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JlaGopatopHas paboTa 2.2

UCCIIEAOBAHUE 3ODEKTOB COINTACOBAHUA B UISMEPUTEJIHbLIX
ANEKTPUHECKUX LIENAX

ILeap paGoThl: 0O3HAKOMIIEHUE C TPUHIMIIAMU ITOCTPOCHHUS ANEKTPUUYECKON LIeH, TpobieMamMu, BO3-
HUKAIOLIUMU IPU COTJIACOBAHUU IEKTPUUYECKOTO CUTHAja JaTYuKa C PErucTpaTopoM.

OobopynoBaHue: aMIIepMETPbI, BOJIBTMETPbI, HU3KOYACTOTHBINA T€HEPATOP, MarasuH CONPOTUBIICHU,
HMCTOYHUK TIOCTSHOTO HaIpsDKEHUs (TOKa), (GOTOIIEMEHT, ITU(POBON BOJBTMETP, MOJYIPOBOIHHUKOBBIN
CTAOMIIUTPOH, ABYX KOOPJIWHATHBIN CaMOIUCEL, peOCTar.

KpaTtkas Teopus

Kaxp1ii m3MepuTenbHbI TPUOOP CTaparoTcs KOHCTPYHPOBATh TakK, YTOOBI M3 MHOXKECTBA JIEHCT-
BYIOIIMX Ha HETO0 BHEUIHMX BEJIMYMH OH pearupoBaj TOJIHKO Ha OJHY, AJISl U3MEPEHHUs KOTOPOM OH Mpen-
HazHauyeH. OJTHaKO U3MEPEHHOE 3HaYeHHE B OOJBIIECH MM MEHbIIEH Mepe ONpeaesseTcs U MeIIaloIUMU
dakTopamMu - BIUSHUE TEMIEPATYphl, BHEIIHUX AIEKTPUUYECKUX M MAarHUTHBIX MOJIEH, HABOJKH HA COEIH-
HUTEJbHBIE MPOBOAA, MOJI0XKeHUe pudopa u.T.4. [loaromy nepen uaMepeHreM He0OXOIUMO Pa3MECTHUTD
MPUOOPHI TAKKUM 00pa3oM, 4TOOBI CBECTH K MUHUMYMY Memarommue GakTopsl, MPpU HEOOXOIUMOCTH IKpa-
HUPYSI TPUOOPHI OT BHEUTHUX AJIEKTPOMArHUTHBIX U TEIUIOBBIX MOJIEH .

Kakum Obl TOuHBIMU He ObUIH HCTONb3yeMble Bamu mpubopbl, HEBOZMOXKHO TOUHO U3MEPUTH UHTE-
pecytonryto Bac BenuumHy, eciu MmojakitodeHue npudopa usmenser ee. [Ipu m3aMepeHuHn BOIBTMETPOM
HaMPSDKEHUS, €r0 COMPOTUBJICHHUE OJKHO OBITH TOCTAaTOYHO OOJIBLIMM, a NMPU U3MEPEHHH TOKa amrep-
METPOM COMPOTHUBIIEHUE MOCIEIHEr0 JTOJIKHO OBITh JOCTAaTOYHO MasibiM. YTo 3HauuT pocrarodHo ? Oue-
BUJTHO, YTO €CJIM U3MEHEHHE U3MEPSIEeMOI BEJIMYUHBI, IPU MOAKIIOYEHUN TPprOOpa MEHbIIIE ero CUCTeMa-
TUYECKON MOTPEIIHOCTH, TO 3TOTO AOCTATOYHO. TakuM oOpa3oM, AJisi MPaBUILHOTO W3MEPEHUS U BOJIBT-
METPOM U aMIIEpPMETPOM HEOOXOAMMO 3HAaTh 3KBUBAJIEHTHOE COMPOTHBIIEHUS HMCTOYHUKA H3MEpsSEMOi
BeIMUYMHBI. ECIM K TOUKe pa3phiBa IeNH AJIsl U3MEPEHUs ToKa ObUIH MOAKIIOYEHBI HEOObIINE COTPOTUB-
JICHUsI, OCTaJIbHAs YacTh LIEMIU MOXKET UMETh COMPOTUBJICHUE 3HAUNTEIHHO OOJIbIIee COMPOTUBICHUS aM-
nepMerpa. ConpoTHBIEHHE BOJIBTMETPA HE 00s13aTE€NBHO JOKHO OBITH OOJbIIE CONPOTUBICHHUS, K KOTO-
pOMy BOJIBTMETP HEMOCPEeACTBEHHO NonkitodeH. [logscHum 3To Ha mpumepe. Ha Puc.l BoapT™MeTp moa-
KiIrodeH K conpotuieHuio 100 KoM., Ha mepBblid B3I, Il TOYHBIX U3MEPEHUN €ro CONMPOTHBIICHUE
JOJKHO OBITH CYIIECTBEHHO Ooubliie 3TOM BenuuyuHbl. He TpynHO mopcuuTarh moka3zaHUs BOJBTMETpA
TP €T0 PA3JIMYHBIX CONMPOTHBICHHUIX (CM. TAOJIUILY).

10 Om 100 Om

1oV 1 K 100 K

V)

Puc 1. K onieHke BIMSHHS BXOAHOTO CONPOTUBIIEHUS BOJIBTMETPA HA PE3YIILTAT U3MEPEHUS.

R BonbT™MeTpa | 1 Mom 100 Kom 10 Kom

[Tokazanus 9.89 BOIBT 9.87 BOIBT 9.78 BOIBT
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[Tonmyyaercst, 4TO BO BCEX TPEX CiIydasx OTKJIOHEHHUE MOKa3aHUM, OT UCTUHHOTO 3HAYEHHUS MEHbIIE
1.5% . Pe3ynbrar jerko MoHATH, €CIM Mpeodpa3oBaTh cXeMy K SKBHBAJICHTHOMY BUIY MOKa3aHHOMY Ha
Puc. la

________________________________________________________________ E=0.89v, R=109.77 om
—__ I v

Puc.la

= W3 >KBHUBaNEHTHOW CXEMBbI CIEAYeT, YTO BOJBTMETP MOJKIIIOYAETCS K
ucrouHuky ¢ E=9.89V ¢ comporuBnennem 109.77 Owm. Takoe
R, npeoOpa3oBaHWe  JIETKO  paccyuTarh,  IMOJB3YsACh  TeopemMond 00
SKBHBAJIEHTHOM I'€HEpaTope.

ConpoTuBieHHE >KBHUBAJECHTHOIO TE€HEPAaTOpa, PaBHO COMPOTUBICHHUIO LEMU MEXIY 3aKHUMaMU
BOJITMETpA, TPHU YCIOBHO 3aMKHYTOM wuctounmke OJIC (3aMKHYTBIX, €ciu HX Heckonbko). JJIC
HKBHMBAJICHTHOTO TEHEparopa HAaXOAWTCS KaK HampsDKeHHE Ha TeX e 3akuMmax. B oboux ciyuasx
Harpyska, (B HaIlem ciiydae BOJIETMETP) JIOJDKHA OBITh OTKIIIOYEHA. DTOT MPHUEM OYEeHBb YI0OEH, Korma
HE0O0XOJJMMO pacCcUUTaTh TOK WJIM HAaIpsDKEHHE Ha Harpys3ke npu ee u3MeHeHusix. Omnpenenus pas, nmapa-
METpPbI SKBUBAJIECHTHOTO T€HEPaTOpa, Bbl CYIIECTBEHHO O0JEr4uTe Mocjenyomue pacyeTsl. Takoil ananus
CJIO’)KHOM LIETH TOCTAaTOYHO TPYIOEMOK, /1a M HE BCETJa Mbl 3HAEM TOYHO YCTPOMCTBO Bcel 1enu. B aTom
cllydae mapaMeTphl SKBUBAJICHTHOTO F€HEpaTopa, MOKHO OIMPEEIUTh dKcIiepuMeHTalbHO. CoOpaB cxemy,
npuBeneHHy0 Ha Puc.4 u usmepss 3aBucuMoctb J 1 U OT CONMPOTUBICHUSI HATPY3KH, MOKHO TTOCTPOUTH
3aBucuMocThb J(U) Ecim DJIC u conpoTHBICHHE UCTOYHUKA HE 3aBUCAT OT OTJIaBa€MOI0 TOKa, Ta 3aBH-
CUMOCTb OyZIeT JIMHEeWHOU. [{eficTBUTENbHO U3:

E
cinenyet, yto [[R+[#=FE u [ = £-U (T.k. I [R =U ) Drta 3aBUCUMOCTH Ipe/cTaBe-

r+ r
Ha Ha Puc 2.
IA
]K3
u .
U

XX

Puc. 2. C43b MEX1y TOKOM U HalpsDKEHWEM Ha Harpyske np HensmeHnHou J/]C reneparopa.

Jist mocTpoeHus MpsiMOM TOCTaTOYHO JHOOBIX ABYX TOYEK, STUMU TOYKAMHU MOTYT OBITh TOK KOPOTKO-
ro 3aMblkaHus /,, (He Bceraa JONMyCTUMBIA peKUM) M HampsbkeHue xosoctoro xoma U . Ilpu oTkiro-

YyeHHOI Harpy3ke (R, =), U _ odeBuaHo paBHO E T.K. [ =0. 3ameTum, 4TO JUHEHHas 3aBUCUMOCTh

MIOJIYYUTCS TOJIBKO B TOM CITy4ae, eciid £ U r He 3aBHCAT OT TOKa Harpy3ku. [loaToMy mocrpoeHue 3aBu-
cumocty J(U) mo J0CTaTO4HOMY KOJIMYECTBY TOYEK MO3BOJIUT YOCIUTHCS B 3TOM OOjiee TOYHO M HAWTH

AU
IIapaMeTpsl SKBUBAJIEHTHOTO reHeparopa E=U _, r = A

Jns nanpHeiero paccMoTpeHus 3(pPeKToB COrmacoBaHUsl B U3MEPUTEIbHBIX IEMAX, BKIOYas me-
pPEMEHHbIE U BBICOKOYACTOTHBIE CUTHAJbBI, PACCMOTPUM TUIIUYHYIO CXeMy H3MeputenabHoi nenu. [Ipun-
[UIUaIbHas cXeMa U3MEPUTENbHOM Ieny MoKa3aHa Ha puc. 3 ¥ BKIIOYAET CJeIyIoIlhe OCHOBHBIE 3Jie-
MEHTBI: UCTOUHHUK JIEKTPUUYECKOTO CUTHaNa 1, mepeaaronlyro JIMHUIO 2, COTIacyIOIIUi 3JIEMEHT 3 U Peru-
ctparop 4.
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Puc. 3. [IpuniunuanbHas cxeMa u3MEpUTEIbHON enu

HcTOoYHUK 3/1eKTPUYECKOT0 CUTHAJIA, B KAYECTBE KOTOPOTO MOTYT HCIIOJIb30BaThCs KaK CTaHIapT-
HbIe TTPUOOpPHI (reHeparopsl, ncrounuku D.J[.C.), Tak ¥ cnenuaabHble JaTYUKH U JACTEKTOPHI, Ipeodpa-
3YIONTUE HEDJIEKTPUUCCKHUIM CUTHAT (HApUMeEpP, MEXaHUYECKUN, ONITUYECKUH, TeTIJIOBOM, TTOTOK YaCcTHI] U
T.J.) B 3JieKTprueckuil. MicTouHuk xapaktepusyercsi ypoBHEM pabouero curnaia (Hid JIeKTPOIBUKYIIEH
CHUJIBI), BBIXOJTHBIM COTIPOTHUBIIEHUEM, YACTOTHOM XapaKTEPUCTUKON TeHEPUPYEMOTro CUTHAIA.

Ilepenaromas JuHUSA NpeAHA3HAYEHA IS IEPEJadyu CUTHAIA OT UCTOYHUKA K PErHCcTparopy ¢ MU-
HUMAaJIbHBIMU MOTEPSMH, 3aIMUIIAsl CUTHAT OT MOCTOPOHHUX AJIEKTPUUYECKUX MOMeX. MOXKHO BBIIEIHUTH
JIBa MPUHIMIINAIBHO PA3IUYHbBIX peXuMa paOoThl IMHHUH: NIepeada MOCTOSHHOTO HAMPSIKEHUS WK HU3-
KOYaCTOTHBIX CUTHAJIOB U MMITYIbCHBIN, KOTJIa UCCIEAYIOTCS MPOLIECCHl, UMEIOIINE XapaKTepHOE BpeMs
At , MEHbIIIEEe WIIK CPABHUMOE CO BPEMEHEM T PACIPOCTPAHEHUS AIIEKTPOMArHUTHOTO CUTHAJIA 1O JTUHUU

nlL o
(r=— rme L — qiuHA JIMHUM, n =+ ué — MOKa3aTesb MPEIOMIICHUS CPEbl, OMPEACISIEMBIN €€ AUdIIeK-
C

TPUYECKON & M MarHUTHOW U NPOHULAeMOCTAMHU, C — CKOPOCTh CBETA).

CoenuHeHre MOXET OBITh BBIIIOJHEHO B BHJIE MPOU3BOJIBHOM JIBYXIPOBOIHOW JIMHUU (Yallle BCETO
UCTIONB3YETCsl IPH M3MEPEHUH MOCTOSIHHBIX MM MEIUICHHO MEHSIOIIUXCS CUTHAJIOB OOJBIION BENTUYH-
HBI), WIH CIIELUAJIbHO CKOHCTPYUPOBAHHBIX JIMHUM: -" BUTas nmapa" (IBa CKPy4YE€HHBIX, KaK IPaBUJIO dKpa-
HUPOBAHHBIX MPOBO/A ) -KOAKCHAJIBHBIA Kabenb (cMm puc 4). Takue TUHUM UCHONB3YIOTCS Ui TIepeiadn
BBICOKOYACTOTHBIX CUTHAJIOB M CUTHAJIOB MaJjIOW BEJIMYMHBI, JJIs 3alLIUTHl UX OT HaBOJOK. Mcrnonbs3oBanue
JUHUNA TpeOyeT BBIMOIHEHHS psa MPaBwil, HECOOIIOCHUE KOTOPBIX OyAeT MPUBOIUTH K OOJBIINM OIIHO-
kam. Ecnu conpoTuBieHne reHeparopa U mMpUeMHHUKA HEe OyAyT paBHBI BOJHOBOMY COIIPOTHBIICHHUIO JIH-
HUM MOKa3aHMsI U3MEpUTeNis OyIyT CHIIBHO OTIMYAThCS OT aMIUIMTYABI M (JOpMBI CUTHAJIa reHeparopa. B
COBPEMEHHBIX 3JIEKTPOU3MEPHUTEIBHBIX IEMSIX B KaYeCTBE JTMHUM UCIIONB3YIOTCS CIelalbHbIe KaOeaH ¢
BOJIHOBBIM comnpoTuBieHueM p = 50; 75; 150 Owm, B 3aBucuMOCTH OT THNa. KoHCTpyKINs Kabemns mokasa-

Ha Ha puc.4.
3
/ |
2 1

Puc. 4. YerpoiicTBO KOaKCHATHHOTO Kadersl.

1 — meHTpanbHas (MegHas) )KHUIa; 2 — AUAIEKTPUK (TIOTUATUIICH, TeUIOH); 3 — MeTayutnyeckas (MeaHast)
OIUIETKA.

nL .
[Tpu GonpmIMX BpeMeHax,Ar >2— , KOTOpbIe OyIyT BCTpedaTbcs B JaHHOH paboTe, MOTOK 3JIEKTPO-
C

MArHUTHOM SHEPTUU MO JIMHUU OT UCTOYHHUKA, ONPENEsieTCsl CBOMCTBAMH HArpy3Kd M ¢1a00 3aBUCHUT OT
CBOWCTB Iepearolieii TMHUU, B KA4eCTBE KOTOPOH MOXKET OBITh MCIIOIH30BaHA U OOBIYHAS IBYXIIPOBO/I-
Hasl JIMHUA. BaXHO JHIb, 94TOOBI OMHYECKOE COTPOTHBIICHUE JIMHUUA OBLJI0O MHOTO MEHBIIIE COMPOTHUBIIE-
HUS HarPY3KH.
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COIIACYIOIIMIi JJIeMEeHT, B KaueCTBE KOTOPOTO HCIOJB3YIOTCS YCHIIUTEIH HAIPSDKEHHS WU TOKa
(TOBTOPUTEINN), @ TAKXKE JEIUTENIN HAMPsHKEHUS pa3IMdHOTO TUINA, MpeaHa3HaYeH i peoOpa3oBaHus
aMITUTYIbI (YPOBHS) CHTHaNa 0€3 MCKaXEHHS ero (pOpMbl, 4TOOBI PETUCTPATOP MOT HAACKHO 3a(UKCH-
pOBaTh ATOT CUTHAN (T.€. YTOOBI CHUTHAJ HE OBUI CIIMIIIKOM Mall), HO M HE Teperpyxaics (T.e. YTOObI CUT-
HaJI He ObUI caumKkoM OosbmirM). Kpome TOro, mpu MOMOIIM 3TOTO JIEMEHTa BXOIHOE COMPOTHUBIICHUE
perucTparopa coriacyercs ¢ CONpOTHBICHUEM JICKTPUICCKOM IETTH.

Ha nmepemMeHHBIX CHUTHajgaxX MCMONb3YIOT TaK Ha3bIBA€Mblii KOMIIEHCUPOBAHHBIN AENUTENb (4YacTo uc-
MoJIb3yeTCs MpH ocumiorpadgupoBanuu curtanoB). Cxema MPOCTEUIIEro NENIUTENs TaKOro TUIa Mpen-
craBieHa Ha Puc 5 .3a cueT cymMMapHOW BXOJHOM €MKOCTH PETHMCTpParopa U €MKOCTH COCIMHUTEIbHOU
auauKn Ci, k03hQUIMeHT aeneHus, pu OTCYTCTBUU KoMmmeHcupyromeit eMkoctu Ck, OyzeT 3aBUCETh OT
yacToThl. HOo ecn KoMIneHCHpyYIOIy0 eMKOCTh 10100paTh Tak, 4YTo 00pa30BaHHBIN €MKOCTHOM JENIUTENb
uMen Kod(DPUITMEHT JeeHns TaKoH ke KaK y JeIUTeNsl Ha COMPOTUBICHUAX, ToTAa KOAPGUIIMESHT Jere-
HUS HE Oy/eT 3aBUCETh OT YaCTOTHI, HE OyAEeT Tak)Ke U3MEHAThHCS (hopma curHana, (34eCh Mbl HE YIUThIBA-
€M MHIYKTUBHOW KOMITOHEHTBHI MOJHBIX CONPOTHBICHHI). Takol nenuTenh Ha3bIBaIOT KOMIICHCHPOBAH-
HBIM.

Puc.5

Perucrparop npenHasHadyeH Uil MU3MEPEHHUs MapaMeTpoOB CHTHAJIA U MPEACTaBICHUs WH(POpPMALUU
00 uccnenyemMom curHaie. Kak cormacyronmii 3IeMeHT, TaKk U PEerUcTpaTop XapaKkTepU3yIOTCs BXOIHBIM
COIPOTHUBIIEHUEM, BXOIHON €MKOCTbI0, MUHUMAJIbHON YyBCTBUTEIBHOCTBIO, TUHAMUYECKUM JHAIa30HOM
U3MEPAEMBIX MapaMeTPOB, KJIACCOM TOYHOCTU NMPHOOpa, YaCTOTHOM XapaKTEPUCTUKOM, T.€. TUANa30HOM
4acTOT, B KOTOPOM PETUCTPATOpP MMEET UYBCTBUTEIBHOCTh, HE MEHEE yKa3aHHOW B macnopre. (MHorue
perucTparopbl UMEIOT BCTPOSHHBIN COMIACYIOMINNA JIEMEHT B BHJIE OT/ACIBHOTO OJIOKA. )

B 3aBUCMMOCTH OT COOTHOILIEHUSI BETMYMH BBIXOAHOI'O COMPOTHUBIIEHUSI HCTOUYHUKA IEKTPUIECKOTO
CUTHAJIAa U CONPOTUBIICHUS HArpy3Ku (B KaueCTBE CONPOTUBIICHUS HAIPy3KU MOYKET BBICTYIIATh, B YaCTHO-
CTH, BXOJHOE€ CONPOTUBIICHUE PETUCTpATOpa pucC. 6), OMUH U TOT K€ HCTOYHUK MOXET paboTarh, KaK re-
HEPATOp TOKA WJIM KaK I€HEpaTop HanpshkeHHs. BO3MOXKEH TakKe peXHUM COIIACOBAaHHOW HAarpysku, Ko-
IJ1a UICTOYHUK OTJA€T MAKCUMaJIbHYIO MOIIHOCTD B LIETIb.

Pe:xxuM reseparopa Toka peanausyercs B TOM CIIydae, €CIM COIPOTUBIICHUE HArpy3KH IIPU BCEX €0
U3MEHEHUAX OCTAETCS MAJIBIM T10 CPABHEHUIO C BBIXOAHBIM CONPOTHUBICHHEM HCTOYHUKA. B 0003HaueHH-
ax puc. 6 » >> R. [Ipu 3ToM TOK B LIENH paBeH

E E R
= —=const, u coorBercBeHHo U = [[R = £ —

r+R r r

I =

MNaaCHUC HAIIPAKCHUA Ha HATrPY3KEC MCHACTCA IMPOMOPLHUOHAIIEHO COITPOTUBIICHUIO HAI'PY3KH.
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— C

Ucrtounuk Perucrpatop

Puc.6. IlpuHuunuansHas cxema 1enmu.

Kak reneparop HanpsizkeHUs1 ICTOYHUK paboTaeT B TOM ciydae, eciu » << R. [Ipu 3TOM TOK B 11€-
1 00paTHO MPOMOPIHOHATEH CONPOTUBIECHUIO HarPY3KHU:

E E
= = —, a HanipspKeHue Ha Harpy3ke U =1 [R = E =const,
r+R R

T.C. HC 3aBUCUT OT COIIPOTUBJICHUA HAIPy3KH.

B pexume coriIacOBaHHOM HArpy3KM HCTOYHUK U NMPUEMHUK Ha MOCTOSHHOM TOKE paboTaioT B
TOM ciy4dae, Korja » = R. [Ipy 3ToM HCTOYHHK NepeaeT MAaKCUMYM MOIIHOCTH MPUEMHUKY:

.B o0miem cirydae Tpedyercsi, 4ToOObl aKTUBHBIE CONTPOTUBIICHUS TEHEPATOPA U Harpy3KH OBLIIN PABHBI,
a pEaKTHUBHBIE COMPOTUBIICHUS OBUTH PABHBI IO a0COIIOTHON BEIMYMHE HO UMEINTH TIPOTUBOTIONOKHBIN
xapakTep. Ecim y reHeparopa peakTuBHasi KOMITOHEHTA TIOJTHOTO COTIPOTUBIICHUSI IMEET HHTyKTHBHBIN
XapakTep, TO PETUCTPATOP AOJDKSH UMETh EMKOCTHOW XapaKTep PEaKTHBHOTO COTIPOTUBIICHUS U HA000-
pOT.

3agaHusa

HccnenoBarb, Kak 3aBHCHT MOIIHOCTH, BbIAeJsieMasi HA Harpy3ke, OT COOTHOIIEHHSI BBIXOTHOTO
CONMPOTHBJICHUSI HCTOYHUKA R,y M COMPOTHBJIEHNs] HATPY3KHM R, U onpeneJnTh BHIXOJIHOE COMPO-
THBJIEHUS HCTOYHHUKA Ry, « .

ColepuTte cxeMy puc. 7, BKITFOUAOIIYIO HU3KOYaCTOTHBIN reHeparop G, ammepmerp A u BoabTMETp V
MEPEMEHHOTO TOKa, Mara3uH COMPOTUBICHUN R.

7 e

Puc. 7. Cxema BKIIIOYEHUSI IPUOOPOB Il ONPEICICHHS BbI-
XOJIHOTO COIIPOTUBJIEHMSI U MOIIHOCTH, BBIAEJIAEMON Ha Ha-
rpy3Ke B LI NEPEMEHHOTr0 ToKa (yrnpaxHeHue 1).

W3mensist conpoTtuBieHue R, n3MephTe TOK M MaJeHne HanpsokeHus Ha R, moctpoiite rpaduk J(U) u
OTIPEIICIIUTE TI0 HEMY BBIXOIHOE CONPOTUBIICHUE TeHEpaTopa.

Onpenenute Al KKIOTO CIydas MOIIHOCTH P, BBIIEIIEMYI0 Ha Harpyske W IOCTpoiTe rpaduk
P(R), onipeenute 1o HEMY BBIXOIHOE COTIPOTUBIICHHE Te€HEpaTopa.
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CpaBHuUTE pe3yabTaThl CO 3HAYCHUEM BBIXOIHOTO CONPOTHUBIICHUS FeHEeparopa

OOpaTruTe BHMMaHHE, YTO BBIXOHOE COMPOTHUBJIICHUE TCHEPATOpa MEHSETCS NPH TEPEKITIOUCHUH
JMana3oHa BBIXOJHBIX HAmpsDKeHH. B cOOTBETCTBHE ¢ ATUM MpH BHITIOJHEHUH U3MEPEHUN TPABUIHHO
BBIOCPUTE JUANIA30H U JUCKPETHOCTh M3MEHEHUH R.

2. HccaenoBaTh BBIXOJHbIE ApAMeTPhl HCTOYHUKA NMOCTOSTHHOTO HANPSI’KEHHUS B PesKMMAX CTaA0MIU-
3alMHU TOKA U CTa0WIN3ALMU HATIPSKEHUsI.

3. Cobepure cxemy puc. 7, BKIIOUAIOINIYIO, B KAYeCTBE MCTOYHHMK IMOCTOSTHHOTO HampspkeHus ( b5-47)
amrepMmeTp A, BOIbTMETp V U MarazuH CONMPOTUBIICHUM.

W3meHsist conpoTHBIICHUE HArPy3KH R, UCCIEAYyHTE BBIXOAHBIC MapaMeTpbl uctounuka (U, I) B pexu-
Max CTaOMJIM3alNK HAMPSKEHUS U TOKA.

[Toctpoiite 3aBucumocts U(R) u I(R). Onpenenute R*, COOTBETCTBYIOIIEE CMEHE pEXUMa CTaOUITH-
3aruu. CpaBauTe R* ¢ oTHOMEeHUeM U / [ 3Ha4eHM, YCTAHOBJICHHBIX Ha IIKajaX UCTOUYHUKA. OOBsICHUTE
MOJTy4YEHHbBIE PE3YJbTATHI.

3. UccaenoBatb BbIXOAHBIE MapaMeTpbl ¢oTolieMenTa. OnpeneJuTsb pexxum padoTbl poTodjieMmeHTa
B KayecTBe HCTOYHUKA TOKA WJIN UCTOYHUKA HANIPSKEHUSI.

C nomorisio ¢ poBoro mpudopa onpeaeauTs 3aBucuMocth Toka I u 3/IC dotoanemenTa ot ero oc-
BelIeHHOCTH. [IpHHIMITHATBHAS cCXeMa BaKyyMHOTO ()OTO3JIEMEHTA IMoKa3aHa Ha pucs.

Puc. 8. [IpunnunuansHas cxema BaKyyMHOTO (POTO3JIEMEHTA.

B creknsiHHON OTKa4aHHOU KoJjiOe pacmosnoxeHsl: ¢otokaron DK, anom A, mepen BXOIHBIM OKHOM
nomerieHa upucosas auadparma [[. OcsernieHHOCTh (HOTOKATONAa MOXKHO BapbHUPOBATh, MEHSS SIPKOCTh
JIAMIIbI, TH0O MuaMeTp auadparMsl.

[Tpu nBYX 3HAYEHUSX SPKOCTH (MUHUMAIBLHOW W MaKCHMaJbHOHN) OMpEAETUTE 3aBUCUMOCTh TOKa U
OJIC dbotosnemenTa ot cedeHus: Auadparmsl S.

[Toctpoiite rpaduku /(S) u U(S). O0bsicauTe HabmogaeMbIe 3P PeKThI.

OueHute BHYTPEHHEE CONPOTUBIIEHUE (POTOIIEMEHTA.

SABnsieTcss POTOAIEMEHT UCTOYHUKOM TOKA WM MCTOYHUKOM HANpsDKCHHsI B MPUBEICHHBIX HU3MeEpe-
HUIX?

Ipumeuanue. [Ipu o6myuenun porokaroga cBETOM 3a cueT BHEIHEro ¢poTodddekrra u3 Hero BLIOMBa-
I0TCS AJIEKTPOHBI, KOTOPBIE MOTYT MOMAJaTh Ha aHO/, T.€. CBET SBJISIETCS SHEPreTUYECKIUM HCTOYHUKOM
ANEKTPOJIBIKYIIIEH CHIIBI. DJIIEKTPOHBI BEUIETAIOT C SHEPTUEH E =hv — 4, rae A — pabota Beixoaa ~ 0,1 -
0,2 3B. ITOoTOK 3JIEKTPOHOB MOXKET 3aPSIAUTh EMKOCTh «KaTOI-aHO» A0 Pa3HOCTH MOTEHIINATIOB, CPABHH-
Moii ¢ E / e (e — 3aps]l DIEKTPOHA).
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4. UccaenoBaTh BOJbTAMIIEPHYI0 XaPAKTEPUCTUKY CTAOMJIMTPOHA NMPH Nepexojae B PeKUM CTAOWIHU-
3alMU HANPSIKEHU .

ColepuTte cxemy COIIacCHO PHUC. 7, BKIIOYAIOIIYIO TEHEPATOp CUTHAJIOB CreHanbHON (hopmbl ['6-27,
Vp — cTabmMTpoH, R — MOCTOSTHHBIN PEe3UCTOP, CAMOTIUCEIL.

+Y
Vp +X X

G A~ c
R
.

-Y

Puc.9. Cxema BKItOYeHHUST TPHUOOPOB [IJIsl MCCIIEIOBAHUS BOJIBTAMIIEPHON XapaKTEPUCTUKHU CTAOUITH-
TpoHa (ynpaxHeHue 4).

Hcnonb3ys curHan TpeyroibHOU (HOpMBI, TOI00paB yaIOoOHYIO JUIMTEIBHOCTD (~ 1 MUH), aMIUTATYRY
(HEeCKOJIbKO BOJIBT) M YYBCTBUTEIBHOCTh Ux 11 Uy caMoIucIia, CHUIMHTE BOJIBTaMIICPHYIO XapaKTEPUCTHKY

U(I) crabunutpona. Jlyis ymo6ctBa nmpoBeauTe oceBble TuHuU Toka (pu U = 0) u HanpsokeHust  (mpu [ =
0).

[To momy4yeHHO# KPUBOW B HECKOJIBKHX TOUYKax omnpeaenute auddepeHImaibHoe COMPOTHRICHHE Ry
= dU /dlI. Tloctpoiite rpaduk R,([). Onpenenure KpUTEpU Mepexoaa B PEKUM CTaOMIIU3AIIUN HaIIPsIKe-
HUSL.

JuddepenunansHoe COMPOTUBICHUE R; UCHONB3YETCs MPH aHAIU3€ CXEM, COJAECp)KAIIUX HEIUHEWHbIe
AIIEMEHTBI: TUObI, TPUO/IbI, CTAOMIUTPOHBI U T.1I.

Pe3ynbraThl Bcex ynpaxHEHHUH TOMKHBI ObITH IPEICTABIEHBI C YYETOM Kjlacca TOYHOCTH MPUOOPOB.
KOHTpOﬂbeIe BOMpPOChHI

1. B kakoM peKuMe OCYIIECTBIISICTCS ITUTAaHUE YICKTPONPHUOOPOB OT CETH B JaOOpATOPHU: B PEKUME HCTOU-
HUKa TOKa, NICTOYHWKA HAIPSDKEHUS WM COTJIACOBaHMS Ha Tepenady Makcumyma MormHoctu? [louemy
BBIOpAH JTAaHHBIN PEeKUM?

2. [1o naHHBIM yIpaskHEHUs 3 OILICHUTE BHYTPEHHEE CONPOTHUBIIEHHE (POTOAIEMEHTA MPU PA3HbIX OCBEILEH-
HOCTsIX. OOBSICHUTH TIOJyYCHHBIN Pe3yJIbTar.
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