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[lenp paGoThHI: M3y4YeHHE MPUHIUIA JACUCTBUS M OCHOBHBIX XapaKTEPUCTHUK
onnodaznoir (OMC) u Tpexdaznoit (TMC) MOCTOBBIX CXEM BBITIPSIMIICHUS.
O3HAaKOMJICHHE C JEHCTBUEM CTIIAKHUBAIONTUX (PHIIBTPOB B CXEMaX BBIPSIMIICHUS.

OCHOBHBIE IIOHATHUA

Hasznauenue, npuMeHEHUE U 3JIEMEHTHI BBITTPSIMUTEIIS

VYcrpolicTBa aBTOMATHKH, IIMPOKO MPUMEHSEMbIE MJis YOPABJICHUS M
KOHTPOJISI ~ TEXHOJOTMYECKHX  MPOLIECCOB,  coiaepxkaT  OoJibIIoe  YHCIO
MOJIYIIPOBOJHUKOBBIX ~ MPUOOPOB  (AMOJOB,  TPAH3UCTOPOB,  THUPHUCTOPOB,
UHTErPabHBIX MHUKpPOCXeM U Jp.). Takue »3JIEKTpOHHbIE YCTpPOWCTBA MOTYT
paboTarb, Kak MpaBWiIO, MPU MOTPEOJEHUU SHEPTUM OT UCTOUYHUKOB MUTAHUSA
MOCTOSIHHOTO TOKa. YCTPOMCTBA AJIEKTPOINPHUBOJAA, COAEpKAlUe JABUTATENN
MOCTOSIHHOT'O TOKA, KaTYIIKH IMOCTOSHHBIX 3JEKTPOMArHUTOB TakKe pabOTaloT OT
VMCTOYHHUKOB TIOCTOSSHHOTO TOKa. W, HakoHel, s 3apsAakd aKKyMYJISITOPHBIX
Oarapeil U JEHUCTBUA ralbBAHUYECKUX BAHH HEOOXOAMMBI HCTOYHUKH ITOCTOSTHHOTO
TOKaA.

Tak Kak MEepBUYHBIM UCTOUYHUKOM IMUTAHUS SBISETCS MPOMBIIUICHHAS CETh
NEPEMEHHOI0 TOKa, TO MNPUOEraroT K BBIIPSAMICHUIO TNEPEMEHHOIO TOKa B
NOCTOSSHHBIA € TIOMOIIBIO  CIHEHHAIBHBIX  YCTPOWCTB,  Ha3bIBAEMBIX
BBITIPSIMUTEIISIMU.

BrinpsiMutens 3TO yCTpPOWMCTBO, MpeAHa3HAYEHHOE Jisi IMpeoOpa3oBaHUs
MIEPEMEHHOTO TOKAa B TMOCTOSHHBIN. BeImpsMurenun noapa3iensioT Ha
HEyIpaBisieMble U ympaBisieMble. HeynpaBisieMble BBIIPSIMHUTENHN CIyXaT s
MOJYYEHHUS] BBIIPSIMICHHOTO HANpPSKEHUS HEU3MEHHOW BEJIIMYUHBI, KOTOPOE
NOTPEOIISAIOT OOJIBIIMHCTBO  AJICKTPOHHBIX  YCTPOMCTB.  YTIpaBlisieMble
BBITIPSIMUTENIM CITy>KaT JIJIsl TOJTYYEHUs BBIMPSIMIICHHOTO HANpPSIKEHUS WU TOKa
peryJupyeMoil  BEJMYMHBI M  MOPUMEHSIOTCA JUIsi TUTaHUS  YCTPOMCTB
ANEeKTporpuBoAa. B 3aBucuMocT oT uucia (a3 HCTOYHUKA BBIIPSIMIEHHOTO
HaIpsHKEHUS pa3indaroT oHo(da3Hbie U TpexdazHble BeinpsmuTend. [1o Bennunne
MOIITHOCTH BBIMPSIMUTENIN MOJpa3nenstoTcs - manoit (mo 0,5 xBTt), cpenneit (0,5-
1,5 kBT) u 6osbiioii (6osee 1,5 kBT) momHocTH. BeimpsiMutenu Majioi MOITHOCTH
ABJIAIOTCS, KaK MPaBUJIO, OJHO(PA3HBIMHU, BBIIPSIMUTEIN CPEIHEH M OOJbIION
MOIITHOCTH - TpeX(ha3HbIMHU.

OCHOBHBIMH  DJIEMEHTAaMH  HEYMNPABJISIEMOTO  BBIIPSIMUTENS  OOBIYHO
apistoTcst (puc.l) cunmoBoit Tpanchopmatop 1, ciayKamui A COTJIACOBaHUS
HarnpspkeHus: cetd Up ¢ BBIXOJHBIM HalpsbKeHUeM BoipsaMutenst Up, a Takxke AJis
AJIEKTPUUECKOTO Pa3/ICICHHs MUTAIOICH CETH U LIeTH HArpy3KH; OJIOK BEeHTUJIEH 2
OCYIIIECTBJISIET BBIMPAMIICHHE TEPEMEHHOTO TOKA; CriaaXuBaromuid Guistp 3

CIYXXUT i1 YMCHBIICHUS ITYJIbCAIMN BBIIIPAMICHHOI'O TOKA B ICIIX HAI'PY3KU.
1 2 3 4

I o
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Puc.1. CtpykTypHas cxeMa BhIIPSIMUATEIA

Ecnau BeIpsMUTENs yIpaBisieMblil, TO B CXEMy BXOIUT ele y3ea 6,
coJlep Kallluii CUCTEMY YIPABJICHHUS] BEHTWIAMH. J[JIs 3alUThI BBIIPSIMUTENS OT
MOBPEXKJCHUNA TPU aBaApUIHBIX PEKUMaX B €r0 CXEMy BXOAUT OJOK 3alIUTHI U
CUTHAIU3ALMH S.

B HekoTopbhIX clly4asix B CXEME BBIIPIMUTEISI MOTYT OTCYTCTBOBAaTh
OTIIEIBHBIC DJJIEMEHTHI, Hampumep, (GuwibTp 3, Tpu paboTe HA HArpy3Ky
WHIYKTUBHOTO XapaKTepa, Wik CHIIOBOH TpaHc(hopmaTop.

Onnodaznas wmoctoBass cxema Bempsmutenss (OMC) cocrout wu3
tpancopmaropa T u getbipex Bentuieit VD1, VD2, VD3, VD4, coeanHeHHbIX
o cxeme mocta, puc.2, a. K ogHoi quaroHaism mMocta MOJBOAUTCS MEPEMEHHOE
Hanpspkenue Uy, a K Apyrod mojkitoyaercs Harpy3ka Ry. OOmias Touka aHOZIOB
BeHTWIE VD2 m VD4 sgBusercs OTpuULATENbHBIM IOJTIOCOM BBIIIPSMUTEINS, a
obmasg Touka karomoB BeHTwiedn VD1 u VD3 saBagercda mMOI0KUTEIbHBIM
MOJTFOCOM BBITIPSMUTES.

Cxema OMC paboraer B cienytomieM nopsiake. [IycTs B TeueHue mnepBoro
nosynepuoja Hanpspkenue U, nonoxurensHo (nHTepBan ot 0 no T/2, puc.2, 0),

Puc.2. O,Z[HO(i)aSHaSI MOCTOBAs CXE€Ma BBIIIPAMUTECIIA

nLn

W HampaBlieHO oT Touyku "a" Kk Touke "O" TpaHcopmartopa. B aTom ciyuae
oTKpbIBatoTcsi BeHTWIM VD1 u VD4 u no nienu notevyeT Tok: Touyka "a'" - BEHTUIIb
VD1 - narpy3ka Ry - Bentuns VD4 - Touka "6" - Tpanchopmarop. Tok BeHTHIICH
MOKa3aH Ha IuarpamMmme puc.2, T, a TOK B Harpy3kKe g - Ha puc.2, B. Beatunu VD2 u
VD3 3akpeiThl U HCHOBITHIBAIOT Ha ceOe MPUIIOKEHHOE OOpaTHOE HAIpsHKEHHE
Uosp.vare, PABHOE aMIUIMTYZAE€ BTOPUYHOIO  HaNpsbKeHUs TpaHcpopmaTtopa. B
cneayomuit moay nepuon (uarepsai ot T/2 go T) nanpspkenue U, oTpUniaTesibHO
(puc.2, 0) u HampaBieHO OT Touku "O" k Touke "a". Bewtunu VDI u VD4
3aKphIBAlOTCS, a BeHTWIM VD2 u VD3 otkpeiBatoTcs. TOK T€UET MO LENU: TOYKa
"6" - BenTwib VD3 - marpyska Ry - Bentune VD2 - Touka "a". Ilpu stom mpu
Harpy3ke TOK T€UET B TOM € HanpaBjieHUU. /luarpaMMbl Halps>KeHU U TOKOB Ha
AJIEMEHTaX CXEMBI MPUBENCHBI Ha puc.2, 0, B, . Bempsamuennoe Hanpsokenne Up
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NyJIbCUPYET OT HyJd JO0 MakCMMyMma, pPaBHOIO AaMIUIUTYyA€ BTOPUYHOIO
HaIpsHKEHUs TpaHnchopMarTopa.

YacTora mynbcauil BEIIPSIMIEHHOTO HANPSKEHUS BABOE OOJIBIIE YaCTOTHI
HanpsokeHus cetd fppmp = 2fceru. [Ipu akTHBHOW Harpy3Ke TOK MOBTOPSET hopmy
HampspkeHusl. TOK 4yepe3 BEHTWJIM MPOTEKAET B TEUEHHUE MOIYINEpUOoa M PaBEH
MOJIOBUHE TOKA HArPy3KH.

Pabota OMC BBIITPSMIICHHS XapaKTEepU3yeTCs CHEAYOIIUMHA
COOTHOILIECHUSIMU MEXKy TOKAMH, HANPSHKEHUSIMA I MOILIHOCTSIMHU.

U,

U, = 11 =0,9U, - cpenHee 3HaYECHUE BBIIPSIMICHHOI'O HAIIPSHKEHUS;
)
_ 09U,

H

I, = 0,91, - cpenHee 3Ha4YECHHUE BBIIPSIMIIEHHOTO TOKA;

a

I
I, = ?O - CpellHee 3HaUEHUE TOKa Yepe3 BEHTUIIb;

U ogp make. = U, = J2U , =157U - MakcHMMalbHOE OOpaTHOE HANpsIKEHUE, I0A

KOTOPBIM HaXOJSTCS 3aKPHIThIC BEHTHIIH.
PacuetHbie MOIIHOCTH 0OMOTOK TpaHchopmaTopa

S, =1LU, =11 1%1,1 1kU, =1,23F,,

1)
S, = LU, =1111,1,11U, = 1,23P,,
rae k-koadgdunment tpanchopmanun Tpancpopmaropa.
Pacuetnas (TunoBas) MOIITHOCTh TpaHc(opMaTopa
S, +S
Stp = % =123P,, (2)

Tpexdaznas MoctoBas cxema (TMC) BbIIpSAMIIGHHSI COCTOUT U3
Tpexdaznoro tpancpopmaropa T, BTOpuuHBIE OOMOTKH KOTOPOTO COEAUHSIOTCS
no cxeme "3Be3na" m mectn BeHtwierd VDI1- VD6, puc.3, a, COeAMHEHHBIX MO
CXEME€ MOCTA.

BenTtunu oOpa3yloT aBe rpymmbl: 1) KaTOOHYHO WM HEYETHYIO (BEHTHIIH
VDI, VD3, VDS5), y KOTOpbIX BMECTE COEIMHEHBI KaTo/bl, OOpa3yrolue
MOJIOKHUTENBHBIN TIOJIFOC BBITIPSIMUTENS; 2) aHOJIHYIO WM YeTHYI0 (BeHTwim VD2,
VD4, VD6) , y KOTOPBIX BMECTE COSUHEHBI AaHO b, 00Pa3yIOIINE OTPHUIIATEILHBIM
MOJIFOC BBIIPSMUTES.

B nanHol cxeme B J1F000M MOMEHT BPEMEHHU OTKPBITHI JIBa BEHTHJIS, OJUH B
KaTOAHOM Tpymie, Ipyrol B aHOAHOM IpyHNe, MPU 3TOM KaXIbl W3 BEHTUJICU
paboTaeTr B TEYCHHUE OJTHOM TPETH NIEPHUO/IA.

B katonHoW rpynme OTKPBIT TOT BEHTWJIb, Y KOTOPOIO MOJIOKUTEIBHOE
HaIpsDKEHUE Ha aHojie OoJibllle, 4eM y Ipyrux BeHTuiaed. Hanpumep, B uHTEepBaie
t1-t3, puc.2, 6, oTkphIT BeHTUb VD1, B uHTEpBasie tz-ts - OTKpHIT BeHTWwIb VD3 1 T.
n. B aHomgHOUW Trpymnme OTKPHIT TOT BEHTWIb, Yy KOTOPOTO OTpHUIATEIBHOE
HaIpsDKEHUE Ha KaToJie HUYKE, YEM Y IPYTUX BEHTUJIEH.



Puc.3. TpexdazHas MoCcTOBasi cXeMa BBIIPSIMIICHUS

Hanpumep, B naTepBane to-ta OTKpbIT BeHTWIIE VD6, KaTOA KOTOPOTO COECOUHEH C
dazoii U, uMmeronieil HauMeHbIINI MOTEHIIMAI B 3TOM HHTepBasie. Paccmotpum
padory TMC B MomeHT BpeMmeHu t, (puc.2, B). B 3ToT MOMeHT HauOosbiiee
MOJIOKUTENIbHOE HampsbkeHue (aspl "B" mpuiiokeHo K aHoay BeHTwiss VD3, a
HaMMEHbIIIee OTPHUIATEIbHOE HampsbkeHue (aspl "¢ TPUIIOKEHO K KaToay
BeHTWIs1 VD6. DT BEeHTUIIM B MOMEHT t OyayT OTKpBITHL. TOK B 11enu OyAeT Tedub
no mytd: Touka "b" TpaHcopmaropa - BeHTHIb VD3 - Harpys3ka Ry - BeHTHIIb
VD6 - Touka "c" Tpancdopmaropa. Ilpum paboTe BBIIPSAMUTENS TOK depes
CONPOTHUBJICHUE HArpy3KH Ry T€YeT B OJHOM HAIpPABJICHHH.

[lepexmtoueHre BEHTWJIEH B KaTOJHOM TpyIIEe NPOUCXOAUT B MOMEHT
NEPECEUCHUS] TOJOKUTEIBHBIX MOJYBOJH (Da3HBIX HANPSDKEHUW, a B aHOJHOM
rpynmne B MOMEHT MePEeCceUEHUs OTPULIATENbHBIX MOTYBOJIH (Pa3HbIX HAMPSKEHUI.

Ha pwuc.3, B-n mpexacraBieHbl AuarpaMMbl HampsDKEHU UM TOKOB,
nosicHsoIue padoty Beipsmutens. Ha puc.3, 0 npuBeneHsl (pa3Hble HAPSKEHUS
Tpexda3zHOro TOKa, MojlaBaeMble Ha BXOJ BhIMpsMuresns. Ha puc.3, B mokaszaHbl
dbopMbl BBIMPSAMIIEHHOTO HampsbkeHuss W Toka. Ha puc.3, T, ToKazaHbl TOKH
BEHTUJICH.

Pabota TMC Ha axkTHBHYIO Harpy3Ky XapaKTEepU3yeTCs CIeAYIOIIUMHU
COOTHOIIECHUSIMU MEXY TOKAMHU, HAMPSHKEHUSIMA U MOLHOCTSIMM:

I
fapme = O6fcern i Uy =2.34U,;U g pare. =L0SU o1, :?O;STP =105P,,

rae U; - ¢pa3Hoe HanpspkeHre BTOPUYHONM 0OMOTKH TpaHchopmaropa.

TMC wumeer cuenyromue npeumyiiectBa nepen OMC: paBHOMepHOE
pacmpeniefieHde Harpy3ku 1o Bcem (¢azaM ceTH; oOpaTHOe HampsbDKeHUE Ha
BEHTUJISIX BCEro Ha 5% MpeBBIIIAeT HAMPSHKEHUE Ha Harpy3Kke; OoJbllas 4acToTa u
MEHbIIAs aMIUIMTYJa MMyJbCalui BBIMPAMIECHHOTO Hamnpsbkenus; oonbmid KIT/.
TMC mupoKo NPUMEHSETCS B MPOMBIIIJIEHHBIX BBIIPSIMUTEIISX.



B mpunoxenusx II1 u II12 mpuBenensl cxembl, (HOPMBI BBIIPSIMIEHHOTO
HANPSDKEHUS. U PACUETHBIE COOTHOILIEHUS AJIi HEKOTOPBIX JPYTUX BBITPSIMHUTENEH
CpeIHel 1 OOJBIITON MOIITHOCTH.

CraaxuBaomue ¢uibTpbl. KpuBas BBIIPSIMICHHOTO HaNpPsDKEHUS,
o0pa30BaHHAS U3 MOJOKHUTEIbHBIX YYaCTKOB CHHYCOH/I, COAECPKUT MOCTOSIHHYIO U
nepeMeHHyo  coctasisomue. I[lonesnsiit  addekr  (SHepreTudeckwii) y
OOJBIIMHCTBA MOTPEOUTENEH MOCTOSHHOIO TOKa CO3JAI0T TOJIBKO IOCTOSIHHBIC
COCTABISIOIIME HANpsHKEHUs M TOKa. IlepeMeHHble ke coctaisiomme Un™),
o0pasyroniye myabcaluy, IPUBOAAT 0OBIYHO K OECroIe3HOM 3aTpaTe MOUTHOCTH, a
MHOTZIa U K moMexaMm. Hampumep, y ABUraTesnsi MOCTOSIHHOTO TOKA yBEJIMYUBAIOTCS
NOTEpU, YXYIIIAETCs KOMMYTAallUs, YTO MPHUBOAUT K HarpeBy JBUTATENs U
YCUJICHUIO WCKPEHHs TOJ meTKamu. [loKpeITHE MeTalioB B TajJbBaHMYECKUX
BaHHAX IMyJbCUPYIOIIUM TOKOM XYK€, YeM IIOCTOSHHBIM. B 3leKTpoHuKe u
panuoanmapaType MyJdbCalsi TPHUBOJUT K 3HAYUTENBHBIM ToMmexaMm ((oH
MEPEeMEHHOTO TOKa Ha BBIXOJE ycuiauTenen). Jlns yMeHbIIeHUs MylIbCcaluu
HanpsDKEHUST Ha  BBIXOJE  BBIIPSIMHUTENS  YCTAHABIMBACTCS  CICLUATBHOE
YCTPOMCTBO, HA3bIBAEMOE CTIIAXKUBAIOIIUM (DHIIBTPOM.

[lynbcamus HanpspDKeHHs Ha BbIXOJAE BhIIpsAMHTENs (pabota 6e3 ¢unbTpa)
OLIEHHUBaeTCs KOAPPUIIMEHTOM MyIbCAIINH (px, KOTOPBINA PaBEH:

U,
dpx =— > (3)
U,
rac U]_m - aMHHI/ITy,Z[a OCHOBHOﬁ (HepBOﬁ) FapMOHI/IKPI BBIHpHMHeHHOTO

HaTPSHKCHUS;

Uo - mocTOsiHHAs COCTaBJISIONIAs BHITPSIMIIEHHOTO HAMIPSKEHMUSL.

[Tynbcanuss HanpspkeHUss Ha Harpy3ke (mpu paboTe BBIIPSAMUTENS C
(GuUIBTPOM) XapakTepusyercs Ko3(PPUIUEHTOM (ppix, KOTOPBIA paBEeH

dppix = Yo , (4)
UO
rae Up- - aMIuiuTy1a NepBoi TapMOHUKH Ha Harpys3ke (mocie GuibTpa);
Uo - BeIIpsIMIIEHHOE HanpsiKeHue Ha Harpy3ke Ry (mocne ¢punbTpa).

[Tynbcarust HanpsDKEHUS HAa Harpyske ((ppix) 3a1a€TCS yCIOBUSMHU PabOTHI
noTpeduTes, a MyJibCcalusl HalpsHKEHNUS Ha BBIXOJE BBIIPAMUTENS ((px) U3BECTHA
nociie BeiOopa cxembl Beimpsimiienusi: OMC - gx = 67%, TMC gqpx = 6% u THC -
Osx = 25%. OTHOUIEHNE 3HAYEHUH (Bx U (Bpix ONPEAEIISIET CTENEHb CIIIaKUBaHUS
bunbTpa BHIIPSIMIICHHOTO HANpPsDKEHHS W Ha3bIBaeTcs  KOYPPUIIMEHTOM
CTJIQXUBaHUS (PUIIBTpA:

§=dBx_ (5)
9 BpIx
Bunbl (unbTpoB: €MKOCTHBIM, WHIYKTUBHBINA, MHAYKTUBHO-€MKOCTHBIN U
npyrue (puc.4).
EmkoctHbiil ¢unstp (puc., 4a) mpexacrasiser coboil konaencarop C,
BKJIIOYAEMbIH MapajuieabHo Harpyske. OH mporyckaeT yepe3 cedsi MepeMEeHHYIO
COCTaBIIONIYIO, @ IO HArpy3Ke TEYeT TOJIBKO IIOCTOSHHAS COCTaBIAIOLIAs



1
BBINIPAMIICHHOT'O TOKa. OObBIUHO X =— << RH U IIPUMCHACTCA IIPU MaAJIbIX TOKax
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1 OOJIBIIINX BEIUYMHAX Ry.
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Puc.4. CriaxuBaromue GuIbTPhI:
a - eMKOCTHBIN (GUIBTP; O - UHAYKTUBHBIN (GUIBTP; B - UHIYKTUBHO-EMKOCTHBIN

NunyktuBHbli  ¢unetp (puc.4, 0) mnpencraBiaser coboW Apoccenb,
BKIIFOUAEMBI  TIOCJIEIOBATEIbHO C Harpy3kod W oOyajarommii  OONbIIuM
PEaKTUBHBIM CONPOTUBJICHHEM X; =L i1 TNEPEeMEHHOH COCTaBJSAIOLIEH

BBINPSIMIIEHHOTO TOKa. [lJ1g XOpoIlero criiakuBaHWs HANpsDKEHUS Ha Harpyske
HE00X0aUMO, 4To0bI X, =mL >>R ;.

NHayKTUBHBIA (QUIBTP BBITOJHO MPUMEHSTH B BBIIPSIMUTESAX CpEIHEN U
OOJBIIION MOITHOCTH, Y KOTOPBIX COMPOTUBIICHUE HArpy3ku Maio. Eciou tpeOyercs
MMETh OYEHb Majloe 3HaueHue K03 UIMeHTa myabCaluu ppix, TO IpUMEHSIOT [ -
0Opa3HbIi U Ipyrrue MHOTO3BEHHbBIEC (PUIIBTPHI.

BHemnue XapaKTEePUCTHKH BBINPAMHUTEJISA. Hanmmuwue AKTHBHBIX
COIIPOTHBIICHUH B 0OMOTKaxX TpaHC(hOpPMATOpa M B MOCIEAOBATEIBHBIX IEMEHTAX
CriaKuBaroiero GuibTpa, a Takke BHyTPCHHEE MaJeHUE HAIPSHKCHMS B BEHTHIIAX
NPUBOJUT K TOMY, YTO C POCTOM HArpy304YHOIO TOKAa BBIXOJHOE HAIMPSHKCHHE
BBIMPSIMHUTENS YMEHBINACTCS. 3aBUCHMOCTD BBINPSAMIICHHOTO HampsbkeHust Ug oT
BBINPSIMIICHHOTO TOKa lgp Ha3bIBaeTCs BHEIIHEW XapaKTEPUCTHKOW BBIPSIMHUTEIIS
Uo=f(lo). Ha puc.5 mpencraBieHbl BHEIIHUE XapaKTEPUCTHKHU BBIMPAMUTEISA MPH

OTCYTCTBUU U HATTUYUH (PUIIHTPOB.
Uk

Ul

0 T
Puc.5. BHenHne XapakTEpUCTUKN BBITPSIMUTEIIA:
1 - 6e3 punbtpa; 2 - C punstp; 3 - L punstp; 4 - LC dpunbtp
KII[ BeImpsAMUTENS ONpENEnseTcs OTHOLICHUEM IOJE3HOM MOLIHOCTH K
MOIITHOCTH TIOTPEOJIIeMOM CeTH, JIJ1s1 0AHO(PA3HOTO BHITIPSIMUTEIIS:
Py LU,
P, LU,

(6)

U U1 TpeX(Pa3HOro BBIIPSIMUTEIS:



P0 _ IOUO
3P, 31U,y
rae Jio, Uio - pa3Hble TOK U HANPSKEHUE CETH.

n= (7)

METO/IUKA S3KCIHEPUMEHTA
OnucaHue SKCIIEpUMEHTAIbHON YCTaHOBKH

PaGora mpoBoauTcs Ha CTeHAe ¢  Ha3BaHueM 'HMcciemoBaHue
BbIIpsAMUTENEH". MICTOUHMKOM NEPEMEHHOI0 HANpsKEHUs CIIyXKHUT TpexdazHas
CeTh C HampsbkeHueM 36/24 B, MmosToMy WHCCIEAYIOTCS BBIIPAMHUTENN 03
TpaHcopmaropoB. CeTs 00603HaueHa kiiemmamu A, B, C, N. Ha crenne nmerorcs
IIECTh BEHTWJIEH C BBIBOJAMH, 4YTO IIO3BOJIIET COOMpaTh TpeOyeMyro CXemy
BoipsmuTens.  CriaxuBarommii  QuibTp HpeAcTaBieH JpoccereM L u
kouaencaropom C. Harpyskoil ciayaT mammbsl HakaauBaHus MoirHocThi0 40-60
BT 1 HoMuHanbHBIM HanpsbkeHreM 36 B. Jlamnbel MOTyT BKIIFOUAThCS TyMOJiepaMu
S2-S6. MakcuMalbHBIN MOCTOSHHBIN TOK B IIENH C JaMIamu - SA.

[Ipubopsl 1 METOAMKA U3MEPEHHI

Ha ctenne ycTaHOBJIEHBI BOJBTMETPHI U aMIEPMETPhI JJIsi HU3MEpPECHUS
MIEPEMEHHBIX U MOCTOSHHBIX HAIpPSIKCHUNA M TOKOB. {151 M3MepeHus nepeMeHHON
COCTABJISAIONICH BBIIPSMIICHHOTO TOKa CJEAYeT BOCHOJb30BaThCS IU(POBHIM
BOJBTMETPOM IepeMeHHoro Toka Ttuma B8-11A. Habmromenue ocrummuiorpamm
HaIpPsDKCHUN Ha HArpy3Ke Mpou3BoauTcs ocuuiorpagom C1-73.

B nanno#t nmaGopaTopHOil paboTe MpU HU3MEPEHHSIX HCIOIb3YETCS METOJ
HEMOCPEJCTBEHHOI0 OTCYeTa C TMPSMBIMA  OJHOKPATHBIMU  HM3MEPECHUSIMU.
Pe3ynbTaT n3MEpeHus 3aUChIBaeTCs B BUJIE:

A+ AA,
rjae A - nokaszanue npudopa (pe3ynabTaT HaOIOeHUS ),
AA - mpeden MaKCUMalbHOW aOCOJMIOTHOM TMOTPEIIHOCTH W3MEPUTEIIBHOTO

npudopa.
[Ipu BbIMOJIHEHUH J1TAOOPATOPHOM PaOOTHI PE3yJIbTAThl HAOMIOACHUH, T. €.
MOKa3aHus MPHOOPOB, 3aHOCUTH B TAOJTHIIHI.

TPEBOBAHUE BE3OITACHOCTH TPYJIA

1. CoopKy cXeMbl TPOBOJUTE TOJIBKO MPHU OTKIIFOUCHHOM HAIPSHKCHUH CETH.

2. CTeH]1 BKJIIOYAET TOJIBKO MPENOAaBaTellb MOCIE MPOBEPKHU CXEMBI.

3. Ilpm wu3MepeHusXx HE KacauTeCh OrOJICHHBIX TOKOBEAYIIMX YacCTeu.
[IpoBoja, MOAKIIIOUEHHBIE K IEPEHOCHBIM MTPUOOpaM, ACPKUTE 32 N30JTUPOBAHHBIC
YacTH.



4. He mnpukacaiiTecb OJHOBPEMEHHO K METAUIMYECKUM KopHycam
W3MEPUTETFHBIX AJIEKTPOHHBIX TPHUOOPOB U ocHLIOrpadoB M 3a3eMIJICHHBIM
KOHCTPYKITUSIM, HAITPUMEDP, OTONUTEIHLHBIM OaTapesM Uiiu Tpyoam.

5. Ilo OKOHYaHNU U3MEPEHHUM BBIKJIFOUYNATE CTEHI.

HOPAAOK BBIITOJIHEHUSA PABOTDI

1. O3HaKOMHTBCS CO CTEHJOM M CXEeMOW ombITa. BeiOpaTh Ha cTeHue
HE0OXO0AUMBbIE JUTsl padOThl TPUOOPHI U TOKA3aTh UX MPENOIaBATEIIO.

2. CobOparb cxemy omnbiTa. B nmaHHO#l paboTe HCCIENYIOTCS JIBE CXEMBI
BhIIpsiMIIeHUS: ofHOda3zHas moctoBas (OMC), puc. 6 u TpexdaszHas MOCTOBas
(TMC), puc. 7. CHauana cienyet coopats OMC u uccienoBath ee 1o nmporpamme,
MIPUBEICHHOM HIMKE, a 3aTE€M TO k€ BBITOIHUTH 1uisi TMC BoIpsMIIEHUS.

3. CHATh BHEUIHIOIO XapakTepucTuky Beimpsmutens Ug = f(lg) 6e3 gpumbTpa.
Jlnst 3TOro 3alyHTHpPOBATh JApPOCCENb (PUIbTpa BKIIOUYEHHEM TymoOliepa S u
pa3oMKHYTh lienb KoHjeHcaTopa C TymOnepom S1. B pexume XojocToro xoja
BBIIPSIMUTENS 3amucaTb B TaOi. 1 mMOKa3aHWA BOJIBTMETPOB MNEPEMEHHOIO M
NOCTOSIHHOTO HampsbkeHuil. [lanee, yBenuumBass TOK HAarpy3ku (BKIIOYEHHEM
napajielbHO JIaMIl HaKaJIMBaHUs ), IPOJENaTh HE MEHEE MATH U3MEPEHUN TOKOB U
HaIpsHKEHUH coriacHo taoun. 1.

4. CHATh BHEIIHIOK XapaKTEPUCTUKY BBIIPSIMUTENS ¢ GUIbTPOM. i 3TOrO0
OTKJIFOUUTH TyMOJIep S M BKJIIOUUTH S1, OCIEe Yero BBINOJIHUTE T€ )K€ ONepalu,
YTO U B IPEABIAYILIEM ITyHKTE.

5. Onpenenuts KO3PPUIUEHTHI MyIbCALUA U CTIaKUBAHUS BBIIPSIMUTEISA
0e3 ¢unptpa M ¢ ¢uiabTpoMm. 11 3TOrO0 HM3MEPUTH BEIMYMHY MEPEMEHHOM
COCTABJISIFOLIEH BBIIPSIMIIEHHOIO HANPsDKEHUSI HAa Harpy3ke B PEXUME XOJIOCTOrO
XO0/1a M B PEKUME HOMHUHAJIBHOM HATrPy3KH BBIIPAMUTENSA. /[aHHBIE U3MEPEHUN U
BBIYMCIICHU 3anucaTh B Ta0. 2.
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Puc.7. Cxema uccnenoBanus Tpex($a3HOro BhIIPSIMUTEIS

Tabauna 1

Ne | HUszmepeno 6e3 punbtpa | Beruucn. | W3mepeno ¢ ¢punbTpoM | Beruumci.
n/n

U, | I, | Uo | lo, | s, n, U, | I, | Uo | lo, | Ts, n,
B |A| B A | Tg % B|A| B A | Tg %
Tabmuma 2
PexxuM paboThI BRIIPSIMHUTEIIS be3 dbuiabTpa C dmipTpom

Uim, B | Ug, B | dx | Uo-, B | Ug, B | OBpix | S

Pexxum xonoctoro xoja

HomuHnanbpHast Harpy3ka

6. IlpoBectn HaOmoaeHUs (OPMBI HAMpPSHKEHUS B PA3IUYHBIX TOYKAX
BBIIPSIMUTEINS U 3apUCOBATh CJIECAYIOUINE OCHHUIIIIOrPAMMBI:

1) ha3Hoe HanpskeHHE HA BXOJIE BBITIPSIMUTEIIS;

2) HampspKEHUE Ha BBIXOJIE BBIIPAMUTENS 0e3 (PUuibTpa B peKUMeE X0JI0CTOTO
X0J1a, TP ATOM OIPEAEIUTh YacTOTY IyJIbCAalUWi BBIIPAMIECHHOIO HaIpPSKEHUS
febimp;

3) TO ke B peKUME HOMHUHAJIBHON Harpy3Ku;

4) HanpsKeHHE Ha BBIXOJIE BBIIPAMUTENS C (GUIBTPOM B PEKUME XOJIOCTOTO
X0/1a;

5) To e B pexXKrMe HOMUHAJIbHON Harpy3KH.

7. BemosHuTh NyHKTHI 3-6 111 TMC BeInpsiMIIeHuUS.

OBPABOTKA PE3YJIbTATOB HABJIIOJEHUM

1. KIIJI BeIpsiMuTenst BBIYUCIUTD 110 opmysie (6) mist omHo(ha3HOTO
BRITIpSIMUTENS 1 110 hopmyde (7) ast Tpex(azHoTo BEIIPSIMUTEIS.
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2. KoappuuueHTs! mynbcauuidi ¥ CriIaXUBaHUS BBIYMCIUTE 10 (GopMysam:
3). 4), (5).

3. Jlng Kaxaoro TWUIA BBIIPSIMHUTENS Ha OJHOM Trpaduke NpeaCcTaBUThH
BHEIITHHE XapaKTEPUCTHKHU BRIPSAMUTENS 63 GuiabTpa U ¢ GUiIbTpom.

4. Ha omgnom rpaduke mpeacTtaBuTh BHemHue xapakrepuctuku OMC u
TMC BeImpsiMIIeHUS ¢ QUITBTPOM.

5. BpluncauTh MakcHUMallbHbIE a0COJIFOTHBIE MOTPEIIHOCTU MPUMEHSIEMBIX
npuOOpOB M MaKCUMAaJbHbIE OTHOCUTENbHBIE IOTPEIIHOCTH  HU3MEPEHUs
cneayromux BenuduH: U, lo, Po.

COJEPKXAHUE U OPOPMJIEHUE OTUETA

B oruere Hapsany ¢ oOummu TpeOOBaHUAMH, MPEABSIBISEMbIE K KaKIOMY
OTYETY, JOJKHBI OBITh: TEXHUYECKUE XapaKTEPUCTUKU TPUOOPOB, CXEMBI OITBITOB,
TaONMIBl C pe3ylbTaTaMd HaOMIOAEHUNA M BBIYMCICHUN, OCHUIUIOTPAMMBI
HaIpsHKeHUH, rpad)MKi BHEIIHUX XapaKTEPUCTHK.

OT4er 3aKaHYMBAETCA BBIBOJAMH, B KOTOPBIX HEOOXOJIMMO OTPA3HTh: Kak
U3MEHSETCS U Ha CKOJBKO MPOLEHTOB BHEIIHSAS XapaKTEPHUCTHUKA BBITPSIMUTENS
0e3 QuibTpa; Kak BAMSET (PUIBTP Ha BHEIIHIOI XAPAKTEPUCTUKY U Ha (popmy
BBIIPSAMIIEHHOTO HAIIPSKEHHUS; BO CKOJIBKO pa3 IPUMEHSEMbIN (QUIIBTP CriiaKUBaeT
IYJIbCALIMIO BBIIPSIMIICHHOTO HAaNpPsDKEHMs; IO pe3yJibTaTaM HCCIECJ0BaHUMI
chopMynIupoBaTh  MpeuMylLIecTBa  Tpex(a3HOro  BBIOPAMUTENS  MEpen
0JIHO(ha3HBIM.

BOITPOCHI AJ151 CAMOITPOBEPKH

1. KakoBbl MaTeMaTHYECKUE CBSI3M MEXKAY ACHCTBYIOUIUM, aMIUTUTYIHBIM H
CpEIHUM 3HaYE€HHEM IEPEMEHHOI0 TOKa?

2. W300pa3uTe BeHTWNIb. YKaXKUATE aHOI U KaTojA. B KakoM HampaBlIeHUU U TIPH
KAKUX YCJIOBHSIX YE€pPE3 BEHTUIIb MOXKET MPOXOAUTH TOK?

3. HazoBuTe OCHOBHBIE JIBa MapameTpa, Mo KOTOPHIM BBIOMpPArOT BeHTWIH. Kak
sty napameTpsl onpenersarores 1t OMC u TMC Beinpsamienus?

4. Haueptute cxemy OMC u 06bsicHUTE €€ paboTy.

5. O06bsicaute padoty TMC BhIpsAMIICHUS.

6. B kakux ciy4asx mpUMEHSIETCS €eMKOCTHOU (QUIBTP, U B KAKUX- UHyKTUBHBIN
bunsTp?

7. Kak BiausieT CriiaKuBaroluil GUIbTp Ha BHEIIHIOO XapaKTEPUCTUKY U GopMy
BBIXOJTHOT'O HAIPSKEHMS?

8. M3o0pa3uTe BHEIIHHWE XapaKTEPUCTUKHU BBINpAMUTENS Oe3 ¢GuiabTpa M C
(GUIBTPOM: EeMKOCTHBIM, UHAYKTUBHBIM, ['-00pa3usiM LC.

9. Kakossl ko3(ppunments! nyiascanuii B OMC u TMC?

10. Kakossl npenmyiectsa TMC nepenq OMC? I'ne npumensiercs OMC?

11. M300pa3ute oOCHUIJIOTpaMMBbl BBIIPSIMJIEHHOTO TOKAa W HANpsDKEHUs MpU
pabote Ha akTHBHYIO Harpy3ky B OMC.
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12. 300pa3uTe OCHMUIOTPAaMMbI BBIIPSIMIEHHOTO TOKA M HANPSKEHHUS TPH
pabore Ha akTUBHYIO Harpy3ky B TMC.

12
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CxeMbl BoIIPAMJIEHHS U (POPMBI BBIXOHOT0 HANPS:KEHUS NIPU AKTHBHOM
HArpy3Ke
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Onnodaznas MocToBas

CooTHoIIeHUS MCXKAY TOKAMH U HAIIPAXKCHUSAMU B BBIIIPAMUTCIIAX

Cxema Beimpsmitennst | Uy (Uggpyake.| 1, | lowe | 12 Sop Koada.
Uao Yo I, Iy Lo P, MMyJIbCALVH,
% ()
Onnononynepuoanas | 0,45 3,14 1 3,14 | 1,57 | 3,09 157
Onnodasznas nynesas | 0,9 3,14 05| 157 |0,785| 1,48 67
Omnodasnas mocroBas | 0,9 1,57 05157 | 111 | 1,23 67

[TPMJIOXKEHUE 2
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Cxembl BbIIPAMIIEHHS W (POPMBI BHIXOHOT0 HANIPS:KEHUS NIPH AKTUBHOI HArpy3Ke
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Tpexdasznas MmocToBast

CooTtHomIeHus MCKAY TOKaMHU U HAIIPSAXKCHUAMU B BBIIIPAMUTCIIAX

Cxema BeinpsimiaeHus | U, U g vakc I_a Liwe | Lo Sop Koada.
Uso U Io Iy Iy Po IIyJbCalluu,
% (gsx)
Tpexdasznas nyneas | 1,17 2,09 0,33| 1,21 | 0,585 | 1,35 25
Tpexdaznas mocroBas | 2,34 1,05 0,33| 1,05 | 0,817 | 1,05 6
OBO3HAYEHUA

Uo, lo, Po - cpennue 3HadeHMs BBITIPSIMIICHHOTO HAIPSDKCHHS, TOKA, H MOIIIHOCTH
Ha Harpy3Ke.

Uosp.Mmakc. - JTOMYCTUMOE JITUTENIBHOE OOpaTHOE HAMpSHKEHHE, BBIJIEPKUBACMOE
BeHTHIIEM (OHO B 2 pa3a meHbIe Unposos).

la - cpeanuii mpsmoit Tok BeHTwi . Ero macrnoprHoe 3HaueHue (HOMHHAIBHOE
3HAYEHHE).

U.o - dha3Hoe HanpsikeHUe Ha BTOpUYHOM 00OMOTKE TpaHc(opmaropa.

2 vaxe - AMIUTHTYTHOE 3HAUCHHUE TOKA YepPe3 BEHTUJIb.

>

- /A.C. MocrtoBoii/

MGTOI[I/I'—ICCKI/IG YKa3aHusA COCTaBUJI ///
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