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Conepxanue

BBenenue

Lenb 1 3324y U3yYEHUS TUCIUTUINHBI

OOGopynoBaHue U MaTepUalbl

HaumenoBanue nabopatopHbIX padboT

Coneprkanue 1a00paTOPHBIX pabOT

Jlaboparopuas pabora Nel. MccrnenoBanue XapakTepUCTUK IMOJIYIIPOBOIHUKO-
BBIX JINOJIOB HA TIOCTOSIHHOM M IEPEMEHHOM TOKaX.

Jlaboparopuas pabota Ne2. [Tapamerpudeckuii cTaOMIN3aTOP HATIPSIKCHUS.
JlaboparopHas pabota Ne3. XapakTepucTUKU OUIOISPHOTO TPAH3UCTOPA.
JlaboparopHas pabota Ned. XapakTepuCTHUKU MOJIEBOTO TPAH3UCTOPA.
JlaGopaTtopHnast pabota Ne5. HeyrnpaBinsieMbie BEITPSIMUTEIH.

JlaboparopHuas padota Ne6. Kackan ycrimtess IepeMeHHOr0 TOKa Ha OUITOIIsIp-
HOM TPaH3UCTOPE.

JlaboparopHas pabota Ne7. Ycunuresns Ha OJIEBOM TPAH3UCTOPE.
JlaGopatopnast padora Ne§. MccnenoBanrue XapaKTepUCTUK TMOTYIPOBOJIHHUKO-
BBIX JINOJIOB HA TIOCTOSIHHOM U IEPEMEHHOM TOKaX.

JlaboparopHas pabota Ne9. TUPHUCTOPHBII PEryIsITOp HAMPSKESHHUSL.
JlaGopatopHas padota Nel0. OnepanmoHHBIA YCUIIUTENb.

JlaboparopHnas padota Nel 1. 'eneparop npsiMOyTroibHBIX UMITYJIBCOB.
JlaGopaTtopHnast pabota Nel2. Tpurrepsi.

Y4ebHOo-MeToin4Yeckoe U HH(POPMAIIMOHHOE 00ecrieueHNe TUCIIUILIMHBI
[TepeueHb OCHOBHOM M JOMOJHUTEIBHOM JINTEPATypPbl, HEOOXOAUMOI [Tl OCBO-
SHUS JIUCTIUATLIHBI

[lepedyerr y4eOHO-METOAMYECKOTO OOECMEYEHUs CaMOCTOATEIBLHON paboThI
00yYaromuxcs Mo JUCUUIUINHE

[Tepeuens pecypcoB MH(POPMALMOHHO-TEIEKOMMYHUKAIIMOHHON ceTH MHTep-
HET, HEOOXOIUMBIX JUISI OCBOCHHSI TUCIIATUTHHBI

[Ipunoxenus

Crp.



BBenenne

Lenpto paboThl B 1abopaTopuu sSBIsETCS YriyOJeHHE U 3aKperuieHHe MPUOOPETEeHHBIX
TEOPETUYECKUX 3HAHMUN MyTeM HKCICPHMEHTAILHON MPOBEPKU TEOPETHUYECKUX IOJIOKCHUM, a
TaK)Ke 3HAKOMCTBO C AJICKTPOHHBIMH KOMIIOHEHTAMHU, 000pyI0BaHUEM, U3MEPUTEIBHBIMH IPHOO-
paMU U anmnapaTypoii, KCIOJIb3yeMbIMH B JIA0OpATOPUH.

B pe3ynbrate BIOTHEHHS JJA0OPATOPHBIX PadOT CTYIEHTHI JJOJKHBI IPUOOPECTH YMEHUS
Y HaBBIKH 110 COOPKE U UCCIICIOBAHHIO 3JICKTPOHHBIX CXEM U IPUOOPOB, N3MEPEHHSIM JJICKTPHYE-
ckuX BennuuH. TemaTrka 1ab0opaTOpHBIX Pa0OT MOJHOCTHIO COOTBETCTBYET CO/ICPIKAHHIO OCHOB-
HBIX pasJC]IOB KypcCa, U3y4a€MOI'0 B BBICHINX TCXHHUYCCKUX y‘-Ie6HI)IX 3aBCACHUX. B ommcannmu
KaX10M 1abopaTtopHOii paboThl chopMyIHpOBaHA €€ 11eNIb, H3JI0KEHbI OCHOBHBIE TEOPETHICCKIE
HOJIOXKCHUSI, OMMCAHA CXeMa YCTAHOBKH JJISl IPOBEICHHS IKCIIEPUMEHTAILHOTO HUCCIICAOBAHUS,
JIaHbl PEKOMEH/IAIMHU 10 MIPOBEJCHHUIO OMBITOB M 00pabOTKE pe3ysbTaTOB U3MEPEHHI, a TaKKe

KOHTPOJIbHBIC BOITPOCHI.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Lenbt0 OCBOCHHUS TUCHUILIMHBI «DJIEKTPOHUKA U CXEMOTEXHUKay» SBIsieTcs: (popMUpoBa-
HUE KOMIUIEKCa 3HaHUH, YMEHHUI U HaBBIKOB B 00JIACTH 3JIEKTPOHHBIX IPUOOPOB U (PYHKLIMOHAIIb-
HBIX y3JIOB aHAJIOTOBOW M U(PPOBON JEKTPOHUKH U MUKPOUIEKTPOHUKH, KOTOPBIE SBISAIOTCS Oa-
300 17151 MOCTpoeHus Oosee CIOXKHBIX MPrOOpoB PDA M BBIMHCIUTEIHHON TEXHHUKH, CPEJCTB U
CUCTEM aBTOMATHKHU.

3agauaMu U3y4eHUs AUCHUILUINHBI «DJEKTPOHUKA U CXEMOTEXHUKay SBIISIOTCS:

— U3y4YeHue (PU3NUECKUX MPOLIECCOB, IPOUCXOASIIMX B OJYIPOBOIHUKOBBIX MaTepHaIax
U TIPOLIECCOB B KOHTAKTaX: MOJYIPOBOJHUK-TIOIYIPOBOJIHUK, TOTYIIPOBOJHUK-IUIIEKTPUK, 1O-
JTYIPOBOJHUK METaJI, a Takke (puzndeckux 3¢pdexros;

— U3y4yeHHe MpHHUUNa paboThbl, CBOMCTB U 00JIACTU MPUMEHEHHsI TUIIOBBIX aHAJIOTOBBIX
3JIEKTPOHHBIX CXeM (YCHIIUTENIBHBIX YCTPOICTB, YCTPOMCTB Ha OCHOBE ONEPAL[MOHHBIX YCHIINTE-
JIeid, aKTUBHBIX (PMIIBTPOB, HMITYJIECHBIX AJIEKTPOHHBIX YCTPOWCTB, KOMMYTaTOPOB, U T.1.);

— W3y4YeHHE MPUHIUIA PadOThI, CBOMCTB U 00JIACTH MPUMEHEHHS 0a30BBIX AJIEMEHTOB U
TUIIOBBIX CX€M LIU(POBBIX YCTPOUCTB;

— o0y4yeHHe NPUHIUIAM IPOEKTUPOBAHUSA U pacuéTa JIEKTPOHHBIX CXEM;

— (opMHUpOBaHNE HEOOXOAUMBIX KOMIETEHIIUH B chepe mpodeccnoHanbHON AesITeNbHO-

CTH.
2. Obopyoosanue u mamepuani
ArnmapaTtHble CpeaCcTBa:
— Kommutekt TunoBoro na6oparopHoro o6opynoBanus «TeopeTnueckue OCHOBBI 3JIEKTPO-
TEXHUKN

— Yuebnblit cteH «Teopus 3MEKTPUUECKUX LIeTIel U OCHOBBI AJIEKTPOTEXHUKK»
VYyeOHast ayautopus AJisi MPOBEAEHUs YUeOHBIX 3aHSATHH, OCHalleHa 000OpylI0BaHUEM U
TEXHUYECKUMU cpesicTBaMH 00ydeHus. [lepeHocHOl HOyTOYK, IPOEKTOP, 10CKa MarHUTHO-Map-

KepHasl.



3. Haumenosanue nadvopamopuvix padom

Ne Templ
JTUACLIN-
[UIAHEL

HanMmeHoBaH#e TeM JUCIMILIAHBI, UX KPATKOE CO-
JepKaHue

O0BeM
4acoB

N3 Hux npaktuye-
CKasl MOJIrOTOBKa,
4acoB

4 cemecTp

JlaGoparopunasi padora Ne 1. MccnenoBanue xa-
PaKTEPUCTHUK MOTYIPOBOJHUKOBBIX THOOB Ha MO~
CTOSIHHOM U IIEPEMEHHOM TOKaX.

O3HaKOMHTBECS ¢ pabOTON, OCHOBHBIMH XapakTe-
pPUCTHKAaMH ¥ IMPUMEHEHHEM IOIYIPOBOIHUKO-
BOT'O THOJIA.

Jlaboparopnasi padora Ne 2. [Tapamerpuueckuit
CTaOUIN3aTOp HAMPSIKEHUS.

O3HaKOMUTBH CTYJIEHTOB CO CXEMOMW, MPUHITUIIOM
paboThl METOOM pacuéTa U BO3MOXKHOCTSAMHU Ta-
paMETPUYECKOro CTadMIIN3aTOpa HAIPSIKEHHUS.

Jlaboparopunasi padora Ne 3. XapakTepHCTHKU
OUTIOJIIPHOTO TPAH3UCTOPA.

OcBOUTh METOJMKY NOJIyYEHHS] BXOAHBIX U BbI-
XOJHBIX XapaKTePUCTUK TPAH3UCTOpaA, a TaKxKe
OTIpeZIeNICHUs €r0 IMHAMUYECKUX MapaMeTPOB.

Jladoparopnasi padora Ne 4. XapakTepHCTHKU
MOJICBOT'O TPAH3UCTOPA.

N3yuenue ocobeHHocTel pabOTHI MOJIEBOTO TPaH-
3UCTOpa C YIPABISIEMBIM MEPEX0J0M, OCBOCHHE
MCTOJHUKHU IOJTYYCHUA €TI0 CTOKO3aTBOpHOI\/II " BbI-
XOJIHBIX XapaKTEPUCTHUK.

Jladoparopnasi pa6ora Ne 5. Heymnpansembie
BBINPSIMUTEIH.

N3ydenue cxem ogHO(a3HBIX U TPEX(Pa3HBIX BbI-
npsMUTeNel, CpaBHEHHE TEOPETUYECKUX U IKCIIe-
PUMEHTAIBHBIX 3HAYCHUH BBIPSMIIGHHOTO HAIIPSI-
KEHHs, O3HAKOMJIEHHE ¢ (OopMaMH KPUBBIX BbI-
NPSIMIICHHOTO HAITPSDKEHHUSL.

JlabopaTopnas padora Ne 6. Kackan ycuinrens
MEPEMEHHOT0 TOKA Ha OUITOJISIPHOM TPaH3UCTOPE.
N3y4unTh cxemy Kacka/ia yCHINTENS IEPEMEHHOTO
TOKa € OOIIUM SMUTTEPOM, IPAKTUUECKU OCBOUTD
METOAMKY YCTAaHOBKHM Ha4daJbHOU paboueil Touku
TpPaH3UCTOpa B peKuUMe A, METOAUKY MOJIYUEHHS
aMIUIMTYIHOM M 4aCTOTHOW XapaKTEPUCTHUK YCH-
JIUTEISA, ONIPEIETICHUS €T0 BXOJAHOTO U BBIXOJIHOTO
COINPOTHUBIICHUH, NPOAHATU3UPOBATH BIUSHUE Ha
KOO PUIMEHT YCWICHHS 3HAYCHHUH MapamMeTpoB
OTJIEIbHBIX 2JIEMEHTOB CXEMBI.

JlaGoparopunas padora Ne 7. Ycuiurenb Ha 1o-
JIEBOM TPAH3UCTOPE.

HccnenoBarh paboTy YCHIMTENBHOTO Kackaja Ha
MIOJIEBOM TPAH3UCTOPE C OOIIUM HCTOKOM, CHSTH




€ro aMIUTUTYAHYIO U aMIUIUTYIHO-4aCTOTHYIO Xa-
PaKTEpUCTUKH, OMPEJICTUTh BXOAHOE U BBIXOIHOE
COINPOTHUBIICHUSL.

JlabopaTopnasi pa6ora Ne 8. TupucropHslii pery-
JSITOP TOKA.

HccnenoBaTh pabOTy THPHCTOPHOTO PETYISATOpA
BBINPSIMIIEHHOT'O TOKA C (Da3HBIM yNIpaBIECHUEM.

JlabopaTopnasi pa6ora Ne 9. TupucropHslii pery-
JSITOP HAIPSKEHHUS.

W3y4unTh NpUHIUIBI PETYIUPOBAHNS HANIPSHKEHUS
C UCIMOJIb30BAHUEM IOJIYIPOBOJHUKOBBIX MPHOO-
POB; CHATH PETYJIUPOBOYHYIO M HAIpy30UHYIO Xa-
PAKTEPUCTUKU PETYJISITOpa HANPSHKEHUSI.

10

Jladoparopnasi pa6ora Ne 10. OnepannoHHBIN
YCHIIUTENb.

M3yunTe OCHOBHBIE CBOWCTBA OIIEPALMOHHOIO
YCHIIUTESL, TO3HAKOMUTBCS C HEKOTOPBIMU (DYHK-
LUSIMU, BBIIOJHSAEMBIMU C [TOMOIIBIO OllepalioH-
HBIX YCHIJIUTEJEH U COOTBETCTBYIOLIUMH CXEMaMHU
UX BKJIFOUEHUS.

11

JlaGoparopnas padora Ne 11. ['eneparop npsimo-
YIr'OJIbHBIX UMITYJILCOB.

W3yunTh NPUHIUNHUAIBHYIO CXEMy, Ha3Ha4YeHHE
OTJIEbHBIX €€ 3JIEMEHTOB U paboTy reHeparopa
MPSIMOYTOJIBHBIX UMITYJILCOB Ha 0a3e ornepanroH-
HOT'O YCWJIUTETISI.

12

JlabopaTopnasi padora Ne 12. Tpurrepsl.
W3ydyeHre NpUHLMIIOB MOCTPOECHUS U (PYHKLHO-
HaJIbHBIX BO3MOKHOCTEH TPUITEPOB PaA3INYHbIX
THUIIOB.

Hroro 3a 4 cemectp:

36

Hroro:

36




4. Cooeprcanue nadopamopHnulx padoom
Jlabopamopuaa paboma Nel. Hccnedosanue xapakmepucmuk noaynpoeoOHUKoGbIX

0U0006 HA NOCHOAHHOM U nePemMennom mokax

Ilens pabomwbi: O3HaKOMUTHCS C pabOTOM, OCHOBHBIMH XapaKTepUCTUKAMU U MpPUMEHe-

HUEM MOJIYIPOBOAHUKOBOIO JUOJA.

Ocnoevl meopuu:

JIBYX3JIEKTPOIHBII OTYTIPOBOHUKOBBIHM JIEMEHT — MO COJEPKUT N - U P -IIPOBOISAIIHIA
ciou (puc. 1.1). B n-ipoBoasiem ciioe B Ka4ecTBe CBOOOIHBIX HOCHTEIICH 3apsiia MpeodiagaroT
AIIEKTPOHBI, a B P-MIPOBOAAIIEM ciioe * npipku. B pesynbrare muddy3un 3JeKTPOHOB U3 N-00JIaCTH
B p-00s1acTh U, HA00OPOT, IBIPOK U3 p-00JIacTH B N-00JaCTh HA TPAHUIIE CO31AETCS MOTEHIUAb-
HbI# O6apbep (puc. 1.1 a u 0).

[Tpu ipsIMOM TIPUIIOKEHHOM HAMPSHKEHUH («+>» K CIIOK0 P, « - » K CJIOIO 1) MOTCHIIMATBHBIHA
Oapbep YMEHBIIIASTCS, U MOl HAYMHACT MPOBOAMUTH TOK (noa oTKphIT). [Ipu oOpaTHOM Hampsi-
YKEHUH MOTEHIMANIbHBIN Oapbep yBeauuuBaeTcs (U0 3amepr).

BonbramnepHas xapakTepucTuka JuoJa UMEeT BT, H300pakE€HHBIN Ha puc. 1.1B.
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Pucynok 8.1 — JIByXa1eKTpoAHbIN OTYITPOBOJHUKOBBINA SIIEMEHT
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[Ipsimoii Tok yepe3 p-N mepexoi ONpenessieTcsl HOCUTENSIMH 3apsiia, HEOCHOBHBIMU JUIS
TOTO CJI04, Ky/la OHU IPOHUKAIOT. B mpo1iecce ABMKEHUSI OHU CTAIKUBAIOTCS C OCHOBHBIMH HOCH-
TEJIIMU JJAHHOTO CJI0A U peKOMOMHUPYIOT. C yBeTMUEHUEM MPSIMOTO TOKa MaJIeHUe HaIpsKeHUs
Ha JIMO0/ie HECKOJIBKO Bo3pacTaeT. [Ipy peKoMOMHAIIMN MOXKET BBIACISATCS SHEPTUs B BUJE U3ITY-
YEeHMs. DTO SIBJICHHUE UCIOJIB3YETCS B CBETOJUOIAX.

B o0paTHOM HampaBieHUM 4epe3 JUOJ MPOTEKAeT TONbKO HEOOJBIION TOK yTeUKH, 00y-

CJIOBJIEHHBIM HEOCHOBHBIMH HOcHTEIsIMU. C YBCIMYCHUCM 06paTHOFO HAIIPS’KCHUSA BBIIIC IIPC-



JEJIbHO JOMYCTUMOTO JJIsl JAHHOT'O THIa IM0/ia HacTynaeT npoboit p-n nepexona. B nuoxax pas-
JMYHBIX TUIIOB OH MPOTEKAET MO-Pa3HOMY: B OOBIUHBIX BBITPSIMUTEIBHBIX AUO/AX — 3TO HEOOpa-
TUMOE pa3pylIeHHE P-N Mepexoaa B pe3ybTaTe €ro NeperpeBa, B JaBUHHBIX — IIPOUCXOIUT Ja-
BUHHOE Pa3MHOKEHHE HEOCHOBHBIX HOCHUTEJEH, UTO MPUBOJIUT K PE3KOMY YMEHBILIEHUIO 00pat-
HOT'O HaNpsDKEHHsI HA HEM U YMEHBIICHHUIO HarpeBa, B CTa0MINTPOHAX — IIPH YBEJIMYEHUU o0pat-
HOT'O TOKa UMEETCSI TOCTATOYHO NMPOTSKEHHBIN y4aCTOK BOJIBTAMIIEPHOM XapaKTEPUCTUKH, HA KO-
TOPOM HAMPSHKEHUE MAJI0 3aBUCHUT OT TOKa (3€HEPOBCKHIA TPOOOIA).

OcHOBHbIE CTaTUYECKUE TTapaMeTpPhl IUO0B, TaKue Kak noporosoe HanpspkeHue Uog, mpsi-
Moe majeHue HanpsokeHue Upp, auddepeHuunanbHoe conpoTuBieHue R, oOpaTHbIl TOK logp,
HanpspkeHue crabmnuzanuu ctadunutpoHa Ucr, MOKHO OIIPENIEIUTD 110 BOJIbTAMIIEPHOM XapaKTe-
PHUCTHKE, CHATOM Ha TIOCTOSTHHOM HJIM MEUIEHHO N3MEHSIOIIEMCS TOKE.

[lepexntouenue a1o0a U3 3aKPHITOTO COCTOSIHUSA B OTKPBITOE MPOUCXOIUT HE MTHOBEHHO.
DT0 MOKHO Ha0JI0/IaTh Ha 3KpaHe ocIuiorpada, eciiu MPUIOKHUTh K IU0AY HANpPsDKEHUE Mpsi-

MOYTOJIBHOM (POPMBI BEICOKOM 4acToThI (puc. 1.2).
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Pucynok 8.2 — BonpTamnepHas XapakTepHCTHKA ITOJIYTIPOBOJHUKOBOIO AHOAA

ITpu nepexoe U3 3aKpBITOrO B OTKPBITOE COCTOSHUE HEOOXOAUMO BpeMsl tsxn, HEOOXOIH-
MOe€ Ul paccachlBaHUsl U30BITOUHBIX 3aps/I0B MOTEHIUAIBHOTO O6apbepa U AoCcTHKeHUs auddy-
3MOHHOT'O PAaBHOBECHS.

[Ipu nepexosae U3 OTKPHITOIO COCTOSTHUSI B 3aKpbhITOe HEOOX0IMMO BpeMs t1, 3a KOTopoe
paccachIBalOTCs U30BITOUHBIE HOCUTEIH U BpeMs t2, 32 KOTOPOE BHOBb YCTaHABIMBAETCS MOTEH-
uanbHbIi 6apsep. OO1ee BpeMs BBIKIIIOUCHHS e = t1 + t2. Ha aTame 11 yepe3 auox mpotekaer
OobIIol 0OpaTHBIN TOK, a HampspKeHHE Ha HEM YOBIBaeT, COXpaHss NmpsMoe HampasieHue. Ha
sTamne t2 TOk 0OpaTHBIN TOK yObIBAaeT A0 HOpMaJbHOTO 3HaueHus. PeanbHas kapTuHa, Hab01ae-
Masi Ha dKpaHe ocluuiorpada, MoxXeT HECKOJIBKO OTJINYaThCs OT ONKUCAHHOM M3-3a BIMSHUS BXO/-

HOU EMKOCTH ocIiyuIorpada u MOHTaxa.



Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus Mo TeXHUKE OE30MaCHOCTH MIPH BHIMOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B IIPWJIOKEHUE A.

Ykazanua no eévinoanenur nabopamopmnoit pabomoi:

1. CobepuTe nemns (puc.8.3. a) Ans CHATUS NIPSIMON BETBH BOJIbTAMIIEPHON XapaKTe-
puctuku 1uoa0B. O0patutTe BHUMAaHKE, YTO BOJIBTMETP 3TOM CXeMe MOAKIIOUEH K Touke «B» (110-
CcJie aMIepMeTpa.) ¥ Ha ero MoKa3aHusl He BIUAET Ma/IeHue HANPSHKEHHS Ha aMIIepMeTpe, KOTOpoe
COM3MEPUMO C MPSIMBIM MaJICHUEM HANPSDKEHUS Ha quojie. B To e Bpems TOK uepe3 BOJIbTMETP

HECOU3MEPHUMO MaJl C IPAMBIM TOKOM JHOAAa U HC BHOCUT 3aMETHOM IMOrpCIrHOCTHU B IIOKa3aHUA

amIiepMmerpa.
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Pucynok 8.3 — Cxema BKIItOueHuUs AM0Oaa
2. VYcranaBnuBasi TOKU, yKa3aHHbIE B Ta0J1. 1.1 CHUMUTE MIPSIMYIO BETBH BOJIbTAMIIEP-

HOM XapaKTEPUCTUKH CHA4aJla BBIIPSIMUTEIBHOIO AMO/A 3aTEM — UMITYJIBCHOIO U, HAKOHEI, JH-
ona Illotku. Ha puc. 1.4 noctpoiite rpaguxmu.

3. W3meHuTe cxemy JUIsl CHATHUSL 0OpaTHOW BETBH BOJIbTAMIIEPHBIX XaPaKTEPUCTHUK TIe-
PEKITIOUNB BOJILTMETP B TOUKY A (10 aMIiepMeTpa) u MepeBepHYB AUO. B 3Toi cxeme uepes am-
MEePMETpP HE MPOTEKAET TOK BOJILTMETPA, KOTOPBIN TEMeph COU3MEPUM U JJake O0JIbIIe 00paTHOrO
TOKa uepe3 1noj. B To ke BpeMs najieHne HapsHKEHHs Ha aMIIepMETpe HUYTOKHO MaJIo IO CpaB-
HEHMIO ¢ OOpaTHBIM HaIpsKEHUEM Ha JTHOJIE.

4. VYcranaBnuBas HampsDKEHHS, YKa3aHHbIE B TaOn. 1.2, cHUMHTE OOpaTHYIO BETBb
BOJIbT-aMIEpHON xapakTepucTuku auoaa lllotku. Yoenureck, 4T0 00paTHBIN TOK BRIMPSIMHUTEb-
HOT'O ¥ UMITYJIbCHOTO JJMOJIOB HACTOJIBKO Mall, 4YTO €ro HEBO3MOXKHO U3MEPUTDH PUOOpaMH, UMe-

formmMucs B crenze. Ha puc. 1.4 mocrpoiite rpaduku.



Tabmuma 1.1
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Tabmwuma 1.2

U, B
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20
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I, MA

K/1226

K521

1IN5819

5. I[J'IH HCCIICAOBAHUA XAaPAKTCPUCTUK AUOJO0B Ha IICPEMCHHOM TOKC CO6CpI/ITe Ha

HAOOPHOM TIOJI€ 1IETIh COTJIACHO MPUHIMNHAIBLHON cxeme puc. 1.4. M3amepurenabHbie TpuOOpsl B

CXEMY HC BKJHO‘IEIfITG, TaK KaK OHU MOT'YT CO34aThb AOINOJIHUTCIIBHBIC ITAPA3UTHDBIC émkoctu. He

3a0y/1bT€ BKJIIOUUTh HHBEPTUPOBAHUE CUTHAA 110 KaHaily II, 4ToObl OTKIOHEHUE Tyda BBEPX CO-

OTBETCTBOBAJIO MPSMOMY TOKY Yepe3 AHO/I.
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40
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B 25 20 15 10 5 0
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-1,0
-1,5
-2,0
MKA

Pucynok 1.4 — BoapTamnepHas xapakTepUCTHKA
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6. J15s Hadana BKIIOYHUTE B IETh BHIIPSIMUTEIBLHBIN WO/, TIOJaiTe Ha BXOJ CHHYCO-
UJalIbHOE HanpskeHue 4acToTod 1 kI'1, yCTaHOBUTE pyUKY PETyNIATOP aMIUIUTYIbl IPUMEPHO B
cpennee nojioxkeHue (4...6 B) u orperynupyiite pazBepTKy, CHHXPOHU3AIUIO U YCUIICHHUE 110 IBYM

KaHajaMm ocipuuiorpada Tak yToObl Ha 3KpaHe momemanuch 1,5...2 mepuojga KpUBBIX TOKa U

HaInpsKEHHUS.
— BXOO! BXOA Il
N . (X) M.
[ @j-
O VHB.
Pucynox 1.5 — Cxema noaxiroueHus ocipuiorpaga
7. [Tepexirouass MEHOXKHTEND 9acTOThl X1, x10, X100, u perynupys Kaxxaplid pa3 M-

TEJILHOCTb Pa3BEPTKHU ocHMILIOrpada, NpoHadIoaiiTe 3a n3MEeHeHneM KpuBoil Toka. OObscHUTE
pe3yabTaThl (MMEHTE B BUAY, YTO B TIOJIOKEHUH MHOXKHUTENS X 100 BRIXOAHOE HANPsHKEHUE TeHe-
paTopa CHMXKaeTcsl IPUMEPHO B 2 pasa).

8. [Tepexntounte ocummorpag B peskum X-Y. [Ipu 3ToM Ha 5KpaHe MOSIBUTCS U300-
pakeHHe TUHAMUYECKON BOJIbTAMIIEPHON XapaKTEepUCTUKH TMOJa: TPSMOM TOK Mo ocH Y BBEpX,
npsIMOe TaICHUE HAIIPSDKEHHSI — 110 OCH X BITPABO.

9. CHoBa momnepeKIIoYaiTe MHOKUTENb YaCTOTHI, HAOJIIOAas 32 U3MEHEHUEM J1Ha-
MHUYECKOM BOJbTaMIEpHON XapakTepucTuku. OObACHUTE, TOYEMY IPU HU3KOM YyacToTe TUHAMHU-
YyecKasl BOJIbTaMIIEpHAasl XapaKTepUCTUKA COBIAAeT CO CTATUYECKOH, a IPU BHICOKON — HE COBIa-
Jaer.

10.  TlompoOyiiTe MOBTOPHUTH ATH OMBITHI C UMITYJIBCHBIM JAUOIOM | ¢ nuoaoM LIloTku.
OOBsCHUTE OTINYUS.

11.  CHoBa BKJIIOYMTE B LI€Nb BBHIIPSIMUTEIBHBINA MO, IEPEKIIOYUTE OCIIIIIOrpad B
PEXUM pa3BEPTKU U YCTAHOBUTE HA BXOJE PSIMOYTOJIBHOE JBYXIOJIIPHOE HAMPSKEHHE YaCTOTON
npumepHo 40...50 k' 1 HeGonbLIoH aMIIUTYABI (2...3 B), 4T0OBI MEHBIIIE NCKAXKAIOCh BBIXO/I-

HOC HAIIPSAKCHUEC TCHCPATOPA.
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12.  Hacrpoiite n3o0paxeHue, mepepucymnTe oCuiorpaMMy B oT4ET (puc. 1.6), He 3a-
OBIB yKa3aTh MACIITA0BI IO OCSAM (MAcIITad IO OCH TOKA BEIYHUCIISETCS KaK MACIITa0 HAPSDKEHUS,
no kaHainy ||, nenéHHbIil Ha CONPOTUBIIEHNE, C KOTOPOTO CHUMAETCSl CUTHAIL.).

13. Ompeaenute o oCUUILIOrpaMMe BPeMsi BKIIFOUEHUS tan U BPEMS BBIKIIIOUEHUS: Ty,

MacwTtabbl

Mo kanany I:

Pucynok 1.6 — Ocuumiorpamma n1uonaa

Cooepocanue omuema:

OT4er AOMKEH CONePKaTh:

Hazpanue paboThr;

ens paboTsr;

Kpatkue TeopeTndeckue CBeIcHUS;

Ornucanue UCIONIb3yeMOT0 000pPYIOBAaHUS M MATEPUATIOB;
[Topsimok BeIMONHEHUS PaOOTHI;

Boruncnenus u 00paboTka pe3ysbTaToB;

N o gk~ w D RE

BriBoanl.

Konmponsnoie éonpocwi:

1. ITouemy y nuona IIoTkn moporoBoe HaNps)KEHUE MEHBIIE, YEM Y BBIIPIMUTENb-
HOTO JM0J1a ¥ UMITYJIbCHOTO JTINO/a, a 00OpaTHBIN TOK O0JbIIE?

2. Kaxoif U3 UCTIBITAaHHBIX JHOIOB KMEET HauMEHbIIIee OBICTPOICHCTBHE U TIOYEMY?

3. YeMm oTiMYaeTCs BOIbTAMIIEPHAS XapaKTEPUCTHKA U0/, CHATAs IPU BHICOKOM Ya-

CTOTE OT CTATUYECKON XapaKTEPUCTUKH?

12



Jlabopamopnan paooma Ne2. Ilapamempuueckuii cmadouiu3zamop HAnpA3ceHusl.

Ilenv pabomspi: O3HAKOMUTH CTYACHTOB CO CXEMOMW, IPUHIIUIIOM PaObOTHI METOJIOM pac-

4y&Ta ¥ BO3MOXKHOCTSIMH ITAPAMETPHUYECKOTO CTA0MIIN3aTOpa HAITPSKEHHUSL.
Ocnoevt meopuu:

OCHOBHBIM 3JIEMEHTOM MMAPAMETPUUECKOTO CTAOMIN3aTOPa HANIPSHKEHUS SBIISIETCS] CTaOu-

JUTPOH, BUJ BOJIbTAMIIEPHOIN XapaKTEPUCTUKHU KOTOPOTO MpeCTaBiieH Ha puc. 2.1.

I.ih

0

Pucynok 2.1 — BonbramnepHast xapakTepucTHKa CTaOUIUTPOHA

[Ipu BK/IIOYEHUN HANpSHKEHUS B MPOBOJSIIEM HAIIPaBJICHUN XapaKTEpPUCTUKA CTAOMIINT-
POHAa HUYEM HE OTIIMYACTCA OT XapaKTCPHUCTUKU OOBIYHBIX JAUOJ0B, UCITOJIB3YEMBIX B CXEMaAX BEbI-
npssmuteneil. [Ipy oOpaTHOM BKIIFOUEHUHU HAIPSKEHUS 10 HEKOTOPOTO €ro 3HaueHUsl COMPOTUB-
JICHHE CTa0MIUTPOHA OCTAETCS OYEHb BBICOKUM, TOK Yepe3 HEro MPaKTUYECKH OTCYTCTBYET (yda-
CTOK XapaKTepUCTHKU «0a»). [Ipu nanpHeliem yBelInyeHUH HAPsDKEHUsT HACTyHaeT mpoOoit au-
0J1a, B pe3yJIbTaTe KOTOPOTO HANPSDKEHHSI COOTBETCTBYET 3HAUNTEIBHOE YBEIHUCHHE TOKa (yda-
CTOK «ab»). B cxemax cTaOMIN3aTOPOB HAMPSHKEHUS CTAOMIMTPOHBI UCHONB3YIOTCS B PEKUME
npo6osi.

CxeMa mapamMeTpHuecKoro cTaduanu3aropa HampspKeHus, n3o0paxeHHas Ha puc. 2.2, co-
crouT n3 crabmmmsaropa Ct u GamtactHoro conpoTuBieHuss R6. Ha Bxon crabunmzaropa moxga-
€TCs HanpsDKEHUE OT HECTaOMIM3UPOBAHHOTO UCTOYHMKA uTaHus Url. COpoTUBIEHHE HATPY3KU

Ru BKiIIOUaeTcs mapajuieabHO co cTabuauTpoHOM. HampshkeHne muTaHusl JOJDKHO OBITH BBIIIE
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HaMpsHKEHUs Mpo0os, Toraa pa3HocThk HanpspkeHnid Un - Uct mamaet Ha OaJlsTaCTHOM COTIPOTHB-
snenun. CHIKeHnE HAIMPAKCHUA [TUTAHUA HpI/IBC,Z[éT K HC6OJILH_IOMy CHMIXCHUIO HAIIPSKCHUS HaA
CTaOMIINTPOHE, TIPU 3TOM TOK Yepe3 HEero, a Clie0BaTeNbHO, yepe3 RO pe3ko yMEeHbIIUTCS, YTO
NpUBEAET K YMEHBIICHUIO MaJieHus HarnpsbkeHus Ha RO. Takum o6pazom, CHUKEHHE HAPSKEHUS
Un npuBOJUT MOYTH K TAKOMY K€ CHIIKEHHUIO HANpPsDKEHUS Ha OajsIaCTHOM CONPOTHBICHUU U

JIMIIb K HC3HAYUTCIIbHOMY CHUKCHUIO CTa6I/IJII/I3I/Ipy€MOFO HAaIIps>KCHUA Ha HArpy3ke.

I R; Iy

—_— EEEm——
— &
+
ZS‘CHI
Us Ue: R«
Ie:
Y A J
L >

Pucynok 2.2 — IIpunnunuanbHas cxema

[Tpu moBeimennu Uy HanipsokeHne Uer YBETUYUTCS HE3HAYUTENBHO, BCIIEICTBUE YETO TOKU
ler 1 | BO3pacTyT HaCTOJIBKO, YTO OCHOBHAS YacTh MOBBIIIEHHS HANPSKEHUS paclipe/leIuTCs Ha
Re. s konnyecTBeHHOHN oLleHKH 3 deKTa cTaOUIN3alMK XapaKTepUCTUKY CTaOMIUTPOHA B 00-
JIACTH pabouell MOJISIPHOCTH HATIPSKEHUS TIPEJICTABUM COCTOAIIEH U3 IBYX NpsAMbIX (puc. 2.1). o
HanpsokeHuss U, Oynem cuuTaTh CONPOTUBIIEHHE CTAOMIUTPOHA OECKOHEYHO OOJBLIMM; IPU
HanpsOKeHUsX, 6onbnx Uy, HAKJIOH BOJIBTAMIIEPHONW XapaKTEPUCTUKU OIpeaesieTcs JUHaAMUude-
CKUM CONPOTHUBIICHHEM

RCT:A UcT/ AICT,

Ha 5TOM y4YaCcTKe HalpsDKeHHE Ha CTaOMIMTPOHE

Uer= Uot Rerler.
ITpu Uer<U, cTaOUIUTPOH 3aKPHIT, 3PPEKT CTaOMIN3aLUU OTCYTCTBYET U HANpsHKEHUE Ha
Harpy3ke paBHO
Us = UsRW/(R6+Ry).
ITpu Ucr>U, i cxemsl puc. 1.2 cipaBeainBa cUCTeMa ypaBHEHUH:
Uer=Uo + Rer ler
Un= I Re+ Ucr

1= lert 1y

14



IH: UCT/ RH

[Tpu 3a1aHHBIX HAMIPSHKCHUH MUCTOYHUKA MTUTAHUS, COMPOTUBICHUH HATPY3KH U HAIIPSKE-
HUU Ha CTAOWIUTPOHE (KOTOpPOe, KOHEYHO, JOJHKHO OBITh B Ipeenax pabodyero ydyacTka ero xa-
PaKTEPUCTUKH ) CHCTEMA I03BOJISICT HAWTHU BhIpAKEHUE JIJIS1 BHIYMCICHUSI HEOOX0IMMOTO OaiacT-
HOT'O COIPOTUBJICHHUS:

R6 = RCT RH(UH' UCT)/[ UCT RCT+ RH(UCT‘ Uo)]

Haumenbiiee HanpsHKeHUE MTUTAHUS, IIPU KOTOPOM OYAET COXPAHATHCS CTA0MITH3AIIHS, KaK
caenyet u3 (1),

Un min = Uo(RG/ RH+1)

pu 3ToM Uer = Uy, 16:=0, 1=1:=Us/Rs=U4/(RutRs).

Crnenyer, uto Rg jxenaTeabHO UMETh KaK MOKHO MEHBIIE, YTOOBl PaCIIMPUTh JTHAIIa30H
BO3MOXKHOTO CHUKCHHSI HAMIPSKEHHSI TUTAHUA, T0O3TOMY IIPpH BeIuucieHuu Re B (2) HeoOxoaumo
npusITh Uy = Uy min, @ 3Hauenue Uc;, yauThIBass HEMMHEWHOCTD BOJIBTAMIIEPHON XapaKTEPUCTUKH,
MPUHSATH HECKOJIBKO OoJbie U, (B Hayase TuHEeHHON YacTu paboyero yuacTka XapakTepUCTUKH ).

Ucnons3ys cucremy ypaBHeHuU# (1), MOKHO Tak)Ke HANTH 3HAYCHHUE CTA0OMITM3UPOBAHHOTO
HANPSDKEHUs, COOTBETCTBYIoMIee 3HaueHuto Uy, , mpu npuHsaTOM R:

UCT:RH(RCTUH+R6UO)/[ RHR6+RCT(RH+R6)]

[Mpupamenuro U, 6ynet coorBeTcTBOBaTh nMpupaiieHue Uer!

AU=AUR:R/[ RuRstRcr(Rut+R5)]
DddexT crabunuszaiy HarpsHKEHUS OMPEIENIeTCs OTHOIIICHUEM:
AUc/AUr=RiRc/[ RuR6+Rcr(Ru+Rs)]

Uem MeHbIIIE 3TO OTHOIIEHUE, TeM BbilIe dddext cradbmnmmzanuu. 13 (6) cnexyer, uro
AUc/AUy Tem menbine, yeMm 6ombiie Rg. Takum 06pa3om, npu paciupeHuy HUKHETO JUuana3oHa
u3menenus Uy 3a cué€t ymenbieHus: Rs ad ekt crabunusaiiy yMeHbIIaeTcsl, TO3TOMY BETUYHHY
0aNIacTHOTO COMPOTHUBIICHUS HEOOXOAUMO BEIOUPATh TAKUM 00pa3oM, YTOOBI YIOBIETBOPUTH 00a
TpeOOBaHUS: U B OTHOIICHUH KauyeCTBa CTAOWIIU3AINK, M B OTHOIICHUH HUKHETO IOpPOTa Hamps-
XeHus mutanus. Kpome Toro, TOKk CTaOMIMTPOHA HE JIOJDKEH MPEBBIMIATh TOK, JOMYCTUMBIH 1O
ycnoBusiM Harpesa. 13 (1) cnexyer:

ler=(Un-Uo-1xRs)/( Ro+Rcr),

HauOoJbIIee 3HAYCHHUE lcr MPUHUMAST NMPU OTCYTCTBUHU HATPY3KH U MPU MAaKCHMAaTbLHOM
OKHJJTAaeMOM HaANPSOKEHUW TTUTAHHS:

ICT max :(Un maX'Uo)/( R6+ RCT) < ICT IO

[Tocne pacué€ra 6annacTHOrO COMPOTUBICHHS MO (HOpMylie HEOOXOTUMO MPOBEPUTH BbI-
noyiHeHue ycnoBus. Eciu mocneaHee ycioBue He BBITONHIETCS, TO HEOOXO0AUMO JTUO0 YBETUUUTh

Rs, 1160 BBIOpaTh OOJIeE MOIIIHBIN CTAOMIIMTPOH.
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B HekoTOphIX ciayyasx BO3HHKAET HEOOXOAMMOCTh CTAa0MIN3AlMK HANPSXKEHUS UTAHUS
pY U3MEHEHUHU conpoTuBIeHus HAarpy3ku. [Ipu Ry=0 BcE npuokeHHOE HANPsDKEHHE Ma1aeT Ha
cornpoTtuBieHun Rs. MUHIMaIbHOE COMPOTUBIICHNE HATPY3KH, IPU KOTOPOM HauuHaeTcs 3 dext
CTaOMIM3aliU, MOXKET ObITh HaliZieH 13 BhIpakeHus (3):

RH min = R6U0/(UH'U0)
npu 3ToM Ry Hanpsokerne Uer = Uo. C yBennyenueMm Ry HampspkeHHe Ha cTaOMIMTpPOHE

OyZIeT pacTH, U IpU OTCYTCTBUU Harpy3ku (Rx= o) npumer Hanbospliee 3HaUCHUE:

UCT max = (Un RCT+ Uo R6)/( Rcr+ R6)

Ykazanue no mexnuke 6ezonacnocmu:

VYka3aHus 110 TEXHUKE OE30I1aCHOCTH IIPH BBIIIOJIHEHUH J1a0OPAaTOPHBIX pabOT IPUBEIEHBI

B MPUJIOKEHHE A.

Ykazanua no eévinonnenuro nabopamopnoii pabomoi:

B nannoii 1aboparopHoil paboTe HEOOXOAMMO BBINOIHUTH CIIEAYIOLIEE:

— CHSTH BOJBTAMIIEPHYIO XapaKTEPUCTUKY CTAOMIUTPOHA;

— OIpeZeNTUTh apaMeTpbl pabouero ydyactka xapakrepuctuku: Uo u Rer;

— BBIYHCIUTHL 3HaueHHe O0ajaaacTHOTO COIIPOTUBJICHUA TIPU 3aAaHHBIX COIMPOTHUBJIICHHUU
Harpy3Kkv 1 MUHUMAJIbHOM HaAlIPsSKCHUW UCTOYHUKA MMUTAaHUSA

— OIPEJENIUTh 3aBUCUMOCTb CTAOMIM3UPYEMOT0 HANPsKEHUs OT HAPSHKEHNUs NCTOYHHUKA
NUTAHUS TP MOCTOSTHHOM RH;

— OMNpENeNHuTh 3aBHCHMOCTh CTAaOWIM3HPYEMOTO HANpPsDKEHUS OT CONPOTHBIICHHS
Harpy3ku npu nocrossaHaom Ut.

2. CoOpatb cxemy, H300paxEéHHYI0 Ha puc. 2.3.

I Rs Iy

I e
*r—o $
_I_
ZS‘CJ‘H
Us Uer Rx
Ier
L4 L4
L -

Pucynok 2.3 — [IpuHuunumanibHas cxema
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3. He moxkitoyasi CONpOTUBIICHUs Harpy3kU U MEHsIsl HalPsHKEHUE MUTAHUS B COOTBET-
CTBUU CO 3HAUECHUSMH, 3alIMCAHHBIMU B Ta0suLe 2.1, CHATh BOJIbTAMIIEPHYIO XapaKTEPUCTUKY CTa-
OMITUTPOHA MPU MPSMON M 0OPATHOM MOJIIPHOCTH HANPSHKEHUSI.

4. ITo naHHBIM TaOaMIBI 2.1 TOCTPOUTH BOJIBTAMIIEPHYIO XaPaKTEPUCTUKY CTAOMIINTPOHA,

onpenenuts 3HaueHusa Uo u Rer.

Tabnuma 2.1.
[TonoxxuTenbHast HOIIPHOCTH OtpunaTenbHas MOJISIPHOCTh
Ver. B 0,48 055 | 06 | 0,67 | 0,7 | 0,74 | 0,77 | 6 8 9 195|961 97|98
ler,MA

5. Inst Un min u RH, 3agaHHbIX npenojaBareneM, BBIYUCIUTE RO U BbIOpaTh U3 HMEIO-
muxcs omkaiiiiee 0oJsbIee.

6. YcranoButh B cxeme 3ajanHoe Ru u npunstoe RO, nposeputs npu 3ananHoM Umt min
3HaueHue UcT, 3anucaTth €ro U CpaBHUThH CO 3HAYCHUEM, IPUHITHIM IIPU BbIYUCICHUH RO.

7. 3ajaBast 3HAUEHUS HANpPsDKEHUS MUTAHUS, yKa3aHHbIe B Ta0bnuue 2.2, Npu NOCTOSHHOM
RH, 3a1aHHOM npenojiaBareseM, 3alcaTh B TaOJIUIy MOJTY4YEHHbIE 3HAYEHUsl CTaOMIN3UPOBaH-
HOTO HaIlPsDKCHUS.

Tabmuua 2.2.

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

Uer, B

8. Iloctpouts rpadux 3aBucumoctu Uct = f(Un).

9. o popmyre (8) BEIYUCIUT MUHUMAIFHOE CONPOTHBIICHUE HATPY3KH, TIPH KOTOPOM
MPOUCXOIUT cTabuIn3anus HanpsbkeHus. B cxeme puc. 2.3 amnepmerp u nepembruky «I1» mome-
HATh MecTaMu. [1naBHO ymMeHbIIas nepeMeHHbIM pe3ucTopoM 1 KOM CONpOTHBIEHUE HArpy3KH,
npu Un = 15B ycTaHOBUTH TOKM B IIeTIM HAarpy3KH, yKa3aHHble B TaOnuie 2.3, ¥ 3amucarb cooT-
BETCTBYIOIINE dTHUM TOKaM HANpsDKEHHS Ha Harpys3ke. BBIUHCIUTH 1O 3allMCaHHBIM B TaOiHIle
dbopMynaM HanpsKeHUE Ha 0aJITaCTHOM COTIPOTUBIIEHUH, TOK, TOTPEOIIIEMBbI OT UCTOUYHUKA MU~
TaHUsI, TOK Yepe3 CTAOMIINTPOH U CONPOTUBIICHUE HATPy3KH. OTMETUTh CONPOTUBIICHUE HATPY3KH,
IpU KOTOPOM CTaOMJIMTPOH 3alUpaeTcsi, CPaBHUTh €ro ¢ BhIYMCICHHBIM. [10 TaHHBIM TaOIMIIbI

nocTpouTh rpaduk 3aBucumoctu Uct = f(IH).
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Tab6muia 2.3.

lh, MA

12

15

18

Uer, B

U6: Un' UCT

I= Us/ Rg

ICT: I' IH

Ru= Ued/ |

Cooepicanue omuema:

Ortuer JOJDKCH COACPKATh:

N o a ~ wnh e

HazBanue paboTsi;
L{enb paboTHI;

Kpatkue TeopeTudeckre CBeICHNUS,

Omnwncanue HCIIOJIB3YEMOI'O O60py,I[OBaHI/I$I U MaTCpUaJIOB;

[Topsimok BeINONHEHUS PAaOOTHI;
Brraucnenus u 06paboTka pe3yinbpTaTos;

BrIBOIEL.

KOHmpOJleble eonpocol:

1. Onumure BoJIbTaMIEPHYIO XapaKTEPUCTUKY CTaOMIINTPOHA.

2. IosicHuTe IPUHIUIT PabOTHI MapaMETPUIECKOTO CTA0MIIN3aTOpa HATIPSKEHHSL.

3. Kak, nonb3yschk BOJIbTAMIIEPHOM XapaKTEpPUCTHUKONW CTAOMIIUTPOHA, PACCUUTATH €T0 JH-

HaMHUYCCKOC COl'I]f)OTI/IB.]'ICHI/IG‘.7

4. Ot 4ero 3aBUCHUT HWKHUI MOPOT CTa0MIN3UPYEMOT0 HapsKEeHUs?

5. Kak BennunHa 6amiacTHOTO COMPOTUBIICHUS BIUSET HA KAUe€CTBO CTA0OUITU3aIMH HaIIPsi-

sxeuud?

6. Uem OrpaHU4YMBaCTCd MUHUMAJIbHOC 3HAUCHUC 0ayIacTHOTO COHpOTI/IBHCHI/ISI?

7. Kak conpoTuBiieHUE Harpy3KH BIMSET Ha KauecTBO pabOThl cTabmiIM3aTOpa HampshKe-

Hug?
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Jlabopamopnas pavoma Ne3. XapakmepucmuKku OunoiApHozo mpan3ucmopa.

Ilenv pabompr: OCBOUTH METOJUKY IOJYYEHUS BXOIHBIX M BBIXOJHBIX XapaKTEPUCTHUK

TPaAH3UCTOPA, a TAKXKE ONPEACIICHUA €TI0 TMHAMHWYCCKUX IIapaMCTPOB.

Ocnoevt meopuu:

[Tpu BBITIOTHEHUH PACUYETOB CXEM C OUTIONIIPHBIMHU TPAH3UCTOPAMHU UCTIOIB3YIOT X BXOJ-
HBIE U BBIXO/IHbIE XapaKTEPUCTHKU.

BXOaHBIMH XapaKTepUCTHKAMH Ha3bIBAIOT 3aBHCUMOCTb TOKa 0a3bl I OT HANpsHKCHHS
amuTTep-6a3a Uss TIPH MOCTOSSTHHOM HaNpsiKeHUH KoJUIeKTop-sMutTep Uiy, Bua aTux xapakrepu-
CTHK IIpEJICTaBlIeH Ha puc. 2.1.

CrnenyeT 3aMETHUTb, YTO BXOJHBIC XapaKTEPUCTHUKH, IMOJIYYCHHBIE IPU PA3IUYHBIX HAIPS-
weHUSIX Uy, OTIIMUHBIX OT HYJIS, MPAKTUYECKU COBIAJIAIOT.

[To BXOMHBIM XapaKTEPUCTHKAM OIPEICISIIOT TAaKWe JMHAMUYECKUE XapaKTCPUCTUKU
TPaH3HUCTOPA, KAK BXOTHOE TMHAMHUYECKOE COMTPOTHBIICHUE

h11= A Uss/ A s

[IpencraBustoniee coboi oTHOIIEHHUE TMpHpalieHust HanpsikeHuss Us,s K COOTBETCTBYIO-
[IeMY MPUPAMICHUIO TOKA 0a3bl IPH MOCTOSHHOM HANPSHKEHUU KOJUIGKTOP-3MHUTTEP, U K03 du-
IUEHT OOPATHOM CBSI3U 10 HAPSHKEHUIO

hi12= A Uss/ A Ui,
[IpencraBustomuii co00il OTHOIIIEHHE COOTBETCTBYIOIIUX APYr JAPYry MpHpAIICHUN

HaNpsDKEHUH SMUTTEp-0a3a U KOJJIEKTOP-IMUTTEP MPU NOCTOSTHHOM TOKE 0a3bl.

i.ﬁ 4 U];;3=0B U113=5B
A U:aﬁ
A s
A Uaﬁ

Uaﬁ
Pucynok 3.1 — BxogHast xapakTeprucThKa TpaH3uCcTOpa
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BbIxoiHbIe XapaKTEPUCTUKU OTPaXKar0T 3aBUCUMOCTh TOKa KOJuIeKTopa |k oT Hampsike-
HUS KOJUIGKTOP-OMUTTEP MPHU Pa3IMIHBIX TOKaX 0a3bl, MX BHJ MpejacTaBieH Ha puc. 2.2. 1o BbI-
XOJIHBIM XapaKTEPUCTUKAM OIPEACTSAIOT TaKhe MapaMeTpbl, Kak KOd(P(OUIIMEHT YCUIICHUS TOKa
0a3bl
ha=Al/ Ais  (2.3),
NPEACTABIAIOMNN COO0M OTHOILICHHE MPUPAIIECHHUS TOKA KOJUICKTOpA K COOTBETCTBYIO-
[IeMy IPHUPAIICHUIO TOKA 0a3bl MPU TTOCTOSTHHOM HAMPSDKEHUU KOJUIEKTOP-IMHUTTED, U BBIXOIHAS
JUHaAMHUYCCKas IMIPOBOANMOCTD
hao= A I/ A Uy, (2.4),
MMpCACTABIAIOIIAA CO6OI7I OTHOIICHHUEC MNpUpalICHUA TOKa KOJUICKTOpa K COOTBCTCTBYIO-
[IeMY TIPUPAIICHUIO HAMIPSHDKCHUS KOJUIGKTOP-IMHUTTED MPH MMOCTOSTHHOM TOKE 0a3bl.
BCHG,HCTBI/IG HEJIUHENHOCTHU KaK BXOJHBIX, TdK U BBIXOAHBIX XaPAKTCPUCTHUK BCC IICPCUUC-
JICHHBIC ITapaMCTPbl UMCIOT PA3JIMYHBIC 3HAUYCHHA IJIA PA3JIMYHBIX pa60‘H/IX TOYCK.
O06acTh BBIXOAHBIX XapaKTEPUCTHUK, B KOTOPOU OHU MPAKTUUYECKH JIMHEHHBI U B KOTOPOI
TOK KOJIJICKTOPA MaJIO 3aBUCUT OT HAIIPSAXKCHUA KOJUICKTOP-OMUTTEP, a OIIPCACTIACTCA TOKOM 6331)1,
Ha3bIBAIOT aKTUBHOM 30HOM. HpI/I YBCIMYCHHUU TOKA KOJUICKTOPA U HAIIPAKCHU A UK3 paCTéT MOIII-
HOCTb TCIIJIOBBIX IIOTCPb B TPAH3UCTOPC. Ot IMOTEpHU HEC NOJDKHBI IIPEBBIIIATE JOIMIYCTUMOTO AJIA
JaHHOT'O TPpaH3HUCTOpPA 3HAYCHUSA Pk non-
Px= U < Px non-

JIunus AONIYCTUMBIX ITOTEPH HA pHUC. 3.2 IMPpOBEACHA MYHKTUPOM.

| — 1=60MKA
ig=50MKA
15=40MKA

A s p; is=30MKA

AU, AL e
15=20MKA

15=10MKA

Um"-:

Pucynoxk 3.2 — BeIxogHas XapakTepUCTUKA TPAH3UCTOPA
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Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHUKE OE30MaCHOCTH MIPU BBINOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B IIPWJIOKEHUE A.

Ykazanua no eévinoanenur nabopamopmnoit pabomoi:

B nmannoii naboparopHoit pabote He0OXOAUMO TOTYYUTh BXOHBIC U BBIXOJIHBIE XapaKTe-
PUCTUKH TPAH3UCTOPA U BBIUUCIUTH 3HAUCHUS TUHAMHYECKUX ITapaMETPOB.

[Topsanox BeinoHEHUs pabOTHI CIETYIOIIUHT.

1. I/I3y‘lI/ITB OCHOBHBIC TCOPETUUYCCKUE ITOJTOKCHUA.

R o—09—o
15 I{ 1
100kOM 47xOM > :

’ T : 0...15B
15B ) I
1kOM Us!
Uﬁa
v

I

- v ' -

® 3 & — —e

Pucynoxk 3.3 — Cxema ycunurens ¢ o0IIMM SMUTTEPOM

2. CobOpath cxemy, m300paxEHHYI0 Ha prc. 2.3. B cxeMe 00s13aTebHO MPEayCMOTPETH T1e-
pembruky «I1», HeoOXoMuMYIO 1711 K3MEHEHUSI MeCTa BKIIIOUEHUSI MUJUTHaMIIEpMETpa.
3. YcranoButh HanpspkeHue Uka=0. [Ipu Tokax 6a3bl, ykazaHHBIX B Tabmnuie 3.1, u3me-

puTh 3HaueHUs HanpsbkeHus UOd u 3anucath ux B Tabnuny. [Tosroputs oneit npu Ukd = 2,5 Bu

10 B.

Tabmuna 3.1.
I, MKA 0 5 10 20 50 80
npu U,=0
Us,, B npu U,=2,5B
npu Uw,=10B

4. YcraHoBUuTh TOK 6a3bl 20 MKA. TlepexounTs MUJUITMAMIIEPMETP B LIETIb KOJJIEKTOPA,
W3MEHHUTB Npezie u3mepenus Toka 10 20 MA. YcranaBinuBas 3Haue-HUS HANPSKEHUS B LIETH KOJI-
JEKTOP-3MHUTTEP, YKa3aHHbIE B Ta0nu1Ie 2.2, 3anucaTh B TAOJIUILy COOTBETCTBYIOLIHE 3TUM HaAIpPs-

KEHUSM 3HAYCHHS TOKa KoJUIeKTopa. M3aMepenus moBToputh nmpu Tokax 6a3er 40, 60 u 80 MKA.
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Tabmuia 3.2.

Uw, B 0 0,2 0,5 1 2 5 10 15

pu i=20MKA

pu i=40MKA

I, MA i
pu l=60MKA

pu i=80MKA

5. Ilo manubeiM Tabmui 3.1 u 3.2 HOCTPOUTH BXOAHBIE U BBIXOJHBIC XapaKTEPUCTHKHU TPaH-
3HUCTOpA.
6. B pabounx Toukax, yka3zaHHbIX MperojaBaTeieM, ONpPeAeIUTh AMHAMUYECKUE Iapa-

METPbI TPAH3UCTOPA.

Cooepiicanue omuema:

OTueT TOIKEH COACPIKATh:

HasBanue paboTsi;

L{enb paboTHI;

Kpatkue TeopeTndyeckue CBeICHHS,

Onucanue HCIOJIb3yeMOTO 000PY/I0OBaHMSI U MAaTEPHAJIOB;
[TopsiioK BBIOTHEHHS PaOOTHI;

Boruncnenus u 00paboTka pe3ysbTaToB;

N o gk~ w e

BriBoanl.

Konmponvuwvie sonpocwi:

1. Uto npeAcTaBisitoT COO0M BXOHBIC U BBIXOJHBIE XapaKTEPUCTUKH TPAaH3UCTOpa?

2. Pacckaxxute 0 MOPSAKE MOTYyYEHUS BXOTHBIX M BEIXOIHBIX XapaKTEPUCTUK TPAH3UCTOPA.

3. IlepeuncnuTe TUHAMHUYECKHE MapaMeTpbl OUIONSIPHOrO TpaH3ucTtopa. Kak ux momy-
qaroT?

4. Yem orpaHnyeHa aKTUBHAs 30HA BBIXOJHBIX XapaKTEPUCTUK TpaH3UCTOpa?
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Jlabopamopnan paooma Ned. Xapakmepucmuku nonieeo2o mpan3ucmopa.

Iens pabomer: V13yuenne ocoOEHHOCTEH pabOTHI MOJIEBOTO TPAH3UCTOPA C YIPABISIEMbIM

nepexoaoM, OCBOCHUC MCTOAMKH ITOJIYYCHHUA €TI0 CTOKO-S&TBOpHOﬁ " BBIXOJIHBIX XdpaKTCPHUCTHUK.

Ocnoevt meopuu:

B nannoii 1abopaTopHoil paboTe paccMaTpUBaeTCs MOJICBOM TPAH3UCTOP C YIIPABISICMBIM
nepexoioM. TpaH3uCTOPbI TAKOTO THUIIA MOTYT UMETh N-KaHajl, B KOTOPOM HOCHUTENISIMU 3apsiioB
ABIIIOTCS 3JIEKTPOHBI, TUOO p-KaHall, B KOTOPOM HOCUTEISIMH 3apsiIoB ABISAIOTCA IbIpku. Cxema

KOHCTPYKIIMU TPAH3UCTOpPA ¢ N-KaHAJIOM MpeJcTaBieHa Ha puc. 4.1.

3aTBOP
CTOK

Rl aEAT o0eTHEHHAS 30HA

Pucynok 4.1 — Cxema KOHCTPYKIUHU TPAH3UCTOPA C N-KaHAJIOM

B KpuCTaJII IMOJIYIIPOBOJHUKA N-TUITA, UMCIOIICTO MAJTYIO KOHIICHTpAIWIO MIPUMECH, BITAsSTH
KPHUCTAIIJ P-TUIIA C BEICOKOHM KOHIIEHTpanuen npumecu. Beneacteue auddys3un 31eKTpOHOB U3 -
MOJTYTIPOBOTHUKA U JBIPOK U3 P-TIOTYMPOBOJHUKA Ha TPAHUIIE KPUCTAIIIIOB 00paszyeTcs: 00eTHEH-
Has 30Ha, JTUIIEHHAS HOCUTEIIEH 3apsI0B U TOITOMY MMEIOIAsi OY€Hb BRICOKOE COMTPOTUBIICHUE.

N3-3a pa3HOCTH KOHIIEHTpAIIMU TpUMecel 00eqHEHHAS 30Ha 3aHUMAET MOYTH BECh 00BEM
N-TIOJIY-TIPOBOJJHUKA, OCTaBJIsSAsl CO CTOPOHBI, POTUBOIOIOKHON P-MOJIYIPOBOJIHUKY, Y3KUHI Ka-
Hajl. Y TpaH3UCTOpa MMEETCS TPU METAJUIMYECKHUX 3JIEKTPOAa, OJUH U3 KOTOPBIX, HA3bIBAEMBIN
3aTBOPOM, COEIUHEH C P-IIOIYNPOBOJIHUKOM, ABAa APYIUX, HA3bIBAEMBIX UCTOKOM U CTOKOM, CO-
CAWHCHBI C KPpUCTAJIJIOM N-TUIIA C ITPOTHUBOIIOJIOXHBIX CTOPOH, TaK YTO KaHAJI HAXOAUTCA MCKIY
STUMHU AJIEKTPOJAMHU.

3aTBOp SABISETCS YIPABJISIOMIUM JJIEKTPOAOM. Ecin Mexay CTOKOM M UCTOKOM MPHUJIIO-
JKUTHb Pa3HOCTb MOTCHIHAJIOB ITPU OTCYTCTBHHU IIOTCHIMAJIA HA 3aTBOPEC, TO UCPEC3 KaHA MOTEUET
ToK. [Ipu mogaue Ha 3aTBOP OTPHULATENLHOTO OTHOCUTEJIBHO MCTOKA MOTEHIMala 00enHEHHAs
30HA PACIIMPUTCS, TONIIMHA KaHajla YMEHBUIUTCSA, U COMPOTUBIEHUE LIETIH CTOK-UCTOK YBEIH-
YUTCS, BCAEACTBUE YErO TOK CTOKA yMEHbIIUTCS. [Ipu 3TOM ciieqyer 3aMeTuTh, UTO TOK Yepes

3aTBOp OyZeT OTCYTCTBOBATh, T.K. HAIMIPSHKEHUE MO LIETIH 3aTBOP-UCTOK MOAAHO B HEMPOBOASILEM
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HanpasieHuu. [Ipu nogade nonoKUTENLHOTO MOTEHIIMAA HA 3aTBOP MO LIETH 3aTBOP-UCTOK MO-
TEUET TOK, TOJIIMHA KaHAIa YBEIIMYUTCS, U Ia’Ke MTPU HEOOJIBIIIOM TOKE 3aTBOPA TOK CTOKA PE3KO
BO3PACTET.

I'padmueckoe n306pakeHNEe TPAH3UCTOPOB C YIPABISEMBIM [IEPEXOI0M MPEACTABICHO HA

puc.4.2.
/] 3 u 3
—— ———
¢ ¢
TPaH3IHCTOP C p-KaHalIoM TPAH3IHCTOPD C M-KaHAaI0oM

Pucynok 4.2 — I'padpuueckoe nzoOpakeHre NoJeBbIX TPAaH3UCTOPOB

JI71st IOJIEBBIX TPAH3HUCTOPOB MUCIONB3YIOT TAKHE XapaKTEPUCTUKHU, KaK CTOKO-3aTBOpPHAs,
IpEJICTAaBIISIONMAs COO0M 3aBUCUMOCTD TOKA CTOKA OT HANPSLKEHHS 3aTBOP-MCTOK MPU ITOCTOSIH-
HOM HAIPSDKEHWH CTOK-UCTOK, M BBIXOJHBIC, HPEICTABISIONINE 3aBUCHUMOCTh TOKA CTOKa OT
HANPSKEHUS CTOK-UCTOK IPU (PMKCHPOBAHHBIX 3HAYCHHSX HAMPSIKEHUS 3aTBOP-UCTOK.

JInHAMUYECKUMHE [TapaMeTPaMH OJICBBIX TPAH3UCTOPOB SIBJSIOTCS CICIYIOIIHE:

— KpYTH3Ha CTOKO3aTBOPHOM XapaKTEPHCTUKH

S=dic/dUs; Tp¥ TOCTOSIHHOM Uyc ¥ 337@HHOM Usy;
— BHyTpeHHee auddepeHnaIbHOe CONMPOTHBICHUE
Rnc = dunc/dic ’
Kotopoe omnpeaessifor 1o BEIXOIHBIM XapaKTEPUCTHKAM JIUIS 3aJaHHBIX Unc U Usy;
— K0()(DUIMEHT YCHUIIEHWSI HAIIPSKEHUS

M= dUuc/dUsy TIPH TOCTOSIHHOM ¢ ¥ 33TAHHOM Usys.

Ykazanue no mexnuxe 6esonacnocmu:
VYka3zaHus 1o TeXHUKE OE30MMaCHOCTH MPH BBIITOJIHEHUH J1a0OpAaTOPHBIX pabOT MPUBEIEHBI

B IIPWJIO’KEHUE A.

Ykazanua no eévinoanenuro nabopamopuoit pabomor:

[Ipu BbIMOTHEHUM AaHHOM 1ab0opaTOpHOM PabOTHI HEOOXOIUMO MOTYYUTH CTOKO-3aTBOP-
HYIO U BBIXOJHBIE XapAKTEPUCTUKH IOJEBOT0 TPAH3UCTOPA C KaHAJIOM N-TUIIA, ONPEACIUTh KPY-
TU3HY CTOKO3aTBOPHOU XapaKTEPUCTUKU U BHyTpeHHee AU QepeHnraibHoe CONPOTUBIICHHUE.

[Topsiok BeITIOTHEHUS PAOOTHI CIICTYIOITHH:

1. U3y4uTh OCHOBHBIE TEOPETUUECKUE MOTOKEHHUS.

2. Cobpatb cxemy puc.4.3 UIst CHATHS CTOKO3aTBOPHON XapaKTEPUCTUKH.
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N3mensis HanpspbkeHue usu ot -2,5 B 10 Hyms1, yOeIuThCsl, 4TO TOK B IIEMH 3aTBOPA OTCYT-

CTByeT. 3anmucarhb B Tabnuiy 3.1 3HaUeHUs TOKA 3aTBOPA MPH YKa3aHHBIX B TAOIUIIE OJIOKHUTEIb-

HBIX HAITPAKCHHUAX U3H.

3. Amnepmetp u nepeMbluky «I1» momensaTte mectamu. [Ipu yka3zanueix B Tabnuie 4.1

HapsKCHUAX 3aTBOP-UCTOK 3allMCaTh B Ta6nnuy 3HAYCHHUA TOKa CTOKa. HOCTpOI/ITB rpa(bI/H(

CTOKO-3aTBOPHOM XapaKTEPUCTUKH.

I1
1 -
iig
10 kOMm
15B C
I 10 xOM m Iy
—
+ A : >
I \/ 3 H
ol ®
10xOM Usg
-|_ Py h
Pucynok 4.3
Tabmma 3.1.
U3]/[,B '2,5 '2 '1,5 '1 '0,5 O +0,2 +0,4 +0,6
i, MA
i, MA

4. Cobpatb cxeMy puc. 4.4 Ui CHATHUS BBIXOJIHBIX XapaKTEPUCTHK TPaH3HCTOPA.

0...15B

O

4. 7k0M

1xOM

Pucynok 4.4

—3
II C
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Y cTaHOBUTH HaNPsKEHUE 3aTBOP-UCTOK -1,5 B ¢ momomipio norenmuomerpa 1kOm. Ycra-
HABJIMBAs HAMPSDKCHUS CTOK-UCTOK, yKa3aHHBIC B TaOmuIle 3.2, 3aMEpUTh U 3aMUcaTh B TAOIHILY
COOTBCTCTBYIOIIMEC 3HAUYCHUA TOKA CTOKaA. HOBTOpI/ITb OIIBIT ITPU YKAa3aHHBIX B Ta6HI/ILIe HaIIpsKe-
HUSIX U3H, U1 YCTAHOBKU MOJO0XKHUTEIBHOT0 3HAYEHUSI KOTOPOTO U3MEHUTH MOJIIPHOCTD HAIpsIkKe-
HUS, CHUIMAaEeMOTO C HEPETyJIUPYyeMOro UCTOYHHKA MUTaHus 15B.

Tabauua 4.2.

U, B 0 |05] 1 |15 2 3 4 6 8 | 10 | 12 | 15

npu Usy=-1,5 B

HpI/I U3M:' 1 B

ic, MA | mpu Usy =-0,5 B

npu Usy =0 B

pu U;=+0,5 B

5. IlocTpouTh ceMecTBO BHIXOAHBIX XapakTepucTuk ic=f(Ucn).
6. BBIUUCIIUTH KPYTU3HY CTOKO-3aTBOPHOM XapaKTEPUCTHKHU U BHyTpeHHee auddepeHiu-

AJIBHOC COIMMPOTHUBJICHUC IJI TOUCK HA XapaKTCPUCTUKAX, YKA3aHHBIX ITPCIIOJaBaTCIICM.

Cooeporcanue omuema:

OTuer 10IHKEH COAepKaTh:

HazBanue paboTsr;

[ens paboThI;

Kpartkue TeopeTnueckue cBeleHus;

Onucanne UCHONB3yeMoOro 000py/10BaHUs U MaTEpHAIIOB;
[Topsiiok BBITTOTHEHHUS PaOOTHI;

Boruncnenus u 00paboTka pe3ysibTaToB;

N o a ~ w D oe

BrIBOIEI.

KOHmpOﬂbele eonpocol:

1. Omumute KOHCTPYKIHIO IMOJICBOTO TPAH3UCTOPA C YIIPABIACMBIM IIEPCXOA0OM.

2. [Touemy obenHEHHAs 30HA P-N-TIEPEX0/1a PACIIONAraeTcsi B OCHOBHOM B 30HE HCTOKA-
cToKa?

3. Uto Ha3bIBAIOT KaHAJIOM MOJIEBOT0 TpaH3ucTopa?
4. Kakve HOCHUTENH 3apsI0B UMEIOTCS B KaHaJIE TIOJIEBOTO TpaH3ucTopa?

5. B pe3ynbraTe 4ero u3MeHsIeTCs COMPOTUBIICHUE KaHaja MOJIEBOTO TpaH3ucTopa?
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6. B kakux cinydasx mpu paboTe MmoJIeBOro TpaH3uCTopa OTCYTCTBYET TOK 3aTBOpa?
7. Yto mipeacTaBisieT co00i cToko3aTBOpHAas xapakrepuctuka? Kak e€ momyyaror?

8. Uto nmpencTaBisiOT OO0 BBIXOIHBIE XapaKTEPUCTUKHU MOJIEBOTO Tpan3uctopa? Kak
WX MOJy4aroT?

9. Kakue Bam n3BecTHBI AMHAMUYECKHE TTapaMeTphl M0JIEBOro Tpan3ucropa? Kak ux Bbl-
YUCIIAIOT?
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Jlabopamopnas paooma NeS. Heynpaeisiemvie gpinpamumeiu.

Ieny pabomei: 3ydenue cxeM onHO(A3HBIX U TPEX(DA3HBIX BRIPSMHUTENICH, CPaBHEHHE
TEOPETUYECKUX U IKCIEPUMEHTAIbHBIX 3HAUYCHUN BBIIPSMIIEHHOIO HAIIPSDKEHUS, O3HAKOMIIEHUE

¢ opMaMu KPUBBIX BBIIPSMICHHOTO HAIPSXKEHUSI.

Ocnoevt meopuu:

OcHOBHas 4acTh 3JICKTPOIHEPTUH BBIPAOATHIBACTCS U MEpenaéTcst OT TeHEPaTOPOB K TO-
TPEOUTEISIM B BUJIE SHEPTHH NIEPEMEHHOT0 TOKa. /I MUTaHus OTpeOuTeNel MOCTOSHHOTO TOKA
HCIIOJIB3YIOT BBIIPAMUTECIIN, KOTOPBIC BBIITOJIHAKOT, B OCHOBHOM, C UCIIOJIB30BAHUCM ITOJIYIIPOBO/I-
HUKOBBIX NPUOOPOB. B cxemax HeynpaBiisieMbIX BBIIPSAMUTENEH UCIONb3YIOT AUO/bl. B 3aBucu-
MOCTH OT MOIIHOCTH HAarpy3KH ¥ TPEOOBaHUH K KAQUYECTBY BBINPSMIICHHOTO HANPSHKEHUS IPUMe-

HAKOT PA3JIMYHBIC CXCMbI BBITIPAMIICHHA.

[ - ®--------- }
u — C Rx
_!_ U.
E v |
. *—---------
Pucynok 5.1

Haubonee npocroii siBisieTcs cxema oAHO()A3HOTO OJHOMOJIYIIEPHUOIHOTO BBIIPSMICHHUS
(puc. 5.1), ucnonb3yemasi AJjis MOTPEOUTENICH MaJIOil MOIIHOCTH, JAOMYCKAOIINX 3HAYUTEIbHBIN
YPOBCHB Hy.]'IBCZlIII/II\/JI BBIIPAMIICHHOTI'O HAITPSAKCHUA. CDopMa KpPIBOfI BBITIPAMIICHHOI'O TaKUM BbI-
IpsIMUTENIEM HampsDKeHUs (GKUpHasl JIMHUS) peAcTaBieHa Ha puc. 5.2. JIns criakuBaHus MyJb-
caluii HalpspKeHUs NapajuiebHO HArpy3Ke OOBIYHO BKIIFOUYAIOT DJIEKTPOIUTHUYECKUN KOHIECHCA-

TOp OOJIBIIION EMKOCTH.

U

Us

.ot

Pucynoxk 5.2
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[Ipu nutanuu oT ogHO(A3HOM LIETH Yalle MPUMEHSIOT CXeMbl JBYXIOIYIIEPUOIHOTO BbI-
NPSIMJICHUS, UMEIOIIME 3HAYUTEIbHO MEHBIINN YPOBEHb MYJIbCAIIUN BBIIPSIMICHHOTO HAMpsKe-
Hus. CyliecTBYET /iBa BUJa TAKUX CXEM: CO cpeaHel Toukoi (puc. 5.3) u moctoBas (puc.5.4). Ha
CXeMax HalpaBJICHHE TOKa MOKAa3aHO CIUIOIIHBIMU CTPEIKAMH MPHU OJHOM MOJSPHOCTH IMUTAIO-
LIEr0 HApsHKEHUS. U MyHKTUPHBIMU — IIPU IPOTUBOIIOJIOKHOM.

JIOCTOMHCTBOM MOCTOBOM CXEMBHI SIBIISIETCSI OTCYTCTBUE TpaHC(HOpPMATOpa CO CPEAHEH TOU-
KOH BTOpUYHOI 00MOTKH. BMecTe ¢ TeM, B 3TOM cXxeMe TOK OJJHOBPEMEHHO MPOXOIUT Yepe3 J1Ba
JM0/1a, a HE Yepe3 OJIMH, KaK B CXEME€ CO CPEAHEH TOYKOM, MO3TOMY NAaJCHUE HAIpSIKEHUs Ha
JMoJIaX B ATOM cxeMme OyIeT B /1Ba pa3a 0oblie. B cBsA3U ¢ OTMEUEHHBIM 00CTOSITEILCTBOM CXEMY

CO CpeJHel TOUKOM MPEeNOUYTUTENbHEE UCIIOIB30BaTh MIPHU OOJIBIINX TOKAX.
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g
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Pucynok 5.4
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Pucynok 5.5

KpuBast BBITPSIMICHHOTO HANPSDKEHUS 11 00CHX CXEM BBIMJIAUT OJMHAKOBO, OHA MPE-
CTaBJIEHAa Ha puc. 5.5.

[ToTpeOuTenu MOCTOSTHHOTO TOKa OOJBIION MOITHOCTH OOBIYHO MHUTAIOTCS Yepe3 BBIPSI-
MHTENU OT Tpéxda3HbIx nenei. TpéxdasHple cxeMbl BBIIPAMIICHHS, KaK 1 0HO(a3HbIE, OBIBAIOT

OJTHOTIOTYTIEPUOTHBIMHE (pHC. 5.6) ¥ ABYXIOIYIEPUOAHBIMU (pHC. 5.8).

I

A® B R.
5 e =>|'D*-2 SN I -—

c P .
UM U EBIIT

Pucynok 5.6

| Usa

2

Us Us Uc

Pucynok 5.7
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®opMa KpUBOH BBITPSAMIEHHOTO HAIIPSKEHUS IPU MCIOJIb30BAHUM ITUX CXEM IPEICTaB-
nsieT co00i orubaroIyo BEpIIMHBI CHHYCOU TpEx(da3Horo HampsukeHus. B cxeme puc. 5.6 ox-
HOBPEMEHHO MOKET OBITh OTKPBIT TOJIBKO OJMH JMO/I, HA aHOJIE KOTOPOT'O B JAHHBI MOMEHT Bpe-
MEHH HallpsbKeHHe HauOoJipliee, ABa Apyrue Ha STOM MHTEpBajie BpeMEHU OyIyT 3aKphITHI, T.K.
MOTEHITMA Ha X KaToaax OyAeT BhIIIe MOTEHIIMAIOB Ha aHoAax. Takum oopa3om, quoasl J1, 112,
J13 OTKpBIBAIOTCA MOOYEPENHO, M BHITPSIMIICHHBIM TOK MOOYEPENHO MPOTEKAET MO LemsiM (a3 A,
B, C. KpuBas BBIIPSMIIEHHOTO HANpPsDKEHUS HA PUC. 5.7 n300paskeHa KUPHOU JIMHUEH.

B mocroBoit Tpéxdaznoii cxeme (puc. 5.8) 0THOBPEMEHHO OTKPBITHI JIBA IUOA, PACIIONO-
JKEHHbIE MEXTy TeMU (azaMu, JIMHEHHOE HAMPSDKEHUE MEKy KOTOPBIMH B JAHHBI MOMEHT Bpe-
MeHU HaubOogpuiee. OcTanbHble AUOABI OyyT 3aKpPbITHL, T.K. HOTEHLMAJbl Ha UX KaToJgax OyayT
BBIIIIE TOTEHIMANIOB aHOA0B. Ha puc. 5.9 n300pakeHbl CHHYCOH/IbI IMHEHHBIX HANIPSDKEHUH TPEX-

(ha3HOM CHCTEMBI.
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Pucynok 5.8
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Pucynok 5.9
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Ha mpomexytke 0<wt<30° mamOosbas pa3HOCTh MOTeHIMAIOB Mexay ¢azamu C u B,
MO3TOMY OTKpBITEIME OynyT auozasl e u [3; Ha nmpomexyTke 30°<ot<90° morenmman ¢assr A
cta"et OombIne norennuana ¢asel C, moaromy nuon e 3akpoercs, a 2 — oTkpoercs. B mocneny-
IOIIME UHTEPBAIBI OyayT moouepEaHo OTKPHIThL: 90°<wt<150° — Io,/15; 150°<wt<210° — [14,/s;
210°<wt<270° — Ha,M1; 270°<w0t<330° — e, /1; 330°<wt<30° — cnosa [, /I3 , 1 T.1. Takum o6pa-
30M, MEXKIy KaTOJHOW M aHOJHOW TpyNIaMH JUOJIOB IMOCTOSHHO OyIeT HampshKEHHE, PaBHOE
HauOO0JIbIIEMY TI0 20COIIFOTHOMY 3HAYCHHIO JTMHEWHOMY HANpshKeHHUI0. KpuBas BBITPSIMIICHHOTO
HanpsHKeHUs Ha puc. 5.9 mokazaHa )KUPHOW JTUHUEH.

Cpennee 3HaU€HUE BBITPSIMIEHHOTO HanpspkeHust Uep UTst cxeMbl 01HO(A3HOTO OJHOIO-
JYTIEPUOTHOTO BBITIPSIMIICHUS OTIPEICIISICTCS BEIPAKCHHEM:

Uep=Um/m=72U/ 1=0.45U,

rae U — neiicTByroliee 3Ha4eHHe MEPEMEHHOTO CHHYCOUIATbHOTO HANIPSKEHUS,

Um — aMIUTUTYAHOE 3HaYeHHE IEPEMEHHOT0 HaPsyKEHUSI.

JIJIs OCTaTbHBIX CXEM BBITIPSIMIICHUS

Uep=(m/ m)sin(m/ ©) Um=V2(m/m)sin(m/x)U,

rae M —uucio (a3 BRIIPSIMIIEMOTO HAPSKEHUS.

Jnisa cxemsl puc. 5.3 u puc.4.4m =2, U= 0,637 Un=0,9 U,

st cxemsbl puc. 5.6 m =3, Uep= 0,827 Um = 1,17 Uy,

st cxemsl puc. 5.8 m =6, Uep = 0,955 U= 1,35 U,

B 3anucaHHBIX BBIIIE BRIPAKEHUSX CPEIHNE 3HAUCHUS BBIMPSAMICHHOTO HAMPSHKEHUS YKa-

3aHEI 0€3 yqéTa NMagCHUs HAIIPSAKCHUA Ha JUOJaX, KOTOPOC COCTABJIACT OT 0,5 0 2 B.

Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHUKE 0OC30IMaCHOCTH ITPpU BBITTOJIHCHUH J'Ia60paT0pHLIX pa60T IMPUBCACHBI

B IIPWJIO’KEHUE A.

Ykazanua no eévinoanenuro nabopamopnoit padomoi:

[Tpu BBITIOIHEHUH TaHHOM TaOOPaTOPHON PabOTHI CTYACHTHI IOJDKHBI COOPATh CXEMBI O1-
HO(a3HBIX U TPEX(A3HBIX BHIMPSIMUTENCH, CPABHUTH ICHCTBYIOIINE 3HAYCHHSI HAMTPSDKEHUS TIepe-
MEHHOTO TOKa CO CPEJHUMHU 3HAYEHUSIMH BBIIPSIMIEHHOTO HAMPSKEHUS, C TIOMOIIBIO OCIHILIO-
rpada CHATh KpUBBIC BBITPSIMIICHHOTO HANPSHKCHHS.

[Topsok BeIMOTHEHUS PabOTHI CIIETYIOIINH.

1. I/I3y‘-II/ITB OCHOBHBIC TCOPECTUYCCKUC ITOJIOKCHU .

32



2. Co6patp cxemy puc. 5.1. Ilonate HanpspDKEHUE OT UCTOYHMKA TIEPEMEHHOTO HaIpsiKe-

Hus 7B. M3MepuTh BEIUYMHY IEPEMEHHOTO U BBIIPSMIICHHOIO HAIPSIKEHUM, BBIYUCIUTD BEJIH-

YUHY MaJIeHUs HANpsKSHUs Ha Tuoje. Pe3ynbpTraTel u3MepeHHid 1 BEIYMCICHUN 3aHECTH B TAOIUILY

5.1

3. Ilonate curHan BBIIPSAMIIEHHOTO HAMpsDKEHUSA Ha ociuiorpad, 3apucoBarh (Gopmy

KPUBOW HAIIPSKEHUS.

4. BBIMOMHUTH aHAJIOTHYHBIC 3aMEpbl, BBIUMCICHHS, HAOMIOJEHUS W PUCYHKH, COOpaB

CXeMbl, n300pakéHHbIC HA puC. 5.3, 5.4, 5.6 u 5.8.

Tabmwma 5.1
UCpl
Cxema . Ucp, [Tanenue Hanps-
U, B IKCTIEPUMEHTAITb-
BBINPSIMIICHHS TEOPETHUYECKOE JKCHUS Ha JIHOJIaX
HOE
OpnHodasnas
OJTHOTIOJTYTICPHO/THASI
OpnHodasnas

CO CpeIHEN TOUKOU

Opnnodasnas

MOCTOBAas

Tpéxdaznas

CO cpeaHeil TOuKoi

Tpéxdaznas

MOCTOBAas

Cooepircanue omuema:

Ortuer HAOJIKCH COACPKATh:

N o a ~ wbh PP

Ha3zBanue pa0oTsr;

[lens paboThI;

Kpartkue TeopeTnyeckue CBeICHHUS;

Onucanue HCIIOJI3YEMOT'O 06opyz[013aHI/1${ 1 MaTepuajioB,

HOp}IIIOK BBITIOJIHCHU A pa6OTBI;

Brruucnenus u 06paboTka pe3yinbTaTos;

BriBonpbl.
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Konmponvusie gonpocwi:

1. HapucyiiTe cxembl BBIIPAMUTENEN U YKAKUTE ITYTh IPOXOKIAECHMSI TOKA IPU U3MEHEHUU
HOJIIPHOCTH IUTAIOIIETO HAIPSKEHNUS.

2. O0bsicHUTE, TOYEMY NP BHIIPAMIICHUH TPEX(PA3HOTO TOKA B CXEME C HYJIEBOM TOUKOU
MOKET OBITh OTKPBIT TOJIKO OJIMH JAHOJ, & B MOCTOBOM CXeMe — TOJIbKO JIBa JHO/A.

3. O0BsSICHUTE TIOCIIEIOBATEIFHOCTh OTKPBITHS TUOIOB B TPEX(PA3HON MOCTOBON CXEME.

4. ITo kakoit popmysie MOKHO BBIYMCIUTH 3HAYEHUE CPETHETO BBIIPSMIIEHHOTO HAIIPsIKe-
HuA?

5. [Touemy (akTHUeCKOE BHIMPSMIICHHOE HAMIPSHKEHUE HECKOJIBKO HHIKE TEOPETUUECKH BbI-

YUCIIEHHOTO0?
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Jlabopamopnan pavoma Neb. Kackao ycunumensa nepemenno20 moka Ha OUNOJIAPHOM

mpan3ucmope.

Ilens pabomui: VI3yuuTh cxeMy Kacka/ia yCUIIUTENs IEPEMEHHOT0 TOKa C O0IUM SMUTTE-
POM, MIPAKTUYECKH OCBOUTH METOJMKY YCTAHOBKM Ha4yaJbHOM paboyeil TOUKU TpaH3UCTOpPA B pe-
KUME A, METOJUKY IOJyYEHUSI aMIUIMTYAHON U YaCTOTHOM XapaKTEPUCTUK YCUIIMTENS, ONpee-
JICHUS €T0 BXOJHOTO U BBIXOJHOTO CONPOTUBIICHUH, MPOAHAIN3UPOBAThH BIMSAHUE Ha KOA(DDHUIH-

CHT YCHUJICHUA 3HAYCHHI nmapaMeTpoOB OTACIBHBIX 3JICMCHTOB CXEMBEI.

OcHnoevt meopuu:

Cxema Kackaga YCUIUTCIIA IECPEMCHHOI'O TOKaA C O6IIII/IM OMUTTCPOM IIPEACTABJICHA HA pUC.

6.1.
Rx
 §
E: 4. 7k0M IT C=0.47TMxD
15B Rs=1xk0OM Ci;=1MK |
—1 T |
a
U- Ry
0.3 R
Vi 100 R> Cs I
OM TR: 100M| 10MKD :
IkOM l 1
& & & &
Pucynok 6.1

[Intanmne ycunmrens OCYHIECTBISETCA OT MCTOYHUKA ITOCTOSIHHOTO HampsbkeHus 15B.
BxoaHoii curHan nmoaa€rcst OT HCTOYHUKA CHHYCOMAAIIBHOIO HAIpsKEHUs yepes aenuresib R3R4,
KOTOPBI IpeaHa3zHaueH Juid Oosiee MIaBHOTO M3MEHEHHUs aMIUIMTYIbl BXOJHOTO CHUTHAjla U K
CXEME YCUIIUTENS HE OTHOCUTCA.

Pexxum ycunnresnst mo mocTOSHHOMY TOKY oOecrieuynuBaeTcs enureneM Hanpsbkenns R1R2
Y CONpOTHUBIIEHNEM B 1ienu smutTepa RO. [enutenem R1R2 HacTpanBaeTcs monoxenne Hadalb-
Hol paboueil Touku (HPT), T.e. HanpshkeHHe HA KOJUIEKTOPE U TOK KOJUIEKTOpA IIPU OTCYTCTBUU
BXOJIHOT'O CUTHAaJa.

[Tonoxxenne HPT noka3aHo Ha cemeicTBe BBIXOAHBIX XapaKTEPUCTUK TpaH3UCTOpa (pHC.

6.2), oHO ompenenseT pexxuM padoTsl TpaHzuctopa. Eciim HPT HaxomuTces B meHTpe aKTUBHOM
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30HBI BBIXOJIHBIX XapaKTEPUCTUK, TO TPAH3UCTOP PabOTAET B pexuMe A, yCUITUBas KaK MOJIOXKH-
TEJIbHBIE, TAK U OTPHUIIATEIbHBIE TIOTYBOJIHBI BXOJHOTO CUTHANA. ECin monoxxuTensHoe cMeIeHne
Ha 0a3e OTCYTCTBYET, TO TpaH3UCTOp pabotaer B pexume B (touka B Ha puc. 5.2), ycunusas
TOJIBKO IMOJIOKUTEJIbHBIE BOJIHBI BXOAHOTO CUTHANA. [[1s1 yMEHbIICHHS] HETUHEHHBIX UCKAXKCHHUI,
KOTOpBIE 0OCOOEHHO 3aMETHBI NIPU MAJbIX TOKAaxX 0a3bl, Ha 0a3y TPaH3UCTOPA MOJAIOT HEOOIbIIOE
MOJIOKUTENbHOE cMelieHue (Touka AB Ha puc 6.2), B 3TOM cilydae TpaH3UCTOP YCUIIMBAET MOJI0-
JKUTEIIbHBIC TIOJTYBOJIHBI BXOJTHOTO CHTHAJIA M YaCTUYHO — OTpHIaTeIbHbIe. Pexxnumel B u AB wuc-
MOJIB3YIOT B CXEMaXx JBYXTAKTHBIX YCHJIMTEJIEH, B KOTOPHIX OTPUIATENIbHBIE U TOJOKUTEIbHbIC
MOJIYBOJIHBI YCUIIUBAIOTCA JBYMsI pa3HbIMH TpaH3ucTopamMu. B ycunurene, ucroyib3yeMoM B J1aH-
HOW JabopatopHoi paboTe, TpaH3UCTOp padoraeT B pexkume A. Hebonblmoe cOmpoTHUBIICHUE B
uenu 3MuTTepa RO npennasHadyeHo aisi ctabuin3aluu MojJ0KeHUsI HadyalbHOW paboueit TOUKH,

KOTOpas OCyHICCTBIIACTCA CICAYIOIUM 06paaoM.

Ix
Imax [ 15=300 MKA
- 250 MKA
200 MEKA
Im | | D 150 MEA

100 MKA

\ \ 15=50 MKA

‘\. B FUKB
Ex

Pucynok 6.2

Tox B 1ienu 6a3bl OMpeneNaeTcs pa3HOCThIO TOTCHIIMATIOB MEXTy 0a301 M SMUTTEPOM, KO-
Topas paBHa (cM. puc. 6.1) :
Us>=UextUcn-Uo,
I'ne Uoe paBHO MPOU3BEICHHUIO OCTOSHHOM COCTABIISIFOLICH TOKA SMUTTEPA HA COMTPOTHB-
aenue Ry. [lepemenHas cocTaBisolas Toka SMUTTEpa Ha BeMUrHY Uoc BIMSHUS HE OKa3bIBaeT,

T.K. OHA IMPOTCKACT B OCHOBHOM 4Y€PE3 KOHACHCATOP Ca, COIIPOTUBJICHHUE KOTOPOTO AJIA IEPEMECH-
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HOU coCTaBJIsIONIEeH HaMHOTO MeHbIe Ry, Eciin mo kakuM-mn6o mpruurHaM MOCTOSIHHAST COCTaB-
JSIoLIas TOKa B LENU KOJJIEKTOP — SMUTTEP BO3PACTET, TO COOTBETCTBEHHO BO3PACTET HAIpsIKe-
Hue U, a Hanpsoxerne Us, MOHU3UTCS, YTO NPUBEAET K CHIKEHHIO TOKa 0a3bl U cTabuiIn3anun
HPT. IIpu cHUKEHHHM TOCTOSIHHOM COCTAaBJIAIOLIECH TOKA IIEMU KOJUJIEKTOP — AMUTTEP MPOUCXOAUT
oOpaTHbIH mpoIiecc.

Hannune xonnencaropa Cs UCKIIIOYAET OTPULIATENFHYIO OOPaTHYIO CBSI3b 110 IIEPEMEHHON
COCTABIISIIOIIEH U TEM CaMbIM UCKJIFOYAaeT yMEHbIIEHHE KO (UIIMEHTA YCUIICHUS YCHIIUTES, KO-
TOpOE UMEJIO0 ObI MECTO MPH HATTUUUU ITOU CBS3H.

BrixogHoe HanpsikeHHe YCHUIIMTENS B 1elb HAarpy3ku Ry cHHUMaeTcs ¢ KOJJIeKTopa TpaH-
3uctopa. [Ipu mono)uTenpHOM MOTYBOJIHE BXOJHOTO HAIPSKEHUS COIIPOTUBIICHHE TPAH3UCTOPA
YMEHBIIAETCS U MOTSHIMAJI Ha KOJUIEKTOpe CHUKaeTcs. [Ipu orpuniarensHO MOTyBOJIHE BXO/-
HOT'0 YCHJIMBA€MOI'O CUTHAJIa COMPOTUBIICHHE TPAH3UCTOPA YBEIMUMBACTCS U MOTEHIMANI Ha 6a3e
noBbIIaercs. Takum o0pa3oM, (ha3a HampsHKEHHUS Ha BBIXOJIE YCHIIUTENS POTHBOIIONOKHA (a3e
BXOJ/IHOT'O CUTHAaJA.

Konnencaropst C1 u Cz SBISIOTCA pa3eIUuTEIbHBIMU, MPENSITCTBYIOIIUMH MPOTEKAHUIO
MOCTOSIHHOT'O TOKA OT UCTOYHUKA TUTAHUsI BO BXOJHOM LIETIH U B LIENU HArpy3KH, UX CONTPOTHUBIIE-
HUE 7151 TOKOB YCUITUBAEMBIX YaCTOT JOJIKHO OBITh HE3HAYUTEIHHBIM.

Utak, pexxum paboThl TpaH3UCTOPA MO MOCTOSTHHOMY TOKY OIpEIENSIETCS HAPsHKECHUEM
WMCTOYHHKA MUTaHUS, BEJIMYNHON COMTPOTUBIICHUS 1IETIH KOJUIEKTOP — YMUTTEP U TOKOM Oa3bl. [Ipu
OTCYTCTBHH TOKa 0a3bl TPAH3UCTOP MOJHOCTHIO 3aKPHIT, T.€. TOK KOJUJIEKTOpa OJU30K K HYIIO U
BCE HalpsHKEHHE MUTAHUA MaJlaeT Ha COMPOTUBIICHUN TpaH3ucTopa (Touka B Ha puc. 5.2). Eciu
MPEANOI0XKUTh, YTO TPAH3UCTOP MOTHOCTHIO OTKPHIT (T.€. €ro CONMPOTUBIECHUE PABHO HYJIIO), TO
BCE HANPSDKEHHE MCTOYHMKA MUTAHUS OYJeT MajaTh Ha cCOMpoTUBIEeHUsIX Rk u R», a Tok B 1ienu
KOJJIEKTOpa OyeT:

Ik = Imax=Ex/( Rx+ R»).

[Ipu 3MEeHEHNH MMOCTOSTHHOM COCTAaBIISIONICH TOKA 0a3bl PEKUM PaOOTHI MO TOCTOSTHHOMY
TOKY Oy/I€T ONPENeAThCS TMHUEH, COeAMHSOMENH TOUKH B U Imax. DTy THHUIO Ha3BIBAIOT JIMHUEH
Harpy3KH 10 MMOCTOSITHHOMY TOKY (CM. pHC. 6.2).

Lemnb, Mo KOTOPOW B YCUIIUTENIE 3aMBIKAETCSI TIEPEMEHHBIN TOK, OTIUYAETCS OT LIETH IO0-
CTOSTHHOTO TOKa. BO-TIepBBIX, U3 1IeTH MEPEMEHHOTO TOKA MPAKTHYECKH UCKITI0UAETCsI COTIPOTHB-
neHne Ro, T.K. OHO IIYHTUPOBAHO KOHIEHCATOPOM Cr»; BO-BTOPBIX, EMKOCTH KOHAEHCATOpOB CH 1
C2 IpUHUMAIOT HACTOJIBKO OOJBIIMMU, YTO UX COMPOTHUBIICHHUS OKA3bIBAIOTCS MPEHEOPEIKUMO Ma-

JIBIMH 11O CPABHCHUTO C COMTPOTUBJICHUAMHA Rk u Rh. COHpOTI/IBHCHI/IC HCTOYHHKA MUTaHUS OOBIYHO
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TaKKe Ha 2 — 3 mopsiAKa HUKE MOCIICIHUX JIBYX COMPOTUBIIECHUN. B ¢Bsi3u ¢ 0OTMEUYeHHBIMU 00CTO-

ATCJIBCTBAMU CXEMa 3aMCHICHUSA LCIU MECPECMCHHOI'O TOKA BBINTIAAUT TAK, KaK INPCIACTABICHO Ha

puc. 5.3a.
———
E Rk T
r g
Ix Rx Ru
5,
—
TINST Ry
]
a 0.

Pucynok 6.3

OOpaTuM BHHMaHHE Ha TO, YTO BBIXO/IHbIE XapAKTEPUCTUKU TPAH3UCTOPA B AKTUBHOMN 30HE
IIPAKTUYECKH TOPU30HTAIIBHBI, T.€. TOK YEPE3 TPAH3UCTOP HE 3aBUCUT OT HAIPSKEHUS KOJIEKTOP
— BMUTTED, a OMPEAEIAETCS TOIBKO TOKOM 0a3bl, IO3TOMY TPAH3UCTOP B 3TOM 30HE MOXKHO pac-
CMaTpUBAaTh KaK UCTOUYHUK TOKa, yIpaBiisieMblil TokoM 0a3bl IK=B*i0, rae f — koapdunueHt ycu-
neHus 6a30Boro Toka. B aTom ciyyae, ¢ yd€ToM TOro, 4TO CONPOTUBICHUEM UCTOYHUKA MMUTAHUS
MOYKHO IIpeHeOpeub, cXxeMa 3aMelleH s TPUMET BUJ, 1300paxEHHBIN Ha puc. 5.30. B aToii cxeme
conpotusiieHns RK u RH BkIIto4eHBI napasuienbHO, IO3TOMY ITEpEMEHHast COCTABIISIIOIIAs TOKA
KOJJIEKTOPA U, COOTBETCTBEHHO, HAKJIOH JINHUU Harpy3Ku MO MepeMEHHOMY TOKY OIpENEsSIOTCS
COIIPOTHUBIIEHUEM

Rk Ru/( Rk+ Rp).

T.k. 3TO comnpoTuBIEHHE BCerjna MeHblle, YyeM conpoTuBieHue Rx+ R, To u nuHug
Harpy3Ku 1o MepeMeHHOMY TOKY Ui JAaHHOTO YCHJIMTENS UMeeT OOJIbIINM HAKJIOH, YeM IO To-
CTOSIHHOMY.

OnHUMHU M3 OCHOBHBIX MapaMeTpOB YCWIMTENEH SBISIOTCS KOA(P(UIMEHTHl yCUIICHUS.
Kackan o cxeme ¢ oOIIMM SMUTTEPOM YCUJIMBAET KaK HampshkeHue, Tak U Tok. [lon koaddunu-
€HTOM YCHJICHUS 10 HaIPsHKEHUIO OHUMAIOT OTHOIIEHHE aMIUIMTY/Ibl HAPsHKEHUST Ha Harpy3Ke
K aMIUIMTYZIE HaIlPsDKEHNS BXOJHOTO CUTHAJIA:

KU = UHm/UBX m.

AMIUTATY/Ia HaNIPsDKEHUS Ha Harpy3ke (cm. puc. 5.30):

Unm=lkm Rk Ru/( Rk+ Ru)= B lsm Rk Ru/( Rk+ Ry).
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AMIUINTY/a HaNPsKEHNs BXOJAHOTO CUTHANA TAK)KE MOXKET OBITh BBIPAYKEHA YEPE3 aMILIH-

Tyay Toka 6a3sl lom:
Usx m= lomfe+1omb>,

rze s U I, - , COOTBETCTBEHHO, CONIPOTUBIIEHUS 0a3bl U IMUTTEPA TPAH3UCTOPA,

I>m — amMIuIMTY 12 TOKA SMUTTEpA.

Ho lsm=lsm(1+p), mosTomy

Usxm = lomls+lsmr>(14P) = lom[rs+r>(1+)] = lomhua,

rae hii= re+r,(1+f) — AMHAMUYECKoe BXOAHOE CONPOTHBICHHE TPAH3UCTOPA, BKIHOYEH-
HOT'O IO CXe€Me € OOIIUM SMUTTEPOM.

Taxum 00pa3oM, K03(HUITMEHT YCHUIICHUS KacKa/ia 1o HApsHKEHUIO

Ku = Uam/Usx m= ( B/ h11)[ Rk Ru/( R+ Ru)].

Kak crenyer u3 nosryueHHOro BbIpaXeHus, KO3 UIMEHT YCUICHUS 3aBUCHUT KaK OT napa-
METPOB TPAH3UCTOpPA, TaK U OT conpoTuBieHni Rk u Ry.

KoadduumeHT ycuineHus mo TOKy onpeenseTcs Kak OTHOIICHUE aMILTUTYI TOKa B LIEMH
Harpy3Ku U B 1lenu 0a3bl:

Ki= lum/ lom.
IHm:UHm/RH: B lom Rk /( R+ RH);
Ki=pB Rk /( Rx+ RH).

KauecTtBo paboTh! ycunuresnaei u 0061acTh UX IPUMEHEHUSI ONIPEEISIOTCS TAKUMU Xapak-
TEPUCTHKAMHM, KaK aMIUIUTYAHAs, aMIJIUTYIHO-4aCTOTHas ¥ (pa30-4acTOTHAs.

AMIUIUTYHAs XapaKTEPUCTHKA OTPa)kaeT 3aBUCUMOCTh BBIXOJHOI'O CHUTHasa (Harpsbke-
HUS WM TOKA) OT aMIUTUTYABI BXOJHOTO. BUJ aMIUIMTyTHON XapaKTEPUCTHKH MPEJCTaBIeH Ha
puc. 6.4. Touka 1 COOTBETCTBYET HaIPsLKEHUIO IIyMOB, u3MepsieMoMy npu Usx = 0. Touka 2 xa-
paKkTepu3yeT MUHHUMAaJIbHOE 3HAaU€HUE BXOAHOTO CUTHalla, pa3IMuyuMoe Ha GoHe nryMoB. Mexay
TOukaMu 2 U 3 pacrosiokeH pabouuil quanazoH ycuiurens. [locie Touku 3 mpoucXoasT cyle-
CTBEHHbIC HEJIHMHEHHbIC UCKaKeHUs: BXoaHoro curHana. BemmumHa D = Ugxmax/ Usxmin HOCHUT

Ha3BaHWC TUHAMHWYECCKOTIO AUaIa3oHa YCUIIUTCIIA.
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UBI:]X r Y

Unxmin Unxma.x UBK
Pucynok 6.4
F'Y Unmm BX
-
f. I
Pucynok 6.5

AMIUTUTYIHO-9acTOTHAsI XapakTepuctrka (AUX) nmpeacrasisieT 3aBUCUMOCTh OTHOIICHHS
aMIUIATYJ BBIXOJHOI'O U BXOJHOI'0 CUTHAJIOB OT YAaCTOThI YCUIMBAEMOro curnana. st paccmar-
pUBaEMOl CXEMBbl YCHIIMTENBHOTO KackaJa OHa MMeeT BHJ, U300paxEHHBIN Ha puc. 5.5. dazo-
YaCTOTHAs XapaKTEPUCTHKA OTPaKaeT 3aBUCUMOCTH (ha30BOTO CJIBUTA MEXKTY BBIXOHBIM M BXOJI-
HBIM CHHYCOUJIAJIbHBIMU CUTHAJIAMU OT YaCTOTHI.

B psze cinydaeB BakHOE 3HAUEHHE UMEIOT TaKHe IMapaMeTphl YCHIUTENS, KaK BXOJAHOE Rgx
Y BBIXOJHOE Rgpix COMPOTHUBIIEHUS. DTH COMPOTHUBIICHUS JJIsI COOPAaHHOTO Kacka/ia HEeTPYIHO OIpe-
JIETIUTh ONBITHBIM ITYTEM.

Hamnpsbkenre Ha BBIXOJIE YCHIIMTEIS ONPECISIETCS Yepe3 HalpsDKEHNE Ha BX0JIe B KOd(-

(UIMEHT yCHIICHUS:

UBLIXIZ KU UBX (51)1
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MpU 3TOM

|6 = UBX/RBX.

Ecnu, He u3MeHsIs BXOJHOTO HAMPSKEHMS, B IIETTh 0235l BKIIOYUTH JOOABOYHOE COMPOTHB-
nenue Ro6, TO TOK 6a3bl OyaeT:

|6: UBX/(RBX+ R/:L06)’
a HaIpsDKEHUE B IIeNU SMUTTEp — 0aza (MCKIouas J00aBOYHOE COMPOTUBIICHHE) Oymer
paBHO:
|6 RBx: UBx RBX/( RBX+ RL[O6)1
MPY 3TOM HaNPsHKEHUE HA BBIXOJIE YCUIIMTENSI YMEHBIIUTCS U CTAHET PABHBIM
U= Ku Usx RBX/( Rex+ R;;I06) (52)
Pazgenus (5.1) Ha (5.2), noxyyum:
UBbIXI/ UBbIXZZ( RBx+ RIL06)/ RBX, OTKYyHa
RBX: RZL06 UBble/( UBblxl' UBble) (53)

Taxum 00pa3om, BKIIOYMB B pa3phiB LIENIH BXOAHOIO CUrHaNa (TOYKa «a» Ha puc.6.1) no-
0aBOYHOE CONMPOTUBIICHUE W U3MEPUB HANPSIKEHUS HA BBIXOJIE YCUIIUTENS JI0 M TIOCIIE €r0 BKITIO-
YCHUS TIPU HEM3MEHHOM BXOHOM CHUTHAJIEC, BXOJIHOE CONMPOTUBICHUE MOYKHO BBIYUCIUTH 11O (Op-
myne (3).

Jlist onpeneneHusi BEIXOJHOTO COMPOTHUBIIEHUS HEOOXOIUMO TPH HEKOTOPOM BXOJIHOM
CUTHAJIE U3MEPUTH HANPSDKEHHUE Upix1 TIPU OTCYTCTBUU HArPY3KH. DTO HAMPSIKEHUE:

UBLIXIZ KU UBx (54)

3aTem, He U3MEHSS1 BXOJHOI'O CUTHANA, HA BBIXOJ YCHJIMTENS BKIKOYUTH CONMPOTUBICHUE
Harpy3ku Ry. [1pu 5TOM HanpskeHUE Ha BBIX0JI€ YMEHBIIHUTCS U cTaHeT PaBHBIM  Ugio= Ky Upx-
lsaxReex, HO lssx=Usuxo/ Ry, mosTOMY

Usio= Ku Usx- U2 R/ R, 1anee, ucnonssys (5.4), umeem:
UBLIXZZUBLIXI-UBLIXZ RBLIX/RH, OTKYyZJa
RBHX=RH(UBHX]/UBBIX2-1) (55)

Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHUKE 0€30IMaCHOCTH ITIPU BBIITOJIHCHUH naGopaTopHLIX pa60T IIPpUBCACHLL

B IIPUJIOJKEHNE A.

Ykazanua no evinonnenuro nabopamopnoii pabomui:
B nannoii nabopaTtopHoii paboTe He0OX0IMMO BBIIOJIHUTH CIEIYIOIIee:

— coOpaB cxeMy YCUIIUTENS, yCTaHOBUThH HaualbHYIO0 pabovylo TOUKY;
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— CHATh aMIUIUTYIHYIO XapaKTEpUCTUKY KacKajJa, ONpPeaesIuTh ero Ko3(ppuuueHT ycue-
HUS 110 HAIPSDKEHUIO U AMHAMUYECKUI AMaIa3oH;

— [IPOAHAIIN3UPOBATH BIMSIHUE HA aMIUIUTYIHYIO XapaKTEPUCTUKY U, COOTBETCTBEHHO, Ha
KO3(PULMEHT yCUIIEHUs 110 HANPSDKEHUIO HAJIMUYUS KOHIEHCATOpa B LIENH SMUTTEPA U BEITMUMHbI
COIPOTHBIICHUS B LIENH KOJUIEKTOPA NP HEU3MEHHOM COIIPOTHUBIICHUU HArPY3KHU;

— OIPEIEIUTh BXOIHOE U BBIXOJAHOE COIIPOTUBIICHUS KaCKala;

— CHATbH aMIUIUTYIHO-4ACTOTHYIO XapaKTEPUCTUKY KacKajaa.

1. I3y4uTh OCHOBHBIE TEOPETHUUECKHUE MTOJIOKEHHUSL.

2. CoOpath cxemy, n300pakeHHyto Ha puc. 6.1, npunass RK =470 Owm.

3. Ha BbIX01e reHepaTopa CHHYCOUJAIbHOTO HAMPSHKEHUST YCTAHOBUTH 4acToTy 2...5 kKl
(Mo yka3zaHHUIO MpernoaBaress) U HaupsbkeHue 2 B, mpu 3TOM HanpspKeHHE Ha BXOJE YCUIIMTENS
Oyzer 0,2 B. [ToreHimoMeTpoM cMeIEHUs HANIPsDKEHUS Ha 0a3e yCTaHOBUTh MAaKCUMAaJIbHOE BbI-
XOJJHOE HanpshkeHue yeunuTesns. CUrHajl BBIXOHOTO HANPSDKEHUS oJaTh Ha ocuuiorpad u 1o-
MOJIHUTEIIBHON HACTPOUKOW CMEIEHHUs JOOUTHCS (POPMBI BBIXOIHOTO CHTHAIA, Hanboee OJn3-
KOH K CHHYCOWJaJbHOW. B mampHeiem, mpy BBIIOJHEHUHN JIA00pATOPHOU pabOTHI TOJIOKEHUE
IOTEHLIMOMETPA CMEILEHUS HE U3MEHSATD.

4. OTKIIIOYUTh HAIPSKEHUE BXOIHOrO curHaina. OJJHUM U3 MYJIbTUMETPOB U3MEPUThH I10-
CTOSIHHOE HAIIPSKEHUE MEXKYy KOJJIEKTOPOM M SMHUTTEPOM M TOK B LN KOJIEKTOPA, BKIKOYUB
amnepmMeTp BMecTo nepeMbiuku «I1». KoopanHatel nonydeHHoi paboueii TOUKM HAaHECTU Ha Ipa-
(UK BBIXOAHBIX XapaKTEPUCTUK TPAH3UCTOPA, MOJYUSHHBIN MPU BBIOJHEHUH MpeIblIyIIei Ja-
60opaTopHON PabOTHI U MPOBECTH JMHUIO HATPY3KH 10 MTOCTOSSHHOMY TOKY.

5. B uens Harpy3ku BKIHOYHUTH conpotuieHue 470 Om. He nogaBasi BXOJAHOTO CHUTHaa,
WU3MEPUTH HaIpsDKEHUE Ha Harpyske. [logaTe BXOHOM CUTHAJ, U IIPYU MTOCTOSIHHOW 4acToTe, U3-
MEHsIsl eT0 aMIUIUTYly, 3anucaTh B Ta0nuiy 6.1 3HaueHHs BBIXOAHOTO HANpPsLKEHUs. BerancauTsb
3HaYeHUs Kod(puLneHTa yCUIIeHUs 0 HANPSHKEHUIO.

Tabnuma 6.1.
Uex, B 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35
C KoH- Usux,B

JIeHCaTO-
Ku
pom C,

bes kon- | Ugyx,B

JeHcaropa

G

Ku
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[To pe3ynpTaTam 3aMepoB MOCTPOUTH AMILTUTYTHYIO XapaKTEPUCTUKY U ONpPEAeTUTh -
HAMUYECKHI TUara30H YCUIICHUSI.

6. YOpats u3 cxembl koH/IeHCaTOp Cd U MOBTOPUTH MCIIBITAHKS aHAJIOTHYHO T1.5.

7. Konpencarop C» ycTaHOBUTH Ha IIPEKHEE MECTO, HA BXOJ1 YCUJIUTENS MTOJAaTh HaIPshKe-
Hue 0.2 B. YcranaBnuBas 3HaueHUs1 CONPOTHBIIEHU RK, yKkazaHHbIe B Tabymie 6.2, 3aucarh B

Ta6JII/II_[y SHAYCHUA BBIXOJHOI'O HANIPAKCHUSA, BBIYUCIIUTD U TAKXKC 3allMCaTh B Ta6JII/ILIy 3HAa4YCHUA

Ku.

Tabsuia 6.2
Rk, OM 150 220 330 470 660 1000
Usux, B
Ku

8. Ycranosuth BxogHoe Hanpspkenue 0.2 B. YcranaBnuBasi 3Hau€HUS 4aCTOTHI BXOJHOTO
CUTHaJIa, yKa3aHHble B TaOnuue 5.3, ¥ He MEHsAA aMIUIUTYy BXOJHOI'O HAaIpPsKEHMs, 3alucaTh B

Ta6J'II/H_Iy 3HAYCHUA BBIXOAHOI'O HAIIPSKCHHA. IIo pe3yiibTaTaM 3aMEpOB MMOCTPOUTH AUYX.

Tabnuma 6.3
f, xI'u 02| 04 0,8 1,6 3,2 6,8 12 15 20
Uszix,B
Usiix/ Usx

9. IIpu Ru = 0 u BX01HOM Hanpspkenuu 0,2 B 3ameputs Hanpspkenue UBbix 1. B niens 6a3sl
(Touka «a» Ha puc. 6.1) BKIOUHTH 700aBouHOE compoTuBieHrne 330 OM, nMpu TOM K€ 3HAYCHUU
BXOJIHOTO HamnpspkeHus 3ameputh UBbIX2. 1o ¢popmysie (3) BBIUMCIUTE BXOJHOE CONPOTHUBIICHHE
YCHJIUTES.

10. UckmounTs 700aBOYHOE CONPOTHUBIICHHE U3 LIENH 0a3bl. 3aMEPUTh BBIXOHOE HAIpsi-
xkeHue ycunurens UBbix] mpu OTCYTCTBUU Harpy3KH Ha €ro BbIXoJie. BKIIIOUMB CONMpOTHBIIEHUE
Harpy3ku 470 Om nipu Rk=470 OM u nipu nipesxHeM BXoJHOM curHaiie u3meputb UBbix2. [o ¢op-

MylJIC (5) BBIYUCIIUTh BXOOAHOC COITPOTUBJICHHUC YCHUIIUTCIIA.

Cooepiwcanue omuema:

Oruet HAOJIKCH COACPIKATh:

1. Ha3zBanue paboTsr;

2 [{enb paboTHI;

3. Kpartkue Teoperndeckue cBe1eHHS;

4 Onucanue UCIob3yeMOTo 000PY/I0BaHHS U MaTEPHAJIOB;
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5. [Topsiiok BeIMOTHEHUST PaOOTHI;
6. Brraucnenus u 06paboTka pe3yinbTaTos;

7. BrIBOIEL.

Konmponwsnwie eonpocwi:

. UTO moOHUMAIOT MO/ HaYaJIbHON paboueil TOUKON ycuauTes?

. Kak 3aBucut pexum paboThl ycruuTens oT monoxeruss HPT?

. Uem obecneunBaetcs nonoxxenne HPT B paccmarpuBaemoMm ycunurene?

. Kakyto posb BBINONHSIET CONMPOTUBIICHUE B LIEMH SMUTTEpa?

. J171s 4ero conmpoTUBIICHHE B IIEMU IMUTTEPA ITYHTHUPYIOT KOHIEHCATOPOM?

. Kakyto poib BBIMONHSIIOT KOHIEHCATOPHI B IIeNU 0a3bl U HA BBIXOJIC YCHITUTENS?
. Kak mocTpouTh MMHUIO HATPY3KU YCUITUTENS MO MMOCTOSHHOMY TOKY?

. O0BsACHUTE CXCMY 3aMCHICHUS YCUIIUTCIIA 110 ICPEMECHHOMY TOKY.

O 00 39 N »n b W N =

. Kakum conpotuBieHreM onpeaensercss HakJIOH JIMHUM Harpy3Ku YCHJIUTENS IO Iepe-
MEHHOMY TOKY?

10. UTo nOHMMAIOT MO/ aMIUIUTYIHON XapaKTEPUCTUKON YCUIIUTENSA?

11. Yo npeacTaBisioT co00H aMILIUTYIHO-4aCTOTHASA U (pa304acTOTHAS XapaKTePUCTHKU
ycwuTens?

12. YTo HA3BIBAIOT NMHAMHYECKUM JUATIA30HOM YCUITUTENS?

13. Ot 4ero 3aBUCHUT BEIMYMHA KOAPPHUIIMEHTOB YCUIICHUS YCHIINTEIsS?

14. Kak onbITHBIM ITyTEM ONPEIENINTh BEIUUYNHY BXOAHOTO U BBIXOJIHOTO COIIPOTUBIICHUN
ycwurtens?

15. Kak uzmenutcst ko3(pQUIMEHT YCUICHUS YCUIIUTENS, €CIU CONPOTHBIICHHUE B LIETIH
AMUTTEPA HE LIYHTUPOBATH KOHAECHCATOPOM?

16. Kak KO3 pUIHMEHT YCHIIEHUS YCHIINTEIIS 3aBUCUT OT CONPOTUBIIEHUS B LIEMH KOJUIEK-
Topa?

17. O6bsicHUTE, TOUYEMY BBIXO/JHOM CHUTHAJ YCUJIMTENS OTJIMYaeTcs OT BXOJIHOTO 1o ¢aze

Ha 18007
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Jlabopamopnas padoma Ne7. Ycunumenv na noieeom mpanzucmope.

Iens pabomei: ViccnenoBath paboTy yCHIIUTEIBHOTO KacKajia Ha MOJICBOM TPAH3HCTOPE C
OOIIMM UCTOKOM, CHSATh €0 aMILTUTYAHYIO H aMIUTUTYHO-9aCTOTHYIO XapaKTePUCTHKH, OIpeIe-

JINTh BXOJHOE€ U BBIXOJHOC COIIPOTUBJICHUA.

Ocnoevt meopuu:

Cxema Kkackajia yCHJIUTENs ¢ 00IIMM UCTOKOM H300paxkeHa Ha puc. 7.1.

@
+15B
¢ 2.2K0M
us 1ME®D
0.2...20 | |4.7xOm _T } ®---ony
Kl 0.47MED C i
| . :
! T IMON R
1kOM + 1xOM

10xOM 10| MxD
-o l o

Pucynok 7.1 — Cxema kackaza yCUIMTENS ¢ OOIIUM UCTOKOM

[Iutanue ycunuTens OCYIIECTBISAETCS OT MCTOYHHMKA IMOCTOSHHOrO HampsikeHus 15B.
BxoaHoil ycuiMBaeMblii CUTHaAJI MOJAETCS OT T€HEPaTOpa CUHYCOUAAILHOIO HAMPSKEHUs Tepe-
MEHHOM 4acToThl. [lj1g 60Jee mIaBHOTO N3MEHEHUS aMITTUTY/ bl BXOJJHOTO CUTHAJA CITYXKHUT JeNn-
Teb HANPSHKEHUS, COCTOSIIUN U3 TMOCTOSTHHBIX pe3uctopoB 4,7 u 1 kOM U MEepeMEeHHOT0 pe3u-
ctopa 10 kOm. Paznenurensasie konaeHcatopsl 0,47 MKD u 1 MK®D npensTCTBYIOT IPOX0XKIEHUIO
MOCTOSIHHOTO TOKA B IIE€MTb MCTOYHHMKA BXOJIHOTO CUTHAJIA U B 1IeTb HArPy3KH, B KAU€CTBE KOTOPO
B 1abopatopHoil paboTre ucnons3yercs pezuctop Ru. g ycraHOBKM Ha4allbHOM paboueil TOUKu
TPaH3UCTOPA CIYKUT CONPOTUBIIEHUE, BKIIOYEHHOE B IEMb UCTOKA, HAIPSDKEHUE C KOTOPOTo Mo-
naércst Ha 3aTBOp uepes3 pesuctop 1 MOwm. HauanpHas pabodas Touka yCTaHABIUBACTCS B CPEIHEH
YacTH JIMHEWHOTO y4acTKa CTOKO3aTBOPHOW XapaKTEPUCTUKHU, B 3TOM CIydae yCHIIMBAIOTCS KaK
MOJIOKUTENbHBIE, TAK U OTPULATENIbHBIE TTOJYBOJIHBI BXOJHOIO CUTHAJIAa TP MUHUMAJIbHBIX HE-
JUHEHHBIX HMCKakeHUsX. KoHeHcaTop B LeMU MCTOKA MCKIIIOYAeT OTPUIATEIbHYI0 OOpaTHYIO
CBSI3b 110 IEPEMEHHON COCTABJISIONIEH CUTHAIIA.

OCHOBHBIMU XapaKTEPUCTUKAMH YCHIIUTEIS C TIOJIEBBIM TPAH3UCTOPOM, KaK M C OUTIONSIP-

HBIM, SABJIAIOTCS aMIUIMTyAHAad, aMIUIUTYAHO-4aCTOTHAA U Q)aSOqaCTOTHaSI. BBI/I[[y TOro, 4To0 BO
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BXOJIHOM LIEMU TMOJEBOr0 TPAH3UCTOPA TOK MPAKTHUECKU OTCYTCTBYET, KOA(DPUIIMEHTHI yCUIICHUS
10 TOKY M T10 MOIITHOCTH KacKaJa C MOJIEBBIM TPAH3UCTOPOM OOBIYHO HE UCTIOIB3YIOTCS, @ UCTIOIb-
3yeTcs TOIBKO KO3 (PUIIMEHT ycusieHns 1o HanpspKeHuo. 3 mapaMeTpoB yCHIIUTEINS UCTIOTb3Y-
FOTCSI TAKXKE BXOJIHOE M BBIXOJHOE COIPOTHUBIICHMSI, KOTOPBIE ONPEAEIISAIOT ONBITHBIM IYTEM IO

TOM K€ METOJMKE, UTO U I YCUIIUTENEH ¢ OUMONSIPHBIMUA TPAH3UCTOPAMH.

Ykazanue no mexnuke 6ezonacnocmu:
VKka3aHus 1o TEXHUKE 0€30I1aCHOCTHU ITpX BBIITOJIHCHUHN na6opaTopHHx pa60T IIpUBCACHBL

B MPUJIOKEHHE A.

Ykazanusa no evinonnenuro naéopamopnoit pabomet:

[Tpu BBINONHEHUH JaHHOW 1a00PATOPHOIT PabOThI CTYACHTHI JIOJKHBI COOpATh CXEMY Kac-
KaJla YCHJIMTENs] Ha [OJIEBOM TPAH3HCTOPE C OOLIMM HCTOKOM, CHATh aMILTUTYIHYIO XapaKTepH-
CTHKY B PEXHMME XOJIOCTOTO XO/a W TOJ Harpy3Koi, BBIUUCIUTH KO3()(UIMEHT YCUIIEHUS IO
HAIMpPsSKCHUIO, CHATH aMINIUTYAHO-YaCTOTHYIO XapaKTCPUCTUKY, ONIPCACINTE BXOAHOC U BBIXO/I-
HOE CONPOTHBIICHUS YCUITUTEIIS.

[TopsimoK BBIMOIHEHHST paOOTHI CICAYFOLIHNA.

1. Cobpatb cxemy ycunurens (puc. 7.1).

2. Ha BbIXoa ycunuTens BKIIOUNTH ocipuutiorpad. [Ipu yacrore BxogaHoro curHana 2 kI
u Hanpspkenuu 0,5 B u3MeHeHHeM CONPOTUBIICHHS B LIEMH UCTOKA TOOUTHCS MHHUMAJIBHOTO HC-
Ka)KEHHsI BEIXOJJHOTO CUTHAJIA.

3. [Ipu yacToTe BXOHOTO CHTHANIA, 33JAaHHOM MPEToaBaTe]IeM, CHATh aMIUTATYTHYIO Xa-
PAKTCPUCTUKY B PEIKUME XOJIOCTOTO XOJa. HpI/I SHAYCHUAX BXOAHOT'O HAIIPSAXKCHUSA, YKA3aHHBIX B
tabnuue 7.1, 3aMepuTh U BHECTH B TaOJIUIy BETMYMHY BBIXOHOTO HAMPSHKEHUS U BRIYHCIICHHBIE
3Ha4YeHMsI KO3 HUIMEeHTa YCHIICHHS TI0 HAIIPSHKEHUIO.

4. To e mpopenarb, BKIOYUB Ha BBIXOJ] YCHIIUTEISI COTIPOTUBIICHNE HATrPY3KH, 3aJJaHHOE

IpEeroaBaTeIeM.
Tabmuna 7.1.
Uex, B 0,01/002005401(02|03|04|05|06]07|08|09]| 1
[Tpu | Ugux
R«=0 | Ky
[Tpu | Ugux
Ri= | Ku
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5. CHATh aMIUIUTYAHO-YAaCTOTHYIO XapaKTEPUCTHKY NP HANPSHKEHUM BXOJHOTO CUTHala
0,5 B u ipu yacroTax, yKa3aHHbIX B Ta0JuLe 7.2, 3aMEpEHHbIC 3HAUEHUS BBIXOIHOTO HAIIPSKEHUS

Y BBIYMCJICHHBIC 3HaYeHUs K03 uiimenTa ycuinenus 3aHecTy B TAONHUILY.

Tabmuia 6.2.
f, xI'u 0.2 0.4 0.8 1 2 4 8 12 15 18 20
UBLIX, B
Ku
6. J1y1s onipeiesICHHS] BXOJJHOTO COITPOTHUBIICHHUS 3aMEPUTh BhIXOAHOE Hanpshkenue Ul

B PEKHMME XOJIOCTOT0 XO/Ia IIPH 3a/IaHHOM MPEToaBaTeIeM YaCTOTE U MPY HAMPSHXKEHUH BXOIHOTO
curHaina 0,5 B. Bo BxogHyio 1enb mociieIoBaTeabHO ¢ pa3IeuTeIbHBIM KOHJIEHCATOPOM BKJIIO-
yuTh conpotuBieHne R1o6=10 kOM u 3amepuTs HanpspkeHue Ha Beixoae U2. BxogHoe compo-
TUBJICHUE BBIYUCIUTH 1O (hopMyIie:

RBX = RIIO6/( Ul/ U2'1)
7. HCKHIOqHTI) N3 CXEMBbI Il06aBO‘-IHOG COHpOTI/IBHeHHe. BKHIOqI/ITB COHpOTI/IBHeHHe

Harpy3ku 10 kOM , 1 ipu TeX K€ 3HAYEHUSIX YaCTOThI U BXOJHOI'O HANPSKEHUS U3MEPUTh Harps-
xenre U3 Ha BbIXOZE yCHJIUTENs. BBIXOHOE CONPOTUBIEHUE YCHIIUTEINS BBIYUCIUTE MO (op-
MmyJe:

RBBIX = RH(U]_/ U3'l)

8. [Toctpouts rpauku aMIIUTYIHBIX U aMILTUTYAHO-4aCTOTHON XapaKTEPUCTHUK.

Cooepocanue omuema:

OTyeT N0JKEeH ColIepKaTh:

HasBanwue paboTsr;

[{enb paboTHI;

Kpartkue TeopeTndeckre cBeIeHNUS,

Ornrcanne UCToIb3yeMOTO 000PYI0OBAaHUS U MaTEPUATIOB;
[Topsimok BBITIONHEHUS PaOOTHI;

Brruncnenus u 06paboTka pe3ysnbTaTos;

N o g bk~ wDdPRF

BriBopbl.

KOHmPOJleble eonpocol:
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1. OOBsAcHUTE Ha3HAYCHHE JIEMEHTOB KacKaja yCHIIUTEIIS.

2. Kak ycTaHOBUTH MOJIOKEHUE HaYalIbHOU padoueil TOUKH, YTOOBI MOTYYUTh MUHHUMAIIb-
HbIC HEJIMHEWHbBIEC NCKAXKEHUS YCUITMBAEMOI0 CUTHasa?

3. Yto npencrapiiseT co00i aMIUIUTYIHAs XapaKkTeprucTuka ycrmredsa? Kak e€ monyqauts?

4. Kak aMIuinTyiHasi XapaKTEepUCTUKA YCUIIUTENS 3aBUCUT OT HAarpy3Ku?

5. YUrto npeacTaBiisieT co00M aMIUIUTYAHO-4aCTOTHAs XapakTepuctuka ycunurens? Kak e
HOJIyYUTh?

6. Kak onpenensitor BXOJJHOE COPOTUBIICHUE YCUIIUTEIIS?

7. Kak OIpECaACIIA0T BBIXOJJHOE COIIPOTHUBIICHUC YCI/IJ'II/ITCJ'IH?
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Jlabopamopnan paooma Ne8. Tupucmopuuiii pecyiamop moka.

Ilens pabomei: ViccnenoBats pabOTy TUPUCTOPHOIO PETYJIATOPA BBIIPSIMIIEHHOTO TOKA C

(ba3HbIM yIpaBlICHUEM.

Ocnoevt meopuu:

Tupucrop — 3T0 NONYNPOBOAHUKOBBIN MPUOOP, UMEIOUINI YETHIPEXCIONHYIO CTPYKTYPY
U TpU pn-niepexona. Y THUPUCTOpA UMEETCS TPU SJEKTPOAA, JBa U3 KOTOPBIX MOJICOEAUHEHBI K
KpalHHUM CJIOSIM — 3TO aHOJI ¥ KaTOJl, TPETUM IEKTPOJ MOJCOEAUHEH K OJHOMY M3 CPEJIHUX CIIOEB
— 3TO YNPABJISIOIIMNT AIEKTPO.

Eciu npu OTKIIFOUEHHOM YIPaBIIAIOIIEM JJIEKTPOAE MEKIAY aHOAOM M KaTOJOM IOJaTh
HaIPSKEHUE U €ro MOCTENEHHO YBEIUYUBATh, TO JO HEKOTOPOI'O €ro 3HAYEHUsI COPOTUBIICHUE
TUpHUCTOPA Oy/IeT OCTaBaThCsl OUEHBb BHICOKMM U TOK 4Yepe3 HEero OyAeT MPaKTUYECKU OTCYTCTBO-
BaTh, 3aTEM COIPOTUBIICHUE TUPUCTOPA PE3KO YMAJAET, U MAICHUE HANPSKEHNUS HA HEM COCTaBUT
He 0oJiee IByX BOJIbT, TUPUCTOP OTKpoeTcs. OJHaKO OTKPbIBAHUSI TUPUCTOPA MOBBILIEHUEM aHOI-
HOT'O HAIpPsOKEHUs cIeayeT u30eraTh, T.K. IPU 3TOM MOKET IPOU30NTH ero pa3pyiienue. OTKpbI-
BAIOT TUPUCTOP MOAAUEH HANIPSHKEHUS HA YIPaBJISAIOWUN 21eKTpo. [locne CHATHS HanpsHKEeHUS ©
YIPaBJISIOUIETO 3JEKTPOJAa TUPUCTOP OCTAETCS B OTKPBITOM COCTOSIHMM. UTOOBI THpHCTOp 3a-
KPBLICS, aHOJIHOE HANPsDKEHUE HEOOXO0IMMO KpPAaTKOBPEMEHHO CHSITh, JINOO, YBEIMUUBask COIPO-
THUBJICHUE B LIENIM aHOJA-KATOJI, CHU3UTh TOK HUXKE TaK HAa3bIBAEMOI'O TOKA yJIEpKaHUS.

OrnucaHHbIE CBOICTBA TUPUCTOPA MCIOJB3YIOT B TAKUX YCTPOMCTBAaX, KaK yNpaBliieMble
BBINPSAMUTEIHN, UHBEPTOPHI, YaCTOTHBIE MPpe0o0pa3zoBaTey, IyCKOBbIE anmaparsl U JIp.

Cxema TUPUCTOPHOTO PETYJATOPa BHIIPSIMIECHHOIO TOKa C (pa3HBIM CIIOCOOOM yIpaBiie-
HUS IpeJCTaBlIeHa Ha puc. 8.1.

[lepemennoe Hanpsxenue yactotoit 50 ['1, BeImpsiMieHHoe AM0HBIM MocTukoM 11 — J14,
MOJAETCA Ha 3aKUMBI 1IEMH, COCTOSIEH U3 JIaMIOUKu JI, Harpy3o4Horo conpotusieHus 220 Om
u tupucropa T. OcranapHbIe 2IEMEHTHI IPEICTABIISIIOT CXEMY F€HEPATOPA UMITYJIbCOB, IPEAHA3HA-
YeHHOTOo A1 (pa3oBoro ymnpasieHus Tupuctopom. [Ipu pazoBom criocoOe yrnpaBieHHs HA YIIpaB-
JSIOIUI DIEKTPOI TUPUCTOPA MOJAOTCA KOPOTKUE UMITYJIBChI HAIIPSKEHU S, OTIIMPAOLIUE TUPHU-
CTOp B OIIPENEIEHHON TOUYKE MPUII0)KEHHOTO HANPSKEHUS. 3aIMPAEeTCs] TAPUCTOP MPH CHUKEHUH
ITOJIYBOJIHBI BBITPSIMIIEHHOTO HaPsDKEHUS 10 Hy 1. CpeiHee 3HaueHue TOKa, MPOTEKAIOIIETO Ye-
pe3 Harpy304HOE COIIPOTUBIICHUE, ONPEAEISAETCS MOJI0KEHUEM OTIIHPAIOLIEr0 UMITYJIbCA OTHOCH-
TETHHO Hayasa MOJTYBOJHBI BBITIPSIMIIEHHOTO HANpPsOKEHUs, MHAYe — YIJIoM (pa3oBOro CIBHUTra OT-

MUPAIOIIET0 UMITYJIbCA.

49



I'enepaTop UMIyJIbCOB BBIMOJIHEH Ha ogHONIEpexoiHoM TpaHzucTope TO. [Tpu noxaye mo-
JIyBOJIHBI HAaIIPSDKEHUS HAa aHOJ 3arepToro tTupucropa T KOHAEHCATOp 3apsKaeTcs yepes3 COolpo-
tuBneHus R1, Rou R2. Kak Tonbpko HanpskeHHe 3apsiia JOCTUTHET BEIMYMHBI, JOCTaTOUYHOM AJ1s
ornupanus TpaHsucropa TO, TpaH3UCTOP OTHHpPAETCA U KOHJIEHCATOP Pa3psKaeTCs IO LeNu

SMUTTEP — 0a3a — yHPaBISAIOMIUN JIEKTPOJI THPUCTOPA.

JI 220 Om
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1 2| Crt 10 xOm
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Pucynok 8.1 — [IpunnunuansHas cxema 1a00paTopHOil YCTaHOBKHU

Tupucrop ornupaercs, CO31a€T UENb I NPOTEKaHUs TOKA Yepe3 Harpy3Ky U OJHOBpE-
MEHHO IIYHTUPYET FreHepaTop UMITYNIbCOB. Takum 006pazom, moka THPUCTOP OTKPHIT, KOHJIEHCATOP
OCTaEéTcs pa3psKEHHBIM. B KOHIIE MOJIYBOIHBI BBIIPSAMIICHHOTO HAIIPSKEHUS TUPUCTOP 3aKphIBa-
etcsi. CKopoCTh 3apsiia KOHJIEHCaTopa U, CJIEA0BATEIbHO, 3aepXKKa 0Jaul OTIIHPAIOIIEr0 UM-
MyJIbCa M0 OTHOIIEHUIO K MOMEHTY IMOJIay MOJ0KUTEILHOIO HAMPSKEHHUST HAa aHOJ| TUPUCTOpa
perynupyercs nmotreHuuomMeTpom Ri. MHAYKTUBHOCTH B 11enu 06a3bl TpaH3UCTOpa MpeIHA3HAYeHA

JUTst OoJiee YETKOTO €ro 3armupaHus.

Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHUKE 0C30IMaCHOCTH IIPU BBIITOJIHCHUH J'Ia60paT0pHLIX pa60T IIPpUBCACHLL

B IIPWJIO’KEHUE A.

Ykazanua no eévinoanenuro nabopamopmnoit padomoi:

B mporiecce BeIMOTHEHUS JaHHOM J1a0OpaTOPHOU pabOThl HEOOXOAUMO COOpaTh CXEMY TH-
PUCTOPHOTO PETYysTOpa TOKa, opoOoBaTh €€ padoTy MPU pa3HBIX yriax OTIHPAHUS, TPOHAOIIIO-
JIaTh Ha ocIIILTOTpade KpUBYIO H3MEHEHHS HAMPSDKEHHS Ha COTPOTUBIICHUU HArpy3KH.

[Topsimok BeIMOTHEHUS PAOOTHI CIICTYIOITHH.
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1. Cobepute cxemy, n300pax€HHYI0 Ha puc. 8.1. YcTaHOBUTE Ha MYJIBTUMETPAX MPEILIT
u3MeHeHus Hanpspkenust 20 B u ipenen Toka — 200 MA, poa Toka — noctostHHbIN. [lonaliTe Hanpsi-
skenue nutanus 7 B, 50 I'm.

2. Bpamas pykosTKy HOTEHIMOMETpa, 3apUKCUPYHTE MHHHUMAJIBHOE U MaKCHUMAallbHOE
3HA4YEHUs TOKa B LIENIN HArpy3KU.

3. 3amenure konaeHcarop éMkocTbio 0,47 Mx® Ha korneHcarop 0,1 Mmx®. 3aduxcupyiite
HOBBIEC 3HAYCHUS MUHUMAJIHHOTO M MAaKCUMAJILHOTO HANPSKSHUH.

4. TToaxitounTe HA 3aKUMBI CONPOTUBIIEHUS HArPY3KU ocuuiuiorpad, nponabditoaiire u
3apucyiTe KpUBbIE U3MEHEHUS HANpsDKEHUS HAa HarpysKe NP pa3HbIX yriax OTIUPAaHUS TUPH-

cTopa.

Cooepotcanue omuema:

OT4er AOMKEH CONePKaTh:

HazBanue paboTsr;

L{enb paboTHI;

KpaTkue TeopeTnueckue CBEACHHUS,

Ornucanue UCIoNIb3yeMOTro 000pyI0BaHUS M MATEPUAIIOB;
[Topsinok BeINONHEHUS PaOOTHI;

Boruncnenus u 00paboTka pe3ysbTaToB;

N o a k~ w nhoE

BriBoapbl.

Konmponwvnwvie eéonpocwi:

1. Onumute B 00MIMX YepTax KOHCTPYKITUIO TUPUCTOPA.

2. Kakumu cioco6amMu MOKHO OTKPBITH THPUCTOP?

3. Uro npou3oiaér ¢ pexxuMoM paboThl TUPUCTOPA, €CIH IMOCIEe €ro OTKPBIBAHUS TOK
yIpaBiIeHUS] YMEHBUIUTD J10 HYIS?

4. Kakumu crioco6aMu MOKHO 3aKPBITh TUPUCTOP?

5. YTo MOHUMAIOT MO/ TOKOM YAEpXKaHUs TUpUCTOpa?

6. [TosicHuTe paboTy CXEeMbI 3alMpaHus TUPUCTOpA MYTEM €ro IIYHTHPOBaHHs KOHJEHCA-
TOPOM.

7. Kak BoITIISIIUT (pa3oBbIii cIOcO0 yrpaBiaeHUsI THPUCTOPOM?

8. B pe3ynbrate dyero 3anmmpaercss TAPUCTOP B CXEME PETYIUPOBAHUS BEIIMYUHBI BBITIPSIM-
JIEHHOTO TOKa?

9. Ot 4ero 3aBUCHUT BpeMsl 3aJIePKKU YIIPABISAIOLUIETO UMITYJIbca?

10. OnummmTe paboTy reHepaTopa UMITYIbCOB.
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Jlabopamopuasa paooma Ne9. TupucmopHulii pecyiamop HAnPAHCEHU.

Ilens padbompl: VI3yunTh NPpUHLIMIIBI PETYIUPOBAHUS HAIPSYKEHUS C UCIIOJIB30BAHUEM I10-
JYIIPOBOJHUKOBBIX IPUOOPOB; CHATH PETYIUPOBOYHYIO U HATPY30UHYIO XapaKTEPUCTHUKHU PEryIisi-

TOpPa HAIIPAXKCHH.

Ocnoevt meopuu:

Jlnist ynpaBieHHss MHOTHMH TEXHOJIOTHYECKAMU MPOLIECCAMU TPEOyeTCs U3MEHSTh BEIH-
YHHY HANpPsDKEHUS, MMOJABOJAMMOTO K 3JICKTPOYCTaHOBKE. TaKMMHU 3JIEKTPOYCTAaHOBKAMU MOTYT
OBITH AJIEKTpOHArpeBaTeu, ABUraTesd u Ap. s peryiupoBaHus BEITUUYMHbBI HAIPSXKEHUS IIH-
POKO IMPUMCEHAIOT TUPHUCTOPLI U CUMUCTOPHI, K.I1.A. KOTOPBIX OYCHb BBICOK 6J1ar011ap91 TOMY, 4TO
B Tpoiiecce paboThl OHM HAXOASTCS JIMOO B IMOJIHOCTHIO OTKPBITOM, JINOO B IMOJIHOCTHIO 3aKPHITOM
COCTOSIHUY. PeryimpoBanue BeTMYMHBI HAPSHKCHHS IEPEMEHHOTO TOKA C TOMOIIBIO THPUCTOPOB
WIA CUMHCTOPOB MOXXHO INPOW3BOAMTH ABYMsSI Meronamu. [lepBwlii Metox — merox (pa3oBoro
yIpaBIICHUS, IPH KOTOPOM BEJTMYHMHA YIIPABJISIOIIECTO CUTHAIA OTpeAeIisieT a3y OTKPBITHS MOJTy-
MIPOBOTHUKOBOT'O MPUOOpa.

Bropoii Meron — MeToll, pu KOTOPOM BEJIWYMHA YIPABJISIOIIETO CUTHATA OINPEeIsieT
YUCIIO MPOMYyCKAaCMbIX B €ANMHUIY BPEMCHHU K HAIrpy3Ke LEJIBIX MOJTYIICPUOA0B HAITPSAKCHUA.

B nannoit mabopatopHoii paboTe UCTONb3yeTcss OJIOK YIpaBiIeHUs, MO3BOJISIONINN OCY-
HIECTBIATH 00a METOa U3MEHEHHSI HATIPSIKESHHUS.

[Ipu ucnonp3oBaHUU 000MX METOAOB JEUCTBYIOIIEE M CpeqHEe 3HAYEHHUS BBIXOJAHOTO
HANPSDKEHUS TIPOTIOPITMOHATBLHBI YITPABJISIONIEMY CUTHAITY.

[Tpu ucnonp3oBaHuM (Ha3HOTO METOA MYIhCAIIUH HAMPSHKEHUS Ha BBIXOJIE MTPeoOpa3oBa-
TeJs 3HAYUTEIHHO HUXKE, YeM MPU BTOPOM MeTojie. BMecTe ¢ TeM, npu (ha3HOM METOJE yIpaBiie-
HUS PETYJISITOP HAIMpPsHKEHUS SBISETCS HCTOUHUKOM BBICHIMX TAPMOHUK TOKa, KOTOpPbIE OTpHIIa-
TEJBHO CKa3bIBAIOTCS HA PA0OTE CUCTEM DJICKTPOCHAOKEHHS. B CBS3U ¢ 3TUM IpH 3HAYUTEITBHBIX
MOIITHOCTSIX JKEJIaTebHO, TaM, TJIe 3TO BO3MOXHO, HCITOJIB30BaTh METO]I PETYIMPOBAHUS HAIIPsI-
JKEHUS] I3MEHEHUEM YHUCIIa TPOBOSIIUX MOTYNEPUOOB B UHUITY BPEMEHH.

B naboparopHoii paboTe HE0OXOUMO CHSTH JBE XapaKTePUCTHKU:

— PeryJIUpPOBOYHYIO, TIPEICTABIISIFOIIYIO CO00 3aBHCHUMOCTh BBIXOTHOTO HAIIPSHKCHHS pe-
TyJIATOpA OT YNPABIIAIOIIETO HAPSHKEHUS IPH IIOCTOSIHHOM HAarpysKe;

— HArpy304YHYI0, IPECTABIISIONIYI0 COO0I 3aBUCIMOCTh HAMPsHKEHUS Ha HAarpy3Ke OT TOKa

Harpys3ku Ipu 1noCTOIHHOM YITPABJISIFOIICM CUTHAJIC.
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Ykazanue no mexnuke 6esonacnocmu:
VYkazaHus Mo TeXHUKE OE30MaCHOCTH MIPH BHIMOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B IIPWJIOKEHUE A.

Ykazanua no eévinoanenur nabopamopmnoit pabomoi:

JIaGoparopHasi ycTaHOBKa COCTOMT W3 Onoka ympasnenus tupucropamu (bBYCT), tupu-
CTOPOB, BKJIFOYEHHBIX BCTPEUYHO-MAPAIUICIBLHO B LEMb HArpy3KU KaKAoW (asbl, HArpy304HOTO
YCTPOMCTBA, COCTOSILIErO U3 JIaMIT HAKAJIMBAHUS U 3a/atolero noreHuomerpa. Cxema nadopa-
TOPHOM YCTaHOBKH IpeJCTaBlieHa Ha puc. 9.1.

Hamnpsoxenue ynpasnenust Uy ycTaHaBIUBaeTCs ¢ TOMOIIbIO ToTeHiomerpa 10kOwm, moji-
KIItoueHHOro K kiiemMam 13, 14 u 16 knemmanka X 1. Tpexdasznoe Hanpspkenue 380/220B uepes
aBTOMaTHYSCKHMI BBIKIIOUYaTtenab AB nmomaercs Ha kimemMmsl 1, 3, 5 knemmuauka X1, 10, 6, 2 xieMm-
MHUKa X2 U Ha TUPUCTOPBL. Harpyskoii ¢as3el A sBisieTcs rpymmna jamn HakalivBaHus. B menu
¢da3 B u C B manHOi1 1abopaTopHOil paboTe Harpys3ka oTcyTcTByeT. OTCYTCTBYIOT TaK)XKE TPaHC-
¢dopmatopsl Toka TTA, TTB u TTC, xotopble BKJIIOUAIOT IIPU UCIOIb30BAaHUU OTPAHUYEHUS TO-
KOBOI Harpy3ku, BeJIMYMHA OTPAaHUYEHHS TOKa ycTaHaBiuBaercs pesuctopom 100kOm. Pexum

pabotel BYCT ycranaBnuBarT ¢ moMonibio nepeMoruek S1...S6

A B C [ 1
o o T X1 X2
A 1 daza A C1.1 1
TTA — 2 N c12 |2 7§T52T6
3 daza B BYCT C1.3 3 /X
YY) RKC
e No 4 N cl4 |4 9N
5/ ®asaC B11 |5 h
g
TTC — 6 N B1.2 6 /XZM
7 TokA-1 B1.3 7 R
8 Tok A -2 B1.4 ) SN
9| TokB-1 A1.1 9 h
10/ TokB-2 A2 |10 XEZTZ
11 TokC -1 c13 11
12 TokC-2 cC14 12 o)
13 U Briokvposka |13 ﬂ1$ﬂ2{$ﬂ3($
10KOMF}? 14 Bx. ynp. OrpaHudenme |14 8\ B3\ B4
U, 15 Ry y
f 16| O6wwun
X3 B1
100kOM|
§ 5111 ]
FIYTYY

Pucynok 9.1 — Cxema 1a00opaTopHOil yCTaHOBKH

[Ipu ycranoBieHHOM nepeMbiuke S1 perynupoBaHie OCYIIECTBISETCS 10 YUCITY TOJTyTIe-
PHOOB, PU CHATON — (pa3HbIM criocod yrpaBaeHUs.
[lepembruky S2 ycTaHaBIMBAIOT IPU HATWYHH KOHTPOJIA TOKA C MOMOIIBIO TpaHchopma-

TOPOB TOKA.
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[lepembruky S3 ycTaHaBIMBAIOT MPHU UCHOJIH30BaHUU OJIOKA YIPABJICHUS B PEKUME «pa-
6oTay.

[Tepembruku S4 u S5 ycranaBnuBaroT npu ncnoib3oBanuu a3z B u C.

[lepembruky S6 ycTaHaBIMBAIOT IPU UCHOJIB30BAHUU BXOJHOTO YIPABISAIOIIETO CUTHAIA
4...20MA, pu OCTAJIBHBIX YIPABIAIOIINX CUTHAIAX €€ HEOOXOAMMO CHATD.

CxeMbl MOAKIIFOYCHHUA YIPABJIAIOIMNX CUTHAJIOB ITPEACTABIICHLI HA PUC. 9.2.

s == 5 o e
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Pucynox 9.2 — CxemMbl MOIKIIOUECHUS] YITPABISIONIUX CUTHAJIOB

JUis MHOMKAIMK YPOBHS YIPABIISIONIEr0 CUTHAJIa B MPUOOPEe UMEETCsl JeCATh CBETOIMO-
7oB. biok ynpaBiieHust obecrieurBaeT MJIaBHBIN BBIXOJ| Ha 3aJjaHHBIH yPOBEHb MOLIHOCTH IPH-
MEpHO 3a 5 CeKyH/.

VYpoBEHb TOKOBOM 3allIMThl HACTPAUBAETCS NEPEMEHHBIM pe3rcTopoM 100xkOM, BKIIOYEH-
HbIM Mexay kieMMamu 16X1 u 14X2.

Beixmouatenem Bl 3anpemiaror 3amyck popMupoBaTesns UMITyJIbCOB, IPU €r0 3aMKHYTOM
COCTOSTHUU HalpsKEHHE Ha BBIXOJIE PETYJIATOPa OTCYTCTBYET.

1. Ha knnemmbl 3agatoniero noteHuuoMerpa 10kOM NOIKIIOUYUTE BOJIBTMETP TOCTOSHHOTO
TOKa, YCTAaHOBUB IIpezien n3MeHeHus 20B.

2. B uenp Harpy3ku ((aza A Ha BBIXOJIE PETYJISATOpA — JIaMIIbl HAKaJIMBAaHUs) BKIOYUTh
aMIiepMeTp MEPEMEHHOT0 TOKa C MPEACIIOM U3MEPEeHUS 2A.

3. Ha xnemMeb1 Harpy3ku (¢a3a A Ha BBIXOZIE pETyIIsATOpa — KIIeMMa HeUTPaIbHOTO MTPOBOJIA
N) NoAKIIIOYUTH BOJBTMETP NEPEMEHHOT0 TOKa C BEPXHUM IpejiesnioM nu3Mepenus He meree 300B.

4. Cusatp nepembruky S1. IogkmrounTs yacTh WK Bcto Harpy3ky. Ilocne nposepku moj-
KIIIOYEHHS IPUOOPOB MperoiaBaTesieM MnoJaTh HaNpsKeHHe, BKIIOYUB aBTOMAaTHUYECKHUH BBIKITIO-
yaTenb 1o (daze A.

5. YcranaBnuBas 3a/1al0IUM TOTEHIIMOMETPOM 5 — 6 3HaYeHU HAIPsKEHHsI Ha BXOJIE pe-
TyJISTOpa, CHATH IOKa3aHMs BOJIBTMETPA, MOJKIOYEHHOIO Ha BBIXOJ PETYJATOPA HAIPSIKEHUS.

3HaueHus HanpsHKEeHUH 3aHeCTH B TaONIUILy:

U,, B

0e3 mepeMbIuku S1

UBLIX, B —
C IepeMBbIUKOH S1
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6. YcranoButh nepeMbruky S1. [ToBToputh MCTIBITAHUS T1.5.

7. Ilpu cusToM nepeMbluke S1 1 IpyU OTCYTCTBUU HArpy3Ku 3aJatolIMM IOTEHIHOMETPOM
YCTaHOBUTH HampskeHue Ha Bbixoje B npeaenax 100...200B. He uzmensis 3agatoniero Harmpsxe-
HUSl, BKIFOUEHUEM JIaMIl YCTAaHOBUTh HECKOJIBKO 3HAYEHUH Harpy3KH BIUIOTH /10 MaKCUMAaJIbHOM.
[Tpy ka>xJ0M 3HaUEHUH HArpy3KU ITOKa3aHUs aMIlepMeTpa U BOJIbTMETPA, HOJKIFOUYEHHOIO K JaM-

mam, 3aHeCTH B TaOIUILy 2.

I, A

0€3 epeMbIUKH S1

UBLIX, B o
C IepeMBIYKOH Sy

8. UcnpiTanus, onrcaHHble B 1.7, HOBTOPUTH MIPU YCTAHOBIEHHOM mepeMbruke S1.
9. CHATPH HamnpsKEHUE, OTKIIIOYMB aBTOMATUYECKUI BRIKITFOUATe b, [Tociie mpoBepku mpe-

nmoaaBaTeCiIcM pe3yJIbTaTOB U3MEPCHHUA OTKIIOYNUTL U3MCPUTCIIbHBIC HpI/I60pI)I.

Cooepotcanue omuema:

OT4er AOMKEH CONEePKaTh:

HazBanue paboTsi;

[ens paboThI;

KpaTkne TeopeTuecknue CBEACHMUS,

Onucanue UCIob3yeMOro 000pyA0BaHHs U MaTepHAaIOB;
[Topsinok BeINONHEHUS PabOTHI;

Boruncnenus u 00paboTka pe3ysbTaToB;

N o a k~ w npoE

BriBoapbl.

Konmponwsuwvie sonpocoi:

1. Yem oOBsCHSIOTCA Malible TOTEPU MOIIHOCTH MPH PETYIUPOBAHUN HAMPSKEHUS C T10-
MOILBIO TUPUCTOPOB U CUMHCTOPOB?

2. Onummre ABa crnoco0a peryinupoBaHus HAPSDKEHHS ¢ TOMOIIBIO THPUCTOPOB.

3. KakoBBbI ToCTOMHCTBA M HEJOCTATKH (ha30BOro crocoba perynmpoBaHus HAITPSDKEHUS?

4. KakoBbl IOCTOMHCTBA M HEAOCTAaTKU PETYJIHMPOBAHUS HANPSIKEHHS YUCIOM OTKpbIBae-
MBIX IIEPUOA0B?

5. UTO NOHUMAIOT MOJT PErYJIMPOBOYHON XapaKTEPUCTUKON PeryysTopa HarpsoKeHUs ?

6. UTo MOHUMAIOT 0T HATPY30YHON XapaKTePUCTHKON PErysiTopa HampsoKeHHs ?

7. Kak n3menuts crioco0 perynupoBanus Hanpspkenust Ha BYCT?
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Jlabopamopnasa pavoma Nel0. Onepayuonnstii ycunumeins.

Ilenv padompi: V3yunTb OCHOBHBIE CBOMCTBA ONEPALMOHHOIO YCHIIMTEINS, IMO3HAKO-
MUTBCSI C HEKOTOPBIMHU (DYHKIIUSIMU, BHIMOIHIEMBIMU C TIOMOIIBIO ONEPAIIMOHHBIX YCUITUTENEH U

COOTBETCTBYHOIIMMHU CXEMaMU UX BKIIFOUCHUA.

Ocnoevt meopuu:

Omneparmonnsiidi ycunutelb (OY) — 310 auddepeHnnanbHbii yCHIIUTEIb MTOCTOSTHHOTO
ToKa ¢ Ko3(uIHenToM ycunenns 1o Hanpsokenno Ku=10%...10°. OrtmuunrensHol ocobeHHo-
CTBIO OTIEPAIIMOHHBIX YCHIINTEINEH SBISETCSA MX OY€Hb BBICOKOE BXOJIHOE CONPOTHUBIICHHE, B CBS3U
C YeM BXOJHOH TOK YCHIINTENICH B pacyérax OOBIYHO IPUHUMAIOT paBHBIM HYJI0. BeixoaHOE co-
MIPOTUBJICHUE ONEPAIIMOHHBIX YCUTIUTENEH Mallo, TO3TOMY HalpsHXKEHUE HA UX BBIXOE MTPaKTHIe-
CKU HE 3aBHCUT OT Harpy3ku. B kauecTBe ncTouHuKoB nmutaHus OY HCMONb3yIOT UCTOUYHUKH T10-
CTOSTHHOTO HampsbKeHHs] OOBIYHO CO cpefHel Toukod. B Hacrosimieit maboparopHoii pabore OY
MOJKIIFOYAeTCs K UICTOUHUKY nuTanus +15B. [luddepeHnmanbHplil yCHINTEs UMEET Ba BXO/a:
IPSMOM, HAIPSHKEHUE Ha KOTOPOM Oy1eM 0003Hauath U*, ¥ HHBEPCHBIM, HANPSHKEHUE HA KOTOPOM
Oynem o6o3navats U". Hanpsikenue Ha Beixojie OV onpezaensieTcss HanpsbKeHUSMU Ha €0 BXOAax:

Usux = Ku(U*- U).

BBuay Toro, 4ro K03(h(HUIUEHT YCUIICHUSI UMEET OUeHb OOJIBIIYIO BEIMYHUHY, ITPH Pa3HO-
CTH HaNpsDKEHUH Ha BXO/1aX, COCTABIISAIOLIECH JjaXke JecsThie U coThle 1oau BosibTa OY HaxoauTces
B PEKMME HACBHIIIEHUS, T.€. HA €r0 BBIX0/I€ YCTAHABIMBAETCS MAaKCUMAJIBHO BO3MOXKHOE HaMpsixkKe-
HUe, OJIN3KOe K HANPSHKEHUIO HCTOYHHKA MUTaHus. Eciu ke yCunnTens He HaXOAUTCS B COCTOS-
HHUU Hackimenus, To pasHocTb U™ U™ = Uyy/ Ky 6m3Kka K HyI0, MB 3TOM Cllydae B pacuérax
00b14HO npuHEMaroT U™ = U,

OV ucnonb3yroT A7 BBIIOJHEHUS 1eNoro psjaa GyHKIMI: KaKk KOMIIapaTop, KaK YCHIIU-
TEJb, UMEIOIINH CTPOTO MOCTOSTHHBIN K03 (PUIIMEHT yCHIIeHHs, He 3aBUCSIINN OT HAarpy3KH, KaK
anreOpandecKuii CyMMaTop ¢ OIMHAKOBBIMY WJIA Pa3HBIMU BECOBBIMU KO UIIMEHTaMH, KaK UH-
Terparop  T.1.

B kxauectBe komnaparopa OY paboTaeT npu 0TCyTCTBUU OOpaTHBIX CBsizel. B aToM ciryuae
MIPOMCXOTUT CPABHEHUE HAIPSDKEHUH Ha €ro BXOJIaX, M BBIXOJHOE HANpPsDKEHUE PUHUMAET 3HAK
«t», eciin U™> U, 1 3HaK «-», ecii U< U", Takoe cpaBHEHHE HANPSHKEHHUI UCITIONB3YIOT B CXEMaX
CTaOMIIN3aTOPOB HANPSKEHUS U TOKA, B YCUIIMTEISX IEPEMEHHOT0 TOKa JUIs CYIIECTBEHHOT'O CHU-
KEHUs HETMHEWHBIX MCKAXXEHUH U B psjie ApYrux ciaydaeB. Cxema KoMIapaTopa ImpecTaBieHa

Ha puc.10.1.
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Uto0b1 OY paboTtai Kak yCUITUTENh € 3aJaHHBIM TOCTOSTHHBIM KO3 (OUITMEHTOM YCUIICHUS,

H€06XOI[I/IMO HCIIOJIb30BAaTh OTPULATCIILHYIO 06paTHy10 CB3b 10 HAITPSXKCHUTO, T.C. YaCTh HAIIPA-

JKCHHA C BbIXOJa YCUIIMTCIIA IOoAAaTh Ha €ro HHBGpCHBIfI BXOJ. HpI/I 9TOM B 3aBUCHMOCTH OT CIIO-

coba IMOAKIFOYCHHA BXOAHOI'0 YCHJIMBACMOI'0 CUTHAJIa YCUIIUTCIIb MOXET OBITH HCHUHBCPTUPYIO-

UM UM UHBEPTUPYIOLIUM.

1

15B 22 IkOM
KOM 4, 7TkOM
10kOMm
4, 7TkOM
10 IKOM
15B KOM

oy

J

Pucynox 10.1 — Cxema komnaparopa

Cxema HCHUHBCPTUPYIOLICTO YCUIIUTCIIA MTPEACTABJIICHA HA PUC. 10.2.

T Roc
15B 1xOM Rix
10xkOM
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10xkOM 4. 7k0OM oy
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15B 4 J_

Pucynok 10.2 — Cxema HEMHBEPTUPYIOIIETO YCUITATEIIS

!

UBI»IK

R

CxeMa HHBEPTUPYIOIIETO YCUIIMTENS MpeAcTaBieHa Ha puc. 9.3. ToT ycunuTens npeoo-

pa3yeT BXOAHOC HAIIPAKCHHUC B HAIIPSIKCHUC HpOTHBOHOJ’IO)KHOfI NOJIAPHOCTH Ha BBIXOIC oYV.

Ecnu Ha BXOA YCHIIUTCII TOAATh CI/IHyCOI/I,Z[aJ'IBHHﬁ CUT'HAJI, TO HAITPAKCHUEC HA BBIXO/C IO OTHO-

HICHUIO K BXOJHOMY OyzeT caBunyTo 1o (pase Ha 180°. B maHHOM cxeme Ha HEMHBEPCHBIM BXOT

OY mnonan HyneBo# noteHnuan. CUrHA YCUIMBAEMOT0 HAPsDKCHUS Yepe3 COMPOTUBICHUE Rgx
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noaaéTcsi Ha HHBEPCHBIM BXOJI, HA ATOT K€ BXOJ Yepe3 CONMPOTUBIICHHE Roc MOgaéTcs HanpspKeHue

¢ Bbixoga OV, TakuM 00pa3om, Ha ITOM BXOJI€ CYMMHPYIOTCS TOKH.

T Roc
15B 1kOM Rex loc
lex 10kOM
o D Usex
‘lUKOM Uszx oy
) o+
Rs

1kOMm J_
15B
:

Pucynoxk 10.3 — Cxema HHBEPTUPYIOIIETO YCHUIUTES

Kak 6bu10 0T™MedeHo Bbile, BXOAHOU TOK OY mpeHeOpe:kuMo Mai, Mo3TOMY
iBX + iOCZOl
HO isx = U/ Rex U o = Upnx/ Roc, 109T0MY  Ugpix/ Roc == Usx/ Rex, 0TKy 12
Ussix :'( Roc/ RBX) Usx (92)

Crnenyet koa(hPUIIMEHT YCUIeHHS KaK HEMHBEPTHPYIOIIETO, TAK U MHBEPTHPYIOIIETO YCU-
JUTENs He 3aBUCUT OT kod(ddummenta ycunenuss OY (KOTOphIi Mpy U3MEHEHUH TeMIIepaTyphl U
BEJIMYHMHBI MMUATAKOMIETO HAMPSHKEHUS MEHSETCA B IIMPOKHUX MpeAesax, OCTaBasCh OYEHb BBICO-
KHM), a OTIPEIEISIETCS] COMPOTUBIICHUSMH PE3UCTOPOB, BKIIOYEHHBIX BO BXOHOM IIENHU U B IIENHU
oOpaTHOH cBs3H. Pe3ucTopsl e 001aaloT JOCTaTOUHO CTAOWMIBHBIMU MapamMeTpaMu, MOITOMY
KOA(UIIMEHTHI YCUIICHHUS PACCMOTPEHHBIX YCHIIUTENEH Tak)Ke TOCTATOYHO CTa0MIbHEL. CrieayeT
TaK)Ke 3aMETUTh, YTO BBIPAKEHUS CIIPABEIIUBBI, TOKA Ugyx MEHBIIIE HAPSHXKEHUS HACHITIICHUSI.

Ecnm B cxeme, nzobpaxkénnoii Ha puc. 10.3 Ha nuaBepcHBI Bxoa OV moaaTk yepes conpo-
TUBJICHUS HE OJTHO, @ HECKOJILKO HAIMPSHKCHUM, TPUUEM, JTFOO0H MOISIPHOCTH, TO OYAET BBHIIIOJIHEHA
oreparusi aaredOpanyeckKoro CyMMHPOBAHUS dTUX HAMpsHKEHUH ¢ YMHOXEHHEM Ha Kod(hduim-
€HThI, paBHBIC OTHOIICHHUSAM CONPOTUBIICHUSI OOpPaTHOM CBS3M K BXOJHBIM COMPOTHBIECHUAM. B
3TOM cllydae

Isx1+ Ipxot. .. & Ipxnt loc =0, WM
Usx1/ Rexi+ Usxo/ Rexot...+ Usxn/ Rexnt Ugpix/ Roc=0 , OTKyJa
Usux :'[( Roc/ RBxl) UBx1+( Roc/ RBX2) Usxot. ..+( Roc/ Ran) Uan] (93)
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Cxema anreOpandecKoro CyMMUPOBaHUS ABYX HaINpsDKEHUN ¢ MHBEpCUEH n300pakeHa Ha

puc. 10.4. B 3T0oli cXemMe CyMMHPOBaHUE OCYIIECTBISIETCS C OJMHAKOBBIMU BECOBBIMHU KOA(DDUITH-

€HTaMM; OJJHO U3 CYMMUPYEMBIX HaNpPsHKEHUH MoAaéTcs OT perynupyemoro uctounuka 0...15 B,

€T0 IMOJIIPHOCTD ocTaércs HOCTOHHHOI;'I, BTOPOC — C ACITIUTECIA HAIIPSAXKEHUSA, €0 MOXKHO U3MCHSATH

KaK I10 BCJIMYMHE, TaK 1 110 3HAKY.

Roc
15B 6800M 1kOM
+ —— D
1xO
‘ KOM oy
1xOM +
0...15|Us Uno]
t B

4700M

15B g

Pucynok 10.4 — Cxema anre6pandeckoro CyMMHUpOBaHUS

UBBIK

R

Uro6s1 OV BBINOJHIT OMEpPALUI0 WHTEIPUPOBAHUSA, B LIEMb OTPULATENILHON 0OpaTHOM

CBsA3HU H606XOI[I/IMO BKJIFOUUTH KOHACHCATOP, 4 BXOAHOC HAIIPAKCHHUEC ITOAAaTh Y€PE3 COIMPOTUBIIC-

HHUC Ha I/IHBepCHHﬁ BXOH, BTOpOfI BXOH, KaKk 1 B npenbmymeﬁ CXEMC, H606X0)II/IMO MNOJKJIIOYHUTDH

K CpeHHeﬁ TOYKE HMCTOYHMKA muTanusa. Cxema HUHTCTPHUPYIOUICTO YCUIIUTECIIA MPEACTABIICHA Ha

puc. 10.5.

15B 6800M Rex loc
lex 100xOMm
1kOM Usx
4700M
15B 1 L

Pucynok 10.5 — Cxema UHTErpUpYIOLIETO YCUIUTENS
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Yceunurens, COOpaHHBIHN TTO CXeMe PHUC. 9.5, MOXKET BBITIOHATE U IPYyTrUe MaTeMaTHIECKUE
OTIEpALIMH, BUJI KOTOPBIX OMPEACIIACTCS KOMIUIEKCHBIMHU COITPOTUBIICHUSMU BXOIHOM 11enH Zpx(P)
U 1ienu 00paTHOU CBsI3H Zoc(p). B 001meM citydae BXOHOE U BBIXOJHOE HAMPSHKCHUS B JAHHON
CXEMe€ CBSA3aHbl 3aBUCHMOCTDIO:

Usux(P)=-[ Zoe(p)/ Zux(p)] Usx(p)
B wactHOM citydae, npu uHTerpupoBanuu, Zsx(p)= Rex , Zoc(p)=1/(Cp),
Usiix(p)=- Uex(p)/(C Rexp),
WJIH, €CJIH MEPEUTH OT ONepaTOpHOM (POPMBI 3aMKCH K KIIACCHYECKOH,
Usin=-1/(C Ryx)] Upxlt

W3 nmocnennero BeIpaKeHUs CIEAYET, YTO CKOPOCTh HHTETPUPOBAHUS ONPEACIISIETCS TIPO-
u3BegeHueM CRgx, KOTOpOEe Ha3bIBAIOT MOCTOSIHHOW BPEMEHH MHTETPUPOBAHMS M 00O3HAYAIOT
00br4HO OykBO# T. Eciv B JaHHOM mpou3BeIeHHH EMKOCTh BBIPAa3UTh B (hapasiaX, a COmpOTUBIIe-

HUC B OMaX, TO IIOCTOSIHHAA BPEMCHU IOJYUUTCA B CCKYHIAX.

Ykazanue no mexnuke 6ezonacnocmu:
VKa3aHus 1o TeXHuKe 0e€30IacHOCTH IIpX BBIITOJIHCHUHN J'Ia60paT0pHLIX pa60T IIPpUBCACHBbI

B MPUJIOKEHUE A.

Ykazanus no eévinonnenuro nabopamopnoi pavomet:

[Tpu BbIMONHEHUH J1a0OPaTOPHON paboThl HEOOX0AUMO OIIPOOOBaTh PabOTy Omeparu-
OHHOI'O YCWJIMTENS B CIEAYIOLIMX PeXUMax: KOMIaparopa, HEMHBEPTUPY-IOUIETO WU WHBEPTH-
PYIOILEro YCHJIMTENS, CyMMaToOpa U UHTETpaTopa; MpOBEPUTH 3aBUCUMOCTb KO3(PPHUIIEHTA YCH-
JICHUS] YCUJIMTENS OT HAarpy3KH, CHATh aMILTUTYAHYIO XapaKTEPUCTUKY YCHUIIUTEIS.

[Topsinok BeIONHEHHS paOOThI CIETYIOLIHI.

1. I3y4uTh OCHOBHBIE TEOPETHUECKHUE MOJIOKEHHUSL.

2. Cobpatb cxemy kommnapatopa (puc. 10.1). [TonaTs HanpspkeHHE MUTaHAS, H3MEHEHUEM
MOJIO’KEHUS PYKOSITKY MOTEHIIMOMETPa YCTAaHOBUThH HYJIEBOE HampsbkeHue Mexay Bxogamu OVY.
ITonaBass He3HAUUTENIBHOE HANpsDKEHHE Mexay Bxogamu OV nepemenieHneM pyKOsTKU IOTEH-
IIUOMETpa, yOeIUThCs, UTO MPU U3MEHEHHUH €r0 3HaKa HAIpsDKEHHE HA BBIXOJE YCHIIUTENS TOXKe
MEHSeT 3HaK, IPUHUMAs! IPH 3TOM MaKCUMaJIbHO BO3MOKHbIE 3HAUEHHUS, OJTM3KHE K HAPSKEHUIO
UTaHUS.

CoOpathb 1o yka3aHHIO IpenoaBaTeisi CXeMy HHBEPTHUPYIOIIETO MM HEMHBEPTUPYIOILIETO
yeusutens (puc. 10.2 win puc. 10.3). CHIATh aMIUINTYIHbIE XapaKTEPUCTUKH YCUITUTENS IIPU JBYX

3HAYCHUSIX CONMPOTHUBIICHUS B LIETIH OOPAaTHOW CBSI3W. 3HAUCHUS COMPOTHUBIICHUM W HAIPSHKEHUN
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Ha BXOJIe yCUJIUTENs yKa3zaHbl B Tabmuie 10.1, B 3Ty ke TaONHIly BHECTH 3HAYCHUS BHIXOJITHOTO
HaIPsKEHUS

Taomuma 10.1

Roc Usx,B -5 -4 -3 -2 -1 0 1 2 3 4 5

22
kOM UB]:IX,B

Roc UaxB [ -12 ] -1 | -08|-06|-04] O 04 | 06 | 08 1 1,2

100

kOM UBI)IX,B

Bbruuciuth k03(pGULIMEHTHI YCHUIIEHUS U CPAaBHUTh UX C TEOPETHUUYECKHUMM 3HAYCHUSMU,
BBIYUCIICHHBIMH B COOTBETCTBHHU € (hopMyaaMu. BKIIIOUMTH U BBIKIIOUUTH HA BBIXOJIE YCUIINTEIIS
Harpy3ky 3.3 wiu 4.7 kOm, yOeauThCs, YTO MPU 3TOM HaNPsHKEHUE Ha BBIXO/E YCUIIMTEINS HE Me-
HSETCSl.

4. Cobpatb cxemy ajiredpandeckoro CyMMUpoBaHus AByX HanpsbkeHuil (puc.10.4). Yera-
HaBJIMBasl HANPSDKEHUS Ha BXOJax, yKazaHHble B Tabnune 10.2, 3anucate B TaOIUIly HApsKEHUs
Ha BBIXO/I€ YCHIIUTEIIS.

Tabmauua 10.2.

Usx1,B 1 1 1 1 1 1 1 1 1 1 1 1

Usx2,B -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

UBLIX,B

5. Cobpats cxemy puc. 10.5. BeIuHMCIuTh NOCTOSHHYIO BpeMeHH HHTerpupoBanus. [lonats
HarnpsDKeHUe MUTaHWus, YCTAHOBUTH Ha BXOJIe YCUIIMTEINS HanpsbkeHue +1B, yoeauTsces B TOM, 4TO
BBIXOJIHOE HAIPSIKEHNE MU3MEHSIETCS CO CKOPOCTBIO, COOTBETCTBYIOIIECH BBIYHMCICHHOMY 3Haue-
HUIO MIOCTOSIHHOM BpeMeHHU. [10BOpOTOM pYKOSATKH NOTEHIIMOMETPA U3MEHUTH NOJIIPHOCTh BXO/I-
HOT'O HanpspKeHUs, yOeAUTbCsA B TOM, YTO BBIXOJHOE HANpsKEHUE MOCJIE 3TOr0 YMEHBIIIAETCS C
MIOCTOSIHHOM CKOpOCThI0. CHSIB HAaIIPsDKEHUE, 3aMEHUTh KOHIeHcaTop EMKOCThIO 100 Mk® Ha KOH-
neHcarop 10 Mx®, nmonas HampspkeHUe, yOeAUThCS, YTO HAMPsYKEHUE HA BHIXOJIE CTAJI0 MEHATHCS
B 10 pa3 6sicTpee. [Ipu ucnbITaHUsSIX HHTErpaTOpa CIAEIUTh 3a TEM, YTOOBI HAIIPSHKEHNE Ha BBIXOJIE
yCUIIUTENs ObUTO BCE BpeMsl OTpUIIATEIbHBIM, 3TO HEOOXOIUMO MTOTOMY, YTO B CXEME UCIOJb3Y-
I0TCS DJIEKTPOJIMTUYECKUE KOHACHCATOPBI.

6. 3aKOHYHUB OKCIICPUMCHTBI, TIOCTPOUTH aMILIUTYJAHBIC XapaKTCPUCTUKHU YCUITUTECIIA.

Cooeporcanue omuema:

OTuer KOKEH CONEPIKaTh!
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Ha3Banue paboTsr,

L{enb paboTHI;

KpaTkue TeopeTrdeckue CBEICHMUS;

OnucaHnue HCIOIb3yeMOT0 000PY/IOBaHMS U MAaTEPHAJIOB;
[Topsiiok BBITOTTHEHHS PaOOTHI;

Brraucnenus u 06paboTka pe3ysinbTaTos;

N o g ~ wDd e

BrIBOIEL.

Konmponwsnwie eonpocwi:

1. OnumuTe OCHOBHBIE CBOMCTBA OMEPAMOHHBIX YCHJIUTEIEH.

2. OnumuTe paboTy KoMIaparopa.

3. [losicuute paboOTy MHBEPTUPYIOIIETO U HEMHBEPTUPYIOLIETO YCUTTUTENEH.

4. YeMm ormpenenstorcss KO3(QPUIIMEHTHI YCUIICHUST YCUIIUTENEH, coOOpaHHbIX Ha 0ase orie-
PALMOHHOTO YCUJIUTENsA?

5. Kak ¢ momotpio OY oCcymecTBISIIOT CYMMUPOBaHUE HATIPSHKCHU?

6. Kak moctpouts cxemy unrerparopa Ha 6aze OY? Uem omnpeaensieTcsi CKOpOCTb UHTE-
TpUpOBaHUs?

7. Uem B o011eM ciiydae onpeaensercs ruHamuueckuil pexum OV ¢ oTpunatenbHoOl 00-
paTHOM CBSA3bIO?

8. Kak HampskeHHe Ha Beixozie OY 3aBUCUT OT Harpy3ku?
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Jlabopamopnasa pavoma Nell. I'enepamop npamoyzoibHbIX UMRYTbCOS.

Llenv pabomer: 3yunTh NpUHIUIHAIBHYIO CXEMY, HA3HAYEHUE OT/ACIIbHBIX €€ 3JIEMEHTOB

U paboTy reHeparopa MpsIMOYTOJIbHBIX UMITYJILCOB Ha 0a3e ONepalliOHHOTO YCUIIUTEIS.

Ocnoevt meopuu:

I'enepaTopsl NPAMOYTOJIBHBIX UMITYJIBCOB IIUPOKO UCIOJIB3YIOTCS B Pa3JIMY-HbIX YCTPOM-
CTBaxX 3JICKTPOHHOW TEXHHUKH: B 3JICKTPOHHO-BBIYMCIIUTEIBHBIX MaIlIU-HAaX, CHCTEMaX CBS3H, CH-
CTeMax aBTOMAaTH3alliu POU3BOJICTBEHHBIX MPOIIECCOB, B OBITOBOW TeXHUKE U T.J. CylecTByeT
PSI CXEM FeHepaTopoB, KOTOPBIE COOMPAIOT, UCTIONB3Ys B KadecTBE 0a30BBIX HIIEMEHTOB JTMOO JI0-
THYCCKHUEC DJICMCHTHI, h115(0]0) TPUTITCPHI, oo ONCpallMOHHBIC YCUIIUTCIIN, 100 OTACJIbHBIC TPAH3U-
cTOpbl. [IpOMBIIIUIEHHOCTh BBITYCKAET TEHEPATOPHI B BUJIC MHUKPOCXEM, OHH TAKXKE BXOISAT KaK
COCTaBHbIE 3JICMEHTBI B IEIIbIN PSIJT OOJIBIIIMX HHTETPATLHBIX CXCM.

B nacrosimeii mabopaTtopHoil paboTe paccMaTpUBAETCs CXeMa aBTOI'€HEpaTropa MpsSMo-
YTOJIBHBIX UMITYJIBCOB, TOCTPOCHHAS Ha 0a3¢ ONepamoHHOr0 ycuiuTens. JloCTOMHCTBaAMU TaKOTO
reHeparopa sIBISIOTCS: KPYTOol (PPOHT UMITYJIbCOB, TPOCTOTA PETYIMPOBAHUS YACTOTHI U CKBaX-
HOCTH, OTCYTCTBHE OOpaTHBIX BHIOPOCOB. [IpuHIMIIMANIBHAS JJIEKTPUYECKas CXeMa reHeparopa

npencranieHa Ha puc.11.1.

1 R3
> R4
Lo~ .
U_
&
)Y ¢ .
U™ |+ Usanx
Ri *
c = ®
R>
1 1

Pucynok 11.1 — Cxema rerneparopa npsiMOyTOJbHBIX UMITYJIbCOB
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OnepanoOHHBINA YCUIIUTENb UMEET OE3bIHEPIIMOHHYIO MOJIOKUTEIbHYI0 OOPaTHYIO CBSI3b,
KoTOpas obecnieunBaercs AenuteneM RiR2 1 MHEPIMOHHYIO OTPULIATENBbHYIO, BBHITTOJTHEHHYIO pe-
3ucropamu R3 u R4 u konnencaropom C.

PaccmoTtpum pexum aBTokoJaeOaHUN ATOro reneparopa, npuHsaB R3= Ra.

[Tycts B MomeHT Bpemenu t = 0 (puc. 11.2) Bkirrogaercst uctoyHuk nutanusi OY U BBIXOI-
HOE€ HalpsKEHUE HaYMHAET BO3pacTaTh, TOraa uepes aenurens RiR2 yBennuuBaeTcs HanpsbkeHne
U", nanpspkerne U™ BCIIeACTBHE HATMYKS KOHICHCATOPA B IIEMHA OOPATHOW CBSI3U PACTET MOCTE-
nenno. Benencreue ysennuenus U' napacranue Hanpsokenus U IpoTeKaeT JJaBUHOOOPa3HO, OHO
CKauK00Opa3HO BO3PACTaeT [0 HaNpshKeHUs Hackimenus E, a Bxoanoe U™ 10
R,

U,=E-—2 =
R +R,

yE

HaHpH)KCHI/IC U-B IIponecce 3apAaaa KOHACHCATOPA PACTCT 11O 3KCIIOHCHTE, CTPEMACH K
3HAUYCHHU IO E, HO KaK TOJIbKO OHO HC3HAYUTCJIBbHO ITPCBBLICUT UR, HaIIps’KCHUC Ha BBIXOAC Oy
CKa‘IKOO6paSHO HN3MCHUTCA A0 3HAUYCHUA —E, IMOCJIC YCT'0 KOHACHCATOP HAYHET IICPE3apsAKaAThCA,
TO €CTh HaprDKeHI/IC U— CTAHCT yMCHI)HIaTI)CFI I10 OKCITIOHCHTE, CTpeM?ICL K 3HAYCHUIO —E, a HaHp?[-
skenue U+ B mporiecce nepesapsijia KOHJIeHcaTopa OyIeT 0CTaBaThCs MOCTOSTHHBIM, paBHBIM —YE.
Kak Toiapko U- cra”eT mo a6COJ'IIOTHOMy 3HAYCHUIO 60]'[]5]_]_[6 U+, HaIIpsKCHUEC Ha BBIXOIC OY

CKa4YKOM H3MeHHUTCH 10 +E. I[anee nponecc 6yz[eT MEpUOANYCCKHU ITOBTOPATHCH.

UBHX » i i i
o [ [ +E
t
-E
U 4 L : L U
t

Pucynok 11.2 — Ocuniimorpamma reHeparopa npsiMOyTrOJbHBIX UMITYJIbCOB
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[lepBriit uMmynbe OyA€T UMETh MEHbBIIYIO JJIUTEIbHOCTh, OCKOJIBKY OH (OpMUPYETCS

npu 3apsie konaeHcaropa ot 0 1o Ur.
-t
U-(t)=E(1-¢e "

rae T = R3C, B MOMEHT nepeKItoyeHust U~ (t) =U R — 7E , TO €CTb IIpH t = 1.

OTKy,I[a AJATCIIBHOCTD IIEPBOI'0 UMITYJIbCa
tH] =T In 1— )
HpI/I TreHepaluu IMOCICAYIOMNUX UMITYJIBCOB KOHACHCATOP IIEPE3apsiKACTCA OT HAIIPIKC-

Husi Ur = YE ogHOM mosisipHOCTH, CTPEMSACH 3apsAaUThCs 10 HamnpskeHus E nmpoTuBoIoIoKHON

MOJIIPHOCTH, TO €CTh IMPOUCCC MCPE3APAAKH ITPOTCKACT 110 3aKOHY:
-t
U-(t)=(E +;/E)(1—e 4)—7E |

nporiecc nepe3apsaku npekpaimaercs npu U™ (t) = yE, oTkyaa IHTENbHOCTD TOCIEYIO-

[IMX UMITYJIBCOB OyneT

1+
t =7in mlat 4
1-y’
NepHOoJ clieI0BaHus UMITYIbcoB T = 2t,.
CKBa)XHOCTb CUTHaJIa
=2 .

T
tl/l

J71st moydeHust CKBaXXHOCTH (], OTIIMYHOM OT 2, HEOOXOAMMO MPUHATH COOTBETCTBYIOIINE
pasznuuHbie 3HaUeHHUS R3 1 Ry

R4= Rs (q-1).

Ykazanue no mexnuxe 6esonacnocmu:
VYka3zaHus 1o TeXHUKE OE30MMaCHOCTH MPH BBIITOJIHEHUH J1a0OpaTOPHBIX pabOT MPUBEIEHBI

B IIPWJIO’KEHUE A.
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Ykazanua no eévinoanenuro nadbopamopnoii pabomot:
1. CobOpath cxemy renepaTopa, n3o0pakeHHyro Ha puc. 10.1, mpuHSB cleayromue 3Hade-
HUS [MapaMETPOB JIEMEHTOB:
R1=4,7xOM, R=1xOM, R3= Rs=1Mom, C=0,01mxD.
(ITpenonaBarenem MOTYT OBITh 33JaHbI IPYrUe 3HAUCHUS [TAPAMETPOB).

I[HSI IMUTaHUS ONCPALMOHHOI'0 YCHIIMUTCIIA HCIIOJIB30BAaTh JIBAa MCTOYHHUKA IMOCTOSAHHOI'O

Toka 15B, BKIIIOUMB MX Tak, Kak Moka3aHo Ha puc. 11.3.

L @
I5B U .
- UBBIK
> o0
— U
_|_ —_— -
I5B
&

PI/ICYHOK 11.3 - HpI/IHI_[I/IHI/IaHBHaH CXEMa UCIIbITaHUS T'eHEpaTopa NpAMOYI'OJIbHBIX UM-

MyJIbCOB

BrixoHOE HanpsbkeHue reHeparopa MmojiaTh Ha BXOJ ocLuiorpada.

2. Ilocne mpoBepku COOpPaHHON CXEMBI MPEToAaBaTeeM MOAaTh HAMPSHKEHUE HA OCIHII-
norpad ¥ Ha UCTOYHUKM muTaHus. HaOmromas Ha skpaHe ociumorpada ¢opMy BBIXOJHOTO
HaIpsHKEHUs TeHepaTopa, yOeIuThCs, YTO OHA UMEET MPSIMOYTOJIbHYIO (popMy, TPUUEM, TUTENb-
HOCTDB IIOJIOXKUTCIIBHOTO UMITYJIbCA paBHA JJIMTCIBbHOCTH OTPHUIATCIBHOIO.

3. B ienu otpunarenbHoi 00paTHOI cBs3u pe3uctop Rs conmpoTtuBienueM 1 Mowm 3ame-
HUTH pe3uctopoM 100 kOM. YOeautbes, 4To JIUTEIHHOCTD MOJIOKUTEIHLHOTO UMITYJIbCa CTala B
10 pa3 kopoue IIUTETBHOCTH OTPULIATEIBHOTO.

4. B nienu moJIoKUTENHHOM 00paTHOM CBS3M MapallIeIbHO pe3nucTopy R2 conpoTuBieHnemM
1 kOM BKIIIOUUTH BTOPOI Takoil xke pezuctop. I[Ipu 3Tom kodpPuIMeHT nenuTens HanpsHKEHUS
YMEHBIIUTCS U CTAHET PABHBIM

v1=0,5/(4,7+0,5)=0,0961,

710 BKJIFOUEHUSI BTOPOTO PE3UCTOpa €ro 3Ha4eHHue ObLI0

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

YacroTa nepuoguyecKoro Curuana u3MeHUIIach B N pas, rae

n=[In(1+ y)/(1- Y)}/[In(1+ y1)/(1- y1)]=1.834.
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Hab6mronas curnan BEIXOHOTO HANPsDKEHUS Ha dKpaHe ociuuiorpada, yoeauThes B yBe-
JJMYCHUU €TI0 4aCTOTHI.

5. C nomomsio ocrmniorpadga rnponadaoaars popmy HanpspkeHus U

Cooepicanue omuema:

OTuer HOKEH COlEepKaTh:

Ha3zBanue paboTsr;

L{ens paboThI;

KpaTkue Teopetnueckue cBEACHHUS,

Ornucanue UCToab3yeMoro 000pyI0BaHUS U MaTEPUATIOB;
[TopsiioK BBITOTHEHHUS PaOOTHI;

Brrancnenus u 06paboTka pe3ynbTaToB;

N o gk~ D oE

BriBoapl.

Konmponvuuie éonpocoi:

1. Kakoe 351eKTpOHHOE YCTPONCTBO HA3hIBAIOT aBTOTCHEPATOPOM?

2. Onmmmte paboTy aBTOreHEpaTOpa MPSMOYTOJIbHBIX UMITYJILCOB Ha 0a3e omepanuoH-
HOTO YCHJIUTEIIS.

3. Kakumu ciocobamu MOKHO H3MEHHTB 9aCTOTY CHTHAJIa, pACCMaTPUBAEMOTO B TAHHOK
pabote renepatopa?

4. Kak n3MeHUTh CKBaKHOCTh CUT'HaJIa reHeparopa’?

5. O0BsACHUTE POJIb OJOKUTENIBHOI 00paTHOM CBS3U B GOPMUPOBAHUN (POHTA CUTHAJIOB
reHepaTopa.

6. Kak n3ameHuTCcs yactoTa CUrHasia reHepaTopa Ipu yBeJIUYEeHUH CONpoTUBIIeHUs R1 ae-

JINTCIIA HaprI)KeHI/ISI?
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Jlabopamopnasa pavoma Nel?2. Tpuzzepol.

I[eny pabomer: VI3yuenne NPUHIMIIOB MOCTPOSHUS U (YHKIMOHAIBHBIX BO3MOXKHOCTEH

TPUITCPOB pa3JINYHBIX THUIIOB.

Ocnoevt meopuu:

Tpurrepom Ha3bIBalOT MPOCTEHIIEe MOCIENIOBATEIBHOE YCTPOHCTBO, KOTOPOE MOXKET
HAXOJIUTHCS B OJJHOM U3 JIBYX BO3MOYKHBIX COCTOSTHUI U IIEPEXOUTh M3 OJHOTO COCTOSIHUS B IPY-
roe MoJi ICHCTBHEM BXOJHBIX CUTHAJIOB. TPHUITEPHI SBISIOTCS 0a30BBIMH 3JIEMEHTAMH TOCIIE0-

BaTEIbHBIX JIOTUYECKUX YCTPOMCTB.
Tpurrepbl 00bIYHO UMEIOT JBa BBIXOA: TPsAMOi Q 1 nHBepCHbIH Q .

Bxons! Tpurrepa pasnenstor Ha nHGOpMaIMOHHbBIE U yripasiisttoniie. MHpopMamonHsie
WCIIOJIB3YIOTCS ISl YIPABJIEHUSI COCTOSIHUEM TPUITEpA, YIPABISAIOLINE — JJIs PeABapUTEIbHON
YCTaHOBKH U CUHXPOHM3ALUH.

Pa3nnyaroT acHHXpOHHBIE U CUHXPOHHBIE TPUITEPHI. ACHHXPOHHBIE TPUITEPHI MEHSIOT
CBOE COCTOSIHME HEIOCPEICTBEHHO B MOMEHT ITOSIBIICHHUS Ha BX0/1€ WH()OPMAIIMOHHOTO CUTHAIA.
CUHXpOHHBIE TPUTTEPHI PEarupyroT Ha WHPOPMALMOHHBIE CUTHAIIBI TIPU HAIMYAH CUTHAJa CHH-
xpoHuzaiuu C. CHHXpOHHBIE TPUITEPBI, B CBOKO OUYEPEb, MOAPA3AEISAIOT HAa TPUITEPHI CO CTaTH-
YECKUM M JUHAMUYECKUM YIPABJIECHUEM 110 BXOJly CUHXPOHHU3ALMH.

CraTudeckue CHHXPOHHBIE TPUITEPHl BOCHPUHUMAIOT MH(GOPMAIMOHHbBIE CUTHAJIBI NPU
nosavye Ha BxoJ C joruyeckoil eauHUIb! (IPSIMOM BXOJ) WM JIOTMYECKOIO HYJs (MHBEPCHBIN
BXOJ).

JluHaMu4ecKrue CUHXPOHHBIE TPUTTEPhI BOCIIPUHUMAIOT MHPOPMALMOHHBIE CUTHAJIBI IIPU
n3MeHeHnu curiana Ha Bxojzie C ot 0 no 1 (mpsimoit fuHamuueckuit C-exon) wiu ot 1 go 0 (uH-
BepCHBIN nuHamudeckuit C-Bxon).

ITo ¢pyHKIIMOHAIEHBIM BO3MOXHOCTSIM TPUITEPHI Pa3eIIIOTCS Ha CIEAYIOLINE KIIACcChl:

— ¢ paznenbHoit ycranoBkoii 0 u 1 (RS-tpurrepsi);

— ynuBepcanbhble (IK-tpurrepsi);

— ¢ mpuemMoM uHpopManuu o ogHomy Bxony (D-Tpurrepsr);

— co cueTHbIM BxoJ0oM (T-Tpurrepsr).

BxoJp! TpurrepoB 0603Hava0T CIEAYIOUIMM 00pa3oM:

Bxonp! TpurrepoB 0003Ha4ar0T CAEAYIONUM 00pa3oM:

S — BXOJI /T YCTaHOBKH B cocTosiHue Q = 1;

R — Bxox anst ycranoBku B coctostHue Q = 0;
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| — BX0 17151 ycTaHOBKH B cocTosiHMe Q = 1 B yHUBEpCAILHOM TPUITEPE;
K — Bxox nnst ycranoBku B coctosaue Q = 0 B yHUBEpCaIbHOM TPUTTEPE;
D — Bxox nys ycranoBku B coctosinne Q = 1 unu Q = 0 B D-tpurrepe;

T- BXOJ CUCTHOI'O TPUITEPA,
1o

C

— CTaTUYECKUI IIPSIMOM BXOJl CHUHXPOHU3ALNY;

— CTaTU4YECKUI MHBEPCHBIN BXOJl CUHXPOHU3ALNHY;
7~/ C . .
— IPSAMOM IMHAMUYECKUHN BXOJ CUHXPOHU3ALUU;

A}\ — MHBEPCHBIN JUHAMUYECKHI BXOJ CHHXPOHHU3ALINH;

V unu E — nonoaHuTeNnbHbIA yIpaBIsSomuid BXO JUIs pa3pelieHus nprueMa nHpopMaluu.

CxeMbl TPUITEPOB CTPOSAT OOBIUHO HA 0a3e JIOTMYECKUX JIEMEHTOB, OCHOBHBIM M3 KOTO-
pbIx ABisieTcs 35eMeHT «-HE». PaccMOTpuM OCHOBHBIE U3 3THX CXEM.

AcuaxpoHHBII RS-TpHrTep

Cxema RS-tpurrepa nzo0paxkeHa Ha pucyHke 1. B cxeme ucnonb3oBansl 4 anemenTa «M-
HE» ¢ nBymst BXoaMu. DIeMEHThI «a» u «D» BhIModHAT QyHKuuio «HE», Tak kak uxX BXOMBI
BKJIFOYCHBI MapauienbHo. [Ipy OTCYTCTBHM CHTHAIOB Ha BBIXOJAX JJIEMEHTOB «a» U «b» Oymer
Joruueckas 1, U eciu BBIXOJ dneMeHTa «c» Q = 1, To Ha BbIxoe dnemMeHTa «d» Q=0. Cocrosinue
TpUTTEpa U3MEHUTCS, €Cli Ha BxoJ] R moxate noruveckyto 1. [Tpu 3ToM Ha BbIxojie «b» MOsBUTCS
0, KOTOpBII M3MEHUT BBIXOJHON CUTHAJ dJIeMEHTa «d» U3 COCTOSHHS Q=0 B cocrosiHue 6 =1,

B Pe3yJIbTaTe YET0 BBIXOJI AJIEMEHTA «C» H3MEeHHTCS B coctosinne Q = 0.

&
g A
_—‘.
a
&
R B
b

Pucynok 12.1 — Acunxponnsiit RS-tpurrep
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AHaJIOTUYHBIM 00pa30M COCTOSTHUE TPUTTEpa BEPHETCS B TIEPBOHAYATILHOE, €CIIH JIOTHYE-
CKYIO €IMHHUIY NTOJaTh Ha BXOJ S.

Paboty nanHOTro TpUTTEpa OMUCHIBAET XAPAKTEPUCTUUCCKOE YPaBHECHUE:

Qt+l — St + ﬁt 'Qt
S'“R'=0

rae Q' — BBIXOJHOM cHUTHAN [0 MOAaYM BXOAHBIX curHanoB S'u R! B HEKOTOPHIT MOMEHT
BPEMEHU t,

Q%! — BBIXOHOI CUTHAJI TTOCIIE TOJAYH BXOIHBIX CUHAJIOB.

Bropoe ypaBHeHHE OTpakaeT TO 0OOCTOSTEIHCTBO, YTO OJTHOBPEMEHHAs 110/1a4a BXOIHBIX
curHayioB «1» Ha Bxoabl RS-Tpurrepa 3amnpeiena, Tak Kak MPUBOJUT TPUITEP K HEONPECIICH-
HOMY COCTOSIHUIO.

[Tomumo xapakTepucTudeckoro ypaBHeHusi pabora RS-tpurrepa mMoxker ObITh omucaHa
clenyrolen Tabmuieit COCTOSHUS.

Tabmuna 1. — Cocrosinue RS-tpurrepa

st R Q Q! Pesxum
0 0 0 0
XpaHeHue

0 0 1 1
1 0 0 1

VYcranoBka 1
1 0 1 1
0 1 0 0

VYcranoBka 0
0 1 1 0
1 1 0

Heomnpenenennocts

1 1 1 —

Cxema cuaxpoHHoro RS-tpurrepa npezncrasiena Ha pucynke 12.2. JlaHHbIH TpUrrep pea-
rUpyeT Ha UH(OPMAIIMOHHBIE CUTHAIBI, OCTYMAIOIINE Ha BXO/bI S U R, Ipu HaJIMYuK CUTHANA Ha
Bxozie cunxponuszanuu C. B octansHOM ero paborta aHajlornyia pabore acMHXpOHHOro RS-tpur-
repa, OHa OMMCHIBAETCS TEMHU KE XapaKTEPUCTUUECKUM YpaBHEHHEM U TaOJIUIEH COCTOSIHUM.

IK-Tpurrep, cxema KOTOpOTo MpeACTaBIeHA Ha PUCYHKE 3, OTJIMYAETCS OT CHHXPOHHOTO
RS-tpurrepa tem, 4To 0lHOBpEMEHHAs I10/1a4a CUTHAJIOB Ha ero nHpopManroHHble BXoabl [ u K

HE 3alpC€iiCHa, OHA MPUBOAUT K USMCHCHUIO COCTOSHHA BBIXOJ0B HA ITPOTHBOIIOJIOXKHOC.
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Paccmotpum cHauana paboty IK-tpurrepa mpu pasaenbHON IMOjade CHTHAJIOB HAa €ro
Bx0o/bl. [Ipu orcyrcTBun Bxoausix curHaioB (I = 0, K =0, C = 0) Ha BbIX0/I€ JIEMEHTOB «a» U
«'» A =1, A'= 1. Berxogabie CUTHAJIBI 2JIEMEHTOB «b» «b'» MOTYT HaXOJUTHCS B OJHOM U3 ABYX
MIPOTUBOIIOJI0XKHBIX COCTOSIHUH, Mpe-nojoxuM, B=1, B'=0, Toraa, Tak kak B paccMaTprBaeMOM

ciaydae (mpu C = 0) F = 1, Berxomgubie curHansl «Dy» u «D'» 0yayr D =0, D'= 1. Tak kak D =0,

10 Q=1,a Q =0, TaKk KaKk BXOIHBIE CUTHAIILI dJIeMeHTA €' 00a paBHEI 1.

S
&

A

IE' &1 a | & B & Q
o—1 l——

I| a | b 1 e
I & & & _

B — D -y

o2

d ¢

Ry

I,
]
ﬁi

1
Cy F
c r

Pucynok 12.3 — IK-tpurrep

Ecnu noctynut cunxponusupyromuii curaan C = 1 npu orcyretBun HHGOopMauoHHbIX (|
=0, K=0), To m3menurcs cocrosiaue 3neMeHToB «f» u «d» (F =1, D = 1), cocTosiHUE BBIXOAHOTO

3IIEMEHTA «e» HEe U3MEHHUTCS, TaK KaK Ha ero BTOPOU BXOJI MO-TIPEKHEMY OyIeT MOCTYIaTh CUTHAI
Q=0.
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PaccmoTtpum teneps paboTy Tpurrepa, koraa npu noctymiennn C = 1 curaansl Ha HHPOp-
o ~t
MannoHHbIX Bxonax | = 0 u K = 1. Ecnu mepen mojgaveit STUX CUTHAJIOB Q'=1u Q'=0, 1o Ha

BCE€ BXOJbI «@'» MOCTYIISIT €AMHUYHBIC CUTHAJIBI, TO3TOMY CUTHAJI HA €r0 BBIXOJI€ CTAHET PABHBIM
Hys110 (A' = 0), BeIx0o161 «b» 1 «b'» u3menst cBoe coctosinue (B =0, B'= 1), moaromy Ha 06paTHOM
(pOHTE CHHXPOHU3UPYIOIIETO CUTHAJIA, KOTIa BBIXOJ 3JIeMeHTa «f» CTaHeT paBHBIM eIMHHIIC, BbI-
xoHoM curHai «d'» craneT paBHbIM HYI0 (D' = 0), a BeIX0AHO#M cUrHai «d» OCTaHETCS eIMHUY-
HbIM. [Ipy MOCTYIUIEHUH HYJIEBOTO CUT'HAJIa Ha BXOJ «e'» ¢ Bbixoa «d'» COCTOsSHUE TpHUITepa U3-

merntes Ha Q™ =1 Q™ = 0.

Ecnu nanee npu nocTymjieHuu ouyepeIHOro CHHXpoHu3upymoero curfana | =1 u K =0,
t+1 At
TO aHAJIOTMYHBIM 00Pa30M COCTOSTHHE BBIXO/IHBIX CUTHAIOB M3MeHUTCs i HAa Q- =11 Q7 =0.

[Ipu napannensHoMm BriItOYeHUU BX0210B | 1 K paccmarpuBaemoro tpurrepa oH npeBpa-
11aeTcs B TpUrrep co cueTHeIM BxozoM (T-tpurrep). Ecnu curnan na nadopmarmonsnom sxoze T-
TpPUITEp paBeH 1, TO MpH MOCTYIJICHHUH OYEPETHOTO0 CUHXPOHU3HUPYIOIIET0 UMITYJIbCAa COCTOSHUE
TPUTTEpPa MEHSETCS Ha MIPOTUBOTMOJIOKHOE.

PaccmoTtpum mponiece cMenbl coctosiaust T-Tpurrepa moapoOHo.

Jiis pabothl cyeTHOro Tpurrepa Ha Bxojbl | 1 K Heo6xoauMo moaath NOCTOSIHHBIN €Tu-
HUYHBIN curHa. [Ipeanonoxum, nepea HayaIOM CUHXPOHU3UPYIOLIETO UMITYJbca curiain B' =1,
aB=0,tornga D=1wuD'=0, Beixoausle curiaibl Q =0 u Q =1.

[Ipu nopaye nmnynsca C = 1 BeixogHoM curHan snementa «HE» cTtaner paBHbBIM HyIIO.
Taxk xak Ha BxoJie «C» 2JIEMEHTOB «a» U «a'» BXOJHOM CUTHAJ OCTYyMAaeT yepe3 AuddepeHumpy-
forryto 1ienouky R1C1, TO KpaTKOBPEMEHHO MCYE3HET IMHUYHBIN cCUTHAT A (cuTHAT A' ocTaHeTCs
B OTO BpeMs €IMHUYHBIM, Tak kKak Q = 0), B pe3ynbTare uero u3MEeHUTCS] COCTOSTHUE JIIEMEHTOB
«b» u «b'» Ha B=1u B'= 0. [Toxa BXOJHO# CUTHAJ OCTAETCSI PABHBIM €IUHUIIE, BEIXOIBI JJIEMEH-
TOB «d»u «d'» Taxke OyayT octaBaThes eqMHUYHBIMU. [Ipu cHsATHYN yripaBistomiero ummnyibsca (C

= 0) curHai F craHeT paBHBIM eAWHMIIC U, TaKk Kak B = 1, curnan D craner paBHBIM HYII0, a Q —
1.TIIpu Q =1 Q =0, To ecTh Ha 0O6paTHOM (PPOHTE BXOIHOTO CUTHAIIA COCTOSHUE TPUTTEPA MEHS-

€TCsl Ha IIPOTUBOIOJIOKHOE. BBUAY MOJHON CUMMETPUU CXEMBI NPU OYEPEAHOM BXOJIHOM HM-
nyJbce MPOU30UIET aHAJIOTMYHBIN MpoLiecC (BBIXOJHBIE CUTHAJIBI CO LITPUXOM U 0€3 IITpuXa npu
ONMCAHUU IIpOLECCa MEHANTE MECTaMM), M TPUITEP BEPHETCS B IEPBOHAUATILHOE MOJIOXKEHHE.

XapakTepucTHUECKOe ypaBHEeHHEe U Tabnuia coctosiHui IK-tpurrepa cnegyromue.

Qt+l — It .(jt +|Zt .Qt
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Tabmuma 12.2. — Cocrosiaune IK-Tpurrepa

I K Q' Q™ Pexum

: 0 ° 0 XpaHeHHe

0 0 1 1 p

1 0 1 1 VYcranoBka «1»
0 1 1 0 VcranoBka «0»
1 1 0 1 t+1 _ At

1 1 1 0 Q™ =Q

[ToMHMO ONIMICAaHHBIX TPUTTEPOB B YCTAHOBKAX HU(POBOH SIEKTPOHUKU IIHUPOKO UCTIOTb-
3yercs Tpurrep ¢ ooumm BxoaoM (D-tpurrep). Boixoanoit curnan D-Tpurrepa npuHuMaer 3Ha-
YEeHHE, PABHOE BXOJIHOMY CUTHAJIy B MOMEHT IIOCTYIUIEHUS UMITYyJIbCca CUHXpOoHM3anuu. Cxema D-
Tpurrepa, coopannas Ha 6aze «M-HE», nmpencraBnena Ha pucyHke 4.

[Ipu OTCYTCTBUU CUHXPOHU3UPYIOLIETro curHana «C» He3aBUCUMO OT 3HaueHUsl HUHPopma-

1roHHOro curHana D A = 1 u B = 0. 3HaueHust BBIXOAHBIX CUTHAIOB Q 1 Q MOryT OBITH JIFOOBIMH.

I[Mpeamonoxum, iepex nocrymiearem C = 1 va Beixoge Q =0, torra Q =1. Eciu ipu mocryrure-
Hun C =1 D = 1, To curHan A craHeT paBHBIM HYJIO, B pe3ynbraTe 4ero Q u3 coctosHus «0»
niepeiiiet B cocrosinue «1», a Q craner paBubM HyI 0. [TOCIIE CHATHS CHHXPOHU3HUPYIOIIETO CHT-

HaJIa BBIXOAHBIC CUTHAJIBI HC U3MCHATCA, [TPU 5TOM I/IH(I)OpMaI_II/IOHHBII\/'I CUT'HAJI TPUTTCPOM HC BOC-
MNPUHHUMACTCA N0 MMOCTYINICHUA OYCPEAHOIO CUI'HaJla CHHXPOHU3AIUH. Ecmu Ipu C=1D= O, TO

A craHeTcs PaBHBIM «1)), B craner PaBHBIM HYJIIO, B pE3YJIbTATC YE€Tro COCTOAHNEC BHIXOAHBIX CUT-

HaJIOB Q n Q HU3MCHUTCA HA IPOTUBOIIOJIOKHOC.

D &

A

M a

Pucynok 12.4 — Tpurrep ¢ o0mmmM HHGOPMAIMOHHBIM BXOJJOM
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Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeXHUKE OE30MAaCHOCTH MIPU BBIIOJHEHUH Ja00paTOPHBIX pabOT MPUBEICHBI

B IIPWJIOKEHUE A.

Ykazanua no eévinoanenur nabopamopmnoit pabomoi:

1. JleranbHO U3y4NUTh OCHOBHBIE TEOPETUUECKHE ITOJIOKEHMSL.

2. Ha naGopaTopHOM CTeHJIe COOpaTh CXeMbl aCHHXPOHHOT'O U CHHXPOHHOTO RS-Tpurre-
poB, cxemy D-tpurrepa u cxemy IK-Tpurrepa ¢ pa3ieabHbIMU U CO CYETHBIM BXOJAMH.

3. OnpoOoBaTh pabOTy Ka)xJA0ro BHJIa TPUTTEPOB U IO pe3ylbTaTaM OMpoOOBaHUS COCTa-

BHUTD Ta6JII/ILIBI COCTOSIHUH.

Cooepotcanue omuema:

OT4er AOMKEH CONePKaTh:

HazBanue paboTsr;

L{enb paboTHI;

KpaTkue TeopeTnueckue CBEACHHUS,

Ornucanue UCMoNb3yeMOoro 000pyI0BaHUSI M MAaTEPUAIIOB;
[Topsinok BeINONHEHUS PaOOTHI;

Boruncnenus u 00paboTka pe3ysbTaToB;

N o a k~ w nhoE

BriBoapbl.

Konumponvnwie éonpocwi:

1. Kakue 371eKTpoHHbIE yCTPOWCTBA HA3bIBAIOT TPUTTEpaMU?

2. YeM CHHXPOHHBIE TPUITEPHI OTIMYAIOTCS OT ACHHXPOHHBIX?

3. UeM OTIMYAOTCS TMHAMMYECKUI BXOJI CHHXPOHM3ALUU OT CTaTHYECKOro?

4. Kak 0003Ha4ar0T BXOJIbI U BBIXObI TPUTTEPOB?

5. HazoBute paccMoTpeHHBIE B pab0OTe THIBI TPUITEPOB U OMUIINTE (PYHKIIMOHATbHbBIE
BO3MO>KHOCTH Ka)KJIOTO U3 HHX.

6. UTo Takoe XapaKTepuCTUUYEeCKOe ypaBHEHHE TpUrrepa’?

7. Yto mipeacTaBisieT co0oi TabauIia COCTOSTHUM TpurTrepa’?
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnevenue OUCYUNIUHDBL

5.1 Ilepeuenv 0cHo8HOI U OONONHUMEILHOU TUMEPAMYPbl, HEOOX00UMOU 0 0C80e-
HUA OUCUUNIUHDL

5.1.2 Ilepeuens ocnognoil iumepamypul:

1. Cyxanosa, H. B. Dnextponuka u cxemorexuuka. [Ipaktukym: yaebnoe nmocodue / H. B.
CyxanoBa. — Boponex: BopoHeckuii rocyJapCTBEHHBIH YHUBEPCUTET HHKEHEPHBIX TEXHOJIO-
ruii, 2020. — 80 ¢. — ISBN 978-5-00032-472-1. — Texkct: snexTponnslii // Lludpopoii o6pa3zo-
BatenbHbIi pecypc IPR SMART: [caiir]. — URL.: https://www.iprbookshop.ru/106457.html

2. [TyxoBckuii, B. H. DnektpoTexHuka, 31eKTpoHUKa U cxeMoTexHuka. Moaynb «Ludpo-
Bas CXeMOTEXHUKay»: yueOHoe ocodue / B. H. [Tyxosckuii, M. 1O. [TonernoB. — PocToB-Ha-/{ony,
Taranpor: U3natensctBo FOxHOro denepanbuoro yuusepeuteta, 2018. — 163 ¢. — ISBN 978-
5-9275-3079-3. — Tekct: anekrponnsiit // Ludposoii obpazoBatenbublii pecypc IPR SMART:
[caiiT]. — URL.: https://www.iprbookshop.ru/87782.html

5.1.3 Illepeuensv 0ononnumenvHoll 1umepamypeol:

1. Urnaros, A. H. Dnektponuka: yueOnoe nocodue / A. H. Urnartos, B. JI. CaBunsix, H.
E. ®aneeBa. — HoBocubupck: CuOupckuii rocy1apCTBEHHbIN YHUBEPCUTET TEIEKOMMYHHUKAIIUN
u uapopmaruku, 2020. — 165 ¢. — Tekcer: anexTponnsii / L{ludporoit 06pa3zoBaTenbHBIN pecypc
IPR SMART : [caiiT]. — URL.: https://www.iprbookshop.ru/117127.html

2. Cutnukosa, C. B. COOpHHK 32/1a4 110 JUCIUIUINHE « DTEKTPOHUKA»: yueOHO-METOAnYe-
ckoe nocobue / C. B. CutHukoBa, A. C. ApedpneB. — Camapa: [1oBomKCKHil rocy1apCcTBEHHBIN
YHHUBEPCHUTET TelleKOMMYHHKanuid u nHpopmaruku, 2016. — 60 ¢. — TekcT: 3MeKTpOHHBIH //
[ludpposoit  oOpazoBatenpHbli  pecypc  IPR SMART :  [caiir]. —  URL:
https://www.iprbookshop.ru/71877.html

5.2 Ilepeuensv yueono-memoouueckozo obecneueHus camocmoameibHoi paoomaol ooy-
Yauuxca no OUCHYUNIUHE

1. MeToauveckre peKOMEHIAlMH ISl TIOJTOTOBKH K JIA0OPATOPHBIM 3aHATUSM IO TUCITH-
IUTMHE «JNEKTPOHUKA U CXEMOTEXHUKAY.

2. Meronnueckre peKOMEHIAIUH 110 OPTaHU3AIMHA CAMOCTOSATEILHOW paObOThI CTYICHTOB

IO JUCIHHUIIIIMHE <<3J'ICKTp0HI/IKa N CXCMOTCXHHKA.

5.3 Ilepeuens pecypcoe unghopmauuonno-meneKommynukayuonnoi cemu Hnmepuem,

Heo0Xx00UMBbIX 07151 0C60CHUS OUCUUNTIUHDL
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1. http://lwww.biblioclub.ru -OBC "Yuusepcuterckas 6ubnrorexka ornaiia"

2. http://www.iprbookshop.ru/ - Dnexkrponno- 6ubnuoreunas cucrema [IPRbooks
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[Tpunoxenue A

Ykazanue no mexnuke 6ezonacnocmu

Jlo Hayana paGoThI CTYACHTHI 00S3aHbI U3YYUTh MPaBUIa TEXHUKU O€30MaCHOCTH MPH pa-
6ore ¢ anekTpoycraHoBKaMu. OO M3y4eHUHU MPaBUJI TEXHUKU O€30MaCHOCTH U MOJIyYEHUU HH-
CTPYKTaXka CTYJICHTHI PaCIHCHIBAIOTCA B CIIELUAIBHOM XKypHaie. CTyIeHTbl, He U3y4YHBILIHUE Ipa-
BWJIA TEXHUKU O€30MAaCHOCTH M HE MPOMIEIINE HHCTPYKTaXK, K BBITIOJTHEHHUIO Ja00paTOPHBIX pa-
00T HE I0MYCKAIOTCS.

VYyebHas rpynna (Wid MOATPYIa) pa3duBaeTcss Ha OpUraapl, YUCIO KOTOPHIX YKa3bIBa-
eTCs Iperno/iaBaTesieM, a COCTaB OpUral KOMIUIEKTYEeTCS CTYACHTaMH Ha TOOPOBOJIBHBIX Hadaslax.
Cnucok rpymisl (HOArpymibl), pa30UTON Ha Opuraibl, CTapoCcTa MPEIOCTABIIAET IPENOIaBATENIO,
BeylieMy J1ab0paTopHbIe 3aHATHS.

Kaxxnas u3 6pura BIOIHAET 1a00PaTOPHYIO pabOTy B COOTBETCTBHH C IpapuKoM, HAXO-
JSAIEMCsl B TaO0OpaTOpUH.

[epen KaXKabIM 3aHATHEM CTYACHT 00s513aH MOATOTOBUTHCS K BBITIOJIHEHUIO TAO0PaTOPHOI
paboThI 110 JAHHOMY METOAMYECKOMY IMOCOOHI0 M peKoMeHayeMoit uteparype. [lepen Hayanom
paboThl IpenoAaBaTens IPOBEPSIeT 3HAHUS CTYICHTOB IO COJIEPKAHUIO BBITIONHSAEMOM PabOTHI.
[110X0 MOATOTOBIIEHHBIE CTYICHTHI K BBITIOJTHEHHUIO JIA0OPATOPHON PadOTHI HE TOMTYCKAFOTCH.

Pabotas B nabopaTopuu, HeOOXOAMMO COOJIIOAATH CIEAYIOIINE MPaBHIIA:

K BbInonHenuto 1a60paTopHOi pabOThI CIEAYET MPUCTYNATh TOJBKO MOCIE MOIHOIO ysic-
HEHMSI €€ CO/Iep)KaHus U NOJIyUYEeHHUs JONMyCcKa K Heil.

2. HaunHate paboTy cienyeT ¢ 03HaKOMJIEHHs ¢ MpubopamMu U 000pyI0BaHUEM, IPUME-
HS€MBIMHU B JAaHHOM padoTe.

3. Ha naGopaTtopHoM CTOJI€ AOJKHBI HAXOIUTHCS TOJIBKO MPEIMEThI, HEOOXOIUMBIE IS
BBITOJIHEHUS TAaHHON paboTBhI.

4. PacrionoxeHue anmaparypbl Ha pabodeM CcToJie JOJKHO ObITh TAKUM, YTOOBI CXeMa Co-
eIMHEHNH TTOJTyYrJIach HanOoJIee MPOCTON, HATISITHON U paboTa C anmapatrypoi Obiia yIo0HOM.

5. XenatenbHo, 4TOOBI cXeMy COOMpPa OAMH U3 WICHOB OpUTafbl, a Pyrue KOHTPOJIUPO-
BaJIH.

6. ITpu cOOopKe CITOKHBIX CXEM CIIeyeT BHaYalle COSMHNUTD TIIaBHYIO, TIOCIEI0BATEIbHYIO
IeTTh, HAYMHAsE COOPKY OT OJJHOTO 3KMMa UCTOYHMKA TOKA U 3aKaHYMBAs HA IPYTOM, a 3aTeM yiKe
HOJKJIIOUUTH MapajuiebHbIe eI .

7. Iocne Toro, kak cxema Oyner codpaHa, HE00X0AUMO yOeIUThCs B PaBUIBHOM ycTa-
HOBKE JIBJKKOB PEOCTAaTOB, aBTOTPAaHC(OPMATOPOB M PYKOSATOK JPYIHX PEryIUpPYIOIINX

YCTPOICTB.
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8. CoOpanHas cxeMa 00s3aTeNIbHO JOMKHA OBITh MPOBEpPEHA MperogaBaTeIeM WK CTap-
M Ta0OPAHTOM M TOJIBKO C UX Pa3pelieHusi MOXKET ObITh BKJIIFOUEHA O] HANPsHKEHUE.

9. Ilpu BKITIOYCHHUH CXEMBI 0CO00€ BHUMAHUE CIIeayeT 0OpaTUTh Ha MOKa3aHUs aMIIePMET-
POB U JIpYTHX HU3MEPUTEIbHBIX TPUOOPOB. B citydyae pe3koro IBUKEHHs CTPEIKU amIepMeTpa K
KOHITY HIKaJIbl CXeMY HEOOXO0AMMO HEMEIJICHHO OTKJIFOUUTh OT UCTOYHUKA HAPSIKEHUSI.

10. HeoOxoammo 6epekHO OTHOCHTHCS K ammaparype, UCroiab3yeMoi B pabore. O60 Bcex
3aMEUEHHBIX HEHCIIPABHOCTSIX HITU MIOBPEXKICHUSX CTYJEHT JOJIKEH HEMEJICHHO COOOIIHTH Tpe-
M0JIaBaTeNI0 WK JTa00OpPaHTYy.

11. Ilocne BbImoIHEHUSI pa0OTHI CTYACHT 00s3aH, HEe pa3dupasi CXeMbl MOKa3aTh MOTY4YEH-
HBIC JIAHHBIC TIPeroaBaTelto. Eciau pe3ynpTaThl H3MEPEHHN BEPHBI, TO TPEIOIaBaTeNb X MOJ-
MUCBIBACT. DKCIIEPUMEHT C HENPABWIILHBIME PE3YJIbTATAMU CIICAYET IIOBTOPHT.

12. Cxemy cnenyeT pa3OupaTh TOJIBKO MOCIIE €€ OTKIIOYEHHS OT CETH.

13. KaTeropuuecku 3anpeniaeTcs:

— TporaTh pyKaMy OTOJICHHBIC ITPOBOJIA U YaCTH MPUOOPOB, HAXOISIIUECS IO/ HAIPSIKE-
HUEM, JIa)Ke €CJIM OHO HEBEJIHKO;

— MPOU3BOAUTH U3MEHEHHUS B CXEME MPH MOAKIIOYEHHOM UCTOYHUKE MUTAHUS;

— 3aMEHSATh WK OpaTh 000pYyI0BAHUE, UITU MPUOOPHI C APYTUX PAOOUNX MECT

— 0e3 pa3penieHus IpernoaBaTess Wil JIa0opaHTa;

— OTXOJUTH OT MPUOOPOB W MAIIMH, HAXOISIIUXCS TIOJ] HAMPSHKECHHEM WU OCTaBIISITH
CXeMy MO HampsDKEHUEM MPU 00pabOTKe pe3ylnbTaToB U3MEPEHHIA;

— MeperpyxaThb NprUOOPH TOKOM WM HAMpPsHKEHUEM, TPEBHIIIAIONINM HOMUHAIBHOE 3Ha-
YeHHE.

[TpoBepky HaMUUs, TT01ABAEMOTO K CXEME MJIH 3JIEMEHTAM CXEMBbI HalpsDKEHUST He00X0-
JTUMO TIPOM3BOJMTH TOJIHKO KOHTPOJIBHOM JTAMIIOYKOM MIIH BOIBTMETPOM, COOTIOAast IPAaBHIIa TEX-
HUKU O€30MaCHOCTH.

[Ipu pabote B mabopaTopuu CiemayeT CTPOro COONIOAATh MEPHI MPEIOCTOPOKHOCTH, TaK
KakK AJIEKTPUYECKUN TOK, TPOXOIAIINAN Yepe3 Teo yenoBeka, BennunHoi B 0,025 A yxe aBisercs

OITIaCHBIM IJIS dKMU3HU.
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30OBAHU S POCCUMCKOM ®EJIEPALINN
OEJIEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OGPA30OBATEJIbHOE YUPEX/IE-
HUE BBICIHEI'O OBPA30OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Tsturopckuit unctutyt (punuan) CKOY

MeToanueckue peKOMEHIAUU

10 OpraHU3aIlui CAMOCTOSATEIIBHOM PabOThl 00YUYarOIITUXCS
o pucumiuinae « QJIEKTPOHUKA U CXEMOTEXHUKA»
JUISL CTYICHTOB HaIlpaBJICHUS TIOATOTOBKH /CTICIIUAIbHOCTH
10.03.01 MudopmanmonHast 6€301macHOCTh, be30macHOCTh KOMIBIOTEPHBIX CUCTEM

[Tsturopck, 2026
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Conepxanue

Beenenue

OO01mas xapakTepUCTUKa CAaMOCTOATEIbHONM paboThl 00y4aroIIerocs npu u3yde-
HUU JTUCHUTUIMHBI «DJIEKTPOHHUKA U CXEMOTEXHHUKA

[Tnan-rpaduk BBHITOJHEHUS CAMOCTOSITEIILHON paOOTHI

KoHTpoTbHBIE TOYKH ¥ BHJIBI OTYETHOCTH 110 HUM

MeTtoauueckre peKOMEeHIalluy 10 U3YYEHHUIO TEOPETUYECKOTO

MaTepuaia

MeToudecKue yKa3aHusl 10 TIOJITOTOBKE K DK3aMEHY

Y4eOHo-MeToAruecKoe U HHPOPMAIIMOHHOE 00ECTICYCHHIE TUCITUTUIAHBI
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BBenenne

CaMocrosiTenbHas padoTa — riaHupyemas yueOHas, yae0HO-HCCIIeI0BaTEeIbCKasl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IperojaBaresisi, HO 0e3 ero HemocpeACTBEHHOTO
y4yacTus (IIpU YaCTUYHOM HEMOCPEICTBEHHOM YYaCTHH MPENOIaBaTesl, OCTABISIONIEM BEAYIIYIO
pOJIb 32 pabOTOMN CTY/IEHTOB).

CamocrosTenpHas pabora cTyneHToB B BY3e siBisercs Ba)KHbIM BHIOM YYCOHOW U Hay4-
HOM JIeATEIbHOCTH CTY/ICHTA.

Benymas nens oprannzauuu u ocyuiectienus CPC nomxkHa coBrnajarh C LEIbI0 00y4de-
HUS CTYyJIEHTa — IMOATOTOBKOM OakanaBpa ¢ BeicInM oopazoBanueM. [1pu opranuzaiuu CPC Bax-
HBIM ¥ HEOOXOMMBIM YCIIOBUEM CTAaHOBSTCS ()OPMUPOBAHUE YMEHHUS CAMOCTOSITEIILHON PabOThI
JUTSI IPUOOpETEHNS 3HAHNUN, HABBIKOB M BO3MOXXHOCTH OpPraHU3alliy y4eOHOM 1 HAyYHOM J1eATeNb-
HOCTH.

Lenbto caMOCTOSATENFHOM PAOOTHI CTYACHTOB SBISIETCS OBIIAJCHUE (PYHIaMEHTAILHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPUYECKOM, HCCIEI0BATENbCKOM NesTenbHOCTH. CamMocTosTeNnbHas paboTa CTYAEHTOB CIOCO0-
CTBYET Pa3BUTHIO CaMOCTOSITEIIbHOCTH, OTBETCTBEHHOCTH M OPTaHU30BAHHOCTH, TBOPYECKOTO

MOJIX0/Ia K PELIECHUIO Mpo0JIeM y4eOHOro 1 NpoQeccroHaIbHOTO YPOBHSL.
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O01mas XxapaKTepUCTHKA CAMOCTOSTEJIbHON PA00THI 00y4al0IIerocsi Npu U3y4YeHHH
AUCHMILTUHBI «DJIeKTPOHUKA U CXEMOTEXHUKA

CamocrositenbHas paboTa - TulaHupyeMasi yaeOHasi, yaeOHO-UCCIIeIOBATEeNbCKAsl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpErojaBarelisi, HO 0€3 ero HemocpeaCTBEHHOTO
y4yacTus (IIpU YaCTUYHOM HEMOCPEICTBEHHOM YYaCTHH MPENOIaBaTesl, OCTABISIONIEM BEAYIIYIO
pOJIb 32 pabOTOMN CTY/IEHTOB).

CamocrosTenpHas pabora cTyneHToB B BY3e siBisercs Ba)KHbIM BHIOM YYCOHOW U Hay4-
HOM AesTenbHOCTU cTyAeHTa. CaMocTosTeNbHAs padoTa CTYJEHTOB UTPAeT 3HAYUTEIbHYIO POJIb B
pPEUTHHTOBOI TexHOIOTUU 00yueHus. B cBs3u ¢ atuMm, oOyuenne B BY3e BkirouaeT B cedst aBe,
NPaKTUYECKH OJWHAKOBBIE 10 00BEMY M B3aMMOBJIHMSIHUIO YacTH — IpoLecca 00ydeHus: U mpo-
necca camoooydenus. [losromy CPC nomkHa crath 3 QeKTUBHOM U 1IeeHaNpaBiIeHHON paboToi
CTYyJCHTA.

K coBpeMeHHOMY CITeIaUCTy OOIIECTBO MPEIBSIBISAET JOCTATOUYHO IUPOKUH IepeueHb
TpeOOBaHUH, cpeli KOTOPHIX HEMAJIOBAKHOE 3HAYCHUE NMEET HAJIMUKE y BBITYCKHUKOB OIpe/e-
JICHHBIX CIOCOOHOCTEN U YMEHUS CAMOCTOATEIHHO JOOBIBATh 3HAHUS U3 PA3JIMYHbIX HICTOYHHUKOB,
CUCTEMAaTHU3UPOBATh MOIYYCHHYIO HHPOPMAIIHUIO, 1aBaTh OLIEHKY KOHKPETHOH (prHAaHCOBOI CUTY-
ar. @OpMHUPOBAaHUE TAKOTO YMEHHS MPOUCXOAUT B TEUEHHE BCEro Mepuojia O0ydeHHUs depe3
y4acTHe CTYJCHTOB B MPAKTHYECKHX 3aHSATHSIX, BHIOJIHEHUE KOHTPOJIBHBIX 3aJaHUN U TECTOB,
HaMCaHKe KyPCOBBIX U BBIMMYCKHBIX KBaTHU(UKAIIMOHHBIX pa0boT. [Ipu 3TOM camocTosiTensHas pa-
00Ta CTYJJEHTOB MI'PAET PEIIAOLIYI0 POJIb B XO/I€ BCEr0 y4eOHOro mpolecca.

Benymas nens oprannzanuu u ocyuiectienuss CPC nomikHa coBrnajaTh C 11eIbI0 o0yye-
HUS CTYJICHTa — TIOJrOTOBKOM CreMaincTa u 6akaigaBpa ¢ BeIcIiM oOpa3oBanueM. [lpu opranu-
3anuu CPC BakHBIM U HEOOXOJIMMBIM YCIOBHUEM CTaHOBATCA (POPMUPOBAHUE YMEHUS CaMOCTOS-
TEJIbHOM pa®oThI 17151 MPUOOPETeHNs 3HaHUI, HABBIKOB U BO3MOYKHOCTH OpraHM3aluu y4eOHoM u
Hay4YHOU JEATEIbHOCTH.

@DopMBbI CaMOCTOSTENBHOM pabOThI CTYIEHTOB pa3Ho00pa3Hbl. B cooTBeTcTBHM € paboueit
IpOTpaMMOM JTHUCIUIUIMHBI MIPETYCMOTPEHBI CIEAYIONINE BUbI CAMOCTOSITEIbHON PabOTHI CTY-
JIeHTa!

- CaMOCTOSTEIbHOE U3YUEHHUE JINTEPATYPhI;

- CaMOCTOSTEIbHOE pelIeHe 3a/1a4;

- BBITMIOJIHEHUE KYPCOBOT'O IIPOEKTA.

Ilenv camocmoamenvho2o uzyyenus aumepamypsvt — CAMOCTOSATEIBHOE OBJIAJICHUE 3HA-
HUSIMH, OIIBITOM HCCIIEZIOBATEIBCKOM 1eATEIbHOCTH.

3aoauamu camOCTOSITENEHOTO U3YyUYCHHUS INTEPATYPHI SIBISIOTCS:
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J yriIyOJieHHE U pacIiipeHne TEOPETHUECKUX 3HAHUM;

J ¢dopMHpoBaHHE yMEHHI HCIIOIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIUIO U CHeHaIbHYIO JTUTepaTypy;

J pa3BUTHE MO3HABATEIBHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTYZIEHTOB.

Ilenv camocmoamenvnozo peuwienusa 3adau - oBnajeHue npodeccuoHalIbHBIMH YMEHU-
MU Y HaBBIKAMH JIEATEIbHOCTH MO MPOdUiIo OyayIiei qesTeIbHOCTH.

3adauamu caMOCTOATEILHOTO PEIICHUS 3a/1a4 SIBISIOTCS:

J CUCTeMAaTH3alMsl U 3aKpEeIJICHHE MOJIyYeHHBIX TEOPETUUECKUX 3HAHUM U MPaKTH-
YECKUX YMEHUU CTYIECHTOB;

J (dopMHpOBaHUE CAMOCTOSTETLHOCTH MBIIUICHHUS, CIOCOOHOCTEH K CAMOPA3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOPEATIU3aLINN;

J pa3BUTHE UCCIIEAOBATEILCKUX YMEHUH.

Llenvto camocmoamenvrnozo 6blnonHeHUA pacuemHo-2pagpuueckon padomapl 10 NUCLU-
TUTMHE SBIIAETCS OBJIaJieHue (hyHIaMEHTAIbHBIMU 3HAHUSAMU, TPO(HECCHOHATBHBIMA YMEHUSIMU U
HABBIKAMU JIESITEIbHOCTH 10 MPOQHITIO, OMTBITOM TBOPUYECKOM, HCCIIEA0BATEIBCKOM ACSITENbHOCTH.

3aoauamu 1aHHOTO BUAA CAMOCTOSITEIIbHON padOThI CTY/IEHTA SABJISIOTCA:

o CUCTeMAaTH3alMsl U 3aKPEeIJICHHE MOJIyUeHHBIX TEOPETUUECKUX 3HAHUM U MPaKTH-
YECKHX YMEHHH CTYICHTOB;

o yri1yOJeHue U pacliupeHre TEOPEeTHUECKUX 3HAHUH;

o dopMHpoBaHHE YMEHHI MCIIOJIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPAaBOYHYIO
JOKYMEHTAITUIO ¥ CIICIHATBHYIO IUTEPaTypYy;

o pa3BUTHE MO3HABATEIbHBIX CIIOCOOHOCTEM M aKTUBHOCTH CTYAEHTOB: TBOPYECKOI
WHHUIMATHBBI, CAMOCTOSITEIIbHOCTH, OTBETCTBEHHOCTH M OPTaHU30BaHHOCTH;

o (opMHpOBaHHE CAMOCTOSTETLHOCTH MBIIUIEHUS, CIOCOOHOCTEN K CAMOPA3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOpPEATU3alllu;

J pa3BUTHE UCCIIEIOBATEIHCKIUX YMEHHIA,

o UCIOJIb30BaHUE MaTepHaia, COOPaHHOTO U IMOJYYEHHOTO B XO/I€ CaMOCTOSATEINb-
HBIX 3aHIATHH Ha CEMUHApax, Ha MPaKTHYECKUX U TaOOPaTOPHBIX 3aHATHUSX, TIPU HAIMCAHUH Kyp-
COBOM paboTHI.

B pesysnbrare 0cBOCHUS TUCHMIUIMHBI (POPMUPYIOTCS CIEAYIOIIMN MEepedyeHb IIaHupye-
MBIX PE3YJIbTaTOB OOYYEHHUs IO JAUCLUIUIMHE, COOTHECEHHBIX C IUIAHUPYEMBIMU pe3yJbTaTaMu

OCBOEHHS1 00pa30BaTENbHOMN MPOrpaMMBl:

Kon, bopmynupoBka komrie- | Kox, hopmynupoBka nnnuka- | Ilnaaupyembie pe3yabTaThbl
TEHIUU TOpa 00y4eHHUs MO TUCIUILINHE
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(MOyITI0), XapaKTEepU3YIO-
M€ 3Tarbl HOPMUPOBAHHS
KOMITETCHIMH, HHIMKATOPOB

OIIK-4 Cnoco0OeH MpUMEHATh
HeoOXoauMbIe (pU3NUYECKUE 3a-
KOHBI ¥ MOJICIIH JIJISl PEIICHHUS
3aj1a4 Mpo(ecCHOHAIBHOM Jies-
TEJIbHOCTH

N-lomnk-4 pusmueckue 3a-
KOHBI ¥ MOJICJTH, HEOOXO0/TH-
MBIC TIPH PEIICHUH 33129 B
npoeCCUOHATILHOM JIeATEIb-
HOCTH.

N /1-20mk-4 MpUMEHSTH HEOO-
XOJIUMbIC (PU3HUECKUE 3a-
KOHBI ¥ MOJICJIH ISl PEIICHUS
3a1a4y npodeccruoHanbHON
JeSITeIbHOCTH.
N/1-3omk-4 Bnaners: HaBbI-
KaMH MOJIETTUPOBAHUS JJIsi
pelieHus 3a1a4 B npodeccu-
OHAJILHOM IS TEIBHOCTH.

3HaeT Gpu3nUEcKue npo-
LIECChI, IPOUCXOIAIINE B MO-
JTYIPOBOJIHUKOBBIX MaTepHa-
Jax, a TaKxke P-n nepexone,
CTPYKTYpPHBIE CXEMBbI YCHJIU-
Tenst Hu3Koi yactoTel (YHY)
¥ ONEPAIMOHHOTO YCHIINTEIIS
(OY), naznauenue 0JOKOB
CTPYKTYPHOM CXEMBI, IIPUH-
LIUIIBI IpeoOpa3oBaHus nepe-
MEHHOTO HaIPSDKEHHSI B T10-
CTOSIHHOE, (pUIIbTpALU U
CTaOUIM3alUU BINIPSMIICH-
HOTO HampsKeHus, paboTy
TPaH3HUCTOpA B PEIKUME
KJIH04a, Ta0JIM1e UICTUHHOCTH
JIOTMYECKHX DJIEMEHTOB.

YMeeT npou3BOAUTH BHIOOD
TPaH3UCTOPOB B CXEME YCH-
JUTENS B 3aBUCUMOCTH OT T1a-
paMeTpoB Harpy3Kk M 4acToT-
HOT'O JMana3oHa, IPUMEHSTh
Ha MpaKTUKE MaTeMaTH4e-
CKHE METO/Ibl pacyeTa UCTOU-
HUKOB BTOPUYHOTO TTUTAHUS,
MIPUMEHSATDH JIOTUYECKHUE YpaB-
HEHUSI, UCTIONB3YS DJIEMEHT-
HYI0 0a3y JIOTHYECKUX dJie-
MEHTOB.

Bnaneer HaBbikamu pacuera
YCWJIMTEIIbHBIX, HMITYJTbCHBIX
U U POBBIX YCTPOUCTB U
YCTPOMCTB 3JEKTPONUTAHNS,
HaBBIKAMH aHAJIN3a JJIEKTPH-
YECKUX 1ENEe COBPEMEH-
HBIMU KOMITBIOTEPHBIMH Me€-
TOJaMH; OCHOBaMH TPAKTHIE-
CKOH paboTHhI € AJIEKTPOH-
HBIMHU yCTPONCTBAMHU U HaBbI-
KaM¥ U3MEpEHUs MapaMeTpoB
AJIEKTPOHHBIX CXEM.
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IInan-rpa¢guk BBINOJHEHHS CAMOCTOSATEJIbHON PadoThI

Konpl peanuzye-

OObeM 4acoB, B TOM YHCIIC

CpencTBa u KonraktHas
MBIX KOMIIETEH- Bun nesrenbHocTH
. TEXHOJIOTHH pabota ¢
UM, MHIUKA- CTYJICHTOB CPC Bcero
ropa(oB) OLIEHKHU Mpeno/iaBa-
TeJaeM
4 cemectp
CaMoCTOSTENbLHOE Cobecenona-
H3Yy4YCHUE JINTEPATYPhI A 3,24 0,36 3,6
OIIK-4 HHUE
(-1 o remam Nel-18
V-2 IToaroroska K jek- CoOecenoBa- 3,24 0,36 3.6
VIJI-3) UAM HHE
IToaroroska x 1abo- CobecenoBa- 9,72 1,08 10,8
PATOPHBIM 3aHITHSIM HUE
Hroro 3a 4 cemecTp: 16,2 1,8 18
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KOHTpOJIbeIe TOYKH U BUJABI OTYCTHOCTH 110 HUM

Ne Bun nesrenbHOCTH CTYIEHTOB Cpoxku KomnuectBo
n/m BBITIOJTHEHUS OaioB
4 cemecTp
1. JlaboparopHoe 3ansitue No 4 6 Henens 25
2. JlabopaTopHoe 3ansTre No 7 10 nHenemns 15
3. JlabopaTtopHoe 3anstre Ne 10 16 Henemns 15
Hroro 3a 4 cemecTp 55
Hroro 55

MaxkcrMaiabHO BO3MOXHBIN Oalil 3a BeCh TEKYIIMI KOHTPOJIb MaKkCUMaIbHO BO3MOYKHBIN

0aJu1 3a BeCh TEKYIIMI KOHTPOJIb yCTaHABIMBAETCS paBHBIM 55. Tekylliee KOHTPOJIbHOE MEPOIIPU-

ATHC CHUTACTCA CAAHHBIM, €CJIM CTYACHT IOJYYHUII 3a HEI'O HE MCHEC 60% ot YCTAHOBJICHHOI'O IS

OTOI'O KOHTPOJIAI MaKCUMAJIbHOI'O Oanna. PeMTHHIOBBIN 68.J'IJ'I, BBICTaBJIICMBIIN CTYACHTY 3a TCKY-

e KOHTPOJIbHOC MEPOIIPUATUC, CAAHHOC CTYACHTOM B YCTAHOBJICHHBIC I‘pa(bI/IKOM KOHTPOJIbHBIX

MEPOINPUATHIA CPOKH, OIPEAEIAECTCA CIEAYIOIIMM 00pa3oM:

YPOBGHB BBIITOJIHCHHA KOHTPOJIBHOT'O

PetitunroBeril 6amt (B % OT MaKCHUMaIbHOTO

3aJJaHUs Oajia 3a KOHTPOJIBHOE 33aJaHHe)
OTIHYHBIH 100
Xopommuii 80
Y 10BIIETBOPUTETHHBIN 60
HeynosiieTBOpUTENbHBIN 0
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MeToanyeckue peKOMEH/IAMUH 10 U3YYEeHHIO TEOPETHYECKOr0 MaTepuasia

CamocrosaTenbHas padoTa CTy/eHTa HAUMHACTCA ¢ BHUMATEIBHOTO O3HAKOMJICHHS C CO-
JiepKaHueM y4eOHOro Kypca.

N3yuenue ka0l TeMbl CleyeT HauMHaTh C BHUMATEJIbHOIO 03HAKOMJIEHUS ¢ HAabOpoM
BONpocoB. OHU OPUEHTUPYIOT CTYAEHTA, OKA3bIBAIOT, YTO OH JOJDKEH 3HATh I10 JIaHHOM TeMe.
Bonpocs! TemMbl Kak ObI HAKJIQABIBAIOTCS HA COOTBETCTBYIOILYIO TTIaBy U30paHHOTO YUeOHHKA WK
yueOHoro nocobus. B utore 10MKHO OBITH SCHBIM, KaKHU€ BOIIPOCHI TEMbI Y4eOHOIO Kypca U ¢
KaKoH IN1yOMHOM pacKpbIThl B KOHKPETHOM y4€OHOM MaTepHalie, a Kakie BOoOIe OnmyIeHsl. Tpe-
OyeTcsi TBOPUECKOE OTHOLIEHUE U K CAMOMY COJIEP>KAHUIO JUCLUILINHBI.

Bomnpocsl, cocraBnsionye ee coaepxkanue, 00J1a1aloT pa3HoOi CTeNneHblo BakHOCTH. EcTh
BOIIPOCHI, BHIMOIHAOLME (PYHKIUIO JJOTHYECKOHN CBSI3KU COJCPKAHUS TEMbI U BCETO Kypca, UMe-
IOTCSI BOIIPOCHI OIKMCATEILHOTO MITH Pa3bsCHUTEIBHOTO XapaKTepa, a TakkKe UCTOPUIECKOro 3KC-
Kypca B 00J1aCTh U3y4aeMOl TUCHUIUIMHBL. Bee 3TH BOIIpOCkl He COCTaBIISIFOT CYTH IOHSA-TUHHOTO,
KOHIICTITYaJIbHOTO CO/ICPKaHUS TEMBI, HO HEOOXOIUMBI JIJIS IETIOCTHOTO BOCHIPUSATHUS H3y4aeMbIX
po0JieM.

W3yuaemast iuCIUIIMHA UMEET CBOM KaTeropualbHO-MIOHATUIHHBIN antnapaT. HayuHble mo-
HATUS — 3TO Ta 0a3a, Ha KOTOPOW CTpOMTCS Kaxaas Hayka. [IoHATUS — y3J10BbIE, OMOPHbBIE
MYHKTBl KaK Hay4YHOT0, TaK U y4eOHOro MO3HaHUsI, JOTMYECKHE CTYIEHU JABM)KEHUS B yuede OT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTHU. be3 sicHoro nonuMmanus noHATHH yyeOa KpaiiHe
3aTpyAHSETCS, a coiepKaHne MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PACIUIBIBUATHIM.

CTyneHT AOKEH MOHUMAaTh, YTO CaMOCTOSITENIbHOE OBJIaICHUE 3HAHUSIMU SIBJISIETCS TJIaB-
HBIM, OTIpeAESIoNMM. BhIciias mkona co3aeT 1ist 3Toro HeoOX0UMBbIE YCIOBHS, TOMOTaeT Oy-
JYIIEMY BBICOKOKBATH(PULIMPOBAHHOMY CIIELUAINCTY OBJIaJI€Th TEXHOJIOTHEH CaMOCTOATEIBHOTO
IIPOU3BOJICTBA 3HAHUM.

B camocrosTenbHO# paboTe cTyeHTaM NMPUXOIUTCS UCIOJIBb30BATh JINTEPATYPY pa3any-
HBIX BUJIOB: IEPBOMCTOUYHUKH, MOHOTpapuu, HaydHble COOPHUKHU, XPECTOMATUH, YIE€OHUKH, yueo-
HbIE [T0COOUS, KYpHAJIBI U J1p. M3yueHue Kypca npeanosiaraeT 3HakOMCTBO CTYI€HTOB C OOJIBIINM
00BbeMOM HayyHOU M y4eOHOH JUTepaTyphl, YTO, B CBOIO OYEpE.lb, MOPOXKIAET HEOOXOIUMOCTh
BbIPA0OTKH Y HUX PallMOHAIILHO-KPUTUYECKOTO MOAX0Aa K U3y4aeMbIM UCTOUHUKAM.

UToOBI HE «YTOHYThH» B OTPOMHOM 00BbEME PEKOMEHJOBAHHBIX MY JJIsl U3Y4YEeHUS UCTOY-
HUKOB, CTYJEHT, IPEXKE BCETO, JODKEH HAYUUThCS MPABUIBLHO UX 4uTaTh. [IpaBuinbHOE uTeHNE
PEKOMEHI0BAaHHBIX HCTOYHUKOB IIPEIITOJIAracT CIeJ0BaHNE HECKOIBKUM HECIIOKHBIM, HO BECbMa

IMOJIC3HBIM ITPpaBUJIaAM.
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[IpenBapuTenbHbIil MPOCMOTP KHUTU BKJIIOYA€T O3HAKOMIIEHHWE C TUTYJIBHBIM JIHCTOM
KHUTH, aHHOTALlMEH, IPEeTUCIIOBHEM, OryiaBieHrneM. [Ipu 03HaKOMIIEHHH C OTJIaBJICHHEM HE00XO0-
JIMIMO BBLACTUTD Pa3Jiebl, TTaBbl, naparpadbl, IpeACcTaBISIONIUE U1 BaC HHTEpeC, OErIIo ux mpo-
CMOTpETh, HAUTU MeCTa, OTHOCALIMECS K Teme (ab3alpl, CTpaHULbI, naparpadsl), U MO3HAKO-
MUTBCSI C HUIMU B OOIIIUX YepTax.

Hayunble u31aHus CONMPOBOKIAIOTCS PA3IMYHBIMU BCIIOMOTaTEIbHBIMU MaTepUaIaMu —
HAYYHBIM aIrapaTroM, I03TOMY Ba)KHO 3HATh, N3 KAKUX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBBI
ero (pyHkIuu.

3HAKOMCTBO C KHUTOM JIy4Ille BCErO HAUMHAThH C U3yUEHUsI aHHOTAllUU — KPaTKOM Xxapak-
TEPUCTHKN KHHUTH, PACKPBIBAIOLICH €€ CoAepiKaHue, WACHHYI0, TeMAaTHYECKYI0 M KAHPOBYIO
HaINpaBJICHHOCTh, CBEACHUS 00 aBTOpE, HA3HAUYEHHUE U JIPYrHe 0COOCHHOCTH. AHHOTAIUS TIOMO-
raeT COCTaBUTh MPEABAPUTEIHHOE MHEHHE O KHUTE.

I'my0xe MOHATH coiepKaHNe KHUTH MTO3BOJISIFOT BCTYNUTEIbHAS CTaThsl, B KOTOPOIi AaeTcs
OLIEHKA COZEp)KaHUsI KHHUTH, 3aTParuBacMoi B Hel MpOOIeMaTHKH, CONEPKHUTCI HHPOpMAIUsI O
KU3HEHHOH U TBOpYeCKOi Onorpaduu aBTopa, BEICKa3bIBAIOTCS MTOJIEMHUYECKUE 3aMEYaHNUs, pa3b-
SCHSAIOTCSI OTJENIbHBIC MOJIO0XKEHHUS KHUTH, 1al0TCSI KOMMEHTapuH | T.11. BOT mouemy 3HaKOMCTBO
C BCTYNUTENBHOM CTaThell MpenCcTaBiIsieTcsl OYeHb BaXKHBIM: OHO TIOMOTAeT CTYACHTY COPUEHTH-
poBaThCsl B TEKCTE pabOThl, 0OpaTUTh BHUMaHUE Ha €€ HanloJiee IEHHbIE U BaXKHbBIE pa3JIebl.

Toii e nenu coaenucTBYeT 3HaKOMCTBO C OIJIaBJICHUEM, IIPEIAUCIOBUEM, MOCIECIOBUEM.
Becbma mosie3HBIMM 3JIEMEHTaMU HAay4HOTO arnapara sIBJISIOTCS CHOCKM, KOMMEHTapuH, Tab-
JMLBI, TpaUKU, CIIUCKU JUTepaTypbl. OHM HE TOJIBKO MIUIIOCTPUPYIOT OTIENbHBIE MOJOXKEHUS
KHUTH WK CTaThH, HO M CaMH MO ce0e SIBIISIOTCS TOTIOHUTEIBHBIM UCTOYHUKOM HH(OpMAIIH
JUTSL YATATEIS.

Ecnu yuratens 3anHTEepecoBajia Kakas-TO BbICKAa3aHHAs aBTOPOM MBICIb, HE Hallle/IIas
OJPOOHOTO OCBEIEHHS B JAHHOM MCTOYHUKE, OH MOXKET OOpaTUThCA K TEKCTY UCTOUYHHUKA, YIO-
MHHAEMOTO B CHOCKE, JTHOO K UCTOYHUKY, KOTOPBI OH MOXKET HAWTH B CIUCKE JTUTEPATYPHI, Pe-
KOMEHIOBAHHOW aBTOPOM JIJIsl CAMOCTOSITEITBHOTO H3Y4YCHUSI.

Cy1iecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (MPOCTOM U pa3BepHYTHIN) — Hanbojee KpaTkas Gopma 3anucu NpOUYUTaHHOTO,
IpeCTaBIISIoNIast COOO0H IMmepeueHb BOIPOCOB, pACCMaTPUBAEMBIX B KHHUTE WJIH CTaThe. Pa3BepHy-
THIN TUTaH TPENICTaBIIsAET cOO0M OoJsiee MOAPOOHYIO 3aMUCh TPOYUTAHHOTO, C JETaTU3aIuel OT-
JIeNTBHBIX TOJI0)KEHUH U BBIBOJIOB, C BBIIMTUCKOM IUTAT, CTATUCTUYECKUX JAHHBIX U T.1. Pa3BepHy-
THIA TUTaH — HEOIIEHUMBIN MTOMOIIHHK MPH BBICTYIUICHUHU C JIOKIAJ0M Ha KOHKPETHYIO TeMY Ha

ceMHuHape, KOH(DEPEHITNH;
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— Te3UChl — KPaTKO C(hOpMyIMPOBAHHBIE MIOJ0XKEHUS, OCHOBHbIE TI0OJI0XKEHUS KHUTH, CTa-
TbH. Kak mpaBuiio, T€3UCHl COCTABIIAIOTCA MIOCIE NPEABAPUTEIBHOIO 3HAKOMCTBA C TEKCTOM HC-
TOYHHUKA, IPU €r0 HOBTOPHOM IIPOYTEHUU. OHU ITOMOTaIOT 3allOMHUTh U CUCTEMATU3UPOBATh UH-
dbopmanuio.

CocraBiieHnE KOHCIIEKTOB

bonpuiyro posib B yCBOGHUM U IOBTOPEHUHU IIPOMJECHHOTO MaTepUajla UIPaeT XOpPOILIUN
KOHCIIEKT, COJIEPKalliil OCHOBHBIE HJIEU IPOUYNUTAHHOIO B yUEOHHUKE U YCIIBIIIAHHOTO B JIEKLIUU.
KoHcnekt — 3710, 110 cyliecTBy, HaOPOCOK, pa3BEPHYTHIH IJI1aH CBA3HOT'O paccKas3a 110 OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoli-To Mepe KOHCIIEKT paccuuTaH (B 3aBUCUMOCTH OT MHJIMBUIYaJbHBIX OCOOEHHO-
CTEH CTyJeHTa) HE TOJbKO HAa UHTEJUIEKTYAIbHYIO U SMOLIMOHAIBbHYIO, HO U Ha 3pUTEIbHYIO Ma-
MSITh, IPUYEM TEKCT KOHCIIEKTa HEPEJIKO aCCOLIMMPYETCsI €1l U C TEKCTOM y4eOHUKA WU 3aIIUChI0
aexuuu. [ToaToMy Jierue 3armoMuHaeTcs cojep’KaHHe KOHCIEKTOB, HAaMCAaHHBIX pa30opuuBo, C
MOTYEPKUBAHIEM WIIM BBIZICIICHHEM Pa3psSAKON KIFOUEBBIX CIIOB U (pas.

CamoCTOATENbHO M3YYEHHBIE TEMBI MPEIOCTABISIOTCS IMPENOAaBaTeIo B (opMe KOH-
CIEKTa, IO KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTnueckue TeMsl Kypea (OTAeIbHbIE BO-

HpOCBI), BBIHOCHUMBIC Ha CAMOCTOATCIIbHOC U3YUCHUC, ITPCACTABJICHBI HUKC.
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Metoanyeckue YKazaHusd 1Mo NOATOTOBKE K IK3aMEHY

N3yuenne mucuuniuHel «Pu3nka» 3aBepiaercs 3k3amMeHoM. [IoaroroBka K sK3aMeHy
CIOCOOCTBYET 3aKPeIICHHU0, YIITYOICHHIO M 0000IICHUIO 3HAHUH, TOJy4aeMbIX, B IPOIecce 00y-
YEeHHs, a TaKKe MPUMEHEHHUIO X K PELICHHUIO NMPaKTUYECKUX 3a7ad. [ 0TOBACh K dK3aMeHy, CTY-
JICHT JIMKBUJMPYET UMEIOIINECs MPOOeIbl B 3HAHUSAX, YIIIYOJseT, CHCTEMaTH3UPYET U YHOPSIIO-
YUBaeT CBOW 3HaHUs. Ha sK3aMeHe CTyJIeHT NEMOHCTPUPYET TO, YTO OH MpHoOpen B mpolecce
00y4eHHs 0 KOHKPETHOW yueOHON AUCLUILIINHE.

Ha xouncynpTanuu nepea 95k3aMEHOM CTYJIEHTOB MO3HAKOMSIT ¢ OCHOBHBIMH TPeOOBaHU-
SIMH, OTBETAT Ha BO3HUKIINE Y HUX BONPOCHL. [loaTOMY mocemienne KOHCYIbTalfid 0053aTeIbHO.

[Tpu moAroToBKE K IK3aMEeHY HEOOXOAMMO MCIOIb30BATh KOHCIIEKTHI JEKIUN 110 JHCIIHU-
IUTMHE, YYeOHUKU U ydeOHble mocoOus (M3 CIUCKAa OCHOBHOM U JOTIOJHUTEIBHOU JTUTEPATYphl)
WJIM KOHCIIEKT JIUTEePaTyphl, MPOUYUTAHHOM M0 YKa3aHUIO IIPEoIaBaTess B TEUCHUE CEeMeCTpa.

Brauare criegyeT npocMOTpeTh BeCh MaTepHall 10 CAaBaeMOW TUCIUILTNHE, OTMETUTH IS
cebst TpynHbie Borpockl. O0s3aTensHO B HUX pa3oOpaThes. B 3akimoueHue eme pas 1enecooo-
pa3HO MOBTOPUTH OCHOBHBIE MOJIOKEHUS.

CucremaTnyeckasi HOJrOTOBKa K 3aHATUSAM B TEUEHHE CEMECTpa MO3BOJIUT UCIOIb30BaTh

BpEMsl DK3aMEHAIIMOHHOW CECCUU JJIsI CACTEMATU3al[UU 3HAHUM.

Bonpocsl k 3k3ameny

1. OcHoOBHBIE (pU3MUECKUE CBOMCTBA MOIYNPOBOAHUKOB. COOCTBEHHAs 3JIEKTPOIPO-
BOJHOCTb IOJIYIIPOBOJIHUKOB. DJIEKTPOHHBIN U JBIPOYHBIH MEXaHU3MBI MEPEHOCA AJIEKTpUYe-
CKOT'0 3apsaa B YACTBIX IMMOJTYIIPOBOJHUKAX.

2. [TpumecHass 3I€KTPONPOBOJHOCT IOIYNPOBOAHUKOB. JloHOpHBIE npumecu Oc-
HOBHBIE 1 HECOCHOBHBIE HOCUTEIIN IIEKTPUYECKOTO0 3apsaa. IlomynpoBogHuky n-turma.

3. IIpumecHass 37€KTPONPOBOJHOCTh IOJYIPOBOJHUKOB. AKIENTOPHBIE MPUMECH.
OCHOBHBIE U1 HEOCHOBHBIE HOCUTENH JIEKTPUYECKOTO 3apAaa. I1oiynpoBoHUKY p-THIIA.

4. ®dusnuecKue MpoLeccsl Ha rpaHuLe ITOTYIIPOBOJAHUKOB C Pa3IMUYHBIM THUIIOM IIPO-
BOJMMOCTH. DJIEKTPOHHO-IBIPOYHBIN Nepexol. Vcnonap30BaHuE CBOWCTB p-n NEPEX0]a B MOJTY-
MIPOBOJAHMKOBBIX MMPUOOPAX U UHTETPATBHBIX MUKPOCXEMaX.

5. [Tpsimoe BiiItOYEHHE p-n nepexona. Puznyeckue npouecchl B p U n 00iacTax mo-
JIyIIPOBOAHUKA IIPU IIPSIMOM BKJIIOUEHUHU. BoabT-amniepHas XapakTepUCTHKA IIEPEX0AA B IIPIMOM
BKJIFOYCHUU. XapaKTEpHbIE 3HAUEHUSI TOKOB U HAIIPSHKEHUHN peallbHBIX P-N IIEPEXOA0B B IIPSIMOM

BKIIOUYCHUH.
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6. OO6parHoe BKIIIOYEHHE p-h Tiepexoia. dusndeckre mporecchl B p U n 001acTsIX 1Mo-
JTYIPOBOJHHUKA ITPU OOPAaTHOM BKIIIOUCHHU. BobT-amriepHast XapakTepUCTHKa Iiepexoia B 00part-
HOM BKJIFOYCHHMHU. XapaKTEpHbIC 3HAYCHHUS TOKOB M HAINIPSDKEHHUH peabHBIX P-N MEPEX010B B 00-
PaTHOM BKJIFOUEHHH.

7. [TonynpoBoiHUKOBBIE 1UO/bl. BonbT-amMnepHast XapaKTepUCTHKa YHUBEPCAIBHOIO
muona. «ONHOCTOPOHHSAS» MPOBOJUMOCTh YHUBEPCAIBHOTO 110/1a. OCOOEHHOCTH BOJIBT-aMIIEp-
HOU XapakTepucTuku. M300pakeHne U CMBICIOBOE COAEPIKaHUE YCIOBHOTO Ipaduueckoro 00o-
3HA4YeHUs AUO0JA.

8. Jlnon xak yrpaBiisieMblid HSIMHEHHBIN 3JIEKTPOHHBIN puOop. J{nos Kak aneKTpu-
YECKHUU KIIK0Y, YIPABIISIEMBIN HAIIPSDKCHUEM.

9. Csero- u UK-guoael. CBeroanoanble MHAUKATOPbl. CXeMa M NMPUHIUN pabOTh
CBETOAMOAHBIX UHINKATOPOB.

10.  CrpyxTypsl U 0003HaU€HUs OUIIOJISAPHBIX TPAH3UCTOPOB. PU3NUECKUE BEIUYHHBI,
XapaKTEepU3YIOLINE peXUMBbI paboThl TpaH3ucTopa. [IpeacraBneHus 0 He3aBUCHMBIX M 3aBUCHMBIX
(bu3NYeCKUX BEJIMYMHAX.

11.  Ilpunuun paGoThl GUIOISAPHOIO TPAH3UCTOPA HA IPUMEPE CTPYKTYPHI M-p-II.

12.  Cxemsbl BKJIIOYEHUS OMUIIOJSAPHBIX TPAH3UCTOPOB. TPaH3UCTOP KaK YHpaBiIsieMbIi
HEeJUHEWHBIN AekTpoHHbIH npubop. KosdduumeHnT ycunennus no Toky OMMOJISPHOIO TpaH3U-
cTopa.

13.  XapakTepHble peKUMBbl pabOTHI TPAH3UCTOPA: OTKPBIT, 3alepT, HACBILICHUE, UH-
BEPCHBIN PEXKUM.

14.  CewmeiicTBO BXOJHBIX (0a30BbIX) CTATHUECKUX XaPAKTEPUCTUK OUIIONSIPHOIO TPAH-
3UCTOpa CTPYKTYPHI N-p-1. Idext Ipnu. BxogHbIe COMPOTUBICHUS TPAH3UCTOPA MO TTOCTOSH-
HOMY Y IIEPEMEHHOMY TOKAM.

15.  CemeiicTBO BBIXOAHBIX (KOJJIEKTOPHBIX) CTAaTUYECKUX XApPaKTEPUCTHK OUIOJISp-
HOT'O TPaH3UCTOpPa CTPYKTYPHI I-p-1l. OCOOEHHOCTH XapaKTepUCTUK. BBIXOAHBIE COMPOTHUBIIEHNUS
TPaH3UCTOPA M0 OCTOSIHHOMY U IIEPEMEHHOMY TOKaM.

16.  CtpyxTypbl 1 0003HaUEHUS OJIEBBIX TPAH3UCTOPOB C YIPABJISIOLUINM JIEKTPOHHO-
JBIPOYHBIM TepexoioM. Pu3ndeckre BETHMUMHBI, XapaKTepU3YIOLIUe PeXUMbl pabOThl TPAH3U-
ctopa. [IpeacraBneHus 0 He3aBUCUMBIX U 3aBUCUMBIX (PU3MUECKUX BEJIUYMHAX.

17. [TpuatIMTT paGOTHI MOJEBOTO TPAH3UCTOPA C YIPABJISIONIUM SJIEKTPOHHO-IBIPOY-
HBIM I[IEPEXO0/IOM Ha IIPUMEPE CTPYKTYPHI C KAHAJIOM I-Tuna. BX0JIHOE CONPOTUBIEHUE TPAaH3H-
cTopa.

18. dopmMUpOBaHKUE TOPIOBUHBI B KaHAJIE MOJIEBOTO TpaH3ucTopa. [loneBoil TpaH3u-

CTOp KaK yMpaBIIIEMbId HETUHEHHBIN 3JIEKTPOHHBIN PpUOOP.
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19.  CewmeiicTBa CTOKO-3aTBOPHBIX (YIPABIISIONINX ) CTATHYECKUX XapaKTEPUCTHUK TTOJIE-
BBIX TPAH3UCTOPOB C YIIPABJISIFOIIMM 3JIEKTPOHHO-/IBIPOYHBIM IIEPEXOI0OM U KaHaIoM n-tumna. Kpy-
TU3HA XapaKTEPUCTHK.

20.  CemeiicTBa CTOKOBBIX (BBIXOAHBIX) CTATUYECKUX XapaKTEPUCTHK MOJIEBBIX TPAH3U-
CTOPOB C YIPABJISAIOIIUM IEKTPOHHO-ABIPOYHBIM [IEPEX00M U KaHAJIOM I-TUIa. BeIxoaHble co-
IPOTUBJIEHUSI TPAH3UCTOPA 110 IIOCTOSIHHOMY U IIEPEMEHHOMY TOKaM.

21.  CrtpykTypsl 1 0003HAYCHHS MOJEBBIX TPAH3UCTOPOB C M3OJUPOBAHHBIMH 3aTBO-
paMu U BCTPOEHHBIMU (COOCTBEHHBIMH ) KaHaJIaMH. JI0CTOMHCTBA M HEIOCTATKU TaKUX TPAH3UCTO-
pOB.

22.  Owu3MyYecKue BEIWYHHBI, XapaKTEPU3YIOIINE PEKUMBI Pa0OTHI TPAH3UCTOPA C H30-
JMPOBAaHHBIM 3aTBOPOM U BCTPOECHHBIM (COOCTBEHHBIM) KaHaioM. IIpencraBnenus o He3aBUCH-
MBIX M 3aBUCUMBIX (U3MYECKUX BeauurHaX. OCOOEHHOCTH TEXHOJOTHMM M3TOTOBJIEHUS TAKHX
TPaH3UCTOPOB.

23.  IIpunuun paGoThl OJIEBOTO TPAH3UCTOPA C H30JIMPOBAHHBIM 3aTBOPOM M BCTPOCH-
HBIM (COOCTBEHHBIM) KaHaJIOM M-THUMa. BXoaHOE CONPOTUBIICHHE TPAH3UCTOPA.

24.  CemeiicTBa CTOKO-3aTBOPHBIX (YIPABJISAIOIINX ) CTATUYECKUX XapAKTEPUCTHUK M0JIe-
BOI'0 TPAH3MCTOPA C U30JIMPOBAHHBIM 3aTBOPOM U BCTPOEHHBIM (COOCTBEHHBIM) KaHAJIOM N-TUIIA.
KpyTtn3sHa xapakTepuCTHK.

25.  CemeiicTBa CTOKOBBIX (BBIXOJHBIX) CTATUYECKUX XaPAKTEPUCTHK MOJIEBBIX TPAH3HU-
CTOPOB C U30JMPOBAHHBIM 3aTBOPOM U BCTPOECHHBIM (COOCTBEHHBIM) KaHAJIOM I-THMA. BIxoaHbIe
COINPOTHBIIEHUS TPAH3UCTOPA IO IIOCTOSTHHOMY U IEPEMEHHOMY TOKaM.

26.  IloneBoi TpaH3WCTOp C W30JMPOBAHHBIM 3aTBOPOM KaK HEIMHEHHBIN yIIpaBisie-
MBI 3JIEKTPOHHBIN TprOop. BXoaHOE CONpOTHBIIEHNE TPAH3UCTOPA C U30JIMPOBAHHBIM 3aTBOPOM.

27.  SIBneHWe MHBEPCHM THIIA IPOBOJUMOCTH MOIYNPOBOIHUKA. CTPYKTYpHI U YCIIOB-
Hble rpaduueckre 0003HauUEHUs MOJIEBBIX TPAH3UCTOPOB C U30JIMPOBAHHBIMU 3aTBOPAMH U UH]TY-
LUPOBAHHBIMH KaHajlaMu. JIOCTOMHCTBA M HEJOCTATKU ATHX TPAH3HCTOPOB.

28.  OwusMyYecKre BEIWYHHBI, XapaKTEPU3YIOIINAE PEKUMBI Pa0OTHI TPAH3UCTOPA C H30-
JMPOBAHHBIM 3aTBOPOM U MHIYIIUPOBAHHBIM KaHasioM. [IpencTaBieHuss 0 HE3aBUCUMBIX U 3aBH-
CUMBIX (pru3nyeckux BeauurnHax. OCOOEHHOCTH TEXHOIOTUU U3TOTOBJICHUS TAKMX TPAH3UCTOPOB.

29.  IlpuHun paOboTHI MOJIEBOTO TPAH3UCTOPA C H30JIMPOBAHHBIM 3aTBOPOM M M HHTY-
LMPOBAHHBIM KaHAJIOM I-TUMa. BXogHOE CONpOTHUBIEHNE TPAaH3UCTOPA.

30.  CemeiicTBa CTOKO-3aTBOPHBIX (YIPABJISAIOIINX ) CTATHYECKUX XapaKTEPUCTHUK MOJIe-
BOT'0 TPAH3MCTOpA C U30JIMPOBAHHBIM 3aTBOPOM M MHAYLIMPOBAHHBIM KaHAJIOM n-Ttumna. Kpyrusna

XapaKTEPUCTHK.
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31.  CewmelicTBa CTOKOBBIX (BBIXOJHBIX) CTATUYECKUX XAPAKTEPUCTHUK TOJIEBOTO TpaH-
3UCTOpPA C U30JIMPOBAHHBIM 3aTBOPOM U MHAYLUPOBAHHBIM KaHAJIOM II-THUIIA. BBIXOIIHBIG COIIpO-

TUBJICHUA TPAaH3UCTOpPA 11O NOCTOSAHHOMY U IICPEMCHHOMY TOKaM.

32. KommnemeHTapHbIe OUIONSPHBIE U TOJIEBBIC TPAH3UCTOPHI. JJOCTOMHCTBA TaKMX
TPaH3UCTOPOB.

33.  Ananorossie u U poBeie curHanbl. OnpeaeneHue mapameTpoB.

34.  bynesa monens curHanoB. bysneBa anre6pa. OcHOBHbIE JIoTH4YeCKHE (QYHKIUH H
JJIEMEHTHI.

35.  Jlornueckue pynkuuu u snemenTel HE(NOT-unBeprop), 1 (AND), NJIU (OR), U-
HE (NAND) u WJIM-HE (NOR), Uckmouatomee NJIM (XOR) u Hckmouaromee UJIN-HE
(XNOR).

36.  3amepKu pacrlpoCTpaHEHHsI CUTHAlIa U BPEMEHHBIEC JuarpaMmbl pabOThl KOMOU-
HAI[MOHHBIX CXEM.

37.  KoaddumueHt o0beqMHSHHS 110 BXOAY, HATPY309HAS CIIOCOOHOCTh, KaCKaIUPOBa-
HUE U CBSI3U JIOTUYECKUX 3JIEMEHTOB.

38.  Jloruueckue QyHKIMH U NPUHIUN qyain3Ma. [IpoekTupoBaHue KOMOMHAIIMOHHBIX
CXEM.

39. 70OcHOBHBIE TeXHOIOTHH U uX 0azoBbie aTanbi: M1, KM/III, kpemuuii Ha ausiiek-
TpHKe, (OPMHUPOBAHHE SMUTAKCUATIBHOTO CJI0S, HIOHHOE JIETUPOBAaHUE, METAJUTM3aIUs, 10/13aTBOP-
HBII TUAJIEKTPUK, TOCIEIHNE BApUALIUU TEXHOJIOTUN — Xal-K JUAJIEKTPUK, BEPTUKAIbHBIN 3aTBOP.

40.  bazoseiii KMOII unBeprop. Cratnueckue xapakrepuctuku KMOII unBepTopa.
Junamuueckue xapakrepuctuku KMOIT unsepropa.

41. bazoseie KMOII noruueckue anementsl U-HE u MJIN-HE. OcHoBHbIe cTaThye-
CKHE U IMHaMHuYecKue napaMmeTpsl 1 xapakrepuctuku KMOII aneMeHTOB.

42. BoixonHoit kackaz ¢ Tpems coctostHusiMu B KMOII TexHomoruu.

43.  [emmudparopsl.

44.  HludpaTtop 1 KOJOBBINA IPe0OpPa3OBATEIND.

45. MynbTHUIIIIEKCOD.

46.  Peammzamus nornyeckux QyHKIUN HA MYIbTHILIEKCOPAX.

47.  Kommnaparop.

48.  JIBOWYHBI CyMMAaTop.

49.  MHoropa3psaHblii CYMMaTOp C MapajuieTbHBIM EPEHOCOM.
50.  Iudpossie y37bl MOCIEAOBATEILHOCTHOTO THIIA. OTIpeieieHusl.
51. Acunxponnsiii RS-tpurrep Ha snemenrax M-HE. Cunxponssiii RS-tpurrep Ha

ynemenTax U-HE.
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52. D-tpurrep c ynpaBieHHEM YPOBHEM CUHXPOCHTHAJA.
53.  Cuernslii T-Tpurrep.

54.  JK-tpurrep.

55.  JIByxcrymenuatsiii D-tpurrep.

56.  Peructpsl. [lapannenbubie peructpsl. Peructpsl casura.

57.  CYeTyuku C HENOCPEICTBEHHOM CBS3bI0. BBIUMTAIOUIMII CUETUHMK C HENOCPEN-

CTBEHHOU CBA3BIO.
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Yueono-memoouuecrkoe u unghopmayuonnoe obecneuenue oucyuniunvl

Ilepeuenv ocHO6HOI U 0ONOTHUMETLHOU TUMEPAMYPbl, HEOOXOOUMOU 01 0CEOCHUA
OUCUUNTUHDL

Ilepeuens ocnoenoil tumepamypol:

1. Cyxanoga, H. B. Dniektponuka u cxemotexHuka. [Ipakrukym: yaeoHoe nocodue / H. B.
CyxanoBa. — Boponex: BopoHeckuii rocyJapCTBEHHBIH YHUBEPCUTET HHKEHEPHBIX TEXHOJIO-
ruii, 2020. — 80 ¢. — ISBN 978-5-00032-472-1. — Texkct: snexTponnsli // Lludpopoii o6pa3zo-
BatenbHbIi pecypc IPR SMART: [caiit]. — URL.: https://www.iprbookshop.ru/106457.html

2. [TyxoBckuii, B. H. DnektpoTexHuka, 31eKTpoHUKa U cxeMoTexHuka. Moaynb «Ludpo-
Bas CXeMOTEeXHUKay»: yueOHoe ocodue / B. H. ITyxosckuii, M. 1O. IToneHoB. — PocToB-Ha-/{ony,
Taranpor: M3natensctBo FOxHOro denepanbuoro ynusepcuteta, 2018. — 163 ¢. — ISBN 978-
5-9275-3079-3. — Tekct: anekrponnsiit // Ludposoii obpazoBatenbublii pecypc IPR SMART:
[caiiT]. — URL.: https://www.iprbookshop.ru/87782.html

Ilepeuens oononnumenvHoil Tumepamypol:

1. Urnaros, A. H. Dnektponuka: yueOnoe nocodue / A. H. Urnartos, B. JI. CaBunsix, H.
E. ®aneeBa. — HoBocubupck: CuOupckuii rocy1apCTBEHHbIN YHUBEPCUTET TEJIEKOMM YHUKALIUN
u uapopmaruku, 2020. — 165 ¢. — Tekcer: anexTponnsiii / L{ludposoii 06pazoBareabHBIN pecypc
IPR SMART : [caiiT]. — URL.: https://www.iprbookshop.ru/117127.html

2. Cutnukosa, C. B. COOpHHK 32/1a4 110 JUCIUIUINHE « DTEKTPOHUKA»: yueOHO-METOAnYe-
ckoe nocobue / C. B. CutHukoBa, A. C. ApedneB. — Camapa: [1oBomKCKHil rocy1apCcTBEHHBIN
YHHUBEPCHUTET TelleKOMMYHHKanuid u nHpopmaruku, 2016. — 60 ¢. — TekcT: 3MeKTpOHHBIH //
[ludpposoit  oOpazoBatenpHbli  pecypc  IPR SMART :  [caiir]. —  URL:
https://www.iprbookshop.ru/71877.html

Ilepeuens yuebno-memoouueckoz2o odecneueHus camocmoamenbHoi padoomot 00yuaro-
wuxcsa no oucyuniune

1. MeToauveckre peKOMEHIAlMH ISl TIOJTOTOBKH K JIA0OPATOPHBIM 3aHATUSM IO TUCITH-
IUTMHE «JNEKTPOHUKA U CXEMOTEXHUKAY.

2. Meronnueckue peKOMEHIAIUH TI0 OPTaHU3AINNA CAMOCTOSATEIBHON padOThI CTYJACHTOB

IO JUCIHHUIIIIMHE <<3JICKTpOHI/IKa N CXCMOTCXHHUKA).

Ilepeuens pecypcoe ungopmayuonno-meneKomMmyHuKkayuonnoi cemu Hnmepnuem, ne-

00X00UMBIX 07151 0CBOCHUSL OUCUUNTIUHDL
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https://www.iprbookshop.ru/87782.html

1. http://lwww.biblioclub.ru -OBC "Yuusepcuterckas 6ubnrorexka ornaiia"

2. http://www.iprbookshop.ru/ - Dnexkrponno- 6ubnuoreunas cucrema [IPRbooks

96



