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Conepxcanue 1adopaTopHEIX padoT

Jlaboparopuas pabora Nel. Hccnenoanue XAPAKTEPUCTUK
MOJIYIPOBOJHUKOBEIX IUOJ0B HA IMOCTOAHHOM M IEPEMEHHOM TOKAX.
Jlaboparopnas padora No2. [Tapamerpuuecknii cTadMIN3aTOp HANPAKEHUA.
Jlaboparopnas pabdora Ne3. Xapakrepuctukn OUIIOIAPHOTO TPAH3UCTOPA.
JIaboparopnasa padora Ne4. XapaktepuCTUKH MOJIEBOr0 TPAHZUCTOPA.
Jlaboparopuas pabora NeS. HeynpaBiseMmbie BEITPAMUTEIH.

Jlaboparopnas pabora Ne6. Kackan yCwmTens IIEPEMEHHOIO TOKa Ha
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YuebHo-meToquueckoe 1 MH(POPMAINOHHOE 00eCTIeueHnEe TUCIIUIITNHEL
[lepeyens OCHOBHOM W AOMOJMHUTENBLHOM JIMTEPATYPHI, HEOOXOOUMOW I
OCBOEHMS O CIUILINHEI

[lepeyens yueOHO-MmeTOOMUECKOr0 OOECmedeHus CamMOCTOATEIbHON pPadOTEL
0OyUarommxca o0 JUCIUILINHE

[lepeuens  pecypcoB  wH(}POPMAIMOHHO-TETEKOMMYHUKAITMOHHON  CETH
HNuTepuer, He0OXOAUMBIX A1 OCBOEHUA TUCIIUTLUINHEL
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Beenenue

Llenpro paboTel B naboparopuu ABAAETCA YriyOneHME M 3aKpEIUIEHHE NPHOOPETEHHBIX
TEOPETUUECKUX 3HAHUN IYyTEM SKCHOEPUMEHTATLHOW MPOBEPKU TEOPETHUECKUX MOJIOKEHUH, a
TAK/KE 3HAKOMCTBO C SJIEKTPOHHBIMH KOMIIOHEHTAMH, OOOPYIOBAHHEM, HM3MEPUTEIBHBIMA
opudOpaMu U anmmaparypom, UCMOJIE3YEMBIMUA B 1a00pATOPUH.

B pe3synprare BBIMOMHEHUS JA0OPATOPHBEIX pPadOT CTYOEHTHI OOJIKHBI HpUOOpecTH
YMEHHS U HABBIKU MO COOPKE M MCCIETOBAHUIO AIEKTPOHHBIX CXEM U IMPUOOPOB, U3MEPEHUAM
SIEKTPUYECKUX BEMMYMH. lemarmka madopaTtopHeIX padOT MOMHOCTEI0 COOTBETCTBYET
COOEPKAHINIO OCHOBHBIX PAa3dElIOB KypCa, M3YUYaEMOTO B BBICHINX TEXHUYECKHX YIEOHBIX
3aBeneHUAX. B omucannm kaxaou maboparoprou pabOTel CPOPMYITMPOBAHA €€ 1IEJTb, U3JI0KEHBI
OCHOBHBIE TECOPETUUECKUE IIONOKEHMA, ONUCAHA CXEMa VYCTAHOBKM I IPOBEICHHA
SKCITEPUMEHTAILHOTO MCCIEN0BAHUA, OAHBI PEKOMEHOAIMU [0 IPOBEAECHUIO OIBITOB M

00paboTKe pe3yIbTATOB U3MEPEHNN, 4 TAKKE KOHTPOJIBHEIE BOITPOCHL.

OOKYMEHT NnoarnmncAH
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1. lenw u 3a0auu uzyuenus ouCyUnIuHbl

[lenpro  0OCBOEHHMA  OUCIMIUIMHEL «OJJIEKTPOHUKA M CXEMOTEXHUKA»  ABJIACTCA
(OpMHPOBAHME KOMIUIEKCA 3HAHWH, YMEHWH U HABBIKOB B 00JIACTH SJIEKTPOHHBIX OPUOOPOB U
()YHKIMOHATBHBEIX y3JI0B AHATOTOBOM W IM(PPOBOH HAEKTPOHHMKHA W MHUKPOIEKTPOHUKH,
KOTOPBIE ABIAKOTCA 04301 A1 MOCTPOEeHUA 00mee CI0KHBIX NpuOopoB POA 1 BEIUMCIMTENEHON
TEXHUKH, CPENCTB U CUCTEM ABTOMATHKH.

3agagyaMy U3y4E€HUS OUCIUILUINHEL « JJIEKTPOHUKA U CXEMOTEXHUKA» ABIIAIOTC:

— W3y4eHHEe (PU3MYECKHUX MPOIECCOB, IMNPOUCXONAMINX B HOIYIPOBOJHHUKOBBIX
MATEpUATAaX W IMPOIECCOB B KOHTAKTAX: MNOJYIPOBOIHHMK-TOIYMPOBOIHUK, MOJTYIPOBOIHHK-
OUSIEKTPUK, MOJIYOPOBOIHUK META, a TAKKe (pu3nueckux 3(p(PeKxToB;

— M3YYCHHUE NPUHIUNA padOTEI, CBOMCTB U 0014CTH NPUMEHEHUSA TUITOBEIX AHAIOT OBBIX
SIEKTPOHHBIX CXE€M (YCWJIMTEIBHBIX YCTPOMCTB, YCTPOMCTB HA OCHOBE ONEPAMOHHBIX
YCUJIUTENEN, AKTUBHBIX (DIUIBTPOB, UMITYJIBCHEIX SJIEKTPOHHBIX YCTPOMCTB, KOMMYTATOPOB, U
T.1.);

— M3yYEHUE MPUHIMIA PadOTEL, CBOMCTB U 001ACTH MPUMEHEHUS 0A30BBIX HIEMEHTOB U
TUIOBEIX CXEM HU(PPOBEIX YCTPOUCTB;

— 00y4eHME NPUHOUITAM OPOEKTUPOBAHUA U PACYETA IIMEKTPOHHBIX CXEM,

— (popmupoBanue HEOOXOOMMEBIX KOMOETEHIMM B cdepe npodecCHOHATBHOM

OJCATCIEHOCTH.

2. Obopyoosanue u mamepuasvl

ATlmmaparHeie CpencTBa.

— Kowmmiekr TumoBoro mabdoparopHoro o0opymoBaHus «leopermueckne OCHOBEI
SIEKTPOTEX HUKI

— YueOHBIH CTeHN « Teopus AMEKTPUIECKUX LEMEH U OCHOBEI AJIEKTPOTEXHUKH »

YuebOHas ayauTopus A NMPOBEOCHUSA YUCOHEBIX 3aHATHUN, OCHANIEHA 000pyZOBAHUEM U
TEXHUYECKUMU cpeacrtBamu 00yuenus. [lepenocHont HOyTOYK, MPOEKTOp, AOCKA MArHUTHO-

MapKEepHasl.

OJOKYMEHT NoanmvucAH
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3. Haumenosarnue 1adopamopusix padoom

Ne Tembr
MUCLUILUIAH
Bl

HaumenoBanue TeM IMCHUILIAHEL, X KPATKOE
COIEepxKaHue

O0BeMm
JACOB

M3 qux
NPAKTU4IECKast
[MOArOTOBKA, 4aACOB

4 cemecTp

JlabopaTtopHasa pabGora Ne 1. Hccaegosanme
XapaKTEPUCTUK IMOTYNPOBOTHUKOBBEIX AUOOOB HA
MOCTOSHHOM M IIEPEMEHHOM TOKAX.
O3HaKOMHUTECH C paboroi, OCHOBHBIMH
XapaKkTe PUCTUKAMHU %] IPUMEHECHUEM
ITOJIYITPOBOIHUKOBOTO THOIA.

1,5

JladbopaTopHas padora Ne 2. [Tapamerpuueckuit
CTA0MIN3aTOP HAMPAKEHUA.

2 O3HAKOMUTE CTYIEHTOB CO CXEMOM, IMPHUHIUIIOM
paboTel MeTogoM pacdéra ¥ BO3MOKHOCTAMH
HapaMEeTPUUECKOr0 CTA0MIM3aTOPa HAPSAK CHUA.

1,5

JlaGopaTopHasa pabora Ne 3. Xapakrepucrtuku
OUITOIAPHOTO TPAH3UCTOPA.

3 OCBOUTE METOIMKY MOJMYYEHHSA BXOAHBIX U
BBIXO/IHBIX XaPAKTEPUCTHK TPAH3UCTOPA, A TAKKE
ONPENEICHHS €70 TMHAMHYECKUX ITAPaAMETPOB.

1,5

1,5

JladbopaTtopHass pabora Ne 4. Xapakrepucruku
MOJIEBOTO TPAH3UCTOPA.

HM3yuenue ocoOeHHOCTEM padOTHl  IMOJIEBOTO
TPAH3UCTOpPA C  YOPABIIEMBIM  HEPEXOIOM,
OCBOEHHE METO KN MOJTy4E€HUA €T0
CTOKO3aTBOPHOMN U BEIXOJHEIX XaPAKTEPUCTHK.

1,5

JlabGopaTopHasa padora Ne 5. HeynpaBnsemsie
BBEIITPAMUTEITH.

HM3yuenue cxem opHO(a3sHeIX U TPEX(QasHbIX
5 BBEINIPAMUTENIEH, CPABHEHUE TEOPETHYECKUX U
SKCHEPUMEHTAIBHBIX 3HAYEHHUH BEINPIMIEHHOTO
HAIMPSKEHUA, 03HAKOMIIEHUE C ()OpMAMU KPHUBBIX
BBITPAMIICHHOTO HAITPSIKCHUSL.

1,5

JlabopaTopHasi padbora Ne 6. Kackan ycumrens
MEPEMEHHOT0 TOKA HA OUITOIAPHOM TPAH3UCTOPE.
M3yunTs cxemy Kackana yCHJIUTENA MEPEMEHHOTO
TOKA C 00mMM SMUTTEPOM, ITPAKTUUECKH OCBOUTH
METOJIUKY YCTAHOBKHM HAUAILHOM PA00UEH TOYKH
6 TPAH3UCTOPA B peKUME A, METOIUKY MOIYYECHHA
AMIIATYOHOM M 4aCTOTHOM  XapaKTEepPHUCTHUK
YCWIMTENA, ONPEIENCHUS €ro BXOOHOTO U
BBEIXOJHOT'O COIPOTHBJIEHWH, NPOAaHATIU3UPOBATH
BIMAHUE HA KOY(PPUIIMEHT YCHUICHUSA 3HAYEHUN
NapaMeTpPOB OTIEIBHBIX JIEMEHTOB CXEMBL.

1,5

1,5

7 Jlabopatopnass pabGora Ne 7. Ycuwmrens Ha

TOJIEBOM TPAH3UCTOPE.

AOKYMEHT NMOAMNMCAH I0TO0 Kackaza Ha
SNEKTPOHHOW NOANUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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BEIXOTHOC COIMPOTHBJICHH.

JlabopaTtopHass padora Ne 8. Tupucropusu
pEryasaTop TOKA.

HccnenoBare pabOTy TUPHUCTOPHOTO PETYIATOPA
BBEIOPSAMJIEHHOTO TOKA € (DA3HBIM YIIPABICHHUEM.

JlabopaTtopHass padora Ne 9. Tupucropue
PETYIATOP HANPAKEHUA.

W 3yunTs TPUHLUITEL PETYIUPOBAHUSA HATIPAKCHU
9 C UCIOJIE30BAHUEM MMOJIYIIPOBOJHUKOBEIX
npuOOPOB; CHATE PETYIMPOBOYHYIO 5]
HATPY30UHYI0  XAPAKTEPUCTHUKH  PEryJsaTopa
HAIPSIKEHUS.

JlabopaTtopHass pabora Ne 10. OnepannonHsu
Y CHJIUTET.

M3yuuTs OCHOBHEIE CBOMCTBA OHEPAIMOHHOTO
10 YCWINUTENSA, MO3HAKOMUTECI C HEKOTOPBIMH
(YHKIMAMHM, BBIDOTHAEMBIMHM C  [TOMOIIBIO
OTEPAIMOHHEIX yCHINUTENEH 15|
COOTBETCTBYIOILIMMH CXEMAMHU X BKJIFOUEHUA.

JlaGopaTtopHasa padora Ne 11. I'eneparop
OPAMOYTOJIBEHEIX UMITYJIECOB.
M3yunTe OPUHOUIMMAIEHYIO CXEMYy, HA3HAYEHHUE
OTHEJIBHBEIX €€ DJIEMEHTOB M paboTy reneparopa
IPAMOYTOJIBHEIX UMITYJIECOB Ha Oaze
OIEPAIMOHHOT 0 YCUITUTEA.

11

JlaGopaTopHasn pabora Ne 12. Tpurrepsr.
H3yuenne TPUHIUIIOB MOCTPOEHUS 151
()YHKIIMOHANBHBIX ~ BO3MOKHOCTEH  TPUITEPOB
pa3JIMIHBIX THUIOB.

12

HTroro 3a 4 cemectp:

27

(ad

Hroro:

27

(od
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4. Codepowcarue n1adbopamopHvix padom
Maovopamopnan pavoma Nel. Hecneodosanue xapakmepucmuk noJiynpo800HUKOGbIX

OU0008 HA NOCMOAHHOM U NepemMeHHOM MOKax

Ilenv padompr: O3HAKOMUTECT C padOTONM, OCHOBHBIMH XAaPAaKTEPUCTHUKAMH U

[MPUMCHCHHUECM ITOJIYIIPOBO JHHKOBOTO JUOI4A.

Ocrnoevt meopuu:

JIByXOneKTpOOHBIM MOJIYIMPOBOAHUKOBEIM AJIEMEHT — IOHOL COOEPKUT N - U P -
npoBOAsIIi ciou (puc. 1.1). B n-mpoBogsmiem cnoe B kauecTBe CBOOOOHBIX HOCUTENEH 3apsaa
npeo0amaroT SMEKTPOHEL, a B p-mpoBoasmieM cnoe * meipku. B pesynsrate auddysum
SJIEKTPOHOB W3 n-001acTu B p-00macTte U, HA00OPOT, ABIPOK M3 p-00mactu B n-o0macTe Ha
TPaHUIIE CO3AETCA NOTEHIIMANLHEIN Oaprep (puc. 1.1 a u 0).

[Ipu npaAMOM TPIWIOKEHHOM HANPAKEHUM («+» K CIOK P, « - » K CIOK )
MOTEHIIUAIBHEIN OAphEep YMEHBIIAETCA, U AUOJ HAUMHAET NPOBOAUTH TOK (aAuon OTKpHIT). [Ipu
00paTHOM HATIPAKEHUN MOTEHIIMATEHEIN Oaphep YBEMUUUBAECTCS (U0 3aTEPT).

BonprammnepHas xapakTepuCcTUKa JUOAA UMEET BUI, N300paxE€HHEIN HA puc. 1.1B.
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Pucynok 8.1 — JIByXamekTpOaHBIN MOy IPOBOIHUKOBEIMN ATIEMEHT

[Tpamon TOK uepe3 p-n Nepexon ONPEnesieTCsa HOCUTELAMH 3apAd, HEOCHOBHBIMU LA
TOTO CIO0fA, Kyda OHU IMPOHUKAIOT. B mporecce mBMKEHHUS OHU CTAIKUBAIOTCA C OCHOBHBIMH
HOCUTEIAMH TAHHOTO CJI0S W pekoMOuMHUpyIoT. C yBEIMUEHHEM IPAMOTO TOKA MaJeHUE
HAMPSDKEHUS HA JUOJE HECKOJBKO Bo3pactaer. [Ipu pekoMOMHAIMN MOKET BBIAETIATCS YHEPrUs

B BUJIC U3JTYUCHHA. ITO ABJICHHUE HCIOJB3YETCA B CBCTOIHOOAX.

AOKYMEHT MOANMUCAH [ OpOTEKAET TONBKO HEOONBHION TOK YTEUKH,
SNEKTPOHHOW NOAMCHIO
CEDTHdJWr{ﬂT.' 12000002A633E3D 113AD425FB50002000002A6 : }rBEm{[IEm{EM DﬁpﬂTHDFD HaHpHHfEHI*{H RBEITIIC
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Nencreutened: ¢ 20.08.2021 no 20.08.2022

7



Pa3JIM4YHEIX THUIIOB OH IPOTEKAET IT0-Pa3HOMY: B OOBIUHEIX BEIIPAMHUTEILHBIX DUONAX — ITO
HeoOpaTnumMoe paspylieHue p-n Oepexona B pe3yabTare €ro MneperpeBa, B JABUHHBIX —
MPOUCXOAUT JABUHHOE pPA3MHOKEHME HEOCHOBHBIX HOCHTENEHW, YTO IMPUBOJIUT K PE3KOMY
YMEHBIIEHUIO 00paTHOTO HANPSKEHNUA HA HEM W YMEHBIIECHHUIO HATPEBA, B CTAOMIUTPOHAX — ITPH
YBEIMUEHUHU OOPATHOTO TOKA MMEETCS AOCTATOYHO MNPOTAKEHHBIT YYACTOK BOJBTAMIIEPHOM
XAPAKTEPUCTUKH, HA KOTOPOM HAIMPAKECHUE MAJIO 3aBUCUAT OT TOKA (3€HEPOBCKUI MPOOOH).

OCHOBHBIE CTATUYECKHE NAPAMETPBl AWUONOB, TAKWE KAaK HOpPOrosoe nHampsxkenue U,
npsamoe naaeHue Hanpsixenue U, muddepennmansnoe conporuBneHue R;, o0OpaTHei TOK Iy,
Hanpsokenue crabmwmiszamum  cradunurpoHa Ue, MOXKHO ONPENENUTh IO BOJBTAMIIEPHOM
XAPAKTEPUCTUKE, CHATON HA MOCTOSHHOM WJIA MEIJIEHHO M3MEHSIOMIEMCSA TOKE.

[Tepexmouenune nrona u3 3aKpPeEITOTO COCTOAHUSA B OTKPBITOE MPOUCXOIUT HE MTHOBEHHO.
JTO MOXKHO HAOmMIOOATE HA SKpaHe ocipuurorpada, €CIu MPWIOKUThE K AUOAY HAIMPSIKECHUE

OPSMOYTOJIBEHOH (POPMBI BEICOKOW 9acTOTHI (puc. 1.2).

0 u A =
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:Fl:' ‘-'an I A

S
&
=

A
0 o

Pucynok 8.2 — BomerammnepHas xapak TepHUCTHKA MTOJIYOPOBOIHUKOBOTO JUOOA

[Ipu nepexome w3 3aKpeITOTO B OTKPBITOE COCTOSHUE HEOOXODUMO BpPEMA i,
HEOOXOOMMOE [ paccachiBaHWA W30BITOYHBIX 3apAN0B IOTEHUHMAIBHOTO Oapeepa u
DoCTIKEeHUA IU(PPy3MOHHOTO PAaBHOBECHS.

[Tpu mepexome u3 OTKPEITOTO COCTOAHUA B 3aKPHITOE HEOOXOAUMO BpEMS £, 32 KOTOpOE
paccacrelBatOTCA W30BITOYHEIE HOCUTEIM W BpPEMS [, 3d KOTOPO€ BHOBhL YyCTAHABIMBAETCA
MOTEHIUAILHEIN Oapeep. OOmiee BpeMs BBIKIIIOUEHUA [luwx — L + f. Ha stanme #; uepes muon
npoTeKaer OOJBIION OOpAaTHBEINI TOK, 4 HANpAKEHUE Ha HEM yOBIBaeT, COXpaHsasd MOpAMOE
HanpasneHue. Ha srane £, Tok oOpaTHBIN TOK yOBIBA€T IO HOPMAIBLHOTO 3HA4YeHUA. PeanpHas

KapTuHa, HA0Mo JaeMas Ha SKpaHe ocCIpuiorpada, MOKeT HECKOJIBKO OTAMYATHECSA OT OMMCAHHOM

AOKYMEHT MNOANWUCAH . M MOHTAMXAa.
QNEKTPOHHOW MNMoAarnncbio
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YKazanusa 10 TEXHUKE O€30maCHOCTH IPU BBEINOJIHEHUH Ja0OpaTropHeIX padoT

[IPUBEICHBI B IPUJIOKEHUE A.

Ykazanun no gvinonnenuro nabopamopnoii padoomoi:

1. Cobepute memsp (puc.8.3. a) amd CHATUA TPAMON BETBU BOJBTAMIEPHOM
XApAKTEPUCTUKHN TH0a0B. OOparuTe BHUMAaHUE, YTO BOJIBTMETP 3TOM CXEME MOAKIMOUEH K TOUKE
«B» (mocne ammepmerpa.) 1 Ha €r0 MOKA3aHUA HE BIMUACT IMAACHUE HANIPSKECHUA HA AMIIEPMETPE,
KOTOPOE COM3MEPHUMO C NPAMBIM IMAJEHUEM HAINPMKEHUA HA AUONE. B TO ke Bpem:A TOK uepes
BOJIETMETP HECOM3MEPUMO MAaJ € MPSAMBIM TOKOM THOJA U HE BHOCUT 3aMETHOM ITOTPEIIHOCTH B

MOKA3aHUS aMITEPMETPA.

13..+13BB 6800m A | [, B 680 Om A | l6,B
o—_Fo—(r)r>q o Fo—(A)>0—
a)
_U + 6) +
| U U
2..28B w | (V EZ oop| (V ZS
\/ \/ \/
158 O ¢ O ¢
a) Mpsmas NoNApHOCTL 6) OBbpaTtHas NoNsAPHOCTDL

Pucynok 8.3 — Cxema BKIIOUEHUA U0 A

2. YcranaBmmBas TOKM, ykKaszaHHele B Tabmn.l.] cHummuTEe npAMyr0 BETBB
BOJIbTAMIIEPHOU XAPAKTEPUCTHKU CHAYald BBEIIPAMUTEILHOTO JUOAA 3aTEM — HUMITYJLCHOTIO M,
naxkonern, nuoaa llorku. Ha puc. 1.4 mocrpoiite rpaduku.

3. M3menure cxemy Ui CHATHA O0OpaTHOM BETBU BOJIBTAMIEPHBIX XAPAKTEPHUCTUK
NEPEKTIOYMB BOJIBTMETP B TOUKY A (10 aMIiepMeTpa) U MEPEBEPHYB TU0A. B 5T01 cxeme uepes
AMIIEPMETP HE IPOTEKAET TOK BOJBTMETPA, KOTOPHIM TEMEPh COM3MEPHUM M Haxe Oombiie
oOpaTHOrO TOKA 4yepe3 nuona. B To ke BpeMsa MageHUE HAMPSKEHHUSA HA aMIEPMETPE HUUTOXKHO
MAJIO TI0 CPABHEHHIO C 0OPATHBIM HANPSKEHUEM Ha JUOIE.

3 YcranaBimBas HANPAKEHWs, yKaszaHHele B Tabn. 1.2, cHumuTe 00parHyrO BETBB
BOJIbT-amIiepHon  xapakrepuctuku auoma llorku. VYOemurecs, d4r0 O00parHBIM TOK
BEIIIPAMUTENBHOTO M MMITYJIBCHOTO JUOOOB HACTOJBKO Maja, 4TO €r0 HEBO3MOMKHO WU3MEPUTH

[OKYMEHT NOANMWCAH "4 mocrpoiire rpadukm.

SNEKTPOHHOW NOAMUCLIO
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TaOmuma 1.1
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Tabmuma 1.2
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5. JUis mccnenoBaHusa XapakTePUCTHK TUOMOB HA MEPEMEHHOM TOKe codepure Ha

HAOOPHOM TIOJIE TICMTh COTJIACHO MPUHITUIMHAILHON cxeme puc. 1.4. U3mepurensusie mpuOopsr B

CXEMY HE BKJIIOYANTE, TAK KAK OHM MOTYT CO3[aTh MOMOJHUTENLHBIEC MapasuTHeIE EMKOCTH. He

3a0yIbTE BKJIFOUMTH MHBEPTUPOBAHME CUTHAMA o kaHamy [I, uroOer oTkioHeHue syua BBEpX

COOTBETCTBOBAJIO MPAMOMY TOKY 4€PE3 TUOI.

MA
40
35
30
25
20
15
10
5
B 25 20 15 10 5 0
0,2 04 06 0,8
0,5
-1,0
-1,5
2,0
AOKYMEHT NoanncAH
SNEKTPOHHOW NOAMNUCHLIO MKA
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

HNeincreutened: ¢ 20.08.2021 no 20.08.2022
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6. Jlna Hagama BKIIOUWTE B LENb BBRIIPAMHUTEIBHBIM AUOJ, IMOJAUTE HA BXOX
CUHYCOMIANBHOE HanpskeHne dactoTtod | kI, ycTaHoBUTE pPydKy PEryIATOP AMIUIUTYIBI
OPUMEPHO B cpemHee moioxenue (4...6 B) u orperynupyite pasBepTKy, CHHXPOHU3AIMIO H
YCHUJIEHUE MO IBYM KaHamam ocipuiorpada tak 9To0sl HA Skpane nmomemamcs 1,5...2 mepuona

KPUBBIX TOKd M HAIMPAKCHIMA.

| 680 Om
~U
1....100 KL AN .
] BXOof | BXOAll
[— (Y),7
O VHB.

Pucynok 1.5 — Cxema mogknroueHus ocrumiorpada

7. [lepexmouaa muoOx)urens vactorer X1, x10, x100, u perymipys kaxaslii pas
IUIMTEIILHOCTE Pa3BEPTKHA ocipimiorpada, nponHaOmomanTe 3a M3MEHEHMEM KpPHUBOM TOKA.
OOBAcCHUTE pE3YILTATHI (MMEUTE B BUAY, 4TO B moaoxkeHun Muoxkwurena *100 BexomHoe
HANPKEHUE TEHEPATOPA CHIKAETCA OPUMEPHO B 2 pasa).

8. [lepexmounrte ocmmwmnorpad B pexum X-Y. llpu 5TOM Ha 5KpaHe HOABUTCA
M300paKEHNE TUHAMHUYECKOU BOJBTAMIIEPHON XAPAKTEPUCTHKHM AWOJA: MPAMOU TOK MO OCH Y
BBEPX, MPAMOE MAJIEHUE HANIPAKEHUA — IO OCH X BHOPABO.

0. CHOBA TONMEPEKITIOYAUTE MHOJKHUTEIbL 4YaCTOTHl, HAOmMOOas 3a W3MEHEHHUEM
OUHAMMYECKON BOJBTAMIOEPHON XapakTepucTUKu. OOBsICHUTE, MOUYEMY IPU HU3KOM YACTOTE
IMHAMUYECKAS BOIBTAMIEPHAS XAPAKTEPUCTUKA COBHANAET CO CTATMUECKOW, a4 MPH BBICOKOM —
HE COBITATACT.

10. [TorrpoOyitTe MOBTOPUTE 3T OIMBITEL C UMIYJIBCHBIM JUOA0M U ¢ mnoaoM HloTku.
OOBACHUTE OTIMYUSL.

11. CHOBA BKIIOUWTE B II€ME BEIMPIMUTEIBHEIN U0, MEPEKTIOUNTE OCIuiiorpad B
pexuM pPa3BEPTKM M YCTAHOBUTE HA BXOJE€ NPAMOYTOJBHOE [BYXIOIAPHOE HAMPSIKEHUE

[OKYMEHT NOANVCAH moit amruryael (2...3 B), 4T00BI MEHBIIE

SNEKTPOHHOW NOAMUCHIO
Ceptudumkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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12.  Hacrpoure n3o0paxenue, mepepucyure ocruuiorpaMmy B otd€r (puc. 1.6), He
3a0pIB yKazareh MacmrTabel mo ocaM (Macmrad mo OCH TOKA BBIYHUCIAETCS Kak MacmTal
HANPSKEHUA, M0 KaHay 1l, ne1€Hueiil Ha CONMPOTUBIEHUE, C KOTOPOTO CHUMAETCA CUTHAI.).

13, Omnpepemure Mo OCHALUIOTPAMME BPEMS BKIIFOUEHUS fner U BPEMS BBIKITFOUECHHS:

Lo

MacwTabbl

Mo kanany |I:

Pucynok 1.6 — Ocummrorpamma amona

Cooeporcanue omuema:

OTUeT OOmKEH CONEPIKATE:

1. Haszeanue paOoTEr;

[lems paboTst;

Kparkue TeopeTuueckue CBEICHMA;

Omicanne uCnoap3yeMoro 000py10BaHuA U MATEPHUATIOB;
[Topanok BermomHEHU pabOTHI;

Beruucnenus n 00paboTka pe3yibTaToB;

-1 o n s W

BEIBO ITEI.

Koumponsnwie sonpocwi:
1. [Touemy vy nmumoma IlloTkm mOpOrOBOE HANPAKEHUE MEHBIIE, UEM VY

BEITPAMUTEIBEHOTO U01a U UMITYJIBCHOTO AM01a, @ 00paTHeIA TOK OOmbme?

2. Kako# 13 UCMBITAHHBIX TUOA0B UMEET HAUMEHBIIEE OBICTPOAECUCTBUE U MOYEMY !
3. Yem oTmmuaeTcs BOMBTAMIIEPHAA XAPAKTEPUCTHKA TMOOA, CHATAA MPU BBICOKOM
[NOKYMEHT MOONWUCAH 7

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Jaoopamopnaa paooma Ne2. Ilapamempuueckuit cmadouauzamop HanpasjiceHus.

Ilens padomei: O3HAKOMUTE CTYOEHTOB CO CXEMOH, HPUHIMIOM padOTBI METOIOM

pacuéra U BO3MOKHOCTAMHU NAPAMETPHYECKOTO CTA0MIN3ATOPA HATIPSKEHUA.
Ocnoebl meopui:

OCHOBHBEIM 3JIEMEHTOM HaPaMETPUYECKOr0 CTAOMIN3aTOpa HANPMKECHUSA ABIACTCA

CTAOWJIUTPOH, BUJ BOJIBTAMIIEPHOHN XaPAKTEPUCTUKNA KOTOPOTO MPEACTABIEH HA puc. 2.1.

Ij.

s O

Pucynoxk 2.1 — Bomerammnepnas xapakTepucTika CTadInTpoHa

[Ipp BriOUEHWM HANPMKEHWUA B INPOBOMANIEM HANPABICHUH XapaKTEPUCTHKA
CTAOMIUTPOHA HUYEM HE OTIHYAETCA OT XAPAKTEPUCTHUKH OOBIUHBIX AUONOB, UCIOIL3YEMBIX B
cxemax Belinpamurened. [Ipu oOparHOM BKIIOUEHUHM HANPSAKEHUA 10 HEKOTOPOTO €r0 3HAYCHUS
CONMPOTHUBJICHHE CTAOMIMTPOHA OCTAETCA OYEHBb BBICOKHM, TOK HYE€pe3 HEro IPAKTHUYECKH
OTCYTCTBYET (y4AaCTOK XAapPAKTEPUCTHUKU «0a»). Ilpu nanpHeENieM yBEeIMYEHWH HANPSKECHUA
HACTYHAeT mpoOOH OUONd, B PE3YJIBTATE KOTOPOr0 HAINPKEHUA COOTBETCTBYET 3HAUWUTEILHOE
YBEIMUEHUE TOKA (Yy4acToK «ad»). B cxemax crabuMmi3aTopoB HANPSIKEHUSA CTAOMIUTPOHBI
UCITOJIB3YIOTCS B PEKUME MPOOOs.

CxeMa mapaMerpudeckoro craduimm3aropa HanpsKeHus, u3o0paxkeHHas Ha puc. 2.2,

cocront nu3 crabunmsaropa Ct u OammactHoro comporuBiaeHns RO. Ha Bxox crabumizaropa
JOKYMEHT NoArncAH

SMEKTPOHHOM MOANMMCHIO oro ucrognuka rmuranua Un. ConpotuBieHue
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 46 H ) )
Bnapenedy: LleBayxosa TatesHa AnekcaHapoBHa dONIIATPOHOM. AIIPAKCHUAC TIHTAHUA OOJIKHO

3HOCTE HanmpsxeHnnd Um - Ucr mamaer Ha
13
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OasutacTHOM compoTHUBICHUH. CHIKEHUE HANPMKEHUS INUTAHWUA OPUBEAET K HEOOIBIIOMY
CHUKEHUIO HAINPKEHUA HA CTAOMIUTPOHE, IMPH 3TOM TOK YEPE3 HETO, a CIEN0BATEIBHO, YEPE3
RO pe3ko yMeHBMIMTCA, 4TO NMPUBENET K YMEHBIIEHUIO maaeHus HanpsskeHns Ha RO. Takum
o0pazomM, cHMkeHue HanpsxeHusa Un MpUBOINUT NOUYTH K TAKOMY K€ CHHKEHHMIO HAITPSKEHUA HA
0anmacTHOM CONPOTUBIACHUM M JHINb K HE3HAUWTEIRHOMY CHIKEHHUIO CTA0WTI3HPyEMOTO

HAIIPsKEHUA HA HATPY3KE.

I Rs L

Cm

Pucynox 2.2 — [IpuHiunuaneHas cxema

[Tpn noBeimennn U, nanpsxenune U, yBEIHMUWTCA HE3HAYUTENBHO, BCIEACTBHE YETO
Toku l.; w [ BO3pacryr HACTONBKO, 4YTO OCHOBHAA YAaCTh MOBBIMIEHUSA HANPDKEHUA
pacrnpenemmrcs Ha Rs. Jlnga komrgecTBeHHON O1eHKH 3(Pppexra crabumizanuy XapakTepUCTHKY
cTadUIuTpoHa B 00macTu pabodeil mOIAPHOCTH HAMPSKEHUS MPENCTABUM COCTOSMIEH U3 OBYX
npameix (puc. 2.1). Jlo wampsxkenus U, Oyaem cuMTaTte COOPOTUBIAECHHE CTAOMIMTPOHA
OeckoHeuyno OospmmM; Opu  HanpsaxkeHwsax, Oompmmx U, HAKIOH BOJBTAMIIEPHOU
XAPAKTEPUCTUKN OMPENEIAETCA TUHAMUIECKAM COIMPOTHBIEHUEM
Re=A U/ Al
HA 5TOM YUYACTKE HANPA/KEHUE HA CTAOMIMTPOHE
Ua= Ut Rerer.
[Tpu U.<U, cralbmwmrpon 3akpeIT, 3Q¢ekT ctadumn3anmy OTCYTCTBYET U HAIMPSKECHUE

HA HATPY3KE PABHO
U, = U.RJ/(Rs+R,).

[Tpu U >U, ong cxemsl puc. 1.2 cnpaBenmiBa cucrema ypaBHEHHM:

I-T-’"!‘:Un + R—CT L:T
NOKYMEHT NMNOoAanncAH
SNEKTPOHHOW NOAMUCHIO =R+ U,

Ceptudurkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Lllebayxoea TaTbAHa AnekcaHgpoBHa =1+ L,

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ii= U/ R

[Ipn 3amaHHBIX HAOPAKEHUM WCTOYHUKA IMUTAHWA, CONPOTHBICHUHM HATPY3KH W
HANPSKEHUN HA CTA0OWIMTPOHE (KOTOPOE, KOHEYHO, JOKHO OBITH B IMpenenax padoduero yuacrka
€r0 XAPAKTEPUCTUKH) CUCTEMA TMO3BOJIIET HAWTH BBIPAKEHUE IS BBEIYUCIEHUA HEOOXO0IMMOTO
0a11aCTHOTO COMMPOTUBICHUA

Rs= Rer Ra(Un- Uer)/[ Uer Rert Ra(Uer- Uo)]

Haumenemee HanpskeHHE NUTAHWUA, IPU KOTOPOM OyAEeT COXpaHAThCA CTadmnu3anus,
Kak caenyer u3 (1),

Unmin= Uo(Rs/ Rat1)

npu 5TOM U= U, [0, IF=UJ/Ri=U/(RatRs).

Cnenyer, uro Rg KemaTensHO MMETE KAK MOYKHO MEHBIIE, YTOOBI paCHIMPUTE JUAMA30H
BO3MOKHOT'O CHIKEHWA HANPSKECHUA MUTAHUA, IOSTOMY IIPHU BEIUUCICHUHN R B (2) HE0OX011uMO
npuHATE U, = Uy i, @ 3HaueHnE U, yIUTEIBAA HETMHEWNHOCTEL BOJLTAMIEPHON XaPAKTEPUCTHUKH,
OPUHATE HECKOJIbKO Oomeme U, (B Hauame nMHEHHOM 4actu pabdodero ydacTka
XAPAKTEPUCTHKH).

HUcmone3ys  cucremy — ypaBHennd (1), MOXHO  Takke  HAUTH  3HAUECHUE
CTA0MIM3UPOBAHHOTO HANPAKEHH A, COOTBETCTBYIONIEE 3HAdeHUI0 U, , mpu npuHaToM Ra:

Uer=Ra(Re:UntRsUo)/[ RaRatRer(RyatRs)]

[Tpupamienuro U, Oyner coorBercTtBoBaTh npupanieHue U.:

AUa=AUR:R /[ ReiRs+Re(RytRs)]
D¢ dexT cTadim3any HANPAKEHUA OMPENESIETCA OTHOILIEHUEM:
AU/ AU=RRe/[ RuRs TR RitR5)]

UYem meHbpII€ 3TO OTHOWIEHWE, TeM BeIME d(Pdexr cradbmmizammu. M3 (6) cnemyer, uro
AU /AU, tem mensiie, uem Oompuie Rg. Takum 00pazom, nmpu pacmmpeHny HUKHETO THAMa30Ha
mw3MmeHeHusa U, 3a cu€r ymensmenua Rs s(Qdexkr crabummzanumu yMeHbIIAETCS, MOATOMY
BEIMYMHY OamgacTHOTO CONMPOTUBIAEHHUSA HEOOXOOMMO BEIOMpATe TakuM 00pazom, d9TOOEBI
yIOBJIETBOPUTE 00a TpeOOBaHMA: U B OTHONIEHWM KAadeCTBA CTAOWIM3AUM, U B OTHOUIICHUH
HIKHETO ITOPOTra HANpsHKeHua nuranua. Kpome Toro, Tok cradmmTpoHa HE JOIKEH IPEBHIIIATE
TOK, JOITy CTUMBIN IO ycaoBuaM Harpesa. M3 (1) cnenyer:

o= Un-Uo-1aRs)/( ReTRer),
HanOonbIIee 3HAUYEHUE |, MpUHMMAET MpU OTCYTCTBHUH HATPY3KH M MPHU MAKCUMAIBHOM

O IACMOM HAMPAKCHIH ITUTAHW A

OOKYMEHT NnoarnmncAH .. n »
SNEKTPOHHOW NOAMUCHIO Uo)/( RsFRer) < Leron

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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[Tocne pacuéra Oa/wTacTHOTO CONMPOTHUBICHUA MO (PopMyne HEOOXOAMMO IPOBEPUTH
BEIMIOJTHEHUE yCIOBUA. EcCmm mociemHee yCiIOBUE HE BBIMOJHAECTCA, TO HEOOXO0AuMMO 0O
yBeMIUTE Rs, m100 BEIOpaTs OoJie€ MOITHBIN CTA0OMITUTPOH.

B HEKOTOPEBIX CiIydasx BO3HMKAET HEOOXOAWMOCTH CTAOWIM3anAN HANIPAKEHUS THTAHUS
OpU U3MEHEHUM COTpOoTUBIEHUS HArpy3Kku. [Ipu R,=0 BCE mpunoxennoe HanpsmkeHne magaeTt Ha
comporuBiaeHu R MuHuUMansHOE COONPOTHUBIECHUE HATPY3KH, IMPU KOTOPOM HAUMHAETCA
3(pdexr crabmmzanym, MOKET OBITE HAMIEH U3 BRIPAKEHUA (3):

Rymin= RsUy/ (Un'UD)
opu 5toMm R, Hanpsxenue U, = U,. C yBenumuenunem R, nanpskenne Ha ctaOWIMTpOHE

Oyzer pactu, ¥ pHu OTCYTCTBUM HATPY3KH (R, = o0) mpuMer HanOoIp1Iee 3HAYECHHE:

UCT max (Un R—CT+ Uu Rﬁ)l"lr( R—ET+ Rﬁ)

Yrkazanue no mexnuke oezonacHocmii:
VYKazanua 10 TEXHUKE O0e30macHOCTHM MpH BBEINOTHEHUH JadopaTropHeIX paboT

[IPUBEACHBI B IPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamoproiu padomoi:

B mannoi naboparopuoit pabore HE0OXOQUMO BBIMTOIHUTE CIEAYIONIEE:

— CHATH BOJIbTAMIEPHYIO XaPAKTEPUCTUKY CTAOMIUTPOHA;

— OMpeaenuTs napamMerpsl pabouero yuacrka xapakrepuctuku: Uo u Rer;

— BBIUMCIUTH 3HAYEHHE OA/LTACTHOTO COMPOTUBIAECHUA MPHU 3aJaHHBIX COHNPOTUBICHUH
HAIPY3KX1 U MUHHUMAaJIBHOM HAITPANKCHUH MCTOUYHHKA ITUTAHWA,

— ONPEIEINUTE 3aBUCUMOCTE CTAOMIM3UPYEMOTO HANPSKECHUA OT HANPAKECHI HCTOTHUKA

[MUTAHHUA TPH MOCTOAHHOM RH,

— ONPENENnUuTh 3aBHUCUMOCTH CTAOMIM3UPYEMOI0 HANPAKEHUSA OT CONPOTHUBICHHSA
HArpy3KH IIpu mocTossHHOM UT.

2. CobOparts cxemy, n300paxénnyro Ha puc. 2.3.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Cm

Pucynoxk 2.3 — [IpuninuansHas cxema
3. He nopkmouas CONPOTHUBICHUS HATPY3KM W MEHAA HANPSIKEHUE TIMMTAHUA B
COOTBETCTBUM CO 3HAYECHHAMH, 3aMUCAHHBIMU B Tabmuue 2.1, CHATE BOJIBTAMIIEPHYIO
XAPAKTEPUCTUKY CTAOWIMTPOHA MPU IPAMOU U 00OPATHON MOISAPHOCTH HANPAKEHH .
4. ITo manueim Tadnuie! 2.1 MOCTPOUTE BOTETAMOEPHYIO XAPAKTEPUCTUKY CTAOWINTPOHA,

onpenemmrs 3Hauenus Uo u Rer.

Tabmuma 2.1.
Uo. B [TonmoxurensHas MOJIAPHOCTE OTpuniarensHas noIPHOCTE

048] 055 | 0.6 | 0,67 | 0,7 | 0,74 | 0,77 | 6 8 9 95 9,6 | 9.7 | 9.8
[e,MA

5. Jlna Un min n Ry, 3amanneix npenopaBareneM, BeIUUCIUTE RO u BeIOpars w3
UMEIOITUXCA OmKanmee 0oJbInee.

6. YcranoBute B cxeMme 3amanHoe Ru u npunsaroe RO, nposeputs nipu 3ananHom Un min
3nauenue UCT, 3amicars €ro U CPaBHUTH CO 3HAYEHHUEM, ITPUHATHIM IPH BeEIYuCcIeHun RO.

7. 3amaBas 3HAUEHUA HANPSKEHUS MUTAHNS, YKa3aHHBIE B TA0nuile 2.2, mpu MOCTOSHHOM
Ru, 3amannoMm  mpemopamarenem, —3amucath B TAOMMIly — MOMyYEHHBIE — 3HAYECHUS

CTAOMIN3UPOBAHHOTIO HAIPAKECHU .

Tabmuma 2.2.
U.. B 10 11 12 12.5 13 13.5 14 14.5 15
U, B

* I NOKYMEHT MOANWUCAH ~ 1 ={Un).

SNEKTPOHHOW NOAMUCHIO

Ceptuchukar:  12000002A633E3D0113AD425FBS0002000002A6
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nmoMeHATs Mecramu. [lnaBno ymenemas nepemeHHeiM pesuctopom | kOwm compotusienue
Harpy3ku, npu Un = 15B ycraHoBuTE TOKHM B IE€NMM HArpy3KW, yKaszaHHbele B Tabmuie 2.3, u
3amyucare COOTBETCTBYIONIME OSTHUM TOKAM HANPSKEHUSA HA HArpyske. Beraucnure 1m0
3amUCaHHBEIM B Tabmuue GQopmMynaM HampsKeHue Ha OayutaCTHOM COINPOTUBIEHHH, TOK,
MOTPEONAEMBIN OT UCTOUYHUKA MUTAHUSA, TOK 4€pe3 CTAOWIUTPOH U COMPOTHUBICHHE HATPY3KH.
OTMETUTE COMPOTHUBICHHUE HATPY3KH, IIPHU KOTOPOM CTAOMIMTPOH 3AMMMPAETCA, CPABHUTH €TO C

BEIUMCIEHHEIM. [10 manneM Tabmuier noctpouts rpaduk 3asucumoctu Ucrt = f(In).

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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TaOmura 2.3.

I, MA 6 7 8 9 10 12 15 18

U, B

Us= Us- Ui

[=Us Rs

II:T: I' IH

Ro=Ucr/ L

Cooepoicanue omuema:

OTuer DOmKEH CONEPIKATE:

1. Hazsanue paboTsr;

[{ems paboTsr;

Kparkue TeopeTuuecKue CBEICHMA,

Onmcanne UCIoap3yeMoro 000pyI0BaHNI U MATEPHUATIOB;
[Topsmok BEITIOTHEHUS PAOOTEI;

Breraucnenus u 00paboTka pe3yiasTaTos;

NS kW

BEIBO I

Konmponwsuwie eonpocwi:

1. OmummuTe BOJBTAMITIEPHYIO XAPAKTEPHUCTUKY CTA0OMIHTPOHA.

2. [Toscaure mpuHIMT PadOTH MAPAMETPHUECKOTO CTAOWIM3AaTOPA HATPSIKEHU.

3. Kak, moap3ysach BOJBTAMIIEPHONW XAPAKTEPUCTHKOM CTAOWIUTPOHA, PACCUUTATH €ro
OUHAMHYECKOE CONIPOTUBICHUE?

4. OT gero 3aBUCHUT HUKHUH IMTOPOT CTAOMIM3UPYEMOTO HATPSIKEHUS

5. Kak Bemumna Oa/TaCTHOTO COMPOTHBIICHHWS BIMAET HA KA4ECTBO CTAOMIM3AIINM
HAMPSKEHU !

6. UeMm orpaHMuMBaETCS MUHUMAIHHOE 3HAUEHNE 0AITACTHOTO COTIPOTHBICHUS?

7. Kak CcOmpoTHMBIEHME HArpy3Ku BIMAET HA KadecTBO paborel crabmmm3aropa

HANPSKEHUA !

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Jdadopamoprnan padboma Ne3. Xapakmepucmuku OUnoiapHozo mpau3ucmopa.

Ilenv padompr: OCBOUTH METONWKY ITOJIYUYEHHUS BXOIHBIX M BEIXOJHBIX XaPaKTEPHUCTHK

TPaH3UCTOPA, a TAKKE ONPENEIIEHU €r0 TMHAMHUYECKUX [1apaMeTpPOB.

Ocnoebl meopui:

[Ipu BeIMOIHEHMM PACYETOB CXE€M C OUIIOSPHEIMUA TPAH3UCTOPAMH HCIIOJIB3YIOT HX
BXOHBIE€ U BBIXOJIHBIE XaPAKTEPUCTHKH.

BXomgHBIMU XapaKTEPUCTHKAMHU HA3BIBAIOT 3aBUCHUMOCTh TOKA 0a3bl 1 OT HANPSKEHUA
smurtep-0aza U, 0Opu DOCTOSHHOM HampsKeHWM  KomtekTop-smutrep Uy, Bug stmx
XApAKTEPUCTUK NPEACTABIEH HA pUcC. 2.1.

Crenyer 3aMeTUTh, 9TO BXOIHBIE XAPAKTEPUCTHKH, ITOJYYEHHEIE ITPU PA3INUHEIX
HanpsaxeHuAx Uy, OTIMYHBIX OT HYJIA, MPAKTHIECKA COBNAAIOT.

[To BXOZHEIM XapakTepUCTHUKAM OIPENEIAOT TAKHE JUHAMHYECKHUE XapPaKTEPUCTHKU
TPAH3UCTOPA, KAK BXOJHOE TUHAMHYIECKOE COMMPOTHUBIICHUE

h =AUy Ai;

[IpencraBnsmromee  coboit  oTHOmMEHME — mpupanieHus — HampsxeHua Uy K
COOTBETCTBYIOILIEMY MPHUPANIEHAI0 TOKA 0a3bl NPU NOCTOAHHOM HANPMKEHUH KOJUIEKTOP-
SMUTTED, U KOIPPUIMEHT 00pAaTHON CBA3H MO HAIPAKEHUIO

h;»=A U.s/ A Uy,
[TpencraBnsronmii coO00M OTHOMIEHWE COOTBETCTBYIONIUX APYT OPYTY MPUPANICHUM

HANPKEHUN SMUTTEP-0a3a U KOJUIEKTOP-3MUTTEP MPU MTOCTOSIHHOM TOKE 0a3wl.

j.ﬁ 4 U]{g.: UB UE@:SB
.&i U::;E
Als
ﬂl U&ﬁ
NOKYMEHT MNOAMNUCAH ) | >
SNEKTPOHHOM NOAMUCHIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 Uﬂﬁ
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

[ XaPaKTCPUCTHKA TPAH3UCTOPA
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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BrIXOZHBIE XApPAKTEPUCTUKU OTPAKAIOT 3aBUCHUMOCTE TOKAa KoJuiekropa [. or
HAIPAKEHUA KOJUIEKTOP-3MHUTTEP MPH PA3IWYHBIX TOKAaX 0a3el, X BUJ IPEACTABIIEH HA pUC. 2.2.
[To BEIXODHBIM XapakTEPUCTUKAM OIPENEIAIOT TAKUE MAPAMETPHI, KaK KOYPPUIUEHT YCUIICHUS
TOKa 0a3sl
hhy=ALJ/ A (2.3),

OpPEACTABIAONIANA  COOOM  OTHOWMIEHME  TPUPANICHMA  TOKA  KOIJIEKTOpa K
COOTBETCTBYIOIIEMY MPUPANIEHAI0 TOKA 0a3pl NPU NOCTOAHHOM HANPMKEHUW KOJUIEKTOP-
SMUTTEP, U BBIXOIHAA JTUHAMUUECKAA TPOBOINMOCTE

ho=AL/AUs (2.4),

OpEeaCTaBIAOMIAA  COOOM  OTHOIIEHWE  MOPUPANIEHWA  TOKA  KOMIEKTOpa K
COOTBETCTBYIOIIEMY MPUPANICHUIO HANPKEHUA KOIIEKTOP-SMUTTEP MHPH MOCTOSHHOM TOKE
0asel.

BcnencrBue HEJIMHEWMHOCTH KAaK BXOIHBIX, TdK W BBIXOJHBIX XApPAKTEPUCTHK BCE
MEPEUNCIICHHBIC MAPAMETPEI UMEIOT PA3TNIHbBIC 3HAUECHUS I PA3TMIHBIX pad0UunX TOUEK.

O0macTe BEIXOAHBIX XAPAKTEPUCTHUK, B KOTOPOM OHU MPAKTUYECKH JTUHEUHBI U B KOTOPOU
TOK KOJUIEKTOPA Maa0 3aBUCHUT OT HANPSIKEHUS KOMIEKTOP-3MUTTEDP, 4 OMPENEIsIeTCs TOKOM
0a3bl, HA3EIBAIOT AKTUBHOM 30HOU. [Ipu yBemmuennu Toka KommiekTopa u HanpskeHus Uy, pacTér
MOTITHOCTh TE€IUIOBBIX MOTEPH B TPAH3UCTOPE. ITH MOTEPH HE NOJHKHBI MPEBBIIIATE JOMTYCTUMOTO
IUISL JAHHOTO TPAH3UCTOPA 3HAYEHUS P son

Px— U, L=< P on.

Jluaua gOMyCTUMBIX MOTEPE HA PUC. 3.2 OPOBEAEHA MTYHKTHPOM.

' :
I ' 17=60MKA
17=50MKA
IR 15=40MEKA
."I_‘l lﬁ -‘_-"=,_1_ pg;_'qgr[ 15=3[]MKA
AUs AL
1;=20MKA
le=10MKA
>
ONOKYMEHT NoanncAH UEB‘
SNEKTPOHHOM NOAMUCHIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 A XAPAKTCPHUCTHKA TPAH3HUCTOPA
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Yrazanue no mexnuke dezonacHocmii:
VKazanua 10 TEXHUKE O0€e30macHOCTHM MpH BBEINOAHEHUH Ja0OpaTropHeIX paboT

[IPUBEICHBL B IPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padbomoi:

B pmannon maboparopHout padore HEOOXOAUMO MMONYYUTH BXOJHBIE U BBEIXOIHBIE
XAPAKTEPUCTUKU TPAH3UCTOPA U BEIYUCIUTE 3HAYEHHA TUHAMUUECKUX MTAPAMETPOB.

[Topanok BermomHEHNS PAOOTEI CIEAYIOINM.

1. U3y4uTh OCHOBHEIE TEOPETUUECKHE ITOJIOKEHU .

+ g . I%H*r—'jL

Pucynok 3.3 — Cxema ycuimrens ¢ 00mmmM SMUTTEPOM

2. CoOpars cxemy, nzo0Opax€nnyro Ha puc. 2.3. B cxeme 00A3aT€ABHO IPEXyCMOTPETE
nepeMberuky «I1», HeoOX0MMYI0 U1 U3MEHEHH MECTA BKIIOUEHNA MUJUTMAMIIEPMETPA.

3. Ycranoure nHampsxenue Ux>=0. Ilpm Tokax Oaszsel, yka3zanaeix B tabmae 3.1,
W3MEpUTh 3HadeHusa Hanpskenus U0o u 3amcate ux B Tadmany. [ToBropurs onerr mpu Uk =
2,5Bul0B.

Tabmuma 3.1.

ls, MKA 0 5 10 20 50 80

opu Ug,=0
Us., B opu U=2,5B
npu U,.=10B

4. YceranoButs TOK 0aser 20 MkA. [lepexknounTs MUIITHAMIIEPMETP B LIEMb KOJUIEKTOPA,

AOKYMEHT NOAMMCAH VcranasmmBas 3Haue-HUA HANPSKEHUS B IEIH
QNEKTPOHHOUW MoAgrnncbio

Ceptudumkar: . 12000002A633E3D113AD425FBS0002000002A6

3aImcaThy B Ta0I COOTBCTCTBYHOIIIHC 3THM
Bnapeneu: Ulebayxoea TaTbaHa AnekcaHopoBHa ’ Uiy Y10

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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HANPSDKCHUAM 3HAYECHUS TOKA KoJutekropa. Mamepenus noBropure nmpu Tokax 0aszser 40, 60 u 80

MKA.
Tabmuia 3.2.
U, B 0 0,2 0,5 1 2 5 10 15
opu 1;=20MKA
L A nopu 1=40MKA
opu 15=60MKA
nopu 15=8 OMKA
5. Ilo manneiM Tabmum 3.1 m 3.2 mOCTPOUTE BXOIHBIE U BBEIXOJHBIE XAPAKTEPHUCTUKU
TPAH3UCTOPA.

6. B paboumx TOYKax, yKa3aHHBIX TIPEMOIABATENIEM, OIPEAECAUTh IMHAMHYECKUE

TAPaMETPEI TPAH3UCTOPA.

Cooepowcanue omuema:

OTuer DOmKEH CONEPIKATE:

1. Hazsanue paboTsr;

[leas paboTHI;

Kparkue TeopeTnaeckue CBEICHNA,

Omicanre nCmonp3yeMoro 000py10BaHUA U MATEPHUATIOB;
[Topanok BermomHeHus padboTHI;

Beruncnenus n 00paboTka pe3yibTaTOB;

-1 ™ h P o D

BriBOIEI.

Koumponasnwvie sonpocwt:
1. Yro npencraBmaoT cOOOHM BXOIHBIE U BEIXOIHBIE XAPAKTEPUCTUKU TPAH3UCTOPA?
2. Pacckaxure 0 mNOpAAKE TMOAYYEHMS BXOOHBIX MW BBIXOAHBIX XAPAKTEPHUCTHK

TPAH3UCTOPA.

3. Ilepeuncimre puHAMHMYECKHE ITAPAMETPBl OUITOIAPHOrO TpaH3ucropa. Kak wux

MOJIY4aroT?

4. Yem OorpaHnue€Ha aKTUBHAA 30HA BRIXOJHBIX XAPAKTEPUCTHK TPAaH3UCTOpA?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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JTavopamopnas pavoma Ned. Xapaxmepucmuku noieeozo mpaH3ucmopa.

Ilens pabomer: W3yuenue ocoOenHocred pabOTBI TMONEBOrO TpPaH3UCTOpA €
YOPABIAEMBIM HEPEX0I0M, OCBOCHHE METOAUKH MOMYYEHUS €r0 CTOKO-3aTBOPHOW M BBIXOJHBIX

XapaKTePUCTHUK.

Ocrnoevt meopuii:

B mannoi naboparopHoit paboTe pacCcMaTpuBAETCA MOIEBOM TPAH3UCTOP C YOPABIAEMBIM
MEPEXOI0M. [ paH3uCTOPEI TAKOTO TUIIA MOTYT UMETh N-KAHAJI, B KOTOPOM HOCHUTESIMHU 3aPAI0B
ABJISIIOTCA SIEKTPOHBL, TH00 p-KaHala, B KOTOPOM HOCHTEIAMM 3aPAI0B ABIAIOTCS ABIPKHA. Cxema

KOHCTPYKIIMN TPAH3UCTOPA C N-KaHAIOM IIPEACTaBIeHa HA puc. 4.1.

3aTBOP
ICTOK

e Emmm obeTHEHHAA 30HA

Pucynok 4.1 — CxeMa KOHCTPYKIMH TPAH3UCTOPA C N-KAHATIOM

B kpucrann moaynmpoBOOHUKA N-TUIA, MUMEIOMIETO MAIyl0 KOHIUEHTPALUMIO IIPUMECH,
BIIAAH KPUCTAJUT P-THUOA C BBICOKOM KOHIEHTpamen npumecu. Bcenencrsue mud@ysun
SNMEKTPOHOB M3 N-TOJYMPOBOTHUKA U JBIPOK U3 P-TMOMYIPOBOJHHUKA HA TPAHUIIE KPUCTAILIOB
oOpasyerca oOemHEHHAsA 30HA, TUIIEHHAS HOCWUTENEH 3apsAmO0B WU IMOSTOMY HUMEIONIAA OYEHB
BEICOKOE€ COMPOTHRIEHHUE.

3-3a pasHOCTH KOHLEHTPALMY IPUMECEH 00eTHEHHASA 30HA 3AHUMAET MOYTH BECE 00BEM
N-TOJY-MIPOBOJHUKA, OCTABISASA CO CTOPOHBEI, NPOTHUBOMOJOKHOM P-TIOMYOPOBOAHUKY, Y3KUH
KaHai. Y TPaH3UCTOPA UMEETCS TPU METAJUTUYECKUX AIEKTPOAA, OOUH U3 KOTOPBIX, HA3BIBAEMBIN
3aTBOPOM, COEMUHEH C P-MOMYNPOBOTHUKOM, NIBA JIPYTUX, HA3BIBAEMBIX MCTOKOM U CTOKOM,
COEIMHEHBI C KPUCTAUIOM N-TUMA C MPOTUBOMOJIOKHBIX CTOPOH, TaK UTO KAaHAT HAXOIUTCA
MEK Ty ATUMH SJIEKTPOJAMH.

3aTBOp ABIAETCA YOPABMIOMIMM HSaeKkTpomoM. Ecmi Mexay CTOKOM UM HUCTOKOM

[IPHJIONKHTE Pd3HOCTE IMOTCHIHAJIOB IIPH OTCYTCTBHH IMOTCHIMAId HA 3dTBOPC, TO HCPC3 KaHAJ

= (S ;EIGKFTH_EHT I"Ibﬂ_HHCAH_ i op OTE ATCIEHOTO OTHOCHTCIEHO HCTOKA IMTOTCHIIMAJIA
SNEKTPOHHOWM NOANUCHLIO |
Ceprudpmkar:  12000002A633E3D1M13AD425FBS0002000002A6 Td YMCHBOIMUTCA, U COIIPOTHUBICHHEC TCIITH CTOK-
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

ymeHpmuTcA. [lpn 3TOM Cnenyer 3aMeTuTs, 4To

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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TOK 4epe3 3aTBOp OyZeT OTCYyTCTBOBATH, T.K. HANPKEHHE ITO IE€NM 3aTBOP-UCTOK ITONAHO B
HEMPOBOAMIEM HampasiaeHuu. [Ipy mogage mosoKUTENBHOTO MOTEHIMAIA HA 3aTBOP ITO0 LIEMH
3aTBOP-UCTOK ITOTEUET TOK, TOMIIMHA KAHAIA YBEIMYUTCSA, U JAKE NPU HEOOIBIIOM TOKE 3aTBOpPa
TOK CTOKa PE3KO BO3PACTET.

['paduueckoe mzoOpakeHne TPAH3UCTOPOB C YIIPABIAEMBIM MEPEXOIOM MOPEICTABIEHO

Ha puc.4.2.
{4 3 1] 3
L
c 1 c
TPaH3HCTOpP C P-KaHaTOM TPaH3HCTOP C N-KaHaTIOM

Pucynok 4.2 —I'padguueckoe n300paxkeHne MOJEBEIX TPAH3UCTOPOB

J11 MONEBBIX TPAH3UCTOPOB UCIIOJIB3YIOT TAKUE XAPAKTEPUCTHKHU, KAK CTOKO-3aTBOpHA,
mpeacTraBidgonias co00M 3aBUCUMOCTh TOKA CTOKA OT HAOPAKEHUSA 3aTBOP-UCTOK HOPH
MOCTOSHHOM HAMNPSAKEHUN CTOK-UCTOK, ¥ BEIXOQHEIE, MPEACTABIAIONINE 3aBUCUMOCTE TOKA CTOKA
OT HANIPAKEHUS CTOK-UCTOK MPU (PUKCUPOBAHHBIX 3HAYECHUAX HATIPSKEHUSA 3aTBOP-MCTOK.

JlnHaMUUECKMMH TTapaMeTpaMH MOJIEBEIX TPAH3UCTOPOB SABIAIOTCA CAEAYIONIHE:

— KPYTU3HA CTOKO3aTBOPHOU XaPAKTEPUCTUKHU

S=di./du,, mpr TOCTOAHHOM U,,; ¥ 3aJaHHOM Usy;
— BHyTpeHHee qudPpepeHaIbH0e COTPOTUBIIEHHUE
R amh— du,/di, )
Koropoe onpeaenstoT mo BEIXOAHEIM XapaKTEPUCTHKAM IS 3aJAHHBIX Une U Usy;
— KOA((pUIIMEHT yCUICHNUS HATPSK CHUS

M= du./dU, TpH TOCTOSHHOM 1. ¥ 33TAHHOM Usy.

VYrazanue no mexunuke dezonacHocmii:
Vkazanusa 10 TEXHHUKE O0€30macHOCTHM TMpPH BEINOTHEHWUHM JTa00OpaTOpHBIX padoT

[IPUBEACHBL B IPWJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padomoi:
[Ipu BeIMOMHEHMM nanHOM mnaboparopHOM padOTEI HEOOXOOUMO IOJYUYUTH CTOKO-

3aTBOPHYI0 W BBEIXOJHBIE XAPAKTEPUCTHKH II0JIEBOTO TPAH3UCTOpPAa C KaHAIOM N-THIIA,
AJOKYMEHT NoAarnncAH

SEKTPOHHOW NOAMNACHIO [EPUCTUKN M BHYTpEeHHEE Au((epeHruansHoe
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: ebayxoea TateAHa AnekcaHapoBHa

HNencreutened: ¢ 20.08.2021 no 20.08.2022
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1. M3y4uTh OCHOBHEIE TEOPETUUECKUE ITOJIOKEHU .

2. Cobpars cxemy puc.4.3 nus CHATHA CTOKO3ATBOPHOM XaPaKTE PUCTHKH.

M3menas nmanpsxenue usn ot -2,.5 B no wyma, yOeourecs, 4T0 TOK B IIEMA 3aTBOPA

OTCyTCTByeT. 3ammcate B Tabmuny 3.1 3HaueHwsa TOKa 3arBOpa MPH YKA3aHHBIX B TaOmuIe

[MTOJTOYKHUTCIIbHBIX HAMPAKCHIAX U3H.

3. Ammepmerp u nepemeruky «l1» momenarts mectamu. Ilpu ykazanueix B Ttabmune 4.1

HAMMPIKEHUAX 3aTBOP-UCTOK 3amucark B Tadminy 3HadeHus Toka croka. I[loctpoutes rpadux

CTOKO-3aTBOPHOH XaPaKTEPUCTHUKH.

I1
* Pl
lig
10 KOM
1513(..) C
10 kOM 13
4 D)
T \_/ 3 U
1SB<‘> \Y4
10KOM Usy
F Y
Pucynok 4.3
Tabmuma 3.1.
U B 2.5 -2 -1.5 -1 -0.5 +0.2 +0.4 +0.6
1. MA
1,.MA

4. Cobpars cxemy puc. 4.4 s CHATUA BEIXOJHBIX XaPAKTEPUCTHK TPAH3UCTOPA.

Bnageneu;

Nencreutened: ¢ 20.08.2021 no 20.08.2022

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa
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..15B

4. 7kOM

Pucynok 4.4

YCTaHOBUTE HANPAKEHUE 3aTBOP-UCTOK -1,5 B ¢ momompro morentmmomerpa 1kOwm.

YcranaBnuBas HANPKEHUA CTOK-MCTOK, YKa3aHHBIE B TaOmune 3.2, 3aMepUTh M 3amicaTh B

TAOIUILy COOTBETCTBYIOIIME 3HAUEHHUA TOKA CTOKA. [IOBTOpUTE ONBIT MpHM yKazaHHBIX B TalOimie

HAIIPAAKCHHAX U3H, JIA YCTAHOBKH ITOJIOKHUTCIBHOTO 3HAYCHHA KOTOPOT0 M3MCHHUTE IMOJIAPHOCTDE

HAIPAKEHWA, CHUIMAEMOT 0 ¢ HEPETyJIMPYEMOT0 UCTOUHMKA muTanus:a 15B.

Tabmuma 4.2.
Uaw, B 0,5 1,5 2 3 4 8 10 | 12 | 15
Opy U—-1.,5 B
pH U1 B
l, MA | OpH W =0,5 B
pH U =0 B
pH U,—10,5 B

5. ITocTpours ceMencTBO BEIXOOHEIX XapakTepuctuk 1c=f( Ucn).

6. DBprumciure  KpYTH3HY
mi(pepeHmansHOE  CONMPOTHUBIIEHNE
MPEMOaABATEIEM.

Cooepoicanue omuema:
OTUeT OmKEH CONEPIKATE:

1. Haszsanme paOoTEr;

OJOKYMEHT MNOANUCAH
SNEKTPOHHOW NOANMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS0002000002A6

Bnapeneu: lLlebayxoea TaTeAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

CTOKO-3aTBOPHOM

JJIA TOUCK Ha XAdpPaKTCPHUCTHKAX,

a1

OJOBAHWA U MATCPHAIIOB,

XapPakTepUCTUKA W  BHYTPEHHEE

VYKA3dHHBIX
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5. [Topanok BeImomHEeHUs padOTHI;
6. Berancnennsa n 00paboTka pe3ynsTaros;

7. BeIBOOEL.

Koumponsnwie eonpocwi:

. Onmummre KOHCTPYKIMIO MTOJIEBOTO TPAH3UCTOPA C YIIPABIIAEMBIM HEPEXOTOM.

2. [Touemy 00egHEHHAA 30HA P-N-TIEPEX0,1a PACTIONATAETCA B OCHOBHOM B 30HE MCTOKA-
CTOKA?

3. UTo HA3BIBAIOT KAHATIOM IIOJIEBOTO TPaH3UCTOpA?

4. Kakue HOCUTENM 3apAI0B UMEIOTCA B KAHAJIE TTOJIEBOTO TPAH3UCTOpA?

5. B pesynsTare uero u3MeHAETCA CONPOTHUBIICHUE KaHAIA HOJIEBOTO TPAH3UCTOpa?
6. B kakux cioydasx opu padoTe moIeBOr0 TPAH3UCTOPA OTCYTCTBYET TOK 3aTBOpA?
7. Yo npencraBmaeT co00M CTOKO3aTBOpHAA xapakrepuctuka? Kak e€ momyugarot?

8. Yro mpencraBmaoT COOOM BRIXOAHEBIE XAPAKTEPUCTUKHN MOAEBOTO Tpan3ucropa? Kak
WX HOJIy4arT?

9. Kakue Bam m3BEeCTHBEI fTMHAMHUYECKHE ITApaMETPBI MOJEBOTO Tpan3ucropa?’ Kak nx
BEIYHUCILAIOT

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jabopamopnan paboma Ne5. Heynpaenaemoie soinpamumeri.

Iens padoomer: N3yuenne cxem oqHO(MA3HBIX U TPEX(PA3HBIX BBITPAMUTENEH, CDABHEHHUE
TEOPETUUECKUX U HKCIEPUMEHTAIBHBIX 3HAYEHUH BBINPAMIEHHOTO HAMPAKEHUS, 03HAKOMICHUE

¢ (popMaMH KPUBBIX BBEIITPIMIECHHOTO HATPAKEHUS.

Ocrnoevt meopuii:

OcCHOBHAsA 4aCTh SIEKTPOSHEPIHH BHIPAOATHIBAETCA W MEPERAETCA OT TEHEPATOPOB K
noTpeOUTETAM B BUAE SHEPTUU MEPEMEHHOTO TOKA. J{7mA muranua morpedureneit mocTOsSHHOTO
TOKA MCMOOJB3YIOT BBEIIPAMHUTEM, KOTOPHIE BBINOJIHAIOT, B OCHOBHOM, C HCIOJb30BAHHUEM
HOJIYOIPOBOJIHUKOBEIX OpuOOpoB. B cxemax HEynpaBmAE€MBIX BBIIPAMHUTEIECH MCHOIB3YIOT
muonel. B 3aBUCMMOCTH OT MONIIHOCTH HArpy3Kd XU TPEeOOBAHMN K KA4ECTBY BBINPAMIIEHHOTO
HAIPAKEHUA TPAMEHAIOT PA3JINYHBIE CXEMBI BRI PAMICHH .

I1 +

~—e- -

Pucynoxk 5.1

Haubonee npocrout saeasAercsa cxema 0aHO(a3HOT0 OTHOMOIYHIEPUOTHOTO BEIMPAMICHUA
(puc. 5.1), nucnonezyemas mis moTpedUTEne MaJIOu MOIIHOCTH, AOMYCKAOMINX 3HAYUTEILHEIN
YPOBEHL IYJBCAIUM BBIOPAMIEHHOTO HampskeHusA. DopMa KPHUBOU BBIIIPAMIEHHOTO TAKUM
BEIIPSAMUTEIEM HANPAKEHUS (JKUpHAA JTUHUA) OpeacraBieHa Ha puc. 5.2. /g croaxuBaHus
MyJbCAIMA HANPAKEHUSA MApaAJIEIbHO HATPY3KE OOBIYHO BKIIOUAIOT HIEKTPOJIUTUUECKUN

KOHIEHCATOP OOMBIION EMKOCTH.

U

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOANMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Oewncreutenex: ¢ 20.08.2021 no 20.08.2022 CYHOK 5.2
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[Ipn nuranmum or oxHO(pA3HON LENMM Yamle MPUMEHAIOT CXEMBI IBYXITOIYIIEPHOIHOTO
BRINIPAMIICHUSA, HWMEIONIME 3HAUUTENBHO MEHBIIMH YPOBEHb NYIALCAIMH BBIMIPAMIEHHOTO
HanpsokeHusa. CymiecTByeT OBa BUOA TAKUX CXEM: CO CpemHer TOUKOU (puc. 5.3) m MocCTOBas
(puc.5.4). Ha cxemax HampaBimeHuUE TOKA MNOKA3aHO CIUIOMIHBIMU CTPEJIKAMHA IIPH OJHOU
MOJISAPHOCTH MUTAIONIETO HAMPSIKEHUA M MYHKTHPHBEIMHI — IIPU TPOTHUBOMHOI0KHOM.

JIOCTOMHCTBOM MOCTOBOM CXEMBI ABJIAETCA OTCYTCTBHE TpaHC(popmaropa CO CpPEeOHEH
TOYKOM BTOPUYHOM OOMOTKH. BMecTe ¢ TeM, B 3TON CXEME TOK OTHOBPEMEHHO IIPOXOIUT UEPE3
aBa IUOJa, 4 HE 4e€Pe3 OOUH, KAK B CXEME CO CPEIHEN TOUKOM, MOATOMY HaACHUE HANPAKEHUA Ha

ouonax B ATOM cxeme Oymer B aBa pasza Oombmie. B CBA3M ¢ OTMEYEHHBIM 00CTOATENBECTBOM

CXEMY CO CPETHEHU TOUKOU MPEAMOYTUTENBHEE UCITOIB30BATh NPU OOJIBIINX TOKAX.

e

AOKYMEHT NOANWUCAH L e e e e e e ———
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U \

PucyHok 5.5

KpuBas BBEIOPAMIEHHOTO HANPAKEHUA Iai O0EMX CXEM BBITJIAAUT OJMHAKOBO, OHA
[IPEICTABJIEHA HA PUC. 5.5,

[Torpeburenun mOCTOAHHOTO TOKA OOJMBIION MOMIHOCTH OOBIYHO HUTAIOTCS YEpe3
BEIIPAMUTENN OT TpEX(a3ueix nenei. 1péxdaszHeie cXeMbl BEIIPAMIECHU, KAK U OOHO(DA3HEBIE,

OBIBAIOT OHOMOIYTEPUOIHBIMU (PUC. 5.6) U ABYXITOIYNEPUOIHBIMHA (pUC. 5.8).

NOKYMEHT MOANWUCAH f ‘1 N
ANEKTPOHHOM MOAMNUCHIO |
Ceprucukar:  12000002A633E3D113AD425FB50002000002A6 v Us Uc

Bnapeneu: lLleBGayxoea TateAHa AnekcaHapoBHa
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@opma KpPUBOWU BEINPAMICHHOTO HANPMKEHHUA IPH  MCIOJB30BAHUH OSTHX CXEM
OpEeACTAaBIAE€T COOOM OrmdaromIyr0 BEPIIMHEI CHHYCOMA TpEx(dasHoro nHampsxenus. B cxeme
pucC. 5.6 OIHOBPEMEHHO MOIKET OBITH OTKPHIT TOJIBKO OOWH IHOM, HA AHOJE KOTOPOTO B JTAHHBIN
MOMEHT BPEMEHHU HAIPAKEHUE HAMOOJIBIIEE, ABA APYTHE HA STOM WHTEPBATIE BPEMEHH OyayT
3aKpBITHL, T.K. MOTEHIMAJI HA UX KaTOoAax OyIIeT BBINIE MOTEHIMAIOB HA aHOMAX. akuM o0pazom,
mroner [{1, 12, /13 OoTKpeIBAOTCA MOOYEPEAHO, M BEINPAMICHHEIN TOK MOOYEPENHO NPOTEKAET
mo nemaM (a3 A, B, C. KpuBas BRIIPAMIEHHOT O HANPSKEHUA HA PUC. 5.7 n300paxeHa KUPHOU
JTMHUEN.

B wmocroBou Tpéx(asnoun cxeme (puc. 5.8) OOHOBPEMEHHO OTKPBITHEI [OBA OUOMA,
pPaCIOIOKEHHBIE MEXKAY TeMH (pazamil, TUHEHHOE HANMPIKEHUE MEKIY KOTOPBIMH B JAHHBIN
MOMEHT BpemeHUu HamOompmee. OcrampHBIe TUOABI OVIYT 3aKPBITHI, T.K. TDOTEHI[HAIE HA HX
Karogax OyayT BBIIIE NMOTEHUMAJIOB aHOZOB. Ha puc. 5.9 m300pakeHbl CMHYCOUIE! JIMHEWHBIX

HANPSKEHUN TPEX(PA3HOU CUCTEMBIL.

A B C
o » 9
U,
!
g o

s Jin
s s
Pucynok 5.8
; |_|. K .. ! I.I.' _. i / . ,- i X ]
|\ II".I.-". '-..-" JI.l" / ".II ] \ .-"II \ .
AAXANAAA
OOKYMEHT NOANMUCAH L \ﬁ{j’ % N -
SNEKTPOHHOW Noanucebio -LT U \ﬁ
Ceptucmkar: 12000002A633E3D113AD425FB50002000002A6 AB BC CA AC
Bnapeneu: lLleBGayxoea TateAHa AnekcaHapoBHa
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Ha npomexyrke 0<ot<30° HanOomsmas pasHOCTE MOTEHHMAIOB Mexkay (pazamm C u B,
MOATOMY OTKpBITEIMU OyayT muonsl s u [3; Ha mpomexyrke 30°<ot<90° moreniuan ¢aszer A
craner Oompme moreHnumana (aser C, mosromy muon s 3akpoerca, a . — orkpoercsa. B
MOCJIEAYIOMINE UHTEPBAIEL OyayT moouep€aHo OTKPHITEL: 90°<wot<150° — 1,,[1s; 150°<ot<210° —
s s; 210°<ot<270° — 4,115 270°<ot<330° — 6,115 330°<ot<30° — cnoa ds, /13 , u T.4. Takum
o0pazom, Mexay KAaTOAHOM M aHOJHOW TpynmaMu AUOAOB MHOCTOSHHO OyIEeT HampsaKEeHHUE,
paBHOE€ HaWOOIBmIEMYy 0O aOCOMIOTHOMY 3HAYCHHUIO JHMHEHHOMY HampskeHuro. Kpupad
BBINIPAMIIEHHOTO HANPSAKEHUA HA PUC. 5.9 MoKasaHa KUpPHOU JIMHUEH.

Cpennee 3HAUEHHME BBIMPAMICHHOTO Hampsxenusa Ug mmsa cxeMmsl 0mHO(a3HOTO
OOHOTOIYIIEPHOTHOTO BEITPAMIECHHUA ONPEAEIAECTCSA BEIPAKECHUEM:

Ue,=Un/n=\2U/ 7~0.45U,

rae U — IelCTBYIONIEE 3HAYEHHUE MEPEMEHHOT0 CHHYCONTAIBHOT O HAPAKEHUA,

U, — aMImTy IHOE 3HAYE€HUE MEPEMEHHOTO HAMPAKECHHA.

J11s OCTATBHBIX CXEM BBIITPSAMIICHHA

U, =(nV/ m)sin(m/ ) U, =\2(m/m)sin(m/x)U,

II€ M — 9UCIO0 (pa3 BREIMPAMIAEMOTO HAMPSIAKECHMUSL.

s cxemer puc. 5.3 u puc.4.4 m=2, U,= 0,637 U,,=09 U,

s cxemsl puc. 5.6 m =3, Ug= 0,827 Uy = 1,17 U,,

s cxemel puc. 5.8 m =6, U, =0,955 U= 1,35 U..

B 3amucaHHBIX BEINIE BHEIPAKEHUAX CPEOHUE 3HAUCHUSA BBINMPAMICHHOTO HAMPIKEHUS

yKazaHel 0e3 yuéra mageHus HAMPKEeHNA HAa IU0Iax, koTopoe cocrasager ot 0,5 mo 2 B.

Yrazanue no mexnuke dezonacHocmii:

YKazanua 10 TEXHUKE O€30macHOCTH IpPH BBEINOJIHEHWUH Ja0OpaTropHeIX padoT

[IPUBEACHBI B IPUJIOKEHUE A.

Ykazanua no evinonnenuro nadopamopHou padoomoi:

[Tpu BeImOMHEHNM maHHOM 1A00PAaTOPHOU PAOOTEI CTYOEHTHI AOJIKHEI COOpPATH CXEMBEI
O0nHO(a3HBIX U TPEX(PA3HBIX BBINMPAMUTEIECH, CPABHUTEL JEHCTBYIONIME 3HAUECHUS HAMPIKECHUS
MEPEMEHHOTO TOKA CO CPEIHUMM 3HAYCHUSAMH BBEINPAMICHHOTO HAMNPSKEHUA, C MOMOIIBIO
ocuuuIorpad)a CHATH KPUBEIE BRIITPAMIEHHOTO HAMPAKEHUA.

[Topanok BeImomHEHNS PAOOTEI CIEAYIOIINM.

[LOKYMEHT MOANUCAH
SNEKTPOHHOW MOAMNWCHIO
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TaTeAHa AnekcaHapoBHa

JTOZKCHH A.
b  HAIPAKCHHUC OT HCTOYHHKA ICPCMCHHOTO

ICMCHHOTO HW  BBITIPAMIICHHOTO HHHPHH{EH}TFI,
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BBEIYHUCJ/INTE BCIUUHNHY ITAICHHA HAITPAKCHIA Hd JHOIC. PE.?.}’I[BTHTLI H?-MEPEI—H{FI M BEIYHUCJICHHH

3aHecTu B Tabmuy S.1.

3. Ilomare curHas BEINPAMIEHHOTO HANPAKEHUS HA ocuwmiorpad, zapucoBars (popmy

KPUBOW HAMPAKEHUS.

4. BRIMOMHUTE AHANMOTUYHBIE 3aAMEPBI, BEIUMCICHWs, HAOIIONEHUSA U PUCYHKH, COOpas

CXEMBI, 1300paxkEHHbIe HA pUcC. 5.3, 5.4, 5.6 u 5.8.

Tabmuma 5.1
U,
CxemMma N UCF., [TajieHue HaIps -
U™, B YKCIIE PUM €HTAJTBH
BEIITPAMIICHHA TEOPETHUECKOE HKEHHA Ha JHOJaX
oe
OnHodazHas
OJTHOIMOJTY TTepHO/THAS
OnHodaszHas

CO CpeJIHel TOUKOMH

OnHodaszHas

MOCTOBAA

Tpéxdaznas

CO Cpe/ITHEH TOUYKOH

Tpéxdaznag

MOCTOBAA

Cooepoicanue omuema:
OTUeT OmKEH CONEPIKATE:
1. Haszsanme paOoTEr;
[lems padoTsr;

Kparkue TeopeTuaeckie CBeIeHMS;

[Topanok BermomHEHU pabOTHI;

Beruucnenus n 00paboTka pe3yibTaToB;

-1 o B L I

BEIBO TR

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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Koumponsnwie sonpocwi:

1. Hapucyiite cXeMBl BBIOPAMUTENEHM W VYKAKUTE MyTh MOPOXOKIEHUSA TOKA HPHU
W3MEHEHHUH ITOJISIPHOCTH ITUTAONIETO HAIIPAKEHHA.

2. O0BACHUTE, MOYEMY ITPU BBITPAMIEHUN TPEX(PA3HOTO TOKA B CXEME C HYJIEBOU TOUKOM
MOKET OBITE OTKPBIT TOJBKO OUH OO, & B MOCTOBOM CXE€ME — TOJIBKO IBA IMOMIA.

3. O0BACHUTE TTOCIENOBATENRHOCTE OTKPEITHA JUOO0B B TPEX(PA3HOU MOCTOBOM CXEME.

4. Ilo xakoil Qopmyie MOKHO BBEIUMCIUTE 3HAUEHUE CPEIHEr0 BBIIPAMIECHHOTO
HANPSKEHUA !

5. Ilouemy (pakTMueckoe BEINPAMIEHHOE HANPSIKEHUE HECKOJIBKO HUKE TEOPETUIECKU

BEIYUCJIECHHOTO?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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Mavopamopnan pavboma Neb. Kackao ycunumensn nepemMeHH020 MoKa HaA OUNOJIAPHOM

mpausucmope.

Ilens padompr: VM3yuuts cxeMy Kackama YCUIMTENS IEPEMEHHOIO0 TOKA C O0mimm
SMUTTEPOM, MPAKTUYECKH OCBOWUTH METOOUKY YCTAHOBKM HAUAIBHON padoden TOYKH
TPAH3UCTOpA B peKUME A, METOIUKY MHOJYUECHHA AMIUIMTYIHON M UACTOTHOM XapaKTEPHUCTHUK
YCWIUTEIIS,, OMPENEICHUSA €r0 BXOJHOTO M BBIXOAHOTO CONPOTHBJICHUN, MPOAHATIW3UPOBATE

BIMAHHUE HA KOY(PPUINEHT YCUJIEHHA 3HAYEHUH NAPAMETPOB OTJEIBHBIX 3JIEMEHTOB CXEMBI.

Ocrnoevt meopuii:

Cxema kackaga yCWIMTENIA NMEPEMEHHOTO TOKA C OOMIMM SMUTTEPOM HpPEACTABICHA HA

puc. 6.1.

K 4.7xOMm C=047MrD
15B Ri=1kOM Ci=IMK

Ru
R
100 Rs T Cs I
OM 5 10OM| 10MED ;
IKOM I
: .
Pucynoxk 6.1

[lutanne ycwmirena OCymeCTBIAETCA OT MCTOYHMKA ITOCTOSAHHOTO HampsbkeHus 15B.
Bxomgnonn curnan momaércs OT MCTOUYHMKA CHHYCOMJAIBHOTO HANPAKEHUS 4YEPE3 AEIUTEND
R3R4, koTopeiii npeanasHadeH g 00JIee MIABHOTO U3MEHEHHA AMILIUTYILI BXOTHOTO CUTHANIA
M K CXEME YCHINTENA HE OTHOCUTCA.

PexxuMm ycuaurens mo MOCTOSHHOMY TOKY OOECrmeduBaeTcs OEIUTENEM HANPAKEHUA
RIR2 u conporuBnenuem B nem smurrepa RO. JJemurenem R1IR2 nacrpamBaercsa mosoxeHue
HauaispHOU padouent Touku (HPT), T.e. manpskenne Ha KOMNEKTOPE M TOK KOJUIEKTOpPA IIPH

OTCYTCTBHH BXOIHOTO CHI'HAJIA.

AOKYMEHT NOANWCAH € BBIXOJHBIX XAPAKTEPUCTHK TPAH3UCTOPA (pUC.
SNEKTPOHHOW NOANUCLIO
Ceptudimkat: (12000002A633E3D113AD425FB50002000002A6 opa. Ecrm HPT maxomurcs B mieHTpe akTUBHOU
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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MOJIOKUTEILHEBIE, TAK U OTPULIATENBHBIE ITOJYBOJHEI BXOOHOTO curHana. Ecimi momoxurensHoe
CMENIeHNe Ha 0a3ze OTCYTCTBYET, TO TpaH3UCTOp padoraer B pexnme B (Touka B na puc. 5.2),
YCWINBASA TOJIBKO MOJIOKHUTEIBHBIE BOJTHBI BXOAHOTO CUrHana. Jljas yMEHBIIEHMS HEIWMHEHHBIX
MCKAKEHUH, KOTOPBIE 0COOEHHO 3aMETHBI IPU MAIBIX TOKAX 0a3sl, HA 043y TpPaH3UCTOPA MOJA0T
HEOONIBINIOE TMOMOKUTENRHOE CMenieHue (Touka AB na puc 6.2), B 3TOM caydae TpPaH3UCTOP
YCHWIMBAET IOJIOKUTEIBHEIE MOJIYBOJIHEI BXOJHOTO CHTHANA M YACTUYHO — OTPHUIIATEILHEIE.
Pexxumer B 1 AB ucnone3yroT B CXe€Max ABYXTAKTHBIX YCWJINTEIEH, B KOTOPEIX OTPULIATEILHEIE
U TTOJOKUTEIBHBIE MOJYBOJIHBI yCWIMBAIOTCA ABYMS pPa3HBIMU TPAaH3UCTOpaMu. B ycunurene,
UCMONIB3YEMOM B JOaHHOM maboparopHou padore, TpaH3uctop padoraer B pexume A.
Hebompmoe comporuBiaeHne B 1emd svutrepa RO mpegHazHaueHo ana  CTadWIM3aIiu

MOJIOK€HUS HAYAIIBEHOM pabdoden TOUKH, KOTOpas OCYIIECTBIAECTCA CIEIYONIIMM 00pa3om.

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

PucyHnok 6.2

Tok B nenm 0a3el onpenensercsa pasHOCTBEI0 HOTEHIMAIOB MEKIY 04a30U U SMUTTEPOM,
KOTOpas paBHa (CM. puc. 6.1) :
Us,=UgtUo-U,,
I'me U, paBHO NpOM3BEAEHUIO MOCTOSHHONW COCTABIIAIONIENM TOKA HSMUTTEPA HA
comporuBieHne Ry, [lepemennas cocraBmsaronias Toka SMUTTEPA HA BEMMUUHY U, BIMAHUA HE

OKATEIRALT T K _OHA OTNOTEKALT B OCHORHOM UeNe3 KOHACHCATOP Co, COIMPOTHUBJICHHUC KOTOPOTO

NOKYMEHT NMoanncAH
SNEKTRPOHHOW NOATINGHIO enpme R». Ecnmu mo kakum-mibo npuunHam
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu; LWebayxoBa TateAHa AnekcaHapoBHa KTOP — OMUTTEP BDEpﬂCTET, TO COOTBETCTBEHHO
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BOo3pacT€r HanpsikeHne Uy, a nmanpsxenne Us, IMOHM3UTCA, 4TO NPUBEAET K CHHKCHUIO TOKA
0aszer 1 cradmmizanu HPT. [lpu cHmxeHnn moCTOSHHON COCTABIAIOMIEN TOKA [EMH KOJUIEKTOP
— HSMUTTEP MPOUCXOIUT 0OpATHBIN ITPOTIECC.

Hammuue xongencaropa Cs UCKIIOYAET OTPUUATEIBHYIO OOpATHYIO CBA3b 11O
IEPEMEHHOM COCTABJIAIONIEN M TEM CAMBIM MCKIIOYAET YMEHbIIEHNE KOY(P(PUIIMEHTa YCUICHUS
YCHJINTEINA, KOTOPOE UMENO0 OB MECTO MPH HATMYUU STOU CBA3U.

BrIxomHOE HANpsAXKEHUE YCHWINTEISA B LENb HArpy3ku Ry CHUMAETCA C KOIIEKTOpa
TpaH3ucTopa. Ilpm nDomoOKWUTENBEHOM IOJYBOMHE BXOJHOTO HANPSKEHUA CONPOTHUBIIEHUE
TPAH3UCTOPA YMEHBIIAETCA W MNOTEHIMAI HA KOJUIEKTOpe CcHwkaerca. [Ipm orpunaremsnou
MOJIYBOJHE BXOJHOTO YCHIMBAEMOIO CHTHANIA CONMPOTHBIIEHHUE TPAH3UCTOPA YBEINUMBACTCI U
noTeHInuan Ha 0asze moBeILAETCA. |akum o0paszom, (paza HANPIKEHWA HA BBIXOJIE YCHINTENA
MPOTUBOMOIOKHA (pa3e BXOOHOTO CUTHAJIA.

Konnencaroper C; u C; ABIAIOTCA pa3IeIUTENBHBIMA, MPEMATCTBYIONIMMI MPOTEKAHUIO
MOCTOSHHOTO TOKA OT HMCTOYHMKA IHMTAHWUA BO BXOJHOM IIEMM W B LENHM HATPy3KH, HX
CONMPOTHUBJIEHUE JJI1 TOKOB YCIJIMBAEMBIX YACTOT JOJKHO OBITE HE3HAYNUTELHBIM.

Hrak, pexum padOTEI TPaH3UCTOpPA MO MOCTOSHHOMY TOKY ONPEIENACTCA HANPAKECHHEM
WUCTOYHMKA IMUTAHWUA, BEJIMYMHOW COIPOTHUBIIEHUA LE€NH KOJUIEKTOP — OSMUTTEP M TOKOM Oa3wl.
[Ipu orcyrcTBuM TOKa 0a3el TPAH3UCTOP IMOJHOCTBIO 3AKPHIT, T.€. TOK KOJJIEKTOpa OMM30K K
HYJII0O U BCE HANPAKECHUE MUTAHUA MANAEeT HA CONMPOTHBIIEHHM TpaH3ucTopa (Touka B Ha pwc.
5.2). Ecim npenmnonokuTs, 4TO TPAH3UCTOP NOTHOCTEIO OTKPBIT (T.€. €r0 COMPOTHUBIIEHUE PABHO
HYII0 ), TO BCE HANPSKEHUE UCTOYHUKA MUTAHU OyaeT mamare Ha compoTtuBieHUAX Ry u Ry, a
TOK B I|€M1 KOJUIEKTOpa Oyaer:

[i= Luax=Ex/( RxT R5).

[Ipy wn3meHeHnMn TOCTOAHHOW COCTABIAIOMIEM TOKAa Oasel pexkum paboTer Mo
MOCTOAHHOMY TOKY OyIET OmpenensAThCA JIUHUEH, COEOUHAOMIEN TOUKH B U e IOTy muHMIO
HA3BIBAIOT JIMHUEH HATPY3KH MO0 MOCTOSHHOMY TOKY (CM. pHC. 6.2).

[lenb, MO KOTOPOU B YyCHIIMTENE 3aMEBIKAETCSA HEPEMEHHBIM TOK, OTJIMUYAECTCA OT LEMH
MOCTOSHHOTO TOKA. BO-NMEpBBIX, M3 LENU MEPEMEHHOIO TOKA IPAKTHUUECKH WCKII0YAETCS
conpoTruBieHne Rs, T.K. OHO MmMYyHTHPOBAHO KOHAEHCATOPOM (5, BO-BTOPBIX, EMKOCTH
koHnencatopoB C; u (C; OpUHUMAIOT HACTOJBKO OOMBIMIMMHM, 4YTO WX CONPOTHUBIICHUS
OKA3BIBAIOTCS IPEHEOPEKMMO MAIBIMA II0 CPABHEHMIO C comporuBieHusaMH Ryxg um Ry.

ConpoTUBAEHNE UCTOUYHUKA MATAHMA OOBIYHO TAKkK€ HA 2 — 3 MOPAOKA HIKE MOCIETHUX OBYX

[OKYMEHT NOANMCAH
SMEKTPOHHOM MNOAMUCHIO
Ceprudimkar:. 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; llebayxoea TateAHa AnekcaHgpoBHa

00CTOATEILCTBAMH CX€Ma 3aMEINICHHS IIEIMH

TE€HO Ha puc. 5.3a.
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PucyHnok 6.3

OOpatuM BHMMAHME HA TO, YTO BEIXOIHBIE XAPAKTEPUCTHKH TPAH3UCTOPA B AKTUBHOU
30HE TMPAKTUUYECKHW TOPU3OHTAIBHEI, T.€. TOK UEpPE3 TPAH3UCTOP HE 3aBUCUT OT HAMPSIKECHUS
KOJIJIEKTOP — SMHUTTEP, 4 ONPENEIIAETCA TOJIBKO TOKOM 0a3bl, MO3TOMY TPAH3UCTOP B 3TOHU 30HE
MOJKHO pacCMaTpuBaTh KaK WUCTOYHUK TOKA, yOpaBaaeMblii TOKOM 0Oasel IK=P*10, rone B —
ko3 (ppumment ycunenusa 0a30Boro toka. B stom cioydae, ¢ y4€rom TOTO, 4TO COMPOTHUBIEHHUEM
MCTOYHUKA MUTAHUA MOXKHO MpPEeHEOpeusb, CXeMa 3aMENICHUs OPUMET BUI, M300pakEHHBIN HA
puc. 5.306. B srou cxeme comporuBnenus RK m RH BrmoueHwsl napamnensHO, mO3TOMY
MEPEMEHHAA COCTABILAIONIAA TOKA KOJJIEKTOPA M, COOTBETCTBEHHO, HAKJIIOH JIMHUH HATPY3KH II0
MEPEMEHHOMY TOKY OIIPENEIAOTCA CONPOTHUBIEHUEM

Rx Ru/( Rxt Ra).

T.x. sT0 comporuBnenue Bcerga MeHswlie, yem conpotuBiaeHue Rg+ R, TO m munus
HATPY3KM N0 NEPEMEHHOMY TOKY OJIA JAHHOTO YCWIMTENIS MMEET OONbIINM HAKIOH, YEM IIO
MOCTOSHHOMY.

OngHuMH W3 OCHOBHBIX MAPAMETPOB YCHIATENEHU ABJIAIOTCAS KOA(P(UIMEHTH YCUIIEHHUS.
Kackag mo cxeme ¢ 00OmmM 5SMUTTEPOM YCHUIMBAET KakK HANpsxkeHue, Tak v Tok. [lox
KOA(P(PUITUEHTOM YCHIIEHHA IO HANPSKECHUIO IMOHUMAIOT OTHOMIEHWE AMILIATYABI HANPSIKEHUA
HA HATPY3KE K AMIUIATY A€ HAOPSKEHUA BXOTHOTO CUTHAMA:

Ku= Unm/Us m.

AMIUIUTY 1A HAIIPSAKEHUA Ha HAarpyske (CMm. puc. 5.30):

Ubn=lkm Rk Re/( Rkt Ry)= B Ism Ri Ru/( Rt Ry).

AMITINTYJA HANOPSKEHWS BXOQHOTO CHUTHAJIA TAKKE MOKET OBITH BBEIPAKEHA YEPE3

NOKYMEHT NOAMNUCAH
SNEKTPOHHOWM MOANMUCHIO
CepTuchvkar:  12000002A633E3D113AD425FB50002000002A6

— Iﬁ r5‘|‘I I
Bnapeneu:  leBayxoea TatbAHa AnekcaHapoBHa - IS
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m — aMIIuTY1a TOKAa SMUTTEPA.
Ho Luw=Ism(1+B), mosTomy
Usx m = Lomlstomts(1+B) = Lom| rtr.(1+P)] = Lomhui,

rne hiy= rr(1+pf) — 1guHamMuueckoe BXOOHOE CONPOTHUBIEHUE TPAH3UCTOPA,
BKJTIOUEHHOT0 MO CXEME € OOIMM SMUTTEPOM.

Taxum oOpazom, kKO3(PPUIMEHT YCUIEHNU KACKAaOa M0 HAMIPAKECHHUIO

K= Ubn/Ugem = ( B/ hit)| R Ru/( Rt Ru)].

Kak crmemyer W3 MOJyUYEHHOTO BBIPAKEHMA, KOOYPPUIMEHT YCHUIEHMA 3aBUCHT KaK OT
mapaMeTPOB TPAH3UCTOPA, TAK U OT CONPOTHUBIEHUH Ry u Rp.

KospduimienTt ycunenus mo TOKy OOPeaeasieTcs KaKk OTHONIEHHE aMILTUTY/T TOKA B IEMH
HArpy3KU U B LIENMH OA3EI:

Ki= L/ Lom.
Lin=Usn/Re= B Lom R /( Rt Ru),
Ki: B RK f( R}ﬁ‘ RH)

KagectBo paboTel ycuinurened M 001acTe MX NPUMEHEHUS ONPEIENAIOTCS TAKHUMU
XApPaAKTEPUCTUKAMU, KAK AMIUIATY JHAS, AMIUTUTY THO-9aCTOTHAA U (pa30-4aCTOTHAS.

AMIIUTyIHAA ~ XAPAKTEPUCTHKA  OTPAKA€T  3aBUCHUMOCTh  BBEIXOJHOTO  CHUTHAJA
(HAampsKEeHWA WIM TOKA) OT aMIUIATYAbBl BXOMHOTO. Bua aMmimTyaHOM XapakTepUCTHUKH
npeacrasiieH Ha puc. 6.4. Touka | COOTBETCTBYET HANPAKEHUIO MIyMOB, M3MepaeMomy npu Uy
= 0. Touka 2 xapakrepu3yer MUHUMAJIBHOE 3HAYEHUE BXOOHOTO CUTHAJIA, pa3nuuuMoe Ha (poHe
mymMoB. Mexmy Toukamu 2 u 3 pacmonokeH paboumii guamazoH ycwiurens. [locne touku 3
OPOUCXOAAT CYNIECTBEHHBIE HEIMHEMHBIEC MCKAKEHUA BXOOHOrO curHana. Bemmuuna D = Ugmay/

Usxmin HOCUT HA3BAHUE QUHAMMUYECKOTO UANA30HA YCHINTE.

UE]’:-]:!{ A

1|1
Uﬂxmin U]mmaji UEK

DT.:!'
OKYMEHT MOAMNVCAH CYHOK 6.4

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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A UgmmEx

t, T
PucyHnok 6.5

AmmumutyaHo-gactoTHas — xapakrepucruka  (AUX) mpencraBiser  3aBUCHUMOCTH
OTHOMICHUSA AMIUIMTY BBIXOJIHOTO W BXOIHOTO CHTHAIOB OT YACTOTHI YCHMIMBAEMOTO CHUTHAJA.
Jlna paccMaTpuBaeMOM CXEMBI YCHIIMTEIBEHOTO KACKAAA OHA UMEET BU, M300paEHHEIN HA PUC.
5.5. @a30-uacTOTHAsA XAPAKTEPUCTHKA OTPAXKAET 3aBUCUMOCTEL (PA30BOr0 CIBUTA MEKAY
BBIXOJHBIM Y BXOJHBIM CHHYCOUOAIBHBEIMH CUTHAJIAMH OT 9aCTOTHI.

B psane ciydaeB BaxkHOE 3HAYEHUE UMEIOT TAKHUE MAPAMETPEI YCUIIUTENA, KaK BXOIHOE Ry,
1 BEIXOTHOE Ry COMPOTHBIEHMA. JTU COMPOTHUBICHUA TSI COOPAHHOTO KACKAada HETPYIHO
ONPENEIUTE OIBITHBIM ITYTEM.

HampsxeHne Ha BBIXOAE YCWINTENIA ONPENE/LICTCA 4YEpPEe3 HAIPAKEHUE Ha BXOIE M
KOA(p(puIneHT yCuneHus:

Usa= Ku Use (5.1),

IpPU 3TOM

I5= Us/Rax.

Ecim, HEe wW3MEHAA BXOAHOTO HANPIKEHUA, B LENb 0a3pl BKIOUWUTE J00ABOYHOE

COITPOTHUBIEHNE R 05, TO TOK Oa3br Oyner:
I6= Us/(Raxt Ries),
a HAMIPSKEHUE B I€NW SMUTTEP — 0a3za (Mckmrodas n00ABOYHOE COMPOTHUBIIEHUE) OyIeT

PaBHO:

AOKYMEHT NoanmncAH "R.MUR.4R
SNEKTPOHHOW NOAMUCLIO i ( BX -'['35)':
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

TCiId YMCHBIIHUTCA U CTAHCT PABHBIM
Bnapeneu: LleBayxoea TateAHa AneKkcaHopoBHa

R/ + R 5.2).
OeicreuTtenen: ¢ 20.08.2021 no 20.08.2022 Bx ( R ””5) ( )
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Paznemus (5.1) na (5.2), momyumm:

Usint/ Ui =( Raxt Ryos)/ Rax, OTKY 1A
Rax= Rios Usna/( Usiaa= Usin2) (5.3).

Takum 00pazom, BKIIOUMB B Pa3peIB LIEMM BXOJHOrO CUTHAmA (TOUKa «a» Ha puc.6.l)
n00aBOYHOE COMPOTUBIECHUE M M3MEPHUB HAMPSKEHUS HA BBEIXOIE YCWIUTEIA OO U MOCIE €T0
BKJIIFOUEHHUS IMPU HEM3MEHHOM BXOJIHOM CHTHAJIE, BXOJHOE COMPOTUBIECHUE MOKHO BBIUMCIHUTE
o (popmyne (3).

Jlnsa ompeneneHns BRIXOOHOTO CONPOTHUBACHUA HEOOXOOUMO MPH HEKOTOPOM BXOJTHOM
CUTHAIE N3MEPUTE HAPAKEHNE U g1 TPU OTCYTCTBUN HATPY3KHU. JTO HANPSIKECHUE:

U= Ku U (5.4).

3aremM, HE U3MEHA BXOJHOTO CUTHANA, HA BBEIXOJ YCWIMTENA BKJIFOUUTH COMPOTHUBICHHUE
Harpy3ku R.. [Ipu sTom nanpsxenue Ha BEIXOA€ YMEHBEIUTCS U CTAHET PABHBIM U= Ky Uy
L Rau, HO Lin=Usno/ Ry, mosTOMY

Unno= Ku Use- Ui R/ Ry, manee, ncnonssys (5.4), nmeem:
U= Usix1-Upino R/ Ry, OTKY I
Ryun=Ru Usin1/Unina-1) (5.5).

Yrkazanue no mexnuke oezonacHocmii:
VYKazanua 10 TEXHUKE O0e30macHOCTHM MpH BBEINOTHEHUH JadopaTropHeIX paboT

[IPUBEACHBI B IPUJIOKEHUE A.

Ykazanua no evinonnenuro nadopamopHou padoomoi:

B mannou naboparopuoit padoTre HE0OOXOIUMO BEIITOIHUTE CIETYIONIEE:

— co0OpaB cxemy yCWINTEIA, YCTAHOBUTE HAYATBHYIO pa00UyIO TOUKY;

— CHATh AMIUIMTYIHYIO XapakTePUCTHKY KackKana, OMNpPEeNenuTs €ro Kod3(duuueHt
YCWJIEHUSA IO HANTPSDKEHUIO U TMHAMHYECKUH AUAMma3oH;

— IIPOAHATHU3UPOBATE BIMAHUE HA aMIUIMTYAHYIO XapPaKTEPUCTHKY M, COOTBETCTBEHHO, HA
KOY(PPUIMEHT YCWICHUSI OO HANPAKCHUIO HAIMYMA KOHAEHCATOpA B LENU SMUTTEPA H
BEJIMUMHBI COMMPOTUBJICHUSA B LIEMH KOJUIEKTOPA MPU HEU3MEHHOM COIPOTHBIEHUHN HATPY3KH;

— OTNIPENEINUTE BXOJHOE U BBIXOIHOE COMPOTUBIIEHUS KACKAA;

— CHATH AMILJIMTYIHO-UYACTOTHYIO XapaKTEPUCTUKY KACKaIa.

1. U3y4nTh OCHOBHEIE TEOPETUUECKHE ITOIOKEHH .

NOKYMEHT NOANMWUCAH | _
SNEKTPOHHOW NOAMNUCHIO c. 6.1, mpunas RK =470 Owm.

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

PHOTO HAIPAKEHHA YVCTAHOBUTHL YaCTOTV 2...5
Bnapeneu: lebayxoea TateAHa AnekcaHOpoBHa p y y

keHue 2 B, mpu 3TOM HampsAKE€HHUE Ha BXOIE
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Ceptuchmkar:  12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxoea TaTeAHa AnekcaHopoBHa

yeunurens Oymer 0.2 B. IloreHmmomerpom CMenmieHus HanpsKEHWs HA 0a3e yCTAHOBUTH
MAKCUMAILHOE BBIXOIHOE HAMPKEHUE yCHUIMTENA. CUTrHAI BEIXOJHOTO HAIMPAKEHHUA MMOIATh HA
ocipuiorpad) W OOMOJHUTENBHONM HACTPOMKOH CMENEHUA OOOUTHCA (POPMBI BBIXOJHOTO
curHaiga, HaumOomee OMM3KOM K CHHYCOMOAIbHOM. B mganpHewmem, TIpU  BEIIOJHEHUH
maboparopHOi padOTEI MOJI0KEHNE MOTEHIIMOMETPA CMENIEHUA HE U3MEHSTE.

4. OTKIIOYUTh HANPAKEHUE BXOOHOTO CUrHaia. OmHUM W3 MyJIbTUMETPOB U3MEPUTH
MOCTOAHHOE HANPKEHUE MEXKAY KOJUIEKTOPOM M SMHUTITEPOM M TOK B IENM KOJJIEKTOPA,
BKJIIOYUB aMmmepMmerp BMecTO nepemMeldkn «lI». Koopnunarter momydueHHonn pabodew TOYKH
HAHECTH HA TPa(UK BBIXOJHBIX XAPAKTEPUCTHUK TPAH3UCTOPA, IOJYYEHHBIH HNPU BBEIITOJHEHUH
OpEBIAYIIEH 1400 paTOPHOM padOTEI U MPOBECTH TUHUIO HATPY3KH MO MOCTOSHHOMY TOKY.

5. B uens Harpy3ku Bxknrounts conporuBacHue 470 Om. He momaBas BXOgHOro curHania,
W3MEPUTE HanpsKeHWe Ha Harpys3ke. [lomare BXOmHOM CUrHaj, M IPU HOCTOSHHOM 4YacCTOTE,
W3MEHAA €r0 amMIUIMTydy, 3amicare B Tabmany 6.1 3HAUYeHHWA BBIXOJHOTO HAIPKEHHA.
BeraucmmTs 3HaueHna KO3 PuimenTa yCuaeHus Mo HanpAKEeHUIO.

Tabmua 6.1.

U, B 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35
C koH- Ui B

JEHCATOPO

M C,

Bes kon- U, B

aeHcaropa

C,

[To pesympraram 3aMepoOB MOCTPOUTHE AMIUIMTYIHYIO XAPAKTEPUCTUKY W OINPENEIUTH
OUHAMHYECKUN TUAMTa30H YCUIEHUS.

6. YOpate u3 cxemsl koHAeHCATOp C5 ¥ MOBTOPUTE UCHBITAHUA AHAJIOTUYHO 11.5.

7. Kongencarop (5 yCTaHOBUTE HA HOPEKHEE MECTO, HA BXOJ YCWIWTENA HOOIATH
Hanpspkenue 0.2 B. YceranmaBimBas 3nadeHusa cOnpoTuBiIeHHA Rk, ykazanneie B TaOmine 6.2,
3amucare B TaOMMIy 3HAYEHWA BBIXOQHOTO HANPMKEHWA, BBIYMCIWTL W TAKKE 3amuCcarb B
Tabmuiy 3Hauenusa Ku.

Tabdmua 6.2

Ry, OM 150 220 330 470 660 1000

NOKYMEHT MOAMMUCAH
3NEKTPOHHOW NOANMUCHLIO
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8. Ycranoure Bxonnoe Hanpspkenue 0.2 B. YcranaBimBas 3Ha4€HUS 9aCTOTEL BXOTHOTO
CUTHAN4, yKa3aHHBIE B TA0mMIE 5.3, M HE MEHAA aMIUTUTYIy BXOJIHOTO HAMPSAKEHUS, 3aTUCATE B

TAOIUIy 3HAUEHUA BRIXOOHOTO HanpskeHus. [1o pesyneraram 3amepoB mocrpours AUX.

Tabmua 6.3
f, xI'm 0,2 0,4 0,8 1,6 3.2 6,8 12 15 20
Usux,B
Upgnd Ugg

9. Ilpu Ru = 0 u Bxognom Hanpsoxkennu 0,2 B 3amepurs Hanpsxenue Usbixl. B nems
0a3el (TOuka «a» Ha puc. 6.1) Bxmrouuts modaBounoe comporusieHue 330 Owm, mpu TOM ke
3HAYEHWH BXOOHOTO HampsmkeHus 3ameputrs UBeix2. [lo ¢opmyne (3) BeUHCAUTE BXOAHOE
COIMPOTHUBIECHUE Y CHIIUTEILA.

10. Hckmrounts m00aBOYHOE COMPOTUBIEHHE W3 HEmM 0a3pl. 3aMEPUTH BBIXOIHOE
HanpsxeHue ycwmrena UBeIx]! mpu OTCYyTCTBHM HArpy3kd Ha €ro BEIXOJE. Bkiarouus
conporusnenue Harpy3ku 470 Om npu Rk=470 OM u nmpu npekHeM BXOOHOM CUTHAIE U3MEPUTH

Usrix2. [To ¢popmyme (5) BEIUMCTUTE BXOJHOE COMMPOTUBICHUE YCUITUTEA.

Cooepoicanue omuema:

OTUeT OmKEH CONEPIKATE:

1. Haszeanue paOoTEr;

[lems paboTst;

Kparkue TeopeTuueckue CBEICHMA;

Omicanne uCnoap3yeMoro 000py10BaHuA U MATEPHUATIOB;
[Topanok BermomHEHU pabOTHI;

Beruucnenus n 00paboTka pe3yibTaToB;

-1 o B w2

BEIBO TR

Koumponsnwie sonpocwi:
1. YTo moOHMMAIOT MO HAYATEHON padOdeN TOUKONU yCHIIUTEIS !
2. Kak 3aBucur pexum padbotel yewnurens 0T nonoxenus HPT?

3. Uewm obOecnieunBaerca nonoxkenune HPT B pacemarpuBaemom ycunurene?

4 Kakvio nOTk REITOTHSET COMNOTURIEHUE B TIEMH SMUTTEPA?

AOKYMEHT MNOAMNMUCAH
INEKTPOHHOW NOANUCHIO TEpa MIYHTUPYIOT KOHAEHCATOPOM?
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu;: LLle63yxoea TaTbaHa AnekcaHapoBHa )BI B LIEMH 0a3BI U HA BRIXOJIE YCHIINT ens’

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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7. Kak mOCTpOUTE TUHUIO HATPY3KH yCHIIMTEIS 10 NOCTOSIHHOMY TOKY ?

8. O0BsACHUTE CXEMY 3aMENIEHUA YCHIUTENS MO MEPEMEHHOMY TOKY.

9. Kakum CONMpPOTUBIEHUEM ONPEAENAECTCA HAKIOH JIUHUW HATPY3KH YCHIMTENSA IO
MEPEMEHHOMY TOKY?

10. Uro moHMMAIOT MO AMITMTYTHOU XaPAKTEPHUCTUKON YCUIUTENA?

11. Yro mpencrapasror co00OM  aMIDIMTYOHO-4aCTOTHAasA W (pasouacroTrHas
XAPAKTEPUCTUKU YCUIIATENA !

12. Yr0 Ha3pIBAIOT TMHAMWYECKUM AUATA30HOM YCHINTEIS ?

13. Ot uero 3aBucHuT BenuuuHa KO3(PPUIMEHTOB YCUIEHUS YCUIIUTEI !

14. Kak oneITHEIM TyTEM OOPENENUTE BEMMYUHY BXOJHOTO M BBIXOJHOTO
CONPOTHUBICHUN YCWINTENA?

15. Kak m3menurcsa kOd(QQUIMEHT yCHWIECHUA YCUINTENA, €CIU COMPOTHUBICHUE B LIEMU
SMUTTEPA HE HIYHTHUPOBATH KOHIEHCATOPOM?

16. Kak ko>(pPUIMEHT YyCUIEHUS YCHUIMTEIA 3aBUCUT OT COMNPOTHBIECHUA B LEMH
KOJIIEeKTopa?

17. O0BsACHUTE, TOYEMY BBEIXOIHOM CUTHAT YCWINTENIA OTIMYAETCS OT BXOAHOTO 1O (paze

Ha 18007

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Mabopamopnas padboma Ne7. Ycunumens na nosneeom mpansucmope.

Ilenwv padomui: Viccnenosars padoOTy yCHIIMTEIBRHOTO KACKAJA HA MOJIEBOM TPAH3UCTOPE
C O0mMM HCTOKOM, CHATH €ro AMIUIMTYAHYI0O M aAMIUIMTYJHO-UYACTOTHYIO XapaKTE€PHUCTHKH,

OIMpEac/IMTE BXOOHOC H BRIXOJHOC COITPOTHUBJICHHA.

Ocrnoevt meopuii:

(Cxema kackaaa yCHInTeNns ¢ 00mmmM HCTOKOM n300pakeHa Ha puc. 7.1.

.
+15B J_

*— 2.2K0Mm
U — IMKD
02..20| |4.7x0M } | -~
K[ 0,47MrD C i
P " ’
I MOn R
IKOMm IKOM \&
- :
100OM 10| MED
-.- S & & & I------;

Pucynok 7.1 — Cxema kackana ycunurens ¢ 00mmM UCTOKOM

[Tutanne ycumitena OCymIECTBIAETCA OT MCTOYHMKA IMOCTOSHHOTO HampspkeHus 15B.
BxogHOM yCHIMBAEMBIM CUTHAJI IONAETCSA OT TEHEPATOpA CHHYCOMJAIBLHOTO HAIMPSIKECHUS
MEPEMEHHOMN 4aCTOTHI. [l Oomee maBHOr0 M3MEHEHNA AMILUIMTY Bl BXOHOTO CUTHAJIA CIYKUT
OEIWUTENL HANPSAKEHUA, COCTOSMMN U3 NOCTOSHHBIX pe3ucTtopoB 4,7 u 1 kOM 1 mepeMeHHOT0
pesucropa 10 xkOm. Paznmemurensneie konpencaropel 0,47 Mx® u 1 Mx® npenarcrByroT
MPOXOKIEHUIO MOCTOSHHOTO TOKA B I[€MTh UCTOYHMKA BXOJHOTO CHUTHAJIA W B IE€Mb HATPY3KH, B
KaueCTBE KOTOPOM B saboparopHoM padoTe wucmoawsdyerca pesucrop Ru. [na ycranoBku
HAYAJIBEHOU pabOdell TOUKHM TPAH3UCTOPA CIYKUT CONPOTUBIICHUE, BKIIOUYEHHOE B 1€ML UCTOKA,
HANPSKEHHUE C KOTOPOro moga€rcs Ha 3aTBOP yepe3 pesuctop 1 mOm. Hauansnas pabouas Touka
yCTAHABIWUBAETCA B CPENHEH YACTH JMHEWHOTO YYaCTKAa CTOKO3aTBOPHOM XApPAKTEPUCTHKH, B
3TOM CIy4ae YCHUIMBAIOTCA KAK MOJOKUTENBHBIE, TAK M OTPULIATEILHBIE MMOJYBOJIHBEI BXOJHOTO
CUTHAJIA TPU MHHUMAIBHBEIX HEIWHEHHBIX HWCKaxkeHuax. KoHaeHcarop B IlemM MCTOKA

OJOKYMEHT NMoanncAH o w
SNEKTPOHHOW noanucekio INCPEMCHHOH COCTABJIAONICH CUT'HAJIA.

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxora TaTeAHa AnekcaHapoBHa
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UyTO BO BXOIOHOW IEMM ITOJIEBOTO TPAH3UCTOPA TOK MPAKTUYECKU OTCYTCTBYET, KOS(P(UIIMEHTEI
YCWIEHHA MO TOKY M MO MOMIHOCTHM KacKaJa ¢ IIOJIEBEIM TPAaH3UCTOPOM OOBIYHO HE
UCIIOJIb3YIOTCA, & WCHONB3YETCA TOJBKO KOY(PPUIMEHT yCWIEeHHs @0 Hampsakenuo. W3
MapaMeTPOB yCWINTEA MCIIOJIB3YIOTCS TAKKE BXOJHOE U BBIXOQHOE COMPOTHUBIEHUS, KOTOPHIE
OMPENEIAIOT OMBITHBIM MyTEM MO TOH K€ METOOUKE, UTO W AJA YCWINUTEIEeH ¢ OMHOISPHBIMU

TPaH3UCTOPAMH.

Yrkazanue no mexnuke oezonacHocmii:
Vkazanuga 10 TEXHUKE O0e30macHOCTHM MpU BBEINOTHEHUM Ja0OpaTropHeIX padoT

IPUBEICHEBL B IPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamoproiu padomoi:

[Tpu BeImOMHEHMM nanHOW madoparopHOM padOTBHI CTYAEHTHI OOMKHBI COOpars CXemy
Kackaga YCWIWTENA Ha IOJEBOM TPAH3UCTOPE € OOMMM HMCTOKOM, CHATH aAMILIMTYIHYIO
XAPAKTEPUCTUKY B PEKUME XOJOCTOTO XOOA4 W IIOJ HArPy3KOH, BEIYUCIUTE KO3(D(PUIMEHT
YCWIECHHSA MO HANPSIKEHUIO, CHATh AMIUIATYAHO-YACTOTHYIO XapakTEPUCTUKY, OMPEIETUTEH
BXOQHOE€ U BEIXOTHOE CONPOTUBJICHUA YCUINUTEIIA.

[Topanok BermomHEHNS PAOOTEI CIEAYIOINM.

1. CobOpars cxemy ycunurens (puc. 7.1).

2. Ha Beixon ycwmrensa Bknrognuts ocuwuiorpad. [Ipu gacrore sxomnoro curnana 2 kl g
n Hanpskennn 0.5 B u3MmeneHneM COMPOTHUBACHUS B LENM MCTOKA JOOMTHCA MHMHHUMAIBHOTO
MCKAKEHUA BEIXOJHOTO CUTHAJA.

3. Ilpu gacrore BXOOHOTO CHUrHANA, 3a0aHHOW NPENOAABATEIEM, CHATH AMILUIMTYIHYIO
XApPAaKTEPUCTUKY B PEKUME X0JocToro xoxa. IIpm 3HageHMAX BXOOHOTO HANPIKEHUA,
yKa3aHHBIX B Tabmmie 7.1, 3aMepUTh U BHECTHU B TAOIMIly BEIMUNHY BBIXOJHOTO HANPSIKEHUA U
BBEIYMCIICHHBIE 3HAUEHUA KOYPPUIMEHTA YCWIEHHS O HANPSKECHUIO.

4. To e mpoaenaTts, BKIIIOYUB HA BEIXOJ YCUIIUTENA COMMPOTUBICHUE HATPY3KH, 3aJaHHOE
IPETOAABATEIEM.

Taomuma 7.1.

U, B 0,01]002)005{01(02 0304|0506 1|07|08]|09] 1

HPH Ui
RH =0 KU
OOKYMEHT noarnnucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapenew; lLlebayxoea TaTeAHa AnekcaHapoBHa
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AOKYMEHT NOANMCAH
QNEKTPOHHOW MNMoAarnncbio
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: LWebayxopa TaTeAHa AnekcaHapoBHa
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5. CHATE aMIUITUTYIHO-4aCTOTHYIO XaPAKTEPUCTHUKY IIPA HAIPKEHUH BXOJHOI O CUTHAJIA

0,5 B u npm uacrorax, ykaszaHHelx B Tabmune 7.2, 3aMEpEHHBIE 3HAYEHUA BBIXOJHOTO

HAIPAKEHUA ¥ BBIUMCIEHHBIE 3HAYEHHNA KOS (P(PUIINEHTa yCHJIEHN 3aHECTH B Ta0mHIy.

Tabdmua 6.2.
f, k['g 0.2 0.4 0.8 12 15 18 20
UBLIK'J B
Ky
6. Jlnga ompeneneHus BXOIHOTO COMPOTUBIEHUS 3AMEPUTH BBIXOJHOE HANPAKEHHUE

Ul B pexume XOIOCTOTO XOOa MPH 3a0aHHOM NPEnoJaBATEIEM YACTOTE U MPU HANPIKEHUN

BxogHoro curHana 0,5 B. Bo Bxoanyo uens NDOCAEOOBATEIBRHO C Pa3IEIUTEIBHBIM

KOHIEHCATOPOM BKIOYNTE conpoTuBiieHHEe R1o0=10 kOm u 3amMepuTs HaNpsAKEHUE HA BEIXOJIE

U2. BxogHoe cOnmpOTUBIEHNE BEIYUCINUTE MO (POpMYyIIE:

R_Bx: R:mﬁf{( U“, Uz-l).

7.

Hcknrounts U3 ¢xeMel 700aBOUHOE COMPOTUBAEHHE. BKIIOUUTE COMPOTUBIEHHUE

Harpy3ku 10 kOMm , 1 Opu TE€X K€ 3HAUCHUAX YACTOTEI M BXOTHOTO HAOPAKEHUA U3MEPUTH

HanpsxeHue U3 Ha BeIXOAE yCWIMTENA. BEIXOOHOE CONMPOTUBICHUE YCHINTEA BEIYUCIHUTE IT0

popmyie:

CepTtudumkar:

Bnageneu;

8.

Cooeporwcanue omuema:

OTuer DOmKEH CONEPIKATE:

1.

o B W

Hazsanue paboTsr;

[leas paboTHI;

Kparkue TeopeTndeCcKkue CBEICHNA,

Omicanre uCnonp3yemMoro 000py10BaHUA U MATEPHUATIOB;
[Topanok BermomHeHus padboTHI;

Beruncnenus n 00paboTka pe3yibTaTOB;

AOKYMEHT NOAMNMACAH

SNEKTPOHHOW NOAMUCKIO

12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

Rawx = Ru(Uy/ Us-1).

[TocTpouTs rpapukn aMIIIMTY THBIX M AMITIATY JHO-YACTOTHOM XapaKTEPUCTHK.
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1. O0BsACHUTE HA3HAYEHUE SIEMEHTOB KACKana YCHUINTEN .

2. Kak yCTaHOBUTH IMOJIOKEHME HAYAIBLHOM padodell TOYKW, YTOOBI IOJIYUUTE
MU HHMAJIbHEIE HETMHENHBIE UCKAKEHNA YCUIMBAEMOT0 CUrHama’

3. Uro mpencraBmser coOou amIumryaHas xapakrepuctuka ycwmrema! Kak eé
MOJIYUUTE?

4. Kak aMImMTy IHas XapakTepUCTHKA YCUIIMTENA 3aBUCUT OT HATPY3KU?!

5. HUro mpencraBmaer co00M aMIIMTYAHO-YACTOTHAA XapakTepucTtuka ycunurena? Kak
e€ MOJIyUnTh ?

6. Kak onmpenensaior BXOIHOE COMPOTUBIIEHNUE YCUITUTEN !

7. Kak ompenensioT BEIXOTHOE COMMPOTUBICHUE YCUITUTENA!

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Mabopamopuan paooma Ne8. Tupucmopuwlit pecyniamop moka.

Lenws padbomwpi: Viccnenoars padboTy THPHUCTOPHOTO PETYIATOPA BEIIPAMIEHHOTO TOKA C

(pa3HBIM YIIPABIEHUEM.

Ocnoebl meopui:

Tupucrop — 570 MOIYynPOBOIHUKOBEIA MPHOOP, UMEIONINN YETEIPEXCIONHYIO CTPYKTYPY
U TPU pn-nepexona. ¥ THPUCTOpPA UMEETCSA TPH JIEKTPOAA, ABA U3 KOTOPBIX ITOACOEIMHEHBI K
KpAaMHUM CI0AM — 3TO aHOJ W KaTOH, TPETHUH IEKTPO IMOACOEAMHEH K OOHOMY H3 CPEIHUX
CJIOEB — ATO YIIPABJIAIONINN SAEKTPOI.

Ecmi mpu OTKII04EHHOM YIPABIAIONIEM AIEKTPOAE MEKIY aHOIOM M KAaTOJOM HOJATh
HAIPAKEHUE U €T0 IMOCTEIEHHO YBEINYUBATE, TO 10 HEKOTOPOTrO €ro 3HAYEHUA CONPOTHUBIIEHHE
TUpUCTOpPA OyIer oOCTaBarbCAi OUYEHb BBICOKMM M TOK YE€pPE3 HETO OyAET NPakTHIECKH
OTCYTCTBOBATH, 3aTEM COMPOTUBIEHUE TUPUCTOPA PE3KO YIAAET, U MAIEHNE HATIPSKEHU HA HEM
COCTABUT HE 0Ooyee IOBYX BOJIBT, TUPHUCTOpP OTKpoercia. OOHAKO OTKPBIBAHWA THPHUCTOPA
MOBBIILIEHUEM AHOJHOTO HAMNPKEHUA CIEAyeT M30€rars, T.K. MPH 3TOM MOKET MPOHU30UTH €TO
pazpymenue. OTKpPBIBAIOT THPUCTOP MOAAUYEH HANPDKEHUA HA yhpasipironiud snekrpoa. Ilocne
CHATHSA HAIPAKEHUA C YOPABIIAIONIETO 3JIEKTPOAA THPUCTOP OCTAETCA B OTKPBITOM COCTOSHUH.
YT00OBI TUPHUCTOP 3aKPBIICA, AHOOHOE HANPSIKEHUE HEOOXOOUMO KPATKOBPEMEHHO CHATH, TH0O0,
YBEJIMUMBASA COMPOTHUBIEHUE B LEMWA AHOA-KATOM, CHU3WTh TOK HUKE TAK HA3BIBAEMOI0 TOKA
VIEPHKAHMA.

OmnucaHHbBI€ CBOMCTBA TUPUCTOPA MCHOIL3YIOT B TAKUX YCTPOMCTBAX, KAK YIPABIAEMBIEC
BEIIIPSMUTENN, THBEPTOPEL, Y4CTOTHEIE ITPe00pa3oBaTeiy, IyCKOBBIE ANIIAPATEL U JIP.

CxeMa THUPHCTOPHOTO PETYyIATOPa BBINPAMIEHHOTO TOKa C€ (pa3HBIM CrocoOom
yIOpaBJIeHUs NpeacTaBiaeHa Ha puc. 38.1.

[Tepemennoe nmampsxenne gactotod 50 I, BRIMpsMieHHOE AUOOHBIM MOCTHUKOM J[1 —
J14, mogaérca Ha 3aKUMBI LIEMH, COCTOAMIEN 13 TaMnodku JI, Harpy3zounoro conporusiaenus 220
Om u Tupucropa 1. OCTanpHBIE SIEMEHTHEI IMPEACTABIAIOT CXEMy TEHEPATOPA HMMITYJIBLCOB,
NPEAHA3HAYEHHOTO M (pa3oBor0 ynpasnenusa tupucrtopom. [lpu pazoBom cnocode ynpaBieHus
HA YIPABIAIONIAM SIEKTPON THPUCTOPA TMOMNAOTCA KOPOTKHE WMIYJIBCHEl HAIPSKEHHUS,
OTIMPAIONIAE THUPUCTOP B ONPENEIEHHOW TOUKE IPHIOKEHHOTO HANPMKEHUA. 3aNUpaeTcs

TUPUCTOP HOPU CHIKEHWW ITOJYBOJHBI BBIIPAMICHHOTO HAOpsakeHUA n0 Hyiaa. Cpemuee

NOKYMEHT MOAMVCAH
ANEKTPOHHOW NOAMMUCHIO
Ceptucdpumkat: = 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; llebayxoea TateAHa AnekcaHapoBHa

‘arpy304HOE€  CONPOTHUBJIEHHE, OIPEAECIHIETCS
ATEJIPHO Hadaja ITOJYBOJIHEL BBIIIPAMIIEHHOTO

TIHHPAOIICTO UMITVJIECA.
Nencreutened: ¢ 20.08.2021 no 20.08.2022 p Last ITy
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['eneparop mMOyneCOB BBIITOIHEH HA oxHomepexomuoMm tpansucrope 10O. Ilpu nmomaue
MOJYBOJHBI HAOPSAKEHUSA HA AHOJ 3ameproro TUpUCTOpa 1 KOHIEHCATOp 3apsKaercsa depes
conporuBnenus Rl, Ro m R2. Kak TOmpk0 HampskeHuwe 3apana OOCTUTHET BEIMYWHEL,
OOCTATOYHOW i Oornupanus Ttpansucropa 10, TpaH3ucTOp OTIHUPAETCA W KOHIOEHCATOP

pa3psaKaeTca mo LEm SMUTTEDP — 0a3a — YIPaBIAIONINI SJIEKTPO I THPUCTOPA.

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

. . } |

Pucynok 8.1 — [IpyHimmansHas cxema nadoparopHOH yCTAHOBKHU

Tupucrop ormipaercsa, co3maér uenms I NPOTEKAHUsA TOKA UYEpe3 HArpy3Ky u
OOHOBPEMEHHO LIYHTHUPYET TEHEPATOP MMITYJIBCOB. lakuMm 00pa3om, MOKAa TUPHUCTOP OTKPEHIT,
KOHAEHCATOP OCTAETCA pa3psAKEHHBIM. B KOHIIE IMOJYBOJHBI BBINPAMIECHHOTO HAIMPSKEHHUA
TUPUCTOP 3aKpeiBaercsa. CKOPOCTh 3apana KOHAEHCATOPA U, CAEOOBATENBHO, 3aJEPiKKA MOJadu
OTIHUPAIOIIETO UMITYIbCA MO OTHOLIEHWIO K MOMEHTY MOJAYU MMOJIOKUTEIBEHOTO HAMPAKEHNUI HA
aHox TUPUCTOpa perymipyerca mnorteHnuomerpom Rn. HuaaykTtuBHOCTE B 1em  0asel

TPAH3UCTOpA IMPEeAHA3HAUYEHA 1 001ee 4€TKOTO €ro 3amupaHus.

Yrkazanue no mexnuke oezonacHocmii:
Vkazanuga 10 TEXHUKE O0e30macHOCTHM MpU BBEINOTHEHUM Ja0OpaTropHeIX padoT

IPUBEICHEBL B IPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamoproiu padomoi:
B mponecce BRIMOMHEHUS OAHHOU J1A00pPATOPHON padOTEI HEOOXOAUMO COOpaTh CXEMy

TUDUCTODHOTO DETVIATODA TOKA. OmpodoBare €€ paboTy mpu pasHeIX yIiIax OTIHMPAHUA,

NOKYMEHT NoanncAH
INEKTPOHHOW MNMOANMMCHBIO U3MEHEHUS HanpsKEeHUSA Ha CONPOTHUBIICHUH
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Webayxoea TaTeAaHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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[Topanok BeImomHEHNS PAOOTEI CIEAYIOIINM.

1. Cobepure cxemy, n300pax€nnyro Ha puc. 8.1. YCTaHOBUTE HA MYJBTUMETPAX MMPENENT
m3MmeHeHus Hanpskenusa 20 B u mpenen toka — 200 MA, pox Ttoka — mocrosguusi. Ilogairre
Hanpsokenue muranus 7 B, 50 ['.

2. Bpamias pykoATKY HOTEHIMOMETPA, 3a(UKCUPYUTE MUHUMAIBHOE M MAKCUMAIBHOE
3HAYEHUS TOKA B IIEMTH HATPY3KH.

3. 3amenure xoupencarop émkocrero 0,47 mMk® na kommencarop 0,1 wmkO.
3a(pUKCUPYNUTE HOBBIE 3HAUEHNUS MUHUMAIBLHOTO0 U MAKCUMAJIBHOTO HAMPAKEHHIL.

4. [TogkmrouuTe HA 3aKUMEI COMMPOTUBIEHUA HATPY3KH OCIuiorpad, mpoHadmosaure u

3apUCYWTE KPHUBBIE W3MEHEHWA HANPAKEHWUA HA HArPpy3Ke OPH PaA3HBIX YIJIaX OTHHUPAHHUA

TUPUCTOPA.

Cooeporcanue omuema:

OTUeT OOmKEH CONEPIKATE:

1. Haszeanue paOoTEr;

[lems paboTst;

Kparkue TeopeTuueckue CBEICHUA;

Omicanre nCmonp3yeMoro 000py10BaHUA U MATEPHUATIOB;
[Topamok BermomHeHus pabOTHI;

Beruncnenus n 00padoTKa pe3yibTaTOB;

-1 ™ a2

BEIBO ITEI.

Koumponsnwie sonpocwi:

. Onmummre B 00nIMX 4epTax KOHCTPYKIIUIO THPUCTOPA.

2. Kakumu crmiocobamMu MOKHO OTKPBITE TUPUCTOP?

3. Uto mpom3ouaér ¢ peKUuMOM padOTEI THUPUCTOPA, €CIIA MOCIE €r0 OTKPBIBAHUA TOK
YVOPABJICHUS YMEHBIIUTE 10 HYJIA?

4. Kakumu cnoco0aMu MOKHO 3aKPEITE THPUCTOP?

5. UT0 mOHMMAIOT MO TOKOM YAEPKAHUA TUPUCTOpA?

6. Iloscaure padoTy cCxXembl 3anupaHus THUPUCTOpPA MYTEM €ro0 MIYHTHUPOBAHUSA
KOHIEHCATOPOM.

7. Kak BeITIsauT (pa30BEIM CITOCOO yIIPABIEHUS TUPHUCTOPOM?

AOKYMEHT MNOANVCAH
ANEKTPOHHOW NOAMUCHIO
Ceptudumrkar: . 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lllebayxoea TateAHa AnekcaHgopoBHa

IPUCTOP B CXEME€ PETYJIMPOBAHUA BEIMYUHEL

) ABJIAIOMIETO UMITYJIbCA?
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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10. Ommwure paboTty remeparopa HUMIYIbECOB.

AOKYMEHT NOANMCAH
QNEKTPOHHOW MNMoAarnncbio
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: LWebayxopa TaTeAHa AnekcaHapoBHa

HewncrenteneH: ¢ 20.08.2021 no 20.08.2022
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Jdadopamopuan padboma Ne9. Tupucmoprwlit pecyiamop HanpPAsceHus.

Ilenv padompr: VI3yuuTh NPUHIAIEI PETYJIMPOBAHUA HAINPIKEHUA C UCIOIL30BAHUEM
MOJIYIIPOBOJHUKOBEIX NPUOOPOB; CHATH PEryJIMPOBOYHYI0O WM HATPY30UHYIO XaPAKTEPHUCTHUKH

pPEryIATOpa HAIPAKEHH .

Ocrnoevt meopuii:

Jlnsa ynpaBieHWs MHOTHMHM TEXHOJIOTHYECKMMH HpolLeccaMu TpeOyercs H3MEHATh
BEIMUMHY HANPSKEHUA, MOABOAMMOIO K SJIEKTPOYCTAHOBKE. [akMMH SIEKTPOYCTAHOBKAMH
MOTYT OBITE ANEKTPOHATPEBATENN, ABUTATEMN U Ap. {1 perympoBaHusa BETUUUHBI HATPSKCHHA
IIUPOKO MPUMEHAIOT TUPUCTOPEI U CUMHUCTOPEI, K.I1.J. KOTOPEIX O4YEHb BEICOK Onaromaps ToMmy,
gyTO B IPOLECCE pPadOTBEI OHM HAXOAATCS JIMOO B ITOJHOCTBIO OTKPBITOM, JTUOO B MHOJHOCTEIO
3aKpPBITOM COCTOSSHMM. PerynupoBaHne BEIMYMHBI HANPAKEHUS MEPEMEHHOTO TOKA C MOMOIIBIO
TUPHUCTOPOB WM CUMUCTOPOB MOKHO MPOWU3BOIUTH ABYMs Meroaamu. [lepBeiii Mmerom — mMeTon
(pa30BOTO ymOpaBIeHUA, NMPU KOTOPOM BEIWUMHA YIPABIAIONIETO CUrHama ompenender (asy
OTKPBITHSA MOIYOPOBOTHUKOBOTO MPHOOpA.

Bropoii meron — MeToa, MpU KOTOPOM BEIMYMHA YIPABIAIONIETO CUTHATA OHPENEIIACT
UHCJIO MPOITY CKAEMEIX B €TUHUIY BPEMEHH K HATPY3KE IEJIBIX TOJIYIEPUOI0B HATPA KEHHU .

B mannoit maboparopnoit pabore wucCmonp3yercs OMOK yOpaBi€HUs, IMO3BOJIAIONIAMN
OCYILECTBIATE 00a METOJa U3MEHEHUA HAMIPAKEHHUS.

[Tpu ucnmons3oBaHuM 00OMX METONOB ACHCTBYIONIEE U CPEOHEE 3HAUEHUS BBIXOIHOTO
HAMPSKEHUS MPOTMOPLMOHATEHEI YIPABIAIONIEMY CUTHATY.

[Ipu wucnonrzoBanuu (pazHOro0 MeTOoAa IMYJBCAIMU HANPSKEHUS HA  BBEIXOJE
npeoOpa3oBaTensa 3HAUUTENBEHO HUKE, UYEM OPU BTOpPOM Mmeroae. Bmecre ¢ tem, mpu (azHoM
METOJE YIPABICHUS PEryIATOpP HANPSIKEHUA SABISAETCA MCTOYHMKOM BBICHIMX TAPMOHMK TOKA,
KOTOPBIE OTPUIIATENIFHO CKA3BIBAIOTCA HAa padoTe cucrem saekTpocHadxeHus. B cBa3m ¢ stum
IpU 3HAYUTENBHBEIX MONIHOCTAX JKEIATEIBHO, TaMm, TAE€ 5TO BO3MOKHO, MCIOIB30BATE METOJ
PETYJIMPOBAHUA HAMPSAIKEHUA W3MEHEHHEM 4YHCId HOPOBOMNIMX IOJIYNEPUONOB B EIMHUILY
BPEMEHM.

B maboparopnoi paboTe HeOOXOIMMO CHATH ABE XAPAKTEPHUCTHKU:

— PEryIMpOBOYHYIO, MPEACTABIAIONIYIO COOOM 3aBUCHUMOCTH BBIXOTHOTO HAIPSAKEHUS

PETYIATOPA OT YHPABIAIONIETO HANIPSKEHUSA IIPHU ITOCTOSHHOW HATPY3KE;

BOKYMEHT MOANVCAH
SNEKTPOHHOM MOAMNMUCHIO
Ceptudbmkar: 12000002A633E3D113AD425FBS0002000002A6

Bnapeneu; LleBayxoea TateAHa AnekcaHopoBHa

'O 3aBHUCUMOCTEL HAIIPAKEHHMSA HA HArpy3ke oT

CHI'HAJIC.

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Yrazanue no mexnuke dezonacHocmii:
VKazanua 10 TEXHUKE O0€e30macHOCTHM MpH BBEINOAHEHUH Ja0OpaTropHeIX paboT

[IPUBEICHBL B IPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padbomoi:

Jlaboparopnas ycranoBka cocrour wu3 Omnoka ympasiaeHus tupuctopamu (BYCT),
TUPUCTOPOB, BKJIIOYEHHBIX BCTPEYHO-NAPAUIENRHO B LENb HATPY3KHM KaxkIoU (pa3wl,
HArPy309HOTO YCTPOMCTBA, COCTOSMIETO M3 JaMll HAKAIMBAHWUA U 3aJAI0NIETO MOTEHIMOMETPA.
Cxema mabopaTOpHON YCTAHOBKHU ITPEACTABIEHA HA pUC. 9.1.

Hampsxenue ynpasnenus Uy ycranaBmmBaercsa ¢ momomnipio moteHimomerpa 10xOwm,
noAKIIOUEeHHOTO K knemMmaMm 13, 14 u 16 knemvuuka X1. Tpexdasznoe nanpsxenune 380/220B
yepe3 aBTOMATHUECKUM BRIKIOUarens AB nmomaercs na knemwmsr! 1, 3, 5 xnemmuuka X1, 10, 6, 2
KIeMMHUKAa X2 ¥ HA TUPUCTOPEI. Harpy3kou ¢aser A aBasercsa rpynmna JiamMn HakamiBanua. B
nermu pa3z B u C B mannou nmaboparopHoit padoTe Harpys3ka OTCyTCTBYET. OTCYTCTBYIOT TAKKE
tpancopmaroper Toka 1TA, TTB wm TTC, koTopele BKIOYAIOT INPU MNCHOIB30BAHUHU
OrPAaHUYEHUS TOKOBOM HATPY3KH, BEIMYMHA OTPAHMYEHUSA TOKA yCTAHABIMBAETCS PE3UCTOPOM

100xkOm. Pexxum padoter BYCT ycranaBmiBarot ¢ momonipio nepeMmeruek S1...S6

A B C | |
o T o 1 4
pp— 4 1 Paza A =11 1 E
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Pucynok 9.1 — Cxema mabopaTopHOM yCTAHOBKHI

[Ipu ycranoBnenHou mnepemeiuke Sl peryaupoBaHue OCYMIECTBIAECTCA IO YUCITY

NOKYMEHT nogarnncAH
SNEKTPOHHOW NOAMNMUCHIO [TPpABJICHHU A.
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6
Bnageneu:  le6ayxoea TatkaHa AnexcanapoeHa 1 HAJIMYHH  KOHTPOJIA TOKa € IIOMOHIIBIO

Nencrentened: ¢ 20.08 2021 no 20.08.2022
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[lepembiuky S3 ycTraHaBnuMBalOT MPU MCIOJB30BAHUU OI0KA YHOPABICHUA B PEKUME
«padbortar.

[Tepemerukn S4 u S5 ycranaBmiBaroT npu ucnoas3osannu ¢as B u C.

[Tepembiuky S6 ycTaHaBIMBAaIOT OPU UCIOIL30BAHUM BXOOHOTO YIPABJAIONIETO CUTHAJIA
4...20MA, mpu OCTANBHBIX YOPABILAIONINX CUTHAIAX €€ HEOOXOINMO CHATE.

CXeMBI MOOKII0YEHHUSA YITPABILIIONIMX CUTHAIOB MPEACTABICHEI HA PUC. 9.2.

13
3 0 20mA |: 10 wOut 4] Bxwp
e rﬂlﬂ 15 R
o———{16]  Otupdt 16] Ot

Pucynok 9.2 — Cxemsl MOAKITIOUEHN YOPABJIAIONINX CUTHATIOB

Jlnd wWHAMKAuUW YypOBHA VHOPAB/AIONIETO CHUTHAJIA B NOpUOOpE HMEETCA OECATH
cBeToauonoB. biok ympaBaeHus 00eCHedMBAET IUIABHBIM BBIXOJ HA 340AHHBIA  YPOBEHB
MOIITHOCTH IPUMEPHO 34 5 CEKYHI.

YpOBEHP TOKOBOM 3alMTEl HACTPAUBAETCA HOEPEeMEHHBIM pe3uctopoM 1 00kOwm,
BKJIFOUEHHBIM Mekay kinemmamu 16X1 u 14X2.

Beixmouarenem Bl 3ampemiaror 3amyck  OpMHpOBATENA HWMIOYILCOB, IIPH  €TO
3aMKHYTOM COCTOSHUM HANPSKEHUE HA BRIXOIE PETYIATOPA OTCYTCTBYET.

1. Ha xnemmer 3amaromiero mnoreHiuomerpa |0kOMm mOOKMOYHUTE  BOJBTMETP
MOCTOSHHOTO TOKA, YCTAHOBHUB npenen mameHenus 20B.

2. B uens nHarpy3ku ((paza A HA BEIXOAE PETYIATOPA — JIAMITEI HAKATUBAHWA) BKIIOUUTH
AMIIEPMETP NEPEMEHHOTO TOKA C IIPENEIOM U3MEpPeHu 2A.

3. Ha knemmer Harpy3ku ((aza A Ha BBEIXOAE PETYIATOPA — KIEMMa HEUTPATBHOTO
npoBofa N) MOAKIIOYNTE BOJBETMETP HEPEMEHHOTO TOKA C BEPXHHUM IIPEAEIOM H3MEPEHUS HE
menee 300B.

4. Cuare nepemeruky S1. Iloaxmrouurs wacte mmm BCr Harpysky. [locme mpoBepku
MONKIIYEHUA HPUOOPOB IIpenomaBaTeleM II0JATh HAINPKEHHUE, BKIKOYHB ABTOMATHYECKUN
BEIKITIOYATEND MO (pase A.

5. YcranaBnuBas 3aJaroniuM IMOTEHOUOMETPOM 5 — 6 3HAYEHUH HAIPKEHHUA HA BXOIE
pEryasATOpa, CHATH ITOKA3aHWA BOJIBTMETPA, MNOAKIIOYEHHOIO HA BBIXOJ PEryJsaTopa

HAIPSKEHWA. 3HAYECHU A HAPAKEHUN 3aHECTH B TA0IUILY:

| U, B | |

AOKYMEHT NOANMMNCAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS0002000002A6

Bnapeneu; LLlebayxoea TaTbAHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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6. YcranoButh nepemeruky Sl. [ToBropurs ucmerranus 1.s.

7. Ilpn caaToun nepemeruke S1 ¥ Opu OTCYTCTBAM HATPY3KH 3a0AF0IIMM MOTEHIIMOMETPOM
yCTAHOBUTH HampsskeHne Ha Bexome B mpexpenax 100...200B. He wusmenss 3apmaromiero
HAMMPSIKEHUA, BKIIOYEHHEM JIAMII YCTAHOBUTH HECKOJBKO 3HAUEHWN HArPY3KH BIUIOTH [0
MakcuManpbHOU. [Ipm kakmom 3HAYEHWMM HArPy3KW NOKA3aHUSA aMIEpPMETPa W BOJIBTMETPA,

MOJKIYEHHOTO K JJaMIIaM, 3aHECTH B Ta0muiy 2.

[, A

0€3 mepeMBIUKH S

Ui, B »
C MEPEMBIUKOU S)

8. Mcnertanus, OmICaHHBIE B 1.7, TOBTOPUTE OPH YCTAHOBIEHHOM MEPEMBIUKE S1.
9. CHATP HANpPsAKEHWE, OTKIOYMB aBTOMATHYECKMM BBIKIIOUATENs. llocime mpoBepku

MPENONABATEIEM PE3YJIETATOB U3MEPEHHS OTKIIOYUTE U3MEPUTEIBLHEIE TPHOOPEL.

Cooepowcanue omuema:

OTuer DOmKEH CONEPIKATE:

1. Ha3zpanue paboTsr;

Llems padoTe;

Kparkue TeopeTndeCcKkue CBEICHNA,

Omicanre uCnonp3yemMoro 000py10BaHUA U MATEPHUATIOB;
[Topanok BermomHeHus padboTHI;

Beruncnenus n 00paboTka pe3yibTaTOB;

-1 ™ h B

BriBOIEI.

Koumponasnwvie sonpocwi:

1. UeM OOBACHAIOTCA MAJIBIE MOTEPH MOMIIHOCTU MOPU PETYJIUPOBAHUM HANPAKEHHUS C
MOMOTIBEI0 THPUCTOPOB U CUMHUCTOPOB?

2. Onummre aBa cnocoda peryJmpoBaHusa HANPAKEHU S C TOMOIIBI0 THPUCTOPOB.

3. KakoBEI TOCTOMHCTBA U HEZOCTATKY (JA30BOT0 CIIoCo0a peryMpOBaHNA HAPSIKECHU

4. KakoBEl [OOCTOMHCTBA M HENOCTATKH PEryJIUPOBAHUA HANPIKEHUSA YUCIOM

OTKPBIBAEMEIX NEPHOIOB?

NOKYMEHT noarnncAH | » ) 9

SNEKTPOHHOM NOAMMCHIO XAPAKTEPUCTUKOH PEryssaTopa HAMPSKEH U
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 o i 9
Bnapeney:  LlleBayxosa TaTbaHa AneKcanapoBHa IKTEPUCTUKON PETYIATOPA HAIIPAKCHNA ¢

. 9
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AOKYMEHT NOANMCAH
QNEKTPOHHOW MNMoAarnncbio
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Habopamopnan paooma Nel0. Onepayuonnstii ycuiumens.

Ilenv padomepri: W3yunte OCHOBHBIE CBOWMCTBA  OIIEPAIIMOHHOTO  YCHJIMTENA,
MO3HAKOMUTBECS C HEKOTOPBIMH (DYHKIMAMH, BBIITOTHAEMBIMA C ITOMONIBIO ONEPAIMOHHBIX

}"CHJ'[HTEI[Eﬁ H COOTBCTCTBYIOIIMMH CXCMAMH UX BKJIFOYCHMA.

Ocrnoevt meopuii:

Onepannonneid ycwmmrens (OY) — sT1o nud§epeHuranbHe YCUIUTENb TOCTOAHHOTO
Toka ¢ kod>pduumenrom ycwrenus 1o Hanpsxenmioo Ky=10%...10°. OmmuurensHOM
OCOOEHHOCTBIO  ONMEPAIIMOHHBIX YCHIWTENEH ABIAETCAI WX OYEHB BBICOKOE BXOOHOE
CONPOTHUBIICHUE, B CBA3M C YEM BXOJHOM TOK YCWIMTEIEH B pacdy€rax OOBIMHO NPUHUMAIOT
paBHBIM HYI0. BEIXOOHOE€ CONPOTHBICHHE ONEPALMOHHBIX YCHJIMTENEH MAal0, MO3TOMY
HAMMPAKEHUE HA MX BBIXOJE MPAKTUUECKU HE 3aBUCHUT OT HArpy3ku. B kauecTBe MCTOYHUKOB
muTanusa OY UCIOIB3YI0T UCTOYHUKH IMMOCTOSHHOTO HAMPSKEHUSA 00BITHO CO CpemHen TOYkou. B
Hacrosanien Jaboparopnon padore OV noakmrodaerca K HWCTOYHMKY mmranua =+15B.
HuddepenimansHeil yCUIATETP UMEET IBA BXOAA: MPAMOM, HAMPSKEHUE HA KOTOPOM Oyaem
0o0o03Hauare U', M MHBEPCHEIN, HAIPSIKEHUE HA KOTOpoM Oyaem obOo3nauare U™ Hampsoxenue Ha
BeIxone OY onpenensaercsa HanpAKEHUAMH Ha €r0 BX0OJaX:

U = Ku(U™- U).

BBuny TOro, 9ro KO3(pQUIUEHT YCWIEHUS HWMEET OUYE€Hb OONBIIYI0 BEIMYUHY, IIPHU
Pa3HOCTH HAMPSAKEHWHM HA BXOOAaX, COCTABIIAIONIEH AK€ OECATHIE M COThIE AOMM BOIsTa OY
HAXOOUTCA B PEKUME HACBHINICHUA, T.€. HA €r0 BBIXOJE YCTAHABIMBACTCA MAKCHUMAIBHO
BO3MOKHOE HANPKEHUE, OM3K0€ K HANIPAKECHUIO UCTOYHUKA NUTaHuA. Ecinn ke yCumTens He
HAXOIUTCS B COCTOAHWUM HACHIMEHUA, TO pazHocte U'- U = U,/ Ky Onu3ka k vy, UB 5TOM
caydae B pacuérax o0srano mpuaMMarT U = U,

OY wucnoms3yroT i BBEIOOTHEHWS LEAOTO pAna (PYHKIMIL: KAaK KOMITApATop, Kak
YCWJIMTEIb, WUMEHONIMN CTPOTr0 MNOCTOSHHBIM KOS(PPUIMEHT YCHICHHA, HE 3aBUCAIIMH OT
HArPy3KH, Kak aiareOpandeckuii CyMMArop ¢ OJWHAKOBBIMA WIH PAa3sHBEIMH BECOBBEIMH
K03 (p(pumnenTamm, KAk HTHTETPATOP U T. 1.

B kauectBe kommaparopa OY pabortaer mpu OTCyTCTBHM OOpaTHBIX CBs3el. B sTom
CIydda€ IPOHUCXOAUT CPABHEHUE HANPAKEHUM HA €r0 BXOJAX, M BBEIXOJHOE HAIPIKECHUE

OpUHUMAET 3HaK «+», ecmu U™ U, u 3Hak «-», ecrm U'< U, Takoe cpaBHeHME HAOPAKEHUH

[NOKYMEHT MOAMWUCAH
SNEKTPOHHOWM MOAMUCHIO
CepTuchukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Webayxoea TaTeAHa AnekcaHgpoBHa

‘CHHUA U TOKdA, B YCHIHUTCILIX IICPCMCHHOTO TOKA

ICKQKEHNM U B pAAe APyrux ciydaeB. (Cxema
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Yrober OV paboram Kak yCHWIMTENIs C 3aJaHHBIM IOCTOSHHBIM KOY((PHUIMEeHTOM
YCWIEHU S, HEOOXOAMMO HCIOIB30BAaTh OTPUIIATENEHYIO 00OpaTHYIO CBA3L MO HAMPIKEHUIO, T.C.
JaCTh HANPSKEHUA C BBIXOAA YCWIMTENA MOAATh HA €ro WHBEpCHBI Bxoa. IIpum srom B
3aBUCHUMOCTH OT CMOco0a MOJKIIOYEHHUs BXOOHOTO YCHUIWBAEMOTO CUTHANA YCUIHUTENb MOIKET

OBITH HEMHBEPTHUPYIOMINM WIH HUHBEPTUPYIOIITHUM.

Pucynok 10.1 — Cxema kommaparopa

(Cxema HEMHBEPTUPYIOMIETO YCHINTEN npeacrasacHa Ha puc. 10.2.

T

15B I1kOM

15B

Pucynok 10.2 — Cxema HEMHBEPTUPYIOMIETO YCHIIUTENS

CxeMa WHBEPTUPYIOIIETO YCHUJIMTENIA IPEACTAaBI€HA HA puc. 9.3. ITOT YyCWINTENb

npeoOpa3yeT BXOAHOE HAMPIKEHUE B HANPAKECHUE MPOTHUBOIIOIOKHOH MOJIAPHOCTH HA BEIXOJIE

FAXT T

T ROKYMEHT FOARNGAH 7T CTITCOT TATBHEIM CUTHAT, TO HANPSKEHUE HA BRIXOJIE TI0

SNEKTPOHHOW NOANMUCHIO . . .

Ceptudhukar:’' - 12000002A633E3D113AD425FB50002000002A6 ase Ha 180°. B nannou cxeme Ha HEMHBEPCHBIN
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

CurHan yCWIMBAeMOTO HANPSKEHUS Uepes
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conporuBneHne Ry moga€rcs Ha MHBEPCHEIM BXO, HA OTOT JK€ BXOJ 4E€PE3 COMPOTUBIECHHE R

nogaérca Hanpskenue ¢ Berxona OY, takum 00pazom, Ha 3TOM BXOJI€ CYMMHUPYIOTCS TOKH.

Roc
15B 1 kOM Rex 1o -
lpx 10kOM '
—e
O - D U
I 1ox0M (Vi) Us 0¥ @
L .
'y RH
IxkOM
15B ‘ o

Pucynok 10.3 — Cxema MHBEPTUPYIONIETO YCHUIUTEIA

Kak ObpLI0 OTMEUEHO BBINIE, BXOAHOM TOK OV nmpenedpeRkumo mMai, mo3ToMy
1gx T 1,=0,
HO Ly = Und R B 1oe= Ui/ Roe, mO3TOMY Ui/’ Roe == U/ Ra, OTKy 12
Ui ==( Roo/ Rex) U (9.2).

Crnenyer kO03(P(UIMEHT YCHUIEHUSA KAaK HEUHBEPTUPYIOMIETO, TAK U HWHBEPTHUPYIOMIETO
YCUIWUTENA HE 3aBUCHUT OT KoO3(puimenta ycuneHua OY (KOTOPeIM ©IpH  HM3MEHEHUH
TEMIIEPATYPEI U BETUUUHBI MMATAIONIETO HAMPSIKEHUA MEHIETCA B IIMPOKUX MPEaeIax, OCTaBasACh
OYEHBH BBICOKHUM), 4 OTPEAEIACTCS COMPOTUBICHUSIMHM PE3UCTOPOB, BKIIFOUEHHEIX BO BXOJHOMU
uenu u B uenu oOparHou cBsa3u. Pesucroper xe o0mamaroT mOCTATOYHO CTAOWIBHBIMU
mapaMeTpaMy, IMOITOMY KOI((PUIMEHTH yCHUIEHUA PACCMOTPEHHBIX VCHIMTEIEH TAaKKe
OOCTaTOYHO CTadwibHBI. CHENyeT TAaKKE 3aMETUTh, YTO BEIPAKEHUSA CHPABEAIMBBI, MOKA Uy
MEHBIIIE HAMPSKEHUS HACHITIECHHA.

Ecrm B cxeme, m3o0paxkénnon Ha puc. 10.3 Ha unBepcHeni Bxox OY momate uepes
CONPOTUBICHUSA HE OIHO, 4 HECKONIBKO HANPMKEHUM, TPUUEM, 000N MOJISAPHOCTH, TO Oyaer
BBINIOJIHEHA OIEpanusd are0Opandyeckoro CyMMHUPOBAHUSA 3THUX HAMNPSKEHUH ¢ YMHOKEHHMEM Ha
KOA((pUIIMEHTEI, PABHBEIE OTHOLIEHUAM CONPOTUBIACHUA OOpaTHOM CBA3M K BXOJHBIM

CONMPOTHUBJIEHUAM. B 3TOM Ciiyuae

lpg T lgoo oot Lyt 1,.= 0, WM

NOKYMEHT NoanncAH
SNEKTPOHHOW MOANCHIO Uss/ Raxnt Usind Roe=0, 0TKY DA
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; lLebayxoea TaTbAHa AnexkcangpoBHa Rﬁx?) UB-‘{?—I_- . -+( R@J Rﬂxn) Umm] (9-3)
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Cxema anmreOpangeckoro CyMMHUPOBAHUS OBYX HANPAKECHUN C MHBEPCUEH M300paxeHa Ha
puc. 10.4. B osTol cxeme CyMMHUPOBAHUE OCYMIECTBIAETCA C OOMHAKOBBEIMU BECOBBIMHU
Kod(pummenrammu; OOHO W3 CYMMHUPYEMBIX HANPSKEHUA TMOMAETCA OT PETYIMPYEMOTO
ucrounuka 0...15 B, ero nomsipHOCT 0CTAETCA MOCTOAHHOM, BTOPOE — C NEIATENA HANIPSIKEHUA,

Cro MOM¥HO U3MCHATE KdK ITO BEJIHYUHE, TAK H ITO 3HAKY.

Roc

15B 6300M 1 kOM H:
- |> UELI:'.L
IKOM |
5

IKOM |+
0.].5 U];};] UBHE R];[

: D
4700M

I5B
L

Pucynok 10.4 — Cxema anredpangeckoro CyMMHPOBAHUA

Yro0er OY BEINOIHAN ONEPALNI0 MHTETPUPOBAHUA, B LENb OTPULIATEIILHOM 00paTHOMN
CBA3UM HEOOXOOMMO BKJIIOUMTH KOHAEHCATOpP, 4 BXOJHOE HANPAKEHHE TOIOaTh dYepe3
CONPOTHUBIEHUE HA UHBEPCHBIM BXOJ; BTOPOU BXOJ, KAK M B MPEABIAYIIEH CXeMe, HE0OX0IUMO
MOJKIYUTE K CPEIHEH TOYKE MCTOUHMKA muTaHuia. (CxemMa HHTETPUPYIOMIETO YCWINTENA

npeacrasiaeHa Ha puc. 10.5.

15B 6300M

D
[L
O 4700m |

15B
ONOKYMEHT I'IDEI'IHCAH
3NEKTPOHHOWM NOAMUCHIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 HHTCTPHUPYIOIICTO YCHIIATCIIA
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Ycuwmrens, COOpaHHBIM IO CXeM€ puc. 9.5, MOKET BBEINOJHATE WU OPYTHE
MATEMATHYECKUE ONMEPALMH, BHUI KOTOPBIX OMPENEIAECTCA KOMIUIEKCHBIMU CONPOTHUBIICHHAMH
BXOMHOM 1enu Z(p) u nemu oopatHoi CBA3U Lo(p). B 00miem ciyuae BXOOHOE U BEIXOOHOE
HAIPSKEHUA B TAHHOW CXEME CBA3AHBI 3aBUCHMOCTEIO:

Usin(p)=-[ Zoe(P)/ Zax(p)] Us(p)
B wacTHOM Ciyuae, mpu uHTErpupoBany, Lx(p)= Rax , Zo(p)=1/(Cp),
Usin(p)=- Us(p)/(C Risp),
WJIH, €CIIM TIEPEUTH OT OMEPATOPHON (POPMBI 3AMMNCH K KJIACCHYECKOMU,
Usie=-1/(C Ry)] Undt

M3 mocnennero BBIpaXEHUA CIEOYET, UYTO CKOPOCThH MHTETPUPOBAHUA OMNPENEIIAETCS
npomsBeneHueM CR., KOTOpO€ HA3BBAOT TMOCTOAHHOM BPEMEHM WHTETPUPOBAHUA U
0003HauarT 00E19HO OykBOM T. ECiu B manHOM nmpon3BeneHNH €MKOCTE BEIPA3UTE B (papanax, a

conporuBieHne B OMmax, TO MOCTOAHHAA BPEMEHH ITOJYUIUTCA B CEKYHIAX.

VYrazanue no mexunuke dezonacHocmii:

VYKazanua 10 TEXHUKE O0e30macHOCTHM MpPH BEINOIHEHWUH Ja0OpaTopHBIX padoT

[IPUBEACHBL B IPWJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padomoi:

[Ipu BeImOMHEHMM naboparopHoM paboTel HEOOxomMMmoO ompoOoBaTe padory
OMEPAIMOHHOTO YCWJIMTENIA B CIAEOYIONIAX PERMUMAX: KOMIIAPATOPa, HEUHBEPTUPY-IOMIETO HIIN
WHBEPTUPYIOMIETO  YCHWIMTENA, CyYMMAropa W HHTETparopa; MNPOBEPUTH 3aBHUCHUMOCTH
KOY(PPUIIMEHTA YCUICHHUS YCWIHUTEIA OT HArpy3KH, CHATh AMIUIMTYIHYIO XapaKTEPUCTHUKY
YCUITATEA.

[Topamok BeITOTHEHUS PAOOTHI CIETYIOTLIMII.

1. U3y4nTh OCHOBHEIE TEOPETUUECKHE ITOIOKEHH .

2. CoOpars cxemy kommaparopa (puc. 10.1). [logars Hanpsxenue mutaHUusA, I3MEHEHUEM
MOJIOKEHUS PYKOATKU ITOTEHIIMOMETPA YCTAHOBUTEL HYJIEBOE HANPAKEHHE MEkKAy Bxomamu OY.
[TomaBas wHe3HauwTenpHOE HaNpsa)KeHUE Mekay Bxomamu OV mnepemenieHMeM pPyKOATKH
MOTEHIMOMETPA, YOEIUTHCA, YTO TTPH U3MEHEHUH €r0 3HAKA HANPAKEHUE HA BRIXOAE YCUIIUTENA
TOXE€ MEHAECT 3HAK, NPUHUMAA IPH STOM MAKCHMAIBHO BO3MOKHBIE 3HAUYEHUS, OIM3KHE K

HAITPAKCHHIO ITHTAHMA.

[IOKYMEHT MOANVCAH
ANEKTPOHHOW MOAMUCHIO
Ceptudukar; 12000002A633E3D113AD425F B50002000002A6 ;.

Bnapeneu: lllebayxoea TateAHa AnekcaHopoBHa

ABATENISI ~ CXEMY  WHBEPTUPYIONIETO WM
win  puc. 10.3). CHarep amMmmTyIHBIE

UIX COONPOTHUBIEHUS B IENU OOpaTHOM CBSA3M.
65
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3HAUEHUs COIPOTHUBJICHUM W HAIMPIKEHWUM HA BXOAE yCHIMTENA yKasanel B Tadmue 10.1, B oty

KE THGJTI/H_[}’ BHCCTH 3HAYCHHWA BBEIXOIHOTO HAIIPAKCHH A

Taomuma 10.1
R U..B -5 -4 -3 -2 -1 0 1 2 3 4 5
22
I{OM UBI&.EHB
Roc U,..B -1,2 -1 -08 | 0,6 | -0.4 0 0.4 0,6 0,8 | 1.2
100
I{OM UBLDHB

Berancimre KOA()(UIUMEHTHI YCUIEHUA U CPABHUTH UX C TEOPETUUECKUMH 3HAUECHH MU,
BBIYUCJIEHHBIMHU B COOTBETCTBUU C (pOpMysIaMi. BKIIIOUMTE ¥ BEIKJIIOYWTE HA BEIXOJE YCHIUTENA

Harpy3ky 3.3 wim 4.7 kOwm, yOenurscs, 94ro Opy 5TOM HAOPSKEHWE HA BBIXOAE YCWIMTEIA HE

MCHACTCA.

4. CoOparp cxemy amreOpanueckoro CyMMHPOBAaHUS ABYX HanpskeHuu (puc.l0.4).
YcranaBnuBas HanpsHKEHWS HA BXOAAxX, ykazaHuele B Tabmune 10.2, 3ammcars B Tabmuiy

HAIIPAXNKCHHA Hd BRIXOIC YCHIIUTCIIA.

Tabdmua 10.2.
Uwi,B 1 1 1 1 1 1 1 1 1 1 1 1
Uw,B -6 -5 -4 -3 -2 -1 0 1 2 3 4 5
U, B

5. CoOpars cxemy puc. 10.5. Berumciires mOCTOSHHYIO BPEMEHU WHTETPHUPOBAHMSL.
[Togare HanpsxeHME MUTAHNA, YCTAHOBUTE HA BXOI€ yCUIMTENA HanpsxkeHnue +1B, yoenursca B
TOM, 9YTO BEIXOJHOE€ HANPAKECHUE U3MEHAECTCA CO CKOPOCTBIO, COOTBETCTBYIONIEH BEIYUCICHHOMY
3HAYEHUIO MMOCTOAHHON BpeMEHU. [I0BOPOTOM PyKOATKH MOTEHHMOMETPA U3MEHUTE IMOJIAPHOCTD
BXOQHOTO HAINPAKEHUA, YOEOUTBCA B TOM, YTO BBIXOJHOE HAMNPAKEHUE IOCIE HTOrO
YMEHBIIAETCS C MOCTOSHHON CKOPOCThIO. CHAB HAMPAKEHNE, 3AMEHUTh KOHAEHCATOP EMKOCTBIO
100 Mmx® na konaencarop 10 Mmx®, mogas HAOpAKEHUE, YOETUTECA, YTO HANPAKEHUE HA BEIXOE
crano MeHaATeCa B 10 pa3 Owicrpee. Ilpu ucneiTanusax uHTETpaTOpa CIEOUTEH 3a TEM, YTOOEI
HAIPAKEHUE HA BBIXOAE YCHUIUTEINA ObLII0 BCE BPEMA OTPHUIATENBHBIM, 3TO HEOOXOIUMO ITOTOMY,
UTO B CXEME HCIOJB3YIOTCS SIEKTPOIUTHIECKHUE KOHIEHCATOPEL.

6. 3aKOHYMB SKCIIEPUMEHTHI, MOCTPOUTE AMILJINTY IHBIE XAPAKTEPUCTHKU YCHIIUTEJIA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW noarnncbio
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: LleGayxosa TateAHa AnekcaHapoBHa
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1. Haszpanue paOoTEr;

[lems paboTsr;

Kparkue TeopeTnueckue CBEICHMA;

Omicanye uCnonp3yemMoro 000py10BaHUA U MATEPHUATIOB;
[Topamok BeimomHEHUs pabOTHI;

Brerauciaenns n 00padoTka pe3yabTaToB;

-1 o B w9

BeIiBOOEI.

Koumponsnwie sonpocwi:
. Onummre 0OCHOBHBIE CBOMCTBA OMEPAIMOHHBIX YCUIUTEIEH.

2. Onummre paboTy KOMImaparopa.

3. ITosacuure paboTy MHBEPTUPYIOMIETO U HEMHBEPTUPYIOMIETO YCUIIATEIEH.

4. Yem omnpenemsorcs KOAp(UIMEHTHI yCUIEHHWSA YCUIUTEIEH, COOpaHHBIX HaA 0Oase
OMEPALMOHHOTO YCWINTENA?

5. Kak ¢ momonipro OY 0CymECTBIAIOT CYMMHPOBAHNE HATIPSAKEHUH !

6. Kak mocTpours cxemy wuHTerparopa Ha Oaze OVY? Uem ompenensercs CKOPOCTh

UHTETPUPOBAHUA !

7. Uem B 00meM ciyuae ompenenserca TuHaMudecku pexum OY ¢ oTpunarensHOU

00paTHOU CBA3BIO?

8. Kak Hanpsxenune Ha Berxoae OY 3aBUCHT OT HATPY3KHU!

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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Jabdopamopnasa padoma Nell. I'enepamop npamoyzoibHblx UMRYTIbCOS.

Ilenvs padompr: VI3yuuTh NPUHIMIHAIBHYI) CXEMY, HA3HAUEHWE OTAEIbHBIX €€
5IEMEHTOB M padoTy reHeparopa NPAMOYIOJBHBIX HMMIYJILCOB HA 0a3e OmepanmuoHHOTO

VCUITHUTCIIA.

Ocrnoevt meopuii:

['eneparopel NPAMOYTONBHBIX HWMIYJILCOB MIMPOKO MCIOJB3YIOTCA B Pa3IMd-HBIX
YCTPOUCTBAX HSJIEKTPOHHOM TEXHUKH: B J3JIEKTPOHHO-BEIYMCIWTENBHBIX MANIN-HAX, CHCTEMAax
CBA3M, CHCTEMAX aBTOMATHU3AIMN IPOM3BOACTBEHHBIX MPOIECCOB, B OBITOBOM TEXHUKE M T.I.
CymiecTByer pAx CXEM TEeHEPATOPOB, KOTOPEIE COOMpArOT, UCIOJB3yA B KadeCTBe Oa30BEIX
5JIEMEHTOB JIMOO JIOTUUECKUE DJIEMEHTHI, MO0 TPUITEPEl, ITHO0 ONEPAUMOHHBIE YCWINTEIIH,
00 OTAENBHBIE TPAH3UCTOPHI. [IPOMBINUIEHHOCTE BEIMYCKAET TEHEPATOPE B BUIE MUKPOCXEM,
OHH TAKKE BXOIAT KAK COCTABHBIE SJIEMEHTHI B LIEJIBIN PAI OONBIINX MHTErPATEHBIX CXEM.

B macrosmenn maboparopHont pabore paccMarpuBaeTCA CXEMa aBTOTEHEeparopa
NPAMOYTOIBHBIX ~ WUMITYJIBCOB, ITOCTPOEHHAs HAa  0asze  ONMEpaluuoOHHOTO  yCHJINTEI.
JlocromHCTBAMM TAkOro TeHEeparopa SABJLIOTCA: KPYyTOM (PPOHT MMIYIBCOB, IPOCTOTA
PETYIMPOBAHUA YACTOTHI M CKBAKHOCTH, OTCYTCTBHE 0OparHBIX BRIOpOCOB. [IpuHnmnuanmsnas

SIEKTPUYECKAA CXeMa reHeparopa npencrasieHa Ha puc.l1.1.

i R;

z Ry

|
l—[>-‘— ®
u- /Rl Ussx

C ——

AOKYMEHT NoarnnMcAH
SNEKTPOHHOW MOANMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

| |
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Pucynok 11.1 — Cxema reneparopa npsMOyroJIbHEIX UMITYJIECOB

OnepanmoHHBIA YCUIUTEIL UMEET OE3BIHEPIIMOHHYIO MTOT0KUTEIRHYI0 00paTHYIO CBA3b,
KoTopas oOecnmeunBaercsas aenureneM RiR:> u MHEpUMOHHYI0O OTPHUIIATENBHYIO, BBIMOIHEHHYIO
pesucropamu Ri; u Ry u konpencaropom C.

PaccmoTpum pexkuM aBTOKOIEOAHN STOTO reHeparopa, npuHsaB R;= Ry.

[Tycte B momenTt Bpemenu t = 0 (puc. 11.2) Bxmouaerca ucrounuk mutanus OY u
BBIXOQHOE HANPAKEHHE HAYMHAECT BO3pAcTarhb, TOraa depes penurens R R, yBenmuuBaercsa
Hampsprkenne U', Hampsoxenune U™ BClencTBue HAMMYUS KOHAEHCATOPA B IEMA 0OPAaTHOM CBA3M
pacrer nocremenHo. Bcemencreue yBemmuenus U™ Hapacramme nHampsokenuss U mportekaer
JTAaBUHOOOPA3HO, OHO CKAYKOOOPa3HO BO3pacCTaeT IO HampshkeHws HaceimieHusa E, a Bxomuoe U”
hi (6

i,
K+ R

L. =F

=JVE

Hanpsxenune U— B mporecce 3apsma KOHIEHCATOPA PACTET MO 3KCIOHEHTE, CTPeMACh K
3HaueHuo E, HO Kak TOMBKO OHO HE3HAUUTENBHO MpeBeICUT UR, Hampssxenme Ha Beixome OY
CKAuKO00pa3HO M3MEHUTCS 10 3HAUEHUSA —E, mOCIe 4ero KOHAEHCATOP HAYHET Mepe3apsikaThCs,
TO eCTh HampsxkeHne U— cTaHer yMEHBIIATHCA MO AKCIIOHEHTE, CTPEMACH K 3HaueHwro —L, a
nanpszxkenue U+ B mporecce mepesapsana kKoHaeHcatopa Oyaer OCTaBaThCs IMOCTOSHHBIM,
paBueIM —vE. Kak toneko U- craner mo abcomotHOMy 3HaueHU0 Oompme U+, HanpsxeHue Ha

BEIX021e OY ckaukom m3menurcs no +E. Jlanee mpouecc Oyaer nepuoam4ecku MOBTOPATECAL.

AOKYMEHT NoanmncAH
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Pucynok 11.2 — Ocupmnorpamma reneparopa npaMOyTrOIbHEIX UMITYJIECOB
[TepBErit UMITyIREC OyIE€T UMETH MEHBIIYIO NINTENHHOCTE, MOCKOIBKY OH (POpMHUPYETCA

npu 3apane kouaencaropa ot 0 mo Ug.

IJ 1

[l :f'_'|:_]- L*-“l’r'l

UL = =y
rae T = R;C, B MOMEHT NepEeKITI0YECHNA 3 ! , TO €CTb ITpu t = t.

-

&

yE :f'." | - L*- &

OTKyna JMTENEHOCTE IIEPBOTO UMITYIIECA

!

- =7ln
|- ¥
[Ipn renepamu TNOCAEOYONMX HMMOYIABCOB KOHIEHCATOP MEpPE3aApPAKAECTCI  OT

HanpsbkeHua Ur = yE ogHOM moLApHOCTH, CTPEMACE 3apsaauThbCa A0 HanpskeHus E

MPOTUBOIIOIOKHOH NOJAPHOCTH, TO €CTh ITPOLIECC MEPE3APAIKN HPOTEKAET IO 3AKOHY:

[ -i
NOKYMEHT I:IDﬂI'IHCAH -:I."i'.-_:ll ] - o A | _ :“i.'
SNEKTPOHHOW NOANMnMUChLIO ' ' )
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6 "
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opouecc mepesapanku mpekpamaerca npu U (f) =
MOCIEAYIOMINX UMITYJILCOB OyIeT
| + )
|- )

)

{ =rln

OEpUO] CIEA0BAHNA UMITYIBCOB 1 = 2t,.

CKBa¥HOCTL CHTHAJIA

Jlng nomydeHus  CKBAKHOCTH  (, OTJIUYHOM  OT

COOTBETCTBYIONIME PA3INUHEIE 3HAUEHU Ri 1 Ry

R+~ Rs (g-1).

Yrkazanue no mexnuke oezonacHocmii:

YE,

OTKYId JIUTCIBHOCTDH

HEe00X0 TUMO

[IPUHATE

YKazanua 10 TEXHUKE O0e30macHOCTHM IpPH BBEINOIHEHUH Ja0OpaTropHeIX padoT

IPUBEICHEBL B IPUJIOKEHUE A.

AOKYMEHT NoanmncAH
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Ykazanun no evinonnenuro nabopamoproiu padomoi:
1. CobOpare cxemy reneparopa, m3oOpaxennywo Ha puc. 10.1, mpunsas cnemyromme
3HAYEHUS TapaAMETPOB NIEMEHTOB:
Ri=4,7xkOm, Ro=1xkOmMm, R:= Rs=1Mom, C=0,01MmrD.
(ITpemogaBarenem MOTYT OBITE 3aJAHEI APYTHE 3HAYEHUS TAPAMETPOB).
,HJ'[H [MUTAHHUA OICPAITHOHHOTO YCHIMTECIIA MCIIOJIB30BATE ABd HCTOYHHKA IMOCTOAHHOTO

Toka | 5B, BKiIrouMB uX Tak, Kak mokaszano Ha puc. 11.3.

4L @
5B {1

P '

—® — -

15B
o

Pucynoxk 11.3 — [IpunimmiansHas cxema UCTBITAHNS TEHEPATOPA MTPAMOYTOIBHBIX

HMITYJIBCOB

BrixoaHoO€e HanpsAKEHUe reHeparopa moaaTe Ha BXo ocipuniorpada.

2. llocnme mpoBepkn CcOOpaHHOM CXEMBI MPENONABATENEM MNONATH HANPAKEHHE HA
ocipmiorpa) ¥ HA UMCTOUHMKM TmTaHusa. Habmopmas wa oskpane ocmwinorpadga dopmy
BEIXOJHOTO HANPSKEHUA TEeHEpaTopa, yOemuTreCsA, 4TO OHA HUMEET NPAMOYTOJBHYIO (popmy,
MPAYEM, JUINTEIBHOCTE IMOI0KUTEIRHOIO UMITYJIBECA PABHA [UINTENEHOCTH OTPULIATENEHOTO.

3. B uemu orpunarensHON 00paTHOM CBA3M pe3ucTtop R; comporuBnenumem 1 Mowm
3ameHuTE pe3uctopoM 100 kOm. YOenuTeca, 4T0 MIMTEIBHOCTE MOJOKUTENBHOTO HUMITYIbCA
crana B 10 pa3 kopodye IIMTEIBHOCTH OTPUIIATEIBHOTO.

4. B uwenu mOnOKUTENEHOM OOpaTHOM CBA3M HAPALNIEIBHO  pe3uctopy Ro
conporupieHneM | kOM BKIHOYHATE BTOPOM Takou ke pesuctop. Ilpm stom kosdppurimpent
OEMUTEI HAIPSKEHUSA YMEHBIIUTCA U CTAHET PABHBIM

v1=0,5/(4,7+0,5)=0,0961,
00 BKJIFOUEHUSA BTOPOTO PE3UCTOPA €ro 3HAUeHH e OBLIO

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

AOKYMEHT MNOANMCAH 1ace B 1 pas, rac
SNEKTPOHHOW NOANMnMUChbLIO
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HaOmromasa curHan BRIXOOHOTO HANPSKEHUA HA OSKpaHe ocruuiorpada, yoenuTecs B

VBCIIMYCHHUH €TO YdCTOTHI.

5. C momonisio ociuiorpada nponabdnroaars Gpopmy Hanpskenus U

Cooepoicanue omuema:

OTuer D0IKEH COIEPKATh:

1. Haszpanue paOoTEr;

[lems paboTsr;

Kparkue TeopeTnueckue CBEIeHMA;

Omicaniie NCmoap3yeMoro 000pyI0BAHNA U MATEPHUATIOB;
[Topsanok BeIMOTHEHUA PAOOTHI;

Beruucnenus n 00padoTKa pe3yIbTaTOB;

-1 o = W

BeIBOIEL.

Koumponsnwie sonpocwi:

1. Kakoe 51eKTpOHHOE YCTPOMCTBO HA3BIBAIOT ABTOT €EHEPATOPOM?

2. Omummre pabdoTy aBTOrE€HEparopa NOPAMOYIONBHBIX HMIYJIBCOB Ha 0Oase
OMEPAUOHHOTO YCHIIUTEIIA.

3. Kakumu crmocodamMu MOKHO U3MEHUTE 9ACTOTY CUTHANIA, pACCMATPUBAEMOTO B JAHHOU
pabore reneparopa?

4. Kak M3MEHUTH CKBAKHOCTL CUTHAIA reHeparopa’?

5. OOpacHUTE pOJIB TOJOKUTEIBHOM OOpaTHOM CBA3M B (POPMHUPOBAHMM (PpPOHTA
CUTHAJIOB T'€HEPATOpa.

6. Kak M3MEHNUTCA 4JacTOTa CUTHAJIA TEHEPATOpa MPH YBEIWYEHUM COOPOTHUBIEHUA R,

OETUTENA HANPSKEHUS !

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Jabdopamopnasn padboma Nel2. Tpuzzepol.

Ilens padomer: I3ydueHne npuHIMIOB NOCTPOEHUSA U (DYHKIIMOHAIBHBIX BO3MOKHOCTEH

TPUITEPOB Pa3IAUYHBIX THIIOB.

Ocnoebl meopui:

Tpurrepom Ha3eBarOT NPOCTEUNIEE ITOCIEOOBATEIBLHOE YCTPOMCTBO, KOTOPOE MOIKET
HAXOQUTHCSA B OOHOM M3 ABYX BO3MOKHBIX COCTOSHUN M MEPEXOIUTH U3 OJHOTO COCTOSHUS B
OPyroe moJ NEUCTBUEM BXOAHBIX CHUTHANOB. [pUTTEpPHl ABIAIOTCS Oa30BEIMH SJIEMEHTAMU

[MOCIICOOBATCIBEHEBIX JIOTHUYCCKHX }"CTpﬂﬁCTE.

Tpurrepsr 00b19HO UMEIOT ABA BRIXOAA: MPAMON (Q U MHBEPCHBIA * .

Bxonawr Tpurrepa paznenstoT Ha nH(popMarmoHHeie 1 ynpasmaromue. Uudopmarmonnsie
WCITOJIB3YIOTCA [JIA YIPABJICHUA COCTOAHUEM TPUTTEPA, YHPABIAIONINE — IS OPEABAPUTEIEHOM
YCTAHOBKH U CUHXPOHU3ALHH.

Pa3miuaroT aCHHXpPOHHEIE U CHHXPOHHBIE TPUITEPBI. ACHHXPOHHBIE TPUTTEPEl MEHSIIOT
CBOE COCTOSAHUE HEMOCPEACTBEHHO B MOMEHT ITOABJIECHUA HA BXOJ€ MH(POPMAIIMOHHOTO CUTHAJIA.
CHHXPOHHEIE TPUITEPH PEArHpyIOT HA MH(POPMAIMOHHBIE CUTHAJIBI NPH HAIWYMW CHUTHAJA
cuaxpoHm3anu C. CMHXPOHHBIE TPUITEPEL, B CBOIO OUEPENb, MOAPA3AEIIAIOT HA TPUTTEPHL CO
CTATUYECKUM U JUHAMHYIECKAM VIIPABICHUEM IT0 BXOAY CHHXPOHU3ALUU.

Cratnueckne CUHXPOHHBIE TPUITEPBl BOCHPUHUMAIOT MH()OPMAIIMOHHBIE CUTHAJIBI MPH
nogade Ha BXo4 C IOrMUecKor emuHUILI (TPSAMON BXOM) WM JTOTHUECKOTO HYJIA (MHBEPCHBIU
BXOJ).

JlunaMgeckne CMHXPOHHBIE TPUTTEPH! BOCHPHUHUMAOT HH()OPMAIIMOHHBIE CUTHAIBI TTPH
m3MeHeHnn curHana Ha Bxone C or 0 go | (mpamou mmunammuecku C-Bxon) wim ot 1 go 0
(naBepCHBIN nuHamuueckuit C-Bxon).

[To pyHKIIMOHATEHEIM BO3MOKHOCTAM TPUITEPHI PA3IENAOTCA HA CIEIYIONINE KIACCHL:

— ¢ pazpensHoM yeranoBkou O u 1 (RS-tpurrepsr);

— yauBepcanbueie (IK-Ttpurrepsr);

— ¢ npueMoM HH(pOpMAIMU IO 0FHOMY Bxoay (D-rpurrepsr);

— CO CUETHBIM BXOJ0M ( I-Tpurrepsr).

Bxonaer TpurrepoB 0003Ha4a0T CAEAYIOMIMM 00pa3oM:

Bxonel ToUrrepoB 0003HAYAIOT CAEOVIOMIMM 00pa3oM:

NOKYMEHT NMoanncAH
SNEKTPOHHOW MOAMMCHIO = 1;
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Llebayxoea TateaHa AnekcaHapoBHa = 0;
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I — Bxon mis ycranoBku B cocrosnue Q = 1 B yHUBEPCATBEHOM TPUTTEPE;
K — Bx01 ms yctaHoBKH B cocTosAaHuE () = (0 B yHUBEPCATTBHOM TPUITEPE;
D —Bxon nma ycranoBku B cocrosaue Q = 1 wnu Q = 0 B D-Tpurrepe;

T — Bxox cuernoro Tpurrepa;

{l: L L

~~" — CTATMYECKUH MPAMOU BXOJ CHHX POHU3ALMH;
C
—O
— CTATUYECKUN WHBEPCHBIN BXOJ CHHXPOHU3AIIHY;

—C

— MPSAMOW TUHAMHYECKUH BXOJ CHHX POHW3AIINH;

% — UHBEPCHBIN TUHAMWYECKUH BX Ol CUHXPOHU3AIUH;

V wmu E — [OOMOMHWTENBHEBIT VIPABIAIONIMM BXOI A Pa3pelieHus MOpHUeMa
MH(OpMAIHH.

CXEeMBI TPUITEPOB CTPOAT OOBIUHO HA 0a3e JIOTMYECKUX SJIEMEHTOB, OCHOBHBIM H3
KOTOPEIX ABiseTCA eMeHT « M-HE». PaccMoTpuM OCHOBHBIE M3 5THX CXEM.

Acunxponssit RS-rpurrep

Cxema RS-tpurrepa nzo0Opaxena na pucynke 1. B cxeme ucnmons3oBanst 4 snementa « M-
HE» ¢ nBymsa Bxomamu. OneMeHTH «a» U «by» Bemomasior Qyakmpro « HE», Tak kak mx BXOIBI

BKJIFOUCHEBI ITAPAJUICIIBHO. HpH OTCYTCTBHH CHI'HAJIOB Hd BBIXOJAX 3JICMCHTOB «ad» H «b» G}I,I[ET

J =]
goruueckag 1, m ecim BRIXOA 2meMeHTa «c» Q = 1, To Ha BRIXOZE siaemMeHTta «d» 2 .

CocrosHue Tpurrepa u3MeHuTCs, ecau Ha BXoa R momare mormueckyro 1. [Ipu sTom Ha BeIXOAE

{{b}} [TOABHUTCA 01, I{DTDPLIH H3MCHHWT BEIXOIHOHW CHIHAJ BIICMCHTA {{d}} U3 COCTOAHHMA - B

COCTOAHHCEC Q_l » B PE3VJILTATC UCTO BBIXOM 3JICMCHTA «C» U3MCHHUTCA B COCTOAHHC Q = (.

' =
OJOKYMEHT NoarnnvcAH
SNEKTPOHHOW MOAMNMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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Pucynok 12.1 — Acunxponnsi RS-tpurrep
AHanOTMYHBEIM 00pa3oM COCTOAHME TPUITEPA BEPHETCA B MNEPBOHAYAILHOE, €CIH

TOTUYECKYIO €IUHUILY TOOATh HA BXOX S.

PaboTty manHOTO TpUrTEpa OMUCHIBAET XAPAKTEPUCTUIECKOE YPABHEHHE:

0" =5+ R )

5 R =0

rae Q' — BRIXOTHOW CHUTHAM IO MOJaYM BXOTHEIX CHTHAIOB S' M R' B HEKOTOPEIA MOMEHT
BpPEMEHH t,

Q"' — BEIXOJHOM CHTHAJ MOCJIE MOLAYH BXOIHEIX CUTHAJIOB.

Bropoe ypaBHeHHE OTpakaer TO 00CTOATEILCTBO, YTO OJHOBPEMEHHAS MOJAa4a BXOTHBIX
curHamoB «l» wa Bxoael RS-Tpurrepa 3ampemieHa, Tak Kak TPUBOAUT TPHUITEP K
HEOMPENEIIEHHOMY COCTOSHUFO.

[Tomumo xapakrepuctrnueckoro ypaBHenusa padbora RS-tpurrepa moxker ObITh Omicana
crnenyromnied TadauIen COCTOsHMS.

Tabmuma 1. — Cocroanue RS-Tpurrepa

S' R’ Q' Q! Pesxum
0 0 0 0
XpaHeHue

0 0 1 1
] 0 0 1

Ycranoska |
] 0 1 1
0 1 0 0

Ycranoska 0
0 1 1 0
] 1 0 =

Heonpenenennocrs

] 1 1 =

Cxema cunxpoHHOro RS-tpurrepa mpencraBieHa na pucynke 12.2. Jlanusriii Tpurrep
pearupyer Ha WH(POPMAIMOHHEIE CUTHANBI, NOCTyHAKONIME HA BXOABl S u R, mpu Hanmuuuu
curHaza Ha Bxoae cuHxpoHmszammun C. B ocrameHOM ero padbora anamormuHa padOore
aCMHXpOHHOTO RS-Tpurrepa, oHa OMACEIBAETCA TEMH K€ XAPAKTEPUCTUIECKUM YPABHEHHUEM H

TAOJUIEH COCTOIHWHN.

[K-Tpurren. cxema KOTODOTO TNENCTARIEHA HA PUCYHKE 3, OTJIMYAETCA OT CHMHXPOHHOTO
AOKYMEHT NoarnncCAH

SNEKTPOHHOW NOAMUCHIO 'MTHATIOB Ha ero nH(popMaruoHHeIe BXomer [ 1 K

Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: tlebGayxopa TatbAHa AnexcaHapoBHa TOSTHUSA BEIXOJIOB HA IMMPOTHUBOIIOIOKHOE.
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PaccmoTpum crauama paboty IK-Tpurrepa mpum pazaenpHO# MOJade CHUTHAJIOB HA €ro
Bxonasl. [Ipu orcyrcrBun Bxoaneix curanoB (I = 0, K =0, C = 0) na BeIxoae s51€EMEHTOB «a» u
«a» A =1, A' = 1. BEIXogHBIE CUTHAIEI 3JIEMEHTOB «b» «b'» MOryT HaxogWUTHECS B OMTHOM M3
OBYX NPOTHUBOMONOKHBIX COCTOAHWUM, mpen-nmomoxum, B = 1, B' = 0, torma, tak kak B

paccmarpuBaemoM ciayuae (mpu C = 0) F = 1, Berxogusie curaamsr «Dy» u «D' oyonyr D=0, D' =

l. Takkak D=0, T0 Q=1,2a o =0 , TAK KaK BXOJHBIE CUTHAJIEI A1eMeHTa €' 00a paBHEI 1.

>

|

j
2
Tl

T C
7

',

Pucynok 12.3 — IK-Tpurrep

Ecm moctymur cunxponmsupyroniuii curian C = 1 opu OTCyTCTBUM MH(POPMAIMOHHBIX

[OKYMEHT MOATMUCAH MeHToB «f» u «d» (F = 1, D = 1), cocrosauue
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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BEIXOOHOTO 3JICMCHTA «e» HC H3IMCHHTCA, TAK KAdK Hd €TO0 BTDpDﬁ BXOO ITO-IIPCHKHCMY G}V,I[ET

[TOCTYIIATE CHI'HAJI gf_} =U .

PaccmoTpum Temeps paboty Tpurrepa, korma npu nocrymiaeHnu C = 1 curHanel Ha

uH(popmanmouHeiXx BXxomax [ =0 u K = 1. Ecnu mepen momaueit stux curnanoB Q' =1 u (r =U ,

TO HA BCE BXOIBI «a» MOCTYIAT €IUHUYHEIE CUTHABI, IIO3TOMY CHUTHAI HA €r0 BBIXOIE CTAHET
paBHBIM HYyII0 (A' = 0), BRIXOOEI «b» U «b'» mamensr ceoe cocrosaue (B = 0, B' = 1), mostomy
Ha 00parHOM (PPOHTE CHHXPOHM3HUPYIONIEr0 CUTHAJIA, KOTAA BHIXOJ JJIEMEHTA «f» CTaHer
PaBHBIM €QUHUIIE, BEIXOOHOM CUTHAN «d'» CTaHeT paBHEIM Hymio (D' = 0), a BEIXOOHOU CurHAamI

«d» ocranercsa enMHUYHBIM. [Ipu mocTynneHnn HyIE€BOr0 CUTHANA HA BXOI «e'» C BRIXOHA «d'»

} l
COCTOSTHHE TPUTTEPA U3MEHHUTCS Ha g I Q"' =0.

Ecim manee nmpu moCTymieHUM O4epeaHoro CuHxpoHmsupyroniero curnana [ =1 u K =0,

=0
TO aHAJOIMYHEIM 00Pa3OM COCTOSHHE BEIXOJHBEIX CUTHAMOB u3MeHurcsa Ha Q' =1 u ¢ :

[Ipn napannensHoM BrmoueHun BXx0A0B | m K paccmarpuBaemMoro Ttpurrepa OH
IPEBPAMIACTCS B TPUITEP CO CUETHBIM BXOAOM (I-tpurrep). Ecim curnan Ha uadopmMannoHHOM
Bxoae T-rpurrep paBeH 1, TO mMpHU DOCTYIUIEHUH OYEPEIHOT0 CHHXPOHU3HUPYIOIIETO MMITYJIBCA
COCTOSHUE TPUTTEPA MEHAETCA HA MPOTUBOIOIOKHOE.

PaccmoTpum mpo1mecc CMEHBI COCTOSTHUA | -Tpurrepa moapooHo.

s paboter cuetHoro tpurrepa Ha Bxoael | m K HeoOXomumo momars mOCTOSHHBEIN

eIMHNYHEIN curHai. [IpenmonoxuMm, nepen HaganoM CHHX POHM3UPYIOMIEr0 UMITYIbCa curHan B'

=1,aB=0,torma D=1uD'=0, sBerxognsie curHamel Q =0 u =

[Tpu nmomaue nmmyneca C = | Bexoguout curnan snemenra « HE» craner paBHBIM HyITIO.
Tak xaxk nHa Bxome «C» 5SIEMEHTOB «a@» W «a@» BXOOHOW CHTHAJI IOCTYHAeT Yepes3
mi(depentmpyronryo nenouky R;Ci, TO KparkOBPEMEHHO HMCUE3HET E€AWHWYHBIA CUTHAT A
(curHanm A' ocTtanercs B 5TO BpeMs €OUHUYHEIM, Tak Kak Q = 0), B pe3yapTaTe 4ero M3MEeHUTCA
cocrosanue >1eMeHTOB «b» n «b'» na B = 1 u B' = 0. Iloka BxogHOM CUTHAI OCTAETCA PABHBIM
€IMHUIIE, BEIXOMBI 37eMeHTOB «d»u «d'» Takike OymyT ocraBaThCs emuHWYHBIMH. [Ipu cHATHM

yopasaromiero umnyiasca (C = 0) curnan F craner paBHeiM enununie U, Tak kak B = 1, curnan

D craner paBueiM Hymo, a Q — 1. ITpu Q =1 4 _[], TO €CTh HA 00paTHOM (PPOHTE BXOIHOTO
CUTHAJIA COCTOSHUE TPUITEPA MEHAETCS HA MPOTHUBOMONOKHOE. BBUAY MOMHON CHUMMETPUU
JOKYMEHT NOANUCAH
SNEKTPOHHOWN NOANUCHLIO POM30UAET AHAJIOTUUHBIM TIPOLECC (BBIXOIHBIE
Ceptucbukar:  12000002A633E3D113AD425FB50002000002A6
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CUTHAJIEI CO IUTPHUXOM M 0€3 MTpHXa OpH OMHUCAHHUH IPOIECCAa MEHSNTE MECTAMH), U TPUTTED
BEPHETCA B MEPBOHAYAILHOE ITOJI0KEHHUE.

XapaxkTepucTHuueckoe ypaBHenue u tadmina cocrosani [K-rpurrepa crnenyromnme.

O =1 O RO

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
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Tabmmma 12.2. — Cocrosmue IK-Tpurrepa

[ K Q Q" Pexum
X ’ ! 0 XpaHeHue
0 0 1 1 P
1 0 1 ) Veranoska «1»
0 1 1 0 YceranoBka «0»
]. ]_ 0 1 N _
J =)
1 1 1 0 g (.

[Tomumo oOmMCAHHBIX TPUITEPOB B YCTAHOBKAX IM(POBON HIAEKTPOHUKH MIMPOKO
UCHOMB3yeTCa Tpurrep ¢ obmmum BxogoMm (D-tpurrep). Brixomnou curnan D-tpurrepa
MPUHAMAET 3HAYECHHE, PABHOE BXOJHOMY CHUTHAIy B MOMEHT ITOCTYIUIEHHS HMITYJIbCA
cunxponmsanuu. Cxema D-tpurrepa, coOpannas na 0aze «M-HE», npencrasnena na pucynke 4.

[Ipn orcyrerBum cuHxpoHu3upyromiero curHana «C» HE3aBUCMMO OT 3HAYECHHS

nHpopmanmonHoro curnaana D A = 1 u B = 0. 3nauenus BRIXOOHBIX CUTHAIOB Q 1 L MOTYT

ObITe moOBIMU. [Ipenmomosxkum, nepen nocrymiennem C = 1 ma Beixome Q = 0, Torma =l .

Ecmt nmpu mocrymnennn C = 1 D = 1, TO curnan A craHeTr paBHBIM HYIHO, B pe3yiasTare uero (Q

. ()
u3 cocroanua «U» mepeuper B cocrosanue «l», a = craner paBHeiM Hymo. [locme cmsarusa
CUHX POHU3UPYIOMIEr0 CUTHANIA BEIXOAHBIE CUTHAIBI HE U3MEHATCA, IIPA 3TOM HH(] OpPMAITHOHHEIN
CUTH&JI TPUITEPOM HE BOCIIPUHHUMAETCA 10 MOCTYIJIEHHUSA OYEPENHOr0 CUTHAlIA CHHXPOHU3ALINH.

Ecmi mpu C =1 D =0, To A cranercs paBueiM «l», B craner paBHBIM HyJIIO, B PE3YJIBTATE UETO

()
COCTOAHHEC BBIXOOHEIX CHTHAJIOB Q H — HM3IMCHHUTCA Hd MPOTHUBOITOJIOKHOC.

' &
! B
C | _ _
JOKYMEHT NOAMNMUCAH
SNEKTPOHHOW NOAMUCHIO

YOIWM MH(OPMAITMOHHBIM BXOJ0M
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Yrkazanue no mexnuke oezonacHocmii:

YKazanua 10 TEXHUKE O0e30macHOCTHM IpPH BBEINOIHEHUH Ja0OpaTropHeIX padoT

[IPUBEACHBI B IPUJIOKEHUE A.

Ykazanua no evinonnenuro nadopamopHou padoomoi:

1. JleTaqibHO M3y4UTE OCHOBHBIE TEOPETUUECKNE ITOIOKEHUA.

2. Ha maboparopnoM creHme coOpare CXE€MBI ACMHXPOHHOTO M CHHXPOHHOTO RS-
TpUITEPOB, cxemy D-tpurrepa u cxemy IK-Tpurrepa ¢ pa3nensHBIMU U CO CHETHBIM BXOIAMU.

3. OmnopoboBare pabdoTy KakOOTO BHAA TPUITEPOB U IO PE3yJIbTATAM OIMPOOOBAHUSA

COCTABUTH TAOITUIILEI COCTOSTHWI.

Cooeporcanue omuema:

OTUeT OOmKEH CONEPIKATE:

1. Haszeanue paOoTEr;

[lems paboTst;

Kparkue TeopeTuueckue CBEICHUA;

Omicanre nCmonp3yeMoro 000py10BaHUA U MATEPHUATIOB;
[Topamok BermomHeHus pabOTHI;

Beruncnenus n 00padoTKa pe3yibTaTOB;

-1 ™ a2

BEIBO ITEI.

Koumponsnwie sonpocwi:

1. Kakue 3neKTpOHHBIE YCTPONCTBA HA3BIBAIOT TPUTTEPAMHU !

2. YUeMm CHHXPOHHBIE TPUITEPEI OTIMYAOTCS OT ACHHXPOHHBIX

3. UeMm OT/IMUAIOTCA AMHAMWUECKAHN BXOJ CHHXPOHM3AIINU OT CTATUUECKOTO?

4. Kak 0003Ha4ar0T BXOJBEI U BEIXOBI TPUITEPOB?

5. HazoBure paccMOTpeHHBIE B padOTE THUIEI TPUITEPOB U OMUIINTE (DYHKIIMOHAIBHEIE
BO3MOKHOCTH KaxkI0T0 U3 HUX.

6. UTo Takoe XxapakTepUCTUIECKOE YPaBHEHNE TpUrrepa?

7. Yro npencraBimaer co001 Tabmna coCTOAHUY TpUrrepa’
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnedentie OUCHUNIUHDI

5.1 Ilepeuenv 0CHOGHOU U OONOIHUMENbHOU JAUmMEPAMypbl, HEOOXO00UMOU OnA
0CB0CHUA OUCHUNTUHDI

5.1.2 Ilepeuens 0CHOGHOIL TUmMEPAMYPbL:

1. Cyxanosa, H. B. Dnekrponuka n cxemorexnuka. [Ipakrukym: yuebnoe mocodbue / H.
B. CyxanoBa. — Boponex: BopoHEXKCKMM TOCYOApPCTBEHHBIN YHUBEPCUTET WHIKEHEPHBIX
texnosiorun, 2020. — 80 ¢. — ISBN 978-5-00032-472-1. — Tekct: snexkrponnsiit // Llnppooun
00pa30BaTENBHEBIN pecypce IPR SMART: |caitr . - URL:
https://www.iprbookshop.ru/106457 . html

2. IlyxoBckmii, B. H. DOnexkrporexHmuka, 5IE€KTPOHHUKA U CXEMOTEXHUKA. Monayms
«lupporas cxemorexnuka»: yuedbnoe mocodome / B. H. Ilyxosckui, M. 1O. IlonenoB. —
Pocros-na-/lony, Taranpor: UsmarenscrBo HO)knoro ¢emepamsnoro ynusepcurera, 2018. —
163 c. — ISBN 978-5-9275-3079-3. — Tekcr: snekrponnsil // Ludposoit oOpazoBaTenbHbIi
pecypc IPR SMART: [caiit]. — URL: https:/www.iprbookshop.ru/87782.html

5.1.3 Ilepeuens OonoiHumenvbH ol 1M epamypbl:

1. Urnaros, A. H. Dnekrponuka: yuednoe nocobue / A. H. Urnaros, B. JI. CaBunrix, H.
E. ®aneeBa. — Horocubupck: CuOHpCKuil roCy1apCTBEHHBIN YHUBEPCUTET TEIEKOMMYHUKAITAM
u unpopmaruku, 2020. — 165 ¢. — Texkcr: snexkrponnsi // L{udpoBou oOpa3zoBarensHBIN

pecypc [IPR SMART : [caitT]. — URL: https://www.iprbookshop.ru/117127 .html

2. CurnukoBa, C. B. COopHuk 3amau 10 AUCHMIUIMHE «ODJIEKTPOHHMKA»: Y4EOHO-

merogngeckoe mocobue / C. B. CurnukoBa, A. C. ApepreB. — Camapa: IloBomxckui
rOCYJAPCTBEHHBIN YHUBEPCUTET TEIEKOMMYHUKAIUA U nH(popmatuky, 2016. — 60 c¢. — Tekcr:
snexkrponuel // lLludposonn oOpaszoBarensuemi pecypc IPR SMART : [caur]. — URL:

https://www.iprbookshop.ru/71877 .html

5.2 Ilepeuenv yueOHO-MemoeOUUECKO20 0DeCneHeHUA CAMOCHOAMENbHOU pPadontbl
00yuarouuUxca no OUCHUNIUHE

1. Meromnueckne peKOMEHIAWM Ui IMOATOTOBKH K JA0OPATOPHBIM 3AHATHAM IIO
TUCIUILIMHE « DTTEKTPOHUKA U CXEMOTEXHUKAY.

2. Meromuueckue peKOMEHIAINN TI0 OPTAHU3AIMN CAMOCTOSTENBHON padOTHI CTYAEHTOB

ROKYMEHT IOAMUCAH
3NEKTPOHHOW MOANUCHIO
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5.3 Ilepeuenv  pecypcoé  un@opmayiioHHO-mMeT1EKOMMYHUKQUUOHHOU
Humepuem, He00x00UMBIX 07151 0C80CHUA OUCHUNTUHDBI
1. http://www.biblioclub.ru -OBC "YHusepcurerckas dubnmoreka ommaita"

2. http://www.iprbookshop.ru/ - Onekrponno- dubmoreunas cucrema [IPRbooks
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[Tpunoxenune A

Yrazanue no mexuuke oezonacHocmiu

Jlo Hauama pa®OTBEI CTYAEHTHl OO0SA3aHBI M3YYWUTHh NMPABUIA TEXHUKU 0€30IMacHOCTH IIPH
pabore ¢ smexkrpoycTaHoBKaMu. OO0 M3y4eHMM OpPaBWI TEXHUKM O€30MACHOCTH U HOMYIEHUH
MHCTPYKTAka CTYOEHTHI PACIUCKHIBAIOTCA B CHELUATLHOM KypHane. CTyaeHTHl, HE M3yYMBIINE
MPAaBUJId TEXHUKNA O€30ITaCHOCTU U HE MPOLIEANINE MHCTPYKTAXK, K BEIIOIHEHUIO Ta00PAaTOPHEIX
padoT HE NOMyCKAIOTCA.

Yuebnasa rpymma (wym moarpynma) pasOusaercas Ha Opuragel, 9MCIO KOTOPBIX
VKa3BIBAETCA MPEMNOIABATENIEM, 4 COCTAB OpUras KOMIUIEKTYETCA CTYIEHTAMH HAa JOOPOBOIBHBIX
Hauanax. Crmmcok rpynmsl (MOATPYHIEI), pa30uTOM HA Opuragsl, CTapocra IPEAOCTABIAET
MPENONABATENI0, BEAYIIEMY JIA0OPATOPHEIE 3aHATHSL.

Kaxnas u3 Opuran BeImomHAET 1a0OparopHyro paboOTy B COOTBETCTBHUM C Tpa(uKOM,
HAXOIAIIEeMCA B 1a0OpaToOpUH.

[lepen kaxapM 3aHATHEM CTyAEHT O00f3aH TOATOTOBUTHCA K  BBIIOJIHEHUIO
maboparopHoil padOTEI MO TAHHOMY METOIUYECKOMY MOCOOUI0 M PEKOMEHIyEMON JIMTEPATYPE.
[lepen nawamom padOTEI IpenomaBarenk MOPOBEPSAET 3HAHUA CTYJCHTOB IIO0 COAEPIKAHUIO
BRIMOMHAEMON padoTel. [L10X0 MOArOTOBIEHHBIE CTYAEHTHI K BEINOJHEHUIO JIA0OPATOPHOU
padOTEI HE MOy CKAIOTCAL.

Paboras B maboparopun, HeoOxoaqumo coOmoaaTs CIeayonue NpaBuia:

K Beimomaenmto madbopaTtopHOil padOTEI CIEAyeT MPUCTYNATh TOMBKO IMOCHE IOJHOTO
VACHEHUSA €€ COAEPKAHUS U IMOJIYUEHUA JOMYCKa K HEH.

2. Hauummare pabOory ciemyer ¢ O3HAakOMIEHHA € npubopamu u 000pymoBaHueEM,
MPUMEHSIEMBIMHU B JAHHOU padore.

3. Ha nmaGoparopHom CTONE DOMKHBI HAXOOUTHCS TOJBKO MPEAMETHI, HEOOXOTUMBIE IS
BEITTOTHEHUA TAHHOW PaOOTHI.

4. PacronoxkeHue anmaparypel HA padOueM CTOJE AOMKHO OBITH TAKMM, 4TOOBI Cxema
COCOUHEHUI MOJy4HIACh HAWM0OIee NOpOoCTOM, HATOHOM H padora ¢ ammapatypor Obliaa
yI00OHOU.

5. JKemarenpno, u4ro0OBl cxemy coOupas oOOWH W3 4YIEHOB Opurangel, a JIpyrue
KOHTPOJIHUPOBAIIH.

6. Ilpu cOoOpke CrIOKHBIX CXE€M CIEOyeT BHAUale COEOUHUTE TJIABHYVIO,

NOKYMEHT MOANUCAH
INEKTPOHHOW MOAMNUCHIO
CeprudyikaT;  12000002A633E3D113AD425FB50002000002A6

Bnapeneu; LLlebayxoea TateAHa AneKkcaHopoBHa
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7. Ilocne toro, kak cxema Oyner coOpana, HeOOXOAUMO YOEOUTHCA B IPABUILHOU
yCTAHOBKE IBWIKKOB PEOCTATOB, ABTOTPAHC(POPMATOPOB U PYKOATOK OPYIHX PETYIUPYHOIIHX
YCTPOMUCTB.

8. CoOpannas cxema 0043aT€nbHO [O0JKHA OBITE MPOBEPEHA MNPEMOAABATENEM WIH
CTAPIINM JA0OPAHTOM U TOJBKO € UX PAa3PEmEHUs MOKET OBITh BKIIOUEHA IO HATIPAKEHHE.

9. Ilpn BriItoyeHMM CXeMBI 0CO000€ BHUMAHUE CaeayeT OOpaTuTe HA MTOKa3aHWA
AMIIEPMETPOB W JPYIMX HM3MEPHUTEIBHEIX NPUOOPOB. B cilyuae pe3koro IOBUIKEHHSA CTPEJIKH
AMITEPMETPAa K KOHIY LIKAJIBl CXEMy HEOOXOOMMO HEMEIEHHO OTKIIOYWUTE OT HCTOYHHUKA
HAIPAKECHUA.

10. HeoOxomumo OepekHO OTHOCHTHCA K ammaparype, ucmoab3yemMou B pabore. 000
BCEX 3aMEUEHHBIX HEHUCHPABHOCTAX WIH TMOBPEKICHUAX CTYACHT MOOMKEH HEMEIJIEHHO
COOOIMTE MPENOAABATEMO WM Ja00paHTy.

11. Ilocme BrmmomHenus palOTE CTyaeHT 00sM3aH, HE pa3dupas CXEMBl MNOKA3aTh
MOJIY4E€HHBIE MAHHBIE MPEenoaaBaTento. ECau pe3yasTaTsl U3MEPEHU BEPHBI, TO MPEIO1aABATENE
UX MOAIMMCEIBAET. JKCHEPUMEHT C HEMPABUIBHBIMU PE3yJIbTATAMH CIEIYET MOBTOPHTE.

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

13. Kareropuuecku 3anpeniaercs:

— TpOrarb pPyKaMH OTOJIEHHBEIE IPOBOAA W 4YaCTH MNPHOOPOB, HAXOIAMIMECST IO
HAIPAKEHUEM, TAXKE €CIIM OHO HEBEIHKO,

— MPOU3BOIUTE U3MEHEHHSA B CXEME MPU MO KO YEHHOM UCTOYHHUKE IMUTAHUS;

— 3aMEHATEL UM OpaTs 000PyAOBAHUE, WM IPUOOPEI C APYTUX padOUNX MECT

— 0e3 paspenienus npenoaaBaresns Wi 1a00paHTa;

— OTXOOUTE OT NPUOOPOB M MAIIWH, HAXOIAMMXCA ITOJ HANPAKEHHUEM WIH OCTABJIATH
CXEMY ITOJ] HAMPSKEHUEM ITPU 00padOTKE Pe3yIbTATOB U3MEPEHUMN;

— MEperpykarb NpUOOPEl TOKOM WM HAINPSKEHUEM, IIPEBBIIIAIONMIM HOMWHAIBHOE
3HAYEHUE.

[Tpoepky Hamuuusa, MOOABAEMOTO K CXEME WIHM JIEMEHTAM CXEMBI HANPAKCHUS
HEOOXOAMMO HPOU3BOOUTE TOJNBKO KOHTPOJBHOM JIAMIIOUKOW WM BOJBTMETPOM, COOmonas
MPaBHJId TEXHUKN 0€30MacHOCTH.

[Tpu pabore B maboparopuu caenyer cTporo coOmonars MEPEI MPENOCTOPOKHOCTH, TAK
KaK SJIEKTPUYECKUU TOK, HNPOXOIOANIMM 4Yepe3 TEno uenoBeka, BexmumHou B 0,025 A yxe

ABJIACTCA OITACHBIM JIA KI3HH.
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MUHHNCTEPCTBO HAVKHU U BBICIHIET'O OFPA3OBAHU S POCCUNCKOUN OEJIEPAIINU
OEJ/IEPAJIBHOE I'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJITEHUE BBICHIET'O ObPA3OBAHWSA
«CEBEPO-KABKA3CKHNI ®EJIEPAJIBHBIM YHUBEPCUTET»

[Taruropckmii UHCTUTYT (punmman) CKOY

MeTtoaunueckue peKoOMeHIaIuU

MO0 OPraHu3alul CaMOCTOATEILHOU PpadOTE 00yUarONXCS
mo muciuiuinae « QJIEKTPOHUKA U CXEMOTEXHHWUKA »
IJIs CTYJIEHTOB HAITPABIECHUS MTOATOTOBKH /CIEIMAIIEHOCTH
10.03.01 Uu¢popmarmonnasn 0e300acHOCTE, be30macHOCTE KOMITBIOTEPHEIX CUCTEM
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Conepxanue

Beenenue
1 OO0mias xapakTepUCTUKA CAMOCTOATEIBbHOM padoTel oOOyuaromierocs mnpu

H3VUICHHUHU JHCIHITIIITHBI « on CKTPOHHUKA 1 CXEMOTCXHHUKA»

2 [Tnan-rpaduk BEIMOTHEHWA CAMOCTOATETLHOM PAOOTEI
3 KOHTpOIBHEIE TOUKH M BUALI OTUETHOCTU IO HAM
4 Meromnueckne peKOMEHJAINH 10 N3YYEHHUIO0 TEOPETUUECKOTO
Marepuaia
5 Meromuueckne ykazaHusA 10 MOATOTOBKE K SK3AMEHY
6 YuebHo-meroqnueckoe u HH(PopMannoHHOE 00ecneyeHne JUCIIUILIUHEIL
AOKYMEHT NoanmncAH
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BBenenue

CamocroarensHas pabora — mranupyemas yueOHas, ydeOHO-HCCIenoBaTenbCKas,
HAyYHO-UCCIEN0BATENBCKAA padoTa CTyIEHTOB, BEITOJHAEMAS BO BHEAYAUTOPHOE (ayIUTOPHOE)
BpeMsA IO 3aJaHWI0 M HOPH METOIMYECKOM PYKOBOACTBE MPEmoAaBaTeiss, HO 0e3 €ero
HEMOCPEACTBEHHOTO y4acTHs (IIPHM 4YACTUUHOM HEMOCPEICTBEHHOM YUACTHH NPENOgaBaTes,
OCTABJIAIONIEM BEAYIIYIO POJIb 34 pA0OTON CTYAEHTOB).

CamocroarenpHas padbora CryneHTOB B BY3e ABmA€TCA BaMHBIM BHUAOM YUE€OHOM H
HAYYHOM NEATEIRHOCTU CTYIEHTA.

Begymias nems opranmzaumm u ocymiectBaeHus CPC momxHa COBMAmaTe C IIEBIO
o0OyueHMs CTyIEeHTa — NOATOTOBKOM OakamaBpa C BeICIMM OOpaszoBanuem. [Ipu opranmsanuun
CPC BaxHBEIM U HEOOXOOMMEBEIM  YCIOBUEM  CTAHOBATCA  (POPMUPOBAHUE  YMEHHUA
CAMOCTOATENBLHON PA0OTHL A1 mMPUOOPETEHNA 3HAHWUM, HABBIKOB M BO3MOKHOCTH OpraHW3aiiuu
yueOHOM 1 HAYIHOU JIEATENHHOCTH.

Llenpro camocToATENBEHON PAOOTEI CTYIEHTOB SBISAETCA OBJIAACHHE (DYHIAMEHTATEHBIMU
3HAHUAMHU, TPOPECCHOHATBHEIMA YMEHUAMH U HABBIKAMH OEATEIRHOCTH IO MPO(UIIO, ONBITOM
TBOPUECKOM, HCCIEOOBATEIBCKON aeATenpHOCTH. (CamocrosTencHas padora CTyOEHTOB
CIOCOOCTBYET pa3BUTHIO CaMOCTOATENBHOCTH, OTBETCTBEHHOCTH W OPraHU30BAHHOCTH,

TBOPUECKOTO MOIX01A K PEIIEHHUI0 TpodneM yaeOHOro u npo()€CCHOHATEHOTO YPOBHA.
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O01as XapakTepHCTHKA CAMOCTOATE/ILHOM pa0doThI 00yualonierocs nNpu H3y4eHH
THCIHILTHHBI «JJIEKTPOHHKA H CXeMOTeXHHKA»

CamocroarensHas pabora - miaHupyemasa yueOHas, y4eOHO-HCCIeqoBaTeIbCKas,
HAyYHO-UCCIEN0BATENBCKAA padoTa CTyIEHTOB, BEITOJHAEMAS BO BHEAYAUTOPHOE (ayIUTOPHOE)
BpeMsA IO 3aJaHWI0 M HOPH METOIMYECKOM PYKOBOACTBE MPEmoAaBaTeiss, HO 0e3 €ero
HEMOCPEICTBEHHOTO y4acTHsA (IpH YaCTUUHOM HEMOCPEACTBEHHOM YYACTHM MPENnogaBaTess,
OCTABJIAIONIEM BEAYIIYIO POJIb 34 pA0OTON CTYAEHTOB).

CamocroarenpHas padbora CryneHTOB B BY3e ABmA€TCA BaMHBIM BHUAOM YUE€OHOM H
HAYYHOU AEATENRHOCTH CTyaeHTa. CamocroaTensHas padoTa CTyIEHTOB UTPAET 3HAYUTEIBHYIO
pOJTE B PEUTUHTOBOM TEXHOMOTMU 00yueHua. B cBsa3u ¢ stum, oOyuenue B BY3e Bkmtouaer B
ce0s IBE, MPAKTUYECKH OOUHAKOBEIE MO 00BEMY U B3aMMOBIIMSAHUIO YACTH — OPOLIECCA O0yUECHU S
u npouecca camooOyuenus. [Tosromy CPC momixna crare 3(p()EKTUBHOUN U LIEICHANPABICHHON
paboTOoM CTyIEHTA.

K coBpemMeHHOMY CENMATUCTY OOMIECTBO MPENBABIAET JOCTATOYHO MIMPOKUI MEPEYEHD
TpeOOBAHUN, Cpem KOTOPHIX HEMAJOBAXKHOE 3HAYEHUE WMEET HAIU4YME Yy BBIMYCKHUKOB
OMPENENEHHBIX CIMOCOOHOCTEM M yMEHHUA CAMOCTOSTEIRHO TOOBIBATH 3HAHUS W3 PA3TMUHBIX
MCTOYHUKOB, CHCTEMATU3HPOBATE ITOJYYECHHYI0 HH(POpPMAIMIO, AABATL OIEHKY KOHKPETHOH
(uHancoBou curyanuu. GopMUPOBAHUE TAKOTO YMEHUA MPOUCXOAUT B TEYEHUE BCETO MEPHUOIA
00ydeHMsA depe3 ydJacTHE CTYOEHTOB B ITPAKTHYECKHUX 3dHATHUAX, BBIITOJHEHUE KOHTPOJIBHBIX
3aJaHUH U TECTOB, HAMUCAHUE KYPCOBBIX M BBIMYCKHBIX KBAMM(PUKAIMOHHEIX padoT. IIpu sTom
CaMOCTOATENRHASA pPAdO0TAa CTYAEHTOB WIPAET PEMIAIONIYI0 POIs B XOIE€ BCEro ydeOHOro
mpo1iecca.

Begymasa nems oprammzauum u ocymiecrBaeHuas CPC pomxHa COBmagare C LEBIO
00ydueHusa CTyJeHTa — NOATOTOBKOM CIENHANNCTa U OakaimaBpa ¢ BeEICIINM OOpaszoBanuem. [Ipu
opranm3zanun CPC BaxHBIM M HEOOXOOMMEBIM YCIOBHUEM CTAHOBATCA (POPMUPOBAHHUE YMEHUS
CaMOCTOSATENBLHOM PA0OTHEI A1 mMPUOOPETEHNA 3HAHUM, HABBEIKOB M BO3MOKHOCTH OpPraHW3aI[uN
yueOHOM ¥ HAYUHOM JIEATEILHOCTH.

@opMEI  CAMOCTOATENEHOM pPAOOTEI CTYAEHTOB pasHooOpa3zuel. B coorBercrBHU C
paboden mporpaMmoN OUCHMUIUIMHBI MPENYCMOTPEHBI CIEOYIONIME BUABL CAMOCTOATENBEHOU
pabOTEI CTyIEeHTA:

- CAMOCTOSTENBHOE U3YUEHUE TUTEPATYPHI;

- CAMOCTOATCIBHOC PCIIICHHC 34044,

NOKYMEHT MOANMCAH
SNEKTPOHHOM NOAMMCHIO
Ceptudcmkar: 12000002A633E3D113AD425FB5S0002000002A6

THm m — CAMOCTOATCIBEHOC OBJIAICHHC
Bnageneu; Llebayxoea TateAHa AnekcaHapoBHa epamypol il

YyHOCTH.
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3adauamu CaMOCTOATEILHOTO U3YIECHUS JIUTEPATY PBI ABJIAIOTCA:

o yrayOJIEHHE U PACIIUPEHNUE TEOPETUUECKNUX 3HAHUM,

o (opMHUpOBAHNE YMEHHUH HCIIOIL30BATh HOPMATHBHYIO, MPABOBYIO, CIPABOUHYIO
DOKYMEHTALMIO U CIEIUAIBHYIO TUTEPATYPY;

. pa3BUTHE NO3HABATEIBHEIX CITOCOOHOCTEN M AKTUBHOCTH CTYIEHTOB.

Lenv camocmoamenvho2o pewenus 3a0ad - OBJIAJCHUE IPO(ECCHOHAIBHBIMA
YMEHUAMH U HABBIKAMH JE€ATEIHHOCTHU MO MPOPWIII0 OyayIIEH OEATENbHOCTH.

3adauamu CaMOCTOATENLHOTO PEIIEHUA 34044 ABJIAIOTCA:

. CUCTEMATH3AIMA W 3aKPEMICHHE MOIYYEHHBIX TEOPETUYECKUX 3HAHUH W
MPAKTUIECKUX YMEHUN CTyIEHTOB;

. (popmMupoBaHue CAMOCTOATEIEHOCTH MBITILIEHU A, criocoOHOCTEN K
CaMOPa3BUTHIO, CAMOCOBEPILICHCTBOBAHUIO U CAMOPEAIN3aLINN;

o pPa3BUTHE UCCIEIOBATEIECKUX YMEHHUI.

Henvio camocmoamensHo2o 6bINOJIHEHUA paciuemHo-cpaduueckoii padomsvt 10
OUCHUIIIMHE SABJISAETCS OBJANEHHE (PYHOAAMEHTAIBHBIMM 3HAHUAMH, HOPO()ECCHOHATHHBEIMHU
YMEHUAMH ¥ HABBIKAMH AEATEIRHOCTH MO MPO(UIIO, OMMBITOM TBOPUYECKOM, UCCIEI0BATENBCKOM
IEATEIBHOCTH.

Jadauamu TAaHHOTO BUOA CAMOCTOATENLHOU pA0OTHI CTYAEHTA SABJIAIOTCA:

o CUCTEMATH3AIMA W 3aKPEMICHHE MOIYyYEHHBIX TEOPETUYECKUX 3HAHUH W
MPAKTUYECKUX YMEHUN CTYIEHTOB;

. yTIIIyOneHne U pAaCIIMPEHNE TEOPETHIECKUX 3HAHNN;

. ¢popMUpOBAHNE YMEHHUM HCIIONL30BATh HOPMATHUBHYIO, MPABOBYIO, CIPABOUHYIO
DOKYMEHTALUIO U CIIEIUAIBHYIO TUTEPATYPY;

o pPa3BUTHE MO3HABATEIBHBIX CMOCOOHOCTEN M AKTUBHOCTU CTYIEHTOB: TBOPUYECKOM
WHUIIUATUBEI, CAMOCTOATEIBHOCTH, OTBETCTBEHHOCTH U OPraHN30BaHHO CTH;

. (opmupoBaHE CaMOCTOATETBPHOCTH MBITILIEHU S, cmocoOHOCTE K
CaMOPa3BUTHIO, CAMOCOBEPILIEHCTBOBAHUIO U CAMOPEaTN3aliim;

. pPa3BUTHE UCCICIOBATEIIECKUX YMEHUI;

o UCIIOJIb30BAHUE  Marepuana, CoOpaHHOr0 W MOJYYEHHOTO B XOne
CAMOCTOATENBHBIX 3aHATHUN HA CEMHUHAPAX, HA MPAKTUYECKUX U TA00PATOPHBEIX 3aHATHUAX, NIPH
HAMMCAHUHU KYyPCOBOM PaOOTEL

B pesymprare OCBOEHMS OUCHUIUIUHEL (POPMUPYIOTCA CIEAYIONIMI  IMEPEUYEHD

AOKYMEHT INOANUCAH
INIEKTPOHHOU MNMOArNMnnMCbIO
Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu; LWebayxoea TateAHa AnekcaHapoBHa

[COHUILIHHE, COOTHECEHHBIX C [NTAHUPYCMBIMH

PAMMBEI:

[yJIIMPOBKA [manupyemele pe3yIbTaTh]
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KOMITCTCHIIMH HHIOUKATOPa

00ydEeHMSA MO0 TUCIIUILIHHE
(voymo),
XapaKTEPU3VIONINE STATTEI
(popmMupoBaHMA
KOMIOETEHIIMIH, HHIUKATOPOB

W1-1omk.4 pusmueckue
3aKOHBI U MOJIENH,
HEOOXOMMEIE ITPU PEILIEHUN
3anad B mpo()eCc CHOHATBHOM
NeATENEHOCTH.

3Haer (pusnueckue
MPOLIECCEL, MPOUCXOIANINE B
MOTYIIPOBOTHUKOBEIX
MaTepuaiax, a TAKxKe p-n
nepexone, CTPyKTY PHEIE
CXEMBI YCUJIMTEI S HU3KOH
gacTtoTel (YHY) u
OMEPAMOHHOT O Y CHITUTEA
(OVY), naznauenue OI0KOB
CTPYKTYPHOU CXEMBEI,
OPUHIAEI IPE0OPA30BAHNA
IEPEMEHHOTO HANPSKECHUS B
HOCTOSHHOE, (PIILTPAIMH U
CTaOMTH3AIIHH
BBEIIPAMIEHHOTO
HAIpsAKEeHUA, padoTy
TPAH3UCTOPA B PEIKUME
KTrO4Ya, TaOIIe HCTHHHOCTH
JTOTUYECKUX SJIEMEHTOB.

OIIK-4 Crmoco0eH mpuMeHSATE
HEOOXOaMMEBIE (pU3HUECKHE
3AKOHBI U MOJEIN IS
pelIeHus 3a1a4

npo(heCCHOHATBHOU
NeATETEHOCTH
N/1-2onk-4 TPUMEHSATE
HEOOXO0qMMBIE (PU3NIECKUE

3aKOHBI M MOJEJINA JI

perieHus 3aaad
npo() eCCHOHATBLHOM
NeATENEHOCTH.
OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

YMeeT npou3BOIMTE BEIOOP
TPaH3UCTOPOB B CXEME
YCIWJINTEIA B 3aBUCUMOCTH OT
napaMeTpPoOB HATPY3KU U
JaCTOTHOTO AMAama3oHa,
MPUMEHATH HA TPAKTHKE
MAaTEMAaTHUIECKUE METOIEI
pacyera MCTOYHHUKOB
BTOPUYHOTO IMUTAHUA,
MPUMEHATH JTOTHUECKUE
yPaBHEHMS, UCIIOIB3Y A
SIEMEHTHYIO 0a3y
JIOTMYECKUX SJIEMEHTOB.
Bnaneer naBeikamu pacuera
YCUINUTEIBHBIX, UMITYJIECHBIX
1 [U(PPOBBIX YCTPOUCTB U
YCTPOUCTB SIEKTPOMUTAHUA,
HABBIKAMU aHATN3a
HTEKTPUIECKUX TIETEN
COBPEMEHHBIMH
KOMITHIOTEPHBIMH METOJAMU;
OCHOBAMM ITPAKTUUECKOUN
pabOTEI € H3NEKTPOHHBIMHU
yCTPOUCTBAMHI M HABBIKAMHU

U3MEPEHUS NTAPAMETPOB

JJICKTPOHHBIX CXCM.

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Ilnan-rpauk BbINOJTHEHHS CAMOCTOATE/ILHOH padoThI

O0BeM J4acoB, B TOM 4HCJIE
Konapr
CpencrBa u KoHrakTHas
peaTM3yeMEIX Bun nesrensHoCTH O Gora
KOMIIETEHIIHH, CTYIEHTOB SN CPC np IO TARAT Bcero
WHIUKATOPa(OB) ! P EHSM
4 cemecTp
CamocrogrensHoe Cobece TORAM
WU3YIEHUE TUTEPATYPEI 5 4,86 0,54 5.4
OTIK -4 mo Temam Nel-18
] [Tonroroska K CobecenoBann
NJ1-10nx4 eI . 2,43 0,27 2.7
U204 ==
[oxrorosxa K CoOecemopanu
1adopaTOPHEIM . 4,86 0,54 5,4
3AHATHAM
Hroro 3a 4 cemecrp: 12,15 1,35 13,5
Hroro: 12,15 1,35 13,5
[NOKYMEHT NMOAMNUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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KﬂHTpﬂ.]]thlE TOYKH H BH/IbI OTHETHOCTH IIO HHM

No Bung nedarempHOCTH CTYIEHTOB Cpoxknu KomigecTso
/T BEITTOJTHEHU 0anIoB
4 cemecTp
. JTaboparopuoe 3ansarue Ne 4 6 Hemens 25
2. JTaboparopuoe 3ausarue Ne 7 10 nenena 15
3. JTaboparopuoe 3ansarue Ne 10 16 nenena 15
Hroro 3a 4 cemecTp 55
Hroro 55

MakcumansHO BO3MOKHBIN 0ai 38 BECh TEKYIIMM KOHTPOJIE MakCUMamrsHO BO3MOKHEIN
Oasn 3a BECH TEKyIIMM KOHTPOJIb YCTAHABIMBAETCA paBHEIM 55. Tekymiee KOHTpPOIBHOE
MEPONPUATHE CYWUTAETCA CHAHHBIM, €CJIM CTYAEHT HOJy4ua 3a Hero He meHee 60% ot
YCTAHOBJIEHHOTO JJA OSTOTO KOHTPOIA MakCUMameHOro Oamna. PeurtunroBemi Oam,
BEICTABJIIEMBIM CTYAEHTY 3d TEKYNIEE€ KOHTPOJIBHOE MEPONPUATHE, COAHHOE CTYIEHTOM B

YCTAHOBJIEHHBIE TPA(PUKOM KOHTPOJBHEIX MEPONPUATHN CPOKH, OMNPEIENAECTCA CIEIYIONINMM

obpazom:
Y PpOBEHB BBHIITOTHEHUA KOHTPOJIBHOTO Perrtnaroseii 0Oayut (B % OT MAKCHUMAaIBHOTO
3aIaHuA Oayu1a 3a KOHTPOJILHOE 3aTaHHIE)
OTINYHEIN 100
X0 PO 30
Y noBa€TBOPUTEILHEIN 60
HeynoBneTBOpUTEIBEHEIM 0
OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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MeToan4yeckHe PEKOMEHIAIHHA 10 HIYUCHHIO TCOPETHYECKOI'0O MaTepHaJia

CamocroArensHas padoTa CTyIeHTA HAYMHAETCS ¢ BHUMATEIBLHOTO O3HAKOMIIEHHMA C
comepxanueM yueOHOro Kypcea.

M3ydenne ka0l TEMEI CIEIy€eT HAUMHATE C BHUMATEIRHOTO 03HAKOMIEHU ¢ HA0OpOM
BOMPOCOB. OHU OPUEHTUPYIOT CTYAEHTA, MOKA3BIBAIOT, YTO OH JOJIKEH 3HATH MO JAHHOMN TEME.
Bonpocer Tembl kKak OBl HAKIAOBIBAIOTCA HA COOTBETCTBYIONIYIO IUIABY M30paHHOrO ydeOHHKA
wm yueOHOoro nocodusa. B urore nomkHO OBITH ACHBIM, KAKHE BOMPOCHI TEMEI YU€OHOTO Kypca U
C KAKOUW TIIyOMHOU PACKPBITHL B KOHKPETHOM yueO0HOM Marepuaie, a Kakue BOOOIIE OMynIEHEI.
TpeOyercs TBOpUECKOE OTHOIIIEHHE U K CAMOMY COAEPKAHUIO0 JUCTUITIAHEL.

Bonpocel, cocTaBustomme ee coaepkanne, 00IamarT pa3HOM CTENEHBIO BaXKHOCTH. ECTh
BOIIPOCEI, BBEIMOJHAIONINE (PYHKIUIO JIOTMYECKOW CBA3KM COAEPKAHUSA TEMBI M BCETO Kypca,
MMEIOTCS BOMPOCH! OMUCATENBHOTO WM PA3bACHUTEIBHOTO XAPAKTEPA, @ TAKKE UCTOPUIECKOTO
3KCKypca B 00IaCTh M3y4aeMOM IUCHUILUIMHEI. BCe 3T BOMPOCE HE COCTABISAIOT CYTH ITOHS-
TUHHOTO, KOHIIENTYaAJIBHOTO COJEPKAHUA TEMBI, HO HEOOXOAMMSBI M LIETOCTHOTO BOCHPUATHSA
M3y9aeMBIX ITPOOIEM.

M3yuaemas pucnuiuimHa MMEET CBOM KaTErOPUAILHO-MOHATUMHEBIN annapar. Hayuwusere
MOHATHA — 3TO Ta 0a3a, Ha KOTOPOM CTPOUTCA Kaxkaas Hayka. [loHaTtua — y3moBBI€, OMMOPHBIE
MYHKTHI KAK HAYYHOTO, TaK U y4€OHOTO MMO3HAHUA, JIOTHUECKHE CTYMEHU ABWKEHUA B yduede OT
OPOCTOrO K CJIOKHOMY, OT ABJIEHUS K CYNIHOCTU. be3 sCHOro moHuMaHus moHATHH yuelda kpailHe
3aTPYIHAETCS, 4 COEPKAHUE TPUOOPETEHHBIX 3HAHWH CTAHOBUTCSA TYCKIIBIM, PACTIILIBUATHIM.

CTyaeHT OOKEH IMOHUMATb, YTO CAMOCTOATEIRHOE OBJANCHHE 3HAHUAMU SIBIISCTCS
[JIABHEIM, ONpENe/MionM. Bricmias mkosa co3gaer sl 3TOr0 HEOOXOAMMEIE YCIOBHAL
MOMOTAE€T OyaymEMY BBICOKOKBATU(PUIIMPOBAHHOMY CIENHAIUCTY OBJAAETh TEXHOIOTHEH
CaMOCTOSATENLHOTO MPOU3BOACTBA 3HAHUM.

B camocroAaTemsHOM paboOTE€ CTyOeHTAM MPUXOOUTCA UCIIOIB30BATE JIUTEPATYPY
pPa3MMUHBEIX BUAOB: IEPBOUCTOYHMKH, MOHOTpaduu, HaAydHBEIE COOPHHUKH, XPECTOMATHH,
yueOHUKH, yueOHBIE mocoOus, KXypHaIsl U Ap. M3yuenue kypca Opennoaraet 3HAKOMCTBO
CTYAEHTOB C OOJBIIMM OOBEMOM HAYYHOW MU y4€OHOM JMTEPATYPHI, 4TO, B CBOIO OYEPE.B,
MOpPOKAAeT HEOOXOAMMOCTH BHEIPAOOTKH Yy HHUX PallMOHAIBHO-KPUTHYECKOTO MOAXO04a K
M3y4aeMBIM UCTOTHHUKAM.

Yto0pl HE «YTOHYTE» B OrPOMHOM OOBEME PEKOMEHOOBAHHBIX €My I H3Y4YEHHS

AOKYMEHT MNOAMNVICAH
SMEKTPOHHOW NOAMUCHIO
Ceprudimkar:  12000002A633E3D113AD425FB5S0002000002A6

Bnapeneu; lebayxoea TaTeAHa AnekcaHapoBHa

HAYYUTECSA NMPABWILHO UX udrarhk. lIpaBunenoe

JIArdeT CICOOBAHHE HCCKOJIBKHM HECIOMKHEIM,
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[IpenBapurenbHeIil IPOCMOTP KHUTH BKIIOYAET O3HAKOMIEHHE C TUTYJILHBIM JHCTOM
KHATH, AHHOTAI[MEH, MPEIMCIOBHEM, OIIaBJIE€HUEM. [Ipu O3HAKOMIEHMHM C OIJIABICHUEM
HEOOXOAMMO BBIAEIUTE PA3AeNbl, TI4BkI, maparpadsl, MPEeaCTABIAIONINE I BAC HHTEpEC, OErno
UX OPOCMOTPETH, HAUTH MECTA, OTHOCAMMECA K Teme (ad3anel, cTpaHuusl, maparpadsr), u
MO3HAKOMUTHCS ¢ HUMU B OONINX 4ePTaX.

Hayunsie n3nanusa COMpPOBOKIAIOTCA PA3IMIHEIMU BCOOMOTATEIEHEIMI MATEPHATIAMA —
HAYYHBEIM AOmaparoM, MOSTOMY BAaXHO 3HATH, M3 KAKMX OCHOBHBIX J3JIEMEHTOB OH COCTOMT,
KaKOBEI €r0 (PyHKINH.

3HAKOMCTBO C KHWUTOW JIy4II€ BCET0 HAYMHATH C M3YUEHHSA AHHOTAIUM — KPATKOU
XAPAKTEPUCTUKA KHUTH, PACKPBIBAIOMIEN €€ COOEp/KaHUE, HIACHHYI0, TEMATHYECKYI0 U
JKAHPOBYIO HAIPABJIECHHOCTh, CBEIECHUA OO0 aBTOpE, HA3HAUEHHE M APYTHE OCOOEHHOCTH.
AHHOTAIMA NOMOTA€T COCTABUTE MPEABAPUTEILHOE MHEHAE O KHUTE.

['my0ke moHATH COOEpPKAHUE KHWUTH IMO3BOJIIOT BCTYIUTENBHASA CTAThsA, B KOTOPOU
OAeTCsA OIEHKA COAEPk aHWA KHWUTHA, 3aTParuBaeMoil B HEW NOPOOIEMATUKH, COAEPHKUTCS
uH(pOpMaNUA O KU3HEHHOU M TBOPUECKOM Omorpauu aBTOpa, BBICKA3BIBAIOTCSA MOJIEMHUUECKHE
3aMEUaHUsA, PA3BACHAIOTCA OTAEIBHBIE MOJOKEHWsA KHWUTH, OAIOTCA KOMMEHTApHUU U T.O. BoT
MOYEMY 3HAKOMCTBO C BCTYIIUTEIIBHOM CTATHEU MPEACTABILIETCA OYEHb BAKHBIM: OHO ITOMOTAET
CTYAEHTY COPUEHTHUPOBATHECA B TEKCTE padOTHI, 00pATUTH BHUMAHUE HA €€ HAMOOIEE IEHHBIE U
BAKHBIE PA3IEIIHL.

Toit xxe nenu comencTByeT 3HaKOMCTBO € OTJIABIEHUEM, NMPEAUCIOBUEM, MOCIECIOBUEM.
Becbma mDONIE3HBIMM SJIEMEHTAMHM HAYYHOTO ammapata SABJSIOTCA CHOCKHM, KOMMEHTAPHH,
TaOmunpel, rpauku, coucku ureparypel. OHM HE TONBKO WIMIOCTPUPYIOT OTAENBHBIE
MOJIOJKCHU. KHUTH WIM CTAaTbH, HO M CaAMM IO Ce0€ ABJIAIOTCA IOIMOJIHUTEIBEHEIM UCTOYHHKOM
MH(POpPMALINN I UATATEIIA.

Ecmm gurarens 3amHTEpECcOBaNa Kakasf-TO BBEICKA3dHHASA aBTOPOM MBIC/Ib, HE HALLIEUIAS
MOAPOOHOTO OCBENIEHWA B NAHHOM HCTOYHUKE, OH MOKET OOpAaTUTBCA K TEKCTY HMCTOYHHKA,
YIOMHWHAEMOTO B CHOCKE, JITMOO K MCTOYHUKY, KOTOPEIM OH MOKET HANTHU B CITMCKE JIMTEPATYPHL,
PEKOMEHIOBAHHON aBTOPOM U1 CAMOCTOSATEIIEHOTO H3YUEHUA.

CymiecTBy€eT HECKOIBKO (POPM BEIEHUA 3ATTUCEN

— 1u1aH (OPOCTOM U pa3BEPHYTHIN) — HaWOoOIEe KpaTkas (popma 3amicu OpOYUTAHHOTO,
MPEeaCTaBIAONIas COOOM NEepedueHbp BOIPOCOB, PACCMATPHUBAEMBIX B KHHMIE WIH CTATHE.

PazepHyTEIN T1IAH TpeacraBaser cobou Oomee moapoOHYIO 3amiCh OPOYUTAHHOTO, C

AOKYMEHT NOANMCAH
SNIEKTPOHHOW MoAarnncbio
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa

)B, C BREIITUCKOMW IIATAT, CTATUCTUYECKUX JAaHHBIX

OMOIIHHK IIPH BBICTVIINICHHHK C HOOKJIAZOM Hd
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— TE3UCBl — KPATKO C(OPMYIUPOBAHHEIE ITOJIOKEHUA, OCHOBHEIE MOJIOKEHUA KHUTH,
crareu. Kak mpaBmio, TE3UCHL COCTABIAIOTCA MOCIE MPEABAPUTEILHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHMKA, IIPH €T0 MOBTOPHOM NPOUYTEHHH. OHM MOMOTAIOT 3alOMHHUTE M CHCTEMATHU3UPOBATH
UH(O pMATIHIO.

CocraBieHne KOHCIIEKTOB

bosblIyro poss B YCBOGHHMM M MOBTOPEHUM MPOMIEHHOTO MATEPUATIa UTPAET XOPOIINH
KOHCITEKT, CONEPKAIIMN OCHOBHBIE HJIEU MPOYUTAHHOTO B YUCOHUKE U YCIBIMIAHHOTO B JIEKIIVH.
KoHCekT — 3T0, M0 CymiecTBY, HAOPOCOK, PA3BEPHYTHIN ILIAH CBA3HOTO pAacCKa3a M0 OCHOBHBIM
BOITPOCAM TEMBEL.

B kakoii-T0O Mepe KOHCIEKT paccuuTadH (B 3aBUCUMOCTH OT WHAWBUIYATBHBIX
OCOOEHHOCTEN CTYIOEHTA) HE TOJBKO HA WHTEUIEKTYATBHYH W SMOIUOHAIBHYK, HO U HA
3PUTENLHYI0 IMAMAThH, IPHUYEM TEKCT KOHCIIEKTA HEPEOKO aCCOLMMPYETCA €€ M C TEKCTOM
yueOHMKAa WIN 3anmucero Jieknuu. [losromy serue 3amoMHMHAETCA CONEPIKAHUE KOHCIIEKTOB,
HAIMMCAHHBIX Pa300purBO, ¢ MOTYEPKUBAHUEM WIH BEIICICHUEM Pa3PANKOU KIHOUEBEIX CJIOB U
(pas.

CaMOCTOATENPHO W3YYEHHBIE TEMBI NPEIOCTABIAIOTCA MpenogaBaremo B (opme
KOHCHEKTA, [0 KOTOPOMY HpoUCXoauT codecenoBanue. T eopeTnuecknue TeMEI Kypcea (OTAEIbHBIE

BOIIPO CLI), BBEIHOCHMBIC Hd CAMOCTOATCIIBHOC H3YVUCHHEC, IMTPCACTABJICHEL HHKC.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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MeToaHueckHe YKa3aHHA 110 IMOATOTOBKE K JK3AMeEHY

N3yuenue mucnumnunel «@u3nka» 3aBepmaerca sk3amMeHoM. [loaroToBka k sk3ameny
CIIOCOOCTBYET 3aKpPEIUICHUI0, YIIyOJIeHnI0 M 0000OMIEHNI0 3HAHMH, INOJy4a€MBIX, B ITPOLECCE
00ydeHMsA, a TAK/KE NPUMEHEHUIO MX K PEHIEHHUIO MPAKTHUYECKUX 3anad. ['0TOBACE K HK3aMEHYy,
CTYJIEHT JIMKBUIMPYET WMEIOMIMECA MPOOETsI B 3HAHWAX, YIIyOIs€T, CUCTEMATH3UPYET U
VOOPAOOUYMBAET CBOU 3HaHMA. Ha sk3ameHe CTyaeHT OEMOHCTPUPYET TO, 4TO OH ImpuoOpen B
Iponecce 00yJeHNA M0 KOHKPETHON y4eOHOU TNUCIUILINHE.

Ha koHCympTanmm mnepen  HSK3aMEHOM  CTYJEHTOB ITO3HAKOMAT C  OCHOBHBIMHU
TpeOOBAHMAMMU, OTBETAT HA BO3HUKIIME y HUX BOOPOCH. [losTOMy mocemieHne KOHCYIbTAlUN
00s13aTENBHO.

[Ipy nmoaroroBke k 5K3aMEHY HEOOXOIMMO WCIIONB30BAaTh KOHCIIEKTHI JEKIUM IO
OUCIUILINHE, y4eOHMKM U ydeOHple mocoOMs (M3 COMCKAa OCHOBHOM M JOMOJHUTEIBLHOU
JMTEPATYPHI) WIN KOHCIIEKT JINTEPATYPHL, MIPOYUTAHHOW IT0 YKA3AHUIO HPEMOAABATENA B TEUEHHNE
cemecrpa.

Bnagane ciremyer mpoCMOTPETh BECh MATEpHaN MO COABAEMOM TUCIUILIMHE, OTMETUTH
mig cedsa Tpymueie BOmpockel. OOssarensHo B HUX paszoOparecia. B 3akimouenue emie pas
1EIECO00Pa3HO MOBTOPUTE OCHOBHEIE MOJIO AKEHUA.

Cucremarnyeckas NOATOTOBKA K 3aHATHUAM B TEUEHHE CEMECTPA MTO3BOJIUT UCIIOJIB30BATh

BpEMS SK3AMEHAIIMOHHON CECCHUU AJIA CUCTEMATHU3AI[UN 3HAHWM.

Bonpocsl k 3k3aMeHY

1. OcHoBHBIE  (pU3MYECKHE  CBOMCTBA  HOMyNpOBOAHUKOB.  (CoOcTBEeHHAs
SEKTPOIIPOBOSHOCTE HOJMYIMPOBOTHUKOB. JJIEKTPOHHBIM M IOBIPOYHBIM MEXAHWU3MBI IMEPEHOCA
SIEKTPUIECKOTO 3apsaa B YUCTHIX HOJYIIPOBOIHUKAX.

2. [TpumecHass HIEKTPONPOBOAHOCTE MHOMYMPOBOOHUKOB. JlOHOpHEIE mOpUMeECH
OCHOBHBIE M HEOCHOBHBEIE HOCUTEN 3JIEKTPUUECKOTO 3apana. [lonynporoagnuku n-tuma.

3. [TpumecHas SI€KTPONPOBOAHOCTE MOTYHPOBOAHUKOB. AKIENTOPHBIE MTPUMECH.
OCHOBHBIE M HEOCHOBHBIE HOCUTEH JJIEKTPUUECKOTO 3apana. [lomynpoBognuku p-tuma.

23 du3nueckne OpoUECcCH HA TPAHUIE MMOJYOPOBOJHHUKOB C PA3IUUHBIM THIIOM
MPOBOAUMOCTH. JJIEKTPOHHO-ABIPOYHBIN nepexon. Mcmoms3oBanne CBOMCTB p-n mepexona B

MOJIYITPOBOIHUKOBEIX MPUOOPAxX M MHTETPATBHBIX MUKPOCXEMAX.

[IOKYMEHT MOAMNUCAH
SNEKTPOHHOW MOANUCHIO
CepTuchukar: 12000002A633E3D113AD425FB50002000002A6
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IPAMOM BKIIOUEHUH. XaPAKTEPHBIEC 3HAYCHUS TOKOB M HANPSKEHUHM PEATBHEIX P-N NEPEXOI0B B
MPSAMOM BKJIFOY €HUH.

6. OOparnoe BkmoueHue p-n nepexona. Ouznueckne mMponeccsl B p U N 001acTax
MOJIYIIPOBOJHUKA IIPU OOpAaTHOM BKIIOUEHWHM. BOIbBT-aMIlepHas XapakTEpPUCTHUKA IMEPEXONa B
00paTHOM BKIIOUEHHUHN. XAPAKTEPHBIE 3HAUEHU TOKOB U HANIPSAIKEHUI PEATBHEBIX P-N TEPEXOTOB
B 00paTHOM BKITIFOUEHUH.

7. [TonynpoBOIHMKOBEIE ITAO TEL. BoneT-ammnepuas XApAKTEPUCTHKA
VHUBEPCAIBHOTO  auond. «OOHOCTOPOHHAA»  MPOBOIMMOCTH  YHHUBEPCAIBHOTO  IHOJA.
OcoOEeHHOCTH BOJIET-aMIIEPHOM Xapakrtepuctuku. M3o0paxkenue U CMBICIOBOE COOEpKAHUE
YCIOBHOTO rpa)MIecKoro 0003HAYEHNA TUOA.

8. Jluon kak ympaBasgeMBIM HEMMHEWHBIM SJIEKTPOHHBIM mnpuOop. Jluom kak
SIEKTPUYECKUH KJIFOY, YITPABJIIEMEIH HAPAKECHUEM.

9. Ceero- u UK-mmoner. CBerognoaneie nHAUMKATOPEL. CxeMa U NMpUHIMO PadOTEI
CBETOINOIHBIX HHINKATOPOB.

10.  Crpykrypsl u 0003HaU€HHUS OUITOIAPHBIX TPAH3UCTOPOB. PU3NUECKNE BETNUNHEI,
XAPAKTEPU3VIOMINE PEXUMBI  pabOTEl TpaH3ucTtopa. llpeacraBneHuss 0 HE3aBUCHUMBIX H
3aBUCHUMBIX (DU3UYECKNUX BEIUUNHAX.

11.  IlpuHimn paOoTel OMITOIAPHOrO TPAH3UCTOPA HA OPUMEPE CTPYKTYPEI IT-P-I.

12.  (Cxembl BKIHOYEHUS OUIMONAPHBIX TPAH3UCTOPOB. [PAH3UCTOP KAK YIPABISAEMBIN
HEIMHEMHBIN AJIEKTPOHHBEIM TipuOop. KospduuumeHnr ycunenns no TOKY OMIOJISAPHOTO
TPAH3UCTOPA.

13. XapakrepHeie pexuMBl padOTEl TPAH3UCTOPA: OTKPHIT, 3amepT, HACEHINICHUE,
WHBEPCHEBIN PEKHM.

14. CemencTBO BXOAHEIX (0a30BBIX) CTATHYECKHX XAPAKTEPUCTUK OHUITOISAPHOTO
TPAH3UCTOpPA CTPYKTYPHl M-p-Il. P Pexkr Opnu. BxoaHsie COMPOTHBIEHUS TPAH3UCTOPA IIO
MOCTOSHHOMY U ITEPEMEHHOMY TOKAM.

15,  CemeluCTBO  BBIXOOHBIX  (KOMJIEKTOPHBIX)  CTATMUECKMX  XAPAKTEPHUCTHK
OUITOIAPHOTO TPAH3UCTOPA CTPYKTYPE I-p-I1. OCOOEHHOCTH XAapaKTEPUCTUK. BEIXOIHBIE
CONMPOTHUBJIEHNAA TPAH3UCTOPA MO ITOCTOSHHOMY U IEPEMEHHOMY TOKAM.

16. Crpykrypel u 0003HAa4€HUA TOJEBBIX TPAH3UCTOPOB C  YHOPABJIAIONINM
SNEKTPOHHO-ABIPOYHEIM nepexoaoM. (DOHU3NUECKUe BEIMYMHEL, XAPAKTEPHU3YIONIME PEKNMBI

pabots1 TpansucTopa. Ilpencrapnenns 0 HE3ABUCUMBIX M 3aBUCUMBIX (PM3MUECKUX BETMINHAX.

[OKYMEHT MOAMVCAH
3NEKTPOHHOW MOAMNMUCHIO
Ceptucpumkar:  12000002A633E3D113AD425FB50002000002A6
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18.  ®opmupoBaHue TOPJIOBUHBEI B KaHane nOoJeBOro tpausucropa. Ilonesou
TPAH3UCTOP KAK YOPABIAEMBIH HEIMHEUHBIN 3JIEKTPOHHBIA TTPUOOP.

19. CemencrBa CTOKO-3aTBOPHBEIX (YIPABIAIONIMX) CTATHUYECKUX XAPAKTEPHUCTHUK
MOJIEBBIX TPAH3UCTOPOB C YHPABIAIONIAM 3JIEKTPOHHO-IBIPOYHEIM IMEPEXOOOM M KAHAIOM N-
Tina. Kpyrusna xapakTepucTuk.

20.  CemeHnCTBA CTOKOBHEIX (BBIXOOHBEIX) CTATUUECKUX XAPAKTEPUCTHK ITOJIEBBIX
TPAH3UCTOPOB C YHPAB/LIOMIMM JJIEKTPOHHO-IOBIPOYHBIM IIEPEXOAOM W KAHAJIOM II-THIIA.
BeIxoaHbI€ COMPOTUBIEHUA TPAH3UCTOPA MO HOCTOSHHOMY U MEPEMEHHOMY TOKAM.

21.  Crpyktypel u 0003HAQUEHHUSA IIOJIEBBIX TPAH3UCTOPOB C HW30JUPOBAHHBIMHU
3aTBOPAMHM U BCTPOEHHBIMHU (COOCTBEHHBIMH) KaHaidaMu. J[OCTOMHCTBA W HEOOCTATKU TAaKHUX
TPAH3UCTOPOB.

22.  OuU3NUYECKUE BEMUYMHEBI, XAPAKTEPU3YIOMIME PEHKUMBI PA0OTHI TPAaH3UCTOpPA €
W30JIMPOBAHHBIM 3aTBOPOM M BCTPOEHHBIM (COOCTBEHHEIM) KaHaimom. IlpencraBienus o
HE3aBUCHMBIX M 3aBHCHUMEBIX (pr3myecKknx BemuuHax. OCOOEHHOCTH TEXHOJOTHH W3TOTOBJIEHHUS
TAKUX TPAH3UCTOPOB.

23.  Ilpunmunm pabOTEI MOJNEBOTO TPAH3UCTOPA C W30IMPOBAHHBEIM 3aTBOPOM U
BCTPOEHHEIM (COOCTBEHHEIM) KAHAJIOM ITI-TUIA. BXOqHOE CONMPOTUBRIEHNE TPAH3UCTOPA.

24.  CemelncTBa CTOKO-3aTBOPHBIX (YIPABIAIONIMX) CTATHYECKUX XAPAKTEPUCTHK
MOJIEBOTO TPAH3UCTOPA C M30TUPOBAHHBIM 3aTBOPOM U BCTPOEHHBIM ( COOCTBEHHBIM ) KAHATIOM N-
tina. Kpyrusna xapakTepucTuxk.

25.  CemelicTBa CTOKOBBIX (BBIXOJHBIX) CTATUYECKHMX XAPAKTEPUCTUK MOJIEBBIX
TPAH3UCTOPOB € M30JIMPOBAHHBIM 3aTBOPOM M BCTPOEHHBIM (COOCTBEHHBIM) KAHAJIOM II-THIIA.
BrIxoaHbI€ CONMPOTUBICHUA TPAH3UCTOPA MO HOCTOSIHHOMY U IEPEMEHHOMY TOKAM.

26.  IlomeBon TpaH3uCTOp C HW3O0JAPOBAHHBIM 3aTBOPOM KAaK HEIMHEWHBIH
YOPABIAEMBIN SJIEKTPOHHBIN npuOop. BxomHoe compoTuBaenne TpaH3ucTopa ¢ M30JIUPOBAHHEIM
3aTBOPOM.

27.  SBneHne WHBEPCHMU THUOA MPOBOAUMOCTH TMOJYyHOpPOBOAHUKA. CTPYKTYypel U
YCJIOBHBIE rpafuueckue 0003HAYEHN TOJIEBEIX TPAH3UCTOPOB € U30JIHMPOBAHHEIMH 3aTBOPAMU U
WHIYHUPOBAHHBIMU KaHanaMmu. JJOCTOMHCTBA M HEAOCTATKH STUX TPAH3UCTOPOB.

28.  DuU3NUECKUE BEMUYMHBI, XAPAKTEPU3YIOMIME PEXUMBI pPA0OTHI TPAaH3UCTOpA C
W30JIMPOBAHHBIM 3aTBOPOM M MHAYLMPOBAHHBIM KaHanoM. lIpencraBneHns O HE3aBUCHUMEIX U

3dBH CHMBIX q)H.?.H geCcKux BeaudauHax. OcoOeHHOCTH TEXHOJOTHH W3TOTOBJICHUS TAaKHX

OJOKYMEHT NoarncAH
SNEKTPOHHOW NOAMUCHIO
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30. CemeucrBa CTOKO-3aTBOPHBIX (YHPABIAIOIMIMX) CTATUYECKUX XAPAKTEPUCTHK
MOJIEBOTO TPAH3UCTOPA C M30JUPOBAHHBIM 3aTBOPOM M HMHAYLIHUPOBAHHBIM KAaHAJIOM N-THUIMA.
Kpyruzna xapakTepucTuk.

31. CemeHncTBa CTOKOBBIX (BBIXOJIHBIX) CTATHUECKUX XAPAKTEPUCTHK ITOIEBOTO
TPAH3UCTOpA ¢ M30JIUPOBAHHBEIM 3aTBOPOM M MHAYIIUPOBAHHBIM KAaHAJIOM MO-THIA. BBIXOaHBIE

COIIPOTUBIICHUA TPAH3UCTOPA I10 MOCTOAHHOMY U IIEPEMEHHOMY TOKAM.

32.  KommnemeHTapHbIe OMOOJAPHBEIE M ITOJIEBBIE TPAH3UCTOPEL. J|0CTOMHCTBA Takux
TPaH3UCTOPOB.

33.  Amnanorossie 1 nH(pOBEIE CUrHAIKI. ONpeneneHne napaMeTpos.

34.  byneBa monens curHanoB. bynesa amreOpa. OcHOBHBIE TOTHUECKNE (PYHKIINHA U
SJIEMEHTEL.

35. Jlornueckue pynkmym u snementel HE(NOT-unseprop), U (AND), 1JIK (OR),
U-HE (NAND) u UJIM-HE (NOR), Uckmouaroniee UJIN (XOR) u Uckmrogaroniee UJIM-HE
(XNOR).

36.  3apmepxKu pacIpOCTpPaHEHWS CHUTHAJIA W BPEMEHHBIE JOUATpAMMEBL  PadOTEI
KOMOHMHAITMOHHBIX CXEM.

37. Kosppumuent o0beguHeHus 0O  BXOAYy, HArpy3odHas  CIIOCOOHOCTE,
KaCKaaupPOBAHUE U CBA3U JTOTHIECKUX JJIEMEHTOB.

38.  Jlornueckme  (Qpymkupmm w npuHmmn — ayanusma.  [IpoexrtupoBanue
KOMOMHAITMOHHBIX CXEM.

39. 7OcHoBHBEIE TexHOMOTMH M uUX 0OaszoBeie sramer: MJIIT, KMJII, xpemmmii nHa
OUBIEKTPUKE, (POPMUPOBAHUE SMUTAKCHATLHOTO CHOfA, MOHHOE JETHUPOBAHUE, METALIM3AIINA,
MOA34TBOPHBIN  OUOJIEKTPUK, MOCJIECIHUE BapHAlMU TEXHOJOTHMM — Xau-K JUAJIEKTPUK,
BEPTUKAIBHBIN 3aTBOP.

40.  bazoem1t KMOII mnBeprop. Cratnueckune xapakrepuctukun KMOII nnBepropa.
Jinavmueckue xapakrepuctukun KMOIT vmsepropa.

41. bazoseie KMOII normueckue osnementel M-HE wu WJIM-HE. OcuosHBIC
CTATUYECKUE U AUHAMUYECKUE mapaMeTprl u xapakrepuctuku KMOIT snemenros.

42. Beixonnou kackan ¢ tpems coctosauamu B KMOII rexuonorun.

43.  Jemm@paTopsl.

44.  llugparop u k0IOBEIN OpPe0OpPA30BATENE.
45.  MynsTHIIIEKCOP.
NOKYMEHT NOANWUCAH

SNEKTPOHHOW Noanuchbio 1 Hd MYJIETHIUICKCOPAX.
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49.  MuoropaspagHeid CyMMaTOp € MapaIeabHEIM IIEPEHOCOM.

50.  Lwu¢poBsie y3a61 DOCIEN0BATEIBHOCTHOTO TUIIA. OnpeneneHus.

51. Acunxponssit RS-tpurrep na snemenrax M-HE. Cunxponnsrii RS-tpurrep na
snemenTtax U-HE.

52.  D-tpurrep ¢ ynpaBieHHEM YPOBHEM CHHXPOCHUTHATA.

53.  Cuaernsit T-Tpurrep.

54.  JK-tpurrep.

55. JIByxcryneHuateid D-Tpurrep.
56.  Peructpsl. [lapannensusie perucrpel. Perucrper casura.
57. Caeryukun C  HEMOCPEICTBEHHOW  CBA3BIO. BrUUTAIONIMA  CUETIYUK €

HEMOCPEACTBEHHOM CBA3LIO.
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Yueono-memoouueckoe u ungpopmayuonnoe ovecnedenue OUCUUNIUHDI

Ilepeuenv 0CHOGHOU U OONOAHUMETbHOU JTUMEPAMYPbl, HEOOXOOUMOU 01 OCBO0CHUA
OUCHUNTUH I

Ilepeuenv ocnoeHoll TUmMepamypol:

1. Cyxanosa, H. B. Dnekrponuka n cxemorexnuka. [Ipakrukym: yuebnoe mocodbue / H.
B. CyxanoBa. — Boponex: BopoHEXKCKMM TOCYOApPCTBEHHBIN YHUBEPCUTET WHIKEHEPHBIX
texnosiorun, 2020. — 80 ¢. — ISBN 978-5-00032-472-1. — Tekct: snexkrponnsiit // Llnppooun
00pa30BaTENBHEBIN pecypce IPR SMART: |caitr . - URL:
https://www.iprbookshop.ru/106457 . html

2. IlyxoBckmii, B. H. DOnexkrporexHmuka, 5IE€KTPOHHUKA U CXEMOTEXHUKA. Monayms
«lupporas cxemorexnuka»: yuedbnoe mocodome / B. H. Ilyxosckui, M. 1O. IlonenoB. —
Pocros-na-/lony, Taranpor: UsmarenscrBo HO)knoro ¢emepamsnoro ynusepcurera, 2018. —
163 c. — ISBN 978-5-9275-3079-3. — Tekcr: snekrponnsil // Ludposoit oOpazoBaTenbHbIi
pecypc IPR SMART: [caiit]. — URL: https:/www.iprbookshop.ru/87782.html

Ilepeuensv OonoHUmMEIbHOU TUMEPAMYPbL:

1. Urnaros, A. H. Dnekrponuka: yuednoe nocobue / A. H. Urnaros, B. JI. CaBunrix, H.
E. ®aneeBa. — Horocubupck: CuOHpCKuil roCy1apCTBEHHBIN YHUBEPCUTET TEIEKOMMYHUKAITAM
u unpopmaruku, 2020. — 165 ¢. — Texkcr: snexkrponnsi // L{udpoBou oOpa3zoBarensHBIN

pecypc [IPR SMART : [caitT]. — URL: https://www.iprbookshop.ru/117127 .html

2. CurnukoBa, C. B. COopHuk 3amau 10 AUCHMIUIMHE «ODJIEKTPOHHMKA»: Y4EOHO-

merogngeckoe mocobue / C. B. CurnukoBa, A. C. ApepreB. — Camapa: IloBomxckui
rOCYJAPCTBEHHBIN YHUBEPCUTET TEIEKOMMYHUKAIUA U nH(popmatuky, 2016. — 60 c¢. — Tekcr:
snexkrponuel // lLludposonn oOpaszoBarensuemi pecypc IPR SMART : [caur]. — URL:

https://www.iprbookshop.ru/71877 .html

Ilepeuens  yueOHO-MemooOUHeCKoz0 o00eCnedenHus CamMocmoAmenvHou padomol
00yuarouuUxca no OUCHUNIUHE

1. Meromnueckne peKOMEHIAWM Ui IMOATOTOBKH K JA0OPATOPHBIM 3AHATHAM IIO
TUCIUILIMHE « DTTEKTPOHUKA U CXEMOTEXHUKAY.

2. Meromuueckue peKOMEHIAINN TI0 OPTAHU3AIMN CAMOCTOSTENBHON padOTHI CTYAEHTOB
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Ilepeuens pecypcoe ungopmayuonno-menekomMmynukayuonnoi cemu Humepuem,
HEOOXO00UMBIX 0151 0C60CHUA OUCUHUNTIUHDI
1. http://www .biblioclub.ru -OBC "YHusepcurerckas oubanorexa ormain"

2. http://www.iprbookshop.ru/ - Onekrponno- dubmoreunas cucrema [IPRbooks
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