DHIeNbCCKUM TEXHOJIOTHUECKUA MHCTUTYT (puiinan) dheaepaabHOro rocy1apcTBEHHOTO
OI0/KETHOrO0 00pa30BaTEIbHOIO YUPEKACHUS
BBICIIETO 00pa30BaHuUs
«CapaToBCKuid rOCYJapCTBEHHBI TEXHUYECKUN YHUBEpCcUTET uMeHU ['arapuna FO.A.»

Kadenpa «EctecTBeHHBIC U MaTEMAaTUUECKUE HAYKI

IJIEKTPOTEXHHMKA U 3JIEKTPOHUKA

Meroanueckue yka3zaHus K JiabopatopHoi pabore «VccnenoBanue
BBIIIPSIMUTEIC
IUIsL CTYZICHTOB HaIlPaBIICHHIA

09.03.01 «MudpopmaTrKa U BEIYUCIUTEIbHAS TEXHUKA

09.03.04 «ITporpammHas UHKEHEPHUS

15.03.02 «TexHonOrHMYECKUE MAIIMHBI U 000OPYAOBaHUE)

15.03.05 «KOHCTPYKTOPCKO-TEXHOJIOTMYECKOCOO0eCTIeYeHUE MAIITMHOCTPOUTEIHHBIX
IIPOU3BOJICTB

18.03.01 «Xumuueckast TEXHOJIOTHSI

23.03.01 «Hedrerazosoe nemno»

29.03.05 «KoHCTpyHpoOBaHUE U3AEIHI JIETKON TPOMBIIIIIEHHOCTH

O4HO#1, OUHO-3a0YHOM U 3a04HOM (HOPMBI OOYUCHUS
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JlabopaTtopHuas pabota Ne 5
«HccnenoBanue BBITPSIMUTEIICH)

[lens paboOTHI: M3yUeHUE MPUHIIATIA AEUCTBUS U OCHOBHBIX XapaKTEPUCTUK
onHodasznoit (OMC) u tpexdaznoit (TMC) MOCTOBBIX CXE€M BBIIPSAMIICHUS.
O3HaKOMJICHHE C JICHCTBUEM CTIIXHBAIONINX (DUIBTPOB B CXEMaX BBITPSIMIICHU.

OCHOBHBIE IIOHATHUA

Hasnauenwue, mpuMeHEHNE 1 DJIIEMEHTHI BBITIPSIMUTEIISI

VYcrpolicTBa aBTOMATHKH, IIMPOKO NPHUMEHSEMbIE MJis YOPABJICHHUS W
KOHTPOJISI ~ TEXHOJOTUYECKHX  MPOIIECCOB,  COAEp)KAT  OOJNBIIIOE  YHUCIIO
MOJIYTPOBOJTHUKOBBIX ~ MPUOOPOB  (AMOOB,  TPAH3UCTOPOB,  THUPUCTOPOB,
WHTETPAbHBIX MHUKpPOCXeM U Jp.). Takue SIeKTPOHHBIE YCTPOMCTBA MOTYT
paboTaTh, Kak MpPaBWIO, MPU MOTPEOJECHUU SHEPTHH OT UCTOYHUKOB MUTAHUS
MOCTOSIHHOTO TOKAa. YCTPOMCTBA 3JIEKTPONPUBOMA, COJIEpHKAIIUE JBUTATEIN
MOCTOSTHHOTO TOKA, KaTYIIKH MOCTOSIHHBIX 3JIEKTPOMArHUTOB Tak)kKe padOTaroT OT
HMCTOYHUKOB TOCTOSTHHOTO Toka. WM, HakoHel, I 3apsiiKi aKKyMYJISTOPHBIX
OaTapeil u JeHCTBUS TaIbBAHUYECKUX BaHH HEOOXOIUMbI HCTOYHUKHU TTOCTOSTHHOTO
TOKA.

Tak kak MepBUYHBIM UCTOYHUKOM TUTAHUS SBIISCTCS TPOMBIIIICHHAS CETh
MEPEMEHHOTO TOKa, TO NPUOETaroT K BBIIPSMIICHUIO TMEPEMEHHOIO TOKa B
MOCTOSIHHBIH ¢ TOMOIIBI  CHEIUAIbHBIX  YCTPOMCTB,  HAa3bIBAEMBIX
BBITIPSIMUTEIISIMU.

BrlinpsiMutens 3TO yCTpPOWCTBO, MpeAHa3HAYEHHOE Jisi IMpeoOpa3oBaHUs
NEPEMEHHOT0 TOKa B  TIOCTOSIHHBIN. Bwimpsamurenu mnonapas3nensior Ha
HEeympaBisieMble U ympaBisemble. Heymnpasisiemble BBITPSIMUTENN CIY>KaT s
MOJIYYCHHUS] BBIIPSMIICHHOTO HANpPSDKEHUS HEU3MEHHOW BEJIMYMHBI, KOTOPOE
nOTPeOIISIOT OOJIBIIMHCTBO  AJIEKTPOHHBIX  YCTPOMCTB.  YTpaBiisieMble
BBITIPSIMUTENM CIY)KaT JUISA TIOJYYCHHS BBIIPSMIICHHOTO HAMPSIKCHUS WM TOKa
pETyIMpyeMOl  BEIMYMHBI W TPUMEHSIOTCS  JUIsl THTAHWS ~ YCTPOWCTB
AJIEKTpOIIpUBOAa. B 3aBucuMOCTH OT umnciaa (a3 HCTOYHUKA BBIMPSIMIICHHOTO
HaIPSHKEHUS Pa3audaroT oagHo(da3Hbie U Tpexdas3Hpie BeIpsaMuTeau. [lo Benmanne
MOITHOCTH BBIIPSIMUTENN MoJpa3nensatorcs - manoit (o 0,5 xBt), cpeaneit (0,5-
1,5 kBt) u 6onbmioit (6onee 1,5 kBT) MontHOCTH. BBITIpsSAMUTENN Maloi MOIIIHOCTH
SBJSIIOTCS, KaK TMPaBWIO, OMHOGMA3HBIMH, BBIMPSIMHUTEIN CPEAHEH W OOJBIION
MOIIIHOCTH - TpeX(a3HbIMHU.

OCHOBHBIMH  3JIEMEHTaMH  HEYIPABISIEMOTO  BBIIPSMUTENS  OOBIYHO
spistoTcst (puc.l) cunoBoil TpaHchopmartop 1, ciaykaumui afis COTJIacOBaHUS
HanpspkeHus: cet U; ¢ BRIXOAHBIM HampspkeHueM Beimpsmutens Ug, a Takxke s
IIEKTPUUECKOTO PA3/ICICHUS MMUTAONICH CETH U IETH HArPy3KH; OJIOK BEHTHIICH 2
OCYIIECTBISICT BBIMPSIMIICHHE TEPEMEHHOTO TOKA; CriaXXuBawmuii (Guibtp 3

CIYXXHUT AJId YMCHBIICHU ITYJIbCAllMKW BBIIMIPAMIICHHOI'O TOKA B IICIIM HAI'PY3KH.
1 2 3 4
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Puc.1. CtpykTypHas cxeMa BhIIPSIMUATEIS

Ecnu BbemmpsiMuTeNlh yHpaBiseMbl,, TO B CXEMy BXOJWUT e€lle y3en 6,
COJIEp KAl CUCTEMY YyHOpaBiICHUS BEHTWISIMU. J[Jis 3alIUTHI BBIIPSAMUTENS OT
NOBPEXJICHUN MPU aBaAPUIHBIX PEXKUMAX B €r0 CXEMYy BXOJUT OJIOK 3allUTHI U
CUTHaJIM3aIUHU J.

B HekoTOpbIX clly4asix B CXEME BBIIPSIMUTENS MOTYT OTCYTCTBOBATH
OTHENbHBIE AJIEMEHTHI, Hampumep, GuibTp 3, npu paboTe Ha HaArpysKy
WHIYKTUBHOT'O XapaKTepa, UM CUIOBOM TpaHCPOpMaTop.

Opnodaznass wmoctoBast cxema Bbipsmutens (OMC) cocrout u3
tpancopmaropa T u dersipex Bentwieir VD1, VD2, VD3, VD4, coenrHeHHBIX
o cxeme mocra, puc.2, a. K oHOil auaroHaau mMocTa NOJBOJUTCS MEPEMEHHOE
Hanpsokenue U,, a K apyroi moakirovaercs Harpyska Ry. OOmias Touka aHOmOB
BeHTWIIeH VD2 um VD4 sgBusercd OTpULATEIbHBIM IOJKOCOM BBIIPAMUTENS, a
obmass Touka katomoB BeHTwier VD1 u VD3 sBusercs mnoioXUTEIbHBIM
MOJIKOCOM BBITPSAMUTES.

Cxema OMC pabotaer B cienyromeM nopsiake. [IycTs B TedeHne mepBoro
nosynepuoja HanpspkeHue U, nonoxutenbHo (maTepBai ot 0 qo T/2, puc.2, 0),

Puc.2. Onrodaznas MocToBasi cxema BBITPSIMUTEIS

nLyn

¥ HampaBieHo oT Toukw "a" k Touke "O0" Tpanchopmaropa. B sTtom cmydae
oTkpbIBatoTcs BeHTwid VD1 u VD4 u no uenu noreyer Tok: Touka "a" - BEHTWIIb
VD1 - Harpy3ka Ry - Bentuns VD4 - Touka "0" - Tpancdopmatop. Tok BeHTUIIEH
MOKa3aH Ha IuarpamMmme puc.2, T, a TOK B Harpy3ke lp - Ha puc.2, B. Bentunu VD2 u
VD3 3akppiThl U HCHOBITHIBAIOT Ha ceOe MPHUIIOKEHHOE OOpaTHOE HANpSKEHUE
Uosp.viaxes» PABHOE aMIUINTYA€ BTOPUYHOIO  HampshKeHUs TpaHcopmaTtopa. B
caeayronmi noiy nepuoj (uarepsai ot T/2 no T) Hanpspkenue U, oTpULiaTesIbHO
(puc.2, 0) u HampaBieHo oT Touku "0" k Touke "a". Bentwnim VD1 u VD4
3aKpbIBalOTCA, a BeHTW M VD2 u VD3 oTkpsiBaroTca. Tok TedeT mo uenu: Touka
"0" - BenTmiib VD3 - Harpy3ka Ry - Bentwiie VD2 - touka "a". Ilpu stom mipu
Harpy3Kke TOK T€UET B TOM € HamnpaBjieHUU. [[uarpaMMbl HaNps>KeHUH U TOKOB Ha
AJIEMEHTaX CXEMbI TIPUBEICHBI HA pHUC.2, 0, B, T. Brimmpsamnennoe Hanpspkenne Uy
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NyJIbCUPYET OT HyJd JO0 MaKCUMyMa, paBHOTO aMIUIUTYAE BTOPUYHOIO
HaIpsHKEHUs1 TpaHchopMarTopa.

Yactora nmynbcaiuil BRITPSMICHHOTO HANpPsHKEHHUS! BIBOE OOJIbIIE YACTOThI
HanpspkeHus cetd fppmp = 2fcery. [Ipy akTHBHO# Harpyske TOK MOBTOPSET GopMy
HarnpspkeHusl. TOK uyepe3 BEHTWJIM NPOTEKAaeT B TEUEHHUE IMOJYyNepuoia U paBeH
MOJIOBUHE TOKA HArPy3KH.

Pabora OMC BBIPSIMIICHUS XapaKTepU3yeTcs CIEAYIOINMU

COOTHOHMICHUAMU MCIKIY TOKAaMHU, HAIMPAKCHUAMUA 1 MOIITHOCTAMMU.

U
U,=—2=09U, - cpernee 3HaUEHHE BLIIPIMICHHOTO HAMPSIKEHHMS;
0 1’1 1 2 >

09U,

H

Iy =091, - cpennee 3HaYeHKE BBINPAMIICHHOTO TOKA;

|
|, =2 - cpe/iHee 3HAUEHHE TOKA Yepe3 BEHTHUIIb;

U osr maxe. =Uom =\/§U2 =157U ,- MakcumasibHOE€ OOpaTHOE HAampsKEHHUE, IMOA

KOTOPBIM HaXOJIATCS 3aKPbIThIE BEHTUIIH.
PacueTrnbie MoltHOCTH 0OMOTOK TpaHchopmaTopa

S=1U, = 1,11%1,11/«/0 =1,235,

1)
S, = LU, =111/,111U, =1,23A,
riae k-koapunmenT tpanchopmaiu TpaHcpopmaropa.
Pacuetnas (TUmoBasi) MOITHOCTH TpaHc(opMaTopa
S, +S
St = % =123P,, (2)

Tpexdaznass wmoctoBas cxema (TMC) BeIIpsAMIIEHUS COCTOUT U3
Tpexdaznoro tpanchopmaropa T, BropuuHble OOMOTKH KOTOPOTO COEAMHSIOTCA
no cxeme "3Be3na" m mectu BeHTwied VDI1- VD6, puc.3, a, cOeIMHEHHBIX MO
CXEME MOCTA.

Bentunu oOpasyroT aBe rpymnmbl: 1) KaTOAHYIO WM HEYETHYIO (BEHTWIU
VD1, VD3, VDS5), y KOTOphIX BMECTE€ COCIMHEHBI KaTO/bl, 0Opa3yrolIne
MIOJIOKUTENBHBIN TOJIFOC BBIIPSMUTENS; 2) aHOJHYIO WM YETHYIO (BeHTUiIn VD2,
VD4, VD6) , y KOTOpBIX BMECTE COeIMHEHBI aHO/Ibl, 00pa3yIolue OTPUIATEIbHBIN
MOJIFOC BBIPSAMUTES.

B nanHOl cxeme B IF000M MOMEHT BpEMEHH OTKPBITHI JIBa BEHTHJIS, OJIUH B
KaTOAHOM Trpynme, Ipyrol B aHOAHOM Tpynne, MPU 3TOM KaXIbld U3 BEHTUIICU
paboTaeT B T€UEHUE OJIHOM TPETH MEPUOIA.

B kartonHoOW rpynme OTKPBIT TOT BEHTWJIb, Y KOTOPOIO MOJIOKUTEIHHOE
HaIpsDKEHUE Ha aHojie OoJibllle, 4eM y Apyrux BeHTuiaeh. Hampumep, B uHTepBaie
t1-t3, puc.2, 6, oTkpeIT BeHTWIb VD1, B uHTEpBasie t3-ts - OTKpBIT BeHTUIb VD3 1 T.
n. B aHOgHOW Tpynme OTKPBIT TOT BEHTWIb, Y KOTOPOTO OTPULIATENBHOE
HaIpsKEHUE Ha KATOJE HUXKE, YEM Y IPYTUX BEHTUJICH.



Puc.3. Tpexdasznas MocToBasi cxema BBITPSMIICHUS

Hanpumep, B unrepBaiie to-t4 OTKpbeIT BeHTWIb VD6, KaToJ KOTOPOrO COEUHEH C
dazoit U, uMmeromeld HaMMEHbIINK MOTEHLIMAA B 3TOM HHTepBajie. PaccMoTpum
pabory TMC B momeHnT Bpemenu t, (puc.2, B). B 3ToT MOMeHT HambobIiee
MOJIOKUTENbHOE HampspkeHue (a3l "B" mpuioxkeHo K aHony BeHTwi s VD3, a
HauMEHbIlIee OTpUIIaTeIbHOE HampspkeHue ¢Gas3pl "c" MNPUIOKEHO K KaToxy
BeHTWIsI VD6. OTH BEHTUIM B MOMEHT t OyIyT OTKpBITHL. TOK B 1enu OyAeT Teub
no nytu: Touka "b" TpaHcopmaropa - BeHTHIhr VD3 - Harpyska Ry - BeHTHIb
VD6 - touka "c¢" TpaHcopmatopa. I[Ipu pabGoTe BBIIPAMHUTENS TOK uepes
COIPOTHUBIICHUE HArpy3Kku Ry TedeT B 0IHOM HanpaBICHUM.

[lepexntoueHne BEHTWJIEH B KATOAHOM TIpyNIE IMPOUCXOJUT B MOMEHT
NEPECEUECHUS TOJIOKUTEIBHBIX IMOIYBONH (Da3HBIX HANpPSDKEHUM, a B aHOJHOMU
IpyMIie B MOMEHT IIEPECEUEHUS OTPULIATEIbHBIX MOJIYBOIH (Pa3HBIX HANPSKEHUI.

Ha pwuc.3, B-n 1mpeacraBieHbl JguarpaMMbl HalpsSKEHUH W TOKOB,
nosicHsiroIue padoty Beinpsimutens. Ha puc.3, 6 npuBeneHs! (a3Hble HANPSKEHUS
Tpex(da3HOro ToKa, MojaBaeMble Ha BXOA Bbimpsimurtens. Ha puc.3, B moka3aHsbl
(GopMbI BBIIPAMIICHHOTO HampsbkeHUs W Toka. Ha puc.3, 1,0 moka3aHbl TOKH
BEHTHUJIEH.

Pa6ora TMC Ha aKTHBHYIO HAarpy3Ky XapakTepu3yeTcs CIeIyIOIIUMU
COOTHOILEHHUSIMU MEXy TOKaMU, HAPSLDKEHUSIMU M MOITHOCTSIMU:

I
fBbIHP = 6fCETI/I U =2,34U ;U opp vake . =105U 51, :§O;STP =105P,,

rae U, - ¢pazHoe HanpspkeHre BTOPUIHOM 0OMOTKH TpaHc(opMaTopa.

TMC wumeer cnenyromue npeumymiecta nepen OMC: paBHOMeEpHOE
pacrmpejielieHde Harpy3kd 1o BceM (azam ceTu; oOpaTHOE HanpsDKEHHE Ha
BEHTUJISIX BCETo Ha 5% MpPEBBINIAECT HAMPSXKEHUE HA HArpy3Ke; OOJblIas yacToTa u
MEHbIIIas aMIUIUTY1a MyJIbCallui BBIMPSIMIICHHOTO HampspkeHus; Oombiuit KITJT.
TMC mupoKo NPUMEHSETCS B TPOMBIIIJIEHHBIX BBIIPSIMUTEISAX.



B mpunoxenusix 11 u II2 npuBenensl cxembl, (HOpMbI BBIIPSIMICHHOTO
HaIpPSHKEHUS! U pacyeTHbIE COOTHOUIEHUS ISl HEKOTOPBIX IPYTUX BBIIPSIMUTENEH
CpeaHel 1 OO0JIbIIONH MOIITHOCTH.

CraaxuBaomue ¢(uiabTpbl. KpuBas BBIIPSIMICHHOTO HaNpsDKEHHUS,
oOpa30BaHHAs U3 MOJIOKUTENIbHBIX YYaCTKOB CUHYCOUI, COJIEPKUT MOCTOSHHYIO U
nepeMeHHyr  cocTaBisitomue. [lonme3nslit  3¢gdext  (dHEepreTuueckuit) vy
OOJBIIMHCTBA MOTPEOUTENEH MOCTOSHHOTO TOKAa CO3/aI0T TOJBKO TOCTOSHHBIC
COCTABIISIONINE HANPKCHHS U TOKa. llepeMeHHsle ke cocraBmstomue Up™,
oOpasyromue myabcaluu, TPUBOASIT OOBIYHO K OECIIOIE3HOM 3aTpaTe MOITHOCTH, a
WHOTJIa U K ToMexaMm. Hampumep, y 1Buratessi mOCTOSSHHOTO TOKa YBEJIMUHUBAIOTCS
MOTepU, YXYAIIAeTCs KOMMYTAllds, YTO NPHBOJUT K HArpeBy JBHUTATENs U
YCWICHHIO WCKPEHHUs TMoj ImeTkamu. [lokpeiTHe METalioB B TajlbBaHHMYECKUX
BaHHAX MYJIbCUPYIOIIMM TOKOM XYK€, 4YeM IIOCTOSHHBIM. B 3JIeKTpoHUKE U
paguoanmapatype MyJiabcallds TPHUBOJAT K 3HAYNUTEIBHBIM ToMexaMm ((oH
NEPEeMEHHOTO TOKa Ha BBIXOJAE ycwiuTeneu). s yMEHBIICHUS MyJIbCalud
HalpsDKEHUST Ha  BBIXOJIE  BBIIPSIMUTENS  YCTAHABIMBACTCS  CICIHAIBHOE
YCTPOMCTBO, HA3BIBAEMOE CTIIAKHUBAIOIINM (PUIBETPOM.

[lynpcanust HampspDKEHUs Ha BBIXOJI€ BeIIpsAMUTEN (paboTa 6e3 puibTpa)
OlIeHUBaETCsA KO PUIIMEHTOM MyJIbCAllUH (px, KOTOPbIH paBeH:

U
_ —1m
Opx =7 (3)
UO
rie  Uyy - ammmryaa OCHOBHOW (HEpBOW) TapMOHMKH BBIIPSIMIIEHHOIO

HaIPSKEHUS;

Uy - mocTosTHHAS COCTABIISIONIAS BHITTPSIMIICHHOTO HAMPSHKEHUS.

[Tynbcamusi HampspkeHUsT Ha Harpy3ke (mpu paOoTe BBIIPSIMUTENS C
bunbTpoM) Xapakrepusyercs KodhPUIIMEHTOM (gpx, KOTOPBIN paBeH

Oppx = h’ (4)
U 0
rae Up- - aMIuiuTy1a nepBoi TapMOHUKH Ha Harpyske (mociie GuipTpa);
Up - BEITIpIMIIEHHOE HamnpshKeHUe Ha Harpy3ke Ry (mocne dpunbtpa).

[lynbcanus HanpsiKeHUs: Ha Harpy3ke ((ppx) 3a7a€TCS YCIOBUSIMU PabOTHI
OTpeOUTENS, a MyIbCAIUs HAMPSDKEHUS HA BBIXOJIEC BRIMPSIMUTEINS ((px) H3BECTHA
nociie BeiOopa cxembl Beimpsimienusi: OMC - (gx = 67%, TMC qgx = 6% u THC -
Osx = 25%. OTHOIIEHNE 3HAYEHUH (px U (pprx ONPENEIAET CTENECHb CTIaXXUBaHUs
¢unbTpa  BHIIPAMICHHOTO HANpSOKEHUS] W Ha3bIBaeTcsl  KOA(PPUIUEHTOM
CTIaXuBaHUs PUIbTpA:

S: qBX ) (5)
qBLIX
Buael GuiabTpoB: €MKOCTHBIN, WHIYKTUBHBIM, WHAYKTHUBHO-€MKOCTHBIH W

npyrue (puc.4).

EMxoctHbIl dunbtp (puc., 4a) mpeactasiser coboit konaeHcatop C,
BKIIFOUAEMBI TMapayjieibHO Harpy3ke. OH mpomyckaeT uepe3 ceOs MmepeMeHHYIO
COCTaBISIIONIYI0, @ IO Harpy3ke Te4YeT TOJbKO TOCTOSIHHAs COCTAaBIISIONIAs



1
BBIIIPAMIICHHOT'O TOKa. OObBI4HO X =— << R py 1 IMMPUMCHACTCA IIPHU MAJIbIX TOKax
®C

1 OONbIIMX BeIUdIruHAX Ry.
L

L
—_— —_—
ae
Ud = |[Ra Ug Ry Us = |[R=
a 0

B

IIO

Puc.4. CrinaxxuBatronue GUIBTPHI:
a - eMKOCTHBIN QMIBTP; O - MHIYKTUBHBIN (PUIBTP; B - MHIYKTUBHO-€MKOCTHBII

WuayktuBubli  punstp (puc.4, ©0) mnpeacTaBiser coOOH JpOCCEnb,
BKJIFOYAEMBI TIOCJICJIOBATEIHHO C HArpy3Kod W OO0Jamaromuii  OOJbIIUM
pPEaKTUBHBIM CONPOTHUBIECHHEM X, =L Q1 NEpEeMEHHOW COCTaBJISIOLIEH

BBINPSIMIIEHHOTO TOKa. [l XOpollero criiaXuBaHWs HaNpsDKEHUS Ha Harpyske
HEO00X0UMO, 4ToObI X, =L >>R .

NHayKTUBHBIA (DUIBTP BBITOJHO MPHUMEHSTH B BBINPSIMHUTEINSX CPEIHEH H
00JIBIIIOI MOILITHOCTH, Y KOTOPBIX CONPOTUBIICHUE HAarpy3Kku maino. Eciou tpebdyercs
UMETh OYEeHb MaJIOe 3HaUeHUE KO PUImeHTa myabCaluu (gprx, TO TPUMEHSIOT I -
00pa3Hblil U Apyrue MHOTO3BEHHbIE (QDUIIBTPHI.

BHemHHe — XapaKTepPHCTHKHU BBINIPSIMHUTEJIA. Hamuuue AKTHBHBIX
COMPOTUBJICHUI B 0OMOTKax TpaHCPOPMATOpa M B MOCIICIOBATEILHBIX 3JICMEHTAaX
CTITXHUBAONIETO (DUIIBTPA, a TAK)KE BHYTPEHHEE TaICHUE HAMTPSDKCHUS B BEHTHIIAX
HIPUBOJUT K TOMY, YTO C POCTOM HArpy30YHOTO TOKAa BBIXOJHOE HAMPSKCHUEC
BBINIPSIMUTENST YMEHBIIIAETCS. 3aBUCUMOCTD BBINPSIMICHHOTO HampspkeHust Uy oT
BBINIPSIMJIICHHOTO TOKa |y Ha3biBaeTCsl BHEUIHEW XapaKTEPUCTHKON BBITPSIMUTEIS
Uo=f(lp). Ha puc.5 mpencraBieHbsl BHEIIHUE XapaKTEPUCTHUKU BBIIPSIMUTEINS TPH
OTCYTCTBUH M HAJIUYUU (PUIBTPOB.

LEPY }

Upx

0 T
Puc.5. BHemHne XapakTepUCTUKHU BBITPSAMUTENIS:
1 - 6e3 ¢punwtpa; 2 - C dunwtp; 3 - L dunetp; 4 - LC dunstp
KHI[ BBIIIPAMUTEIA ONPEACIIACTCA OTHOIICHUCM MOJIC3HOM MOIIHOCTHU K
MOIIHOCTHU HOTpC6J'IHCMOﬁ CCTH, OJId O,Z[HO(baBHOFO BBIIIPAMUTCIIA:
A
P, LU,

(6)

n 111 TpCX(baBHOFO BBIIIPAMUTCIIA:



P 1, U
n-oo - _lode (7)
3Py,  3laUio

riae Jio, Uie - Ga3Hbie TOK U HAPSIKEHUE CETH.

METO/IUKA 39KCIIEPUMEHTA
Onrcanue 3KCepUMEHTAIBHON YCTAHOBKU

PaGora mpoBomuTcs Ha creHae ¢ HasBanueM '"HcciemoBanme
BbIIpsAMuUTee". VICTOUHUKOM TNEPEeMEHHOTO HANpsDKEHUs CIYXUT TpexdaszHas
ceTb ¢ HampsbkeHueMm 36/24 B, mnosTtoMy HCCIeAyloTCs BBIIPAMUTENH Oe3
TpanchopmatopoB. Ceth 0603HaueHa kiemMmamu A, B, C, N. Ha crenne umerorcs
HIeCTb BEHTWJIEH C BBIBOJAMH, 4YTO IMO3BOJISIET COOMpaTh TPEOyeMyl0 CXemy
Boipsimutens.  CriaxuBaromii  GuiabTp NpeAcTaBieH apocceneM L u
koHaeHcaropom C. Harpyskoil ciayxaT JaMmbl HakaluBaHUs MOITHOCTHIO 40-60
BT 1 HoMuHanbHBIM HanpspkeHueMm 36 B. Jlammbl MOTYT BKJIIOYAThCS TyMOJiepaMu
S2-S6 MakcuMasIbHBIA HOCTOSSHHBIA TOK B IIENH C JIaMIIAMHU - SA.

[TpuGopsl 1 METOIMKA U3MEPEHU I

Ha creHne ycTaHOBIEHBI BOJIBTMETPHI W aMIIEPMETPHI JII H3MEPEHUS
IIEPEMEHHBIX U MOCTOSHHBIX HANPSDKEHUN W TOKOB. /[ M3MepeHns nepeMeHHOU
COCTABJISIIONIEH BBIMPSAMIICHHOTO TOKa CJEIYET BOCIOIB30BATHCS IH(PPOBHIM
BOJBTMETPOM IlepeMeHHOro Toka tuma B8-11A. Habmronpenue ocrumiorpamMm
HaIpsHKEHUHN Ha Harpys3Kke nmpou3BoauTcs ocmniorpadom C1-73.

B nanHo#t naGopaTopHOoil paboTe mMpuU HU3MEPEHHUSIX HCIOIB3YETCS METOJ
HEMOCPEJCTBEHHOT0 OTCYeTa C MPSMBIMH  OJHOKPATHBIMU  M3MEPECHUSIMH.
Pe3ynbpTaT u3MepeHus 3auChIBacTCs B BUJIE:

A T AA,
rjae A - mokaszanue npuodopa (pe3ynbTaT HaOI0ICHUS ),
AA - Tpenen MaKCHMalbHOW aOCOJIIOTHON TOTPEIIHOCTH HW3MEPUTEIBHOTO

npuodopa.
[Ipu BeIMOJHEHUH Ja0OPATOPHOM PabOTHI pe3ysbTaThl HAOIIOACHUH, T. €.
MOKa3aHus TPUOOPOB, 3aHOCUTH B TAOTHUIIHI.

TPEBOBAHUE BE3OITACHOCTHU TPYIA

1. CoopKy cxembl TPOBOJUTE TOJIBKO MPHU OTKIFOYCHHOM HAIPSKEHUU CETH.

2. CTeH]1 BKIIIOYAET TOJIBKO MPENOJaBATENb M10CIIE MPOBEPKHU CXEMBI.

3. Ilpu wu3MepeHusix HE KaCaWTEeCh OrOJICHHBIX TOKOBEIYLIMX YAaCTEH.
[IpoBosaa, MOAKIIIOUEHHBIE K IEPEHOCHBIM MIPUOOpaM, AEPKUTE 32 U30JUPOBAHHbBIC
YacCTH.



4. He npukacailTeCb OJHOBPEMEHHO K METAUIMYECKUM KOpIycam
U3MEPUTEIbHBIX AJEKTPOHHBIX MNPUOOPOB M OCHWLIOrPadoB U 3a3eMJICHHBIM
KOHCTPYKIIUSIM, HaIIpUMEP, OTOMUTEIBLHBIM OaTapesM Wi Tpyoam.

5. 1o OKOHYaHUY U3MEPEHUN BBIKJIIFOUUTE CTEH/I.

HOPAAOK BBIITIOJIHEHUSA PABOTBI

1. O3HaKOMHTBCS CO CTEHJAOM M CXEMOW ombITa. BeiOpath Ha cTeHe
HE0OX0aUMBbIe /TSl padOThl IPUOOPHI U TIOKA3aTh UX MPETOIaBaATEIIIO.

2. Cobparp cxemy ombiTa. B maHHON paboTe HMCCIEMYIOTCS JBE CXEMBI
BeIIpsiMIIeHUS: ogHOda3Hass MoctoBasi (OMC), puc. 6 u TpexdaszHas MOCTOBas
(TMC), puc. 7. Crauana cienyet coopats OMC u uccienoBath ee 1o nporpamme,
MPUBEICHHOW HUXE, a 3aTE€M TO € BBITOIHUTD Ju1s1 TMC BeIIpSIMIICHUS.

3. CHATH BHENIHIOK XapakTepucTuky Boimpsimutens Uy = f(lg) 6e3 dunbrpa.
Jlnst 3TOrO0 3alIyHTHPOBATH JApOCCeNb (UIbTpa BKIOUYEHHEM TymoOiiepa S u
pa3oMKHYTh 1enb koHjaeHcaTopa C tymOGnepom S1. B pexume xosioctoro xoja
BBINIPSIMUTENS 3amucaTh B TaOiu. 1 moka3zaHus BOJBTMETPOB NEPEMEHHOTO U
MOCTOSTHHOTO HampsbkeHuH. Jlanee, yBeawumBass TOK Harpy3ku (BKIIOUCHUEM
napajieIbHO JIaMIl HaKaJIMBaHU ), IPOJIeaTh He MEHEE ISITH U3MEPECHHUI TOKOB U
HaIpsHKEeHUH corjacHo Tadmn. 1.

4. CHATH BHENIHIOI XapaKTEPUCTUKY BBITIPSIMUTENS ¢ GuiIbTpoMm. J[7ist aToro
OTKJIIOYUTH TyMOJIep S U BKIIFOUUTH S1, MOCJE Yero BHIMOJHUTH TE K€ OMepalluu,
YTO U B MPEABIAYIIEM ITyHKTE.

5. Ompenenuth KO3DPUIIMEHTHI MyJIbCAIIMN U CTIIAKUBAHUS BBIIPSIMHUTEIIS
6e3 ¢unbTpa W ¢ QuIBTpoM. [l 3TOro H3MEPHUTH BEIUYUHY TEPEMEHHOMN
COCTABJISIFOIICH BBITPSIMIICHHOTO HAIPSKEHUSI Ha Harpy3ke B PEKHUME XOJIOCTOTO
X0Jla ¥ B peKUME HOMUHAJIBLHOW HArpy3Ku BBIIpAMUTENSA. JlaHHBIC M3MEpEHUN U
BBIYUCJICHUI 3amucaTh B Ta0JI. 2.

AS
[t

4 @ |T|

|_75_ +c %Hu ‘$)HL1 ($HL3¢HL4 #HLS
Pl e e )

Puc.6. Cxema uccienoBanus 0HO()Aa3HOTO BEIIPIMUTEIS

RS




@ VD

vl
Ll
1
VD3 VD4
Fa)H< i<
N N
VD3 VD6 @ —
< <
L

Lﬂ:'ns_l +C %,Hu éﬂu {1:3 $’H 4 $)HL5
\Sl )sz \.33 } \55 \Sﬁ

Puc.7. Cxema uccnenoBanus Tpex(a3Horo BIIPIMUTENS

Taomuna 1

Ne | Usmepeno 6e3 punbtpa | Borumcn. | Msmepeno ¢ puastpom | Berawmca.
n/m

U1 I! UO! IO! fB1 n, U1 |1 U01 |01 fB1 n,
B | A| B A | T'g % B|A| B A | Tg %
Tabsnna 2
Pexum paboThI BHITPSIMUTENS be3 ¢unpTpa C ¢unpTpom

Ulm, B U01 B qBX U0~1 B UO! B qulX S

Pexxum xonocroro Xo4a

HomunanbHas Harpy3ka

6. Ilpoectu HaOmomeHHUs] (QOPMbI HANPSHKEHHUS B PaA3IMYHBIX TOYKaX
BBIIPSIMUTENS U 3apUCOBATH CJIECAYIOIIUE OCLIHIIIIOTPAMMBI:

1) dbazHoe HanpsKeHHE Ha BXOJIE€ BBINPSIMUTENS;

2) HampsDKEHUE Ha BBIXOJIE€ BBIIPAMHUTENS 0€3 PUIbTpa B peKUME XOJIOCTOrO
X0J1a, MPU 3TOM OINPEAEIUTh YACTOTY MYJbCALHUA BBIIPSAMIICHHOIO HANPSKEHUS
fapime;

3) TO K€ B peKUME HOMUHAIBHOW HAarpy3Ku;

4) HanpsKeHHE Ha BBIXOJIE BHIIPSIMUTENS C (GUIBTPOM B PEXKHUME XOJIOCTOTO
X0/1a;

5) TO ke B peKMME HOMUHAJIBHOM HATrpy3KH.

7. BoinomauTh yHKTHI 3-6 111 TMC BeIIpsAMIICHUA.

OBPABOTKA PE3YJIbTATOB HABJIIOJIEHUH

1. KITJI BeIpsiMUTENISt BBIYUCIUTD 110 hopmyie (6) st omHO(Da3HOTO
BEITIpsIMUTEIS 1 110 hopmyde (7) At TpexazHOTO BHITPSIMUTEIS.
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2. KoapdunueHTsl mynbcaluii ¥ CrIaKUBAHUSL BBIYUCIUTH MO (GopMyiam:
3). 4), (5).

3. Jns kaxmoro Tuma BBIIPSMUTENS HAa OAHOM TrpaduKe MNpe/ICTaBUThH
BHEIITHUE XapaKTEPUCTUKHU BHITIPAMHUTEIIS O0e3 GUiibTpa U ¢ GUIBTPOM.

4. Ha omnoMm rpaduke mnpeactaBuTh BHemIHUe xapakTtepuctuku OMC u
TMC BbIpsIMIIEHUSI C PUIBTPOM.

5. BluMCIUTh MakCUMalIbHBIE A0COJIOTHBIC TMOTPEITHOCTH MPUMEHSIEMBIX
npuOOpoB M  MaKCHMajbHble OTHOCHUTEIbHBIE TOTPEUIHOCTH  HM3MEPEHUs
caeayronux BenuuuH: Ug, lo, Po.

COAEPKXAHHUE N OPOPMJUIEHUE OTYETA

B otuere Hapsany ¢ oOmuUMHU TpeOOBAHMAMH, NMPEIBSABISAEMBIE K KaKIOMY
OTYETY, JOJKHBI ObITh: TEXHUYECKUE XaPAKTEPUCTUKHU MTPUOOPOB, CXEMBI ONBITOB,
TaONMIBI C pe3yJbTaTaMd HaOMIOAEHUH M  BBIYMCIECHUN, OCHUIIIOTPAMMBI
HaMpsHKeHUH, rpadMKy BHEITHUX XapaKTEPUCTHK.

OT4er 3aKaHYMBAETCA BBIBOJAMH, B KOTOPBIX HEOOXOAMMO OTPa3UTh: Kak
U3MEHSETCS U Ha CKOJBKO MPOLEHTOB BHEIIHSS XapaKTEPUCTHKA BBIMPSIMHUTEIS
0e3 QuibTpa; Kak BAMSET (PUIBTP HA BHEUIHIOI XapaKTEPUCTUKY U Ha (opmy
BBIIPSMIICHHOTO HANPSDKEHUS; BO CKOJIBKO pa3 MPUMEHSEMbIN (PHIIBTP CTIaKUBaeT
NYJIbCALMIO BBIIPSIMIECHHOIO HANpPsDKEHUS; [0 PE3yJIbTaTaM MCCIEI0BaHUN
chopMyIupoBaTh  NpEUMYILIECTBA  TpeX(PazHOTO  BBIIPAMUTENS  MEpen
0THO(Da3HBIM.

BOIIPOCHI IJ1s1 CAMOITPOBEPKH

1. KakoBel MaTeMaTH4YeCKHE CBSI3U MEXAY JCHCTBYIOIIUM, AMIUTUTYIHBIM |
CpeIHUM 3HAYE€HHEM NIEPEMEHHOTO TOKa?

2. W300pa3uTe BeHTWIb. YKaXKUTE aHOJA M KaToj. B KakoMm HampaBieHHH U TPU
KaKHX yCIOBHUSIX Yepe3 BEHTUIIb MOXKET MPOXOAUTH TOK?

3. Ha3zoBuTe OCHOBHBIE /IBa MapameTpa, Mo KOTOPHIM BBIOMpArOT BeHTUIH. Kax
3TH napameTpsl onpeaesaroTes a1 OMC u TMC BeinpsimiieHus?

4. Haueptute cxemy OMC u 00bsicHUTE €€ padoTy.

5. O0bscuute padoty TMC BeInpsIMIICHUS.

6. B kakux ciydasx NpUMEHSETCS] EeMKOCTHON (DUIIBTP, U B KAKUX- UHAYKTUBHbBIN
bunbtp?

7. Kak BiausieT criaKuBaroluil GUIbTp Ha BHEIIHIOK XapaKTEPUCTUKY U (Hopmy
BBIXO/IHOTO HampsyKeHUs?

8. M300pa3uTe BHENIHME XapaKTEPUCTUKU BHIIpSIMHUTENS O0e3 ¢uiabTpa U C
(GUIBTPOM: €MKOCTHBIM, UHAYKTUBHBIM, [ -00pa3usim LC.

9. Kaxkossl ko3¢ unuents! mynscanuit B OMC u TMC?

10. Kaxossl mpeumymiectsa TMC nepen OMC? I' ne npumensiercss OMC?

11. M3o0pa3uTe OCUMIUIOTPAaMMBI BBIIPSMJICHHOTO TOKAa W HAMpPsDKEHUSA TPU
paboTe Ha akTUBHYIO Harpy3ky B OMC.
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12. 300pa3ute OCIUIUIOTPAMMBI BBITIPSMIICHHOTO TOKAa W HANPsDKCHHUS TPHU
paboTte Ha akTHBHYIO Harpy3ky B TMC.
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[MTPMJIOXKEHME 1

Cxembl BbIIPAMIIEHHS W (pOPMBI BHIXOHOT0 HANIPSIZKEHUS NPU AKTUBHOM
HArpy3Ke
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OpnnHodaznast MocTOBas

CooTHoOMICHUS MCKIY TOKAaMHU U HAIIPSKCHUAMU B BBIIIPAMUTCIIAX

Cxema Bempsamiaenns | Uy |Uoppyiake.| 1o | laae | 12 S Koadd.
Uso Uo | 0 lo lo Po IIyJIbCalluH,
% (0x)
Onunononynepuoanas | 0,45 3,14 1 3,14 | 1,57 | 3,09 157
Opnnodasznas nynesas | 0,9 3,14 05| 157 (0,785 | 1,48 67
Opnnodasznas moctoBast | 0,9 1,57 051|157 | 111 | 1,23 67

[MTPMJIOXKEHUE 2
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Cxembl BoIpsAMJIEHUS U (OPMBbI BBIXOHOT0 HANPSIZKEHUS NPU AKTHBHON HArpy3Ke
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TpexdazHas ¢ BEIBOJOM HEUTpalu
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Tpexdasznas mocToBas

L] o |

CooTHOIIEeHUS MCXKIY TOKAaMHU WU HAIIPSAXKCHUAMHU B BBIIIPAMUTCIIAX

Cxema Bempsamiaenns | Uy |Uoppyiake.| 1o | layae | 12 S Koadd.
Uso Uy, I, l I P, yJIbCALIWH,
% (OBx)
Tpexdaznas nynesas | 1,17 2,09 0,33| 1,21 {0,585 | 1,35 25
Tpexdasznas mocToBas | 2,34 1,05 0,33| 1,05 | 0,817 | 1,05 6

OBO3HAYEHUA

Uy, lo, Po - cpennue 3HaueHus BBIPSMIICHHOTO HAINPSKEHUS, TOKA, U MOIIHOCTH
Ha Harpyske.

Uosp.Mmakc, - JTOMYCTUMOE JTUTENHHOEC OOpaTHOE HANPSDKCHHE, BBIICPKHBAEMOE
BeHTHJIEM (OHO B 2 pa3a MeHbIne Unpogos)-

|, - cpeanuii mpssmMoii TOK BeHTWIs. Ero macnopTHoe 3HaueHHE (HOMHHAJIBHOE
3HAYECHUE).

U,¢ - dhasHoe HanpsikeHre Ha BTOPUYHONM 0OMOTKE TpaHcopmaropa.

2 vaxe - @MIUTUTYTHOE 3HAYEHUE TOKA YepPEe3 BEHTUJIb.

MCTOI[I/I‘-ICCI(I/IG YKa3aHusda COCTaBUJI
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