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HCCJ’ICI[OBaHI/Ie KOMIICHCALIlMOHHBIX CTa6I/IJ'II/IBaT0pOB
IMOCTOSAHHOI'O HAITPSIZKCHUA.

PykoBOJICTBO 1O BBINMOIHEHUIO TAOOPATOPHOM pabOTHI.

B pykoBoACTBE mNpHUBEAECHBI OCHOBHBIE PACYETHBIE COOTHOLICHUS U
MoKa3zaTeld  KadecTBa  CTa0MIM3aTOpPOB, HA  OCHOBAHMU  KOTOPBIX
OCYILIECTBIISIETCS. 0OOCHOBAHHBIN BBHIOOP TOW MJIM MHOM CXEMBbI CTabuIn3aTopa
JUIsL TIPAKTUYECKOTO IPUMEHEHHs B YCTAHOBKAxX OJJIEKTPOIUTAHUSI CUCTEM
TEeJIEKOMMYHUKAIUi. PyKOBOJICTBO COCTaBJIEHO B COOTBETCTBUHU C Y4eOHOM
IIPOrpaMMOM IO JUCLUILIMHE «DJIEKTPOIIMTAaHUE YCTPOWCTB U CHUCTEM
TEJICKOMMYHUKALMI» Uil CTYACHTOB, OOYYaloluXcsi IO HalpaBiICHUIO
noarotoBku 11.03.02 MHPOKOMMYHUKALIMOHHBIE TEXHOJOTUU M CHUCTEMBI
CBSI3U.

Paccmotpeno u 0106peHo Ha 3aceiaHuu
kadeapst UTCC
[TpoTtokon Ne 1 ot 26.08.2019 1.



NabopaTtopHaa paboTta Ne7

NCCINEQOBAHWE KOMIMEHCALUWMOHHBIX
CTABUNITTIN3ATOPOB NOCTOAHHOIO HATIPAXEHWA

Lenb paboTbl: 1. Yrnybute M 3akpenuTb TeopeTudeckune
3HaHUS MO YCTPOWCTBY M NPUMHUMNY OENCTBUS KOMMEHCALMOHHbIX
cTabnnmsaTopoB NOCTOAHHOIO HaNpPsHXKEHUS.

2. O6yuntb  CTyoeHTOB  MeTodaM  SKCMepUMEHTanbHbIX
nccrnegoBaHWn  KOMMEHCAUMOHHbIX — CTabunmM3aTopoB  MOCTOSIHHOMO
Hanps>KeHUs.

SAO0AYUN SKCNEPUMEHTAJNIBHOIO MCCINEOOBAHWUA

1. YACHUTb MeXaHn3M NpoTEeKaHUA npoueccoB B
KOMMEHCALUMOHHOM cTabunmsaTope NOCTOAHHOIO HanpPsXXeHus:.

2. SkcnepmmeHTaano onpeanennTtb JKCrJjiyataunoHHblEe
NnoKasaTtesnu KOMMNeHCaunoHHOro CTa6VIJ'IVI3aTOpa NOCTOAHHOIO
HanpaxeHun4.

3. OdopmuTb BnaHk oTyeTa WU 3aAWMTUTL MOMY4YEHHble B Xode
9KCNepUMEHTanbHbIX UCCeA0BaHUN pe3ynbTaThbl.

OCHOBHbIE CBEOEHWA U3 TEOPUN

HanpspkeHne nutarowen cetu npakTMYecKn HUKOraa He OCTaeTcs
MOCTOSAHHbIM M MOXET MEeHATbCA B LWMPOKMX npegenax. MHorue
3NEeKTPOTEXHUYECKME n PaANO3NEKTPOHHbIE yCcTpoucTea
0OLWEeNPOMbILLINEHHOIO Ha3Ha4YeHus BooOOLLE n CUCTEM
TeNeKoOMMYHUKaUUIA, B YaCTHOCTU, MNTAKOTCA OT UCTOYHMKOB, BbIXOQHOE
HanpsbkeHMe UnM  TOK  KOTOPbIX  AOMMKHbl  OCTaBaTbCA  MOYTU
HEM3MEHHBIMU MPU  U3MEHEHUUN decmabunusupyruwux gakmopos B
LLUIMPOKUX Npegenax.



OcHoBHbIMU decmabunusupyrowumu hakmopamu, Bbi3biBAOLMMU
N3MEHEHNEe  HanpsbkeHna  (TOKa)  9SIEKTPONPUEMHUKOB  CUCTEM
TeNeKkoMMYyHUKaL N SBAAIOTCA:

- KonebaHna NUTarLWmMX HaNPSKEHU;

- U3MEeHeHns noTpebnaemoro Toka;

KonebaHus — numarwwux  HamnpsykeHud  BO3HUKAKT n3-3a
HecTabuUNbHOCTM HanpsKeHna nutalwen cetn.  bonbwas 4acTtb
NPUEMHMKOB MNUTAeTCs OT MPOMBIWSIEHHON CEeTU NepeMEHHOro
HanpsbkeHmsa ¢ yactoton 50 u. KonebaHusa HanpspkeHMsa ceTn MoryT
pocturate 10...15% OT HOMMHaNbHOro 3HaveHusa. [lpn nuTaHum
YCTPOWNCTB cuctem TenekoMMyHMKaLummn oT MasiOMOLLHbIX
9HEepreTUYecKnx ceTem WnM OT aBTOHOMHbIX UCTOYHMKOB KorebaHus
HanpsbkeHnsa moryT gocturatb 15...20%, a nHorga n 6onee.

U3meHeHUe moka npuBoANT K U3MEHEHWUIO NafeHusl HanpshKeHnd
Ha BHYTPEHHEM COMPOTUBIIEHWM WUCTOYHMKA U  COMPOTUBIIEHUU
coedNHUTENbHbIX NPOBOAOB. YeM Bonblue BHYTPEHHEE CONPOTUBIEHME
MCTOYHUKA W COMPOTMBMNEHWE COEAVMHUTENbHbLIX NPOBOAOB, TEM
bonbwumMmmn ByayT NU3SMEHEHNA HaNpPsXKeHNS.

HOpyrumun  gectabunmsnpyrowmmm  gakropamu, BIUAKOWMMAN Ha
BbIXOAHLIE NapaMeTpbl, ABAAIOTCA KonebaHna 4acToTbl TOKa NUTatoLLEN
ceTn, TemnepaTypbl OKpyXallen cpedbl, YPOBHS WOHU3MPYHOLLINX
N3ryyYeHnin, gaBneHnsa u gpyrue.

PasnunyHble 3NeKTpOTEXHMUYECKNE yCTpoMncCTBa aonyckarT
pasfnnYHyt0 HecTabunbHOCTb HanpskeHust nutaHms  oU = (AUgpx /
UBbIX)-

Tak, Hanpumep, ona nNpubopoB aBTOMATUKU U TENEMEXAHUKM OHa
He OOoSKHa npeBblwatb 5...10%, ans BbIXOAHbIX KackagoB
pagnonpueMHbIX YCTPOUCTB - 3...5%, ONa 3feKTPOHHOro MMKpocKona -
oHa He gosmkHa npesblwaTb 0.005%.

[MOCKONbKY W3MEHEHUS1 BbllLEYyKa3aHHbIX OecTabunuanpyowmx
dpakTopOB MOryT HOCUTb MfaBHbIN MeASIEHHO U3MEHSIIOWMNCA XapaKTep
UM NPOUCXOOUTb CKAYKOM OYeHb ObLICTPO, a BO BPEMEHU 3ITU
N3MEHEHUNS HOCAT CllydanHbIN xapakrep, YCTPOMNCTBO,
nogdepXuBarollee BeNMUYMHY HanpsbkeHuMst B 3adaHHbIX npedenax,
AOMMKHO paboTaTb HENPEPLIBHO M aBTOMATUYECKM.




CTabwnwuwas3aTo p O M HaNpsXKeHUs HasblBaeTcHd
YCTPOMCTBO, KOTOPOE aBTOMaTMYeCKn obecneumBaeT nogaep)XaHuve c
TpebyemMon TOYHOCTLIO HarnpskeHMe Yy  INEKTPONPUEMHUKOB B
TpebyeMmbIx npegenax npu BAUSHAN OeCTabunuanpyrowmx qakTopos.

PasnunuaoT uHOueudyasnbHbIU U UeHmpasnu3o8aHHbIU Crnocob
obecneyeHnss  NPUEMHUMKOB  CTabunbHbIM  HanpskeHnem.  [lpwu
NHOMBUAYyanbHOM crnocobe Kaxablh N3 HUX UMeeT CBOM OTAENbHbIN
ctabunmsaTtop, a npu LUEHTpanM30BaHHOM - BCE MPUEMHUKM NMUTAKOTCS
oT obuiero crabunusartopa.

Buibop cnocoba onpegensietca pexumamm paboTbl NPUEMHUKOB
COOTHOLUEHMEM UX MNOTPEONAEMbIX MOLLHOCTEN, KOHCTPYKTMBHbLIMU U
9KCnnyaTaumoHHbIMK, a Takke 3KOHOMUYecKnmu ocobeHHocTaMn. Kak
npaBuso, Ans crabunusaumm NepeMeHHOro  HanpsKeHUs MOLLHbIX
NPUEMHWNKOB UMW UX TPYNM NPUMEHSETCA LEeHTpanu3oBaHHbIA Cnocob
cTabunmnsaumu.

Ctabunusatopbl MOXHO KnaccudumumpoBaTb N0  poay
Hanps>xeHna (Toka), N0 MOLLHOCTU, TOYHOCTU noanepXaHust BbIXOAHOMO
HanpsxeHnd, o6nactTn NPUMEHEHUS!, NPUHLUUNY OENCTBUS.

Mo poAy HanpsxeHus (Toka) pasnuyatoT ctabunusatopsbl
NepPeMEHHOro U MOCTOSIHHOIO HaNPSKEHUS.

Mo moulHoCTM cTabunuaaTopbl NoApasgendatTca Ha MarioOMOLLHbIE
(oo 50 BT), cpenHen (oo 2 kBT) m 6onbwon molwHocTH (cBbiwwe 2 KBT).

B 3aBMCMMOCTM OT TOYHOCTM noagepXaHus ctabunmsanpyemon
BENMNYUHBLI pasnuyaloT ctabunusatopbl HU3KOWM CcTabunbHOCTU, ecnu
HeCcTabuNbHOCTbL BbLIXOQHOIO HanpshkeHnsa npeBblwaeT 5%; cpegHen
ctrabunbHoctn - (1...5%); Bbicokon cTaburnbHocTn - (0.1...1.0%); w
OYeHb BbICOKOM CTabunbHOCTU (NpPeLn3noHHbIe) - 0,1%.

B 3aBucnmmocTtn ot obnactu npumMeHeHust ctabunusatopbl b6biBaloT
obLwero HasHayeHuss M cneumanbHble. K nepBbiIM MOXHO OTHECTU
ctabunmsaTopbl, Hanpumep, Ans NMTaHus TENEBM30POB, @ KO BTOPbLIM
ctabunmsaTopbl B WCTOYHMKE NWUTaHMS 3adalollero reHepaTtopa
nepejartyMka unn AOns NpeumsmMoHHOW KOHTPOJSIbHO-U3MEepPUTENbHON
annapatypbl.




Mo npuHUMNY AOeUcTBUA CcTabunu3atTopbl MOCTOSHHOIO

HanpshkKeHus noapasnensTcs Ha napameTpuyeckue 7
KOMMEHCaLNOHHbIE.
B rnapamempu4ecKux cmabunuzamopax MCMONb3YTCS

HENIMHENHbIE 3NeMeHTbl, W cTabunmsauust HanpskeHus (Toka)
OCYLLECTBNAETCA B pesynbTaTe HENMMHEWHOCTUM UX BOSIbTaMMEPHbIX
xapaktepuctuk (BAX).

KomnieHcauuoHHble  cmabunu3amopbl  npeactaBnalT  coboto
CUCTEMY  aBTOMaTMYECKOro perynupoBaHus, cogepaluyto
Perynvpylowmnm anemMeHT M uenb oTpuuaTenbHoM obpaTHOW CBA3W.
O deKkT cTabmnusaumm B 3TUX YCTPOMUCTBAX AOCTUraeTcss N3MeHeHNneM
napaMmeTpoB pPeryrivpyloLLero arnemMeHTa npu BO3LENCTBMM Ha Hero
curHana obpaTHon cBA3W. B kayecTBe perynupylowero anemMeHTa B
KOMMEHCAUMOHHbIX CcTabunusatopax WCNOMb3YKTCA ynpaBndeMble
HeNMHEeNHble afieMeHTbl  (TpaH3UCTOopbl, TuUpuctopbl © Ap.). B
3aBMCUMOCTM OT pexuma paboTbl  perynupyrlowero  anemeHTa
KOMMEHCaLMOHHbIE cTabunuaaTopbl OenATCS Ha HenpepbiBHble (MK
NUHENHbIE) NMMBO NMNYNbCHbIE (MU OUCKPETHbIE).

OOHMM M3 OCHOBHbIX NapamMeTpoB cTabunusaTopa HanpsKeHUs
ABNAeTCA CTabUMMNBbHOCTDL BbIXOAHOro HanpsbkeHmda.  OHa
3aBMCUT OT CTeneHun BIUAHUA AecTabununanpyowmnx ¢akTopoB Ha
XapaKTEpPUCTUKM  ONEMEHTOB CXeMbl cTabunusatopa. BenuyuHa
KornedbaHun HanNpPsKeHUs notpedutenen oLeHMnBaeTcs
KoadhdhpuumeHToM crtabunusauyum, KOTOpbIN  onpegensieTtca  And
cTtabunmnaartopa HanpsikeHnsa Takum odpasom:

KCT _ UBX.HOM _ AUBX .UBbIX.HOM _ AUBX '>\‘H (1)
AU# AUBbIX UBX HOM AUBbIX
UBbIX.HOM

npu lgLix = CONSt,

rae Ugxnom W UppixHom - HOMWMHarbHble 3HAYe€HUS BXOOHOIMO W
BbIXOQHOIO HaMNpPs»XXeHun;
AUgx M AUpLx - COOTBETCTBYHOLUME W3IMEHEHUS BXOOHOIO W

BbIXOOHOIO HaHpFIH(eHMVI;



A4 - KO3(PUUMEHT nepenadn HanpskeHust ¢ BXoda Ha BbIXOon
CTa6V|J'|V|3aTOpa, paBHbIVI )\H = UBbIX.HOM / UBX.HOM-

Taknm obpasom, KoaghhuyueHm cmabunu3zayuu Mo HarpsiXeHUro
sensgemcs be3pasmepHol eefiuduHOU U orpedernisiem, 60 CKOMIbKO pas3
OMHOCcUMesibHOe U3MEHEHUEe B8bIXOOHO20 HarpsiKeHUus MeHbLWe
OMHOCUMEsIbHO20 U3MEHEHUSI 8X00H020 HarpsixeHus. YucrneHHoe
3Ha4yeHue KoaghghuyueHma cmabunudayuu O pasfiuydyHbiX muros
cmaburnuszamopoes umeem gesiuduHy om eOuHUY, 00 HECKOJIbKUX MbICSY.

Xapaktepuctukm crabunusartopoB. BaxHom xapakTepuCTUKOW
crabunusatopa saBngeTcd BHELLUHAS XapaKkTepuUcTuka, KoTopasd
NoKasbiBaeT XapakTep  3aBMCUMMOCTU  BbIXOOHOMO  HanpsiKeHus
crabunusaTtopa OT BESIMYMHbLI €r0  TOKa Harpys3ku npu Heus3mMeHHOM
BXOAHOM HanpsixeHuu (puc. 1):

Ugbix = f(Iwix), npu Ugx = const. (2)

UsBbIx

N
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UBbIX HOM
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1 {
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1

1
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/BbIX HOM

Puc.1. BHelwHaa xapakTepuctuka ctabunumsaTtopa

Mo BHeEWHEN xapakTepuctuke ctabunusaTtopa onpeaensieTcsi ero
BbIXOQHOE  CONPOTUBIIEHWE, KOTOPOE  XapaKTepu3yeT  CTereHb
N3MEHEHNSA BbIXOAHOINO HanpshKeHusi ctabunusatopa nNpuv U3MEHEHUU
ero Toka Harpysku. BbixogHoe (BHYTpeHHee) CONPOTUBIIEHNE
ctrabunusaTtopa onpegensieTcsa  Kak npupaLleHme  BbIXOL4HOro
HanpsbkeHns AUpgpx, NPU HEM3MEHHOM BXOOHOM HanpsikeHun Ugyx =
const:



AU
Rpppy = —— 22X npu Ugx = const. (3)

Al BbIX

3HaK "MUHYC" NnokasbiBaeT, 4YTO C POCTOM TOKa Harpysku BbIXOQHOE
HanpshkeHne ymeHbLuaeTca u HaobopoT.

[pyron BaXXHOM XapaKTepUCTUKOW cTabunusaTtopa SBNSAETCS ero
aKkcnnyatauMoOHHas XapakTtepucTuka, onpegenswoLas
npegensl U3MEHEeHMA BXOOHOro HanpsihKeHUsd, B KOTOPbIX BbIXOOHOE
HanpsbkeHne OcCTaeTcda B 3adaHHbIxX npeneniax. OHa xapakTepusyeTtcs
3aBMCMMOCTbLIO BbIXOOQHOrO HanpsbkeHna Ug,x OT BXogHOro Ug, npwu
HEU3MEHHOW BESIMYMHE TOKA Harpy3kun lg,x

Usux = f(Ugx), npw lg,x = CcONst. (4)

XapaKktep 3ToM 3aBUCUMOCTU NpeacTaBrieH Ha puc. 2.
/\UBb/X

Usbix. makc I gpix = const

T~

UBb/X. MUWH

U sx

) - — -
G = = = -

0

v

Usx. mun Usx. makc

Puc. 2. 3kcnnyatauMoHHas xapakTepucTuMka ctabunuaartopa

Opyrme napameTpbl ctabunusatopoB. [nsa crabunusatopos
NOCTOSIHHOrO HarpsXeHUst XxXapakTepeH napameTp - KoadpuuneHT
crnaxmBaHna Kc =Knpx /Kngoix, e Knex /Knpwix - KO3PUUMEHTHI
nynbcaunnm no nepBon rapMoHMKE COOTBETCTBEHHO Ha BXOAE U BbIxoae
ctabunusatopa. ITOT napamMeTp nNpUMEHMM K cTabunusatopam cC
NIMHENHBIM PETYIINPYIOLMUM 3FIEMEHTOM.

TemnepatypHbin KO3 dUUMEHT  cTabunusaTopa, paBHbIN
OTHOLLUEHMIO  MNpupaWEeHNs  BbIXOOHOrO  HanpskeHmst  AUpgpx K
npupawleHnto  TemMnepaTypbl OKpyxawwen cpegbl ATokp, npu




HEM3MEHHOM BXOAHOM HanpsXXeHun n Toke Harpyskm (Ugx = const; Igpix
= const) bygert
Y = AUguix / AToke. (5)
[na crabunmn3atopoB MNEPEMEHHOIO HarnpsKEeHUs BaXXHbIM
napameTpoM sBnsieTcss KO3hPULMEHT MOLLHOCTU, ornpeaensieMbli
Kak OTHOLWIEHWE HOMMUHambHbIX 3HAYEHUN NOTPEDNSEMbIX MOLLHOCTEN,
T.e.

coS ¢ = Pcrn / Scrh, (6)

roe Pcrx - HOMMHanbHaa noTtpebnsemass akTMBHasi MOLLHOCTb
ctabununaartopa;

SctH - HOMMHanbHaa notpebnsemass nofiHas MOLLHOCTb
ctabunusartopa.

[MomMMMO napameTpoB, XapakTEPU3YHOLLMX Ka4ecTBO cTabunusauum,
ctabunmsaTopbl MOCTOSAHHOIO HanpPsKeHNs oLeHnBalTCH
9HEepreTn4ecknmMmn, 06 LEMHO - MacCoBbIMU 1 APYrMMM NOKasaTensiMu.

OCHOBHbIM SHEepreTM4yeckumMm nokasatenem CcTabunusaTtopoB

HaMNpsXXeHUs ABNAeTca Ko3@PUUMEHT NONe3HOro 4eUCTBMA 1), PaBHbIN
OTHOLUEHUID aKTUBHOW MOLLIHOCTX, OTAaBaemMon cTabunm3aTtopom B
COMPOTUBIIEHNE HArpy3kn, K akTUBHOM MOLLHOCTK, noTpebnsemon
ctabunusaTtopom ot ceTu: M =Pprix /Pex.

O6beMHO-MaccoBbIMM MapameTpamu CcTabunmn3aTtopoB ABMSAOTCS:
yoenbHast MOWHOCTb (Pgpix/Ver), Bt/am® u (Pebix/Gct), BT/KT,

roe Ver, Ger - 06bEM M Macca cTabunmanpoBaHHONO UCTOYHMKA
91EKTPOCHABXEHNA COOTBETCTBEHHO.

OCHOBHbIMW NapamMeTpamu Ha4EeXHOCTU ABNSAKTCSA: BpeMS
HapaboTku Ha oTka3 T, BEPOATHOCTb 6e30TkasHoM paboTbl Pg;
KoadppnumeHT FOTOBHOCTMU Kr; BpeMs (MHTEHCUBHOCTb)

BoccTaHoBneHus tg (ug). K ctabunmsaTtopam, Tak Xe Kak U K OpYyryum
yCTPOMUCTBaM,  MpegbsaBnslTca  TpeboBaHMs  No  MnokasaTesnto
CTabunbHOCTM K pasfnUyHbIM BUAaM BO3OEUCTBUN (MEeXaHUYEeCKUM,
9NEeKTPOMarHUTHbIM paguaunoHHbIM U Ap.).

OCHOBHbIE CTPYKTYPHbLIE CXEMbl KOMINEHCALMOHHBLIX
CTABUITUSATOPOB NMNOCTOAHHOIO HAMPAXXEHNA



KomneHcaunoHHble cTabunusaTtopbl MOCTOSIHHOMO  HanpsiKeHUs
XapaKTepusylTCcsa  BbICOKMM  KOd(bpuumeHToM  ctabunusauum w
NSIaBHOCTBIO PEryrMpoBaHNS BbIXOLHOMO HaMNPSKEHUS.

B 3aBucnmocTn oT cnocoba BKNOYEHUS PErYNNPYIOLLIETO dN1eMeEHTa
OTHOCUTESBHO COMNPOTMBNEHMNS Harpys3Kku ctabunusaTopbl
nogpasfenialTca Ha nocreaoBaTefibHble W napannenbHble. B
crabunusaTtopax MepBOro Tuna pPerynupyrowmn  arnemMeHT BKNHYEH
nocnegoBaTenbHO, a B ctabunusaTtopax BTOPOro Tuna - napannenbHo
C CONPOTUBIIEHNEM HarpysKu. QOYHKUMOHANbHbIE CXEeMbl TaKux
cTabnnmMsaTopoB NokasaHbl Ha puc. 3.

B cxeme Ha puc. 3,a ctabunmsaTtop nuTaeTca OT CETU MNOCTOSAHHOIO
UM NEPEMEHHOr0 ToKa 4vepe3 BbiNpsAMUTENb U unbtp. N3ameHeHne
BXOAHOIO HanpsiKeHUs1 U ToKa Harpy3ku Bbi3bIBAE€T B NEPBbIA MOMEHT
N3MEHEHNE HaMNPSKEHUS Ha BbIXOAe CXeMbl. I3MepUTenbHbIN 3N1EMEHT,
B Ka4yeCTBe KOTOPOro BbICTynaeT AaTyuk HanpsxkeHus (OH), dpopmupyet
Ha CBOEM BbIXOQE CUrHam, NPonopuUMOHanbHbIN TEKYLEMY 3HAYEHWUIO
BbIXOL4HOrO HanpspkeHns U 4.

OTOT CuUrHan nogaeTcd Ha MepBbl BXOL YCTPOMCTBA CpaBHEHUA
(YC), a Ha BTOpomn Bxoa YC nogaetcsa curHam OT UCTOYHMKA OMOPHOro
HanpsbkeHnsa (MOH) Uy,oy. Ha Bbixooe YC chopmupyeTca pasHOCTHbLIN
curHan AU, KoTopbih HeceT B cebe WHGopmauuio O BENNYUHE U
HanpaBneHUN OTKNOHEHNS PEryrMpyeMOro HanpsiKeHus:.

YeunutenoHo —  npeobpasoBaTtensHoe  yctpoucteo - (YT1Y)
YCUNMUBAET BbIXOAHOW CUrHam YCTPOMCTBa CpaBHEHMs U NodaeT ero Ha
Ga3y cunoBoro TpaH3uctopa VT, KOTOPbIN BLIMNONHAET QYHKLUUIO
perynupytoLero anemeHTa (P9).

HanpspkeHne Ha perynupyowem ofleMeHTe U3MeHsieTcs U
KOMMEHCUPYET M3MEHEHMS BbLIXOQHOMO HanpsikeHust ¢ onpeneneHHon
CTeNeHb TOYHOCTH.

Ha puc. 3,6 npefncraeneHa cxema rnaparsiesisHo2o ctabunmnsartopa
C HenpepbiBHbIM perynmpoBaHneM. Perynupylowmnm anemeHT BKIYeH
napansfiefisHoO COMPOTMBNEHMIO Harpy3ku. [1pu M3MEHEeHUM BXOOHOro
HanpskeHMs B NepBbIM MOMEHT HanpsbkeHne Ha Bbixode cxembl Upgyx
nameHsieTcsa. Ha Bbixoge YC nosiBNsieTCA CUrHan paccoriiacoBaHus



Mexay BbIXOQHbIM HanpsPKeHNnem n OMOPHbIM. Cwurnan
paccornacosaHna ycunusaetcs YITY n nogaetcsa Ha Bxopg PO.

MN3meHeHne curHana Ha Bxoge P3O npuBoAUT K U3MEHEHUIO €ro
Toka lyr, 4YTO, B CBOK O4epenb, BbI3biBAaET M3MEHEHUS ToKa gy,
noTpebnsaemMoro CXeMon OT UCTOYHUKA NUTaHus. M3MeHeHne BXOOHOro
TOKa lgx MPUBOAUT K UBMEHEHUIO NAadEHUA HanNpsXKeHns1 Ha 6annacTHOM
conpotueneHnn Rg, B peaynbraTe 4Yero BbIXOQHOE HanpshkeHue
BO3BpallaeTca K cBoeMy nepBoHa4varibHOMy 3HadeHuto Ugpx=Ugx-lgx
Rg.

VT(P3) Rg
Q) o— ol 1 o—
NOH Usbix | Ry MOH Usbix Ru
Ux Unon Vex VT(P3) Unon
Al U,J'J,H Al U_un
—1 YTy OH Yy H
YC YC
o o— -o : O—
a 6

Puc. 3. PyHKUMOHaNbHbIE CXeMbl CTabunm3aTopoB NOCTOAHHOIO
HanNps»XeHUs C HenpepbIBHbIM perysimpoBaHUEM:
a - C nocriegoBaTesibHbIM BKHOYEHMEM PEerynupyroLLLero
anemeHTa; 6 - ¢ napannenbHbIM.

N3meHeHne Toka Harpy3ku |y BbI3biBAeT NPOTUBOMOSIOXHOE MO
3HaKy W paBHOE MO 3HAYEeHUD U3MeHEHMe Toka yepe3 P3I. Takum
obpa3oMm, Npu M3MEHEHMW TOKa Harpy3km ToOK, noTpebnsembin
CTabnnn3aTtopom OT UCTOYHMKA NUTAHUSA, HE U3MEHSIETCS.

LLlmpokoe npumeHeHne  cTabunn3atopoB C  HeENpPepbIBHbIM
perynmpoBaHMeEM  OOBLACHAETCA UX  BbICOKMMW  KayeCTBEHHbIMU
nokasatensiMm U1 XOpoLwlen 39NEeKTPOMaAarHUTHOW COBMECTUMOCTbIO C
paguoanekTpoHHon  annapatypon. WX  OCHOBHbIM  HegoCTaTKOM
ABNAETCA OTHOCUTESIbHO HU3KMn KT, ymMeHbLwaowmmnca ¢ NoHMmKeHnem

YPOBHEW BbIXOLHbIX HAMPAXXEeHUN.
B nabopatopHoii paboTe npedycMOTpeHa BO3MOXHOCTb NpOBeaeHWs
nceneagoBaHMA cxem Tpex KOMMEeHCaUMOHHbIX CTa6I/IJ'II/I3aTOpOB MOCTOAHHOIO



HanpskeHusi. Ha puc. 4 npeactaBneHa cxema crabunusaTtopa C
nocrnegoBaTernbHbIM  BKMAOYEHWEM  perynupyrowero TpaHaucTopa 6e3
ycunutenobHoro anemeHTta. Crabunusatop COCTOMT M3 [OBYX YacTew:
napametpuyeckoro crabunusatopa (R1 u VD1), cosgarowero onopHoe
HanpsbkeHne Ugn, 1 perynupytoLero TpaHamctopa VT1, KOTopbI cOBMeLLaeT
B cebe [OMONHUTENBHO N (PYHKLMIO YCUNUTENBHOrO anemMeHTta. B kayectse
N3MepPUTENbHbIX 3NIEMEHTOB BbICTYNAKT P-N nepexon amuttep-6asa VTL,
conpoTmBneHue Harpyskm Ry n ctabunutpoH VD1,

Pexum paboTtbl VT1 BblOMpaeTcs Takum obpasom, 4Tobbl npw
OTCYTCTBUWN eCTabunmnsnpyowmx ¢oakTopoB, OH Oblfl HE NOSTHOCTBIO OTKPLIT
HanpsbkeHMemM cmelleHns amutTep-6asa, koTopoe O0OblMHO cocTaBnseT
BennumHy nopsigka 0,3 B. BbixogHoe HanpsbkeHue ctabunmsaTtopa npu 3Tom
NpakTUYEeCKN paBHSETCS ONOPHOMY HanpskeHuio Uon. Ecnn, no kaknm-nnbo
npuynHaMm, BbIXOOHOE HanpsXeHne U3MEHUTCH, TO COOTBETCTBEHHO
M3MEHUTCA W HanpsKeHne CMeLLeHns amMuTTep-basa, 4To npuBedeTr K
N3MEHEHNIO COMPOTUBIMEHUS perynupylowero TpaHauctopa VT1 Takum
obpasom, 4ToObl BbIXOAHOE HanpsKeHne ocTarnocb HEN3MEHHbIM.
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Puc. 4. Ctabunusatop ¢ nocnegoBaTenbHbIM BKITHOYEHNEM
PErynmpyoLLLEro TpaH3ncTopa

Ha puc. 5 npeacraBneHa cxema crabunusatopa Cc napanfesibHbiM
BKINIOYEHNEM PETYINMPYIOLLIErO TpaH3ncTopa 6e3 yeunuTenbHoro anemeHTa. B
9TOM CXeMe BoO3pacTaHue BXOLAHOIO HanpsbKeHus npuBoauMT K  POCTY
BbIXOOHOINO HanpsbkeHusl, KoTopoe, nocTynas Ha 6a3y TpaH3ucTopa,
NPUOTKPbIBaeT ero. ToK, noTpebnaemMbln TPaH3MCTOPOM, BO3pacTaeT W,
npoxoasa Mo racdwemy pesucTopy, YBENMUMBaEeT MNageHue HarnpskKeHus Ha



HEM. C pOCTOM TOKa TpaH3UCTOpa BbIXOAHOE HanpsiKeHusa cTtabunusatopa
Ha4YHeT BO3BpaLLATbCS K MPEXHEMY YPOBHIO, T.€. OHO HAYHET YMEHbLUATbLCS.
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Puc. 5. Ctabununsatop ¢ napannenbHbiM BKIIOYEHNEM
perynupyoLero TpaHsucTopa

Ha puc. 6 npeacraeneHa cxema ctabunusatopa ¢ nocriegoBaTesfibHbIM
BKINIOYEHNEM PErynupyowero TpaH3ncTopa ¢ YCUITUTESIbHbIM  3f1IEMEHTOM B
KaHane obpaTHou cBA3n. B coctaB cxeMbl BXOOAT AaTyuk HanpsbkeHus (RS,
R6, R7), napameTtpudeckun ctabunusatop (R3 wn VD2), ycunutenb
noctosiHHoro Toka (VT3, R1, R2). B kadecTtBe perynupylroLlero anemeHTa
ncnonb3yeTcsa coctaBHoW TpaHauctop (VT2, VT1). [atynk HanpskeHus wu
napameTpuyeckun ctabunmnsatop obpasyoT YCTPONUCTBO CpaBHEHUA. B aTou
cCXeme TMpouUCXOOAUT HernpepbiBHOE CpaBHeHWe HanpskeHna Uy  Ha
Harpy3o4yHoMm pe3nctope R y € onopHbIM HanpsbkeHnem Ugp, co3gaBaeMbiM C
NOMOLLbIO NapameTpuyeckoro ctabmunuaaropa.

Mpn  yBenuYeHMM BXOOHOrO  HanpsbkeHust crtabunusatopa wunu
YMEHbLUEHUN Harpy3oyHoro Toka |y HanpsbkeHne Uy nosblWaeTcs,
OTKINOHSASACbL OT HOMMHANbHOrO0 3Ha4yeHWsl, YTO NPUBOAUT K BO3pacTaHuIo
noteHumMana 6asbl TpaH3ucTopa VT3. [1OCKOSMbKY OMOpPHOE HanpsXeHue
OCTaeTCa MNOCTOSHHbIM, TO HanpsbkeHne wmexay 6ason 1M 3MUTTEPOM
TpaH3uctopa VT3 yMeHbllaeTca. CnegoBaTenbHO, KOMMEKTOPHbIN  TOK
TpaH3uctopa VT3 cHmkKaeTcs. OTO NPUBOLUT K YMEHbLUEHUIO HanpsKeHUd
mexagy 6ason n konnektopoMm VT2, YTO pPaBHOCUIBHO YBENMYEHUIO €ro
conpotuBnennsa. KonnekTopHblM TOK TpaHauctopa VT2 npu 3TOM
yMeHbLIaeTCsl, YTO BeAdeT K CHWKeHuto 6asoBoro Toka TpaHsuctopa VT1 um
BO3pacCTaHMIO U €ero conpotmereHnd. Bcnencteume 3TOro  nageHuve
HanpspkeHMst Ha TpaH3uctope VT1 Bo3pactaeT, Onarogaps 4emy
HanpsbkeHne Uy npuobpeTaeT 3HavyeHue, OnNu3koe K HOMWHANbHOMY C



onpeaeneHHon cTeneHblo ToYHoCcTU. CoeanHeHne Todek 1 n 2 B 9TOM cxeme
NPUBOANT K HEUM3MEHHOCTU MNoTeHumana Touknm 1 crabunutpoHa VD1. 3T0
ynydlwaeT XapaKTepUCTUKM PpacCMOTPEHHOWN CXEMBbI.
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Puc. 6. Ctabunusatop ¢ nocnegoBaTternbHbIM BKITHOYEHNEM PETYINPYHOLLENO
TpaH3ncTopa 1 yCUnuTenem B Lieny obpaTHOM CBA3N

OCHOBHbIE MNMPABUITA N MEPbI BE3OINACHOCTU MPA
MPOBEOEHVM NABOPATOPHbIX 3AHATUN

C TOYkM 3peHust BesonacHocTu paboT, NPOBOAUMBIX B XoA4e
9KCrnepuMeHTasbHbIX nccrnegoBaHun, cnepyert 3HaTb, 4YTO
nabopaTopHble  YCTAHOBKM  KOHCTPYKTMBHO  CMOHTUPOBaHbl  Ha
YHUBEpPCanbHoM nabopaTopHOM CTOne.

Ha nuueBbix naHendax BbirfpaBUPOBaHbI CXEMbl WUCCeayeMblX
YCTPOWCTB M pacnosioXeHbl opraHbl ynpasneHna. B yuebHon ayantopum
pasMelleHO  YeTblpe  YHuMBepcasnbHbiX  NabopaTopHbIX  CTOSa.
TpexdasHoe M ogHoda3HOE HanpsikeHua K nabopaTopHbIM CTONam
nogaeTcsl LUEHTpannM3oBaHHO OT aBTOMaTU4YecKuxX BblkntodaTenen. Ha
CXeMY Kaxkgown nabopaToOpHOW YCTAHOBKW HaMNpsKeHWe rnogaeTcs yepes
COOTBETCTBYIOLLMI BbIKITOMaTESb.

Mpu npoBegeHnn nabopaTopHbIX paboT 06s3aTeNbHbIM ABNSETCS
BbIMNOSTHEHME CreayrLwWnxX NnpaBun:

1. Tlepen Hayanom 9KCNepuMMeHTa opraHbl YynpaBfieHUs WU
WHOMKaAUMN Ha §NUUEeBOW naHenu AaHHoMW nabopaTopHOM YCTaHOBKMU
AOMKHbI BbITb YCTAHOBIIEHBI B UCXOQHOE NOSOXEHME.



2. BknioyeHne cxembl nabopaTopHOW YCTAHOBKM [OMycKaeTcs
TONbLKO C paspeLlleHnsa PyKOBOANTENSA 3aHATUS.

3. 3anpelwaetca npukacatbCa K TOKOBeAyLUMM  YacTam
nabopaTopHbIX  YCTAHOBOK,  MNPOU3BOAUTL  MEPEKNIYEeHNs,  He
OroBOpPEHHbIE B PYKOBOACTBE K AaHHOW nabopaTopHou paboTe.

4. B cnyyae nopaxeHust anekTpm4yeckum TOKOM Heobxoaumo:

- HeMeaneHHO OTKIMYNTL NUTaHue nabopaToOpHOW YCTaHOBKU, a
Takke aBTOMATUMYECKUM BbIKNKOYaTESNb NUTaHUA BceX NnabopaTopHbIX
CTONOB;

- ocBoboauMTb  MNocTpagaBllero  OT  COMPUKOCHOBEHUST C
afeKTpuyeckon uenbko, obecrneymB npenBapuTeNibHO COBCTBEHHYHO
©e30nacHoOCTb;

- OONIOXUTb O CIyYMBLUEMCS PYKOBOAUTENIO 3aHATUS, Bbl3BaTb
MeOULUMHCKOro paboTHMKaA W, He AoXuaasicb ero npubbitusa, 0es
npoMeaneHna  MNpUCTYNUTb K  OKasaHWU  MepBouM  NOMOLLMU
nocTpagasLlemy.

COCTAB TABOPATOPHOW YCTAHOBKM

YHuBepcanbHaa nabopaTopHas yCTaHOBKa npegHasHadeHa ans
9KCrnepuUMeHTanbLHOro uccnegoBaHMsa CcTabunuMsaTopoB MNOCTOSIHHOMO
HaMpPsXXeHUs1 pasnuyHbIX TUNOB.

B coctaB nabopaTopHON YCTaHOBKN BXOOAUT NTabopaTOpPHbIN MySibT.

JlnueBaa naHenb nabopaToOpHOro nMynbTa COCTOUT U3 Tpex
COCTaBHbIX YacCTeW: NeBOW, LeHTparnbHOM U npaBou. JleBaa n npasasd
NaHenn 4BnATCA CTauMOHapHbIMW, a LUeHTpanbHad BMecTe C
YCTAHOBSIEHHbLIMU Ha HEW 3NeMeHTaMU N nnaTtamMm BNAeTCs CbeMHOMN.

Ha neesou nuueBon naHenwu:

- BbIfpaBMpOBaHbl CXeMbl TpexdasHoro un ogHodasHoro
TpaHCOpMaTOpPOB C  pasfiMYHbIMM  BapuaHTamMum  COeANHEHUS
BTOPUYHBIX LIEMNEN;

-  pa3meweHbol BonbTMeTp PV1 wn  amnepmetp PA1,
npeaHa3HavYeHHble 49 U3MEPEHUS] MOCTOSAHHbIX HaMNPS>XXEHU N TOKOB Ha
BXO4e MUccneayemMblx CXem CTabunnsatopos;



- yCTaHOBMEHbl KHonku 3erneHoz2o ueta TPEX®ASHAA CETb-
BKIT, OOHO®A3HAA CETb-BKJT n kpacHozo ueta TPEX®A3HAA

CETb-BbIKJ1, OQHOPA3HAA CETb-BbIKIJI.

Ha ueHmpasnbHolU nuueBon naHenun BbirpaBUPOBaHbI:

- CXeMbl NapamMeTpuyecKoro n KOMMeHcauMOHHbIX cTabnnmsaTopos
MOCTOSAHHOIO HaMpPsXXeHUs;

- CTUNIM30BaHHAA CxXxemMa WCTOYHWKA MUTaHUS C perynupyemMbim
BbIXOAOM Ha MOCTOAHHOM TOKeE.

Ha npaeol nuueson naHenwu:

- BbIlpaBUpPOBaHbl  CXEMbl  3NEKTPUYECKUX  CriakmMBarLLNX
JnnNbTPOB;

- pasmMeweHbl BonbTMeTp PV2 n  amnepmetrp  PAZ2,
npegHasHavYeHHble AN U3MEPEHNS MOCTOSHHbBIX HAaNPsXXeHUN 1 TOKOB Ha
BbIXOAE UCCeayeMbIX CXeM CTabunnsaTtopos;

- ycTtaHoBneH BblknovaTens CETb ana nogays nutarowero
HaMpPs>XXeHUs1 Ha YCTaHOBKY;
- YCTAHOBNEHbI PErynaTopbl BENIMYNHbLI CONPOTUBIIEHNSA HArpy3Ku

Rhu.reyso Y Ru.TouHo-
Mpubopbl PV1, PA1 n PV2 wumeloT nepeknioyvatenn pexuma

N3MepeHna ona n3mMepeHnsa nepemMeHHbIX U NOCTOSIHHBIX HaNPSXKEHUN U
TOKa.

Mpepensl wunsmepeHns npubopos PV1, PA1 wn PV2, PA2
NepekniyalTcsd aBToOMaTUYECKM B 3aBUCMMOCTU OT pexnmMma UsamMepeHus
«NepeMeHHbIN - MOCTOSAHHbIN» 1 TUMa NOAKNKYaeMoro cMeHHoro 6s1oka.

NOPAOOK BbINOJNHEHNA PABOTbI

1. NccneposaHue KOMMNEHCAUMOHHOIo  ctabunmsatopa C
nocnegoBaTenbHbIM BKITHOYEHMEM PErYNNPYIOLLLErO TpaH3uUCcTopa.

1.1 NogroToBKka K paboTe.

1.1.1. CobpaTtb cxemy, NpuBeeHHYI Ha puc. 7.

1.1.2. Ha npaBon nuueson naHenu [MJIABHO noBepHyTb pyuyky
perynatopa Rytoyqo MPOTMB 4YacoOBOW CTPEenku [0 yrnopa, a pPydky
perynatopa Ryrpyso MNOCTaBUTb B MNOfoXeHMe  «X.X», YTO
COOTBETCTBYET Ry, = .

1.1.3. BonbtmeTpbl PV1 1 PV2 yCTaHOBUTL B pPeXUM U3MEPEHUS
NOCTOSIHHOro HanpsbkeHusi. Mwunnuamnepmetp PA1  ycTtaHOBUTL B
PEXUM U3MEPEHUNS MOCTOSHHOIO TOKA.



1.1.4. TlpegcrtaButb CxeMy Ha MNPOBEpPKYy MpenogaBaTesiio wunm
3aBeqyouemy nabopatopuen;
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Puc. 7. CoeanHeHne aneMeHToB YCTaHOBKWU As UccneaoBaHus
KOMMeHCcaLMOHHOro ctabmunuaaTtopa ¢ nocrneaoBaTernbHbIM
BKMIOYEHMEM PEerynupyoLLero TpaHancTopa

1.1.5. Ha npaBon nuueBon naHenu nepeknto4datens «Ry rpybo»
YCTAHOBUTL B MOSIOXeHMe 2, a NepeMeHHbIn pe3nctop «Ry TOYHO» — B
cpenHee rnosnoxeHue.

1.1.6. Ha npason nuueson naHenun BkNo4YnTb Bbikntovatenb CETb.

1.2. CHATb 3aBMCMMOCTb BbIXOAHOINO HanpshkeHns ctabunmsatopa
(HanpspKeHUst Ha Harpyske) oT HanpskeHnsa Ha ero Bxoge Uy = f (Ugy).

1.2.1. Ha ueHTpanbHOM nNUUEBOM MaHENN BKIKOYNTL WUCTOYHUK
MOCTOAHHOIO HanpsbkeHus. YBenuuMBaTb HanpsXKeHWe Ha BbIXxoae
MCTOYMHMKA  MOCTOAHHOrO  HanpsbkeHnst OT  MWHMMArbHOro  go
MakcumarnbHoro. ®ukcupoBaTb BENMMYMHbLI  BXOOHOrO  TOKa gy,
HanpsbkeHns Uy 1 Toka |y Harpyskn. PesynbTaTbl UsMepeHnn 3aHecTu B
Tabnnuy 1.1.

Tabnuua 1.1
N3mepeHHasa | N3meputenbHbii PesynbTaTbl M3MEpPEHs
Benn4ynHa npubop
Ugx,B PV1

IBX, MA PA1




Un,B PV2

IH, MA PA2

1.2.2. Ha ueHTpanbHon nuueson naHenun [MJIABHO noBepHyTb
PYYKy perynatopa MWCTOYHMKA TMOCTOAHHOINO HarnpsXeHus NnpoTuB
4aCOBOW CTPESIKN B KpaMHEE MOSI0XEHNE.

1.2.3. TlocTponTb 3aBUCUMOCTb HaMpsXXeHUss Ha Harpyske oT
HanpsbkeHMs Ha Bxopde crtabunusatopa Upy=f(Ugx) npn HEU3MEHHOM
conpoTmeBrieHnn  Harpyskn.  Onpepenutb  guManasoH  BXOAHbIX
Hanps>KeHUn, Npu KOTOPbIX CXema BbINOMHAET OYHKUMN cTabunusatopa
HaMpPs>XeHs.

1.3. CHATb 3aBMCUMMOCTb HanpsbkeHumsa Ha Harpy3ke Uy OT ToKa
Harpysku Iy npyu HeM3amMeHHOM BXOAHOM HanpsXeHun Ugy = 15 B.

1.3.1. Ha npaBon nuueBon naHenu nepekntoyatens «Ry rpybo»
YyCTaHOBUTL B nonoxeHne X.X.

1.3.2. YBenuuumeBatb TOK Yepe3 COMpPOTMBIIEHME  Harpysku
nepekntoyatenem «Ry rpybo». PnkcMpoBaTb BENMNYUHbI HANPSHXKEHUS Ha
Harpyske Uy 1 TOKa Harpysku ly. [lpn 3aTOoM HanpsikeHue Ha BXone
ctabunusatopa nogaepuBatb HEU3MEHHbIM.

1.3.3. Pe3ynbTaTbl usmepeHnn 3aHecTtu B Tabnuuy 1.2.

Tabnuua 1.2

|/|3M6peHHaFI|/|3MGpVITeJ'IbeII7I Pe3yanaTb| n3MepeHns
Benn4nHa npnbop

Uex,B PV1 15B

lex, MA PA1

Un,B PV2

In, MA PA2

1.3.4. loctpoutb 3aBucumoctb Uy = f (Iy) npu HensmeHHOM

BXO4HOM HanpsxeHun Upgx = 15 B.
1.4. Onpegpenuntb KO3MPUUMEHT cTabunusaumm MNo BXOAHOMY

HaNPS>KEHNIO
AUpy  Uppiy
Ker = — — 1pH [y = const,
AUgx  Usx

rae AUgx, AUgpx — COOTBETCTBEHHO NpUpAaLLEHUA BXOLAHOrO M
BbIXOOQHOIMO HanpsbkeHun crabunusatopa nMpu HEU3MEHHOM TOke



Harpyskn; Ugx U Ugpix — HOMUHArbHblE 3HAYEHUSI BXOAHOMO N BbIXO4HOIO
Hanps»XeHun ctabununaartopa.

1.4.1. YcTaHOBUTbL NepekntoyaTtenb «Ry rpybo» B nosioxeHue 2, a
nepemMeHHbIN pe3ncTop «Ry TOYHO» — B cpeiHee MonoXeHue.

1.4.2. YCTaHOBUTb 3HAYEHUA BXOAHOrMO HaMNpPs>KEHUA COrfiacHo
Tabnuue 1.3. B npouecce namepeHun nepemeHHbIM pe3ncTopom «Ry
TOYHO» NoALEPXKMBATb HEM3MEHHOMW BESTMYMHY TOKA Harpy3ku ly.

Tabnuua 1.3
Ry reveo | V13Mepsiemast | 13MepuTenbHbii PesynbTathl Ker
BENUYNHA npmnbop N3MepeHna
Ugx, B PV1 16,0 17,0 18,0
2 Un, B PV2
4, MA PA2
Ugx, B PV1 16,0 17,0 18,0
4 Un, B PV2
4, MA PA2

B kauecTtBe Ugx N Up,x B3STb cpeaHne 3Ha4eHNs: BENUYMH U3
Tabnuubl 1.3.

1.5. OnpegennTb BbIXOAHOE COMPOTMBNEHNE cTabunmsaTtopa

R, = |AUy/Aly| npu Ugy = const,

roe AUy — npupalleHme BbIXOAHOro HanpshkeHna ctabunusatopa,

Aly — npupatlleHne Toka Harpysku.

1.5.1. YctaHoButb Ugx = 17,0 B.

1.5.2. Mpoussectn namepennss Uy (Upi, Upo) U 1y (Ihr, l2) npu
PasfNYHbIX 3HAYEHUSX CONMPOTUBIEHUS HArpy3ku (Hanpumep, B KpamHnx
NONIOXKEHNAX MNepeMeHHOro pesuctopa «Ry TouHO»). [lpu aTOM
nogaepxmeatb Ugx = const = 17,0 B.

1.5.3. PesynbTaTbl U3MEPEHUN N BbIMUCNEHNA 3aHECTU B Tabnuuy
1.4.

1.5.4. YctaHoBuTb Ugyx = const = 16,0 B.

1.5.5. BoinonHutb n.n. 1.5.2; 1.5.3.

1.5.6. CpaBHUTb Nony4deHHble 3HavyeHus R;. CoenaTb HeobxoanMble
BbIBOAb.

1.6. Onpegenntb KO3 MPUUMEHT NOME3HOro AeNCTBUSA
ctrabununsartopa



1

'~ Upxlpx

1.6.1. BbluncneHuns npoussectn ans Ugx = 17,0 B.

Tabnuua 1.4
Ry rryso Uex
16 B 17 B
Uni= lH1= U= I H1=
2 Unz = lh2 = Unz = lh2 =
AUH: A|H: AUH: A|H:
Ri = Ri =
U= I H1= U= I H1=
4 Unz = 2 = Unz = 2 =
AUH: A|H: AUH: A|H:
Ri = Ri =

1.6.2. PesynbTaTbl UBMEPEHUI N BbIYNCIIEHUI 3aHECTU B Tabnnuy

1.5.
Tabnuua 1.5.
Usx Iex Uy In N
1.7. YMeHbLWNTb BESIMYNHY COMPOTUBIIEHUA Harpysku. [Ona aToro
yCTaHOBUTbL nepeknodaTens «Ry rpybo» B nonoxenHve 4, a

nepeMeHHbIN pe3ncTop «Ry TOYHO» — B cpeaHee NosSIoXKeEHMeE.

1.8. Boinonuutb n. 1.4.2.

1.9. BoinonHuts n. 1.5.

1.10. BeinonHntb n. 1.6. npn Ugx = const = 16,0 B

1.11. CpaBHUTb MNOMy4YEHHbIE 3HA4YEHUSI MapamMeTpoB C paHee
HanvgeHHbIMKN 3HavYeHuaMn. CaenaTb HeobxoaMmble BbIBOAbI.

1.12. Ha ueHTpanbHOM NnMuUeBON NaHenu BbIKMOYNTbL UCTOYHUK
NOCTOAHHOIO HanpPsKeHUs:.

1.13. Ha npaBow nuueBon naHenu BblkNOYUTb Bbikntoyatens CETb.

1.14. PasobpaTb cxemy ucnblTaHun. AKKypaTHO CBEPHYTb U yOpaTb
NPOBOOHUKMN.



2. WccnepoBaHne  KOMMEHcaAUMOHHOro  ctabunmusatopa C
napansiefibHbiM BKIIOYEHMEM PErynmpytoLero TpaH3ncTopa.

2.1. MNopgroTtoBka K paboTe.

2.1.1. CobpaTtb cxemy, NpuBeaeHHYO Ha puc. 8.

2.1.2. Ha npason nuueson naHenu [MJIABHO noBepHyTb pyuyky
perynatopa Ryrtoyso MPOTMB 4acoOBOW CTpenku [O yrnopa, a Pyuky
perynatopa Ryrpyso NOCTaBUTL B MNOMoXeHMe  «X.X», YTO
COOTBETCTBYET Ry, = .

2.1.3. BonbTmeTpbl PV1 n PV2 ycTaHOBUTb B PEXUM U3MEPEHUS
NOCTOSAHHOro HanpsbkeHus. Mwunnuamnepmetp PA1 yctaHoBUTL B
PEXNM N3MepeHNA NOCTOSIHHOIO TOKa.
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Puc. 8. CoeanHeHne 3nMeMeHTOB YCTAHOBKW AONsl UCCredoBaHUS
KOMMEHCALMOHHOro ctabunmu3aTtopa MOCTOSIHHOrO  HanpsikeHus ¢
napannenbHbIM BKMIOYEHNEM PEerynupyoLLero TpaHancTopa

2.1.4. TlpegctaBuTb CXeMy Ha MNPOBEPKY MpenogasaTesito unm
3aBefyouiemy nabopatopuen;

2.1.5. Ha npaBon nuueBon naHenu nepeknodvatens «Ry rpybo»
YCTaHOBUTL B MOSIOXeHMe 2, a NepeMeHHbIn pe3nctop «Ry TOYHO» — B
cpefHee nosoXXeHue.

2.1.6. Ha npaBown nuueBon naHenn BkNounTb Bbikntoyatenb CETb.



2.1.7. Ha ueHTpanbHOM nNUUEBOM NaHENU BKMKOYUTb WCTOYHUK
NOCTOAHHOIO HanNpPsXeHUs. YCTaHOBUTb MakCMMalribHOE HamnpshKeHue Ha
BbIXO4€ NCTOYHMKA MOCTOSHHOIO HarnpsXXeHus.

2.1.8. logknmountb BXoa BonbTMeTpa PV1 Kk aHogy v KaTtoay
ctabunutpoHa VD1 unsydaemonm cxembl (K rHesgam 3 u 4). 3anucatb
N3MEpPEHHOE 3HAYEHNE HaNpPsXKeHUs1 cTabunmsaunm ctabunmutTpoHa Ucr.

2.1.9. BonbTmeTp PV1 nogkniovnTb cornacHo puc. 8.

2.2. CHATb 3aBUCMMOCTb BbIXOOHOMO HanpsikeHusa ctabunusaTtopa
(HanpspKeHUs Ha Harpyske) oT HanpskeHust Ha ero Bxoae Uy = f (Ugy).

2.2.1. YBenunuumeBaTb HanpsXKeHMe Ha BbIXode WCTOYHMKA
NOCTOAHHOIO HanpsXXeHns OT MWHMMAanNbHOroO [0 MaKCUMarsbHOrO.
dukcrmpoBaTb BENUYMHBI BXOOHOrO TOKa lgx, HanpsbkeHusa Uy n Toka |y
Harpy3ku. PeaynbTatbl UaMepeHun 3aHecTn B Tabnuuy 2.1.

Tabnuya 2.1
N3vepsaemasa | MameputenbHbIn PesynbTaThl U3MepeHus
BEnM4ymHa npudop
Ugx, B PV1
Isx, MA PA1
Un, B PV2
Ih, MA PA2

2.2.2. Ha ueHTpanbHon nuueBon naHenu [MJIABHO noBepHyTb
PYYKy perynatopa MCTOYHMKA TMOCTOAHHOINO HarpskeHus NnpoTuB
4aCOBOW CTPESIKN B KpaHEE MOSIOXEHNE.

2.2.3. TlocTponTb 3aBUCUMOCTb HarpsXXeHUss Ha Harpyske oT
HanpshkeHust Ha Bxoae cTtabunusatopa Uy = f (Ugyx) Npu HEU3MEHHOM
conpoTmeBrieHnn  Harpyskn.  Onpepenutb  guManasoH  BXOAHbIX
HanNpsKeHUN, NPU KOTOPbIX cXema BbINOMHAET YHKUMN cTabunuaatopa
HanpsKeHus.

2.3. CHATb 3aBMCUMMOCTb HanpsbkeHuss Ha Harpys3ke Uy OT TOKa
Harpysku |y npu HEM3mMeHHOM BXOAHOM HanpsxeHun Ugyx = 16 B.

2.3.1. Ha npaBon nuueBon naHenu nepeknwo4datens «Ry rpybo»
yCTaHOBUTL B nonoxeHne X.X.




2.3.2. YBenuuumeBatb TOK 4Yepe3 COMPOTMBIIEHME  Harpysku
nepekntoyatenem «Ry rpybo». PrkcMpoBaTb BENMNYUHBLI HANPSXKEHUS Ha
Harpyske Uy M Toka Harpysku ly. lNpn aTOM HanpsikeHne Ha BXxofe
ctabunusaTtopa noggepXxueatb HEM3MEHHbIM. Pe3ynbTtaTbl M3MepeHumn
3aHecTu B Tabnuuy 2.2.

2.3.3. Ha ueHTpanbHon nuueBon naHenu [MJIABHO noBepHyTb
PYYKy perynatopa MWCTOYHMKA TMOCTOAHHOINO HarpskeHus NnpoTuB
4aCOBOM CTPESIKN B KpaMHEE MOJI0XEHNE.

Tabnuua 2.2
N3vepsaemasa | N3meputenbHbin
PesynbTaTtbl usmepeHus

BENUYMNHA npunbop

Ugx, B PV1 16 B

IBx, MA PA1

Un, B PV2

I, MA PA2

2.3.4. TMoctpoutb 3aBucumoctb Uy = f (Iy) npu HensmeHHOM

BXOAHOM HanpshxeHun Ugyx = 16 B. Onpeaenntbs Anana3oH TOKOB vepes
Harpy3ky, Npu KOTOPbIX CXemMa BbINOSHAET OYHKUMM cTabunuaatopa
Hanps>KeHus.

2.4. Onpenenutb KO3MUUMEHT cTabunusaumm no BXOAHOMY

HanpsXXeHUHo.
AUgy  Uppix
Ker = — — 1npH Iy = const,
AUppix  Ugx

rae AUgx, AUgpx — COOTBETCTBEHHO NpUpPALLEHUA BXOLHOrO U
BbIXOAHOrO HanpsbkeHun crtabunmsatopa npu  HEU3IMEHHOM TOKe
Harpyskn; Ugx U Ugpx — HOMUHArbHblE 3HAYEHUSI BXOAHOMO 1 BbIXOLHOIO
HanpskeHun ctabunuaartopa.

2.4.1. YcTtaHoBUTb nepeksntovatenb «Ry rpybo» B nosnoxeHuwe 2, a
nepemMeHHbIN pe3ncTop «Ry TOYHO» — B cpeiHee MonoXeHue.

2.4.2. YcTaHOBUTb 3HA4YeHUs BXOLAHOrO HaMNPsKEHUs COorfiacHo
Tabnunue 2.3. B npouecce namepeHuin nepemMeHHbIM pe3ncTopomM «Ry
TOYHO» NoALEpPXXMBATb HEUM3MEHHOMW BESTMYMHY TOKa Harpysku ly.



Tabnuua 2.3

Ru rovec Namepsiemas |ameputensHbin PesynbTathl Ker
BENMYMHA npnbop nsmepeHnA

Ugx, B PV1 12,0 13,0 14,0

2 Un, B PV2
4, MA PA2
Ugx, B PV1 12,0 13,0 14,0

4 Un, B PV2
4, MA PA2

B kauectBe Upgx W Uppx B39Tb CpedHME 3HAYEHUS BENUYUH U3
Tabnuubl 2.3.

2.5. OnpegennTb BbIXOAHOE CONpPOTUBEHNE cTabunusaTopa

R; = |AUy/Aly| npu Ugy = const,

roe AUy — npypalleHmne BbIXOQHOMO HanpshkeHust ctabunmnsatopa,

Aly — npupaLleHme Toka Harpysku.

2.5.1. YctaHoButb Ugx = 13,0 B.

2.5.2. Mponssectn namepernss Uy (Unr, Uwo) U Iy (In1, 1) nipu
Pa3fnYHbIX 3HAYEHUSX CONMPOTUBMEHUS HArpy3ku (Hanpumep, B KpamHnx
NOSIOXKEHNAX MNepeMeHHoro pesuctopa «Ry ToyHO»). [lpu  aTOM
nogoepxmBatb Ugx = const = 13,0 B.

2.5.3. PesynbtaTbl U3MEPEHUN U BbIYUCIIEHMIA 3aHECTM B Tabnuuy

2.4,
Tabnuuy 2.4.
R Usgx
H rPYBO 138 158
Uni= IH1= Uni= I H1=
Unz = lh2 = Unz = lh2 =
2 JaUs=  |alw= [AUn= A=
Ri = Ri =
U= | 2= U= I'h1=
Unz = I = Unz = I =
4 AUy = Aly = AUy = Aly =
Ri = Ri =




2.5.4. YctaHoButb Ugx = const = 15,0 B.

2.5.5. Bbinonuutb n.n. 2.5.2; 2.5.3.

2.5.6. CpaBHUTb NoslydeHHble 3HavyeHuns R;. CaenaTtb Heobxoanmble
BbIBObl.

2.6. Onpegenutb KO3 purumeHT NonNe3Horo NEencTBus
ctabununaartopa.
Unly
n=-—-
Ugylgy

2.6.1. Boluncnenuna npoussectn ana Ugx = 13,0 B.
2.6.2. Pe3ynbTaTbl U3MEPEHUN M BbIYUCIEHUM 3aHECTU B Tabnuvuy
2.5

Tabnuua 2.5.
Usx Iex Uy In N

2.7. YMEHbLWUTb BENuUYMHY CONPOTUBMEHUA Harpy3ku. [Ana 3Toro
YCTaHOBUTb nepeknovatens «Ry rpybo» B nonoxeHne 4, a
nepeMeHHbIN pe3ncTop « Ry TOYHO» — B cpeaHee NnonoXeHue.

2.8. BoinonHutb n. 2.4.2.

2.9. BoinonHutb N. 2.5.

2.10. BeinonHutb n. 2.6. npn Ugx = const = 15,0 B

2.11. CpaBHUTb NOMy4YeHHble 3HaA4YeHUs1 napamMeTpoB C paHee
HangeHHbIMU 3HadYeHnsamMn. Caenatb HeOOXoaANMbIE BbIBOAbI.

2.12. Ha ueHTpasrnbHOu NMUEBON MaHesm BbIKIMOYUTb UCTOYHUK
MOCTOSAHHOIO HaMpPsXXeHNs.

2.13. Ha npaBou nuueBon naHenu BbikNo4YnTb BbikntovaTens CETb.

2.14. PaszobpaTb cxemy ucnbliTaHU. AKKypaTHO CBEPHYTbL U ybpaTtb
NPOBOAHVKM.

3. WccnepoBaHne  KOMMEHcaAUMOHHOro  crtabunusatopa C
nocregoBaTesibHbiM PErynMpylowmmMm TPaH3UCTOPOM W YCUNIUTENEM B
Lenun obpaTtHOM CBA3WN.

3.1 MNopgroToBka k paboTe.

3.1.1. CobpaTtb cxemy, npuBefeHHYI0 Ha puc. 9. lNepeMbluky mexay
rHesgamn 3 n 4 He yctaHaBnmBaTb.
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Puc. 9. CoeanHeHne anemMeHTOB YCTAHOBKM AN UCCreLoBaHUS
KOMMNEeHCaALUMOHHOro ctabunusatopa MNOCTOSAHHOMO HamnpshXeHua C
nocnegoBaTenbHbIM PEryNUPYHOLWLNUM TPaH3UCTOPOM U YCUINUTENEM B
uenn obpaTHOM CBA3U

3.1.2. Ha npaBon nuueson naHenn [MJIABHO noBepHyTb py4ky
perynatopa Ryrtouyso MPOTMB 4acoOBOW CTpenku [O yrnopa, a Pyuky
perynatopa Ryrpyso NOCTaBUTL B MNOMoOXeHMe  «X.X», YTO
COOTBETCTBYET Ry, = .

3.1.3. BonbtmeTpbl PV1 n PV2 ycTaHOBUTL B peXum U3MepeHud
NOCTOSAHHOro HanpsbkeHus. Mwunnuamnepmetp PA1 yctaHoBUTL B
PEXNM N3MepEHNA NOCTOSIHHOIO TOKa.

3.1.4. TllpeactaBuTb CXeMy Ha MPOBEPKY npenogasaTentd wunm
3aBeqyouemy nabopatopuen;

3.1.5. Ha npaBon nuueBon naHenun nepekno4vaTtenb «Ry rpybo»
YCTaHOBUTb B MOJSIOXKEHNE 2, a NepeMEHHbIN pe3ncTop «Ry TOYHO» — B
cpenHee rnosnoxeHue.

3.1.6. Ha npaBown nuueBon naHenu BKMOYNTb BblkntovaTens CETb.

3.1.7. Ha ueHTpanbHOW nNMUUEBOW MaHENN BKMIOYNTb WUCTOYHUK
MOCTOSAHHOIO HaMpPsXXeHNs.

3.2. CHATb 3aBMCUMOCTb BbIXOLHOIO HanpshkeHust ctabunusaTtopa
(HanpspKeHUst Ha Harpyske) oT HanpskeHns Ha ero Bxoge Uy = f (Ugy).

3.2.1. YctanHoButb Ugx = 13,0 B.

3.2.2. lepemMeHHbIM pe3ncTtopoM RS yCcTaHOBUTHL HanpshkeHwe Ha
BbIxoge ctabununsartopa Uy =7 B.



3.2.3. I3MeHATb HanpsiXXeHne Ha BbIXOo4e WUCTOYHWKA MOCTOSAHHOIO
HanpsbkeHUs OT MWHUMAnbHOro [0 MakcumarsnbHoro. dukcmpoBaTb
BENUYMHbLI BXOOHOIO TOKa lgx, HanpsxxeHna Uy U Toka |y Harpysku.

3.2.4. Pe3ynbTaTbl U3MepeHuin 3aHectn B Tabnuuy 3.1.

Tabnuua 3.1
N3mepsaemaa | MNamepuTenbHbIN
PesynbtaTtbl nsmepeHus
BEnMynHa npnbop
Ugx, B PV1
Igx, MA PA1
Un, B PV2
In, MA PA2

3.2.5. Ha ueHtpanbHon nuueson naHenu [MJIABHO noBepHyTb
PYYKY perynatopa WCTOYHMKA MNOCTOAHHOIO HarpsiXeHua npoTuB
4aCOBOM CTPESIKN B KpaMHEE MOSI0XEHNE.

3.2.6. TlocTponTb 3aBUCMMOCTb HaMpsXXeHUs Ha Harpyske oT
HanpshkeHus Ha Bxode ctabunusatopa Uy = f (Ugx) Npy HEM3MEHHOM
conpoTmBneHnn  Harpyskn.  Onpegenutb  AvanasoH  BXOAHbIX
HanNpsKeHUN, NPU KOTOPbIX CXema BbINOMHAET YHKUMN cTabunuaatopa
Hanps>XeHus.

3.3. CHATb 3aBUCUMOCTb HanpsKeHusi Ha Harpyske Uy OT Toka
Harpysku |y, Nnpu HeM3amMeHHOM BXOAHOM HanpsxeHun Ugx = 13 B.

3.3.1. Ha npaBon nuueBon naHenun nepeknodvaTtenb «Ry rpybo»
yCTaHOBUTL B nonoxeHne X.X.

3.3.2. YBenuumBatb TOK 4Yepe3 COMNPOTUBMIEHNE  Harpysku
nepekntoyatenem «Ry rpydo». dukcnpoBaTb BEMNYNHBLI HANPSHXKEHUS Ha
Harpyske Uy 1 TOoka Harpysku ly. [lpn 3aTOM HanpsbkeHue Ha BXone
crabunusaTtopa noggepXxuBatb HeEM3MeHHbIM. Pe3ynbTtaTbl M3MepeHumn
3aHecTn B Tabnuuy 3.2.

Tabnuua 3.2
N3avepsemana | NameputenbHbin Pe3ynbTaThl U3MepeHus
BENUYMNHA npnbop
Usx, B PV1 13B
Iex, MA PA1
Uy, B PV2

IH, MA PA2




3.3.3. Ha ueHtpanbHon nuueson naHenu [MJIABHO noBepHyTb
PYYKY perynatopa WCTOYHMKA MNOCTOAHHOIO HarnpsXeHud MpoTuB
4aCOBOW CTPESIKN B KpamHee MosioXeHune.

3.3.4. lNoctpoutb 3aBucumoctb Uy = f (Iy) npM HEnaMeHHOM
BXOAHOM HanpsikeHun Ugy =13B.

3.4. Onpepenutb KO3I(MUMEHT cTabunusaumm no BXOAHOMY
HanpPsKeHUIO

. AUgy lUB]:-[}I

“ AUpyy  Usy

roe AUgyx, AUpLx COOTBETCTBEHHO MpUpaLLEHNS BXOOHOMO U BbIXOOQHOrO

HanpskeHnn ctabunusatopa Npu HEU3MEHHOM TOKe Harpysku; Ugyx U

Ugpix — HOMUHanNbHbIE 3HA4YeHUS1 BXOOHOrO U BbIXOAHOIO HarnpsiXXeHuw

ctrabununaaropa.

npH Iy = const,

3.4.1. YctaHoBUTb nepekntoyaTtens «Ry rpydo» B nonoxenue 2, a
nepeMeHHbIN pe3ncTop «Ry TOYHO» — B cpefHee MNoSIoXeHne.

3.4.2. YCTaHOBUTb 3HAYE€HUA BXOOHOrO HarpsXXeHns CcornacHo
Tabnunue 3.3. B npouecce namepeHuin nepeMeHHbIM pPe3ncTopomM «Ry
TOYHO» NoaLepXnBaTb HEM3MEHHOW BESNTMUYNHY TOKA Harpysku |ly.

Tabnuua 3.3
Ry reveo | V13MEpsiemast | MamepuTensHbiii PesynbTathl Kt
BENNYMHA npuoop | B
Ugx, B PV1 12,0 13,0 14,0
2 Un, B PV2
1, MA PA2
Ugx, B PV1 12,0 13,0 14,0
4 Uy, B PV2
1, MA PA2

B kadectBe Ugx U Uppx B3sTb cpeaHWe 3HadYeHUsl BENUYMH U3
Tabnunubl 3.3.

3.5. Onpegenntb BbIXOOAHOE conpoTuBneHne ctabunusaTtopa

R, = |AUy/Aly| npu Ugy = const

roe AUy — npupalleHme BbIXOQHOro HanpsXeHust ctabunmsaTopa,

Aly — npupaLleHme Toka Harpysku.

3.5.1. YctaHoButb Ugx = 13,0 B .



3.5.2. Mpoussectn uamepennss Uy (Up1, Upa) U 1y (Iar, 1) npw
PasfnnYHbIX 3HAYEHUSX CONMPOTUBIMEHUS HArpy3ku (Hanpumep, B KpamHnx
NOSIOKEHNAX MNepeMeHHoro pesuctopa «Ry ToyHO»). [lpu  aToM
nogaepxmeatb Ugx = const = 13,0 B.

3.5.3. Pe3ynbtaTbl UBMEPEHUN U BbIYMUCIIEHUI 3aHECTU B Tabnuuy

3.4.
Tabnuua 3.4.
R Ugx
H NPYBO 13 B 15 B
Upi= Ih1= U= I H1=
5 Unz = I = Unz = I =
AUy = Aly = AUy = Aly =
Ri = Ri =
U= I H1= U= I H1=
4 Uz = lh2 = Uz = lh2 =
AUy = Aly = AUy = Aly =
Ri = Ri =
3.5.4. YctaHoButb Ugx = const = 15,0 B.
3.5.5. BbinonHutb n.n. 3.5.2; 3.5.3.
3.5.6. CpaBHUTb Nony4veHHble 3HaYeHns R;. CaenaTtb Heobxoanmble
BbIBOAb!.
3.6. Onpegenutb KO3 purumeHT NONe3Horo NEencTBus
ctrabununsartopa
Uyly
n= .
UBZ{IBZ{
3.6.1. Beluncnenunsa nponssectn ansa Ugx = 13,0 B.
3.6.2. Pe3ynbTaTtbl U3MEPEHUN N BbIYUCIIEHUN 3aHECTU B Tabnuuy
3.5

Tabnwuua 3.5.

Usx Isx Un In n




3.7. YMEeHbWUTb BeNUYMHY COMpPOTUBIEHUS Harpysku. Ona aTtoro
yCTaHOBUTb nepeknovatens «Ry rpybo» B nonoxexHne 4, a
nepeMeHHbINn pe3ncTop «Ry TOYHO» — B cpejHee MonoXeHue.

3.8. Boinonuuts n. 3.4.2.

3.9. BoinonHuts n. 3.5.

3.10. BeinonHnte N. 3.6. npn Ugy = const = 15,0 B

3.11. CpaBHUTb MOSlydeHHble 3HAYeHUA NapamMeTpoB C paHee
HangeHHbIMU 3HadYeHnsamMn. Caenatb HEOOXoANMbIE BbIBOAbI.

3.12. YcTaHOBUTL NepemMblyKky Mexay rHesgamm 3 u 4.

3.13. BeinosnHute N.n. 3.2 — 3.10.

3.14. CpaBHUTb MOSlydeHHble 3HAYeHUA NapamMeTpoB C paHee
HaOEeHHbIMU 3HAYEHNAMW 0O YCTAHOBKM NEPEMbIYKM Mexay rHesgamu
3 n 4. CaenaTtb HeobXxoAuMble BbIBOADI.

3.15. Ha ueHTpanbHOW nNuueBon NaHenu BbIKMYNTb NCTOYHUK
MOCTOSAHHOIO HaMpPsXKeHUs.

3.16. Ha npaBou nuueBon naHenu BbIKMO4YNTb BblkntovaTens CETb.

3.17. Pa3obpaTtb cxemMy ucnbiTaHUW. AKKypaTHO CBEPHYTbL U ybpaTtb
NPOBOAHVKM.

CopaepxaHue oTyeTa

1.Cxema  oanekTpuyeckas  npuHUMNManbHas  Mccregyemoro
ctabunusartopa (puc. 4, 5.6).

2. Tabnuubl Cc pesynbTataMn  U3MEPEHUA N BbIYUCIIEHUN
NPUMEHNTENBHO K UCcnegyemomy ctabununsatopy.

3.3aBMCMMOCTb BbIXO4HOrO Hanps>XeHus crabunmnsartopa
(HanNpsHKeHUs Ha Harpyske) oT HanpshxeHus Ha ero Bxode Uy = f (Ugy).

4.3aBUCUMOCTb HanpsbKeHUs Ha Harpyske Uy OT ToKa Harpyskm Iy
NPY HEM3MEHHbIX BXOAHbIX HaNPsXKeHUsIX.

5.BbiBOAbI NO pe3ynbTaTtam nccnegoBaHU.

KoHTpOsibHblE BOMPOCHI

1. MN3006pasantb U NOSACHUTbL BONbTAMMEPHY  XapaKTEPUCTUKY
cCTabunnTpoHa.



2. [atb onpegeneHne ctabunusaTtopa.

3. MN300pasntb W MOACHUTL 3KCMyaTauMOHHYK XapaKTepPUCTUKY
ctrabununaaropa.

4. W3o0bpasntb n NOSICHUTb BHELLHHOO XapaKTepPUCTUKY
ctabunusartopa.

5. WN306pasutb cxemy n NOSICHUTb NPUHLNM OEencTBus
napamMeTpuyeckoro crabunusatopa MNOCTOSIHHOrO HarnpskKeHust Ha
cTabunnTpoHe.

6. [loACHUTbL NpPUHUMN OENCTBUS UcCCreayeMbIX KOMMNEHCAUMOHHbIX
CTabunn3aTopoB NOCTOAHHOIO HaNPsSHKEHUSI.

7. 3a cdeT 4Yero pocturaetca  Tpebyembin  adppekTt B
KOMMEHCALUMOHHbLIX CTabunuaatopax NOCTOSHHOIO HaNPSKEHUS?
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