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PazpaboTuuk:

H.Bb. Omepcamu npenoaasarens @PI'6OY BO Upl'VIIC CKTuC

MeTonnueckue ykazaHus K BBIOJIHEHUIO Ja00paTOPHBIX padboT
o Kaxplil CTYZACHT BBIIOJHAET paOdOTHI M0 CIIENUAILHOMY IpaduKy.
e K BHINOTHEHHUIO pabOTHl HEOOXOAMMO MOATOTOBUTHCS 0 Havasa 3aHsATHUS B
Ja00paTOpHH.

o [lomumo JaHHOT'O MCTOANYCCKOI'O mocoous PCKOMCHAYCTCA UCIIOJIL30BATh



JOTIOJTHUTENBHYIO JIMTEPATypPy U KOHCHEKT JIEKIUH.
¢ [Ipu moaroroBke HEOOXOIUMO TIPOTYMBIBATH OTBETHI HA KOHTPOJIHHBIC
BOIIPOCHI.

e K BBINOJIHEHHUIO pa60TI>I AOITYCKArOTCs TOJIBKO ITIOATOTOBJICHHBIC CTYACHTLI.

[IpaBwmiia opopmiieHus otuera o J1abopaTOpHOM padoTe
JlabopatopHast paboTa mpeacTaBiseT co00i HEOOIBINOE, HO BIOJTHE 3aKOHUCHHOE
yueOHoe uccienoBanue. OT4eT o 1adopaTopHOM padboTe ABISETCA TOKYMEHTOM,
OTPaKAIOIINUM PE3yJIbTaThl BHIMTOJTHEHHOTO MCCIEAOBAHUS C MAaKCUMATBHON
MOJTHOTOW U 0OBEKTUBHOCTHIO.

K odopmiternio TeXHUUECKON JOKYMEHTAIMH MPEIBIBIISIOTCS €IUHBIC TPEOOBAHMS.
B onpenenenHoit Mmepe 3TUM TpeOOBAHUSIM TOJHKEH YAOBJIETBOPSTH U OTUET O

nabopatopHoil pabore.

TpebGoBanus k ohopMIICHHIO OTUETA
OTtyeT A0JKEH OBIThH BHITIOJIHEH HA Oymare ctangapTHoro pazmepa (popmar A4) ¢
MOJISIMH 110 00€UM CTOpPOHaM TeKcTa. Marepuai oT4eTa J0KeH UMETh YEeTKYIO
pyOpHUKaIMIO, KaXKbIi pa3en HeoOX0AMMO CHAOAUTh 3ar0JI0BKOM.
[IpumMepHBIi cocTaB oTYETa 1O JJabopaTOpHO paboTe:
11e7Tb PaOOTHI;
MOPSJIOK BBITTOJIHEHHSI TAOOPAaTOPHOM padOThI;
MPUHITUITHATBHBIC AJIEKTPUUYECKUE CXEMbI U (HJIN) CXEMbl COCTMHECHHUI;
. nepeueHb N3MEPHUTEIHHBIX TPUOOPOB U IEKTPOOOOPYIOBAHUS C YKa3aHHEM
MACMOPTHBIX JTAHHBIX;
TaOIHIIBI SKCTIEPUMEHTATIBHBIX UCCIIEIOBAHUM U BHITTOJTHEHHBIX BBIUHUCICHUMN;
JTMarpaMMbl U TpadUKu XapaKTeprUCTUK (PYHKITMOHAIBHBIX 3aBUCHUMOCTEH;

BBIBO/IbI MUTH 3aKJIFOUCHUE O TIPOJIeTaHHOM padoTe.

[TPABUJIA TEXHUKU BE3OITACHOCTH
[TP1 BBIHIOJIHEHNUA JIABOPATOPHBIX PABOT



o navamna pa6ot xkaxaeiii ctynaeHT JJOJDKEH BHUMaTEThbHO 03HAKOMUTHCS C
HACTOSAIIMMU MPABUJIAMU U PACIIUCATHCS B KypHAJE y4eTa HHCTPYKTAXKA MO TEXHUKE
0€30MacHOCTH.

Crynent OBSA3AH BbIONHATE CHAEAYIONUE TPAaBUIIA:

1. [lepen BkItOUEeHNEM JTAaOOpaTOPHOTO KOMIUIeKkca B ceTh 220 B ybeaurecsk, uto
TyMOJIEp BKJIIOUCHUSI HaxoauTcs B mojoskeHuu «BbIKJILy.

2. [Tpu cOopke 1enu UCTONb3yTe MPOBOAA C UCIIPABHON H30JISALINCH.
[Toaxmrouass mpuOOpPHI, MPOBEPsITE COOMIOICHUE HOPM HArpy3ku (padbouee
HaIpsHKEHUE KOHJIEHCATOPa, MAKCUMAJIbHBIN TOK JIJIsl KATYIIEK UHAYKTUBHOCTH U
T.IL.).

3. COopKy 2IEKTPUYECKOM IIENU BEAUTE MO0 KOHTYpaM, HA4WHas ¢ OCHOBHOTO,

COACPIKAMICTIO UCTOYHHK ITUTAHUSA

4. Bxuroyalite ICTOYHUKY MTUTaHUS TOJIBKO IIOCIIE POBEPKHU LIENU
IIPEII0IaBaTEIIEM.

5. [Tpu npoBeaeHUN JIFOOBIX U3MEHEHUM B CXEME OTKIIIOUAMTe HCTOUHUK
IUTAHUS.

6. OTKJIIOUNTE MMATAHUE 10 3aBEPIICHUIO U3MEPEHHUI.

SAIIPEIIIAETCAH

1. Kacarbcs TOKOBenyIIUX 4acTer CXeMbl METAJTUIMYECKUMHU IIPEAMETAMMU,

paboTaTh MOKPHIMHU PYKaMH.

2. bes pasperienus npemnoiaBaTess BKIKOYATh Ja00paTOPHBIE CTEHIBI B CETh
220B v nogaBaTh HAPSIKEHUE HA CXEMY.

3. [lepemenaTs J1abopaTopHbIE CTEH B C OHOTO CTOJIA HA APYTOW WU

BCKPLIBATh HUX.



4. KypuTth B 1abopatopuu, HaXOAUTHCS B BEPXHEH 0J1€XK 1€ UM TOJIOBHBIX

ybopax.

[To BceM BO3HMKAIOIIMM BOIIPOCAM CTYACHTAM CJIEIyeT oOpamiarbes K
npenojaBarelto. 3a nopuy 000pya0BaHUs CTYJAEHTHI HECYT MaTEPUATILHYIO
OTBETCTBEHHOCTb.

COLEPXXAHUE

JIABOPATOPHAS PABOTA Ne 1 MccnenoBanue moxynpoBOIHUKOBOTO auoja. McenenoBanue
muoja IorTkn.

JIABOPATOPHAS PABOTA Ne 2 UccnenoBanue ctabmnutpona. Mccnenosanue
MapaMeTpPUUeCcKOro CTabunn3aTopa HampsHKEHUS

JIABOPATOPHAS PABOTA Ne 3 HMccnenoBanue OUMOIsIpHOTO TpaH3ucTopa. Mccnenopanue
XapaKTEPUCTUK OUIOISIPHOTO TPAH3UCTOPA.

JIABOPATOPHAS PABOTA Ne 4 MccnenoBanne yCHIMTENBHOTO Kackaaa Ha OUIIOSIPHOM
TPaH3UCTOPE.

JIABOPATOPHAS PABOTA Ne 5 MccnenoBanue XapakTEPUCTHK MOJIEBOTO TPAH3UCTOPA.
JIABOPATOPHAS PABOTA Ne 6 MccrnenoBanue yCHIIMTENIBHOTO KacKajia Ha TI0JIEBOM
Tpansuctope. MccnenoBanue paboThl MOJIEBOIO TPAH3UCTOPA B KIIIOUEBOM PEKHUME



JIABOPATOPHAS PABOTA Ne 7 ViccrnienoBanue TUPUCTOPOB

JIABOPATOPHAS PABOTA Ne 8 MccnenoBanue pabOThI OJJHOTIOTYIEPUOIHOTO YIIPABISEMOTO
BBITIPSIMUTEIS

JIABOPATOPHAS PABOTA Ne 9 MccnenoBanue MOCTOBOTO BBIITPSIMUTENS
JIABOPATOPHAS PABOTA Ne 10 MccinenoBanue BIUsSIHUS Ha BBIIPSAMIICHHOE HAMPSKEHUE
CriIaXXUBAOMINX (GUIBTPOB (EMKOCTHOTO, MHIYKTUBHOTO U UHAYKTHBHO-EMKOCTHOTO)
JIABOPATOPHAS PABOTA Ne 11 UccnenoBanue Tpexda3HbIX CXeM BBITPSIMIICHUS.
TpexdazHblil BRIIPSIMUTEND C HYJIEBBIM BHIBOJIOM.

JIABOPATOPHAS PABOTA Ne 12 HccnenoBanue Tpex@a3zHbIX CXeM BBIIPSMIICHUS.
Tpexda3znbliit MOCTOBOM BBIIPAMUTENH (cXxeMa JlaproHoBa).

JIABOPATOPHAS PABOTA Ne 13 MccinenoBanue aHaIOTOBBIX JIEKTPOHHBIX YCTPOMCTB Ha
ONEpALlMOHHOM ycuiutene. VccnenoBanne HHBEPTUPYIOUIETO U HEMHBEPTUPYIOIIETO YCUITUTENS
JIABOPATOPHAS PABOTA Ne 14 MccnenoBanue aHaJIOTOBBIX JIEKTPOHHBIX YCTPOMCTB Ha
OTIepalMoOHHOM ycuiutene. McciaenoBanue akTHBHOTO (PHIIbTPA HIKHUX 9acTOT
JIABOPATOPHAS PABOTA Ne 15 UccnenoBanue aHaIOTOBBIX 3JE€KTPOHHBIX YCTPOMCTB Ha
omnepalroHHOM ycunutene. MccnenoBanre HHBEPTUPYIOIIETO HHTErpaTopa
JIABOPATOPHAS PABOTA Ne 16 UccnenoBanue aHaIOTOBBIX 3JI€KTPOHHBIX YCTPOMCTB Ha
omnepalroHHOM ycunurene. MccnenoBanue komnaparopa

JIABOPATOPHAS PABOTA Ne 17 UccnenoBanue MylnbTUBHOpaTOpa Ha OMIEPAIMOHHOM
ycunutene. MccnenoBanre CMMMETPUYHOTO MYJIbTUBHOpaTOpa

JIABOPATOPHAS PABOTA Ne 18 HccnenoBanue MyIbTUBHOpaTOpa Ha ONMEPAIMOHHOM
ycwnutene.  MccrnenoBaHne HECHMMETPUIHOTO MYJILTUBHOpaTOpa

JIABOPATOPHA PABOTA Ne 19 HUccrnenoBaHue JOrMYECKUX 31EMEHTOB HA UHTEIPaIbHBIX
Mukpocxemax: MccnenoBanue 6a3osoro soruueckoro snementa M-HE. MccnenoBanue
norunueckoro anementa MJIM-HE. MccnenoBanue nornyeckoro anementa M.
JIABOPATOPHAS PABOTA Ne 20 MccinenoBaHue JIOTHYECKUX 3JIEMEHTOB Ha MHTETPATIbHBIX
Mukpocxemax HMccnenoBanue pornyeckoro snementa HE. MccnenoBanne 10ruyeckoro snemMeHTa
NJIN. UccaenoBanue poruueckoro snemenTa Mckirouaromee MJIM.

JIABOPATOPHAS PABOTA Ne 21 Uccnenoanue JK-tpurrepa

JIABOPATOPHAS PABOTA Ne 22 UccnenoBanue ABOMYHOTO YETHIPEXPA3PSIHOTO CUETUHKA
[MPAKTUYECKAS PABOTA Nel Pacyet nuogaHbIX cXemM

JIABOPATOPHAS PABOTA Ne 1

Hccnenosanue nosynpoBoaHukoBoro auona. Uccnenosanue auoaa loTTku.

I_[CJ'IB pa6OTBIZ O3HAaKOMUTLECA C pa60T0ﬁ U C OCHOBHBIMH XAPAKTCPUCTHKAMU U IPUMCHCHHUEM

MOJIYIIPOBOAHUKOBBIX JUOJOB - BBIIIPAMUTCIILHOTO AU0Aa, 104 IToTTKM.

[Topsinok BeIoNHEHHS pabOTHI:

1. U3yuuth TeopeTHdYecKHe OCHOBBI MO MaTepHaiaM JISKI[Hi WM MEPEYHI0 PEKOMEHIOBAHHON
IIPENnoAaBaTeieM JINTEPATYPHI.

2. YoenuThces, 9To 00Kl BBIKIHOYATETh MOJIYJICH CTEH/Ia HAXOATCs B mojiokeHnn « BBIKIT».



3. [o ykaszaHuro mpernopaBarelsi, BEIOpaTh MOJYJIM CTEHJA JUIs BBINOJHEHUS TEKYLIEro 3aJaHusl.
[ToArOTOBHUTH COCANHUTEBHBIC TPOBO/IA (IIEPEMBIYKH ), BXOSIINE B KOMIUICKT IIOCTaBKH CTEH/IA.
6. CoenmMHUTh MOJYNIM CTEHJAa COIJIACHO MPUHIMIHAIBHON OJJIEKTPUYECKOW CXEeMe WM CXeMe
COCIMHEHU.

7. IlpoBecTH IKCIIEPUMEHT.

8. BrikarounuTs nuTanue CT€HOA.

9. CocTaBuUTh OTUET 110 JTa0OPATOPHOIA padore.

[Topsnok npoBeneHus skcnepuMenTa: Mccnenosanue
BBIIPSMUTEIBHOTO AUOJA
1. CoOpaTb cxemy Ui MCCIIEAOBAaHHS BBIIPAMUTENbHOTO Auoaa VD1 Ha MOCTOSIHHOM TOKe

(puc.1).
PV1
(V)
o/
VD1

E1 [ R1

O €“—» O+
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Puc. 1 UccnenoBanue noixynpoBOAHUKOBBIX THOJIOB.

JUida u3MepeHHs aHOJHOTO TOKa MCHOJIb30BaTh amiepMmerp Oinoka «l3MepurenbHble
npuOOpB», A U3MEPEHHsI AHOTHOTO HANpsHKEHUS - BOJIBTMETp. B kauecTBe MCTOYHMKA MUTAHUS
OPUMEHUTh PEryaupyeMblii UCTOUYHUK NuTaHusd «-12B...0..12B» Gnoka «/CTOUYHUK MUTaHUY.
IIpencraBuTh cxeMy A IPOBEPKU Ipenojasarento. B kadectse R1 ncenonbs3oBate conpoTuBieHne
100 Om 6510ka «/Inonbl, pe3ncTopbl, KOHAEHCATOPHIY.

1. BximrouuTh oayeKTponuTaHue Moayned creHfa. CHATh BOJBTAMIIEPHYIO XapaKTEPUCTUKY
BBIIPAMUTENBHOrO auoAa VD1 Ha NOCTOSHHOM TOKE CHauyana JIjsl NpsAMOM, a 3aTreM Ul

oOpaTHOl BeTBU. J{71s1 CHSITHUSI 0OpaTHOW BETBU M3MEHUTH NOJsipHOCTH (-12B....0).

Perynupys BxoHOE HarpsikeHue ¢ ToMoIbio noreHmuomerpa «E1» B mpeaenax 0...12B, uzmepsrtsb
tok (P1) u nanpspkenue (P2) na aumone. PesynbpTarel m3mepenuii 3anectd B tadm. 3.1.1 u 3.1.2.
BrikiounTh 37€KTpONUTaHUME MOAYNEeH cTeHnaa. YcTaHoBUTh mnoteHuuoMerp «E1» B HyneBoe

ITOJIOKCHHUE.




lip, MA

Tab6mumna 1

Tabauua 2

Uob6p, B

'o0p' MA

Hccnedosanue ouooa LLlommxku.
CoOpates cxemy st wucciaenoBanust guona Lllorrku (STPS1045 na Onoke «HenuneitHbie
AJIEMEHTBI») Ha IOCTOSHHOM ToKe. BbimomHuth nyHkTel 1 m 2 jmisg quona Llortku. CpaBHUTH

BOJIBTAMIICPHBIC XapaKTCPUCTUKHU OOBIYHOTO BBIIIPSAMUTEIIBHOTO AMO0Ja U IUOaa IotTkn.

JIABOPATOPHAS PABOTA No2
Uccnenosanue ctabuinTpoHa.
HccnenoBanue napaMeTpuyecKoro cTadMiin3aTopa HarpsHKeHUs!

I_[eJ'IB pa6OTBII O3HAKOMMTECS C pa60T0171, OCHOBHBIMHU XapaKTCPHUCTHUKAMHU U IPUMCHCHHUCM

CTAOWJIMTPOHA M TAPAMETPUUYECKOTO CTAOMIIN3aTOPa HAIIPSIKEHUS

[Topsinox BeInoIHEHHs paOOTHI:

4. V3y4nTh TEOpETHYECKHE OCHOBBI II0 MaTepuajaM JICKIUH WA TEePEYHI0O PEKOMEHIOBAaHHOM
[IPENOAaBaTENIEM JTUTEPATYPBL.

5. Yb6enurncs, 4To o0Mmuil BEIKIIIOYATENh MOTYJICH CTeHAa HaxosaTcs B mojokeHn# «BbIKIDy.

6. Tlo yka3zaHHIO TpernogaBaTesisi, BBIOPaTh MOAYJIH CTCHAA JJIsl BBIMOTHEHHUS TEKYIIEro 3aaHuUs.
[ToAroToBUTH COEMHUTENBHBIE TPOBOAA (IEPEMBIYKH ), BXOAIINE B KOMIUIEKT TOCTaBKH CTEH/A.

10.CoequHuTh MOIYTH CTEHIA COTJIACHO MPHHIMITHAIBHON DJIEKTPUYECKOM CXeMe W CXeMe
COCTUHEHUN.

11.IIpoBecTr 3KCIIEPUMEHT.
12.BBIKITIOYUTH UTAHKE CTEH/IA.
13.CocraButh OTYET 110 JIAOOPATOPHOU paboTe.

[Mopsimox mpoBeeHNs SKCIIEPUMEHTA:
Hccnedosanue cmadbunumpona
CoOpatb cxemy JUIsl UCCIIEIOBaHMsI CTAOMIIMTPOHA HA MOCTOSIHHOM TOKE (aHAJIOTHYHO CXeMe I10

puc.l).
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Jlns u3MepeHHs aHOAHOIO TOKa MCIIOJIb30BaTh ammepmerp Onoka «l3mepurenbHble
npuOOpB», A U3MEPEHHsI AaHOJHOT'O HAINpsDKEHUS - BOJIBTMETP. B KauecTBe MCTOYHMKA MUTAHUSA
NPUMEHHUTb PETYIUPYEMbIii MCTOUYHUK muTaHus «-12B...0..12B» Onoka «/ICTOUYHUK MUTaHUS».
[TpencraBuTh cxemy Ui NPOBEPKH Mpernoaasarento. B kauectBe R1 ucnonb3oBarh cOnpoTUBIEHUE

100 Om 615oka «JIuo/1b1, pe3UCTOPBI, KOHIEHCATOPHD».

1. Bxnrounts asekTponuTanue MonyJiel ctena. CHATh BOJIBTaMIIEPHYIO XapaKTEPUCTHKY
CTaOUIIMTPOHA HA TOCTOSIHHOM TOKE CHauajia Jyisl IpsIMOi, a 3ateM AJi1 oOpaTHOM BeTBU. J{is

CHSITHUSI OOPATHOM BETBH M3MEHUTH MOJIIPHOCTH (-12B....0).

Perynupys BXxoJlHOE HapsKEHHE ¢ MOMOIIbIO oTeHImomeTpa «E1» B mpenenax 0...12B, usmepsats
ToK (P1) u nanpsixkenue (P2) na nuoze. Pesynbrarel usmepenuit 3anectu B Tadim. 3.1.1 u 3.1.2.
BBIKIIFOUUTE 3JIEKTpPONIUTAaHUE MOAYJIEH CTEHAA. Y CTaHOBUTH noteHuuomeTp «E1» B HyneBoe
IIOJIOXKEHUE.

Bomonuute myHKT .2 ana  crabunutpoHa. Iloctpouth rpaduk 3aBUCHMOCTH  BBIXOJHOTO
Hanpspkenus U, OT Toka I.,,. Pe3ynbrarel 3anectu B Tab1. 3.

Tabmauma 1

Iem (mA)

[To monmy4yeHHOH BOJBTAMIEPHON XapaKTEpUCTHKE ONMPEAEIUTh HampshkeHue cradunuzaiuu u 11cr
BEIMYHMHY UG (PEpEeHINATEHOTO COTPOTHBIICHUSL.

Hccneoosanue napavempuieckoco cmaéuﬂus’amopa HANpANCeHUs

Cobpath cxeMy napaMeTpUyecKoro crabminszaropa HanpsbkeHus (puc. ). B kauectBe ucTouHuka

MUTAHMS UCTI0JIb30BaTh peryiupyeMbiii uicTouHUK £; 0...12B 6noka «IcTOYHUK TUTaHUSD.

Jis u3MepeHust BXOJITHOTO HANpPsKEHUS U BHIXOHOTO CTAOMIIM3UPOBAHHOTO HANPSKEHUS
UCIIOJIb30BaTh BOJIBTMETPHI OsioKka «3MepuTenbHbie TpruOOops». BKIIOYUTE 35IeKTpONUTaHNE
MOJyJIEN CTEHA.

W3menss BeMUuHy BXOJHOTO HapspKeHUs UCTouHMKa £ B npenenax 0...12B cHATh 3aBHCHMOCTB

BCJIIMYHMHBI BBIXOAHOI'O CTaGI/IHI/BI/IpOBaHHOF O HalIpS’KCHUSA OT BCJIIMYUHBI BXOJIHOT'O HAIIPSIZKCHU S



Ucr =f(Usx). PesynbraTsl 3anectu B a0, 3.1.4. [Toctpouts 3aBucumocts Ucr ~ f{Usx). T1o
MOCTPOCHHOH 3aBHCHMOCTH OIPEAeIUTh KO3 GUIMEeHT cradunuzanuu K, napaMeTpruiecKkoro

cTabmimn3aTopa Ha ydactke crabunuzanuu: K., = AUpx/AUcr.

Tabmuma 2

Ucr (B)

Usx (B)

JIABOPATOPHAS PABOTA Ne3

HccnenoBanue OumomsipHoro Tpan3uctopa. MccnenoBanue XxapakTepruCcTUK
OUTOJIIPHOTO TPAH3UCTOPA.

HCJ'IB pa6 OTBhI: O3HAKOMUTBCA C pa60T0fI, OCHOBHBIMH XapaKTCPpUCTUKAaMHU n

MMPUMCHCHHUECM 6I/IHOJIHpHOFO TpaH3uCTOpAa.

[TopsimoK BBITOIHEHUST PAOOTHI:

N3yunth TEOpPETUYECKUE OCHOBBI 10 Marepuajiam JIEKITAI WIN MEePEYHIO
PEKOMEHI0BaHHOM IPENoJaBaTeIeM JIUTEPATYPHI.

YO0enuThcs, 4TO BEIKIOYATEIb CTEHIA HaX04ATCs B moitoxennn «BBIKJI»

[lo ykazanui mpenogaBaTelss, BHIOpPATb MOIYJIW JUJIS BBIIOJHEHUS TEKYIIEro 3aJlaHus.
[ToArOTOBUTH COCTMHMUTEBLHBIE TIPOBO/IA (TIEPEMBIYKH ), BXOASIINE B KOMIUICKT ITOCTABKH CTEH/IA.
CoeMHNUTh MOAYJIU COTJIaCHO MPUHLUIIMAIBHON AJIEKTPUUECKOM CXEME UIIM CXEME COEAMHEHUN.
IIpoBeCTH 3KCIIEPUMEHT.

BreIKmtounTh cTEH/I.

CocTaBUTh OTYET 1O JIAOOPaTOpHOU padoTe.

HOpHI[OK IMPOBCACHUA DKCIICPUMCHTA:

1. HccnenoBanue XapaKTCPUCTHUK 6I/IHOJ'I$IpHOFO TPAH3UCTOPA.

Kk DK RG C

R1
+ 00— 1
UBbix
Usx
- O 10

Puc. 1 UccnenoBanue OUIIONSIPHOTO TPAaH3UCTOPA




1.1 Cobparp cxeMmy Uis CHATHS XapaKTEpPUCTHK OumomsipHoro Ttpansucropa (puc.l). Mexny
rae3namu X2 u X1I Bxmrounts Mumnamnepmerp PA3 Oioka «3MepurenbHbie TpudOphI»,
Mexny rae3gamMu X1 u X4 - muwmuamnepmerp PA1. Coequnuth nepemblukoil rHe3ga X3 U
X7. Mexny tHe3gamu X2, X5 u X4, X16 BkarouuTh M3MeputeabHbie mpudopsl PV1, PV2

osnoka «M3meputenbHble NPUOOPB» B PEXKUME HM3MEPEHUS IOCTOSHHOIO HAIMpPSKCHUS.

[Moakmrounts uctounuk « = Uy, ycranoBuB TymOIep SA2 B HUXKHEE TIOJIOKEHHE.
1.2 CHATH CTaTHYECKYIO XapaKTePHCTHKY npamoil nepenadn no Toxy I, ~ f ( I; ) npu 3nauenun

UK, pPaBHOM 3aJlaHHOMY 3HA4YCHUIO EK n RKZO. Z[Hﬂ OTOI'O AOMOJHUTEIIBHO ITOCTAaBUTH

nepeMbluky Mexnay rHeszamMu X1 m X3, BrmrounTh 31€KTponuTaHUE MOJIYJEH CTEHAA.
W3mensst monokeHue mnoteHnuomerpa RPI, TeM caMbiM u3MeHsss TOK 0a3bl, CHUMATh

nokazanusi muntnammepmerpoB PA1 u PA3. Pesynbrarel usmepenuit 3anucath B Tadu. 1. [lpu
CHATMM XapaKTEPUCTHUKM CIEOUTh 3a MocTosHcTBOoM Hampsokenus Uy Breikimounts

AIIEKTPONUTAHUE MOJYJIEH CTEH/IA.

Tabauua 1

U, =6B

I5I7’ZA

I, mA

1.3. CHATh XapakTepucTHKy npsamoii nepenaun no Toky Iy ~ f (I; ) npu nanuuun narpysku Ry.
V6pars mepeMbluky Mexay raesgamu X1, X3 (BKIOUdTh B cxemy pesuctop R»). Brimounts
sJIeKTponMTanue Moxyiei crega. C MOMOIIBI0 TMepekirodatens «R,» ycTaHOBUTH 3aJaHHOE
3nayenue pesucropa R;. C nomomnipio norenimomerpa RP1 ycraHoBUTH TOK Ga3bl, paBHBIN HYITIO, a

C TMOMOMIBI0 NoTeHIoMeTpa RP2 ycTaHOBUTH 3aqaHHOe 3Hauenue [, B nambHeiimem pydky

perynmupoBku RP2 wHe Tporath. B BOmM3u o0nacTu HachIleHHS TOYKM CHHMMATh dYalie.
DKCIepUMEHTaIbHBIE Pe3ybTaThl 3amucaTh B TaOk. 2. BBIKIIOYUTH AJIEKTPONUTAHUE MOJyJen

crenaa. [loctpouTs 3KCIIEpUMEHTAIBHBIE XaPaKTEPUCTUKH.

Tabnuua.2
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1.4 Tlo moctpoenHoil B m. 1.3 XapakTepUCTHUKE OMpPENETUTh OOJIACTH AKTHUBHOTO YCHUJICHHS,
OTCEYKH M HachllleHus. Onpenenuth MakcuMaibhblii Tok Iy ~ f (U, ), mpu koTopoM emie
00ecreynBaeTcs IMHEHHOE YCHIIEHHE.

1.5 CHATH BBIXO/HBIE cTaTHYECKKe XapakTepucTuku Tpansuctopa Iy~ f (U, ), nipu I =const. Jlnsa

3TOr0 JIONOJHUTEIBHO YCTAHOBUTH MEPEMBIUKY MEX 1y THe3aamu X1 nX3.
Bromrounte mutanue. M3MeHsss TOK 0a3bl OT HYJS CHATh CEMEHCTBO BBIXOJHBIX

XapaKTEPUCTHK M 3apHCOBATH HA OJHOM PUCYHKE BBIXOJHBIE XaPAKTEPUCTHKM JUIS TPEX 3HAYEHMI
toka 6a3bl: I = 0; I5570,5 15 max; 153715 max. Jlnst 5TOr0 ¢ moMoInb noreHnuomerpa RPV1
yCTaHaBJIUBATh TOK 0a3bl (nmokasanus muumamnepmerpa PA3) - I5 = 0; 15570,5 I max; 153715 max.

Usmensisn wanpsokenue U, mnorenimomerpoM RP2 B 1enmd KOJUIEKTOpa OT HYJIEBOTO
3HAYEHUs M3MEPATH TOK Koiuiekropa Iy Tpamsucropa (mummmamnepmerpom PA1). Ilpoussectu

U3MEPEHHs TOKa KOJUIEKTOpa IIPM HECKOJNLKUX 3HaueHusx Hampskenus U, — (mokasanus
mynsTuMeTpa P2). PesynbraThl u3MepeHuit 3aHectd B Tab6n.3. IlpousBecTn aHamOrH4HbBIE
U3MEpEHUs MpU ABYX JAPYTUX 3HAUEHUsX Toka 0a3bl. Ilepen kKakapIM M3MEpeHHEM HEOOXOAUMO

MOJIPETYJINPOBATH TOK 0a3bl TPAH3UCTOPA. BBIKIIOUNTH NUTaHUE MOAYJIEH CTEeHa.

Tabmuua 3

Is;= mA
U, B

Iy, mA
Isp= mA
U, B
I, mA
I 63 —
U, B
I, mA

JIABOPATOPHA PABOTA Ne3
Hccnenoanue OunosisipHOro Tpansucropa. MccnenoBanue xapakTepucTUK OUMOISPHOTO
TPaH3HUCTOpA.

[lenb  paboOTBI:  O3HAKOMUTHCA €  pabOTOH,  OCHOBHBIMH  XapaKTePUCTHKAMH U
MIPUMEHEHHUEM OUTIOJSIPHOTO TPAaH3UCTOPA.
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[Topsiok BeIMONHEHHS paOOTHI:

1)
2)

3)
4)
5)
6)

7)
8)

N3yuuts rinaBy «Omnucanue 000pyI0BaHUS.

N3yuuTh TEOpETUUECKHE OCHOBBI IO MaTepuaiaM JICKIUN UIH MePEeUHIO
PEKOMEHIOBaHHOM MpenoaBaTeeM JIUTePaTyphI.

YO0enuThcs1, YTO BBIKIIOYATEIb CTEHIa HAX0AITCa B mojioxkeHun «BBIKJI»

ITo ykazanuro mpermnoaBaress, BBIOpaTh MOAYIIH JJIs BHITTOJTHEHHS TEKYIIETO 33 aHusl.
[ToArOoTOBUTH COEMMHMUTENbHBIE TIPOBO/IA (TIEPEMBIYKH ), BXOISAIINE B KOMIUICKT MTOCTaBKH
CTEeHIA.

CoeMHUTh MOJIYJIM COTJIACHO MPUHIIMIUAIBHON SJIEKTPUYECKON CXEME HIIH CXEME
COCIUHCHMI.

IIpoBeCTH 3KCIIEPUMEHT.

BEBIKTIOUNTE CTEH/I.

CocTaBUTh OTYET 1O JIAOOPAaTOPHOU padoTe.

HOpHI[OK IIPOBCACHUA OKCIICPUMCEHTA!

1. UccnenoBanue XapakKTepUCTHK OUITOISIPHOTO TPAH3UCTOPA.

Cobpath cxeMmy JUIsl CHATHSI XapaKTePUCTUK OUMOISIPHOTO TpaH3ucropa (puc..l).

Kk ®K RG c

o——{

UBbix

Puc.1 UccnenoBanue OUMONISPHOTO TPaH3UCTOPA

Mexny rHesgamu X2 u X[ Bxmouuth Muninamnepmerp PA3 Onoka «M3mepurenbHbie
npubopb», Mexny rHesgamu X1 u X4 - mwumamnepmerp PAl. CoenuHUTh NepeMbIUKON
rHe3ga X u X7. Mexny raesnamu X2, X5 u X4, X16 Bximounts M3mepurenbubie npudopsl PV,
PV2 Gnoka «M3MepurenbHble NMpHOOPB» B peXHMME HU3MEPEHHUS MOCTOSHHOTO HAIPSKEHHUS.
[ToaxarounTh HCTOUHUK «=U2y, ycTaHOBUB TyMOJIep SA2 B HIKHEE MOJIOKEHHE.

CHATHb CTaTHYECKYIO XapaKTEpUCTHKY MpsAMOM mepemauu no Toky Ix=f(l;) npu 3Hauenuun Uk,
paBHOM 33JaHHOMY 3Ha4eHHIO Ex U R x=0. J{7 3TOro JONOJHUTENBHO MOCTABUTH NEPEMBIUKY
Mexay rHesgamu X/ u X3. BKIIIOUnTh 21€KTponuTaHue Moayiel crenaa. M3MeHnss nonoxenue
noreHomerpa RP1, Tem cambiM u3MeHsist TOK 0a3bl, CHUMATh MMOKa3aHHUs MUJIJIHAMIIEPMETPOB
PA1 u PA3. Pe3ynbrarsel u3mepenuii 3anucarp B Tabi.1. Ilpu cHATUM XapaKTEepUCTUKU CIEAUTH
3a MOCTOSTHCTBOM HanpspkeHUs: Ug. BBIKITFOUNTD 3JIEKTpONUTaHUE MOYJIEN CTEHA.

Tabmural

Uk =

15 MA

I

MA
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2. CHATb XapaKTEpUCTUKY MPSAMON nepeaayn 1o Toky Ix=f{1;) npu Haauuuu Harpy3ku Rg. YOpath
nepemMbluky Mexay rHe3gamu X1, X3 (BKIOUMTH B cXeMmy pe3uctop R;). Bximouuts
anekTponuTanre moayneit crenaa. C nmomorrsio nepeximovarens «R2» ycTaHOBUTH 3aJlaHHOE
3HaueHne pesuctopa R2. C momompio nmoteHmuomerpa RP1 ycraHOBUTH TOK 0a3bl, paBHBIM
HYJIIO, a C MOMOIIbI0 oTeHimomerpa RP2 ycranoButh 3amannoe 3HaueHue Eyx. B nanbHeitnem
pyuky perynupoBku RP2 ne tporats. B BOMM3M 00nacTu HachlllleHUS TOUYKH CHUMATh Yallle.
DKCrepuMEHTAIbHbBIE PE3yabTaThl 3aUCcaTh B Ta0..2. BBIKIIOUUTE 3J€KTpONUTaHHE MOTYyIEH
crenaa. [loctpouTs 3KCrIepUMEHTAIbHBIE XaPaKTEPUCTUKH.

Tabnuma2

Uk =

15 MmA

I mA

[To mocTpOEHHOM B I1. 2 XapaKTEPUCTUKE ONPENIEIUTh O0JIACTH aKTUBHOTO YCUIICHUS,
OTCEYKHU U HachIeHus . OnpeeTuTh MAKCUMATBHBIA TOK Iy, , TIPH KOTOPOM €I1ie 00eCreYrBacTCs
JIMHENHOE YCUIICHUE.

CHATB BBIXOJHBIE CTATUYECKUE XapaKTEPUCTUKU TpaH3ucropa Iy =f(U,,) npu ls = const.
151 5TOro JOMOJHUTEIBHO YCTAHOBUTD MEPEMBIUKY MeKy rHe3aamu X1 n X3.

Bxmrounts nutanue. M3MeHss TOk 6a3bl OT HYJS CHATh CEMEMCTBO BBIXOIHBIX
XapaKTEPUCTUK U 3apUCOBATh HA OJJHOM PUCYHKE BBIXOJIHBIE XapaKTEPUCTUKU AJI TPEX 3HAUCHUI
toka 0a3bl: I51=0; 1 =0,51 6 max; I53=I6 max - o151 3TOTO € MOMoOIIBIO oTeHIIOMeTpa RPV 1
ycTaHaBIUBaTh TOK 0a3bl (mokazanus muwutnamnepmerpa PA3) I51=0; 1 6=0,5/ 6 max; 163=I6 max-

W3mensist Hanpsikenue Uy, noteHunomeTpoMm RP2 B nienu Kosiekropa oT HyJI€BOro
3HAUEHUS U3MEPSTh TOK KOJIEKTopa [x TpaH3ucTopa (Muuinamiepmerpom PA1).

[IpousBecTu U3MepeHUsi TOKA KOJUIEKTOPA MPH HECKOJIBKUX 3HAYCHUAX HanpspkeHus U,
(mokazanus mynbtumerpa P2). PesynpTaTsl u3Mepenuii 3anectu B TabI. 3.

[IpousBecTr aHaIOTHYHbIE U3MEPEHUs IPU JBYX APYTUX 3HAUYCHUAX ToKa O0a3bl. [lepen
Ka)KIBIM U3MEPEHHEM He0OXO0IMMO MOAPEryIUPOBATh TOK 0a3bl TpaH3UCTOpa. BBIKITIOUUTH
MUTaHuEe MOAYJIEH CTeHA.

Tabmuma 3
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JIAGOPATOPHA PABOTA Ne4
HccnenoBaHue yCHIIMTENBHOIO KacKa/la Ha OUIIOJIIPHOM TPAH3UCTOPE.

Ilenp  paboThl:  O3HAKOMHUTbCA €  pabOTOW,  OCHOBHBIMH  XapaKTEpUCTUKAMU U
MPUMEHEHHUEM YCHJIUTENBHOTO Kackaza Ha OUMOISIPHOM TpaH3UCTOpe B
pexxnMe Kiacca A., pexxume kiacca B, B kitoueBom pexume (kiacc J1).

CoOpath cxemy ISl HCCTIE0BAaHUS YCHITUTEIBHOTO Kackasa (puc.1).

UBbix

Puc.1 UccnenoBanue OUIONSIPHOTO TPAH3UCTOPA

Hccneoosanue VCUNUMENbHO20 Kackaoa Ha bunonapHom mpawn3sucmope 8
pedicume Knacca A.

1. Ilo yxa3zaHurio mpenojaBaTeNs YCTaHOBUTb 3HAUYE€HUE CONpOTHBIEHUs pe3sucropa R2. K
rHe3ny XI3 MOIKIIOYMTH  BBIXOJHOE  HAmpsDKeHHE  (YHKIMOHAIBHOTO TI'eHepaTopa,
COeIMHUB 3eMJII0 TeHepaTopa ¢ rHe3noM XI6. CoenuHUTh mnepeMbluykoOM THe3ma X9 u
XI0. Monkmounts kanan CHI1 ocummnorpada x Bxony ycwnurens (rHe3ga X9, XIS), a
kaHan CH2 k Beixogy ycuiurens (rHe3go X3). BximounTe BpeMEHHYIO pa3BEPTKY
ocruuiorpada. Bxirounts (hyHKIIMOHATTBHBIHN reHeparop " YCTaHOBHTh
CUHYCOMJAJbHBIM curHasn (mepexitouatens «@Popma» B MOJOKEHHE «~») YacTOTOM
50... 100 I'm (mepexsrouatenu «MHoOXuTenb» U «YacToTa»), yMEHBIIUTh CUTHAN 10 HYJS
PErynsITOpoM «AMILTUTYIA».

2. Bxmrounts nuTtanue wmonyneil crenpa. Ilpm Toke I; =0 ycTaHOBUTH € IIOMOILBIO
noreHuuomerpa RP2 3agmanHoe 3Hauenue FE, M jajgee HE HM3MEHATb €ro IpPU  BCEX
HKCIEpUMEHTax (He Tporarh pyuyky norenumomerpa RP2!).

3. Omnpenenuthb 9KCIIEPUMEHTAIILHO MaKCHUMaJbHYIO aMIUIUTYY

HEHMCKQ)XCHHOTO  BBIXOJHOTO  CHHYCOMAAJIBHOTO  HampsoKeHUS  Ugyymar, I 3TOTO
MJJaBHO YBEJIWYMBATh AaMIUIUTYAY BXOJHOTO CHTHaJla W TIOCTOSHHYIO COCTABJISIOIIYIO
TOKa 0a3pl [; 1O TOSABICHHUS BHUAMMOTO YIUIOMICHHUS] BEPIIMH CHHYCOHWJBI BBIXOIHOTO
HanpspkeHuss.  OOpaTuTh  BHHMMAaHHWE, OJHOBPEMEHHO JIM  HAYMHAKOT  YIUIOHIATHCS
MOJIOKUTEIbHAS u OTpHULIATENIbHAS MTOJTYBOJIHBI. [Ipu HE00X0IUMOCTH
MOJIPETyIMPOBaTh C TOMOIIbI0 moTeHnuomerpa RPV1  monoxenwe paboueit Touku
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MOKOsl.  3apucoBaTh  OCHWJUIOTPAMMbI  BBIXOJAHOTO  CHUTH&JIAa C  HCKAXEHUSIMU U
MaKCHMaJbHOTO CHTHaia ©e3 HUCKaKEHUS C YYeTOM MAacIITadOB MO HANPSKEHUIO U
BpPEMEHU.

W3mepuTh ¢ momomiplo ocipuiorpada aMIuIuTyAbl HEUCKAKEHHOTO BBIXOAHOTO Uy, H
BXoaHOTO Uy, curHanoB. Onpeaenuth Ko3PGUIUEHT YCHIICHHs KacKaia 1Mo HampsHKEHHIO.
HccnenoBath 3KCIIEPUMEHTAIBLHO BIUSHUE TMOJOXKEHUs padouell TOYKW MOKOsS Ha (opmy
BBIXOJIHOTO HamNpsDKCHHS. 3aprcOBaTh KPHWBBIE BBIXOIHOTO HAMPSDHKEHUS NMPU M3MECHEHHH
IIOCTOSIHHOM cocTaBisitoiiedt Toka 6a3bl I’ 6 ,=0,5 I p; [ “60=1,51 6y  2TOM IEpEMEHHBII
BXOJHOW CHUTHAJI U3MEHATH HE CIIEAYeT.

Hccneoosanue VCUTUMENLHO20 Kackaoa Ha OUNONAPHOM mpawnsucmope 8

pedicume knacca B.

6.

Onpenenuth aMIUIMTYAY BBIXOJHOTO HaIpspKeHUs (IOJYBOJIHBI) B pekuMme kiacca B. Jlns
3TOro ycTtaHoBUTh Ig=0 M perynupys aMIUIMTyAy BXOJHOTO CHUHYCOMJAJIBHOIO CHUTHala
JNOOUTbCA MAaKCUMaJIbHOW HE YIUIOLIEHHOHN IMOJIYBOJIHBI CUHYCOM/Ibl BBIXOJHOTO HANpsKEHUS.
3apucoBaTh OCLUIUIOTPAMMY, ONPEIEIUB MACIITAObI 110 OCSIM.

Ecnu nautenbHOCTh MOMYBOJIHBI MEHbBIIE MOIYNEepUo/ia, YBEINYUTh NOCTOSHHBIA TOK 0a3bl Is
U, U3MEHss IEPEMEHHBIN BXOJHON CUTHAJI, JOOUThCS

BOCIPOM3BECHUEM YCUJIMTEIEM POBHO TIIOJOBHHBI HEHUCKAKEHHOTO CHHYCOUJAIBHOIO
HANPSDKEHUS ¢ MAKCUMAaJIbHOM aMIUIUTYI0H. Y MEHBIINTD BXOIHOE HanpskeHue Uy, 10 HyNs U
3aUKCUpOBaTh TOK 0a3bl [z KOTOPBIM MPUIIUIOCH YCTAHOBUTH B pabodell TOUKE MOKOs, YTOOBI
He OBUTO MCKaXCHMIA. JTa paboyasi TOYKa COOTBETCTBYET Kiaccy AB.

HUccneoosanue pabomvl mpanzucmopa 6 Kiouegom pexcume (kracc /).

1. YcranoButs I; =0 ¥ yBEINYUTH BXOAHON CHHYCOHMIANBHBIA CUTHAM OT (DYHKIIHOHAIEHOTO
reHepaTopa J10 epexojia TpaH3uCTopa B KIOYEBON PEKUM. 3apHCcOBaTh OCLUIUIOIPaMMy
BBIXOJTHOTO HAMPSHKEHUSI.

2. TloBTOpHTH OMBIT IPY TOAAYE HA BXOJ YCUIIUTENS MPSMOYTOJILHOTO CUTHANIA OT
(YHKLIMOHATIBHOTO TeHepaTopa.

JIABOPATOPHASA PABOTA Ne 5

HCCHGI[OBE[HH@ XapaKTCPHUCTHUK ITOJICBOTI'O TPAaH3UCTOPA.

[lenb  paOoOTBI:  O3HAKOMUTbCA €  pabOTOH,  OCHOBHBIMM  XapaKT€PUCTHUKaMH U
IIPUMEHEHHUEM I10JIEBOTO TPAH3UCTOPA.

[Topsiiok BeIMOTHEHUST PAOOTHI:

1)
2)

3)
4)

5)

6)

W3yunts rinaBy «Omnucanue 000pyI0BaHUSY.

N3yunth TEOpETUYECKHE OCHOBBI MO MaTepHraiaM JEKIUN WU MTEPEYHIO
PEKOMEHOBAHHOW MPETO1aBATEIEM JIUTEPATYPBHIL.

Y0enuThCs, UTO BBIKIIOUATENb CTEHAa HAaXOAUTLCS B mojokeHnu « BbBIKJI»

[To ykazaHuro mpemnoiaBatessi, BHIOpATh MOYJIH /7Sl BBIMOJTHEHUS TEKYILIETO 3aJaHHUS.
[ToArOTOBUTH COEMMHUTENBHBIE TTPOBO/IA (TIEPEMBIYKH ), BXOISIINE B KOMIUIEKT MTOCTABKH.
CoeMHUTh MOIYJIU COTJIAaCHO MPUHLMUITHAIBHON AJIEKTPUUECKOM CXEME UJTH CXEME
COCTUHEHUN.

IIpoBecTH 3KCIEPUMEHT.
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7) BBIKTIOYNUTH CTEHI,.
8) CocTaBUTH OTYET IO JIAOOPAaTOPHOU padoTe.

1. ITopsnoK npOBeIEHUs SKCIIEPUMEHTA:

Cobpatp cxemy JUisl CHSATHSI XapaKTEPUCTHK MoyieBoro tpansuctopa (puc.l). CoeauHUThH
nepemblukamu rHe3fga X1 u X3, X6 u X12, X9 u X10, X3 u X8. Mexnay rueznamu XI u X4
BKIIOUMTH amriepmeTp PA1 Omoka «M3meputenbHble MpuOOph», Mexay rHe3namMu X2 u X9 - PA3.
Bxitounts MynsTUMETp P1 B pexkrme BoJbTMETpa MEXy THe3namu X2 u XS, mynbtuMerp P2 B
pexuMe BoJbTMETpa Mexay raeznamMu X4 u X5. TymOaep SA2 yCTaHOBUTH B HUKHEE TTOJIOKEHUE,
MOAKIOYUB TEM CaMbIM UCTOYHUK MUTAHUS IICTOSIHHOTO HaNpsHKEHUs «=U2».

=L PA2
A A
ver ¥
g (=
UBblix
+ Rw [] Cv PV2
Uex
\ 4
- _O

Puc.1 HccnenoBanue nojaeBoro TpaH3ucTopa.

2.1. UccnenoBanue xapakTepUCTUK MOJIEBOTO TPAH3UCTOPA

2.1.. CHATb CTOK-3aTBOPHYIO XapakTepucTuky tpansucropa Ic=f(U3n) npu 3agaHHOM IOCTOSTHHOM
3HaueHuu Ucu=const u Rc=0. 511 3T0r0 10MKHA OBITH YCTAHOBJIEHA NTEPEMbBIUKA MEXKY THE3AAMHU
XI u X3. Bxmrouuts snexTponuTaHue moxayne crenga. C momomibio noreHuumomerpa RP2
ycraHoBUTh 3anaHHoe 3HaueHue Ucu. Cusarp xapakrtepuctuky lc=f(Usm). Usmenss ot Hyns
BennunHy HanpsbkeHus Usu (motenunomerpom RPV1), cHumars nokasanus toka Ic ¢ amnepmerpa
PA1. dannsie U3u caumats ¢ BoinbTMeTpa PV 1. Pesynbratel 3anectu B Ta0. 1.

IIpn CHATMM XapakTEPUCTHKU CIECIUTh 3a IOCTOSHCTBOM HampspkeHus Ucu. Bsikirounts

Tab6aumna 1
Ucu=
Usu, 6
Ic- mA

JIEKTPONIMTaHWE  MoAyled  creHpa.  [locTpouTs  MOJNYyYEHHYI0  DKCIEPUMEHTAIBHYIO
XapaKTEPUCTUKY.

2.2. CHATD CTOK - 3aTBOPHYIO XapaKTEPUCTUKY TpaH3ucTopa lc=f{Usu) npu 3aJaHHOM MOCTOSSHHOM
3HayeHun Ucu=const Ipu HATM4UUU Harpy3ku Re. J{ist aToro yopaTh NepeMbIuKy MEXIy THE3AaMu
XI n X3. C nomompto nepeximoyarens SAl ycTaHoBuThH 3agaHHOE 3HaueHHe pesucropa R2. C
nomouipto noreHuuomerpa RP2 ycranoBute 3amanHoe 3HaueHue Ucu. B panpHeimeMm pyuky
perynmupoBkn RP2  He Ttporate. Bxmrounth anekrponuraHue wmopyie crenpa.  CHATh
xapakTepucTuky Ic=f(Usu), u3MeHsst OT Hyls BenuuuHy HampspkeHuss Usu. B BOam3u oGnactu
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HACBIIICHUS TOYKH CHHMATh dYamie. OJKCIepUMEHTAIbHBIC pe3yJbTaThl 3ammcaTth B Ta0m. .2.
BBIKTIOYHTE 3JIEKTpONUTaHUuEe Mojyiied creHaa. [IocTpouTh MOMYYCHHYIO 3KCIEPUMEHTAIBHYIO
XapaKTePUCTHKY.

Tabnnna .2

Ucu=

Usu, 6

Ic- mA

2.3. CHATb CEMEWCTBO CTOKOBBIX XapaKTEpUCTUK TpaH3ucrtopa Ic=f(Usu) npu 3anaHHBIX
MOCTOSIHHBIX 3HauUeHUsIX Uszu=const. Bkiounth nutanue Moayiei crenya. CHATh XapaKTepUCTUKU
Ic=f(U3u), u3MmeHsis OT HyNs BeIUMYUHY HampspkeHus Ucu. DKcepuMEHTAlbHbIE Pe3yNbTaThl
3anucath B Tabn. 3. BeikmounTts nuTanue wopayied crenpa. Iloctpouth momydeHHbIE
AKCIIEPUMEHTANIbHBIE XaPAKTEPUCTUKH.

Tabnuna .3

Uspi =

Ucu, B

Ic, mxA4

Usnp=

Ucu, 6

Ic, mxA4

Usns=

Ucu, 6

Ic, mxA

JIABOPATOPHA PABOTA Ne 6
HccnenoBanye yCUIUTENIBHOIO KaCKaa Ha MOJIEBOM TPAH3UCTOPE.

HCCJ’IGILOB&HI/IC pa6OTBI IIOJICBOI'O TPAH3UCTOPA B KIIFOUCBOM PCIKUMC

[lenb pabOTHI: 03HAKOMUTBCS C pabOTON YCHMIIMTEIBHOTO Kackajaa MoJIEBOIO TPaH3UCTOpa, pabOThI
TI0JIEBOTO TPAH3UCTOPA B KITIOUEBOM PEKHME.

[Topsinok BeINONHEHUS PaOOTHI:

1) U3zyuuts rnaBy «Onucanue o60pyJ0BaHUSI.

2) W3yuuTh TEOpETHUYECKHE OCHOBBI [10 MaTepHasiaM JIEKIUI WU ePEeUHIO
PEKOMEHI0BAaHHOM MTPENOIaBaTeNIEM JIUTEPATYPHI.

3) YOeauthes, UTO BRIKIIIOYATEh CTCHAA HAXOIUThCA B ImooxkeHun « BBIK Iy

4) TIlo ykazaHuto npenojaBartessi, BBIOpaTh MOJIYJIH ISl BBIOJHEHHS TEKYILIETO 3a/laHusl.
[ToaroToBUTH COEMHUTEIBHBIE TPOBO/IA (TIEPEMBIUKH ), BXOIAIINE B KOMITJIEKT TOCTABKH.

5) CoennHNUTh MOJYJIU COIVIACHO NMPUHIUIHNAIBHOMN 2JIEKTPUUECKOM CXEME W CXEME
COCIMHECHU.

6) IlpoBecTH 3KCIEpUMEHT.

7) BEIKIIOYNTH CTCH,.

8) CocrtaButh OTUET MO JabOpaTOPHOM padoTe.

HOp}IIIOK MMPOBCACHUA DKCIICPUMCHTA:
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1. Cobpatb cxeMy IJIs HCCIENOBaHUS YCUIMTEIBHOTO Kackaaa (puc.1). st sToro yopath
nepeMbIuky Mexay raezaMu X1 u X3, ycTaHOBUTH 3a/laHHOE 3HAUEHUE COIIPOTUBIIEHUS PE3UCTOpa
R2. K rae3ny XI3 moakao4uTh BBIXOJHOE HANpsDKEHHE (DYHKIIMOHABHOTO TeHEpaTopa, COSMHNB
3emutto rereparopa ¢ rueziom XI16. Coenunuth nepemprukoii ruezna X9 u X10. [Moaxknounts
ka"as CH1 ociiumnorpada k Bxoay ycunurens (tHe3ga X9, X15), a kanan CH2 k BeIxoay
yeunutens (rHe3no X3). BkiounTs BpeMeHHYI0 pa3BepTKy ocuusuiorpada. BkimtounTs
(GyHKIIMOHAIBHBINA T€HEPaTOP U YCTAHOBUTH CUHYCOHIaJIbHBIA CUTHAT C 3a/1aHHOM 4acTOTOMH,
YMEHBIIUTh aMIUIUTYYy CUTHAIA IO HYJIS PEryJIATOPOM aMILIUTYIbI.

—0

Usbix

O=

Puc.1 MccnemoBanue moaeBoro TpaH3uCTopa.

Bxmtounts anekrtponuranue moxayieit crenpa. Ilpu wnanpsbkenunm Usu=0 ycTaHOBUTH
¢ mnomompbio noreHuuomerpa RP2  3amannoe 3nauenne Uc u  jganee HE  U3MEHATH
€ro IMpH BCEX dKCIIEPUMEHTaX (He TPOraTh py4ky noreHuuomerpa RP2!).

2. Onpenenutsb 9KCIEPUMEHTAIBHO MaKCHUMaJbHYIO aMIUTUTYY

HEUCKa)KCHHOTO BBIXOJIHOT'O CUHYCOUIAJILHOT'O HaIpPsOHKEHUS UBbIX. IInaBHO
YBEIMYMBATh IIEPEMEHHBIA  BXOJHOM CHUTH&I JI0 TOSABJICHHS  BHJIMMOIO  YIUIOLIEHUS
BEpIIMH CHHYCOMJbl  BBIXOJHOTO  HampspkeHus. OOpaTuTh BHHMMAaHHE, OJHOBPEMEHHO
JM HAYMHAIOT OTPAaHMYMBATBCA TIOJIOKUTENIbBHAs W OTpULATENbHAs MONYyBOJHBL Ilpm
HEOOXOJUMOCTH YTOUHUTH TMOJOXKEeHHe pabouel Touku mokos. M3Mepurs ¢ mNOMOIIbIO
ocumwiorpadga  aMIUIMTYJbl ~ HEUCKaXeHHOro  BbIXxogHoro UBbIX u  BXxoxHoro  UBx

CUTHAJIOB. Onpenenutsb KOA(QPUIHEHT YCUIIEHUS Kackazia 1o HaPSDKEHUIO.
3apucoBarb OCLIMJUIOTPaMMBI BBIXO/JHOTO CUTHaJIa c UCKaXEHUSIMU "
MaKCHUMAaJIbHOTO CUTHaJa 0e3 UCKa)KEeHUSI.

3. HccnenoBats JKCIEPUMEHTAIBHO BIIUSIHHE ITOJIOKEHUS paboueii TOYKH
nokost Ha  (opMy  BBIXOJHOIO HaIpsDKEHUS. 3apucoBarb KpPUBBIE  BBIXOJHOI'O
HAIPsDKEHUS pu YBEJIIMYECHUHN 51 YMEHBIIIEHUNU IIOCTOSTHHOU COCTAaBJISIFOLIEN

Hanpsbkenus Usn. [Ipu 5Tom nepeMeHHbI BXOAHOW CUTHAI U3MEHATH HE CIEAYeT.

4. UccnenoBanue paboThI [10JIEBOTO TPAH3UCTOPA B KIIFOUEBOM PEXHUME.

YcranoButh Usn =0 U yBEJIMUUTH BXOJHOE HANPSKEHUE JO0 MEpexoja TPAH3UCTOpa B KIKOYEBOU
PEeXUM. 3apUCOBATH OCIHIIJIOTPAMMY BBIXOJIHOTO HATIPSIKEHHUSL.

[To moyy4eHHBIM SKCIEPUMEHTAJIBHBIM XapaKTePUCTUKAM ONPEEIUTh KPYTU3HY IEepeaaTOuHON
(crok-3atBopHO#) xapaktepucTuku S=(d Ic/dUs) npu Ucu=const u auddepenuuanboe
COIPOTHBIIEHUE CTOKA Ha yyacTke HacbimeHus RC.
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JIABOPATOPHAS PABOTA Ne 7

HccnenoBanue TupucTopoB

HCJ’IB pa6OTBIZ HCCIICOOBAaHHC IIpUHIHAIIA

TUPHUCTOPA, CII0CO0A €ro yrnpaBIeHHUS.

[Topsimok BhIMONHEHUS PaOOTHI:

1.
2.
3.

N s

N3yunts rnaBy «Omnucanue 000py10BaHUS.

paboTel W

OCHOBHBIX

YO6enuThCs, 9TO BBIKITIOUATENh MOIYJICH HaxoasaTcs B moyioxkeHun «BbIKJD».

[lo ykazanuio mpemnojaBatTens, BbIOpaTh
3aganus.  [loArOTOBUTH  COENMHUTENIbHBIC
KOMILJIEKT MOCTaBKH.

MOAYIH  JJIA

BBIIIOJTHCHUA

npoeoga  (IEPEMBIUKH),

COCI[I/IHI/ITB MOAYJIH COrJIaCHO CXEMC COCIUHCHUM.

IIpoBeCcTH 3KCIIEPUMEHT.
OTK/IIOUUTH MUTaHKUE, Pa300paTh CXEMY.
CocTaBUTh OTYET MO JIAOOPATOPHOU padoTe.

ITopsinok npoBeeHNs SKCIIEPUMEHTA:

1. O3HaKoOMUTHCS c NPUHLUIIAAIBHON
rae Rl =1 kOwm, R2=200 Om, VS1 - KY101.

BJIEKTPUYECKON

cXeMou

Cobparts cxemy Ha puc.l.IIpeacraButs cxemy /Ui IPOBEPKH MPEMOABATEINIO.

Puc. 1.1 Cxema snexkTprudeckasi NpUHLIUIHAIbHAS.

napaMeTpoB

TCKyHICTO

Ha

BXOOAIINE B

puc.1,

2. BxkirouuTh nUTaHuE CTeH A (mepeBecT nepekaoyarens «BKJIL.) B BepxHee MOI0KeHue).

3. Tlomats Ha nens anog/katon (E2) Hampspkenue + 15B oT ucrounuka nutanus (Ne2), mpu
HaNpsDKeHUU Ha yrnpasistoieM nektpoae/karon U yk = OB (El) - ( 0...12B) uct. nut Nel.

4. VYBenuuuBas ¢ noMoliupto perymnsropa E1 Ha 6ioke nutanus Hanpsikenue Uyk, U3MEpUTh
3Ha4YeHMs TOKa ynpasieHus ly; amnepmerpom PA2 . JlanHbie 3aHecTH B Tabimyl.

Tabmuma 1

U,B 1 2 3 4 5 6 7

1 *yl MA

1 *yg, MmA

5. Cuamxats HanpsxkeHne U yk 1o OB n cHOBa 3anmcheiBaTh 3Ha4eHuUs Toka ly» B Tabm. 1.

6. Iloctpounts rpaduku | I,=f(Uyk) npu yBennueHnu u ymeHbnieHun HanpsokeHus Uyk.
CHATP BONBTAMIIEPHYIO XapaKTepUCTUKY TUPHUCTOPA [a=f(Uask).

7.
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8. anee HeoOXOAMMO MPOBECTH IKCIIEPUMEHT ISl PA3HBIX aHOAHBIX HANpsOKEHUH THPHCTOpA!
5B, 10B, 15B. [ns sToro ucnonb3yercs uctounuk 0...15B, Bxonsmmii B coctaB 610ka
«TPAH3UCTOPBI» u 0603nauen kak «=Uy». [Ipu 3TOM HanpspkeHue cHUMaeTcs ¢ rHe3ia X4 u
UCHOJIB3YeTCs B KauecTBe uctounuka E2. ['ne3no X16 coeaunute ¢ 00IMM ITPOBOJOM CXEMBI C
tupucropoM. TymOaep SA2 B HkHeM nojioskeHud. [Ipu aTom Hanpsokenus SB, 10B, 15B moxHO
BBICTABJIATH ¢ TOMoIbI0 oTeHnroMerpa RP2(U2). [lanee, mociaenoBaTebHO U3MEHSS TOK Ha
YIPaBISIOLIEM 3JIEKTPOJIe TUpUCTOpa (KUcmonb3yeTcs ucToyHuk 0...12B), Heodxoaumo
3a(pUKCUPOBATH TOUKU MEPEKIIOYEHHUS TUPUCTOPA U3 3aKPBITOTO B OTKpPBITOE cocTosiHue. 3mMepuTh
3HAYEHHUsI YIPaBJISAIOLIEro TOKa 1y, TOka BKIIOUEHUs 1BKI U HanpskeHus BKItoueHus: UBKIL.

9. Omnpenenute Hanpspkenue Uy u Tok Iyn Beikimrouenus tupucropa. Ilocie BriatodeHus
TUPUCTOPA YMEHBIINTD YIPABISAIONIMA TOK 10 0. YMeHbIIas aHOJHOE HaIpsDKeHHE, 3aUKCHPOBAThH
MOMEHT BBIKJIIOUEHUs TUpUcTOpa. M3meputs 3HaueHus Toka Iynu nanpsokxenus Uyn.

Cusars BAX Tupucropa BO BKJIFOUEHHOM U BBIKIFOUEHHOM COCTOSIHMM IIPH OJHOM U3 MOJIyYEHHBIX
YIPaBJIAIONIMX 3HAYCHUAX ToKa ynpasienus. [loctpoiite BAX tupucropa.

Brikmtounts nutanue 01o0ka «cTouHuK nuTaHusd (mepeBecTu

nepekmouatens «BKJL» B HUKHee monoxeHue).

JIABOPATOPHAS PABOTA Ne 8

I/ICCHGI[OBaHI/IC pa6OTI>I OJHOIIOJIYIICPHUOAHOT'O YIIPABJIICMOI'O BBIIIPAMHUTCIIA

1. ILlems  paboTHI: W3y4YUTh  NOPUHUMII ~ JEWCTBUA W HCCIENOBAaThb  CBOMCTBa
YIPaBIIIEMOTO OJHOTIOJIYIIEPUOJHOTO BBINIPSAMUTENS oJTHO(a3HOTO MIEPEMEHHOTO
HalnpspDKEHUsT HAa  THUPUCTOPE, W, HA TMPAKTUKE, MPOBEPUTH OCHOBHBIE TEOPETUYECKHUE
COOTHOIIEHUS SJIEKTPUUYECKUX BEJIMYHH.

2. TIOPSIJIOK BBITIOJIHEHUS PAOOTHI:

2.1. N3yuntsh riaBy «OnucaHue 000pya0BaHU.

2.2. Y0enuTses, 4TO BBIKIIOYATENb CTEHIA HAXOAUTCS B MOJI0KeHUH «BBIKII».

2.3.Ilo ykazaHWio TpenojaBaTelis, BBHIOpaTh MOAYJIM  CTEHAA JUIS  BBINOJTHEHUS
TeKy1ero 3aaanus. [loaroToBUTh COeUHUTENBHBIE TPOBOIA (IEPEMBIUKH )/

2.4. CoeMHUTH MOJIYJIH COTJIACHO CXEME COEIMHEHUIA.

2.5. TIpoBecTH 3KCIIEPUMEHT.

2.6. OTKIII0YNTH TUTaHKE, pa300paTh CXEMY.

2.7. CocTaBHTh OTUET 110 JTAOOpATOPHOI padoTe.

3. Tlopsaok npoBeneHust IKCIEPUMEHTA:!
3.1. O3HakoMHUTBCS c MPUHIUITNATIBHON ANEKTPUYECKOMN CXemMou Ha puc.1,
rae R1 = 10KkOM, R2=300 OMm, C 1=2,2 mx®, VS1 -KVY101.
3.2. Cobpath cxemy Ha puc. 1.
3.3. TIpeacTaBuTh cXeMy JJIsi IPOBEPKHU MPETOaBaTEINIO.
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R2
[ vV }pvi
h AjlPA1 ocumnnorpag

PA2 Vsi

T

1  Kanan2

~2208, 50Ty 128 .=c1 A . @ Q
1 1

Puc.1. Cxema snektpuueckasi NpuHIUINAIbHAS

Ilpumeuanue. B kauecTBe MCTOUYHMKA CUTHAJIA (BBIXOJ BTOpUYHON 0OMOTKH T1)
MCIONIb30BAaTh JII000i1 1 3 Tpex BbixoaoB A,B unmu C tpexdaznoro reneparopa 500
3.4. BKIHOYHUTH CTEHI.
3.5. Ilo ocummnorpady (kaHan 1) onpenennuTs napaMeTpsbl YIPaBISIIOIIET0 UMITYJIbCA - aMIUIUTYLy
HANPSDKEHUS U ITTUTENbHOCTh UMITYNIbCA; TIO KaHaly 2 -HalpsiKeHHe Ha Harpys3Kke. 3apucoBaTth
OCLIMJUIOTPAMMBI.
3.6. Bpaimas pyuky nepeMeHHOro pe3ucropa R; onpenenuTs nuana3oH peryinpoBaHus yria
yIpaBIeHUsI.
3.7. 3apucoBaTh GpopMy HampspKEHHs Ha Harpy3ke npu ¢ = 90° 1 U3MEPUTH C TIOMOIIBIO
ocumutorpada U, Upy, f. lannble 3anecTn B T1a01.1.

Y CTaHOBUTB IO YKa3aHUIO NPENOAABATENs YTOM YIIPABICHUS () U CHATh HATPY304HYIO
xapakTepucTuky Unep = f (Incp), IpY = const. JlanHble 3aHecTu B Ta01. 1.

3.8. YCTaHOBHTSH M0 YKa3aHUIO MPEMOAaBaTe sl BEIUYUHY TOKA HATPY3KH U CHATH
PEryIMpOBOYHYIO XapAKTEPUCTUKY OJHOMONYIEPpUOIHOrO BeIpaMuTeNs Unc,=f(¢),

Ru=const. Yron ynpaBiieHHs] U3MEHSTh BPAILIEHUEM PYUKH IEPEMEHHOTr0 pe3uctopa R;. JlaHHbIe
3aHecTd B Tabn.1. (mpu 3Tom vactora f = 501 y).

Jlns ucciietoBaHus THPUCTOPA HA APYTMX YAaCTOTaX B KAYECTBE UCTOYHHMKA IIEPEMEHHOTO TOKA
UCIOJIb3YITE CUHYCOMJAIbHBIN CUTHAN (DYHKIIMOHAILHOTO I'€HEPATOPA.

Tabmuma 1

Unp B

IHcp ;A

/o xly

U, 6

@, epao

3.9. Ilocrpouts rpadukn Uwy =fllny) Unyp = (¢). 1Ipoanann3uposaTh NOIydeHHBIE
pE3yJIBTaTHI.

JIABOPATOPHAS PABOTA Ne 9
HccenenoBanne MOCTOBOTO BBIIPSMUTEINS
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Lenb paboThI: 03HaKOMUTbCS c MPUHILIUIIOM paboThI u OCHOBHBIMU

cBoiicTBaMH 0AHO(A3HOTO ABYXIOIYIEPHUOTHOTO BHITPSIMUTEIIS.

[Topsimok BhIMONHEHUS PaOOTHI:

1.
2.

N3yunts rnaBy «Onucanue 000py10BaHUD.

M3yunTh TEOpETUYECKHE OCHOBBI 10 MaTepuaiaM JICKIUN WU MIEPEYHIO PEKOMEHI0BAHHOU
IIPENOIaBaTEeNIEM JIUTEPATYPBL.

VO0enuThcs, 4TO BEIKIOYATEIb CTEHIA HaX0AUTCs B otoxxeHun «BBIKJI»

[To yka3aHMIO MpernoaBaTens, BBIOpAaTh MOIYJHU JUJIsl BHITIOJTHEHUS TEKYIIETO 3aJaHMUs.
[ToaroToBUTH COENMHUTEIBHBIE TPOBO/A (IEPEMBIUKH ), BXOAIINE B KOMITJIEKT TOCTABKH.
CoearHUTHh MOAYJIN COIIACHO IPUHLUIIUAIBHOMN JJIEKTPUYECKON CXEME HIIH CXEME
COCTUHEHUN.

ITpoBecTy 3KCIEPUMEHT.

7. BBIKIIFOYUTH CTCHA.

8. CocraBuUTb OTUET 10 J1a0OpaTOPHOU padoTe.

ITopsinok npoBeeHNs SKCIIEPUMEHTA:

1. HccnenoBanue paboThl 01HO(}A3HOTO BHIIPSMUTENS B PEKUME XOJIOCTOT0 X0a.

Cobparts cxemy puc. 1.

Y30 TP1

o—"

~220B Vv ) PV1

(V Pv2

o

Puc.1 HccnegoBanue O)IHO(I)BBHOFO BBIIIPAMUTEIIA U CTIIAKUBAOIINUX (1)I/IJ'H:>TpOB

ITpumeuanue. B xauecTBe nctounuka curnana (Beixox Bropuunoit oomotku Tp.1) ucnonb3oBath

o060 u 3 Tpex Beixo10B A,B unu C tpexdasznoro reneparopa S0I'yy

Jl1s mpoBeieHus OTbITa XOJIOCTOTO X0/a UCKIIIOYUTh Harpy3Ky U3 CXeMbl (OTCOETUHUTH OJI0K
«HenuHeliHble U peakTUBHBIE 3JIEMEHTBI» U «ConpoTHBIIEHUS J00aBouHbIe»). [IpucoemHNTD
K uccieayemomy 61oky «Jluozasl, Pesucropsl, koHaeHcatopel» amnepmerp PA1 Giioka
«M3meputenbHble TPUOOPBD IS N3MEPEHNUS BRITPSIMICHHOTO TOKA Harpy3ku. BKiIounTh
AIIEKTPONUTAHUE CTEH 1A, IOATOTOBUTH K paboTe ociuuiorpad st HabmoaeHus Gopm
HaIPSOKCHUN.

[Tpu paboTe BBIIPSAMUTENS B PEKHUME X0JIOCTOr0 X0/1a U3MEPUTH BOJIbTMETpoM PV
JeliCTByOIIee 3HAaYEHHE BBIIPSIMIIIEMOT0 TepeMeHHoro Hanpsikenus U,. Pezynbrat
n3Mepenus 3anucath B Ta0n. 1.IToaxmrounts BMecTo BosbTMeTpa (PV 1) ocummnorpad.
[TosryunTh Ha 3KpaHe yCTONUNBOE N300pakeHNE U ONIPEAETUTH 110 OCIUIIOIpaMMe
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aMIUTUTYAHOE 3HaYCHHE BBIpsMIIieMoro HanpsikeHus Us,- 3apucoBaTh B Maciitade
OCLIMJUIOTPaMMY BBIIPSIMIISIEMOTO HAIPSKEHMUSL.

3. Msmeputh BoiabTMETpOoM PV2 BennunHy BBIIPSAMIIEHHOTO IMOCTOSHHOTO Hamnpsbkenuss U, B
pEeKHUME XOJI0CTOT0 X0/1a BhIpsiMutesi. PesynbpTar 3anectu B Tabi. 1

Taobmnuua 1

Uy B Un, B U4 B U/ Uz Us/U;

[MoaxmrounTh ocuusuiorpad K OAHOMY U3 AMOAOB, MOTYYUTh YCTOWYHBOE M300pakeHUE, U3MEPUTh
BEJIMYMHY MaKCUMaJIbHOTro oOpaTHOro HampspkeHus Ha auoge Upbp. Mako 3apucoBaTh B TOM K€
MacIiTade oCHUIIOrpaMMy HalpsKEHUS Ha IUOJIE.

HccnenoBanue paboThI BHIIPSIMUTENS 0€3 CTIaKUBAIOIINX (PUIBTPOB.

JlJist 3TOTO MOJKITIOYHUTH Pe3ucTOphl 010Ka (J{nombl, pe3sucTopsl, KOHIEHCATOPED» B CXEMY
(puc.1) 1 yCTaHOBUTH B COOTBETCTBUHU C BAPUAHTOM BEIMYHMHY €0 COMPOTUBIICHUS (Ta0..2).

[ToxxirounTh BBIBOJBI OCIMLIOTpada MapauieIbHO Harpy3ke, 3apuUcoBaTh B TPEKHEM
MacmTabe OCHMIUIOrpaMMy BBIIPSMIIEHHOTO HaNpsiKEeHUsT Ha Harpyske Uy mpu OTCYTCTBHH
cruaxuBarommx (GuibTpoB. ONpeneuTh MO OCHHIUIOrPaMME JABOWHYIO aMIUTUTYAY ITyJIbCAIlHid
BBITIpSIMIICHHOTO HamnpsbkeHus AU. [Ipu He0OX0UMOCTH YBEIUYUTh YyBCTBUTEILHOCTh YCHIIUTEIIS
ocunuiorpada, yCTaHOBUB Y HEro 3aKkpbIThld BXoA. M3mMeputh ¢ momomipio BoibTMETpa PV1
MOCTOSTHHYIO COCTaBJISIIOUIYI0 HampshKeHUs Ha Harpy3ke U, PesynbraTel u3MepeHuii 3aHECTH B
tabin.3. [1o pesynbraram u3MepeHuit onpeaenuts ko uiueHT mynbcauuid g = AU/2* Ud .

Tabnuua 2
Bapuant 1 2 3 4 5 6 7 8
Homuuan | 33 47 100 200 300 100+300 | 200+300 1kOm

R3, Om

JIABOPATOPHAX PABOTA Ne 10
Hccnenoanue BIUsSHAS Ha BBITPSAMIICHHOE HANPSKEHUE CIUIAKUBAIOIINX

(GbuUIBTPOB (EMKOCTHOTO, MHAYKTUBHOTO U MHIYKTHBHO-EMKOCTHOTO)

[{enb paboThI: U3YUHUTH BIUSHUE CTIAXKUBAIOIINX GUIBTPOB HA paboTy 01HO(DA3HOTO
JBYXIIOJIYIIEPUOJHOTO BBIIIPSIMUTEIS.

[Topsimok BBIMIONHEHUS PaOOTHI:
9. U3yuuts rnaBy «Onucanue 000py10BaHUS.
10. U3yunTh TEOpETHUECKHE OCHOBBI 110 MaTepuaiaM JeKIUN WK NEPEUHIO0 PEKOMEHI0BaHHOM
MPEIOAaBATENIEM JIUTEPATYPHI.
11. YOenuThcst, 4TO BEIKIIOYATENL CTEHAA HAXOAUTCS B ToJ1okeHun «BBIKJI»
12. Tlo yka3aHuo MpenoaBaTelis, BEIOpaTh MOIAYIH JIJIsl BBIIOJIHEHUS TEKYILErO 3aJaHusl.
[ToArOTOBUTH COCMHUTENBHBIC TPOBOA (IEPEMBIUKH ), BXOIAIINE B KOMILIEKT TOCTABKH.
13. CoemnHUTh MOYIU COTJIACHO MPUHIIMITHAIBHON AJIEKTPUUECKOM CXEeME UITH CXEME
COEMHECHUM.
14. IIpoBeCTH 3KCIIEPUMEHT.
15. BeixirrounTh cTeHn.
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16. CoctaButh 0TYET 1O JabOpaTOPHOI padoTe.

[Topsiok mpoBEAECHUSI SKCIIEPUMEHTA:
2. HccnenoBanue paboThl 01HO()A3HOTO BRIIPSIMHUTEINS B PEKUME XOJIOCTOIO XO/1a.

Cobpatsb cxemy puc. 1.

Y30 TP1

o—~"

~220B PV1

o

A [‘]:j oy

Puc.1 UccnenoBanue ogqHo(azHOro BHIIPSIMUTENS U CTIIAKUBAIOIIUX (PUIBTPOB

[Ipumeuanue. B xauecTBe ctoynnka curuaia (Bexon Bropuunoii oomotku Tp.1) ucrnons3zoBars
1r000i1 1 3 Tpex BeixonoB A,B mmm C tpexdasznoro renepatopa S0l

HccnenoBanue BIUSHUS Ha BBIIPAMICHHOE HAIPsDKEHHE CIUVIQXKMBAOIMX (QUIBTPOB
(EMKOCTHOT0, UHIYKTUBHOTO U MHAYKTUBHO-EMKOCTHOI'O).

[TonkirounTh B CXeMy 010K «PeakTuBHbBIC BIIEMEHTBI. [ToakirounTh
ocuwiorpadp — mapajieNbHO — Harpy3ke M 3apHcoBaTb B IIpeXHeM  MaciTtade
OCIIMJUIOTPaMMBI  BBIIPSMIICHHOTO  HampsbkeHWss Ha  Harpyske UH  @Opu  KaxkIoM
BKIItoueHHOM ¢uibTpe (momepemenHo mnoakmtodare LI, CI, L1C1). H3MmeHss BenuuuHy
HOMHMHaNIbHOM  emkocTH  KonaeHcaropa Cl B  mpememax  40..250 wMmk®, cpaBHUTH
BIIMSTHUE BEIMYMHBI EMKOCTH KOHJIEHCaTOpa (pUIIbTpa HA BBIXOIHOE HAIPSHKEHUE.

W3menstss Benuuuny uHayktuBHoctH L1 B mpenemax 0,3..100mMI'H, cpaBHUTH BiusHUE

BEJIMUMHBI MHIYKTUBHOCTH (PUIIBTpPa HA BBIXOJHOE HampspkeHue. CrenaTth BBIBOJBL. 3apuCOBATh B
IpekHEeM MaclTabe OCHMIUIOrpaMMbl HANpsDKEHHS Ha Harpy3ske IpHU KaXJAOM BKJIOYEHHOM
buibTpe.
IIpn KaKJIOM BKJIFOYEHHOM ¢unbTpe U3MEPSTh c ITOMOIIBIO BOJIbTMETPA
PV1 nocrosHHY!O COCTaBJIAIOINYIO BBINIPAMIIEHHOrO HampsbkeHHs Ud W ¢ IOMOILIBIO
ocrmutorpada - JIBOMHYIO aMIUTATYY MepEMEHHOMN COCTaBJIIOLIEN AU
HaNpsDKEHUs Ha Harpy3ke. Pe3synbTaTel u3Mepenuii 3anectu B Tabm. 1.

Tabmuna 1
Ilapamemp Tun purempa
OMKNIOYeH Col | CP2 | CD3 | Lol L2 Lpn Cen
AU
Ud
q=AU/2Ud
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HccnenoBatsb BIIMSIHUE BEJTMYMHBI COIIPOTHUBIICHUS Harpy3ku Ha
3¢ HEKTUBHOCTD paboThI CTJIQ)KMBAIOIINX GMIBTPOB. s 3TOrO npu KaKIOM
BKIIFOUEHHOM  QuibTpe  (momepeMeHHo  moakimtodare LI, CI,LICI) W3MEHATh  BEIUYHHY
COIPOTHBIICHUS HAarpy3ku (R3) 1 HabmoaaTh (hopMy HaNpsHKEHUS Ha Harpy3Ke.

CnenaTh BBIBOJ, O BIUSHUM BEJIWYMHBI CONPOTHBICHUS HAarpy3kd Ha 3((HEKTUBHOCTH
paboThI PUIBTPOB.

CHATb ~ BHEIIHHE  XapaKTEPUCTHKHU Ud=f(Id)  BblpsMutenss 0Opu  OTCYTCTBUU
¢unbTpa, TpPU  EMKOCTHOM, HHAYKTUBHOM W  HMHIYKTUBHO-€MKOCTHOM  QuubTpe. s
9TOr0,  M3MEHAsS  BEJIMYMHY  CONpPOTUBICHUS  HAarpy3ku  R3,  U3MepsITb  BEIUYMHY
BBIIPSMJIEHHOTO  IOCTOSSHHOrOo  HampsbkeHuss Ud W BBIIPSAMIIEHHOIO  MOCTOSIHHOIO — TOKa
Id npu kaxnoMm 3HaueHMM CONPOTHUBIIEHUS HArpy3Ku. Pe3ynabTaTel M3MepeHui 3aHecTH B Tabn. 2.

Tabnuna 2
Tun purempa llapamemp Haepyska R3, Om
Omxnroyen Ud-B
Id. A
Emkocmuou Ud-B
1d-A
Hnoykmuenuwii Ud-B
1d-A
Hnoyxmueno- Ud-B
eMKOCMHOU ld-A
JJABOPATOPHAS PABOTA Ne 11
Uccnenoanue Tpexda3HbIX CXeM BBITPSMIICHUS
ensb paboTHI: U3YYUTH TIPUHIIMIIL JeCTBHS, AKCIIEPUMEHTATBHBIM nmyTeM

HCCIIeA0BaTh CBOMCTBA BLIHpHMHTeJ'IefI TpeX(l)aBHOl"O MNEPpEMCHHOTO HAIIPAKECHUA Ha AJUOJaX W Ha
MPAaKTUKE ITPOBECPUTH OCHOBHLIC TCOPCTUUCCKNEC COOTHOMICHUS SJICKTPUUCCKUX BCIIMYHH.

[Topsimok BeIMOTHEHUST PaOOTHI:

N3yunts rnaBy «Onucanue o00pya0BaHU».

VO0eauThcs, 4TO BBIKIIOYATEIb CTEHIa HaX04ATCs B mojioxkeHun «BBIKJI»

Ilo YKa3aHHUIO MPETo1aBaTels, BBIOpATh MOTYITH TS BBINIOJTHEHUS TEKYIIIETO
3aJ]aHUS. IToaroToBUTH COEIMHUTENbHEIC MpoOBOJIA (mepemMbIukn), BXOJISAIINE B
KOMILIEKT IIOCTABKH CTEHJA.

CoenuHuTh MOAYJIU COTJIACHO CXEME COEIMHEHUH.

[IpoBecTu 3KCrEepUMEHT.

OTKIIIOUNUTH MUTAHKE, PA300PATH CXEMY.

CocraBuTh OTYET MO JabOpaTOpHOI padoTe.
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[Topsanox npoBeaeHHsI SKCTIEPUMEHTA:
B pabote ucnonsiyrorces: monynu: «Tpexdasnbiii reHepaTopy, «M3MeputenbHbie MpuOopb», «JHomb!,
pe3ucTopsl, KoHeHcatopb». (Pesuctop 1 kOm; koraencarop 100 mx®; quonsr 1 N4007 x 3).

Tpexcpasnvlii sbinpamument ¢ Hy1e6bIM 8bl6000M

3.1. O3HaKOMMTbCS ¢ IPUHLUIINAIBHOMN AJIEKTpUUECKON cxeMol Ha puc.3.11.1,
rane Rl =1 xkOm,C1 -100 MkD;VDI-VD3 - I N4007x3.
Cobpatb cxeMy Ha puc. 1.

vd1

AO Pt
Vd2

BO B ocunnnorpag
vd3

cO B s ] . Kauani  Kawan2

L C1(VPV1 ? Q
I

Puc.1 Cxema QJICKTPHUUCCKAA IIPUHIHIIHAIbHAA

1. Konnencatop C1 cHayasa He MOAKIIOYATD.
Ha Bxop cxembl mojaercs Tpex@a3zHoe NMEepeMEHHOE HallpshKeHHE OT Tpex(a3zHoro reHepaTopa.
Bonbsr™merp PV2 npennasnauen ais u3MepeHust JeiCTBYIONIEro 3HaYeHUSI CHHYCOUJAIbHOTO
HanpspKeHus, BoIbTMeTp PV 1- as u3mepeHus MOCTOSIHHOTO (BBINPSMIIEHHOT0) HAMPSKEHHUSL.

2. BxIouuTh CTEH].

3. 3apucoBaTh OCIHJUIOIPAMMBbI BXOJITHOTO U BBIXOJHOTO HAIIPsDKEHHH ¢ 3KpaHa ocuusuiorpada.

4. llpencraBuTh cxemy Ul IPOBEPKH NPENIOJABATEIIO.

ITpoBecTn n3mepenus U 3anucath B Tadn. 1. 3Hauenus: U, —aelctByromee, U, -cpennee, AU,y »
m =fnyﬂbc =fo‘
Paccuutats u 3anucats B Ta01.1 k03pPuuuenTsl Uy/ Uge B Kyype
[TapannensHO HArpy304HOMY PE3UCTOPY R; MOJIKIIIOUNATH CTIAXKHUBAIOIIUK KOoHeHcaTop C;, TOBTOPUTH
M3MEpEeHUs U 3apUCOBaTh rpadyK BHIMPSIMICHHOTO HAMPSDKEHUS HA OJJTHOM PUCYHKE, YTO U
ocuusuiorpaMma u3 1. 3. OnbIT TOBTOPUTH I HECKOJIBKMX HOMUHAJIbHBIX 3HAYEHUH €MKOCTEN
konzaeHcaropa Cj.

Tabmuma 1

C, ux®d
U, B
U, B
AUy B
m
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Usd/Ugx

knyﬂbc

VYo6pars xonaercarop C; U3 CXE€Mbl U MOBTOPUTH M3MEPEHHS MPU PA3HBIX 3HAYCHUSX HOMHHAIBHBIX
conpoTuBiieHn# pe3ucropa R;. Jlanueie 3aHectu B Tadm1. .2.
Tabnuma 2

R, kOm
Ugy, B
Ud, 6
4 Uny,7bc B
m
Ud/USX

knyﬂbc

3apucoBaTh OCHMJIIOIpaMMbl BXOJHOTO Ug(t) u BeIXOgHOrO U, (t) HanpsokeHUud. OTMETUTDH HA
ocumiuiorpamMmme 3Hauenue Uy.
BerancnuTh BeMuuHy TOKa Iy, icxonas u3 3HaueHui U, u R. JlanHbie 3aHecTH B Ta0. 3.

Tabnuna 3

Ug, B
R, KOM
la, MA

BoiascHuTh, 3aBUCUT 11 Xapaktep kpuBoil U, (7) oT Toka Harpy3ku. Ecnu xapakrep U, (f) uameHsiercs, To
3apUCOBATH OTAEIBHO OCUUIIOrPAMMBI 1711 PEKMMOB XOJIOCTOrO XO/a BBIIPSIMUTENS 1 MAaKCUMaJIBHOTO
TOKa Harpy3kH.

Brixmrounts nepexkitoyatens ctenna «BKILy.

JIABOPATOPHAS PABOTA Ne 12

Tpexda3zubiii MOCTOBOI BRIIPAMUTEND (cXxema JlaproHoBa)

HCJ'II) pa60TI>IZ HU3YUUTh NPUHOUIL HGfICTBI/ISI, OKCIICPUMCHTAJIBHBIM ITYTEM HUCCIICA0BATH CBOMCTBaA
Tpqu)aL’oHOl"O MOCTOBOT'O BBIIIPAMUTEIIA (cxeMa .HapI/IOHOBa) 1 Ha IIPAKTHUKE NPOBCPUTH OCHOBHBIC
TECOPCTUICCKHUEC COOTHOLICHUA SJICKTPUICCKUX BCIIMYHH.

B pabote ucnonb3yroTcs:

» monynu: «Tpexdasnblii reHepaTtopy, «M3mepurensHbie pruOOpsD», ((uoasl, pe3ucTopsl,

koHgeHcatopb. (Pesuctop 300 Om; konaencarop 100 Mx®; nuoast 1 N4007 x 3).

3.14. O3HaKOMHUTHCS C MPUHIMITHAILHON AIIEKTpUYecKoi cxemoi Ha puc. 3.11.2.. tae R1 =300 Owm,
C1 =100mx®d; VD1-VD6 - 1N4007X3.
3.15. Cobparts cxemy Ha puc. 3.11.2. Kougencatop C1 cHayana He TOIKIFOYATh.

Ha Bxon cxembl nogaercs Tpex@azHoe MepeMeHHOe HaIlpsiKeHHe OT Tpex(a3HOoro reHeparopa
0s10ka «DYyHKIIMOHATBHBIN TeHepaTop». BonsTmeTp PV2 nipennasnauen i u3MepeHus IeHCTBYIOMIETO
3HAYEHUS CHUHYCOMJAILHOTO HampsbkeHus, BoibTMeTp PV1 - 118 wu3MepeHus MOCTOSIHHOTO
(BBIMIPSIMIIEHHOT0) HAIIPSKEHUS.

3.16. IlpencraBuTh cxemy ISl TPOBEPKHU MPETIOIABATEIIO.
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Puc.3.11.2 Cxema anexkTpruyeckas IpUHLIUIINAIbHAS

3.17. Bxmtouuts nepexitodarens «BKJL» crenna.

3.18. 3apucoBarb  OCHWJLUIOTPAMMBl ~ BXOAHOTO M BBIXOJHOIO  HANpPsDKEHHH €
sKpaHa ocuiorpada.

3.19. IlIpoBectu wu3mepeHuss u 3anucatb B Tabm. 3.11.4 3nHagenums: Upx —
neicteyromee, Ud — cpennee, Auyyibe, m = “ynbc/IBX.
3.20. Paccuurath u 3anucath B Taba. 62 koadduituentsl Ud / UBX 1 KIyibe
3.21. MMapamienpHo Harpy3ouHoMy pesuctopy R1 moakmounts crimaxuBaromuii kougencarop Cl,
MMOBTOPUTH M3MEPEHUS U 3apHCOBATh TpadUK BBITPSIMIICHHOTO HAMPSKCHHSI HA OJTHOM PUCYHKE, YTO U
ocrmuiorpaMmma u3 1. 3.19. OnbIT MOBTOPUTH JJIs HECKOJIBKUX HOMMHAJIBHBIX 3HAUYEHUM EMKOCTEH

TabamLa

C, MKP
UsX, B
Ud, B
AUnyAbC, B

m
Ud/Uex

KMYAbC

koHnencaropa Cl.

3.22. Voparp xonaeHcarop Cl u3 cxembl U MOBTOPUTH M3MEPEHMs NPHU Pa3HbIX 3HAUYEHUSX
HOMHUHAJIBHBIX CONpOTHUBIeHUH pe3uctopa R1. JlanHble 3anectu B Tadn. 3.11.5.

Tab6muna 3.11

R, kOMm | |
UBX, B
Ud, B
AUnyAbC/B
m
Ud/Uex
Knysabc

3.23. 3apucosarh ocimorpaMMbel BxoaHoro UBx(t) u BeixogHoro Uhi(t)
HanpspkeHni. OTMETUTD Ha ociuiutorpamme 3Hadenue Ud.

3.24. Bpruucnauth BenuuuHy Toka Id, ucxoas u3 3nauenuit Ud u R. JlanHble 3aHecTu
B Ta0x. 3.11.6.
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Tabmuma 3.11

Ud, B

R, kOM

Id, MA

3.25. BousicuuTh, 3aBucUT s xapaktep KpuBoi Uhi(t) or Toka Harpysku. Ecmu xapakrep UH(t)
U3MEHSIETCA, TO 3apUCOBATh OTJEIBHO OCIHIIJIOTPAMMBI JJI PEKUMOB XOJIOCTOTO X0Ja BBIIPSIMUTENS U
MaKCUMaJIbHOTO TOKAa Harpy3KH.

3.2

rIe

6. BBIKJITIOYMTD MUTAHUE CTEHIA.
3.27. CpaBHUTH rapaMeTpbl obenx

[Ipaktrueckas padora Nel

Pacuer JUOJHBIX CXCM

Meroanueckue ykazaHus

Tpex(das3HbIX BBIIPAMUTENCH
napamerpamu ogHo(}a3HbIX cxeM BoInpsMuTeneid. Caenats BHIBOJIBI.

PaCCMOTpeTB IIpouccCChl B JIMHEHHBIX CXEMaXx. HpI/I AHaJIN3€ CXEM C pCaJIbHbIMU 2JICMCHTAMU, B

YaCTHOCTH C JUOAdaMH, HNPUXOAUTCA YUUTBIBATH HEJIUHEHHOCTh MX XapaKTCPHUCTUK, YTO

OTPaXac€TCsd MU Ha MCTOJHKC pacd€Ta TAKHX CXCM. PaCCMOTpI/IM HpOCTCﬁH.IPIC MCTOJbI pacycTa

HEJIMHENHBIX LENEeH, UCTIOIb3yEMbIE T PELICHUS 3a/1a4.

Bonvmamnepuas xapakmepucmuxa ouooa

AHanu3 QuU3MUECKHUX IMPOLIECCOB B IMOJE MO3BOJSET MOJYUUTh BbIpakeHue st ero BAX B

OKCIIOHCHIMAJIbHOM BHC:

In=Is[exp(Un/@r) — 1],

TOK HAChIIIICHUA,

- TEIIOBOM MOTEHITNA,

TOK IHozaa u HanpsHKeHUe Ha
HEM, COOTBETCTBEHHO.

Oro mnpocredmmii ciydail 3amaHus BAX
JIUONA B ananumuyeckom éude. MOXHO CHHMAaTh
XapaKTEPUCTUKY JUO/a SKCHEPUMEHTAIBHO IO
TOYKaM. Torma  xapakrepuctuka Oyjaer
npeAcTaBieHa B mabauunom sude. Hakonerr,
BAX moxer OBITH NpejCTaBiIeHa B epaguieckom
6ude, YTO JIOBOJIBHO YacTO TMPUMEHSACTCS
JUIS.  TIPEACTABICHUS THUIIOBBIX XapaKTEPUCTHUK
B CHOpPaBOYHBIX JaHHbIX. BAX guoma B
rpaduyecKkoM BHJIE TTOKa3aHa Ha puc. 1.

IJIA

Puc.1
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I'pagpuueckuit memoo

DTOT METOJ OCHOBAaH Ha HEMOCPEICTBEHHOM wHcnoib3oBaHuu BAX auona, 3amaHHONl B
rpaduueckom Buae. ['paduueckuit meron Hanbosiee MPUTOJEH, KOTIa B CXEME MMeEeTCs TOJIbKO
onuH auoj. Torma cxemy MOKHO pa3/IeiUTh Ha JIB€ YacCTH: JIMHEWHBIM HeWJealbHbII TeHepaTop
HaMpPsDKEHUS WK TOKa (aKTUBHBIN ABYXIOMIOCHUK) U HEIMHEHHBIN (TaCCUBHBIN ABYXTOIIOCHUK),
a JUI pacdeTa UCIOIb30BaTh METO]] IKBUBAJICHTHOTO TreHepaTopa.

IIpocreiimas cxema. Ha puc.2 mnpeacraBneHa mnpocTeiliias cxema A TakKoro aHaiusa.

Tok 1a tnona u HanpsHKEHUE M, HAa HEM CBSI3aHBI MEX1Y CO00i CIeyIoInuMI YpaBHEHHUSIMHU:

I,u =(E- UJJ,)/R,
In = f(UH).
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Otpe3ok OA, YuCIECHHO PaBHBIN HAMPSKEHUIO XOJIOCTOTO X0Aa ucTouyHuKa nutanus E. Ock To-ka
Harpy3ouHas npsiMas repecekaer B Touke B, oTcekas Ha 310l ocu otpe3ok OB, uncineHHO paBHbIN
MakcumanbHoMy TOKY E/R nenu. BAX auona u Harpy3ounas npsimasi nepecekarorcsi B Touke C. Jrta
TOYKa SIBJISIETCS PEIICHUEM CHCTEMbI YpaBHeHH B rpaduueckom Buae. Koopaunarer 1%*p u U*p
ToukH C SIBJISIOTCS HCKOMBIMU TOKOM U HAIIPSIKEHUEM JIM0J1a COOTBETCTBEHHO.

HampspkeHrne nCTOYHUKA TUTaHHUSI MOKET UMETh JIF00YI0 hopMy (HarmpuMep, CHHYCOUJAITBHYIO).
[TocTpoeHue BpeMEeHHOW JuarpaMMbl TOKa JUO0J1a JUIsl 3TOTO Cydasi TOKa3aHo Ha puc.3.

JJis KaKoro MOMEHTa BpeMeHH (ti, ty, t3 U T. 11.) HeOOX0IMMO HaTH MTHOBEHHBIC 3HAYCHUS HA
HaIpsDKEHUS UCTOYHHUKA MUTAHUA €(t) ¥ TOCTPOUTh COOTBETCTBYIOIIYIO HATPY30UHYIO MPsAMYI0. TOUKH
nepecevyeHust Harpy304HbIX npsmMbix ¢ BAX nuona onpenensitoT npu 3TOM MIHOBEHHBIE

3HaYE€HU TOKa JUO0Ja JJIsI MOMEHTOB BPEMEHHU ti, tp, t3.

Im,  im®

BAX

HarpyzouHele
npsMele

S

y -~

5 th 12 13

t1 et

t2 \\

t3

Puc.3
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[Ipu nocnenoBaTebHOM, MapaNIETbHOM WM CMEIIAHHOM COEMHEHUU HECKOIBKUX AHOIOB B
CXEME UX MOYKHO 3aMEHUTh OJHUM HEIMHENHBIM JIBYXIOJIOCHUKOM, MOCIIE YEro 3aa4ya CBOJIUTCSA
K Npeaplayiei. PaccMoTpuM Takyro METOIUKY PEIICHUS 11 Pa3IuYHbIX CIIy4aeB COCIMHEHMS
JIUO/IOB.

[TocnenoBarenpHOE BKItOUeHHE 1U0AOB. [IycTh B cxeme aBa 110Ja BKIFOUYEHBI
II0CJIEI0BATENBHO, KaK 3TO MTOKa3aHo Ha puc. 4. [Ipsmble BeTBu BAX auonos VI, V2
MIPE/ICTABIICHBI HA puc. 4 KpUBBIMU | U 2 COOTBETCTBEHHO.

JIBa mocenoBaTenbHO BKIFOUEHHBIX IMO0Ja MOKHO MPEACTABUThH KaK OJIMH SKBUBAJICHTHBIM
HEJIMHENHBIN IBYXIIOJIIOCHUK, HAIIpUMEP 3KBUBAJICHTHBIN AUO. ITockonbky Hanpsxkenue Upp Ha
9TOM SKBHUBAJIEHTHOM JIM0JIe paBHO cyMMe HanpspkeHus: Uppi nuona VI u nanpspkenus Upp2 nuonaa
V2, nns noctpoenus BAX sKBUBaJICHTHOTO IHOJa HEOOX0AUMO CI0KUTh BAX oTenbHbIX
nnonoB (kpusbie 1 u 2 Ha puc. 9.24) o HanpsbKeHUIo. B pesynbTaTe momydaercs kpuBas 3 (puc. 4).

Teneps 3amava cBeeHa K npeapiaynieid. Heooxoammo npoBecTy Harpy304Hyro npsimyo AB u
HaliTh ee nepeceueHre ¢ BAX skBuBajIeHTHOr0 Mo/1a. DT JIMHUU Niepecekatorces B Touke C ¢
xoopaunaramu 1*pp u U* p. 3Has Tok, MoxHO 110 BAX nuonos Haiitu Hanpsokenus U TIP1 " U
npP2*

B paccMoTpenHOM mpuMepe AUl CMEIICHBI B MIPSIMOM HaIpaBieHUU. PaccMOTpUM Takyo ke
cxeMmy mpu oOpaTHOM cmeteHuu (puc.5). O6parubie BetBu BAX nuonos VI, V2 npeacraBnens Ha
puc. 9.25 kpuBbiMH 1 U 2 cooTBeTCTBeHHO. 10 aHanOrNM ¢ pacCMOTPEHHBIM CIy4yaeM HEOOXOAUMO
cnoxuth BAX nuomoB no HanpspkeHuto. B pedynprate nmonydaercs kpusas 3 (puc. 5). Touka C
nepecedeHus pesynbrupyromeil BAX ¢ Harpy304Hoii psiMoii jaet oopat-

HBII TOK THOA0B 1*op 1 0OpaTHOe HanpspkeHne U*op. [lepeceuenue ¢ xapaKTepUCTUKAMU JHO-
JIOB TIPSIMOM, MapajuieIbHON OCH HAMPSXKEHUN U TPOXOosiIei uepe3 Touky C, naeT Hampsixke-
uus Ha quonax U*,BI M U*gp2-

Crnemyer 00paTuTh BHUMaHUE Ha TO, YTO MPHU MOCIEI0BATEIIHHOM BKIIOUEHUU JTUOI0B 00paTt-
HbIE HAMPSDKEHUS HAa HUX OKa3bIBAIOTCS HEOAMHAKOBBIMU. [IprunHa 3aKiTi0uaeTcsi B HeUICHTUY -
HOCTU 00paTHBIX BeTBei BAX nuonoB. [[1s BeipaBHUBaHUS 00OpaTHBIX HAMPSDKEHUN HA TMO/IaX
HEO0OXOIMMO BBECTH B CXEMY JIOMOIHUTENBHBIE 3JIEMEHTHI (HallpuMep, BKIIOYUTH MapalliebHO
JIN0/1aM BBIPABHHUBAIOLIE PE3UCTOPHI).
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Cnez[yeT O6paTI/ITI> BHHMAHUE HA TO, YTO IIPH MApalJICJIbHOM BKIIFOYCHHUHU JUOJ0B HMX TOKH
OKa3bIBalOTCs HECOANMHAKOBBIMU. HpI/ILIPIHOfI 9TOTI'0 CJIYKHUT HEUICHTUYIHOCTD
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[TapannensHoe BKIOYEHHE 1UOA0B. Paccm Puc.5 MOrMYHYI0 METOJMKY JJIs NapaJlIeIbHOTO
BKJIIOUEHUS AUOJOB (puc. 6). JIBa mapaienbHO BKIIOYEHHBIX AHOJA MOXHO paccMaTpUBaTh Kak
OJIMH SKBUBAJICHTHBI HEJIMHEWHBIA JBYXIOJIOCHHUK, HAlIpUMep HKBUBAJICHTHBIM JIHOA.
[TockonbKy TOK lpp 3TOro 3KBHBAJIEHTHOTO JuM0JAa paBeH cymme Toka Ipi auona VI u toka lppr
nuona V2, miis noctpoennss BAX 3KBUBaJIEHTHOTO 1012 HEOOXOIUMO CIIOKHUTh BAX OTACIBHBIX
nuonoB (BeTBH 1 u 2 Ha puc. 6) mo Toky. B pe3ynbrare noiayyaercst Kpupas 3 Ha puc. 6.

Tenepp 3agaua cBeJeHa K penieHHON panee. Heo6xoaumo npoBecTH Harpy304Hyo npsmyoo AB u
HalTH ee nepeceueHre ¢ BAX skBUBalIeHTHOTO 110/Aa. DTU IMHUU nepecekatoTcs B Touke [ C. B
pe3ynbTaTe nojydaem Hanpspkenue U*p, KoTopoe ouHakoBo 1j1st o6oux nuoaos VI u V2. 3nas a0
HATIPSKEHHE, MOXKHO 1Mo BAX 110/10B HaifTi HCKOMBIE TOKH 1™ npi i 1#11p2*
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