JJIeKTPHUYECKUE PUIBTPHI

DJIeKTPHYECKUMH GunsTpamu Ha3bIBAKOTCS YEThIPEXTOIOCHUKH
[peIHa3HAYEHHbIE Il MPOIYCKAHWUSI CUTHAJIOB B OIPEIEIIEHHBIX YaCTOTHBIX
Marna3oHax ¢ BO3MOXKHO MaJlbIM 3aTyXaHWEM U II0JIaBJI€HUsI CUTHAJIOB HA 4acTOTax
BHE 3TUX JHarna3oHoB. [lonoca yactot, npornyckaeMbiX (GUILTPOM O€3 3aTyXaHUsl WU
Opd MajioM 3aTyXaHUM, HA3bIBACTCS MOJOCOH MNPONYCKAHUSA (WM MOJIOCOH
npo3payHoctu). Ilomoca wyacrTor, mnponyckaembix GUIBTPOM C 3aTyXaHUEM
Ha3blBaCTCs MOJIOCOM 3aep:KMBAHMA (IMOJIOCOH HENMPO3PAYHOCTH WIH MOJIOCOH
3aTryxaHus). Hacrora, jekanias Ha rpaHuLie M10JIOC IIPOIYCKAHUS U 3a[ep:KUBAHUS
Ha3bIBACTCA 4YACTOTOM cCpe3a WM TpaHHYHOM w4acrToroW. KauectBo (QuibsTpa
CUMTAECTCSl TEM BBILIE, YEM SIPUE BBIPANKEHBI €ro (PUIBTPYIOIIUE CBOMCTBA, T. €. YEM
CUJIBHEE BO3PACTACT 3aTYXaHUE B MOJIOCE 3aICPIKUBAHUSI.

Kiaaccnpurkanusa 3JieKTpuYecKUuX (UILTPOB MOXKET ObITh IPOBEIACHA [0

Pa3JIM4YHBIM IIPH3HAKAM.



JJIeKTPHUYECKUE PUIBTPHI

Knaccupukanmus 3jieKTpudecKux (HIBTPOB MOXKET OBITh MPOBEACHA IO
pa3JIMYHBIM NIpU3HaKaMm. Hanpumep, B 3aBHCHMOCTH OT NMPOIMYCKAEeMOT0 JHANAa30HA
4acTOT PA3JIMYAIOT CIEAYIOIINUE TUIBI (DUIBTPOB:

o  urempol Hudxcrnux ywacmom (OHY) nponyckaror curHain 0e3 ocinadieHus Ha
4aCcTOTaX HUKE YaCTOThI CPE3a;

o Qurempor eepxnux yacmom (OBY) He oOKa3bIBArOT BIUSHUS HA aAMILUIATY/IbI
CUTHAJIOB, UMEKOIIMX YaCTOTY BBIIIIE YaCTOThI CPE3a, U HE MPOIMYCKAKT CUTHAJIBI
C 4aCTOTOM HUIKE, UEM 4aCTOTa Cpe3a;

e nonocHo-nponyckarowue hurbmpot (norocoswie) (I1I1ND) npommyckarT CUrHANID,
4acTOTa KOTOPBIX HAXOAWTCS B HWHTEPBAJC MEXKAYy HWXKHEH U BEPXHEU
4acTOTaMM Cpe€3a U HE MPOMYCKAKT CUTHAJIBI OCTAJIbHBIX YaCTOT;

e nonocHo-zazpadxcoarowue urompuol (pexcekmopuuvie) (I13P) He nMpomyckarT
CUTHAJIBl C MOJIOCOM YacTOT, 3aKJIHOUYEHHOW B WHTEPBAJIEC MEXIY HUKHEH U
BEPXHEU YaCTOTAMHM CpPe3a, a CUTHAJIbI BCEX OCTAJIbHBIX YaCTOT MPOITYCKAKT 0€3
ocJiabeHusl.

Knaccudukanuro 31eKTpUYEeCKUX (UIBTPOB TaKKe MPOBOMAAT MO YHCIY
PEAKTUBHBIX JJIEMEHTOB B CXE€ME, IO THUITY MEPEAATOYHOU (DYHKIUU, MO0 CTPYKTYPE
2JIEMEHTOB H T. .



JJIeKTPHUYECKUE PUIBTPHI

BHEI{TI}H‘IGCKHH LCIIb, COoACpKallad HHAYKTHBHOCTDb 15105 8) 05! CMKOCTB,
DGH&,[[HET pa3s/IMYHbIMH COIIPOTHUBIICHHAMHKU JUJIA Pa3/IMYHBIX TapMOHHK,

TdK KdK HHAYKTHBHOC COIIPOTHBJICHHC Xﬂr =kwL YBCIIHYHUBACTCA C YBC-

1
JIM4CHHEM HOMCPA I'ApPMOHHKH k:, d EMKOCTHOC XC =-—— VYMCHBIIACTCA.

kawC
DTO JaeT BO3MOXHOCTH NPH 3aJaHHOM KPHBOM HANPSOKEHUS W3MEHSTH
(GOpMy KPHBOIi TOKA IyTEM BKJIIOUCHHS DJIEKTPHUYECKOTO (BHUILTPA MEKIY
MCTOYHHKOM U IIOTPEOHTEIIEM.

Jis Toro, 4ro0Obl OT(UILTPOBATL BBICIIHE TAPMOHHUKH HECHHYCOH-
NAJIBHOTO HAIPSDKEHHS, T. €. He MPOMYCTHTh UX K IMOTPEOHTENIO, IIOCIIENO0-
BaTEJILHO C IOTpeOMTENIeM BKJIIOYAETCS HHIAYKTHBHOCTh, a INapaulejibHO
eMKocTh (cMm. puc.). Ilpu 3TOM, 4YeM BbIIIE HOMEP TI'apMOHHMKH, TEM
OOJIBIITUM COINPOTHBIIEHHEM 00J1a/1aeT MHIYKTHBHOCTH M T€M OOJIbIIE Ha-
NpsbKEHHE 3TOH TapMOHUKH I1aJ1ae€T HAa UHAYKTUBHOM CONPOTHUBIICHHH U TEM
MCHBIICC HAIIPAKCHHUC IIOCTYIIACT HA HAI'PY3KY. KpDME TOT'O, 4CM BBIIIC
HOMEpP TapMOHHKH (YacTOTa), TEM MEHbIIE CONPOTUBIIEHHE KOHJEHCATOPa,
TeM OOJIBIINI TOK JTOH YaCTOTHI MPOXOIUT Yepe3 KOHIEHCATOP, OT(QUILT-
POBBIBAsICh OT IIOTPEOUTEIIS.



JJIeKTPpHYECKUE PUIBTPHI
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Purc. ®unbTpbl HUXHUX HacToT Puc. OuibTpbl BEPXHUX HYAaCTOT

Ecnu HyHO OTOUIBTPOBATH MOCTOSIHHYK COCTABJISIFOILYK) HECHHY-
COMJIAJIBHOTO HAMNpPSDKCHUS WJIM €ro HHM3KHUE YacTOThl (FapMOHUKH), TO
B (UIbTpax MEHSIOT MECTaMH WHAYKTUBHOCTh U E€MKOCTb.



JJIeKTPpHYECKUE PUIBTPHI

Ecnu B HamnpspKeHUH, MOCTYMAOIIEM Ha BXOJ (DHIIbTpa, UMeeTcs k-5
rapMOHHKA, KOTOPYK HYKHO HE IPOMYCTUTh K MOTPEOUTEII0, TO MOCIIEI0-
BATEJIbHO C MOTPEOUTEIEM MOKHO BKJIKOUHTH MapalIeIbHbIM PE30HAHCHBIN
KOHTYp (pUC. @), HaCTPOCHHBIM B PE30HAHC TOKOB HAa 4YacTOTy K-M rap-
MOHHMKH. B pe3ynbTare 3TOro Ha OOJIBIIIOM COMPOTHBIICHUH PE30HAHCHOTO
KOHTYpa (0JIM3KOro K OECKOHEYHOCTH — IIPU OTCYTCTBUU AaKTUBHOT'O COINPO-
THUBJICHHUSI B KOHTYpE) HaIpSKEHHUE k- rapMOHUKHU MaJaeT Ha KOHTYpPE, HE
Moraasi Ha Harpy3Ky.

Takoro xe 3¢dexra MOKHO JOOUTHCS, €CITU MapalIeIbHO C MOTPEOH-
TEJIEeM BKJIIOUHMTH IMOCJICAOBATCIIbHBIM PE30HAHCHBIM KOHTYp (puc. 0),
HACTPOCHHBIM B PE30HAHC HANPSDKCHMI Ha 4acToTy A-i rapmoHuku. Ilpu
PE30HAHCE HANPSHKEHUW COINMPOTUBIIEHUE MOCJIEI0BATEILHOIO KOJae0aTeb-
HOTO KOHTYypa MaJIO, CJIEA0BATEIbHO, YMEHBIIACTCS HAMpsHKEHUE K-M rap-
MOHUKH Ha HEM, a 3HAYUT, U HA IOTpeOuUTerne.

OnHOBpeMEHHOE BKJIHOUYEHHE O0OMX KOJIeOATEeIbHBIX KOHTYPOB
(puc. ) obecrieurBacT 3HAYUTEIIHHO YUY (PUIBTPAIIUIO.



BHeKTpnquKne (])H.Hprbl
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Pwuc. [NosnocHo-3arpaxaarowme puibTpsbl

Ecnu Hy»)XHO YMEHBIIUTh WJIH YCTPAHUTH Cpa3y HECKOJIBKO TapMOHUK,
TO BKJIFOYAKOT MOCJIEAOBATEIFHO WIH/U MApAJIEJIbHO C MOTPEOUTEIEM He-
CKOJIbKO KOJIEOATEIbHBIX KOHTYPOB, KaXJbli U3 KOTOPBIX HACTPAUBACTCS B
PE30HAHC ONPEJICIICHHON TApDMOHHKH.



JJIeKTPpHYECKUE PUIBTPHI

Ecnu pe3oHaHCHBIE KOHTYPBI NMOMEHSTh MECTaMH, TO IIOJTYy4aroTCs
MOJIOCOBBIE (DHIIBTPBI, KOTOpHIC, HA00OPOT, CHyXaT Ui TOT0, YTOOKI
IPOIYCTUTh K IPUEMHHKY K-F0 TAPMOHHU Ky, HA KOTOPYIO OHHU HACTPOEHEI B
PE30HAHC, U HE NMPONYCTUTH (OCIA0UTh) BCE APYTHE FaPMOHUKH.
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Puc. [losnocHo-nponyckawwme puibtpsbl



AYX n PUX puabTpa

KommiexkcHas nmepenarodnasi pyHknust (kodppunuenT nepexaun) K(jw) HaxoauTCd Kak
OTHOIIIEHHE BBIXO/IHOII 3IEKTPHIECKON BEIMYNHBI (HAPSKEHUS WIN TOKAa) K BXOTHOIL

Pa3inyaror 4 BH/Ja NepelaTouHbIX (YHKIHIH:
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B o0mem Buge nepenarounas pyHkmms: | K (im) = K(w) ele(w)

3aBHCHMOCTh MOJy/sS KOMIUIEKCHOU IIepelaToYHON (DYHKIHH OT 4acToThl K(w) HasbIBaeTcs
AMILIHTYIHO-4ACTOTHOH XapakTepHcTHKoOH (AUX). UYacToTHasg 3aBHCHMOCTh apryMeHTa
KOMIUIEKCHOH TepeJaTouyHoN (YHKIIMH OT dYacToThl ¢(w) Ha3pBaeTcs (pa30-4acTOTHOH
xapakrepucTukon (OUX).

AUX n QUX He 3aBHCST OT 3HaUEHHI aMILUTHTY/] 1 Ha9aIbHbIX (pa3 BO3IEICTBHIL, a ONPEeIIAI0TCS
YHCIIOM, XapaKTepoM, 3HaYE€HHAMHI H BHIIOM COEIHHEHHS APYT C IPYIoM ee 2JIEMEHTOB. YacTOTHEIE
xapakrepucTuk (AUX u OUX) mo3BONSIOT CYIUTh 0 TOM, KOJIeOaHHs KaKHX JacTOT MPOITYCKAKOTCS
3JIEKTPUYECKOH 1IETIBE0, a KaKHe 0CIal/IMroTCs.



HacToTHBIC XapPaAKTEePUCTHUKH (PUILTPOB

YacToTHbIE XAPAKTEPUCTHKH [MOKA3bIBAKOT, KAKUE YaCTOThl IPOITYCKAKTCS
IEKTPUYECKOM LIEMBIO (ITOCIIE MPOXOKIACHHUA Yepe3 NIEKTPUYCCKUM (PUIIBTP), a KaKue
ocnadsaorcsi. OCHOBHBIMU — YAaCTOTHBIMU — XApPAKTEPUCTUKAMHU  DIIEKTPUYECKHUX
(GUIBTPOB SBJISIKOTCS 4acTOTa Cpe3a WJIMA I0JI0Ca IMPOIMYCKAEMbIX (DUIBTPOM YaCTOT,
ko3 duueHT nepenayu, KpPyTU3HA, AMIUIMTYIHO-YacTOTHass u (pa30-4acTOTHAas

xapakrepuctuku (AYX u OYX).

Yacrora cpe3a — DTO HacCTOTa, HaA KDTDprI IMPOUCXOAHUT CIiaJd aMILIUTYIbI

BBIXOHOI'0 CHI'HaJIa M0 3HAYCHHA PABHOI'O 0,7 OT BXOJHOIO. OTtHomeHue BBIXD,[[HDﬁ

ICKTPUYECKON BEITUUUHBI (HAMPSIKEHUS] WU TOKA) K BXOJHOM MO3BOJISIET BHIYUCITUTD
KOMILIEKCHYI0 mepeaaTouny ¢yHknup (koddpduumuent nepenaun) K(jw) =
= | K |- e/9(®), 3apucumocTth MOITYIIsI KOMILIEKCHOM nepenaTounoii gpyukmuu | K | ot

YaCTOThl ) HA3bIBACTCA AaAMILUIMTYIHO-YACTOTHOM XapakrTepucTtukou (AYX), a
YaCTOTHAs 3aBUCUMOCTh apryMeHTa KOMIUIEKCHOW mepenatouyHoi pyHKuuu @(w) —

(¢a3zo-yacroTHoM xapakrepucTuko (PUX).

AYX 1 OYX He 3aBUCAT OT 3HAYCHUW aMIUIMTY/l U Ha4aJIbHbIX (ha3 BO3ICHUCTBUN,

a OIpCACIATCA YHUCIOM, XdpPAKTCPOM, 3HAYCHHUAMHU H BHAOM COCIUHCHHUA [ApPYyI" C
ApPyIroM €€ 5SJIIEMCHTOB.



YHacTroTHBIC XapaKTEePUCTUKH

Hanpumep, mis RC-uenu, n3o0pak€HHOW Ha pUC. , KOMIUICKCHAs
nepenaToyHasi QyHKIUS MOXKET ObITh pacCYMTaHA TaK:

I i _ R _ R _ 1
l.lex R_jXC R+L 1+ I
joC JORC
AUYX u OYUYX mist 5TOM Lenu OyayT paBHbI, COOTBETCTBEHHO:
1 1
K(w)= \/l+ l 5 ¢(a))—mctgﬁ.
(wRC)?

YacToTHBIE XAPaKTCPUCTHUKH ITO3BOJIAKOT CYJAUTH O TOM, KoJIeOaHus Ka-
KHX HaCTOT IIPOITYCKAKTCA LCIIBHO, 4 KAKHUC 0CJIa0ISIIOTCSL.

o—~|

u«.\‘ ( t) C R

u,, (1)

Puc. OunbTp BEPXHUX HacToT



YHacTroTHBIC XapaKTEePUCTUKH
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Puc. AYX nacCUBHBIX 3IEKTPUUYECKUX (PUIBTPOB:
a — OHY; 6 — ©BY; ¢ — [111D; 2 — [13D
Ha npaktuke gacto npuxonurcs crpouth AUX u OUX B norapudmudeckom

macirade. JIAYX u JIOUYX — 310 3aBUCUMOCTh K0P PuUiiueHTa MOAYJISI KOMIUIEKCHOM
nepeaaTodHod pyHKIUU U (Ha3bl, COOTBETCTBEHHO, OT YacTOThI B JIOTapU(PMUIECKOM
macmrabe. B 3ToM cityuae ko3 QUIUEHT Nepeaaun OnpeaestoT B aenudenax (ab).



JJIeKTPHUYECKUE PUIBTPHI

[TpakTyeckoe NPUMEHEHUE DSJIEKTPUYECKUX (UIBTPOB BECbMA IIUPOKO U
pa3Hoo0Opa3Ho. OHHU NMPUMEHSIOTCA KaK B PaIUOTEXHUKE U TEXHUKE CBS3H, IJI€ UMEHOT
MECTO TOKH JIOCTATOYHO BBICOKMX YaCTOT, TaK W B CHJIOBOW DJIECKTPOHUKE W
IEKTPOTEXHUKE. Tak, B pPaJMONPUEMHHUKE W3 CHUTHAJIOB MHOTOYMCICHHBIX
palMOCTaHIUN (QUIBTPHl BBIACISIIOT CUTHAJI OJHOW NPUHUMAEMOW cTaHUuu. B
IHEPIreTUYECKUX CUCTEMAX IPU MEPEaadye CUTHAJIOB TEJIEyIPABICHUS, TEJICU3MEPECHUU
U ABTOKOHTPOJIS IO JIMHUSAM JJIEKTPOMNEPEIayd BBICOKOIO HANPSXKEHUS (DUIBTPBI
OTAEJISIIOT OTH CUTHAJbI OT TOKA MpOMbINUIEHHOW yacToThl (50 I'). B ycranoBkax
4aCTOTHOTO TEJICYIIPABICHUS MHOTMMH OOBbEKTaMH, HalpuUMEp Ha Tra30mpoBOAax,
KEJIE3HOAOPOKHOM TPAHCIIOPTE U Ap. (WIBTPhI BBIACISAIOT CUTHAJIbI YIIPABICHHUS,
NpeJHa3Ha4YeHHbIE KaxJIoMy 00bekTy. [Ipu opranuzamuu mo BO3IYIIHBIM JIUHUSIM
IEKTPONPOBOAHON CBSI3M OJJHOBPEMEHHO HECKOJIBKO TEJIE(MOHHBIX Pa3roBOPOB
(BbICOKOUACTOTHAsI TeNe(pOHHAs CBI3b) HAa INMPUEMHOM CTAHIUM YCTAaHABIMBAKOTCS
GUIBTPBI JUIS pa3jiesieHuss Tele(OHHBIX CUTHAJIOB OTIEIbHBIX a0OHEHTOB. Kpome

TOro, HHPOKOC IIPUMCHCHHC OHH HAXOIAT B oOnactu pacCIlO3HaBaHHsA PCHH.



IlepexoaHbie MPOIECChHI
B JUHCHHBIX JICKTPHYCCKHUX HEemAX

Panee Hamu paccMaTpUBAIMCh TOJIBKO YCTAHOBUBIIHMECS PesKUMbI pAOOTHI
JIMHEWHBIX BJICKTPUUYECKUX MIEINEH, T.€. PEKUMBI, KOTOPHIE YCTAHABIUBAKOTCS B
LENH ITPU HEM3MEHHBIX HAIPS)KEHUU, TOKE, COIPOTUBICHUU PE3UCTOPOB U JIP.
YCcTaHOBMBIIMECSH PEKUMBI IIPY 3aJaHHBIX U HEM3MEHHBIX MapaMeTpax LU
MTOJITHOCTHIO ONMPEACJIATCH TOJAbKO MCTOYHUKOM JHepruu. CremoBareibHo,
MCTOYHUKHU MOCTOSHHOTO HANPSHKEHUS (MM TOKA) CO3/IAI0T B LIEMHU MOCTOSHHBIM
TOK, & UCTOYHUKH TEPEMEHHOTO HANpPsHKEHUS (MM TOKA) — MEPEMEHHBIA TOK
TOU K€ YAaCTOTHI, 4YTO U YACTOTA UCTOYHUKA SHEPTHUH.

Ilox mepexoaHbIM (IMHAMHYECKHM, HECTAIIMOHAPHBIM) IPOLECCOM HJIH
PEXKUMOM B DJICKTPUUECKHUX LEIMAX (COIepKaIMX HWHIYKTHBHBIC U/UIIH EMKOCT-
HBIE AJIEMEHTHI) MOHUMAETCS MPOILIECC Iepexo/ia IEeMu M3 OJHOTO YCTAaHOBUB-
[IEroCsl COCTOSIHUSA (peKuUMa) B APYToe€.

3ajaya MCCIEA0BaHUS MNEPEXOAHBIX MPOLIECCOB 3aKIIIOYACTCS B TOM, YTOOBI
BBISICHUTB, 110 KaKOMY 3aKOHY M KakK J0Jro OyaeT HaOmoJaThCs 3aMETHOE
OTKJIOHEHHE TOKOB B BETBSIX W HAINPSKCHUM HA y4YacTKaX LENHA OT UX YCTAHO-
BUBIIIHNXCS 3HAYCHUM.



IlepexoaHbie MPOIECChHI
B JUHCHHBIX JICKTPHYCCKHUX HEemAX

B pe3nctuBHOM 351eMeHTE R aieKTprUyYecKass SHEpPrusi MpeBpallacTcs B
TEIJI0 U PACCEUBACTCA B OKPYXKAWIIYIO cpeay. B HHIYKTUBHOM 3JIEMEHTE
HAKAIUTMBAETCS SHEPrus MarHutHoro mons Wy = Li?/2, a B EMKOCTHOM
3JIEMEHTE — YHEPIus AIeKTpuueckoro nois Wy = C uz /2.

H3MeHEHU B JJICKTPUYECKOM 1IN MOXHO IPEJICTABUTHL B BHUAEC TEX WU
WHBIX EPEKIIIOYCHU, HA3IBAEMBIX B OOIIIEM ClIy4yae KOMMYTAalMEM.

IIpu KOMMYTAIIMU [IPOUCXOAUT U3MEHEHHE CYMMAapHOM YHEPTUU DJICKTPO-
MAarHuTHOro Iojis uenu. IIpomecc u3MEeHEeHUs HSTOM DHEPrUd HE MOXKET
IIPOUCXOUTh MTHOBEHHO, T.K. B 3TOM CJy4ae MOIIHOCTb MCTOYHMKA SHEPIUM
OOJKHA OBITh OECKOHEUHO OOJIBIION, a TAKMX UCTOYHUKOB HE CYIIECTBYET.

[1OCKOJIBKY DBJIEKTPOMArHUTHASI DHEPTUs eI MIHOBEHHO U3MEHATHCA HE
MOYKET, HE MOT'YT U3MEHATHCSI MTHOBEHHO M OOYCJIaBJIMBAIOIINE €€ BEIUYMHbBI —
TOK B HMHIYKTHBHOM 3JjieMeHTe i;(t) ¥ HampspkeHue Uq(t) Ha E€MKOCTHOM
aneMeHTe. Ha 3ToM OCHOBAaHbI 3aKOHbBI KOMMYTAIIMH.



IlepexoaHbie MPOIECCHI
B JUHEHHBIX JICKTPHUUYCCKUX IEIMAX

Tox B mHAyKTHBHOCTH i;(t) M HampspkeHue Ha EMKOCTH U (t) HE MOTyT
M3MEHSTHCS MTHOBEHHO. Ha 3TOM OCHOBaHbI 3aKOHbI KOMMYTAIUMN

* [IlepBbId 3aKOH KOMMYTAllUA COCTOUT B TOM, YTO TOK B BETBU C UHYKTUB-
HbIM 3JIEMEHTOM B HAYaJbHBIM MOMEHT BPEMEHU IOCJIEC KOMMYTAI[UU UMEET
TO K€ 3HAYCHUE, KAKOE OH MMEJI HEIOCPEICTBEHHO IEepe] KOMMYTAlUEn, a
3aT€M C 3TOI'0 3HAYEHUSI OH HAYUHACT ITIABHO U3MEHSTHCS:

iL(O—)=iL(O+)

* Bropoil 3aK0OH KOMMYTalMM COCTOUT B TOM, YTO HAIPS)KEHUE HA EMKOCT-
HOM 3JIEMEHTE B HAYaJIbHBI MOMEHT BPEMEHHU MOCIE€ KOMMYTAIUM UMEET TO
K€ 3HAYECHUE, KAKOE€ OH HMEJNl HEIOCPEICTBEHHO Iepell KOMMYyTAalHUeu, a
3aTEM C 3TOTO 3HAYEHUSA OHO HAYMHAET IIABHO U3MEHATHCH.

LIC(O_)=uc(O+)



Ilepexoanbie NMpoIECChI
B JUHEHHBIX WICKTPUUYCCKUX HEIMAX

IIepexomHble MPOLECChl MOT'YT BO3HUKATh MPU
TI00BIX U3MEHEHUSX peKrMa PaOOThI AJICKTPHYEC-
KOM Henu (Opu MOOAKIIOYCHHHM W OTKIIIOYCHUU
MCTOYHHMKOB, IIPM M3MEHEHHH HArpy3KH, MpHU
oOpBIBE IIPOBOMIOB M JIP.), €CIH B IIEIH HMCIOTCH
MHAYKTUBHBIC U/UJIM €MKOCTHBIC DJICMECHTHI.

3aKOHBI KOMMYTAIIMN:



Ilepexoanbie NMpoIECChHI
B JUHCHHBIX JICKTPHYECKHUX HEemax

B siekTpuyeckoi Menu, coaeprKailed HHIYKTUBHBIE W/UIN EMKOCTHBIC
3JIEMEHTHI, TIPU JTIOOBIX U3MEHECHUSX €€ PeKUMa pabOoThl: BKIFOUCHUH, BBIKIIIO-
YCHHH, KOPOTKOM 3aMbIKaHUH, KOJICOAHUSIX BEIMYMHBI KAaKOTO-TH00 Imapamerpa
U T.I. — BO3HHUKAIOT NepexoAHble MPOLEcChl, KOTOPhIE HE MOTYT MPOTEKaTh
MTHOBEHHO, T.K. HCBO3MOXKHO MTHOBEHHOC M3MCHCHHE SHEPTHH, 3allaCCHHOU B
3JICKTPOMArHUTHOM IToJe menu. Takum o0pa3oMm, MEPEXOMHBIM Mpolecc 00yc-
JIOBJIEH HECOOTBETCTBHEM BEIMYMHBI 3allaCEHHOM YHEPrUyd B MAarHUTHOM ITOJIC
KaTyIIKd M B 3JICKTPUUYECKOM II0JIE KOHJEHcaropa €€ 3HAUYCHHUIO JIJIS HOBOTO
COCTOSTHHS ILICTIH.

[IepexomHble MPOLECCHI B PEAIBHBIX JJIEKTPUUYECKUX ILEMAX SBISIOTCA
OBICTPONPOTEKAIIMMH. UX MOPOJOIKUTEILHOCTh OOBIYHO COCTAaBJISIET
NECATHIC, COThIC WJIA JAK€ MUJUJIMOHHBIE JIOJIUA CEKYHIbl. CPABHUTEIBHO PEIIKO
JUIATEIIBHOCTD 3TUX ITPOLIECCOB JOCTUTAET €AUHUILIBI CEKYH/IBI.

EcTtecTBEeHHO BO3HMKAET BONPOC, HAAO JM BOOOIIE NPUHUMATh BO BHUMa-
HUE MIEPEXOIHBIEC PEKUMBbI, UMEIOIIMNE CTOJIb KOPOTKYHO JJIUTEIbHOCTb.



Ilepexoanbie NMpoIECChHI
B JUHCHHBIX JICKTPHYECKHUX HEemax

B pa3auuHBIX YCIOBUAX POJIb NEPEXOAHBIX IPOLECCOB B AIEKTPUYECKUX
Hnensx HeoguHakoBa. OCOOCHHO BEJIMKO MX 3HAYCHME B YCTPOMCTBax, mpea-
Ha3HAYCHHBIX JJISI YCWICHUS, (OPMUPOBAHUS U MPeoOpa30BaHUS UMITYJIbCHBIX
CUTHAJIOB, KOTAA JUIMTEIIbHOCTh BO3JICHMCTBYIOIIMX HAa JJICKTPUYECKYIO IIETb
CUTHAJIOB COM3MEPUMA C MPOAOIKUTEIILHOCTBIO IIEPEXOIHBIX PEKHUMOB.

IlepexoHbIe MPOLECCHI SIBISIOTCS MPUYMHON MCKaXKEHHUST (POPMBbI UMIYJIb-
COB IIPU MPOXOXKIECHUU UX YEPE3 JIMHEUHbIC [lenu. PacdyeTr u aHau3 yCTPOMCTB
aBTOMATHKH, TJI€ MPOUCXOIUT HENMPEPHIBHAA CMEHA COCTOSIHUS JIEKTPUUYECKUX
L[eTei, HEMBICIUM 0€3 ydeTa IMEPEXOAHBIX PEKUMOB.

B psaae yCcTpoWCTB BO3HMKHOBECHHUE IEPEXOAHBIX ITPOILIECCOB, B NPUHIIMIIE,
HEXKEJIATEIbHO W OMAacHO. PacueT mnepexogHbIX PEXKUMOB B OATUX CIlIydYasXx
MTO3BOJISIET ONPEICIUTh BO3MOXKHBIE TEPEHANPSKEHUS W YBEIMYCHUSA TOKOB,
KOTOPBIE BO MHOT'O Pa3 MOTYT MPEBBIIATH HANPSIAKECHUA U TOKA CTAllMOHAPHOIO
peXrMa. ITO 0COOCHHO BAXKHO JIA [IECTIEW CO 3HAYUTEIbHOW MHIYKTUBHOCTBHIO
U OOJIBIIIONM €EMKOCTBIO.



Ilepexoanbie NMpoIECChHI
B JUHCHHBIX JICKTPHYECKHUX HEemax

IIpu mnepexogHBLIX mpoIleccax MOIYT BO3HHKATh OOJbIIME IIepe-
HanpsDKCHUS, CBEPXTOKH, AJICKTPOMArHUTHBIE KOJICOAHUS, KOTOPbIE MOTYT
HapyIIUTh pad0Ty YCTPONCTBA BILUIOTH JI0 BBIX0OJIa €r0 U3 CTPOS.

C apyrom CTOPOHBI, IIEPEXOAHBIE IIPOIECCHI HAXOAAT MOJE3HOE
IPAKTUYECKOE MMPUMEHEHUE, HAITPUMED, B PA3JIMYHOTO POJA BICKTPOHHBIX
r€HEpPATOpax.

[{eqbr0 WM3Yy4YEHHS MEPEXOJHBIX MPOIECCOB SABISCTCS IPABWIBHBIN
BBIOOP MapamMeTPOB AICKTPUUYECKUX ILENEH, 00€CTIEUNBAIONINX OCIa0JICHUE
BPEHOTO BJIMSHUSA IPOLECCA, WM, HA0OOOPOT, YCHIIEHUE €ro IMOJE3HOTO

JICUCTBUSL.

Bcé 310 00yciioBIMBAaET HEOOXOAUMOCTh M3YUYEHHS METOJIOB aHAJIN3a
HECTAMOHAPHBIX PEKMMOB Pad0ThI DJICKTPUYCCKOM 1IETIH.



OcCHOBHBIE METOAbI AHAJIM3A NMEePEXOAHbIX
IIPOLIECCOB B IUHEHHBIX LENMAX

1. Kimaccuueckuii MeTOA, 3aKIIOYAIOIINKCS B HEMOCPEACTBEHHOM HWHTETPHUPO-
BaHUM Ju(pdepeHIIMaIbHbIX YpaBHCHUM, OIMCHIBAIOIIUX HM3MCHEHHUS TOKOB U
HAIPSHKEHUM HA y4aCTKaX LEIU B IIEPEXOIHOM IIPOLIECCE.

2. OnepaTopHbId METOA, 3aKIIOYAIOIINUICS B PEUICHUM CHUCTEMBI aiareopau-
YECKUX YypPaBHCHHM OTHOCHUTEIILHO M300paKEHUH MCKOMBIX MEPEMEHHBIX C
NOCJICAYIONIMM TIEPEXOAOM OT HAWACHHBIX M300paXCHUM K OpUTHHAJIaM
(OCHOBaH Ha MPUMEHEHUH IIpeoOpa3oBanus Jlamaca).

3. HacToTHBIN (CMEKTPAJIbHBIN) METOJl, OCHOBAaHHBIM Ha MNpPeoOpa3OBaHUHU
dypbe (M HAXOAAIMN MIUPOKOE MPUMEHECHUE NP PEIICHUH 3a]1a4 CUHTE34).

4. MeToa pacdyera ¢ MOMOIIbI0O MHTErpaja HajoxeHus (lroamesst), ncnoianb-
3yEMBIH IIPH CII0KHOM (pOpME KPUBOM BO3MYIIIAIOIIETO BO3/ICHCTBUS.

5. MeTon mepeMeHHbIX COCTOSIHUS, MPEJICTABIISIONINI COOOUN YIOPAI0YECHHBIM
CIoco0 omnpeAeaeHUs FJIEKTPOMAarHUTHOIO COCTOSHUS LI HA OCHOBE PEIICHUS
CUCTEMBI U(D(PEpEHIINATBHBIX YPaBHEHHM IEPBOIO TMPsAAKA, 3alMCAHHBIX B
HopMaJibHOU (hopme (popme Koim) (Mcnonb3yercs 3ameHa qudepeHIaIbHOIo
ypaBHEHUS N-Tro NopsiJika N ypaBHEHUSIMH IIEPBOIO HOPSIKA).



Kiaccnyeckum MeToa pacyera nmepexoaHbIxX
IPOIECCOB B JIMHCHHBIX JIEKTPHYCCKHUX IEIsAX

Kiaccuyeckuil MeTo/I 3aKJIF0YACTCS B HEMTOCPEACTBEHHOM MHTETPUPOBAHUHN
niddepeHnaIbHbIX YPABHEHHUM, OIMUCHIBAIONINX U3MEHEHUS TOKOB M HAIPsKeE-
HUW HA y4YaCTKaXx LIENH B IEPEXOIHOM MPOIECCE.

B o0Omem ciaydae mpud HCIIOJb30BAHHM KJIIACCMYECKOrO0 METOAA pacyeTa
IIEPEXOAHBIX IIPOILIECCOB B AIIEKTPUUYECCKOU MEINMHU COCTABIIAKOTCA YpPaBHEHUSA
3JEKTPOMAarHUTHOTO COCTOSIHMSA Ienu o 3akoHaM Oma u Kupxroda s
MTHOBEHHBIX 3HAUEHHUM HAIPSKEHUM W TOKOB, CBSI3aHHBIX MEXKIY COOOM Ha
OTZICIBHBIX JIEMEHTAX LM COOTHOLICHUSIMHU, IPUBEICHHBIMHU B TaOIue 1.

Tabnuma 1
R L ¢
- gt AS— —>—i|
' (f) u(t) i u(t) () —n

u(t)

u(t)=R .(i():) u(t)=L o u(t) = %i i(7)dt + u(0),

i(r) -”— R - du(?)
i(t)=—|u(t)dt +i(0) () =

LJz; (=€ dt




1. PaccumThiBaeTcs LeMb A0 KOMMYTAIIUH U ONIPEAEIAOTCA TOKH B HHAYKTHBHOCTSX H
HapsDKEHHS Ha eMKocTax. HY.

2. CoctapnsieTcs cUCTeMa YpaBHEHHI JUISI MTHOBEHHBIX 3HAYCHNI TOKOB U HANPSKEHUI
paccMaTpHBaeMOi 1IeTH moc/Jie KOMMYTAIIHH, HCTIONL3Ys 3akoHbl Kupxroda u
CIIEIYIOIINE COOTHOMICHUS I OTACIbHBIX 3JIEMEHTOB IIETIH:

di,(t
u.=Ri,, uL(t)=L%), iL(t)=%fuL(t)dr,
| duc(t) 1 ¢.
S — a(’:t ,uc(t)=6fzc(r)dt.

3. DTy CHCTeMY ypaBHEHHIT TyTeM 3aMeHbI IIepeMeHHbIX CBOIAT K AH((hepeHIIHATEHOMY
YPAaBHEHHIO N-TO IIOPSAIKA OTHOCHTEIHHO HCKOMOIT BeTHUHHSI (77, Uc):
4 —-1. .
di, d i di, _
P +a, T +...4+a,_, = +a,i, =f(t).

4. Oomee pemeHne nuQghepeHITHATHHOTO YPaBHEHNS UINETCSA B BUIE:

i (t)=i, (t)+i, (¢), i, (¢)=i (t—> o),

d"i, d i, di,
—+a, ——4.td, ,
dt dt dt

d'i,(t)

n
i ()=, 4.6, =",
. 1; I‘ dt"

e

+a,i; =0,




Pacuer IHEPEXOAHBIX HTPOHECCOB KIIACCHICCKHUM MCTOA0OM

d"i, g6 diy. |
o +a, o c o . P +a,i; =0,
n 7 .
d i (t)
- — p Pl E Y
IL“(,)—Z‘FL\’e ’ w
k=1 dt

Bun KopHel XxapakTepUCTHUECKOTO

Bripaxenue 1 cBo00qHOI

VPABHCHHA CDCTHEHH}DMEﬁ
KopHu p1, pa. ..., p» BENIECTBEHHEIE i 4 i
Iy k .
H PA3JIHYHEBIC =1

KopHU p1. pa. .... P, BEIIESCTBECHHEBIE
Upi=pr= ...= p,~p (m<n)

" k-1 pt ! )
Z ﬁlkf E:'p + Z ﬁlk E’p"':
k=1 k=m+1

I dP bl KOMIUICKCHO-COIIPAAKCHHBIX
KOPHETt Py /= — 3, % o

F1 -
> de” % sin(oyt+y,)
k=1




Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

r L C PaccmoTpnM aBa ciryvas:

e | a) ncTo4HuK nocrosuroil DJIC e(r) = E;

0) HCTOYHNK CHHYCconnanpHon JJ[C

e(t) = E, sin(of + ).

1) i,(0,)=i,(0_)=0, u-(0.)=u-(0_)=0 -HaJampHBIC yCIOBI.

. di; | 1.
2) U, +u; +Uu=e u, =ri.; up =L—= o HC—EJICdT.
di 1
ri+L—+—|idt =e.
) Al
du. _d
IloncraBus f:C%, monyurmM  LC——5 + rC k—l—uc —e.

dt dt* dt



Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

rctte ey —p o Loc
dt” dt —
Tu, w we
4) HC(I) :chp(r)—l_ucgg(f)' (DE | i
Ue,, (1) =E.

LCp* +rCp+1=0,

5 e, (1) = AieP' + A,eP?
7 ry 1 ' B
p1.2_+\/() B t t
| 2L 2L) LC u-(t) = E + 4e" + 4,e* .
1) i,(0.)=i,(0_)=0, us(0.)=u-(0_)=0 -HadaTbHbIC yCIOBH.
: dui d 1(0.)
IZC?-- 7: " C =0, O=p 4 +p,A,, u-(0.)—E =4+ A4,;
0.
Py P
4 =(E—-uc(0.)) P 4, =(E-u.(0,)) _1

P~ P P — P



Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

Takum DﬁpﬂBGM, HAIIPAAKCHHE Hd KOHACHCATOPC B IICPCXOIHOM
[Iponecce

MC(T)—E-I-(E—MC(O_))'( 1% €F1I _ P EFH}-
Pi1— P b1 — P2

Tox mepexomHoro mpoiecca

(1) = C e - C(E —up(0.)) PP (o7 — o2t
! b~ P
Pt _ phPot
=(E-uc(0,)) -
T L(p - py)

HHHPH}K'S HHC Hd RATYIIKC HHAYKTHBHOCTH

: P Pt
zfl(:):sz(E—ﬂC(o_))ple P2
! P1— P2




Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

A

U1

pU HYJIEeBBIX HadanbHBIX yenoBuax #(0,) =0 u~(0,)=0



Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

r L C PaccmoTpuM fBa ciryyvas:

a) ncTouHHK mocrosuHoii DJIC e(f) = E:
0) HICTOYHNK CHHYCconanpHon J]J[C

e(t) = E,sin(of + y).

1) i,(0,)=1,(0_)=0, uc(0.)=u-(0_)=0 -HadalbHBIE YCIOBHI.

. di; 1.
2) U, +u; U, =e iU, =ri; HL_LE: MC—EJICdr.
di 1
) ri+L—+—|idf =e.
) atc)
d’ d
IloncTaBus f:C%, royumM  LC Iic +1rC iﬂgc =e.

dt dt” dt



Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

B CJIIydac 9] IIPH IMOARITHOYCHHH r-L-C-11e1IH K HCTOYHHRY CHHYCOH-

nanpHON 2/1C | E EolV FolV |
;ﬁp — = = 1 == Je!(V-9)
Z 4ol - Ze
oC
T T
51 ) 1. I 75 e o J=e—)
Uc,y=—j—1,=——e 2V ¥=Uce :
p oC oC
1
e E=-": 7Z=|r+(©L-—) . @=arct oL |
7 \ ( - )70 g

T'aknm 00pa3zoM, yUHTEIBASL, YTO aMIUTHTYIHEIE 3HAYEHHS CHHYCOH-
JaTbHBIX BenmmuuH [, =~2I u U, = V2U,.. nomydaem

. . . . T
Eﬂp(r) - Im S]I]((t)f +\P—(P):- HC;?JU(T) - Ucm SIH( OJTJFLIJ —¢ +5)



1. PaccumThiBaeTcs LeMb A0 KOMMYTAIIUH U ONIPEAEIAOTCA TOKH B HHAYKTHBHOCTSX H
HapsDKEHHS Ha eMKocTax. HY.

2. CoctapnsieTcs cUCTeMa YpaBHEHHI JUISI MTHOBEHHBIX 3HAYCHNI TOKOB U HANPSKEHUI
paccMaTpHBaeMOi 1IeTH moc/Jie KOMMYTAIIHH, HCTIONL3Ys 3akoHbl Kupxroda u
CIIEIYIOIINE COOTHOMICHUS I OTACIbHBIX 3JIEMEHTOB IIETIH:

di,(t
u.=Ri,, uL(t)=L%), iL(t)=%fuL(t)dr,
| duc(t) 1 ¢.
S — a(’:t ,uc(t)=6fzc(r)dt.

3. DTy CHCTeMY ypaBHEHHIT TyTeM 3aMeHbI IIepeMeHHbIX CBOIAT K AH((hepeHIIHATEHOMY
YPAaBHEHHIO N-TO IIOPSAIKA OTHOCHTEIHHO HCKOMOIT BeTHUHHSI (77, Uc):
4 —-1. .
di, d i di, _
P +a, T +...4+a,_, = +a,i, =f(t).

4. Oomee pemeHne nuQghepeHITHATHHOTO YPaBHEHNS UINETCSA B BUIE:

i (t)=i, (t)+i, (¢), i, (¢)=i (t—> o),

d"i, d i, di,
—+a, ——4.td, ,
dt dt dt

d'i,(t)

n
i ()=, 4.6, =",
. 1; I‘ dt"

e

+a,i; =0,




Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

3Ha4YE€HMSI TOKOB M HAIIPSKCHUH Ha DJIEMEHTAaX LICMH B HAaYaJdbHBIM MOMEHT
BpeMmenu (t = 0, ) Ha3pBaroTCs HavaJdbHbIMH yejaoBusimu (HY). HagannHbie
YCJIOBHS IIPHUHSATO JICJIUTh HA HE3aBUCHUMBbIE U 3aBUCUMBIE.

K He3aBMCHMBIM HAYAJbHBIM YCJIOBHUSAAM OTHOCSTCS TOK B KaTyIIKE
uaaykruBHocT i; (0,) u HampsbkeHwe Ha KongeHcatope Uq(0,.) B MOMEHT
KkoMMyTauuu. He3aBucrmble HauaabHBIE YCIIOBUS ONPEACIISIIOTCA HA OCHOBAHUU
3aKOHOB KOMMYTAaIlMd W3 pacueTa JOKOMMYTAIMOHHOIO YCTaHOBHUBIIETOCS
pexxuMa B IIEIH.

le/l HYJICBbIX HAYAJbHbIX YCJI0OBUAX TOKH B MHAYKTHBHBLIX 3JICMCHTAX U
HaIIPsKCHUA Ha €MKOCTHBIX DJIEMEHTaX ICIIKM HAYHYT U3MCHATLHCA C HYJLA, HPHU
HCHYJICBBIX — C TCX 3H3‘I€HHI>1, KOTOPBIC OHHN HMCJIIN HCIIOCPCIACTBCHHO OO
KOMMYTallnuH.

3aBUCUMBIMH HAYAJBbHBIMHM YCJIOBMSIMM HA3bIBAIOTCS 3HAYCHUS OCTAJIb-
HbIX TOKOB W HaINPSOKEHUW 1€MW B HAYAJIIbHBIA MOMEHT BPEMEHU, A TaKKE
MPOU3BOJHBIX OT HMCKOMOM ()YHKIIMA B MOMEHT KoMmyTamuu. OHU ompeje-
JIAIOTCS IO HE3aBUCUMBIM HA4aJIbHBIM YCIIOBUSAM C MOMOIIBIO YPABHEHHUM IO
3akoHaM Kupxroda, 3anmmcaHHbIX Aj1s1 MOMEeHTa BpemeHu t = 0.



Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

to——i ] >
f 4 2 i, B cxeme Ha puc. onpenenuM 3HaAYCHUST TOKOB
, | dip(t) _ duc(t)
r M POU3BOIHBIX 7 B MOMCHT
s dt dt

U BpeMeHu t = 0, mpu yCIIOBHM, YTO JIO0 KOM-

L
' ¢ == | 4 MYTalHH KOHJCHCATOP OBLI HE 3apsDKCH.

B COOTBETCTBUHU C 3aKOHAMH KOMMYTaIli HE3aBUCUMbIE HAYaJIbHbIE YCIIOBUS.
U~0,)=u-(0_)=0;

U

H(0,)=05(0_)= :
h+n

Ha ocHoBaHnum BTOpOro 3akoHa Kupxroda ajisi Ha4albHOTO MOMEHTa BpEMEHU
t = 0, numeeM:

1 (i5(0,) +3(0,)) + 133 (0,) + 1 (0,) = U . (0, ) = U—-uc(0,)=ri(0,).
| ritn

Otkyna nonyyaem 3aBucumMbie HY: i,(0,)=10,(0,)+i(0,).




Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

U

L
(’ _-]u{-

B cxeme Ha puc. onpeaemM 3Ha4€HUST TOKOB
dip(t) - duc()

dt dt
BpeMeHd t = (0, mpu yCIOBUH, YTO JIO0 KOM-

U IPOU3BOIHbIX B MOMCHT

MyTallMi KOHJACHCATOP OB HE 3apsKEH.

JInst n3BecTHBIX 3HaYeHut i4(0,) u i,(0,) U3 ypaBHEHUS:

ni(0,)+ i (0

ompenenseM 3HadeHue. di

+)+Ldsj
dt

=U

0,

U =4iy(0,)—1iy(0,)

0,

di
3HAQUEHUE MOPOU3BOAHOM OT

duc
dt

BpeMeHu t = 0,:

0.

L

HaIIPpsDKCHHUSA HaAa KOHACHCATOPC B MOMCHT

;3(0,)
C




IlepexoaHbie MPOIECCHI
B JUHECHHBIX JICKTPHYCCKUX HMEemAX

S.1. JList 2JIGKTPUUYECKOM LIEMH, CXEMa KOTOPOUM MPUBEICHA HUKE, HAM-
JIUTE MITHOBEHHBIE 3HAYECHHSI TOKOB U HAMPSI)KEHUH BO BCEX AJIEMEHTAX IIEIH
N0 pasmbikanus kiawda (mpu f=0.) M cpa3sy mnocie pa3MbIKaHHS
(mpu ¢ = 0). [TapameTpsl IEMEHTOB LIEMH UMEIOT CICAYHOIIHE 3HAYCHUS:
E=180B,L=0,1TH C=10wMk®, R; =20 Om, R, =40 Om.

t=0




S.1. Jli1st 371eKTpUYECKOM LIENU, CXeMa KOTOPOH NMpPUBEACHA HUIKE, HaM-
JIUTE MTHOBEHHBIC 3HAYCHUSI TOKOB M HAMPSIKEHUH BO BCEX 2JICMEHTAX LICMH
N0 pa3MbikaHus Kiwda (npu f=0.) W cpasy I1ocle pa3MbIKaHHS

(mpu ¢ = 0.). [TapaMeTpbl 3JIEMEHTOB LM UMEIOT CIICAYIOIIHE 3HAYCHUS:
E=180B,L=0,1TH, C=10 Mx®, R, =20 OMm, R, =40 Owm.

t=0
> 1 (0
A (0
1L 1Rz 2 '
1r; (O
Y Y {5 < E ri( )*
EG) - y 1® R

*lc R, I

<

E G) _.E 1r1(02)
' !




S.1. Jli1st 371eKTpUYECKOM LIENU, CXeMa KOTOPOH NMpPUBEACHA HUIKE, HaM-
JUTE MTHOBEHHBIC 3HAYCHHSI TOKOB M HAMPSKCHUH BO BCEX 2JIEMEHTAX LU
N0 pa3MbikaHus Kiwda (npu f=0.) W cpasy I1ocle pa3MbIKaHHS
(mpu 7= 0,). [TapameTpsl 2JIEMEHTOB LEMH HUMEIOT CIACAYIOUIUE 3HAYCHUS:

E=180B,L=0,1TH, C=10 Mx®, R, =20 OMm, R, =40 Owm.

P L0
1. (V-
L —
1L 1 2 .
> Y'Y\ R,z b B 1111(0—)*

C : R,
E — v 1r1 —
G) 1 I

| | E 180
i (0) =iz (0= 7~ =3¢ =9 A;

ic(0-) =g, (0) =0 A;

uc(0-) =ug, (0-) =180 B;
ur (0-) =ug, (0-) =0 B;



S.1. Jli1st 371eKTpUYECKOM LIENU, CXeMa KOTOPOH NMpPUBEACHA HUIKE, HaM-
JIUTE MTHOBEHHBIC 3HAYCHUSI TOKOB M HAMPSIKEHUH BO BCEX 2JICMEHTAX LICMH
N0 pa3MbikaHus Kiwda (npu f=0.) W cpasy I1ocle pa3MbIKaHHS
(mpu 7= 0,). [TapameTpsl 2JIEMEHTOB LEMH HUMEIOT CIACAYIOUIUE 3HAYCHUS:
E=180B,L=0,1TH, C=10 Mx®, R, =20 OMm, R, =40 Owm.

ir (0.) ic(0) =iz, (00)=0A;

uc(0-) =ug, (0-) = 180 B;
uz (02) = ug, (0-) =0 B;

R,

ir(0+)=12(0) =9 A;
uc(0s) =uc(0-) =180 B;

(02 = 7os (0.) = uc((]'_,_) B 180
i (00 = iR (0) = 2o = 20520

ug,(0,) = ig. (0,)- Ry = 3-20 = 60 B;

3A;

1r1(0+)
ug,(0,) = ip (0,) - Ry = 3-40 =120 B;

EC(U+) - E‘L(O+) - iR2(0+) =9-3=06A;
Uz (0+) =0 B.

E
1. (0.) i1 (0) =g, (00) = R =
1



Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

OnpeneneHne NMOCTOSIHHBIX MHTErPHUPOBAHUA 3aBHCHUT OT KOJIMYESCTBA
PEAKTUBHBIX AJIEMEHTOB (MHIYKTHBHOCTEH M €MKOCTEH, CLOCOOHBIX HaKarllu-
BaTh SHEPTHIO) B JICKTPUUECKOU 1CTIH:

1. llenbp mepBOro MOPSIAKA MMEECT XAPAKTEPHUCTHUYECKOE YpPaBHEHHE IIECPBOH
CTENICHU C OJJHUM KOpHEM [. BripakeHrne cBOOOJHOM COCTABISIOIIECH IIPU 3TOM
x., (1) = Ae”". TloncranoBka t = 0, maér:

X, (0,)=Ae’" =4’ =4-1= 4.

Takum oOGpazoM, NMOCTOSHHAS UHTETPUPOBAHUS A B 3TOM Cllydae OmpeaeseTcs
110 3HAYCHUIO CBOOOIHOM cocTaBstomiei: 4 =x_.(0,) .

2. llemb BTOPOTO MOpPSAAKA MMEET XapPAKTEPUCTUUYECKOE YpPaBHEHHE BTOPOU
CTENEHM (KBaJAPaTHOE YPABHEHHUE) C ABYMS KOPHSIMU.

* Eciu KOpHM ypaBHEHHMS P; U P, JACUCTBUTEJbHbLIC M HE PaBHBI APYr
APYTY, BEIpaK€HHUE CBOOOTHOM COCTABISIONICH UMEET BUI,

[ ~I
x,, (1) = Aje”" + A,e"* .



Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

* ECIIM KOpHH YpPaBHEHHUS P U Py AEUCTBHUTEJIbHbIE U HE PABHBbI JAPYI
JAPYrY, BbIpakeHrue CBOOOHOMN COCTABIISIONICH UMEET BU!

I ~0
x,, (1) = Ae”" + Ae"* .

B 3TOM cityuae a1l HaX0XKJIeHUs CBOOOJHOM COCTaBIISIONICH HEOOXOAMMO OTpe-
JEJINTh JIBE€ MTOCTOSTHHBIX MHTErpupoBaHusi A; u A,. CienoBarenbHO, HEOOXO-
IAMO MOJYYHUTH €IIE€ OJHO YPAaBHEHUE, CBA3BIBAIOIIEE UCKOMBIE BEIUYUHBI. [[JIs
3Toro npoauddepeHuupyeM 1m0 BpeMeHH yYpPaBHEHHE JJI CBOOOAHOM COC-

TaBJAIOIIECH:. dx
<6 = p, Ae”" + p,A,e’" .
dt
dxcz(t) . o .
[Toncranoska t = 0, B ypaBHEHUS VIS X U naér. X, (0+) =4, + 4,;
dx .
< =pAd+prA,.
dar |,

COBMECTHOE PEIICHUE 3TUX YPABHCHHUH JIA€T MCKOMBIC ITOCTOSHHBIE MHTETPHU-
poBaHus A; u A,.



Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

* EcCiIM KOPHH YPABHEHHUS Pq = Py = P ACUCTBUTEIbHbIC U PaBHbIE APYI
NPYTY, BRIpaKEHUE CBOOOAHON COCTABIISIIOIIECH NMEET BUJL:

xc'r:(f) = (‘4I + AE!)EJ” .
B 3TOM citydyae Hy>KHO OIIPEACIINTh JBE MOCTOSHHBIX MHTETPUPOBAaHUSI A1 u A,.

[IponuddepeHuupyeM 1o BpeMeHU YpaBHEHHUE A1 CBOOOTHOM COCTABIISIONICH:

dx.
6 = pAe” + A e’ + pA,te”.
dt
dxcg(t) .. .
IToncranoBka t = 0, B ypaBHEHHUS VIS X5 U o 1acT:
X, (0+)=4;
dx,
€l =pA+4,.
dar |,

COBMECTHOE PEIICHUE 3TUX YPABHCHHUH JIA€T MCKOMBIC ITOCTOSHHBIE MHTETPHU-
poBaHus A; u A,.



Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

* EcCIM KOpHHM XapaKTepPUCTUYECKOr0 YPAaBHEHHUSI KOMILJIEKCHO-CONPSIKEH-
HbIe P, = —0 T jwg, BBIPAXKEHUE CBOOOAHOMN COCTABIIAIOIICH UMEET BUL!

o —of _»
X, (t)=Ae " sm(w,+ V).
3nech 0 — KO3(PDULIMEHT 3aTyXaHUs; Wy — yIJI0Bas 4acToTa.
B sTOM citydae HY:KHO ONpeAeInTh ABE MOCTOSHHBIX MHTETPUPOBaHUI A U .

JubdepeHuupyss 1o BpPEMEHH BBIPAKEHHE JJISI CBOOOJHOM COCTAaBIISIIONICH,
MOJTYyYUM:
y a&'—ﬂﬁ

— — A48 sin(myf + )+ Amﬂe_f” cos(myf +\).

dt
dxcg(t) .. .
IToncranoBka t = 0, B ypaBHEHHUS VIS X5 U o 1acT:
X, (0+) = Asmy;
dx, .
€l =—Aosmy+ Aw,cosy
dr |y

+

COBMECTHOE PEIICHUE 3THUX YPABHCHHUH JTACT WUCKOMbBIE ITOCTOSHHBIE MHTETPH-
poBaHus A U .



Pacuer IEPEXOAHLIX HTPOHECCOB KIIACCHICCKUM MECTOA0OM

BaXHOM XapaKTEpPUCTUKOW MPU HCCICIOBAHUU IEPEXOIHBIX IIPOLIECCOB
ABJISIETCA MOCTOAHHAS BPEMEHHM T, KOTOpas, HalpUMEP, A LEIEH C OJHUM
HAKOIIUTEIbHBIM 3JIEMEHTOM OIPEICIISIETCS KaK:

]
P
I1oCTOSIHHYI0 BpEeMEHHM MOXHO MHTEPIPETUPOBATh KAK BPEMEHHOW UHTEP-

T= I'’1C p — KOPCHb XaPaKTCPUCTUYCCKOI'O YPABHCHMUAI.

BaJl, B TCUCHHUE KOTOPOTO CBOOOAHASI COCTABJIAIOIIAS YMEHBUIIMTCHA B € pa3
(e = 2,72) o cpaBHEHHIO CO CBOMM HAUaJIbHBIM 3HAuCHUEM. TeOpeTHYCCKHU
MEePEXOAHBIM MPONIECC JIUTCA OECKOHEYHO JOJITO, OJHAKO Ha IMPaKTHKE
CUMTACTCS, YTO OH 3aKaHYMBACTCI IpUMEpHO npH (3= 5)7.

B kimaccudeckoM MeToAe MOCIEKOMMYTAIIMOHHBIN PEXUM PACCMaTPUBAETCS
KaK HaJIO)KECHUE APYT Ha JApyra ABYX PEKUMOB — MPUHYNKIECHHOI'O, IANIETOCS
TEOPETUYECKU OCCKOHEYHO JI0JIT0, U CBOOOJHOI0, UMEIOIIEr0 MECTO TOJILKO B
TEUEHUE MEPEXOAHOTO Tpoliecca. [10CKoIbKy NPUHINIT HATOXKEHUSA CIPABEIJINB
TOJBKO I JIMHEWHBIX CUCTEM, METOJ PELICHUs, OCHOBAHHBIN HA yKa3aHHOM
PA3I0XKEHUU, MOXKET IIPUMEHATHCA TOJbKO 1JIl IMHEHHBIX LIeNeH.



Pacuer nepexoaHbIX NpoueccoB
KJIACCHYECKMM METOA0M

| TaBHag TPYAHOCTH B pEIIEHUM 73ajJad KIaCCUYECKUM
METOJIOM I VPAaBHEHUU BBICOKUX IOPSAJIKOB COCTOUT B
OTBICKAHUM KOPHEW XapaKTepUCTUYECKOTO VpaBHEHUS U
[TOCTOAHHBIX UHTETPUPOBAHIA.

llosTOoMy It perteHUss VpaBHEHUM IOPSJKA  BBIIIE
BTOPOIO HOPUMEHSIOT JIPYTUE METOJbl, B YaCTHOCTH
OIIEPAaTOPHBIM  METOJI, OCHOBaHHBIM Ha IIPUMEHEHUH
npeoOpazoBannsd Jlammlaca W HCKIIOYAIOMUAN TPYIOEMKYIO

IIPOLEAYPY OTBICKAHUS MOCTOSHHBIX MHTETPUPOBAHIS .



PacueT nmepexoaHbIX MPOIIECCOB
OIePaTOPHBLIM METOAOM

y @

F( p)=f f(t)e ¥ dt - npavoe mpeodpasopanme Jammaca.
0

f(t) - opurnman pysxmwm, F(p) — msobpaxense GyHKImmL.



OneparopHbI METO pacyeTa NnepexoaHbIX MPoLEeccoB

CyIIHOCTh OIEpPaTOPHOrO0 METOAA 3aKIFOYAacTCS B TOM, YTO (DYHKIHH BpeE-
meHH f(t), KoTopyr0 Ha3BIBaIOT OPUIHHAJIOM, CTaBUTCS B COOTBETCTBHUEC (PYHK-
s F(p), koTopyro Ha3bIBaloT m300paxkenneM. HoBas mepemeHHas P = S + jo
ABJISIETCS KOMILIEKCHOU TIEPEMEHHOM.

N3o0paxxenue F(p) 3amannoit ¢pyukuuu f(t) ompenensercs B cOOTBETCTBUH
C MpSAMBIM Npeodpa3oBanueM Jlanjaca:

a0

F(p)=[e " f(t)dr.
0

CokpallleHHO COOTBETCTBHE MKy n3oopaxennem F(P) u opurunanom f(t)
0003HaYaeTCs Kak: F(p) = (1)

CruenyeT OTMETUTh, 4To ecii opuruHai f(t) yBenmmumBaercs ¢ poctoM t, TO
I CXOAMMOCTH HMHTErpaja HeoOXoguMo Oojiee OBICTpOE yOBIBAaHHE MOMYJIS
e Pt dDyHKIMHM, BCTpedaroIUecs HPU pacyeTe IIEPEXOIHBIX IIPOLECCOB B
IEKTPUYECKHUX IIETSX, STOMY YCIOBUIO YIOBJICTBOPSIOT.



IIpeoOpasoBanue Jlamiaca

F p)=f flt)e dt - npsmoe mpeobpasosanue Jlamraca.
0

flt) -opurnHan ¢yakmmm, F(p) - m3obpaxkenue (pyHKIIUH.

f(t)=0, mpu t<0.
“]C(f)| < J'.'I‘./{E’S[]!fj HpII i{-‘: 0 , ]_"/'l_'[e ilil'.f_/f- ~> 0_., SO :__ 0

Ha moGoM KOHEUHOM OTpe3Ke [c:;_, bJ IIOJIOKUTEJILHBI I TToJyoct OF

¢yukimsa f(f) YAOBICTBOPACT YCIOBIAAM Jlupuxiie, T.e.

a) OTrpaHHYEHA,

b) nubo HempeprIBHA, MO0 NMEET IUITL KOHEUHOE UIICTIO TOUEK pa3pheiBa I poja,
C) HMeeT KOHEUHOE UIICIIO SKCTPEMYMOB.

ct+ joo
. 1 _ pr - ~ ~ . .
flt)=—— F(p)e”dt -obparHoe mpeobpaszoBanme Jlammaca.
2’ .ij C— Ji o

LIf(t)=F(p), L' [F(p)l=fl1).



OneparopHbI METO pacyeTa NnepexoaHbIX MPoLEeccoB

F(p)=[e " f(t)d.
0

B pesynerare mnpsmoro mnpeoOpa3zoBaHusa Jlamiaca IIpOM3BOAHBIE H
WHTETpajabl OT OPUTHMHAJIOB 3aMEHAIOTCS aIreOpandyecKuMHu (PYHKIUSIMHA OT
COOTBETCTBYIOIINX H300pakeHU (IudPepeHIIMpoBaHUE 3aMEHIETCS YMHOMKE-
HUEM Ha OIlepaTop p, a HMHTSTPHPOBAHHE — JEICHHEM Ha p), YTO B CBOIO
oyepellb OMNPEACIsCT MNEPEeXo OT CUCTEMBbl HMHTETrpo-audPpepeHIInaTbHBIX
ypaBHEHUH K CHCTEME alreOpamdecKux YpaBHEHHM OTHOCHUTEIBHO H300pa-
KEHUH MCKOMBIX (QyHKIMH. Ilpu penieHnn >STUX ypaBHEHUH HaXOISTCS
M300paKEHUS U J1ajiee MyTeM 00paTHOIoO Mepexoia — OpUruHalIbl.

BaxHeHIIIMM MOMEHTOM TIPH 3TOM SIBJISIETCA HEOOXOAMMOCTD OIPEICICHUS
TOJIKO HE3aBUCHUMBIX HadalbHBIX yCI0BUM U (0) m i;(0), 4TO CyIIeCTBEHHO
o0JIeT4aeT pacyeT NEePEXOAHBIX MPOIECCOB B IIEMIX BBICOKOIO IMOpSAKA IO
CPaBHECHMIO C KJIACCUYECKHM METOAOM Ha ATale ONpEaeSICHUS IMOCTOSHHBIX
UHTETPUPOBAHUS.



OneparopHbI METO pacyeTa NnepexoaHbIX MPoLEeccoB

B kadecTBe mpuMmepa B TAOJMIIE HNPUBEIACHBI IPOCTEUINNE ONEPATOPHBIC
COOTHOIIICHUS JIJISI HEKOTOPbIX (DYHKIMK, BCTPEYAIOIIUXCS IPU aHaJIN3e
IIEPEXOHBIX PEKUMOB B DJIEKTPUUECKUX LETISX.

1 _ .
f(t) | A=const | ¢ e U te ™ —(1—e ) SINM! COSM!
o

l I I l 0 p

I

A
F(p) o 7 I 9 3 3
p p+o | (p+a) ppta) | p"+o° | pT+o°

~

o0
F(p)=[e ” f(t)dt - npsmoe npeoGpasoBarue Jlaraca.
0

F(p) = f(1).

ct joo

1
27 ..

F(p)e”dr - obparHoe npeoGpazoBanue Jlammaca.

S



Haxoxxknenue m3o0paxeHnii QyHKIUAN
IIpumep 1. Haiitn n3o0pakenne Gpyukuuii f(t)=a ., 1> 0.

Pemenue. Tak kak a = e, 10 f(f) =" ™% . Haiizem

N N (p-1na) D
B -pt 3. _ [ -t(p-Ina) ;, P09~
F(p)= If(f)e dt = je dt = p-lna |, ~ p-lna
0 0
[Tpumep 2. Haiitu n300pakeHne eqHHNUHOM ( VHKIHH XeBHcaiija
‘) 1, mpu £ >0
Lads [O, nmpu ¢ < 0

PenieHue.

o)

o)
F(p)= (e dt =[e " dt = e_‘;’
0 0

o

L
o 7



N300paxkenus: pyHkmmii

Fp)=[ flt)e*dr

Opurunan f{7) Iz06paxenue F(p) Opurugan () Iz06paxenue F(p)
1 cosy — wsin
6(t) = 1(t) _ cos(wt + ) P ‘!; : Y
p pe +
A .
Ady(t) — sin(wt +1) psiny + wcosy
p PE + mE
ddy oy 5
6@:5 1 e %sin wt TS
th 1 o
—_— tE—at
n pD p(p +a)
df(t
e 1 JO pF(p) - £(0)
(p+a) t dt
a F(p)
1—e™® f f(t)dt —
p(p +a) 0 p




H3o00paxkenns pyHKumi

Fl p]=f flt)e ¥dt

Opurnban I1300pa:keHne OpurusaJ IT300paskeHne
) Flp) 1) F(p)
1 1
l _ gfuf
P P—
l : g J'-"r.
[ — IB_;I Wi € .
J, P—J]@
L K T n '.Ir it l
t”, neN 7 te _ —
P P
: | v | )4
SN[ 2, .2 cosmi 5 5
P Tw Pt
o pSIN i+ ) cos o PCOS Y —sIN Y
SIN T+ ) = 5 5 cosl @i+ = > >
P T P+




CBoiicTBa H300pakeHNH

No OpHUTrHHAT 300paxkeHue KomMmeHTapuu
1. §
af(t)+ pg(t),a, p=const aF(py+pG(p) CEGEICTED
JIHHENHOCTH
2 fleet), o =const >0 1 F(E) Teopema moo6ua
o @
3.
t-1).t>t>0 e Pt R Teopema
A (p) 3aMa37(bIB AHHA
Y
+ eV f(H), A0 Fip=d) Teopema
CMEIIEHHA
> r ) Teopema
t+a),a>0 ap _fe P
ft+a) . (F( p)-|e f(r)a'rJ -
\ 0
6. £ £ - Teopema 06
jf(T)g(f - 1)dt = jf(f —1)g(r)dr Fip)G(p) YMHO K €EHHII

0

0

H300paKeHUH




CBolicTBa H300pakeHUH

No OpHruHan 300paxkeHue KommMeHTapHH
7. t
f@0- ()= [ ft-7)g" () PFp/Gp Muterpar
0 Jroamend
3. a+ion r
Jorft) 1 YMHOKEHHE
figt S IF(G)G(P —q)dq OPUTHHAJIOB
T a—io
: z H3o00paxeHue
_ : 3 pt
9. fiv=fit+T), T - nepuon . e‘i“'* jf(r)e dt MepHOIH eCKOTO
0 OpHTHHATA
10, : p A= gy | Jdudpdpepenunporan
() n 7(0) J (0)
S @) p {F(P)—j—;,—"'—p—n He OpHIHHANA
11.
~D)"t" £ (1) F™(p) Jud pepeHIuporan
He Hu300paxeHusd
12. jf(—)a" 1 F(p) uTerpupoBaHue
) e r OpUTHHaNTa
L3. 1 . HHuTErpupORaHHeE
;f(r) jF(p)dp H300paKEHUA

P




Pacuer nmepexoaHbIX MPOLECCOB
OIepPaTOPHLIM METOAOM

1. PaccunthiBaeTCs UEMb 10 KOMMYTAIUN U ONIPENEIIAOTCA TOKA B HHAYKTUBHOCTIX U
HaIPsUKEHN Ha eMKocTaX. HY.
2. CocTaBirseTcs OlepaTopHas CXeMa 3aMeIleHHs e Hocjie KOMMYTAaIHH.

R (1) R I(p)
- S— > —o o > o
—> —>
u(t) U(p)
L1(0)
L i) pL I(p)
._fVV\_,__. s,
u(t) et
U(p)
u(0)
l T — -
e . nC P
i(t) P [(p)
—j -




19(t) L(p)= ’ 1n(t) e®*dt
0

5 T

Y
Y

eol(t) Eo(p) = . en(t) e dt

3. IIpom3BomuTCs pacdeT ONEepaTOPHOI CXEMBI 3aMeIIeHNS (10T CKAeTC s NCIIOIb30BaHHE
BCEX M3BECTHBIX METOJIOB pacueTa EKTPUUECKUX IIETIEH).
4. OmpeneneHne OpUTHHAIOB (PYHKITHI IO OTIEPATOPHEIM H300Pa;KEHUSIM.

ct+ jw

4 (7)= f F( p) e’ tdp — o0parHoe IpeodpazoBaHue Jlamnaca.

c—jw

Teopema pa3ioxenns:




()

PacueT nmepexoaHbIX MPOIIECCOB
OIePaTOPHBLIM METOAOM

. PaccumnrtsIBaeTcs 1ems 10 KOMMYTallu | OIIPCACIHIIOTCA TOKH B HHAYKTHBHOCTAX H

HaNPSLKEHUA Ha eMKocTax. HY.
CocTaBigeTcs oneparopHas cXeMa 3aMelleHNs [ENH Mocjie KOMMYTALHH.

: HpOII3BOIIIITC51 pacucT OHCpﬁTOpHOﬁ CXCMBI 3aMCIIICHUA (I[OHyCKaeTCﬂ HCIIOJIIB30BAaHHC

BCEX M3BECTHBIX METOJIOB pacueTa EKTPUUECKUX IETIEH ).
OmnpeneneHne OpUTHHATOB (DYHKITHI ITO OTIEPATOPHEIM H300p a;KEHHSIM.

c+ jw

= f F(p)e” dp — obparnoe mpeoGpasosanme Jlamnaca.

c— jw

Teopema pa3noxenns:

>

i
M-
T
S
12

A

k=1 Fz(pk)



OnepaTopHbie CXeMB! 3aMELUCHHSH IEMEHTOB LenH

NEMCHT LeNH OpHrHRaNnbHaA cxema OneparopHas cxema
E
Hcrounuk o ( E)Em o o__.@._(p_)o
HANPSKCHUA
J(1) Jp)
Herounuk ToKa o——@—o O- \/);\, °
ConpotHsnesse () £ o) =
p o_)_ 0"—" pO
. Liy(0.) )
i(7) L I(p) I(p) P
HHAYKTHBHOCTS oV V" \_o —0
—_— u,(l) U.p) : Z, = pL Y, = I/pL
CuA0_)
| 4 @) Z.=1po)
EmxocTs i(0) p 1)
O- " ° o-)—@-* L—o
+5-C I(p)
e 8 20 — Us(p) Ye= PC




HaxoskaeHre OpuruHa a GyHKIUM 10 H300paKeHUI0

[Ipumep. OnepaTopHoe N300paK€HUE TOKA B BETBU JICKTPUUECKOI LIENTU UMEET BU/L

0,4p +200
p(0.2p+500)

I(p)= Haiinem opurunasn 3Toro toxa i(r).

Pemmenmue:

N
(p)) UMeeM N(p)=0,4p+200, M(p)=P(O,2P+500)

Jlns nansoro uzobpaxkenus I(p) =

Haxonum kopuu ypassenust M (p)= p(02p+500)=0; p,=0; p,=-2500 ¢

Haxoaum npoussoanyo M'(p)=0,4p+500.

Onpenensiem HeoOxoaumbie 3HadeHus N(p) u M'(p) npu HalJCHHBIX KOPHSX:
N(p,)=N(0)=0,4-0+200=200;
N(p,)=N(-2500) =0,4-(—2500) + 200 = -800;
M'(p,)=M'(0)=0,4-0+500=500;
M'(p,)=M'(-2500) =0,4-(-2500) + 500 = -500.

[loncraBnsis HaligeHHbIE 3HA4YEHUST B (JOPMYITY Pa3siOkKEHUs, MOTYy4YUM (PYHKIUIO BPEMEHH

ity =P ot NPy) pur 200 0 =800 2500 _ 4 g ge25001 o
M'(p)  M(py) 500 —500



Haiimem Terepp oIepaTOpPHBIM METOZOM, KaK OyIeT I3MEHATHCI TOK B
IMeKTPITIECKOI Ternt, I300pakeHHOIT Ha PIIC. TIOCTe 3aMBIKAHITI KITHOUA,
ecmi B =const .

+,,,||

t
/

[ToCKOMBKY I1eITb 10 KOMMYTAIII ObLTa pa3oMKHyTa, To 110/ =0.
Jamee pricyercs orneparopHad cxeMa 3aMelleHId .

pL L 1(0)
>
I(p) —/
ﬂ 0 R
P




pL L 1(0)

Puc. OnepatopHasd cxemMa 3aMelleHIIsT

Tax xak cima ToKa B HAUANBHBIIT MOMEHT BpeMeHIT OBITa papHA HYTO, TO
3]1C BTOPOTO MCTOUHIKA OyIeT PapHa HY IO,
[To BTOopomy 3akoHy Kupxroda cocrapmgeTca ypapHeHIe JI9 11300pakeHInt

o - E,
/1 P pL-‘I‘R,':?,

OTKVId MOJHO BBIPA3IITD IfI?rOGpﬂ}KBHI'IG CIUIBI TOKa [ | P | =

E,
pl pL+R| '
OprriHan (GVHKIIII ~ TOKa HaiimeM 10 Teopeme Pa3IOKEHILT
2 f Y
I, p,|
7l f]:Z 1,_—});:_6’?%5.
k=1 151 p; !




Pacuer nepexoaHbIX NpoueccoB
ONEePaATOPHBLIM METOA0OM

I s
P pl pL+R)
OpurmHan  (pYHKIIOI — TOKa — HalileM [0 TeopeMe  PaslIoKeHILT
2
‘!T | .I
(=) = el e
e=1 Lo | Pyl
o . R
s ypasueriia  p| pL+R =0 Haxomm kopHir  p,=0, pgz—z.

TGHBIJI:: IIOACTABICICM IIX I1 HaXOJIIM MIHOBCHHOC 3SHAYUCHIIC CILTIBI TOKA B
OEINT ITIOCTE 3aMbBIKAHITA KIFOHA.

_R )

(l—e .

ilt)=

E, 04 £, i i
K

e
20L+R" R .



Pacuer IHICPECXOAHBIX HTPOHECCOB OLICPATOPHBLIM METOJA0M

PHCCMGIPHM OBa CIIyHasd.

_)/ I L C
:’_,_ . _3_" a) nctoaHuK roctossaHoi D JIC e(f) = E;

U, Uy U

| ; 0/ MCTOYHHK CHHYCOHIaIbHOH 3/1C
| e i
CD e(f) = E,,sin(of + v).

1) i,(0.)=1i,(0_)=0, u-(0.)=u-(0_)=0 -HaJaNnbHEIC YCIIOBI.

2) %_OLIL(O) E(p) = fE- e P dt = 5
> 0
{ L(p) ~\ E U ({)_)
r ; 3) F"'LIL(U ) - Cp =
“p = I(p)}(r+Lp+—)
= T uc-(0_)
g C\D p I(p) = —EC

rCp+CLpP°+1



Pacuer IHICPECXOAHBIX HTPOHECCOB OLICPATOPHBLIM METOJA0M

EC I
I(p) = =

cLp'+ rCp+1  L(p)

r r . |
I(p)=0 = p,=—* [ —| ——
(P =0 = P2="0; \/(21:) IC

=1 Lp) = 2CLp+rC
= E E £
- Z e = e’ + e’ =
=1 2Lp +r 2Lp‘1+ r 2Lp‘1+ 7




Pacuer nmepexoaHbIX IMPOILECCOB
CMCIIAHHBIM METOA0M

Permerme HITETCA KAk B KIIACCITHE CROM METOIC B BIIC CVMMEI TBVX COCTABICIFOIIITX

I =l T, W U=ty +ig,  [lepeylo cBOOOTHYR COCTABILTFOIIYEO HAXOTAT
OIEPATOPHEIM METOTOM, a TPIHHVAIEHHVE) COCTARILIOIIVEI) — KAaK B KIAaCCHYeCKOM
METOJIE.

T x cBoOOTHEIE COCTARILAFOLNIE ONpefelsfioTCA 3allacaMil BHYTpeHHeIl SHepITi,
SHAWIT B OIIEPATOPHOIT cXeMe BHEIIHIIe MCTOUHIIKIL LETOI OTCYICTBYIOT, ITOSTOMY He
OvIeT M BHeIIHITX KopHeitl, 00V CIIOBIeHHEIX JeiicTRIeM 3TIX HCTOUHIKOR.

HavameHele yCHOBHA A1 CBOOOTHBIX COCTABILIFOINIX HAXOMATCA CIeTYEOINIIM
oOpa3oM:

Ipeel 01=1,10)=1;,,10), ug |0)=1 l0)=ug, 0]
CMeIIAHHENT  MeToj  II03BOLIeT  Ir30ekaThk  HAXOANEHIII  IOCTOAHHBIX

HHTeT PHPOBAHILA 1 BEITeTIEHIIA ITPHHY ATeHHOIT COCTARILIFOIIETT.



Hﬂﬁ,[[ eM TCIICPb CMCIIdHHBIM MCETOIOM, KdK G}T,I[ €T IISMCHATBECA TOK B
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