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I[HosicuuTeIbHASA 3aNIMCKA

JlaHHble METOJMYECKHE YKa3aHUd MpPEJHA3HAUEHbl JUIsl  3aKperJieHUs
TEOPETUUYECKUX 3HAHUN U MPUOOpPETEHUsT HEOOXOIUMBIX MPAKTHUECKUX HABBIKOB U
YMEHHM 10 mnporpamMme  JUCHUIUIMHBI  "OCHOBBI  DJIEKTPOTEXHUKHU' IS
cnerquanbHocTd CITO 09.02.01 KoMnbroTepHbIE CHCTEMBI M KOMIUIEKCHI

[IpakTryeckue 3aHATUSL COCTaBJIEHBI B COOTBETCTBUU ¢ TpeboBaHusMH PI'OC
10 CIIELUAIBHOCTH.

HCJ’I)IMI/I IMPOBCACHUS ITPAKTHICCKHUX 3aHATUN SIBISIOTCS:

- 000011eHue, CUCTEMAaTH3AIUIO, YTITyOJIeHUE, 3aKPETNICHUE TTOTYYSHHbBIX
TEOPETUYECKHUX 3HAHUM
- (opMupoBaHUE YMEHHUI IPUMEHATD MMOTYUYEHHBIC 3HAHUS HA TIPAKTHUKE,
peanu3aluio eIMHCTBA UHTEIJIEKTYaIbHOU U TPAKTUYECKON
NEeSITeBHOCTH;
B pe3ynbraTte ocBoeHUs y4eOHOM TUCIUIUIMHBI O0yJarOUIUACs T0KEH 3HATD:

OCHOBHBIE XAPAKTEPUCTUKHU, MapamMeTpbl U JJEMEHTHI AIEKTPUYECKUX LETEN
[IPY TAPMOHUYECKOM BO3JCHCTBUU B YCTAHOBUBILIEMCS PEKUME;

cBoMcTBa OCHOBHBIX 3nekTpuueckux RC n RLC-uenouek, nemneit ¢ B3anumMHON
VHIYKLHEH;

Tpex(a3Hble JIEKTPUUECKUE LIEIH;

OCHOBHBIE CBOMCTBA (DUIIBTPOB;

HENIPEPBIBHBIE U JUCKPETHBIE CUTHAJIBI:METO/IbI PacyeTa JJICKTPUUECKUX LIETIEH;

CIIEKTpP IUCKPETHOTO CUTHAJIA U €r0 aHAJIN3;

uudpoBbie PUIBTPHI;



IIpakTnyeckas padora Ne 1
Tema 2. OcHOBHBbIE MOHATHS 00 JIEKTPHUYECKHX U MATHUTHBIX IEMsIX.
CemuHap-o00cyxkjaeHne NUCbMEHHbIX pedepaToB
Heab padoThl: paCIIUPUTh U CUCTEMATU3UPOBATH 3HAHUS 00 JIeKTPHYECKUX U MATHHTHBIX
Hensx.
TeopeTuyeckasi 4acTh:

Cucrema poU3BOJICTBA, MEPEAAYU U TIPEOOPA3OBAHUS ICKTPUICCKONW SHEPTUU B JIPYTHE BHJIBI
SHEPTHHM COCTOUT M3 PsAla AJICKTPOTEXHUUYECKHX YCTPOWCTB — TEHEPAaTOPOB, TPaHCHOPMATOPOB,
anmapaToB YIOpPaBJICHUS M 3alllUThI, JUHUW DJIEKTpOINEpeaaud M IMPUEMHHUKOB 3JIEKTPUUYECKON
SHEpPruu

DJIeKTpUYECKasi CUCTEMa B II€JIOM W COCTAaBJSIOIIUE €€ SJIEKTPOTEXHUYECKHUE YCTPOMCTBA
MIPEACTABISIIOT COO0N COBOKYITHOCTD 3JICKTPUUYCCKUX M MarHUTHBIX menei. Hanmpumep, Ha puc. 1,a
MPUEMHHKH: JIAMIIA U JIBUTATEIh TIOJIKIIIOUEHBI Yepe3 TpaHCHOPMATOP K UCTOYHHUKY IICKTPHISCKON
sHeprun. Cxema takoit nienu (puc. 1,6) IIpeacrasiser coO0oli COBOKYIMHOCTh JBYX AJICKTPHUYECKUX
(mepBUYHON U BTOPUYHOM) U MarHUTHOM LIETIEH.

MarauTHOW 10 HA3bIBAIOT YCTPOMCTB, cojaepkammx (EeppOMarHUTHBIE Tela M CPebl,
00pa3yrolue myTh, BI0JIb KOTOPOTO 3aMbIKAIOTCS TUHUU MarHUTHOTO TIOTOKA, a 3JIEKTPOMAarHUTHbIC
MPOLECChl MOTYT OBITh OMHCAHBI C TMOMOIIBIO MOHSATHI, MAarHUTOABIIKYILEH CHIIBI, MATHUTHOTO
nomoxa, MArHUTHOM MHIYKIMU W PAa3HOCTHM MAarHUTHBIX MOTEHIIMAJIOB, HA3bIBAEMBIX MAarHUTHBIMU
BEJIMUUHAMU.

CBoiiCTBA JIEKTPUUECKHUX LIETICH XapaKTePU3YIOTCS 3HAYCHUSIMU COMTPOTUBIICHUH,

MHIYKTUBHOCTEN U EMKOCTEN BCEX AJIEMEHTOB, COCTABISIOIIMNX AIEKTPUUECKYIO LEMb.

CBoiicTBa MarHUTHOM LIETIH XapaKTEPU3YIOTCSI MAarHUTHBIMU MTapaMeTpamMu MaTepuasia
(beppoOMarHUTHBIX Tel, 00Pa3yIOUINX MArHUTHYIO ETb.

Jnst ananM3a mpoLeccoB U pacdeTa AIEKTPUIYECKYIO0 U MAarHUTHYIO IEIb 3aMEHSIOT

9KBUBANIEHMHOU cXxeMoll 3amewjenus (anee OyneM Ha3bIBaTh MPOCTO CXeMOu yenu),
MIPEJICTABIISIFONTYI0 COO0H MIeaTM3uPOBAHHYIO MOJIENb pealIbHOM 1ernn. Yem TouHee

3JIEMEHTBI CXEMBbI 3aMELIEHUS OTPAKAIOT PEaJbHYIO LElb, TEM TOUHEE €€ pacueT U aHaIU3
PEKUMOB.

Onexmpuueckum moxom Ha3bIBAIOT YIOPSIOYEHHOE IBHXKEHHUE SJIEKTPUUECKHUX 3apsi0B
B MIPOBOJISILIEH Cpeie MO/ BO3AEHCTBUEM 3JIEKTPUUYECKOTO MOJIS.

Eciu ckopocTh ABHKEHHS JIEKTPHYECKHUX 3apsi10B BO BpeMEHH HEM3MEHHA, TO TOK HA3bIBAIOT NOCMOAHHbIM. Tok,
MI'HOBC€HHBIC 3HAYCHHUSA KOTOPOIr0 N3MEHAKTCH BO BPpEMEHH, HA3bIBAIOT nepeMeHHblM, 3J]eKTpI/l'-IeCKP[ﬁ TOK,
MIHOBE€HHbIE€ 3HAYEHHS KOTOPOIro NOBTOPSIOTCSI Yepe3 paBHbIe IPOMEKYTKH BPeMEHHU, HA3bIBAETCS nepuoduuecmm
nepemeHtnbiM. Tok, n3MeHsAIomMiics 0 CHHYCOHAATILHOMY 3aKOHY HA3BIBAIOT cunycoudanvivim. TOK BbIpaKaOT B
ammnepax (A) u o6o3Havamwr |, i*.

DNEeKTpUYECKHid TOK B IIeH BOZHUKAET B TOM CIlyuyae, €ClIi Ha ee 3akuMax (IoJrcax) co3aaHa
Pa3HOCTh MOTEHIIMAJIOB (CYIIIECTBYET JIEKTPUUECKOE T0JI€ B0 yuacTKa 1emnu). Paznocts
MOTEHIIMAJIOB MEXy IBYMS TOUYKAMHU 1IEMH HA3bIBAIOT HANpAXCeHUeM U NA0eHUeM HaANPI#CEeHUsL.

Hanpsbxenue o6o3navarot: U, u 1 BeipaxkaroT B BosibTax (B). [ToTeninan 3aqanHoit TOUKH 1enu
0003Ha4aroT V ¢ COOTBETCTBYIOIIUM MHAEKCOM, HampuMep it Touek «1» u «2» norenuuanst Vi, V
,. Pa3HOCTH TIOTEHIIUAJIOB C COOTBETCTBYIOIIUM HHJIEKCOM pHC.2.

Up=Vi-V,

Taxkast 3anuch 03HauaeT, uto V1> V , a 3a MOJ0KUTEIbHOE HAIlpaBJIeHUE TOKa JJIs JTI000T0
y4acTKa [eNu MPUHATO HAMIPABJICHHUE OT TOYKH BBICIIETO MOTEHIIMANA K HU3IIeMy. Takum o0pazom,
Ha yJacTke mernu 1—2 HampaBlieHne Toka | coBmamaeT ¢ HampapieHneM HanpsokeHus Ui,
DNEKTpUUECKOe HAMPSHKEHNE YUCICHHO paBHO paboTe A, coBepIIaeMoil HCTOUHUKOM
AIEKTPUIECKON SHEPTUH TPH TEPEMEIEHUH 3apsA/ia 0 B OJIUH KYJIOH U3 OJTHOM TOYKH B APYTYIO,
Harpumep, u3 Touku 1 B Touky 2 U= A1/ Q

MomiHoCTh - paboTa, coBepiiaeMas B €IMHUIY BpEMEHHU pa3BUBaeMas Ha 3TOM ydacTke, P =
Alzlt
Jns nepementieHus 3apsiga no 3aMKHYTOM 3JIEKTPUYECKOM MU HCTOYHHK IEKTPUYECKON
SHEPTHUH JIOJDKEH COBEPIUTH pabOTy, YHUCIEHHO paBHYIO 3¢ E = Ao/ . B aTOM ciiyuae



MOIIMHOCTB, pa3BUBacMas HCTOYHHUKOM,
P=E|

CrnenoBaTenbHO, YTOOBI B 1MW MOIEPKUBAJICS TOK, HCTOYHHUK JIEKTPUUECKON IHEPTUU JOJDKEH
CO3/71aBaTh PA3HOCTh MOTEHIIMATIOB Ha BXOHBIX 3aiiMax 3JICKTPUUYCCKOM IICTIH.

HcTouHnKY 37EKTPUYECKON SHEPTUU OAPA3IETAIOTCS HA UICTOYHUKH ITOCTOSTHHOTO U
MIePEMEHHOTO TOKa. B KauecTBe HCTOYHMKA ITEPEMEHHOT0 TOKA UCIIONIB3YIOT JICKTPOMAIIUHHBIC
YCTPOMCTBA, UCTOYHUKA MTOCTOSIHHOTO TOKA — TaJIbBAHUYECKUE AIIEMEHTBI, aKKyMYJISTOPHI U

QJICKTPOMAIIMHHBIC TCHEPATOPHI.

DJIeKTpHYeCcKHEe CBOICTBA HCTOYHUKA YJIeKTPUYECKOH YJHepruu (reHepaTopa) XapaKTepu3yloTcsl ero BHYTPeHHUM
CONMPOTHBJIEHHEM.

IToa BHYTpPEHHHM CONPOTHBJIEHHEM reHepaTopa MOHUMAIOT CONPOTHBIIEHHE YIEKTPHUECKOMY TOKY BceX 2J1eMEHTOB
BHYTPH reHepaTopa.

Yu4eT BHyTpPeHHEro CONPOTUBJIEHHS FeHepaTopa He00X0UM NPH AaHAJIU3E U pacyeTe Pe;KMMOB dJIeKTPHYECKOH Lemnu.
BMmecTe ¢ TeM HpH pacyeTe 3JIEKTPHYECKNX IieNeil BHyTpeHHee CONMPOTHBIeHNe RB remepaTopa MokeT 0Ka3aThCs BO
MHOTI'0 pa3 MeHbllle CONPOTHBJ/IEHNUsI BHelLIHell nenu. B 3TuX ciayyasx BHyTpeHHee CONPOTHBJIEHHE FeHepaTopa MOKHO
NPUHSITH PABHBIM HYJII0, YTO MO3BOJIMT CYNTATH HANPsXKEHHE HA 32)KMMAaX reHepaTopa He 3aBHCSIIMM OT TOKA
Harpy3KH H paBHBIM J/IC TeHepaTopa.

T'eHepaTop ¢ BHYTPEHHHM CONMPOTHBJICHHEM PABHBIM HYJII0, HA3IBAIOT HCTOYHUKOM HampsikeHus (puc. 3, a).

Ecnu BHyTpeHHee conpoTuBieHue reueparopa Rg >0, To Takoil reneparop u3o0paxkaroT B BUAE
MCTOYHHKA /IC U MOCJEI0BATEILHO COCIMHEHHOT0 ¢ HUM 3JiemenTa Rg (puc. 3, 0).

B nanbheiimem Oyaem mojaraTh, YTO 3JIC [€HEpAaToOpa M €ro BHYTPEHHEE CONPOTUBICHHUE HE
3aBUCAT OT TOKa B 1enu. Korja BHYTpeHHEE CONPOTHUBIIEHUE I€HEPATOpa OYEHb BEJIMKO, TOK BO
BHEIIIHEH LIeNU NPaKTUYECKU HE 3aBUCUT OT CONPOTUBIICHUS CaMOil LienH.

B aTux ciyuasix reHepatop xapakTepus3yeTcsl HE 3/IC, a TOKOM M Ha3bIBA€TCS MCTOYHUKOM TOKa, a
CO3/1aBaeMbIil UM TOK — 3aJIal0LUM.

B snexrpuueckoii nenu (cM. puc. 2) Ipyu U3MEHEHUHU CONPOTHBIIEHMS HArpy3ku RH oT Hyns 10
O6eckoHeuHOCTH u3MeHsieTcs ToK | u Hanpsbxenue V. PaccMoTpum HanOosiee XapakTepHble PEKUMbI
paboThl HCTOYHMKA JIEKTPUUECKON SHEPIUU IIPU U3MEHEHUHU COIPOTUBIICHUS HAarpy3ku Ry
Takux pex1MMOB YeThIpE: XOJIOCTOr0 X0/1a, HOMUHAIbHBIHM, KOPOTKOI'O 3aMbIKaHUS U

COTJIaCOBAHHBIM.

B peoxxcume xonocmozo xooa conpotusienue Harpy3ku Ry = 00 Tok B 1enu paBeH HyIo, a
HaNpsDKEHUE Ha 3aKMMax UCTOYHMKA SHEpruu Haubounbiiee u paBHo 37c: U = E.

B nHomunanvrom pesxcume 0T NUCTOUYHUKA IIIEKTPOIHEPTUU OTOMPAETCS HOMUHAJIbHAS MOLTHOCTb, T.
€. Ta HanOOoJIbIIas MOIIHOCTb, KOTOPYIO MOXKET JUTUTEIBHO Pa3BUBATh T'€HEPATOP HE MEPErpeBasich.
Harpes reneparopa onpeaensiercst MOIHOCTBIO MOTepb AP B HeM, MpONOpPIMOHAIBbHON 3HAYEHUIO
BHYTPEHHETO COMPOTUBIICHUS U KBajpaTy Toka: AP = Rp 12, [TOHSATHE HOMUHAIBHOTO pexuMa
OTHOCHTCSI TAKXKE U K IPUEMHUKY, KOTOPBIN MPH MEPErpy3Ke MOKET HArpeThCs 10 HEJOMYCTUMO
BBICOKOM TEMIIEPATYPBI.

JIns KaXIoro MCTOYHHMKA M IIPUEMHUKA HOMHUHAIBHBIM PEXHUM IPEAIOJAaracT BIIOJHE
OTIpeieIeHHYI0 HOMUHAJIBbHYIO Harpy3Ky, COOTBETCTBYIOIIYI0O HOMUHAIBHBIM 3HAaYSHHSIM TOKa |HOM
Y HaTPSKEHUS
U HoMm *

BaxxubiM nokasarenem palmoHaIbHON pabOThl HCTOYHUKA AJIEKTPUUYECKON IHEPTHUH SIBIISIETCS
k03¢ duireHT none3Horo aeiicteus (ki) #7\. OH OmpeaeNnseTcs: OTHOLUICHHEM MOIIHOCTHU B
Harpyske (P2 = Ru I2) K [IOJIHOM MOIITHOCTH, BbIpaOaThIBaeMOM (T€eHEpUPYEMOil) HCTOUHUKOM
anekTposHepruu {P = El):

n= Pz/ P1:(P1-AP)/P1: 1--AP/P1

Bripaxkenue nms ko3 huImeHTa noie3Horo AeMCTBHsI MOXKET OBITh 3alMHCaHO Yepe3 mapaMeTphl
renu. OHO Oy/eT UMETh CIEAYIONUI BU/:

7 = Ril?/(Ri 1%+ Rs 1%)= Rul( Ri Re)

B pescume rxopomkoco 3amwikanus, xorna Ru = 0, Tok B menu OyneT OrpaHHyYeH TOJIBKO
BHYTPEHHUM CONPOTHUBIICHUEM UCTOUHUKA dIEKTpodHepruu |k =E/Rs, u P2 = 0. B aTom ciydae
n = PyP;= 0. JInd WCTOYHHMKA C MajbiM BHYTPEHHHUM CONPOTUBJICHHEM (aKKyMYJISTOPHI,



3JIEKTPOMAIIMHHBIE T€HEPATOPHI) PEKUM KOPOTKOTO 3aMbIKAHUS OMIACEH — ATO aBAPUNHBIM PEXKHUM.
Jis ranbBaHMYECKHMX 3JIEMEHTOB PEXUM KOPOTKOTO 3aMbIKAHUS MEHEE OIaceH, TaK KaK HX
BHYTPEHHEE CONPOTUBJIEHUE OTHOCUTEIBHO BEIUKO.

Ilpu coznacosannom pedcume B NPUEMHMKE (Harpy3ke) BblAEISETCS HaUOOJIbIIAS MOLIHOCTb.
Takoli peXuM UCIONB3YETCSI B H3MEPUTENbHBIX LENAX, B YCTPOWCTBAX BBIUYMCIUTEIBHOM,
UH(POPMALIMOHHON TEXHUKHU, CPEJICTB CBSI3H.

Hanpumep, npu corinacoBaHHOM peXHUME B LIENU PUC. 2 MOILIHOCTh B IPUEMHUKE P2 paBHa
MOIIIHOCTH UCTOYHMKA P1 = £/ 3a BBIYETOM BHYTPEHHHX ITOTEPHh B CAMOM

MCTOUHMKE, T. €. P2= EI- Rg |2, -

Kos¢duument monesuoro aeiictust 7 = 1- Re 12/ (E1) =1 - I/l .

Ha puc. 4 moctpoenst 3aBucumoct: Py(l); Re 1> (I) u n (). U3 '
NPUBEJCHHBIX KPUBBIX CIEAYET, YTO, HauOOJbINAs MOIIHOCTh B Harpy3ke & i
Romax Oyaer mpu | = |,/2 wmum, uro to ke, mpu Ru = Rs. Muaue rosops, 2
HauOobIlIasgs MOIIHOCTh B IPUEMHHUKE (HArpys3ke) IpH COINIACOBAaHHOM 3
pexuMe OyzIET paBHa I10JI0BUHE MOIIHOCTH MCTOYHHUKA! - ’

[ Prou = Pof2 = E1f2 = EYi(4R. | , e

B stom cnyuae koaddunment nonesnoro gevicreust 7 = 0,5.

[Tpu mepenave GONBIIUMX MOIIHOCTEH paboTa B COTIACOBAHHOM PEXHME, KaK IPaBHIIO,
HemonycTuMa. B nensix O0JbIIoN MOIIIHOCTH HEMPEMEHHBIM YCIIOBUEM siBiisieTcss Ru > R, T.
e. obecrieueHre BO3MOKHO OOJIBILIETO 7.

B MarHuTHOM 1oJie Kak 0cOO0M COCTOSIHMU CPEIbl paCcIpe/IeIICHUE SJHEPTUU 00YCIOBICHO
JBUKCHUEM DJICKTPHUSCKUX 3apSIOB MM U3MEHEHUEM JICKTPUYECKOTO TIO0JIs, T. €.
AIEKTPUUECKUM TOKOM.

HampagiieHre MarHUTHOTO IMMOTOKA OMPEACIISAIOT IO HANPABICHUIO MATHUTHOMW CTPEIIKH,
MIOMEIICHHOW B ATO TOJIE.

MarauTHOe 1oJIe MPEACTABISAETCS B BUJIC HAIIPABIIEHHOTO MATHUTHOTO MTOTOKa O, THHUT
KOTOPOT'O BCET/Ia 3aMKHYTHI.

B kadecTBe (m3HUECKOI BEIIMYMHBI, XapaKTEPU3YIOIIEH NHTCHCUBHOCTh MATHUTHOTO MTOTOKA
@, ciy)KUT gekmop machumuou uHoykyuu B, HarpaBlieHHEe KOTOPOTO COBIAIALT C
HaIPaBJICHUEM MarHUTHOTO MOTOKa. EquHuIield MarHuTHOTO MoToKa B cucreMe CU siBnsieTcst
Bebep (B6); 1 B6=1 B-c.

3a eIUHUILY MACHUMHOU UHOYKYUU NPUHUMAIOM UHOYKYUIO, NPU KOMOPOU Yepe3 naowaos S 6
1 M, pacnonosicennyro nepneHOuKyIApHO HAIIPABICHUIO MATHUTHOTO MOTOKa B1 BO.
Maenummnyto unoykyuro svipasicarom 6 mecaax(1n):

I Ta=1 B6/ M?= 1B-¢c/ m?

Croco0HOCTh NCTOYHUKA MATHATHOTO TIOJIS (JICKTPHUYECKOTO TOKA) CO3/1aBaTh MAarHUTHBIIN
MOTOK XapaKTepU3yeTcs HAMPsHKEHHOCThIO MarHuTHOTO nosist H, Beipaxkaemoit B A/M.

z) i

" foopess

| codosso
1

B BO31yXC HaIlPaBJICHUC BCKTOPOB MarHUTHOM HWHAYKOUH B u HAaIps’KCHHOCTU

¥

MarHuTHOTO 1moJsi H COBMamarOT U CBA3aHBI COOTHOMmEHneM H — B/uo, e o = 4n-

10 TH/M — MarHuTHas MOCTOSHHASL.

KonuuecTBeHHbIE COOTHOIIEHNUS, XapaKTEPU3YIOIINE MAaTHUTHOE T0JIE, OCHOBaHBI Ha
3aKOHE TIOJIHOTO TOKAa. JTOT 3aKOH YCTAaHABIMBAET CBSI3b MEXKAY HANMPSIKEHHOCTHIO
MarHuTHOTO 1ot H B M000# TOYKe 3aMKHYTOTO KOHTYpa BOKPYT MPOBOJHUKA C TOKOM
|. Hanmpumep, Hanps>keHHOCTDb B Touke A4 (puc. 5, a) paBHa



H=1/2nn),

! 5 a) i .
3 I L
rae 2nf — JUIMHA KOHTYpPA, OXBaThIBAIOILETO
_m:'-' ;';i £ NMPOBOJHUK, I — paauyc KoHTypa. Eciu
Al . .~ JNEUCTBYET # TPOBOAHUKOB C TOKOM |, TO
. c i HANPSKEHHOCTh B Touke .4 pasHa: H = n
T
-—_gﬁ | —'_"*— |/(2nr). HanpskenHocTh mHONA B IEHTpe

oJHOCIONHOM Karymku (korga | >r) (puc. 5, 6)

¢ uncioM BuTKoB o pasna H = o /1.

& IIpousBenenue o | nazwvisarom

Maznumoosudicyue cunot (MC) U BEIPAXKAIOT B aMIlepax.

K maccuBHBIM 371€MEHTaM B JJIEKTPUYECKON LIEMU OTHOCSTCS: PE3UCTOPBI,

KOHJIEHCATOPbI U KaTYIIKU UHIYKTUBHOCTH:

Ecin conpoTuBIieHNE 3JIEKTPUUECKOMY TOKY KaKI0TO U3 3THX 3JIEMEHTOB HE
3aBUCST OT 3HAUEHHUS U HAIPaBJICHUS TOKA WM MPUIOKEHHOTIO K HUM HAIpSKEHMS,
T.€. €CJIM 3aBUCUMOCTb TOKA OT HAIPSKEHUS UMEET JTMHEHHBIN XapakTep, TO 9TH
3JIEMEHTHI Ha3bIBAIOT JIMHEWHBIMH, @ €N COCTOAIIME U3 TAKUX JIEMEHTOB,-
JMHENHBIMU 3JIEKTPUUYECKUMHU LIEIISIMU.

Ecnu conpoTtuBiieHne Kakoro-1100 3JeMeHTa 3aBUCUT OT TOKA WJIM IPUIIOKEHHOM
Pa3HOCTH MTOTEHLIMAJIOB, TO TAKOM 3JIEMEHT HA3bIBAIOT HEJIMHEWHBIM, a LIENU B
KOTOPBIX UMEETCS XOTs Obl OJIUH HEJIMHENUHBIN AIEMEHT, - HEJTMHEHHBIMU
JNEKTPUUYECKUMU LETISIMHU.

['paduk, n300pakaronyii 3aBUCUMOCTh HANPSZKEHUsI HA DIIEMEHTE
anekrpudeckoi nernu ot Toka U (1), Ha3pIBarOT ero BOJIbT-aMIIePHOIt
XapaKTEPUCTUKOM.

ConporusiieHne pe3sucTopa , UHAYKTUBHOCTb KaTYIIKU U €MKOCTb KOHJEHCATOPa

Ha3bIBAIOT IapaMeTPaMU, XapaKTePU3YIIIUMHU CBOMCTBA JIEKTPUYECKON LIEH.
Pesuctop sBisercs HeoOpaTMMbIM IHpeoOpa3oBaTesieM 3JIEKTPOMAarHUTHOM osHepruu. B
3JIeKTPUYECKHUX LeNsIX COBPEMEHHBIX 3JIEKTPOTEXHUUYECKUX YCTPOUCTB UCHOJIb3YIOT PE3UCTOPHI
IIPOBOJIOYHBIE U HENPOBOJIOYHBIE. B IIPOBOJIOYHBIX PE3UCTOPAX TOKOIPOBOASAIIMM MaTE€pHAIOM
CIIY’)KMT MeETaJUIn4ecKasi IPOBOJIOKA U3 CIUIaBOB C BBICOKUM YIEIbHBIM 3JIEKTPUUECKUM
CONPOTHUBIIEHUEM, a B HENPOBOJOYHOM — CJIOM WM CTEP)KEHb M3 Marepuajla C BBICOKHM
YIIE€TbHBIM COMPOTHBIICHUEM.

VYcnoBHble Tpaguueckue HM300paKEHHs PE3UCTOPOB C JIMHEHHBIM (TIOCTOSHHBIM U
peryiIupyeMbIiM) U HEJTMHEHMHBIM COITPOTUBIIEHUEM MTOKa3aHbl Ha puc. 6, a.

ConpoTHBIIEHHE PE3UCTOPOB 3aBUCUT OT TEMIIEPATYPHI U OT MPOXOJALIET0 YEpPE3 HEro TOKa.
Opnaxo U1 yIPOIIEHUS aHAJIN3a 3TOM 3aBUCMMOCTBIO MOXKHO IIPEeHEeOpeyb.

ConpoTuBieHHE PE3UCTOPA SABIIAETCS €r0 NMapaMETPOM TOJIBKO IPH MOCTOSHHOM TOKe. B mersax
MEPEMEHHOTO TOKAa CONPOTHBIIEHHE IPOBOJIOYHOIO PE3UCTOpa 3aBUCUT OT 4acToThl. Corpo-
TUBJICHUE PE3UCTOpA IMEPEMEHHOMY TOKY HAa3bIBAIOT AKMUGHbIM, TIOCTOSIHHOMY TOKY —
anekmpudeckum. IIpy 3TOM aKTUBHOE CONPOTUBIIEHHE PE3UCTOPa OOJIBIIE €ro IEKTPUUYECKOrO
COINPOTHBIICHUS.

Konoencamop wHakaninmBaeT »SHEPrur0 3JjeKTpuueckoro mnois. OH COCTOMT U3  JABYX
AIIEKTPOJOB, pa3JENEHHBIX MEXIy COO0OHM IUAIEKTPUKOM; €ro OCHOBHOM XapaKTepHCTUKOM
ABJISIETCS] eMKOCTh C.

I'paduueckoe nM300pakeHUEe KOHJEHCATOpa C JUHEWHOW (NMOCTOSHHOW M PEryaupyeMoi) u
HEJIMHEHHOM €MKOCTBIO IMOKa3aHo Ha puc. 6,0.

Emxocts C konoencamopa nasvieaiom omuouieHue 3AEKTPUIECKOT0 3apsaa K pa3HOCTH
MOTEHIHAIOB MeK Ty ero anekTpoaamu C= g/U. EMkocTh Beipaxarot B ¢papaoa (P). Ha
MPaKTHKE Yalle MpUMEeHsIoT Mukpodapana (Mk®d), nukodapana (nd): 1 O = 108 Mk = 10%
nd.

IIpy wu3MeHEHMM HaNpsDKEHHsS Ha 3aKMMax TIeHepaTopa HW3MEHSETCs HalpsDKEHHE Ha
AIIEKTPO/aX KOHJEHCAaTopa, a TakKe TOK B TPOBOJAAX, COEAMHSIONIMX TE€HepaTop C



KOHJICHCATOPOM. DHEPrus JIEKTPUUECKOTo Mmojst KoHaeHcaTtopa Wh = Ccu?/2.
Kamywxa undyxmusnocmu HakaruIMBaeT YHEPTHIO MATHUTHOTO TOJIsA. TOK B BUTKAX KaTYIIKA
CO3Ja€T MarHUTHBIN MMOTOK, IPOHU3BIBAIOLIUN 3TH BUTKH.
[IpousBenenue ynciaa BUTKOB (® Ha 3HAYEHUSI MArHUTHOTO TIOTOKA \J Ha3bIBAIOT
MMOTOKOCIEIUICHHEM KaTyIKH Y = D.
B nuHeiiHON KaTylIKe HHAYKTUBHOCTH MOTOKOCIEIJIEHUE MPOMOPLUOHAIBHO TOKY.

Koaddunment nponoprmonanbioctd L= W/ | Ha3pIBatOT HHAYKTUBHOCTHIO. Pa3MepHOCTD
_[w®]_B6 _ Bc_

UHAYKTHBHOCTH [ L |= T oA A Owm c =T (renpu). Ha npakTuke 4aiie OpuMeHSIOT 10U

MWK, MUKpOTeHpH 1 MI'H = 10°TH, 1 Mk[H=10°TH.

I'paduueckoe n3o0paxeHHEe KaTYIIKH HHAYKTHBHOCTH C JIMHEHHOUN (IIOCTOSHHOW U

MEepeMEHHOI) U HEeJTMHEHHON MHIYKTUBHOCTBIO MPECTABICHBI HA pUC. O, B.

DHeprusi MAarHUTHOTO IMOJISL KATYIIKU HHAYKTUBHOCTH (k) ompenensiercs paboToi,

COBepmaeMOﬁ QJICKTPUYCCKHUM TOKOM B IIPOLECCE CO3JaHUA MAarHuTHOT'O I10JIA:
W, = Li%/2.

DJIeKTpUYECcKas 1eNb. Y PABHEHUS JIEKTPUUECKOTO COCTOSTHUS 1IEU

YcrpoiictBamMu, 00pa3yIOIMUMHU YJIEKTPUICCKYIO IEMb, SIBISIOTCI: HCTOYHUKHU
(reHepaTophl) FJIEKTPOMATHUTHONW SHEPTHHU UJIHM JJIEKTPUUECKUX CUTHAJIOB, IPUEMHUKH
(moTpebuTenun) 3NEKTPOMAarHUTHONW IHEPTUU U YCTPOUCTBA Nepeaauu u npeoOpa3zoBaHUs
sHepruu (mpoBoja, TpaHCHOPMATOPHI U JIp.).

Kaxnprit reHepaTop U MPUEMHUK UMEIOT JIBa 3akuMa (MOJIF0Ca) BBIXOIHBIC JIJIS
reHepaTropa M BXOJHbIE JUIS IPUEMHUKA YEPE3 a, C IOMOLIbIO KOTOPBIX YEPE3 CUCTEMY
nepenayn OCyHleCTBISIETCS CBSI3b MEXAy HUMHU. VX Ha3bIBAIOT JBYXIOJTIOCHUKH.

B o0meMm ciiyyae HCTOYHHKH U TPUEMHHUKH MOTYT OOBEIMHATH HECKOJIBKO

JIBYXITOJIFOCHUKOB, COEIMHEHHBIX MOCJIEI0BATEIbHO HIIN MapaIedbHO.

JIBYXIOJIIOCHUK HA3BIBAIOT AKMUBHLIM, €CIIU OH COJAEPKUT UCTOUYHUK 3JIC; IPU OTCYTCTBHUU
MCTOYHHUKA 3JIC ABYXIOJIOCHUK OYIET NACCUBHBIM.

YcnoBHbIEe 0003HAYEHUS TACCUBHOTO /] M aKTUBHOTO A JBYXIOIIOCHUKOB MPUBECHBI

Ha puc. 7, a, 4eTHIPEXMOJIOCHUKA — Ha puc. 7, 0.

CoeMHEHHUE AJIEMEHTOB JJICKTPUUYECKOM LEMH MOXKET OBITh MOCIEI0BATEIABHBIM,

napayyieJbHBIM U CMEIIaHHBIM.

Y4acToK 3J1eKTpUUECKOH 1enu, M0 KOTOPOMY NPOXOJAUT TOK OJJHOTO M TOTO K€ 3HAUYECHUS

Y HalpaBJICHUS, HA3bIBAIOT BETBBIO.

VY3ei 2JIEKTPUYECKOU [IeNU Ha CXeMe OTMeYaeTcs KUPHOU TOYKOU. Ecianu Ha cxeme MecTo

CKpEUIMBAaHMS BETBEH TOUKON HE OTMEUEHO, 3TO 03HAYAET, YTO IIEKTPUUECKOTO COCTUHEHUS

MEXIy HUMH B MECTE UX MEPECCUCHUS HET.

3aMKHYTYIO 3JIEKTPUYECKYIO O IIeTh, 00pa3yeMyro OJTHOM HJIM HECKOJILKUMU BETBSIMH,
Ha3bIBAIOT KOHTYPOM.

Kontyp, BHYTpH KOTOPOTO HE JIKAT APYTHUE BETBU, CBSI3BIBAIOIINE MEXKY COOO0 €T0 Yy3JIbl,
Ha3bIBAIOT MPOCTHIM (WK siyeiikoif). Hampumep, B cxeme puc. 8 COIepKUTCS IMIECTh BETBEH, YeThIpe
y371a ¥ TPU MPOCTHIX KOHTYpa.

AHanu3 3MeKTPUIECKOM e MOXKET OBITh TPOU3BEICH MIIN HKCIIEPUMEHTATBHO, WIH PEIICHUEM
YpPaBHEHUH €€ BJIEKTPUUYECKOTO COCTOSHUS.

OcHOBHBIMHU (PU3UUYECKUMU 3aKOHAMH, TIO3BOJISIONIMMHE OMUCATH JFOOBIE PEKUMBI dJIEKTPHUECKOMN
IETTH, SBIISIOTCS 3aKOoHBI OMa, COXpaHEHUs 3apsia U COXPaHEHHUS SHEPTHH, Ha OCHOBE
KOTOPBIX COCTaBIIAIOTCS YPABHEHUS 3JIEKTPUUECKOTO COCTOSIHUS BETBH, Y3JIa U KOHTYpA.

Nmes B BUAY, 9YTO B HEPA3BETBICHHOM YYaCTKE JIEKTPUUECKON CXEMBI C TPOU3BOTHHBIM

YHUCIJIOM 3/IC, CONPOTUBIICHUI U 3aJaHHOW PAa3HOCTHIO MOTEHILIMAJIOB Ha €ro nojtocax (puc. 9)

TOK HampaBJieH OT BBICIIETO MOTEHI[MANA K HU3IIEMY, T. €. €CIIA MPEINOI0KUTh, 4To Vi>V,,

TO TOK W HampsDKeHUe OyayT HAIPaBJICHBI OT TOYKU | K ToUke 2.

[Tpu cocTaBlieHUN ypaBHEHUS IIEKTPUIECKOTO COCTOSHUS BETBU CllaraeMble OepyT CO 3HAKOM

MHHYC, €CJIA Ha 3aJJaHHOM Y4YaCTKE TPOUCXOIUT MaIeHUE MOTEHIINANIA, U CO 3HAKOM IUTIOC, €CITU

MOTEHIMA BO3PACTAET.



1. JIroGas snexkTpuyeckas 1enb MOXXET ObITh MPEACTaBICHA YJIIEKTPUUECKON CXEMOH
3aMEIlEeHUs, COAepKaIe HCTOYHUKU YHEPITUU, PE3UCTUBHBIN, UHIYKTUBHBIN U
€MKOCTHOM 3JIEMEHTHI.
2. DIEKTPOMArHUTHBIE MPOLECCHl B DJIEKTPHUISCKUX U MATHUTHBIX IETAX
XapaKTEepU3YIOTCA INEKTPUUESCKUMHU BEJIUUYUHAMU: 3/IC, TOKOM, HANIPSIKEHUEM, a B
MarHUTHOM LIENMU — MAaTrHUTHBIMU BEJIMUYMHAMU: MJC, MAaTHUTHBIM MOTOKOM,
MarHUuTHOW MHAYKIHEH U MAarHUTHBIM HANPSIKECHUEM.
3. CBoiicTBa JICKTPUUCCKUX U MATHUTHBIX IIEMEH OMPENeNsIOTCS UX mapamMeTpaMu.
4. IlpeacraBieHue M000H PICKTPUISCKOMN EH CXEMOU 3aMeIeHHUs MMO3BOJISET
aHAJIU3UPOBATH COCTOSIHUE U PEXXUM KaK BCEH Ienu, Tak U ee JacTei.
5. DileKTpuUecKas cxemMa COAEP>KUT BETBU, y3JIbl U KOHTYPbI, YPAaBHEHUS COCTOSHUS
KOTOPBIX OCHOBaHbI Ha (U3UUECKUX 3aKOHAX COXPAHEHUS AJIEKTPUUYECKOTO 3apsiaa B
y3J€ U COXpaHEHUS SHEPTUU.
6. C momMouIbi0 ypaBHEHUS 3JIEKTPUUECKOT0 COCTOSIHUS PAaCCUUTHIBAIOT U
AHAJU3UPYIOT PEKUMBI 1ETIHU.
Bonpochl, BBIHOCUMbIE HA CEMHHAP:
1. DnexTpuyeckue BEIMYMHBI KaK CpeACTBAa OMNUCAHUS DJIEKTPOMArHUTHBIX
MPOILIECCOB B IEKTPUUECKUX LICTX.

2. Pexumbl pabOThl HCTOYHHKOB 3JICKTPHYECKOM YHEPTHUH.

3. Pe3ucTuBHBIN, HHAYKTUBHBIA U €MKOCTHBIN 3JI€MEHTHI B CXeMaX 3aMElICHUS.

4. DneKTpUUYeCKHe CXeMbl U PU3NUECKHE 3aKOHBI.

IIpakTnyeckas padora Ne 2
Tema 2. OcHOBHBIC NOHATHSA 00 JIEKTPHYECKUX H MATHUTHBIX HENsX.
HN3yyenue 3akoHa OMa /1M MOJIHOM LeNu
Heas padorsl: u3meputs I/C 1 BHyTpEHHEE CONPOTUBIIEHUE HCTOYHUKA TOKA.
Ilepedennb ucnoib3yemMoro 000pyao0BaHus
1) UCTOYHUK MHUTaHUA, 2) MPOBOJIOYHBIN pe3ucTop conmpoTuBieHueM 2 Om, 3) amnepmetp, 4) KoY,
5) BosbTMETD, 6) COETUHUTENIbHBIE IPOBOJA.
Teopernveckasi 4acTh.!
Paccmorpum 3akon Oma 1St TOJTHOM AJIEKTPUYECKOM IEMU MOCTOSIHHOTO TOKa. 37€Ch HAC MPEKIe
BCET0 HMHTEPECYET €ro IMpakTHUYEeCKOE€ OTHOUIEHHWE K TOCTOSHHOMY TOKY. Pasznmnuaror naBe
dbopmynupoBkr 3akona Oma, oHa JyUIsl yyacTKa IIE€TH, a apyras Jid MojaHou nenu. B mocneaneit
YUYHUTBIBAETCSI HCTOYHUK TOKA, TOYHEE €T0 BHYTPEHHEE CONIPOTUBIICHHE.
[Ipocreiimias 3yeKkTpuyecKas LENb IMOCTOSHHOTO TOKAa COCTOMT M3 MCTOYHMKA TOKA M OJHOU
€MHCTBEHHON PE3UCTUBHON HArpy3KH, a MOMPOCTY U3 — AKTUBHOT'O CONPOTUBJICHUSI.
3akon OMa — 3aKOH NPONOPIUOHATBHOCTH
®opmynupoBka 3akoHa Oma Uil MOJHOM LeNMM W JUIA ydacTKa LENu — 3TO YTBEP)KICHUE
IPOMOPLUMOHAILHOCTU. Y CTaHABIMBAETCS JOCTAaTOYHA MpocTas anredpanyeckas CBS3b MEXIY
BEJIMUYMHAMU CHIIBI TOKA, CyMMBI conpoTuBienuii (r+R) u 3JIC uctounnka Toka.
Cuna Toka B DdJEKTpUYECKOM wemnu, npsMo mnponopuroHaibHa OJIC HcTOYHMKA W OOpaTHO
MPOMOPLMOHAIbHA CyMME BHYTPEHHErO COMPOTHUBIEHHUS OTOTO HCTOYHUKA U OOIIero
COINPOTUBIICHUS LETH.



[ —» E 3axoH Oma 041

r+ R NOAHOIL uenu
E 0 roe I- cuna Toka B uenun (AMnep)
I E - 3C ncro4Huka toka (Bonbr)
r I T - BHyTpeHHee conpoTuBsieHne

McToYHuka Toka I (OmM)
- obuiee akTuBHOE conpoTuBneHue
uenu (OM)

MCcToYHUK NOCTOAHHOIO TOKa
(90C), koTopuI uMeeT

E@ BHYTpeHHee CONnpoTUuBfieHue r
(Bbl XOQHOW UMINegaHc).

Hanpumep, 310 MoXKeT BbiTb
akKKyMynaTopHasa barapes

BHyTpeHHee conpoTuBsieHne ?
ucToYHMKa Toka (34C). Yem e
ny4iLie NCTOYHUK ToKa, TeM 3aBUCUT OT CTOPOHHMUX
MeHbLLIe ero BHyYyTpeHHee cun cospawwmux 34C
COMpPOTUBJIEHUE . 3aBUCUT OT B UCTOYHUKE
OEeNCTBUSA CTOPOHHUX CUJI

r¢
AKTUBHaA oMUYecKan Harpyska R.
R

B Hen npoucxoguT npeobpasoBaHue .
INEKTPUNHECKOWN IHEPTUU B APYron ‘

Bup aHeprumn. O6biHHO 3TO Tenno.

Haubonee nonstHoe u mpocroe npuMeHeHue 3akoHa Oma B Takoil (OpMYIMpPOBKE — 3TO
AJIEKTpUYecKasl LeNb C OJHUM HCTOYHMKOM TOKa B BeTBH (KoHType). Kpome 3akona Oma, s
pacuéra 3JeKTpUYecKUX Iernel, HeoOXoauMo 3HaTh npaBuia Kupxroda, a Taxke UMeTh 0a30Bble
IpEeJICTaBICHUSI 00 PJIEMEHTaXx LeNel, TaKuX Kak y3Jibl, BETBH, KOHTYpPBI, ABYXIOJIOCHUKH U T. I.
ITorepn Ha BHyTpeHHeM conpoTHBJIeHUH HcTouYHNKA J/[C

Campblil mpocToi mpUMep WUTIOCTPUPYIOLIUHN BIIMSHUE BHYTPEHHETO CONPOTUBIIEHUS MCTOYHHKA
TOKa — 3TO raJIbBAaHMUECKUE 3JIEMEHTHI (6aTapen) 1 akkyMynsTopbl. CHocOOHOCTh UCTOYHHKA TOKA
BbI/1aBaTh OOJIbILIOE 3HAYEHUE CHJIBI TOKA HAMPSAMYIO 3aBUCUT OT €r0 BHYTPEHHEIO COIPOTUBIICHHUS.
YeM oHO OoJIbIlIe, TEM MEHBUIMH TOK criocoOeH BbAaTh ucTouHuK J1C.

[IpaBunbHoe nonnmanve 3akoHa OMa AJ1sl NMOJHOM LeNH IO3BOJISIET NPABWIBHO PacCUUTaTh U
BbIOpPAaTh HMCTOYHMK TOKA IO HArpy3ke, a TaKXe IMO03BOJISIET CBOEBPEMEHHO BBIBUTH JAE()EKTHI
MCTOYHUKOB TOKa. TOT UCTOYHMK TOKA, KOTOPBIM HE MPUTOJIEH JIJIsl HU3KOOMHOW HAarpy3kH, HOTOMY
KaKk €ro BHYTPEHHEE CONpOTUBJIECHHWE B OOJbIE WJIM PABHO CONPOTHBIEHUIO HAarpy3ku, Oyner
BIIOJIHE TPUIOJIEH B AKCIUTyaTallMM [JIs HUTaHMs 3JEKTPUUYECKOil memnu ¢ Harpyskoil B 10 pas
OOJIBILINM CONPOTUBIIEHUEM, YEM €r0 COOCTBEHHOE.

Uem 607bI11YI0 MOUTHOCTh HYXKHO MOJIYYUTh HA HAarpy3ke mpu ManoM 3HadeHuu JJIC, TeM MeHble
JIOJDKHO OBITH BHYTPEHHEE CONPOTUBIICHUE UCTOYHMKA. [10ATOMY caMbIMU JIYUIIMMU MCTOYHUKAMH
nocrosiHHOro Toka (DC) B HacTrosiiee BpeMsi OCTAlOTC XUMHUYECKUE aKKyMYJISATOPbI, XOTs BIIOJHE
BO3MO>KHO, YTO UX MOTYT IIPEB30MTH B 3TOM IOJIYIPOBOJHUKOBBIE HCTOUHUKH TOKA — COJIHEUHBIE
OaTapen.

OnTuManbHBIM CUMTAETCs, KOTAa MaJeHHe HANpsHKEeHWs Ha BHYTPEHHEM CONPOTHUBIICHMH, Oolee
yeM B 10 pa3 MeHblIe 4eM IaJCHUE HAIPSDHKEHUS Ha IOJE3HOM Harpy3ke. Eciii rOBOpHUTH SI3bIKOM
IPONOPLUOHAIIBHOCTH, TO 3TO O3HAa4yaeT, YTO 3Has CONPOTHBIICHWE HArpy3KHd WM €€ MOIIHOCTD,
HY)XKHO BBIOMpaTh MCTOYHHMK TOKA, TJIE €r0 BHYTpPEHHEE CONMPOTHBICHHUE (umnedanc) Oymer Ooiee
yeM B 10 pa3 MEHBIINM.
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OPENEASETCN BEPAKENHEN: Jn;—f—x 8)
Orciona: IreiRw& 2)

H: dopmyma (2) NOXHO HARTH RHYTPCHESS COMPOTHATCHHEC ¥ HCTOYHMA Toka, JJC
KOTOPOTO TIPEABAPHTERBHRO w{mmpm:
r=2"" w2.p
r 3)
DKCrepUMEHTaIbHAs yCTaHOBKAa u300pakeHa Ha pucyHke 1. K wuctounmky Toka 1
nojkioyaerca  pesucrop 2, ammepmerp 3 9w kmou 4. OJIC ucToyHHMKAa  TOKa
HEIOCPEICTBEHHO U3MepsieTcst BOIbTMETpoM 5. Cuiia Toka [ u3mepsieTcst amnepmMeTpoM.

VUVWE VN

Puc 1
Xoa padoThl:
Haueptute cxemy nemnmu.
Cobepurte 1enb Mo cxeme.

N3mepnTe BoabT™MeTpoM DJIC HCTOYHHMKA TOKA NP Pa30OMKHYTOM iernu E=B.
CHUMUTE TIOKa3aHUsI BOJILTMETPA U aMIIEpPMETpa MPU 3aMKHYTON LETIH.
Bce uzmepenus 3anecute B Ta0NuUILy.

. Bprauciure T (BHyTpEHHEE CONPOTUBIICHUE HCTOYHHKA TOKA).
Tabnuya.l

Suhkw dDE

| | =N
i | = e
i I B

1 .

|
7. PACCYRTAHT? DOTPEIMERCTH:
, _
8) &g-U_um
dtal=
4
G}&I-I_uﬁn

Tabmmia. 1

s}Mx&xc:Rx%-lxw-
Jr-f—(%{-b%)*&?:
r+Ar=
Pemmmre 3amauy:
B nemnu, nzobpaxEéHHoi Ha pUCYHKE 2, TOKa3aHus amriepmeTpa paBHo 0,5 A, BoibT™MeTpa - 4
B. Yemy paBna 3/1C uctounuka, eciiu ero BHyTpeHHee conpoTuBienue 1 Om?
BapuanTst otBeros: 1) 3,5 B; 2) 4 B; 3) 45B;4)5B



w Puc No2

IIpakTnyeckas padora Ne 3
Tema 2. OcHOBHbIE NOHATHS 00 IEKTPUYECKHX U MATHUTHBIX IEMsIX.
HccnenoBanue 1eneit ¢ nociaea0BaTeIbHbIM, TapAJIEIbHBIM U CMEIIAHHBIM COCIMHEHUSIMU
PE3UCTOPOB.
Heanb paGoThl: U3YyYUTh COOTHOIICHUS] MEXK]Iy TOKAMH U HAIPSKEHUSIMU TIPU TOCIEI0BATEIHLHOM,
NapajyleIbHOM M CMEUIAaHHOM COEJIMHEHMSX PE3UCTOPOB M  ONPENEIUTh CONPOTUBIICHUE
AIEKTPUYECKOMN LIETIH.
IlepedyeHb UCIOJIB3YyeMOro 000PyI10BaAHUS
HcTounuk nocrossHHOro Hamnpspkenus 15 B, Pesucropsr (1 —10 Om)—3 mt. Amnepmerp
MarHUTO3JIEKTPUUYECKON CUCTEMBI C MpeaenoM usMepeHus 10 S A — 1 wr. Boast™merp
MarHUTORJIEKTPUIECKON CUCTEMBI C /ipeaesioM u3mepenus 15 B— 1 mr. 3aMbIkaromuii KOHTaKT
KOMMyTalnoHHoro ycrpoiictea (K).
Teopernyeckas 4acTh:
B cxemax »9JeKTpUYECKHX IeTel IOCTOSHHOTO TOKAa BO3MOXHBI TpH crmocoba CoelnHEHUs
pPE3UCTOPOB: MOCIEAOBAaTENbHOE, MapajuleJbHOE M cMmemanHoe. [lpu  mocienoBaTenbHOM
COEIMHEHUU PE3UCTOPHI COSAUHSIOTCS B OJHY HEPA3BETBICHHYIO IIeNOYKY (puc. 1).
Tok B KaXkJIOM pPE3UCTOPE OAMHAKOB U PaBeH 00IIEeMYy TOKY BeeH menu:logy = 11+ 12+ 13
Hanpspkenue UoOrr, mpuiiokeHHOE K IIeTH, PaBHO CyMMe MaJeHUI HaMPsHKEHUN Ha KaXI0M
pesucropeUodmr = U+Uo+U3
OO111ee cOMpOTUBIIEHUE BCEH 1IETIH PABHO CyMME COTMPOTHBIICHUN OTJIEIbHBIX PE3UCTOPOB:

Ro6mr =R1 + R2 + RS,

7 i; by 3
e . + | i
+ 1 [ % |' ) Ui
e l -!1—;5&— 2
gt |
Pac, 1. TMocaeromatensnos coe- Pue, 2. Tlapanaeashoe -coean-
AHNHEHNE DEICTOROE HEHHE PEIHCTOROR

BenuumnHa conpoTHBIEHUS KaXXJ0T0 pe3ucTopa onpezaensercs no 3akony Oma Juis yyacTka
AIEKTPUYECKOMN LETIH:
¥ I ’
B = ~i¢11- bR {; P Ry i;- .
IpU nMapajajiCJIbHOM COCANHCHUN HAIIPSAXKCHUC HAa BCEX PE3UCTOpaxX OJUHAKOBO, TaK KaK UX KOHIBI
HOJKJIIOUYEHBI K OTHOMY U TOMY € UCTOYHUKY JIEKTPUUECKON SHEPTUH:
U06III = U1=U2=U3
OO01mii TOK Hepa3BETBICHHON YaCTH LIEMH PaBeH CYMME TOKOB B Ka)KI0M Pa3BETBJICHUH (B KaX10M
pesucTtope) — nepBbli 3akoH Kupxroda: loey =11+ 12+ |3.
BennuuHa Toka B KaXK0M pe3UCTOpE onpeensercs no 3akony OMa ajs ydacTka Ienu:
) L 1,

fom =iy oo Shg g e

HJ H‘E ) ﬂ:l
O6H_[aﬂ HpOBOI[I/IMOCTB BCCﬁ nenu paBHa CYMMC HpOBOI[PIMOCTeﬁ OTACIIBbHBIX BeTBeﬁ
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Rutu =g+t Taw saw g = =

I i I 1

ey e o e

o0111ee CONPOTHUBIICHHUE IICTTMMOKHO OTPEICTUTh U3 COOTHOIICHHS ot #: Re = Ry
[Tpu cMemIaHHOM COEIUHCHUH PE3UCTOPBI BKIKOYAIOTCS B LIEI IOCIEI0BATEIIHHO U MTapaLIeIbHO
R. R,

Roew = By + Rav Ry
(puc. 3).001m1ee COnMpOTUBICHUE TSN MOYKHO ONPEICTUTh 10 GopMyIie :

ConpoTuBieHHe OTAEIbHBIX PE3UCTOPOB ONpeAesieTcs Mo hopMyiam,

P 3 Cavwanng coeamiciue re- Per o Cuomp mgn cenclokachi g
JEH, VMM ESNCE 48 g tahaglpisle [ IA4IE SOLs
ARl pe, e e g

Xox pabdoThI:

1 BHuMaTEenpHO 03HAKOMUTHCS C OCHOBHBIMH TEOPETUYECKUMU TIOJIOKECHUSIMHI
nabopaTopHO pabOTHI.

2. Co0paTh 2IIEKTPUIECKYIO LIETb 10 cxeme (puc. 4) U AaTh MPOBEPUTH €€
MPEToaaBaTesio.

3. UccnenoBatb COOTHOIICHUSI MY TOKAMH U HAIPSHKSHUSMU TIPH TTOCIIEA0BATEILHOM
COETMHEHUH PE3UCTOPOB, JIJIS UEro 3aMKHYTh BHIKJIIOUaTeNbK, Mo1aB TeM caMbIM HaIlpshDKEHHUE Ha
PE3UCTOPBHI.

4. C moMo1Ip0 aMIiepMeTpa U3MEPUTh TOK B IIEMH, a C IIOMOIIBIO BOJIBTMETPA - MaJCHHE
HaIpPsDKEHUH Ha OTAENBHBIX €€ yuacTkax (pesucropax Ry Rp,R3)u pesynbrarsl usmepenuii 3anucarthb
B Tab. 1.

U U U U I R R R R

16-17,B 8-9,B 10-11,B 14-15,B 7-8, A ob6u1, Om 1,0m 2, 0m 3,0m

5. OTKIIIOYUTH HAINPSKEHHUE C YCTAaHOBKHU.

6. MccrenoBaTh COOTHOIIEHUS MEX1Y TOKAMU U HAIPSKEHUSAMU IIPU NapauIeIbHOM
COEIMHEHUH PE3UCTOPOB, /IS Uero Mexay BeiBogamMu 7—12 u 10—15 mocTaBUTh epeMbIUKH, a
BOJIETMETP MOICOETMHUTD K BbIBOAaM 16—17.

1. [TonaTe Hanps>KeHUE HA YCTAaHOBKY M 3alKcaTh MOKa3aHUs aMIIepMeTpa U
BOJIETMETpa B Ta0II. 2.

8. OTKITIOYUTH HAMPSKEHHUE C YCTAaHOBKHU.

9. [lepembruky Mex 1y BbIBOJAaMH 11—12 CHATH ¥ MOCTaBUTHh MEX]1y BBIBOJAAMH 7—8, a
amMIIepMeTp BKJIIOUYUTH MEXYy BhiBogamu 11—12.

10.  Tlomartp HampspKeHUE HAa YCTAaHOBKY M 3allucaTh MOKa3aHHe amrepMerpa B Tad. 2.
1617, | 7-8,A | 11- 1314 | 00mm1 | o6y L,om | 2,0m |3 0m |1 2 3 oom | 3,
B 12A ( Om

M, M M M M

11.  OTKIIOYHTH HANPSKEHUE C YCTAHOBKH.

12. ITepempIuky Mex1y BbIBOaMH 13—14 CHATH U MOCTaBUTh MEXKy BbIBOJaMHU 11—
12, a amnepMeTp BKJIIOUUTH MEXy BbiBogamu 13—14.

13.  Tlomare HampspKEHWE HAa YCTAHOBKY M 3aIllMCaTh IMOKa3aHUE aMIepMeTpa B Ta0I. 2.

14.  OTKIIOYHUTH HANPSKEHUE C YCTAHOBKH.



15.  HccnenoBaTh COOTHOUIEHHS MEXKIAY TOKAMH U HAMPSDKEHUSAMHU ITPU CMEUIAaHHOM
COCIMHEHUH PE3UCTOPOB, JIsl YETO CHAThH MEPEMBIUKY MEKYy BbIBOJIaMi 9—10 U OCTaBUTh MEXITY
BBIBOZaMHU 9—12, a BOJIbTMETP OTCOCIMHUTD OT BHIBOJIOB 16—17.

16. Ilomarh HampspKEHUE HA YCTAHOBKY W 3allMcaTh MOKa3aHUE aMIiepMeTpa B Tab. 3.
BoasT™MeTpoMm 3amepuTh HanpsbkeHue Mex 1y BeiBogamu 8—9, 10—, 16—17 u BHecTH 3TH
IaHHbIe B TA0II. 3.

17. OTkIIOYUTH HANPSKEHHUE C YCTAHOBKHU.

18.  CuaTb nmepeMbIuKy Mexy BeiBojgamu 11—12 1 mocTaBuTh MEXay BbIBOJAMU 13—
14, a amnepmeTp BKIIOYUTH MEXAY BeiBogamu 11—12.

19. [lomare HampsbKeHUE HA YCTAHOBKY U 3amucaTh MOKa3aHue aMmiepmerpa B Tali. 3.

20. OTKIII0YUTDH HAIPSHKEHUE C YCTAaHOBKH.

21. CHATB IEPEMBIYKY MEXIY BBIBOJAMU 7—8 M IMOCTaBUTh MEXKy BhIBogaMu 11—12,
AMnepMeTp BKIIOUUTH MEXKAY BbIBOJIaMU 7—8.

22.  llogarp HampspKeHHE HA YCTAHOBKY IT 3alKcaTh MOKa3aHUE aMIiepMeTpa

B Tabm. 3.

23.  OTKIIOUUTH HANPSHKEHUE C YCTAHOBKH, pa3o0paTh CXeMy U IPUCTYIUTD K
0(OPMIICHHIO OTYETA.

I [ [ { [ { I I f f f
13-14 11-12A | 78, A 89,B 10-11,B | 1617,B | 1,0m 2, Om 3, 0m o011 o6y

) ( (

M, M,

24. OTBETUTH HA BOMPOCHI:

1 Kak hopmynupyercs 3akon OMa Juist yyacTka Lenu?

2. Uemy paBHO IOJHOE COMPOTUBIIEHUE LENH U3 ITOCIE0BATEIbHO COSAMHEHHBIX MSATH
OJIMHAKOBBIX PE3UCTOPOB?

3. Kakoii onbIT U3 IpUBEIEHHBIX B ATOH pabOTe CIIY>)KUT IPOBEPKOI MEPBOTO 3aKOHA
Kupxroda?

4, Kak onpenenuTts osHoe CONpOTUBIEHHE LIEMHU, COCTOSALIEH U3 YEThIpEX MapajliieIbHO
COEJMHEHHBIX PE3UCTOPOB?

5. Kak n3MeHuTCs 00mIMiA TOK HENH U3 TPEX MapauieIbHO COSTMHEHHBIX 0JIMHAKOBBIX
PE3UCTOPOB, €CIIN OJUH U3 HUX OTKIIOYUTH?

6. Kak onpenenuts o01iee COnpoTUBICHHUE LIEMH, COCTOAIIEH U3 YEThIpEX OAMHAKOBBIX

PE3UCTOPOB, KOTOPHIE COEAMHEHBI IONIAPHO,IapAJUIEIBHO, a TAKXKE IIPU MTOCIEA0BATEIbHOM
COCIMHEHUH BCEX YEThIpEX?

IIpakTnyeckas padora Ne 4
Tema 3. PacueT npocToii M CJI0KHOM JJIEKTPUYECKHX Lierneii.
PacueT pocToi 3JIEKTPUUECKON LIETIH
Heapb padoThl: paclIupUTh U CUCTEMATU3UPOBATH 3HAHUS TEOPETUUECKOT0 MaTepuaia u
IIPUMEHEHHUS €ro JJI PEIEHUs 3a7a4d U aHAJIN3a NOJyUYEHHBIX Pe3y/IbTaTOB.
TeopeTuyeckas 4acThb:

B SHGKTqueCKOﬁ LCIH ITOCTOSHHOT'O TOKA TOKHU U HAIIPAKCHUSA ITOCTOSHHBI, IO3TOMY U3MCHCHU A

dl dUc
3TUX BCJINYHUH BO BpCMeHI/I paBHI)I Hy.]'IIO: a = nu F = O, a CJIea0BaTcCIIbHO, U HaHpH)KGHI/Ie

Ha UHAYKTUBHOCTH UL U TOK 4epe3 eMKOCTh |c, 3aBHUCSIINe OT U3MEHEHHSI STHX BEJIMYMH, TAKKe
PaBHBI HYJIIO:

dl dU ¢
U, =L— le =C =0.
dt dt

Otcrona ciaenyeT, 4TO B MHAYKTUBHOCTH COMPOTUBJICHHE MMOCTOSHHOMY TOKY PaBHO HYIIIO, T.
e. UL =0, a eMKkoCTh, HA00OPOT, SABIISAETCS OECKOHEYHO OOJIBIIIMM COTIPOTHBIICHHUEM.

[ToaToMy B 11eMU C UICTOYHUKAMH MMOCTOSTHHOTO TOKA MOYKHO UCKJIIOYHThH BCE
I/IHHYKTI/IBHOCTI/I, SaKOpOTI/IB HnX, a BCEC BCTBU, conepmamne KOH}IGHC&TOPBI, —_— paSOMKHYTB. B



3TOM ClIy4ae ypaBHEHHE JIEKTPUUYECKOTO COCTOSHUS KOHTYpa MpuoOpeTaeT BUL:

ER{ — EE

B ypaBHeHUHU ON0KUTEIbHBIE 3HAKH MPUHUMAIOTCS JUIsl TEX TOKOB U 3JIC, HAIIPaBJICHUS
KOTOPBIX COBMAJIal0T C MPOU3BOJILHO BEIOpAaHHBIM HAIpaBlIeHUEM 00X0/a
paccMaTpuBaeMoro KOHTYypa.

[IpocTbIMHU 31EKTPUUECKUMH LIETISIMU Ha3bIBAIOT LIETH C OJHUM UCTOUYHUKOM SHEPIHH.

[Ipu 5TOM B KadyeCcTBE MPUEMHUKOB MOTYT OBITh HECKOJIBKO PE3UCTOPOB,
BKJIFOUEHHBIX MTOCJIEJN0BATEIbHO U NapajjenbHo. Eciu u3BecTHHI 3/1C reHeparopa,
€ro BHyYTPEHHEE COMPOTHUBIEHUE U COMPOTUBICHUE PE3UCTOPOB, TO TOKH BO BCEX
BETBSAX MOKHO HAWTH, UCIIOJIb3YSl METOJ MpeoOpa3zoBaHus (CBEpThIBAHUS) UIU
METOJI IPONOPIHUOHATBHBIX BETUYUH (TTOA00M).

Metoa npeodpazoBaHmusl.

DTOT METOJI COCTOUT B 3aMEHE IPYMIl MOCIEI0BATEIbHO U MapajjaeabHO
COEJMHEHHBIX PE3UCTOPOB 3KBUBAJIEHTHBIM R3. 3aTeM 1o ypaBHEHHIO COCTOSHUS
MPOCTOTO KOHTYpa HaXOsiT TOK B HEpa3BEeTBJICHHOMN yacTu uenu. [locpencreom
o0paTHOro nMpeoOpa3oBaHUSI HAXOAAT TOKH BO BCEX BETBSAX 3aJaHHOU IETH.
MeTo1 NPpONOPUMOHAIBHBIX BeJIMUMH (T10100Ms1)

CymHOCTh ME€TOJIa COCTOUT B TOM, UTO B BJIEKTPUUYECKOU CXEME 3aJar0TCs
MPOU3BOJbHBIM 3HAYEHUEM TOKA B OJHOM M3 BETBEU M 3aTEM MOCJIE ONpPEACICHUS
TOKOB B APYIUX BETBAX HaxoAsT 31c £’ CpaBHUBAIOT MOJyYE€HHOE 3HaueHue E' ¢
3amanHo 3¢ E, Haxoasat koaddunuent npomnopruuoHanpHoctd K=FE [ E'. Jlns
HAaXO0X/IE€HUS JEHCTBUTEIbHBIX TOKOB B BETBSIX CXEMbI IIOJyUEHHbIE 3HAUCHUS
TOKOB YMHOXarOT Ha Kod(ppunueHt K

3anayva 1. [{ns uenu (puc. 1), onpedenums s3xsusanenmuoe conpomugierue OTHOCUTEIBHO BXOAHBIX
3aKUMOB a—g, eciu u3BecTHO: R = R, =0,5OM, Rs=8 OM, Ry=Rs=10M, Rg=12 Om, R, =15
OMm, Rg=2 Om, Ry =10 Om, Rio= 20 Om.

K

b |

R

10

Puc. 1
Pemenne
Haunewm sxeusanenmmusie npeobpazosanus CXeMbl C BETBH HanOolee yAaleHHOW OT HICTOYHHKA, T.€.
OT 32)KHUMOB a—g:



Ryy = Bs + Byp=10+20=30 On o= — =10 O
a H'l J'JQ‘ ;“"'I:
"t P Ry+-Ryy 1212
1'?-“ = 1':-'!: +J|:I:|:=;_|Jl]=l- LM i i~ P =&
N R+ Ry 12412
&]!: =Hl__: L .IE.I!: ‘ij:lj'_I._I.:'S [.j:'l[: RM = E:II[”" —;:J ﬂ‘l!

Rl = .ILln.l + .Hll_, T ﬁ:=';.|..‘"!-|‘-u-f'=5 [..H.‘l

3anaua 2. J{nst uenu (puc. 2, a), onpedenums 6x00HOe COnpomusieHue eciiv n3BectTHo: Ry = R, = R3
= Rs=40 Om.

bo .
6) Puc. 2

Pemenue

HcxoaHyro cxeMy MOKHO MepeYepTUTh OTHOCUTEIHHO BXOIHBIX 32KUMOB (pHC. 2, 6), U3 Yero
BUJIHO, YTO BCE COMPOTUBIICHUS BKIIOUYEHBI MapauienbHo. Tak KaKk BETUYHUHBI CONTPOTHUBIICHUN
PaBHBL, TO JUIS ONPECIICHUS BEJTUUYUHBI 9K8UBANEHIMHO20 CONPOMUBLEHUSMOKHO BOCIIOIb30BaThCA
dbopmyroii:

R
R, =—.
1 rne R— BenuuuHa conpoTtusieHus, Om;
N — KOJIMYECTBO MapaJlIeIbHO COSTUHEHHBIX COMTPOTUBIICHUN.
40
R, =—=10 OMm.

3

3anaua 3. Onpedenums 9K6UBAIEHMHOE CONPOMUB/IeHUe OTHOCUTEIILHO 3aXUMOB &b, ecin Ry = R,
=Rs =Ry =Rs =R =10 Owm (puc. 3, a).

il
Rc Rd
T T
R| | R,
bo =1 5o I T
a) & 0)

Puc. 3
Pemenue
[Ipeobpazyem coeAMHEHUE «TPEYTOIBHUK» f—d—C B SKBUBAJIEHTHYIO «3Be31y». OmnpenenseMm
BEJIMYMHBI IPEOOPa30BaHHBIX COMPOTHBIICHUH (puC. 3, 0):



~ R,-Ry 10-10 100
F T Ry+R<+R, 10+10+10 30

IIo YCJIOBUIO 3a/1a4 BCIIMYUHLBI BCCX COHpOTI/IBJICHI/Iﬁ PaBHBbI, @ 3HAYUT:

P T B |
Rf :Rd :RC—J,JJ OM. .
. Ha npeo0Gpa3oBaHHOl cXeMe MOJIyYrIId apaiebHOe COeUHEHNE
BeTBeﬁ Me)K,Hy y3J1aMH e—b, TOraa 9KeuesaleHmHoe conpomuesilenue paBHO:

_ ‘R +RJII¢R-1' +Rﬁh _ |:3?"—J"_I"=.:"'3"'J.“|
TR ERH(R, A R) (333410)+(333410)

W Torpa skeusanrenmuoe conpomugnenue NCXOTHON CXEMbI IIPEJICTABIISAET MIOCIIEI0BATEIbHOE
COEMHEHUE CONPOTUBIICHUM:

R =R+ R+ Rp=10+3.33+6,67=20 Ou

=3,33 OM.

=067 OnL

3anaua 4. B 3apannHoi nienu (puc. 4, a) onpedenums Memooom IKEUSAIEHIMHbIX NPEodPa306aHulL
BXOJIHBIC COMPOTUBJICHUS BETBeH a—b, C-d u f—b, ecnu u3BecTHO, uT0: R =4 OM, R, =8 OM, Ry =4
OM, Ry=8 OM, Rs =2 Om, Rg = 8 Om, R; = 6 OM, Rg =8 Om.

Pemenue

Jlyist onipeiesieHrst BXOTHOTO CONPOTUBIICHHSI BETBEH MCKITIOYAIOT U3 CXeMbI Bce ncTouHuku DJ[C.
I[Tpu 5ToM ToukH C 1 d, a Takxke b u f coeAMHAIOTCS HAKOPOTKO, T.K. BHYTPEHHHE COMPOTHBIICHHSI
UJICATbHBIX UCTOYHUKOB HAMPSKCHHS PAaBHBI HYITIO.

BeTrBb a—b pa3peiBaroT, U T.K. CONpOTUBIICHHE Ry p = 0, TO BXOJHOE CONPOTUBIICHUE BETBH PAaBHO
9KBUBAJICHTHOMY COIPOTUBJICHUIO CXEMbI OTHOCHUTEIILHO Touek a u b (puc. 4, 6):

& o iy £ R

Ry=Sa®as 63,0,

s Rl.r:"-_'R”.rl'- ﬁ T2
AHAJIOTUYHO MemoooM IKEUBANEHMHBIX NPeoOPa306aHULl OTIPEAEISIOTCS BXOIHbIE COPOTUBICHUS
BeTBel Req v Ryr. [Ipudem, mpu BeIYMCIEHUN CONPOTUBICHHUH YUTEHO, YTO COETUHEHNE HAKOPOTKO
Touek au b uckimouaer ( «3akopadnBaeT») U3 cxembl conpotuBiieHus Ry, Ry, Rs, Ry B mepBoM
ciydae, u Rs, Rs, R7, Rg Bo BTOpOM ciry4ae.



=Rl RyRy 48 84 16
Ri+R, R,+R; 4+8 8+4 3
.- Re-Ry |
Bt aanl ™ [B0)¢ 4
=~ | R+ 2+8 48
By R Sk T
Ri+——2+ R,  8+——+b
l!!'?. J-'Rﬁ ]I'Il'.'-

3anmava 5. B nmenu (puc. 5) onpeaenuTs METOJ0M SKBHBAJICHTHBIX TpeoOpa3zoBaHuil TokH 1, Io, I3
M COCTAaBUTH OallaHC MOIMHOCTEH, ecid u3BecTHO: Ry =12 OM, R, =20 Om, R3=30 Om, U =120 B.

>
Puc. 5
Pemenue
DxeusaneHmuoe conpomusierue sl NapajijieIbHO BKIIOYEHHBIX COMPOTHUBIICHUN:
B - B M- 30

R:.a = = 1'2 U."-l

R, +R, 20:30
Oxeueanenmnoe conpomueienue BCeH 1enu:
R, =R+ Ryy=12+12=24 Om
ToOK B HEpa3BETBICHHOW YaCTU CXEMBI:
1, =U/[R, =120/24=5 A.
Hanpspxenne Ha mapasuienbHBIX COMPOTHBICHHSX
Up =Ry oy =12-3=060 B.
Toku B mapansenbHbIX BETBAX:
.Irl =1f ,_!.."R: = ﬁﬁ- 20=3 A,
Iy =U 4 /Ry =6y30=1 A
bananc mownocmei.
P =1l -U=5-120=600 Br:
Poowp =I{ “Ry+13 -Ry +I§ - Ry = 5%+12+3%-20+2% - 30=600 Br.
3amaya 6. B uenu (puc. 6, a), onpedenums memooom IKGUBANEHMHBIX NPE0OPA308AHUL NOKA3AHUSL

amnepmempa, eciv u3BectHo: Ry =2 Om, R, =20 Om, R3 =30 OM, R4y =40 OM, Rs =10 OMm, Rs =
20 Om, E =48 B. ConpoTHBiIeHHE aMIIepMeTpa MOKHO CUUTATh PaBHBIM HYIIIO.



Puc. 6
Pemenue
Ecnu conporusnenns Ry, Rs, R4, Rs 3amenuTs ogHuM sxgusanrenmuvim conpomusenenuem Ry,
TO UCXOJHYIO CXEMY MOXHO MPECTaBUTh B YIPOIICHHOM BHE (puUc. 6, 0).
BenuurHaa SKBHBAJICHTHOTO COTIPOTHBIICHHUS
Ry -R; N R,-Rs  20-30 N 40-10

° R,+R, R,+R; 20+30 40+10
[IpeobpasoBaB napanienvrHoe coedunenue conpotupieHuii Ry u Rs cxemsl (puc. 6, 6), moixy4um
3aMKHYTBIH KOHTYP, I KOTOPOTO 10 BTOpoMy 3akoHy Kupxroda MokHO 3amucarh ypaBHEHHUE:

=20 Om

R.-R
Il * Rl +3—6 — E -
R,+Rs
OTKYyJa TOK |1:
E 48
I = = __—4A
R1+R3.R6 2+ AO‘ZO
R, +R, 20+ 20

HanpsiokeHne Ha 3auMax napajuie’abHbIX BeTBeil Ugp BbIpa3uM U3 ypaBHEHUS 10 3akony Oma
JUIsl TACCUBHOM BETBH, MTOJIy4eHHOH npeoOpa3oBanueM Ry u Re:

R, R
Uy =1 ————2
R, + R
Torga amnepmeTp MOKaXKeT TOK:
R 20
I, =1 —S —=4._— _=2A
R,+R;  20+20

3anaua 7. OnpenenuTh TOKA BETBEH CXEMbI METOJIOM 3KBUBAIICHTHBIX ITpeoOpa3oBanuii (puc. 7, a),
ecMR1=R,=R3=R4=30M,J=5A, Rs=5 Om.



Puc. 7

Pemenue
[IpeoOpazyem «rpeyroasHUK» conportuBiiennit Ry, Ry, R B axBuBanenTHyo «3Be3ny» Re, Rz, Rs
(puc. 7, 6) v onpeaeNIuM BeTUYUHBI MTOTYYSHHBIX COMPOTUBICHUIA:

— Rlle _ 3-3 =1 OM:
°® R +R,+R, 3+3+3 ‘
7 R +R,+R, 3+3+3 ‘

R,-R 3.3
Rg=—123 - 22 —]0um

R +R,+R, 3+3+3
[IpeoOpazyem napajuieIbHOE COSTUHEHNUE BETBEH MEX Ty y3mamu 4 1 5
Ry Ro)(Ro+Rg) _(143)-145)_, , o
(Ry+ Ry )+ (Rs+Rg)  1+3+1+5
Tok B KOHTYpe, IOTy4YeHHOM B pe3ylibTaTe MpeoOpa3oBaHuil, CYUTAEM PaBHBIM TOKY UCTOUHHKA
TOKa J, ¥ TOrJa HaNpsHKEHHE:

2

Usy =J Ry =5-2,4=12 B.
" TEIEPb MOKHO OIMPEACIUTH TOKH |4 u |5:
T ] T i
o Us 12 L Us 12
- - . s W 5 — —
R7+R4 ].+.3 R8+R5 ].+5
B03Bpama51c1, K HCXO,[[HOﬁ CXEME, OIIPEACIINM HAIIPAKECHUEC U32 13 YpaBHCHU 110 BTOPOMY 3aKOHY
Kupxroda:

=2 A.

d

L 33T Jr_-.lrfJ_ _.Ir-l_RJ: ={} = Ir_lu = .lir_l;.H_l. '.Ir_1_l!1:-'_- =2-5-3-3=1 B
TOFI[a TOK B BCTBU C COIMPOTHUBIICHUCM R3 OIIPECACIIUTCA:
il: ' ] J.
[ =—==—-=033 A
. R. 3
BeanunHbl 0CTaBIIMXCSI HEM3BECTHBIMH TOKOB MOKHO ONpCACIIUTL U3 ypaBHeHI/Iﬁ 110 ICPBOMY
3akony Kupxroda mns y3nos 3 u 1.

l|r1 —,ir;—frl =i = Jr =.II-.E_..Irl;= .1..:'_:=2-..3.1 ‘_Illﬂ

J-Iy-I:=0 = I =J-1,=3-233=206TA

IIpakTuyeckas padora Ne 5



Tema 3. Pacuer mpocToii U CJ10KHOM JIEKTPUIECKHUX Leneil
Pacuer cioHOU 37EKTPUUECKON LEeNH
esab padoThI: paCIIMPUTh U CUCTEMATU3UPOBATh 3HAHUS TEOPETUYECKOTO MaTepurasa u
MPUMEHEHHUS €ro JIJISl PEICHU 3a/1a4 U aHAIN3a MOJIYYeHHBIX PEe3YJIbTaTOB.
OCHOBHBIE TEOPETUYECKHUE MOJIOKECHUS
JIr00yr0 BETBb DJICKTPHUUYCCKOM IEIU MOCTOSSHHOIO TOKAa, U3 CKOJBLKHX OBl 3JIECMCHTOB OHa
HH COCTOSsJIa, MOKHO TIPUBECTH NMYTEM NMPeoOpa3oBaHusl K IBYM DJIEMEHTAM: aKTUBHOMY H
naccuBHoMy {E u R).
OOmuit aHaMu3 CI0KHOM AJIEKTPUUYESCKON IIEMH, KOTJAa U3BECTHBI KOH(PUTYpaIUs [eNH U
napaMeTphl €€ 3JIEMEHTOB, COCTOUT B HAXO0X/ICHUU TOKOB W HANPSKEHUU BO BCEX BETBAX,
a TaKe MOIIHOCTH Ha y4acTKax Iemu. JTa 3ajJada MOXKET ObITh pelieHa ¢ TOMOIIBIO
YpPaBHEHUU 3JEKTPUUECKOTO COCTOSHMUS.
[Ipu coctaBneHUU ypaBHEHUN 3JIEKTPUUYECKOTO COCTOSIHUSI PEKOMEHYETCs
NPUAEPKUBATHCS ONPEICICHHON MOCIEA0BATEIbHOCTH:

1) 3a/1aThCsl MPOU3BOJILHO-TIOJIOKUTEIbHBIMU HAMPABICHUSIMU TOKOB BO BCEX
BETBSIX;

2) COCTaBUTh YpaBHEHHUS JJIsI Y3JIOB;

3) COCTAaBUTh YpPaBHEHUS JJIsI KOHTYPOB.

OOmuiee ynuci0 ypaBHEHUM JTOJHKHO OBITH paBHO KOJHWYECTBY HEU3BECTHBIX, T. €.
KOJHUYECTBY TOKOB BETBEH 6. DTH ypaBHECHHUS JOKHBI ObITh HE3aBUCHUMBI, T. €. HH OJTHO
W3 HUX HE JIOJDKHO OBITH CJIIEJCTBUEM JPYTHX.

Tak, uMclio ypaBHEHHUH, COCTABICHHBIX JJIs y3JIOB, JOJOKHO OBITh HA CAUHUIY MEHBIIIE
oOmero umcna y3iaoB (y—1). JlelicTBUTEIbHO, KaXkJaas BETBb CBI3BIBACT JIBA y3Jia U
MO3TOMY 3HAYECHHE TOKA B OJHO ypaBHEHHE BOMIET CO 3HAKOM «ILJIIOC», @ B IPYroe — CO
3HaKOM «MHUHYC». ClIeloBaTeNbHO, OJHO y3JIOBOC YPAaBHEHUE OKAXKETCS JIUITHUM.

k= B-(y-1)
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KonnyecTBO KOHTYpHBIX ypaBHEHUH Kk ompenensercs u3 BolpaxeHus [Ipu BbiGope
KOHTYpPOB [JI1 COCTaBJI€HHUs YypaBHEHUH cleayeT MCXOIMTh U3 TOro K€ NpUHIHIA
He3aBUCHUMOCTH ypaBHeHHH. KOHTypbl HeoO0XoAMMO BBIOMpATh TakK, 4TOOBI B CHCTEMY
COCTaBJIsIEMbIX YpPaBHEHMH BOLIJIM BCE BETBU CXEMbl, a B KaXJIbli U3 KOHTYpOB —
HAaMMEHBIIIEE YUCIIO BETBEH.

Jna TpeXKOHTYpHOU cxeMbl puc. 11,0 MOKHO COCTaBUTh TPU ypaBHEHUS MPOCTHIX
KOHTYPOB (sl4€eK) — 37eChb OHU He3aBUCHMBIE. [Ipu 3TOM KOHTYpBI OYYT COAepKaTh
HauWMeHbIIIee Yuciio BeTBel. Takum oOpa3om, JUist aHanu3a cxeMmbl puc. 11,6 HeoOXxoauMmMoO
UMETh CUCTEMY U3 IIECTHU YPAaBHEHUN: TpeX y3JOBBIX U TPeX KOHTYpPHBIX (B = 6; *—1=3; /T
=3).

Hapsany ¢ TokaMu 1 Hanpsi>KEHUAMU XapaKTEPUCTUKOMN IIEKTPUUECKON LENHU SABIAETCS
TaK)Ke DHEPreTUUecKoe COCTOAHUE: OaJaHC MOUIHOCTEH, BbIAEIAEMbIX HCTOUHUKAMHU
SHEPTUH U MOTPEOIIEeMbIX IPUEMHHUKAMU.

N3 3aK0HA cOXpaHEHUS SHEPTHUU JJIS JII000H AIEeKTPUUYECKOH 1enu anredpanyeckas
CyMMa MOIIHOCTEH UCTOYHHUKOB 3JIC paBHA CyMMe MOIIHOCTEH, MoTpedisieMbIX B
npueMHUKax (pe3ucropax):
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Ecnu nanpaBneHus 3/C ¥ TOKa, 1€MCTBYIOLIUX B BETBU, COBMAAAIOT, TO MOIIHOCTb TaKOTO
HUCTOYHHUKA DC 6YI[CT B YPABHCHHUH CO 3HAKOM IINIFOC — HUCTOYHHUK OTAACT ODHCPIHUIO B LCIIb
(paboraet B pexxume reueparopa). Ecnu HanpaBineHue neiicTBus 34C HE COBIANAET C
HanpaBJIeHUEM TOKA B BETBH, TO HUCTOYHHUK 3]IC TOTPEOIACT SHEPTUIO U B ypaBHEHUH OyAET
3HAK «MUHYCY.

Panuonanu3upoBaHHbIe METOIbI 0011Ier0 pacyeTa 3JIeKTPUYECKHUX Lenei.

Pemenue cuctembl ypaBHEHHH 3JIEKTPUUYECKOTO COCTOSIHUSA y3JIOB U KOHTYPOB, €CIIN
KOJMYECTBO BETBEU B 3JIEKTPUUECKOM Lienu 0ojiee TpeX, CO3/1aeT U3BECTHBIE TPYAHOCTH.

YOpoCTUTh pacdeT CIOKHBIX ITEKTPUUECKUX LIeNeil BO3MOXKHO JBYMsI METOJaMU:
HaJO)KeHUS (CYMeprno3UIUu) U ¢ TOMOIIbI0 BCIIOMOTAaTEIbHBIX HEU3BECTHHIX.

MeTo/ Hal0XKEHUsI COCTOUT B MPEJBAPUTEIbHBIX IPeoOpa30oBaHUAX, MO3BOISIOIIUX
CJIOXHYIO ICIb NPCACTABUTh HCCKOJIBKHUMHU IPOCTBIMHU LCIIAMMU.

MeTo/ BCiOMOTraTeNbHBIX HEU3BECTHBIX — KOHMYPHLIX MOKO8 UIIH V3/108bIX
NOMEHYUanos, 3aKJIYaETCs BO BBEJICHUU d3TUX HEU3BECTHBIX B PACUETHhI, YUCIO KOTOPHIX
CYILIECTBEHHO MEHbIIE YUClia BETBEH B LIEMH.

MeToa HAJIOKEHHUS.

MeTtoa HanOXEHUS UCTONb3yeTCs sl TMHEeHHOU cucTeMbl. [IpuHIIUT HaNOXKEHUS
3aKJIIOYAETCs B TOM, UTO €CJIM JIMHEHHAsl 1eNb MOABEPraeTcs BO3ACHCTBUIO HECKOIbKUX
MCTOYHHUKOB 3JC OJJTHOBPEMEHHO, TO peakius (TOK) I[eNu Ha 3TU UCTOYHUKHU paBHA
anreOpandeckol cyMMe peakmuid (TOKOB) Ha KaXkJ0€ BO3JCHCTBHUE OTACIBHO.

MeToa KOHTYPHBIX TOKOB

B MeTone KOHTYpPHBIX TOKOB B Ka4€CTBE MPOMEKYTOUHBIX MEPEMEHHBIX BHIOMPAIOT TOKH,
3aMBIKAIOMIKECs B KaXXJIOM KOHTYpe U Ha3biBaeMble KOHTYpHbIMH (puc. 11). B aTom
cly4ae 4uCJIO YpaBHEHUHW YMEHBIIAETCS 10 YMCJa HE3aBUCUMBIX KOHTYPOB (sueek),
T. €. 10 K =B - (y-1). OueBunHO, 3TOT MeTO OyneT BoirojeH, koraa K < (y-1).

Merto y3710BOr0 HapsIAKEHUS

Ecnu pa3BeTBiieHHAas 1leNIb UMEET TOJIBKO JBa y3Jia UJIU MYTEM HECIOKHBIX

npeoOpa3oBaHUN MOXKET ObITh MPHUBEJEHA K IBYM y3JaM, TO aHaJIU3 TaKUX Ienel BeayT

METOJOM ABYX y3JIOB, KOTOPBIA HA3bIBAIOT MeMOOOM Y3108020 HANPANCEHUSL.

Mertoibl aHanmM3a PeKUMOB OTAEIBHON BETBU WA YACTH JIEKTPUUYECKON LIETTH

B npakTuke BO3HUKAaeT HEOOXOAUMOCTh UCCIEA0BATh PEKUMBI OTJEIbHBIX y4aCTKOB

WJIM BETBEW CXEMBI IIPU U3MEHEHUH UX MMAapaMETPOB MJIH MapaMeTpPOB HA APYTUX y4acTKax

(BETBSIX) CXEMBbI, BEIOPATh ONTHUMANIbHBIE PEKUMBI X pabOThI, HAPUMED MPH

MaKCUMaJbHOW MOILIHOCTH, 3aJTaHHOM KO3(Q(ULMEHTE MMOJIE3HOr0 IeHCTBUS, OJYyUYEHUN

JVHEWHOCTU U CTAOUIIBHOCTU XapPaKTEPUCTUKH MPHU U3MEHEHHUHU PEKUMOB UCTOUYHHUKA

MUTAHUS U Jp.

Bo3zaelicTBue cnoXHOW aKTUBHOMW 2JIEKTPUUECKON 1enu (aKTUBHOTO JBYXIIOJIOCHUKA) HA

HCCIIEYEMYI0 BETBb MOXHO 3aMEHHUTH BO3JE€HCTBUEM IOCIEI0BATEIBHO COCAUHEHHBIX 3/IC

Es 1 ero BHyTpeHHero conpotunieHus RBs.



Puc. 3

Ilpumep:

[Tpunumaem norenuan Touku 1 paBHbIM HyIt0 V1=0. [loTeH1IManb1 TOUEK ENMH HAXOAUM
COIIACHO PaBEHCTBAM.

V2=V1+E1l

V3=V2+IR;

V4=V3-E2 |,

V5=V4-IR,

V6=V5+E;

V1=V6-1R3

Ecnu nanpasnenue 3/1C coBmagaeT ¢ HampaBieHreM 00X0/1a, TO MPU pacyeTe MOTSHIIHATOB
TOYEK 3aIIMCHIBAETCS CO 3HAKOM «+», Kak E1 u E3; eciin He coBnamaeT — «—», kak E2.

Ji1a nafieHuii HanpsDKeHUH APYyroe MpaBuilo: €ClIM TOK B TACCUBHOM DJIEMEHTE HAlpaBICHUH
BCTPEYHO 00XO/y KOHTYpa, TO MaJCHUE HAIIPSHKCHUS 3alIUCHIBACTCS CO 3HAKOM «1», €CIIH
COBIAJIaeT MO0 HAIPABIECHUIO, TO 3HAK «—».

BenuunHa Toka NpoBOMMOCTH onpesensercs anredpandeckoir cymmont 9/1C Beex
UCTOYHHKOB, IEIEHHON Ha mojHoe conpoTuBieHue memu: VR 0123456 1) (0rRET)

Ecnu nipu pacuére pe3ynbTar MOIydnsIcs MOJI0KUTENbHBIM, TO TOK COBIAIAET C
MIPOM3BOJILHO BEIOPAHHBIM HampaBiieHueM 00xofa. Eciu e pe3ynbrar nomydusicst OTpULIaTeIbHbBIM,
TO TOK UMEET HaINpaBJIeHUE POTUBOMOJIOKHOE BHIOPAHHOMY.

CTpouM NOTEHIMAIBHYIO IUarpamMmy 10 TOUKaM.

Tax xak BHyTpeHHe cornpotusiieHue 3JIC NpuHATH paBHBIM HYJIIO, TO IIPU NEPEXOE Yepes3
9TH 3JIEMEHTHI TOTEHIUAJIBI U3MEHSIOTCS CKAauKOM.

Ilpumep:

Ycnosue 3anaun

B snexrpuueckoit nenu (puc. 5) E1 =5 B, E2 =18 B, E3 =8 B, r1 =500 Owm, r2 =250 Owm,
r3 =700 Om, r01 = 50 OM. BHyTpeHHMMH CONIPOTUBIICHUSIMH [IEPBOTO U TPETHETO HCTOUHUKOB
npeHebperaeM. BeIuncinTh MOTEHLMANBI BCEX TOUEK, 0003HAaYEHHBIX Ha CXEMe, HaPSyKEHUE MEXKIY
ToYKaMu A U /| ¥ HOCTPOUTHh MNOTEHIUATIBHYIO JUATPAMMY.

Puc. 5
Pewenue 3a0auu



1. IToTeHMANI TOYKH JICKTPUUYECKOM LIETH.

HanpspkeHne Mexay OByMs TOYKaMHU 3JIEKTPUYECKON LEMH ONpeleNsieTcs Kak pa3sHOCTh
MOTEHIMAIOB JIByX TOYEK. JTO K€ IMOJOKEHHE HCHOJIb3YeTCS NPU ONPEACIICHUH MOTECHIIHAIOB
TOYEK H3JIeKTpuueckou uenu. Tak, Hanpumep, mexay toukamu 4 u O (puc. 5), TIe ACUCTBYyeET
HekoTopoe HanpsbkeHue U 4o, pa3HOCTh MOTEHIMATIOB (3TUX TOYEK)

lrUpa0cOA1

Bri6opom asist oHOM (J1:000#1) TOUKM e 3HAUEHUSI paBHBIM HYIIIO, TPUMeM Jid Touku O
(puc. 5) norenuuain . [Ipu 3Tom ans Touku 4 norenuuan 0 O

IrUAOA1

Taxum obpazom, nomenyuan kakou-1uoo mouku (A) yenu pasen nanpsoicernuio (U ) medncoy
amoti moukou (A) u opyeoii (O), 0na KOMoOpol NOMeHYual NPUHAIM PAGHBLIM HYJIO.

2. IInan pemieHus 3a1ayu.

UT0o0B! BOCHOIB30BATHCS BBIPAXKEHUSIMU JUIsl PA3HOCTH MOTEHIMAIOB ( ) M IJs HOTEHIMala
OJIHOU TOYKH ( ), HY’)KHO 3HaTh TOK 1eru. C ero BEIYMCICHUS U HaYHEeM pelreHue 3agaun. O A A

Kpowme Toro, cienyer it 0AHON TOYKH LENHU MPUHIATh NOTEHLUAN, PaBHBIN HYI0. DTO yXe
BBITMIOJTHEHO: BbIpaXXeHHE I 3anucaHo npu ycinoBud = 0. Touky ¢ HyJIeBBIM MOTEHIMAIOM (TOYKa
O, puc. 5) uHOTAA MIPUCOCTUHSIOT K 3a3EMIIIONIEMY YCTAaHOBKY ITPOBOJY MJIH K KOPIYCYy Ipubopa u
B MIOCIIEAHEM cilydae (P MPUCOESTUHEHUH K KOpITycy) 0003HaYaroT, Kak mokaszaHno Ha puc. 5. 1 O

Nmes TOuKy C HyJEBbIM MOTEHUMAIOM U HAIPsDKEHUS BCEX YYACTKOB IIEMH, ONpPENeIuM
MOTEHIMAJbI TOUYEK 1IEIH.

3. Brruucnenue Toka.

B Hepa3BeTBiIeHHOH IIeNH ¢ HECKOIBKUMH 3. [I. C., TOK PaBEH OTHOLICHHUIO alreOpandeckoi
CYMMBI BCEX 3.71.C. K CYMME BCE€X CONPOTHUBIICHUM, 1ieru. B paccmarpuBaemoii cxeme nse 3. 1. c. (E1
u E2) neiicTByloT B OJHOM HampaBlieHUU (IO HANPABICHUIO JIBUKEHHSI YACOBOW CTPENKHU) U UX
cymma E' = El + E2 =5 + 18 = 23 B. Ozna 3. 1. c. E3 = 8 B neiictByeT npoTuB HanpaBiIeHUs
JBUKEHUSI 4acCOBOM CTpEJIKM, T. €. HaBcTpeuy cymMmapHoil 3.4.c. E'. Ilockomeky E' > E3, 1O
HaIpaBJIEHUE TOKa

MA ATEE 11001 ,050 700 250 500 8 23 3"

COBIIQJIa€T C HaIpaBiieHUEM 3. 1. ¢. E', T. e. TOK HanpaBieH Mo JIBUKEHUIO YAaCOBON CTPENIKU
(puc. 5).

4. BerurcneHue NOTeHITHATIOB TOYEK JIEKTPHUUECKOM 1IETIH.

Hns toukn O (puc. 5) BbiOpaH noteHuuan = 0. Ilpu 3ToM ycrnoBuM, Kak ObIJIO MOKa3aHO,
noteHnuan ToukuAd O

BIlrA501,05001

[Torenunan Touku A oKa3ajics MOJOXKUTEIBHBIM M . TaK Kak TOK B COINPOTHUBIIEHUU
HalpaBjIeH OT TOYKM OOJbLIEro MOTEHIMaja K TOYKEe MEHbIIero moreHuuana (Tok | Ha puc. 5
HarpaBjeH oT A k O). DTo MpaBWIIO UCTIONIB3YETCS U AaJble I y9acTKoB bB u /], comepkamux
TOJIBKO CO- poTuBiieHus. O A

Jns onpeneneHuss NOTEHOMAIa JAPYrod TOYKM LEMH, HarpuMmepbh, BOCIOIb3yeMCs YXKe
BBIYMCIICHHBIM NOTEHLMAIOM B M M3BECTHBIM HampspKeHHEM Ha 3axkumax ydyactka Ab. Tak kak
UCTOYHUK C 3. . ¢. £/ He MMeeT BHYTPEHHErOo COIPOTUBIICHHS, TO TMOTEHIMAl €ro 3a)xuma
(ToukabHa puc. 5) Bceraa (mpu Jr060M TOKE) MEHBIIIE OTEHIANIA 3aKUMa «+» (TOUKU A Ha pHC. 5)
Ha BEJINYUHY 3. [I. C. WIK paBHOro eMy HanpsikeHust UAS = 5 B. [loatomy 5 A

.055ABABU

3Has noteHnuan = 0, BBIYACIMM TENepb MNOTEHIMAN cieayromend Touku B.Tak kKak TOK B
COIIPOTHUBIJIEHUH 12 HAIPABIEH OT TOUYKH B Kk TOUke b, TO MOTEHIMAJl TOUYKH B OoJble MoTeHIraIa
TOYKHM b Ha BEJIMYMHY MaICHNUS HAPSDKEHMS B CONpoTUBIeHuu 12: b B

.BIrbB5,201,02500 2

Ha yuactke BI" u3meHeHuUe MOTEHIMAaIa 00yCIOBIECHO ABYMsI IPUYWHAMHU: IEUCTBHEM 3. II. C.
E2vn nanenueM HampsbkeHus Ha conpotuBieHud r02. DnexTpoiBkymias cuia E2 BBI3bIBAET
yYMEHbILIEHUE TMOTeHIHana TOuku [ (Touka [ sIBIsieTCcs 3aKHUMOM «—» HCTOYHMKA, a Touka J[ —
3KUMOM «+»). [laneHne HanpsKeHusl Ha BHYTPEHHEM COMpOoTHUBIIeHNU UcTouHMKa (Ir02]) BeI3BIBAaET
YBEJIIMUYECHUE TOTEHIIUAJIA TOYKH [, TaK KaK TOK HAMpaByieH OT TOYKH / Kk Touke B. [TorTomy



Hns yuactka '/l . B mensx mpoBepku pacdeToB HaiiieM moTeHuuan To4ku O, HUCIOJb3ys
M3BECTHBIN noTeHuuan = 8 B u yuuThiBas, 4To (CM. HarpaBieHUE CTpesku 3. A. ¢. E3 Ha puc. 5):
Ecnu 651 Mbl 00X01MIM LIeTIb B OOpaTHOM HampaBlIe€HUH, T. €. JBUTAIUCH 110 HANpPaBIECHUIO TOKA B
[[ENU, TO HA BCEX BHEIIHUX W BHYTPCHHHUX COMPOTHUBJICHHSX MOTEHIUAIBI YBEINYMBAIUCH OBl HA
BEJIMUYMHY NajneHus HanpspkeHus. 5. Iloctpoenue noreHnumanbHoM nuarpammsl. [Io moiaydeHHbIM
3HAYEHUSM IMOTEHIIMATIOB PA3JIMYHBIX TOUEK IEMHU MOCTPOMM MOTEHUUAIBHYIO TUarpammy (puc.6).
ITo ocu X WM T OTKJIAABIBAIOTCS BEIMYHMHBI COMIPOTUBIIEHNH Beex ydacTkoB (rl 12 , 102 , r3). Onu
PacIoJIOkKEHBI OJTHO 3a APYTUM B TOM K€ MOCJIEA0BATEILHOCTH, KaK U B PACCMOTPEHHOM 11enH (puc.
6). Yuacrok nienu Ab (puc. 6), cO-IpOTHUBIICHHE KOTOPOT'O PABHO HYIIIO, M300pakaeTcsl Ha OCH T
(puc.6) Toukoit. Tak Kak OCh I MIPEACTABISIET COOOM KaK Obl TMHEHHYIO pa3BEPTKY COMPOTHUBICHHUI
3aMKHYTOTO KOHTYpa, TO B Ha4aJie ¥ B KOHIIE HAa OCH T OKa3biBaeTcs ofHa u Ta ke Touka O. BITE B
'1501,050185,2022BIrI"A801,0700 153 JJTO0883EO
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- Puc. 6

I[lo ocu yunu OTIOXKEHBI BEJIWYMHBI TMOTEHIMAJIOB TOYEK C YYETOM HX 3HaKa:
HOJIOKHUTEbHBIE TOTEHIMAIIbI BBEPX, a OTPHUIIATENIbHBIE BHU3 OT OCH T.

PaccmoTpuM noctpoeHue nuarpaMMsl JJ1s HECKOJIBKUX y4acTKoB 1ienu. Tak, Hanmpumep, Ui
yuacTka OA ObUIM MOTYy4€HbI OTEHIMANbI KpaiiHuX Touek =0u=5B. 0 O

OT10 o3HauyaeT, 4yto Ha ywyactke OA (puc. 5) morenuman Bospactaer or 0 mo 5B, 3T0
n3zo0paxeno muauer OA Ha puc. 5.

Ha yuactke Ab, rae conpoTuBieHne paBHO HYJIIO, JIMHUS MOTEHIMAaIa (pyUc.5) napaienbHa
ocu ¢. Yuacrok bB nenu ananornuen ydactky OA, Tak Kak U TOT M JPYrOM COIEPIKAT TOJIBKO
conpoTuBiieHUs. Eciau yunThIBaTh, 4TO MO UX CONPOTUBICHUSAM (r]l U r2) MPOXOIUT OAMH U TOT XKe
Tok I, To muanu OA u BB (puc. 5) napamienbHsl.

Tax >ke moCTpOEHbI Ipyrue OTPEe3KHU MOTEHIUAIbHON AUarpaMMbl.

6. Beruncnenue Hanpsokenust UAJT .

[Ipu momoiy MOTEeHUMATBLHOW AMAarpaMMbl MM BEIWYMH MOTEHILMAJIOB TOYEK IEMH JIETKO
ONPEACINTD HANPSKEHUE MEXAY 3aJaHHbIMU TouKaMu. Tak, Harpumep,

.BUIDAAO13)8(5

OTO e HaNpsHDKEHUE MOXKHO OIPeNIeNIUTh IpauecKy, Kak MoKa3aHo Ha auarpamme (puc. 6,
otpe3ok AJl).

OTO e HaNpsHDKEHUE MOXKHO OIPeNIeNIUTh IpaMuecKy, Kak MoKa3aHo Ha auarpamme (puc. 6,
oTpe3ok A/]).

JlonoTHUTEIbHBIEC BONIPOCHI K 3a/1a4e

1. Kak moBnusieT Ha BUJ NOTEHLUMAJIbHOW IUarpaMmbl BBIOOp OPYrod TOUKH C HYJIEBBIM
NOTEHLHaIoM?

PazHocTH mOTEeHHMANOB (HAampsOKEHHWs) Ha ydyacTKaxX IeMM He M3MEHATCS, TaK Kak
OTIPEAEIAI0TCS TOJIBKO BEIMYMHAMH 3. JI. C., COMPOTUBIIEHUH U TOKa (HE 3aBUCST OT BHIOOpA TOUKU
HYJIEBOT'O MOTEHIUAJIA).

HeiictBurensHo, ecnu npuHATh = 0 (puc. 7), 4TO PaBHOCHUJIIBHO MEPEMEIICHUIO OCH T B
TouKyA(puc. 7, myHKTHpHas npsMas AA4"), TO NOTEHIMAJIBI BCEX TOYEK yMEHbIIaTcs Ha = 5 B, a
Pa3HOCTH MOTEHIIMAJIOB OCTaHYTCS MpeXHUMH. MTak, BBIOOp APYyroil TOUKH HYJIEBOIO MOTEHIHAIa
MIPOBOJIHUK MEPEMEILIEHUIO ocH . A A



2. MoxHo mm BbIOpaTh TOTCHIIMAN, PaBHBIA HYIO (3a3€MJIUTH), OJHOBPEMEHHO Y
HECKOJILKUX TOYEK LIEMn?

B obmeM ciygae moTeHIMam TOJIBKO OJHOW TOYKH MOYKHO BBIOpATh JIFOOBIM, B YACTHOCTH
paBHBIM HYJIIO (3a3€MJIUTH).

B namewm ciydae MoXHO, kpoMe TOYKHO, TakKe 3a3€MIIUTh TOUKY b, HE HapyIIUB PEKUM
uenu, tak kak noreHuuan = 0. Ilpu paBHBIX nmoTeHManax touekbu O MeXAy HUMH OTCYTCTBYET
HaNpsDKEHUE, a cIeloBaTeNIbHO, He OyJeT ToKa B Kopiyce npudopa uiu B 3emie. O A

3. 3MeHHUTCS 1M peXUM LIENH, €CIIU 3aMKHYTh IPOBOHUKOM Touku O u b (puc.5)? 17

Tak kak noreHuansl Touek O U b paBHBI, TO MeXy dTUMH ToukamH HamnpspbkeHue UOB = 0
u B mnpoBomHuke OB Toka He Oymer. CremoBarenbHO, MpoBogHUK Ob He BHeECET HHUKaKHUX
U3MEHEHUH B peXUM paboThl nenu. llomydeHHBIH pe3ynbTaT MOXKHO OOBSCHUTH nMHaue. [locie
BKJIFOYeHHUsT mpoBoaHuka Ob menb (puc.S) CTaHOBUTCS JIBYXKOHTYpHOH. TOKM BHEUTHUX BETBEH
IIPABOrO U JIEBOIO KOHTYpa PaBHbI (B 3TOM UUTATENIb MOXKET JIETKO YOEAUTHCS CaMOCTOSTENBHO) U
OJIMHAKOBO HAIpPaBJICHbl OTHOCUTENIBHO y3510BbIX Touek O u b. IIpu 3tom Tok B BeTBU Ob (puc.5)
paBeH Hymo (1-if 3akoH Kupxroda). 4. Kak BBEUMCINTH MOTCHIHUATIBI TPU PA3OMKHYTOM KItoue?
ITpu pazomknyTom kiroue K, (puc.5) Tox I = 0. [Ipu 3TOM MMeeM J1Ba HE3aMKHYTBIX YJ4acTKa IICTIH:
OABBI' u OAI'. IlpunuMas , nojty-4yaeM JAJisl IEPBOro ydacTKa: BelUMCIMM MOTEHIMANbl y4acTKa
OOl (puc.5):00BIrEBIrBEErIrBITBEBABOA2301855500002221111

Puc. 7 Ilo nomy4eHHBIM JaHHBIM Ha PUC. 7 IIOCTPOCHA MOTEHUMAIbHAS AUArpaMMa y4acTKa
OABBI'. AHamOrMyHO MOKHO IOCTPOHMTH MOTCHIMAIBHYIO auarpammy apyroit Betsu (OLI).
JuarpamMmbl 3TUX y4acTKOB HE3aBHUCHMBI JAPYT OT Apyra. Pe3ynbTaThl BBIUMCICHHMH MOKA3bIBAIOT,
YTO M3MEHEHHE NMOTEHLNAJIOB PAa30MKHYTOM LENU IMPOUCXOIUT TOJBKO B MECTax IJI€ BKIIIOUEHBI
ncrounnkd. BIrBEJJ AT O J1883'3

Puc. 8
5. Kak moBnusieT nuarpamMmma pa3oMKHYTOU IEMH.



Ha moTtenmuans: nenu (puc. 8) BKItoueHne Mexay Toukoit O u kopmycom ydactka OM?

VYuuTthIBas, 4TO B HE3aMKHYTOM yuyacTke 1enu OM (puc. 8) Toka HET U npuHUMasi 3. 1. ¢. E =
10 B, a notenuuan oM = 0, monyyaem:

BBEEKOMKI10 10

[Ipu pacuere nmorennuanoB 3amMmkHyToro koutypa OABJIO (puc. 8) cienyer cuutats = 10 B
BMECTO HYJs. B ocTaiib-HOM MOPSAIOK pacyeTa HUYEM HE OTIMYACTCS OT PACCMOTPEHHOIO B 3a/1aue.
[Torenumansl Bcex Touek yBenuyarcsa Ha 10 B. O

6. Kak ncrnonb3yroTcs Ha MpakTHUKE MOTEHIUATbHBIEC JUATPAMMBbI?

Ko MHOruM 3/1eKTPOHHBIM NPUOOpPaM, HCIOJIb3yeMbIM B PaIMOTeXHUKE, ABTOMATHKE,
TeXHHKe CBfI3H, NPHUIATCA TaO0JMUbl NMOTEHUHMAJIOB, KOTOpPble 00/1er4al0T MX PEeMOHT H
Hajgaaky. Takumu Ta0JauIlaMH, B YaCTHOCTH, cHa0xkaeTcst pacuetHoe 3ananue 1. IlocTpoeHue
NMOTEeHHAJIBHOM JUATPAMMBI.

IHopsiiok BbINOJIHEHHS PA0OTHI

1. HauepTtuth cxemy nemnu

2. BeruncauTh 3HaY€HUE IEKTPUUECKOTO TOKA.

3. PaccunTaTrh nmoteHumMan Kaxa0d TOYKU LENH .

4. IlocTpouTh MOTEHUUAIBHYIO JAMArpaMMYy LIEMH, BHIOMpaJl HAMpaBICHUS JIEKTPUUECKOTO
TOKA TI0 YaCOBOI CTPEJIKE U MPOTUBOIMOIOKHYIO.

5. PazomMkHyTh pyOMIBHUK P, 1 MOCTPOUTH MOTEHIIMATBHYIO IUArpaMMy JJIsi TOTO CIIydast

6. CocraBuTh 0amaHC MOIIHOCTEH
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KoHTpoiibHBIE BOTPOCHI

1. Kak moBmmsieT Ha BHJ MOTEHIIMAIBLHON AMArpaMMbl BBHIOOp IPYrod TOUYKH C HYJIEBBIM
oTeHLuanoM?

2. MoxHO nuM BbIOpaTh MOTEHIMAN, PaBHBIM HYIO (3a3eMJIUTh), OJHOBPEMEHHO Y
HECKOJBKHX TOYEK IIeTH?

3. I3MeHUTCA JIU PEXKUM LIeTH, €CIIU 3aMKHYTh MPOBOJIHUKOM TOYkHd O u b?

IIpakTuyeckasi pa6ora Ne 6
Tema 4. PaniuoHaau3upoBaHHbIe METOIbI 0011IeT0 PacyeTa 3JIeKTPUYECKHUX 1ereil.
O0cy:xneHne nucbMeHHbIX pedepaToB o TeMe «PanuoHaIM3MPOBAHHBIE METOAbI
00111er0 pacyera JJIeKTPUYECKUX LeneiD).
Leab padoThl: pacIMPUTh U CUCTEMAaTU3UPOBATh 3HAHUS 10 TEME.
Teopernyeckasi 4acTh:

Pemenue cuctemMbl ypaBHEHHUH 3JIEKTPUUYECKOTO COCTOSIHUSA y3JI0OB U KOHTYPOB, €CIH
KOJMYECTBO BETBEU B 3JIEKTPUUECKOM Lienu 0ojiee TpexX, CO3/1aeT U3BECTHBIE TPYAHOCTH.
YOpoCTUTh pacdeT CIOKHBIX ITEKTPUUECKUX LIeNeil BOBMOXKHO JBYMsI METOAMU:

HaJIOKEHUS (CYNMEepHO3UIIMN) U C TOMOIIBIO BCIIOMOTATEIIbHBIX HEU3BECTHBIX.

MeTo Hal0XEHUsI COCTOUT B MPEeJBAPUTEIbHBIX TPEe0Opa30BaAHUIX, TTO3BOJISIONIUX
CJIOXHYIO ICllb NPCACTABUTh HCCKOJIBKHUMHU IIPOCTBIMHU L CIIAMMU.

MeTo/ BCIOMOTaTENbHBIX HEU3BECTHBIX — KOHMYPHLIX MOKO8 UIIH V3/108bIX
NOMEHYUanNos, 3aKJIYAETC BO BBEJICHUU dTUX HEU3BECTHBIX B PACUETHI, YUCIO KOTOPHIX
CYILIECTBEHHO MEHBIIIEC YHCiia BEeTBEH B LIEIH.

MeToa HaJI0KEHHUS.

MeTtoa HanOXEHUS UCTOJb3yeTCs sl TMHEHHON cucTeMbl. [IpuHINI HATTOXKEHUS
3aKJIIOYAETCs B TOM, UTO €CJIM JIMHEHHAsl 1eNb MOABEPraeTcs BO3ACHCTBUIO HECKOIbKUX
MCTOYHHUKOB 3JC OJJTHOBPEMEHHO, TO peakius (TOK) IeNu Ha 3TU UCTOYHUKH PaBHA
anreOpandeckol cyMMe peakmuid (TOKOB) Ha KaXKJ0€ BO3JCHCTBHUE OTACIBHO.

MeToa KOHTYPHBIX TOKOB

B mMeTo/ie KOHTYpPHBIX TOKOB B KaUe€CTBE IPOMEXXYTOUHBIX IE€PEMEHHBIX BHIOMPAIOT TOKH,
3aMbIKalOMKecs B KaKJOM KOHTYpE U Ha3blBaeMble KOHTYpHbIMH (puc. 11). B aTom
ciydae YMCJIO ypaBHEHHH YMEHbIIAEeTCs 0 Yhcila He3aBUCUMBIX KOHTYPOB (siueek),
T. €. 10 K =B - (y-1). OueBuaHO, 3TOT MeTOA OyneT BeirojeH, koraa K < (y-1).

1. CpaBHeHue U BbIOOp METOJa pacueTa CI0XKHOM JIEKTPUUECKON LETH.
2. DIIeKTpUYECKHE CXEeMbl YPAaBHOBEIIEHHOI'0 U HEYPAaBHOBEIIEHHOI'0 MOCTa U
MCTI0Jb30BaHUE UX HA MPaKTHKE.
3. Meto KBUBAJIEHTHOI'O HCTOYHUKA M aHAJIM3 PEXKUMa B BETBH LIETH.
4. AAropuTMmbl pacyera 3JIEKTPUUYECKUX Lenel
ITpu pacueTre 2NEKTPUUECKUX LIENEH METOLOM KOHTYPHBIX TOKOB, CIEIYET
PYKOBOJACTBOBATHLCS CIEAYIOUIMMHU NPaBUIAMU:

1. Yucno KOHTYPHBIX TOKOB, 3aMbBIKAIOIIIUXCA YCPE3 KAXKIAYIO U3 BeTBefI, JOJIDKHO OBITH
MO BOSMOXHOCTHU MUHUMAJIbHBIM, T. €. CJICAYCT BI>I6I/IpaTI) TOJIBKO IMMPOCTBIC KOHTYPHI;
2. ITomoxutenbHbIC HalpaBJICHUA KOHTYPHBIX TOKOB MOKHO BLI6I/IpaTL MNpOU3BOJIbHO,

ayduie (yaoOHee) o 4acoBOM CTpeIKe.

Mertoa y3710BOTO HAIIPSIKEHUS

Ecnu pa3BeTBieHHAas 1[elb UMEET TOJIBKO JBa y3J1a I MyTeM HECIOXKHBIX
npeoOpa3oBaHU MOXKET ObITh NMPHUBEJCHA K IBYM y3JIaM, TO aHAJIU3 TaKUX I[enel BeayT
METOJOM JBYX y3JIOB, KOTOPBIA HA3BIBAKOT MEMOOOM Y3108020 HANPANCCHUSL.

Jlng mony4yeHus pacuyeTHOTO ypaBHEHUs cxeMbl puc. 11, a 3agaauMcs HampaBiIeHUEM TOKOB
B BETBSX.

CorjaacHO y3J0BOMY YPaBHEHHIO JICKTPHYECKOTO COCTOSIHUS, CYMMa TOKOB B BETBSX,
CXOJISIIUXCS B y3JIe 2, TOJDKHA OBITh paBHA HYMIO: |1- |2 + 13 =0



[Tonb3ysich ypaBHEHHEM 3JIEKTPUUECKOTO COCTOSIHUS BETBU AJIEKTPUUYECKOH 1ENH U
nosioxkuB V1=0, Haligem pa3HOCTh MOoTeHIUaN0B V2 — V2 mis mepBoi BETBU, PaBHYIO
HaMNpsKEHUIO

Uz = E1 — Ryl1Pemas ypaBHeHHe OTHOCUTENBHO TOKa |1, MOJIyduM

l1= (E1- U21)/ Ri=(E1- U21)G

20e G=1/ Ry- npoBOAUMOCTE IIEPBOl BETBHU.

Mertobl aHanM3a peKMMOB OTAEIBHON BETBU WJIM YACTU JIEKTPUYECKON LIETTH

B npakTuke BO3HUKAaeT HEOOXOIUMOCTh UCCIEIOBATH PEKUMBI OT/IEIbHBIX YY4aCTKOB
WJIM BETBEU CXEMBI MPU U3MEHEHUHU WX MMapaMeTpPOB UM MapaMeTpoOB HA APYrUX ydyacTKax
(BETBSIX) CXEMBbI, BBIOpAaTh ONTHUMAJIbHBIE PEKUMBI UX pabOThI, HAPUMED MPH
MaKCUMaJbHOW MOIIHOCTH, 3aIaHHOM KOA(Q(PUIIMEeHTE MOJIEe3HOTO NCHCTBUS, TOTYUYCHUH
JUHEWHOCTH U CTAOUIIBHOCTU XapPaKTEPUCTUKH MPHU U3MEHEHHUHU PEKUMOB UCTOUHUKA
NUTAHUA U JAP.

Bo3zneiicTBue cii0KHOW aKTUBHOM 3JICKTPUUECKOMN 1enH (aKTUBHOTO JBYXIIOJIOCHHUKA) HA
HCCIIeyeMYI0 BETBb MOXHO 3aMEHUTh BO3JEHCTBUEM MOCIEI0BATEIbHO COCTUHEHHBIX 3/IC
Es u ero BHyTpeHHero conpotupieHus RBs.

Bomnpockl, BBIHOCMMBbIE HA CEMUHAP:
1. CpaBHeHHUE U BBIOOp METO/Ia pacueTa CI0KHOU IIEKTPUIECKOHN I[ETIH.
2. DJAeKTpUYECKHEe CXEMbl YPABHOBEIIEHHOTO U HEYPaBHOBEIIEHHOTO MOCTa U
HCIIOJIb30BAHUE UX HA MPAKTHUKE.
3. MeToa 5KBUBAJIEHTHOTO UCTOYHUKA U aHAJIU3 PEKUMa B BETBU IETH.
4. Anroputmsbl pacyera 3JIEKTPUUYECKUX Lenel

IIpakTuyeckas padora Ne 7

Tema 6. Henuneiinble 3j1eKTpUYecKHe LHelH MPH NOCTOSTHHOM TOKe W HANPSKeHH .

HccaenoBanue HeJIMHEMHBIX JIEKTPHYECKUX Lenei

Lear pa0oThl: M3ydeHHE HEIMHEHHBIX AJIEMEHTOB 3JIEKTPHUUYECKUX Iierell Ha IMpumepe
JamIbl HAKaJUBaHUS, MOJYyYEHUE BOJIbTAMIIEPHBIX XapaKTEPUCTUK U O3HAKOMIJIEHHE C METOJlaMu
pacuera.
IlepeyeHb HCNOIB3YeMOro 000py10BaAHUS

1.BoasT™MeTp MaruuToanekTpuueckoit cucreMel O—150 B—1 mr.

2. AMIIepMETp MarHuTo3JeKTpruieckor cucrembl 0—3 A—1 mr.

3. MunnmamnepMerp MarauToanekTpuyeckont cucremsl 0—500 MA — 1 .
4. Jlammer HakanmuBanug 110 B, 25 Br; 110 B, 40 Bt — 2 mr.

5. HcTounuk nocrossHHOro Toka 115 B.

TeopeTuyeckas 4acTh:

B anexTpuueckue Lenu MOTYT BXOJIUTH JIEMEHTHI, COIPOTUBIIEHHUS KOTOPBIX HE SIBIISIFOTCS
MOCTOSTHHOW BEJIMYMHOM, a 3aBUCAT OT BEJIWYUHBI MPUIIOKEHHOTO HANPSDKEHUS M BO3HMKAIOIIETO
TOKa. B Takux sjeMeHTax TOK HE HaXOAWTCA B NPSIMOW IMPONOPLUOHAIBHOM 3aBUCUMOCTH .OT
HANPSDKEHUS. DTU AJIEMEHTHI Ha3bIBAIOTCSI HEMTMHEHHBIMU. DJIEKTPUUECKUE LIENH, COJEpKAIINE XOTH
Obl OZIMH HEJIMHEHHBIN IeMEHT, Ha3bIBAIOTCS HETMHEWHBIMU 3JIEKTPUYECKUMHU LIETISIMU.

OCHOBHON XapaKTepUCTUKOW HEIMHEMHBIX 3JEMEHTOB, IO KOTOpPOM CyasiT o0 ux
AIIEKTPUUYECKUX CBOIMCTBAX, SIBISETCS 3aBUCUMOCTh B HUX TOKa | OT BeIMUMHBI HanpspkeHus V. Ota
3aBUCHMOCTh Ha3bIBaeTCs BOJbTaMIepHOi xapaktepuctukoi |=f(U); ona He Moxer OBITh
YCTaHOBJIEHA TEOPETUUYECKU U ONPEIENSIETCS SKCIIEPUMEHTAIIBHO.

DnekTpuueckas JiaMIla HaKalMBaHHS HMeEeT BOJb(PaMOBYIO HHTb B BHJE CIHPAIU C
BBIBOJAMU K IIOKOJIIO, KOTOPBIH HAXOAMUTCS B CTEKISHHOM OamsioHe. VM3MeHeHHe BeTUYMHBI
HANpPSDKEHUsS, MPUIOKEHHOTO K JIaMIle, MPUBOAUT K M3MEHEHHIO TOKa M TeMIlepaTypbl Harpena
HUTH, MOITOMY CONPOTUBIIEHHE JIaMIbl HU3MEHseTcd. BonbTammepHas XapaKTepUCTHKA JIaMIIBI
HakanuBanus |=f(U)moka3ana Ha puc. 8.
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Pacyer HeNMHEWHBIX SJCKTPUUECKUX IIETICH OOBIYHO BBIMONHSIECTCS TpadHUecKH.
[Ipu rpadmyeckoM MeToje pacyeTa HEPA3BETBICHHOMN AIEKTPUUYECKON 1IeTH C OJHUM (puc.
9) wnu aByMs MOCIEI0BATEIbHO COSMHEHHBIMU HEIMHEHHBIMH 3JIEMEHTAMH HaKaJIHMBaHUS
JI1nJI2 (puc. 10) mocrynmarot ciaexyromum oopa3zom. Ha rpaduke (puc. 11) BeruepumBaror
BOJIbTAMIIEpHbIE XapakrepucTuku Kaxmou jammsl: 11=f(U1) u 1,=f(U2)./]ns mocrpoenus
o011eil BOJIbTaMIIEPHOM XapaKTepUCTUKU
Ha/I0: BBHIOpaTh MPOM3BOJIbHOE 3HaueHHe Toka | Ha ocu opaunat (orpe3ok OA1'}); HalTH
TOYkM A' 1 A" Ha BOJIBTAMIEPHBIX XapaKTEPUCTUKAX JaMIl, MPOBEId udepe3 TOUKYA' Mpsmyro,
napajieNIbHyl0 OCH a0CIUCC; CIOXHB aOCIHCChl 3TUX TOYEK,HAUTH TOUKY A, NMPUHHUMAs ApPYyrue
3HaueHus: TokoB |2 ul3; amamormyHo mosrydaeM Touku B u C, depe3 KOTOpBIE MPOXOIUT O0Imast
BOJIbTaMIIEpPHAs XapaKTePUCTHKA.
Pacuer pa3BeTBIIEHHOW SJIEKTPUYECKOW IEMU C JIBYMs HapaJIeNbHO COEJAWHEHHBIMH JIAMIIAMH
HakasmBaHusaJIl m JI2 (puc. 12) Bemonastor Tak. CHauvana Ha rtpaduke (puc. 13) crpost
BonbTamrepubie  xapakrepuctuku samn  11=f(U;) u 1,=f(U2). [Ins mnoctpoenust oOrei
BOJIbTAMIIEPHON XapaKTEPUCTHKU HAJ0: BhIOpaTh MPOM3BOJIBHOE 3HaueHUe HampsokeHus UjiHa ocu
abcuucce (orpe3ok OAj'); yepe3 TOUKy A1’ HPOBECTH MpPSIMYI0, HapalieIbHYIO OCH OpAUHAT, U
HalTH TOYKK A’ 1 A" Ha BOJBTAMIEPHBIX XapaKTEPUCTUKAX JIAMIT U CIIOKUB OPJIMHATHI 3TUX TOYEK,
HaliTh Touky A. [IpuHumas apyrue 3HadeHus HanpspkeHui |21 |3, aHanorudHo noayyaem Touku B u
C, yepe3 KOTOpbIE MPOXOIUT OOIIast BOJIbTAMIIEPHAs XapaKTEPUCTHKA.
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Md MY 15 RIAR BA e

Xoa padoTsl

1 Cobpatb cxemy 1o puc. 9 ¢ namnoi 25 BT u 1aTh NpoBepHUTH €€ NpenoaaBaTeo.

2. BxirounTh cxemy B 3JIEKTPUUECKYIO CETh.

3. Usmensas nanpspokenue ot 0 mo 110 B, CHATH BONBTaMIIEPHYIO XapaKTEPHUCTUKY
namnsbl (5—6 touek). [lokazanust mpudbopos 3anucath B Ta0M. 1.

4, CobOpates cxemy mo puc. 9 c¢ nammoid 40 BT u CHATH ee BOJIbTaAMIIEPHYIO
XapaKTepUCTUKY aHAJIOTMYHO II. 3.

5. [ToacunTaTh CONPOTUBIIEHHUE JIAMIT U 3aKcaTh B Ta0. 1.

6. Cobpats cxemy 1o puc. 10 ¢ mocinenoBaTebHBIM coeauHeHueM jamn 25 u 40 Bt u
JIaTh MIPOBEPUTH €€ MPEIO01aBaTENIO.

7. BxirounTh cXeMy B CETb.

8. Wzmenss vanpspxerue ot 0 1o 110 B, cHATH BOJIbTaMIEpHYIO XapaKTEPUCTUKY (5—6

Touek). [lokazanus npubopos 3anucars B Ta0II. 2.
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9. CoOparts cxemy 1o puc. 12 ¢ mapamenbHbM coequHerneM jJamm 25 u 40 Bt u
JaTh MPOBEPUTH €€ MPEIo1aBaTeNo.
10.  BKJIIOYHTBH CXEMY B CETh.
11. N3mensis nanpspkenue ot 0 1o 110 B, cHATH BoJIbTaMIIEpHYIO XapaKTEPUCTUKY
(5—6 Touek). [Tokazanus mpuOOPOB 3amKcarh B Ta0II. 2.
12.  Ilo manHpIM TabOJ1. 1 MOCTPOHUTH HA OJHOM TrpadyKe BOJIbTAMIICPHBIE
xapakrepuctuku jami 25 u 40 Br.
13.  Haostom xe rpaduxe, cyMmMupys BoJIbTaMIIEPHBIE XapaKTEPUCTUKH

[IOCJIE0BATENBHO COEIMHEHHBIX JIAMII, [IOCTPOUTH UX OOLIYIO XapaKTePUCTUKY. Pe3ynbratel
U3MEpPEHUH, MOyYeHHBIE B 1. §, CPABHUTH C IPa)UIeCKUM PaCUETOM.

14.  Tlo manHpIM TalOJ1. 1 MOCTPOUTH HA OJHOM TrpadUKe BOJIbTAMIICPHBIE
xapakrepuctuku jami 25 u 40 Br.
15.  Ha srowm, xe rpaduke, cyMMHUpYs BOJIbTaMIIEPHbIE XapaKTEPUCTUKH MapaJuIeIbHO

COCIMHEHHBIX JIAMII, TIOCTPOUTH HMX OOIIYI0 BOJIETAMIIEPHYIO XapaKTEPHCTUKY. Pe3ynbTaTs
U3MEPEHUH, OJydeHHbIC B 1. 11, cpaBHUTH ¢ rpaUYeCcKUM pacyeToM.
16.  Cnenatb BBIBOABI IO paboTe.

17.  OtBeTuTh Ha BOMPOCHI

1 [ToueMy namMIIbl HAKATUBAHUS HA3BIBAIOTCS HEJIMHCHHBIMH 3JICMCHTAMU
ANEKTPUYUCCKOM 1iernu?

2. Kakumu mapameTpaMu XapakTepu3yeTcs HeIMHEeWHAs DJICKTPUIeCKas 1eTb?

3. Yro Ha3BIBAIOT BOJIBTAMIICPHON XapaKTEPUCTUKOM JIeMEHTA
ANEKTPUUECKON 1eTH?

4, Kak BbImonHsiercs rpagudeckuii METO pacyeTa pu MOCIeI0BaTEIIbHOM
COCTMHEHUH JIAMIT HaKaJTHBaHUS?

5. Kak BbImonHsieTcs rpadgudeckuii METO1 pacyeTa npy napaieIbHOM

COCAMHCHWH JIaMIT HaKaJIMBaHU

IIpakTnyeckas padora Ne 8

Tema 8. Pacuer MarHuTHOI Iemu.

HccnenoBanue MAarHMTHBIX CBOMCTB CTAJH

Ienp padoThI: U3yyeHUE METOAOB PACUETA MATHUTHBIX LIETIEH.
Ilepeyennb ucnoJib3yemMoro o00pyaoBaHus
Karymka nHgykTuBHOCTH —1 IIT.
MarautonpoBoA U3 3JIEKTPOTEXHUYECKOM cTanu—1I1 mrT.
Bonbsr™merp marauToanektpuueckoit cucreMel O—150 B—1 mr.
AMIiepMeTp MarHuTo3aeKTpuieckor cucrembl O—3 A — 1 mr.
ITepemennsiit pezucrop 50 Om, 3 A — 1 .
HcTouyHUK MUTaHMs MOCTOSHHOTO ToKa (peryaupyemslii) 120 B
Teoperuyeckas 4acThb:

OCHOBHBIMU XapaKTEPUCTUKAMH MarHUTHOTO TOJIS SIBJISIFOTCS. MAarHUTHAS! MHAYKLUSA,
MarHUTHBIN IOTOK, MAarHUTHAsI IPOHULIAEMOCTD U HANPSY)KEHHOCTh MarHUTHOT'O MOJIS.

MaruuTtHas UHAYKINS U MarHUTHBIN TOTOK. IHTEHCMBHOCTH MarHUTHOTO MOJIS, T.
€.CIIOCOOHOCTD €ro MPOU3BOAUTH PAOOTY, ONPEEIIAETCS BETMUNHON, Ha3bIBAEMON MarHUTHOM
UHAYKIMEeH. YeM cuiibHee MarHUTHOE M0JIe, CO3/IaHHO€ MOCTOSIHHBIM MarHUTOM WU
AIIEKTPOMArHUTOM, TeM OOJIBIIYI0 MHIYKIIMIO OHO MMeeT. MarHuTHYIO HHAYKIHIO B MOXXHO
XapaKTepU30BaTh MNIOTHOCTHIO CUIIOBBIX MArHUTHBIX JIMHUMN, T. €. YHCIOM CHUIJIOBBIX JTHHUMH,
IPOXOJAIIMX Yyepe3 miomans | M2 win 1 cM2, pacnonokeHHY0 NEPIEHINKYIISIPHO MATHUTHOMY

SahkhwdpE



noJtro. PaznmuyaroT oTHOPOIHBIE M HEOTHOPOIHBIE MAaTHUTHBIC TI0JIA. B 0THOpOAHOM MarHUTHOM
M10JIE MATHUTHAS UHIYKLUS B KQXJI0W TOUYKE MOJISI UMEET OJMHAKOBOE 3HAUCHUE U HAIIpaBJICHUE.
OIHOPOIHBIM MOXKET CUMTATHCS T0JI€ B BO3AYIITHOM 3a30P€ MEXTY Pa3HOMMEHHBIMU TIOJIFOCAMH
MarHuTa WiM 3J1eKTpoMaruura (cM.puc.36) npu HEKOTOPOM YAAJIEHUU OT €ro KpaeB. MarHUTHBIN
moToK @, MPOXOAIINI Yepe3 KaKyo-Tu00 MOBEPXHOCTb, ONPEACIACTC OOIIUM YUCIOM
MarHUTHBIX CHUJIOBBIX JIMHUH, MPOHU3BIBAIOIINX 3Ty MOBEPXHOCTh, HanpuMep Katymky 1 (puc. 37,
a), ClIeJI0OBaTEIbHO, B OJHOPOJHOM MarHuTHOM mojie @ = BS

Wnu BenuunHON MarauTHOM nHAyKIuK B= ®/S, rae MmaruutHbil oTok, BO; B- MaruuTHast
unykiws, Tir; S-cedenne Marnuronpososa , M>; s=ab (puc. 16).

MarnuTHas UHIYKIUS U HAIPSKEHHOCTh MAarHUTHOTO TOJISl CBSI3aHbl COOTHOILIEHUEM B =
UqaH, rne H- HanpsbkeHHOCTh MAarHUTHOTO TOJIs, A/M; [U,-a0CONMIOTHAS MAarHUTHAS MPOHUIIAEMOCTb.

3akoH nonHoro Toka | =H I, tre |, -JUIMHA CPE/IHEH MArHUTHOM JIMHUM, M; (® — YUCIIO
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BUTKOB KaTywku; | —Tok B kaTymike, A. Otcroaa

il
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CrnenoBatenbHO, B Cpefie ¢ HEM3MEHHON MarHUTHON IPOHUI[AEMOCTBIO UHAYKIIHS
MarHUTHOTO TOJIS MPOMOPIMOHAIBHA €r0 HAPSHXKEHHOCTH.
HanpspkeHHOCTh MAarHUTHOTO TIOJISE U3MEPSIETCS B aMIiepax Ha MeTp (A/M) uiu aMmriepax Ha
cantumetp (A/cm).

fl
T

MarauTHoe 1moJie 3T0 MaTepusi, KOTOpas BO3HUKAET BOKPYI HICTOYHUKOB DJIEKTPUYECKOTO
TOKA, a TAK)K€ BOKPYT IMOCTOSHHBIX MarHUTOB. B IpoCTpaHCTBE MarHUTHOE 10JIe 0TOOpa)xaeTcs Kak
COBOKYIIJICHHE CHJI, KOTOpbIE CIIOCOOHBI OKa3aTh BO3ACHCTBUE Ha HAMarHUYEHHBbIE Tesla. ITO
neiicTBrE OOBSICHSIETCA HATMUMEM JIBIDKYIIHUX Pa3psI0B HA MOJIEKYJISIPHOM YPOBHE.
MarnuTHOe 1nosie GopMHPYETCs TOJIBKO BOKPYT JIEKTPUUECKUX 3apsAI0B, KOTOPhIe HAXOISATCS B
JBWKEHUH. IMEHHO ITO3TOMY MarHMTHOE M 3JIEKTPUYECKOE I0JIE SIBISAIOTCS, HEOTHEMIIEMBIMU U
BMecTe (OPMUPYIOT d1eKmpomazhumHoe noie. KOMnoHeHThl MarHUTHOTO T0JIsl B3aUMOCBSI3aHbI U
BO3JICUCTBYIOT JIPYT Ha JAPYra, U3MEHsSA CBOU CBOMCTBA.

CBoiicTBa MATHUTHOIO I1OJISL:
1. MarauTHO€E 110Jie BOZHMKAET MOJT BO3JAEHCTBUE ABMKYIIUX 3aPSAIOB JICKTPUUECKOTO TOKA.
2. B mo00ii cBOel TOUKE MarHUTHOE MOJIE XapaKTepU3yeTcs BEKTOPOM (PU3UUECKON BEIMUMHBI MTO]T
HA3BaHUEM MACHUMHAS UHOYKYUs, KOTOpAs SIBJISIETCS CUIIOBOM XapaKTEpPUCTUKON MarHUTHOTO TOJISL.
3. MarHuTHOE 110JIe MOKET BO3AEHCTBOBATh TOJIbKO HA MarHUTHI, HA TOKOIPOBOISALINE IPOBOJHUKU



Y JIBHOKYILIUECS 3apSJIbl.
4. MarauTHOE T0JIe MOXET OBITh MMOCTOSIHHOTO U MIEPEMEHHOTO THIIa
5. MarauTtHoe moJjie U3MePsETCs TONIBKO CHEIUATBLHBIMHU MPUOOPAMH U HE MOXKET OBITh
BOCIIPUHSTHIM OpPraHaMU YyBCTB YEJIOBEKA.
6. MarauTHOE 1OJIs SIBJISIETCS AJIEKTPOJMHAMUYECKUM, TaK KaK MOPOKIAETCS TOJIbKO P ABUKCHUHU
3apsKEHHBIX YaCTHULl U OKA3bIBAET BIUSHUE TOJIBKO HA 3aps/ibl, KOTOPHIE HAXOASTCS B IBUKECHUH.
MarauTHOM nenpo (WJIM MarHUTOIIPOBOIOM) HAa3bIBACTCS MYTh, 10 KOTOPOMY 3aMbIKAeTCS
MarHUTHBIN MOTOK.

Xon padoThl

1 Cobparts cxemy 1o puc. 18 u mokaszarh ee AJis1 MPOBEPKU MPENOAABATEIIIO.

2. VYcraHOBUTH 3aJaHHBIC MIPENO/IaBATENIEM HAIMPSHKEHUE U TOK IEPEMEHHBIM
pPE3UCTOPOM

3. [ToacunTaTh YMCI0 BUTKOB KATYIIKU @, UTMHY CPEIHEH MAarHUTHOM JIMHUH |cp u
Ce4eHHEe MarHUTOIPOBO/A S.

4, 3aHecTy B TAOIUITY pe3yabTaThl U3MEPEHUIN U BBIYUCIICHHM.

5. Onpenenutb BEIUYUHY HAPsXKEHHOCTH MarHuTHOro nosist H. 1o kpuBoit

HaMarHUYUBaHU ONPEACTUTh BEIMYMHY MArHUTHOW MHAYKIIMH B 1 MOACYNTAaTh MArHUTHBIN MOTOK
B MarHUTONPOBOJE. Pe3ynbTaTel pacueToB 3anucaTh B TAOJIUILY.
6. Cnenatp BBIBOJIBI IO paboTe
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CT/1.TH HErONTiora moToIl 8 HAarinToopo
B2
TaOnuna
HNsmepeno Boruncneno
Toxk I, A
IIMHA
HaIps)KEHUE [UUCIIO0 BUTKOB|CPEIHEN H,A/m | B, Tn ®. B6
u,B 0] MarHUTHOU

6. OTBEeTHUTH Ha BOMPOCHL:
1. Yro Ha3pIBae€TCs MAarHUTHOM MPOHUIIAEMOCTHIO?
2. Ot 4ero 3aBUCHUT BEJIMIMHA MAaTHUTHON MHIYKITUU B?
3. Kak mpakTudecku onpeaeuTh BeIMYUHY MATHUTHOTO MMOTOKA B MAarHUTOIIPOBOJIE MPU
MIPOXOKJCHUH TOKA B KaTyIIKe?
4. ]lns 4ero HY>KHO OMpeNesaTh BeNnunHy H — HanpsyKeHHOCTh MAarHUTHOTO TOJISI IPU
pacdere MarHUTHBIX TeTei?

5. Urto nmoka3bIBaeT KpuBasi HAMAarHUYMWBAHUS CTAIIN?

6. Kaxoa pazHuiia Mexay GeppoMarHUTHBIMU, TApAMarHUTHBIME U JJHaMarHATHBIMH
TenaMu?

7. Kak onpenienuth HampaBlIeHHEe MarHUTHOTO TTOTOKA B MAarHUTOIIPOBO/IE 110 CXEME Ha PHC.
187

IIpakTnyeckas padora Ne 9.
Tema 9. IlapameTpbl NEpeMEHHOI0 TOKA U HANIPSIKEHU .
OO0cy:xaeHne nUCbLMEHHBIX peepaToB 1o Teme «IlapameTpbl nepeMeHHOro TOKa 1



HAINPSKEHUsD.
Llesan padoThI: pacIIMPUTh U CUCTEMATU3UPOBATh 3HAHUS 00 IeKTPHYECKHUX H
MArHMTHBIX LensX.

TeopeTuyeckasi 4acTh:

[lepeMeHHBIN AIEKTPUYECKHI TOK MO CPaBHEHUIO C MOCTOSIHHBIM HMEET OO0JbIIoe
IIPEeUMyLIECTBO B ObITY W Ha Npou3BoACTBe. [IpenMylecTBO NEpPEeMEHHOro ToKa
00yCJIOBJIEHO B IEPBYIO OYepeab B TOM, YTO HANPSHKCHHE W CHIIy TOKAa MOXHO B OYEHb
MIUPOKHUX TpeJenax npeoopa3oBeiBaTh (TpaHCHOPMHUPOBATH) IMOYTH O€3 MOTEPb SHEPTHUH U
nepeaaBaTth Ha OONbIINE paccTOsHUSA. VIMEHHO MOATOMY NEPEMEHHBIM TOK W HAIpsLKEHHE
LIMPOKO NPUMEHSETCS B IPOMBIIUICHHOCTH.

B npompliuieHHOCTH (Ha 3JIEKTPOCTAHLMAX) I[EPEMEHHBIA 3JIEKTPUUECKUN TOK
BbIpa0aThIBAETCSl T'€HEPATOPAMHU IEPEMEHHOI0 TOKAa, B KOTOPBIX MCIIOJIB3YETCS SIBJICHHE
JJIEKTPOMAarHUTHOM HMHAyKUuU. [IpocTeiimas cxema IONy4eHHs IIEPEMEHHOIO TOKAa U
HaIpPsDKEHUS NTOKa3aHa Ha puUc.7:
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(llu)_l KNUSHOCINL,
2) emauvnon
CEPACUHUK,

3) nposotounas
pana,

4} moROCHENNUR;

3 avexmponpueed,
0) soasmMenp

Puc.9.1

[IpoBonoyHast pamka (BUTOK) BpallaeTcs B OAHOPOJHOM MarHHUTHOM IOTOKE C MOCTOSHHOMN
CKOPOCTBIO. M3MEHEHMsI MPOXOJSALIEr0 4Yepe3 MOBEPXHOCTh paMKM (BUTKA) MAarHUTHOIO IMOTOKa
OyIeT MPOUCXOAUTh HETPEPHIBHO, MPU STOM MOTOK CO3/aBAEMbIN 3JIEKTPOMAarHUTOM (MHAYKTUBHOM
KaTyIIKOW W CTaJbHBIM CEPIICYHUKOM), Oy/IeT ocTaBaTbcs HEM3MEHHBIM. B pamke BozHukaer D/[C
WHAYKIHH, KOTOPYIO U3MEPSET BOILTMETP.

JUig HarysggHOro yOEKJIEHHUsSI pacCMOTPUM IOJIOKEHUS PAMKHU B pa3HbIe MOMEHTbI BPEMEHU
Ha Puc. 8. B nauanpHbiii MOMeHT (Puc. 8, @) mimockocTh paMKu TEpHEHINKYISpHA MarHUTHBIM
JIMHUSM, COOTBETCTBEHHO MAarHUTHBIA MOTOK Yepe3 paMKy MaKCHUMalleH, Yyepe3 4YEeTBEpPTh MepHoaa
(Puc. 8,6) pamka pacmoso)keHa MapajijiellbHO MarHUTHBIM JIMHUSM M MarHUTHBIM MOTOK pPaBeH
HYJIIO:

Ho O/IC unaykuus omnpenensiercss He CaMHM IIOTOKOM, a CKOPOCTBIO €r0 HM3MEHEHHs, B
nepBoMm monioxkeHun pamku (Puc. 8, a) DJC Oymer paBHa 0, a COOTBETCTBEHHO B TPEThEM
nonoxenun (Puc. 8,6) DJIC unaykuum OyneT UMeTh MakcHManbHOe 3HaueHue. Ilpu apyrux
3HaueHusX DJIC WHIYKIIMN MEHSET TakKe CBOE 3HAUCHHE U 3HAK, T.€. Oy/IeT MepeMeHHOM.

Toxk, Bo3HMKaromuil B pamke noa aeiicreuemM DJIC MHAYKIUY, C TEUCHHUEM BpeMeHHU OyneT
n3MeHaTbed Kak 1 cama DJIC. Takoii Tok Ha3pIBaeTCS NMepeMeHHbIM CHHYCOHAATBHBIM TOKOM.
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Puc. 8
[IpomexxyToK BpeMeHH, B TEUEHHE KOTOPOTO TOK COBEpIIACT OJHO MOJHOE KosiebaHue (OauH
000poT), Ha3bIBaeTCs MEPHOAOM IepeMeHHoro Toka. Ilepmon koneGanust o6o3HadaroT 7, YUCIIO
koneOanmii 3a 1 cek. HaswpiBaroT wacToTod TOka M oOo3Hauaercs OykBoii f. Exuuunedt 4acToTs
0603HavaroT B repuax (I'm):
f=UT wum T = UA.
3aMeTHM, 4TO B Halllell cTpaHe M B OOJBIIMHCTBE JAPYIMX CTPaH B IPOMBIIIJIEHHOCTH U B OBITY
IPUMEHSIIOT IEpEMEHHBIN TOK ¢ yactoToi 50 I'i.
Hanpuwmep, ecnu reneparop Bpaiaercsa co ckopoctsio 3000 06opoToB B MuHyTy (60 cek.), 1 UMeeT
oauH noitoc (Puc. 7), To Torna:
f=3000/60 =50 I'y.
YpaBHeHus U rpapMKu CHHYCOMIAIbHBIX BeJIMYUH
PaccmoTpum Gosiee moapoOHO aHANIU3 3IEKTPUUYECKUX LIeneil MepeMEHHOI0 TOKa CUHYCOUAAIbHBIX
BEJINYHH C TIOMOIIBIO YPaBHEHUI U TpaHKOB.
B nro60ii Touke BO3IYIIHOIO 3a30pa, MOJI0KEHUE KOTOPOM OIpeaesseTcst yrioM 3, OTYUTAHHBIM OT
HEUTpaJbHOW IUIOCKOCTH (HEMTpanu) MpOTUB JBUKEHHUS YAaCOBOM CTPEJIKH, MarHUTHAs MHAYKLHS
BBIPAXKAECTCsl YPABHEHUEM:
B = Bpysinf, coe

B — maruuTHas MHIYKUUS; By — amMmuinTyaHas (HanOosbIuas BeIMYMHA) MAarHUTHON
MHAYKINY; Sinf} — yroj MarHuTHOTO TOJISL.
HelTpanpHas mIIOCKOCTh NEPIEHIUKYIIAPHA OCU IIOJIOCOB U I€JIUT MarHUTHYIO CUCTEMY Ha
CUMMETPUYHBIE YaCTH, U3 KOTOPBIX OJ[HA YCIIOBHO CEBEpHasi, a Apyras — rokHas. Hanbonbiryro
BeNMnuMHY (cM. Puc. 9) MarHuTHast HHAYKIUS UMEET M0/ CEPEAMHOM MOJII0COB, T.€. IpHU yriax f =
900 u  =2700, a na Heiitpamu = 00 u B = 1800 MarHuTHAS HHIYKINS PaBHA HYIIO.
[TpuBeneM XxapakTEpUCTUKHU U ONPEEIICHNS CHHYCOUAAIBHBIX BEIMUUH K cMHycouanbHon J/1C:

MrhoBeHHasi BequuuHa (win MraoBeHHoe 3Hadenue) DJIC (e) — Bemmumna DJIC B
paccMaTpuBaeMblii MOMEHT BpeMeHU. MruoBeHHoe D/IC onpeaensercss ypaBHEHUEM:

e=Emsin (ot £ y)

IIPY NTO/ICTAHOBKE B HETO BPEMEHHU t, IPOIIEIIEro OT Hayaula OTYeTa 10 JaHHOTO MOMEHTA.

AMnuntyaa Em — nanbospluas BelMynuHa, KOTopyto npuHumaetr J/]C B TeueHuu nepuoja.
AMIIIUTYZA SBISETCS OAHOM U3 MIHOBEHHBIX BEJIIMYMH, KOTOpasi COOTBETCTBYET apryMeHTy ot £,
paBHomy kxr + 900, rie K ro0oe 11e510e 9uceio wim Hylb.

®a3a (dazoBerit yron ot y) — aprymenT cunycoupanbHo JJ[C, OTYMTHIBAGMBIA OT
Onxaiiiel nmpenmectBytonieil Touku nepexonaa 3/C yepe3 Hyllb K MOJI0KHUTEIBHOMY 3HAaYEHHIO.
@aza B 1000 MOMEHT BpPEMEHHM ONpEAENseT CTagul0 TapMOHHUYECKOIO H3MEHEHHS
cunycounaansHoit DJ1C.
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Puc. 9

Hauansnasn ¢aza y — ¢paza cunycoudanvroti 3/C 6 HauanvbHbulll MOMEHM 8PEMEHU.
Cosuz no ¢haze — 0ge cunycoudanvhvie 8eIULUHDL, UMeEIOUUE PA3HbIE HAYAIbHBLE (a3bl.
YrioBasi yactora @, (WM yrioBas CKOPOCTb) — YroJl TOBOPOTa (0)) TeHepaTopa B e/I.
BpemenH (t).
3a Bpems oHOTO neproja 7' yroj moBOpoTa poTopa paBeH 27 B paJiMaHax, CIe0BaTeNbHO:
o =a/t =2x/T = 2n/f.
MomHocTh nepeMeHHOro Toka. OCHOBHOW BETMYUHOM MPH SJIEKTPUUECKUX pacdyeTax
SIBIISICTCS CPEIIHSS, HJIM aKTUBHAS, MOIITHOCTh. Ee MOoACYUTHIBAIOT 110 hopMyIIe:
P.=14Ugcospem
raely - dbasHoe 3HaYeHHeE TOKA, a;
Uy~ pa3Hoe 3HauUEHME HAIPSKEHUS, 6,
@-yrou ciaBura (a3 Mex1y TOKOM U HaIlPsHDKEHUEM.
[Ipu paBHOMEpHOI Harpy3ke Tpex(a3zHOW CUCTEMBI MOILITHOCTh, TOTpebIsieMas Kaxa0i
¢azoii, 0/MHAKOBA, TO3TOMY MOIITHOCTh BCEX Tpex (a3
P.=3l4Ugcosp Bm
AKTHBHYIO MOIIIHOCTH TPeX(a3HOT0 MePEMEHHOTO TOKA IMPU COCTUHCHHUH 3BE3J0U 1
TPEYrOJIHLHUKOM OIpPENesIoT o hopmyre
P,=1,731,U,cosp em

ITousitue o cos ¢ u MepsI ero ypeiaundeHusi. KpoMe akTMBHOM, B JIEKTPUYECKON LIENN
CYILIECTBYET PEAKTUBHAS MOILIHOCTb. AKTUBHAs U PEAKTHBHASI MOIIIHOCTH COCTABJISIFOT ITOJIHYIO
MOIIHOCTh S AKTHBHAsi MOIIIHOCTb P,pacxXoJlyeTcs B LIEMH MPH BbIIEICHNUH TeIlIa WA COBEPILECHUH
TI0JIE3HOM PabOoThI, a peakTuBHas P,- IpH HapaCTaHUM TOKA HA CO3/1aHHE MArHUTHBIX TOJIEH B
MHIYKTUBHOM yacTy 1enu. [lpu yMeHbIIeHNH TOoKa L€l CTAHOBUTCS KaK Obl TeHEPaToOpoM U
DHEPIHUsl, 3allaCEHHAs B HEl, IEPENAeTCs TeHEpaTopy, MUTAIOIIEMY 3Ty LeNb. Takoe nepeIBUKEHNE
SHEPIUU OT TeHepaTopa B LeMb U 00PaTHO 3arpy’kaeT JUHUIO U OOMOTKY IreHeparopa, 00yclIoBIMBas
JIMIIHKE TOTEPH dHEPruu B HUX. OTHOIIIEHNE aKTUBHOW MOIIHOCTH K IOJIHOM Ha3bIBAIOT
k03¢ punuenToM MomHocTH.OH MOKa3bIBAET, KaKast YacTh MOJHON MOIIHOCTH (PaKTHUECKU
MOTPeOSETCs LEMbI0, U MOJCYUTHIBAETCS 10 (hopmyIie

cosp=Uicosp/Ul= P,/S.

Takum 06pazom, K03PGUIUEHT MOIITHOCTH JIJIs1 CHHYCOUATHFHOTO TIEPEMEHHOTO TOKA B €CTh
KOCHHYC yIJIa cBUTra (pa3 Mex/a1y TOKOM U HaIlpsDKEHUEM.

VYnuueHue cos ¢ 3aBUCUT OT THUIIA, MOLITHOCTHU U YMCiIa 000POTOB BHOBb YCTaHABIMBAEMbIX
JIBUTaTeseH, yBEIIMYEHUS UX 3arPy3KHU U T. [I.

Ilonsitue 0 Ten10BoM AelicTBUM TOKA. [Ipy IpOX0KI€HNH TOKA IO IPOBOAHUKY
nocienHui HarpeBaercs. Pycckuii akanemuk 3. X. Jlenn n anrnuiickuit pusux J1. I1. [Hxoyns
OJIHOBPEMEHHO M HE3aBUCUMO OJIMH OT JIPYroro yCTaHOBHWIIM, YTO IPU IPOXO0KICHUH
JIEKTPUYECKOr0 TOKA I10 IPOBOJAHUKY KOJIMYECTBO TEIUIOTHI, BBIIEIAMOE IIPOBOJHUKOM, IIPSIMO
IIPONOPLIMOHAIBHO KBAJAPaTy TOKA, COMPOTUBIIEHUIO ITPOBOJIHUKA U BPEMEHH, B TEUEHHE KOTOPOTO
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TOK MIPOTEKaJ O MPOBOJAHUKY. DTO MOJ0KEHUE Ha3bIBaeTCs 3akoHOM J[koyis - Jlenua u
ompezaensercs mo Gopmye:

Q=0,24I°Rt,

rae Q - KOJIMYEeCTBO TEIIOTHI, KA,
|- TOK, MPOTEKAOIIMIA TT0 TPOBOTHUKY, A,
R - conpoTuBieHue NpoBOHUKA, OM;

t

- BpEMs, CCK.

JIist mpetoXpaHeHus dJIEKTPOTEXHUYECKUX YCTPOMCTB OT YPE3MEPHBIX HATPEBOB B
3JIEKTPUYECKYIO LEIb BKIKOYAIOT JIETKOIUIABKUE IIPEIOXPAHUTEIIH, a Ui 3AILUTHI JJIEKTPUUECKUX
JBUTATEJIEH U TOKOBBIX MEPETpy3Kax, IPUMEHSIOT TEIJIOBOE MAKCUMAIIBHOE pelle.

Bonpocel, BBIHOCHMBIE HA CEMHHAP:

1.
2.
3.
4

5.

[IpumeHeHue nepeMeHHOTO TOKa B TBOeH nmpodeccuu.

Knaccudukamnus 31eKTpUIECKUX [[eTe MepeMEeHHOT0 TOKa.

BekTopHble nuarpamMMmsl.

KommekcHble ynciia 1 KpyroBble JuarpaMmMbl IPU aHAJIM3€ U pacuyeTe MPOCThIX
3JIEKTPUYECKUX LeNel NepEeMEHHOI0 TOKA.

TermoBoe nelCTBUE TOKA.

IpakTuyeckas padora Ne 10

Tema 10. OgnogasHbie 1 MHOTO(a3HbIe CHHYCOMIAJIbHBbIC JJIEKTPHYECKHE HEelH.

Tema: UcciienoBanue Tpex@dasHoii cucTeMbl IEPEMEHHOI0 TOKA MPHU COeTUHEHUN

3Be3/10i1

Ilesb padoThI: 03HAKOMUTHCS € TpeX(Pa3HBIMU CUCTEMAaMH [IEPEMEHHOI0 TOKA IIPU
COEIMHEHUH NOTpeOuTeNel 3Be3101, P PAaBHOMEPHON U HEPAaBHOMEPHOU Harpyske ¢as.
ITpoBEpUTH OCHOBHBIE COOTHOLIEHUS MEKYy TOKaMH U HAIIPSHKECHUSAMM, BBISICHUTD POJIb HYJIEBOTO
IIPOBO/IA B YETHIPEXIIPOBOAHON CUCTEME TPEX(PA3HOrO TOKA.

ITepedennb ucnobL3yemMoro 000pyaoBaHus

1
2
3
4

. Amnepmetp nepemeHHoro Toka O — 3A — 6 mir.
. BonmpT™erp nepemennoro toka O — 250 B—1 mir.
. JlammoBbIi1 peoctaT U3 Tpex rpynn— 1 mrT.
.CoeuHUTENBHBIE TPOBOAA.

TeopeTuyeckas 4acTh:

Ot TpexdazHoro reeparopa NepeMeHHOro Toka 0OBIYHO OTXOAST YEThIpE MPOBOIa — TPU
nuHerHbIX A, B, C u onuH HeHTpanbHbBIN, Wi HyIeBoH, 0 (puc. 30).

Hanpsioxenns Uag, Upc, Uca, A€HCTBYIONIME MEX/Ty COOTBETCTBYIOIIMMH JIMHEHHBIMU
IIPOBOAAMHU, OOBIYHO PaBHBI MEXKIY COOOI 10 BEIMUYUHE, CIBUHYTHI 1O (pa3e OTHOCUTENBHO APYT
npyra Ha yroa 120° u HOCAT Ha3BaHUe JTUHEWHBIX, aHanpskeHus Uy, Up, Uc elicTBytommuye Mexay
COOTBETCTBYIOIIMM JIMHEHHBIM U HEUTpaJIbHBIM NIPOBOJAaMH, Ha3bIBaloTCA (hasHbIMU. OTETbHBIE
oJ1HO(a3HbIe MPUEMHUKH Mepe]l BKIOUEHUEM UX B CETh paclpesieNoTcs Ha TPH IPYMIIbl IPUMEPHO
OJINHAKOBOM MOILIHOCTH, KOTOPbIE HY’KHO COETUHUTH MEXy cO00 3B€3/1011 I TPEYTrOJIbHUKOM.

Ty

L=}

Puc. 30. Cxema coeiuHEeHUsI IPUEMHUKOB

SJICKTPOSHCPINHU, BKIIFOUCHHLIX B 3BE31Yy 110 t-ICTI:IpeXI'IpOBO,Z[HOI\/'I CXEME C HYJICBBIM IIPOBOJIOM

Jis coenuueHust Tpex ogHO(a3HBIX MPUEMHHUKOB 3Be3/101 (puc. 30) HEOOXOAMMO UX KOHIIBI
X, Y, Z COeIMHUTD B OOIIYI0 HEUTPATHHYIO WJIH HYJIEBYIO TOUKY, & K OCTABIIUMCSI CBOOOTHBIM



Havyasiam A, B, C moABeCTH 3JIEKTPOIHEPTUIO IMHEWHBIMHU TTPOBOJIAMH OT Tpex(a3HOM CEeTH.
HyneByto Touky NpuCOEIUHSIOT K YETBEPTOMY, HEHTPaTbHOMY, YPAaBHUTEILHOMY, U HYJICBOMY,
MIPOBOY.

Ecnu nonueie conpotusienus hasz Z, Zg, ZcOTACTBHBIX MPUEMHUKOB PABHBI MEKTY COOO0M
2= 2= Zc =Ly n yrasl casura (a3 mexxay GpasHbIMU HaIpsHKEHUSIMU M COOTBETCTBYIOLMMHU UM
(ha3HBIMHM TOKAMU OAUHAKOBBI Q5 = Q= = Pc = Q¢, TO TAKYIO HArPy3Ky Ha3bIBalOT CHMMETPUYHOM
WM paBHOMEpHOH. [Ipu cuMMeTpuuHO# Harpys3ke TOK B HelTpanbHOM mpoBojie |0=0, uTo
MO3BOJISIECT TPEX(a3HYIO JIMHUIO BBITIOIHUTE TPEXMPOBOIHON. Eciin ykazaHHBIC paBEeHCTBA HE
coOiroaaroTCs, T. €. K Tpex(a3Hoi cuctemMe MPUCOSTUHEHBI TPU PA3IMYHBIX IO BEJTUYHUHE
COIPOTUBIICHUS WIH YTy cABUTra (a3, To Takasi Harpy3Ka Ha3blBae€TCsl HECCUMMETPUYHON WIIH
HepaBHOMEpHOU. [Ipu 3TOM B Kaxka0# (haze U B KaXKIOM JIMHEHHOM MPOBOJIC TOTEKYT pa3InIHbIC TIO
BEJIMUMHE U YTy c/IBUTa (a3 TOKU, CHMMETpuUst OyIeT HapyllleHa U B HEUTPAJIbHOM MPOBOJIE
BO3HUKHET TOK |0, paBHBII reOMETPHYECKON CyMMe TOKOB TpeX (ha3.

[Ipn HECHUMMETPUYHOM PEXKHUME U HATMYUU HEUTPAIIbHOTO MTPOBOAA IPUEMHUKU Z, Zg, Z¢
HAXOJATCA 110J OAMHAKOBBIMY 110 BenruKHe (pazHbiMu HanpsbkeHussMu Upa= Ug =Uc=Uj,

[Ipu oOpeIBe HEHTPATIBHOTO (HYJIEBOT0) IMMPOBOIa HOPMAIBHBIA PEXKUM paOOThI TpeXhasHOU
YCTaHOBKH Hapymiaetcs: pa3Hble TOKM U3MEHSIOTCS U YCTAaHABIMBAIOTCS TAKUMU, YTOOBI X CyMMa
CTaJla paBHOW HYJI0. DTO MPUBOAUT K UCKAKEHUIO CHMMETPHUH (pa3HbIX HAPSIKEHUH, B pe3ylbTaTe
Yero MPUEMHHUKHN OKa3bIBAIOTCS MO HAIPSKEHUSMHU, OTJIMYAIOIIUMHUCS OT HOMUHAIBHOTO 3HAYCHUS
bazHOrO HAMPsKEHUS.

[Ipu coenuHeHNH MPUEMHHUKOB 3BE3/I0 TOKH B MOJABOISIINX MPOBOAAX — JTUHEHUHBIE TOKU
la, IB, lc — cTaHOBSTCS OJJTHOBPEMEHHO U TOKaMH MPUEMHUKOB COOTBETCTBYIOIIUX (a3, T. €.
¢dazasiMu Tokamiu 1. [TosTomy mipu coeTMHEHNH IPUEMHHUKOB 3BE3/I01 CIPABEIIIUBO PAaBEHCTBO |1
= |¢. Mexny nuHEeHHBIMU U (Da3HBIMU HAMPSHKECHUSIMH CYIIECTBYET SaBI/ICI/IMOCTBUn:\/ 3Uy Oto

MO3BOJISIET JUIS TPEeX(Da3HON YETHIPEXIIPOBOIHON CUCTEMBI, HAIPUMEP JIJIsl HAPSHKEHUS
380/e 220 B, nprcoequHATh K CETH OJJHOBPEMEHHO Kak TpexdasHble mpueMHuku Ha 380 B, Tak u
onHodasueie Ha 220 B.

Jnia coenuueHust Tpex ogHO(a3HBIX MPUEMHUKOB Zag, Zpe, ZcATPEYTOIbHUKOM (pHcC. 31)
HaJI0 KOHEI[ XIEePBOT0 MPUEMHUKA COSIMHUTD C HayaJioM BBTOpOro, KOHEI y BTOPOro — ¢ Ha4aJioM
C TpeTbero, KOHEI[ Z TPEThero — ¢ HayajaoM A MepBOro MpUEMHHKA, a K y3J1aM MOJIy4eHHOTO
TPEYroJIbHUKA MOABECTH JIMHEHHBIMU MPOBOJIAMH SHEPTHIO OT Tpex(ha3HOU CeTH.

[Ipu coenMHEHNUN TPEYTONBHUKOM KaXKIbI MPUEMHUK BKIIOYEH MEXKIY MOIBOIAIIUMU
MIPOBOJIAaMU U HaXOJAUTCS O] JIMHEWHBIM HamnpsbkeHueM U, KoTopoe SBIsieTCs OAHOBPEMEHHO
dazubm HanpsikerneMm Ud. [Toaromy npu —coeTuHEHUUTPEYTOIEHUKOM

cipasemmBo paBeHcTBo Ua = Usc = Uca = Up==U.

[Ipu cummMeTpruHO# Harpy3ke (pasHbie TOKU BeeX (a3 OAMHAKOBBI IO BennunHe |aB = IBC =
Ica = | 1 cIBUHYTHI O, OTHOIIEHHIO K CBOUM (ha3HBIM HANPSKEHUSIM Ha OJIMHAKOBBIE YIIIBI: (PAx=
Psc=Pcn = Pg. Bee nuneiiHble TOKM paBHBI MKy COOOM MIIPEBBINIAIOT 3HAYEHUS (Pa3HBIX TOKOB BV3
pas, T. e. la=ls=Ic=In=\31,,.
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Pie, 31. Cxewa COCOHMCHIEA  OPHCMEHRKOD
SASKTPOSHCECHIL, BRAMASNHLE B TROYTOTotNg

[Ipu HECHMMETPUUHOM peXHMME, KOT1a U3MEHSETCSl Harpy3Ka B 0JITHOM U3 (a3, Mpouc XOuT
OJTHOBPEMEHHOE N3MEHEHHE COOTBETCTBYIONUX (Da3HOTO U ABYX JIMHEHHBIXTOKOB, HO 3TO HE BIMSET



Ha BEJIMYUHBI (Da3HBIX HAMPSHKEHUN UM TOKOB IpYTuXx (a3, a TakKe Ha BEIMUUHY TPETHETO

JIMHEWHOI'O TOKA.

Oob6opynoBanue

I. Amniepmerp nepemenHoro toka O — 3A — 6 wrT.

2. BoasT™meTp nepemenHoro Toka O — 250 B—1 .
3. JlamnoBbIil peocTaT U3 Tpex rpynin— 1 mr.
4.CoeMHUTEIBHBIE TPOBOA.

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBl

1.

2.
3.

3anucaTh pe3yJabTaThl U3MepeHuid B Ta0. 1. [IpoBepuTh' COOTHOIEHUS MEXKTY JTUHEHHBIMU

Cobpatb cxemy 1o puc. 32 (coeTnHEeHHUE 3BE3/101) U 1aTh MPOBEPUTH €€
npenogasarento. B kaxayio a3y BKIIOUKUTH IO TPU JaMIIbl OJIMHAKOBOI MOIIHOCTH.

Bxi1touuTh cxemy B 3JIEKTPUUYECKYIO LETIb.
CHATb noKazaHus TpuOOPOB MpU PaBHOMEPHON Harpyske ¢a3 (M3MepeHue
JTUHEHHBIX U (Da3HBIX HAMPSHKCHUN TPOU3BOIUTH OJHUM ITEPEHOCHBIM BOJIBTMETPOM).

U (a3HBIMU HAPSDKEHUSIMUA U TOKAMH.

Pexxum Toku Harpysku, Hanpsioxenus, B
Harpy3ku A
(hazHbIe JTMHCHHBIE
1. Pa | la Il lc lo
HOMCpHAasA oe3 UA, UB, UC UAB, UBC, UCA
HYJIEBOTO
poBoJa
2. Pas
HOMEpHas C
HYJIEBBIM
IPOBOJOM
3. Hep
aBHOMepHas 0e3
HYJIEBOTO
poBoJa
4. Hep
aBHOMEpHas C
HYJIEBBIM
IIPOBOJIOM
4. Bxnrounts B cxemy puc. 32 4eTBepThIi (HyJI€BOI) MPOBOJ U CHATh MOKAa3aHUS JUIs
ciyuasi«PaBHOMepHas HarpysKa ¢ HyJeBbIM IpoBOOM» (Tali. 1;
m. 2).
5. Co3ziaTh HEpaBHOMEPHYIO Harpy3Ky, OTKIFOUYHUTH HYJIEBOM MPOBOJ, CHATH MOKa3aHUs
npubopoB (tabdn. 1,m.3). 1
6. ITpu HepaBHOMEPHON Harpy3Ke BKJIKOYHUTH HYJIEBOM MPOBOJ U CHATH

noka3aHusnpuoopos (tad:i. 1, n. 4). HepaBHOMepHas Harpy3ka co3JaeTcs HepaBHbIM
KOJINYECTBOM JIaMIl, BKIFOUEHHBIX B KaXayto a3y (Harmpumep, B (haze A BKIIOUEHBI TPU JIaMIIbl, B
¢daze B — nge, B paze C —onHa).

7.CnenaTh BBIBOJI O BIMSIHUU HYJIEBOTO NPOBOJA Ha paboTy Tpex(a3HOM CUCTEMBI ITPH
pPaBHOMEpPHOW U HEPaBHOMEPHOW Harpys3kax ¢as.

IIpakTnuyeckas padora Ne 11
Tema: UcciienoBanne TpexgasHoil CHCTEMBbI IEPEMEHHOI0 TOKA IPH COeAMHEHUH
TPeyroJibHUKOM.

Llesb padoThI: 03HAKOMUTHCS € TpeX(Pa3HBIMH CHCTEMaMH ITEPEMEHHOTO TOKA TIPH
COEIMHEHUU NOTpeOUTENIel TPEYTOIbHUKOM, IIPH PABHOMEPHOW U HEpaBHOMEPHOU Harpyske ¢as.
[TpoBepuTH OCHOBHBIE COOTHOIICHHUS] MEXK/TY TOKAMH 1 HANPSHKEHUSIMH, BEISICHUTB POJTb HYJIEBOTO
IPOBO/JIA B YETHIPEXIIPOBOAHOM cucTeMe Tpex(a3Horo Toka.



IlepedyeHb UCIOJIB3YeMOro 000PYyI10BaAHUS
1. AmMnepmertp nepemerHoro Toka O — 3A — 6 .
2. BoapT™meTp nepemenHoro Toka O — 250 B—1 .
3. JlamnoBbIil peocTaT U3 Tpex rpymin— 1 mr.
4.CoenMHUTENBHBIE TPOBOA.

Teopernueckasi 4acThb:

1 Cobpats cxemy 10 puc. 33 (coeTMHEHNE TPEYTrOJILHUKOM) U 1aTh IPOBEPHUTH €€
IPero/IaBaTelIio.
2. BKITIOYHTE CXeMy B 3JIEKTPUUYECKYIO IICTIb.

3. CuaTh MOKa3aHMs MPHOOPOB MIPHU PAaBHOMEPHOU Harpys3ke ¢a3 (M3MepeHne JIMHEHHBIX U
(a3HbIX HAPSKEHUH MPOU3BOAUTH OJHUM MEPEHOCHBIM BOJIBTMETPOM). 3aITUCaTh PE3yJIbTaThI
u3MepeHuit B Ta0i. 2. [IpoBepUTh COOTHOIICHUS MEXK Ty TMHEHHBIMU U (Da3HBIMH HAIPSHKCHUSAMU U
TOKaMH.

4, W3menuTs Harpy3Kky a3 u CHATH MOKa3aHUsl MPUOOPOB NMPH HEPABHOMEPHOU
Harpy3ske ¢a3. Pe3ynbrarel u3aMepeHuii 3anucaTh B 1. 2 Tad. 2.

5. CpaBHUTB CXEMBbI BKJIIOUYEHHUS B 3B€3ly U TPEYTOJIbHUK IPU PABHOMEPHON U
HEPaBHOMEPHON Harpy3Kax.

6. CnenaTb OTUeT.

Puc.32 Cxema 1 viccneioBaHus e TpexpazHOro ToOKa IpHU COeTUHEHUU
IMPUEMHHUKOB TPEYTrOJbHUKOM

PexxuM Harpysku Toxu Harpysku, A Harmpsoxenue,
JIMAEHHBIE ¢a3HbIe

la [lg |lc |las |lsc [lca | Uas, |Usc, |Uca

1PaBHOMepHas
2HepaBHOMepHas
7. OTBETUTH Ha BOIIPOCHI

1 Kak coequuuth Tpu 0aHO(Da3HBIX TPUEMHHKA 3BE3/1011?

2. JUi1st 4ero NpuUMeHsI0T HyJIeBOH MPOBOJ] U B KaKUX CIy4asx MOKHO 000HTHCH
0e3 Hero?

3. Kakoii pexxuM paboTh! Tpex(a3Hoil 1enu Ha3bIBalOT PAaBHOMEPHBIM HIIN
CUMMETPUYHBIM?

4. Kak coequHuTh Tpu 0JHO(A3HBIX TPUEMHUKA TPEYTOIbHUKOM?

5. Kakwue cymiecTByoT 3aBUCUMOCTH MEKY JTMHEWHBIMH U (Pa3HBIMU TOKaMH U
HaIpPsDKEHUSMU IIPU COEIMHEHUH IIPUEMHUKOB 3BE€30M U TPEYTrOJbHUKOM?




6. Kaxkoit nomxHa ObITh CXeMa COeTMHEHUM, YTOOBI B OJIHY Tpex(}a3HyI0 CETh
BKJIIOYHTD JIaMITbl HAKAJIMBAHUS U TPpeX(pa3HbIN 3JEKTPOIBUTATEND?

IIpakTuyeckas padora Ne 12
Tema 11. CoennHeHne NPMEMHUKOB B LENAX IEPEMEHHOT0 TOKA.
Pacuyer npocThIX Henei nepeMeHHOro TOKa
Heapb padoTbl: PacumpuTs U cCTEeMaTU3UPOBATh 3HAHUS TEOPETUUECKOT0 MaTepuasa u
IIPUMEHEHHUS €0 Ul PELIeHUs 3a7ad U aHaJIn3a [I0JIyYEHHBIX Pe3y/IbTaTOB.
TeopeTnyeckas 4acThb:
DJleKTprYecKas LelNb MepeMeHHOr0 TOKA ¢ Pe3UCTHBHBIM 3JIeMeHTOM
B snexktpuueckoil nenu ¢ pe3sucTUBHBIM 3iieMeHTOM R (puc. 27, a) TOK U3MEHSAETCS IO
CHHYCOUIaTbHOMY 3aKOHY C HadanbHOU (a3oif yi, T. e. i~ Iy sin (wt + yi). Hanpsxenue
Ha 3aKMMax pesucrtopa i= |y, sin (wt —{;)

JUR=Ri=R I, sin (ot +{5;) = Ug,, sin (wt+yy)
,rie Ugm= R Im—aMnuTyaHOe 3HaueHHe HANPSKEHUS Ha 3a)KUMax pe3ucropa, Yy = P —
HavaJibHble (pa3pl HANPSKEHUS U TOKA.

P

KpuBbie H3MeHEHHS HANPSKEHUs Ur U Toka | (puc. 27, 6) B OMUH ¥ TOT K€ MOMEHT
BpeMeHH t JOCTUTAIOT MAaKCUMAaJIbHOTO 3HAYEHHUS OJHOBPEMEHHO MPOXOASAT HYJIEBbIC
3HaueHus. lHavye roBops, o0e KpuBble COBMAAIOT MO (ase

o=Yy—P;=0
_— —_—
Bektopsl Ug,, ul, coBmamaioT no HampasieHuw (yron ¢ = 0) mepexonas K
o I U
NEeUCTBYIONIUM 3HAYEHUAM, MOXKHO 3anucath | = \/%; U= % \

DJleKTprYecKas 1enb MepeMeHHOro TOKa ¢ HHAYKTHUBHBIM 3J1eMEeHTOM
B snexkTpuueckoi nenu KaTymku HHAYKTUBHOCTHU L (puc. 28, a), moAKII0UEHHON K

HCTOYHUKY CHHYCOHUAJbHOTO HAPSIKEHHUs, BOSHHKAET CHHYCOMAAIbHBIN TOK | ~ |
sin wt

CHHyCOUIAIbHBIA TOK | B BUTKAaX KAaTYIIKHA C MHAYKTHBHOCTHIO L BO30OYyXdaeT
MAarHMTHOE T0JIe; 3Ta CBsI3b XapaKTepH3yeTcs MmoTokocuemieHueM y = w® =Li =L |
sin  wt, otkyna cienyer, uto @ =(L/w) | n, sin  wt= @y sin wt, 317ece Dp=(L/w) | m
- .aMIUIUTYJla MAaTHUTHOTO MOTOKA

Takum oOpa3zom, MpU CHHYCOUTATBHOM TOKE Ha YYacCTKe IENH ¢ HHIYKTHBHOCTHIO L

MarHUTHBIA TOTOK @ TakKe CHHYCOUJAJbHBIA M COBIAIACT MO (a3e C TOKOM I.

CoBnanaior o aze Takxe BEKTOPHl TOKA H fn) 1 MarHUTHOIO nomxa@,{, IIOKa3aHHBIEC HA
BEKTOpPHOU quarpamme (puc. 28, 0).
Kpome Toro, rpaduku u3MeHeHUs BO Bp€MEHU TOKa U MarHUTHOTO notoka @ (puc. 28,
6) UMEIOT B JIFDOO MOMEHT BpEMEHHU | oJMHaKoBEIe (ha3bl. B cBOKO ouepenp,
BO30Y)K/1aeMblif TOKOM | MarHUTHBIH NOTOK @ MHAYIHPYET B BUTKAX ITOU Ke
KaTyIIKU 3JE€KTPOABHUKYIIYIO CUIY CAMOUHIYKIUU €, KOTOpas U3MEHAETCs
INPONOPLUOHAIBHO CKOPOCTH U3MEHEHUS TOKA B IIE€NH U 3aBUCUT OT UHAYKLIUH



KaTylmKH, T. €.
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e, = _Lﬂz _ _led (sin wt)
dt dt

[Ipu pacuerax nemne NnepeMEeHHOro0 TOKA UCIOJb3YIOT MATEMATHYECKHUE
npeobpa3oBaHus U paBHO3HAUYHbIE 3aMeHbl. Tak, BMECTO CUHYCOHbl MOKHO B35Th
KOCUHYCOHUJY, YMHOXXKEHHYIO Ha yIJIOBYIO YaCTOTY (, W 3alUCaTh, HE HapyLas
PaBEHCTBA, B ypaBHEHUHU

d (sin wt)
dt

= o cos wt

Torja BeIpaXKeHHE I e, Ipeodpa3yercs TaK:
e, = —wLl,, cos wt=E,, sin(wt — g)

Takum oGpazom, BEKTOP a{ (puc. 28, 6, ) 1 MTHOBEHHBIC 3HAUCHUS €],

npeJcTaBIeHHbIE TPadh MKOM HU3MEHEHHS BO BPEMEHH, MTOKAa3aHbl OTCTAIOIINMU 110 (aze
OT TOKa B IIeMH Ha yroia /2.
B menu nepeMeHHOTO TOKa 3AC CAMOMHAYKIHMHU € JOJIKHO YPAaBHOBEIIMBATHCS
HamnpspDKeHHeM Uy, TPUIIOKEHHBIM K 3a)KUMaM KaTYLIKH, U B JTI000I MOMEHT BPEMEHU UX
MT'HOBEHHBIC 3HAUCHUS JOJIKHBI OBITh PABHBI MO a0COJIOTHOMY 3HAYECHUIO U
IIPOTUBONOJIOXKHBI IO 3HAKY, T. €. U, = - €.
N3 BekTOpHOI quarpaMmbl U rpapuKoB U3MEHEHUS] BO BDEMEHH MTHOBEHHBIX 3HAYECHUN U
CIeNyeT, 4YTO 3/IC CAMOMHAYKIIUU BCErja HaXOJAUTCA B IPOTHBOGa3e ¢ MPUIOKEHHBIM Ha
32)KMMBbl KaTYIIKH HAMps>KeHUEeM Uy,

Ha ocHOBaHMU CKa3aHHOTO 3alUIIEM BbIpaXKE€HUE JJISI HANPSKEHUS Ha 3a)KUMaX

KaTyIIKU C UHAYKTUBHOCTHIO:

I8
u, = —e; = wli, sin(wt - ?

T. €. Ha y4acTKe LeMH ¢ MHAYKTUBHOCTHIO L HampsikeHHe omepekaeT TOK Ha UETBEPTh
nepuona (¢ =mn /2).

Ecnu uanyktuBHOCTH L BeIpazuth B OM-c, a yrinoByro dactoTy (o - B 1/c, T
pa3MepHOCTh HHAYKTUBHOTO CONMpOTHBIEHUS Oyaer OM. UHAYKTUBHOE COMPOTHUBIEHUE X
y4acTKa 1€ 3aBUCUT OT YaCTOThI IEPEMEHHOr0 TOKAa U 3HAaUYCHUS UHIYKTHBHOCTH X = 2
n fL. Hanmpumep, ecnu L = 0,1 ', To npu f'= 50 'l ”HAYKTUBHOE CONMPOTUBIICHUE
katymku X' =2 w 50 -0,1 = 31,4 Om. IIpu gactote Toka f'= 400 I'ti H”HAYKTHBHOE
conporuBiaenue karymku X'L = 0,1 -21 X 400 = 251,2 Owm, T. e. Bo3pacter B f"/f' = 400/50
= 8 pas.

DyiekTpUYeCcKasi leNb MePEeMEHHOI0 TOKA C eMKOCTHBIM 3J1eMEHTOM

B snexktpuueckoit nenu konjaencarop C NOAKJIOUYEH K UCTOUYHUKY CUHYCOUJAIbHOTO
Hanpsokenus u = Uy, sin wt (puc. 29, a). Uy,

[Ipu m3MeHeHNN HANPSKEHUS Ha 3a)KMMaxX KOHACHCATOpa MEXAY ero oOKIaaKaMu

BO30YyKAaeTCs dIEKTPUUECKOE MOoJIe, KOTOPOE U3MEHSIETCS BO BPEMEHH, KaK U

HaMpsDKeHHUe, M0 CHHYCOUaTbHOMY 3aKkoHY. [1oa Bo3geiicTBUEM CHIT MOJISI TOK B I[€TH



MU3MEHSETCS TPONOPIUOHATBFHO CKOPOCTH U3MEHEHUS 3aps0B Ha IUIAaCTHHAX
. d .

KoHAeHcaTopa (I = d—z). YuutrsiBas, 4to q = C Uc, BRIpQXKEHUE IS TOKA | 4epe3 eMKOCTh

MPUMET BUJ

. ~duc d (sin wt) . T

I=C—=C o Uy ————=0 CUyy sin(wt +-)

dt dt 2

Takum 00pa3oM, MTHOBEHHOE 3HAYCHUE TOKA B IETIM HA YYACTKE C €MKOCTBIO, H3MEHSISACh
BO BPEMCHH, OTIEPEIKACT HANIPSIHKCHUE HA YETBEPTh MEPUOa, T. €. (ha30BbIH Yroa MEXIY
TOKOM | U HampsHKeHHUEM uc coctaBisieT @ = n /2). Ha BekTopHO# nuarpamme (puc. 29, 6)
BEKTOP TOKA ONEpEeKaeT BEKTOP HANPSIKCHHUS HA yroJ m /2

3anuiieM BeIpaXKEHUE 0.5, NeHCTBYIOIIETO
3HAYEHUS TOKA Yepe3 eMKOCTh

=0 CU, I=U./ X,
I'me X.=1/(wC)— eMKOCTHOE COIPOTHUBIICHHE,
XapakTepHU3YIollee MPOoIeCcC HAKOIICHHS YHEPTHH B

3JEKTPUUYECKOM I0JIe KOHAeHcaTopa. PasmepHOCTD
€MKOCTHOTO CONPOTUBJIECHUS OyIeT

| e = 5 o]

a7 £

Fi

Flocnep,OBaTeanoe, napassiesibHOE€ N CMellaHHOe coeaAunHeHne NpneMHUKoB

nepemeHHoro Toka. BektopHblie gnarpammbi

B snektpuueckoit nenu (puc. 30, @) anementsl R, L u C coeuHEHBI MOCIEeA0BATEIBHO U
MOJIKJIFOYEHBI K UCTOYHUKY CHHYCOHMJAIbHOTO HampspKeHus. TOK B Tako# menu Oyaer
U3MEHATHCS TaKXK€ M0 CHHYCOUAAIbHOMY 3aKOHY.

YpaBHEHHE JIEKTPUICCKOTO COCTOSHUS e JJIsi MTHOBCHHBIX 3HAUYCHUUN HANPSIKESHUN
UMeeT BUJ u = Ur + U | + U c) eciu BBIPa3uTh Ur , U | U U ¢ Yepe3 TOK U ImapamMeTpbl
sanemenToB R, L u C, nonyuum

u=Rlnsin wt+olL Iy sin (wt+n/2)+ (Vo C) I, sin (ot —7/2)

YpaBHEHUE 2JIEKTPUUIECKOr0 COCTOSHUS MOXKET OBbITh 3allMCaHO TakK K€, Kak cyMMa
BEKTOPOB HANPS)KEHUH, T. €. BEKTOP HANPSKEHUs Ha BXOJe 1enu OyleT paBeH CyMMe

il @hine uiuin
BEKTOPOB HampspkeHui Ha anemeHTax R, L u C (puc. 30, a): U = Ux+U,; +U,

CpaBHMBas NpaBble YaCTH ypaBHEHUI 3JIEKTPUUYECKOTO COCTOSHUSI, 3allMCaHHbIe s
MTHOBEHHBIX 3HAYEHHUI U B BUJ€ BEKTOPOB, MOKHO BHJIETh, YTO HANpPsDKeHUE UR Ha
sneMeHTe R coBmagaer mo ¢asze ¢ TOKOM, HalpsKEHUE u| Ha 3yeMeHTe L omepekaeTr TOok Ha
yroia m /2 u Hanps>keHue uc Ha 31eMeHnTe C oTcTaeT oT Toka Ha yroJ «t /2. [Toatomy
ypaBHEHHE B BHJ€ CYMMBbI BEKTOPOB MOYHO MPEACTaBUTh KaK T€OMETPUUECKYIO CYMMY
BEKTOPOB Ha BEKTOPHOU quarpamme.

-

[TocTpoeHue BEKTOpHOU AUAarpaMMbl MOKHO HadyaTh ¢ BEKTOpA TOKa [, Tak Kak Mpu
nocienoBatenbHoM coennHeHnu R, L u C oH sBisieTcss 00MUM A1 BCEX 3JIEMEHTOB
nenu. HanpaBum BekTop Toka o ropuzoHTanbHoi ocu (puc. 30,6), BEKTOPHI
HanpsHKEHUH Ha y4acTKaX CTPOUM IPHU YCIOBHUM 00X0/1a KOHTYypa MPOTUB HalpaBICHUS
Toka. Cmpenku 6eKmopoe HanpANCeHUll HanpPasIsAIOmMcs 6 CMOpOHY 803PACMAIOUE20
nomenyuana. IloreHuunan Touku o npupasHsaeM k myinwo (Vo = 0), BekTop UT; COBIIAJIAET C
BEKTOPOM TOKA M HAIIpaBJIEH OT TOYKH O K ToUKe ¢. HanmpskeHne Ha anemMeHTe

—
Lomepexkaet TOk Ha yroi m /2, mo3TomMy BekTop U; CTpOUM M3 TOYKH ¢ K Touke b Moz
yriaoM 7 /2 k BeKTopy Toka. Hampsixkenue Ha sneMmeHTe C OTCTAaeT OT TOKA HA Yroj

—
m /2, ciaenoBaTelbHO, BEeKTOp U HE00X0MMO HANPaBUTh B CTOPOHY OTCTAaBaHUS, T. €.
Ha auarpamMmme HaTo4dku b BHU3 10 Touku ¢ (U,<Up). CoequHHUB KOHEI[ BEKTOpPA C




—

HayvajaoM KOOpPJAMHAT, MNOJYYUM BEKTOpP HaNpsiKeHus uctounuka U,,

_— — _— —_ —_—
Bekropsl U,,, U ¥ Uy = Uy, - Us— 00pa3yroT NpsIMOYTOJIbHBIN TPEYTOJIbHUK

HaNps)KEHUH, U3 KOTOporo noayuumU,, = \/URZ + UaCZZ\/UR2 + (U, — U;)?
HO,Z[GHI/IB HampsHKCHUEC HA TOK, IMMOJIYUYHUM BBIPAXKCHUA OJIA IMTOJTHOTO CONPOTHUBICHUA:
Z=\/R? + [wL — 1/(wC)] 2=VR + X?,
rae X=X; — Xc — peaKTUBHOE CONMPOTUBIECHUE IIECKTPUUECKON 1enu
Ha BekTOpHO# nuarpamMe 3TOMY BBIPaKEHHUIO COOTBETCTBYET Mpey20ibHUK
conpomugnenuti omn. UHIYKTUBHOE M €eMKOCTHOE COTIPOTUBIICHUS XapaKTEPU3YIOT
CBOMCTBa 1IeNH, 00YCIOBICHHBIE €€ peaKIuell Ha U3MEHEHUE TOKa U HANPSKEHUs,
MOATOMY UX HA3bLAIOM PEaKmueHbIMIL.
W3 TpeyroabHUKa COMPOTUBICHUH MOXKHO ONPEACITUTh YroJl cABUTa pa3 ¢ Mexay

TOKOM M HampsokeHueM 1mo dpopmynam: cos @ = R/Z, unu tg ¢ = X/R. 3Has coS ¢ uiu
tg ¢, IO TPUTOHOMETPUUYECKUM TabIuLlaM ONPEAEAIOT yroa .
B snekTpoTexHUKE YCIOBHIUCH YroJl ¢ 0003HAa4YaTh CTPEIKOM, HAMPABICHHOM OT
BEKTOpa TOKA K BEKTOPY HAIPSIKESHUS.
3HaK yrja ¢ B BRIPOKCHUHM JJIi MTHOBEHHOI'O 3HAUYCHHUS TOKA | ONMpEaeAaeTCs XapaKTepoM
HaTrpy3KH: MIPU WHIYKTUBHOM XapakTepe Harpy3ku (X > Xc) TOK OTCTAaeT OT HAIPSIKESHUS HA
YroJ ¢ ¥ B BBIPQXXCHUH JJII MTHOBCHHOTO 3HAUCHHS TOKA YrOJl (P 3alMCBHIBAIOT CO 3HAKOM
MUHYC, T. €.
i= I sin (Wt — @) ; npu eMKoCTHOM XapakTepe Harpy3ku (Xc >X|) Tok omepexaer
HaMpsKEHWE W yTOJl ¢ B BHIPAXXECHWHU , MTHOBEHHOTO 3HaUYeHUS i= Iy sin (wt + @)

3agaua 1. DnekTpudeckas 1eMb, TOKa3aHHAs HAa pUC. 6.8, MUTaeTCs OT UCTOYHHKA
CUHYycOMIaIbHOTO ToKa ¢ yactoroi 200 I'm m Hanpspkenuem 120 B. Jlano: R =4 Owm, L = 6,37 mI'H,
C = 159 mMx®.

BBrauciuTh TOK B IETH, HAITPSDKEHUS HA BCEX YYaCcTKaX, akKTUBHYIO, PEaKTHBHYIO, U TIOJTHYIO
MoIIHOCTH. [TocTpOUTh BEKTOPHYIO AUArpamMmy, TPEYTrOJIbHUKH COMTPOTUBICHUA U MOIITHOCTEH.
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AHaJjm3 1 pelieHue 3aaaum 1

1. Boruncnenue conpoTUBICHUH y4acTKOB U BCEH LIETIH
WNHIyKTUBHOE PEaKTUBHOE CONIPOTHUBIICHHE
XL =2nf L = 2x3,14x200%6,37-10° Om.
EMKOCTHOE peakTUBHOE CONPOTUBIICHNE
Xc=1/QnfC)=1/(2%3,14x200x159-10°) Om.

PeakTrBHOE 1 MTOTHOE COMPOTUBIIEHHUS BCEU LIETIH:




X =X, -Xc=30wm; Z=‘-./R2 +X2 =‘J42 -|-32 =5 Owm.
2. Boluncnenue Toka U HanpsKEHUI Ha ydacTKax LenH
Tok B nenu

I1=U/Z=120/5A.
Hanpsokenus Ha yyacTkax:
U;=RI :96B; U, =X | :192B; Uz =Xc =120B.
3. Briuucienrue MOHocTeH
AKTHBHas MOIIHOCTh
P=RI%?=U;=2304 Br.

PeakTuBHBIE MOIITHOCTH:

QL =X, 17=U,1=4608 BAp; Qc = Xc I = U3 I = 2880 BAp.
IloaHas MOIITHOCTH IEHH

§=TUI=+/P? +(Q - Qc)’ =2880
4. Pacuet e METOA0M KOMIIJICKCHBIX YU CECII
3a1mmeM B KOMIIJICKCHOM BHJIC COHpOTI/IBJIeHI/Ie KaXX101ro 3JICMCHTA 1 BCGI71 uenun
R=4€" = 40m; X, =86 =8 Om; Xc = 56" = -j5 Om.
Z=R+j(XL-Xc)=4+(8-5)Om.
Ha kommiekcHON IUIOCKOCTA B Macirabde: B 1 cm — 2 OM, IOCTPOUM TPCYT'OJIBHUK
conpotusiieHu# (puc. 6.9. a).

1
M: i
X1 Xe
Z
XX, -Xc
()
R +1
a)
+j
R
—
&A
—
4]

n)

W3 TpeyrosbHUKa ONpeAETHM BEJIMYMHY TMOJHOTO CONpPOTHBIEHUS Z U yroi (a3oBoro
cABUTA @

2 2
Z= R+ (X -Xe) =5

X, - X 3
= arctg—=—"C — arctg— = 37°
4 :
B nokazarenpHOMI (bOpMe TOJIHOC COIIPOTUBJICHUC Bcel ICIIH 3allUIICTCA B BUC
Z =26 =5e7"0m.



[Tpumem HavanbHYIO a3y MPUIOKEHHOTO K IIETH HAMPSHKEHUS 32 HYJIb U OTPEIETNM 110
3akoHy OMa TOK B JaHHOW LIeTIH

[=0/z=120e""/5e%7" A.

CrnenoBaTenbHO, B IAHHOM €T TOK OTCTAET MO (a3e OT HANPsHKEHUS Ha Yrod . 3Has

BeJ'II/ILII/IHy TOKa I, onpeacIMM MOIIHOCTH JJIA OTACIbHBIX 3JICMCHTOB U Bceﬁ ICIIn.
P = 2304 Br; Q. = 4608 BAp; Qc = 2880 BAp.

5= ‘JPE +(Qr - Qe)’ _

Tpeyronpauk mMomHOcTel B MacmTabe: B 1 cm — 1000 Bt (BAp); (BA), moctpoum
(puc. 6.9. 6) Ha OCHOBE BBIPAKEHUS JISI TIOTHON MOLTHOCTH

§'=P+(Q-Qo)*

Jjis moCTpoeHUs BEKTOPHBIX IMAarpaMM MO TOKY U HAIpPsHKEHUSIM IIPUMEM HadalabHYIo (a3y
TOKa paBHOM HYIIO, T.K. TOK | B JTaHHOW cXeMe SIBIISIETCS OJJTHUM M TE€M K€ JIIsl BCEX AJIEMEHTOB B
LEMu.

[=1e"" /24" A.

3anuuieM BbIpa)KeHUs JUIsl HalpsHKeHUH B KOMITJIEKCHOH (popme

Ur=R{=96e""B; Uy =X [=192¢"""B;

Us=Xc[=120e"" B; U=2Z1=120e"" B.

Bribepem macmTaOsl 17151 BeKTOpHOU auarpammel: B 1 cm — 6 A; B 1 cm — 50 B. Bekropnas
JarpaMma HalpspKeHHM CTpOMTCS Ha OCHOBE BTOPOro 3akoHa Kupxroda muia qanHoi nenu

U= U1 + Uz + U3.

BekropHas nuarpamma 1ienu nokasatna Ha puc. 6.9. B. Ilpu nocnenoBarenbHOM COETUHEHUN
3JIEMEHTOB [OCTPOCHHE HArPAMMbI HAUHHAIOT C BEKTOPA TOKA I, 110 OTHONIEHHIO K KOTOPOMY
OPUEHTUPYIOTCSI BEKTOpA HANpPSHKEHUH Ha yyacTKax LIeNu: HAIPsDKEHUE HAa aKTUBHOM
conpoTuBieHun Uy COBIAACT C HUM 10 HAIIPABJICHHIO, HAIPSUKCHHUE HA MHTYKTHBHOCTH
U, onepesxkaer ero Ha 90°, Ha eMkocTH orctaeT Ha 90°. ITonHoe Hanpsikernue U cTPOUTCS KaK MX
BEKTOPHAsl CyMMa.

JlonoJiHuTeIbHbIE BONPOCHI K 3a1a4e 1

1. Kakoii xapakTep HOCUT 3KBUBAJIEHTHOE PEaKTUBHOE COIIPOTUBIIEHHUE LIEeTN?

ITo ycnosuto 3agaun X > Xc, nostomy X = X - Xc UIMeeT MHIYKTUBHBIA XapakTep.
OOpaTtuTe BHUMaHKE, YTO peaKTUBHbBIE COITPOTUBIICHHS OTAEIBHBIX YU4acTKOB 1enH (X, Xc) MOTyT
ObITH OOJIBIIIE €€ MOJTHOTO CONPOTHBIICHUS, TaK B JAaHHOM ciiydae X| > Z.

2. Kax n3MeHsieTcst pexum paboThl LEMU IPU U3MEHEHNU YaCTOThI TUTAIOILIETO
HanpsUKEeHUsA?

OT 4acTOThI 3aBUCAT PEAKTUBHbBIE COMIPOTUBIICHUS: X IPSIMO IPOMOPLUHUOHATIBLHO YacToTe f,
Xc obpatHOo npomnopruoHansHo f. B paccMatpuBaemoit cxeme X| > Xc, HO3TOMY IIpU pocTe
4acTOThl X BO3PAacTaeT, TOK YMEHbBILAETCS U BO3PACTAET YO () €r0 OTCTABAHUS OT HANPSKEHHUSI.
[Tpu ymeHbIIEHNN 4acTOThl X YMEHBIIAETCA U IIPU HEKOTOPOM €€ 3HaueHuH X = 0, T.e. cxeMa BeeT
ce0st KaK YMCTO aKTUBHOE CONPOTUBIIEHUE (PEXXUM pe30HaHca HanpsbkeHul, npu kotopom U = Ug,
Z =R u Tox HanOonemit). [Ipu ganpHeleM yMeHbIIEHHN YacTOThl X¢ > X|, Z Bo3pacTaer, |
YMEHBILIAETCs, CXeMa BeJIET ce0sl KaK aKTHBHO-€MKOCTHOE COIIPOTUBIICHHE.

Onpenenenne napaMeTpoB NOTPEOUTEIS 10 ONBITHBIM JAHHBIM

3agaua 2. Karymka nHIyKTHBHOCTH (pHC. 6.10) MOIKITIOYEHA K CETH C HANPSHKECHHEM
U =100 B. Bartmetp noka3siBaet 3HaueHue Px = 600 B, amnepmerp: 1 = 10 A. Onpenenutsb
napameTpsl KaTymku R, L;;.

W

AHaJIM3 ¥ pelieHue 3a1a4m 2



1. Beruucienue nojaHoro COnpoOTUBICHUS KaTyIIKU

Zx=U/1=100/10=10 Om.

2. BbluuciaeHue akTUBHOTO COMPOTUBIICHUS KaTyIIKU Ry

BartMeTp u3mepsieT akTHBHYIO MOIITHOCTh, KOTOpAasi B IAaHHOUW CXeMe MOTpeOIsieTcs
AKTHUBHBIM CONPOTUBJICHHEM Ry.

Rk = Px /17 =600/ 100 = 6 Om.

3. Beruucienue HHAYKTUBHOCTH KaTylku Ly

Zy = 4/RE + X5 Xy = JZt —RE =100 - 36 =8 On

Xg =2nf Lg; Lx = Xk / (2nf) = 8 / (2nx50) = 0,025 I'n.

JonoJiHUTe/IbHBIE BONPOCHI K 3aj1a4e 2

1. Kak pemmTs 3a1a4y ApyruM criocooom?

[TapameTpsbl KaTyIIK1 UHIYKTUBHOCTA MOXHO OIPEACIUTh, PACCUUTAB MOJHYIO MOIIIHOCTh

Sk ¥ PEaKTUBHYIO MOITHOCTh KaTymKH Q.
Sk=UI=100"-10=1000 BA.

2 2 2 2
Qi = /SE — B2 =~10007 - 600% = 800 BAp.

_ 2 7

2. 3anucarb 3aKOHbI U3MEHEHHUS TOKA U BCEX HAINPSDKEHUM JUI JAaHHOW LeNH.

OmnpexpenyM yroi Gpa3zoBOro CIBUTa MEXIY TOKOM i(t) ¥ MPHIIOKEHHBIM HaIpsoKEHHEM U(t)

¢ = arctg(Xk / Rx) = arctg(8 / 6) = 53°.

B nenu ¢ akTUBHO-MHIYKTUBHON Harpy3Koil HalpspKeHUE olepekaeT TOK Ha yrou ¢ = 53°.
AMIUTATY/IBI TOKA U HAIIPSDKEHMS! OIPEAEINM, 3Has IeHCTBYIOIINE 3HAUEHUS TOKA M HAIIPSKEHUS

I, =~21=141, U, =.2U=141 4

3aKkoHbI U3MEHEHHs TOKa 1(t) U HanmpsbKeHus U(t) 3aMUIIyTCs B CIEAYIONEM BUJIE:
i(t) = 14,1 sinwt; u(t) = 141 sin(wt + 53°).

Jlist 3anicy HanpspkeHUH UR(t) 1 ug (t) onpenenum ux BEIIMYUHbI

Up, =~/2 x60=84,8 B:
U =X, 1=80B; ULm =2 x80=113

Ha axtuBHOM compoTuBieHu# Ry Tok i(t) u Hanpsbkenue ug(t) mo dase cornanaror. [Ipu
IPOTEKAHUH TOKA Yepe3 MHAYKTUBHOCTH Lk Bo3HMKaeT (a3oBblii casur ¢ = 90° Mex 1y TOKOM i(t) u

HanpsokerueMm ug (t).
ur(t) = 84,8 sinwt; u(t) = 113 sin(wt+90°).

Ur=R1=60B;

IIpakTnyeckas padora Ne 13.

Tema 11. CoeauHeHue NPUEMHUKOB B LENAX ePeMEHHOI0 TOKA.

Pacuer C/10:KHBIX 1eneil epeMeHHOr0 TOKa

Heanb padotsl: PacimpuTe 1 cucTeMaTU3UPOBaTh 3HAHUSI TEOPETUYECKOT0 MaTepuasa 1
IIPUMEHEHHUS €0 I PELIEHNUS 3a7ad U aHaJIN3a MOJIyYEHHBIX PE3y/IbTaTOB.

OcCHOBHBIE TEOpPEeTHYECKHUE MOJI0KEHU

I'IocneAOBaTeanoe, napasiesibHoOe€ N cMelwaHHoe coeanHeHne NnpuneMHUKOB

nepemeHHoro Toka. BektopHble anarpammbi

B snextpuueckoit nenu (puc. 30, @) snementsl R, L u C coenuHEHBI MOCIEA0BATEIBHO U
MOJIKJIIOYEHBl K HCTOYHUKY CUHYCOHMJAlIbHOTO HampsikeHus. Tok B Takoi nenu Oyaer
U3MEHSTHCS TAKXKE [0 CHHYCOHAAJIbHOMY 3aKOHY.

YpaBHEHHE 2IEKTPUIECKOTO COCTOSHUSA I[ENHU AJIs1 MTHOBEHHBIX 3HAUCHUI HAMPSIKECHUN
UMEEeT BUO u = Ur + U |+ U c) €CJH BEIPa3suTh Ur , U ¥ U ¢ Yepe3 TOK U mapaMeTphrl
snemenToB R, L u C, monyyum

u=Rlysin wt+olL Iy sin (wt+7/2)+ (Vo C) Iy sin (ot —7/2)



YpaBHEHUE JICKTPUIECKOTO COCTOSHHS MOXKET OBITh 3alIMCAaHO TaK K€, Kak cymMMa
BEKTOPOB HANPSIKCHUHN, T. €. BEKTOP HANPsDKEHHUS HA BXOJe Lenu OyJIeT paBeH cymMMe
BEKTOpOB HampspkeHui Ha aneMeHTax R, L u C (puc. 30, a): U = UT;+W +U_C)

CpaBHHBas MpaBble YaCTH YPaBHEHHUH JIEKTPHICCKOTO COCTOSTHUS, 3aMCaHHBIC JJIs
MTI'HOBEHHBIX 3HAYCHUU U B BUAC BCKTOPOB, MOXKHO BUJACThb, YTO HAIPAXKCHUC URr Ha
saneMmeHTe R coBmagaeT mo ¢ase ¢ TOKOM, HalpsHDKEHHUE U Ha dJIeMeHTe L omepexkaer TOk Ha
yroja m /2 u HanpspKeHue uc Ha 3neMmeHTe C oTcTaet OT Toka Ha yroi 7t /2. [Toatomy
ypaBHEHHE B BHJE CYMMBI BEKTOPOB MOYKHO MPEJICTABUTh KaK TEOMETPUUYECKYIO CYMMY
BEKTOPOB HAa BEKTOPHOU nHarpamme.

-

I[TocTpoeHue BEKTOPHOU AMarpaMMbl MOXKHO HadaTh ¢ BEKTOpa Toka I, Tak Kak Npu
nociegoBatenbHoM coeauneHud R, L u C oH sBisieTcst 00MMM 1Sl BCEX 3JIEMEHTOB
nenu. HampaBuM BeKTOp TOKa Mo ropu3oHTanbHOU ocu (puc. 30,6), BEKTOPHI
HaNpsOKEHUH Ha ydyacTKaxX CTPOUM MPHU YCIOBUHM 00X0Jla KOHTYpa MPOTUB HANpPaBICHUS
ToKa. Cmpenku 6eKmopos HanpsAXCeHuli HanpasIaomcs 8 CMOopoHy 803PACMaOUie2o
nomenyuana. IloTrenuunan Touku o npupaBusem K nyito (Vo = 0), BekTop U_R) COBIIAJAET C
BEKTOPOM TOKA M HAIlpaBJIEH OT TOYKH O K TOUKe ¢. HanpskeHue Ha 3eMeHTe
LomepeskaeT TOK Ha YyroJ 7 /2, TO3TOMY BEKTOP FL) CTPOUM M3 TOYKH ¢ K Touke b Moz
yriaoM 7 /2 k BeKTopy Toka. Hampsikenue Ha snemeHTe C OTCTAaeT OT TOKA Ha yroJ

7 /2, cienoBaTeabHO, BeKTOp U-HE00X0AMMO HAMPAaBUTh B CTOPOHY OTCTaBaHUs, T. €.
Ha auarpamme HaTo4dku b BHU3 10 Touku ¢ (U,<Up). CoeauHUB KOHEI[ BEKTOpa C
HA4aJIOM KOOPAMHAT, OJYYUM BEKTOP HaNpsKEHUSA UCTOUYHUKA Uy,

Bekropsl Uy, Ug ¥ Uy = U, - Us— 00pa3yroT NpsiIMOYTOJIbHBIM TPEYTOJIbHUK

HaNps)KeHUH, U3 KOTOporo noaydumU,, = \/URZ + UaCZZ\/UR2 + (U, — Up)?

[TonenuB HanpsDKEHUWE HA TOK, MOJTYYUM BBIPAXXEHUS JJISI TOJTHOTO COTIPOTUBIICHUS:
Z=\/R? + [wL — 1/(wC)] 2=VR + X2,
rae X=X, — X¢ — peakTUBHOE CONPOTHUBJIEHHUE IEKTPUUECKON LIenH

Ha BexTOpHOI Auarpamme 3TOMY BBIPa)KE€HHIO COOTBETCTBYET mMpey201bHUK
conpomuenenuti omn. UHIYKTUBHOE U €eMKOCTHOE CONPOTUBIICHHS XapaKTEPU3YIOT
CBOMCTBA L1eNU, 00yCIOBIEHHbIE €€ peaklMeld Ha U3MEHEHUE TOKA U HalpsIKeHUs,
MOATOMY HX HA3bLAIOM PEaKmueHbIMIL.

W3 TpeyroabHUKa COMPOTUBICHUH MOXKHO ONPEACITUTh YroJl cABHTa (Pa3 ¢ Mexay
TOKOM M HampsokeHueM 1mo gpopmynam: cos @ = R/IZ, unu tg ¢ = X/R. 3Has coS ¢ unmn
tg @, O TPUTOHOMETPUUYECKHUM TabJIHIIaM ONPENEIISIOT YTIoJl .
B snekTpoTexHUKE YCIOBHIUCH yTOd ¢ 0003HAYATh CTPEIKON, HAMPABICHHON OT
BEKTOpA TOKA K BEKTOPY HAIPSIKECHUS.
3HaK yria ¢ B BBIpPQXCHUHU JIJIT MTHOBEHHOTO 3HAYEHUsS TOKA | OTMpeaessieTcsl XapakTepom
Harpy3Ku: Ip¥ WHAYKTUBHOM XapakTepe Harpy3ku (X > Xc¢) TOK OTCTAaeT OT HANpPSHKEHUS HA
YTOJI ¢ ¥ B BRIP@KECHUH JUISI MTHOBEHHOT'O 3HAUYCHUS TOKA YroJI ¢ 3alMMCHIBAIOT CO 3HAKOM
MUHYC, T. €.

i= Iy sin (Wt — @) ; Ipu eMKOCTHOM XapakTepe Harpy3ku (Xc >X|) TOk onepexaer




HaIpPsOKEHHE U YIOJl ¢ B BRIPQXKECHUH , MTHOBEHHOT0 3Ha4YeHuUs 1= Iy sin (wt + ¢)
Bonpoch! 1J1s1 NOATOTOBKYU K 3aHATHIO

1. Kak paccuuTarh TOK, HOTPEOISIEMBIN U3 CETH, NPHU MAPAILICITHHOM COSTUHEHUH PE3UCTOPA,
MHAYKTUBHOM KaTYIIKU U KOHAEHCATOpa, €CIIU MapaMeTphbl MOTpeOuTeNel U MPUII0KEHHOEe
HaIpsKEHUE U3BECTHBI?

2. Kak paccunTaTh aKTUBHYIO U PEAKTUBHYIO COCTABIISIFOIINE TOKA OTJEJIbHOI BETBU U
00IIero TOKa, €CJIM U3BECTHHI MMApaMETPhI MAPAIICIFHO BKIIOYCHHBIX MOTpeOUTENeH 1
MPUIOKEHHOE HaIpshKeHue?

3. [TocTpouTh BEKTOPHBIC IUATPAMMEBI TOKOB U HAPSHKEHUH NS TIETICH, COepIKaIIIX
napauienabHoe coequHenrne R u L, R u C, peanbHO# KaTymku (¢ aKTUBHBIM COMPOTUBJIEHUEM R 1
UHIYyKTUBHOCTHIO L) 1 C.

4. Yto takoe k0d3(pPumeHT MOmHoCTH moTpedutensn? OObICHUTh SIKOHOMUYECKOE 3HAUCHUE
KO3 UITMEHTa MOIITHOCTH.

5. Kak paccunrtats KO3(pGUIUEHT MOIIIHOCTH LI€TIH, €CJIM U3BECTHBI TapaMeTPhI
napajuIeIbHO BKIIFOYCHHBIX TOTPEOUTENeH SHeprun?

6. Kak paccunTaTh aKTUBHYIO, PEAKTUBHYIO U MOJIHYI0 MOIIIHOCTH LIENU MPHU HapauieIbHOM
COCIMHEHUH MOTPEOUTENICH, TapaMeTPhl KOTOPBIX U3BECTHBI?

7. Kak moBbICUTH KOA(P(OUIIMEHT MOITHOCTH LICTIH?

8. C xakoii nenpo MoBHIIAIT KO3()PUIIMEHT MOITHOCTH LIenH?

9. Kak paccunrtats HEOOXOAMMYIO EMKOCTh KOH/IEHCATOPa, BKIOYEHHOTO AJIsl TOJTHOM
KOMIICHCAIINH PEAKTUBHOU dHEPTUU?

10. Kak 1oJpKeH U3MEHSATHCS MOTPEOIIIeMbIH U3 CETH TOK ITPH MOBBIIIEHUN KO3 puimenTa
MOIIIHOCTH LieTn?

11. i3meHuTcs Au TOK B LIEMH MOTPEOUTENS, €CIIM K HEMY MapauieNbHO MOAKIIOYUTD
KOHJIeHcaTop?

12. Kak uzmeHuTCs notpedisiemMas U3 CeTH aKkTUBHAS MOIIIHOCTD MPH MOIKITIOYEHUN
napajuIeIbHO MHIYKTHBHOW KaTYIIKE: a) pe3ucTopa, 0) KoHaeHcaropa?

13. KakoBbI IPUHIIUIIBI pacyeTa Ienei MepeMeHHOr0 TOKa KOMILJIEKCHBIM METO/10M?

3anaua. K ucrounuky ¢ Hanpsokenuem 220 B u vacroToit 50 'l moAKII0YEHBI apaieTIbHO
JIBa IBUTaTeJsl, aKTUBHBIE MOLTHOCTU U KO3(PPHUIIMEHTHI MOLTHOCTH KOTOpbIX P1 = 0,3 kBT,

P, = 0,4 xBr, cos @1 = 0,6, COS @2 = 0,7. HauepTUTh INEKTPHUECKYIO CXEMY 3aMEIICHHUS EITH.
OnpenenuTh TOKK KaXXA0Tr0 ABUTATENs U TOK, MOTPEOIsIEeMbIi CXeMOM OT HCTOYHHKA, €€ aKTUBHYIO,
PEaKTUBHYIO M IMOJTHYIO MOIIHOCTH. JJIsf MOBBIMIEHUS cOS @ mierd 70 0,9 MOaKITI0YNTh MapaieIbHO
Harpy3Ke KOHJEHCATOp U ONPEAETUTh €r0 eMKOCTh, PACCUUTATh TOK, MOTPEOISIEMBIN CXEMOI1 OT
HUCTOYHUKA B 3TOM pekuMe. [TocTpouTh B MacmTabe BEKTOPHYIO TUarpaMMy HaIlpsDKEHUS U TOKOB.

AHauiu3 u pemienue 3axauu 1

1. CxeMa 3aMelIeHus KaXX0To IBUTATENsI MOKET OBITh MIPEACTABICHA B BUJIE
MOCIIEA0BATEIHHOTO COEIMHEHUS PE3UCTUBHOTO U HHIYKTUBHOTO 2JIEMEHTOB, T.K. B IBUTATEIE
MIPOUCXOIUT KaK HEOOpaTuMoe MpeoOpa3oBaHKEe FICKTPHUUSCKON SJHEPTUN B MEXaHUICCKYIO H
TEIUIOBYIO, TaK M KoJiebaTeabHbI 0OMEH PHEPrHei MeX /1y MarHUTHBIM IIOJIEM JBUTATENS U CETHIO.
Cxema 3aMenieHus K 3a/1a4e npezcTaBiena Ha puc. 6.11.

I t, He
R R: \
U Xe
Xs

X

O
2. Toku nBurareneit PACCUUTBIBAIOTCA IO MACTIOPTHBIM JaHHBIM:
3 3
I = B _03x10 227 1,- P, _04x10 26
Ucosgg 220 <0,6 A Ucosgp, 220 x0,7 A



CnBuru TOKOB 110 ¢hase 1Mo OTHOIIEHUIO K HANpsDKeHHI0: @1 = 53,1°, @ = 45,5°.

3. MomHoCTH BeTBeH MPUBEJCHBI B UCXOAHBIX JaHHBIX, IO3TOMY pacueT CXeMbl YI00HO
BECTH Yepe3 TPEyroJIbHUKH MOIIHOCTEH.

PeaktuBnbic MOIIIHOCTHU IIBI/IFaTeHeﬁl

Q1=Ulysin @1 =220 - 2,27 - 0,8 =399 BAp;

Q:=Ulysing2=220"-2,6 - 0,713 =407 BAp.

AKTHBHasI 4 MOJIHAsL MOIITHOCTH BCEH EMH:

P=P;+ P, =300+ 400 = 700 Br;

Q=0Q1+Q2=399 +407 =806 BAp;

= 7 2 2
$= /P’ + Q" =+/700° + 806" =1068

Toxk B IlenM HCTOYHUKA

I=S/U=1068/220=4,85A.

Koaddurment MOIHOCTH CXeMBbI

cos@=P/S=700/1068 =0,655.

4. PaccunTaeM eMKOCTh KOHJICHCATOpa, HEOOXOAUMYIO JIJIsl OBBIIICHHS KO3 pHIeHTa
MOIIHOCTH cXeMblI 10 cos ¢' = 0,9.

BxitoueHne KoHJIeHCaTopa MapajuieiibHO Harpy3Ke He U3MEHSET €€ aKTHBHYIO MOIIIHOCTD, &
YMCHBIIIAET PEaKTHUBHYIO U MOJHYIO MOIIHOCTH, MMOTPEOISIEMBIE BCEH CXEMOU OT HCTOYHHKA.
[TosTOMY 10 aKTUBHOM MOLTHOCTH LIEMH U 33JJaHHOMY 3HAUEHHIO COS (' ONIPEICITIUM TIOJTHYIO
MOII[HOCTD LIETTH

S =P/cos¢'=700/0,9=777,8 BA.

PeaktuBnas MOIIIHOCTSH IICIIN
r_ 12 _ _ 2 _ 2 _
Q =+/8? -P = /7778 -700° =339 | Ap.

PeakTuBHasI MOIHOCTH BCEH IEMH PaBHA AJIreOpanYecKOl CyMMe PEaKTHBHBIX MOIITHOCTEH
ee ygactkoB. B mannoMm ciydae Q' = Q - Qc, m03TOMYy MOIIIHOCTH KOHJIEHCATOPA
c=Q-Q =806 -339=467 BAp.
MHOroyroiabHIUK MOIIIHOCTEN NTOKa3aH Ha puc. 6.12.

P P=P+P;
o) EQt-Qe

S

Tok B ey KOHAEHCATOpa U €T0 COMPOTHUBIICHHE:

lc=Qc/U=467/220=2,12 A; Xc=U/1lc=220/2,12=103 Om.

EmkocTh KOHIEHCaTOpa

C=1/QnafXc)=1/@2n-50-103)=30,7-10° ® = 30,7 Mmx®.

Pesynpratupyromuii TOK HCTOYHHUKA

I'=S'"/U=777,8/220=3,535 A.

Ha puc. 6.13 npuBeneHbl BEKTOPHBIEC JUArpaMMbl HATIPSDKEHUS. M TOKOB CXEMBI 03
KOHJIeHCcaTopa (a) ¥ Mocye MOKIIOUYCHHS apajlyIeIbHO Harpy3Kke KoHaeHcaTopa (0).
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5. Eciii B MUCXOHBIX TaHHBIX MPUBEICHBI COMPOTHBIICHUS BETBEH WM UX TOKU U
K03 UIIMEHTHI MOIIHOCTH, TO pacueT YA0OHO BECTH Yepe3 TPEYTOJIbHUKU TOKOB (MX aKTUBHBIE U
PEaKTUBHBIE COCTABJISIOIINE).

AKTHUBHBIE COCTaBJISIIOIINE TOKOB BETBEI:

lia=11cos@;=227-0,6=1,362A,;
la=12c0Ssp2=2,6 -0,7=1,818 A;
o=l +12,=1,362 - 1,818 =3,18 A.

PeakTuBHBIE COCTaBIISIONINE TOKOB BETBEH:

Ilp =1l sin 01 = 2,27 -0,8=1,818 A;
lop =l28iN@2=2,6 - 0,713 =1,852 A;
lp =11, + 12, =1,818 - 1,852 =3,67 A.

[TonHbIi TOK UCTOYHHUKA

2 2 2 2
1=/ +I = /318% +3,67% = 4,856 N

KoadduumeHT MOIHOCTH KBUBAJICHTHON HATPY3KH

cose=1,/1=3,18/ 4,854 = 0,655.

PeakTuBHAsI COCTABIIAOIIAS TOKA HCTOYHHUKA ITOCIIC TIOIKJIFOUEHUST KOHICHCATOpa

I'y=1l.tg ¢'=3,18 - 0,484 = 1,54 A.

Tox kongencaropa Ic = I, - I', = 3,67 - 1,54 =2,13 A.

Hanee onpenenstorcs Xc ¥ C, Kak ObLJIO PACCMOTPEHO BBIIIIE.

JlonoTHUTEILHBIE BOMPOCHI K 3aga4e 1

1. Kak mo pe3ynpTaTam pacdera OnpeeuTh apaMeTpbl MOCIEA0BATETHbHON CXEMbI
3aMEIICHHS JBUTATEIICH U BCEH CXEMBI B IIEJIIOM?

[TonHbIE COMPOTUBICHUS JBUTATENCH OMpeNesIFoTcs Mo 3akoHy Oma:

Z1=U/lly;Z,=U/l,.

AKTHBHBIE U PEAKTUBHBIE COCTABIISAIOIINE COTPOTUBIIEHUI PACCUUTHIBAIOTCS Yepes
TPEYTOJIHHUKN CONMPOTHUBIICHUH:

R1 =21 cos ¢1; Ro = Z5 cos ¢2; X1 = Z; sin @1; X2 = Z3 sin @».

ConpoTHBICHHS] MOKHO TIOJICYMTATH TAKXKE M Yepe3 TPEYroJdbHUKN MomHocTel. Hampumep,
JUISL CXEMBI B 1IEJIOM

R=P/1°=700/ 4,856 = 29,68 Om; X = Q / I> = 339/ 4,856 = 14,37 Owm.

2. KakoBa cxema 3aMeleHus ey Py MpeACTaBISHUH TOKOB BETBEH B BUIE CYMMBI
AKTUBHBIX U PEAKTHBHBIX COCTABIISIONINX.

Pa3nokeHre Toka Ha COCTABISIONINE COOTBETCTBYET MPECTABICHUIO PEATIbHOTO dJIEMEHTa
IIETU B BUJIC COCTMHEHHBIX TapajlIeIbHO UACATLHBIX aKTUBHOTO M PEAKTUBHOTO COMTPOTUBIICHHIA
(puc. 6.14).

[TapameTpsl CXeMBI TIOJICYMTHIBAIOTCS 110 3aKOHY OMa HITH Yepe3 MOITHOCTH

R=U/l,=U%/P;X'=U/1,=U?/Q;Z=U/1=U%/S.
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3. Kak u3aMeHsTCS TOKH B CXE€M€, €CIIU NapaJljIebHO JBUTATEII0 OKITIOUUTh
OCBETUTEJIbHYIO (YHCTO aKTUBHYIO) Harpy3Ky?

3a cyeT yBeIMUYCHHs aKTUBHOM COCTABIIAIONICH (OCBELICHNE) TOK HCTOUHUKA BO3PACTET,

TOKHU B BETBSAX CXEMbI HE U3MEHSATCS.

4. Kak paccuuraTh cxemy rpadoaHaTuTHYECKUM METOI0M?

Jliig onpesiesieHns: Toka HICTOYHHUKA PACCUUTHIBAIOTCS, KaK 3TO OBLIIO MPUBEICHO BBIIIE, TOKU
B BeTBAX I3 u I 1 ux caBuru mo aze @1 U (2 IO OTHOLICHHIO K HAMPsDKEHUIO. J{anee cTpouTcs B
Macitabe BeKTOpHasi AuarpaMma TOKOB U 110 AHarpaMMe OIpeesisieTcsl BeJIMunHa Toka [ u ero
CHBHT 10 (pa3e Mo OTHONICHHUIO K HampshKeHuto ¢ (puc. 1.13).

5. Kak paccuntarh TOKM B CXeM€ KOMIUIEKCHBIM METOJIOM?

Jl5g pacueTa CBSI3bIBAEM BEKTOPHYIO IMAarpaMMy ¢ KOMITJIEKCHOM MIOCKOCTBIO; IS
YIIPOIICHUS BHIKJIAZIOK OJIMH U3 BEKTOPOB, HAIPUMEP HANPSHKEHUE, HAIIPABUM IO JICHCTBUTEIILHON
ocu, T.¢. U =220 B.

Toku B BETBSIX B KOMIUIEKCHOH (opme:

[y = 2,2769%° =2 27 (cos 53,1° - j sin 53,1°) = (1,36 - j 1,81) A;
[, = 2,6e7*°" = 2,6 (cos 45,5° - j sin 45,5°) = (1,82 - j 1,84) A.
o mepBomy 3akony Kupxroga Tok ncrounnka
[=1,+1,=1,36-j1,81+1,82-j1,84=3,18- 3,66 = 4,85¢"" A
MotHOCTb 11eTu B KOMIUIEKCHOH opme:
S=U1=220-4,85¢"" =1067€""" = (700 + j 806) BA;
S=1067 BA; P =700 Bt; Q =806 BAp.
Bartapest KOHIEHCATOPOB PACCYUTHIBACTCS, KAK 3TO OBIJIO PACCMOTPEHO BHIIIIE.
IIpakTnuyeckas padora Ne 14

Tema 11. CoeanHenne NPMEMHUKOB B LeMNsIX MePeMEHHOI0 TOKA.

Pacuyer pa3sBeTB/ICHHON JJIEKTPUYECKON L ENH

Heuan padoThi: PaciimpuTh 1 CHCTEMaTH3UPOBATh 3HAHUS TEOPETHUECKOTO MaTepHaia u

MIPUMEHEHHMS €0 JUIs pelleHHs 3a/1a4 U aHaJIM3a MMOJIy4YeHHbBIX PEe3y/IbTaTOB.

Ha yuyactke MexaHumueckoil 0OpaOOTKM YCTaHOBJIEHO 3JEKTpooOopyaoBaHue: 1) mpuBoj
METAJUIOPEXKYIIUX CTAHKOB — AaCHHXPOHHBIE [BUTATENU, Ui KOTOPBIX H3BECTHBI IMapaMeTphI
R1 =4 0Owm; cos ¢1 =0,8; 2) ocBeTUTENbHBIE TPUOOPHI — JIIOMUHECLIEHTHBIE JIAMIIbI, COIPOTUBIIEHUE
koTopbix Ry =8O0m; 3) Oarapes konaeHcatopoB, eMKkocTbio C =200 Mk®, s NOBBILICHUS
ko3 dunmenta MomHocTH. K ydacTky siekTpudeckast SHEPTUs MOIBOAUTCS 1O KaOETbHON JIMHUH
conpotruBienneM Rj;=180m u X;=0,6mM or wucrounuka c¢ HamnpskeHuem Uc = 660 B.
BrraucnuTe TOKM Ha BeeX ydacTKax IEeTH U HalpsbKeHHe, oABeieHHoe K motpedurernsm Urpy.

AHaJIN3 U pelieHue 3a1a4u 2

1. TTo ycnoButo 337241 COCTaBUM CXEMY 3aMelleHus 1enu (puc. 6.15), B koTopoii kadeapHas
JMHUS 3JIEKTpoIepeaun MpeJcTaBlIeHa B BUJE MOCIEI0BATEIbHOIO COCUHEHUSI PE3UCTUBHOTO U
€MKOCTHOTO JJIEMEHTOB.
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2. OHpeIleJ'II/IM HEU3BCCTHBIC MMApaMETPHI U 3allMIIEM B KOMIIJICKCHOM BUC COIIPOTHUBIICHUSA

BCEX 3JIEMEHTOB LIEMH.
JlunHwus 3aeKTponepesaun

Ri=1,80m; X5 =060wm; 21 = VR +Xn =19 6 o000 = Ry 1 25 = 0,947
on = arctg(-X / Ry) = -19°; Z; = 1,9¢7"7".
ACI/IHXPOHHBIC JABUTATCIIN

[z 2

R1=40wm; cos 01 =0,8; Z; =Ry /cos ¢1 =4/0,8=5O0wm; Xy=afZy—Ry =3 OwM;
@1 =arccos Ry / Z1 =37°; Z; = 57" Om.

JIroMUHECLIEHTHBIE JTaMIIbl

R, =80m; ¢, = 0% Z, = 8" Om.

Konpnencarop _

C3=200 Mk®; X3=1/Q2afC)=1/2xn - 50 - 200 - 10°) =16 Om; Z5 = 16"” Om.

3. PacyeT KOMIIJIEKCHOTO SKBUBAJICHTHOTO COITPOTUBICHHS Zyy; CXEMbBI 3aMEIIICHHS.

B cxeme 3amerneHus K JMHUH JICKTPONepeIadn ¢ COMPOTUBICHUEM Zj TapaJIeIEHO
MOJIKJTFOUEHA TPYIINA NOTPEOUTENCH ¢ CONPOTHBICHUSAME Z1, Z2, Z3, IO3TOMY TSI
pacuera Z,y; He00XO0MMO CHaYaja ONMPEICIUTh UX 00IIee COMPOTHBIICHUE Zj, HCIIOJIB3YS METOT
MPOBOJIUMOCTEM.

OHPGHGHHM AKTUBHBIC U peaKTI/IBHI)IC HpOBOIII/IMOCTI/I Hapanﬂeano BKIIFOUCHHBIX BeTBei/JI

h=R1/Z:*=4/25=0,16 cm; by = X1/Z1°=3/25=0,12 cm;
@=1/R;=1/8=0,125cm; bg=1/-X3=-1/16=-0,0625 cm.

OmnpenenyM akTUBHYIO, PEaKTUBHYIO U TIOJHYIO IIPOBOAMMOCTH MApaJlIeIbHOTO y4acTKa
nenu

qu=q1+2=0,16+ 0,125 = 0,285 cwm;
b =b;-bs=0,12-0,0625 = 0,0575 cMm;

7 47 2 7 _
Yq = /a5 + b} =+/0,285° +00575° =029

OnpenenyM akTUBHOE, PEaKTUBHOE U MTOJTHOE COMPOTHUBIICHHS MApaIEIbHOTO y4acTKa Lenu
Zu=1/Yn=1/0,29 = 3,45 Om; Ry = gy Z® = 3,38 Om; Xy1 = by Z = 0,68 Ow;
on = arctg(Xn / Ryy) = arctg 0,2 = 11°; Zy; = 3,45¢7'°Om.
Hapucyewm skBUBajeHTHYIO cxeMy 3amerieHus (puc. 6.16), rie Bce COnpoTUBICHUS
BKJIIOYEHBI [1OCIIEI0BATEIbHO

L R X I
o 1} »
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0 o
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OrnpeieiuM SKBUBAJIEHTHBIE AKTHBHOE, PEAKTUBHOE U MTOJHOE CONPOTHUBIIEHHS BCEH LIETH
Ry =R1+Rp=1,8+1,38=5,18 Om;
Xoxs =X+ Xp=-0,6 + 0,68 = 0,08 Om;



Z,. =-R: +X°_ —5,18{}6

Qo = ACLY(Koren / Roes) = s = 5 1806e+J1 Owm.

4. Onpenenum TOKU U Hanp;DKeHHsI Ha BCEX y4acCTKax LEIU.

TOK B JIMHUHU 3JIEKTpONepeiauu

=Uc/ Z,, = 6606 / 5,181e""" = 127,467 A.

Ha,[[eHI/Ie HANPSDKEHUS B JIMHUU AJIEKTporepeaadn

Un=2Zyin=19"" - 127,4¢7" = 242¢™" B

Hanp;DKeHHe 0JaBacMO¢ Ha MOTPeOUTEIH

Un = Zn [ = 3,456 - 127,4¢7" = 4407 B

Toku B mapaiienbHbIX BETBIX

f1=Un/ 2z, = 4406 | 5" = 88677 A
f=Un/Z,=440e""" | 87" = 55¢7""" A;
5= Un / Z3 = 4406 | 166" = 27,5610 A,

5. [ToctpouM BEKTOpHBIE AUATPAMMBI JIJIs1 TOKOB U HaNPS>KEHUI.

3anuiieM BTopoii 3akoH Kupxroga st cxeMsl 3aMeleHus (puc. 6.15)

Uc=Un + Uy; 6606 = 44067 + 242e7"",

BexTopryio quarpamMmy Juist HalpsDKCHUIH CTPOMM Ha KOMILICKCHOH IIIOCKOCTH (puc. 6.17),
HanpasuB Bektop Hanpsokenns Uc 110 aeiictButensHoit och, T.¢. Uc = 6606 B. IToctpoeHue
npousBeneM B maciirade: B 1 cm — 60 B.

+ ¢ 60 B
—

BekTopHyro quarpamMy JUisi TOKOB CTPOMM Ha OCHOBaHMU MepBoro 3akoHa Kupxroda
3alMCAHHOTO JUTA y371a & CXeMBI 3aMeleHns (puc. 6. 15)

fn=1+ 1+ 13 127,46 = 8867 + 55¢"'”" + 27,5¢71"",

JlonoTHUTEIbHBbIE BOMPOCHI K 3a1a4e 2

1. Kak npoBepuTh MPaBUIBHOCTh MPOU3BEICHHBIX PACYETOB.

[TpuOnm:xeHHO pacdyeThl MPOBEPSIIOTCS 10 BEKTOpHOI nuarpamme. [loctpous B Maciirabe
Bextopa Hanpsukeruit Uc n Uy, H3MepAIOT BETHYUHY CyMMapHOTo BekTopa Uc M CPaBHUBAIOT C
ucxonnoit Uc = 660 B. BekTopa TokoB fl, fz, I3 CTPOST Ha KOMIUIEKCHOM IJIOCKOCTH C COOTIOIEHUEM
Maciirada 1o BeJTHYMHE U YIIIOB ()a30BOTO CABHTA (1, P2, P3 OTHOCUTEIHHO JCHCTBUTEILHON OCH.
V3MepsIoT BeTHUMHY M (ha3y CyMMApHOTO BEKTOPA U CPABHUBAIOT C PACUCTHBIM 3HAUCHHEM 1.

Tounast mpoBepKka pacyeToB, KaK M B IETSIX MOCTOSHHOTO TOKA, IIPOU3BOTUTCS
COCTaBJIEHUEM OajlaHCa MOIITHOCTEH.

OmpenenuM akTUBHBIE U PEaKTUBHBIE MOLITHOCTH JUTS BCEX 3JIEMEHTOB LICTIH.

Pr =Ry’ = 1,8 - 127,47 =29215 Br;

Q=X 1;2=-0,6 - 127,42 =-9738 BAp;
P.=R; 1:2=4 - 882=30976 Br; Q; = X1 I1°=3 - 882 =123232 BAp;
P, =Ry 1,2=8 - 552 =24200 Br; Q3 = X3 15> = -16 - 27,5 = -12100 BAp.

Ompenenum pacxoayeMbie MOIIHOCTH JIJIsl BCEH IIeH

PBKB = Pl + P2 + PJ'[ = 84091 BT,

Qoxs = Q1 + Q3 + Q= 23232 - 12100 - 9738 = 1493 BAp;

S = 4P + Qi = 84103



OnpenenyuM BETMYMHBI aKTUBHOW, PEAKTUBHOW U MOJTHON MOITHOCTH, TTOCTABIISIEMBIE U3
CeTH.

Sc=Ucln=660 - 127,4 = 84084 BA;

Pc = Sc cosoc = 84084 - 0,999 = 84071 Br;
Qc = Sc singpc = 84084 - 0,0174 = 1467 BAp.

BeJII/I‘-II/IHbI MOMHOCTCﬁ, IIOCTABJISICMBIX IJIA I[aHHOfI eIy, HpaKTI/I‘ICCKI/I COBIIQAKOT C
PacxolyeMbIMH BO BCEX 3JIEMEHTaX IIETTH MOIIHOCTSIMH, CJIEIOBATEILHO PACUEThI MPOU3BEICHBI
BEPHO.

2. Kak nu3smeHuTCs cxema 3aMenieHus 1enu, ecinu HanpspbkeHue Uc OyeT moaBOaUThCS 110
BO3JIYIITHOM JIMHUU AJICKTPOIICPEIauH.

CXCMa 3aMCUICHUA BO3IIyIJ_IHOI71 JIMHUN BHGKTpOHepCI[a‘-II/I HpCIICTaBJISIeTCSI B BUJC
MOCJIEIOBATEILHOTO COCTMHEHHS PE3UCTUBHOTO R); M1 MHAYKTHBHOTO X ;197IEMEHTOB.

IIpakTuyeckas padora Ne 15.
Tema 14. DnexkTpuueckne GpUIbTPHI.

Cemunap.

Heab padothl: PaciypuTs 1 cucTeMaTU3UPOBATh 3HAHUS 110 U3y4aeMOM TEME.

Teopernyeckasi 4acTh:
DNeKTpUYeCKUMH (QHIBTPAMHU Ha3BIBAIOT YETHIPEXIOIIOCHUKH, COIepKALINE
peaKTUBHBIE IEMEHTHI, KOTOpbIe TU00 3a1epKUBAIOT, TUOO MPONYCKAIOT K
IIPUEMHUKY TOKH OJHOT'O MJIHM HECKOJIbKMX 33aJaHHBIX JHAIa30HOB 4aCTOT.
OnexTpuyeckue GUIbTPHI MIUPOKO MPUMEHSAIOT B paIMOTEXHUKE, CBA3H,

3JICKTPO3HCPICTUKE U T. 1.

B ocHoBe nmpuHnuna aeiicTBus GuUIbTpa JEKUT 3aBUCUMOCTh €TI0 SKBUBAJICHTHOTO
COMPOTHUBJICHUS Z3 OT 4acTOThl. KOMOMHUPYS CXEMBbl COCTUHEHUS] UHIYKTUBHOCTHU U
€MKOCTH, MOXKHO MOJYYUTh PUIBTPHI, pa3IUyHbIC 110 CBOEMY AeicTBui0o. HanbGonpiiee
pacnpocTpaHeHUEe NOTYYUIH QUIBTPHI CICAYIONIUX TUIIOB: HUI3KOYaCTOTHHIC,
BBICOKOYACTOTHBIE, ITOJIOCOBBIE U 3arpaJuTEIIbHbIC.

Husrxouacmomuvie ¢hunbmpol IpOMyCKAOT TOKU B HAMMa30HE YIII0BBIX 9acTOT 0 — wo. X
BBIMONHAIOT 10 T-00pa3Hoii cxeme. CxeMa U 3aBUCUMOCTH BXOJIHOTO COMPOTUBICHUS OT
YIJI0BOM 4aCTOTHI HU3KOYACTOTHOTO (QHMIIBTPA MPEACTABICHBI Ha puc. 44, a.

HuzkodactoTHble GUABTPHI IIUPOKO MPUMEHSIOT B KAUECTBE CrIaKMBAIOIIUX
BBIMTPSMUTEIBHBIX YCTPOUCTB.

Bvicoxouacmomusie ¢hunvmper Taxxke BeIMONHAIOTCS o T-o0pa3Hoii cxeme. Cxema u
3aBUCUMOCTH Z3 (®) MpeJICTaBIEHB Ha puc. 44, 6.

Ilonocosvie ¢hunbmper TPONMYCKAOT TOKH B 3aITaHHOM JIHAMa30He YIJIOBBIX 4aCTOT,
HaTIpuMep

®1— ® 2 Y M0I0COBOTO GUABTPAa HHAYKTUBHOCTh U eMKOCTbL1 1 CicOeqUHSAIOTCS
nocjenoBaTeabpHo, a Ly u Cy; — nmapamnensHo. CxeMa v 3aBUCUMOCTh 9KBHBAJIEHTHOTO
CONMPOTHUBJICHUA GUIABTPA OT YIIOBOM YACTOTHI MPEACTABIEHBI Ha puC. 44, 6.

3acpaoumenvruvle purbmpsl UMEIOT MOJ0CY MpONycKaHus Toka oT 0 10 ® 1 M OT ® 2 10 .
Cxema u 3aBUCUMOCTH 23 OT yIJIOBOW YacCTOTHI MPEJICTABICHBI HAa puC. 44, T.
B ManoMouiHbIX 3J€KTpUYECKUX LENIX (B paAUOdIEKTPOHUKE, CBSI3U) MOJIOCOBBIE U
3arpajuTeNIbHbIe (QUIBTPHI YaCTO BHIMTOJHSIIOT HA OCHOBE PE3UCTOPOB H
KOHJIEHCATOPOB
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Huskouacmomnuwiti RC-¢punemp vicnionp3yercs 1 CrilaXXuBaHUs MyJIbCAallUi TOKa B
MaJIOMOULIHBIX BBIIPSMUTEIbHBIX cXeMax. Ero cxema u yacToTHasi XxapakTepHCTHKA
npeacTaBlIeHbl Ha puc. 44, 0.

B npusenennoii cxeme RC-¢punpTpa BKIOUEHNE aKTUBHOTO CONPOTUBIICHUS
HEOOXOUMO JJIsl OTPAaHUYEHHS TOKA IPU MOAKIIOYEHUHN CXEeMbl K ICTOUHUKY MUTAaHUS.
[Ipu oTcyTcTBUU R B MOMEHT BKJIIOUEHHUS COMPOTUBIEHUE XC OUEHb Majl0 U UCTOUYHUK
OKa3bIBa€TCs B pEKMME KOPOTKOTO 3aMblkaHUs. BBegeHune R XoTs U yBenM4uBaeT noTepu
MOIIHOCTH, HO 00€CIeUNBaET 3alUTy HCTOYHUKA OT KOPOTKOTO 3aMbIKAHUS.

IMepexoaHbie MPOIECCHI B JIEKTPUUECKUX IENsIX

B snexTpuyeckux memnsx mNpoucxXoAsiT HenmpepblBHbIE (MJIaBHBIE U CKAYKOOOpa3HBIE)
U3MCHCHUA MMapaMCTPOB U PA3JINYHBIX BOSI[GI;'ICTBHI\/’I, KOMMYTAallMOHHBIC U3MCHCHUA
(BKIIOUEHHUE, OTKIIOYEHHE, KOPOTKOE 3aMbIKaHUE OTAENbHBIX YUYaCTKOB U T. 1.). B
PE3YIbTATC TAKUX H3MEHEHUH B OCIHU BOBHUKAIOT NMEPEXOJAHBIC MPOUECCHI, KOTOPLIC
MPOJIOJIKAIOTCS B TEUEHUE HEKOTOPOTO BPEMEHHU (TEOPETUUECKH OECKOHEUHO
0O0JBIIOTO).

DIIEKTPUUECKOE U YHEPTETUUYECKOE COCTOSSHUE PE3UCTUBHOTO, UHAYKTHBHOTO U
€MKOCTHOTO 3JIEMEHTOB AJIEKTPUUYECKOW I[EITH B MEPEXOTHOM MPOIECCE OMUCHIBAIOTCS

. di
ypaBHeHusiMu ur= R ; u;=-e | =L a= , COOTBETCTBEHHO MOIIIHOCTH HAa ATUX IJIEMEHTAX

paBHa:

— o, _ . ] . di;
Peow= Ri% o = yyi = Lf.&ﬂ%i pe = #ei = Cuc——.

N3 npuBeIeHHBIX BBIPAXXEHUH CIEAYET, UYTO HAPSIKECHUE HA PE3UCTUBHOM BJIEMEHTE UR
INPONOPLUOHAIBHO TOKY U ITOBTOPSAET XapaKTep U3MEHEHHUS TOKA; HANIPSIKEHHUE Ha



UHIYKTHBHOCTH MPOMOPIIMOHATBLHO CKOPOCTH U3MEHEHHS TOKA, a TOK | B I[EMHA C EMKOCThIO
NPONOPILMOHAIIEH CKOPOCTH U3MEHEHU s HANMpPsHKeHUs Ha Hell. Tak Kak mapaMeTpsl
€MKOCTHOTO U MHAYKTUBHOTO 3JIEMEHTOB OTPAHUYEHBI, & pEAJIbHbIE HCTOUHUKH
AIEKTPUUYECKON IHEPTUU UMEIOT KOHEYHYIO MOIIHOCTb, TO, KaK 3TO BHUJAHO U3 NPUBEIECHHBIX
BBIPAKEHUW, TOK B MHAYKTUBHOCTH U HANPS)KEHUE HA EMKOCTH B MOMEHT KOMMYTaIlu1
U3MEHSATHCA CKAYKOM HE MOTYT.
[TosTOoMy mpu aHain3e NEPEXOAHBIX MPOLUECCOB B AJIEKTPUUYECKUX LIEMAX
PYKOBOJICTBYIOTCS CJIEAYIOIIUM:
1. B n1060# BeTBU ¢ MHAYKTUBHOCTHIO TOK U MATHUTHBIA MOTOK B MOMEHT

KOMMYTalUH COXPAHSAIOT T€ 3HAYECHUS, KOTOPbIE OHU UMEJIU HENOCPEICTBEHHO

nepea KOMMYyTaluel, a 3aTeM HaYMHAIOT U3MEHSITHCS OT ATUX 3HAYCHUU
2. B m1060ii BETBH, COJepIKAIICH €eMKOCTh, HANIPSIKCHUE U DJIEKTPUUECCKHUHN 3aps

COXPaHSIOT B MOMEHT KOMMYTAIIUHU T€ 3HAUYEHUSI, KOTOPbIE OHU UMEIHU

HEIMOCPEACTBEHHO Mepe] KOMMYyTaluuei, U B JaIbHEUIIEM U3MEHSIOTCS, HAUUHas

OT 3TUX 3HAYEHUM.

PaccmoTpuM nepexoaHble MPOLECCH] B IMHEWHBIX JEKTPUUYECKUX LENIX, IoJjaras, 4To
KOMMYTalUs MPOUCXOJUT MTHOBEHHO — 3JIEKTPUUECKAs Ayra OTCYTCTBYET UJIH
JUIUTENBbHOCTD €€ CYIIECTBOBAHHUS MO CPABHEHUIO C MPOJOJIKUTEIbHOCTHIO IEPEXOTHOTO
npoiiecca oueHb mMana. Kpome Toro, 6yjaeM cuutath MOMEHT KOMMYTAIlMU 32 HA4ajao
EePEeXO0HOTO Mpoliecca U MPUHUMATh, YTO B MOMEHT | = 0, TouHee i = O+, KOMMYyTAaIUs yiKe
MpOMU30IILIA.

Pacuer TOKOB M HampsKEHUN Ha y4acTKaX U JIEMEHTaX 3JIEKTPUYECKOU LeNnu B

MEePEeX0HOM MPOLIECCE MPOU3BOIAT MO YPABHEHUSIM 3JIEKTPUIECKOTO COCTOSIHHUSA.

OTH ypaBHEHUS COCTABJISIIOT JJIi MTHOBEHHBIX 3HAYEHUI TOKOB U HanpsiKeHUu. s
JUHEHHON 3JICKTPUUYCCKOM IenH ¢ NoCcTOsSHHBIMU napamerpamu R, L u C B o0meMm ciryuae
ypaBHEHHUS MPEJCTABIAAIOTCA C MOCTOSIHHBIMU Kod(pdunuentamu. Permenue »3Tux ypaBHeHU
OTpeeNsieT 3aKOH U3MEHEHHUS TOKA WJIM HAMPSHKEHUS B MEPEXO0THOM IMpOIlecce.

PaccMmoTpuM nepexoaHblil mpouecc Npu NOAKJIIOUYEHUH OCIEeA0BATEIbHO COEJUHEHHBIX
anemMeHTOB R, L K HCTOUYHUKY MOCTOSIHHOTO HamnpsikeHus (puc. 45, a).

KonTypHoe ypaBHEHUE 3JEKTPUUYECKOTO COCTOSIHUS IS TF0OOr0 MOMEHTa BPEMEHHU
MMEEeT TaKOW BUI:

I B = Uowan £ S ge=

TJIe i— TOK MEepeXO0HOTO MPOoIecca, KOTOPBIH OyaeM Ha3bIBaTh NEePeXOOHbIM MOKOM WIIH
IIPOCTO TOKOM.

[lepexoIHBIN TOK MOXHO MPEACTaBUTh KaK CyMMY JBYX COCTaBistomuX (puc. 45, 6):
HPUHYKJICHHOTO TOKA Iy, KOTOPBIM yCTaHABIMBACTCS MOCIE OKOHYAHUS MEPEXOJTHOTO
npouecca, 1 CBOOOJHOTO i¢p, ACHCTBYIONIETO BO BpEeMs IEPEXOIHOIO IpoIiecca,
BBI3BAHHOTO 3aIlaCEHHON YHEPrueil MarHUTHOTO MOJIA B KaTYMIKe HHIYKTUBHOCTH: | = i np +

lcn
YPaBHeHI/IC QJICKTPUYCCKOTO COCTOSAHUA IIPUHYKACHHOTO pCKUMaA

fi, — Lf

YpaBHEHUE 3JIEKTPUUYECKOTO COCTOSIHUSA AJs1 CBOOOIHOTO peXumMa MOJydYuM
BBIYMTAHUEM U3 YyPAaBHEHHUS MEPEXOJHOTO MPOIlecCCa YPAaBHEHUS IPUHYKIEHHOI O
pexuma

L L+ R = 0.




L4
0
‘-‘Ll i
¥
Peurennem 3TOoro ypaBHEeHHUsI, KaKk U3BECTHO U3 MaTEMaTUKHU, OYIET I = Ae”t/T rue

A — noctosinHast, T = L/R — nocTtosinHas BpemeHnu. [locTosiHHas 4 onpeensercs u3
HauanbHbIX ycnosuit (mpu t = 0), xorga i(0) =i 4 (0) + i (0).

Jlns BeTBU, coAepxKallel HHAYKTUBHOCTh, B MOMEHT KOMMYTAIlUU IEPEXOIHBIA TOK
paBeH TOKY 10 KomMmyTanu#, T. €. 1(0) = 0. V3 ypaBHEHUS NPUHYKXICHHOTO pPEeKUMa

nonyduM: i up (0) =i np = U/R, nns cBobGogHOTO pexuma — i (0)= A u, caenoBarensHo, 4
=-U/R

Tok 6 nepexoonom npoyecce

$ = fop o+ "l-:-ut.= LR — %E_'“ = %{] — 7N

HanpsbkeHue Ha MHAYKTUBHOCTH IIPU MIEPEXOTHOM IIPOLIECCE.
di g
, = L — = Ue¥",
; di
[Tpu BKIOYEHHH Ha NOCTOSHHOE HanpskeHue snementoB R, C (puc. 46, a) Hanpsxenue

duc
Ha €EMKOCTH HC MOXCT UBMCHATHCA CKAYKOM, TaK KakK IIpu E =00 HGOﬁXOI{HMa OECKOHEYHO

0oJbIIas MOUIHOCTh UCTOYHHKA.
YpaBHeHue 3neKTpuueckoro cocrosinus nenu R, C umeer Bua

I R+ = U, uau RC ‘:I’:’?+u¢=u
|

[ |

B ycranoBuBmemcs pexume Ucy, = U, a Tok 1 5, = 0.

B HavanpHBI MOMEHT MEPEXOHOTO MPOoIlecca TOK B e U3MEHUTCS CKa9KOM 10
3HaYEeHHUS

i = U/R. HanpsbkeHre Ha €MKOCTH B TIEPEXOHOM IPOIIECCe 3alMUIIEeTCS B BU/IE

uc = Ul —e_t/T), rae T = RC — nmocTtosannas Bpemenu. [lepexoansiili TOK B menu

. duc U _

i =C—==—¢7t/7

dt R

CKOpOCTh YCTAHOBJICHUS MPUHYKJICHHOTO PeKUMa M XapakTep MepexoJHOTO

npoiiecca 3aBUCAT OT MapaMeTPOB AJIEKTPUUYECKON LENMU U XapaKTEePHU3YIOTCS
NOCMOAHHOU 8peMeHU T, KOTopasl JUISl TOCIeI0BaTEIbHOTO coenHeHus nenu R; L
paBua T = L/R, a nenu R, C —

T = RC. OueBuano, uto yem Oonbine Lum C, TeM MeaIeHHee UIET MePeX O HBIN
nporecc. [IpakTuuecku nepexoaHbIN MpoIecc 3apepuaercs yepes 3—5 7.
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['paduku nepexoaHOro mpoiecca i(t),

3uauenus e t/T B 5TOM ciayuae L %‘* + . = U, paBHbL:
I'paduku hy=dAe™" ra¢ 1= /R nepexoaHHIX TOKOB U
f ‘ 0 | T [ 21 l AT ] 47 I b1
g M | 0,37 | 0,13 0,1 n.o2 0,01

HanpsDKeHUU A1 cxeM puc. 45, a u 46, a npeacTaBiIeHbl COOTBETCTBEHHO Ha PHUC.
45, 6 un 46, 6.

[lepexoaHsblil mpolecc Npu BKJIOYEHUH 3JIeMeHTOB R, L Ha cuHycouaanbHOE
HamnpsOKEHHE YacTO BCTPEUAETCs HAa MPAaKTUKE, HAIpUMeEp MPU BKIIOYECHUH
TpaHchopmaTopa, SMEKTPUIECKOTr0 anmnapara, dMEKTPHIESCKON MAITUHBI
MePEMEHHOTO TOKa.

YpaBHEHHE JIEKTPUUECKOTO COCTOSIHUS EePEXOJHOTO Mpoliecca UMEET BUJL
di | o
L=+Ri=u
dt
Ecnu npeononosrcums, uro Bimouenuem 1enu R, L npownsonio B MOMEHT, Koraa ), #
0,m.e.
U= Um sin (wt —ys,) , TO TOK IPUHYkKAEHHOTO pexuMa i,,= Im sin (ot +y, — @),
rae 1m=U/[R? + wL?]; @=arctg(wL/R).

o d
CBoOOnHBIN TOK OonpeaenseTcs U3 ypaBHeHUs L

i .
dCtB +R i, = 0, permeHreM KOTOPOTO

SIBIISICTCS

i =Ae T rpet=LIR

Tok mepexoaHOro pexuma B HEelH

i=i,,+ip=Im sin(wt+P, —@)+Ae /"

IToctosinnas A onpenensercs us ycnosus 1(0) =i 4, (0) + ics (0).,1.¢.0=1y sin (P, —
@) + A,

Otkyna A=-lp, sin (P, — @) u i= I sin (wt+P, — @) —Im sin (P, — p)e "

KpuBas nusmenenus toka i(t) mpuBenaeHa Ha puc. 47.

HauanpHoe 3HaYeHHE MEPEXOJHOTO TOKA 3aBUCUT OT HaYaJIbHOU (a3bl (MOMEHTA
BKJIIOUEHU ) HAPsKeHUsT ucTounuka Y. Eciu Y, = ¢, T0o U3 BeIpaKeHUS s
MEePEXOJHOTO TOKA BHJIHO, YTO CBOOOJIHBIN TOK B MOMEHT t = 0 paBeH HYJIIO U MEePEXOIHBIN
MpoIecCc OTCYTCTBYET — Ccpa3y Mocjae BKIKYEHHUS B [[€NU yCTaHABIUBACTCS
IPUHYXKACHHBIH PEXKUM i=1 4, = Iy sin wt. IIpu P, — ¢ = /2 B MomeHT t = 0 cBOOOAHBIH

TOK MaKCHMaJjeH, U €CJIM MOCTOSHHAs BPEMEHH T 3HAUMTEIbHO OOJIbIIIE MEepHoa, TO
MaKCUMaJbHOC 3HAUCHHE IMEPEXOJHOTO TOKA MOXKET MPEBHINIATh AMILUTUTYTHOE 3HAYCHHUE
yCTaHOBHUBIIETOCS pexumMa |y, HO He Oosiee ueM B ABa pa3a | max < <2 In

1. HaubGonee mupokoe npuMeHeHHE B 3JIEKTPOIHEPreTUKE MOTYUUII CUHYCOUAATbHbIN
TOK.
2. Ha npakTtuke onepupyrT AEUCTBYIOMUMHI 3HAYEHUSIMH 3JIEKTPUUECKUX BEIUYMH.
Onwu 6 \2 MeHbIIe aMILUIUTYJAHBIX 3HAYECHU.

3. CuHycouanpHbIE AJIEKTPUUECKHE BEJTUYNHBI

n3o0paxa-

IOT B BHJI€ BEKTOPOB; OHH MOTYT OBITh NIPEACTaBICHBI
KOMIIJIEKCHBIMH YHCJIaMH.

4. DJIEMEHTHI AJIIEKTPUUYECKON LENU MEPEMEHHOTO TOKA
0071a1a10T OTHOBPEMEHHO MHAYKTHBHOCTHIO, EMKOCTBIO H
AKTUBHBIM COMPOTHUBIIEHUEM.

5. Ha yyacTtke njeKTpUYECKON LenH MEPEMEHHOI0 TOKa C

Uc



aKTHUBHBIM CONpPOTHUBIEHNEM RTOK U HampsiKeHue coBmaaaroT Mo ¢gasze; ¢ eMKOCTHBIM
sneMeHTOM C HampsKeHHE «OTCTAET» OT TOKa Ha ¢ = 7/2; ¢ UHAYKTUBHBIM 3JIEMEHTOM
HaIpsDKCHHE «oTepexaer» ToK Ha ¢ = /2. [loaTromy HampsikeHue Ha Bxojae nenu ¢ R, L, C
€CTh BEKTOPHAs CyMMa Halps)KEHUI Ha yyacTKax LENH.
6. [TonHasg MOWHOCTH TeHEepaTOpa ONpeAesieTcss NIPOU3BeIeHUEM JIeCTBYIOIUX
3HauYeHWH Toka U HanpsokeHus S= Ul u Beipaxkaercs B BosbT-ammnepax. OTHOIIEHHE
AKTUBHOM MOMHOCTU P K mojaHo#i S Ha3zeiBalOT kKodpdumuentom momuoctu CO8 ¢. Uem
0oJblle COS @, TeM SKOHOMUYHEe padoTaeT IHEprocucTema.
7. Ecnu B anexTpuueckoi 1enu nNepeMeHHoro Toka eCTh KaTyIKH HHAYKTUBHOCTH U
KOHJIEHCATOPBHI, TO B HEM NP ONPEJEICHHBIX COOTHOIIEHUAX MOT'YT BOSHUKHYTh PE30HAHC
HaNpsO>KEHUH UJIU TOKOB.
8. PacueT TOKOB M Hamps)KEHUU HAa ydacTKaX M 3JEMEHTAX 3JIECKTPUUYECKOU LENU NPU
MEepPeX0JHOM MPOIlecCe MPOBOIAT MO YPABHEHUSIM IIEKTPUUECKOTO COCTOSIHUS IS
MT'HOBEHHBIX 3HAYEHUHN ITUX BEJIUUMH.

Bomnpocsbi:
1. Yto Ha3pIBaeTCs 4ETHIPEXIIOIIOCHUKOM?
2. Kak knmaccupumupyroTcss YeThIPEXTTOIIOCHUKHU ?
3. Hanucatp mects popm 3anucu ypaBHeHuil Ull, ykazaTs 1151 HUX M1OJOKUTENbHBIE
HamnpaBJICHUS 3aUCH TOKOB U HaNPSKEHHUH.
4. B xakux ciydasx Kaxjaas ¢gopma 3aucu UMEeT MIPEeUuMyLIecTBa Nepea OCTalbHbBIMU?
5. Kak onbITHBIM YTEM omnpenenauts kodpduuuents A, Z, Y, H?
6. Kakum oOpa3om, 3Hasg K03 GUIHEHTH 0JHONH (OPMBI 3aITUCH, OTIPEICIUTh
K03 dunueHTs Apyroi Gpopmsi?
7. Kakoe coenunenue UIl Ha3pIBalOT perynsipHbiM?
8. UTo moHMMaeTCs MO XapakTepucTuueckumu napamerpamu UI1?
9. Kakum o0pa3zom ompeaessioTes XxapakTepucTuieckue comporuieHus UI1?
10. Yto Ha3bIBaeTCs BXOJAHBIM conmpoTuBienuem UII?
11. C xakoil 1enbl0 UCIOJIB3YIOT cXeMbl 3amernenus YI1?
12. [IpuBecTu mpuMepHI JIEKTPO-, PAINOCXEM, B KOTOPHIX OCYIIECTBIIETCS KackaJHoe
coenunenue YII?
13. Yro Ha3pIBaeTCs NOCTOSIHHOW nepeaaun’?
14. B xakux eIMHHUIAaX U3MEPSAIOT 3aTyXaHUus?

IIpakTnyeckas padora Ne 16.
Tema 16. TeopeTnueckne 0CHOBBI HENMPEPBLIBHBIX U JHCKPETHBIX CUTHAJIOB.
CemuHap-o0cysk1eHHe NUCbMEHHbIX pedepaToB.
Heapb padoThl: PacimpuTs 1 cucTeMaTU3UPOBATh 3HAHUSA 110 U3y4aeMOi TeEMe.
Teopernyeckas 4acThb:
Mup curranoB MHOT000pa3eH, a B TEXHUYECKHUX MPUTIOKEHUSIX CUTHAI TIPEJCTaBISIET COOOM
GyHKIMIO onpeeiéHHOro apryMeHTa (MHQOpMaluoHHYIO (QYHKIIUIO), HECYITYIO COOOIICHUE
(uadopmanyio) o GU3NYECKUX CBONCTBAX, COCTOSHUU WM TIOBEIEHUHU KaKOH-1100 pusndeckoi
CHCTEMBI, HCCIIeTyeMOM 00beKTe uitu cpenbl. [Ipu npuéme n 00paboTKe CUTHAIOB OCHOBHOM
3ajauelt uccienoBarenei IBIseTCs U3BJIEUEHHE OIPEIeIEHHBIX CBEACHUI 00 nccieayeMoM
nporiecce, 00bEKTE HITH MEepPEeJaHHON HH(OPMAIHH, KOTOPbIE MTPEICTABICHB KOHKPETHBIMH
CUTHAJIaMH | MPeo0pa3oBaHKe dTUX CBEJACHHH B (popMy, yIOOHYIO ISl BOCIPUATHS U JaTbHEHIIIero
WCTIOTh30BaHUSI.

CurHan xapakTepu3yeT B3aMOCBSI3U MEXKy OMPEICIEHHBIMI BETHYMHAMH, U TaKUE
B3aMMOCBSI3H MOSBIIIMCH KaK (YHKITMOHAIBHBIE 3aBUCUMOCTH B TECOPHH MaTeMaTHKH emE B 18-m
BEKe.

Bosnbmoe pazButue QyHKIIMOHATBHBIE 3aBUCUMOCTH TTOJTYYMIIA B TEXHUKE CBS3H,
pPaZMONIOKAIINY U PaIUOHABUTAIINH, T/I€, HATIPUMED, ISl TEOPETUIECKUX PACUETOB U aHAIH3E
pa3INYHBIX TpeoOpa30BaHUil BpEeMEHHBIX (D)YHKIINH peallbHbIe CUTHAIIBI YacTO UICATU3UPYIOT U
HIMPOKO MCIIONB3YIOT MaTeMAaTUYECKHE MOJIENH, TpUMeHsist 00o3HaueHust Buma St),f(t) wm u(t).



KoHkpeTHbIe QYHKIIMOHATBHBIC 3aBHCUMOCTH, ITOJTyYCHHBIE B BUJIE MATEMATHIECKUX MOCIICH
HIO3BOJISIIOT UCCIIEIOBATh. CBOWCTBA CHTHAJIOB, OTIPENEIISAThH €ro ClIOCOOHOCTh NepeiaBaTh
HeoOXoauMYyr0 HHGOpPMAITHIO, 00eCTICUNBATh BOZMOKHOCTh MIOCTPOCHUS M (PYHKITMOHUPOBAHUS
Pa3InYHBIX OBICTPOJCHCTBYIOIINX, BHICOKOTOUYHBIX M MOMEXOYCTOMYMBBIX CUCTEM CBSI3H,
paIuoIOKaliK, PAJIMOHABUTAIINY ¥ MHOTHX JPYTHX YCTPOMCTB.

Maremaruueckast MOJICITb MOKET OBITh 33j1aHa B BUJIC AaHAIMTHYECKUX BBIPAKCHHUH, TPahUKOB
i Tabiui. OTHa U Ta Ke MaTeMaTH4ecKast MOJIENIb TTO3BOJIMT UCCIIEIOBATEII0 XapaKTePH30BaTh
KaK TOK M HaIpsDKEHHUE, TaK ¥ CBOWCTBA JIMHEWHBIX ETIeH MM OJTYYUTh BEPOSITHOCTHOE OIMCAHUE
cirydaitHoro nporecca. [Ipumepom 0000ImEHHON MaTeMaTHYECKONH MOJICITH MOXKET CITY)KUTh
HIMPOKO pacrnpoctpanenHas Gynkius ['aycca, mpeacrasisiemas B 001eM Buae Gopmynon: y (x) =
Aexp(-((x - Xo)/AX)?), e mapamerp A XapaKTepU3yeT aMITHTYLY HCCIIeLyeMoi PyHKImH, X -
apryMeHT, ONPENeNSIOMUi (YHKIIMOHAIBHYIO 3aBUCUMOCTD, X0 U AX OIPEICIISIFOT KOOPAHHATY
MaKCHMaJIbHOTO 3HAUCHUS U MPOTsHKEHHOCTh pyHKIMU. Takas 0000ménHas QyHKIMs, HApUMep,
MIO3BOJIMT UCCIIEIOBATEIIO OMUCATh CBOMCTBA CUT'HAJIA BO BPEMEHHOM HITH YaCTOTHOM 00J1acTh U
OTMETHUTh XapaKTepPHbIE OCOOCHHOCTH B 3aBUCHUMOCTH OT M3MEHEHHs ITapaMeTpoB. [iis atoro
CJIeAyeT 3amucaTh GOpMyITy COOTBETCTBYIOIICH MaTeMaTHYECKON MOJICIT CUTHAJIa,
XapaKTepHU3YIOLIEro U3MEHEHHE, HAlIpUMep, HAPSDKEHHS, KaK (QYHKIMIO BpeMeHH, B Buje: S(t) =
u(t) = Umexp=(-(t-t,)/t,), rie Un, - aMIuIMTy1a UCCIIEYEMOT0 HAMPSKEHUS, 0 - KOOpAWHATA
MaKCHMAJIbHOTO 3HAYCHUS, T,- [UIUTSILHOCTh UMITYJIbca. [ padyik pacCMOTPEHHO# MOIeTn
(GYHKIMU HANPSDKEHUS JUTS Pa3HbIX 3HAYCHUHN TTapaMeTpoB 7o U T,lIpUBEIEH Ha puc. /. 1a.

Takoli ke MaTeMaTHYECKOW 3aBUCUMOCTBI0 MOYKHO 0XapaKTepU30BaTh HEKOTOPHIC JTMHEHHBIC
1T, TPEJCTAaBUB MO/IYJIb KOMILJICKCHOW TepeIaTOuyHON (PYHKIMHU enH (aMIUTUTYAHO-4aCTOTHON
xapakrepuctuki - AUX) B Buge: [K(jo})| = Ko exp(-((0-0o (,)/Ao)?), rae Ko ~ 3nauenne AUX npu
-0 =0, a Ao - onoca NpomnyckaHus uccieayeMon nenu (npotskéHHocTh GyHKun). ['padux
paccmotpenHo# Mozenu ¢pyHkuun AUX [t pa3HbIX 3HAYCHUH MapaMeTpoB 0o U A®) PUBEIEH HA
puc. 1.10.

U, nakonerr, 3ta e GopmyIia MOKET ObITh UCIIOJIb30BAHA JUISI OTTUCAHUS IPYTHX
(YHKIMOHAIBHBIX 3aBUCUMOCTEH, HAIIPUMEP, 3aKOHOB PACIIPEICIICHUS CIIyYalHbIX TPOIIECCOB.
Tak, 0JJHy U3 OCHOBHBIX BEPOSITHOCTHBIX XapaKTEPUCTUK CIy4allHOTO MpOoIiecca - INIOTHOCTh

pacipeaciiCcHus, 4aCTo BCTPECHYAOIYIOCA ITPHU PCIICHUHN PA3JIMYHBIX PAaJUOTCXHUYCCKUX 3aaaYd
MOKHO MMpEACTABUTDH

o(X)=(V ov2m)exp[—((x — X0)?/202)] dbopmymoi

2
['e xo — KoopauHATa SKCTPEMAJIBLHOTO 3HAUCHNS (PYHKINH, d ¢~ - XapaKTepU3yeT HHTEHCUBHOCTb
¢bnykryanuil. XapakrepHble rpaduKu pacCMOTPEHHOM MOJENN MIIOTHOCTH pactpeieeHus (X).
o 2
U1 pa3HBIX 3HAYEHHUH apaMeTpoB Xo M o0 2 TpuBeensl Ha puc. 1.1c. 2m(x — xo)[—((x — x¢)?/

202]
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HNudopmanus, coodumenne u curuaj. CUrHanbl npu pa3sHOOOpPa3HBIX UX OMUCAHMSIX
NPECTaBIAIOT (PU3HUECKUIl MTpoliece, coaepKaluii B cedbe MHPOpMaLUIO, KOTOPYIO HE00XO0AUMO
nepenarb. OnuH U3 ocHoBareneit Teopun nHdopmarmu K. lllearnon otmevan, yro "Uudopmarus -
MOCJIaHNe, KOTOPOE YMEHbBINAET HEONPEIEIeHHOCTR", T. €. HEONPEAEICHHOCTh 3HaHUH 00



uccienyemMom oonekre. Ciie1oBaTeNIbHO, B ITMPOKOM CMBICIIE HHPOPMAIHIO MOXHO OTIPEICIUTD
KaK COBOKYITHOCTb 3HaHUI 00 OKpy’KalolieM MUpe. B oTinune ot Apyrux XapakTepucTUK
OKPYXXaIOIIEero HaC MUPa, HHHOPMALMOHHBIC XapaKTEPUCTHKH HE YMEHBIIAIOTCS TIPH MTOTPEOICHHH,
a HaKaIJIMBAIOTCSA CO BPEMEHEM U C TIOMOIIbI0 TEXHUYECKHX CPEACTB OTHOCUTEIBHO MPOCTO MX
MOHO 00pa0aThIBaTh, XPAHUTH U IMEETCS BO3MOKHOCTH OOMEHUBATHCS MH(pOpMaIel Ha
3HAYUTEIBHBIX PACCTOSHUSIX.

OcobeHHOCTh MH(OPMALIUU COCTOUT B TOM, YTO YAaCTO OHA IMOSIBIISICTCS B OTHOM MECTE, a
MOYKET UCIOIB30BATHCS B IpyroM. J1Jis mepenaun Wi XpaHeH!uss HHPOPMALUU UCIIOIb3YIOT
pa3IMYHBIC 3HAKU (CUMBOJIBI), TO3BOJISIONINE BBIPA3UTh WIH IPEICTABUTH €€ B ONPEICIICHHON
dopme. DTUMH 3HAKaMH MOTYT OBITH CJIOBa M (Dpa3bl UEIIOBEUECKOH PeUH, PUCYHKH, PA3IHIHbBIC
dopmbl Konebanuii, MaTeMaTu4eckue GOpPMYIbI U T. 1.

Ouenp 4acTo HapaLy ¢ HHPOPMAIel HCIOIB3YIOTCS OaHHble. JlaHHbIe MOTYT
paccMaTpUBaThCS KaK 3aperuCTPUPOBAHHBIC PE3YNIbTAThl SKCIIEPUMEHTA, KOTOPBIE M0 Pa3InYHbIM
IpUYMHAM MOTYT HE HCIIOJIB30BAThCS, @ TOJIBKO XpaHuTcs. Korna sxe mosiBisieTcs BO3MOYKHOCTD
UCTIOJIb30BAaHUS 3TUX JAHHBIX JJIs1 YTOUHEHUS OIpPEeNICHHBIX COOBITHH O 4eM-Tin00, OHH
npespamaioTcs B uHpopmanuio. [ToaTomy nHopmarmeir MOXKHO CUATATH HCIIOIb3yEMbIE JaHHBIC.

Wudopmanus, nojexanias nepeaade U BelpakeHHas B OIpeiesIeHHOH Gopme, Ha3bIBaeTcs
coobuenuem. CooOIIEHNE MOKET OBITh MPEACTABICHO B OPME TEKCTA TEIETPAaMMBbI, HEKOTOPBIX
CBEJIeHUI1, epeaBaeMbIX 10 Teaedony, Gpakcy, paauo, TeIEBUICHUIO WIK Tenerpady u T. 1.
Coo0meHust MOTYT OBITh (DYHKITUSIMH BPEMEHH, HAIPUMEP Peub MPHU TeIePOHHBIX pa3roBopax,
TeMIIeparypa, JaBjIeHue py Mepeiadye TeIeMeTPUUECKUX JaHHbIX, CIIEKTaK/Ib IIPH Iepeaye 1mno
TeneBUACHUIO U T. 1. Co0o0IlIeHnEe MOXKET U HE ABJIATHCS (QYHKIMEH BpeMeHU (HalpuMep, TEKCT
TeJIerpaMMBbl, HEMOJIBUKHOE U300pakeHUe U 1Ip.).

Coobmienne (MHGOpPMAITHST) MOXKET OBITH ITEPEIaHO HA KAKOE-THO0 PACCTOSTHUE C TIOMOIIIBIO
OIpeIelIEeHHOT0 MaTeprallbHOrO HocuTeNs. B cBsA3M B kauecTBe HOCUTENEH COOOLICHUH
UCTIONB3YIOT Pa3IMYHbIE CUTHAIIBI

Curnan - ¢pusudeckuil npouecc (Win sSBJIEHUE), HECYILUH HH(MOPMAIIUIO O COCTOSHUU KaKoro-
1100 oObekTa HabmoaeHns. CUTHAI O3BOJISIET NEPEHOCUTh HH(OPMAIIHIO B TPOCTPAHCTBE U
BpeMenu. [1o cBoeil huznueckoit mpupoae CUrHaibl ObIBAIOT 3JIEKTPUUECKUMHU, CBETOBBIMH,
3BYKOBBIMU | JIp. B pagroTexXHUKe HCIIONB3YIOTCS JJIEKTPHUECKUE UITH MAarHUTHBIE CUTHAJBL. Tak,
AIIEKTPUUYECKHUI CUTHAI MO3BOJISET MepeaBaTh COOOLIEHUS BO BPEMEHH, TO €CTh SIBIISIETCS
byHKIIMEH BpeMeHH, 1axe eClIi COOOIIeHNE, IPEICTABIISIET CO00I MOCTOSTHHBIE TAaHHBIE, HATIPUMED,
HEMOJABIKHOE U300paKeHHEe, KOTOPOE BO BPEMEHU HE U3MEHSETCsI, TO €CTh CUTHAJ BCEr/ia SBISAETCS
(byHKIIMEN BpeMeHH.

CoBpeMeHHas paduosnekmpoHuxa - 3To 0000IIeHHOE Ha3BaHUE psijia 00s1acTel HayKu U
TEXHUKH, CBSI3aHHBIX C Mepeaaueii u mpeodpa3zoBanrneM HH(YOpMAIH Ha OCHOBE MCIIOJIb30BAHUS U
npeoOpa30BaHus 3JIEKTPOMArHUTHBIX KOJI€OAHUHM M BOJIIH PaJ04acTOTHOTO JHana3oHa; OCHOBHBIMU
U3 ITUX 00JIacTel SBJIAIOTCS: paAHOTEXHUKA, patuo(Hu3uKa U HIIEKTPOHHKA.

OcHoBHasl 3a/1a4a paouomexHuKyu COCTOUT B Nepeiade HHPOPMALUU Ha PaCCTOSHUE C
MIOMOIIIBIO AIIEKTPOMArHUTHBIX Kojiebanuii. B Goiee mmpoKkoM cMBICTe cogpemenHas
paouomexnuka ~ 001acTh HAYKH U TEXHUKH, CBSI3aHHAs C TeHepaluel, yCHIeHUeM,
npeoOpa3zoBaHreM, 00padOTKOM, XpaHEHHEM, TIepeIaueii U TPUEMOM dJIIEKTPOMArHUTHBIX
KoJIeOaHUH pao4acTOTHOIO AMAIa30HA, UCIIOJIb3YEMbIX IS Miepeiau nHpOopMaluy Ha
paccrosiHue. Kak ciemyer U3 3Toro, paIuoTeXHUKa M PaIN03JICKTPOHUKA TECHO CBSI3aHBI M YacTO
3T TEPMUHBI 3aMEHSIOT ApYT apyra. Hayky, 3aHuMaromyrocs: u3ydeHneM pU3n4ecKux OCHOB
PaTUOTEXHUKH, HA3BIBAIOT paOUOGUIUKOLL.

OcHoBHbIE NapaMeTPbl CUTHAJIOB. [10JIe3HbII CUTHAT TakXKe SIBIIETCSI 0OBEKTOM
TPaHCIOPTHPOBKH (TIepeIadn), a TEXHUKA CBSI3H - M0 CYIIECTBY TEXHUKON TPAHCTIOPTUPOBAHHS
CUTHAJIOB 1O KaHanaM cBs3H. [ToaToMy 1enecoodbpa3zHo onpeaeanTs napaMeTpbl CUTHANIA, KOTOpPhIE
SIBIISTIOTCSI OCHOBHBIMU C TOYKHM 3PEHUS €T0 nepeaadn. TakuMu mapaMeTpaMu sBistores (4, 5] -
onumenvHocms cucnana Tc, ero wupuna cnekmpa Fc u ounamuueckuii ouanazon Dc.

[IpakTHyecku KaXkKablil CUTHAJ, pacCMaTpUBaeMbIi KaK BPEMEHHOH MPOILIecC, UMEET Havalo U



koHell. [ToaToMy myutensHOCTh curHaina Tc sBIsieTCsl eCTECTBEHHBIM €T0 IapaMeTpoM,
OTIpeNIeNIAIONIUM UHTEPBAJI BPEMEHH, B MPeJieiax KOTOPOTo CUTHAI CYIIECTBYET.

[upuna ciekTpa curHaia Fc qaet npeacTaBiIeHrue O CKOPOCTH U3MEHEHUS CUTHAJIa BHYTPH
MHTEpBala ero cymecrsoBanus. CreKkTp nepeaaBaeMoro CUrHajia B MPUHIUIIE MOXKET ObITh
HeorpaHnueHHbIM. OJHAKO A1 JTI00O0r0 CHUrHalla MOYKHO YKa3aTh IMANa30H 4acToT, B IIpeaeiax
KOTOPOT'O COCPeI0TOUEHa ero ocHOBHAs (110 90%) sHeprus. ITUM AUaNla30HOM U ONpeesieTcs
HIMPUHA CIEKTPa IMOJIE3HOTO CUTHAJIA.

B pannoTtexHuke U, B 4aCTHOCTHU, B CUCTEMaX CBSI3U PEAJbHYIO IIUPHUHY CIIEKTPa Mepe1aBaeMoro
CHTHAJIa 9aCTO CO3HATENIBHO CYXKAIOT. DTO CBA3aHO C TEM, UTO aIapaTypa v JUHUS CBSA3U UMEIOT
OTPaHUYEHHYIO MOJIOCY MPOIMYCKAaeMbIX 4acTOT. CyKaroT CIIEKTP UCXOS U3 TOIMYCTUMBIX
UCKaXEHUH curHayia. B wactHOCTH, TIpH TeleOHHOM CBsI3U TpeOyeTcs, 9ToObI peyb OblIa
pa3bopurBa U aOOHEHTHI MOTJIM Y3HATh APYT Apyra mno rojocy. /s BeIOJIHEHUS STUX YCIOBUI
JIOCTaTOYHO NepeaaTh peueBoi curnai B nojioce ot 0.3 1o 3.4 x['u. Ilepenaya 6oree mmpokoro
CIIEKTpa peuu B 3TOM Cilydae HelernecooOpa3Ha, MOCKOIbKY BEJIET K TEXHUYECKUM YCIOKHEHHUSIM
anmaparypbl U yBEeJIHMUEHUIO 3aTpaT. TOYHO Takke HEOOXoauMas IIMPUHA CIIEKTPa
TEJIEBU3MOHHOTO CUTHAJIA onpeiensieTcs TpeOyeMoil 4eTKOCThI0 n300paxkenus. Eciau
NPUMEHSETCS CTAHapT ¢ 625 CTPOKaMH, TO BEPXHSSA YAaCTOTa CIEKTpa CUTHAJIa COCTABISET 6
MTI'u. CiekTp curHaia u300pakeHUs MHOTO IIMPE CIIEKTPa CUTHAJIA 3BYKOBOTO COIIPOBOXKICHHUS,
YTO CYHIECTBEHHO YCJIOXKHSET MOCTPOCHUE TEIEBU3MOHHBIX CHCTEM MO CPABHEHUIO C CUCTEMaMuU
3BYKOBOTO BEIIAHUSI.

Kak mpaBuiio, cieKkTp MOAYJIUPOBAHHOTO CUTHAJIA IIUPE CIIEKTpa MepeaaBaeMoro CooOIeHus U
3aBHCHUT OT BHJIa MOAYISAIUU. [103TOMY B TEOPHH CUTHAJIOB UCTIOJNB3YIOT TAKOW MapameTp, Kak
0a3a curnana

B. =2F, T,

Wnm BBOIAT O0J1ee OOIIYIO XapaKTEPUCTUKY 00BhEM CHUTHAIIA

V.=T,F.D,

O0BEM curHasia JaeT od1iee NpeICTaBIeHUe 0 BO3MOKHOCTSIX JAHHOTO MHOXKECTBA CUTHAJIOB KaK
MePEHOCUYMKOB coo0IIeHH. Yem OosbIe 00bEM cUrHaIa, TeM 00JIbIe HHHOPMAITUH MOYKHO
"yrakoBarb” B 3TOT 00BEM, HO TEM TPYJHEE MEPEAATh TAKON CUTHAI 10 KaHAJly CBSI3U C TPEOYEeMbIM
KayeCTBOM.

W, HakoHell, AMHAMUYECKUH 1uana3oH Dc - 3To OTHOIIeHHnEe HanboIbIIe MTHOBEHHOM
MOIIHOCTH TMEepeaBaeMOro CUTHalIa K TOH HAaMMEHBIIEeH MOIHOCTH, KOTOPYIO HEOOX0IUMO
OTJIMYaTh OT HYJIS IPU 3aJJlaHHOM KadecTBe nepenayu. OH BeIpakaeTcsi 0ObIYHO B
nenubenax (N 15=20 1gU1/Uz) u, Hanpumep, TMHAMUYSCKUN TUATTA30H PeUH
TEJIEBU3MOHHOTO AUKTOpa paBeH 25...30 nb, HeGonpmoro BokajibHOro ancamons -45...65
nb, a cumdonunueckoro opkectpa - 75... 100 nb. Bo uzbexanue neperpy3ok KaHaiua B
paAuMOBEIIaHNM TMHAMUUYECKHUH AMana3oH 4acTo cokpamart 10 35.. .45 nb,

Kak mpaBumo, 3JIeKTpHYECKHUE CUTHAIBI, HEOCPEACTBEHHO OTPaXKaIOIe CO00 IMeHus,
MaJIOMOIIHBI U HU3KOYAaCTOTHBI. MI3BECTHO, YTO 3JIEKTPUUYECKUE CUTHAJIBI C HU3KUMHU
4acTOTaMU He MOTYT 3¢ (PEeKTUBHO U3JIydaThCsi B CBOOOJHOE MpocTpaHcTBO. [lepenaBats ux
HEMOCPEACTBEHHO MOXHO TOJILKO IO MPOBOJAHBIM UJIM KaOeIbHBIM JUHUAM (TenepoHHas,
tenerpadHas CBI3b U T. 1.). s mepenaun nuHGOpPMALNU UCTIOIB3YIOT CIIEIHATbHBIC
DIEKTPUYECKUE CUTHATBI (nepeHOoCUUKUu coodujeHutl), KOTOPBIMH SBIISIFOTCS XOPOIIO
U3JTy4Yalomuecs U pacpoCTPaHIIOMKEcs U CBOOOTHOM MPOCTPAHCTBE BEICOKOYACTOTHBIE
rapMOHHYECKHE IEKTPOMAarHUTHBIE KoJieOaHus (hecyuue konebanus). CaMu Hecylue
KoJieOaHUs HE colepKaT HHPOpMaINH, a TOJIbKO ee mepeHocsT. [lepenaBaemas mo KaHanam
CBsI3M MH(pOpMAaIUs 3aKIaJbIBACTCS B OJUH HJIM HECKOJIbKO TapaMeTPOB HECYILETO
KoJieOaHus.

JInHa BOJHBI 3JIEKTPOMArHUTHOTO KoJieOaHUs CBsA3aHA C €€ MUKJINYECKON YacTOTON U
CKOPOCTBIO PacIIpOCTPAaHEHHS CBETa clenyruield GopMymoi:

A=c/f,

20e c- 3-108 m/c —CKOpOCTh cBeTa; f-uacmoma, 'y

B coBpemMeHHO# palMOTEXHUKE U TEOPUHU CBA3H UCIOJIB3YIOT



AJICKTPOMAarHUTHBIE KOJeOaHus, pacmoI0oKeHHbIe B quamna3one 9actot ot 10 mo I'm.
3H€KTp0MaFHI/ITHbIe KOHGGaHI/I}I C TAKUMHU HaCcTOTaMHnu HpHHHTO Ha3bIBATh
PaAoUoBoIHAMY WU TIPOCTO BOIHAMU.

Jlnst obecrniedeHUs YCTOMYMBOW M HaJI€)KHOM paJMOCBsI3M OYEHb BaXKHA JJIWHA
BOJIHBI Hecyulero konebanusa. Ha Be160p Auana3oHa paauoBOJIH AJIsl KOHKPETHOM
CHUCTEMBI Iepeauu HHPOPMaALHH BIUsAET psia GakTOpOB, CBA3AHHBIX C
0COOEHHOCTBIO U3JIyYEHUS U PACIPOCTPAHEHUS 3JIEKTPOMArHUTHBIX BOJIH;

XapakTepoOM HMEIOUIEerocs B 3aJJaHHOM JMala3oHe MOMEX; apaMeTpaMu
COOOIIEHHUS; XapaKTepUCTUKAMK U rabapUTHBIMHU pa3MepaMu Nepelarolux 1
IPUEMHBIX aHTEHH.

MexaHu3M BOZHUKHOBEHHUS M PACIPOCTPAHEHHUS BBICOKOYACTOTHBIX 3JIEKTPOMAarHUTHBIX
KoJIeOaHUH (3JEKTPOMArHUTHBIX BOJH) IOCTATOYHO CJIOXKEH U J0 HACTOSIIEr0 BPEMEHU HE
UMEET YEeTKOro (u3nuyeckoro 000CHOBAaHUSA, U €T0 HEBO3MOXXHO ONUCATh, OCHOBBIBASICh HA
INPUBBIYHBIX NOHATHUAX O MOCTOSHHBIX 3JIEKTPUYECKOM M MAarHUTHOM noJsix. Kak n3BecTHo
U3 Kypca (pU3uKHu, TOCTOSHHbIE 3JIEKTPUUYECKUE U MAarHUTHBIE 110JI1 HE MOTYT CYLI€CTBOBAaTh
0e3 MOpOAMBIINX UX UCTOYHHUKOB - 3aps0B MU TOKOB. Bo30yxkaeHHOE K€ KaKUM-ITH00
HUCTOYHUKOM IIEPEMEHHOI'0 TOKA 3JIEKTPOMAarHUTHOE M0JIe MOXKET CYIIeCTBOBATh CaMo IO
ce0e B OTpBIBE OT UCTOUHHUKA U, TIOCJIE€ U3JYUYEHHUS B BUJIE DJIEKTPOMATrHUTHBIX BOJIH B
cBOOOJIHOE POCTPAHCTBO, OYJIET PacCIpOCTPAHIATHCSA B HEM NMPAKTUYECKU CO CKOPOCTHIO
cBerTa.

B paguoBenmanumu mupokoe NpUMEHEHHE HalllJI CpeJJHUE BOJIHBI. B 3TOM nuanazone
OCYLIECTBJIsAETCS Hauboee yCTOMUUBBIN MPUEM, OJHAKO TPYAHO 00€CHeuyuTh OOIbIIYIO
JNabHOCTh (MEHbIIAs JU(PPAKIUOHHAS CIOCOOHOCTh IO CPAaBHEHUIO ¢ OoJiee JIUHHBIMU
BosiHaMu). [ToaToMy B 3TOM Amanaszone paboTaeT NPEeUMYyLIECTBEHHO MECTHOE
panvoBENIaHUE B 30HE C PaJluyCOM B HECKOJBKO COTeH KuioMmeTpoB. Onnako B Poccum ectp
OYEeHb MOUIHBIE CTAHIIMHU 3TOTO AMAINa30Ha, 00CIYKUBAIONINE H OOJBIIYIO TEPPUTOPHUIO.

JlnanazoH KOPOTKHMX BOJIH IO3BOJIsAET 00ecneynTh 00JbIIYI0 AAaJbHOCTh ACHCTBUS MPH
OTHOCHUTEJIbHO MajJoOi MOLIHOCTU NEpeJaTUnKa U HAlIPaBJICHHOM H3JIyYE€HUU aHTEHHHBI.
OCHOBHBIM HEOCTATKOM 3TOTr0 AHaNa3oHa SABISAIOTCA TaK Ha3blBa€Mble 3aMHUPaHUs
KoJieOaHUsI YPOBHS MPUHUMAEMOTO CUTHAJIA, YTO MPUBOIUT K UCKAKECHUIO IPUHSATOTO
coobmeHnus. MccaenoBanus moka3aiu, YTO UMEIOTCSI ONTUMabHbIE JUIMHBI BOJH JJIS
pPa3JIMYHBIX YacOB CYTOK U BpeMeHU rojaa. KopoTkue BOJHBI YCHEIIHO NPUMEHSIOT B
paauoOBELIaHNU, paguoTeNerpaduu Ha MarucTpajabHbIX JIMHUSIX CBSI3U, B MOPCKON U
ABUAIMOHHOW paJMOHAaBUTALINU.

OcBoeHHEe BBICOKOYACTOTHBIX JIMANa30HOB MMO3BOJMIIO Pa3BUTh TaKHE 00JaCTH Kak
TeJEeBUJEHNE U KOCMHYecKas CBsA3b. biaronaps pacnpocTpaHeHHIO BOJH TOJBKO B
npenenaax NpsAMod BUAUMOCTH U OTCYTCTBHUIO IOBEPXHOCTHOM BOJIHBI IPAKTUUYECKHU
MOJIHOCTHIO UCKJIIOUEHBI SIBJI€HUS UHTEP(EPEHIIMU BOJIH U, CIE0BAaTEIbHO, UCKAXKEHUS
coobmenuil. 3-3a BEICOKOM Hecyllel 4acTOTHl B 3TUX JAUana3oHax MOXKHO Pa3MeCTUTh
00JbII0€ YHUCIO HECYLIHX, T. €. IepeJaBaTh OO0JbIIOE YUCIO PAa3IUUYHbIX COOOIIEHUN
HE3aBHCHUMO JIpYT OT Jpyra.

BonpminmM 10CTOMHCTBOM BBICOKOYACTOTHBIX JUANa30HOB SABJISAETCS
BO3MOXHOCTb IOCTPOEHUSI aHTEHH, COU3MEPUMBIX C JJINHOMN BOJHBI, TOJBKO IPH
3TOM YCJIOBUM UMEET MecTO 3P(HEeKTUBHOE U3TyUEeHUE (COTOBBIE CUCTEMBI CBSI3H).
[IpuMeHeHNEe UCKYCCTBEHHBIX CIIYTHHKOB 3€MJIU M03BoJIsieT 3 (PEeKTUBHO
HCTI0JIb30BaTh pacIpOCTPaHEHUE BOJIH B Mpejesiax NpsiMoil BUIUMOCTH A
MOCTPOCHUS CUCTEM CBSI3U OOJBIION AaTbHOCTH.
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OO0masi xapakTepucTHKA paanoTeXHHYeCKuX neneid. O0mas kinaccudukanus nenei
MOJET OBITh IPOBEACHA IO BUAY aHATUTUYECKOTO OMUCAHUS B3aUMOCBSI3U MEXKY
BBIXOJHBIMH U BXOJHBIMU cuTHamamMu. O6bs14HO 3T0 quddepeHunanbHbie ypaBHEHUS 71 -
20 TIOPSIJIKAa YYUTHIBAIOIIHE TAKUE B3aUMOCBSI3H U 10 XapakTepy K03 PUIIUMESHTOB
YpaBHEHHUS paJUOTEXHUUECKHE 1I€NIH MOAPA3AEISI0TCS B COOTBETCTBHUU C puc. 1.2.
JIuneiinple menu npeoOpa3oBaHus CUTHAJIOB ONUCHIBAOTCA AU depeHInanbHBIMH
YpPaBHEHUSIMU C TOCTOSHHBIMU KO3 PUIIUEHTaAMU, TPUYEM AJIs HUX BEPEH NPUHLIUIT
CYNEepNO3UIUHU, COTJIACHO KOTOPOMY PEaKIUs CUCTEM Ha CJIOKHBINH CUTHAJN, COCTOSIINN
13 CYMMBI IPOCTBIX CUTHAJIOB, paBHAa CYMM€ peaKUHUi OT KaKJI0T0 COCTABISIOIIETO
CHUTHAaJa B OTAEIbHOCTH. DTO MO3BOJISET NPHU U3BECTHON PEAKIIUN CUCTEMBI Ha
rapMOHHMYECKOE Koe0aHue ¢ ONMPEeAEICHHON YacTOTOW ONpeaeNUuTh PEaKIIUI0 CUCTEMBI
Ha TI000U CIOXKHBINA CUTHAJ, PA3JIOKUB €r0 B PsiJl TADMOHUK MO YaCTOTHOMY CHEKTPY
cur"ana. lllupokoe ucnonap3oBaHue rapMOHUUYECKUX GYHKIIUHA MPHU aHATIU3€ CUTHAJIOB
00BSICHAETCS TEM, UTO OHU SBISIIOTCS JOCTATOYHO MPOCTHIMH OPTOTOHAJIBHBIMHU
dbyskuusamu [ 1] u onpenenensl npu Becex 3HaueHUAx {. HemasoBaxkHOe 3HaYeHHe HMeeT U
TO 00CTOSATEJILCTBO, UTO /IJIsl TAPMOHUYECKUX PYHKIUI U MX KOMIJIEKCHOTO
NpeACTABJIeHUs M0 Jiluiepy pa3padoTaH MOIIHBIIA MATeMATHYECKHI annapart, KOTOPbIi
OyaeT UCMOJIb30BaH B aJIbHeHIeM.

e

A

T He T HenureRanle Hapauempuieckie

Puc. 1.2
CrpykTypa 000011€HHOT0 (PYHKIIMOHAIBHOTO IpeoOpa3oBaHMsl CUTHANIA B
MIPOU3BOJIBLHOM LIeTH MpHUBeAeHa Ha puc. 1.3.
OtmeueHHas Ha puc. 1.3 popmanu3oBaHHas LEeNb NPeJCTaBIseT cOO0N cucmemHubl
onepamop (anropuT™M) npeoOpa3oBaHus BXOAHOro curHana S(t) - eozoeticmeus ninu
6030y2icOeHus, B CATHAII Ha BBIX0J¢ cHUCTeMBI y(t) - omriuk Uil 661X00HYI0 PeaKyuio



cuctembl. CUMBOIMYEeCKOe 0003HaUYECHHE ONepalui Npeodpa3oBaHus
(Tpancdhopmaruu curnana - transformation) o6o3nauaercs: y(t)=T[s(t)].
Knaccupukauus paguocucreM U pemaemMbiX UMM 3a1a4. B kax 101 paguoTEeXHUYECKOM
CHUCTEME MCIOJIb3yeMble CUTHAIIBI TTOJBEPTAIOTCS PA3IUIHBIM IPEoOPa30BAHUSM.
HexoTopsie U3 HUX ABISIOTCS 0043aTEIbHBIMU JJISI BCEX CUCTEM, HE3aBUCHUMO OT
Ha3HauYCHUS U XapakTepa nepenaBaeMoit uadpopmamnuu. Ha puc. 1.4 npuBenena
000011eHHas CTPYKTYpHAas cxeMa NPOU3BOJbHOM CUCTEMBI epeaauyn nHdopMauuu,
M3 KOTOPO# BUIHO, YTO JJs OOJNBIIMHCTBA CUCTEM 00S3aTEIbHBI IEPEIATIUK H
MPUEMHUK, a BO3JACHCTBYIONIME MOMEXHU MOTYT OKa3bIBaTh BIUSHUE HE TOJbKO Ha
cUrHai, c(opMUpPOBAHHBIN NepeIaTYNKOM, HO U Ha CUTHAJ, 0OpabaThiBaeMblil

IIPUEMHUKOM.
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Puc. 1.4 Q000MeHHas CIPYRTYPHER CXea RORIBOIRHOM CHCTEMR UCPETaur

Wi saudm

Ilox nelicTBHEM IMOMEX CHUTHAJ, IIpOoX0oasa 4€pPpe3 KaHal CBA3U, HCKAKACTCA. HOBTOMY
OJHOU U3 3a7a4 IIpu Ooprann3anry KaHaja CBA3U ABJIACTCSA INOBBIIICHUC
HOMGXOYCTOI‘/‘ILII/IBOCTI/I kaHana. K ocHOBHBIM 3agadyaM, OTHOCATCA:

.00Hapy)KEHHE CUTHAIOB C YUETOM BO3JICHCTBUS MTOMEX;
pa3ivMYeHue CUTHAJIOB C YUETOM BO3JICHCTBUS MTOMEX;

. IEKOJUPOBAaHUE U OI[C€HKA MapaMeTpoB;

. BOCIIPOU3BEICHHE COOOIICHUIA.

CprKTypHafI cxXcMa nepeﬂalomeﬁ JaCTH KaHaJia CBA3U NPCACTAaBJICHA HA PUC.
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Ha puc. 1.5 - natunk npeo6pa3oBbIBaeT nepeaaBacMyo HHGOPMAIUIO B
ANEKTpUYECKUN cUrHai - coobmenue. Koaupyromniee ycTpoilcTBO BRIIOJIHAET QYyHKIIHIO
npeoOpa3oBaHus COOOLIEHHS B CUTHAJ APYroi ¢popMbl, Oojiee NPUTOTHON s
nepejadyu. ITOT CUTHAJ YacTO HA3bIBAIOT YIPABISIOMIUM.
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B undpoBbix cuctemax 3To ycTpoiicTBO IpeoOpa3yeT HenpepbIBHbIM CUTHA B
nuGpoBoi KOJ. 3alIOMHUHAIOIIEE YCTPOMUCTBO XPAaHUT CUTHAJ JO MOMEHTA €ro nepeayu.
MonaynsaTop OCymecTBIseT U3MEHEHUE (MOIYJISIUIO) OJHOTO UJIM HECKOJIbKUX



apaMeTpPOB BHICOKOYACTOTHOTO HECYIIETO KoJeOaHusl 10 3aKOHY YIPaBISIOLIETO
CHUTI'HaJa.

TunoBoe paguonpueMHOE YCTPOMCTBO MPOU3BOJIBHON PaAUOCUCTEMBI (PHC.
1.6)cocToUT U3 U30UPATEIHHOTO YCHIHMTENS, AETEKTOPA - 00CCIEUNBAIOIIETO BbIICIICHUE
nepeaBaeMoro cooOUIeHusl, 1eKOAUPYIOIIEro YCTPOUCTBA U ycTpoiicTBa 00paboTKu
NPUHSATOTO CUTHAJAa (OKOHEYHOE YCTPOMCTBO).

g TpmeMHas
/ AHTEHH2

Clkaheunoe
YETPONLT B0

l Habdpatenuw i
YCMNMTENL

Deka Dupywugze

Rere«rop YETPONCT RO

1

Pic. 1.6

Ha puc. 1.7 npuBenen BapuaHT nudpoBoil 00paboTKku curHana nudpoBoi
panunocucteMbl. DaKTHYECKH - 3TO HUPPOBOH PUIBTP, XaPAKTEPUCTUKH KOTOPOTO
MO>XHO U3MEHSTh, C MOMOIIbI0 H3MEHEHHUS NpOorpaMmMbl paboThl HUPPOBOTO Ipoleccopa
(LIIT). B cooTBETCTBUU C PUCYHKOM MOYKHO 3aMETUTh, YTO CYIIECTBEHHBIM OTJIUYUEM
nudpoBoii 06pabOTKH OT aHAJIIOTOBOH SABJSETCS HAIUMUYKME aHaJoro- udposoro (A/Ll) u
nudpo-ananorosoro (LI/A) npeobpazoBareneii. BpemeHHbIe AUarpaMMbl MO3BOJISIIOT
NpOCIeIUTh KaUYECTBEHHBIN XapaKkTep npeoOpa3oBaHus CUTHANA B OTACIbHBIX OJIOKaX.
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Puc. 1.7. CtpykTypa moCTpOCHHS OCHOBHBIX OJIOKOB IIUPPOBOTO MPHUEMHU KA
Curnabl, ©X 0COOCHHOCTH H KJIaccupukaims
Knaccupukauus curuanos. To, 4To B paluOTEXHUKE HA3bIBAIOT CIIOBOM - «CUTHAJI»
HPOUCXOJUT OT JATHHCKOIO «Signumy, T. €. B IEPEBOJE - «3HAK» U MPEACTABISIET
co00ii hu3uueckuii mpormecc, H3MEHSIONUIICS BO BpeMeHH (BpeMeHHas 0071acTh).
bonee mupoko, Mo 3TUM MOHUMAIOTCS U3MEHEHUS CUTHAJIa OJJHOBPEMEHHO U B
4acTOTHOH (cnekTpanbHOW) o6nacTu. OOmiee mpeacTaBICHUE U MPUHSTHIE
0003HaYCHHS MOHITHS «CUTHAI» MpuBeaeHbl Ha puc.1.8. [ToaTomy, koraa
HCTIOJIB3YETCsl «CUTHAN», TO YTOYHSIETCA 00JacTh €ro MpeACTaBICHHUS.

B naunbonee obmeit popmMyaupoBKe «CUTHAT» 3TO 3aBUCUMOCTb OJTHOW BEJIMUYHUHBI
OT IpYro# (TO €cTh C MAaTEeMAaTUUYECKOW TOYKH 3PEHUS CUTHAI SBJIsAETCS QPYHKIUEH).
Yamre Bcero paccMaTpuBaroTCs 3aBUCUMOCTH OT BPEMEHH, XOTS 3T0 HE 0053aTEIbHO.
Hampuwmep, B cuctemax ontuueckoit o0paboTait uHpopMaIuu CUTHATIOM MOXKET
SBJISITHCSI 3ABUCUMOCTh HHTEHCHUBHOCTH CBETA OT MPOCTPAHCTBEHHBIX KOOPIUHAT.
duznyeckas mMpupojia CUrHaia MOXeT OBITh pa3nuuHoi. OUueHb 4acTo TO
HaTNpsHKEHHE, HECKOJIIBKO PEXKE - TOK, BO3SMOXHBI 1 MHOTHE Apyrue Gu3ndeckue
BCIIMYHHBI.

JI7st TEOPETUYECKOTO U3YUCHHUS M pacuéTa CUTHAIOB COCTABISETCS
AHAJTUTUYECKOE BhIpakeHHe (MaTeMaTUYeCKass MOJENb) UCCIEIyeMOro CUTHaIa, 9YTO
MO3BOJISIET CPABHUTH CUTHAJIBI MEXKY COOOM, BBIIBUTH X OCHOBHBIE CBOMCTBA,
MpPOBECTHU KJIacCU(DUKAIUIO U .
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Puc. 1.8

AHaIU3 - OUH U3 KIIIOYEBBIX KOMIIOHEHTOB 00paboTku curHanos. [Ton
"aHaJIM30M”’ CUTHAJIOB ITIOHHMAaETCsd HE TOJLKO MX YHCTO MaTEMaTHYECKHE ONMUCAHUI U
npeoOpa3oBaHMs, HO M MMOJIYUCHHE HA OCHOBE 3THUX IPeoOpa30BaHUN BEIBOJOB 00 MX
cnenupudeckux ocoOeHHOCTAX. [lensiMu aHanu3a CUTHATIOB OOBIYHO SBISIOTCS:

- ONpeJeJICHWE WJIM OIlCHKA YHUCJIOBBIX NTapaMETPOB CHUTHAIOB (Hampumep,
PHEPTUH, CpEHEH MONIHOCTHU, CPETHECKBAIPATUICCKOTO 3HAUYCHUS U P.);

- pa3JIOKCHHE CUTHAJIOB Ha 3JIEMEHTApHbBIC COCTABJISAIONINE JJIS CPAaBHEHUS CBOWCTB
pa3NUYHBIX CUTHAIOB. Takoe pa3nokeHue MPOU3BOJUTCS C UCIOIB30BAHUEM PSJI0B U
HHTErpaJIbHBIX IPeoOpa3oBaHuii, BAXXHEHIIMMH CPEIU KOTOPBIX ABISIOTCS psiag Pypbe u
npeobpazoBanune Dyprne;
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Puc. 1.9. Hepestit vran kiaccHBHKaUHE CHOHLTIOR

- cpaBHEHHE cTeneHHU O6u3ocTu ("moxoxecTu") pa3aUuUYHbIX CUTHAJIOB, B TOM YHUCIIE
C OIpe/ieIeHHBIMU KOJTMYECTBEHHBIMU OlLlEHKaMU. Takoe cpaBHEHHE (U3MEpPEHHE)
IPOU3BOJUTCA C IPUMEHEHUEM aNnapaTa KoppersyuoHHo20 aHaIN3a.

Ha puc. 1.9 npuBenena ctpykrypa 000011eHHON Ki1accu(pUKaluu CUTHAIOB, KOTOpas
MOJET ObITh MCIIOJIb30BaHa JJIs ONMCAaHUsI CUTHAJIOB, KaK BO BpEMEHHOM 00J1acTH, TakK U
IpU MCCIEIOBAHUHU XapaKTEPUCTUK CUTHAJIOB B 4acTOTHOH o6nacTu. bonee TouHbie
BONPOCHI pa3/ieJeHUs] CUTHAIOB COMPSIKEHBI C X OCOOCHHOCTSIMHU U YTOUHSIIOTCS Ha
3Tane KOHKPETHOT'O0 PACCMOTPEHUS OT/AEIbHBIX CBOMCTB KOHKPETHBIX TPYII CUTHAJIOB.

JderepMuHUPOBaHHbIC U CIyYalHbIe CHTHAJBI. /[eTEpMUHUPOBAHHBIN CUTHAI
(KOHMUHUYC, KOHMUHYATbHBIU - M. €. NOJHOCMbIO U38ECMHbILL) - TO CUTHAJ, MTHOBEHHbIE
3HAYEHHSI KOTOPOTO B 000 MOMEHT BpEMEHH U3BECTHHI M TIOITOMY HE TIPEACTABISIET
WHTEpeca JJIs UCCIEOBAHUSA, T. K. HE COJACPKUT UHPOPMAIIUHU, HO BAXKEH JJIS U3YyUCHUS
00IIMX CBOMCTB CUTHAIIOB.

[IpumepamMu 1€TEpMUHUPOBAHHBIX CUTHAIOB MOTYT OBITh: MOCTIEA0BATEIbHOCTH
UMIyJIbCcoB (popma, aMIIUTya U TTOJOKEHHUE BO BPEMEHH KOTOPHIX H3BECTHHI),
HETIPEPBIBHBIC CUTHAJIBI C 3aJaHHBIMU aMIJIUTYTHO-()a30BbIMU COOTHOIIECHUSIMH H JIP.



Cnoco0sl 3a1aHUs MOJIENIN CUTHAJa MOTYT OBbITh pa3JIMYHbIE: AHAIUTUUYECKOE
BBIpakeHue (popMyia), oCHMIIOTpaMMa HIIM CIIEKTpajbHOe npeactapienue. OauH U3
IPUMEPOB MOJEIH JeTepMUHUpoBaHHOTO curHana S (t)= Uy sin (wot—@() mnpusexncH
Ha puc. 1.10. DT0 rapMOHUYECKHU CUTHAJ, KOTOPBIA SIBIASIETCS OJHUM U3 HIUPOKO
pacmIpoCTPaHEHHBIX MeCmOo6blX CATHAIOB U 0COOCHHO YacTO MPUMEHSETCs s aHalnu3a
XapaKTEepUCTHUK Pa3anyYHbIX Lened. Takoil rapMOHUYECKUM CUTHAJ IOJHOCTBHIO
ONpeleNsieTcs TPEMs YNCIOBBIMU ITapaMeTpaMu: aMIuIuTynoi Uy, 9acToTol ®, U HaualabHOU
dazoii @y.

B HexoTOpBIX pa3nenax paJuOTEXHUKHU NETEPMUHUPOBAHHBIE CUTHAJBI JOCTATOYHO
YCIOBHO Pa3AeisAloT Ha YuUCmo 0emepMuHupo8anuvie U Keazuoemepmunuposantvle (0T nart.
quas - "noutn"). KBa3ueTepMUHHPOBAHHBIE CUTHAJBI - 3TO CUTHAJBI C YACTUYHO
U3BECTHBIM XapaKTepoOM M3MEHEHUs BO BpeMeHU. OHU Hanbosiee HHTEPECHBI B
METPOJIOTUH U U3MEPUTENBbHON TEXHUKE. B cBOIO ouepeb 1€ TEpPMUHUPOBAHHBIE U
KBAa3UJETEPMUHUPOBAHHBIC CUTHANIBI JEIISATCS €UIE HA 91eMeHmapHble, ONIUChIBAEMbIE
OPOCTEHIIMMH MaTeMaTHYECKUMU POPMYIAMH, U CI10JHCHbIe. DIIEMEHTAPHBIMHU SBISIOTCS
IIOCTOSIHHBIA U TAPMOHUYECKUN CUTHAJBI, @ TAKXKE CUTHAJBI, ONIUCBIBAECMBIC
HEKOTOPBIMHU CHENHATbHBIMU QYHKIUAMHU. K CITOKHBIM OTHOCSATCS UMITYJbCHBIC H
MOJYJIMPOBAHHBIE CUTHAJIBI.

CnyuallHbl#l cuenan - CUTHaJl, MTHOBEHHOE 3HaYE€HUE KOTOPOTO B JH0O0ONH MOMEHT
BPEMEHHU 3apaHee HEU3BECTHO, @ MOXKET ObITh MPEJICKa3aHO JUIIb C HEKOTOPO
BEPOSTHOCTBHIO, MEHbILIE €IMHUIBI (IIPU BEPOSITHOCTH PaBHOM €IMHHLE - CUTHAI
HU3BECTCH).

[Ipumepom cirydaifHOT0 CHTHaJa MOXET OBITh HANPSIKEHUE, COOTBETCTBYIOIIEE
4YeJI0BEUECKON pedn, MY3bIKe; ITOCIEI0BATEIbHOCTh PAJUOUMIIYJIBCOB HA BXOE
PaAMOI0KALlMOHHOIO IPUEMHUKA; TOMEXH, WyMbl U ap. Ha puc. 1.11 npuBenensl
npumMepsl rpaduKoB (peanusanuii) caydyalHbIX CUTHAJIOB.
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Puc. L1, [TpAnepe peanuiansi coymawsny | [HIGHH SR

Curnainsl, npuMeHsieMble B paJuoTexHuKke. OJHU U3 OCHOBHBIX MOJIEJIE€H CUTHAJIOB,
ABJISIIOTCSI CUTHAJIBI HenpepulgHble no eenuyune (ypoBHIO) U HEnpepuleHble No 8pemMetu
(HempepbIBHBIE UM aHATOTOBBIE - puc. 1.10), KOTOpbIe TPUHUMAIOT TPOU3BOJIBHBIE
3HaueHus S(t) ¥ cymecTBYIOT B 000 MOMEHT B 3aJJaHHOM BPEMEHHOM HHTEpBAaJe.

Henpepuviguvie no senuuune u ouckpemusie no epemenu (puc. 1.12a) curnansl 3a7aHbl
MpHU TUCKPETHBIX 3HAUYCHUAX BpeMeHHU (Ha CYETHOM MHOKECTBE TOYEK), BEIMUNHA
curnana S(t) B 9TUX TOYKaxX MPUHUMAET JIF0OOE 3HAUCHUE B ONIPEICICHHOM HHTEpBaJe
110 OCU OpANHAT. Keanmoesannvle no ypoeHio u HenpepviéHvle N0 8peMeHU CUueHaIbl (PUC.
1.126) 3aganbl Ha BCell BpeMEHHOM OCH, HO BenuvyrHa S(t) MOKET MPUHUMATH JUIIb
JUCKpEeTHBIE (KBaHTOBaHHBIE) 3HaYeHUS. OOBIYHO UCIIONB3YIOTCS OOMIETPUHSATHIC
MOHSTHS - KBAHTOBAHHE MO YPOBHIO U AUCKPETH3ALUA TTO BpeMeHu (6osiee moapoOHO B
pasnaene - JluckpeTusanus CUTHAIOB). TepPMUH «IUCKPETHBIN» XapaKTEPU3yeT CIOCco0
3aJJaHus CUTHaJIa HAa OCU BPEMEHH.
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ERAHTOA LI H R M0 YRORMED S AENPEPRIBYLIT MO BPEMEHH CHITET - |3)

Ksanmosanmwie no yposmio u ouckpemuvle no pemeru (yugposwie) cuenanwvt (puc. 1.13)
KOTJ1a TIepeaarTCs 3HaUYeHUsl ypOoBHEH curHana B iudpoBoit popme. [Ipocreitmas
MaTeMaTH4YecKas MOJIeNIb JUCKPETHOTO curHaia S(t) - 3To cHeTHOe MHOXECTBO TOYEK
{ti} (i - uenoe yKcIO) HAa OCU BPEMEHHU, B KaXKJI0H U3 KOTOPHIX OMPEICICHO OTCUCTHOC
3HaueHue curHaia s,. Kak npasuno, wae ouckpemuzayuu Alyy i, - ti 1 10g KaXI0TO
CUTHAaJa MOCTOSHEH.

Poc. 1.13 KsaiToeaniote o YPORHIG H THCKP ETHEIE T10 BYeMaHI: CHIHANMN

Euie oquH npu3HaKk, UCIOJIb3yeMbIH s KIacCU(PUKALUU CUTHAIOB U
CYIIECTBEHHO BJIMSIONIMNA HAa METOJbI UX aHANNU3a - 3TO nepuoouyHocmy. Jns
nepuoanYecKoro curuaia (npumep Ha puc. 1.9) ¢ nepuonom T, usmepsiemoro B
cekyHaax (c), BermosnHseTcs cootnomenue S(t) = S(i+ nT) npu nwbowm i, rae n -
npou3BOJIbHOE 1eoe ynucio. Ecnu Bennunna 7 sBiaseTcs NepuoaoM CUrHajla TO
nepuoaMu ISt HeTo OynyT U KkpaTHble el 3Hadenus: 2T, 3Tu 1. 1. Kak npasuio,
roBOps O MEepUOJie CUTHAJA, UMEIOT B BBUJY MUHUMANbHbIU U3 BOZMOXKHBIX MEPHOI0B.
Benuuwnna, oOpaTHas mepuoy, Ha3bIBaeTCs YaCTOTOM MOBTOPEHHS CUTHAIA,
usmepsiemoii B ['epuax (I'm): f=1/T. B Teopuu CUTHATIOB TaK)Ke YaCTO UCIOIb3yeTCs
HNOHSTHE KPYTOBOM 4acToThl: ® = 2mf, u3MepsieMoil B paJuaHax B CEKyHAY (pana/c).

NmnyabcHble cuenansi. UMnynbe - kosebanue (CUrHal), CyIllecTBYIOIIee JUIIb B
npejaengax KOHEUHOro oTpe3ka BpeMmeHu. Ha puc. 1.14 npuBenensl npumepbl
BUICOUMITYJIbCA U paguouMnynbca. CiieayeT OTMETUTh, UYTO TEPMHUH "6udeo ™' B 3TOM
0003HaYEHUH COBCEM HE MOJpa3yMeBaeT OTHOIICHUS CUTHAJIA UMEHHO K
TEJIEBU3MOHHON TEXHHUKE.

ferl 1
Fuoe | 14 TIpHMCpE CHIHAMIE  mofeearw pomes ) H - P (5]

Jns BuneonMnynbca (mpumep Ha puc. 1.14a) oObIYHO BBOAATCS TapaMeTphl: A -
aMIUIMTY/a; - JUIMTEIbHOCTh BUIEOUMITYIIbCA Tyy; Ty, - NIMTENBHOCTh GPPOHTA; Tcp -
JUIUTENBbHOCTh cpe3a. MaTteMaTuyeckass MOJIeb JJIsl paAuouMIyJibca (IpUMep Ha puc.
1.1406):

Sp(t) = ss(t) sin (wot —¢pg) rae Sg(t) - BuReoummynsc, T. €. orudaronas



panxuouMIyibca.

OO01mas xapakTepucTHUKA MPOCTEHIIMX CUTHAIOB. Takue CUTHAIBI HE TaK U MPOCTHI,
KaK UX Ha3bIBaIOT, HO IOTOMY YTO YaCTO UCIOJIb3YIOTCS B HHKEHEPHON MpaKTHKE,
paccMOTpUM MoaApoOHEee I3TH MOJAENU, IpUBEeACHHbIE B Ta0m.1.2

B Tab6n. 1.2 npuBeneHHbIe CUTHAIBI ABISIOTCS QYHKUUIMU BPEMEHHU, HO CIEIYyeT
OTMETHUTb, YTO TaKHe K€ PYHKLIHHU UCIOIB3YIOTCSA U B YaCTOTHOH o0jacTH, rae
aprymeHTom Oyner yactoTa. JItoO0yio U3 QyHKIUNA MOXKHO CMEUIaTh BO BpPEMEHU B
XKeJlaeMyro 00J1acTh BpEMEHHOH MJIOCKOCTH M MCTOJIB30BaTh JJIsl OMKUCaHus Ooee
CJIOKHBIX CUTHaNOB. ['paduku MpuUBEIEHHBIX CUTHAIOB U UX aHAJUTHUYECKOE ONIMCAaHUE
NpUBEACHBI B TaOIUIE, HO CIEeNYyeT KPaTKO OTMETUTh OCOOCHHOCTH, HEKOTOPBIE U3
KOTOPBIX OTMEUEHBI B MPUMEUYAHUSIX.

@yuxyus 3naka. IIpon3BONIbHBIN CUTHAJ, YMHOKEHHBIN HAa (QYHKIIMIO 3HAKa U3MEHSET
3HAaK CUTHaJIa BO BPEMEHHBIX 00JaCTSIX OTMEUYCHHBIX B MPUMEUAHUSIX.

Dyuxyus eKaroueHus (eOunuyHas yrnkyus uiu Gyukyus Xesucatioa), mo3BOJISIET ONMUCATH
npolecc nepexoaa HeKOToporo GuU3nyeckoro 00bEKTa U3 UCXOJHOTO - KHYJIEBOTO» B
«eJUHUYHOE)» COCTOSIHUE, IPUYEM ITOT MEePEeXoJl coBepuiaeTcs MTHOBeHHO. C MOMOIIbIO
(GYHKIIUH BKIIOYCHUS YIOOHO OMMCHIBATH, HAITPUMEDP Pa3HOOOpa3HBIE MPOIECChHI
KOMMYTALlMU B DJIEKTPUYECKUX LIECTX.

[Ipu MOeTMpPOBAHUH CHTHAJIOB M CUCTEM 3HAYCHHE CAUHUYHON QPyHKIUU (PYHKIHU
ckauka) B Touke t=0 o4yeHb YaCTO MPUHUMAIOT PABHBIM 1, €CIIM 3TO HE UMEET
NPUHLIUIHATIBHOTO 3HaYEHUsA. DTa QYHKIUS UCIIOIb3yETCS TAKXKe MPU CO3AaHUU
MaTeMaTHYE€CKUX MOJEJIE CUTHAJIOB KOHEUHOU JUIUTENbHOCTH. [Ipu yMHOXeHUM J11000#
NpPOU3BOJIBbHON (YHKIIUH, B TOM YHUCJIE MePHOJUYECKOM, HA MPAMOYTOJbHBIA UMIYJIbC,
c(hOopMHUPOBAHHBIN U3 ABYX NOCIEA0BATEeIbHBIX QyHKIHK BKiItodeHuss Yt)=o(t)- o(1-T) , u3
HeE «BhIpe3aeTcs» yuyacTok Ha untepnaine 0-T, oOHyns0TCS 3HAaYCHUS PYyHKIHHU 3a
npenesiaMu 3TOTO UHTepBaia (cienyeT oOpaTuTh BHUMAaHUE M3 aHAIUTUYECKON 3aMUCH
3TOTO MpUMepa, rie «BbICTaBICHbI» 3TH QpyHKUHHU). [IporzBeseHe TPOU3BOIBHOTO
CUTHaNa Ha (YHKIIMIO BKIIOYECHUS XapaKTepU3yeT Hayajao JeHCTBUS CUTHAIA.

Henvma-¢ynxuua unu ¢yuxyus Jupaka 1o onpeaereHuto J0N0IHUTEIbLHOTO
OTNMCHIBACTCS CIEAYIOIMMU MAaTEMATHYECKUMH BBIPAXKCHUSIMH:

S(t—1)=0mnput+ t

fa(t— dt=1

NpUYEM UHTErpasl XapakTepu3yeT TOT PakT, 4TO 3Ta GYHKIUS UMEET €AUHUYHYIO IIOIIa b
Y JIOKAJIN30BaHA B KOHKPETHON BPEMEHHOU TOYKE.

Oyukuus o(t- T) He sABIsgeTCS TP DepeHIUPYyEeMOd, U UMEET Pa3MEepHOCTb, 0OPaTHYIO
pa3MepHOCTHU €€ apryMeHTa, YTO HEMOCPEACTBEHHO cileayeT U3 6e3pa3MepHOCTH
pe3ysibTaTa UHTErPUPOBAHUS U, B COOTBETCTBUHU C MPUMEYAHUSIMHU TAOIULIBI,
XapaKkTepHU3yeT CKOPOCTh U3MEHEHHS (PYHKI[MM BKIIOUYEHUs. 3HAUYECHUE J1eNIbTa-(YHKIINU
PaBHO HYJIIO Be3J/ie 3a UCKJIIOYEHHEM TOUYKH T, I'Jle OHA MpeJicTaBisieT co00it 0eCKOHEYHO
Y3KHAM UMIYJIbC C OECKOHEYHO 00NbINoN aMIIuTyaou. Jenbra-QyHKius saBasercs
noje3Hoi MaremMaTndyeckoil abctpakuueil. Ha nmpakTuke Takue QyHKIIUM HE MOTYT OBITh
peanu30BaHbl ¢ aOCOJIOTHON TOYHOCTBHIO, TaK KaK HEBO3MOXKHO peajn30BaTh aMILUIUTYIHOE
3HaueHUe, paBHOE OECKOHEYHOCTH, B TOUKe { = 7 Ha aHAJIOroBO BpEeMEHHOM IIKaje, T. €.
ONpe/IeJIeHHOM M0 BpEMEHH Takke ¢ 0ecKoHeYyHOU TouHocThi0. Ho Bo Bcex ciaywasx, korjaa
IJIOLAb UMITYJIbCA paBHa |, JIUTEIBHOCTh UMIYJIbCA TOCTATOYHO Malla, a 3a BpeMs €ro
JNefcTBUS Ha BXOJl€ KaKOW-1u00 CUCTEMBbl CUTHAJ HA €€ BbIXOJIe MPaKTUYECKU He
U3MEeHseTCs (peakusi CUCTEMBl Ha UMITYJbC BO MHOTO pa3 0oJbllle JIUTEIbHOCTH CaMOTO
UMITYJIbCA), BXOJHOW CHUTHAJ MOXHO CUUTATh eOUHUUHOU UMNYIbCHOU YyHKYUel CO
CBOMCTBaMHM JieNbTa - QYHKIHH.

[Ipu Bceit cBOeil abCTpaKkTHOCTHU AedabTa-(QYHKIUS UMEET BIIOJIHE ONpeaeeHHBIN
¢usnueckuit cmeicia. [IpeacraBum ce6e UMNYIbCHBIN CUTHAI NMPSIMOYTOJIbHON (OpPMBI



(BbIpa3uB ero GpyHKIMEH U3 TaOMUIBI - 3TO rect-gpyukyus, T. . curnan S(t)=(1/ t,) rect [(t-
7)/ T,], OT aHra. rectangle - NpSIMOYTOJbHHUK) JTUTEIBHOCTBIO Ty, AMILUIUTYJa KOTOPOTO
paBHa 1/ T,,a MIoIIaAb COOTBETCTBEHHO paBHa 1. [Ipy yMeHbIICHHHU 3HAYCHUS
JIIUTENbHOCTU T, UMIIYJIbC, COKPAIAsICh MO JIUTEIbHOCTH, COXPaHSIET CBOIO IIOIIA/b,
paBHyIO 1, 1 Bo3pacTtaet no amrmuiutyzae. [Ipeaen takoit onepauuu npu 7, —0 U HOCUT
Ha3BaHUeE JelbTa-uMInyibca. ITOT curnai é (t — T)cocpeaoToYeH B OJJHOI KOOPAMHATHOM
TOuke t = 7, KOHKpPETHOE aMIUIUTYJHOE 3HaYE€HHEe CUTHaJIa HEe ONpEeAeTIeHO, HO MIOoMaab
(uHTErpal) ocraercs paBHOUW 1. DTO HE MTHOBEHHOE 3HaYeHUE QYHKIIUM B TOUKe t = T, a
UMEHHO UMIYJbC (MMIYJIbC CHJIBI B MEXaHUKE, UMIYJIbC TOKA B JJIEKTPOTEXHHUKE U T. 11.) -
MaTeMaTH4deckas MoJieJb KOPOTKOTO JeHCTBUS, 3HaUEeHHE KOTOPOTO paBHO 1.

Henvra-dpyakuus obnanaet guibmpyrowumu céoticmgom. CyThb €ro 3aKi04aeTcsi B TOM,
4TO0 eclu AenabTra-QpyHkus § (t — T) BXOAUT MOJ MHTErpaa Kakoi-nubo GyHKIHH B
Ka4yeCTBE MHOXXHTEIIS, TO PE3yJbTaT HHTETPUPOBAHUS PaBEH 3HAUCHUIO MOJABIHTETPATbHON
(GYHKIMHM B TOYKE T PACIONOXKEHUS AenbTa-()yHKIUH, T. €.

co

f s(t) 6 (t— ©)dt = s(t)
—00

[Ipenensl HHTETPUPOBAHUSA B 3TOM BBIPAXKEHUH MOXKHO OTPAHUYHUTH OJIMKAUIIUMU
OKPECTHOCTSIMH TOYKH T.

Oynxyus Kponexepa. J1nss TUCKPETHBIX U MUPPOBBIX CUCTEM pa3periaromas
CIIOCOOHOCTH 110 apTYMEHTY CUTHaJIa ONpeIesieTCsl HHTEPBAJIOM €ro JUCKPETU3ANHU YTO
MO3BOJIACT B KAYECTBE €JUHUYHOT O UMITYJIbCa HCIIOIb30BAaTh AUCKPETHBIN HHTETpalbHbIH
aHaJorT AenbTa-QyHKIUHU - QyHKIHIO enuHnaHOTO oTcuera §(KAt -nAt), kotopas paBHa 1B
KOOpAMHATHOW Touke K = N,  HyJI0 BO BceX ocTalbHbIX Toukax. Dynkuus §(KAt -nAt)
MOXKET OBITh OIpeaesIieHa JJIs TIOO0BIX 3HaUeHUNU Al=comnSt, HO TOJIBLKO JJIS IEJIbIX 3HAUYCHUUN
KOOpAUHAT K1 N, MOCKOJBKY APYIMX HOMEPOB OTCYCTOB B IUCKPETHBIX (QDYHKIUAX HE
CYIIECTBYET.

MaremaTtudeckue Boipakenus pynkuuit § (t — t) u §(KAt -nAt) Ha3pIBarOT Takxke
umnynscamu J{upaxa u Kponekepa. O nHako, mpuMeHss TaKyl0 TEPMHUHOJIOTHIO, HE CIEIYeT
3a0BIBaTh, UTO ITO HE MPOCTO EAUHUYHBIC UMITYJIbCHl B KOOPAUHATHBIX TOYKaX T U NAt, a
UMITYJIbCHBIC ()YHKIHH, ONPEACIAIONINE KaK 3HAUSHNUSI UMITYJIbCOB B ONPEICICHHBIX
KOOpJMHATHBIX TOYKAX, TaK U HYJIEeBble 3HAUYEHUS 10 BCEM OCTAJbHBIM KOOpJAMHATaM, B
npejele oT -0 J0 0.

JIOTIOTHUTENBHYI0O HH(POPMAIIUIO O PACCMOTPEHHBIX QYHKIUSIX ONpPEAEIUM MpHU
3HaKOMCTBE C METOJaMH CIIEKTPaJIbHOTO aHaJIM3a CUTHAJIOB.
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MeTto/b1 OnMCaHUsI CHTHAJIOB

131. O0mMe XapaKTepUCTUKN CUTHAJIOB. 1 pe3ynbTaTe pa3zBUTHS 3JIEKTPOHUKHU U
METOJ0B MaTeMaTU4YeCKOI0 aHajau3a Obljia pa3paboTaHa TEOpUsl CUTHAJIOB HAa OCHOBE
GYHKIIMOHATBHOTO aHalM3a, B KOTOPOM CHUTHAJ MPEACTaBIsSEeTCS KaKk BEKTOp B
CrenualbHOM 0C€CKOHEYHOMEPHOM JIMHEWHOM IPOCTPAHCTBE. DTO J1aJ0 BO3MOXKHOCTH
TOBOPUTH O BEJIMUYMHE CUTHAJIA, IPOBOJUTH CPABHUTEJbHBIN aHAIN3 CUTHAJIOB U T. 1.
JluneliHO€ MHOXECTBO CUTHAJIOB HAJEJICHO CIIEHUATBHONU CTPYKTYpPOH, IpUUeM BBIOOD
CTPYKTYPBI XapakTepusyeTcs GU3n4ecKuMU COOOpaKeHUsIMH (HallpuUMep, dJIEKTPUUECKUE
CHUTHAJbl CYMMUPYIOTCSI, YMHOXKAIOTCA U T. 1.).

OTMeTUM OCHOBHBIE MMOJOKEHUS ITON TEOPUH.
B nunetinom npocmpancmee CUTHAIOB BBOJUTCS KOOpOUHamuulii 6asuc (KOOPAUHATHBIE OCH).
BekTopa koopauHaTHOTO 6a3uca e; TMHEHHO He3aBUCUMBI, TO €CTh BBHITIOJTHACTCS
COOTHOUIEHHE:

Yie; =0

Ecnu ucnonb3oBano pasnoxenue curuaia S(t) B Buze:

St)=2i ¢ e
TO yncia (Kod3hPUITHEHTHI) Cj ABIAIOTCI MPOSKIUAMHU curHaaa S(t) OTHOCUTENIbHO
BBIOpaHHOTO Oasuca.
Hopma cuenana. JInsg KOnu4eCTBEHHON OLEHKH CUTHAJIOB B JIMHEWHOM IIPOCTPAHCTBE
CHUTHAJIOB BBOJUTCS MOHSATHE HOPMBI KaK JJIMHBI BEKTOpPA CUTHANA U IS e CTBUTENbHBIX

aHaJOTrOBHIX cuTHanHopMa pasHa: ||S(t )||=\/f_ooOo s?2(t)dt
ais KomrnekcHbix curnanos: ||s(t)||= f_oooo s(t) s 2(t)dt

nis quckpeTHwIX curnanos: ||s(t)]|=

B sTOM cnydae IMHETHOE MPOCTPAHCTBO CTAHOBUTCS HOPMUPOBAHHBIM

- Dnepeus cuenana - 910 KBaapat HopMsl paubiii:E, = ||S(t)||* = ’fjooo s(t) s 2(t)dt

Mempuka. Paccrosnue MCXKAYy CUTHAJIaMU B HOPMHUPOBAaHHOM JIHHEHHOM MNpOCTpPaHCTBC



nHazvieaemcss mempukou. OObluHO Mempuky onpedensiiom KaK HOPMY pPA3HOCMU O08YX
CUCHANO8:

p (51,52)= lIs1 — sql|
3nas mempuxy MOMCHO CyOums O TOM, HACKOJIBKO XOPOIIIO OJUH U3 CUTHAIOB
AIMPOKCUMHUPYET (MOXKET 3aMEHATH) Apyroi. JINHEHHOE HOPMHUPOBAHHOE IMPOCTPAHCTBO
CTaHOBUTCS METPUUECCKUM. Yeor medncoy 08yMsa CUSHALAMY METPUIECKOTO HOPMUPOBAHHOTO
JUHEWHOTr0 MPOCTPAHCTBA ONPEACIICTCS U3 UX CKAIAPHO20 TIPOU3BEIACHUS:

(s1,52)= [ 51(t) sp(t)clt

a KOCHHYC yria MEeXJy CUTHaJIaMH HaXOJAUTCA 1o GopmyIe:

(Slﬂ SZ)
lIs1ll - sl
JInHeliHOE IPOCTPAHCTBO C TAKUM CKaJIAPHBIM (MaclITaOUPOBAHHBIM) IPOU3BEAEHUEM
Ha3bIBaeTcs [ unbbepmoguim.
Opmozonanvuvie cuenanvl. JIpa cUrHana Ha3bIBAlOTCS OPTOTOHAIBHBIMHY, €CIIM UX CKaJIsApPHOE
npousBeaeHHe (a TaKkKe U B3aUMHas SHEPIus) paBHO HYJIO.

(s1,52)= |0 51(£) 5,(t)dlt=0

B I'mis6epToBOM IpOCTpPAaHCTBE 3aJacTCs OPTOHOPMHUPOBAHHBIA 0a3uc, IS KOTOPOTO
1 i=j
CKaJIApHOE TPOM3BEJEeHHE PaBHO: (Sj, Sj)= 0 i ¢j.
[IpuMepomM OpTOHOPMHUPOBAHHOTO 0a3Mca MOXKET CIYXKHUTh CHCTEMa
i\ TPUTOHOMETPUUECKUX (DYHKIIUN C KPATHBIMH YaCTOTAMH, IOMOJHEHHAS TTOCTOSHHBIM
CUTHAJIOM.
O6o6wennviii pso Pypwve. IlpousBonbHbiii curaan S(t) B [miab0epTOBOM MPOCTPaHCTBE
MOYKHO Pa3iokuTh B 0000meHHbIN psiag Dypbe B BoiOpanHoM 6asuce GpyHKiui @, (t);
_ [o)
S(1)= X0 € @, (1),
rae Cn - KOMIUIEKCHBIE KO3 (DHUITUEHTHI psisia, ONPeAeIIeMbIe ¢ YIETOM OPTOHOP MHUPOBAHHOCTH
BBIOpaHHOTO 6a3uca u HaxoAaTcs mo GopMmyie:

en = [ s(6) pn(D)ct

cosf =

Bonpocekl, BBIHOCUMbIE HA CEMUHAP:
MaremaTuyeckue MOJENH, TO3BOJISIFOLIME UCCIIEI0BATh. CBOMCTBA CUTHAJIOB.
HNudopmanus, coodiieHne U CUrHAJL.
OcHoOBHBIE MapaMeTPbl CHTHAJIOB.
OO0masi XxapakTepuCTHKA PAIMOTEXHMYECKHUX Liene.
Kunacenpukanusi paguocucreM U peliaeMbIX HMH 3a1a4.
CurHasbl, UX 0COOEHHOCTH U KITaCCU(HKAITHSL.
JleTepMUHUPOBaHHBIE U CIIyYalHbIE CUTHAJIBI.
NmmyiecHbIe cuenaol.
OO01mas xapakTepuCTHKa MPOCTEUIITUX CUTHAIIOB.

. Mero/1bl OnrcaHysi CUTHAJIOB

CoOoNoUOh~wWNE

=
o

IIpakTnuyeckas padora Ne 17.

Tema 17. CrieKTp AMCKPETHOI0 CUTHAJIA U €r0 AHAJIU3.

Pemenne 3aqa4 Ha npeodpa3oBaHue JUCKPETHOIO0 CHTHAJIA.

eab padoTbl: PaciuvpuTh 1 CHCTEMATU3UPOBATh 3HAHUS 110 U3Y4aEMOU TEME.

Teopernyeckas 4acThb:
B pannoTtexHuke B kauecTBe 6a3uca OPTOrOHANBHBIX (DYHKIMH Yalle BCEro UCIONbYIOTCS
HKCHOHEHIIMATIBHBIE UM FAapMOHUYECKHE (DYHKIIMHU, YTO CBSA3aHO C MPOCTOTOM UX TeHepaluu, a
TaK)Xe C TeM, YTO TAPMOHUYECKHE CUTHAJIBI COXPAHSIOT CBOIO (hopMy Mpu mpeoOpa3oBaHuUsiX B
JMHEWHBIX LETSAX, HO MOXET U3MEHUThCS aMIUTUTY/a U (a3a TAKUX CUTHAJIOB.
CnexmpanvbHoe pasnodcenue cushHana - 3To NpejcTaBlIeHe CUrHajia B BUJIE CYMMBbI



TapMOHUYECKUX KOJeOaHU C pa3IUYHBIMH YaCTOTAMH U (a3aMH.
Yacmommuwiii cnekmp - 3T0 HaOOp OTIAEIBHBIX TAPMOHUUYECKUX COCTABIISIOIIUX
XapaKTEPU3YIOUIUA UCCIEIyEMbIH CUTHAJ B CIIEKTPAJIbHONU 00J1acTH.
P50 @ypve B TpuroHoMeTpudeckoil popme, kak HanmbOoIee YACTO UCTOIb3YEMbId BapUAHT
3aMUCH JIJI TPOU3BOJBHOTO NEPUOJIHIYCCKOTO CUTHAIA UMECT BH/]I
s(t)= %+Zﬁ=1 a, cos noyt + b sin nogyt
Koaddumuentbl psaa onpenenstorcs mo Gopmysiam;

ap = sz/z s(t)dt

TJ-T/2
OxonuaTenbHy0 Gopmyny psana Oypee ynoOHO 3anucaTh B BUAE

2 (T/2
an == f_T/Z s(t) cos nw,t dt

2 (T/2 .
b, = FI—T/Z s(t) sin nw,t dt

B obmewm ciyyae nepuoANYECKU CUTHAT COAEPKUT MOCTOSHHYIO COCTABIISIONIYIO
1 0CCKOHEYHBIH HAOOP TAPMOHMYECKUX KOJECOaHUN - TApDMOHUK, C YACTOTAMU WA =
Nw,, (n -0, 1,..) KpaTHBIMU OCHOBHOM YacToTe (®,=21/T nccnenyeMmoro curtana c
U3BECTHBIM Tiepuojiom T.

UeTHBIN CUTHAT COJEPIKUT TOJIHKO KOCHHYCOUIAIBHBIC COCTABIAIONMIKE PsIa, a
HEUCTHBIN CUTHAJ - CHHYCOUJIaJIbHBIC.

Kaxnyro rapMOHHKY MOKHO omucaTh €€ aMIauTyaoi Ap 1 HauanbHOU da3oit ¢y,
torjaa ko3 bunuents! psaga Oypbe NPUHUMAIOT BU;

a, = Ancos ¢, b, = Ansing,, A,= /anZ + bnz, tg o, =Z—:

U SKBHBaJIeHTHast popmyia psaa Pypbe paBHa:
) 0
s(t)= 7+Zn=1 Ay cos(no,t — @y)
CrexTpanbHble JUarpaMMbl OBIBAIOT aMITUTYIHBIE U (Pa3oBbie (puc. 1.15). Kak
CeAyeT U3 MPUBEACHHBIX IPa)UKOB, CIIEKTPHI IIEPUOJAMIECKUX CUTHAIOB COCTOST U3
OTACIbHBIX JIMHUH, TO €CTh OHU TUCKPETHBIC WIIHM JTHHEHYATHIC.

An or

- I3
i1 l'!:lu ﬁ.‘l’;ﬂ]ﬂ

Puc. 1,15 AMNARTYIHAA H (a30Bas CTEKTPOrPaMMEL TEPHOIHYECKOTO CHTHATA

Komnnexcnasn gpopma psina ®@ypbe. CriekTpajlbHOE pa3i0kKeHUE NEPUOJIUUYECKOTO CUTHAA
MO>KHO MPOBECTU B CUCTEME IKCIOHEHIIUATbHBIX 0a3uCHBIX QYHKIUN. DYHKIIUU 3TOTO
0a3uca nepuoaUYHBI ¢ IepuooM T U OpTOHOPMUPOBAHHBI HA OTpe3ke Bpemenu [-T/2,T/2].
Torna xommiekcHbI paag ypbe, ¢ ydeTaM HOPMbI KOMILIEKCHOTO CUTHAIa,
XapakTepu3yeTcs GopMyliaMHu;
S()= Tiien Cn €700, ¢ = = [17 s(E)e "0t dl
[Ipu BRIYMCICHUSX YUYUTHIBAIOT U3BECTHYIO CBSI3b DKCIOHEHIIMATbHBIX (PYyHKIIHH C
TPUTOHOMETPUYECKUMHU:
e/n®ol=cos nwyt — j sin nw,t
eJnwot 4 ,—jnwot
cosnwet = ————
ejnwot_e—jnwot

sin nwyt= 5



B cnyuae 3KCOHEHIIMAIBLHOTO NPEACTABICHUS CIEKTP CUTHaIa OyJIeT cOAepKaTh
TapMOHHUKH U B OTPUIIATEILHON 00JIACTH Ha OCU YaCTOT, (OTMEUEHHBIEC HA PUCYHKE
NPUBEJACHHOM HHUIXKE) MPU 3TOM HYKHO YUUTHIBATh, YTO OTPHULIATENIbHAS YAaCTOTa 3TO HE
@usuueckoe, a mamemamuyeckoe NOHATUE, OTIPEIENISIEMOE IPEICTABICHUEM KOMILIEKCHBIX
YHCEII.

y

IR RE;
T;_J____.i,._J]d,q .

1 2 -

Jna npumepa paccmoTpuM psia Pypbe nepuoauuecKoil mociaea0BaTeIbHOCTH
OPSMOYTOJIbHBIX BUACOUMIYJIHCOB S(t) C MU3BECTHBIMU MapaMeTpaMH JJIUTEIbHOCTHIO
UMIYJIbCOB - T,, HepuogoM - T, amnauTyaoi - A, yeTHOW oTHOCUTENbHO ToukH t=0. B
palNMOTEXHUKE HIMPOKO HCIOJIb3yeTcs oTHOImeHue =1/ ,,, HA3BIBAEMOE CKBANCHOCTNBIO
nocJyie0BaTeIbHOCTH. B 3apy0OexHO#l nuTepaType BMECTO CKBaXKHOCTHU HCIIOJIb3yeTCs
oOpaTHas BeJIWUYMHA, Ha3bIBaeMas Kodpuyuenmom zanonnenus (duty cycle), pasuas t,/T.
[Tepnonuueckue MoCiaEI0BATEIbHOCTH UMITYJILCOB, UCIOIb3YyEMbIe, HAIPUMED, B
panMoJIOKaNU, UMEIOT 3HAYEHHS CKBAXXHOCTH, TOCTUTAIOIINE HECKOJIBKHUX THICSY.

[To popmynamM HaXOIUM M1=®0:

T,/2 2A . noiTy,

Ao _A, —_ 24 u
> -, aO f u/z cos Tl(x)lt dt S

OxkoHuartenpHyI0 hopmyiy psaaa @ypse yao0HO 3amucarh B BUJIE

_A a sin(nm/q)
s(t)= . [1 + 2 Zn:l—nn‘/q cos nmlt]

Ha puc. 1.16 npexncrasiieHbl aMILIMTYIHBIE THAarpaMMBbl pacCMAaTPUBAEMOMU
MOCJIEJOBATEIbHOCTH B JIByX BaXKHBIX KpaHUX ciydasdx - O0JbIION U Manoi
CKBaXHOCTH.

BaxHO OTMETUTBH, 4YTO NMOCIENOBATEIBHOCTh KOPOTKUX UMITYJIBCOB, CIEAYIOIIUX
JpYT 3a APYroM I0CTaTo4HO peako (4 » 1), obmagaer 60raThiM CeKTPaIbHBIM
COCTaBOM.

Piec, 1.16. AMDIUTYZHBIH (JIENTP NEPHCOIHYECKOH MOCIEZ0BATERNEHOCTH
NPAMOYIOAEHLIX BHASOHMIYILCOE: & — 1TPH DOIbII0H CHBAKHOCTH,
& — TTp# Mano# CKEaXHOUTH
IIpn mpakTHYecKuX pacdyerax CIEKTPOB NEPUOJAUUYECKHX CUTHAIOB BBIYMCICHUE
O6eckoHeuHOI cyMMBI psia @ypbe BbI3BIBAET ONpEeIEHHbIE TPYIHOCTH, TOITOMY
0OBIYHO OTrpaHUYHUBAOTCA CYMMUPOBAHUECM KOHCUYHOI'O YHCJia CllaracMbIX. TouHOCTE



anmnpoKCUMaIluU UCXOJAHOTO CUTHAjla B 3TOM Cllyyae 3aBUCHT OT KOJIUYECTBa
CYMMHUPYEMBIX CHEKTPaIbHBIX COCTABISIONIUX.

[IpounnocTpupyem 3TO Ha NPUMEPE AMMPOKCUMAIMUA CYMMOUN TapMOHHUK NEPUOJUIECKOMN
MOCJICOBATEILHOCTH MPSIMOYTOJBHBIX UMIYJIbCOB HAMPSIKEHUS, Y KOTOPBIX JUIMTEIBHOCTD
T, =T1/2 (puc. 1.17). Ha puc. 1.17 ¢pakTuuecku mokazaHo Moclie0BaTEIbHOE
cymmupoBanue apyr ¢ apyrom O, 1, 3 u 5-i1t rapmonuk. M3 ananusza npecTaBieHHbBIX
rpauKOB HETPYJIHO 3aMETHUTh, KaK C YBEJIMUECHHEM KOJIUYECTBA CYMMHUPYEMBIX TapMOHUK
HanpsDKEHHs (MU TOKA) pe3yabTUPYIOMIAs alllPOKCUMUPYIomas QYHKIUS BEC TOYHEE
npubiamxkaercs K popMe UCXOJHOTO CUTHAlA u(?) Be3de, KpoMe ToYeK e€ pa3phiBa, B
KOTOpBIX 00pasyercs BbeiOpoc. [Ipu N— o BeauynHa ganHoro Beiopoca AE cocraBnser -9%
OT aMILIUTY/Ibl allIpoKcuMupyemoro curnana E. [IpudemM ¢ yBenndeHuem yucia
CYMMHUPYEMBIX TAPMOHUK 7 aMILTUTY1a BRLIOPOCA B TOYKaX pa3pbiBa HE YMEHbBIIACTCS, a €TO
IIUTENbHOCTh CTAHOBUTCS OECKOHEYHO y3KOM. DTOT nepeKT CXOAUMOCTHU
anmpoxkcuMupymoiero psajga Oypbe u3BeCTEH B MaTeMaTHKE U MMOJYYUI Ha3BaHUE 2¢ghexma
Tuboca (Ix. I'nb66¢c - amepukaHCKUH QHU3UK, KOTOPBIN BIIEPBBIC Mall eMy nosicienue). [lo
cymecTBy 3¢ dekt 'm66ca 00ycoBIUBAET HEYCTPAHUMYIO TOTPEITHOCTH ANMPOKCUMAIIUH.
Jng MHOTHX aHaIUTUYECKUX MCCIENOBaHUM Hanuuue sBieHus: [ m60ca BrI3bIBAET
onpeneneHHble mpobiaemel. Tak, HampuMep, B 3ByKOBOCIPOU3BOISIINX CHUCTEMax (B
4aCTHOCTU B MUKpOQOHaX) moJo0HOe ABJIeHUE HOCUT Ha3BaHue "3BoHa”. [Ipu sTom
KaXXJIbI PE3KUN COTJIACHBIN HIIM J1000# Jpyroil BHE3AMHBIH 3BYK CONMPOBOKIACTCS
KOPOTKUM CBUCTAIIUM, HEMPUSTHBIM IS CIyXa, 3BYKOM. DTO pe3yabTaT allpOKCUMALNU
«pa3pbIBHON» UMIYIbCHOM MOCIEIOBATEILHOCTH TAPMOHUYCCKUMU (TITAKUMU )
byukuusmu. Beibop npyroit 6azucHoil cucteMsl GyHKIUE B 00006meHHOM page Dyprwe
MO3BOJIsIET U30aBUTHCS OT 3TOro 3 dekra.

o
K -
o S i,

Poc. 1 LT Jesmmcrpafis 8 spooTamaaf ATNNOKS HA LM NSO TOnkHER Iy
COB Oy rWf ragreenH K

Heo6xoquMo oTMETHTB, UTO B MPOBEJEHHOM BbIIIE MPAKTHYECKON allIPOKCUMAIIMK 3aJJaHHOTO
[IEPUOJUYECKOTO CUTHAJIA TPUTOHOMETPUYECKUM psAtoM Dypbe cyMMUpOBaHUE NIEPBON U
BBICIIMX TAPMOHHUK OCYIIECTBISIETCS TOJIBKO MO HEYETHBIM KO3 PUIIMEHTaM 71, TaK KakK MpH
YETHBIX UX 3HAYCHUSIX U JUTUTEIBHOCTH UMIyJbca T,=1/2= 1 /®; BennuuHa sin( no; 7, /
2) =sin(nm /2) oOpamaeTrcs B HYJb.

Hapsiny co cnekTpaiabHBIM MPEACTABICHUEM {2aPMOHUYECKUM AHANU3OM) CUTHAIIOB
IMIMPOKO MCIOJb3YETCS 2ApMOHUYECKUL cunmes - OJy4YeHHUe 3alaHHbIX KoJeOaHui CIOXHOM
GbopMBI IyTEM CYMMHUPOBAHUS psia TAPMOHUUYECKUX COCTABISIOUIUX UX cnekTpa. [lo
CYUIECTBY, BbIIIE U OB MPOBEJIEH CUHTE3 NEPUOANYECKON MOCIeq0BaATEIbHOCTH
NPSIMOYTOJIBHBIX UMITYJIBCOB U3 HECKOJIbKHUX rapMoHuk (puc. 1.17). [IpakTuuecku Takue



omnepanuy 10CTaTOYHO MPOCTO PEANTU3YIOTCS Ha KOMIIBIOTEpE.
Kpome rapmonnueckoro psga @ypbe NpUMEHSIOTCA U APYTUE TUIBI PA3JI0KEHUS; 110
byakuuam Yonma, beccens, Xaapa, nonunomam YeoOrimeBa, Jlarrepa, Jlexanapa u ap.

CrnekTpaibHOe NpeIcTaBIeHHuEe HellePHOANYEeCKHX CUTHAJIOB.

B Teopuu criekTpabHOro npeJicTaBIeH!s HEEPUOUUECKHX (MMITYJIbCHBIX ) CUTHAJIOB HCTIONB3YIOT
MCKYCCTBEHHBIH IIPHEM, TO3BOJISIONIHI (POPMATBHO 3aMEHHUTD TAKME CUTHAIIBI TIEPUOIMTICCKIMU C
0OECKOHEYHO OOJBIIM MHTEPBAJIOM (IIEPUOIOM) CIIEIOBAHUS, T. €. ipu T — o0,

[IpenmosiokuM, 4TO KUMEETCS OJUHOYHBIN UMIYJIbCHBIN curHan S(t) KoHEeUHOMH
JIUTENBHOCTH U IPOU3BOJIBbHON hopMbl. BupTyanbHO (MBICIEHHO) JOMOJIHUM €ro TAaKUMHU
K€ CUTHAJIaMHU, IEPUOJIUYECKH CIEAYIOINMH YepE3 HEKOTOPbIE UHTEPBAJbl BpeMeHH - T
(puc. 1.18). B pe3ynbrare nmosy4uM MepuoOAUYECKYIO MTOCIEI0BATEIBHOCTD Syep(t), KOTOPYIO
MOXHO TIpefcTaBuTh B Bujae psaga Oypee (1.7).

Jlns nepexona K OJUHOYHOMY UMIIYJIbCY YBEIMYHUM 10 OECKOHEYHOCTH MEPUOJ
NOBTOpPEHUs UMIYyJbCOB - T. B 3TOM ciyuae B cnekrpanbHoi obnactu (puc, 1.15 u 1.6)
HPOU30HIYT CIEAYIOUHE U3MEHEHUS:

- 4acTOTHl Nwg U (N+1) Wy OKaXyTcs CKOJb YroJHO OJU3KUMH H IIOITOMY
JUCKPETHYIO IEPEMEHHYIO NW, MOKHO 3aMEHUTh HENPEPBHIBHOMN - W, TO €CTh TEKYIIEH
qacTOTOM;

+  aMIUIUTYJAHBIE KO3 (PULHEHTHI Cn CTAHYT OECKOHEUHO MaJIbIMU (CTPEMSALIUMUCS K
HYJI0) U3-3a Hanuuusg T — oo B 3HaMeHaTesie K03 PULUEHTOB pAja;

W3 ananu3a HETPYAHO 3aMETUTh, YTO IPU YBEJIUUYECHUU NIEPUOJIA CIEIOBAHUS
MMIYJIbCOB JIMHEHUATHINA crieKTp OyneT Bce Oojiee MIOTHBIM. B npenensHoM ciiydae, Korjaa
nepuon T — oo, paBHBIE pAaCCTOSHUSA MEXAY CHEKTPaIbHBIMU JIUHUAMU YMEHBIIATHCS
HaCTOJIbKO, YTO CIIEKTP CTAaHET CHIOUIHbIM, @ AMIUIUTYIbl OTJIEJIbHBIX CIEKTPaIbHBIX
COCTABJISAIOLIUX OKaXYTcs OecKkOHEeUHO MaibIiMU. [Ipu 3TOM yacToTa ciaeoBaHuUs
UMIYJIbCOB o = 27/T u npeBpamaercs B d @, AUCKpeTHas IEpeMEHHas N®; - B
MTHOBEHHYIO (TEKYIIYI0) YaCTOTy ®, & 3HAK CyMMBI TPaHCPOPMUPYETCS B HHTETPAJL.
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Puc. 1.8 K olpelencniixg HeuepHoauyecknX cUTHLIOR;
@ - OTHH UMNOYIRS: f - YeloRlor TepioIAYcckoe NPeicaBlIeHHE

HNHuaue, paccMOTpeB HHTepBal 4acTOT A® — 0 B OKPECTHOCTAX HEKOTOPOH 4acCTOTHI Wy,
TO B IIpeJiesiaXx ITOro nHTepBana Oyner coaepkarbest N OTACIBHBIX Map CIEKTPaIbHBIX
COCTaBJISIIOLIUX, YaCTOTBI KOTOpPbIE OYAyT OTIMYATLCS APYT OT Apyra CKOJIb YTOJHO Mallo
(N=Aw /0wy = Ao T/2m). B pe3ynbTate OTMEUEHHBIX MPE0OpPa30BaHUN CIIEKTPAJIbHbIE
COCTaBJISIIOLIME MOKHO CyMMHUPOBATh TaK, KaK €CJIU OHU UMEIOT OJHY U Ty K€ 4acTOTYy U
XapaKTepHU3yITCs OJUHAKOBBIMU KOMIIJIEKCHBIMU aMIIUTyAaMU. KoMIIekcHas aMILUIUTyAa
SKBUBAJIEHTHOTO TApMOHUYECKOTO CUTHalla BHYTPH MHTepBana A® OyneT paBHa:

Mwo =2 [ s(t) e footdt="2 [ s(t) e~ @otclt



[Ipu 5TOM 0603HaUMM (DYHKIIMEH UHTETpa
s(i(»)=f_oooo s(t) e /@ot gt

KOTOPBI Ha3bIBACTCS CHEKMPAIbHOU NiomHocmyvio curHana s(t) uiau npavvim
npeobpazosanuem Pypve nanHoro curuana. CruekTpanbHas JIOTHOCTh XapaKTepU3yeT
MHTEHCHUBHOCTD CILUIOIIHOTO pachpeesieHus] aMILITUTYl TApMOHUK HEMEPUOANYECKOTO

CHUTHAaJIa BJOJIb OCH YacTOT ®. B 3TOM OCHOBHOE OTJIMYKE CHEKTPAIbHON MIOTHOCTH

HETepUOANYECKOT0 CUTHAaNa OT JUCKPETHOTO CIEKTpa MepUoJUUECKOro CUruana, B
KOTOPOM KaxJasi TapMOHUYECKas COCTABJIAIONIAS UMEET BIIOJIHE ONPEIEICHHOE 3HaUEHUE
4aCTOTHl B OTCTOMT OT COCEHEH Ha BeJMYuHy wy = 21m/T. Heo0X0aumMo OTMETHUTD, YTO
JUCKPETHBIN CIEKTP MEPUOJUUECKOTO U CIEKTpalibHAsA MJIOTHOCTh HENEPUOANUYECKOTO
CUTHAJIOB UMEIOT pa3Hble pa3MEPHOCTU. Tak JUCKPETHBIN CHEKTP NEPUOJUIECKOTO
HaIps>KEHUS UM TOKA UMEET pa3MepHOCTh aMIuIuTyasl (B unu A). CrnexTpanbHas xe
IIOTHOCTH UMeeT pazMmepHocTh B/I'm nim A/T'1.

C Toukm 3peHUst GU3MIECKOTO CMbICIIA CIIEKTpaibHas MIOTHOCTh S(wy) = S(27fy)
21 fy - MacITaOHBI YMHOXKUTEJb, CBA3BIBAIOIINA MATYIO JUTMHY HHTEpBalia 4acTOTA f U
OTBEYAIOIIYIO €MY KOMIIJIEKCHYIO aMILTUTYAy A A TapMOHUYECKOTO CUTHAala Ha
HEeHTPaAJIbHOH yacTore fj.

[Ipu pemenun oOpaTHOI 3a1a4u, TO €CTh MPU HAXOXKJICHUHU CUTHAJA MO €ro
CIEKTPATbHONW MIOTHOCTH, HEOOXOAMMO BOCIIOJIB30BATHCS 0OpamHubiym IpeoOpa3oBaHuEM
®dypoe mist curnana s(t):

s()=/"_S(jw) et dt

YacTo aiist ynpoIieHHs ONMMCAaHMUs CATHAJIOB U 0003HAYEHUS B3aUMOCBSI3H MEKIY
npsIMBIM U 00paTHBIM peoOpa3oBanusiMu Dypbe UCMONB3yeTCs O0IMIETPUHATASL
cumBosuka: s(t) & S(jw)). BecneactBue Toro, 4To HenmepuoAuUecKuii curnan s(t) u ero
CIIEKTpabHAS MIOTHOCTH S(j®w), B3aMMHO OJTHO3HAYHO CBSI3aHBI AP0 MpeoOpa3oBaHU
®ypbe, ToCIeIHIE MO3BOISIOT AaHATUTHIYCCKH OTHICKATh CIEKTPAIbHYIO TUIOTHOCTH IO
3ajaHHON opMe curHaiza, ¥ Ha060poOT, ero GopMy MO CHEKTPAITBHOHN IMIIOTHOCTH.

CrnenyeT OTMETHUTh OCHOBHOE YCJIOBHE CYIIECTBOBAHUS CHEKTPAIbHON MNIOTHOCTH
CUTHAaJa: JUIsl TOTO, 4TOOBI curHany S(t) MOXKHO ObLIO OBl COMOCTABUTH €r0 CHEKTPATbHYIO
NJIOTHOCTH S(jw), HE0OX0AUMO, YTOOBI CUTHAJ OBLI abconomuo UHTETPUPYEM, TO €CTh,
9TOOBI CYIIECTBOBAJ HHTErpal:

2, 1s®)] dt

DTOT HHTETpa ONpeaeIsieT YCIOBHUE CYIIECTBOBAaHUS CIEKTPATbHON TUIOTHOCTH
curHaina. B Maremaruke neTaibHO MCCIENIOBAH BOMPOC O TOM, KAKMMH CBOMCTBAMU JJOJDKHA
o0nanate pyaknus s(t) nis Toro, 9To0kI ee nmpeodpaszopanue Oypbe NEHCTBUTEIHHO
cymecTBoBano. [10o100HOE yCclIOBUE 3HAUUTEIBHO CYXAET KJIACC JTOMYCTUMBIX CUTHAJIOB.
Tak, B yKa3aHHOM KJIACCHYE€CKOM CMBICJIE HEBO3MOXKHO I'OBOPUTH O CIIEKTPAIbHOMN
MJIOTHOCTU FapMOHUYECKOT0 CUTHala

u (t)= Uy cos wyt, cymecTByIONmero Ha Bce 0eckoHeuHoi ocu Bpemenu. OHAKO B
COBPEMEHHOHN MaTeMaTHKe pa3padoTaHbl IPUEMBI, ITO3BOJISIONINE Pa3yMHBIM 00pa3oM
BBIYHCIIATH CIIEKTPaJbHbBIC MNIOTHOCTH TAK HAa3bIBAEMbBIX «HEHHTEIPHUPYEMBIX)» CHUTHAJIOB.
[IpaBna, mpu 3TOM OKa3bIBaETCs, YTO TAKUE CIIEKTPAJIbHBIC TUIOTHOCTH OYAYT yKe He
OOBIYHBIMH, KJIACCUYECKUMH, & 0000IIEeHHBIMU (PYHKIIUSIMH.

Kpatko paccMOTpeHHBIE OCHOBHBIE MOJ0KEHUS CHIEKTPAIbHOI0 aHAIM3a CUTHAJIOB
MO3BOJISIIONMX aHAIM3UPOBATH KAK CAMH CUTHAJbI, TAK U MPOXO0XKJICHUE CUTHAJIOB Yepe3
paauoOTEXHUYECKHUE IIEMH, YCTPOUCTBA U CUCTEMBI.

PaccMoTpuM npuMepbl BBIYUCICHUS CIIEKTPAIbHON MIIOTHOCTH JJISI HEKOTOPBIX
CUTHAJIOB.

CnexmpanvHas niomHOCMb NPAMOY20IbHO20 UOeoUMnyvcd.. IlycTh TaHHBIN CUTHAT



onuceiBaercs rect-gpynxyueri (tadn. 1.2), T. e. curnan S(t)=U rect [ (t)/t,], umeeT ammiutyny
U, IIUTENBHOCTH T, M PACIIOJIATAETCsl CHMMETPHUYHO OTHOCHUTEIBLHO Hayajla OTCYETa
BpEMEHH. YUUTBIBas, YTO rect-QyHKIHS HMEeT EAUHUYHYIO aMIUTUTYly Ha OCHOBAaHHH
dbopmyinsl (3.8) mpoBeEeM BHIYUCICHUS:

Tu Tu
S(w)= Uf?%,e /@t dt=U [%,(coswt — jsinwt)dt = 2U fOT”/Z coswt dt = %sin wzr”
2 2

CriekTpainbHas INIOTHOCTh paccMaTpuBaemoro curnana S(jo) = U, sin (w 7,/2)/ w T,/2 aBusercs
BEIICCTBEHHON (YHKIIUEH YacTOTHI, TOITOMY BBeJlsl O€3pa3MEpHYIO EPEMEHHYI0 ¢ = w T,/2 MOXHO
OKOHYATEJIHHO MPEJCTABUTh PE3YJbTAT B BUIC Irpadrka, KOTOPHIM MOCTPOCHHBIN O TOTy4EeHHOM
dbopmyie nzobpaxker Ha puc. 1.19. Cieqyer OTMETUTD, YTO 3HAUYCHUE CIIEKTPATIbHOMN TUIOTHOCTH HA
HYJICBOM YaCTOTE PaBHO ILIOIIAAM UMITYJIbca (OJHO U3 CBOMCTB mpeodpasoBanuii dypwe): S(0) =

Ur,.

YL/ s

Puc. 1.19, "padiex HOpPMHDOBAHHGI COCKTPRIABHOW NMNOTHOCTH APAMO-
YIONBHOM BHICOMMOVRLCA Kok diyHxMK ¢ DapaMeTpod E=mT,2

[IpuMeHHUTENBPHO K HANPSIKEHHUIO MPSAMOYToiabHOH popmerl (puc. 1.20a) 06braHO
BBITMTOJTHSIOT MOCTPOCHUE MOIYJIS CIeKTpajdbHOU minoTHOCTH (puc. 1.206), ocobo
NOJYEPKUBAs, YTO MOJAYJIb CHEKTPAIbHON MUIOTHOCTH CUTHAJA SIBISETCS CHIOUHBIM
(HempepbIBHBIM) B OTJIHYUH OT MEPUOJAUYECKOTO CUTHANIA. AHAIU3UPYS PUCYHOK MOKHO
3aMETHUTh, KaK OyJeT U3MEHATHCSA MOAYJb CIEKTPAIbHON IUIOTHOCTH P H3MEHEHUH
napaMeTpOB UMITYJIbCA - AMIUTUTYABI U JJIUTEIbHOCTH UMITyNbca. CpaBHUBAs BBIPAKEHUS
ISl CHEKTPAJIbHON TUIOTHOCTH OJUHOYHOTO MPSAMOYTOJIBHOTO UMITYJIbCA M CIIEKTpa
NEepUOIMYECKOH MOCIe0BATEIbHOCTH TAKUX K€ UMIYJIbCOB, HETPYIHO 3aMETHUTh, YTO
MOJYJb CIEKTPAIbHON MIOTHOCTU U ocubarowas (orudaromas - BoooOpakaeMas JUHUSA,
KOTOopas 0ToOpakaeT MaKCUMaJbHble 3HAUEHUS MIHOBEHHBIX aMIIJIUTY[) TApPMOHUK

T B W5 i’ Axtr, 2Infe, O Iwix, Anfe, o
) oy
Puc. 1.20. [ padukn HanpawkeHa NpaMoyronsliof fopMbl - - () 4 M0IY4 COek-
TPAABHOH NIOTHOCTH () MPAMOYTOALHOTO BHACOHMMY ThCa

JUCKPETHOTO CIEKTPa COBNAAAIOT MO (OPME U OTIMYAIOTCS JIMIIb MacITaboM MO OCH
aMILUIUTY .

B Tabn. 1.3, nng npumepa, npuBeeHbl CIEKTPbl HEKOTOPBIX YACTO UCHOJIb3yEMbBIX
UMITYJIbCOB, TJl€ B KAUYE€CTBE MILIIOCTPALMil NpUBeIeHb Ipad KN HANPSIKSHUN
UMIIYJIbCOB Pa3Iu4YHON (HOPMBI U UX aMILUIUTYAHBIX CIEKTPOB B 00JIaCTH
IIOJIOKUTEINBHBIX 4acTOT. M3 mpUBEEHHBIX IPUMEPOB BUIHO, YTO pEAIbHBIE
UMIYJIbChl OTPAaHUUYEHHON UVIMTEIBbHOCTU TEOPETUUYECKHU UMEIOT OECKOHEUHBINH CIEKTP.

W3BecTHBIN B MaTeMaTHKe NPUHIUI HeomnpeaeiaeHHocTu B. ['eiizenOepra



(IPpUMEHHUTEIBLHO K OJTHOMEPHBIM CUTHAJIaM) TJIaCUT: YyeM cuibHee curuan S(t) = u(t)
JOKaJIN30BaH BO BpPEMEHH, TEM IIUPE €ro MOAYJb CleKTpa S(j®)B NPOCTpPaHCTBE YaCTOT .
N Hao60poOT - yeM MeHbIIe IMUPUHA MOAYIIA ciekTpa S(jo), TeM 00JbIIyI0 00JaCTh OCH
BpEMEHH OH 3aHMMaeT (Teopema 00 n3MeHeHnu MacmTaba). Ha mpakTuke mupuHOM

crekTpa cuuTarT 3¢ PexkTuBHY0 00MacTh 4acToTF, B mpenenax kotopou

ckoHuentpuposano 90-95 % suepruu curnana. [{ns xonokonsHoro (I'ayccosa) u
9KCIIOHCHIIMAIBHOTO UMITYJIBCOB (HOCIENHHE ABe CTPOUKH B Taba. 1.3), mmeroniux
TCOPCTHUCCKU 6eCKOHe‘-IHYIO JJIUTCIBHOCTD, OJIA y[[O6CTBa PacyYCTOB TAKIKEC BBOIAT
noHsTue 3G GeKTUBHON AMUTENbHOCTH T,, MOgpa3yMeBas Mo dTUM UHTEPBAJ BPEMCHH, B
npejenax KOTOPOro COCPe0TOYeHa OCHOBHAS JIOJISI JHEPTUU CHTHAA.

OcHoBHbIe cBolicTBa peodpasoBanmii Pypne

Wrak, MeXJly CUTHAJIOM U €ro CHeKTPalbHON MIOTHOCTHIO CYLIECTBYET
onHo3HauHOe cooTBeTcTBUE S(1) « S(j®), yCTAHOBICHHOE MOJTYyYCHHBIMHU BBIIIE

Tabanua 1.3
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COOTHOIICHUSAMH. I[J'IS[ NPaKTUYCCKUX HGJ’IGfI BaXHa CBsA3b MCIXKIAY pa3JIMYHBIMU
Hp606pa30BaHI/I${MI/I CUTHaJIa U COOTBCTCTBYIOIIMUMHU 5TUM Hp606pa3OBaHI/I}IM
NU3MCHCHHUAMU €TO CHCKTpaHLHOﬁ IIJIOTHOCTH. PaCCMOTpI/IM HCCKOJbKO OCHOBHBIX TaKHUX

paauoOTeXHUUYECKUX MpeoOpa3oBaHU.
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Croorcenue, ycunenue u ociadnenue cueHanos (meopema aunetnocmu). CioxxeHue,
yCUJICHHUE U OCIa0JIcHHE CUTHAIOB OTHOCATCS K JIUHEHHBIM OTIEpaIisiM, MO3TOMY K HUM
NPUMEHUMO CBOMCTBO JUHEHHOCTH. ECIM MMEeTCs COBOKYIMHOCTh JICTEPMHUHUPOBAHHBIX
curHainoB s; (t), s (t),..., sy (t) obnamammKX cCOEKTpaIbHBIMU IIOTHOCTIMU S; (jw), S,
(jw),..., Sy (jw), To cymmapHOMY (Pa3HOCTHOMY) 3HAUEHMIO CUTHAIOB Sy (t) = s; (t) + 5,
(t)+... + s, (t) cooTBeTCTBYET CyMMa (MJIM PA3HOCTh) MX CIIEKTPAIbHBIX MIOTHOCTEH Sy
(jw) = S; (jw) + 5, (jw) +... +S, (jw). NanHas TeopeMa UMEET JIEMEHTAPHOE
JI0Ka3aTeNbCTBO: IOCTATOYHO B npsiMoe nmpeodpasoBanue @ypre (1.10) moacTaBuTh cymmy
UCXOJHBIX CUT'HAJOB U BBIMOJHUTH MPEeoOpa3oBaHuUs.

Cosue cuenana 6o epemenu (meopema 3anazoviéanus). Ilycts curaan s; (t) co
CHeKTpadbHOU MIOTHOCTHIO S; (jw), 3amepkaH Ha HEKOTOPOE BpeMs T,,. B aToM ciydae s,
(t)= s; (t-1,), U ciekTpanbHas MIOTHOCTH 3aJEPKAHHOT'O CUTHAJIA B COOTBETCTBHH C
npaMeIM npeobpaszosarneM dypse (1.10), 6yner umets Bua: S (jw)= S; (jw) e /9%,
Takum 00pa3oMm, CIBUT CHI'Halla BO BpEMEHH Ha HEKOTOPBIA MHTEPBAN T,, IPUBOJIUT JIHIIb K
U3MCHEHHUIO apeymMenma CIEeKTPaIbHOM MIOTHOCTH HAa BEJIUUUHY ®2, a €€ M00)Y/Ib 0CTAETCs
Heu3MeHHBIM. Ha mpakTHKe CABUT CHTHAjJa BO BPEMEHHU OCYIIECTBIISIETCS MPH ayIUO U
BHJICO3ANIUCH HA pa3iudyHble HocUTeH. CKOJIb J0JT0 (TEOPETUYECKH) HE XpaHUIach ObI
Takas 3alucCh, CrIeKTp (1 GpopMa) curHaia He MPETEPIUT U3MEHEHUM.

Cmewenue cnekmpa cuenana (meopema cmeujerust). CMBICI TaHHOW TEOPEMBI
3aKJII0YaeTes B cienyroieM: ecin S; (jw) - cmekTpanbHas MIOTHOCTh CUrHala s (t), ro
CHeKTpajbHast MIOTHOCTh + S, (j(w+ £2)), monydeHHas MyTeM CABHIa HCXOIHOTO CIEKTpa Mo
OCH YacTOT Ha BeIMUHHY () COOTBETCTBYET CUTHANY S, (t) = 5; (t) e /¢ 910 cooTHOmMEHNE
MOJIy4aroT MPHU MCIOJb30BaHUU NMpeoOpazoBanuii Dypbe U OHO MOKA3BIBAET, YTO B
pe3yibTaTe TaKuX MpeoOpa3oBaHUl CIIEKTP CUTHANA CMEIACTCs Ha BEJIMYUHY () paBHYIO
yactore casura. B urore s, (t) & S, (jw), 1 mogo6HOE MpeoOpa3zoBaHue CUTHAIA
NPUMEHSIOT B PAa3JIMYHBIX PaJUOCUCTEMaX MPU HEOOXOJUMOCTH MEPEHOCA CIIEKTpa CUTHala
U3 OJHOM 00JIACTH YaCTOT B APYTYIO, HAIPUMeEp, ITPU MOIYJISIHAH.

Usmenenue macuumaba épemenu. TIpenmnoaoxuM, 4To B UCXOHOM curHane s; (t)
U3MEHEeH MacmiTab BpeMeHH TakuM 00pa3oM, 4To apryMeHT t yMHOXeH Ha HEKOTOPBIi
NOoCTOSIHHBINA KO dunueHt bu s, (t)= s; (bt)Ecau b> 1, To npoucxoaut "cxarue"
UCXOJHOTO CHTHAJA; €CIIH XKe



0 < b <1 - ucxoxguslit curuan "pactsrubaercsa" Bo BpemeHH. CHeKTpaibHas MMIOTHOCTH
npeo0pa3oBaHHOr0 CUTHAJIa TOCJE BRIYUCICHUN Tpeobpa3oBanuii @ypre OyneT paBHa
Sy (jw)=(Ub) S;(jw /b). Takum oOpa3oM, yBeTHYCHHE TIUTEIBHOCTH UMITYJILCHOTO CUTHAJIA
mo6oii Gopmbl B D pa3 compoBokaaeTcs CKaTHEM €ro CIeKTpa BO CTOJBKO Ke pa3, u
Hao0OpOT, YMEHBIICHUE JUIMTEIbHOCTH NPUBOAUT K PACHIMPEHHUI0 CIHEKTpa IpHU
OJIHOBPEMEHHOW yMEHBIICHUH €ro HHTeHCUBHOCTH B 1/D pas.
CrieKTpbI HEKOTOPBIX HEMHTETPHPYEMbIX CUTHAJIOB.

W3 kypca MaTeMaTHKH U3BECTHO, YTO PSJI NIMPOKO MPUMEHSIEMBIX (B YaCTHOCTH B
PaaMO3JIEKTPOHUKE U TEXHHUKE CBS3M) CUTHANOB ((HQYHKIUN) HE YJOBIETBOPSIOT
YCJIOBUSAM a0COTIOTHOW HHTETPUPYEMOCTH (CXOIAMMOCTH) oTMeueHHoe B (1.12),
II03TOMY MX NpsiMOoe npeodOpaszoBanue Pypbe ONpeaeauTh HE IPOCTO.

Cnexmpanvhas niomnocms oenvma-@ynxyuu ooduiero suga S(t)=46(t - t,),
BBICTABIICHHYIO B TOUKE BPEMEHHOH MJIOCKOCTH t,, ONpeaeTuM C MOMOIIBIO MPSMOTO
npeobpazoBanus ypwe (1.10);

. 0 . o«
S(]co)Zf_oo 6(t — to)exp (—jwt) dt, a ons ¢pyukyuu pacnonosicennoil 8 navaie KOOPOUHAM

S(jw)=[__ 8(t)exp (—jwt) di=1

I'paduku xapakTepusyooiue ejbTa-(QyHKINI0 BO BpEMEHHONW U CIIEKTpaJbHOMI
obnacTsax npuBeaeHsl Ha puc. 1.21. U3 pucyHka cieayer, 4To AeiabTa-(QpyHKLIUS UMEET
pPaBHOMEPHBIN (CIUIOMHON U OECKOHEYHBIN) CIEKTP C €IMHUYHOW MHTEHCUBHOCTBIO Ha
Bcex yacTtoTax. T. K. B CHEKTPaJIbHOU 00JIACTH MOAYJIb CIEKTPAIbHOHN MIOTHOCTH
nenbTa-(QpyHKIIMY HEe OTPaHUYEeH MO NPOTSKEHHOCTHU, 3TO MO3BOJISIET UCIIOJIb30BaTh
(GYHKIMIO KaK UCNBITATEIbHYIO IPU HAX0XKJEHUH BPEMEHHBIX XapaKTEPUCTUK
JUHEUHBIX LeNe — UMNYJIbCHON XapaKTEPUCTHUKHU.

[Ipu Takux ucciieg0BaHUAX JOCTATOYHO BO3JEHCTBUS HE UJ€aIbHON MOJEIHN
paccMaTtpuBaeMoi GYHKLHMH, a IPOCTO OYEHb KOPOTKUX UMIYJIbCOB HaNPS)KEHUs Ha
nuHelHble nenu. [Ipu 3ToM He 0043aTeAbHO, YTOOBI JITUTEIBHOCTH PEAIHHOTO
UMITyJibca OblJ1a OECKOHEUHO MaJjia, a aMIINTy1a OecKkoHeYHOo Benuka. Oka3pIiBaeTcs
JIOCTATOYHBIM YCJIOBHUEM SIBIISIETCS, YTOOBI JIIUTEIBHOCTh UMITYyJIbca ObljIa MHOTO
MEHbIE Nepruoja COOCTBEHHBIX KOJeOaHUN JIMHEHHON Lenu.

an —

= o

L

Foc. 1 21 Jdeasta-hyHruda 6o ppeMoHiod obmactu {17)
H B¢ MOS YR CIECETPA ILHGEK LEIOTHOCTH (1

Jns nenbra-GyHKIIUU MOXKHO HAaWTH oOpaTHOE nmpeobpa3zoBanne Oypbe B BUIE:
o0 . _
8(t)=(1/2m) [__ exp (jwt) dw=1
KOTOPOE MIMUPOKO UCHOJIb3YETCS MPU PA3TIUUYHBIX BBIYUCICHUSAX.

®u3nvecKy NpeaACTaBUTh CBONWCTBA U MapaMeTphl AeidbTa-(QyHKIUU T10CTaTOYHO
npocto. Tak, B MOMEHT BO3HUKHOBEHHS umnyibca (t = 0) Bce sieMeHTapHbIe
rapMOHHMYECKHE COCTABIISIONINE OECKOHEUHOTO CIeKTpa AesibTa-QYHKIIUU CYMMUPYIOTCA
kozepernmHo (cuH(}a3HO), MOCKOJIbKY B COOTBETCTBUU C MOJTYYEHHBIMHU BBIPAKECHUSIMHU
CIIEeKTpaJibHAs MJIOTHOCTH JleNbTa-QyHKIUU BeniecTBeHHA. [loaTomy npu t = 0 HaOntonaercs
O6eckoHeuHO OoJibIIasg aMILUIUTYAA UMIYJIbCa.

CnexmpanvHas nI0MHOCMb 2apMOoHuYecko2o cuenana. OnpeaeauM CIeKTpaJbHYyI0 MIIOTHOCTh
rapMOHHYECKOTO (TTOJI0KHUM, YTO KOCHHYCOUJAIBLHOTO) CUTHANIA €NIUHUYHOW aMIIIUTYABI
S(t)= cos wyt, NI KOTOPOro YCIOBUS IPUMEHUMOCTH TipeoOpa3oBanus Pypee He



BeInonHAOTCA. [loncTaBus B npsimMoe npeodpasosanue @ypwe (1.10) 3anannplii cCUTHAI, U
BOCIOJIb30BaBIIKCHL GopMyoil Ditnepa e *=cos x +j sinx, a, Tak’ke BHIIOIHHUB
HeoOXoAuMBbIE MPeoOpa3oBaHusl, MOJYyUUM; CIE0BATEIbHO, CIEKTPaIbHYIO JIOTHO CTh
rapMOHHYECKOTO CUTHANIA MOXKHO OTOOPa3UTh ABYMsI MebTa-(YHKIIUSIMH B 4aCTOTHOH
00J1acTH, ¢ KOOPAUHATAMU - - WoutWo

. 0 . o«

S(]co)Zf_oo 6(t — to)exp (—jwt) dt, a ons pyukyuu pacnonosicennoil 8 navaie KOOPOUHAM

S(jw)=J__ cos wot exp (—jwt) di= [3(0 — wo) + 3(® + wy)]

[To ananoruu ¢ KOCUHYCOUAJIbHBIM CUTHAJIOM HETPYAHO MMOKa3aTh, 4TO
cuHycouaanbHOMy curHaiy S(t)= sin wyt oTBeyaeT cnekTpansbHas MIOTHOCTh
SGw)=7n[d6(0 — wy) + 6(® + wg)]. 3aeck 3HaK MUHYC TOSBIAETCS BCIAEACTBHE HEUETHOCTH
GYHKIIMHU CUHYCOUJAbHOTO CUTHAJA.

CnexmpanvHas niomHoCms NOCMOAHHO20 HanpsaxceHus (moxka). CIeKTpalibHYIO
XapaKTEepUCTUKY MOCTOSHHOTO HaMpPSIKEHUS, HalIpUMEpP, CAUHUYHON aMILIUTYIbl MOXKHO
JIETKO ONpPENIeNINTh, IPUPABHIB B (popMynax i CHEKTPAIbHON MIOTHOCTH PACCMOTPEHHBIX
FapMOHHYECKUX CUTHAJIIOB YaCTOTY Wy K HYJIEBOMY 3HaUEHHIO. B pe3ynbpTare moiaydmnm;
S(jw)=2 1 §(w), T. €. 370 menbTa-GYHKIKS B HaYaIe KOOPJUHAT 4YaCTOTHON 00J1acTH.
@u3nyecKkuii CMBICI JAHHOTO pe3yJbTaTa JOCTATOYHO MPOCT M OYEBUJICH, T. K. TOCTOSHHBIN
BO BPEMEHU CUTHAJ MOXKET UMETh €AUHCTBEHHYIO CIIEKTPaJbHYIO COCTABISIONIYIO B
OTMEYEHHOU 001acTu.

[TonoOHBIE pacyeThl MOXKHO MPOAOKUTE U I JPYTUX CUTHAIOB, HO 3TH
MCCIICTOBAHUSA SBISIOTCS MPEIMETOM MPAKTUUECKUX 3aHITUH C HCIOJIB30BAHUEM
M3BECTHBIX IMMPOTPaAMM.

OneparopHas ¢opMa nIpeacTaBJIeHNsl CHTHAJIOB

IIpeodpazoBanus Jlaniaca. TpuronomeTpuueckas U dKCIOHEHIIHAIbHast GOPMBI psIIOB
@ypbe NpeAcTaBIsOT BEIIECTBEHHBIN curHan s(t) B 3aBUCUMOCTH OT AE€UCTBUTEIbHON
yacTtoThl ®. [Ipeobpa3oBanue Jlamnaca - 6osiee o0mui cmocod ONMMCaHusI CUTHAJIOB,
MO3BOJIAIONIMIA 3HAYUTEIBHO YIIPOCTUTh AHAIU3 MPOXOXKICHHUS CUTHAIIOB Yepe3 JUHEHHbIe
[EeTH, 0COOCHHO MPU OBICTPO MEHSAIOIIUXCS UMITYJILCHBIX BO3JACHCTBUSIX, KOT/Ia BaXHBI
NepeXO0IHbIE MPOIECCHI.

[IpeobpazoBanue Jlanmaca ucnoab3yeT METOAbl KOHTYPHOTO HHTETPUPOBAHUS Ha
MJIOCKOCTU KOMIUIEKCHOM YacTOTHl P= G + j®, TJI€ G U ® ACUCTBUTEIbHBIE YHCTA. DTO
npeoOpa3oBaHue CIPABEIIIMBO U JUISI TEX CUTHAIOB, ISl KOTOPBIX HHTETpaisl Dypbe He
CXOOATCH.

OJHOCTOPOHHUM MpPAMBIM peoOpa3oBanuem Jlamnaca nius pyakuuu s(t),
cymectBytomei npu 0< t < co, Ha3pIBaeTCS MHTErPaJ BUJA:

0

S(p) = js (De "tdt

0

O6paTHBIM npeo6pa3OBaHHeM Jlamnaca sBIsS€TCS COOTHOIICHUE:

ct+jo
1
S0)= 5o f s ®ertdp
c—jo

Curnan s(t)HaspIBaeTCs opucunalom, a €ro mpejacrasicHue no Jlamiacy uin
omeparopHas GpYHKIUs Ha3bIBAETCS uzobpacenuem. Illepexos oT opuruHana K
HU300paKeHHIO U HA00OPOT MPUHATO U300pakaTh cuMBonuecku:S (p) & s (b); s () &

S (p)

Bonsmum npeumyniecTBoM npeoOpazoBanus Jlannaca siBisieTcst ero mpocTas CBs3b C
npeoOpazoBanueM Dypre. s 5TOro He0OXOAMMO JUIITH OCYIIECTBUTH 3aMEHY p <

jo; S (p) < S (o).



OcHoBHbIe cBOlicTBa npeodpaszoBanus Jlamnaca
PaccMmoTpum ocHOBHBIE CBOMCTBa nmpeobpazoBanuit Jlamnaca.

JluneliHOl KOMOMHAIIMM OPUTHHAIIOB COOTBETCTBYET TaKas e JUHCHHas
KoMOuHaIus u3obpaxenui, 1. e. ecau s(t) =a f(t)+b g(t), ro S(p)=a F(p)+b G(p). Dto
CBOMCTBO BBITCKACT M3 JUHEHHOCTHU olepaluu npeodpa3opanus Jlammaca.

[IpousBonHas opuruHana paBHa U300paKEHUIO UCXOJHOTO CUTHAJIa, YMHO KEHHOTO

Ha/7, 3a BBIYETOM 3HAUCHHUS OpHUTHHAaJIa B TOYKE t:O, T. €.
ds (t)

—— = pS(p) — S(0)
I/I306pa>1<eHHe HHTCTI'paJia OT OpUI'HHAJIa paBHO 1/1306pa>1<eH1/1}0 OpHUTruHaJa, JCJICHHOI'O Ha p, T. €.
S
f s()dt & %

OnpenesieHue OPUTrHHAJIA 110 U300PAKEHU IO

Jlns onpeeeHUuss OpUrHHaa 1Mo U300paKeHUI0 CaMbIM OOIHUM (M CaMBIM CIIOKHBIM)
METOJIOM SIBJISICTCS B3ATHE MHTErpaiga oopatHoro npeobdbpasosanus Jlanmaca (1.13). Jlns
MOSICHEHHUS €ro BhIYMCICHUs oOpaTtuMcs K puc. 1.22. Beanuuna noctossuHHoi C>0 B
npejesiax HHTeTrpaja OrpaHMYUBaeT HA KOMILUIEKCHOM MIOCKOCTH 00J1aCTh HHTETPUP OBAHUS.
3nauenue nocrosunoi C ompenenserca xapakrepom Gpyukuun S(p)ePt: myrs
MHTETPUPOBAHUS (Ha PHUC. 1.22 OH IPOXOAUT MO NPAMOH C_jg, Cy je) AOIKEH IPOXOAUTH
npaBee MOJIIOCOB 3TOU (PYyHKIIUH.
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- Y
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[T)] j'IH—ilm"-._
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I'. i} 1 e
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Puc, 122

MoO>KHO BMECTO MPSAMOT0 MYTH UHTEIrPUPOBAHUS 00pa30BaTh 3aMKHYTHIN KOHTYD
(IyHKTHD Ha pHC. 1.22) 100aBIeHUEM YT KOHEYHOTO pajnyca, IpUYeM BeJIUIMHA YTOTO
paauyca J0JKHA OBITh TaKOBA, YTOOBI B KOHTYPE MHTEIrPUPOBAHUS OKa3aJlCh ObI BCE
nosroca pyukuuu S(p). dus dyukuuii s (t), onpeaeneHHbIX s t>0, KOHTYP JOJKEH ObITh
pPacIoyiokKeH B JIEBOU MOJTYIIOCKOCTH.

[TonydyeHne OpUrHHANA B 3TOM CJIyd4ae CBOJMTCS K OTPEIEICHUIO:

5(6) = 7§, S@) e 77'dp = Tres
rjie), res- CyMma BBIYETOB B moitocax ¢pyHkuuu S(p)

Brruer onpenensercs ciaenyromum odpazom. Ilpu Hanuuuu noaocos
n300pakeHne BCerja MOXKHO MPEJACTAaBUTh B BUJI€ OTHOIICHHS ABYX MOJIUHOMOB

V(p)

S(p) = o)

[Montocamu ¢pyukuuu S(p) Oyayt kopuu ypaBuenuss W(p)=0, T.e. HyJIu 3HAMEHATEIIS.
Ecnu gpynknus S(p) umeeT B Touke p, MPOCTOM MOJIIOC, TO
V(p1)
res= dvf(;) e Vit
dp

Ecnu nomtoc p; uMeeT KpaTHOCTb m (M - 11eJI0€ MOJI0KUTEIbHOE YUCIIO), TO



1 dam-1 [V(p) m] ¢
res,;= - en
1 (m-1) dpm—l W(p) (p pl) .
bonee mpocThiM cmocoOOM SABISETCS UCTOJIb30BAHUE TAOJIHI] COOTBETCTBUS
OpUTHHAI-U300paKeHHE JJIs1 HEKOTOPHIX pyHKIMI. B Tabauie 1 COOTBETCTBHSA I

HCKOTOPBIX 4aCTO BCTPCHAOIMIUXCSA CUTHAJIOB

Opuranan (£-0) Haobpakenne t iﬂ
2
1
81 e !
4 P (r +r.z)i
F sin @t &
(27 + o
E' i 1 .
P E— cos m ¢
" {P + ﬂf} (pi -l-mj)
1- & ! ey e Meoswgl {p+o)
z(p+a) (P+a) +ay

OnHako He BCerjga MOXHO cpa3y o0paTuThcs K Tabnuue. B aToM cirydae HYXHO
IPOBECTU TaKue aHAIMUTUYECKHE NTpeoOpa3oBaHus U300pakeHUsl, YTOObI IPUBECTHU €TO K
TaOMIMIHBIM ) YHKIUAM.

Teopernueckue 0CHOBBI AMCKPETHBIX CHTHAJIOB
JlucKkpeTH3anusi CHTHAJIOB BO BpeMeHHOI 00/1acTH
CoBpeMeHHbIE paInOTEXHUUYECKUE CUCTEMBI paboTatoT ¢ LU(poBbIMU curHasamu. [loatomy
AHAJIOTOBBIE CUTHAJIBI MOABEPTAIOT AUCKPETU3ALNH C TTOocTenyroneil nnudpoBoit 00paboTKOMH,
CYIIHOCTb KOTOPOH COCTOUT B TOM, 4mo ¢husuueckuti CUTHaJ (HaupsKeHue, TOK U T.1.)
npeoOpasyeTcs B IOCIEN0BATENIbHOCTD Yucel, KOTOPast 3aTEM I0/IBEPracTCs MamemMamudeckum
npeoOpa30BaHUSAM B BBIYUCIUTENBHOM yCcTpoicTBe. TpanchopMupoBaHHBIN 1IM(PPOBOI CUTHAT
(mocnenoBaTeNbHOCTh YUCEIT) IPU HEOOXOJUMOCTH MOKET ObITh MpeoOpa3zoBaH 0OpaTHO B
HaNpsDKEHUE WIN TOK.

B Tteopuu u npaktuke o0paboOTKU CUTHAJIOB IIHUPOKO HcHoib3yeTcs TeopeMma KorenbHukoBa-
[Ilennona (Teopema orcueToB) [1, 2]: ecau HaWBBICHIAS YacTOTa B CrieKTpe GyHKIUU S (t)
MEHBIIIE, YeM fr,, , TO QyHKIHS S (t) MOTHOCTHIO OMPEACISIETCS MOCIS0BATEIHHOCTHIO
CBOUX 3HAYCHHI B MOMEHTBI, OTCTOSIIHE APYT OT JIpyra He Oojee uem Ha 1/2f,, CeKyHII.
Hcxoaubiii GU3UUECKUN CUTHAI SIBISIETCS HenpepvigHol ¢yHuKyueti BpeMeHU. Takue CUTHATBI,
OIpe/ieJIEHHbIE BO BCE MOMEHTHI BpPEMEHHU, HA3BIBAIOT AHANO0208bIMU, A TIOJydyaemas
MOCJIEeI0BATEIbHOCTh YHCEN, MPEACTABISIONIAs CUTHAN NP HUPpPOBO 06paboTKe,
ABIISIETCS OUCKPEMHbIM PAOOM U HE MOXKET IMOJIHOCTbIO COOTBETCTBOBATH AHAJIOTOBOMY CUTHAIY.
Yucna, COCTABIAIOIINE TIOCIEN0BATENBHOCTD, SIBJISIFOTCS] 3HAUEHUSIMU CUTHAJA B OTAEIbHBIC
(IMCKpeTHbIE) MOMEHTHI BpEMEHH U Ha3bIBAIOTCA omcyemamu curnana. Kak nmpaBuiio, oTcueTsl
OepyTcs uepe3 paBHBIC IPOMEKYTKH BPEMEHU T, Ha3bIBaEMBbIE nepuodom ouckpemusayuu (uiu
UHMEPBANOM, uia2om ouckpemusayuu). Bennunna, oOpaTtHas nepuoay AMCKpETU3alliy, Ha3bIBaeTcs
uacmomoti ouckpemusayuu. fr= 1U/T. CooTBETCTByOIIas €l KPyroBas 4acTOTa ONpPEIENIETCs Kak
o =2n/T. Ilpu 06paboTke CUrHaza B BBIYUCIUTENBHBIX YCTPOMCTBAX €ro OTCYETHI
IIPEJICTABIISIFOTCS B BUAE JBOMYHBIX YHCET, UMEIOIIMX OIPAaHUYEHHOE YNCIIO pa3psaaoB. Beneacrsue
ATOr0 OTCYETHI MOTYT MIPUHUMATD JIUIIb KOHEYHOE MHOYKECTBO 3HAUEHUH U, CIIE0BATENbHO, PU
IpeJICTaBICHUN CUTHaJIa HeN30€KHO MPOUCXOAUT ero okpyrienue. [Iporecc nmpeodpasoBanus
OTCYETOB CUTHAJIa B UHCJIA HA3bIBACTCS K8AHMOBAHUEM NO YPOBHIO, @ BOSHUKAIOIIIE MPU 3TOM
OLIMOKHU OKPYTIICHUS — OwuOKamu (AN wymamu) K6AHMOBAHUSL.




B cooTBeTcTBHH ¢ 3TOM Teopema oTcueToB curHai S (t), orpaHUYEHHBIH 1O CIIEKTPY
HAaWBBICIICH YaCTOTOH W, =27 f;;, MOXKHO MPEACTABUTH psigoM Dypre:

— \'© — 0 — 0 in fm (t—n/2fm)
S (0= i Cn Pn(D= e S(AD) @ ()= o5 0) 2 =08

B atom BeIpaxenuu 1/2f,,, = At 0603Ha4YaeT HHTEPBAT MEXKIY JBYMS OTCYETHBIMHU
n
TOUKaMU Ha OCHU BPEMEHH, a s(;) = s(nAt) - BpiOOpKH QYHKIIMK B MOMEHTBI BpeMEHH {
m
=nAt

[MpencraBnenue 3aganuoit Gyukiuu 5(1) psaagom (1.15) umaocTpupyercs puc.
1.23.

e+ VJAF

<

Puc. 1.23. lNpencrasierue curaana punom Korennunkora-lliennona

AL E=a0 0

F=te= lyar

GyHKIMA BUAA
sin wqp (t—At
falt)= TomE
o0agaeT CIeAyIOMUMU BaKHBIMH CBOMCTBAMU:
a)BTouke t =nAt ¢,(nAt) =1 ,aBtoukax t= K At, riae K — 11000¢ 11€710€ MOJI0KUTEILHOS I
OTPHUIIATEIBHOE YHCII0, OTIHYHOE OT N, hyHKIws ¢, (K At) =0
0) criekTpanbHasl INIOTHOCTH QYHKIMHU @, (t) paBHOMEpHA B TI0JI0CE 9acTOT |Ww| < w,, U paBHA
W2fn=T /Wy,
Tak kak ¢GyHKUUSA @, (t) ormuaercs ot 0 j (t) TombKO CABMUTOM Ha OCH BpeMeHHU Ha N At, TO
CMEKTpajIbHas MJIOTHOCTh (DYHKIUHU @y, (1)
n
(@) = {2 et ate T
To, uto psiz (1.15) TouHo onpenensier 3aaanHblii curHan S (t) B Toukax otrcuera, He TpeOyeT
JIOTIOJTHUTEIIFHBIX JJOKA3aTENbCTB, IIOCKOIBKY KOX(PPHUIIMEHTAMH Psi/ia SIBJISIOTCS CAMU BBIOOPKH W3
¢Gynkuum, T. e. BenmmuuHbl S(N D t). MoxHOo noka3ate, uro psz (1.15) onpexnenser pyukuuio s (t) B
M0001 MOMEHT t, @ He TOJIbKO B Toukax orcyera t=n D t. Bocnonb3yemcs a1 3Toro odommmu
NpaBUJIAMU Pa3NoKeHHs (PYHKIIMU IO OPTOrOHAJIbHOU cucTeMe. B JaHHOM citydae pasioxkeHue
pou3BOaUTCS MO GyHKIMAM BUAa (1.16), 17151 KOTOPBIX MHTEPBAJI OPTOrOHAJILHOCTH PaBeH
0ECKOHEUHOCTH, 2 HOpMa paBHa:
sin? wp, (t—-At 1 o sin®x T
|l |?= #(_M)) t=o - dx= g =At
3naueHus KodppuieHToB psaa (1.15), monyqaroT, IpUMeHss A5 UX OoNpeaAeTeHUs OOIIYI0
dopmyity, cripaBeUIMBYIO 17151 000011eHHOTO psiga Dypbe:

1 o)
Cn = 1 )_ o0 S() @n(t)dlt
TaKI/IM 06pa30M, BBIUNWCIINB I/IHTeraJ'I HOJ‘IyT{I/IM:
2 s(0) @a(t)dt = Ats(nAt)




U1 oxoHuaTensHOE BhIpaskeHHe i Kod(duuueHToB psaa papao C, = s(nAt), u3 KOTOpOro
cieayert, 9yto kodddurmentamu psiaa (1.15) seisrores Beioopku pyrkimu S (1) B Toukax t = nAt.
[TockonbKy OrpaHMYEHHE CIIEKTPAa KOHEYHOW HAWBBICIICH YacTOTON 00ecredrnBaeT HEMPEPHIBHOCTh
dynkmu S (t), psn (1.15) cxomures k ynkumu S (t) npu 1r060M 3HadeHUH t.

Ecnu B34Th HHTEpBaAJ MEXKy BBIOOpKaMHU MeHbIIUM At = 1/ 2f,,,, TO 3TO MOBBINIAET TOYHOCTb
IpeJICTaBIeHNsl curHaia s(t), Tak Kak UCKJIF04aeTCsl BO3MOKHOCTb ITOTEPU 3HAYEHUH «KPBLILEBY
CIEKTpa CUTHaJla BHE TPAHUYHBIX YacTOT, KpOME TOro, ociadistorcs TpedoBanus k AUX ¢uibtpa,
BOCCTAHABJIMBAIOLLETO HENPEPBIBHBIN CUTHAIL.

[Tpu yBennueHUH ke UHTEpBajia MEXAYy BHIOOpKaMU IO CPAaBHEHHIO C UCXOHBIM, CIIEKTpP 0a3UCHOM
(YHKLINU CTAHOBHUTCS YK€, YEM CIIEKTP CUTHaJla, U TIPU BBIYMCICHUN TPEOYEMbIX HHTETPAIOB

K03 GUIIMEHTHI psiia yKe He OyIyT COOTBETCTBOBAThH UCCIIEyEMOMY CUTHAJIa U BOCCTAHOBIICHUE
CUTHAJIa CTAHOBUTCS] HEBO3MOKHBIM.

Paccmotpum Temnepsb ciydaid, KOrja AIUTENbHOCTh CUTHANA s (t) KoHe4uHa U paBHa Tc, a moyioca
4acTOT TO-TIPEKHEMY PaBHA f;,. DTH YCIOBHS, CTPOTO F'OBOPsI, HECOBMECTUMBI, TaK KaK (pyHKITUS
KOHEYHOH JJIUTENIbHOCTH 00J1a1aeT TEOPETUUECKHU OECKOHEYHO MIMPOKUM creKTpoM. OHaKo,
NPaKTUYECKH BCETIa MOXKHO OTPEACTUTh HAUBBICIIYIO YACTOTY CIEKTPA f, TaK, 4TOOBI «KPBLIbSI»
(GyHKIIMU BpeMeHH, 00YCIOBJICHHbBIC OTCEKaHUEM YacTOT, MPEBBIMIAIINX f,,, COACPIKAIN
MPEHEeOPEKMMO MAJTyIO JIOJII0 SHEPTUU MO CPAaBHEHUIO C SHEprueit ucxoanoro curnana s(t). Ipu
TaKOM JIOMYIIEHUU IJIsl CUTHAJIA JJIMTEIbHOCTHIO TC Monocoil 4acToT f,, 001ee 4ncio
HE3aBUCHMBIX ITapaMeTpoB (T. €. 3HaYeHuit s(nAt),, KoTopoe He0OOXOAMMO TSI TOITHOTO 3adaHuUs
curnana, oynet pasuo N = T /At = 2f,, T. Ilpu 3TOM BbIpa)keHHe MPUHUMAET CJIETYIOIINIA BT
(mpu oTcyeTe BpeMEHH OT IEPBOM BHIOOPKH ):

2fm Tc (t — AD)
sin w,, (t — At
At
Z) S(AD = e —at)
n=

Yucmo N nHOTIa HA3BIBAKOT YUCIOM cCmeneHell c60000bl cuTHaja s(t), Tak Kak Jake Mpu
IPOM3BOJILHOM BbIOOpE 3Ha4YeHUU S(nAt) cymMMa MOJYYSHHOTO psijia OnpeneisieT GyHKIUIO,
YIIOBJICTBOPSIONIYIO YCIIOBUSIM 3a/IaHHOTO CIIEKTpa M 33JJaHHOH UTUTENbHOCTU curHaia. Yucio N
MHOT/Ia Ha3bIBAIOT TAK)KE OA301 CUTHAJIA.

DHEePruIo U CPEeIHIO MOIIHOCTh CHUTHAJIa HETPYAHO BBIPA3UTh Yepes3 3a/JaHHYIO
MOCIIE0BATEIFHOCTh BPEMEHHBIX BBIOOPOK M B PE3YJIbTATE IMOTYIHM

Y =32m T [s(man)]? o, llx2=at X2 T [s(nat) ]2,

1

T 22’:’” Te [s(nAt)]?

s2(t) = — At ymle[s(nan)]? = am
W3 mocneaHero BRIpaKeHUs BUIHO, YTO CPEIHSS 32 BpeMsi T¢ MOITHOCTh HETIPEPBIBHOTO CUTHAJIA
paBHa cpeHEMY KBaJpaTy BHIOOPOK, YMCIIO KOTOPBIX paBHO 2f,, T

JIMCKpeTH3aluy CHUTHAJI0B B YaCTOTHOM 00/1aCTH

WNHorna curaan HeoOXOAMMO MPENCTABUTD C TIOMOIIBIO YaACMOmHbIX BBIOOPOK CHIEKTPATBHOM
¢Gynkuun S(m), a He BpeMeHHBIX BBIOOPOK GyHkuuu S(t). s dyHkimn S(®) MOXKHO COCTaBUTH
psin, aHanornyuHblid Bepakenuto (1.15). st aroro GasucHas GyHKIus @, ()= sin c[w,, (t — nAt)]
JI0JKHA OBITh 3aMeHeHa (DYHKIIHMEH ¢ YaCTOTHBIM apryMEHTOM U MOXeT ObITh monyueHa u3 (1.16)
3aMeHOM t Ha W, «HOJYIMIMPUHBD) CHEKTPA W,, HA «IIOJIOBHHHYIO JUIMTEIbHOCTb» curHana T /2 u
At = U2f,, na Aw = 2/ T,..

¢@n(w)= sinc [% (w— nAw)] =sinc [% (w —n2m/ TC)]

B pesynbrare mpeoOpa3zoBaHUil MOTYIHM:

sm—(w nAw)

=S, Sdw) = win T

m



Ecnu panee BpeMeHHO# MHTEPBAJ MEXIY IBYMS COCEIHUMHU BbIOOpKaMH At He T0JKEeH ObLT
npeBbImaT M2 / 2 @ , TO Tenepb YaCTOTHBIM HHTEPBaI Aw He T0JKeH npeBbimath 27 /TC . [pu

MIUPUHE CIEKTpa Zwm , OXBaTbIBaIOI_]_Ieﬁ 00J1aCTh 4acToT —Wm <w< Wy, YUCIIO BBIGOpOK paBHO
Wm
Aw

Ka)KI[Oﬁ OTC‘IeTHOfI TOYKEC HA OCH 4aCTOT AOJI?KHBI 6BITB 3aJaHbI IBa HapaMeTpa — Z[ef/'ICTBI/ITeJ'IbHaSI

u mauMas yactu S(N2r/ T.) (uau Moaysb U aprymeHT). Takum oOpa3om, o0Iiee YKo mapaMmeTpoB
HOJIy4aeTcsi BABOC OOJBIIUM, YeM IPH BPEMEHHOM IPE/ICTABICHUN CUI'HANA, Koraa BeIOopku SN
12f,,)— neiicrBuTenbHbIC Yncia. 30bITOYHOCTD MPECTABICHUS CUTHAIA B YACTOTHOM 00sacTu
JIETKO YCTPaHSIETCs, €CIIH yuecTh, 4To SN21/TC) 1 J-N27 /TC) ABIAIOTCS KOMILUIEKCHO-
CONPSKEHHBIMH (DYHKIIUSIMH, TaK YTO 33J[aHUE OJHON M3 HUX OJHO3HAYHO ONPECIISCT APYIYIO.
TakuMm 00pa3oM, CIEKTP CUTHAJIA ITOJIHOCTHIO XapaKTEPU3YETCsl COBOKYITHOCTHIO KOMILICKCHBIX
BBIOOPOK, B3SITBIX TOJBKO B 00JACTH MOJIOKUTEIBHBIX YAaCTOT, M YHCIIOM HE3aBUCUMBIX TAPaMETPOB
Wi creneneit cBoooapl curHama N =2f,, T,., Kak ¥ npu NpeICTaBICHUU CUTHAJIA BO BPEMEHHOMN
obnacTu.

JAuckpernbie npeodpazoBanuss ®YPBE

[udposas 00pabOTKa CUTHAIIOB ONEPUPYET C AUCKPETHBIMH MTPE0OPa30BAHUSMH CUTHAJIOB
00pabaThIBAIOIINX JaHHBIC CHUTHAJIBI CHCTEM. MaTeMaThuKa JUCKPETHBIX MPeoOpa3oBaHuil
3apoIMIIach B HEJIPaX aHAJIOTOBOW MaTeMaTHKH elie B 18 Beke B paMkax TEOpUH PSIOB U UX
NPUMEHEHHS /ISl HHTEPIIOJIAIMA M allPOKCUMAITUK (QYHKIIH, OTHAKO YCKOPEHHOE pa3BUTHE OHA
noxyunia B 20 BeKe MocIie MOSBICHHS EPBbIX BHIYMUCIUTEIBHBIX MallWH. B mpuHImne, B CBOUX
OCHOBHBIX MOJIOXKEHHUSIX MaTeMaTHUYCCKUI anmapar JMCKPETHBIX MPeoOpa3oBaHuii Mo 100eH
npeoOpa3oBaHUsIM aHAJIOTOBBIX CUTHAJIOB M cucTeM. OJHAKO JAMCKPETHOCTH JaHHBIX TpeOyeT
ydera 3Toro (pakropa, ¥ €ro HFrHOPUPOBAHHE MOYKET IPUBOIUTH K CYIIECTBEHHBIM OIIMOKAM.
Kpome Toro, psii METOZI0B OuUCKpenmHol MaTeMaTUKU HE MMEET aHAJIOTOB B aHATUTHYECKON
MaTeMaTHKe.

Huckpemnoe npeobpasosanue @ypbe MOKET OBITh MOJTYUYCHO HEIIOCPEIACTBEHHO U3 UHTETPATIbHOTO
npeoOpa3oBaHusl JUCKpeTu3almii aprymenToB = KAt, f,,=nAtf

S(H=J_,,s®exp (=j2uft) dt, S(f)=Yi-—, s(tk)exp (—j2nfkAt)

= 2fm T.. B obmem ciyuae Beioopku SN2/ T.) SABISIOTCS KOMILICKCHBIMU YHCIIAMH U B

s(©)=", S(Nexp (j2nft) df, s(th)=Af $i-_, S(f)exp (j2mAfth).
(1.20)

3aoanue. Paccunrath Z-npeodpazoBanue quckpeTHoro curnana X(K):
0, k<0
x(k) =11, k=123
0, k>3
Pewenue. Bocionb3oBasumcs popmynoii (3.1), monyuaem

_ _ _ z24+z+1
X(2)=z1+z242z3=——
zZ

Ilpumep 3.2.
3adanue. Haiitu z-ipeobpasobanue curaana X(K) = Aa® npu k > 0, 11 Tpex pazmuunbIX
3HA4YCHUM a:
a=08,a=1na=-08,.
Pewenue. B cootBerctsni ¢ (3.1) z-ipeobpaszoBanmue muckperHoro curaana x(k) = Aa®
paBHO
X(z) = AYfE, akz7%. (3.6)
N3BectHO, uTo psif (3.6) cxonutes K QyHKIUU
A Az
X(Z) = —1—a I = Z_—f’ (37)

zZ
ecid |z| > a.
®Oyukiys X(2) umeet HyIb IpH Z, = 0, a ee MOJI0C Z, @ JIEKUT Ha OKPYKHOCTH PaiyCcoM

R0: a, Ol“paHI/I‘-II/IBa}OH_Ieﬁ 00J1acTh CXOOUMOCTH.



Ha puc. 3.2 mokasano pacroyioskeHue Hy/Is 1 mojtoca GpyHkiuu X(Z) Ha Z-TUTOCKOCTH MPH
Pa3JINUHBIX A.

Ilpumep 3.3.

3adanue. Haiitu z-ipeobpaszoBanne quckpernoro curnana X(K) = eP*, rnep = —1+jm, k > 0.
OHpeZ[eJII/ITL KOOpPAUHATHI ITOJIFOCOB U Hyneﬁ, a TaKKC Nnepruoa JUCKPETU3alu CUTrHajia.
[TocTpouTh KOMIIOHEHTHI IMCKPETHOTO CUTHAIIA.

Pewenue. JI5is nHaxoxaeHus Z-o0pasa 3aJaHHOTO CUTHAJIa BHOBb BOCIIOJIb3yeMCsl (OPMYIIOi

(3.1

0 _r_\(e?z _1)k_1 1 z z z
X(2) = AZZ:O ertz k:( ePz=1-1 ) N 1erz 1 7-ep :.z—e‘l"'l’x - z—e~lejx
Hynps Gynxuun X(2) paen z, = 0, a nomoc — z,, = e~ 1e/™ = 0,368¢e’".
ITockoneky |z,| =0,368 < 1 u arg z,, = @, = w,, At =1 (1.€. w,, =7 /At), TO 3agaHHbII
CHUTHAJI COJICPIKUT JIBE KBaPATYPHbIC TAPMOHUYECKUE COCTABIISIOIINEC
xgre(K) = 0,368 ¥ cos(km) x;,,, (K) = 0,368 sin(kn ),

JMCKPETU3UPOBAHHBIE IBYMS OTCYETAMH 32 TIEPHO]T

Ty =27 lw, = 2m/(mw/AL) = 2At

Puc. 3.2. Tuckpernsiii curaan X(K) = Aak u ero u3o0pakeHue Ha Z-IJI0OCKOCTH ISt
Pas3InYHBIX

snauyenuii a. 0,8 (a), 1 (6) u 0,8 ()

Puc. 3.3. KBagparypusie coctapistoniue B coctaBe curaaia X(K) = epk
Ilpumep 3.4.

3aoanue. Haiitu Z-npeodpaszoBanue curnana X(t) = cos(wt) + sin(wt) ,
JMCKPETU3UPOBAHHOIO YETHIPHMsI OTCUETaMu 3a repuon T =27/ w .
Pewenue. Ilocne guckpeTu3anuuy 3aJaHHbIA CUTHAT UMEET BUJT

X(kAt)= cos(w kAt) + sin(w kAt) ,

w=27mI/T=2m/NAt,

rae N — 94ucio 0TC4eToB 3a Mepuo.

MMpu N=4, w =2 [/ NAt = /2At . Torna

x(KAY) = cos(w KA) + sin(w kAt) = cos(r k/ 2) +sin( k/ 2) = (e/* + %) /2 +
(ejkg - ejkg) /2j

[Ipu sTOM Z-peoOpa3oBaHue CUTHAIA UMEET BH/T
1 z VA 1 z VA 1z2+4jz+z2-jz = 1 z22+jz—-2%+jz z(z+1)

X(Z) = E( = + .71:) + 2_< T .71:>:_ : — + — - ~ = - -

-tz z-e7 7 I\z—el7  z-e7Jz2/ 2 (z—_J)(Z+1) . 2] (z=)(z+) (z=1(z+))
Koopaunats! Hyneit: Zo; = 0, Zp, = —1, mOAIOCOB: Z;; = |, Zp = —|. Puc. 3.4 umnroctpupyet ux
pacnosoXKeHue Ha Z-MI0CKOCTH.
Ilpumep 3.5.
3aoanue. Haiitu nuckpetHblit curain X(K), KOTopoMy COOTBETCTBYET Z-lipeoOpa3oBaHue |
051

1
1—-0,5z71
Pewenue. Bocnonbsyemcs pasnoxkenneM Gynkmun (1- x) ™1 B pag 1+ X+ x22+x3 + ...
Jst 3amanHoro Z-npeobOpazoBanus X = 0,5z-1, mosToMy ciemyer nepenucarh ero B BUIE
X(2) =1+0,5z71 + 0,25z7%2 + 0,125z 3 + ....
CpaBHHBasI IOY4SHHOE BhIpaxkeHHe ¢ GopMyJioit Z-npeodpaszoBanus (3.1), momyanm
JIMCKPETHBIN CUTHAJ BUIA
x(k) ={1; 0,5; 0,25; 0,125; ...}.
O6mwmit e sToif mocnenosarensHoct X(K) = 0,5%, k > 0.

X(2) =
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