICHHBIC SHAYCHITA KGB(l)(bI]I[HEHTEl YCHIICHHA 3dHECTH B TﬂﬁHI]l[}".

TaOmuia 6.2.
f k' 0.2 0.4 0.8 12 15 18 20
UELI‘.!{:. B
Ky
6. JIns orpefeleHHs BXOMHOIO COIMPOTHRIEHHS 3aMEPHTh BBIXOHOE HAITPSIKEHHE

Ul B pPeAIIME XOJIOCTOI'O XO/Jda IIPH 3alaHHOH IMPEIIOAABATCIIEM HaCTOTC H IIPH HAIIPKCHIIL

BXOOHOI'O CHI'Halla 0:5 B. Bo BXOIHYIO IICIIb IIOCIICOOBATCIIBHO C Pa3AciITCIIBHBIM

KOHACHCATOPOM BKJIIOYHTE COITPOTHBIICHHE Ra06=10 xOM 3dMCPHTDE HAIIPAKCHHE Hd BBIXO/C

U2. BXogHOe COIMPOTHBIEHHE BBIYHCIIHTE IO (DOPMYIIE:

REH: Rﬂﬂﬁl"{( [-JIJ"|r UZ' 1)

7.

HckmrouHuTh M3 cXeMbl JoOaBOUHOE COITPOTHBIICHHE. BKIIFOUHTE COITPOTHBIICHIC

HAI'PY3KII 10 xOmM ., H IIPH TCX JKC 3HAUCHIIAX YHAaCTOTBI H BXOJHOI'O HAIIPAKCHIA H3MCPHIDb

HaIIPsDKCHHC U3 Ha BBIXOJE YCIUIHTCIIA. BrIXoHOE COIIPOTHBIICHHC YCHIIHICIIA BBIYHCIIHID IIO

dopMmyIIe:

CepTudukar:
Bnaneneu:

Nencteutened: ¢ 19.08.2022 no 19.08.2023

8.

Codeporcanue omuema:

OTYeT JOIKeH COHOCPAKATh.

1.

2
3
4.
5
0

JOKY
?ﬁﬂEHTP

2C0000043E9ABBBO952205E7BAS00060000043E
llleGayxoea TaTeAHa AnexkcaHgpoBHa

Haspanue paOoTHI,

[lemp paboThI,

Kparkmne TeopeTHYECKHE CBEAEHH,

OrmicaHHe HCIIONB3YEMOI0 000PYI0OBAaHHSI H MaTePHAJIOB,
I IopsimoK BREIITOITHEHHS PaOOTHI,

BrruncieHns H o0paboTka pe3yIIbTaToR,

ORHBA MO IMCH

K OHMPOJIbHBIE 601NPOCHL.

R—BLE{ — R—H(Ullﬁr UE' 1)
[TocTponTh rpapHKH aMIUIHTYIHBIX H aMITIHTYIHO-4aCTOTHOH XapaKTePHCTHK.
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1. OOpsacHUTE HA3HAUEHIE 3IIEMEHTOB KacKaja YCIIHTEIIS.

2. Kak vyCcTaHOBHUTH IIOJIOKEHHME HAYalbHOM paldoyer TOYKHM, YTOOBI ITOIYYHTH
MIHHMAaJIbHEIE HETIMHENHbIE HCKaKeHH S YCHIIMBAEMOI'O CHTHaIa?

3. Yro mnpexacraBnsger coOOH aMIUIMTYAHAS XapaKTepHCTHKa Yycwmrendg? Kak eé
TIOJTYYHTH?

4. Kax aMIUIMTYIHAS XapaKTepHCTHKA YCHIIMTENS 3aBHCHT OT Harpys3KH?

5. YUto nmpeacraBisieT cOOOH aMIIIMTYAHO-YaCcTOTHAS XapaKTepHCTHKa yCHiuHuTensa? Kak
€€ IIOJIYYHTE ?

6. Kak omnpenernstor BXOAHOE COIPOTHRIIEHHE YCHIIMTENS?

7. Kak OIPEACIEIIOT BBIXOJHOC COIIPOTHBIICHHC }*'CHJ]HTEHH?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Jlabopamoprasn padooma Ne8. TupucmopHslii pezyniamop mokd.

Ilens pabomsi: MccieqoBats pabOTy THPHCTOPHOI'O PETYIISTOPa BRIIIPSIMIIEHHOIO TOKA C

(pa3HBIM YIIpaBIIEHHEM.

OcHO6bl MeopuL:

THPHCTOP — 3TO IMOIYIIPOBOJHHKOBEIH ITPHOOP, HMEROIIHH YeTHIPEXCIIONHYIO CTPYKTYPY
H TPH pn-Tiepexojia. Y THPHCTOPA UMEETCS TPH 3JIEKTPOJAA, JBAa M3 KOTOPBIX ITOJCOEMHHEHEI K
KpalHHM CIIOSIM — 3TO aHOJ M KaTOJ, TPETHH 3MIEKTPOJ IOJCOSAHHEH K OJHOMY H3 CPEIHIX
CIIOEB — HTO VIIPABJISIOIINH 3JIEKTPO/I,.

Ecrm rpH OTKIIIOUYEHHOM VITPABIISIOIEM 3JIEKTPOAE MeXIY aHOAOM H KaTOJIOM IIOHATh
HAITPSDKEHHE M €r0 ITOCTEIIEHHO YVBEIHYHMBATE, TO JO HEKOTOPOI'O €r0 3HAUEHHS COITPOTHBIIEHHE
THPHCTOpa OVIET OCTABAaTbCSI OYEHh BBICOKMM M TOK 4YEpe3 HEro OyaerT IPaKTHYECKH
OTCYTCTBOBATH, 3aTE€M COIIPOTHRIIEHHE THPHCTOPA PE3KO VITAJET, U ITaJIcHHE HAITPSDKEHHS Ha HEM
CoCTaBHT He Oonee ABYX BOIBT, THPHCTOP OTKpoeTrcsa OJIHAKO OTKPBIBAHMS THPHCTOPa
IIOBLIIIIEHHEM aHOJHOI'O HAIIPSCKEHHS CIeMyeT H30erarh, T.K. IIPH TOM MOXKET ITPOH30HTH €r0
paspyieHie. OTKPBIBAIOT THPHCTOP IOJaYel HAIIpsDKEHHS Ha YIIPaBJLIFOIMI 31IeKTpold. Ilocie
CHSITHS HAITPSDKEHWS C VIIPABILIIOIIET O BJIEKTPOAA THPHCTOP OCTAETCS B OTKPBITOM COCTOSHHH.
YToOKI THPHCTOP 3aKpPhUICS, aHOJHOE HAIIPSDKEHHE HEOOXOAHMMO KPaTKOBPEMEHHO CHSTH, JTHOO,
YBEIIMYHBAS COIPOTHBIIEHHE B IETH aHOJ-KaTOJ, CHH3HTh TOK HHJKE TaK Ha3bIBAEMOI'O TOKa
VI ePAKaHHS.

OIMHCaHHBIE CBOMCTBA THPHCTOPA HCIIONB3VIOT B TAKHX YCTPOHCTBAX, KaK YIIPaBISEMEIE
BEIIIPSIMHUTEIIN, HHBEPTOPEI, YACTOTHEIE ITPe00pa30oBaTEIl, ITYCKOBEIE allllapaThl H IP.

CxXemMa THPHCTOPHOIO PEeryisropa BEIIPSMIEHHOIO TOKa C (pasHBIM CIIOCOOOM
VIIpaBJIEHHS IIpeACTaBIeHa Ha pHC. 3. 1.

[lepemeHHOEe HanpsKeHHe 4acTOTOH 50 ['I, BRIIpSMIIEHHOE JHOAHBIM MOCTHKOM J[1 —
14, mogaéTcs Ha 3aKHMBI LETH, COCTOSIIEN M3 IIaMITOUKH JI, Harpy304YHOI' 0 COIIPOTHBIIEHHS 220
OM u tupucropa 1. OcTalbHBEIE 3IIEMEHTEHI IIPEACTABILIFOT CXEMY I'€HEpaTOopa HMITYIILECOB,
IpeHa3HAaYEHHOIO IS ()a30BOT0O YIIPaBIIEHHS THPHCTOPOM. IIpH (hazoBoM criocoOe yIpaBIIeHHS
Ha VIIPABISIFOINMMA BJIEKTPOJ THPHCTOPa IIOMAIOTCS KOPOTKHE HMITYJIBCHl HAIIPSDKEHHA,
OTIHPAIOINHE THPHCTOP B OIPEJelIEHHON TOYKE IIPIIOKEHHOIO HAIPSDKEHHI. 3allpacTCs
THUPHCTOP IIPH CHIDKEHHH IIOIYBOJIHBI BEIMIPSAMIEHHOI'O HaIpsKEHHS 10 HyIa CpegHee
SHAYCHHE er iokaon TOROLSIGRIOIET0 Yepe3 HAarpy304YHOE COIIPOTHBICHHE, OIpelelsIeTcs

Ceptucpmkar: 2C0000043E9ABBBI52205E7BAS00060000043E
BnanendlOIIQMREFHEM 2 QLI RIPAKMIEILO HMIIYIIBCa OTHOCHTICIIBHO Habdlld ITOIYBOIIHBI BBIIIPAMIICHHOI'O

HAIIPDKCHHA, HHAYC — YI'JIOM (bEIBGEGI‘G CABHId OTITHPAIOIICI'O HMITYJIECA.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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['eHepaToOp MMITYIIBECOB BBITIONHEH Ha OIHOIEPeXOmHOM TpaHsucrtope TO. Ilpu romaue
IIOIIYBOJIHBI HAITPSDKEHHS Ha aHOJ 3allepToro THpHCTOpa T KOHIEHCATOpP 3apspKacTcs 4Yepes
corporuBieHH RI, Rm m R2. Kak TOmbKO HalpsokeHHe 3apsgga JTOCTHIHET BEIMYHMHEL,
OOCTATOYHON IS OTIHpaHHd TpaH3ucTopa 1O, TpaH3UCTOP OTIHpAaeTcs H KOHIEHCATOp

pa3psiKaeTcs 10 LEelH 3SMHTTEP — 0a3a — YIIPaBJIIOIIHI 3IIEKTPO THPHCTOPA.

220 OM
¥ R;= 330 OMm
t,[[l 12| C1
o TO
U —9 \“\" \/ T
‘B | 501 R»=1 xOm
:0,4?&15:'113
IR ZS 14 40MIH

. . . |

PucyHok 8.1 — [IpHHIMImansHas cxema nmadopaToOpHOH YCTaHOBKH

TupHcTOp OTIHpaeTcs, CO3MaET Iellb VIS IIPOTEKAaHHS TOKa 4Yepe3 HarpysKy H
OQHOBPEMEHHO INYHTHPYET I'€HEpPaTOpP HMITYIBCOB. TaknM oOpa3oM, ITOKa THPHCTOP OTKPHIT,
KOHJIEHCATOP OCTAE€TCS pa3psDKEHHBIM. B KOHIIE ITOTYBOJIHBI BBIIPSAMIEHHOIO HAITPSDKEHIS
THPHCTOP 3aKpbIBacTcsA. CKOPOCTh 3apsja KOHJAeHcaTopa H, CIeJOBaTelIbHO, 3ajlepxkKKa IoJadH
OTITHPAIOIIEr0 HMITYJIbCa IO OTHOIIIEHHIO K MOMEHTY ITOJaYH ITOJIOKHTEIIFHOIO HAIIPSOKeHH S Ha
aHOJ THPHCTOpa PerylaHpyercsa IOoTeHIHoMeTpoM Ril. HMHAYKTHBHOCTE B IielH Oasbl

TPaH3HCTOPa ITpCAHa3HaYCHA JJIA Ooree YETKOTO ero 3alIpaHHA.

YKkazanue no mextHuke dezonacHocmit:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpHﬁIK pﬂﬁDT

ITPHBEACHBIL B ITPHIIOKCHHC A.

VKa3aHusa no 6bInoJIHEeHII0 J1ADOPAMOpPHOU P Ad onbl:
B 1polrecce BBIIOMHEHHS JaHHOH J1a0OPaTOPHOH padoThl HEOOXOAHMMO cOOparh CXeMy

THDHCTOPHOIL'O DPErVISTOpa TOKa. oImpodboBarh eé padoT H Pa3sHBIX VITIaX OTITPAHHS
P pﬂDI{FMEBTﬂgEHHCAE S P y 1pH P vt P ’

CEETdel{,[QQPg%Qgg%%?EEEBHB%g?@E@ﬁ@%9@&%@ KPHBYIO H3MeHeHHS HaIlpsDKeHHS Ha COIIPOTHBIIEHHH

Bnaneney: lllebayxoea TaTeAHa AnexkcaHapoBHa
Harpy3KIL. g
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[ IOpsSITOK BEITTOIHEHHS PadOTEI CIIE YOI

1. CobGepure cxeMy, H300paKEHHYIO HA pHC. 8.1. YCTaHOBHTE Ha MYIIBTHMETPAX IIPEIEI
H3MeHeHHs HanpsokeHHd 20 B u npegen Toxka — 200 MA, pox TOKa — IIOCTOSHHBIN. Ilomarre
HaIpsokeHHe rmraHug 7 B, 50 I

2. Bpamas pykosArKy ITOTEHIIHOMETPa, 3a(PHKCHPYHTEe MHHHMAIbHOE H MaKCHMAaJbHOE
3HAaYeHHS TOKA B I[ETIH HarPy3KH.

3. 3aMmeHHTe KOHAcHcaTtop émkocTero 0,47 mMx(@ Ha KoHacHcarop 0,1 MxD.
3apHKCHPYHTE HOBbIE 3HAYEHHS MHHHMAIbHOI O H MaKCHMAaJIbHOI'O HAITPSIKEHHI.

4. ITogKIIFOYHTE Ha 3aKHMBbI COITPOTHBIIEHHS HarPy3KH OCIFULIOrpad, IIpoHaOIogaiTe H

3apHCYHTE KpHBBIE H3MEHEeHHS HaNpsUKeHHS Ha HarpysKe IIPH Pa3HBIX VYITIaX OTIHPaHHS

THPHCTOPA.

Codeporcanue omuema:

OT4YeT JOIKEH COMEPKaTh:

1. Hassanue paGoTHI,

[{ems paboTHI,

KpaTkue TeopeTHYECKHE CBEACHIST,

OrmcaHie HCIIONIB3YEMOr0 000PYAOBAaHHS H MaTEPHAJIOB,
I IopsimOK BREITTOITHEHHS PAa0OTHI,

BrruncieHns H o0paboTka pe3yiIbTaToB,

N S N R W

BBIBOJIBI.

Konmponosrsie éonpocel:

1. Ormmimre B 00X YepTax KOHCTPYKITHIO THPHCTOPA.

2. Kaxmmu crioco6aMH MOKHO OTKPBITE THPHCTOP?

3. YTo IMPOM3OHIET C PeXHMOM PadOTHl THPHCTOPA, ECIH IIOCIE €r0 OTKPBIBAHHSA TOK
VITPaBIIEHHI YMEHBIIMTE 1O HYTIS?

4. Kaxpnvi criocodaMH MOKHO 3aKPBITh THPHCTOP?

5. UTO IMOHMMAIOT I10J TOKOM YAEPKaHHSI THPHCTOpa?

6. Iloschure paboTy cXeMbl 3alpaHHs THPHCTOpa IIYTEM €ro IMYHTHPOBAHHSI

KOHACHCATOPOM.

7. Kak BRITTISAAUT (pa30BEIH CITOCOO YIIPABIEHHS THPHCTOPOM?

KY VGAH
SEH%F.WE@EW 3allHpaceTcsl THPHCTOP B CXeMe PeryJIHpPOBaHHSI BEIHYHHBI

Cepmudomkatr: 2C0000043ESABBBO952205E 7/BAS00060000043E

BnagenqﬁbIﬂmmfﬂﬂﬂJﬂH&QHﬂpcaHa

9. OT yero 3aBHCHT BpeMs 3aJcPKKH YIIPABIISIOIIErO HMITYIIECA?
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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10. Oroonure padory reHeparopa HMITYIIBCOB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: Webayxora TatTeAHa AnexkcaHgpoBHa

Aewcteutenex: c 19.08.2022 no 19.08.2023
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Jlaoopamoprasn padboma Ne9. TupucmopHslil pezyniamop HANPAMHCEHUA.

Ilens padompr: V3yuuTh TPHHIUIIEI PETYIHPOBAHHS HAIPSDKEHHS C HCIIOIb30BAaHHEM
MTOITYTIIPOBOJHHKOBBIX ITPHOOPOB, CHATH PEryYIHPOBOYHYID H HAarpy304YHYIO XapaKTepPHCTHKH

pPeryIsiTopa HaIllpsKEHHSL.

OCHO6bL MeopuUiL:

st yIpaBiIeHHS MHOTHMHM TeXHOJOTHYECKHMH ITpoleccaMH TpeOyeTcs H3MEHSTh
BEIINUMHY HAaIMpPsDKEHNS, ITOABOAHMOIO K SIEKTPOYCTAHOBKE. TaKMMH 3JIeKTPOYCTaHOBKAMI
MOT'YT OBITH 3JIEKTPOHArpeBaTelId, ABHTaTeId M Ap. IS peryIMpoBaHHs BeTHYHHBL HAITP SDKEHH S
IIIHPOKO ITPHMEHSIOT THPHCTOPHI H CHMICTOPBI, K.II.ZI. KOTOPBIX OYEHB BEICOK Oarofaps TOMY,
YTO B ITpolecce padOThl OHH HAXOMSATCS JTHOO B ITOIMHOCTBEO OTKPBEITOM, OO B ITOIHOCTBIO
3aKPBITOM COCTOSHHH. PeryiIIHpOBaHHEe BEIMYHHBI HAIIPSKEHHS IIEPEMEHHOIO TOKA C ITOMOIIBIO
THPHCTOPOB IIH CHMHICTOPOB MOKHO ITPOH3BOJHUTE ABYMS METOHAaMH. [IepBEIII MeTOH — MeTO[I
(pa30BOr0 YIIpaBIIEHHS, IIPH KOTOPOM BEIHYHHA VIIPABISIOMIETO CHTHAlIa OIpefesaeT (dazy
OTKPBITHS IIOIYIIPOBOIHHKOBOrO IIpHOOpA.

BTopolil MeToa — METOJ, IPH KOTOPOM BEIMYHMHA VIIPABIISIOINETO CHIHAlla OIPEIeiIseT
YHCJIO IPOITYCKAaeMBIX B €IHHHIIY BPEMEHH K HArPY3KE IIEJIBIX MTOIYTIEPHOIOB HATIPSIKEHI L.

B gmanHOH maloparopHOH padoTe HCIIONB3YeTCS OIOK VIIPAaBJIEHHS, ITO3BONSEOIIII
OCVIIECTBIATE 00a METO1a H3MeHEHH S HAITPSIKEH L.

[Ipu Hcronp30BaHHH OOOHX METOJOB JACHCTBYIOIIEE H CpegHEe 3HAUEHHS BBIXOIHOTO
HaIPSsDKEHHS IIPOITOPIIMOHATIBHEI VITPABIISIOIIEMY CHTHAILY.

[Ipn wcrone3oBaHuMH  (pa3HOTO MeTOJa ITVIIbCALlMH HAIIPSKEHHS Ha  BBIXOJIE
nmpeoOpa3oBaTens 3HAUYHTEIIEHO HHXKE, YEM ITIPH BTOPOM MeToe. Bmecre ¢ TeM, IpH (pa3HOM
METO/JIe VIIPABIIEeHHS PETrYIISTOpP HAIPSIKEHHS SBISETCS HCTOYHHKOM BBICIIHX TAapMOHHK TOKA,
KOTOPEIE OTPHIATEIIPHO CKa3bIBAIOTCA Ha paboTe CHCTEM 3MIeKTpOcHAOXKeHHS. B CBS3H ¢ 3THM
ITPH 3HAYMTEIBLHBEIX MOIIHOCTSIX JKelIaTellbHO, TaM, e 3TO BO3MOXKHO, HCIIOJIB30BaTh METO]I
PETYIIMPOBAaHNS HAITPSKEHHS H3MEHEHHEM YHCIIA ITPOBOMMIIMX IIONYIIEPHOIOB B EIHHHILY
BPEMEHH.

B nmabopaTopHon paboTe HEOOXOMHMO CHATh JIBE XapaKTEPHCTHKH:

— PEryIHPOBOYHVIO, ITPEACTABILIIONIYIO COOOH 3aBHCHMOCTH BBIXOJIHOI'O HAITPSIKEHHS

peryIsiTopa OT YIPaBILIIONIET0 HAITPSOKEHHS ITPH ITIOCTOSHHOH HarpysKe;

M NCAH e
—amﬁwﬂcmﬂnmm coOOH 3aBHCHMOCTh HaIIpSOKEHHS Ha HarpysKe OT

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E
BnapenslOKa Fal ¢ KHL LR HAHQCTQIHHOM YIIPABJCAIOIIIEM CHI'HAJIIE.
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YKkazanue no mexHuke d0e3onacHocmit:

YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpI{bIK paﬁn:rr

ITPHBEACHEBIL B ITPHIIOKCHHC A.

VYKazanua no 6uinojiHeHUI0 1a00pamopHoil pab omal:

JlabopaTopHass ycTaHOBKa COCTOMT M3 Onoka yipaBneHHS THpHcTopamu (BYCT),
THPHCTOPOB, BKIIIOYEHHBIX BCTPEYHO-IIAPAUIEIbHO B IENb HAIPy3KH KaXIOH (pas3sl,
HArPy304YHOI'O0 YCTPOHCTBA, COCTOSINETO M3 JIaMIT HAKAJIHMBAHM M 3aJarOINEro ITOTEHIHOMET]A.
CxeMa n1adopaTOpHOH YCTAaHOBKH IIpeCTaBIeHa Ha pHC. 9.1.

Hamnpsokenne ymparineHns Uy yCTaHABIHMBAETCS C IIOMOINBIO ITOTeHIoMeTpa 10xOm,
MOAKITIOYeHHOro K Ki1eMMaM 13, 14 u 16 xmemmumka X1. TpexdasHoe HanmpspkeHue 380/220B
yepes aBToOMaTHYe CKHIL BRIKTIOUaTelIb AB rmomaercsa Ha KiieMMel 1, 3, 5 knemmvHuuka X1, 10, 6, 2
KIIeMMHHKa X2 H Ha THpHCTOpBI. Harpyskoi (a3pl A SBISeTCS IPyIIa JaMIT HaKaJIHBaHHI. B
e pa3z B u C B gaHHOH 1MabopaTOpHOH padoTe Harpys3kKa OTCYTCTBYeT. OTCYTCTBYIOT TaKXKe
TpaHcopmaropel Toka TTA, TTB m TTC, koTOpble BKIIOYAIOT IIPH HCIIOIb30BaHHH
OrpaHHYEHHUS TOKOBOH Harpys3KH, BeJIMYMHA OTPaHHYEHHS TOKA YCTAHABIMBAETCS PE3SHCTOPOM

100kOm. Pexrm pabdotel bYCT yCeTaHaBIMBAIOT ¢ ITOMOIIBIO ITepeMBIUEK S ... S6

A B C [ |
e T a] 1 4
— +— 1] ®asaA C11 |1 5
TTA l 5 N C12 7 A
[ h l(-"lTﬂ
— 3 Paza B 5YCT C1.3 3 A 7
TTB Mo 4 N 1.4 L [ —N
- - =1 aza C B1.1 b |
YT TTs
TG G N B1.2 G L ey
7| TokA-1 B1.3 7 T o
8 TorkA-2 B1.4 8 — N
9( TokB-1 A1.1 9 jﬁ
10 TorkB-2 A12 10 f—ET.——TE
11 TorkC-1 oy B 1 /l"_
12 TorC -2 C1.4 12 o
13 L BnokapoBka |13 -”'é@”%’“é)
':IFJ:H.’D< T 14 Bx. ynp. OrpanwyeHae |14 B2 Bih B4
u 15 R. T N
T 16 OBwm A

-:.:.Hcm .

TIIET

PucyHok 9.1 — Cxema nmabopaTOpHOH YCTaHOBKH

[Ipn yCTaHOBIEHHOH IIEpeMbIYKe S1 PeryJIHpoBaHHE OCYINECTBILIETCS IIO YHCIIY
NOKYMEHT MOAMWCAH

TTOITYTIE PHBNORHFPHICABNGI® — (Da3HBIH CIIOCO0 YITpaBJIEHH .

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E
Brageney:  WethlepeMBracy ecc8@rosigcTAHABIINBAIOT IIPH  HAIMYMH KOHTPOIS TOKAa C  ITOMOINBIO

AHCQOPMATOPOB TOKA.
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IlepeMBIUKY S3 YCTAaHARIHBAIOT IIPH MCIIONB30BAHMM OJIOKA VIIPABJICHHS B PEXKIME
«pabdotay.

[Tepempruky S4 u S5 ycTaHaBIHBAKOT IIPH HCITONIB30BaHHH (a3 B u C.

[IepeMBIUKy S6 YCTaHABIHBAIOT ITPH HCIIONB30BAHHH BXOAHOIO YITPABRISIOIIET O CHTHAIA
4...20MA, IIPH OCTAIBHBIX YIIPABISIONINX CHTHANIAX €€ HEOOXOANMO CHSATE.

CXeMBbI ITOIKITFOYESHHS YIIPABIIIOOTHX CHI'HAJIOB ITPCACTABJICHBI Ha PHC. 9.2.

13

10 xOu 4] B
15 A
18] Ot

PucyHOK 9.2 — CXeMBI MOAKITFOUEHHS YITIPABISIOIIX CHTHAJIOB

JIng HWHAUKAIIMH VPOBHS VIIPABILIIOIIETO CHIHala B IIPHOOpPE HMEETCS JIECSATH
CBETOMHOAOB. bIOK vyIIpaBieHHS oOeclleuHMBaeT IUIABHBIN BBEIXOJ Ha 3aJaHHBIH VYPOBEHB
MOIIHOCTH ITPHMEPHO 3a > CEKYH/I.

YpoBeHh TOKOBOH 3all[UTBI HACTpaHBAeTCA IepeMeHHBIM pesHcTopoM  100KOmM,
BKJIFOUEHHBIM MEKIY KileMMaMi 10X1 u 14X2.

Brixmouatenem Bl 3ampemmaroT 3amycK  (pOpMHPOBATeNIS HMITYIBCOB, IIPH €TI0
3aMKHYTOM COCTOSIHHH HAIIPSDKEHHE Ha BRIXOJE PETYIISATOPA OTCYTCTBYET.

1. Ha xmemmpl 3agaromero rIoreHiioMerpa  10kOM  IOAKIIFOYHTE  BOJIBTMETP
IIOCTOSIHHOI'O TOKA, YCTAaHOBHB IIpeen H3MeHeHHs 20B.

2. B merms HarpyskH ((paza A Ha BBRIXOJE PeryiIsaropa — JaMITbl HaKaTHBaHH) BKITFOUHTE
aMIIEPMET]P IIEPEMEHHOIO TOKA C ITPEIEIIOM H3MEPeHHS 2 A.

3. Ha xmemmbl Harpy3kH ((aza A Ha BBRIXOJE peryisiropa — KiIeMMa HeHTPalIbHOT O
nmpoBoAa N) IMOAKIIOYHTE BOIBTMETP IIEPEMEHHOIO TOKa C BEPXHHM IIPEJIe]IOM H3MEPEeHHS He
MeHee 300B.

4. CHarp nepeMBIYKY S1. IIOAKITIOUHTE YacTh MM BCIO HaArpysky. llocie mpoBepKH
IIOAKIIOUYEHNI IIPHOOPOB IIPENOAABATENIEM IIOJATh HAIIPSDKEHHE, BKIFOUHB aBTOMATHYECKIH
BEIKITIOYATEND 1O (paze A.

5. YcraHaBIHBas 3aJarOIHM ITOTEHIITHOMETPOM J — O 3HAUYEHHH HaIpsDKEHHS Ha BXOJIE
PETYIIATOpa, CHATHL IIOKAa3aHHS BOIBTMETPa, IIOAKIFOYEHHOIO Ha BEIXOJ PeEryisaropa

HaITpsDKeHUS. 3HaUeHH S HAIIPSDKEHHIH 3aHeCTH B TaOIIHITY:

U, B

Bnaneneu: UJEEEJ}MDBEEWW%I

AOEYMEHT NOOMHACAH
NEGEPEPETRBNCHS,

vKar: HCWGGGdSEBﬂBBBQEEEDEETBASGD*]EG*]GGE43E
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0. YCTaHOBUTH IePeMBIUKY S1. [IOBTOPHUTEH HCIBITAHMA I1.5.

7. Ilpu cCHATOH IepeMBIUKE S1 H IIPH OTCYTCTBHH HAIPY3KH 3aJarOIIHM ITOTEHIHOMETPOM
YCTAHOBHTh HAaINpspKeHHe Ha BeIXoAe B Ipemenax 100...200B. He wusMeHsasa 3amarolnero
HAIPSDKEHHS, BKIIFOYEHHEM JIaMIT YCTAaHOBHTH HECKOJIBKO 3HAYeHHH Harpys3KH BIUIOTH IO
MaKCHManbHOH. [IpH KaXaIoM 3HAaUYeHHMH Harpy3KH IIOKa3aHHSI aMIlepMeTpa H BOJIBTMET]A,
TTOAKIIFOYEHHOIO K JIaMITaM, 3aHECTH B TaOImIry 2.

[, A

0e3 MepeMBIUKH S

Uz, B -
C TIEPEMBIUKOH S

8. McripITaHMS, OICAHHEBIE B I1.7, IIOBTOPHUTH IIPH YCTAHOBJIEHHOH IIEPEMBIUKE S1.
0. CHATH HaIpsDKeHHE, OTKIIOYMB aBTOMAaTHUECKHIT BBIKIIOYATEND. llocie IpoBepKH

IPCIIOAABAaTCIICM PC3VJIbTATOB H3MCPCHHA OTKIIFOYHTD H3MCPHICJIbHBIC ]’[pHﬁleLI.

Codeporcanue omuema:

OT4YeT JOIKEH COAEePKaTh:

1. Haspanme paboTHI,

Ilemp paboThI,

Kparkmne TeopeTHYECKHE CBEAEHH,

OrmicaHHe HCIIONB3YEMOI0 000PYI0OBAaHHSI H MaTePHAJIOB,
I IopsimoK BREIITOITHEHHS PaOOTHI,

BrruncieHns H o0paboTka pe3yIIbTaToR,

N Sy R W

BBIBOJIEI.

K OHMPOJIbHbBIE 601NPOCHL.

1. UeM OOBSCHSIOTCS Malble TIOTEPH MOIIHOCTH IIPH PETYIIMPOBAHHN HAIIPSLKEHHS C

TTOMOIIBEO THPHCTOPOB H CHMHCTOPOB?
2. Ommmmre IBa crocoda peryIHpOBaHHA HAPSKeHH I ¢ TIOMOIIBIO THPHCTOPOB.
3. KakoBBI JOCTOHHCTBA H HEAOCTATKH (PAa30BOro CIiocoba peryIHpoBaHIs HallpPsSKeHH?

4. KakoBBI JOCTOHMHCTBAa H HeJOCTATKH PEIYIIHPOEBAHITA  HAIIPSDKCHIA  YHCIIOM

OTKPBIBAEMBIX ITEPHOJIOB?
]_]%DI{FMEHT NoanucAH - -
Sol4TeIHOBM NGIOICHOT PETYIIMPOBOYHOH XapaKTePHCTHKOHN PErYISATOpa HAIPSKeHH?
Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
Bnagenew:  WetbyxMHI O HOHIMAIOPHE] HarPY30YHOH XapaKTePHCTHKOH PeryIaTopa HaITpsKeHHS?

7. KaKk H3MeHHTH Ccrioco0 peryMpoBaHHs HaIpsKeHHs Ha bYC'T?
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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OOKYMEHT MNoAnvcaH

ANEKTPOHHOW noanuceblo
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: LLeBayxoea TaTesHa AnekcaHapoBHa
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Jlaoopamoprasn padboma Nel (). OnepautiOHHbLIL YCUTIUMETD.

Ileny pabomsi: H3yuynThb OCHOBHBEIE CBOHCTBA  OIIEPAllHOHHOIO  YCHIIMTEILA,
MTO3HAKOMHTLCSA C HEKOTOPBIMH (DYHKIHMSMH, BBITIOTHSEMBIMH C ITOMOINBIO OIePalfHOHHBIX

}*'CHHHTEHEﬁ H COOTBETCTBYIOIINHMIH CXEMAMI HX BKIIFOUCHHA.

OCHO6bI MeopuUlL:

OrnepanoHHEIH yeruTedb (OY) — ato audQepeHLHaIbHEIT YCHINTEIb ITOCTOSHHOIO
ToKa ¢ Ko3(D(]HIMEHTOM VCHIeHHS 110 Hampskermro Ku=10%...10°. OTIm4HTeIbHOI
OCOOEHHOCTRIO  OIEPAI[HOHHBIX VCIIIHMTEIEH SBISETCA HX O4YEeHh BBICOKOE BXOJHOE
COITPOTHRIIEHHE, B CBA3H C YeM BXOJHOH TOK YCIIHTENeH B pacuérax OOBIYHO ITPHHHMAIOT
PaBHBIM HYVIIO. BBIXOJHOE COIPOTHBIIEHHE OIEPAIHOHHBEIX VYCHIMTEIIEH MAallo, II0O3TOMY
HAITPSDKEHHE HAa HX BERIXOJE ITPAKTHUYECKH HE 3aBHCHT OT HArpys3KH. B KauecTBe HCTOYHHKOB
rTaHusa OY HCIIONB3YIOT HCTOYHHKH ITOCTOSHHOIO HAIPSsDKEHHS OOBIYHO CO CpeHENH TOUKOH. B
HacTosineH naboparopHoH pabore OY MOAKIIOYAaeTcd K HCTOYHHKY ImMTaHHg =£15B.
JnddepeHIaIbHBEIN YCHIIMTEIF HMEET JBa BXOZa: IPAMOH, HaIlpsDKEHHE Ha KOTOPOM OyaeM
o0o3HauaTh U", H HHBEPCHBII, HAIIpsKEeHIE Ha KOTOPOM OyaeM obosHauaTte U HampsokeHHe Ha
BEIXO/IEe OV OIpeenseTcs HAITPSKEHNSIMI Ha €r0 BXOJIax:

U= KU(IJ+- U').

BBHy TOro, 4yro Ko3(QHIIHEHT YCIIEHHSI HMeeT O4YeHb OONbIIYI) BEIHYHHY, IIPH
Pa3sHOCTH HAIPSKEHNMH Ha BXOJAaX, COCTABISIOIICH Ja)e JEeCSAThle H COThIe AOMH BoibTa OY
HAaXOMHUTCSI B PEXHIME HACHIIEHNHS, T.€. Ha €ro BBIXOJIE VYCTaHABIMBAceTCSI MaKCHMAalIbHO
BO3MOJKHOE HAIIPsDKEHUE, OIM3KOe K HAITPSOKEHHIO HCTOYHNKA ITHTAaHHA. ECIIH Ke YCHIINTEIIL HE
HAaXOJHTCSI B COCTOSIHHH HAcCHIMIEHHS, TO pa3sHocTh U'- U = U,/ Ky OnH3Ka K HYII0, HB 3TOM
cIIydae B pacyéTax oOBIYHO ITpHHMMaioT U =U".

OY HCIIONB3YIOT JJIS BBIMOIHEHHS ILENOr0 Ppsafa (PYHKIHHI: KaK KOMIIapaTOp, Kak
YCHIINTENIb, HMEIOIHI CTPOro IIOCTOSHHBIN KO3((PHIMEHT YCHISHHS, He 3aBHCSIIIIL OT
HArpy3KH, KakK amreOpalyecKiii CyMMarop ¢ OJHHAKOBBIMH IJIM PasHEIMH BECOBBIMIA
KO3 (pHIIHEHT aMH, KaK HHTETPaTOp H T.J.

B kayectBe Kommaparopa OY paloTaeT IIpH OTCYTCTBHH OOpaTHBRIX CBsI3eH. B 3ToM
CIIyyae IIPOMCXOAHT CpaBHEHHE HaNPSKEHHH HAa €ro BXOHaX, M BBIXOJHOE HaIPSDKEHHE
IIPHHHMAaeT 3HaK «+», ecoH U™ U", u 3HaK «-», ecm U'< U, Takoe cpaBHeHHe HaIpSKeHHH

M VICAH
Ircnﬂmayﬁ%%mrﬁ%g@[mmampﬂﬂ HaIIpSOKeHHS H TOKa, B YCHJIIHTEILIX IIEPeMEHHOIO TOKa

CepTucomkar: 2C0000043E9ABSBIS2205E7BAS00060000043E - -
Brnagendl LA @YHEISCI BEREOLQ GHILKEHIA HCIIHHCHHBIX HCKAKCHIIH H B PAIAC JAPYI'HX CIIYHACB. Cxema

KOMITapaTopa ImpeacTariieHa Ha puc.10.1.
Nencteutened: ¢ 19.08.2022 no 19.08.2023

0l



Yrooer OVY paboral KaK YCHIHTEIh C 3aJaHHBIM ITOCTOSHHBIM KO3((PHIEeHTOM
YCHIIEHHSL, HEOOXOAHMO HCIIOJIb30BATh OTPHIIATENBHYIO OOpPaTHVYIO CBS3b ITO HAIIPSDKEHHIO, T.€.
YacTh HAMPsDKEHHS C BBIXOAA VCIIMTEIS IIOJAaTh Ha €ro HHBEPCHBIM BXOoA. I[IpH sToM B
3aBHCHMOCTH OT cItoco0a ITOAKIFOUEHHS BXOAHOI'O YCHIHBAEMOI'O CHIHala YCHIHTEIbh MOJKET

OBITh HEMHBEPTHPYIOIIHM HIIH HHBEPTHPYIOIIHM.

PucyHok 10.1 — CxeMa koMIaparopa

CxeMa HEHHBEPTHPVIOIIETO YCHIHTES IIPeAcTaBiicHa Ha pHuc. 10.2.

T

15B I1kOM

15B

PucyHok 10.2 — Cxema HEHHBEPTHPYIOLIETO YCHIIHTEIIS

CxXemMa HHBEPTHPVIOIIETO YCHIIMTENIS IIpeJcTaBieHa Ha pHC. 9.3. DOTOT YCHIIHTENb
Ipeo0pa3yeT BXOJHOE HAIPSDKEHHE B HalpsDKeHHe ITPOTHBOIIOIOKHOH ITOISIPHOCTH Ha BBIXOJE

OY. EcinndayBXeihyeiidrTers TI01aTh CHHY COMIaIbHbIH CHTHAI, TO HAIIPSDKEHHE Ha BBIXOJE I10
3NEKTPOHHOWM MOAMMUCHIO

Ceprud) QFH OIUIEHITECE 3 BROAHONBADYAST0CHBHHYTO 110 (paze Ha 180°. B maHHOI cXeMe Ha HEHHBEPCHBII

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Bxoq OY r1omaH H}*’HEEGﬁ TIOTeHIMal. CHTHal YCIUIHMBACMOI'O  HAIIPAMKCHIIA  HUCPE3

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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COITPOTHBIICHIIC R:x TIOJAETCA Ha IH-[BEPCI-[BIﬁ BXOJ/J., Ha 3TOT K€ BXOJ HCPC3 COIIPOTHBIICHIC Rac

IIOdacTCA HaIIPAACHIIC C BBIXO/14d OY: TaKIHM GﬁpﬂBDM: Hd 5TOM BEXOJIE€ CYMMHPYIOTCH TOKH.

Roc
15B 1 kOM Rex 1gc -
lpx 10kOM '
—e
> Usass
1ox0M (Vi) Us 0¥ @
L .
'y RH
IxkOM
15B ‘ o

PucyHok 10.3 — CxXeMa HHBEPTHPVIOIIETO YVCHIHTEIIS

Kak OBIJI0 OTMEUYEHO BEHIIIE, BXOAHOH TOK OY IpeHe0peKiMO Mall, II03TOMY

1gx + 1,.=0,
HO 1px = Ug/ Rex B 15:= U/ Roe, Mo3TOMY Upg/ Ro:=- Upy/ Rex, OTKyZA
Upr=( Roo/ Rex) U (9.2).

CrenyeT Ko3(p(HIMEHT YCHIIEHHS KaK HEHHBEPTHPYIOINEro, TaK H HHBEPTHPYIOMIETO
VCHIHTEISI He 3aBHCHT OT Ko3(duimeHra ycmwieHHI OV (KOTOpbII IIPH H3MeHeHHH
TEMIIEPATYPHEI H BETHYHHEI ITHTAIOIIET O HATIPSIKEHH S MEHSETCS B IIIMPOKHX IIPEAEIaxX, OCTaBasICh
OUeHb BBICOKHM), a OIpeJeIgeTCS COIMPOTHBISCHHSIMH Pe3HCTOPOB, BKIFOYEHHBIX BO BXOJHOI
IIEIMM M B LM OOpaTHOM CBS3H. PesHcTOophl Ke 00IajaroT JOCTaTOYHO CTaOMIBHBIMH
rmapaMeTpaMH, IIO3TOMY KO3(D()HIHMEHTH VYCHIEHHS PAacCMOTPEHHBIX VCHIIHTIEIEeH TaKkKe
JOCTAaTOYHO CTAaOWIbHBEI. CJIeAYET TaKKe 3aMETHTh, UTO BBEIPAKEHHS CIIPABEIJIMBEIL, ITOKA Upgyr
MEHBIIIE HAIIPSDKEHHS HACKIIIEHH .

Ecm B cxeMe, m3o0pakEHHON Ha pHc. 10.3 Ha HHBepCHBII BXOoa OV MoaaTh 4depes
COIIPOTHRIIEHNS HE OJHO, a HECKOIBKO HAIIPsDKEHHH, NMPHYEM, JTIOOOH ITONSPHOCTH, TO OVIAET
BEITIOIIHEHA OIlepal[Hsd aJreOpanyecKoro CyYMMHPOBAHNS ATHX HAIPSCKEHHH ¢ YMHOKEHHEM Ha
KO3(D(PHI[HEHTHI, PaBHBIE OTHOIIEHHSM COIIPOTHBIESHHSI OOpPaTHOH CBS3H K BXOJHBIM
COIPOTHBIIEHHSM. B 3TOM ciryyae

lgt 1ot ..+ 1t 1,.= 0, HIIH
NIOKYMEHT NOAMNWCAH

SNEKTPOHHOW nﬂ.ﬂﬂﬁ%l‘lﬁ REK1+ UB}:EJ"F R3x3+- . -+ UB}::W" RB}:H_'_ I—IBL.I}-;J"Ir RDCZD - GTK}’I[&

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Bnapeneu; llleGayxoea TaTeAHa A@ﬁﬁ'EPDEQERDc/ Rsxl) UEKI—I_( R,:,,:,"'r RB}.;:) U333+. . .+( R-u.:a"Ir R-E}ﬂl) UE:::H] (93)
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CxeMa aredpanyecKoro CYMMHPOBAHH S ABYX HaIIPSKEHHI ¢ HHBEPCHEH H300pakeHa Ha
puc. 10.4. B »TOH cXeMe CYMMHPOBAHHE OCVIIECTBISETCS C OJHHAKOBEIMH BECOBBIMH
KO3(p(pHIIHEHTaMH, OJHO H3 CYMMHPYEMBIX HAaIPSKEHHH IIOHAETCA OT PEeryJIHpyeMOro
HcTouHuka 0...15 B, ero nmoisipHocTs OCTAaETCS ITOCTOSHHOH, BTOPOE — € AEIHTENS HAIIPSDKEHHS,

€I'0 MOHO H3MCHATE KdK 110 BEJIHYHHE, TdAK H 11O 3HAKY.

Roc
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PucyHok 10.4 — CxeMa anredpandecKoro CyMMHPOBAaHHS

YtoOr1 OV BBIIOIHSI OIEPAII0 HHTETPHPOBAHHS, B IIEIbL OTPHIATEIRHON OOpPaTHOM
CBSI3H HeOoOXOAMMO BKIIOUHTH KOHJAEHCATOP, a BXOJAHOE HaIIpsDKeHHE IIOJaTh Yepes
COITPOTHRIIEHHE HAa HHBEPCHBIH BXO, BTOPOH BXOJ, KAaK H B IPEABIAVIIEH cXeMe, HEOOXOMHMO
IIOJKIIFOYHTh K CpegHEH TOYKEe HCTOYHHMKA IMMTAaHHI. (CXeMa HHTETPHPVIOIIETO VCHIHTEILS

IpeJcTaBiIeHa Ha puc. 10.5.

6800M

Ona®

4700m J_

158
I

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWMCLIO

Ceptudmkar: EC[I'[I'[I'[I'[MSEEABBBEJEEEDSETBAWSFO_5 — Cxema IH—ITEIP]_:[I)}I]}O]_‘[[EI‘Q }"CHHHTEHH

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ycwmrenab, COOpaHHBIH IIO CXEMe PHC. 9.5, MOXKET BBIIIOJIHATE H IPYTHE
MATEMATHYECKHE OIEPAI[MH, BHI KOTOPBIX OIMpPEeHelsIeTCsI KOMIUIEKCHBIMH COIIPOTHBIEHH M
BXOJHOH IIeMH Zg(P) H LI o0paTHOH CBS3H Z..(p). B o0ImeM cioydyae BXOMHOE H BBIXOJHOE
HAIPSDKEHHUSA B TAHHOH CXEME CBS3aHBI 3aBHCHMOCTHIO!

UELI:{(p):_[ Z‘Elc(p)"Ilr Z‘BK(p)] UEK(p)
B yacTHOM ciyuae, IpH HHTEIPHPOBAHHH, Z (D)= Rax ., Zoo(p)=1/(Cp),

UELD‘!(p):- [—]E:!r;(];))"IIr (C R:Exp):

HJIH, €CJIH IIEPEHTH OT OIlepaTOPHOH (POPMEI 3aITHCH K KJIaCCHYECKOI,
Use=1/(C Ran)| Ut
M3 mocneaHero BBIPaKEHHS CIeAYET, YTO CKOPOCTh HHTETPHPOBAHHS OIIPEeIScTCH
nmpomseeieHHeM CRg, KOTOpOe Ha3bBAIOT IIOCTOSHHOH BpeMEHH HHTETPHPOBAHHSA H
0003Ha4YarT OOBIYHO OYKBOH T. ECIIH B JJaHHOM IPOH3BEJEHHH €MKOCTEH BRIPa3HTh B (papajax, a

COITPOTHBIICHIIC B OMED{:, TO ITOCTOAHHAA BPEMEHH ITOJIVHHTCA B CCKYHIdX.

Ykazanue no mextiuke dezonacHocmii:

YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pElﬁGT

IIPHBCACHBI B ITPHJIOKCHHC A.

VKazanusa no 6inoiHeHUI0 140 opamopHoil pao omal:

[Ipu BEBITOTHEHHH 1a0opaTopHOH PpadoTel HeoOXoAHMMO ompoOoBarsk padbory
OIEPAI[MOHHOI0 YCIIHTEIS B CIeAVIONHMX PeXHMaxX. KOMIIapaTopa, HEHHBEPTHPY-IOIETO HIIH
HHBEPTHPYIOIETO  VCHIMTESL, CYMMaropa M HHTErparopa, IIPOBEPHTH  3aBHCHMOCTE
KO3()(prIiHeEHTa YCWIEHHS YCIWIHTEII OT HArpy3KH, CHSTh aMIUIHTYIHYIO XapaKTE€PHCTHKY
YCHITHTETISL.

[ IopsimoOK BEITIOTHEHH S PaOOTHI CIIE YOI
1. U3y4HTE OCHOBHEIE TEOPETHUECKHE TTOIOKEHH S
2. CoOpatp cxemy komrapaTopa (puc. 10.1). Ilogats HanmpsokeHHe MHTaHUSI, H3MeHeHHEM
TIOJIOKEHHMS PYKOSTKH ITOTEHIIHOMETPA YCTAHOBHTE HYIIEBOE HAIIPSIKEHNE MEXAY BXomaMu OV,
llomapass He3HAUYHTEIIRHOE HaIIpsDKEHHE MEXAY BxXogaMH OY TIepeMeEIeHHEM PYKOSTKH
IIOTEHITHOMETPA, YOSIUTHCS, YTO ITPH H3MEHEHHH €ro 3HaKa HaIIpsDKEHHE Ha BBIXOJIE VCHIIHTES
TOKE MEHSEeT 3HAK, IMPHHHMAas IIPH 3TOM MaKCHMAalIbHO BO3MOJKHEIE 3HAUEHHS, OJIM3KHE K

HAITPSDKCHHIO TTHTaHIA.

HT NOAMMCAH
C&%ﬁmﬁ AMce)Ka3aHHIO — IIPEIoAaBaTellsl  CXEMY — HHBEPTHPYIOIIETO  HIH
Ceprucbvkar:  2C0000043E9AB8BI52205E 7BA500060000043E

Bnanend CHHBEPEHPVIQIIELQucaycHIIITETST  (pHc. 10.2 mmm puc. 10.3). CHIIp aMIUIHTYIHBIE

XAPAKTCPHCTHKH YCHIIMTCIIA IIPH ABYX 3HAUCHHAX COIIPOTHBIICHHA B IICIIH DﬁpﬂTHDﬁ CBASH.
Nencteutened: ¢ 19.08.2022 no 19.08.2023 65



3HAYEeHH S COITPOTHBIIEHII H HAIIPsDKEHHI Ha BXOJIe VCHIIMTENS yKazaHel B Tabmmie 10.1, B a1y

AC Tﬂﬁ]ﬂ]l[}" BHECTH SHAUCHIA BBIXOITHOI'O HAIIPAKCHIHA

Tabmmra 10.1

Ra: U...B -5 -4 -3 -2 -1 0 1 2 3 4 5
22

KOM Ui, B
Ra: U...B -1,2 -1 -0.8 | -0.6 | -0.4 0 0.4 0.6 0.8 | 1.2
100

KOM Usi, B

BeruricmnThs KO3(p(HIMEHTH YCIIEHHS H CPaBHHTh HX C TEOPETHUYECKHMH 3HAaYEHHSIMH,
BEIYHCIIEHHBIMH B COOTBETCTBHH ¢ (pOpMYJIaMH. BKIIFOUHTH H BRIKIIFOUHTh Ha BBIXOJE YCHIIHTEIIS
Harpys3Ky 3.3 wik 4.7 KOM, yOeIHUTHCS, YTO IIPH 3TOM HaIIPSKEHHE Ha BBIXOAE YCHIIHTENS HE
MEHSIETCSL

4. CoOpaTh cxeMy anreOpaHdyecKOro CYMMHPOBAHHSI ABYX HanpskeHMi (puc.10.4).
YcraHaBIHBasd HaIpsKEHHS Ha BXoAaX, VKaszaHHbIe B TaOmmie 10.2, sammcars B TaOIHIY
HAITPSDKEHNSI Ha BBIXOE YCHIHTEIS.

Tabmmia 10.2.

Ugx1,B 1 1 1 1 1 1 1 1 1 1 1 1
Ugx2,B -0 -5 -4 -3 -2 -1 0 1 2 3 4 5

5. Cobpars cxXemy puc. 10.5. BRYHCIHTE ITOCTOSHHYIO BPEMEHH HHTETPHPOBAHHSL
[lomate HaIpsDKeHHe ITHTAHHS, YCTAaHOBHTE Ha BXOJE YCIUIMTEII HallpsokeHHe +1 B, yOequThcs B
TOM, UTO BBRIXOIHOE HAIIPSCKEHHE H3MEHSETCS CO CKOPOCTBIO, COOTBETCTRYIOILEH BEIUYHCIEHHOMY
3HAYEHHIO ITOCTOSHHOH BpeMeHH. [ [OBOpOTOM PYKOSTKH ITOTEHIHOMETPA H3MEHHUTE IIOJISIPHOCTD
BXOAHOIO HAaNpsLKeHHS, VYOeIHUThCI B TOM, UYTO BBIXOAHOE HAIIPSKEHHE IIOCIIE BTOro
YMEHBIIAETCS C IIOCTOSHHOH CKOPOCTRIO. CHSB HalIPSDKEHHE, 3aMEHHTE KOHAEHCATOP EMKOCTBIO
100 Mx®@ Ha KoHzeHcaTop 10 MK®D, Imogas HaIpsKeHHe, YOSJUTHCS, UYTO HAIIPSKEHIE Ha BRIXO/E
cTal0 MeHAThCSI B 10 pa3 OwicTpee. IIpH HCIBITAHHSIX HHTEIpaTOpa CIEANTH 3a TEM, YTOOBI
HAIIPSDKEHHE Ha BBIXOAE YCHIIMTENS OBLIIO BCE BPEMS OTPHI[ATEILHEIM, 3TO HEOOXOIHMO ITOTOMY,
YTO B CXEME HCITONIBL3YIOTC S 3JIEKTPOJIMTHYECKHE KOHAEHCATOPHI.

0. 3aKOHYHB SKCIICPHMCHTEI, ITOCTPOHTE aMILIIHTYJIHBIC XAPAKTCPHCTHKH YCHIIHTCIIA.

OOKYMEHT UDﬂHHCHH
g&gEHTFDHHG” I'IE;%I'IHEEIEI .
Ceptucomkatr: 2C0 ﬁﬂ%&% %ﬁ.‘;ﬁ%ﬂﬂﬂﬂdEE
Bnaneneu: lleGayxoea TaTeAHa AnexkcaHgpoBHa

THET JOIKEH COACPAKATD.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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l. Haspanme paboTHI,

[lems paboTHI,

KpaTkHe TeopeTHYeCKHE CBEACHHST,

OrmcaHie HCIIONIB3YeEMOro 000pyAOBAaHHS H MaTEPHAJIOB,
[ IopsimoK BREITTOITHEHHS PAa0OTHI,

BreruncneHnsa n o0paboTKa pe3yiIbsTaToR,

N S N R W

BBIBOIELI.

KonmponsHsie éonpocel:
1. Oruimre OCHOBHBIE CBOHCTBA OIEPAIHOHHBIX YCHIIHTEIIEH.

2. Ommmmre paboTy KOMITapaTopa.

3. [TosicHuTEe padoTy HHBEPTHPYIOINETO H HEHHBEPTHPYIOIETO YCHIIHTEIIEH.

4. YeMm ompelenstoTcsa Koa(pHIIMEHTH YCHIEHHS YCHIHTeJIeH, coOpaHHBIX Ha Oasze

OITEPAIIIOHHOI'O YCI UIHTEIIS?

5. Kak ¢ nmomoripro OY OCYIIECTRISIOT CYMMHPOBAHHE HAITPSIKEHHH?

6. Kak mocTpoHTs cxXeMy HHTerparopa Ha 0Oaze OY? UeM ompenensercs CKOPOCTh

HHTETPHPOBAHHA?

7. UeM B OOIlEM cCIIy4yae OIPEAEISeTCS THHAMHYECKHH pexHM OY ¢ OTpHIATEILHOH

OOpPaTHOH CBS3BIO?

8. Kak HanpspkeHHe Ha BRIXoze OY 3aBHCHT OT HarpysKH?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Javopamopraa paboma Nell. 'enepamop npAmoyzoabHbIX UMIYJILCOG.

Ilenv padomsr: W3ydnTh TNPHHIOIHAIBHYIO CXEMY, HasHaUeHHe OTJelIbHBIX eé

AIIEMEHTOB H paloTy TIeHeparopa MPSAMOYTOIBHBIX HMITYJIbCOB Ha Oa3ze OIlepal[HOHHOIO

YCHIIHTCJIA.

OCHO6bL MeopuUiL:

['eHepaTophl IPSMOYIOIBHBIX HMITYJIILCOB IIMMPOKO HCIIONB3YVIOTCSA B PpasiIH4Y-HBIX
YCTPOHCTBAX HSIEKTPOHHOH TEXHHKH. B SIEKTPOHHO-BRIYMHCIHTEILHBIX MAIllH-HAX, CHCTEMAaX
CBSI3H, CHCTEMAaxX aBTOMATH3allMH ITPOH3BOJACTBEHHBIX ITPOLECCOB, B OBITOBOH TEXHHKE M T.I.
CVYIIECTBYET PSI CXeM TI'eHepaTOPOB, KOTOPHIE COOHPAIOT, HCIIONB3YSI B KauyecTBe Oa30BBIX
BIIEMEHTOB JMOO JIOTHYECKHE 3IIEMEHTHI, JIMOO TPHITEPEHI, JHOO OIEPAIMOHHBIE YCIIIUTEIIN,
MO0 OTAEIBHBIE TPAH3HCTOPEI. [I[POMBIIINIEHHOCTh BBITYCKAET T€HEPATOPHI B BHAE MHKPOCXEM,
OHM TaK’Ke€ BXOIST KaK COCTABHBIE AIIEMEHTHI B LIEIIBIH Psi OONBIIHMX HHTETPAIbHBIX CXEM.

B Hacrosmen mabopaTopHOH paldore paccMaTpHBAceTCSI CXeMa aBTOreHepaTropa
IIPSIMOYTOIBHBIX ~ MMITYIIBCOB, IIOCTPpOeHHass Ha  0ase  ONEPAllHOHHOIO  YCHIIMTEIIS.
JloCTOMHCTBAMH TaKOIO TeHepaTopa SBJIIIOTCA. KPYTOH (PPOHT HMITYIBCOB, IIPOCTOTA
PETYIIMPOBAaHHSA YaCTOTHI M CKBAXXHOCTH, OTCYTCTBHEe OOpaTHBIX BEIOPOCOB. lIpHHINIIHAIEHAS

AIIEKTPHYEeCKasa cXeMa IreHepaTopa IpeicTaBlIeHa Ha puc.11.1.

i R;

z Ry

|
l—[>-‘— ®
u- /Rl Ussx

C ——

AOKYMEHT MNOAnngAH
SNEKTPOHHOW NOAMNKWCLKO

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000943E RE
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHpoBHa

I R
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PucyHok 11.1 — CxeMa reHepaTopa mpsmMOyIOJIbHEIX HMITYJIbCOB

OrepallHOHHBIH YCHIIMTEIh HMEET OE3BIHEPIIHMOHHYIO ITOTIOKHTEILHYIO OOPaTHYIO CBS3b,
KoTOpass oOecrieunBaeTca JAenurereM Ri;R; M HHEpIMOHHYIO OTPHIATEIHFHYIO, BBIIIOTHEHHYIO
pesuctopaMi R; 1 R4 1 koHAeHcaTopoM C.

PaccMOTpHM pe’XHM aBTOKOJIEOaHHH 3TOr0 reHeparopa, IIpHHSIB Ri= R,.

ITycts B MomMmeHT BpeMeHH t = 0 (pmc. 11.2) BKTIrOYaeTcd HMCTOYHHK MUTaHHI OY H
BEIXOJTHOE HANPSIKEHHE HAYMHAeT BO3pacTaTh, TOrAa 4vepes JAelMTels R R, yBenmnmumBacercs
HanpspkeHHe U™, HanmpsbkeHHe U~ BClleICTBHE HAIMYHSI KOHZEHCAaTOpa B IIEIH OOPAaTHOH CBS3H
pacTeT IIOCTelleHHO. BcmemcTBHe yBemmdeHns U™ HapacTaHHe HanpskeHHS U IIpOTeKaeT

HﬂEI]HGDﬁpﬂBHG: OHO GK&‘II{GﬂﬁpﬂBHG BO3PACTACT JO HAITPAKCHISA HAaCBhIIICHITA E:, d BXOJHOC U’
bi(e)
i,
R+ R’

L. =F

=JVE

Hanpsoxenne U— B mpoliecce 3apsga KOHAEHCAaTopa pacTeT IO AKCIIOHEHTE, CTPEMICH K
3HAYeHHIO E, HO KaK TOIBKO OHO HE3HAYHMTENBHO IPeBRICHT UR, HampsokeHHe Ha BeIXoze OY
CKauKO00OpasHO H3MEHHTCA 0 3HaUueHH —E, ITocile Yero KOHIeHCaTOp HauHeT Iepe3apsoKaThCs,
TO €CTh HanpskeHHe U— CTaHeT YMEHBIIATHCH IO 3KCIIOHEHTE, CTPEMSCh K 3HaucHHIO —E, a
HanmpsokeHHe U+ B Ipolecce Iiepesapsiga KOHIAeHcaropa OVAET OCTaBaThCS ITOCTOSHHBEIM,
paBHEIM —YvE. Kak Tompko U— cTaHeT 1mo abCcoMoTHOMY 3HaueHHI0 Oonbine U+, HallpsoKeHHE Ha

BEIXOZIe OY ckaukoM H3MeHHTCA 10 +E. Jlanee nporiecc OYAeT EPHOIHYECKH TIOBTOPSTHCS.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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PucyHok 11.2 — OcipyurorpamMma reHepaTopa IpsaMOYTOIBHEIX HMITYIIBCOB
[lepBEIi HMITYyIIEC OyJleT HMETh MEHBINYIO JIHTEIbHOCTh, ITOCKOIIBKY OH (POPMHPYETCS

IIpH 3apsifie KoHAeHcaTopa oT 0 g0 Up.

S :f'_'|:_ |- ¢/ |

Ul =0, =R

rae T= R;C, B MOMeHT ITepeKIYeHH , TO eCcTh ITpH t = 1;.

yE :f:" - ¢ 7

OTK}",I[E], AIHTCIIBHOCTDE IICPBOI'O HMIIYIIBCA

]
]-J’_

HpH I'CHEpAllHH IIOCIICAVIOHMIHX  HMIIVIIBCOB  KOHACHCATOP IICPE3apAKacTICAad OT

¢ =Tln

HanpsokeHHI Ug = YE OIHOH IIOIPHOCTH, CIPEMSCH 3apsSAHThCS 10 HaIpsDKeHHI E

]’[pDTI[BDHGHDHﬂ-IDﬁ IMOIIAPHOCTH, TO €CTh ITPOILECC IIEPE3aPAAKH ITPOTEKACT 11O 3dKOHY .

. | -5
OOKYMEHT NoarmmcCAH Sl | '| — J ," | I J-"': | _ "
SNEKTPOHHOM OLNTMCBH) ||'_ : III = | 'Ir' + .:I 'Ii.' I L ] L . J 'Iil'
CepTudukart 2C0000043E9ABBBA52205E7BASO0060000043E "
Bnageneu Ulebayxoea TaTeAHa AneKkcaHaopoBHa
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Ipolecc Iepe3apsaakH Ipekpamiaerca npH UT(t) = vE, oTKyza IIHTIEIIBHOCTH

TTOCIIEIYEOIIIX HMITYIIECOB OyIeT

| + )
{ =rln J
|-y
IIEPHOJ CIIEAOBAHILI HMITYIILCOB 1T = 2t
CKBaXHOCTh CHT'Halla
L
[,

JIng  1moiyyeHHS  CKBaXHOCTH (, OIIHYHOH OT 2

A |

COOTBETCTBVIOIIHE PA3JIHUHBIC 3HAUCHHA Rsu Ry

R+~ R; (q-l).

YKkazanue no mextHuke dezonacHocmit:
YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH

ITPHBEACHBIL B ITPHIIOKCHHC A.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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VKa3aHusa no 6bInoJIHEeHII0 J1ADOPAMOpPHOU P Ad onbl:
1. CoOpars cxXemy reHeparopa, H300paxeHHYVIO Ha pHC. 10.1, IIpHHSB CIeQVIOIIHE
3HAYEHHS ITAPAMETPOB IIEMEHTOB:
R=4,7kOmM, R:=1kOmM, Rs= Rs=1Mom, C=0,01MKD.
(IIpenmomaBaTeneM MOTyT OBITh 3aJJaHBI APYTHE 3HAYeHHS ITApaMeTPOB).

I[JIH IHTaHHA OIICPAIlHOHHOI'O YCHIIITCIIA HCIIOIIB30BAThE JBd HCTOYHHKA ITOCTOAHHOIO

TOKa 158, BKIIOUMB HX TaK, KaK ITOKa3aHO Ha puc. 11.3.

4L @
5B {1

P '

PucyHok 11.3 — [IpuHIMImManpHas cxeMa HCIIBITAHH S TeHepaTopa IIPSIMOYTOJIBHBIX

HMITYIIBCOB

BrIxXoHOE HaIIpsDKeHHe TeHepaTopa IToJlaTh Ha BXOJ ocIuIIorpada.

2. Ilocrme mpoBepkH COOpaHHOH CXEMBI IIPeIlojiaBaTelleM IIOJaTh HaIIpsLKEeHHE Ha
ocIuIorpad) M Ha HCTOYHHKH ImMTaHHdI. HaOmomas Ha »5kpaHe ocIpumiorpadga Q(opmy
BBIXOJTHOTO HAaMpsDKeHHSI T'eHepaTopa, YOeIHThCS, YTO OHAa HMeeT IIPSAMOYTOIBHYIO (opMy,
IIPHYEM, JUITHTEIIBHOCTH ITOIMOKHTEIRHOI'O HMITYJIbCA PaBHA JJIMTEIIFHOCTH OTPHIATEIIEHOTO.

3. B 1ermm orpHIaTeNbHOH OOPaTHOH CBS3H PE3HCTOP R; COIPOTHBIIEHHEM 1 Mom
3aMeHHUTh pe3HcTopoM 100 KOM. YOeaHUThCS, YTO UIHTEINBLHOCTEH ITONOXKHTEIILHOIO HMITYIIbCA
crasia B 10 pa3 xkopoye JIHTEIBPHOCTH OTPHIATEIIEHOTO.

4. B 1enM IIONOXKHTEIPHOH OOpaTHOM CBS3H IMApPallJIEIBHO  Pes3sHcTopy R
cormpoTHBIIeHHeM 1 KOM BKIFOYHTE BTOPOH TaKOH ke pesHcTop. IIpH sToM Koa(HIHEHT
JETTUTEJIS HAIIPSIKEHHS YMEHBIIMTCS H CTAHET PaBHBIM

1=0,5/(4,7+0,5)=0,0961,
0 BKJIIFOUEHHS BTOPOr'O PE3HCTOPA ero 3HAYEHHE OBITIO

v=1/(4,7+1)=0,175.

%%mmmm CHTHalla H3MEHIUIACEH B N pa3s, TJie

Ceptudmkar: ECDDGG[MBEB,&BBEQEEEDSETBAEGDDE%D:%%1_|_ T)j,.’(l_ '}’)];"{[lﬂ(l—i_ Tl)l‘l{(l' Tl)]zl 834

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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HaOmromass cHrHalI BBRIXOMHOTIO HAIIPSKEHHS Ha SKpaHe OCIuIorpada, yOeIHThCS B

YBEJIIMHUCHIH CI'0O YaCTOTHI.

5. C moMomipr0 ocIiIIorpada mpoHa0IoaTh popMy HanpspkeHHs U

Codeporcanue omuema:

OT4YeT JOIMKeH COAePKaTh:

l. Haspanme paboTHI,

[lems paboTHI,

Kparkue TeopeTHUYECKHE CBEAEHH,

OrmicaHHe HCIIONB3YEMOTI0 000PYI0OBAaHHSI H MaTePHAJIOB,
IlopsimOK BEITTOITHEHHS PaOOTHI,

BreruncrneHnsa n o0padoTka pe3yinbpTaToB,

A -

BBIBOELI.

KonmponsHusie éonpocut:

1. Kakoe 3jIeKTpOHHOE YCTPOHCTBO HA3BIBAIOT aBTOr €HEPATOPOM?

2. Ormumre pabory aBTOreHeparopa IIPSAMOVIOIBHEIX HMIIVIIBCOB Ha  0ase
OIEPAI[MOHHOI0 YCHIUTESL

3. Kaxkmmu criocobamMi MOKHO H3MEHHTE YaCTOTY CHTHAalla, pacCMaTPHBAEMOI'O B JaHHOI
pabore reHeparopa?

4. Kak H3MeHHTE CKBaKHOCTh CHTHAlIA reHeparopa?

5. OOpsScHHTe POIIb ITOTOKHTEIBHOH OOpPaTHOH CBS3H B (POPMHPOBAHHMH (POHTa
CHTHAJIOB T'€HEpaTOopa.

0. Kak H3MeHHTCS 4YacTOTa CHIHAlla TeHepaTopa IIPH VBEIMYEHHH COIPOTHBIIEHHSI R

TeITHT eIl HaITPSKeHH A ?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jlabopamoprasn paboma Nel 2. Tpuzzepeol.

Ilens padomsr: VI3ydeHHEe ITPHHIUIIOB IIOCTPOEHHS H (DYHKIIHOHAIIbHBIX BO3MOKHOCTEH

TPHITCPOB Pa3JIHYHBIX THIIOB.

OcHoébl meopuu.

TpIHTE‘-pIDM HA3BIBAIOT l’[pﬂCTEf[H.[EE ITOCIICJOBATCIIBHOC }fCTpDﬁCTEG: KOTOpPOC MOZKCT
HAXOOAHTBECA B OJHOM H3 ABYX BO3MOXKHDBIX COCTOSIHHH H IEPEXOAHTE H3 OAHOI'O COCTOXdHHA B
APYTOog 110 IeHCTBHEM BXOJHBIX CHIHAJIOB. TpI]ITEpLI SIBIISIFOTCS. 0a30BBIMHM  3JIEMEHTaAMH

ITOCIIEAOBATCIIbHBIX JIOTHYCSCEITX YCTpGﬁCTE.

Tpurrepsl OOBIYHO HMEIOT JIBA BBRIXOA. IIPSMOH (Q H HHBEPCHBIH 45

BxoapI TpHITEpa pa3elstoT Ha HH(POPMAI[HOHHEIE H yIIpaBitroniye. MHpopMalOHHbIE
HCIIOJIb3YIOTCS IS YIIPABJIEHHS COCTOSHHEM TPHITEPA, VIIPABILIIONHE — IS IIpeaBapUTEIBHOM
YCTAHOBKH M CHHX]POHH3AI[HH.

PasmyaroT aCHHXPOHHBIE H CHHXPOHHBIE TPHITEPHI. ACHHXPOHHBIE TPHITEPHl MEHSIEOT
CBOE COCTOSIHHE HEITOCPEeJACTBEHHO B MOMEHT ITOSIBIIEHHS Ha BXOJe HH(POPMAI[HOHHOI O CHTHAJIA.
CHHXpOHHBIE TPHITEPHl PEarHpyIOT Ha HH(POPMAIMOHHBIE CHTHAILI IIPH HAIHYHH CHICHaja
CHHXpPOHHM3AIHH C. CHHXPOHHBIE TPUITEPHI, B CBOK OUYEpedb, MOAPA3IEISIOT HA TPHITEPHL CO
CTaTHYECKHUM M JIHAMIYECKNM VIIPABICHHEM I10 BXOIY CHHXPOHIM3AI[HH.

CTaTHYECKHE CHHXPOHHBIE TPHITEPHI BOCIIPHHHMAIOT HH()OPMAI[HOHHBIE CHTHAJIBLI IIPH
nojaye Ha BXoJ C JIOTHYECKOH eMHHHIBI (ITPSMOH BXOJ) HIIH JIOTHYECKOTO HYIIS (HHBEPCHEBIH
BXOJ).

J[MHaMHYecKHe CHHXPOHHBIE TPHITEPHI BOCIIPHHHMAIOT HH(pOPMAI[HOHHbEIE CHITHAIIBI TTPH
H3MeHeHHH cHrHana Ha Bxoge C or 0 go 1 (mmpsmoit mumHammryeckiii C-Bxoj) wiH oT 1 go 0
(HHBEpPCHBIH JHHaMHYeCKHH C-BXOT).

[To pyHKIIHOHAIEHEIM BO3MOKHOCTSM TPHITEPHI Pa3AelIaOTCS Ha CIIEAYIOIHE KIIACCHI:

— ¢ pa3genbHOH yecTaHOBKOH O B 1 (RS-TpHTTEpHI);

— yHHBepcanbHble (IK-Tpurrepsr);

— ¢ IIPHEMOM HH(}OPMALHH IT0 OJHOMY BXOAY (D-TpHTTEpHI);

— CO CYETHHIM BXOJI0M (T-TpHTTEepHl).

BXoJpI TpHITEPOB 0003HAYAIOT CIIEAYIOIIHM O0pa3oM:

Bxompl TEI]ITE OB 0003HaYatOT CJIEAYHOIITHM DﬁpﬂBDMZ
OOKYMEHT NnoarincCAH

Ceptuukar: 2C0 ﬂ%ﬂ?&%%ﬁ%&%%ﬁgﬂﬂmﬂe Q - 15‘

B aney: LL 1 Ane
raaenen MR RO S Ve AR GRKN B cocTosmme Q =0,
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[ — BXOH U1 YCTaHOBKH B cocTOsHHNE (Q = 1 B YHHBEPCAIIBHOM TPHUITEPE;
K — BXox 11 ycTaHOBKH B cocTosHIE (Q = 0 B YHHBEPCAJIBHOM TPHITEPE,
D —Bxox a1 yetaHOBKH B cocTosiHHE Q = 1 mmn Q = 0 B D-TpHrrepe;

T — BXOZ CUETHOIO TPHI'TCPA,

ol N

= — CTAaTHYCCKIIH ITPpAMOH BXOJ CHHXPOHH3AIIII,
C
—
— CTaTHYECKIHH HI—[BEPEHLIﬁ BXOJ CHHXPOHH3AIlHH,

—C

— ]'[pHI‘vIDﬁ ITHHaAMHYeCKHH BXO[ CHHXPOHIH3AIlHH,

% — HHBEPCHBIH JHHAMHYECKHH BXOJT CHHXPOHH3ALHH,

V mwin E — JOINONHHUTEIBHBIN VIIPABILIOIIHI BXOJ IS pPaspellleHHs IIpHeMa
HH(OPMAITHH.

CXeMBbl TPHITEPOB CTPOST OOBIYHO Ha O0a3e JIIOTHYEeCKHMX 53JIEMEHTOB, OCHOBHBIM H3
KOTOPBIX SABIIETCS aneMeHT «M-HE». PaccMOTpHM OCHOBHBIE H3 3THX CXEM.

ACHHXPOHHEBIH RS-TpHITED

CxeMa RS-Tpurrepa n3obpakeHa Ha pUCYHKe 1. B cXeMe HCITonb30BaHbI 4 sneMeHTa «U-
HE» ¢ gByms BXogaMH. DIeMEHTH «a» H «by» BBRIMOTHIIOT QYHKIIO « HE», Tak KaKk HX BXOJIBI

BKJIFOYUCHBI IIdPaJUICIIBHO. HPH OTCYTCTBHH CHI'HAJIOB Hd BBIXOddX 3JICMCHTOB «d» H «b» 6}",I[ET

J =]
JTJOI'HYCS CKAad 1:. H cCIIH BBIXOJ 3JICMCHTaA «Ck Q — 1:. TO Ha BBRIXOJC 3JICMCHTA {{d}} 'f_ ]

COCTOSsIHHE TPHITEPA H3MCHHTCA, €CIIH Ha BXO/] R rtogats JIOTHYECKYIO 1. HPH JTOM Ha BBIXOJ/EC

. . () =l
«by TosBHTCS 0:, KOTOPBIH H3MCHHT BBIXOAHOH CHIHAJI 3JICMCHTA «d» M3 cocTOosTHHSA *~ B

COCTOMHIIC Q_l ., B PE3VIIBTATC HUCI'O BBIXO JJICMCHTA «C» H3MCHHTCH B COCTOAHHC Q = 0.

AOKYMEHT MNoarnngAH
SNEKTPOHHOW NMoA b

Ceptudomkatr: 2C0000043ESABEB95226
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpos
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PucyHok 12.]1 — ACHHXpOHHBEIH RS-TpHITED
AHaJTOTHYHBIM 00pa30oM COCTOSHIHE TPHITEpa BEPHETCS B IIEPBOHAYAIIBHOE, ECIIH
JIOrHYEeCKYIO €AHHHITY ITOIaTh Ha BXOI S.

Pa0ory maHHOrO TpHITepa OIFCHIBAET XapaKTEPHCTHYECKOe YPpaBHEHHE:

0" =5+ R )

5 K =0

rae Q' — BRIXOMHOI CHTHAN JIO IOJAaYH BXOIHBIX CHTHANIOB S’ H R' B HEKOTOPHIH MOMEHT
BpEMEHM T,

Q™! — BEIXOAHOI CHIHAI ITOCTIE TIOAaYH BXOIHBIX CHIHATIOB.

BTopoe ypaBHeHHE OTpakaeT TO OOCTOSTEILCTBO, YTO OJHOBPEeMEHHAS IT0Jadya BXOJHBIX
CHTHaJIOB «l» Ha BXOAbI ROS-TpHITepa 3alpelleHa, TaK KaK I[IPHBOAUT TPHITEP K
HEOIPEAETIEHHOMY COCTOSIHHIO.

[IoMHMO XapaKTepHCTHYECKOrO ypaBHeHHS padora RS-TpHuITepa MOXKeT OBITH OITHICaHa
CIIEIVIOIIEH TaOIHI[EH COCTOSHIIAL.

Tabmma 1. — CoctosgrHiie RS-TpHurrepa

S' R* Q' Q! Pesximv
0 0 0 0
XpaHeHHE

0 0 1 1
1 0 0 1

YcTaHoBKa 1
1 0 1 1
0 1 0 0

YcraHoBKa 0O
0 1 1 0
1 1 0 —

HeormpeneneHHOCTH

1 1 1 —

CxeMa CHHXpOHHOro RS-TpurTepa mpejacraBjieHa Ha PHCYHKe 12.2. JIaHHBIH TPHITED
pearHnpyeT Ha HH(QOPMAIMOHHBIE CHTHANbI, IOCTYIIAIOIHE Ha BXOABI S H R, NIpH HaITHUHH
CHTHalla Ha BXOJe CHHXpoHm3ammu C. B ocraimHOM ero padora aHaloruyHa padore
ACHHXPOHHOI'O RS-TpHITepa, OHA OIMHCBIBAETCS TEMH K€ XapaKTEePHCTHYECKHM YpaBHEHHEM H

TaOIHIIeH COCTOSHHI.

[K-TpHITEp, cXeMa KOTOPOro ITpeIcTaBlIeHa Ha PHCYHKE 3, OTIIHYAeTCS OT CHHXPOHHOTO
HORYMERT HORNACAR POLO-1Ip PHCYHKE 5, HXP

Ceomy $$$:-T%£%Eﬁgf§ﬁiﬂﬁggﬁ%&%ﬁgﬁﬂﬂ ToJlaya CHTHAJIOB Ha ero HH() OpMaITHOHHBIE BXOAbI | 1 K

Bnaneneu: LI_IEEJémDBa TaTesaHa AnekcaHapoBHa

HE 3allpPCIliCHa, OHd IIPHEOANT K H3MCHCHHIO COCTOAHHA BhIXOAO0B Hd ITPOTHBOIIOIIOAHOC.
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OOKYMEHT MNoAnvcaH

ANEKTPOHHOW noanuceblo
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
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PaccmoTpum cHavana padory IK-TprrTepa IpH pasfaenbHON ITOAaye CHIHAJIOB Ha €ro
BXOAHL. [Ipn orcyrcTBHH BXOAHBIX cHTHaNIOB (I = 0, K =0, C = 0) Ha BBIXOJIe 3JIEMEHTOB «a» H
«a'» A =1, A' = 1. BeIXogHble CHTHAJIBI 3JIEMeHTOB «b» «b'» MOIyT HaxomuThcS B OJHOM H3
IBYX ITPOTHBOIIONIOKHEBEIX COCTOSHHH, Ipex-mojoxmM, B = 1, B' = 0, Torma, tak kKaK B

paccMarpuBaeMoM cirydae (TpH C = 0) F = 1, Berxogusle cHTHAIBL « Dy H «D'» Oyayr D=0, D' =

() =0
l. Takkak D=0, T0Q=1,2a = , TAK KaK BXOJHbIE CHTHAIIEI 3JIEMeHTa €' 00a paBHEI 1.

S

+1

Il
I
N

) F
! 7
i

R

Pucynok 12.3 — IK-tpurrep

Eci MocTyIMT CHHXPOHH3HPYIOIHI cHIHaI C = 1 IpH OTCYTCTBHH HH(OPMAaI[HOHHBIX

I=0, K Aeky HEQ%%%!E%TCH COCTOSIHHE 3JIeMeHTOB «» H «d» (F = 1, D = 1), cocTosHue

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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BEIXOJHOI'O JJICMCHTA «e» HC H3MCHHICAH, TAK KdK Ha C€I'O ETﬂpGﬁ BXOJ IIO-IIPCKHCMY 6}",I[ET

INOCTYIIATE CHI'HAJI ¢ :[].

PaccMoTpuM Ternepp paboTy TpHITEpa, KOrja ITpH ITOCTyIUleHHH C = 1 CHTHaIBI Ha

mH(popMartHoHHEIX BXogax | = 0 m K = 1. Ecnu repen momaueii 5THX cHrHanoB Q' = 1 u g =0 ,
TO Ha BCE BXOJBI «a'» TTOCTYIIAT €IHHHYHBLIE CHIHAIIBI, II03TOMY CHIHAII HA €r0 BBIXOJIE CTAHET
paBHBIM HYIIIO (A' = 0), BRIXOIBI «b» H «b'» H3MeHAT cBoe cocTosHHe (B = 0, B' = 1), mostomy
Ha oOpaTHOM (PpPOHTE CHHXPOHH3HPVIOIIErO CHIHala, KOTJa BBIXOJ 3IeMeHTa «f» CTaHeT
PaBHBIM €JHHHIIE, BRIXOJHOH CHIHAI «d'» CTaHeT paBHBIM HYIHO (D' = 0), a BRBIXOJHOH CHIHAJI

«d» ocTaHeTcs CAHHHYHBIM. HPH IIOCTVYIUICHHH HYIICBOI'O CHI'HAJI4d Ha BXOJ «e'» ¢ BBIXOMa «d»

|
COCTOSIHHE TPHITEPa H3MEHHTCS Ha 4 L Q=0

Ecmi gamnee IpH MOCTYIDIEHHH OYEPETHOI0 CHHXPOHH3HPYIOIEro curHaina [ =1 un K =0,

3 =0
TO aHaAJIOT'HYHEIM GﬁpﬂSGM COCTOHHIE BEIXOJHBIX CHI'HAJIOE H3MCHHTCH Ha Qtﬂ = 1 H {— )

[Ipn mapannensHOM BKIIOUYEeHHMH BXOJOB I M K paccMarpnBaeMoro TpHITEpa OH
IIPEBPAINAETCS B TPHITEP CO CUETHBHIM BXOA0M (T-TprrTep). Ecim curHaim Ha HH( OpMallHOHHOM
BXozae T-TpUrTep paBeH 1, TO IPH ITOCTYIUIEHHH OYEPETHOI0 CHHXPOHH3HPYIOIIETO HMITYIIbCA
COCTOSIHHE TPHUITEPA MEHSIETCS Ha ITPOTHBOITOIOKHOE.

PaccMOTpHM IIpPOIECC CMEHBI COCTOSHHSA T -TpHITEPa ITOAPOOHO.

JInsg paboTEl CUETHOrO TpHITepa Ha BXOARI I M K HeoOXOAMMO ITOAATH ITOCTOSHHBIH

e IMHHYHBIH CHIHAaIl. HPEI[HGHG}I{I]IMI: Icpca Ha4aJIOM CHHXPOHH3HPYIOIICI'O HMITYIIbCa CHI'HAJI B'

=1,aB=0,Torga D=1u D' =0, BeIxoausie cHrHaimbel Q =0 1 ¢ =l .

IIpn nmomaue mMiryibca C = 1 BRIXOAHOH CHIHAJ sneMeHTa « HE» cTaHeT paBHBIM HYIIIO.
Tak xaxk Ha BXome «C» D»dIeMeHTOB «a» H «a'» BXOSHOH CHIHAI IIOCTYIIAeT 4Yepes
mu(deperHimpyronyo nenouyky R;C;, TO KpaTKOBpeMeHHO HCYe3HeT eJHHHYHBIA CHTHal A
(curHaim A' ocTaHeTCs B 3TO BpeMS eIHHHYHEIM, TaK Kak Q = 0), B pe3ynbTaTre Yero H3MeHHTCS
COCTOSHIE 31IeMeHTOB «b» H «b'» Ha B = 1 u B' = 0. [Ioka BXOJHOH CHTHAII OCTAeTCs PaBHBIM
eJMHHILE, BBIXOIBI 3IeMeHTOB «d»H «d'» Takke OyAyT OocTaBaThCS eIHHHYHBIMH. [IpH CHSITHH

yrpapipmroniero uMiynbca (C = 0) curHan F cTaHeT paBHBIM eJHHHIIE H, TaK Kak B = 1, curHan

D craHeTr paBHBRIM HyIro, a Q — 1. Ilpu Q = , TO ecTh Ha 0OpaTHOM (PpOHTe BXOJHOIO

CIHITHdJIa COCTOAHHC TPHITCPA MCHICTCH Ha IIPOTHBOIIOIIOYKHOC. BEILI[}*' IIOJTHOH CHMMCTPHI

NOKYMEHT NMOAMMNCAH
cXeMbl ITPHT NM'CB0o1HOM HMITYTIbCEe ITPOH3OHAET aHAJIOTHYHBIH ITpollecC (BBIXOIHBIE

Cepmudomkatr: 2C0000043ESABBBO952205E7/BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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CHI'HAJIBI CO IITPHXOM H Oe3 IITPHXa IIPH OIIHCAHHH ITPOLCCCd MEHSHTE MﬁGTElIvﬂI):, H TPHITCP
BEPHETCA B IICPBOHAYAJIBHOC ITOJIOMKCHIIC.

XapaxkTepHCTHYECKOE YPaBHEHHE H TaOIHI[a COCTOSHUH [K-TpHITEpa ClIeayIOIIHE.

O =1+ K0

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Tabmmira 12.2. — CocrosHue IK-Tpurrepa

T K Q* Q! PexamM

g g ? ? XpaHEeHHE

i g ? i YcraHoBKa «1»
g i [1) g Ycra”HoBka «0»
| T [t | o=

[ToMiMO OMHCAaHHBIX TPHITEPOB B YCTaHOBKaxX IH(POBOH HSIEKTPOHHKH IIMHPOKO
HCIIONb3yeTCI TpHITep ¢ oO0mmpmM BxogoM (D-tpmrrep). BrixomHoii curHam D-Tpurrepa
IIPHHUMAET 3HAYEHHE, PaBHOE BXOJHOMY CHIHAIY B MOMEHT IIOCTYIUIEHHS HMITYJIbCa
CHHXpoHH3aIHH. CxXema D-Tpurrepa, coOpanHas Ha Oaze « M-HE», mpeacraBieHa Ha pHCYHKeE 4.

HPH OTCYTICTBHH CHHXPOHH3HPYIOLICIO CHI'HAJI4 «C» He3aBHCHMO OT 3HauYeHH

()
HH(popMaItHoHHOro curHagta D A =1 u B = 0. 3HayeHHI BBIXOJHBIX CHTHAIOB Q H “ MOIYT

ObITh TrOOBIMH. [Ipepronoxim, mnepen nocryimieHHeM C = 1 Ha BriXome Q = 0, Torma =l .

Ecmu rmpu noctyruieHn C = 1 D = 1, To curHan A CTaHEeT paBHBIM HVIIIO, B Pe3yIbTaTe yero Q

. ()
H3 COCTOSIHHSI «0O» IICPCHACT B COCTOAHHC {{1}}:. d — CTAHCT pPaBHBIM HYIIHO. Ilociie cHATHSA
CHHXPOHH3HPVYIOIICI'O CHI'HdJId BEIXOJAHBIC CHI'HAJIbI HE H3MCHATCAH, ITPH 5TOM I]H(l)ﬂpMElI_[HGHI{BIﬁ
CHI'HAJI TPHITCPOM HE BOCIIPHHHMACTCA J0O ITIOCTYILIICHHA OUCPCAHOI'O CHI'HAJIda CHHXPOHH3AITIHI.

Ecrmnipu C =1 D=0, To0 A cTaHeTCs paBHBIM «1», B CTaHET paBHBEIM HYIIIO, B PE3YIILTATE YErO

()
COCTOMHIIC BBIXOIHBIX CHI'HAJIOB Q H — H3MCHHTCA Ha ITPOTHBOIIOJIOMHOC.

ge)

C

NOKYMEHT NONIPCAH
SNEKTPOHHOW NOAOMNKWUCEID

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS0006 e -
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

PrcyHok 12.4 — Tpurrep ¢ o0nmM HH(POPMAaIHOHHBIM BXOJ0M
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YKkazanue no mextHuke dezonacHocmit:

YKazaHHSI II0 TeXHHKe Oe30IIaCHOCTH IIPH  BBIITOJIHEHHH HﬂﬁﬂpﬂTDpI—[BIK pE]ﬁDT

ITPHBEACHBIL B ITPHIIOKCHHC A.

VKa3aHusa no 6bIn0JIHEHIUI0 J1ADOPAMOPHOIL P AD OMbl:

1. JleTallbHO H3YYHTh OCHOBHBIE TEOPETHUECKHE ITOIIOKEHHAL.

2. Ha mabopatropHOM CTeHJie cOoOparh CXEMBI ACHHXPOHHOIO M CHHXPOHHOIO RS-
TPUITEPOB, cXemy D-Tpurrepa u cxemy IK-Tpurrepa ¢ pasmelIbHBIMH H CO CUETHBIM BXOAMH.

3. Ompoborars padoTy KaXIOr0 BHIAA TPHUITEPOB H IO Pe3yibTaraM OIPOOOBAHM

COCTaBHUTH TAOIIHIIBI COCTOSHHI.

Codeporcanue omuema:

OT4YeT JOIKEH COMEPKaTh:

1. Hassanue paGoTHI,

[{ems paboTHI,

KpaTkue TeopeTHYECKHE CBEACHIST,

OrmcaHie HCIIONIB3YEMOr0 000PYAOBAaHHS H MaTEPHAJIOB,
I IopsimOK BREITTOITHEHHS PAa0OTHI,

BrruncieHns H o0paboTka pe3yiIbTaToB,

N S N R W

BBIBOJIBI.

KonmponsHsle 6onpocest:

1. Kakme 3neKTpOHHEBIE YCTPOHCTBA HA3hIBAIOT TPHITEPAMH ?

2. UeM CHHXpPOHHBIE TPUITEPHI OTJIHYAIOTCS OT aCHHXPOHHBIX?

3. YUeMm orimyaroTcsa JHHAMHYECKHH BXOJ[ CHHXPOHH3AI[HH OT CTaTHYECKOIr0?

4. Kax 0003Ha4yar0T BXOBI M BEIXOBI TPHITEPOR?

5. HazoBHTe paccMOTpeHHBIe B pad0Te THITBI TPHITEPOR H OIMINHTE (PYHKIIHOHAIbHEIE
BO3MOKHOCTH KaKJ[Or' 0 H3 HHX.

0. UTo Takoe XapakKTepHCTHYECKOE YPAaBHEHHE TpHITEpa?

7. YUto npeacraBisgeT coO0H TabmHIla COCTOSHHH TpHITEpPa?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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3. Yuebno-memoouueckoe u unghopmanuorHoe ovecneuerue 0UCUUNIUHbL

5.1 Ilepeuens OCHO6HOU U 00ROJHUMENbHOIU JILMeEPAMypsl, HeEOOX00UMOU 014
0C60EHUA OUCUUNIUHDL

5.1.2 Ilepeuenv 0CHOBHOIL TLmMeEDP AMYPbL:

1. CyxanoBa, H. B. DnekTpoHHKa H cXeMoTeXHHKa. I IpakTHkyM: yuyeOHoe mmocobue / H.
B. CyxaHoBa. — BopoHeX. BOpPOHEXKCKHH T'OCYIApPCTBEHHBIH VHHBEPCHTET HHKEHEPHBIX
TexHonorui, 2020. — 80 ¢. — ISBN 978-5-00032-472-1. — TekcT: aneKTpoHHHIH // [[ndppoBoi
00pa3oBaTeIIbHEBII pecypc IPR SMART: |caiir . - URL:
https://www 1prbookshop.ru/106457 html

2. llyxoeckmii, B. H. DnexkrporexHmHka, 53IeKTPOHHKAa H CXeMOTeXHHKa. MoIyib
«lIudporasg cxemoTexHHKa»: yiyeOHoe mocobme / B. H. Ilyxoeckmii, M. [O. IloneHoB. —
PocroB-Ha-/loHy, Taranpor: MzmarenmbcTBo IOXHOro (emepalbHOrO yHHBEpcHTeTa, 2018, —
163 ¢. — ISBN 978-5-9275-3079-3. — TekcT: anekTpoHHBIH // 1{H(ppoBoi 00pa3zoBaTelIbHbBII
pecypc IPR SMART: [caiit]. — URL: https:/www 1prbookshop.1u/87782 himl

3.1.3 Ilepeuens 0onoHUMENbHOU JIUMEPAMYPbL.

1. UrnaroB, A. H. Onekrponnka: yuyeOHoe nmocodmne / A. H. Mraartos, B. JI. Capnnbix, H.
E. ®ageera. — HoBocuOHpck: CHOMPCKHI TOCYAapCTBEHHBIH YHHBEPCHUTET TEIEKOMMYHHKALHI
H uHpopMmatukH, 2020. — 165 ¢. — Teker: anexkrpoHHBIN // 1{H(ppoBoi o0pa3oBaTelbHBIH
pecypc IPR SMART : [caiit|. — URL: https://www 1prbookshop.ru/117127 html

2. CurHukoBa, C. B. COopHHK 3agay II0 JHCIHHIUIHHE «JIEKTPOHHKA». VUeOHO-
MeTomyeckoe mocobme / C. B. CurmmkoBa, A. C. ApedreB. — Camapa: IIoBOIKCKHI
rOCYJapCTBEHHBIH YHHBEPCHTET TeIeKOMMYHHKAIHI B HH(]opMmaTHKH, 2016. — 60 ¢. — Tekcr:
anneKTpoHHBIH // I{mdppoBoil oOpazoBaTenbHbli pecypc IPR SMART : [caiit]. — URL:
https://www 1prbookshop.rw/71877 html

3.2 Ilepeuensv yuedHO-MemMOOUUECKOZO 0DecneueHUs CcAamocmosmebHoil pabdomol
odyuaroniuxca no 0ucUUnIHe

1. Merognueckne peKOMEHAALMH IS IIOATOTOBKH K Ia0OpaTOPHBIM 3aHSATHSAM IIO
INCIIIIHHE « OIIEKTPOHHKA H CXEMOTEXHHKA) .

2. MeTtomgHuyeckHe PEKOMCEHIAITHI ITO OPI'aHH34AI[HIT CaMOCTOAT eJIbHOH pﬂﬁDTLI CTYVJICHTOB

KYMEHT, NMNCAH
IT0 mICL@%ﬂﬂiﬁ J;[‘%,EEMII{H H CXeMOTEXHHKAY .

JEQABBBO52205E7 0000043E

LIeD3yxoBd iITeHHE AdlE IHODOBHS
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3.3 Ilepeuenr  pecypcoé  UHPOPMAUUOHHO-MEIEKOMMYHUKAUILOHHOU
Humepnuem, He00X00UMBIX 071 0C60E€HUA OUCUUNIUHbL
1. http://www .biblioclub.1u -3BC "YHuBepcuTeTckass OHOIHOTEKA OHIaH"

2. http://www iprbookshop.rw/ - BnexkrponHo- 6udimoreyHas cucrema IPRbooks
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IIpmnoxeHue A

Vrazarue no mexHuke 0 e30nacrocnil

Jlo Hayamna paboTHl CTYAEHTH OOS3aHBI H3YUHTH ITPaBHIIA TEXHHUKH Oe30ITaCHOCTH ITPH
padore ¢ 3MeKTPOoyCTaHOBKAMH. OO0 H3YYEHHH IIPABHII TEXHHKH O€30IIACHOCTH M ITONYYEHHH
HHCTPYKTaXa CTYJEHTHl PacCICHIBAIOTCS B CIEIHAIbHOM JKypHane. CTYAEHTHI, He H3YUHBIIIE
IIPaBHIIa TEXHHUKH O€30ITaCHOCTH H HE ITPOIIEIIIHE HHCTPYKTaX, K BROIOIIHEHIIO ITad0paTOPHEIX
padoT He JOIIYCKAFOTCSI.

YueGHag rpymma (MM TIOATPYINIA) pa30OHBaeTcsd Ha OpHrajbl, YHCIO KOTOPHIX
YKa3bIBAETCA ITPETIOfaBaTENIEM, a COCTaB OpHTa] KOMIUIEKTYETCS CTYAeHTaMH Ha JOOPOBOIIBHEIX
Havajgax. CIMCOK TIPyImel (MOATPYIIHBI), pazOHTOH Ha OpHTragbl, CTapocTa IIpeJOCTaBIIIET
IIPEITOAaBaT IO, BEAVIIEMY I1a00PaTOPHEIE 3aH ST

Kaxnas n3 OpHraj BBINIOIHSET J1aOOPaTOPHYIO padOTy B COOTBETCTBHH C I'pa(pHKOM,
HaXOJISIIEMCS B 1a00paTOPHH.

Ilepeqy KaXaeIM 3aHATHEM CTYAEHT O0O0sg3aH IIOATOTOBHTBCSA K  BBITIOJIHEHHIO
1abopaTOpPHON PadOoTHI IO JAHHOMY METOJHYECKOMY ITOCOOHIO H PEKOMEHIYEMOH JIMTEPaTYpE.
Ilepen HayarmoM paloOTeI ITpPENogaBaTellb IIPOBEPSAET 3HAHISI CTYIEHTOB IIO COLEPKaHIIO
BREITIOIHSIEMOH PpadoThl. [IIMOXO ITOATOTOBJIEHHBIE CTYAEHTHI K BBIIIOIMHEHHIO J1a0OpPaTOPHOH
paboTHI HE JTOITYCKAIOTCA.

PaGoras B mabopaTopuu, HeOOXOAHMO COOIMIONATE CIIEAYIOIIHE ITPaBHIIA;

K BeINOJHEHHIO 1a00paTOpPHOH PadOTHI CIEAYET IPHCTYIATH TOIBKO IIOCIE IIOIHOIO
VSCHEHHS €€ COMIEeP KaHH I M ITOIYUEHHS TOITYCKa K HEll.

2. Haumnarey pabory cIeayer ¢ O3HAaKOMIEHHS ¢ IpHOOpaMH H OOOpPYAOBAaHHEM,
IIPHMEHSIEMBIMH B JaHHOH padore.

3. Ha maGopaTopHOM CTONIE JOIKHBEI HAXOMHUTHCS TOIBKO IIPeAMETHI, HEOOXOMHMBIE IJII
BRITIOITHEHHS TaHHOH PadOTHI.

4. PacrionoxeHHe armrapaTyphl Ha padboyeM CTOJE JOIDKHO OBITH TAakKHM, YTOOBI cXeMa
COSQMHEHHI TIONyYIIachk HaHOoOJIee IIPOCTOH, HArIIMHOHM M padoTa ¢ armapaTypoH Oblina
VI OOHOT.

5. JKemarenpHo, 4TOOBI cXeMy coOHpal OAZHH M3 YJIEHOB OpHIaabsl, a JIPYyrHe
KOHTPOJTHPOBAJIH.

6. Ilpm cOOpke CIOXKHBIX CXEM CIEQYET BHayale COEJHHHTL TIJIABHVIO,

M OLNVICAH
HGCHEEOB%&%%P&%@HIH{HH cOOpPKY OT OJHOrO 3a’KHMa HCTOYHHKA TOKa H 3aKaHYHBasg Ha

Ceptudmkar: 2C0000043ESABEB952205E7BAS00060000043E
BrapenddPYT QM S TEM. Y& HOAKIHOTHTD ITapaJUICIIbHBIC I1EITH.
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7. Ilocme T1oro, xkak cxema Ovaer coOpaHa, HEOOXOAMMO VOEIHTLCS B IIPaBHJIBHOM
YCTAHOBKE JBIJKKOB PEOCTATOB, aBTOTPAHC(POPMATOPOB H PYKOSTOK APYIHX PerVIIHPYIOIIHX
YCTPOHCTB.

8. CoOpanHas cxXemMa 0O0sg3aTelbHO JOKHA OBITH ITPOBEPEHA IIPeItofaBaTelieM IJIH
CTapIIHM JIA0OPAHTOM H TOIIBKO C HX pa3pelleHNsI MOKET OBITh BKIIFOUEHA TTO]T HATIPSIJKEHIE .

O. Ilpn BKIIOUEHHH CXeMBI 0OCO0Oe BHHMAHHE CIEIVET OOpaTHTh Ha IIOKa3aHIS
aMIIEPMETPOB M APYIMX H3MEPHUTEIBLHBEIX ITPHOOPOB. B ciyyae pe3Koro ABHIKEHHS CTPEIKH
aMIlepMeTpa K KOHI[Y IIKaJIbl CXeMYy HeOOXOJHMO HEMEIJIIEHHO OTKIIOUHTH OT HCTOYHHKA
HAITPSDKEHHA.

10. Heobxomimo OepeXHO OTHOCHTBCHA K aImaparype, HCIIONbB3YeMOH B pabore. O60
BCEX 3aMEUEHHBIX HEHCIIPAaBHOCTSX MIH TIOBPeXICHHIX CTIVISHT [JOMKEH HEMEIIEHHO
COOOIIUTE ITPEITOAaBATEIIO HIIH Ta00paHTYy.

11. Ilocne BemIOMHEHHS PaldOTHI CTYAEHT 00s3aH, He pas30dHpas CXeMBI I10Ka3aTh
IOIIYUYEHHBIE JAHHBIE IPEIogaBaTelo. ECI pe3ybTaThl H3MEPEHHH BEPHBI, TO ITPENOLaBATEIID
HX TIOAITMCBHIBAET. DKCIIEPHMEHT C HETIPABIWIBHBIMH PE3YIIbTaTaMH CIIEAYET IIOBTOPHTH.

12. CxeMy ciieqyeT pa3OdHpars TOJIBKO IIOCIE €€ OTKIFOUEHHS OT CETH.

13. Kareropuyuecku 3ampernacTCs:

— Tporarb PyKaMH OIOJIEHHBIE IIPOBOAA M YacTH IIPHOOPOB, HAXOMMIIHECS ITOJ
HAIPsDKEHHEM, JTa’Ke CIIH OHO HEBEIIHKO,

— IIPOM3BOIUTH H3MEHEHHS B CXEME ITPH ITOAKIIFOUYEHHOM HCTOYHHKE ITHTaHH,

— 3aMEeHSITh HIH OpaTh 000PYAOBAHHE, WIH IIPHOOPEI ¢ APYTHX pabOouyHX MECT

— 0e3 paspelleHHS MpernoAaBaTelns Wi 1adopaHTa;

— OTXOIHUTH OT IMPHOOPOB M MAIIHMH, HAXOMSIIMXCS I1OJ HAIPSKEHHEM IJIH OCTaBIISTh
CXEMY I10JI HAITPSDKEHHEM ITpH 00paloTKe pe3yiIbTaTOB H3MEPEHHI,

— Teperpykarh ITPHOOPHI TOKOM MM HaIpsDKEHHEM, ITPEBBIMIAIONIM HOMHHAIBHOE
3HAYECHHE.

[IpoBepKy HaIH4MS, IIOJaBacéMOr0 K CXEME MIH 3IeMeHTaM CXEMBI HallpPsSKEHHS
HeOOXOMMMO ITPOH3BOMHUTE TOJNBKO KOHTPOJIBHOHM JIaMIIOUKONH I BOIBTMETPOM, COOIMOHAs
IpaBHJIa TEXHHKH O6€30IaCHOCTH.

[Ipu paGore B maGopaTopHH CIEAYET CTPOro coOIrOaaTh MEPHL IIPeJOCTOPOKHOCTH, TAK
KaK SIEKTPHYECKHH TOK, IIPOXOMSIIMI Yepe3 TeJIO 4YelnoBeka, BelmuumHOH B 0,025 A yxke

ABICTCH OITACHBIM IS FIT3HIL.
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MUWHHCTEPCTBO HAVKHU U BBICIIET' O OBPA3SOBAHU I POCCUNCKON GEJIEPAITUU
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBEPA3OBATEJIEHOE
YUPEX/IEHHUE BEICHIEI'O OBPA3SOBAHWA
«CEBEPO-KABKA3CKHWU ®F IEPAJIBHBIM YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeTtoanueckne peKOMEHIALNH

110 OPraHH3aI[HH CAMOCTOSITEILHON Pab0oThI O0YUYATOIIHXCS
1o gucirioinHe « JIEKTPOHHMKA U CXEMOTEXHHUKA»
JUISI CTYZeHTOB HaIlpaBJIeHHS ITOJTOTOBKH /CIIEIHAIbLHOCTH
10.03.01 UupopmarmpioHHasa 6€30MacHOCTh, be30MmacHOCTh KOMITBFOTEPHEIX CHCTEM
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ComepKaHHE

BreneHne
1 OOImass XapakTepHCTHKA CaMOCTOSATEJIbHOH paldoTel oOy4aromerocs IIpH

H3YVUCHHH AHCITHITIITHBI « SHEEI"I)GHIII{& H CXEMOTCXHIKA»

2 [TmaH-rpaHK BRITIOTHEHHS CaMOCTOSTEIbHOH paOoThl
3 KOHTpOIBbHEIE TOYKH H BHABI OTYETHOCTH I1O HIM
4 MeTtomyeckHe peKOMEHIALIHH 10 H3YVYEHHIO TEOPETHYECKOTO
MaTepHaia
5 MeToauuecKHe yKa3aHH s I10 IIOATOTOBKE K SK3aMEHY
6 Y4ueGHO-MeTOIHYECKOe H HH(POPMaIlHOHHOe o0ecTieueHHe JHCI[HIUTHHBI
IOKYMEHT MNOANVCAH

ANEKTPOHHOW NOAMUCHIO
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BBeaeHue

CaMocTtogrelbHasad pabdora — IDIaHHpyeMas vyueOHas, Vy4yeOHO-HCCIEN0BaTEIbCKAas,
HAay4YHO-HCCJIeJOBAaTeNbCcKasd padoTa CTYIEHTOB, BRIIIOIHSIEMAas BO BHEAYAHTOPHOE (ayIHTOPHOE)
BpeMs II0 3aJlaHHIO M IIPH METOJAHMYECKOM PYKOBOJCTBE IIperojaBarelsa, HO ©0e3 ero
HEITOCPEeACTBEHHOr0 y4yacTHS (IIPH YacCTHYHOM HEITOCPEICTBEHHOM YYAaCTHH IIpeIlofaBaTells,
OCTABJLIIOMIEM BEAYIIYIO POIb 32 PaOOTOH CTYAEHTOB).

CaMocTogareibHasad padoTta CTYAEHTOB B BY3e fBIgeTCcS BaXKHBIM BHAOM YUYeOHOH H
HAYYHOH JIeSITeIIbHOCTH CTYIEHTA.

Benyimas memns opraHuzail M ocyiecTBiIeHHS CPC gomkHa coBIagaTh C IIEJIBIO
OOVUEeHHS CTYIEHTa — IIOATOTOBKOH OakajaaBpa C BBICIIHM oOpazoBaHHeM. [IpH opraHu3zarpiu
CPC BaXHBRIM H HeOOXOZHMBIM VYCIOBHEM  CTAaHOBATCI  (POPMHpPOBAaHHE  YMEHHS
CaAMOCTOSTEILHOH PaOOTHl JJII IIPHOOPETEHIS 3HAHNI, HABEIKOB H BO3MOKHOCTH OpraHH3allHI
yue OHOH 1 HAYYHOH JIESTEILHOCTH.

[{enpro caMOCTOSTENILHOH PabOoThl CTYJEHTOB SBIISIETCS OBIaJeHHe (DYHIaMeHTaIbHBIMH
SHAHHSMH, ITPO(PecCHOHATIBHBIMH YMEHHSMH H HAaBBIKAMH JESTEIbHOCTH IT0 IIPOQHIIO, OIBITOM
TBOPUYECKOH, HMCCIIEAOBATEIILCKON JeATEIbHOCTH. (CamMocTodTellbHass padora CTYIEHTOB
CITOCOOCTBYET Pa3sBUTHIO CAMOCTOSTEIIBHOCTH, OTBETCTBEHHOCTH M  OPraHH30BAHHOCTH,

TBOPYECKOI O ITOAX0/1a K PeIleHHIO ITpo0iaeM y4eOHOr 0 H IPo@d eCCHOHAIBHOTO YPOBHSL

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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O01mas xapakTepHCTHKA CAMOCTOATEILHOM PA00ThI 00y41aK0INerocs NpH H3y4YeHH
JHCIHHILIMHBI «DJIEKTPOHHKA H CXeMOTEeXHHKA)

CaMocTosarellbHasad pabora - IUIaHHpyeMas VyueOHas, y4yeOHO-HCCIEN0BATEIbCKA,
HAay4YHO-HCCJIeJOBAaTeNbCcKasd padoTa CTYIEHTOB, BRIIIOIHSIEMAas BO BHEAYAHTOPHOE (ayIHTOPHOE)
BpeMs II0 3aJlaHHIO M IIPH METOJAHMYECKOM PYKOBOJCTBE IIperojaBarelsa, HO ©0e3 ero
HEITOCPEeACTBEHHOr0 y4yacTHS (IIPH YacCTHYHOM HEITOCPEICTBEHHOM YYAaCTHH IIpeIlofaBaTells,
OCTABJLIIOMIEM BEAYIIYIO POIb 32 PaOOTOH CTYAEHTOB).

CaMocTogareibHasad padoTta CTYAEHTOB B BY3e fBIgeTCcS BaXKHBIM BHAOM YUYeOHOH H
HAYYHOH JeSTeIIbHOCTH CTyAeHTa. CaMOCTOSTeNIbHAS padoTa CTYAEHTOB HIPAET 3HAUHTEIBHYIO
POJIF B PEUTHHIOBOH TEXHOIOIHH OOy4YeHHS. B cBS3H ¢ 3THM, o0yueHHe B BY3e BKIIOYAET B
cebs IBe, IMpaKTHYECKH OANHAKOBBIE IO 00BEMY H B3aHMOBIIIIHHIO YaCTH — IIPOIlecca OOYUEHI ST
H mporiecca camooOyueHHsI. Ilostomy CPC momxHa craTh 3@ eKTHBHOM H IeIeHaIlpaBIeHH O
paboTOH CTYIEHTA.

K coBpeMeHHOMY CITEIHAIMCTY OOIIECTBO IIPeAbABILET JOCTATOYHO IIMHPOKHI TIEPEUYEHB
TpeOOBaHMI, CPeJH KOTOPBIX HEMAIOBAXKHOE 3HAYEHHE HMEET HAIM4YHE V BBEITYCKHHKOB
OIPEeEeNIEHHBIX CIIOCOOHOCTEN M YMEHHS CaMOCTOSATEIIbHO JOOBIBATh 3HAHHS H3 PasIHYHBIX
HCTOYHHKOB, CHCTEMATH3HPOBATh ITONYYEHHYIO HH(OPMAILHIO, JaBaTh OIEHKY KOHKPETHOM
(pHHAaHCOBOH CHTYalHH. DOPMHPOBAHHE TAKOI'O YMEHHS IIPOHCXOAHT B TeUEHHE BCEr0 IIEPHO/IA
OOVUYEeHHS 4Yepe3 YYaCTHE CTYIAEHTOB B ITPAKTHUYECKHX 3aHSITHSX, BBITIOIHEHHE KOHTPOIbHBIX
3aJlaHHIl H TECTOB, HAaIlHCAHHE KYPCOBBIX H BBITYCKHBIX KBaJTH(PHKAIMOHHBIX palboT. 1IpH 3TOM
CaMOCTOSTEIbHAA padoTa CTYJIEHTOB HIPAeT PEINAOINYIO0 POJIb B XOJE BCEro Y4YeOHOro
IIpoIlecca.

Benyimas mems opraHmzail M ocyiecTBiIeHHsI CPC pgomkHa coBIagare ¢ IETIBIO
OOYUYEHHS CTYJEHTa — IOATOTOBKOH CIIEIHAINCTAa H OaKalaBpa ¢ BREICIHNM OOpaszoBaHHEM. [IpH
opramzaini CPC BaXHBEIM H HeOOXOJHMBIM YCIIOBHEM CTAHOBATCS (POPMHPOBAHHE YMEHHS
CaMOCTOSTEILHOH PadOTHl I IIPHOOPETEHIS 3HAHHI, HABEIKOB H BO3MOKHOCTH OpraHH3allIIi
yue OHOH H HaVUHOH JESITEIbHOCTH.

@QOpMBI  CAMOCTOSITEIIbHOH PadoThl CTYIAEHTOB PasHOOOpasHel. B COOTBETCTBHH C
pabouer IIporpaMMON JUCIIMIUIHHBEL ITPEAYCMOTPEHBI CIEAVIOIIHE BHILI CAMOCTOSTEIILHOH
paboOTEHI CTYAEHTA:

- CAMOCTOSTEIIFHOE H3YUEeHHE JIHTEPaTYPHI,

- CAaMOCTOMATCIIPHOC PCIICHIIC 3aa™,

VICAH
- BRTHATRIHS &Y PCOBOTO MIPOEKTa

Cepmwdukatr: 2C0000043E9ABEBS52205E7/BAS00060000043E
Bnageneu,; mcmaﬂmw&bﬂﬂzﬂ H3YUEHUA Jiumepamypsl — CAaMOCTOATCIIBHOC OBJIAACHHE
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3ad auamu caMOCTOSITETIBHOIO H3YUEHHS JINTEPATYPhI SBJISIOTCSIL

. yIIyOJIeHHE H pacIpeHie TEOPETHYECKHX 3HAHHI

. (popMHpOBaHHE YMEHHH HCIIONIB30BaTh HOPMAaTHBHYIO, IIPABOBYIO, CIIPABOYHYIO
TOKYMEHTAIIHIO H CIIEIHAIEHYIO IIHTEPATYpPYV,

. Pa3sBHTHE ITO3HABATEIBLHEIX CITOCOOHOCTEH H aKTHBHOCTH CTYIEHTOB.

Ilens camocmoamensHozo pewieHua 3adau - OBIaJieHHe ITpodeccCHOHaIhHBIMH
YMEHHSIMH H HaBBIKaMH JIeSITeIbHOCTH IT0 IIPO(HITIO OYIYIIEH AeSTEIBHOCTH.

3adauamu cCaMOCTOSITEIILHOIO PEIleHHS 3a1a4 SBIISIOTCAL:

. CHCTeMATH3allMd H 3aKpeIlIeHHe TIIOIYYEeHHBIX TeOpPeTHUYECKHX S3HAHHI |
IPAKTHYECKHX YMEHHH CTYAEHTOB,

. (opMHpOBaHHE CaMOCTOSTEIIFHOCTH MBIIIIIIEHH A, CITOCOOHOCTEH K
CaMOPa3BHTHIO, CAMOCOBEPILIEHCTBOBAHIIO H CaMOpeali3allii;

. Pa3sBHTHE HCCIIEe0BATEILCKHX YMEHHI.

Ilenvro camocmoamenbHO20 6bINOJHEHUA pacuemHo-2pauueckoil padomst 110
TUCIHILIIMHE SBISETCS OBIaJleHHe (PYHAaMeHTAJIbHBIMH 3HAHHSMH, ITPO()eCCHOHAIbHBIMH
YMeHHSIMH H HaBBIKAMH JeSITeIbHOCTH IO ITPO(HIIO, OITBITOM TBOPYECKOH, HCCIIeL0BATEIbCKOMH
IeITEeIIbHOCTH.

3adauamu JaHHOTO BHAA CaMOCTOSTEILHON PadOTHI CTYIEHTA SBJISFOTCSI

. CHCTEMATH3alMd H 3aKpeIlVIeHHe TIIOIYYEHHBIX TeOpPeTHYECKHX S3HAHHI |
IPAKTHYECKHX YMEHHH CTYAEHTOB,

. YIIIyOIIEHHE H PACIIHpPeHHe TEOPETHYECKIX 3HAHMI,

. (opMHpOBaHNE YMEHHII HCIIOIB30BaTh HOPMATHBHYIO, IMPABOBYIO, CIIPaBOYHYIO
JTOKYMEHTALIHIO U CIIEIIHAIIbHYIO JINTEPATYPY,

. Pa3sBHTHE ITO3HABATEIIbHBIX CIIOCOOHOCTEN M AKTHBHOCTH CTYAEHTOB. TBOPYECKOH
HHUITHATHBBI, CAMOCTOSITEILHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

. (hopMHPOBaHHE CaMOCTOSTEIIbHOCTH MBIIILIIEHH 5, CITOCOOHOCTEHN K
CaMOPa3BHTHIO, CAMOCOBEPIIEHCTBOBAHHIO H caMOpeasIH3allHiH

. Pa3sBHTHE HCCIEA0BATEILCKHX YMEHHIT,

. HCIIONIb30BAaHIE MaTepHajla, COOpaHHOrO M TIIOIYYEHHOTO B XOJe
CAMOCTOSTEIBHEIX 3aHATHH Ha CeMHHapaX, Ha IPaKTHYeCKHX M JIa00PpaTOPHBIX 3aHSTHIX, ITPH
HAITMCAaHHH KYPCOBOH padOoTHL.

B pesynerare OCBOeHHS JHCIHIUIHHEL (DOPMHPYIOTCS CIEAVIONIHH IIepeyYeHb

MEHT NOAIUCAH .
mmrmyﬁﬁﬁ%ﬂgﬁ%m OOyUeHHS IO MJHCIHIUIHHE, COOTHECEHHBIX C IDIAHHPYEMBIMH
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KOMIICT CHITII

HHIHKA4ATOpPa

0Oy4YeHHS 110 JHCIHTIUIHHE
(MozyTmO),
XapaKTEePH3YIOIHE ATaITbI
(pOPMHPOBAHI

HGMETEI’H_[IHT? HHIHKATOPOB

CepTy

douKar:

OIlIK-4 CriocobeH IMpHMEHSTH
HeOOXOHMEbIE (PH3HYECKHE
3aKOHBI H MOJIEIH JUIS
PEILEHN S 3a1a4
ITpoeCcCHOHAIIBHOH
HNESTEIIPHOCTH

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

2C0000043E9ABEBBO952205E7BAS000600(

W ]I-1omcs pr3HYECKIE
3aKOHBI H MOJIEITH,
HeOOXOIHMEIE TIPH PellleHHH
3a7ja4y B IpoecCHOHAIbHOH
IEeSITETIEHOCTH.

N J1-2 onx.4 IIPUMEHSATE
HeoOXOAHMbIe (PH3HYECKHE
3aKOHBI H MOJEIH JIJIT
peIeHns 3a1ad
PO eCCHOHAIIbHOH
IeSITEIIEHOCTH.

N J1-30nics Bagers:
HaBBIKAMH MOJIEITHPOBaHH S
JUIS PEIEHHS 3aa4 B
mpod eCCHOHATBLHOM

ACATCIIBHOCTH.

004 3E

3HaeT (PH3HYECKHE

ITPOLIECCHI, ITPOHCXOSIINE B
TTOITYIIPOBOJHHKOBBIX

MaTepHalax, a TakXe p-n

nepexoie, CTPYKTYPHBIE
CXEMBI YCHJINTEIIS HU3KOH

yacToThI (YHY) u
OIEPAIHOHHOIO Y CHIIHTENIS
(OVY), HazHauYeHHEe OJIOKOB
CTPYKTYPHOH CXEMEI,
IIPHHIMIIEI IIPe00pa30BaHIsI
IIePEMEHHOI0 HAIPSIKEHHS B
IIOCTOSIHHOE , (DIIIbTPALHH H
cTaOHITH3aITHH
BBIITPSIMIIEHHOT O
HaITpsDKeHHS, paboTy
TPaH3HCTOPA B PEKHME
KIIr04a, TaOJIile HCTHHHOCTH
JIOTHYECKHX BIIEMEHTOB.

YMeeT IMPOH3BOAUTE BEIOOD
TPaH3HUCTOPOB B CXEME

YCIIHTEIS B 3aBHCHMOCTH OT
ITapaMeTPOB Harpy3KH H
YaCTOTHOI'O JHAIIa30Ha,
IIPHMEHSTEH Ha ITPAKTHKE

MaTeMaTHYECKHE METOMBI
pacuera HCTOYHHKORB
BTOPHYIHOI'O TTHTAHH A,
IIPHUMEHSTE JIOTHYECKHE
YPaBHEHHS, HCIIOIB3Y A
3IIEMEHTHYIO Oaszy
JIOTHYECKHX 3IEMEHTOB.

BrnajgeeT HaBEIKaMH pacyeTa
YCHJIHTEIIbHBIX, HMITYIIbCHBIX
H IIH(PPOBEIX YCTPOMCTB 1

YCTPOHCTB 3IEKTPOIHTAHHSL,
HaBBIKAMH aHaJI3a
AIMEKTPHYECKHX IIeleH
COBPEMEHHBIMH
KOMIThIOT€PHBIMH METO[aMH,
OCHOBAMH ITPAaKTHYeCKOH
PabOTHI ¢ BNMEeKTPOHHBIMH
YCTPOHCTBAaMH H HaBBIKAMH
H3MePEHHS ITapaMeTPOB
BIIEKTPOHHBIX CXEM.

Bnagemen,  tHeG3yxosa TarerAa AJIERCanpoBHa
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ILman-rpauk BbIIOJIHEHHA CAMOCTOATEIbLHOH PadOThI

OO0BeM 4YacoB, B TOM YHCIIE
Kobr
CpencrBa 1 KOHTaKTHas
peann3yeMbIX Bua gesrembHOCTH
- TEXHOIIOTHI padora c
KOMIIE TEHIHH, CTYJIEHTOB CPC Bcero
OLIEHKH IIPEIoaBaT
HHIHKaTOpa(oB)
ereM
4 ceMecTp
CaMOCTOSTEIIbHOE Cobece TORAHI
H3YUEHHE JIHTEPaTyPHI eﬂ 4,80 0,54 5.4
OIIK-4 110 TeMaM Ne]-18
(U]I-1 [Toarororka K CobecetoBaHH 2.43 027 27
-2 JIEKI[H M e
MJI-3) [ToAroToBRKa K
1adopaTOpPHBIM CG@EC?GEMI 4.86 0,54 5.4
3AHATHIM
Hroro 3a 4 cemecrp: 12,15 1,35 13,5
Hroro: 12,15 1,35 13,5
[OKYMEHT MOAMNWCAH

SNEKTPOHHOW NOAMNUCHLIO
Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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KﬂHTpﬂﬂbeIE TOYTKH H BHIbI OTHUCTHOCTH 110 HHM

No Buj neqrebHOCTH CTYIEHTOB CpoKH KomiyecTtBO
IU/TI BBITIOJTHEHHS OaIoB
4 cemecTp
1. JlaboparopHoe 3aHsaTHE No 4 0 HeJens 25
2. JlaboparopHoe 3aHsaTHE No 7 10 Hemen s 15
3. JlaboparopHoe 3aHsaTHEe No 10 16 Heens 15
Hroro 3a 4 cemecTp S5
Hroro S5

MaxkcuMaaIbHO BO3MOXKHEIN Oallll 3a BECh TEKYIIHH KOHTPOIbk MaKCHMalIbHO BO3MOKHEBIH

OalllI 3a BeCh TEKYIRIH KOHTPOIb VYCTAHABIMBAETCS PaBHBIM JDJ. Tekvilee KOHTPOIBHOE

MEPOIIPHATHE CHHTACTCA CA4dHHBIM, C€CJIIH CTYIACHT IIOJIVHIII 34 HEI'0O HE MCHCC 60% ot

YCTAHOBJIICHHOI'O  JJIA  3TOI0 KOHTPOIAd MAaKCHMAJIIBHOI'O

Oaia.

PeHTHHTOBBII

Oaii,

BBHICTABIISIEMBIH CIVACHTY 3d TCKYIIICC KOHTPOJIbHOC MCPOIIPHATHE, CIAdHHOC CTYIACHTOM B

YCTAHOBJIEHHBIE TPa()HKOM KOHTPOJIbHEIX MEPOIIPHSTHI CPOKH, OIPeIelsieTCs CIeTyFOIHM

o0pazoM:
YPOBEHb BBIITOTHEHHS KOHTPOIBHOI'O PeritiHroBeIH 6ami (B % OT MaKCHMAaJIbHOTO
3 aHIs OaUIa 3a KOHTPOJIbHOE 3aJIaHHE)
OTIIHYHBEIN 100
XOPOLIIHHI 80
Y IOBIIETBOPHT EIILHBII 60
HeymorneTBOpHTEILHBI 0

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MeTomiyeckne PEKOMECHIAIIHHA 110 H3YYUCHHIO TCOPETHYECCKOI'0O MAaTEPHAJIA

CamocrosrenbHasg padora CTyAeHTa HAauMHaeTCsd ¢ BHHMATEIbHOI'O O3HAKOMIIEHHS C
cofepaHHeM yueGHOro Kypca.

M3yuyeHHe KaXI0H TeMBI CIIeAyeT HAYHHAThL ¢ BHHMATEIIbHOI O O3HAKOMIEHHS ¢ HaDopoM
BOITPOCOB. OHH OPHEHTHPYIOT CTYAEHTA, TTOKAa3bIBAIOT, YTO OH JOJKEH 3HATH I10 JAaHHOH TeMe.
Bormpocel TeMbl KaKk OBl HAaKIIaABIBAIOTCS HA COOTBETCTBVYIOIIVIO ITIaBY H30paHHOro yueOHHKa
WIH y4eOHOro ITocoOHus. B HTOre JOMKHO OBITH SICHBIM, KaKHE BOIIPOCHI TEMBI YUEOHOI'O Kypca H
C KaKOH I''TyOHMHOH PAacKpBITEI B KOHKPETHOM YueOHOM MaTepHale, a KaKkHe BOOOIIE OITYIIEHEI.
TpeOyeTcsa TROPUECKOE OTHOIIEHHE H K CAMOMY COAEPKAHHEO JHCIHILIIHHEL

BoImpockl, COCTaRISIOIIIE €& COAep KaHHe, 00Iaar0T pa3HOH CTeleHbIO BaKHOCTH. ECTh
BOITPOCHI, BBIMONHSIOIIHE (DYHKI[HIO JIOTHYECKOH CBS3KH COAEP KaHHS TEMBI H BCErO Kypca,
HMEIOTCS BOIIPOCHI OIMHCATEIFHOI'O HIH Pa3bsICHHTEIILEHOIO XapaKTepa, a TaKKe HCTOPHYECKOIO
AKCKypca B 00IacTh HM3y4aeMOH MHCIIHIUIMHEI. BCce BTH BOIIPOCHI HE COCTABIISIFOT CYTH ITOHS-
THHHOI'0, KOHIIENITYAJIbHOI'O COAEPKAHHS TeMBI, HO HEOOXOANMBI IS LIETOCTHOIO BOCIIPHSTHS
H3y4YaeMbIX ITPOOIEM.

M3y4yaeMass QUCLIHIUIMHA HMEET CBOH KaTer OpHaJIbHO-TIOHSTHIHEBIN arrapar. HayuHele
IIOHATHS — 3TO Ta 0a3a, Ha KOTOPOH CTPOHUTCH Kakaasd HayKa. [IOHSTHS — Y3II0BEIE, OIIOPHBIE
ITYHKTHI KaK HAYYHOI'O, TaK H Yu4eOGHOI'O IT0O3HAHHS, JIOTHYECKHE CTYIIEHH ABIDKEHHS B yueOe OT
IIPOCTOrO K CIIOKHOMY, OT SBIEHHS K CYII[HOCTH. be3 ACHOI 0 IIOHHMMAHIS ITOHATHH yueba KpaitHe
3aTPYAHSIETCS, a COAEePKaHHE IIPHOOPETEHHBIX 3HAHHH CTAHOBHTCS TYCKIIBIM, PACIIIIBIBYATHIM.

CTyIeHT OOJKEH IIOHHMAaTh, UYTO CaMOCTOSATENBHOE OBJIAJcHHE 3HAHHAMH SBIISETCS
[TIaBHBIM, OIPEACISEOIMM. BEICIIass IKoina co3daeT IS BTOr0 HeOOXOAHMMEIE VYCIIOBHSL
ImoMoraeT OyAVIIEMY BBICOKOKBATH(HIHPOBAHHOMY CIIEI[HAIMCTY OBIAJeTh TEeXHOJIOTHEMH
CAMOCTOSTEIBLHOI O IIPOH3BOACTBA 3SHAHHII.

B camocTosgTenbHOH padoTe CTYAEHTAM IIPHXOAUTCS HCIIONb30BaTh JIHTEPATYPY
pPa3IHMUHBIX BHJIOB: IIEPBOMCTOYHHMKH, MOHOrpadHH, Hay4yHBle COOPHHMKH, XpPeCTOMATHH,
yueOHHKH, YUeOHBIE ITOCOOHS, KYpHaIbl H Ap. M3yueHHe Kypca IIpeAllonaracT 3HAKOMCTBO
CTYJEHTOB C OOIBINMMM OOBEMOM HAYUYHOH H YUYeOHOH JIHMTEPATyYphl, YTO, B CBOI OUYEPE]D,
IOpOKAaeT HeoOXOAMMOCTh BHIPAOOTKH VYV HHX PallHOHAIBHO-KPHTHYECKOIO IIOAXOJa K
H3yYaeMbIM HCTOUYHHKAM.

YroObl He «YTOHYTH» B OIPOMHOM OOBeME PEKOMEHJOBAHHBIX €My M1 H3YUYEHHS

KY VICAH
Hcmt{m@@;p&ﬁﬂ'&%?ﬁ%n%gwe BCET0, NOKEH HAaYUHTBLCS IPAaBHILHO HX 4YHTaTh. [IpaBHIBHOE

Cepmwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E
Bnapendd] CHHLE - REROMEHIOBAE Hblaw- ICTOUHHKOE ITPEAIIONIAI'd€T CIICJOBAHIIC HCCKOJIBKHM HCCJIOZKHBIM,

HO BECbMaA ITOJIE3HBIM ITPABHITAM.
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[IpenBapHTEIbHBIN ITPOCMOTP KHHIHM BKIIFOYAET O3HAKOMIEHHE C THTYIIBHBIM JIHCTOM
KHUTH, AaHHOTAI[MEH, IIPeAHUCIOBHEM, OIJIaBIeHHeM. IIpH O3HAKOMIIEHHH C OIJIaBJIEHHEM
HeOOXOHMO BBIJEIHTh Pa3Jlellbl, ITIaBkl, IIaparpadsl, IIpeAcTaBILIONIHE IS Bac HHTepec, Oerio
HX IIPOCMOTPETh, HANTH MecTa, OTHOCSIIHecS K TeMe (al3allbl, CTpaHHIBI, ITaparpadsl), H
ITO3HAKOMHTBCS ¢ HUMH B OOIIHX YepTax.

HayuHble H3aHHI COIMPOBOKIAIOTCS Pa3IMYHLIMH BCIIOMOTraTelIbHBIMH MaTepHaIaMH —
HAyVYHBEIM aImapaToM, ITO3TOMY BaXXHO 3HAaTh, M3 KaKHX OCHOBHBIX 3JIEMEHTOB OH COCTOMT,
KaKOBBI €I0 (DYHKI[HH.

3HAKOMCTBO C KHHI'OH JIVYIIIE BCErO0 HAYMHATh C H3YYEHHS aHHOTAI[MH — KpPaTKOH
XapaKTEPHUCTHKH KHHIH, PacKpBIBAOINEH €€ COoAepKaHHe, HICHHYIO0, TEMAaTHYECKYIO H
’KaHPOBVIO HAaIIPaBJIEHHOCTh, CBEJcHHSI OO0 aBTOpe, Has3HauYeHHe M JIpyrHe OCOOEHHOCTH.
AHHOTAIA IIOMOTaeT COCTABUTE ITPEABAPHTEIILHOE MHEHIE O KHITE.

['my0Gxe TOHATH CcOAepKaHHE KHHIH TIO3BOIISIOT BCTYIMMTEIBHAS CTaThs, B KOTOPOH
TaeTcsd OI[eHKAa COJIepKaHMS KHHIH, 3aTparMBacMOH B HeH IPOOIEMAaTHKH, COMEPKHUTCS
HH(pOPMAIHI O KH3HEHHOH H TBOPYEeCKOH OHOrpadHm aBTOpa, BRICKA3BIBAFOTCS ITOIEMHYECKHE
3aMEYAHHS, PAshbACHIIOTCS OTHENIbHBIE ITONOKEHHSI KHHIH, JAr0TCSd KOMMEHTApHH M T.J. Bor
IIOYEMY 3HAKOMCTBO C BCTYIIMTEIILHOH CTAaTheH IPeACTaBIIIETCI OYEHDh BaKHBIM. OHO ITOMOTAcT
CTYIEHTY COPHEHTHPOBATHCSA B TEKCTE PaboTHl, OOpaTHTh BHUMAHHE Ha €€ HAaHOONIEE IEHHBIE H
BAKHBIE PA3IEIIbI.

Toil Ke LenH COMEHCTBYET 3HAKOMCTBO C OITIABJIEHHEM, ITPEIHCIOBHEM, ITOCIECIIOBHEM.
BecbMa ITONME3HBIMH 3JIeMeHTAMH HAyYHOIO aIlapara SBIIIFOTCS CHOCKH, KOMMEHTAapHH,
TaOMHIBI, TpaHKH, CIHCKH JHTepaTyphl. OHH He TOIBKO HWIIFOCTPHPYIOT OTAEIbHBIE
IOIIOKEHNS KHHTH IIH CTaThbH, HO M CaMH II0 ceOe SBISIOTCS JOIOIHHTEILHBIM HCTOUYHHKOM
HH(pOPMAIHH IS YHTATETIS.

Ecim ymraTenns 3aHHTEpecoBala KaKas-TO BBRICKAa3aHHAS aBTOPOM MBICIb, HE HaIlle[IIas
IMOAPOOHOI0 OCBEIIEHHS B JAaHHOM HCTOYHHKE, OH MOXET OOpaTHTLCA K TEKCTY HMCTOYHHKA,
VIIOMHHAEMOI'O B CHOCKE, MO0 K HCTOYHHKY, KOTOPBIH OH MOKET HAaHTH B CITCKe JIMTepaTypHI,
PEKOMEHIOBAHHOM aBTOPOM JISI CAaMOCTOSATEIIEHOIO H3YUEHH.

CyIIecTBYET HECKOIBKO (POPM BeJEHH S 3aITHCEH:

— IUTaH (IIPOCTOH H pa3BepPHYTHIH) — HaHOoIee KpaTkas (popMa 3aIlHCH ITPOYHTAHHOTO,
IpeAcTaBisxonasd coO0OH IlepedeHh BOIIPOCOB, pacCMaTpHBAacMBIX B KHHIE IJIH CTaThe.
PazBepHYTBEIH IIIAH TIPeACTaBIgeT CcoOOH Oolee IOAPOOHYIO 3alch IIPOYHTAHHOIO, C

ﬂ&TﬂﬂIIB@ﬂ%ﬁﬁﬂ&%ﬂ}ﬁﬁﬁﬂnﬂmemm H BBIBOJIOB, C BBIITHCKOH IMTAT, CTATHCTHYECKIX JaHHBIX

Ceprudmkar: 2C0000043ESABBBO52205E7BAS00060000043E -
Bnagendd: T.ﬂmaﬁ%ﬁ&i}ﬁ)ﬁﬂllcm&ﬁa— HEOLCHHMBIH IIOMOIINHHK IIPH BBICTYILUICHHH C JOKI4AAOM Hd

KOHKPETHYIO TeMY Ha CeEMHHape, KOH(epeHIHH,
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— TE3HCHl — KPaTKO C(OPMYIHPOBAHHBIE ITOIOKEHHS, OCHOBHEIE ITOJIOKEHHSI KHHTH,
cTaThbH. Kak mpaBHIIO, TE3HCHI COCTABIIIOTCS ITOCHE ITPeJABAPHTEILHOIO 3HAKOMCTBA ¢ TEKCTOM
HCTOYHHKA, ITPH €TI0 ITOBTOPHOM ITpouTeHHH. OHH ITOMOTAaX0T 3allOMHHTh H CHCTEMAaTH3HPOBATh
HH(pOPMAIHIO.

CocTaBjIeHHE KOHCIIEKTOB

Bomnbnryro pons B YCBOEHHH H ITIOBTOPEHHH MPOMASHHOrO MaTepHalda HrpaeT XOPOIIHit
KOHCIIEKT, COJIepKallliii OCHOBHBIE HJeH IIPOYHTAaHHOIO B Y4eOHHKE H YCIBIIIAHHOTO B JIEKI[HH.
KoHcIekT — 3T0, 1o CyHIecTBY, HAOPOCOK, Pa3BEPHYTHIH IUIaH CBSI3HOTO paccKasa II0 OCHOBHEIM
BOITPOCAM TEMBI.

B Kkakoil-TO Mepe KOHCHEKT pacCYHTaH (B 3aBHCHMOCTH OT HHIHBHYaJIbHBIX
ocOoOeHHOCTEH CTYJeHTa) He TOIBKO Ha HMHTE/UIEKTYaIbHYIO H SMOI[HOHAILHYIO, HO H Ha
3PHTENbHYIO ITaMATh, ITPHYEM TEKCT KOHCIIEKTAa HEPEJKO aCCOLHHPYETCH eIle H C TEKCTOM
yueOHHKA WIH 3aIlHChIO JeKI[HH. [loaToMy Jjerdye 3alloMHHAaeTcs cojepkKaHHe KOHCIIEKTOB,
HaITHCAaHHBIX Pa300puYHBO, C ITOJUEPKHBAHHEM HIIH BBIJEICHHEM Pa3psSAKOH KIIIOYEBHIX CIIOB H
(hpas.

CaMOCTOSTEIbHO H3YYeHHBIe TeMBbl IIPeJOCTABISIOTCS IIperojaBaTel0 B  (opme
KOHCIIEKTa, II0 KOTOPOMY ITPOHCXOAHUT cobecemoBaHme. TeopeTHyeckie TeMBI Kypca (OTAeIbHEBIE

EGHPGGBI): BBIHOCHMBIC Hd CAMOCTOATCIIPHOC H3YVUCHHC, ITPECACTABIICHBI HHIKE.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MeToagH4uecKHe YRAZAHHA ITO IOATOTOBKE K SK3AMCECHY

M3yuyenne mucrmnuinHel «DH3pKa» 3aBeprnaeTcsd sK3aMeHOM. IIoAroToBka K 3K3aMEHY
CITOCOOCTBYET 3aKPEIUIEHHIO, YITIYOJIeHHIO H OOOOINEHHIO 3HAHHH, ITOIYYaeMBIX, B IIPOIECCE
OOVYEeHHS, a TAKXKe IMPUMEHEHHIO HX K PEIIeHHIO IIPAKTHYECKHX 3ajiauy. [ OTOBSICh K SK3aMEHY,
CTYJIEHT NIHKBHIHPYET HMEIOINHECS IPOOEIBl B 3HAHMSIX, VITIYOISET, CHCTEMATH3HPYET H
VIIOPAAOYMBAET CBOM 3HAaHMS. Ha sK3aMeHe CTYIEeHT AEMOHCTPHPYET TO, YTO OH ITPHOOPEN B
Iporiecce 00yUYeHHS 10 KOHKPETHOH YU4eOHOH JHUCI{HIUIHHE.

Ha KoOHcymbTaliMM TIlepe]i 5K3aMEHOM CTVIAEHTOB ITO3HAKOMST C  OCHOBHBIMIA
TpeOOBaHMSMH, OTBETST HAa BO3HHKIIE Y HHX BOIIPOCHL. [Io3TOMY IMOCceleHe KOHCYIIbTaIHH
00sI3aTENBHO.

[Ipn I1oaroroBKe K »5K3aMEHY HEOOXOAMMO HCIIONB30BaTh KOHCIIEKTRI JIEKIUH IIO
TUCIIIINHE, YYeOHHKH H Yy4eOHble ITOCOOHSA (M3 CIIMCKAa OCHOBHOH M JIOTIOJHHTEIbHOH
IIMTEPATYPHI) HIIH KOHCIIEKT JINTEPaTYpPHL, ITPOYHTaHHON 10 YKa3aHHIO ITPEeItojaBaTels B TeUEHHE
ceMecCTpa.

BHauyane cieayeTr IMPOCMOTPETh BECH MaTepHal IO CAaBacMOH JUCIMILIHHE, OTMETHTh
i ceO0sa TPYIHBIE BOIMPOCEHEL. OOs3arellIbHO B HHX pa3o0parbcsa. B 3aKkimroueHHe eIle pas
1[erIecO00pasHO ITOBTOPUTH OCHOBHEIE ITOJIOKEHHS.

CHcTeMaTHYeCKas ITOATrOTOBKA K 3aHATHSAM B T€UEHHE CeMECTPa ITO3BOIHT HCIIOIB30BATh

BpEMA SK3aMeHal[HOHHOH CeCCHH 151 CHCTeMaTH3al[IH 3HaHHII.

Bonpocsl K 3K3aMeHy

l. (OCHOBHEIE (PH3HYECKHE CBOHMCTBA  ITOJYIIPOBOJHHKOB. CoOcTBREHHAs
AIEKTPOIIPOBOIHOCTD ITOIYIIPOBOJHHKOB. OJEKTPOHHBIN H IBIPOYHBIH MeXaHH3MEI IIEPeHOCa
AIEKTPHYECKOI0 3apsa B YHCTHIX ITOIYITPOBOIHHKAX.

2. [IppMecHass BIeKTPOIIPOBOJHOCTh ITONYIIPOBOAHHUKOB. JIOHOPHBIE ITPHMECH
OCHOBHBIE H HEOCHOBHEIE HOCHTEIH 3JIEKTPHYECKOro 3apsaaa. [IomyIrpoBoJHHKH N-THIIA.

3. [IprMecHast 3NIEKTPOITPOBOAHOCTE ITOIYIIPOBOAHHKOB. AKIICIITOPHEIE ITPHMECH.
(OCHOBHBIE H HEOCHOBHBIE HOCHTEIHN 3JIEKTPHYECKOro 3apsaa. IIonyIpoBOJHHKH p-THIIA.

4. OH3HYECKHE IIPOIECCHI HA T'PAHHIIE ITOIYIIPOBOAHHKOB C Pa3IMYHLIM THIIOM
IIPOBOAHMOCTH. OJIEKTPOHHO-IABIPOYHBIH TepeXod. Mcronmp3oBaHHE CBOMCTB p-Nn Iepexoja B
TIOTYIIPOBOJHHKOBBIX IMTPHOOPAX H HHTErPAIbHBIX MHKPOCXEMAaX.

OKYMEHT VICAH
SEH%HPMH%Q@%}HIE p-n nepexoga. OH3HYECKHE IPOIIECCHI B P H N 00IacTsX

Cepmwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E
BnanendlOIIVIHRQOBQIAHHKG AhHM JHRAMOM BRIIFOYUCHIHH. BGHBT-MEPHHH XAPAaKTICPHCTHKA IICPEXOJd B
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IPSIMOM BKIIFOUEHHH. XapaKTEPHBIE 3HAYEHHS TOKOB M HAIIPSLKEHNH PEAILHEBIX P-11 TIEPEXOIOB B
IIPSIMOM BKJIFOY EHHH.

0. OOparHOe BKIIFOYEHHE P-Nn Iepexoga. OH3HYeCKHE ITPOLECCH B P H N 00IacTIX
IIOJTYIIPOBOJHHKA ITPH OOpaTHOM BKIIFOYEHHH. BOIbT-aMIlepHas XapakKTepHCTHKA Iepexona B
Oo0paTHOM BKITFOUEHHH. XapaKTepHbIe 3HAYEHH S TOKOB H HAIIPSDKEHHH pealbHBIX P-N IIEPEXOIOB
B 0OPaTHOM BKITFOUEHIM.

7. [ [oyTIpOBOIHIKOBEIE ITHOJIEI. BonbT-amiiepHast XapaKTEPHCTHKA
VHUBEPCAIPHOTO  AHoAa. «OJHOCTOPOHHSS)  IIPOBOJAHMMOCTE  YHHBEPCAIBHOIO  JTHOJA.
OCOOEHHOCTH BOIBT-aMIIEPHOH XapaKTePHCTHKH. [300pakeHHe H CMBICIOBOE COAEpKaHHE
YCIIOBHOT'O rpapHuecKoro o603HaYeHH S JHOAA.

8. JIMox KakK VIIPARISEMBIH HEIMHMHEHHBIN SIeKTPOHHBIH IpHoOop. JlHoa Kak
BIEKTPHYECKHH KIIFOY, YITPABILIEMBIH HAITPSDKEHHEM.

9. Ceero- 1 UK-moapl. CBETOMHOAHEIE HHAHKATOPEI. CXeMa M IIPHHIMIT padoThI
CBETOJIHOJTHEIX HHIHKATOPOB.

10. CTPYKTYPEI H 0003HaUeHHI OHITONISPHBIX TPAH3HCTOPOB. DH3HYECKHE BEJIMYHHEL,
XapaKTepPH3VIOIIHE PeKUMBI paboTel  TpaH3HCTOpa. lIpeacraBiieHHS O HE3aBHCHMBIX H
3aBHCHMBIX (PH3HYECKHX BEIHYHHAX.

11. [ IpuHIHIT paboTel OHITONISPHOI O TPAH3HCTOPA Ha IIPHUMEPE CTPYKTYPEI II-P-II.

12. CXeMBI BKIIIOUEHH S OHITONISPHBIX TPAH3HCTOPOB. TPAaH3HCTOP KaK VIIPaBISEMBIH
HEJTMHEHHBIH 3JIeKTPOHHBIH ImpHOop. Kos(gduimeHT YycHIEHHS IO TOKY OHIIOISPHOTO
TPaH3HCTOPA.

13. XapaKTepHBIE PeXHUMBI paldoThl TPaH3HCTOpPaA: OTKPHIT, 3allepT, HaCBIIIEHHE,
HHBEPCHBIH PEKIM.

14. CeMeHCTBO BXOJHBIX (0a30BBIX) CTAaTHYECKHX XapaKTePHCTHK OHITOIISIPHOIO
TPaH3HCTOPa CTPYKTYPHI II-p-I. O dekr Opimu. BXOoAHBIE COIPOTHBIEHHS TPaH3HCTOPa IIO
IIOCTOSIHHOMY H IIEPEMEHHOMY TOKaM.

15. CeMeliCTBO  BBIXOZHBIX  (KOMIEKTOPHBIX)  CTaTHYECKHX  XapaKTepPHCTHK
OUITOIISIPHOI'O TPAaH3HCTOpPAa CIPYKTYPHL II-p-II. OCOOEHHOCTH XapaKTEPHCTHK. BBIXOJHEIE
COITPOTHRIIEHU S TPAH3UCTOPa 10 IIOCTOSHHOMY H IIEPEMEHHOMY TOKAM.

16. CTpYKTYpel H 0003HAYeHHS IIOIEBBIX TPAH3HCTOPOB C  VIIPABISEOIINM
BIEKTPOHHO-ALIPOYHBIM ITepexoaoM. (DH3HYECKHEe BEIHYMHBI, XapaKTEPH3VIOIHE PEKHIMBI
paboTHI TpaH3HCTOpa. IIpefcTaBIeH ST O He3aBHCHMBIX H 3aBHCHMBIX (DPH3HYECKHX Be THUYHHAX.

OKY VICAH
lg’n%mpm%ﬂmﬁmm IIOJIEBOIO TPaH3HCTOpa C VIIPABISIOINHM 3IeKTPOHHO-

Cepmwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E
Bnapensdkbl P QRELIM: REPEXNOHOMfa JIPHMEPS CTPYKTYPBI C KAHAJIOM II-THIIA. BxomHoe COIIPOTHBJICHIIC

TPaH3HCTOPA.
Nencteutened: ¢ 19.08.2022 no 19.08.2023

99



18. QopMHpOBaHHE TOPIOBHHBEI B KaHale IIOIEBOrO TpaH3HcTOpa. lloneBom
TPAH3HCTOP KaK YIIPABJISIEMBIH HEITHHEHHBIH 3IIEKTPOHHBIH IIPHOOP.

19. CeMelCTBAa CTOKO-3aTBOPHBIX (YIIPaBJISIOIIMX) CTaTHYECKHMX XapaKTEPHCTHK
IIOJIEBBIX TPAH3HUCTOPOB C VIIPABISIOIIHM SIIEKTPOHHO-IBIPOYHBIM IIEPEXOAOM H KaHAJIOM II-
THIA. KpyTH3HA XapaKTepHCTHK.

20. CeMeliCTBa CTOKOBBIX (BBIXOJHBIX) CTaTHUECKHX XapaKTEPHCTHK ITOJEBBIX
TPAaH3HUCTOPOB C VIIPABILIIOIMM 3JIEKTPOHHO-IABIPOYHBIM IIEPEXOJOM M KaHaJIOM II-THIIA.
BEIXOMHBIE COIPOTHBIIEHHS TPAH3HCTOPA I10 IIOCTOSHHOMY H IIEPEMEHHOMY TOKAM.

21. CTpyKTYpel H 00O03HAQUEHHS IIONEBBIX TPAH3HCTOPOB C H3OIMPOBAHHBIMHI
3aTBOPAMH H BCTPOEHHBIMH (COOCTBEHHBIMH) KaHalaMH. J[OCTOMHCTBAa H HEeJOCTaTKH TaKHX
TPaH3HCTOPOB.

22. OH3MYeCKHe BEIMYMHBI, XapaKTEPH3VIOINHE PeXMMBI pabOoThl TpaH3HCTOpa C
H30JIHPOBAHHBEIM 3aTBOPOM H BCTPOEHHBIM (COOCTBEHHBIM) KaHalIoM. [IpeacTaBiieHHS O
HE3aBHCHMBIX H 3aBHCHMBIX (PH3HYECKHX BelIHUHHaX. OCcOO0eHHOCTH TEXHOIIOTHH H3TOTOBIIEHHS
TaKHX TPaH3HCTOPOB.

23. [IpuHIfUIT pPaboTEl IIOJIEBOTO TPAH3HCTOPpa C M30IHMPOBAHHBEIM 3aTBOPOM H
BCTPOEHHBIM (COOCTBEHHEBIM) KaHAJIOM ITI-THITA. BXOHOE COIPOTHRIEHHE TPAaH3HCTOPA.

24. CeMeHCTBA CTOKO-3aTBOPHBIX (YIIPABJISIOIIMX) CTaTHYECKHMX XapaKTEPHCTHK
TIOIIEBOTO TPAaH3HCTOPa C H30IIHPOBAHHBIM 3aTBOPOM H BCTPOEHHBIM (COOCTBEHHBIM) KaHAJIOM 11-
THIA. KpyTH3HA XapaKTepHCTHK.

25. CeMelCTBa CTOKOBBIX (BBIXOJHBIX) CTAaTHYECKHX XapPaKTEPHCTHK IIOJIEBBIX
TPAH3HCTOPOB C H30JIHPOBAHHBIM 3aTBOPOM H BCTPOEHHBIM (COOCTBEHHBIM) KaHalIOM II-THIIA.
BEIXOIHEBIE COIPOTHBIIEHHS TPAH3HCTOPa I10 IIOCTOSHHOMY H IIEPEMEHHOMY TOKAM.

26. IloleBOM  TPaH3HCTOP C€ H30IMPOBAHHBIM  3aTBOPOM KAaK  HEIMHEHHBIH
VITPABILSIEMBII 3IIEKTPOHHBIN ITPHOOP. BXOMHOE COIMPOTHRIIEHHE TPAaH3HCTOPA ¢ H30IHPOBAHHBIM
3aTBOPOM.

27. SIBNeHNe HMHBEPCHH THIIA IIPOBOJHMOCTH IIONYIIPOBOAHHKA. CTPYKTYPHI H
VCIIOBHBIE I'PpadHuecKie 0003HAYEHHS ITOIERBIX TPAH3HCTOPOBR C H30IMPOBAHHEIMH 3aTBOPAaMH H
HHAYIIHPOBAHHBIMHM KaHajIaMH. /[OCTOMHCTBA H HEQOCTATKH STHX TPAH3HCTOPOB.

28. OH3HYeCKHe BEIMYMHBI, XapaKTEPH3VIOIIHE PeXHMBI paboThl TpaH3HCTOpa C
H30IIMPOBAaHHBIM 3aTBOPOM H HMHAYIIMPOBAHHBIM KaHaloM. IIpeicraBieHHSI O HE3aBHCHMEIX H

3dBHCHMBIX (bHBHIIECKHK BelIMUHHaX. (OcoOeHHOCTH TEeXHOJIOTHH H3TOTOBIIEHHSI TaKHX

OKYMEHT NOANWCAH
TP3H3HCEﬁ%)éﬁ9HHmﬁ NoanNUCLIO
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30. CemMeHcTBa CTOKO-3aTBOPHEIX (YIIPABILSIOINIX) CTAaTHYECKHX XapaKTePHCTHK
TIOJIEBOTO TPAH3HCTOPAa € H30JIHPOBAHHBIM 3aTBOPOM H HHAYIMPOBAHHBEIM KaHAJIOM N-THIIA.
KpyTHs3Ha XapaKTepHCTHK.

31. CemMelicTBa CTOKOBBIX (BBIXOAHBIX) CTaTHYECKHX XaPaKTEPHCTHK IIOJIEBOIO
TPaH3HCTOPa C H3OIHPOBAaHHBIM 3aTBOPOM H HHAYIHPOBAHHBIM KaHaJIOM II-THIIA. BEIXOJHBIE

COITPOTHBIICHITA TPAH3HCTOpPa ITO IIOCTOSAHHOMY H IICPCMCHHOMY TOKAM.

32. KomruiemeHTapHBIe OHITONISPHBIE M IIOJIEBBIE TPAH3HCTOPBI. J|OCTOMHCTBA TaKHX
TPaH3HCTOPOB.

33. AHaIOroBeIe H IIM(PPOBBIE CHIHAIBI. OIpejieleHHe ITapaMeTPOB.

34. ByneBa mMoienp curHanoB. ByneBa amreGpa. OCHOBHBIE TOTHUYECKHE (PYHKIIHH H
AIIEMEHTHL.

35. Jlormeckne pyHkipm H 31meMeHTHl HE(NOT-mHBepTOpR), U (AND), UJIK (OR),
M-HE (NAND) nu UJIU-HE (NOR), Hckmrouaromee MJIM (XOR) u Uckmrouaromee MJIM-HE
(XNOR).

36. 3aJepKKH  PacIpOCTpaHEHHS CHTHAlla M BpPeMEHHBIE JHAarpaMmbl pPaloThI
KOMOHMHAITHOHHBIX CXEM.

37. KoadppuimeHT 0O0BeOHHEHHS IIO0  BXOAY, Harpy3odHas  CITIOCOOHOCTB,
KaCKaJUPOBAHHE H CBS3H JIOTHUYECKHX 3JIEMEHTOB.

38. Jlormyeckue () YHKI[HH H  IIPHHIII IyalIH3Ma. [ IpoekTHpOBaHHE
KOMOHMHAITHOHHBIX CXEM.

39. 7OCHOBHBIE TeXHOIOTHMH H HX Oaszopwele stamml: MJIIL, KMJII, xpemmiii Ha
THA3IeKTpHKe, (DOPMHPOBAHHE SIHTAKCHATLHOIO CJIOS, HOHHOE JIeTHPOBaHHeE, MeTalllIH3allis,
IOA3aTBOPHBIN THAINEKTPHK, IIOCIEAHIE BapHAIlMH TEXHOIOIHH — XaH-K JHAJIEKTPHK,
BEPTHKAJIBHBIH 3aTBOP.

40. baszopemi KMOII mHBeprop. CratndeckHe XapakrtepucTHKH KMOII uHBepropa.
JnHamMIrdeckue XapakrepucTHKH KMOIT naBepTopa.

41. basoBeie KMOII gmormueckne smemeHtel HWM-HE u HMJIM-HE. OcHOBHEBIE
CTaTHYECKHE H JHHAMIYECKHE ITapaMeTPpel M XapakTepucTHKH KM OII 311eMeHTOB.

42. BRIXOmMHOH KacKaj ¢ TpeMs coCTOSHHSIMH B KMOII TexHonorum.

43.  Jlenm@paTOpHI.

44, [ITudpaTop H KOZOBHIH Ipe0Opa3oBaTellb.

45. MyIIBETHIDIEKCOP.

%%%ﬁgﬁéﬂﬁ%%mﬁ@ﬂmqecmm (PYHKIHI Ha MYJILTHITIEKCOpaX.

Ceprvdomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
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48. JIBOMYHBIH CYMMATOP.
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49. MHoropaspsIHbIH CYMMATOP ¢ ITapajIlIe/IbHBIM IIEPEHOCOM.

50. [ [ poBbIe Y3/IBI ITOCIENOBATEILHOCTHOrO THIIA. OIpeIeIeHH L.

51. AcHHXpPOHHBIH RS-Tpurrep Ha sneMeHraX M-HE. CHHXpOHHBIN RS-TpHITEp Ha
sneMeHTax U-HE.

52. D-TpurTep ¢ yIIpaBJIeHHEM YPOBHEM CHHXPOCHTHAJIA.

53. CUeTHBIH T-TpHITED.

54, JK-TpHITED.

55. JIByXCTYyIIeHYaThIH D-TpHurrep.

56. Peructpesl. IlapanienpHble perHCTPBI. PErHCTPEI CABHTA.

57. CYETYHKH C  HEIIOCPEACTBEHHOH  CBS3BIO. BBEMHTAIONMH  CUETYHK C

HEIIOCPECACTBCHH OH CBS3BIO.
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VYuyedono-memoouueckoe 1 UHPOpMAULOHHOe 00ecneueHie 0UCUNIIUHbL

Ilepeuens 0CHO6HOI U 0ONOIHUMEALHOU JIUMEPAMYPbl, HEODXO00UMOU 011 0C60EHUA
OUCUUNIUHDL

Ilepeuens 0cHOGHOIU IUmMepamypul:

1. CyxanoBa, H. B. DnekTpoHHKa H cXeMoTeXHHKa. I IpakTHkyM: yuyeOHoe mmocobue / H.
B. CyxaHoBa. — BopoHeX. BOpPOHEXKCKHH T'OCYIApPCTBEHHBIH VHHBEPCHTET HHKEHEPHBIX
TexHonorui, 2020. — 80 ¢. — ISBN 978-5-00032-472-1. — TekcT: aneKTpoHHHIH // [[ndppoBoi
00pa3oBaTeIIbHEBII pecypc IPR SMART: |caiir . - URL:
https://www 1prbookshop.ru/106457 html

2. llyxoeckmii, B. H. DnexkrporexHmHka, 53IeKTPOHHKAa H CXeMOTeXHHKa. MoIyib
«lIudporasg cxemoTexHHKa»: yiyeOHoe mocobme / B. H. Ilyxoeckmii, M. [O. IloneHoB. —
PocroB-Ha-/loHy, Taranpor: MzmarenmbcTBo IOXHOro (emepalbHOrO yHHBEpcHTeTa, 2018, —
163 ¢. — ISBN 978-5-9275-3079-3. — TekcT: anekTpoHHBIH // 1{H(ppoBoi 00pa3zoBaTelIbHbBII
pecypc IPR SMART: [caiit]. — URL: https:/www 1prbookshop.1u/87782 himl

Ilepeuens 0ononHumenbHOU Tumepamypsl.

1. UrnaroB, A. H. Onekrponnka: yuyeOHoe nmocodmne / A. H. Mraartos, B. JI. Capnnbix, H.
E. ®ageera. — HoBocuOHpck: CHOMPCKHI TOCYAapCTBEHHBIH YHHBEPCHUTET TEIEKOMMYHHKALHI
H uHpopMmatukH, 2020. — 165 ¢. — Teker: anexkrpoHHBIN // 1{H(ppoBoi o0pa3oBaTelbHBIH
pecypc IPR SMART : [caiit|. — URL: https://www 1prbookshop.ru/117127 html

2. CurHukoBa, C. B. COopHHK 3agay II0 JHCIHHIUIHHE «JIEKTPOHHKA». VUeOHO-
MeTomyeckoe mocobme / C. B. CurmmkoBa, A. C. ApedreB. — Camapa: IIoBOIKCKHI
rOCYJapCTBEHHBIH YHHBEPCHTET TeIeKOMMYHHKAIHI B HH(]opMmaTHKH, 2016. — 60 ¢. — Tekcr:
anneKTpoHHBIH // I{mdppoBoil oOpazoBaTenbHbli pecypc IPR SMART : [caiit]. — URL:
https://www 1prbookshop.rw/71877 html

Ilepeuens yuedOHO-MemoOUUECKOZ0 oODecnedeHUus CcamoCmoasmenbHoil padomsl
odyuaroniuxca no 0ucUUnIHe

1. Merognueckne peKOMEHAALMH IS IIOATOTOBKH K Ia0OpaTOPHBIM 3aHSATHSAM IIO
INCIIIIHHE « OIIEKTPOHHKA H CXEMOTEXHHKA) .

2. MeTtomgHuyeckHe PEKOMCEHIAITHI ITO OPI'aHH34AI[HIT CaMOCTOAT eJIbHOH pﬂﬁDTLI CTYVJICHTOB

KYMEHT, NMNCAH
IT0 mICL@%ﬂﬂiﬁ J;[‘%,EEMII{H H CXeMOTEXHHKAY .
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Ilepeuens pecypcoé uUH@OPMAUUOHHO-MENEKOMMYHUKAUUOHHOU cemu Humeprem,
Heo0X00UMBIX 011 0CE60€HUA OUCUUNIUHDL
1. http://www .biblioclub.1u -3BC "YHuBepcuTeTckass OHOIHOTEKA OHIaH"

2. http://www iprbookshop.rw/ - BnexkrponHo- 6udimoreyHas cucrema IPRbooks
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