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Puc. 5.6. Cxema JJICKTPHYCCKAA ITPHHITHITHAIIbHAA MOCTA IICPEMEHHOI'O TOKA JIJIS H3ME-

PEHHA ITOTCPE B AH3JICKTPHKE.

Y CIIOBHA PaBHOBCCHA MOCTaA
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CXeMBI MOCTOB IIEPEMEHHOI'O TOKaA JJIA H3IMCPCHHA HHAYKTHBHOCTH KdT VIIICK C MaJIbIM dK-
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Puc.5.7. Cxema AJNICKTPHYCCKAA ITPHHITIIIHAIIbHAA MOCTA IICPEMEHHOI'O TOKA JJIA H3IMEPE-

HITAA HHOYTHBHOCTH KAaT VIICK C MdJIbBIM dKTHBHBIM COIIPOTHBIICHICM R.r<RN
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Puc.5.8. Cxema ANCKTPHYCCKAA ITPHHITHITHATIbHAA MOCT4A IICPEMCHHOI'O TOKA AJIA H3MCPC-

HIS HHAYTHBHOCTH KaTYITeK ¢ GONMBIIM aKTHBHBIM COIPOTHBIEHHEM R )R,
Z, =R + jaL_,
Z,= R,
Z:=R+R,+ joL,,
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Y CIIOBHE PaBHOBECH S MOCTA:
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CxXeMa MocTa IEPEMEHHOI'O TOKaA JJIA OIIPpCACIICHHA HHAYKTHBEHOCTH H I[DﬁpOTH'DGTH Ka-

TYIIKH C HCIIOJIIb30BaHIICM DﬁpﬂBHGEGI‘G KOHACHCATOPA.
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Puc.5.9. Cxema AJNICKTPHYCCKAA ITPHHITITOIAIIbHAA MOCTA IIEPEMEHHOI'O TOKA JIJIX1 H3MEPE-

HHA HHAVKTHBHOCTH H I[GﬁpﬂT HOCTH KaTVIIIKH C IIOMOIIBIO Gﬁp&BHGEﬂI‘G KOHACHCATOPA.

YcioBHe PABHOBCCHA MOCTA.
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Ha ocHOBaHHH BBIIIEH3IIOKEHHOTO IIEpEd HEITOCPECACTBCHHBIM H3MCPCHIECM CIICAYET ITPO-
H3BCCTH IIPCABaPHTCIIBHBIC pElGIIéTLI OKHIaeMbIX 3HaUYeHHH 3JIeMEHTOB MOCTa IIEPEMEHHOI'O TOKA.

IlogcTaBHB 3HAaUEHH ST QJIIBIHEGIG[K BCJIIMYHH, HE COCTABHT TPYA4d C IIOMOIIBIO ITPOCTHIX aJI-
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K OHMPOJIbHbBIE 601POCHI.

1. IIpuBeguTEe BEKTOPHYIO JHArpPpaMMy KOHJAEHCAaTOpa ¢ MaJIbIMH JHAIEKTPHYECKHMH I10-
TEPSIMH.

2. IlpuBeguTe BEKTOPHYIO JHATPAMMY KOHAeHCaTopa ¢ OOIMBIMIMI JHAIEKT PHYECKIIMI

3. IIpuBemuTe cxeMy MOCTa IIEPEMEHHOIO TOKA JJIS H3MEPEHHS EMKOCTH KOHAEHCcATOopa,
00IaJaron[ero MajIbIMH ITOTePSMI H (POPMYTIBI PaCUETHEIX BEITHUHH.

4. IlpuBeauTe cXeMy MOCTa IIEPEMEHHOIO TOKA JJISI H3MEPEHH S EMKOCTH KOHIEHCcaTOpa,
oOnagaroniero OOIbIIMMH ITOTEPSMH H (POPMYIIBI PACUETHBIX BEITHYHH.

5. IlpuBeauTe cXeMy MOCTa IIEPEMEHHOIO TOKa JJIS OIPEACIIeHH S ITIOTEPh B JHANEKTPHKE
H (DOPMYIIBI PACUETHBIX BEITHYHH.

6. IIpuBeguTe CXeMY MOCTa IIEPEMEHHOIO TOKA A1 H3MePeHH S HHIVKTHBHOCTH KaTVIIEeK
C MaJIBIM aKTHBHBIM COIPOTHBIIEHHEM H (DOPMYIIBI PACUETHBIX BETHYHH.

7. IlpuBeauTe cXeMy MOCTa IIEPEMEHHOIO TOKA JJI1 H3MEPEHHS HHAVKTHBHOCTH KaT VILIEK
¢ OOIbIIMM aKTHBHBIM COIIPOTHBIIEHHEM H (POPMYTIBI PACUETHBIX BEJTHYUHH.

8. IIpuBeauTe cXeMy MOCTa IIEPEMEHHOIO TOKA I OIpeelIeHHS HHAYKTHBHOCTH H J00-
POTHOCTH KaTVIIEK ¢ HCIIONMb30BaHHEM 00Pa3I[0BOIO KOHAeH caTOpa H (POPMYIIBI pacuETHBIX Be-
JIMYIHH.

9. JI1s 4ero HCIoOnb3VIOTCS MOCTEI ITOCTOSIHHOI'O TOKa?

10. JI1s 4ero HCIoJb3YIOTCSI MOCTEIL IIEPEMEHHOIO TOKA?

11. Kak¥ie THITBI MOCTOB BBI 3HaeTe?

12. C KaKOH LIETIBIO HCIIONB3YETCS JBOHHOH MOCT ITOCTOSHHOI'O TOKa?

13. Kak orpeielTh YCIOBHE PaBHOBECHS MOCTA ITOCTOSHHOI'O TOKa?

14, Kak omnpeeniTh YCIOBHE PaBHOBECHS MOCTa IIEPEMEHHOIO TOKa?
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Ipaxkmuueckasa pavoma Nel4. Memoost 3ieKmpuuecKux UsmepeHuil Hellekmpuue-

CRKHX 6€/IHUHH.

HEJH:.‘ HPHDGPEGTH HaBBIKH BIIaCHITA MCTOJ0B 3JICKTPHYCCKIX HBIMIEPEHH?I HE3JICKTPHYC-

CKIX BCIIHYHH.

OcHO6bL meopulL:

OIHIMH H3 TIEPBEIX IIPHOOPOR, KOTOPEIE ITO3BOJISIIH ITPOH3BOAHTE H3MEePEHHS HERIIeK-
TPHYECKHX BEIMYHMH ITYTEM ITPpe00pa30BaHN I HX B BEIMYHHEI AIEKTPHYECKHE, SBJISIOTCS TEH30-
METPBI.

TeH3oMeTp — IIpHOOP, ITpeJHA3HAYEHHBIH JJI5 H3MePEeHH S THHEHHBIX H YITIOBBIX JAe(op-
MAI[HH.

Tak KaK aOCOFOTHBIE H3MEeHEHH S JJIHH ITPH JTe(pOPMAIHIX MOI'YT COCTaBIISITh MHJUIHOH-
HBIE JIOJIH MeTpa (MHKPOHBI), TO HX HEOOXOAHMO ITpeo0pa30oBaTh B BEIIMYHHEI 3IeKTPHUYECKHE,
KOTOPEIE COBPEMEHHBIE CPEACTBA H3MEPEHHH ITO3BOIISIIOT H3MEPSITH C OUYEHb BEICOKOH CTEIEHBIO
TOYHOCTH.

BBICOKOH TOUYHOCTBIO, B YACTHOCTH OTIIHYAIOTCS MATHHTHEIE METOABI H3MepeHHH. KpoMme

TOI'O, OHH OTIIHYAIOTCAH HpGGTGTGf{ H KPaTKOBPCMCHHOCTLBIO ITPOIECCAd H3MCEPCHIA.
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JImHeltHasa AedopMallHsg BBI3BIBACT H3MEHEHHE BEIHUYHHBI BO3IYIMHOIO ITPOMEIKYTKa
MeXKIY sKopeM (1) 1 cepAeyHnKOM 3IeKTpoMarHuTa (2). JIKops YKpeIUIEH Ha ITOIBHKHOH HOXKE
(3), nMerorier mapHup (4). AppeTHp TEH30MeTpa COCTOHT H3 ITIOCKOH ITPYKHHEL (5) H BKCIIEH-
TpHKa (6). J[nddepeHIHAT HBIT MHKPOMETPHYECKHI BHHT CIYKHT JJISI YCTAaHOBKH HHIHKATOPa
Ha HYJIb. [ [puGop nmprkHMaeTcs K AeTanH (ecliH HeoOXOQHMO H3MEPHTD Je() OpPMAIHIO) HIIH JIeTa-
TIsIM (eCIH MeXXAY HHMH IIPHCYTCTBYET ITPEleCCHS PacCTOSHIA) 3aruieyHKaMu (7).

[Iprvep pacuéTa MarHHTHOH LIEITH 3JIEKTPOMAarHHTHOIO TEH30METpa

YIIporéHHas MarHHTHAsI CHCTEMA TEH30METPa ¢ KaTYIIKOH IIpeJcTaBlIeHa Ha Prc.6.2., Ha

PHc.6.3. IIPEACTABIICHA KPHBAA HaMAI HITYHBAHIA MAaTCPHAId MAI'HHTOIIPOBO/IA.
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Puc.6.2. MarHurHas cCHCTeMa TEH30METPa ¢ KaTYIIKOH.
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MeTon n3MepeHHs AepopMaIiH (IPeleCCHH PacCTOSHI MeXAY AeTallsIMHI ) MOKHO ITPe/I-

JIOKHTB CHE,[[}’TOH[I]I”IZ

ITOMECTHM MCEHAY 3dILUICTHKAMH (D TECH30MCTP4Ad JdTHHK MAI'HHTOMCTPA H, dBTOMATHYC-

CKHM H3MeHEeHHEM TOKa B KaTyIlKe, OyieM MoAepKUBaTh HHAYKIHIO B 3a30pe B, . = L2Tn.

[TpH M3MeHeHHH BelINYHHBI 3a30pa (PaccTOSHHI MeX Iy 3aIUIeunkKaMH TeH30MeTpa) OyaeT H3Me-
HSITHCS COIPOTHRIIEHNE MarHUTHOH IIETIH, IIPeACTABIIEHHON Ha Prc.06.2.

TakM 06pa3oM IO H3MEHEHHIO TOKA B KaTVYIIKE MOXKHO CYAUTH 00 H3MeHEHHH BEIIHYHHEI
3a30pa (Jed opMariim).

Ilo 3dKOHY ITOIIHOI'O TOKA

I-m:iHﬂ-fn,
i=1

OrIpeaemM naJeHHe MarHHTHOIO HAITPsKEHH S B MarHHTHOH IIEITH M TOK B KaTVIIKE IIPH
A =0,5Mvm.

[To ycrmoBHIO MarHMTHAs HHAYKIMS B 3a30pe U Ha yuacTke /[, = [} momxkHa ObiTh 1,2 T
OTOMY 3HAYEHHIO HHIYKI[HH COOTBETCTBYET (COITTaCHO KPHBOH HaMarHHYHBAHHS) HaITPSDKEH-

HOCTh MarHuTHoro nonsafd , = H, =550 a/Mm. B coOTBETCTBHH ¢ 3aKOHOM ITOCTOSIHCTBA MAaTHHT-
Horomoroka @= B, -5, =B,-S, =B, -S,, orkyzna

_B,-S, 1,2-2
S, 4

B =0,6 Tm.

3HaYEHHIO MAarHHTHOH HHIYKIIHH B1COOTBeTCTBYET (COrTIaCHO KPHBOH HaMarHHYHBAHI )
HAaITPSDKEHHOCTH MarHUTHOro 1ot Hy =100 a/m.

HEIHPH}I{EHHGGTB MAI'HHTHOI'O ITOJIA B 3430pPC OIIPCACIIM H3 YPdBHCHHA

B=puu-H.

o _ B, 1,277

. - — =9,6-10°a/m.
Ly, 1,256-10 " TH/m

N Hl,_,, =100-0,16+550-0,37+9,6-10° -0,5-107 = 699,5[a].

OTKyza TOK B KaTYIIKeE:

6995

AOKYMEHT NoanmncAH YO0
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHOpoBHa

= 0,6995[A4].

s 3a30p YMeHbIHIICca Ha 0,05MM H cTall paBHBIM

Nencreutened: ¢ 20.08.2021 no 20.08.2022

92



C YMCHBIICHHEM 3a30pPd YMCHBIIITCA H ITaACHHC MaI'HHTHOI'O HAITPsKCHIA.

S'H-l,_,, =100-0,16+550-0,37+9,6-10° -0,45-107 = 651,5[a].

Ingamoggepxanusg B, YMEHBIIHTCSI H TOK B KaTVIIKE!

601> =(0,6515[A4].

1000
3aperuCTpHpOBark yMeHbllleHHe TokKa: Al =0,6995—-0,6515=0,048[A] =48mA4 He

1

A=0.45 —

IIPeICTaBIIIET HH MaJIeHIIero 3aTPyJHEHHS.
[TIIkamy amepMeTpa MOKHO ITPOrpafyHpOBaTh HEIIOCPEACTBEHHO B MHJUIHMeTpPaxX (FUIH

MHKPOHAaX).

KoumponsHsie 6onpocel:

1. Kaxmvi ripubopaMu H3MepPSIETCS CHIIA TOKA, HAIIPSOKEHHE H COITPOTHRIIEHHE?

2. HazoBruTe ImpenMyIecTBa IIpHOOPOB ANEKTPOMArHHTHOH CHCTEMBEI.

3. Ha KxaKoM TIpHHI[HUITE OCHOBAHO JIEHCTBHE IIPHOOPOB MAarHHUTO3IEKTPHYECKOH CHCTEMBI?

4. JI1s yero K aMIiepMeTpy IMOAKIIFOYAROT IITYHT ?

5. Ilo xakoi popMyre MOKHO BEIMHCIHTD BEIHYHHY J00ABOYHOI'O COIPOTHBIIEHHS, ITPH-
COEIHHSIEMOrO K BOIIbTMETPY?

6. Kaxrvu rmpubopaMu H3MEPSIIOT PacXo ANEKTPHYECKOH SHEPTHH?

7. Il 4ero ciyar JaTyHKH?

8. M300pasnre cxeMy BKIFOUYEHHS BaTTMETPa.

9. Ilo xako# popMyIle BEIMHCIISETCS HEH3BECTHOE COIIPOTHBIIEHHE, H3MEPEHHOE MOCTOM,

IIPH €I'0 SJIEKTPHYCCKOM pﬂBHGEECIHI?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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3. Yueono-memoouueckoe u uH@hopmauoHHoe ovecneuerue 0UCUUNTTUHbL

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

5.1.2 Ilepeuens 0CHOGHOIL iUmMep AmMypol:

1. Hlonmm, E. JI. Onekrponnka. [1omyrpoBOJHHKOBEIE IIPHOOPHI | yueOGHOe rmocobme / E.
JI. lommH. — Mocksa : An [In Ap Meama, 2021. — 238 ¢. — ISBN 978-5-4497-0508-2. —
Texct : snexrponHbni // I{udpoBoit oOpa3zoparenbHbeli pecypce IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/100742.html

2. OnekrtpoHuKa : yueGHoe nocobue / B. M. Huxymun, /1. B. I'opaenko, C. B. CanmpoHOB,
J1. H. PezenpkoB. — Mocksa : A [In Ap Mexgua, 2020. — 198 ¢. — ISBN 978-5-4497-0520-4.
— TexkcT : anexTpoHHE1 // g poBoit o0pazoBarembHEIH pecypc IPR SMART : [cafit]. — URL:
https://www.iprbookshop.ru/94213.html

3.1.5 Ilepeuens 0ononHumenbHOU mMepamypsl:

1. Jlareimenko, K. II. MeTpoorus H H3MepHTENIbHAS TEXHHKA | Y4eOHO-MeTOJHYECKOE

nmo-coone / K. I1. JlateimreHko. — 2-e n3a. — CapaToB : By3oBckoe o6pazoBanHue, 2019. — 209 c.

— ISBN 978-5-4487-0458-1. — TekcT : 3NeKTPOHHEBIH // DIIeKTpOHHO-OHOIIHOTEYHAs CHCTEMa
[PR BOOKS : [caitr]. — URL: http://www.iprbookshop.ru/79677.html

2. BomoBo3oB, A. M. OCHOBEI 371eKTPOHHKH : yuyeOHoe Imocodue / A. M. BogoBo3oB. — 2-
e m371. — Mocksa, Bonmorga : Uadpa-Huxenepus, 2019. — 140 ¢. — ISBN 978-5-9729-0346-7.
— TexkcT : anexTpoHHE1 // g poBoit o0pazoBarembHEIH pecypc IPR SMART : [cafit]. — URL:
https://www.iprbookshop.ru/86566.html

3.2 Ilepeuens yuedOHO-MemoouUUecK020 0becneueHus camocmoamelbHol paoomst 00y-
Yarouuxca no OucUUNIHe

1. MeTogHuecKkHe peKOMEHIAIMH IS IIOATOTOBKH K ITPAKTHYECKHM 3aHSITHSM 10 JHCIIH-
mniHe «HpopMaImoHHO-H3MepHTeNTbHAS TeXHHKA H SIIeKTPOHHKA Y.

2. Merommyeckie peKOMEHIAIMH A1 ITOATOTOBKH K J1ad0paTOpHEIM padoraM I10 JTHCIIH-
miHe «MH(popMaImoHHO-H3MepHTeIIbHAS TeXHHKA H IIeKTPOHHKA .

3. MeTtognyeckie peKOMEHJALHH IT0 BBIOIOIITHEHHIO PacyeTHO-Tpa(pHuecKOil paOOTHI II0
mucurumnHe « MH(pOpMaIiHOHHO-H3MePHTEIbHAS TEXHHKA H SJIeKTPOHHKA.

ROKYMESEL LI MGAR AHM3ALIH CAMOCTOSTEIBHOM PAGOTHL CTVIEHTOB
SNEKTPOHHOM NOANUCHIO art p i
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3.3 llepeuens pecypcoé UHGPOPMAUILOHHO-MEIEKOMMYHUKAUUOHHOU cemu HumepHem,

HeoOX00UMBIX 019 0C60EeHUA OUCHUUNIUHBL
1. http://www.biblioclub.ru -5bC "YHHBepCcHTETCKass OHOIHOTEKA OHIIANH"

2. http://www.iprbookshop.ru/ - OnekTpoHHO- 6uOnIHoTeYHas cucreMa [PRbooks
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MWHHUCTEPCTBO HAVYKHU U BEICHIET'O OBPA3OBAHUS POCCUHMCKOU OEJIEPAIIUU
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE YUPEX/IE-
HHUE BEICHIEI'O OBPA3SOBAHUA
«CEBEPO-KABKA3CKUU ®ENEPAJIBHBIA YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeTtoanyeckue yKa3zaHHs

I1O BBITIOJTHEHHIO ITa00paTOPHBIX PadoT
o gucumumHe « MHOOPMAILIMOHHO-U3MEPHUTEJIBHAA TEXHUKA U SJIEKTPO-

HHUKA»
IUISL CTYIEHTOB HAIIPaBJIEHHS ITOAT OTOBKH
13.03.02 2neKTposHEPreTHKA H SIIEKTPOTEXHHKA
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CepTtudmkar:
Bnapeneu:

Comep:kaHue

BeeneHne

Llems u 3agau H3y4YeHH S JUCIIIIHHEI

OO6opyaoBaHHE U MaTEePHAIIBI

HarmveHoBaHuEe 1a00paTtopHEIX pador

Coxepxanie 1adopaTOpHBIX pador

JlaGoparopHas padora Nel. [lapameTpHueckuil cTabIIN3aTOP HAIIPSDKEHHS.
JlaGopaTopHas padora Ne2. XapakTepHCTHKH OHITOISPHOIO TPaH3HCTOpAa.
JlaboparopHas padora Ne3. XapakTepHCTHKH ITOJIEBOIO TPAH3HCTOPA.
JlaGopatopHag pabora Ned. HeyIrparnsgeMble BEIITPSMUTEIH.

JlaGopartopHasa padora Ned. Kackag yCIIHTEIS IIEPEMEHHOIO TOKA Ha OMITOIAP-
HOM TPaH3HCTOpPE.

JlaGopaTtopHas paGora Ne6. YCHIMTENL Ha IIOJIEBOM TPAH3HUCTOPE
JlaGoparopHas padora Ne/. TupucTop.

JlaGopatopHadg padora NeS. THPHCTOPHEIH PETYIATOP TOKA

JlaGopatopHasa padora Ne9. THPHCTOPHEIN PETYIIATOP HAIIPSDKEHH S
JlabGoparopHas padora Nel 0. OrnepalilHOHHBIH YCHIIHTED

JlaGoparopHas padora Nel 1. ['eHepaToOp NMPSMOYIOJIBHEIX HMITYIIBCOB.
JlaGopatopHas patora Nel2. M3ydeHHe NMPHHIIHIIOB ITOCTPOEHHS H (PYHKIHO-
HaJIbHBIX BO3MOJKHOCTEH TPHITEPOB Pa3IHYHBIX THIIOB.

JlaGoparopHasa padora Nel3. AHAIOIOBEIE 3JIEKTPOMEXAHHYECKHE H3MEPHTEIb-
HBIE TIPHOOPEI.

JlaGoparopHas padora Nel 4. [IoTeHIITHOMETPEI H H3MEPHTEIIBHBIE MOCTEI
JlaGopaTtopHas padora Nel 3.

JlaGopatopHas padora Nel6. OneKTpoHHBIE aHAJIOTOBBIE H IH(P)POBEIE H3MEPH-
TEIbHBIE ITPHOOPEI

JlabopatopHasa padora Nel7. DieKTpoHHEBIE aHAIOTOBEIE H IH()POBEIE H3MEPH-
TEIbHBIE ITPHOOPEI

JlaGopaTtopHas padora Nel 8. M3MepeHHS COIPOTHBIIEHNS H3OISLIHH
JlabGoparopHas padora Nel9. MoayimpoBaHie 3TeKTPHYECKHX KOIeOaHHH

AOKYMEHT NMOANMUCAH |
3NEKTPOHHOW NOANUCHIO [HOe oDecIleueHHe JHCI[HITIHHEI

12000002A633E3D113AD425FBS50002000002A6
lLleBayxoea TateAHa AnekcaHapoBHa
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5.1 IlepeueHh OCHOBHOH H JOITOIHHTEIIFHOH JINTEePaTyPhl, HEOOXOMHMOM IJI OCBO-
EHH S TUCIIATLIIHEI

5.2  llepeueHp y4uyeOHO-METOAHMYECKOIO OOECIIEYEHHS CaMOCTOSTEILHOH PadoTHI
OOVYYAFOINMXCSA 110 JUCIIHIUIHHE

5.3 [lepeueHsr pecypcoB HH(OPMAI[HOHHO-TEIEKOMMYHHKAITHOHHOH ceTH HHTep-
HET, HEOOXOMMMBIX JJIS1 OCBOEHNS JHCI[HITIIHEI

[ IpunoxeHns

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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BeeneHue

[lenpro paboTel B j1a00paTOPHH SBISETCS VIJIYOJIEHHE H 3aKPEIUIEHHE ITPHOOPETEHHBIX
TEOPETHYECKHX 3HAHHI ITYTEM SKCIIEPHMEHTAILHOH IPOBEPKH TEOPETHUYECKHX ITONOKEHHIL, a
TAKXKe 3HAKOMCTBO C 3IeKTPOHHBIMH KOMITOHEHTAMH, 000pYL0BaHHEM, H3MePHTEIbHBIMH ITPHOO-
paMH H armrapaTypoH, HCIIONIB3YeMBIMH B ITa00paTOPHH.

B pes3yibTare BRIIOIHEHH A 1a00paTOPHBIX PadoT CTYAEHTH JOJIKHEI ITPHOOPECTH YMEHIS
H HAaBBIKH 110 COOpPKE H HCCIEAOBAHHIO 3JIEKTPOHHBIX CXeM H ITPHOOPOB, H3MEPEHHSIM SJIEKTPHYE-
CKHMX BelHYHH. TemaTHKa 1a00paTOpHEIX Pab0T IMOIHOCTHIO COOTBETCTBYET COAEPKAHIIO OCHOB-
HBIX Pa3/elIoB Kypca, H3y4aeMOI'0 B BBRICIIHX TeXHHYeCKHX YUeOHBIX 3aBeJIcHHSIX. B mpearae-
MOM Y4eOHOM ITOCOOHH OITHCAaHO OAHHHAIAIATE J1a00paTOpHBIX pador. B ormcaHin KaxmaoH 11ado-
paToOpHOI padboThl chOPMYIIHPOBaHA €€ IIelb, H3T0KeHbI OCHOBHBIE TeOPeTHYECKHE TTOI0KEHHS,
OINICaHa CXEMa YCTAaHOBKH IJIS ITPOBEACHHS SKCIIEPHMEHTAIILHOIO HCCIIENOBAHHS, JaHBI PEKO-
MEHIALIHH T10 ITPOBEAEHHIO OILITOB H 00paloTKe pe3ylIbTaTOB H3MEPEHHH, a TAKKE KOHTPOIBHBIE

BOITPOCEHI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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1. I[ens u 3a0 auu u3yueHus OUCUUNIUHDL

[{enb IHCIMIUIMHEL SBIISIETCS OCBOEHHE ITPHHIUIIOB JEHCTBHS ITOITYIIPOBOHHKOBBIX ITPH-
O00POB, YCHIIHTEIIbHBIX, HMITYJIbCHBIX, JIOrHYeCKHX, IIH(POBBIX H IIpe00pa3oBaTeIbHBIX YCTPOHCTB
H OCHOBHBIM O0COOEHHOCTSIM HX HCITOIb30BAHHS B 3JIEeKTPOTEXHHYECKHX H JIEKTPOMEXaHHYeCKHX
yCTaHOBKaX, OCBOEHHE COBPEMEHHBIX CPEICTB H METOM OB SIEKTPHUECKHX H3MepPeH I, 00paboTKH
H IIPEeACTAaRIEHN I HX Pe3YIIbTaTOB.

3agauyH JUCIUIUIHHEI SBISETCS B Pe3YiIbTaTe H3YUYEHHS JHCIIHIIIHHEIL CITEI[HAJINCT JOIKEH
NIPHOOPECTH YMEHHE 4YeTKO IIPeJCTABILITh ITPHHIIMIT JEHCTBHS SIEKTPOHHBIX SIIEMEHTOB H
YCTPOHCTB, SKCIIEPHMEHTAJIbHBIM ITYTeM OITPeJeIHTh X ITapaMeTPhl H XapaKTePHCTHKH, a TAK/Ke
OLIEHHBATh TEXHHKO-3KOHOMHYECKYIO 5((PeKTHBHOCTP NPHMEHEHHS 53THX YCTPOHCTB, OIITH-
MalIbHO BEIOpATh CPeJCTBO H3MePEHHS IS ITIOCTaBIEHHOH 3aJaull H3MePEHHS, BRIITOITHHTE H3Me-

peHHe, 00padoTaTh H HaAJIeKalHM 00pa30oM IIPeICTaBHTh €r0 Pe3yIIbTaThI.

2. Obopyoosarie u mamepuaibl

ArnmapaTHbIe CPeICTBa:

— KOMITIIEKT THITOBOT0 11a00paTOPHOr 0 000PYA0BaHUA « T cOpeTHYECKHE OCHOBBI 3IIEKTPO-
TEXHHKI).

YyeOHasa aygUTOpHS IS ITPOBEAeHHS YUeOHBIX 3aHSATHI, OCHAIlleHa O0OpYAOBAaHHEM H

TeXHHYECKHMH cpeJcTBaMH 00y4ueHHS. [lepeHoCHOH HOYTOYK, IIPOEKTOpP, JOCKa MarHHTHO-Map-

KepHasl.
3. Haumenosanue nao opamopHsix pabom
Ne Tembl M3 HUX TIpaKTHYe-
HanmMeHOBaHIE TeM TUCIHIUIMHLIL, HX KpaTKoe co- | O0peM
IIHCIIH - CKasl ITOATOTOBKA,
IepKaHHe YaCcOB
TLITHHEI YaCOB
5 ceMecTp

JlabopaTopnasn padora Ne 1. [lapaMeTpHyecKHit
CTaOIIIM3aTOP HAIIPSKEHH S

| O3HAaKOMHTE CTYAEHTOB CO CXEMOH, ITPHHIIHIIOM 1.5
paboThEl METOAOM pPacuéra H BO3MOKHOCTSIMH I1a-
PaMeTPHYECKOr0 CTaOMIH3aTOpa HAIPSKEHH 5.
JlaboparopHas padora Ne 2. XapaKTepHCTHKH
OMITOJISIPHOIO TPaH3HCTOpa.

2 OCROUTh METOMHUKV TTOMVUEHUS BXOJHBIX H BBI- 1.5
NOKYMEHT MOAMNMWUCAH
SNEKTPOHHOW MOAMNMUCHIO CTOpd, a TdKJKC
Ceptudhmkar:  12000002A633E3D113AD425FB50002000002A6 IIapaMeTPOB.
Bnapgeneu; Llebayxoea TateaHa AnekcaHapoBHa '(apamepm'mm[
| 1.5
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M3yuyeHne ocoOOeHHOCTEN padOThI ITOIEBOIO TPaH-
3HCTOpa C VIIPABIISIEMBIM IIEPEXOOM, OCBOEHHE
METOJHUKH TTOJTYYEHHS €r0 CTOKO3aTBOPHOH H BHI-
XOJHBIX XapaKTEPHCTHK.

Jlabopatopnas padora Ne4. Heympapisemsle
BBITPSMHTEIIH.

M3yuenne cxem ogHO(a3HBIX H TPEX(AZHBIX BEI-
1 IIPSMHUTEIIEH, CPAaBHEHHE TEOPETHUYECKHIX H DKCIIe-
PHMEHTAIbHBIX 3HAUEHHI BRITTPSMIEHHOTO HAITPSI-
KEeHHSL, O3HaKOMJIEHHE ¢ (pOpMaMH KpPHBBIX BBEI-
IIPSIMIIEHHOT'O HAITPSTKEHH L.

1,5

JlabopaTopnana padora NeS. Kackag yCHIHTEIL
TIePEMEHHOT0 TOKAa Ha OHITOIISIPHOM TPaH3HCTOPE.
M3yuuTh cXeMy Kackaja YCHIHTEIS IePEMEHHOTO
TOKa C OOIIMM 3MHTTEPOM, IIPAKTHYECKH OCBOHTE
METOAHKY YCTAHOBKH HAaYalIlbHOH paboueH TOUYKH
5 TPAaH3HCTOPa B PeKHMe A, METOIUKY ITOIYYEHHS
AMIUIMTYIHOH H YaCTOTHOH XapaKTEPHCTHK YCH-
JITENIA, OIIPeeIIeHH S €0 BXOJHOI O M BEIXOJHOI'O
COIIPOTHBIIEHHI, ITPOAaHAJIM3HPOBATh BIDIIHHE Ha
KOA()(HIMEHT YCHJIEHHS 3HAYeHHH ITapaMeTpPoOB
OTAEIIbHBIX 3JIEMEHTOB CXEMEL

1,5

JlabopaTtopHas padora Ne6. Y CIIIHTEIIb Ha MTOINe-
BOM TPaH3HCTOPE.

HccnepoBars paboTy YCWIHTEIBHOIO KacKaja Ha
6 IIOJIEBOM TPAaH3HCTOPE ¢ OOIIMM HMCTOKOM, CHSTH
ero aMIUIMTYAHYIO H aMIUINTYIHO-4YaCTOTHYIO Xa-
PAKTEPHUCTHKH, OIMPEIEIINTh BXOIHOE H BEIXOHOE
COITPOTHBIIEHHS.

1,5

Jlaboparopnas padora Ne7. Tupucrop.
MccnemoBarh ITPoOIeCCH OTITHPAHHS H 3alTHPaHH I
7 THPHCTOpPa, CHSATh CTAaTHYECKHE BOIbTaMIIEPHBIE
XapaKTEPHCTHKH ILIEMH YIIPaBIeHHSI H aHOTHOH
T[STTH.

1,5

JlaboparopHnas pabdora Ne8. TupHCTOPHBII pery-
JISITOP TOKA.

HMccnemorark paboTy THPHCTOPHOI'O PETYIISTOpa
BBITPSIMIIEHHOI'O TOKA C (pa3HBIM YITPaBIIEHHEM.

1,5

JladbopaTopnas padora Ne9. THPHCTOPHBII pPery-
TISITOP HAIIPSKEHHA.

M3y4uTh IIPHHIMIIEL PerYIIHPOBAHHS HAITP DK EeHIL
C HCITOJIb30BAHHEM ITOIYITPOBOJHHKOBEIX ITPHOO-
POB, CHATh PErYIHPOBOYHYIO H HAar PY30YHVIO Xa-
PAKTEPHUCTHKH PETYILITOPA HAIIPSKEHHS.

1,5

Hroro 3a 5 cemecrp:

13,5

0 ceMeCTp

JlabopaTtopnaa padora Nel(. OrnepallHOHHBIH

OOKYMEHT NOAMNUCAH
SNEKTPOHHOWM MOAMCHIO OITEPAIlHOHHOI' O
CepTuchukar:  12000002A633E3D113AD425FB50002000002A6 "OTOPHIMI (hYHK-

1,5

Bnapeneu: Webayxoea TaTeAHa AnekcaHpoBHa
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IHAMH, BBIITOIHACMBIMHI C IIOMOIIBIO OIICPAIlHOH-
HBIX }*'CH.'IIHTEJIEﬁ H COOTBETCTBVIOIIIMI CXEMaMI
HX BEIIFOYCHI A.

11

Jlaboparopnas padora Nell. ['eHeparop ImpsMo-
YTOJIbHBIX HMITYIICOB.

M3y4yuTh TIIPHHIMITMATIBHYIO CXEMY, HasHAauYeHHE
OTJEIIbHBEIX €& 3JIEMEHTOB M paboTy reHepaTopa
IIPSMOYTOIIBHBIX HMITYIILCOB Ha 0aze OIepar[HoOH-
HOT'O YCIJIHTEIL.

1,5

12

Jlabopatopnas padora Nel2. M3ydyeHne MpHHIH-
IIOB ITIOCTPOEHHS H (PYHKI[HOHAJILHBEIX BO3MOIKHO-
CTEH TPUITEPOR Pa3IIHYHBIX THIIOB.

M3ydeHne IPHHIMIIOB ITOCTPOEHHS H (PYHKI[HO-
HAJILHBEIX BO3MOKHOCTEH TPHITEPOB PasIMYHBIX
THITOB.

1,5

13

JlabopaTtopHnas padora Nel3. AHaIOroBEIE 3IIEK-
TPOMEXAaHHYECKHE H3MEPHTEIbHBIE TIPHOOPEI
M3mepeHnie ToKa, HAIPpSDKEHHS, MOIITHOCTH, COS (O
3JIEKTPOMEXAHHYECKHMH H3MEPHTEIbLHBIMH ITPH-
OopamH.

1,5

14

JlaboparopHas padora Nel4. [JoTeHIHIOMETPE H
H3MEPHTEILHBIE MOCTHI

M3mepeHie akTHBHOTO COIIPOTHBIIEHUS 4-X IUIEY-
HBEIM MOCTOM ITOCTOSIHHOT'O TOKA.

1,5

15

JlabopaTtopHas padora NelS. IToTeHIIOMETPE H
H3MEPHTEIIbHbIE MOCTHI

M3mepeHHe HHIYKTHBHOCTH H JOOPOTHOCTH KaTy-
IIIeK H EMKOCTH KOHAEHCATOPOB 4-X TUIEYHBIM MO-
CTOM IIEPEMEHHOT O TOKA.

1,5

16

JladbopaTopnas padora Nel6. DiieKTpOHHEBIE aHa-
JIOTOBBIE H IIH(PPOBBIE H3MEPHTEILHBIE ITPHOOPEI
M3MmepeHHe TOKa, HAIPSCKEHHS, COIMPOTHBIIEHIL,
YACTOTHI 3JIEKTPOHHBIMH H3MEPHTEIILHBIMH ITPH-
OopamH.

1,5

17

Jladoparopnas padora Nel7. DneKTpoHHEBIE aHa-
JIOTOBBIE H I (POBBIE H3MEPHTEIbHEIE ITPHOOPHI.
HMccnemopanie IepHOIHYECKHX ITPOLIECCOB C I10-
MOIIBIO ANEKTPOHHO-ITYYeBOI0 OCIIHIIIOrpada.

1,5

18

Jlaboparopnas padora Nel8. M3mepeHns comnpo-
THBIIEHHS H3OJISLIH.

M3MmepeHIe COIPOTHRIEHH ST H3OISIIMH ITPOBOIHI-
KOBBIX MaTepHAJIOB M 3IEKTPHYECKIX MAIIH.

1,5

HToro 3a 6 cemectp:

13,5

Hrtoro:

27

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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4. Cooeparcarue nadopamopHsix pad om

Jlabopamopnan paboma Nel. Ilapamempuueckuil cmaduu3amop HANPAHCEeHUA

Ileny pabomer: O3HAKOMHTH CTYAEHTOB CO CXEMOH, IIPHHIIHIIOM PadOTHI METOAOM pac-

YETA H BOSMOKHOCTSIMH IHapaMETPHUYCCKOI' O ETHﬁHJ’JIIBﬂTGpﬂ HaITPAKCHHA.

OcHOé6bL meopui.
(OCHOBHBIM 3JIEMEHTOM IMapaMETPHYCCKOI'O GT&@HJ]IISE],TGP& HaITPp;KCHHA ABJIACTCA cTaOH-

JIHTPOH, BH]I BOJIbTaMIIEPHOH XapaKTePHCTHKH KOTOPOIO IIpeIcTaBlIeH Ha pHe. 1.1.

1t

PucyHok 1.1

[IpH BKIIIOUEeHHH HaAIIPsDKEHHS B IIPOBOASINEM HaITpaBIEHHH XapaKTepPHCTHKA CTaONIINT-
POHA HHYEM HE OTIIMYAETCS OT XapaKT epPHCTHKHU OOBIYHBIX JHOJ OB, HCIIOIB3YEMEBIX B CXEMaX BEI-
npssMuTenei. 1Ipu oO6paTHOM BKIFOUEHHH HAIIPSDKEHHS 10 HEKOTOPOr O €ro 3HAaUEHHS COIMPOTHB-
JIeHHe cTaOIIHTPOHA OCTAaETCS OYeHb BRICOKHM, TOK Yepe3 Hero IPaKTHYeCKH OTCYTCTBYeT (yda-
CTOK XapaKTEPHCTHKH «0a»). [IpH JambpHeHIeM YBeIIHYeHHH HaIlPsOKEeHHS HacTyItaeT IpoOoH JH-
OJla, B pe3ylbTaTe KOTOPOr'0 €ro COMPOTHBIIEHHE PE3KO MaJacT, BCIEACTBHE YEr0 HE3HAUHTEID-
HOMY YBEIHYEHHIO HAIIPSIKEHHS COOTBETCTBYET 3HAUHTEIIFHOE YBEJIMYEHHE TOKA (YIaCTOK «ab»).
B cxemax ctaGHIIM3aTOPOB HAITPSLKEHHS CTaOHIMTPOHBI HCITONIB3YIOTCS B PEXKHUME ITPOOOA.

Cxema ITapaMeTPHYECKOro cTabHIH3aTOpa HAIIPsDKEHH S, H300pakeHHas Ha pHc. 1.2, co-

CTOHT M3 crabuimm3aropa CT H OayuracTHOro corporuBiieHHd RO6. Ha BxXoj crabuimizaropa moja-
[OKYMEHT NOANMUCAH

SAEKTPOHHOM MOANNCHIO rouHnKa rMTanusg Un. COIpoTHBIIEHHE HarPy3KH
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6 . 5
Branerdil BHIEGHASE AR N R Obi oM. HarpspkeHue IHTaHNS JOJDKHO OBITH BBIIIE
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HaIMpsCKEHHS IMpo00sL, Toraa pasHOCTh HarpsbkeHHH Ul - UcT nmagaeT Ha Oaa1iacTHOM COITPOTHB-
neHnH. CHHKEHHE HAITPSOKEHN S IIHTAHNS IIPUBEAET K HEOOIBINIOMY CHIKEHHIO HAIIPSOKEHNSA Ha
CTaOMIIMTPOHE, ITPH 3TOM TOK UYepe3 HETO, a CIEJOBATEIBHO, Yepe3 RO pe3-KO YMEHBIIHUTCS, UTO
IPUBEAET K YMEHBIIIEHHIO TTaIcHIU S HanpsKeHHI Ha RO. Ta-kuM o0pa3oM, CHIDKEHHE HaIIPsDKEHHS
UIl IIpHBOIUT ITOYTH K TAKOMY K€ CHHJKEHHIO HAIIPSCKEHHS Ha OaUIaCTHOM COITPOTHBIIEHHH H

JIMITIb K HE3HAYHTCJIIbHOMY CHIKCHHIO CT&@HHHBHPYEMGI‘G HAIIPsDKCHITA Ha Hal' PY3KE.

I > RE IH >
-
/\

Cm

|

PucyHok 1.2

[ Ipu nmoeeimeHny Uy HanpskeHHe Uer YBEIIHUHTCS HE3HAUHTEIIBHO, BCIIEACTBHE YET0 TOKH
Icr ¥ I BO3pacTyT HAaCTOJIBKO, UTO OCHOBHAS YACTh ITOBBIIIEHH S HAITPSDKEHH S PacIIPele/INTCI Ha
Rs.

J1s KoY eCcTBeHHOH OIleHKH 3(deKTa cTaOHIH3alHH XapaKTepHCTHKY cTaOHIIMTPOHA B
o6rnacTH paboyeil MOIIPHOCTH HAIPSKEHH S IMPeICTaBHM COCTOSIIIEH H3 IBYX NMPAMBIX (pHc. 1.1).
J1o HanpstxkeHHs Uy OyeM CUMTarTh COIPOTHRIEHHE CTaOMIMTPOHAa OECKOHEYHO OOIBIIIM, ITPH
HaIpsDKeHHIX, 0ombImx Uy, HAKIIOH BOIbTaMIIEPHOH XapaKTePHCTHKH OITpeelsIeTCcs JHHaMHe-
CKHM COIIPOTHBIIEHHEM

Re=A Ua/ Aler,

Ha 3TOM YYacTKe HalpsDKeHHe Ha cTaOHIIMTPOHE

Ucr= U+ Rerler.

[Tpn U <U, cTaOHIHTPOH 3aKPHIT, 3P ]eKT cTaOHIH3alHH OTCYTCTBYET H HAIIpSDKEHHE Ha

HarpyskKe paBHO
NIOKYMEHT MOMMUCAH T TJnRu/(Rs+Ry).
3NEKTPOHHOW NOANMMCHLIO _
Ceptudumkar: 12000002A633E3D113AD425FB50002000002A6 JIIHBa CHCTCMa YVPaBHCHIH.
Bnapeneu: lLebayxoea TaTbAHa AnexkcaHopoBHa
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Un= 1 Ra&+ Ue
I= [+ In
Iz= U/ Ry

[IpH 3aJaHHBIX HAIPSKEHHH HCTOYHHKA I TAaHHS, COIIPOTHBIIEHHH HAarPy3KH M HaIIPsKe-
HHH Ha CTaOHIMTPOHE (KOTOpoe, KOHEYHO, JOIKHO OBITh B ITpe/ienaxX padoyero yJacTKa ero Xa-
PaKTepHCTHKH) cHcTeMa (1) mo3BONIsSeT HaliTH BRIpakeHHe JJIS BRIYHCIEHH S HEOOXOJHMOro Ga-
JIACTHOTO COIIPOTHBIIEHHS.

5= Rer Ru(Un- Uer)/[ Uer Rert Ru(Uer- Uo)] (2)
HamnmMeHbIlIee HAIIpsDKEeHIE ITMTaHM, ITIPH KOTOPOM OVIET COXPaHSIThCA cTaOHm3aIiis, KaK
crenyeT us (1),
Un min= Uos(R&/ Ry+1)
ITPH 5TOM
Uer=Uo, =0, I=ls=U/Rs=Un/(Rs+R5).

M3 (3) cmemyet, uto Rs XKemarelnbHO HMETh KaK MOJKHO MEHBINE, YTOOBI PAaCIIHPHTh JIHa-
ITa30H BO3MOXKHOI' O CHIDKEHHS HAITPSKEHH ST ITHTAHH S, IT03TOMY IIPH BEIYHCIIEHHH Rs B (2) HeoO-
XOmMO NIPHHATE Uy = Uy min, @ 3HaYeHHe Uecr, VUHTEIBAS HEIMHEHHOCTH BOIbLTAMIIEPHOH Xapak-
TEPHCTHKH, IIPHHATh HecKoIbKO GombIne U, (B Hauane THHEHHOM YacTH pabovyero yJyacTKa Xapak-
TEPHCTHKH).

Hcronp3ys cucteMy ypaBHeHHH (1), MOKHO Tak ke HAHTH 3HaUeHHEe cTaOIIH3HPOBAaHHOIO
HaIIPsDKEHHS, COOTBETCTRYIONIEE 3HAYUeHNIO Uy , IIPH IIPpHHSATOM Ra:

Ucr=Ru(RerUn+RsUo)/[ RuRs+Rer(Ry+R5)]

[ Ipuparerio Uy OyaeT cOOTBeTCTBOBATH ITpUpalteHie Uer:

AUcr=AUnRuRer/[ RuRe+Rer(Ru+R5)]
D@ dekr cTabumH3aliy HAITPSKeHH S OIIPeJIEISIETCS OTHOIIEHHEM:
AU/ AUn=RgRer/[ RaR6+R(Ru+R5)]

Yem MeHbIIIE 3TO OTHOIIEHHE, TeM BhIIIe 3(PeKT cralOmwinzaiun. M3 (0) ciexyeT, 4To
AU/AUy TeMm MeHbIIe, 4YeM OonbIle Rs. Taxum o0pazom, IpH paclHMPeHHH HIDKHETO JHAIa30Ha
mn3MeHeHn s Uy 3a CYET ymMeHbINeHHS Rs 3 eKT cTabmIH3alii YMEHbINAETCSI, IT03TOMY BETHUHHY
OaJIlIaCTHOr'O COIMPOTHBIIEHHS HEOOXOAHMO BEIOHPATh TaKHM 00pa3oM, YTOORI YAOBIETBOPHTE 00a
TpeOOBaHHS. M B OTHOINEHHH KayecTBa CTaOMIIM3al[HMH, H B OTHOIIEHHH HIDKHETO IIOpOora Harlps-
KEeHHS THTaHns. KpoMme Toro, Tok cTabHIMTPOHA He JOIKEH IIPEBBIMIATH TOK, JOITYCTHMBIH 10

yCJIOBHSIM HarpeBa. M3 (1) ciuenmyer:

AOKYMEHT NoanmncAH I.RA/( Re+R
SNEKTPOHHOW NOAMUCHIO i C’) ( Rs CT)‘-'
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

PH OTCYICTBHH H KH H H MaKCHMaJIBHOM
Bnapeneuy: lLleBayxoea TateAHa AnekcaHapoBHa P yI alpys I1p
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Ler max =(U1'I ma:-:'U:})a"'r( R6+Rr:r) < ler hafwyi

[Tocne pacuéra OajUIaCTHOIO COITPOTHRBIIEHHS IO Qopmyle (2) HeOOXOMHMO ITPOBEPHTE
BBITIOIIHEHHE YCIIOBHA (7). Ecim rmocegHee yCIIOBHE He BBITOIHSIETCSL, TO HEOOXOAHUMO IHO0 yBe-
THYHTh Rs, G0 BEIOpats 6oree MOIIHEBIH CTaOHIIHTPOH.

B HEeKOTOPBIX CIIyyasX BO3HHKAeT HEOOXOAMMOCTh CTAOHIIM3AIlHN HAIIPSDKEHHS TTHTaHHA
ITPH U3MEHEHHH COITPOTHBIeHHS HAarpy3KH. [Ipn Ry=0 BCE NpritokeHHOe HaIIpsSKEHHE ITaJacT Ha
COIPOTHBIIEHHH Rs. MHHHMAIbHOE COITPOTHRIIEHHE HArPY3KH, IPH KOTOPOM HaYHHAETCA 3(PPeKT
cTaOHMIHM3aI[HH, MOKeT OBITh HalIeH H3 BEIpakKeHH I (3):

RH min — REU@!’F(UH'UO)
rmpH 3ToM Ry HanpsxeHHe Uqr = Us. C yBemmueHHeEM Ry HaIpsKeHHe Ha CTaOIIHTPOHE

OyJIeT pacTH, H IIPH OTCYTCTBHH Harpy3kH (Ry = o) IpuMeT HanOOoNIbIIee 3HAYECHHE:

Ucrmax= ( Ug Rer+ U Re)/( Rert Rp)

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

B ITPHIIOKEHHE A.

YKazanua no 6binoiHeHUI0 1a0opamopHoll padomal:

B manHON mabopatopHoH padore HeOOXOAHMO BBEIIOIHHUTE CIIEAVIOIIEE:

— CHSTH BOJIbTAMIIEPHYIO XapaKTePHCTHKY CTaOWIHTPOHA,

— OIPEAEIHTE ITapaMeTPEl padodero yyacTka XapakrepucTHuki: Uo 1 RcerT;

— BBIUHCIINTH 3HAauYeHHe OalIacTHOIO COIIPOTHBIIEHHS ITPH 3aJaHHBIX COITPOTHBICHHH
HarpyskH H MUHHMAaJIbHOM HaIlPSKEHHH HCTOYHHKA ITHTAHH A,

— OIPENEITE 3aBHCHMOCTE CTAOIIHM3HPYEMOTO HAIIPSKEHH S OT HAIPSDKEHHS HCTOYHHKA
ITHTAHU A TIPH ITOCTOSIHHOM RH;

—  ONPEeNelTh 3aBHCHMOCTL CTAOWIH3HPYEMOI'O HAMPSDKEHHS OT COIPOTHBIIEHHS
Harpys3KH ITpH ITOCTOSHHOM UTL.

[ IopsITOK BEIMTOIHEHHS PadOTEI ClIe I VIOIIHIA:

1. U3y4HUTE OCHOBHEIE TEOPETHUECKHE ITOIOKEHH S

2. Cobpath cxXeMy, H300pakEHHYIO Ha pHc. 1.3.

3. He mopxirouast COIPOTHRIIEHN S HATPY3KH H MEHSIS HaPsSKEHHE THTaHHS B COOTBET-

CTBHH CO 3HAYUCHHAMII, 3dIICAHHBIMIL B TaOIHIle 11:, CHATE BOJIBT-aMIICPHYIO XdPAKTCPHCTHKY

LOKYMEHT MOAMWUCAH |
ANEKTPOHHOW NOANUCHIO OCTH HATIPSKCHITA

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

106



A | P Ug [ xOM

PucyHok 1.3

4. 1o maHHBIM TaOIHIIEI 1.1 ITIOCTPOHUTE BOIBTAMIIEPHVIO XapaKTEPHUCTHKY CTaOHIIMTPOHA,

OIpeAeIHTh 3HaueHHI Uo u Rer

TaGmira 1.1.
[TomoxuTebHAS ITOIIPHOCTD OTpHIIaTeNbHAS TTOIIPHOCTD
Her B 04105506 (06707074 077 ]|6| 8 9 195196 |97 |98
[, MA

5. JInmg Un mun 1 RH, 3aJaHHBIX TIpelojaBaTeleM, BEIYHCINTE RO H BRIOpaTh H3 HMEIO-
X cs Oimkaiiiee OombIlee.

6. YcTaHOBHTH B cXeMe 3aJlaHHOe RH u npHHAITOe RO, IMpoBepHTh IMPH 3aJaHHOM UTI min
sHaueHHe UCT, 3aImcaTh er0 H CPaBHHUTE CO 3HAUeHHEM, ITPHHITHIM ITPH BEMHCIEHHH RO.

7. 3agaBas 3HaAUCHHS HalIPSKEHNS ITHTaHN S, YKa3aHHbIe B Ta0nmiie 1.2, mpH ImocTosIHHOM

RH:. 3dJJaHHOM IIPCITIOAABATCIIEM, 34IlHCATh B Tﬂﬁ]ﬂ]l[}" ITOIIYHCHHBIC 3HAYCHHA CT&@HJIHBHPGEHH-

HOI' O HaITPsDKEHHS.
Tabmia 1.2.
UL B 10 11 12 12.5 13 13.5 14 14.5 15
U, B
NOKYMEHT NMOAOnncAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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8. IToctpouTts rpaduk 3aBucuMoctH Uct = f(Un).

9. [To ¢popmyne (8) BEIMHCIHTG MHHHMAJIBHOE COIPOTHBIIEHHE HAIrPYy3KH, IIPH KOTO-

POM ITPOHCXOIHT CTAaOMIH3alLHs HalpspKeHHS. B cxeme pue. 1.3 amriepMeTp H nepeMbIuky «I1»

IIOMeHATh MecTaMH. lImaBHO YMCHBIIIAA IICPEMCHHBIM PE3HCTOPOM 1 xOmMm COITPOTHBIJICHHC

HarpyskH, 1pH Un = 1 5B yCcTaHOBHTE TOKH B IIEIIH HarPY3KH, YKa3aHHbIe B Ta0maie 1.3, u 3aImi-

CaTh COOTBCTCTBVIOIIIEC 3THM TOKdAM HAIIPSDKCHHA Had HaI'PY3KC. BEIUHCIIHTE 1O 3aIllHCAaHHBIM B

TaOIHIIE (bﬂplﬂ}"ﬂﬂhi HAIIPAXKCHHC Had OartacTHOM COITPOTHBJICHHH, TOK, HGTPE@JIHEEIBIﬁ OT HCTO4-

HHEKa ITHTAHIA, TOK HUCPE3 CTH@IU’IHTPDH H COIIPOTHBJICHHE HAIl PY3KI. OTMETHTB COITPOTHBIICHHE

HAI'PY3KH, IIPH KOTOPOM CTH@HJ]IITPDH 3dIIHPAcTCA, CPABHHTIDL €I'0 C BBITHCJICHHBIM. Ilo maHHBIM

TaOIIHIIBI ITOCTPOHTH I'padpukK 3aBHcHMOCTH Uct = {(IH).

Tabmira 1.3.
Iy, MA 6 7 8 9 10 12 15 18
Ucr, B
5= Un- Ucr
I= Us/ Rs
[er=I- Iy
Ru= U/ Iy

Coodepacarue omuema:
OT4YeT JOIKEH COLEPXKATh:
1. Hazpanme paboTHI,

2. Llens paboTHI,

3. KpﬂTIﬂIE TCOPETHYCCKHE CBCACHITA,

4. OrnucaHue HCITOIIB3YCMOTI'O Gﬁﬂp}’I[GEEIHIIH H MaTCPHAJIOB,

5. ITopsimoK BRIMIOJIHEHHM S PaOOTHI,

6. Beruncnennsa u o6padorka pe3ylbTaToR,

7. BEIBOJIEL.

K OHMPOJIbHbBIE 601POCHI.

1. OmuimTe BOIbTaMIIEPHYIO XapaKTe PHCTHKY CTaOMIHTPOHA.

7 TThgeuura TNUITIUIT NAANTET TTANAMATOY2CKOr0 CTA0MIIH3AaTO

AOKYMEHT NoarnncAH
SNEKTPOHHOW NOANMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS0002000002A6

Bnapeneu; Webayxoea TaTeAHa AneKcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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4. OT 4ero 3aBHCHT HHJKHIH ITOPOr CTaOHIIM3HPYEMOI'O HAITPSKEHH S?

5. Kak BemmuiiHa GantacTHOr O COIIPOTHBIIEHHS BIIMSET Ha KAUECTBO CTAaOMIH3aI[UH HATIIPSI-
KEHIA?

6. UeM orpaHMYHBAcTCSI MHHHMAIIBHOE 3HAaUeHHE OalNIaCTHOI'O COIIPOTHBRIIEHHS?

7. Kak coIpoTHBRIeHHEe HAarPy3KH BIHSIET Ha KaueCTBO paboThl cTaOHIIM3aTOpa HaIpsoKe-

HHT?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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JTabopamopraa paboma Ne2. Xapakmepucmuku 0UnoaApHOZ0 mpaH3ucmopa

HEJH: paﬁﬂmm: OCBOHTBH METOJHKY ITOJIIYVHCHIA BXOJHBIX H BBIXOJHBIX XAPAKTCPHCTHK

TPAH3HCTOP4d, 4 TAKHKE OIIPECACIICHHA €10 JHHAMITHCCKIIX ITaPaMCTPOB.

OCHO6bL MmeopuiL:

[ IpH BRITIOITHEHHH PacYETOB CXEM C OHITOISPHBIMH TPAH3HCTOPAMH HCITOIBL3YIOT HX BXOI-
HbIE€ H BBIXOJIHBIE XaPAKTEPHCTHKH.

BXOJHBIMH XapaKTepHCTHKAMH Ha3bIBAIOT 3aBHCHMOCTH TOKa Oasbl 10 OT HaIpsDKEHHS
sMHUTTeP-0a3a Us0 IIpH ITOCTOSHHOM HAIPSKEHHH KOIUIEKTOP-3MHUTTEP UK3. BHI 3THX Xapakre-
PHCTHK IIPEJICTABIEH Ha pHC. 2.]1.

CreayeT 3aMETHTB, YTO BXOMHEIE XapaKTEPHCTHKH, ITOIYYEHHBIE TIPH Pa3/IMUHBIX HaITps-
KeHrsix UK3, OTJIMYHBIX OT HYIIS, IIPAKTHYECKIH COBITfaro0T.

[Io BXOMHBIM XapaKTepHCTHKAM OIIPeJe/IIIOT TaKHe AHHAMHYECKHE XapaKTepPHCTHKH
TPaH3HCTOPA, KaK BXOJHOE JHHAMHUYECKOE COIIPOTHBIIEHHE

hl1=AU»6/ A16

IIPEACTABILIOINEE COOOM OTHOINEHHE ITPHpAIleHHS HaIpsoKeHHS Us0 K COOTBETCTBYVIO-
I[eMY ITPHPAIEHHIO TOKa Oasbl IIPH IIOCTOSHHOM HAaIIPSDKEHHH KOIUIEKTOP-3MHTTEP, H KO3 (]H-
I[HEHT OOPATHOM CBS3H IO HAITPSIKEHHIO

h12=A U»6/ A Uk»
IIPEACTABILIFOINII COO0H OTHOIIIEHHE COOTBETCTBYIOIIHX APYT APYTY ITPHPAIlle HUH HAITPsI-

K EeHIHH BMIITTEp-ﬁEIBﬂ H KOJUICKTOP-3NMNIITTCP ITPH ITOCTOAHHOM TOKE OasHl.

i; 4 Uw=0B U.=5B

ONOKYMEHT NMNoanncAH >
SNEKTPOHHOWM NOANUCHLIO U;ﬁ
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

CYHOK 2.1
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BBD{G,I[HBIE XdPaKTEPHCTHEIT OTPAKalOT 3aBHCHMOCTE TOKa KOIIIICKTOPa Ih OT HaIIpsDKCHITA
KOIDIEKTOP-3MHT TeP ITPH Pa3IHUHBIX TOKAX 0a3Bl, X BHJ IIpeIcTaBiIeH Ha pHc. 2.2 . [0 BEIXOIHEIM
XapaKTEPHCTHKAM OIPENEIIIOT TaKHE ITapaMeTPhl, Kak K03 QHIMEHT YCHIIEHHS TOKA 0a3bl

hoyi= Al A s

HpEﬂGTﬂBH_ﬂIGH_HIﬁ coOOH OTHOIIIEHHE ITPHPAIIEHHA TOKa KOJUICKTOPd K COOTBCTCTBYIO-
IMIEMY ITPHPAIIICHHIO TOKa 0asbl ITPH ITOCTOAHHOM HAIIPAXKCHHI KOJIJICKTOP-3MHTTCP, H BEIXO/JHAA
AHHAMHYCCKAA ITPOBOAHMOCTD

hor= AL/ A U

IMpEACTAaBIIATOIIIAA cOOOH OTHOIIIEHHE IIPHPAIICHHA TOKd KOIIIIEKTOPa K COOTBCTCTBYIHO-
HIEMY ITPHPAIICHHIO HAITPAACHHA KOJUICKTOP-SMHTTEDP ITPH ITOCTOAHHOM TOKC Oaskl.

BCHEHCTEHE HeIIMHEHHOCTH KakK BXOJHBIX, TAK H BEIXOAHBIX XdPAKTCPHCTHEK BCC IICPCHHC-
JICHHBIC ITAPaMCTPBI HMCIOT PAa3JIMYHBIC 3HAUCHITA OIS Pa3JIHYHBIX pﬂﬁﬂlﬂ[}{ TOYUCK.

O0mnacTsh BBIXOJHBIX XdPAKICPHCTHK, B KﬂTﬂpﬂﬁ OHH ITPAKTHYCCKH JIMHEHHBI H B KﬂTﬂpﬂﬁ
TOK KOJUIEKTOPAd MdJIO 3dBHCHT OT HAIIPKCHHA KOJILIICKTOP-5SMHTTCP, d OIIPECACIIACTCAH TOKOM 6&3]51:,
Ha3BIBAIOT aKTHBHOI 30HOIH. [IpH yBeIMYeHNH TOKa KOIIeKTopa H HarpsokeHN S Uy PacTET MOII-
HOCTDb TCIUIOBLBIX ITOTCPDb B TPAH3HCTOPCE. OTH ITOTEPH HE JOJIIXKHBI ITPEBBIHIATE JOITYCTHMOI'O JIJIA
JdHHOI'O TPAaH3HCTOPa 3HAYUCHITA Py non-

Pr= Ugs Ie< Px nor.

JIMHIS JOITYCTHMBIX ITOTEPS Ha PHC. 2.2 IIPOBEJEHA ITYHKTHPOM.

I, \ 16=60MKA
15=50MKA
15=40MKA
- 1-=30MKA
——-;-"-_"‘-'-..________
1:=20MKA
15=1 OMKA
>
Uk
PucCyHOK 2.2
Vkazarnue no mexunuxke dezonacHocmii:
OOKYMEHT MOAMNUCAH
INEKTPOHHOW NMOANMACKIO [ BRIIOJTHEHHH JIa00PpaTOPHBIX PadboT ITPHBEIEHEI

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxopa TateAaHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:
B maxHoH mabopaTopHOH padore HEOOXOAHMMO ITOIYUYHTE BXOJAHEIE H BBIXOJHEIE XapaKTe-
PHCTHKH TPAaH3HCTOPA M BEIYMCIIHTE 3HAYEHHSI JHHAMHYECKHX ITapaMeTPOB.
[ IopsmoK BRITTOIHEHHS PaOOTHI CIIE VIOIIHH.
1. U3y4HTh OCHOBHEIE TEOPETHUECKHE ITOTIOAKEHHS.
+ o | +
I{ |
100xOM 47x0OM |
15 B |
|

IkOm Uy,

PucyHok 2.3

2. CoOpartp cxemy, H300pakKEHHVIO Ha pHC. 2.3. B cxeMe 00s3aTelbHO IIPeyCMOTPETH IIE-
peMBIUKY «II», HeEOOXOMNMMYIO IJI1 H3MEHEHH S MeCTa BKIIFOUEHIST MHIUTHAMIIEPMETPA.
3. Ycra”noButh HanpsokeHHe Uk>=0. IIpu Tokax 0aszpl, yKasaHHBIX B Tabmmile 2.1, u3me-

PHUTH 3HAYeHH S HaIpsokeHusa UG 1 3armicars HX B Ta0imiry. I1oBTOpHTE OIBIT IpH Uks = 2.5 B

10 B.
TabGmira 2.1.
15, MKA 0 5 10 20 50 80
Ugs, 1pH Us=0
B 1pH Ue=2.5B
rmpH Ux=10B

4. YctaHoBHTE TOK 0asbl 20 MKA. [IepeKIrounTh MITITIHAMIIEPMETP B IIEIh KOJUIEKTOPA,
H3MEHHUTE ITPeAel H3MEPEHHI ToKa 10 20 MA. Y cTaHaBIHBas 3HAYEHHS HAIPSKEHHS B LIETH KOJI-
JIEKTOP-3MHTTED, YKa3aHHbIe B TaOMHIle 2.2, 3aMHcarh B TaOIIHI[Y COOTBETCTBYIOIIHE STHM HaIIps-

AOKYMEHT MNOANUCAH 1TTOBTOPHUTE ITpH TOKax 0a3el 40, 60 1 80 MKA.
SNEKTPOHHOW NOANUCHIO
CepTucbukat: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Tabmira 2.2.
Uw. B 0 0.2 0.5 | 2 5 10 15

IpH 17=20MKA

i, pH 17=40MKA

MA IIPH i5=00MKA

IpH 17=80MKA

5. ITo ganueiM Tadmag 2.1 1 2.2 MOCTPOUTE BXOIHBIE H BEIXOJHEIE XapaKTePHCTHKH TPaH-
3HCTOpA.
6. B palounx Toukax, YKa3zaHHBIX ITPEIlofaBaTeleM, OIMPEeAelMTh JHHAMIYECKHE I1apa-

METPBI TPAH3HCTOpA.

Coodepacarue omuema:

OTYeT JOIDKEH COMEPXKATH:

1. Hazpanme paboTHI,

2. Llens paboTHI,

3. Kparkue TeopeTHYECKHE CBEAEHHI S,

4. OrcaHHe HCIIONIB3YeMOI'0 000PYAOBaHHII H MaTepHaJIOB,
5. ITopsimoK BRIMIOJIHEHHM S PaOOTHI,

6. Beruncnennsa u o6padorka pe3ylbTaToR,

7. BBIBOBI.

KoumponsHsie éonpocet:

1. Yrto mmpeacraBisoT cOO0H BXOAHBIE H BEIXOAHBIE XapPaKTEPHCTHKH TPAH3HCTOpPa?

2. PacckaxuTe O IOPSIKe MOMYYEHHS BXOIHBIX H BRIXOHBIX XapaKTepPHCTHK TPaH3HCTOpa.

3. Ilepeuncnnure AHHAMHYECKHE IapaMeTPhl OMITOJISIPHOrO TpaH3MCcTOpa. Kak HX Imomy-
JaroT?

4. Yem OI'PaHITYCHA aKTHBHA 30HA4 BBIXOJAHBIX XdPDAKTCPHCTHK TpﬂHBHCTGpﬂ?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jdabopamopras padboma Ne3. Xapakmepucmuki nojie602o0 mpaH3ucmopda

Ilens pabomesi: V13yueHne ocOOeHHOCTEH padOTHI IIOJIEBOIO TPAH3HCTOPA C YIIPABIIIEMBIM

IIEpEXOAOM, OCBOCHHC MCTOJHKH ITOIIYUCHHA CI'0 CTDI{DBE],TEDPHOﬁ H BBIXOJHBIX XdPdKTCPHCTHK.

OcHO6bL meopulL:

B maHHON m1abGopaTopHOH padoTe paccMaTpHBASTCS ITOJIEBOH TPAH3HCTOP C YIIPaBIISIEMBIM
IepexoaoM. TpaH3HCTOPEI TaKOI'O THITA MOI'YT HMMETH 1-KaHall, B KOTOPOM HOCHTEIISIMH 3apsIoB
SIBIISIEOT CS BIIEKTPOHBL, THOO0 p-KaHall, B KOTOPOM HOCHTEIISIMH 3apsSA0B SBJLIIOTCS OBIPKH. CXeMa

KOHCTPYKIITHH TPaH3HCTOPa ¢ N-KaHaJIOM ITpeJicTaBlIeHa Ha pHc. 3.1.

3aTBOD

HCTOK CTOK

{ . 00eHEHHAA 30HA

PucyHok 3.1

B xprHcTam noaynmpoBoJHHKA N-THITA, HMEIOMIEr0 MAITYIO KOHIIEHT PAIHEO IIPHMECH, BITaSH
KPHCTaJUI P-THIIA ¢ BEICOKOH KOHI[eHTpaLHeH IpaMecH. BeneacrBrHe AH(p Qy3HH 3JIeKTPOHOB H3 11-
ITOTYIIPOBOHHKA H JBIPOK H3 P-ITOIYIIPOBOAHIKA Ha IPaHHIE KPHCTAUIOB 00pa3yeTcs o0eJHEH-
Has 30Ha, JIHINEHHAS HOCHTEJIEH 3aps0B H ITI03TOMY HMEIOINAs O4eHb BBICOKOE COITPOTHBIIEHHE.
M3-3a pasHOCTH KOHIIEHTPALHH ITpHMeceil 00eJHEHHAS 30HA 3aHHMAaET ITOYTH BeCh 00BEM N-ITOTY-
IIPOBOJHIKA, OCTABIIISI CO CTOPOHBI, ITPOTHBOIIONOKHON P-ITOIYIIPOBOIHHKY, YV3KHII KaHal. Y
TPaH3HCTOpa HMeeTCS TPH MeTaIIIMUeCKHX SIIeKTPoAa, OAHH H3 KOTOPBIX, Ha3bIBaEMBIH 3aTBOPOM,
COEQHHEH C P-TIOTYIIPOBOAHHKOM, JBa JIPYIHX, Ha3bIBa€MbIX HCTOKOM H CTOKOM, COEIHHEHEI C
KPHCTAJUIOM N-THIIA C IIPOTHBOIIOIOKHBIX CTOPOH, TaK YTO KaHAI HaXOMHTCS Me KTy STHMH 3JIeK-
TPOAaMH. 3aTBOP SBILIETCS YITPABJISIOIINM SIIEKTPOAOM. ECIIH MeXK Iy CTOKOM H HCTOKOM ITPHIIO-
’KHTh Pa3HOCTh IIOTEHIIHAIIOB IIPH OTCYTCTBHH IIOTEHIHAJIA Ha 3aTBOPE, TO Yepe3 KaHal ITOTEYET
ToK. IIpH mojaye Ha 3aTBOP OTPHIATEIIFHOIO OTHOCHTEIHLHO HCTOKa ITOTEHIHalla 0OeJHEHHAS
30HA PACIIHPHTCS, TOIIIHHA KaHala YMEHBIIHTCSI, H COIPOTHBJIEHHE I[EITH CTOK-HCTOK YBEIIH-
YHTCS, BCIIEACTBHE Yero TOK CTOKAa YMEHBINHUTCS. IIpH 3TOM cllelyeT 3aMeTHTh, YTO TOK 4epe3

3dTBOP 6}’I[ET OTCYICTBOBATD, T.K. HAIIPSDKCHIC ITO IICITH 3aTBOP-HCTOK ITOJaHO B HEITPOBOJAIIICM

"mﬁmwﬂ'mﬁ?ﬂr{;ﬁ‘ﬁﬁ?ﬁEﬁﬁﬁEEﬁ'ﬂwwa TToTS TTATEHI[HANTA Ha 3aTBOP 110 LEIH 3aTBOP-HCTOK ITO-
SNEKTPOHHOW NOONUCHIO |
Ceprudvkar: - 12000002A633E3D113ADA25FB50002000002A6 > TIPH HeOOTIIIOM TOKE 3aTBOPA TOK CTOKa PE3KO
Bnapeneu; Llebayxoea TateAHa AnekcaHapoBHa
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['padmieckoe H300paKkeHHE TPAaH3HCTOPOB C YIIPaBIIeMBIM ITepeX0 0M ITpeICTaBIEHO Ha

puc.3.2.
I 3 i ¥
c c
TPaH3ICTOP C p-KaHalIoM TpaH3ICTOpP ¢ N-KaHAaIoOM
PuCyHOK 3.2

JI714 TIONEBBIX TPAaH3HCTOPOB HCITONB3VIOT TaKHE XapaKTEPHCTHKH, KaK CTOKO-3aTBOPHAS,
IPEACTABILIIONIAas COOOH 3aBHCHMOCTh TOKA CTOKA OT HAIIPSDKEHHS 3aTBOP-HCTOK ITPH ITOCTOSH-
HOM HaIpsDKEHHH CTOK-HCTOK, H BBIXOJHBIE, IIPEACTABILIIONINE 3aBHCHMOCThL TOKAa CTOKA OT
HAaITpSDKEHHS CTOK-HCTOK ITPH (PHKCHPOBAaHHBIX 3HAUEHH SIX HAIIPSDKEHHS 3aTBOP-HCTOK.

JIMHaAMHYeCKHMH TTapaMeTpaMH ITOJIEBBIX TPAH3HCTOPOB SBIISIEOTCS CIEAYIOIIHE:

- KPYTH3HA CTOKO3aTBOPHOH XapaKTePHCTHKH

S=dic/dus ITPH IIOCTOSHHOM Uyc H 3aJaHHOM Usx,
- BHYTpeHHee JH(depeHIIHaIbHOE COIPOTHRIIEHHE
Ruc oug=— duyd/dic ,
KOTOPOE OIPEHEISIOT 110 BEIXOMHBIM XapaKTe PHCTHKAM I 3aJaHHBIX Uyc H U,
- KO3(p(pHIMEHT YCHIIeHHS HalpsKeHH S

M= duuc/du s IIPH ITOCTOSIHHOM 1c H 3aJJaHHOM Usy.

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

B ITPHIIOKEHHE A.

YKazanua no 6binoiHeHUI0 1a0opamopHoll padomal:

[ IpH BREIMIOJIHEHHH JAaHHOH J1a00PaTOPHOH PadOTHI HEOOXOIHMMO ITOIYUYHTE CTOKO-3aTBOp-
HYIO M BBIXOJIHEIE XaPaKTEPHCTHKH ITOJIEBOIO TPaH3HCTOpa ¢ KaHAJIOM I-THIIA, OIPEJEIIHTE KPV-
TH3HY CTOKO3aTBOPHOH XapaKTepPHCTHKH H BHYTPeHHee JH( (] epeHIIHAIbHOE COIPOTHRIIEHHE.

[ IopsITOK BEIMTOIHEHHS PadOTEI ClIe I VIOIIHIA:

1. U3y4HUTE OCHOBHEIE TEOPETHUECKHE ITOIOKEHH S

2. Cobpath cXeMy pHC.3.3 IS CHATHS CTOKO3aTBOPHOH XapaKTEePHCTHKH.

P31 NOKYMEHT MORAKCAH T 77 S5 T oy, YOeqUThCSL, UTO TOK B IIETH 3aTBOpa OTCVT-
SNEKTPOHHOW NOAMUCHIO |
Ceptudukat: - 12000002A633E3D113AD425FB50002000002A6 JaTBOpa ITPH YKa3aHHBIX B TAOIHIIE ITOIOKHTE ITb-
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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3. AMIiepMeTp M IepeMbIuKy «II» rmoMeHars Mectami. IIpH yKaszaHHBIX B Talmmie 3.1

HAIIPAKCHHAX 3aTBOP-HCTOK 34l CATDh B TﬂﬁHI]l[}" SHAUCHITA TOKA4 CTOKaA. HGGTPDHTL I‘pﬂthII{ CTO-

KO3aTBOPHOH XapaKTEePHCTHKH.

Ic
I 10 kOm
15Bf a C
10 kOM I
— >
3 H
1s( 1 o
I 10KOm Usg
PucyHoOK 3.3
TabOmma 3.1.
Uz, B -2.5 -2 -1.5 -1 -0.5 +0.2 +0.4 +0.6
1., MA
15, MA

4, Cobpate cxeMy pHC. 3.4 1 CHSATHS BEIXOIHBIX XapaKTePHCTHK TPaH3HCTOpa.

0...15B

15

4. TkOM

NOKYMEHT NMOoArnm1cAH
SNEKTPOHHOW NOAMUCKIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
lLleBayxoea TateAHa AnekcaHapoBHa

Bnageneu;

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Y CTaHOBHUTE HAIIPSDKEHIE 3aTBOP-HCTOK -1,5 B ¢ rmomoriero nmoreHipoMerpa 1 KOM. Ycra-

H4BJ/INBaAd HAIIPsLKCHHA CTOK-HCTOK, YKa3dHHBIC B TaOIHIIE 32:. 3aMCPHTDE H 34l CAThb B Tﬂ,ﬁJ]III_[}"

COOTBCTCTBYIOIIHE 3HAUCHHA TOKA CTOKA. HGETDPHTL OITBIT ITPH YKd3dHHBIX B TaOImHIe HalTpPAEEC-

HIAX U3H, JJI YCTAHOBKH ITOJIOHRHTCIIBHOI'O SHAUYCHHA KOTOPOI'O H3MCHIHTD IIOIIAPHOCTDE HAITPAMKE-

HHS, CHHMAeMOTO C HepeT'yIIHPYeMOr O HCTOYHHKA ITHTaHHS 15B.

Tabma 3.2.

Uw, B 0

0,5

1,5

10

12

15

IpH us=-1,9 B

Ic, IIPH Ux=-1 B

MA | TIpH us =-0.5 B

ITpH U =0 B

ITpH Usz=10,5 B

5. ITocTponTh ceMeHCTBO BRIXOAHBIX XapakTepHcTHK 1c=f{(UcH).

0. BeIUHCIINTE KPYTH3HY CTOKO3aTBOPHOH XapaKTEPHCTHKH H BHyTpeHHee JH(depeHIH-

dJIBHOC COITPOTHBIICHHE OJI TOUCK Hd XdPAKTCPHCTHKAX, YKAa3dHHBIX ITPCIIOABATCIICM.

Coodepacarue omuema:

OTYeT JOIKEH COJCPAKATD.

1. Hazpanme paboTHI,

2. Llens paboTHI,

3. KpﬂTIﬂIE TCOPETHYCCKHE CBCACHITA,

4. OrnucaHue HCITOIIB3YCMOTI'O Gﬁﬂp}’I[GEEIHIIH H MaTCPHAJIOB,

5. Ilopsamok BeIOIIHEHH S PaOOTHI,

6. Beruncnennsa n o6paborka pe3ylnbTaToR,

7. BBIBOBI.

K OHMPOJ/IbHbIE 60NPOCHL.

1. Ormmimre KOHCTPYKIHIO ITOJIICBOI'O TPAH3HCTOPA C YIIPABJIACMBIM IICPCXOJOM.

2. HG‘IEI\I}" o0eTHEHHAS 30HA P-n-lIepexoda paclioilaractcia B OCHOBHOM B 30HE HCTOKa-

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCKIO

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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5. B pesymbTaTe 4ero H3MeHseTCs COIPOTHRIIEHNE KaHalla ITOJIEBOTO TPaH3HUCTOopa?

0. B Kakux ciayvasx ImpH padoTe ITOEBOr0 TPAH3HCTOPa OTCYTCTBYET TOK 3aTBOpa?

7. Uto nipeacraBinsgeT coOOH CTOKO3aTBOPHAS XapaKTepHCcTHKA? Kak e€ Iomy4aroT?

8. UTo npeacTapinsroT cOO0H BRIXOMHBIE XaPaKTEPHCTHKH ITOJIEBOTO TpaH3HCTOpa? Kak Hx
ITOIIYy4aroT?

9. Kakue BaMm H3BECTHBI JUHAMHYECKHE ITapaMETPEI ITOIEBOr0 TpaH3HUCTOpa? Kak MxX BEI-

YHCIISIFOT?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jlabopamopnaa paboma Ned. Heynpasnsaemsie evtnpamumeniu

Ilens pabomer: 3ydeHne cxeM OJHO(a3HBIX H TPEX(Pa3HEIX BROIPSAMHTEIIEH, CPaBHEHHE
TeOPeTHYECKHX H 3KCIIEPHMEHTAIbHBIX 3HAUYEHHH BBIITPSMIEHHOIO HAMPSDKEHHS, O3HAKOMIIEHHE

¢ (popMaMH KPHBBIX BEIITPSMIIEHHOTO HAITPSDKEHHS.

OCHO6bL MeopuUIL:

OCHOBHas 4acCTh 3JIEKTPOIHEPIHH BRIPAOATHIBACTCS H IEPELAETCS OT T€HEPATOPOB K II0-
TpeOHUTENSM B BHJIE SHEPTHH ITIEPEMEHHOI0 TOKA. [[JI I TaHH A ITOTpeGHTEEH ITOCTOSHHOI O TOKa
HCITOMB3VIOT BEIIIPSIMHTEIH, KOTOPEIE BEITIOIHSIIOT, B OCHOBHOM, C HCITOJB30BAHHEM ITOIYITPOBO/I-
HHKOBBIX ITPHOOPOB. B cXeMaxX HeyIIpaBIIIeMbIX BEIIIPSIMUTEIEH HCITOIB3VIOT JHOALI. B 3aBHCH-
MOCTH OT MOIIHOCTH Harpy3KH H TpeOOBaHMI K KaueCTBY BBIIIPSMIEHHOIO HaIpsUKEHH I IIPHME-
HSFOT Pa3/IMYHBIE CXEMBI BEOTPSIMIIEHIS.

Hamnoomnee mmpocToi SBISeTCSA cXeMa OJHO(]a3HOr0 OAHOIOIYIIEPHOIHOIO BBIITPSMICHHS
(puc. 4.1), ucrionp3yeMas I ITOoTpeCHTe e MajIoH MOIIHOCTH, JO-ITYCKAION[HX 3HAYHTEIbHBII
YPOBEHD ITYIILCAIMH BBIIIPSIMIEHHOIO HAIIPSOKeHHSI. DopMa KPHBOH BBRIITPSIMIEHHOI O TAKHM BEI-
MIPSIMHTEIEM HaITpsKeHH S (KHpHas IIHHHS) IpeicTaBlIeHa Ha pHc. 4.2. JI1s criaKHBaHUS ITyIIb-
Cal[MI HAITPSDKEHH S ITapallIeIbHO Harpys3Ke OOBIMHO BKIHOYAIOT 3JIEKTPOIIMTHYECKII KOHIEHCA-

TOP OONBINOH EMKOCTH.

PucyHok 4.1

Us

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

) CYHOK 4.2
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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[Tpu rmTasIm OT ogHO(pa3HOMH LM H Yallle ITPHMEHSEOT CXEMBI ABYXITOIYIIEPH-OJHOI O BEI-
ITPSMIIEHHSL, HMEIOIIHE 3HAUNTEILHO MEHBIIHMH YPOBEHE ITYIILCALMI BBROIPSIMIEHHOI'O HAITPSDKE-
Hus. CyIIecTBYeT JBa BHJa TAKHX CXeM. CO cpeJlHeH TOYKOoH (pHc. 4.3) u MocToBas (puc.4.4). Ha
CcXeMax HallpaBJIEHHEe TOKa IOKa3aHO CIUIOIIHBEIMH CTPEIKaMH IIPH OJHOH ITOJIIPHOCTH ITHTAXO-
II[Er0 HAIPSKEHNSA H ITYHKTHPHBIMH — ITPH IIPOTHBOIIOIOKHOH. J[OCTOMHCTBOM MOCTOBOH CXEMEBI
SIBIISIETCS OTCYTCTBHE TpaHCc(]opMaTOopa co cpeJHeil TOUKOIl BTOPHYHOH 0OMOTKH. BMecTe ¢ TeM,
B BTOH CXEME TOK OJHOBPEMEHHO ITPOXOJHUT YEPE3 JIBa JHOIA, a HE YEPE3 OIUH, KaK B CXEME CO
CpeQHEH TOYKOH, ITOATOMY IIaJICHHE HaIIpPsDKEHHS Ha JHOojJaX B 3TOH cXeMe OVAEeT B JBa pasza
OoJbIie. B CBA3H ¢ OTMEUEHHBIM 00CTOSATELCTBOM CXEMY CO CPEeIHEH TOUKOH ITPEAIIOUYTHTEIbHEE

HCITOIIB30BATh ITPH OOIBIIIHX TOKaX.

11
P
L —
. u- «— Ry
U e B e N -
v ; RS 1
2 .
>

NOKYMEHT NoanucAH “llcyHOK 4.4
SNEKTPOHHOW NOANUCHLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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U

PucyHOK 4.5

KPHEE]H BBRITIPAMIICHHOI'O HAITPAMKRCHIA JIJIA 00eHxX cXeM BBITTISIAHT OOHHAKOBO, OHA IIPC/-

CTaBII€Ha Ha pHC. 4.5.
[Torpeburenn MoCTOSHHOrO TOKa OOIBINIOH MOIIHOCTH OOBIYHO ITHTAKOTCS YepPe3 BHITPS-
MHTEIH OT TPEX(a3HBIX Helel. TpéxdasHble cXeMbl BRIIIPSIMIECHHS, KaK H OZHO(a3HbIe, OBIBAFOT

OJHOIIONIYIIEPHOIHBIMH (pHC. 4.6) H IBYXIIOTYIIEPHOIHBIMH (pHC. 4.8).

i

Ae R
J1 + .
B ‘ m . --T--f - """ ==
* 7y
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Uﬂ. U EBITI
N & Y
PucyHok 4.6
*[* Il []Bhlﬂ /
| ot
—— : 4 - _,J b 4 " #'I \ —
NOKYMEHT NMOONMWUCAH H' \ | \

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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@opMa KPHBOH BBIIPSMISHHOI O HAIIPSDKEHHS TIPH HCIIOIB30BAaHIH STHX CXeM ITPe/ICTaB-
5T co00H OrHOarOIyI0 BEPIIHHBI CHHYCOHJ TPEX(a3HOro HanpsokeHHS. B cxeme puc. 4.6 of-
HOBPEMEHHO MOJKET OBITH OTKPBIT TOIBKO OJHUH JHOI, Ha aHOJIEe KOTOPOI'O B JaHHBIH MOMEHT Bpe-
MEHH HalpsKeHHe HaHOobIlee, IBa APYTHe Ha 3TOM HHTEPBAIIE BpeMeHH OVAYT 3aKPBITHL, T.K.
ITOTEHIIHAJI Ha MX KaToAaxX OYEeT BRIIIE IIOTEHI[HAJIOB Ha aHoAaxX. T akum oOpasoM, guoasr J(1, 112,
J13 OTKPHIBAIOTCS ITOOYEPETHO, H BEITPSMIEHHBIN TOK IMOOYEPETHO MPOoTeKaeT IT0 IeIrsM a3 A,
B, C. KpuBas BEOIpSAMIEHHOT'O HAITPsDKEHHS Ha pHC. 4.7 n300paxeHa KHPHOH JIMHHET.

B mMocToBol TpéxdazHoi cxeMe (pHc. 4.8) 0JHOBpEMEHHO OTKPHITHI JBa IHOJA, PACIIOJIO-
’KEHHBbIE MKy TeMH (pa3aMH, JIHHEHHOE HalIpsDKeHHe Me KTy KOTOPBIMH B JJaHHBIH MOMEHT Bpe-
MeHH HanOombIee. OcTalbHBIE THOABI OYIYT 3aKPBITHIL, T.K. IIOTEHI[HAILI HA HX KaTogax OyayT
BEIIIIE TTOTEHIIHAIOB aHOAOB. Ha puc. 4.9 n3o00paxeHbl CHHYCOH LI JIMHENHBIX HATIPSKEHHH TPEX-

(pa3HOIT CHCTEMEL.

A B C
’ ’
U;
>

PucyHOK 4.8

_ ’ N "[*A 5 < | _\i\-\
NOKYMEHT NOAMNVCAH 1 ¥ J
3NEKTPOHHOW MOAMUCHIO \B VBC CA AC
Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6
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Ha mpomexyTke 0<mt<30° HanOonIbINIagd pa3sHOCTh ITOTEHIIHAIOB MeXnay ¢azamu C u B,
ITIOTOMY OTKPBITBIMH OyIyT JHOABI e B J[3; Ha mpoMekyTKe 30°<mt<90° moreHIman gazer A
cTaHeT OoJIbINe MOTeHI[Hana (a3el C, mosToMy JHOJ e 3akpoeTcs, a 1> — orkpoercs. B mociaemy-
IOIHE HHTEPBAIIBI OVAYT IMOOYEPEMHO OTKPBITHL: 90°<mt<150° — 12, ds; 150°<odt<210° — 14, ds;
210°<ot<270° — Ha,H1: 270°<ot<330° — H6.H1; 330°<0t<30° — cHoBa /6,3 , 1 T.1. Taxim obpa-
30M, MEKAY KaTOZHOI M aHOJHOH I'PYIMIaMH IHOIOB ITOCTOSHHO OVAET HaIIpsSKEHHE, paBHOE
HaHOONBIIEMY IT0 a0COIMFOTHOMY 3HAUEHHIO JIMHEHHOMY HallPsKEHHIO. KpHBast BRITPSIMICHHOL O
HampsoKeHHI Ha prc. 4.9 nmokasaHa KHPHOH JITHHEH.

CpeJiHee 3HaUEHHE BHITIPSAMIIEHHOTO HanpsikeHHI Uep U1 CXeMBI OJJHO(A3HOr0 OHOITO-
JIYIIEPHOIHOI'O BBRIITPSMIEHHS OITPEAEISIETCSA BhIpaKeHHEM:

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

rae U — gelicIBVIOIIee 3HAaUEHHE TIEPeMEHHOI O CHHYCOHIATIBHOIO HaITPsDKEHHA,

Um — aMIDINTYAHOE 3HAYEHHE TIEPEMEHHOI'O HATIPSDK EHISL.

JIIIsT OCTaIbHBIX CXEM BBITIPSIMIICHH S

Uep=(m/ )sin(m/ ) UmZ\JZ(nﬂﬂt)sin(mm)U,

TIe M — YHCIO (pa3 BRITPSIMISEMOr O HAITPSDKSHHSL.

Hist exemsl puc. 4.3 upuc.4d.4 m =2, Uep= 0,637 Un= 09 U,

st cxeMbl puc. 4.6 m =3, Ugp=0,827 Un= 1,17 Uy,

i cxeMbl puc. 4.8 m =6, Ugp= 0,955 Un= 1.35 Us.

B 3alHCcaHHBIX BRIIIE BRIPAKEHISIX CPEMHIE 3HAUEHH S BRIIPSIMIIEHHOTO HAITPSKEHI S YKa-

3aHBI 0e3 YUéTa ITaJeHH S HallPsKeHH I Ha JHOAaX, KoTopoe cocTarnsgeT oT 0.5 go 2 B.

YKazaHue no mexHuxe 0 e30nacHocmu.
YKa3aHH I10 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHECCHBIL

B ITPHIIOKEHHE A.

VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:

I IpH BRIMTOJIHEHMH JAHHOH J1a00paTOPHONH padoTEl CTYIEHTHI JOIKHEL COOPATh CXEMBI OJI-
HO(a3HBIX H TPEX(a3HBIX BEIITPSMHTEIIEH, CPAaBHUTH JAeHCTBYIOIIHE 3HAYESHNS HAIIP SDKEHHS ITEpe-
MEHHOI'O TOKa CO CPEJIHUMH 3HAUYEHHSMH BBIIIPAMIIEHHOI'O HAIIPSDKEHHS, ¢ ITOMOIIBIO OCIIHIIIIO-
rpada CHSITH KpHBBIE BHIIIPSMIEHHOIO HAIIPSDKEHHSL

[TopsmoK BRITTOIMHEHHS PaOOTHI CIIE L VIOIIHH.

AOKYMEHT NoanvcAH TIOKEHIL S
SNEKTPOHHOW NOANUCLIO '
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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2. CoOpartpk cxemy puc. 4.1. IlogaTs HarpspKeHHEe OT HCTOUHHKA IIEPEMEHHOI O HaITpsDKe-
HUA /B. U3MepHTE BEMMYNHY IIEPEMEHHOIO M BBIIPSMIEHHOIO HAIPSKEHNH, BEIYMCIIMTE BEIN-
YHHY ITaJeHNII HAIIPSDKEHIS Ha JHOJe. Pe3ylbTaTel H3MepPEHHUH H BEIYHCIIEHHH 3aHECTH B TaOIIHILY
4.1.

3. [logate CHTHaAI BEIIPSAMIIEHHOTO HaIIpSDKEHHS Ha OCIUUIorpad, 3apHCcOBaTh (popMy
KPHBOH HaITPSDKEHHS.

4. BEIMIOIHUTE AHAJIOTMYHEBIE 3aMEPBI, BEIUHCIIEHHS, HAOIIOMEHNUSA M PHCYHKH, COOpaB

CXEMBI, H300pakEHHBIE HA puC. 4.3, 4.4, 4.6 u 4 8.

Tabmima 4.1.

CxemMa U, B Uep, Uep, [lageHie Hamnps-
BBITTPSIMIIEHH S TEOPETHYECKOE BKCIIEPHMEH- ’KeHHS Ha JTHO-
TaJIbHOE nax

OmHodasHas
OJTHOITOJTYTIEPH-
OJTHAS
OmHodaszHasg
CO CpeJHEH TOY-
KOH
OnHodazHas
MOCTOBasI
Tpéxdaznas
CO CpeJHEH TOY-
KOH
Tpéxdaznas
MOCTOBas

Coodepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

1. HazpaHue paboTHI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrucanHie UCIOoIb3YeMOro 000PYAOBaHHS H MaTepHAaJIOB,
5. ITopsaox BRIMTOIHEHH S PaOOTHI,

6. Beruncienmsa n o6padorka pe3yibTaToB,

7. BRIBOIBI.
AOKYMEHT MNOAMMCAH
INEKTPOHHOW NOANMMUChLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 laXHTeE ITYTH ITPOXOKACHH A TOKA ITPH H3MEHEHHIH
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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2. OOBSACHUTE, TTOUEMY ITPH BREIITPAMICHHH TPEX(PAa3HOro TOKa B cXeMe ¢ HYIIEBOH TOYKOIT
MOZKET OBITh OTKPEIT TOIBKO OIHH JHOJ, a B MOCTOBOH CXEME — TOJILKO JIBa JHOA.

3. OOBSCHHTE ITOCIEN0BATEIIBHOCTh OTKPBITHS THOAOB B TPEX(]a3sHOH MOCTOBOH CXEME.

4. ITo kakoH (popMylIe MOXKHO BEIYHCIIHTh 3HAUEHHE CPeJHET O BEIIPSIMIEHHOIO HAIIpshKe-
HHA?

5. ITouemy (pakTHUECKOE BRITPSIMISHHOE HAIIPSDKEHHE HECKOIIBKO HIDKE TeOPe THYECKH BEI-

YHCIIEHHOr0?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jabopamoprana paboma Ned. Kackaod ycuinumesiss nepemMeHHozo moxka

HA OUNONAPHOM MPAH3UCMOPE

Ilens padbomet: M3ydnTs cxeMy KacKaja YCHIHTEIS IIEPEMEHHOI O TOKa ¢ OOIIMM 3MHTTE-
POM, ITPaKTHYECKH OCBOHTH METOJHKY YCTaHOBKH Ha4yaldbHOH padoYeil TOUKH TPaH3HCTOPa B pe-
KHMe A, MeTOTHKY ITOITYYEHHS aMITINTYIHOH H YaCTOTHOM XapaKTepHCTHK YCHIIMTEIS, OIpe/Ie-
JIEHHUS €0 BXOJHOI'O H BBIXOZHOIO COIPOTHRIIEHHI, ITPOaHAIIM3HPOBATh BIIMSHHE Ha KO3 (PHITH-

CHT YCHIICHHA 3HAaYEeHHH IIapaMETPOB OTACJIbHBIX JJICMCHTOB CXCMBI.

OcHoébl meopuu.
CxeMa Kackaja YCHIIHNTCIIA IICPEMEHHOI'O TOKA C OOIIHM IMHTTCPOM IIPEACTABIICHA Ha PHC.

5.1.

Rx

Ex 4.7k0m | 11 Cr=0,47MKD

15B R3=1xOM Ci=1MK | Lo

Iﬁ' T . :
a
U- Ry

0...3E R "J_ A%
o I 100 I Ry 7T Cs I
OM R, 100M| LOMKD ,
IKOM I

PucyHok 5.1

[InTaHne YCHIIMTEIS OCYIIECTBILIETCA OT HCTOYHHMKA ITOCTOSHHOIO HAaIpsoKeHHS 15B.
BXOmHOH cHrHaI IMogaéTcs OT HCTOUHHKA CHHYCOHIAIIBHOI O HATIPSKEHH S Yepes AelInTellb R3R 4,
KOTOPBIH ITpeAHa3HaueH 14 Oollee IUIABHOIO H3MEHEHHS aMIUIMTVABl BXOJHOIO CHIHala H K
CXeMe YCHIIMTEISI HE OTHOCHTCH.

PeXuM YCHITMTEIIS I10 ITOCTOSHHOMY TOKY oOecIieunBacTCs JeJIMTEIIeM HanmpsokeHH s R1R2
H COIIPOTHBIEHHEM B IIerH sMuTTepa R3O, Jlemmrenem R1R2 HacTpanBaeTcs MMonoxXeHHe HAYallb-
HOH paGouei ToukH (HPT), T.e. HanpshKeHHe Ha KOIJIEKTOpe H TOK KOJUIeKTOopa IPH OTCYTCTBHH

BXomHoro curHamna. Ilomoxkenre HPT mokasaHo Ha ceMeHCTBe BBIXOJMHBIX XdPAaKTEPHCTHK TPdH-

’ ﬂ{j}ﬁfﬁtHT MOOrNCAH ~ OBl TpaHsHucTopa. Ecmm HPT HaxomuTcs B 1IIEHTpe
SNEKTPOHHOW NOOMUCLIO
CepTtudhukar: | 12000002A633E3D113AD425FB50002000002A6 pPaH3HCTOp paboTacT B peXkHMe A, YCHIINBASA KaK
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

NIHBI BXOIHOI'O CHI'HAJIA. Ecm1 1moaoxHuTenbHoe
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Ceptudchukar.. 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Webayxoea TaTeAHa AnekcaHgpoBHa

CMeIlleHHe Ha 0a3e OTCYTCTBYET, TO TPaH3HCTOp paboTaeT B pexkmme B (Touka B Ha puc. 5.2),
YCIIHBAS TOJIHKO ITONIOKHUTEILHBIE BOIIHEI BXOAHOI O CUTHANA. [[JIS YMEHBIIIEHI ST HEJIMHEHHBIX HC-
Ka)KeHHH, KOTOPEIE OCOOEHHO 3aMETHBI ITPH MAalIbIX TOKax Oasbl, Ha 0a3y TpaH3HCTOpa ITOHArOT
HeOOIIbIIIOe MOI0KHTEIRHOE cMellleHHe (Touka AB Ha puc 5.2), B 3TOM clIy4ae TPaH3HCTOP YCH-
JIMBAET ITOIOKHUTEIBHBIE ITOIIYBOIHBI BXOMHOIO CHIHAIAa M YaCTHYHO — OTPHIIATEIILHEIE. PeKIMEI
B 1 AB HCIIOIB3VIOT B cXeMaX ABYXTAaKTHHIX YCHIIMTEIEH, B KOTOPBIX OTPHI[AaTEIbHEIE H ITOIOKH-
TEJBHBIE ITOIYBOIHBLI YCHIIMBAIOTCS IBYMS Pa3sHBIMH TPaH3HCTOPaMH. B YCIUIHTENE, HCITONIb3YeE-
MOM B JJaHHOH J1a00paTOPHOH padore, TpaH3HCTOp padoTaeT B pexxuMe A. HeOomnbImoe cormpoTHB-
JIEHHE B I[EIH 3MUTTepa RO npeqHasHavyeHo I cTaOHIH3al[HH TI0JI0KEHN S HaYalIbHON pabouen

TOYKH, KOTOpPad OCYIICCTBIIACTCA CIICOYHOIIHM GﬁpﬂBDM.

Ix &
15=2300 MKA
— 250 MKA
200 MKA
150 MEA
100 MKA
15=50 MKA
i AB
Un Uxs
Ex

PHCYHOK 5.2

TOK B 11eTTH 0a3bI OIIPEAEIISIETCS Pa3HOCTHIO ITIOTEHIHAIOB MeXAY 0a30H H SMHTITEPOM, KO-

Topas paBHa (CM. pHC. 5.1)
55=Usxt+UcnrUoe,

['1e Uqse paBHO ITPOH3BEIEHHIO TIOCTOSHHOH COCTABJISIONIEH TOKA SMHTTEPA Ha COITPOTHR-
neHHe Rs. IlepeMeHHas cOCTaBIIIONIAS TOKA SMHTTepa Ha BEMHYHHY Uo: BIIMSHHS He OKa3bIBaET,
T.K. OHA IIPOTEKAET B OCHOBHOM 4epe3 KOHAeHCcaTop Crn, CONMPOTHRIEHHE KOTOPOI O JJIS IIePEMEH-
HOH COCTAaBJISIFOINEH HAMHOI'O MeHBIINE Rs. EciH 1o KaknM-1HO0 IIPHYHHAM ITOCTOSHHAS COCTaB-

JIAIOIIAA TOKA B ICITH KOIJICKTOP — SMHTTCP EDSPHGTET:, TO COOTBCTCTBCHHO EDSpﬂGTéT HalTpAXKC-

AOKYMEHT NMOANUCAH

3NEKTPOHHOM MOONUCHIO [BEACT K CHHACHIHIIO TOKA 0asbl H GTH@HJIHBEH_[I]II

3H TOKa LIeIH KOJLIICKTOP — SMHTTEP ITPOHCXOIHT
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Hamiune KkoHjeHcaTopa Cn HCKIIFOYAeT OTPHIATEIFHYIO OOPaTHYIO CBS3h II0 IIEPeMEHH O
COCTABILIIOIIEH H T€M CaMBbIM HCKIIFOUAeT YMeHBIIeHHEe KO3()(HIIHEHTa YCHIICHHS YCHIIHT IS, KO-
TOPOE HMEIO OBl MECTO ITPH HAJTHYHH 3TOH CBS3H.

BeIXOMHOE HaNpsKEHHE YCHIIMTEISA B I[EIh HArpy3KH Ry CHHMAaeTcs ¢ KOJUIEKTOpa TpaH-
3HCTOpA. [IpH IMOMOKHUTEIIEHOH ITOITYBOIHE BXOMHOI'O HAIIPSDKEHH S COIMPOTHBIIEHHE TPaH3HCTOPa
YMEHBINIAETCS H IOTEHIHANI Ha KOJUIEKTOPE CHIDKAeTC. [IpH OoTpHIaTEIbHOH ITOIYBOIHE BXO/I-
HOI'O YCHJIMBAEMOI'O CHIHAalIa COIIPOTHBIIEHHE TPaH3HCTOPa YBEIMYMBAETCS U ITOTEHIMANI Ha Oase
TTOBBIMIAeTCA. TakuM oOpazoM, (paza HaIIpPsDKeHHSI Ha BBIXOJIe YCHIIHTEIS ITPOTHBOIIONIOKHA (paze
BXOIHOI'O CHTHAJIA.

KongeHcaroprsl Ci 1 Ca SBIISIFOTCA pas3IeIMTEIbHEIMI, ITPEIISATCTBYIOIIMMI ITPOTEKAHHIO
ITOCTOSIHHOI'O TOKA OT HCTOYHHKA ITHTaHHS BO BXOJQHOH IIEMTH H B ILIETTH HAIPY3KH, HX COITPOTHBIIE-
HHE JJIS TOKOB YCHIIHBAEMBIX YACTOT JOIKHO OBITH HE3HAYHT Ih HBIM.

Hrak, pexnM padoThl TPaH3HCTOPA II0 ITOCTOSHHOMY TOKY OIPEAEIISeTCs HallpsDKeHHEM
HCTOYHHKA ITHTAHH L, BEIMYHHOH COITPOTHBIIEHH A IIEITH KOJIEKTOP — SMHTTEP H TOKOM Oaskl. Ipu
OTCYTCTBHH TOKa 0a3bl TPAH3HCTOP ITOIMHOCTHIO 3aKPBIT, T.€. TOK KOJIUIEKTOpa OITH30K K HYIIXO H
BCE HaNpsSyKeHHe ITHTAHH S IajlaeT Ha CONPOTHBIIEHHH TpaH3HcTopa (Touka B Ha puc. 5.2). Ecin
IIPEAIIONIOKHTh, YTO TPAH3HCTOP ITOTHOCTHIO OTKPHIT (T.e. er0 COMPOTHBIIEHHE PaBHO HYIIO), TO
BCE HaIIPSDKEHHE MCTOYHMKA ITHMTAaHHUS OVIET I1aJaThk Ha CONMPOTHBICHHSIX Ry H R, a TOK B 1ienu
KOJUIEKTOpa OYIET:

I = Imax=Ex/( Rx+ R»).

[ IpH H3MeHEHHH ITOCTOSHHOH COCTABISIOIIEH TOKA 0a3bl PeKHM PadOTEI 10 ITOCT OSIHHOMY
TOKY OVAET OMPEeAelIsaThCs JIHHHEH, COSMMHSIOEN TOYKH B M Imax. 3Ty JIHHHIO HAa3kIBAIOT JIH-
HHEH Harpy3KH I10 ITOCTOSHHOMY TOKY (CM. pHC. 5.2).

Llernp, M0 KOTOPOH B YCHIIMTEJIE 3aMBIKAETCS IIEPEMEHHEBIN TOK, OTJIMYAETCS OT IIEIH II0-
CTOSIHHOT'O TOKa. BO-TIepBEIX, M3 LIEMH IIEPEMEHHOIO TOKA IIPAKTHYECKH HCKIIFOYAETCS COIIPOTHRB-
neHHe R3, T.K. OHO IIYHTHPOBAHO KOHIeHCcaTOpOoM C; BO-BTOPBIX, EMKOCTH KOHAEHCATOPOB CO
H C2 IIPpHHHUMAOT HACTOJIBKO OOJIBIIIMMH, YTO HX COIIPOTHRIIEHHS OKAa3bIBAIOTCS IIPeHeOpeKHMO
MaJIBIMH I10 CpaBHEHHIO ¢ coImpoTuRIeHHSMH RK 1 RH. CorporusieHre HCTOUYHMKA ITHTAHH S
OOBIYHO TAKXKE Ha 2 — 3 TIOPSIAKA HIDKE ITOCIIEIHUX ABYX COIPOTHRIIEHHI. B CBSI3H ¢ OTMEUYEHHBIMH
OOCTOSATEIILCTBAMH CXeMa 3aMEeI[eHHS L[EIH IIEPEMEHHOIO TOKA BEITTISANUT TaK, KaK IIpeJCTaBIEHO

Ha pHC. 5.3a.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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PucyHok 5.3a

PHCYHOK 5.30

OOpaTHM BHHMaHHE Ha TO, YTO BBIXOHbBIE XapaKTePHCTHKH TPaH3HCTOPa B aKTHBHOH 30HE
IIPaKTHYECKH T'OPH30HTAILHEI, T.€. TOK UYepe3 TPaH3HCTOP He 3aBHCHT OT HAITPSDKEHHS KOIIIEKTOP
— BMHTTEP, a OMPEAEIISETCSA TOIBKO TOKOM 0asbl, II03TOMY TPaH3HCTOP B 3TOH 30HE MOXKHO pac-
CMAaTpPHBATh KaK HCTOYHHK TOKa, YITPaBISeMBIH TOKOM 0a3bl Ix=P*is, e  — ko3 pHIfHeHT yCH-
neHHs 0a30BOro Toka. B aToM cirydae, ¢ YUETOM TOTO, UTO COIPOTHRIIEHHEM HCTOYHHKA ITHTAHHS
MOJKHO ITpeHeOpeys, cXeMa 3aMell€HH S ITPHMET BH/JI, H300paKEHHBIH Ha pHC. 5.30. B 3T0H cxXeMe
conmpoTHBIIeHHS Ry M Ry BKIIOYEHHI ITapalllIelIbHO, ITO3TOMY IIepeMEHHAsI COCTABILIIONIAs TOKa
KOIDIEKTOpa H, COOTBETCTBEHHO, HAKIIOH JIMHHH Harpy3KH IT0 IIepeMeHHOMY TOKY OITpeJelIsStOTCS
COITPOTHBIIEHHEM

Rx Ri/( R+ Ry).
T.K. 3TO CONpPOTHBIIEHHE BCerjia MeHbIIle, YeM COIPOTHBIeHHE Ryx+ Rz, TO M HMHHA

HAI'PYV3KH 11O IIEPEMEHHOMY TOKY JJIS JaHHOI'O YCIIIHTCIIA HMECT OOIIBIIIH HAKIIOH, YEM IIO ITO-

CTOIHHOWMY
AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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OIHIMH H3 OCHOBHBIX ITapaMeTPOB YCHIIHTEIEH SBISIOTCS KO3((PHIMEHTH YCHIICHHS.
Kackazg 1o cxeme ¢ oOImM sMHTTEPOM YCHIIMBAeT KaK HallpsDKeHHe, TaK H TOK. Ilog xoaddr-
EHTOM YCIJIEHH S IT10 HAIPSDKEHHIO TTOHHUMAKOT OTHOIIEHHE aMIUIHTY/IbI HAIPSDKEHNS HAa Harpy3Ke
K aMIUIMTY/Ie HaIIPSKEHHS BXOJHOTO CHIHAIIA:

KU — UHnu"lr UB:S-: me

AMITIHNTYa HalIpsDKeHH T Ha Harpys3ke (cM. pHc. 5.30):

Unm=Ikm Rx Ra/( Rg+ Ru)= B Ism Rx Ru/( Rx+ Ryu).

AMIUIHTY/Ia HAITPSIKEHNS BXOAHOI'O CHIHAA TaKKe MOKET OBITh BBRIPAKEHA YEPE3 aMITIIH -
TYLY ToKa Oaskl Ism:

Usx m= lemra+1smrs,

TJE I's H I's - , COOTBETCTBEHHO, COIPOTHRIIEHH A 0a3bl H 3SMHUTTEPA TPAH3HCTOPA,

Ism — aMILIMTY/Ia TOKA SMHTTEpA.

Ho Lm=Ism(1+), mosTomy

Ugzm= IEmI'E'FIEmI':a(l"'B) = Iﬁm[r6+1':a(1+[3)] = lamhi1,

rae hii= rst+rs(1+p) — IHHaMIUEecKoe BXOJHOE COITPOTHBIIEHHE TPaH3HCTOPa, BKIFOUYEH-
HOI'O ITO CXeMe ¢ OOII[HM SMHTTEPOM.

TaxmM o0pazoM, Ko3QPHIMEHT YCHIIEHHS KacKaJa M0 HAIIPSKEHHIO

Ku=Unn/Usz m=( B/ h11)[ Rx Ra/( Rx+ Ru)].

Kax cnemyeT H3 ITOIy4eHHOT O BEIPakeHH L, KO3() (PHI[HEHT YCHIIEHHS 3aBHCHT KaK OT ITapa-
METPOB TPAH3HCTOPa, TAK H OT COITPOTHBIIEHHH Ry M Ry

KoadduipieHT ycHIIEHHS 110 TOKY OIpeIelsaeTcs KaK OTHOIIEHHE aMITIHTY/, TOKa B I[EITH
HarpysKH H B I[eITH Oa3Hl:

Ki= Lum/ Iom.
Lim=Uun/Rs= B Ism Rx a"'r( Ry+ RH)-.-
Ki= B Rx /( Rx+ Rg).

KauyecTBO paboThl YCHIHTEIEH H 00IacTh HX IIPHMEHEHH S OIIPEIEIIOTCS TAKHMH Xapak-
TePHCTHKAMH, KaK aMILINT yAHAs, aMIDINTYAHO-4aCTOTHAs H (pa30-4acTOTHAI.

AMITIHTYIHAS XapaKTEPHCTHKA OTpa’kaeT 3aBHCHMOCTH BBEIXOMHOIO CHTHalla (HaIlpsDKe-
HHS HIIM TOKa) OT aMIUIMTY/bI BXOJHOI0. BHJI aMIIIMTYIHOH XapaKTepPHCTHKH ITPeJCTaBIeH Ha
puc. 5.4. Touka 1 COOTBETCTBYET HAIIPSIKEHHIO IITYMOB, H3MepsaeMoMY ITpH Ugx = 0. Touka 2 xa-
paKTepH3yeT MHHHMAIIbHOE 3HaUYeHHE BXOJHOIO CHIHaJIa, pa3IMYHNMOe Ha (pOHe ITyMOB. Mexay
TOUKAMH 2 M 3 pacIioiioKeH padoumi AHarna3zoH yeHimTensd. [locme TOUKH 3 IIPOHCXOAAT CYIIE-

JORMET HONAAGA curHana. BemmumiHa D = Usgmaxy/ Uszmin HOCHT
ANEKTPOHHOW NOANUCHIO ' sxmax/ Usxzmin

Ceptudhmkar:  12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa

L
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Ups I, I'nm

PucyHok 5.4

AMIUINTYIHO-4acTOTHasA XapakTepHcTHKA (AYX) nmpecTaBisieT 3aBHCHMOCTh OTHOIIIEHH S
AMIUIMT V[ BBIXOTHOT'O H BXOQHOI'O0 CHTHAJIOB OT YaCTOTHl YCHIIMBA&eMOI'0 CHIHaja. s paccmar-
PHBAEMOH CXeMBI YCHIIHTEIILHOI'O KAaCcKaja OHA HMeEeT BHA, H300pakKEHHBIH Ha pHC. J.5. Dazo-
JaCcTOTHAS XapaKTePHCTHKA OTpakaeT 3aBHCHMOCTbh (pa30BOI0 CABHTA MeXy BRIXOIHBIM H BXOJI-
HBIM CHHYCOHJATIBHBIMH CHTHAJIaMH OT YaCTOTHI.

B psze ciydaeB BaXKHOE 3HAUEHHE HMEIOT TaKHE ITapaMeTPhl YCIUINTENS, KaK BXOJHOE Rgx
H BBIXOJTHOE Rgrrx COIMPOTHBIIEHHS. OTH COITPOTHBIIEHH S IJIs1 COOpaHHOI'0 KacKajia HETPYIHO OIIpe-

ACIIHTE OIIBITHBIM ITVT EM.

HﬂHpH}I{EHIIE Hd BBIXOJIEC YCHIIHTCILA OIIPECACIIACTCA UCPE3 HAIIPSDKCHHE Hd BXOJAC H I{Gﬁtb-

d)Ill[IIEHT YCHIICHHA.
UBI::D{1= KU UB?I

ITPH 3TOM
16 — [-]Eszs-::IIIr RBK*

ECHH:, HE H3MCHIA BXOJHOI'O HAITPSKEHH A, B IICTIb 0a3bl BKIIFOUHTH J00aBOYHOE COIIPO-

THBIIEHHE Ryo5, TO TOK Oa3kl OVIET:
6= UB:S-:J"F(RB:S-:+ RHDIS)-,-

a HaIlpsDKEHHE B I[elH SMHTTep — Oa3a (HCKIroYas JOOaBOYHOE COIIPOTHBIIEHHE) OVAET

PaBHO:
Is Rex= Usgx Rex/ ( Rex+ Rﬂﬂﬁ)a

ITPH 3TOM HAITPAKCHHC Ha BRIXOJAC YCHIIITCII YMCHBIIIMTCA H CTAHST PaBHBIM

[.T:w__w_r'"lz K]r [_] R ‘|I|r R + R —
NOKYMEHT NOAMNUCAH sz Rax/( Rext Rpos)

SNEKTPOHHOW NOANUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lllebayxoea TaTbAHa AnekcaHgpoBHa et Rnaﬁ)f Rex OTKY[a
)
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Rpx= R,u:::ﬁ Uan-:El[{ Uspxi- UBbDﬂ) (53)

TakrM 00pa3oM, BKIIFOUHB B Pa3phIB IIENTH BXOAHOI'O CHIHaNa (TO4Yka «a» Ha pHc.5.1) mo-
0aBOYHOE COIPOTHBIIEHHE H H3MEPHB HAIIPSDKEHHS Ha BBIXOE YCHIHTEIS IO U ITOCIE Er'0 BKIIIO-
YeHH S IIPH HEH3MEHHOM BXOJIHOM CHIHAlIe, BXOAHOE COITPOTHBIIEHHE MOKHO BEIYHCIIHTD ITO () Op-
myie (3).

JIs1 ompeieIeHH s BEIXOMHOI'O COIMPOTHBICHHS HEeOOXOJHMMO ITPH HEKOTOPOM BXOIHOM
CUTHAIIE H3MEPHUTE HaNIPSIKEHHE Uppix1 IIPH OTCYTCTBHU HAIPY3KH. OTO HaAIIPSDKEHHE:

Usexi= Ky Uez (5.4).

3areM, He HU3MEHSS BXOJIHOI'O CHI'HANIA, HA BEIXOJ YCIJIHTEIS BKIIFOUHTE COIPOTHBIIEHHE
Harpy3kH Ry. [IpH 5TOM HanpsKeHHe Ha BRIXOJE YMEHBIIMHTCSA H CTaHET PaBHBIM  Uppmo= Ky Usgx-
IBT_-:IKRBT_-:D{;. HO lgex=Usgerxo/ RH:. ITOOTOMY

Usezo= Ku Uz U2 Ree/Ry, Janee, ucnoms3ys (5.4), mMeeM:
UBbD{ 27— Uan-: 1 'UBblxiRﬂbn{f RH:. GTK}’I[&
RBbD{=RH(UBbI§{1:’FUBbD{2'1) (55)

Ykazanue no mexHuxe o ezonacHocmu.
YKa3zaHH 110 TeXHHKE 0e30IMacHOCTH ITPH BEOTOJIIHCEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁﬂT ITPHBECHBI

B ITPHJIOKEHHE A.

VYKazanua no 6binojiHeHUI0 140 opamopHoil padomal:

B manHon maboparopHoH padore HeoOXOAHMO BEIIOIHHUTE CIIEAVIOIIEE:

- co0paB cxXeMy YCHJIHTEJIS, YCTaHOBHTH HAaYalIbHYIO Pab0uyIO TOUKY,

- CHSITh aMIUIMTYIHYIO XapaKTEePHCTHKY KacKajla, OIPEAEIHTh ero KO3(p(PHIHEHT YCHIIE-
HILS 110 HaIIPSDKEHHEO M JIMHAMIYECKII THAIIa30H,

- TIPOAHAIIM3HPOBATh BIHSHHE HAa aMIUIHT VIHYIO XapaKTEPHCTHKY H, COOTBET CTBEHHO, Ha
KO3(P(pHIIHEHT YCIIIEHHS 10 HAITPSDKeHHIO HAIIHYHS KOHJeHcaTopa B ILIEITH SYMHTTepa H BeIINYHHBI
COITPOTHBIIEHH A B I[EITH KOIIIEKTOPA ITPH HEH3MEHHOM COITPOTHRIIEHHH HAIPy3KH,

- OIPeJelINTh BXOMHOE H BRIXOMHOE COITPOTHBIIEHH S KacKaja,

- CHSITh aMIUTHT YIHO-YaCTOTHYIO XapaKTEPHCTHKY KacKa/a.

[ IopsmoK BREITTOIHEHHS PaOOTHI CIIE VIOIIHH:

1 . M3y4uTh OCHOBHBIE TEOPETHYECKHE ITOIOMKEHHA.

2.Cobpars cxeMy, H300pakeHHYIO Ha pHc. J.1, npuHas RK =470 Om.

AJOKYMEHT NoarimCAH
SNEKTPOHHOW MOANUCHIO OrO HAITPSDKEHHS YCTAHOBUTE YacTOTY 2...5 KI'I1

Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

| B:. IIPH 3TOM HaAIIPsZKCHHE Hd BXOIC YCHIOITCILA
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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oymer 0,2 B. [ToreHIMOMeTpOM CMEIEHHS HAITPsDKEHH Ha Oa3e YCTaHOBHTh MAKCHMAILHOE BEI-
XOJIHOE HaIlpsDKeHH e YCHIINTe . CHIHAIl BEIXOAHOIO HAIIPSKEHHS ITOJ[aTh Ha OCLIFIUIOrpad H J0-
TIOJTHHUTE€JIbHOH HAaCTPOHKOH CMeEIEHHS JJOOHThCS (DOPMBI BBRIXOAHOIO CHIHalIa, HaHOonee OJIH3-
KOH K CHHYCOHJAJIbHOH. B JajmbHeHIeM, IIPH BEOIOIHEHHH JIa00paTOpHOH padoThI IONIOKEHHE
ITOTEHIHOMETPA CMEIIEHN S HEe H3MEHSTh.

4. OTKITIOUNTE HAIIPSKeHHE BXOMHOTO CHTHama. OIHIM H3 MYIIBTHMETPOB H3MEPHTH T10-
CTOSIHHOE HAIIPSDKEHIE MEXIY KOIUIEKTOPOM H 3MHITEPOM M TOK B IIEIH KOIIEKTOPA, BKIIIOUHB
aMITEPMETP BMECTO IepeMbIUKH «11». KoopauHaTte! momydyeHHON padouyer TOUYKH HAHECTH Ha I'pa-
(MK BBIXOJHBIX XapaKTEPHCTHK TPaH3HCTOpPa, ITOIYYEHHEII IIPH BEOIOIHEHHH ITPeIbIAYINEH J1a-
OoparopHOH pabOoTHl U ITPOBECTH IIMHHIO HAaIPY3KH I10 ITOCTOSHHOMY TOKY.

5. B 1ienp Harpys3KH BKIIIOUHTE corpoTHBiIeHHE 470 OM. He mogaBas BXOJMHOIO CHTHAJIA,
H3MEPUTH HAIlpsSDKeHHe Ha Harpyske. 1logars BXOMHOH CHTHAJ, M ITPH ITOCTOSIHHOH YacTOTeE, H3-
MEH A €0 aMIUIHTYAY, 3alicaTh B TaOmiIry 5.1 3HaYeHNS BRIXOJHOIO HAIIPSIKEHH . BBRIUMCINTE

3HaYeHHS KOA((PHITHEeHTa YCHIIEHHS 110 HaITP SDKEHHIO.

TaOmira 5.1.
Usz, B 0 0.05 0,1 0,15 0.2 0,25 0.3 0.35
C koH- | Usgex,B
IleH-
caTo- Ku
poM Cs
Bes Uz, B
KOH-
IIeH-
caTo- Ku
pa Cs

[Io pesynberaTaM 3aMepOB ITOCTPOHTH AMIUIHTYIHYIO XapaKTEePHCTHKY H OIPeJelIUTh JIH-
HaMHYECKHIL JHalla30H YCITICHH .

0.YOpaTh H3 cXeMBI KOHAeHcaTop C3 M ITIOBTOPHTE HCITBITAHHS aHAJIOTHYHO I1.5.

7. KoHmeHcaTop C» YCTaHOBHTH Ha IPeXKHEE MECTO, Ha BXOJ YCHIIHTEILS IIOJIaTh HaIIpsDKe-
HHe 0.2 B. YcraHaB/ImMBas 3HAUYEHHS COITPOTHBIIEHHS RK, yKazaHHBIE B TaOlmIEe 5.2, 3anucarh B

Tﬂﬁ]’ﬂ]l[y SHAUCHHA BEIXOJHOI'O HAITPSDKCHH A, BBIMHCIIHTE H TAKYKE 34IICATh B Tﬂﬁ]’[]?]l[y SHAUYCHIA

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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Tabmra 5.2.

Ry, Om 150 220

330

470

660

1000

Uan-::. B

Ku

8. YcTaHOBHTH BXOAHOE HanpskeHHe 0.2 B. YcraHaBIHBas 3HaYEHHS YaCTOTHI BXOQHOI'O

CHI'HdlId., YKd3dHHBIC B TaOJHIIE 53: H HC MCHMA aMIIIOITYVAY BXOJHOI'O HAITPAAKCHIH A, 34IICATD B

TaOJIHIY 3HAYEHH S BRIXOMHOI'O HanpsKeHHs. 11o pesynpraTaM 3aMepoB ITOCTPOUTh AUX.

Tabmmima 5.3.
f, KI'nt 0,2 0,4 0.8 1,6 3,2 6,8 12 15 20
Uz, B
Usere/ Uszx

9. Ilpu Ru =0 u BXogqHoM HanpskeHHH 0,2 B 3ameputs HarpskeHne UBBIX] . B 11e11s 6asel

(Touka «a» Ha pHC. 5.1) BKIIOUHTE J00aBOUHOe compoTHBIeHHe 330 OM, IIPH TOM e 3HauYeHHH

BXOJHOI'0 HapsoKeHHI 3aMepHTh UBBIX2. ITo ¢popmyre (3) BEIUHCIHTS BXOTHOE COIPOTHBIIEHHE

YCHIIMTCIIA.

10. McximrounTh 100aBOYHOE COIPOTHBIIEHHE M3 IIEIH 0a3bl. 3aAMEPHTH BBIXOJHOE HAITPS-

ACHHE YCHIIDITEILA Usrixl IIPH OTCYTCTBHI HAI'PY3KH Had €I'0 BBIXO/C. BxirouB COITPOTHBIICHHC

Harpy3kH 470 OM rmpa Rxk=470 OM H IIpH NpeKHeM BXOJIHOM CHIHajIle H3MepHTh UBEIX2. [1o dop-

MyJIe (5) BBIYHCIINTD BXOJHOE COITPOTHBIIEHHE YCHIHTEIS.

Codeporcanue omuema:

OTYeT JOIKeEH COJCPAKATD.

1

. Hazpanme paboTHI,

2. Ilens paboTHI,

3. KpﬂTI{HE TCOPETHYCCKIC CBCACHIIA,

4. OnHcaHHe HCITONMb3YeMOro 000pPYLOBAHIA H MaTEPHAJIOR,

5. Ilopsamok BeIOIIHEHH S PaOOTHI,

6. Beruncnennsa n o6paborka pe3ylnbTaToR;

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
lLleBayxoea TateAHa AnekcaHapoBHa

Bnageneu;

AOKYMEHT NOArnMcAH
SNEKTPOHHOW NOAMUCKIO
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Konumpononste eonpocet:

1. YTo IMOHMMAOT ITOA HAaYaJIbHOH padodyeH TOYKOH YCHIIHTEILS?

. Kak 3aBuCHT pexumM paldoThl YCHIMTENS OT ITonoKeHHs HP'T?

. UeM obecnieunBaercs nojoxenne HP'T B paccmaTpHBaeMoOM yCHIIHTEIE?

. Kakyro pons BEIIIOJHAET COIPOTHBIIEHHE B I[EIH 3MHTTEpa?

. JI'1 4ero coImpoTHBIEHHE B IIEITH SMHUTTEPA IIIYHTHPYIOT KOHAEHCATOPOM?

. Kakyro pons BEITOIHSIOT KOHAEHCATOPEL B IIETH Oa3kl M HA BEIXOE YCHIIHMTENS?

. Kak ITOCTPOHTDL JTHHHIO HAI'PY3KH YCHIIHTCIIA ITO IIOCTOAHHOMY TOKY ?

O 3 O h s W I

. OOBsACHHTE CXeMY 3aMEIIEHHS YCHIINTEIS I10 IIEPEMEHHOMY TOKY.

9. KakuM COIIPOTHBIIEHHEM OIIPEAENSIeTCS HAKIIOH JIMHHHM HAarpy3KH YCIJIHTEIS II0 IIepe-
MEHHOMY TOKY?

10. YUTo NMOHMMAIOT ITOJ aMIIINTVYIHOH XapaKTePHCTHKON YCHIIHTEILST?

11. YUto nmpeacTaBiiroT cOO0H aMITIIHTYIHO-4acTOTHASI H (pa30-4acTOTHAI XapaKTePHCTHKH
YCHJIMTETISA?

12. Uto HaA3pIBalOT AHHAMHYECKHM AHAIIA30HOM VCHIIMTEILST?

13. OT 4ero 3aBHCHT BelIHYHHA KO3()(PHIHEHTOB YCHIEHH S YCHIHTES?

14. Kak OIBITHEIM ITYTEM OIIPEAEIHTE BEIMYHHY BXOMHOI'O H BEIXOJHOIO COIPOTHBIIEHHI
YCIIMTEIS?

15. Kak u3MeHHTCA KO3()HIEHT YCHIEHHS YCHIHTENS, €CIH COIPOTHRIEHHE B IEITH
SMHTTEPA HE IIMYHTHPOBATh KOHIEHCATOPOM?

16. Kak ko3 HIIHEHT YCHIEHHSI YCHINTEIS 3aBHCHT OT COIPOTHBIIEHHS B IIEITH KOIJIEK-
TOpa?

17. OOBSACHHTE, TTOYEMY BBIXOJHOH CHIHANl YCHIIHTEIS OTIIHYAeTCs OT BXOMTHOIO IT0 (paze

Ha 18007

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: LLleBayxoea TateAHa AnekcaHapoBHa

Jlabopamopran paboma Ne6. Y cunumenb HaA NOIE60M MPAHIUCHIOPE

Ilens pavomer: Viccrienopath padoTy YCHIIMTEILHOIO KacKaja Ha ITOJIEBOM TPAaH3HCTOPE C
OOIIMM HCTOKOM, CHSTh €0 aMIUIHTYIHYIO H aMIDIHTYJHO-4aCTOTHYIO XapaKTePHCTHKH, OITpe/Ie-

JIHTh BXOJHOC H BBIXOJHOC COITPOTHBIICHHA.

OcHOé6bL meopui.

(CxXeMa KacKaJa YCHJIMTEILSI ¢ OOINMM HCTOKOM H300pakeHa Ha pHc. 0.1.

e
+15B
™ 2.25k0OM
U IMKD
0.2...20 47sOM —l |- .
Kl I 0.47MED C
‘ I _T_ : "
2

[KOM

10KOM 10

=
==
o

PHCYHOK 6.1

[InTaHe YCHIIMTEIS OCYIIECTBISIETCS OT HMCTOYHHMKA ITOCTOSHHOI'O HarpsokeHHSI 15B.
BXOaHOH yCHIIMBAaeMEBIN CHTHAT ITOAAETCS OT TeHepaTopa CHHYCOHIAIbHOIO HAIIPSDKEHH S TIEpe-
MEHHOH 4acTOTHL. {1151 60Mee IIIaBHOrO H3MeHEHIS aMIIIHTYBI BXOHOI'O CHTHAla CITYKHT JeIH-
TEJIb HAIIPSDKEHUS, COCTOSIIHHI M3 IIOCTOSHHEBIX pe3HCTOPOB 4,7 u 1 KOM H IIEpEMEHHOIO pPe3H-
cropa 10 xOm. PasgemitensHele KOoHAeHCATOPHI 0,47 MKD 1 1 MKD IIpersaTCTBYIOT IIPOXOKIEHHIO
ITOCTOSIHHOI'O TOKA B I[eTTh HCTOYHNKA BXOAHOI'O CHIHAMIA M B IIEIIb HAarPY3KH, B KaUeCTBE KOTOPOH
B JIaOopaTropHOH padoTre HCITonb3yeTcs pe3HcTop RH. /g yCTaHOBKH HAYAJIBHOH padoyeH TOYKH
TPaH3HCTOpPa CIIYKHT COIIPOTHBIIEHHE, BKIIIOUEHHOE B I[ETIh HCTOKA, HAITPSDKEHHE ¢ KOTOPOTo IT0-
naércs Ha 3aTBOp uepes pesnuctop 1 MOM. HauamsHas paboyast TOUKa YCTaHABIIMBACTCS B CPEeIHEH
YACTH JIMHEMHOI' 0 YYacTKa CTOKO3aTBOPHOM XapaKTePHCTHKH, B 3TOM ClIy4ae YCHIIMBAIOTCS KaK
ITOIIOKUTENBHBIE, TAK H OTPHIIATEIIEHBIE TIOITYBOIHBI BXOJHOI'O CHTHAlA ITPH MHHHMAIbHBEIX HE-

JTHHEHHBIX HCKaKeHHSX. KGH,[[EHG&TGP B ICII HCTOKA HCKIIOYACT OTPHIIATCJIbHYIHO GﬁpﬂTH}*’IO

[OKYMEHT MOAMMCAH
SNEKTPOHHOW MOANUCHIO

JIA C IIOJICBBIM TPaH3HCTOPOM, KdK H C 61]]’[(3]1}1])-

sTOTHAA H QJHBG-IIH,CTGTHHH. BEH,I[}" TOI'O, HTO BO
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BXOJHOH IIEITH ITOIIEBOr0 TPaH3HCTOPa TOK MPAaKTHYECKH OTCYTCTBYET, KO3(D(PHIHEHTHI YCHIIEHHS
ITO TOKY H ITO MOIITHOCTH KacKaJj[a € ITOJIEBBIM TPaH3HCTOPOM OOBIYHO HE HCITONIB3YIOTCSI, @ HCIIOIb-
3YETCS TOIBKO KO3() (DHIMEHT YCHIIEHHS 110 HAMpPsKeHHI0. M3 ImapaMeTpoB YCHIHTENS HCIIONb3Y-
IOTCS TaKJKe BXOJHOE H BBIXOHOE COIPOTHBIIEHHS, KOTOPBIE ONPEAEIITIOT OITBITHBIM ITYTEM II0

TOH Ke METOIJHEKE, UHTO H AJIA }"GIIJ]IITEHEﬁ C 6IH'IDHHPI{BIMI TPAH3HCTOPAaMIH.

YKazaHue no mexHuxe 0 e30nacHocmu.
YKa3aHH I10 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHECCHBIL

B ITPHIIOKEHHE A.

VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:

[ IpH BBEOTOTHEHMH JaHHOH ITabopaTOpHOM padOoTH CTYAEHTEI JOIKHEL COOPaTh CXeMY Kac-
KaJa YCIIHTEIS Ha ITOJIEBOM TPAH3HCTOPE C OOIMMM HCTOKOM, CHSTh aMIIMTYIHYIO XapaKTepH-
CTHKY B PeXKHMe XOJIOCTOIO XOAa H IOJ Harpy3KOH, BEIYHCIIHTH KO3(P(HIHMEHT YCHIeHHS IO
HaIIPSDKEHHIO, CHATh aMIUIHTYIHO-YaCTOTHYIO XapPaKTEPHCTHKY, OIMPEHEIHTE BXOMHOE H BBIXO/I-
HOE COITPOTHBIIEHHS YCHIIHTES.

[ [OpsITOK BEIMTOIHEHHS PadOTEI ClIe I VIOIIHIA.

1. Cobpath cxXemy ycHIHTeN (pHc. 6.1).

2. Ha BBIXOJ YCHIIMTEIS BKIIIOUHTh ocipyrIorpad. IIpH yacTore BXoHOro cHurHaia 2 Kl'f
H HanpspkeHHH 0,5 B M3MeHeHHeM COITPOTHBIIEHHS B I[EITH HCTOKA JOOHTHCSI MHHHMAIEHOTO HC-
Ka KeHH I BRIXOJTHOT'O CHIHAJIA.

3. IIpn yacToTe BXOAHOI'O CHTHANA, 3aJaHHOH IperogaBareiieM, CHATh aMIUIMTYIHYIO Xa-
PAKTEPHCTHKY B PEXKHME XOJIOCTOro Xoaa. [IpH 3HaUEeHH X BXOAHOI'O HaIIPSKEHH SL, YKa3aHHEBIX B
Tadmmie 0.1, 3aMEPHUTH M BHECTH B TAOIIHI[Y BEIIMYHHY BEIXOAHOI'O HAIIPSDKEHH S H BEIYHCIIEHHBIE
3HaYeHHS KOA((PHIHMEeHTa YCHIIEHHS IO HAITPSDKEHHIO.

4. To )Ke mpojienars, BKIIFOUHB Ha BEIXOJ YCHIIMTEISI COIIPOTHRIIEHHE HAar PY3KH, 3aJlaHHOE

ITPEIIOAABAT CIICM.

TabOma 6.1.
Usz, B 001100210051 01 102 103104105106 07]081]09 |

IIpn | Ugx
RH =0 K]_[
OOKYMEHT NMOAMNWUCAH

SNEKTPOHHOW NOAMUCHIO
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5. CHITh aMITIHTYHO-YaCTOTHYIO XapaKTePHCTHKY ITPH HAITPsDKEHHH BXOQHOIO CHTHala

0,5 B unipu yactorax, VKa3aHHBIX B TaOnuIle 0.2, 3aMepeHHBIE 3HAUCHHS BEIXOJHOIO HAITPSIKEHI S

H BBEIYHCIICHHBIC SHAYCHI A KOB(l)(l)HL[HEHTa YCHIICHITA 3dHCCTH B TﬂﬁHI]I[}".

Tabmira 6.2.
f, xI'mg 0.2 0.4 0.8 2 4 8 12 15 18 20
User, B
Ku

6. ,HJIH OIIPEACIICHHA BXOOHOI'O COITPOTHBIICHHA 3aMCPHTDb BBIXOAHOC HAITPAKCHHC Ul B

PEAIIME XOIIOCTOI'O XOH4 ITPH 3alaHHOH ITPEIIOAABATCIICM H4dCTOTC H IIPH HAIIPSDKCHHH BXOJHOI'O

CHI'Halla 0:,5 B. Bo BXOJHVIO IICIIE ITOCIICJOBATCIIBHO C Pa3JCIIHTCIIBHBIM KOHIACHCATOPOM BKIJIHO-

YUTH conpoTuBIcHHE RI0o06=10 KOM M 3aMepHUTh HanpspKeHHE Ha BEIXOoAe UZ. BXoaHoe corrpo-

THBJICHH S BEIYHCIIHTE 110 QJGPL{}"HEZ

RB}:= Rﬁgﬁf( [_][1"F UE'])*

7. HMCKIIOUHTP H3 CXeMbl J00aBOYHOE COITPOTHBJICHHE. BKITIOYHTE COITPOTHBIJICHHC

HaI'PY3KH 10 xOM . H IIPH TEX KC SHAUCHHAX YdCTOThI H BXOJHOI'O HAITPKCHITA H3MCPHTDE HAIIPA-

KeHHe U3 Ha BBIXOJE YCHIIMTCIIA. BrIxogHoe COIIPOTHBIICHHE YCHJIMICIIA BBIMHCIIHNTE IIO q)ﬂp-

MYTIE:

CepTtudmkar:

Bnageneu;

RBbx = Ru(U1/ U3-1).

8. ITocTpouTh rpapHMKH aMITIHTYHBIX H aMIUIHTYIHO-4YaCTOTHOH XapaKTEPHCTHK.

Coodepacarue omuema:

OT4YeT JOoIDKeH COJCPAKATh.

1. Hazeanue paboTEI,

2. Llens paboTHI,

3. Kparkie TeopeTHUeCKIE CBEICHH S,

4. Ormncanie HCIoJIb3yeMOro o00pyJ0BaHH H MaTepHAaJIOB,

5. ITopsaox BRIMTOIHEHH S PaOOTHI,

6. Beruncienmsa n o6padorka pe3yibTaToB,

7. BEIBOJIEL.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOANMUCHIO

12000002A633E3D113AD425FB50002000002A6

lLleBayxoea TateAHa AnekcaHapoBHa
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2. Kak yCTaHOBHTH ITONOKEHHE HauaJIbHOH padouel TOYKH, YTOORI ITOITYYHTE MHHHMAJIb-
HbIE HEIITHHEHHBIE HCKAKEHNSA YCHIIMBAEMOI'O CHI'HAIa?

3. UrompeacTrarisgeT cOOOH aMILINTY/IHAS XapaKT epHCTHKA YCHIIHTeNS? Kak e€ IToTyyYHuTh?

4. Kak aMIUIHT YIHAS XapaKTePHCTHKA YCHITMTEIS 3aBHCHT OT HArpPy3KH?

5. Uto nipeacraBnsger coOOH aMIUIHTYAHO-YaCTOTHAS XapaKTe pHCTHKA YeHIIHTensa? Kak eé
ITOITYYUTE?

0. Kak onpeaensroT BXOIHOE COITPOTHRIIEHHE YCIHIINTEISA?

7. Kak OIPEACIIAIOT BBIXOJHOC COITPOTHBIICHHE }"CHJIHTEHH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jlabopamopraa pavoma Ne7. Tupucmop

HEJH: pﬂﬁﬂﬂlﬁl.’ Hccnemorarhb IMPOIECChL OTIITHPAHHA H 3dllHPAaHHA THPHCTOPA, CHATE CTAd-

THHUECKIC BOJIBTAMIICPHBIC XdaPAKTCPHCTHEI LICITH YIIPABICHHA H AHOHOI I[EITH.

OcHO6bL meopulL:

THPHCTOP — 3TO IMOIYIIPOBOJHHKOBBIH ITPHOOP, HMEIOIIHH YETHIPEXCIIONHYIO CTPYKTVPY
U TPH pn-Tiepexoa. Y THPHCTOPA HUMEETCS TPH 3IEKTPOJA, ABAa H3 KOTOPBIX IOACOEHHEHEI K
KPaiHHM CIIOSIM — 3TO aHOJ M KaTOJI, TPETHH AJIEKTPOJ ITOACOEAHHEH K OJHOMY H3 CPEIHHX CIIOER
— 3TO YIIPABRIISIONIHH 3IeKTPO,.

EciH 1pH OTKIIFOYEHHOM VIIPABJLIIOIEM AJIeKTPOJAE MeXIY aHOAOM H KaTOJOM IIOJAaTh
HaIIpsDKEHHE H ero IOCTEIIEHHO YBEIMYHBATh, TO JO HEKOTOPOrO ero 3HaAaUeHHS COIIPOTHBIIEHHE
THPHCTOpPa OYVAET OCTaBaThCS OUYEHBb BEICOKHM M TOK Yepe3 Hero OVAEeT IIPaKTHYECKH OTCYTCTBO-
BAaTh, 3aTEM COIIPOTHBIIEHIE THPHCTOPA Pe3K0 VIAAET, U TMaJecHHe HAPSKeHH S Ha HEM COCTaBHT
He Oojiee ABYX BOIILT, THPHCTOP OTKpoeTcs. OQHAKO OTKPBIBAHIS THPHCTOPA ITOBBIIIIEHHEM aHO/ -
HOI'O HaIpPSsDKeHU ClIeyeT H30erarh, T.K. IIPH 3TOM MOKET ITPOH30HTH ero pa3pyileHHe. OTKPHI-
BAIOT THPHCTOP IOAaueH HANPsKeHHS Ha YITPaBIISEOLIHIL A1eKTpod. [Tocne CHATHS HaIlpsKeHHS C
VITPABISIEOLIET O 3IEKTPOAA THPHCTOP OCTAETCA B OTKPHITOM COCTOSHHH. UTOOBI THPHCTOP 3a-
KPBIIICS, aHOJHOE HaNpsKEHHE HeOOXOAHMO KPpaTKOBPEMEHHO CHSTH, JIHOO, VBEIIHYHBAS COIIPO-
THBJIEHHE B I[EIH aHOI-KaTO/, CHH3HUTh TOK HIKe TaK Ha3bIBAEMOI'0 TOKA YIEP KaHHSI.

OIHCaHHBIE CBONCTBA THPHCTOPA HCIIONB3YIOT B TAKHX YCTPOHCTBAX, KaK YIIPaBISeMEbIE

BRITIPAMITCIIT, HHBCPTOPEI, HaCTOTHEIC HpEGﬁpﬂBGE&TEHII: ITYCKOBEIC aldlapaThl H AP.

YKkazanue no mexHuxe 0 e3onacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pﬂﬁDT ITPHBEICHBIL

B ITPHIIOKEHHE A.

VKa3aHusa no 6bIno0JHEHI0 J1ADOPpAmMopHOU padonbl:

JlanHas mabopaTopHas padora BKIIOYAET B ce0sI CHATHE BOIBTAMIIEPHOH XapaKTePHCTHKH
L[EIH VIIPaBJIEHHS, OIIPEeIeIeHHE TOKA VAEPKaHHSI THPHCTOPA H HCITBITaHHE CITOc00a OTKIIFOYEHHS
THPHCTOpPA IMYHTHPOBAHHEM LIEMTH aHOA-KATOJ EMKOCTEIO.

[TopsmoK BRITTOIMHEHHS PaOOTHI CIIE L VIOIIHH.

AOKYMEHT T1OANNCAH 1eCKIMI TTOJIOJKEHILSIMI
SNEKTPOHHOM NMOANUCHIO '
CepTucbukar:  12000002A633E3D113AD425FB50002000002A6 c 71
Bnapenew;  le6ayxosa TaTbaHa AnekcaHapoBHa |

Nencreutened: ¢ 20.08.2021 no 20.08.2022

140



3. Ha MynIpTHMeTpaxX YCTAaHOBHTE IIPEAE H3MEPEHHS TOKA 2 MA M HartpspkeHHs 20 B. YBe-

JIHHHBAA ITOTCHO OMCTPOM HAITPAAKCHHC U}"I{:. H3MCPHTE H 3dHCCTH B Tﬂ,ﬁJ]III_[}" 7.1 3HaUeHHS TOKa

yIpaBlIeHHS [y. 3aMeTHTh TOK, IIPH KOTOPOM THPHCTOP OTKPBIBAETCHA (IIPH OTKPBIBAHHH THPH-

CTOpa 3aropaeTcs JIAMIIOYKA).

4. ]IlocTelleHHO CHIKAas HAaITPAMKCHIC U‘_’;-"I{ A0 HYILIA, H3MCPHTE H 3dHCCTH B Tﬂﬁ]’ﬂ]l[}" 3HAYc-

HHA ToKa Iy. YOeauThcs, YTO MPH CHIZKEHHH TOKa YIIPAaBIeHHS IO HYIS THPHCTOP OCTaETcs OT-

KPBITHEIM.
+ 330 Onm JI
158
_ e
PucyHok 7.1
Tabmima 7.1.
Uy, B 0,5 1.5 2 2.5 3 3.5 4
I?T , MA
]?l ,MA

5. IToctponTts rpaduk 3aBucHMocTH Iy = f(Uyk).

6. /s onpeneneHusa TOKa yiAep KaHHS IepeMbIuKy I1 H aMIiepMeTp ITOMEHSATh MeCTaMH,

IIEPEKIIIOYHTE IKaTy amiiepMeTpa Ha 200 MA. YBeIMYHB TOK YIIPaBIeHHS, OTKPHITE THPHCTOP.

[ImaBHO YMEHBIIIATE HAITPAKEHHE B AHOJIHOH IIETTH 0 TeX I1IOP, IIOKd TOK CKA1KOM HE yr[a,[[é'r Ho

HYIIAL IIocrieqHee HaHMeHBbIIee 3HAaYeHHE TOKa H eCTh TOK YACPAHAHHA. 3aIHIIHITE ero 3HaUeHHE.

7. OTKIIOYHTH HCTOYHHKH ITHTAHHS, COOPaHHYIO CXEMY JOIIOIHHTh CXEMOH, H300pakEH-

HOH Ha PHC. /.2 XKHPHBIMH JTHHHSIMH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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100 —T—— 1 KOM

47 xOM BEIKT.

N\ 158

KT5031

PucyHok 7.2

8. Ilomarey Ha cXeMy HAaIIpsUKEHHE ITHTAHHS, B AHOMHOH IIEITH THPHCTOpPAa YCTaHOBHTH
HaHOOIBINEE HAIIPSKEHHE, VBEIMYMBAS TOK VIIPABIIEHUS, OTKPBITH THPHCTOP. Y MEHBINHTEL TOK
VITPABIEHHU A 0 HYILS, IIPH 3TOM THPHCTOP OCTAHETCS OTKPBITEIM. KpaTKOBPEMEHHO 3aAMKHYTH BEI-
KJIFOYaTENIb, YOSIHTHCSI B TOM, UTO IIPH BKIIFOUEHHH BEIKITFOYATEN S THPHCTOP OTKIIrOUaeTc . OIH-
CaHHBIE JIEHCTBHS IIOBTOPHTE 2 — 3 pasa. [IpH 3aMBIKaHHH BEIKITFOYATEN S COIPOTHRIEHHE TPAaH3H-
CTOpa YMEHBINAETCS A0 HE3HAUMTEIIFHOH BEIINYHHBI, B PE3YIILTATE YETO THPHCTOP OKAa3BIBAETCS
ITYHTHPOBAHHBEIM KOHIEHCATOPOM, HAIIPsDKEHHE Ha KOTOPOM (a, CIIeJ0BaTEIbHO, H Ha THPHCTOPE)
COITIaCHO 3aKOHAM KOMMYTAI[HH B IIEPBRIT MOMEHT ITOCIIE 3aMBIKAHHS I[EITH PaBHO HYIIFO. OTOr0

KPAaTKOBPCMCHHOI'O ITaACHIA HAIIPAZKCHHA Ha THPHCTOPEC JOCTATOYHO JJIA €1'0 3dalIPaHHA.

Coodepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

1. HazpaHue paboTHI,

2. Llens paboTHI,

3. Kparkie TeopeTHUYECKHE CBEICHH S,

4. OrrcanHie UCIoIb3yeMOro 000pyAOBaHHS H MaTepHalIOB,
5. ITopsimoK BRIMIOJIHEHHM S PaOOTHI,

6. Beruncnennsa u o6padorka pe3ylbTaToR,

7. BEIBOJIEL.

K OHMPOJIbHbBIE 601POCHI.

1. OrmmimTe B 00X HCPTaxX KOHCTPVYEIIHIO THPHCTOPA.

NOKYMEHT NoanncAH
ANEKTPOHHOW NOANMChBIO 'HpHCTIDp'?
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapgeneu: LleGayxora TateaHa AnekcaHapoBHa [ THPHCTOpPaA, C€CIIH IIOCJIE €I'0 OTKPBIBAHIA TOK
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4. Kaknvi crtocobaMH MOYKHO 3aKPBRITh THPHCTOP?
5. YTo IMOHNMAIOT IO, TOKOM VepKaHHSI THPHCTOpa?
0. IlosicHHTE paboTy CXEMEBI 3alTHPaHHS THPHCTOPA ITYTEM €I0 IIIYHTHPOBAHHS KOHEHCA-

TOPOM.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Jlabopamopras paboma Ne§. TupucmopHslil pezyaiamop mokda

Ilens pabomst: MccienoBats padOTy THPHCTOPHOI'O PETYIISTOPA BBIIIPSIMIIEHHOIO TOKA C

(pa3HBIM YITpaBJIEHHEM.

OcHO6bL meopulL:

CxeMa THPHCTOPHOI'O PeryiITopa BBIIPSAMIIEHHOIO TOKa ¢ (pa3sHBIM CIIOCOOOM VITpaBiIe-
HHS IIPEACTaBIIEHA Ha pHC. 8.1.

[ IlepeMeHHOE HanpspKeHHe 4acTOTOH S0 111, BRINIpSAMIIEHHOE JHOMHBIM MOCTHKOM J11 — /{4,
ITOAAETCS Ha 3aKHMBI IIEITH, COCTOSIIEH H3 JIAaMITOUKH JI, Harpy304HOro comporuBiieHHa 220 Om
H THpHCcTOpa T. OcTanbHbIe 3IIEMEHTEHI ITPEACTABISIOT CXeMY F'eHeparopa HMITYIILCOB, IIPeIHa3Ha-
YeHHOro J71A (pa30BOr0 yYIIpaBIeHH THPHCTOpPOM. IIpH (pa3zoBoM criocobe yIIpaBlIeHHS Ha YIIPaB-
TISTEFOIITHH 3TIEKTPO THPHCTOpPA ITOAAI0TCS KOPOTKHE HMITYIIBChI HAITPSKEHH SL, OTIIHPAIOIIHE THPH-
CTOP B OITPEIEIEHHON TOUKE IIPIIOKEHHOIO HAITPSDKEHH L. 3aITHPAETCS THPHCTOP ITPH CHHKEHHH
ITOIIYBOIHBI BEITPSIMIEHHOI'O HAIIPSKEHH S [0 HYIISA. CpeqHee 3HaUeHHE TOKA, IPOTEKAFOIIETO Ye-
Pe3 HArpy304YHOEe COITPOTHBIIEHHE, OIPEAEIISIETCS ITOIOKEHHEM OTITHPAFOIIET O HMITYJIbCa OTHOCH-
TeJIbHO Hayajla ITOIYBOIHEI BREIIPSAMIEHHOI'O HAIIpSDKEHN S, HHaue — YITI0M (pa30BOIO CABHIA OT-
ITHPAIOIIETO MMITYIILCA.

['eHepaTOp HMITYIILCOB BEITMTOJIHEH Ha OAHOIIEpeXoHOM TpaH3HcTope TO. IIpH mogaue 1io-
JIYBOJIHBL HAIIPsDKEHHS Ha aHOJ 3allepTOoro THPHCTOpa T KOHAEHCAaTOP 3apsDKACTCS YEpe3 COITPO-
THBJIEHHA R1, Rt 1 R2. Kak TOIbKO HanpsKeHHe 3apsga JOCTHIHET BEIIMYHHBL, JOCTATOYHOH IS
OTIHMpaHHA TpaH3HcTOopa 1O, TpPaH3HCTOP OTIHpaeTCd H KOHIAEHCATOp paspsKaeTcs IO IeIH

AMHUTTEP — 0aza — YIPaBJIIOIIII 3JIeKTPO THPHCTOPA.

m J1 220 OM
$ A
\/ R,;= 330 Ot
= [ ¢
11 21 Ct 10 kOm
TO
L i 52 T
50l \ Y R>=1 kOm
::U,MMK':I)
13 14 40MI H
[IOKYMEHT MOAMNMCAH ¢ l

SNEKTPOHHOW NOAMUCHIO — -
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THpHCTOp OTIIHpaeTcs, CO3MaET LEMb I MPOTeKaHHI TOKA Yyepe3 Harpy3Ky H OJHOBPE-
MEHHO ITYHTHPYET I'eHepaTop HMITYJIbCOB. TaKinM 00pa30oM, ITOKa THPHCTOP OTKPEIT, KOHASHCATOP
OCTAETCS Pa3psDKEHHBIM. B KOHIIE ITOJTYBOIHEI BEIITPSIMIEHHOT'O HAIIPSDKEHHS THPHCTOP 3aKphIBa-
ercs. CKOPOCTh 3apsjia KOHAEHcCAaTOpa H, CIeJ0BaTelIbHO, 3aJepKKa IMOJauyH OTIIHPAOIIEr0 HM-
ITyJIbCa IT0 OTHOIIEHHIO K MOMEHTY ITOJAaYyH ITOJIOKHTEIbHOIO HaIPSKEHHS Ha aHOJ THPHCTOpa
PETYIIHpYeTCs MOTeHIIHOMeTpoM RiT. MHIYKTHBHOCTS B IielH 0a3bl TPAH3HCTOpa MpeAHa3HauYeHa

111 Ooree YETKOI O ero 3allHPaHH A

YKkazanue no mexHuxe 0 e3onacHocmu.
YKazaHH I10 TeXHHKe 0e30I1aCHOCTH ITPH BBITTOJITHCHHI HﬂﬁﬂpﬂTﬂpI{BIK pﬂﬁDT ITPHBCACHDBI

B ITPHIIOKEHHE A.

YKazanua no 6binoiHeHUI0 1a0opamopHoll padomal:

B mporiecce BRIIOMHEHHS JaHHOH 1adopaTOpHOH padoTEl HEOOXOIHMO cOOpaTh CXeMY TH-
PHCTOPHOI'O PETYIISITOPa TOKa, OIpo0oBarh e€ padoTy IIPH pasHBIX YITIaX OTITHPaHHS, IIPOHAa0IIro-
IaTh Ha OCIHIUIOrpade KPHBYIO H3MEHEHHS HAITPSKEHHS Ha COITPOTHBIIEHHH HarPY3KH.

[ [OpsITOK BEIMTOIHEHHS PadOTEI ClIe I VIOIIHIA.

1. Cobepure cxemy, H300pakKEHHVYIO Ha pHC. 8.1. YCTaHOBHTE Ha MYJIIbTHMETPaAX IIPEIe]I
H3MeHeHN S HanpspkeHH 20 B u nipegen Toka — 200 MA, pox TOKa — ITOCTOSHHEBIH. [loganTe Hamps-
KeHHe rmuTaHug /7 B, 50 I'1r.

2. Bpamas pykosATKY IIOTEHIHOMETPa, 3a(PHKCHPYHTe MHHHMAIFHOE H MaKCHMAaJIbHOE
3HAUEHHS TOKA B I[EITH HArPY3KH.

3. 3aMmeHHTe KOHAeHCcaTOp EMKOCTRIO 0,47 MK® Ha KoHJeHcaTop 0,1 Mx®. 3adukcHpyiiTe
HOBBIE 3HAYEHN I MHHHMAJIBHOI' O 1 MAKCHMAIIBHOIO HAITPSIKEHHH.

4. IIoAKIFOYHTE Ha 3aKHMBI COITPOTHBIIEHHS HarPy3KH OCILIFULIOrpad, IIpoHa0IIoainTe H
3apPHCYHTE KPHUBEIE H3MEHEHH S HAIIPSDKEHHS Ha HAarpysKe IMPH PasHBIX YITIaX OTIIHPaHHS THPH-

cTOpa.

Codeporcanue omuema:
OTYeT JOIDKEH COMEPKATH:
1. HazpaHme paGoTHI,

2. Ilens paboTHI,

AOKYMEHT NOANWCAH
QNEKTPOHHOW MNMOoANMMCbIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

HAHA H MaTCPHAIIOB,
Bnapeneu: lleBayxoea TateAHa AnekcaHapoBHa
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6. Berunciennsa n o6padorka pe3yIbTaToB,

7. BEIBOJIEL.

Koumpononsie eonpoceol:

1. Kak BRITTIIIHUT (pa30BBIH CIIOCOO YITpaBIeHHS THPHCTOPOM?

2. B pesyibTaTe 4ero 3armpaeTcsd THPHCTOP B CXEME PETYIIHPOBAaHHI BEIYHHEI BBITPSM-
JIEHHOI'O TOKa?

3. OT 4ero 3aBHCHT BPeMS 3aJePKKH YIIPABIISIOIIETO HMITYJIbCa?

4. OrmummTe padoTy reHepaTopa HMITYIILCOB.

5. UTo Ha3BIBAIOT YITIOM OTIIHPAHHS THPHCTOPA?

6. Kak H3MeHSeTCS TOK B IEITH HarPY3KH IIPH YBEIIMYEHHH YIJjIa OTIIHPAaHHS THPHCTOpa?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jlabopamopran padoma Ne9. TupucmopHslil pe2yaiamop HAnpAMHCceHU

Ilens padbompr: V3yduTh IPHHIMITEL PETYIIHPOBAHN I HATIPSDKEHHS C HCITOJIb30BAHHEM I10-
ITYITPOBOJHHK OBBIX ITPHOOPORB;, CHATH PETYIIHPOBOYHYIO H HAIPY30UHYIO XapaKTePHCTHKH PeryJls-

TOPpa HaITPSDKEHH L.

OCHO6bL MeopulL:

Il yIipaBiIeHHs MHOTHMH TEXHOJIOTHYECKHMH ITpoIeccaMH TpeOyeTcsl H3MEHSTh BeJIH-
YHHY HAaIIPsDKEHHS, TTOABOAHMOrO K 3IEKTPOYCTaHOBKE. TaKHMMH 3IeKTPOyCTaHOBKAMH MOTYT
OBITH 3IIEKTPOHArpeBaTelH, ABHIaTeld H Jap. [ perylnHpoBaHHS BeJIMUHHBI HAIIPSDKEHHS IIH-
POKO ITPHMEHSFOT THPHCTOPEI H CHMHCTOPBI, K.ILJ[. KOTOPBEIX OYeHb BBICOK OJIarofapsi TOMY, YTO
B ITpoliecce padoThl OHH HaXOASTCS THOO B ITIOITHOCTHIO OTKPBITOM, THOO B ITOTHOCTHIO 3aKPBITOM
CO-CTOSHHH. PerylmpoBaHHe BEITHYHHEI HAITPSKEHH S ITIEPEMEHHOI O TOKA C IIOMOIIBIO THPHCTOPOB
HJIH CHMIHCTOPOB MOKHO ITPOH3BOAHTHL ABYMSI MeTofgaMH. IlepBbIH MeToOJ — MeTOH (pa30BOIO
yIIPpaBIEHH S, IIPH KOTOPOM BeJIMYHHA YIIPABJIIIOMIEr0 CHIHAJIA OIpeelsieT (pa3y OTKPBITHS ITOITY-
IIPOBOAHHKOBOIO Ipubopa (cM. pHe. 1). BTopoit MeTox — MeTOJ, IIPH KOTOPOM BEJIHYHHA YIIPaB-
TISIFOIIET O CHTHAJIAa OIpeeseT YHCIIO IIPOITyCKaeMBIX B eTHHHITY BPeMEHH K Harpy3Ke IIeIbIX I10-

IYIIEPHOJ OB HaIpsDKeHH (pHC. 2).
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PucyHok 9.1
I | AOKYMEHT MOAMUCAH ' b3yeTCs OJIOK YIIPABJIEHHS, ITO3BOJISIOIIHH OCY-

SNEKTPOHHOW NOAMUCHIO
Ceptudprkar:| 12000002A633E3D113AD425FB50002000002A6
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HpH HCITOJIB30BAHMI OOOMX MEeTOJIOB I[EﬁCTE}*TOH_[EE H CpcaHEC 3HAYCHHA BBIXOJHOI'O

HAaITPSDKEHHS ITPOITOPIIHOHATIBHEL YITPABILIIOIEMY CHITHAIY.

HPH HCITOIIB30BAHHH (bﬂBHGI‘G METOH4 ITYIIbCAITHI HAITPKCHHA Ha BBIXOIC HpEGﬁpﬂS(}Eﬂ-
TEJIA SHAUHTCIIBHO HIZKE, HEM IIPH BTOPOM METO/C. BmecTte ¢ TEM, IIPH QJHBHDM METOJC YIIPpABJIC-
HHA PETYILITOP HAITPAACHIA ABJIIACTCH HCTOYHHKOM BBICIHIHX I'dPMOHHK TOKd, KOTOPBIC OTPHIIA-
TCIIBHO CKa3bIBAIOTCA Ha pﬂﬁﬂT c CHCTCM BHEI{TPGCHE],@}I{EHI[H. B CBS3H ¢ 5THM IIPH 3HAYITCJIb HBIX

MOIMHOCTAX KCIIATCIIBHO, TaM I'IC 3TO BO3MOXKHO, HCITOIIB30BATE MCTOL PCIYIIIPOBAHIA HAITPA-

ACHHA HIMCHCHIIEM YHCIIA ITPOBOJIALIIIX ITOJIVIIEPHOAOB B CAHHIITY BPEMCHH.

i

PucyHok 9.2

B maGopaTopHon padore HEOOXOMHMO CHATh JIBE XapaKTe PHCTHKH:

- PETYIIHPOBOYHYIO, IIPeJCTABIIIIONYI0 COO0H 3aBHCHMOCTD BEIXOHOT'O HAIIPSDKEHHS pe-

T'YILITOpa OT YIIPABILIIOLIETO HAMIPSDKEHHS ITPH ITOCTOSHHOM Harpy3Ke,

- Har Py304HYIO, ITPEACTABIISIONTYIO COOO0H 3aBHCHMOCTE HaIlpsSKEHHS Ha Harpy3Ke OT TOKa

HAI'PY3KH IIPH ITOCTOAHHOM YIIPABJIAIOIIIEM CHI'HAJIC.

JlabopaTropHasl ycTaHOBKa COCTOHT H3 OJioka yrpaBiaeHHI THpHcTopaMH (BYCT), THpH-
CTOPOB, BKIIIOYEHHBIX BCTPEYHO-IIApALIe]IbHO B I[ellb HAarpy3KH KaKIOH (pa3bl, HarPy30UHOTO

YC'I‘I)GﬁCTEﬂ:, COCTOAIICTO H3 JIaMII HAKaJIHBAHIA H 34140 CIO ITOTCHITHOMETPA. Cxema Hﬂﬁﬂpﬂ-

TOPHOH YCTaHOBKH ITpeJIcTaBIcHa Ha pHC. 3.

Harpstxenne yirpagineHnsa Uy yCcTaHaBIHBASTCS ¢ ITOMOIIB IO IToTeHIHoMeTpa 10kOm, 1moj-

rrnarauunTn ¥ rmanmrans 12 14 o 1A vrmesmomrr-

NOKYMEHT NOANVCAH a X1. Tpexdasnoe HanpsokeHHe 380/220B 4depe3
3ANEKTPOHHOW NOANUCHIO

CepTucukat: 12000002A633E3D113AD425FB50002000002A6 | KIIeMMEI 1, 3, 5 xmemmrnka X1, 10, 6, 2 knem-

Bnapeneu. Webayxoea TatkaHa AneKkcaHpoBHa

\ gBIIsIEeTCA I'PVIIIA JIaMIT HaKaJIHBaHH. B 11erm
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¢a3 B u C B maHHOIT mabopaTopHOH paboTe Harpy3ka OTCYTICTBYeT. OTCYTCTBYIOT TaKKe TpaHC-
¢popmatopel Toka TTA, TTB u TTC, xoTopble BKIIFOYAKOT IIPH HCIIOIb30BAHHH OIPaHHYEHHS TO-
KOBOH Harpy3KH, BEIIHYHHA OrPaHHYEHHS TOKA YCTaHABIHBAaeTCA pesrucTtopoM 100kOm. Pexum

paborel BYCT yCcTaHaBIMBAaIOT ¢ ITOMOIIBIO IIEpPeMBIYEK S1 ... S0.

A B C I |
o T o T %2
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PucyHok 9.3 — Cxema j1adopaTtopHOH YCTaHOBKH

[Tpn ycTaHOBIEHHOH IepeMbIuKe S1 peryiIHpoBaHHE OCYIIECTBIIIETCS IO YHCIY ITOIYIIe-

PHOJIOB, ITPH CHATOI — (pa3HBII CITIOCO0 YITPaBIICHH .

[lepeMbruky S2 ycTaHaBIIMBAKOT ITPH HAITHYHH KOHTPOJISA TOKA C ITOMOIIBIO TPaHC)opMa-

TOPOB TOKaA.

[lepeMbruky S3 yCTaHABIMBAIOT ITPH HCITOIb30BAaHHH OI0Ka YIIPABIIEHHS B PEXKHME «pa-

GoTay.

[Tepembrukn S4 1 S5 ycTaHABIHBAIOT IIPH HCITONIb30BaHHH (a3 B u C.

[IepeMBIUKY SO yCTaHABIHBAIOT IIPH HCIIOIB30BAHHH BXOMHOTO VIIPABIISIOIIETO CHTHAJIA
4...20MA, IIPH OCTAJIBHBIX VIIPABJISIOIMX CHTHalIaX €€ HEOOXOINMO CHSTE.

I[JIH HHAHKAITHI YPOBHA YIIPABIIAROIICT O CHI'HAJIA B ]’[pHﬁDpE HMECTCA ACE-CATE CBETOOIO-

IIOB.

briok YIIPABIICHHA oOecIieunBaeT IUTaBHBIH BEIXO Ha 3aJaHHBIH YPOBCHDL MOIITHOCTH ITPH-

MEPHO 3a 5 CEKYHI.

YPOBEHL TOKOBOH 3all[UTHL HACTPaHBaETCs IIEpeEMEHHBIM pe3HcTopoM 100KkOM, BKIIFOYEH-

AOKYMEHT NoanncAH
SNEKTPOHHOW NOAMMCHLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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YKkazarue no mexHiike é ezonacHocmii:
YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BBOIOJIIHCHITH HﬂﬁﬂpﬂTﬂpI{BIX pElﬁDT IIPHBCOACHDBIL

B ITPHIIOKEHHE A.

VYKazanusa no 6uinojiHeHUI0 140 0pamopHoil padomal:

1. Ha ximemmel 3amarorniero rnoreHipoMerpa 10xkOM MOIKIFOUHTE BOJIBTMETP ITOCTO-
SIHHOI'O TOKAa, YCTaHOBHB ITpeaen H3MeHeHH I 20B.

2. B 1erns Harpy3kH (aza A Ha BRIXOJE PeryisiTopa — JIaMITbl HaKaJIHBa-HHS) BKIIIO-
YHUTHh aMIIEPMETP IIEPEMEHHOIO TOKA C IIPEAEIIOM H3MEPEHHS 2A.

3. Ha ximemmbl HarpyskH (asza A Ha BBEIXOJe PeryisITopa — KileMMa HeHTpalIbHOIr o
1poBojia N) ITOAKITIOYHTE BOIBTMETP NEPEMEHHOI'0 TOKA C BEPXHHM ITPeIelIOM H3MEPEeHH I He Me-
Hee 300B.

4, CHATE IepeMbluKy S1. IToaKmouwiTe 4acTe MM BCIO HarpysKy. llocie mporepkH
ITOAKITIOUEHH ST IIPHOOPOB ITPENOAaBaTelIeEM IIOAaTh HAIIPSKEHHE, BKIIFOUHB aBTOMATHYECKHI BEI-
KJIFOYaTelb I10 (paze A.

5. YCTaHaBIMBasa 3aJarOIHM IIOTEHIIHOMETPOM 5 — 6 3HAUEHHH HAIpSOKEeHHS Ha
BXOJIE PErYIATOPa, CHATH ITOKa3aHH I BOIILTMETPA, IIOAKIIFOUYEHHOI'O Ha BBIXO/I PETYIIATOPa HaITps-

KEHHMSI. 3HAUYCHIS HAITPSDKEHIH 3aHeCTH B Ta0muIy 1.

TaOmra 1.

Uy, B

0e3 IMEPEMBIUKH S|
C TIEPEMBIYKOH S

UBI::D{:. B

6. YCTAaHOBHUTE IMepeMBIUKY S1. [IOBTOPHUTE HCITEITAHHS I1.D.

7. IIpy cHATOH IIepeMBIYKE S1 H IIPH OTCYTCTBHH HATPY3KH 3aJar0IHM ITO-TEHIHOMETPOM
YCTAHOBHTE HAIIPsDKEHHE Ha BRIXO/E B ITpejenax 100...200B. He u3sMeHss 3a1ar0mero HampsoKe-
HHS, BKIIFOUEHHEM JIaMII VCTAaHOBHUTH HECKOIIBKO 3HAUYEHHH HAIPY3KH BIUIOTH O MaKCHMAJIbHOT.
[ Ipu KaxaqoM 3HaUEHIH HAar Py3KH ITOKA3aHIg aMIIepMeTPa H BOJIBTMETPA, ITOAKIIFOUEHHOT'O K JIaM-

I1aM, 3aHECTH B TaOmHIry 2.

TaOmmra 2.
s, A
Uz, | 0€3 IepeMBIYKH S|
=3 o TTAanAaMVLIUREnNTT S,
OOKYMEHT NOANMMCAH

SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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8. McripITaHg, ormicaHHbIE B I1. 7, IIOBTOPHTE IIPH YCTAHORIEHHOH TIEPEMBIUKE S1.
9. CHATE HallpsDKEHHE, OTKIIFOYHB aBTOMAaTHYECKHI BRIKIIFOYATE b, [loCie IIpoBepKH Ipe-

I1oJaBaTCIICM PE3YIIBTATOB H3MCPCHHA OTKIIIOYHTE H3MEPHTCIIEHEBIC ]’[pHﬁDpLI.

Codeporcarue omuema:

OT4YeT JOIKEH COMEPXKATh:

1. Hazeanue paboTEI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrHcanie UCIoIb3YeMOro 000PYAOBaHHS H MaTEPHAJIOB,
5. Ilopsapok BeITOIHEHH S PaOOTHI,

6. Berunciennsa n o6padorka pe3yIbTaToB,

7. BEIBOJIEL.

Koumponsusie éonpocet:

1. UeM OOBACHSIOTCS MaJble IIOTEPH MOITHOCTH IIPH PETYIIMPOBAHHH HAIIPSIKEHH S C TI0-
MOIIBIO THPHCTOPOB M CHMHCTOPOB?

2. Onmamre Ba crrocoda peryiInpoBaHNa HAITPSIKEHHU S ¢ TIOMOIIBEO THPHCTOPOB.

3. KakoBEI JOCTOMHCTBA H HEJIOCTATKH (pa30BOro crocoda peryimHpoBaHN s HAITPSKEHHS?

4. KakoBBI JIOCTOMHCTBA H HEAOCTATKH PETrYIHPOBAHHS HAIIPSDKEHHS YIHCIIOM OTKPHIBAE-
MBIX IIEPHOJIOBR?

5. UTOo MOHMMAIOT IO, PETYIIHPOBOYHOH XapaKTePHCTHKOH PETYIISATOPa HAITPSKEHHS?

6. UTo IMOHNMAIOT IO/ HarPy304HOH XapaKTePHCTHKOH PETVIISTOPA HAITPSKEHH S,

7. Kak H3MeHHTE Ccr1oco0 peryiInpoBaHUS HaIlpsoKeHHsI Ha bY CT?

8. Kaxne nsmeHeHHs B cxeMe bYC'T HeoOXOAHMMO BBIIIOIHHUTE IIPH ITOJKITIOUYEHHH TPeX-
(pazHOH Harpy3KH?

9. Kakmne BXOAHBIE YCTPOHCTBA M CHTHAIIEI MOJKHO HCIIOIB30Barh IS PETrYIHPOBAHHSA

HaIMPSCKEHHS ¢ ITOMOIIBIO BY CTY
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Jlabopamoprasa pavoma Nel(). OnepauuoHHbLUL YCUTIUNETTD

HEJH: pﬂﬁ OMmbl. I/IB}HHITB OCHOBHBIE CBOHCTBA OIICPAIIHOHHOI'O YCIUIHTCIIA, ITO3HAKO-
MHTBCA C HCKOTOPBIMH (1)}"]-]14.1[}[}]1%11[? BBITIOJIHACMBIMH C ITOMOIIBIO OIICPAIIOHHBIX ‘_’;-"CHJIHTEJIEﬁ H

COOTBCTCTBYIHOHIHMI CXEMAMH HX BKIIFOYCHH .

OCHO6bI MeopuUlL:

OmnepatioHHEIH yewnTenb (OY) — ato auddepeHIHaTIbHEIH YCHINTENL ITOCTOSHHOIO
TOKa ¢ Ko3((HIMEHTOM yCHIIEHHS 110 HanpsskeHMo Ky=10%...10°. OrmmurensHoil 0coGeHHO-
CTBIO OIEPAIHOHHBIX YCIIHTEIEH SBIISIETCS HX OUYEHb BBICOKOE BXOJIHOE COIPOTHRIIEHHE, B CBS3H
C UEM BXOJHOH TOK YCHIIMTEJIEH B pacuéTax OOBIYHO ITPHHUMAIOT PaBHBEIM HYIIIO. BEIXOIHOE CO-
ITPOTHBIIEHHE OIEPAIMOHHEIX YCHIIMTEIIEH MAIO, ITIO3TOMY HAIIPSUKEHHE Ha X BBIXOJIE IIPAaKTHYE-
CKH HE 3aBHCHT OT Harpy3KH. B KaueCcTBe HCTOYHHKOB IMTAaHH OY HCITONB3YIOT HCTOYHHKH I10-
CTOSIHHOT'O HAITPSKEHH S OOBIYHO CO CpedHeH TOYKOH. B HacTtosmen nadoparopHon pabdore OY
TTOJKITIOYAEeTCS K HCTOUHHKY ITHTaHHA +£15B. JInddepeHimanbHEIH YCHIIHTEIb HMeeT JIBa BXOJA:
TIPSIMOI, HAIIPSDKeHHe Ha KOTOpoM OyieM o6o3HavaTth U™, H HHBePCHEBIH, HAIIpSKeHHE Ha KOTOPOM
Oymem obo3HauaThk U'. HarpspkeHrie Ha BeIxoAe OV oIpedensaeT csa HAITPSUKEHHSIMH Ha ero BXOIax:

s = Ku(U™- UY).

BBHTY TOro, 4T0 KO3()(PHIHEHT YCHIIEHHS HMEET OUYeHb OOJIBIIYIO BEIIHYHHY, IIPH Pa3HO-
CTH HAITPSKEHHH Ha BXOJaX, COCTABIISIOINEH JaKe JeCAThIE H COTBIE JIOIH BOJIbTa OY HaXOIUTCS
B PeKHME HACBIIIEHHS, T.€. HA €r0 BBIXO/IE YCTAaHABIMBAETCSA MaKCHMAIIBHO BO3MOKHOE HaITpPsDKE-
HHe, OIM3K0e K HAIIPSDKEHHIO HCTOYHHKA IMMTAaHNA. ECIIH Ke YCHIIMTENR He HaXOMUTCS B COCTOS-
HHH HacboIeHHd, To pa3HOCTh U'- U = Ugr/ Ky O/m3ka K HyIIIO, HB 3TOM clIydae B pacuyérax
o0pryHO npuHHMaroT U™ = U,

OVY HCIOIL3YIOT JJIS BRIITOJHEHHS LEJI0r0 psAfa (PYHKIHI: KaK KOMITApaTOpP, KaK YCHIIH-
TeJlb, HMEIOIIHIL CTPOrO ITOCTOSHHBIH KO3(D(HIIHEHT YCHIIEHHSL, He 3aBHCSIIHH OT HarPy3KH, Kak
anrreOpanveCKHI CyMMAaTOP ¢ OJHHAKOBBIMH HIIH Pa3HBIMH BeCOBBIMH KO3 (D(PHI[HEHTAMH, KaK HH-
TErpaTop M T.1.

B xauecTtBe KOMITapaTopa OY paboTaeT IpH OTCYTCTBHH OOPAaTHEIX CBS3EH. B 3TOM ciyyae
ITPOMCXOANUT CpaBHEHHE HAIPSDKEHMI Ha €r0 BXO/aX, M BEIXOJHOE HalpPsDKEHHE IIPHHUMAET 3HAK
«+»,ectm U™> U, m3HaK «-», ect U< U™, Takoe cpaBHeHH e HaIPsHKEHHH HCITOIB3YIOT B CXeMax
CTaOMIIH3aTOPOB HAIIPSKEHH S M TOKA, B YCIIHTEISX IIEPEMEHHOI O TOKA JJISI CYIIECTBEHHOT O CHHU-

AOKYMEHT NOAMMUCAH |
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Yro6er OV paboTaln KaK YCHIHTENh ¢ 3aJaHHBIM ITOCTOSHHBIM K03( (PHIEHTOM YCHIIEHHS,
HEOOXOIHMO HCITONIE30BAThE OTPHIATEIBHYIO OOPaTHYEO CBSI3b 110 HAIIPSDKEHHIO, T.€. YaCTh HAITps-
JKEHIS C BRIXOJa YCHIIUTEIS ITOAAaTh HA €r0 HHBEPCHBIH BXOJ. [IpH 3TOM B 3aBHCHMOCTH OT CIIO-

coba IMOAKIIIOUYEHHI BXOTHOTO YCHIIHBACMOI'O CHI'HAJIa YCHIIHTCIIE MOMKCT OBITH HCHHBCPTHPYVYIO-

IITHM HJIH HHBCPTHPVYIOIITIM.

Pucynok 10.1 — Cxema xoMriaparopa

CxeMa HEHHBEPTHPVIOIIETO YCHINTENIS IIpeacTaBiicHa Ha puc. 10.2.

Roe

1KOM R:x
10KOM

PucyHok 10.2 — Cxema HEHHBEPTHPYIOIIETO YCIHIIHTETIS

CxeMa HHBEPTHPVIOIIET O YCIIMTEIS IIPeACTaBIeHa Ha pHC. 9.3. DTOT YCHIMTEIDL ITPe00l-

Pa3yeT BXOJAHOC HAIIPAKCHIC B HaAIIPAKCHIIC HPGTI[BDHDHG}I{HGﬁ INIOJIAPHOCTH Hd BBIXOIC OV.

T HOKYMEHT AOARAVMCAH =~ 11 0T TBIH CHTHAJI, TO HAIIPSDKEHHE Ha BRIXOJE I10 OTHO-

SNEKTPOHHOW NOAMWUCHLIO | 5 - -
Ceptudpukar 12000002A633E3D113AD425FB50002000002A6 a 180". B maHHOM cxeMe Ha HEMHBEPCHBIH BXOJ
Bnapeneu; lebayxoea TaTeAHa AnekcaHapoBHa

3dCMOI'0O HAITPSDKEHITA UEPC3 COITPOTHBIICHHE Rex
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ITOJAacTCI Ha HI{BEPCI{BIﬁ BXOJ, Ha 3TOT K€ BXO/[[ HCPE3 COIIPOTHBIICHIIC Roc ITogaércs HaIIPAAKCHIIC

C BBIXOIda OV: TaKIM GﬁpﬂBDM: Hd 3TOM BXOJ< CYMMHPYROTCA TOKI.

Roc
15B 1 kOM Rex 1gc -
lpx 10kOM '
—e
> Usase
I oM (Vi) Us 0¥ @
1 .
& RH
1KOMm

158 ‘

PucyHok 10.3 — CxXeMa HHBEPTHPVIOIIETO YCHIIHTENS

Kak OBIJI0 OTMEUYEHO BEHIIIE, BXOAHOH TOK OV ITpeHeOpeKiMO Mall, II03TOMY
Igx + 10c=0,
HO Igzx = Upx/ Rex M 1oc = Uspr/ Roc, TOSTOMY Usgpr/ Roc =- Ugx/ Rex, OTKYIA
Uan-: ='( Roca"'r RB}:) UB}Z {92)

CrremyeT K03 PHITHEHT YCHIEHH I KaK HEHHBEPTHPYIOMIETO, TaK H HHBEPTHPYIOIIETO YCH-
JIATEIIS He 3aBHCHT OT Ko3( prmipeHTa yerneHHsS OY (KOTOPBIH IIPH H3MEHEHHH TeMIlepaTyphl H
BEJIMYHHBI ITHTAIOMIETO HAMPSDKEHH S MEHSETCS B IIIMPOKHX IIpeliellaX, OCTaBasCh OYEHb BBICO-
KHM), a ONpeJIeIsSeTCsI COMPOTHRIEHHSMH PE3HCTOPOBR, BKIIFOUEHHBIX BO BXOXHOIM I[EIH U B I[EITH
oOpaTHON CBs3H. Pe3sHCTOpPHI e 00IagaroT JOCTaTOYHO CTaOWIBHBIMH ITapaMeTpaMH, ITO3TOMY
KO3(P(pHITHEHTHI YCHIIEHHS PaCCMOTPEHHBIX YCHIHTENEH TakKe JOCTaTOYHO cTaOHIIbHEL. ClexyeT
TAKKe 3aMETHUTH, UTO BRIPAKEHH S CITPaBEIINBEL, TTOKA Usyrx MEHBIIE HATIPSKEHH I HACBILI[EHH 5.

Ecin B cxeme, n3o0paxkEHHON Ha pHc. 10.3 Ha HHBepcHEIN BXoA OY II01aTh Yepes COIpo-
THBJIEHH S HE OHO, a HECKOJIBKO HAITPSDKEHHH, ITPHYEM, TFOOOH TTOISPHOCTH, TO OVIAET BBITIOIIHEHA
ornepars amreCpandecKoro CyMMHPOBAHHS 3THX HaMpPsDKEHHH ¢ YMHOKEHHEM Ha KO3((HIH-
€HTHI, PABHBIE OTHOIIEHHSM COIPOTHBIEHHUS OOpPaTHON CBS3H K BXOJHBEIM COITPOTHBIIEHHSM. B
3TOM CIIy4ae

Iex1+ lexot. ..+ Igzn+ loc = 0, HIIH

Uzx1/ Rex1+ Usxa/ Rexot. ..+ Uszn/ Rezn+ Use/ Roc=0 OTKYIa
AOKYMEHT NoarnnMcAH

SNEKTPOHHOWM NMoarnuchbio Rﬂﬂ) Usnot.. '+( Rod/ RBK“) UBK“] (9*3)
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CxeMa aredpanyecKoro CYMMHPOBAHH S IBYX HaIIPSDKEHHI ¢ HHBEPCHeH H300pakeHa Ha
pHc. 10.4. B 370l cXeMe CyMMHpPOBaHHE OCYIIECTRIISICTCS ¢ OMHHAKOBEIMH BECOBBIMH KO3 HIH-
€HTaMH, OJTHO H3 CYMMHPYEMBIX HAITPSKEHHH ITOAAETCS OT PErYIIMPYEMOro HCTOYHHKA 0...15 B,
€0 ITOISPHOCTE OCTAETCS MTOCTOSHHON, BTOPOE — C AEIHTENI HAIIPSDKEHMS, IO MOKHO H3MEHITH

KdK ITO BEJIMYHHE, TAK H ITO 3HAKY.

Roc

15B 6300M | |_:|'
- |> UEH:';
:

oy HH4®

o diEl

4700M

I5B
I

PucyHok 10.4 — CxeMa anredGpandecKoro CyMMHPOBAaHHS

UtoOGe1 OV BBINOIHSI OIEPAllHIO HHTETPHPOBAHINS, B IIEIb OTPHIATEIFHOH OOpaTHOIM
CBS3H HEOOXOIMMO BKIIFOUNTEH KOHIEHCATOP, 4 BXOIHOE HAIIPSKEHHE ITOJIaTh YEPE3 COIMPOTHRIIE-
HHE HAa HHBEPCHEIH BXOM, BTOPOH BXOM, KaK H B IIPEABIAVIIEN CXeME, HEOOXOANMO ITOIKITFOYNTE
K CpellHEH TOYKe HCTOYHHKA ITHMTaHHSA (CXeMa HHTEIPHPVIOIIEr0 YCHIIMTENS IIPeICTaRlIcHa Ha

puc. 10.5.

lgx
—
._-l 1kOM | ﬁDUE
O 4700Mm J_

15B
NOKYMEHT I'IDEI'IHCAH
SNEKTPOHHOW NnoarincCbio
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Y cHIMTEnb, COOPaHHBIH ITO CXEME PHUC. 9.5, MOKET BRITOIHATE H JPYTHE MaTEMATHYECKHE
OIIEPALMH, BHJ KOTOPBIX OIpPeeNsIeTCsa KOMIUIEKCHBIMH COITPOTHBIEHHSMH BXOQHOH LETH Zgx(P)
H IIEITH 00paTHOH CBSBH Zoc(p). B o0mmeM cioydyae BXOIHOE H BBIXOJHOE HaIPSDKeHHSI B JaHHOH
CXEME CBS3aHEI 3aBHCHMOCTBIO:

User(P)=-[ Zoc(p)/ Zzx(p)] Uex(p)
B yacTHOM ciTy4dae, ITpH HHTeTPHPOBAaHHH, Zsz(P)= Rex , Zoc(p)=1/(Cp),
User(P)=- Usx(P)/(C Rexp),
HJIH, ECIIM IIEPEHTH OT OIepaTOPHOM (POPMEI 3aITHCH K KIIaCCHYECKOI,
Usen=-1/(C Rex)] Usxdt

M3 nocne Hero BeIpakKeHHs CIIEAYET, UYTO CKOPOCTh HHTETPHPOBAHU S OIIPEIEIISIETCS ITPO-
H3BeAeHHEM CRgx, KOTOPOE HA3BIBAIOT ITOCTOSHHOH BPEMEHH HHTEIPHPOBAHHS H O0003HAYAIOT
00BIMHO OYKBOI T. ECIH B JaHHOM ITPOH3BeJeHHH EMKOCTh BHIPAa3HTh B (papajiax, a COIMPOTHBIIE-

HHE B OMED{:. TO IIOCTOAHHAA BPCMCHH ITOJIVHHTCA B CCKYHIAX.

YKkazanue no mexHuxe 0 e3onacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOIOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHBCICHBIL

B ITPHIIOKEHHE A.

VKazanusa no 6binoiHeHUI0 140 opamopHoil padomal:

[Ipn BEIIOIIHEHHH JTa00paTOpHOH PadoThl HEOOXOMMMO OITpOoOOBaTh PadboTy OIEepaIfiOH-
HOI'O YCIWIHTENS B CIEAVIOIINX PeXHMaX. KOMITapaTopa, HEHHBEPTHPY-IOIIErO IWIH HHBEPTHPYIO-
II[er0 YCHIIHTEISI, CYMMaTOpa H HHTerpaTopa; IIPOBEPHTh 3aBHCHMOCTD KO3( pHIlHeHTa YCHIeHH
YCIINTEIS OT HAarPY3KH, CHATh aMIUIHTVIHVIO XapaKTEPHCTHKY YVCHIIHUTEN L.

[ IopsimOK BRITTOIHEHH S paOOTHI CIIEAVEOIIHH.

1. MU3y4uTh OCHOBHEIE TEOPETHYECKHE ITOIOKEHH .

2. CoOpatp cxemy kommaparopa (puc. 10.1). IlomaTe HanpsKeHHe TTHTaHHS, H3MeHeHHEM
ITOIIOKEHHS PYKOSTKH ITOTEHIHOMETPA YCTAHOBHUTE HYIIEBOE HAIIPSDKEeHHE MeXAY Bxogamu OV,
[lomaBass He3sHAUHTEIIFHOE HaMpsDKEeHHE MeXIy BXogaMH OY mepeMellleHHeM PYKOSTKH ITOTeH-
IIMOMETPa, YOeMUTECS, YTO IMPH U3MEHEHHH €I0 3HAaKa HallpsKeHHE Ha BEIXOIE YCHIINTEIS TOXE
MEHSIET 3HAK, IIPHHUMAS IIPH 3TOM MaKCHMAIbHO BO3MOJKHEIE 3HAUYEHHS, OIIH3KHE K HAITPSKEHHEO
TTHTAHH .

CoOpaTh I10 YKa3aHHIO IIPEIOAaBaTENI CXeMY HHBEPTHPYIOIIET O HIIH HEHHBEPTHPYIOIIETO

NOKYMEHT NOANUCAH |
SHEKTPOHHON HOANNCHIO THTYIHBIE XapaKTe PHCTHKH YCHIIHTENS IIPH IBYX
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Ha BXOJle YCHJINTEII yYKa3aHbl B TaOmuale 10.1, B 3Ty ke TaOIHI[y BHECTH 3HAYeHHS BBIXOTHOIO
HAaITpSDKEHHS

Tabmra 10.1

Roc Uz, B -5 -4 -3 -2 -1 0 1 2 3 4 5
22

KOM User:, B

Roc Uszz,B -1.2 -1 0.8 | 0.6 | -0.4 0 0.4 0.6 0.8 | 1.2
100

KOM User, B

BeraucinTe K03 QHIMEHTH YCHIEHHS H CPaBHHTh HX C TEOPETHYECKHMH 3HAYEHHSIMH,
BBIYHCJIEHHBIMH B COOTBETCTBHH C (popMyIamMH. BKIIFOUNTH H BRIKIIFOUHTH Ha BEIXOJE YCHIIMTEIL
HarpysKy 3.3 i 4.7 KOM, YOeaIUThCSL, YTO IIPH 3TOM HAITPSKEHHE HA BBIXOJE VCHIINTENS HE Me-
HSIETCHL.

4. CoOpaTh cxXeMy anredpandecKoro CyMMHPOBAaHHS ABYX HanpsokeHHH (prc.10.4). Ycra-
HaBJIMBAas HaIIPSKEHHS Ha BXOJaX, VKa3zaHHbIe B Tabnmie 10.2, 3armcars B TaOIHIy HAITPSKEHIL
Ha BEIXOJE YCHIIHTETISL.

Tabmima 10.2.

Uez1,B 1 1 1 1 1 1 1 1 1 1 1 1
Uez2,B -6 -5 = -3 -2 -1 0 1 2 3 4 5
UBI::IE{;.B

5. Cobpate cxemy pHc. 10.5. BRI CIMTE ITOCTOSHHYIO BpeMEHH HHTEIPHPOBaHM. I1omaTh
HaIIpPsDKEHHE IIMTAHNSL, YCTAHOBHTH Ha BXOJ€ YCHIINTEIS HampspkeHHe +1 B, yOeTUTLCS B TOM, UTO
BBIXOJQHOE HAIIPSDKEHHE M3MEHSETCS CO CKOPOCTBIO, COOTBETCTBYIOIIEH BBIUYHCIIEHHOMY 3Haye-
HHIO ITOCTOSHHOH BpeMeHH. [I0BOpOTOM PYKOSATKH IIOTEHI[HOMETPAa H3MEHHTE ITOISIPHOCTh BXOJ -
HOI'O HaImpsDKeHHs, YOeIHTHCS B TOM, UTO BBRIXOJHOE HAIIpsKEHHE ITOCIIE ATOr0 YMEHBIIAETCS C
ITOCTOSIHHON CKOPOCTRIO. CHSB HaAIIPsDKEHHE, 3aMEHNTH KOHeHCcaTOp EMKOCTRIO 100 MK®D Ha KOH-
neHcarop 10 Mx®, rogaB HamnpspKeHHe, YOeIHTHCS, UTO HAIPSDKEHHE Ha BBIXOJE CTAJI0 MEHSITHCS
B 10 pa3 OGeicTpee. [IpH HCIIBITAaHISIX HHTETPaTOpa CIeqUTh 3a TeM, YTOOBI HAITPSDKEHHE HA BRIXO/E
YCIIHTENS OBIIIO BCE BpeEMS OTPHIATEIIEHBIM, 3TO HeOOXOAHMO ITOTOMY, YTO B CXEME HCITOIb3Y-
FOTCS BIIEKTPOIIUTHYECKHE KOHAEHCATOPHI.

6. 3aKOHYHB SKCIICPHMCHTEIL, IIOCTPOHTE aMIINIHTYIHDBIC XAdPAKTCPHCTHEI YCHIIMTCIIA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Coodepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

1. HazpaHue paboTHI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrmHcaHIe HCIOIb3YeMOro 000pYIOBaHHS H MaTepPHAaJIOB,
5. ITopsimoK BRIMIOJIHEHHM S PaOOTHI,

6. Beruncnennsa u o6padorka pe3ylbTaToR,

7. BEIBOJIEL.

Koumponsusie 6onpocet:

1. OmmimTe OCHOBHBIE CBOHCTBA OIEPAIHOHHBIX YCHIHTEIIEH.

2. Ommmmre padoTy KoMITapaTopa.

3. [losicHute paboTy HHBEPTHPVYIOIIETO H HEHHBEPTHPYIOIIETO YCHIIHTEEH.

4. YeMm onpeAesroTcs Ko3()PHIHeHThI YCHIIEHHS YCHIIHTeNIeH, coOpaHHBIX Ha 0a3e OIle-
PAIFIOHHOT' O YCHIHTENS?

5. Kak ¢ momorInpro OY OCYIIECTBISIOT CYMMHPOBAHHE HAITPSKEHIH?

0. Kak mocTpouTk cxeMy HHTerparopa Ha Oaze OY? UeM omnpenensercs CKOPOCTh HHTE-
T PHPOBAHH?

7. Uem B o011eM ciy4dae OIpeaenseTcs JHHAMHYECKHH peXuM OY ¢ OTpHIATEIIEHOH 00-
PaTHOMH CBS3BIO?

8. Kak HarpspkeHHe Ha BRIXOAe OV 3aBHCHT OT Harpys3KH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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JJabopamoprana paboma Nell. I'enepamop npAmoy2oabHbIX UMIYJILCOG.

HEJH: pﬂﬁﬂlﬂbl . I/IB}HIHTL IIPHHITHITHAJIbBHYIO CXEMY ., HA3HAUCHHE OTACJIbHBIX €€ SIIEMEHT OB

H pa0OTy reHepaTopa IpsSMOYTOJIbHBIX HMITYIILCOB Ha 0a3e OIepalfHOHHOIO YCHIIHTEIL.

OCHO6bL MmeopuiL:

['eHEPATOPRI IIPSMOYTOJIBHBIX HMITYIILCOB IIIHPOKO HCIIONB3VIOTCS B Pa3IMYHBIX YCTPOH-
CTBaxX 3JIEKTPOHHOH TEXHHKH: B 3JIEKTPOHHO-BBHIUMCIMTEIBHBIX MAIllM-HaX, CHCTEMAaX CBSI3H, CH-
cTeMax aBTOMAaTH3aL[HH IIPON3BOACTBEHHEIX IPOL[ECCOB, B OBITOBON TEXHHKE M T.X. CYIIECTBYET
PSI CXeM I'eHePaTOpPOB, KOTOPEIE COOHPAIOT, HCIIONB3YS B KaUueCTBE Oa30BBIX 3JIEMEHTOB MO0 J10-
THYECKHE AIIEMEHTEL, MO0 TPHITEPHI, THOO0 OIePAI[HOHHBIE YCHIIHTEIH, IIHOO OTAeIbHBIE TPAH3H-
CTOPHL. [IpOMBIIIIIEHHOCTE BBIITYCKAET TEHEPATOPHI B BHIE MHKPOCXEM, OHH TaKKe BXOISAT KakK
COCTABHBIE 3JIEMEHTHI B LIETBIH P OONIBIIIX HHTET PAIbHBIX CXEM.

B HacTosmen jmadopaTopHOH padoTe paccMaTpPHBAETCS CXEMa aBTOreHeparopa IIpsMO-
YT OJIBHBIX HMITYJIb COB, ITOCTPOEHHASA Ha 0a3e OIEPaI[HOHHOI0 YCIWINTEN L. JJOCTOHHCTBAMH TaKOTI'O
reHeparopa SBISIOTCS: KPyTOH (DpOHT HMITYIILCOB, IIPOCTOTA PETYIIHPOBAHHS YaCTOTHL H CKBaXK-
HOCTH, OTCYICTBHe OOpaTHBIX BHIOpOCOB. [IpHHIMIIHaIBbHAS 3MEKTpHYecKas cXeMa TeHepaTopa

IpeAcTaBiIcHa Ha puc.11.1.
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OrnepallHOHHBIH YCHIIHTENh HMeeT Oe3bHEePIHOHHYIO MTOIOKHUTEIIPHYIO O0OPaTHYIO CBS3b,
Koropas obecrieunsaercs aemTeneM R R 1 HHEPIIMOHHYIO OTPHIIATEIbHYIO, BEIIIOTHEHHVIO pe-
3ucTopaMH Rz H R4  KoHzieHcaTopoM C.

PaccMoTpHM peXHM aBTOKOJIeOaHHH 3TOr0 reHeparopa, IpHHIB Ri= R4.

ITycts B MoMmeHT BpeMeHH t = 0 (prc. 11.2) BKIIrogaeTcsa HCTOUYHHK ITHTaHHSI OY H BBIXO/I -
HOE HaIlPsKEHIE HauMHAET BO3PacTaTh, TOrAa Yepes AeiHTelb R R yBemmuBaeTCsa HaIlpsDKEHHE
U", Hanpsokennie U™ BClieAcTBHE HAITHYHS KOHAEHCATOpPA B IIENH 0OpaTHOH CBS3H PacTeT ITOCTe-
neHHo. BenmeacTeue yRennmueHHss U HapacTaHHe HanpspkeHHs U IpoTeKaeT JJaBHHOOOpa3HOo, OHO

GKﬂlﬂ{DﬂﬁpﬂSHD BO3PacCTacT 40 HAITPpAKCHHA HAaCBIIIICHHA E:, d BXOJHOC U 0O
R,

U =E - —2* _—yE
: R +R, 4

Hamnpsoxkenne U— B mpollecce 3apsjia KOHAEHCAaTOpa PacTeT II0 AKCIIOHEHTE, CTPEMSCH K
3HAYeHHIO E, HO KaK TOIBKO OHO HE3HAUHTEIBLHO ITpeBBICHT UR, HaIpspkeHHe Ha BeIXome OY
CKAQUKOOOpa3sHO M3MEHNHTCS A0 3HAYEHHI —E, ITOCIIe Yero KOHJAEHCATOP HAYHET Iepe3apsoKaThCsl,
TO €CTh HaIIpsKeHHEe U— CcTaHeT YMEHBIIATECA 110 3KCIIOHEHTE, CTPEMSICh K 3HAUEHHIO —E, a Harps-
KeHHe U+ B Impoliecce mepesapsga KoHaeHcaTopa OyIeT ocTaBaThCA ITIOCTOSHHBIM, PaBHBEIM —YE.
Kak Tomeko U— craHeT 1o aGcomoTHOMY 3HauYeHHIO Oojpine U+, HalpsokeHHe Ha BeIXOofAe OY

CKaYKOM H3MeHHTCA 10 +E. ,HELTIEE ITPOICCC 6}*’,[[ET IIEPHOAHYCCKIT ITOBTOPATLCA.

UH]:]I A

SR R S
t
-

E

-4 i i

U | S | o _|_UR
t
-
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[lepBeIit HIMITYIIEC OYJeT HMeTh MEHBIIYIO JIHTEIBHOCTh, ITOCKOILKY OH (POPMHPYETCS

ITpH 3apsiae KoHaeHcaTtopa oT 0 go Urg.

-1
U (1)=E(1-¢ "
rie T = RsC, B Moment nepexmouermst U (I) =Uy=VE 10ects mput=t..

yE-E[1-¢ %

¥

OTI{}"I[E], AJIHTCIIBHOCTE IICPBOI'O HMITYIIBCA

|
i =T In——
l—y-
HPH I‘EHEP&L[IIH HGCHE,[[}’TOH_[ID{ HI\ﬂT}’TILCDE I{GH,I[EHCHTGP HEPEBHPH}I{HETCH OT HEII[p}DI{E-

HUA Ur = YE OJHOH ITOJIIPHOCTH, CTPEMSCH 3apSIHTHCS IO HAIIPsKeHHS E IIPOTHBOIIOIOKHOM

ITOIIAPHOCTH, TO €CTh ITPOLCCC IICPE3aPANKIH ITPOTCKACT IT1O 3dKOHY.
- YA
U (t)=(E+ yE)(l—e T)—;/E_J

Ipoliece Iepe3apsaakH Impekparnaercs mpaH U™ (t) = YE, oTKyaa JIHTEIbHOCTh ITOCIIEAYIO-

II[IX UMITYIIECOB OVAET

|+
{ =7ln 7
1 \
I—-y
TIEPHO/I CIIEAOBAHHI HMITYIILCOB T = 2t,.
CKBaXKHOCTH CHTHAaNa
T
—=2

L
JI1d TTomyYeH s CKBaKHOCTH (|, OTIIHYHOM OT 2, HEOOXOIHMO IIPHHATH COOTBETCTB YIOIIHE
pasIMyHEIE 3HAUEHH S R3 1 Ry:

R4= R3 (q-]).

YKkazanue no mexHuxke dezonacHocmu.

YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHBEICHBIL

AOKYMEHT NOA4rnncAH
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VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:

1. Cobpare cxeMy reHeparopa, H300pakeHHYIO Ha pHc. 10.1, MpHHSAB ClIeAVIOIHE 3HAUE-

HHS ITapaMETPOB IIEMEHTOB!
Ri1=4,7kOM, R;=1kOm, R3= Rs=1Monm, C=0,01MKD.
(ITpenmogaBaTerneM MOr'yT OBITh 3aJaHbI APYTHE 3HAUEHH S ITapaMeTPOB).

I[JIH IHTaHIA OIICPAIlTHOHHOI'O YCHIIMTCIIA HCIIOIIB30BATh JBd HCTOYHIKA ITOCTOAHHOI'O

TOKa |1 5B, BKIIOUHB HX Tak, KakK ITOKa3aHo Ha puc. 11.3.

4 @
ISB {1

L '

—® — -
15B
[

PucyHok 11.3 — [IpuHIIMImanpHas cxeMa HCIILITAaHHS TeHepaTopa IMpAMOYTOIILHBIX HM-

ITVIIBCOB

BEIXO/IHOE HampspKeHHE TeHepaTopa IToaTh Ha BXOJ, OCIITIIorpada.

2. Ilocne mpoBepKH COOPAHHOH CXeMBI IIPeIogaBaTeleM II0AaTh HAIPSKEHHE Ha OCL{HII-
norpad M Ha HCTOYHHMKH IHTaHHS. HaGmomas Ha skpaHe ocipuniorpada (popMy BBIXOTHOIO
HaITPsDKEHHS TeHepaTopa, YOeIHTHCSL, YTO OHA HMeeT IMPSMOYT OJIbHYIO ()OpMY, ITPHYEM, JUIHTEIIh-
HOCTH TTOJIOKHUTEIIEHOIO HMITYIIbCA PaBHA JIMTEIBFHOCTH OTPHIIATEIILHOTO.

3. B rierm orpHiiaTensHOH 0OpaTHOH CBSI3H pe3HCTOp Rj3 comporuBieHneM 1 MoM 3aMme-
HUTH pe3HcTopoM 100 kOM. YOeIUThCS, UTO JJIHTEIIbHOCTD ITOIMOKHUTEIFHOIO HMITYIILCA CTajla B
10 pa3 xopoue JUIHTEIBHOCTH OTPHIIATEIBLHOTO.

4. B 11erm nmomoxuTe b HOH 00paTHOH CBSA3H IapallIe]IbHO Pe3HCTOPY Ra COPOTHRIEHHEM
1 KXOM BKIIOUMTEH BTOPOH TaKOH ke pe3ncTop. IIpH sToM KO3 pHIEeHT JemuTensd HalnpshKeHH
YMEHBIIMNTCS 1 CTAHET PaBHBIM

v1=0,5/(4,7+0,5)=0,0961,
110 BKIIFOUEHHS BTOPOr'O PE3HCTOPA €ro 3HAYEHHE OBIIIO

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

NIOKYMEHT MOAMUCAH OUIachk B n pas, TIe
INEKTPOHHOW NOAMMACHIO
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HaOmoast cHrHal BEIXOAHOIO HaIpsKeHHS Ha SKpaHe ocIfinIorpada, yoeJuThcsa B yBe-
JIHYEHHH €TI0 YaCTOTHI.

5. C moMomip0 ocIiIIorpada mpoHadnaaTe GopMy HanpsokeHns U,

Codeporcarue omuema:

OT4YeT JOIKEH COMEePKaTh:

1. Hazeanue paboTEI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrHcanie UCIoIb3YeMOro 000PYAOBaHHS H MaTEPHAJIOB,
5. Ilopsapok BeITOIHEHH S PaOOTHI,

6. Berunciennsa n o6padorka pe3yIbTaToB,

7. BEIBOJIEL.

Koumponsusie éonpocet:

1. Kakoe 3jIeKTpOHHOE YCTPOHCTBO HA3bIBAIOT aBTOreéHEPATOPOM?

2. OrmnmTe pabGoTy aBTOreHepaTopa IMPSMOYIOJIBHBEIX HMITYIIBCOB Ha Oa3ze OIlepallHOH-
HOI'O YCHIIMTEIS.

3. Kakumu criocobaMi MOKHO H3MEHHTE YaCTOTY CHTHalla, pacCCMaTpHBAcMOIO B JTaHHOH
pabore reHeparopa?

4. Kaxk H3MeHHUTh CKBaKHOCTH CHT'HAlIa TeHepaTopa?

5. OOBSICHHTE POIh MOTOKHTEIBHOH 00paTHOI CBA3H B (DOPMHPOBAHHH (PPOHTA CHTHAJIOB
reHeparopa.

0. Kak M3MeHHTCS YacTOTa CHTHalla T'eHepaTopa IPH YBEIHYEHHH COMIPOTHRIEHHI R1 Je-

JIHTeIIsI HAITPSDKEeHHA?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Jlabopamopraa pavoma Nel2. H3yuernue npuHuunoe nocmpoeHua u (YHKUUOHW1b-

HbIX 603MOXMCHOCMEU mpuccePOe paA3iHUHBLX HMIHNO0E6.

Ilens padomsr: VI3ydeHHe ITPHHIUIIOB IIOCTPOEHHS H () YHKIITHOHAIIBHBIX BO3MOKHOCTEH

TPHITCPOB pa3/IHYHBIX THIIOB.

OcHOé6bL meopui.

TPIHTEPOM HAa3BIBAIOT HPGCTEﬁIJIEE TTOCIICAOBATCIIEHOC }"G'I‘pﬂﬁGTEG: KOTOpPOC MOKET
HaXOIHTBCA B OJHOM H3 IBYX BO3MOMKHBIX COCTOSHHH H IIEPEXOIHTE H3 OJHOI'O COCTOAHIIA B 1PV~
roe IToJ AeHCTBHEM BXOIHBIX CHTHAJIOB. TPHITEPLI SIBIITFOTCS 0a30BBIMH AIIeMeHTaMH IT0CIIeq0-

BaTCSIIBHBIX JIOTHYCCKIIX }*'CTpGﬁCTE.

TpHTTepsI OOGBIMHO HMEIOT /{Ba BEIXO/A: IIpsMoit Q M mHBepcHsIit ( .

BxoJb1 TpHITEpa pa3fensstoT Ha HH(OpMAaILMOHHbIe H yIIpaBiraromiye. MH(popMaloHHEIe
HCITOIB3VIOTCS IS VIIPABIEHHSI COCTOSHHEM TPHUITEPA, VIIPABILIOIINE — IS IIPEABAPHTEIILHOMN
YCTaHOBKH H CHHXPOHH3AL[HH.

PasmyaroT aCHHXPOHHBIE H CHHXPOHHEBIE TPHITEPHI. ACHHXPOHHBIE TPHITEPBI MEHSIOT
CBO€ COCTOSIHHE HEITOCPEICTBEHHO B MOMEHT ITOSBIIEHHS Ha BXOJie HH(POPMAIIHOHHOI O CHIHAJIA.
CHHXPOHHBIE TPHITEPHI PearHpPyIOT Ha HH() OpMAIHOHHBIE CHTIHAJIBI IIPH HAIMYHHM CHTHAaJIa CHH-
XpoHH3aun C. CHHXPOHHBIE TPHITEPEL, B CBOIO OUEPEIb, ITOAPA3AEISIOT Ha TPHITEPHI CO CTAaTH-
YeCKHM H JHHAMHYECKHM YITPaBJIEHHEM 10 BXOIY CHHXPOHH3AI[HH.

CTaTHYecKHe CHHXPOHHBIE TPHITEPHI BOCIIPHHHMAIOT HH(OPMAI[HOHHBIE CHTHAJIBI ITPH
nmojlaue Ha BXOJ C JTOrHYeCKOH eTHHHIBI (IPSMOH BXOJ) HIIH JIOTHYECKOrO HYIISA (HHBEPCHBIH
BXOI).

J[MHaMIYecKHe CHHXPOHHBIE TPHITEPHI BOCIIPHHHMAIOT HH()OPMAIHOHHBIE CHTHAJIBI ITPH
H3MeHeHHH cHrHana Ha Bxofae C oT 0 go 1 (mpsmoit mrHamMIrgeckui C-Bxoa) WiIH oT 1 go 0 (MH-
BEPCHBIHN JHHaMIYecKHil C-BXO0[).

[To QpyHKIMOHAIEHEIM BO3MOKHOCTSIM TPHITEPEI Pa3AeiIIIOTCS Ha CIIEYIOIIHE KIIACCHI:

— ¢ pa3zenbHoH ycTaHOBKOH 0 B 1 (RS-TpHITEDH);

— yHHBepcanbHble (IK-TpHITephl);

— ¢ IIPHEMOM HH(OpPMALIHH IT0 OJHOMY BXOAY (D-TpHITEpEI);

— CO CYETHBIM BXOA0M (T-TpHITEPEI).

Rynmer Tnurrennr nAnRTauamT CTTE TTVHEOTTIET NV GﬁpﬂBﬂM:

NOKYMEHT NoanncAH
SNEKTPOHHOW NOAMUCHIO MM GﬁpﬂBGMZ
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
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R — BXOJ U1 YCTaHOBKH B cOCTOAHIE (Q = 0,

I — BXOJ 171 YCTAaHOBKH B cOoCcTOsIHHE (Q = | B VHHBEpPCAIILHOM TPHITEDPE;
K — BX0J U1 YCTaHOBKH B cOCTOSHIE (Q = 0 B YHHBEPCAIIbHOM TPHUITEPE,
D — Bxox a1 ycTaHOBKH B cocTOsHHE Q = 1 mmn Q = 0 B D-TpHrTepe;

T — BXOI CUETHOIO TPHITCPA,

e

C

— CTaTHYeCKHH ]'[pfﬂuf[ﬂﬁ BXOJ CHHXPOHII3aIlIH,

— CTaTHYECKHH III—[BEPGHLIﬁ BXOJ CHHXPOHH3AIIII,

C
7|/ — TIPSMOI JHHAMHYECKII BXOJ CHHXPOHH3AI[HH;

AI\ — HI—[BEPGHLIf[ ITHHaMHYeCKHI BXO] CHHXPOHH3AITHII

V wmi E — JONMOMHHTEIbHEIH YITPaBILIFOIIHI BXOJ, I pa3pellleHHS ITpHeMa HH((pOpMaIHH.

CXeMBI TPHITEPOB CTPOSAT OOBMHO Ha 0a3e IMOTHYeCKHX 3JIEMEHTOB, OCHOBHBIM H3 KOTO-
PBIX SBIIETCA AMeMeHT «-HE». PaccMOTPHM OCHOBHEIE H3 3THX CXEM.

ACHHXpPOHHBIH RS-TpHITED

CxeMa RS-Tpurrepa n3obpakeHa Ha pHCYHKE 1. B cxeme HCIons30BaHbI 4 sneMeHTa «U-
HE» ¢ nBymsa BXogaMH. O1eMeHTH «a» H «by BBIMOIHSIIOT (QyHKIHIO «HE», Tak kak HX BXOHIBI

BKIIIOUCHBI ITdPAJUICIIBHO. HPH OTCYTCTBHH CHI'HAJIOB Hd BBIXOHddX 3JICMCHTOB «a» H «b» 6}’,I[ET

JIOTHYCSCKAaAd 1:, H SCIIH BBIXOJ 3JICMCHTA «Ch Q — 1:, TO Ha BBIXOJle AIeMeHTa «d» Q — 0 CoCTOSIHHE

TPHITCPad H3MCHHTCA, €CJIIH Ha BXO/ R rmogats JIOTHYCCKYIO 1. HpH 5TOM Ha BBIXOJEe «b» ITOSIBHTCSI
0:, KOT GpBIﬁ H3MEHHT BEIXOMHOH CHTHAII BJIeMeHTa «d» H3 COCTOSHI S Q =0 B COCTOSMHIIC Q — 1 s

B PE3IVIIBTATC YUCI'O BRIXOM JIICMCHTA «C» H3MCHHTCAH B COCTOMAHIIC Q =0.

&
N A

NNOKYMEHT MOAMWUCAH
ANEKTPOHHOW NMOANUCHIO
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PucyHok 12.1 — ACHHXpOHHEBIN RS-TpHITED
AHaJOrHYHBIM 00Pa30M COCTOSIHHE TPHITEPA BEPHETCS B IIEPBOHAYAIIBHOE, ECIIH JIOTHYE-
CKVIO €IMHHITY ITOJATh Ha BXOJ S.

Pa®ory JaHHOIO TpHITEpPaA OIMCEIBAET XaPaKTEPHCTHUECKOE YPaBHEHHE:!
Qr+l — Sr n EI _QI
SR =0

rae Q' — BBIXOMHOH CHTHANI IO MOJaYH BXOJHBIX CHTHAIOB S' H R' B HEKOTOPBII MOMEHT
BPEMEHH 1,

Q"*! — BRIXOMHOIT CHTHAII ITOCIIE ITOJa4YH BXOJHBIX CHIHAJIOB.

BTopoe ypaBHeHHE OTpakaeT TO OOCTOSTEIBCTBO, YTO OJHOBPEMEHHAS IT0Ja4ya BXOIHBIX
CUTHAJIOB «1» Ha BXOIBI RS-TpHITepa 3alpelneHa, Tak KaK IIPHBOAHT TPHUITEP K HEOIIPEIEIICH-
HOMY COCTOSIHHIO.

[IoMHMO XapaKTepHCTHYECKOIO YpaBHEHHS padora RS-Tpurrepa moxer OBITH OITMCaHa

CIIEAVION[EH TaOIHIIEN COCTOSHH L.

Tabmna 1. — CocrosHue RS-Tpurrepa

S t R[ Q[ Q[+ | P & KIIM
0 0 0 0
XpaHeHHe

0 0 | |
| 0 0 1

YcTaHOBKa 1
| 0 1 1
0 1 0 0

YcraHoBKa 0
0 1 1 0
| 1 0 -

HeormnpepeneHHOCTE

| 1 1 -

CxXeMa CHHXPOHHOro RS-Tpurrepa rpejicrapjieHa Ha pucyHke 12.2. J[aHHBIH TPHUITED pea-
THpyeT Ha HHPOPMAaI[HOHHbIE CHTHAJIBI, ITOCTYIIAIOIHE Ha BXOABL S H R, IIpH HAJIMYHH CHTHAJIA Ha
BXO[e CHHXpOoHM3aIHMH C. B ocTabHOM ero padora aHaJIornyHa padore aCHHXPOHHOTO RS-TpHT -
repa, OHa OITHCBIBAETCS TEMH K€ XapaKTEPHUCTHYECKHM VPaBHEHHEM H TaOIIHIEH COCTOSHIH.

IK-TpHITEp, CXEMa KOTOPOro IPEJCTaRIIeHa Ha PHCYHKE 3, OTIIHYAeTCSI OT CHHXPOHHOI O

NOKYMEHT MoanncAH HI'HAJIOB Ha €I'0 I]H(bﬂpMElL[HGHHLIE BXOJbI [n K
SNEKTPOHHOWM NOANUCHLIO
Ceprudbirat: 11 12000002A633E3D113AD425FES0002000002A6 TOSTHI ST BBIXO/TIOB Ha ITPOTHBOIIOIIOKHOE.
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Paccmorpum cHavamna padory IK-tpurrepa mpH pasfaelIbHOH IT0Jaye CHIHAIOB Ha €ro
BxoAbl. [Ipn orcyrerBHM BXOAHBIX cHTHAIOB (I = 0, K = 0, C = 0) Ha BBIXO/ic RIEMEHTOB «a» H
I - | S I
«a'» A=1, A'=1. BEIXOIHbBIe CHTHAIIEI 311eMEHTOB «b» «b'» MOr'yT HaXOJIHTECS B OJJHOM H3 JBYX
ITPOTHBOIIONIOKHBIX COCTOSHHI, ITpea-1onoxuM, B =1, B'=0, Toraa, Tak KaK B paccMaTpHBAEMOM

crydae (mpu C = 0) F =1, Bexoguble curHansl «Dy» 1 «D'» 6yayr D=0, D'=1. Tak kak D = 0,

T0Q=1,a Q =0 , TaK KaK BXOJ/HBIE CHTHAIIEI 3lIeMeHTa €' 00a paBHHI 1.

S

|

|
Q
rf

PucyHok 12.3 — IK-TpHITED

EcIH MoCcTyIHT CHHXPOHH3HPYIONTHH cHIrHalI C = 1 IIpH OTCYTCTBHH HH(pOpMAIIHOHHBIX (|

7 NOKYMEHT MOANWUCAH ¢ u «d» (F=1,D=1), cocTossHHE BEIXOJIHOIO
SNEKTPOHHOWM NOAMNUCHIO
Ceprudpikar: |~ 12000002A633E3D113AD425FB50002000002A6 YOH BXOM ITO-IIPCKHEMY 6}f,I[ET ITIOCTVYIIATh CHI'HAJI
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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PaccMoTrpiM Teleps paboTy TPHITepa, KOTAa IIPH IToCTYIuIeHHH C = 1 CHTHaIIBI Ha HH(pOP-

- i
MarHoHHBIX Bxofax I =0 i K = 1. Eciu nepex mogaueii stux cnraanos Q'=1u O =0, To Ha

BCE BXOMBI «a'» IIOCTYILIT IHHYHEIE CHTHAJIBI, II03TOMY CHTHAJI Ha €0 BBIXOJIE CTAHET PaBHBIM
HYIO (A'=0), BEIXOABI «b» H «b'» n3MeHT cBoe cocTosHHe (B=0, B'=1), moaToMy Ha oOpaTHOM
(ppOHTE CHHXPOHH3HPYIOIIETO CHTHAJIA, KOT[a BEIXOJ SIIeMeHTa «f» cTaHeT PaBHBIM eJHHHIIE, BBI-
XOJIHOH CHTHAI «d'» cTaHeT paBHBIM HYIO (D' = 0), a BEIXOJHOH CHTHAI «d» OCTaHeTCs eHHHY-

HEBIM. HpH ITOCT VITIICHITH HYIICBOI'O CHI'HAJIa Hd BXO/] «e'» ¢ BBIXoJa «d'» COCTOSIHHE TPHITCPaA H3-

i+
menurcsaiHa 0 =1 u Q™' =0.

Ecin masnee IpH MOCT VIIEHHH OYePeJHOrO0 CHHXPOHH3HUPVIOIIEro curHana [ =1 u K =0,

i+
TO aHAJIOTHYHBIM 00Pa30M COCTOSIHIIE BRIXOIHBIX cHTHAIOB M3MeHnTcs  Ha Q' =1u O =0,

[Ipn mapanienbHOM BKIFOYEHHH BXOA0B I H K paccMaTpHBaeMOro TpHITEpa OH ITpeBpa-
II[aeTCS B TPHITEP CO cUeTHBEIM BXOZOM (T -Tpurrep). Ecimn curaan Ha HH() opMalfHOHHOM BXofe T -
TPHITEP PaBeH 1, TO IIPH ITOCTYIUIEHHH OYePeJHOI0 CHHXPOHH3HPYIOIIEr0 HMITYIIbCA COCTOSHHE
TPHITEepa MeHSeTCs Ha IIPOTHBOIIOIOKHOE.

PaccMOTpHM ITpoIiecC CMeHBI COCTOSIHHS T -TpHITepa IMOAPOOHO.

JI1s paO®oTEl CUETHOI' O TPUITEPaA Ha BXOABI | H K HeoOXOoaHMO IT01ATh MOCTOSHHBIN &/IH-

HHYHEIH cHTHaJ. [Ipeariono:xim, repe HauaIoM CHHXPOHH3HPYIOIIETO HMITYJIbca CHTHAI B' =1,

aB=0,tormga D=1 u D'=0, BeIxXoaHbIe CHTHAIIEI Q =0 1 Q =1,

[Ipn nmogaue mmiryibca C = 1 BRIXOJHOH CHrHal aneMeHTa « HE» cTaHeT paBHBEIM HYVIIFO.
Tak kak Ha BXojie «C» BIIeMeHTOB «a» H «a'» BXOIHOH CHIHAII ITOCTYIaeT Yepe3 Au( pepeHImpy-
FOIYIO Ienmouyky R C, To KpaTKOBpeMeHHO HCYe3HET eIHHHYHBIH cHIrHalI A (cHrHan A' ocTaHeTc
B 53TO BpeMS eJHHHYHBIM, TaK Kak Q = 0), B pe3ynbTaTe Yero H3MeHHTCS COCTOSHIE AIIEMEHTOB
«b»u «b'»Ha B=1uB'=0. Iloka BXOZHOH CUTHaJI OCTAETCS PaBHBIM €IHHUIIE, BEIXO/IBI 3JIEMEH-
TOB «d»H «d'» TaxoKe OyJyT OCTaBaThCA eHHHYHEIMH. [IpH CHATHH YITPaBISIOINEr0 HMITYIbCa (C

= () curHan F cTaHeT paBHBIM eIHHHIIE H, TaK KaK B = 1, curHan D cTaHeT paBHBIM HYIIO, a Q —

1. IIpu Q=1 Q0 =0, To ects Ha 0GpaTHOM (POHTE BXOTHOTO CHIHATA COCTOSHIE TPHITEPA MEH -

€TCA Had ITPOTHBOIIOIIOXKHOC. BEH,I[}" TIOJIHOH CHMMCTPHH CXCEMBbI ITPH OHUCPSIAHOM BXOJHOM HM-
IIVIIbCC HpﬂIIBGﬁ,I[ET aHaJIOTHYHBIH ITPOILICCC (ELIKG,I[I{BIE CHI'HAJIbI CO IITPIXOM H 0e3 IITPHXA ITPH

OITHCaHHI ITPOICCCa MEH S Te MECTE],MII):, H TPHITCP BCPHCTCA B IICPBOHAYAIIBHOC TTOJIOMKCHIIC.

XapaKTepPHCTHYECKOE YPaBHEHHE H TaOIHMI[a COCTOSHUH IK-TpHUITepa crie yIOIHE.
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Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

Tabmira 12.2. — CocrostHue IK-TpHUITEpa

It K Q! Q! Pexrm

0 0 0 0 XpaHeHHe
0 0 1 1 P

| 0 0 |

: 0 | | YcTaHOBKA «1»
0 | 0 0

0 : | 0 YcraHoBKa «0»
| | 0 | W

| | | 0 Q _Q

[ToMIMO OIMHCAaHHBIX TPHITEPOB B YCTAaHOBKAX IH(PPOBOI AIEKTPOHHKH IHPOKO HCITOMIE-
3yeTcs TpHrTep ¢ odnmmM BXomoM (D-Tpurrep). BeixomHoi curHan D-TpHITepa IIpHHHMAET 3Ha-
YeHHe, paBHOE BXOAHOMY CHTHAJIY B MOMEHT ITOCTYIIEHH I HMITYIIbCa CHHXPOHHM3aIHH. Cxema D-
TpHITepa, coOpanHas Ha 6asze «M-HE», nipeacrasieHa Ha pHCYHKE 4.

[IpH OoTCYTCTBHH CHHXPOHH3HPYIOIIEr0 CHIHaNa « C» He3aBHCHMO OT 3HaYeHHS HH(pOpMa-
ITHOHHOTO cHrHana D A =1 u B = 0. 3HaueHHS BEIXOIHBIX CHTHAIIOB (Q H Q MOI'YT OBITH JTFOOBIMH.
[Tpeamonoxum, epes nocryiuierneM C = 1 Ha Berxoge Q =0, torga O = 1. Ecmi npu noctytoze-
HHH C =1 D = 1, To cHrHan A cTaHeT paBHBIM HVIIIO, B Pe3yIbTaTe Yero Q U3 cOCTOSHHI «0»

HEpEﬁ,I[ET B COCTOMHHC {{1}}3 a Q CTAHECT paBHBIM HYIIHO. Ilocre cHATHA CHHXPOHH3HPVYIOIICT O

CHI'HAaJIa BEIXOJHBIC CHI'HAJIBI HE H3IMCHATCA, IIPH 3TOM ]?]H(bﬂpMElI.[IIGI—H—ILIﬁ CHI'HAJI TPHITCPOM HE
BOCIIPHHHMACTCA 4O ITOCTVYIUICHHA OUCPCIHOI'O CHI'HAJld CHHXPOHH3AI[HH. Ecmm IIPH C=1D= 0:,

TO A CTaHETCHA PdaBHBIM «l »., B cTtaHeT PdBHBIM HYJIIIO, B PE3VYIIBTATC UCI'O COCTOAHHE BBIXOIHBIX

CHI'HAJIOB Q H Q H3MCEHHTCA Ha ITPOTHBOIIOJIOAKHOC.

C
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YKkazarue no mexHiike é ezonacHocmii:

YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BBOIOJIIHCHITH HﬂﬁﬂpﬂTﬂpI{BIX pElﬁDT IIPHBCOACHDBIL

B ITPHIIOKEHHE A.

VYKazanusa no 6uinojiHeHUI0 140 0pamopHoil padomal:

1. JleTalbHO H3YUHTh OCHOBHBIE TEOPETHYECKHE ITOJIOKEHHA.

2. Ha maboparopHoM cTeHzie coOpaTh CXEMBI aCHHXPOHHOI'O H CHHXPOHHOTO RS-TpHITe-
poB, cxemy D-tpurrepa u cxemy IK-TpHITepa ¢ pasgellbHEIMH H CO CUETHBIM BXOJaMH.

3. Ompoborars paboTy KaKA0ro BHAA TPHITEPOB H 110 Pe3yIbTaTaM OIpoOOBaHH S COCTa-

BHTH TAOIHIIBI COCTOSTHIH.

Coodepacarue omuema:

OT4YeT JOIKEH COLEPXKATh:

1. Hazpanme paboTHI,

2. Llens paboTHI,

3. Kparkue TeopeTHYECKHE CBEAEHHI S,

4. OrcaHHe HCIIONIB3YeMOI'0 000PYAOBaHHII H MaTepHaJIOB,
5. ITopsimoK BRIMIOJIHEHHM S PaOOTHI,

6. Beruncnennsa u o6padorka pe3ylbTaToR,

7. BEIBOJIEL.

KoumponsHsie éonpocet:

1. Kakme 3IeKTpOHHEBIE YCTPOHCTBA HA3BIBAIOT TPHITEPAMIL?

2. YeM CHHXPOHHEIE TPHUITEPHI OTIIMYAIOTCSA OT ACHHXPOHHBIX?

3. UeM oTimyaroTCcsa JHHAMHYECKHH BXOJ CHHXPOHH3AI[HH OT CTaTHYeCKOIr 0?

4. Kaxk 0003HayarT BXOIbI H BEIXOJBI TPHITEPOR?

5. HazoBuTe pacCMOTpeHHbIe B pa00oTe THITBI TPHITEPOB H OIHIIHTE (PYHKIIHOHAIILHBIE
BO3MOIKHOCTH KaKIOr0 M3 HHX.

6. UTo Takoe XapaKTepHCTHYECKOE YPaBHEHHE TpHITEpa?

7. Uto nipeacraBinsgeT coOon TabimHIla COCTOSHHH TpHITeEpa?
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