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BBEJEHUE

DJEeKTPOTEXHUKA B MIMPOKOM IIOHUMAaHUHM — 3TO HayKa, H3ydaromas
CHOCOOBI HCIOJIB30BAHUS SJIEKTPUUYECKUX U MAarHUTHBIX SIBIICHUH JUIS MIPaK-
THUYECKHX LIeJIed. DIEKTPOTEXHUKA OXBaTHIBAET OOJIBIION KOMILIEKC BOIPO-
COB M pa3JieNicHa Ha s o0acTei.

OpHO¥M W3 BaXHEHMHX 00JACTEH SJEKTPOTEXHUKH SIBISIETCS DIIEKTPO-
9HEpreTHKa, KOTOpas paccMaTpUBAcT BONPOCHI IPOW3BOJCTBA 3JIEKTpUYE-
CKOW 3HEpTuM (M3 ApYyTUX BHIOB SHEPTUM), TIEpeaadll SHEPTHN Ha JajbHUE
pacCTOSHHUSA, paclpeieNicHne ee MEeKAY HOTPEOUTEIIMI U IIpeoOpa3oBaHNe
JIEKTPUUYECKOI SHEPTUH B APYTUE BUIBI YHEPTHH — MEXaHUYECKYIO, TEILIO-
BYIO, XUMHYECKYIO U T. [I.

Ha ocHoBe syiekTpuQuKauy Bee MHIpe BHEAPSIETCS KOMIUIEKCHAs MeXa-
HU3alusg W aBTOMaTu3alus IMPOU3BOJACTBCHHBLIX ITPOLECCOB. HuTeHCMBHO
pa3BUBAaeTCA IEKTPOTEXHOJIOTUS — 3JIEKTPOTEPMUUYECKHE M IIEKTPOJIUTH-
YeCKUe CIOCOObI NONyUYeHUs1 1 00pabOTKN METaIOB. DJICKTPOIHEPI s UC-
MOJIB3YETCS IS ANEKTPOCBAPKH, 3aKAJIKH CTAJIM TOKAMH BBICOKOIl 4aCTOTHI,
CYIIKH APEBECHHBI U T. 1.

DNeKTpOHUKa SIBIISETCS OONACTBIO 3JIEKTPOTEXHUKH M PaccMaTpUBAET
JIBIDKCHUE 3apsHKeHHBIX YacTHI] B BaKyyMe, I'a30BOM Cpele WM TBEPAOM
TeJIe U yNpaBJIeHHE 3TUM JIBIKEHHEM C LEJBI0 Pa3IMIHOTO poja npeodpa-
30BaHUsA DJICKTPUYCCKUX BCIIWYUH WM OOAHOI'O BHUAA JHEPIruu B )IpyFOI‘/’I.
DJEeKTpPOHMKA OXBATHIBAET BOIPOCHI NPOU3BOACTBA M IPUMEHEHUS DIICK-
TPOHHBIX PHOOPOB U JIPYTUX YCTPOKCTB, BHIMOIHSIIOUMX (BYHKIMU NpeoO-
pa30BaHMS DHEPTHH, YIPABICHHUS OTACIbHBIMH MEXaHHU3MaMH, CTaHKaAMH,
TOTOYHBIMHU JIMHUAMH, a TAKKE KOHTPOJIb HAa/l HUMHU.

OOmmpHOe NpUMEHEHNE 3IEKTPOTEXHUKH BO BCEX OTPACIISX HAPOIHOTO
X03s1ficTBa M BCe Oouiblliee BHEAPEHUE ICKTPOHUKH B MPOMBIIUICHHOCTD
HaCTOSATENHLHO TPeOYIOT 3HAHMS MOJOABIMH PaOOTHHKAaMHM OCHOBHBIX BO-
MIPOCOB NEKTPOTEXHUKH M IICKTPOHHUKH.

CIIMCOK PEKOMEH]ITYEMOW JINTEPATYPbI

1. KacarkuH, A. C. DnekrporexHuka: yue6. mocobue / A. C. Kacatkun, M. B. Hemmos. —
8-e u3n., ucnp. — Mocksa: Akazgemus, 2003. — 544 c.

2.Banos, . U. Dnekrporexuuka: yued. / . W. HUBanos, I'. U. Conosses, B. C. Pag-
JIOHHK. — 2-€ U311., nepepab. u pomn. — Cankr-IlerepOypr: Jlanb, 2003. — 496 c.

3. Ily3zeBuu, K. JI. DiekrpoTexHHKa U 37IEKTPOHUKA. DICKTPUUECKHE U3MEPEHHS H JJIEKTPO-
u3MepuTenbHble mpubopsl: Meton. ykasauus / K. JI. ITyseuu, H. U. Ckakyn. — Fopku: BI'CXA,
2016.-40 c.



4. Ilyzesuu, K. JI. DnexTpoTexHuKa 1 MeKTpoHHKa. Teopust dIeKTpUIecKuX Ienel: Kype
nexuuii / K. JL. ITyzeBuu. — lopku: BICXA, 2020. — 86 c.

5. Ily3eBuu, K. JI. DnekTpoTexHuKa U dIeKTpoHUKA: y4ed.-meTox. kommuekc / K. JL. ITyze-
Bud. — ['opku: BI'CXA, 2020. —227 c.

6. [Ty3eBuu, K. JI. DnekrporexHrka u dNeKTpoHHKa. TpaHcOpMATOpPBI U INEKTPHISCKHE
MammmHbL: Kype aexnuit / K. JI. ITysesud. — 'opxu: BI'CXA, 2022. — 126 c.

7. Ily3esuu, K. JI. DnekTpoTexHuKa 1 3IeKTpOHHUKA. VICIIbITaHHEe CHHXPOHHOTO TEHEpaTopa:
meron. ykasauust / K. JI. ITy3esuy, C. W. Kosnos, B. B. ITyzenu. — I'opku: BICXA, 2022. — 22 c.

8. Ily3eBuu, K. JI. DnekrporexHuka i anexTpoHrka. VcciaenoBaHue ey MOCTOSHHOTO TOKa:
mertoz. ykazanus / K. JI. ITyzeBuy, C. 1. Koznos, B. B. ITyzeBuu. — 'opku: BICXA, 2022. — 27 c.

9.Ily3zesunu, K. JI. DnexTpoTexHuka U 2JeKTpoHHUKA. VccienoBanue enu mepeMeHHOro
CHHYCOHMJAIBHOTO TOKa C HapaJUleNbHBIM COSJUHEHHEM APOcCeNs M KOHASHCATOpa: METOX.
ykasauust / K. JL. Iy3eBuu, C. . Kosnos, B. B. ITy3eeuu. — lopku: BICXA, 2022. — 20 c.

OBIIUE YKA3AHMA I10 BBIIIOJIHEHUIO
JJABOPATOPHBIX PABOT

JlaGopatopHble paboThl, MpeACTaBIEHHBIE B HACTOSIIEM MPAKTUKyME,
KpPOME PACUETHBIX, BHIITOTHAIOTCS Ha Ja0OPAaTOPHBIX yCTAHOBKAaX, KOTOPBI-
MU OCHallleHa JIabopaToOpHsl AIEKTPOTEXHUYECKOTo 00EeCIeUeHHsI CeJIbCKO-
XO3SHCTBEHHOTO IPOU3BOICTBA.

Iloozomoeka k nadopamopnoii pabome:

1. IlpenBapurenbHO HEOOXOJUMO O3HAKOMHUTBCS C IPAaBHUIAMH BHYT-
PEHHETO pacrops/ika ¥ TEXHUKH 0€30MacHOCTH.

2. ITo neKkuusiM U COOTBETCTBYIOIUM JIUTEPATYPHBIM UCTOUYHHKAM H3Y-
YUTh TEOPETHUYECKYIO YaCTh, OTHOCSALIYIOCS K IaHHOH padoTe.

3. [logroroBuTth OIaHK OTYETa IO JTAOOPATOPHOU paboTe COracHO yKa-
3aHUSM, IPUBEICHHBIM B IIPAKTHKYME.

CTyzneHThl, SIBUBLIMECS Ha 3aHATHE HEIOJTOTOBICHHBIMM, K BBINOJHE-
HUIO JJab0paTOpHOH pabOTHI HE AOIYCKAIOTCS.

Buvinonnenue nabopamopnoit pabomur:

1. Ha paGouem MecTe HEOOXOIUMO O3HAKOMHUTHLCS ¢ MpUOOpaMu, amma-
patamu ¥ Ipo4nuM 00OpYyAOBaHUEM, 3aIUCAaTh B OTYET TEXHUIECKUE JaHHbIE
00BEKTOB W CPENCTB HCCIeNoBaHHA. [IpH 5TOM HYXHO BBISICHUTH, KaKue
3 KUMBbI HpI/I60pOB COOTBETCTBYIOT TEM HMJIM UHBIM TOYKaM SHGKTpI/I‘IeCKOﬁ
CXEMBI ¥ B KaKH€ TT0JIOKEHUS Hy>)KHO YCTAaHOBUTH OpTaHbl yIpaBJIeHHs 0J10-
Ka IIUTaHus:.

2. COOpKy 3JIEKTPUYECKHX LETel clielyeT MPOU3BOIUTD, MOJIB3YSICh CO-
OTBETCTBYIOILLEH 3JIEKTPUUECKON CXEMOM U yKa3aHUSMHU NPENoAaBaTels.

3. IIpu cOopke 1emneit ciienyer n3derath M3JMIIHETO MEPECceYeHHs CO-
CANMHUTCIIBHBIX ITPOBOIOB.

4. TIpu cOopke Terel TOCTOSTHHOTO TOKa HEOOXOJAMMO COOJI0aTh TMOo-
JSIPHOCTB BKIIFOUCHHMS IPUOOPOB B COOTBETCTBUH C MOJSIPHOCTHIO UCTOYHU-
Ka TOKa.



5. Bo Bpewmst BeITOTHEHHST paOOTHl HEOOXOAMMO CIICIUTH 3 IMOKa3aHH-
MU ITpUOOPOB U HE MeperpyxaTh ux.

6. [To oxkOHYaHWY BBHITIOTHEHUS J1a00pPaTOpHON paboTHl HEOOXOIUMO OT-
KJIFOUUTH JJA00PATOPHBII CTEH]I, OKa3aTh MPENOAaBaTEeNIO MOJTyUYeHHBIE pe-
3yJIBTATHI U C €r0 Pa3peIIeHUs pa300paTh JIEKTPUIECKYIO CXEMY.

VYxon u3 nabopatopuu 10 OKOHUAHMS 3aHITHI He paspeniaercs. Bpems,
OTBOJMIMOE CTYAEHTaM AJISI BBINOJHEHUS J1a0OpaTOpHOW pabdOTHI, PaBHO
JBYM aKaJIeMHYECKUM YacaM.

Omuem no nabopamopnoit pabome opOpMIIIETCS COTIIACHO OOLIETIPH-
HATHIM Ha (paKyJIbTeTe MEXaHM3AIMU CEJILCKOTO X035HCTBA HOPMaM U Ipa-
BwIaM. Bce BbrumMcieHus ciexyer mpousBOAWTH B cucteme enunun CH.
[MocTpoeHue SKCIIEPUMEHTAIBHBIX KPUBBIX BBIMOJIHSAETCS B IPSIMOYTOJILHOM
cucrteMe KoopauHaT. KoopIuHaTHBIE OCH JOJDKHBI MMETh OOO3HAYCHUS
n300pakaeMbIX BEJIMYHH, Pa3MEPHOCTb U MacIluTal.

Omuem donicen cooeprcamp:

1) HauMeHOBaHUE pabOTHI M €e HOMep, 11eNb paboThl B KpaTkoil Gpopmy-
JIMPOBKE;

2) BNIEKTPUYECKYIO CXEMY J1ab0paTOPHOU YCTAHOBKU (BBIMOIHSETCS Ka-
PaHIAIIoOM ¢ COOJII0ICHUEM NPaBIII HauepTaHUsl 1 0003HAUYEHHS HIIEMEHTOB
cornacHo cucteme ECKJI);

3) mepedyeHb HCIONb3YEMOM ammapaTypbl, € TEXHHYECKUE IaHHbIC,
yCIIOBHBIE 0003HAYEHMS;

4) ocHOBHbIE pacyeTHble (OpMyNbl ¢ MOAPOOHOH pacHmuppoBKOH
YCIIOBHBIX 0003HAUCHNH N YKa3aHUEM €AMHUIl U3MEPEHUS;

5) pe3ynbTaThl U3MEPEHUIA U PacUeTOB;

6) rpaduueckue 3aBUCUMOCTH M BEKTOPHBIE TUArpaMMBbl (IIpu HeoOXo-
JTUMOCTH);

7) aHanu3 pe3ynbTaToOB pabOTHI M BHIBOJBI.

OT4eTsl, BBIMOJHEHHbIE C OTCTYIUICHHUSIMH OT BBILICTIEPEYNCICHHBIX
TpeOOBaHMUH, K 3alUTE HE OITyCKAIOTCS.

JlaGopatopras paboTa cuuTaeTcs 3aIUIICHHON, €CIM CTYACHT ToKa3aj
3HAHME LeNU, PU3MIECKOH CYIIHOCTH HCCIIEyeMbIX MPOLECCOB, METOIUKH
BBINIOJIHEHHS OTIBITOB, MOKET OOBSCHUTH U MPOAHATM3UPOBATD MOTyYSHHBIE
Pe3YNBTaThl U Pa3bsICHUTH OCHOBHBIE BBHIBOBI.

TPEBOBAHUSA TEXHUKH BE3OITIACHOCTH
ITPHU BBITIOJIHEHUU JIABOPATOPHBIX PABOT

1. K camocTosiTensHOM paboTe B 1a00paTOpru OMYCKAIOTCS CTYISHTHI,
(u3MYeCcKU 310POBBIC U MPOIICIIINES HHCTPYKTAXK 110 OXPaHEe TPYIa.



2. He momyckaetcst nosiBiieHHE B 1a00OpaTOpHM B COCTOSIHUH AJIKOTOJIb-
HOTO, HAPKOTHYECKOTO MM TOKCHUYECKOTO OIBbSHEHHSA, a TAaKXKE PacIUTHE
CHHMPTHBIX HANUTKOB, YIOTpPEeOJIeHHE HAPKOTHYECKUX HIM TOKCHUECKHX
BEILIECTB BO BPEMsI 3aHSATHH M YCTaHOBJICHHBIX IIEPEPHIBOB.

3. CTyneHT HeceT OTBETCTBEHHOCTH 32 HapylICHHE TPEOOBAaHWHA TEXHU-
K1 0€30I1aCHOCTH B COOTBETCTBUH C 3aKOHOJATeNI,cTBOM PecnyOmmku be-
Japych.

4. Ilpu BHIMONHEHUH JTAOOPAaTOPHOH PabOTHI HAa CTYJCHTOB MOTYT OKa-
3bIBaTh BO3/CHCTBUE CIIEAYIOLIME ONACHBIE U BPEIHBIE ITPOU3BOICTBEHHBIE
(baKkTOpBI: IBWKYIIMECS Y3JIbl, A€Tall IPpHUOOPOB, 000PYIOBaHUS, SIEKTPH-
YeCKOEe HaIpsDKEHHE, NaIeHIE TIPEIMETOB.

5. CTyzeHTBI NOTy4aloT 3aJaHie Ha BBINOJIHEHUE J1abOpaTOpHOH pado-
Thl y NpenojaBatelisi. BeimoaHsaTs paboTy HE0OXO0AUMO TOJIBKO B COOTBET-
CTBHH C NOJY4YECHHBIM 3a7aHueM. He mpucTynaTs K caMOCTOSTENbHOH pado-
Te, HE OCBOMB 0€30TIaCHBIEC TIPHEMBI €€ BHITIOITHCHHS.

6. B 3BeHe, BBINOJHAOLIEM padoTy, JOJDKHO OBITH HE Ooiee 5 cTyneH-
TOB, NIPUYEM OJHOTO M3 HUX INPENOAaBaTE]Ih HAa3HAYaeT CTapIIUM. YiIeHbI
3BeHa 00513aHBI COTIIACOBBIBATH C HUM BCE CBOM JIEWCTBHS IIPU BBHITIOIHEHUN
11a00paTOPHO# PaboTHI.

7. CTyIeHTsl HE JOJDKHBI NPUCTYNAaTh K BBIMOJHEHHUIO Ja0opaTOpHOH
paboThl, He yOEeqUBIINCH B MCIIPAaBHOCTH 000pYyIOBaHMS, IPHOOPOB M MPH-
CHOCOOJICHUH, B YAaCTHOCTU NPU HAPYIIEHHOM M30JILHH MPOBOAOB, HEHC-
MIPaBHBIX pa3beMax MM BUJIKE CHJIOBOTO Kabeins, BO M30ekaHHe Mopaxe-
HUSI QJICKTPUYECKUM TOKOM.

8. 3ampeniaeTcs caMOCTOATENBHO 3aITyCcKaTh 000pPYIOBaHNE U BKIIFOYaTh
npudopsI, paboTa Ha KOTOPBIX HE pa3pelieHa.

9. Ha kaxxnom paboueM MecTe JOJDKHBI OBITh METOJIMYECKHE YKa3aHHS
10 BBINIOJIHEHHIO JaHHOH 71ab0paTopHOH paboThl, yUUTHIBAIOIINE TPeOOBa-
Hus 6e3omacHocTH. Kakme-mmbo neiicTBHsA, HE NMPEAyCMOTPEHHBIE THMHU
yKa3aHUsIMHU, HE JIOITYyCKAIOTCS.

10. Bo u3bekaHne TpaBMHPOBAHHS SJIEKTPUYECKHMM TOKOM Ha BKIIIO-
YEHHOM, & TaK)Ke BBIKIIIOUEHHOM CTEHJIE HEJIb3sl TPOTraTh HEM30JIMPOBAHHbIE
TOKOBeIylIHe 4acTH. [IpOoBOJ HYXHO MOJJCPKHBATH 32 W30JIMPOBAHHYIO
YacTh; FaliKy 3a)KnMa 3aBUHYHMBATH, JEprKa 3a IIACTMACCOBYIO T'OJIOBKY.

11. TonkiroueHne B 3JIEKTPUIECKYIO CETh MPHOOPOB M 000pPYIOBAaHUSA
MPOM3BOJIUTh TOJBKO C paspelleHus npernojasarens. [Ipu MOAKIIOYEHUH
HeoOxoanMo u3berath 0Opa3oBaHUs NETENb, CrHOOB U 3allleMJICHUs MUTa-
IOIIEro Kabest.



12. Tlepen xaxapIM BKIIOUYEHHEM J1aOOpAaTOPHOIN YCTaHOBKH IPOM3BO-
JATCSI TOJIOCOBOE MIPEAyNpexAcHNe: « BHIMaHue, myck!».

13. BxitoyeHHoe  3IEKTPOOOOpyIOBaHME, NPUOOpHI  3arperiaeTcs
OCTaBIIATH 0€3 MPUCMOTPa HE TOJBKO IOCIE TOJIHOTO OKOHYaHUs palboThl,
HO ¥ IIPH BBIXOJI€ U3 Ta0OPaTOPHH BO BpeMsI KOPOTKOTO IIEPEPHIBA.

14. 3ampemaercss cCaMOCTOSTEIFHO BCKPBIBATh KOPITyca MPHOOPOB (MK
3aJJHNC KPBIIIKK) U IIPOCOBBIBATH B OTBEPCTHS, KOTOPHIE UMEIOTCSI B KOPITY-
cax MpuOOPOB, METAIUIMYECKUE M APYTHE NMPEAMETHI, TaK KaK 3TO MOXET
MIPUBECTH K MOPAKECHHUIO HIICKTPUIECKUM TOKOM.

15. 3anpemaercst OcTaBIATH B HEYCTOHYMBOM IIOJIOKCHUH TIPHOOPEL,
MaKeThl ¥ Jpyroe 000pyAoBaHHUE.

16. Bo Bpems yCTaHOBIICHHBIX NEPEPHIBOB 3alpeniacTcs MPOU3BOIUTH
KaK#e-I100 paboTHI.

17. B ciyuae mpekpamieHus MoJadd 3JEKTPOIHEPTHH, NPHU MOSABICHUU
MIOCTOPOHHUX IIIYMOB, MCKp, 3araxa rapy, JpIMa U T. I. CIEAyeT OTKIIOUHTh
000pyI0BaHNE U TPUOOPHI, OCTAHOBUTH BBIMIOJIHCHHE J1a00PaTOPHO pado-
THI ¥ IOCTABUTH B M3BECTHOCTD PETIOIaBATEIS.

18. 3ampemaercss CaMOCTOSTEIBHO YCTPAHATh HEUCIPABHOCTH 000pY-
JIOBaHMS J1TAOOpaTOPUH, OTOABHUIATh OT CTEH JIa0OPaTOPHBIE CTOJIBI, CTEHIB,
TIPOCOBBIBATH 32 CTEHABI PYKH.

19. 060 Bcex HEUCTPABHOCTIX 000pPYIOBaHUS, IPUOOPOB, HHCTPYMCH-
TOB, 3aMEUCHHBIX BO BpPEMsI BBHINIOJHEHUs J1abopaTopHO# paboThl, HE0O0XO-
JIMMO COOOIIUTH TPETIOIABATENIO.

20. Ilpy BO3HUKHOBEHUH CHUTyalHi, KOTOpbIE MOTYT IPHBECTH K TpaB-
MHPOBAHUIO CTYJICHTA WA aBapusiMm, HeO6XOI[I/IMO OCTAaHOBUTH BBIIIOJIHE-
HUM 1a00paTOpPHOH PabOTHl M HEMEAJIEHHO COOOIINTH O BO3HUKIIEH CUTYa-
MM TIPETIOIaBaTEIO.

21. Hy)XHO TIOMHHTb, YTO OTPHIATENIFHOE JEHCTBHE JIIEKTPHYECKOTO
TOKa Ha OpraHU3M IOCTPaJaBUICTO, BIUIOTH 1O OCTaHOBKH Cep):[e‘-lHOﬁ ACs-
TEJILHOCTU M JIBIXaHHS, MOXKET MPOSIBUTHCS HE cpasy, a CIIyCTs HEKOTOpoe
BpeMs. VIMEHHO IO 3TOH IPUYMHE IOCTPAAABILIEIO HYXKHO KaK MOXHO
ObIcTpee JOCTaBUTH B OOJILHUILY.

22. B ciiyyae HEIOMOTaHHUS HEMEUICHHO MPEKPATHTh BBIMIOJHEHHUE Jja-
GopaTopHO# pabOTHI, N3BECTUB 00 ATOM TpEIIo1aBaTes.

23. Iociie OKOHYAHHMS BHITIOJIHEHHUS J1TAOOPAaTOPHOH paboThl HEOOXOAUMO
OTKJIFOUUTH OT 3JIEKTPOCETH BCEe NMPUOOPHI M 000pyHOBaHHE, MCHONB3YS
CHayajia BBIKJIIOYATENb Ha JIaDOpaTOpHOI YCTaHOBKE, a 3aTeM aBTOMAT
BKJItoueHus1. [IpuBecTn B mopsaok cBoe paboyee MECTO U COOOLINUTD MPEMo-
JIABaTEIIIO0 O 3aBEPIICHNH PabOTHI.

24. Yxo/4 n3 1a00paTopuH, BHIKIIOYHTH OCBEIICHHE.
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JlabopaTtopHas padoTa Ne 1.
JEKTPUYECKHUE U3BMEPEHUS
N SJIEKTPOU3MEPUTEJIBHBIE IPUBOPbI

Lenu pabomur:

1. 3yunte KOHCTPYKLIMH W3MEPUTENBHBIX MEXaHU3MOB Hambonee pac-
MIPOCTPAaHEHHBIX JJICKTPOU3MEPHUTENILHBIX MPUOOPOB (BOJBTMETp, amIep-
METp, BATTMETP) Pa3INIHBIX CHCTEM.

2. [Tonmy4ynTh HaBBIKH OIPENENICHUS TEXHHYECKUX XapPaKTEPUCTHK IO
YCIIOBHBIM 00O3HAUEHHMSM Ha IIKaJaX NPHOOPOB M BBIICHHUTH, A KAKUX
HM3MEPEHUH Hy>)KHO IPUMEHSTh 3TH IPUOOPEHIL.

3. 3yunth cxXembl BKIIOYEHHs HPUOOPOB B INIEKTPUUECKYIO LIEMb H
MIPAaKTHYECKH OCBOMTH M3MEPEHHS TAKUX 3JICKTPUUECKUX BEIWYHH, KaK CH-
Jla TOKa, HaNpsDKeHKE U TTOTpedIisieMast MOIHOCTb.

B xadecTBe OOBEKTOB HM3y4eHHS M CPEACTB HCCICIOBAHUS NPHHATHL:
BosbT™MeTp PV, ammepmerp PA, Bartmerp PW, cueTumk 3meKTpHUECKOH
sHepruu Pl.

1.1. DyiekTpuyecKHe NMpuOOPHI

1.1.1. Obmue cBegeHusi 00 ITEKTPOMEXAHHYECKUX MPHOOPaX
U U3MePHTEJbHBIX MEXaHU3MaX

UroObl cleauTh 32 NPaBHIBHOM AKCIUTyaTalMeil 3JIEKTPHYECKHX yCTa-
HOBOK, HEOOXOJHWMO CHCTEMAaTHYECKH MPOBOIUTH M3MEPEHHs 3JIeKTpUde-
CKUX BEIIMYHMH, XapaKTEPU3YIOLIMX PadOTy 3TUX MEXaHH3MOB.

Wsmepenne — 3710 omnpexaeneHre GU3NUECKON BEIUYUHBI ONBITHBIM Iy-
TEM C [TOMOIIBIO AIIEKTPOU3MEPUTETHHBIX IPHOOPOB.

OIeKTpOMeXaHHYeCKU NPHOOpP COCTOMT M3 JIBYX OCHOBHBIX YacTei:
HU3MEPUTENIBHON LIENIH U U3MEPUTEIBLHOI0 MEXaHU3Ma.

B n3mepurensHOM MeXaHU3ME AJIEKTpUUEcKas SHEprust nmpeodpasyercs
B MEXaHHUYECKYI0 JHEPTHI0 IepeMelleHus MoABMKHONW uacTdH. OOBIYHO
MIPUMEHSETCS YTII0BOE MEepeMeleHne, II03TOMY B AanbHeleM OyayT pac-
CMaTpHBaThCs HE CUIIBL, ISHCTBYIOIINE B IPUOOPE, @ MOMEHTHI.

Ecnu 661 MOBOPOTY MOJMBMXHOM YacTH HUYTO HE MPEISTCTBOBAJIO, TO
OHa TIPH JIF0O0M 3HAUYEHUH MU3MEPSAEMON BEIMYHUHBI, OTIMYHOM OT HYJIS, O-
BepHyJach Obl 10 ynopa. /it Toro yToObl yroj OTKIOHEHHs 3aBHCEN OT
N3MEPSIEMON BEIWYMHBI, B MPUOOPE MPH MOBOPOTE MOJABIKHOM YacTh CO-
3aeTca NMPOTUBOJACHCTBYIOMUIT MOMEHT, HANpaBJICHHBIM HaBCTpeuy Bpa-
LIAIOMEMY M 3aBHCSIIMI OT yIila IOBOPOTA.



W3mepurenbHble TPHOOPHI PA3NUYAIOT: 0 HA3HAYEHUIO, POY HU3Mepsie-
MOT'0 TOKa, IPUHIMIY AEHCTBHSA, KIacCy TOYHOCTH, opMe KopIryca, I10JI0-
KEHHIO IIPU U3MEPEHUSX, XapaKTepy IPHUMEHECHUS.

Ha mikasy kaxmoro nmprubopa HaHOCSTCS YCIoBHBIe 0003HaueHus (puc. 1.1).

1 2 3 4 5 6

N
AN

Puc. 1.1. YcnoBHble 0003HaYEeHUS HA IIKAJIAX 3JEKTPOU3MEPHTENBHBIX TPUOOPOB:
1 — HanmeHoBaHKe TPUOOPa; 2 — KIIACC TOYHOCTH; 3 — POJI TOKa; 4 — cucTeMa mprbopa;
5 — ncnpITaTeNnpHOE HANPSKEHNE; 6 — MOJI0KEHNe MPH M3MEPEHHSX; 7 — 3aBOJICKOH HOMep;
8 — roj BBITyCcKa; 9 — Mapka mpudopa

ITo Ha3zHavyeHHIO MPUOOPHI MOAPA3IAEISIOTCS Ha CIEAYIOLINE BUJBL aM-
MIEPMETPBI, BOJIBTMETPBI, OMMETPBI, BATTMETPBI, CYCTYUKU, YACTOTOMEPHI
u ap. Ha mkanax MHOTONpenensHBIX MPUOOPOB HAHOCUTCS WX HaUMEHOBA-
HHE, a Ha MPHOOPHI C MMEHOBAaHHOHN MIKAJIOW — YCIOBHOE O0O3HAYCHUE.
HawnbGonee pacnpoctpaneHHbIe 0003HaUSHUS MPUBEACHBI B Tabm. 1.1.

Tab6nuna 1.1 YcaoBHble 0603Ha4eHHS YIEKTPOU3MEPHTEILHBIX IPHOOPOB

H Usmepsiemas pusmde- O0603Ha4YeHus B cXeMax
a3BaHue proopa
CKas BeTUYHHA 1 Ha IIKaJax

Awmnepmerp Tok A
BoneT™merp Hanpsoxenue \Y

Barrmerp MoHoCTh W

Ommerp CormnpoTuBieHne Q
YacroTomep Yacrora Hz

Cuerquk AMnep-4acel Ah
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W3mepurenbHble MPHOOPEI MOXKHO NPHUMEHATH B LEMAX MEPEMEHHOTO
WM MIOCTOSTHHOTO ToKa. OJIHAKO CyIIECTBYIOT MPHOOPHI, MpeIHa3HaYCHHbIE
JUIS BKJIFOUEHMS B LIENb U MEPEMEHHOI0, ¥ NMOCTOSHHOTO TOKOB. Y CIIOBHBIE
0003HaueHNUS [UIsl COOTBETCTBYIOILETO po/ia TOKa NpUBEICHBI B Ta0. 1.2,

Tab6nuua 1.2. YciaoBHbIe 0003HAYEHHSI POJIa TOKA

Pox Toka O6o3HaueHnE

[TocrostHHBII

IlepemeHHsIi

TlocTosHHBIN U HEpeMEHHbIN
TpexdazHbrit

w|

Kopryc mpubopa 3amiuiaetT W3MEpUTEIbHBIH MEXaHU3M OT BHEIIHUX
BO3I[CI7[CTBPII7[ 1 OT nonaziaHus B HEI'O IbUIK, @ B OTACJIBHBIX ClIydadX — BOABI
u ra3oB. Kopryca game Bcero BBINOJNHSIOTCS U3 IacTMacchl. Pa3meps! u
(hopMa KOpPITyCcOB BecbMa pa3HOOOpa3HBL

ITo ¢dopme koprryca mpuOOpEl OBIBAIOT KPYTJIBIE, KBaJpaTHBIC, MPSIMO-
YTOJIBHBIE, CEKTOpoOoOpasHeie. [1o XapakTepy NpUMeHEHHS — CTallHOHAPHBIC
(>KecTKO YKpeIUICHHBIE Ha MeCTe YCTaHOBKH) W IepeHocHBIe. [To momoxe-
HUIO TIPH U3MEPEHHUSX — BEPTUKAIbHbBIC, TOPH30HTAIFHBIC U YCTaHABJIMBAC-
MBI€ TI0]] HEKOTOPBIM YTIIOM.

[TpOMBITITIEHHOCTh BBIMMYCKAET 3JIEKTPOU3MEPUTENBHBIE MPUOOPHI TPEX
9KCIUTyaTaloHHbIX Tpynn (A, b u B), XxapakTepusyromux IOMyCTUMYIO
TeMIepaTypy OKpY’KaloIlel cpeibl, MPH KOTOPOH MOYKHO 3KCIIITyaTHPOBATh
JMaHHBIA Tpubop. IIpubopsl pasiIuYHBIX TPYHI MOTYT 3KCIIIyaTHPOBATHCS
IIPU CJIEAYIOMIUX TeMIepaTypax OKpyXKarouei cpesl:

rpymma A: 0...+35 °C;

rpymma b: =30...+40 °C;

rpymma B;: —40...+50 °C;

rpymnmna B,: —50...+60 °C.

[MpunannesxxHoCTh TPHOOpPA K IKCIUTyaTalMoOHHBIM Tpynmam b u B yka-
3pIBaeTcs Ha mkaie. [Ipubops! sKcIuTyaTaliMOHHON TPYHIEl A 00BIYHO 000-
3Ha4eHUH Ha IIKaJie HE UMEIOT.

Tak Kak 2JIEKTPOM3MEpPUTENbHBIE TPHUOOPHI BKIIOYAIOTCS HEMOCPEe.-
CTBCHHO B JJICKTPUYECKYIO LICTIb 3JICKTPOYCTAHOBKH, TO UX 00MOTKa Haxo-
JTUTCSI TIOJT HampsbkeHreM. YToObl 00€30MacuTh OOCITYKUBAIONINI TepCco-
HaJl, U30JA1UA 00MOTKU HpH60pOB HCIIBITBIBACTCA HAa COOTBETCTBYIOMICEC
HaTpsDKCHUE, 3HAYCHNE KOTOPOTO TaKKe yKa3bIBACTCS Ha IITKaJe.

B Tabn. 1.3 npuBeneHsl ycinoBHble 0003HAYEHMs BBIIICYKa3aHHBIX Xa-
PaKTEpPUCTUK.
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Ta6nuuma 1.3. JlonoHuTe sHbIe 0003HAYEHHS HA MPUGOpax

HaumeHnoBaHue O0o03HayeHne

HcnbrTaTensHoe HanpspkeHue n3omsinun 500 B ﬁ
VcnbITaTenbHOE HANpsDKEHHE H30isiun 2 kB ﬁ?’
HcnbITaTenbHOE HAPSDKEHHE M30JBIIUH (U1 CTaphIX THIIOB IPHOOPOB) ,7 2 kV
Pabouee monoxeHue MIKaIbl MPUOOpa MO HEKOTOPHIM YIIIOM £60°
PaGouee monoxeHHe MIKaJIBI MPHOOpa TOPU30OHTAIBHOES —
PaGouee monoxeHne MKaIb! IPHOOpPa BEPTUKAIBEHOE 1
Hcnonnenne npubopa B 3aBUCUMOCTH OT YCJIOBHH IKCILUTyaTallul b, B1, B2
Kitacc TounocTH 15

[lo mpuHIUTY AEHCTBHS AIEKTPOU3IMEPHUTEIBHBIC MPUOOPHI OTHOCAT K
CIIeYIOIINM HanOoJee pacrpoCTpaHEHHBIM CHCTEMaM:

® 3JICKTPOMAarHUTHOM;

® MarHUTO3JIEKTPUIECKOIA;

® 3JICKTPOIUHAMITICCKOM;

® UHAYKIMOHHOM;

® 3JIEKTPOCTATUYECKOM;

® BUOPAIMOHHOM;

® TEPMORIIEKTPUUECKOM.

IpuHAIEKHOCTh K KaXKIOW M3 CUCTEM YKa3bIBACTCS Ha IIKaje HpH-
6opa crenuanbHbIM 3HaUYKOM (Tabum. 1.4).

TaoOnuma 1.4. YcioBHble 0003HAYEHHS] cCCTEM IPUGOPOB

YcnoBHOe 0003HaYeHUE TPUHIUIA

Tun cuctems! mpudopa o
JeiicTBus mpubopa

MarsuTosieKTpuiecKas ¢ HOABUXKHON paMKOH O
MarHuTosNeKTpu4ecKas ¢ MOABMKHBIM MarHUTOM -«
DIeKTPOMArHUTHAS ¥
DIeKTpoIMHaMUYECKast =]
deppoarHaMuIecKas
WHykunoHHas @
DIEKTPOCTATHYECKAS #

BubpauuonHas (S3614K0Bast)

TepmonnexTpuueckas

KD

11



Kpome nepednciaeHHbIX, MPUOOPbI MOTYT UMETh H JPYyrue 0003HAYCHUSI.
Hanpumep, Ha npubOpbI, MpeAHa3HAYCHHBIE I PabOThl B YCIOBUSIX TPO-
MTMYECKOTO KIMMaTa, HAHOCHUTCS 3HaK «T».

JAnst onpeienieHust YNCIIOBOTO 3HAYEHHS M3MEPSIeMO BENMYUHBI TIPHOOPHI
HUMEIOT OTCUYETHBIE MPUCTIOCOOICHHS, COCTOSIINE U3 LIKAJBI U yKa3aTels.

OTcyeTHOE YCTPOWCTBO M3MEPHUTENHLHOrO Npubopa — 4acTh Hpubopa,
npeAHa3HaYeHHas Ul OTCYMTBHIBAHUS €ro rnokazaHui. OTcueTHoe ycTpoii-
CTBO aHAJIOTOBOTO MPUOOpa OOBIYHO COCTOUT M3 IIKAJBI M yKa3aTelsl, IpH-
YeM IMOJBUKHBIM MOXET ObITh JIN0O yKa3aTesb, Ju0o mkaia. [lo Tumy yka-
3aTelsl OTCUETHBIE YCTPOWCTBA MOJPA3CISIIOTCS Ha CTPEIOYHBIE M CBETO-
Bble. B CTpENOYHBIX OTCYETHBIX YCTPOWCTBAX CTPEIKAa CBOMM KOHIIOM Iie-
pEeMeIIaeTcsi OTHOCUTEIBHO OTMETOK HIKasbl. KOHEI| CTPeKu MOKET ObITh
KOIIbeBUIHBIM (puc. 1.2, @) UM BHINOJIHEHHBIM B BHJe HOXa (puc. 1.2, 0), a
TaKKe HATSHYTOM HUTHU. B mocneqHux ABYX CIIydasix IIKAJIbl CHA0XKAIOTCS
3epKajoM 3 Uil yCTPAHEHUsI TIOTPEUIHOCTH OTCYETa, BRI3BAHHOW Mapaiak-
coM (mapajulakc — BUAMMOE CMELICHHE TpeaMeTa W3-3a MepeMeHbl MecTa
HaO0JIIOICHN ).

Puc. 1.2. CTpenouHble OTCUESTHBIC YCTPOMCTBA ¢ KONBEBUIHOM (a)
1 HOXKEBHUIHOI (6) CTPENKON:
1 — mikana; 2 — cTpenka; 3 — 3epKaio

B xagecTBe 3epKasia HCHOIB3YyeTCs IUIACTHHKA ITOCEPEeOPEHHOT0 CTEKIIA,
yCTaHaBJIMBaeMasl HETIOCPEACTBEHHO MOJ IIKary. s ToyHOro ompexene-
HUSI TIOKa3aHUH 3JIEKTPOU3MEPHUTENILHOTO NpHOopa Ti1a3 HabJoAaTesst 10I1-
JKEH HaXOIWTHCS B TAaKOM IOJOXEHUH, MPU KOTOPOM CTpEINIKa MOIHOCTHIO
3aKpBIBAET COOOM CBOE M300paKEHUE B 3EPKaJIC.

B cBeroBbIX oTcueTHBIX ycTpoiictBax (puc. 1.3) ponb cTpeiku BBINOI-
HSIET CBETOBOM JIyd, OTPa)K€HHBIN OT 3€pKaiblia, CKPEIIICHHOTO C IOJBUX-
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HOH YacTeio mpudopa. OT MONIOKEHNUS TTOCIEIHENH 3aBUCHT TIOJIOKCHNE CBE-
TOBOTO M300pakK€HMsI Ha IIKaJE, II0 KOTOPOMY OTCUHMTBHIBAIOT MOKA3aHMS.
CBeToBOE OTCUETHOE YCTPOWCTBO MO3BOJSIET YCTPAHUTH NMOTPELIHOCTH OT
rapajulakca M MOBBICUTH YYBCTBUTEIBHOCTH NMPHOOpPA 32 CUET yBEIHYCHUS
JUTMHBI yKa3aTelsl 1 YABOCHHUS YIJIa €T0 TI0BOPOTA.

Puc. 1.3. CBeTOBOE OTCUETHOE YCTPOHCTBO

OTcueTHOE YCTPOHUCTBO LU(POBOro MpHOOpa MO3BOJET MOIYIUTh IO-
Ka3aHUE HENOCPEeICTBEeHHO B HUdpoBoil hopme. s cozmaHus u3obpaxe-
HUU 1M NPUMEHSIOTCS LH(GPOBBIE WHAUKATOPHI PasiMYHONW KOHCTPYK-
i, MexaHu4ecKHe WHAMKATOPBI NMPEACTABISIOT COO0H HECKOJBKO POJIU-
KOB MJIM JTUCKOB C IIM(paMH MO OKPYKHOCTH M PSIJ] OKOIICYEK, B KOTOPBIX
MOSIBJIAIOTCS. IU(QPBI OTACNBHBIX POJHMKOB (IUCKOB). TakMMH OTCUETHBIMHU
YCTpOHCTBAMHU CHA0XKEHBI, HATIPUMED, CUETUUKH AJIEKTPOIHEPTHHU. DIEKTPO-
MEXaHUYEeCKUE UHIUKATOPBI COJEPIKAT MOABMKHBIE YaCTH C N300paKeHH -
MU 1ubp, NepeMeliaeMble HIEKTPOMEXaHUIECKUMH TIPUBOJHBIMU YCTPO#i-
cTBaMU. B aneKTpUYecKnX MHAMKATOpaX MPUMEHSIOTCS JaMIlbl HaKajJuBa-
HUSI, JIIOMHHECIEHTHBIE WJIM Ta30pa3psgHble DJIEMEHTHl W 3JIEKTPOHHO-
JIy4eBble TPYOKH, 00pasyrolie n300pakeHus ugp.

[kana npubopa CIyKUT JUIsl OTCUETa 3HAYEHHH N3MepsieMOH BEIHYH-
Hbl. KpoMme TOro, Ha mikaigy oObIYHO HAHOCST YCIIOBHbIE 0003HAYECHUS, CO-
OTBETCTBYIOIINE XapaKTEPUCTHKaM JaHHOTO mpubopa (cm. puc. 1.1).

B MHorompenenbHeIX mpuOOpax MHIKaja MMEET OINpEAEIeHHOE YHCIOo
YCJIOBHBIX JEJICHHUH, 110 KOTOPEIM ITyTeM IlepecdeTa ONpelersioT u3mMepse-

13



MYI0 BEIMYMHY B HYXXHBIX eauHHUMax. llIkamer apyrux mpuOOpoB rpagyu-
PYIOT HETIOCPEICTBEHHO B 3HAYCHUAX M3MEPSIEMOM BEIHYMHBI. JTO IIKAJBI
HETNOCPECTBEHHOI0 OTCYETA.

Pa3znnuatoT paBHOMEpHBIE M HEpaBHOMEpHBIE LIKaNbl. J[OCTOMHCTBOM
PaBHOMEPHOH SIBIISIETCSI TTOCTOSIHCTBO Macmitaba BJIOJb BCEH IIKalbl, YTO
obecrieunBaeT MpPOCTOTY OTCUETa U3MEPSeMOH BEJIMYMHBI B JIOOOWH 4YacTh
LIKaJbL.

o creneHyn TOYHOCTH U3MEPUTEIILHBIE IPHOOPHI IEJISATCSA HA 8 KIIaCCOB
(TOCT 1845-59): 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5 u 4. Lludgps! yka3pBaoT
OCHOBHYIO TIOTPEITHOCTH B MPOIICHTAX.

[pubops! ximaccoB Tounoctu 0,05 u 0,1 cuntarorcs KOHTpoIbHEIME; 0,2;
0,5 u 1 — maboparopubiMy; 1,5 1 2,5 — TEXHUYECKAMU;, 4 — YICOHBIMH.

KonTtponpHble mpuOOpPE MMEIOT 3EPKANBHYIO MIKATY W HOKEBHIHYIO
CTpEJIKY.

VY naGopaTopHBIX MPHOOPOB €CTh HOKEBHUIHAS CTPENKa, HO MOXET He
OBITh 3epKAIEHOM IIKAITBL.

TexHuueckue M ydeOHbIE MPUOOPHI MMEIOT KONBEBUAHYIO CTPENIKY MU
HE UMEIOT 3€PKaJIbHOM ILIKAJIbI.

HecmoTps Ha TO, 4T0 MpUOOPHI pa3HBIX TPYII 10 CBOEMY YCTPOHUCTBY
CYIIIECTBEHHO pa3IMYaloTCs, UMeeTcs psi JeTajied W Y3JI0B, OOLIMX IS
BCEX DJIEKTPOMEXaHHMUECKUX MPUOOPOB.

Cnoco0 yCTaHOBKH IOABHIKHOW YaCTH OTPEEIseTCs] BHIOOPOM dIIEeMEH-
TOB, CO3JAIOIIUX IPOTUBOAEHCTBYOIINIM MOMEHT. IIprMeHsercs ycTaHOBKa
Ha omopax (B clydae CIUpaIbHBIX MPYKHHOK), Ha pacTsDKKaxX M Ha MOJIBECE.

OMopsI COCTOSAT U3 KEPHOB M MOATSATHUKA. KepHBI IPENCTaBISAIOT OO0
OTPE3KH CTAITFHOW MPOBOJOKK UIMHON 5—7 MM, muamerpom 0,50-0,75 mm,
3aTOYEHHBIE C OJHOW CTOPOHBI Ha KOHYC ¢ yriioM 45-60° u ¢ pamumycom 3a-
kpyraenus 0,01-0,15 mm. TToAnsaTHUKY Yame BCero U3roTOBIIIOTCS U3 arara,
KOpYHJIa C BEITOYEHHBIM B HUX IOJI YIJIOM OKOJIO 80° KOHMYECKUM yTiryOie-
HUEM, 3aKaHUUBAIOIUMCS 3aKpyryieHneM ¢ paauycoM 0,05-0,5 mm.

Ha puc. 1.4 noka3zaHo yCTPOHCTBO OTOPHI AJIsl YCTAHOBKHU TTOABM)KHON Ya-
cru. Kepu 1 3anpeccoBan B OyKCy 2, IPHKICCHHYIO K MOIABIKHON yacTH 3.
B cirydae npuMeHeHHs ocH B BHAE ATIOMHHHEBOW TPYOKH KEepH 3ampecco-
BBIBaeTCs B och. KaMeHp 4 3aBajbIIOBaH B BHHT 5, YKPEIUICHHBIH B HEMO-
JIBIDKHOM 4acT 6 MU3MepHUTEeNbHOTO MexaHu3Ma. Hannune BUHTA 1O3BOJISIET
YCTaHOBHUTH HEOOXOMMBIN 3a30p MEXKITy KEPHOM M KAMHEM.

Omops! SBJIAIOTCS BaKHEHWIINM y370M IpHOOpa ¥ BO MHOTOM OIpeje-
JISIIOT €ro KauecTBO. J[J1s1 yMEHbIIEHHUs MOTPEIIHOCTH OT TPEHUs IUIOLaab
COIIPUKOCHOBEHHSI MEXIY KEPHOM W IMOJISITHUKOM JOJDKHA OBITh BECbMa
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MaJIol. DTO IPUBOAUT K TOMY, YTO, XOTSI Macca IOJBIXHOW J4acTH 0OBIYHO
HE IMPEBBIIIAET HECKOJBKUX TpaMMOB, HampsDKEHHs B Mape KepH —
MOJIATHHUK JOCTUTAIOT OYEHBb OOJIBIINX BEJIHYHH.

Puc. 1.4. YcrpoiicTBO onopsl:
1 — kepH; 2 — Oykca; 3 — MOJBUKHAS YaCTh;
4 — xameHb; 5 — BUHT; 6 — HEMOJBM)KHAS YaCTh

OOmwme nerany MOABMKHON YacTH Ha OTIOpax IpeICTaBIeHb Ha puc. 1.5.

Puc. 1.5. O0mume nerany MOABMKHON YacTH B OIOpax:
1 - ock; 2 — moamsTHHK; 3 — cTpenka; 4 — mKana; 5 — MOBOIOK KOPPEKTOpa;
6, 7 — npyxunky; 8 — Buika; 9 — och Koppekropa; 10 — rpysukn; 11 — BuHT

Ocp 1 3akaHUMBacTCS KEPHAMH, OIMUPAIONINMUCST Ha MOMAISTHHKH 2.
K ocu mpuKperieHbl OJJHAM M3 CBOMX KOHLIOB MPYXWUHKH 6 U 7, KOTOpbIE
CIy>KaT Ui CO3JIaHusl MPOTUBOJACHCTBYIONEro MOMeHTa. [IpyXKHUHKH YacTo
HCTIONB3YIOTCS TAaKXKE W B KAUYECTBE TOKOIOABOIOB K OOMOTKE TTOIBHKHOM
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gyacTu. [Ipy>XUHKN BBINONHSIOTCA M3 OJIOBSHHO-LIMHKOBOW M HEKOTOPBIX
JIpyrux coptoB OpoHssl. IIpykuHKa 7 IpyrdM KOHLIOM NPHKPEIUIIETCS K
HETIOABIDKHBIM YacTsIM IPHOOpa, a MPyKIUHKA 6 — K TOBOAKY S5 KOPpPEKTOpa.
KoppekTop CIty)HT Juisi YCTAaHOBKHM CTPENIKM Ha HYJb Nepell N3MEPEHUIMH
MIOCPEICTBOM BpalleHHs BHHTAa 11, BBIBEIEGHHOIO Ha IEPEIHION ITaHENb
npudopa. Ock 9 KOppeKTopa pacrojioxkeHa SKCeHTpruuHO. [ToaTomy noBo-
pot BuHTa 11 mepementaer BUIKY 8, 4TO BBI3BIBACT U3MEHECHUE yTIIa 3aKpY-
YMBaHMS MIPYKUHKK 6 U mepemenienue crpenku 3 no mkane 4. ['pyzuku 10
CITyXKaT AJIsl YPaBHOBCILIMBAHUS ITOJIBIKHOW YacTH, T. €. IS YCTpaHCHHS
BJIMSIHUSL MOMEHTOB CHJI TSDKECTHU HA TOJIOKEHUE MOABHIKHOM YaCTH.

HenocraTkamMy yCTaHOBKHM HOJABM)KHOM YacTH HA OIOpax SBISIOTCS:
HaJIM4{e TOTPEIIHOCTH OT TPEHHs, HEJOCTATOYHAS HAJCKHOCTH NPU BO3-
JeHCTBUU Ha IPUOOP yIapoB, TPSCKU M BHOpanuii, OonpIas motpebiseMast
MOIIHOCTb U, CJIEZ0BATENILHO, MaJIasi YyBCTBUTEIBHOCTb.

OTH HEJOCTATKH B 3HAYMTENHHON CTENECHU YCTPAHSIOTCS HPH Kperuie-
HHHM TO/IBUYKHOW YaCTH Ha PacTsDKKaX.

Pactsbkku mpeacTaBisiior co0oi ynpyrue JICHTbl, HPUKpPEIUIsieMble 0/1-
HUM KOHLIOM K MOJIBMXXKHOW YacTH, a IPYTUM — K HETOJBIKHBIM JIETAJISIM
npubopa. Eciam B Takux JIGHTaX CO34aTh HATAr, TO OHU OYAYyT MOIJICPIKHU-
BaTh MMOJBIKHYIO YaCTb, 3aMEHSISI OMOPBL

KperieHue MOIBIKHOW 4YacTH Ha IOJBece NMPUMEHSETCs B MpUOopax
HAHOOJIBIIICH YYBCTBUTEIBHOCTH — raibBanoMeTpax. [Toasec, momo0HO pac-
TSDKKE, IPEeCTaBIsIeT cO00i TOHKYIO YIPYTYHO HHTh, Ha KOTOPOH CBOOOIHO
OJIBELIIMBAETCS TIOIBMIKHAS YacTh. B nprbopax Ha mojBecax NpHUMEHseTCs
cBeToBOM oTcueT. OHU TPeOYIOT CTAMOHAPHOI YCTAaHOBKH 110 YPOBHIO, 110~
CKOJIbKY TIOJIBU)KHAsI YaCTh BUCHT CBOOOJHO, U TI03TOMY Aa)ke HeOOJIbIIoe
OTKJIOHCHHUE TOJIOKEHHS IPHOOpa OT BEPTHKAIBHOTO MOXKET BBI3BATh €€ 3a-
TUpaHHE.

JlMHAaMUYeCKU MOMEHT, BO3HHUKAIOIINH B MPUOOpE NpU JBIKECHUH 110-
JBIDKHOM YacTH M CTPEMSIIHUIICS YCHOKOHWTh 3TO IBHMXKCHHE, Ha3bIBaeTCS
YCIIOKauBAIOLMM MOMEHTOM.

DTOT MOMEHT OIpe/IeIsIeT BaXKHBIM IKCIUTYyaTAlMOHHBIN MapaMeTp Npu-
6opa — BpeMs YCIIOKOCHHSI.

Xopolee yCIIOKOEHHE B PHOOpaxX JOCTHIACTCS IyTeM IPUMEHEHHS CIIe-
LHAJIBHBIX YCTPOMCTB, HAa3bIBAEMBIX YCIIOKOUTEIIMHU. KOHCTpYKIMHU ycIo-
KouTesnel ObIBAIOT BO3TYIIHbIE, MATHUTOMHIYKIIMOHHBIE W KUJIKOCTHBIE.

Bo3aymHbIil  ycrmokouTeNnb MpeAcTaBiseT co0oil ayrooOpasHbIil Iu-
JIMHAp, 3allasiHHBIA ¢ OJHOTO KOHLA. BHyTpM IMIMHApa HAXOIMTCS IOp-
mreHb. OH JKECTKO CBSI3aH ¢ MOABI)KHOM 4YacThi0 IpuOOpa M HE KacaeTcs
CTCHOK LIMJIMHIpA. 3a30p MEXAY MOPIIHEM M LMJIMHIPOM HEBEJHK, U TPH
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OBICTPBIX NEepeMELICHHAX MOPIIHS TaBICHHEC BHYTPU LIMJIMHAPA HE yCIeBa-
€T BBIPOBHATHCS ¢ aTMOC(epHBIM. B IMIIMHIpE co31at0TCsl TO CTYIIEHHMS, TO
pa3pexeHHsi BO3IyXa, KOTOPbIC MPEISTCTBYIOT IBIKCHHIO HMOPIIHSI M TEM
caMbIM OBICTPO YCIIOKaWBalOT cHcTeMy. [Ipy MeUICHHOM jKe JBM)KCHUU
MOPIIHS YacTh BO3ZAyXa MOXKET CBOOOIHO BXOJHTH B IIMJIMHIP U BEIXOIUTH
U3 HETro uYepe3 3a30p, He MPEISITCTBYS MOBOPOTaM IOJABM)KHOW YacTH IpH-
6opa.

VHoraa Bo3LyLIHBIH YCIOKOUTENh UMEET (POPMY 3aMKHYTOH KOPOOOUKH
co menpio (puc. 1.6, @). Dta miens CIyKUT Ui epeMEIleHHs phliara, Ha
KOTOPOM YKpeIUIeHa IUIacTHHKa. [locaenHsis He KacaeTcesi CTEHOK KopoOou-
KU U BBITIOJIHSIET Ty 7K€ POJIb, YTO M HOPIIeHb. [Ipn IBIKCHUHN IJIACTHHKH B
KOpPOOOYKE OTHOBPEMEHHO JCHCTBYIOT M CryLIeHHs (110 OJHY CTOPOHY IU1a-
CTHHKH) U pa3pekeHus (10 APYTYI0 CTOPOHY), MPEIATCTBYIONIHE Kojeba-
HUSM.

Puc. 1.6. Bo3ayminsiii (¢), MArHUTOUHIYKIIHOHHBIH (6)
M SKUJIKOCTHBIN (8) YCIIOKOUTENN

MarHuTOMHYKIIMOHHBIH yCIOKOUTENb TPEJCTaBIsIeT co00W mepeme-
IIAIOIIYIOCS MEXKAY TOJIF0CAaMU MOCTOsIHHOTO MaruuTa (puc. 1.6, 6) nerkyio
ATIOMHHHUEBYIO TUIACTHHKY, YKECTKO CBS3aHHYIO C TOJBMXKHOM CHCTEMOi
npudopa. Ilpu KkosjeGaHUsIX UIACTUHKM B MarHUTHOM II0JI€ MOCTOSIHHOTO
MarHuTa B COOTBETCTBHM C 3aKOHOM JIeHIla B Heil MHIOYLMpPYIOTCS TOKH,
HPENATCTBYIONINE 3TUM KOJIEeOAHHIM, [I03TOMY KoJieOaHUs IIOJIBIKHON CH-
CTEMBI U CTPEJIKH OBICTPO MPEKPaLIalOTCs.
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Kunkoctaoe ycmoxoenue (puc. 1.6, ) co3maeTcss pa3TUYHBIMH KOH-
CTPYKTHBHBIMH CITOCOOaMU, BBIOOp KOTOPBIX ONpeAessieTcs TpeOdyemoi
CTCICHBIO YCMOKOCHUsSI, Ha3HAUCHHEM W KOHCTPYKIMEH H3MEPUTEIHHOTO
MEXaHU3Ma, YCIOBHSAMH KCIUTYaTallu U APYTUMH IPUIHHAMU.

Cremyer OTMETUTh, YTO JKUAKOCTHOC YCIIOKOCHHE 00JIaaeT MU3BECTHEI-
MU MPEUMYIIECTBAMU TIepe APYTUMHU criocobamul ycrokoeHus. Hampumep,
OHO OKa3bIBaCT TOPMO3SINEE JCHCTBUC MPU JNBUKCHUU IMOJBUKHON 4acTH
BO BCEX HAMpPAaBJICHUSIX, YTO KCIOJIB3YETCs JAJIsl TOBBIICHHS BHOPOYCTOM-
YHBOCTH Psiia MPUOOPOB.

1.1.2. DIeKTpOMAarHUTHbIE H3MEPUTEIbHbIE MeXaHU3MbI

DNEeKTPOMarHUTHbIE M3MEPUTENbHBIE MPUOOPHI MPUMEHSIOT Ul H3Me-
PCHUS MOKA U HANPSICEHUS 8 YeNnsax NePeMeHH020 Ul NOCMOAHHO20 MO-
Ka. IIpOMBIIIIEHHOCTh BBITyCKaeT NPUOOPHI JAHHOTO THIIA B TPEX BapHaH-
Tax: C IVIOCKOM U KPYIJION KaTyIIKOH, a TAKXKE C MArHUTONpoBoJOM. IIpuH-
LU AEHCTBHS PHUOOPOB 3IEKTPOMArHUTHOM CHCTEMBI OCHOBAH Ha B3aHMO-
JICWCTBUY MarHUTHOTO IOJISI KaTYIIKH, CO3/IaBaEMOT0 U3MEPSEMbIM TOKOM,
CO CTaJIbHBIM CEPICYHUKOM, TOMEIIEHHBIM B 3TO I10JIE.

MexaHu3M ¢ TIOCKOH Katymkoit (puc. 1.7, a) nmpencraBnser cobo ka-
TYIIKY, HAMOTAHHYIO Ha Kapkac, UMEIOIINi mmeneBuaHoe orBepcrue. [lo-
JIBIDKHAsi 4acTh MPUOOpa COAEPKHUT OCh CO CTPENIKOW, HECHMMETPHUYHO
YKPEIUICHHBIH CEpIeYHUK ¥ BO3BPATHYIO NPYXHHY. {7151 OBICTPOTrO yCHOKO-
€HHUS CTPENIKH OTHOCHUTEIILHO ITOJIOXKEHHSI PABHOBECHS CITYXKHT YCIOKOUTEIb
C BO3/IYILIHBIM TOPMOXKEHUEM.

[pn BrumoyeHnH npudopa B CeTh MO KaTyIIKe MPOXOJUT TOK M BO3HH-
Karolllee MarHUTHOE T10Jie BTATHBAET CEPIICUYHUK BHYTPb KaTymku. Cepued-
HHUK YKPEIUIeH Ha OCH HECHMMETPUYHO, TI03TOMY MOJBHXKHAS YacTh MPHOO-
pa MoBOpavYMBaeTCcsi Ha HEKOTOPHI yroui. [loaBMKHAs 4acTh OyJeT noBopa-
YMBaThCS 10 TEX II0Op, MOKa BpALIAOUIMHA MOMEHT, CO3JIaHHBI TOKOM, HE
OyleT ypaBHOBEIICH MIPOTHBOJCUCTBYIOIMM MOMEHTOM CIHPAIbHOH Mpy-
KHHBI.

B mexanusme ¢ kpyriioi katymkoit (puc. 1.7, 6) BHyTpH ee IOMEIIeHbI
JIBa CEpJCYHMKA: TOABIKHBIN, )KECTKO YKPEIUICHHBIH Ha OCH Ipubopa BMe-
CTE CO CTPENIKOH, M HeToABMKHBIN. Korna nmo kaTymke nporekaer ToK, BO3-
Oy’>KIalOINi MarHUTHOE I10JI€, KOHIIBI CEpCYHUKOB HaMarHWYHMBAIOTCS C
OJIMHAKOBOM TOJIIPHOCTHIO M OTTAJIKMBAHHE HMX OJHOMMEHHBIX MOJIOCOB
co3naet Bpamjaromuii MomeHT. [[oaBUXKHBIN Cep/IeYHUK, OTTAJIKUBAACH OT
HETIOJIBI)KHOTO, IOBOPAYMBAET OCh CO CTPEIKOH HA HEKOTOPBIH YTOJL
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st ocmaGrieHUs BIUSHASA BHEIIHUX MAarHUTHBIX TOJIeH Ha KaTyIIKy HaJeT
(dbeppoMarauTHEII SKpaH. [Ipudop cHA0KEH MATHUTHBIM YCITOKOUTEIICM.

Puc. 1.7. DneKTpoOMarHUTHbBIA U3MEPUTENIBHBII MEXaHU3M:
a — C TUIOCKO# KaTymiKoii: 1 — kaTyIika; 2 — JIenecToK;
6 — ¢ KpyrJoii Katymikoii: 1 — katymika; 2, 3 — (peppOMarHUTHBIE dITEMEHThI

MexaHu3MBbl C KPYIVIOM KAaTyHIKOW IO CPaBHEHHUIO C MEXAaHU3MaMU C
IUIOCKO# KaTYIIKOI MMEIOT HEKOTOPbIE MPEHMYIIECTBA B TEXHOJIOTHU H3T0-
TOBJICHHUS U, KPOME TOTO, MO3BOJISIOT MOJIYYHTh 0OJIee PABHOMEPHYIO IIKa-
ny. OHaKO OHM MMEIOT M HEJOCTATKH, INIaBHBIH M3 KOTOPBIX 3aKIHOUACTCs
B TOM, YTO B TaKMX MEXaHU3Max XyXe HCIIOJb3yeTCss BHYTPEHHHUI 00beM,
YTO BBI3BIBACT YBEIIMYCHUE COOCTBEHHOI'O MOTPEOICHUs Mprudopa A JaH-
HOTO 3HAYEHHS BPAIIAOIIET0 MOMEHTA.

DJIEeKTPOMArHUTHBII W3MEPUTENBHBIH MEXaHU3M C 3aMKHYTBHIM MarHuTO-
npoBosoM (puc. 1.8) cocToMT W3 KaTyIIKM, MOMENIEHHOW Ha MarHWTO-
IIPOBOJ C ITOJIFOCHBIMU HAKOHEYHUKaMH. [Ipyu Hann4mu Toka B 0OMOTKE Ka-
TYIIKHU TTOJIBFKHBIN CEpACYHUK CTPEMHTCS IOBEPHYTHCS 110 YACOBOM CTPEJIKE
BOKpPYI' OCH, BTSTMBasCh B pa0odee MPOCTPAHCTBO MEKIY IOJFOCHBIMHU
HaKJIQJIKaMH JIeBOro moiitoca. OObIMHO B M3MEPHUTENbHBIX MEXaHHU3Max C
3aMKHYTHIM MarHMTOIIPOBOIOM MPUMEHSIOT KHUIKOCTHOE YCIIOKOCHHE.

JloCTOMHCTBaMH U3MEPHUTENILHOI0 MeXaHH3Ma C 3aMKHYTBHIM MarHHTO-
MIPOBOJIOM SIBJISIOTCS: IOBBIIIEHUE YYyBCTBUTEJIBHOCTH, yMEHBIICHHUE I10-
IPELIHOCTH OT BIMSHUS BHEIIHUX MArHUTHBIX MOJEH, BO3MOXKHOCTh OTHO-
CHUTEJIEHO IIPOCTO MEHSTH XapaKTephl KAl IyTeM U3MEHEHHUS TT0JIOKESHUS
JIEBOTO MOJIIOCHOTO HAKOHEYHHNKA OTHOCHUTEIILHO TIPaBoTo.
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Puc. 1.8. Di1eKTpOMarHUTHBIH H3MEPUTENIBHBIN MEXaHU3M
C 3aMKHYTHIM MarHUTOIPOBOIOM:!
1 — kaTymka; 2 — MarHHTONIPOBOJ; 3 — IIOJTIOCHBIE HAKOHEYHHKUY;
4 — NONBIKHBIN CepACUHUK

VYron noBopoTa MOABHKHOM YacTH 3aBHUCHUT OT CHIBI, C KOTOPOH cep-
JICUHUK BTATHBAETCS BHYTPb KAaTYLIKU (MEXaHHU3MBI C INIOCKOHM KaTYIIKON U
3aMKHYTBIM MarHUTOIIPOBOJIOM) MJIM C KOTOPOH MPONUCXOIUT OTTAJIKUBAHUE
OJTHOMMEHHO 3apsDKEHHBIX CePACYHUKOB (MEXaHM3M C KPYTJION KaTyIIKOMH).
Orta cuia NponopuroHalbHa TOKY M BEIUYMHE MAarHUTHON MHIYKIUH B 1o-
JISL KaTyILKU:

F = kB, 1.1)

rae kK — koadpuimeHT mponopuruoHaITbLHOCTH.

Tak kak IpH OTCYTCTBHHM HACHIIICHUS MarHUTHAs HHAYKIHS TPOMOPIIHO-
HajJbHa TOKY, TO YIOJl TOBOPOTA MOJABM)KHON CHUCTEMBI OyJIET MPOIMOPIHO-
HaJICH KBaJIpaTy Toka. B 3ToM ciydae mikana mpuOopa J0JDKHA OBITH KBa-
patuanoii. OmHako Hajnu4due B TpuOope (EeppOMArHUTHOTO CepIeUYHHKA
YCIIOXKHSIET NMPUBOAUMYIO 3aBHCHUMOCTb, BCJIEACTBUE YEro LIKaJla 3JIEKTPO-
MAarHUTHBIX U3MEPHUTENBHBIX MPUOOPOB HepaBHOMEpHA. JIOCTOMHCTBOM paB-
HOMEPHOH HIKANBI SBISETCS MOCTOSHCTBO MacmTaba BIOJb BCEW MIKAJBI,
9TO 00ecreunBaeT NPOCTOTYy OTCUETa U3MEPSeMOi BeJIMYUHEI B JTI000H da-
CTH ILIKAJIBL.

[IpunaBasi cepeUHUKY CTIEUAIBHYI0 GOpPMY M U3MEHSS €ro paciolio-
JKCHHE OTHOCUTEIHHO KATYIIKH, MOXHO JOOUTHCS HEKOTOPOTO YMEHBIIIE-
HUSI HEPAaBHOMEPHOCTH IIKAJBI B OOJIBIIEH €€ 4acTH, KpoMe HadaJbHBIX Je-
JIEHUH, KOTOpPbIE OCTAIOTCSI OYEHb CUIIBHO CXKATHIMHU.

B 37€KTpOMarHUTHBIX BOJIETMETPaX KaTYIIKH BBHITIOTHIIOT U3 OOJIBIIOTO
gucia BUTKOB (2000—10000) mpoBona auamerpom 0,08—0,1 mm. Karymiku
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aMIIepMETPOB COAEPKAT HEOOIBIIOE YUCIO BUTKOB TOJICTOTO MEIHOTO MPO-
BOJIa KPYTJIOTO WM JIECHTOYHOTO CeueHMs. BHelrHre MarHuTHbIE OIS OKa-
3bIBAIOT 3HAYUTENBHOE BIMSHHE Ha paboTy 3JIEKTPOMAarHUTHOTO MpHOOpa,
HO Onaromapss (eppOMarHUTHOMY KOXYXy OTO BIHSHHE 3HAYHUTEIBHO
ocnabinsercs.

B anexTpoMarHuTHOM NpUOOPE KOIUYECTBO CTAIM OTHOCHTEIILHO Majlo,
n OoJbIlIast YacTh IMyTH MarHUTHOTO MOTOKA MTPOXOJUT B Bo3ayxe. [loaTomy
M3MEPHUTENBbHBIA MEXaHW3M JJICKTPOMAarHUTHOW CHCTEMBI oOJajmaeT Majioi
qyBCTBUTEIBHOCTHIO, CIIEIOBATEIHHO, 3aTPYAHUTEIEHO H3TOTOBUTH aMIlep-
MeTp Ha Maielid TOK (MeHee 0,5 A) MIn BOXBTMETpP Ha MaJloe HAIpsKCHUE
(menee 10 B).

Cnoco6HocTh TprbOpa paboTaTh B LEMSIX NEPEMEHHOTO U ITOCTOSHHOTO
TOKa OOBSICHSETCS TEM, YTO N3MCHEHHE HANPABIICHUS TOKA B KaTyIIKe TPH-
BOJUT K IepeMarHMYMBaHUIO CEPACYHUKOB, BCIEICTBHE UYEro HalpaBJiIeHHE
BpAIIAIOIIEro MOMEHTa He MeHsieTcst. [Ipu mepeMeHHOM ToKe mpHOOp MmoKa-
3bIBaCT JEHUCTBYIOIIME 3HAUCHMS TOKA WJINM HANPsHKEHHA. MOIIHOCTH, MO-
TpebnsieMasi 3JEKTPOMAarHUTHBIMH INIPHOOpPaMU  OT CeTH, Kojebuercs
oT 2 1o 8 Br.

K docmouncmeam snexkmpomacnumueix npubopos cienyer OTHECTH UX
MIPOCTOTY, JCUIEBU3HY, HaJIS)KHOCTh B AKCILTyaTallH, CIIOCOOHOCTD BBIEP-
KHMBaTh KPaTKOBPEMEHHBIE ITEPErpy3KH, a TAaK)Ke MPUTOTHOCTD ISl H3Mepe-
HUI B IETSIX TIEPEMEHHOT0 U IIOCTOSIHHOTO TOKA.

Heoocmamkamu npubopog 31eKmpomMazHumnou cucmemsl sIBISIOTCA UX
CpaBHUTEIHLHO Majasi TOUHOCTh (kiacc TouHoctd — 1; 1,5; 2,5), HepaBHO-
MEpPHOCTh IIKaNbl, JOBOJBHO OOibIIast MoTpediiieMast MOIIHOCTb, 3aBHCH-
MOCTh TOKa3aHWH OT YaCTOTHI TOKA M BIMSHUS BHEIIHHMX MarHUTHBIX I10-
JIEH.

UyBCTBUTEIBHOCTb MOBBIAIOT IIyTEM MPUMEHEHUS PACTSKEK U CBETO-
BOr0 OTCYETa, a IOTPEUIHOCTH CHIKAIOTCA Oiarojaps HMCIHOJIB30BAHUIO
CHelUaJbHBIX MarHUTHBIX MaTEPHAIOB JUIS CEPACYHUKOB U 3(P(HEKTHBHBIX
CHOCO0O0B 3alIMUTHI OT BIAMSHHS BHEITHUX MarHUTHBIX TTOJIEH.

1.1.3. MarHuTo3/J1eKTpHIecKHe H3MepUTeJIbHbIe MeXaHU3MbI

[TpuGopsl MarHUTORIEKTPUIECKON CHCTEMBI NMPHUMEHSIOT IS U3Mepe-
HUSL CUbl TMOKA UU HANPAJICEHUS 6 Yensax Nnocmosanno2o moxa. Jleictsue
IprOOPOB MAarHUTOINEKTPHUECKON CUCTEMBI OCHOBAHO HA B3aWMOJICHCTBUN
MAarHUTHOT'O IOJISl OCTOSIHHOTO MarHUTa U MarHUTHOTO IOJISI IPOBOJHUKA
C TOKOM, BBINIOJIHEHHOTO B BUJIE KATYILIKU.
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HenonsmkHas gacts mpudopa (puc. 1.9) cocTouTt u3 mMocTOSTHHOTO Mar-
HHUTA U CTAIBHOTO IMIMHAPA. MeXay MOMocaMi MarHuTa ¥ CTJIbHBIM ITH-
JUHIPOM HMeEeTCs KOJBIEBON BO3AYLIHBIM 3a30p, B KOTOPOM CO3JaeTcs
CHJIbHOE W MPAKTUYECKH OJHOPOJHOE MarHuTHoe moJje. [loaBrkHas 4acTh
npudopa NpencTaBiIseT co00H KaTymKy, BBIOIHEHHYIO TOHKHM ITPOBOAOM
Ha JIETKOH aJIFOMMHHEBOH paMKe, CBOOOIHO Bpararonieics (Ha JByX Moiy-
0CsIX) B KOJBLIEBOM BO3IYIIHOM 3a3ope. K mepeaneil momyocu kpenurcs
CTpenKa C HPOTHUBOBECAMH, NPEAHA3HAUYCHHBIMH ANl YPaBHOBEIIUBAHUS
MTOIBIYKHOM crcTeMBbl mpubopa. [IpoTrBoAeHCTBYIOMHIA MOMEHT CO3IaeTCs
C TIOMOIIBIO JBYX CHHMPAIBbHBIX MPYKUH, Yepe3 KOTOPhIC Ha PaMKy IMOJBO-
JATCSI JIIEKTPUUECKUH TOK.

Puc. 1.9. V3amMepuTeabHbIi MEXaHH3M MarHUTOIICKTPUIECKOI
CHCTEMBI C BHYTPUPaMOYHBIM MarHUTOM:
1 — moaBMKHAs KaTymka (paMka); 2 — BHyTPHUPAMOYHBII MarHHT;
3 — MarHUTOMSTKUH MarHUTONPOBOX; 4 — JIGHTOUHBIE PACTSHKKU

[Tpu BxIIOUEHNH NMPUOOpPA MO KATyIIKe MPOXOJUT TOK M BO3HUKAET Me-
XaHMYECKas CUJIa, KOTOpas B COOTBETCTBUM C IIPAaBUJIOM JIEBOM PYKU IOBO-
padMBaeT paMKy Ha HEKOTOpBIM yrona. BemuumHa 3TOW CUIIBI 3aBHCUT OT
MarHUTHOM MHIYKIMM B, CUIIbl TOKa B KaTymike |, yncia BUTKOB W M aK-
THUBHOM JUTHHBI IPOBOJHHKKA |:

F = 2Bllw. (1.2)

Tak kak MarHUTHas WHAYKOWS, aKTHBHAS JJIMHA W YUCIIO BUTKOB (B
Ka)XJJOM KOHKPETHOM THIIe NpuOopa) HMOCTOSIHHBI, YroJl IOBOPOTa PAMKH
OyzeT OonpenemsIThCs TOJBKO CHIION TOKa, MPOXOJAIIEro M0 KaTyIIKe MpH-
6opa, U MPOTHBOJIEHCTBYIOIINM MOMEHTOM BO3BpaTHBIX NpYKHH. Bcenen-
CTBHE 3TOTO NMPUOOPHI MArHUTORIEKTPUIECKON CHCTEMBI HMEIOT PaBHOMEP-
HYIO LIKaITy.

IIpu moBopoTe paMKH B MAarHMTHOM IIOJI€ B €€ BUTKaX HMHIYLHPYETCS
anekrpoasmkymas cuwia (JC), HanpaBIeHHE KOTOPOil OmpeaeNnseTcs npa-
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oM Jlenna. Bosuukiuii mox aericrBueM DJIC TOK BBI3BIBACT MOSBICHHE
MIPOTUBOACUCTBYIOMICH CHIIBI, CIIOCOOCTBYIONICH OBICTPOMY YCIIOKOCHUIO
MOJIBMYKHOM CHUCTEMBI mprbopa. DT0 YCTpaHIeT HEOOXOIUMOCTh IPUMECHE-
HUS YCIIOKOUTEJISL.

[Ipubopsl MarHUTOIICKTPUICCKON CUCTEMBI MOJSPHBI (T. €. UMEIOT T0-
JIOXKUTEIbHBIA U OTPUIATESIbHBIN 32)KUMBI), a B IIEIH IEPEMEHHOT0 TOKa HE
JIAI0T mokazanuii. [Ipyu MpoXosKAeHUH MO KaTyIIKe MEPEMEHHOr0 TOKa Bpa-
IIAIONIMH MOMEHT C YaCTOTOM TOKAa MEHSET CBOE HampasliicHue. M3-3a uHep-
UK TIOJIBMKHAS CUCTeMa He OyJeT ycmeBaTh KoJeOaThCsl C YaCTOTOM TOKa,
MO3TOMY OCTAHETCSI HETIOABHYKHOM.

Jlocmouncmea macHumMoINeKmpuyeckux npudopos: BBICOKAs UyBCTBH-
TEIBHOCTh M TOYHOCTH [TOKAa3aHW, paBHOMEpHAs IIKaia, Majoe morpediie-
uwe sueprun (10-107° Br), 6sIcTpoOE yCIIOKOGHNME TIOABIKHON CHCTEMBI 1
Masasi 9yBCTBUTEIBHOCTh K BHEIIHMM MArHUTHBIM MOJISIM. DTH MPUOOPHI
[[Ilupoxo MPUMEHSIOTCS B KayeCTBE BOJHTMETPOB, MHJUIMAMIICPMETPOB,
MHUKPOaMIIEPMETPOB, a TAK)KE B YHHUBEPCAIbHBIX U3MEPHUTEIHHBIX PUOOPAx
(aBomeTpax).

K nedocmamkam npubopos macnumosnexmpuueckou cucmemsvl OTHO-
CATCS: CPABHUTEJIBHO BBICOKAsi CTOMMOCTb, YyBCTBUTEILHOCTD K TEPErpy3-
KaM U MPHUTOAHOCTH JJISI U3MEPEHUIl TONBKO B IIEISX MMOCTOSHHOTO TOKA.
TMocnenHuit HEAOCTATOK MOXKET OBITh YCTPAHEH IMyTeM BKJIFOUCHUS MprOopa
Yyepe3 BBIMPSIMUTEIILHOE YCTPOMCTBO, HO B 3TOM Ciydae mpubop Oyaer ot-
HOCHTBCS YK€ K BBIMIPSIMUTEIBHON CUCTEME.

1.1.4. DaexkTpoaHaMuYecKue U3MepPUTeIbHbIEe MEXaHU3MbI

[Tpubops! 51eKTPOMHAMUYECKOH CUCTEMbI TIPUMEHSIFOT ISl N3MEPEHUS
HAnpsAJICeHUs, CUibl MOKA Ul MOWHOCMU 6 YeNnax nepemeHHo20 U nocmo-
SAHHO20 MoKa. JIeficTBHE 3MEeKTPOJIMHAMHYECKUX NMPHOOPOB OCHOBAHO Ha
B3aMMOJICHICTBUY MarHUTHBIX MOJIEH HENOJBMKHOW M MOABHKHOM KaTyIIEK
C TOKaMH.

W3MepuTenbHBIH MEXaHU3M JaHHBIX puOopoB (puc. 1.10) mmeer Hemo-
JBIDKHYIO KaTyIIKY, KOTOpasl COJEPKUT HEOOJBIIOE YUCIO BUTKOB TOJICTOM
MIPOBOJIOKH, W TOABIDKHYIO KaTYIIKy C OOJNBIINM YHCIOM BHTKOB TOHKOM
IIPOBOJIOKH, Pa3MEILEHHYI0 BHYTpU HENOABW>XKHON. Ha ocu nmoaBmxHON Ka-
TYLIKN YKPEIUIEHBI CTPENKa W MPYXKHUHBI, IpeJHa3HAUEHHbIE 1Sl MOJABEe-
HUS TOKa U CO3JaHUs NMPOTUBOJEICTBYyromero MoMeHTa. HinkHuil kxoHen
CTPEJKM OKAHYMBAETCS IMOPLIHEM BO3IYIIHOTO YCIOKOMTENsA. B cBA3mM ¢
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YYBCTBUTEJIBHOCTBIO an/I60pa K BHCITHUM MAarHWuTHBIM IOJIAM IPUMEHECHNE
MAarHuTHOTO YCIIOKOUTEIIA B ,ZIaHHOfI CHUCTEME HEIOITYCTUMO.

Puc. 1.10. DneKTpoAMHAMUYECKUI U3MEPUTEIbHBINA MEXaHU3M:
1 — HemoJBWIKHAS KATYIIKa; 2 — ITOJBIDKHAS KaTyIIKa;
3 — mopureHs; 4 — BO3MyIIHEIH YCIIOKOUTEND

[pu BrItOYeHNN TIPUOOPA B SN 110 KaTYIIKaM IIPOXOANUT TOK U BO3HU-
KaOIIUe MAarHUTHBIC TIOJI BBI3BIBAIOT IOSBICHUE JIICKTPOJIWHAMHYECKON
CHIIBI, KOTOpasi CTPEMUTCS TOBEPHYTH IOABIKHYIO CHCTEMY TaK, YTOOBI
MarHUTHBIE T0JI1 00EMX KaTyIEeK COBMAJaJIM 10 HampaBieHuio. Eciu 10-
MyCTHUTb, YTO TIO KATYyIIKaM MpUOOpa MPOXOAT OJMHAKOBBIE TOKH, TO CHJIa
B3aMMOJIEHCTBUS KaTylIeK (M Bpallarolfii MOMEHT) OyAeT MpOomopIiuo-
HaJbHa KBaJpaTy CUJIBI TOKA:

F=kl% (1.3)

ITo3TOMy 371€KTPOAMHAMUUYECKUE aMIEPMETPBl UIMEIOT HEPABHOMEPHYIO
HIKaIy.

IMpn BkIroueHMM npuOOpa B CETh INEPEMEHHOIO TOKA HalpaBJICHUE
BpAIl[AIOIEro MOMEHTA HE U3MEHHTCS, TaK KaK HalpaBJICHUE TOKA MU3MEHS-
€Tcs OJJHOBPEMEHHO B 00EWX KaTyIIKax. B Iemsx mepeMeHHOro TOKa IpH-
O0pBI JAHHOW CHCTEMBI MTOKA3BIBAIOT JEHCTBYIOMINE 3HAYCHUS H3MEPSIeMOit
BEJTMYUHEI.

B ciyyae umcnons3oBaHMA mpubOopa Uil M3MEPEHHS HANPSKEHHS II0-
JBIDKHYIO ¥ HETIOABIDKHYIO KaTYIIKH COEAMHSIOT MOCieIoBaTeNbHO. Takoe
K€ COeTMHEHNE IPUMEHSIOT TP U3MEPEHUH HeOOombIuX TOKOB (10 0,5 A).
[Tpn n3mepeHnu TOKOB OOJbIIEH BETMYMHBI KATYLIIKH IPHOOPA COCIUHSIOT
napaenbHo.
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Korma m3MepsoT MOIIHOCTH, HEMOABMKHYIO KaTYIIKy BKJIIOYAIOT IIO-
CJIeI0BATEINILHO, a MOJBIDKHYIO — MapaJulebHo. B nmocnenneM ciryuae yepes
HETOJIBI)KHYIO KaTyIIKy OyJeT MPOXOAUTh TOK Harpy3KH, a 4epe3 MOJBHXK-
HYIO0 — TOK, NPONOPIHOHAIBHBIN HANPSOKEHUIO HA HAarpysKe, 9TO BBI3OBET
BO3HMKHOBEHHE BPAILAIONIET0 MOMEHTA, MPONOPLUHOHAIBHOTO MOIIHOCTH,
norpedisiemoii Harpyskoit (P = Ul). [o aToli mpuumHe 351eKTpoJMHAMUYE-
CKHE BaTTMETPHI UMEIOT PABHOMEPHYIO LIKAJY.

Hocmouncmea snekmpoouHamuyeckux npub6opog — TPUTOTHOCTD JUIA
U3MEpEeHNUs B LETAX MEPEMEHHOT0 U TOCTOSHHOTO TOKA, BO3MOYKHOCTh HC-
OJIb30BAHUS JJIsl ©3MEPEHHS HAIPSDKEHUS], CHIIBI TOKA MIIA MOLIHOCTH, BbI-
COKasi TOYHOCTb, PABHOMEPHOCTH LIKAJIbI (Y BATTMETPOB).

Heoocmamku — CpaBHUTENBHO OOJIBIIOE TOTPEOICHHE MOIIHOCTH
(Ipu M3MEpEeHUH TOKa U HAIPSDHKEHUs), YyBCTBUTEILHOCTh K BHEITHUM Mar-
HUTHBIM TOJSIM M TIEPErpy3KaM, CIIOXHAs KOHCTPYKIHS WM BBICOKasl CTOH-
MOCTb, TyBCTBUTEIBHOCTh K MEXaHMIECKUM BO3IACHCTBUAM — yaapam, Tpsic-
K€ U BUOpaIIUu.

Cremyer OTMETHTh, YTO YEM MEHbIIE TOTPeOICHNE MOIIHOCTH 3JIEKTPO-
JMHAMHUYECKOro Ipubopa, TeM ciabee COOCTBEHHBIE MAarHUTHBIE OIS U
CUIIbHEE BIMSHUE BHEIIHHUX IoJjiel. /Il yMEHBIIEHNsI UX BIMSHUS pUMe-
HSIOT CTAJIBHON CEeplICUHHK. DIEKTPOIUHAMHYECKHE IPHOOPBI CO CTAIBHBIM
CepAECYHNKOM Ha3bIBAIOTCS (ePPOANHAMUYECKIMH.

OpHako C TPUMEHEHHEM CTald YMEHbIIAeTCs TOYHOCTh Hpubopa
BCJIC/ICTBHE BJIMSHHS T'MCTEpe3rca U BUXPEBBIX TOKOB. [ToaTomMy nmpubopbl
(eppoTMHAMUYECKOH CHCTEMBI JUIS TOYHBIX M3MEPEHHH He MpUroaHel. OHU
HCIIOJIB3YIOTCSI B OCHOBHOM B KaueCTBE PErUCTPUPYIOIINX MTPUOOPOB U LIH-
TOBBIX BATTMETPOB.

1.1.5. DekTpocTaTHueckne H3MepUTEIbHbIE MEXaHU3MBbI

[TpuGOpPHI 3TEKTPOCTATHIECKON CHCTEMBI IPEAHA3HAYAIOTCS 0/ U3Me-
PeHUsT HANPSIJICEHUs. 8 YensixX NOCMOSIHHO20 U nepeMeHH020 moka. B mpudo-
pax dTOH CHUCTEMBI BpAIIAIONIUI MOMEHT BO3HHKAET B PE3yJIbTATE B3aUMO-
NEHCTBUS ABYX CHCTEM 3apsHKEHHBIX TIPOBOJIHUKOB, OJTHA U3 KOTOPBIX SBJIS-
eTcs MoABMKHON. OTKIOHEHHE MOJBMKHON YacTH CBS3aHO C M3MCHECHUEM
€MKOCTH, KOTOpO€, B CBOIO OYepelb, CBSI3aHO C W3MEHEHHWEM aKTHUBHOMU
IUTOINAAH TUTACTHH.

HenoapmwkHast yacTh u3MepHUTeIbHOTO Mexanm3ma (puc. 1.11) coctout
13 OJIHOM WJIM HECKOJBbKUX KaMep, YTO HANPSMYIO CBSI3aHO C UyBCTBHUTEIb-
HOCTBIO Tipubopa. Kakmas kamepa mpencTaBisieT cOOOW JIBe MeTayuinde-
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CKHE IIIACTHHBI C BO3IYIIHBIM 33a30pOM MEXAy HUMH. B 3TH 3a30psI cBO-
00/1HO BXOJIAT TOHKHE aJTFOMHHHUEBbIE TNIACTUHBI MOBHXHOM 4acTH.

Puc. 1.11. DnekTpocTaTH4ECKUI U3MEPUTEIbHBII MEXaHU3M:
a — ¢ U3MeHsIomIelicsl akTHBHOH IUIOIIA b0 SJIEKTPOJIOB: 1 — HeIoIBIKHbIE IUIaCTHHEI;
2 — IIOJBIKHBIE IUIACTHHEL;, 3 — OCh; O — C I3MEHEHHEM PacCTOSHUS MEXKIY dJIEKTPOAAMU:
1 — MarHUTOMHYKIMOHHBII YCIIOKOUTENb; 2 — OCh; 3 — Tsra; 4, 6 — HEIOBIKHBIC IIIACTUHBI,
5 — MeTajutyecKas ISHTO4Ka; 7 — IIOBIKHAS IUIACTHHA

Ecnu x MOABMXHBIM M HETOABM)KHBIM IUIACTHHAM IIOJIBECTH H3MeEpsie-
MO€ HaIpsKEHHEe, TO OHM OKaXYyTCS 3apsDKEHHBIMH IPOTHUBOIIONIOKHBIMHU
110 3HAKy 3apsAlaMH, B Pe3yJIbTaTe Yero Moj JAEHCTBHEM 3JEKTpOoCTaTHde-
CKUX CHJI TIPUTSDKEHUS TOJIBMDKHBIE TUIACTHHBI OYAYT CTPEMHTBHCS BOMTH
BHYTph Kamep. [IOBOPOT MOABMKHBIX IUIACTHH, JKECTKO YKPEIUIEHHBIX Ha
OCH, BBI30BET 3aKPyYHMBAHHE YNPYTHUX DJIEMEHTOB, CO3MAIOLINX IIPOTHBO-
JnedcTByomuid MoMeHT. [Ipu paBeHCTBE BpalllalOIEro U MpOTHUBOJEHCTBY-
IOIIETO MOMEHTOB IOJIBM)KHAS 9aCTh OCTAHOBUTCA, U IO IOJO0KEHUIO yKa-
3aTens Ha IIKaje MOXKHO OyZeT onpeneNnTh u3MepsieMoe HanpspkeHue. [pu
U3MEHEHHUHU TOJIIPHOCTH HANPSDKEHMs HAIpaBJICHUE OTKIOHEHUS MOJBUXK-
HOW 4acTu He u3MeHseTcs. i yCIIOKOEHUs MOABMXKHOM 4acTH NMPUMEHsI-
€TCS MarHUTOMHTyKITHOHHBII MEXaHU3M.

Jnst Toro uToOb! 1mIKana npudopa Oblila paBHOMEPHOH, COOTBETCTBYIO-
muM 00pa3oM BBIOMPAOT (OpMY TOJIBMKHBIX M HETOJBIIKHBIX IIIIACTHH,
T. €. 3aJJal0TCA ONPEACTICHHBIM 3aKOHOM HM3MEHEHHS €MKOCTH B 3aBHCHMO-
CTH OT yTIJa HOBOPOTA.

Hocmouncmea npubopos snekmpocmamuyeckoi cucmemsl — HE3ABUCH-
MOCTb TOKa3aHUIl OT 4acTOTHI, TEMIIEPATYPbl ¥ IIOCTOPOHHUX MAarHUTHBIX
nosiedd. Ilpn mpumMeHeHMM TakMX NPUOOPOB B LEMSX IMOCTOSHHOTO TOKA
9HEPronoTpedIeHNE PaBHO HYIIIO.
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Hedocmamxku — 3aBUCHUMOCTB MMOKAa3aHUIA OT JCHCTBUS AJICKTPHUYCCKHIX
MOJICH.

1.1.6. UaayKIHOHHBIE H3MEPUTETbHBIE MEXaHU3MbI

WuayKkiuoHHbIle TPUOOPHI B HACTOSINEE BPEMsl CIYXKAT 015l UBMEPEHUs.
pacxooa neKmpuieckoll IHepeuu 6 yensx nepemeHHo2o moxa. JleucTBue
WHAYKIIMOHHOTO CYETYMKA OCHOBAHO HA B3aMMOICHUCTBUH BUXPEBBHIX TOKOB
C BPAIIAONIIMCS MATHUTHBIM TTOJIEM.

OCHOBHBIMH JICTAISIMU HHAYKIIMOHHOTO cueTymka (puc. 1.12) sBusroTes
JIBa SJCKTPOMArHNTA, MOIBIDKHBIA AIIOMUHUEBBIN IUCK, PEAYKTOp, CUCT-
HBIA MEXaHU3M U TOPMO3HOU MarHMT.

Puc. 1.12. CueTunK 3JIEKTPUUECKOH SHEPTHH:
1, 2 — 37eKTPOMATHUTEL; 3 — PEAYKTOP;
4 — cyeTHbIit MeXaHU3M; 5 — AUCK; 6 — TOPMO3HON MarHUT

OnvH 3NMEKTPOMAarHUT UMeeT HeOOJBIIOEe YHCIO BUTKOB TOJICTOTO TPO-
BOJIa ¥ BKIIIOUAETCSl C HArpy3KOW TMOCIeN0oBaTeNbHO (TOKOBass 0OMOTKa), a
BTOpOﬁ — COCTOHUT U3 6OJ'IBI_HOFO Yurcjia BUTKOB TOHKOTO IMPOBOJIa X BKIIKOYa-
eTCs mapauienbHo (0OMOTKa HampshkeHus). TokoBas 0OMOTKa HAMOTaHa Ha
MOIKOBOOOPA3HBIN CepACUHNK, MPUIEM HAaBUBKA HIET BCTPEUHO APYT JAPY-
ry. OT0 obecrednBaeT CO3AaHNe MEXTy TIOTI0OCaMHU 3JIEKTPOMAarHuTOB Bpa-
IIAFOMIETOCS MarHUTHOTO TOJIS,, B KOTOPOM pa3sMeNIeH CBOOOJHO BpaIaro-
IIMICS aJTIOMHUHHEBBIN JUCK.
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Bpamaromeecst MarHUTHOE T10JIE, IIEpeceKast Kpail aTfOMHUHHEBOTO JHIC-
Ka, MHIYIUpPYeT B HEM BHUXPEBBIC TOKH. B pe3ympraTre B3amMOAeHCTBUS
MarHUTHBIX NOJIEH BUXPEBBIX TOKOB C BPAILAFOIIMMCS MarHUTHBIM I10JIEM
BO3HMKAeT MEXaHUYECKasl CHJIa, KOTOpasi IPUBOAUT JHMCK BO BpaIllCHHE.

Cunia B3aMMOJICHCTBHS MEXIY BHUXPEBBIMH TOKAMH U BPAIIAIOIIAMCS
MarHUTHBIM TOJIEM NPOINOPIMOHANBHA POU3BEICHUIO MIHOBEHHBIX 3HAYE-
HUH TOKa U HAIPSDKEHUS, T. €. MOIHOCTH TOKOIPUEMHHKOB!

M,, = kUl = M,, = kP, (1.4)

rae K — mocTostHHbIH K03 HUIIHEHT.

YroObl CKOPOCTh BpalleHHs AMCKA ObLIa MPONOPLUHOHATIbHA MOIIHOCTH
TOKOIIPHEMHHKOB, IPUMEHEH TOPMO3HOI MarHHmT.

B naucke npu BpameHWW €ro MexAy MOJICaMH TOPMO3HOTO MarHuTa
HMHIyIUPYIOTCSI BUXPEBBIE TOKH, KOTOPBIE, B3aUMOACHCTBYSI C MarHUTHBIM
IIOJIEM MAarHuTa, CO3JAal0T INPOTHBOJCHCTBYIOIIMH MOMEHT, HPOIIOPUINO-
HaJbHBIA YacTOTe BpalleHHs AucCKa. Yem ObIcTpee Bpamaercsl OHCK, TEM
OosbIlIe CHJIAa €r0 TOPMOJKeHHUs. YacToTa BpallleHHs AUCKA CTAHOBUTCS TI0-
CTOSTHHOW, KOT/Ia BpAIlAIOIINii MOMEHT YPaBHOBEIIMBAETCS TOPMO3SIINM
MOMEHTOM.

CdeTHbII MEXaHHW3M NPHOOpa M3MeEpsieT Yncio 00OpPOTOB JHCKA, T. €.
BEJIMYNHY, NPOTOPIHOHAIBGHYI0 SHEPTHH, PacXoayeMol Ha paboTy TOKO-
MPUEMHHKA.

Bpamenne aucka cueTynka 0e3 IMOJKIIOUEHHUS HArpy3KH Ha3bIBAaeTCS
camoxodom. CaMoOX0Jl MOKET OBITh BBI3BAaH yBEIMYECHHUEM HANPSDKEHHS ce-
TH, CTAJILHBIM KOMIIEHCAI[HOHHBIM BUHTOM IMOCTOSIHHOT'O MarHuTa WM BHO-
pamueil muTa, Ha KOTOPOM YKpEIUIeH CUeTYHK. Y CTpaHEeHHe caMoxoja 3a-
KIIFOYAaeTCsl B PETYJIMPOBKE PACCTOSHHS MEKAY IUIACTHHKOM, 3aKperieHHOM
Ha TMOoJIoce OOMOTKHM HaNpsDKeHUs, W IUIACTHHKOW, 3aKpeIuIeHHOW Ha OCH
ATIOMHHHUEBOTO JUcKa. Tak Kak 3JIeKTPOMAarHWT HANpsDKEHHS MOCTOSHHO
HaxoJWTCsl B paboTe, MOJIOCHAS IIACTHHKA HAMAarHUYUBAETCS W HPUTATH-
BaeT K cede IUIACTHHKY Ha OCH, B PE3YJIbTAaTe YEro CO34aeTcsi TOPMO3HOE
YCHJIME M JAUCK MPEKpaIaeT BpamarhCesl.

Tocmosannaa cuemuuxa (B1/00) — sHeprus, u3MepsemMas CUCTUHKOM 32
BpeMs1 OTHOTO 000poTa JHUCKA.

1.1.7. IIpuGopsl BUOPALMOHHON CHCTEMBI

[TpubGops! BUOPAITMOHHOW CUCTEMBI TIPETHAZHAYCHBI 0/ UMEPeHUsl 4a-
cmomul nepemenno2o moka. JIefictie BUOPAIIMOHHBIX MPUOOPOB OCHOBAHO
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Ha HUCIIOJIb30BAaHWHU SBJICHUH 3JIEKTPOMAarHETH3Ma U MEXaHHIECKOTO Pe30-
HaHca.

Kaxnas MexaHn4eckas CcTeMa, CliocoOHasi cCoBepIIaTh KojieOaTeabHbIe
IBIDKEHUS, 00NIalaeT OINpEeaeIeHHON YacTOTOW COOCTBEHHBIX KOJIeOaHMIA,
KOTOpasi 00yCIIOBIIMBAETCSI MAacCOil M yNpyrocThio cucteMsl. IIpu pe3oHaH-
ce, T. €. IPH COBNA/ICHUN YacTOT COOCTBEHHBIX KOJIEOaHUII CHCTEMBI U KO-
neGaHnil BHELTHEr0 UCTOYHMKA, aMIUIMTYAa KoJeOaHuil JaHHOW MeXxaHude-
CKOW CHCTEMBI PE3KO YBEJIMYMBACTCS. DTO CBOMCTBO HCIIONIB3YETCS B H3ME-
PHUTENBHBIX TPHOOPaX BUOPALMOHHOM CHCTEMBI.

Bubparmonnsriit gactotomep (puc. 1.13) cocTouT M3 3MEKTpOMAarHMTa,
CTAJBHOTO SIKOPSI, YKPEIUICHHOTO Ha OpyCcKe, M HECKOJIBKHUX BHOPAaTOPOB C
pa3uyHOM ANMMHOM MM Maccoil. KoHIBI BHOpaTOPOB OTOTHYTHI MOJ Tpsi-
MBIM YTJIOM, OKpAIICHBI OeNoi Kpackol W pa3MEICHbl B TOPU30HTAIBLHOM
LIeNM Ha IIKaJle YacTOTOMepa. bpycok KpemuTest K IIacTHHYATHIM MPUKH-
MaM, 4TO 00eCTIeunBaeT HEKOTOPYIO TIOJIBIIKHOCTh MEXaHUYECKOI CHCTEMBI.

Puc. 1.13. YcrpoiicTBo yactoTomepa
BHUOPAIMOHHOMN CHCTEMBI:
1 — snexTpoMarsur; 2 — sKopb; 3 — BUOPaTOPEI;
4 — nIaCTHHYATBIE IPUXKAMBI; 5 — Opycok

Ecim mo oOMOTKE 3JeKTpOMAarHuTa MpOITyCTUTh IEPEMEHHBIN TOK, TO
AKOPb 6y}16T CHUJIBHEC MTIPUTATUBATHCA K IMOJIIOCAM B TC MOMECHTBI, KOTJa TOK
nMeeT HauOouIbllIee 3HAUCHHME, T. €. JIBa pasa 3a nepuo. Konebanus sikopst
nepenatorcsi Bubparopam. C Hanbouspineil aMmuinTytoil Oyzner koiebaTbest
BHOpaTop, COOCTBEHHAs YacTOTa KOJeOaHU KOTOPOTrO COBIA/IAET C YacTo-
ToW kosebaHui sxops. Lludpa Ha mKane, cTosmas HaNpoTUB BHOparopa,
KOJICOJTIONIErocst ¢ HauOOJbIIeH aMIUIUTYI0H, YKQKET YaCTOTY TOKA B CETH.

BosbIIMHCTBO YacTOTOMEPOB BHOPALIMOHHOM CHUCTEMBI MpeJHa3HAuCHEI
Ui m3MepeHust 9actoT 45-55 T'm. OpHako BCTpedaroTcs 4acTOTOMEPHI,
paccurTaHHbIC I U3MEpeHus 0ojiee BRICOKUX 9acToT (1o 15501650 I'm).
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Hocmouncmeo npubopos eubpayuonHol cucmemvl — HE3aBUCUMOCTb
MOKa3aHUN OT HAIPSKEHUS CETH.

Hedocmamxu — 3aBUCHMOCTD TOKAa3aHAN OT MEXaHMYECKUX BHOpamuid,
HEBO3MOXHOCTb M3MEPEHMs BBICOKMX YacTOT M IPEPHIBHOCTH ILIKAJIBI,
BCJICAICTBHE YETO 3aTPYIHIIOTCS U3MEPEHNUS HAa MPOMEXYTOUHBIX YacTOTaX,
KOTZ1a OJTHOBPEMEHHO KOJICOJIETCSI HECKOJILKO BUOPATOPOB.

1.1.8. [IpuGopbI TEPMOIJIEKTPHIECKOH CHCTEMBI

Tepmoanexmpuueckuii npubdOp — 3TO COBOKYIHOCTh TEPMOIIAPHI C MOJI0-
rpeBaTeNieM M MarHUTORJIEKTPHYECKOTO M3MEpHTeNs (MHAMKaTopa). Takue
npuOOopsl NpeAHa3HAYECHBl U HU3MEpPEHUsl CIa0bIX IEPEMEHHBIX TOKOB.
W3mMepsieMblif TOK mpoxomuT depe3 nomorpesarens [/ (puc. 1.14) u Harpe-
BaeT ero. K mojorpeBaTento MPUKPEIICH WM HAXOUTCS BOJIM3U HETO Crai
TepMonapsl 7. DIEKTPOIBIDKYIIAS CHIa TEPMOIIAPHI CO3/aeT TOK, MPOXO-
JIIAN Yepe3 MarHUTOdJICKTpudeckuid u3mepurenb M (mpudop). Takum 06-
pa3oM, TOKa3aHUs TEPMOIICKTPHUSCKOTO MPHOOpa TMPOMOPIHOHATBHBI
MOIIIHOCTH, PAacXOAyeMOW Ha HarpeBaHue Mmojorpenatelis (T. €. JeHCTBYIO-
meMy 3HA4YeHHI0 KBajpara Toka B HeM). CrenoBaTeNbHO, IIKalda TaKoTo
mpuOOopa MOYTH KBaIpaTHIHA.

n

Puc. 1.14. Cxema npubopa
TEPMO3JICKTPUIECKOM CHCTEMBI

B nanbonee Tounsix npubdopax (1o 100—150 MA) ni1st orpaHHYeHHS 10~
Tephb TeIUIa NOJorpeBaTenlb BMECTE C TEPMONAPOH MOMEIIAIOT B BAKYYMHBII

CTEKJISAHHBINA OalyioH. DTO 3HAYWUTENIHHO IIOBBIIIAET YYBCTBUTCJIBHOCTDH
TEPMOIJICMCHTA.

1.1.9. ln¢ppoBsie npudOpLHI

Lughposvimu HA3BIBAIOTCS IIEKTPOU3MEPUTENBHBIE TIPUOOPHI, TIPeodpa-
3YIOIIKE ONPECIIICMYI0 aHAIOTOBYIO BEIMYNHY B KOJUPOBAHHBIN CUTHA U
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MIPEACTABILIIONINE PE3YNbTaThl U3MEPEHUSI B BUAE NU(POBOTO 3HAUCHUS HA
OTCUETHOM YCTPOMCTBE.

B cootBercTBHM C ompeneneHneM HU(POBBIE M3MEPUTEIbHBIE NMPHOO-
pol (LUUII) cocrost m3 ananoro-dpoBsix npeodpasosatenei (AL u
uudpoBeix oTcyeTHbIX ycrpoiicTB (LIOY). PesynbraTtel mpeoOpazoBanHus
ALII B BHIe KoJla MOTYT IOJaBaThCS Ha PErMCTPUPYIOIINE WM BBHIYUCIIHU-
TeJIbHBIE IPUOOPHI.

B ocHOBe 1U(MPOBBIX ANEKTPUUECKUX M3MEPEHHH 3aJI0’)KEHO aHalloro-
uudpoBoe npeodpazoBaHue (KOJUPOBAHUE), KOTOPOE 3aKIIOYAETCS B IPH-
CBOGHHMHM AWCKPETHOTO 3HaueHHs (KOZa) MCKOMOM BEIWYHMHE C ONpEecIcH-
HBIM IIIarOM 10 BPEMEHHU.

B mu¢ppoBom nmpubope, ciryxamieM Uil U3MEPEHHs, HEIPEPHIBHO M3Me-
HSIOIIAsics U3MepsieMasi BEIMIHHA TpeoOpa3yeTcsl B TUCKPETHYIO (IPEpPhIB-
HYI0) BEJIMYHHY B BHJE YHCIA, KOTOPOE M300pakaeTcsi Ha €ro OTCUYETHOM
YCTpPOMCTBE.

Ludpossie npudopsI NpeiHA3HAYCHBI 11 H3MEPEHUsI Pa3JINUHbIX AJIEK-
TPUYECKUX BEIIMYMH: TOKA, HampspkeHus u Ap. Tak, Hanpumep, nudpoBoi
MyapTEMETp (puc. 1.15, 1.16) MokeT ObITh HCIOJIB30BaH ISl U3MEPCHUS
MIEPEMEHHOTO U MOCTOSTHHOTO HANPSKEHMS, TIOCTOSHHOTO TOKA, CONPOTHB-
JICHU, IPOBEPKH TUOIOB U M3MEPEHHUs] TPAaH3UCTOPOB. Bpems omHoro ms-
MEpEeHHMS He TIPEBbIIIAeT HECKOIBKUX MUJUINCEKYH]I.

OTKMOYEH1e MyNbTUMETPA

KK aucnneit

M3amepeHne NnepemMeHHoro
NamepeHne HanNpAXeHA
NOCTOAHHOrO
HanpsxeHns M3amepeHre NOCTOAHHOro

ToKa (0o 200 mA)

[10BOPOTHBII

nepexnoyaTtens VamepeHue NOCTOAHHOMO
ToKa (0o 10 A)
Mamepenue h213
TPaH3UCTOPOB \ : ['He3aa anAa NOAKNYEHUA
U = LynoB
) GE :
MamepeHue 518308 =\
CONPOTUBNEHNA DIQUAL

MULTIMETER ) [posepka anogos

Puc. 1.15. LHudposoii MynbTumMeTp

Henmoporne MynsTHMETPEl MOXXHO NMPUMEHSTH TOJNBKO Ui M3MEPECHUH,
MIPOU3BOIUMBIX TIPH HaJaJKe OOOPYIOBAaHHUS M TOWCKE HEHCIPaBHOCTEH.
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VX Hemb3s WCIOJIB30BaTh NP KAJTHOPOBKE M YK TeM 0Oojiee IPH MOBEPKE
JATYHKOB U JIPYroro o00OpyI0OBaHUs, TaK KaK TOYHOCTh U3MEPCHUS JaHHBIX
MyJbTHMETPOB HEJOCTATOYHA JUISA 3TUX IIeJICH U, KpOME TOTO, OHU HE BHE-
ceHbl B ['ocyapcTBeHHBIH peecTp cpencTB usMmepeHuil. [Ipu moBepke u ka-
JTUOPOBKE 00OPYMOBaHMS CJICIyeT MCHONB30BaTh 0OJiee TOYHBIC MYJIBTH-
METphI, HalpuMep MNPUOOpPHI cepur B7 WM MMOOPTHBIC MYJIBTUMETPHI
APPA, Fluke 1 aHaormyHsIe.

M3smepeHie nocTosHHOro
Toka o1 200 MA 20 10 A

e~

l.?.ﬁ'!'.'évn ( Bce ocTanbHble pexuMbi
i
Ve L, 4 u3mMepenus (MamepeHmne

| s N\ HanpspKeHusi, Toka 4o
5 200 MA, conpoTuBNEHNsI
=500an COM \ ’ p

1 NpoBepka AVOA0B)

Puc. 1.16. 'He3na uis MOAKITIOYEHNUS IIIYTIOB

HyxHo Bcerma cienuTh 3a cTeneHbio paspsga 6arapeu LIUII, Tak kak B
cllyyae CHJIBHOTO paspsiia OaTapen MorpenHocTb n3MepeHus npudopa pes-
KO Bo3pacraer. [IpenmoureHue oTgaercss TEM MOJENSM, B KOTOPBIX €CTh
MHIMKATOp pas3psiia Oarapen. 3amMeHy OaTapell Hy)KHO MPOM3BOAUTH Cpasy,
KaK TOJIbKO 3arOpUTCsl HHAMKATOP paspsizia Oartape.

IndpoBeie mpHOOPHI B COYETAaHWH C BBIYMCIUTEIBHBIMH MaIlMHAMH
UCTIONB3YIOTCS JUII aBTOMAaTHYECKOTO KOHTPOJSI YIPaBICHHS HPOU3BOA-
CTBEHHBIMH MPOLIECCAMH.

OCHOBHBIMH JIOCTOMHCTBAMH IN(POBBIX IPHOOPOB SBISIOTCS:

- BO3MOKHOCTh COYETAHHUS C IPYTUMHU YCTPOHUCTBAMH;

- OTCYTCTBHE BO3MOXKHOCTH HENPAaBUIBHOM TPAKTOBKM PE3yIbTATOB H3-
MepeHus;

- BO3MOKHOCTh aBTOMATH3AIIH IIPOIIeCcca H3MEPEHHUS;

- BBICOKOE ObIcTpoieiicTBIE U(POBBIX U3MEPEHUIA;

- BO3MOKHOCTb NI€peJaul KOJUPOBAHHBIX CUTHAJIOB HAa PACCTOSIHUE.

K ocnoBHbM HenocTtatkam LIUII cnenyeT OTHECTH CHOXKHOCTb YCTPOM-
CTBA W, KaK CIJIEICTBHE, OTHOCUTEILHO HEBBICOKYIO HAIEXKHOCTh NMPUOOPOB
U CPAaBHUTEIBHO BBICOKYIO CTOMMOCTb.

32



1.2. DaekTpuyecKue U3MepeHus
1.2.1. U3mepenne cuJIbl TOKA M HATIPSKEHUS
JAnst n3MepeHnst CHIIbl TOKA U HANPSDKEHUS! HCIIONIB3YIOT U3MEPHUTENbHBIE

mpuOOpBl Pa3IMYHBIX CHCTEM — aMIIEPMETPHl M BOJIBTMETPHI, YCIOBHOE
0003HaUEHHE U CXeMBbI BKIIIOUSHHUSI KOTOPBIX MMOKa3aHbl Ha puc. 1.17.

ORBIN! 7, T
o

- O ©

Puc. 1.17. Cxema BKIIFOUCHHUS aMIIEPMETPA U BOJIbTMETPA

JUis u3MepeHHs MajbIX 3HAUYEHHIH TOKAa MPUMEHSIOT TalbBaHOMETPEI,
MHKpOAMIEpPMETPHl, MIIIJIHAMIIEPMETPBI, a IS U3MEPEHUS OYEeHb HU3KHX
HaNpPsKEHUH — MAJIIUBOJIBTMETPBI, MUKPOBOJIBTMETPHI.

BxiroueHue ammepMeTpa IOCIEAOBATENbHO C HArpy3KoH HE JOJIKHO
BIIMSITH HA U3MEPSAEMBIH TOK B IIENH, TO3TOMY COIMPOTHBICHHE €T0 JTOJKHO
ObITh MaJIbIM [0 CPABHEHHIO C COMNPOTHBICHUEM IPHEMHHKA JHEpPIUU.
[Tpn manom conpoTuBieHUH amiiepmerpa R, Mana 1 MomHOCT, TOTPEOII-
eMast uM:

P, = I.R.. (1.5)

BrurtoueHne BOIBTMETpa HE JOJDKHO BIMATH Ha M3MEpsieMOe HaIlpspke-
HHE, TI03TOMY COIIPOTHBIICHHE BOJBTMETPA JOJDKHO OBITH OOJNBIINM 10
CpPaBHEHHUIO C COINPOTHBICHHEM MpPHEMHHKA, MapajielbHO KOTOPOMY OH
BKITFO4eH. [Ipu GONBIIOM COMPOTHBIIEHUH BONBTMETpa R, Man Tok |, B HeM
1 MaJjia MOIITHOCTB, NOTpebiisieMas uM:

P,=I.7R,. (1.6)

JJis u3MepeHust TOKOB U HANPsDKEHUH, MPEBBIIIAIOIINX BEPXHUH Mpee
U3MepeHusl MpuOopa, MPUMEHSIOT MPH MOCTOSHHOM TOKE wiyHmsl u 000a-
60UHBIE CONPOMUBTEHUSL, & TIPA IEPEMEHHOM TOKE U3MepumenbHble mpanc-
Gopmamopsl moxa u HanpsICEHUs.
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Ecin ammepmeTpoM, pacCcuMTaHHBIM Ha M3MEPEHHE CPABHHUTEIBHO He-
OOJIBIION CHIIBI TOKA, TPEOYeTCs M3MEPUTh 3HAYMTENILHO OOJBLIYIO BEJH-
YUHY, TO MApaJUIeJIbHO aMIepMeTpy MOJAKIIOYaroT IIyHT. B nelicTBuress-
HOCTH LIYHT BKJIIOYAIOT MOCJIEIOBATENLHO C HATPY3KOW, a aMIepMeTp MoJ-
KJIIOYAIOT K myHTy (puc. 1.18).

Puc. 1.18. Cxema BKIIFOUCHHS aMIIEPMETPA C IIYHTOM:
1 — wyHT; 2 — Harpy3Ka

ynT npexacrtaBisier coOOH TOJNCTYI0 KOHCTAHTAHOBYIO WIIM MaHTaHH-
HOBYIO acTuHy. [IpuMeHeHne B KauecTBe IIYHTOB (U J100aBOYHBIX pe3u-
CTOPOB) MAaHTaHWHA U KOHCTaHTaHa OOBSICHAETCS TE€M, YTO COIPOTHUBIICHUE
STHX METAJJIOB B HE3HAUUTEIFHOMN CTENIEHH 3aBUCUT OT Temmeparypsl. Ecnu
COIPOTHBIICHHE IIYHTa B 9 pa3 MEHbIIE CONMPOTHUBICHHS OOMOTKH amIiep-
MeTpa, To 0,9 Toka mpoiiner yepe3 myHT u Tonbko 0,1 — depe3 mpubop.
Ipu 3TOoM Ttpeaensl u3Mepenuilt npudopa pacmupsitores B 10 pa3. Compo-
THUBJIEHUE IIYHTA ONPEENSIOT 0 hopMyIie

R =2, (1.7)

rine R, — conpoTuBieHne IyHTa;
R, — conporusnenne 0OMOTKH aMIIepMeTpa;
1 — 4YUCIIO0, MOKA3bIBAIOIIEE, BO CKOJIBKO pa3 PaCIIUPSIIOTCS MIPeeIIbl U3-
MepeHus npudopa.

[Mocne nopxioveHHs MIyHTa Ha IIKale NMpuOopa ClieayeT MOCTaBUThH
MHOXHTENb (B JaHHOM citydae x10). Ilpu BximtodeHnn ammepMeTpa ¢ mryH-
TOM (haKTHYecKasi CHja TOKa B IEMH ONpeeJsieTCsl IPOU3BEIeHHEM T0Ka-
3aHU# Mpubopa Ha MHOXKHUTEIb.

IIyHT nOHKEH MMETh YeThIpe KOHTAKTa: K JABYM W3 HUX IOAKIIOYAIOT
pudop, a K AByM JPYTHUM — COCANHHUTENBHBIE MPOBOJA SIEKTPUIECKOH Iie-
. Takoe MOACOEAMHEHNE HCKIIIOYAcT 3aBHCHMOCTB TTOKa3aHWil mpuodopa
OT TMIEPEXOAHBIX CONPOTUBIICHUI KOHTAKTOB.
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BEIOOp cONpOTHBIICHHS LIYHTa 3aBHCHT OT BHYTPEHHErO COIPOTHBIIE-
HUA npudopa. Tak, HanpuMep, PH PaCIIUPESHUN IPEIeIoB H3MEPSHUHN 11~
TOBBIX NPUOOPOB, PACCUNTAHHBIX Ha JECSITKU U COTHH aMIep, CONPOTHBIIE-
HHUE IIYHTOB MOXET COCTABIISITh THICSYHBIC WM JJa)K€ MUJUIMOHHBIEC JOJIU
Oma.

B Tex cimydasx, Koraa BOJIBTMETPOM, PACCUYMTaHHBIM Ha M3MEpPEHUE He-
OONBIINX HATIPSDKEHHUH, TpeOyeTCs M3MEPHUTh OOJIBLIYIO BEJIMYHHY, MTOCIIEN0-
BaTeJbHO C BOJIBTMETPOM BKJIFOUAIOT 100aBOUHBIH pesucTop R, (puc. 1.19).

Puc. 1.19. Cxema BKIIIOUEHHUS BOJILTMETPA
¢ 106aBOYHBIM COMPOTHBICHUEM

Ecmu nobaBounoe compoTtuBieHune R, Oyaer B 9 pa3 OoJbIe COnMpoOTHB-
JIeHnst 0OMOTKH BoOJbTMETpa, To 0,9 o0miero HampspkeHust OyneT mpuxo-
JMThCS Ha JIoGaBoyHOe compoTusieHue R, u tonpko 0,1 — Ha conmpoTHBIe-
HHe oOMOTKM BosibTMeTpa R,. Ilpm sToM mpenensl m3MepeHuil mpudopa
pacumpstes B 10 pas.

Pacuer conporuBieHnss 106aBOYHOTO PE3NUCTOpa MPOU3BOIAT MO (op-
MyIe

R =——, (1.8)

rae R, — conporuBiienne 106aBOYHOTO PE3UCTOPA;
R; — conpoTuBiIeHnE OOMOTKH BOJIETMETPA;
1 — 9UCIIO0, TTOKA3bIBAIOIIEE, BO CKOJBKO Pa3 PACHIUPSIFOTCS MPEICITbl H3-
MepeHH mpubdopa.

O4eBUAHO, YTO TMOCIE BKIFOUYCHHS T0OOABOYHOTO pe3ncTopa HeoOXOIu-
MO U3TOTOBUTH HOBYIO IIKAJTy HJIM Ha HMCIOMICHCS IIKAJIe TOCTAaBUTh COOT-
BETCTBYIOUIMH MHOXHUTEJb. Tak Kak COMPOTHBICHUE T00AaBOYHBIX PE3UCTO-
POB B HIUTOBBIX MPHOOPAaX MOXKET [OCTHIaTh HECKONbKUX Thicsd OM, MX
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BBINOJHAIOT B BUJIE KaTyIIEK M3 TOHKOTO NMPOBOAA C OOJIBIINM YAEIBHBIM
COIIPOTHBIICHHUEM.

IyHTHl ¥ 1O006AaBOYHBIE PE3UCTOPHI MOKHO Kak MOHTHPOBATh BHYTPHU
npudopa, Tak M TMOJAKIIOYATh K ero 3a)kuMaM Ha BpeMs n3MepeHuil. B mo-
CJIEZIHEM CITyJae Ha IIKaie npudopa ykas3pBaroT: «C OTAECTBHBIM LTYHTOM»
i «C OTIeNbHBIM J00ABOYHBIM PE3UCTOPOM.

1.2.2. I3mepeHue MOLIHOCTH U JHEPrUHU

Jlyis M3MEpeHusi MOUIHOCTH B IICMH MOCTOSIHHOTO TOKa HE TpeOyeTcs
crenuasbHOro mpudopa, Tak kak MomrHOCTh P = Ul merxo moxxer OBITH
MOJICYMTAHA TI0 MOKA3aHUSIM BOJBTMETPA M aMIIEPMETPA.

B 1ienu mepeMeHHOr0 TOKa MOIHOCTh 3aBUCUT HE TOJBKO OT HampsiKe-
HUSI M TOKA, HO U OT CABHTa (a3 MEXIy HUMH:

P = Ulcos ¢. (1.9

IToaToMy mpou3BeZieHHE HANpPsDKEHHS U TOKAa HE ONpenessieT MOIIHO-
CTH, TaK Kak JJisi ee U3MEpPEeHUs] HEOOXOIUM BAaTTMETP AJIEKTPOJMHAMUYE-
CKO# Wiu (peppOAMHAMHYCCKON CUCTEMBI. B 3JeKTPOJUHAMUYECKOM BaTT-
MeTpe HEMOJBMKHAs KaTylIKa BKIIOYACTCS IOCIEIOBATEIbHO C Harpys-
Koif Ry, a mojBiKkHas cHaOxkaercsi 100aBOYHBIM CONPOTHBICHHWEM R, n
BKJIFOUAETCsI mapayuienbHo Harpyske (puc. 1.20).

»*
P
O~ —
»*
]
~7 RH
Rg
O %

Puc. 1.20. Cxema BKIIIOUYEHHS BATTMETPA
Takum 00pazoM, MTHOBEHHOE 3HAYCHHME TOKA HETIOJBM)KHOW KaTyIIKH
PaBHO TOKY HArpys3kKku, a TOK HO[[BI/I)KHOﬁ KaTylikKyd MTpOonopuuoOHaJICH

HaPsOKCHUIO Ha 3aKUMax MPHUEMHHUKA U TOJDKEH COBIIAAATh C HAIIPAKCHU-
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eM 1o Qaze. UtoObI TOk coBmagan mo ¢asze ¢ HampsHKeHHEM, JO0OaBOYHOE
aKTHUBHOE COMPOTHBICHHE R, JOKHO OBITH HAMHOTO OOJIBIIE HHIYKTUBHO-
IO CONPOTHBJICHUS CaMOil OOMOTKH, YTO JaeT BO3MOXKHOCTb CUUTATh CO-
MIPOTUBJICHHE IIEIH HANPSDKCHUS Oe3pEakTHBHBIM.

Bpamiaromuit MOMEHT y 3JIEKTPOJMHAMHUYIECKOTO BaTTMETpa HMPOIIOPIH-
OHaJICH IPON3BEACHHUIO HANPSDKEHHS M ToKa. [Ipn BKIFOUCHWH BaTTMETpA B
ILIETb TIEPEMEHHOTO TOKa Ha BPAIIAIOIINI MOMEHT HE BIIUSIECT OJXHOBPEMEH-
HOE M3MEHEHHUE HANpPAaBJICHUS TOKAa B 00EMX KaTyIIKaX, HO €CIIH MOMEHATh
MECTaMH 3aKUMbI O}IHOﬁ 13 ABYX KaTyUICK BATTMETPA, TO 9TO USMCHUT (ba-
3y TOKa B 3Toi Karymike Ha 180° u HampaBieHHE BpAIIAIOIIET0 MOMEHTA.
Z[HH npeaynpexaCHUs BO3MOKHOCTHU HCIIPABUJIBHOT'O BKIIIOUCHUSA BaTTMET-
pa OTHOCHTENIbHBIE «Hayajia» JABYX KaTylIeK BaTTMeTpa (TeHepaTopHbIe 3a-
HUMBI), IPUCOCTUHEHHBIE K OJHOMY M TOMY K€ HOJIOCY HCTOYHUKA, OTMeE-
YalOTCsl Y 3aKMMOB 3B€3104YKOM (*); KOHIIBI 3THX KaTYIIEK IMPUCOSANHSIOT-
s K Pa3HbIM TI0JIIOCAM Harpy3KH.

ONeKTpoIMHAMHUYECKHE BaTTMETPHI MCIONB3YIOTCS B IIEMAX Kak Iepe-
MEHHOT'0, TaK ¥ IIOCTOSTHHOTO TOKa.

deppoauHaMHUYECKHe BaTTMETPBI 00IaJa0T MEHBIIEH TOYHOCTBIO W B
LEMAX MOCTOSHHOTO TOKa HETPUIOAHBI U3-3a BIIMSHUS THCTEPE3nca.

Jnst u3MepeHus pacxoja IJEKTPUUECKONH SHEPruu MEePEeMEHHOro ToKa
NMPUMEHAOT CYECTUUKU I/IHI[YKHI/IOHHOﬁ cucteMbl. Cxema BKJIIOUEHHS UX B
ceTh NMofo0Ha cxeMe BKJIIOUCHHUS BAaTTMETPa, T. €. OJlHa OOMOTKA CYETYHKa
BKJIIOYACTCS IIOCTIEJ0BATEIbHO C HArpy3Koi, a BTOpas — MapajulesIbHO i
(puc. 1.21).

Puc. 1.21. Cxema BKJIIOUCHHS CUCTUYUKA
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B oTim4me OT BATTMETPOB B LIEMH MapaUIEIbHONH OOMOTKM HUKAKUX J10-
0aBOYHBIX COMPOTHBICHHUIA HET, TaK KaK JUIs CO3JaHUs BPAIAIOIICro Mar-
HUTHOTO TIOJISI TOKH B JIBYX KaTYIIKaX JOJDKHBI OBITH CIBHHYTHI IO (pase Ha
yroi, onu3kuii k 90°.

Ha tabnuie cueTynka yka3aHO HampsDKEHHE, TOK, 4aCTOTa, HA KOTOPHIC
OH PACCUUTaH, B KAKUX CUHHIIAX U3MEPSIOT SHEPTHI0, KAKOMY KOJHUYECTBY
000pOTOB TUCKA COOTBETCTBYET pacxo dHepruu B 1 kBT - 4.

1.2.3. I3mepeHue conpoTHBIEHMIT
JI1s u3MepeHnsi CONPOTUBIICHUSI MOXKET OBITH MCIOJIB30BAaH METOJ aM-

NEpMETpa U BOJIBTMETpPA. I/ICHOJ'IBSYSI IIOKa3aHuA HpI/I60pOB, BKIIIOUYCHHBIX C
HU3MEPSACMBIM PE3UCTOPOM, UMEEM:

X

R =UT' (1.10)

st Oonbleld TOYHOCTH TPH M3MEPEHHH MAJIBIX CONPOTHBICHUI MpH-
OOopBI cilelyeT BKIIOYATh TaK, YTOOBI CONPOTHBIICHUE aMIIepMeTpa HEe BIIUsI-
JIO Ha TOKa3aHusi BosibTMeTpa (puc. 1.22, a), a npu n3MepeHun OOJIBIINX
COIPOTHBIIEHUH — TaK, YTOOBI CONPOTHUBIICHHUE BOJLTMETPA HE BIHSJIO Ha
nokasanus ammepmerpa (puc. 1.22, 6). Jlyist orpaHdY€eHHs CHIIBI TOKA BKITIO-
yaeTcs 100aBOYHOE COMPOTHBICHUE R .

(1)
L

@

Puc. 1.22. Cxema BKIIOUEHHUS aMIEpMETPa U BOITMETpa IPH H3MEPEHUHU CONPOTUBICHHUIL:
a — MaJIol BEJIMYHHBL; 6 — GOJBIION BETMYUHBI
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Jnst HeToCpPEeICTBEHHOTO M3MEPEHHS COIPOTHBIICHUH CITy>KaT MPHOOPEI
OMMETPBI M1 METOMMETPHI, KOTOPBIE MOTYT BKIIFOUaThCS B CXEMY ITOCIEIO-
BaTEJIbHO WU MapalienabHo.

Bonee TOYHBIM METOIOM M3MEPEHHUS CONPOTHBICHHUS M IPYTHX 3JEK-
TPUYIECKUX BENWYMH (MHAYKTHBHOCTEH, E€MKOCTEH) SBIAETCI MOCTOBas
cxeMa. MocT A u3MepeHHs CONPOTHUBIIEHUSI COCTOUT U3 TpeX ILIeY C pe-
TYJIUPYEMBIMHU CONIPOTHBIICHUSIMH, KOTOPbIE BMECTE C YETBEPTHIM HU3Mepsie-
MBIM CONPOTHUBIICHHEM 00pa3yloT 3aMKHYTHIN KOHTYp. [Ipn n3mepennn ma-
JIBIX COMPOTHUBIICHUH OOJBIIYIO MOTPEUIHOCTh BHOCSAT CONPOTHBICHHUS KOH-
TaKTOB M COCAMHUTENBHBIX POBOOB. B Takux ciyuasx UCIONB3YIOT OoJiee
CJIOKHBIE CXEMBI (ABOMHBIC MOCTHI).

1.2.4. I3mepeHue HeITEKTPUYECKUX BeTUYHH

[IInpoko mpUMEHSIETCS H3MEPEHHE HEUICKTPUUCCKUX BEIMUYMH BIICK-
TPUUYECKUMH METOJIaMH, TaK KaK C X ITOMOIIBIO IOJIy4aloT U3MEpEeHUe Au-
CTaHIJMOHHOE, HETIPEPBIBHOE, BEICOKOW TOUHOCTH M 1yBCTBHTEILHOCTH.

Jnst IpoBeieHNsT N3MEPEHNH HEANIEKTPHUECKYIO BETMUNHY HEOOXOJMMO
mpeoOpa3oBaTh B 3aBUCSIIYIO OT HEE ANEKTPUUECKYIO BEJTHYUHY, ONpeens-
eMyI0 MOKa3aHUAMU 3JIEKTpou3MepuTenabHoro npubopa. Takoe mpeodpaso-
BaHME BBIMIOJHSACTCS MEPBUYHBIM M3MEPUTEIbHBIM IIpeoOpa3oBaTeneM (1aT-
guKoM). JlaT4uky OBIBAIOT:

— rapamMeTpu4ecKue — MpeoOpa3oBhIBAIOT HEINEKTPUUECKYIO BEIHYHHY
B OJIMH W3 ITApaMeTPOB JNEKTPUUECKOH IIenH (CONPOTHBIICHHUE, HHAYKTHB-
HOCTb, EMKOCTb);

— FeHepaToOpHble — IMPeoOpPa30OBHIBAIOT HEIJIEKTPUUECKYIO BEIMYHUHY
B DJIC.

VYerpolicTBa 1) U3MEPEHHS HEANEKTPHUECKUX BEJIMYMH NMPUHIUIHAIIb-
HO JIOJDKHBI COJep)KaTh IpeoOpa3oBaTeNb, COCTMHHUTENIBHBIE MPOBOAA WU
JIEKTPON3MEPHUTENBHBIN MPUOOp, MIKajda KOTOPOTO MpOrpajynpoBaHa B
3HAYEHUSAX U3MEPSAEMOM BeNUYMHBEL. B AeHCTBUTENBHOCTH 3TH YCTpOMCTBa
3HAYUTENBHO CIIO)KHEE, TaK KaK OHM COAEP)KaT eIle MCTOYHUKH NMUTAHMSA,
cTabMIN3aTOPHI, BRIIPSIMUTENH, YCHIUTENN U T. 1.

1.2.5. IIpoBenenne u3mMepeHuii

B 3aBucumMocTu ot cnocoba MOJIy4CHU: pe3yjbTaTa UBMEPCHUA ACTIATCIA
Ha IIPAMBIC 1 KOCBCHHBIC.
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IIpsimoe uzmepenue — 3T0 OTNpeeICHNE 3HAUCHUS U3MEPSIEMON BENNIH-
HBI HETIOCPEACTBEHHO C MOMOUIbIO CPEACTB M3MepeHus. Tak, MOXKHO U3Me-
PUTH CHITy TOKa aMIEpMETPOM U 1Ip.

IIpn KOCBEHHBIX M3MEpPEHHSAX 3HaueHHEe (PU3NUECKON BEIUYMHBI OIpe-
nensieTcst Mo (opmyse, CBA3BIBAIOIICH ee C NPYrMMHU BEIWYWHAMH, TOIY-
YeHHBIMU B XOJIe NMpsMBIX U3MepeHuil. Hanpumep, Tak usmepsercst conpo-
TUBJICHHE TI0 CHJIC TOKA ¥ HANPSDKEHUIO U T. 1.

Jliist onpeneneHust TOKa3aHUi 3JIEKTPONM3MEPUTEIBHBIX IPHOOPOB HEOO-
XOIMMO HAayYHTHCS MPABUIBLHO ONPEICIATh y HUX TAaKHE MapaMeTpsl, Kak
TIpe/ieN U3MEPEHUS 1 [IeHa ACTICHUS.

IIpeden usmepenuss — 310 HanOOJIbIIEE 3HAYCHHE U3MEPSIEMON BETHYH-
HBI, KOTOpasi MOKET OBITH M3MepeHa MPUOOPOM.

Llena Oenenusi — 3T0 YUCIICHHOE 3HAUCHHE U3MEPAEMON BEIMYHHBI, CO-
OTBETCTBYIOIIEE OJTHOMY JEICHUIO IIKAJIBI.

B 3aBHCHMMOCTH OT 3THX HapaMeTpOB NMPHOOPHI MOTYT OBITH C UMEHO-
BAHHOM LIKAJIOW XU MHOT'OIIPECIIBHBIC.

Y MHOrOIpeAeNbHBIX MPUOOPOB MMEIOTCSl MEePEeKITIoYaTeIH MpeaesoB,
Bu U (opMa KOTOPBIX OTIMYAIOTCS B 3aBHCUMOCTH OT KOHCTPYKLHH H
Mapku npubopa (puc. 1.23).

N

Puc. 1.23. MHoromnpeneibHble IPUOOpPHI
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Y npubopoB ¢ UMEHOBaHHOH IIKAJIOH Tpeaes N3MEPEHHUs OTIPEIeIIeTCS
1o camMoMy OOJIBLIIOMY YHCITy Ha IIKaJle BO3JIe KpallHero AeJeHUs, a IieHa
JIeTICHUS — KaK OTHOILEHNE PAa3HOCTH MEXKIY COCEAHUMH YHCIIAMHM IKAJIbI K
YHCITy JeJICHUH MKy HUMHU.

Y MHOromnpeneNbHbIX NPHOOPOB IMpees W3MEPEHHUSI OIpENesieTcsl 1Mo
TIOJIOXKEHHIO TIEPEKIIFoYaTeNs NPeIesioB WM M0 HAJIUCSIM BO3JIE 32)KUMOB,
C MOMOIIBI0 KOTOPBIX MOAKII0UaeTcs mpubop. OOmuil 3auUM OTMEdaeTcs
3BE3/I0YKOH (*) WM 3HAaKOM MHHYC (—), €cii MpHOOp MpeaHa3HAYeH IS
BKJIIOUCHHS B LIEMH IIOCTOSHHOTO ToKa. lleHa neneHust Takux mpuOOpoB
OTIpeeTIsIeTCs KaK OTHOIICHHE TpeJiesia M3MEPEHHUsI K MAKCUMAaIbHOMY 3Ha-
YEHUIO Ha IIKajie mpuoopa.

Y MHOTONpENeNbHBIX BATTMETPOB UMEIOTCS OTEJIBHBIE NEPEKITIOIATEITN
MpeeNoB U3MEPEHHS TI0 HAMPSDKCHUIO U TOKY (puc. 1.24).

5 150 300 450 600
V— 1

Puc. 1.24. MHoronpeenbHBIH BaTTMETP

[penen u3MepeHUs: TAaKMX BATTMETPOB MO MOLIHOCTH PACCUYUTHIBACTCS
1o opmyie
P, =U,l,cos o, (1.12)

rae P, — mpezen u3amMepeHus BATTMETpa Mo MOIIHOCTH, BT;
U,, |y — 1penensl U3MepeHust 1o HANpPSHKEHUIO M TOKY, KOTOpbIE OIpe-
JICTSIFOTCSL 110 TIOJIOXKEHHUSIM COOTBETCTBYIOIINX MEPEKIII0YaTe-
JIEW WJIM HAJIIMCIM BO3JIE 3a)KHMOB.
OmHUM M3 BHJOB MHOTOIPEIEIbHBIX NPUOOPOB SIBISIETCS KOMIUIEKT U3-
MmepurenbHbiit K505 (puc. 1.25).
Nmeromasicst Ha HeM Tabnuna 3HadeHui (puc. 1.26) mo3ossieT onpene-
JIUTH LIEHY JIeJICHNs] KaXKA0ro nprubopa 06e3 AOIMOJIHUTEIEHBIX BBIYUCICHHH.
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Puc. 1.25. Kommiekt n3mepurenseiii KS05:
1 — ammepmerp; 2 — BaTT™METp; 3 — MEPEKIII0YATEND MPEAEIIOB [0 TOKY; 4 — TabJuIla 3HAYCHHIA;
5 — nepexIoyaTelu NpeIelioB M0 HAMPSHKEHUIO; 6 — BOIbTMETp

Puc. 1.26. Tabmuma 3Hauenuii nmpudopa K505:
1 — cTonGer mpenesoB MO TOKY; 2 — CTOJIOCI IIEHEI SNICHHST aMIIepMeTpa;
3 — 3HaYeHWs LICHBI JIeTICHNs BaTTMETPa; 4 — CTPOKa IIEHBI JICNICHNS BOJIBTMETPA;
5 — cTpoKa Ipe/ienoB M0 HAIPSKEHHIO

Hanpumep, eciu mpezaen u3MepeHusi 1o TOKY COCTaBJIseT 5 A, TO IieHa
nmemnenus amrepmerpa — 0,05 A, a ecnu peiesr H3MEpeHus 10 HAPSHKEHUIO
coctasister 300 B, To nena nenenus BonsT™Merpa — 2 B. Llena nenenus BatT-
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MeTpa OIpeAeNsIeTCsS Ha IIePeceueHNH COOTBETCTBYIOIIMX CTPOKH M CTOJO-
I1a 3HAUCHMH, yKa3aHHBIX aMIIEPMETPOM M BOIBTMETPOM. B Hamem ciydae
HAa MepecedeHnt CTPOKH € MPEesIOM IO TOKY 5 A coO CTOJOLOM ¢ IpeaeaoM
mo HampsokeHuio 300 B momygaem 3HadeHHe LeHBI JEICHHS BaTTMETpa
10 Br.

ONeKTpOU3MEpHUTENbHbIE YCTPOICTBA MOTYT 3KCILUTyaTUPOBAThCA C
YCTPONCTBAMHU, PACHIMPSIOMUMHI HX IHpeIesbl U3MEpPeHUs (IONOIHUTEINb-
HBIE PE3UCTOPBI, TpaHC(HOPMATOPHl HANPSHKEHUA M TOKa). B aToMm ciydae
LICHA JICJICHNS TOJDKHA PACCUUTHIBATHCS C YUECTOM ITHUX YCTPONCTB.

B cBs13u ¢ Tem, 9TO aOCOMIOTHO TOYHBIX ITPUOOPOB HET, MOKA3AHUS IPH-
0OpOB HECKOJIBKO OTJIMYAIOTCS OT ACHCTBUTEIBHOTO 3HAUCHHS H3MEPSCMOM
BeNMMYMHBL. Pa3sHOCTP MEXAy NOKazaHWeM NpuOopa M AEHCTBUTEIHHBIM
3HAUEHHEM HM3MEpSIeMOi BEIMYUHBI HA3BIBACTCS AOCOMIOMHOU NOSPEUHO-
cmuio.

OtHomreHne abCOMOTHON MOTPEITHOCTH K ICHCTBUTEIILHOMY 3HAUCHHIO
U3MepsIeMON BETMYHMHBI HA3bIBACTCSA OMHOCUMENbHOU NOZPEUHOCHbIO TIPH-
6opa:

Yor = (AA/ A) 100. (1.12)

Orcrofa cieayer, 4TO OTHOCHUTENbHAS MOTPEHIHOCTh B HAYalle IIKalIbl
mpubopa OoJbIIe, 9eM B KOHIIE. DTO 0OCTOSATEIECTBO HEOOXOIMMO YIUTHI-
BaTh NPU BBIOOpE TIpeliesia U3MEPEHH B YHUBEPCAJIBbHBIX M3MEPUTEIbHBIX
npubopax (aBoMerpax). HanmMeHbImasi MOTPENIHOCTE B U3MEPEHUAX OyaeT
IIPY MCTIOJIb30BAHUH TIOCJIEIHEH TPETH IIKaIIBI TPHOOpA.

TakuM 00pa3oM, TOYHOCTH CTPENOYHBIX H3MEPUTEIBHBIX NPHOOPOB
(caMbIX pacrpoCTpaHEHHbBIX) OILIEHUBATh MO MX OTHOCHTENILHOM MOTrPENIHO-
CTH HEYZOOHO, TaK Kak abCOIOTHAsSI TOTPEITHOCTh y HUX IPUMEPHO OJIMHA-
KOBa BJIOJIb BCEH ILKaJblI U, CIIEJ0OBATENILHO, C YMEHBIICHHEM H3MEpIeMOi
BEJIMYMHBI OBICTPO PACTET OTHOCHUTENBHAS TIOTPENIHOCTD. J[JIsl OIEHKH TOY-
HOCTH CTPEJIOYHBIX W3MEPHUTENbHBIX MPUOOPOB CIYXKUT UX MPUBEICHHAS
MIOTPEIIHOCTh, PaBHasl OTHOMICHWIO a0COJIOTHOM MOTPEemIHOCTH IT0Ka3a-
HUS AA K 3HAYCHHIO, COOTBETCTBYIONIEMY HauOoJbIIeMy (HOMHHAIHLHOMY)
TOKa3zaHuIo npubopa A, BBIpa)KEHHOMY B IIPOLICHTAX, T. €.

Yo = (AA / A,) 100. (1.13)

IIpuBeneHHass MOTPEIIHOCTh MPH HOPMAIbHBIX AKCIUTYyaTallMOHHBIX
yenoBusx (temmeparypa +20 °C, mpaBumibHas YCTaHOBKA, OTCYTCTBHE
BHEITHUX MarHUTHBIX ToJiei 1 OonpmMX (peppoMarHUTHBIX Macc) Ha3bIBa-
€TCsl OCHOBHOU NOZPEUIHOCbIO TIPUOOpA.

Kpome morpemrHocTr, Ba)KHOW XapaKTEPUCTUKOM CPEACTB HU3MEPEHUI
SIBIISIETCSI UX YyBCTBUTEIBHOCTh. UyBCTBHTENBHOCTH NMPHOOpa K H3Mepsie-
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MOH BEJIMYUHE — 3TO OTHOIICHHE M3MEHEHHUs CUTHAJIa Ha BBIXOJIE U3MEPHU-
TEIBHOTO MPUOOPa K BRI3EIBAIOIIEMY €TI0 N3MEHEHHIO H3MEPsAEeMON BEIHIH-
Hbl. BenwuwHa, oOpaTHas YyBCTBUTCIBHOCTH, HA3BIBACTCS HOCHIOAHHOU
npubopa WA YeHoU OeneHusl.

OT YyBCTBHUTEIFHOCTH HEOOXOOMMO OTJIHYATh IOHITHE HOpo2d 4ye-
cmeumenbHocmy  W3MEPUTENBHOTO MPUOOpa, MOA KOTOPHIM IOHHUMAIOT
HaMMEHbIIIee M3MCHEHNE 3HAUCHHUS M3MEpsSEeMON BEIMYMHBI, BBI3BIBAIOIICE
3aMeTHOE M3MEHEHHUE MOKa3aHui nmpuoopa.

Tompebnaemas mowHocms — 3TO MOIIHOCTD, MOTpeOsIeMast 3JIEKTPO-
HU3MEPUTENIBHBIM MPUOOPOM IIPHU BKIIFOYCHHUH €TI0 B M3MEPUTEIILHYIO IICTIh.
B OompmmHCTBE ciydaeB 3Ta MOIIHOCTH Maja C TOYKH 3PEHHS YKOHOMHHU
anekTpodHepruu. Ho mpu u3MepeHny B MaJOMOIIHBIX IEMIX MOTPeOICHUE
pUOOPaMU MOITHOCTH MOXET H3MEHUTH PEXUM paOOTHI LS , YTO IPHBO-
JIMT K TOTPEIIHOCTSIM H3MepeHuil. [loatomy Manoe morpebieHne MOIIHO-
CTH OT LENH, B KOTOPOH OCYIIECTBISIETCS U3MEPEHUE, SBISACTCS JOCTOMH-
CTBOM MpuOOpa. MouHoCTh, noTpedisieMast IpuOoOpaMu, B 3aBUCHMOCTH OT
TIPUHITUIA JACHCTBYS, Ha3HAYCHHUS NPUOOpa W Tpeaera U3MEpeHUs, UMeeT
caMble pa3jMYHbIC 3HAYCHUS WM IS OOJBIIMHCTBA IPUOOPOB HAXOMUTCS
B IIpezenax 102-15 Br.

bBvicmpooeiicmseue — 9UCI0 U3MEPEHUH, BHITIOTHIEMBIX B €HMHUILY Bpe-
MEHH.

Bpems yemanosnenus nokazanuil (6pems yChoKOeHust) — 3TO TIPOMEKY-
TOK BpEMEHU C MOMEHTa W3MEHEHHUS M3MEPSEMOU BEJIMYUHBI JJO MOMEHTA,
KOTJla yKa3aTeJsb 3aifMeT MOJI0’KeHHUEe, COOTBETCTBYIOIIEE HOBOMY 3HAUEHHUIO
n3MepsieMoil BenuauHbl. OOBIYHO 3TOT MHTEPBAN PACCMATPUBAIOT JO MO-
MEHTa, KOT[a OTKIIOHEHHE YKa3aTelld OT yCTAaHOBUBIIETOCS 3HAYCHUS HE
npeBbiiaeT 1 % uMHBl mKansl. BpeMs ycTaHOBIIEHMS MOKa3aHWM AJis
OOJIBIIIMHCTBA TUTIOB MPUOOPOB HE JODKHO MPEBHIMIATE 4 C.

Jluanaszon usmepenuss — 00IACTh 3HAYCHUA MEKAY BEPXHAM M HIDKHUM
npefenaMu usMepeHui. Jluama3oH H3MEpeHMil MOXET COCTOSATh U3 He-
CKOJIBKHX YacTel (IoIHana30HoB) ¢ pa3HBIMU KJIACCAMH TOYHOCTH.

Ilepecpysounas cnocobHocms — 3TO BO3MOKHOCTh TPHOOpPA COXPAHSATH
paboTOCIOCOOHOCTh TPH  KPATKOBPEMEHHOM TIOBBIICHWH TOKOB MK
HamnpsDKeHUH CBEPX YCTAHOBJICHHBIX BEJIMYWH.

1.3. Iopsagok opopmiienuss oTyera
1. 3anmcarh Ha3BaHWE U IeJIb Ja0OPATOPHOI paOOTHI.
2. IIpuBecTr XapakTEepUCTUKY OOBEKTOB M CPEICTB HCCIEIOBAHMS IO

¢dbopme Tabm. 1.5.
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Ta6nunma 1.5. XapakTepucTHKA H3MePHTEILHBIX IPHOOPOB

TTokazarenb Ipubop

HaumeHoBaHue nprbopa u ero ycIoBHOEe 0003HaYCHHE Bonbsrmerp (V)
Pox Toxa (TOCTOSTHHBIN W1

n ~ NIepeMeHHBIIT)
Kitace Tounoctu 0,5 (;1abopaTopHbIit)
Popma kopmyca IIpsimoyronbHas
TTono)xeHne MIKaJIbl [IPU U3MEPEHUH ™1 (ropu30HTAJILHOE)
DKcIulyaTalOHHAasl rpyIma A (0...+35°C)
Cuctema npubopa %z DJeKTpoMarHuTHas
T'on BeIycKa 1963
HcnsiTaTensHOE HANPsDKEHUE H30IALMI ﬁ? 2000 B
Mapxka npubopa 259
IIpenen usmepeHus 75 B, 150 B, 300 B, 600 B
Ilena menenus npudopa 0,5B,1B,2B,4B
Buj orcuerHoro ycrporcTa HoxeBusiHas crpenka
3aBozCKOiT HOMEp 52070

I pumewyanue. [Ipumep odpopmiteHns TaOIHIBI IPEACTABIEH JUIs TPUOOpa, MOKa3aH-
Horo Ha puc. 1.1.

JlagopaTtopHas padoTa Ne 2.
HUCCJIEJOBAHHUE HENU IOCTOSAHHOI'O TOKA

Lenu pabomut:

1. 3yuuTh OCHOBHBIE COOTHOLICHHS MEXAY (PU3NUECKUMHU BETHYMHAMH
(TOKH, 3IEKTPOJBIDKYIUE CHIIBI, HANPSHKEHMS, CONPOTHUBICHUS) B Hepas-
BETBJICHHOU eI IIOCTOAHHOIO TOKa ¢ OJHHM HCTOYHMUKOM IIMTAHUA U B
pa3BeTBJ’[eHHOﬁ nenm ¢ IByMs HCTOUYHUKAMU ITATAHUA.

2. DKCIIEpUMEHTAIbHO ONPEACINTh BHYTPEHHEE CONPOTHUBICHUE W
ANEKTPOABIDKYIIYIO CHITy UCTOYHUKOB IMATAHHS.

3. DKCIIepUMEHTANBHO OMPEICITUTh HAPSKCHAE MEKAY JABYMS Y3IaMH
HEpPa3BETBJICHHOW IICTIH M TOKH B €€ BETBSIX, CPABHUTH 3TH BEIMYUHEI C MX
pacUCTHBIMH 3HAYCHUSIMH.

4. [Tomy4uTh BHEIIHIOK XapaKTEPUCTUKY UCTOYHUKA TUTAHUS.

2.1. O0BEKTHI U CPeCTBA UCCIEA0OBAHUS

Ha pabGoyem Mmecte CMOHTHpOBaHa JlabopaTopHasi YCTaHOBKA, COCTOS-
mas U3 JIBYX CTaHIAPTHBIX WCTOYHUKOB IMOCTOSHHOTO Toka Thma 13YH-1,
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610Ka Harpy304HBIX peoctartoB Tuma PIIIII-5 u u3MepuTensHBIX TPHOOPOB.

Hctounuk mocrossuHoro Toka tumna 13YH-1 (puc. 2.1) cocrout u3 omgHo-
ro OJoKa, Ha JIMIEBON IaHEIH KOTOPOTO PACIIOJIOKCHBI OpPTaHbl yIIpaBlie-
HUSI 1 KOHTPOJISI, KJIEMMBI M THE3Ja JUIS MOACOEIUHEHHS PAa3IMYHBIX IPH-
eMHHUKOB. HampspbkeHne nuTaHus Ha OJIOK IoJaeTcs BKIFOYEHHEM OMIHO-
norocHoro BeIKIFoYarerst QF 1. B mepBiuHO# nenm 6710ka yCTaHOBJIEH aBTO-
tpancdopmarop TV1 tuna JIATP-2M Ha HOMHMHanbHBIN TOK |, = 2,5 A,
nanpspkenne U, = 220 B, gacroty f, = 50 I'u. B 3aBucuMocTH 0T mososxe-
HUSI py4KH aBTOTpaHc(opmaropa Ha MEPBUYHYI0 OOMOTKY CHIIOBOTO ITOHH-
xaromero TpaHchopmaropa TV2 MoxeT moJaBaThCs HampsbkeHue oT 0 1o
250 B, xoTopoe KOHTpOIHMpyeTCst BObTMETpoM PV1.

SA1..SA3  RR1..RR3

Puc. 2.1. TlpuHIMNHATEHAS SIEKTPUYECKAsT CXeMa
HCTOYHMKA MTOCTOSTHHOTO ToKa Tuna 13YH-1

W3mepeHne cuibl MOCTOSHHOTO TOKa M HANPSDKCHHS HMPOU3BOIUTCS C
nomotipto amnepmerpa PA2 ¢ nepexirouatenem SAl Ha TpH MOJIOKEHHS.
B HeliTpansHOM TONOKEHMH mepekiodaTenss npubop PA2 wcrnonb3yercs
KaK MHJUTUBOJIETMETD.

B kauectBe Harpy3kum ucrnonb3oBaH 0ok peocratoB RR1-RR3 rtuma
PIIIII-1, HOMUHANBHBIA TOK Kaxkaoro ux HuX |, = 5 A, comporuBieHue
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Ry = 15 Om. C moMmompio OJHONOMIOCHBIX BBIKIIOUaTeneii SA2—SA4 peo-
CTaTaMy MO>KHO U3MEHSTh TOK Harpy3KH HCTOYHUKOB IIOCTOSIHHOTO TOKA.

JU1s U3MepeHuns TOKa Harpy3KH CIIYXKHUT aMIIepMeTp MarHUTOJIEKTpUY e-
ckoit cuctembl PAl tuma M1104 ¢ Tokom |, = 0-30 A, mis usmepeHus
HaTPSDKCHUS HATPY3KH — BOJIBTMETP MAarHUTOIJIEKTPHUECKOH cucteMsl PV2
tuna M45M Ha HomuHankHOe Hanpsbkenne U, = 3-300 B.

2.2. O01HMe cBeIeHU 0 HenAX MOCTOSTHHOI0 TOKA

DJEeKTPUYECKOH 1IeTIbI0 MOCTOSHHOTO TOKa Ha3bIBAIOT 3aMKHYTHIN MYTh,
[0 KOTOPOMY IEPEHOCATCS DIICKTPUUESCKUE 3apsiibl, COCTOSIIMNA M3 MCTOY-
HHUKa SHEpPruM (Hampumep, akKKyMyJITOpa), IPHEMHUKA SHEPruH (Halpu-
Mep, DICKTPHYESCKON JaMITbl) U IBYX COCOMHSIOMINX MX MpoBoJoB. 1o ox-
HOMY W3 NPOBOJOB 3apsbl UAYT OT MCTOYHHKA K TOKOIPHEMHUKY, a MO
JIPYroMy BO3BPAILAFOTCS OT TOKONPHEMHHKa K HCTOYHHKY. CKOpOCTh pac-
MIPOCTPaHEHUsI AIIEKTPUUECKON SHEPTUH B 1enu — okoj10o 300 Thic. KMm/C.

OnekTpuuecKkas dHEprusl BbIpaOaTHIBACTCS 32 CYET XMMHUYECKOH, MeXa-
HUYECKOI M IPYTHX BUJIOB SHEPTHH. Ha MosioKUTENIbHOM 1 OTPUIATEILHOM
MOJIIOCAX UCTOYHHMKA SHEPTUH II0JIyYalOTCsl pa3HbIe YPOBHHU AIIEKTPUUECKUX
3apsiIoB, KOTOPBIE CTPEMSTCS BBIPABHATHCS 4epe3 IJIEKTPUYECKYIO IIelb
MOJIOOHO TOMY, KaK CTPEMSTCSl BBIPABHSTHCS YPOBHHU BOJBI B Pa3IMYHbIX
COCy/IaX, COCIMHEHHBIX MEXAy co00i TpyOKoil. C HEKOTOPBIM YIPOIICHHU-
eM CHJLy, C KOTOPOIl 3aps/ibl CTPEMATCS K BHIPABHHUBAHMIO, HA3BIBAIOT JICK-
TPUYECKUM HAIPSHKCHUEM.

Takum 00pa3oM, €ciM COSIUHUTH MPOBOJHHUKOM JIBa Tella C PasHBIMH
3apsaamu (HanpuMep, ABe OOKIAJKU 3apsHKEHHOTO KOHAEHCATOpa), TO MOJ
JeHCTBHEM NPHIOKSHHOTO HAIPSOKEHUS N0 NPOBOJHHKY OyIeT NpoTeKaTh
TOK JI0 BHIPAaBHUBAHHS 3apsI0B.

DnexTpudeckuid TOK | ompenesnser KOJIWIeCTBO JEKTpUIECTBa (, MPO-
Xo/IsillIee Yepes MolepeuHoe CeueHHe NPOBOHNKA B €AIMHHILY BpeMeHH t:

=9, (2.1)
t

B 3aMkHyTOH 1lenu 31eKTpUUecKuil TOK npoTekaer nox aeiicrsuem IJ1C
HCTOYHUKA YHEPTUU.

ONeKTPOABIIKYIIAs CHJIa — CHJIA, IEPEMENIAI0ONIas 3apsiibl, — CO3ACTCs
B HCTOUHHKE CWJIAMHU HE3JIEKTPUYECKOTO MPOHCXOXKACHUS, CTOPOHHUMU
cuilamy, T. €. CUJIaMU, NOJBEAECHHBIMU K UCTOYHUKY u3BHe. Hampumep, y
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reHepaTopa — 3TO MEXaHHWYecKas Cuia, y (OTOdIEMEHTa — CBET, Y TepMO-
3JIEMEHTA — TEIUIO.

Bo30ysknaemast 31€KTpOABIIKYIIAsl CHIa pasfesisieT 3apsiibl B UCTOYHH-
Ke Ha ITOJIOKUTEINIbHBIC U OTPULATENILHEIC U COOOMIAeT UM NOTCHIHAIBHYIO
sHepruto W. DJIC ducieHHO paBHA SHEPTHH, NMPHUXOIIIICHCS HA CAUHUILY
3apsana:

e-W. (2.2)

Oueprus W usmepsercs B mxoyisix (1 [k =1 H - M), a 3apsag q — B Ky-
noHax (Ku). Equnauiia OC = 1 Ik / 1 Kt nonyuuna nazsauue BosisT (B).

OJIC BO3HHKAaeT B HUCTOYHHMKE M NPU OTCYTCTBHUH TOKa B LEMH, T. €.
KOT[Ia Ienb pa3oMKHyTa. [Ipr X0I0CcTOM XO0J€, T. €. IPH OTCYTCTBHH TOKa B
uend, JJIC paBHa pa3sHOCTH MOTEHIIMAIOB Ha 3)KMMAaX UCTOYHHUKA YHEPTHU.
Tak xe, kak 1 DJIC, pa3HOCTh MOTEHIIMAJIOB U3MEPSETCS B BOJIBTAX.

B namuunu DJIC MOXHO yOETUTHCS, €CIM MPUCOCAMHUTH K IMOJICaM
HUCTOYHMKA DHEPTUU (BMECTO JIMHEHHBIX HPOBOAOB) BOJBTMETp. OmHAKO
nipubop nokaxer He BennunHy D/IC, a HanpspKeHUE Ha 3a)KMMax UCTOYHHKA.

HanpaBineHHOMY JABHXXEHHIO 3JIEKTPHUECKUX 3apsAA0B B JTIOOOM MPOBOJI-
HUKE TPENATCTBYIOT €T0 MOJICKYJBI H aTOMEL. [103TOMyY Kak BHEUTHsIS IICTIb,
TaKk M caM HCTOYHHUK HHEPTHUHU CO3JAI0OT MPEISITCTBUE MPOXOXKACHUIO TOKA.
Benuunna, xapaxTepusylolias IPOTUBOJAEUCTBUE 3JIEKTPUUYECKON ILenu
MIPOXOXKICHAIO JICKTPUUECKOTO TOKA, HA3BIBACTCS JICKTPUICCKUAM COIIPO-
TUBJICHHEM. Y CTPOMCTBA, BKIIOYAEMBIE B AJIEKTPHUYECCKYIO IIeNb U O0yama-
IOIITHE COMIPOTHBIICHHEM, Ha3BIBAIOTCS PE3UCTOPAMH.

Enuaunei uamepenus conpotusieHus sBisercss Om. OMOM Ha3bIBaeTCs
INEKTPUUYECKOE COMPOTUBIIEHHUE TAKOTO JINHEHHOT0 MPOBOJHUKA, B KOTOPOM
IIPU HEM3MEHSIOMIEHCS pa3HOCTH noTeHnHainoB B | B mpoxoaut Tok B | A,
T.¢. 1OM=1B/1A.

CootHomenue mexay OJC, conpoTUBIEHHEM U TOKOM B 3aMKHYTOM
[Ny BBIpakaeTcss 3akoHOM OMa, KOTOPBIH MOXET OBITh CHOPMYINPOBAH
TaK: TOK B 3aMKHYTOM 1ienH npsimMo npornopuuoHaneH DJC u obpaTHo mpo-
MOPLHOHAJICH CONPOTUBIICHUIO BCEH LIETIH.

Tok B nienu Bo3uukaet nox AckiicteueMm DJIC; yem 6omabine IJC uctou-
HHUKa SHEPTHH, TeM OOoJbIIe TOK B 3aMKHYyTOH 1ieni. COnpoTHBICHHE IIETTH
NPEMSITCTBYET MIPOXOXJICHUIO TOKA, CIEJOBATEIbHO, YeM OOJIbILE CONpPO-
TUBJICHHE IIETH, TEM MEHBIIE TOK.

3akoH OMa MO>KHO BBIPa3UTh CIICAYOIEH (GOpMYIIOi:
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£ 23)
R+R,

HIIN
E=1(R +Ry), (2.4)

rae R — conporusnenne BHemHeH yactu nenu, OM;
Ry — BHyTpeHHEE CONPOTUBIICHHE UCTOYHUKA, OM.
CompoTtuBieHue Beelt menn

R+Ry=E/I (2.5)

3akoH OMa cripaBeIHB HE TOJIBKO JJIS BCEH Ienu, HO U Ui JTF00O0To ee
ydacTka.

Ecmu ygacTok menu He COAEPKHUT UCTOYHHKA SHEPTHH, TO MOJIOKUTEITb-
HBIC 3apsbl HA 3TOM Y4YacTKE MEPEMEIIAIOTCS W3 TOYEK Oojiee BBICOKOTO
MMOTEHIMAaa K TOYKaM OoJiee HU3KOTO MOTeHIMana. ICTOUHUK SHeprun 3a-
TpauMBaeT SHEPTHUIO, MOIJIEPKUBAs PAa3HOCTh MOTEHIIMANIOB MEXIY Hada-
JIOM W KOHIIOM 3TOTO y4acTka. Takas pa3HOCTh MOTEHIIMAJIOB HA3bIBACTCS
HamnpspKeHUEM MEX]Ty HadajioM M KOHIIOM paccMaTpUBaeMOTo y4acTKa.

Takum o6pa3om, mpuUMeHsist 3ak0H OMa TS ydacTKa e , TOTYIHM:

I=U/R. (2.6)

3akon OMa MOXXHO c(hOPMYJIMPOBATH CIEIYIOMINM 00pa3oM: cuia moxa
Ha yyacmxe 91eKmpuyeckou Yyenu pagHa HANPaJNCeHuio Ha 3aiCUMax 3mozo
yuacmia, 0eneHHOMY HA e20 CONpOmuBeHue.

HanpsoxeHne Ha yyacTKe IIeTIH paBHO IIPOU3BECHHUIO CHUJIBI TOKA Ha CO-
MIPOTUBJICHHE 3TOTO Y4acTKa, T. €.

U=IR. 2.7)
W3 BeIpaskenus 3akoHa OMa 1715t 3aMKHYTOH ST IOy I M
E=IR+ IRy =U + IRy, (2.8)

rae U, IR — majneHne HampspKeHUS B CONPOTHBICHHH R, T. €. BO BHEIIHEH
LENH, WK, MHAYEe, HANPSDKCHHUE HA 3a)KUMax MCTOYHHKA dHEp-
ruu (reneparopa), B;
IRy — mazieHre HaNMpsHKEHHUS B COMPOTHUBIEHUU Ry, T. €. BHYTPU UCTOY-
HHKa BHEpruu (reHeparopa).
HampspkeHne Ha 3a)kMMax UCTOYHHUKA dHEPTUHU (TeHepaTopa) paBHO pas3-
Hoctu Mexny DJIC u majeHneM HaNpsIKCHUS HAa BHYTPCHHEM COMPOTHUBIIC-
HHUH 3TOr0 UCTOYHHKA, T. €.
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U=E- IR, (2.9)

Ecnu ymeHbIIaTh cOnpoTHBIIEHHE BHEIIHEH Lenu R, To conpoTuBieHne
Beeit et R + Ry Takke yMEHBIINTCS, a TOK B 1INy yBennuuTca. C yBenn-
YEHHWEM CHJIBI TOKA TTaJICHHE HAPSHKEHHUS BHYTPU McTouHKKa sHepruu (I1R)
BO3pacTaeT, Tak KaKk BHYTPEHHEE CONPOTHBICHUE Ry MCTOYHHMKA DHEPTHU
ocraercsi Hen3MeHHbIM. ClieI0BaTeNbHO, C YMEHBIICHUEM COIPOTHBIICHUS
BHEIIHEH LeNMM HANpsDKeHHE Ha 3a)KUMaX MCTOYHHKA OSHEPrHH TaKxkKe
y™MmeHbiaercs. [Ipu coeanHeHUN 3aKUMOB MCTOYHHKA DHEPTHU C HMPOBOJ-
HHUKOM, COIIPOTHBIICHHE KOTOPOTO NMPAKTHYECKH PAaBHO HYJIIO, CHJIA TOKA B
ey

I =E/R,. (2.10)

3TO BBIPAXKCHUE OMPEIEIIIeT HAUOOBIINN TOK, KOTOPBIA MOXKET OBITh
MIOJIYYEH B LENU JAHHOTO UCTOYHHUKA.

Pexxum, mpu KOTOPOM CONPOTHBICHUE BHEUIHEW LENU MPaKTUYECKH
pPaBHO HYJIO, Ha3bIBAE€TCSA PEXMMOM KOPOTKOro 3aMmbIKaHMi. Kpome Hero
BBIACIISAIOT TAKUE PEKUMBI, KAK HOMHUHAIbHBIN, XOJIOCTOIO X0/1a U COIJIAaco-
BaHHBIH.

HoMmuHaNBHBIA peXuM — peXuM paboThl, Ha KOTOPBIH PAacCUUTaH HC-
TOYHUK (WIH TMPUEMHHK) IEKTpU4eckoil sHeprun. OH ompenensercs Ho-
MUHAIBHBIM HampspbkeHueMm Uy, HOMHHAJIBHBIM TOKOM |,, HOMHUHAITBHOU
MOITHOCTBIO P,,.

P,=U,l,. (2.11)

ITpu pexume X0I0CTOrO X0Aa LIENb UCTOYHHMKA pa3oMKHYyTa, |, = 0. ITa-
JICHUE HallpsHKeHUsI Ha BHyTpeHHeM conpotusiiennu IRy = 0. Hanpspkenue
TeHepaTopa PaBHO €ro AIEKTPOBIDKYIIEH cuite E.

CornacoBaHHBIH PEXUM CO3/1Aa€TCSI HICKYCCTBEHHO B CXE€MaX pajnodIeK-
TPOHUKYU U aBTOMATUKH, II€ HY’KHO MEepeaaTh OT UCTOYHHMKA K IPUEMHHUKY
HauOOBIIYI0O MOLTHOCTh. DTO YCIOBHE BBIIOIHAETCS, €CIIM CONPOTUBIICHNE
MIpUEeMHHKA 1M0100paTh paBHBIM BHYTPEHHEMY CONPOTHBICHHUIO HCTOYHUKA!

, .. & E (2.12)
“ "R +(R=R,) 2R,

DTOT peKHUM NMPUMEHSETCS B YCHIUTEIISX.

Ha Bcex yuyacTkax Hepa3BETBIICHHOW 3JIEKTPUYECKOW LI TOK OJUH U
TOT ke. Pa3BerBiieHHas nens (puc. 2.2) coaepXUT yyacTKu (BETBH) C pas-
JIMYHBIMH TOKaMH.
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MecTo coequHEeHHs TpeX U OoJiee TIPOBOJIOB HA3BIBAIOT y3JIoM. BeTBb —
9TO Y4acTOK IENH, 3aKJII0YEHHBIH MEXTy AByMs y3namu. IIpum ob6xone mo
BETBSIM IIETTH MOXKHO IOJYYHUTb KOHTYp (SUEHKy) — 3aMKHYTOE O4YepTaHHe,
oOpasyroliee Hepa3BETBICHHYIO LETIb.

I

E
<) Rillp (R ||| R |25

Puc. 2.2. Pa3BeTBICHHAS 3JICKTPUYECKAs LIETTb

B 1847 r. memeukuit ¢pusuk Kupxrod skcneprMMeHTaNIbHO YCTaHOBHII
CJEIYIONIIe 3aBUCUMOCTH (3aKOHBI) MEXIY TOKaMH U HalpsKEHUSIMH.

[epserit 3akon Kupxroda (3akoH 111 TOKOB) MPUMEHUM K JTFOOOMY Y3y
IIEKTPUUECKOH LEeTIH.

Cymma moxos, npuxo0suwux K Y3y, pagna cCymme mokos, yXo0auux om
V374, Uy aneedpauyeckds CyMma moKos 8 y3ne pasHda Hyio.

D 1=0. (2.13)

Ecnu paccMoTpeTs anekTpudeckyro cxemy (puc. 2.2), To Ha OCHOBAaHHHU
nepBoro 3akoHa Kupxroga MoHO 3amucaTh, 4To:

L=1+1,+1, (2.14)

Bropoii 3axon Kupxroda (3akoH 11 HanpspKEHUH) IPUMEHUM K JTH000-
MY KOHTYPY 3JIEKTPHUUECKOH LIETH.

B xoumype aneebpauueckas cymma 21eKmpooSUNCYyWUx Cuil pasHa a-
2ebpauyeckoll cymme naoeHull HanpsijiceHui:

YE=YIR (2.15)

Ecnu paccMoTpeTh 3neKTpudeckyro cxemy (puc. 2.3), To Ha OCHOBaHHUHU
BTOpOT0 3akoHa Kupxroda MoxxHO 3amnucars, 4To:

E=U,+U,+U,;+U,, (2.16)
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rne Up = IRy — magerne HampspkeHUs Ha BHYTPEHHEM COIIPOTHBIICHUH HC-

TOYHHKA.
— R;
—p
5 L2 || &,
A—
— R3

Puc. 2.3. Hepa3BeTBieHHas 2IEKTPHIECKAs LETTh

[Ipu mpOXOKACHUU SIEKTPHUECKOTO TOKA Yepe3 METALTHYSCKUH Mpo-
BOJIHUK DJIEKTPOHBI CTAIKHBAIOTCA ¢ MoyekynaMu. [Ipu aTom pacxomyercs
SHEPTUsl, KOTOpas mpeBpaiiaercs B Terio. Jlroboe ABMKeHUE, TPU KOTOPOM
MIPEO0JI0NIEBAETCSl CONMPOTUBIICHHUE, TpeOyeT 3aTpaThl ONMpENETICHHON JHep-
run. Tak, HarpuMep, JJIs IepeMEeIeHHs] KaKOTo-TH00 Tella Peoa0IeBaeTCs
COTPOTHBJICHUE TpeHUs, U paboTa, 3aTpadyeHHas Ha STO, MPEBpPAIIAETCS B
TEIIO0.

DNEKTPUUECKOE COMPOTHUBIIEHUE TTPOBOJHUKA UTPAET TY Ke POJib, UTO U
COTIPOTHUBIICHUE TpeHUs. TakuM 00pa3oM, AT MPOBEICHUS TOKA Yepe3 Mpo-
BOJIHUK MCTOYHUK TOKa 3aTpavyMBacT HEKOTOPYIO SHEPTHIO, KOTOpas Mpe-
Bpamaercs B Teruto. KoimvecTBo BBIICICHHOTO TEeIUia 3a Bpewms t ompene-
ssiercst 3akoHoM [xoyisa — JleHua:

Q=RI%. 2.17)

Bennuuna, xapakrepusyomas IpoTUBOACHCTBUE 3IEKTPUUECKON LeNH
MIPOXOXKIEHUIO JEKTPHUECKOTO TOKA, HA3BIBAECTCS I1EKMPUYECKUM CONpO-
MUIeHUEM.

Comporusnenue nposogauka (OM) onpenensiercst o Gopmyie

|
Repl. (2.18)
Ps

2
TZie p — YACTHHOE CONPOTHUBICHNE MaTepruaioB, OM - MM /M;
| — ayMHA MPOBOAHUKA, M;
S — IUIOIIA /b [ONEPEYHOr0 CEUCHMS, MMX.
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2.3. llops10K BHINOJTHEHUS] PAOOTHI

1. O3HaKOMHTBCSI C NPUHIMITHAILHOW 3JIEKTPUYECKONH CXeMOM HCTOY-
HHKa rnoctosHHoro Toka Thna 13YH-1 u Tadn. 2.1-2.3 ans 3anucu pe3ysib-
TaTOB U3MEPEHMII M BBHIYMCICHHH. 3alMcaTh NMaclOpTHHIC BEIHMYMHBI M Xa-
PaKTEPUCTHUKH OOBEKTOB U CPENICTB UCCICAOBAHUIM.

Ta6numna 2.1. Pe3y1bTaThl HCHBITAHUS MEPBOr0 HCTOYHHKA MUTAHHSA

Ne V3mepsiemMble BETMYHHBL BerluncisieMbple BETMYHHBI
OIbITa Ry, Om Iy, A U,, B Ro1, OM E,B

1

2

Tabnuua 2.2 Pe3yJ’leaTbl HCHBbITAHUA BTOPOro UCTOYHUKA MUTAHUSA

No W3mepsiemble BETMYMHBL BoruncrisieMbie BETUUUHBI
OIbITa Ry, Om Iy, A U,, B Roz2, OM E;, B

1

2

Taﬁnnua 2.3. PeSy.]'ll:TaTBI HCNBITAHUSA NMEPBOIr0 U BTOPOro HCTOYHUKOB MUTAHUSA

NQ I/I3Mep$ICMI)Ie BCIIMYHUHBI BBI‘{I/ICHHCMLIG BCIIMYHUHBI
onelta [ R, OM | Iy, A I, A I, A | U,B I, A I, A I, A U, B

1

2

3

4

2. Cobparh MpOCTYI0 HEPa3BETBICHHYIO II€llb MOCTOSHHOTO TOKa
(puc. 2.4), ucnonb3yst s 3TOM LeENW NEepBBbI MCTOYHMK NHTAHUS THUIIA
13YH-1, 6ok peocratoB RR1-RR3, m3mepurensusie npudopst PAl n PV2.
[ocne paspemeHus mpenoaBaTess BKIIOYHTh HCTOYHUK MMATAHUS BBIKITIO-
yarenem QF1 u ycraHOBUTH pyukoii aBToTpanchopmartopa TV1 Hampske-
nue U, = 200-240 B (1o ykazaHuIO IperoiaBares).

3anucarh YMCIECHHbBIE 3HaYeHus Toka |, u Hanpshxkerus U, n3MepeHHbIe
npubopamu PAL u PV2, B Tabm. 2.1 ans nByx 3HadeHnit R,, paBHBIX COOT-
BEeTCTBCHHO 7,5 U 5 OM. BeIKIFOUNTh NepBhIi McTOYHUK nuTanus 13YH-1,
HO py4Ky aBTOoTpaHcdopmaropa TV1 ocTaBUTh B IPEKHEM TIOJIOKEHUH.
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Lisyh-1  pao ST 6‘[:]

O B,

PA| RR1..RR3 SAi.3
Puc. 2.4. TIpununnuansHas 31eKTpUYeCKas CXeMa UCTIBITaHus

JIBYX HCTOYHHKOB IIOCTOSTHHOTO TOKA, BKITFOUCHHBIX [apajlIebHO
Ha OOILLYI0 Harpy3Ky

3. CoOpath MPOCTYIO HEPa3BETBICHHYIO IICMb ITOCTOSHHOTO TOKa, HC-
MONB3YsI U TOM IIeTM BTOPOH MCTOYHMK muTaHus Tuma 13VYH-1, Gmok
peocratoB RR1...RR3, m3mepurensusie npudopsr PAL u PV2.

[o anamoruw ¢ 1. 2 MOJXYYUTH W 3alUcaTh 3HAYCHH HampspkeHus U, u
Toka |, B Tabx. 2.2 uist TeX ke 3HaYeHH CONpPOTUBIIEHHUH peocrara R,. Bbi-
KIIIOYHUTH BTOPOH McTouHUK nutanus 13YH-1, HO pyuky aBTOTpaHcdopma-
Topa TV2 TakKe OCTaBUTh B NIPEKHEM MOJIOKECHHH.

4. Cobparhb pa3BETBICHHYIO IEMb IOCTOSHHOTO TOKA, HCTIONB3YS ISt
9Toi menu oba uctouHwka nurtaHus tuna 13YH-1, coennHuB Ux maparn-
JIeNBHO ¢ o0miel Harpy3koit 01oxkom peoctatoB RR1-RR3. Brirouuts 06a
WCTOYHMKA TTUTAHUSI U MPOBECTH YETHIPE OIBITA IPU PA3IUIHBIX (PHKCHPO-
BaHHBIX 3HAYCHUIX CONMPOTHUBICHUH R, = oo; 15; 7,5 u 5 Om, ycraHaBimBas
UX C TIOMOIIBIO OJHOIIOTIOCHBIX BBIKITFOUaTeneit SA2—SA4.

B Tabn. 2.3 3anmcaTh YUCIICHHBIC 3HAYCHHS TOKOB MCTOYHUKOB ITHTA-
Hus | u |y, Toka Harpysku |, u Hanpspkenus Harpy3ku U,. Toku |y u |, u3-
MEPSIIOTCS. BCTPOSHHBIMH BHYTPb HCTOYHHUKOB MTUTaHMs amriepMmerpamMu PA2
mpu ycTaHoBKe nepekimouareieidn SAl B monoxenne «30 A». BBIKIIIOYHTH
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HCTOYHHKH ITUTAHHUA U 00ECTOYNTH YCTAHOBKY, OTKJIIOUNB ITUTAHUE CETEBO-
T'O PacHpeaeIUTeNbHOTO IUTKA.

5. Ucnone3yst pe3ynbTaThl NPOBEICHHBIX OIBITOB, OMNPEACIUTh BHYT-
peHHHE compoTHBICHUS Rg; M R, MCTOYHMKOB NMHUTAHUS W WX 3JIEKTPO-
IBIDKymue cwiel £y u E, s GUKCHPOBAaHHBIX M OJMHAKOBBIX 3HAYCHHUU
MUTAIOIIETO NEPBUYHOTO HanpspkeHus U...

Hcnons3ys popmyiry HampsoKEHUsI MEXIy ABYMsS y3JIaMH Pa3BETBICH-
HOHM IeNnu ¢ ABYMsI HCTOYHUKAMH NUTAHUS, BEIYUCIUTh TOKH HCTOUYHHKOB
nutaHus |; u |, Tox Harpysku |, u Hampsbkenue Harpysku U,. CpaBHHUTH
BBIUHCIICHHBIC 3HAUYEHHS 3TUX BEJIMYMH C UX HU3MEPECHHBIMH 3HAUCHHAMHU
(tabm. 2.3).

6. [TocTpouTh BHENIHIOK XapaKTEPUCTHKY HCTOYHHKOB ITUTaHHA
U, = f; (), ux narpy3ounsie xapakrepuctuku: Iy =T, (1) u I, = f3(1,).

7. IIpoBectn rpaduyuecKuil aHanu3 padOTHl MCTOYHHKA ITOCTOSTHHOTO
TOKa.

2.4. IloAroTOBKA K BHINOJHEHHIO PAa00Uero 3axaHusi

1. U3yunts HeoOXOauMBbIE pa3feiibl B PEKOMEHAYEMOW JHTepaType
[1-5, 8]. Ocoboe BHMMaHME ClieayeT yAenuTh 3akoHaM Kupxrogpa u Oma,
WX MPUMEHCHHUIO JJIS aHAJIHM3a IEKTPHICCKIX IeTei TOCTOSTHHOTO TOKa.

2. HauepTuTh MPUHIMITHAIBHBIC IEKTPHUYSCKUE CXEMBl HEPa3BETBICH-
HOW W pa3BETBICHHOW IENe ¢ COOTBETCTBYIOUIMMH HW3MEPHUTEIEHBIMU
mpubopaMu 1 0003HAYCHUSMHU (PU3MICCKUX BEIHYUH (TOKOB, HAMIPSKCHHIM,
ANEKTPOABIKYIITUX CHIT).

3. PaccMoTpeTth pemeHune 3agad B yueOHOM mocobuu [1], oOpatuB BHU-
MaHHUe Ha MPUMEHEHHE METO/Ia ABYX Y3JI0B.

2.5. Yka3zaHus 1o BbINOJHEHUIO padoyero 3ajanusi
U 00paboTKe Pe3yabTATOB IKCIIEPUMEHTA

1. Ilpu skcrTyaTanuy UCTOYHUKOB muTanud trmna 13VH-1 nHeobxomumo
coOJIIo/1aTh TOPSAZOK BBIMOJHEHUsT paboT, ycTaHOBICHHBIH B IlpaBmiax
TEXHUYECKOH IKCIUTyaTally 3JIeKTPOYCTaHOBOK IOTpeOUTeNeil U TeXHUKH
0€301acHOCTH MIPH 3KCIUTyaTalluH IEKTPOYCTaHOBOK MOTPEOUTEIEH.

3ampermaercsi paboTaTh IPU CHATOM METAIMYECKOM KOXyXe U 0e3 3a-
3eMJIEHUs KOpIIyca.

2. IIpn u3MepeHnH dIeKTPUYSCKUX BEJIMYMH HEOOXOANMO BHUMATEIHEHO
CJIEANTD 32 TIOKa3aHUsIMH IPHOOPOB U HE EPETPYKaTh UX.
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3. Jlns BBIYMCIICHNS BHYTPEHHETO COMPOTHBICHUS Ry mcTouHNKa mura-
HUSI IOCTOSIHHOTO TOKA U €T0 3JIEKTPOIBIDKYIIEH cHilbl £ He00X0OuMO BOC-
TI0JIb30BATHCS CIEAYIOIUMHU (HOPMYTaMu:

RH2 - RHI IUI
|

Ry = ———=; (2.19)
et

H2
E=1,R,+I,R,. (2.20)

Wunexc «1» oTHOcUTCS K ombITy, mpu Kotopom Ry = 7,5 Owm, uH-
JeKe «2» —mpu R, =5 Om.

4. JInsg BBIYKCICHUS] CUJIBI TOKAa HCTOYHUKOB mnurtanus l;, |, m Toka
Harpys3ku |, a Takke HampspkeHus Harpys3ku U, ciemyeT mpUMEHAThH clie-
ayrome (GopMyITHL:

UH — E1901+ Ezgoz : (221)
gOl + gOZ + gH
e T (2.22)
ROl ROZ RH

rze Ro;, Ro2 — BHyTpeHHHE CONPOTHBIIEHHUS HCTOYHUKOB ITOCTOSTHHOTO TOKA;
Jo1, o2, 0y — IPOBOJMMOCTH MCTOUHUKOB U PEOCTATOB HATPY3KH:

1 1 1
= = = 2.23
gOl R01 gOZ RO2 gH : ( )

5. I'padpryecknii aHam3 HCTOYHHUKA IIOCTOSTHHOTO TOKA ITPOBOIUTCS Me-
TofoM TepecedeHus xapakrepuctuk (MIIX). [list aToro mo ocu opavHaT B
JIEKapTOBOIl cucTeMe KOOpJIMHAT B MAacIITa0e HYXKHO OTJIOKHThH HaIpsiKe-
Hue U, a mo ocu abcruce B COOTBETCTBYIONIEM MacmTade — CHiTy Toka |.
B 370101 e cucTeMe KOOpaMHAT HEOOXOAMMO ITOCTPOUTH BHEIIHIOK Xapak-
TEPUCTUKY MCTOYHMKA NMUTaHMA. [ 3TOH Leau MBICICHHO IPOBOISAT 1Ba
OMbITa C MpoCTEeHIell Lenbl0 MOCTOSHHOrO Toka. Ecimu comportuBieHue
Harpy3k# Ry = oo, TO HampspkeHHe Ha KJIeMMax HCTOYHHKA PAaBHO JJIEKTPO-
JBWOKyIIeH cune E, a cuna toka |, = 0; eciu conporusienue Harpysku R, =0,
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TO HANPSHKCHHE Ha KJIEMMaxX MCTOYHHMKA PAaBHO HYJIIO, a TOK KOPOTKOTO 3a-
MBIKaHUA |y BEIAUCIAETCS 110 PopmyIie

L = E / Ry (2.24)

Takum 00pa3oM MoNTydaroT KpaHHE TOYKH BHEITHEH XapaKTepUCTHUKH
HCTOYHHKA IOCTOSHHOTO ToKa: Ha ocu opamHat (U = E, | = 0) u Ha ocu
aberuce (U = 0, | = Iy). [Ipsmast, coenuHSIOmAs STH TOYKH, IIPEACTABISET
c000¥i UCKOMYIO BHEIIIHIOK XapaKTEPUCTUKY MCTOYHHKA MOCTOSHHOTO TO-
Ka, YJIOBJICTBOPSIOIIYIO JHOOOMY PEXHMY €ro paboThl: OT XOJOCTOrO XOJa
JI0 KOPOTKOTO 3aMbIKaHus (puc. 2.5).

Ip I

Puc. 2.5. BHelumsiss XapakTepUCTHKA
JIMHEMHOTO NCTOYHUKA

JIuHus Harpy3Ku CTPOMTCS CleayromuM obpasom. 13 Havyana cHCTEMBI
KOOPAMHAT HYKHO MPOBECTH MPSIMON OTPE30K 10 MEPECEUeHHsI ¢ BHEITHEH
XapaKTepHCTHKOﬁ HUCTOYHHKA MMOCTOSIHHOI'O TOKa B TOYKE C KOOpJAWHATAMU
(Uy, 1). KoopauHaThl TOYKH MEpeCeyYeHHs ONPEACNSIOT YCTAaHOBUBIIHHCS
PEeXKMM B LIEMU MMOCTOSHHOTO TOKa. [Ipu paBHBIX MaciuTabax |l TOKa H Ly
HAMPSDKEHUS YTOJI O HAKIIOHA JIMHUK HATPY3KH K OCH abCIIMCC OIpeiessier-
cs1 o hopmyiie

a=arctgR . (2.25)
2.6. KoHTpOJIbHBIE BONIPOCHI

1. O0bsacHUTE (UBHYECKUN CMBICT BHYTPEHHETO CONMPOTHUBICHUS Ry H
ANEKTPOABIDKYIICH CHITbI £ HCTOYHHUKA MUTAHUS.
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2. HazoBuTE OCHOBHBIE PEKUMBI PA0OTHI HCTOYHHKA IIOCTOSIHHOTO TOKA.

3. Bamser nmu cooTHOIIeHHE MEXIy compoTuBieHusMu Ry u R, Ha pe-
KM pabOThl HICTOYHUKA ITOCTOSTHHOTO TOKa?

4. IlpoBeaute rpauyeckuii aHAIN3 OJJHOTO U3 UCTOYHHKOB MOCTOSHHO-
T'0 TOKa, HCIOJIB3yeMOro B JJabopaTopHOU paboTe.

5. Kak npumeHuTh nepBbIii U BTOpo 3akoHbl Kupxroda s aHaiuza
Pa3BETBJICHHOI LIENN TOCTOSIHHOTO TOKa C ABYMSI ICTOYHUKAaMU MTUTAHMS?

6. Eciin B pa3BEeTBICHHON LenM ¢ AByMS MCTOYHHMKAMH NUTAHHUSA HU3Me-
HATh BHYTpeHHee compoTusieHue wim OJ[C ogHoro m3 HuX, To OyJaeT Jiu
OTO BJIMATH Ha CUIIY TOKa BTOPOro0 HMCTOYHHUKA IMUTAHUSA U CUIIYy TOKa
Harpys3ku?

2.7. Ilopsiiok oopMIIeHHsI OTUYETA

1. 3ammcaTs Ha3BaHWE | IEIb JTAOOPATOPHOH pabOTHI.

2. IlpuBecTH XapaKkTEpUCTUKY OOBEKTOB M CPEICTB HCCIIEIO0BaHUS
(m 2.1).

3. BbluepTuTh NPUHLUIUAIBHYIO JJIEKTPHYECKYI CXeMy HWCIBITaHHS
JIByX MUCTOYHHMKOB ITOCTOSIHHOTO TOKa, BKIJIIOUEHHBIX MapaijieibHO Ha 00-
IYI0 HAarpy3Ky (cM. puc. 2.4).

4. Pe3ynmbTaThl HCCIEIOBAHUM 3amucath o ¢popme tadm. 2.1-2.3.

5. [TocTpouTh XapakTepPUCTHKA HCTOYHUKOB IOCTOSHHOTO TOKa, HC-
OJTB3YsI Ta0JIOHBI, MPUBEICHHBIC Ha puc. 2.6—2.8.

[}

| Iyl A
0 1 2 3 4

Puc. 2.6. I'paduky BHEIIHKUX XapaKTEPUCTHK HCTOYHHKOB IIOCTOSIHHOTO TOKa
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UB A

3

2

1 —
< | | ] | >
I, A 2 1 0 1 2 I, A

Puc. 2.7. 'paduku BHEIIHUX XapPAKTEPHCTUK IEPBOTO M BTOPOrO HCTOYHUKOB MMUTAHUS,
paboTaromux napaiieabHo Ha OOLIYI0 HArpy3Ky

us t A
I, 12, A
Un:fl(lu)
4 — 4 -
|1:f2(|,.,)
8 3
|2:f3(|u)
2 7 2
1 — 1
0 |
1 2 3 4 LA

Puc. 2.8. BHemHue (Harpy304HbIe) XapaKTePHCTUKH HCTOYHUKOB
mocrosiaroro Toka: Uy, = f1 (1), 1= f2 (1), 2= f3 (Iv)
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JlabopaTtopHas padoTa Ne 3.
PACYET OJJTHO®A3HBIX [EIEM
C NOCJUEAOBATEJBHbBIM COEJUHEHUEM IIPUEMHUKOB

Lenu pabomur:

1. I3y4nTh OCHOBHBIC COOTHOIICHHUS, BO3HUKAIOIIAC B DJICKTPHUYCCKIX
LEMSX C MOCIICIOBATEIbHBIM COCTUHCHUEM MTPHUEMHUKOB.

2. [Tony4nTh MPAaKTUYECKHE HABBIKM PACUeTa JIICKTPHUYECKUX Leneil ¢
MOCJIEI0BATENILHBIM COCAMHEHUEM TIPHEMHHKOB.

3.1. Ucxoaubie JaHHBIE

B ceth ¢ mepeMeHHBIM CHHYCOMIANbHBIM HampspkeHuneM U u Toxow |
BKITIOYCHBI ITOCIICIOBATEIBHO PE3UCTOPHI, WHAYKTHBHBIC KATYIIKA U KOH-
nercatopsl (puc. 3.1-3.10). danHble ams pacdera 3agadsl B Tabm. 3.1, B xo-
TOpPOM yKa3zaHbl 3HAUCHHMsSl HANPSDKEHUS! WM TOKA, aKTUBHBIE CONPOTHBIIE-
HUS1, MHAYKTHBHOCTH U €MKOCTH, YaCTOTA MUTAIOIIETO HAMIPSDKCHHUS.

Tpedyemcs:

1) onpeenuTh MOKAa3aHUS M3MEPHUTEIBHBIX MPUOOPOB, BKIFOUCHHBIX B
LIeNb: aMIIepMeTpa, BOJIbTMETPA, BATTMETpa U (ha3oMeTpa;

2) MOCTPOUTH BEKTOPHYIO AHATPAMMY HAIPSKECHHUIA;

3) i npUHIMIHATBHBIX AeKTpuueckux cxem Ne 1,2, 6-8, 10 ompexe-
JIUTH COOCTBEHHYIO YacTOTy KoJjiebanuii fy;

4) nist IPUHIMIHATIBHBIX IEKTpUUecKux cxem Ne 3, 9 ompenenuts 3Ha-
yeHrne eMKOCTH C, TIpU KOTOPOW B IIETIH HACTYIIUT PE30HAHC HATIPSDHKCHUIH;

5) i npUHIMIHANBHBIX JIeKTpUYeckux cxeM Ne 4, 5 onpeneiuTh 3Ha-
YCHHE WHAYKTUBHOCTH L, Mpu KOTOPOIl B 1€ HACTYIHUT PE30HAHC HAIPSI-
KCHHUH.

Puc. 3.1. Cxema Ne 1
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Puc. 3.2. Cxema Ne 2

Puc. 3.3. Cxema Ne 3

OO H O
10, O

Puc. 3.4. Cxema Ne 4

C1 CZ

OTHEOOHHS

Puc. 3.5. Cxema Ne 5
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Puc. 3.6. Cxema Ne 6

Ly Cy

©

Puc. 3.7. Cxema Ne 7

Ly

R

Puc. 3.8. Cxema Ne 8

Puc. 3.9. Cxema Ne 9
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Rz
Puc. 3.10. Cxema Ne 10
Ta6nuua 3.1. UcxoaHble JaHHBIE

Bapuanrsl JlaHHble 17151 pacuera

HOMCp CTpOKa U | f R1 Rz L1 L2 C1 Cz
CXEMBbI B A T'n Om Om ml'H mlH MKD MKD

1 2 3 4 5 6 7 8 9 10 11
1 100 — 50 10 20 100 — 200 -
2 — 5 45 11 19 110 — 190 -
3 110 — 40 12 18 120 — 180 -
4 — 45 | 35 13 17 130 — 170 -
1 5 120 — 30 14 16 140 — 160 —
6 — 4 25 15 15 150 — 150 -
7 130 — 20 16 14 160 — 140 -
8 — 35| 15 17 13 170 - 130 -
9 140 — 10 18 12 180 — 120 —
10 — 3 50 19 11 190 — 110 —
1 100 — 60 20 10 200 — 100 -
2 — 25 | 55 19 11 190 — 110 -
3 110 - 50 18 12 180 - 120 -
4 — 2 45 17 13 170 — 130 —
2 5 120 — 40 16 14 160 — 140 —
6 - 15| 35 15 15 150 - 150 -
7 130 - 30 14 16 140 - 160 -
8 - 1 25 13 17 130 - 170 -
9 140 — 20 12 18 120 — 180 —
10 — 05 | 15 11 19 110 — 190 -
1 100 - 60 15 15 90 10 - -
2 - 5 55 14 16 85 15 - -
3 110 — 50 13 17 80 20 — -
3 4 — 45 | 45 12 18 75 25 — -
5 120 - 40 11 19 70 30 — -
6 - 4 35 10 20 65 35 - -
7 130 - 30 9 21 60 40 - -
8 — 35| 25 8 22 55 45 — -
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Mpononxenune tabn. 3.1

2 3 4[5 6 7 8 9 10 11
9 140 | - | 20 | 7 23 50 | 50 - -
10 — [ 3 15[ 6 24 | 45 | 55 - -
1 100 | - [ 60 | 15 15 - B 900 | 100
2 — [25|55 | 16 14 - - 850 | 150
3 110 | - | 50 | 17 13 - - 800 | 200
4 - 2 | 45 | 18 12 - - 750 | 250
5 120 | - |40 | 19 11 - B 700 | 300
6 — [15[35 | 20 10 - - 650 | 350
7 130 | - [ 30 [ 21 9 - - 600 | 400
8 - 1 [ 25| 22 8 - - 550 | 450
9 140 | - [ 20 | 23 7 B - 500 | 500
10 — o515 | 24 6 - B 450 | 550
1 100 | - | 60 | 30 2 - - 400 | 600
2 - 55 | 28 4 - - 350 | 650
3 110 | - | 50 | 26 6 - - 300 | 700
4 — |45 45 | 24 8 - - 250 | 750
5 120 | — | 40 | 22 10 - - 200 | 800
6 — 4 35 ] 20 12 - - 150 | 850
7 130 | - | 30 | 18 14 - - 100 | 900
8 — [35| 25| 16 16 - - 450 | 550
9 140 | - | 20 | 14 18 - - 500 | 500
10 = 3 [ 15| 12 20 - - 550 | 450
1 100 | — | 60 | 11 21 | 100 | - 200 -
2 — [ 25|55 10 22 | 105 | - 195 -
3 10 | - [ 50 | 9 23 | 110 | - 190 -
4 - 45 | 8 24 | 115 | - 185 -
5 120 | - | 40 | 7 25 | 120 | - 180 -
6 — [15]3 | 6 26 | 125 | - 175 =
7 130 | - [30 ] 5 27 | 130 | - 170 -
8 - %5 | 4 28 | 135 | - 165 -
9 140 | - |20 | 15 | 30 | 140 | - 160 -
10 — |05 15 [ 10 25 | 145 | - 155 =
1 100 | - | 60 | 20 8 50 | - 150 -
2 - 5 | 55 | 21 10 | 185 | - 145 -
3 110 | - | 50 | 22 12 | 160 | - 140 -
4 — 45| 45 | 23 14 | 165 | - 135 -
5 120 | - | 40 | 24 16 | 170 | - 130 -
6 - [[4[3 [ 25 18 | 175 | - 125 =
7 130 | - | 30 | 26 20 | 180 | - 120 -
8 — [35 | 25 | 27 22 | 185 | - 115 -
9 140 | - | 20 | 28 24 | 190 | - 110 -
10 - 3 | 15 | 29 26 | 195 | - 105 -
1 100 | - [ 60| 8 20 | 100 | - 200 -
2 — [ 25|55 | 10 21 | 110 | - 190 -
3 110 | - | 50 | 12 22 | 120 | - 180 -
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Oxkonuanue tabn. 3.1

1 2 3 4 5 6 7 8 9 10 11
4 - 2 45 14 23 130 - 170 —
5 120 - | 40 16 24 140 - 160 —
6 - 15| 35 18 25 150 - 150 -
8 7 130 - 30 20 26 160 - 140 -
8 - 1 25 22 27 170 - 130 -
9 140 - 20 24 28 180 - 120 —
10 - 05 ] 15 26 29 190 - 110 —
1 100 — 60 10 20 50 50 - -
2 - 5 55 11 19 55 45 — -
3 110 - 50 12 18 60 40 - -
4 - 45 | 45 13 17 65 35 - -
9 5 120 - | 40 14 16 70 30 - -
6 - 4 35 15 15 75 25 — -
7 130 — 30 16 14 80 20 — -
8 - 35| 25 17 13 85 15 - -
9 140 - 20 18 12 90 10 - -
10 - 3 15 19 11 100 100 - -
1 100 — 60 20 10 200 — 100 -
2 - 25 | 55 19 11 190 - 110 -
3 110 - 50 18 12 180 - 120 -
4 - 2 45 17 13 170 - 130 -
10 5 120 - | 40 16 14 160 — 140 -
6 - 15| 35 15 15 150 — 150 -
7 130 - 30 14 16 140 - 160 -
8 - 1 25 13 17 130 - 170 -
9 140 - 20 12 18 120 - 180 -
10 - 05 | 15 11 19 110 — 190 -

3.2. MeTonuuecKue peKOMEeH/JAllHH 110 PEeLIeHUI0 321241

3agaya OTHOCHTCS K pacueTy oAHO(pa3HOI Lenu MepeMEeHHOr0 CHHYCO-
HJIAIBHOTO TOKA C TOCIENOBATENbHBIM COEJIMHEHUEM DPe3nucTopoB R;, WH-
AYKTHBHBIX KaTyllek X j ¥ KOHAEHCATOPOB Xcy.

B ycnoBuu 3amaun naHbl YUCICHHBIE 3HAUEHHS] aKTUBHBIX COTPOTHBIIE-
Huii R B omax (Om), mHIyKTHBHOCTEH KaTymiek L B mmmumrenpu (MI'H),
emKocTeil korgencatopoB C B Mukpodapanax (MK®), gacToTa HAMPSHKEHUS
wmi toka f B repuax (I'm), BxoxHoe HampsbkeHne U B BonbTax (B) wim
BXOJHO# TOK | B amnepax (A) (tabu. 3.1).

ConpoTHuBieHHe WHAYKTUBHON KaTyIIKK X ompezaesercs mo Gpopmyse

X = ol = 2nfL, (3.1)

65



rae ® — yrjiosas 4acTora, cth
L — MHAYKTUBHOCTH KaTyIIKy, [ 'H;
f — mpombInuteHHas yactora, .
ComnpoTuBIIEHHE KOHICHCATOPA BRIYUCISCTCS IO (hopMyJIe

XC = i = 1 , (32)
oC 2afC

rae C — eMKOCTh KoHzeHcaTopa, D.
HpHMe‘IaHI/Ie. LITOGI)I TIOJTYYUTh 3HAUYCHUSA PEAKTUBHBIX COHpOTHBHeHHﬁ B OMax, H606-

XOIHMMO B COOTBETCTBYIOLINE (GOPMYJIbI IOJCTABISATh 3HAYCHHS HHIYKTHBHOCTEH U €MKOCTEH
cootserctBenno B renpy (I'n) u papanax (@) (1 m[u=10"°Tx, 1 Mxd = 10° ).

IMonHoe comnpoTtuBieHUne Z MOCIEA0BATENLHON ENH BBIYUCIIIETCS 10
bopmyie

2= JER) +(EX, X Xe), 3.3)

rae ¥ — omneparop, 03Ha4Yaroluil CyMMHUPOBaHHE;

| — MOPSAKOBBIA HOMEP JJIEMEHTA.

Cuna Toka B LIEIH OlpeierisieTcs 10 3alaHHOMY Hanpspkenuro U u nos-
HOMY CONPOTHUBJIEHHUIO Z 110 3akoHy OMa:

=Y. v (3.4)
z 2 2
(ZR) + (XX, — Xg)
BxomHOe HampspKeHHe ONpeesieTcs o popMyIie
U=1Z=1=[CR) +(ZX, — TXg)*. (3.5)

INokazaHue BaTTMETpa YUCICHHO PABHO 3HAYCHUIO aKTUBHON MOIIHOCTH
yyacTka 1ienr B BaTtax (BT) miam B kunoBatTax (KBT) M BBUHUCHSAETCS 1O
dopmyne

— 12
P=1">'R,, (3.6)

rae LRy — cyMMa aKTHBHBIX CONPOTHUBJICHHUN YYacTKa ICMH, K KOTOPOMY
MOAKITIOUEH BaTTMETp, OM.
[Tokazanue dazomeTpa onpenensercs mo Gopmyaam
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arccos ¢ = &; arcsin ¢ = M; arctg = M (3.7)
Zk Zk Rk
rae Ry — akTHBHOE CONPOTHUBIICHUE YYACTKa LIETH, K KOTOPOMY TTOIKITIOUCHA
KaTylIKa HanpspkeHus pasomerpa, OM;
Zy — TIOJTHOE COTPOTHUBIICHHE JAHHOTO y4acTKa, OM;
Xtk Xck — PEaKTHBHOE COMPOTHBIICHHUE yY4acTKa e , K KOTOPOMY MO~
KITIOUEHA KaTyIKa HampspKeHus gasometpa, OM.

[Toxa3aHne BOJBTMETpPa Ha YYacTKe LENU BBIYUCIACTCA 1O (opmy-
ne (3.5), B KOTOpOi COMpOTHBIIEHHE Z 3aMEHSETCS CONPOTUBICHUEM Zy
y4acTKa IIeNH, K KOTOPOMY HOIKITIOYEH BOJIBTMETP.

[Toka3aHue aMmIepMeTpa YUCICHHO PaBHO 3HAYeHHUIO Toka | u3 ¢opmy-
b1 (3.4).

CobcTBenHas yactora konebanwuii fy Berumcsiercst mo gopmysie

-1 (3.8)

f -
° 2nLC

riae L — o0rast MHIyKTUBHOCTD 1ienH, | H;
C — oOmast eMxocTh nenu, O.
®opmyiiel 11t BerarciacHus L u C uMeroT Bu

L=L1+L2+...+Li; (39)
1 1 1 1

— =ttt (3.10)
Cc ¢ C, C

3HaueHue Pe30HAHCHON €MKOCTH WJIM MHAYKTUBHOCTH OIPEAETSETCS U3
YCIIOBHSL pe30HAHCA HANPSDKEHUH I IOCIeJ0BAaTeIbHON TIeTIH:

> X =D X, (3.11)

BeKTOpHYI0 AMarpaMMy HaIpPsOKCHHN IENM HYXKHO CTPOHTH CICIyIO-
M 00pazoMm:

1) 3amucaTh BEKTOPHOE YpaBHEHHE HANPSKEHHI HA OCHOBAHUU 2-TO 3a-
kxoHa Kupxroda:

U=Ug +U.,+U,+U_,+U_, +U_,; (3.12)
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2) BBIOpaTh 6a30BBIN BEKTOP, OTHOCHTEIFHO KOTOPOTO CTPOST BEKTOP-
HYIO [uarpaMMmy HanpspbkeHui. B mocnenoBaTenbHOM LieNU 3TO, KaK IpaBU-
710, BeKTOp ToKa I,

3) yuects, uto BekTOophl Ugj cOBNanamT 1o (ase ¢ BEKTOPOM ToKa I,
BexTophl U ; onepexaror Bektop I Ha 90°, a BexkTophl U OTCTAIOT OT BEK-
topa I Ha 90°; KPOME TOTO, CTOUT UMETh B BUJTY, YTO BEKTOPHBIE CIIAracMbIe
dopmyisl (3.12) MOAYMHSIOTCS 3aKOHAM MEPEMECTHUTENIBHOCTH M COYeTa-
TENBHOCTH.

3.3. [Ipumep pelneHus 3a1a4n

B ceTh ¢ mepeMeHHBIM CHHYCOUAATBHEIM HampsokeHneM U = 120 B, ga-
croroii f = 50 'l mocnenoBarensuo BrmoueHsl: L = 38 'u; Ry = 5 OmMm;
R, =3 Om; C =177 Mx®.

TpebOyercs onpeaenuTh MOKa3aHUs 3JIEKTPOU3MEPHUTENBHBIX TPHOOPOB,
BKJIFOUCHHBIX B 1ems (puc. 3.11), pesonancHyto yactoty fy, moctpouts Bek-
TOPHYIO JHarpaMMy HarpsOKEHHUH.

Puc. 3.11. [IpuHIMIHATbHAS SIEKTPHUYECKAs CXEMa K PElICHHIO 3a1aun

Pemenue:
1. OmpenensieM cOnpoOTHBICHNE HHAYKTUBHOW KaTYIIKH:

X =2nfL=2-3,14-50-38-10°=11,9 Om.
2. OmpeziesisieM CONpOTHBIIEHHE KOHGHCATOPA:

1 1

X, = = —=180m.
2nfC 2 - 3,14 - 50 - 177 - 10

3. HaXOHI/IM TMOJIHOC CONNPOTUBJICHUE LICIIN:

Z =R +R,)* + (X~ Xc)? =/(5+3)* +(11,9-18)* =10 Om.
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4. Beraucnsem nokazaHue aMIepMeTpa:

I=!=@=12A.
Z 10

5. OnpenernsieM IOKa3aHNE BATTMETpa!
P=1%R +R,)=12°-(5+3)=1152 Br.

6. BrrunciseM mokasanue BOJIbTMETPA Ha Y4aCTKE LCIINU:

U, = I JRZ+ X2 =12./32 +18° =219 B.

7. Haxomum moka3zanue ¢pa3zoMeTpa:
X 11,9
¢ = arctg =L = arctg === = 67°21'1".
R, 5
8. OmpezenseM 3HaUE€HHE PE30HAHCHOW YacTOTHI:

1 1
f = =
* 2nfLC 2.314-38-10° - 177 - 10°

=614 I'm.

9. JIns mocTpoeHnsi BEKTOPHOIM JuarpaMMbl BBIOEPEM B KaueCTBE OCH
BEKTOp CHJIBI TOKa /, MacmTad BEKTOpPOB HanpspkeHuid [y = 50 B/cM u BEI-
YHCJIMM HalpsDKEHNE Ha OTENBHBIX 3JIEMEHTaX LEIH:

U =X 1=119-12=1428 B;
Uri =Ryl =512 =60 B;
Ugs =Ryl =3 - 12 =36 B;
Uc=Xcl =18-12=216 B.

BexropHas nuarpaMMa B BBIOpaHHOM MacmTa0e IIOCTpOGHAa Ha
puc. 3.12.

BeKTOpbI HalpskeHU Ha akTUBHBIX conpoTuBienusx Ug; u Ugy coB-
NaJaroT Mo HAIIPaBJIEHUIO C BEKTOPOM Toka I, Bektop U onepexaer, a Bek-
top Uc orcraer ot BekTopa Toka [ Ha 4eTBepTh nepuoza, wim 90°. Bekrop
HanpsHKEHMs Ha 3aKuMax e U paBeH reOMEeTPUYECKOH CyMME HarpsiKe-
HUI Ha BCEX €€ DJIEMEHTaXx.
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Puc. 3.12. BekTopHast ruarpamma

JladopaTtopHas padoTa Ne 4.
HUCCJEJOBAHUE HEINNIKX NEPEMEHHOI'O
CUHYCOMJAJBHOI'O TOKA C ITAPAJIJIEJIBHBIM
COEAUHEHUEM JPOCCEJISI U KOHAEHCATOPA

Lenu pabomur:

1. U3yuuth OCHOBHBIC COOTHOIICHHS MEXIy TOKAMH B BETBSIX LEIH
C IpoccelieM U KOHJIEHCATOPOM M TOKOM HEpPa3BETBJIIEHHOTO y4acTKa LETIH.

2. I3yuuTh METOJI aMIIepMeTpa — BOJIbTMETPA — BATTMETPA IS OTpejie-
JICHUST aKTHBHOTO, PEAKTHBHOIO M IIOJIHOTO COIPOTHBICHHN IPOCCEIs U
KOHJICHCATOpa.

3. 9KCHepHMeHTaHLHO ONPECACIIUTL COMMPOTUBJIICHUA APOCCEIIA U KOH-
JICHCATOPA.

4.1. O0beKTHI U CPeICTBA HCCJIeI0BAHUS

Ha pabodem mMecTe cMOHTHpOBaHA JTabopaTopHasi YCTAaHOBKA, B KOTOPOH
00BEKTaMU UCCIICIOBAHUS SBISIFOTCS APOCCENb U KOHICHCATOP, COCTUHCH-
Hble napaiiensHo. HomuHaneHoe Hampspkenne U, npoccens pasro 40 B,
KoHJeHcaTopa — 60 B.

CpezcTBa McCIIeA0BaHUS IPEACTABICHBI MAIOKOCHHYCHBIM BATTMETPOM
ANIEKTPOJMHAMUYECKON cucteMbl tuna J1522 ¢ wampsbkenuem U, = 75, 150,
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300, 600B wu cwmmoit Toka l,=0,25; 0,5, 1A; ammepmeTpoM 3JEKTPO-
MarHuTHOHM cucTeMbl THuma 359 ¢ cuoii Toka |, = 1 u 2 A; ammepmerpaMu
ANEeKTpOANMHAMHUYECKOH cucteMbl tuma /(533 ¢ cmoit Toka |, =25 u 5 A;
BOJILTMETPOM 3JIEKTPOMArHUTHON cucteMbl Tuna 359/105 ¢ HanpsbkeHnem
U,=50B.

B cocraB ycTaHoBkH BxoaAaT TpaHchopmarop nonmwxkatomuid tuna OC ¢
HanpspkerneM Uj,/U,, =220/36 B u aBroTpanchopmarop tuna JIATP-2M
¢ manpspxernem Uy,/U,, = 220/0-250 B.

4.2. O6mmue cBeeHHs 0 LEMsX MepPeMeHHOr0 TOKa
¢ mapaJuieJIbHBIM COeJUHEHUEM JIpoccelisi H KOHIeHcaTopa

Jpoccenb — 3TO OMUH W3 BHIOB KaTyIIKH WHIYKTHBHOCTH, MPEACTABIIS-
eT co0oil crennanbHyl0 MEAHYIO MPOBOJIOKY, HAMOTaHHYIO Ha CEeplIEUHUK.
OpHako ObIBalOT Jpocceny U 0e3 cepleyHrnKa — OecKapKacHbIe MM BO3-
JylHble. BHemHe HeKoTopble MOXOKH Ha TpaHcdopmarop. Omimuue 3a-
KJIFOYAaeTCsl B TOM, 4TO APOCCENb UMEET TOJNBKO OJIHY OOMOTKY, a y TpaHC-
(dopmartopa ux aBe win Ooinbie. [Ipoccenu 6e3 cepeuHUKa MPEACTABISIOT
c000if HAMOTaHHYIO CITUPAIBIO IPOBOJIOKY (puc. 4.1).

Puc. 4.1. BapuaHTbl HCIIOJTHEHUS APOCCENei

Hpoccens Ha cxeme o0o3Ha4YaeTcs rpauIeckuM U300paKEHUEM TIOITY-
BOJIHBI. EC/IM OH ¢ MarHUTHBIM CEpACYHHMKOM, N00aBisiercs uepra. J[poc-

71



CeJlb UCIIOJB3YIOT KaK MHAYKTUBHOE CONPOTHBIICHHE, 3aACPKUBAIOIICE HIIH
CriaXKuBarollee CKauku Toka. Kak M pe3nucrop, KaTymika WHIYKTHBHOCTH
HMEET OTIPEeJIeNICHHOE CONPOTHBIICHNE, YTO BBI3BIBAET M1aICHIE HAIIPSKSHUS
W OrpaHUYMBaeT TOK. BOT TonbKo rpeercst ona HaMHOTrO MeHble. [Ipoccens
YacTO MCHONB3YIOT KaK HHAYKTHBHYIO Harpy3Ky.

B HEeKkOTOpBIX ycTpoicTBax (JIIOMHUHECIEHTHBIX JIaMIax) APOCCENb CTa-
BAT JJI1 HAKOIUICHUS 3apsna. Bo Bcsakoro pona GpuubTpax ero HCHOIb3YIOT
IUIS IOAABJICHUS HeXKeJIaTeIbHbIX YacToT.

KoHnzeHcaTopoM Ha3bBaeTCA 3JIEMEHT MICKTPUYECKOH LemH, crmocoo-
HBII COCPEIOTOYMBATh, HAKAIIMBATh M OTABaTh APYTHM DJIEMEHTaM 3apsij
SNIEKTPUYECKOr0 TOKa. B caMOM NpOCTOM BapHaHTe OH COCTOMT U3 IBYX
9NIEKTPOJOB, HAKAIUTMBAIOIIUX PA3HOMMEHHBIC 3apsiapl M MO3TOMY pasje-
JICHHBIX MEXKy CO00i1 ciioeM auasekTpuka (puc. 4.2).

—_
—— -
[ si———=s3]

Puc. 4.2. CtpykrypHas cxema KOHeHcaTopa

[Tpn npoxokJeHNN OCTOSIHHOTO TOKA 4epe3 KOHIEHCATOP MPOUCXOIUT
ero 3apsi (puc. 4.3, a) 1o HanpspkeHus Mexay ookitaakamu U, pasaoro 9/1C
ncrounuka E. Ecnu 3apsHKeHHBIH KOHIIEHCATOP 3aMKHYTh Ha Kakoe-JH0o
conporuriieaue R (puc. 4.3, 6), TO MOA ACHCTBHEM HAIMPSDKCHHS HA KOH-
JieHcaTrope OyaeT MpoTeKaTh TOK paspsia.

Ecnmu paccmarpuBath MpoIecChl, IPOUCXOAAIINE B IIETIH, COAepIKaIIeH
KOH/ICHCATOP M MCTOYHHK IEPEMEHHOI0 TOKa, TO HETPYAHO 3aMETUTh, UTO
9TH TPOLIECCHI CBOATCS K HEPHOANYECKOMY 3apsiay M pa3psay KOHAeHca-
Topa. [loaToMy co3maeTcss BIEYaTICHHE, YTO IEPEMEHHBIH TOK MPOXOIMT
Yyepe3 KOHICHCATOP.
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Puc. 4.3. 3apsn (a) u pa3psn (6) KoHIEHCaTopa

B nenu nmepeMeHHOTo TOKa C MapalljieIbHbIM COCTUHEHUEM CONPOTHB-
nieHuit (puc. 4.4) HanpsKEHUE SBJSCTCS OOIIUM IS BCEX IPUEMHHKOB, a TOK
B K&XXJI0M BETBU OMPEENICTCS COOTHOIECHUSIMHU

Ilzi; Izzi. (41)
Zl ZZ
i
o it ° ,
Vi 'Vz
L &
~
EA B
O‘

Puc. 4.4. llens nepeMEeHHOTO TOKA
C HmapasuIe/bHBIM COSANHCHUEM COMPOTHUBICHUH

Tok B HCpEBBCTBJ'ICHHOﬁ HaCTu LCIHA OIPCACIIACTCd KaK BEKTOpHas
CyMMa TOKOB OTACJIbHBIX BETBEH:

=1, +1,. (4.2)

B snextpudeckoil nenu npu napajieIbHOM COEAMHEHUH €MKOCTHOW U
WHIYKTUBHOM HAarpy30K BO3HUKA€T PE30HAHC TOKOB, €CIU PABHbI MHAYK-
THUBHBIE U eMKOCTHBIE TIpoBoAUMOCTH BeTBei (b = bg).

PaccmorpuMm mneansHyIo 1enb (puc. 4.5), B KOTOpOH OTCYTCTBYET ak-
TUBHOE COMPOTHUBIICHHE.
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Puc. 4.5. Cxema nueansHOM 1enu (a) ¥ BEKTOpHAs JuarpaMma (0) pe3oHaHca TOKOB

ITpu 3TOM TOKM B MHAYKTHBHOW M €MKOCTHOH Harpyskax paBHBI IO Be-
JIMYUHE U MPOTUBONONOKHBI o HampasieHuto (I = b U; Ic = bcU). Tok B
MHAYKTUBHOU Harpy3ke OTCTAaeT OT HampsbkeHus Ha 90°, a B eMKOCTHOM ore-

pexaer ero Ha 90° (1. = —Ic). CriemoBarensHO, IpU pe30HAHCE B paccMaTpH-
BacMOH H/IealIbHOM LEMH B ITOJBOASIIMX [IPOBOJAX CHJIa TOKA paBHA HYIIO:
I=1_+1.=0. (4.3)

PaccmotpumM Teneps peanbHyto 1ens (puc. 4.6, a). Ilycts B BeTBU ¢ UH-
JYKTHBHBIM COIIPOTHUBIICHMEM HMEETCS U AKTHBHOE CONPOTHBJIECHHE, YTO
MPaKTHYECKH COOTBETCTBYET IOJKIIOUEHHUIO ABUraTelsi. B BeTBU ¢ eMKOCT-
HBIM COIPOTHBJICHHEM CHJIa TOKa ompejaenutcs mo ¢opmyne lc = bcU.
B BetBU ¢ mHAYKTHBHBIM compoTtuBieHueM 1ok (l; = y;U) cocrout u3 ak-
TUBHO# cocraBisioniei l,; = g;U u uHAyKTHBHOM coctaBstonieit |, = —b U
(puc. 4.6, 6). B pexume pe3oHaHCAa WHAYKTHBHAS COCTAaBILIIONIAs TOKa
Iy =—b U mnepBoii BeTBM paBHAa MO 3HAYEHHIO W MPOTHUBOIOJIOXKHA IO
HaTPaBJICHUIO TOKY BTOPO BETBH:

(4.4)

;

O

I

1

Puc. 4.6. Cxema peanbHO# 1ienH (@) U BEKTOpHAst AMarpamma (6) pe3oHaHca TOKOB
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Tox B moABOAAIIMX MPOBOJIAX OyIET COCTOATH TOJIBKO M3 aKTUBHOU CO-
CTaBJIAIONICH TOKA IIEIH, T. €.

=1, +1,+1l.=1,. (4.5)

ITpu 3TOM peakTHBHBIE TOKH 3aMBIKAIOTCS B MapajUIEIbHOM KOHTYpEe U
MOTYT B JIECSITKU pa3 MPEBBILIATh CHJIY TOKa B MOABOIAIIMX MpoBojax. [lo-
5TOMY PE30HaHC NPU MapajIeIbHOM COSITMHEHHH eMKOCTHON W MHAYKTHB-
HOHW Harpy3oK HasbIBaeTCs PE30HaHCOM TOKOB. [Ipu pe3oHaHCe TOKOB CABHT
(a3 MeXIy TOKOM M HanpspDKEHHEM B IIENU paBeH HyJto (COS ¢ = 1), uemnb
o0najaeT akTUBHBIM CONPOTHBIICHHEM. BekTopHas auarpaMMa TOKOB W
HAaIpsDKeHUs! IPH pe30HAHCE TOKOB M300pakeHa Ha puc. 4.6, 6. Cuna Toka B
MOJBOASAIINX MPOBOIAX IPHHUMAET MUHUMAIbHOE 3HAUCHHE.

JAnst neMOHCTpalMy pe30HaHCa TOKOB COOMPAIOT IEKTPUUECKYIO 1IEITh C
TapauleNIbHBIM BKJIIOUCHHEM OaTapen KOHACHCATOPOB M KAaTYIIKH WHITYK-
TUBHOCTH (cM. puc. 4.5). V3MeHsst eMKOCTh OaTapeu KOHAEHCATOpOB IpHU
MIOCTOSTHHOW MHIYKTUBHOCTH KaTYIIKH WM WHIyKTUBHOCTH MPHU IOCTOSH-
HOW €MKOCTH, JOOMBAIOTCS MUHUMAIILHOTO MOKa3aHMsI aMIIepMEeTpa, BKIIIO-
YEHHOTO B HEPA3BETBJICHHYIO YaCTh IENH, YTO COOTBETCTBYCT PE30HAHCY
ToKOB. [Ipy 3TOM NpuUIIOKEHHOE HaNpsHKEHHE HEOOXOAMMO TOICPKUBATH
MIOCTOSTHHBIM. AMIIEPMETPHI, BKIIIOUCHHBIE B BETBH LETH, MTOKAXKYT MaKCH-
MaJIbHYIO CHIIy TOKa, IIPU 3TOM HX IIOKa3aHHsA OyAyT OIMHAKOBBIMH, CO-
riacHo gopmyie (4.4).

Pexxum pe3oHaHca TOKOB MMeeT OOJbIIOE MPAaKTHYECKOE 3HAYeHHE B
TEXHHKE CHUJIbHBIX TOKOB. [Ipu pe3oHaHce TOKOB X KOJeOaHHUs MPOUCXOAST
BHYTPU KOJIEOATEIbHOTO KOHTYpA, BHEUTHMH HCTOYHHMK TOKA TOJBKO ITO-
TMOJIHSIET TIOTEPH SHEPTUH Ha aKTUBHOM CONPOTHUBIICHUH. B anekTprueckux
CeTAX YaCTUYHO MPOHCXOANUT OOMEH HEPrHed MEeXAy TeHepaTopaMH U Io-
TpeOUTENSIMH, YTO 3arpy’kaeT CeTh PEaKTHBHBIMH TOKAMH M YBEJIMYHBAET
TIOTEpH SHEPTUM Ha HarpeBaHHE MPOBOAOB. UTOOBI M30aBUTH CETh OT ITHX
MOTePh, MapAJUICTBHO MTPUEMHUKY C UHIYKTUBHBIM CONPOTHUBIICHHEM I1O-
KJIFOYarOT KOHJEHCATOPBI, YEM U CO3/IaI0T KOJIeOaTeIbHBIH KOHTYpP Ha MecTe
npueMHuKa. [lapanenbHoe IMOAKIIOYEHHE KOHJICHCATOPOB K aKTHBHO-
WHJIyKTUBHOM Harpyske IOBBIIAET KOI(QQUIMEHT MOIIHOCTH Harpy3Ku
cos ¢.

Koadpunuent MorHocTH COS ¢ MOKa3bIBAET, KAKYIO YacTh OT IOJIHOM
MOIIHOCTH S COCTaBJIsSIeT aKTUBHAsi MOIIHOCTH P. CliesioBaTesibHO, BTOPOi
COCTaBJIAIONIEH TOTHOW MOIIHOCTH SIBJISIETCS peaKTHBHAsL, KOTopasi 0003Ha-
yaetcs OykBo# Q. 13 onpenenenns nmosHoit MmoutHoctH (S = IU) kak cyMMBbI
aktuBHOH (P = 1UCOS @) u peakTuBHOI MOXXHO 3amucaTh GOpMyIly peak-
TUBHOW MOITHOCTH:
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Q =1Usin ¢. (4.6)

PeakTrBHas MOITHOCTD XapaKTEPHU3YET CPEAHIOI CKOPOCTh HAKOTIIICHUS
1 yOBUIM SHEPTUHM MAarHUTHOTO WM 3JICKTPHUYECKOTO TIOJIS LETIH. AKTHBHAS
MOIIIHOCTh OMPEENAET CKOPOCTh MPE0Opa30BaHUs HCKTPHUCCKOM IHEPTUH
B JIpyrH€ BHUIBI 3HEPTHU (CBETOBYIO, MEXaHWIECKYIO, XHMHUUECKYIO, BHYT-
PEHHIOI0).

Koa¢punnent momHocTr COS @ uMeeT OO0JbIIoe MPAKTUUECKOe 3HaYe-
HHUe. YBenuueHue COS ¢ JaeT BO3MOXKHOCTH IOJIHEE HCIIOJIb30BaTh HOMH-
HaJbHYI0 MOIIHOCTh T€HepaTopa, TpaHcopMaTopa U IPYroro odopynoBa-
uust. [Ipu cos ¢ = 0,7 akTHBHAS MOIIHOCTH COCTABIISACT TOJIBKO 70 % HOMU-
HaJIbHOM MOIIHOCTH TpaHC(HOPMATOpa, T. €. BCE IEKTPOOOOPYLOBAHUE HC-
noab3yercst Ha 70 % cBoed HOMHUHAJIBHON MOIIHOCTH.

Hepmorpyska o6opynoBanus (reHepaTopoB, TypOuH, TpaHC(HOPMATOPOB)
BEAET K M3JIMIIHUM MaTepHAIbHBIM 3aTPaTaM U S5KOHOMHYECKN HEBBITOTHA.
Kpome Ttoro, Hemorpyska reHepaTtopoB, ABHTATeled M TpaHC(HOPMATOPOB
MIPUBOJNT K YBEIMUCHNIO HEHY)KHOW PEaKTUBHOI MOIITHOCTH CETH.

YBennuenue €0S ¢ mosbimaer KIIJ[ ycranoBku. CrenoBaTenbHO, I
repeiauy OJHOW M TOM k€ MOIIHOCTH IPH OoJblIeM COS () HYXKHBI POBO/IA
MEHBIIEro ceueHus, OoJiee JerKhe ONopbl U JApyroe o0OpYyAOBaHUE JIMHUI
JJIEKTpOIIepeiad, YTO TpeOyeT MEHBILEro pacxoja MeTaja U MEHBIIEro
KalMTaJIOBIIOXKEHHS Ha COOPY)KEHHE BO3AYIIHBIX JINHUH U YCTAaHOBKY 000-
pPYyAOBaHUSI.

KoaddumreHT MOIIHOCTH MOBBIIIAOT €CTECTBEHHBIM (03 MPIMEHEHHS
CHeLHaIbHBIX YCTPOHCTB) W MCKYCCTBEHHBIM (C MPUMEHEHHEM DPa3INYHBIX
KOMIICHCHUPYIOIIUX YCTpoicTB) crocobamu. [Ipm stom Hambomee 3¢dek-
TUBHBIM SIBJISICTCS HMCKYCCTBEHHBIH CIOCOO MOBBINIEHUs KO3 (uIneHTa
MOIIHOCTH, CYTBbIO KOTOPOTO SIBIISIETCS IIOJydeHHE TpeOyeMoro 3HaueHHs
yriia cisura (a3 B enu 3a c4eT M3MEHEHHUS] eMKOCTH KOHJIGHCATOpa.

4.3. TlopsiioK BBINOJHEHUS PadoThI

1. O3HaKOMUTBCS ¢ MPUHIUITHAILHON AJIEKTPUIECKOW CXeMOil abopa-
TOpHOU ycTaHOBKH (pHc. 4.7) U moAroToBuTh Maket tadim. 4.1-4.3 musg 3a-
IIMCH pe3yJIbTaTOB HAOIIOIEHUH.

2. CobOpartb 1enb B COOTBETCTBHU € pHc. 4.7 M mocie pa3penieHust npe-
1oJIaBaTessl BKIIOYUTD ee B ceTh. Brikimouarenem SAl monkimo4uTs Ipoc-
cenb LR, ycTaHOBHTH 10 yKa3aHHIO TperojiaBaresisi 3HAYSHUs HarpsHKeHUS
Ha ero katymke U (pykosiTkoil aBToTpancdopmaropa) u cuibl Toka I (1mo-

76



IBIDKHBIM CTEP)KHEM €r0 MarHUTOIPOBOa). 3amucaTh B Ta0I. 4.1 3HaueHUS
HanpspkeHust U o BonbtMmetpy PV1, cunbl Toka apoccenst | mo ammep-
Merpy PA2 u aktuBHOW MomHoctu P mo Bartmerpy PWI1. Brruucnurts
nojiHoe Z, akTuBHOE R| M MHAYKTHBHOE X| CONPOTHUBIICHHS JPOCCENs, KO-
G (UINEHT aKTUBHOW MOIIMHOCTH COS @ M YroJl (. MEXHy BEKTOPaMH
Hanpsoxenus U, u Toka 1.

LR

SA1
Wi

ST

e 150B|  sA2

g ~o—iH

~220B

N &

Puc. 4.7. IlpuHOMNKAIbHAS YJIEKTPHUYECKAs CXeMa MCIBITaHus OAHO(A3HOM Hern
C MapaJuIeNIbHBIM COSTMHEHUEM APOCCENs U KOHAEHCaTopa

Tabnumna 4.1. Pe3yabTaThl HCCIEA0BAHNS IPOCCES

I/I3MepHeMLIe BCJIIMYHUHBI Brruncnsiemble BeTUYHHBI
U|_, B ||_, A PL, Bt ZL, OMm RL, OMm XL, Om COS L @, rpag

Ta6nuna 4.2. Pe3yabTaTel Hec/IeA0BAHAS KOHAEHCATOPA

I/l3MepHeMLIe BCJIIMYHUHBI Brruncnsiemble BeTUYHHBI
UC, B IC, A P(;, Bt ZC, OMm R(;, OMm X(;, Om COS ¢ Qc, T'pan

Tabnuna 4.3. Pe3yapTaThl HcclieJOBAHNS IEMH C APALIEIbHBIM COeIMHEHHEM
ApoccesIsi M KOHAEHCATopa

I/ISMepﬂeML]e BCJIIMYUHBI BrruncisieMble BeTHYHHBI
U,B LA|P,Br | I,A |IcA| y,Cm | g,C™m | b,C™ | cose | @, rpan | I, A

3. OTKIIIOYHTH APOCCEITh, 3aTEM BBIKIOUaTeIeM SA2 MOIKIIOYUTh KOH-
nencarop CB, ycTaHOBUTH 10 yKa3aHHWIO IPEIOJaBaTelisi HalpshKeHHE Ha
kongencarope Uc o BosibT™MeTpy PV1. 3anucarte B Tab:. 4.2 3HaYeHus cu-
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JBI TOKa KoHAeHcaTopa | mo ammepmerpy PA3, Hanpspkerust Ue 1o BOTIBT-
Metpy PV1 u aktuBHOHI MommHOCTH P o BattMeTpy PW1.

Brruncanth nomHoe Z¢, akTuBHOE Re M eMKOCTHOE Xc CONPOTHBIICHUS
KOHJIeHCaTopa, K03(Q(HUIIMEHT ero akKTUBHONW MOIIHOCTH COS (¢ M YTOJ Q¢
MEKIy BeKTopaMu Hanpsbkenus Uc u Toka I.

4. BKJIIOYHTH OJIHOBPEMEHHO Jpoccenb LR u xongencarop CB BbIKIIO-
garersiMu SA1 1 SA2, ycTaHOBUTBH 10 yYKa3aHUIO MPENOaBaTeNs HampshKe-
uue U no BomsT™eTpy PV1 u crimy Toka npoccens | mo amnepmerpy PA2.

3anucath B Ta0id. 4.3 3HaueHHs CHIIBI TOKa apoccens |, KoHmeHcaTo-
pa ¢, aktuBHOM MomHOCTH P miemnw, oOmeit cribl Toka | u Hanpspkerus U.

ITo pe3ynbTaram OmbITa BHIYUCIHUTH IONHYIO ), aKTUBHYIO J M PEaKTHB-
Hyto b mpoBomumoctu teru. Onpenenuts k03P UIHEHT aKTHBHOW MOIIHO-
CTH LIETH COS ( ¥ yTOJI (¢ MEXITy BEKTOpamu Hanpskenus U n o6ero Toka /.

5. IlocTpouTk BEKTOPHBIE AUArpaMMBbI HAIPsHKEHUSA U TOKa JUIA Apocce-
JIs1 M KOHZAEHCATOpa, a TaKKe JUarpaMMy HanpsDKEHHH M TOKOB JJIsl BCel
nernu. CpaBHUTH MEXIy COOOH 3TH BEKTOpHBIE OHarpaMMsbl. 1o JaHHBIM
Tabm. 4.1 u 4.2 paccUUTaTh CHIIy TOKa B HEPA3BETBICHHOM y4acTKe IICTIH U
CPaBHUTH pacueTHOE 3HaYCHHE TOKa | ¢ ONBITHRIM 3HaUEHHEM U3 Tabum. 4.3.

4.4. TloAroTOBKA K BHINOJHEHHIO Pad0o4yero 3aganus

1. 3yanTh HEOOXOMMUMEIE pa3Jelbl B peKOMEHIyeMol murepatype [1-2,
4,9].

2. VI3yuuTb METOIMKY U3MEPEHHsI apaMeTPOB JPOCCENsl U KOHJIEHCATO-
pa ¢ TOMOIIBI0 M3MEPHUTENbHBIX NPHOOPOB — aMIepMeTpa, BOJBTMETPA,
BaTTMETpA.

3. I3yuuTh METOAMKY MOCTPOCHHS BEKTOPHBIX IUAarpaMM TOKa W HX
NIPUMEHEHUE U1 aHAIM3a LeTIeH.

4.5. Yka3zaHus M0 BHINOJTHEHUK) Padovero 3aganus
U 00paboTKe Pe3yabTATOB IKCIIEPUMEHTA

1. [TonHBIE CONMPOTHBICHUS KATYIIKH Apocceist Z, U KOHAeHcaTopa Z¢
BBIYHCIISIOTCS TI0 popMyIam

Z, =—Lt; Zz.=-¢, @.7)
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AKTHBHBIE COIPOTHBIEHM Apoccens R M koHaeHcaTopa R¢ BbYHCIA-
I0TCS 110 popMyIIaMm

R, _R. R. = Fe (4.8)

27 T2
IL IC

WHIyKTHBHOE CONPOTHBIEHUE ApOCCENs X M €MKOCTHOE COMPOTHBIIE-
HHE KOHZEeHcaTopa X¢ BBIYUCIISIOTCS CIIETYIOIIMM 00pa3oMm:

X, =ZF-R%; X, =\ZZ-RZ. (4.9)

2. KoadpuipeHTsl akTHBHOW MOIIHOCTH JIpoccens COS (o U KOHJIeHca-
TOpPa COS (¢ BEIYUCIIAIOTCS IO (popMyIam

P, P,
Cos @, = ; COS Q. = , (4.10)
) UL I L ¢ UC IC
OTKyza
P P
@, =arccos [ L j; @ = arccos ( < j (4.11)
LIL UC C

3. lonHas y, akTUBHAs § ¥ peakTHBHas b mpoBoAMMOCTH BCell 11enu BbI-
YUCILIIOTCS 110 (hopMysiam
| P
| p— , = —_— , b = 2 — 2 . 412
y=5' 92 y -9 (4.12)

4. KoopuuueHT aKTHBHOH MOIIHOCTH COS (0 BCeil memuw u (ha3oBBIi
YTOJI (p MEXKy BEKTOpaMH HanpsbkeHHs U u o01iero Toka / onpenensrorcs
o gpopmynam

P P
cos p=—; =arccos | — |. 4.13
*=3 ® (Ulj (4.13)

5. PacueTHO€ 3HaUeHHE CHIIBI TOKA | B OCU BBIYUCIIACTCA 110 (bopMyne

I =\/(ILcos o, + 1. cos @)’ + (I sin @ — I sin @), (4.14)

6. [Ipu mocTpoeHHH BEKTOPHOW JHarpaMMbl HAMPSDKEHUS U TOKOB LIS
Jpoccerst ¥ KOHJCHCATOpa HEOOXO0MMO yYUTHIBATh 3HAK (Ha30BOTO yria @
Mesxay Bekropamu Uy u 1| 1 3Hak yria ¢¢ Mexay Bekropamu Uc u 1. Bek-
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Top Toka I, oTcTaer ot Bektopa Hanpsxenus U (¢, > 0), a BekTop Toka I,
Hao6opoT, onepexaer Bektop HanpskeHust Uc (¢ < 0). Tlpu moctpoenun
BEKTOPHOW JAWarpaMMbl [UIsl Pa3BETBICHHON LENH HCXOIHBIM BEKTOPOM
NPUHMMAETCs BEKTOp Hanpsokenus U, a BekTop Toka [ B HEpa3BETBIEHHOM
9aCTH LIETIH PaBeH F€OMETPHIECKON CyMME BEKTOPOB TOKOB BETBEH:

Tl 0. (4.15)

C

Tak Kak B HaIlleM CIydae IeIb COCTOUT U3 JBYX BETBEH, TO IIOCTPOCHHUE
BEKTOPHON AMarpaMMbl OCYIIECTBISETCSA C IMOMOIIBIO Memooa napaiieno-
epamma. CyTb 3TOTO METOJa 3aKIIOYAETCsI B IOCTPOCHHUH JIBYX HEOCTAIO-
IIUX CTOPOH J0 MOJYYEHHs NapaijeisorpamMma, a BeKTOp o0Imeil cuisl To-
Kka [ ABJISIETCS IMATOHANIBIO TIOTYIUBIIETOCS MAPAILIENOrPaMMa.

4.6. KoHTpOJbHBbIE BOMPOCHI

1. TTouemy B 1enu ¢ mMapamIeIbHBIM COCIMHEHHEM IEMEHTOB CHJIAa TOKA
mo0oii u3 Betseit || win |- npeBbimaeT 3HaueHne cuiibl Toka | Beelt nenu?

2. [Toyemy KO3 PHUIMEHT aKTUBHON MOIIIHOCTH BCEH IIETH COS (¢ OOJIb-
e K03 QUIIMEHTOB aKTUBHOW MOIITHOCTH JPOCCENS COS (O ¥ KOHIEHCATO-
pa cos @c?

3. Kakoe pe3oHaHCHOE sIBJIEHHE BO3MOKHO B JTAHHOW IIEMH W KaKOBBI
ycioBust ero nosisieHust? O0bscHUTE PU3NUECKHIA CMBICI 3TOTO SIBICHUSL.

4. [ToyeMy 1 KakuM 00pa30M HEOOXOJUMO YBEIHINBATH KOIPPHUIHCHT
aKTUBHOW MOILHOCTH LieTeH, KOTOPBIE COJIEpPkKAT APOCCENH U KOHACHCa-
TOpHI?

5. Kak omnpesenuts 3HaK (a3oBOTo yriia @ B IENU ¢ HapalIeIbHBIM CO-
€IMHEHUEM 3JIEMEHTOB?

4.7. Tlopsinok odopmaeHUs 0TYETA

1. 3anmcaTh Ha3BaHUE U LIETh JIAOOPATOPHOU PabOTHI.

2. llpuBecTn XapakTepUCTUKYy OOBEKTOB K CPEACTB HCCIIEOBAHUS
(m. 4.1).

3. HauepTuTh NPUHIMITHATIBHYIO 3JEKTPUYECKYIO CXEMY HCIBITAHHS
onHo(a3HOH Ienu ¢ mapauleIbHBIM COSANHCHHEM IPOCCEIst M KOHICHCA-
Topa (cM. puc. 4.7).

4. Pe3ynbTaThl HCCIICAOBAHMI 3amucath B Ta0. 4.1-4.3.

5. TTocTpouTh BEKTOPHYIO MUarpaMMy HAMpPSDKEHUH M TOKA MPH mapai-
JIETBHOM COEIMHEHUH APOCCENs U KoHaeHcaTopa (puc. 4.8, 4.9).
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Pe =

Puc. 4.8. ITopsiiok MOCTpOeHUsI HIDKHEH U BepXHeil 4acTH BEKTOPHOU JHarpaMMbl
HAMNPSDKEHHUS H TOKOB IIPU NapajljIelbHOM COeUHEHHHU IPOCCeNs H KOHIEHCATopa

Puc. 4.9. O6pasen moydeHHOH BEKTOPHON JMarpaMMEl
6. CrenaTb BBIBOJIBI.

JlabopaTopHas paGora Ne 5.
PACYUET OAJHO®A3HBIX IEIIEU
C MAPAJUIEJIBHBIM COEJIMHEHUEM ITPUEMHHUKOB

Heau padorsi:

1. I3y4nTh OCHOBHBIC COOTHOIICHWS, BO3HUKAIOIIAE B AJIEKTPHYCCKIX
LETSIX C MapajuIeIbHBIM COSAMHEHHEM IPUEMHHKOB.

2. [Tony4nuTh NMpaKTUYECKUE HABBIKK pacdera 3JCKTPUYCCKUX IEMeH c
MapajuIeIbHBIM COSAMHEHUEM MTPUEMHHUKOB.

5.1. UcxoaHble JaHHbIE
B ceTp ¢ mepeMeHHBIM CHHYCOMAAIbHBIM HampspkeHnem U u Tokow I,
yactoToi f = 50 ' BKIIKOYEHBI TOCIIEI0BATENBHO-TIAPAIIIEIBHO PESUCTOPBI,

WHIYKTUBHBIE KaTyIIKH W KoHIeHcaTopwl (puc. 5.1-5.10). JlanHbIe 11t
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pacyera 3amaHbl B Tabi. 5.1, B KOTOpOW yKa3aHbl 3HAYCHUsI HAMPSDKCHUS
WJIH TOKA, aKTHBHBIC, UHTYKTHBHBIC U €MKOCTHBIC COTIPOTHBIICHUSL.

TpeOyercs:

1. OnpenenuTh MOKa3aHUs AJICKTPOUIMEPUTEIBHBIX MPUOOPOB, BKIIIO-
YCHHBIX B IICIh: aMIIEPMETPA, BOJIETMETPA, BaTTMETpa U (pasomeTpa.

2. [TocTpouTh BEKTOPHYIO AUATPaMMY TOKOB.

X2

Xu R

Puc. 5.2. Cxema Ne 2

(%) 1 1 X

Puc. 5.3. Cxema Ne 3
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2
Xu g
R2

;w‘
N
X

Ry

Xa T

A

o

Puc. 5.4. Cxema Ne 4

Puc. 5.5. Cxema Ne 5

Puc. 5.6. Cxema Ne 6
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Puc. 5.7. Cxema Ne 7

Puc. 5.8. Cxema Ne 8

Puc. 5.9. Cxema Ne 9
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Ry

R>

Puc. 5.10. Cxema Ne 10

Ta6numa 5.1. Mcxoanble JaHHbIE

Bapuantst JlaHHbIe 17151 pacueTa
HoMep C U | R1 Rz XL1 XLZ Xc1 Xcz
TpoKa
CXEMBI B A Om Om Om Om Om Om
1 2 3 4 5 6 7 8 9 10
1 50 — 1 5 2 10 4 —
2 — 10 2 4 4 8 6 -
3 45 - 3 3 6 6 8 —
4 — 12 4 5 8 4 10 —
1 5 40 — 5 6 10 4 12 —
6 — 14 6 7 12 6 14 —
7 35 — 7 8 14 8 16 -
8 — 16 8 7 16 10 18 —
9 30 — 9 8 18 12 20 -
10 — 18 10 9 20 15 22 -
1 50 — 10 1 5 — 5 4
2 - 10 9 2 6 — 7 6
3 45 — 8 3 7 — 9 8
4 - 12 7 4 8 — 11 10
2 5 40 - 6 5 9 — 13 12
6 — 14 5 6 10 — 15 14
7 35 - 4 7 11 — 17 16
8 — 16 3 8 12 — 19 18
9 30 - 2 9 10 — 21 20
10 — 18 1 10 7 — 23 22
1 50 - 10 1 2 1 6 -
2 - 18 9 2 4 5 7 —
3 3 55 — 8 3 6 7 8 —
4 - 16 7 4 8 9 10 —
5 60 — 6 5 10 11 12 -
6 - 14 5 6 12 13 14 —

©
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Ipononxenue tabmu 5.1

2 3 4 5 6 7 8 9 10
7 65 - 4 7 14 15 16 -
8 — 12 3 8 16 17 18 —
9 70 — 2 9 18 19 20 —
10 - 10 5 10 20 21 22 -
1 75 - 20 10 8 - 8 20
2 - 11 18 12 9 - 10 18
3 80 — 16 14 10 — 12 16
4 — 12 14 16 11 — 14 14
5 85 - 12 18 12 - 16 12
6 - 13 10 20 13 — 18 10
7 90 — 8 22 14 — 20 8
8 - 14 6 24 15 — 22 6
9 95 - 4 26 16 - 24 4
10 - 15 5 20 17 - 20 5
1 100 — 20 — 10 10 8 —
2 - 14 19 - 11 9 9 -
3 90 — 18 - 12 8 10 -
4 - 13 17 - 13 7 11 -
5 80 - 16 - 14 6 12 -
6 - 12 15 - 15 5 13 -
7 70 — 14 - 16 4 14 —
8 - 11 13 - 15 5 15 —
9 60 — 12 - 14 6 16 —
10 - 10 11 - 13 7 17 -
1 50 - 4 4 6 - 6 -
2 - 9 5 6 7 - 8 -
3 45 — 6 8 8 — 10 —
4 - 8 7 10 9 — 12 —
5 40 — 8 12 10 — 14 -
6 - 7 9 14 11 - 16 -
7 35 - 10 16 12 - 18 -
8 - 6 11 18 13 - 20 -
9 30 — 12 20 14 - 22 —
10 — 5 13 22 15 — 24 —
1 50 - 10 20 20 10 5 -
2 - 4,5 11 18 19 12 10 -
3 45 - 12 16 18 14 15 -
4 - 4 13 14 17 16 20 —
5 40 — 14 12 16 18 25 —
6 — 3,5 15 10 15 20 30 —
7 35 - 16 8 14 22 35 -
8 - 3 17 6 13 24 40 -
9 30 - 18 4 12 26 45 -
10 - 2,5 19 5 11 25 50 —
1 35 - 20 - 10 — 10 20
2 — 3 19 — 12 — 11 18
3 40 - 18 - 14 - 12 16




Oxkonuanue tabim 5.1

1 2 3 4 5 6 7 8 9 10
4 — 4 17 — 16 — 13 14
5 45 - 16 - 18 - 14 12
6 — 5 15 — 20 — 15 10

8 7 50 - 14 - 22 - 16 8
8 — 6 13 — 24 — 17 6

9 55 - 12 - 26 - 18 5

10 — 7 11 — 28 — 19 6

1 60 - 10 20 20 - 20 -

2 - 8 11 18 19 - 21 -

3 65 — 12 16 18 — 22 -

4 - 9 13 14 17 - 23 -

9 5 70 — 14 12 16 — 24 -
6 - 10 15 10 15 - 25 -

7 75 — 16 8 14 — 26 -

8 - 11 17 6 13 - 27 -

9 80 — 18 4 12 — 28 -

10 - 12 19 5 11 - 29 -
1 50 — 20 30 10 — 30 10
2 - 5 19 28 11 - 31 12
3 45 — 18 26 12 — 32 14
4 - 4,5 17 24 13 - 33 16
10 5 40 — 16 22 14 — 34 18
6 - 4 15 20 15 - 35 20
7 35 — 14 18 16 — 36 22
8 - 35 13 16 17 - 37 24
9 30 — 12 14 18 — 38 26
10 - 3 11 12 19 - 39 28

5.2. MeTtoauueckue PEKOMECHAAIMH MO PCIICHUIO 3aaYH

3a/aga OTHOCUTCS K pacyeTy OJHOGA3HOH Ienu NMepeMEeHHOTO TOKa C
MOCTICTOBATEIEHO-TIAPAIIICIIEHBIM  COCTUHCHUEM PE3HCTOPOB, HHIYKTHB-
HBIX KaTyIIeK U KOHJICHCATOPOB.

JlaHbI YUCIICHHBIC 3HAYCHHS COMPOTHBICHUHA Ry, Ry, X 1, X2, Xc1, Xco
3anmaHbl Takke BXomHoe HampspkeHne U wiu BXOAHOH TOk | B melcTByro-
muX 3HaueHusnx (cM. tabm. 5.1).

JaHHyr0 3a7adqy MOXHO peIIaTh METOJOM IPOBOAMMOCTEH, MOATOMY
HEOOXOIMMO OMPEICIUTh CHAaYalla aKTHBHBIC MPOBOIUMOCTH BETBEH {i U
BCeii 1enu ¢, MHAYKTHBHBIE IPOBOJAUMOCTHU BeTBel Dy; u Beelt 1ienu by, em-
KOCTHBIE TIPOBOJMMOCTH BETBEW D¢ W Bcell memu b, MOIHYIO MPOBOIM-
MOCTh Bcel 1ienu Y. Eciu paccmarprBaeMasi BETBb COACPIKUT COMPOTHUBIIC-
HUS Kakoro-moo Buaa Rj, X, Xcj, TO MPOBOJUMOCTH BBIYUCISIOTCS IO
dopmynam:
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1 1 1
. ———: b, . b
gl Li L Ci X

(6.1)

Ci

Ecnu paccmarpuBaemast BETBb COIEPXKHT J1Ba M O0JIee OCIIe10BaTEIbHO
COCTUHEHHBIX PAa3HOTUIHBIX 3JIEMEHTOB, TO MPOBOAUMOCTH i-ii BETBU BbI-
YgHCIsIeTCs 0 (opMyIaM:

2R 2 X
. b|_' — Z-Z .

g z?

XCi
be; = Zz_z ; (5.2)

rae Zi — IOJIHOC CONIPOTHBJICHUC i-if BeTBH.
AKTI/IBHaSI, HWHAYKTUBHAs, EMKOCTHAA IMIPOBOANMOCTH BCel OCIIU BBIYHC-
JIAKOTCA KaK CyMMa OJHOMMCHHBIX HpOBOI[HMOCTeﬁZ

g =Zgi; b, :Zbu; be :Zbci' (5.3)

[MoxHas MPOBOAMMOCTD BCEH IIETIN ONpEAeIsieTCs 1o (hopMyIe

y:\/gz"'(bL_bc)z- (5-4)

BxopmHoit Tok | onpenensercs no 3akony Oma:
1=Uy. (5.5)

BxogHoe HampspkeHHE 1O 3aJaHHOMY TOKY BBIUHCIsACTCS U3 (popmy-
el (5.5).

INokazanue BaTTMETpa YNCICHHO PABHO 3HAYCHHIO aKTHBHOW MOIITHOCTH
ydacTka 1iend B BaTTax (BT) mnm B kunoBatTax (KBT) M BeUHCHsSeTCA 1O
dhopmyiie

P=U’Xg,, (5.6)

rae X0y — CyMMa aKTHBHBIX NMPOBOAUMOCTEH BETBEH, K KOTOPBIM MOIKIIO-
4yeH BaTT™MeTp, CM.
[Toxa3zanue dazomerpa omnpenensercs mo hopMyaam:
. b, —b b, —b
arccos @ = 2 : arcsin ¢ = S D0k - arctg = Sk Dok (5.7)
Yk k *

rae gy — aKTUBHAs MMPOBOAMMOCTH BETBEH LIENH, K KOTOPBIM MOJIKIIOYEeHA
Karymika HanpspxeHus paszomerpa, Cm;
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Yk — TIOJIHAs IPOBOJMMOCTH JJAHHOTO yyacTka, CM;
bi, Dok — peakTuBHAs MPOBOAMMOCTH BETBEHl IEIH, K KOTOPHIM IOI-
KITIOUCHA KaTyIIKa HanpspKeHus daszomerpa, Cum.
BekTopHyIo quarpaMMy TOKOB LIEIH HYXKHO CTPOUTbH CIEAYIOIUM o0pa-
30M:
1) 3anucath JyIs IaHHOW LIETIM BEKTOPHOE ypaBHEHHE TOKOB HA OCHOBE
1-ro 3akona Kupxroda:

l=lr+lrz+lu+lo+lci+lc2; (5.8)

2) BBIOpaTh 0a30BBIN BEKTOP, OTHOCHUTEIHHO KOTOPOTO CTPOWTCS THA-
rpaMMa TOKOB. B mapaurenbHOH 1enu 3To, Kak IpaBHIIo, BEKTOP HampsiKe-
uust U

3) YyUMTBIBATB, YTO BEKTOPHI [gj COBNANAIOT MO (Da3e ¢ BEKTOPOM Hamps-
sxenust U, Bextopsl 1 ; otcTator oT Bektopa U Ha 90°, a BekTophl I¢; onepe-
xaroT BexkTop U Ha 90°; KpoMe TOro, CTOUT UMETh B BUJY, YTO BEKTOPHBIE
cnaraembie Ghopmysbl (5.8) MOTUUHSAIOTCS 3aKOHAM MEPEMECTUTECIILHOCTH U
COYETaTENbHOCTH.

5.3. [Ipumep pelneHust 3a1a4n

B ceTtp ¢ mepeMeHHBIM CHHYCOMAAIbHBIM HampspkeHneM U = 20 B ma-
pamiensHO BKIOUeHB: R; = 30M, XL = 40Mm, R, = 40Mm, Xc = 30w,
R3 =4 Owm.

OmnpenennuTts MOKa3aHUS JIEKTPOM3MEPUTEIBHBIX NMPHOOPOB, BKIIIOYECH-
HBIX B LIenb (puc. 5.11), ¥ MOCTPOUTH BEKTOPHYIO AHArpaMMy TOKOB.

Xc

Ry

R>

Puc. 5.11. [IpuanunuanbHas 2IEKTPUIECKas CXeMa K PelIeHHIO 3a1aun
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Pemenue:
1. AKTHBHasI MPOBOJIUMOCTD MEPBOM BETBU:

6= =3 _ % _g1cm
RE+X. 344 25

2. IapyKTHBHAS TPOBOAMMOCTD IEPBOM BETBU:

3 4
L T — 2 _016Cm
LRI X 344 25 M

3. AKTUBHas IPOBOJJMMOCTb BTOPOIl BETBH:
1 1
=—=-=0,25Cwm.
9% "%

2

4. EMKOCTHast IPOBOUMOCTb TPEThEH BETBU:

b, = ZXC ;= 23 > :3:0,12 Cm.
Ry + XS 4°+3 25
5. AKTHBHas IPOBOJMMOCTb TPEThEH BETBU:
R 4 4
03=—F—5=7 5--—-=-016Cnm
Ry+X: 4°+3 25

6. AKTHBHAs IPOBOJUMOCTb BCEH LIETIH:
g=0:+0,+03=0,12+0,25 + 0,16 = 0,53 Cwm.
7. IHayKTUBHAs TPOBOIMMOCTD BCEHl IeTu:
b, =0,16 Cm.
8. EMKoCTHas mpoBOAMMOCTb BCEH LIETIN:
bc=0,12 Cm.

9. IlonHas NPOBOAUMOCTH BCEH LIETH:

y =492 +(b_—b,)* =4/0,53* + (0,16 -0,12)? = 0,532 Cm.
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10. [Toxazanue amnepmeTpa:
I =U(g; +9,+03) =20 - (0,12 + 0,25+ 0,16) = 10,63 A.
11. IToka3zanue BaTT™METpA:
P=U*g;+gp+03) =20 (0,12+ 0,25+ 0,16) =212 Br.
12. TTokazanue azomerpa:
0,16-0,12

b, —Db
=—arctg =——C —arctg ————— =4°1'9"
o =arctg = e~ 05

13. Jlns mocTpoeHHs BEKTOPHOW JHarpaMMbl BBIOEpEM B KayeCTBE OCH
BEKTOp HampspkeHus U, MaciiTab BEKTOPOB TOKOB [ = 2 A/CM U BEIYHCIIUM
COCTaBIISIONIHE OOILEro TOKa:

lrr=Ug1=20-0,12=24 A;
lro=Ug,=20-0,25=5A,

lgs = Ugs = 20 - 0,16 = 3,2 A;
IXL = UbL =20-0,16 =32 A;
Ix. =Ubc=20-0,12=2,4 A.

BekropHas gumarpaMMa B BbIOpaHHOM MacmiTabe IMOCTpOEHA Ha
puc. 5.12.

I_Rl U
I A -
_ 1 Ix( [R3
[XL [_R2
\ 4 >

Puc. 5.12. BektopHas quarpamMma

Bektopsl Jri, Iro, Irs coBmanaior mo ¢ase ¢ BekTopoM Hanpskenus U,
BekTop Iy, OTCTaET, a BekTop Iy, onepexkaer BekTop U Ha 4eTBEpTh Nepuo.a,
un 90°. BekTop obiero Toka I paBeH reOMETPUYECKOH CyMME COCTABIIS-
IOLIMX BEKTOPOB TOKOB.
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JlabopaTtopHas padoTa Ne 6.
MCCJIEJOBAHUE TPEX®A3HOM IEITA
C OJHO®A3HbIMU NIPUEMHUKAMM,
COEAUHEHHBIMHA CITOCOBOM «3BE3/1A»

Lenu pabomur:

1. U3yunts coeamHeHHE OMHO(DA3HBIX MPUCMHHUKOB (JIaMIT HaKaJIWBa-
HUS) CIIOCOOOM «3Be3/1a», 0COOCHHOCTH 3TOTO cToco0a U OCHOBHBIE COOT-
HOIICHUS MEXIY JTHMHEHHBIMH U (pa3HBIMU BeTMUIWHAMH (HANPSDKSHUSAMH U
TOKaMH).

2. MccnenoBath 9eTHIPEXIIPOXOAHYIO W TPEXIPOXOIHYIO CXEMBI COCIHU-
HEHHs 0JHO(A3HBIX MPUEMHUKOB P CUMMETPHYHBIX 1 HECHMMETPHUIHBIX
pexxnumax paboTHlI.

6.1. O6BEKT U CpeaAcTBa HCCIETOBAHMS

Ha pabGouem mecTe cMOHTHpOBaHa JlabOpaTopHasl yCTAaHOBKA, B KOTOPOM
00BEKTOM HCCIIE0BAHMUS ABJISIOTCS JIaMITbl HakanuBanus EL1-EL6, coenu-
HEHHBIE CIIOCOOOM «3Be3/1a» MOHTaKHBIMH IpOoBoJaMu. HoMuHanbHBIE Xa-
PaKTEpUCTHKH JIaMITbl HakanuBaHus: MoiHocTs Py, = 100 Br, HanpsokeHue
U, =220B.

CpezncTBaMy HCCIIENOBaHUS CIY)KaT MIEKTPOU3MEPHUTENbHBIE TIPHOOPEI:
BosbT™METpEl PV1-PV4, amnepmerp PAL (puc. 6.1). BonsT™meTpsl — npubo-
PBI 3JIEKTPOMArHUTHONH CHCTEMBI, HOMHHAJIBHOE HANpsHKEHUE KaXKIOTO U3
nux U, = 75-600 B. Ammnepmerp — mpu0op 3JeKTPOMAarHUTHOH CHUCTEMBI
tuma 959 ¢ npenenamu uaMepenuit mo Toky I, = 0,25; 0,5; 1 A. Komrurekr
m3MeputenbHeiid THa K505 mmeer BcTpoeHHBIE TPUOOPEL: BOIbTMETp PV,
amriepmerp PA, Bartmerp PW, KoTOpble MMEIOT ciieyloniue npenelisl u3-
Mepenusi: mo Toky |, =0,5-10 A, o Hanpspkenuo U, = 60-600 B, mo ak-
THBHOM MomHocTh P, = 0,015-6 kBr.

s monmyueHust TpeOyeMbIX peXKUMOB HCCIIEIOBaHUS Ha J1ab0paTOpHOMN
YCTaHOBKE MMEIOTCS TPX OHO(A3HBIX OHOIOIIOCHBIX BhIKITFOUaTess: SAL,
SA2 u SA3.

Briximouatens SA1 ¢y XuT Uit OTKITIOYESHHUS OHOW U3 JIAMIT HaKaJBa-
HUs B (paze A (HECUMMETPHYHBIH PEXHM), BBIKIIFOUaTenb SA2 — 1yt pa3Mbl-
KaHus JHeitHoro npoBoaa A (00pwiB dasel A), BbikiouaTens SA3 — s
pa3mbikaHus HeiTpanbHoro nposoja NN; (TpexmpoBoaHast Lerb).
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SA2 len KomnnekT Hare. I
Aes——n nameputenbHblii 0 . @"_
K505

B e—

b 2 150 B 5
%380/22 N
e (OO -
[ ot s S ¢
N r-/ o—1—0 C
B ®[®]

Puc. 6.1. TlpuHIMNHATBHAS IEKTPUUYECKAsl CXeMa UCTIBITAHUS TpeX(a3HOU e
¢ oHO(a3HBIMU TOTPEOUTEIAMH, COSTUHEHHBIMU CIIOCOOOM «3BE31a»

Ha nanenu uzmeputensHoro kommiekra K505 umerorcs nepexitoyare-
i a3 B3 s npoBesieHHs M3MEpEHHH B cooTBeTcTBYMOLIeH (ase (4, B
wm C), TpenenoB HOMHHAIBHOTO TokKa Bl W mpeneisoB HOMUHAIBHOTO
HanpsoKkeHus B4.

6.2. O6mmue cBeqeHus 0 Tpex(a3HbIX HENmsIX

OnHodasHas cucTeMa HEIKOHOMHYHA BCIIEICTBHE HECOBEPIICHCTBA
0oIHO(A3HBIX HANEKTPUUECKUX MAlIMH. Tak, Hanmpumep, MpPH OJUHAKOBBIX
rabapurax, Macce akTHBHBIX MaTE€pHaJIOB (CTalM M MEIH) M MOTEPSX SHEP-
MU MOLIHOCTh OJHO(A3HON MamuHbI B 1,5 paza MEHbIIE MOITHOCTH TPEX-
¢a3Hoit MamnHel. [ToaTOMy ISl AMEKTPUPHUKALIUKE UCTIONb3YyeTCs Tpexdas-
Hasl CHCTeMa IIEPEMEHHOT0 TOKa.

Tpexda3Hoit cucTeMOil NMEepPEeMEHHOTo TOKa, WM IMPOCTO TpexaszHoit
CHCTEMOM, Ha3bIBaeTCs LIENb WIIM CETh IIEPEMEHHOI0 TOKa, B KOTOPOH Jeii-
ctByoT Tpu D/IC 0aMHAKOBOW YacCTOTHI, HO B3aMMHO CMEIICHHBIE IO (a3e
Ha OfHY TpeTh mnepuoxaa. OTAenbHBIE IIENH, COCTABIAIONINE TpeX(asHYIo
CHCTEMY, Ha3bIBAIOTCS (pazamu.

Ecim 3JIC Bo Bcex Tpex (hazax MMEIOT OJMHAKOBYIO aMIUIUTYIy M
CABUHYTHI 10 (ha3ze HA OJMHAKOBBIM YroJ, TO TaKas CHCTeMa Ha3bIBAeTCS
CUMMETPUYHOM.

OOMOTKH Tpex(a3zHOTO TeHEpaTopa COSAUHSIIOT MEXKIY COOOH B «3BE3-
JY» WM «TPEyroIbHUK.

93



[Ipu coenmaeHNN 0OMOTOK TeHEpaTOopa «3Be3mon» (puc. 6.2, a) KOHIIBI
BceX Tpex (a3 coeuHIOT B 00MIy0 TOUuKy O, a K HayallaM MOJCOCAUHSIIOT
MPOBO/IA, OTBOJISIINE SHEPTUIO B CETh. DTU TPH MPOBOJIA HA3BIBAIOTCS JH-
HEHHBIMH, a HATPSHKCHHUE MEKAY JIFOOBIMH IBYMS JIMHCHHBIMH TPOBOJA-
MU — JTHHEHHBIM HampspkeHreM U,. OT o0Immel TOuKM CoeTWHEeHNsT KOHIIOB
Tpex (a3 (OT HyJIEBOW TOUKH «3BE3IBI») MOXKET OBITh OTBEACH YETBEPTHIN
MPOBOJI, HAa3bIBAEMbIi HyJeBbIM. HanpsbkeHne Mexay JT0ObIM M3 TpeX JIH-
HEHHBIX TPOBOJOB U HYJCBHIM MPOBOJOM PABHO HANPSIKCHUIO MEKIY
HadJajIoM U KOHIIOM OJHOH a3kl T. €. hasHoMy HampspkeHHIo Uy,

I,

—_—

Puc. 6.2. CxeMbI coeinHEHUS] 0OMOTOK Tpex(a3Horo reHeparopa:
a — COeINHEHHUE «3BE3JI0M»; 6 — BEKTOPHBIC AUAarPaMMBbl HAIIPSDKCHUH

OObryHO Bce (a3bl 0OMOTKH T€HEpaTOpa BBINOJIHSIIOTCS OJMHAKOBBIMHU,
Tak 4to AevicTByromue 3HaueHus DJIC B dasax paBHbl, T. €. £, = Ep = E¢.
Ecnu B menb kaxzaoil ¢assl reHeparopa BKJIIOYHTH HArpy3Ky, TO IO 3TUM
LernsM OyAyT MPOXOIUTh TOKH. B ciiydae 0JMHAKOBOTO IO BEIWYMHE U Xa-
paxTepy CONpoOTHBICHUs BceX TpeX (a3 NpUeMHHKa, T.€. IIPH PaBHOMEPHOU
Harpyske, TOKHA B (a3ax OyayT paBHbI 110 BEJIMYMHE M CABHHYTHI 110 (aze
OTHOCHTENIHO CBOMX HANpsDKEHWH HA OAMH M TOT ke yron ¢. Kak makcu-
MaJlbHbIe, TaK U JISHCTBYIOIINE 3HAYCHUS (Da3HBIX HANPSIKEHHUH MTPU PaBHO-
MepHOH Harpy3ke paBHBL T. €. Uy = Ug = Uc. DT HanpsuKeHUs: CIBUHYTHI
no ¢asze Ha 120°, Kak MOKa3aHO Ha BEKTOPHOH amarpamme (puc. 6.2, 6).
Hanpspkennst Mexxay JTI0OBIME TOYKaMH CXEMbI COOTBETCTBYIOT BEKTOpaM
MEXIY TEMH ke TOUKaMu. Tak, HarpuMep, HalpsDKEHUE MEXKAy TOUuKaMu A
n O cxemsl ((paznoe Hanpspkenne Up) cooTBercTByeT BekTopy A—O nua-
TpaMMBI, a HalpsDKeHUE MEXKAY JIMHEHHBIMHU NpoBoAaMu A M B CXeMBI —
BEKTOPY JIMHEHHOro HampsbkeHus A—B nuarpammel. Ilo BekropHol nua-
rpaMMe JIETKO YCTAaHOBHTh COOTHOILICHHE MEXKAY JIMHEHHBIM M (ha3HBIM
HanpspkeHusIMHA. M3 TpeyronsHuka A0a MOXKHO 3alHCcaTh CIEAYIOILIEE CO-
OTHOUIECHHE:
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1/2U, =U, cos30' =U, V/3/2, (6.1)
OTKyJa

U, =<3U,, mm U, =U, /3, (6.2)

T. €. TIPH COCAMHEHUH 0OMOTOK CHMMETPUYHOTO TeHEepaTopa «3Be3/101» -
HeitHoe HanpshkeHue B 1,73 pa3sa Oosbie ¢pa3Horo.

W3 cxemsl (puc. 6.2, a) BUAHO, YTO NPH COETUHEHNUH OOMOTOK TeHepa-
TOpa «3BE3JI0i» CUIla TOKa B JINHEHHOM IIPOBOJIE paBHA CHJIE TOKA B (hazax
reseparopa, T. €. |, = ly.

Ha ocnoBanuu nepsoro 3akoHa Kupxroda cuia Toka B HyJIEBOM IIPOBO-
Jic paBHa T€OMETPHUYECKOIT CyMMe CHIIBI TOKOB B (Dazax reHeparopa:

lg=l,+1g+I.. (6.3)

IIpu paBHOMEpHO#N Harpy3ke TOKH B (ha3ax reHeparopa paBHBI MEKIY
co0oil U caBUHYTHI 1Mo (a3e Ha OJHY TpPeTh mepuoja. I eomerpuueckas
CyMMa CHJIbI TOKOB TpeX (a3 B TAKOM Ciydae paBHA HYIIO, T. €. B HYJIEBOM
MPOBOJIE TOKA He OY/eT.

Ipu coemuHeHnr 0OOMOTOK TeHepaTropa «TpeyrojbHuKoM» (puc. 6.3, a)
HaAYaja0 KakIou (a3bl COCTUHSIETCS ¢ KOHIIOM apyroi ¢assl. Takum obpa-
30M, TpH (pa3bl reHepaTopa 00pa3yroT 3aMKHYThIH KOHTYpP. Tak kak DJIC B
(hazax reHeparopa paBHbI M CIBHHYTHI Ha OJIHY TPETh nepuoja no ¢ase, To
TCOMETPHUUCCKHN HUX CyMMa paBHa HYJIIO H, CJICA0OBATCIBHO, B 3aMKHYTOM
KOHTYpe TpeX(]ha3HOil CHCTEMBI, COCTUHEHHOM «TPEYTOJIbHUKOMY, HUKAKOTO
TOKa IPU OTCYTCTBUH BHEIIIHEH HArPY3KH He OyIeT.

A
'y
\Vis
Uy
(4 T ']
a o 5 8

Puc. 6.3. Cxema coequHEHHs 0OOMOTOK TEeHEPATOpa «TPEYTOIBHIUKOMY (@),
BEKTOPHBIC IarpaMMbl HATIPsDKCHUIT M TOKOB B (hazax (6) M BEKTOpHas Juarpamma
(a3HBIX M IMHEHHBIX TOKOB (6)
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JluHeiHbIe MPOBOAA MPH COCTUHEHHU «TPEYTOJbHUKOM) TOAKIIOYA0T-
¢Sl K TOYKaM COEJMHEHHUs Hadana oxHoW (asel M KoHLa npyroil. Hanpsoke-
HHUE MEK/1y JTMHEHHBIMH POBOAAMH PABHO HAIMPSIKCHUIO MEXKIY HAUYaIOM U
KOHIIOM O/iHO# da3bl. Takum 00pa3om, Mpu coeJMHEHUH 0OMOTOK Te€HEpaTo-
pa «TpeyroJbHUKOM» JIMHEHHOE HaNpsiKeHne paBHO (asHoMy, T. €. U, = Uy,

[Ipu paBHOMepHOI Harpyske B (pazax OOMOTOK reHepaTopa IPOXOIsT
TOKH PaBHOW CHIIBI, CABHHYTbIE OTHOCHTENHHO (Da3HBIX HANPSOKEHHH Ha
OJIMHAKOBBIC YTIIBI O, T. €. |3 = lgc = Iy

BekropHast auarpamma (a3HbIX HANpsHKEHHE U TOKOB M300paXkeHa Ha
puc. 6.3, 6. [lpuHsB HanpaBicHUe (a3HBIX U JTHHCHHBIX TOKOB 3a MOJOXKH-
TENIbHOE, KOTOPOE yKa3aHO Ha puc. 6.3, a, HA OCHOBaHWU MEPBOrO 3aKOHA
Kupxroda /15151 MrHOBEHHBIX 3HAUSHHI TOKOB MOYKHO 3aITUCATh CIEAYIOIINE
BBIPKCHUSI:

Ia=lag—lca; I = lgc = lag; lc = lca — Inc. (6.4)

Tak Kak TOKM CHHYCOUJAJIbHBI, 3aMEHUM aJlreOpandeckoe BbIUUTAaHUE
MTHOBCHHBIX 3HAYCHHH TOKOB T'C€OMETPHYECKUM BBIYUTAHHEM BEKTOPOB,
n300pakaroIKX JeHCTBYIONME 3HAYCHNUS TOKOB:

(6.5)

Tox |, muHEHOTO TIpOoBOHA A OmpenenseTcs TeOMETPHUSCKON pa3HO-
CTBIO BEKTOPOB (ha3HbIX TOKOB Iag U 1.

JI1st TOCTPOEHHs BEKTOPA JIMHEMHOTO TOKa Iy m306pa3zuM BEKTOp (hasHo-
ro Toka Ing (puc. 6.3, 6) B Buzie otpeska Oa, a 03 TOUKH d IOCTPOHM BEKTOp
~Ic4 (0Tpe30K ab), paBHbI U NPOTHBOTIOI0KHO HAIIPaBICHHbIH BEKTOPY Iy
(cm. puc. 6.3, 6). Bekrop, coeauHstomMii Ha4ano BEKTOpa Ing (TouKa 0)
C KOHIIOM BekTopa —I¢4 (Touka 6), ABJIAETCS BEKTOPOM JIMHEHHOTO ToKa /a.

AHAOrMYHO MOTYT OBITh IIOCTPOEHBI BEKTOPHI JIMHEHHBIX TOKOB I 1 I

W3 BekTOpHOU AMarpaMMbl, IOKa3aHHOM Ha puc. 6.3, 6, JIerko ompeje-
JIUTH COOTHOWICHHE MEXKAY JTUHEHHBIMU U (a3HBIMH TOKAMH NP COCIUHE-
HUM 0OMOTOK IeHepaTopa B «TpeyroibHuK». U3 tpeyrossHuka Oag MOKHO
3ammcaTth:

121, =1,c0s30" =1,+/3/2, (6.6)

orkyzaa |, = 1,73y, T. e. mpu coenuHeHHH OOMOTOK IeHepaTopa B «Tpe-
YTOJIBHUKY» JTUHEHHBIN TOK B 1,73 pa3a Gomnbire (asHoro (mpu paBHOMEPHOM
Harpyske).

HecummerpuuHast Harpys3ka BKJIIOYAeTCs B TpeX(asHylo CETh «3BE3/101»
¢ HyNeBBIM IIpoBoAoM. IIpu 3ToM Kaxaas ¢dasa Tpex(asHON e HE3aBH-

96



cuma ot apyrux ¢a3. Hampspkenus Ha (a3HBIX Harpyskax Bcex Tpex das
OJIMHAKOBBI, HECMOTPSI Ha pa3Hble BEJIIMYMHBI (ha3HbIX Harpys3ok. Vzmene-
Hue (asHOW Harpy3ku OIHOHM (ha3bl BHI3BIBAET M3MECHEHHE CHIIBI TOKA B
JaHHOH (ha3e, KOTOpas BIMSAET Ha CHIIy TOKa TOJBKO B HYJIEBOM MPOBOJE U
He BIMSET Ha CHJIy TOKa B ApYyrux ¢asax. st Toro 4ToObl HyJIEBOH MPOBOJ
HE MOT OTKJIIOYAThCs, HA HEM HE CTaBAT Ipepoxpanuteneil. Hecummerpuu-
HOM Harpy3Ko# Tpex{as3Hoi LenH sABIIeTcs Harpy3ka UICTOYHUKOB OCBELIe-
HUSI ¥ TIPHEMHUKOB OBITOBOTO OOCITY>KHBAaHUS (SIEKTPOILIUTHI, XOJIOIHIb-
HUKH, TEJIEBU30PHI U T. 1.).

HecnmMerpuaHyio Harpy3ky Hemb3sl HOAKIIOYATh B Tpex(azHyIO ceTbh
«3Be310i» 0e3 HyneBoro mpoBoja. Ecim 310 caenarth, mponsonaeT mepe-
pactipeneneHue HanpspkeHni 1o ¢asam. Ha ¢asax, nmeronmx Oombiee co-
NIPOTHUBJICHHE, HANIPSDKEHUE OyneT 00Jbllle HOMHHAIBHOTO (ha3HOTO HaIlpsi-
JKEHUsI, ¥ TPUEMHHUKH ITIEperperoTcsi W Jaxke MoryT croperb. Ha ¢aszax,
HMMEIOLIMX MEHbIIEee CONPOTHBICHUE, HANpsDKeHHEe OyJeT MEHbIIe HOMHU-
HaJIBHOTO, ¥ IPUEMHHUKH 110JIy4aT MEHBIIYIO MOIIHOCTb.

Hanpumep, B Tpexda3Hol ceTd ¢ JUHEeHHBIM HampspkeHuem 380 B mpu
MOJIKJIIOYEHNH TTPUEMHUKOB «3Be3/10i» 0e3 HyneBoro mposona B ¢asze B
BKJIIOUCHA OJ(Ha JlamIia, B (ase C — NeBsATh TakuxX ke jami, a (aza 4 He
UMeeT MPUEMHHKA, 9TO COOTBETCTBYET ee oOphBy. [Ipn 3TOM mpruemMHUKH
¢a3 B n C okaxyTcs NMOJKIIOYEHHBIMH II0CIEOBATEIbHO K JMHEHHOMY
HaNpspKeHUIO CETH, KOTOPOE paclpelenuTest no ¢azaM MmpsMo IpOHOpLIuo-
HallbHO conpoTtuBieHusM. Clie0BaTeNbHO, PpUEMHHK (aszpl B Oyner monx
HanpspxerreM 342 B (380 — 380 - 1/10), a mpuemunk daszer C — 107 HATIPSI-
xenueM 38 B  mpu  HomuHambHOM  (azHoM  HampspbkeHun 220 B
(380 — 380 - 9/10).

ITpu paBenctBe ¢asHpix conporusieHnil azpl B U C OKaxyTCs MOJ
clenyonuMu (Ga3HBIMU HaMPSHKCHUSMH: Uy=U-=190B; U, =3287B
(puc. 6.4, a).

[Ipu HecuMMeTpHUYIHON Harpy3ke Tpexda3HOH ceTn 0e3 HyJIeBOrO Mpo-
BOJIa IOTEHLKAN y3JI0BOM Toukd O HArpy3KH HE paBeH MOTEHLHANy Y3I0-
Boii Toukn O (a3 reHeparopa, T. €. NMPOM30MIET CMELIEHHE HEHTpanu u
BO3HMKHET HalpshKeHUe cMenieHust Herrpamn Uy.

Mo 3akony Oma i1 KX I0H a3kl e nMeeM:

U, =E,—1,Z,,
Uy = Eg— 1,24, (6.7)
U, =E. —1.Zc,
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roe pons D/IC wrpator ¢dasmpie HampspkeHus reHeparopa U, Ug, Uc
(B CHMMETPUYHOW CHUCTEME PaBHBIC 10 BEJIMYUHE M CIBUHYTHIC MO (ase
Ha 120°), a 1aZs = U/A; lpZp = U/B; lcZc= U/C €CTh NaJICHUE HaIPsDKEHUS Ha
¢asubix Harpyskax. CienoBaTenbHO, (Da3HbIC HAMIPSHKCHHS HATPY3KU BBIpa-
3SITCSL YPABHCHUSIMH U/A =Upr—Uyp; U/B =Ug - Uy; U/C =Uc - Uy

(
/N
/ |\
/1 \
£ \\

/ j \

/ gl \
P \
) -~ W) \\

/ Uy -~ ~ s \

/ o N \
‘e ) 7 ,\ \
ph VRN

Puc. 6.4. BekTopHBIE AUarpaMMBbl THHEIHBIX U (a3HBIX HAIPSDKEHUH
[P HECUMMETPHUYHON Harpyske TpexdasHoii nemnu 6e3 HylIeBoro nposoja

Tonorpaduueckas quarpamMma (GasHbIX U JIMHEHHBIX HANPSHKEHHH OyneT
UMETh BUJ, MOKa3aHHbIN Ha puc. 6.4, 6. Jlns ompeneneHus] HampsHKeHUs
cMmemeHus HeTpanu Uy Bocronb3yemcst paBeHCTBOM (6.7) M 3aIlHIIEM ero
B CIEAYIOLIEM BUJE:

IA:(EA—UN)/ZAz(UA—UN)YA,
ls =(E; —UN)/ZB =(UB—UN)YB,
le =(Ec—Uy)/Z¢ :(UC —UN)YC,

rae Ya, Yg, Yo — KOMIUIEKCHBIE MPOBOIUMOCTH (ha3HBIX HATPY30K.
Tak Kak 111 CHMMETpUYHOH Tpex¢a3zHoi ceTH 6e3 HyJIeBOTO IMPOBOAA
Ia+1g +1c=0, 10 (Us = UN)Ya + (Ug — Un)Yp + (Uc— Un)Yc =0,
OTKyZa
_ U,Y, +UgYg +ULY .
Yo +Yg +Yc

\ (6.8)

OmnpeznenuB HanpsbkeHue cMelneHust Heditpanun Uy mo dopmyie (6.8),
MOYKHO HalTH (pa3HbIE TOKM IPH HEPAaBHOMEPHOW HarpysKe.
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6.3. [Topsi1oK BHINOJTHEHUS] PA0OTHI

1. O3HaKOMUTBCS C MPUHIMITHAIBHON JJIEKTPUUECKON cXeMoil abopa-
TOpPHO# ycTaHOBKH (cM. puc. 6.1) u tabmn. 6.1 mis 3amucu pe3ysnbTaToB UC-
crenoBaHus Tpex($azHOH LenH.

Ta6nuna 6.1. Pe3yabTarsl ncciaenoBanus Tpexga3Hoil nenn
oaHo(a3HbIX MoTpedHTE e, COeTMHEHHBIX CIIOCOOOM «3Be3/1a»

Pexxum paboTbl
N3mepsiemble = =
¥ BEITHCIISIC YeTBIPEXIPOBO/IHOM LICTTH TPEXHPOBOJIHOM LieTH
MBIC BE/THUH- 1. Cummer- | 2. Hecum- | 3. O6psiB |4. Cummet- | 5. Hecum- | 6. O6pbiB
HbI PHYHBIH  |METPHYHBIH | (ha3HOrO | PUYUHBIA |METPHYHBIN | (azHOro
PEeXIM PeXIM POBOJA | PEXUM PEXHM poBoJia

U, B
Ugc, B
UCA, B
Up B
Ug, B
Uc, B
Uy, B
Ia, A
Ig, A
Ic, A
In, A
PA, Bt
PB, Br
Pc, Bt
3 Py, Br

2. Cobparth 1enb ¢ TOMOIIBI0 MOHTAXHBIX TPOBOJIOB U MOJCOCIHHUTD
ee K CHJIOBOMY HAaCTEHHOMY IMTKY ¢ Hampsbkenusmu Uy, /Uy, = 380/220 B,
gactotoir 50 I'm. Ha m3amepurensHom xomruiekre K505 ycraHoBUTH Tiepe-
KIouaTenb (a3 B mosiockeHne «0», mepekioyaTellb TOkoB Bl — B momnoxke-
Hue «1 Ay, nepexiodarens BoabTMeTpa B4 — B nmonoxenue «300 By, nepe-
Kirouarens B2 — B nonoxenue «bes tp. 2». Kinemmy 3a3emieHus KOMILIEK-
Ta K505 Heo0X011MMO COEAUHNTD ¢ KiIeMMOi N HaCTEHHOIO IIHUTKA.

3. Jlnsa mpoBenieHUs MCCIIeIOBAHUsI TIEPBOTO PeXMMa paboThl YeThIpeX-
NIPOBOAHON Tpex(a3HoM Lenu (CHMMETpUYHas Harpy3ka) BBIKIIOYATEIN
SA1-SA3 ycranoBuTh B nojoxenue «Bkiry. [loaydns paspemenne npermno-
JlaBaTelsl, BKJIIIOYUTh YCTAHOBKY B CEThb M NMPOM3BECTH HEOOXOIMMbIE H3Me-
penwust. Jluneiinsie HanpspkeHus Uz, Upe, Uy H3MEPSIOTCST BOJIBTMETPaAMH
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PV1, PV2, PV3 cooTBeTcTBEHHO, CHJla TOKa B HeHTpamsHOM mpoBone |y —
amriepmerpoM PAl, HampsbkeHHe cMmelneHus Heltpanu Uy — BoJbTMeET-
pom PV4. ®aznpie BemmauHbl — HanpsokeHne Uy, cuity Toka |4 1 akTHBHYIO
MOIIHOCTE P, — m3mepstoT npubopamu PV, PA, PW xommmiexra K505 B mo-
JMOXKEeHUN «A» mepexmouarens B3; Hampsbkenue Up, akTHBHYIO MOII-
HOCTE Pjp, crimy Toka |z — B monoskeHun «B» mepexmodareist B3; Hanpsoke-
nue Uc, cumy Toka |¢, akTuBHYI0 MoIHOCTh P — B monoxxennu «C» nepe-
kmovatens B3. Pe3ynpTaTsl m3MepeHuid 3aHecTd B Ta0II. 6.1, pexum 1.

4. Beikmrouarens SAl ycTaHOBUTH B HOJIOKeHUE «BBIKIL», cO31aBast TeM
caMBIM HECHMMETPUYHBIA PEXUM padoTHl TpexdasHoit memm (B daze C
BKJIFOUEHHOM OCTaeTcsl OJ{Ha JlamIla HakaauBaHus). J[aHHbIE U3MepeHuit 3a-
mucath B Ta0u. 6.1, pexum 2.

5. Beikmoyarens SAl yCTaHOBUTH B MOJIOXKeHHE «BKI.», BBIKITIOYa-
Tenb SA2 — B monoxkeHne «BBIKILY, co3/MaBas TEM CaMbIM PEXHM OOpBIBa
JMHEiHOTO TpoBosa 4. JlaHHble n3MepeHuil 3amucaTh B Tadi. 6.1, pexum 3.

6. Beikimroyarenu SA1 u SA2 ycTaHOBUTH B NOJIOKeHHE «BKJL.», BBIKITIO-
yarenb SA3 HEWTpanbHOTO MPOBOJA — B MOJOXKEHHE «BBIKIL», co3maBas TeM
caMbIM TPEXIPOBOIHYIO TpexdasHywoo uenb. [IoBTOpUTh H3MepeHHs s
PEXMMOB aHAJOTMYHO BBITIOJTHEHHBIM B NI 3, 4 u 5. 3aHECTH NOJTy4YEeHHBIE
JaHHBIE B Ta0II. 6.1, pexuMbl 4, 5 1 6 COOTBETCTBEHHO.

7. Ilo maHHBIM OMBITOB VISl KaXKIOTO M3 PEKUMOB ITOCTPOUTH TOIIOTPA-
(rueckre BEKTOPHBIC UAarpaMMbl HANPSHKEHUH M BEKTOPHBIC JHAarpaMMEI
TOKOB. PaccumraTh cyMMapHyl0 akTHBHYIO MOIIHOCTH TpexX (a3 Bo Bcex
pEeKHMaXx.

6.4. IloAroToBKAa K BHINOJIHEHHIO padoyero 3ajanusi

1. I3yunts HE0OXOAMMBIE pa3leiibl B peKOMEHAyeMol iureparype [1,
2,4,5].

2. O3HAaKOMUTBCSI CO CXEMaMHU COCIUHEHHs] OJHO(A3HBIX MPUEMHHUKOB
CHocoO0M «3Be3/1a» ¢ COOTBETCTBYIOIIMMH U3MEPHUTEIHHBIMU IPHOOPaMHU.

3amucath (hOpMyIIBl, HEOOXOMMBIE JUIS pacueTa CyMMapHOH aKTUBHOM
MOIIHOCTH.

3. PaccmoTpets perieHue 3a1a4, o0paTuB 0co00e BHIMaHHUE Ha ITOCTPO-
€HHE BEKTOPHBIX TONOTrpaUYecKuX AMarpaMM HaNpsHKEHHH W BEKTOPHBIX
JMarpaMM TOKOB.
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6.5. Yka3zaHus Mo BBINOJHEHHIO padoyero 3aiaHus
1 06padoTKe pe3yJIbTATOB IKCIEPUMEHTA

1. JlelicTBuTEeNbHBIC 3HAUCHUS M3MeEpsieMoi cuibl Toka | B ammepax,
Hanpspkenus: U B BobTax, MOITHOCTH P B BaTTax HEOOXOAUMO OIPEACIATh
0 CIEeAYoNHM HopMyIaMm:

I=c¢m; U=gm; P=cm,, (6.9)

rae c¢;, Cy, Cp — IEHBI JEJIEHUH W3MEPHUTENIbHBIX MPUOOPOB ammepMeTpa,
BOJIBTMETpA, BATTMETPA,
m;, My, Mp — OTCUET IO IIKaJe B ACICHUIX COOTBETCTBYIOIIETO MPHOO-

pa.
2. AKTHBHAas MOIIHOCTb B TPEeX(a3HOH I ONpeesieTcs o Gopmyie

3
P=P,+P,+P. =) P, (6.10)
1

rne Py, Pp, Pc — aktuBHBIe MomHOCTH (a3 4, B, C COOTBETCTBEHHO, H3Me-
peHHble BatTMeTpoM PW H3MepHUTEIhHOTO KOMILIEKTA
K505.

3. [Ipu moctpoeHnn TOomorpaduIecKoi BEKTOPHOH OHarpaMMBbl HaIps-
JKCHHH ¥ BEKTOPHOW JMArpaMMbl TOKOB HEOOXOIUMO PYKOBOACTBOBATHCS
CIeTYIONINMHY MIPaBUIIaAMH.

CHavaja HeoOXOIMMO 3alucaTh I JaHHON Tpex(as3Hoil 1enu BeKTop-
HOE ypaBHEHHE TOKOB (II0 mepBoMy 3akoHY Kupxroda) u Tpu BEKTOPHBIX
ypaBHEHHS HAaMpsDKEHUi (10 BTopoMy 3akoHy Kupxroda):

!

Lo+l + 1 =1 (6.11)
GAB =lj.AN _UBN,
Usc =Uoen —UCN, (6.12)
UCA :UCN _UANl

rae A, B, C, N — 6ykBbl, 0603Ha4aIONIUE BEPLUIMHBI U LEHTP TPEYTOIbLHUKA,
00pa3yemMoro BEKTOpaMH HampsHKEHUH.

IMocTpoenye auarpaMmbl HANMpsKEHUH HYKHO HAYMHATH C HOCTPOEHHS

B COOTBETCTBYIOIIEM MAcINTa0e CUMMETPUYHOM TPEeXIyueBoi 3Be3fbl BEK-

TopoB ¢asueix Hanpsmxenuit Uan, Usn, Uen. Pa3oBble yribl MEXIY BEKTO-
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pamu paBHBI MeXIy co0oif u cocTaBisaoT o 120°, Hagama BCcex BEKTOPOB
Haxonatca B Touke N. JIuneiinbie nanpsoxenus Ung, Use, Ucy cTposiTcs Ha
ocHoBauuu (popmyiisl (6.12) Kak BEKTOPHBIE PAa3HOCTH COOTBETCTBYIOIIMX
(ha3HBIX HATIPSHKEHHI.

BekTopsl nuHeiHbIX ((pasHbix) TokoB I, Iz, I¢ OTKIAABIBAIOTCS OTHOCH-
TEJIbHO BEKTOPOB OJHOMMEHHBIX (Da3HBIX HAMPSHKCHUH O] COOTBETCTBY-
omuMu (Ha3o0BbIMHU YTIIaMH.

Jst uccneyeMbix B paboTe JIaMIT HAaKAJIMBAHUSI BEKTOPHI TOKOB Mapaji-
JIeTIbHBI (COOTBETCTBYIOMIMI (ha30BBIA Yroy paBeH HYIIIO) OJHOMMEHHBIM
BeKTOpaM (asHbIX HanpskeHuid. Bektop Toka Iy B HEHTPaJILHOM MPOBOJIE
ompenensercs no ¢opmyiae (6.11) kak reomeTpuueckas cymMma BEKTOPOB
(ha3HBIX TOKOB.

4. Hanbosee MOATOTOBJIICHHBIM CTYJCHTAM OIMPEACITUTh KOI(PPHUIUCHT
HEPAaBHOMEPHOCTH HArpy3kd (a3 MpH HECUMMETPUYHOM PEXUME PabOTHI
mend (cM. Tabm. 6.1, pexnm 2):

2 2 2
3(1+15+18) (| 15R, SR,

B (S P & R, R,

(6.13)

rae Ry — conpoTuBiIeHHe HeHTpabHOrO MpoBoaa, Owm;
Ry — conporusnenue (asHoro nposoja uenu, Om.
Mo:xHo npuHATE cooTHOIeHne Ry / Ry = 2.

6.6. KonTpoabHBIE BOPOCHI

1. Yxaxkute HEeZOCTATKH TPEXMPOBOAHON Tpexda3sHON IeNH U IpeumMy-
LIECTBA YETHIPEXPOBOIHOMN LIEIH.

2. KakoBo HazHaueHHe HEHTpajbHOro mpoBoja? MOXHO JHu 000HTHUCH
6e3 3Toro mpoBoxaa npu pabore ogHO(A3HBIX MOTpeduTeneil (TpexdasHbIX
notrpebureneit)?

3. KakoBbl COOTHOIICHHST MEXIy JTUHECHHBIMU U (Da3HBIMH HaIpsDKCHH-
SIMH TIPH COEJMHEHHMH OaHO(]a3HBIX HOTpeOuTesnel crnocodoM «3Be3nan?
Kak M3MEHSIOTCS 3TH COOTHOILICHMS B 3aBUCHMOCTH OT PEXHMa paboThI
nenu?

4. Yto Takoe HampspDKeHHe cMelleHHst Heifrpann Uy M Kak MOXXHO ero
onpeaenuts? MOXKET JM 3TO HaNpsKEHUE SBISATHCS MPUYUHON DIIEKTPO-
TpaBMaTHU3Ma 4eJI0BEKa WM JKUBOTHBIX?
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6.7. Ilopsiiok opopMiIeHHS OTYETA

1. 3anmucarh Ha3BaHUE U LEJU JTa00paTOPHOH paboTHI.

2. IlpuBecTH XapakTepUCTHKy OOBEKTa W CPEICTB HCCIIEeIOBaHHS
(m 6.1).

3. BeluepTUTh NPHHIUIHAIBHYIO SJIEKTPUYECKYI0 CXEMY HCIBITaHHs
TpexdaszHol nenu ¢ oxHO(MA3HBIMH MMOTPEOUTENSIMH, COSAMHEHHBIMH CIIO-
cobom «3Be3ma» (cM. puc. 6.1).

4. Pe3ynbTaThl HCCIICAOBAHUM 3amucaTh B Ta0II. 6.1.

5. TTocTpouTh BEKTOPHYIO [UArpaMMy HAIPSKCHUI M TOKOB MPU PEIKHU-
Me paboThI LelH, YKa3aHHOM TpenonasBartenem (puc. 6.5-6.7).

A

Puc. 6.5. O6pasIpr TOCTPOEHHS BEKTOPHBIX AUATpaMM IPH CHMMETPHYHOM PEKHME
UISL 9eTHIPEXIIPOBOIHOM (@) U TPEXIpOBOIHOM (6) 1emneit

A A

Puc. 6.6. O6pa3ibl MOCTPOEHUS BEKTOPHBIX MAarpaMM NPU HECUMMETPUYHOM PEXUME
UL YeTHIPEXIIPOBOAHOM (@) U TPEXIPOBOAHOI (6) memeit
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Puc. 6.7. O6pa3iub! TOCTPOEHUS BEKTOPHBIX JHarpaMM IpH o00psIBe (hasbl A
IUISL YETHIPEXIIPOBOAHOM (@) U TPEXIIPOBOIHOM (0) Leneit

JlabopaTtopuas pabdora Ne 7.
PACYET TPEX®A3HBIX SJIEKTPUYECKHX LEIENA

eau padoTsi:

1. I3yunth OCHOBHBIE COOTHOLICHUS, BO3HMKAIOIIUME B Tpex(dasHbIX
QJICKTPHUYCCKHUX LCIAX ¢ IPUEMHHUKAMU, COCITMHCHHBIMU CHOCO60M «3BE3a».

2. [Tony4ynTh NMpakTHUECKHE HABBIKM pacueTa Tpex(a3HbIX IJIEeKTpUu4e-
CKHUX IIETCH C MPUEMHUKAMH, COSTHUHEHHBIMHU CITIOCOO0M «3BE3/1a.

7.1. Ucxoaubie JaHHBIE

OnHoda3Hble TOKOIPHEMHHUKH COSAMHEHBI CIIOCO0OM «3BE€371a» M BKIIIO-
YeHsl B Tpex(a3Hylo ceTh ¢ JInHeHHbIM HanpsbkeHneM U. Tun compoTusie-
HUH, UX YHUCIICHHOE 3HAUEHHE, a TaKXkKe JIMHeiHoe HanpspkeHne U 3a1aHbl B
tabm. 7.1. Ilpuemanku ¢a3 A, B, C coeaMHEHBI TOCIEAOBATENHHO WU
MapajyielbHO  COTJIACHO — NPHHIMMHANBGHBIM — 3JICKTPHYECKHM  CXeMaM
(puc. 7.1-7.10).

Tpebyercs:

1) onpemenuth cuity TOKOB |y, I, I¢c B dazax rokonpuemunkos 4, B, C;

2) OmpeeNUTh aKTHBHYIO, PEAKTHBHYIO, MOJHYI0 MOIIHOCTH KaKIOH
(a3bl B OTAEIHHOCTH, a TAK)KE AKTHBHYIO, PEAKTUBHYIO M IIOJIHYIO MOII-
HOCTB BCEX Tpex (a3;

3) MOCTPOUTH BEKTOPHYIO TUarpaMMy TOKOB M HampspKeHHUit u rpadude-
CKH OIIPENENUTh CHTy ToKa |y B HElTpaapHOM IpoBoOJIE.
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Puc. 7.1. Cxema Ne 1

Xic

Puc. 7.2. Cxema Ne 2
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Re

Xic

Puc. 7.3. Cxema Ne 3

Puc. 7.4. Cxema Ne 4
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|| Re

Puc. 7.5. Cxema Ne 5

Puc. 7.6. Cxema Ne 6
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— Rg

Xes
Xic
Re /7 vvv |

Puc. 7.7. Cxema Ne 7

Puc. 7.8. Cxema Ne 8
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A |1
XCH
: | =
Xic
C
N
Puc. 7.9. Cxema Ne 9
Xy
A R, |V
X('E
: | =
Xee
c | |
[
N
Puc. 7.10. Cxema Ne 10
Ta6nuua 7.1. UcxoaHble JaHHbIE
BapuanTsl JlanHele 1715 pacyera
Homep Crpoxa U, R4 R Re | X | Xz | Xic | Xea | Xes | Xee
cxemnt | P B | Ovm | OM | OM | OM | Om | O | Om | Om | Om
1 2 3 4 5 6 7 8 9 10 11 12
1 1 150 10 30 50 20 15 — - - -
2 160 12 31 49 22 18 — — — —
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Ipononxenue tabmn 7.1

2 3 4 5 6 7 8 9 10 11 12
3 170 14 32 48 24 21 - - - -
4 180 16 33 47 26 24 - - - -
5 190 18 34 46 28 27 - - - -
6 200 20 35 45 30 30 - - - -
7 210 22 36 44 32 33 - — — —
8 220 24 37 43 34 36 - - - -
9 230 26 38 42 36 39 - — — —
10 240 28 39 41 38 42 — - - -
1 250 - 40 - - 45 30 20 - -
2 260 — 41 - - 48 31 22 - -
3 270 - 42 — - 51 32 24 - -
4 280 — 43 - - 54 33 26 - -
5 290 - 44 — — 57 34 28 - -
6 300 - 45 - - 60 35 30 - -
7 310 — 46 - - 63 36 32 - -
8 320 - 47 — - 66 37 34 - -
9 330 — 48 - - 69 38 36 - -
10 340 - 49 — - 7?2 39 38 - -
1 350 - 50 - - - 40 40 - -
2 360 - 51 — — - 41 42 - -
3 370 - 52 — — - 42 44 - -
4 380 - 53 - - - 43 46 - -
5 390 - 54 — — - 44 48 - -
6 400 - 55 - - - 45 50 - -
7 410 - 56 — — - 46 52 - -
8 420 - 57 - - - 47 54 - -
9 430 - 58 - - - 48 56 - -
10 440 - 59 — — - 49 58 - -
1 450 30 60 40 - 75 50 60 - -
2 460 32 61 39 — 78 51 62 - -
3 470 34 62 38 - 81 52 64 - -
4 480 36 63 37 — 84 53 66 — —
5 490 38 64 36 — 87 54 68 - -
6 500 40 65 35 - 90 55 70 - -
7 510 42 66 34 — 93 56 72 - -
8 520 44 67 33 - 96 57 74 - -
9 530 46 68 32 — 99 58 76 — —
10 540 48 69 31 — 102 | 59 78 - -
1 550 50 70 30 40 - - - 20 -
2 560 52 71 29 42 — - — 21 -
3 570 54 72 28 44 - - - 22 -
4 580 56 73 27 46 - - - 23 -
5 590 58 74 26 48 - - - 24 -
6 600 60 75 25 50 - - - 25 -
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Ipononxenune tabmn 7.1

2 3 4 5 6 7 8 9 [ 10 [ 11 [ 12
7 | 610 | 62 | 76 | 24 | 52 | — | - — [ 26 | -
8 | 620 64 | 77 | 23 | 54 | - | - - 27 [ =
9 [ 630 | 66 | 78 | 22 | 56 | - | - — 28 [ -
10 | 640 | 68 | 79 | 21 | 58 | — | - — [ 29 | -
1 | 630 | 66 | 78 | — - — |58 | - | 28 | -
2 | 620 | 64 | 77 | - - — |57 | - | 271 | -
3 | 610 62 | 76 | - - — |56 | - | 26 | -
4 [ 600 | 60 | 75 | - - — |55 | - [ 25 | -
5 | 590 | 58 | 74 | - - — | 54 | — | 24 |
6 | 580 | 56 | 73 | - - — |58 | - | 23 | -
7 | 570 | 54 | 72 | - - — |52 | - | 22 | -
8 | 560 | 52 | 71 | - - — |51 | - |21 | -
9 [ 550 | 50 | 70 | - - — |50 | - [ 20 | -
10 | 540 | 48 | 69 | - - — 49 | - [ 19 | -
1 | 530 | 46 | 68 | 20 | - — | 48 | 76 | 18 | -
2 | 520 | 44 | 67 | 19 | - — | 47 | 74 | 17 | -
3 | 510 | 42 | 66 | 18 | - — |46 | 72 | 16 | -
4 [500 | 40 | 65 | 17 | - — |45 [ 70 | 15 | -
5 | 490 | 38 | 64 | 16 | - — |44 [ 68 | 14 | -
6 | 480 | 36 | 63 | 15 | - — | 43 | 66 | 13 | -
7 | 470 | 34 | 62 | 14 | - — | 42 | 64 | 12 | -
8 | 460 | 32 | 61 | 18 | - — a1 [ 62 | 11 | -
9 [ 450 | 30 | 60 | 12 | - — |40 [ 60 | 10 | -
10 | 440 | 28 | 59 | 11 | - — |39 |58 | 9 | -
1 [ 430 | 26 | 58 | 10 | - | 99 | - [ 56 | - | -
2 | 420 | 24 | 57 | 9 — 9 | - [ 54 | - [ -
3 | 410 | 22 | 56 | 8 — [ | - [ s | - -
4 [400 | 20 | 55 | 7 — [0 [ - [s0 [ = [ =
5 | 390 | 18 | 54 | 6 — 87 | - [ 48 | - | -
6 |30 | 16 | 53 | 5 — 84 | - [ 26 | - [ =
7 [ 370 | 14 | 52 | 4 — 81 | - [ a4 [ - [ -
8 | 360 12 | 51 | 3 s - [ 4 - |-
9 [350 ] 10 | 50 | 2 — 7 - 4 | - | -
10 | 340 | 8 | 49 | 2 — [ 72 | - [ 8| - | -
1 [ 330 | - | 48 | - - — |38 | 36 | 8 | -
2 | 820 | - | 47 - — |37 [ 34 | 7 | -
3 [ 310 - [ 46 | - - — [ 36 | 32 | 6 | -
4 [300 | - [ 45 | - - — |35 | 30 | 5 | -
5 | 290 | - | 44 | - - — |34 | 28 | 4 | -
6 | 280 | - | 43 | - - — |33 | 26 | 3 | -
7 | 270 | - | 42 | - - — |32 [ 24 | 2 | -
8 | 260 | — | 41 | - - — |81 [ 22 | 1 | -
9 [ 250 | - [ 40 | - - — |30 [ 20 | 2 | -
10 | 240 | - | 39 | - - — |29 | 18 | 3 | -




Oxkonuanue tabm 7.1

1 2 3 4 5 6 7 8 9 10 11 12
1 230 7 38 - 56 - - - 4 20
2 220 6 37 - 54 - - - 5 19
3 210 5 36 - 52 - - - 6 18
4 200 4 35 - 50 - - - 7 17
10 5 190 3 34 - 48 — - — 8 16
6 180 2 33 - 46 - - - 9 15
7 170 1 32 - 44 — - — 10 14
8 160 2 31 — 42 - — - 11 13
9 150 3 30 - 40 - - - 12 12
10 140 4 29 - 38 - - - 13 11

7.2. MeTonnyeckue peKOMEHIAINH M0 PEelIeHNI0 321291

3amava OTHOCUTCS K pacyeTy Tpex(as3HbIX Ieneill MepeMeHHOr0 TOKa, B
KOTOPBIX OTPEOUTEIH COSAMHEHBI CIIOCOOOM «3BE3/1a».

Hana tpexdaszHas 4eThIPEXIPOBOIHAS HECUMMETPUYHAS b C MOCIe-
JIOBATEIILHO HJIM MAapajuIeIbHO COCTHHECHHBIMU JJIEMEHTaMH (AKTHBHBIMH U
PEaKTUBHBIMH). 33JTaHO BXOJHOE JINHEHHOE HAPSKEHHE.

Hns onpenenenus ¢asnoro toka ly, lp, | HeoOXoarMO HaWTH TONHOE
compoTuBiIeHUe (a3bl Zj, €CIIU 3JIEMEHTHl COCTUHEHBI TOCIe0BaTEIBHO,
WIHA TIOJHYIO TMPOBOJUMOCTH (ha3bl Yj, €CIIA AJIEMEHTHl COCTUHEHBI Hapa-
nensHO. Torma TOKM onpeAeNsFoTes 0 (opMyTaM:

U U U
|, =—A: | =—B.] ==C 7.1
Az, oz Yz, (r.1)
WA
Li=Us 13=Ugys le=Udye, (7.2)

rae Uy, Up, Uc — dasnoe HanpsbkeHue nenw, B;

Z,, Zg, Zc— nonnble conpoTuBieHus (a3, Om;

Y4 Y3, Yc — TOJHBIE IPOBOIUMOCTH (a3, Cm.

AKTHBHasi MOITHOCTh (a3l Pj B cioydyae mocienoBaTeNbHO WU Tapal-
JICIIHO COCMHEHHBIX JIEMEHTOB BBIYHCIISIETCS 110 POPMYyIIaM

P-12(ZR) (73)

HIIN
Pi :Uizgi‘ (7-4)

112



riae XRj — cyMMa akTHBHBIX CONIPOTUBIEHHUH (a3bl, OM;

gj — aKTUBHAs IPOBOAMMOCTH (ha3bl, CM.

WupykTiBHAS MOUTHOCTE (a3bl Q; W eMKOCTHas MOIIHOCTH (a3sl Qc;
OIIPE/ICIISIOTCS AHAIOTHYHO, TOJIBKO HYXKHO MOJACTaBISATh BMECTO R U Qi co-
OTBETCTBEHHO X, Xci, bLi, bei.

[Monnyro MomHOCTh (hassl Si BEIYMCIAIOT 1o Gopmyie (7.5), uckiodas
IIPY 5TOM HEHY)XKHBIE CllaraeMble:

S =\}Pi2 +(QLi -Qq )2 : (7.5)

AKTHBHAsI MOIITHOCTh BCEH Ienn P BEIYUCIIIETCS 10 (opMyie
P=%P; (7.6)
PeaktuBHast MOITHOCTH Beel 1enu Q BeUuciseTcs mo Gopmyiie
Q =2Qui — ZQci. (7.7)

IMoxnas MontHOCTH Beelt nenu S onpenenseTcs 1o Gpopmyie

s=.P +Q. (7.8)

JIIst TOCTPOEHHST BEKTOPHOM JHArpaMMBI JIMHEHHBIX U (a3HBIX Hamps-
KEHUH M TOKOB HEOOXOIMMO ONPEAEIUTH YIIIBI CABHra MEXIY (a3HBIMU
HapsKCHUSIMU U COOTBETCTBYIOIIIMMU q)a?:HI)IMI/I TOKaMHU It BCEX TPEX (1)33

Ecin aeMeHTHI (ha3bl COeAMHEHBI TOCIEI0BATENBHO, TO YTOJ (j BHIUKC-
nsieTes o hopmysie

o, = arctg % (7.9)

rae Xj — peakTUBHOE COMpOTHBIEHHE i-if (a3, OM;
R; — akTuBHOE compoTuBieHue i-if ¢as3bl, OM.
PeakTuBHOE COMPOTHBIICHNE KAXION (ha3bl BEIYUCIAETCS MO (hopMyIIe

X :qu_zxcr (7.10)

Ecnu conpoTuBienust Gpasbl COeMHEHbI MapauIeNIbHO, TO YIOJl @ OIpe-
nensercs o Gopmyse

o, =arctg 5 (7.11)
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rae b — peaktuBHast npoBOAMMOCTS i-it hasbl, Cum;
Qi — aKTUBHAs MPOBOJUMOCTS i-it a3bl, CMm.
PeakTuBHasI IPOBOIUMOCTS i-if (pa3bl BEIUHCIAECTCS IO GOPMYIIe

b =>b,-> b (7.12)

Ipu OCTPOCHUM BEKTOPHOM JHarpaMMBl HEOOXOINMO BBITIOIHHUTE Clie-
JYIOIIHE OTICPaIiH:

1) 3amucaTh IS TAaHHOM IEMH OJJHO BEKTOPHOE YPaBHEHHUE 110 TIEPBOMY
3akoHy Kupxroga st TOKOB W TpU BEKTOPHBIX YPAaBHEHHS JUIA HAIPSLKe-
HUi 10 BTOpoMy 3akonHy Kupxroda:

|A+|B+IC:|N; (713)
Upe =U,~Ug,
Uge =Ug U, (7.14)
Ues =Uc —U,;

2) BEKTOPHYIO JUarpaMMmy HaIlpsOKCHUH HAYMHATH C MOCTPOCHHUS CHM-
METPHYHOM 3Be3/IBI BEKTOPOB (Gasubix Hanpsokenunit Uy, Uy, Uc. Jlunelinbie
nanpsoxenust Uy, Upe, Ucy CTPOMTH Kak BEKTOPHBIE PA3HOCTH COOTBET-
CTBYIOIIUX (pa3HbIX HanpspkeHud (7.14);

3) dasubie Toku Iy, I, Ic HY’HO CTPOUTH MO/ COOTBETCTBYIOIUMU (a-
30BBIMH yTJIaMH (j OTHOCHTENILHO CBOMX (ha3HBIX HANPSIKEHUH;

4) Bextop Toka Iy B HEHTPaILHOM NPOBOJIE TOJNYYHMTh HA IHATPAMME CO-
racHo ypaBHeHwuo (7.13).

7.3. Ilpumep peureHus 3a1a4n

B TpexdazHyio ceTh, coemMHEHHYI0 criocoboM «3Be3ma» (puc. 7.11), ¢
TUHEeWHBIM HanpspkeHneM U, = 220 B BKITIOYEeHBI OHO(a3HBIC TOKOIIPUEM-
Hukn: Ry =5 Owm, X, =10 Om, Rz =10 Om, X g =5 Om, Xcc =10 Om.

Omnpenenuts cuiny Toka B Qaszax 4, B, C; aKTHBHYIO, pEakTHBHYIO U
TIOJTHYIO0 MOIITHOCTH KaXKI0# (ha3bl B OTAEIBHOCTH; aKTHBHYIO, PEaKTHBHYIO
U TIOJHYI0O MOIIHOCTH BceX Tpex (ha3; MoCTPOUTh BEKTOPHYIO JHAarpamMmy
TOKOB U HANIPSDKEHUH 1 TpauuecKll ONpeAeTHTh CIUTy TOKa B HEHTpaTbHOM
IIPOBOIE.
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A— 1 R vy

N

Puc. 7.11. [IpuHuMnuansHas 3JeKTPUYECKasi CXeMa K PELCHUIO 3a1a4n

Pemenue:
1. ®a3Hoe HanpsKEHHUE LeTu:

2. IlonHoe conpoTHBieHue ha3bl A:

Z, =R} + X2 =/5? +10> =11,2 Om.

3. AKTHBHAS IPOBOJAMMOCTE a3kl B:

1 1
Jg=—=—=01Cm.
Ry, 10
4. HayKTHBHAS ITPOBOAUMOCTH (a3sl B:
b = ! =£:O,2 Cm.
X LB

5. IlonmHast mpoBogMMOCTh (hasel B:

yB = \/gé +b|_Bz = \/0,12 +0,22 = 0’224 CM

6. [TosHoE conpoTuBieHne dasbl C-

ZC = XCC =10 Om.
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7. Tok ¢azsr 4:

8. Tox ¢a3sr B:
Ig = UByB =127-0,224=284 A.

9. Tok a3 C:

10. MomHOCTb (hazbr 4:
— AKTHUBHaAA:
P,=1,°Ry=11,3%- 5=638,5Br;
— peaKTHUBHAasA:
Q.= 1a22Xa = 11,32+ 10 = 1276,9 Bap;

— IIOJIHAA:

S, =+P2 +Q,2 = /638,5? +1276,9° =1427,6 BA.

11. MonraocTh a3kl B:
— aAKTHUBHasA:

Py =Ug’gs = 127%- 0,1 = 1612,9 Br;
— pCaKTHBHas:

Qg = Ug’bis = 1272+ 0,2 = 3225,8 Bap;

— IIOJIHAA:

Sg =P +Qy? =/1612,9% +3225,8> = 3606,6 BA.

12. Momaocts dassl C:
— pCaKTHUBHAA:

Qc = 1c?Xee = 12,72+ 10 = 1612,9 Bap;
— IIOJIHAsA:

Sc = Qc = 1612,9 BA.

13. MomHocTh BCel LEMH:

— aAKTHUBHasd:
P=P,+Ps=638,5+1612,9=2251,4 Br;
— peaKTI/IBHaHI

Q=0Q,+Qz— Qc=1276,9 + 32258 — 1612,9 = 2889,8 Bap;

— IIOJTHAA:
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S =P? +Q* = |[2251,4? + 2889,8? =3663,3 BA.
I =U(gs + g2+ g3) =20 - (0,12 + 0,25 + 0,16) = 10,63 A.

14. [Ins mocTpoeHNsI BEKTOPHOW AWAarpaMMbl HANPSHKEHUH M TOKOB BEI-
6epem maciuTtads (Ly = 50 B/ewm, y = 10 A/cm) u ompenennm yribl CABUra
MEXIY BEKTOPOM (Da3HOTO HANpPsHKEHUS M COOTBETCTBYIOIIMM €My BEKTO-
poM (azHOTO TOKA:

¢, =arctg % =arctg % =arctg 2=63°27';

A

Qg = arcty Zﬁ =arctg % =arctg 2=63°27';

B 1

X 10
=arctg —¢ =arctg — = 90°.
Pc g R g 0

C

Bekropnas muarpamMa B BEIOpaHHOM MaciiTabe mocTpoeHa Ha puc. 7.12.

Puc. 7.12. Bekropnas quarpamMmma

Bekrop Toka Iy B HEHTpaabHOM IPOBOJE MONYUEH Ha JUarpamMmme myTeM
CJIOKEHUS BEKTOPOB TOKA Bcex Tpex (as:

N=L+I;+1-=3,13 cMm;
IN :]-Nl,h = 3,13 -10= 31,3 A.
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JlabopaTopuas padora Ne 8.
W3MEPEHUE DJIEKTPUUYECKOMW SHEPTUN
B HEINAX IEPEMEHHOI'O CHHYCOUJAJIBHOI'O TOKA

Lenu pabomur:

1. 3yunte Ha3Ha4YeHUE, TEXHUYECKUE XapaKTEPUCTHKH, YCTPOHCTBO U
MIPUHONI ASHCTBUSA OXHO(A3HOTO CUETYNKA aKTUBHOM 3HEPTHHU U Tpex(as-
HBIX CUCTYMKOB aKTUBHOI U PEaKTUBHOI YHEPTHH.

2. OnpenennuTh OTHOCHUTENBHYIO CHCTEMATHYECKYIO MOTPENTHOCTh OIHO-
(ha3HOTrO CUETUHKA.

3. OmpenennuTh CTOMMOCTB TIOTPEOIIIEMOM IIEKTPUUECKOI SHEPTUH 10 U
MOCJIe YCTAaHOBKM KOMITIEHCHPYIOIIUX KOH/IEHCATOPOB.

8.1. O0BEKTHI H CPeCTBA UCCIETOBAHUS

Ha pabouem mecte cMOHTHpOBaHa J1a0OpaTOpHAasl YCTaHOBKA, B COCTAB
KOTOpOH BXOJAT OJTHO(A3HBIH OBITOBOI CYETUUK 3JIEKTPUIECKOH DHEPTHU
Tpex(dazHble CHETINKN aKTUBHOW M PEaKTHBHOM YHEPTHH.

TexHu4eckue xapakTepucTHKu onHodaszHoro cuerunka Pl2 cnemyro-
mme: Tan CO-2, Hanpsokerne U, = 220 B, cuna Toka |, = 5 A, HoMuHANb-
Has moctosiaHas cuetunka C,, = 2880 Bt - ¢/06, kimacc Tounoctu 2,5 %.

TexHn4yeckue XapaKTePUCTHKH TPEX(Pa3HOTO UYETHIPEXIPOBOHOTO
cuerunka Pl1 aktuBHO# sHeprum crepytomue: T CA4Y-N672M, Hampsi-
xenne Uy, /Uy, = 380/220 B, cuna toxa |, = 3x5 A, wacrora f, = 50 'y, Ho-
MuHaIbHas mocTossHHas C,, = 8000 BTt - ¢/00, kmacc TounocTu 2,0 %.

TexHuueckue XapakTEepUCTHKU TPeX(Pa3HOTO HETHIPEXIIPOBOIHOTO CHET-
gnka PK1 peaktuBHO# sHepruu cienyrommue: tirn CP4Y-M673M, Hampsbke-
aue Uy,/Uyy = 380/220 B, cuna toka |, = 3x5 A, gacrora f, = 50 T'ni, Homu-
HasbHas nocTosHHas cuetynka Cy,, = 8000 Bap - ¢/00, knacc Tounoctu 2,0 %.

CpezncTBaMu MCCIIEOBaHMS TAKKe SIBIAIOTCS: BarTMeTpsl PW1u PW2
tuna ACT]] 37eKTpOoAMHAMUYECKON CHUCTEMBI Uil W3MEpPEHUs] aKTUBHOM
mouinoctH (Hanpspbkenne U, = 300 B, cuna toka I, = 5 A); Bapmerp PQ1
tuna /1539 snexTpoarHaMHYECKOM CHCTEMBI sl U3MEPEHUs PEaKTUBHOMN
MouiHoctH (Hanpspkenue U, = 600 B, cuna toka I, =5 A).

[TorpebuTensiMu 3IEKTPUIECKOH PHEPIHU B JIAOOPATOPHOH YCTAaHOBKE
SIBJISIIOTCSL JIaMIlbl HakanuBauusi (MmomHocts P, = 100 Bt, HanpsbkeHue
U, =220 B).

Jst co3nanusi HEOOXOIMMBIX PEXKUMOB HCCIIEIOBAHUS B COCTAB Jabopa-
TOPHOHM YCTaHOBKHM BXOZST: OJHOIIOJIOCHBIC OJHO(A3HBIE BBIKIIOYATEIN
SA1-SAS, cayxamue mis noakmodeHus jgamn EL1-ELS B ommodasuyro
LeTIb.
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8.2. O61mue cBe/IeHUsI 0 CYETYHKAX YIEKTPHUECKOI IHePruu

B HacTosmee BpeMs Ui U3MEPEHHs pacxo/ia JEKTPUIEeCKO SHEepruy B
LeMsIX IEPEMEHHOT0 TOKa CIIy)KaT WHIYKIMOHHbIe TpuOopsl. JlelicTBue uH-
JYKIIMOHHOTO CUETYMKA OCHOBAHO HA B3aMMOJICHICTBUU BUXPEBBIX TOKOB C
BPAI[AIOIIMMCS] MATHUTHBIM TIOJIEM.

OpnHoa3Hblil MHAYKIMOHHBIN cueTdnk (puc. 8.1) cocTtour W3 ABYX
JJIEKTPOMarHHUTOB.

Puc. 8.1. OxHoda3zublit ”HAYKIMOHHBIH cueTynk CO-2M:
1, 4 — oNeKTPOMArHuTEI; 2 — CTajbHas IUIACTHHKA; 3 — MEAHAs IUTACTHHKA; 5 — 00MOTKa;
6 — MOCTOSIHHBIN MAarHUT; 7 — YEPBSUHBINA BUHT; 8 — 0Ch; 9 — AIFOMHHHUEBBIH JTHCK;
10 — metst; 11 — M30MMPOBAHHBIH POBOL; 12 — KOMITCHCAIIMOHHBII BHHT

OnekrpoMarHuT 1 MMeeT OOMOTKY M3 HECKOJIBKHX BHMTKOB TOJICTOTO
IIPOBO/IA, KOTOpasl SABJSIETCS TOKOBOW M BKJIIOYAETCS B IIEIb IOCIENIOBa-
TesibHO. Yepe3 Hee IMPOTEKaeT TOK, MOTPEOISIEMBIH AJIEKTPONPHOOPaAMH.
ToxoBas 00MOTKa pacIojioxKeHa Ha AByX moiocax U-o0pa3HOTo cepledHn-
Ka ¥ UMEET NPOTUBOMOJIOKHYIO HABUBKY, T. €. HA OJJHOM IOJIOCE IO XOIY
YacOBOM CTPENKH, a Ha IPYrOM — MPOTHUB XOJa YaCOBOM CTPEIKH. DIEKTPO-
MarauT 4 uMeeT 0OMOTKY 5 13 OOJBIIOTO YKciIa BUTKOB TOHKOTO IPOBOAA,
KOTOpasi SIBISIETCSI OOMOTKOW HANpsDKCHUS] W BKIIOYAETCSl B LIEMb Mapal-

119



nensHO. HepaBHOMEPHOCTh B KOJIMYECTBE BUTKOB IPOBOAA Ha TOKOBOU 00-
MOTKE ¥ 0OMOTKE HaNpsDKEHHsT He0OX0AMMa JUIsS TOTO, YTOOBI BpaIlaromuit
MOMEHT, NPUJIOKECHHBII K aJFOMUHHEBOMY JUCKY 9, OBUI MPONOPIHOHATIEH
AKTUBHOM MOIIHOCTH.

Mesxay MOJII0CaMH 3NEKTPOMArHUTOB PacoJIOKEH aIFOMUHUEBBIH JTUCK 9,
Haca)XeHHbIH Ha BEPTUKAIBHYIO och 8. Ha ocu Takxke KpemsTcs eje3Has
IUIACTUHKA, CIyXamas /Uil yCTpaHEHHUs caMoXoJa, M YepBSYHbIH BUHT 7,
MIepeIaroNIii BpallleHne JIcKa CUeTHOMY MeXxaHn3My. CHeTHBIH MeXaHN3M
MOKA3bIBAET KOJMYECTBO OJJIEKTPUUYECKOM 3HEPrUM, NPOILIECAIIeH uepes3
CYETUUK B KHJIOBATT-yacax.

B cuerunke mMeeTcs TaxkKe IMOCTOSHHBIH MarHuT 6, CIy>Kamuid Uit
TOPMOXEHHMSI TUCKA MIPH BBIKJIIOUEHHON Harpyske.

[Ipu BKIIIOUEHUHU CUETYMKA B IEMb MEPEMEHHOTO TOKa (puc. 8.2) mo To-
KOBOM OOMOTKE M OOMOTKE HaIpsDKeHUs! OyJneT MpPOXOAWUTh MEPEeMEHHBII
TOK, KOTOPBIH, MPOXOJsI IO TOKOBOW OOMOTKE, CO3/aeT MArHUTHBIA MO-
TOK @), a IPOXOAd 10 0OMOTKE HAIPSKEHUS — MarHUTHBIM MOTOK @y. Mar-
HUTHBIE IOTOKH @) 1 Dy nepeceKaroT Kpail aTllOMUHUEBOTO AUCKa /{, B KO-
TOPOM HABOJSTCSI MECTHBIC BUXPEBBIC TOKH, IIOPOKJAIOIINE B HEM MarHUT-
Hble noJist. [locnennue, B3auMOAEMCTBYSI ¢ OCHOBHBIMH MarHUTHBIMH MOTO-
KaMU, IPUBOJSAT IUCK BO BpalllEHUE.

@

Puc. 8.2. CtpykrypHas cxema 0JHO(a3HOTO CUETYNKA aKTUBHOM YHEPTUU:
OT — toxoBast 06MoTKa; OH — 06MOTKa HANPSKEHUST; /] — aIFOMUHHEBBIN JIUCK;
YM — gepBsuHbIii MexaHn3M; CM — c4eTHbI MeXaHu3M; M — NOCTOSIHHBI MarHUT
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Korma 3nekTponpuOOpsl OTKJIFOYCHBI OT CETH, TOK 4Yepe3 CUCTUYMK HE
poXouT. JIuCK nepecekaeT MarHUTHOE MOJIE IOCTOSIHHOTO MarHuTa, U BO-
Kpyr MecTa HepecedeHusl IMCKa MarHUTHBIMU JIMHUSMU BO3HHMKAET BUXpe-
BOM TOK, HOPOKAAIOIIMI MArHUTHBIA IOTOK, KOTOPBIM, B3aUMOAEHUCTBYS C
[10JIEM MarHuTa, NPensTCTBYET BPAIICHUIO TUCKA.

Jnsg xomMneHcalMu TpPEHUsT B CUYETYHMKE CO3AAETCSA JIONOJHUTENBHBII
BpallaoIUA MOMEHT MyTeM BBUHYUBAHUS B CEPJCYHUK DJIEKTPOMArHHUTA
cransHoro BuHTa 12 (CcM. puc. 8.1).

OOMOTKa HaNpPSHKCHHS CYCTYMKA TOCTOSHHO HAXOTUTCS IOJ HAmpsiKe-
HUEM. YBEIIMYCHUE HAMIPSDKEHISI CETH MOXKET BBI3BATh BpallleHHUE AMCKa Oe3
TIOJIKITIOUEHUS AJEKTPONPUOOPOB, T. €. camoxo]l cueTunka. CaMoxoja cueT-
YHKa MOXKET OBITH BBI3BAaH TAKKE CTAJbHBIM KOMIICHCAIMOHHBIM BHHTOM
nnM BuOpanued ImuTa, Ha KOTOPOM YKpeIUIeH cueTdyuk. [ ycTpaHeHus
caMoxXO0Jla HY)KHO ITAaCTHHKY 2 OT IIOJIFOCa 3JIEKTPOMaruuTa 4 mpuOiIn3uTh
K IINIAaCTUHKE HAa OCH JUCKaA. HpI/I 3TOM IUTACTHHKA Ha OCH 0O0JIbIle HAMAarHH-
YHBAETCS TONIOCHOW TUIACTHHKOHM 2 M CHIIbHEe K Hel MpuTsruBacTtcs, Oia-
rogapsi 4eMy TOPMO3UTCSl BpallleHHe JMCKa W YCTpaHsIeTCs CaMOXOI.
i TOro 9TOOBI NMPOBEPHUTH CUSTUMK HA CAMOXOI, €r0 HEOOXOOMMO IIO-
KIIIOYUTH B CETh 0€3 MOJIKITIOUEHUS dIIEKTPOIIPHUOOPOB.

Jnst peryaupoBaHus 3Ha4eHUs U ()a3bl MAarHUTHOTO MTOTOKA HA TOKOBYIO
00OMOTKY HaMaThIBalOT HECKOJBKO BHMTKOB H30JHMPOBaHHOrO mpoBoja 11,
COCIMHEHHOI'O C MPOBOJIOKOW B Buze meTiu 10 ¢ OOJBIINM yACIbHBIM CO-
TIPOTHUBJICHUEM. HpI/I MU3MEHCHHU IOJIOKEHUA TMOJI3YHKA Ha MCTJIC U3MCHACT-
Csl CONPOTHUBIICHUE NETIN U 3HAUEHUE TOKA, pa3MarHUYMBAIOILIETO AJIEKTPO-
MarHuT 1. MarHUTHBIA MOTOK OOMOTKH HAIIPSDKEHHS PETYIUPYETCS H3Me-
HEHHEM TO0J0KeHUST METHOH IIACTUHKA 3 B MATHUTHOM IIYHTE.

IIpuio>keHHBIN K IUCKY Bpallalolivii MOMEHT NIPONOPLIUOHAIIEH IIPOU3-
BEJICHUIO CHITBI TOKOB B 0OMOTKAaX 3JICKTPOMAarHUTOB M CHHYCA yIiia CIBUTa
(a3 Mexay HUMU:

MBp = KIIIU sin Q, (81)

rae K — koHCcTaHTa, 00beIMHSIIONIAsl BCE MMOCTOSIHHBIC BEJIMYMHBI — aKTHB-
HYIO0 JUIMHY TPOBOJHHKA, IUIOLIA[bh 3JEKTPOMAarHUTa M Paanuyc
MPWJIOKEHUS CUIIBI, 3aBHUCSILUI OT pa3Mepa JHCKa;
l| — cuna Toka, npoxoasIas yepe3 TOKOBYI0 0OMOTKY, A;
|y — cuita Toka, mpoxosias yepe3 0OMOTKY HaNpsKEHUs, A.
Bpamiaromuii MOMEHT Take NpONOPIMOHAICH AKTUBHONW MOIIHOCTH:

M,, = KlUcos ¢ = KP. (8.2)

[pu BpallleHHH TUCK MepeceKaeT MmoJie MoCTOsSTHHOro MarHuTa 6. Buxpe-
BbIC TOKU B JTUCKE, B3aMMOJICHCTBYS C MOJIEM MAarHuTa, 00pa3yloT MPOTHUBO-
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JeicTByromuii MomeHT. KpoMe 3Toro 0CHOBHOIO TOPMO3SIIIIET0 MOMEHTA, B
CYETYHKE CO3AAIOTCA €IIe J[BAa TOPMO3AIINX MOMEHTa OT B3aMMOACHCTBUS
9JIEKTPOMAarHUTOB CO CBOMMHU MHIYKIIMOHHBIMU TOKaMHM. Pe3ynbTupyromuit
MIPOTUBOACHCTBYIOIIMA MOMEHT PaBEH CyMME 3THUX TPEX TOPMO3SAIINX MO-
MEHTOB U IIPONOPIMOHATIEH CKOPOCTH BPAILEHUs aTIOMHUHUEBOTO JHUCKA:

M,, = Kv =K-2nRn = kn, (8.3)

rze N — 9rcino o00poTOB AUCKA B CEKYHIY.
IIpu ycTaHOBUBILEHCA YaCTOTE BPALLCHUSA JUCKA BPALLAIOIIUI U IPOTUBO-

JEHCTBYIOIMIA MOMEHTHI PaBHBL. My, = My, un KP = kn, otkyma

P=Cn, (8.4)

rae C =k / K — mocrositHHas cueTyuka.

TakuM 06pa3oM, CKOPOCTh BPAIEHHUS TUCKA MTPOMOPIIMOHATbBHA MOIIHO-
CTH, MOTPEOIISIEMOM 3JIEKTPOIPHOOpaMuU. DHEPrusi, MOTPeOIIAeMas JIECKTPO-
npubopamu, 3a HEKOTOpoe Bpems t:

W = Cnt=Cn. (8.5)

IlocrostHHas cuetdunka C paBHA HEPTHH, M3MEPSIEMOIl CUSTUYHMKOM 3a
BpeMsI OTHOTO 000poTa UCKA.

CyeTynky MapKUpYIOTCs ciieayrommM oopazom: CA3Y-1670.

CTpyKTypa yCIOBHOTO 0003HAUCHHUS:

C — cyeT4wK;

A — aKTHBHO SHEPTHH, p — PEAKTUBHOW YHEPTUH, O — OJHO(DA3HBIH;

3 — KOJIMYECTBO MPOBOJIOB ceTH (2—4);

VY — yHUBEpCaIbHbIN;

M — uHAYyKUMOHHOM CUCTEMBI;

670 — KOHCTPYKTHBHOE UCIIOJIHCHHE CUCTUHKA.

Jis m3MepeHHs PHEPrUH B IEMH Tpex(a3sHOTO TOKa MPUMEHSIOTCS
Tpex(a3Hble CYSTYNKH WHIYKIMOHHONW CHCTEMBI C ABYMS M TPeMs 3JIeMEH-
Tamu. [IByXdJIeMeHTHBIH Tpex(a3HbIil CUETYMK COCTOHT U3 JIBYX Tap JJIEKTPO-
MarHuTOB M JIByX AJTIOMHHHEBBIX JHMCKOB, PACTIONIOKEHHBIX Ha OJHON OCH
BEPTUKAJIBHO APYT HaJ APYroM. /IByX3JIEMEHTHBIN CUETUUK BKIIIOYAETCS B
TPEXIPOBOAHYIO TpeX(a3HyI0 CETh, a TPEXIIEMEHTHBIH — B YETBIPEXIIPO-
BOJIHYIO.

8.3. Ilopsi1oK BbIMOTHEHUS pa0oTHI

1. O3HaKOMHTbCS C MPUHIUITHAIGHBIMA 3JIEKTPHUESCKUMHU CXEMaMH Jia-
6oparopHo#i ycranoBku (puc. 8.3, 8.4) u tabdn. 8.1-8.3 mns 3amucu pesyinb-
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TaTOB OIBITOB U BBIYUCIICHHUI. 3amucaTh TTaCIIOPTHBIC JaHHBIE 00BEKTOB U
CpCACTB UCCIICAOBAaHUS.

W2 —
pI2 |
As— )~ [H\SAI:—‘L_T i SAL...SA5
A AREEL"AS IR L2 N VA
B, i
~ 220 7
B W] L3 J &9
L
" o ELL . ELS

Puc. 8.3. HpI/IH[II/IHI/IaJ'II)HaSI DJIEKTPHUYECKAs CXEMaA UCIIBITaHUSA OI[HO(baSHOFO CUCTUYHNKa
3H€KTpPI‘{eCKOﬁ SHEPrun

Ta6nuna 8.1. Pe3yasTaThl HecaenoBaHus 0AHO(A3ZHOTO cCUeTYNKA

M3mepsieMble BETMYHHBL BoruncrisieMbie BETUUUHBI
P, Br I, A N, 06 t,C W,, Bt ¢ W, Bt ¢ Y, %

Ta6nuna 8.2. Pe3yibTaThl HCc/IeA0BAHUSA TPeX(a3HBIX CHETUHKOB
0€e3 KOMIEHCHPYIOIUX KOHIEHCATOPOB

Vi3MepsieMble BETHUHHBI BrruncisieMble BETMYUHBI
W W W S, S

Py, Bt Bap| Na, 06 [ N,, 06 |t, C o P ' : o P

® Qi ap| Nay P Br-c|Bap-c|BA-c COS ¢ | COS Pep pyo. | py6.

Ta6nuna 8.3. Pe3yabTaTel Hecief0BaHNs TPeX(a3HBIX CUETYNKOB
¢ KOMIEHCHPYIOLMMH KOH/eHCATOpaMH
V3Mepsiemble BEIMYHHbI BbIunciisieMble BeTHYHHbI

Py, o | Na, | Ny, Wai, | Wy, | Wy, Sat, Spi,

P1 in al pl tv c al pl 1 cos o1 cos (Pcp] al pl

Br | Bap 00 00 Bt-c [Bap-c|BA - ¢ pyo. pyo.

2. CoOpatp 1enb s UccleoBaHus oJHO(a3sHoro cuerunka Pl2 B co-
otBetrcTBUH ¢ puc. 8.3. [ocne paspelieHus npenoaaBaTessi BKIOYUTD Ja-
0OpaTOPHYIO YCTaHOBKY B ceTh ¢ HanpspkerneM U, = 220 B u BeikirOuaTe-
qsimu SA1-SAS ycTaHOBUTH CHIIy TOKa Jiamil HakanuBaHus EL1-ELS, npu-
ONM3HUTENHFHO PaBHYIO HOMHUHAJIBHOMY TOKY cuerdnka (1, =5 A). B Teuenue
npomexyTka Bpemenu t = 180...240 ¢ nmojcunrarh 1en0e 4Muciao 000pOTOB
mucka cuerunka N m 3amucath pesynbTarsl B Tabn. 8.1. 3amucath Taroke
3HAYEHUs CHJIBI TOKa JiaMIl | mo amnepmerpy PA1 1 akTUBHOM MOIITHOCTH P
1o BarTmerpy PW2.
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3. Cobparts 1ens 11 uecaeqoBanus Tpexdasupix cuerunkos Pl1 u PK1
B COOTBETCTBUHM ¢ puc. 8.4. Jlns mocueTa pacxona SHEPTHU AIIEKTPOABUTa-
TeneM M1 ©e3 KoHAEHCATOPOB BhIKIOYaTe b QF1l yCcTaHOBHUTH B IMOJIOXKE-
nue «Beikim». Ilocne paspemenust mpenojaBaTensi BKIIOYUTH LIE€Mb Ha
Hanpsbkenue Ug,/Upy = 380/220 B 1 o Meronuke, U3I05KeHHOH B 1I. 8.2,
MPOM3BECTH MojicueT uncna 060poTos N, u N, THCKOB CUETYNKOB aKTUBHOH
U pEeaKkTHBHOW SHepruu. 3anucarth B Ta0J. 8.2 3HaYEHUsI aKTUBHON MOIIIHO-
cTU oJHOH (askl aexTpoasurarens Py no sarrMerpy PW1 u peaktusrOi
MouiHoctH Q, — o Bapmetpy PQL.

PRy
| |
I |
|
l J /_0 Pwi
5h 69 8 oping) g2 __“J_",l_'J_B A o o8
A aee\l g
g
&
N Rq
L

Puc. 8.4. [IpunuunuanbHas dIEeKTpUYecKas CXeMa UCIIBITaHus TpeX(a3HbIX CUETUHKOB
AaKTUBHON M PEaKTUBHOMN JICKTPUUECKON IHEPTUH

4. YcranoButh BeikiIOuaTesb QF1 B momoxkenune «BKiL», TakuM o0pa-
30M OyZET MOACYMTHIBATHCS DIICKTPUUICCKAst SHEPIHs dieKTpoaBuraresst M1
C TOAKIIIOYCHHBIMU TAPAIICIBHO €ro 0OMOTKAaM KOMIICHCUPYIOIIMMHU KOH-
nercatopamu CB. 3a MpPOMEXYTOK BPEMEHH 1 MOACYUTATH YUCIO 000pO-
ToB N,y 1 Ny TUCKOB CYETYMKOB aKTHBHOM M PEaKTUBHOMN DHEPIUH U 3aIlu-
cath UX B Ta0. 8.3. 3anucaTh Tak)Ke 3HAYEHHs] aKTUBHON MOIIHOCTH Py, 10
BarT™MeTpy PW1 u peaktuBnoit Mmomuoctu Q,; mo Bapmerpy PQL.

5. Mcrone3ys pe3ynbTaThl OINBITA, PACCYUTATh IS OJHO(A3HOTO CUCT-
yrKa 3HaueHUss HomuHambHOTO W, M neiicrButensHoro W, pacxoma sHep-
rud. BBIUKCINTG TaK)Ke 3HAYEHHE OTHOCUTEIBHON CHCTEMATHYECKOH I10-
IPEIIHOCTH CYCTYUKA Y M YCTAHOBHTH €T0 KIIACC TOYHOCTH.

st Tpex(a3HbIX CYCTUYMKOB PACCUMTATh HOMHHAIBHBIC 3HAYCHUS aK-
tuBHOM W, u W, u peaxtusnoir W, u W, sneprun. Paccuurars Taxxke
nosiHyto dHepruto W u W;, MTHOBEHHBIE W CpeIHUe 3HAYCHHS KOdPPHUIn-
€HTOB aKTHBHOM MOIIHOCTH COS @, COS (1, COS (gp K COS Pepi -
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Paccuutars 3a 3a7aHHBIA NPOMEXYTOK BPEMEHU CTOMMOCTH AKTUBHOM
Sa ¥ S, @ TaKKe PEaKTUBHOM Sy M S, SHEPIHHL.

ITocTpouTh TpeyroabHUKHU HEPTUi JUIsl JIEKTPOABUraTessl ¢ KOMIICH-
CUPYIOIIUMH KOHAEGHCATOPaMU U 0€3 HUX.

8.4. IloaroroBka K BbINOJHEHUIO paﬁoqero 3aJaHusA

1. I3y4unTh HEOOXOANMBIE paseibl B peKoMeHIyeMoit mureparype [1-5].

2. O3HAKOMHUTBCSL C MPHHIUNAAIGHBIMA DICKTPHICCKAMH CXEMaMU
BKJIFOYCHHST OOQHO(DA3HOTO M TpeX(Pa3HbIX CYCTUMKOB aKTUBHON U PEAKTHB-
HOM 3Hepruu.

3. U3yunth CXEeMbI BKIIIOUCHHS TPeX(as3HbIX CUCTUUKOB YEPe3 H3MEPHU-
TeJIbHBIE TPaHC(HOPMATOPHI TOKA.

8.5. Yka3zaHus 1o BbINOJTHEHUIO Padoyero 3aJanust
U 00paboTKe pPe3yIbTATOB IKCIIEPUMEHTA

1. Ilpu uccnenoBanuu OAHO(PA3ZHOIO CUCTUYMKA AKTHBHOM SHEPTHU JCH-
creutenpHoe W, 1 HOMuHANEHOE W, 3HAUEHUS aKTUBHOU SHEPTHH Opee-
TSTIOTCS IO hopMyIam:

W =Pt; W, =CN, (8.6)
rjie P — MOITHOCTh, U3MepeHHas BartmeTpom PW2, Br;

C,, — IOCTOSIHHAs cYeT4ynKa, BT - ¢/00;

N — guca0 060pOTOB TMCKA CUETYMKA 33 TPOMEKYTOK BpemeHH {, 00.

OTHOCHUTENbHAS CUCTEMATHUECKas MMOTPEIIHOCTh Y CUETYMKA OIPEaesi-
eTcs 1o opMmyIie

MWl (8.7)
w

H

Krnacc TOYHOCTH CUETYMKA IMOKA3hIBAET HAUOOIBIIYIO JOIYCTUMYIO TO-
TPEIIHOCTh B MPOIICHTAX, ONPEACIIeMYI0 B HOPMAJIbHBIX yCIOBUAX. YCTa-
HOBJICHBI YETHIPE KJIaCcCa TOYHOCTH ofHO(a3Hbix cuetunkoB — 1,0; 2,0; 2,5
u 3,0. [Ipu ycTaHOBIICHUH KJIacca TOYHOCTH OJHO(A3HOTO CUCTUHKA HYKHO
CPaBHHTH 3HAYEHHE, BhIUUCICHHOE 10 (opmylie (8.7), ¢ YMCIeHHBIMU 3HA-
YEHHUSIMH KJIaCCOB TOYHOCTH.

2. lnsa Tpex(da3HbIX CYCTYMKOB HOMHHAIBHBIC 3HAUCHUS aKTHBHOM W,,
peaxtusHoi W, u nonnoit W sHeprum onpenensrorcs 1o cieayromum Gop-
MyJiam:
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Wa :CﬂaNa; VVp :CHpr; W = %VV: -‘rVVpZ, (88)

rae Cya, Cyp — HOMHMHANIBHBIE TOCTOSHHBIE CYETYMKOB AKTHBHOM M PEaKTHB-
Ho 3HEprun, BT - ¢/00.
3. MrHOBEHHBIH U cpeHUi KO3 PUIMEHThI aKTUBHOH MOIIHOCTHU COS ¢
U COS (¢, OTIPETIETAIOTCS TI0 (hOpMyTIaM:

3P, w
0 COSQ,, = ——=—. (8.9)

\ /9P¢2 +3Q? 2+ W7

4. CTonMoCTh aKTHBHOH S, M PEAKTHBHOH S, SHEPTHHU ONpENEIIETCS
o opmymnam:

cosp =

S,=sW,-3610°% S =sW 3610, (8.10)

rIe S, — lIeHa OJHOTO KWJIOBATT-4aca aKTUBHOM 3Hepruu, pyo/kBT - u;

Sp — LIeHa OJTHOTO KMJIOBAap-Yaca PeakTUBHOM YHEpruu, pyo/KBap - 4.

JU1s  BBINONHEHUS J1abopaTOpHOH paboOThl HEOOXOMUMO IPUHATH
Sa=5,=0,135y.e.

5. TpeyronbHUK 3HEPrUi JaeT TeOMETPHUYECKYI0 MHTEPIPETALHIO BCEX
3Hepruil norpedurens — akrusHoi W,, peakrtusnoit W, u monnoit W. Tpe-
YTOJBHUK DHEPrHid SIBJISETCS NPSIMOYTOJbHBIM U CKASIPHBIM. B ompene-
JICHHOM MaciuTabe akTtuBHas sHeprus W, mpeacTaBisieT coOOW TOpH30H-
TaIbHBIA KaTeT TPEYroNbHHKA, peakTHBHas dHeprus W, — BepTHKAIIbHBIN
KaTer, a rnoJiHast sHeprus W — ero runoTenysy.

8.6. KoHTpoJILHBIE BONTPOCHI

1. OOBsICHUTE YCTPOUCTBO W MPHHIUM JIEHCTBUS OJHO(A3HOTO CYCTUH-
Ka aKTUBHON 3HEPI'UH.

2. ITouemy 4ucCIIO 0OOOPOTOB AMCKA CUETYUKA HPOMOPIHUOHAIBLHO PacXo-
Jly SHEpTuH noTpeduTenem?

3. OOBsCHHUTE YCTPOWCTBO M IPUHIIKII ACUCTBUS TPEeX(Pa3HOro CUSTUHKA.

4. YeMm NMpUHIMIHAAIBLHO OTIUYAETCS CUYETUYUK PEAKTHBHOW DHEPTHH OT
CUYETUHKa aKTUBHOU dHEpPTHN?

5. O0bscHHTE (HU3UUECKHUNA CMBICT HOMHUHAIEHON MOCTOSIHHOM CUCTYUKA.

6. Kak nogximoyaroT Tpex(a3Hblii CYCTYHK B CETh Yepe3 HM3MECPUTEIb-
HbIE TpaHCcHOpMaTOPHI TOKA?
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7. Ilpu KakMX YCIOBHSIX AWCK CYETYHKA PEAKTUBHOM SHEPTUH MOXKET
HU3MEHHTD HallpaBJIeHUE BpallleHHsI Ha IPOTUBOIIOJIOXKHOE?
8. Jlailite onpeneneHue Kjiaccy TOYHOCTH CUETUHKA.

8.7. Ilopsiiok opopMiIeHHsT OTUETA

1. 3amucatk 11e7Th ¥ Ha3BaHUE Ja0OPATOPHOI PAOOTHL.

2. [lpuBecTH XapaKTepUCTUKy OOBEKTOB M CPEICTB HCCIICIOBAHUSA
(m. 8.1).

3. BouepTuTh NPUHIUNHATIBHYIO JIIEKTPUIECKYI0 CXEMY HCIBITaHHS
01HO(A3HOTO CUETUHKA IIEKTPUUECKOiT sHeprun (cM. puc. 8.3).

4. Pe3ynmbTaThl HCCIIEAOBAHUM 3amucath B Ta0I. 8.1-8.3.

5. [TocTpouTh TPEYrONbHUKH MOIIHOCTEH U DHEPTHIA 3NIEKTPOIBUTATENs
C KOMIIEHCHPYIOIMMHU KOH/IEHCATOpaMH U 0e3 KOMIICHCUPYIOUIUX KOHJCH-

caropos (puc. 8.5, 8.6).

s
o % Q
? 2
P P

a [

Puc. 8.5. O6pasibl MOCTPOCHHS TPEYTOIBHUKOB MOIIIHOCTEH 3JIEKTPOIBHTATEIS
C KOMITCHCHPYIOIMMHI KOHJIEHCaTopamH (a) 1 6€3 KOMITCHCHPYIOIINX KOH/ICHCATOPOB (6)

W
W;
‘W’ ‘ ’
w, W

a [

Puc. 8.6. O6pa3ibl MOCTPOCHUS TPEYTOJIBHUKOB SHEPTHI JICKTPOABUraTEs
C KOMIICHCHPYIOIIMMH KOH/IeHCaTOpamu (@) i 6e3 KOMIICHCHPYIOIIMX KOHACHCATOPOB (6)
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JlabopaTtopHas padoTa Ne 9.
HUCHIBITAHUE TPEX®A3ZHOI'O CHJIOBOT'O
TPAHC®OPMATOPA

Lenu pabomur:

1. 3yunte Ha3Ha4yeHHWe, MACIOPTHBIC JaHHbIC, YCTPOWCTBO, IPHHIIHII
JEUCTBUS U 00JacCTh NPUMEHEHHUsS! TPeX(a3HOTO CHIIOBOTO MOHMIKAIOLIETO
TpaHchopmaropa.

2. HSy‘II/ITL OCHOBHBIEC CXEMbI COCAMHCHUA TCPBUYHBLIX W BTOPHUYHBIX
00MOTOK TpaHchopMaTopa.

3. DKCHEepPUMEHTAILHO ONpPEACNIUTh IMapaMeTpsl TpaHchopmaropa, a
TaKKe BETMYHMHBI, XapaKTEPU3YIOIIHE er0 MarHUTHYIO CUCTEMY.

4. ITocTpouTh BEKTOPHBIE AMArpaMMBbl HaNpsDKEHUI M ONpPEAETHTh Mo
HHM TPYIITy COSTUHEHUS] 0OMOTOK TpaHchopMaTopa.

9.1. O0BbEKTHI U cpPeICTBA HCCJIeT0BAHUS

Ha pabouem mMecte cMOHTHpOBaHa TaOOpaTOpPHAsT YCTAHOBKA, OOBEKTOM
HCCJIeIOBAaHMsI Ha KOTOPOH sIBJIseTCS Tpex(a3HbIil CHIIOBON MOHMKAIOINI
tpanchopmarop tuma TC3U-1,6 YXJI2, cyxoif, 3aIlMIICHHBIA, C ecTe-
CTBCHHBIM BO3JYIIHBIM OXJIaXKIeHWEM. HoMmuHaiIpHas MOITHOCTh TpaHC-
¢dopmaropa S, = 1,6 kBA, nepsuunoe Hamnpspkenue U, = 380/220 B, BTO-
puunoe Hampspbkenue U,, =220/127 B, gacrora f, =50-60 I'u, cxema co-
€IMHEHMS TICPBUYHBIX U BTOPUYHBIX OOMOTOK — «3B€3[la — TPEYTOJIBHUK
(Y/A). Yucno ButkoB mo6aBounoit oomoTku W, = 15, miomans cedeHus
cTepyHs MarauTonpoBoxa S = 1,25-10° m°, HoMuHATBHBI KOd(QdHIHEHT
TOJIC3HOTO JAeHCcTBHs TpaHchopmaropa 1 = 94 %.

CpelncTBaMH HCCIICIOBAHUS CIIY)KaT CIEIYIONINE H3MEPHUTEIbHBIC MPHU-
OOpBI: BOJBTMETP IICKTPOMArHUTHOHM CHUCTEMBI THIA D59 ¢ HampsHKCHHEM
U, =75-600 B, BoNbTMETp 3JICKTPOMArHUTHOW CHUCTeMbl Thma 2531 ¢
HanpspkeaneM U, = 1,5-15 B, amnepmerp 37€KTpOMarHUTHOW CHCTEMBI
tna 3514 ¢ HoMUHAIBHBIM TOKOM |, =1 1 2 A.

9.2. O6mue cBeaeHusi 0 TpaHchopMaTopax
CunoBoii TpaHC(HOPMATOP — ITO CTATHUECKHH DJIEKTPOMATHUTHBIN am-
mapaTt, IpeTHa3HAaYeHHBIN U TpeoOpa3oBaHus (TIOHIDKEHHS MITH TTOBBIIIE-

HUs) HampsOKCHHS B CETAX IMEPEMEHHOTro Toka. Mpero Tpanchopmaropa
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mocjie YHOPHOM CeMWIETHEW pabOTHI IO «IIPEBpPAIICHUIO MarHeTh3Ma B
371eKTpudecTBO» nan Maiikn @apaneil.

29 aBrycra 1831 r. ®apapneit onucan B cBOEM JHEBHUKE OIIBIT, BOIIE/I-
Wi BIOCTCICTBUM BO BCe YucOHUMKHM (u3uku. Ha skene3Hoe KoJbllo aua-
MeTpoM 15 cM ¥ TONMHHON 2 CM 3KCIIEPUMEHTATOpP HAMOTAJl OTIENIBHO J1Ba
mpoBona mmHOH 15M m 18 M. Korma mo omHoit m3 0OMOTOK IIen TOK,
CTpEJIKK TaJlbBaHOMETPA Ha 3aKMMax JIPYroi oTKIoHsmch! (puc. 9.1).

HcTouHmk
anbBaHoMeTp Toka
o Knroy
Karywka1
YKenesHbi cepaevHUK

Puc. 9.1. Cxema onbita @apanes

Hexutpoe ycTpoHCTBO y4eHbId Ha3Bajl MHAYKUMOHHON KATYLIKOM
(puc. 9.2). Ilpu BrimroueHnn Gatapen TOK (caMo co0OH pazymeercs, OCTO-
SIHHBII) TTOCTETICHHO HapacTal B IIEPBUYHON 0OMOTKe. B xene3Hom koible
HABOAWJICS MAarHUTHBIH IIOTOK, BEJMYMHA KOTOPOTO TaKKe MEHsIach.
Bo BTOpHYHOIT 00MOTKE BO3HHKANO HampspDkeHHE. Kak TOMBKO MarHUTHBIN
MTOTOK JTOCTUTAJ MPEEeIIEHOTO 3HAYECHUS, «BTOPUUIHBII» TOK HCUE3all.

Puc. 9.2. MnnyknvonHas katymka Oapayest

Jnst Toro 4To0BI KaTyIIKa JIeHCTBOBaNIA, HY’)KHO BCE BPEMS BKJIIOYATh U
BBIKJIIOYATh UCTOYHUK MUTAHUS (BPYYHYIO — PYOMIBHUKOM MIIM MEXaHHYe-
CKH — KOMMYTaTOPOM).
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Ot dapanmeeBcKoro Koipla I0 CETOAHANIHETO TpaHChopmaropa ObLIO
JalieKo, a HayKa y)Ke TOT[a 10 KpoxaM coOupasia HeOOXOIMMBIEC JaHHBIE.
Awmepukanen ['enpu oOMoTan mpoBoJ IIEIKOBOM HUTKOW — poAMNach U30-
TSI

@paniy3 Pyko monpoOOBall BpalaTh JKENe3HbIE OOJBAaHKH B MArHUT-
HOM TIOJI€ — U YAUBUICA: OHM HArpeBajMCh. YUEHBIH MOHAI MPUUIUHY —
BIIMSUTM TOKH, KOTOpBIE POXIAIUCh B IEPEMEHHOM MAarHMTHOM IIOJIE.
UToObI OTPaHUYHTH ITyTh BUXPEBBIX TOKOB DyKo, DNTOH, COTPYAHUK Dau-
COHa, TMPEUIOKKI AeJaTh KeJIC3HbIH CepACYHUK COOPHBIM — U3 OTIENIBHBIX
JIICTOB.

B 1872 r. mpodeccop CronetoB nposen (pyHIaMEHTAIBHOE HUCCIEAOBA-
HUE 10 HaMarHMYE€HHOCTU MSTKOro jkene3a, a B 1885 r. anrnmuuanud FOuHr
npeacraBun KoposeBckoMy oOIIECTBY JOKJIAJ O TMOTEPSX DHEPTHUH MPHU
NepeMarHMIMBaHNH CTAJIH.

BenmunHa 3THX NOTEph, HA3BaHHBIX THCTEPE3UCHBIMH (0T Tped. hystere-
SiS — oTcTaBaHue, 3ama3pIBaHUE), 3aBUCEIA OT IPOILIOro» obpasia. 3ep-
Ha METaJlla — JOMEHBI, CIIOBHO TO/ICOJHYXH 3a COJHIIEM, TOBOPAYMBAIOTCS
BCJIE/l 32 MATHUTHBIM TIOJIEM M OPUEHTUPYIOTCS BJIOJb CHIIOBBIX JMHHUH. 3a-
TpadyuBaeMasi pH 3ToM pabora nepexout B Temio. OHa 3aBUCUT OT TOTO,
Kak — cJ1ab0 MIIM CHIIBHO — M B KaKyl0 CTOPOHY ObUIM HalpaBJieHbl JOMEHBI.

B 1884 r. Opatbst ' ONIKHHCOHKI MTPEUIOKIINA 3aMKHYTh CEpACYHHK.

[Ipexae MarHUTHBIN MOTOK IIIEJ IO CTAIBHOMY HPYTY, @ YaCTHYHO — U3
CEBEPHOTO MOJIOCa B IOXKHBIA — MO BO3ayxy. ConpoTHBIeHHE BO3AyXa B
8 ThIC. pa3 Oomnbie, yeM xese3a. [loaydnTs 3aMeTHOE HaNpsDKEHWE Ha BTO-
PUYHOM 0OMOTKE OBLIO TOJ CHITY TOJIBKO OOJIBIINM TOKaM, ITPOXOSIIIM T10
MHOTHM BUTKaM. Ecnm cepaeyHMK cienarh KOJbLIOM WM PaMKOH, TO CO-
MIPOTHUBJICHUE CHIDKAETCS 10 MUHUMYMA.

[epBBiit B Mupe TpanchopMaTop OBUI CO3JaH PYCCKUM HH)XEHEPOM
I1. H. SI6m0oukoBbIM, KOTOPBIA B 1876 T. BBICKa3all HUICI0 O BO3MOXKHOCTH
TpaHcopManuy nepeMeHHOro Toka, a B 1885 r. mpemioxun nepenaBatb
SHEPIUI0 HA 3HAUYMTENIBHBIE PACCTOSHUS, MCIOJb3Ysl A 3TOM LENH BBICO-
KO€ HalpsHKeHHUE TIEPEMEHHOTO TOKa.

B mpocreiimem Buae TpanchopMaTop IpeAcTaBiIseT CO00i yCTpOcTBO,
B KOTOpPOM Ha cepyieyHuK C, COOpaHHBIH M3 TUIACTHH 3JIEKTPOTEXHUUECKOM
CTaj M, HaMOTaHbl JBe 00MoTKH (puc. 9.3). OnHa U3 HUX — nepBuuHas | —
MTOJIKITFOYEHa K UCTOYHUKY DHEPTHH, K ApYyroi — BTopuyHOi || — mpucoenu-
HEH NoTpeOuTens — Harpyska H.
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Puc. 9.3. Cxema onHodasuoro tpanchopmaropa:
U — ucrounuk sHepruu (reHepatop); C — cranbHoil cepaednuk; | u |l — mepBuanas
1 BTOpUYHAs1 OOMOTKH; H — Harpy3ka

Tok, nmpoTekaroiuii B epBUYHON 0OMOTKE OT UCTOYHHMKA YHEPTHH, CO-
3/1a€T B CEpJECYHUKE IIEPEMEHHBI MAarHUTHBIN NOTOK @, HHAYKTUPYIOLIUI
BO BTOPHUYHOM OOMOTKE 3JIEKTPOABIKYIIYI0 cuiy. [is moboro Tpanchop-
MaTopa OTHOIIEHHE HanpspkeHni nepsuyHoit U; n Broprunoit U; 06MoTOK
TIPU XOJIOCTOM XO/I€ MPUOIU3UTENHLHO PABHO OTHOIICHHIO YHCEI UX BUTKOB!

U,/U,=o /o, =k, (9.2)

TJIe 1 U ®2 — COOTBETCTBEHHO YHCJIO BUTKOB IIEPBUYHON W BTOPUYHOH 00-
MOTOK.

3TO OTHOILIEHNE MPUHSTO Ha3bIBaTh KOA(PPHUIMEHTOM TpaHCHOpMaNnH.

Ecnu HampshkeHue BTOpPUYHOHW OOMOTKH OOIbIIE, YeM ITOJIBEJICHHOE K
MIEPBUYHOM, TO TpaHC(HOPMATOP HA3BIBAIOT IOBHIIMIAONINM; B IIPOTHBHOM
CiTydae, KOT/la BTOPUYHOE HAIPSHKEHHWE MEHBIIE TIEPBUYHOTO, — MTOHMKATO-
oM. OIUH U TOT XK€ TpaHCHOPMATOp MOKHO HCIIONIB30BaTh B KadeCTBE
MTOHMYKAIOIIETO 1 TIOBBIIIAIOIETO.

MontHOCTH B HEPBUYHOM W BTOPUYHON OOMOTKaxX MPUMEPHO PABHEI
Mexay coboit. Takum oOpazom, it 0THOGA3HOTO TpaHCHOopMaTopa

P=U,l, ~U,l,, 9.2)

riae |, 1 |, — cooTBeTCTBEHHO TOK B IEPBUYHON M BTOPUIHONW OOMOTKAX.
Torma ko3 durnuent Tpanchopmanuu

k=U,/U, ~1,/1,. 9.3)
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CrnemoBarenbHO, TOKH B 0OMOTKax TpaHC(opmaropa oOpaTHO MPOIOp-
IIMOHAJBHBI HANPSDKCHNAM, a 3HAUUT, U YHACIIaM BUTKOB. [loaTOMYy 0OMOTKY
BBICIIIErO HANPSDKEHHs BCET/Aa JETal0T U3 OONBIIEro Yuciia BUTKOB IPOBO/IA
MEHBIIEro CEYEeHUs, TOrJa Kak 0OMOTKY HHU3ILETO HANPSDKEHUS BBITOIHSIIOT
13 MEHBILIETO YMCJIa BUTKOB IIPOBO/A OOJIBIIEr0 CEYEHMUS.

ITo uncny ¢a3 TpaHchopmaTopsl pa3lneNsioT Ha OJHO(A3HBIE H TPEX-
(as3Hble, M0 4YKuCIy OOMOTOK — HA JIBYyXOOMOTOYHBIE M TPEXOOMOTOYHBIE.
ITo Ha3HAUeHMWIO pPa3NMYAIOT CWIOBBIC (TPEJHA3HAYCHBI [UIA TEpenadn U
pacupenieneHus 3JIEKTPUIECKON YHEPTUN) U CIeIUalIbHbIE (CBApOYHbIE, U3-
MEpUTENbHbIC, TEYHble, HWCIbITaTeJbHbIE, HHCTPYMEHTAIbHbIE U Jp.)
TpaHc(opMaTopsl.

ITo cnocoby oxmaxaeHust KiaccHu(UKaIMa TaKoBa: TPAaHCHOPMATOPHI C
BO3IYIIHBIM (MOUTHOCTBIO 10 10 KBA), MacisHbIM, a Takke ¢ MacJIsHBIM U
MIPUHYANTETBHBIM BO3AYIIHBIM OXJIXKCHUEM.

Tparchopmarop Mapkupyercs cieayromum oopazom: TC3M-1,6 YXII2.

CTpyKTypa yCIOBHOrO 0003HAUCHHSI:

T — uncno da3 (T — Tpexdazneiit, O — ogHOPAZHEIH);

C3 — xoHcTpykTHBHOE HcmonHeHne (C3 — CyXoil ¢ BO3AYIIHBIM OXJia-
JKIACHUEM B 3aIMIEHHOM HCIOoNHeHUH, C — CyXo# ¢ BO3IyIIHBIM
OXJIaX/IEHHEM B OTKPBITOM HCHOJIHEHUH, M — ¢ eCTeCTBEHHBIM
MacJISIHBIM OXJIaKAEHHEM, | — ¢ MaclsHbIM OXJIaXXJeHUEM W BEH-
TUJIATOPOM);

W — nasnayenne (U — 1y muTaHus JIeKTPOMHCTpYMEHTa, M — MHOTO-

[IEIeBOM);
1,6 — HOMHHAaIBHAS MOIIHOCTD, KBA;
VYXJI — xkruMaTuueckoe uctonHeHne (Y — yMepeHHbI MaKpOKINMAaTH-
yeckuil paiioH, XJI — X0noAHBIM MaKpOKIMMaTHUECKUIl pailoH,
YXJI — o0beiMHEHHE YMEPEHHOTO U XOJIOJJHOTO MaKpOKJIMMa-
TUYECKUX paloHOB, T — TpONMYECKU MaKpOKIMMATUYECKUH
paiion);

2 — xareropust pa3mMeneHus (1 — sKcIuTyaranys Ha OTKPBITOM BO3ZyXe,

2 — JKCIUTyaTalysl 10J| HABECOM, 3 — DKCIUIyaTalys B KPBITHIX 110-
MEIIEHHSIX C €CTECTBEHHOW BEHTHIIAINEH, 4 — SKCIITyaTaus B KPbI-
TBIX TIOMEIIEHHSX C OTOIJIEHUEM U C UCKYCCTBEHHON BEHTHIISILUEH,
5 — paboTa BO BIaXXHBIX OIpaHMYEHHBIX MPOCTpAaHCTBaX 0e3 oTom-
JICHUSI M BEHTHJLILMY [IPY HAJIMYHUU BOJIBI JINOO KOHIEHCATA).

B 3aBucumoctn oT cmocoba coenuHEHHsT 0OMOTOK TpaHc(OpMaTopbl
Pa3IMYAIOT 110 TPYINaM U CXEMaM COEANHEHUH.
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I'pynmoit coenyHeHUs] HAa3bIBAlOT KOMOWHAIMIO CXEM COCIMHEHUs 00-
MOTOK BBICIIETO U HU3IIETO HANpsDKeHUH. ['pymIia coefMHEHNs TOKa3bIBaeT
(1o aHaNOTHMHU ¢ B3aMMHBIM PacIIO0KEHHEM CTPEJIOK Ha yacaxX — 4acOBOW U
MHUHYTHOH) B3aUMHOE PAaCIOJIOKEHHE BEKTOPOB JIMHEHHOIO HM3LIEro
HAaIPsDKCHUS 10 OTHOLICHHIO K BEKTOPaM JIMHEHHOTO BBICLIEr0 HaIpsDKe-
HUSI B KaKa0# daze. BekTop BeICIIEro HanpsHKeHUs! IPUHUMAIOT 32 MUHYT-
HYIO CTPEJIKy M YCTaHaBJIMBAIOT HANPOTHB LUMPHI 12, a BEKTOP HU3IIETO
HAIIPSDKEHUS — 32 YaCOBYIO CTPEIIKY.

U3 Bcex BO3MOXKHBIX CIIOCOOOB COEIMHEHH 00MOTOK TpeX(a3HbIX IBYX-
0OMOTOYHBIX TpPaHC(HOPMATOPOB HaWOOJBLIEE PACHPOCTPAHCHHE HAILIH
CXEMBI COCJMHECHUS «3Be3/1a — 3Be3/1a — HYJIbY.

9.3. [lopsi10K BHIMOTHEHUS] PAOOTHI
1. O3HaKOMUTBCS ¢ MPUHIHUITHATFHON AIEKTPHUYECKON CXeMoil abopa-
TOpHOU ycTaHOBKH (puc. 9.4) u Tabn. 9.1 a5 3amucu pe3yabTaTOB MCIIbITA-
Husl TpancdopmaTopa. OnpeaenuTs UeHy ACICHHUS W3MEPHUTENbHBIX IpH-

00pOB.

2 380/2208
N A B c

@

Puc. 9.4. [IpuHuunuanbHas SJIEKTPUYECKast CXeMa HCIIBITaH s
Tpex($a3HOro CHIOBOro TpaHchopMaTopa
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Ta6numna 9.1. Pe3yabTaThl HenbITaHus Tpexga3Horo Tpancgopmaropa

Ne V3mepsiemble BEIMYUHbL
wn | Uy,B | UygB | UyB | UyB U, B Iy, A s, M
1 2 3 4 5 6 7 8
OkoHvyanue Tabn. 9.1
Ne BrrunciisieMble BEJIMYUHBL
/1 |1n, A |2;,, A (O]) (07 k Fl, A-B @1, Bo6 Bi, Tn
1 9 10 11 12 13 14 15 16

2. C paspemeHusl npernogaBaTelis BKIIOYHTh TpaHchopmarop B CETb.
Bonsrmerpom PV1 moodepenHo U3MepuTh U 3alucaTh B COOTBETCTBYIOIINE
rpader Tab6m. 9.1 nuuedineie U, u dasueie Ujy HanpskeHHs NEPBHYHBIX
06MoTOK TpaHchopmaropa, muHelHble Uy, u GasHble U,y HaNpsKeHHUs BTO-
puaHBIX 00MOTOK. [Tomb3ysick BomsTMeTpoM PV2 u ammepmerpom PA1, u3-
MEPHUTBL COOTBETCTBEHHO HamnpskeHue U, Ha 106aBOYHOIT 0OMOTKE U TOK |4
TIepBUYHOI 0OMOTKH TpaHchopmaTopa.

3. Ilo pesynpTaraMm M3MEpEeHHH BBHIYMCIUTH JIMHEHHBIE TOKH TpaHchOp-
Mmaropa |y, u |p,, 9MCI0 BUTKOB NMEPBUYHOIN 1 W BTOPUYHOH ®, OOMOTOK,
k03 unment Tpancopmanuu K. Onpenenurs Tak)Ke MarHUTHBIE BETHIH-
HBl XOJIOCTOTO XOJa JUIi OJHOM OOMOTKHM TpaHchopmaropa: MarHHTO-
JBIDKYILYIO CHJIy TepBUYHOW 0OMOTKM F;, MarHuTHbIi notok ®; u mar-
HUTHYIO UHAYKIUIO B.

4. TTocTpouTh BEKTOPHYIO JMarpaMMy HAalpsDKEHUI HCIBITyEeMOro
Tpanchopmaropa.

9.4. [loaroTOBKA K BHINOJHEHHIO Pa00Uero 3aaHus

1. U3yunte HeoOXoIOuMBbIE pa3jieNbl B PEKOMEHAYEMOW JIUTEpaTrype
[1, 2,5, 6].

2.3anucaTth M TOSCHUTH OCHOBHBIC IIACIIOPTHBIE JaHHBIE CHIIOBOTO
TpexdaszHoro TpancopmaTopa.

3. I3yuuTh NpUHIMNHAIBHBIE CXEMbl OCHOBHBIX CIIOCOOOB COEIUHEHHS
MIEPBUYHBIX U BTOPUYIHBIX OOMOTOK Tpexda3Horo TpanchopmaTopa.
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9.5. Yka3aHus no BHIIOJHEHHIO padoyero 3aJaHus
U 00paboTKe pe3yIbTATOB IKCIEPUMEHTA

1. IIpu coeauHeHH 0OMOTOK Tpex(a3zHOro TpaHchopMaropa cocodoM
«3Be3[a» Ui MEPBUYHBIX M BTOPUYHBIX OOMOTOK nuHeiHoe U, u (as-
Hoe U, HanpshKeHHs CBA3aHbI (POPMYIIOH

U, =v3,, (9.4)
a muHeinbl |, 1 dasHbll |y TOKU paBHBI MEXIY COOOH:

a =l (9.5)

2. HoMuHanbHast OJTHAast MOIIHOCTH S, TpaHc(hopMaTopa HE3aBUCHMO OT
croco0a coeIMHeHHs 0OMOTOK BBIUUCIISACTCS 1O (hopMyJie

Su = \Euln Ilu = \EUZU I 2u? (96)

rae Uy, 1 Uy, — COOTBETCTBEHHO HOMHUHANIbHBIE HAPSHKEHUS IEPBUYHON U
BTOPUYHON 0OMOTOK TpaHCc(opmaropa, B;
liy u |, — HOMUHAJIbHBIE TOKH MEPBUYHONW U BTOPUYHOH OOMOTOK
TpaHchopmaropa, A.
3. Hucmo BUTKOB MEPBHYHON (1 M BTOPUYHOM ®y 0OMOTOK TpaHchopma-
TOpa MOXXHO MPHOIMKEHHO BBIYUCIUTS I10 CICTYOMIM (GopMyiam:

o, = Yy . ®, = Yoy
- T h = ]
1 s UZl

TJIe M, — YNCII0 BUTKOB J1I00aBOYHOH 0OMOTKH TpaHc(opmaropa.
Kosdpdunment tpanchopmarmu K Tparchopmaropa Ompemesnsiercs 1mo

dopmyne

9.7

k=0o/w,. (9.8)

4, Marautoasmkymias cuna (MJIC) xonoctoro xoma Tpanchopmaropa
orpezensieTcst o popmyie
F=al, (9.9)

a MarHUTHBIN TOTOK, TIPOXOJSAIIUH 10 CEPIICIHUKY, — IO popmyIie

@, =U,, /2nf o, (9.10)
rae f — npombinuiennas yacrora toka cetu (f = 50 I'm).
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MarHuTtHas HHIYKIMS CepleyHUKa TpaHchopMmaropa B ompeaeisercs
o hopmyIe

B, =®,/sc, (9.11)

rme S — IUIOIAAb CEYSHWS MAarHUTONpOBOJA  TpaHc(opmaTopa
(s=1,25-10° m?);

C — ko3¢ dunreHT 3aIIOJTHCHAS MarHATOIIPOBOIA CTaIBIO

(c = 0,85-0,95).

5. IIpu HOCTPOEHUH BEKTOPHOU JMAarpaMMbl HANPSKeHUH TpaHchopMma-
TOpa cHayaja CTPOMTCS BekTopHas auarpamma (asueix Usn, Usn, Ucn 1
nuHeiHbIX Upg, Upc, Uca HanpsskeHuit epBUYHBIX 06MOTOK. ITpu 3TOM cile-
JyeT MCIIONb30BaTh CIeAyIOLIIe BeKTOpHble ypaBHeHus (11 cxembl Y/Y):

Uas =Um —Uen,
Usc =Uev U, (9.12)
Uca=Ucen —Um.

3arem crpoutcs BektopHas auarpamma (Gasusix U, Uby, U, v 1uHeH-
HBIX Upgp, Upe, Usa HamlpskeHWH BTOPUYHBIX OOMOTOK TpaHcdopmaropa.
BekToppl omHOMMEHHBIX (a3HbIX HAaNpSOKEHHH MEPBHUYHBIX M BTOPHYHBIX
00MOTOK TpaHC(HOpMATOPa MapaIeTbHbBI MEXLY COOO0M:

UAN 1 Uax; UBN I Uby; UCN 1 Ucz- (913)

s onpesieNicHUs: TPYIIIBI COSAUHCHHUS 0OMOTOK Tpex(a3HOoro TpaHc-
(hopmaTopa 1o BEKTOPHOM JAuarpaMmme Clie/lyeT BBIUUCIUTh YOl B rpajycax
MEXIy OJHOMMEHHBIMH BEKTOPaMH JMHEWHBIX HaNpsDKCHUH MEpBUYHBIX U
BTOPMYHBIX 0OMOTOK, HAIIPUMEP yron Mexy Bekropamu Upg v Uyp. Uncio,
TIOJIYYCHHOE B pe3yjbTaTe JeJIeHUs 3HaueHus 3Toro yria Ha 30°, maer uc-
KOMYIO I'PYIIY COeTUHEHUS 0OMOTOK.

9.6. KoHTpoOJIbHBIE BONIPOCHI

1. OObscHUTE YCTPOWCTBO M MPUHLUI JACHCTBHS Tpex(ha3HOro TpaHCc-
¢dopmaropa.

2. Ha3oBuTe OCHOBHBIC MACHOPTHBIC BEIMYMHBI TPeX(ha3HOro TPaHC-
¢dopmaropa.

3. IlepeunciTe OCHOBHBIE CXEMBI COSIMHEHHS 0OMOTOK TpaHchopMaTopa.

136



4. IpousBeanTe pacmnGpoBKy MapKu TpaHCHopMaTopa.

5. YkaxkuTe rpynisl COeAMHEHUSI 0OMOTOK TpaHchopMaTopa.

6. [TocTpoiiTe BEKTOpHYIO AnMarpaMmy BTOPHUYHBIX HaNpsDKEHUH TpaHC-
(dopmaTopa, eciii 0/1Ha U3 OOMOTOK «OTIPOKUHYTa».

7. HazoBuTe wu3BECTHBIE BaM IPUYMHBI IeperpeBa TpaHc(opmaropa,
MIPUYMHBI HEHOPMAJILHOTO TY/IEHHS TpaHC(hopMaTopa.

8. [Touemy Bce MeTayuIMuecKHe 4YacTH TpaHcdopmaropa HEOOXOAMMO
3a3eMIIAITH?

9.7. Ilopsiok odopMiIeHHsI OTUETA

1. 3ammcaTs Ha3BaHWE U IEITb JTA0OPATOPHON PabOTHL

2. IlpuBecT XapaKTEpUCTUKY OOBEKTOB M CPEICTB HCCIEIOBaHHS
(m. 9.1).

3. BbiuepTuTh NPUHLOUIHAIBHYIO JJICKTPHYCCKYI CXeMy HCIIBITaHHS
TpexdaszHoro cunoBoro tpancdopmaropa (cMm. puc. 9.4).

4. Pe3ynbTaThl HCCIIEA0BaHU 3amucath o ¢popme tadm. 9.1.

5. Ha ocHOBaHHMM MOJIy4eHHBIX JAQHHBIX, UCIONB3Ysl MacIiTalb Hampsike-
U (W = 50 B/cM), mOCTpOWTH BEKTOPHYIO AWArpaMMy HaNpsHKCHUN
(puc. 9.5, a), a Takke ONpeAENIUTH IPYIIY COEIUHEHHH OOMOTOK TpaHC-
dopmaropa (puc. 9.5, 6).

_ A
Uss
Uab
A
D
a [

Puc. 9.5. BexropHast uarpamma HanpspKeHUH (a)
U IpyIIa CoeiMHEeHn 06MOTOK Tpanchopmaropa (6)
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JlabopaTopuas padora Ne 10.
PACYET TPEX®A3HbIX TPAHC®OPMATOPOB

enu padorsr:

1. 3yunte OCHOBHBIE COOTHOLICHHS, BOSHUKAIOLINE IIpU paboTe Tpex-
(azHOTO TpaHChOopMarTopa.

2. [Tomy4ynTh NpaKkTUUECKHE HABBIKM pacueTa Tpex(ha3HOro CHIOBOTO
TpaHchopmaropa.

10.1. Ucxoanble JaHHBIE

Tpexda3Hblii MOHMKAIOMUN CHIOBOI TpaHchopMaTop MMeeT TeXHHYe-
CKHE JaHHble, mpuBeacHHbe B Ta0. 10.1: HOMUHAIBHYIO MOIIHOCTH S,
HOMHHAJIBHOE BBICIIECE JMHEHHOE HampspkeHue Ui, HOMHHAJIBHOE HHU3IIEe
nuHeiHoe HanpsbkeHue U,;, MOIIHOCTH MOTEph XOJIOCTOrO Xoja (IpH HO-
MHUHAJIGHOM HaNpsDKeHHH) Py, MOIIHOCTH ITOTEPh KOPOTKOTO 3aMBIKaHUS
(Ip¥ HOMMHAJILHOM TOKE) Py, CXeMBbI COETMHEHHS NEPBUYHBIX 1 BTOPUYHBIX
obmoTok Tpanchopmaropa (puc. 10.1-10.10).

Tpedyercs:

1. Beruncnuts (pa3Hble HAPSOKSHHS TpaHCPopMaTopa.

2. OmnpenenuTh JIMHEHHBIA 1 (a3Hblil K0dhPHULMEHTH TpaHchopMaLuK
TpaHchopmaropa.

3. Beruucnuth nuHeiHbIe U (a3HbIe TOKU TpaHchopmaTopa.

4. Onpenenutb K03(GUIMEHT MOJIE3HOTO NSHCTBUS MPH KOAPPUIHCHTE
MOIIHOCTH Harpysku cos ¢, = 0,9 u xo3ddunmenrte Harpysku = 75 %
OT HOMUHAJIbHOM.

5. OmpenennTh T0/10BOH KOA(QUIMEHT 1MOJIE3HOTO IEHCTBHS MPH IOJI-
HOH Harpy3ke B = 1 u koaddurnmente mouHoctH cos @, = 0,8, BpemeHn
paboTsl moxt Harpy3koii B roxy 7= 7000 4.

6. ITocTpouTh BEKTOPHYIO JMArpaMMmy JIMHEWHBIX M (ha3HBIX HarpsbKe-
HUH JUIS TIEPBHYHBIX U BTOPUYHBIX OOMOTOK TpaHcdopmaropa U orpee-
JIUTh TPYIITY COSTUHEHHS 0OMOTOK.

A—/VVV____
B —/VVV\_lvy y_ﬂ/\/\/\_b

C—/VvVVV |7 7 ——"VVV\__¢

N E— L N

Puc. 10.1. Cxema Ne 1
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A —/VVV

X
B — rvvv\__| Y b ——/VVV\__ y
C aYaYa'a\ z C I—/VVV 7
N N
Puc. 10.2. Cxema No 2
- /VVV
A X
B~ v wW |y || a
C ~NIYN L Z )Y b
N z 2222 c
Puc. 10.3. Cxema Ne 3
A ANV Y
B__r~vv“W__ly a X
C AN z b y
N ¢ NV z
Puc. 10.4. Cxema Ne 4
X TAAAA a
A x |y
B vy |z —r W ¢
c Z

Puc. 10.5. Cxema Ne 5
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W

Puc. 10.6. Cxema Ne 6

Puc. 10.7. Cxema Ne 7

i

W
6 T ®

Puc. 10.8. Cxema Ne 8

Puc. 10.9. Cxema Ne 9
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a
X y b
z C
Z
Puc. 10.10. Cxema Ne 10
Ta6ununa 10.1. McxoaHble AaHHbIE
Bapuantsl JlaHHble 17151 pacueTa
Howmep Crpoka Su Uy, Uz, Po P«
CXCMBI kBA kB kB kBT kBT
1 2 3 4 5 6 7
1 100 20 5 0,5 1
2 200 35 10 0,6 2
3 300 50 15 0,7 3
4 400 65 20 0,8 4
1 5 500 80 25 0,9 5
6 600 95 30 1,0 6
7 700 110 35 1,1 7
8 800 125 40 1,2 8
9 900 140 45 1,3 9
10 1000 155 50 14 10
1 1100 165 55 15 11
2 1200 175 60 1,6 12
3 1300 185 65 1,7 13
4 1400 195 70 18 14
5 5 1500 205 75 19 15
6 1600 215 80 2,0 16
7 1700 225 85 2,1 17
8 1800 235 90 2,2 18
9 1900 245 95 2,3 19
10 2000 255 100 2,4 20
1 2100 260 102 2,5 21
2 2200 265 104 2,6 22
3 2300 270 106 2,7 23
4 2400 275 108 2,8 24
3 5 2500 280 110 2,9 25
6 2600 285 112 3,0 26
7 2700 290 114 3,1 27
8 2800 295 116 3,2 28
9 2900 300 118 3,3 29
10 3000 305 120 34 30
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Mpononxenune ta6m 10.1

2 3 4 5 6 7

1 3100 310 130 35 31
2 3200 315 140 3,6 32
3 3300 320 150 3,7 33
4 3400 325 160 38 34
5 3500 330 170 3,9 35
6 3600 335 180 4,0 36
7 3700 340 190 4,1 37
8 3800 345 200 4.2 38
9 3900 350 210 43 39
10 4000 355 220 44 40
1 4100 370 225 4,5 41
2 4200 385 230 4,6 42
3 4300 400 235 4,7 43
4 4400 415 240 4.8 44
5 4500 430 245 4.9 45
6 4600 445 250 5,0 46
7 4700 460 255 51 47
8 4800 475 260 52 48
9 4900 490 265 53 49
10 5000 505 270 54 50
1 5100 515 275 55 51
2 5200 525 280 5,6 52
3 5300 535 285 57 53
4 5400 545 290 58 54
5 5500 555 295 5,9 55
6 5600 565 300 6,0 56
7 5700 575 305 6,1 57
8 5800 585 310 6,2 58
9 5900 595 315 6,3 59
10 6000 605 320 6,4 60
1 6100 610 322 6,5 61
2 6200 615 324 6,6 62
3 6300 620 326 6,7 63
4 6400 625 328 6,8 64
5 6500 630 330 6,9 65
6 6600 635 332 7,0 66
7 6700 640 334 7,1 67
8 6800 645 336 7,2 68
9 6900 650 338 73 69
10 7000 655 340 74 70
1 7100 660 350 75 71
2 7200 665 360 7,6 7?2
3 7300 670 370 7,7 73
4 7400 675 380 7.8 74
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Oxkonuanue tabu 10.1

1 2 3 4 5 6 7
5 7500 680 390 7.9 75
6 7600 685 400 8,0 76
8 7 7700 690 410 8,1 7
8 7800 695 420 8,2 78
9 7900 700 430 8,3 79
10 8000 705 440 8,4 80
1 8100 720 445 8,5 81
2 8200 735 450 8,6 82
3 8300 750 455 8,7 83
4 8400 765 460 8,8 84
9 5 8500 780 465 8,9 85
6 8600 795 470 9,0 86
7 8700 810 475 9,1 87
8 8800 825 480 9,2 88
9 8900 840 485 9,3 89
10 9000 855 490 9.4 90
1 9100 865 495 9,5 91
2 9200 875 500 9,6 92
3 9300 885 505 9,7 93
4 9400 895 510 9,8 94
10 5 9500 905 515 9,9 95
6 9600 915 520 10,0 96
7 9700 925 525 10,1 97
8 9800 935 530 10,2 98
9 9900 945 535 10,3 99
10 10000 955 540 10,4 100

10.2. MeToanyecKne peKOMeH/ AN 10 PelleHUI0 3a1a41

3ajaga OTHOCUTCS K pacdeTy Tpex(da3sHoro CHIIOBOTO TpaHcopmaTopa,
cnoco0 coequHEeHUsT 0OMOTOK KOTOPOTo 3aaaH. J{Jisl penieHus 3a1a4u Heoo-
xomumMo m3yuuth § 13.10 [1] wmm § 9.8 [2].

PacnipocTpaHeHHBIME CXeMaMU COSIMHEHHS 0OMOTOK TpaHC(HOPMATOPOB
ABJIAIOTCSI CXeMa «3Be3ia», obo3Havaemas OykBod Y (wmm cuMBoioM Y),
U CXeMa «TPeyroJbHUKY», 0003HaYaemast OykBoii JI (wiu cumBosiom A).

OoMmoTtka Beicero HanpsokeHus (BH) MoxkeT ObITh coeHeHa Wi B Y,
WM B A HE3aBUCUMO OT CITOCO0a COeTMHEHUS] 0OMOTKH HU3IIIETO HATpPsIKe-
wus (HH). OueBHIHO, YTO YHCIIO OCHOBHBIX CXEM COEIMHEHHS OOMOTOK
paBHO 4eThIpeM, a uMeHHO: Y/Y, AIA, YIA u AIY. 3nechk Hajx 4epToii mokKa-
3aHO 0003HAuUCHHE CXEMBI coequHeHus: ooMoTok BH, mox yepToit — oOMo-
tok HH. Hauana o6moTox BH 0003HauaroTCsi 3ariaBHBIMH JIATHHCKUMU
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OykBamu A, B, C; KOHITHI 3THX e 00MOTOK — OykBamu X, Y, Z. Hagana 06-
motok HH 0603Ha4aroTcsi CTpOYHBIME JTATHHCKUMU OyKBamu a, b, ¢; KOH-
0l — X, Y, Z.

Pa3zHooOpasue cxeM M CHOCOOOB COEIMHEHMH OOMOTOK NPHBOIUT K
HEOOXOANMOCTH YKa3bIBaTh UHCICHHOE 3HaucHHE (ha30BOTO yIJla MEXKAY
BEKTOpaMH JIMHEWHBIX OJHOMMEHHBIX HampspkeHHit oomotrok BH m HH
TpaHcdopmaropa. Pa30BbIe YITBI OMPEACITAIOT TAK HA3BIBAEMBIE T'PYIIIBI
coennHEHUs] 0OMOTOK. Beero HacumThIBaeTCs ABEHaANaTh rpymn — ot 0 1o
11 BKIIOYUTENBHO.

Tpexdasznpie TpaHCHOPMATOPH UMEIOT 1Ba KO3 HUIMeHTa TpaHCHOp-
Malluu — JIMHEeWHbIH u (a3ubii. JInHelHslit kodddunuenT onpenensercs
Kak oTHomeHue auHeitnoro Hanpspkenus Uy, (U;,) obmotkun BH k nuHeit-
HoMmy HanpsokeHuto Uy, (Uy,) o6moTkn HH:

:ﬁzﬁ. (10.1)

1
U 2n U 2H

@a3Hplil k03P PUIHUEHT TpaHCPOPMAIUU PABEH OTHOMICHHIO (a3HOTO
HanpskeHus oMotk BH U, x dasHomy Hanpsxennto o0MoTku HH Usg,:

K, = . (10.2)
U,,

[Tpu coenriHEHNN OOMOTOK TI0 CIIOCO0Y «3BE3/[a» UCTIONB3YIOT (hOPMYJIbL:
u,= \/ﬁuq) ; (10.3)
I = 1. (10.4)

HpI/I COCOAUHCHUN 00MOTOK 110 CHOCO6y «TPEYrOJbHUK» HCHOJb3YHOT

(bopmyIbL:

1,=~3l, (10.6)

Hnst onpenenenuss TokoB oomorok BH u HH wucrons3ytor dopmyiast
TIOJTHOM MOIIHOCTH TpaHc(opMaTopa:

SlH = SZH (107)
HIIN

J3u 1, =~3U, 1, (10.8)
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Koaddrmunent nonesnoro aeicTBus TpaHchopMaTopa MOKHO Ompere-
JSTh 10 (opMyJie

= BS,cos @, - 100 ’ (10.9)
BS,cos ¢, + P, + B°P.

rre B — ko3¢ durmeHT Harpy3Kku TpanchopMaTopa;

COS ¢, — K03 PUIMEHT aKTUBHON MOIITHOCTHU MOTPEOUTEIIS;

Py — MOIITHOCTB TOTEPH XOJOCTOrO X013, KBT;

P, — MoOIIHOCTB OTEPh KOPOTKOTO 3aMbIKaHHUs, KBT.

Tomosoit KIIJ[ yuuThIBaeT 3KOHOMHYHOCTH Pa0OTHI TpaHC(opmaTopa
3a TOJI:

n - BS,cos @,T - 1002 , (10.10)
BS,cos @,T + BT, +B°PT

rae T — Bpems paboTsl oa Harpyskoi, 4. [Tpunumaem 7= 7000 u;

Ty — BpeMst paboThI Ha XOJIOCTOM X0Ay, 4. [Ipunumaem 7y = 8760 4.

ITpu moctpoeHnH BEKTOPHOW IUarpamMMbl HanpshKeHUi TpaHchopmaro-
pa He00X0AUMO:

1) mocTpouTh BEKTOPHYIO IHArpamMMmy JIHHEHHBIX M (a3HBIX HAMpPsDKe-
Huit o6morox BH: Uy, Uy, Ucz, Usp, Uper Ucy. Crenyer yuuThiBath, UuTO
IIPU COEAMHEHHUH OOMOTOK TpaHC(HOpPMATOpa B TPEYrONBHHK JIMHEHHBIE
HAalpspKeHUs paBHBI (ha3HbIM;

2) MOCTPOUTH BEKTOPHYIO JUATPAMMY JIMHEHHBIX U (ha3HBIX Hampsike-
Huit o6MoTok HH: Uy, Uby, Uy U, Upe, U, Bexrtopbl opHOMMEHHBIX
¢asuprx Hampsoxkennid oomotrok BH m HH mapamnensHBl Mexmy co0oii,
Hanpumep Uxl | U, Uyl |Uby, U 1O, Crnenyer y4uThIBaTh TAKXKe, UTO
€CIIM Ha DIIEKTPUUYECKOM cxeme 0003HaueHMsI Havall U KOHIOB oOMoTok BH
n HH otpaxkatorcst 3epKkajipHO, T. €. CHMMETPHYHBI, TO COOTBETCTBYIOIIHE
onHouMmeHHble BekTopbl BH u HH nHanpasniensl B 0lHY U Ty € CTOPOHY.
B npotuBHOM cityyae BEKTOpHI OyAyT HampaBieHbl B HPOTHBOIOJIOKHYIO
CTOpPOHY. AHAJOTHYHO HEOOXOAWMO YUIHTHIBATH M HAIPaBICHUE COCIHHE-
HUSI OOMOTOK TIPH COCJMHEHHH OOMOTOK TpaHcdopmaTopa B TPEYroJbHHK
(a, b, c wmu a, ¢, b);

3) ot ompeneneHus TPYMIbl COSTMHEHUs O0OMOTOK TpaHchopmaropa
HY>KHO IO BEKTOPHOW JMarpamMme BBIYUCIHUTH (pa3oBbBIi yros MexIy OJHO-
MMCHHBIMM JIMHEHHBIMHM BEKTOpamMH HanpspkeHud obmorok BH um HH,
Harpumep yron mexy Bekropamu Uyp u U,y Uneino, nosyyaromieecst B pe-
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3ynbTaTe NeJCeHUs 3HadeHHUi 3Toro yria Ha 30°, ¥ JaeT UCKOMYIO TPYIILY
COCTUHEHUs] 0OMOTOK TpaHCopMaropa.

Hp umeuanue. da3oBblit yrojg caBura CJaeayer OTCUHTBIBATH OT BEKTOpa JIMHEHHOTO

HanpspkeHuss 00MoTkd BH 10 onHOMMEHHOro BeKTopa JIMHEHHOro HampspkeHus oomorkn HH
10 YaCOBOM CTpEJIKe.

10.3. lIpumep peleHHs 321291
Tpexda3Hblii MOHMWKAOIUNA CHIOBOH TpaHC(HOPMATOP UMEET CICIYyIO-

pe TeXHuueckue aanueie: S, =25 kBA; U, = 6 kB; U,, =2 kB; Py = 0,2 xBr;
P, =0,1 xBT; cioco6 coemunenust 0oMoTok — A/A (puc. 10.11).

AV X

-

>
b
o
<

o

Puc 10.11. IIpuHIMNIManbHAs 3TeKTpHYEcKas CXeMa K PEIIeHHIO 3a/[a4i

Omnpenenuts JTHHEHHBIH W (a3HBIA KOA(PQUIMEHTH TpaHCc(OpMAaIiH,
(ha3HbIe HANPSDKEHMS, IMHEHHbBIE U (a3HbIe TOKU, KOA(QQUIIMEHT I0JIe3HOTO
neiicTBus mpu cos @, = 0,8 u koapdunuente Harpysku = 80 % ot HOMHE-
HabHOW. OTpeneNuTh TakKe TOI0BOH K03()(QUITMEHT TTONe3HOTO JeHCTBUS
TIpH TIOJTHOH Harpy3ke B = 1, mpu cos ¢, = 0,9 u Bpemenu padoter 7 = 5000 .
[TocTponTh BEKTOPHYIO IMarpamMMy JIMHEHHBIX M (a3HBIX HampsDKeHUH
TpaHcdopmaropa, ONpeAeIuTs TPyNILy TpaHcopmaropa.

Pemenue:
1. JIuneitHbIi K03 PUIHEHT TpaHCHOpMaLNH:
I‘(J1 = h = é = 3
U, 2

2. ®azublit ko3 dunmeHT TpanchopManyu:

U
(Yo 5
U, 2
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nxou

3. ®aznoe HanpsoKeHne 0OMoTKH BH:

U, =Y, =6 xB.
4. ®azHoe HampspkeHne oomMoTkd HH:

U,, =U,, =2 xB.

5. JIunetineiii Tok oOMoTKH BH:

|, =—=1—=——=241A.
1n '\/§|Jlﬂ \/§
6. ®a3ubIil Tok ooMoTku BH:
| 2,41
I, =2 ="""=139A.
Y BB
7. JIunetineiii Tok oomoTku HH:
S 25
= i - =7722A.
2 '\/§LJ ) ‘\/§
8. daznerii Toxk oomMoTkr HH:
Lo 122474

=5

9. Koa¢ddumment nonesnoro neicraust, %:

BS,cos a, 100 08-25-0,8-100

M= BS.cos o, + P, + B2P. 0,8-25-0,8+0,2+0,8 - 0,1

10. T'ogoBoit ko3 puIHMeHT mosae3HOTo AercTBuUs, Y%:

=984.

BS,cos a,- T -100 1-25-0,9-5000 -100

= = =98
BS,cos a, - T+PT,+ BT 1-25-09-5000+0,2 - 8760+1°- 0,1 - 5000

11. Ans mocTpoeHUs] BEKTOPHOW AMAarpaMMbl HAIpsDKCHWH BhIOEpeM
Macmrad Hanpspkenit oomoroxk BH u HH, py = 2 xB/cM. BekTopsr nuneit-
HBIX ((a3HbIX) HanpsokeHnH oomMoTok HH mapamiensHbl BekTopam (ha3HBIX
nanpsbkennit oomorok BH (puc. 10.12, ).

W3 BeKTOpHO AnarpaMmbl HOMEp IpyIIbl TpaHc(opmaTopa onpeness-
ercs fiesieHueM (hazoBoro yriia casura Mexay sexropamu Uy u U, Ha 30°,
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B pesyabrare uMeeM 12, T.e. HyneBywo rpymiy Tpancdopmaropa A/A-0
(puc. 10.12, 6).

U4B
A
UAB
A
U ab
A
4 uUab
Uca \
M
Uca Usc 360°
a 6

Puc. 10.12. BexTopHbIe AHarpaMmsl

JladopaTtopuas padora Ne 11.
HUCIHIBITAHUE TPEX®A3HOT'O ACUHXPOHHOI'O
SJEKTPOJABUT'ATEJISI C KOPOTKO3AMKHYTBIM POTOPOM

Lenu pabomut:

1. I3yunts Ha3HayeHHUe, MACHOPTHBIE JaHHBIE, YCTPOWCTBO, NMPHHILIUI
HeﬁCTBHﬂ n 06J'IaCTI/I MPpUMCHEHUS aCUHXPOHHOTO TpeX(baSHOFO JABUTAaTCIIA
C KOPOTKO3aMKHYTBIM POTOPOM.

2. VI3yyutb OCHOBHBIC pPabOYMe XapaKTCPHUCTHKHU SJICKTPOJIBUTATENS H
MOJYYHUTh UX IKCIIEPUMEHTAIILHO Ha Ta00paTOPHOH yCTaHOBKE.

11.1. O6beKTHI U CPeICTBA UCCIECTOBAHUS

Ha pabouem MecTe cMOHTHpOBaHA J1abopaTopHasi YCTAaHOBKA, OOBEKTOM
HCCIICIOBAHMS HA KOTOPOM SIBJISICTCS arperaT, COCTOSIIUI U3 aCHHXPOHHOTO
Tpex(ha3zHOro IESKTPOABUTATENSI U TEHEPATOPA MOCTOSIHHOTO TOKA.

Onextponasurarenb  Tuma A02, ero  HOMHHAIbHAs  MOIIHOCTB
P.=2,2 kBT, HOMHHaJbHAs YacToTa BpamicHus N, = 1440 MHUH *, HOMH-
nanpHoe Hanpspkenue U, =220/380 B, cnoco6 coeauneHuss O0OMOTOK —
«TPEYroJIbHUK — 3Be3[a», HOMHUHAIBHBIA TOK |, = 4,37 A, HOMUHAILHBIN
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KOX(QHUIUEHT MOMIHOCTH €O0S ¢y = 0,9, HOMHHAIBHBIA KO3 HUIHEHT IO-
JIE3HOTO ACUCTBHSA 1), = 85 %.

I'eHepaTop MOCTOSHHOTO TOKA C CaMOBO30YKIICHHEM CITYKUT HAarpy3KOH
JUI ACTIBITYEMOTO IBUTaTelNs. ['eHepaTop MMeeT CIIeAYIOIIHe MacTiOpTHBIE
mamaere: P,=15xBr, U,=220B, 1,=8,6-9,0A, n,=1500 MUH 1,
Ny = 85 %.

CpencTBa uccienoBanus: BoabTMeTp PV1 31eKTpOMarHuTHON CUCTEMBI
tuna Ol12 ¢ HommHanpHBIM HampspkeHumeM U, = 600 B, ammepmerp PAL
AIEKTPOMArHUTHOH cucteMsl Tuma 959 ¢ toxom I, = 10 A, Battmerp PW1
TpexdasHblii ABYXdIEMEHTHBIH (eppoIuHaMUYeckoil cuctemsl Tuma J[571
¢ HanpspkenneM U, =250 B u toxom |, = 5 A, amnepmerp PA2 snektpo-
MarHUTHOM CHUCTEMBI THIA D59 ¢ HOMUHAIBHEIM TOKOM |, = 5 1 10 A, BoJb-
™eTp PV2 acratnueckuii Tuna ACTB ¢ Hanpsbxennem U, = 150 u 300 B.

Jns m3MeHeHHs Harpy3KM Ha JBUTaTeldb K TE€HEepaTtopy uepe3 OJHO-
MOJIFOCHBIE  OfHO(a3Hble BBIKIIOUaTeTd SAL1-SAS MOTryT MOAKITIOYATHCS
nmammsl HakanuBanus EL1-ELS. AxTuBHaAs MOIIHOCTE ONHOM JIAMITBI HaKa-
nmuBanus P, =300 BT, HoMuHansHOe Hampspkenue U, = 220 B. [[ns usme-
pEeHHS CKOPOCTH BpAIlCHHs Balla JBUTATEINST MMEETCS IIEKTPOHHBIA Taxo-

metp tuma TU10-PC ¢ auanazonom u3mepenns N, = 0-9999 mun .

11.2. O6mmue cBeneHns1 00 ACHHXPOHHBIX YJIEKTPOABUTATEISAX

TpexhazHblii aCHHXPOHHBIH ANEKTPOJBUIATENb, H300PETEHHBIN B KOHIE
XIX B. pycckuMm ydeHBIM-31eKTpoTeXxHUKOM M. O. [onmuBo-/100poBosis-
CKHM, TIOJIy4MJI B HACTOSIIEE BpeMs IIHPOKOE PacIpOCTpaHEHHE U B MPO-
MBIIIIJIEHHOCTH, ¥ B CEJICKOM XO3sUCTBE (0K0J0 95 % Bcex nBuratenen —
ACHHXPOHHBIE).

Cepneunuk 2 craropa (puc. 11.1) HaOupaeTcs M3 CTalbHBIX IUIACTHH
tommuHoH 0,35 nm 0,5 Mm. [I1acTHHBI IITAMITYIOT C BIaguHaMU (T1a3aMn),
N30JIMPYIOT JIAKOM WJIM OKJIMHOHM JJIsI YMEHBIICHHS MOTeph Ha BUXPEBHIE
TOKH, COOMPAIOT B OT/AEJbHBIC MAKETHl M KPEIAT B cTaHWHe 1 aBuraTens.
K cTannHe TpUKPEIUIAIOT TakKe OOKOBBIE IIUTHI C MIOMENICHHBIMHA Ha HHUX
MTOIIIMITHIKAMH, Ha KOTOPBIE OMHpaeTcs Bad poTopa. CTaHUHY yCTaHABIIH-
BalOT Ha QyHIaMeHTe. B mpomosibHbIE Ma3kl CTaToOpa YKIIAABIBAIOT MPOBOJ-
HUKH €ro 0OMOTKH 3, KOTOPBIE COCAUHSIIOT MEXIy CO00H Tak, 4To 00pasy-
eTcs TpexdaszHas cucrema.

OcHOBHOE Ha3HaueHHE OOMOTKM CTaTOpa — CO3JIaHHE BpAIaroLIerocs
MarHUTHOTO OIS,
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TpexdazHas 0OMOTKa cTaTopa AJNEKTPOJBUIATENS COSTUHSICTCS IO CXe-
Me «3Be3Jla» WIH «TPEYTOJbHUK» B 3aBUCUMOCTH OT HANPSDKECHHS ITUTaHUS
cern. Konupl TpexdazHoli 0OOMOTKM MOTYT OBITH COEAMHEHBI BHYTPH
QNIEKTPOJBHUIaTENsl (M3 JBUraTeis BBIXOAWUT TPU IPOBOAA), BBHIBEICHBI
HapyXy (BBIXOAWT LIECTh NPOBOJOB), BHIBEJCHBI B paclpeAeIUTEIbHYIO
KOPOOKY (B KOPOOKY BBIXOHMT IIIECTh MIPOBOJIOB, U3 KOPOOKU — TPH).

Puc. 11.1. CraTop acCHHXPOHHOT'O JIBUTATENS:
1 — crannna; 2 — cepyieyHHK; 3 — 0OMOTKA

B pacnpenenutenbHONH KOPOOKEe, CMOHTHPOBAHHOW Ha IIMTKE MAIHHEI,
HUMECTCA MIECTh 3aKUMOB, K KOTOPBIM HNPUCOCIUHAKOTCA Hadajla U KOHIIbI
oOMoTOK Kaxoit daser (puc. 11.2, a). J{ns noakmtoueHuss 06MOTOK cTaTopa
K Tpex(a3HOW CETH OHU MOT'YT OBITh COSIMHCHBI 3BE3/I0M MM TPEYTOJIbHH-
KOM, 4TO AAa€T BO3MOKHOCTH BKJIIOYATh ABUTATE/Ib B CETh C JABYMS pas3jiny-
HBIMH JIMHEWHBIMH HanpspkeHusiMA. Hanpumep, ABuratens MoKeT paboTaTh
ot cetu ¢ HanpspkeHneMm 220 m 127 B. Ha mmTke MammHbl ykazaHsl o0a
HAalpsDKeHUS! CETH, Ha KOTOpBIE PacCUMTaH JBUTrarels, T. €. 220/127 B nmn
380/220 B.

[t Gonee HU3KUX HAIPSHKEHUH, YKa3aHHBIX Ha IIUTKE, 0OMOTKA CTaTo-
pa CoeANHSIETCS TPEYTOILHUKOM, ISl 00JIee BEICOKMX — 3BE3/I0M.

Ilpu coexuHeHWH OOMOTKH cTaTopa TpeyroibHukoMm (puc. 11.2, 6)
BEPXHHUE 3aKUMbI OOBETUHAIOT IEPEMBIUKAMHU C HIKHUMH, a KOKAYIO0 Hapy
COEIMHEHHBIX BMECTE 3a)KHMOB IOJKIIOYAIOT K JIMHEHHBIM MPOBOJAM
tpexdasnoii ceru. J{st BKitoyeHust 38e310it (puc. 11.2, 6) Tpu HIDKHHX 3a-
XKHMMa Ha IIUTKE COCAMHSIOT NMEPEeMbIYKaMH B OOIIYI0 TOUKY, a BEPXHHUE
MTOIKITFOYAIOT K IMHEHHBIM NIPOBOAM Tpex(a3HOH CeTH.
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Puc. 11.2. Coepunenne 0OMOTOK cTaTopa:
a — BBIBOZIBI HA4YaJI M KOHIIOB (pa3 B paclpeneuTeIbHO KopooKe;
6 — COeZIMHEHHE CIIOCOOOM «3BE371a;
6 — COCJIMHEHUE CIIOCOOOM «TPEYrOIbHUK»

CepaeyHHK pOoTOpa TaKke HAOMPAIOT W3 CTAIBHBIX IUIACTHH TOJIINHOMN
0,5 MM, N30JMPOBAHHBIX JIAKOM HJIM OKAJMHOW JJIsl YMEHBIIEHHS OTEPh HA
BUXpEBbIe TOKH. [11aCTUHBI IITAMIYIOT C BIIAJMHAMHU U COOMPAIOT B MaKe-
ThI, KOTOPBIE KPEISIT HA BaJly MallMHbl. 13 makeToB oOpa3yeTcs HUIHHIP C
MIPOJIOJBHBIMU [a3aMH, B KOTOPBIE YKJIA/IBIBAIOT MPOBOJAHUKH OOMOTKH pO-
Topa. B 3aBucuMocTH OT THIa OOMOTKM aCHHXPOHHBIE MAIMHBI MOTYT
OBITH ¢ (ha3HBIM M KOPOTKO3aMKHYTHIM poTtopami (puc. 11.3).

Puc. 11.3. ACHHXPOHHBIN IBUraTellb C KOPOTKO3aAMKHYTHIM POTOPOM
B paspese: 1 — cranuHa; 2 — CepICIHNUK CTATOPa; 3 — 0OMOTKA CTaTOPa;
4 — cepaevHHK POTOpa C KOPOTKO3aMKHYTOIH 00MOTKOI1; 5 — Bas
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Kopomxkosamknymas obmomka pomopa BHIOJHSAETCS MO THIY OelH-
ybero kojeca (puc. 11.4, a). B masax poropa (puc. 11.4, 6) ykiagsiBatoT
MaCCHBHbIE CTEP)KHHM 3, COCIUHEHHbIE HAa TOPIOBBIX CTOPOHAX MEIHBIMHU
kousbilaMu 4. YacTo KOPOTKO3aMKHYTYI0 OOMOTKY pOTOpa H3TrOTOBJISIIOT U3
MeJId, aIFOMHUHUS WK JTATYHH. MaTepuasl B TOpsAYEM COCTOSHHUHU 3aJMBAIOT
B Ma3bl CepJCYHHKAa 2 pOTOpa MOJ AaBieHHeM. Takas OOMOTKa Bceria
3aMKHYTa HAKOPOTKO, U BKIIFOUEHHE COMPOTHUBIICHUH B HEE HEBO3MOKHO.

Puc. 11.4. KopoTK03aMKHYTBII POTOD:
a — Genudbe KoJIeco; 6 — KOPOTKO3aMKHYTast 0OMOTKa;
1 - Bam; 2 — cepaeuHUK; 3 — CTEPIKHU; 4 — KOJIbLA

Dasnas obmomka pomopa BHIIOIHEHA MOAO0OHO CTATOPHOM, T. €. MpO-
BOJIHMKHM COOTBETCTBYIOIIMM 00pa3oM COEIMHSIOTCS MeX1y coOoi, oOpa-
3yst Tpexdaznyto cucremy (puc. 11.5). O6MoTku Tpex (a3 coeanHEHBI 3Be3-
noi. Hagama 3Tux 0OMOTOK MOZKIIIOYEHBI K TPEM KOHTAKTHBIM MEIHBIM
KOJIbIIaM 4, yKpeIIeHHbIM Ha Baily potopa. Koiblia M301mMpoBaHs! Ipyr OT
Jpyra ¥ OT Bajla M BpamaroTcsi BMecte ¢ poropom 3. Ilpu Bpamennn kosuen
MOBEPXHOCTH MX CKOJIB3SIT 110 METAJUIOrPadUTHBIM ILETKaM 5, HETOIBIIKHO
YKpEeIJIeHHBIM HaJ KoibliaMu. OOMOTKa pOTOpa MOXKET OBITh 3aMKHYTa Ha
Kakoe-JIM0O CONPOTHBIIEHHE WM HAKOPOTKO MPH MMOMOIIM YKa3aHHBIX BbI-
1Ie IEeTOK.

Puc. 11.5. ACHHXPOHHBIH IBUTraTeNb ¢ (Pa3HBIM POTOPOM
B pa3pese: 1 — cranuHa; 2 — 0OMOTKa cTaTopa; 3 — poTop;
4 — KOHTaKTHBIC KOJIbIIA; 5 — IIETKU
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JIBuratesnu ¢ KOPOTKO3aMKHYTBIM POTOPOM IIPOLIE M HaJe)KHEE B JKC-
IUTyaTaluy, 3HAYUTEIIHHO JEIIeBIe, YeM IBHTraTeiu ¢ (asHbIM POTOPOM.
OnHako ABHUraTeny ¢ (pa3HbIM POTOPOM 00JaJar0T JYUIIMMH ITyCKOBBIMH H
PEryJIMpOBOYHBIMU CBOWCTBAMHU.

B Hacrosiiee BpeMsi aCHHXPOHHBIE JIBUIATENN BBINOJIHSIIOT TPEUMYIIe-
CTBEHHO C KOPOTKO3aMKHYTBIM POTOPOM M JIMIIb IIPU OOJIBIINX MOIIHOCTSAX
U B CHIEIUAJIbHBIX CIIydasX MCHOJIb3YIOT (ha3Hyro 0OMOTKY poTopa.

Ha puc. 11.6 npuBeneHo yciaoBHOE 0003HAUEHHE aCHHXPOHHOTO JBHTa-
TN ¢ KOPOTKO3aMKHYTHIM (a) 1 (ha3HBIM (6) pOTOPOM.

Puc. 6. YcnoBHble 0003HaYEHUS Ha NIEKTPUIECKUX CXEMax
ACHHXPOHHOTO JIBUTATeIsl C KOPOTKO3aMKHYTBIM (a)
1 Ga3HbIM (6) pOTOpOM

[Tpou3BOIAT aCHHXPOHHBIE JIBUTATEIM MOIIHOCTBIO OT HECKOJIbKHUX Je-
caTkoB BatT 10 15 000 kBT npu HanmpspkeHUIX 0OMOTKH cTaTopa a0 6 kB.

Mexny CTaTOpoM U POTOPOM MMEETCSI BO3YIIHBIN 3230, BETMUNHA KO-
TOPOTO OKa3bIBAET CYIIECTBEHHOE BIMsIHUE Ha paboyre CBOMCTBA IBUTATEISL.

Hapsny ¢ BaXHBIMH MTOJIOKUTEIBHBIMA Ka4eCTBAMH — IPOCTOTOW KOH-
CTPYKIIMH U OOCIY>XMBaHUsS, MaJOd CTOMMOCTBIO — aCHHXPOHHBIN JIBUTA-
TEJNb UMEET M HEKOTOPhIC HEJIOCTATKH, U3 KOTOPHIX HamboJiee CYIICCTBECH-
HBIM SIBJISIETCS OTHOCHTENIBHO HHU3KHHA KOd((UIIMEHT MOIIHOCTH COS (.
Y acCHHXPOHHOTO JABUTATENS COS () TIPH TMOJTHON HArpy3Ke MOXKET JOCTUTATh
3Hauenuit 0,85-0,9; npu HemOrpy3Kax IBUTATENS €r0 COS (¢ PE3KO YMEHb-
mraercs u npu xosoctoM xoxae coctabisier 0,2—0,3. Huskuii ko3¢ durmeHt
MOIITHOCTH aCHHXPOHHOTO JBUTATENS OOBSACHIETCS OOJBITUM TOTpeOIeHHU-
€M pPEaKTUBHOW MOIIHOCTH, KOTOpas HEOOXOoJuMa I BO3OYXKICHUS Mar-
HUTHOTO IOJI1. MarHUTHBIN MMOTOK B aCHHXPOHHOM JIBUTATEIIC BCTPEUACT Ha
CBOEM NYTH BO3AYUIHBIHA 3a30p MEXIY CTATOPOM U POTOPOM, KOTOPHIA B
OOJIBIIION CTCIICHU YBEJIMYHMBAECT MArHUTHOE CONPOTHUBIICHUE, a CIIEJOBa-
TEJNBHO, U MOTPEOIAEMYIO IBUTATEIEM PEAKTUBHYIO MOITHOCTD.
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B nensx moBemeHust Ko3(QuieHTa MOIMHOCTH aCHHXPOHHBIX JBUTA-
TeJiell BO3IYIIHBIN 3a30p CTPEMSTCS JeylaTh KaKk MOXKHO MEHBIIUM, TOBOJS
ero y MamibIX apurareinei (mopsaka 2—-5xBt) mo 0,3 mm. B mBuraremsx
0O0JIBIION MOIITHOCTH BO3JYLIHBIN 3a30p NMPHUXOANTCS YBEITUYUBATH MO KOH-
CTPYKTHBHBIM COOOpa)keHHUSIM, HO BCE JK€ OH HE TPEeBHIIacT 2—2,5 MM.

B macnopte nBurarens ykasaHa 4acTOTa BpalIEHHUsI €r0 POTOpPa, KOTO-
pPYIO ABHTATENb pa3BHBACT NPH HOMHHAIBHBIX 3HAYCHHUSAX MOIIHOCTH H
HanpspkeHusl. Ecnu nBurarens paboTaeT BXOJIOCTYIO, 4acTOTa BpalCHUS
pOTOpa MPHONIIKAETCS K YaCTOTE BPAIIEHHUS MArHUTHOTO TOJIS.

BennunHa, koTopast XapakTepu3yeT OTCTaBaHHE YaCTOTHI BPAIEHHs PO-
TOpa OT YacTOTHI BPAICHNS MAarHUTHOTO IOJIS, HA3bIBAETCS CKOJIBKCHUEM.
Ee 00bIYHO BBIPAKAOT B MPOIIEHTaX K ONpeesstoT mo Gopmyne (11.10).

Mexnay momHOCTEIO aurarens P (Bt), yrinoBoi ckopocThio o (pam/c),
cunoii F (H), paanycom mkusa ¢ (M) 1 BpamaromumM MoMeHToM My, (H - M)
CYIIECTBYET CIIEIYIOIIasi 3aBHCUMOCTb!

M =—=Fr (11.1)

Torna kak yrioBasi CKOpOCTb ® ompeaenseTcs 1o Gopmyse

27n
o=— 11.2
50 (11.2)
3HaYNT, UMEEM:
P P 60P P
M =—=——=—-=9,554—, 11.3
T @ 270 2mn n (113)

60

Bpamaromuii MOMEHT ABUraTens NPONOPLMUOHAIEH KBaApaTy IpHIIO-
JKEHHOI'0 HAIPSDKEHUS, TAK KaK IIPONOPLMOHANIBHBI HANIPSKEHUIO KaK Mar-
HUTHBIM TOTOK, Tak U TOK B porope. I[loaToMy M3MeHeHHe HampsbKeHUs B
CETU BBI3bIBACT 3HAYUTEIILHOEC U3MEHEHHE BPAIIAIOIIEr0 MOMEHTA.

11.3. Ilopsinok BBINOJHEHUS PA6OTHI

1. O3HaKOMUTBCS ¢ MPUHIUITHAIBLHON JJIEKTPUIECKOW CXeMOil abopa-
TopHOH yctaHoBKH (puc. 11.7) u tabm. 11.1 ans 3amucu pe3yabTaTOB HCITBI-
TaHUSI ACHHXPOHHOTO JBUTATeNs. 3amicaTh MAcIOPTHHIC JaHHBIC TBUTATeE-
JI51, TeHEepaTopa M N3MEPUTEITbHBIX IPHOOPOB.

154



B

%380/2208

c

T

Puc. 11.7. IlpyuHuMnuansHas 3JeKTpUYEcKas CXeMa UCTIBITaHUS

TpeX(ba3HOTO ACUHXPOHHOI'O JJICKTPOABHUTATENSI C KOPOTKO3aMKHYTBIM POTOPOM

Ta6numa 11.1. Pe3yabTaThl HCOBITAHUS TPeX(a3HOT0 ACHHXPOHHOI'O 21eKTPOABHIATEIsI

Ne V3mepsieMble BETMIHHBI
n/n U, B Iy, A Py, Br U, B I, A N,, 06/MuH
1 2 3 4 5 6 7
1
2
6
Okonvanue tabm. 11.1
Ne BeraucisieMble BETHIHHBI
n/n Py, Br Py, Bt AP, Bt oS @ n, % s, %
1 8 9 10 11 12 13
1
2
6

2. CoOpartsb 11e1b B COOTBETCTBHH CO cxeMoi puc. 11.7 u mocie paspe-
LIEHHs Mpero/aBaTens BKIIOYUTh ee B TpeX(]azHylo ceTh ¢ HOMHHAIBHBIM
HanpspkenneM Uy = 220/380 B u vacroroii f, = 50 T'u. 3ateM npucTynuThb K
HEMNOCPEJCTBEHHOMY HCIBITAHUIO JBUraTes, MpOBeAs A ATOH Lenu

HICCTH OIIBITOB.

3. B nepBom ombiTe Bce BhIkmodatean SA1-SAS HaxonsTcs B pa3oMk-
HYTOM TIOJIOXEHHUH (XOJIOCTOW X0 arperara). B tabn. 11.1 3ammcarh moka-
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3aHHS M3MEPHUTEIBbHBIX NPHOOPOB: JIMHEHHBIH TOK auratens |, mo ammep-
Mmetpy PA1, nuHeliHoe HanpsbxeHnue aurarens U; mo Bonst™eTpy PV1, ak-
THBHYIO MOIITHOCTb OJIHOH (a3bl ABuraTens Py no BattMeTpy PW1, namps-
xenue rerepatopa U, mo BoaberMerpy PV2, Tok reneparopa |, mo amnep-
Metpy PA2, gacToTy BpaleHus: poTopa ABUTATENs N, TI0 TAXOMETPY.

[TocTenenHo yBenuuMBas HAarpy3Ky Ha JBHIaTellb BBIKJIIOUATEIIMHU
SA1-SAS, mpoBecTH OCTalbHBIC TATH OIBITOB W 3alKCaTh PE3YNbTAaThl B
Tabm. 11.1.

4.Tlo pe3ynpTaTaM IMpPOBEACHHBIX ONBITOB BBIYUCIHTH U 3aIHCaTh B
T1abm. 11.1 cuemyromue BETMYMHBI: aKTHBHYIO MOIMHOCTH IBuTatens P,
MOIIIHOCTb TeHeparopa P, MOIITHOCTh aKTUBHBIX HOTEph B arperate AP, koag-
(GUIMEHT aKTUBHOW MOIIHOCTH JBUraTess COS @, KO3 PHUIIUEHT MOJIE3HOTO
JICUCTBHUS arperara 1), CKOJIb)KEHHE JIBUTATEJIS S.

ITocTpoHTh B COOTBETCTBYIOIIMX MAacIITadax Clexyrolue padoyne Xa-
paktepucTuku arperata u guratens: m = fy (P./ Py), AP = f,(P./ Py),
cos @ =f3 (P1/ P1y), L1 =14 (P1/ Piy), s =15 (P1/ Puy).

11.4. TloaroToBKa K BHLINOJHEHHIO Padoyero 3ajaHus

1. U3yuntes HeoOXoOuMbIE pa3fieNbl B PEKOMEHAYEMOW JIUTEpaTrype
[1, 2,5, 6].

2. 3anucaTh NMAacNOPTHBIE JAHHBIE IEKTPOJBHUIATEINISI U MPOAHAIU3UPO-
BaTh €r0 HOMHHAJIbHBIE MTApaMETPHI.

3. M3yuntp Ha 71a00OpaTOpPHOM CTEHJIE YCTPOMCTBO, OCHOBHBIE Y3JIbI H
JieTany Tpex(pa3HOro aCHHXPOHHOI'O JIBUTATENsl C KOPOTKO3aMKHYTBIM pO-
TOpOM.

11.5. Yka3zaHusi 1o BHINOJHEHUIO padouero 3aiaHnus
1 00padoTKe pPe3yibTATOB IKCIIEPUMEHTA

1. AKTUBHAs MOIITHOCTH JBUTATENs P; ompenenseTcs mo hopmye
P, =3P, (11.4)

HomunanbpHas akTUBHasA MOIIHOCTH ABUT'ATECIISL PIH MOXKET 6I)ITI) BbIYUC-
JieHa 1o popmyie

R, =~3U,,1,,cos ¢,, (11.5)
rae U, — HOMHHAJIBHOE JTMHEHHOE HAIIPSDKCHHE ABUraTess, B;
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||, — HOMHHAJIBHBIA JUHEHHBIN TOK ABUTATENS, A,
COS (), — HOMHHAJIbHBII KO PUIMEHT aKTHBHON MOIIIHOCTH JIBUTATEIsI.
2. MomHOCTh TeHepaTopa IOCTOSTHHOTO Toka P ompenensercs mo ¢op-
Myse
R‘ =Ur|r’ (116)
rae U, — HanpsbKeHne Ha KileMMax reHeparopa, B;
I, — TOK Harpy3ku reHepaTopa, A.
MoImHOCTh aKTHBHBIX IOTEph AP B arperate omnpezenseTcs 1o Gpopmyie

AP=P,—P. (11.7)

3. KoaduiipeHT akTUBHON MOIIHOCTH COS (0 JBUTATENS BBIUUCIIACTCS
o hopmyie

cos @:L. (11.8)

NEU

4. Koapdumment monesnoro aevicteus (KIIJ]) arperata Berumcisercs
o ciexymwolieit popmye:

P +AP

r

P P
:_l' :—I‘ = .y (11‘9)
n P, M,

rae N, — KIIJ] apurarens;

N — KI1/] reneparopa.

5. Ckonpxenue S, % (OTHOCHTENBPHOE OTCTaBaHHWE POTOPA OT Bpallaro-
IIETO €r0 MarHUTHOTO TIOJIS CTaTOpa) ONpeAeysieTcs o GopMyIie

s=1""e 0, (11.10)
n

rae Ny — 9acToTa BpAIllEHHss MATHUTHOTO IOJIsI 0OMOTOK CTaTopa [BUTATEIIS
(ny = 1500 06/mun);

N, — 9acToTa BpalleHus poTopa, 00/MHUH.

6. [Ipu noctpoeHnu paboumx xapaktepucTuk arperata (puc. 11.8) mo
ocu aOcCIycc OTKJIAIbIBAETCS OTHOCHTENBHAS MOIMHOCTh TeHeparopa
P,/ P, mmenstromasicst B mpenenax 0 < P/ P, < 1. Tlo ocu abcrucc Heob-
XOJIUMO OTKIaabBaTh 3uavenus P,/ P, =0; 0,2; 0,4; 0,6; 0,8; 1,0. PaGouue
XapaKTEPUCTHKH arperara MO>KHO CTPOUTH B OIHOM CHCTEME KOOPIUHAT, HO
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0053aTeNIBHO € IBYMS OCSIMHU OPIHMHAT, KaKIasi CO CBOCH BEIMYNHON U Mac-
mraboMm.

[Ipu mocTpoeHMH paboOuYMX XapaKTEPHCTHK ABUTaTessi MO OcH abcumcc
OTKJIA/IBIBACTCS. €r0 OTHOCHTENBHAS NEKTPHIECKast MOIMHOCTh Py [/ Py, u3-
Mewstfonasics B npeaenax 0 < Py / Py, < 1. TIpu coBmeniennn pabo4ux xapak-
TEPUCTHK JBUIaTeNs HA OJHOM rpadUKe HEOOXOIUMO IPOBECTH TPH OCH Op-
JMHAT: 1Sl KO3 HUIMEeHTa MOIITHOCTH COS @, ToKa |; ¥ CKOJIBKEHUS S.

11.6. KoHTpoJIbHBIE BONIPOCHI

1. O0psicHUTE (PM3MIECKHUN CMBICT PaboYnX XapaKTEepPHUCTHK (1O rpadu-
KaM) ABUTATENS U arperaTa.

2. OmmummTe yCTpOHCTBO M MPHUHINM AEHCTBUS TPEX(Pa3HOro aCHHXPOH-
HOTO JIBUTaTEIs.

3. Uro mpowusoiineT npu paboTe Harpy>KEHHOTO JABHUIATEIS, €CIH HAIpPs-
JKeHUe nuTaroieil cetu ymeHbmutes Ha 10 % (yBenmuuutcs Ha 10 %)?

4. Byner nu npoJoiKaTh HOPMalbHO paboTaTh HArpy>KEHHBIH JBUTA-
TeNb IPU 00pPBIBE OJHOTO U3 TPeX IPOBOJOB MHUTAIOIIEH ceTn?

5. JIgurarens mioxo WIET B XOA M CHJIBHO T'YIWT, CHJIa TOKa BO BCEX
Tpex (azax pazIM4yHa U IIPH XOJOCTOM XOJIE JIBHUIATElIsl IPEBBIIIAET HOMHU-
HanbHY10. [TosicHNTEe BO3MOKHbBIE IPUYNHBI JAHHOTO SIBIICHUSI.

6. OT KaKMX BEJIMYMH 3aBUCHUT YacTOTA BPAILCHUS BaJjia JIBUTATENS U €TO
BpAIIAIOMINIT MOMEHT?

7. IlepeunciiuTe MOJNOXXUTEIbHBIE M OTPHLATEIbHBIC XapaKTEPHCTHKH
Tpex(}azHOro aCHHXPOHHOTO JBUTaTelsl.

11.7. Ilopsiaok opopmiieHust oT4eTa

1. 3anucark Ha3BaHKE U 1EeJIb 1a00OPATOPHOH paboTHI.

2. Brrueptuth cxemy (cM. puc. 11.7).

3. IlpuBecTH XapaKTEPUCTUKY OOBEKTOB M CPEACTB uccneaoBanms (. 11.1).

4. CHATBIE TIOKA3aHUs M IOTYYECHHBIE pacdeTsl cBecTH B Tadur. 11.1.

5. Ha ocHOBaHMM MOJTyYeHHBIX JaHHBIX MOCTPOUTH paboune XapaKTepu-
CTHKH arperaTa «IBUTaTellb — TeHepaToOp» W aCHHXPOHHOTO 3JIEKTPOJIBUTA-
tesist (puc. 11.8).
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Pa0oune XapaKTEPUCTHKH arPeraTa «IBUTATENb — [EHEPaTopP»:
N =f1(P/ Pu), AP=f, (P Pp,)

AP, Bt
n, %
80 800
60 600
40 400
20 200
0 0
0 0,2 0,4 0,6 0,8 1
P./P,

Pa6oune XapaKTepUCTHKH ACHHXPOHHOTO 3JIeKTPOABHIATE s :
€S @ = f3 (Pr/ P1u), 1= fa (Pr/ P1w), S= f5 (P1/ P1y)

cos ¢ 1, A; s,%

1 5

0,8 4
0,6 3
0,4 2
0,2 1

0 0

0 0,2 0,4 0,6 0,8 1
P,/ Py,

Puc. 11.8. Iopsnok nmoctpoeHns pabounx XapaKTepPHCTHK
11a00paTOPHON YCTaHOBKH

JlaGopaTopHas paGora Ne 12,
HNCIIBITAHUE CHHXPOHHOTI'O TEHEPATOPA

Ienu pabomur:

1. syunTs Ha3HAYEHHWE, MACIOPTHBIC NAHHBIC, YCTPOWCTBO, MPHHIIUI
JIeCTBUS 1 00J1aCTH IPUMEHEHHSI CHHXPOHHOT'O reHepaTopa.

2. VI3yyuTh OCHOBHBIC pabovne XapaKTCPUCTUKHA CHHXPOHHOTO reHepa-
TOpa M MOJYYUTh UX IKCIEPUMEHTAILHO Ha 1a00paTOPHOI YCTaHOBKE.
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12.1. O6bexT u cpeacTBa HCCTeI0BAHUA

Ha pabouem MecTe cMOHTHpOBaHA J1a0OpaTOpHast YCTaHOBKA, O0BEKTOM
HCCIIEJOBAHMSI Ha KOTOPOH sIBJIseTCS Tpex(a3Hblii CHHXPOHHBIH IeHepaTop
tuna CI'. HoMHHaNbHBIE HAaNpsDKEHUs] TeHEpaTopa MpH COeTMHEHHH 00MO-
ToK crocobom ««3Besma» U,/Uy =250/132 B, HOMHHaNBHBIH — TOK
I,=1,=11,2 A, gactota Bpamenus N = 1500 oO0/MHH, YacTOTa TOKa
f=50Tu, koaddunuent monesnoro aeiicteus 1,= 80 %, momHas MOII-
HOCTh S, = 4,5 kBA, aktuBHas moutHocth Py, = 3,6 kBT, ko3 dunneHT ak-
TUBHOW MoIIHOCTH COS ¢ = 0,8, macca m = 124 kr.

IMutanne 0OMOTKHM BO3OYKAEHHSI CHHXPOHHOTO T€HEepaTropa OCYIECTB-
JSIETCSl OT JOIOJIHUTENBHOTO T'eHepaTropa MOCTOSHHOTO TOKa C CaMOBO3-
OyxneHneM (BO30yAHTEIsT), KOTOPHIi CMOHTHPOBAaH B OZHOM KOpITyce C
OCHOBHBIM TeHepaTropoM. HampspkeHHe MOCTOSHHOTO TOKa BO30YAWTEIS
U, = 22 B, Tok Bo3oymurems |, = 11,2 A.

[TpuBOAHBIM BUraTeNeM AJIsi CAHXPOHHOTO TeHEepaTopa U BO30YAUTEs
B 1a00paTOPHON YCTAaHOBKE CIIY)KHT aCHHXPOHHBIH Tpex(]as3HbIi ABUraTelb
Tuna A2, MOIIHOCTH Ha Baly Kotoporo P, = 5,5 kBT, HOMHHAaJIBHBIN TOK
I, =11,1 A, nanpsoxenue U,/U, = 380/220 B, HoMMHabHAs 4acToOTa Bpa-
merus N = 1440 o6/muH, ko3 dUIHeHT mone3Horo neiicteust n, = 87 %,
KO3 PHUIHIEHT aKTUBHON MoIIHOCTH cos ¢ = 0,86.

CpezacTBaMu HUCCIEJOBAHUS CIYXKAT CIENYIOUIME 3JIEKTPOU3MEPHTEIb-
Hble TpuOOopsl: BosbTMETphl PV1wu PV2 anekrpoMarHWTHONW cuCTEMbI
tumna 359 (manpsoxerne U, = 75-600 B), ammepmerp PAL snekTpomMarHur-
Hol cucteMsl Tuna 1566 (tok |, =5 u 10 A), perynmupoBounslit peoctat RR1
(conportusienue R = 50 Om).

Jnst 13MepeHus Harpy3Ky Ha T€HepaTop B COCTaBe JIabopaTopHO# ycTa-
HOBKH MMEIOTCS JIaMIlbl HakaluBaHus FL1—FEL4, MOITHOCTh Ka)KJI0¥ U3 HUX
P, = 200 Br, nanpspkenne U, =220 B, a tarke Tpex¢asHble TpeXIooc-
HbIe BeIKIIOUaTen SA1-SA4,

12.2. O6mue cBeieHUsI 0 CHHXPOHHBIX F€HEPATOPax
B CHHXpOHHBIX MalIMHaX YacToTa BpAaIlEHHs POTOpa paBHA 4acTOTe

BpalieHUs MaroHuTHOIO IIOJIA CTaTopa U, CJICA0BATCIILHO, OIPEACIIACTC Ya-
CTOTOM TOKA B CETH U UKCJIOM Tap 1moJiroCoB, T. €.

no80f . (12.1)
p
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OObBIYHO OOMOTKH BO30YKICHHS IOJYYAIOT YHEPTHIO OT BO3OYAMTEIS,
KOTOPBIH NpeJCcTaBiIsieT co00H reHepaTop NOCTOSIHHOTO ToKa. Bo3OoyanTens
HaXOJWTCSI HAa OJHOM Basly ¢ pabodell MaIllMHOM, ¥ MOIIHOCTD €ro COCTaB-
JISIET MAJIYI0 BEJIMYUHY, Topsiaka 1-5 % MOIIHOCTH CHHXPOHHOI MalliHBI,
B030Yyxkmaemoii uM. [Ipn HEOONBIION MOIITHOCTH YacTO MCIIONB3YIOTCS CXe-
MBI TIUTaHUSI OOMOTOK BO30YXJEHHS! CHHXPOHHBIX MallMH OT CETH Iepe-
MEHHOT'O TOKa 9€pe3 MOITyNPOBOJHUKOBBIC BRIIPSIMHUTEIH.

[pocreiimmm reHepaTopoM MOKET OBITH BUTOK M3 TIpoBoja 1 u 2, Bpa-
IIAfOIUiics B MarHUTHOM moJie (puc. 12.1). MarautHOe moiie Bo30yXKIaeT-
cs1 TOKOM OOMOTKH BO30Y K/I€HHs, IOMEIIEHHOH Ha nomocax craropa N-S.

/,//////////I/JI
N~

Puc. 12.1. Cxema renepaTopa IepeMeHHOT0 TOKa!
1 u 2 — npoBoaHNKY; 3 — KOIbBIIA

[pu BpaieHun BUTKA NPOBOAHUKK 1 U 2 nepecekaroT MarHUTHOE MOJIe,
co3JlaHHOe MeX[y mositocaMu N—S, BeiieACTBHE Uero B BUTKE OYAYT MHIY-
uupoBatbes DJIC.

KoHIbI BUTKAa COEIUHEHBI C KOJbIAMH 3, BPALIAIOIIMNMUCS BMECTE C
BuTkoM. Eciam Ha KOJIbIIaX IMOMECTUTHh HCIIOABUXXHBIC HICTKHU U COCANHUTH
HX C IPUEMHHUKOM 3JIEKTPUYECKOM 3HEPTUH, TO IO 3aMKHYTOMN LIENH, COCTO-
seld U3 BUTKA, KOJEL, IIETOK U IIPUEMHUKA SHEPTUH, TOHIEeT dIeKTpuye-
ckuit Tok nox neiicteuem DJIC.

[Moxyuennas B TakoM npocreiiiem reneparope D/1C Oyzner HenpephiB-
HO M3MEHATBHCS B 3aBUCUMOCTH OT IIOJIOKEHHsI BUTKA B MAarHUTHOM MOJIE.
Korna npoBoganky 1 n 2 HaxosTCs 10 OCSIMH TMOJIOCOB, TO TIPH Bpallie-
HUHW BUTKA OHU IEPECECKAIOT B €IMHUITY BPEMCHHU HauOOJIbIIIEE YUCIIO JIMHUI
MAarHuTHOT'O IIOJIA. CJ'le]lOBaTe.]'H)HO, B HaHHLIﬁ MOMCHT HMHAYLUpYyEMas B
BuTke DJIC Oyznet umets HanboJIbIIICe 3HAYCHNUE.

B panpHeliniem mpu oBOPOTE BUTKA U3MEHUTCS YUCIIO JIMHUN MarHuT-
HOTO TIIOJIs, NepeceKaeMbIX B EIMHHIYy BPEMEHHM NpOBOJHHMKamMu 1 u 2.
ITpu moBopoTe BUTKa Ha 90° B MPOCTPAaHCTBE MPOBOAHHUKHU OYIYyT IepemMe-
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IIATECSL B BEPTUKAJIHHOM HAIPaBICHUH, COBIAIAIOIIEM C HAlPaBICHHEM
MarHUTHBIX JUHUH nois. ClieoBaTenbHO, MPOBOJAHUKY 1 1 2 He TepeceKa-
0T MarHUTHHIX TuHUHA 1 9J]C B BUTKE paBHA HYIIIO.

[Tpn moBopote BUTKa Ha yroi, Oombmuid 90°, U3MEHHUTCS HalpaBlICHUE
HepeMeNIeHHs] 3THX POBOJHUKOB B MarHUTHOE I0JIe, a CJIESJOBATEIbHO, U
Hanpasienue DJ]C, mHIynupyemMoii B BUTKE.

Ecin marautHOe moine mexnay nomocamu N u S pacnpenensercs pas-
HOMEpHO, To DJIC Oyner MeHSAThCS BO BPEMEHH CHHYCOHMIAIBLHO. 32 OIUH
obopot BuTKa B npocTpancTtee DJIC, HHAyLIHpyeMas B HEM, NPETepreBacT
OJMH MEPHOJ H3MECHEHHUSL.

Ecnu BuToK BpalacTCsd Mmpyu noMouu KaKOFO-HI/I6O TICPBUYHOT'O JABUTIa-
TeJs ¢ IOCTOSIHHOW 4acTOTOM BpalleHHs N B MUHYTY, TO B 3TOM BUTKE UH-
nyuupyercs nepemennas J[C ¢ yacToToi, onpeaessieMoit mo Gopmyiie

n

= o5 (12.2)

BoznukHoBenne J/IC B IpoBOJAHMKAX BO3MOXKHO Kak MpU MepeMellie-
HHUHM 3THX NPOBOJIHUKOB B HEMOABMKHOM MAarHHTHOM I10JIe, TaK M IIPH Tiepe-
MEIIEHUH MAarHUTHOTO IIOJII OTHOCHUTENIHHO HETIO/BIKHBIX MPOBOJIHHUKOB.
B nmepBomM ciydae HOIIOCH, T. €. MHIYLHPYIOIIas 9acTh MAIIHHBI, BO30YX-
JIafolIasi MarHUTHOE TI0JIE, MTOMEIAI0TCSl HAa HEIOABMKHON YacTH MAIlUHEI
(crarope), a mHIyIUpyeMas 4acTh (SKOPb), T. €. TPOBOJHHUKH, B KOTOPBIX
coznaetrcs D/IC, — Ha Bpamaroneiics yacTu MalIuHsl (potope). Bo Bropom
ClTydae TIONIOCH TOMEIIA0TCs Ha POTOpe, a IKOPh — Ha CTaTope.

Beime 6bUT pacCMOTPEH NPUHIMIT JEHCTBHS CHHXPOHHOTO I'€HEpaTopa C
HETIOABIDKHBIMU TIOIOCaMH | BpaIlaloKMCs sikopeM. B Takom rereparope
9Heprus, BeIpabaThiBacMas MM, MepefaeTcsl MPUEMHHUKY SHEPTUU MOCpe-
CTBOM CKOJIB3SIIIUX KOHTAKTOB — KOHTAKTHBIX KOJIeI U MeToK. CKONb3aImi
KOHTAaKT B IIeNH OOJIBIION MOIIHOCTH CO3/1aeT 3HAUYNUTENIbHBIE ITOTEPH SHEP-
I'MH, 2 IPU BBICOKMX HANPSDKEHUSIX HAaJM4YME TAKOrO KOHTaKTa KpaiHe He-
xKenarenbHo. [103ToOMy Takue reHepaTopbl IMPUMEHSIOT TOJNBKO IPH HEBBI-
cokux HampspkeHMsx (380/220 B) u HeOOMBIINX MOIITHOCTSIX.

Haunbonee mupoxoe mprMEHEHNE TONYYWIH CHHXPOHHbBIE T€HEPaTOPEI,
B KOTOPBIX TOJIIOCHI pa3MeIeHbl Ha POTOpPE, a IKOPb — Ha CTaTope.

Tox BO30yXIeHHS NpoTEeKaeT MO0 OOMOTKEe BO30OYXAEHHUS, KOTOpas
MIPEJCTaBIsIET COOOH MOCIEeIOBATENEHO COSMHEHHBIC KATYIIKH, TOMEICH-
HBIE Ha MOJIIOCHI POTOPA.

KoHIpl 00MOTKH BO30Y)KIECHUSI COEANHEHBI C KOHTAKTHBIMHU KOJIBIIAMH,
KOTOpBIE KPEMATCS Ha BaJly MamMHBL Ha Kombliax NMOMEIIAIOTCs HEMo-
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JBIDKHBIE IIETKH, OCPEICTBOM KOTOPHIX B 0OMOTKY BO30Y)KACHHS MOIBO-
IUTCS TTOCTOSIHHBIA TOK OT MOCTOPOHHETO MCTOYHHKA DHEPTUH — FeHepaTo-
pa IOCTOSHHOT'O TOKA, Ha3bIBAEMOI0 BO30YAUTENICM.

Ha puc. 12.2 noka3zan oOuuii Bui CHHXpOHHOTO T€HEpaTopa ¢ BO30YaH-
TeneM. YCTpOHCTBO CTaropa CHHXPOHHOTO TIeHepaTopa aHaJIOTH4YHO
YCTPOWCTBY CTaTopa aCHHXPOHHOM MalIHHBI.

W\

s
=

Puc. 12.2. YcTpoicTBO CHHXPOHHOTO T€HEpaTopa:
1 — cMHXPOHHBIH reHepaTop; 2 — BO30yIHTENb

PoTOp CHHXPOHHBIX I'€HEPATOPOB BBHIIOJHSIOT JIMOO C SIBHO BBIPAXKEH-
HBIMH (BBICTYIAIOLIMMH) MOJFOCAMH, MO0 C HESBHO BBIPRXKEHHBIMH TIOJIIO-
camy, T. €. 0e3 BBICTYNAIOMINX IIOJIIOCOB.

B MammHax ¢ OTHOCHTENBEHO MaJIOl YacTOTON BpameHus (1pu O0IbIIoM
YHCIIE TIOJIFOCOB) POTOPHI JIOJDKHBI OBITH C SIBHO BBIPQXKEHHBIMHU TTOJIFOCAMHU
(puc. 12.3, a), paBHOMEPHO PACIIOJIOKEHHBIMH MO OKPY>KHOCTH pOTOpA.

Puc. 12.3. POTOp CHHXpOHHO#M MaIIMHBI
a — SIBHOTIOJIIOCHBII; O — HEIBHOTIOJIFOCHBIH;
1 — MarHUTONpPOBO; 2 — TMOJIFOCHI; 3 — 0OMOTKa BO30YXKICHHS,
4 — KOHTaKTHBIC KOJIBIIA; 5 — 3JIEKTPUUECKUE MIETKH
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ITomroc cocToUT M3 CepAEUHUKA, NMOJIIOCHOTO HAKOHEYHHMKA M KaTyIIKH
00MOTKH BO30YK/I€HHs1, TOMEIAeMOH Ha Cep/iedHHUKE MOJI0ca.

[Tpu GoxplIOi YacToTe BpaleHUs] TAKOE YCTPOHCTBO POTOpa HE MOXKET
obecrieunTh HY)XHOW MEXaHHYECKOH IMPOYHOCTH, M HO3TOMY y BBICOKO-
CKOPOCTHBIX MAIIUH POTOPHI BBIMOJHSIOTCS C HESBHO BBIPAKEHHBIMH IIO-
nrocamu (puc. 12.3, 6).

CepaeYHUKN POTOPOB C HESIBHO BBIP@KEHHBIMHU ITOJIFOCAMHU OOBIYHO H3-
TOTOBJISIIOT U3 LENBHBIX MOKOBOK, HA MOBEPXHOCTH KOTOPBIX (hpe3epyroTcs
ma3el. [locne yxkiagki 0OMOTOK BO3OYKICHHS Ha pOTOpE Ma3sl €ro 3a0uBa-
I0TCSI KIIMHBSIMH, & JIOOOBBIE COSAMHEHUS OOMOTKH BO30YXIEHHS yKPEIUI-
I0TCS CTAJIbHBIMH OaHa)KaMH, TOMEIIEHHBIMHU Ha TOPIIOBBIX YacTAX POTOPA.

B o0MoOTKe cTaTopa CHHXpOHHOTO TeHepaTopa co3maercs DJIC, Bemndaun-
Ha KOTOPOH 3aBUCHT OT MAarHWTHOTO ITOTOKa MOJIOcOB. Ecim mMarHUTHBII
MIOTOK IOJIFOCOB 04eHb Maj, To U DJ[C taxxe mana. Ilpu yBennueHun mar-
HUTHOTO TOTOKA Bo3pactaeT u DJ]C mammubl. TakuM 00pa3oM, P MOCTO-
SIHHOM dYacToTe BpameHus portopa O/IC mpomopripioHaTbHa MarHUTHOMY
MIOTOKY, KOTOpPBIH BO30YXIAeTCsl MOCTOSHHBIM TOKOM, MPOTEKAIOIIUM I10
MIPOBOJHUKAM OOMOTKH BO30YkIeHUs. ECITU MOBBICUTH TOK B 0OMOTKE BO3-
Oy>XIeHHsl, TO BO3pACTET U MArHUTHBIN MOTOK MOJIIOCOB, YTO BBI3OBET YBE-
myenne DJIC mammnbl. CreoBaTensHO, H3MEHEHHE TOKa B 0OMOTKE BO3-
Oy>XIeHHsI BBI3BIBAET COOTBETCTBYIOIIee n3MeHeHne DJC MammHbl U 1M03-
BOJISIET PETYJIMPOBATh HANPSHKEHUE Ha 3a)KMMax TeHepaTopa.

Ha puc. 12.4, a n300paxeHpl BHEIITHUE XapaKTEPUCTUKHA CHHXPOHHOTO
reHepaTopa Npu aKTUBHOW M PEaKTUBHOW Harpyskax. DTH XapaKTEepUCTHKH
MTOKA3BIBAIOT 3aBHCHMOCTh HANPSDKEHMS Ha 3aKMMax IeHepaTopa OT TOKa
Harpy3KH NPH HEM3MEHHBIX YacTOTE BpAIEHHs pPOTOpa M TOKE BO30YXke-
HUsl. Pa3nuuHblil BUJ 3TUX XapaKTEPUCTUK IIPU aKTUBHOM, UHYKTUBHOW U
€MKOCTHOH Harpys3kax OOBSICHAETCS HEOJUHAKOBBIM BO3JEHCTBHEM OIS
peaxIyu SKOpsi Ha MAaTrHUTHBIHN ITOTOK TIOJTIOCOB.

u

Puc. 12.4. XapakTepUCTUKH CHHXPOHHOI'O reHepaTopa:
a — BHEIIHUE; 6 — PEryIUPOBOYHBIE;
1 — emMKocCTHasI; 2 — aKTUBHAsI; 3 — MHIYKTHBHAS
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st HopManbHOM paboTHI IF0O0T0 MPUEMHIKA ANEKTPHISCKON SHEPTHH
TpeOyeTcsi MOCTOSIHHOE HanpsbKeHHe ceTd. YToObl obecneunTh OCTOSIHHOE
HanpspKeHUE CeTH TPH W3MEHEHHMH Harpy3kd B CHHXPOHHOM TI'€HEpaTope,
U3MEHSIOT TOK BO30YXK/ICHHSI.

3aBHCHMOCTb, TIOKa3bIBAIOIIAs, KAKUM 00pa3oM HE0OXOIMMO M3MEHUTH
TOK B OOMOTKE BO30Y>KAEHHS Ul TOTO, YTOOBI IPH M3MEHEHUH Harpy3Ku
reHepaTopa HarpsbKeHHE Ha ero 3a)KMMax OCTaBaJoCh HEM3MEHHBIM, Ha3bl-
BACTCsl PETyJIMPOBOYHOM XapakTrepucTukoi (puc. 12.4, 6).

ITpn akTHBHOW Harpy3Ke yBeJMUEHHE TOKA B CTATOPE BBI3BIBACT HE3HA-
YUTENIPHOE TOHIKECHUE HANPSDKEHHA, TaK KaK peaknus SKOps yMEHbIIaeT
MarHuTHBII TOTOK B Mo cterneHu. [Ipu 3T0i Harpy3ke TpeOyeTcs He3Ha-
YUTENIPHO YBEJIMYUTh TOK BO3OYKACHHS ISl yBEIMUCHHUS IOCTOSHCTBA
HanpspkeHus. [Ipn MHOYKTHBHOW Harpyske CO3/1aeTcsi pa3MarHU4YHMBalollee
HOJIe PeaKkNIUH SIKOps, yMEHbIIalolee NOTOK moirocoB. IloaTomy misa mo-
CTOAHCTBA HANIPSYKCHU L (T. €. JId MOCTOAHCTBA PE3YJIbTHPYIOMICTO MAarHuT-
HOTO MO0TOKa) HE00X0UMO B OOJblLIeH Mepe YBEIMYUTH TOK BO30YKICHUS
U1 KOMIICHCAIIUM pa3MarHn4uvBaromiero Imnojid peakiuu SAKOps. HpI/I CM-
KOCTHOM Harpyske nmpoucxoguT yCUJICHUC MAarHUTHOI'O IOJA, U IJI MMOCTO-
STHCTBA HAIPSDKEHUS CIIeyeT YMEHBIIUTh TOK BO30Y)KACHHS NPH yBeIHde-
HHUH TOKa B CTAaTOpE.

12.3. llopsiAoK BHINOJIHEHHS PAGOTHI

1. O3HaKOMUTBCS C MPUHIHAMTHATBFHON AIEKTPHUYECKON CXeMoil abopa-
TOpHO# ycTanoBkH (puc. 12.5) u tabm. 12.1-12.3 ajs 3anucu pe3yabTaToB
OTIBITOB M BBIYHCICHUHN. 3amucaTh HAaclOpPTHHIE JaHHBIE CUHXPOHHOTO Te-
unepatopa G2, Bo3oyaurens Gl u mpuBomnoro mpurareis M1. 3amucarts
TaKXXe NMacTIOPTHBIC JaHHBIE U3MEPUTEIHHBIX TPUOOPOB.

2. Cobpatb 1enb JJisi UCTBITaHWS TeHeparopa 1o cxeme puc. 12.5 u
IocyIe pa3perIeHus MPeroaaBaTels BKIIOUNTh €€ B CETh C HAIPSIKCHHEM
380/220 B. IIpuctynuTh K NMPOBEICHUIO OIBITA XOJOCTOTO XOJa CHHXPOH-
HOTO TeHeparopa. [l 3Toro npu Toke Harpy3KH, paBHOM HYJIIO (BBIKIJIIOYa-
tesin SA1-SA4 pa3oMKHYTHI), ITOCTENIEHHO YBEIMYUBATH TOK BO3OYXKIe-
Hust |, ot Hyns no 10 A ¢ marom 2 A. Ilo amnepmerpy PA1 n3mepsTs 3Ha-
YeHus! ToKa |, a Mo BombT™METpy PV2 — COOTBETCTBYIONIHME 3HAUECHHS JIIEKTPO-
IBIDKYyIIeH cuisl E (a3el A CHHXpOHHOTO TeHepaTopa M 3amucaTth HX B
BEpPXHIOIO CTPOKY Tabi. 12.1. 3areM HEOOXOAMMO YMEHBIIATh TOK BO30YK-
nerus |, ot 10 A 1o Hyns ¢ TeM ke maroM u 3anucarb 3Hauenus JJ1C £, B
HIKHIOIO CTPOKY Tabi1. 12.1.
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A

Ui

B Vi
%380/2208
C

Wi

Puc. 12.5. IlpuHimnuanpHas JIEKTpUYECKas CXeMa HCIIBITaHHUs
Tpex($a3HOro CHHXPOHHOT'O TeHepaTopa

Ta6nuna 12.1. Pe3yabTaThl ONBITA X0JI0CTOTO X0/1a FeHepaTopa

I, A
E,.B

Ta6numna 12.2. Pe3yabTaThl HCIBITAHHS TeHEPATOPA IO HATPY3KOii

e I/I3MepﬂeMBIC BCIIMYUHBI BrruncisiemMble BEIMYUHBL
o

. Use, | Ua, | la | L n, Zy, Rua, Xas Y4, P, P,
B | B | A | A | oomvun | Om Om Om | tpaxg | Br | Br

B |WIN |-

Ta6nuna 12.3. Pe3yJbTaThl CHATHS PEryJHPOBOYHON XapaKTePHCTHKHU reHepaTopa

Up, B
Ia, A
I, A

Ilo pe3ybTaTaM MpPOBEACHUS ONbITa MMOCTPOUTH XAPAKTECPUCTUKY XOJIO0-

croro xona rereparopa E, = f(l;) npu Toke Harpy3ku lp = 0 u gacrore
BpalleHus N = const.
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3. JIna cHATHA BHEIIHEW XapaKTepHCTHKH CHHXPOHHOIO TEHEpaTopa
HEOOXOJMMO TPOBECTH IATH OIBITOB, 00ECHEeYHBasi MPH KaXXIOM W3 HHUX
I,=8 A u n = const, mpu 3TOM yBeNUUYUBasi HArPy3Ky reneparopa (Tok l,)
BeiktouatesiMu  SA1-SA4. B tabn. 12.2 cnepyer 3amucarh pe3yiabTaThl
u3MepeHuil: nuHelHoe HampsokeHne Uge mo BombtMmerpy PV1, ¢asHoe
HamnpspkeHue rerepatopa Ux mo BosmbT™MeTpy PV2, Tok BO30Yxaenus |, mo
amriepmeTpy PA1, 4acToTy BpaieHus renepaTopa N Mo TaXxoMeTpy.

ITo pe3ynpTaTaM OIBITOB HMOCTPOUTH BHEUIHIOKW (HATPY30UHYIO) Xapak-
tepuctuky reHepatopa Up = f(la). g ogHOTO M3 PEeXMMOB reHepaTopa
BBIYHCIINTH NTOJTHOE CyMMapHOE CONIPOTHBIICHHE (ha3bl TreHepaTopa U (asel
nmotpeduTens Z,, akTHBHOE COIPOTUBJICHUE (a3bl moTpeduTens R, HHIyK-
TUBHOE CONPOTHBIIEHHE (a3bl reHeparopa Xy, yroil W, MExIy BEKTOPOM
3/1C reneparopa E 4 1 BeKTopoM Toka |l 4.

BbuncanTh Taxke 3NIEKTPOMArHUTHYIO MOIIHOCTB TeHepatopa P,, u
AKTHBHYIO MOIIHOCTb P, KOTOPYIO FeHepaTop OTAAET HOTPEOUTEIO.

4. ITpoBecTH OIBIT JJIS MOJYYEHHs PETYIHMPOBOYHOH XapaKTEPUCTUKU
CHUHXPOHHOTO T'e€HepaTopa, AJIsl Yero Takke HeOOXOAWMO BBINOJIHUTD ISTh
OIBITOB C MOCTENICHHBIM YBEJIMYEHHEM Harpy3KH Ha F€HEpaTop BBIKJIIOYaA-
tensimu - SA1-SA4. Tlpu KaxIoM OIbiTe HEOOXOAMMO TOJAJIEPKUBATH
HampsbkeHue reHeparopa U, = const (10 yka3aHHIO MpEnojaBaTesi) MoJ-
3yHkoMm peocrata RR1. Pesymerartel u3mepeHwmii 3ammcaTh B Tabm. 12.3.
Mo pe3ynbpraTaM ONBITOB MOCTPOUTH PETYIMPOBOYHYIO XapaKTEPUCTHKY T'e-
ueparopa l, = f(1,).

5.Ilo pesynbraraM HCHBITAHHMHA CHHXPOHHOTO T'€HEPATOpa COCTABUTH
MIPUHONIHAANBHYIO CXEMY 3aMENIeHHUs OJHOM (Da3bl CHHXPOHHOTO T€HEepaTo-
pa ¥ ¢a3bl MOTpeOUTENs], C LEJIbI0 €¢ YINPOLICHUS] MOKHO TpeHeOpeyb ak-
TUBHBIM CONpOTHBIeHHEM (a3bl reHepatopa. [ljisi coCTaBiICHHOIH CXeMbl
3aMeIeHUs] HEOOXOJMMO MOCTPOUTHh BEKTOPHYIO JAMarpamMmy TOKOB,
HAIpsHKEHUH U MATHUTHBIX TIOTOKOB (prc. 12.6-12.8).

12.4. TloAroToBKAa K BHINOJHEHHIO Pa00UYero 3axaHusi

1. 3yunte HeoOXOoIMMBIE pa3Jiesibl B peKOMEHyeMol smTeparype [1,
2,5-7].

2. 3anucath MaclnopTHBIC JaHHbIE TEHEPATOPa U MPUBOIAHOTO JIBUTATEIs
U TIPOAHAIN3UPOBATh UX.

3. 3yuntp Ha 71a00paTOpPHOM CTEHJIE YCTPOHCTBO, OCHOBHBIE Y3IIBI U
JieTalll CHHXPOHHOTO TeHepaTopa.
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12.5. Yka3zaHus M0 BHINOJIHEHUIO padoyero 3aganus
U 00paboTKe pPe3yIbTATOB IKCIEPUMEHTA

1. ITonroe conpotuBicHue Z, (a3bl reHepaTopa U MOTPEOUTENS OIpe-
nernsieTcs o popmyie

ZA = EA/ IA: (123)

rne Ea — 3JeKTpoABIKYIas cuia ¢assl A reHeparopa, B;

I — Tok (ha3er 4 reHepaTopa, A.

AxTuBHOE comnpoTuBieHne Rya $haszel A morpedurens (eciau npeHeOpedb
AKTHUBHBIM COTPOTHUBJICHUEM (Da3bl reHepaTopa) onpeaessieTcs mo Gopmyie

R4 = UA/ I (124)

WunyktuBHOE compoTHBIeHHE Xa (a3bl reHepaTropa BBIYUCISIETCS I10

CIIeMyIoIIe popmyIe:
Xa :\]Zi_RjA . (12.5)

VYron ya Mexxay BektopoM D/IC renepatopa E,4 1 BEKTOpoM ToKa |4 BBI-
qucnseTces mo Gopmyie

y, =arctg % (12.6)

HA

DIIEKTPOMArHUTHasi MOIIHOCTh P,,, BbIpabaThiBacMas TEHEPATOPOM,
ompeaesseTcs mo Gopmysie

P, =3E,l,C0S y,. (12.7)

M

AKTHBHasI MOIITHOCTh P, oT/IlaBaeMasi rTeHepaToOpoOM MOTPEOUTEIIO, OTpe-
JeNseTCs 10 CIEAYIoNIel hopmye:

P=3U,l,cos ¢,, (12.8)

TJIE (Pa — YTOJI MEXJy BEKTOPOM HarpspKeHus notpebutens U, u BekTopoM
ToKa |4 (ecam Harpy3Koil SBISIOTCS JTaMITBl HAKAJIMBAHUS, TO YTOJ
¢ =0°).

2. Cxemy 3amenienusi (assl remeparopa u motpeburens (puc. 12.9)
MOJKHO MPEACTABUTH B BHIE CXEMBI IIPOCTON LEMH C MOCIEAOBATEIHHBIM
COEIUHEHUEM HCTOYHUKA NepeMeHHOM cunycounpansHod DJ[C ¢ BHyTpeH-
HUM COINpPOTHUBJIEHUEM X, M PE3UCTHUBHOTO CONPOTUBIECHUS JIAMIIOBOH
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Harpy3ku R,a. BekropHast amarpamma ist cxeMsl 3amemnienus (puc. 12.10)
CTPOUTCSI HA OCHOBAaHMHU yPaBHEHHMS, COCTABJIEHHOT'O JUIS 9TOH CXEMBI B CO-
OTBETCTBHH CO BTOPBIM 3akoHOM Kupxroda:

E.= LR, +1,X, =U,+1,X,. (12.9)

Bekrop E, onepexaer BeKTOp Toka |4 Ha yros ya, a Bektopsl Toka 4 n
HanpspkeHust U, mapaiienbHel Mexxay coboi. Ha BexropHoil nuarpamme
HEOOXOAMMO IOCTPOUTH BEKTOPHI MAarHUTHOTO IOTOKa BO30YkaeHus D,
peaknuu sikopst @ ¥ cyMMapHOTO MoTOKa reHeparopa @. BexropHas nuna-
rpaMMa MarHUTHBIX IOTOKOB CTPOUTCS HA OCHOBAaHWH YPaBHEHUS

E) = E)A +63 . (12.10)

Bekrop marauTHOro noroka @, onepexaer Bextop O/1C £, Ha yron 90°,
BEKTOp moToka ®, COBIamaeT ¢ HalpaBJICHHEM BeKTopa Toka | 4.

12.6. KoHTpoabHbIe BONPOCHI

1. O0bsicHuTE (U3MYECKUIT CMBICI MMOCTPOCHHBIX PabOYMX XapaKTepu-
CTHK CHHXPOHHOTO TeHepaTopa.

2. IloueMy y CHHXPOHHOTO T'€HEpaTOpa OCHOBHOW MAarHUTHBIA MOTOK
BO30yK/IeHHs cO3JaeTcsi 0OMOTKaMM BPaIIAOIIErocs poTopa reHeparopa, a
B/1C cHumaeTcst ¢ HeNOABMKHBIX 0OMOTOK SIKOPS, @ He Ha000poT?

3. Kakue nokazaTenu KadecTBa 3JEKTPUUECKOW DHEPrHH, BbIPaOaThIBa-
€MOI CHHXPOHHBIM T€HEPATOPOM, BaM U3BECTHBI?

4. Kakue criocoObl peryaupoBaHus 3JIEKTPOJBIKYIIEH CHIIBI TeHepaTo-
pa BaM U3BECTHBI?

5. 3mensTcs nu pabouyne XapaKTEPUCTHKH CHHXPOHHOTO reHeparopa,
€CIIM eTo Harpyska OyAeT YMCTO MHAYKTHBHOW (MM eMKOCTHOI)?

12.7. Tlopsinok opopmiaeHusi oTyera

1. 3anmcatp Ha3BaHUE U LeJIb JTa00PATOPHON PaOOTHI.

2. Berueptuts cxemy (cMm. puc. 12.5).

3. IIpuBecTH XapakTEPUCTHKY 0ObEKTa M CPEACTB uccnenoBanus (1. 12.1).

4. CHaTbIe IOKa3aHUS U MOJyYeHHbIE pacyeThl cBecTH B Tadu. 12.1-12.3.

5. Ha ocHOBaHMHM MOJIYYEHHBIX JJAHHBIX IOCTPOUTH paboure XapakTepH-
CTHUKH CHHXPOHHOTO TeHepaTopa (puc. 12.6-12.8).

169



E.B

160

120
80

40
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I, A
Puc. 12.6. XapakTepucTHKa X0JIOCTOrO X0a CHHXPOHHOTO reHepaTopa:

Ea= f1 (1) mpu n = const, I = const

U,B
180
160
140
120
100
80

0 1 2 3 4 5 I.A

Puc. 12.7. Brenmmnsis (Harpy3o4Has) XapakTepUCTHKA CHHXPOHHOTO TeHepaTopa:
Ua = f2 (1a) mpu E4 = const, 1, = const, n = const

0 1 2 3 4 ILA

Puc. 12.8. PerynupoBouHasi XapaKTepHCTUKA CHHXPOHHOTO TeHEepaTopa:
Iy = f3 (1a) mpu Up = const, n = const
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6. [Toctpouts cxeMy 3amenieHus (pa3bl CHHXPOHHOTO T€HEpaTopa U BEK-
TOPHYIO AWAarpaMMy MarHUTHBIX IOTOKOB M Hampsokenuit (puc. 12.9, 12.10).

Ea

© |l

Puc. 12.9. Cxema 3amerenus a3t A
CHHXPOHHOT'O IeHepaTopa

EA I AX A
U,
Q L
- ®
b D
2 Ya @A
®

@,

Puc. 12.10. BextopHasi auarpaMma MarHUTHBIX TOTOKOB
1 HaTIPSDKCHHUI CHHXPOHHOTO T'eHepaTopa

JlaGopaTopHas pa6ora Ne 13.
HNCCJIIEJOBAHHUE NMOJYITPOBOJHUKOBBIX TNO10OB

Ienu pabomeur:

1. CHATh ¥ TPOAHAIM3UPOBATh BOJBT-AMIIEPHBIE XaPAKTEPUCTUKU BbI-
NPSIMUTENBHOTO JMOJa U CTa0MJIMTPOHA, PAacCUUTaTh CTATHMYECKUE Mapa-
METPBI TPHOOPOB.

2. IIpuoOpecTr HaBBIKK PaOOTHI C AMOJAMU U ANIapaTypoH, UCTIOIb3ye-
MOI1 IpH HUCCIIEIOBAHUH XapaKTEPUCTHK U N3MEPEHUH ITapaMeTpOB IPHOOPOB.

3. IIpnoOpecTr HaBBIKK PabOTHI CO CIIPABOYHOM JIMTEPATYpOil MO MOIy-
MIPOBOAHUKOBBIM JIMOAM.
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13.1. O0bexT u cpeAcTBa HCCTeT0OBAHUA

OOBEKTOM HCCIEJOBAHUN SIBJISIOTCS IOJYIPOBOJHUKOBBIE OB
KcpenctBaM  uccnenoBaHHMs — OTHOCATCS:  LIEHTPAJbHBIN  Ipoleccop
PU-2000, neyarnas mmara EB-121, nudpoBoll yHHMBepcasbHBIH HpHOOD,
ocumiorpad.

13.2. O6mue cBeeHUsI 0 MOTYNPOBOTHUKOBBIX THOJAX

[TonynpoBoJHUKOBBINA 0] (BEHTHIIb) NPEACTABISIET COO0H KOHTAKTHOE
COCIIMHEHHME JIBYX IMOJIYIPOBOIHHUKOB, OTUH U3 KOTOPBIX C AJIEKTPOHHOH Mpo-
BOJIMMOCTBIO — N-THUIIA, & JPYTOi ¢ AbIpouHoit — p-tuna (puc. 13.1, a).

o

[N |

oo
=
~—

b
577998

——
®
s FEEEFTTTTEe]

-
—

Puc. 13.1. ITomynpoBOJHUKOBBIH BEHTUIIb M €r0 CXEMa BKIIOUEHHUS:
a — o0wmuii BUI; 6 — cXeMa BKJIIOYEHHsI B 00paTHOM HalpaBlICHUH;
6 — CXeMa BKIIIOUEHHS B IIPIMOM HAIPaBICHHN

BenencTBue 0OBIION KOHIICHTPAIIMU JIEKTPOHOB B TOJYIPOBOIHUKE N
Oyzner mpoucxoauts TUGQGy3us UX U3 MEPBOrO MOIYIMPOBOIHUKA BO BTO-
poii. AHanOrHYHO OyJeT MPoucxoauTh AU Gy3us ABIPOK U3 BTOPOTO MOIY-
NIPOBOJHMKA p-TUIIA B NIEPBBIM N-TUMA. B TOHKOM NOrpaHUYHOM CJIOE IIOJIY-
IIPOBOAHUKA N-THIIa BO3HUKAET IOJIOKUTEIbHBIN 3apsaa, a B IOrpaHuYHOM
CJI0€ TIOJIYNIPOBOJHUKA p-TUMA — OTPHUIATENbHBIA 3apsa. Mexay STHMHU
CTIOSIMH BO3HUKAET Pa3HOCTh MOTEHIIMAIOB (MOTCHIIMAIBHBIN Oapbep) U 00-
pa3yercsi JJIEKTPUYECKOE MMOJe C HEKOTOPOW HAMpsIKEHHOCTHIO, KOTOpast
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mpersaTcTByeT AudQy3un 37IEKTPOHOB U IBIPOK W3 OJHOTO ITONYIIPOBOIHH-
Ka B Apyroil. Takum oOpa3om, Ha TpaHUIE JBYX MOJYNPOBOJHUKOB BO3HHU-
KaeT TOHKUIl CJIOH, 0OCTHCHHBIA HOCUTEISIMH 3apsAA0B (3JICKTPOHOB M JIbI-
POK) ¥ 0OJaaroNUil OONBIINM COMPOTHBICHUEM. JTOT CIIOW HA3bIBACTCS
3aMUPaIOUIUM p-N-TIEPEXOIOM.

Bcneactsue TemnoBoro IBUKEHUS B dJIEKTpUUYECKOE TOJIe p-N-Tiepexoa
MOMAal0T HEOCHOBHBIC HOCHUTEIH 3apsoB (RJICKTPOHBI M3 p-O0JIACTH U
IOBIpKH U3 N-o0mactw). JIBIDKEHWE HEOCHOBHBIX HOCHTEINEH 3apsmoB MOJ
JEHCTBUEM CHII TOJIA p-N-TIepexoa HalpaBlIeHO BCTPEYHO AU((y3HOHHO-
My TOKY OCHOBHBIX HOCHTEINCH M Ha3bIBacTCA Ipel(OBHIM WM TEIUIOBBHIM
TOKOM, 3aBHCAIINM B CHJIBHOW CTETICHH OT TeMmepatypsl. [Ipu oTcyTcTBUM
BHEIIHETO AJIEKTPUYECKOTO TMOJNs ApeH(OBBII TOK ypaBHOBEUIMBACTCS
1(h(y3MOHHBIM M CYMMapHBIN TOK 4epe3 p-N-nepexo paBeH HYJIIO0.

CoeMHUB TIOJIOKUTENBHBIN 32)KUM HCTOYHHMKA MUTAHHS C MeTajinde-
CKHAM D3JICKTPOAOM MOIYIPOBOJHUKA N-THMA, a OTPUIATEIBHBIA 3a)KHM C
3MEKTPOAOM IOJIYNPOBOJHUKA p-THUIA, MOTYYHUM BHEIIHEE 3JIEKTPHYECcKOoe
IoJie, HaIllpaBJICHHOE COTJIACHO C MOJeM p-N-Tiepexojia, YCUIIMBAIOIIee ero
(puc. 13.1, 6). Takoe nosne emie Oompire OyAET MPENATCTBOBATH MIPOXOXKIIEC-
HUIO OCHOBHBIX HOCHUTEJICH 3apsI0B Yepe3 3aluparouid clIon, U Yepe3 Au-
OJ1 TIPOMIET Mallblii OOpaTHBIN TOK, OOYCIOBICHHBIH HEOCHOBHBIMU HOCH-
TensaMu 3apsga. OOpaTHBI TOK AWONA B 3HAYUTEIHHON Mepe 3aBHCHUT OT
TEMIEepaTyphl, YBEITUINUBASCH C €€ TIOBBIIIICHUEM.

[Tpu n3MeHeHUH MOJISIPHOCTH MCTOYHUKA nutaHus (puc. 13.1, 6) BHe-
HEe DJIEKTPHUYECKOE TI0JNe OKAKETCS HAIpaBICHHBIM BCTPEYHO IOIIO
p-N-Tiepexofa, TOA NEHCTBHEM STOTO IMOJS JIEKTPOHBI U JBIPKH HAYHYT
JIBUTAThCS HABCTpeUy APYT APYry U YHCIO OCHOBHBIX HOCHUTENEH 3apsiia B
MIEPEXOTHOM CJIOE€ BO3PACTET, YMEHbINas MOTCHIHAIBHBINA Oapbep U CONpo-
THUBJIEHUE TIEPEXOJHOrO CIOS.

Takum oOpa3oM, B 1IN yCTaHABIMBAECTCS NMPSIMON TOK, KOTOPBIN OyAeT
3HAYHUTENBHBIM JTAJKE TPU OTHOCHTEIHEHO HEOOIBIIOM HANPSKEHHH HUCTOY-
HUKA THTaHUS.

[pu HeOompIIOM TIpsiMoM HampspkeHuu (1 B) Ha 3axmMax nuoma B ero
LENH TPOXOJUT OTHOCHTEIHEHO OOJBIION TOK, a MPH 3HAYUTEIFHBIX 00paT-
HBIX HANPSKCHUSX TOK HUYTOXKHO MaJl.

Takum 00pa3oM, MOTYIIPOBOTHUKOBBIN O] 007a1aeT OJTHOCTOPOHHEH
MIPOBOJUMOCTBIO, T. €. SIBJISAETCS DJEKTPHUECKUM BeHTHIIEM. [IpoMBITIIIeH-
HOCTh TIPOM3BOJUT AIIEKTPUUYECKHE BEHTWIH T€pPMaHUEBBIC, KPEMHHEBBHIEC,
CeJICHOBBIC M METHO3aKHCHBIC. |'epMaHNeBBIe U KPEMHHEBBIC BEHTHIIN W3-
TOTOBJISIOT JBYX THUIIOB: TOYCUHBIE M INIOCKOCTHBIE.
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B ToueuHbIil repMaHUEBBIN A0 MOMEILEH KPUCTAI TEPMaHUs C 3JIEK-
TPOHHON NPOBOJMMOCTBIO, B KOTOPBIIl OCTpHUEM BXOIUT KOHTAKTHBIM Mpy-
KHUHALIMHA BBIBOJ aHoAa. 1o/ KOHTaKTHBIM OCTpPHUEM B pe3yJbTaTe CIELH-
AIBHOM TepMuYecKol 00paboTKH co3maercsi 00nacTb ¢ JBIPOYHON MPOBO-
JUMOCTBIO.

B mI0oCKOCTHOM TepMaHHEBOM AMOJE Ha IUIACTHHY IepMaHHs C 3JeK-
TPOHHOW ITPOBOAMMOCTBIO HAKNIaAbIBaeTCs TabJeTKa U3 WHIUS, KOTopas B
TpoIiecce M3rOTOBRICHNUS nruosa HarpeBaerca 10 500 °C u uraBuTCs Tak, 4To
ee aTroMbl THQOYHIUPYIOT B TepMaHuii, 00pa3ys 001acTs ¢ IBIPOYHOH MPO-
BOJIUMOCTBIO.

Ha rpanune nByx oGmactei (C 3JIEKTPOHHOW M IBIPOYHON IPOBOAMMO-
CTBIO) TOSIBISIETCSI 3AITUPAIONINH p-N-TIEPEXOI.

Kak B TO4YeyHOM, Tak M B IJIOCKOCTHOM IHOJAE T€PMaHUI NpHIIOEM
YKpEIUIeH Ha KpUCTaJuIoJepxkKarese, K KOTOpOMY IPHBapeH BBIBOJ KaToJa.
BrIBoz1 aHO/A TaKKe TPUIIOEM YKPEIUIIETCs B 00JIaCTH C IBIPOYHOM IPOBO-
JUMOCTBIO U BBIBOJMUTCS HapyKy B BEpXHEW 4acTH quojaa. MeramindecKkui
KOPITyC CBapeH C KpUCTaJIoAepkKaTelneM U CTEKITHHBIM H30JISTOPOM.

erMHI/IeBI)Ie JAUOABI OTIINYAIOTCA OT TCPMAaHUCBBIX HE TOJIBKO MaTcpua-
JIOM MOJYNPOBOJHWKA, HO M HEKOTOPHLIMU NPEUMYINECTBAMH, & HMCHHO:
OoJiee BBICOKOM NpENEeNbHOI TeMIepaTypoi, 3HAYNTEIbHO MEHBIIUM 00-
paTHBIM TOKOM, 00Jiee BBICOKUM ITPOOUBHBIM HAIIPSKEHUEM.

O}:[HaKO COMMPOTUBJICHUE KPEMHHUEBOT'O BCHTUJIA B IPAMOM HAIIpaBJICHUN
3HAYUTEIBHO OOJIBINE, YEM TePMaHUEBOTO.

CeneHOBBII BEHTHIIb COCTOUT W3 ATIOMHHHMEBOTO JMCKA, C OIHOW CTO-
POHBI IOKPBITOT'O CJIOEM KPHUCTATMUECKOTO CeJieHa, 00JIaJaloIero JeIpoy-
HOH TPOBOJIMIMOCTBIO, KOTOPBIN CITYXKHUT OJHUM 3JIEKTPOJIOM. JIpyrum aiek-
TPOJIOM SIBJISIETCS HAHECEHHBII Ha CEJIeH CIJION CIIIaBa KaJMUs U 0JI0Ba, IIPU
nuddy3nn U3 KOTOPOro aTOMOB KagMHs B celleH oOpasyeTcs cioi, obia-
JAIOIMH 3JIEKTPOHHON MPOBOAMMOCTHIO. CeleHOBbIE BEHTUIN MMEIOT 3Ha-
YUTEJIbHO MEHbIINE oOpaTHbIe HampspkeHus (10 60 B) u mioTHoCTH TOKAa,
YEeM I'€PpMaHHUCBBIC U KPEMHHUEBBLIC, TaK YTO HX Fa6apI/ITBI n MaccCa 3Ha4du-
TEIBHO OOJIBIIE.

OnHaKo XapaKTEepHCTHKH CEJIEHOBBIX BEHTHJIEH 0oJiee CTaOMIIBHBI, YTO
MTO3BOJISIET COEIMHSITh MX MOCIENOBATEIFHO M MapajuIeTIbHO IS yBEIHYe-
HUS OOpaTHBIX HANPSOHKCHUH W NPSAMBIX TOKOB. Kpome TOro, ceieHOBBIE
BEHTWJIN 00J1aJal0T CBOWCTBOM CaMOBOCCTAHOBJICHHS, KOTOPOE CBOJAUTCS K
CIIEAYIOLIEMY: €CIIM Yepe3 MPOOUTYIO MIai0y MPOMYCTUTH OOJBIION TOK, TO
CEJICH HarpeBacTCs M IUIaBUTCS, 3aKPBIBAast MECTO MPOOOS M BOCCTAHABIINBAs
BEHTHJIbHOE CBOMCTBO AUOJA.
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MenHO3aKUCHBIH BEHTHIIb COCTOUT U3 MEIHOTO AUCKA CO CIOEM 3aKHUCH
MeJii, K KOTOPOMY MpHJIeraeT Ul MOJTYyYeHHs XOPOLIero KOHTaKTa CBUHIIO-
BBIW JIUCK C JIATYHHBIM pasiiaTopoM Ooibioro auamerpa. Cioit 3akucu mMe-
11 o0pasyeTcsl IpH TepMUYEcKol 00paboTke Menu B aTMoc(epe KHCIOopo-
na. HapyskHblid crioli 3aKuCH Menu, TOJyYeHHBIH IIpU M30BITKE KUCIOPO/a,
oOnasaer IBIPOYHON HPOBOJUMOCTBIO, @ CJOH 3aKHCH, ITOJydeHHOW MNpu
HEJIOCTaTKe KHUCIOPOJa, SJIEKTPOHHOH INPOBOJMMOCTBIO. Mexiy STHMHU
JBYMS CIIOSIMH 3aKHCH MEIM BOSHHKAET p-N-TIEPEXOI.

MenHO3aKUCHBIE BEHTWIM HMEIOT HHU3KHE OOpaTHbIe HaNpsDKCHHS
(10 B) u mnotHoctn Toka (0,1 A/cM®) B B mpeoOpasoBaTENbHEIX yCTPOii-
CTBaX HE HCIOJB3YIOTCA. VX NpHMEHEHHE OrpaHHMYCHO H3MEPHTEIBHBIMH
npuOOpaMH B CHITY CTAaOMIBHOCTH UX XapaKTEPHUCTHUK.

13.3. IlopsiioK BBINOJTHEHHST PA0OTHI

1. CHATP M MOCTPOUTH BOJBT-aMIIEPHYIO XapakTepucTuky (BAX) BbI-
MIPSIMUTENIBHOTO JUO/A.
Cobpatsb cxemy 1o puc. 13.2.

Rz

ps-2

Puc. 13.2. CxeMa MOAKIIIOUEHHS JUOIA
B IIPSIMOM HaIIpaBJICHUH

Custh npsimyto BetBb BAX mnona 1, = f (U)).
Pesynbrarel m3MepeHuii 3anucath B Tada. 13.1.

Ta6nuna 13.1. /lanHble 1151 mocTpoeHus: mpsimoii BeTBu BAX
BLINIPSMHUTEIBLHOI0 1HOAA

Ups, B 0 1 2 3 4 5 6 7 8 9 10
U, B
I, MA

Cobpatb cxemy mo puc. 13.3. Cusate obpaTHyto BeTBb BAX BBINpsIMu-
TEJILHOTO quona. Pe3ynpraTel n3mepenuii 3anucats B Ta0i. 13.2.
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PS-1 PS-2

Puc. 13.3. CxeMa MOAKIIFOUYEHHS JUO1a
B 00paTHOM HarpaBJICHUN

Ta6nuna 13.2. Jannble AJs nocTpoeHus odparnoii BerBu BAX
BBINPSAMHATEILHOTO THOAA

Upso, B -1 -2 -3 —4 -5 -6 —7 -8 -9 -10
U, B
I, MA

Hoctpouts BAX muoga. [Ipsmyro i 0OpaTHYIO BETBb THOJa CTPOUTH Ha
oiHOM Trpaduke (MOKHO HCIIOIL30BATh PA3HBIC MACIITA0BI TOKOB).

2. CHATB ¥ IOCTPOUTH 00paTHYIO BeTBh BAX cTabumurpoHa.

Cobpartb cxemy 1o puc. 13.4.

R Rz

— 1o

LA me

Puc. 13.4. Cxema noaKITIOYEHUS CTAOMINTPOHA

Custb obparuyo BetBb BAX crabunurpona I, = f (U,,) u pesynbrarst
u3MepeHuil 3amucarts B Tabm. 13.3.

Ta6nuna 13.3. lanubie s nocrpoenust BAX craduanrpona

U, B 0 1 2 3 4 5 6 7 8 9 10
U, B
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[To pe3ympTaTaM M3MEpEeHHH IMOCTPOUTH 0OpaTHYIO BeTBh BAX cTabu-
qurpona I, = f (Ug,).

3. UccnenoBath BIMsSHUE Harpy3KkH R, Ha HanpshKeHUE CTa0MIH3ALIH.

J1s uccneqoBanus BIUSHUS CHITH 3aBUCUMOCTD U, = f (Uy,) mmst pas-
HBIX 3Ha4eHHH R,, KoTopoe mpexacTtaBisier co0oil mocienoBaTelbHOE CO-
enuHenue Ry u Ry, u 3amepsiercss ¢ mOMOINIbI0 OMMETpa IPHU OTCOETNHEH-
HOH cxeme cTaOWIuTpoHa. V3MEHEeHHeM CONpPOTUBIICHHS IOTCHIUOMET-
pa Ry, mocremoBaTensHO BBICTAaBIATH 5 3HaueHwit R, (800 Om, 500 Owm,
200 Om u 100 OM) u pe3ynbTaThl H3MEpEHUii 3amucarth B Tabn. 13.4.

Ta6nuna 13.4. Pe3yasTaThl BIMSHHS HATPY3KH R, Ha HanpsuKkeHHe cTa0HIN3aNUU

Ui, B 5 6 7 8 9 10
Ue: (mpu R, = 800 Om), B
U., (up# R, = 500 Ow), B
U, (npu R, =200 Om), B
U, (mpu R, = 100 Om), B
Ke: (%)

I[lo pesynpraTaM W3MEpPEHUH IOCTPOUTH TpaQUKH 3aBHCUMOCTEH
U, = f (Uy,) ot xaxaoro R,

4. Cusate Bpemennbie xapakrepuctuku U, () u U, (t) ogrononymnepuo-
HOTO BBIMPSIMHUTENSI MPH [MOJA4€ HAa TUOJ HAMPSDKEHHS CHHYCOWIAIBLHOM,
TPEYroJIbHON U NPSIMOYTOJILHON (DOPMBI.

Cobpartb cxemy 1o puc. 13.5.

Uex R3

Puc. 13.5. Cxema MoAK/IIOUEHHUs] BBIIPSIMUTENS

[loncoeqMHNUTE TEHEPAaTOpP CUTHAJIOB HAa BXOJA CXEMBI. Y CTaHOBHUTH aM-
IUINTYy Ha BXozae cxeMmbl 2 B wacroroit 200 I'n. Ocumimiorpad moxakitro-
YHUTH Ha BBIXOJ CXEMBI K Rj.

[TocnenoBarenbHO MOAABATH HAa BXOA BBIIPSIMHUTENS CHHYCOWIAIbHBIN,
TPEYroJbHBIA U NPSIMOYTOJIbHBIN CUI'HAJIBL. 3apHCOBATh U CPABHUTH OCIIMII-
JIOTPaMMBbI BXOJJHBIX M BBIXOJIHBIX HAIPSKEHHH.

W3menuTh yacToTy BXoAHOro curraia Ha f = 100 k['u u cpaBauth ¢ Uy,
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npu f = 200 T'u. OGpaTuTh BHUMaHWE Ha HCKaxeHHe (OPMBI BBICOKO-
YaCTOTHOTO CHI'Hala IPH NPOX0XKICHNH Yepe3 HU3KOYaCTOTHBIN IO,
5. Ilo HayanbHOMY y4acTKy oOpaTHOH BETBU BOJIbT-aMIIEPHOW XapakTe-
PHUCTHKH NOJIYIPOBOJHUKOBOTO MO/ ONPENEIUTh TOK HACHIILICHUS TUOAA.
6. [To oOpaTHO#1 BeTBH BOJBT-aMIIEPHOI XapaKTEPUCTUKU CTAOWIINTPOHA
OIIpENeTINTh HaNpsDKEHHE Havala JaBUHHOTO Ipo0os (HampspkeHue ctabu-
JIM3alun).

13.4. IloaroToBKa K BHINOJHEHUIO Padoyero 3aJaHus

1. I3yunts HEOOXOOMMBIC pa3lellbl B peKOMEHAyeMol mureparype [1,
2, 5].

2. ITo cripaBOYHMKY 3aIMcaTh MACIOPTHBIC JAHHBIE M IIEPEPUCOBATH Xa-
PaKTEepUCTUKH UCCIIENYEMbIX THUIIOB THOJOB.

13.5. Yka3zauus 1o BbIOJHEHUIO padoyero 3ajanus
U 00paboTKe pPe3yabTATOB IKCIIEPUMEHTA

Io cusitoit BAX nuona onpenenutb oOpaTHbI TOK HacklmeHus |, u
TO, U3 KAKOT0 MaTepuaa U3roTOBJIEH AUOL.
BoruncnanTs 3HaueHHE TOKA lopyg:

Ic‘raG = (Uax - UCTa6) / Rﬁ! (131)

rae Rg = 150 Om.
Paccunrars nuddepennnansHoe copoTHBICHHE CTAOMIUTPOHA R,;.
Omnpepenuts AMHAMUYECKOE conpoTuBieHue quoaa R, mpu U; = 0,5 B u
U, =0,65B.
Rum = (U2 = Up) / (I 1y). (13.2)

3nauenus Uy u U,, |} u |, BBIOHpatoTCs U3 SKCIIEpUMEHTATBHON TAOJIHIIBL.
Brruncnants koadpunment crabummzanuu K, %, crabunurpoHa u tem-
MepaTypHBIH MOTEHINAT (P, BRIIPSIMUTEIHLHOTO THO/A!

U (R, =800 Om)-U (R, =100 Om)
o= 100;  (133)
U (R, =800 Owm)

_ UuZ _Uul _ AUD
¢, = = . (13.4)
Int,=Int, I

al
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13.6. KoHTpO/IbHBIE BOIIPOCHI

1. Yto Takoe coOCTBEHHAs! M MPUMECHAask IPOBOIUMOCTH?

2. Kak 3aBucuT nosoxenue ypoBHs @epMu OT KOHIEHTPALUHA PUMeEce
B IIPUMECHBIX ITOJTYIIPOBOJAHUKAX?

3. Uro Takoe eMKOCTh p-N-miepexoja U Kak OHa 3aBHCUT OT IPHIOKEH-
HOTO HaNpsDKEHHs?

4. OOBsCHHUTE Pa3HUILy BOJNBT-aMIIEPHBIX XapaKTEPUCTHK p-N-Tiepexona
1 TIOJTyIPOBOAHUKOBOTO IHOAA.

5. UeM oTiMyaroTCs BOJBT-aMIEPHBIC XAPAKTEPUCTUKH KPEMHHEBOTO H
TepMaHHEBOTO ANOJOB?

6. Kax Bimsier Temrieparypa OKpY»KaroIleil cpensl Ha BOJbT-aMIICpHBIC
XapaKTepUCTUKH AUO/IOB?

7. Ilpu KaKuX yCJIOBHSIX BOSHUKAET TEILUIOBOI MpoOOii?

8. Uem ompezensercs MakCHUMaJIbHO JIONYCTHMOE OOpaTHOE HarmpsbKe-
Hue guonaa?

9. OT 9ero 3aBUCHUT HaNpPsHKEHUE JJABHHHOTO TIPo00s?

10. Kak 00BbSACHUTH BHIMPSMUTEIBHBIE CBOMCTBA P-N-Tiepexoia?

11. Kakue TpeOoBaHHS MPEIBABISIOTCS K HEBBIIPSIMIAIONIEMY (OMHIYe-
CKOMY) KOHTaKTy?

12. Kaxk 3aBHCHT MHpHHA P-N-TIEPEX0/ia OT MPUIOKECHHOTO HAMPSKESHUST?

13. Hapucyiite 5KBUBaJICHTHYIO CXeMY JHOJa.

14. Kakyne y4acTKH BOJIBT-aMIIEPHBIX XapaKTEPHUCTHUK CTAOWJINTpOHA M
cTabucTopa SBISIOTCS paboynMu?

15. Kak BKJIIO4aIOTCS B CXeMY CTaOMIUTPOH U CTaOUCTOP?

16. OObscHHUTE XapaKTep TeMIIepaTypHOH 3aBUCHMOCTH 3JEKTPUUYECKON
MIPOBOJIUMOCTH Il YUCTOTO M MPUMECHOTO ITOIYIIPOBOAHUKOB.

13.7. Ilopsinok opopmiaeHns oTyeTa

OTueT JOIKEeH COAePIKaTh:

1. [IpuHOMTIHATIBHBIE CXEMBI HCCIICOBAaHUS XapaKTEPUCTHK MPHUOOPOB,
BEITIOJTHEHHEIE ¢ coOutoaerneM Tpedosanuii [OCT.

2. TabnuIpl SKCIIEPUMEHTAIBHBIX TAHHBIX M PE3yJIbTAThI PacyeTa.

3. OcummiorpaMMsl ¥ rpa)Ky TOKOB U HANIPSDKECHUH.

4, BrIBOIBI:

a) O BJIMSIHUH MPSMOTO U 00paTHOTO BKIIOYEHUS MPHOOPOB Ha WX pado-
Ty U BUJI BOJIBT-aMIIEPHBIX XapaKTePUCTHK;

0) 00 n3MeHeHHH (POPMBI BHIXOJIHOTO HAIPSDKEHHUS PU TIOAa4Ye Ha BXOJ
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CHHYCOMJANbHBIX, TPEYTOJIBHBIX U NMPSIMOYTOJIBHBIX CUTHAIOB Ha BBICOKOM
JacTOTE MPH MPOXOKACHUH YePe3 HU3KOYaCTOTHBIN BBIPSIMHUTEIBHBIN IHOT;

5. ConocraBieHne 3KCIIEPUMEHTAJIBHBIX JIaHHBIX C Pe3ylbTaTaMH TEO-
pETUYECKOro aHaju3a.

JlabopaTtopHas paGora Ne 14,
MN3YUYEHUE BUIIOJISIPHBIX TPAH3UCTOPOB

Lenu padomor:

1. 3yunth NpUHLUN JEHCTBHS, CXEMbI BKIIIOYEHHS, CTaTHYECKUE Xa-
PaKTEPUCTUKHU U TIapaMeTphl TPAH3UCTOPA.

2. [IpuoOpecTn mpaKkTHYECKAE HABBHIKM PaOOTHI C OWITONISIPHBIMH TpaH-
3UCTOpaMH | ammapaTypoi, NCTIOIb3yeMOl NPU HCCIIEIOBAHUN XapaKTepH-
CTHK ¥ U3MEPEHHH UX [TapaMeTpPOB.

3. IIpunoOpecTr HaBBIKKM pabOTHI CO CHPABOYHON JIUTEPATYPOHl MO TpaH-
3UCTOpaM.

14.1. O0beKT U cpeAcTBA UCCIET0BAHUSA

OOBEKTOM HCCIIEIOBAaHUI  SBISAIOTCS OWITONSPHBIC TPAH3UCTOPHI.
K cpencrBam ncciiemoBaHus OTHOCSTCS IEHTPANBHEIN mporieccop PU-2000,
medaTtHas trata £B-111, nudpoBoiil yHUBEpCaNbHBIA IPUOOD.

14.2. O0mue cBegeHUs1 0 OMNOJISAPHBIX TPAH3UCTOPAX

TpaH3uCTOPOM Ha3bIBAE€TCS IOJYNPOBOAHUKOBBIA NPHOOP B IBYMS
p-N-TiepexoaMu, MpeAHa3HAYCHHBIN JUI yCWICHHUS U TeHEPUPOBAHUS 3JIEK-
TPUYECKUX KOJIEOaHUH M MPEICTaBIAIOMNN CO00H TUIaCTHHY KPEMHUS W
TrepMaHMs, COCTOSAIIYI0 M3 Tpex oOmacteid. J[Be kpaifHume oOyacTm Bceraa
001a1a10T OIMHAKOBBIM THIIOM IPOBOANMOCTH, a CPEIHssI — MPOTHBOIIO-
JIO)KHOW TTPOBOAMMOCTBIO. TpaH3UCTOPBI, Y KOTOPHIX KpaliHHe 00iacTi 00-
JaJaroT JIEKTPOHHOI INPOBOAMMOCTBIO, HA3bIBAIOTCSI TPAH3UCTOPAMHU
n-p-n-tuna (puc. 14.1, a), a TpaH3UCTOPBI, Y KOTOPBIX KpaitHue 001acTu 00-
JIAJA0T ABIPOYHOM, a CPEHSS — IMEKTPOHHON MIPOBOAUMOCTBIO OTHOCSITCS K
TpaH3ucTopam p-N-p-tumna (puc. 14.1, 6). @u3udecKre MPOIECCHl, IPONUCXO-
JSIIMe B TPAH3UCTOPax ABYX THUIIOB, AHAJIOTHYHBI, M PA3JINIHE MEKIY HUMHU
3aKJII0YAETCsl B TOM, YTO HOJISIPHOCTH BKIHOUEHUS] HCTOYHUKOB MUTAHUSA UX
MIPOTUBOIIONOXKHBI, @ TAaKXKE€ B TOM, YTO €CIM B TpaH3UCTOpe N-P-N-THIa
IEKTPUUECKUN TOK CO3IAaeTCS B OCHOBHOM 3JIEKTPOHAMH, TO B TPAH3HUCTO-
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pe p-n-p-tuna — gpipkaMu. CMeXHBIE 00JIaCTH, OTACNICHHBIE IPYT OT Ipyra
p-N-TIepexoaamMu, Ha3bIBAIOTCS SMUTTEpOM I, 6a3oit b u xommexkTopom K.

Jmummep basa Konnexmop

n 2 a
e»e’*@ L
~®

@5 |4

! ; 1

Puc. 14.1. Ipuarmn paGoTsl 1 yCIOBHOE 0003HAYEHNE
TpaH3UCTOpa: a — N-P-N-TUna; 6 — p-N-p-TUmna

DMHUTTEp SBISETCS 00ACTHIO, UCIYCKAIOMIEH (SMUTPHPYIOMICH) HOCH-
TEJIN 3apsJiOB AJIEKTPOHOB B TpaH3UCTOpe N-P-N-TUIMA U JBIPOK B TPaH3H-
cTope p-N-p-THIa, KOJUIEKTOp — 00J1acTh, coOMparomias HOCUTENHN 3aps/IoB,
0a3za — cpenHsist 00JacTh, OCHOBAaHUE.

B ycnoBusx paboThl TpaH3UCTOPA K JICBOMY p-N-TIEPEXOy IPHUKIAIBI-
BAaeTCsl HANpPSDKEHHE IMUTTEP-0a3a B MPSIMOM HAIPaBJICHHH, 4 K IPABOMY
p-N-TIepexoy — HampspDKeHHE 0a3a-KOJUIEKTOp B OOpaTHOM HAIpaBJICHUH.
[Tox nmeficTBHEM 3IEKTPHUYECKOTO TOJIS OONBIIAs 9aCTh HOCHTEINCH 3apsiIoB
n3 JeBoil obmactu (dMUTTEpa), MpeojosieBas p-N-epexoi, MEpexoauT B
O4YeHb Y3KyI0 cpemHIoo obiacts (06a3y). [amee Oombimas 9acTh HOCHTENEH
3apsI0B MPOJODKACT JBUTATHCS KO BTOPOMY MEPEXOAY M, IPUOIIIKASLCH K
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HEMY, IIOIA/IacT B JICKTPUUECKOE T10JI€, CO3JaHHOE BHEITHUM HMCTOYHHUKOM.
[Ton BnusHEEM 3TOTO OIS HOCUTENH 3apsJOB BTATUBAIOTCS B IPaBylO 00-
JacTh (KOJUIEKTOP), YBEIMYMBAs TOK B LIEMH OaTapew.

Ecnu yBenmuuTh HampspkeHHE Ha AIMHUTTEpE, TO BO3PACTET KOJIMYECTBO
HOCHTENEeH 3aps0B, NMEpEeIeAnX U3 dMHUTTEpa B 0a3y, T. €. YBEIHUUTCA
TOK SMHUTTEPA HA HEKOTOPYIO BenW4uHYy. IIpn 3TOM Takke yBEIHMIHTCS TOK
KOJUIEKTOPA Ha BEIMUYHHY.

B 0a3e He3HaunTenbHAS YACTh HOCHTENECH 3apsiioB, MEpPEIICANINX M3
SMHUTTEPA, PEKOMOMHUPYET CO CBOOOAHBIMH HOCHUTEIIAMH 3apsI0B MPOTHBO-
TIOJIO>KHOH TTOJISIPHOCTH, YOBLIb KOTOPBIX TOTMOJHIETCS HOBBIMH HOCHUTEIISI-
MU 3apsJ0B M3 BHEUIHEH Lienu, o0pa3yrouuMu Tok 0a3el. Takum oOpazom,
TOK KOJUIEKTOpa OKa)KETCS MEHbLIE TOKa IMUTTEPA, HE3HAUUTEJIbHO OTJIH-
Yasch OT nocienHero. OTHOLIEHHE MPUPAIIEHHS TOKa KOJUIEKTOpa K MpH-
pAllleHUIO TOKa SMHUTTEpa IIPU IOCTOSHHOM HANpsHKCHUH KOJUIEKTOpa
Ha3bIBaeTCs KOO UIMEHTOM YCUIICHHS TI0 TOKY M OOBIYHO UMEET 3HaueHHe
0,9-0,995.

Ecin nens smutTep-06a3a pa3oMKHyTa U TOK B HEH paBeH HYIIIO, @ MEXIY
KOJUIEKTOPOM M 0a30i MPHUIIOKEHO HAaNpsDKEHHUE, TO B IIETH KOJUIeKTopa 0y-
JeT TPOXOJUTH HEOOJBIIOW OOpATHBIA (TEIUIOBOW) TOK, OOYCIOBICHHBIN
HEOCHOBHBIMH HOCHUTEIISIMH 3apsJ0B. DTOT TOK B CHJIbHOW CTETICHN 3aBUCUT
OT TEMIEpaTypsl U ABISIETCS OJHUM M3 IapaMETPOB TPaH3UCTOpa (MEHBILIEE
€ro 3HaUeHHE COOTBETCTBYET JIYUIIIMM KauecTBaM TPaH3HCTOPA).

Tak kax JIeBBIH (IMHUTTEPHBIH) P-N-TIEpeXoa HAXOIUTCS IMOJ MPSIMBIM
HaIpsDKEHWEeM, TO OH 00JIaJlaeT MajbIM CONpoTHBIeHHEeM. Ha mpaBblii ke
(KOMIIEKTOPHBIHN) P-N-TIepexo BO3MCHCTBYET 0OpaTHOE HAMPSDKEHHE, W OH
uMeeT OoJIbIloe conpoTHBiIeHUe. [109TOMY HanpsbKeHHe, TPUKIIAIbIBAEMOE
K OMHTTEpY, BeCbMa MaJo (JecsAThIe JOIH BOJBTA), a HANpsDKEHHUE, I0/1aBa-
€MO€ Ha KOJIJIEKTOp, MOXKET OBITh JOCTATOYHO OOJBIINM (IO HECKOJIBKHX
JIECSITKOB BOJIBT). VI3MEHeHHE TOKa B LENH 3MHUTTEPA, BHI3BAHHOE MaJIbIM
HarnpspKeHHEeM, CO31aeT NPUMEPHO TaKoe )K€ M3MEHEHHE TOKa B I KOJI-
JIEKTOpa, T/ie JeWCTBYET 3HAYUTENIHHO OOJIbIllee HAIIPSDHKEHHE, B pE3yJbTaTe
Yero TPaH3UCTOP OCYIIECTBISIET YCHIEHHE MOIIIHOCTH.

14.3. Ilopsi10K BHINOJTHEHHUST PpadOTHI
1. CHATH CeMENHCTBO CTaTHUECKUX BXOJHBIX XapaKTEPHUCTHK TPAH3UCTO-

pa st cxembl ¢ OD Ig = f (Ug,) ot kakmoro Uy,.
CoOpaTh cxeMy HCCIeIOBaHUs XapaKTepucTuK (puc. 14.2).
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Puc. 14.2. Cxema uCIBITaHUS TPAH3UCTOPA

BxomHple XapaKTepUCTHKH CHHMAIOTCS U1 TIOCTOSHHBIX 3HAYCHHH
koimekToproro HampspkeHus Uy = 0 B m U, = 5 B. BricraButs Ha PS-1
Ui = 0. U3mensas Ug, ¢ momompo R;, koTopoe m3MepsieTcss BOIBTMET-
poMm V1, cHATH 3HaueHUs TOKOB lg mo ammepmetpy A1. Amnepmerp A2 3a-
kopoTtuth. [loBTOpHUTE M3Mepenus anst Uy, = 5 B. Pesynpratsl usmepenuit
3amucath B Ta0i. 14.1 v mocTpouTh 00¢ XapaKTepPUCTUKK Ha OJJHOM Tpaduke.

Ta6numa 14.1. BxogHble XapaKTepHCTHKHA TPaH3ucTopa ais cxembl ¢ 0D I = (Usg,)

U6’33 B
|(,, MA

U,=0B
U,=5B

2. CHATh CEMEHCTBO CTaTHYECKHUX BBIXOJHBIX XapaKTEPHUCTHK TPaH3H-
cropa it cxemsl ¢ O3 |, = f (U,,) ot kaxoro lg.

Bonsr™erp V1 orcoenuHnTh. BBIXOJHBIE XapaKTEPUCTHKU CHATH IS
CIEIYIONMX (UKCHUPOBAHHBIX 3HAa4YeHHU OazoBoro Toka: lg = 0 MKA;
50 MkA; 75 MkA; 100 MKA, KoTOpBIe M3MepsitoTcsi amnepmeTpoM Al. Pe-
3yJIBTaThl U3MEPEHHH 3anucarh B Ta01. 14.2 n mocTpouTh rpauKH.

Ta6ununa 14.2. BxogHble XapakTepuCTHKH TpaH3ucTopa st cxembl ¢ 09 |, =f (U,,)

UK')’ B

mpH | = 0 MKA
pH ls = 50 MKA
npH ls =75 MKA
mpu ls = 100 MKA

3. CHATH CEeMEHCTBO CTATHYCCKHX XaPAKTEPUCTHK MPSAMOU Iepeadu mo
ToKy Tpansucropa ¢ O3 I, = f (Is) or kaxgoro U,,.

Jlnst CHSTHSL XapakTepUCTHUK NPSIMOM IMepeiavynd TOKa TpaH3UCTOpa B
cXeMe OTKIIIOYMTh BONbTMETp V1, Ha BoibTMeTpe V2 ¢ momompio PS-1
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ycranosuth Uy, = 0 B. 3menss ¢ momombio R; Tok 6a3sr lg, m3mMepeHHsIi
amriepMeTpoM A1, CHATH Moka3aHust amnepmerpa A2 — Toka KojuiekTopa |.
[MoBToputh M3mepenus mis Uy, = 5 B. PesynbraTel usmepenuii 3anucars B
Tab1. 14.3 1 mocTpouTh rpaduKH.

Ta6auna 14.3. XapakTepucTHKH TPaH3MCTOPa MO TOKY st cxembl ¢ O I, = f (lg)

Us
I

mpu U, =0 B
mpu U, =5 B

4. OnpenenuTh Ha BBIXOAHBIX XapaKTEPUCTUKAX OOJACTH: HACBIIICHUS,
OTCEYKH U aKTHBHOTO PEXUMa pabOTHI TPAH3HUCTOPA.

14.4. IloaroroBka K BbINOJTHEHHIO Padoyero 3aJaHus

1. TIpenBapuTensHO MO peKOMEHI0BaHHOU suTeparype [1, 2, 5] usyuuts
TEOPETHYECKHE CBEACHHS [0 OUTONIPHBIM TPAH3UCTOPAM.

2. W3yuuth 3a7aHue Ha JJaOOPATOPHYIO pabOTy ¥ METOAMYCCKHE yKa3a-
HUS K HEH.

3. ITo cnpaBOYHHUKY 3amucaTh MACIOPTHBIE JAHHBIE, CXEMY PaCIOJIOKe-
HUA BBIBOAOB M MEPEPUCOBATH XapPAKTECPUCTUKU HUCCICAYEMBIX TPAH3UCTO-
POB (THIT TPAH3MCTOPA YKA3BIBAETCS MPENOAABATENIEM).

14.5. Yka3zaHus M0 BHINOJHEHUI0 Padovero 3aganus
U 00paboTKe Pe3y/IbTATOB IKCIEPUMEHTA

1. Tlo momy4eHHBIM XapaKTEpUCTHUKaM i 33/JaHHOM paboueil TOukn
(3a7aeTcs mpenojaBaTeNieM) OnpeaeuTs h-mapaMeTpsr.

2. Berunciute  ¢usuueckue mnapamerpsl T-o0pa3HOW SKBUBalIEHTHOM
cxemsl 110 h-mrapameTtpam.

3. ITo cemeiicTBaM BBIXOJHBIX XapaKTEPUCTUK OIPEAEIUTH YCUIEHHE 10

TOKY .
14.6. KonTpoJBHBIC BONIPOCHI

1. Pacckaxxute 0 mpsiMoM 1 00paTHOM BKJIFOUEHUH p-N-TIepexo/a.

2. Hapucyiite CTpyKTypHYIO CXeMy M yCJIOBHO€ 00O3HaueHHE TPaH3H-
CTOpPOB THMA P-N-Pp 1 N-Pp-N.

3. OOBsiCHHTE MPHHLIWI ACHCTBUSA OWIOJSIPHOrO TpaH3ucropa. Kakwe
(u3HYecKre MPOLECcCHl MPOUCXOAAT B TpaH3UCTOpE?
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4. Nzobpasute cxeMbl BKIoueHHs TpaHzuctopos: O, Ob, OK. Matite
UM CPaBHUTENBHYIO XapaKTEPUCTHKY IO KOI(pQHIMEHTaM YCHJIEHHS TOKa,
HaNpsDKEHUS, Ryy, Rogxe

5. losicHuTe CcTaTHYECKHUE XapaKTEPUCTHKU TPAH3UCTOPOB IO CXEMeE:
OB, O3 (BxoxHas1, BEIXOIHAS, IPSIMON IEepeIadd 1Mo TOKY, 0OpaTHON CBS3H
10 HaNpSKEHUIO).

6. Onmmure cucremsl Z, Y, h-mapamerpoB. B uem 3akimrodaroTcst Hemo-
CTaTKU cHUCTeMBbl Z, Y-mapamerpoB? HasoBute wMeronsl onpeneneHus
h-mapamerpos.

7. Pacckaxxure o T-00pa3HbIX (QHU3MYECKUX HSKBUBAJICHTHBIX CXEMax
Tpan3ucropa. KakoBa cBsa3p mapameTpoB T-00pa3HBIX SKBHBAJCHTHBIX CXEM
(pmsmueckux mapamerpos) ¢ h-mapamerpamu?

8. VkaxxuTe HampspKeHUs, MPUIOKEHHBIE K P-N-Tiepexo1aM Ha IOJIOTOM
(U, > Uy,,) ¥ KpYyTOM y9acTKaX BBIXOJHOM XapaKTEPUCTUKH.

9. [lepeuncnure OCHOBHBIE JOCTOMHCTBA U HeAocTaTKU cxeMbl ¢ Ob.

10. ITepeuncnute OCHOBHBIE JOCTOMHCTBA U HEJOCTATKH cxeMbl ¢ O3.

11. PacckaxuTe 0 MOIYJISIINH TOJIIHUHBI Oa3bI.

12. [Touemy cxema ¢ OOIIMM DMHUTTEPOM MOJyYHJa HauOOJbIIee pac-
npocrpaHenue?

14.7. Tlopsinok oopmiIeHUs 0OTHETA

OTueT JOMKEH COAEPIKaTh:

1. [IpuHIMNMaNbHBIE CXEMBI UCCIIEOBAaHMS XapaKTEePHCTHK TPAH3UCTO-
POB, BHIITOTHEHHBIE ¢ cobmoaenueM tpeboBanuii [OCT.

2. Tabnu1pl SKCIEPUMEHTAIBHBIX JAHHBIX U PE3yJIbTaThl pacyera.

3. I'padmku XapakTepUCTHK TPAH3UCTOPOB.

4. BeiBosisl 0 mpozenanHoil padore. ConocTaBieHNE 3KCIEPUMEHTANb-
HBIX JIaHHBIX C pPE3yJbTaTaMH TEOPETHYECKOr0 aHaIM3a 10 (U3MYECKUM
rmapaMeTpaM M CTaTHIECKUM XapaKTePUCTUKAM.

JladopaTopuas padora Ne 15
U3YYEHUE U UCCJIEJOBAHUE TUPUCTOPOB

Henv paéompi: CHATH BOIBT-aMIEpPHBIE XapaKTEPUCTHUKH THPHUCTOPA,;
ONpPENEINUTh MapaMeTpbl TUPUCTOPA.

15.1. O0beKT u cpeAcTBa HCCIeI0BAHUS
OOBEKTOM HCCICIOBAHUN SIBIIIOTCS TUpHUCTOPBI. K cpencTBaM uccie-
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JOBaHUS OTHOCSTCS: HEHTpaNbHBIN mporeccop PU-2000, mewatHas 1moiata
EB-112, undpoBoii yHUBepcaibHbIN MpUOOP.

15.2. O6mue cBeeHUs] 0 TAPHCTOPAX

UeThIpeXCIOMHBIN KPEMHHUEBEI BEHTIIIb C OBYMS DJICKTpOAaMH (aHO-
JIOM W KaTOIOM) Ha3bIBaeTCs AMHHCTOpoM. Ecnm kpome aHona m karona
UMeeTcsl TpeTHil (YNpaBiSIOMINA) DJEKTPOA, TO BEHTWIb CTaHOBUTCS
yIpaBJIIEMBIM U Ha3bIBAE€TCS THPUCTOPOM.

Tupuctop, KaKk ¥ AUHHCTOP, UMEET YeThIpe closi — p-N-p-n (puc. 15.1),
MeX]ly KOTOPBIMHU HaxoJsaTca TpH P-n-nepexona: I11, I12, I13. ¥V tupucropa
OT CcpegHel 00I1acTH p UMeeTCs BBIBOJ — YIPaBJILIIOMUii 31eKkTpos Y.

n1

nz n3

n

iSK

- ]
Puc. 15.1. Cxema ycTpoiicTBa THpHUCTOpA

IIpu OTKITIOUEHHOM YHPABIISIONIEM 3JIEKTPOAE TUPHCTOP MPEBPAIIACTCS
B AMHHUCTOD.

Ecnu Mexay aHOIOM M KaToOJOM BEHTWIISA NMPHIOKEHO HEOOJBIIOE I10-
CTOSTHHOE HallpsDKeHHE B NPSIMOM HanpasiieHnH, To nepexonst I11 u I13 Oy-
JYT OTKPBITBIMU M UX conpoTuBienue maio. [lepexon 12 Oyner BkimodeH B
o0paTHOM (HENpOBOJAILEM) HANPABIEHUN M €r0 CONPOTHUBICHHE BEIHKO,
TaKk 4TO BCE MPWIOKEHHOE K THPHUCTOPY HANpsKeHHE OyAeT MpaKTHIeCKH
Ha iepexofe [12, a Tok B menu mai.

[Tpu noBsIteHuy HanpspkeHUs: U Ha THpHCTOpE TOK B IEMN YBEIHMYNUBA-
eTca He3HAYUTEIHHO, TaK KaK OrPaHWYHBAETCS OOJBIINM CONPOTHUBICHUEM
nepexoxa I12, u BonpT-aMmepHas XapaKTepHUCTHKa THpHCTOpa OyaeT mo-
no0Ha 00paTHON BETBH XapakTepUCTUKU anona (kpusas Oa Ha puc. 15.2).

Ecnu HanpsikeHue JOCTHUTHET HEKOTOPOrO ONPEAEICHHOrO 3HAYEHUS,
Ha3blBAEMOr0 HANpshkeHUueM nepekmodenus Uy, To B mepexoge I12
HAMpPSKEHHOCTb DJJIEKTPUYECKOTO IOJsl CTAHOBUTCS JOCTaTOYHOM AJIs
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HMOHHU3AIIMN M 00pa30BaHMA HOBBIX CBOOOTHBIX HOCHTEJIEH 3apsAmoB (dIEK-
TPOHOB H JIBIPOK), €T0 CONPOTHBICHUE PE3KO YMEHBIIACTCS W THPHCTOP OT-
KpBIBAETCH.

Hamnpspkenne Ha OTKpBITOM THpHCTOpE (Y4acToK 66 Ha puc. 15.2) maino
(mopsinka 1-2 B) ¥ mo4YTH HEM3MEHHO, TaK YTO TOK B IIEMTH OIPaHUYNBACTCS
COIPOTHBIICHUEM BHEIITHEH HArpy3KH.

HaunGonpmmii TOK THPUCTOpA JMMHUTHUPYETCS TPENENBHO IOMYyCTUMOM
MOIIHOCTBIO, paccenBaeMoii M. Ecin ymMeHbIIaTh TOK 4epe3 OTKPBITHIA
TUPUCTOP, TO OH OYJIET OCTaBaThCsl OTKPBITHIM 10 TEX IOP, 0K TOK B TH-
pHCTOpE IOCTATOYEH UIS MOJAAEPKAHUS Tpoliecca 00pa30BaHNs HOCUTEIEH
3apsaa0B B nepexone [12.

IIpn ToKe, MEHbIIE ONPENEICHHOTO 3HAYEHHS, Ha3bIBAEMOTO TOKOM
yaepxaHus ly,, THPUCTOp 3aKphIBAaeTCA, T. €. BO3BPALIAETCA B HENPOBOJIS-
I11ee COCTOSTHHE.

Ecnu Ha ynpaBnsionuil 31eKTpo]] MOAaTh MOJI0KUTENBHBIA NOTEHIIHAT
OT TIOCTOPOHHET0 MCTOYHHKA, TO B mepexone 13 BO3HUKHET TOK yrmpaBie-
HUS U THOSABATCS JOIOJHUTENIbHBIC HOCHUTENM 3apsiOB, BCIEICTBHE UEro
YMEHBIIINTCS HAIPSKEHUE NMEPEeKIII0YeHUS 3TOro Mepexoja U TUpUcTop Oy-
JIET OTKPBIBATHCS TIPH MEHBIIEM HanpspkeHud U,

UYem Gonbiue Tox ynpasiaeHus ly, Tem Gonblle JOMONTHUTENBHEIX 3aps-
noB B mepexone [I3 m MeHbIIe HampsHKEHHE MEPEKIIOYEHUS THPUCTOPA.
[lpn ompeneneHHOM 3HAYEHWH TOKA YINPABICHHs, Ha3bIBAEMOM TOKOM
crpsamiaenns ly., Tupuctop Oyaer paboTaTh Kak HeynpapiseMblii BEHTHIIb,
T. €. OyZeT OTKPBIT NPH JIOOOM IIOJIOKHUTETHLHOM HAIPSHKEHUH Ha €ro aHo-
ne. Takum 0Opa3oM, THPHCTOP OTKpPBIBAaETCSA Kak IPH Mojade HA €ro aHo.
HanpspKeHUS IEPEKITIOYEeHNs], TaK U MPH BIJIIOYEHUH TOKa YIPaBICHUS J0-
CTaTO4HOH BeIUYHHBI ly.

Tak Kak yrnpaBIsIOIINH 3JIEKTPOJT NOCIIE OTKPBITUSI THPUCTOPA NIEPECTaeT
OKa3bIBaTh BIMSHHE Ha €ro paboTy, TO B IENM YIPABIISIOMIETO 3JIEKTPOoIa
MIPOXOJMT KPATKOBPEMEHHBIH MMITYJILC TOKA MPSMOYroNbHON (GOPMBI JUTH-
TENBHOCTHIO prMepHO 10 MKC.

Ilpu mojave Ha 3aKHMMbl TUPHCTOpPa 0OpaTHOro HampsikeHHs Uy, OH
OyzneT 3akpbIT 00paTHO BKIItoUueHHBIMU Tiepexonamu 11 u 13 He3aBucumo
OT YHPABJIIOIIETO TOKA M €T0 BOJBT-aMIEpHAsi XapaKTePUCTHKA MPaKTHIe-
CKHM He OyZeT OTIIM4aThcs OT 0OpaTHOI BETBU BOJBT-aMIIEpPHOM XapaKTepH-
CTHKH HEyMpaBisieMoro BeHTuiis (puc. 15.2).

THupHCTOPBI UMEIOT [Ba YCTOWYMBBIX COCTOSHHMS: IPH 3aKPBITOM THPH-
CTOpE ero CONpPOTHUBIICHHE O4YEeHb BeNUKO (R ~ o), mpu OTKpBITOM — Majo
(R~ 0). ITosToMy THPHUCTOPBI HAXOMAT IPUMEHEHHE KaK OCCKOHTAKTHBIC
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MEPEKIIFOYATENI B HHBEPTOPAX, PETYIUPYEMBIX BBIIPIMHUTENSAX, B CXEMax
3aIIUTHI U T. 1.

I
A
y2 L Y s >
a

0
loBp

Puc. 15.2. BAX tupucropa u ero ycioBHOe 0003HaueHUE

KoHcTpykuus MoImHOro THpuCTOpa nokas3ana Ha puc. 15.3.

Puc. 15.3. Tupucrop:
1 — BEIBOJ KaTO/a; 2 — KOPIIyC;
3 — KpUCTAILIOAEpIKATENb,;
4 — KpHUCTaJUITMYECKas CTPYKTYpa,;
5 — mpumoii; 6 — u3o0sATOP;
7 — BBIBOX aHO/A; 8 — BBIBOJ
YIIPABILIIOIIETO JIEKTPOIa

YeThIpeXxCIoiHasi KpUCTAIIIMIECKast CTPYKTYpa 4, YKpeIUleHHas! Ha KpH-
cTajutofiepkaTenie 3, MOMEIIeHa B METAJUTHYECKUI KOpITyC 2, B HU)KHEH va-
CTH KOTOPOTO HaxXOIUTCs pe3b00Boi BeiBOA Katoma 1. K BepxHeMy p-ciioio
MpUIoeM 5 KpemuTcsl TUIETeHBI BBIBOA aHoAa /. B cpemHioro p-o0macth
BBOJIMTCS BBIBOJI YIPABJIIONIETO 3JIeKTpoa 8. BbIBOARI aHOMA M yIIpaBIIs-
FOIIETO JIEKTPOAA YKPEILUIIOT B KOPILYCE U30JIATOPOM 6.

15.3. Ilopsi10K BHINOJTHEHHST PAa0OTHI
1. Cusare u noctpouts BAX tupucropa |, = f(U,) npu 3HaueHmsIx

ynpasisitonero Toxka ot 1 go 10 MA.
W3meputh conpoTuBieHus IepeMeHHbIX pesuctopos RV2 u P1, a taxke

pesucropor R8, R9 u R10.
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Cobparh cXeMy s CHSATHS BOJBT-aMIIEPHON XapaKTePUCTHKH THPHU-
cropa I, = f (U, ¢ Harpyskoii B ienu anoaa (R8 + R9 + P1), mokaszauuyio
Ha puc. 15.4.

Puc. 15.4. Cxema juis cusitust BAX tupucropa

YCcTaHOBUTH HampsDKEHHE HCTOYHWKA muTanus PS-1, paseemm 10 B.
YcTaHOBUTH MaKkCHMaJIbHOE 3HaUCHHE NepeMeHHOro pesucropa RV2. Yera-
HOBHTH MaKCUMAJIbHOE 3HaUYCHHUE NTEPEMEHHOTO pe3HCTOpa-oTeHIomerpa P1.

[TocTeneHHO MOBHILIATE TOK YHPABIISIOMIETO JIEKTPOAA ITyTEM yMEHb-
LIEHHs CONPOTHBIICHHUS MepeMeHHOro pesucropa RV2. B momeHT Biioue-
HUS THPUCTOPA BOJIBTMETP HAUHET MTOKa3bIBaTh MTaJICHUE CONPOTUBIICHHUS Ha
Harpy3ke. HyHO 3aperucTpupoBarh MOKa3aHUS MIJIHAMIIEPMETPa B 3TOT
MOMEHT BPEMEHH, T. €. BKIKOYAIOIIUI TOK YIPABJIAIOLIETO 2IEKTPOAA ly,.

W3Meputs HampspkeHHE MEXIY aHOAOM M KaTojgoM Tupucropa U, mo-
KazaHus mpuOOpoB 3aHecTu B Tabm. 15.1.

Ta6nuna 15.1. Jannble aas noctpoenuss BAX tupucropa

ComnpoTuBiieHHe Harpysku, Om Rui Riz Ris

Bxmouarommii Tok, MA

Hanpsokenne U,

[ocne BKIFOYCHHS TUPHCTOPA PA30OMKHYTH IIETb YIIPABIISIONMIETO 3JICK-
TpoJa U yOEIUThCSA B TOM, YTO IPH STOM THPHCTOP OCTACTCSA BO BKIFOUCH-
HOM COCTOSIHHH. J[JIsI OTKIIFOUEHHsSI THPHCTOPA PAa30MKHYTh aHOJHYIO IICIb
00 YMEHBIIUTH HampsoKkeHue WcToyHmka PS-1. V3MeHsss B CTOpoOHY
YMCHBIICHHST CONPOTHBICHHE HATPY3KH, IMOJYYHUTh HECKOJBKO 3HAYCHUI
BKJIFOYAOIIEr0 TOKA YIPABIIAIOMEro 21eKTpoaa |y, n Hanpskenus U, mpu
Pa3IMYHBIX 3HAYCHUSIX HAIPY3KH.
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2. VI3MepuTh BEIMYMHY aHOTHOTO TOKA yIePKaHUsL.
st 3TOT0 HEOOXOAUMO COOpaTh CXeMy, MMoKa3aHHyIo Ha puc. 15.5.

(+)PS-1

Puc. 15.5. Cxema uist ©3MEpEHHs TOKA YACPKAHUS THPHCTOpA

IMocTenenHo yMmeHblasi HampspkKeHHe MCTOYHMKA muTanus PS-1 ¢ mo-
MOIIBIO PETYJIATOPa, HYKHO 3aperHCTPUPOBATh MOKa3aHWE MHJUIMAMIIep-
MeTpa Iepes; MOMEHTOM OTKIIFOUeHUs THpUcTopa. OHO OyAeT paBHO TOKY
YAEPKAHUS TUPUCTOPA |y

15.4. IToaroToBKa K BHINOJHEHUIO padoyero 3aJaHus

1. IIpenBapuTeNnbHO MO peKOMEHAOBAaHHOM muTeparype [1, 2, 5] m3y4utsb
TEOPETHYECKHE CBEACHHS O THPHCTOPAX.

2. V3yuuth 3a7aHue Ha JTaOOPAaTOPHYIO pabOTy M METOAMYCCKHE yKa3a-
HUS K HEH.

3. Ilo cnpaBOYHUKY 3amucaTh NacIOpPTHBIE TaHHBIE, CXEMY PacIojoKe-
HUS BBIBOJIOB U TIEPEPUCOBATH XapaKTEPUCTHKH UCCIIEAYEMOTO THPHCTOPA.

15.5. Yka3zaHus M0 BHINMOJTHEHUI) Padovero 3aganus
U 00paboTKe Pe3yIbTATOB IKCIIEPUMEHTA

1. Toctpouts BAX THpucTOpa: mpoBecTd 3 Harpy3odHbIE JHHHUH, CO-
enunss Touky 10 B Ha ocu Hampsbkenust ¢ toukamu E, /Ry, E,/R.;
E,/R,3 Ha ocu ToKa.

2. Ha Harpy3ouHbIX JIMHHMSAX HaHECTH TOYKH 1, 2, 3 Ha paccTOSHUSAX OT
ocu Toka cooTBETCTBEHHO U, 1, Uacr, Uais.

3. Hanectu Touky ¢ koopauHaTaMu Uy; by,
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4, COC,Z[I/IHI/ITL TIOJTYY€HHBIC TOYKH U IOJYYUTH BOCXOIAIIYIO YacThb Xa-
PAKTCPUCTUKH, HUKHIOK YaCTh XapPaKTCPUCTUKU CHSTH HE MPECACTABISICTCSI
BO3MOIXXHBIM, U €€ HY>KHO IPOYCPTUTH TaK, KaK ITOKa3aHO Ha puUC. 15.6.

Als
Ex/Ric

Ex/Ru:
En/Ri

Iy
1]

Uax
En=I0B

Puc. 15.6. TToctpoenne BAX tupucropa
15.6. KoHTpOabHbIE BONPOCHI

1. KakoBbl mpHHIMI AEHCTBUS TUPUCTOpA, (PU3MUECKHE MNpOLECCHl B
YEeTHIPEXCIIOMHOM CTPYKTYpe ¢ TpeMs p-N-Tiepexo1aMu?

2. M300pa3ure BONBT-aMIIEPHBIC XapaKTCPUCTHKH THPUCTOpPA IPH pas-
JIMYHBIX 3HAUYEHUSAX YIPABIISAIOIIErO TOKA.

3. [Toyemy THPUCTOpP HE OTKIFOYAETCS MPU OTKIFOUYCHUH TOKA YIPaBIs-
IOLLEro AJIeKTpoa?

4. KaknM 00pa3oM MOXXHO IIpepBaTh aHOJHbIH TOK TUpUCTOpa?

5. OT 4ero 3aBUCHT BETUYMHA aHOJTHOTO TOKa TUpUCTOpa?

6. MOXXKHO M peryaupoBaTh BEJIWYMHY AHOJIHOIO TOKa HM3MEHEHHEeM
YIPaBJISAIONIEro Toka?

7. Kakum 00pa3oM MOKET BKITIOYAThCSI TUPUCTOP B LIETh HATPY3KU?

8. B kakux yCcTpOHCTBaX MCIOJB3YIOTCS THPHUCTOPHI?

15.7. llopsanok ogopmiieHns oTyera

OTueT MOKEH COACPIKATh:

1. [IpuHIMTIHATIBHBIC CXEMBI UCCIICIOBAHUS XapaKTePUCTUK THPUCTOPA,
BEITIOJTHEHHEIE ¢ coOmoaennem Tpedoanunii [OCT.

2. TaOMIIBI IKCIIEPUMEHTAIBHBIX TaHHBIX U PE3yJIbTAThI PACUETa.

3. I'padukn XxapaKTEpUCTHK THPUCTOPA.

4. BeiBOIBI O TIpOICTaHHON padoTe.
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