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1. MECTO JUCHMIIJIMHBI B CTPYKTYPE
OCHOBHOM OBPA30OBATEJIbHOM ITPOT'PAMMBI

Lenbto M3ydeHus TUCIUIUIMHBI SBISeTCA (popMHpOBaHUE 3HAHUI O 3a-
KOHax M METOJaX pacyeTa 3JIEKTPUUYECKHUX LENel U 3JEKTPOMArHUTHBIX M0-
JeH DJIEKTPOTEXHUYECKUX YCTPOMCTB M AJIEKTPOIHEPIETHUECKUX CHUCTEM,
YMEHUI pacyeTa U aHajiu3a NapaMeTpoB TOKOB U HANPSKEHUH B YyCTaHOBHB-
IIUXCS U TEPEXOJHBIX PEKUMAX JIMHEMHBIX U HEJIMHEMHBIX CXEM 3aMELICHUS
ANEKTPUUYECKUX LIETIEH.

B pe3ynbrate mszydeHusi MUCHUIUIMHBI «[eopeTHYecKrue OCHOBBI DJICK-
TPOTEXHUKHU» CTYJEHT JOJKCH:

3HAM®!

OCHOBHBIE MTOHATHS ¥ 3AKOHBI AJIEKTPOMArHUTHOTO TOJIsI U TEOPUHU DJIEK-
TPUYECKUX U MATHUTHBIX LENEH; METOAbI AaHAJIN3a LEINEN MOCTOSTHHOTO U I1e-
PEMEHHOT'O TOKOB B CTALIMOHAPHBIX U IEPEXOIHBIX PEXKUMAX;

ymems:

MIPUMEHSTh TMOHSITUS W 3aKOHBI 3JEKTPOMArHUTHOTO TOJSI U TEOPUH
ANEKTPUYECKUX M MArHUTHBIX LIETIEH JJI1 COCTABJIEHHS M pacyera CXeM 3a-
MELIEHUS ANEKTPOTEXHUYECKUX YCTPOUCTB,;

e1a0emo.

METOJAaMHU pacyeTa MEPEXOJHBIX U YCTAHOBHBUIMXCS IPOLIECCOB B JIH-
HEWHBIX U HEJTMHEHHBIX DJIEKTPUYECKHUX LETISIX.

HucuumuimHa «TeopeTHd4ecKue OCHOBBI JJIEKTPOTEXHUKHU» OTHOCHUTCSA
K podeccroHansHOMY 1KY b.3 6a3oBoii (oOmenpodeccnonaabHOI) YacTH.
Jiia e€ ocBoeHMsI TpeOYIOTCs 3HAHUSI KypcoB «Du3uka», «Bbiciias MmaTeMaTh-
ka», «IHpopmaruka» (mpepekBu3UTHI). KOpEKBU3NUTHI, AMCIMILIMHBI, KOTO-
pbIe M3y4aroTCs MapaJuIeIbHO ¢ JAHHOW AUCLUIUIMHOU, — «Dusuka», «leope-
TUYECKas U MPUKIJIAIHAS MEXaHUKa». 3HaHUE COAEPKaHUs AUCUUILUIMHBI He0O-
XOJIUMO JJIsl OCBOCHUS JUCITUTUIMH ITKJI0B b.3.

OCHOBHBIM BUJIOM Y4€OHBIX 3aHSITUH ABIISETCS CAMOCTOSITENbHAs pado-
Ta CTYJCHTOB C O0S3aTEeNbHON M JOIMOJHHUTEIBHON JUTEPaTypou, a TaKKe
C IPYTUMHU y4€OHO-METOINYECKUMHU MaTepHallaMu M0 HW3YYEHHIO OCHOBHBIX
pa3zienoB U TEM JUCLUILINHBI.

CamoCTOSTENBHOE BBINOJHEHUE UHANBUYAIBHOTO JOMAIIHUX 3aJaHUN
U BBINOJHEHUE JaO0OpPaTOPHBIX PadOT MO3BOJSET 3aKPENUTh MOJYyUYEeHHbIE
3HaHMS, a paboTa ¢ MpenoaaBaTesIIMU Ha JIEKIUSAX U KOHCYJIbTAIUAX MTOMO-
raeT CUCTEMATU3UPOBATh YCBOCHHBIE 3HAHUS U MOJTOTOBUTHCA K UTOTOBOMY
KOHTPOJIIO.



2. COIEPKAHUE TEOPETUYECKOTO PA3JIEJIA
TV CHUTLIAHBI

2.1. IlepexoaHble MPOLECCHI B JIMHEHHBIX JJIEeKTPHYECKUX LEeNsX

IIepexoiHbIe MPOLIECCHI B IEKTPUUYECKUX Lermsax. KoMmmyranusa u ckad-
KOOOpa3HOE M3MEHEHNE HANPSHKEHUN M TOKOB. 3aKOHBI KOMMYTAIIHH. Y CJI0-
BUsI BO3HUKHOBEHHMsI TEPEXOJIHBIX MporeccoB. Jlunelnsie nuddepenmmanb-
Hble ypaBHeHUdA. Knacchuecknii MeToj pacuera NMEpPEXOIHbIX ITPOLECCOB.
[Ipunyx1€eHHbIE U CBOOOIHbBIE COCTABIIAIONINE HAMPSKEHUH U TOKOB, KOPHU
XapaKTepUCTUYECKOTO YPABHEHUS, HE3ABUCHMbBIE U 3aBUCHMbIE HayaJbHbIE
ycioBus. OcoOEHHOCTH pacueTa MepexOoAHbIX MPOLECCOB B IEMSAX MEPBOTO
nopsiaka. [locrossHHass BpeMEHM M JUIMTENBHOCTh IMEPEXOIHOr0 Mpoliecca.
Aniepuonyeckuii, KpUTUYECKUA U KOJIeOATENbHBIA PEKUMBI MEPEXOTHOTO
mpoliecca B IEeMNsSX BTOPOTO MOpsiKa. YTiaoBas 4acToTa CBOOOJHBIX KoJyeOa-
Huii. O000IIEHHBIE 3aKOHBI KOMMYTAITHH.

OrniepaTtopHbIil METOJT pacueTa NEPEXOHBIX MPOIIECCOB B JIMHEUHBIX IIe-
msax. [IpeoOpasoBanus Jlammaca, omepaTopHbie H300paXKEHUS OCHOBHBIX
GyHKIMIA ¥ TeOpeMa pa3IoKeHUsI I OTBICKAHUSI OPUTHUHAJIA TT0 U3BECTHOMY
orepaTopHOMYy H300pakeHHt0 QyHKumid. OnepaTopHbIe CXEeMbl 3aMEIICHUs
JIMHENHBIX JIEMEHTOB.

3axonsl Oma u Kupxroda B oneparopnoit popme. KomObunupoBaHHbIit
(omepaTOpHO-KJIACCHUYECKUI) METOJI pacdera MepexoJHbIX mpoieccoB. [lepe-
XOIHbIE M HMIYJIbCHBIE XapaKTEPUCTUKUA IACCUBHBIX JIMHEHHBIX LENEH.
Enunuunas QyHKIMS ¥ €AMHUYHBIN UMITYJIbC. PacueT HanpsHKeHU U TOKOB
OpU NPSMOYTOJBHBIX MUMITYJIBCAX M IPU BO3JCUCTBUM HA IENb WMITYJIbCOB
HaAMpPsDKEHUS WK TOKa MTPOU3BOJILHON (DOPMBI.

VYpaBHEHUSI COCTOSHMS B CJOKHBIX LEMSX BBICOKOTO MOPSJKA U YHC-
JeHHbIE pacyeTsl Ha DOBM.

Pexomenayemas aurepartypa: [1, c. 5-50], [2,c. 282—416], [4¢. 231
312], [5,c. 234-288].
MeToanuyeckue yKazaHus

OcBouUTH METO/IBI pacu€Ta NEPEXOAHBIX IPOLECCOB B TMHEHHBIX LEISX.

BOHpOCLI U 3aJaHuA IJ4 CAMOKOHTPOJIA

1. JlaiiTe onpeneneHue NepexogHoOMy MpoLeccy.

2. UTO NOHUMAIOT MO NPUHYX ACHHBIMU U CBOOOTHBIMU TOKaMU U Ha-
PSKEHUSIMHU ?

3. CdopmynupyiiTe 3aKoHbI (IpaBuiIa) KOMMYTAIIUH.



4. ]laiiTe ompezaeneHue 3aBUCUMbBIM U HE3aBHUCHUMbBIM HAa4allbHbIM YCJIO-
BUSIM.

5. Kakue BBl 3Haere cmocoObl COCTAaBJICHUS XapaKTEPUCTUYECKOTO
ypaBHEHUSA?

6. OObsicHHUTE, TOYEMY IPU COCTABICHUH XapaKTEPUCTHUECKOTO ypaB-
HEHUS ITyTeM PUPABHUBAHUS HYJIIO BXOJIHOTO COTIPOTUBIICHUS

7. Uem ompepnensieTcsi YUCIO KOPHEW XapaKTEpUCTHUUYECKOTO YypaBHeE-
HUs?

8. M3noxure CyHIHOCTh KJIACCMYECKOIO METOJa pacdera M MPUHIUI
COCTaBJICHUS] YPaBHEHUM JJIs1 ONIPEACIICHHS] OCTOSTHHBIX HHTETPUPOBAHUS.

9. IlepexonHblii mpoliecC B HEKOTOPOM LIEMU COIMPOBOXKIAETCS Oue-
HusMU. O 4eM 3TO MOXKET CBUJIETENIbCTBOBATD ?

10. Haiire o0ocHOBaHHE 000OIIEHHBIM 3aKOHAM KOMMYTAIIHH.

11.3amumuTe u3BecTHBIC BaM cooTHoIneHus Mexay f(t) u F(p), a Takxke
TEOPEMBI ONIEPATOPHOTO METOA U MpeeIbHbIe COOTHOIICHUS.

12.TlouemMy p Ha3bIBAIOT KOMIUIEKCHON 4aCTOTON?

13. Oxapaktepu3yiite 3Tamnbl pacyeTa OnepaToOPHbIM METOJOM.

14.B yem 0COOEHHOCTH pacyeTa MepexoqHbIX MPOIECCOB ONEPATOPHBIM
METOJIOM MPU CUHYCOUAATLHOM MCTOYHHUKE M HEHYJIEBBIX HAYaJIbHBIX YCIIO-
BUSX?

15.OxapakTepusyiiTe CBOMCTBA €IMHUYHON (PYHKIIMM U CBOMCTBA JI€JIb-
Ta-QPyHKIIUH.

16.Onpenenute NEepexoAHYI0 U UMIYJIbCHYIO MEPEXOAHYIO IPOBOIU-
MocTH (COnpOTUBIICHHS) U QYHKIMH. YKaXKHUTE, C KAKOH IEJIbI0 OHU HCIIOJIb-
3YIOTCS.

17.0OxapakTepusyiiTe HICI0 pacyeTa ¢ MOMOIIbIO HHTerpaia Jroamerns.

18.IIpokoMMeHTHpYIiTE Bce U3BECTHBIE BaM (HOPMBI 3alHCH WHTErpaia
Jroamensi.

19.Kakumu cnoco6amMu MOKHO OTPEAETIUTh OT3BYK CHCTEMBI, KOT/la Ha
Hee BO3/ICHCTBYET UMITYJIbC HAMPSHKEHUS WU TOKa?

20.Ilepeuncante OCHOBHBIE ATANbl pacuyeTa METOJAOM MEPEMEHHBIX CO-
CTOSIHHUSI.

21.Kak cocTaBisitOT ypaBHEHUSI IEPEMEHHBIX COCTOSIHUSI IyTEM CBe/Ie-
HUS TOCJIEKOMMYTAIIMOHHOM CXEMbI K YUCTO PE3UCTUBHOM?

22.0xapakTepu3yiTe CUWIbHbIE U OTHOCUTEIHHO CJIa0ble CTOPOHBI M3-
BECTHBIX BaM METOJIOB pacueTa MepexoHbIX POLECCOB



2.2. llenu ¢ pacnpenejieHHbIMYU MapaMeTpPaMu

[Ipumeps! Lenen ¢ pacupeneieHHbIMY ITapaMeTpaMu. Y paBHEHHS OJHO-
POTHOM JIMHUM B YAaCTHBIX MPOU3BOJHBIX. PellieHne ypaBHEHU OJHOPOAHOM
JVHUM TIPU YCTAHOBUBILIEMCS CUHYCOMAAIBHOM pexxume. BosiHOBoe compo-
TUBJICHUE M MOCTOSHHASI paclpocTpaHeHus, KodhUIMEeHThI 3aTyxaHus (oc-
nabnenus) u $assl, pa3oBas CKOPOCTh W JUTMHA BOJIHBI. Pactpesenenue neu-
CTBYIOLIMX 3HAYCHUU HAIPSDKEHUS M TOKA, & TAK)KE MOIIHOCTH BJIIOJIb LIEMHU
C pacnpeAcsieHHbIMHU napamerpamu. berymue BonHsl. Pexxnmsl nemnei ¢ pac-
MpeeNICHHBIMU TTapameTpamu. JInann 6e3 MCKaKEeHHs M TOTepb. Pexumbl
JUHUHA 0e3 MOTepk.

IIepexoanpie mpouecchl B LEMSAX C PacCHpeAcICHHbIMUA HapaMeTpaMu.
Pemenne ypaBHeHUH OAHOPOIHOMN JIMHUU O€3 MOTEPH B MEPEXOAHOM PEXHUME.
[Nagaromast u otpakenHas BojHbL. Koadduument orpaxkenus. Pacuer pac-
IpeAesICHNs HAMPSDHKEHUS U TOKA BJOJIb IMHUU NIPH IEPEXOTHOM IPOLIECCE.

Pexomennayemasi jgureparypa: [1, c¢. 105-133], [3,c. 11-45], [4,
c. 355-408], [5¢. 344-384].

MeToanuyeckue yKazaHus

3HaTh OCHOBHBIE YpaBHEHHUS JIMHUH C pacnpeieseHHBIMH MapaMeTpaMu
B YCTAHOBHBIIMXCSl TAPMOHUYECKUX PEXKUMaX, IEPBUUHBIEC U BTOPUUYHBIE Ta-
pamerpsl. Paznuyare pexumbl paboTHI 1ieNel ¢ pacnupeneléHHBIMU ITapaMeT-
pamu. OCBOUTH METO/IBI pacyéTa MEPEXOIHBIX MPOILIECCOB B LEMAX C pacmpe-
JeNEHHBIMU MTapaMeTPaMHu.

Bonpocsl 1 3a1aHus 1JIsi CAMOKOHTPOJIA

1. Yem npuHUMIHUAIBLHO OTJIMYAIOTCS LEMU C pacipeieseHHbIMU Mapa-
METpaMH OT LEeMNen ¢ COCPEeTOTOUYEHHBIMU MapaMeTpaMu ?

2. 3a cyer 4ero TOKH U HaIpPSKEHUs BJOJIb JUHUU C PaCIpeeICHHbI-
MU TIapaMeTpaMH HEOJUHAKOBBI JJI1 OJHOTO U TOTO K€ MOMEHTA BPEMEHHU ?

3. Ilosicuure mnepexoa OT ypaBHEHUW MJiE MTHOBEHHBIX 3HAYEHUU
K YPaBHEHUAM [ KOMITJIEKCHBIX 3HAUSHU.

4. KakoB (pu3HUeCKHil CMBICI MOCTOSTHHON pacpOCTpaHEHUsT Y U BOJI-
HOBOTO COMPOTHBIEHUS Zg?

5. Ecnu nBa mpoBoga IBYXIPOBOAHOW JIMHUK C MajbIMU TOTEPSIMHU
Pa3IBUHYTH [0 CPABHEHUIO C UX UCXOIHBIM COCTOSIHUEM, TO KaK 3TO CKa)eT-
ciHaZgu y?

6. Kak onpenenuts Zg ¥ Y ONBITHBIM ITyTEM ?

7. VI3 xakuX yCJIOBHI ONpPENestoT MOCTOSTHHbIE A1 1 Ay?

v



8. Kak mokasarh, 4TO CHUTHaJi, MPOXOMAS MO JUHUHU 0€3 HCKaXEHUH,
HE U3MEHSET cBoel (HOopMbI?

9. Tlouemy B nmuHMHM Nepenayr UHGpOpMauu cTpemsrcs opatb Zy =Zg?

10.JIunus 6e3 moTepb HarpykeHa HecornacoBaHHo. KoagduueHt ot-
pakeHus 1o Hanpspkenuo K, = 1/3.Uemy paBHO Zy B 101X OT Zp?

11.B uem paznuume Mexnay Oeryiieil u crosueld BoJHaMu B ¢usnye-
CKOM M MaTeMaTH4YeCcKOM OTHomeHnn? Kakyro BOJIHY Ha3bIBalOT CMEIIIaH-
HOI?

12.TlokaxwuTe, 9TO TUHUS 0€3 MMOTEPH ABISETCS HENCKAKAFOIICH.

13.1Ipu kaKkOM COOTHOIIEHUH MEX]y MapaMeTpaMyu MOKHO CUUTATh pe-
anpHyto TuHUI0 ¢ Ry #0 u Gy #0 kak nuHu0 6€3 norepsr?

14.KakoBo Ha3HaYeHHE YE€TBEPTHBOJIHOBOTO TpaHChopmaTopa?

15.1Ipu kakux IONYIIEHUSX Ha MEPBOM JTare U3y4yeHHUs paccMaTpHUBa-
IOT MEPEXOJIHbIE MPOLIECCHl B JIMHUSX C pacClpelesieHHbIMU MapaMeTpamu?
Kakumu nuddepeHnnanbHbIMU ypaBHEHUSIMU ONMCHIBAIOT 3TU MPOLIECCHI ?

16. Kak moHuMaTh, 4T0 apryMeHTaMu (HYHKIIUA, SBISIOMIUXCS PEIICHU-
eM, okaszbiBarotes (t—x/[1) u (t+x/11)7?

17.Kak mokaszaTh, 4TO AJi1 JUHUK O€3 MOTEPb XapakTep H3MEHEHHS
U WuIH | Taiatoleii BOJIHBI B JIIOOOM TOYKE JIMHUH ITOBTOPSIET XapaKTep U3Me-
HEeHUs U WK | B HaJaJle JIMHUH, HO C 3all031aHHEeM BO BPEMCHH ?

18. Kak coriacoBbIBalOT MEPEXOHBIE MPOIIECCHI B JIMHUSAX C pacmpese-
JIEHHBIMHU TIapaMeTPaMU C MEPEXOJIHBIMU MPOILIECCAMH B Harpy3Ke Ha KOHIIE
JTUHUU?

19.O6ocHOBaTh METOAMKY COCTABJICHUS CXEM 3aMEIlEHUs IS hccle-
JIOBaHUS BOJIHOBBIX MPOIECCOB, KOTJIa BOJIHA IOMAET 10 HArpy3KH.

20. Kak u3 BpeMeHHbBIX rpadMKOB HANPsHKEHHS U, Ha HArpy3Ke M TOKA Iy
B HAarpy3Ke MoJy4uTh rpa)uKu OTPaKEHHBIX BOJIH Ug H 19 HA JINHUU?

21.KakoBa ujest pacuera nepexoHbIX MPOLECcCOB B JIMHUM C pacrpe/ie-
JICHHBIMH TIApaMETPaMU MTPHU OTKIIFOUCHUH HATPY3KU WUJTU 9acTH ee?

22.0xapakTepu3ynTe CTaud BOJHOBOTO IpoIlecca MPpU MOAKIIOYCHUN
Pa30MKHYTOW Ha KOHIIC JUHHH, JUTMHOW | K HCTOYHUKY ITOCTOSIHHOTO Harpsi-
»KeHus, nonaras cHavajua jia anHun Ry =0 u Gy =0, a 3aTeM, 4TO TUHUSA AB-
TSIeTCS TMHUEH 0€3 NCKaKEHUS.

23.Kak oT ypaBHEHUH JJI1 MTHOBEHHBIX 3HAYCHHUI TOKA W HATIPSHKCHUS
NePEeNTH K ypaBHEHUSIM, 3alMCAHHBIM JJI OMEPATOPHBIX U300paKEHUN ITUX
BEJTUYUH?



2.3. Heauneiinbie menu

2.3.1 Henuneiinble pe3ucTuBHbIe 3jieMeHThI (HPD): aByxmosocHbIe
Y MHOTOIIOJIIOCHBIE, ITACCUBHBIE U AKTUBHBIC, HEYIIPABJISIEMbIE U YIIPaBIIsc-
Mbl€, UHEPLUOHHBIE U O€3bIHEPLMOHHBIE. Be3bIHEPIIMOHHBIE 3IEMEHThI Kak
UCTOYHUKHM BEICIIMX TaPMOHHMK B JJIEKTpPUYECKHX Lenax. CUMMETpU4YHbIE
Y HECUMMETPUYHbBIE, CTATUYECKHE U AUHAMUYECKHE BOJbTAMIIEPHBIE XapaK-
TEPUCTHUKHU. BoabTaMIIEpHBIE XapPAKTEPUCTUKH I AEHUCTBYIOIIUX 3HAYEHUM.
BoapTaMiiepHbple XapaKTEpUCTUKH JIaMIIbl HAaKaJIMBaHUS, MOJYIPOBOJIHUKO-
BOTO JAMOJA, TPAH3UCTOPa, BAKyyMHOTo TpHOJa, Oaperrepa, TEPMHCTOpA
U IpYIrUX HEJIMHEWHBIX PE3UCTUBHBIX 3JeMeHTOB. Cratmdeckoe u audde-
pPEHLMAIBHOE CONIPOTUBIICHU. PacueT HEIMHENHBIX PE3UCTUBHBIX LIETIEN pU
IIOCTOSIHHBIX M IIEPEMEHHBIX HANPSDIKEHUAX U TOKAX METOJOM 3KBHBAJICHTHO-
ro reHeparopa, rpauuecKkuM CII0)KEHUEM XapaKTEPUCTUK, METOIaMU UTepa-
UH ¥ JINHEApU3ALHU

Pexomenayemas jqureparypa: [1, c. 53-62], [3,c. 48-116], [4¢. 409—
428], [5,c. 386-412].

MeToanuyeckue yKasaHus

3HaTh KiIacCU(PUKAIMIO HEIMHEHHBIX SJIEMEHTOB. YCBOUTH TEPMHHBI
«UHEPIMOHHBIE» U «Oe3bIHEPLUOHHbIE HEIMHEHHBIE AIEMEHTHI». YMETh OIl-
pelnenarh craTuueckoe U nuddepeHnnanbHoe CONPOTUBIIEHUS HETMHENHBIX
aeMeHTOB. OCBOMTH OCHOBHBIE METOJbI pacyéra LENed C HEIWHEHHBIMU
JJIEMEHTAMU.

Bonpoch! U 3a1aHus 1J1si CAMOKOHTPOJIA

1. Jlaifte ompenesneHUs] CIEIYIOIIUM TOHATHSAM: HEJIWHEWHBIA pe3u-
CTOp, HEJIMHEWHAsl AJIeKTpUUecKas 1eMb, craTuyeckoe U quddepeHnnansuoe
CONIPOTHUBIICHUU

2. JlaiiTe onpeneneHus HEeyNnpaBIsieMbIX U ynpasisieMbix HPD.

3. KauectBenno nzobpazure BAX n3BecTHBIX BaM THUIIOB HEYIpaBJisie-
MBbIX U ynpasisiembix HPO.

4. Jlna xakux u3BecTHBIX BaM TunoB HPD muddepennmansuoe compo-
THUBIICHUE MOKET ObITh OTPUIIATETHHBIM?

5. Moxker nu s peanbHbix HPD cratnueckoe conpotuBieHne ObITh
OTPULIATEITLHBIM ?

6. B uewm 3axiroyaeTcs NpensaTCTBUE, 3aTPyAHSIONIEE IPUMEHEHUE Me-
TOJA KOHTYPHBIX TOKOB WJIM METOJA Y3JOBBbIX IOTEHIMANOB IJii pacyera
CJIOXKHBIX Pa3BETBICHHBIX HEJIMHEUHBIX 1IETICH?



7. Kak 3aMEeHHUTH HECKOJIBKO NapayienbHbIX BeTBel ¢ HPO u nctounu-
kamu DJIC Ha onHy 3KBUBaJIeHTHYIO? OnpeenuTe XapaKTepUCTUKH dIIeMEH-
TOB DKBHBAJICHTHON BETBH.

8. Ilepeuncnure sTambl pacuera HenuHewHbIx nered (HLI) meromom
JBYX Y3JIOB MU METOAOM 3KBHBAJIEHTHOI'O I€HEpaTopa.

9. B uem orpanndyeHHOCTh MeTona 3amMeHbl HPD skBHBasieHTHBIM JU-
HEIHBIM CONPOTUBIIEHUEM U HcTOUHUKOM DJC?

10.I1lepeuncnure cBOMCTBA, KOTOPBIMU INPHU ONPEAEIICHHBIX YCIOBUAX
MoryT o6aaate HI 1 He 006nafaroT TuHEHHbIC e

2.3.2. HesinHelinble MHAYKTUBHBbIE 3j1eMeHThI. BeOep-amnepHbie xa-
paktepuctuku. Cratnueckass u auddepeHnmaibHas UHAYKTUBHOCTH. Mar-
HHUTHBIE LEMHA HEJIWHEWHBIX HWHIYKTUBHBIX JJIEMEHTOB. HampsKeHHOCTh
Y UHAYKIHS MAarHUTHOTO TOJI1, MATHATHBIN MMOTOK, MMOTOKOCUEIUICHUE, MTETIIS
TUCTEpE3nca, OCHOBHASI KpUBas HAMAarHMUMBaHusA. KpruBas pa3MarHuuvBaHUs
noctosstHHoro maruura. [lorepu Ha rucrepe3uc u BuxpeBble TOkHU. LlIuxTo-
BAHHBIC MArHUTOIPOBOJIbI. PacueT MarHWTHBIX LENIEH HEIMHEWHBIX WHIYK-
TUBHBIX 3JIeMEHTOB. 3akoHbl Kupxroda ans maruutHoil nenu. HepasseTs-
JICHHAs M PA3BETBIICHHAs MAarHuTHas Uenb. MeToa ABYX Y3J0B B pacueTe
PAa3BETBICHHBIX MAarHUTHBIX LENel. Pacder anekTpudyeckux Lenen ¢ JIMHEN-
HbIMU Y HEJIMHEWHBIMU WHIYKTHUBHBIMU 3JIEMEHTAMH. ATIINPOKCHUMALUs Be-
Oep-aMIepHBIX XapaKTepUCTUK. HenumHeNHHbI WHIYKTUBHBIA 3JEMEHT Kak
0€3bIHEPIIMOHHBIN 3JIEMEHT — UICTOYHUK BBICIIMX TAPMOHUK B DJIEKTPUUYECKON
LEIIH.

HennHeliHble eMKOCTHBIE 3JIEMEHTbI: BAPUKOHAB M Bapukamnbl. Ky-
JIOH-BOJILTHBIE XapaKTEPUCTUKH U UX ammpokcumanwus. Ctatudeckas u aud-
dbepeHmanbHas eMKOCTH. Pacder anekTpudecKux 1emnei ¢ JMHEWHBIMU U He-
JIMHENHBIMH €EMKOCTHBIMM 3JIEMEHTaMH. HeTMHENHBI €MKOCTHBIN 3JIEMEHT —
HMCTOYHUK BBICIIMX TAPMOHHUK B JJICKTPUUECKUX LICTISX.

Pexomenayemasi gureparypa: [1, c. 63-76], [3,c. 117-125], [4,
c. 429-452], [5¢. 418-429].

MeToanuyeckue yKasaHus

YMeTh COCTaBIATH CXEMY 3aMEIICHHUS] MAarHUTHOM 1ENH, YMETh OIpe-
AEIATh CTaTU4ecKyro U AA((epeHInanbHy0 HHIYKTHBHOCTb, €EMKOCTb. Oc-
BOUTH METOJIbl PacyeTa JICKTPUUECKUX LENEH ¢ JTUHEHHBIMU U HEJIMHEHHBI-
MU UHIYKTUBHBIMHU 3JIeMEHTaMu. OCBOUTh METO/Ibl pacuera EKTPUUYECKUX
Henei ¢ IMHEMHBIMU U HEJIMHEUHBIMU EMKOCTHBIMH YJI€MEHTAMH.
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BOHpOCI)I U 3aJaHuA 1JId CAMOKOHTPOJIA

1. [laiiTe ompeneneHus é, J , I:I, @, 4,, Hg, M, . Kaxk oHM CcBA3aHBI Me-

&Iy COOOM, B KAKUX €IMHULIAX U3MEPSIOTCS ?

2. B dem oTimynie HavyaabHOW, OCHOBHOM M 0€3THMCTEPE3UCHOM KPUBBIX
HaMarHUYUBaHUS ?

3. UTo MOHMMAIOT MOJ YacTHBIM M TpPEJEIbHBIM LHUKIAMH, MPIMOU
BO3BpAaTa, OCTATOYHOW MHIAYKIMEH, KOOPUUTUBHONU CUIIOW, MATHUTOMSITKUMU
¥ MarHUTOTBEPILIMU MaTepHUaIaMu?

4. Yem (usuuecku oOBSICHSIOTCS MOTEpH Ha rucrepesuc? Kak ux om-
peAeNnuThb, pacroiarasi IeTjiei rucrepesuca.

5. ChopmynupyiiTe 3aKOH MOJHOTO TOKA,

6. Jlaiite ompenenenue cneayronuM mnouatusM: MJIC, marautHas
1[ellb, MArHUTOIIPOBO/I, BETBb MATHUTHOM I1IEITH.

7. Kak omnpenenuts Hanpasienue MJIC? C kakoil Lenpi0 CTpeMsTCs
BBITIOJTHUTh MATHUTHYIO LIETb C BO3MOKHO MEHBIIIUM BO3AYIITHBIM 3a30POM?

8. Kak BbIOMpatoT HanpaBIeHHE MATHUTHBIX IOTOKOB B BETBSIX?

9. CdopmynupyiiTe IepBbIid U BTOPOi 3akoHBI Kupxroda s Maraut-
HBIX IETIEN.

10.Ilosicuute, Kak MOCTPOUTH BeOEp-aMIEPHYIO XapaKTEPUCTUKY yda-
CTKa LEIIH.

11.1lepeuncnure 3Tamnsl pacyeTa LEneil METOIOM JABYX Y3JIOB.

12.B yem oTiMyuMe MarHUTHOTO HANPsHKEHHS OT MaJeHHUs MarHUTHOTO
HaNpPsDKEHUA ?

13.Kak skcrepuMeHTaIbHO MOTYyYUTh MOCTOSTHHBIA MarHUT?

14.Kaxk paccuuThIBalOT MAarHUTHYIO LIETIb C MOCTOSITHHBIM MarHUTOM?

15.Yt0 moHMMAIOT MOJ MarHUTHBIM CONPOTHBIICHUEM YYacTKa IIeMH,
MarHMUTHON POBOAUMOCTBIO? OT KakuX (GaKkTOpOB OHH 3aBUCAT? 3aBUCHT JIH
OHM OT MAarHUTHOTO MOTOKA MO YYacTKy Lenu?

16.Chopmynupyiite 3akoH Oma it yuacTka MarHUTHOU 1ETIH.

2.3.3. luHaMu4YecKue mpouecchl B HeJMHEHHBIX 1Henmsax. Metoq k-
BUBAJICHTHBIX CHHYCOHWJ| KaK MPHUOIMKEHHBII METOJ pacyeTra yCTaHOBUBLIE-
rocsi pexXKMMa B HEeJIMHEMHBIX LEMNSIX C PE3UCTUBHBIMHU, HHIYKTUBHBIMU U €M-
KOCTHBIMHU 3JIeMeHTaMH. Pe30HaHCHBIE ABJIEHUS B HEJIMHEHHBIX HErsiX: dep-
pPOpE30HaHChl HANpPSKEHUH UM TOKOB. CTaOMIM3aTOphl NMEPEMEHHOIO HAIps-
KEHUS.

Oco0eHHOCTH NEPEXOAHBIX MPOLECCOB B HEIMHEMHBIX 3JIEKTPUYECKHX
nensx. [TpuOamKkeHHbI pacdyeT MepexoaHbIX MPOLECCOB B HEJIMHEHHBIX Iie-
X METOINAMH yCIOBHOM JIMHEAPU3AlMU U IOCIIEI0BATEIbHBIX HHTEPBAJIOB.
YucleHHBIN pacyeT NEPEXOAHBIX MPOLECCOB B HENMHEMHBIX 1ensx Ha DBM
METO/IOM MTEPEMEHHBIX COCTOSIHUS.
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Pexomennyemasi aurepatypa: [1, c. 80-104], [3,c. 127-206], [4,
c. 453-541], [5¢. 430-512].

MeToanyeckue yKasaHus

3HaTh OCHOBHBIE METO/bI pacy€Ta HEJIMHEHHBIX LENel Mpu Nepruognye-
CKHMX BO3JeUCTBUX. OCBOUTH METOJ HKBUBAJICHTHBIX CUHYCOUI. 3HATH OCO-
OCHHOCTH PE30HAHCHBIC ABJIEHUIN B HEIMHEWHBIX 1emsiX. OCBOUTh OCHOBHbBIE
METO/bI pacu€Ta MEPEXOAHBIX MPOLECCOB B HENIMHENHBIX LIETIAX.

Bonpocs! 4 3a1aHus 1JIsI CAMOKOHTPOJIA

1. Oxapaktepu3yiiTe M3BECTHbIC BaM THUIIbI HEJIIMHEHHBIX PE3UCTHUB-
HBIX, HHAYKTUBHBIX U EMKOCTHBIX 3JIEMEHTOB.

2. Kak noHATH BBIpOKEHHE «HEJIMHEHHBIC 3JIEMEHTHI SBIISIOTCS TeHe-
paTopaMH BBICHIMX T'APMOHHMK TOKA (HAIPSHKEHUS)»?

3. Kaxkue mpeoOpa3zoBaHUs MOXHO OCYIIECTBHTH C IOMOIIBIO HEJH-
HEWHBIX JICKTPUYCCKUX 1IETICH?

4. Kakue (usnyeckue SBICHUS MOTYT HAOJNIOAAThCS B HEJIMHEHHBIX
Y HE MOTYT B JINTHEWHBIX IETISX C MOCTOSTHHBIMY ITapaMeTpaMu ?

5. Kak u3 xapakTepuCTHK JJI1 MTHOBEHHBIX 3HAYEHUW MOXKHO TONY-
yuth BAX my1s niepBbeix rapMoHuK U BAX 1151 AelCTBYIOIMX 3HAYEHUN Be-
JIUYUH?

6. Ilpoanamu3upyiiTe 3aBUCUMOCTh WHIYKTUBHOTO COMPOTHBICHUS
JJ1s1 HEJIMHEMHONW MHIYKTUBHOM KATYIIKWA OT aMIUIATY/bl IPUJI0KEHHOIO Ha-
MPSKEHMUS,

7. OxapakTepu3yiTe OCHOBHBIE MOJIOKEHUS HU3BECTHBIX BaM METOJIOB
pacueTa NepruoJUYECKUX MPOLIECCOB HEIIMHEWHBIX LIeTIEN

8. CdopmymupyiiTe yCIOBHS HaXOXIECHUS MOMEHTOB BPEMEHU OTKPHI-
THUSI ¥ 3aKPBITUSI TUOJIOB.

9. B yeM npuHIunuanbHOe oTiMuue ¢eppope3oHaHca HampsHKEHUN
Y TOKOB OT COOTBETCTBYIOIINX PE30HAHCOB B JTMHEHHBIX IETISAX ?

10.Tlpn kakux YCIOBUSAX B DJICKTPHUECKHUX IEMAX MOTYT BO3HUKATH
TPUTTEPHBIC SBICHUS?

11.Y10 nOHUMAIOT MOJ| YaCTOTHBIMH XapaKTEPUCTUKAMHU HEITUHEUHBIX
Lemnen?

12.Yem nmpuHIUNHAIBHO OTIWYAIOTCS YACTOTHBIE XapaKTEPUCTUKHU He-
JUHEWHBIX IETIeH OT YaCTOTHBIX XapaKTEPUCTUK aHAJIOTMYHBIX JTUHEHHBIX ?

13.B 4yem cXOACTBO U B YeM PA3IMUNEC B MOCTPOSCHUU BEKTOPHBIX JHa-
rpamMM IO EPBBIM FAPMOHUKAM JIJIs TMHEWHBIX U HEJTMHECUHBIX IETIeH?

14.]laiiTe ompeneiacHUE MOHATHH «HHIYKTHBHOCTH PACCESHUS», «Ha-
MarHU4YMBAaIOIIUNA TOK», «TOK MTOTEPH».
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3. COAEP) KAHUE NPAKTUYECKOI'O PA3JAEJIA JUCIIUTIIJIMHBI

Hazpanne, 00BbEM, MOCIEIOBATEIBHOCTh BBIIIOJHEHUS MPAKTHUYECKUX
U J1aOOpaTOPHBIX 3aHSATUH OINMPENETSIOTCS MapLUIPyTOM U KaJleHAApHBIM Ijia-
HOM, COCTaBJIEHHBIM IPENOJABaTEIEM B IIPOLIECCE PAOOTHI CO CTYIE€HTAMH.

3.1. TemaTuKa NPAKTHYECKUX 3aHATHIA

1. Tepexonusie TpOLECCH. 3aKoHBI KOMMyTauuu. Omnpenenenue Ha-
yanbHbIX ycnoBui. Knaccuueckuii meton u uHTerpan Jdroamens. Oneparop-
HBIM METOJ] pacueTa NepexoaHbIX nporeccoB — lyac.

Pexomennayemas jqureparypa: [1, c. 5-40], [2,c. 282—-416], [4¢. 231—
312], [5,c. 234-288].

2. Henunelinple pe3ucTUBHBIC Lienu — 1 yac.

Pexomenayemas aurepartypa: [1, c. 53-57], [3,c. 48-116], [4¢. 409—
428], [5,c. 386—-412].

3. MaruurtHble eI IIOCTOAHHOTIO ITIOTOKA — lyac.

Pexomennyemasi Jmreparypa. [1, c¢.68-73], [3, c¢. 117-125],
[4, c. 429-452], [5¢. 418-429]

4. llenu ¢ pacnpeneseHHbIMY apaMeTpaMH B YCTaHOBUBIIMXCS U Iie-
PEXOIHBIX pexumax— 1yac.

Pexomenayemasi jmteparypa: [1, c. 105-121], [3,c. 11-45], [4,
c. 355-408], [5¢. 344-384].

3.2. TemaTuka J1aOOpPaTOPHBIX padoT
3.2.1.001mue MeToaMYecKHE YKAZAHUA

Jlis cTynaeHToB Kiaccuueckoil 3aouHoi Gopmbel (K3®P) oOyuenus Tpe-
OoBaHUs K dTanam paboThl, CBI3aHHBIE C JaOOPATOPHBIMH 3aHATUSIMH, OIPE-
JeIeHbl B METOJMYECKMX YKa3aHHsIX KO BCeM JlabopaTOpHBIM paboTam,
C KOTOPBIMU MOYXHO O3HAKOMHUTBCSI Ha caiite kadeapsl [8].

i CTyneHTOB, OOydarolmuxcsi ¢ HMCIOIb30BAaHUEM TUCTAHIIMOHHBIX
obpaszoBatenbHbix  TexHojormi  (IOT),  maGoparopHbie  pabOTHI
BBITIOJIHSAIOTCS. B CHUCTEME CXEMOTEXHHYEeKoro MonenupoBanusi Electronics
Workbench.[lyis Toro, 9To0BI BOCIIONIB30BAThCSI ATOM MPOTPAMMOKN, MOKHO
B3iITh ee ¢ cairta http://ewb.narod.ru/start.htmllporpamma ymakoBana
apxuBaropom WinZip, ve tpebyer wmHcTamsanuu. Co3maiiTe Ha KECTKOM
JMICKE KaTaJIoT ¢ IPOU3BOJIHLHBIM UMEHEM M pa3apXUBHPYHTE.
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3amyckHbIM (aiinom sBisietcst ¢aiin ¢ umenem Wewb.exe. [Ipocto
KJIMKHUTE HA HEM JIBAXKIbI.

CTyneHT OOMKEeH MpojeiaTh JabopaTOpHYIO paboTy M pe3ysbTaThl
B DJICGKTPOHHOM OTTIPaBUTH MPEIOIaBATENIO, KOTOPBIN €ro KypupyerT.

Odopmiierne pabOTBI  JOMKHO COOTBETCTBOBAThH  TPEOOBAHUSIM,
KOTOpBIE TMPEACTaBICHbl B METOAMYECKHUX YKa3aHUSAX K J1abOpaTOPHBIM
padotam [8]. Bce mabopaTtopHbie pabOTHI CTYACHTaM HEOOXOIUMO MPOIeaaTh
1o ceccuu. Ecnm nmabopaTopHbie pabOThI HE CENaHbl, HET MOJIOKHUTEIHLHON
PEICH3U U MPEIo1aBaTesl, TO CTYACHT HE JI0MyCKaeTCsl 10 Ca4YH dK3aMeHa.

3.2.2.1lepeyeHnb J1a0OPATOPHBIX padoT

1. IlepexomHbie MPOLIECCHI B IETIAX MEPBOTO Mopsijika (2 daca).

2. HccrnenoBanue amnepuognyecKoro MEpexXoJHOT0 Mpolecca B IEMH
BTOpOTO Topsifika (2 yaca).

3. KonebaTenbHbIil MEpexonHbI MpOIecC B LEMHM BTOPOrO MOpsaKa
(2 gaca).

4. HccnenoBanue HeMMHEHHBIX Hernei (2 yaca).

MeToauveckre yKa3aHus K BBITIOJHEHHUIO JJAOOPATOPHBIX padoT MpuBe-
neHsl B [9)].
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4. THANBU Y AJIBHBIE JOMAIIIHUE 3ATAHUSA

4.1.O01mme MeTOAMYECKHE YKAZAHUS

VY4eOHBIM IIIIaHOM NPEAYCMOTPEHO BBIIOJHEHUE JBYX HWHAWBHyallb-
HBIX AomamHux 3ananuid (M/13), BapuaHTBl KOTOPBIX MPUBEACHBI B MOJPa3-
neine 4.2.

CryneHTsl, oOydaromuecss Mo Kiaccuueckod 3aounoir (opme (K3D),
NJ13 BBIMIONHAIOT B BUAE PYKOMUCHOTO TEKCTa B OTIEIBHON TeTpaau oObe-
MoMm 12—-18muctoB. Cryaent K3® nomken 6pTh roToB 3amutuTh cBoe U/13
MIPENO/IaBaATEII0 BO BPEMSI CECCHH.

CrynenTsl, 00y4aroluecs: ¢ UCHOIb30BaHUEM TUCTAHIIMOHHBIX 00pa3o-
BatenbHbIX TexHonorud (JJOT), U3 odopmisitor B otaensHOM (haiiie, BbI-
CBLIAIOT MX, U, B 00S3aTEIILHOM MOpSAJIKE, MOJIy4yaroT peueHsuto Ha M/I3.
[TpaBuiIbHO BBINOJHEHHBIE pAaOOTHI CTYJEHTY HE Bo3Bpaluatorcs. Eciau pado-
Ta HE 3a4TEHa, TO IOCJE OTBETA HAa 3aMEYaHUsl PELIEH3EHTAa OHA MOCBLIAETCS
Ha MOBTOPHOE PELIEH3UPOBAHUE.

3ajaHus BapuMaHTa U OTBEThl HEOOXOIMMO HaOpaTh C MCHOJIb30BAaHUEM
nporpammbl Microsoft Word, hbopmyiel HaOuparoTcst B penakrope (hopmyi
Math Typeunn EquationKerib He menee 12.

Ha crpanuniax M3 octaBbTe momst 1jsi 3ameyaHuid penen3enrta. Ctpa-
HULBI U PUCYHKHM IpoHyMepyite. B xoHue BoinonHenHoro MJI3 npusenute
CIIMCOK HCIIOJIb30BAHHOM JINTEPATYPBI, YKAXKUTE IaTy BBHIIOJHEHUS paOOTHI.

B pasnene 6 mpuBeneHsl HeoOXoauMas JTUTEpaTypa AJIs BHIOJHEHUS

U3,

Bapuantr UJ/I3 BoiOupaeTcs mo IByM MOCIEIHUM LHU(paM 3a4eTHOMN
KHIWKKU cTyaeHTa. Ecnu moiydaemoe uncino 6osbine 25, To U3 HETO HyXHO
BeiuecTh 25. Hanmpumep, ecin mudp 3auetnoit kamxku /[-5A10/12, 1o Bapu-

ant U3 12, eciu JI-5A10/45, 10 Bapuant — 20,eciau /I-5A10/64,10 Bapu-
anT — 14u 1.1.

N3 nomxHO OBITH MEpeaHo MpernoaBaTeio Ha MPOBEPKY B TEUEHUE
CEMECTpa WUJIM B IIEPBBIE TPU JHS CECCUM.

K npencraBiennsiM Ha penens3nro /(3 npenpsaBisitores ciaeayromuye
TpeOoBaHMUS:

1. 3aganust MOTYT OBITH BBINOJIHEHB! B YUEHUUECKUX TETPAIAX WU HA
YUCTBIX JUCTAX OyMaru 4eTBEpToro opmara, 00s13aTEIbHO CIIUTHIX.

2. O0s3aTenbHO NOKEH ObITh TUTYNBHBIN JIUCT. Ha TUTYIBHOM JTUCTE
YKa3bIBAIOT: (haMUIIKIO, UM M OTYECTBO, JOMAIIHUH a1pec, HOMep y4eOHOro
mudpa, HoMep TPyl 1 Homep Bapuanta. [lpumep odpopmiieHust TUTYIbHO-
o JIUCTa pa3MeIIEH Ha caiiTe Kadenpsl.
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http://portal.tpu.ru/departments/kafedra/ese/yhebdiele%20toe/Tabdnmm
IIEPCOHAJIBHOM CaWTe MPENOoIaBaTeNs
http://portal.tpu.ru/SHARED/k/KOLCHANOVA/Educatiohgob/Tab3

3. OcHoBHbIE JEWUCTBUA MPHU BBHIMOJIHEHUU 33JaHUS JOJKHBI COMPOBO-
KAATHCS JOCTATOYHO MOAPOOHBIMU MOSICHEHUSIMH.

4. PucyHku, rpaguku, CXeMbl, B TOM YHCII€ U 3aJaHHbIE YCIIOBUEM 3a-
71a4¥, JOJDKHBI OBITH BBITIOJHEHBI HA OTICIILHOM JIUCTE Oymaru (CTpaHUIIe)
aKKypaTHO U B YJOOHOM ISl YT€HUsI MaciuTaoe.

5. B 3anmaHuu ciieyeT ocTaBisSTh MOJISI LIMPUHOM HE MeHbLIE 4 cM s
3aMEYaHUl PELEH3EHTA.

6. Bpruncienus A0KHBI OBITH BBIIOJHEHBI C TOYHOCTBIO J0 TPEThE
3HaYame mudpsl.

/. 3anaHue JOJKHO ObITh MOJANKCAHO CTYJIEHTOM U yKa3aHa JaTa.

He3aurennble /I3 nomkHbI ObITH UCHPABICHBI M CIAHBI HA MOBTOP-
HYIO PELIEH3UI0 BMECTE C MepBOHAYAIbHBIM BapUaHTOM Pa0OThI U 3aMEYaHUS
MU perieH3eHTa. McnpaBiieHHe OMOOK B OTPELEH3MPOBAHHOM TEKCTE HE
nomyckaercs. Bce McnmpaB/ieHUs1 1OJIKHBI ObITH BBINOJHEHBI 0] 3aro-
n0BKoM «cnipaBiieHue OMMO0K».

IIpn wm3ydennmn kypca «TeopeTHyecKue OCHOBBI DJIEKTPOTEXHUKU>
(TOD) m BBHINOTHEHWU KOHTPOJIBHBIX 3alaHUl PEKOMEHAYIOTCS YYeOHHKH
U y4eOHbIe TOCOOMSI, BHIMTYIIEHHBIE B MOCEIHUE TObI, TAK KaK B CTApbIX U3-
JNAHUSX U3JI0KEHHUE PSAJa HOBBIX BOIPOCOB MOXKET OTCYTCTBOBaTh. PEKOoMeH-
JyeTCsl TI0JIb30BATHCS OJJHUM YYEOHHKOM IPU M3YUYEHUHU BCETrO Kypca, HO KO-
r71a Kakou-1Mb0 BOMPOC U3JI0KEH B HEM HEJAOCTATOYHO SICHO MJIM BOBCE HE
Hallesl OTpakKeHUs!, UCMOIb30BaTh Apyroi yueOnuk. LlenecooOpa3HocTh Ta-
KO0 MOJAX0/a OOYCJIOBJIEHa U TEM, UYTO B YYEOHUKAX MMeEEeTCs HeOombIias
pa3HMIla B 0003HAYEHMSIX M ATO MOKET BbI3BaTh HEKOTOPHIE 3aTPYIHEHUS
IIpU IEPEX0/ie OT OJHOro ydyeOHHMKa K apyromy. Tak, Hampumep, B OJHHUX
kaurax JJ[C o6o3nagaetcst OykBoit E, a B npyrux — 3; nmoteHman — OyKBou
¢ i U. B olHUX KHUTax MOJIO)KUTEJbHOE HANpPABJIEHUWE OTCYETa JJIsl Ha-
NPSOKEHUS. MEXKLY JBYMS Y3JIaMH MJIM TOYKAMU CXEMBbI YKA3bIBAETCS C MTOMO-
I[bI0 MHAEKCOB 3THUX Y3JI0OB WM TOYEK, B APYTMX — UHAEKCHI Y3JI0B Yy HaIps-
KEHUS HE CTaBATCA, & CTABUTCA CTPEJIKA U OJJUH UHIEKC U T.J.

Pekomenpayercsi, mpopabarbiBasi MarepHas, COCTAaBIATh KOHCIEKT,
B KOTOPBIM TOJIE3HO BBIMMCHIBATH OCHOBHBIE 3aKOHBI, ompenenaeHuss u ¢op-
myJibl. KoHCHeKkT oka3biBaeT OOJIbIIYI0 MOMOIb IMPU BBINOJHEHUU KOH-
TPOJIbHBIX 3aJJaHUM U IIPU TOATOTOBKE K SK3aMEHaM.

PadoTra Hag MHAUBUAYAJIBHBIM 33JJaHMEM IIOMOTAET CTYJIEHTaM Ipo-
BEPUThH CTENEHb YCBOCHHS MMM Kypca, BbIpabaThIBA€T y HUX HABBIK YETKO
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Y KpaTKO H3J1araTb CBOM MbICIHW. JlJI YCHEIIHOTO JOCTHXKEHHSI 3TOW LIeNU
HEO0OXO0IMMO PYKOBOJCTBOBATHCS CIACAYIOUIMMH MPaBUIAMHU:

Haunnast pemenue 3amaud, ykas3aTb, Kakue (U3UUYECKUE 3aKOHBI WITU
pacyeTHbIE METO/bI IPEANOIATaeTCs UCIOJIB30BATh MPU PELIEHUH, TPUBECTU
MaTE€MaTUYECKYIO 3alIUCh ITUX 3aKOHOB U METOJIOB.

TmarenbHO poxymMaTh, Kakue OyKBEHHBIE WK HU(POBBIE 0003HAYEHUS
IIPEAIOaraeTcs UCIONIb30BaTh B pelieHu. [IoACHUTH 3Ha4YeHHE Ka)KI0Tro
0003HauEHHUS.

B xoze pemienys 3a1auu He ClIeAyeT U3MEHATh OJHAXK/bl IIPUHATHIC Ha-
[PABJICHUS] TOKOB U HAUMEHOBAHHUS Y3JIOB, COIIPOTUBIIEHUH, a TaKXe 0003Ha-
4YeHU, 3alaHHbIe yCoBUeM. [Ipu perennn oTHOM U TOM K€ 3a7a4M pas3iInd-
HbIMU METOJAaMH OJHY U Ty K€ BEIMUMHY HAIJIEKHUT 0003HAa4YaThb OJHUM
U TeM K€ OYKBEHHBIM CIMBOJIOM.

Pacuer kaxnom MCXOMHOW BEIWYMHBI CIEAYET BBINOJHUTH CHaJaua
B 001IIeM BHUJIE, a 3aTEM B MOJIyUYEeHHYIO (DOpPMYITy MOICTaBUTh YUCIIOBBIE 3HA-
YEHUS! U IPUBECTH OKOHYATENIbHBIN pE3yJbTaT ¢ YKa3aHUEM €IMHUI] U3MeEpe-
Hud. [Ipy pemieHuM CUCTEMBI ypaBHEHUH II€1€CO00pPa3HO BOCIHOJIb30BATHCS
W3BECTHHIMU METOJAMH YIIPOIICHUSI pacueTa ompenenurtenei (Hampumep,
BBIHECEHHE 32 3HAK OIMPEISIUTENs OOIIEro MHOKUTEIS U JIp.), & MHOTTIA U e1le
IPOLLE. METOOM ITOJICTAHOBKH.

[IpoMexyTOUHbIE U KOHEUHBIE PE3YJIbTAThI PACUETOB JIOJIKHBI OBITH sIC-
HO BBIICJICHBI U3 OOILEro TEKCTA.

Pemenue 3anau He cienyeT neperpykarb NpUBEACHUEM BCEX anreopau-
YeCKUX MPeo0pa3oBaHUN U apU(PMETUUECKUX PACUETOB.

JUIsL B7€MEHTOB DJJIEKTPUYECKUX CXEM DPEKOMEHAYETCS IOJIb30BAThCS
0003HaYeHHUAMH, TPUMEHIEMbIMH B yueOHuKkax o TOD.

Kaxxiomy atany pemeHus 3a1a4n Hy>KHO JaBaTh MOSICHEHUS.

[Ipu mocTpoeHuu KpUBBIX BHIOpATh TaKOl MaciiTad, 4ToObl Ha 1 cM ocu
KOOpAMHAT NPUXOAWIOCH 1 - 10* " wm 2 - 10* " eunmn u3MepeHus puznye-
CKOW BEJIMYMHBI, Te N — nenoe uucno. ['paaxynpoBKy OCEN BBINNOJIHATH, Ha-
YUHAas C HyJsl, pPABHOMEPHO Y€PE3 OJIMH WM Yepe3 JBa CaHTHUMeETpa. Yucio-
BbI€ 3HAYEHUsI KOOPJIMHAT TOYEK, 10 KOTOPBIM CTPOSTCS KPUBbBIE, HE MPHUBO-
IUThb. Beck rpaduk B 1IEIOM U OTZEIbHBIE KPUBBIE HA HEM JIOJKHBI UMETh
Ha3BaHUS.

17



4.2 UnauBuayajbHoe JoManiHee 3aaanue Ne 1
«[TepexoiHBIC MPOIIECCHI B MEISX ¢ COCPEIOTOUSHHBIMH MapaMeTpaMu. JIu-
HUH C PacIpee/ICHHBIMU TIapaMeTPaMH B YCTAaHOBUBIIIEMCS PEIKUME

HMupausunyanbHoe gomaniHee 3aanue Ne 1 cOCTOUT U3 TpeX 3a/1ay:
« 1.1, 1.2 —pa3BuBaOIIME HABBIKM pacyeTa MEPEeXOIHBIX MPOIECCOB
B JIMHEHHBIX JJIEKTPUUECKUX LEMAX C COCPEIOTOYEHHBIMHU IapaMeTpaMu
C OJTHAM U JIByMs HAKOIUTEISIMU SHEPTUU. B 3a1aue UCHOIb3yIOTCS METOIBI:
KJIACCUYECKHM, OIIepaTOPHBIN, MHTErpasa roamens;
« 1.3 —dopmupyromell HaBBIKM pacdera Ieneil ¢ pacnpeaeaeHHbIMU
apamMeTpaMH B YCTAHOBUBILEMCS PEXUME.

3amaua 1.1

1. B 3amanHoO# menu, u3o0paxennoi Ha puc. 1.1,a—1.10,a (cxema BbI-
Oupaercs no mudpy B coorBeTcTBHH ¢ Tadn. 1.1),B MmomeHT Bpemernu t =0
cpabateiBaeT kmo4 K n Ha untepsane Bpemenn 0<t <ty moaxmovaercs uc-

Tounuk nocrosHHoi OJIC e(t) = Ey MM HCTOYHMK IOCTOSIHHOTO TOKa
J (t) = Jo.

TpeOyercs: onpeaennTs 3aKOH U3MEHEHUSI TOKA B KAaTYIIKE WHAYKTHUB-
Hoctu (cxema RL) mnm mHanpsbkenus Ha koHneHcarope (cxema RC) kmaccu-
yeckuM MeToaoM. [loctpouts rpaduk M3MEHEHHS MCKOMOW BEIMYMHBI Ha
uHTepBajne BpeMeHn 0<t< 41, rne T —NOCTOSIHHASI BPEMEHU LIENH C OJHUM

HaKomuTeneM dHeprun (B cekyHAax). Ee urncneHHoe 3HaueHne onpeenseTcs
U3 XapaKTepUCTUYECKOTO YpaBHEHMs, KaK BEJIWYHMHA, OOpaTHas KOPHIO

=1

2. B 3amannoit e (puc. 1.1,4—1.10,a) B MmomenT Bpemenu t =0 cpa-
OarpiBaeT K04 K, koropsrit nmogkimodaer ucrouruk DJ[C €(t) mmm Toka J(t),
W3MEHSIOIIHAECS 10 SKCIIOHCHITMAIEHOMY 3aKOHY

=K &t 170171 J(t)=Jy e
I7I€ @ — MOCTOSTHHBIA KOd(huIueHT, onpenensercs mo naHHbM Tadm. 1.1wu3
3aJJaHHOI'0 COOTHOILIEHHUS a LT .
Tpedyercss: omnpeneianTh 3aKOH W3MEHEHUS TOW JK€ BEJIMYHHEI

(cMm. . 1) omepaTopHbIiM MeToAOM. [locTpouTh TpaduK M3MEHEHUS HCKO-
MO BeTMYMHBI Ha UHTepBase BpemeHn 0<t < 4[T.
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3. B 3agannoii nermn (puc. 1.1,a4—1.10,a) B momenT Bpemenu t =0 cpa-
6ateiBaet ko4 K u Ha unTepsane spemenn 0<t <ty moakiarouaercs UCTOU-

auk DJ1C e(t) nau Toka J(t), u3MeHsoIuecs 10 JMHEHHOMY 3aKOHY:
t t
e ()= K Eﬂl—t—) umn Jy(1) = Jg Eﬂl—t—)
0 0

npu t =1ty & () =0; J,(t)=0.

TpeOyercss: omnpenennuTs 3aKOH M3MEHEHMsSI TOW K€ BEIMYHUHBI
(cm. 1. 1) meTtogom uHTerpata Jdrwamens. [loctpouts rpaguk u3MeHEHHS
MCKOMOH BEIMYMHBI Ha MHTepBanax Bpemenn O0<t<ty u t=ty. llpunsars

to =201 rae T —nocTosHHAsI BpEMEHH LIETIH.
[TapamMeTpsI 27IEMEHTOB IIENM U UICTOYHUKOB yKa3aHbl B Ta0m. 1.1.

3agaua 1.2

B nenu, n3o6paxennoit va puc. 1.1,6-1.10,6, B MomenT Bpemernn t =0
cpabatbiBaeT kiou K, KoTOphlil moakirodaeT UCTOYHUK moctosiHHOW DJIC
e(t) = Eg wim uctoyHuk nocrossHHOro Toka J(t) = Jg.

TpeOyercss: omnpenenutb 3aKOH M3MEHEHHMS TOW K€ BEJIMYHUHbI
(cMm. 3amauy 1.1) kmaccuyeckum MeToaoM. [loctpouth rpaduk U3MEHEHUs
UCKOMOIl BenMuMHBl Ha HHTepBase BpeMeHH O<t< 4T, TIe Tpax —

OoJIbIIast 10 BEJIWYHMHE MMOCTOSHHAS BPCMCHH LCIIM BTOPOTO IMOPsAJAKA.

Tabomuma 1.1

Ne Ne Eg, | Jo, | ad L, C, R R Ry
mudpa | CXeMbl B A MI'H | MKD OM

1 1.1 100 — 2 4 500 10 6 4
2 1.4 50 - 2 1 10 10 25 5
3 1.6 150 - 3 10 10 40 60 100
4 1.9 100 - 2 4 5 20 20 10
5 1.2 — 1 2 1 10 10 10 4
6 1.10 40 — 2 1 10 0,5 3 0,5
7 1.3 — 2 3 10 10 50 10 10
8 1.9 50 - 2 1 10 6 6 1
9 1.5 — 10 2 20 100 50 50 50
10 1.7 — 1 2 2 10 2 2 4
11 1.8 — 5 3 1 10 0 4 4
12 1.10 100 — 2 2 10 1 4 1
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Oxonuaunwue Ta0m. 1.1

No Ne Eo. Jo, | ald L, C, Ry R Rs
mudpa | CXeMbl B A MIH | MKD OM
13 1.8 — 4 3 2 10 5 5 0
14 1.7 — 0,5 2 1 10 1 1 3
15 1.6 60 - 2 2 1670 1 0 6
16 1.4 100 — 2 1 10 20 5 15
17 1.5 - 0,2 2 10 10 40 60 100
18 1.1 20 - 3 1 1500 2 4 1
19 1.3 — 0,8 2 10 100 10 100 25
20 1.4 100 - 2 2 5 20 40 20
21 1.2 - 0,1 3 1 10 1 2 3
22 1.8 - 0,4 2 0,4 10 5 2,5 0
23 1.6 10 — 2 2 1670 1 2 4
24 1.7 — 3 2 4 5 20 20 5
25 1.10 100 - 2 20 10 1 14 3

&) I
R, R,
|_

Puc. 1.1
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Puc. 1.3
L
|
K
(1)
(1)
R,

Puc. 1.4

Puc. 1.5

Puc. 1.6
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R, €

9J(t) Ry 7K| | R 3L

Puc. 1.7

N

Puc. 1.8

e(1)

Puc. 1.9

Puc. 1.10
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3agaua 1.3

ITo 3amansbM B Tabs. 1.2mapamerpam muann (Ry, Ly, Gq,Cp), gactore

f , nmuue muaMM |, KoMIuIekcHBIM 3Ha4YeHUsIM HanpspkeHust U, u Toka |,
B KOHIIE JIMHKUU, CONPOTUBIICHUIO HArpy3Kku Z ;; TpeOyeTcs:

1. Paccunrath Hanpskenne Uy u Tok [] B Hadase TuHMM, aKTHBHYO P
Y TIOJIHYIO S MOIITHOCTH B Ha4aJie U B KOHIIE TUHUH, a Takke KII1J] muanm.

2. Ilonaras, uro nuaus 1. 1 crana nuameit 6e3 moreps (Ry = Gy =0),
a Harpy3ka Ha KOHIIE JIMHUM CTaJla aKTUBHOM M PaBHOW MOJYJIIO KOMILJIEKC-
HOM Harpysku B 1. 1, ompesenuts Hanpsxenue Uy u Tox [ B Havane muHMY,
a TaKk)Ke JUTMHY JIEKTPOMAarHUTHOM BOJHEI A .

3. JIns nuamm Oe3 moteph (. 2) mocTpouTh rpaduK pacrpeaeacHus

,Z[CﬁCTBYIOHICFO SHAYCHUA HAIIPsSKCHUS BAOJb JUHHUU B (I)YHKHI/II/I KOOpJIHHa-
ThI X, OTCUYUTHIBAEMOM OT KOHIIA JIMHHUU.

Tabmuma 1.2
Ne| fC| | CyO O G, : : _
RO 0 LO 0 U2 |2|103 ZH
10° 109103 |10°°
KM KM KM KM
1102514005 |96 | 508 062 — |16e15 | 16007115
5|1 |177|/10 | 59 | 416 075 705 - 1675 10
3|10 |75 116 575 848 051 - | 20ei6 | 244076
4|5 |16 1572|575 |10 | 1,75| 554 - 27706 11¥
5]0,75/146 | 12 | 10,6] 46| 008 10| - 400
6|3 |56720 |6 |41 | 125 423 - 423
2112 |49 | 7566,35 115 (08 |- |30i2 |3110-12F
g|7 |10 1804122z |76 |45 | 20 | - 4196~ i14
9|06 |200| 62| 10 | 48| 08 - |282ei8 | 35568
10|08 | 223| 58| 65| 38| 07| 141 - 392618
11/0,6 | 100 22 | 10 | 12| 065 - |522M1? | 530q 117

23




Oxonuauwue Ta0i. 1.2

fLC

CoD

Lo

G, O

16° 109 108] 1076 Uy 1,10 3 Zy
o | kM Om | @ |Ir| Cu B A Om
KM KM KM KM
12/0,9 |81 | 19274 | 10,8 0,72 | 62 | 24 4/% |-
13|4 | 254]486/64 | 75| 041 | — | 22,5 667
14|65 | 10,5204 | 56 | 85442 |36 |- 800e™ 115"
152 |45 | 50436 | 1341 ~ 458 | 980e 1€
164 |30,2/33,4/9,5 | 2,66/1,5 | 29,6 — 1130
17109 | 94,227 | 68| 708095 |- |3i€ | o90g ile
18/9 |16,3/108 | 4,1 | 10,40,46 | 22,6 — 565015
19|16 |65 | 40,834 1416109 |- |32¢i7 |15006717"
20107 | 105| 14,616,4/3,04/1,35 | 60 | — 9006122
21105 | 200 10 | 9,6/ 5,081,25 | 100| g4 2ei15 |-
22105 | 250| 5 | 11,84,16/0,75 | — |21 2610 | 11ggi10
23110 |11,6/58 | 5,75 4,24/0,51 | 34,4 - 17206~ 1€°
24125 | 23,7 78,6/115/10 | 1,75 | — |10eit® |1965e i1%
25115 |73 | 24 | 10,64,6 | 0,175| 40 | 100 -
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4.3. TeopeTuyeckne CBeJeHUSA 1 METOAMYECKHE YKAZAHUS
K pellieHHI0 321a4 KOHTPOJIbHOM padoThl Ne 1

4.3.1.MeToauueckue yKa3aHus K pemeHuro 3agaq 1.1, 1.2

[lepexonHble MpoLecChl BOZHUKAIOT MPU KOMMYTAIHX, MO KOTOPBIMU
MOHUMAIOT BKIIIOUEHUE, OTKJIIOYCHHUE, MEPEKITI0YCHIEe NCTOYHUKOB dHEPTHUU
WIA DJIEMEHTOB IlenH. VIMIyibCHBIE BO3IEHUCTBUS BBI3BIBAIOT TEPEXOHBIC
IpoIecCchl 6€3 KOMMYTAIUi, KaK, HalpuMep, B TIpearaeMoit 3aiayve.

1. Kinaccuueckuii MeTox

Knaccudecknii MeTo 1 aHanmn3a dJIEKTPUUSCKUX IIEeTel OCHOBAaH Ha WH-
TerpupoBanuu U HepeHIHaTLHOTO YpaBHEHUS 1SN , 3aITUCAHHOTO OTHOCH-
TEJIbHO BBHIOpAHHOM MepeMeHHOU. B kadecTBe mepeMeHHbIX NMPUHUMAIOT Be-
JMYUHBL, I KOTOPBIX JIETKO 3alucaTh Ha4allbHbIe ycloBus (3HaueHws). Kak
MPaBWIIO, 3TO TOKM MHAYKTUBHBIX U HAIpPSDKEHHUS €MKOCTHBIX 3JIEMEHTOB.
[Topsamox auddepeHnnaIbHOro ypaBHEHUS OMpPENEIsIeTCs] YUCIOM HaKOMU-
TeJei PHePrUH — UHAYKTUBHBIX U €MKOCTHBIX 3JeMeHTOB. [{uddepenmuans-
HO€ YpaBHEHHE MOJIY4alOT, 3aMHUChIBasi CUCTEMY YPAaBHEHUU JJIi MTHOBEHHBIX
3HAYCHUI TOKOB M HAMPSOKCHW Ha OCHOBAaHHMH 3aKOHOB Kupxroda u paspe-
masi €€ OTHOCUTEIbHO OJTHOM M3 MEPEMEHHBIX (TOKa, HAIPSKCHHUS).

Pemenne momydenHoro audgepeHnnaabsHOro ypaBHEHHs MPEACTaBIIs-
eTCsl CYMMOM dYacTHOro W obmiero pemieHuid. COCTaBISIONIME TOKOB W Ha-
NpsOKEHUH, ONpenessieMble YaCTHBIM perieHneM AudGepeHInaIbHoro ypaB-
HEHUSI, 00YCJIOBIIEHBI BBIHYKAIONINM BO3CHCTBHEM HCTOYHUKOB, TTOITOMY
MX Ha3bIBAIOT BBIHYXJCHHBIMU WM NpHHYKAeHHbIMH (f,(t)). OTu cocras-
JSIFOIIAE OTCYTCTBYIOT, KOT/Ia HET BHEIIHETro BO3JeicTBHs (MpaBas 4acTh
ypaBHeHUsI paBHa HyI0). COCTaBISIONINE TOKOB W HAIPSDKEHHH, Ompee-
JsieMble OOIIKUM pEHIeHHEM OJHOPOIHOr0 Au(depeHnaIbHOro ypaBHEHUS,
0OyCIIOBJIEHBI PHEPTUEH, CBA3AHHON C HAKOMUTEISIMHU. DTH COCTABIISIOIINE
HasbBaloT c¢Bo0OaHBIME (f,(t)). Takum 0Opa3oM, B KIaCCHUECKOM METOC
pelIeHrE ONPEACIAETCS HAIOKEHNEM COCTaBISIOLINX:

f(t)= fHp (1) + f . (1) (1.1)
[Ipunyx€eHHas COCTaBIIAIONIAs SBISAETCS YaCTHBIM perieHueM audde-
PEHIMATIBHOTO ypaBHEHHUS W OMNpenessieTcs BUAOM BO3JeHCTBUA. B uemnu
C IOCTOSIHHBIMU M TAPMOHUYECKUMH UCTOYHUKAMU MPUHYKJICHHbIE COCTaB-
JSOIKME COBMAJAOT C YCTAHOBUBIIMMMCS 3HAYEHUSIMU U MOTYT OBITH Haii-
JIEHBI JIIOOBIM U3 U3BECTHBIX METOJOB pacyeTa lened B YCTaHOBUBILIUXCS
pexrMax.
CBoOosHast ~ cocTaBismoniasi  ONpeNesieTcss  BHJAOM  KOpHeH
XapaKTepuCcTU4ecKoro ypaBuenus. [lociennee nojiy4aror U3 OJHOPOJAHOTO
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audepeHnaIbHOTO ypaBHEHUsI MyTEM €ro aiaredpau3aluu, MOICTABIIASL
BMecTo d/dt anreOpandeckuii oreparop p.

XapakTepuCTUYECKOe ypaBHEHHWE MOXHO COCTaBIsTh, HE mpuoOeras
K PEIICHHIO CUCTeMbl MU (epeHIInaNbHBIX YpaBHEHU OTHOCUTEIBHO OJTHOU
NEPEMEHHOM, a BOCIIOJIb30BaTHCS OJJHUM U3 MPUEMOB!

1. CoctaBuTh ONpeneanTeIh MATPUIIBI KOHTYPHBIX COMPOTUBICHUNA HITH
Y3JIOBBIX MIPOBOJMMOCTEH JJIi pacCMaTpUBAaEMOM 1IeTIH B KOMILIEKCHOU (op-
Me. 3aMEHUB BEJIMYMHY | HA p, MIPUPABHATH ONPEICIUTENh K HYJIIO U pe-
[IUThH TOJYYEHHOE YPaBHEHHE OTHOCHTENBbHO p . [lodydyeHHbIe 3HAUYCHUS —
KOPHHU XapaKTEPUCTUIECKOTO YPaBHEHHS.

2. COoCTaBUTh OTHOCHUTEIILHO BXOJHBIX 32KHMOB IEMH BBIPAKEHUE
BXOJIHOTO KOMILUIEKCHOTO CONPOTUBIICHUS Z(p) NMpH NMUTAHUU OT UCTOYHHUKA
S1C nnu npoBoguMocTH Y(p) — IpH MUTaHUH OT UCTOYHUKA ToKa. [Ipu 3TOM

C 3ameHsieTcsi Ha % @ L 3amensiercs Ha plL wu, npupaBHsB Z (p) wiu

Y (p) K HYJIIO, ONIPECIIUTh KOPHH PEIICHUEM MOJYYCHHOTO YPABHEHHUS.
Bo3MoskHBI BapuaHThI 3alIUCU CBOOOHOM COCTaBIISIOIIEH:

n ot
1. ()= 3 A @R, (1.2,2)
i=1
CCJIN KOPHH p; BCILICCTBCHHLBIC paSHBIC;
n : '
2. fu()= T A IR, (1.2,6)
i=1
€CJIM KOPHH BEIICCTBCHHBIC paBHbIC (KpAaTHBIE);
n-i _s.
3. f,0= > AR BN B+y), (1.2,8)
i=1,35 !
CCJIM KOPpHHU ITOIIApHO KOMHHCKCHO'COHP}I)I(CHHBIC;
P =8 + j0gg Pis1 =~ — j00y,

Benuuunbl A ) yi — IIOCTOAHHBIC HHTCTPUPOBAHUA.

B nepBoMm citydae mporecc HasbplBalOT allepUOJUYECKUM, BO BTOPOM —
IIPEAEIbHBIM AllEpUOANYECKUM UIM KPUTHUECKUM, B TPETHEM — 3aTYXAOIIUM
MEPUOINYECKUM HIIA KOJIEOATEIIbHBIM.

IHocTosiHHBIE HHTETPUPOBAHMSA HAXOLAT U3 HAYAJIbHBIX YCIOBHUH, IS
YEero COCTABJISIIOT CUCTEMY YPAaBHEHUW OTHOCHTEIBHO CBOOOIHOW COCTaB-
JSAIOIIEN MCKOMOW BEIWYMHBI U €€ NMPOU3BOAHBIX JUISI MOMEHTAa BPEMEHU
t =0 nmut = ty, ecau yuuThIBaeTcs 3amasjbplBaHue KommyTtanuu. Hampu-

MED, UIA LIECIIK BTOPOTO MOpsAAKA ¢ BEIICCTBCHHBIMH KOPHSIMM.
fon(0+)= A+ Ag; T (04) = DA+ P Ay
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3rtech foy (0+)= £ (0+) = o (OF) 1 fg (0%) = £ (0F)= fy (OF) —1ia-

YaJlbHbIE YCIIOBHUS.

PaznuuaroT 3aBHCHMbIE U HE3aBHCHMbIe HauajgbHble ycinoBusi. He3aBu-
cuMble HavyaabHble yciaoBusi (HHY) — 3HaueHus TOKOB B MHIYKTHBHBIX
Y HanpsDKEHU Ha EMKOCTHBIX 3JIEMEHTAaX B MOMEHT KOMMYTAIIUH.

CornacHo 3aKOHaM KOMMYTallMM TOK B BETBU C HWHIYKTUBHOCTHIO
Y HalpsHKeHUE Ha EMKOCTH B MOMEHT KOMMYTAllMA HE U3MEHSIIOTCSI CKAauUKOM

i (0-)=i(04); uc(0-)=uc(04), (1.3)

MO3TOMY 3TH BEJIMYMHBI HAXOAT PacueTOM JOKOMMYTAIIMOHHBIX CXEM B yC-
TAHOBHUBIIHXCS PEKUMAX.

3aBucuMble HaYaAbHbIE ycjaoBus (3HY) — 3HaueHUs TOKOB W Hamps-
KCHH B MOMEHT HEITOCPEJCTBEHHO IMOCIe KOMMYTAIIUN, HE TIO{UHHSFOIINAX-
csl 3akoHaM KoMMmyTaruu. OHH ONPENEISIOTCS B CXeMe IMoCie KOMMYTAIUN
o 3akoHaMm Kupxroda ¢ ucrnosp30BaHUEM paHee HaJICHHBIX HE3aBHUCHMBIX
HAYaJIbHBIX YCJIOBHH. 3aBUCHUMbIC HAYaJIbHBIC YCIIOBUS MOXKHO OIPEICIAThH
10 AKBHBAJICHTHBIM CXEMaM, COCTABJICHHBIM I MOMEHTa KOMMYTaIluu
(t = Q). [lns 3TOro B MOCIEKOMMYTAIIMOHHYIO CXEMY BMECTO MHAYKTHBHO-
CTeil 1 €EMKOCTEH BKJIFOUAIOT COOTBETCTBEHHO MCTOYHUKHU ToKa U DJ[C. Toku
VICTOYHHKOB TOKa 10 BeJIWuuHe W Hampasiaenuio pasubl i) (0), 9/1C ucrou-

HUKOB paBHbI Ux (0), HO HanpaBieHbl IPOTUBOIMONOXKHO TOKY.

IMopsiiok pacyéTa mepexogHOro MPoIecca KIacCHYeCKUM MeTO0M

1. B cxeme «10 KOMMYyTAaIlMU» ONpPENENsIOT HE3aBUCUMBbIE HauyajbHBIE
YCIIOBUS — TOKU B MHAYKTUBHBIX U HAINPSKEHUSI HA EMKOCTHBIX JIEMEHTaX.

2. B cxeMme «iocie KOMMYTallMU» PacCUUTHIBAIOT 3aBUCHMbIE Hadallb-
HBIE YCJIOBUS U IPUHYKIEHHBIE COCTABJISIONINE UCKOMBIX BETUYHH.

3. OnpenensoT KOPHU XapaKTEPUCTHUECKOTO YPaBHEHUSI W 3allHChIBA-
I0T OOIIMI BUJ PEIICHUsI KaK CyMMY CBOOOJHOW M MPUHYKIEHHOW COCTaB-
JISTFOIIUX .

4. HaxoJaT MOCTOSIHHbIE UHTETPUPOBAHMS, UCIIOJIb3YSl HE3aBUCUMBIE U

3aBHCHMbIE HAUaJIbHBIEC YCIOBUS.

Ipumep 1

s nenm Ha puc. 1.11,a B momenT BpeMenu t =0 cpabaThiBaeT KO
K u moakmrodaercss moctosHHbIM ucTtounuk JDJC e(t) = EO.Onpez[eJme

Uc(t) mpu mepexoJHOM Mpolecce KIacCHYECKUM METOJOM, €CITH 3aJlaHbl
napameTphl £y =100B, R=50 Om, C =100mk®.
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Pemenne
1. CornacHo KJIacCMYECKOMY METOJy, 3allUIlieM BBIPAKCHHE JJIs Ha-

IpsKEHUs TIEpeXoHoro mpouecca: Us(t) = Ucrp + AePt.
2. Onpenensem HHY: u-(0_)=uc(0,)=0.
3. OnpenensieM NPHHYKACHHYIO COCTABIAIONIYIO gy, . Tak Kak B Mo-

MEHT BpeMeHH { =00 €MKOCTh B IIeH MOCTOSTHHOTO TOKa UMEET OECKOHEYHO

00JIbIIOE COMPOTUBIIEHUE U SIBIISETCS Pa3pbIBOM ILIENH, TO MO BTOPOMY 3aKO-
ny Kupxroda nonyqum UCrp = Eqp/2=50B.

| \ 4 I 4

K R

=—C e(1) = C 7K

&(1) L

R R R R
—— = -
a

Puc. 1.11

4. KopeHb XapaKTepUCTHUECKOTO YPaBHEHUS OMPEACIIUM W3 CXEMbl Ha
puc. 1.12,a, xotopas nonydaercs myrem 3amensl C Ha 1/ pC . OtHOCHTENDB-

HO 3akuMOB uctouHuka JJIC onpenensem:
L 4
Z(p) = R+ RVPC

=0, otkyna
! 1 R+1/pC Y
Z —
(Y Q e C% MOJIYYUM p = _RLC = —400% :
e H
Puc. 1.12,a

5. OnpenenuM NOCTOSHHYIO MHTEIPUPOBAHUSA U3 YPaBHEHUS MEPEXO]I-
Horo nporiecca (. 1),3anucas ero /s MoMeHTa BpeMenn t =0, :

A=Uc(0)~ Ugy, =~ By/2=-50

6. 3anucrIBacM OKOHYATCIBLHBIN OTBET:

E —t _
Uc (1) = Uy, + A€P =70—%Ee RC -50- 50 %" B,

7. [Ins moctpoeHus rpaduka ONpeaeIuM MOCTOSHHYIO BPEMEHHU:
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=1 o503,

||

Pacuer rpaduka cBoguM B TaONIHILY:

t 0 1 201 3 41

1 50 18,4 6,37 2,5 0,92
Ale

uc(t),B 0 31,6 43,2 47,5 49,08

I'padux Ue (t) noxasan va puc. 1.12,6.

t, mc
! : : : : : >
0 25 5 75 10 125

Puc. 1.12 6

IIpumep 2
B nenu, nzo6pakenHoit Ha puc. 1.11,6, neficTByeT MOCTOSIHHBIN HCTOY-
nuk JJIC e(t) = K. B momenT Bpemenu t =0 cpabareiBaet kimou K.

Onpenenuth HanpsbkeHue Ue (t) mepexoqHoro npouecca KJacCuuecKum

METOJ/IOM, €CJIH 3aJaHbI TapaMeTPhI
Ey=150B, R=500m, L=0,1I'm, C=100Mx®.

Pemenue
HHY onpenensem u3 pacuera uenu 0 kommyTtanuu. Tak kak kimou K
3aMkHyT, T0 i (O_)=i  (0+)=0, eMKOCTb B IIeNU MOCTOSIHHOIO TOKA SIBJIf-

€TCsl Pa3pbIBOM LIEMU U 3apsDKEeHA 0 HANpPsHKEHUs, KOTOpOe HaXOAMM IO
BTOpOMY 3akoHy Kupxroda:

E
uc(0_)= uc(o+)=70= 75B.
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s onpenenenus 3HY pucyem cxemy 3aMellieHHs MTOCIE KOMMYTalun
B MoMeHT Bpemenu t =0, (puc. 1.13):

Puc. 1.13

Tak xak i (0) =0, To no Bropomy 3akony Kupxroda nomyunm:

(0,20

Ol'[pCI[CJI}ICM MPUHYXACHHYIO COCTABJIAIOIITYIO uCHp . Tak kKaKx B MOMEHT

=15 A.

BpeMEHU t =00 eMKOCTh B II€MH MOCTOSHHOTO TOKa HMeeT OECKOHEYHO
OOJIBIIIOE COMPOTUBIICHUE U SBISIETCS Pa3pbIBOM LEMH, a UHAYKTUBHOCTh
UMEET HyJIeBOE CONPOTUBIIEHUE, TO 1O BTOpoMy 3akoHy Kupxroda nomxyuum

26,
uCl'Ip =T =100B.

1. OnpenenuM KOPHU XapaKTEPUCTUICCKOTO YPAaBHEHHUS U3 CXEMBI
(puc. 1.14):

? OmpenenuM BXOJHOE COMPOTHUB-
R JeHwue,
o L1 1
2o T cp 31, — 2R+ pL)
R R Z(p)=R+L =0,
= —— 2R+ pL+-——
Puc. 1.14 pC

1
OTKYy/a MOJIy4yuM pq = —355— ,po =— 84&. Tak Kak KOpHU XapaKTepUCTHYE-
C C

CKOI'0 YpaBHEHUs BELIECTBEHHBIE U PAa3HbIC, TO NEPEXOIHBIN MIPOLECC ABIIS-
€TCs ANePHOAMYECKHM.

IlocTOsIHHBIE MHTETPUPOBAHUS ONPEAEIUM U3 PELICHHUS] CUCTEMBI ypaB-
HEHWM, 3aIIMCAHHON NPH HYJIEBBIX HAYAJIbHBIX YCIOBUSX:

Uc (1) = Ugnp + 41 2P + A, (&P

ic(t) =Cdd—utC =Cp &P+ Clp, P,

npu t =0, nomyyum:
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Uc(0)=ucnp+ At Ay,
Ic(0,)=ClLp A +Clpo LA,

nim
75= 100+ A + Ay ;
1=10 4O~ 355y A + 104 0¢ 845)A,

OTKy#a onpenenum. A3 =63,52; A, =-88,5. OKOHYATENLHBIM OTBET:

Uc (t) =100+ 63,5E_355ﬂ— 88,57 844 , JUISL TIOCTPOEHHs TpaduKa orI-

peaciMM MOCTOSSHHBIC BPEMCHU .

=t =2,81710%; 1, =~ =1,1800%
Py P2
Pacuer rpaduka cBouM B TaOIHILY:
t 0 T 201 3 401

_% 63,52 | 23,36 8,6 3,16 1,16
Ale

t/| —88,52 -32,5 -12 -4,4 -1,62

Ao/

I'padux Ue (t) mokasan Ha puc. 1.15.

AU, B
156~
Uc (1)
u
10 //_\ ____Cnp
50 pyt
Al (&
Uccs t, C

>

0.004 0006 0.008  0.01

A2 Bapzt

-10e-
Puc. 1.15
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2. Uuterpan doamens

Wuterpan [[roamenss mpUMEHSIOT IJs pacyéTa TOKA WU HaNpsKEHUS
B BETBAX CXEMBbI C HYJIEBbIMU Ha4aJbHBIMU YCIOBHIMH MPHU JEHCTBUHU €IUH-
ctBeHHOTro nctounuka J/]C nnm Toka mpou3BOIbHON (HOPMEI.

Haubonee pacnpoctpanénnas opma 3anmucu:

t
fp(t)= f(0)h(t)+ | f/(x)h(t—x)dx, (1.4)
0
rIe fp(t) — MCKOMasi PeaKIys ey — TOK WM HalpsDKEeHHUE,

f (0) —HayanpHOE 3HAYECHHE BXOAHOIO BO3JACHCTBUS;

h(t) — mepexoaHast XxapaKTepUCTHKA,;

h(t—x) —nepexoaHas XapakTepUCTHKA C YYETOM 3ara3/IbIBaHMsI;
X —IepeMeHHas HHTerpUpOBaHus (BpeMs 3ara3IbIBaHus);

f/ (x) —mpousBoaHas oT BxogHOTrO Bo3nekcTBus — DJC wim Toka uc-
TOYHUKA.

ITepexoaHasi XapaKTepPUCTHKA — ATO pEaKUUs JUHEMHOM IMACCUBHOMN
L€ B BUJIE TOKA WJIM HANPSKECHUS NEPEXOJHOTO MPOLEcCa Ha BO3JICVCTBUE
eAMHUYHON (PYHKITMH, T. €. Ha MOJKIIOUYCHUE €€ K MCTOYHHUKY TMOCTOSTHHOTO
HaNPSOKEHUS MJIM IOCTOSHHOIO TOKA €IMHUYHOM BenuuuHbel En=1B wm

Jo =1A npu mynesbix HadanbHbIX ycaoBusx i (0)=0, uc(0)=0. Ilepe-

XOOdHas XapaKTCPHUCTUKA OIPCACIIACTCA KIIACCUYCCKUM HIIM OIICPATOPHBIM
MCTOAOM.

IMopsiiok pacuéra nepexoaHbIX MPOIECCOB METOIOM
uHTerpaJsaa droamesnst

1. Kiraccu4yeckuM WM ONEPaTOPHBIM METOJOM HAXOMAAT MEPEXOTHYIO
xapaktepuctuky h(t).

2. OnpenensioT 3ama3ablBAlOIIyI0 MEPEXOAHYI0 XapaKTEPHCTHKY
h(t— X) mytem 3amensl t Ha t— X.

3. BBIUKCIIAIOT MTPOU3BOIHYIO 10 BPEMEHU X OT BXOJHOTO BO3JCHCT-

BUS — HANpsDKEeHUs (TOKa) MCTOYHHUKA.

4. 3anuceiBatoT uHTerpan Jroamens ¢ momenta Bpemenu t = O mo 3a-
nanHoro t. [Ipu 3TOM yYHTBIBAIOT BO3MOXHbBIC CKAYKW HAIPSDKECHUS (TOKA)
B HayaJie ¥ KOHIIE KaXJ0T0 HHTePBaIa U3MCHEHHUSI BXOIHOTO CHTHAJIA.

pumep 3
Jist cxembl Ha puc. 1.11,a ¢ HyneBbIMH HadaJIbHBIMU YCJIOBUSMH Ha
untepBane BpeMeHnn 0<t<ty neiictByror ncrounuk DJC €(t), uzmensio-
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muiics mo nuHeHHOMy 3akoHy. € (1) = EOI:Ql—tl); npu t=ty e (t)=0.
0

Onpenemuts Us (t) Metomom muterpana Jlroamens, eciid 3a1aHbl TapaMeTPhL
nenu: Ej =150 B, R=50 Gy, C=100mk®, mpunares ty=20, rze
1=[1/p|.

Pemenne
1. Ilepexoanyto xapakrepuctuky h(t)mns nanpsoxenns Us(t) ompene-

nuM u3 pumepa 1, 3anaBas sennuuny ucrounuka JJC Eg =1B:

ht)=1-1e RC RC'
2 2

2. 3anazapiBarolas TepexojHas XapaKTepUCTHKa MpU 3aMeHe t Ha
t—X:

—(t—
h(t- x)—1 —;Eé RC( Y

3. Ompenenum T =R—2C =25M10%¢ us npumepa 1u tg =RC= 5010 3c.

4.Pacuer Us (1) Begem am1s JByX HHTEPBAJIOB!
1-ii muarepBan 0<t<t,

g(H= E Eﬂl—tl), OMpPEACIUM  TIPOU3BOIHYIO e_’L(t) = é_L( X = _t_;
0 0

MMOACTABJIACM ITOJIYYCHHBIC BBIPAKCHUSA B HHTCTPAJI I[IO&MCJI}I:

2
Ue (D) = Eomt)+fq<mt— xmdxcEO EODeRC _

jEO 1 ln RC( )Etlx—EO EODe RC—EDH

2 2
c 2
Eodl RC [QeRC -1)= EE)E( ED’[—
2 40 2,
—EOEQETC L Re RC' =112.5- 150001 1125400 B
0
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2-ii uaTepBan t >ty

Ha BTOPOM MHTEpBaje y MEepBOro UHTErpaia MEHSAETCS BEpXHUM mpeaen

uHTerpuposanus t Ha tg, kpome Toro €,(X) =0:

t t
Ue()=EyCh() + | 4(3 0K = xOdx | ' Y+ ) d

0 t
2 2
Lt 1 — % (t-X)
:E_E@ RC —IEIJE—}EE RC ) Odx=
2 2 oty 2 2
2, 2. 2
B _Bogre - EOD‘0+ o RC % RC [eRP _1)=
2 2 2, 2, 2
RC_ ot - 21
-5 R eRC? —1)-1| RC =164.5@ 400 B.

2 | 2,

pacuet rpadguka CBOAUM B TaOJIUILY:

OStSto t=1,
tEL0_3,c 0] 1 2 3 4 5 5 6 8 12
uC,B 022 31,9 33,6|29,7| 22,3] 22,3| 149/6,7| 3 | 1,35
AU, B
40+
32
24t
uc (1)
16+
8
f,C
I i -
0 0.005 0.01
Puc. 1.16

I'paduk nanpsvxenns U (t) nepexomsoro npouecca nokasan Ha puc. 1.16.
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3. OnepaTopHblii MeTO/

OmnepaTtopHbIM Ha3bIBAIOT METOJ, Oa3UpyrOIIMiics Ha MpeoOpa3oBaHUU
UHTErpo-AuddepeHInaabHbIX  ypaBHeHHH 1ienu  (QYHKIUH  BpeMEHH-
OpPUTHMHAJIOB) B alreOpandyeckre ypaBHEHUS B W300pakeHUsX ((QyHKIHMSIX
KOMILJICKCHOT'O OIepaTropa p) ¢ MOCICIYIOIIUM EPEX0J0M K OpUTHHAJIAM.
B3aumnbie mpeoOpa3oBaHusl OCYIIECTBISIOTCS C TOMOIIBIO MPSIMOTO U 00-
paTHOTO TIpeoOpazoBanuii Jlammaca COOTBETCTBEHHO!

F(p)—j f(tyre Plat f(t)= —jF(p)Eeptdt(l 5)
0

CooTBeTCTBHE MEXKIY N300pKEHUEM H OPUTHHAIIOM 3aIlliChIBACTCA:

f(t) = F(p) nm F(p) = f(1).

Ha ocHoBanum npeoOpa3oBanwmii Jlammaca erko mokasarb, 9T0 cxeMam
[eNH IS MTHOBEHHBIX 3HAYCHUU BEJIMYMH, COOTBETCTBYIOT SKBHBAJICHTHBIC
orepaTopHble cxembl. M300paxxeHrsi OCHOBHBIX JJIEMEHTOB IIETH B OIepa-
TOpHOM dopme TokazaHsl B Ta0. 1.3.

3aMeTuM, YTO OINEpaTOpPHBIE CXEMBI COCTABISIOTCS IJIS ILEMU <I10Ciie
KOMMYTalliu» M BKJIIOYAIOT B ce0S TOMHUMO HCTOYHHKOB, JCWCTBYIOIIMX
B IIETIA TIOCJIC KOMMYTAIlMW, TaK HA3bIBa€MbI€, BHYTPCHHHE HWCTOYHHKHU.
BHyTpeHHUE HCTOYHUKY YIUTHIBAIOT HEHYJICBbIC HAYAJIbHBIE YCIIOBHS Ha Ha-
KOIUTEJIAX SHEpruu (MHIYKTUBHOCTH, EMKOCTH), KOTOpBIC, KaK IOKa3aHO
B II. 1, ompenenstoTcst B CXeMe «70 KOMMYTaITUN.

OmnepaTopHbIe CXEMbI 3aMEIICHUS PACCUUTHIBAIOT JIFOOBIM H3BECTHBIM
METOJOM pacuéra JMHEWHOH IeTH, TPUMEHUMBIM JIsl YCTAHOBHUBIIIETOCS pPe-
KUMA.

Tabmuua 1.3
IeMEHT OmnepartopHoe 1300pa- | B3anMocBsi3b HaNpsHKEHHH
KCHHE DJIEMEHTa ¥ TOKOB
iR R ! R(pr Pesucrop:
ag»—{__|-@b a b
+ug(t) +UR(p) Ur(p) = 1(p) LR
1 Uc(0) EMKoCTB!
Cp 1(p) , Uc(0)
I (t Cp p U — +
¢9>()—”—¢ |c(p)|| S c(P) Cp
rel) @ +c(p b
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Oxkonuanue Ta0i. 1.3.

35 OmnepatopHoe n300pa- | B3zanMocBs3p HampsHKeHUH
JIEMEHT
YKEHHE JIEMEHTA U TOKOB
) Li, (0) NHayKTUBHOCTS!
i (t) L I (p) Lp - - -
ROA S WL,@W\@@,, UL (p) = I(p) Lp- LG (0)
tu (1) +U (p)
<—
Hctounuk 3/1C:
Omnpenensiercss BUIOM
GbyHKIHH.
E
me(t)=E, E =—
o 0 o EP | AE=EEm=
a a b s
e()=EE", H p= :
pta
AHAJOTUYHO /7151 UICTOYHUKA
TOKA.

Ilepexox oT M300pakeHMII K OPUTUHATIAM — UCKOMBIM (DYHKIIHSIM Bpe-
MEHHU — OCYIIECTBIISETCS 10 TabIuIlaM M300paKeHHUI WM TT0 TeopeMe pa3-
JIOKEHMS.

Ecnu nzobpaxenue nMeer BU NPaBUILHON pallMOHAIBHOMN IpOOu:

Fpy=A0) - An P+ Ang O™+ . 4
B(p) B,p"+B,, 00" ’

rae m < n, npuuem npods A(p)/B(p) — HecokpaTumasi, kodpdunmeHTsr Ay ,
Bk — melicTBUTENBHBIE YKCTIa, @ 3HAMEHATENb Ipo0H B(p) HE MMeeT KpaTHBIX
KOpHel (ITOJIOCOB), TO OPUTHMHAT (YHKIIMH ONPENENIeTCS CyMMOH SKCIO-
HEHIMAJIbHBIX COCTABIISIONINX:

i= 3 A0 At (1.6)
k 1B ()
o 1= 20 L & ABRD gt (1.6,2)
B1(0) k=1 p EBl(g( )
KOT/Ia OJIMH U3 KOPHEW 3HaMeHaTes st paBeH Hymo, T. €. B(p) = pLB( P.

JlaHHBIE paBEHCTBA HA3bIBAIOT TEOPEMOM Pa3JI0sKeHH.
[Ipy HaMMYMKU KOMILIEKCHO-COMPS)KEHHBIX KOPHEHN ClIaraéMble TEOPEMBI
pasnokeHus OyAyT TaKKe KOMILIEKCHO-COMPSKEHHBIMHU, T. €.
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AR it AR pst ZRQ{ AR) Eleolt} 2R5{—,A ) DéoZt}(l.Gﬁ)
B (P) B(pz) B( R) B( B)

IMopsiiok pacuéTa nepexoAHbIX MPOIECCOB ONEPATOPHBIM METOI0M

1. ITo 3aKkoHaM KOMMYTAI[MH OIPEACIISIOT He3aBUCUMbIE HaYallbHbIE YC-
aoust Us(0) m 1 (0).

2. CocTaByISIFOT OMEPATOPHYIO CXEMY 3aMEIICHUS.

3. HaxomaT m00BIM METOI0OM M300paKCHHSI HCKOMBIX BEJTHYHH.

4. OnpenenstoT OPUTHHAIBI HCKOMBIX BEJTHYHH.

Ipumep 4

B nenu Ha puc. 1.11,a B momenT Bpemenu t = O cpabartbiBaet ko4 K
1 nojkmodaercs uctouHuk DJIC e(t), u3MEHSIOMUINCS M0 SKCIIOHCHITUAIIb-
HOMY 3akoHy: €(t) = EOEE_at. Onpenemuts Us(t) omepaTopHBIM METOIOM

IpY 33JaHHBIX TapamMeTpax Iernu:
Ep=150B, R=50Q1 C=100mk®, alt=2.

Pemenue.
1. Onpenensem HHY us(0) = 0.
i 2. CocraBisieM OIEpPaTOPHYIO
1 CXeMy 3aMeIIeHHs IS IeMu IOCie
Cp kommyTanuu (puc 1.17):
E > Uc(0 1
(P) Ye© 3nece E(p) = E __ 150 :
P p+a p+800
R R
Puc. 1.17

T =R—2C =25[10*¢ (u3 npumepa 1), a -2 8002'.
T c

3. PaccuuthbiBaeM Ui (p) METOIOM y31I0BbIX noTeHIuanos. [Ipuanmaem
@, =0, s y3na b cocraBnsiem ypaBHeHHue:!

U~ (0)pC
® Eﬂg"‘PC) = E__, c(Orp , Cyderom toro, uto U (0)=0
R (p+a)[R P
MoJTy4aem:
E E
Uc(p) =@, = = =
¢ " (p+a){2+pRC)  ?RC+ p(2+0aRC)+ 20
150 _AR)

o 005p2 + €] + 1600 B(p)’
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4. Onpenensem opurunan Ue (t) mpy moMoIM TEOPEMbI Pa3IOKEHHS

npupaBauBaeM B(p) =0, orcionaa noiaydaem:

p1=—8001; p2=—400:—L,
C c

oepem mpousBoanyio B'(p) =2pRC+ 2+a RC=0,01p + €
HAaXOJUM OPUTUHA:

U () = A’(pl) Pt A:(Pz) Pot = 150 5800
B'(py) B'(p2) 0,01L(-800)} 6
150

+ e_400: — _75|:é_ 800 + 75':9_ 400 B,
0,011~ 400)+ 6

TIOCTOSIHHBIE BPEMEHU: Ty = 1 =1, 25103¢ , To= 1 = 2, 5110°¢.
800 400

Pacuer rpaduka cBouM B TaOIHILY:

t 0 T 271 3T 41

—y 75 27,6 10,15 3,73 1,37
750 /1

I'padux nanpsokeHnst U (t) mepexomHoro mpolecca IOKa3aH Ha
puc. 1.18:

Au, B

104
AZ [epzt
60

Ue (t
2e—C(

|
0 0002~ 0004 0006 0.008 0.0L

-100-
Puc. 1.18
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4.3.2. TeopeTuyeckue cBeeHUS] U MeTOANYECKHE YKA3aHUSA
K pemieHuIo 3agauu 1.3

Y cTaHOBUBIIKECS TAPMOHUYECKHUE MPOLIECCHI B JIMHUAX C PaCIpencneéH-
HBIMH TapaMeTpamu paccMorpens B [1]: 8. 11.1-11.25; [2]: 20.1-20.13; [3]:
8.1-8.3.

1. DneKTpUYEeCKyI0 1elb, JIMHEHHBIE pa3Mepbl KOTOPOM COMOCTaBUMBI
C JUIMHOW BOJIHBI IIEPENaBa€MOI0 CHUTHaja, HA3bIBAIOT LIENBIO C pacmpene-
JIEHHBIMU MapameTpamu. Eciau momepedHbie pa3sMepsl LENU MO0 CPABHEHUIO
C NTMHOM TIPeHEeOpEeKMMO MaJibl, €€ Ha3bIBAIOT JIMHHON JmHHEW. B Takmx
JUHUSAX TOKU W HAMPSHKEHUS HEMPEPBIBHO MU3MEHSIOTCS, SBISACH (PYHKITUEH
JBYX MEPEMEHHBIX: MJIMHBI X U BpemeHu t. [Ipumepamu nuHuil ¢ pacnpene-
JIEHHBIMHU [apaMETPAMH MOTYT CIIyXHUTb MPOTSKEHHBIE BBICOKOBOJBTHBIC
JMHUMU JJIEKTporepenay, aHTEeHHO-(DUEepHbIE YCTPOMCTBA, a TAKXKE JIMHUU
CBSI3U.

HanpskeHue ¥ TOK B IMHUM € TOTEPSIMUA B YCTAHOBUBUIEMCS FapMOHU-
YECKOM PEXUME YJIOBJIETBOPSIIOT YPaBHEHUSAM C TUNEPOOTUYECKUMH (DYyHK-
UUSAMU:

U(x) =Uychyx+ I, Zg sty x

; U : (1.7)
[(x) =—2shyx,+ lchy %
Zp ~ B
IIc X —PacCTOSHUE, OTCYMTHIBAEMOE OT KOHIIA JIMHUU (Harpy3KH);
U(X);Uy; [(X); o — KOMIIEKCHBIE HANPSKEHUS U TOKH,
Y =0+ B —koadduiment pacupoctpanenus, 1iwm;
0 —koadument 3atyxanus (ocimadnenus), Hn/kwm;
B —xoaddunment daspl, paal/c;
Zpg —BOJIHOBOE (XapaKTEPHCTUYECKOE) CONPOTHUBIIEHHE.

Kosdduiment pacnpoctpaHeHuss UM BOJHOBOE  CONPOTHUBIICHUE
ONpEeEeSI0TCS

v= (R WLoNC g Cq:  Zp=\[ 0100 (1.8)
0 0

rae Benmmuubel Ry, Lo, Gy, Cy — nepBuvnble mapamMerphl JIMHUU, OTHE-

CEHHBIE K €JIMHUIIE IJTUHBI:
Ry — conpoTuBiieHHe NPsAMOro ¥ 00paTHOro NpoBoaoB, OM/kMm;

Ly — MHIYKTHBHOCTb IIETIM, OOpPa30BaHHOM HPSAMBIM U OOPAaTHBIM

npoBoaamu, ['H/kMm;
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Cp —emKocTh Mexy nposogamu, O/km;
Gp —IpoBOAMMOCTH MeX Ay poBoaamu, CM/KM.

[lepBruHBIE TapaMeETPbl ONMPEAEIAIOTCS KOHCTPYKLUHUEW JIMHUM U MaTe-
puanamu, U3 KOTOPbIX OHa M3roTOBJIE€HA. Eciu mapameTpbl BIOJIb JIMHUU HE
WU3MEHSIOTCS, IMHUIO Ha3bIBAIOT OJTHOPOIHOM.

ITapamerpel Zg ¥ Y Ha3bIBalOT BTOPHYHBLIMM.

IIpumep 5
Jluavu cBszu gauHon | =100km, paboraer Ha yactore f =800 I, 3a-

JlaHBl NIEPBUYHbIE MapameTpsl uHun: Ry = 10 OM/kM; Lg = 3,4410_3 I'a/xMm;
Gp =9, 65[1].0_6 Cm/xm; Cy =10,8810 ° ®/xm. HampsikeHre ¥ TOK B KOH-

. ) o0
ue ymuaun: U, =808, 1, =0,053]?18 A.
1. PaccuuTarh HanpsoKeHUE Ul U TOK I'l B Hauajie JIMHHH, aKTUBHYIO P

1 MOJHYI0 S MOUIHOCTHY B Hayaje U B KOHILE JIMHUY, a Takke K11/ nunun.

2. Ilonaras, uyro nuuus n. 1 crana nuameit 6e3 noreps (Ry = Gy=0),
a Harpy3ka Ha KOHIIE JIMHHUM cTaja aKTUBHOW M PaBHOW MOAYIIO KOMIUIEKC-
HOH HArpysku B II. 1, onpenenuts Hanpsukenue Uq u Tox | B Havane nunuy,
a TaKk)Ke JUTHHY JIEKTPOMArHUTHOM BOJIHEI A .

3. lns nuaumn 6e3 moTepsb M. 2 MOCTPOUTH Ipaduk pachpeeseHus aeun-
CTBYIOILIETO 3HAYCHUS HAMPSKEHUS BIOJb JUHUH B (PYHKIUN KOOPIUHATHI X,
OTCUUTHIBAEMOI OT KOHIIA JTMHUH.

Pemenune
1. BosHOBOE CONTPOTHUBIICHUE JTUHUU

5 [Rotiml _ | 10+)50247340110°
=B\ Gy+ jwCy \ 9,6510° + j 5024010,88 10

_ 10+ j17,3 6 _ 600 1% 0
(9, 65+ j 54,71)110

rie w=2[{f =6,28800= 502fa1/c — yriosas yacrora.

2. Koaddumuent pacnpocTpaHeHus TUHUN:

y=J(Rg+ j o) (Go+ j@ Cg) =410+ 17,3Y1(9, 65 | 54,71) 16 =
=33,3300% 170 Y |
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npu 5ToM O = Rey = 11, 4]103HH/KM;
B= Imy = 31, 32|:ﬂ0_3paa/KM.

Jnis ompeneneHus BXOAHBIX HAMPSOKEHHs M TOKa HEOOXOAMMO HaWTH
runepooarnueckre GyHKIUH. [ HaX0XKAeHUS TUNEpOOTNYeCKUX (PYHKITHMA
UCIIONIb3YeM (popMyIibl Ditniepa:

¥ oy VX _ X
Chyx:%; SWX:%, (1.9)

rIe el = X ejBX, e =1/

[ waiinenHoro Beimie  Kod(duumenta Y M JIMHE JIMHAH
Xx=1=100km, a =114 Hr, B =3,13 pax, Oyjaem uMeTh.
91’14[éj 3,13+ ey 1,14héj 3,13

chyl = > =-1,724+ ] 0,01
14313 ~ 114-=] 313
shyl= AT 2e Bel 1 404+ i 0,02.

JaJICC IOJIYUYHM.

.U : 80 .
I, =—2shyl+ [,chyl=—— =~ [{-1,404+ j 0,021
1= Shyi+lxchy jloofﬂ J ¥

Zp 600e”
. o0 .
+0,0532/8 0L 1,724 j 0,018 0,2787117F A

[To HaiiieHHBIM TUNEPOOTMYECKUM (YHKIUSM OIpeeeHNe BXOIHbIX
HaIPsDKEHUS ¥ TOKA TPYJla HE COCTaBJISET.
MONIHOCTY B TUHUY TOJICYUTHIBAIOTCS 110 U3BECTHBIM (hOopMyIiaM:

=]
F} =Ui Ii E:OS(LHJi —L|JIi ); , (1.10)
rae | — conpskEHHBINM KOMIUIEKC TOKA;
| = 1,2 —pu3HaK Havajia WA KOHIA JINHUY.
KIIA maann N=PR, /B, n= 4,19 50 226 0,083,

B Hamewm cnyuae:
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P, =182,870,2791cos(179- —( 1713) 50,27,
P, =80(D,053cos(0- B8 ¥ 4,198r,
s, =182,8617% (0,279 17 = 5mé L 50,226 | 8,83,
s, =8000,0532 718 = 42718 = 4,108] 0,59A.

I[J'IH IuHUH 0e3 IMMOTECPL PACUCTHLI BCAYTCA IO TEM K€ COOTHOIICHUSM,

4TO M JUIA JIMHMH C IOTepsAMH, Toabko npu Ry=Gy=0; Zg =m :
y=jB; ch Bx=cosB x; sh B x= jsinB x, Tak uro:

U (x) =UycoPx+ jI,Zp SifX ;

. . o _ (1.11)
I (X) =1,cox+ jU, [Zg siPx.
JInvHa 3JeKTPOMArHUTHOW BOJHBI B JTWMHHMU A =2TU/[3 ompenensercs
ko3¢ umeHToM (asbl, KOTOPBI MOXKHO OMPEAETUTh uepe3 (pa3oByr0 CKO-
POCTB:

B=w/Vy; Vg = . (1.12)

N

B HamewM ciaydae: |, =0,053A, 1. k. Harpy3Ka craja akTMBHOMH;

Zg =4/3,440003/ 10,88110° = 562,08,
1

V3440103 110,88 107
= _ 9024 =0,031 pang/km; A = ﬂg 202,58kwm.
1,635110 0,031
OnpenenumM HampsbKeHHE U TOK B Havate JuHuK npu X = | =100kMm :

Vg = =1,63510 kv/c,

U, =80Tt0s(0,030100) j 0,053 56213 sin(0,0B1 180),9A% /179 B,

[, =0,0530cos(0,031 106) j%gs 0 sin(0,081 160) 0,058373¢

3amaBasch HECKOJIBKUMH 3HAYCHUSMH KOOPJIUHATHI X, OTCUUTHIBAEMOM
OT KOHIIa JTUHHUH, MOCTPOUM TpaduK pacrpeneeHus AeHCTBYIONIETO 3Hade-
HUS HANpsOKEHUS BAOJb JuHuH (prc. 1.19),pacueT cBoguM B TaOIHILY:

X, KM 0 20 40 50 60 80 100
U,B 80 67,37\ 38,3 29,83 36,5 657 79,94
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10

A O O

Puc. 1.19

4.4, UuauBUaYyaJbHOE ToMAallIHee 3ajaHue Ne 2,
«HenvHeiHbpIe MAarHUTHBIC U DJICKTPUYCCKHUE TICTTH»

3aaHue COCTOUT U3 TPEX 3aJ]1ay:
2.1 —pacuét MarHUTHOM IIETIH;
2.2 —pacyeT HENUWHEHHOW SJIEKTPUYECKOM N MOCTOSHHOTO TOKa
rpadoaHaIUTUIECKIM METOOM;
2.3 —pacueT HeNTUHEHHON AIIEKTPUUECKON IIENH MEPEMEHHOT0 TOKa M0
XapaKTEPUCTUKAM ISl AEUCTBYIOIINX 3HAYCHUN.

3amaua 2.1

JUis MarHUTHOM IIeTH, CXEeMaTU4YecKu H300pakeHHON Ha pwuc. 2.1,
C YYE€TOM JaHHbIX Ta0in. 2.1u 2.2 paccynrars:

1. MarHuTHBIC TIOTOKH B BETBSIX M HAMarHUYHBAIOIINE TOKH OOMOTOK,
ecsii yuciaa sutkoB W;=400,W,=500,W; = 1000.

2. DHepruto Ws MarHuTHOTO TIOJIST B BO3IYITHOM 3a3ope u cuiy f, ctpe-
MSIIYIOCS YMEHBIIUTh BO3AYUIHBIN 3a30p. McxoaHble NaHHbIE IS pacuera
pUBEJICHBI B Ta0J. 2.2, TaM e 3HAaKOM BOIpoca 0003HAYEHbI UICKOMBIC Be-
JTUYUHBI.

IlosicHeHusi kK BLIOOPY BapHAaHTAa

B tabin1. 2.2npuHsTh crneayromye 0003HaueHUS:

| — nmuHa cpeaHel MarHUTHOM JIMHUK OJTHOM BETBM MarHUTHOM IICTIH;

0 — JUIMHA BO3AYIIHOIO 3a30pa (ero moyiokeHHe ykazaHo B TaOa. 2.2
HOMEPOM BETBH);

S—ceyeHue y4acTKOB MarHUTOIPOBOIA;

W —uncio BUTKOB KaTyllek;
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| — mOCTOSIHHBIN TOK B KaTYILIKE, HAIPABIEHUE KOTOPOTO IS MOJIOKH-
TEJbHBIX BEIMYMH COBMAJAET C yKa3aHHBIM Ha puc. 2.1.

O6o3HaueHHUsT BEIMYHMH JAIOTCS C HHJEKCAMM, KOTOPhIE YKa3bIBaIOT,
K KaKoOll BeTBM MarHUTHOM 1€ OTHOCHUTCS Ta WJIHM MHAS BEJIMYMHA,
nHAeKC 1 —K J1eBOM MarHUTHOU BETBH,
2 —K CpeIHEeH BETRBH,
3 —K mpaBoil BETBH.

CxeMa MAarHUTHOM LieNu

£ < 5 I
15 =
b — 19
: Znl

- /’ =¥ /’ v /‘
J; | & | Oz |
A | | A | A |
o el oSl
GWI‘ i GWE‘ : CWR i

QDIJT T i':pz T'Cf—"g
PN - - il
Puc. 2.1

OcHoBHbBIE KPHUBbLIC HAMAIrHHYUBAHUA JJICKTPOTEXHUIECCKUX crajien

Tabmuma 2.1
B,B—6 H,— nns cramm
M2 cM
211 241 JINTasl CTalIb 531
0 0 0 0 0
0,5 1,7 0,85 4 2
0,7 2,6 1,45 5,8 2,5
0,9 4 2,35 8 3,5
1 5 3 9,2 4
1,1 6,5 4 10,9 4.5
1,2 8,4 5,4 12,9 5
1,3 11,4 7,7 15,9 7,5
1,4 15,8 13 20,9 11
1,45 19,5 18,3 24,4 14
15 25 27,5 28,9 18
1,53 32,8 38,5 34,3 28
1,6 43,7 51,5 41 43
1,65 58,8 69,5 48,7 60
1,7 77,8 89 57,5 85
1,8 125 140 95 135

44



Hcxoanble JaHHBbIE AJIs1 pacuera

Tabmuma 2.2
2
= Craun l, | S, | Fu, | Fo, | Fa, | @ | @y | @3 | Oy, | O, | O,
§ oM | em?| A A A | mB6 | mB6 | mBO | MM | MM | MM
1| 931 | 22| 7 ? 12000 O 0,9 ? ? o, 14 O
2 | D11 | 20/ 6 | 2000 1000f O ? ? ? Of 0O 1
3 | muras | 28| 7 0 | 1200 2000| 2 ? ? Ol 1] O
4 | D11 | 26| 9 | 2000] O | 2400 ? ? ? 1, 0 O
5 | auras | 24| 8 | 26000 1000| O ? ? ? o 1 O
6 | D41 | 22| 9 O | 2800 1000 2 ? ? O 0] 1
7 | D31 | 30| 6 | 2000 O | 3000 2 ? ? o 1 O
8 | D41 | 28| 10 ? 12000 O 1,0 ? ? 1] 0 O
9 | D31 | 30| 8 0 ? | 2000 7 1,0 ? oL 1, O
10| D11 | 20| 10 0O | 3000 ? ? ? 0,8/ 0 0O 1
11| 931 | 26| 9 ? 12000 O 0,9 ? ? Of 1] O
12| D11 | 24| 8 | 2000 1000| O ? ? ? o 0O 1
13 | nuras | 22| 9 0O | 1200 2000 2 ? ? o 1 O
14| D511 | 30| 6 | 2000f O | 2400 ? ? ? of 1| O
15| muras | 28| 10 | 2600 1000| O ? ? ? of 1| O
16| D41 | 30| 8 O | 2800 1000, 2 ? ? of 0O 1
17| 931 | 20| 10 | 20000 O | 3000] 2 ? ? o 1 O
18| D41 | 22| 7 ? 12000 O 1,0 ? ? 1] 0O O
19| B31 | 20| 6 0 ? | 2000 7 1,0 ? Of 1| O
20| D11 | 28| 7 0O | 3000 2 ? ? 0,8/ 0 0O 1
21| D31 | 30| 6 ? 12000 O 0,9 ? ? o, 14 O
22| D11 | 28| 10 | 2000 1000f O ? ? ? Of 0O 1
23 | ouras | 30| 8 O | 1200 2000 2 ? ? o 1 O
24| 511 | 20| 10 | 20000 O | 2400; 2 ? ? 1, 0 O
25 | muras | 22| 7 | 2600/ 1000| O ? ? ? o 1 O
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4.4.1 MeToauveckue ykazanus Kk 3ajade 2.1

O,Z[HI/IM N3 OCHOBHBIX 3dKOHOB MArHe€Tu3Ma ABJIACTCA 3aKOH ITOJIHOI'O
TOKa.

FRE=31 . @1
I

JIMHEeWHbIA MHTErpajl, Ha3bIBAEMbIM B MATEMATUKE LIUPKYJISIIUEN BEKTO-

pa HanpsHKEHHOCTH MArHUTHOTO Moyis H , B 3JIEKTPOTEXHHKE HOCUT Ha3Ba-
Hue HamaranauBaromier cuiasl (HC) wim marauroasmwkyten cuisl F (MIC).
Y| — moNHBIHA TOK T. €. CyMMapHBIH TOK, OXBaYEHHbBI KOHTYPOM HHTETpH-

poBaHus |, 3a KOTOPBIN MPH pacyeTe MArHUTHBIX IETCH MPUHUMACTCS CPe/l-
Hssl cuioBas nuHUS. [[ns oOMoTku ¢ unciaom ButkoB W m tokom | MJIC
F =1 0V. Takum oOpa3om, BeipaxkeHue (2.1) MOXKET OBbITh HCTOJIKOBAHO Kak
BTOpOi1 3aK0oH Kupxroda a5 MarHuTHOH 1emnu:

n n
F=10=2 H O =2 Uy, (2.2)
k=1 k=1
rae N — 4uciao y4acTKOB € pa3jInyarolliMMUCA 10 BEIMUYMHE HAIPSHKEHHOCTS-
Mu H npu o0mem MarHuTHOM OTOKEe @ (ClIe0BATENILHO, KOJMYECTBO yda-
CTKOB N JIJIs1 KaX/J10M BETBU MAarHUTHOM LEMHU ONPEAEINSETCS YUCIOM pasiiu-
YAFOIIUXCS TIONIEPEYHBIX CEYCHUI U MAaTEPUAIIOB BETBH).

B oroi 3amade BeCh MAarHMTONPOBOJ HM3TOTOBJIEH U3 OJHOW M TOM K€
CTaJlv, a TIOTIEPEYHOE CEYCHHE KaXKIOW BETBU TakKe OJHO U Toxe. [Tloaromy
(beppOMarHuTHBIA y4acTOK Ka)J10W BETBU OyAET MpeACTaBlIeH HAa CXeMe 3a-
MEIIEHNS OJHUM MarHUTHBIM COINPOTUBIEHUEM R,k , HEIMHENHBIM, IOTOMY
YTO MarHUTHas MPOHULIAEMOCTh [ eppoMarHeTuka HEJIMHEWHO 3aBUCUT OT
HarnpsbkeHHOCTH H. Ecnii B BeTBU ecTh BO3IyNIHBIH 3a30p O, TO €ro MarHuT-

HOe corpoTuBieHue R, s— JIUHEHHO, T.K. 1Sl HePEeppOMarHETUKOB |l HE 3a-
BUCUT OT H Y IpUHUMAETCH [JpU pacyeTax paBHOW MarHUTHOW MPOHMUIIAEMO-

ctu Bakyyma [, = 410107 /.

Ha cxeme 3amenienus comnporuieHus Ry u R,s coenunens! nocneno-
BaTEJIbHO.

Takum oOpazom, GopmanbHas (MaTeMaTudecKas) aHAIOTUSI MEXIy He-
JIMHEWHOW JJIEKTPUYECKOW M MArHUTHOM LEMSMHU IO3BOJISET HCIOJb30BATh
CXEMY 3aMEILEHHUsS] MarHUTHOM LIENH, BHINOJHEHHYIO B NMPUBBIYHBIX CHUMBO-
Jax M JeNarollylo pacyeT 0ojee mpo3payHbiM. MarHUTHBIMU aHAJIOTaMHU TO-
ka |, a.n.c. E, conporunenus R u nagenus HanpspkeHust U sBASIOTCS COOT-
BETCTBEHHO NOTOK ®, M.1.c. F,MarHuTHOE conpoTHBIEHHE R, 1 MarHUTHOE
nanenne Hanpsbkenus U, = H Ay . HanpaBnenue marHuTHBIX IOTOKOB D 3a-
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naHo cxemoi puc. 2.1; nanpasnenus MJIC ompenensitorcs mo npasuity Oy-
paBUHKa.

Bce MHOrOOOpa3ue BapuaHTOB 33a4u CBOJUTCS K ABYM TUIIAM:

1. 3apansl Bce MJIC u TpeOyeTcs onpeaeanuTh BCe MOTOKH.

2. 3amaH MOTOK OJHOU U3 BeTBei, a Hem3BecTHa MJIC B Held, 1 TpedyeT-
Csl PACCUUTATD €€ U OCTAJIbHBIE TOTOKH.

B 0060ux ciydasx npu peueHur 1eaecoo0pa3Ho UCIOIb30BaTh METO/

aByx y3noB (M1Y), mpuMeHeHHe KOTOPOTO U MOPSIOK pacueTa paCCMOTPHUM
Ha pUMepax.

IIpumep 6
F1=W1ﬂ=200 A; F2=W2B=O; F3=W3AZ;=3000 A,61=0, 62=1 MM, 63=0;
1=30 cm; S=6 cm? ; W,=400; W,=500; W;5=1000, maTepurasl MarHUTOIIPOBO-
1a — 3neKTpoTexHudeckas cranb I31. OnpenenuTs MarHuTHbIE TOTOKU D,
@,, @3, sHEpruro B Bo3aymHoM 3a3ope Wsu cuiy f, crsaruBaromryto Bo3myi-
HBIW 3a30p.
Pemenne
1. CocraBnsieM pacueTHyto cxemy 3amemnieHus (puc. 2.2). IHmekchol Be-
JIMYUH BBIOMPAEM B COOTBETCTBHH CO CXeMoii puc. 2.1:
1 —n7s1 1€BOTO CTEPXKHS MAarHUTONPOBO/IA,;
2 — I CPETHETrO CTEPIKHS,
3 — U1 IPaBOro CTEPKHS.
l,=1,51; 15=I; 13=21'; [§=0s; $=S5=S; $=1,5S Y3151 0003HagaeM OykBaMu
a u b, MaruuTHOE HanpsKeHKe ABYX y310B —U | 0.

a
@, A O
UMI
U’M2
rH/UM3
UM5
_|_
iw) Usas \ AP2 W3
b
Puc. 2.2

2. Paccunrtaem Bebep-ammnepubie xapakrepucTuku (BOAX) MarHUTHBIX
conpotuienuiit ®1(U,,1), Po(U,,2), D2(U,5), P3(U,,3). PacueTs! kaxmoi Tou-
KM Ha XapaKTEPUCTHKAX OJHOTHUIIHBI, IOATOMY B OTYETE JOCTATOYHO MMPHBEC-
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TH pacyeT MO OJAHOW TOYKE Ha KaKION XapaKTEPHCTHKE, a BCE PE3yIbTAThI
CBECTH B Tabnuily Tuma 2.3.

Jlnst mpuMepa mpuBeeM pacdeT 1mo ogHou Touke Ha BOAX D,(U,.,),
®,(U,,5). Bamaemcs BennuuHOW UHAYKIUUA Bo,=Bs=B=0,9 Txa, Torna Maraut-
Hblit noTok ®,=B,/S=B,55=0,91,5610 *=8[10“B6.

HamnpsixennocTs Hy B cTaibHOM ydacTKe CpelHel BETBH ONPEILIISIEM TI0

OCHOBHOW KpUBOW HaMarHW4IMBaHUs JyTst ctany D31 H2=3,5 IA/ M;

HaNPsKEHHOCTD 10JISL B BO3AYIIHOM 3a30pe Hy =— = — %
UO 41T|:I.O

Hs=—2 P/
a0 _
A0 /MM
MaruuTHbIe HANPSHKEHUS HA CONPOTHBIIEHUAX 3a30Pa U CTAJIM:

By

U5 =Hg By =—2—2-=795B5 (5, = 795710, IVE 71A;
4m010

UMZ:Hsz:B.SEBO: 105A.

JIns1 moy4YeHHsI OTBETOB MOCTPOEHUE XAPAKTEPUCTHK COMPOTUBICHUM
HeoOs13aTeNbHO, OJHAKO, CIEAYeT MOMHHTb, YTO IJisi CTaJbHBIX YYaCTKOB
B Iuana3one 3HaueHui uHaykiuu B=(0+1,5) T mis cTamu ropsiuero mpoka-
Ta BOAX 0051a7a10T SIBHO BBIpaXKEHHOW HEJIMHEHHOCTHIO U UMEIOT BUJ KpH-
Boit 1 (xapakrepuctuka ®;=(Um,)) Ha puc. 2.3.XapakTeprucTUKa BO3IYIITHO-
o 3a30pa — npsMas JUHHUsL, IPOXOIAIIAsl Yepe3 Hayauo KOOPAUHAT.

3. s cxembl 3aMelieHus mo BTopomy 3akoHy Kupxroda zamuceiBaem
ypaBHeHHs: BOAX BeTBeil MarHUTHOM 11ETIH

U,an(®1) =U ,1(®9) — F4 (2.3)
Usian(P2) =U,,2(P2) +U,,5(P ) (2.4)
U, ab(®3) =U ,,3(P3) + F3 (2.5)

[Io >TUM ypaBHEHUSAM ONPENEISIOTCS HANpsHKEHUs JBYX Y3JIOB
U ,ap At Kaxzoro 3HadeHus notoka. Hanpumep, mpu @,= ®;=5,410"B6,

U ,ap(®1)=158-200=-42; U, ,,(P3)=210+3000=3210 A; npu
®,=8,110" B6, U,,ap(@) =105+716=821A u T. a. Pe3ynwpraTsl pacuera
TaK)Xe CBOIATCS B Ta0md. 2.3.
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Tabmuma 2.3

f11:: CD1:: ®
B =H = | = CDS, 10%4 UMl, UMZ, UM5, UM3, Umab(cbl) , UMab(CDZ) , UMab((D?)) )
Tn | =H; | 107 | A A A|A A A A
Alcm | BO
0 0 0 0 0 0 0 0 —200 0 3000
0,5 2 3 | 45 90 60 398 120 —110 458 3120
0,7] 25| 42| 63 112575 | 557| 150 87,5 632 3150
09| 35| 54| 8,3 1575105, 716| 210 -425 821 3210
1 4 6 9 180 120 796 240 -20 916 3240
11| 45| 6,6/ 99 202,5135| 875 270 2,5 1010 3270
1,2 S 7,2] 10,8 225 | 150 955 30(Q 25 1105 3300
13| 75| 7,8] 11,Y337,5 225 | 1035 450 137,5 1260 3450
14| 11 8,4 12,6 495 | 330| 1114 660 295 1444 3660
1,45 14 8,7 13,1 630 | 420| 1154 840 430 1574 3840
15| 18 9 | 13,5 810 | 540| 11941080, 610 1734 4080
1,55| 28 9,3| 14| 1260 840 1233680 1060 2073 4680
16| 43 9,6| 14,41935| 1290 1273|2580, 1735 2563 5580
1,65 60 9,9] 14,9 2700| 1800 1313]| 3600| 2500 3113 6600
1,7 85 | 10,2 15,3] 3825| 255Q 1353|5100] 3625 3903 8100
18| 135| 10,8 16,2| 6075| 4050 1432| 8100] 5875 5483 11100
Ha puc.2.3noctpoens! rpaduxu Bcex Tpex BOAX Berseil.
d 00,86
161 ©5(U,ap)
L DP1(U )
o \"m o
1 ey
/6 |/‘Ll N @040V, ap) Pt
ES AL )
F1/ H LJﬂ4i‘£i

3000

' 3500

' 4000



4. CoctaBisieM (yHKIIMOHATBLHOE YPaBHEHHE 110 MIEPBOMY 3aKoHY Kupx-
ropa DU 1) + PoU ,,4p) + P3U,,ap) =0, 1, pemm ero rpadudecky,

ompcaciIsieM pa60qee 3HAQYCHUEC MAIrHUTHOI'O HAIIPSAXKCHUSA |E| Touka e

IEePECceYeHNs] CyMMapHOi XapakTepucTuku (@ + D, +D3g)(U, ,p) ¢ ockro
MarHUTHBIX HanpsokeHuit U, 1 ompenenser pexum padotsl nenu (puc. 2.3),
UMab.pa6. =1884.

5. Onpenensiem pabounre TOYKA HAa XapaKTEPUCTUKAX BETBEHM M IMOJyda-
€M COOTBETCTBYIOIUE UM 3HAaYeHUsSI NOTOKOB @, @y, @3. [l onpenenenus
paboumx Touek M, N, f qocTaTOYHO CIIPOEKTUPOBATH TOUKY € Ha XapaKTepH-
ctukd DU, 1), Po(U 1), P3(U,,5p) COOTBETCTBEHHO.

®,=8,05[10"*B6, ®,=1,6010" B, ®s= — 9.6710* BG.

IIpumeuyanue.

T. x. Bce Tpu motoka @;, @,, O3 HanpaBiIeHBI K OTHOMY Y311y «b», 4TO
¢bu3nyecKkn HEBO3MOXHO, TO CIEAYeT OXUAAThb OTPUIATENIbHBIX 3HAYCHUN
OJIHOTO WJIM JIBYX IIOTOKOB. 3HAYWUT, JUIsl IIOCTPOEHUS CYMMAapHOM KpUBOMN
MOTYT TIOHaJOOUTBHCS OTPULIATEIbHBIE BETBU KPHUBBIX CDK(U Mab)' Onn

cTposATcs 0€3 JAOMOIHUTENbHBIX PacueTOB, MOCKOJIbKY Bce BOAX MarHUTHBIX
conporusnennii @, (U MK). CUMMETPUYHBI U YAOBIIETBOPSIIOT YCJIOBHIO

D, (UMK) = _CDK(_UMK)'

Ipumep 7

3anan nmotok ®;=8,0910°* B6.

Tpebyercs onpenenuts @,, @3 U F; mpu Bcex MpOYMX UCXOIHBIX JIaH-
HBIX IMpuMepa 6.

Pemenue
IlepBble TpM MyHKTa SBISIOTCA OOLIMMHU, KPOME MOCTPOEHUS KPUBOMU
®,(U,,ap) , KOTOPYIO IOCTPOUTH HEBO3MOXKHO, T. K. HenssectHa MJIC Fi.

4. OyHKIMOHATBHOE YpaBHEHHE mepBoro 3akoHa Kupxroda B 3Tom
cllydae CJIelyeT 3alucaTh B ABYXCTOPOHHEN (hopme:

®1(U yiab) = ~P2WU yap) =Pl yap) = AP+ @I 00)  (2.6)

Xapakrepuctuka —(®, +D3)(U, op) crpourca myTeM Ipaduueckoro
CI0KeHHus XapakrepucTuk BeTBei ®o(U, 1) u ®3(U, ,p) B HampasaeHuu
OCH TTOTOKOB C TMOCJICAYIOIUM 3epKaJTbHBIM OTOOpaKEHHUEM CYMMapHOW Xa-
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PAKTEpUCTHKH OTHOCUTENLHO ocH abcrucc (MyHKTHpHAas KpwBas Ha
puc. 2.3).

CornacHo ypaBHeHUIO 2.6, pexuM pabOThl MArHUTHOM LIETIH OTIpEAes-
ercs  TOY4koM  «m»  mepeceuenus  xapakrepuctuk  D(U, o)

u —(®y +D3)(U, 5p), HO KpuBO D1(U, o) y Hac HeT, 3aT0 U3BECTHA pa-

Oouas BeamIMHA TOTOKA D1.

5. Ha ocu motokoB Haxomum Touky ®1=8,0910 “B6 u IPOBOJIM
U3 Hee TNPAMYIO, MapajulelIbHYyl0 OCH alcIuce, JO0 TNEPEeceueHUs ¢ KPUBOKH
—(Dy +D3)(U,,5p) B paboueil Touke «M», U3 KOTOPOH OIyCKAaeM IepIeH-

JUKYIAp 10 1mepecedenus ¢ xapakrepuctukamu Oo(U, -p) 1 O3(U ) o)

B pabounx Toukax «N» m «f» u 3ammuceiBaem otBeTH D) :l.6DL0_4B6,
®3=-9.67T0107B6, U, a1y =1884.

6. Onpenenum F;. T. x. U yabpa6. M3BECTHO, TO F1 MoxHO paccuuTarth

u3 ypasnenus 2.3: F =U  4(8, 05104 )_UMabpa6.

HeusBecTHylo BeNMYMHY MarHuTHOTO Hampsbkenus U,;, COOTBETCT-
BYIOLIYI0 pabodyemMy 3HAUEHHUIO MOToKa @i, OmpenenuM CJeAyIoluM 00pa-

®; _ 8,050

S em0”
[Tockonpky B Tabn. 2.1.1et 3Hauenuss B =1,342Tn, To ctpoum rpadux

30M: By = =1,342Tn.

OCHOBHOW KpWMBOW HaMarHW4MBaHus i ctaiau D31 u mo HeMmy omnpenensieMm

HANpsHKCHHOCTh MAarHUTHOTO TOJIS B TICPBOM  CTEPIKHE H1=8,3% v
(puc. 2.4).

ABTn
1.6

Bl
1.2r

0.8

0.4f;

<___________

Hy . H A/cm

——Ttt+—t+—+—+—+—»
|O 5 10 15 20 25 30 35 40 45

Puc. 2.4
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Janee onpenensem:
U,1(8,05% 104 F=Hi1= 8,345 374, ;F,=374-188=186\.

/. DHeprusi moJisi B BO3AYIIHOM 3a30p€ HAaXOIUTCS 4epe3 OObEMHYIO

Bs [(H Bs [(H
IIIOTHOCTE dHeprun W, =%: W5 =W, D5 = 52 6 (60, npuyem
B )
Hs = = 0. ,u By = '} , CJIETOBATEIBHO,
0

_ @50 1,62004mo*008
o0~ - _
20,8 2mna0’ on,516110%
rae V —o0beM BO3IYIITHOTO 3a30pa.
B Hamem ciyyae @5 =Dy; S5= S, =1,50S; 8=0, =110 3um
8. Cuna, cTaruBaroias BO3IyIIHBIN 3a30p, PACCUUTHIBACTCS KaK MPOM3-
BOJIHASI OT SHEPTUH 110 KOOPJAUHATE, KOTOPOH B JAHHOM CJIy4ae siBiIseTcs O:

=0.0113Z JIx,

W,
f=-05= 0’01%32:11,32H.
o 110
3amaua 2.2

CornacHo HOMEPY CBOETO BapuaHTa W 3aJaHHBIM B TabJ. 2.4 mapamer-
paM TpelyeTcsi U300pa3uTh CXeMy HEJIMHEHMHOM 1eNU MOCTOSSHHOTO TOKa, JJIs
4ero HeoOXOAMMO MOAKIIYHTh K 3akuMaMm ab ucrounmka (puc. 2.5) coot-
BETCTBYIOIIYIO YaCTh CXEMbl, COCTOSIIYIO U3 JBYX HEJIMHEHHBIX JIIEMEHTOB
U TuHerHoro pesuctopa (puc. 2.6). BojasrammepHbie XapaKTepUCTHKH HEJIH-
HEHHBIX 3JIeMeHTOB 1 1 2 3a7aHbl Ha puc. 2.7;

JI71s1 moJly4eHHOM CXeMbl HEOOXOIMMO PAacCYUTATh TOKU B BETBAX U Ha-
MPSOKEHUS] HA HEJTMHEWHBIX AJIEMEHTAX;

[lo nHaiiieHHBIM pabO4YMM TOYKAM 3aMEHUTh HEJIUHEWHbIC 3JIEMEHTHI
CTaTUYECKUMU COMPOTUBJICHUSIMU U PACCUUTATh OallaHC aKTHUBHBIX MOIIHO-
cteit. [lorpemnocts pacuera st Tpa@uyecKoro penieHus He AOJDKHA Ipe-
BhIIIaTh 3 %.

a Za Za
o Er Jr
Rr
b b b
A B C
Puc. 2.5
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a a ae ae
1 1
b BB 0 G
2 R
b b ba b
ag a o a a
2 1
o s ]
R 2
2 1 R
b b b b
Puc. 2.6
Au,B
12¢
106
e
1
6
4
2
20
[, A
—

04 08 12

Puc. 2.7
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Tabmuma 2.4

Ne | E. B R.Ov | JnA | R,OM Cxema uc- | Cxema HeIuH.
TOYHHKA LHenu
1 100 50 — 50 A 1
2 80 40 — 50 A 2
3 60 — — 50 B 3
4 — — 1,6 50 C 4
5 100 — — 50 B 5
6 — — 1,2 50 C 6
7 120 60 — 50 A 7
8 120 60 — 25 A 8
9 — — 1,2 200 C 1
10 — — 1,6 200 C 2
11 40 — — 25 B 3
12 100 50 — 25 A 4
13 80 40 — 200 A 5
14 80 — — 100 B 6
15 — — 0,8 25 C 7
16 100 50 — 30 A 8
17 120 60 — 200 A 1
18 100 50 — 100 A 2
19 100 62,5 — 30 A 3
20 80 40 — 30 A 4
21 100 50 — 100 A 5
22 120 60 — 200 A 6
23 80 40 — 30 A 7
24 80 40 — 50 A 8
25 100 50 — 100 A 1

4.4.2 MeToauyeckue YKa3aHusl K pelIeHUI0 3a1a4u 2.2

IIpn pacuere nemnerm IOCTOSHHOIO TOKA, COAEPKAIIMX HEJIMHEUHBIE
AIIEMEHTHI IPUMEHSIOTCS TpadOaHATUTUIECKAE METOIbI CIIOKEHHS BOJIHTAM-
nepHbIX xapaktepuctuk (BAX), ocHoBaHHBbIe Ha 3akoHax Kupxroda. s
ATOTO HEJIMHEWHBIC JEMEHTHI 33/1af0TCS B BHUJE CTATHYECKHX BOJbTAMIIEP-
HbIX xapakrepuctuk U (1) wmm [(U).

Crnoxenne BAX mpu mocinenoBaTeIbHOM COCIMHEHUU HETMHEWHBIX
AIIEMEHTOB MPOU3BOIUTCS BAOJb OCH HAIPSDKEHHS MPU OJMHAKOBBIX 3HaYe-
HHSIX TOKa Ha OCHOBAaHUH BTOpPOTro 3akoHa Kupxroda:

U= YU, (1),
k=1

1, COOTBETCTBCHHO, IIpHU IIapaljICIbHOM COCAMHCHHWHN — BAOJIb OCH TOKa IIpH
OJIMHAKOBBIX 3HAYCHHUAX HAIIPSIAKCHHA.
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U)= Y 1,0).
k=1

JIns1 mpOBEpKM MPAaBUIBHOCTU PACUETA, HEJIMHEWHBIA AJIEMEHT B OKpe-
CTHOCTH paboYeil TOYKH 3aMEHSIETCSl CTaTUYECKUM CONMPOTUBJICHUEM WIU
audepeHInaabHbIMA  TApaMeTPaMH, OCYIIECTBIISETCS pacyeT JMHEHHOU
YaCTHU CXEMbI M COCTABIISAETCA OanaHC MOIHOCTH.

IIpumep 8

| Jlist cxembl, M300pakKeHHOW Ha
3 ; puc. 2.8, onpenenutb TOKU B BETBSIX,
SR AF: HanpsDKEHUsT Ha PE3UCTUBHBIX 3Jle-
E 2 MEHTaX, 3aMEHUTb HEJIWHEWHBIN dJie-
T MEHT CTaTUYECKUM CONPOTUBIEHUEM
R Uap Rl[l R U paccuutarb OaJaHC MOUIHOCTH.
2 BonpTamrepHasi xapakTepucTuka He-
. nmHenHoro snementa 2 — U, (l5) 3a-

b
”g naHa Ha puc. 2.7.IlapaMeTpbl CXEMBbI:

Puc. 2. Er =100B, R =500,
R, =750mM, R, =16,660M.
Pemenue

I'paduueckoe pemrenue 3aga4u mokasaHo Ha puc. 2.9.
Ucnonb3ys 3akon Oma U = | [R u 3agaBas aABa 3HaueHus Toka | , crpo-
UM BOJIbTaMITCPHBIC XapaKTEPUCTUKH IS JIMHCHHBIX Pe3ucTopoB Ry m R, —

Uri(l)n Uga(l5);

3amaBasch HECKOJBKMMH 3HAUYCHUSMH TOKa, CKiIaabiBaeM BAX
Us(lo)nUgo(l») Broms ocu HampskeHust 1o BTopoMy 3akoHy Kupxroga
u nonydaeM BAX U,(15) =U 5(1 5) +U go(l 9);

3aaBasch HECKOJIBKUMHY 3HAUCHUSIMU HAMIPSDKCHUs, CKianbiBaeM BAX
l1U Ry ul,U 5p) BOOIB Ocu Toka 1 nomydaem BAX

13U 4p) =11U g +1 52U ap);
CTpoMM  JIMHEHHYI0  BHENIHIOI  XapakTEPUCTUKy  TIeHeparopa
Uap(l3) =Ef —13Ry;
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106k,
8
60

Uab]

U22e
Uro

Puc. 2.9

Ha mnepeceyeHun BHENIHEW XapakTepUCTHUKH TeHepatopa U BAX
|3(U,p) monydaem pabodyro TOYKy N, KOTOpas JaeT BEIUYMHY TOKa

I3=1,3A, a taxxe 3nauenue Hanpsokenus U,y = 35,23 E;

Hanpsxenune Uy, na nepeceyennn ¢ BAX U, (1) onpenensier pabo-
4yl0 TOYKy M, OTKyJa onpeaeseM Benuauny Toka |, =0,83A, a B paboueit
touke f Ha nepeceuennu ¢ BAX Ug,(l1) —Bemumuuny 1, =0,47A.

Tok |,Ha nepeceuennn ¢ BAX U,(l,) naer snauenne U, =21,43B
B Touke K, a Ha nepeceyennn ¢ Upo(lo) B Touke e — 3HaYeHHEe HANPSKEHHS
Uro =13,8B.

OnpenensieM CTaTUYECKOE CONPOTUBICHHUE HEIMHEHHOTO d3JIeMEeHTa 2
i paboueii Touku K.

CocraBisieM OanaHC MOIITHOCTH. MOHIHOCTB HNCTOYHHKA.
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[ToTpebnsiemMast MOIITHOCTD:
—12 2 2 — 2
Py = 1{ TR +150WRy+ Rep, ) + 13TRy=0, 477075+

+0,8% (116,66 25,9 180 58 130B.
IIpoBepsieM mOrpemHOCTh pacyeTa:

- Py =P 10002 [130-130,4
Py

[100%= 0,3% 3C

3agaua 2.3

Jns 3amanHoro rpada siektpuueckoit memu (puc. 2.10) m3o0pasuth
PacCUYEeTHYI0O CXEMy HEIMHEWHOHN Ien MEePEMEHHOI0 TOKa B COOTBETCTBUU
C HOMEpPOM CBOEro BapuaHTta (Tabi. 2.5)u B COOTBETCTBHU C HOMEPaMH BET-
Bel M300paKeHHBIX Ha puc. 2.11;

3amaBasi MATh 3HAYCHHUI TOKA Yepe3 paBHbIC MHTEPBAILI (HCKIIOYAs HY-
JIeBOE 3HAYCHHE) TI0 BOJIBTAMIIEPHON XapaKTePUCTUKE HEIMHEHHOTO AJIeMEH-
Ta, CHATOM JUIs JEUCTBYIOIIMX 3HAYEHUM TOKAa W  HaNpsHKEHUS
(puc. 2.12),onpenenuTh HANPsDKCHUE HA HEJIMHEWHOM JJIEMEHTE, a MPH I10-
Mot (pazoammnepHoi XapakTepucTuku (puc. 2.13)onpenenuts caBur ¢as3bl
MEX1y HAMpsHKEHUEM U TOKOM;

PaccuutaTh W MOCTPOUTH 3aBUCHUMOCTb, YKa3aHHYIO B Tabn. 2.5 mius
NEUCTBYIOIINX 3Ha4YeHWi HampspkeHus U, (pacuer BeCTH B KOMIUIEKCHON
bopwme);

JInst OTHOTO W3 3HAYEHUN TOKA HEJIMHEMHOTO AJIEMEHTA IO Pe3yabTaraM
pacuera 1. 3 IOCTPOUTh BEKTOPHYIO IMarpaMMy TOKOB, COBMEIIEHHYIO C TO-
norpaguuecKkon AuarpaMMoi HampsHKEHU .

i R
o »1 . oo OT/H/_O o—__}o
A 1 2 3
YI Y . _ .
J 2 3 - iXc R XL R —iXc
ab o—||—o o _F o °|:|—||‘°
4 5 6
! | R R XL
7 8 9
Puc. 2.10 Puc. 2.11
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AU, B AU, B
124 244
106 — 206
8 16
6 124
4 AV VA 8
/ ‘o)
2 4
I, A “ I, A
—t- =
002040608 1 1214 1.6 1.8 2 0 02040608 1 1214 16 18 2
Puc. 2.12
Ao, rpan
9
— W
6
\\
3
[, A
>
0 02 04 06 08 1 12 14 16 18 2
-3 —
// /
-6 (0, O
—
-9
Puc. 2.13
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Tabmuma 2.5

Ne | bd(l;) | ad(l,) | ad(lz)| R(Om) | X (Om) | Xc(Om) | Tloctpouth
1 1 4 3 90 — 100 Uab(l 1)
2 4 1 3 100 — 90 Uab(l 3)
3 3 1 4 80 — 100 Uab(l 2)
4 6 1 3 100 — 120 Uab(l 1)
5 7 4 3 50 — 120 Uab(l 5)
6 2 9 3 50 60 - Uab(l 2)
7 9 2 3 100 60 - Uab(l 1)
8 3 2 9 100 100 - Uab(l 5)
9 5 2 3 50 50 - Uab(l 1)
10 8 9 3 50 100 - Uab(l 3)
11 1 6 3 100 - 100 Uab(l 2)
12 4 7 3 100 — 100 Uab(l 1)
13 7 6 3 100 — 100 Uab(l 3)
14 2 5 3 100 100 - Uab(l 3)
15 8 5 3 100 100 - Uab(l 2)
16 9 8 3 100 100 - Uab(l 2)
17 1 4 3 100 — 80 Uab(l 3)
18 4 1 3 80 - 100 Uab(l 2)
19 3 1 4 100 — 80 Uab(l 1)
20 6 1 3 120 — 100 Uab(l 5)
21 7 4 3 100 — 50 Uab(l 3)
22 2 9 3 80 50 - Uab(l 1)
23 9 2 3 60 80 - Uab(l 2)
24 3 2 9 80 120 - Uab(l 1)
25 5 2 3 60 80 - Uab(l 2)
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4.4.3.MeToauyeckue yKazaHusl K pelieHuIo 3a1a4u 2.3

B mensx mepeMeHHOro TOKa, COAEp aIuX OC3MHEPIIUMOHHBIC HEITMHEH-
HBIE AJIEMEHTHI ()OPMBI KPUBBIX TOKA W HAMPSHKEHUS KaK MPABUIO HECHHY-
COMJIATbHBI, TIO3TOMY IPH pacueTax TaKHX Ierel peanbHble KpuBbie U(t)
v i(t) 3aMEeHSIOTCS SKBUBAJICHTHBIMUA CHHYCOHMIAMHU C T€M K€ IEPHOI0M, Te-
MU Ke JAeicTByromuMHu 3HadeHussMu U, | u ¢ Takum yriom casura a3 @,
KOTOPBI 00ECIeunBaeT MOTyYCHHE TON e aKTUBHON MOIIHOCTH, YTO U MPH
HECUHYCOUJAIBHOM BO3JAeHCcTBUU. [Ipn pacuerax METOIOM 3KBUBAJIICHTHBIX
CUHYCOHUJI IIeTIe MOXXET OBITh MCIOJIb30BAaH CHUMBOJIMUECKHA MeTo. [lops-
JIOK pacyeTa Py 3TOM CIICTYIOIIUN:

[Tpon3BOJIBHO 3aal0TCsl IEMCTBYIOIIMM 3HAYEHHEM TOKA HEJIMHEWHOTO
DJIEMEHTA,

[To BoJbTaMIIEPHON XapaKTEPUCTUKE OMNPEACISIIOT HANPSKEHUE, a IO
(dhazoamIiepHON XapaKTEPUCTUKE — CIABHUT MO (a3ze MEXAy IKBUBAJICHTHBIMU
CHHYCOMIaMU HANIPSKEHUS U TOKA HEJIMHEMHOTO AJIEMEHTA,

Hcnonb3ys CUMBOJMYECKUN METOH, IMPOMU3BOAMUTCS PACUET JIMHEWHOMN
YaCTH LEMU U ONPEACISIIOTCS OCTAIBHBIE TOKH U HANPSKEHUS.

Ipumep 9

Jnis cxembl, u300paxkeHHON Ha puc. 2.14, comepxkaiiedl HETMHEUHYIO
WHAYKTUBHOCTh, KOTOpas 3aJaHa BOJbTAMIIEPHAs XapaKTEPUCTUKOM IS
neiictByromux 3HadeHndd (puc. 2.12), m ¢azoammepHoil XapaKTEPUCTHKON
(puc. 2.13)c napamMeTpaMu JTUHEHHOMN YaCTH CXEMBI:

R =1000Mm, R, =500Mm, X- =1000mM , BBIIOIHATE CIEXYIOLIEE:

Hocrpouts 3aBucumocts U g(15);

Jlns 0HOro u3 3Ha4YeHui ToKa |5 IMOCTPOUTL BEKTOPHYIO AHArpammy
TOKOB, COBMEIIEHHYIO C TOMorpaduueckor JuarpaMMoi HanpsHKeHU .

i Xc R
A1 P I3
Uab Rz
o
Puc. 2.14
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Pemrenune
3amaem 3Hauenue Toka |3 =0,4 A; o puc. 2.12u puc. 2.13onpenens-

em U3=80B, ¢3= 85 1M B KOMILIEKCHOH (hopme —

U, =808 = 6,97+ j 79,7B.
Ilo 3axkony Oma onpenensem

- Us _ 80r2i85
Ry 50

[To mepBomy 3akony Kupxroda onpenenum

I;=1,+1'3=0,14+j 1,59+ 0,4 0,54] 1,59 1,e87%%

-1,6@18 = 0,14+ j 1,59 /.

1o 3axkony Oma nmony4nm:

Upy = I (R, =1,68781 7% 100= 1686 723 = 53,86 j 159,1
Up =i, 0-X o) =168 2% moae ) 90 = 16817 187 =
=159,1- j 53,86 B.

[To BTOpOoMy 3akony Kupxroda onpenemnsieMm BX0OIHOE HANPSHDKCHHE!

Ugp=Uz+U g +U -=6,97+ ) 79,7 53,86 1594 15%7] 53,8
=210,03+ j 184,04 287,3814C B,

AHAJIOTUYHO BCACTCA PACUCT JJIA APYIHX 3HAQUCHUMN TOKA HEJIMHEHHOIO 3Jie-
MCHTA |3, PE3YIIbTATHI PACUCTa IIPUBCIACHBI B Ta6J'II/II_IC:

I;,A [ 04 0,8 12 [ 16 2
1,,A | 16 2 21 | 216| 22
U, B | 28735 | 3846| 462| 559,78 630,

Io nosty4eHHbIM JaHHBIM cTpouM 3aBiucuMocTb U op(15) (puc. 2.15):

61




AU, B

606
506

Uab( l 2)
406
309
20

106~

I, A

S
24

J71s MOCTpOEHUsI BEKTOPHOM JAMarpaMMbl 0003HaYMM Ha CXEME TOYKH U

HaNpsDKeHUN Mexay HuMH (puc. 2.16):

Puc. 2.16

Ha BexTopHO# nuarpamMme BEKTOpa HaNpsHDKEHUH HaIpaBieHbl B TOUKY
BBICIIETO MOTEHIMaa OT KOTOPOM TEYET TOK, T. €. MPOTUBOIOJIOXHO IMOJI0-

JKUTCIIbHBIM HaIIPABJIICHUAM HaprDKeHI/Iﬁ Ha CXEMe.

xl

— HampaBJIEHO W3

Touku b B Touky d; U, —Hanpasneno u3 Touku d B Touky N: U — Hampas-

JICHO U3 TOYKH N B TOUKY 4, Uab — HaIIpaBJICHO U3 TOYKH bs TOYKY a. Kaue-

CTBEHHAsl BEKTOpHAas JuarpamMma rpuBejieHa Ha puc. 2.17.
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+1

Puc. 2.17
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5. MMPOMEXKYTOYHBIN KOHTPO.Ib

5.1. TpeboBanus s cAa4M IK3aMeHAa

[Tocne 3aBepieHust U3y4yeHUs] AUCUUILIIMHBI CTYEHTHI CAAIOT SK3aMEH.
CryneHTsl, oOy4aronecs 1Mo Kiaccudeckoit 3aounoi popme (K3D), cmator
9K3aMEH BO BpeMs 3K3aMEHAI[MOHHOM ceccwH 1Mo OwieraM (B YCTHOW WM
MUCbMEHHOM (hopMme).

Jlnis sx3amMena B 3 ceMecTpe He0OXOAMMO OTBETUTH Ha TP BOIIPOCA:

— nepBbId BoIpoc — u3 BorpocoB Ne 1-6nonapasaena 5.2;

— BTOpOM — 13 BompocoB Ne 7—16;

— TpeTtuit —u3 BorpocoB Ne 17-20.

CryneHTsl, 00yJaronuecs: ¢ UCTIOIb30BaHUEM TUCTAHIIMOHHBIX 00pa3o-
BatebHBIX TexHojorui (J10T), cnaroT sk3amMeH B BUJIE TECTA.

[Ipu ompeneneHun pe3yibTaTa 3K3aMEHA YUYUTBHIBAIOTCS PE3yIbTAaThl
BBITIOJTHEHHOTO MHJIMBUYaTbHOTO JOMAIITHETO 3aJaHusl, BBIIIOJHEHUS U 3a-
HIUTHI MPAKTUYECKUX U T1a00paTOPHBIX 3aJaHU.

CTyneHT cuuTaeTcs MOMYUICHHBIM K AK3aMEHY IpH 0053aTeIbHOM BbI-
MOJIHEHUU CIICAYIOIIUX YCIOBU!

* CIaHO W 3aYTEHO MHAMBHIYaJbHOE IOMAIlIHEE 3aaHHe;
* BBINIOJTHEHBI U 3aYTEHBI OTYETHI 10 J1a00PaTOPHBIM paboTaM.

DK3aMeH CUMTAETCSl CAAHHBIM, €CIIU CTYJAEHT OTBETWI Ha 55% sx3ame-
HAI[MOHHBIX BOIPOCOB OuJjeTa.

5.2.Bonpockl 1J1sl MOATOTOBKH K IK3aMeHYy

1. CymHOCTh M NpPHUMEHEHHE KJIACCHYECKOr0 METOJa pacuera Iepe-
XOJIHBIX IIPOLIECCOB B JIMHEUHBIX AIEKTPUUECKUX LIECTIAX.

2. HezaBucumble U 3aBUCHMMBbIE HayallbHbBIE YCJIOBHUSA, MPHUHYXICHHBIC
COCTABJIAIOLIME HANPSDKEHUN M TOKOB, KOPHH XapaKTEPUCTUYECKOTO yYpaBHe-
HUSI U WX ONPENEIICHHE NPU PACUYETe MEPEXOAHBIX MPOLECCOB B JIUHEUHBIX
IEKTPUYECKUX LIETISIX.

3. CyuHocTh ¥ NPUMEHEHHE ONEPATOPHOTO METOJIa pacyeTa Nepexol-
HBIX IIPOLIECCOB B JIMHEWHBIX dJIEKTPUYECKUX LIETIAX.

4. CymHOCTP W TpPUMEHEHHEe KOMOMHHPOBAHHOTO (ONEpaTOpHO-
KJTACCHYECKOT0) METOJIa pacdera MepexXoHbIX MPOIECCOB B JTMHEHHBIX AJIEK-
TPUYECKHUX LIETISAX.

5. IlepexonHble XapaKTEPUCTHKU JIMHEMHBIX 3JIEKTPUUECKHX LEIEH.
WNuterpan roamens.
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6. CymHOCTh U MPUMEHEHHE METO/1a TIEPEMEHHBIX COCTOSIHUS JIJISI pac-
YeTa MEePEXO0/IHBIX MPOILIECCOB B TUHEHUHBIX JIEKTPUUECKHUX LIETISIX.

/. Bunpl, napameTpbl U XapaKTEPUCTUKU HEIUHEWHBIX PE3UCTUBHBIX
AJIEMEHTOB.

8. Merozasl pacueTa HEMTUHEHHBIX PE3UCTUBHBIX IIETIEH.

9. IlpumeHeHne MeTOJa YKBUBAJICHTHOTO TeHEpaTopa I pacdyeTa pe-
3UCTUBHBIX LIEMENW C OJHUM HEJIIMHENHBIM JIEMEHTOM.

10.[TapameTpsl M XapaKTEPUCTUKU HEIMHEHWHBIX WHIYKTUBHBIX 3Je-
MEHTOB.

11.OcHoOBHbIE 3aKOHBI U METO/IbI pacyeTa MarHUTHBIX LI€TIeH HEJTUHEH-
HbIX UHIYKTUBHBIX 3JIEMEHTOB.

12. [TapameTpbl ¥ XapaKTEPUCTUKU HETMHEUHBIX €eMKOCTHBIX 3JIEMEHTOB.

13.Bonbsrammnepusie U (hazoamMmnepHbIe XapaKTEPUCTUKH HEITMHEWHBIX
AIEMEHTOB. MeTO/1 SKBUBAJICHTHBIX CUHYCOUI.

14.TlpumeHeHne MeToAa SKBUBAJIEHTHOIO T'€HepaTtopa sl pacdeTa K-
BHUBAJICHTHBIX CUHYCOUJ] HAMPSKEHUI U TOKOB B DJIEKTPUYECKUX LIEMSAX C O
HUM HEJIMHEHHBIM 3JIEMEHTOM.

15.Pe3oHaHCHBIC SBJICHUS B HEIMHEHHBIX HEMsX (peppope3oHaHc).

16.0Oco0enHocTH pacyera MepexoqHbIX MPOLECCOB B HETUHEHHBIX Iie-
s1x. Meton yCIIOBHOM JIMHEAPU3ALIUH.

17.0OcHoBHbBIE TapaMETPbl U YPABHEHMS OJJHOPOAHBIX IIENEH C pacrpe-
JCJICHHBIMHM TIapaMeTpaMu (JUTMHHBIX JIMHUK) TpU rapMOHHYECKUX (CHHY-
COUIANIbHBIX) HAMPSIKCHUSAX U TOKAX.

18.OcHoBHbIE MapaMeTpbl U YpaBHEHHUS OJHOPOAHBIX JUHUN 0e3 mo-
TEPb MPU TAPMOHUYECKUX (CHHYCOMTAIBHBIX) HAPSHKCHHUSX M TOKAX.

19.Tlepexomubie MpOIECChl B OAHOPOMHBIX JTUHUAX Oe3 moreph. lla-
JAIOIIKNE U OTPAXKEHHBIC BOJIHBI.

20.OtpaxxeHne U MpeTOMIICHHE BOJIH HAPSDKCHUA M TOKOB B OJTHOPO/I-
HBIX JIMHUAX 0€3 MOTepb.
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5.3.00pa3ubl OMJIETOB K IK3aMeHYy

buneTrsl 0XBaThIBalOT OCHOBHBIE pa3/ielibl Kypca U MOTYT COAEPKATh KaK
TEOPETHUECKHE BOIPOCHI, TaK MpaKkTUUecKkue 3ananus. KommaectBo u hopmy
BOITPOCOB 3K3aMEHAITMOHHOTO Owmiera (GOpMHUPYET MPEnoaaBaTelb, MPUHU-
MAaIOIINM PK3aMeH.

Oo0pasen npakTu4eckoro ouiera s cryaeHToB K3®

1
JlaHo:
E=100B
R=100m
L=0,1TH
Omnpenenuts: i1(t)
2
H31
Usex| HO2 6/) Onpenennre BXOJHOE HANPSIAKEHUE
JIJISI CXEMBI C HeJTMHESHHBIMH dJIe-
@ mentamu (HO1) u (H22), BAX ko-
A TOPBIX 3aJ[aHbI, €CITN MOKA3aHUS
LA ) BoibTMeTpa U = 40 B.
0,4
H31 /
0,3
0,2
0,1 éz—
7 U, B
— | |’
0 10 20 30 40
3 FM
Kab6enbHast munus 0e3 nmotepps (V = 2[10°—), HarpyKeHHast Ha EMKOCT-
c
HOE COIPOTHRIICHHE, YUCIICHHO PAaBHOE BOJIHOBOMY, pa0OTaeT Ha YacTOTe
f = 100MTI 1. Onipenenuth TOK | Ha paccrossauu 0,25M OT KOHITA TUHUH,
€CJIM TOK B KoHIle tuHuM |, = 10 A.
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O6pa3zen on-line 6uitera A5 CTYAEHTOB,
o0yuarwmuxcs ¢ npumenesuem 10T

YKakuTe BepHOE! 1. ;=-200 (1/c)
KOPHH XapaKTepUCTUYECKOI0 YPaBHEHUS IJI 2. p= 100, p,= —200, ps= 300 (1/c)
TOKa nepexc_);[Horo n;_)ouecca 3. p1=—2004300, p,=-2004300 (1/c)
|(t) :103|n(100:ﬂ+ 90 )‘ 4. p1= Jloo’ p2= _jloo’ p3: _200_!'_300’
+5[&7*cos(30@~ 30 ),4 ps= —2004300 (1/c)
OnpenenuTs U yKa3aTb HOMEP BEPHOTO _ 200[(2[1) + 100}
OIEepPaTOPHOTO N300paKEHHS 1 Uc(p) =
HanpspKeHus Uc , ecin pL{p+100)
E=200 B;R=1000m; C=200Mx®d 2 U.(p) = 100(2p + 200
! - pL{p+100)
I 3 U.(p)= 1000(20p + 100)
— e L +100
pL{p+100)
100(2p + 100)
4.  U.(p)= H2p /
p{ p+200)
R £ et
_:'1 100 4 430 Pt
eft) o ; 1 1
(F
it i . t
K uenm nogkmouaercs uctounuk ¢ IJC e(t) 0 tu a ¢
OpsIMOYTONBHO# (OpMBI. YKa3aTh HOMEP M
BepHOTo rpaduka ast Toka i(t), eciu 1. 2. 3. 4,
R=1000m
Jnst 3aaHHOM Lenmd ¢ IBYMs OJHHAKOBBIMH
HEJIMHEHHBIMH JJIEMEHTAMHU 3Ha4YeHHE TOKa | , -
1. 1=25A.
ecim DJIC E = 20B, paBHo: 2 1=1A
3. I=2A.
4. |=4A.
I[Hu(b(bepeﬂunanwas{ UHIYKTUBHOCTb HEJIH- 1. LMb =3 Mm[H.
HEHHOro MHAYKTUBHOTO JJIEMEHTA C 3a1aH-
HOM BeOep-aMIIepHON XapaKTepUCTHKON 2. Lmb =1wmlH.
v(i, ) =10°0] +2000°0° ,B6 3. L . =7mlu
: - Lo .
mpuroke I, =1, A: 4. L, = 2 i
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6_ YpaBHEHHE IO METOY JIBYX Y3JIOB! 1. Uab = ¢ I ¢ b= _E1 + U1(| 1) .
a — —
2. U _¢a_¢b_ E, +U2(|2)-
Uk NG )[NG; 03) 3. Uy =0,-0,=-E;+U (1),
s S N 4. Up=0,-0,=E+U(l).
E, E, Ej
b
7. YpaBHeHUe A1 ONPEICIICHUS HATIPSHKEHHS dq
epexoqHOro nporuecca Ug(t) 1. a +uy(g=E
d
R 2. RM42u(g=E
E +E— R d(tj
U@ s 2RS4y (9= €
d
4 RY4y(g=2E
dt
8. VYka3ath HOMEp BEPHOTO 3HAYCHUS KO- _102 .
¢dunuenra 3aryxanus o (1/km) mimHHO#M 1~ lLo= \/E Lew,
HUH, ecau u3BecTHs. Ry=1 OM/kM, wlL=0, _ 2 )
GO:10—4 CM/KM, wO:O. 2. a= \/E ELO_ 1/KM,
3.0=10" 1/km;
4. 0=107 L.
0. Jlunus 6e3 MoTeph B peskAMe COrIACOBaH-
HOW HAIrPY3KH. 1.05
Jano nokazanue BoJibT™METpa (IeicTByOMICe 2 0’2 5
snauenue) Uy»,=100B T
Y COTIPOTHBIICHHE HAIPY3KH JIMHUA 3.1
Z4=2000M. 4.15
Omnpenenurs nokasanue amnepmerpa la; (B
amIepax).
10. Ykazatb HOMEp BEpHOTO 3HAUCHHS HaIpshKe- 1.u;=1000B:;
HUS na;éa}omeﬁ BOJIHBI [P TTOAKITFOYSHUN 2. Uy =2000B;
JIuHUH 0€3 MOTeph K UCTOYHHKY [TOCTOSHHOTO _ ]
HAIIPSKEHNUS, €CTIH. g ‘31 l:E :iggg’

i7=10 A; L;=2 MI'u/kM; i ¥
Co =0.05MKkD/kM.
@E EI
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6. VYAEBHO-METOJIMYECKOE OBECIIEYEHUE
T CTUTLIAHBI

6.1.JIuTepaTypa obs13aTe/ibHAS

1. Teopernueckue OCHOBBHI AMEeKTpoTeXHUKH. Y. 2: yueb. mocobue /
I'.B. Hocos, E.O. Kynemiosa, B. A. Komuanosa; ToMCKUil TOTUTEXHUYECKHI
yausepcuter (TIIY), Mactutyt nucranmmonnoro ob6pazoBanus (MJ10). —
Tomck: U3za-so TITY, 2012. — 20@.

2. Teoperuveckne OCHOBBI 3JICKTPOTEXHUKH: y4EOHUK st BY30B /
K.C. demupusn, JI.P. Heitman, H.B. KopoBkun. — 5¢ u3g. — CII6.: ITutep,
2009. — Yueodnuk ms By3os). T. 1. — 2009. — 512.

3. Teopernyeckre OCHOBBI 3JCKTPOTCXHHUKH: y4eOHUK sl BY30B /
K.C. demupusn, JI.P. Heitman, H.B. KopoBkun. — 5¢ u3g. — CII6.: ITutep,
2009. — Yuebnuk ms By3oB). T. 2. — 2009. — 432.

4. TeopeTudyeckre OCHOBBI JJIEKTPOTEXHUKHU. IJIEKTPUUYCCKUE IICIIH:
yuebnuk ns 6akanaBpoB / JI.A. becconoB. — 1le u3n., mepepad. u gom. —
M. : FOpaiit, 2012. — 70L.

5. OcHoBsl Teopun neneit / I'.B. 3eBeke [u np.]. — M.: DHeproaromMus-
mat, 1989. — 528&.

6.2.JIuTtepaTypa 10N0JTHUTEIbLHASA

6. Teopernyeckue OCHOBBI DJJEKTPOTEXHHMKH. yueO. mocobue /
P.H. Cmeranuna, I'.B. Hocos, FO.H. UcaeB; ToMCKHUI NOJIUTEXHUYECKUUN
yausepcuteT (TITY), UHcTuTyT nuctanmuonHoro oopaszosanus (M1J10). — 3¢
u3 ., ucnp. — Tomck: U3a-Bo TITY, 2009. — 8&.

7. TeopeTnueckue OCHOBBI AJEKTPOTEXHUKHU: yueO. rmocoOue njsi BY-
30B. B 2 4. / B.JI. OcbkoB, A.B. Karanesckas; HannonaapHbIi HccaeI0Ba-
tenbekuid ToMmckuid nomurexandeckuii yausepeuter (TITY). — Tomck: U3zn-
Bo TITY, 20114. 1. — 2011. — 166.

6.3. Internet-pecypcsi

8. Kopnopatusnsiii nmopran «ToMckuii MOJUTEXHUYECKUI yHHBEpPCHU-
te». CallT Kadenpsl dIEKTPUUECKUX CETEH U DIEKTPOTEXHHKH. — Pexum
nocryma: http://portal.tpu.ru/departments/kafedra/esepoabrii.

6.4.YueOHO-MeTOAMYECKHE MTOCO0OU

9. Teoperuueckue OCHOBBI AyekTpoTexHuku. Y. 1, 2! Meron. ykas.
K BBITIOJIHEHHIO J1a0. pabor s ctyneHtoB MO, oOyvaromuxcs 1Mo Harmp.
140400 OnekTposHepreTrka U 3JekTpoTexHuka» / coct. Konuanosa B.A.,
Kynemona E.O.; ToMckuil NOTUTEXHUYECKUN YHUBEpCcUTET.— ToMck: M3a-Bo
Tomckoro nouTeXHUUECKOTro yHuBepcuteta, 2012, — 12&.
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