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BCTYII

Bci Mu 3 paHHBOTO JUTHUHCTBA 3BUKIM KOPHUCTYBATUCS €1eKMPUUHOIO
eHeprielo. Mu OyleHHO BMHUKAEMO Ta BUMHUKAEMO €JIEKTPUYHE OCBITJICHHS,
CIIyXa€eMO paJiionpuiiMayd, JUBUMOCS TEJIEBI3Op, CHUIKyeEMOCS  TelnedOoHOM,
KOPUCTYEMOCSI €JIEKTPOTPAHCIIOPTOM; HaM 3BHYHI poOOTa XOJIOAWJIbHHKA Ta
KoMmIT'roTepa. B ysBi HecriemiamicTa IposiBU MaeHimHoi €HEPTii TYOIsIThCS cepe
CJICKTPUYHMUX EJIEMEHTIB Ta BY3JiB Halpi3sHOMaHITHIMX BUpoOiB. L{i mposiBu
“XOBarOTHCS B €ICKTPOJIBUTYHAX, EIICKTPUYHHX PeJie Ta B 0araTo YoMy 1HIIIOMY.

Tax ckmanocs, 0 TEXHIYHO OUIBII MPOCTUM € OTPUMAHHS EIEKTPUUHOI
eHeprii “‘B YMCTOMY BUTJIA/1” 1 BXKE MOTIM — IEPETBOPEHHS 11 B MArHITHY €HEPT1IO
TaM, Jie 1€ HeO0O0X1HO, — a HEOOX1IHO 11€ B 0aratbox 1 6araThboX MPUCTPOSX.

3 Kypcy (i3uKM BIAOMO IO, CTPOTO Ka)Ky4dd, CIiJ KOPUCTYBaTHCS HE
TepMiHAMU “‘€JIeKTpUYHA CHepris’” Ta ‘“MarHiTHA €Hepris’”’, a TepMiHAMU “CHEepTis
CJIEKTPUYHOTO MOJIs” Ta “@Heprisi MarHiTHOTO TMOJIA ™, a 111€ TOYHIIIEe — TEPMIHOM
“eHeprisi €JIeKTPOMArHiTHOTO IOJsA”, OCKUIBKM OOMJBA IIi TOJIS aX HISK HE
CaMOCTIIHI: BOHH € CKJIaJIOBUMHU €IMHOTO €JIEKTPOMATHITHOTO MOJsi. ToMy YMCTO
CJIEKTPUYHUX Ta YUCTO MATHITHUX TIPOILIECIB HE ICHYE, a B OYyIb-SIKOMY
SJIEKTPUYHOMY BUPOO1 TPOTIKAIOTH MPOIECH €JUHOT €JICKTPOMATHITHOT PUPO/IH.
B OaraTth0X BaXJIMBHUX BHIMAJKaxX II€I0 €IHICTIO 3HEXTYBaTH HE MOXHA —
HaIPUKJIa], PY BUBYCHHI pajlioaHTEH. AJie Ty’)K€ 94acTO BHECOK OAHIET 3 JBOX
CKJIQJIOBUX EJIEKTPOMArHITHOTO TOJS B PE3yJabTaTH POOOTH TPHUCTPOIO, SIKAN
PO3IIIAIA€THCS, € HACTIIBKY MaJIMM, 1110 HUM MO>KHA 3HEXTYBATH, 30€pIriIv IpH
I[bOMY HAWBHIIy TOYHICTh OMHCY POOOTH IBOTO MPHUCTPOIO — HAMPHUKIIAI, TIPH
BUBYCHHI EJICKTPUYHOTO KOJIa TIOCTIHHOTO CTPyMY, CKIIQJIEHOTO TUIBKH 3
PE3UCTOPIB, MOXHA 3HEXTYBaTH MAarHiTHOIO CKJIanoBor. Tomy 0azoro miis
BUBYCHHSI €JICKTPOTEXHIKU € TEOpis eNEKTPUIHUX 1 MATHITHUX K1JI - PO3JILIH, 5K
came i OXOIUTIOIOTh CYKYITHICTb MIOHATh, 3aKOHIB 1 METO/I1B, TEXHIYH1 Ta MPUPOIHI
00’€KTHU Ta SIBUIIA, B IKUX 3 BUCOKOIO MIpOIO TOYHOCTI MOKHA BBaYKATH aKTHUBHO
Jit04rM a00 TITBKH €JIEKTPUYHE T0Jie, a00 TUTbKU MarHiTHe rose. Po3risHyTi B
[IUX PO3JUTIaX METOAU JO3BOJISIIOTH PO3pPaXxyBaTH SK MAJICHbKY E€JIEKTPOHHY
MIKPOCXEMY, TakK 1 MOTY>KHUM €NEKTPOABUTYH. Teopist eIeKTPUYHUX 1 MAarHITHUX
KUI € MATPYHTAM, Ha SIKOMY 0a3yeThCsl OUIBIIICTh CHEIaTbHUX TUCIUIUIIH, B
KOTPUX BHUBYAIOTH METOJU JOCIHIIKEHHS, PO3POOKM Ta KOHTPOJIIO CHUCTEM 1
OPUCTPOIB  TeHepallii, MepeAadli Ta MEePEeTBOPEHHS  EJIEKTpOeHeprii 1
aBTOMATUYHOTO KEPYBaHHS HUMH.

ABTOpU CIHOJIIBAIOTHCS, IO B XOJI BUKJIAJICHHS 0a30BUX PO3/ILIIB
CIICKTPOTEXHIKA 1M BAAJIOCA JOTPUMATHUCS CIIAJKOEMHOCTI TEOPETUYHHX
noOy/I0B, TPHUKIAJHUX BHUCHOBKIB 1 BIJAMOBIIHUX TMOSCHEHb, a BIATaK —
3a0€3MeYNTH 3pyUHICTh 3aCBOEHHS HABUAJIBHOIO MaTepiamy.



1. JIHIAHI EJIJEKTPHYHI KOJIA IIOCTIHHOTO CTPYMY

1.1. 3aranbHi NOHATTS Ta TEPMiHH
1.1.1. ExekTpu4Huii cTpym

EnekTpuuyHuii cTpyM — II¢ HampaBJICHUH PyX CIEKTPUYHHUX 3apsiiB.
Skio nel pyx Mae MicIie B pe4OBHHI, sIKa BITHOCUTHCS /10 TIPOBITHUKIB, TO HOTO
Ha3MBaIOTh CTPYMOM ITPOBITHOCTI.

Benuunna enexktpudHoro ctpymy i (Hai — mpocTto “cTpyMy’’) TOPIBHIOE
MIBUJKOCTI TIPOTIKAHHS 3apsily ¢ Kpi3b TIOBEPXHIO, SKAa PO3TISIAETHCS
(HampuKIIaI — Kpi3b Mepepi3 APoTy):

dq

i=%

dt

) Ka
Benuunnay cTpyMy BUMIPIOIOTH B aMIlepax, Mpu 1boMy 1 A=1— , 1e Ko —
c

KYJIOH, OJJUHUIISI €IEKTPUYHOTO 3apsiny. Y 3B’SI3Ky Ta aBTOMATHULl 4acTO BUKO-
puctoByroTh Takox Mimiammep (1 MA=103A) ta mikpoamnep (1 MkA=10A).
IHocTiiiHuii cTpyM — Takuil CTpyM, BETMYMHA Ta HANpsIM SIKOTO HE 3Mi-
HIOIOThCS B yaci. BennunHy («cuity») HbOr0 CTpyMy IPHIHATO Mo3Hauvaty sk L.
[cTopryHO cknanocs Tak, IO 3a NO3UTHUBHUKA HANPSIM CTPyMY IPUUHSTO
HaIpsiM NO3UTUBHUX 3aPS/IIB.

1.1.2. EnekTpu4He K0JI0

EnexTpuyHe K010 — 1€ CYKYHHICTh JIKEpEed €JIEKTPUYHOI eHeprii Ta
OiAKIIOYEHUX JO0 HUX TMPUCTPOIB, MIO0 YTBOPIOE NUIAX s MPOTIKAHHS
€JIEKTPUYHOIO CTPYMY, €JIEKTPOMArHiTHI MPOLIECH B AKI MOXYTh OyTH ONUCaHI
3a JOMIOMOTO0 TIOHSITh MPO €JIEKTPOPYLIIHHY CUIlY, CTPYM Ta HApyTy.

VYci eneMeHTH Kojia, KpiM JIKEpelsl, € 32 CBOEI0 CYTTIO NpUHMaYaMu
eJeKTPHYHOI eHeprii, ToOTO 1 CHOKMBAYaAMM. IX TaKOX HA3MBAIOTH
HABaHTaKEeHHSIM.

Ta CIOKUBAHHA 3IIMCHIOETHCS TPU TMOCTIMHUX CTpyMax Ta Hampyrax (IuB.
HIKYE), HA3UBAIOTh €JIEKTPUYHUM KOJIOM MOCTIIIHOT0 CTPpyMYy.

Kosxen enemMeHT kojia Ma€e CBOE YMOBHE Tpadiyde mo3HadueHHs. CxeMo10
€JIEKTPUYHOr0 KoJa € rpadivyHe 300pakeHHs [bOT0 KOJIa, SIKe MICTUTh YMOBHI
MO3HAYEHHS €JIEMEHTIB KOJia Ta MOKa3ye 3’ €IHaHHS MK HUMH.
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1.1.3. Ilorenuian. Hanpyra

IMoTeHniana ¢ nesSKOT TOYKK KoOJIa — 1€ CKaJIsIpHA BEIUYHMHA, 1110 YUCIOBO
JIOPIBHIOE TOTEHIIMHIM eHeprii OJUHUYHOTO TO3UTHUBHOTO 3apsny, SKUH
PO3TAIIOBAHKM Y Il TOYIII.

Pi3Huis morenuiajaiB AQ Mix JeSKMMHU JBOMa TOYKAMHU KOJIa — BETMYHUHA,
[0 YHUCJOBO JOPIBHIOE POOOTI, SKY 3AIMCHIOIOTH EJICKTPUYHI CHJIU TPH
TIepeMillleHHI OJMHUYHOTO MO3UTHUBHOTO 3apsiy BiJ MEpIIoi 3 IUX TOYOK [0
npyroi. Lle BurumBae 3 Bigomoi 3 Kypcy ¢Gi3uku Gopmyn

AA, =q-Ap=q(9, — @,), (1.1)

ne q=1.

Benuuuny A@ B enektporexHimi mo3HavyaioTh sk U 1 Ha3uBawTh abo
NAAiHHAM HANPYIrH (SKIIO BOHA 3B’sA3aHa 3 HASBHUM MPOTIKAHHSAM CTPyMY), a00
HANpPyrom (SKII0O BOHA HE 3B’S3aHa 3 NPOTIKAHHSAM CTPYMY, HANpUKIAA —
HaIlpyra Ha 3aTUcKadax akyMyJiaTopa, SsKAid Hi O YOr0 He MiAKII0YEHUH ).

Benmnuuny U BUMIpIOIOTH Y BOJIbTax. Y 3B’A3KYy Ta aBTOMAaTHIl 4acTO
BMKOPHCTOBYIOTH TakokK MiiBojsT (1 MB=107 B), mikposonsT (1 MkB=10B)
Ta xinosousT (1 kB=10°B).

3a TO3WTHMBHHUM HampsiM HANpyrd TPUHAMAIOTh HANpsM BiJ TOYKU 3
O1TBIIMM TTOTEHITIAJIOM J0 TOYKH 3 MEHIIHUM ITOTEHIIIaJIOM, IMPU IIbOMY TOYKY 3
OUTBIIIMM TIOTEHIIAJIOM 1HOJI TIOMIYarOTh 3HAKOM ““+”, a TOYKYy 3 MEHIIUM
MOTEHIIIAJIOM — 3HaKOM “—*“ (puc. 1.1).

Puc. 1.1

1.1.4. IneasbHi aKepesia eJIeKTPUYHOI €HePril

JIkepeno eNeKTpUYHOi eHeprii — 1€ NPUCTPIdA, SKUH MepeTBOPIOE
HEEeJICKTPUYHY CHEPTilo B €JICKTPUUHY. B 1Kepeni B pe3ynbTati Al CTOPOHHIX CHIT
(To6To TakMx CcWi, 00 MalTh HEEJIEKTPOMATHITHY TMPUPOAY Ha
MaKpOCKOIIIYHOMY PiBHI) BIJOYBAa€ThCSI yTBOPEHHS PI3HO3HAKOBUX 3apsAIiB Ta iX
MIPOCTOPOBE PO3JAUICHHS 32 3HAKOM. 3aBIISKH IIbOMY, MK JIBOMa 3aTHCKa4aMH
JUKEpella YTBOPIOETHCS HAmpyra 1 JKEpeso Ma€e 37aTHICTh CTBOPIOBATH
eJIEKTPUYHMIN CTPpyM. UHCIOBOIO MIpOIO 11i€1 3aTHOCTI € eJ1eKTpopyuliliHa cuJjia
(EPC).
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[Ipu omuci peanpHUX ENEKTPUYHUX KUT 3PYy4HO KOPHUCTYBATHCS
171IeaTbHUMHM (TOOTO TaKMMHU, IO HE ICHYIOTh Yy TIPUPOJI1) JUKEpeIaMU IBOX TUIIIB
— 1IeaTbHUM JKEPETIOM HaIPYTH Ta 17IealIbHUM JKEPEIIOM CTPYMY.

Ineannne mkepeno manpyrm (ineansHe mxepeno EPC) — ue mxeperno,
HaIpyTa Ha 3aTUCKaYax SKOTO HE 3aJICKUTH BiJl BETMYHHUA CTPYMY, SIKHI IIPOTIKae
Kpi3b 1€ JKEPeo.

YMoOBHE MO3Ha4YEeHHS TAaKOIoO JKepena HaBeleHe Ha puc. 1.2. 3atuckauy 3
OUTBIINM MOTEHITIAIIOM BIMOB1Ia€ TOCTPUIN KiHELb CTPUIKH, TOOTO HAMpyra Mix
3aTHCKayaMU CIpPsSMOBaHa TaK, K II€ MOKa3aHo Ha puc. 1.3.

E
E - +
> éu
Puc. 1.2 Pnc. 1.3

IneanbHe 1Kepesio cTpyMy — II€ JDKEpPEJO, IO CTBOPIOE TaKUW CTPyM
Kpi3b CBOI 3aTHICKaYi, 0 HOTO BeMYWHA J HE 3aJICKUTh Bijl BETMYUHHA HAPYTH
Ha ITUX 3aTUCKaYaX.

YMOBHE TO3HAYCHHSI 17I€aIbHOTO JHKEpeia CTpyMy HaBelleHe Ha puc. 1.4.

Cnin 3a3HaudTH, WO 1A€aJbHE JHKEPENIO CTPyMy, HE MIIKIIYEHE 0
30BHIIIHBOTO E€JIEKTPUYHOTO KOJia, He Mae (PI3UYHOTO CEHCY, 00 Take JKepeso
Ma€e MiX CBOIMH 3aTHCKayaMH HAmNpyry HECKIHYeHHOi BenW4yuHu. HasBHICTH
30BHIIITHBOTO KOJIa € 000B’s13K0BOIO (pHcC. 1.5).

¥ e
NG
m - U _~ ¢ 1=J
NG - *
Puc. 1.4 Puc. 1.5

1.1.5. ITacuBHI eJiIeMEHTH eJIeKTPUYHOI0 KO0JIA MOCTIiHHOIO0 CTPYMY

EnemenTun komna, sKi HE yTBOPIOIOTh €JIEKTPUYHOI €HEpPrii, € MaCUBHUMU
eileMeHTaMu. B mepeBaxkHil OUIBIIOCTI BHUMAAKIB KOJa IMOCTIHHOTO CTPyMy
MICTSATh TACUBHI €JIEMEHTH JIUIIIE OHOTO TUMY. [le pe3ucTopu (aKTUBHI onopn)
— Taki €JIEMEHTH, OCHOBHOIO BJIACTHBICTIO SKUX € YHHEHHS ONOPY MPOTIKAHHIO
MOCTIMHOTO CTpyMy. Y MOBHE MMO3HAYEHHS PE3UCTOpa mojaHe Ha puc. 1.6.

AKTHBHUM OINOPOM HA3UBAIOTh TAKOX YHUCJIOBY BEJIUYUHY OMOPY, WIO
PE3UCTOP YNHUTH MPOTIKAHHIO CTPYMY.
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IIs Bemmumna R mopiBHIOE BimHOmEHHIO TOCTiiHOI Hampyru U Ha
pesuctopi 1o ctpymy I, akuii mpu IboMy MPOTIKa€E Kpi3b Liek pesuctop (puc. 1.7):

rR=Y
| |
I R
R T S
— ~—7
U
Puc. 1.6 Puc. 1.7

[HOMI pe3ucTop XapakTepu3yloTh KWOro MpoBIAHICTIO G — BEIMYMHOIO,
3BOPOTHOIO /10 OIIOPY:

G=1/R.

Bigowmi 3 kypey ¢i3uku i1eanbHa KOTyIKa 1HAYKTUBHOCTI L Ta ineansHuii
koHgeHcaTop C y KoJlax MOCTIMHOTO CTpyMy SIBJISIIOTH COOOIO BIJMOBITHO
MPOBIIHUK Ta po3puB Koja (puc. 1.8).

C
o0 Y Y _,—o, ° o—”—ozo——o

Puc. 1.8

SKIIO eNeKTPUYHE KOJO CKJIAJIEeHE 3 PE3UCTOPIB, 1JI€aIbHUX KOTYIIIOK
IHIYKTUBHOCTI Ta ificaJIbHUX KOHJeHcaTopiB, mapamerpu R, L ta C sxux He
3aJIeXaTh BlJ] YACITOBUX 3HAYCHD TA HANIPSIMIB CTPYMIB Y ITUX €JIEMEHTaX, TO TaKe
KOJIO HA3UBAIOTh JIHIHHUM eJIeKTPUYHUM KOJIOM.

1.1.6. TomoJ10Ti4HI eJ1eMEHTH KO0JIa: BYy30JI, BITKa, KOHTYP

By3oa — 11e Touka Koya, B AKIA 3’€HAHI 3aTHCKa4l TPpbOX ab0 OinmbIie
enemeHTiB. [Ipuknan HaBeneno Ha puc. 1.9.

BiTka — ninsiHKa KOJ1a, po3TanioBaHa MiX JIBOMa BY3JIaMH, SIKa HE MICTUTh
iHmmx By3:miB. [1o Hill mpoTikae oauH 1 Toi camuit ctpyMm. [Ipuknan HaBegeHo Ha
puc.1.10.
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J R,
_ /AR — _
\J —

Byson

Puc. 1.10

Koutyp — 3aMKHEHMII HUISIX, SIKUA TPOXOJIUTH MO KUIBKOM BITKam, MpU
bOMY KOJKHHMH BY30J 3yCTpPIYA€ThCA HE OUIbII HIK OAMH pa3. ToOTo me —
HEelepepBHa IMOCHIIOBHICTh BITOK 0e3 moBTOpiB. Bubip Hampsmy obxomy —
noButbHui. I[lpuknang HaBemeno Ha puc. 1.11, 1ne KOHTypu TO3HAuYEHI
HITPUXOBUMHU JIHISIMHU.

E>
o
N |
~ 7N |
R \
VLA \ :R
| | |
» () E I
/ \\_// |
]
________ <._______/

Puc. 1.11
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1.2. 3akon Oma

B cyuacnomy dopmymtoBanHi 3ak0oH OMa € TakuM: Hanpyra MiX KiHISIMU
MIPOBITHUKA TIPSAMO MpoIopIliiiHa onoposi R mporo npoignuka ta cuii I crpymy
Kpi3b HBOTO:

U=I-R. (1.2)

[Tpu ubomy BBakaethbes, mo U Ta I cipsmoBani onHakoBo (puc. 1.12,a).
SIK1I10 5K BOHU CIIPSIMOBaHI B MPOTUJIEKHI OOKU (Hampukiaj, sk Ha puc. 1.12,0),
TO MAaEMO

U=-1‘R
U U
| = | =
S ——-
R R
a 6
Puc. 1.12

3akoH OMa MOHa TaKOX MOUIMPUTH HA BUIAJIOK, B SIKOMY PO3IJISIAEThCS
JISIHKA KOJIa, SIKa MICTUTh TIOCJIIIOBHO 3’ €IHAH1 PE3UCTOP Ta 1JIealibHE JIKEePEeIio
HanpyTu. [Ipu npomy mis BUnaaky, nokasaHoro Ha puc. 1.13,a maemo

U _=I-R-E
Ta

U, =-U_=E-I-R,

a JJIsl BUTIQJIKY, TTOKa3aHoro Ha puc. 1.13,0, maeMo

U,=1-R+E.
Uac Uac
R E m
~_'a cy ~_'a cy
Vg g

Uca

a 6

Puc. 1.13
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1.3. 3akonu Kipxroga

Iepmmii 3akon Kipxroga: anreOpaiuna cyma cTpyMiB BITOK, IO
CXOJIATHCSI B OJHOMY 1 TOMY K BY3JIi, IOPIBHIOE HYIIIO.

3BUYAIHO MPUMHATO CTPYMHM, IIO BTIKAIOTh y BY30J, BKJIIOYATH JIO II€l
CyMH 13 3HaKOM “TUTIOC”, a Ti, II0 BUTIKAIOTh — 13 3HaKOM ‘“‘MiHyc”. Tomy B
MIPUKIIAJIl , TOKa3aHOMY Ha puc. 1.14, orpuMaemo

IL-J,+L,+J,-1,=0,

abo

L+L+J,=J,+1;

Puc. 1.14

OctanHsl PIBHICTH UTIOCTpYE iHIIE (POPMYJTIOBAHHS MEPLIOr0 3aKOHY
Kipxroga: apudmernyna cyma cTpymiB, II0 BTIKAIOTh y BY30JI, JOPIBHIOE
apu(pMETUYHII CyMi CTPYMIB, 1110 BUTIKAIOTh 3 HHOTO.

Jpyruii 3axkon Kipxroga: B 3aMKHYyTOMYy KOHTYpl aireOpaiuHa cyma
HaIpyr A0piBHIOE anredpaiuHii cymi EPC.

3BuyaiiHo npuiinsaTo Hanpyru Ta EPC, 1o 36iratotbcs 3 HanpsaIMoM 00Xo1y
KOHTYPY, BKJIIOUATH JI0 CBOIX CYM 13 3HAKOM “IUIIOC”, a T 3 HUX, 10 MPOTHIICKHI
HarnpsMy o0X0ay KOHTYPY, BKIIFOYATH JI0 CBOIX CyM 13 3HaKoM “MiHyc”. Tomy B
MPUKJIaIl, TOKazaHoMy Ha puc. 1.15, orpumaemo

IR, +LR,-LR,-I,R, =E, -E, +E,,
abo

U,+U,-U,-U,=E,-E, +E,,

e U =1, -R,.
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Puc. 1.15

1.4. IloTy:xHicTh, po3citoBaHa pe3ucTopom. 3akoH xxoyas-Jlenna

BuBuatoun HarpiBaHHsa ApoTiB cTpyMoM, J[xoynbs Ta Jlenn y 1844p.
HE3aJIe)KHO OJIUH BiJ OJHOTO BCTAHOBWIIH, 1110 TETNIOBA €HEpris AA, sIKy BHIIIJISE
ctpyMm cwiioro I B mpoBosi 3 ormopom R 3a wac At, 00uncCIIOeTHCS K

AA =1°-R-At

(3akon Jxoyns-Jlenna). CyyacHOIO OJIMHMIICIO BUMIPIOBaHHS B cucTeMi Sl €
Jlxoynb ([Ix).

Sk Bimomo 3 Kypcey Gi3ukH, ToTyXHIicTh P nopiBHIOE AA/At, TOMY 13 3aKOHY
Jxoyns-JIeHna oTpuMy€eMO BEJIMUKHY MOTYKHOCTI, PO3CIFOBAHOT PE3UCTOPOM 3
ormopoMm R, y Burmsmi

I’ R-At
At

P I*-R.

Bpaxosyroun, o U=I-R (3akon Oma), MOKHaA OTpUMATH I11€ B1 HOpMyITU
JJ1s OOUMCIICHHS TIOTY>KHOCTI:



3aMiHMBIIY BUpa3 — Ha NPOBLAHICTE G, OTPUMAEMO TAKOX, 110
R
P=U2-G.

1.5. IIpocTi KoJ1a MOCTIHHOTO CTPYMY

1.5.1. KoJ10 3 moC/aiI0BHUM 3’ €THAHHSM Pe3UCTOPiB

[TocnimoBHUM 3’€THAHHSM €JIEMEHTIB (200 JAIJISHOK KO0JIa) Ha3UBaIOTh TaKe

3’€JTHaHHS, IPU IKOMY Kpi3b YCi 111 eJleMeHTH (200 TIISHKHU KOJja) MPOTIKAE OJIUH
1 TO caMuii CTpyM.

Cxema koja, sIKe SBIII€ COOOIO MMOCHIIOBHE 3’€qHaHHA N PE3UCTOPIB,
HaBejieHa Ha puc. 1.16. Tyt Mmaemo

Ui=IRi; Ux=IRz; Us=IR3; ... ; Un=IRn.

L i i Rs Iy Ru s
e s s T oo
U1 Uz Us N =
u /_>_ ________________________ \ =U ReKe
| |
| / |
\
- 4—_ —————————————————— - ————— 7 _
Puc. 1.16

3a npyrum 3akoHoM Kipxroda
U=U+Uy+Usz+...+Un=IR+IR2+IR3+....+ IRN=
=I-(Ri1tR2+R3+....+RN) = I Rexs.

3 TOpIBHSHHSA MpaBOi Ta JIBOI YAaCTUH OCTAHHBOI PIBHOCTI POOUMO
BHCHOBOK, III0 NPU MOCHITOBHOMY 3’€IHaHHI N Ppe3UCTOpPIB iX YCIX MOXKHa
3aMIHUTH OJJHUM €KBIBaJICHTHUM PE3UCTOPOM, OITIp SIKOTO TOPIBHIOE

ReKﬁ = Rl + R2 + R3 +oooo+ RN.
1.5.2. KoJi0 3 napaJieIbHUM 3’€IHAHHSM Pe3UCTOPiB
[TapanenbHUM 3’€JHAHHSM €JIEMEHTIB (200 IIISTHOK KOJIa) HA3UBAIOTh TaKe

3’€JTHaHHS, MPU SKOMY BCl Il eleMeHTH (a00 AUISTHKHM KOJIa) 3HaXOISAThCS i
OJIHIEIO 1 TIEFD CaMOIO HAIMPYTOIO.
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Cxema Koma, sike sIBIIss€ cO0O0 MmapajienbHe 3’e€qHaHHS N pe3ucTopiB,
HaBejieHa Ha puc. 1.17,a. Take 3’e1HaHHS YacTilie 300paXyrOTh Y BUTJISI1 CXEMH,
HaBejeHoi Ha puc. 1.17,6.

o] wf] =] oul]re

Puc. 1.17

Ile apyre kKoJo € ekBiBaJeHTHUM mepiomy. [loTeH ianu To4oK ax,...., N
Kojla 0) JOpIBHIOIOTH IOTEHINaJlaM TOYKH @ Kojia a); a IMOTEHIIAJIM TOYOK
61,....., 6N JIOPIBHIOIOTHh TTOTEHITIAJTY TOUKH 8, TaK 1[0 BC1 PE3UCTOPH 3HAXOAATHCS
i ogHakoBoro Hampyroro U. Tosai maemo

€eKB °

R = : (1.3)

a X eKBIBAJIEHTHOIO MIPOBIIHICTIO Oy/Ie

GeKB= G1+G2+. coce .+GN.
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BaxxnmuBuM 11 MPaKTHKKA € BUMAAOK MapajebHOTO 3 €IHAHHS JBOX
pesuctopiB (puc. 1.18). [Ipu npomy N=2, 1 3 popmynu (1.3) orpumyemo, 110

RIRZ

=t (1.4)
R, +R,
R'I

_|:|_ ReKe

Ry
D
T
D
J,

Puc. 1.18

1.5.3. Koo 3 mimmanum 3’€¢qHaHHAM pe3uctopis. [IpaBuiio po3kuay
CTPyMiB

MimaHne 3’€1HAHHSA €JIEMEHTIB (IUISTHKU KOJIa) — 1€ TaKe 3’ €IHaHHS, PU
SKOMY KOJIO CKJIQJIa€ThCs 3 MOCHIOBHO Ta MapajielibHO 3’ €IHAaHUX €JIEMEHTIB
(MUISTHOK KoJ1a).

CxeMa koma, sIKe SBJsSIE COOOK HAWMPOCTINIMI BapiaHT MIMIAHOTO
3’€JTHaHHS €JIEMEHTIB, HaBe/leHa Ha puc. 1.19.

= U ReK 8

Puc. 1.19

Tyt pe3ucrop R1 mociiIoBHO 3’€1HaHMI 3 IUISIHKOIO @8, siKa SIBJsiE COOO0I0
napayienbHe 3’ eqHaHHs onopiB Rz Ta Rs. OTxke, €KBIBaJEHTHUM OIOPOM €

R2R3
eKB 1 R2 4 R3 .

Tomi MmaeMo
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II=U/ ReKB,

R.,R
Uaa :IIRaa 211#
R, +R,
3a 3akonsoM Oma
12:%21 L I :%:I . Rz

R, 'R,+R,” * R, ' R,+R,

OctanHi 7BlI pPIBHOCTI HAa3WBAaIOTh MPABUJIOM PO3KHUIY CTpyMiB. Moro
3pyYHO BUKOPHCTOBYBATH, KOJH BIIOMHUIl CTPYM, SIKHI BTIKA€ y JBa MapaIeiIbHO
3’€THAaHUX PE3UCTOPA 3 BIIOMUMH OIOPAMHU.

1.5.4. Po3paxyHOK NMPOCTOro KOJIa METOJAOM MOCJiIOBHUX CHPOLIEHb
(3ropranHs)

PosrnsgHemMo po3paxyHOK CTPyMIB Yy €JIeMEHTax KoJia 3 MIlIaHUM
3’€JHAHHSM €JICMEHTIB, alic O1IbII CKIIAJHOTO, aHDK TE, CXeMa SKOr0 HaBEICHA
Ha puc. 1.19. Hexaii e Oyne KoJjio, CKIaJeHE 3a CXEMOI0, 300pa)KE€HOI0 Ha
puc. 1.20. IIpunyctumo, 1o BimomMumu € BenuuuHa EPC Ta BenmuuuHU OmopiB
ycix pesuctopiB E=75B, Ri=5 Om; R>=15 Om; R3=Rs5=30 Om; R4s=20 Owm;
Rs=60 Om. Tpeba 3HalTH CTPYM Y KOKHOMY PE3UCTOPI.

Puc. 1.20

[Tounemo crpornyBatu (3ropratu) cxemy 3 ii kiHisl. Pesucropu Ra, Rs, R
3’€HaHI MapaiebHO, TOMY 3aMIHIOEMO 1X €KBIBAJICHTHUM pe3uCTOpOoM Ryse, omip
SIKOTO 3HaX0UMO 3a ¢opmyrioro (1.3) sk




Pesucropu Rz Ta R3 Takox 3’e€qHaHi mapanenbHO, TOMY 3aMIHIOEMO iX
CKBIBAJICHTHUM PE3UCTOPOM, OINIp SKOTO 3Haxoaumo 3a ¢opmyioro (1.3) abo
(1.4) (ocTanHs — 3pyUHIIIIE) K

R,R;

—= = =10 0Mm.
R, +R,

23+

300pa3uMo oTpuMany cripoiieny cxemy (puc. 1.21). Bei pesuctopu TyT 3’€1HaHi
TIOCITiZIOBHO, TOMY OJIpa3y 3HaXOJANMO

I = E =3A.

1 =
Rl + R23 + R456

Puc. 1.21

Jamni 3aaxoaumo Iz Ta I3 3a mpaBuiIOM poO3KUY:

IZ=II-L=2A; L=I-
R, +R,

R, =1A

R,+R,

(a6o 3a mepmmm 3akoHoM Kipxroda, maemo I3=I1-1>=1 A).
106 3HatiTu I4, Is Ta I, Tpeda 3uatu HanipyTy Ucd (puc. 1.20). 3Haxonumo
il, KOpPUCTYIOUHCH CIPOIICHOIO cxeMoto (puc. 1.21), sk

Uca=I1'Ru4s56=30 B.
A Tenep, 3rimHO 13 3akoHOM OMa, 3HAXOUMO

L= Z15A; L= —1A; I, = o054,
R, R, R,
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3ayBaxkeHHsi. i1 po3paxyHKy KiJl 3 MIIIaHUM 3 €JHAHHSIM Oaratbox
eJIEMEHTIB 3HaXOIUTh 3aCTOCYBAHHS TaKOXK METO]] POMOPLIHHNX BETUYKH (IUB.,
HaIpUKIaI, MaApydHHK [1]).

1.6. CxyaaHi K0J1a MOCTIHHOTO CTPYMY

1.6.1. 3arajbHi MIpKYBaHHS 3 PO3PAaXyHKY CKJIAJHUX KL

CruajiHe eJIeKTPUYHE KOJI0 — II¢ TaKe KOJIO, B SIKOMY Xo4a 0 yacTuWHA
CICMEHTIB 3’€JHaHA TaK, IO II¢ 3’€JHAHHSI HE € aHl IOCIIJOBHHUM, aHI

napanenbHuM. [IpukimagomM Takoro Koja € KOJO, CXeMa sSKOrO0 HaBelIeHa Ha
puc. 1.22.

R3
R2 | I R5
— —
E(X J
® o] ®
R1
Puc. 1.22

3BHYAHO METOIO PO3PAXYHKY KOJIa € 3HAXOJ[KEHHSI CTPYMIB Y MOT0 BITKax
Opy BIAOMHUX MapaMmeTpax JKEpesl Ta Omopax pe3ucTopiB. Tomy KUIbKICTb
HEBIJIOMHUX BEJIMYUH JOPIBHIOE KiIbKOCTI BiTOK Np. Temep mpuramaemo, mo y
BITIIl, SIKA MICTUTH 17I€aibHE JPKEPENIO CTPYMY, BEIHMUMHA (CUJIa) IIbOTO CTPYMY
JTOPIBHIOE CHJII CTpyMY J 1IbOTO JiKepesa. ToMy, SKIo B KOJII € 1/IeaIbHI JKepea
CTPYMY 3araJIbHOIO KIJTBKICTIO NT, TO KUIBKICTh HEBIIOMUX BEIMYWH, NTYKaHUX
P pO3paxyHKy, AopiBHIOBaTUME Np — NT.

OTxe, 111 OAHO3HAYHOTO 3HAXO/KEHHS BEJIMUYMH CTPYMIB y BCIX BITKaX
CKJIQJIHOTO KOJIa CJiJI Monepeanbo ckiactu cucreMy 3 (Ng — Nt) piBHSHB.

1.6.2. Meton piBasnb Kipxroga

Ileti meron mossirae 6 ckiadaHHi HEOOXITHOI KUTHKOCTI PIBHSHB (JIUB.
MOTIEpeIHINA TIAPO3/ALT) IUISXOM 3acTOCyBaHHS 000x 3akoHiB Kipxroda mo
pPO3paxOBYBAaHOTO KOJa i 8 HOOANbUIOMY pO38 sA3aHHI ONEPKAHOI CHUCTEMU
piBHSIHB. Pe3ynpTaToM pOo3B’sa3aHHS 1i€l CUCTEMH OyIyTh caMe IIyKaHl CTPYMH y
BiTKax. lle HalOUIbII 3araibHUN METOJ] PO3pPaxyHKy KoJa, ajie BiH MOTpedye i
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HANOUTBIIOI KUIBKOCTI OOYHCIIOBAJIIHUX OMNEpaliidl MOPIBHSIHO 3 1HIIMMH
METOaMH.

PosrasineMo 3actocyBanHs MeToay piBHsHB Kipxroda Ha npukia koia,
cxema sikoro HaBeneHa Ha puc. 1.23. Bimomumu € Eq, Ez, J1 Ta omopu Bcix
pesuctopiB. Tpeda 3uaitu ctpymu Iy, Iz, I, 14, Is.

Puc. 1.23

1. Buznauumo kisibKicTh BiTOK NB. [ 11boro koma Np=5.

2. 3amaMocsi TOBUTbHUMH HampsiMKamu CTpyMiB y BiTkax. Ctpym Is mae
CEHC CITPSIMYBATH 3a HAIIPSIMOM CTpyMYy J1, 00 BOHU BCE OJIHO 301ratoThCsl, SIK TOTO
BUMarae nediHimisa igeanbHOTO pHKepena crpymy. OTKe, KITBKICTh HEBIIOMHX
BEJIMYMH, a 3 HEIO — 1 MOTP10HA KUIBKICTh PIBHSAHB CKiagatoTh Np — N1=5-1 =4,

3. BuzHaunmo kuibKicTh By3:miB Ny (y nanomy Bunaaky Ny =3). Ckianemo
piBHSAHHS 3a nepmuM 3akoHoM Kipxroda mist Oyab-sikux (Ny —1) Bys3imiB,
HanpuKJIaa 1js By3na | ta By3na 2:

Li+1:+J1=0, (1.5)
L+1=1;. (1.6)

Baxause 3ayBaskeHHs . [[Ji1 0CTaHHBOTO By3J7a (TYT i€ By30J 3) piBHSHHS
3a mepmuM 3akoHoM Kipxroda we ckradaioms, 60 BOHO HE € HE3aICKHHUM, a
YTBOPIOETHCS 3 JTIHIHHOT KOMOiHAI1 piBHAHB 11 niepmuX (Ny —1) By3miB.

4. Bu3HauyMMO KINBKICTh PIBHSHB, SKOI HE BHCTAya€ JUIS CKJIAJIaHHS
noTpiOHOT cuctemMu piBHsAHb. Beboro Tpeba ckinactu N — Nt =4 piBHsaHHS. Bxke
€ (Ny —1) =2 piBusiaas. Tomy tpeba me N — N1 —(Ny—1)=5-1-2=2 piBHsAHHS.

Cknanemo ix Ha 0a3i apyroro 3akony Kipxroga. Cnouatky obepemo
KOHTYpU Ta JOBUILHO 00epeMo HampsMKu iX o0xoxaiB (muB. puc. 1.23). Ilpu
IIbOMY OOMpPAEMO TIJIbKM He3ajlesKHi KOHTYPH, TOOTO Taki KOHTYpPH, KOXKEH 3
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SKUX MICTUTh X04a O OJHY BITKY, SIKa HE BXOJUTH JO IHIIOTO KOHTYpy. Temep
CKJIaJIeMO PIBHSIHHSA JUIA KOHTYpY | Ta KOHTYpy 2:

E1-E=I;R;-LRs-LR; (1.7)

E=1:R>-14R4. (1.8)

BaxiauBe 3ayBaxeHHs1. [|J1s1 KOHTYPIB, sIKI OXOIUTIOIOTH 1/I€aJIbHI JKepesa
CTPYMY, PIBHSHHS 3a ApyruM 3akoHoM Kipxroda e ckradaroms. ToMy B TaHOMY
BUITAJIKY HE CKJIAJAI0Th TAKOTO PIBHSIHHS I KOHTYPY 3.

5. Po3B’s3yemo cucteMy 4doTuphox piBHsSHB (1.5)—(1.8) 1 3Haxommmo
urykadi ctpymu Iy, Iz, I3, Is (ctpym Is aBTOMaTHuHO MOpiBHIOE CTPyMY J1).

¥YBara! SIkio aeski i3 CTpyMiB BUSIBJISITBCS B1I’ €MHUMHU, 11€ CBIIYUTHME
PO T€, IO CIIPaBKHIA HAMPSMOK MPOTIKAHHS CTPYMY MPOTHUIIC)KHUN HAPSIMKY,
SAKUWA JIOBUIBHO O00OpaHO Mpu BUKOHaHHI MM.2. [leil BUCHOBOK CIpaBEJIUBHUM IS
Oy/JIb-IKOT'O METOJTy PO3PAXYHKY KiJ.

1.6.3. IlpyHumun HaKJIagaHHA. MeToa HaKJIaJaHHS

Jns ninitinux enekTpuuHuxX Kul (auB. 1m.1.1.5) 3aBxaum crpaBensiviBUit
NPUHIUN HAKJIAJAHHA: CTPYM Yy OyJIb-sIKii BITLI KOJIa, CTBOPIOBAHUH KIJIbKOMa
JoKepeNiaMu, K1 JIII0Th y JAaHOMY KOJIi, IOPIBHIOE alireOpaiuHiidi cCyMi CTPyMIB,
CTBOPIOBAHUX KOKHHM 3 ITUX JIKEPENT OKPEMO.

[e#i mpunHIMn Oe3MOCEpPEeNHbO BUKOPUCTOBYIOTH MPHU PO3PaXyHKY KoJia
METO0/I0M HAKJIAJAHHS, SIKUI TToJIsirae y HacTynmHoMy. Hexaii € koJo 3 KiJlbkoMa
oxepenamu eneprii. Ha nepuwomy kpoyi po3paxyHKy 3aUIIMMO B KOJII OyIb-SIKe
OJIHE 3 ITUX JKEpeJI, a 1HIII JpKepesia BUJaTUMO TaKUM YHMHOM: 1eabH1 JKeperia
HAIMpPYTd 3aMIHUMO Ha TIEPEMHUYKH 3 HYJIHOBHUM OIOPOM, a 1/€alibHI JKEpela
CTPYMY 3aMiHUMO po3puBaMu koja. ITicis Takux 3aMiH OOYMCIMMO TakK 3BaH1
YaCTKOBI CTPYMH y BITKaX, CTBOPEHI 3aJMILIEHUM JkepenoM. Ha npyromy kporii
PO3paxyHKy 3aJIMIIMMO B KOJI JIpyre JHKEepelio, a mepiie Ta BCi 1HII pKepena
BUJIAJIMMO BHUIIEBKa3aHUM crnocoboM. OOuucaumMo Apyruil HaOlp YacTKOBUX
CTPYMIB, CTBOPEHHX JIPYTUM 13 3aJUIIEHUX JKepen. Taki Kpoku poOUMO 1o uep3i
JUIs BCIX JpKepeldl. HampukiHil 3HaxoAMMO TOBHUM CTPpyM Y BITII, SKa Hac
IKaBUTb, K aNreOpaiuHy cyMy OOUYMCIEHMX YacTKOBHUX CTpyMiB. HacTkoBuii
CTPYyM BXOAHUTH JO II€] CyMH 13 3HAKOM «IUTIOC», SIKIIIO BIH 30ira€Tbcs 3a
HAMpsIMKOM 3 TOBHUM CTPYMOM, a 13 3HAKOM ‘“MiHYC” — Yy TMPOTHIIC)KHOMY
BUIIAJIKY.

[IpakTruHe BUKOPUCTAHHS METOJTy HAKJIaIaHHS MA€ CEHC Y TOMY BHUIAJIKY,
KOJM TIpM BHJAJEHHI BCIX JDKepesd, KpiM OJHOTO, KOJO 13 CKJIaJHOTO
MIEPETBOPIOETHCS HA MPOCTE. TeopeTuyHa OCHOBA MPUHITUITY HAKJIAaHHS 100pe
posrisinyTa B [2].

Hpuxnan. Hexait qyist kona, cxema sikoro 300paxeHa Ha puc. 1.24, Bijgomi
J=3A; E=12B; R1=2 Om; R2=4 Om . HeoOxi1Ho 3HaiTH cuiu ctpyMmiB 11 Ta Ia.
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Puc. 1.24

1. BunanseMmo iaeanpHe pxepeno crpymy (puc. 1.25).

lg=0 R,
c_’ . | —
|
vli bi;
R, E
Puc. 1.25

. o !/ [9)
B oxepkanomy ko Mmaemo uactkosuii ctpym I, =0, a takox yacTkoBuii
CTpYyM

E 12
a=————=—=2A.
R,+R, 6

2. Bunansemo ineanbHe Jpxepeno Hanpyru (puc. 1.26).

IéiJ R2
e I ,
v/ v/

J 4\> R1

Puc. 1.26
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. . 14
B onepkanomy komi maemo 1actkosi crpymu Iy, 1] ta 1. Tlpu upomy

"
I} =J, a crpymu I ta 1] 3saxomumo 3a npasmiiom poskuiy Ta 3a mepLIMM
3akoHoM Kipxroda:

R
R, +R, 6

I'z' =J—I'1' =3-2=1A.
3. 3naxoaumo noBHi ctpymu I; Ta Iz ms BuxigHoro xona (puc. 1.24):

=1 +I"=2+2=4A; L,=I,-I'=2-1=1A

1.6.4. IloHATTA PO METOJ KOHTYPHHMX CTPYMIB Ta MeTOJ BY3JIOBHX
MOTEeHIIAJIIB

Merox KOHTYpHHX cTpyMmiB 0a3yerbcss Ha (ikTUBHOMY (aiie
MaT€MaTUYHO KOPEKTHOMY) VSBJEHHI, M0 B KOXHOMY 3 KOHTYpIB
PO3paxOBYBAHOI'O KOJa IUPKYJIOE CBIM Tak 3BaHUN KOHTYpHUH cTpyM. Takuii
NIAX11 TPU3BOAUTH 10 HEOOXIAHOCTI PO3B’SI3aHHS JIMIIE CTIJIBKOX PIBHSHB,
CKUIbKM B KOJII HE3aJeKHUX KOHTYpIB (a 3a HasBHOCTI Nt iA€aJIbHUX JKepen
cTpyMmy — 11ie Ha Nt piBHSIHb MEHIIIE), TOPIBHSIHO 3 N PiBHSIHb Y METO/I1 PIBHSHb
Kipxroda. [licisg uporo peanbHi CTpyMH y BITKaX PO3paxoBYIOTh SIK aJireOpaiuHi
CYMHU KOHTYPHHUX CTPYMIB, 1110 BUIUIMBAE 3 MIPUHILIUITY HAKJIAIaHHS.

Jnda  pertanbHOro O3HAWOMJIEHHS 3 [MM  METOJIOM PEKOMEHIYEMO
HacamIepea NiaApyYHHUK [3]; OLIbII cTHCIE (aJIe BCE K JOCUTh TOYHE) BUKJIAICHHS
METO]1y HaBEJICHO B [2].

Metoax By3J0BHX MOTeHUiaJdiB (BY3JIOBUX HAmpyr) JIOIIBHO
BUKOPUCTOBYBAaTH B THX BHUIIaJIKaX, KOJM KUIbKICTh By3i1iB Ny xoua 0 Ha /Ba
MEHIIE KUIBKOCTI HE3aJIEXKHUX KOHTYpIB. KUIbKICTh PIBHSHB, CKIAACHUX 32 LIUM
METO/IOM, Ha OJIHE MEHUIE BiJl KJIbKOCTI BY3J1iB KoJja. [loTeHmian ogHoro 3 By3iiB
BBA)KAIOTh HYJLOBUM, a JJI BCIX IHIIMX BY3JiB 3alUCYIOTh PIBHSHHS 32 MEPIINM
3akoHOM Kipxroda, Bupaxarwouu CTpyMH 4epe3 pi3HULIO MOTEHI1alIB Ha KIHI[SIX
BITOK, yepe3 EPC BiTOk Ta uepe3 mpoBIAHOCTI LIUX BITOK.

Jlns neTanbHOTO O3HAMOMIIGHHS 3 METOJOM BY3JOBHUX IOTEHIIIAJIB
PEKOMEHyEMO MIAPYYHUK [3]; cTUCIU (ajie Ay>Ke HAOUHUH ) OTHC I[OTO METOTY
HaBeJeHUM y [2].

MeToau KOHTYpPHHUX CTPYMIB 1 BY3JIOBUX MOTEHI[IANIB € YHIBEpCaIbHUMHU
Ta €KOHOMHHUMH (3 TOYKH 30py KUIBKOCTI OOYHMCIICHB) 3aC00aMH PO3PAXYHKY
JTIHIMHUX €JISKTPUYHUX KIJI Ta 1X aHATITHIHOTO JTOCTIHKEHHS. AJie B TPaKTUIHUX
METOJIMKAaX PO3PaxyHKYy IPHUCTPOIB Ta 3aco0iB aBTOMAaTUKM Ta 3B’S3KYy IX
BUKOPHCTOBYIOTh 1YK€ PIAKO.
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1.6.5. MeTtoa ABOX BY3JIiB

Ileti MeTOnM € OKpEeMHUM BHUTAIKOM METOAY BY3JIOBHX IOTEHIIIAJIB, MPHU
3aCTOCYBaHHI OCTAaHHBOTO JIO0 KOJIa 3 YChOTO JBOMA BY3JIaMH, SIKE JOCUTHh YacTO
3yCTpIYa€ThCs Ha MpakTulll. [Ipu 1[pbOMy IIyKaHOIO BEJIMUMHOIO € HANpyra Mix
BY3JIaMH.

PosrnsHemo 3acTocyBaHHS METOMY JIBOX BY3J1iB Ha MPUKIAAl KoJia, cXema
SKOTO HaBeJIeHa Ha puc. 1.27. SIKIo Hac He MIKaBJISATh CTPYMU MiXK By3JaMU 4 Ta
6,6Tac,ctad,etaf, frag, g Ta h To MOXHA, B IyMIIi, “‘CTATTH BY3JH a,b,c,d
(K1 MaroTh OJIHAKOBUM MOTEHINald) B €IWMHUN BY30J 1. AHAJOTIYHO MOYKHA
3poOUTH 3 By3JIaMH e, f, g, h, “‘cTaryroun’ ix 10 By3na 2 (puc. 1.28).

a b c
R, Rs
E, R3H L) E
R,
I ¢ I2¢ I3¢

e f g9

Puc. 1.27
a b c d 1

CripoweHi 4/7 g S

e =
nosHayeHHs ————1—_ | ——1>|
gimox ~———
e f g h 2
Puc. 2.28

Hexaii Bijomi mapaMeTpu BCIX JKepes Ta ONOPU BCIX PE3UCTOPIB.
BBeaemo npoBigHOCTI BITOK KOJIa, MPOHYMEPYBABIIM iX 3/1iBa HAIIPABO:

1:ﬁ; G2=i; G,=0; G4:L;
1+R2 R3 RS
1
G.,=0;, G,=——
R, +R,
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3BEpHITH yBary Ha Te, IO MPOBITHOCTI BITOK 3 1I€aIbHUMH JKEPETaMu
CTpyMy 000B’SI3KOBO JIOPiBHIOIOTH HYITIO.

TeopeTnuHo mOBeACHO (IO pedi, METOA BOX BY3JiB MOKHA BHBECTH HE
TUIBKH 3 METOJIy BY3JIOBUX MOTEHITIANIB — JuB. [1, 4]), 110 MDDKBY3/10Ba Hampyra
JIOPIBHIOE

EG,-J,-E,G,+J,
G,+G,+G,+G,+G,+G,

U12 =

JIoJTaHKM B UMCETBHUKY ICHYIOTh TUIBKH IS TUX BITOK, Y SIKHX € JIDKEpena,
IpU [IbOMY KOHKPETHUM JTOJAHOK OEpeThCs 13 3HAKOM “IUTIOC”, SIKIIO BIAMOBIAHE
JUKEpEeNo CHpsMOBaHe BiJ By3ida 2 10 By3ida 1, Ta 13 3HaKOM “MIHYyC” — y
IPOTHUIIEKHOMY BHUIIAJIKY.

VY 3HaMEHHUKY 3HaXOAUTHCS CyMa MPOBIIHOCTEN BCIX BITOK KOJIA.

3natoun Uiz, MOXHA 3HAUTH CTpyM y Oyab-siKid BiTHl (KpiM BITOK 3
1I€UIBHUMH JDKEpEJlaMH CTpyMy, J1€ CTpyMH W Tak Bigomi). Hanpuxnan,
I:=U12/R3, a I3=J1. lns po3paxyHky ctpymy I Buxopuctaemo 3akoH Oma ajis
BITKH, SIKa MICTUTh PE3UCTOP Ta icasibHe JKepelio Hanpyru (puc. 1.13,0):

Ur=Ii(R1+R2)+E,

sgigku [1=(U12-E1)/(R1+R2).

1.6.6. ExBiBasieHTHE IepPeTBOPEHHS 3’€IHAHHSA pe3ucTopiB
TPUKYTHHUKOM Yy 3’€IHAaHHA TPHUIPOMEHEBOK 3IipKOI0 Ta o0epHeHe
eKBiBaJIeHTHE NepeTBOPEeHHs

VY psal BUMAIKIB PO3pPaxyHOK Kojia MOKHA 3HAYHO CIPOCTUTH, SIKIIO
NOTEPEIHBO TIEPETBOPUTH YACTUHY LBOrO KOJA TAaKUM YHHOM, I0O MiCis
NEPETBOPEHHS 3aIMILMINCSI HE3MIHHUMU HaIlPyT'y Ha 3aTMCKayaxX MepeTBOPEHOI
YaCTUHM KOJIa Ta CTPYMH B HEMEPETBOPEHI yacTuH1 Kosa. Take nmepeTBopeHHs
HA3MBAETHCS €eKBIBAJIEHTHHM.

Posrnsinemo aBa kona. Ileprie 3 HMX yTBOPIOIOTH PE3UCTOPH, 3’ €JIHAHI
TpUKyTHUKOM (puc. 1.29,a), a apyre — pe3ucTopu, 3’€JHaHl TPUIPOMEHEBOIO
3ipkoto (puc. 1.29,0). YMOBHU €KBIBAJICHTHOI 3aMIHM OJHOTO 3 HUX Ha I1HIIE €
TaKUMHU:

Lix=lia, ©La=la, I3a=lI3ap;

Unza=Un2a, U23a=U2, Usz14=Uza.
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Sxwo Bigomi onopu TpukyTHHKa Riz, R23, Ra1, To onopu exBiBaneHTHOT
31pKH OOYUCIIOIOTHCS TaK:

R, R R, ‘R R,.'R
e B TR | i R I e B

R ,
R, ? R, 3 R,

ne Ra=Ri12+R23+R31.

I1A¢i 1
Ysia Usa
o R
31
Rj3
3 I 2
I3a Uy, I2a
a 6

Puc. 1.29

SAxmo Bimomi omopu 3ipku Ri, Rz, R3, TO omopwm ekBiBaJE€HTHOIO
TPUKYTHUKA OOYUCITIOIOTH TaK:

R, :R1+R2+R11{R2, R,, :R2+R3+%,

3 1
R R
R, =R, +R, + 111 2.

2

Bunamok exkBIBaJIGHTHOTO B3a€EMHOTO TEPETBOPECHHS OaraTOKyTHHKA B
OaraTonpoMeHeBY 31pKy PO3TIIAHYTHH Y [2, 3].

1.7. PeasbHi JKepeJia eJICKTPUYHOI eHepril

1.7.1. PeanbHi  [oKkepesia  Hampyrm Ta  CTPyMy. YMOBH IX
eKBiBAJICHTHOCTI

Enementnn OynoBu, $Ki YTBOPIOIOTH NUIAX JUIsi TPOTIKAHHS CTPyMY
BCeperHl OyIb-KOT0 PealbHOT0 HKepena, MaloTh aKTUBHUHN OMip, OLTBIINIA 3a
Hy”nb. el omip (Tak 3BaHUI BHYTPIIIHINA Omip) Mae OyTH BKJIIOYEHHUN A0 KOJIa,
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sIK€ BIATBOPIOE 3aKOHOMIPHICTh MATEMaTHYHOTO 3B’A3KYy MIX Hampyrow Ha
3aTHCKayaxX MOJIEJThbOBAHOTO JDKEpENia Ta CTPYMOM Kpi3b I1i 3aTUCKAYi, iICHTHIHY
aHAJIOTTYHIN 3aKOHOMIPHOCTI JJisi peasibHOro JiKepena. CxeMy Takoro Koja —
“3aMIHHUKA” —HA3MBAIOTh CXEMOIO 3aMillleHHSI peajibHOT0 JKepeJia.

HafinpocTimm cxemu 3aMillleHHs peajbHOro JpKepesna Hampyrd Ta
pealbHOI O JHKEpea CTpyMy 300paxeHi BiimoBiAHo Ha puc. 1.30,a ta puc. 1.30,6.
Tyt Rr — BHYTpIIIHIN o1ip JpKepena (reneparopa).

J
D
. R E N\
L e —t R
B
a 6

Puc. 1.30

Hexalt no peanpHOTO Kepena Hanpyeu TIAKITIOUEHUNH pPE3UCTOP
HaBaHTakeHHA Ry (puc. 1.31). Ctpym y HaBaHTa)X€HH1 00YUCITIOEMO SIK

I=E/(Rr+Rn),

3BIKM MAa€EMO Harpyry Ha HaBaHTa)KEHHI1

U,=I-R, =ER, /(R, +RH):E/(%+1).

H

Puc. 1.31

SAxmo Rr << Ry, T0 Un =E npu BenmuuuHax CTpyMmy BiJ HYJS 0 AOCUTH
BEIIMKHX 3Ha4eHb, TOOTO MpU Rr << Ry peasibHe q:Kepesio HANpyru 0Ju3bKe
10 i1eaJIbHOro.

3a3HauMMO TaKOX, IO Hampyra Ha 3aTUCKadax peajbHOro JKepesa
HarnpyTu 3a ApyruM 3akoHoM Kipxroda nopiBHioe
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Un=E - I-Rr,

3BIIKM BUILIWBAE, 1m0 BoHa MeHIna 3a EPC 3 npuunHM majiHHSA HAampyrd Ha
BHYTPIIIHBOMY OMOpi pkepena Rr.

Hexait 1o peanpHOTO JKEpena cmpymy MiIKITIOYSHUH OTTip HaBaHTaKEHHS
Ry (puc. 1.32). Hecximamno noBectu, mo ctpym I’ y HaBaHTa)XEHHI Maibke HE
3aJIe’)KaTUME BiJl onopy HaBaHTaxxeHHs Ry, ko Ry << R'r.

—
i@d R R,

Puc. 1.32

3a ocTaHHBOI YMOBM peajibHe [IKepejo CTPpyMy OJu3bKe [10
ireanbHoOrO.

A 3a SKHX yMOB peajlbHE [DKEpeNo Hampyru Oyle eKBIBaJeHTHUM
peanbHOMY Jkepeny ctpyMy? ToOTo 3a sxux ymoB cTpyM I y HaBaHTaxeHH1
(puc. 1.31) nopiBatoBatume ctpymoBi I' (puc. 1.32), sikiio onip HaBaHTaKEHHS
Ry B 000X BUMaIKax OJUH 1 TOM camuii?

Hecknagno moBecTw, 1o 111 yMOBH TaKi:

R'r=Rr, J=E/Rr.

1.7.2. IlocsinoBHe 3’ €AHAHHA PeajIbHUX JKepes HAaNpyru

Hexaii € N peanbHUX JKepen HanpyrH, 3’ €JHAaHUX MOCioBHO (puc. 1.33, a).
3a skux yMOB iM Oyae €KBIBaJEHTHMM OJHE 1/1€albHE JKEPeJIo HaIlpyru
(puc. 1.33, 6), ToO6TO 32 sIKMX YMOB 0OMJIBa KOJia 3a0e31nedarh OJ1H 1 TOU caMuid
CTPYM B OJJHAKOBOMY OIOpPi HABaHTAKCHHS?

R E Rp E, Ry EEN R rexe EEGKG
a 6
Puc. 1.33
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Le Taxi ymoBHu:

R: exs=Rr1+ Rr2 +.....+ Rrn;

Eew=E1 - E; +.....+ En.

Benmuunnaa Ex BXOIUTH 10 OCTaHHBOT CyMH 13 3HaKOM “‘ruttoc”, sikimo EPC
Eix 30iraetscs 3a HanpSIMKOM 3 Eew, Ta 13 3HAKOM “MIHYC” — y NMPOTHICKHOMY
BUIIAJIKY.

1.7.3. IlapajiesqibHe 3’€AHAHHS PeaJIbHUX JKepeJl Hallpyru

Hexaii € N peanbHUX JpKepes HaNpyTy, 3’ €IHaHUX HapaneibHo (puc. 1.34, a).
3a gkuMX yMOB iM OyJe EKBIBAJIEHTHUM OJIHE pEaJibHE JKEPENo Hamnpyru
(puc. 1.34, 6), ToOTO 32 sIKMX YMOB OOMJIBa KOJia 3a0e31edarh OJ1H 1 TOW caMuid
CTPYM B OJJHAKOBOMY OIIOpP1 HABAHTAXKECHHS?

E1 E2 EN Eeke
R,—1 R/-2 RI’N Rl'eke
a 6
Puc. 1.34

L1 ymoBH TaKi:

1
"G, 4G, + 4Gy

EeKB
G, +G,+....+ Gy

ne Gk=1/Rrx.
Bemnunna Ex BXoauTh 10 ynceabHUKA 13 3HaKoM “turroc”, skimo EPC Eg
301ra€ThCs 3a HAPSIMKOM 3 Eexe, T 13 3HAKOM “MIHYC” — Y IPOTHIIEKHOMY BUIIQJIKY.

1.7.4. I1apajieqibHe 3’ €IHAHHSA PeaTbHHUX JKEpes CTPyMy

Hexaii € N peanbHux mxepen CTpyMy, 3 €QHAHUX TapajelbHO
(puc. 1.35,a). 3a axux ymMoB iM OyJie €KBIBaJCEHTHHM OJHE peaibHE JKEPEso

33



ctpymy (puc. 1.35,0), ToOTO 3a IKMX YMOB 00H/IBa KOJIa 3a0e3MeyaTh OJUH 1 TOU
CaMHi CTpyM B OJIHAKOBOMY OTIOp1 HaBaHTAKEHHS?

N}

J7<) Rrs JZCD Rra J/\/() Ry Jexe <> Rrre

o

Puc. 1.35

L1 ymoBH TaKi:

RFeKB G >
TG, +...Gy

ne Gk=1/Rrx;

a TaKOX

Jexs=J1-J2+...+IN.

Benmuunna Jk BXOAWUTH 0 OCTaHHBOI CYMM 13 3HAKOM ‘‘TUIIOC”, SIKIIO
HaIPSAMOK LIbOTO JIKepena 301raeThesl 13 HAPSIMKOM JiKEpena Jexs, T 13 3HAKOM
“MIHYC” — Y IPOTUJIC)KHOMY BUTIAJIKY.

1.8. IlpuHnun i MeTo eKBiBaJIEHTHOIO reHepaTopa
1.8.1. ITouaTkoBi BiIOMOCTI PO ABOMOJIIOCHUKH

J{BONOJIIOCHMK — 11€ KOJI0 200 IUISHKA KoJja, sike (a00 sIKy) po3risgaloTh
BIJHOCHO JBOX 3aTWckauiB. Ll1 3aTuckadl HA3WBAaIOTh BXIJHUMM 3aTHCKayaMu
JIBOITOJTIOCHHKA.

JIBOTIOTIOCHUK € MACUBHHUM, SIKIIIO BiH HE MICTUTh JIKEPE €ICKTPUUHOT
eHeprii abo AKII0 BIH iX MICTUTh, aJleé BOHH KOMIIEHCYIOTh OJHE OJIHOTO TaKHUM
YUHOM, 1[0 Hampyra Ha PO3IMKHEHMX 3aTHCKayax JABOMOJIIOCHUKA JOPIBHIOE
HYJIIO.

SKIII0 TBOTIOJIFOCHUK MICTUTh B3a€EMHO HE CKOMIICHCOBAHI JpKepesia, TO BiH
€ aKTHBHHM.
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[Tigxar0ounMO 40 BXIJHMUX 3aTHCKaA4lB ITACHBHOI'O JIBOMOJIIOCHUKA 1I€aIbHE
mxepeno Hanpyru, EPC sxoro gopiBaioe E (puc. 1.36). Kpi3b nBONOMIOCHUK
tektume ctpyM L. Bemnmumny Rex=E/l HasuBaroTe BXiZHHM O0mOpOM
aBonoocHuka, a BenuuuHy Gpx=I/E Ha3uBaoTh BXiAHOI NPOBIIHICTIO
JABOMOJIIOCHUKA.

[IpssmokyTHUK 3 miTeporo Il € yMOBHUM TO3HAYEHHSM MAaCHUBHOTO
JIBOTIOJIFOCHUKA.

E Rex | 1
G_>

8x

Puc. 1.36

1.8.2. llpynuun exkBiBajieHTHOrO reneparopa. Teopema TeBeHeHa.
Teopema Hoprona

[IpuHIUTT éKBiBAJIEHTHOI0 reHEePaTOPa IoJIsITae B TOMY, 110, BUIUIUBIIN
B CKJIQJIHOMY JIIHIHHOMY KOJI1 OJTHY MACUBHY BITKY, MOXHA BCIO 1HITY (aKTUBHY)
YaCTUHY IILOTO CKJIAJTHOTO KOJIa 3aMIHUTH €KBIBAJCHTHUM PEATbHUM JHKEPETIOM
€JIEKTPUYHOI €Heprii. EKBIBaJEHTHICTh 3aMiHM MOJIATA€ B TOMY, IO CTPYM Y
3rajlaHii MAacHUBHIM BITII MICISA 3aMIHHM 3aJIMIIATBCSA TAaKOI K CHJIM, IO M JI0
3aMIHHU.

Sxmo HaeThCs MPo 3aMiHy aAKTHBHOI YAaCTHMHHM KOJja eKBIBaJIEHTHUM
pealbHUM JKEPEJIOM Halpyrd, TO TMPUHLMI EKBIBAJIEHTHOIO TeHepaTropa
dbopmynoeThes sk TeopeMma TeBeHeHa. SIKIIOo K MAEThCSA MPO 3aMiHy aKTUBHOI
YaCTHUHHU KOJIa EKBIBAJICHTHUM PEAIbHUM J[KEPEIOM CTPyMY, TO MPHUHIIMII
€KBIBaJICHTHOTO reHepaTopa GopMyoeThes K TeopeMa Hoprona.

[Tepm HiXX BUKIAcTH (OPMYJIIOBAHHS BKa3aHWX TEOpPEM, BBEIEMO JBa
BKJIMBI MTOHSTTS, SIKI BAKOPUCTAHI B IIMX TEOPEMaXx.

Pe:kuM X0J10CTOr0 X0y aKTHBHOTO JIBOTIOJIFOCHUKA — I1€ TaKUH PEXKUM
Horo po0oTH, TIPU SKOMY 3aTHUCKadl JBOMOJIIOCHUKA po3iMKHeH] (IPUKITIAT — HA
puc. 1.37).

________ | o T

| | | X
' ' 3amuckauyi
| R R R | R R a
7 20 H 7 2L PO3iIMKHEHI
| | | | (R, =00)
| E I E H
| ! \ | L
l___—____ I HasaHma- |_ ______ 2
Poboma nio XKEHHS Xornocmut
HasaHMaXKeHHaM Xio
Puc. 1.37

35



Pe:kuM KOPOTKOI0 3aMHKAHHSI aKTUBHOTO JBOIOJIFOCHUKA — I1€ TaKUU
PEXUM Horo pobOTH, MPU TKOMY MO0 3aTHCKaul 3amkHeHi nepemuukoro (il omip
nopiBHIO€e Hy0). [Ipuknan HaBeneHo Ha puc. 1.38.

________ | o - - _I
| L |
| | | A
IR, R, | | R, IR, R, | | amuckai
: | : I 3¢ 3aMKHEHI
| | K (R =0)
[ E | E H
| | ,:\ | A ¥
o ___ M agaHma- |_ _ _ _ _ _ _ .
; Cmpym
Poboma nid JKEHHS Kopomke KOpO ngio 20
HagaHMaXxeHHAM 3aMUKaHHS 3AMUKAHHS
Puc. 1.38
BuyTpimiHiid omip AaxkTUBHOIO JBOMNOJIOCHMKA — L€ BXIJHUN OIIp

YTBOPEHOTO 3 HHOTO JOMOMIDKHOTO MAaCHBHOTO JBOMOJOCHHKA. Lle yTBOpeHHS
B1JI0YBA€THCS HACTYITHUM YMHOM: BCl 17i€aJIbHI JIKepena HapyrH, siKi MICTAThCA
B aKTUBHOMY JIBOTIOJIFOCHUKY, 3aMIHIOIOTh HA TIEPEMHUYKH 3 HYJIbOBUM OIOPOM, a
BCl 1JI€alibHI JKEpesia CTPyMY, SIKI MICTATHCS B I[bOMY JIBOIIOJIFOCHUKY, 3aMi-
HIOIOTh Ha pO3puBHU (TOOTO B3arajii BUKIIOUYAIOTH 13 CXEMH BITKH 3 11€aJIbHUMU
Joxepenamu ctpymy). [Ipukinan nepeTBopeHHs HaBeeHo Ha puc. 1.39.

4N » ,
N
R, & i R,
E,
CxeMa akmugHO20 Cxema 00rnomixHo20
080r10/IOCHUKA nacusHo20 080rM0MIOCHUKA

Puc. 1.39

Tenep nepeiinemo no ¢popmymoBanb Teopem TeBenena ta Hoprona.

Teopema TeBeHneHa: Oyab-sIKUi JTIHIWHUN aKTUBHUI TBOTIOJTIOCHUK MOYKE
OyTH 3aMIHEHHMI €KBIBAJICHTHUM PEAIbHUM JKepesioM Hanpyeu, BennunHa EPC
akoro Er exe JOpIBHIOE Hampy3i XOJOCTOTO XOAY IIhOTO aKTHUBHOTO
JBOTIOJIFOCHUKA, & BHYTPIIIHIN OIP Ry exs JOPIBHIOE BHYTPIIIHBOMY OIIOPY LILOT'O
K aKTUBHOTO JIBOTIOJIOCHHUKA.

JI71s1 HAOUHOCTI 3a3HaYMMO, 1110 HarnpsiMok EPC ekBiBajieHTHOTO JKepenia €
MPOTUIICKHUM HAMPSMKY HapPyrd XO0JIOCTOro xoxy. Onucany 3amMiHy UTHOCTpY€
puc. 1.40.
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— Hanpyea l | lMpocma cxema
CknadHa Aonocmoeo : Rioe | ekeiganeHmHo20
cxema Uy, X00y » | B :<jpeaanoeo
aKmueHoz20 (Hanpsimok | E reke=Uyx | dxepena
080r10/1IH0CHUKA obpanuti | I (eeHepamopa)
I d08inbHO) ] : Hanpyau
Puc. 1.40

Teopema HopTona: Oyb-IKUi JTIHIAHUN aKTUBHHUM JBOIIOIIOCHUK MOXKE
OyTH 3aMiHEHMI EKBIBaJCHTHUM pEaJbHUM JDKEPEIOM CcmpymMy, BeIWYUHA
TE€HEPATOPHOTO CTPYMY Jr exe SIKOTO JOPIBHIOE CTPYMOBI KOPOTKOTO 3aMUKAHHS
KpI3b 3aTUCKAul IOTO aKTUBHOI'O JBOMNOJIOCHHKA, a BHYTPIIHINA OMIp Rrexs
TOPIBHIOE BHYTPIITHROMY OIOPY IIHOTO K aKTUBHOTO JIBOMIOJIOCHUKA.

JUIsi HAOYHOCTI 3a3HAYMMO, IO HANPAMOK T€HEPAaTOPHOIrO CTpymy J
30iraeTbcsl 3 HaIpsIMKOM lx; KOpOTKOro 3amukanHs (auB. puc. 1.38). Onucany
3aMmiHy iTtocTpye puc. 1.41.

_____________ A
— : lMpocma cxema
CknalOHa | : ekgiganeHmMHo20
cxema # | <> R | «—X peanbHO20
aKmMueHo20 | Jrexe=lks Fexe | dxepena
080r10/10CHUKa | | (eeHepamopa)
— . cmpymy

Puc. 1.41

1.8.3. MeToa eKBiBaJICHTHOI0 TeHepaTopa

Jly’ke 4acTo mpH po3paxyHKy KiJl TOBOJAUTHCS PO3B’S3yBAaTH TaKy 3a/1ady:
BiJIOMa CXeMa KOJia, B1JIOMI OIOPH BCIX PE3UCTOPIB 1 MapaMeTpH BCIX JIKEpEI, a
Tpeba OOYUCTUTH CTPYM B OJHOMY-€MHOMY pe3ucTopi. B Takiit cutyartii myxe
3pYYHHM € 3aCTOCYBAaHHSI METOYy €KBIBAJEHTHOI0 FeHepaTopa, sSIKUid NoJIsArae
B HACTymHOMY. BkazaHuii €quHUN pe3UCTOP BBAKAIOTH 3a OIIpP HABAHTAKCHHS
Ry, a BCIO 1HIIy YaCTHHY KOJIa — 3@ aKTMBHHM ABOMOMIOCHUK. Llell akTHBHMIA
JIBOIOJIFOCHUK 3aMIHIOIOTh Ha MPOCTY CXEMY PeallbHOro JKepera Hampyru (3a
TeopeMoro TeBeHeHa) abo peabHOTO JHKEpeia cTpyMy (3a TeopeMoro Hoprona),
00unCcIUBIIH Ryexe Ta Erexs 200 Jrexs. 1118 ITHOTO 3aTUIIIAETHCS 3HAUTH IITyKAHUMA
CTPYM SIK CTPYM HaBaHTaXXEHHS B OJIHOMY 3 ABOX MPOCTHUX KuI (puc. 1.42).

[Ipu upomy

In=FErexs/ (RFeKB+RH) ( 1. 9)
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JUIs1 KOJIa, CXeMa SIKOro HaBezeHa Ha puc. 1.42.a, ta
Li=JrexsRrexs/ (RI‘eKB+RH)

JUTS KOJIa, CXeMa SIKOTO HaBeneHa Ha puc. 1.42,0.

Rl’eke RH RH

Jre,@C) RI'eKs
lexe ¢IH %IH

Puc. 1.42

®opmyna (1.9) Bkazye nHUISIX 10 EKCIEPUMEHTAIHHOTO BU3HAYCHHS
BeMMYUHU Ryrexs. BemuunHa Erews TOpiBHIOE Hampysi xonoctoro xoay Uxx
(puc. 1.40), sixy moxkHa BumipsaTH. ko xk nokiact B (1.9), mo Ry=0 (ToOTO
10 JBOMOJIOCHUK 3HAXOJIUTHCA B PEKHMMI 3aMHUKaHHS, K Ha puc. 1.38), TO
OJIEP>KMUMO TaKe:

IH = IK3 - U—XX'
RFeKB
3BiacH
R, = IIJ . (1.10)

K3

CTpyM KOpOTKOrO 3aMUKaHHS TaKOX Moxe OyTH Oe3rnocepeHbo
BUMIPSIHHM B 0araTbOX BUIAJIKaX (3BUYAITHO, SIKIIIO PEKUM KOPOTKOTO 3aMUKAHHS
HE MpHU3Beie A0 BUXOY 3 Jaay AOCTIKYBAaHOTO KOJja).

Otrxe, excnepumeHTanbHl naHi (Uxx Ta Is) Ta dopmyna (1.10)
320€3MeuyI0Th MOXJIUBICTh EKCIIEPUMEHTAIIBHOTO 3HAXOKEHHS Rreks.

1.8.4. Ilepenaya eHeprii Bijl AKTUBHOTO ABONOJIIOCHUKA /10 MACHBHOI'0
aBonoocHuka. Ilepenaya eHeprii JABONPOBIIHOK JIIHIEW MNOCTIHHOIO

CTpymy

Hexalh nesaxknil akTMBHUK JABOIOJIIOCHUK HABAHTAXKEHUM PE3UCTOPOM 3
noBiTbHUM omopoM Ry (puc. 1.43,a). flka moBurHa OyTH BenmumHa Ry, 1100
HNOTYXXHICTh Py, sIka BUALIAETHCS B IIbOMY PE3UCTOP1, Oya MakcUManbHOIO? SIK
B3araji 3MIHIOETHCS 1Sl TOTYXKHICTh B 3aJI€KHOCTI BiJl BETUYUHU Ry?
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Jlnst  oTpuMaHHS BIAMOBIAI HAa Il TUTAaHHSA 3aMIHUMO aKTUBHUUN
JIBOITOJIIOCHHUK Ha €KBIBAJICHTHE peabHe JpKepelio Hanpyru (puc. 1.43,0).

v/

leke

leke

a 6
A - akmusHuli 080rO/TIOCHUK

A — aKTUBHHUI TBONOJIOCHUK

Puc. 1.43

CTpyM y HaBaHTaKEHHI JIOPIBHIOE
I=FEres/ (RreKB+Rl-l) .
[ToTy>KHICTIO, SIKY CIIO’KMBA€ HABAaHTAKEHHSI, €

Ry (1.11)

+R,)*

Pl-l = IZRH = EieKB ) (R

T exB

Benmuuunu Erexe Ta Rrexs € MOCTIHHUME, TOMY Tpadik 3anexHOCTI Pu(Ry)
Mae BUIJIS, nonanuid Ha puc.1.44. locmigusimm gynkiito (1.11) Ha ekctpemyMm
BIIHOCHO Py, HEBaXKO BU3HAYUTH, [0 MAKCMMAJIbHA MOTYXKHICTh Pymax
BU/IIJIAETHCH B HABAHTAKEHHI (TOOTO CIOKMBAETHCA HUM) 32 YMOBH, 1110

RH=RreKB. (112)

Puc. 1.44
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[TincraBuBmm (1.12) B (1.11), ogepxumo, 1o
Pﬂmax=E2reKB/ (4RFeKB) .

[ToTyXHIiCTb, SIKY BiAmae ideanvHe Oxcepeno TPU NOBUTBHINA BenrunuHi Ry,
JIOPIBHIOE

Pr =Eres I = EzreKB / (RFeKB+RH)-

Tonai koedirieHT KOPUCHOI Aii KoJia, 300paskeHoro Ha puc. 1.43,6, ckiiangae

TI_P_H_ P, B 1
PF RFeKB + lQH % + 1 .
RH

3BIACM BUIUIMBA€, IO Y BHIAAKY MAKCMMAJBLHOIO BHIiJICHHS
MOTYKHOCTI B HAaBaHTaKeHHI (K01 Ry = Ryexs), BiamoBigae seamunna n=0,5.
B ninomy rpadik 3anexnocti n (Ry) Mae Burisig, noganuit Ha puc. 1.44.

Ak oOkpemud BHNAAOK PO3MVIIHEMO JKUBJIEHHS CIOKHMBada 4epe3
IBOIPOBIHY JiHi0 (puc. 1.45). Binomumu € EPC renepatopa Er, ToOTO ioro
HaIpyra XOoJIOCTOTO XOAy, oro BHYTpimHii omip Ry omip HaBaHTaxeHHs Py,
JOBKHMHA JTiHiT / , TUII IPOBOY.

Rnp a
R,
U, U, Ry
Er v Rnp v
b
P 4
Puc. 1.45

Tpeba 3naiiTu HanpyTy Ha HaBaHTaxkeHH1 Uz, naaiHHg Hanpyry B jiHii AU,
BTpaTH MOTYXHOCTI B JiHii AP.

Criouatky 3a BIJOMHM THIIOM MPOBOY 3HAXOJUMO HOro MUTOMUI omip p
Ta TIonly nepepizy nposoay S. Ilicis HbOro 3HaX0IMMO OIip 00HO20 TPOBOIY
Rup = pl/S.

Crpym™m y ninii I = Er /(R+2Rup+Ry), Hanpyra Ha HaBaHTakeHH1 Uz = IRy,
naningsg Hanpyrd B yiHIE AU = Ui-Uz = I:2Ryp, BTpatu NOTYXKHOCTI B JIHII
AP =I*2Ryp.
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Tenep BBaxxaTUMEMO BCe, IO 3HAXOAUTHCS JIBINIE 3aTHCKAYiB
HaBaHTA)XXCHHS a—6, 3a aKTMBHHUM JBONOJIOCHUK. HeBakko 3HaWTH, 11O HMOTO
rapaMeTpu, BU3HauUCHI 3a TeopeMoro TeBeHeHa, € TaKUMHU:

Erexs= Er, Rrexe = Rr +2Rnp-

Jlana 3amiHa 03BoJisse o0uuciIuTH Koedimient kopucHoi aii (KK]I) Bciei
CHCTEMH JKMBJIEHHS 32 paHile 3anucanoro Gopmymnor 1 n. Bemmunna KK
JiHil mepegadi OoKpeMO Mu BHU3HAYAETHCA SK BIAHOIICHHS MOTYXHOCTI Ha
HaBaHTAXXEHHI JI0 OTY>KHOCT1 Ha BXO/I1 JITHIi:

n _P,_Ul_U,_U,-aU__ I'2R,
"p UI U U, U,

Ockinbkn Ur=I-(2Rup+Ru), 10

N

Jlesiki 1o1aTKOBI MOAPOOHII MOYKHA 3HAWTH B MiApydyHuKax [1, 2].

1.9. lIpuHuun B3a€MHOCTI

J st ainitinux (quB. 1. 1.1.5) eNeKTpUYHUX K1JI, K1 MU 3apa3 po3rIsgaEmMo,
CIpaBEJIMBUI TakK 3BaHUN MPUHIMI B3aEMHOCTI (IHKOJM HOTO Ha3WBaIOTh
«BJIACTUBICTh B3aEMHOCTI», a00 «HIpUHIUIT OOOPOTHOCTI»), SKUU Bi0Opakae
MEeBHY CHUMETPII0 BJIACTUBOCTEH JIHIMHUX KUI OO0 PO3TallyBaHHS JiKepesa
YKUBJICHHS.

Hexait y ko1 € edure 1i1eabHe TKEpesio HAMPyTH, CIIPSIMOBAHE BiJl TOUKU
6 10 TOYKH a BiTKU ¢ kona (puc. 1.46,a). Bono ctBoproe y Biti I ctpym I,
cpsAMOBaHuM BiJl TOUKU d 10 TOUKHU ¢. [IpMHUMI B3a€MHOCTI MOJISTae B TOMY,
1[0 TIEPEHECEHHSI [[LOTO [0edlbH020 JUKEpeNa 10 BITKH £ (3 OTo CrpsMyBaHHSIM
BiJl TOUKH d J10 TOUKH ¢ (uB. puc. 1.46,0), mpu3Bee 10 TOTO, IO Y BITI ¢ TOTEYE
Bl TOYKH 6 10 TOYKH a cTpyM l,, skuil mopiBHOBaTUME CTpyMOBi I; y
NONePeTHbOMY KOJII.

Benmuuunau Ry =E/ 1;, Ta Ri; =E/I,;, Ha3UBat0Th B3A€EMHUMHU ONIOPAMHU BITOK
[ ta ¢, ipu ibomy Ry = Ryy. Benmmuunu G ¢/ =1/ R ¢/ 12 G/ ¢ =1/R{ q Ha3UBaIOTH
B3a€EMHUMM NPOBiTHOCTAMU BiTOK / Ta ¢ (3BicHO, 110 G ¢/ = G/ ).

IcHye Takox (OpMYITFOBaHHS MPHUHIIMITY B3a€EMHOCTI JUTSI BUIIAIKY, KOJH
KOJIO MICTUTh €IWHE 1JlealibHe JUKEpeNo CTpyMmMy (IMB., HalpUKIa],
MIJIPYYHHUK [5]).
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a d a d
E Koro Iy Tlf Koo E
6e3 H R, R, H "l Ges
R, oxepern Oxepern R,
b c b c
a 6

Puc. 1.46

1.10. Teopema kommneHcauii

Crpymopo3noainn y JIiHIKHOMY KOJI HE 3MIHUTBCS, SKIIO OYyIb-IKUN
pPE3UCTOp 3aMIHUTH 1AeaJibHUM JKepenoM Hanpyru, EPC sgkxoro nopiBHIO€E
Hampy3l Ha JaHOMY pE3UCTOpl 1 CHOpsIMOBaHA MPOTHIICKHO I Hampysi
(puc. 1.47,a), abo SIKIIO0 3aMIHUTH L€ PE3UCTOP 1JCATHHUM JIKEPEIOM CTPyMY,
TeHEPATOPHUM CTPYM SIKOTO JOPIBHIOE CTPYMOBI B PE3UCTOPI 1 301raeThcs 3 HUM
3a HanpsaMKoM (puc. 1.47,0).

W; ! /u !

E=U _

[
Py
Il

Puc. 1.47

1.11. BajaHC MOTYKHOCTEH B eJIEKTPUYHHUX KOJIaX MOCTIIHOTO CTPyMy

[ToTy>XHICTh 1/1€aTFHOTO JKepesia HAMPyTH 00UYUCITIOETHCS 32 (OPMYIIOI0
Peg=zxE-1,

ne I — ctpym kpi3s 1€ mpxepeno. 3Hak “mmoc” oduparoth, kKoiu HanpsiMku EPC
Ta CTpyMy 30irarothcs (puc. 1.48,a), 3HaK “MiHYC” — y MPOTUIICKHOMY BUNAIKY
(puc. 1.48,0).

S0 yncnoBe 3HaUYCHHs BeaMuMHU Pg ogaTHe, TO JKEpeso Ipaitoe B
peXUMI reHepaTopa, sIKIO BiJ’€MHE — B PEXUMI CIIOKUBaya (HampuKiIaa, Mpu
3apsKaHHI aKyMyJIsTopa).
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Puc. 1.48

[ToTy>XHICTB 1JI€aJIbHOTO JKepelia CTPyMy OOUHCITIOEThCS 32 (POPMYIIOr0
P,=xtU;-1,
ne Uy — Hampyra Ha 3aThcKayax Iboro JpKkepena. 3Hak “Tuioc” oOUparoTh, KOJIU

HanpsMku J Ta Uy mpotunexHi (puc.1.49,a), 3Hak “MiHyC” — y NPOTHICKHOMY
Bumnajky (puc. 1.49, 0).

J J
__4@7__ __.4@7__.
" D=4
U, U,

a 6

Puc. 1.49

ko uKciioBe 3HAYEHHS BeMMYUMHU Py nonatHe, TO JpKEpeno mpalroe B
pPEeXHMI TeHepaTopa, SKIIO BiJ’€MHE — B PEKHUMI CIIOKUBaYa.

Pesuctop R, 3a #oro BH3HAYEHHSM, TUIBKM CIIOKHMBA€E MOTYXHICTb.
Bennuuna ii qopisioe I’R, ne I — ctpym Kpisb Lieli pe3ucTop.

Bbasanc moryxHocTel Moisrae B TOMy, LIO CyMa IOTY>KHOCTEH BCIX
JUKEpeIl KoJia JOPIBHIOE CyMI MOTY>KHOCTEH, CIIOXKUBAHUX YCIMa PE3UCTOPAMHU
KoJ1a:

Mz

N K 5
P+ P, =YIR,
n=1 k=1

1

g
I

ne M — KUTBKICTh 11€alTbHUX JKEePEN HapyTH,
N — KUIBKICTb 1/I€aIbHUX JKEPEI CTPyMY,
K — KiTbKIiCTh pe3ucTOpiB.
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1.12. 3aBpaHHs AJ151 CAMOKOHTPOJIIO

1. Bu3HAUUTH EKBIBAJICHTHUU OIp KOJa, CXEMy SKOTO HaBEJACHO Ha
puc. 1.50. Onopu pe3ucropiB: Ri=2 Om; R>=3 Om; R3=10 Om;
R4+=40 Om; Rs=60 Om; Re=10 Om; R7=60 Om; Rs=5 Om; Ro=10 Owm;
R10=15 Om.

R, R, Ry
L I | I | L T
N 1
R3 R7 R10
RZ R6 RQ
L I | I | L T
Puc. 1.50

Bignogiai: 1) 13 Om; 2) 5 Om; 3) 24 Om; 4) 0,8 Om; 5) 30 Om.

2. O0UHUCTITh MOTYKHICTh, CIIOKUBAHY PE3UCTOPOM R4 y KoII1, cXemy sIKoTo
HaBeJleHOo Ha puc. 1.51, MeTogoM 3ropTaHHs.

Buxignai gani: E=25B; Ri=2 Om; R>=4 Om; R3=2,6 Om; Rs=1 Om;
R5=3 Om.

RZ
—L 1
R3
] s
E R,
I
Puc. 1.51

Bignogiai: 1) 60 Bt; 2) S Br; 3) 16 Bt; 4) 9 Bt; 5) 25 Br.

3. OOuuchitTh cTpyMu y BiTkax koma (puc. 1.52) MerogoM piBHSIHBb
Kipxroda. Buxigai gani: Ri=1 Om; Rx=7 Om; Ei=30 B; E»=14 B;J=8A.

oA
R1 1 I 2 R,
Jp)
E1 E2
Puc. 1.52
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Bignosizi: 1) [1=15A; 1:=03 A; ;=4 A; 2)i=1A; I»=1A; I3=2 A;
HLh=-5A; I=3A; :=8A; H1i=1A; Lh=3A; I:=2A;5 IIi=-1A;
L=-3 A; I3=4 A.

4. O0UHCITITE CTPYMH B KOJI1 33/1a4l 3 METOJA0M HaKJIaJaHHS.

Bignosiai: 1) II=-1 A; Lb=-3A; =4 A;2)[1=1A; I=1A; I3=2A;
HL=-5A; I=3A; =8A; 9L1i=1A; =3 A; I:=2A;5). =15 A;
=03 A; I:=4A.

5. 3maiimite ctpym Iz y komi 13 3amadi 3 METOJOM €KBiBaJCHTHOTO
reHeparopa.
Bimgmosimi: 1) S A; 2)3A; 3)1A; 425A; 5)73A.

6. Cximanith JuIs Kojia 13 3ajadi 3 OajaHC MOTY)KHOCTEH, BBaXKAIOUH, IO
CTPYMHM BXKe€ 3HANICHO, 1 BOHU € TAKUMH, SIK1 JIaH1 Y BIAMOBIA1 A0 Ti€l 3a1a4i.

2. HEJITHIAHI EJEKTPAYHI KOJIA IOCTIMHOI'O CTPYMY

2.1. Heniniiinuii  eqement. HeJtiniliHe koj0. BosabT-amnepHa
XapaKTepPUCTHKA

VY mnomnepenHiX po3auUiax MM PO3TJIIHYJIW KOJia, CKJIaJeHl 3 1ealbHUX
JoKepen Ta JiHIMHUX pe3uctopiB (auB. 1. 1.1.5). Anme B OaraTthox BuUpobOax
aBTOMATUKHA Ta 3B’SI3Ky 3HAWIUIA 3aCTOCYBAaHHS KOMIIOHEHTH, OTIOPH SKHX
3aJieXaTh Bl BEJIMYMHHM Ta HAMpPSIMKY CTPYMIB Yy HMX Ta Hampyr Ha HHUX. Taki
KOMIIOHCHTH Ha3WBalOTh HeJiHIiHUMH ejJleMeHTamMHu KkoJa. lle gioawm,
TPaH3UCTOPH, TEPMOPE3UCTOPH, JIAMITH PO3KAPIOBAHHS Ta 1H. Bci BOHM, HE3Ba-
YKAIOUW Ha PI3HOMAaHITHICTh KOHCTPYKIIiH (Ta HaBITh MPUHIIMIIB J1ii), BEAYTh cede
B KOJIaX MOCTIMHOTO CTPYMY SIK HEJHIMHI aKTUBH1 ONOPH (HETIHIHHI pe3UCTOPH).

HeJiniiine e1eKTprYHe K010 — II€ €IEKTPUIHE KOJIO, SIKE MICTUTh X04a 0
OJIVH HEJHIWHUN eJIEMEHT.

SIKIO Ui OAHO3HAYHOTO OMHUCY JHIHHOTO Pe3UCTOpa JOCUTH OJIHOTO-
€IMHOTO Ynciia — BenuuruHu R #oro onopy, To 1715 ONMKUCY HETIHIMHOTO pe3ucTopa
JIOBOJIUTHCSI BUKOPUCTOBYBATU €Ky OCOONIMBY (yHKII0. Lle BoimpT-amnepHa
xapakrepuctrka (BAX) — 3aexHICTh MIX HANpyrow Ha 3aTHCKayax ejleMeHTa
KOJla Ta CTPYMOM Kpi3b L€ enemMeHT. Y JiHiiHoro pesucrtopa rpagixk BAX e
NpsIMOIO JTiHI€I0, 00, 3rigHO 3 3akoHOM Owma, mns Hporo mMaemo U=I-R, ne
R=const. Y neniniitnoro enementa BAX onucyeTrscst KpUBOIO JIiHI€I0 200 CIM’ €10
kpuBHX JiHIN. [lepine BIZHOCUTHCS 0 HEKEPOBAHMX HEIIHIWHUX EJIEMEHTIB,
BJIACTUBOCTI SKHX IIUJIKOM BH3HAYAIOTHCS HANPYTOKO Ha JBOX iX 3aTHCKadax Ta
CTpyMOM Kpi3b 1i 3aTuckaui. lle, Hampukian, nammna po3KaprOBaHHS Ta
HaIBIPOBITHUKOBUH 1101 (puc. 2.1).
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Sy

UV

BAX namnu po3xaptosaHHsi BAX HanienpogidHukogoe20 0ioda

Puc. 2.1

CiM’ero kpuBuX 300pakyeThcsi rpadiuno BAX kepoBaHUX HETIHIAHUX
€JIEMEHTIB — TPaH3UCTOPIB, TUPUCTOPIB, OAraTOCIEKTPOIHUX pajiioiami 1 T. 1.
Hampuknaz, y TpaH3ucTopa € Tpu eJIeKTpoiu — 0asa, eMiTep Ta KOJEKTOP, TOMY,
CKa)XIMO, BUTJISJI 3JIEKHOCTI CTpyMy KoliekTopa Ik Bij Hampyru KoJeKTop-
emitep Uke BUBHAUA€THCA BEIMUUHOIO CTpyMy 0a3u I (puc. 2.2).

loo< 15< lg,<155< g,

Puc. 2.2

Mu OyneMo po3TiisijaTy JIMIIE BUIMAA0K, KOJW HETHIWHUM €JIeMEHT Mae
TUIBKH JIBa 3aTUCKayi, a oro BAX 300paxyeTbcsi y BUTIISIAT OAMHOYHOI KPUBOT
muii. Cnig 3a3"aunty, mo 3anexHicTe U(I) Mmoxxe OyTu He TUTbKK 300pakeHa
rpadivyHo, ajie i 3a/1aHa aHATITHYHUM BUPa30M.

3aranpHe YMOBHE TIIO3HAYCHHSI HETIHIHHOTO €JIeMEHTa HaBEeJACHE Ha
puc. 2.3.

s

Puc. 2.3
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BAX MOXyTh MaTH SIK CHUMETPUYHHMI BUIJIAJ (HANPUKIAL, Yy JamMIOu
pO3XKaprOBaHHs, K Ha pucC. 2.1), Tak 1 HECUMETPUUHUMN BUIISA (HAIPUKIA, SIK Y
HaITIBITPOBITHUKOBOTO J1i0/1a HA TOMY K PUCYHKY).

2.2. CrarnyHuii Ta TU(epeHuiaIbHIH ONOPH

HapiBui 3 BAX HeniHiliHUIl eneMeHT MoOke OyTH OXapaKTepH30BaHHIA
CYKYIHICTIO YHMCIIOBHX 3HAa4eHb HOTO TaK 3BaHUX CTaTHYHUX Ta IudepeH-
[iaTBbHUX OIOPIB MPH BCIX YUCIOBUX 3HAUCHHSX HAMPYTH HA IbOMY €JIEMEHTI.

Craruunuii omip Re — 1€ BigHOMIEHHS TIOCTIMHOI Hampyrw Ha
HEJIIHIMHOMY €JIEMEHTI JI0 BEJTMYMHU BUKIMKAHOTO 11€0 HAMPYTOI MOCTIHHOTO
CTPYMY Kpi3b HENIHIMHUNA €JIEMEHT.

Hamnpuknan, y toumi a neskoi BAX, 300paxkeHnoi Ha puc. 2.4, BelIMUUHA
CTaTUYHOTO ONIOPY JOPIBHIOBATHME

RCT =Ua / Ia

abo

RCT :&'tgap
ml

Jie my Ta my — Macitabu rpadiunoro modymyBanus o ocsx U Ta I (BiamoBiqHOIO
. B A
PO3MIPHICTIO —— Ta — ).
MM MM

Puc. 2.4

ITpu nepexoni Big ogniei Touku BAX no iH1101 BeanunHa Rer 3MIHIOETBCH,
IpPUYOMY 115l BEJIMUMHA 3aBXKAU OUIbIA 32 HYJIIb.
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JNudepennianbuuii omip R, — 1e rpaHuus BiAHOIIEHHS 3pPOCTaHHS
HAIlpyrd Ha HEMIHIHHOMY €JIEMEHTI JI0 3pOCTaHHS CTPYMYy B HbOMY, KOJIM II€
3pocTaHHs npsiMmye A0 HyJs. [Ipu nboMy 3MiHM Hampyru abo CTpyMy MOBHHHI
B110yBaTHCSl HECKIHUCHHO TTOBLJILHO (JI1aHE 3ayBa)KCHHS BITHOCUTHLCS TIEPIII 32 BCE
JI0 eKCIIEPUMEHTAIIBHOTO BU3HAYEHHS BeTUYUHH Ry).

Orxe, nudepenitiaapHuii omip y Oyab-skii Touri BAX nopiBHIOE MOXiTH1N

dU

——, o0uucIeHi y gaHii Touill. ToMy MOKHa TaK0X BBa)KaTH, 1110

Rn:&.tgﬁ’

1

ne B — kyT Haxuity qoTuyHOi 10 KpuBoi BAX y po3risaaniii To4ili (HampuKiIa,
TOYKa @ Ha puc. 2.4).

3o0paxena Ha puc. 2.4 BAX € MOHOTOHHO 3pOCTar04010, TOMY B Oy 1b-SIK1i
il Touml BenmuuuMHa R, Oulbma 3a Hynb. Alle ICHYIOTh HENIHIMHI €JIeMEHTH
(Hanmpukiag — TyHeJIbHUH Aio1), BAX SIKMX MICTUTB Clajardy JUISHKY, SK 1€
300paxeHo Ha puc. 2.5.

I A

5 b

R.>0 R.<0 'R>0

O 4" -1 A A >
0 U

Puc. 2.5

TyT Ha IUISHIT @6 TIPU 3pOCMAanHi HATIPYTH 3MEHULYEMbCSL CTPYM, TOMY B

dU

OyIb-AK1i TOYIll i€l AUISTHKA BEIUYMHA —— € 8I0 ‘€MHOI0, OTKE — BIJI’€MHUM

TYT € i audepeHiaaIbHuM orip.

2.3. 3akoHOMipHOCTI, 3arajibHi JJIs JIHIHHUX TAa HEJIHIMHHUX KLUI
MOCTIHHOIO CTPYMY

JIyist HeNMmiHIMHUX KT 30epirae CBOIO YMHHICTH 3aKOH OMa, aje Temnep BiH
BIIHOCUTHCA TUIBKK JI0 CTaTUYHUX OMOpiB, TOOTO 3amucyeThes sK U=Rel.
OCKUIBKY Y HETIIHIMHOTO eleMeHTa genuuuna Rer € piznoro 6 pisnux mouxax BAX,
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TO HE MOXHa, o0unuciauBIIM Rer mpu omHomy neskomy 3HaueHHi U (abo I),
KOPHUCTYBATHUCh IIUM OIOPOM IpH Oyb-sikoMy iHIomy 3HauenHi U (a6o I).

Obuosa 3axonu Kipxeogha Takox 30epiraloTb CBOIO UWHHICTD IS
HEJMIHIMHUX KU TOCTIHHOrO CcTpymMy. UWMHHHUM 3aJuIIacTbCa 1 Oaniaxc
NOMYHCHOCMEU.

OnHak 0121 HeniHIHUX Kill He € CnPAagedIueuUM NPUHUUN HAKIAOAHHA,
TOOTO JIJII HUX PE3yJbTaT CYMICHOI Jii KIIBKOX JDKEpesl He JOPIBHIOE CyMi
pe3ynapTaTiB [1i KOXKHOTO 3 IIMX JOKEpen OKpemo. Tomy ISl pO3paxyHKy
HENHIMHUX K11 He MOKHA BUKOPHUCTOBYBATH METO/] HAKJIQaHHSI Ta 1HIII METO/IH,
K1 0a3yI0ThCs HA MIPUHIINII HAKJIAJaHHs, HAIIPUKIIAJ], METOJ] KOHTYPHUX CTPYMIB
Ta METOJ] MPOTNOPIIHUX BEIUYNH.

2.4. IIpocTi HediHIHHI K0J1a MOCTIHHOTO CTPYMY
2.4.1. KoJ10 3 noCJIiIOBHUM 3’€THAHHAM HeJIHINHUX Pe3UCTOPIB
Posrasinemo HenmiHiiiHE KOJI0, cXeMa IKoro 300pakeHa Ha puc. 2.6. Hexait

e Bigomumu BennunHa EPC ta BAX 060x HemHIAHUX pe3ucTopiB (puc. 2.7).
TpeOa 3naittu ctpym lp B koI,

R, g
=
U

E CD Uab U, HR2

Puc. 2.6

BAX onopy R, BAX onopy R,
U (1) U (1)

U, (1)

\ 4

O
0 Uyl,) Ufl,) E U

Puc. 2.7
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[To-mepme, 3a3HauMmMo, MO TpH IIykKaHoMy cTtpymoBi lp moBHMHHA
BUKOHYBAaTHUCh PIBHICTh

U, (1,)=E. 2.1)

[To-gpyre, 3a3Ha4MMO, 110 NIPU OVOb-AKOMY cmpymo6i 1, 3TIAHO 3 APYTrUM
3akoHOM Kipxroga, BUKOHY€TbCS PIBHICTH

U,M=U,I+U,D. (2.2)

Ockinbku Ui(I) Ta Uz(I) —11e BAX oxpemux pesuctopiB, T0 Us(l) MoxHa
BBaKaTu BAX gdeskoro HeNiHIMHOTO pe3ucTopa, €KBIBAJIEHTHOTO LIKUM JBOM
MOCIIA0BHO 3’efHaHUM pe3uctopaM. [lodyayemo rpadik Ui(I), miacymMoByroUH,
3riHo 3 piBHICTIO (2.2), Benmmuunu Harpyru U ta Uz mpu Ko)kHOMY 3HA4€HHI
ctpymy I, To6To nomaroun rpadiku Ur(I) ta Uz(I) 3a Hanpyroro. A temnep, 3rijHO
3 piBHICTIO (2.1), 3 IbOTO cCyMapHOTO rpadika 3HAXOUMO BeUYuHy cTpymy lo,
npu ki Us = E. Jlnga uporo BigkiagaeMo Ha ocl Hanpyr BenuuuHy E Ta
IPOBOJMMO Kpi3b I}0 TOYKY BepTUKalb a0 mnepeTtuHy 3 rpapikoMm Ugs(l).
BenuuuHa cTpyMy, 110 BIANOBIIAE TOYLI MEPETHHY, € BEIUYMHOIO IIYKAHOTO
ctpymy lo.

3ayBaskeHHs1. SIKI10 OAMH 3 ABOX PE3UCTOPIB Y KO (puc. 2.6) MiHIAHUH 3
BiloMuM onopoM R, To nepes po3B’si3aHHAM 3a1adi ¢ nodyayBatu ioro BAX
sk rpagik ¢pynkuii U=I-R.

Kopucne y3aranbHennsi. [lpu mnocnigoBHOMY 3’€HaHHI KIUIBKOX
HEeMHINHUX pe3ucTopiB rpadik BAX ekBIBaJIGHTHOTO HEIIHIHHOTO PE3UCTOpa
YTBOPIOIOTh NUIAXOM JIOJaBaHHSA 3a Hampyrow TrpadikiB yciX OKpEMUX
PE3UCTOPIB, SIKI BXOAATH Yy L€ 3’ €JHAHHS.

Mosxna 3HaiiTh BenuuuHy cTpymy lo, He Oynyroum rpadika BAX
€KBIBaJIEHTHOT'O OMOPY. 3aluIIeMO JJIs KoJia, CXeMa sIKOro HaBeieHa Ha puc. 2.6,
PIBHICTH 3a Apyrum 3akoHoM Kipxroda:

E=U,I,)+U,,).
3B11CH

E-U,I,)=U,,). (2.3)

Hobynyemo momomixkHuii rpadixk ¢yakuil U (I)=E-U,(I) (puc. 2.8).
PiBHicTs (2.3) BukonyeThes B Touti nepetuny rpadika Uy(I) ta rpadika Uz(I).
BenuunHa cTpyMy, 1110 BIAMIOBIAAE ITiii TOUII, € BETUIHHOIO IITyKaHOTO CTpyMmy lo.

3aznaumnmo, 1o rpadik Ux(I) — ue rpadix Ui(I), sskuii nepeHeceHo B TOUKY
E Ta n3epkanbHO Bi10Opa)KeHO BIIHOCHO BEPTHUKAJI1, TPOBEACHOT KPi3b ITI0 TOUKY.
Tomy wmeTon, mnpouTOCTpOBaHMNA pHC. 2.8, 1HKOIM HA3UBAIOTh METOAOM
A3epPKAJIbHOI0 Bif00OpaKeHHs.
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A Uy ()=E-U,(I)

O |

Uy(l)

Uj(1,) u,l,)

A——FE

\

Puc. 2.8

2.4.2. Kos10 3 mapajieJJbHUM 3’ €ITHAHHAM HeJIiHITHUX ONOPIB

PosrnsHemo HenmiHilHE KOJI0, CXeMa SIKOro 300pakeHa Ha puc. 2.9.

/
S —— e
a

R,
—> ¢
I
Puc. 2.9

Hexaii 3anani BAX pe3suctopiB Rita Ra (puc. 2.10,a ta puc. 2.10,0).

IA @ /A ®+@
@ @
BAX / K
R1 / /
/ /
N / Vs
[ 3 A
k -/ T -
AN
Al
o > oL—=_ >
0 U 0 U U
a 0 B

Puc. 2.10
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Sxmo 3amana takox BenmuuuHa Uy, a TpeOa 3naiiTn Benmunan I Ta Iz, To
pO3B’sA3aHHs NPOCTE 1 6a3yeThest Ha ToMy (GakTi, O Ug MPUKIIAJIEHE 10 KOKHOTO
3 pesuctopiB. Tomy, BigkiaaBmu BenuuuHy Use Ha KOXHIN okpemiii BAX,
3Haiaemo mrykani crpymu Iy ta I (puc. 2.10,a ta puc. 2.10,0).

Sxmo x U He 3a5aHa, a 3amanuii ctpym I3 B HeposramykeHiil 4acTuHI
KOJia, TO PO3B’si3aHHS NOTpedye 1oAaTKOBUX rpadiuHux nodyaysanb. CrioyaTky
3BEpPHEMO yBary Ha Te, 1o 3a 0yab-skoi Hanpyru Ua BenmuunHa I3 (sixa, 3BICHO,
3anexxuth BiJl Uqe) BU3HAUAETHCS 3a nepiinM 3akoHoM Kipxroda sk

I3(Uae) :Il(Ua3)+IZ(Uae)‘ (24)

Ane 1,(U,,) € BAX ninanku ae. Takum unHOM, 3 BUpasy (2.4) BUILIUBAE,

mo BAX pesucropa, €KBIBaJ€HTHOTO AUISHLI @6, YTBOPIOETHCS MLUIIXOM
J0/IaBaHHsl BEJIMYMHU CTPYMIB OKPEMHUX PE3UCTOPIB IPHU KOKHOMY 3HAYEHHI
Hanpyru U, TOOTO ponaBanHsM TrpadikiB okpemux BAX 3a crpymom
(puc. 2.10,B).

Matoun cymapny BAX, 3naxonumo Hamnpyry U, Hpu KA CTpyM Yy
HEpO3TaTy>KEeH1il YaCTUH1 KoJia T0piBHIOE 3ajaHomy I3. [{ns mporo BinkiagaeMo
BenuuuHy I3 Ha ocl cTpymiB 1 MPOBOJMMO Kpi3b L0 TOYKY TOPU30HTAIb IO
nepetuHy 13 cymapHoro BAX (kpuBa 142 Ha puc. 2.10,8). Hanpyra, sika
BIJINOBIJIa€ TOYIll TMepeTuHy, 1 Oyne mykaHoro Hampyrow U Crtpym I
3HAXOJMMO SIK CTPYM, SIKMM BifmoBimae 1iii Hampy3i Ha BAX pesucropa Ry,
aHanoriydo 3Haxoaumo ctpym Iz 3a BAX pesucropa Rz (a6o sk I = I3-Ih).

Kopucne y3araanbHenHsi. [Ipu [OBUTBHIM KUIBKOCTI PE3HCTOPIB,
3’€IHAaHUX TapajenbHo, cymapHa BAX Tex OynyeTbes LUISIXOM JOJaBaHHS 3a
ctpymoM BAX okpeMux pe3ucTopiB, siKl BXOASTH Y 1€ 3’ € THAHHS.

2.4.3. Kos10 3 MilmaHuM 3’€THAHHAM HeJIIHITHMX Pe3UCTOPIB

Puc. 2.11

Hexait nns koma (puc. 2.11) 3amani BAX pesuctopiB Ri, Rz ta Rs,
no3HayeHi Ha puc.2.12 BiamoimHo sik 1, 2 Ta 3. Bigomor BBaxxaTUMEMO i
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Bennuuny Up BxigHoi Hampyru. TpebGa BH3HAUMTHU BEIMYMHHU BCIX CTPYyMIB Ta
BerranHU HAmpyT Ucqa T2 Ugs.

A @ (Z+3) Bax oinsmkuab _(T¥2+3
/ BAX
@
g : ycboeo
l Kona
] e
/3 .....................
/2 }I_;' =t :
0 | >
’ Yab Yea U, :

Puc. 2.12

Buxopucraemo pe3ynbTaTi, oJiep>KaHi B onepeanix miapo3aiinax. dinsHka
ae — 1€ napanenvie 3’€nHaHHs, Tomy i1 BAX 2+3 orpumyemo gonaBanHsam BAX
2 ta BAX 3 3a ctpyMoM. AJie JUISTHKA @8 nociioogHo 3’ €JHaHA 3 AUISTHKOIO ca
(Tobto 3 pesucropom Ri), Tomy BAX 1+2+3 ninstHku cé (TOOTO BChOTO KOJIQ)
orpumyemo noaaBaHHsM BAX 1 ta BAX 2+3 3a nanpyroro. OcKiJIbKH BXiJHA
Hanpyra Uy npuknaneHa a0 BCi€l TUISHKU ¢g, TO cTpyM I1 B HeposramyxeHiit
YACTHHI KOJIa OTPUMYEMO 3a KpUBOIO 1+2+3 5K TOM CTpyM, 110 BiJMOBIIA€ TOYII
NEepPeTUHY BepTUKaJl, poBeaeHOoi yepe3 Touky Up , 3 11€0 KPUBOIO.

JlinsiHka aeé € napanenvHum 3’ €IHAHHSIM PE3UCTOPIB, JJISI SIKOTO BiJOMI
oo6uasi BAX Ta cTpyMm B Hepo3raiay»KeHiid 4acTUHI Kojia. MU HaBiTh BKE€ MaeEMoO
cymapny BAX 2+3 ninaaku ag. Tomy st 3HaxoxeHHs ctpyMiB Iz Ta I3 mpocto
CJI1J1 BUKOPUCTATH TIPUHOMHU, PO3IIISIHYTI B mijipo3aim 2.4.2.

3ayBaskeHHs. SKIio aesKi 3 pe3ucTopiB Oynu O JTIHIMHUME, TO HISTKUX 3M1H
y METOJMII pO3paxyHKy He Oyio 6 moTpioHo. [Ipocto BAX mux pe3ucTopis i
Oyro 6 monepenHbo MO0y MyBaTH 3a ix BimomuMu onopaMu Ry sx U =1-R,.

2.5. Po3paxyHoOK K012 3 OAMHOYHUM HeJIIHIHHUM Pe3MCTOPOM METOA0M
€KBiBaJIEGHTHOI'0 FeHepaTopa

CknaiHe eneKTpuyHe KOO0, IKE MICTUTh JDKepesia eJeKTPUYHOI eHeprii Ta
O0OUH-€OUHUY HENHIAHUNA PEe3UCTOp, MOKHA PO3paxyBaTH U  METOIOM
€KBIBaJIEHTHOrO reHeparopa. s 1poro 1eil HeNmHIMHUN pe3ucTtop ciif
BUJUINTU SIK HAaBAaHTA)XKCHHS, a PEIITY KOJa CIiJ YSIBUTH y BUIJISAI aKTUBHOTO
JBOMOJIOCHUKA (Hampukiang, 3a Teopemoro TeBeHena). Taky 3amiHy
IPOLTIOCTPOBaHO puc. 2.13.
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a a
TititiHa R rore
JacmuHa R, wap Ry
kona E leks
b b
a 6
Puc. 2.13

Komo, mo ytBopumiocs B pe3ynabrari Takoi 3amiam (puc. 2.13,0), sBsie
co00I0 TOCIIJIOBHE 3’€HAHHS JIHIMHOTO Pe3ucTopa Rr exe Ta HENIHIMHOIO
pesuctopa Ry. Po3paxyHok Takux Kisl BKe PO3TJsiHYyTO B miapo3aim 2.4.1 (He
3a0yThTE MPOYUTATH 3ayBXKEHHS B CEPEIUHI IbOTO MiAPO3/LTY).

2.6. lonaTkoBa iHgopmamis 1040 METOAIB PO3PAXyHKY HeJiHIHUX
PEe3UCTUBHHUX KiJI

bazoBaHi Ha rpadiuHMX NOOYIYyBaHHAX METOAM pPO3PaxXyHKy OLIbLI
CKJIQHUX KIJ, aHIXK Taki, 10 PO3IJIIHYTI B JAaHOMY PO3ALTi, HABEAECHI B HU3LI
NOIIMPEHUX MiAPYYHHKIB, HANlpuKJIag, B [1, 2, 6].

Sk1110 HemiHIMHE KOJO ONKMCcaHe BUKIIOYHO PIBHSHHSAMH, CKIAJCHUMU HA
0a3i 3akoHiB Kipxroda, To, ik 3a3Ha4€HO B MIAPYYHUKY [5], TOUHE aHATITUYHE
pPO3B’sI3aHHS TaKOi CHCTEMH PIBHSHB (SIKa MICTUTh NMPHUHANMHI OJHE HEINIHIIHE
PIBHSIHHSI) MOJKJIMBE JIMIIE y BUKJIIOYHUX BHUIAJIKaX. ToMy TOMIOHY CHUCTEMY
PIBHSHb PO3B’SI3YIOTh HAOJIMIKEHUMU YHCIOBUMH, TpapiuHUMH abo rpado-
aHAJIITHYHUMH METO/IaMHU.

2.7. 3aBaaHus 1151 CAMOKOHTPOJIIO!

1. EmexkTpuyHe KOJO CKJIaJeHE 3 TIOCHIJIOBHO 3’€IHAHUX JIHIHHOIO
pesuctopa onmopoM 300 Om Tta HemiHiitHOTO pesucropa, BAX skoro 3amaHa
Tabi. 2.1, mpukiaaeHa A0 Kojia Hampyra aopiBHioe 60 B. 3HaiiniTe cTpyM y Kodi
Ta HAMpyTy Ha HETIHIHOMY pE3UCTOPI.

Taomung 2.1
U,B 0 20 40 60
LA 0 0,2 0,24 0,27

Bignosiai: 1) [i=1,6 A; U=24B; 2)10=0,16 A; U=13B; 3) [1=3 A;
U=9B; ) 1h=05A;U=10B; 5 1h=035A;U=7B.

'Y nanomy miapo3aiii BAKOPHUCTaHI1 3a7a4i 3 miapy4yHuka [7] ta 306ipku 3am1a4 [8].
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2. Hapucyiite BOIbT-aMIIEpHY XapaKTEPUCTUKY, Y SIKOT B OZHIH 3 11 TOUOK
CTaTUYHUN Ta TU(epeHIliaIbHUN OTTOPH OTHAKOBI.

3 JIra memiHiiHUX pe3uctopu, BAX 1 1 BAX 2 skux 300paxxeHi Ha
puc. 2.14, 3’ennani napanenbHo. CTpyM y mepiioMy pe3uctopi aopisHioe 0,6 A.
Sxkoro € BenmuunHa ctpymy I B Hepo3ranyskeHiil yacTuHi Koja?

UB
— L
1 /
150 >
/| d
2
100/ //
50! /
0
O 04 08 12 16 A

Puc. 2.14
Bignosimi: 1) I=1,2A;2)I=0,8 A;3)I=3A;4)1=25A;51~18 A.

4. YMOBH Taxl X, fK 1 B 3a7a4i 3. SIkoto € BenuuuHa ctpyMmy I2 y npyromy
HEIIHIHHOMY pe3ucTopi?

Bimnosini: ) b =1,5A;2)L~08A;3)L~12A;4) L=25A;
5 L=18A.

5. Tpu 0JIHaKOBI JaMITU PO3KaAPIOBaHHS 3 oHakoBUMHU BAX 3’enHaHi Tak,
K TOKa3aHo Ha puc. 2.15, a. I'padix BAX namnu nokaszanuii Ha puc. 2.15, 6.

[Tpuknagena 1o 3aTuckayiB aé Hanpyra gopiBHioe 80 B. O0uucnutu ctpym I B
HEpO3Taly>KEeH1il 4aCTHHI KoJa.

LA

] [
Uab 0,6 =
a‘”7_>_®—®__¢ 0’4 /
/

&) 0,2 /

a 0,0

0 40 80 120 160 UB
6

Puc. 2.15

Bigmosimi: 1) I=0,8 A;2)I=1,5A;3)I=1=03A;4)1=2A;5) 10,2 A.
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3. MATHITHI KOJIA ITPY ITIOCTIMHUX MATHITOPYIINIMHUX
CNJIAX

3.1. MarsiTHe moJjie Ta OCHOBHI BeJINYUHH, SAKi HOT0 XapaKTepu3ylTh

Ak BimoMo 3 Kypcy (Gi3UKH, J1Ba MIPOBITHUKH, B SKUX TEUYTh CTPyMH, a00
MIPOBIJTHUK, B IKOMY T€4e CTPYM, Ta MarHiTH, ab0 JBa MarHiTH B3a€EMOJIIFOTh MIXK
c00010 (IPUTATYIOTHCS 200 BIAIMITOBXYIOTHCA). LIs B3aeMo 115t 3M1MCHIOETHCS KPi3b
0co0NMBe cepeioBHIle — MarHiTHe moiie. Lle mose BUHUKAE K pe3yabTaT pyxy
CJIEKTPUYHUX 3apsi/iiB, TOOTO BHACIIOK MPOTIKAHHS JIEIKOTO CTPyMY.

MarsniTHe ToJjie BUSIBJISIIOTH 3@ MOTO €0 HAa MPOBITHUKU, B SIKUX TEUE
_)
CTpyM (TOOTO pyXaroThCs CISKTPUYHI 3apsi/iu) Ta Ha HamarHiveHi Tina. Cuny F,

10 Ji€ 3 OOKy MarHiTHOTO TOJIA Ha 3aps] BEJIUYHMHOIO (, SIKUA PyXaeThecs 13
9

MIBUAKICTIO V , pO3paxoBYIOTh SIK
- - -
F= qLV- BJ :

%
Bekrop B HasuBaroTh iHaykumiew MmarmitHoro mouss. Moro BeamunHa
XapaKTepHU3y€e CTYIIHb CHJIOBOI il MOJIA HA 3apsij, O PyXaeTbcs, B Oyab-saKii

TOYIll TPOHMU3AHOTO TIOJEM MPOCTOPY, 3AMOBHEHOTO TEBHOK PEYOBUHOIO.
%

[HayKIifo y Bakyymi mo3HauumMo sk Bo. Y ¢i3uili BBOAATh BEKTOPHY BETUUUHY
- -
H-= Bo/ uo R

Ky Ha3BaHO HANPYKEHICTI0 MarHiTHOro mnoiyig. OIMHULEI0 BUMIPIOBAHHS Ha-
MPYXKEHOCTI € aMIiep, moauieHnid Ha MeTp (A/M). BennuuHy po Ha3MBalOTh Mar-
HITHOIO POHUKHICTIO BAKYyMYy, ii 4ncioBe 3Ha4eHHs qopisHioe 47-107 Tu/m,

ne I'n — renpi (Bimoma 3 Kypcy (Hi3uKu OAUHUI BUMIPIOBAHHS 1HIYKTUBHOCTI).
%

[anykiito B MaraiTHOTO 1MOJISA, CTBOPIOBAHOTO TICBHUM JPKEPEJIOM TOJIS B
%

TIeBHIN PEYOBHHI, PO3PaxoBYIOTh uepe3 iHaykiito Bo moms, crBoproBaHoro Tum
Ke JDKEPETIOM y BaKyyMi, sIK

B=pBo=pu, H. (3.1)

TyT y —BiJHOCHA MarHiTHA NPOHUKHICTh JAHOT PEYOBUHU; BOHA MTOKA3YE, B
CKIJIbKHY pa3iB IHAYKI[S B [[1 peYOBHHI BIAPI3HAETHCS BiJ IHIYKIIT y BakyyMi. Lle
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ﬁ
0e3po3MipHa BeanurHa . Bennuuny inaykiii Bo Bumiprorors y Tecnax (TJ), npu

upoMy 1 T.I1=1-B—'2c.

M
- -

Bemnmunaun B ta H He 3aBxnu 30iraroTbest 0J1Ha 3 OJJHOIO 32 HAMPSIMKOM,
SIK 11€ MOJKe 371aTHCs 3 orJsiAy Ha popmyny (3.1). [cHyroTh Tak 3BaHi aHI130TPOIHI

B MAar"HiTHOMYy BIJIHOIIEHHI MaTepiaiu, B SIKAX BEJIMYMHA W 3aJEKUTh BIJ
_)

HanpsMKy Bektopa H. Y manomy Kypci Mu, ojlHaK, He OyJeMO pO3TIIAIaTH IICH
BUMAIOK.

Posrasitnemo o01acTh MOpoOCTOpPY, MPOHU3AHY OJHOPIAHUM MAarHiTHUM
ﬁ

1oJIeM, TOOTO TaKMM T0JIeM, BeKTop iHaykiii B skoro mae oxuu i Toii camuii
HAIpPSIMOK Ta OJIHY 1 Ty caMy JOBXHUHY B Oy/b-sKii TOUILll pO3TIsAaHOl 00JIaCTI.
Buainumo B 1111 06J1acTi MOBEPXHIO § Ta p0o310°€MO ii Ha eJIeMEHTapH1 TUIOMIAIKH,

KOKHA 3 sIKMX Mae 1oty dS, sika npsimye 10 Hyqas (puc. 3.1). 3agaMo BEKTOp
%

30BHIIIHBOI HOpMail N, SKUA Ma€e OJMHUYHY JOBXHHY 1 CIPSIMOBAHMIMA
MEePIEHIUKYIAPHO JaH1i rtomaari dS.

5
V nux mo3HadeHHsx notik @ Bexkropa B iHmykiii MarHiTHOrO mosst Kpizh
MOBEPXHIO § pO3PaXOBYIOTh SIK IHTETPAJI O Iiil MOBEPXHi:

-

®=[B-n-dS=|B-dS, (3.2)
S S

1e dS =n-dS.

Jlnst OKpeMoi TIJIOIIAIKH MaEMO €JIEMEHTAPHUM MOTIK

d(I):];-d_>S:B-dS-cosa,

- d
1e o —KyT MK BekTopamu B Ta n (puc. 3.1).
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Axmo noBepxHs § Oyae MIOCKOK, TO KYT OO Ha HIM BCIOJU OJWH 1 TOH
camuii. OCKUTBKH B OJTHOPIAHOMY T0I1 BenuunHa B Tex oaHa 1 Ta cama B Oy/ib-
K1 TOYIl TTOBEpXHI, TO 3 (3.2) MaeMo, 110

(I)=Bc0sa_[dS=B-S-c0sa,
[

Je S — mio1a MmoBepxHi S.
%
SIkio sk BekTop B € e # nepneHIuKyIIpHEM /10 S, TO OTPUMAEMO, IO

® =B-S.

OauHuuero BUMIPIOBAaHHS MAar”iTHOro notoky € Bedep (BO), mpuyomy
1B6=1 Ta-m>.

3.2. MarHiTHi BJIaCTHUBOCTI )epOMATHETHKIB

@epoMarHeTHKH — 1€ PEYOBUHH, SIKI MAIOTh YK€ BEJIMKY BIJHOCHY
MardiTHy NPOHMKHICTH (BelMuMHAa M csArae 3HadeHb Omusbko 10%), i npwm
HaMarHi4yBaHHI YTBOPIOIOTh BJIACHE MArHITHE II0Jie, SIKE 30IraroThCsi 3a
HAIMPSIMKOM 13 30BHIIIHIM MarHiTHUM mojieM. Jlo ¢bepoMarHeTukiB BiAHOCSATH
3aJ1130, KOOAJIbT, HIKEJIb Ta HU3KY CIUIaBIB Ha iX 0asl.

3 nOpuuMHA HEOOOPOTHOCTI TPOLECiB, SKI  BiAOYyBalOThCS  TPHU
HaMarHi4yBaHH1 (hepoOMarHeTuKy, 3MiHa BeTMUYUHUA B 1HAYKIIIT MarHiTHOTO TMOJIS
BCcepeanHl (epoMarHeTUKy BIACTa€ BiJ 3MIHM BeIMYMHH HampyxkeHocti H
Mar"HiTHOTO TIOJS, TMPHUKIAACHOTO a0 Iboro (epomarneTuky. lle sBure
HA3MBaIOTh ricTepe3ucoM. SKIO B MOBHICTIO PO3MAarHiueHoOMy (hepOMarHeTHKy
30uIbIIYBaTH HanpykeHicTh H 10 neskoi MakcuMasibHO1 BeTUYUMHU Hmax 1 IpH
IbOMY BUMIPIOBaTH BeIWYMHY B 1HIyKLi, TO rpadik OTPUMaAHOI 3aJI€KHOCTI
B(H) sBisiTuMe co0010 KpUBY MOYATKOBOTO HaMarHiayBaHHs (puc. 3.2).

BA

Kpuea

|
|
|
|
/ 104amKo8020 :
[
[
|

HamazHi-
/ YyeaHHs




[Tpu 3menmenHi H Big Hmax 70 0 Ta gani B o0jacTh Bii €MHHUX 3HAYEHb
rpadik B(H) mnpoiinme Buile KpuBOi TMOYATKOBOTO HaMarHidyBaHHS, IO
oO0yMOBJIeHO siBUIIeM TicTepesuca. Ilicis psiay MOBTOPHUX MMOBUIBHUX 3MIH
HarpykeHoCTl B MexkaX[-Hmax, Hmax] rpadik 3anexunocti B(H) naGyBae BUrismy
CUMETPHUYHOI MeTiai ricrepe3uca. Ha puc. 3.3 mokazaHo ciM’I0 Takux MeETeNb,
OTPUMAaHUX MpHU P13HUX BeanunHax nmapamerpa Hmax. Bei 11 et po3ramoBani
BCEpEANHI TaK 3BaHOI TPAHWYHOI METJI TicTepe3nca, IKy OTPUMYIOTh MIPHU JIyKe
BEJIMKUX 3HauUeHHAX mapameTpa Hmax. XapakTepHUMH TOUKaMH TPAaHUYHOT METII
ricrepesuca €:

- 3AIMIIKOBa 1HAYKIsA By — BenwuwmHa I1HAYKINI, IO 3aIHINAETHCA Y
dbepomarnetuky mpu H=0, ToOTO mipu 3HATTI 30BHIIIHHOTO MAarHITHOTO TIOJIS;

- koepruTBHA cuia He —BenmanHaa Hanpy»KEHOCTI 30BHINITHLOTO TOJIS, SIKE
Tpeda MPUKIACTH JO HAMAarHI4€HOro 3pa3ka, 100 HOro MOBHICTIO PO3MArHITUTH
(To6To ctBOpUTH B =0).

OcHosHa
Kpusa
HamagzHiqyysaHHs

By
Obnacmsb / /
HacUYeHHs!
< -H, /’/
s

/ —>»
H c Obnacmeb
Hacu4eHHs

Iv

Puc. 3.3

BigHocHa mar"iTHa IpOHUKHICTh M= HEOHAKOBO 3aJIC)KUTH Bl

Mo H

H na pi3Hux BiTKax mnetTi ricrepesuca. s 3abe3neueHHs OHO3HAYHOCTI
pPO3paxyHKIB BBEICHO OCHOBHY KPMBY HAMATHiYYBAHHA — T€OMETPUYHE MICIIE
BEPIINH CHUMETPUYHHUX TETENh TICTepe3nca, OTPUMAHUX MPHU PIZHUX UYHCIOBUX
3HaueHHAX napameTpa Hmax. OnHo3HauHi 3anexxnocti B(H) ayis gpepomarniTHux
MarepiaiiB, SKi HaBEJICHO B JOBIIHHKAX, € caMe OCHOBHHMMH KPHBHUMH
HaMarHiyyBaHHS.

[Ipu BenMKWX YMCITOBUX 3HAYCHHSIX HarpykeHocTi H BenwumHa iHIyKIi
B nepecrae 3mintoBatucs 31 3poctanHsM H 3 mpuYnHU MarHiTHOro HaACU4eHHS
dbepomarneruka (puc. 3.3).

depomar”iTHi  Marepiaid  PO3AUIIOTH HA  MAarHiTHOM SIKI  Ta
MarHiTHOTBepi. MarHiTHOM’siKi MaTepiaau MalTh BY3bKY HETJIIO TiCTEpe3nca
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(He<200 A/m). Bonu nerxko miagaloThCs MEpEeMarHidvyBaHHIO, TOMY iX
3aCTOCOBYIOTh Y TIPUCTPOSX, YV SIKUX BiIOYBAIOTHCSA IIBUJKI TEPIOJAWYHI 3MIHH
MarHiTHOTO TIOTOKY (HampuKiIa:, y TpanchopmaTopax abo reHepaTopax).

MarniTHoTBepai Marepiaqy MaTh MIUPOKY TETIIO TicTepe3nca
(Hc >>4000 A/m). IX 10cuTh BaxKKO IEpeMarHiTHTH, TOMY iX BUKOPHUCTOBYIOT
JUTsl BATOTOBJICHHSI TOCTIMHUX MarHiTiB. HaouHe nopiBHSHHS METeNb TicTepe3uca
J71s1 000X THUIIIB (hepOMarHeTUKIB J03BOJISIE€ 3pOOUTH pHC. 3.4.

BA

Hns
MazHimHomeepd020
ghepomasHemuka

N\

Ansa
MaeHImHoOM'siko2o
ghepomacHemuka

H

Puc. 3.4

binbir mmpoky Ta neranbHy 1HPOPMAILIO MO0 (PepOMarHETUKIB MOXKHA
3HauTH B [ 1, 6, 9].

3.3. MarniTopymiiiHa cuyia. MardiTtue KoJo

Sk yxe 3a3Haudanocs, Oy/b-sKe MarHiTHE MOJe MOPOIKEHE EICKTPUUHUM
ctpymoM. lleli cTpym Moke TpOTIKAaTH SIK B OOJACTAX MIKPOCKOIIYHOIO
MacmTady (eJeMeHTapHI CTPYMH, SIKI MOPOJIKYIOTh T0JIe MOCTIHHUX MAarHiTiB),
Tak 1 B 00JIACTSAX MAaKpPOCKOMIYHOTO MacmrTaldy (CTpyMH B OOMOTKax KOTYIIOK
IHAYKTUBHOCTI) 1 HaBITh Y MeramaciiTadHux o0yiacTax (Hampukiaj, CTPyMH B
10HI30BaHOMY MIXK30pSTHOMY Tra3i). 3JaTHICTh CTPYMY YTBOPIOBATH MAarHiTHE
noJyie, TOOTO MarHiTHUA TMOTIK, XapaKTEpHU3yIOTh MATHITOPYIIIHOK CHUJIOIO
MPC (3a ananorieto 13 EPC sk 31aTHICTIO €IEKTPUYHOTO OJIsl yTBOPIOBATH MOTIK
CJIEKTPUYHUX 3apsiiB, ToOTO cTpyM). KinbkicHy xapaktepuctuky MPC Oyne
HaBEJICHO B HACTYITHOMY MiJPO3IiIi.

MarsiTHi €JIeMEHTH TPHUCTPOIB aBTOMATUKH Ta 3B 3Ky CKOHCTPYHOBaH1
TaKUM YUHOM, 110 MarHiTHUHA MOTIK YTPUMYETHCS BCEPEAMHI NTEBHUX €JIEMEHTIB
KOHCTPYKIIii (3BUYaliHO, JIesKa YaCTHHA MAarHiTHOTO IMMOTOKY PO3CIIOETHCS, ajie 11e
HeOaxxaHe sBumie). Haiikpame yTpuMylooTh «y c€001» MarHiTHUH TOTIK
dbepoMarHeTukm.
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MarsHiTHMM KOJIOM Ha3MBaIOTh CYKYNMHICTH ()EPOMArHiTHUX €JIEMEHTIB,
Npu3HAYCHy IS MJICWJICHHS, HANpaBIsSHHSI Ta KOHIEHTpaIii MarHiTHOTO
MIOTOKY, BC1 €JIEKTPOMArHITHI SIBUIIA B K1 MOKYTh OyTH OIMCaHi 3a JJOTIOMOT 010
MOHSTh MarHITOPYIIIHOT CHJIM, MarHITHOT HAIIPYTH Ta MarHiTHOTO MOTOKY.

[ToHATTS MarHiTHOI HaNPyTH Oyl AETaIbHO PO3TISHYTE B 1I. 3.5.

3.4. 3aK0H MOBHOTIO CTPYMY

PosrnsHemMo OMMHOYHUIN TpPSAMHI TNPOBIIHUK HECKIHYEHHOI JIOBXKUHH,
SKHM TPOTIKae CTpyM ((hparMeHT mpoBigHUKA HA puc. 3.5). Sk BiIOMO 3 Kypcy
(G13MKKA CUJIOB1 JIiHIT MarHiTHOTO TMOJIA, YTBOPIOBAHOTO TaKHM MPOBIIHUKOM,
SBJIAIOTH COO0I0 KOHUEHTPUYHI OKPY>KHOCTI, TUIOIIMHA SIKUX MEPIEeHIUKYIIpHA

-

pOMYy NpoBIIHUKY. Bexktop H HampyXeHOCTI MarHiTHOro moJjisi B Oyab-sKiid
TOYIll MPOCTOPY € AOTHUYHOKO JI0 BIJAIMOBIIHOI OKpYXHOCTI. Hampsim BekTopa
BHU3HAYAETHCS 32 MPABUIIOM I'BUHTA 13 MPaABOIO Pi33t0 (puc. 3.5), TAKOXK BIJOMHUM
3 Kypcy (Pi3ukKu.

>
H

/ Curnoea
TiHis

Harnpsiv

gy obepmaHHsi
Hanpsawm

828UHYYBaHHSI

Puc. 3.5

Tenep Hexaii € KiJIbka MPOBIAHUKIB, B SKUX MTPOTIKAIOTH CTpyMU (puc. 3.6).

OXO0numo iX JOBUIBHUM 3aMKHEHUM KOHTYpOM L. ByieMo 00X0auTH 11eil KOHTYp
-
y HaIpsIMKY, SIKHIl BKa3aHUW eleMEeHTapHUM AOTUYHUM BektopoMm dl. 3rignHo 3

EKCTIEPUMEHTAJIbHO BCTAHOBIICHUM 3aKOHOM MOBHOI0 CTPYMY, Ma€ MICII€ Take
CI1BBITHOIIICHHS:

- - \%%
fHAI=XT,, (3.3)
I k=1

ne W — KUIBKICTb CTPYMiB, OXOIUIEHUX KOHTYPOM L.
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/1 I2 R I3

] S

>
as U

Puc. 3.6

Cyma B mpaBiii 4yacTHHI CHIBBIJHOWIEHHA (3.3) € MOBHHM CTPYMOM.
%
JlomaTHuii HarpssM KoxkHOTo ctpyMy Ik 3B’s3aHuit 3 npoekmiero Bekropa H Ha
%

HarmpsMm d/ 3a mpaBwiIOM TBHHTa 3 TpaBoro piszsto. Tomy s curyaiii,
300paXkeHoi Ha puc. 3.6, MaeMo

fHA =1, +1,-1,
L

PosrasiueMo sk okpeMuil BUNAJOK KOTYIIKY 1HIYKTUBHOCTI, sika Mae W
BUTKIB (Ha puc. 3.7 CXeMaTUYHO 300paK€HO TpU BUTKH). TYT KOHTYp L OXOILIIOE
W BUTKIB, y KO)KHOMY 3 SIKMX T€4€ OJIMH 1 TO camuii ctpym L.

/ qoo—————-

— Hi I o
| >
Ady

A )/ |

|

)

|

4’— l/ :

|
N / f

Puc. 3.7

ToMy B maHomy BHIaJKy MpaBa yacTHHA cHiBBiAHOIIEHHS (3.3) HaOyBae
TaKOI0 BUTJISLY:

w w
Zlk ZZI:I'W:F°
k=1

k=1
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Ckanspny BennunHy F Ha3BaHo marHitopywiitHow cuinorw (MPC), saxy
po3BuBae korymka. Onununero BuMiptoBaiis MPC e amnepu.

3.5. Apyruii 3axkon Kipxroga ta 3akon Oma aiasi MArHiTHMX KiJ.
AHAJIOTisl MK MATHITHUM 1 €JICKTPUYHHUM KOJIAMU

PosrasHeMo KOHCTPYKIIio 3 (epOMarHiTHOTO MaTtepiaiay, MPOEKIlI0 SKOT
Ha TUIOIIMHY KPECIeHHsS 300pakeHo Ha puc. 3.8. Llsg KoHCTpyKIis Mae EeBHUAN
pO3MIp y HAIIPSIMKY, IEPIEHANKYIIPHOMY TUTONTHHI KpecieHHs. Dopma nepepizy
HE € CYTTEBOIO /ISl MOAATBIIONO PO3TISAY, ane JJIsi KOHKPETHOCTI YMOBHUMOCS
BBAXKATH ii NPSIMOKYTHOIO, IPUYOMY IUIOLIA NIEpepi3y Ha IUIAHLL 6—1 CTaHOBUTH
S1, a Ha auiaHIi 1-2-3-4-5-6 BoHa ctaHoBuUTH S2. Ha minsiHky 6-1 HamortaHo
KOTYIIKY 3 KUIbKICTIO BUTKIB W Kpi3b 110 KOTYIIKY MPOTIKA€E MOCTIHHUN CTPYyM
cuioro 1.

S >
1 P [0
\.1r_________l1_ _____________ TZI
_)
> —
Yy e
F=I-W z i|(> d  H, B, N ¢13 “y
1¢ 1P > > H. Y
ﬁ</|)> H2 52 8 ﬁV A
2 |
— N, < < e
! S T
l4=l1 o JP Og
S,
Puc. 3.8

[Ipu npotikanHi ctpymy I KOTyIlIKa CTBOPIOE B TAHOMY MAarHiTHOMY KOJI
MarHiTHHHI NOTIK BeIMurHOKW @',

Ile Tak 3BaHMIl OCHOBHMI MarHiTHUN TOTIK. Ty 4YacTUHY MAarHiTHOTO
MOTOKY, SIKa TPOTIKaE mo3a (hepoMarHeTUKOM (TaK 3BAaHUW MATrHITHHM MOTIK
PO3CIIOBaHHs), BBaKaTUMEMO 3HEXTYBAHO MO To6T0 MarHiTHHI TOTIK y

POSIVISHYTOMY BHITajIKy —Tede TITBKH Yy (PEpOMArHiTHUX CTPUKHAX, SKI
YTBOPIOIOTh MarHiTOMpoBiJ (oceps).

! HampsiMok 1OTOKY B Ocep/ii MOXKHA BU3HAYUTHU TaK: YIBUTH COO1, IO BUTKU KOTYIIKH
— 11e pi3p0a, 1 y AyMIll BKpy4YyBaTH B Hei TBUHT, 00€pTal0uM MOTO 32 HAMIPSIMKOM TPOTIKaHHS

CTPyMYy y BHUTKax KOTYIIKH. HampsiMOK pyXy I'BHHTa B3JOBX OCI KOTYIIKH i € HallpsIMKOM
noToKy D.
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Bynemo BumiproBaTH JOBXKUHU 14 |~ 14 5 Ta O AUIHOK KOHCTPYKLIT B310BK

OCl MarHiTOmpoBOAY, fKa, IO TOrO K, HAOMMKEHO 30IraeThCs i3 CEpeAHBOIO
JIIHIEI0 MArHITHOTO MMOJIs (11€ HAOIM)KEHHS TUM TOYHIIIE, YUM TTOTIEPEUH1 PO3MipH
CTpWXHIB MeHIIe ii noBxkuH). Hexail nmomxuHa 6 3a30py HabaraTo MEHIa 3a
CyMapHYy JTOBXXWHY CTPW)XKHIB, 3aBISKH YOMY PO3CIIOBAHHSIM IOTOKY 13 3a30py
MO>XHA 3HEXTyBaTH. Tomy BennunHy @ MOTOKY BBaXXATHMEMO OOHAKOBOIO B
OyIb-SIKOMY TIepepi3i JaHOTO MarHiTHOTO KOJja, BKJIFOYHO 13 3a30poM. OjHak
BenuurHa B iHayKITiT Ha PI3HUX TUISTHKAX KOJIA € pi3HOI0, B 3aJIEKHOCTI BiJl TLTOTII

nepepisy:

B =—,i=1.2. (3.4)

Ockinbku HanpyxkeHicth H 3anexutpb Bin iHaykmii B Ta marnitHoi
npoHUkHOCTI W (3.4), To pizHuMHU € 1 Benmmunad Hi, Hz Ta Hs.
3anuiieMo 3aKOH IMOBHOIO CTPyMy JUIsl KOHTYpPY, SKUH 301raerbcs 13

CEpEIHbOI0 CHJIOBOIO JIHIEID, BPAaxOBYIOUM, IO B OyJb-sKIH TOYIl HAIIOrO
- -

maraitHoro kona Bektopu H ta df mpaktmyno 306iraroThes 3a HAIPSIMKOM,

- -
3Bigku maemo H-d/=H-d/. Tomy

fHAC =M, +H (0, + 0+, +0)+H,-5=T-W.
L

Bimomo, mo Hi=Bi/ (Wirpo), i=1,2, me Wi -BigHOCHa MarhiTHa
MIPOHUKHICTH MaTepially Ha AUISHII 3 IJioteto nepepisy Si. st pepomarHeTukis
MarHiTHa MPOHUKHICTh 3aJIEKUTH Bl BeauunHu H Hampy>KeHOCT1 TOJIs.

Toni otpumaemo, 1110

B, £5+&(€1+€2+£3+€4)+&-5.

KMo K2l Ky

I-W=

[TigcraBuBIM croau criBBigHOIIEHHS (3.4), 3HalAEMO, 1110

I.W_db. l +®.£1+£2+€3+£4+®'i
HeS, H,H,S, 1S,
abo
F=I-W=® -R,,+P-R,, ,+P-R;. (3.5)
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Tyt
R, = L , (3.6)
MRS

ne ¥ — noBKMHA MiSIHKA MATHITHOTO KOJIA;
W —BIJJTHOCHA MArHiTHA IPOHUKHICTH II€T JUISTHKY;
S — myoma nepepizy i€l TISTHKH.

[Tapamerp Rm Ha3uBa0Th MarHiTHUM onopom. [IpoBoisiun aHATIOT11O MIXK
npyruM 3akoHoM Kipxroda s enekTpudHux Kii, y Bupasi (3.5) maemo MPC F
— ananor EPC E, marnitauii notik @ — ananor ctpymy I, maraitauii omip Rm —
aHayor eyieKTpuyHoro onopy R (3Bu4aitHo, 1m0 po3mipHicTIO Rm He € omu).

Benuuuny

U, =® R,

32 aHAJIOTIEI0 HA3MBAIOTh TMAJ[IHHSAM MAar”iTHOI Hanpyru (OZUHHUI i
BUMIpIOBaHHA — amnep). Lleil Bupa3 € mareMatnyHuM (OPMYJIFOBAHHS 3aKOHY
Oma s marmiTHux kij. Toai Bupas (3.5) o3Havae, 110 B 3aMKHEHOMY KOHTYpI
MarHiTHOro kojia BenuurHa MPC nopiBHIO€e cyMi (MOKHA TOBECTH, IO 11 CyMa
—anre0paiyHa) MmaJgiHb MarHiTHOI HAPYTH B3J0BX IIbOTr0 KOHTYpY. Lle — apyruii
3akoH Kipxroga pist MarHiTHux kiji.

HasBHicTp aHayorii Mik €IeKTPUYHUM 1 MArHITHUM KOJaMH JI03BOJISIE
3BECTH PO3PAXyHOK MArHiTHOrO KoJja J0 pO3paxyHKY €JIeKTPUYHOro KoJja, SIKE €
aHaJIOrOM, 1 3aCTOCYBATH B1JIOMI METO/H PO3PAXYHKY EICKTPUUHHX KiJI.

3.6. Po3paxyHOK HEepO3rajyKeHoro MarHiTHOro KoJja
3.6.1. IIpsima 3agaua

Hexaii BimoMi reomeTpuyHi po3Mipyd MarHitTHoro koisa (puc. 3.8 ta 3.9),
Marepiajl MarHiTonpoBoy (ToOTO BijoMa OCHOBHA KpHBa HaMarHidyBaHHS) Ta
MarHiTHUM notik @ abo iHaykuis B y 3a3o0pi. Tpebda 3naittn Benmnuuny MPC (abo
CTPYM y KOTYUII[l TP BIIOMOMY 4YHuCIIi BUTKIB W).

[Ipu po3p’s3aHHI 337ayl CHOYATKY 3HAXOJIMMO IHAYKIIIO B KOXHIA 3
IUISHOK MardiTHOTO KoJja:

Nm.| e

[ToTiM 32 OCHOBHOIO KPHBOIO HaMarHiuyBaHHs 3Hax01uMo Bennunuau Hy ta
H: (puc. 3.10).
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2 5
A
NA
(@]
S A 4 Oov
e W >
L Q
T | /> A
/ <//>
— 1 — PN
A & Y
QN
Y Kc
Puc. 3.9
B A
By !
82 --------- i
0 | : >
0 H, H H
Puc. 3.10

Hami 00UYHUCITIOEMO HAIPYXKEHICTh OJIst B 3a30pi K
6
H;=B;/n, =0,8-10"B; (B amnepax Ha MeTp).
3a Bimomumu posmipamu ocepast 3Haxomumo HOoBKHHU £ ,0,, 04,0 0
JUISTHOK Mar”iTHoro kosa. Hapemri, o6uncoroemo mrykany Bennuuny MPC sk

F=I-W=H/,+H,(¢,+0,+0,+(,)+H,-8§.

3.6.2. 3BopoTHa 3a1a4a

Hexait BimoMi reomeTpudHi po3Mipu MarHitTHoro koina (puc. 3.8 ta 3.9),
MaTepiaia MarHiTonpoBoay (ToOTO BiloMa OCHOBHA KpHWBa HaMarHi4yBaHHS) Ta
BennunHa Fo marnitopymriitnoi cuiu. TpeOa 3Haiitu BennunHy @ MarHiTHOTO
MOTOKY B KOJIi.

Ha mnouatky po3B’s3aHHS 300pa3uMO €JIEKTPUYHE KOJO — aHajor
MarHiTHOTO KoJia, 300pakeHoro Ha puc. 3.8. Lleit ananor noganuii Ha puc. 3.11.
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Qﬁ
Py

Puc. 3.11

3a3Ha4nMO, 0 MarHiTHUH omip Ryer OCeps (€JIEKTPOTEXHIYHOI CTalll) €
HeNHIAHUM, 00 y BHpa3i (3.6) ¢irypye BenuuuHa W, sika 3a1exxuthb Big H, a oTxe
—1B1 ToTOKY @. MaruitHuii omip 3a30py Rws He 3anexuTh B @, OCKUIBKY HOTO
BeNMYMHA YTBOPIOEThCS 3 (3.6) mpu p =1 (BiAHOCHA Mar”iTHa MPOHUKHICTD
HOBITPSA).

[Ilo6 pamioHaJIbHO OOMEXHUTH [1ala30H PO3PAXYHKIB, OOYMCIUMO
MaKCUMAaJIbHO MOKJIUBY BEIMYUHY D max MATHITHOTO IOTOKY B KOJI1, CXEMY SIKOTO
300paxeHo Ha puc. 3.11. J[yig 1boro npumycTUMo, 110 MarHiTONpoBiJ 1/1eabHUAM,
T00TO Rmer=0. Tonmi1

(I) — FO =F 'HOSZ
0 -

max R MG 8

[Ticns boro BubGepemo Ha iHTepBai [0, ®max| 6:1136K0 10 po3paxyHKOBHUX
TOYOK, pO3TalIoBaHUX 3 KPOkOoM MOpHOIU3HO 0,1 ®max. s KOXKHOTO 3 1IUX

3HaueHb @y obuncimmo Benmmunay U,, =F, maninng marnitHoi Hampyru Ha
MACHBHIM YaCTHHI KOJIa, CXeMY SIKOT0 300pakeHo Ha puc. 3.11.
Tenep 3a cykynHictio o6uncnenux touok (®x, U,, ) modyayemo BeGep-

ammnepHny xapaktepuctuky (BOAX) MarniTHoOro koJja — 3aJeXKHICTbH
MarHiTHOTO TIOTOKY B KOJIi BiJl BEJIMYMHH MPHUKJIAIEHOI JO IIHOTO KOJIa MAarHITHOI
Hanpyru (puc. 3.12).

®,86 A
CDO ——————————
0 ’ >
0 Fo U,,A

Puc. 3.12

67



OcCkinpKM BETMYMHA MArHiTHOI Hampyrd, MNPUKIAIACHOI A0 MacHUBHOI
YaCTUHM KoJia, fopiBHIOE Fo, TO, BIIKIABIIM HA OC1 MAarHITHUX HANPYT BEIUYUHY
Fo, mpoBeeMo kpi3b Hei BepTUKAJb 1 3HalgeMo My sSK BETUYUMHY IMTOTOKY, IO
BiAMoBigae Touli nepetnHy BOAX 3 1iero BepTukamito (puc. 3.12).

3.7. llepmmii 3axkoH Kipxroda njis MarHiTHux KiJj

OckinpKy KOKHA JHIS 1HAYKIIT MarHITHOTO MOJIs 3aMKHEHa caMa Ha ce0e,
TO KUIBKICTh WX JIHINA, SKI 6x00simb y OYyIb-SKy 3aMKHEHY ITOBEPXHIO, IO
3HAaXOJIUTHCS B MarHiTHOMY TIOJIi, O0pi6éHIOE€ KITBKOCTI JTiHIH, K1 8UX005mb 3 TIET
noBepxHi. ToOTO cyMapHUil MAar”HiTHUI MOTIK Kpi3b 3aMKHEHY IOBEPXHIO
JIOPIBHIOE HYINIO. YSBIMO 001, IO /I€sIKa 3aMKHEHA MOBEPXHS OXOIUIIOE MICIIE
34JEHYBaHHS KUIBKOX CTPUXHIB OCEpis, B KOXKHOMY 3 SIKHX MPOTIKa€ CBId
MarHiTHu#M noTiKk k. Toal MOkHA 3pOOUTH BUCHOBOK, 1110

K
>d, =0, (3.7)
k=1

ne K — KibKICTh 34JICHOBaHUX CTPUKHIB.

Benuuuna moToky BXOAWTH JO II€1 CYMH 13 3HAKOM “‘TLTIOC”, SIKIO LU
MOTIK BTIKA€ B MiCIle 3WIEHYBaHHS (BY30J MAarHiTHOTO KoOja), Ta 13 3HAKOM
“MIHYC” —SIKIIIO TTOTIK BUTIKAE.

IMpuxaan

JI71s1 MarHiTHOTO K0JIa, CXeMAaTUYHO 300paxeHoro Ha puc. 3.13, maeMo

D-D+D3=0
abo
O, =P;+ D3.
YseneHa
-~~~ & nosepxHs

l1 (D1 "I " ®3 I2
‘E: ® <§’
2 < >
o— D> \—o

Puc. 3.13
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3.8. Po3paxyHoK npocTOro po3rajgyKeHoro MarHiTHOro KoJia

PosrissHeMo MarhiTHe KOJoO, cXeMaTHmyHO 300pakeHe Ha puc. 3.14. lle
KOJIO — pO3TaTy’KeHe, OCKIIbKH y BY3JIaX @& Ta @ MarHiTHUH MOTIK, CTBOPIOBAaHUI
KOTYIIIKOIO, PO3TIKAETHCS B APYTU Ta TPETIHA CTPHUIKHI.

S1
p
R R — o,>
—> i —_ aX(___________‘? ________ |
™ ® e i
<\:'\> /. i @ i
F, T~ [ 72 !
~p S, R |
™~ | ; S,
O | I I
! . rd
| 13 S :
@1 +l __________ 7_ _________ _X<' 13
I

Puc. 3.14

Hexaii BijomMi reoMeTpU4Hl PO3MIPH MArHITHOTO Kosa (TOOTO TOBXKWUHU
£,,0,,0, ninsHok Koxa Ta miomti S, Sz, S3 Hepepi3iB UUX AIISHOK), MaTepiai

Mar”iTonpooay (ToOTO BiAOMa OCHOBHAa KpUBa HaMarHidyBaHHs) Ta
MmarHiTopyuniiHa cuia Fo. Tpeba 3naiitn Benuunau @1, @z, ®P3 NOTOKIB y
CTPUKHSIX OCepsl.

IlepmmMm eTamom po3B’si3aHHA I1i€Tl 3a1a4i € MoOyaoBa BeOep-aMIIepHOI
xapaktepucTiku (BOAX) KOXHO1 3 TpbOX IIISHOK Koua. JJig 1[bOTO 3a7a€MOCs
npubau3Ho 10 BennunHamMu iHAYKIT B (714 eeKTpOTeXHIYHUX CTaJIeH AOIIITBHO
PIBHOMIPHO PO3TAIlyBaTH 11l 3HaYeHHs B Aiarma3oHi 0—2 Ti) 1 ast koorcHo2o 3 X
3Ha4YeHb 3HAXOAUMO:

1) Benmuuuny noToky B K -My cTpuxHi sik ®@=B-S;

2) BenuunHy H Hampy>KeHOCTI 32 OCHOBHOIO KPUBOIO HaMarHiuyBaHHS Ta
BenmuuHy Um MarnitHoi Hanpyru Ha K -my crpmkni sk Uy, =H -/, .

Tenep ansg koxHOro cTpukHA Oyayemo rpadgik BOAX (BiAMOBIAHO 10
HOMEDPIB CTPUKHIB — KpuBi 1, 2 Ta 3 Ha puc. 3.15).

Ha npyromy erami nepexoaumo 10 HENIHIHHOIO E€JIEKTPUYHOIO Koja —
aHajora po3paxoByBaHOI'0 MarHiTHOTO koJja (puc. 3.16).

e kom0 13 MiaHuM 3’ €THAHHSIM HETIHIHHUX OmopiB. Po3paxyHOK Takoro
KOJIa BXK€ pO3TIsHYTO B 11.2.4.3, 1 BC1 10aTKOBI T0OY0BH Ha puc. 3.15 3pobaeHo
B Takui ke cmocid, sk 1 moOynoBu Ha puc. 2.12. 3arikaBieHOMY YUTadeBi
PEKOMEHyEMO NEPErsHyTH 1.2.3.4.
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\

Qj} R a
v v
F C‘D Ubtab H Rz H Rwms
b
Puc. 3.16

[lutaHHS PO3paXyHKY PO3TaNTYyKEHUX MAarHITHUX KUT OUIBII JETalIbHO
PO3TISIHYTI B MApyYHUKaAX [ 1, 2], 1€ TaK0XK MOKHA O3HAHOMHUTHCS 3 METOIUKOIO
pO3paxyHKy MarHiTHUX KiJI, SIK1 MICTATb IMOCTIHHI MarHiTH.

3.9. 3aBaaHHA AJ151 CAMOKOHTPOJIIO

1. Bu3HaunTH HaNpsMOK MarHiTHOTO MOTOKY B ocepi (puc. 3.17).

a
A

A
\ 4

A
Y
A
Y
b

AC;

Puc. 3.17
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Biamosimi: 1) mpoTw TOAMHHUKOBOI CTPUIKH; 2) 3a TOJAWHHUKOBOIO
CTpUIKOI0; 3) BriMO MNEPNEHAUKYISIPHO IUIONIMHI KpecleHHs; 4) Ha30BHI
MEePIEeHIUKYJIIPHO TIOIIMHI KpEeCIeHHsI; S5) BipHA BiJNOBIIb BIACYTHS

2. Yomy nopiBHoe MPC xotymiku, mo mae 200 BUTKIB, KOJU Kpi3b
KOTYIIKY IIPOTIKA€ MOCTIMHUHN CTPyM cuiioro 2,8 A.
Bignosiai: 1) 314 A; 2) 280 A; 3) 560 A; 4) 250 B; 5) 500 Ta.

3. Ocepns, cxematnyHo 300pakeHe Ha puc. 3.17, Mae Taki po3Mipu:
a=7,5 cm, 6=6,5 cM, c=2 cM, ToBIIMHA d=2 CM.

Kpi3p xotymiky, sixka mae 110 BUTKIB, MPOMYIIEHO AESKUNA CTPYM, MpH
1IbOMY Mar"iTHUii IOTIK B ocepai nopisHioe 6-10 B6. OcHoBHA KprBa HaMAarHi-
YyBaHHS 3a/1aHa B TaOuHOMY BUTIIsiAL (Tabm. 3.1). SIka cuna ctpymy B KOTYIIII?

Taomung 3.1

B, Ta |0,1 0,3 0,5 0,7 1,0 1,2 1,5 1,6 1,7

H,i 40 60 85 145 (300 540 |2750 |5150 |8900
M

Bimnosini: 1) 2,5A; 2)5A; 3)1,25A; 4)6 A; 5)5-10°A.

4. OnuH 13 CTpUKHIB (PEPOMArHITHOTO OCepAsl I€IKOr0 MarHiTHOro KoJja
Mae NoBITpstHUI 3a30p. 11lo Mae OUIbIINMI MAarHITHUHN OMip: LIEW 3a30p YU TAKO1 XK
noBxuHU auigHka ctpuxkHa? (ITigkaska: 3BepHITh yBary Ha ¢popmyiny (3.6)).

Bignogiai: 1) BiANOBiAb 3aJICKUTH BiJ Marepialy ocepis; 2) AUISHKA
CTPWXHS; 3) BipHa BIANOBIAb BIACYTHS; 4) BIANOBIAbL 3aJIEXKUTH Bl BOJIOTOCTI
MOBITPA; 5) 3a30p.

5. llo Take 3ayMIIKOBA 1HIYKIIiSI Ta KOEPIUTHUBHA cujia?

4. JIHIAHI EJEKTPAYHI KOJIA CMHYCOIJHOI'O CTPYMY

4.1. IlTapameTpy CHHYCOIAHUX CTPYMiB, HANpyr Ta EPC
4.1.1. AMutityna, yacrora, paza

[ToBepHeMoOCS 70 JMIHIMHUX €NEKTPUIHUX Ki (nuB. m. 1.1.5) 1 po3risaemMo
SBUINA, SKI BUHHKAIOTh y HUX 3a YMOBU HAsSBHOCTI B IMX KOJaX JKEpen
CHUHYCOITHUX CIICKTPUYHUX KOJMBAHb.

Cunycoigni (CHHOHIM — rapMOHIYHi) eJeKTPUYHIi KOJMBAHHS — IIC
cTtpyM, Hanpyra a6o EPC, siki 3MiHIOIOTBCS B 4acl 3a 3aKOHOM CHHYCA.
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Cunycoigauii cTpyM SK (YHKIII0O 9acy 3aJar0Th HOTO 3HAYCHHSIM Y
IIOTOYHUM MOMEHT 4acy t. Lle 3HaueHHs Ha3UBalOTh MUTTEBUM 3HAYEHHSAM:

i=1 -sin(%"tﬂpl):lm -sin(m t+(p1). 4.1)

Tyt Im € ammunTyn0r0, TOOTO MaKCUMaJbHUM BIIXWJICHHSM 3HAYCHHS
. . 2
CHHYCOIM BT HyJss. APryMEHT cuHyca —t+ ¢, HasuBaioTh ¢azorw. Kyt @i
T

JopiBHIOE BenuuuHi (aszu npu t=0 1 ToMy Ha3BaHUN NOYATKOBOKW (ha3010
CTpyMy.

Cunyc — nepioguuna ¢yHKIis, 3 nepiogom 27w, 3 popmynu (4.1) BugHO, 1110
npu 3MmiH1 t Big aeskoro to g0 to +T mpupict dasu skpas 1 cknaae 2w. Tomy
napametp T Ha3BaHUI MepPioOM CHHYCOITHOTO0 KOJIMBaHHA. Bennunna @0=27/T
YHUCJIOBO JOPIBHIOE MpUPOCTy (azu (ToOOTO KyTa) 3a OJHY CEKYH]ly 1 Ma€ Ha3BYy
KYTOBOI 4acTOTH. [i OJMHMIIEIO BHMIPIOBAaHHS € pajiaH B CEeKyHIy (paz/c).
Benuuuna f =1/T nopiBHIOE KUIBKOCTI MEPIOMIB CTPYyMY, SIKI MPUXOIATHCS Ha
IPOMIXKOK 4Yacy TPUBAJICTIO B OJIHY CEKYHAIY 1 Ma€ Ha3By 4acToTu. OJUHULIECIO
BUMIipIoBaHHA yacTotu € repil (I'm). OueBuaHO, 1110

O=2T7f.

Ha puc. 4.1 300paxeno rpadik ABOX CHHYCOITHUX CTPYMIB OJHAKOBOT
4acTOTH, ajie 3 PI3HUMHU aMILTITy/IaMU Ta TOYaTKOBUMU (a3amu:

=1 sin(cot + @y, )

i,=1_, sin(ot+o,,).

Im2+

I

Im1+

-T/4
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3BepHITh yBary Ha Te, 1o Ha puc.4.1 Bick abcuuc nNporpaayioBaHo SK B
OJIMHUIISX Yacy t, Tak 1 B pajilaHax — OJUHUIIX IPUPOCTY (a3u mt.

[TouaTkoBy a3y BiIpaxOBYIOTh BiJl TaK 3BaHOTO MOYATKYy CHHYCOIIH
(MOMEHT mepexoay cuHycoimum 3 “MiHyca” B “IUIIOC”) JO TOYKH TIOYATKY
KOOpAMHAT. 3CYBY BJIIBO BIAMOBIJAE 10AaTHE 3HAYEHHS MOYATKOBOI (pa3u; 3CyBy
BIIPaBO — i1 B1I’€MHE 3HAYCHHS.

4.1.2. 3cyB ¢a3

SIKIIO B KUTBKOX CUHYCOITHUX QYHKIUSX, AKI MAIOMb 0OHAKO8Y 4ACmOmY,
MOYATKU CHHYCOil HE 301Tal0ThCs, TO KaXyTh, IO 1T GYHKITT 3CyHYTI 3a (a3oro
OJIHa BIIHOCHO JipyToi. JIjis cuTyariii, 300paxkeHoi Ha puc. 4.1, KyT 3cyBY (a3 Mixk
NIEPIIMM Ta IPYTUM CTPYMaMHU € JOJaTHUM:

AQ12=01-¢2 > 0.

Lle 3ymoBieHe tuMm, o @1 >0 a @2 < 0.

SIK0 B CHMHYCOIMHWX KOJMBAHHSX, SKI MAOMb OOHAKOBY YACMOMY, €
OJIHAKOBUMH ¥ TMOYATKOBI (pa3u, TO 11 KOJMBAHHS CIBIaIal0Th 3a (a3oro
(cundazHi); skio AQ=1m, TO 111 KOJTUBAaHHS MPOTUIIEKHI 32 azoro (mpoTudasHi).

s ) )
SIKImo K A@ = £ —, TO Ka)yTh, IO 11 KOJMBAHHA 3HaXOAAThCS B KBaZparypi.
2

VYce, 110 HaBeIECHE BUILE MPO CTPYMH, BIIHOCUTHCS W JI0 CHHYCOITHUX
HaIpyT, MUTTEB] 3HAUCHHS SKUX 3alMUCYIOTHCS SIK

u=U_ -sin(ot+o,),
Ta 10 cunycoinuux EPC, MUTT€B1 3HAaUEHHS SIKMX 3aMHUCYIOTh SIK
e=E_-sin(ot+@,).
[Ipu uboMy KyT 3cyBY (pa3 BU3HAUAIOTh HE TUIBKU MK JBOMa CTPyMaMHu,
asie ¥ MDK JBOMa Hampyramu, mMik asoma EPC, mix cTpymoMm Ta Hampyroro,

ctpymoMm ta EPC, Hanpyroro ta EPC.

4.1.3. litoue Ta cepeHE 3HAYECHHHA

Tenep BBemeMo, Ha TPUKIAAI CTPYMy, TAaKUW BAKIUBUN IMapaMeTp
CHHYCOIIHMX KOJIUBaHb, SK [il04e 3HauveHHs. [le cepenHbOKBagpaTUyHE
3HAQYCHHS KOJIMBAHHS 3a OJIUH MEPIO/;

T
I=_|—[idt. 4.2)
T
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[TimnecemMo 0OMIBI YaCTHHU IIHOTO BHPA3y J0 KBAIPaTy Ta TOMHOKHUMO iX
Ha JesKui JoBiIbHUM orip R:

1T
’R=R—[i’dt
T
abo
lT
I'RT =R—[i’-Rdt.
To

311iBa MAaEMO €HEPTiI0, SIKY BUAUISIE NEAKUN MOCTIMHMI cTpyMm cuiioro 1 B
pesuctopi R 3a yac T. CripaBa MaeMO €HEprito, SIKy BUALISIE CHHYCOITHUM CTPYyM
i B TOMY X pe3ucTopi 3a ToH ke yac. Ane x T — 1e BelInuuHa nepioay bOro
cTpyMy. OTxe, All0Ye 3HAUEHHS] CUHYCOITHOTO CTPYMY YHCIIOBO JOPIBHIOE CHIIL
TaKOro MOCTIMHOTO CTPYMY, SIKHM 3@ 4ac OJHOTO MEPIOAYy LbOr0 CHHYCOIAHOIO
CTPYMY BHJIUISE B IEIKOMY OIOP1 CTUIBKH K TEIIA, 5K 1 [IEHd CHHYCOITHHUMI CTPYM.

3 Bupazy (4.2) orpuMyeMo
1T 2 T IZ
ir=Lipge=tn ot+¢@, )dt =-".
T { T { n(ot+o,) 2

Tomy nioue Ta aMILTiITYJHEe 3HAYEHHSI CHHYCOIJTHOTO CTPyMY 3B’s3aH1
CIT1BBITHOIIICHHSM

1
I=-"~0707 1,
V2

AHaJNOTrIYHO BHU3HAYAETHCSA JII0YE 3HAUEHHS CHHYCOIAHOI Hampyru Ta
cunycoigHoi EPC:

U=U_/2, E=E_/J2.

Cepenne 3a nepion 3HadeHHs Iy CHHYCOITHOTO CTpyMYy JOPIBHIOE HYIIIO,

00
17 | I
I, = [idt =" [sin(ot+@, )dt =0
Tb T
Te > came BITHOCUTHCSA W 10 CEpPEAHIX 3a MEpioJl 3HAYCHb CUHYCOITHUX
Harpyru ta EPC.
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4.2. KommiekcHe 300pa:keHHsl  CUHYcOinHMX (QyHKuOiii  4acy.
CumBoutiuHe 300paskeHHs1 cTpyMiB, HANPYT i EPC

4.2.1. ITonepeaHi 3ayBaKeHHsI

VY miaposa. 4.1 mMu Bke 03HAHOMUWIMCS 13 300pa)KEHHSIM CHUHYCOIHUX
(BOHH X TapMOHIYH1) QPYHKIIIHN yacy y BUIIISAAI rpadikiB 3aJ€KHOCTI MUTTEBOTO
3HaueHHA BiA 4acy. Taki rpadiku Ha3uBalOTh YacOBUMH (200 XBHIJIBOBHMH)
niarpamamu. BoHr Ha0YHO BiAOOPaXyIOTh “NOBENIHKY’ KOJMUBAHHS B yaci. Arne
B OaraTbOX BHIIQJKaX YAaCOBUMHU JllarpaMaMd KOPHUCTYBATHUCA HE3PYUHO,
HaIPUKJIA, K0 Tpeba 3HAWTH cyMy OaraThoX Hampyr: rpadiddi moOyaoBH €
TPOMI3IKUMHU, KPECIIEHHA Ma€ Ba)KKO3PO3YMUIMH BUTIAA. Tomy € OakaHUM
3HaWTH Take 300paXEHHS CHHYCOINHUX eJeKTPUYHUX KOJIMBaHb, sKe O
3a0e3MmeuyBajio sIK BAKOHAHHS HAOYHMX 1 MPOCTUX TpadiuHUX OOy yBaHb, TaK 1
BUKOHAHHS TOYHUX aHATITUYHHUX po3paxyHKiB. Take 300paxkeHHs OyJi0 BBEJICHE
Uapnszom I1. refinmenem (1865-1923) na 6a31 BUKOpUCTAHHS TOHSITH Ta
amapary Teopli KOMIUIEKCHUX YUCE.

4.2.2. OCHOBHI BiIOMOCTI PO KOMILIEKCHI YHCJIa

KommiekcHe uncio — e 4ucio Buay A=a+je, e a Ta ¢ — A1MCHI 4KCIa, a
j=V-1 — Tax 3BaHa ysBHA OJMHUII. BeINdNHy @ HA3MBAIOTH MIHCHOIO YACTHHOIO
KOMILUIEKCHOTO yncia (yMoBHE To3HaueHHS @ =Re{A}), BeJIMUMHY ¢ HA3UBAIOThH
YSIBHOKO YaCTHUHOIO KOMIUIEKCHOTO uuciia (ymMoBHE mo3HaueHHs 6= Im{A}). B
Paal0ENEeKTPOHILI KOMIUIEKCHE YMCIIO MO3HAYAIOTh JIITEPOIO 3 MIIKPECTIOBAHHSIM.

Bupa3s A sBiisie co6oro anredpaiuny popmy 3anucy KOMIJIEKCHOTO YUCIIa.
Po3rissHeMO TIJIOMIMHY 3 JIEKapTOBUMU MPSIMOKYTHHUMHU KOOPJMHATAMH, B SIKHX
BiCh a0CITUC € BICCIO JIMCHHUX YHUCEN, a BICh OPJMHAT — BICCIO YSIBHUX YHCEIL. 3
anreOpaiuHoi GopMu 3amucy BUILIUBAE TpadiuyHe 300pa)KeHHS] KOMIUIEKCHOTO
yucia A y BUTJIA/ TOYKH 3 KOopuHaTtamu (a, 6) (puc. 4.2).

+1

Puc.4.2
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PosrnsHemMo HWXHIM 3 OBOX MPSMOKYTHMX TPHUKYTHHKIB, HasBHUX Ha
puc. 4.2. JloBxkrHa KaTeTa, SIKUi pO3TalllOBaHO HA OC1 JIWCHUX YKCell, JOPIBHIOE
a, a TOBXHHA KaTeTa, SIKUW pO3TalllOBaHO Ha OC1 YSIBHUX YMCE, JOPIBHIOE 8, TOMY

. . 2 2 iy .
rinoreny3a QA nopiBHO€E a” +6” . IlozHauumo 1i sK ‘A‘ s rinotenys3a

YTBOPIOE KyT O 3 BICCIO AIMCHHUX 4YHCEN, TOMY 3 TOTO 3K MPSIMOKYTHOTO
TPUKYTHHKA BUIUIMBAE, IO O= ‘A‘ cosa , 6= ‘A‘ sinol, a OTXKe

A =|Alcosa + jA|sina =|Al(cosa + jsina).

OcranHili BUpa3 HA3UBAIOTh TPUTOHOMETPUYHOI (OPMOIO 3amucy
KOMITJIEKCHOTO YHCJIa, BEITUIUHY ]A‘ HA3MBAIOTh MOJYyJeM a00 aGCOJTITHOIO

BEJMYNHOI0 KOMIUIEKCHOTO 4HCa ‘A , @ BEIIMYUHY O — apryMeHTOM
KOMILUIEKCHOI'O Yuciia A.
Bukopucranns dopmynu Eiinepa
+j . -
e =cosatjsina

JT03BOJISIE TIEPEUTH BiJl TPUTOHOMETPUYHOI (DOPMH 3aMKUCYy KOMIUIEKCHOTO YuCia
JI0 I0T0 MOKA3HUKOBOI (€eKCIOHEeHIiaabHOI) GopMH 3anucy

A =|Ale™.

3BiJICH BUIUIMBAE 1€ OJIMH CIOCI0 rpadiuHOoro 300paxeHHs KOMIUIEKCHOTO
qucia — Moro 300pakeHHS Y BUTJISII BEKTOpA JOBKHUHOIO ‘A , CIIPSIMOBAHOTO TI1T

KyTOM QL JI0 TIO3UTUBHOTO HAIPSIMKY OC1 JIMCHUX YUCEN.
Jlnst mepexoy Bij anredpaiuHoi (opMH 3amucy A0 MOKAa3HUKOBOI (popmu
3aMKucy BUKOPUCTOBYIOThH TaKi CHIBBIIHOIIEHHS:

\A\ =a’+é*:

6

arctg —, axmo o > 0 (To6T0 KoM TOuKa A Jexuth B 1 -ii a6o
a

4 - ii YBepPTi KOMILJIEKCHOI NJIOIIMHM),

6
7+ arctg —, sikmo o < 0 (To6T0 KoM TOYKA A J1eKuTH B 2 - it 260
a

3 - i YBepTi KOMIJIEKCHOI MJIOIIMHM).

”
Omxe, A=a+je=|[Ale UYucio A  Ha3MBAOTL KOMILIEKCHO-

n .
CIPSIZKEHUM YUCITY A, AKIIO A =a-—jb= \A\ e 19,
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JlomaBanHs Ta BiJHIMAHHS KOMITJIEKCHUX YMCETT BUKOHYIOTh, ITONIEPEIHBO
MIPUBIBIIY iX /10 anredpaiunoi popmu 3amucy:

A =a,+]j6, A, =a,+je6,;
C=A +A,=(a, +a,)+j(6 +8,);
D=A-A,= (a1 _az)+j(31 _32)'
i oneparii MOYXKHA TaKOX BUKOHATH TpadivHO (3 TOUHICTIO, 0OMEXKEHOIO

TOYHICTIO TpadiyHUX MOOYyayBaHb), KOPUCTYIOUKCH TMPAaBHJIAMH JOJIaBaHHS Ta
BiJIHIMaHHsI BEKTOpIB (puc. 4.3).

A+

>
N

\ +1

Puc. 4.3

MHOXEeHHSI KOMIUIEKCHUX YHCeNl BUKOHYIOTh K B ayreOpaiuHiii, Tak 1 B
MOKa3HUKOBIN (Popmi 3amucy:

Ay =494, = (a,+6,)-(ay + joy ) =@y + - joigy + oy + jaygy =
= (a0, -6,6))+ jlaigy +8y0y)= a3 + o,
e jj=-1;

A=A A, = ‘Al‘ejal "Az‘ejaz = ‘Al‘ : ‘Az‘ : ej(oc1+(x2) = ‘A3‘eja3.

Jli1eHHs] KOMIUIEKCHUX YHCEeJT TeX MOKHA BUKOHYBATH SIK B aJireOpaiuHiid,
TaK 1 B MIOKa3HUKOBIN opmi 3amucy.
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A3=A1 :a1+J:el
A, a,+]js,

= (}]OMHO)KI/IMO YUCCJIBbHUK TAa 3HAMCHHHUK Ha

a, +ije \a, —je aa,+e6.e6
KOMHJICKCHO-CH[)H)KCHC lII/IC.JIO):( 1 '! 1)( 2 J 2): 172 172 +

(az + )6, )(az - j82) az2 + 3;

. 6,4, —a,6,

2

=a,+je,;
2 3 3>
a, + 6,

A AR JAl

j(og-ay) jo
—3_A h jaz_A e :‘A3‘e 3-
£22 ‘A2‘e ‘_2‘
3BUYATHO MHOKEHHS Ta JIJICHHS 3pYy4Hillle BUKOHYBATH B MOKa3HUKOBIN
dbopwmi 3amnucy.
3ayBa>xuMmo, 1110 3riHo 3 hopmynamu Eitnepa, maemo:

i T .. T
e ?=cos——jsin_=-j.
2 2

Tom

. W
J(OH'E)

JA =€ Al =[A]-¢

) i - i(@-2)
—jA=e 7 [Ae" =[Al-e *.

T

. . by
3BijICH BUILIMBAE, 10 MHOKEHHs yncia A Ha j (a0o, 1o Te % came, Ha € *)
MPU3BOJUTH JIO TOTO, IO BEKTOP MOOYTKY YTBOPIOETHCS 3 BEKTOpa A NUIIXOM

T . : :
MMOBOPOTY OCTAHHBOI'O HA — npomu 2OOUHHUKOBOI CMpUIKU 0e3 3MIHHU JOBXXHNHHU

BekTOopa. MHOXEHHsI X Ha (-j) uncna A (abo, 1o Te X came, Horo MHOKEHHS Ha
T
"

T
e ?) yTBOpIHE BEKTOp HOOYTKY LUIAXOM IOBOPOTY BEKTOpa A Ha — 3a

200uHHUK06010 cmpinkoro. Li pe3ynbratu utocTpoBaHi puc. 4.4.
B3arani, MHOXEHHS KOMIUICKCHOTO 4YHCIIAa Ha e'? MPU3BOJIUTH J0
MOBOPOTY BEKTOpA, KWW 300paxye 1€ 4UCiIo, Ha KyT B MpOTH TOAMHHUKOBOI

CTpinKu, skiio >0, ado 3a rOMIMHHUKOBOIO CTPIIKOIO, SKIIO, B<0.
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A+

>

\ 2

Puc. 4.4

OTxe, SKIIO KyT MOBOPOTY P € mpomnopiiiiHuM vacy, To0To B = t, TO
jot
MHOKEHHS KOMIIIEKCHOTo umcia A Ha €' mpusBene 0 yTBOpPEHHS HOBOTO

jot o o o
Bektopa B = A - €', axuii aBnse co6oro Toii jxe BeKTOp A, KU Oe3yNUHHO

00epTaETHCS MPOTH TOJUHHUKOBOI CTPLIKH 3 KyTOBOIO YaCTOTOIO (), — TaK 3BAHMI
00epTOBHI1 BEKTOP.

4.2.3. Kommiexkcu crpymis, Hanpyr tTa EPC. BexkropHa giarpama. Cyrs
CHUMBOJIIYHOT0 METOY PO3PAXYHKY

Posrasiemo neskuit obeprosmii Bektop A =1_ - Zammcapmm
KOMILUIEKCHY €KCTIOHEHTY 3a opmyiioro Eitnepa, oTrpumaeMo
A=1_-cos(wt+@,)+jI_-sm(ot+e,). (4.3)

Axmo Im Mae Qi3udyHUN CEHC aMIUTITYIU JESKOTO CTPyMy, ® — HOro
KyTOBOI YaCTOTH, a (o — HOTO MOYaTKOBOI (ha3u, TO MOKHA 3pOOUTH BUCHOBOK,
0 MHUTTEBe 3Ha4eHHsA cuHycoizHoro crpymy I=I_-sin(ot+¢@,) e

MIPOCKITIEI0 BBEJICHOTO BUIIIE 00OEPTOBOTO BEKTOPA A Ha BiCh YSBHHX UHCET, TOOTO
I = Im{A} = Im{Ilm X sin(wt + @1 )}. 3BiAcu BUIIKMBaE, MO OyIb-IKOMY
CHUHYCOITHOMY CTPYMOB1 MO>KHA 31CTaBUTH 1HAUBIAYyalbHUI 00EPTOBUIN BEKTOD,
KWW OJTHO3HAYHO 3B’SI3aHUM 3 LIUM CTPYMOM. 3BUYANHO 11€i1 00EpPTOBHI BEKTOP
M03HAYAIOTh, MiAKPECIUBIIHN MO3HAYCHHS MUTTEBOT BEIMYUHHU CTPYMY:

(ot +
-1 Jerrep (4.4)

| @
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Benuunny i Ha3uBalOTh KOMILJIEKCOM MUTTEBOI0 3HA4YeHHs CTpyMy. Bin

€ CHMBOJIIYHUM 300paKEHHSIM PEATbHOTO CHHYCOTTHOTO CTPYyMY, a BiIITOBITHHIA
00epTOBUIM BEKTOpP HAa KOMIUICKCHIM IUIONIMHI € CHUMBOJIYHUM TpadidyHuM
300paXCHHSIM IIBOTO K CTPYMY.

Bupas (4.4) Mmoxxe OyTu 3amvcaHuil y A€o 1HIIOMY BUTIISIL

joot

j(ot+ ¢p)
. e = = Ime 9

m m

- €

io )
=1 -e 1 —Tak 3BaHa KOMILIEKCHA aMILIITyJa CTPyMy.

m
VY po3paxyHKax Tak0X BHUKOPHCTOBYIOTH KOMILIEKC Jil040r0 3HAYECHHHA
CUHYCOITHOTO CTPpyMY

L _1,
RN

ne I — giroue 3HaueHHs cTpymy (nuB. 1. 4.1 3).
AHanoriyHo Tomy, SIK 1e 0yJj0 3p0o0JIEHO AJisl CTPYMIB, BBOJSATH 00OE€PTOBI
Bektopu Hanpyrn Ta EPC, a TakoX KOMIUIEKCH I1X MUTTEBUX 3HAYECHb

L I eJ‘Pl

- io :
u= gmejmt Ta e= Emejmt, A U, =U -e Y — KOMIUIGKCHA aMILNTy[a
T m

HarpyTH,

v, U Jo io :
U=—Mm_-_M, U_y.. U_ gommiekc AiF0YOro 3HAUCHHS HAMPYTH,

V2 2

oy :
E=E e — komIuiekcHa amrutityaa EPC,
m

E, E_ ¢ io _

E=—Mm_ _m,"E_g.o""E _xommnexc mirouoro snauenns EPC.

V22

ko € Kigbka BEKTOPIB (HAmpUWKIaa, u, i Ta e), ki 00epTarThCs 3

OJIHAKOBOIO KYTOBOIO YaCTOTOIO (0, TO OAWH BIJHOCHO OJHOIO BOHH HEPYXOMI.
Tomy B 11IbOMy BUTIQJIKy HAsIBHICTh 0O€pTaHHS JOCTATHHO TITLKA MATH HA JYMII],
a Ha KOMIUJIEKCHIH IJIOMINHI CJTi7] 300pakyBaTH PO3TAIIyBaHHS IUX BEKTOPIB MpU
t=0.

Taxe 300paxkeHHs] CHHYCOTIHUX CTpyMiB, Hanpyr Ta EPC, six BekTOpiB Ha
KOMIUICKCHIM TUIOIIMHI, HAa3WBAalOTh BEKTOPHOK iarpamMor0 BiJMOBITHO
cTpyMiB, Hanpyr abo EPC.

Hanpuknan, nHa puc. 4.5 3o6pa>1<eH0 BEKTOPHY Jiarpamy KOMILIEKCIB
JIOYMX 3HAYCHb (BeKTopHa miarpama  Moxke OyTu H06yz[013aHa 1 s
KOMITJIEKCHUX aMIUTITY/l; pi3HUIS Oyae TUIbKH B JOBXKHHI BEKTOPIB — BOHH
6ymyTh y V2 pasis nosmi). Haragaemo, mo HampsiMOK TTO3HTHBHOTO BiUTIKY KyTa
— IPOTH TOJUHHUKOBOI CTPUJIKH.
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A+

?, +1

Puc. 4.5

VY unraya MOXK€ BUHUKHYTH MHUTAHHS: HABIIIO 3aMIHIOBATH, HAMPUKIA],
OMKC HANPYTU Y BUIVIAL CHUHYCOITHOI (PYHKII Yacy, SKy MOKHa HAaO4HO
nobaunTH Ha ekpaHi ocuuiorpada (mpuiamy, SKAA 300pakye PO3BUTOK
CJIEKTPUYHUX MPOIECIB y Yacl), Ha AKUNUCh aOCTPAKTHUI BEKTOP Ha KOMILJICKCHIM
IJIOIIHMHI 200 Ha KOMIUICKCHY aMILTITY Ty ?

BiamoBinp momsiraTuMe B TakoMy. SIKIIO OMUCYBaTH CTPYMH, HAPYTH Ta
EPC kosa BHKIIOYHO Yy BUIVISIAI 1X MUTTEBUX 3HA4Y€Hb (HANPUKIIAL,
u="U_-sin(ot+@,)), T0 if cucreMy piBHsIHb 3a 3aKoHamHu Kipxroda, noTpiony

JUTsl OOYMCIICHHS ITyKaHUX CTPYMiB (a00 1HIIMX BETUYHMH) CKIIAJaTH Tpeba Tex
JUISI MUTTEBUX 3HA4Y€Hb. AJie TOJA1 B IPOLEC] pO3B’sI3aHHA 11€1 CHCTEMH PIBHSHb
BUHUKHE MOTpeda B IPOMI3IKUX TPUTOHOMETPUYHUX NepeTBopeHHsX. [lepexina
710 KOMIJIEKCHUX aMIUTITY]] 800 KOMIUIEKCIB A1F0YMX 3HAUYEHb CTPYMIB, HAIIPYT Ta
EPC no3Bojisie, gk 11¢ MOOAYUTh YWTA4 HA HACTYNMHUX CTOPIHKAX I[bOTO
NIAPYYHUKA, TPU pO3paxyHKy Kosia MeToAoM piBHAHb Kipxroda (ado Oyab-skum
IHIIMM METOJIOM) CKJIaJlaTh HEOOXI1JHI PIBHSHHS Ta BUKOHYBAaTU OOYMCIICHHS
TOYHICIHBKO TaK CaMmo, SIK 1€ pOOMIIOCS JUIsl KT TOCTIMHOTO CTpyMy, TOOTO Ha
0a31 3BuYaiiHMX anreOpaiynux mnpuiiomiB. “[lmaTor0” 3a 10O 3pydyHICTH €
HEOOX1THICTh BAKOPUCTOBYBATH JIJIsl TO3HAYEHHS KOJIMBaHb Ta OTIOPIB JICIIO HOBY
cumBoutiky (Hampukiaa, U 3amicte U, I 3amicts I, Z 3amicts R 1 1. 1). 3amina
MUTTEBUX 3HAYCHb €IEKTPUYHUX KOJMBAHb, a TAKOXK OMOPiB, HA X CHMBOJIYHI
300paKE€HHS. 3 TOAAJIBIIMM CKJIQJaHHSIM Ta PO3B’SI3aHHAM 3BUYANHUX
anreOpaiuHux (a HE TPUTOHOMETPUYHUX) PIBHSAHb KOJIa CKJIQJa€ CYTh
CUMBOJIYHOro (iHOMII #Oro 3BYyTh KOMIUIEKCHHUM) METOAY PpO3PaXyHKY
CJIEKTPUYHUX K1JI CHHYCOIJTHOTO CTPyMYy.

[cHyOTH TIEBHI OOMEKEHHS 3aCTOCYBaHHSI CUMBOJIIYHOTO METOY, & CaMe:
HOro MOKHAa 3aCTOCOBYBATHU [IJISl PO3PAXYHKY TUIBKM THUX KUI, B SKUX HE
BiIOYBAEThCSl HENMHIMHUX TEPETBOPEHh MHUTTEBUX 3HAYECHb EIEKTPUUHUX
KonuBaHb. [IpukinagamMu HETIHIMHUX TEPEeTBOPEHb € JIorapu(pMyBaHHS
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KOJIMBAHHS, MHOXKEHHS JIBOX KOJHMBAHB 1 T. 1H. AJle JOKA MH PO3TIISAATHMEMO
JIHIMHI €JIEeKTPUYHI KOJIa Ha 111 0OMEKEeHHsI MO>KHA He 3BEepTaTH YBaru.

Jlemo pAeTanpHINIE TPO MaTeMaTHYHI OCHOBH CHMBOJIYHOTO METOIY
PO3paxyHKY KiJI Ta PO BJIIACTUBI HOMY OOMEKEHHS MOXKHA TI3HATHCS 3 KITACUIHOT
mpaiti [10].

4.3. ITacuBHI eJileMeHTH KO0JIa CHHYCOITHOI0 CTPYMY

4.3.1. Pe3ucTop (aKTUBHUII OMipP)

Hexaii € nesxuii pesuctop R, kpi3h KUl NPOTIKAE CHHYCOIIHHUMN CTPyM
i=1_ -sin(ot+¢q,). Leit ctpyM CTBOPIOE Ha PE3UCTOPI Na/iHHS HALIPYTHU U. 3a
3akoHOM OMa Maemo

u=i-R=1_-R-sin(ot+q,) 4.5)

Puc. 4.6

Ane 3 inmoro 6oky u="U_ -sin(ot+ @, ). [lopiBHABIK 1Ba OCTaHHIX
BHPa3H, OTPUMAEMO, 110 IS PE3UCTOpa

U =1 -R, P, =0,.

m m

Takum yrHOM, Hampyra Ha Pe3UCTOPi Ta CTPYM Y HHOMY CIIBIAIAl0Th 32
dazoro (puc. 4.7).

Tenep mepelinemMo 10 cuMBOJIYHOT (hopmu 3amnucy. Bupaszosi (4.5) mis
MUTTEBUX 3HAYEHL BIAMOBIIA€ TaKe CIIIBBIIHOIIEHHS MDK KOMIUIEKCHOO
amIuTiTy 1010 ctpyMy I, Ta komruiekcHoro amrutiTyoto Hanpyru U :

U.=L,-R,
e U =U e, I =I -ejq", IIPUYOMY Pu=0Q1.
U,=1_-R-e"
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BinmoBigHy BEKTOpHY Aiarpamy HaBeAEHO Ha puc.4.8.

iu A + A
u

—- =~ ! -~ H Um

) N 7/ AN > Im
N__7 N oo ot
7,
= 2 =P
>
0 +1
Puc.4.7 Puc.4.8

MutreBa MNOTYKHICTh, CIOXXKHUBaHA PE3UCTOPOM, JOPIBHIOE TOOYTKY
MUTTEBUX 3HAYEHb HAIIPYTHU Ta CTPyMY

p=u-i.
HiI[CTaBI/IBI]II/I CIOIX BUPA3U IJId MUTTEBHUX 3HAYCHb, OTPUMAEMO!

1- cos[2(0)t +Q, )] _U L
2 2

p=U_-I_-sin(ot+¢,)=U_I_-

- U';I'“ cos[Z(cot +Q, )]

3riHO 3 IUM BUPA30M, MUTTEBA MOTY>KHICTh 3MIHIOEThCS B YaCl Tak, SIK 11€
300paxeHo Ha puc. 4.9.

i,u,pA p

l
\

Puc. 4.9
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AKTHBHA TMOTYXKHicTh (TOOTO Ta TOTYXHICTh, sIKa HEOOOPOTHO
CIIOKMBAETHCS KOJIOM) € CEpeAHIM 3a Mepio/l 3HAYCHHSIM MHUTTEBOI MOTY>KHOCTI:

T T
:%j jUZI“‘ dt ——j ‘;I“‘ cos[2(ot + ¢, )] dt .

0

Jlpyruii iHTerpan JOpIBHIOE HYIIO SK 1HTErpal BiJl KOCHMHYcCa 3a 4ac,
KpaTHHI nepiony (Haragyemo, mo @w=27n/T). Tomy:

P U, '[ dt = U I T _ U_I
2T 2T 2
S0 K IepeTH 10 iF0UnX 3HaA4eHb (U = Un , I= L, ,
V2 V2

1o

P=U-L

4.3.2. IHAyKTUBHHMH €JIEeMEHT

[HAyKTUBHUHN €IeMEHT — 1€ 1/1ealli30BaHUN €JIEMEHT eJIeKTPUYHOI0 KOJIa,
KWW Ma€ BIIACTUBICTH OOOPOTHO HAKOMWYYBATH €HEPril0 MArHITHOTO TOJIs, a
TaKOX YTBOPIOBaTH Ha cBOiX 3aruckadax EPC mpu 3MiHI MarHiTHOro MOTOKY
Kpi3b cede.

TunoBUM NpUKIIAIOM IHIYKTUBHOTO €JIEMEHTA € KOTYIIKA 1HTYKTUBHOCTI,
HaMOTaHa 1/IeaJIbHUM ITPOBOIOM, KU Ma€ aKTUBHUH OMIp, 1110 JOPIBHIOE HYJIIO.

Ha puc. 4.10 HaBegene crpoiiieHe 300paxeHHs Takoi KOTYIIKH (ITOKa3aHi
TUIBKM TPU BUTKHU 13 3arajbHOi KUIbKOCTI W BUTKIB). YMOBHE MO3HAYECHHS
1HAYKTUBHOTO eJ1eMeHTa HaBe[eHe Ha puc.4.11.

—>»
)
iA
L
— Y Y _
@, @, @,
Puc.4.10 Puc. 4.11
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Hexaif B KOTyIILlI MPOTIKAE CTPYM JAOBUIBHOI (POPMH, MUTTEBE 3HAUCHHS
SIKOTO JIOPIBHIOE . 3aBJSKHU IIbOMY Kpi3b KOKHUH BUTOK KOTYIIIKU MPOTIKAE CBIM
MarHiTHUN TOTIK M. KaxyTh, 1m0 el Mar"iTHUHA MOTIK 34YerieHuid 3 K-m
BUTKOM. BllacHe IMOTOKO3YCIUICHHS BCi€T KOTYIIIKHA 3HAXOAATh K CYMY ITOTOKIB
YCIX BUTKIB:

Opununero BumiptoBanns sennunau W e Bedep (BO).

Koedimiear mnponopitiinocti L MDK BJIaCHUM MOTOKO3YEIIIICHHSIM
iICUTbHOI KOTYIIKK Ta CTPYMOM, SKAA HWOTO BHKJIHWKAaB, Ha3WBAIOTh
IHIYKTHBHICTIO KOTYIIKH:

W=L-i,, sBigxku L=W/iL.

[HyKTHBHICTE BUMiproI0Th y rerpi (I'), mpu nsomy 1 T'n=1B6 /1 Al

VY niniitHOMY K011 BenmunHa L € TOCTIHHOI0 1 BU3BHAYA€EThCS JTUIe (POPMOIO
Ta TEOMETPUYHUMHU PO3MiIpaMH KOTYIIKM (JiaMeTpu KOTYIIKM Ta MPOBOJY;
JOBKMHA KOTYIIIKH, KPOK HAMOTYBaHHS 1 T. 1H.) 1 BIJHOCHOIO MAarHiTHOIO
IPOHUKHICTIO PEYOBHHM, B SIKIA PO3TAIIIOBAHO KOTYIIKY.

[Ipu 3MiHI B 4aci CTpyMy i MPONOPLIHHO 3MIHIOETHCS i BETMYHUHA v
3aKo0H eJIeKTPOMATHITHOI iHAYKIiI TOBOPUTH, IO NPU LILOMY B KOTYIIL
HaBoauThCst EPC camoiHyK1Iii, MUTT€BA BEJIMYMHA SIKOi JOPIBHIOE

3Hak “MiHyC” BKasye, 110 €L CIpPsSMOBaHA TakK, 00 MPOTUIIATH 3MiHI
cTpyMmy, sika Bukiaukaia 1o EPC (1ie — npasusio Jlenia).

3a TpaauIli€ro IPUHHATO, MO0 HAa CXEMi CITIBIIaIajid HAPSIMKH i, Ta eL, a
TakoX IL, Ta ur (puc. 4.12).

i L
B o~~~
e
u
L Puc. 4.12

' Ha MPaKTUIll BUKOPUCTOBYIOTh TAKOX YAaCTKOBI OAWHMIN: MutireHpi (MI'H) Ta

mikporenpi (Mx['n), npuuomy 1 M[CE=107TH, 1 Mx['E=10°TH.
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Toni 3a apyrum 3akonom Kipxroda nHanpyra Ha ieanbHId KOTYLII 3d
0y0b-sK0I 3anedxicHocmi cmpymy iL(t) 8i0 uacy TOPIBHIOE:
di
u, =-e, =L—-.
dt
SK1o cTpyM CMHYCOINHUH, TO

dI_ -sin(ot+
[ Ly -sinC (p‘)]=mLImi -cos(ot +@,) =
dt (4.6)
=@LI_ -sin(ot+ @, + g)-

u, =L-

Ane 3 inmoro 6oky u, = U, -sin(ot+ @, ). [lopiBHABIIM 1Ba OCTaHHIX
BUPAa3H, OTPUMAEMO, 110 JJIS IHAYKTHBHOCTI

U, =1,0oL,
T
(PU = (PI +E . (47)

Takum ymHOM, Hampyra Ha 1IHIYKTUBHOMY €JIEMEHTi (TOOTO Ha i7eanbHii
KOTYIIIII) IPSMO NPONOpLIHA HE TIIBKH CHUJIl CTPYMY Kpi3b LI0 KOTYLIKY, aJie
i€ ¥ IHAYKTUBHOCTI KOTYIIKM Ta YaCTOTI CUTHaILy. Bennunny

HA3MBaIOTh PEAKTHBHUM OMOPOM KOTYIIKH. BiH npsMo nponopuiiHuii 4acToTi
(puc. 4.13). O1xe, MOXKHA 3aMUCaTH, 110

U =L X
a0o0 JUIsl IIF0YUX 3HAYEHb HAINIPYTHU Ta CTPYMY:

U, =1,X,.

X A

Sy

Puc. 4.13
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Bupas (4.7) o3nagae, 1m0 Hanpyra Ha i7caJIbHIN KOTYIII BUIEPeIKAE 3a
¢hazor0 cTpym y Hiit Ha /2 (puc. 4.14).

Tenep mepetinemo mo cumBodivHOI (popmu 3ammcy. Bupasosi (4.6) mis
MHTTEBUX 3HAYCHb BIJIOBIJIA€ TaKe CIIIBBIIHOMIECHHS MiX KOMILUICKCHOIO

amIutiTy a0t ctpymy Ly, Ta KommuiekcHorwo amrutitynoro Hanpyru U,
1.€ P = j(DL : ImL , (4.8)

_ ie - je T
Ac [_JmL - UmLe ! 9 ImL - ImLe I’ HquOMy (pU = (PI +_—.

2
Tob6to
i@+7) i@+2)
—_ 20 - 2
U, =0oL-1 e =X, L.
BianoBinHy BEKTOpHY Jllarpamy HaBeleHO Ha puc. 4.15.
u,i, A /UL
A
-
’ \
N l’ A) l’ >
\\ —_ // S — // ot
Puc. 4.14

Puc.4.15
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Benmnunny
Z=jol=j-Xu,
aka ¢irypye y Bupasi (4.8), Ha3MBalOTh KOMILIEKCHMM OINOPOM ifcaibHOT

KOTYIIKHU (IHIYKTUBHOTO efieMeHTa). Lle uncro ymoBHa BenmnunHa. OTKe, MOXKHA
3aMmucaTu, o

I;ImL = ZLImL = JXLImLa
a0o0 17151 KOMIUIEKCIB III0YMX 3HAYEHb HAMIPYTH Ta CTPyMY, 1110

HL =ZLIL = jXLIL-

3anexHicTh Z1.(®) Ha KOMIUIEKCHIH TUIOLIKMHI LTFOCTpYE puc. 4.16.

ZAY

Puc. 4.16

MHuTTEBA NOTYXKHICTh, CIIOXKHMBAHA IHAYKTUBHUM €JIEMEHTOM, €
PL= ur-iL.

[lircTaBUBIIM CIOJIM BUpa3u Al MUTTEBUX 3HAYEHb HANPYTU Ta CTPYMY,
OTPUMAEMO:

p, =U_ L sin(ot+e +7)sin(ot+¢,)=

=U_ I cos(@t +@)sin(ot+¢,) =220t +¢)].

3rilHO 3 UM BUPa30M, MUTTEBA MOTYXHICTh B 1HAYKTUBHOMY €JEMEHTI
3MIHIOETBCS B Yacl Tak, SK IIe TToOKa3aHo Ha puc. 4.17.
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u,i, ,pA

Puc. 4.17

AKTHBHA TIOTY)KHICTH € CEpeIHIM 3a TIepioJ 3HAYCHHSIM MHTTEBOI
MOTY>KHOCTI:

UmLImL T

T
P, = T { P, dt = ToT { sin[Z(mt + @, )]dt :

Ockinbku @=27/T, TO el iHTErpan JOPIBHIOE HYJIO SIK IHTErpasl Bif
CHUHYyCa 3a 4ac, KpaTHUH mepioqy. ToMy aKTHMBHA NMOTY:KHICTb, CIOKMBAHA
iHIYKTHBHHMM eJIeMEeHTOM, 10PiBHIOE HYJI10: P1=0.

HeBaxxko mokaszatu, 1110 €Heprisi, HAKOIMYeHa B 1HITYKTUBHOMY €JIEMEHTI 3
MOMEHTYy 4acy t=0 1o Jeskuii NOTOYHMH MOMEHT Yacy t=T, JOpIBHIOE

LIi .sin’ @ T. 3BiJCH BHUILIMBAE, IO 115 EHEePTis MePIoIUYHO 3MIHIOETHCS BiJl

2
BCIIMYMHU LIL B MOMCHTH MAaKCHUMAJIbHOI'O HAKOIIMYCHHA 10 HYJII B MOMCHTH,

KOJIM 1HJYKTUBHHUI €JE€MEHT MOBEPHYB YCIO HAKOIHUYEHY €HEPril0 B 30BHIIIHE
KOJIO.

4.3.3. EMHICHUH eJIEeMEHT

€MHICHUI €JIeMEHT — 1€ 17eaTi30BaHui €JIIEMEHT EJIEKTPUYHOTO KOJIa,
KWW Ma€ BIIACTUBICTh OOOPOTHO HAKOMUYYBATH €HEPTIIO EJICKTPUUHOTO TOJIS, a
TaKOX 3a0e3MeuyBaTH NPOTIKAHHS MIXK CBOIMU 3aTHUCKa4aMH CTPYMY 3MIILIEHHS
(TOHSATTS MPO 1EH CTPYM BUBUYAIOTH y KypcCl (D13UKH).

TunmoBUM TPHUKIAAOM €EMHICHOTO €JIEMEHTa € TIJIOCKUH KOHJIEHCATOp,
IJJACTUHHM SIKOTO CKJIAJeHI 3 1JIeaJIbHOrO TPOBIAHUKA, a MDK IUIaCTHHAMHM
3HAXOJUTHCS BaKyyM.

YMOBHE MO3HAYEHHSI €MHICHOTO ejieMeHTa (11eaiIbHOr0 KOHJAEHCATOpa)
HaBejieHe Ha puc. 4.18.

Puc. 4.18
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3 Kypcy (i3uKd BiIOMO, IO 3apsii (, HAKOMWYEHUH KOHIEHCATOPOM Yy
JeSTKUA MOMEHT Yacy (TOOTO MUTTEBE 3HAUCHHS 3apsITy ), € MPSMO IPOMOPIIHHUM
HaIpy3i Uc, DPUKIANCHIM 70 KOHAEHcAaTopa B el MOMEHT Yacy (ToO0To —
MUTTEBOMY 3HAYCHHIO HAIIPYTH Ha KOHJEHCATOPI)

q = Cuc.
3a BU3HAYEHHSM, MHTTEBA BEIMYMHA EIEKTPUYHOTO CTPyMy — IIe
IIBUKICTh 3MIHIOBAaHHS 3apsiTy:
. d du
lC=—q=C o (4.9)
dt dt

1..
3Bigcu U, = Eflcdt.

i popmynu € cipaBeNIMBUMH 32 OYAb-AKOI0 3aKOHY 3MIHU Uc Y Yaci.

Koedimient npomnopuiitHocti C Ha3MBalOTh €JEKTPUYHOK €MHICTIO
171ealbHOTO KOHJIEHCATOpa (3BUYAaHO — MPOCTO €MHICTIO). BenuunmHy €eMHOCTI
1K
1B

VY jiniiiHOMY Koiii BenmmumHa C € TOCTIHHOI 1 BHU3HAYAETHCS JIUIIE
dbopMOI0, TEOMETPUYHUMHU PO3MIpaMHU Ta B3a€EMHUM PO3TAIIyBaHHSIM IUIACTHH
KOHJIEHCATOpa, & TAKOX BITHOCHOIO JTIEJIEKTPUYHOIO MPOHUKHICTIO JI1eJIEKTPUKa,
SKUU 3alIOBHIOE MPOCTIP MIXK MJIACTUHAMMU.

ko A0 iaeanbHOro koHaeHcaropa (puc. 4.19) npukiageHa CUHyCOigHA

BUMIpIOIOTH Y (apanax (®), npu upomy 1P =

nanpyra Ue = U . -sin(@t + @, ), To yepe3 HHOIO TeYe CHHYCOTAHUI CTPYM

i=C du. _ C d[UmC sin(ot + (pU]

=oCU . cos(ot+¢,) =
dt dt (4.10)

= oCU_.sin(ot+@, + g).

Puc. 4.19

' Jlns  npaktmuspx motpe6  dapax € 3aBENMKOK ONMHHLCK. 3BHYANHO
BUKOPHUCTOBYIOTh YaCTKOBI oTuHUII: Mikpodapa (MkD), Hanodapan (HD) Ta mikodapan (nd),
npuuomy 1 Mk®=10°D, 1 ad=10" D, 1 nd=10"2D.

90



Ane 3 inmoro 6oky i, =1_. sin(@t+ @,). opiBusBuM 1Ba OCTaHHIX

BHpa3n, OTpUMa€EMO, 10 AJIA iI[CaJ'IBHOFO KOHACHCATOPa

I .=0CU_. (4.11)
T
QO =@, +— (4.12)
2
Takum uywHOM, Hampyra Ha 1J€aJlbHOMY KOHJIEHCATOPI (E€EMHICHOMY
enemMeHTi) U . = ilm  TIPSIMO TIPOTIOPLIiiHA CHJII CTPYMY Kpi3b KOHJEHCATOP,

ajie 3BOPOTHO MPOMNOpIIfHA €MHOCTI KOHJIEHCATOpa Ta YacTOTi CTPyMYy.
Bennuuny

HA3WBAIOTh PEAKTHUBHUM ONOPOM KOHAeHcATOpa. BiH 3BOPOTHO MpONOpIiiHMIA
yacToTi (puc. 4.20). O1xe, MOKHA 3alUCaTH, 110

Umc = ImcXc,
a00 JIJ1s1 J1F0YMX 3HAYCHBb HAIIPYTH Ta CTPYMY:

Uc=IcXc.

XA

Puc. 4.20

Bupa3s (4.12) o3Hauae, 1110 CTpyM Y 1JI€aJIbHOMY KOHJICHCATOP1 8unepeotcac

T
Hanpyey 3a ¢azor Ha E (puc. 4.21).

Tenep mepeiineMo 10 CUMBONIYHOI Gopmu 3anucy. Bupazosi (4.10) ms
MUTTEBUX 3HAYEHHb BIAMOBIZA€ TAaKe CIIBBIIHOMIEHHS MIK KOMIUIEKCHOIO

aMILTITYI0I0 CTPYMY ImC Ta KOMIUIEKCHOIO aMILTITYAO0 HallPYyTH U,c:
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ImC = (DCI_ij ’ eJE = jmc ’ I_JmC o

3BIIKHA

1 -z 1 i@—2)
Uec=—FLlce’?’=—1 e *. 4.13
Une = G lne oC (4.13)

BianoBigHy BeKTOpHY JiarpamMy HaBeJIeHO Ha puc. 4.22.

i
/ / \
/ / \
/ S
/ ot
Puc. 4.21
gurnepeoxae
Harpyay o
Ha T/
2 * (pl — <DU+ ZE mC
ImC \(-
N 9,
>
0 +1
Puc. 4.22
_jE . .
Ockineku € 2 =—j=1/], 10 3 (4.13) oTpumaemo, 110
1
Ue=7—"1 (4.14)

= mC — jO)C =mC -
Benmnunny
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1 1
Zo— 4+ il oy,
“eT e Joc T e

saka dirypye y Bupasi (4.14), Ha3uBalOTh KOMILIEKCHMM ONOPOM 1/€abHOTO
KOHJIeHCcaTopa (eMHICHOTO enemeHTa). L{e uncro ysBHa BenuunHa . OTKe, MOKHA
3aIrcaTH, 1o

[_ImC = ZC : ImC = _JXC . ImC 9
a00 I KOMIUICKCIB J1I0YMX 3HAYCHb HAIIPYTH Ta CTPYyMY, 1110

gc =Zc1c :_jX 'IC-

C =

3anexHicTh Zc(®) Ha KOMIUIEKCHIN TJIONMIMHI 11t0cTpye puc. 4.23.

Z A

Puc. 4.23

MuTTeBa MOTYXKHICTb, CIO)KMBAaHA EMHICHUM €JI€MEHTOM, JJOPIBHIOE:
Pc =Uc - Ic.

[lizcTaBUBIIM CIOAM BUPA3U AJII MUTTEBUX 3HAUYEHb HANPYTH Ta CTPYMY,
OTPUMAEMO, 110

Pc = % -sin[2(ot + o, )]-

3rilHO 3 UM BHUPA30M, MHUTTEBA MOTYXKHICTh B EMHICHOMY €JIEMEHTI
3MIHIOETHCS B Yacl Tak, SIK 1€ TTOKa3aHo Ha puc. 4.24.

AKTHBHa TIOTYKHICTh € CepedHIM 3a NepioJl 3HAYEHHSM MUTTEBOI
MOTYHOCTI:

P =l}p dtzﬂfsin[Z(mt+(p )]dt.
C T, C T & U
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UC’ Ic’pc ‘

Puc. 4.24

Ockinbku @=27/T, TO el iHTETpan JOPIBHIOE HYJIO SIK IHTErpasl Bif
CHUHYyCa 3a 4ac, KpaTHUH mepiogy. ToMy aKTHMBHA NMOTY:KHIiCTb, CIOKMBAHA

€MHICHUM eJIEMEHTOM, A0PiBHIOE HYJI10: Pc=0.
HeBaxxko mokaszaTu, 1110 €HEpris, HaKOIMMYE€Ha B €MHICHOMY €JIEMEHTI 3

MoMeHTy t=0 10 JesKuil IOTOYHHT MOMEHT Yacy t=t, nopisaioe CUy. -sin’ @7.
3BiJIcH BUILIMBAE, IO 1151 €HEPris MePi0IUYHO 3MIHIOETHCS Bl BETUYUHU CUf: B

MOMEHT MAaKCHUMaJbHOTO HAKOMWYEHHS IO HyJIS B MOMEHT, KOJM €MHICHHM
€JIEMEHT MOBEPHYB YCI0 HAKONTMYEHY €HEPTii0 B 30BHIIIHE KOJIO.

3aBAsKU CBOIW BJIACTUBOCTI HAKONUYYBATH €HEPIII0, a MOTIM MOBEPTATH 11
y 30BHILIHE KOJIO 17i€aJIbHI KOTYIIKA Ta KOHAEHCATOP AICTAJIM HA3BY “‘peaKTHBHI
eJIeMEeHTH KoJia”,

4.4. 3axonu Kipxroga B cumBoJiiuHiii popmi 3anmcy

PosrissHEMO By3011 1esikoro KoJia, 300pakeHuit Ha puc. 4.25.

Puc. 4.25

Hexait MUTTEBI 3HaY€HHS CTPYMIB JIOPIBHIOIOThH
i =1 -sinflot+@, ), k=I,...4
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ImM BinmoBimarOTh Taki 3HaYEHHS KOMIUIEKCHUX aMILTITYl Ta KOMIUIEKCIB
IIOYUX 3HAYEHB:

I _ Imejq’]k Ik _ ILI‘ —1 ej<P1k

, k=1,.....,4.
N

3rigHo 3 nepmuM 3akoHoM Kipxroda 1j1st MUTTEBUX 3HAUYEHD y OyIb-SIKUI
MOMEHT Yacy CIpaBe/INBa PiBHICTb

ihi-i2t+iz-is= 0.

ITepexonsum BiAg Hel 4O KOMIUIEKCHHUX aMIUIITY] Ta KOMILIEKCIB JIFOUUX
3Ha4Y€Hb, OTPUMYEMO

Imi ~Im2+Im3 —Ing =0,
I1 -1, +13-14=0.

ToOto anredpaiuHa cyma KOMIUIEKCHUX aMILTITY]] 400 KOMILUIEKCIB JIIFOUMX
3HAYEHb CTPYMIB y BY3Jl JOPIBHIOE HYJIO (BTIKAIOYl CTPYMH BXOJASTH 10 L€l
CyMH 13 3HaKOM “TUIIOC”, a BHTIKar4l — 13 3HakKoM ‘“‘MiHyc”). AOo: cyma
KOMITJIEKCHUX aMIUTITY 1 (KOMIUIEKCIB IIF0YMX 3HAYEHB) CTPYMIB, 110 BTIKAIOTh JI0
BYy3J1a, TOPIBHIOE CyMi KOMITJIEKCHUX aMIUTITY[ (KOMILJIEKCIB JTIIOUUX 3HAYCHD)
CTPYMIB, Kl BUTIKAIOTh 3 IIbOTO BY3JIA.

[li cTBepaXeHHS, PO3MOBCIOHKEHI Ha JOBUIbBHY KUIBKICTH BITOK, IIIO
3’€IHaH1 B PO3MJISTHYTOMY B3I, € mepmuM 3akoHoM Kipxrodga B cumBoiuHiii
dopwmi 3anucy:

Zlmk =0; ilk =0,

K
k=1 k=1

ne K — KinbKICTh BUILIE3raJaHuX BITOK.
Po3srisineMo 3aMKHEHUN KOHTYP A€SIKOTO KoJia, 300pakeHuil Ha puc. 4.26.
Hexait mutTeBi 3HauenHs EPC Ta cTpyMmiB BiJIOBIIHO TOPIBHIOIOTh
e, =E_ - sm(mt + Qg ), i =1 -sm(mt + @y, ), k=1,..3.

ImM BinMmoOBiatOTh Taki 3HAYEHHS KOMIUIEKCHUX aMILIITYl Ta KOMILJIEKCIB
MIFOYNX 3HAYEHD:

— I ej(PIK

mk 9

mk I e.i(PIk

= \/E k 2

k=1,...3.



Puc. 4.26

KoMmriuiekcHl onopu iHAYKTHBHUX Ta €MHICHHX €JIEMEHTIB BIAMNOBIIHO
JIOPIBHIOIOTh

Zu=joly, Z, = L =—]j !

joC, oC,

3rinHo 3 Apyrum 3akoHoM Kipxroda ais MUTTEBUX 3HAY€Hb Y OyIb-sKHUMA
MOMEHT Yacy CIpaBeIJIUBa PIBHICTh
di, 1 .. . di 1 ..
—1+—I11dt -L,R, -L, —2——f12dt +
t C, dt

-e,—e,+e;, =R, +L, C
2

di 1
+i,R, + L, £+C—ji3dt.
3

[Tepexoasum BiJ HEl 10 3aMKCY JJIs1 KOMIUIEKCHUX aMILTITY/l, OTPUMY€EMO:

1
- E 1 _Emz + Em3 =ImlR1 + j(DL I + —Iml - ImZRz - ijzlmZ -

m 1=ml . =
1

1
- .—Imz
joC,

3=m3 =m3°

1
+1I.:R, +joL,I,+—1
joC

3

Y npasiii 4aCTUHI CTOATH BUPA3M I MajiHb HAIPyru Ha pesuctopax U g,

ingyxrusaoctsax U, ta emuocrsax U . 3 ypaxyBaHHSM LBOTO [EPEIALIEMO
OCTaHHI! BUpPA3 y TAKOMY BUTJISAIL:

- Eml - EmZ + Em3 = I_Jle + [_]le + I_JmCI - I_ijZ - I_JmLZ - [_]mCZ + I_JmR3 +
+ L]mL?a + I_']mC3 °
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To6T0, B 3aMKHEHOMY KOHTYp1 airedpaiyHa cyma KOMIUIEKCHUX aMILTITYT
EPC nopiBHioe anredpaiutiii CymMi KOMIUIEKCHUX aMILTITY]] aJiHb HANpyT (Mpu
nboMy EPC a6o naiHHs Hanmpyry BXOJSATH J0 IIi€T CYMH 13 3HAKOM “TLTIOC”, SIKIIIO
iX HanmpsMOK CITIBHAJa€ 3 HAMPSIMKOM O0X0Jy KOHTYPY, Ta 13 3HAKOM “MIHYyC” —
SKIO HE CIHiBIajac). AHAJIOTIYHUNA BHCHOBOK BITHOCHTBCSA M 70 KOMILICKCIB
nirounx 3HadyeHb EPC ta magiae Hanpyr. Lli cTBepkKeHHs, pO3MOBCIOKEHI Ha
3aMKHYTHM KOHTYP, YTBOPEHHUM JOBUILHOIO KIJIBKICTIO BITOK, € IPYTHM 3aKOHOM
Kipxroga B cumBoJiivniii ¢popmi 3anmucy.

4.5. K010 CHMHYCOITHOTO CTPyMYy 3 TMOCJTIIOBHUM 3’ €IHAHHAM
AKTHUBHOIO, iHIYKTUBHOI'0 TA EMHICHOT'0 €JIEMEHTIB

4.5.1. OcHoBHi cniBBinHOIeHH:A. KomMmiekcHuii onip

Posrnsaemo ko010, cxeMy sIKoro 300paxkeHo Ha puc. 4.27.

J R L
°—>_|:|_f\f\(\_
U Ur U, W\ T C
Puc. 4.27

Baxxarumemo Bimomumu BenumunHH R, L ta C a TakoX aMmIumnTymy,
4acTOTYy Ta MOYaTKoBy (ha3y Bxignoi Hanpyru u = U_ sin(ot+ @, ). HeobxinHo

BM3HAYMTH aMIUNTY/ly Ta MOYaTkoBy (azy crpymy 1, skuii mpotikae B oMy
KOJI1 (4acTOTa LIbOr0 CTPYMY JAOPIBHIOE YAaCTOTI BX1AHOI HAIIPYTH, OCKIJIBKUA KOJIO
JHINHE).

3anuineMo piBHICTH 3TiTHO 3 IpyruM 3akoHoM Kipxroda it KOMITIEKCiB
JIOYMX 3HAYEHBb HATIPYT:

U=U,+U, +U..

Bupaszumo Hanpyru yepe3 CTpyM Ta BIANOBIIHI OMIOPH:

1 1
U=IR+joLI+ —I=I R+ joL+ —|=
joC joC
4.15)

1
=1| R+ joL - j— |=IZ.
oC
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Z=R+ij—jL:R+j(mL—ij=R+j(X ~-X.) (4.16)
oC C

€ KOMILJIEKCHUM OIOPOM JIaHOTO KOJ1a.
Bennunna R € akTHBHMM oOmopoM Kkoja, a BenuynHa X=Xp-Xc €
PeaKTHBHHUM ONOPoM 11b0ro0 koja. [IpuBenemo Bupas (4.15) 10 moka3HUKOBOI

dbopmu:

XL —Xc

R :‘Z‘,ejfp'

jarctg

Z=\R*+(X, -X.)" e

Benuuuny ‘Z‘ HA3MBAIOTh MOBHUM OIMOPOM KO0JIQ, a KYT () — ApryMeHTOM

KOMILJIEKCHOTO ONOPY KO0JIa.
3 Bupazy (4.15) BurumBae, 1o

[_J U- ejCPU U

_ — . eilevo)
Z |z-e" |z

3 iHmoro 60Ky BUpa3 JJIsi KOMIUIEKCY MIF0YOTO 3HAYEHHS CTPyMYy Mae
ior

s 1= Ie™ . [TopiBHSBIIM 1Ba OCTaHHIX BUPa3u, JOXOJUMO BUCHOBKY, 1110

U

I:Za P =0y — 9.

Yacrora cTpyMy, 3BUYAHHO K, € TAKOIO, KA W 4aCTOTA BXiJHOI HANPYTH.

Ammiityna crpymy oGumcmoersest sk Im=I-V 2. Omxe, 3amady
pPO3paxyHKy HapameTpiB CTPyMY PO3B’SA3aHO.

PosrnsHemo Temep OJIHY BaXJIMBY BJIACTUBICTh, NMPUTaMaHHY KOJy 3
MOCJIJOBHUM 3’ €THAHHSIM aKTUBHOTO, 1IHAYKTUBHOTO Ta EMHICHOTO €JIECMEHTIB.

4.5.2. Pesonanc Hanpyr. /{o0OpoOTHiCTH MOC/IiIOBHOI0 KOJHUBAJIBLHOIO
KOHTYPY

IToBepuemocs 10 Bupasy (4.16) mist Kona, CXeMy SIKOTO 300pakeHO Ha
puc. 4.27.

Z=R+j(coL—1C)=R+j(XL—XC):R+jX,
(O
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IS X=XL - Xc.

[TinOuparoun BenmuunHu @, L Ta C, MOkHa JOOUTHCS TOTO, 1110 PEaKTUBHI
OTOpPHU 1HAYKTUBHOTO T4 EMHICHOTO €JIEMEHTIB JJOPIBHIOBATUMYTh OJIUH OJTHOMY:

X1 = Xc = Xo. (4.17)
[Tpu bOMY peaKkTUBHUH OITip YCHOTO KOJIa JOPIBHIOBATUME HYJIIO:
X=XL—Xc = Xo—Xo= 0,
a KOMIUIEKCHUH omip Oy/ie YUCTO aKTUBHUM 1 JJOPIBHIOBaTUME BenurHI R:
Z = R+ j(Xo-Xo) = R+j0 =R.

[ToBHUIA OMip TaKOK JOPIBHIOBATUME BEJIMYMHI aKTUBHOT'O OIOPY:

Z=JR*+(X, =X, )} =JR? =R.
0 1]

. 2 2

Kpim Ttoro, 3 Bupasy ‘Z\:\/R +(X, -X.)" BummmBae, mo R €
MIHIMAIbHUM 3HAYCHHSIM, SK€ MOXXE NPUWMATH BEJIMYMHA TIOBHOTO OIOPY.
Hampuknazn, sxmo 3anummtu Hepotopkanumu L ta C 1 3MiHIOBaTH JUIIE

BEJIMYMHY (O, TO BEJIMYMHA ‘Z‘ 3MIHIOBAaTUMEThCS TaK, K IMOKa3aHo Ha puc.4.28.

PiBHicTh X1.=Xc BUKOHYEThCS Ha JICSKIM KyTOBIM 4acTOTi @o. Ha 1iit ske gacToTi
apTYMEHT KOMILJIEKCHOTO OTIOpPY JOPIBHIOBATUME HYJIIO:

X, - X X, —X
=arctg ———C —arctes —>—" = arcte(0 = 0.
Y g R g R g

1Z| A

I
:
0o w, ©

Puc. 4.28

Y migposn. 4.5.1 Bxe mokazaHo, M0 ToYaTtkoBa (aza CTpymy
00uuCIIOEThCS K (P; = Py, — P, TOMy IPH BUKOHAHH1 yMOBU X1=Xc Ma€eMO:
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=0, —0=0,

TOOTO 32 BKa3aHOT YMOBH CTPYM CIIiBMaa€ 3a $a3zoio 3 HaIpyroio.

Pexxum poOoTH KOJa, yTBOPEHOTO TOCTIIOBHO 3’ € THAHUMH 1HTYKTHBHUM
Ta EMHICHUM eJIEMEHTaMU (HasIBHICTh PE3UCTOPA HE € 000B’I3KOBOIO), TIPH IKOMY
PEaKTUBHUH OITip KOJIa JOPIBHIOE HYJIIO, HA3UBAETHCS PE30HAHCOM HATPYT.

KyToBy wacToTy o, Ha AKili Ma€ MiCle¢ PE30HAHC HANPYT, HA3WBAIOTh
PE30HAHCHOIO KYTOBOK) YaCTOTOI0.

Koo, cxemy sikoro 300paxkeHo Ha puc. 4.27, Ha3UBaIOTh MOCJiIJOBHUM
KOJIMBAJIbHUM KOHTYPOM.

3a O3HaueHHSAM, MPH PE30OHAHCI HANpPyr Ha 4YacTOTI ®¢ MAa€eMO

X, (@,)=Xc(®,), T00TO @ L = col 3BIICH OTPHUMYEMO IyXK€ BaXKIIUB1 JUIA
0
PO3paxyHKy IPUCTPOiB aBTOMATHUKHU Ta 3B 53Ky (popMyIIH:

1
o = (4.18)
* JLC
Ta
f=®_ 1 (4.19)
2n 2nJLC

I[li ¢opMynu BU3HAYAIOTH BEIMYMHY PE30HAHCHOI YACTOTH 4Yepe3
napamMeTpu KOHJIGHCATOpa Ta KOTYIIKH, M0 CKJIAJal0Th IOCIIOBHHIMA
KOJINBAJIBHUM KOHTYP.

3rigHo 3 (4.17) Ta (4.18) maemo:

L L
XL((DO): o,L :ﬁ :\/ga
1 LC L
Xely)= 1o =VLe_ b
®,C C C
Bennuuny = L uasusators XapAKTePUCTHYHUM  ONOPOM
C

MOCJTIJIOBHOTO KOJIMBAJIBLHOTO KOHTYPY.

OCKUIBbKY Kpi3b IHIYKTUBHUN Ta €MHICHHMA €JIEMEHTH KOHTYPY IMPOTIKAE
OJIMH 1 TOW CaMHid CTPYM, TO TIPU PE30HAHCI MAEMO PiBHI Ait04l 3HaYeHHs (260
aMIUTITY/IM) HAIIPYT HA IMX eJIeMEHTaX:

U, =Uc=1-X,(0,)=1-Xc(0,)=1p.
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Ane I=U/|Z

, 10 TOTO X IPU PE30HAHCI ‘Z‘ =R, Tomy B IbOMy pekuMi

R

R
BBeneMo 100pOTHiCTH MOCITITOBHOTO KOJTHBAILHOTO KOHTYPY

)
Q=2.

Toni npu pe3onanci nanpye niroye 3Ha4eHHs BX1IHOI HAPyTH MOB’sI3aHE 3
JIOYMMH 3HAYEHHSMHU HANpyT Ha 1HAYKTUBHOMY Ta EMHICHOMY €JIeMEHTax SIK

UL=Uc= Q-U.

VY npucTposix aBTOMAaTHKHU Ta 3B’SI3Ky BEJIMYHUHA O, SIK MPAaBUIIO, HA0arato
oubma 3a R, Tomy B Hux Q>>1. O1xe, npu pe3onanci nanpyz BETUUUHU HAIPYT
Ha IHIYKTUBHOMY Ta HAa €MHICHOMY €JIEMEHTaX IOCIIJIOBHOTO KOJIHUBAJIBHOIO
KOHTYpy B Q pa3 Outbmii HiX BxigHa Hampyra U, mo i oOyMOBWJIO Ha3BYy
“pe30HaHC HAMpyr” AJi PO3TIASHYTOTO PEKUMY poOOTH KoJa.

3MIHIOBaTUMEMO MOAYMKH YaCTOTY BX1AHOI HANpyru npu noctiiHux R, L,
C ta U. SIxkmo ® < @y, T0 Xp= 0L < p (60 XL 3pocTae 3 4acTOTOIO 1 csrae

1
BEJIMYMHU 0, KOIM ® JOCATHE @), a X :—C> p. Ilpu npomy aprymest
Q)

KOMILUIEKCHOTO OMOPY KOHTYPY € BiJi’€MHUM, 00

XC

X —
=arctg —-—¢C€ <0.
¢ g R

X<Xc

Tomy nmouaTtkoBa dasza crpymy @ =@, — (@ € OUIBLIOI 3a MOYATKOBY

dazy Hanpyru @u. ToOTO, Ipu @ < o CTPYM BUIIEPEKAE BXIJIHY HAMNPYTy 3a
dazoro. Kaxyrp, 1mo 3a 1i€i 0OCTaBUHHM OIp TOCIIJIOBHOTO KOJHBAJIbLHOIO
KOHTYpY Ma€ €EMHICHMI Xapakrep.

BexTopHi giarpaMu Hampyr Ta CTPYMIB IS PO3TIISIAHOTO BUTIAAKY © < Mo
HaBeneHo Ha puc. 4.29'. 3amTpuxoBaHuii NPAMOKYTHHN TPUKYTHHK 3 KATETAMH
Ux ta Ur 1 rinoteny3or0 U Ha3WBatOTh TPUKYTHUKOM HAMPYT.

Ha puc. 4.30 rpadiuHo MpoiTIOCTPOBAHI CIIBBITHOIICHHS] MK aKTHBHOIO
Ta PEAKTUBHOI CKJIAJOBUMH KOMIUIEKCHOTO oOmopy Z TOCIiJOBHOTO
KOJIMBAJILHOTO KOHTYPY 32 YMOBH, HI0 ® < . 3AIITPUXOBAHUN Ha LIOMY
PUCYHKY TPUKYTHHUK Ha3WBalOTh TPHUKYTHHKOM OMNOPiB. 3 HBOTO HAOYHO

BurumBae, mo R =|Z|-cosp, X=|Z|-sing.

! Bennuuny mouatkoBoi (ha3u cTpyMmy 0OpaHO JAOBUIBHO SK TAKY, IO HE BILIMBAE HA
y ymy Y,
CIIPABEITUBICTH MOTAJIBIIINX BUCHOBKIB.
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A+
(0<a,)
+1
P : >
U=U+U,
Puc. 4.29
+
X,
0 R 1
T2 >
X=X, X, %"
L C -~ W<,
=N Z _
X
xn
_jXC
Puc. 4.30

AHaJOrIYHUM YUHOM [JISi BHIOAAKY ® > (9 MOXXHA IOKa3aTH, IO
BeMYMHA @ OyAe JOJAaTHOK 1 OMip MOCTIAOBHOTO KOJUBAJIBHOTO KOHTYPY
MaTuMe iHAYKTUBHUM xapakrtep. Hecknagno 3pobutu it rpadivuai moOyaoBH,
aHaJIOT14YHI MoKa3aHuM Ha puc. 4.29 Ta puc. 4.30.

VY Bumagky, Ko ® = @ (TOOTO TpHU pPE30HAHCI HAMPYr) MAEMO
Uy,=U, +U,. =0 T1a jX=j(XL-Xc)=0, 1 Ha BIAMOBIAHIX BEKTOPHUX Jiarpamax

3QIMIIAIOTHCS TLILKKM aKTHBHA CKaanoBa Hanpyru U, Ta akTusnwuii onip R.

4.5.3. Pe3oHaHCHiI KpPUBi

Pe3onancHi kpuBi — 1e rpadiku 3anexxknoctedt BenuuuH I, Ur, UL Ta Uc
(ab0 BIMOBIIHUX aMILIITY) BiT @ a00 f 32 yMOBHM HE3MIHHOI BEJIMUYMHHU J1F0UOTO
sHaueHHs U Hanmpyru Ha BXO/i. AHQJIITUYHI CIIBBITHOIICHHS, sIKI BUSHAYAIOTh
BKa3aHI 3aJIEKHOCTI, € TAKUMH:
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oLU

U, (0)= oL I(o)= —

R® + (mL — j
oC
1 U
Uclo)=— 1(0)= :
oC 1
oC.|R* + (coL — ]
oC

BignosigHi rpadiku IS Ai0YMX 3HAYCHBb HaBEJICHO Ha puc. 4.31.

U, A
QU
Liroye 3Ha4eHHs
8XIiOHOI
Hanpyau > U
O

Puc. 4.31

3ayBaxxuMo, 1110 MakcumyMH 3ajexHocter I(w) Ta Ur(®) po3ramoBaHi Ha
pe30HaHCHIN 4YacToTi @, Mmakcumymu 3ajiexHocted Uc(w) ta UrL(®) 3cynyTi
BIIHOCHO 1€l yactotu. Llel 3cyB TUM MeHIUMH, 4uM Oiabina JOOpOTHICTH Q
KOHTYDY.

Puc. 4.31 1mocTpye 4acTOTHO-BUOOPHI BJIACTHUBOCTI  MOCIIIOBHOTO
KOJIMBAJILHOTO KOHTYpY. L{i BIaCTUBOCTI MIMPOKO BUKOPUCTOBYIOTH Y PUCTPOSIX
aBTOMATHKH Ta 3B’SI3KY U BIIOKPEMIJICHHS BiJ CKJIAHOTO CHTHATY KOJIHBAaHb
noTpiOHOTO Jiana3oHy 4actoT. [Ipu npomMy yactoTHa BUOIPHICTH KOHTYPY TUM
Kpaia, 4yuM Oinbina 1o0poTHicTh Q (puc. 4.32). Ha Benuuuny 10OGpPOTHOCTI
JIOCUTh CYTTE€BO BIUIMBA€E BHYTPILIHIN Omip JpKepeja CUTHAILY — YUM LEeH Omip
OUIBLINI, TUM TOOPOTHICTH HIbKYA. Jlelo aeTanbHimie npo BUOOPHI BIaCTUBOCTI
MOCJTIIOBHOTO KOJIMBAJILHOTO KOHTYPY MOJKHA Ji3HATUCA 3 miapydnuka [1].
HabGaraTto mmpiie 1e nuTaHHsS, a TaKoX NUTAHHS BIUIMBY OIOpPY JKepesa
CUTHAJTY Ha BUOIPHICTh PO3MIISIHYTI B KIIaCHYHOMY HiApy4uHuKy [11].
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| A
Q=Q,>Q,
Q=Q,>Q,
A Q=Q,
o) : >
0 (0]

4.6. Koj10 CHHYCOITHOrO CTPyMy 3 MapajieJibHUM 3’ €IHAHHAM
AKTHBHOIO, iHIYKTUBHOI'0 TA EMHICHOT'0 €JIEMEHTIB

4.6.1. OcHoBHi cniBBigHOIIeHHsI. KoMILIeKCHA POBIAHICTH

Posrnsaemo koo, cxemy sikoro 300paxkeHo Ha puc.4.33 BpaxkaTtumemo
BijomMumu BenuunHu R, L ta C, a Takox aMIuTiTy 1y, 4acTOTy Ta OYaTKOBY a3y
BximHoro crpymy i=1I_ -sin(wt + @, ) HeoOxilHO BU3HAYUTU BEJIMYUHU

aMILTITYu Ta mo4aTtkoBoi (asu Hanpyru U Ha 3aTuckavax mporo Koja (4acrora
11€1 HAIPYTU AOPIBHIOE YACTOTI BX1IHOTO CTPYMY, OCKIJIbKH KOJIO JIIHIMHE).

o————

Puc. 4.33

3anuiieMo piBHICTH 3TiAHO 3 mepiuM 3akoHoM Kipxroda mms mairounx
3Ha4YeHb CTPYMIB:

I=IR +Ic +IL'

Bupazumo 111 ctpymMu uepes BXiHY Hanpyry Ta BiJMOBIIHI OTIOPH:
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1:2+U ‘]Q)C+.L=E(1+J0)C+.L)=
R joL jo (4.20)
=y(1amC—r1J=U1
R
Tyt
1 1 1
Y=—+joC—j—=—-j —-0C|=G-jB, -B (4.21)
Y=o tjoC-j—r=0 J(O)L j (B, -B.)

€ KOMIUIEKCHOI MPOBIIHICTIO TaHOTO KOJa.
Bennunna G=1/R € aKkTUBHOI0 POBIAHICTIO K0J1a, a BennurHa B=BL-Bc

€ PeAKTHBHOIO NMPOBIAHICTIO 1IOTO KOJia. Bennuunu B, = i Ta B, =0C ¢

oL
PEaKTUBHUMU MPOBITHOCTSIMHU BIJIMOBITHO 17€ATbHOI KOTYIIKH Ta 17€aJTbHOTO
koHaeHcaTopa. [IpuBegemo Bupas (4.20) 10 MOKa3HUKOBOI (HopMH

By -Bc

G _ ‘X‘ e v

rctg

Y=/G'+(B, B¢

Benuuuny ‘X‘ Ha3MBAIOTh NMOBHOI NPOBIAHICTIO KoOJIAa, a KyT (-Q)
Ha3UBaIOTh APryMEHTOM MOBHOI NMPOBIIHOCTI KOJa.

3 Bupasy (4.20) BurMBae, 1o
| B I

— —__ . i(er+o)

1_T-e™
Y [Y-e™ |y

3 iHmOro 00Ky, BUpa3 Il KOMIUICKCY J1I0YOr0 3HAYEHHS HAMpyru Mae

surisig U = Ue™" . [opiBHsABIIM 1Ba OCTAaHHI BUPa3H, JOXOAUMO BHCHOBKY, IO

I

U=®,

P, =0, +0.

AMIutiTyga Hampyrn obumcmioetses, sk Um=UV2". Omxe, 3amady
pO3paxyHKy MapaMeTpiB HAPYTH PO3B’A3aHO.

PosrnsiHemo Temep OAHY BaXXJIMBY BIIACTHBICTh, NMPHUTaMaHHY KOy 3
napajiebHUM 3’ €THAaHHSM aKTHBHOTO, IHAYKTUBHOTO Ta EMHICHOTO €JIEMEHTIB.
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4.6.2. Pe3onanc crpymis. [00pOTHICTH MapajebHOI0 KOJMBAJIbHOIO
KOHTYPY

[ToBepHemocs no Bupasy (4.21) mas kona, cxeMy SIKOrO 300pakeHO Ha
puc. 4.33:

ne B=BL-Bc.

[TinOuparoun BenuunHu @, L. Ta C, MoxHa JOOUTHCS TOTO, 1110 PEaKTUBHI
MPOBITHOCTI 1HAYKTUBHOTO Ta €MHICHOTO €JIEMEHTIB JIOPIBHIOBATUMYTh OJIHA
OJTHIN:

BL= B¢ = Bo. (4.22)

[Tpu bOMy peakTHBHA MPOBIIHICTh KOJIa JOPIBHIOBATUME HYJIIO:

B = BL-Bc= Bo-Bo=0,
a KOMILUIEKCHA ITPOBIIHICTH Oy/Ie YUCTO aKTUBHOIO 1 IOpiBHIOBaTUME BenuuH1 G:

Y=G-jB,-B,)=G-j0=G.

[loBHa TPOBIAHICT TakKOX JIOPIBHIOBATUME BEJIMYMHI  AKTUBHOI
MPOBIAHOCTI:

Y|=G*+(B,-B,) =J/G? =G.

Kpim TOro, 3 BHpasy \X\:\/G2+(BL—BC)2 BurmBae, mo G €
MIHIMAIbHUM 3HAYeHHAM, STKe MOKe MPUHUMATH BEJIMYMHA TOBHOI MPOBIIHOCTI.
Hanpuxnaa, sxmo 3anumuTd HepoTopkanumu L ta C 1 3MiHIOBaTH JIMIIE
BEJIMYMHY (®, TO BEJIMYMHA ‘S_{‘ 3MIHIOBaTUMETBCSI TaK, K 1€ IMOKAa3aHO Ha

puc. 4.34. O3HauMBLIM TIOBHUH OIip KoJa ‘Z‘ BHPa30M ’Z‘ =U/I Ta nopisuspmm

, I11IeMO BHCHOBKY, IIIO ‘Z‘ = i

Y|
To6TO MOBHMI omip KoJIa, CXeMy SIKOro 300pakeHo Ha puc.4.33, € oOepHEHO
MPOTNOPLIHUM TOBHOMY OIOPY MPOBITHOCTI IIbOTO KOJIa, 1 HA YaCTOTI ®, HA SIK1i

ioro 3 HaBenenum Bule Bupasom U=1/|Y
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m csirae MIHIMyMY, BEJIMYMHA ‘Z‘ Csira€ CBOTO MAaKCUMyMY, SIKMM JOPIBHIOE
1

— =R.
G

Puc. 4.34

Ha xyToBi#t yacTOTi Mo, Ha SIKIi BUKOHYETHCS piBHICTE BL=Bc, nopiBHIoE
HYJII0 apTYMEHT KOMILIEKCHOT TPOBIAHOCTI, OCKIJIBKU

B, - B B,-B
—arcte——C —arcte —>— —arctg0=0.
) g G g G g

VY migposn. 4.6.1 nmokaszaHo, 0 MoYaTKoBa (pa3za HAIPYrHd OOUYUCITIOETHCS
K QU=@1+@Q, TOMY IIp1 BUKOHaHHI yMOBU BL=Bc Maemo:

ou=Qr+0 = @i,

TOOTO 32 BKa3aHOI YMOBH CTPYM 301raeThes 3a (a3010 3 HAPYroro.

Pexxum poboTH K02, yTBOPEHOTO MapaleinbHO 3’ €JHAHUMU 1HIYKTUBHUM
Ta EMHICHUM €JIeMeHTaMu (HasgBHICTh PE3UCTOPA HE € 000B’SI3KOBOIO), TIPU TKOMY
peakTUBHA IPOBIIHICTH KOJIA IOPIBHIOE HYJIIO, HA3UBAIOTh PE30OHAHCOM CTPYMiB.

KyToBy uHacTtoTy o, Ha SIKIi Ma€ MICLIE PE30HAHC CTPYMIB, Ha3UBAIOTh
PE30HAHCHOIO KYTOBOK) YaCTOTOI0.

Komno, cxemy sikoro 300paxkeHo Ha puc. 4.33, Ha3UBalOTh NapajejJbHUM
KOJIMBAJIbHUM KOHTYPOM.

3a O3HAYCHHSIM, TPU PE30HAHCI CTPYMIB HA 4YacCTOTI @My MAaEMO

Bi(w0)=Bc(o), ToOTO L = ®,C . 3B1JICH OTPUMYEMO JIyKe BaKIIMBI HOpMyIIn

®,L
1
W, = —F—= 4.23
"= JLC (4.23)
Ta
1
fo=—"— (4.24)



i ¢dopmynu BH3HAYAIOTh BEJIMYMHY PE3OHAHCHOI YAaCTOTH uepe3
napaMeTpH iieaTbHUX KOHJEHCATOpa Ta KOTYIIKH, 10 CKJIaIal0Th MapaielbHui
KOJIMBAJILHUN KOHTYD.

3rinno 3 (4.22) Ta (4.23) Maemo (auB. migposa.4.5.2), 10

X, (0,)=X (0,)= /2 [{ro BemuuuHy , K 1 JJIS MOCIIIOBHOTO KOJIMBAJIBLHOTO

KOHTYpY, @O3HaYuMO $K 0 1 Ha3BEMO XapPaAKTePUCTHYHUM ONOPOM
napaJjejbHOro KOJMBaJILHOTO KOHTYPY.

OckiIbKH BX1JIHA Hampyra [_J MIPUKJIaJICHA K /10 1HAYKTUBHOTO, TaK 1 J10

€MHICHOTO €JIEMEHTIB, TO MPHU PE30HAHCI MAEMO pIiBHI Aitoul 3Ha4YeHHs (abo
aMILTITY1) CTPYMIB y IIUX €JIEMEHTaX:

u u u
p

Ane U=1-|Z|. Tlpn pesonanci ctpymis |Z| =R, TOMy B IIbOMy pexumi

R
U=IR. Tomy I, =1.=IR/p=1-—.
pP
BBenemo 100poTHiCTH NapajieIbHOTO KOJIUBAIILHOTO KOHTYPY
R
Q=—.
pP

Tomi npu pesonamci cmpymis niroue 3HadeHHs | BXITHOTO CTpymy
MOB’sI3aHE 3 JIIOYUMH 3HAYCHHSIMH CTPYMIB y IHIYKTUBHOMY Ta €MHICHOMY
eJIEMEHTaX, 5K

IL=Ic=Q-L

Y mpuUCTpOsIX aBTOMATUKHU Ta 3B’ 53Ky BEIMUMHA MAPAJIeIBHOI0 PE3UCTOpa
R (nuB. puc. 4.33), sik npaBuio, Habararo Oulbila 3a p, ToMy B HUX Q>>1. OTxe,
npU pe3oHAHCi cmpymié BETUYWHU CTPYMIB Y 1HAYKTUBHOMY Ta Y €MHICHOMY
eJIEeMEHTaX MapaeIbHOro KOJIMBAJILHOTO KOHTYPY B Q pa3 OUTbIIl HIXK BeIMYUHA
BxigHOTO cTpymMy I, mo # 0O0yMOBUIIO Ha3By ‘“pe30HAHC CTPyMIB” IS
PO3TIISAAHOTO PEKUMY POOOTH LIBOTO KOJIa.

3MIHIOBaTUMEMO MOAYMKH YaCTOTY BXIJHOTO CTPyMy HpPH MOCTIHHUX
BenuunHax R,L,C Tta I . BigmiTuMO, 10 TP ©=@o PEAKTUBHI MPOBITHOCTI
1HIYKTUBHOTO T4 EMHICHOTO €JIEMEHTIB PiBHI:




Axmo ® < o, To BL(®) > Br(®o), a Bc(®) < Be(@o), T06T0 BL(00)>Bc(w).

Tomy  npwm ©® < o MaeMo IL(UO)= & =UB, > IL(UUO), a

IC(UU) =uwLU=UB_ < IC((UO ), TOOTO IL((D) > IC((D). Kpim toro, npu @ < o
B —
Ma€eMO TaKOK (P = arctg% >0, ockinbku Br > Bc. Aute, K moKa3aHo

Buule, Qu=@r+@. OTxe, Npu ® < ®y BUKOHYETHCS HEPIBHICTH Qu>Q1, TOOTO
Hampyra Ha 3aTHCKauax MapajelbHOr0 KOJMWBAaJIbHOTO KOHTYpPY BHUIEpEIKAE 3a
dazoro ioro BxigHui ctpyM. KaxyTs, 1110 3a 11i€1 00CTaBUHU OMip I[BOTO KOHTYPY
HOCUTD IHIYKTHBHMI XapakTep.

BekTopHi aiarpaMu cTpyMiB Ta HalpyT AJIs pO3IJIAIaHOTO BUMAJKY O < o
HaBeneHo Ha puc. 4.351,

+ A
] W< ®,)
IC I;? Q=@ -Q>0 1
= - > +
N / vl )
L=1+1, “d
I
- \\ /
IL Cc
Puc. 4.35

3BepHITh yBary Ha Te, mo B 1pomy Bumanky Ip>I. Ilpu momambiomy

) ) U
361JII>IHCHH1 BCIMYUHU @ BeHHqHHaIL = 3MeHIHYBaTI/IMeTI)C}I, a4 BCIIMYUHA
oL

Ic=@CU 30i1pIIyBaTUMETHCS, aX JIOKA TPU ® = (M9 HE HACTaHE PIBHICTH
I.(00)=IC(@0). OCKIJIbKH K BEKTOPH IL ta 1 ¢ CIPSIMOBaHI MIPOTHIICIKHO, TO MPH
® = oo peakTuBHa ckiagosa crpymy Iy =1, + 1. mopiBHIOBaTHMMe HyImrO, a
Bxiguuii ctpym I nopisaroBatume crpymosi 1, . SIkimo Benuunna R 6yne nocuts
BEJIMKOIO, TO IR Oyze aye MaiuM, a OT)KEe — TAKUM K€ MaJuM Oyie ¥ BX1THHIA
ctpyMm I(wo). Axmo R—oo, To I(a)—>0, B TOIl yac, fK IL(mO)zlc(mO);tO.

! BennunHy (u mo4aTKoBOi (a3u Hapyrd oOpaHoO JOBUIHHO SIK TakKy, IO HE BILIUBAE
Ha CIPaBEJIUBICTh MOAAJBIINX BUCHOBKIB.
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ToOto, npu Benukux R nmapanenbHuil KOHTYP CIOKHUBAE MTPU @ = Mo AY>KE MATHIA
BX1IJIHUI CTPYM IIPH TOMY, 1[I0 CTPYM B HOTO KOTYIIILII Ta KOHAEHCATOP1 30BCIM HE
MaJui (SIK TTOKa3aHo BUIIE, BiH B (Q pa3 OUTBIINIA 32 BX1THUHA CTPYM).

Jliis1 BUIIAAKY O>@®¢ HEBAXKKO MOKA3aTH, 1110 BEJIMYMHA (P Oy/ie Bl €EMHOIO,
TOOTO Hampyra Ha MapajelibHOMY KOJMBaJbHOMY KOHTYpl BiJCTaBaTHME 3a
¢a3oro0 BiJ HOTO BXiTHOTO cTpyMy. Lle € 03HaKOI0 TOTO, IO TIPH >®p OITiP TAKOTO
KOHTYpY Ma€ eMHiCHMII xapakTrep. Qi3UyHe MOSCHEHHA 1ILOTO TOJIATAE B TOMY,
o npu @>®9 MaeMo Xp(®)>Xc(®) 1 OLIpla YacTUHA BXIJIHOTO CTPyMY Tede
HUITXOM HaMEHIIIOTO OTMOPY KPi3b KOHJIEHCATOP, TOOTO €EMHICHUHN €JIEMEHT KOJIa.

4.6.3. ExBiBajleHTHa 3aMiHA KOMILIEKCHOIO OINOPY KOMILIEKCHOIO
MPOBITHICTIO Ta 3BOPOTHA 3aMiHa

PosrnsiHeMo mnuUTaHHS B3a€MO3B’SI3KY MK KOMIUIEKCHUM OIOPOM  Ta
KOMITJIEKCHOIO TPOBIJHICTIO TACHUBHOI JUISTHKA KOJa, SIKOTO MH YaCTKOBO
Topkanucs B 1. 4.6.1 Ta 4.6.2, ane Tenep NOCTaBUMO 11€ TUTAHHS MaKCHUMaJbHO
IIMPOKO: sIKI CIIBBIJIHOIIEHHS TIOBMHHI ICHYBaTH MIX AaKTUBHHUMH Ta
PEaKTUBHUMU CKJIAJJOBUMHU KOMIUJIEKCHOTO OTMOPY Ta KOMIUIEKCHOI MPOBITHOCTI
MACHMBHOI JUISTHKY KOJa 332 YMOBH, III0 HAMPyTa Ha 3aTHCKayax Ii€i TUISHKA Ta
CTPYMHU Kpi3b Il 3aTHCKayl € OJIHAKOBUMH SIK MpU ii 300paxkeHl y BUTIIAII
KOMIUIEKCHOTO OIOpY, Tak 1 MpU 11 300paXeHHI y BUIVISIAI KOMILJIEKCHOI
MPOBIAHOCTI?

Jlns oTpuMaHHS BIAMOBIAI HA 1€ TUTAHHS PO3TJSHEMO Bl CXEMH,

306paskeni Ha puc. 4.36. Bumaratumemo, o6 semmanan 1 ta U st 06ox xin

Oynau OZHMMHM ¥ TUMU caMUMH. TOJl KOMIUIEKCHHMI OMIp KOJIa, CXEMY SIKOrO
300paxeHo Ha puc. 4.36,a TOpIBHIOE

Z=Ze" =R +JX. (4.25)
G
— L
I R X i U
o= | — F—— X —
\_U/A B
—
@ 6
Puc. 4.36

3 iHImI0ro 60Ky, 32 0O3HAYCHHSIM

Z =

et ||

— %ej(%—%) ) (426)

110



[TopiBHSIBIIH 11l BUpa3u, OTPUMYEMO, IO
U
‘Z‘ = 1 QP =Py — ;- (4.27)

KomriekcHa mpoBiHICTh KOJIa, CXeMy SKOro 300paxeHo Ha puc. 4.36,0,
JOPIBHIOE

Y =|Y|e"™ =G =jB. (4.28)

3 iHII0TO OOKY, 32 O3HAYCHHSIM

I .
X — — Ee.l(‘l’l_(f»‘u). (4.29)

e

[TopiBusimiu (4.28) Ta (4.29), orpuMaemo, 110

I

v=1

s Ov= Qr-Qu= -(Qu-Q1). (4.30)

Tenep nopiBHsieMo mapy Bupasis (4.27) 3 maporo BupasiB (4.30). OueBugHO, 1110

1

‘¥‘=®, ¢y =9,

ToMmy Hemae moTpeOU BUKOPHCTOBYBATH OKpPEMI MO3HAYEHHS Qy Ta @z
JIOCUTh TIO3HAUUTH Q=@u-Q1 =@z, TOJ1 Qy= —¢. B pe3ynbraTi MOXKHa 3anucary,
110

1 1

Z=|Zje", Y=|Ye"= "= (431)
Ze” Z

ne @ Mae (Pi3UYHMIA ceHC pi3HMII (PA30BOro 3CyBYy MK HANpPYyrolo Ta CTPYMOM.
Bonnouac 3 (4.25) Ta (4.28) BumiuBae, 1o

= arct E—arct E
¢ gR gG'

Tenep 3’scyeMo 3B’S30K MK aKTUBHUMHU Ta PEAKTHBHUMHU CKJIAJOBUMHU
KOMITJIEKCHOT'O OTIOPY Ta KOMIUIEKCHOT TpoBigHOCTI. Hexaii Bignomi Benmunan G
ta B. Ockumekn Z =1/Y, Tomi:
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1 .
G-jB

R+jX=

[ToMHOXXMMO dYHCENbHUK 1 3HaMEHHHMK mpaBoi dactuHu Ha (G+jB).
Matnmemo

(G-jB)G+jB) G"+B° G +B G°+B
3Biacu
G
R=— — (4.33)
G?+B?
B
X=— " (4.34)
G’ +B?

TakuM dYWHOM, TMICIS €KBIBAJIGHTHOI 3aMIHM IapajieIbHOIO  KoJia
(puc. 4.36,0) na nocniioBHe (puc. 4.36,a), sk eenuuuna R, max i eenuyuna X
3ANENCAMUMYMb 610 yacmomu, OCKUIBbKH BI Hel 3aJIC)KUTh

1
BIBL—BC ZE—O)C-

Hexaii Bimomumu € Beanunad R ta X. Ockinbku Y =1/Z, T0

1
R+jX

G-jB

IToMHOXMMO 4YHCENbHUK 1 3HaMEHHUK mpaBoi yactTuHu Ha (R-jX).
MatumeMo

o R-jX R-jX R . X
(R+jX)R-jX) R*+X* R?*+X TR xt
3Biacu
R
G=Riex (3:33)
Bk (330

TakuM 4YHMHOM, IIICJIS €KBIBaJCHTHOI 3aMIHM IIOCHIIJOBHOIO KoJa
(puc. 4.36,a) Ha mapanensHe Koo (puc. 4.36,0), sk seruuuna G, max i eruyuna
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B sanexcamumyms  6i0 uacmomu, OCKUIBKM  Bil  Hel  3aJeXUTh

X:XL—XC:(;)L—(DIC-

4.6.4. PeanbHuii napajejbHUM KOJTUBAJIbHUI KOHTYP

VY 0GaraThbOX MpPaKTUYHUX BUIAJKaX peajbHI BIACTUBOCTI MapanelbHOro
KOJIMBAJIbHOTO KOHTYPY MO>KHA JIOCUTh TOUYHO ONMCATH, BPaXyBaBILIN aAKTUBHUI
OIlip TOBOY, IKUM HAMOTAHO pealibHy KOTYIIKY 1HIYKTUBHOCTI, 1 3HEXTYBABIIIN
aKTUBHOIO CKJIaJIOBOIO OTIOPY peaibHOro KoHaeHcatopa. [Ipu npomy enekrpuyna
NPUHIIMIIOBA CXE€Ma pPEAJbHOTO MapajelibHOTO KOHTYpY HaOyBae BHIJISINY,
npejacTaBiieHoro Ha puc. 4.37,a, ne Rk — akTUBHUH OMip APOTY, IKUM BUKOHAHO
KOTYWIKY, Lk — 1HIyKTUBHICTb 111€1 KOTYIIKH.

o

Puc. 4.37

[lepeiigemMo Bia 1i€i cXeMH A0 OUIBII 3pYYHOI JJI PO3PAXYHKIB CXEMH,
300paxeHoi Ha pwuc.4.37,6. Ing mporo 3aMiHUMO JIIBY BITKY KOJa a4 Ha
exBiBajieHTHE 3’enHanHs L ta R y Komi 6, CKOPUCTABIIUCH CITIBBIAHOIIEHHSMH
(4.35) Ta (4.36). Maemo niis xoja 6

_ Xk _ mLk
" RZ+X! RI+(oL,)’

BBaxaTumeMo, 110 3aMiHa BUKOHYETBHCS Ha PE30HAHCHIN 4acToTi ®o. B
OPUCTPOSAX ABTOMATUKHU Ta 3B’A3KY KOHTYpPU MalOTh BEJIUKY TOOPOTHICTh, TOMY
Ha I1A yacToTi 3BM4aHo moLi>>Rk 1 MokHa 3amucaTu, 1o
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- oL, 1
(mOLk)z mOLk

L

3 iHmoro OOKy, B KOJII 6 IHIYKTMBHA NPOBIJHICTH HA YacTOTI Mo €

B :L. HOpiBHHBHII/I JABa OCTaHHIX BHUpa3n, AJOXOIWUMO BHCHOBKY, IO

L
o,L

1 ~ 1 , T00T0 L = Lik. OTXe, mpu mepexoji BiI Kojia @ 10 Kojia 6 Ha

o,L, oL
PE30HAHCHIL Yacmomi THIYKTUBHICTh KOTYIIIKA MOXHA BBa)KAaTH HE3MIHHOIO 3a
ymosu, mo L, >> R, .

Tenep 3Halimemo BenuuuHy omnopy R koma 6. IIpoBigHICTH IIHOTO
pe3uctopa G=1/R 3rigHo 3 popmyroro (4.35) nopiBHIOE

_ Rk _ Rk
R} +X! R:+(wL,)’

JI71st pealiIbHUX KOHTYPIB 3 BUCOKOIO JOOPOTHICTIO HA PE30HAHCHIHM 4acTOTI
0 BHUKOHYETbCA HEPIBHICTH @,L, >>R,, TOMY MOXHa 3amucaTd, IO

G~ R , 3BIOIKM R = 1 ~ M Ane K, SK TIOKa3aHO paHille,
(L, )2 G R,

IHIYKTUBHICTH L KOTYIIIKHM KOJIa 6 Ha pe30HAHCHIM 4YacTOTi MPUOJIU3HO TOPIBHIOE

ingykTuBHOCTI Lk KoTymku kona a. Toxi Rx(@oL)?/Rk. B mimposmini 4.6.2 mu

no3Hauwiu  @L.=p Ta JaJd O3HAYCHHS JIOOPOTHOCTI TapajebHOTO

KOJUBaIbHOTO KOHTYpPY sk Q=R/p. Tomy mis peanvrHoeo mapaieabHOTO

KOJIMBAJILHOTO KOHTYPY Ma€EMO 3MOTY 3aITUCaTH, 1110

2
R~ (4.37)
Rk

1 110
P _ P
R.-p Ry

®opmyna (4.37) n03BoJis€ OOYUCIHUTH OMIP PEATBHOIO MNapajeabHOro
KOHTYpY Ha PE30HAHCHIN 4acToTi (A€ BIH € YMCTO aKTMBHUM), 110 MOTPIOHO,
HaIPUKJIAI, IPU PO3PAXYHKY PE30HAHCHUX M1JCUITIOBAYIB.

Ha Biaminy Big koja 3 mapanenbHuM 3’ eaHaHHsAM nocTiaux R, L ta C
(puc. 4.33), y peallbHOro MapaneabHOTO KOJIMBAIBLHOIO KOHTYpY (puc. 4.37,a)
pPE30HAHCHA YacToTa o 3aJIEKUTH BiJ onopy Rk mpoBoay, SKMM HaMOTaHO
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KoTymKy. OnepxumMo GopMymy ais Hel, BAKOPUCTABIIH TSI KOJIa, CXEMY SIKOTO
300paxeHo Ha puc. 4.37,0, yMOBY p€30HAHCY CTPYMIiB:

w,L
B (w)=—F7——=B_(w,)=w,C.
L( 0 Ri +(w0Lk)2 C 0) 0

Po3B’s3aB1mu 111 piBHSHHS BIZHOCHO (), OTPUMAEMO

RZ

_ k

1
RN ey

):[ep: g.
C

OueBugHo, 10 Mpu Ri<<p 115 dopmysa COpOCTUTHCSA JO B¥KE BiJIOMOI:

o,=1/,L,C.

Omip peanbHOTO MapaieIbHOTO KOJIMBATLHOTO KOHTYPY CYTTEBO 3aJICKHUTh
B/l yacmomu TpUKIaAeHOi 10 Hboro Hampyru (puc.4.38). Lo BracTuBICTBH
IIMPOKO BUKOPUCTOBYIOTh Y TMPUCTPOSIX, B SIKUX HOTPIOHO BIAOKPEMUTH
CUHYCOI/IHI KOJIMBAHHS MEBHOTO Jiala30Hy 4YacTOT BiJ 3arajibHOi CYKYIHOCTI
KOJMBaHb (Tak 3BaHl (QUIBTPyrOYl Koia). 3 Oy Ha OOMEXKEHICTh 00CsTYy
JTAHOTO TMiJIpyYHUKa MU He OyAeMO JeTallbHO OOroBOPIOBATH MHUTaHHA, SKi
MOCTAIOTh MPH MiJIMKHEHHI KOHTYpPY JI0 JDKepesa CUTHAIy. 3ayBaXUMO JIUIIIE,
o0 s TOro, ImI00 PE30HAHCHI BJACTUBOCTI PEAIbHOTO MapajeIbHOIO
KOJIMBAJILHOTO KOHTYPY BUSIBUJIHCS B MOBHIM Mipi, HEOOX1JHO, 1100 BHYTPIIIHIMI
omip Ry mxepena curnany (reeparopa), MiAIMKHEHOTO JI0 LIbOTO KOHTYpY, OyB
Habararo Oinpiumii Benuuubu  ©/Rk. JleTanbHe OOrOBOPEHHS YacTOTHO-
BUOOpPHUX BJIACTUBOCTEH MapajieIbHOr0 KOJIMBAJIBHOTO KOHTYPY MOKHA 3HANTH
B MiApy4yHuKy [11].

Puc. 4.38
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4.7. IIoTyKHiCTh Y KOJIAX CHHYCOITHOT0 CTPyMY

Po3rnsHEMO ~ JESKMH  JBOIONIOCHUK 3  KOMIUIEKCHHM  OIOPOM
Z =R+ jX =|Ze". Kpisp nporo mpotikae ctpym I, sxuit yreoproe Ha mpomy

nsonomocHuky naainas Hanpyru U (puc. 4.39).

Puc. 4.39

KommiekcHa HOTYDKHiCTb S BU3HAYA€CTHCA (K IIO6YTOK KOMILICKCY

JI0YOT0 3HAYEHHS HAIIPYTH Ha CIPSHDKEHUI KOMITJIEKC AIF0YOT0 3HAUYEHHS CTPYMY
Kp13b JABOIOJIIOCHHUK:

S = U‘I" — U_ej(PU _Ie—j<P1 =U_I_ej((PU—(P1)

Ane X, AK TOKa3aHo B miapo3aun 4.6.3, BeaMuMHA QU-QI=Q, 1€ ¢ —
apryMeHT KOMIUIEKCHOTO onopy koia Z . Tomy

S=U-I-el®. (4.38)

Ockinexu U =1- ‘Z

, TO MOJXHa 3aItucaTy, 1o

S=1%[Z}e!® =1* . Z=1*-(R+jX), (4.39)
a TaKoX, 110

2 n
s= U o -2 Y =U%.Y =U*G+jB). (4.40)

Z

ne «"'» — 3HaK KOMIIJIEKCHOTO CITPSIKEHHS.
BBeneMo MoHATTS MOBHOI MOTYKHOCTI S, CIIO’KMBAHOI KOJIOM: S = ‘S‘

[TopiBusBmu hopmyinu (4.38), (4.39) Ta (4.40), MOKHA TIOMITUTH, 1110

2
S:U-Izlz\z\zU—zUzm-

Z
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SIK KOMIUIEKCHY, TaK 1 TOBHY IOTY>KHOCTI BHUMIPIOIOTh y BOJbBTAX,
NOMHOXEHMX Ha aMmIiep (CKopouyeHe 1mo3HadeHHs BA).
OTtxe,

S=S-e/°=S-cosp+jS-sing.

Tyr P=S-cos¢=U-1-cosq@ € akTtuBHOW mnoTyxkHicTio. Bona
0€3MOBOPOTHO CMOKUBAETHCA KoJoM. Onuuunsg BuMmiptoBanHa — Batr (Bt). L
MOTYXKHICTh 3aBXJM Olbllla 32 HYJb a00 JOPIBHIOE HYJIO (SKIIO TIJIBKH HE
HIEeThCs TIPO KOJIO 3 MiJICUIIOBAIBHUMH €JIeMEeHTaMH: B HboMy P moxke Oytu
BiJl"€EMHOIO).

Benuuuna cos@ gictaia Ha3By “koeilieHT MOTYKHOCTI”, OCKUTHKH BOHA
MOKa3ye, IKYy YaCTUHY MOBHOI MOTYHOCTI 0€3MTOBOPOTHO CIIOKHBAE JIAHE KOJIO.
Bona mae Benuke 3HaY€HHSI B €JI€KTPONOCTaYaHHI.

Bemnunna Q =S-sin@ =U-Isin@Q ¢ peakruBHow mory:kuicTio. 1[5
MOTYXHICTh TO HAKOMUYY€ETHCS KOJIOM (B 1HAYKTUBHUX 1 EMHICHUX €JIEMEHTAX),
TO MOBEPTAETHCS 110 Jkepena. Onunuiiero BuMipioBanHs € Bap (BAp — Bix ciiB
“BosibT”, “ammep”, “peaktuBHa’’). Benmnunna Q Moxke OyTH SK TOAATHOIO, TaK 1
B1JI' €MHOIO.

Otxe,

S=P+jQ. (4.41)
[TopiBHSBILY L} PIBHICTH 3 PiBHICTIO (4.39), oTprMaemMo
P=I'R, Q=I2 - X
[TopiBusiBmiu (4.41) ta (4.40), oTpuMaemo:
P=U'G, Q=U’-B.

Bigknapmm Benuuuny P Ha oci AiicHHX 4ducen, a BeauuuHy Q — Ha oci
YSIBHUX YKCEJT KOMILIEKCHOT TUIOIIUHM, OTPUMAEMO TPUKYTHUK MOTYKHOCTE
(¥oro 3amrpuxoBaHo Ha puc. 4.40). OueBuaHO, 11O

S|=S=P?+Q%.

KoMIUIEKCHY MOTYXHICTh i7€aIbHOTO JDKEpesia CHHYCOIAHOI HaIlpyTH
OOYHUCITIOITH 32 (OPMYIIOI0

n

SE =iE'I ’
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”

ne I — crpsbkeHud KOMIUIEKC A10YOro 3HAUYCHHS CTPyMY, SIKMM MIPOTIKAE KPi3b

e JpKepeno. 3HaK OOUpaloTh 3 THX )K€ MIPKYBaHb, 3 SIKUX 1€ POOIATH IS KU
NOCTIHHOTO cTpyMmy (miapo3ain 1.11).

A+
Qf-----=--—mmm -
S :
>0
4 : e
0 P
TpukymHuk nomyx+ocmed npu (P> 0

Puc. 4.40

KoMIIIekCHY TOTYXKHICTh 17eabHOr0 JDKEpela CHHYCOITHOTO CTPYMY
00YHCITIOIOTH 3a (HOPMYJIOIO

n

§j=ﬂj-j )

ne U, — Hanpyra Ha 3aTHCKayax I[bOTo JuKepena. I TyT 3HaKk Takox oOMparoTh 3
THUX k€ MIPKYBaHb, 10 ¥ JIJIs1 K11 MOCTiMHOTO cTpyMmy (miaposa. 1.11).

Bbananc moryxkHoOCTEeH ISl KO0JIa CHHYCOIIHOIO CTPYMY IIOJSATaEe B
PIBHOCTI anre0paidHoi CyMH KOMIUIEKCHUX MOTYKHOCTEH YCiX JKEpes Koja Ta
anreOpaiyHOi CyMHM KOMIUICKCHHX ITOTY)KHOCTEM BCiX ITaCHBHUX €JICMCHTIB
(TOOTO pe3ucTOpPiB, KOTYIIOK Ta KOHACHCATOPIB) KOJA.

4.8. IIpocTi KoJIa CHHYCOIZHOIO CTPYMY

4.8.1. KoJ10 3 mocJ1iI0BHUM 3’ €ITHAHHAM KOMILIEKCHUX OINOPiB

PosrnsHemMo  Koi0, yTBOpEHE NUISXOM  TOCIIJIOBHOTO 3 €IHAHHS
JIBOITOJTIOCHUKIB 3 KOMIUIEKCHUMHU ontopamu Zi, Za,...Zn (puc. 4.41,a). 3Buyaiito,
KOKEH 3 IIUX JBOMOJIFOCHUKIB MOXE CKJIaJaTUCs a00 3 OJHOTO eJieMEeHTa KoJja,

abo 3 OaratbOx €JEMEHTIB (aJie¢ Tak, 100 I CKJIaJHE KOJIO Majo TUIbKU JBa
3aTHCKaYi).
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/ Z, L Z, L Zy N
u U, U, Un U Lo
a 6
Puc. 4.41

3rigHo 3 apyrum 3akoHoM Kipxroda maemo
U=U, +U,+...+ Uy =1Z, +1Z, + ...+ 1L = (L, + Z, + ... + L\).

@opMyiy A €KBIBaJEHTHOTO OIMOPY 3HAWIEMO, MOPIBHABIIA OCTaHHIN
BHpa3 13 PopMyJI010, 3aITMCAHOIO JIJIsl €KBIBaJICHTHOTO Koja (puc.4.41,0):

U=I1-Z...
OnepxyeMo, 110

Z.=2,+72,+..+7Z\= (R1 + jX1)+(R2 +jX2)+ ...+(RN + jXN)=
=(R, + R, +..R )+ j(X, + X, + ...+ Xy )-

4.8.2. Kos10 3 napajieJibHUM 3’ €IHAHHAM KOMILJICEKCHUX OIOPiB

PosrnsiHemo k070, YTBOpEHE MNUISAXOM MapajeibHOrO 3’ €JHAHHS
JIBOTIOJIIOCHUKIB 3 KOMIUIEKCHUMU onopamu  Zi, Za,...Z. (puc.4.42,a), s
KOKHOTO 3 SIKMX CHpaBeINBa MPUMITKa, 3poOsieHa B 1. 4.8.1.

U Z Y

= EKe ; —ekK8

Puc. 4.42

3rigHo 3 nepmuM 3akoHoM Kipxroda maemo
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Onip Zexs, CKBIBAJCHTHUH OMOpYy IMX TMapalelbHO 3’€THAHUX
JIBOTIOJIIOCHUKIB, 3HAMIEMO, TMOPIBHIBIIM OCTaHHIM BHpa3 Ta 3akoH Owa,
3aMMCaHMi 711 KOJla, CXEMY SIKOTO 300pakeHo Ha puc. 4.42,0:

I = E/Zem; = I_JXCKB'
OnepxyeMo, 110

Y..= =Y, +Y,+.+ ¥y =G,+G, +..+ G —

na
ZCKB

- j(B1 +B,+..+ BN).
3B1IKH

ZCKB = 1 = 1
Y, +Y, +.+Yy

1 1 1
—+—+..+—
Z, 7, YAN
BaxxnmuBuM OKpeMHUM BHUIIQIKOM € TapajelbHe 3 €QHaHHS JIBOX
KOMIUIEKCHUX 0omnopiB (puc. 4.43). Maemo:

, _ 1 1z
—¢€KB i—i_i ZI+Z2
z, z,
Zyl | £
Puc. 4.43

Hanpuxnan, npu mnapaneiabHOMy 3°€IHaHHI JBOX pEalbHUX KOTYIIOK
IHAYKTUBHOCTI (puc. 4.44) oTpuMaeMo
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7 = (Rl + ijl)'(Rz +ij2).
" R +R,+jo(L, +L,)

R1 Rz
L, L,
Puc. 4.44

[licnst miACTaHOBKM YMCJIOBHUX JIAHWX, BUKOHABIIIM MHOKEHHS Ta JIJICHHS,
NEepeBEEMO OTPUMAHE KOMIUIEKCHE YHUCIO 10 anreOpaidyHoi (GopMH 1, TaKUM
YUHOM, BU3HAYMMO BEIUYNHU Rexs Ta Xexs.

4.8.3. Kos10 3 MilIaHUM 3’ €JTHAHHAM KOMILJIEKCHUX OIOPiB

Haramaemo, 110 x0J1o 3 MIIIIAHUM 3’ €JHAHHSIM €JIEMEHTIB — IIe TaKe KOJIO,
K€ YTBOPEHE 3 JIJITHOK, SIK1 MICTSITh TUIBKY TTOCJIIZIOBHO Ta NapayiesibHO 3’ €/THaH1
eneMeHTd. CxeMy HaWMpOCTIIIOTO BapiaHTa TaKoro KoJia HaBeJeHO Ha puc.4.45.
Onip napaneiabHOi TIISHKHU @6 LIbOTO KOJia T0PIBHIOE

1,7,
Z,+7, ,

—ae

a €KBIBAJICHTHUH OMIp BChOTO KOJIA IOPIBHIOE

ZeKB = Zl +Zaa .

Puc. 4.45
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4.9. 3acrocyBaHHsI MeTOAIB PO3PAXYHKY KU HOCTI{HOIO CTpPyMy [0
PO3PaxyHKY KiJI CHHYCOIIHOTO CTPyMY

VYci MeToii po3paxyHKy KiJl IOCTIHHOTO CTPyMY OJiep>KaHi Ha 0a3i 3aKOHIB
Oma Ta Kipxroda. Asie x 111 3aKOHHU € CIIpaBeIJIMBUMU M JIJISl KiJ1 CHHYCOiTHOTO
ctpymy. Tomy BCl METOJM PO3PaxyHKY KiJ MOCTIHHOTO CTPyMy MPUJATHI 1 JJIs
PO3paxyHKy KiJI CHHYCOiTHOTO cTpyMy. [IeBHI 0OMexXeHHs HaKJIaJIeHO TUIbKU Ha
PO3PaxXyHOK KT 3 IHIYKTUBHUM 3B’SI3KOM MDK €JIEMEHTAMHU. 3ayBaKUMO TaKOX,
IO MicJisi BUKOHAHHS €KBIBAJIEHTHOTO TMEPETBOPEHHS ‘“3IpKU~ HA “TPUKYTHHUK
ab0 micis OOCpPHEHOTO TEPETBOPEHHS YHCIIOBI 3HAYCHHS JCSKHX aKTUBHHX
OTOPiB MOXYTh OyTH Big’ eMHUMH. Lle HE MOBMHHO TypOyBaTH po3paxoByBaya,
OCKUJIBKH 111 IEPETBOPEHHS MalOTh MPOMIXHUMN XapakTep, 1 B KIHUEBIM cXeMmi BCl
aKTHUBHI ONOPH OyAyTh HEB1JI’EMHUMHU.

3BUYaiiHO, MO0 TPHU PO3PaxXyHKy KOMIUIEKCHUM METOJAOM y (opMmyax,
OTPUMAHUX I KUT TIOCTIHHOTO CTPyMy, CIiJi BUKOPUCTOBYBATH TIJIBKH
KOMIJIEKCHI OTMOPU €JIEMEHTIB 1 JUISHOK, a TAKOK KOMIUIEKCH JIII0YMX 3HAY€Hb
cTpyMiB, HanpyT 1 EPC (a0o0 BiNMOBIAHI KOMIUIEKCHI aMILTITYIH).

4.10. YMoBM mepenavi reHepaTopoM  MAaKCHMYMY  aKTHBHOI
MOTY>KHOCTI /10 KOMILJIEKCHOT0 HABAHTAKEHHSI

PosrnsgHemMo ko010, yTBOpEHE TOCHIAOBHUM 3’€IHAHHSM pPEeaJbHOIO
JKepena CHUHYCOIAHOI Hampyru (KOMIUIEKC [iro4oro 3HadeHHs Horo EPC
nosHaunmMo sk E, a xommiexkchuil BHyTpimmii omip — ak Z, =R _+jX ) Ta
HAaBaHTKEHHS 3 KOMIUIEKCHUM omopoM Z, =R +jX, (puc. 4.46). Hexaii
BimoMi BeanunHA Rr Ta X.

Tpeba BuznaunT BennunHu Ry Ta Xy 32 yMOBH, 1110 aKTUBHA MOTYXHICTh
Py, cio’krBaHa HaBaHTAXKEHHSAM, € MAKCUMAJIbHOKO.

N ,
Z =R+ X, _
Z,7R*iX,
E,
o
Puc. 4.46
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Sk mokazaHo B 1. 4.7, BeNIWYMHY AKTUBHOI MOTYXHOCTI, CHOXKHBaHOI
HABAaHTKCHHAM, MOXKHa 3HaWTH sk Py=I’R,. ToMy mnomepenHbo 3HaXOIUMO
CTPyM Yy HallloMy KOJi:

E, E,
I —_ = .
S Z,+Z, R +R +jX +X,)
3Biacu
2 2
I’ = |I|2 — E.r _ Er _ =
R +R,+i(X, +X,)| |R +R,+j(X,+X,)
E? '
= (Rr +RH)2 _*_()(r + XH)Z .
Tom
P =1’'R_=E? R,

T RAR) (X X, )

1106 Py Oyna MakcumanbHOO, Tpeba, 00 3HAMEHHUK LbOTO Apo0y OyB
MiHIManbHUM. O4YeBUIHO, 10 3a OyAb-SKUX AO0JaTHUX 3HaYeHb Ry Ta Ry
MNOTYXHICTh 0yJle MAKCUMAJIbHOIO, SIKIIIO

Xu=—-Xr. (4.42)
[Ipu upomy

R
P=E —* _.
" (R +R,)

JlocniauBIM Ha eKCTPEMYM 110 (DYHKIII0 BeIMYMHU Ry, oTprMaemo, 110
P, Oyne MakCHMaTbHOIO 32 YMOBH

R.=R.. (4.43)

B Tepminax KOMIUIEKCHMX OMNOpPIB pe3yiabTatu (4.42) ta (4.43) MoXHa
HO€THATH:

’

Z,=R -jX. =2, , (4.44)

Jie 31pOoYKa € CHMBOJIOM OTeparlii KOMILUIEKCHOTO CIIPSKEHHS.
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HaBanTakeHHsI, KOMIIJIEKCHUH OMIp SKOTO 3a/10BOJIbHSE CITIBBIAHOIICHHIO
(4.44), Ha3uBaIOTH CIIPSDKEHUM HaBaHTaXEHHSAM. BOHO criojkuBae BijJ reHeparopa
MaKCUMAaJIbHO MOKJIMBY MOTYXHICTb, BEJIMUMHA SKOT

4.11. Pe3oHaHCH B CKJIAJHUX KOJIAX

Pe3onaHCHI peXUMU MOXKYTh MAaTH MICIIE HE TUIBKH B MOCIIIOBHOMY a00
napajieIbHOMY KOJMBAJIbHUX KOHTypax (nuB. mimpo3aiumm 4.5 ta 4.6), aie 1 B
O1TBIN CKIAAHUX KOJIaX, SKi BOAHOYAC MICTSATh IHIYKTHUBHI Ta EMHICHI €JIEMCHTH.
B npomy 3arajibHOMY BHUIIJIKy PE30HAHCOM HA3UBAIOTh TaKU PEXKUM POOOTH
KOJia, TIPU SIKOMY PEaKTHUBHA CKJIaJjoBa X MOro KOMIUJIEKCHOTO OIMOpPY JIOPIBHIOE
Hym0. AJjie x, 3rigHo 3 (4.36), piBHicTh X=0 Beae i a0 piBHocTi B=0. Tomy
MO>KHA JIaTH 1 aJbTEPHATUBHE O3HAYCHHS PE30HAHCY 5K TAKOTO PEKUMY POOOTH
KOJia, TIPU IKOMY peaKkTHBHA CKJIago0Ba B ii KOMIJIEKCHOT IPOBIAHOCTI JOPIBHIOE
HYJTIO.

Bigmitumo, 1o 17s ckiaagHuX K 3aiexHocT! X(m) Ta B(®) MatoTh JOCUTH
CKJIQJTHUM BUTJISA]I 1 TOMY KOXKHE 3 piBHAHBb X(®)=0 Ta B(®)=0 Moxe MaTu KibKa
TIHACHUX KOPEHIB M1, M24....0N, KOXKCH 3 SKUX BH3HAYATUME OKPEMY PE30HAHCHY
4acToTYy.

4.12. Cxemu 3aMileHHs1 (eKBIBAJIEHTHI CXeMH) peajibHUX eJIeMEeHTIB
eJIEKTPUYHUX KiJ

PeanbHi pe3ucTopu, KOHAEHCATOPU Ta KOTYIIKM MOKHA BBaXKaTH TaKUMU
eJIeMEHTaMH KOHCTPYKIIIi, SIKI XapaKTEpHU3yIOThCA TIIBKH CBOIM omopoM R
(pe3uctop), emHicTio C (koHIeHcaTop) a00 IHAYKTUBHICTIO L (KOTyIIIKa) JIKIie B
oOMe)XeHOMY Jiara30Hl 4acTOT BiJ HYJS /IO JESIKOi TPAaHUYHOI YacCTOTH Mrp,
PI3HOI JUTSI pI3HUX THUIIIB MEPETTYCHUX eIEKTPOPATIOCIEMEHTIB.

Hampuknan, B 13oms1ii Mk OOKJIagKaMu KOHJEHCATOPIB BTPAYAETHCS
eHepris (Tak 3BaH1 N1eNEKTPUYHI BTPATH), TIPUUOMY 111 BTPATH POCTYTH 13 POCTOM
yacToTd. ToMy B mnepmioMy HaOMMKEHHI MpU CKJIAJAHHI CXEMHU peanbHoi
KOHCTPYKIIi KOHJIEHCATOP CJiJ] 3aMIHUTH Ha CXEMY 3aMillleHHs, 300pakeHy Ha
puc. 4.47, ne R — onip, akuii BpaxoBye BTPATH B J11€JIEKTPUKY.

PeanbHy KOTYIIKY HAMOTYIOTH ITPOBOJIOM, MUTOMUM OIIp SIKOTO OUIBIINI
3a HyJb, TOMY TaKa KOTYIIIKa Ma€ OUIbIIMN 3a HyJb aKTUBHHUM omip R, skwmii
BpPaxoOBYIOTh B CX€Mi HailuacTille Tak, K Moka3aHo Ha puc. 4.48.
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Puc. 4.47

R L

— Y Y

Puc. 4.48

Jlesiki OCHOBH1 BIJJOMOCTI 3 €KBIBAJEHTHUX CXEM (BOHI/I K CXEMHU
3aMIIIEHHS) peabHUX KOH):[eHcaToplB Ta KOTYLIOK HABEJICHO B mz[pquHKy [2].
Ane myist 0araTbOX THIIB KOHJIEHCATOPIB, SIKI BUITYCKa€e HpOMI/ICHOBICTB TUTSt
gacToT Oim3pko 1 MI'1[ Ta BHIe, cXxemMu 3aMilleHHs, HaBeAeHI B [2], € 3aHaATO
npoctumu. lle K BIAHOCHUTBCA M 7O peaTbHUX KOTYIIOK I1HIYKTUBHOCTI SIK
cepiﬁHoro TaK 1 1HAWBIAYaJIbHOTO BUTOTOBJICHHS. CXEMU 3aMIIlICHHS peaIbHUX
pe3I/ICTOp1B y nu:[pquI/IKy [2] B3araji He pO3IIISHYTO. TOMy PEKOMEHIYEMO
3au1KaBJ1eH0My YUTA4YeBl TMICIAS O3HAWOMJICHHS 3 BIJMOBIIHUM TMaparpadom
LBOT0 MIJPYYHUKA 3BEPHYTH CBOIO YBary Ha JIy>ke 1H(pOpMaTUBHY KHIKKY [12].

4.13. 3aB1aHHS 1JI CAMOKOHTPOJIIO

1. Buznauutu nirode 3HadueHHd U Hampyru Ha 3aTHUCKayax KoJjia, CXeMy
aKoro HaBegeHo Ha puc.4.49, sxuo U= 6 B, Ur = 1,5 B, Uc.= 4 B.

L R C
LYY
NG A A

Up Us
V)
Puc. 4.49

Bianosini: 1) 2,5 B; 2)3,5B; 3)11,5B; 4) 10 B; 5)17,1 B.
2. YV mnocnigoBHOMY KojuBadbHOMY KOHTYpt R=10mM, L =10 wmIH,
C=1mMk®. V CKUIbKK pa3iB aMIUIITyJa HAIpyru Ha KOHJEHCATOPI B PEKUMI

pe3oHaHCy OLIbIIIa 3a aMILTITY/ly HAaIPYTH Ha KOHTYPi?
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Bimmosizi: 1) 314; 2) 280; 3) 100; 4)25; 5) 11.

3. KoMmruieke Air04oro 3Ha4eHHS BXIJHOI HANpPyTH KOJIa, CXEMY SIKOTO

. 1 0 .

HaBeneHo Ha puc.4.50, mopisuioe 30e™ B mpu wacrori 100 T'm. Ilapamerpu
eanemenTiB koja Taki: L= 0,02 I'a, C=30 mx®, R=14 Om.

YoMy JOpiBHIOE KOMIUIEKC JiI04oro 3HaueHHs 1 crpymy B

HEpO3TalTyKeH1 YaCTHHI IbOTO KoJia?

Puc. 4.50

:an0 . 0 .
Bimmosizi: 1) 1530 A; 2) 0,9 e 53 A . 3) 69,4 66227 A .
. 0 )
4) 10e 12762 A . 5) 0,694 €176’ 5|

4. Cxiactu OajaHC TOTY>KHOCTEM Il Koja 3 TMOMEpeIHbOoi 3ajadvi,

BBAKAIOYH, 110 HANIPYyTa st CTBOpEHA 1JIeaJIbHUM JKEPEJIOM HaIlPyTH.

5. AKTHUBHA TOTY>KHICTh, CIIO)KMBAHA KOJIOM, CXEMY SKOTO HaBEJCHO Ha
puc. 4.51, nopiBuHroe 16 Bt. Exementn xona MaroTe Taki omopu: R = 4 Owm,
Xc=3 Om.

Ska BeruynHa aMIUTITYAU BX1HOT HAMPYTH Um px?

R
—

Unm exi = C

O

Puc. 4.51

Bignosizi: 1) 2,5 B; 2) 14,142 B; 3) 11,533 B; 4) 10 B; 5) 17,141 B.
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5. JITHIAHI EJEKTPUYHI KOJIA I3 B3AEMHOIO
IHAYKTHUBHICTIO

5.1. OcHOBHI NIOHATTHA TAa BU3HAYECHHHA

S0 3MiHa B 9aci CTpyMy B OJJHOMY €JIEMEHTH KOJia IPU3BOIUTH JI0 TIOSIBH
EPC B iHImIOMY €NeMEHTI 1bOro KOJIa, TO KaXyTh, IO II JIBa €JIEMEHTU
IHAYKTUBHO 3B’s3aHi, a 3ragany EPC nasuatots EPC B3aeMHOT 1HIYKIII.

[Tpuxiamom napu iHIYKTUBHO 3B’ SI3aHUX €JIEMEHTIB KOJIa, IKUI BIAOBIIA€
HANOUTBII MOMIMPEHiN MPaKTUYHIN CUTYaIlil, € 1Bl PO3TALIOBAHI MOPYY KOTYIIKH
iHaykTuBHOCTI. Ha puc. 5.1 momaHe eckizHe 300pakeHHS CHUTYyaIlil, IPHIOMY
KOKHY 3 KOTYIIOK CXeMAaTW4YHO MPEACTABICHO OJHUM BHTKOM. BBakarumemo,
10 HacHpaBJl KUIBKICTh BHUTKIB IEpHIOi KOTYHIKKM AopiBHIOE Wi, a japyra
KOTyIIKa MicTuTh W2 BUTKIB. Jlaji, Hexall Mepiior KOTYIIKOIO MPOTIKAE CTPYM
i1, a IPYror0 KOTYIIKOIO — CTPpyM &2 (00UBa CTPyMH HE 00OB’I3KOBO CUHYCOITH1).
3aBASKHU LIMM CTpyMaM KO>KHa 3 KOTYILIOK CTBOPIOE BJIaCHE MarHiTHE IOJIE.

Puc. 5.1

YacTrHa CUIOBUX JIIHIM MAarHITHOTO IOJIS KOXKHOI 3 KOTYIIOK OXOILTIOE M
CYCIIHIO KOTYIIKY, TOOTO € 3YEIUICHOIO 3 II€I0 KOTYIIKOK. ToMy B MepIiii
KOTYIII 3’SBISETHCSA JOJAaTKOBE MOTOKO3uerieHHs W12, BHKJIMKaHE TMOJIEM
CTpyMy Jpyroi KOTYIIKH, a B JPYrid KOTYIII 3 ’SBJISETbCS JOJATKOBE
notoko3ueruieHHs1 W21, BUKIMKAHE TTOJIEM CTPYMY MEPIIOi KOTYIIKH.

KoedimienT nponopitiitnocTi M2 Mi>k MUTTEBUM 3HAYEHHSIM J10JJaTKOBOTO
noToko3uerieHHd W12 nepioi KOTYIIKY 1 MUTTEBUM 3HAUEHHSM i2 CTPYMY JPYroi
KOTYIIKH, SKUA 1€ TOTOKO3YEIJICHHS BUKJIMKAB, Ha3UBAIOTh B3a€EMHOIO
IHAYKTUBHICTIO MEPIIOi Ta IPYroi KOTYIIOK:

‘P12= M12‘ i2.
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AHaJIOTIYHO Jal0Th BU3HAYCHHSI B3a€MHOI 1HIYKTUBHOCTI M21 Apyroi Ta
MepuIoi KOTYIIOK:

¥r1= Mar- 1.

be3 noBeneHHs 3ayBaXMMoO, 110 B JiHIKHUX Koiax Miz= M2i=M. V mux
KOJIaX B3a€MHA 1HAYKTHBHICTh HE 3aJICKUTH B HAMPSMKIB 1 BEIMYUH CTPYMIB y
KOTYIIKaX, a BU3HAYAETHCSA TIIbKA KOHQITypaIi€ro KOTYIIOK Ta iX B3a€EMHUM
pO3TAaIlTyBaHHSIM.

[ToBHE nmoToko3uemieHHs W1 nepuoi KOTYIIKY CKIIAJA€EThCS 3 11 BIIACHOTO
notoko3uerieHHs Wi (muB. 1. 4.3.2) Ta nogaTkoBoro nmoroko3zueruieHHs Wiz, B
3aJIe)KHOCT] Bl HAlIPSIMKIB CTPYMIB i1 Ta i2 Ta Bl B3a€MHOIO PO3TAIlyBaHHS
KoTywok BennuuHu W11 1 W12 MOXKyTh oaBaTcs a00O BIJTHIMATHUCS:

¥Y=%¥Yutx Y.

AHAJIONYHO 71 APYTOi KOTYIIKH MA€MO
W= ¥ynt ¥r.

SIKII0 MOTOKO3YEIIEHHS JOJAI0ThCS, TO KaXKyTh, 10 KOTYIIKA BBIMKHEHO
Y3rOJKeHO0, a SKIIO BIJHIMAIOTHCSA, TO KaXyTh, IO KOTYIIKH BBIMKHEHO
3ycTpiuHo. B3aeMHUII HampsMOK NOTOKO3YEIUIEHb BHU3HAYAETHCS HANPSIMKOM
HAMOTKHM KOTYILIOK, iX B3a€EMHHMM pO3TAlIyBaHHSIM Ta BUOpaHUM JOJATHUM
HaIpsIMKOM cTpyMiB. Hanpukiaz, Ha puc. 5.2,a KOTYIIKY BBIMKHEHO Y3T0JI)KEHO,
a Ha puc. 5.2,0 — 3ycTpiuHO. Toukamu Mo3HaAYEHO TaK 3BaH1 O{HOMMEHHI BUBOIH
(“mouaTtkn”) kotymok. lle Taki BUBOJM, IO KOJU CTPYMH i1 Ta i2 OJAHAKOBO
COpPSIMOBAaHI BIIHOCHO HUX, TO KOTYIIKA BBIMKHEHO Y3TO/KEHO, a KOJIU
CIPSIMOBaH1 HEOJIHAKOBO, TO KOTYUIKHA BBIMKHEHO 3yCTPIYHO.

u, . u,
L, Ly
M M
i L2 —li L2
OL/' Y Y . 5 — Y Y
~_ 7y ~—_y
u, u,
a 6
Puc. 5.2
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HasiBHICTD 1HIYKTUBHOTO 3B’SI3Ky MK KOTYIIKAaMH BKa3ylOTh Ha CXeMi
JIBOCIIPSIMOBAHOIO CTPLJIKOIO, IO W/Ie BiJ OJIHIET 3 IUX KOTYIIOK JI0 APYTOi, MOpy4
31 CTPUIKOIO PO3MIIIYIOTh JliTepy M.

5.2. Hanpyra, o HaBOAMTHCS Yepe3 iHAYKTUBHUH 3B’ A30K

3rifHO 13 3aKOHOM €JIEKTPOMArHiTHOI 1HAYKIi, B MepIIiil KOTYIIIIi
(puc. 5.2,a) naBoautscst EPC

dy, _ _de T dy,, ‘
dt dt dt

e, =—

3ragaemo (quB. 1. 4.3.2), mo y,, = L,i,. Toxi

di, _ . di,
e, =—L—FM—*=e, te,,.
1 dt dt 1L 1M

[Mepmmit nonanok — e EPC camoinnykuii, apyruit — ne EPC B3aemHoi
IHIYKIIi. 3rajlaeMo TakoX, 10 Hampyra Ha Koty aopiBHioe EPC korymikw,
B3ATIN 3 MIPOTHJIEKHUM 3HAKOM. TOMy Hampyra Ha Nepuiiil KOTYIIL JOPIBHIOE

di di
u=-e¢ =L—1L+M—2. (5.1)
dt dt

AHanOriyHUM YMHOM MO’KHA OTPUMATH BHpa3 JJIsI MUTTEBOTO 3HAUEHHS
HaIpyry Ha APYTid KOTYIIL:

u, =L 32 9 (5.2)

dt dt

Sx y Bupasi (5.1), Tak 1 y Bupasi (5.2) mepmmii J0JaHOK — 1€ Hampyra
camoiHaykiii. Ll ckiagoBa Hanpyru 0OyMOBII€HA miibKy TMPOTIKAHHSAM CTPYMY
BJIACHE KPi3b 110 KOTYIIKY. J[pyri 1ogaHKy B IpaBUX YacTHHaX BUpa3iB (5.1) Ta
(5.2) — ne manpyrm B3aemHoi iHmykmii. [[i ckiamoBi 3araJibHUX HaNpyr Ha
KOTYIIKaX YTBOPIOIOTHCS caMe 3 TPUUUHU HASAGHOCMIE THOYKMUBHO20 36 S13KY MIK
MMM KOTYIIKaMHU. SKIII0 KOTYIIKY BBIMKHEH1 y3ro/KeHo, TO y Bupasax (5.1) ta
(5.2) caip Opatu 3HaK “TUIIOC, SIKIIO KOTYIIKH BBIMKHEHI 3YCHIPIYHO, TO B IIUX
BHpa3ax ciij OpaTu 3HaK “MiHyC”.

[lepeiizemo 10 cUMBOJIIYHOI (OpPMU 3amuCy BHpa3iB AJiA HaAlpyr Ha
IHAYKTUBHO 3B’A3aHUX KOTylIKax. Bupa3osi (5.1) BianoBijgae Taka piBHICTb:

[_Jl = ij111 * ]O)M ' 129 (5-3)
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a BUpa3oBi (5.2) — Taka piBHICTH:

U,=joL,I, £ joM-I,. (5.4)

Bennuuny Z, = joM Ha3uBalOTh KOMILIEKCHHM OIOPOM B3a€MHOI
inaykuii. BpaxyBaBiu 1ie MO3HAYEHHS, MOYKHA 3allMCaTH, IO

L]l =ZL1 '11 iZM '12 =I_JL1 +HM129
Uz =ZL2 'Iz iZM ’11 =I_JL2 +[_JM21'

Tyr Uy, =22y 1, =2 joM - 1, — manpyra, sika nasooumvscs B niepiiit
KOTYIIILI CTPYMOM, SIKHI MPOTIKAE JPYror0 KOTYIIKOIO,
Uy, =xZ,1, =xjoM -1, — manpyra, sika Hasooumuvcs B APYyTii
KOTYIIILI CTPYMOM, SKHH MPOTIKAE MEPIIOI0 KOTYIIKOIO.
YuCI0BOIO XapaKTEPUCTUKOI CTYMEHS 3B’A3KYy MDK KOTYIIKAMHU €
KoedilieHT 3B’ A3KY

_ M _ oM _ X
\/Lle \/(’)Ll'(’)Lz \/XLl’XLz

ne Xm=oM — peakTUBHUIA OMip B3a€EMHOI 1HTYKIIII.

5.3. llocaigoBHe 3’€IHAHHSA IHAYKTHBHO 3B’ A3aHUX KOTYLIOK

PosrasitneMo N1B1 1HIYKTHBHO 3B’si3aHI peasibHI KOTYIIKUA 1HTYKTUBHOCTI,
3’€IHaHI y32000iceno (puc. 5.3).

Puc. 5.3

3rigHo 3 npyrum 3akoHoM Kipxroda, 3araibHa Harpyra Ha JBOX KOTYIIIKax
JIOPIBHIOE anre0paiyHiid cyMi HampyT Ha BCiX €JIeMEeHTaX 1bOro KoJja:
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gzgm+Hl+HR2+Hz=IR1+I'j(0L1+I'jwM+IR2+Iij2+
+IjoM=1I[R, + R, + jo(L, + L, + 2M)].

[TocTaBuMO 3a METYy 3aMIHHUTH 1I€ KOJIO HAa €KBIBAJIEHTHE KOJIO 3 OJHIEIO
KOTYHIKOIO (puc. 5.4).

Puc. 54

Jlitst soro apyroro kosa maemo U = I(ReKB + joL_ ) [TopiBHsBIIH 1Ba
OCTaHHIX BUPa3H, OJICPKUMO

RCKB=R1+R29
LeKB=L1+L2+2M.

Otxe, BenmMunHA Leks €KBIBAJIEHTHOI 1HAYKTUBHOCTI MPH MOCHIIOBHOMY
y3roJDKEHOMY 3’€JIHaHHI KOTYIIOK JOpiBHIOE HE mpocTo cymi Li+L2, ane me i
Oinbia Ha BenuyuHy 2M, 1110 00yMOBIIEHO HAsIBHICTIO 1HAYKTUBHOTO 3B’S3KY.

Tenep posrisHeMo [BI 1HAYKTUBHO 3B’s3aHl pealibHI  KOTYIIKH
IHIYKTUBHOCTI, 3’ €IHaH1 3ycmpiuno (puc. 5.5).

Puc. 5.5

3rigHo 3 Apyrum 3akoHoM Kipxroda, maemo

Q=HR1+El+LIR2+EZ=IR1+I'j0)L1—1'j(DM+IR2+!j(DL2—
~ljioM=I[R, + R, + jo(L, + L, —2M)]. ‘
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[Ipu exBiBaJIeHTHIN 3aMiHI IBOTO KOJIA HA KOJIO, CXEMY SIKOTO 300pakeHO
Ha puc. 5.4, aHAJIOTIYHO MONIEPETHLOMY BUIIAIKY OJICP)KIMO

RCKB=R1+R27
Lexs=L1+L2-2M.

OTxe, MpH TOCTIAOBHOMY 3yCTPIYHOMY 3’€IHAHHI JBOX 1HIYKTHUBHO
3B’s3aHUX KOTYIIOK €KBiBaJICHTHA 1HIyKTUBHICTh € Ha BenMuuHy 2M MEHIIOI0
B1JI CYMH 1HAYKTUBHOCTEH 000X KOTYIIIOK.

BekrtopHi giarpamu Hanpyr Ta cTpyMy JJis 000X BHUIMAJAKIB IMOCI1IOBHOTO
BBIMKHEHHS 1HAYKTHBHO 3B’5I3aHUX KOTYIIIOK 300pakeHi Ha puc.5.6; IpH [bOMY
JOBUIBHO TIPUIHSATO, IO TTOYaTKOBa (a3za CTpyMy B KOJIi JOPIBHIOE HYIIIO, 1 IO
nitoue 3HaueHHs I ctpymy B 000X BUIIaKax OJHAKOBE.

+j A +j A
! joM-i
y ol -1
. UK2 JoL,
y, I'R
oM™ ?
UK1 Tja)L,-l
—p——> >
ol | I'R, +1
Y3200xeHe 88iIMKHEHHSI 3ycmpiyHe 88IMKHEHHS
a 6

Puc. 5.6

5.4. ExkBiBajileHTHA 3aMiHa JUISHKHN K014, AKA MICTUTh iHIYKTHUBHU
3B 130K, HA JIJITHKY 0€3 TAKOoro

PosrnssHemo niisHKY Koa, sSika CKIaIa€ThCs 3 IBOX 1HAYKTUBHO 3B’ sI3aHUX
KOTYIIIOK, TPUYOMY OOHM/IB1 KOTYIITKA MalOTh CIIUIbHUM BYy30:1 (puc. 5.7). Hexaii B
BOMY BY3JIl 3 €0HaHi OOHOUMEHHI 8U800U KOMYULOK, K TIOKA3aHO HA TOMY XK
pucyHKy. Lls ninsHKa miaMUKa€ETHCS 10 30BHINIHBOTO KOJIa 3aTuckadamu 1,2 ta 3.

3rigHo 13 3akoHamu Kipxroda, MmaeMo 3MOry 3amucaTy Taki piBHSHHS:

I_Jm =1, - j(DL1 +1,- j(’)M (5.5)

132



(ckmamoBa I, - joM Mae 3HaK “IUTFOC”, OCKUIBKH BIJIHOCHO CTPYMiB I, ral,
KOTYIIKH BBIMKHEH1 Y3TO/I)KEHO);

U,=1L- ij2+Il - joM (5.6)

(ckimamoBa I, - jJoM wmac 3nax “mumoc” 3 Tiei & MPUYNHU);

13 =Il +12 (57)
Uss
L1
4
Y Y . -
15 .3

i
2

Puc. 5.7

3rigno 3 (5.7) maemo I, =1, — 1, ta I, =1, —1,. [TligcTaBusimm nepury
3 X piBHOCTEH B (5.6), a npyry — B (5.5), ogepKuUMo

[_]13 :L ) ij1 + (13 _11) ) ij:L : J(’)(L1 _M)+ 13 ’ ija (5.8)
U, =1, joL,+(I, - L) -joM=1, - jo(L, = M) +1, - joM. (5.9)

HeBaxxko BrieBHUTHCS, 110 piBHAHHS (5.8) Ta (5.9) € cnpaBeymBUMU 11715
KOJIa, CXEMY SIKOTO 300pakeHO Ha puc. 5.8, 1 sIKe He Ma€ IHOYKMUBHUX 368 S3KIE.
KaxyTb, 1110 npu mepexoai Bij mepioi cxemu (puc. 5.7) no apyroi (puc. 5.8)
BUKOHAHO PO3B’SI3aHHS 1HAYKTHUBHOTO 3B SA3KY.

SAxmo 6 y BuxigHid cxemi (puc.5.7) koTymwiku Oymu O 3’conani
PI3HOUMEHHUMU 8Uu800amu, TO ciijl Oyno O Ha KiHLEBiM cxemi (puc. 5.8) ycroau
3aminuty M Ha (-M). Te, mo Mix By3iamu 4 Ta 3 MaTUME MICILI€ BIiJ €MHA
IHIyKTUBHICTh, HE TIOBUHHO TypOyBaTH unTaya, 00 1€ Kojo (puc. 5.8) € TIIbKH
OPOMIKHUM Yy XOJI BHUKOHAaHHS pPO3paxyHKiB, 1 HOMy 30BCIM HE MOBHHHA
BIJIMOBIJIATH SKACHh peajbHa KOHCTPYKIIiS.
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Puc. 5.8

Biamitumo, 1mo 3a eiocymuocmi cninbHo2o 6y31a Y JBOX 1HIYKTHBHO-
3B’SI3aHUX  KOTYIIKAax pO3B’s3aHHS I1HAYKTHUBHOTO 3B’SI3Ky BHUKOHYBATH
HeOOUIIbHO.

5.5. Po3paxyHOK PpoO3rajyxKeHuX KU1 CHHYCOIZHOIO CTpyMy 3a
HASIBHOCTi B3a€MHOI IHAYKTHBHOCTI

Bkazanuii B 3aroiioBKy po3paxyHOK Mae€ JBi cyTTeBi ocoOnuBocTi. [lo-
nepiie, HasgBHICTh 1HAYKTUBHOTO 3B’SI3Ky 00OMEXKY€e apceHan METOIB, K1 MOKHA
BUKopucTOBYBaTu. IlpumatHumMu € w™eron piBHsSHb Kipxropa Tta wMeron
KOHTYPHHX CTPYMiB. 3aCTOCYBaHHS METOJIy BY3JIOBUX MOTEHIIIAJIB 1 TAKOTO HOTO
OKpPEMOT0 BUNAJKY, SIK METOJ IBOX BY3JIIB, BUMArae 0COOJMBHUX MPHUHOMIB, SIKi
TYyT HE pO3IJIAHYTO. MeToJl eKBIBaJIGHTHOIO Te€HepaTopa MpHUIAaTHUM, SKILO
HAaBAaHTa)XCHHA HE Ma€ I1HAYKTUBHOIO 3B’SI3Ky 3 €JIEMEHTaMHU aKTHUBHOTO
JIBOTIOJIFOCHUKA. B neskux Bumagkax nepeniueHi oOMEKEeHHS MOXKHA YCYHYTH,
BUKOPHUCTABIIN ‘“‘pO3B’sA3aHHS 1HAYKTHUBHOTO 3B’SI3Ky, PO3IJISIHYTE B M. 5.4.
JlomaTkoBl B1ZOMOCTI IIOAO0 OOMEKEHB, SKI HAKJIaACHO Ha BIAOMI METOIU
pO3paxyHKy, HAaBEAECHO B [2].

[To-npyre, HasBHICTh Yy KOJII OUIbII HDK ABOX IHAYKTHBHO 3B’SI3aHUX
KOTYIIOK BUMarae (B OUIBIIOCTI BUMAIKIB), 100 OJHOMMEHHI BUBOAU OYJIO
BU3HAYEHO OKPEMO [IJIsi KOXKHOI Mapu 3B’s3aHUX KOTywoK. lle Bu3HaueHHs
pOOJIATh, BUXOJSAYM 13 B3aEMHOTO pO3TallyBaHHS Ta 13 HANpPsIMKY HaMOTKH
KOTYIIOK, TOOTO BH3HA4YalOYM HAMNpSMKH BIACHUX Ta  JOJATKOBUX
NOTOKO3YEIVIEHb TMpH OOpaHMX HampsMKax cTpyMiB. [lng mo3HayeHHs
OJHOMMEHHUX BHUBOJIB KOXKHOI Mapu KOTYIIOK OOMparOTh BIACHUN CHUMBOJ —
Kpamnky , 31pOuYKy, TPUKYTHHK 1 T. 1H., SIK 1Ie 3p00JieHo Ha puc. 5.9.

PosrisHemo npukiaa po3paxyHKy KoJja 3 TphOMa 1IHIYKTHUBHO 3B’ I3aHUMHU
Kotyuikamu (puc. 5.10).

134



7 S P
i v . i v i
—> i ! 3
PP I - e e
> "
</ P <\> T
— T S
» s RED
s
Puc. 5.9
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Puc. 5.10

Hexait Binomi Bci EPC, onopu, 1HIyKTUBHOCTI Ta éMHOCTI. Tpeba 3HalTn
BC1 cTpyMH. 3rifgHO 3 nepuiuM 3akoHoM Kipxroda

IL=I +1, (5.10)

[lepm HiX 3amucaTé pIBHSHHS 3TiAHO 3 JIpyruM 3akoHoM Kipxroda,
3po0OMMO BaXJIMB1 3ayBa)KCHHs 100 HAIpPYT, SIKI HABOJATHCS B KOTYIIKaX

3aBJISKH IHAyKTUBHOMY 3B’s13Ky. Hanpyra £ joM, I, Ha korymmi Lk, HaBeneHa

CTPYMOM L, , IKMM TIpOTIKa€e KOTYKOI Ln, 6epeTbes 13 3HaKOM “TUTIOC”, SKIIO
HanpsM 00xo1y KOoTymkd Lk opieHTOBaHUN BITHOCHO MOYATKy KOTYIIKH Lk Taxk,

K 1 CTpyM I, Bimnocuo N0YaTKy KOTYMKH Ln. Y mpoTHiIeKHOMY BUIAIKY
OepeThes 3HAK “MiHyC”.
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3 ypaxyBaHHSIM LHX 3ayBa)XKeHb MA€EMO TaKe PIBHSHHS JUISI HEPIIOTO
KOHTYDY:

1
_E1=11R1 +11'j0~)L1 +12'ij12_13 'ij13+L'.—_

joC, (.11
—-L,-joL, +I;-joM,, -1, - joM,, -LLR, .
JU1st Ipyroro KOHTypy
E3 =!2 R2+ 12 j(.UIJZ +11 'j(lez _13 'j(-l-Mzs +!3 - juﬁ3 + (512)

+13'j(*)[‘3_11 'jUM13—12'j(LM23+!3R3 .

Po3p’s3aBiiu cucteMy TphoX piBHSAHB (5.10) — (5.12), 3HaligeMo 1rykaHi

CTpyMHu 11, 12 Ta 13 .

5.6. IloTyHicTh y KOJIi i3 B32a€EMHOI0 IHIYKTHBHICTIO

[Ipu po3paxyHKy HOTYKHOCTEH, COKMBAHUX a00 BIJAAHUX €JIEMEHTaMH
KOJla CHHYCOIiHOTO CTPyMy, HAasBHICTh IHIYKTUBHHX 3B’S3KIB B1JIOMBA€THCA
JIVIIIE HA MOTY>KHOCTSX KOTYIIOK.

Hexaii nesxka xorymka Lk € 1HAYKTHBHO 3B’S3aHOI0 3 KOTYIIKOIO L,
IPUYOMY B3a€MHA IHAYKTUBHICTb JOPIBHIOE Mkn. 3aniuiiemMo BUpas3 sl Hanpyru
Ha Koty L

[_]k =1, - ijk I, - j(DMkn: (5.13)

e Ik Ta In — CTpYMH BiamoBigHO B KOTYyIIi Lk Ta La.

Sk BiIOMO, KOMILJIEKCHA MOTYXHICTh, CHOKMBAaHA €JIEMEHTOM KoJia Mpu
14

Hanpysi Ha Hpomy U Ta cTpymi B HbOMY I, e S=UI . Orxe, xommnexcra
HOTYXKHICTh, CHOXHBaHa KOTyIIKoO Lk, TopiBHIOE

n n

"
Sk= U,-Iv=joL, L1 tjoM, LI« (5.14)

Ockiibku 3CyB (ha3 MK CTpymMamu Ik Ta In MOXX€ i HE JIOPIBHIOBATH
90°, 10 mpyruii mogaHoK BUpasy (5.14) Moxe MaTH JiiCHY KOMIOHEHTY, IIPHIOMY
SIK TIOAATHY, TaK 1 BiJ’eMHy. SIKIIO 111 KOMITOHEHTA JT0AaTHA, TO 3 KOTYIIKH Lk y
KOTYHWKY Ln epenaeTbest akTUBHA MOTYKHICTh, SIKIIO % BIJ’€MHA, TO HAIIPSIMOK
nepeaadl akTUBHOI MOTYKHOCTI € 3BOPOTHHM.
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BiamiTumo, 110 BU3HaYCHHS 0aJIaHCy MOTYKHOCTEi, moane B 1. 4.7 s
KUT CHHYCOITHOTO CTPYMYy, 3QJIMIIAEThCS TUM CaMUM 1 JUIsl BUMAJKY HasBHOCTI
1HIYKTUBHUX 3B’SI3K1B 3 ypaxyBaHHIM hopmyin (5.14).

HasBHiCTP B KOJIi IHAYKTHBHOTO 3B’S3Ky BHMarae mayXe YBa)KHOI
iHTeprnpeTallii Mokas3iB BaTMETPIB, YBIMKHEHUX y II¢ KOJIO. Biibml aeranbHy
iH(opMaIIito 3 IILOTO MUTAHHSI MOXKHA 3HANTH B MiIpyYHUKaAX [2, 3].

5.7. Tpancpopmarop 6e3 ocepas (moBiTpsaHuii TpancopmarTop)

5.7.1. OcHOBHIi cIiBBiTHOIIEHHSA TA CXEMH 3aMillleHHSA

Tpanchopmarop — ue npuian, SKUd HE MICTUTh PYXOMUX YacTHH 1
nepeae eNeKTPUYHy eHepTrito 0e3 3MIHM YaCTOTH.

TpanchopMatop ckiiagaeThCs IMOHAUMEHIIIE 3 IBOX IHAYKTHUBHO 3B’ SI3aHUX
0OMOTOK, PO3TalllOBAaHMX HA CHOIIBHOMY Kapkaci. B cepeauni kapkaca 3BU4aitHO
po3TanioBaHe ocepAs (Haituacrimie — pepomartiTie). B psal Bunankis oro abo
HeMae (Hampukiiaj, y BUXIJHUX Kackajax pajionepenaBadiB), abo HOTro BIUIUB
MO>KHA 3BECTH J10 301IbIIEHHS (MPpUOJIU3HO B W pa3iB) IHAYKTUBHOCTEH OOMOTOK
Ta B3a€EMHOI I1HAYKTHBHOCTi, IO MO’XHA BpaxyBaTH BIAMOBIIHO KOPEKIIIEIO
BUXIJTHUX JaHUX. TOMY JOIUIBHO PO3TJISHYTH MPOCTO TpaHchopmarop 0Oe3
ocepas (puc. 5.11).

I, - R, R, |
> , | I —>
: L M L
| & |
A | i
HORI Ly L, 0 z,,
__________ TpaHogopmamop
R, R, - akmusHi ornopu 06mMomok

Puc. 5.11

OOGMOTKY, 110 SKOi MIJIMKHEHO JDKEpeao, Ha3WBalOTh IEPBUHHOIO
00MOTKOI, 2 OOMOTKY, J0 SIKOi MiJIMKHEHO HaBaHTAXKECHHS Zn — BTOPHMHHOI0
00MOTKO10.

3a npyrum 3akoHoM Kipxroda, s KOHTypy NEpBUHHOI OOMOTKH MaeEMO

E=11R1 +11 : JO)Ll _12 : JO)M, (5.15)
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a JiJIsl KOHTYPY BTOPUHHOI OOMOTKH Ma€EMO
0=1,Z, +LLR, +1, - joL, — I, - joM. (5.16)

(3BepHITH yBary Ha Te, II0 OOMOTKH TpaHchopMmaTopa 3aexcou BBIMKHEHI
3YCmMpiyHo, MO MOSICHIOETHCS A1€I0 BIAOMOTO 3 Kypcy ¢bi3uku npasuia JIeHna).
Hexaii xapaktep onopy HaBaHTa)K€HHS Zy € 1HAYKTUBHUM, TOOTO Harpyra

U sunepemxkae crpym 1. JIoBinbHO 3a1aBIIECh HYIOBOO TOYATKOBOIO (Ha30k0

ctpymy I,, MoxHa moGymyBaTH BEKTOpHY JiarpamMy CTpyMiB Ta Hampyr
Tpancdopmartopa (puc. 5.12).

+ A
-I joM 2J0L,
0 U, 1,R,
7/ .> >
.« ,’/ I2 +1
-IZJ,Q)M .
< I1 R1
ol
i
Puc. 5.12

3’€THaHHS HUXKHIX BUBOJIIB OOMOTOK HE MPHUBEAE 10 3MiHU CTPYMIB Ta
Halpyr y Koji, cXeMmy sKoro 300paxkeHo Ha pwuc.S5.12. Tomy 3amicThb
TpaHchopmaTopa MOKHA 300pa3uTH KOJI0, CXEMY IKOT0 HaBeJeHO Ha puc. 5.13.

Korymku L1 Ta L2 3’eqnani y By3ni 3 oqHONMEHHUMH BHBOJAMH, TOMY
BUKOPHUCTABIIM PO3MNISIHYTUA B 1. 5.4 mpuiioMm “po3B’si3aHHS” 1HIYKTUBHOTO
3B’SI3Ky, OTPHUMAaEMO CXeMy, 300pakeHy Ha puc. 5.14. lle Tak 3BaHa cxema
3aMmilieHHs TpaHncpopmaTopa 6e3 ocepis (MOBITPSIHOTO TpaHChOpMaTOpa).
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Puc. 5.13

L]

1)

Puc. 5.14

5.7.2. IneanbHuii TpancgopmarTop

IToBepuemocst 1o puc. 5.11. Tpanchopmatop Oyne ileaIbHUM, SKIIIO
Ri=R>=0 ta M =,/L,L, (OCTaHHE BHKOHY€THCS 3a BiJCYTHOCTI MarHiTHHX

MOTOKIB PO3CIIOBaHHS).
B pexxumi xonocmoeo xo0y BUBOiu BTOPUHHOT OOMOTKH PO3IMKHEH1, TOOTO

Z=o0, 3Bigku I =0. Tomy BXizHa Ta BUXiJHA HAPYTH JOPiBHIOBATUMYTH (JIHB.
criBBigHOIIEHHS (5.15) Ta (5.16)).

I—Jlxx = ijlllxx; I—JZXX = ijlex :

Brenemo koediunieHT Tpancopmanii

lex _ ijllxx _ M _ VLILZ — L2
Ll Ll .

U, joLI,, L

n-=

=~ 1xx =1xx 1

OCK1UIbKH 1HIYKTUBHICTD € MPOMOPIIIHHOI0 KBAaIpaTy KUIBKOCTI BUTKIB W,
TO
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ne Wi — KUTbKICTh BUTKIB IIEPBUHHOT OOMOTKH; W2 — KIJIbKICTh BUTKIB BTOPUHHOT
OOMOTKH.

B pexumi kopomxoeo samurxanns maemo Zy =0, 3Binku U, =1,Z, =0.
Toxi 3 (5.16) BummmBae, mo joL,I, ., = joMI,,, a6o

IZm_M_\/LlLZ_ L] _1
I,, L L, L, n

=1k3 2

Bzaram mia ideanvnozo Tpanchopmartopa mnpu  OyAb-sSKOMYy OIOpI
HABAHTAKEHHA Zyu CIIPABEJIMBI TaKl CIIBBIAHOLIEHHS:

U _, L_1
U, I, n

JIBa OCTaHHI BHpa3HW JalOTh MOXKJIMBICTh 3B’S3aTH BEJIUYMHH BXiJHOTO
OTIOpY ideabHo2o TpaHchopMaTopa Ta ONIOPY HaBaHTAKEHHS

1
Z :&:ngzzl.gzlz.
~ I, nI, n I, n*"

st peanvrnozo TpancpopmaTopa 1€ CHiBBITHOIIECHHS JOTPUMYETHCS TUM
TOYHIIIE, YWUM, SIK TpaBwio, Outbmni BenmuumHu Li Tta L2, Kaxyts, 1o
TpaHchopMaTop NEPEeTBOPrOE (TpaHchopMye) omip HaBaHTakeHHA. Lo #oro
BJIACTUBICTH IIMPOKO BUKOPUCTOBYIOTH JIJIsl Y3TOKCHHSI TPUCTPOiB 200 BY3IIiB 32
OTOPOM.

5.8. 3aBnaHHA 1)1l CAMOKOHTPOJIIO

1. JIBi KOTYWIKH iHAYKTHMBHOCTI 3’€HAHO MOCIIJOBHO Y3TOIKEHO. IX
inayktuBHocTi Li= 1 I'n, Lo= 3 I'n, B3aemua ingyktuBHicte M= 0,5 I'n. Kpizp
KOTYIIKH npoTikae ctpyM I 3 gitounm 3HadeHHsM 1A Ta gactororo 25 I'u. Homy

JOPIBHIOE BX1JHA Hanpyra?

Bignosiai: 1) 62,8 B; 2) 220 B; 3)12 B; 4) 785,4 B ; 5) 50 B.
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2. B xomi, cxemy sKoro 300pakeHo Ha puc. 5.15, mpoTikae cTpym, Jiro4ue
3Ha4YeHHs sKoro AopiBHIOE 1 A, ayactoTa 100 I'tt. [TapameTpu kona: Li= 0,02 I'n,
L= 0,03 I'n, M= 0,01 I'n. SIxa BenMuMHA AIFOYOTO 3HAYCHHS HAINPYTH Ha
KOTYIIIl IHIYKTUBHICTIO L2?

G,

Puc. 5.15
Bignosiai: 1) 62,8 B; 2) 18 B; 3) 12,566 B; 4) 134,71 B; 5) 3 B.

3. Sk BUrIsgaTUME KOJIO, CXEMY SIKOTO 300pakeHO Ha puc. 5.16, micns
“po3B’s13aHHS’ 1HAYKTHUBHOTO 3B 3Ky ?

R1 L2 C2
O P
04__{
L1
C1 R2
. | [ F—
Puc. 5.16

Bianosini: 1) aus. puc. 5.17; 2) sk Tpanchopmatop Hanpyru; 3) OyayTh
BIJICYTH1 1HIYKTUBHOCTI; 4) 3anexuth Bij BenuuuH Li, Lz ta M; 5) 3HuKHE
CTpiJika Ha puc. 5.16.

R, -M LM G,
T
LM
C1 R2
] [
Puc. 5.17

4. Kotymiku L1 Ta L2 € iHIyKTUBHO 3B’ I3aHUMU, HUMH ITPOTIKAIOTh CTPYMHU

BianoBigHO I; = 2ej400A, I. =3-¢ " A. Yacrora ctpyMiB gopiBaioe 100 I,
[Tapamerpu kona (puc. 5.18) raxi: L, =0,1 Tn, L, =0,3 T'n, M=0,05 I'n.
3Hai{IiTh BEINUMHY KOMIUIEKCHOI IIOTY>KHOCTI, SIKY CIIoxkuBae korymka L, .
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Puc. 5.18

Bimmosizi: 1) 200 BA; 2) 380-¢3* Br; 3) 127 Bap; 4) 750 BA;
5) 416,3-¢""BA.

6. TPUDA3HI KOJIA
6.1. OcHOBHI NOHATTHA TAa BU3HAYECHHSHA

B TexHill UPOKO BUKOPUCTOBYIOTH 00 €HAHHS B OJHE KOJIO KIJTBKOX
noMiOHUX 3a CTPYKTYpOIO KIJ CHHYCOITHOTO CTPYMYy OJIHI€l YacTOTH 3
He3aJIeXKHUMU JpKkepenamu  eHeprii. Koma, siki 00’€IHYIOTbCS, Ha3MBaIOThH
gazamu’. Bero cucTeMy Takux Kill Ha3sMBAaIOTh 06a2amo@asHol CUCmemoio.
HaiiGinpmr  po3noBCrO/KeHOI0 € TpudaszHa cucTemMa 3aBASKA TEXHIYHIM
paioHaIbHOCTI  Ta  €(PEeKTUBHOCTI  BIATMOBIAHO  €IEKTPONOCTAYAIBLHOTO
oOnagHaHHs Ta TpUdazHUX CHOXKUBAYIB (HAMPUKIAL, YK€ MPOCTUMH,
HAJIMHUMU Ta JCIICBUMH € Tpuda3Hi aCHHXPOHHI EJIEKTPOIBUTYHH).

Hac nikaButume nuiie TpudazHa cuctema, >KUBICHHS AKO1 311HCHIOEThCS
TpUGa3HoI0 cUMeTPUIHOI cucTeM00 EPC — CyKynHICTIO TPbOX CUHYCOITHUX
EPC, sixi MarOTh OJIHAKOB1 YaCTOTHU Ta aMIUIITYH, ajie 3CYHYTI 3a (a3oro ojHa
BimHOCHO ofHOT Ha 120° (puc. 6.1).

st crBopenHss Takoi cucremu EPC BUKOPUCTOBYIOTH cHeliajdbHUN
Tpuda3HUil reHepaTop, NONepeyHui nepepi3 SKOro CXeMaTUYHO 300pakeHH Ha
puc. 6.2. B mazax HepyXxoMo0i YaCTHHU reHepaTopa YKIaJIeHO 130J1b0BaH1 O{HA BiJ
onHOT 00MOTKHM — ¢hazHi oOMoTku ((Pa3u) reHeparopa. [Ipu oGepTanHi MarHiTy
(poTopa) B mx 0OMOTKax 1HAYKYIOThCS cuHycoinHi ¢azni EPC, yacosi giarpamu
AKUX 1 300pakeHo Ha puc. 6.1.

! SIx Bigomo, (ha30r0 HA3UBAIOTH TAKOXK apPTYMEHT CHHYCOiZHOr0 KoJIuBaHHs. ToMmy
CMUCT TepMiHY “(paza” 3aJeKUTh BiJl TOTO, SIKE MUTAHHS PO3TJISIIAETHCS.
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3'edHysayi
musogux yacmuH
hasHUx 0bMOmok
eeHepamopa

MaeHim,
wo obepmaemscsi

(pomop)

Puc. 6.2

[Touatku ¢a3 TpudasHoro renepaTopa NpUUHATO o3HavyaTH 9K A, B Ta C.
(xiHmi Ga3zHux 0OMOTOK — BiAMOBITHO sAK X, Y Ta Z). IlocmimgoBHICTH Y
no3Ha4yeHH1 (pa3 renepaTopa BiAnoBiae nociaigoBHOCTI mpoxopkeHHs EPC ea, ep
Ta ec Yepe3 OJIHE U Te & caMe 3HaYCHH:I, TOOTO BIANOBIA€ MOPSAIAKY YepryBaHHS
¢pa3. 3o0paxenuit Ha puc. 6.1 MOPSAAOK HA3UBAIOTH MPAMHUM 200 HOPMAJIbHUM.
3a takoro mopsaky mutteBl 3HadeHHs EPC (a3 renepartopa (¢azamx EPC)
3aMHUCYIOTHCS SIK

e, =E_-smmot,
e, =E_ - sin(mt — 1200),
e, =E,, -sin(ot—240°)=E,, -sin(ot +120°)

[lum BUpazaMm BIAMOBINAIOTH TakKi CIIBBIAHOIICHHS I KOMIUIEKCHUX
aAMIUTITY/I;
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— jo’
EmA - Eme 9
_ -j120°
_ —j240° __ j120°
BianoBinHy BEeKTOpHY Jiarpamy 300pa)keHO Ha puc. 6.3. 3BepHITH yBary

Ha Te, IO MpH MOOYIOBI aiarpaMm s TpudasHUX KT OCl KOOpJWHAT Ha
KOMIUIEKCHIM TIJIOIIMHI PO3TAIIOBYIOTh JICIIO 1HAKIIE, HIK JIJI1 OJHO(Aa3HUX KiJ,
a came: IIOBEPTAIOTh cucteMy KoopauHaT Ha 90°. Sk 3 BEKTOpHOI, Tak i3 yacoBoi

niarpamu (puc. 6.1) BUIIMBaE, Mo B cuMeTpuuHiil Tpudasnit cucrtemi EPC y
OyJb-SIKMil MOMEHT Yacy MaeMO

e, +e,+e. =0,
EmA +EmB +EmC =0’

+1I

EmA
J 1200/‘\1200
< N

H
. 120° .
EmC EmB

Puc. 6.3

IcHyroTh Ba OCHOBHUX BHAM 3’€qHAHHS (a3 reHeparopa Ta ImpUilMadiB
eHeprii: 3’eqHaHHS ‘“31pKOI0” Ta 3’€HAHHA “TPUKYTHHUKOM  (puc. 6.4, a Ta
puc. 6.5, a, Ha IKUX 0OMOTKH 300pakeH1 y BursAl BiagnoBigaux EPC, ski BoHU
re”Hepytothb). Koma, cxemu sikux 300paxeHo Ha puc. 6.4, a ta 6.5, a — 11 36 s13aHi
Tpudasni kona. HeBaxkko mo0ayuTH, 1110 iX YTBOPEHO 13 TaK 3BAHUX He38 SA3AHUX
Tpuda3HUX KIiJ, CXEeMH SKUX 300pakeHo Ha pwuc. 6.4,6 Ta 6.5,0, HUIAXOM
00’eIHaHHS POBOJIiB, HAKpECIEHUX Nopyd. Takuil mepexij 103BOJIsI€ OTPUMATH
BEJIUKY €KOHOMIIO y BUTpaTax MpPOBOTY.

IIpu 3’ennanni 3ipkoro KiHIi X, Y Ta Z ¢a3 reHeparopa 3BOIATH [0
3arajibHoi TOYKA — HEHTpajabHOI a00 HYJAbOBOI TOYKH N reHeparopa.
AHaJIOr1yHO KIHI BITOK HABAHTAXKEHHS TEXX 3BOIITH 0 3arajabHOl TOUYKU N’ —
HEWTpaabHOi a00 HyJIhOBOI TOYKM HaBaHTakeHHs. [IpoBinm, sxuil 3’egHye
HEWUTpaabHI TOYKHU FeHepaTopa Ta HaBaHTAXKEHHS, HA3UBAIOTh HEUTPAJIBbHUM a00
HYJOBHM MPOBOAOM. Y Cl 1HII IPOBOAY HA3UBAIOTH JiHIHHUMH MPOBOJIAMHU.
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~ X, YZ
EC
C
a 6
Puc. 6.4
A Ly A
Y
Ucan :
£ . :L'/ ' Zca Zyp
c . E, UaBy |
E, | :C‘y Ing
CH——B! | ICf—2=yB’
= Zaolye
Usci v 5
a

Puc. 6.5

[Ipu 3’emHaHHI TPUKYTHUKOM OOMOTKHM (a3 reHepaTopa BMHUKAIOTh
MOCJTIIOBHO TaK, 11100 KiHElb OJHIE] 0OOMOTKHU OYB 3’€/THaHUI 3 TOYATKOM APYTOi
OOMOTKH.

MosknBl ¥ 1HIN BapiaHTH 3’€IHAHHS TEHEpaTopa 3 HaBAHTAKCHHSIM:
“3ipKka — TPUKYTHUK 200 “TPUKYTHUK — 3ipKa”. B Oyab-sikoMy BUMaIKy TPOMEHI
3ipku  a00 CTOPOHM TPUKYTHHKA HABaHTAXCHHS Ha3WBaloTh  (pazaMu
HABaHTaKeHH$, a BIANOBIIHI onopy — ¢azaumu onopamu. Hanpyru Ha ¢azax
reHepaTopa Ta HaBaHTAXEHHS Ha3UBAIOTh (pa3HMMM HANIPYTaMHM, a CTPYMH B ITUX

dazax — pasHumu crpymamu (Hanpuknan, ctpyM 1, Ha puc. 6.4, a Ta cTpym

I,p Ha puc.6.5a). Hampyru MK IiHIfHIMH DPOBOZAMH HA3HMBAIOTh

JiHIHMMM Hampyramm, a CTpPyMU B IJIHIMHUX MNpoBoAax — JIHIHHUMH
cTpyMamu (HampuKIaj, CTpyM Ha puc. 6.4, ata 6.5, a).
HaBaHTaXeHHsI, ONIOpHU SAKOTO JOPIBHIOIOTH OAUH OJHOMY (Z, = Zg = L

a00 Z g = Liyc = L, ), HA3UBAIOTh CAMETPHUYHHUM.
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6.2. 3’enHaHHS reHepaToOpa Ta HABAHTAKEHHS 32 CXeMOI0 “3ipka”

Take 3’eqHaHHS  HaldyacTiie  BUKOPHUCTOBYIOTH y  BHIIQJKax
HECUMETPUYHOTO HaBaHTAKEHHS. PO3riIssHEMO peanbHUN BUTIAIOK, KOJIU MAIOTh
MiCIle HE TUTbKH HECUMETPUYHE HaBAaHTAXCHHS, aJie i HE PiBHI HYJIO OMIOpH Ly
JIHIMHUX MPOBOJIIB Ta Zo HYJIBOBOTO MpoBOy (puc. 6.6). Hexaii 3a cuMmeTpuyuHOi
cucremu EPC BioMi BCi mapameTpu reHepaTopa, a TaK0K BCl OMOPH MPOBO/IIB Ta
HaBaHTa)XeHHA. Tpeba 3HANTH BETUYMHU BCIX CTPYMIB.

HeBaxxko 6aunTH, 110 KOJIO, CXeMY SIKOT0 300pakeHO Ha puc. 6.6, € KOIOM
3 nBoma By3mamu (N Ta N’). ToMmy Mu MaeMO MOXKIIMBICTH 3aCTOCYBaTH IS
pO3paxyHKy METOJI IBOX BY3JiB (uB. 1. 1.6.5) B cuMmBoIiuH1# hopmi.

2 1>
IN

Puc. 6.6

3rizHo 3 umM MeTomoM, MixkBysnoa Hampyra Uy (i1 Ha3suBaroTh
HANPYTOI0 3MillleHHS1 HelTpaJi) TOpIBHIOE

1
E, +E, +Ec
U — —J1+—A .11+ZB ZJ]+ZC
NN 1 1 1 1
+ + +
Z.ﬂ + ZA ZJ] + ZB Zn + ZC ZO

Onpasy BigMiTHMO, 1110 npu cumempuunomy wasarwmasicenni (La=2Zp=2Zc)
I HaIrpyra JOPIBHIOBATUME HYIIO, TOOTO 3MIIlIEHHS HEUTpaii BiACyTHE. Tomy
I. =Uw/Z, =0, 3Bigxu MoxxHa 3pOOUTH BUCHOBOK, L0 /PU CUMEMPUUHOMY
HABAHMAdiCeHHI nompebu 8 HY1bOBOMY NPOBOOL HEMAE.

OOGYuCIUBIIY HAMPYTY 3MIIIEHHS HEUTpalll, MU MaEMO 3MOTY 3HAWTH BCI
CTPYMH, BUKOPHCTABIIIM PIBHAHHS, CKJIaJIeH1 3a 3akoHaMu Oma Ta Kipxroda:
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I =I_JN’N /ZO:
EA =IA '(Zn +ZA)+L]N'N3

E;,=1, (ZJ‘I +ZB)+EN'N9

EC =Ic (Zn +Zc)+ [_JN’N'

3pincu I, Iy ta I 3maxomsarscs Gesmocepennso.
BinmitTuMo Takox, 1m0 TpH OyAb-IKOMY HaBaHTaXEHHI TaKOX

CIIpaBeJIMBA PIBHICTb I\= | AL+ | C.
da3Hi HaNpyTy HAa HABAHTAXKEHHI JJOPIBHIOBATUMYTh

[_IA' =IAZA9 I_JB' =IBZB’ I_Jc' = Iczca

a JIHIMHI HaOpyrd Ha HaBaHTaXEHHI, 3riAHO 3 ApyruMm 3akoHoM Kipxroda,
JIOPIBHIOBATUMYTh

I_JA’B' =I_JA’ _I_JB’Q [_JB'C’ = [_JB' _[_]C" I_JC'A' = I_Jc' - I_JA" (6-1)

Sk UTrocTpalio SBMUII, 0 BiIOYBAIOTHCA B KOJI1 32 HasSIBHOCTI 3MIIICHHS
HEUTpall, pO3rJISTHEMO BUIAJ0K, B IKOMY ONOPH JIHIMHUX MTPOBOI1B JOPIBHIOIOTh
HylmO (Zs=0), omip HYJIbOBOTO NPOBOAY € JOBUIBHUM, a HABAHTAXXCHHS €
HECUMETpUYHHUM. [[1s 1bOro BUMAAKYy MOMXEMO 3alucaTH, L0 HAaNpyru Ha
HABAHTAKEHHI € TAKUMH:

I_JA'B’ =E, — I_JN’N ’ [_JB’ = EB’ - [_JN'N ’ I_Jc' = EC' - I_JN'N .

Hexait BekTop Uy € Takum, skuit 300pakeHo Ha puc. 6.7. Toai BeKTopHa

niarpama (pazHUX HAMpPyr Ha HABAHTAXKEHHI, 300pakeHa HA TOMY X PUCYHKY,
JI03BOJISIE 3pOOUTH BHUCHOBOK, IIO JIIF0Yl 3HAYEHHS IIUX HAmpyr CYTTEBO Pi3Hi.
KaxyTts, mo wmae wicue mnepekic ¢a3. Ile nyxe nHebaxkaHe sBHINE B
€HepronocTayanti, 00 BOHO MPHU3BOJUTH JI0 3aBUIIEHHS HAMPYTH B YACTHHU
CTHOXKUBAYiB BIAHOCHO HOMIHAJIbHOI, B TOM Yac, SIK y 1HIIUX CIIOKUBAyiB HAIIPyTra
BUSBIISIETHCS 3aHUKCHOIO.

PosrnsHeMo 1mie OnMH OKpeMHUH BHITAJIOK, B SKOMY HaBaHTaXXEHHS €
JOBUIBHMM, a ONOPU TMPOBOJIIB JOPIBHIOWOTH HYJIO (AuB. puc. 6.4,a). Tomi
U,=E,, U,=E,, U.=E.. Bukopucrasmu ueii daxr, mobdymyemo
BEKTOpHY JlarpaMmy JiHIHHUX Hampyr Ha 6a3i cmiBBigHONICHH (6.1). Pesynprar
HaBeIeHO Ha puc. 6.8. OCKIIBKY B CUTYAIlli, IO PO3MIISIIAETHCA, iF0Ul 3HAUCHHS
(ne xommiekcu!) dasnux Hanpyr ommakosi (U, =U, =U, = U,=E ), TO
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BEKTOPHU JIIHIHHUX HANPYT YTBOPIOIOTH PIBHOOIUYHUN TPUKYTHUK, CTOPOHH SIKOTO
NopiBHIOIOTH BenurHI Uy 11040T0 3HAYEHHS JIHIKHOT HAIIPYTH, TOOTO

UA!B! = UBVCV - UCVA/ - U‘]_l-

+1

UN ‘N

+ UC, 0 UB,

A

Puc. 6.7

+1A

M [oexuna UdJ

/ \
. . . / v HoexuHa UA
—_ - \
UC'AI_UC’ UAY/// U \\\ . . .
’ ' - -
/ A \\\UA’B’_U ] UB'

Puc. 6.8

3 1hOT0 TPUKYTHUKA HEBAKKO 3HAWTH, IO MPU HYJIBOBHX OMOpax YCIX
MIPOBO/IIB

U, =2U, -cos30° =/3U,.

Ile cmiBBIIHOIICHHS MyX€ YacTO JOBOJAUTHCS BUKOPHUCTOBYBATH IpHU
PO3paxyHKy MPUCTPOIB Ta CUCTEM TPpU(PA3HOTO EICKTPOKUBIICHHS.

Hpuxnaa. Komo, cxemy skoro 300paxkeHO Ha pHC. 6.9, XUBUTHCS
cuMeTpuuHoro TpudazHoto cucteMoro EPC. Onopu a3 HaBaHTa)KEHHS 32 CBOIMU
abcomoTHUMHM 3HadyeHHsMH ojaHakoBl: R=Xp=Xc. I[loOymyBatu BEKTOpHY
JiarpaMmy CTPyMiB.
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=

=

v v

Puc. 6.9

Poszé’azanns. Ockinbku cucrema EPC e cumerpuunoto, T0 Ea=Eg=Ec=E.
Tomy Oiroui 3nauenns ctpymiB y Bcix (azax OynyTth onHakoBumu: IA=E/R,
Ig=E/Xc, Ic=E/XL. A ock mouatkoBi ¢a3zu ux cTpymiB OyayTh pisHUMU. CTpyM

y pesucTopi cninaznae 3a pazor 3 E, , ctpym y xonnencaropi sunepemxae EPC
E; 5a 90° a crpym y xorymmi Biacrae ix EPC E. ma 90°. Tomy BexTopHa
JiarpaMa Iux CTpyMiB € Takoro, sika HaBegeHa Ha puc. 6.10. OCKIIBKH X CTPyM
y HyJIbOBOMY IIPOBO/I1 IOPIBHIOE

IN=IA+IB+IC:

TO, TOJABIIN BEKTOPU (Ha3HUX CTPYMiB, OTPUMAEMO BEKTOP I, (nuB. puc. 6.10).

Puc. 6.10

Hamnpukinii migpo3aity BiAMITAMO, III0 BUTIAIOK 3’ €IHAHHS TeHEpaTopa Ta
HABaHTa)XEHHSA 31pKOI0 0€3 HyJIbOBOTO MPOBOIY MOKe OyTH BpaxOBaHUU B yCiX
BIJIMOBIAHUX CIIBBITHOIICHHSX, SKIIIO MOKIACTH Zo=00.
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6.3. 3’enHaHHA reHepaTOpa Ta HABAHTAXKEHHA 32  CXEMOIO
CTPUKYTHHK»

SAxio omnopu JiHIMHUX MPOBOMAIB JOPIBHIOIOTH HYIIO, TO JIJII OMHCAHHS
TAKOTO 3’€HAHHS MOKHAa KOPHCTYBATHCS CXEMOIO, HaBeJIEHOI Ha puc.6.5,a.
Bka3zaHi Ha HbOMY HamlpsMH CTPYMiB 1 HalPyT € 3aralbHONPUUHATAMU. MaeMo
¢asni manpyru Ha HaBaHtaxeHni U,p =E,, U, =E;, U., =E.. ®a3ni
ctpymu HapaHTaxkeHHS € TakuMu: Lyp =U,p/Z,y, Lye =Upe /Ly,
Ioo=Uoy/Zc,. 3rimpo 3 mepmum 3akoHoM Kipxroga, MoKHA BHPa3sUTH
JiHIIHI cTpyMHu depe3 (a3Hi TAKUM YHHOM:

Li=lw—loy, Li=lye L, ILc=loy—ILie. (6.2)

[Ipu cumempuurnomy nasanmasicenni maemo Zap=Zpc=Zca, TOMY Jitoul
3HaueHHA (ha3HUX CTPYyMIB JOpiBHIOWTH oaHE oaHOMY: Iap=Ipc=Ica=Ilg.
AHQJIOTIYHO TOMY, SIK 1€ 0YyJI0 3p00JIeHO ISl MOPIBHSAHHS BEJIWYWH JIIHIHHUX Ta
da3HUX HAMpyT y MonepeHLOMY MiAPo3/1l (AUB. puc.6.8), MOKHA MOKa3aTH, 10
JI0Yl 3HAYEHHA JHIWHUX CTPYyMIB TMPU CUMETPUYHOMY HABAHTAKEHHI TEXK
nopiBHIOIOTH ojiHE 0AHOMY Ia=Ip=Ic=lI,, 1 10 B HbOMY BHUNAJKY CIIpaBeAIUBE
TaKe CITiBBITHOIICHHS:

I,=+31,.

Sxmo >k omopamu JIIHIMHMX TPOBOAIB 3HEXTYBaTH HE MOXHA, TO IS
PO3paxyHKy CTPYMIB Clii TONEPEIHhO BUKOHATH EKBIBAJICHTHY 3aMiHy
TPUKYTHHKA HaBAaHTAXCHHS Ha 31pKYy, ITICJISI YOTO TOCIIIOBHICTD Jii 3BEIEThCS
JI0 Ti€1, SIKYy OMKCAHO B MONEpeaHbOMY Miipo3iii. O0uncauBIIM 32 PopMyiamMu
(6.1) miHIHI HaPYTH, MU OTPUMAEMO MOKIIMBICTh, TOBEPHYBIIUCH JO CXEMU
TpUKyTHUKA (puc. 6.5,a), 3HalTH BC1 (Pa3HI CTPYMHU.

6.4. IloTyxkHicTh y KoJ1aX TPU(A3ZHOT0 CTPYMY

.eJ'qu , e k

Hexait onip k-oi (a3u HaBanTakeHHs NOpiBHIOE Z,, = ‘Zﬂk

MOXe TpuiiMaTy 3HaYeHHS A, B, C ipu 3’e1HaHHI HaBaHTa)XEHHS 31pKoio Ta AB,
BC, CA 1nipu 3’e¢iHaHHI HABaHTA)XCHHS TPUKYTHUKOM. T0/11 aKTUBHY MOTYKHICTb
k-o01 ha3u MoxkHA OOUMCITUTHU SIK

P =U, I -cosg,,

4 PCAKTUBHY — K
Q. =U, ‘I, -sing,.
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[loTyxHICTH  ycboco  TpU(pA3HOTO  HABAHTAXKEHHS  OOUMCIIOETHCS
JIOJaBaHHIM TOTY>KHOCTEH BCiX ¢a3, ToOTO mpu 3’€THAHHI 31pPKOI0 aKTUBHA Ta
peaKkTUBHA TOTYKHOCTI YChOTO TpH(ha3HOTO HaBAaHTAXKEHHS 00UYMCITIOIOTHCS SIK

P=P, +P, + P, Q=Q, +Q;+Q,,
a Ipu 3’ €HAHHI TPUKYTHUKOM — SIK
P=P, +Py. +P,, Q=Q +Qpc +Qq,-

3a Oynp-sSKOro 3’€AHAHHS HaBaHTaXEHHs (31PKOI0 YU TPUKYTHUKOM)
KOMIIJIEKCHA IIOTY>KHICTh yChOTO HaBaHTaXeHHs JIopiBHIOE S =P+ jQ, a Horo
MOBHA TOTYXHICTh JIOPIBHIOE S = ‘S‘ =/P? +Q?. Koeodimienr moryxHOCTI

BCHOTO TpU(a3HOTO KOJIa 3HAXOATh sIK coSQ=P/S.

[Ipu cumempuunomy HaBaHTaXKEHHI, 3’ €IHAHOMY 31PKOIO, JIIF041 3HAYCHHS
MHIAHAX Ta (asHnx Hanpyr 3B’s3aHi cmBBigHomeHmaM U, =+3U,
(muB. m. 6.2), a [ir04l 3HAYEHHS JHIMHUX Ta (a3HUX CTPYMIB € OJTHAKOBHUMHU:
I,=1¢. OCKUIbKH 3K apTyMEHTH Qkx KOMIUIEKCHUX OMOPIB YCIX (a3 MpH [bOMY TEX
piBHI, TO MO3HAYUMO iX K @. Toxl ans Oynb-gakoi (a3u MOXKHa 3aMMucaTH, 110
P,=U,I, -cosp ta Q. =U.l, -sin@. [oryxknicts, cnoxnsana BciM

HABAHTAKEHHAM, € BTpUYl OLIBIIO0:

P=3P, =3U,I, -coscp=\/§-x/§Uq, 1, -coso=

(6.3)
=\/§-Uﬂ -1, -coso,

Q=+3.U, 1, sing.

MoskHa J0BECTH, IO i (HOPMYIN 3aTHINAIOTHCS CIPABEATUBUMU U IS
CUMETPUYHOIO HABAHTAXKEHHSI, 3’ € JHAHOTO TPUKYTHHUKOM.

6.5. MeToa cuMeTPUYHMX CKJIAI0BUX

6.5.1. ITouaTkoBi BizomocTi

PosrnsnyTti B migpo3a. 6.3 ta 6.4 MeToau po3paxyHKy TpudazHUX Kil
OpUAATHI JJIS 3aCTOCYBaHHS Yy BHNAAKYy JKUBJIEHHS KoJia BiJ TpHuda3HOi
cumerpuuHoi cuctemu EPC; HaBaHTaXeHHS NpU LbOMY MOXe OyTH SK
CUMETPUYHHUM, TaK 1 HecuMeTpuuyHuM. [IpakTuka, oJHaK, MOKaszye, IO 3a
HAsBHOCTI JYyXXK€ HECUMETPUYHOTO HABAHTAKEHHS (3aMHUKaHHS JIHINHUX
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IIPOBO/IIB Ha 3eMJTIO 200 Ha HYJIbOBUH MPOBIJ, HASIBHICTh MOTYXHUX OJTHO(PA3HUX
HaBaHTa)XCHb, HAABHICTh HECUMETPUYHUX JUISTHOK Y JIiHIT 1 T. 1H.) MOYKHA JIOCATTH
Kpamioro po3yMmiHHs (i3MYHUX TPOIECIB 1 MPUUHIATH €PEKTUBHI TEXHIYHI
PIIICHHS, TO1AF0YHX BiAMOBITHI HECUMETPUYHI CHCTEMH CTPYMIB 1 HAMPYT K CYMY
TPHOX CHEIIABHO MiII0paHUX CUMETPUUYHHUX CUCTEM CTPYMIB 1 HAnpyT. SIKII0 X
cuctema xuBWIbHUX EPC € HecuMeTpuuHOI0, TO BKa3aHUM MIIX11 10 aHali3y Ta
pO3paxyHKy TpudasHUX Kil 111e OUIbII KOPUCHUM, 0COOJMBO KO HaBAaHTAXKCHHS
HECTaTUYHE, HANpPUKIAJ SBJIAE€ COOOI0 CHUHXPOHHHNA ab0 aCHHXPOHHHIMA
€JIEKTPOJIBUTYH.

6.5.2. CumeTpuyHi CKJIAJ0Bi HecHMeTPHYHOI TpHda3HOi cucTeMu
cTpyMiB, Hanpyr ado EPC

Po3rissHeMO CyKymHICTB TPhOX €JIIEKTPUYHUX BEJIWYMH (HAIpPUKIIAL,
HaIpyr), sKi MaloTh OJHAKOBY YacTOTy, ajieé pIi3HI aMIUNTYyId 1 TaKOX
BiIPi3HAIOTHCA 32 MOYATKOBUMHU (ha3aMH Ha JOBLIbHI KyTu (a He Ha 120°, K y
nipo3a. 6.1). Jlng y3araJbHEHHS MO3HAYMMO KOMIUJIEKCH JII0YUX 3HAYECHBb ITUX
BennunH 5K A, B ta C. Takox BBe1eMO Ji71s1 OOpaHO1 €JIEKTPUYHOI BEIMUNHU TaK

3BaHy CUCTEMY YMCIOBUX 3HAYEHb IPAMOi MOCTiNOBHOCTI Ay, By = A, - e 7120

C, =A;-e"2% | cucremy umcnoBMX 3HAYE€Hb 3BOPOTHOI IIOCHIZOBHOCTI A,
B,=A4,-e120  (C,=A4,-e712% | cucreMy uucnoBMX 3HAueHb HYIBOBOI
nocnigoBHocTl Ag = By = (. [TouaTkoBi (a3u cuCTEMOYTBOPIOIOUNX BEJINYUH

Ay, Ay Ta A, BBa)XaTUMEMO pI3HMMHU Ta JNOBUIbHUMH. [Ipuknan BeKTOpHHX
JiarpaM ycix TpbOX CUCTEM BEJIMYMH 300pakeHuid Ha puc. 6.11.

A Eh A
‘-x\\\ .-""; .-'f “ W
H"\- .I“'-.lI .-""-F J.__-'r H\',‘*
1-_1_“ r ‘.____.-" F--.r \_"H e
7 - ._.'_-'_ - =1
A
B BnC #:’!
'*Bu
L
Puc. 6.11

JlonaBiiy 0AHOMMEHHI YMCIIOB1 BEJTMYUHHU MPSMOi, 3BOPOTHOI Ta HYJIHOBO1
HOCJIJJOBHOCTEHN, OTpuMaeMo cucreMy BenuuuH A, B ta C 3 HECUMETPUYHOIO
BEKTOPHOIO Jiarpamoro (puc. 6.12), siky i onucaHo Ha MOYaTKy LbOTO MyHKTY.

OTxe, MaeEMO Taki CITIBBITHOIIIEHHS:
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A=A4,+A4A; +4,,
B =By + B; + B, (6.4)
C=C+G+0,

Puc. 6.12

JloBenemo, 1m0 I CUCTEMa pIBHSHB 3aBXKIW MOXXe OyTH pO3B’s3aHa
BIJIHOCHO BenM4uH Ay, A; Ta A, (yci iHII, 32 HABEJIEHUM HA MOYATKy IYHKTY
BU3HAUYCHHSIM, OOUHMCIIOETBCA 4epe3 HuX). BBenmemo Tak 3BaHul (a3HHIA
MHOXKHIK @ = /120 = 71240 = _0 5 4 j- 0,5 - /3. [JoMHOKEHHS Gy/Ib-5IKOTO
BEKTOpa Ha @ HPU3BOAMTHL JO Horo mosopory Ha 120° mpoTH rOAMHHHKOBOI

cTpinku a6o Ha 240 3a FOAMHHUKOBOIO CTPiIKOK0. BoueBnp, mo a? = /240 =

e 120 = 0,5 — —j- 0,5 - /3. To6TO TOMHOKEHHS BEKTOPa HA A TIPU3BOUTH
o ¥oro moBopotry Ha 240 mpoTH TrOAMHHHMKOBOI CTputku abo Ha 120 3a
rOJMHHUKOBOIO CTPLIKOK. Takoxk oueBHAHO, IO a>=1 i Tomy 3 GOpMyYI MOXKHA

BHKJIFOYUHUTH MHOXHUK A CTCIICHS BUIIIC I[perFO, OCKiJII)KI/I
a*=a®-a = ga;a°=a’-a* = a?

i mami 3a amanoricro. Kpim Toro, Bemmumnn 1, a = /129 ta g2 = 7120

YTBOPIOIOTh CUMETPUYHY CUCTEMY BEKTOPIB, 1 TOMY iX CyMa JOPIBHIOE HYJIIO:
1+a+a*=1-05-j-0,5-v/3-05+j-05-V3=0.

BuxopuctoBytoun ¢azHuil MHOKHUK @, MEPENUIIEMO CHCTEMY PIBHIHb
(6.4) y TakoMy BUTJISIAL:

A=A4,+ A4, +4,,
B=Ay+a* A+ a-A4,, (6.5)
C=Ay+a A+ a* A,
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BusnauHuk (geTepMiHaHT) L1€1 CUCTEMU PIBHSAHB € TAKHM:

1 1 1
A= |1 @® a|=3-(a-a?)=j-3-V3,
1 a a

TOOTO HE MOpiBHIOE HYMIO. ToMy cructema (6.5) 3aBXKaM MOKe OyTH OJTHO3HAYHO
pO3B’s13aHa BITHOCHO Ag, A1 Ta A, npu 3ananux 4, B Ta C. Sk HeBaXKo 1oKa3aTy,
UM PO3B’SI3KOM €

A4 =(A+B+C()/3,
A =(A+a-B+a?-()/3, (6.6)
A, =(A+a* B+a-C)/3.

Ilefi po3B’SI30K € €IMHUM, TOMY W JOBUIBHY HECUMETPUYHY CUCTEMY
BeKTOpiB A, B Ta C MOXHa 3aBX]U Ta €IMHUM YUHOM YSBUTH Y BUIJISAL CyMH
(6.4) BekTOpiB MpsIMOI, 3BOPOTHOI Ta HYJIBOBOI MOCIHITOBHOCTEH. [mtocTparrito
LIbOTO BUCHOBKY HaBEJICHO Ha puc. 6.12.

BoueBup, crucrema BEKTOPIB MPSIMOI MOCIIIIOBHOCTI € BXKE B1JIOMOIO HAM
cumerpuuHoro cucremoro EPC, nanpyr abo ctpymiB (auB. mizpo3n. 6.1) 3a
YMOBH, 10 NOYATKOBA (paza BeKTopa A TOpIBHIOE HYJIO, TOOTO Y BEKTOPIB IPSIMOL
noctioBHOCTI BekTop B Bincrae Bin A na 120°, a Bektop C Bunepemxac A Ha
120°. Y cucTeMi 5 3B0pPOTHOI HOCIiIOBHOCTI, HABMAKH, BEKTOp B Bunepemkac A
Ha 120°, a Bextop C Biacrae Bix A Ha 120°. BexTopy % Hy/Ib0BOI HOCIiZOBHOCTI
3a BeJIMYMHAMH Ta HaIlpsIMaMU CIBIAaIal0Th OJIMH 3 OJHUM.

JIist ipukiagy po3riasiHEMO BUIAA0K, KOJM F€HepaTop 3 HECUMETPUYHOIO
cuctremoro EPC, mxepena skux 3’€QHaHI 31PKOIO, MIAKIIOUYEHUM 10 SKOTOCh
HaBaHTa)XECHHA (y JaHOMY TMPUKIAAl BUJ HABAaHTAKEHHS HEBAXIMBUH), K
MOKa3aHo Ha puc. 6.13, a.

Puc. 6.13
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3Bepraemo Bamy yBary Ha Te, mo Jirepu 4, B ta C Ha puc. 6.13
NMO3HAYAKTH CTAHJAAPTHI Ha3BU (a3 reHeparopa Ta HisIK He NMOB’fA3aHi 3
NMO3HAYEHHSIMH eJIEKTPUYHHUX BeJIMYNH 4, B Ta C, BAKOPUCTAHMMHU BHIIE!

3amMiHsII04M B cUCTeMi piBHAHB (6.5) Benuuuny A Ha E,, Benuuuny B Ha
Ep, Benmmuuny C Ha E., MoxHa 3a ¢popmynamu (6.6) o0UUCIUTH CUMETPUYHI
CKJIJIOBI I1i€1 HecuMeTpuuHoi cuctemu EPC:

Ey = (Es+Ez +Ec)/3,
E = (Es+a-Ep+a° Ec)/3, (6.7)
E,=(Es+a* Ep+a-Ec)/3

Ockinbku koxHa 3 X EPC € cymMo10 TphOX CUMETPUYHUX CKIIQJIOBUX, TO,
3a apyrum 3akoHoM Kipxroda, Taky EPC Mo)xHa 3aMIHUTH Ha TPU MOCI1JOBHO
3’eqnani EPC (puc. 6.13,0) 1 Bke Taky cxeMy KoJjla BUKOPHUCTOBYBATH B
NOJAJIBIINX PO3paxyHKax.

JIist mpuKItaay Bi3bMEMO TaKl YHCIIOBI 3HAUECHHS:

E, =300B, E; = 200-e77% B, E. = 200 ¢/ B.

[Ipsma migcraHoBka 10 Tpiiku Qopmyn (6.6) nae Takl CHUMETPUYHI
ckmanosi: E,=100B, E; =215B, E, =158 B (maramyemo, mo
p1i90" — +j, 1807 — ~1).

6.5.3. Onip CHUMETPUYHOI0 HABAHTAKEHHSI IJIfl CKJAJ0BHX Pi3HUX
MOCJTiIOBHOCTEH HECUMETPUYHOIO JIKepeia

Sk Oyno mokaszaHO paHille, KOXEH 3 KOMIUICKCIB JII0YMX 3Ha4eHb (200
KOXHY 3 KOMIUIEKCHUX aMIUITY[), SIKI YTBOPIOIOTh HECUMETPUYHY TpHU(a3Hy
cuctemy EPC, MOXHa 3aMIHUTH Ha CyMYy CHUMETPHYHHUX CKIIQJJOBUX, a OTXKeE,
KOkHY 3 ¢a3zHux EPC HecMMeTpUUYHOI CUCTEMH MOXKHA TOJIaTH SIK MOCIIIIOBHE
3’eaHanHHsl Tpbox EPC, KOXXHa 3 SIKMX OINUCYE CBOK CUMETPUYHY CKJIAJOBY
(puc. 6.13). BoueBup, 1110 Npu MAKIOYEHIN TUIbKY sKii oaHil cuctemi EPC no
CUMETPUYHOTO  TpU(a3HOrO HABAaHTAXEHHS B  I[bOMY HABAHTAXKEHHI
IPOTIKATUMYTh CUMETPUYHI CTPYMHU Ti€l camoi cucteMu. SKmio Bci omopu Z
HABAHTAXKEHHA Ta omip Zy HEUTPaJIbHOrO NPOBOAY € JIHIHHUMHU, TO IS
pO3paxyHKy KoJja, CXeMy SKOTO HaBeAeHO Ha puc. 6.13, 6, MOXKHA 3aCTOCYBaTH
NPUHIUI HAKJIaJaHHs: BBAXKATHU, 10 KOXKEH 13 CTPYMIB, SIKI pE€aIbHO MPOTIKAIOTh
y IbOMY KOJI1, € CYMOIO TPhOX CTPYMIB: CTPYMY MPSAMOi MOCIIJOBHOCTI, CTPYyMY
3BOPOTHOI MOCIIIIOBHOCTI Ta CTPYMY HYJIBOBOI MTOCIIIOBHOCTI; IPU IILOMY CTPYM
KOXHOI 3 MOCHIJOBHOCTEM YTBOpPEHUM TUIbKHM Tpiiikoro pizHux EPC miei x
MOCIIOBHOCTI.
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g Kona 3 CHMETpPUYHUM HaBaHTaKEHHSAM (puc. 6.13,0) BigHOLIEHHS
koxHO1 (a3znoi EPC npsiMoi mochiJoBHOCTI 0 CTPYyMY III€i K MOCIiAOBHOCTI
Ha3BEMO KOMIUIEKCHUM ONOpPOM Z; HpsMOi TOCIIOBHOCTI, aHAJOTIYHI
BITHOILIEHHS IS 3BOPOTHOI Ta HYJIHOBOi MOCTIZOBHOCTI Ha3BEMO BIIMOBIIHO
KOMIUIEKCHUM OIIOPOM Z, 3BOPOTHOI OCII1JJOBHOCTI T4 KOMIIJIEKCHUM OIIOPOM Z|,
HYJTBOBOi MOCHIAOBHOCTI. OCKIIBKM TMPU CUMETPUYHOMY HABAaHTa)XCHHI Ta
cumetpuuHiii cuctemi EPC 13 BEKTOpHOIO Aiarpamoro y BHUTIJISAL 3IpKH CTPYM
Iy = 0, To it EPC nipsiMoi Ta 3BOPOTHOT CUCTEM Y KOKHIN (pa3i omip yTBOPEHUI
TUIBKHM BEJIMYMHOIO Z, a 3BIJICU MaeMo Z, = Z, = Z. [Hma cutyanis 1 Tpiiku
EPC Hyp0BO1 MOCTIAOBHOCTI: BC1 BOHM CHH(]A3HI, TOMY CTPYM Y HEHTPATILHOMY
npoBoal €. [ OUIbII AETaTbHOTO PO3TJSIAY MEpeIeMo BiJ] 3aralbHOI CXEMH
(puc. 6.13, a) TpudazHoro Koja 3 CAMETPUYHUM HABaHTAXXEHHSM JI0 CXEMH, SIKa
uttoctpye aito Tiabku EPC HynboBo1 cuctemu (puc. 6.14).

Puc. 6.14

Ockinbku Bcl Tpu EPC ognakosi, To (da3nuilt ctpym I, Texx OJIuH 1 TON
camuil B ycix (azax, Tomy, 3a nepmuM 3akoHoM Kipxroda, MaeMo BETUUHHY
CTpyMy HelTpanbsHoro nposoay Iy = 3 - 1. Toxi, 3a npyrum 3akoHoM Kipxroda,
orpumyemo, mo Ey =1y Z + 31y Zy, 3Binku Zy = Ey/ly = Z + 3Zy. TobTO
OImip HYJbOBOI MOCIITOBHOCTI BIAPI3HSAETHCS B OMOPIB MPSIMOi Ta 3BOPOTHOI
MOCIIOBHOCTEH Ha MOTPOEHY BEJIMUMUHY ONOPY HEHUTPaJbHOTO MPOBOAY. SKII0
HEUTpaIbHUI MPOBiJ BIACYTHIN, TO Zy = 00 1 Z; = 00, TOMYy B L[bOMY BUIAIKYy
Iy =Ey/Zy = Ey/oo =0. ToOTO 3a BiAICYTHOCTI HEUTPAJIBLHOTO MPOBOAY CTPYM
HYJIbOBOI [TOCJIIJOBHOCTI HiZI€ B KOJII HE MPOTIKAE.

6.5.4. [lopsaiok Ppo3paxyHKy CTpPyMiB, BuKJIuKaHux jgielo EPC
HeCcUMeTPUYHOI TPUGa3HOI CHCTEMH HA CUMETPUYHE HABAHTAKEHHSI

3a nyXe TMOUIMPEHUX YMOB, KOJM ONOPH HABAaHTAXKEHHS Ta OMIp
HEUTPaJIbHOrO MPOBOAY € JIHIMHMMH, PO3paxyHOK TpU(a3HOTO Koja MOXKHA
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BUKOHATH METOJOM HAKJIaJACHHS. Takuil pO3paxyHOK BHUKOHYIOTh Yy UYOTHPH
eTarnu:

1) 3anmumarorh y cxemi Tiibku Tpiliky EPC mnpsmoi mocmigoBHOCTI 1
00YUCIOITh (ha3Hl CTPYMHU MPSIMOL TTOCIITOBHOCTI. 3 OISy Ha CUMETPII0 IHUX
CTPYMIB JOCUTh OOYUCITUTH OYyJb-IKUN OAWH 3 HUX, HAIPUKIaA, A dazu A 1e
oyne Iy = E;/Z, (onip Z; BU3HaYeHu# y 1. 6.5.3);

2) 3anumaroTh y cxeMi Tiabku Tpiiky EPC 3BOpoTHOI mocmigoBHOCTI i
00YHuCTIOITh (ha3HI CTPYMHU 3BOPOTHOI MOCTITOBHOCTI. 3 OTJISAYy Ha CUMETPIIO
UX CTPYMiB JOCUTH OOYHCIUTH OyAb-KHH OAMH 3 HUX. 3py4UHINIE, KOJHU IIe
CTpyM Ti€i camoi (a3, 1o i A nepioro etamy: 11s ¢pazu A ue Oyne I, = E, /Z,
(omip Z, BU3HAYECHHH y 1. 6.5.3);

3) 3anmmaTh y cxeMi TUTbku Tpiiiky EPC HynboBOi MOCIHIIOBHOCTI 1
00UYHCITIOITh (Pa3H1 CTPYMH HYJIbOBOI MOCI1TOBHOCTI.

3 orsAy Ha Te, IO 11 CTPYMH B yCiX (pazax oJHAKOBi, OyAb-IKUN 3 HUX
nopisHioe Iy = E,/Z, (omip Z, Bu3HaueHuil y 1. 6.5.3);

4) 3a popmymnamu (6.5), 3aCTOCOBaHUMHU J0 CTPYMIB, 3HAXOJUMO IOBHI
(ToOTO peanbHi) CTPYMH:

Li=Ihh+L+D,
Ip=L+a’ L+a b, (6.8)
=l+abL+a b

Ha 1mpomMy po3paxyHOK CTpPyMiB CHMETPUYHOTO HaBaHTAXKEHHS,
BUKJIMKAHUX JI1€10 HecuMeTpuyHoi cuctemu EPC, 3akiHueHui.

¥YBara! HaBenena MeToquKa He PO3NMOBCIOIKY€ETHCS HA BUNIAJAKH, KOJIH
HABAHTAKEHHS SIBJISIE COO0I0 €JIEKTPUYHY MAILIMHY 3 PyXOMUMH YaCTUHAMH.
ITouyaTKoBi MOSICHEHHS 100 UX 00MeKeHb HaBeeHi B MiApyYHuKax [2, 3],
METOAU PO3PAXYHKIB JJIfl BKA3aHUX BHUIA/KIB PO3IVISIHYTO y CHeHiaJbHUX
JTUCIHUILIIHAX.

VY migpyunukax [2, 3] TakoX PO3TISHYTO KiJbKa THUIIOBUX BHIAIKIB

HECUMETPIi, IKI MOXYTh MAaTH MICIIE B JIIHISIX €JIEKTPONOCTaYaHHS.

6.6. 3aB1aHHS 111 CAMOKOHTPOJIIO

1. JoBenith, mo cyma KomIuiekciB gitounx 3HadeHb EPC cumeTrpudHoi
Tpuda3HOi CHCTEMH JOPIBHIOE HYJIIO.

2. Tpu pesuctopu 3’e€mHani 3ipkoro (puc. 6.15) 1 KUBIATBCSA BiA
cumerpuunoi cucremu EPC. Jlitoue 3nauenns EPC E=100 B, oropu pe3uctopin
Ra=10 Om, Rg=10 OM, Rc=20 Om. OGUUCHITh CTPYM, KU Te4€ HYJIbOBUM
IIPOBOIOM.
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Puc. 6.15

Bimgnosimi: 1) 2,5 A; 2)5¢ 7 A; 3)0,7-¢27A; 4)0,25A;
5) e 9120 A,

3. lo 3atuckauiB TpudasHoro kona 3 ¢azHow Hanpyrow 127 B
MIIKIIF0YEHO HECUMETPUYHE HaBaHTAKEHHs (puc. 6.16), npuuomy

R = X. = Xc= 25,4 Om.

OOuucmiTh Ait0Yl 3HAYCHHS (Pa3HUX CTPYMIB 1 CTPyMy B HEUTpaJIbHOMY
MIPOBO/II.

A

o

¢

°=Z
Dy

Puc. 6.16

Bimnosiai: 1) [=3 A, In=4 A; 2) ;=5 A, IN=3,65 A; 3)Ia=2 A, [5=0,24 A,
[=5A,Ix=7242A; 4)I;=6 A, IN=2 A; 5) BipHa BIANOB1Ib BIICYTHS.

4. Tpu pe3ucTopy 3 OJJHAKOBUMHU OMOPAaMHU 3’€IHAHI 32 CXEMOIO 31pKH 0e3
HYJIbOBOTO IpoBOy. JIiHIMiHA Hanpyra Ha HaBaHTa)xeHH1 AopiBHIOE 380 B. fkoro
€ BennurHa (azHoi Hanpyru y ¢azax B ta C sxuio:

a) KOJIO HEeYyIIKoKeHe; 0) o0ipBaHo NiHiMHKK mpoBia (pa3zu A? Onopamu
IPOBO/IIB MOXHA 3HEXTYBATH.

Binnosizi: 1) a) 127 B; 6) 220 B; 2) a) 0 B; 6) 22 B; 3) a) 380 B; 6) 220 B;
4)a) 141 B; 6) 172 B; 5)a) 219 B; 6) 190 B.

5. JloBenith cripaBeUUBICTH opMyn (6.3) 17 BUTIATKY CUMETPUYHOTO
HABAHTAXKEHHS, 3’ € JHAHOTO TPUKYTHUKOM.
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7. MEPIOJAUYHI HECUHYCOIJIHI EJIEKTPUYHI KOJIUBAHHS
B JIIHIMHUX EJEKTPUYHUX KOJIAX

7.1. BerynHi BizomocTi

Hecunycoigni KoJIMBaHHS — 116 KOJIUBAHHS, SIKI OMUCYIOThCS (DYHKIIIEIO
yacy, W10 BIAPI3HIAETBCA BiJ 3aKOHY cHHyca abo kocuHyca. KonuBanHs
HA3WBAIOTh MEPIOAMYHUM, SKIIO BOHO OIMUCYETHCS MEPIOTUIHOIO (YHKIIIEO
gacy s(t), TOOTO Takoro (yHKII€0, 1A SKOI Mpu Oyab-sikoMy t CIipaBenuBe
cuiBBigHOmeHHs S(t+T) = s(t), ne T — nepioa KoaAMBaHb, TOOTO HANMEHIIIHIA
4ac, yepes3 KU KOJMBAHHS MOBHICTIO IIOBTOPIOIOTHCS.

B peanpHuX cucTeMax Ta MPHUCTPOSX YHUCTO CHHYCOIMHUX KOJHMBAHb HE
ICHy€e, X0o4ya B Pl BHUMNAJKIB HaMaralTbCi OTPUMATU KOJIUBAHHA, SKI €
MaKCUMAaJIbHO OJIM3bKUMHU J0 CHHYCOITHUX (HAIPUKIIa/, B €IEKTPONOCTaYaHH1 Ta
B Ja0OpaTOpPHUX TEHEepaTopax CHUHYCOINHMX KOJUBaHb). HecuHycoinHi
nepioInyHl KOJIUBaHHS a00 (POpPMYIOTh HABMUCHO (HANpPHUKIAA, MEPIOJUUYHY
MOCJIIJIOBHICTh MPSAMOKYTHUX IMITYJIbCIB ISl CHHXPOHI3aIlii BY3JiB HUGPOBUX
MPUCTPOiB), 800 BOHH BUHUKAIOTH SIK MOOTYHUM e(DEeKT — pe3ybTaT MpUKIaaHHs
CUHYCOIJTHOT HAIllpyTy JI0 HEJIHIMHUX KUI (HApUKIA, y TpaHCHOPMATOPHOMY
M1JICUITIOBAJILHOMY KacKa/ii).

7.2. Pag ®@yp’e B TPUIrOHOMETPHYHIH Ta B KOMILIEKCHIil (opmax.
Ilpuknax po3BMHEHHS CUTHAJLY

Hexaii s(t) — nepioguuna GyHKIIIS Yacy, sika 3a10BojIbHsIE yMoBH [lipixie,
TOOTO Mae nmpoTsrom nepiofy T CKiHYEHY KUIbKICTh MAaKCUMYMIB 1 MIHIMYMIB i
CKIHUEHY KUIbKICTh PO3PHUBIB MEPIIOro poay (TOOTO “cTpuOKIB”, 0OMEKEHUX 32
BEJIMUMHOIO). SIK MOKa3aHO B KypcCl BUIIOT MaTeMaTUKH, Taka PyHKIis s(t) Moxe
OyTu po3BuHeHa B psiag Pyp’e. Hallbiab1 “npo3oporo” st po3yMiHHA (Q13MYHOTO
CMUCIY PO3BUHEHHS € MPUSOHOMEMPUYHA (POpMa 3aTTUCY LBOTO PSAY:

s(t)=A, + i A - cos(k(olt +B. ) =
k=1

=A,+> A, -sin(ke,t+o,), (7.1)
k=1
0
e @, =B, +90°,
21 . . :
®, = —— — KyToBa 4acToTa, 1o Biamosimae mepiogy T; ii Ha3uBaroTh

YacTOTOIO MEPIIOi FAPMOHIKH.
JIOJaHKH 1111 3HAKOM CYMH HAa3MBAaIOTh TAPMOHIKaAMM; X YaCTOTH € KPAaTHUMH (
3 koe(inienToM K) 4acToTi @1 nepiioi rapMOHIKH.
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Benmnuuny Ao Ha3uBalOTh NMOCTIHHOK CKJIAA0BOI CHUTHANY, BEIUYHHY
Amk — aMIUIITYZ010 K-01 TapMOHiKH, BeTMUUHY @k 200 Pk — Mo4aTkoBoIO (a3oro
k-oi rapMoOHIKH.

Dizuunull cmuc po3BUHEHHS curHany B psia Dyp’e momusirae B TOMy, 110
CKJIaJIHy TEpioau4YHy KpuBY s(t) MOXKHA OTpHUMATH B Pe3yJbTaTi 0JaBaHHS
MOCTIWHOT CKJIaJIOBOI Ta IEBHOI KIJIBKOCTI (K MPaBUJIO, HECKIHUEHHOT ) TApMOHIK,
SKIIO HAJSKHUM YMHOM MiIIOpaTH iX aMIUTITyaW Ta MOYaTkoBi (a3u. Sk mwu
no0aynuMo Jaji, Take PO3BMHEHHS J03BOJSE BHUKOHYBAaTH PO3PAXYHOK KT
NEePI0INYHOTO HECUHYCOIAHOTO CTPYMY TUMH K METOJaMH, Kl BAKOPUCTOBYIOTh
1 U1 pO3paxyHKY KiJ CHHYCOiJTHOTO CTPYMY.

[lapMoniku, s skux K € mapHUM 4YUCIOM, Ha3MBalOTh HNAPHUMHU
rapMoOHIiKaMM, a TAPMOHIKH, JUIsl AKUX K € HermapHUM 4YHCIIOM — HeMapHUMH
rapMOHIKAMM.

3aK0H pO3NOALTY aMIUNITYAd Amk (BEIMUYUHY Ao YIBUMO SIK — )

TapMOHIYHUX CKJIQJOBHX MEPIOJUYHOTO KOJMBAHHS 3a YaCTOTOK HAa3WBAIOThH
CIIEKTPOM AMILIITY I[bOTO KOJUBAaHHS. AHAJOTIYHUM 3aKOH JJI TTOYATKOBHX
da3 — e cnekTp ¢a3 koauBaHHS s(t).

Axmo xonuBaHHs s(t) 3aaHe B aHATITHYHOMY BUTJISA/, TO aMIUTITYIU Ta
no4aTkoBi a3 rapMOHIK OOYUCITIOIOTH 3 BUPa3y

. . 0 2T .
Amk . eJBk — Amk . eJ(<Pk—90 ) — _J'S(t) . e—Jk‘Dltdt —
T
2 T2 .
== [s(t)-e"at, (7.2)
T -T/2

ne k=0, 1, 2, 3.....

OTtxe, po3BunenHs (7.1) € TpuronometpuydHoio hopmoto psay Oyp’e. s
BUKOHAHHS  PO3PAaxyHKIB CHMBOJIIYHUM METOJOM OUIBLI 3pY4YHOKO €
eKCIoHEeH1aabHa (hopma 1boro psay. s ii oTpuMaHHs BpaxyeMo, 1110

el +e i@
coso=———,

3aminuMo y (7.1) KOCHMHYC 3T1JIHO 3 OCTaHHIM CHiBBIIHOIIEHHSM, a TAKOX
MO3HAYUMO A¢=Amo/2. MaTumMemo

S(t) — AmO + i Amk ej(km1t+[3k) + e_j(k®1t+[3k). — Am() +
2 k=1 2 i 2
+ i Amk ejBk . ejkﬁ)lt + Amk e_jBk . e]"(—k)ﬂ)lt
k=1 2
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[Ho3zraunmo

A

mo __

A
_ng’
2

. A .
k 0Bk _— k ,-iBx
et = kaa 2m e = Qm(—k)’

TOOTO BBEAEMO KOMIUIEKCHI aMIUTITYAH TapMOHIK 3 JOAATHUMHU Ta BiJ €MHUMHU
1Haexcamu. Toal

o0

s(t): Qmﬁ + Z[ka . ejkmlt + Qm(_k) . ej(_k)mlt]= igmk : ejkmlt° (7.3)

k=1 k=-o0

Ile excnoneHmianbHa (Moka3HUKOBA) (opma 3amucy psagy Dyp’e. Tyt
YaCTOTH TapMOHIK HaOyBalOTh K JOJATHUX, Tak 1 BIA €MHUX 3HayeHb. LI[00

A ejBk
3HAWTH KOMIUIEKCHI aMILTITyIu TApMOHIK, 3ayBaxkumo Ha Te, mo C,, = % ,
TOMY 3 Bupa3y (7.2) BUTIKaE, 1110
1 T . 1 T/2 )
C.=—[s®)-e™dt=— [s(t)-e’"dt,
T 0 T =-T/2

ne, Ha Biaminy Bij (7.2), Bennunna Kk HaOyBae 3Hau€HHS BiJ (- 9©) 110 0.
Sk mpukian 3HaWaEMO BUpa3u IS CHEKTpa aMIUIITyA Ta crekTpa a3
NeploIMYHOI NOCTIAOBHOCTI MPSMOKYTHUX IMIYJIbCIB HaNpyTH (puc. 7.1).

s

0 T T T+7T

Puc. 7.1

3rigHo 3 (7.2) maemo

. T . ‘r . .
U . e]Bk — E u(t) . e—jkﬂ)ltdt — E E . e—jkﬂ)ltdt — 2E e—]ko)lt T —
mk . 0
T T — JkO)lT
—2E - jko,T -2E- e_jkm] 2 ~ ko, ~ ooy ©
—_ (e jkoyT 1)= (e 2_e 2) .

~ jko,T jka, T
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Ockinbku € '* —e'* =—2jsina, 10

sin| ko T sin| ko t

s 4E '2) ke 2E7 '2) ke

mk .e — . .e e . ‘c .e .
T ko, T ko, E

U

OCKUIbKM CHHYC MEpiloJAnYHO HaOyBae BiJI’€MHUX 3HA4Y€Hb, TO APYTHid
MHO>KHUK 3 II€I0 K TIEPIOMYHICTIO TeX CTa€ Bij’ eMHUM. Lle MokHa BpaxyBaTH
3a JIOIIOMOTOX0 JIesIKoro Koedimienty, mo gopisaioe (-1). Ane (-1)=ei*. Beenemo
MO3HAYCHHS

5= 1, AKI10 SIn (—) <0,
0, axmo sin(-)> 0.

Toni MokHa 3aIIMcaTH, 110

sin(koa1 Tj .
U e — ZEE.—Z. oo M2

mk

[TopiBHSBIIM JIIBY Ta IPpaBy YaCTHHH LbOTO CITIBBIIHOIIEHHS, OTPUMAEMO
BIJIOBIJTHO CHEKTP aMIUIITYA Ta CIIEKTp (a3

Siﬂ(kﬂ)l 2}
U =2EZ Pl B, —bn-ka, .
k(Dl E

[TocTitiHii ckiIanoBii BianoBigae Bumaaok k=0:

5y Vs 1 g% 00
2 2 T 0

Aute x 1im%=1,TOMyMa€MO U0=E-1.

-0 T

Kopucna indopmanisi. B 6aratbox BuUMaakax CUTHAI € TIEBHUM YHMHOM
CUMETPUYHUM BITHOCHO OCEH KOOPAMHAT ab0 BIIHOCHO MOYATKy KOOpPAUHAT. 3a
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TaKO1 CUTYyaIlli PO BUIJISL CIIEKTPa MOKHA 3pOOUTH JESIKl OTEePEaHI BUCHOBKH
1€ 10 PO3BUHEHHS CUTHAITY B psiag @yp’e [1,2].

Po3paxyHok crHekTpiB CUTHaIIB, sIKi 3aJaHo TpadidyHO abo TabOIUdHO,
JOILIbHO BUKOHYBaTH Ha EOM, BHUKOpHUCTOBYIOYM MAaT€MaTH4YHI MpPOTrpaMHi
cepenoBuIa abo nMporpaMHi cepeoBuIlia OOpPOOKH CUTHAJIIB.

7.3. Cxemu  3aMmilleHHs  iJeaJIbHHX  JKepeJ nepioguIHUX
HECHMHYCOIJHUX CUTHAJIIB

Hexait € imeanpHe MKEpeno MEpioguIHOTO HECHHYCOIMHOTO cTpyMmy i(t).
Axmo dyuHkiis i(t) 3a10BoabHAE yMOBH Jlipixiie, TO 1i MOKHA PO3BUHYTH B P
Dyp’e:

i)=I,+1_, - sin(mlt + ¢, )+ I, sin2o,t+@,,)+
+1,, -sin(3@,t + @) +..... '

Koxxuuil nogaHok siBJIsiE COOO0 OKPEMUN CTPYM. 3TIAHO 3 MEPIIUM 3aKO-
HoM Kipxroda, miii cymi BIAIOBIAAE KOJIO, CXEMY SIKOI'O HaBEIEHO Ha puc. 7.2.

Im1-sin(a)7 t+(pl1)

I_-sin(3w,t+@, )
. m3 1 13
l.,sin(2o,t+®,)

Puc. 7.2

Skio € imeanbHe KEepeso MepioJMYHOi HECMHYCOinHOI Hanmpyru e(t) 1
bynkuis e(t) 3a10BosbHSIE YMOBH [ipixiie, TO MOKHA 3aIMCATH TaKe PO3BUHEHHS
B psan Dyp’e:

e(t)=E,+E_,- sin((olt + (pE1)+ E_, -sin2o,t+@;,)+

+E_;-sin(30,t+ @) +.....

Koxuuit noganox sipnsie coboro okpemy EPC. 3rigHo 3 apyrum 3aKkoHOM
Kipxroda, 1iii cymi BiANOBIIAE KOJO, CXEMY SIKOTO HaBeIE€HO Ha puc. 7.3.
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E, E, sinfot+¢_) E, . sin(3ot+¢_)
E,  sin2ot+@._)
Puc. 7.3

Hapeneni Ha puc. 7.2 ta 7.3 cXemMu € cxemamu 3amiujeHHs: BIATIOBITHO
17IeaTbHOTO JKepelia MEePIoJAMYHOr0 HECHHYCOIIHOrO0 CTPyMy Ta 1J€ajibHOTO
JoKkepena nepiognyHoi HecunycoigHoi EPC.

7.4. Po3paxyHOK JiHIHHUX KUI NEePioAMYHOr0 HECHHYCOIAHOT0 CTPYMY

SAx 1TokazaHO B MOMNEPEIHBOMY IMIJIPO3AUT, 1A€aibHE JKEpesio
NEPIOJIMYHOTO HeCUHYyCcoiOHo20 CTpPyMy (HAampyru) MOXKHA pPO3IJIAIATH SK
CYKYIHICTb JKEPEN CUHYCOIOHUX CTPYMIB (Hampyr). 3raaemMo, o AJis JIHIHHOTO
KOJIa € CTIPaBEUIMBIM NPUHLMI HAKJIAJAAHHS: CTPYM B OyIb-IKOMY €JIEMEHTI
TaKOTO KOJa, BUKIUKAHUM OJHOYACHOK i€ KUIBKOX JIKEpes, IOPIBHIOE
anreOpaiuyHiil CyMi YaCTKOBUX CTPYMIB, KOXKHHUH 3 SIKMX CTBOPEHUH €0 TUIbKU
onHoro (“coro”) 3 mux mkepen (auB. M. 1.6.3). Tomy po3paxyHOK KoJia
NEePIOINYHOT0 HECHHYCOIAHOTO CTPYMY BHUKOHYIOTH BXKE€ BIJOMUM YHUTayeBl
MemoOoM HAKIAOAHH:: CIIOYATKy PO3PAXOBYIOTh YaCTKOBI CTPYMHU Ta HaIpyTH,
BUKJIMKaHI Ji€l0 TUIbKKH TOCTIHHOI ckiamgoBoi lo (a6o Eo) HecuHycoimHOro
JoKepenia, TOTIM — YaCTKOBI CTPYMH Ta HAMPYTH, BUKIUKAHI €0 TUTHKHU MEePIoi
TrapMOHIKM HECHMHYCOIHOTO JDKepena, Jaidl — YacTKOBI CTPyMHU Ta HamlpyTH,
BUKJIMKAH1 JI€I0 TIJIBKU JPYToi TapMOHIKKM HECUHYCOITHOTO JpKepena i T. 1.

Pe3ynpTyroui  HECHMHYCOimHI CTpyMH Ta  HaNpyrd  3HAXOJSATh,
MiJICYMOBYIOUM YacCTKOBI CTpyMH (HAINpyrv), BUKIWKAaHI BCiMa TapMOHIKaMH,
BpPaXxOBaHUMH B IPOLIECI OOUNCIIEHb.

7.5. Pe3oHaHCH B KOJIaX NEPIOAUYHOIO HECHHYCOITHOIO CTPYMY

B po3nini 4 Mu 1any BU3HAYEHHS PE30HAHCY IS BUITAJIKY, KOJIM B KOJII 1€
OJIHE JPKEPEJIO CUHYCOiTHO1 HanpyTH (cTpymy). Skiio x EPC abo cTpym mxepena
€ TIePI0IMIYHIUMH HECUHYCOITHUMH, TO PE30HAHC MOYKE BUHUKHYTU Ha OYy/Ib-sKiil
3 TapMOHIK. Y CKIQIHUX KoJjiaX, /e yMOoBH pe3oHaHcy X(®)=0 a6o B(w)=0
BUKOHYIOThCS Ui KITBKOX YacTOT, T i€ JpKepella MepiogudHOl
HECHUHYCOIJTHOI Hanpyru (CTpyMy) PE30HAHCH MOXKYTh BUHUKHYTH Ha KUIBKOX
rapMOHIKaX Ofpa3sy.
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Pe3onanc Ha k-iif rapMoHiIl — 11e Takuil pexkuM poOOTH KOJa, IPU IKOMY
k-a rapmMoHika CTpyMy B KOJIi criBnazgae 3a ¢a3oro 3 k-0r0 rapMOHIKOIO HaIlpyTH
Ha 3aTUCKaYax I[bOro KoJja.

Pe3oHaHCH B CKJIATHUX KOJaX MOKHA BUKOPUCTATH IS TOCTAO0TICHHS
OKpEMHUX TapMOHIK a00, HaBMaKH, JJIsI BIIOKPEMJICHHSI MOTPIOHUX TapMOHIK 13
3arajibHOi CyMH (TOOTO 3 HECHHYCOITHOTO CUTHAIY).

7.6. [liroue 3HAYeHHS MNEPIOAUYHOr0 HECHHYCOIAHOIO KOJUBAHHS.
KoediuienT rapmonik. KoedimieHT Hes1iHiHHUX CIIOTBOPEHb

3a BU3HAYEHHSIM, J110Y€ 3HAYEHHS CTPYMY JOPIBHIOE

1= 1fizdt (7.4)
plide .

PosrisitHemMo mepionuyHUN HECUHYCOIMHUW CTPyM, PO3BHUHEHHH B Pl
dyp’e:

i=1,+ ilmk -sin(ke,t + @, ).
k=1

HeBaxxko nmokaszatu, 110

o]

i’ =1+ X1}, -sin’(ko,t+ @, )+

k=1
+ ZE) Z;‘)Imp g B sin(pmlt +Q, ) sin(qmlt + @y )
p=0q=
p#q

Bpaxyemo, mo 3a ymoBu @=2m/T € cHopaBeaJMBUMHU TaKi
CITIBBITHOIIICHHS:

~

-

T

Isinz(ko)lt + @, )dt =5

A
= o

j' sin(pcolt + @, ) sin(qcolt + @, )dt =0 (75

0

P#q
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Tomy 3 (7.4) onepxyemo, 1110

2 1, I
I=I; + ;1+ ;2+ ;3+ ..... SIN) G CS L Co

ne o — moctiitHa cknagoBa ctpymy, a Iy, Iz, Is, — mirodi 3HaueHHS BiATOBIIHO
NepIIoi, Pyroi, TPeThoi 1 T. I. TAPMOHIK CTPYMY.

AHAJOTIYHUM YWHOM JIif0Y€ 3HA4YEHHS HECHHYCOIMHOI Hampyru
OOYHCITIOETHCS Yepe3 ii MOCTIHHY CKJIaOBY Ta /104l 3HAYEHHS TAPMOHIK SIK

U= U+ U+ U2+ U+,

bynp-saxuii migcuiaoBad 1MoOyIoBaHO Ha 0a3l HeniHiliHux €JIEMEHTIB
(TpaH3UCTOPIB, MIJCHIIOBAILHUX JIaMII 1 T. 1H.). ToMy, SIKIIO MOJATH Ha BXiJ
M1JICUITIOBaYa CUHYCOIIHY HAIPyTy 3 YacTOTO0 fi (“YuUCTUi TOH), TO HA BUXO/I
3 ABJISITHCS 1 CKJIQ/I0BA 3 YACTOTOIO f1 1 BUIII TAPMOHIKH (CUHYCOI/THI KOJIMBAHHS
3 vacrtotamu 2f1, 3fi 1 T. 1.). KaxyTh, 1o BiIOYJIUCS HETIHINAHI CIIOTBOPEHHS
curHaity. CTyIiHb [IUX CIIOTBOPEHb XapaKTEPU3YIOTh KOe(IliEHTOM rapMOHIK

B JU U2+ U2+

Kr
U1

a00 koedinicHTOM HeJIiHITHMX CIOTBOPEHb

YU U U 4 _\/U§+U§+Uj+....
U U U U £ U

K

5
ne U — aitoue 3Ha4eHHS BUX1IHOI HAMPYTH MiJCUIIIOBaYa.
7.7. IIOTYyKHiCTh Y KOJII CHHYCOITHOTO CTPyMY

3a BU3HAYEHHSM, aKTHBHA TOTYKHICTh € CEPEHIM 3a Mepioj] 3HAUCHHIM
MUTTEBOI MOTYKHOCTI:

1T
P=—[u-i-dt.
To
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Hexait wampyra u Ha J€IKOMY €JIIEMEHTI KoJla TepioAMYHOTrO
HECUHYCOITHOTO CTPYMYy Ta CTPyM i B IIbOMY €JIEMEHTI B)KE€ PO3BUHEHI B Psij
dyp’e:

u=U, + iUmk -sin(kco1 +Q,, ),
k=1

i=1_, sin(fe,t+e@,).

[TinctaBumo 11 po3BuHeHHS y Qopmyny mans P, Bpaxysasumm
criBBigHOIIEHHS (7.5), OTpUMaeEMO

0 U I ©
P=U,|, + Z%cosq}k =U,JI,+> U/, -cosg,,
k=1 k1

e Qx=Quk-Qix — p13HUL (pa3 MK K-MU rapMOHIKaMU HANIPYTH Ta CTPYMY.

OTxe, aKkTHBHA MOTYXHICTh JOPIBHIOE CyMI HOTYXHOCTI MOCTIHHOI
CKJIaJIOBOI Ta MOTY>KHOCTEH BCIX TApPMOHIK.

[IoHATTS pEaKTUBHOI MOTY>KHOCTI, CIOKHMBAHOI €JIEMEHTOM KoJjia
NEepIOIMYHOT0 HECHHYCOITHOTO CTpyMy, (OPMAJIbHO BBOAATH SIK CyMY
pPEaKTUBHUX MOTY>KHOCTEH yCIX TapMOHIK:

Q= ZQk - ZUka 'Sinq)k-
k=1 k=1

[IoBHY TOTY)XHICTh BH3HAYalOTh SK JOOYTOK JIIOYMX 3HA4YeHb
HECHHYCOITHOT HAIIPYTH Ha €JIEMEHTI KOJIa Ta HECHHYCOIIHOTO CTPYMY B HHOMY:

S=U-I=/(U+U+ U +. JE+12+12 +..)
Mae Miciie Taka HEpiBHICTb:
S*>P*+Q’

(3ramaiiTe, mo A1 Kona cunycoionozo ctpymy S* = P? + Q?).
Bennuuny

T=S*-(P*+Q?)

Ha3nuBarOThb l'IOTy)KHiCTlO CIIOTBOPCHHSI.
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7.8. 3aBHaHHA 1JI1 CAMOKOHTPOJIIO

1. Yomy popiBHIOE TIOCTiHHA CKJIagoBa Hampyrd, rpadik dYacoBoi
3JICKHOCTI SIKOT 300pakeHui Ha puc. 7.47
SIka BenMUYMHA YaCTOTH MEPIIO] TapMOHIKH 11i€T HAnpyTu?

u,B 5

A

~Y

"
nN

Puc. 7.4

Bignogiai: 1) Up=5B; fi=50TI'u; 2) U=-5B; fi=314T'u; 3) Up=0 B;
fi=314To; 4) Up=-0,5B; fi=250I'u; 5) Up=-1 B; o= 250 pan/c.

2. Kpi3p imeanbHy KOTYHIKY, fka Mae 1HAyKTUBHICTH L=1 I'H, mpoTtikae
ctpyM  iL=[5+ 2sin(50t+10%)+ 0,5sin(100t-50°)] A. 3maiinite BHpa3 mid
MUTTEBOTO 3HAYEHHS UL, HAMPYTH HA I[iil KOTYIII[, KOPUCTYIOUUCh METOJIUKOIO,
HaBejieHOO B 1. 7.4. [lopiBHslTE L€l BUpa3 3 BUPA30OM JJiA UL, OTPUMaHUM 3a

i .
Gopmynoro uL=Ld—L . Uu 36irarothbcsi pe3yabTaTh?

Binmosizi: 1) ur=[100 sin(50t+100°)+50sin(100t+40°)]B. 36irarorscs;
2) uL = 7,5 B. He 30iratotbcs; 3) up = 7,5/\/2 B. 36iraroTscs;
4); ur=[70,7 sin(50t+10°)+141sin(100t-30%)]B. He 36irarorscs;
5) ur=[0,55 sin(150t+60°)+5sin(300t+45%)]B. Lle 3anexuTs Bix Beanunau L.

3. [lo imeanpHOTO KOHIEHCATOPA, iK1l Mae emMHIcTh C=100 Mmr®, npukxia-
neHa Hanpyra uc=[40 + 10sin(100t-30°) + 6sin(200t-80°)]|B. 3naiixiTe Bupa3 mis
MUTTEBOTO 3HAYEHHS Ic CTPyMy B I[bOMY KOHJEHCATOPl, KOPHUCTYIOUYHUCH
METOJMKOI0, HaBeeHOo B 1. 7.4. TlopiBHsTE 1iei BuUpa3 3 BUpa3oMm i ic,

. du .
OTprUMaHuM 3a popmyioro . = C—=. Uu 30iratoThest pe3yabTaTu?
dt

Bignogini: 1) ic= 5,6 A. He 30iratotecs; 2) ic = 40/N2 A. He 301raroThCsI;
3) ic=[0,1 sin(100t+60")+0,12 sin(200t+10°)]A. 36irarorses:;
4) ic=[4,2 +4 cos(100t+60°)+3 cos(200t+10°)]A. 36iraroTscs;
5) ic=[4,2 +4 cos(100t+60°)+3 cos(200t+10°)] A. Lle 3anexuts Bix Benmunan C.
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4. MutTteBe 3HAYCHHS JICSIKOT HAIPYTH TOPIBHIOE
u=[2V6+3V2 sin(400t+18°)+4V2 sin(800t+72°)] B.
3HaANIITh BEJIMUUHY JT1FOYOT0 3HAYCHHS ITi€1 HATIPYTH.

Binnoeini: 1) 2V6 B; 2) (2V6+7V2) B; 3)9 B; 4)5B; 5)7 B.

5. HoBenith cuiBBigHOMmEeHH (7.5).

8. HEJIIHIMHI KOJIA TEPIOJUYHOI'O 3MIHHOI'O CTPYMY
8.1. BerynHi BizomocTi

[TapameTpu HemiHiiiHUX eneMmeHTiB (BemnuuHu R, L, C) 3anexars Bif
BEJIMYUH CTPYMIB, 1110 MPOTIKAIOTH KPi3b 111 €IEMEHTH, Ta BiJl BEIUYUH HAIMPYT,
0 JI0 HUX NpUKIaieHi. EneMeHTH, mapameTpu SIKMX HE BCTHUTAIOTh CYTTEBO
3MIHUTHUCS 32 Yac OJIHOTO MepioJy CTPyMy, Ha3uBalOTh iHepuiiiHumu. B
MPOTUJICKHOMY BUIIAJIKY €JI€MEHTH Ha3UBAIOTh Oe3iHepUiiHUMU.

[Ipuknanom inepyitinoco HEMHIMHOTO €JIEMEHTA € JlaMIla PO3KapIOBaHHS
IIpU KUBJICHH] 1i Bijg Mepexi 3 yacTtoToro 50 I'm. Omip R HuTKH 11i€i mamrm
3aJIeKUTh BiJ] TEMIIEpATypyu HUTKH, aJie Il TeMIepaTrypa Maiike He 3MIHIOEThCS
IPOTArOM TMEplojly Yepe3 SBHILE TEIUIOBOi 1Hepuii. Bennunna temmeparypu
BU3HAYAETHCS AIIOYUM 3HAUYEHHSIM CTPyMy Kpi3b HUTKY. OTxe, npu R=const i
CHUHYCOITHOMY CTpyM1 HampyTa Ha JamIli TeX CUHYCOimHa. AJle JIiF04l 3HaYEHHS
nHarpyru U ta ctpymy I 3B’s13aH1 neninitino. ToMy po3paxyHOK KT 3 IHEPLUIMHUMHU
HEJTHIWHUMU eJIEMEHTAaMU BUKOHYIOTH JJIS IIFOYMX 3HAYECHb HATIPYTH Ta CTPYyMY
THMH K METOJIaMH, 1110 1 JUIsl HEIHIMHUX €JIEMEHTIB KT IIOCTIHOTO CTPyMY.

Po3paxyHok kin 3 O€3iHEpLIMHUMU HETIHIMHUMHU €JICMECHTAaMU BHUMarae
3aCTOCYBaHHS CHEIlATbHUX TpuiioMiB. Jlesiki 3 IIUX TPHUHOMIB PO3IIISIHYTO B
OMY PO3ALTI.

8.2. Koryumika iHAyKTHBHOCTI 3 ()epPOMATHITHUM OCEepPAAM
8.2.1. IneanizoBana korymka. PiBusiHus Tpancgopmaropuoi EPC

Jlnst 301IbIIEHHST BJIACHOT 1HIYKTHUBHOCTI Ta (SKIIO II€ HEOOXiAHO) IS
OTPUMAaHHS CHEIiaIbHUX €(EeKTIB y KOTYIIKaX 1HIYKTUBHOCTI BUKOPUCTOBYIOTh
ocepas 3 ¢GepoMarHiTHUX MarepiamiB. 30Kpema, SKIO0 TaKUM MarepiajoM €
METaJIeBU CIIJIaB, TO YMOBHE MO3HAYEHHS TaKOi KOTYUIKA BHUKOHYIOTH TakK, SIK
noka3aHo Ha puc.8.1,a, a ko e matepian — GepuT, TO yMOBHE MO3HAUEHHS
BUKOHYIOTh TaK, K MOKa3aHo Ha puc. 8.1,0.
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PosrnsHemMo KOTymIKy 3 (epOMarHiTHUM OCEpsSM, SIKa >KUBHUTHCA BiJ
171eaIbHOTO JKEpena CHHYCOiTHOT HanpyTH (puc. 8.2).

Puc. 8.1

Kinbkicmb sumkie W

_‘—aﬁ Ocepos
K /eud 360Ky)

®e=u u, s ¢ o

Puc. 8.2

BBaxaTumeMo 110 KOTYIIKY 171eani30BaHol0, TOOTO TaKolo, B SKIiil:

a) aKTUBHUI OMip OOMOTKH JOPIBHIOE HYIIIO;

0) BCl CHJIOBI JIHII MarHiTHOTO TOJISI 3aMHKAOTHCS TIIBKH BCEpPEIUHI
oceps (TOOTO MAarHITHUM MOTIK PO3CIFOBAaHHS BIICYTHIN).

3a ymoBu cunHycoigHocTi EPC MHTTEBe 3HAU€HHsI Halpyrd Ha Takii
KOTylIi JopiBHIOE Wo=u=Umr-sin®t. [{t0 )x Hanmpyry MO>KHA BUPa3UTH uyepes
noTOoKO34YeIUIeHHS! W KOTYyIIKHY K

dy dW®) _ dbd
0= = = W .
dt dt dt

ne ® — MarHiTHUHN TOTIK B OCEP/Ii;
W —KiJBbKICTh BUTKIB KOTYIIIKH.
[TopiBHsBILHY MTpaBl YaCTUHU 000X BUPA3iB AJId Uy, OTPUMAEMO

do U, .
—=—".s1mot,
dt A\%%

3BIJIKM MUTTEBE 3HAUEHHS MArHiTHOTO MOTOKY B OCEP/Il IOPIBHIOE
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D :—U—“’Lcoscot+A:Lﬁ-sin(mt—900)+ A,
oW 2nfW

ne Up — niroue 3Ha4€HHS HAIIPYTH Uo;
A — crana iHTerpyBaHHS.

OCKUIbKH KOTYIIIKa >KUBUTHCS BIJ JKEpena CUHYCOIAHOI Halpyru, TO 3
G13MYHUX MIpKYBaHb SICHO, III0 MArHITHUH TOTIK B OCEpJl HE Ma€ MOCTIHHOI
ckianoBoi. OTxe, BenmruanHa A 1opiBHIOE ().

TakuMm YUHOM,

® = M-sin(@t ~90°)=,, -sin(wt—90°).
2n f'W

ToOTo mpu CHUHYCOiNHIM Hampy3i Ha 1Aeani30BaHii KOTYIII MarHiTHHUM
MOTIK B 1i ocep/i Tex cuHycoinnuil. Moro amruiityza, 3rigHo 3 (8.1), JopiBHIOE

_ U2
" 2R fW

3BiJICH MAaEMO, IO AiF0Y€ 3HAYEHHS HApyTry Ha KOTYIIII €

2
U =2WfD ~444W fD_.

V2

Ile Tax 3Bane pisnsanHs mpauncghopmamopnoi EPC.

SIK10 MarHiTHUM MOTIK B OCEep/ll KOTYIIKM MPU CUHYCOIJHINA HaIpy3i Ha
HIi € CHHYCOiIHMH, TO CTPYM B KOTYIIIi, HaBIAKH, OYyJl€ HEeCUHYCOIOHUM.
[Tokaxkemo 11e rpadiuno. 3ramaemo 3anexnicts B(H) nnst depomarneruka, To0TO
neTio rictepesuca. Ane B=®/S (ne S — mioma nepepiszy ocepis), a 3a 3aKOHOM

MOBHOTO CTPYMY H=l7 (ne ! — HOBXWHA CEPENHLOI CHIIOBOI JIiHIi

Mar”iTHOro moiisi B ocepAai). Tomy rpadik 3anexHocTi M(f) TaKOK Ma€e BUTIIS
neTii ricrepesuca (puc.8.3,a). A moTik @ 3MIHIOETHCS B Yacl CHUHYCOITHO
(puc. 8.3,0).

Benuunni @ notoky npu t;=0 BianoBigae MUTTEBE 3HAUECHHS i1 CTPYMY B
e ke MoMeHT yacy (puc. 8.3,B). [am, Benuuuni ®; motoky mnpu t = t;
BIJIMOBIIA€, 3TiAHO 3 METJICI0, MUTTEBE 3HAUYCHHS CTPyMy #2. BigkiaBmm Ha oci
yacy puc. 8.3,B BeJMUUHY t2, @ HA OC1  IILOTO K PUCYHKA — HOJIb, OTPUMAEMO
Touky 2. Jamni, Benuuuni ®3=0 notoxky npu t = t3 (Ha CUHYCOi/1) BiJIMOBIJAE,
3TiHO 3 TIETJICI0, MUTTEBE 3HAUCHHSI CTPyMY #3. BigknaBmm Ha oci acy puc. 8.3,B
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BEJIMUMHY t3, @ HA OC1 { IbOTO )X PUCYHKAa — BEJIMUYUHY i3, OTPUMAEMO TOUKY 3.
AHaJIOT14YHO OyIyIOThCS BCI 1HII TOYKH pHrC.8.3,B, IPU [IbOMY TOYKa 7 301ra€ThCs
3 TOYKOIO | uepe3 oJuH nepioJi CUHYCOiAH. bibi AeTanbHe po30UTTS HA TOYKU
JTIO3BOJISE€ OJIepKaTH IUIaBHY KPUBY i(?), 300pakeny Ha puc. 8.3,B. Po3BuHEeHHS
Takoi QyHKIi yacy B psaa Pyp’e mokasye, 1110 B Hii, OKpIM IEPIIOi rapMOHIKH,
Jy>Ke BEJTUKOIO 32 aMILTITY/IO0 € 1 TPeTs rapMOHIKa.

-y

Puc. 8.3

8.2.2. BrpaTu eHeprii B ifeanizoBaHiil KOTyuImi

Cunycoinna (a B3arajii — Oy/p-sika) 3MiHa B 4acl MarHiTHOTO MOTOKY KPi3b
ocepls € MPUYUHOKO IBOX BAKIUBUX €(EKTIB:

1) nepionuuHe (3 4acTOTOIO f) MepeMarHiyyBaHHsl MaTepiany oceps;

2) BUHUKHEHHS B OCEpJi BUXPOBUX CTPyMiB (cTpymiB DyKo).

Tepwuii egpexm CynpoOBOIKYETHCS TEPIOJUYHUM 3MIMIEHHSIM CTIHOK
MarHiTHHX JOMEHIB, II0 BHUMara€ HEBIJHOBHOI BHTpatu eHeprii. L{i BuTparm
HA3WBaIOTh BTpaTtamMu Ha ricrepesuc. [loTyxuicte Pr mmux BTpaT, sIK MOXHA

JIOBECTH, JOPIBHIOE N0OYTKY 006’€My Ocepis Ha iHTerpa j:HdB, TOOTO Ha

IJIOIY TETJI rictepe3uca. (s mpakTHIHOTO pO3paxyHKy BTPAT Ha TiCTEPE3UC
BUKOPHUCTOBYIOTh eMIIpUYHY (HOpMYITy

P =¢ -f-B) -G,
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1€ Or — KOE(IIIEHT, BEIMUMHA SKOTO 3aJI€KUTh Bl MaTepiany oceps;
f — yacroTa cTpyMy Kpi3b KOTYLIKY;
Bm — aMIumiTYy 1@ 1HAYKII{ MarHiTHOTO TIOJISL B OCEPA;
L6 npuB_ <1Ta,
20npuB, >1Tu
G — maca ocepps.

Hpyeuii eghpexm TMPU3BOIUTH IO YACTKOBOTO PO3MAarHidyBaHHs OCepas i,
TOJIOBHE, 10 BTPAT Ha BHUXPOBi CTPYMH, TOOTO 0 HArpiBaHHS OCEPHs MU
crpymamu!, Bimomumu 3 Kypcy (ismku. Haragaemo, o BHUXpPOBI CTpyMH
CIpsSMOBaHI Tak, 100 YTBOpIOBaHE HMMH MAarHiTHE Ioyie OyJio CIpPSMOBaHE
HA3yCTpi4 MarHiTHOMY IOJIIO, BIAaCHE, KOTYLIKH (puc. 8.4, a).

5 *? 5 A4
1< Buxposi 1<
cmpymu
TN P I{\ l(\ l(\ I(\
W [ A4 A4
~ IR ~ S
| L
S ~Jri
I
i O A ~L UV
Da \/
lNnacmuHu
a 6
Puc. 8.4

JI71st 3MEHIIEHHS! BTpaT Ha BUXPOBI CTPYMHU OCEP/Isi 3BUYANHO CKIIAJAI0Th 3
OKpPEMUX TIJIACTUH €JICKTPOTEXHIUHOI CTalll, CJIEKTPUYHO 130IbOBAHUX OJHA BiJl
0J1HOi. BUTOTOBJIEHHS OCep/Ib KOTYIIOK, sIK1 TPaIfor0Th Ha yacToTax Bulle 20 k't
(1 mo wactot 6;au3bko 30 MI'11) BUKOpHCTOBYIOTH (hepUT BIAMOBIAHMX MapoK [ 13].

[ToTyXHICTH BTpaT Ha BUXPOBI CTPYMH MOKHA BU3HAUUTH 3a TaKOIO

EMITIPUYHOIO0 POPMYIIOIO:
P, =c, f? -Bfn -G,

Je o — Koe(IlieHT, BEJIMYMHA SKOTO 3aJIeKUTh BIJ MaTepiany Ooceplsd Ta Bij

TOBILUHHU TJIACTHH.
O1xe, cyMapHi BTpaTu B ocepai (“BTpaTu B cTaji”) TOPIBHIOIOThH

PCT=PF+PB.

! 3a3HaUMMO, 10 BUXPOBI CTPYMU BHUHHUKAIOTH Y OyAb-KOMY OCEpJi 3 MPOBITHOTO
Marepiany (Mifb, JIaTyHb Ta 1H.), a HE TIILKH Y (€pOMarHiTHOMY OCep/i.
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B pospaxyHkax 1HOJI BHUKOPHCTOBYIOTH HHUTOMI BTpaTH B CTajl, SKi
BU3HAYAIOTH SIK

BT
P iur=Pei/G | — s
KI'

ne G —Maca ocepas.

8.2.3. Korymka 3 po3citoBaHHAM

MarniTHu#l noTik @, M0 3aMUKAETHCS TUIBKU 4Yepe3 OcepiAsl KOTYIIKH,
YTBOPIOE BJIACHE IOTOKO3YEIUIEHHs KOTYIKH ., = WD, 1e W KIJIbKICTb
BUTKIB I1i€i KOTymku. [lOTik, M0 3aMHMKaeThCs Yy3A0BX ocepis (puc. 8.5),
YTBOPIOE NMOTOKO34YeIUIEHH PO3CiloBaHHA. lle NOTOKO34YEeIUIEHHS MPsSMO
MPOIOPIIIHE CTPYyMY B KOTYIIIIL:

1 N
~ |U
» lNomik, wo 3amukaembcs
= yepes ocepds
_______ lNomik, wo 3amukaemscsi
3308Hi oceposi

Puc. 8.5

[ToBHE MOTOKO3YEIIJICHHS 3 BUTKAMM KOTYIIKH I(OpiBHIOG

\I":\I’BJI +\|Ip03‘

Hanpyra Ha xoTymii (3a yMOBH PIBHOCTI HYJIO ii akTUBHOTO omnopy R)
JIOPIBHIOE
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d .
u=dW:dWBﬂ+ w'm:uo+L a
dt dt dt

T

JIe Wp — Hampyra Ha ysABHiH ieami3oBaHii KoTymi (quB. 1. 8.2.1).

Sxmo R>0, To MmaeMo

L1i# piBHOCTI, 32 ApyruM 3akoHOM Kipxroda, BiamoBigae cxema 3aMilIeHHs
KOTYILKH 3 PO3CIIOBaHHSAM, 300pakeHa Ha puc. 8.6.

R Lpos

e
~_7 \d/v : ' 10earnizoeaHa Komywka
iR Lpos a ul ! ' (komywka 6e3 po3citosaHHs
u dt Y| | N | ma 3 Hynbo8UM aKmugHUM
| | oropom)
I

, f

8.2.4. PeanbHa Korymka 3 (epoMarHiTHuUM ocepasm. IHmi Buam
ocepab

Jlist BpaxyBaHHSI BTpaT y CTajldl 3aMIHMMO 1/1€alli30BaHy KOTYIIKY,
300pakeHy Ha puc. 8.6, Ha MOCIIJIOBHO 3’€JIHaHI JIHIHHUNA omip BTpaT Rn Ta
JiHIAHY 1HAYKTUBHICTH L (puc. 8.7), sika €, BIacHe, IHAYKTUBHICTIO 17€aJ1i30BaHO1
KOTYIIIKH.

Ry L

,_|:|_/'YY\_¢

Puc. 8.7

s niHiAHICTD O3HAYAE, 11O MiJ AI€I0 CMHYCOIJHOI HANpyrW B KOTYLII
MPOTIKAaTUME CUHYCOIIHUM cTpyM. Taka 3amiHa BIANOBIAA€E 3aMiH1 MEPIOJUYHOTO
HECUHYCOITHOTO CcTpyMy (puc. 8.3) eKBIBaJEHTHUM HOMY CHHYCOiJHUM
ctpyMoM. EKBIBaJI€HTHICTh 3aMIHM TIOJISITA€E B PIBHOCTI JIIOYMX 3HAYE€Hb 000X
CTPyMIB Ta B PiBHOCTI BTpaT, 00yMOBJIEHUX 000oMa cTpymMamu (OUTBII JeTalbHI
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BiJIOMOCTI MOXHA 3HAWUTH B [2]). AJTbTEpHATHBHUYN BapiaHT 3aMiHU 17€a1i30BaHOL
KOTYIIKH 3 ()epOMarHiTHUM OCEPJIsIM Ha JIiHIHHEe Koo (puc.8.7) po3risHyTO B
niapyunuky [14]. Lleit BapiaHT 0a3yeTbcs Ha ampOKCHUMAIIil METJ TicTepe3uca
CJITICOM.

VY Oynp-aKkoMy BUNAAKY JiHIAHA cXeMa 3aMilIeHHS peaybHOI KOTYIIKH 3
(dbepoMarHiTHUM OCEPJISIM € TaKolo, sKa HaBejeHa Ha puc. 8.8,a abo puc. 8.8,0.
OcTaHHI0O CXE€My OJIEpXKYIOTh NUIIXOM E€KBIBAJIEHTHOTO TMEPETBOPEHHS,
PO3TIIIHYTOTO B Tiapo3a. 4.6:

R, _ oL
G=— " B,=—
R’ +(wL) R’ +(oL)
_i> |L| LP03 _/> R Lp03
L — ]
Rn N
u o u Up G B,

L

a ” 6

Puc. 8.8

s cxema (puc.8.8,0) Mae «mpo3opy» (Pi3MUHY IHTEpHOpPETAIliIO:
npoBiAHICTIO G MPOTIKAae CTPyM BTpaT y CTall iy, @ NpoBIAHICTIO BL mpoTikae
HaMarHi4yBaJIbHUM CTPYM iy, SIKHM, BIIacHE, 3a0e3Meuye HasgBHICTh MarHiTHOTO
NOJISI KOTYLIKH.

JHocutb KopucHy 1H(MOPMAITIIO 1010 KOTYIIOK 3 (hepOMArHiTHUM OCEPAsSM
MOHa 3HauTH B [9]. Taky KOTYIIKY 4acTO Ha3UBalOTh APOCEIeM.

®epoMarHiTHI ocepAs BUKOPUCTOBYIOTH JUIsl 30UIbIIEHHS BJIAcHOI
IHAYKTUBHOCTI Ta JOOPOTHOCTI KOTYWIKH. JIOOPOTHICTh KOTYIIKH JIOPiBHIOE
onopy. Ha wacrorax 6uibiie 20 MI'1; BUKOpUCTOBYIOTh OCEpAS 3 laMarHeTHKIB
(Minb, naTyHb). [lepeMillleHHsT TaKOro ocepis B CepeuHl KOTYIIKH J03BOJISIE
peryioBatH ii BJIacHy iHIYKTUBHICTb B J€IKHX HEBENMKUX Mexax'. JI0JaTKOBY
iHdopmariito MoxkHa 3HaiiTH B [13] Ta B miteparypi 3 KOHCTPYHOBaHHS
pasiioeNeKTPOHHOI anapaTypu.

! IHOYKTUBHICTh KOTYIIKH 3 JlaMarHiTHUM OCEpIsAM € TPOXH MEHIIOW0, HIX Ii
IHIYKTUBHICTB 0€3 ocep/sl.
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8.2.5. BoabT-aMniepHa XapaKTepUCTHKA KOTYWIKH 3 (pepoMarHirHum
ocepasim

depomarHiTHI OCepJisi BUTOTOBIISIIOTh 3 MarHITHOM SIKOi CTali, sKa Mae
BYy3bKYy TMETJIIO TicTepe3nca. Taky MeTai0 MOXHa HaOIMKEHO 3aMIHUTH
oxHo3HauHoto ¢yHkuieio B(H) y Burmisiai

B=aH-cH’, (8.2)

ne B ta H — MUTT€EB1 3Ha4€HHS BIAMOBIAHO MarHiTHOI 1HIYKIIIT Ta HAIIPY>KEHOCTI
MAarHiTHOTO MOJIS;
a Ta ¢ — TMOCTIHHI KOS(IIIEHTH, BEIMUYMHU SIKUX BU3HAYAOTHCS JJII KOXKHOI
MapKu CTaji OKpPEeMo.
['padiunoro uTroCcTpalii€ro BUKOHAHOT 3aMiHU € puc. 8.9.

BA BA

Puc. 8.9

Hexait S — mmoma niepepi3y ocepasi; @ — MUTTEBE 3HAUYCHHS MArHITHOTO
HOTOKY B ocepai; ¢/ — JOBXHMHA CEPENHBOI CUIIOBOI JIiHII MarHiTHOroO IOJs B
ocepai; W — KUIBKICTh BUTKIB KOTYIIKH; { — MHUTTEBE 3HAYCHHS CTPYyMY B
koTymi. [liIKiIroYnMo MOAYMKH Taky KOTYHIKY JO i1ealbHOro JKepesna
CUHYCOIZHOTO CTPYMY, IKUH OIMCAHUMN BUPA30M

i=1_-sinmt. (8.3)

SIKIIO 3HEXTYBAaTH pO3CIIOBaHHSAM Ta BTpaTaMd B KOTYLILI, TO 3
ypaxyBaHHsM (8.2) MOXHa 3anucaTty, 1o

®=B-S=aSH -c¢SH",

AJe 3a 3aKOHOM IIOBHOI'O CTPYMY Ma€eMO

i W
/
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ne [ — 3a1anuil Bupa3zomM (8.3); Tomy

aWs : cSW?
= I, -sinot— I

@ I’ -sin’ @t

MutTeBe 3HAYCHHS HANpPyrd Ha KOTYIIII JOPIBHIOE MOXITHIA BIT il
[IOTOKO3YEIIEHHS 33 YaCOM:

2
S\ d(W®) _aW SmIm cosof
dt  dt /

3cSW* :
_OW e I’ sin’ otcosmt. (8.4)

Ak Bigomo,  sino-sinf = %[cos(a —B)—cos(a+B)] i Taxox

) 1 .
SINOL- COS QL = E sin 2o - ToMy (8.4) mpuBOAUTHCS 10 BUTTISITY

3ceSWo
+ -

os Wt I

2 4
u:(MI —mlfnj-c I’ cos3at =

1 " 4/°

=U,,, cosot+ U, -cos3ot,

ne K Uim o3HaYeHU BMICT KPYTIIUX JTYXKOK;
a sk Usm — KoeillieHT nepesi KOCUHYCOM MOTPIMHOTO KyTa.

Sxmo 3HexTyBath amiulTya00 Usm TpeThoi rapMOHIKM Hampyrd Ha
KOTYIIII, TO MOKHA BU3HAYUTH 1HAYKTUBHUHN OIIp KOTYIIIKH 5K

=oL(I )

2 4
x, = U _ g WS _3eW'S
¢ 4¢

ne iHAYKTUBHICTh KOTYIIKU L(Im) € pyHKIII€I0 aMIUTITYAM CTPYMY Kpi3b KOTYILIKY
1 IOPIBHIOE BMICTY KPYIJIMX JTYKOK.

HaBeneHi BHUKIAaIKM OKPECHIOIOTH 3arajibHy 1/1€10 BHU3HAUEHHS BOJIBT-
amriepHoi xapakTepUCTHKA Uim(Im) KOTymiku 3 ¢depoMarHiTHUM OCepIsM Ta
3aneXHOCTI L(Im) 11 IHAYKTUBHOCTI BiA CTPyMY Kpi3b 110 KOTYIIKY. bkl TouHa,
HIX (8.2), anpokcumanis METJl TicTepe3uca, MPU3BOAUTH 10 3aJIEKHOCTEH
UI_m(Im):Ulm(Im) ta L(Im), HaBemenux Ha pwuc.8.10. 3 TOUHICTIO 10

KoeimienTa, mo JOpiBHIOE V2, 11i KPUBi MOBTOPIOIOTH 1 BiMOBINHI 3a1exKHOCTI
st airounx 3HadeHs Up(I) ta L(I).
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O6nacmb Hacu4yeHHsi
mamepiarny ocepdsi

—_—— = —
— —

ULm (Im ) mobmo BAX komywku

S~ L)
o

0 /

\ 4

3

Puc. 8.10

8.3. ®epope3onanc

8.3.1. ®epope3onanc HANIPYT

PosrasiueMo cxemy KoJia, IK€ MICTUTh KOTYIIKY 3 ()€pOMAarHiTHUM OCEPASIM
(puc. 8.11) Braxkatumemo crnovatky, o R=0 i mo g0 yBaru ciij npuiMaru
JIMIIIE TepITy FTapMOHIKY cTpymy. Tomi

Puc. 8.11

. — ior
Ockimekn L =1-¢€ , TO MOKHA 3aIlicaTH, 1110

el T 1. b
U=j-e [I mL(I) I mC]' (8.5)

Jliro4i 3HAYEHHS HANPYTd Ha KOTYIIII Ta Ha KOHIEHCATOPl JOPiBHIOIOTH
BIIIIOB1THO
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U=j-e™[u, (- u.I)

3wmintoroun ®, C abo L, moxna mocsartu pisHocTi UrL(I)-Uc(I)=0, To6TO
UL(D=Uc(), sx ne nokazano Ha puc.8.12. Hanpuknan, Hexalhk ®=const Ta
C=const. Toxi, 3miHIOIOYH Jitoue 3HaUYeHHs I cTpymy B Kodi (a OTXe, 1 CTpyMy
Kpi3b HENIHINHY KOTYIIKY), MOXHa 0Opu TeBHOMY lo J0CSATTH pPIBHOCTI

K 11e BUIInBac 3 (8.5). Lle sBure

UL(lo)=Uc(lv), 10670 piBHOCT @L(I,) = ——
oC

€ aHAJIOTIYHUM PE30HAHCY HAIPYT Yy MOCHIIJIOBHOMY KOJMBAJIBHOMY KOHTYpI 3
JHIAHOIO KOTYIIKOIO 1HAYKTHUBHOCTI, ajie 3apa3 Pe30HAHCY JOCSITHYTO MIJISTXOM
3MIHU 1HIYKTUBHOCTI, KEPOBAHOI CTPyMOM (3ayBakumo, 1o BenmuuHa C Bif
CTPYMY HE 3aJIeKUTh). BTiM, TOUHEe BU3HAUEHHS PE30HAHCY B KOJIi, CXEMY SIKOTO
300pakeHo Ha puc. 8.11, mogaHo HUKYE.

UA

/ Uslh=g!

uL()

-7 .
U, (I)'Uc(/)|=|U|‘R:0

]

Puc. 8.12

SAkmo R>0, To BennuuHa U=‘[_J‘ HE MaJia€ JI0 HyJsd, a 3MIHIOEThCA 13

3pOCTaHHSIM CTPYMY Tak, SIK IOKa3aHO CYLIJIBHOIO JIiHI€I0 Ha puc. 8.13.
Cymineny kpuBy U(I) MoxkHa ofepkaTh TUIBKH JKUBIISTYU KOJO BIT
i0eanbHo20 Oxcepena cmpymy 3 PETyIbOBAHOIO BEIMYUHONIO J. SKIIO KUBUTH
kojio (puc. 8.11) Bim Oorcepena nanpyeu (HaABITH HE 17€adbHOI0), TO MIPH
IJIaBHOMY 3pOCTaHH1 Aito4yoro 3HadeHHs Hanpyru Bix 0 no U, cTpyM miaBHO
3poctatume Big 0 no I, ane mpu nocsrHenHi Hanpyrowo BennuuHu U, cTpym
ctpuOkoM 3poctatume Bill I, 10 I, mpu Tiit ke BenmuuuHi Hanpyru. llpu
NOJIaJIbIIOMY 3POCTaHHI HAIPYrd CTPYyM 3pocTaTUMe I1aBHO. [Ipu miaBHOMY
3MEHIIEHH] HaIllpYTH B JyX€e BEJIMKUX BEIUUYUH 10 BeMIMHU Ue CTpyM IIIaBHO
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3MeHIyeThesl A0 BennuuHu lo’, a mpu qocaraenHi Hanpyroro BenuuuHu U BiH
CTPUOKOM 3MEHIIMTHCS O BenuuuHu g mpu Tiif sxe BenmmuumHi Hanpyru. llpu
noJlajibIIoMy MiIaBHOMY 3MeHIeHH1 Hanpyrd Bif Ue 70 0 cTpyMm Takox miiaBHO
3MEHITyBaTUMETbCA Bia Iy 1o Hyns. SBuine cTpuOKomoaiOHOI 3MiHU CTPyMy B
KOJII TIpU HETepEepBHiil 3MiHI HAMpyTyd HA IIbOMY KOJI HAa3MBAaIOTh TPUTEPHUM
epexrom (nuB. puc. 8.14).

UA
lpu R>0 ///
-,
7~ Ipu R=
U L____a I o b /// pu R=0
| RN %z -~
Uc — g —lr*— \—\*— ¢ /://
Md S 7
Al | ~L d
| | RS 0
0 | ! | \\_,/ ! »
Puc.8.13

Puc. 8.14

Haranmaemo, 110 BCi mporiecu TyT pO3TISAAI0ThCS TSl MIEePIIOi TapMOHIKH
CTpYyMY.

@depope30HAHCOM HANPYr HA3WBAlOTh TaKUH  PEXUM  pOOOTH
MOCJIIJIOBHOTO PE30HAHCHOTO Koiyia (puc. 8.11), mpu sikoMy mepiia rapMOHIKa
CTpyMy B HbOMY 30iraerbcst 3a ¢azor 3 Hampyror Ha HboMy. Ha puc. 8.13
pexXUMOBI (epope30HaHCy BiANOBiAae Touka ¢ mpu ctpymi lo’, (3BepHITH yBary

Ha Te, mo BennuuHa lo' MeHma Big Benmuuuuu lo cTpymy depopeszonHancy npu
R=0).
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8.3.2. llonsaTTs Mpo epope3oHaAHC CTPYMIB

Y Kkomi 3 napanenvHum 3’ €OHaHHAM TTHIAHOTO KOHAEHCATOPA Ta KOTYIIKH
3 ¢epomarHiTHEM ocepasMm (puc. 8.15) Moxe BUHUKHYTH (pepope30HaAHC
CTPYMiB, TOOTO Takuil peKuM, B IKOMY IepIlia rapMOHiIKa CTpyMy 301raeThcs 3a
¢$a3or0 3 HAaIPYTOI Ha IILOMY KOJIi.

300paxkeHi Ha puc. 8.16 MTPUXOBY Ta KpanKoOBY KpUBI MOXKHA OTPUMATH
IIPY JKUBJICHHI KoJia (puc. 8.15) Bij 11€aapHOTO JKepera HampyTH.

Sy
ey oy
R
U C =
L
Puc. 8.15

U
(Mpu R>0) = = T

N
u,

(Mpu R=0)

U ()

_—_— |i|npuR=0
............ |i|l'lpUR>0

>
0 /

Puc. 8.16

SKIIO KMBUTH 1€ KOJIO BiJ 17I€aJbHOTO JKepesa CTPyMy, 3MIHIOYH
BEJIMYMHY LOTO CTPYMY BiJl HyJIsl B O1K 3pOCTaHHS, TO MaTUME MICLIe CTPHUOOK
HAIpyryu 3 TOYKU @ B TOYKY 6 TPHU OAHIN 1 Tid camiil BeauuuHi ctpymy. [lpu
3MEHIIIEHHI CTPYMY Bij Ay>K€ BEJIUKHX 3HAYCHb J0 HYJISI MaTUME MicClle CTpUOOK
HaIPYTH 3 TOUYKHU ¢ B TOUKY d TP OJHIHN 1 Tl caMiil BeIMYKHI CTpyMy. PesxnuMoBi
dbepope3oHaHCy CTPYMIB BIATIOBIa€ TOYKA C .

depope3oHaHC CTPYMIB JIeTallbHIIIEe pO3TIssHYyTUH B [1, 2, 9].
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8.4. HeqiHiiiHi eMHICHI eJ1IeMeHTH

PosrnsaHeMo aBa HAWOUIBII BXKUBAHUX HETIHIMHUX €MHICHUX E€JIEMEHTH.

Bapukan — HamiBOpOBIZHUKOBUM [10J, B SIKOMY BUKOPHUCTOBYIOThH
3aJIe)KHICTh €EMHOCTI P—N IIEPEXOY BiJl BEIMUNUHU 360pOmMHOI HAIPYTU HA IIbOMY
nepexoi (puc. 8.17). YMoBHe no3HaYeHHs BapuKarna HaBeJeHe Ha puc. 8.18, Ha
IbOMY CaMOMY PHMCYHKY BKa3aHHM MMO3UTUBHUN HANPSAMOK ApsAMoi HANPYTU Ha
BapuKami. B 3ajexHOCTI BiJ TUNy BapHKamd MaiOTh HOMIHAIbHY poOOuy
Hanpyry 1...25 B ta HomiHaneHy eMHICTD 2...600 n®.

PoGounii nmiama3oH peryiaroBaHHS €MHOCTI cTaHOBUTH 120% Bin
HOMIHAJIbHOI. Bapukanu 3acTOCOBYIOTh y paaloNpUUMAaIbHUX IMPUCTPOSX
METPOBOTO Ta JEIIMMETPOBOTO Jiala30HiB AJIs X HaJallTyBaHHS.

Bapukona — 1e HemiHIMHMN KOHIEHCATOP, MK OOKJIagKaMH SIKOTO
pO3MilIeHUN cerHeToeNeKTpUK. OCTaHHIN € PeYOBUHOO, B SIKIHA J1E€JIEKTPUYHA
IPOHUKHICTh 3aJICKUTh BiJ] HANPY>KEHOCT1 MPUKIIAAEHOIO €JIEKTPUYHOrO MOJ,
TOOTO, B KIHLIEBOMY ITIJICYMKY, — B/l HAIIPyT¥ MI>K OOKJIaIKaMu KOHAEHCaTopa.

VY 3BuyaiiHOMy (TOOTO JIHITHOMY) KOHJIEHCATOP1 HAKOMWYEHHUN 3apsj
MPOTMOPLIAHUN MUTTEBOMY 3HaYEHHIO U MPUKJIIAEHO1 Hanpyru, To0To q=C-u, ae
C — nocriliHa EMHICTh LILOT'O KOH/IEHCATOPA.

AJle CerHEeTOeNeKTPHUK Besie ce0e B eIEKTPUYHOMY TOJI1 MOA10HO 10 TOTO,
gk BeAe ceOe ¢epoMarHeTMK y MarHiTHoMy moji. ToMy 3anexHicTs q(u) JJist
BapUKOHJA Mae BUIIAA nemm ricrepesuca (puc. 8.19). 3anexHicts q(u)
HA3MBAIOTh KYJIOH-BOJIbTHOIO XapaKTEPUCTUKOIO CETHETOEIEKTPHUKA.

Ha 0a3i BapukoniB (puc. 8.20) MoxkHa OylyBaTH MOMHOKYBaul 4acTOTH,
cTabu1i3aTopH, 3amaM’ ITOBYOYl IPUCTPO1 Ta 1H. Baau BapuKoOHIIB 00YMOBJIIEHI
CTapiHHSIM CETHETOEJEKTPHUKIB Ta HECTAOLIBHICTIO IXHIX apaMETPIB.

Hanpukinmi 3a3HauyuMo, 1[0 B MOCTIJOBHOMY a00 TmapaieibHOMY
KOJIMBAJbHOMY KOHTYpl, YTBOPEHOMY JIHIUHOIO KOMYWKON Ta HEeNHIUHUM
KOHOeHcamopom MOKYTh BUHUKATH SIBULLA, TOJII0HI 10 (epOpPE30HAHCY HAMPYT
(mocnigoBHUM KOHTYP) Ta Pepope30HaHCy CTPyMiB (TTapasieTbHUN KOHTYP).

AC
/
VD
ol
> \—/4
0 U U
Puc. 8.17 Puc. 8.18
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4
s<—q=Cu
7, Onis niHitiHo20
7/, KOHOeHcamopa
/7
N7,
ad / u
/7
7
/ W
Ve _/n
Puc. 8.19 Puc. 8.20

8.5. 3aBaaHHsA 111 CAMOKOHTPOJIIO

1. 3a fKOi KUTBKOCTI BUTKIB JIIF0Y€ 3HAYEHHS HANpPYTr'W Ha 1Jeai30BaHIi
koTyui jaopiBHoBatuMe 890 B mpu uacroti ctpymy 50 I'm ta amrmutityai
MarHiTHOTo noToky B ocepi 0,02 B6?

Bimmosini: 1) M=380 A; 2) W =200; 3) L=1Tn; 4) W = 25;
5) W = 400 B6.

2. B ocepai nmeBHOI KOTYIIKK BTpAaTH Ha Tictepesic ckianawTs 0,1 BT Ha
gactoti 50 I'm. fkoro Oyne BenmmumHa 1ux BTpaT Ha yactori 400 I'm, skio
aMITIITyAa 1HIYKII1 MarHITHOTO TTOJIS B OCEP/Ii 3aJIUIIAETHCS HE3MIHHOIO?

Bignosiai: 1) 0,8 Br; 2) 0,16 Br; 3)40 Bap; 4)5BA; 5)20 Br.

3. B ocepai eBHOI KOTYIIIKYA BTPATH Ha BUXPOBI cTpyMH ckiianatoTts 0,1 Bt
Ha yacToTi 50 I'u. fkoro Oyne BennunHa 1ux BTpaT Ha yactoTi 400 I'u, sxuro
aMILTITyAa THIYKIII MarHiTHOTO TOJISl B OCEP/Il 3aJIUIIAETHCS HE3MIHHOIO?

Bignosiai: 1) 0,16 Br; 2)0,8 Br; 3) 1,5BA; 4) 6,4 Bt; 5)3 BA.
4. Sk 3MIHUTBCS 3CYB (a3 MK HANpPyrolo Ha 3aTUCKA4yaxX KOTYIIKU Ta

CTPYMOM KPpi3b IF0 KOTYIIKY, SIKIIO ii OCep/isi, BAKOHAHE 3 JIUTO1 CTajll, 3aMIHUTH
Ha ocep/isl TAKUX CaMUX PO3MIpiB, BAKOHAHE 3 JIMCTOBOI CTal?

Bianosiai: 1) nopiBHIOBaTUME HYJI0; 2) 3MEHIIUTHCS; 3) 3pOCTE;

4) nopisatoBatume (-90°); 5) BipHa BiMOBIIb BiICYTHSI.

5. BAX peskoi imeanizoBaHOi KOTYHMIKH 3 (DEPOMArHITHHUM OCEPIsIM
HaBesleHO Ha puc. 8.21. flkoi BenmnunHU MOBMHHA OyTH €MHICTh KOHACHCATOPA,
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BBIMKHEHOTO TIOCIIZIOBHO 3 III€I0 KOTYIIKOI, 100 y TaKOMy KOJII BUHUK
dbepope3onanc Hanpyr Ha yacToTi 50 I'y mpu ctpymi 0,5 A?

UB A
12+

10T
8+
6+
4+
2+

o —F——F+—F+—F—F+—+—+—+—+—>

O 01 02 03 04 05 06 07 08 09 /A

Puc.8.21

Bigmosizi: 1) 314 Mmx®; 2) 62,8 nd®; 3) 159 mx®@; 4) 1,41 mxD;
5) 111 n®.

9. IEPEXIZIHI IMPOLHECHU B KOJIAX I3 30CEPE/UKEHUMMH
ITAPAMETPAMMA

9.1. IlpyuyvHM BUHUKHEHHS MepPeXiIHUX MPoLeciB

VY nonepeaHix po3AuUIiax HaMH PO3IJISIHYTI €JIEKTPUYHI KOJIa, KOXKHOMY
€JIEMEHTY SIKUX MpUTaMaHHa JIMIIE OJHA eJeKTpUYHA a00 MarHiTHa BJIACTUBICTb
— aKTUBHHMM ONIp, €MHICTb a00 I1HAYKTUBHICTb, MPUYOMY ISl BIJIACTUBICTh
30CepeKeHa B 00OMeXEeHiil 001acTi MpoCTOpy, a caMe — B Tiil, Ky 3aiiMae TaHUi
enleMeHT. Taki Kojia Ha3uBAalOTh KOIAMU i3 30CepeodcenuMu napamempamu. 3
YCIX MOXJIUBUX PEKUMIB POOOTH TaKUX K1JI MU PO3TJISIIAIIH JIUIIIE TAKUM PEXKHIM,
B SIKOMY PO3MOJILT €IEKTPOMATrHITHOI €HEeprii M eJIeMEeHTaMu KoJia € He3MIHHUM
(kKoJ1a IOCTIMHOTO CTPyMY), 200 TIe¥ PO3MOALT 3MIHIOETHCS B Yaci MEPiOAUIHUM
YUHOM (KOJIa CHHYCOiJHOTO Ta MEPIOIMYHOr0 HECUHYCOITHOTO CTpyMy). Takwuii
peKUM Ha3WBAIOTh CTAaIllOHApHUM abo ycrameHuM. Sk Oynme mokaszaHo Jadii,
IPOLIEC B KOJII MOYKHA BBKATHU YCTAJICHUM JIMILIE Yepe3 HECKIHUCHHO BEJIMKHI
MIPOMIXKOK 4acy, 110 MPOUIIOB MiCJ/Isl yYTBOPEHHS 1ILOTO KoJia. AJie B MEpEeBaXHIN
OUIBIIOCTI MPAKTUYHUX BUIAJKIB MPOIEC MOKHA BBAXKATU YCTAJIEHUM BXKE Uepes
JIOCUTh Mallui MPOMDKOK 4acy MICIs YTBOPEHHS KOJIa, OCKUIbKU PIZHUIIS MIX
CTaI[lOHAPHUM 1 TOTOYHUM YHUCJIOBUM 3HAYEHHSM MPOILECY MO 3aKIHYEHHI IbOTO
MPOMIXKKY Yacy CTa€ MPakKTUYHO HEBIAUYTHOIO.

OO6yMoOBJIEH1 IEPEXOIOM Bij OJHOTO CTAI[IOHAPHOTO CTaHY KOJIa JI0 1HIIIOTO
JOro CTaIlioHapHOrO CTaHy 3MIHU B 4Yaci CTPyMiB, Hapyr Ta MOXIAHHUX B HUX
BEJIMYMH (HAPUKIIAA, EHEPTii) HA3UBAIOTh NMepeXiTHUMHU MPOolecaMu.
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Jlns  Toro, MO0 BHHWK TMEpPEXiAHWN Tpolec, IMOBHHHA CTaTUCS
cTpuOKomnoAiOHa 3MiHa KoHQIryparii koja abo (ta) cTpuOKomojiOHa 3MiHa
OJIHOTO a00 KUIBKOX IMapaMeTpiB €JIEMEHTIB Koja. PeaibHU paioeneKTpOHHUN
IPUCTPIA BECh Yac MpalIOE€ B, CTPOro KaKy4H, HECTAIlIOHAPHOMY PEXKUMI: J0
HBOTO IMAKIIOYAIOTh 1 B1JI HBOTO BIIKIIIOYAIOTH JKEpesa >KUBJICHHS; BCEPEIUHI
HbOT'O CTPUOKOM 3MIHIOIOTHCS aKTUBH1 OMOPHU (HAMPUKIIA, PU CIIPAIlbOBYBaHHI
JIOTIYHUX E€JIEMEHTIB), 1HJAYKTUBHOCTI (BKJIIOUCHHS Ta BIIKIIOUYEHHS OOMOTOK
eJIEKTPOMArHiTHUX pejie), EMHOCTI (HampHKIajd, y AemudpaTopHUX KOMIpKax
3aMI3HWYHOI ~ aBTOMaTHKW). Taki  cTpuOKOMOMIOHI  3MIHM  HA3UBAIOThH
KOMYTAI[isIMU €JIEMEHTIB KOJIa.

Ane YoMy mepexiJ BiJi OJHOTO CTAI[lOHApHOTO CTaHy 0 IHIIOTO HE
B1JI0YyBa€eThCSI MUTTEBO? Piu y TOMy, 110 B KOKHUII KOHKPETHHI MOMEHT 4acy B
KOHJICHCAaTOpax 1 B KOTYIIKaxX KoJla HAaKOMWYEHO TIeBHY KUIbKICTh
CJIEKTPOMArHiTHOT ~ €Heprii, 1 KapTWHA PO3MOJAUTY IIi€l €Heprii MK
KOHJIEHCATOpaMU Ta KOTYIIKaMHU BiJIMOBiJIa€ MOTOYHIN KOH(Dirypaiii kona (abo
CYKYIHOCTI BEJIMYMH TapaMeTpiB MHOro €JeMEeHTIB), TOOTO MOTOYHOMY
CTaI[lOHAPHOMY CTaHy KoJia. [HIIIoMY CTallloHapHOMY CTaHy BIJMOBIJaTUME 1HIIIA
KapTUHA pO3MoJUTy eHeprii. Ause eHepris W He MOXKE 3MIHUTHCS
CTpUOKOMOAIOHO (TOOTO 3a HYJNIBOBUH MPOMIKOK Hacy), 00 Takiil 3MiHI

BI/IMOBIJaTUME BHUJIUICHHS HECKIHYEHHOT MUTTEBOI MOTY>KHOCTI p= , 4Oro

dt

MU B PEajJbHOCTI HE crocTepiraemo. TomMy mepepo3nojul €Heprii MOBUHEH
3aHATH TEBHUUA MPOMIKOK Yacy (TEOpETUYHO-HECKIHYEHHO JOBTUM, IUB.
MOYaTOK LBOr0 po3aily). B Xxoal mporo mepepo3nonaisly i 3MIHIOIOTBCS B 4acl
CTpyMH Ta Hampyrd Koja, TOOTO MPOTIKAIOTh MEPexXigHl mporecu. €auHuM
BUIIAJIKOM, B SIKOMY MEpPEXiTHUI Mpoliec BiIOYyBAETHCS 32 HYJILOBUN MPOMIKOK
yacy (ToOTO Mmummego), € KOMyTallisi KOJIa, YTBOPEHOTO TUIbKH 1J1€aIbHUMU
JoKEpellaMy Ta aKTUBHUMH OTIOpaMu, 00 B OCTaHHIX €HEpPris HE HAKOMUYYEThCS.
[le#t BUMamoK € TpUBIAIBHUM 1 1aJll HE PO3TISAAETHCS.

9.2. 3akonu komyTtauii. [louaTKkoBi yMOBH nepexiaHOro npouecy

[To3HaunMo sik to MOMEHT Yacy, B KU BIJOYBA€TbCSI KOMYTALis; K to- —
JeAKUNA TOKOMYTallfHUNA MOMEHT 4acy; siK to+ — JEAKWUN MiCISIKOMYTalliHUI
MOMEHT d4acy. SIKio B KOTyuIli abo B KOHJEHCATOpl B MOMEHT to- OyJio
Hakonn4eHo eHeprito W(to-), a B MOMEHT to+ 115 eHepris Bxke gopiBHIOBaza W(to+),
TO MUTTEBA TMOTY)XHICTh, BHUJAUIEHA B JaHii KoTymi (abo B JaHOMY
KOHJIEHCATOP1), CTAHOBUTH
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akmo W(te+)#W(to.). Sk cka3zaHo BuIle, Ha MPAKTUIl TaKOi MOTYKHOCTI HE
crioctepiraeTbes. ToMy 3aMMIIaeTbes MPUITYCTUTH, 10 W (to+)=W(to.).

Hexait nns konkpeTtHocTi to = 0 (TOOTO MOYaTKOM BIAJIIKY Yacy € MOMEHT
KoMyTartii). Jkmo (to+-to-)—>0, TO mOIIIFHO BBEeCTH MO3HAYCHHS to- = 0-, to+=0+,
Maro4H Ha yBa3i, 1110 MoMeHTH 0-, 0 Ta 0+ € HECKIHYEHHO OJIM3bKUMU MOMEHTaMH
gacy. O1xe, ockiabku W(to+) = W(to-), TO

W(0-) = W(0) = W(0+). 9.1)

Enepris, HakonuueHa 171ealbHOI0 KOTYIIKOIO B MOMEHT 4acy t JOpiBHIOE

OB

ne i(t) — MUTTEBE 3HAYEHHS CTPYMY B KOTYIILI B [IE MOMEHT Yacy.
Ockinbku L — moctiitHa BeMunHA, TO 3 OTJIAY Ha piBHICTH (9.1) maemo
CHIBBIIHOIIICHHS

iL(0+) = iL(0-). (9.2)

Lle mepmmii 3aKOH KOMyTallii. Horo (b13UYHUNA CMUCIT TTOJISITA€ B TOMY, 1110
CTPYM B iJieaIbHI{ KOTYIIIII HE MOXE 3MIHIOBATUCh CTPUOKOM. 3BHYAMHO, 1110
iL(0) = iL(0-) Tex.
Enepris, HakonuveHa ifcaJibHUM KOHIEHCATOPOM y MOMEHT dacy t,
JIOPIBHIOE
Cul(t)

Wc(t)zT,

ne uc(t) — MUTTEBE 3HAYCHHS HANPYTU Ha KOHJIEHCATOpPl B IIell MOMEHT Hacy.
Ockinbku C — mocTiiHa BenWYMHA, TO 3 OMJIsAYy Ha piBHICTE (9.1) maemo
CHIBBIIHOIIIEHHS

u ¢(0+) = uc(0-). (9.3)

Ile npyruii 3aKOH KOMYyTaIlii. Woro (b13UYHUN CMUCH TIOJIATAE B TOMY, IO
Hampyra Ha iJeaJbHOMY KOHJEHCATOpl HE MOXKE 3MIHIOBAaTHCh CTPUOKOM.
3Buyaiigo, 1o u c(0) = uc(0-) Tex.

3ayBaKuMoO, 110 MOXiJHi 3a YacoM BiJ BEJIUYUHU I Ta UC MOXKYTh
3MIHIOBATUCH CTPUOKOM, a 3B1JIC MOXKYTbh 3MIHIOBATHCh CTPUOKOM HaIlpyra Ha
du

: di; s —
KOTYIIII u, = LE Ta cTpyM depe3 kouaencarop i, = C a

BenuunHu cTpymiB B yciX KOTYyIIKax Kojla Ta Hampyr Ha BCIX
KOHJICHCATOpax Koja B MOMEHT t=(- Ha3MBaIOTh He3aJeKHUMH MOYaTKOBUMH
YMOBaMHU repexiHoro mnpouecy. Lli BennunHu BU3Hauat0Th eHEPreTUYHUI 3amac
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KOJIa B MOMEHT KoMyTallii. SIKIo 6ci BOHU TOPIBHIOIOTH HYJIIO, TO HE3AJIEKHI
MOYaTKOBI YMOBHU € HYJIbOBHMH, B TPOTHJICKHOMY BHUMAIKY IIi YMOBH €
HEHYJIbOBUMH.

Bei iHmin crpymum Ta Hanpyru npu  t=0+ Ha3MBalOTh 3aJEKHUMU
TOYaTKOBUMH yMOBAMH. IX OOYMCIIOIOTH Yepe3 HE3allekHi MOYATKOBI yMOBH,
BUKOPHUCTOBYIOUH 3aKoHU Kipxroda.

9.3. IlpumyuieHa Ta BUIbHA CKJIAJ0BI NIEPeXiIHOro mpouecy

[Ile pa3 3ragaemo, IO uLzLdi (3BiAKH iL:% I u, dt) Ta mo
dt

. CduC . 1.
ie=C— (3BiOKM 1, :Ejzcdt). Tomy, SIKIIO AJIs MEBHOTO KOJa CKIACTH

CUCTEMY PIBHSIHB 3a 3akoHaMu Kipxroda aHanmoriuno Tomy, siK 1e poOJsTh AJis
KUT TIOCTIHHOrO cTpymMy (muB. miaposa. 1.6.1, 1.6.2), To me Oyame cucrema
nudepeHIiaIbHuX a00 1HTErpo-audepeHIiaibHUX PiBHSIHb, TIPUUOMY OCTaHHI
MO>KHA 3BECTH JI0 AU(PEPEHINATbHUX IUIIXOM JI0AATKOBOTO NU(EPEHIIIFOBAHHS.
Axio 3 1€l cucTeMH TUM YW IHIIMM YMHOM OTPUMATH OJHE PIBHAHHS IS

SIKOTOCh OJJHOTO HEBIIOMOTO (HAIpPHUKIa/, CTPYMy I; B OZHiil 3 KOTYIIOK), TO Lie

PIBHSIHHS, OYEBUIHO, TEXK Oy/ie MudepeHiiaTbHUM PIBHIHHAM IEBHOTO TOPSIKY.
BoHo MaTtuMme 3arajabHUN BUTIISAL

d"i dn_liL di, .
s PR g b e A, B = y(t). ©.4)

1€ @lye...@n TA 8 — MOCTIMHI KOS(DIIEHTH, BEIMYMHU SIKUX OOYMCITIOIOTHCS Yepes
BEJIMYMHU aKTUBHMX OMOPIB, IHAYKTUBHOCTEN Ta EMHOCTEN PO3IIIIHYTOTO KOJIA;
y(t) — ¢dyukuis Big mutTeBUx 3HadeHb EPC Tta cTpymiB mkepen, sKi
3HAXOISITHCS B KOJIL.
Di3uynuti cmuca i€l QyHKIIT — 30BHIIIHE AISTHHSA, SIKE TOPS 3 1HIIUMU
nmapamMeTpaMu Kojia, OOYMOBIIIOE KOHKPETHHH BHITIAA 3aiexHOcTi I (t) (B

JTAHOMY BUIIAJKY PIBHSHHS JIJIsl CTpyMYy, 00 B IHIIOMY BUIIAJKy MOBa MOX€ HTH
PO HAIPYTy HA SIKOMYCh KOHAEHCATOP1).

3 TOYKM 30py MaTeMaTUKH, piBHSAHHA (9.4) € HEOTHOPIIHUM JIIHIMHUM
nudepeHiaJbHUM PIBHSHHSAM N-TO MOPSAKY 3 NOCTIMHUMU KoedinieHTamu. B
HaWOUTBII 3araJibHOMY BUIJISIAI PO3B’A30K OO PIBHSHHSA € CYMOIO JBOX
CKJIQJJOBUX:

P =i i (9.5)
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[lepmia 3 UX CKJIaJOBUX € YAaCTKOBUM PO3B’SI3KOM JH(EPEeHIIaATbHOTO
piBHsiHHS (9.4), a aApyra CcKJajJoBa € 3arajJbHUM pPO3B’SI3KOM JIHIHHOTO
00HOPIOHO020 T(EPEHITIaTLHOTO PIBHSIHHS, SIKE YTBOPIOEThC 3 (9.4) ipu y(1)=0.

3Buuaiino, mogaHHs (9.5) cTpyMy y BUTIIAI IBOX CKJIQJIOBUX € TIEBHOIO
MaTEeMaTUYHOIO abCTpakiiero, 00 Ha MPaKTHIll Y OyAb-SIKHI MOMEHT 9acy MO>KHA
CIIOCTEPIraTH JIMLIE CyMapHuii cTpyM i, (t). OnHak MoxHa cTBOpUTH (200 X04a O
ySIBUTH CO01) YMOBH, B SKHMX MOKHA CIIOCTEpIraTd KOKHY 3 BHUIIEBKa3aHUX
CKJIaIOBUX OKPEMO, TaK OM MOBHUTH ‘B YUCTOMY BUTJIsiA1”. Tak, BUSBIAETHCS , 110
A7 Kil, sKi He MaloTh IiJICHIIOBAIIbHUX €JE€MEHTIB, CKJIagoBa i, (t) Mae

3racarouuii XapakTep 1, TOYUHAIOYH 3 IEIKOTO MOMEHTY 4acy, IPAKTUYHO HE Ja€
BHECKY B cymy (9.5). Ane npu t—»00, 5K MU 3HAEMO, B KOJII BCTAHOBIIIOETHCS
HOBUHM CTallOHapHUN (yCTaJICHH) PEXHUM, B SIKOMY BCl Hallpyrd Ta CTPYMH
OOyMOBJIEHI TUIbBKM HOBOI KOH(ITypall€er0 Kojia Ta HasBHUMH JKEpeIaMU
€Heprii, HampuKIal, 1€ MOXe OyTH PEeXKHUM IMOCTIHHOTO CTPyMy (SKIIO BCI
mxepena € mxepernamu noctiiHux EPC Ta ctpyMiB) abo pexuM CHHYCOITHOTO

cTpymy (mipu jokepenax cunycoiqaux EPC ta ctpymiB). OTxe, ckiiajioBa ian (t)

1 €, BJacHE, CTPyMOM HOBOI'O CTaI[lOHAPHOTO PEXUMY, “HaB’s3aHUM™ KOIy
JpKepenaMu eHeprii. ToMy 110 CKi1aJloBy Ha3UBalOTh NPUMYIIEHOIO CKJIA/I0BOI0
NEPEXITHOTO CTPYMY; ii MOKHA CHOCTEPIraTH “‘B UUCTOMY BUTJIAJII, TOYUMHAKOYH
3 TOr0O MOMEHTY 4acy, KOJIM Apyra cKjaaoBa cyMu (9.5) mpakTUUHO 3racHe.
OpHak 1 110 IpYry CKJIaJ0BY TEXK MOXKHA CIOCTEpiraTd okpemo. B kypci
BHIIIOI MaTeMaTUKH ITOKa3aHO, 1[0 BOHA, K pO3B’ 30K piBHSAHHS (9.4) ipu y(2)=0,
3aJIeUTh BIJ MOYATKOBHX YyMOB IMepexigHoro rmporecy. PiBHIicTh p(#)=0, 3
GI3UYHOI TOYKH 30py, O3HAYae, IO TPH MEepexoji BiA cTapoi 10 HOBOI
KoH(Dirypaiiii Koja BCi JpKepesa BUKIoUatoThes 3 11poro kojia (EPC 3aMiHiO0TH
nepeMUYKaMu, a 1ealibHI JKEpeia CTpyMy — po3puBaMu KoJia). Tomy, K110 Bij
cTapoi KoH(iryparii Koja MepelTu a0 HOBOI KOHpiryparii, B sKii, OJIHAK,
BUKJIFOYEH] BCl JpKepena, TO CTPyM B PO3IJsSAaHId KOTYUIIl CKJIaJaTUMEThCS
nuie 3 mpouecy i, (t). OueBMaHO, IO 3a BIACYTHOCTI Jukepen Oynab-saKui
mpoiec y KoJyii OOyMOBJICHHM JIHINE MEepepo3MOAIOM eHeprii, sika Oyna 1o
KOMYTalli HAKOITMYeHa KOTYIIKaMK Ta KoHAeHcaTopamu. OTike, CKIa10Ba iy, (t)

€ KOJIMBAHHSIM (TPOIIECOM ), IKUM 1ICHY€E B KOJI1 MICJIsI BIAKIIOYEHHS BiJT IILOTO KOJIa
30BHIIIHIX JisHB (TOOTO mkepen eHeprii)'. Ile — BlIbHA CKJIaZ0BA IIEPEXiTHOTO
nporecy. SIK Bke 3a3Havasocs, B KOJIax 0e3 MiJACHIIOBAJIbHUX E€IEMEHTIB IS
CKJIJI0Ba Mae 3racarouunii xapakrep. [[pranHo0 IIbOT0 € TOCTYIIOBE PO3CIFOBAHHS
pe3ucTopamMu Ti€i €Heprii, Ky KOTYIIKM Ta KOHJEHCATOPYW HAKOMHYMIIN [0
KOMYyTallii.

' OTxKe, OCKUIbKM BUIbHA CKJal0Ba (OPMYETHCS TUIBKH 3aBIASKH KOHKPETHUM
YHCIOBUM 3HaYEHHSAM eHepriil, HakonuueHux y L Ta C Ha MOMEHT KoMyTallii (aje He 3aJIeXKUTh
BiJl OyAb-IKuX (PYHKIIIH yacy), TO 3aKOH 1i 3MIHU B Yaci He 3aJIeXKUTh BiJl 3aKOHIB 3MIHHU B Yaci
EPC ta crtpymiB mxepen. Binm HUX 3aleXUTh TUIBKH BEIWYMHA BUIBHOT CKJIamoBOi (il
“amrmiTyna”).
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[{ikaBo 3ayBakMTH, 10 MPUMYIIEHY CKJIaJ0BY iLle CTpyMy I, MOXKHa

TPAKTYBATHU 1 K CTPYM, SIKH MUTTEBO BCTAHOBUBCA O y KO, SIKIIO O SKMMOCH
YHHOM BJIAJIOCS HOTACUTH BUIbHY CKJIAJIOBY I -

Hanpukinii 1150ro migpo3aiay 3a3Ha4uMo, 110 BCE, [0 HATUCAaHE B HbOMY
PO CTPYMHU, TOBHOIO MipOIO MOMIMPIOETHCS 1 HA Oy 1b-SKUI 1HIITUH IPOIEC Y KOJI,
SIKUH 33]T0BOJIbHSIE PIBHSIHHIO (9.4).

9.4. Knacu4yHuid MeTO/ PO3PAXYHKY IepPeXiIHUX MPoLeciB

9.4.1. Buznauenns. O0J1acTh 3aCTOCYBAHHS

Kitacuunuit MeTo1 po3paxyHKy MepexiIHUX MPOLECiB MOJSATAE B CKIIJaHH1
mu(epeHIlaIbHUX PIBHAHb BIJHOCHO INYKAHWX CTPYMIB Ta Hampyr 3a
MpaBWIaMH, OKPECICHHMMHU B po3aual 9.3, 1 B MOAaiblIOMYy pPO3B’S3aHHI LHUX
piBHsHBb. JlaHWii METOA MOLIIBHO 3aCTOCOBYBATH, SIKIIO BiH MPU3BOAUTH 0
TuQepeHLiaJbHUX PIBHSAHb HE BHILE HIXK YETBEPTOro nopsanaky. Po3B’s3aHHsS
IuQepeHLiaJbHUX PIBHAHb I1'ITOTO Ta BUIIMX MNOPSAIKIB MPU3BOJATH SK JI0
IPUHLUIIOBUX MAaTEMaTUYHUX CKJIQJHOCTEH, TakK 1 4O HEOOX1THOCTI BUKOHAHHS
BEJIMKOI KUIBKOCT1 OOYMCIIEHD U1 3HAXOKEHHS CTAJIMX 1HTETPyBaHHSL.

[Topsanox nudepeHuianbHOro piBHSAHHS KOJIa MOXHA BHU3HAUUTH TaKUM
YUHOM:

1) xoXHMI 3 MOCHIAOBHUX a00 MapajeNbHUX JIAHILIOXKKIB OJHOTUITHUX
peanbHuX enemMeHTiB (L abo C) 3aMIHUTH OJTHUM €IEMEHTOM TAKOTO K THITY;

2) KOXEH BY30J, JI0 SKOTO MpUEAHAHI TPU OJHOTHIHUX PEAKTUBHUX
€JIEMEHTH, IEPETBOPUTH Ha BY30J1, B IKOMY 3 €JJHaH1 JIBa PEaKTUBHUX €JIEMEHTH
TOTO X THILY, 5K II€ ITOKa3aHo Ha puc. 9.1.

— T — T

Puc. 9.1

[Topsimok AudepeHIialbHOro PIBHSAHHA KOJIa JOPIBHIOBAaTUME CyMapHid
KUIBKOCTI IHAYKTUBHOCTEM Ta €MHOCTEM KoOja, IO YTBOPUTBCSA IMICIA
BUIIEBKA3aHUX CHPOILEHb.
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Ba:xxkiuBe 3ayBaKeHHH. MosxHa JIOBECTH, 10 MOPSA0K
nrdepeHIiaaIbHOro PiBHSAHHS KOJIa € OJHUM 1 THM CaMUM HE3aJICKHO Bij TOTO,
JUISL SIKOTO KOHKPETHOTO CTPyMy (200 KOHKPETHOI HAaNpyTH) CKIaJICHE II¢
PIBHSIHHS.

3aCTOCYEMO KJIACHYHUN METOJI JI0 PO3pPaxyHKy NEpeXigHUX IPOIIECIB Y
NESIKUX TUIOBHUX KOJIAX.

9.4.2. ITlinkaw4eHHs1 MOCJaiI0BHOTO RL-Ko0/1a 10 ineajbHOro0 JKepesia
MOCTIHOI HANIPYTH

PosrasineMo kojo, cxeMy sKoro 300paxkeHo Ha puc. 9.2. Hexait kiirou SA
3aMHKae 11€ Koo B MOMeHT t=0, Toji 3a apyrum 3akoHoMm Kipxroda maemo st
Oyab-sikoro t > () Taky pPiBHICTD:

u, +u, =U,,

abo

di
L—+iR=U,. 9.6
dt 0 (9.6)

(TYT BpaxoBaHo, 1110 3aTaIbHUI CTPYM I K0Jia 301ra€ThCs 13 CTPYMOM y KOTYIIIIT).
3aranbHUM PO3B’SI30K LILOTO PIBHSHHS Ma€ BUTIISA CYMU IPUMYIIEHOI Ta BUIbHOI
CKIANOBUX: I = iIpptip.IlpuMyllieHy CKIIaIOBy 3HAXOAMMO SIK CTPYM, SIKAN
IPOTIKAE B KOJII B HOBOMY CTalllOHApHOMY pexXHUMi. OCKUIBKH IKEPENIO €
JIKEPEJIOM TMOCTIMHOI HAMpyTH, TO 1€ HOBHUM PEXUM € PEKUMOM IMOCTIHHOTO
cTpyMy. Tox mpuMylleHa CKIAI0Ba inp € MPOCTO MOCTIMHUM CTPYMOM, SIKAA
poTiKaTUMe B Kol (puc. 9.2), Ko Mmicis 3aMUKaHHS Kitoya SA He OpaTu 110
yBaru nepexiiHux sABUIL. OCKUIBKH OMip 11€aIbHOT KOTYIIKM TOCTIHHOMY
CTPYMOBI JJOPIBHIOE HYJIIO, TO

np

.U,
I =—. 9.7
R 9.7)

Puc. 9.2
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BinbHy ckiamoBy iB MEpPEeXigHOTO CTPyMy UIYKaeEMO SIK PO3B’ 30K
JIHIMHOTO OJHOPITHOTO AU(EPEHITIATIBHOTO PIBHIHHS, SIK€ YTBOPIOETHCS 3 (9.6),
SIKIIIO BBAKATH HOTO MPaBy YaCTUHY PIBHOIO HYIIIO:

L%JriBR:O. 9.8)

3riiHo 3 Teopi€ero AudepeHIiaTbHUX PIBHAHb, PO3B 30K IILOTO PIBHIHHS
CJIiJ] IIIYKaTH B TAKOMY BHTJISII:

o it
i,=A-e", (9.9)
Je A — crajna iHTerpyBaHHs, sSKa MiJISArae MoJalbIIIoMy O0YUCIICHHIO;

P — KOpiHb TaK 3BaHOTO Xapakxmepucmuuynozo pieHauusA. lle pIBHAHHS
YTBOPIOIOTH 3 BIJAMOBITHOTO oMy AudepeHIlialbHOTO PIBHSHHS, 3aMIHIOIOUH B

n

OCTaHHBOMY KOXHY IIOXiJIHY 33 [IPaBHJIOM —— —>P".
dt

Jist (9.8) MaeMo XapaKTEpUCTUYHE PIBHSIHHS
pL+R =0,

3BIJIKH

p=—-R/L.

[TincraBuBmM 1€t BUpa3 y (9.9), orpumaemo, 1o

R

;s — L
iy=A-el.

OT1xe, po3B’a30K piBHSAHHA (9.6) Mae BUTIISA
. . U
i= +lB=E°+A'eL- (9.10)

JIist po3paxyHKy cTaiioi 1HTETpyBaHHS A BpaxyeMO IMOYATKOBI YMOBH.
Brnacue, Takux ymoB nist kona (puc. 9.2) nuiie ojHa: OCKUIBKH 10 KOMYTallii
(ToOTO 3aMUKaHHSA KJII0Ya) CTPYMY SIK YCIM KOJIOM, TaK 1 KOTYIIKOIO 30KpeMa, He
nportikano, 1o i(0-) = iL(0-) = 0. 3rigHo 3 MepImKUM 3aKOHOM KOMYTaIlii, MaeMo,
10 ojpa3zy Imicisg KomyTaiii (TooTo mpu t = 0+) 3aranpHuil cTpyMm Koja i(0+)
Takox AopiBHIO€E Hy0. [TincTaBusmu t =0 B (9.10), orpumaemo, 110
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3BITKH A = _ﬂ. Bpaxysagmu 11e B (9.10), otpumaemo, mo nmpu t=0 ctpym y
R

Koui (puc. 9.2) 3MIHIOETBCS B Yaci 3a TAKUM 3aKOHOM:

U Uy o _U,

i=—0 L

t
— _ T
2 R R(l e’), (9.11)
ne T=L/R - rak 3Bana crama yacy RL-koma. MoxHa IOBECTH, IO BOHA
JIOPIBHIOE MPOMIKKY Yacy, MPOTITOM SKOTO BEJIMYMHA iB BUIBHOI CKJIQIOBO1
3MEHIY€eThes B € = 2,7183 paziB. ToOTO, UMM MEHIIIOIO € CcTajla yacy Koja, TUM
IIBU/IIIIE 3Taca€ BUIbHA CKJIAI0BA NIEPEXITHOTO TPOIIECY.

Buxopucrasmm pesynbrar (9.11), orpumaemo i ¢popMyiu, siki OMUCYIOTh
3aKOHU 3MIHM B 4acl HAIIPYTH UR HA PE3UCTOPI Ta UL, HA KOTYIIII npu 0:

t

u, =1R=U0(1—e7);

di -
uLngzUO-e . (9.12)

3ayBaxxuMo, 1O npu t < 0 BEJIMYMHU i, UR TAa UL JIOPIBHIOBAIMU HYIIIO,
OCKIJTBKM KOJIO HEe OyJo MiAKIIoYeHe 10 jpkepena. ['padiku, siKi UTIOCTPYIOTh
3QJICKHICTh YCIX IIUX BEJIWYUH BIJl Yacy sIK J0, TaK 1 MiCJIsi KOMyTallii, HaBeJICHO
Ha puc. 9.3.

%0 I A inp uA Ur
= — — — = UO —————————————

i U
T A —— A o .
0, ............ \i t 0 t

_Yo B
R
a 6
Puc. 9.3
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BBenemo miis ideanvHoi KOTYIIKM Tak 3BaHUM MEpeXigHUA omip fK
BIIHOIIICHHS] MUTTEBUX 3HAYCHBb HANIPYTU Ta CTpymy: Z(t)=ur/iL. 3 ypaxyBaHHIM
(9.11) ta (9.12) maemo, 1110

Z(t)=R-——

o
|

OueBunHo, 1mo npu t = 0 oaepxkumo Z(0) = co. OTxe, MOKHA 3pOOUTH
BUCHOBOK, IO 68 MOMEHm Komymayii i0eanbHa KOMYWIKA € eKBI8AIEeHMHOI0
po3pugy xoaa (puc. 9.2), 1 Ha Hilt Mae agaTH BCS HAIpyra JpKepena. | me miicHo
B1J1I0yBa€ThCs 1 BUAHO 3 puc. 9.3,0: npu t = 0 maemo upL(0)=Uy. Taka BIacTUBICTH
171eaTbHOT KOTYIIKHU € Jy>K€ KOPUCHOIO Yy BUIAKaX, KOJU Tpebda MpoaHai3yBaTH
HaAIlpyrd Ta CTPyMHU Koja (MOXJIMBO ¥ OLIBIN CKJIAAHOTO, HDK 300pakeHe Ha
puc. 9.2) B MOMEHT BIAKJIIOUEHHS JHKepea.

9.4.3. KopoTke 3amMmukanHs nocainoBHoro RL-kosa

Po3srasitHeMo koo, cxemy sIKoro 300paxeHo Ha puc. 9.4. Ilpu nonoxenHi 1
nepemMukadya SA dyepe3 MOCIIJOBHO 3’€HAHI PE3UCTOP Ta 1/1€ajbHy KOTYIIKY
nporikaB noctiiauid ctpym Ie=U¢/R. Lle 6yB cTpyM “cTaporo” crauioHapHOTo
pexumy. Hexail pu t = 0 nepeMukad MUTTEBO NMEPEXOAUTH Y MOJOKEHHS 2.
TakuM ynHOM, MOYaTKOBA YMOBA MEPEXIAHOTO MPOLIECY, KU MOYHETHCS MICHs
nepeMHKaHHs1, € HeHyIb0BO10: i(0-)=iL(0-)=Ud/R.

SA 1 =
s
Y oyl 3
<
Puc. 9.4

3a npyrum 3akoHoM Kipxroda maemo ist Oyab-sikoro t > () Taky piBHICTS:
ur+ur=0,

abo
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LY irR-0. (9.13)
dt

Ockinpku B HOBIM KOH(iryparii xojia, yTBOpEHIN Micas MEepeMHUKaHHS,
JDKEepeNno BiJIMKHEHE, TO OCTaHHE pIBHAHHA Ma€ TIUIBKA OJHY CKJIaJ0BY
pO3B’s3Ky, a came — BUTbHY. Lle mpupoaHO, 60 TIpaBa YacTHHA IILOTO PIBHSHHS €
HYJIEM 1 BOHO 30Ira€eThCs 3 piBHAHHM (9.8) 111 BIIbHOT CKJIa10BOi, OTPUMAHOI B
MoNepeHFOMY TIIPO3/1Il. A 3BIACH W 3araJIbHUN BUTJISJ PO3B’SI3KY PIBHSIHHS
(9.13) 361raeThes 3 aHanoriyHuM BupaszoM (9.9) mis piBasaH: (9.8):

i=A-e", (9.14)

Jie, K BXXe Ioka3aHo, MmaeMo p = -R/L= - 1/1.

JUist po3paxyHKy cCTajoi IHTETPYBaHHS A CKOPHCTAEMOCH IMOYAaTKOBOIO
ymoBowo i(0-)=Uo¢/R Ta mepiiuM 3aKOHOM KOMYTallii, 3 SKOIO BHUILIUBAE, IO
onpaszy micis —mnepemukaHHsa (Todto komyrtamii) i (0+) = i(0-) = Ud/R.

) U . .
[TinctaBupmm t= 0B (9.14), orpumaemo, mo —% = A i, TAKMM YHHOM, IITyKaHHH

3aKOH 3MIHU CTPYMY B 4acl micjsi KoMyTalii €

t
U, —
i=—le ",

R

Buxopucrapim e pe3yibTaT, 3HaiIeMO HapyTy Ha pe3rcTopl Ta Ha KOTYIIIIII
npu t > 0:

t

—R=1 .e*
u, =iR=U;-e ",

t t

d U, 1 - R - —
u =L—=L-—%-(—)e*=L-—2-(——)e *=-Uge ".
L R ( T) ( L) 0

dt

Y
R

3ayBaxuMo, 110 0 KoMyTallii (TooTo npu t < () BeudyrHa uy, JopiBHIOBaIa
HyJ0 (00 HyINIO JOPIBHIOE OMIpP 1/1€aJIbHOT KOTYIIKK MOCTIHHOMY CTpyMmy), a
BenuunHa Ur JopiBHIoBasia Up. ['padiku, siki 1TIOCTPYIOTh YaCOBY 3aJICKHICTD
BEITUYMH I, UR Ta UL K J0, TaK 1 MiCIs KOMyTaIlii, HaBeJieH1 Ha puc. 9.5.

Moske BUHHUKHYTH TIUTaHHS: «A SKIIO TEepeMUKad «3aBHUCHE» MIXK
nosioxkeHHs MU 1 Ta 27 Yu He Oy/ie 11e TOPYIICHHSIM TEPIIOTO 3aKOHY KOMYTAITii:
B osioxkeHHi 1 Oyno i(0-)=U¢/R, a npu 3aBucansi i(0+)=0, To6To i(0+) # i(0-)?».
Tak, nopyiieHss 0yne, 60 cxeMHa MOEIb, BIIOOpaXEHHSAM SIKOi € puc. 9.4, He
BPaXOBY€ MOXJIMBOCTI «3aBHCAHH MepEMHUKaya.
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~Vv

Puc. 9.5

B peanpHOCTI Mi’k KOHTaKTaMH MepeMHUKava 3aBXKIH € Mapa3uTHA EMHICTb,
TaKk [0 NUISX JJIss CTPyMYy HAaclpaplli He mnepepuBaeThcs. KpiMm Toro, mpu
BIJIKJIFOYEHH1 KOTYIIIKH CTPYM B Hill 3MEHIIIYEThCS AY>KE€ MIBUKO, TOMY Hampyra

di
Ha 3aTUCKa4ax KOTymkd u, = [L— csArae 3a aOCOMOTHOIO BEIUYHHOIO TyXKeE
dt

BEJIMKUX 3HA4Y€Hb, 1 HANPYKEHICTh EJNEKTPUYHOTO IMOJII MDK KOHTaKTaMH
nepeMHuKada CTa€ HACTIIbKM BHCOKOIO, IO MOBITPS MK HUMH 10HI3y€ThCSA 1
BUHHKAE €JIEKTPUYHA Ayra (ICKpIHHS KOHTAaKTIB), 4epe3 Ky i “po3psakaerbes’
KOTylIKa. YacThHa eHeprii BUIPOMIHIOETHCS JYIOK0 y BUIIISAL PaalOXBUIIb,
CTBOPIOIOYM NEPEIIKOIM POOOTI paioeIeKTPOHHOT anapaTypH.

Heo0xiaH0 3ayBakuTH, 110 aHATITUYHUN OMUC MPOIECIB, IKI BUHUKAIOTh,
KOJIM 3[1MCHIOETbCSI PO3PUB BITKA 3 KOTYLIKOI, BHMAara€ 3acTOCYBaHHS
creliajJbHUX 3aX0/lIB 1 B3arajii CTaHOBUTb OKpeMy npoOiemy. JJocuTe netanbHy
1H(opMariito 3 IILOTO MUTAHHSI MOXHA 3HalTH B [1-3].

9.4.4. Ilinkaw4yeHHs MocJaiioBHOTo RL-Kko/1a 10 ineaabHOro JKepesia
CUHYCOIIHOI HATIPYTH

PosrnsHemo koiio, cxemy SIKOro 300pakeHO Ha puc. 9.6. Bono maibke
1ICHTUYHE KOJIy, CXEMY SKOTO 300pakKeHO Ha puc. 9.2: pi3HUIIS OJIATAE y BUTIISI
KOJIMBaHb, T€HEPOBAHUX JKEPEIOM. Y BHUIAJKY, SIKMM PO3IIIAAETHCA 3apas,
JOKEPEJIO TEHEPYE CUHYCOIIHY HANpyTy

u=U_ -sin(ot+y). (9.15)

[Ticns 3amukanns kaoya B MOMeHT t = () 3a npyrum 3akoHoMm Kipxroda
MaTUMeMO AudepeHIiaibHe pIBHIHHS

L% +iR=U,, -sin(at+y), (9.16)
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PO3B’SI30K SIKOTO, K 1 3BUYAWHO, € CYMOIO MPUMYIIEHOT Ta BIIbHOI CKIIAJ0BUX:
i = inp+iB.

[Ipumytiena ckiiagoBa — 1€ CTPYM, SIKMI MPOTIKATUME IUM KOJIOM, KOJIU B
HbOMY BCTAaHOBUTKCS CTAI[lOHAPHUN PEXHUM, OOYMOBIICHUN JKEPEIoM, TOOTO B
JTAHOMY BUTIAJIKY — PEKUM CUHYCOiTHOTO cTpyMy. KoMmiekcHy aMIutiTy 1y 11boro
CTPYMY HEBAXKO 3HAWUTHU K

U. u,-e"

i(v-9)

U
1,= o = - ® = = € s
R + JCOL [RZ + COZLZ . ejarctg?L \ R2 + (DZLZ

JAcC ®= arctg 0: — ApryMCHT KOMIIJICKCHOI'O OIIOPY KOJIa Ha YacTOTI M.

: _ 2 27 2
Ammnityna mpuMymeHnoro crpymy cranosuts I =U_/+R"+ 'L,
OTXe€, MOT0 MUTTEBE 3HAUYCHHST MOYKHA 3aITUCATH K

i, =1, -sin(@t+y—@).

BinpHa ckitaioBa 3HaX0AUTHCS 3BUYAHHUM CIIOCOOOM, TOOTO SIK PO3B’SI30K
v epeH1aTbHOr0 PIBHAHHS, SIKE YTBOPIOEThCA 3 (9.16), sSIKIO 3aMIHUTH IIpaBy
YaCTUHY Ha HYJIb:

L% ;i r-o.
dt

Agne x 1ie — piBHsHHA (9.8) 1 TOMY
_R, _t
ip=A-el =A-e",
OTxe, mepexigHuil CTpyM y Kodi (puc.9.6) 1opiBHIOE
t

i:Im-sin(mt+\|/—(p)+A-e_;. (9.17)

Jlyist oOuncneHHs cTaol IHTETpyBaHHS A CKOPUCTAEMOCS, SIK 1 3BUYAITHO,
MOYAaTKOBOKD YMOBOIO Ta TEPIIMM 3aKOHOM KomyTarlii. J[0 3aMHKaHHS KIto4a
cTpyMy B ko He Oyno, To0To #(0-)=0. Toxi i(0+)=0 tex. IlincTaBuBImHU 11O
BEJIMUKHY, a TakoxkK t =0 B (9.17), orpumaemo

0=I_-sin(y—@)+A,
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3Bigku A =-1_ -sin(\|/ - (p). [TincraBuBiM 1eit pesynabratr y (9.17), orpumaemo

OCTATOYHHI BUpa3 ISl IEPEXITHOTO CTPYMY B KOJIi, CXEMY SIKOTO 300paKeHO Ha
puc. 9.6:

t

i=Im-sin(w: +l|)—(|))—Im°Sin(l|J—(p)-e_T, (9.18)

Puc. 9.6

I'padiku, sK1 UTFOCTPYIOTh YaCOBY 3aJI€KHICTh MUTTEBUX 3HAUEHD i, inp TA
ig, HaBe/IeH1 Ha puc. 9.7.

i A

/m-sin(lI/-(p) L

-/m-sin(l}/-(p) <

Puc. 9.7

Haouno BumHO, sk, 1O Mipl 3racaHHs BUIbHOI CKJIQJOBOi, MepexigHuN
CTPYM HaOJIMKA€ThCA IO MPUMYIIEHOT CKJ1a/10BO1. Takok BUAHO, 1110 TPUOIMU3HO
B MiHIMyMi mepuioi BIJ €MHOi MIBXBUJII MPUMYIIEHOI CKJIaJ0BOi TMOBHHM
NEepexXiIHA CTPYM MaKCUMaJIbHO TEpeBUIIYye (3a aOCONIOTHOI BETUYHHOIO)
NPUMYILIEHUNA CTPYM, TOOTO CTpyM HOBOIO CTal[lOHAPHOTO pexkumy. MoskHa
NI0Ka3aTH, 110 y BUIAJKY, KOJIM aKTHBHA CKJajoBa onopy R nyxke mana (TodTo
ctana yacy T = L/R nyxe Benuka, 3aBJIIKM 4OMY BiJIbHA CKJIAJ0Ba 3racae JyxXe
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MOBUIBHO), MOBHUM MEpPEXiTHUNA CTPYM Yy 3TrajJlaHuil MOMEHT 4acy Maibke B JIBa
pasu nepeBuILye NpUMyIIeHu cTpyM. OCKUIbKU PUMYILIEHHUA CTPYM € poOOYHM
CTPYMOM HOBOI'O CTalllOHAPHOTO peXUMY (HampuKiIag, poOOYHM CTPYMOM
OOMOTKH €JIEKTPOMAarHiTHOTO peJie), TO el eeKT Ciija MaTu Ha yBasi 1 Opatu
peJe Toro TUIly, SKUW BUTPUMYE TaKe CTPYMOBE MEPEBAHTAKEHHS.

[1eBHOIO MIpOIO MPOTUIICKHUM BHUIAIKOM € BUIAJOK, y IKOMY [MOYaTKOBA
¢daza y BXIJHOI HANPYTU Ta apTYMEHT (¢ KOMIUIEKCHOTO OINOPY KOJa € TaKUMH,
0 Pi3HULA Y - @ gopiBHIOc Hymo a6o 180°. Toxi sin (y - @) = 0 i BinbHa
CKJIaZI0Ba MEPEXITHOTO MPOIIECY BiACYTHSA, TOOTO HOBHUM CTaIllOHAPHUN PEKUM
BCTAHOBIIOETHCA OJpa3y MICIs MIIKIIOUEHHS JKEpea.

9.4.5. Iiakawvyenns nocaigoBHoro RC-koJa 10 ineajabHOro axepesa
MOCTIHHOI HATIPYTH

PosrnsHemo koJo, cxeMy Koro 300paxkeHo Ha puc. 9.8. Hexait kiirou SA
3amMuKae 11e koyio B MoMeHT t = (. Toxi 3a apyrum 3akoHom Kipxroda maemo aist
Oyab-siKoro t = () Taky piBHICTb:

u, +u. =U,. (9.19)

Puc. 9.8

Ockiibku ur = iR, a cTpyM i 301ra€ThCs 13 CTPYMOM KpPi3b EMHICTb ic, AKUN

. ., u ..
TIOB’SI3aHUH 3 HAIPYTOKO UC HA EMHOCTI AK . = C—<, 10 piBHiCTH (9.19) MOXkHA
MIPUBECTH JI0 BUTJISTY

du
RC dtC +u. =U,. (9.20)

3aranpHUN PO3B’SI30K 1IHOTO PIBHSHHS MA€ BUTJISA CYMHU TMPUMYIIEHOT Ta
BUTBHOI CKJIQJIOBHX: Uc=UcnptuUce. [IpuMyIlIeHy CKJIaIOBY 3HAXOIUMO SIK TaKy
HamnpyTy, L0 BCTAHOBIIOETHCA HA KOHJEHCATOpPI B HOBOMY CTalllOHAPHOMY
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pexxumi. O4eBHIHO, IO 3a Aii JpKepesa MOCTIMHOI Hampyrd HOBHM PEXHUMOM
pobotu kona (puc. 9.8) Oyne pexuM, B sIKOMY KOHJCHCATOp 3apsKEHUN 0
Harpyru Up, a cTpyM He mpoTikae (00 KOHAEHCATOp HE MPOMYCKae MOCTIMHOTO
cTpymy). OTxe,

llCnp=U0.

BinbHY CK1aI0BY Uce MEPEXiAHOI HAPYTH HA KOHACHCATOPI IMTYKAEMO K
PO3B’SI30K  JIIHIMHOTO  OJAHOPIMHOTO  AU(MEPEHINATBbHOTO  PIBHSHHS,  SIKE
yTBOpIO€eThCA 3 (9.20), AKIIO BBaXKATH HOTO MPaBy YaCTUHY PIBHOIO HYIIIO:

du
RC™ < +ug, = 0 9.21)

Lle piBHAHHS TOTO X BUAY, 0 i (9.8), TOMy i1 pO3B’ 430K HOr0 IIYKalOTh Y
BUTJISA/II, aHAJIOTTYHOMY CITiBBiAHOIICHHIO (9.9):

u., = Ae”. (9.22)

Jyist 0OUMCIIeHHS! BEJIMYMHU P CKIIAJIEMO XapaKTEPUCTUUHE PIBHSIHHS, SIKE
BIJINOBIJIa€ AU EpeHITiaIbHOMY piBHSHHIO (9.21):

RCp+1=0,
3BIIKA

1

P="Re’

OTtxe, po3B’ 30k piBHSAHHA (9.20) Mae BUTIISA

t

Ue =ug,, +ue =Uj+Ae *¢. (9.23)

J1is po3paxyHKy CTajoi IHTErpyBaHHs A BpaxyeMO MOYaTKOBY YMOBY, sIKa

HoJisira€ B TOMy, II0 O KOMYTallli KOHAEHcAaTop OyB HE 3aps KEHHH, TOOTO

uc(0-)=0. 3rigHO 3 APYrUM 3aKOHOM KOMYTallli, MaeMo, L0 OJpa3y MicCIs

KoMyTarlii (tooto npu t=0+) Hanpyra Ha KOHAEHCATOP1 BCE 1€ TOPIBHIOE HYJIIO:
uc(0+)=0. Tomy, miacrasusim t=0 B (9.23), oTpuMaemo, 110

0=UotA,

3Biku A=-Up. Bpaxysasmu 1€ B (9.23), oTpumaemo, 110 npu t = 0 Hanpyra Ha
KOHJIeHCaTopi B Kol (puc. 9.8) 3MIHIOETHCS B 4aci 3a TAKUM 3aKOHOM:
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t

t
u.=U,-U,-eR =U,1-e "), (9.24)

ne T = RC — Tax 3Bana crana yacy RC-kona. Ii ¢isuunuii cMucn ananoriunmii
¢b13uuHOMy cmuciy cranoi yacy RL-kona: e BenudnHa npoMikKy 4acy, npoTsi-
I'OM SIKOTO BEJIMYMHA UcCB BUIBHOI CKJIQZI0BOi 3MEHIIYETHCS B € pa3iB. YuM MeH-
II0F0 € BEJIMYMHA T, TUM IIBU/IIIIE 3Taca€ BiIbHA CKJIA0Ba MIEPEXITHOTO MPOIIECY.
Buxopucrasum pesynbtar (9.24), orpumaemo i hopmyinu, siKi OMUCYIOThH
3aKOHU 3MI1HHU B Yaci CTpyMy i B KOJII Ta HaIpyTH UR Ha pe3ucTopi npu t > 0:

t t
We ey (22 ev|=cu, e (9.25)
dt T RC

i=C

3ayBaxumo, 10 npu t < 0 BEJIMYUHH Uc, UR Ta I JOPIBHIOBAIM HYJIIO,
OCKIJIBKM KOJIO HEe OyJo MiAKIIoYeHe 10 jpkepena. ['padiku, sKi UTIOCTPYIOTh
3QJICKHICTh yCiX IIUX BEJIMYMH BiJl 4acy, HaBeJeHO Ha puc. 9.9.

Puc. 9.9

VYBenemo A ideanbHo2o KOHJAEHCATOpA TaK 3BaHUM MEpexXiHUM Omip K
BIJTHOILLIEHHS! MUTTEBUX 3HAUY€Hb HANPYyTHU Ta cTpyMy: Z(t)=uc/ic. 3 ypaxyBaHHSIM
(9.24) ta (9.25) orpumaemo, 1110

OueBupano, mo npu t = 0 6yme Z(0) = 0. A ormxe, MOXXKHa 3pOOUTH
BHCHOBOK, II0 8 MOMEHM KOMymayii i0eaibHull KOHOeHCamop eKgi8anieHmHUll
nepemuyyi B KOJI, CXeMY SKOT0 300pakeHo Ha puc.9.8, To6To mpu t = 0 omip
CTPYMOB1 YHHHUTH TIJIbKA PE3UCTOP, HA sIKOMY i manae Bcs BxinHa Hampyra Up.
Taka BIacCTHBICTH 11€aJBbHOTO KOHJIEHCATOpa € Jy’K€ KOPUCHOK Yy BHIIAJKaX,
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KoM Tpeba mpoaHami3yBaTH HAMpyrd Ta CTPyMHU Kosia (MOXJIMBO, ¥ OUIbII
CKJIQJTHOT'O, aH1)K 300pa)KeHO Ha prC.9.8) y MOMEHT IIIKJIFOYEHHS JKepera.

9.4.6. Po3psizkaHHsSI €EMHOCTI 4epe3 pe3ucTop

PosrasitueMo koJo, cxemy sikoro 300paxkeHno Ha puc. 9.10. Braxxarumemo,
110 MPU MOJIOKEHHI | mepeMukada SA KoOHAEHCATOp OYB 3apsKEHUHN 10 HAIPYTH
BenuunHowo Uyp. Lle Oyna Hanpyra “cTaporo” cTraiioHapHOTO PEeXUMY.

1 SA R
=
UOCD s us| ==C
<
Puc. 9.10

Hexaii npu t = 0 mepemMrKad MUTTEBO MEPEXOAUTH B MOJOKEHHS 2. Takum
YUHOM, IIOYAaTKOBAa YMOBAa MEPEXIJHOIO MPOUECY, SKAM TMOYHEThCA MICIs
nepeMukanHs, € HeHyJboBoto: uc(0-) = Uyp. 3a npyrum 3akonom Kipxroda maemo
11t Oyab-sikoro t > () Taky piBHICTD:

urtuc=0,
abo
i R+uc=0. (9.26)

OckiTbKM CTpyM i € BOJHOYacC H CTPyMOM Kpi3b KOHJIEHCATOp, TO

i=C d:ilc . Tomy Bupa3s (9.26) HabyBae BUTIISAIY
t

RC d;‘tc +u,=0. (9.27)

B HoBOMy Ko, siKe YTBOPWJIOCA TICHS TNEPEMUKaHHS, JKEPeIo
BIIKJTIOUEHE. 3 1[bOTO BUILIMBAE, 110 PIBHIHHSA (9.27) Ma€ TUTbKU OJHY CKJIaJI0BY
pO3B’A3KYy — BUIbHY. Takuii caMuif BUCHOBOK MOXHa 3pOOMTH i PO3TJISHYBUIN
piBHsiHHSA (9.27) Ta (9.21): B 000X pIBHAHHSIX MpaBa YacTHHA JOPIBHIOE HYIIIO, &
OTXK€ — 1X PO3B’S30K Ma€ (PiI3MUHUIN CMUCII caMe BUIBHOT CKJIaIOBOI MEPEX1THOTO
nporiecy. OTxe, po3B’ 130K piBHAHHSA (9.27) i MIyKaTH Y BUTJISII
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u. = Ae”, (9.28)

1 1
1€, K MoKa3aHo B 1. 9.4.5, MaeMo p=——— = ——.

RC T
Jlis po3paxyHKy cCTajoi IHTETpyBaHHS A CKOPHUCTAEMOCH TOYATKOBOIO
ymoBoi0 uc(0-)=Up Ta npyrum 3aKOHOM KOMYTaIlii, 3 IKOTO BUTUIHBAE, IO OJIpa3y
micisi TEepeMUKaHHS Halpyra Ha €MHOCTI e 30epiraerbcs HE3MIHHOIO:
uc(0+)=uc(0-)=Uo. IlincrapuBmmu t=0 B (9.28), orpumaemo, mo A=Uy 1, TaKkum
YUHOM, IITYKaHWW 3aKOH 3MIHU HAMPyTH MicJIsi KOMYTAalii €

t

u.=U,-e".

BuxopucraBmm 1eil pe3ynbrar, 3HAWJIEMO 3aKOHM 3MIHM CTPyMy Ta
HaIpyru Ha pe3uctopi mpu t > 0:

u, =iR=-U,-e".

3ayBaxxumo, 10 A0 KomyTaiii (To6To mpu t < () BeIWYUHU i Ta UR
JIOPIBHIOBAJIM HYJIIO, 00 KOHACHCATOP HE MPOITYCKaB MOCTIMHOTO CTPyMY.

I'padiku, K1 UTFOCTPYIOTh YaCOBY 3aJIEKHICTh BEJIUYHH I, Uc Ta UR SK 10,
TaK 1 micjs KoMyTallii, HaBeAeHo Ha puc. 9.11. Bix’eMHuii 3Hak cTpyMy (a 3B1CH
H Hampyrd ur) OOYMOBJIEHHMWA THUM, WO MICJHs NEpexoAy MepeMHKaya B
nojiokeHHst 2 (puc. 9.10) KoHAEHCATOp PO3PSIKAETHCS UYepe3 YTBOPEHE
3aMKHEHE KOJIO IIJISXOM MEpPEeTIKaHHS MO3UTHUBHOIO 3apsiy Yepe3 Pe3ucTop Ha
HEraTUBHY OOKJIaJKy KOHJIEHCAaTOpa, TOOTO HAa3yCcTpid MO3HAYEHOMY Ha CXeMl
HaIPSIMKY CTPyMYy.




9.4.7. BinbHi ko1uBaHHs B nocJaitoBHOMY RLC-kouti

PosrasiHeMo kojo, cxemy sikoro 300paxkeHo Ha puc. 9.12. Hexail npu
noJsio’keHH1 1 mepemukada SA koHaeHcaTop OyB 3apsypkenuit 1o Hamnpyru Up (i1
NOJIIPHICTh BKa3aHO 3Hakamu “+” ta “—*). [Ipu oMy BiTKa 3 KOTYIIKOIO Oyma
BIJKITIOUEHA BiJl JDKEpeETa, 1 CTpyMY uepe3 KOTYIIKY He mpoTikaio. [lepemukanus
3 ToJIokeHHs1 | B mosiokeHHs 2 BinOyBaeTbes mpu t=0, OoTXe, TaKUM YHHOM,
MaeMo Heryab08i nouamkosi ymosu: uc(0-)=Up, iL(0-)=i(0-)=0.

R SA
e =

|+ Ue
C= lUC U, L
[

R [~ - Hympiwidi onip Oxepena

Puc. 9.12

[Ticns komyTartii (to6To mipu t > 0), 3rigHo 3 npyrum 3akoHoM Kipxroda, €
CIIPaBEIJIMBOIO TaKa PIBHICTb:

upturtuc=0,

abo
di
L—+iR+u.=0. (9.29
dt ¢ )

OckiIbKu TICASE KOMYyTAaIlli cTpyM @ € BOJHOYAC 1 CTPyMOM Kpi3b

o . du . o
KOHI[CHC&TOp, TO UOT'O MOKHA BU3HAYUTHU SK | = C c . HII[CTaBI/IBIHI/I acu BHpaB

y (9.29) ta mominmBmm o6uaBi yactuHu Ha LC, omepxxkumo mudepeHIiiaabHe
PIBHSIHHS APYTOTO MOPSIAKY.

2
d u, +BduC N 1

u.=0. 9.30
dt? L dt LC € ©-30)

BBenemo nmo3HaueHHs
R 1
— =20, ——
L VLC
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BHACIIOK Yoro piBHIHHS (9.30) HAOyne BUTIISITY

d’u,
dt?

+2 =0. (9.31)

OCKiNBKH MiCTs KOMYTaIlli KOJIO, SKMM MPOTIKA€E CTPYM i, BIIKIIOYCHE Bij
JuKepena, To po3B’s30K uc(t) piBHsAHHSA (9.31) MaTuMe nuIe OJHY CKJIaJ0BY, a
came — BUIbHY. 3T1HO 3 TEOpi€l0 AU(epeHIliaIbHUX PIBHSIHbD, 3aTaJIbHUN BUTIIS
HOTO PO3B’SI3KY 3aJICKHUTh BIJl BJIACTUBOCTEH KOPEHIB XapaKTEPUCTUUHOIO
PIBHSIHHS

p’+28p+o, =0, 9.32)

ke Bianosinae nudepenuianbHoMy piBHsHHIO (9.31). PiBHanas (9.32) €
KBaJIpaTHUM, TOMY HOro KOpEHi p1 Ta P2 BU3HAU€H1 BIJOMUM BHPa30M

p,=-0%8-w,. (9.33)

PosrasaeMo Tpy MOXKIIMBI BUTIQAKH CITIBBIAHOIIEHb MK BETMIMHAMU O Ta
9.

IHepuimii BUIag0K.

ITix 3HaKOM KOpeHs — JoJaTHE YUCII0, TOOTO O > Mo. 3 BU3HAYCHHS ITUX

BEJIUYMH BUILIMBAE, 110 R > 1 , TOOTO R > 2 f . Ane % Benmmunna VL/C —
2. VLC C

1€ XAPaKTEPUCTUYHUU OMip P MOCHIJOBHOTO KOJUBAJIBHOTO KOHTYPY, SIKUM

YTBOPUBCSI TIPU 3HAXOJKEHHI MepeMuKaya B mosioxkeHH1 2 (puc. 9.12). Orxe,

1 . . :
maemo R > 2p, a6o P 2. Ockinbku BigHOIIEHHS P/R — 1e 100poTHICTh Q
MOCIOBHOTO KOJIMBAJILHOTO KOHTYPY, TO JICTAEMOCHh BUCHOBKY, 1110 HEPIBHICTh
. . . . 1
0> @0 pPIBHOLIHHA HEPIBHOCTI Q < —.
2

OTxe, 32 OCTaHHIX YMOB TIiJ] 3HAKOM paaukana y Bupasi (9.33) — nomatue
YHUCII0, 1 KopeHsmu piBHAHHA (9.32) €

, =—80—,8" -, p,=—06+,8"—0w, .

OueBHHO, 1110 00MABA 111 KOPEH1 — AiKcHI BiA eMH1 uncia. OCKIIBKY P1#Pz2,
TO, 3T1JTHO 3 TEOPi€r0 Mu(epeHITiaTbHUX PIBHIHB, PO3B 30K piBHIHHSA (9.31) ciif
IIYKaTH Y BUTJISII

u.=Ae" + A e (9.34)
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Toni Bupa3 nnst CTpymy Ma€ TaKMidl BUTITISIL

du
dt

i=C

=CA p,.e™ + CA,p,e™. (9.35)

3riIHO 3 MOYATKOBMMM yMOBaMH (JUB. BHUIIE B IIbOMY MIIPO3Iiii) Ta 13
3aKOHAMM KOMYyTaIlii, MoxxHa 3anucaty, 1o uc(0+)=Uo, i(0+)=iL(0+)=0.

[TigcraBuBIIM 111 3HAYEHHS, a TakoXX BeanuuHy t=0 y Bupas3u (9.34) ta
(9.35), oTpumaemo, 1110

A +A,=U,
Ap, +A,p,=0.

3Biacu

P,
P, =P,

P,

A .
P, =P,

A, =-U, = U,

2

OckUJIbKY p1 Ta p2 BU3HAYAIOThCS uepes Bigomi napametpu R, L ta C koia,
TO JICTAEMOCHh BUCHOBKY, LIO JIBl OCTaHHI PIBHOCTI 3a0€3M€4yI0Th OOYHCICHHS
CTaJIMX THTErpyBaHHA A1 Ta Az Yepe3 BIIOMI BEJIUUHHH.

OTtxe, BeTMUMHA A1 Ta Az € ACSIKUMH JIMCHUMU YUCIAMH, a BEIUYUHU P1
Ta p2 — NIMCHUMU BIJ €MHUMH 4uciaaMu. ToMy 3agaHa BupaszoM (9.34) yacora

3aNexKHICTh Uc(t) sBIsiE COOOI0 CyMy JBOX 3racarouvx JIACHUX EKCIOHEHT
(puc. 9.13).

>

i,uA

Puc. 9.13

B Touri a, ska BiamoBia€ MOMEHTY 4acy ti, Hampyra 3MEHIIYEThCS
HANOUTBII IIBUAKO, TOMY Tpadik i(t), MoBeAiHKA SKOTO BHU3HAYEHA BHPA30M
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du,

(9.35), csarae B ueit MmomeHT MiHIMyMYy (060 §=C ). HasBHicTh MiHIMyMY

CTyMy i B MOMEHT t; MPU3BOAMTH JI0 TOTO, IO HANpyra UL Ha KOTYIIII B IeH
. di
MOMEHT JIOPiBHIOE HYIIO, 00 u, =L — (auB. puc. 9.13).
dt

PosrnsnyTuil Bunasiok BiAmoBigae pexxumy podotu kona (puc.9.12), sxwuii
HA3UBAIOTb ANEPiOOUYHUM PO3PAOHCEHHAM EMHOCHII.
JApyruii BUNaJoK.
Y dbopmyni (9.33) mig 3HAKOM KOpEHsI — HyJb, TOOTO & = wo. HeBaxkko
MOKa3aTH, 110 Taka PIBHICTh €KBiBaJieHTHa piBHOCTI Q=1/2. ¥V 1mpomy BUNAIKy
R . . . .
p,=p,=p=-0=——. [lpu piBHOCTI KOPEHIB XapaKTEPUCTUYHOIO PIBHIHHS
2L
pO3B’sA30K AudepeHIiaibHoro piBHIHHS (9.3 1) MIyKarOTh y BUTIISII

u.=(A, +A,t)-e”.

Crani iHTerpyBaHHs A1 Ta Az 3HaXOJATh TaK camo, SIK 1 B MONEPETHbOMY
Bunaaxky. Maemo A1=Uy, A=-pUo. Tomi qnist=0

u.=U,(1-pt)-e”,

i=ce_ Yopen,
dt L
di

u, = La =-U,(1+pt)e™.

Kpusi, siki BioOpakylOTh 4acOBY 3aJICKHICTh BEIWYMH UL, UC Ta I 32
dhopMOIO HE BIAPI3HAIOTHCS BIJl TUX, SIKI HaBeJeHO Ha puc. 9.13.

PosrnsHyTHil BUNagok, y sskoMy A0OpOTHICTh Q KOHTypa JopiBHIOE 1/2,
BIJIOBIJIA€ PEXUMY pOOOTH KOJa, IKMM HA3UBAIOTh SPAHUYHUM ANEPIOOUYHUM
DPO3PAOIHCEHHAM EMHOCHIL.

Tpertiit BUnaaox.

Y dopmymi (9.33) mig 3HAKOM KOpEHS — BiJl’€MHE YHCIIO, TOOTO & < M.
HeBaxxko moxaszatu, 0 Taka HEPIBHICTh E€KBIBaJIEHTHAa HepiBHOCTI Q > 1/2.
BBeneHo Tak 3BaHy BIaCHY 4acTOTY (¢ MOCIIOBHOTO KOJIMBAILHOTO KOHTYPY:

(9.36)
:_ 1
" LC
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3 ypaxyBaHHSIM TO3HAYEHHS Oc KOPEHI XapaKTEPUCTUYHOTO PIBHIHHS
(9.32) wHaOynytp BUTIALy P1=-0+tjwc, P2=-0-joc. Po3B’130k
mudepenuianpHoro  piBHAHHSA  (9.31) 3a  yMOBM HEpIBHOCTI  KOPEHIB
XapaKTePUCTHYHOTO PIBHSHHS IMTYKAIOTh y BUTJSAI, BU3HAYCHOMY (DOpPMYIIO0
(9.34). [lincTaBUBIIM BUpaA3H AJIs P1 Ta P2 J0 Hi€i HOPMYIIH, OTPUMAEMO

Y I
=Ae ™ e+ A e e (9.37)
(3BM4aifHoO, 32 yMoBH t > 0). Bentmuunu A1 Ta Az cTajduX IHTETPYBaHHS 3HAXOISATh

Tak camMo, fK 1 B TepmioMy Bumajaky. MoskHa noBectd, 1o Bupas (9.37)
MPUBOJUTHCS 0 BUTIISAY

u. =U, % e -sin(@.t+y), (9.38)
C

)
A€ y = arc s1nm—c-
0

3 Bupasy (9.38) BuruMBae, M0 B JIaHOMY BHIMAJKy Harpyra Ha €MHOCTI

3MIHIOETBCA B 4acl SIK 3racaloye CHHYCOIAHE KOJMBaHHA, MPUYOMY IIBUAKICTH

3racaHHsl BU3HAYAETHCS BEIMYHUHOIO 523. Ile Tak 3BaHe nepioduune (abo

KoIusanbHe) po3psodicenus emrocmi. Takox MOXHa JOBECTH, IO CTPYyM y KOIi
MiCIsl KOMYTallil 3MIHIOETHCS 32 3aKOHOM

UO
oL

i= e -sin(@.t+ 7). (9.39)

Bupazawm (9.38) Ta (9.39) BignoBigatots rpadiku, HaBeneH1 Ha puc. 9.14.

u,i A

Uy ot
N\ %tk g
Us o
A4 | “~:7'7~<:XE:::::::___— R
° | %:':}9-‘#:: t'
= ”J:X:\””— \ U, Lo ot
- _ﬂe—ﬁt 0 Dy
COCL
Puc. 9.14
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[ikaBy iH(opmalio moAo0 APIOHUX AeTalield YacOBUX 3aJEKHOCTEH Uc
HaBejgeHo B [2]. Tyr Mu jumie 3ayBakumo, 110, 3rigHO 3 BuUpazamu (9.38) Ta
(9.39), komuBaHHA uc Ta i BiIOYBarOThCS 3 BJACHOIO YacTOTOK KOJIa ®c,
BEJIMUMHY SIKOi BU3HA4YeHO (popmyroro (9.36). 3 wiei popmynu BUILTUBAE, IO 3a
ymoBu Q >> 1 (Tob6t0 p/R >> 1) BracHa yacToTa ®c MPHUOIU3ZHO JOPIBHIOE
PE30HAHCHINM YacTOTI Mo MOCIIJOBHOTO KOJUBAJIBHOTO KOHTYpY (mpu Q=50 ix
BEJIMYMHU BIJPI3HAIOTHCS JIMIIE B I’ ATOMY 3HAKY).

9.4.8. ITlixkaouenHs: nocaiioBHoro RLC-koJ1a 10 iteaabHOro qxepesa
NOCTIHOI HATIPYTH

PosrnsHemo ko010, cxemy siIkoro 300paxkeHo Ha puc. 9.15. Hexait kimou SA
3aMHUKA€TbC B MOMEHT yacy t=(0. BBaxaTumemo, mI0 0 3aMUKAaHHS KIIIO4a
KOHJICHCAaTop OyB He 3apspkeHuid. OYEeBHIHO, IO MPU PO3IMKHEHOMY KITFOUi
CTPyM KOJIOM HE MpoTikaB. T0X MOYaTKOBI YMOBH IMEPEXiTHOTO MPOIECY, TKUM
BHHHKAE TICIIS KOMyTallii, € HyJ1b0BHM: uc(0-) = 0, i(0-)=ir(0-)=0.

Puc. 9.15

J11st po3paxyHKy MepexiTHOTO MPOIIeCy B IAaHOMY BUIIAJIKY 001iaemMocs 6e3
po3B’si3aHHS TU(EPEHIIaATEHOTO PIBHSHHS, OCKUIBKU HOTO BUIbHY CKJIAIOBY MU
B)K€ 3HAWNLIM B miapo3. 9.4.7. Tpeba nuie B3SITH 10 yBaru, Io. MOPIBHSHO 3
puc. 9.12, N03UTUBHUIN HANIPSAM CTPYMY BU3HAYAETHCS HE HAMIPSIMOM TMEPETIKAaHHS
MO3UTUBHUX 3aps/IiB BiJl OJIHIET OOKIAIKU KOHJeHcaTtopa Jo iHmoi yepe3 RL-
KOJI0, @ HanpsiMOM J1ii Jkepena. [IpuMyiiieHa ckiiagoBa ctpymy B kol (puc. 9.15)
JIOPIBHIOE HYJIO, 00 B HOBOMY CTal[lOHAPHOMY pEXuUMi (pexXumi Aii Jxepena
MOCTIIHOT HANPyTH) KOHIAEHCATOP € PO3PUBOM KOJIa. A OCKIJILKH BiH € PO3PUBOM
KOJia, TO B IPUMYILIEHOMY PEXUMI Ha HbOMY I1aJ1a€ BCS HAINpyra JpKepena, TOOTo
ucnp=Uo. 3 ypaxyBaHHSAM LIUX 3ayBa)k€Hb Maemo i t 2 0, 1mo

u, =U, - U, 20 sin(m.t + ), (9.40)

C
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U,
L

e . sin(@t+m)= e -sinwt. (9.41)

oL (O

I'padiku, saxi BiamosigaroTh BupazaMm (9.40) ta (9.41), HaBeaeHi Ha
puc. 9.16. 3BepHITh yBary Ha Te, IO 32 YMOB ®c = @ Ta 8 << 1 meprmii
MaKCHMyM Hampyr# uc (BiH Mae Miclie pU BEIWYHHI t, IKa JOCUTH OJM3bKa J10
HyJIs1) Maibke BABiYl nepesulye BennunHy Ug BXiIHOT HAMpyTH.

[{ixaBo TakoX, 110 32 YMOBH M¢c & My MPOMIKOK T 4acy, MPOTITOM SIKOTO
aMIUTITYyJla KOJWBaHb y KOHTypi 3raca€e B e pasiB (‘“‘crama dYacy’ MbOTO
KOJIMBAJILHOTO KOHTYPY), MOKHA BUPA3UTH SIK

_2Q

@,

T (9.42)

ne Q — noOpOTHICTH KOHTYpY. BenuumHM ¢ Ta T MOXKHAa BU3HAYUTU 3
ocuusorpaMu nepexinHoro mnpouecy (o = 2n/T, ne T — npoMixkok yacy Mix
CYCIJIHIMM MAaKCUMyMaMH BEJIMYHUHHU Uc a00 i). Marouu 11 BETUYHHH Ta GOPMYITY
(9.42), MOXKHa €KCIIEPUMEHTAIBHO BU3HAYUTU JOOPOTHICTH Q MOCIIIKYBAHOTO

KOHTYpY.

u,i A . n
Up+Uy-Jo g7t Y, -,

2Upf<_ et ?“. L

e

Puc. 9.16

9.4.9. IlopsimoKk PpO3PAXyHKY MNepexiIHUX TMPOUeECiB KIACHYHUM
MeTO/I0M

Kona, nnst skux JOBOIUTHCA PO3PAXOBYBATH MEPEXiTHI MPOLIECH, € TyXKE
PI3HOMaHITHUMH, TOMY OTIHC MOPSAKY TAKOTO PO3PaxyHKY 3 HEOOOPOTHICTIO Ma€
Jy’Ke 3araJibHUi Xapaktep. BBaxkaTumeMo, 110 € 3aJaHUMU MTapaMeTpH JHKeped,
1 110 KomyTallis Bii0yBaeThes npu t=0 (sikio t = to # 0, To MOXKHA BBECTH HOBY
3MiHHY t'=t-ty 1 po3paxoByBaTH MpPOIIEC, BBAXKAIOYM HOT0 MOYATKOM MOMEHT
t’=0). BBaxxaTuMeMoO TaKkoX, IO BiJIOMI MapaMeTPy BCiX MACUBHUX €JIEMEHTIB
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koja. Tpeba 3HAWTH CTpyMH B YCIX BITKax IbOro Koia. [[ns po3B’si3aHHS Ii€i
3a7a4i MOKHA MOPEKOMEHIyBaTH TaKUW TOPSIOK JTiH:

1) 3amaemMocst TOBUTBHUMH HamNpsIMKaMHU CTPYMIB Y BITKaX 1 CKJIaJaeMO 3a
3akoHamMu Kipxroda cucremy He3aIeKHUX AU(EepeHIliaibHuX Ta 1HTErpo-
nudepeHIiaTbHUX PIBHSAHB 11 MUTTEBUX 3HaU€Hb CTPYMIB Ta HAanpyT s t > 0.
KinpkicTh UX piBHAHD MOBUHHA JOPIBHIOBATH KITHKOCTI HEBITOMHUX CTPYMIB;

2) 3BOAMMO CHUCTEMY PIBHSIHb /0 OJHOTO JU(EPEHIIATFHOTO PiBHIHHS
BIJTHOCHO OJHOTO 3 HEBIJIOMUX CTPYMiB. 3ayBa)KMMO, 110 B MPOIIECI BUKOHAHHS
IIbOTO IMMYHKTY 1HOJI1 KOPUCHO MPOau(EPEHIIIIOBATH JCsKi 3 PIBHIHB;

3) 3HaXOAMMO TPUMYIIEHY CKIAIOBY pO3B’s3Ky IUQEPEHIiaTbHOTO
PiBHSIHHS, OJIEP>KAHOTO B XOJ1i BUKOHAHHS T1. 2;

4) ckiageMo XapakTEPUCTUYHE PIBHSHHA 1 3HAXOJIUMO HOTO KOpEH1 Pi,
P25 <eeees P;

5) 3amucyeMoO B 3arajJbHOMY BWIJISIZII BUIBHY CKJIQJOBY, SIKa BINOBIAA€E
bOMY NI (pepeHIiaIbHOMY PIBHSIHHIO. 3BUYAIHO, 1€ CyMa BUTJISTY

i =A™ +A,e™ +...+A e™, (9.43)

Jie N — IOPsIOK AudepeHITIaIbHOTO PIBHSIHHS.

Skmo nesiki 3 KOpEHIB € KPaTHUMHU, TO OCTaHHIO (GopMmyiny Mae OyTu
MOAM(IKOBAHO (JIUB. BIAMOBIAHY JITEPATYPY 3 BUIIIOI MATEMATHUKH).

6) po3paxoByeEMO MOYATKOBI YMOBH;

7) st BU3HAUEHHS CTAIMX IHTErpyBaHHS A1, Az,...., An 3HAXOJAUMO BUPA3U

. 2. n—1.
JUTSI di, dlz", ....... d f;‘

dt dt dt”
JIiBi 4acTMHM OTPUMAHUX BHUPA3IB 3HAXOJATh, KOPUCTYIOUUCH MOYATKOBUMH
YMOBaMHM Ta PIBHAHHAMU BUX1JIHOI CHCTEMH, CKJIQJICHOI B X011 BUKOHAHHS 11.1;

8) 00UYMCIIOEMO CTalll IHTErPyBaHHS;

9) 3anucyeMo pe3yJbTyIOUUi BUpa3 sl IIYKAaHOTO CTPYMY;

10) itHmi cTpyMu cuUCTeMM MW MOXIAHI BIJl HHUX BEJIUYUMHU HAOpyr
o0uuCIIeMO Ha 0a31 BUX1IHOI cUCTEMU AU(EepeHIialbHUX PIBHIHB (IUB. 1. 1).

Kopucuum mxepenom iHbopmarii s Oaxarouyux O3HAHOMUTHUCS 3
KOHKPETHHUMH TIPUKIAAaMH PO3PaxXyHKy TEpeXiTHUX TPOIECIiB KIACHIHUM
METOJIOM € HaBYaJbHUM MOCciOHMK [15].

Hanpukinmi nigpo3aity, IpUCBIYEHOTO KIIACHYHOMY METOY pPO3paxyHKy
MEePEXiIHUX TPOIECIB, 3pOOMMO BaMKJIMBe 3ayBasKeHHS. 3aCTOCYBAHHS IHOTO
METOJly HE OOMEKEHe JIMIIe BUIMAIKaMy KOMyTallii, TOOTO MUTTEBUMH 3MiHAMHU
KoH(piryparii kosia abo mapameTpiB ioro eneMeHTiB. Cuctema audepeHItiaaTbHuX
PIBHSIHb MTPABUJIILHO OMHUCYE TIPOLIECH B KOJII 32 6Y0b-sKUX 3aKOHIB 3MIHU B 4aci
HaIpYT Ta CTPYMIB JKepen eHeprii Ta (a00) mapamMeTpiB €JIeMEHTIB IOTO KOJa.
Tomy B psal miApydyHHMKIB Ta MOHOrpadiil B3araji HE pO3IIISAAIOTH OKPEMO
CTaIllOHApHI Ta MEPexXiHI PEKUMU POOOTH KT 1 PO3BUBAIOTH aHATITUYHUN

, TU(QEPEeHIIII0YN MTPaBy YacTHHY piBHOCTI (9.43).
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amapaT CTOCOBHO JOBUIBHUX JDKEpeNl CTPYMIB Ta Hampyr: MOCTIHHHUX,

CHUHYCOIIHUX, IMITYJIbCHUX Ta 1H. (IUB. Hanpukiaz, [16, 17]).

9.4.10. 3aBaaHHS 1J151 CAMOKOHTPOJIIO

1. B xomi, cxemy sikoro HaBeneHo Ha puc. 9.17, Ri= Ra=20 Om; R3=30 Owm,
Uo=200 B. Kmtou SA posmukaetscss npu t=0. 3HalITh MOYaTKOBI yYMOBH

MepexiHUX MPOIIECIB Y IIbOMY KOJI.

Puc. 9.17

Bignosizi: 1) ic(0-) =8 A; ur(0-) =50 B; 2) i1(0+) =4 A;
3) lL(O-) =5 A; uC(O-) =150 B’ 4); uc(t) =200 B; iL(t) =5 e_j900 A’
5) uL(0+) =0 B...

2. Jlnst xona 3 3amadi 1 moOyayiite HaOmmkeH1 rpadiky 3anexxHocTel ip(t)
Ta uc(t) 10 Ta micisi KOMyTalli, BBaXXalOUu NEPEX1THUN TPOLEC aneploUYHUM.

Bignogiae: nuB. puc. 9.18, a ta 9.18, 6.

Us,B A

i, A A

150
120]
90T
607
307

0 l.> 0 6

i 4

Puc. 9.18

3. 3a skuil MPOMIKOK 4acy (SKIIO BIUTIYYBATHU BiJ MOMEHTY KOMYTaIlii)
Hanpyra Ha pesuctopi koma (puc.9.8) mocarne Bemuuumnu 0,1U¢ (TOOTO

NEePEeX1AHMI MpoLec MOXKHA Oy/ie BBaKaTH 3aKIHUEHUM)?

212



Bignosimi: 1) At=2,31=2,3RC; 2) At=2,718 ¢; 3) 1mec 3alexuTh Bif
BernunHu U, 4) At=(e—1)c; 5)At=1/RC.

4. 3HaliiTh 3aKOH 3MiHHM B Yaci ctpymy i B kodi (puc. 9.19), sxmo Up=120 B,
Ri=10 Om, R>=30 Om, L=0,1 I'n, a xitou 3amukaeThcs npu t=0.

U, SA Y L

R,

o
| S|

Puc. 9.19

Bigmosini: 1) i =120e*A; 2)i=120(1-eY) A; 3)i=4-3¢";
4)i=9te'A; 5)i=(12-9-¢")A.

5.3HaiiniTh To4YaTKOBI  ymMoBHM i koja  (puc. 9.20),  sKIIO
u=100-v2-sin10%t B; Ri=40 OM, R>=60 OMm, C=10 Mx®, a KJ1104 3aMUKAETHCS
nipu t=0.

SA y

R, R,
1 1
| | S|

\ S
||
]
o

Puc. 9.20

Bimmosizi: 1) iL(0-)=0; uc(0-)=0; 2) iL(0-)=0; uc(0-)=100 B;
3) uc(0-)=100-v2 B; 4) uc(0-)= uc(0+); 5) uc(0-) ~-70,7 B.
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9.5. OnepaTopHuii MeTO PO3PaxXyHKY NepexiIHUX NpoueciB

9.5.1. IlepeBaru onepaTopHOro MeTOAy nepe/ KIACHIHUM

Henonikom KiaacHYHOTO METOAY € HEOOXiIHICTh BUKOHAHHS BEJIHKOTO
o0csiTy OOUYMCIEeHb AJSl 3HAXOMKEHHS CTaNIMX IHTErpyBaHHS 3a MOYaTKOBHUMH
YMOBaMH, MPUYOMY YHUMaIy KUIBKICTh 3YyCHWJIb HEOOXIHO BHUTpPAaTHUTH Ha
3HAaXO/KCHHsSI BEJMYMH TMOXIAHUX BIJl IIyKaHUX QYHKIIH Yacy B MOMEHT
komyTaiii. B napyriit momoBuHi XIX cTOmITTA Oys0 po3poOJICHO TakK 3BaHMMA
OIEpaTOPHUIM METOJ PO3B’sI3aHHS AU(EpPEHLIANbHUX PIBHIHb, KU BUSBUBCA
3HaYyHO 3py4HIlIMM. [Ipy BUKOpHCTaHHI LILOIO METOAY 3ajadya pPO3B’s3aHHS
nudepeHIiaTbHUX PIBHAHDb 3BOJIUTHCS JI0 OLIBII MPOCTOI 3a7adi PO3B’sI3aHHS
areOpaidyHUX PIBHSIHb, IPUUYOMY IMOYATKOBI YMOBHM aBTOMATHYHO BXOJSTH 10
PO3PaxXyHKOBHUX (HOPMYIL.

VY HacTymHMX JABOX MiApo3auIax Oyne pO3IsSHYTO HAWTOJOBHILIE 3
MaTEeMaTHYHUX OCHOB ONEPATOPHOTO METOY.

9.5.2. IleperBopenns Jlamiaca

Jlnst pyskuii f(t) aiiicHoi 3MiHHOT t BBOAATSH ii 300paskeHHs1 3a Jlanuiacom
— ¢ynkuito F(p) kxoMIuiekcHOI 3MIHHOI p = 0+j® — SIK pe3yabTaT 0COOJIMBOTO
IHTErpajbHOTO NIEPETBOPEHHS:

F(p)=J /(t)-e™at. (9.44)

[Ipu oMy Take 300pakeHHsS MOXYTh MaTH Juiie Ti GyHKii f(t), sKi
3aJI0BOJIbHSIIOTH TAKMM BUMOTAM:

1) f(t)=0 ipu t < 0;

2) f(t) 3amoBonbHse ymoBam /[lipixsie (muB. m.7.1) Ha Oyab-iKOMY
CKIHUEHHOMY 1HTEepBaJll 3MiHHOT t;

3) dyHukiis f{t) 3a cBOiM aOCOTIOTHUM 3HAUYCHHSIM 3aBXK/IU € MEHIIIOI0, HIXK
JiesiKka eKCIIOHEHIIabHa (QYHKIIS:

F@®)]<M-e™,

net>0;
M T1a 6y — CKIHYEHH] JTOJAaTHI YiCIIa.

OcranHsi BuMora o3Haudae, mo (GyHkuis f{t) moBUHHA «yKJIanaTucs B
KOPHUAOP», SIKUHA €KCIMOHEHI[IaTbHO PO3IIMPIOETHCA 3 SKUM 3aBIOJIHO BEJIMKHM,
ajie CKIHYEHHMM MOKa3HUKOM €KCIIOHEHTH.
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Buxigny ¢ynkuiro f{t) HaszuBaioTh opuriHaigom, a ¢ynkuiro F(p),
OB’ s13aHy 3 HEK 1HTerpajlbHUM MepeTBOpeHHIM (9.44), — 11 300paskeHHSIM 3a
Jlamiacom. Lleif 38’130k CHMBOJIIYHO TTO3HAYAIOTH SIK

F(p) = L{f(V)],
Sty =L [F(p)] abo f{t) + F(p).

CmiBBigHomieHas (9.44) Ha3uMBalOTh MPSMHUM IEepETBOpPeHHSIM Jlamaca.
3BopotHuit nepexia (Big F(p) mo f(t)) 3miiicHoeThes 3a popmMyioro oGepHEHOTO
nepeTBopeHHs Jlamnaca, Ky me Ha3uBaTh Gpopmynoro Pumana-Menina:

1 G+joo

f(t) F(p)-e"dp.

- 2_'”.] G—joo

Ile HailOinbmr QyHAaMEHTaTbHUM c1oci0 3A1HMCHEHHS O00EpHEHOro
nepeTBopeHHs Jlamnaca. Po3po0neHo i HU3KY OUIbLI 3pYYHHX, 3 TOUYKH 30PY
00YMCIIEHb, METO/IIB 3HAXOKEHHSI OPUTIHATY 32 MOro BIJOMHM 300paKE€HHSIM.
Mu po3riiHeMO HMKYE OJIMH 3 HUX, BIIOMHH SIK TeopeMa po3kiafgaHHa. Kpim
TOrO, s 0aratbOX OpUTiHAMIB Ta 300pakeHb pe3yJbTaTh MPSIMOro Ta
O00EpHEHOT0 NEPETBOPEHDb 3BEACHO 0 CHEIlaIbHUX TaOIUIb (IUB. HAIPUKIIA],
[1, 10] Ta noBigHuK [18].

ITeperBopenns Jlamiaca € MHIHHOIO MaTEMaTUYHOIO OIEPaIli€ro, OCKIIbKH
opurinaity  f()=Afi(t)+Azfa(t)+....+Apfua(t)  BiamoBimaTuMe  300pakeHHS
F(p)=A1F1(p)+A:F2(p)+...+AuFu(p), nc Ak (k=1,..., n) — IOCTIHI KOC)IIIEHTH,

a Fi(p)=L[fi(t)].

9.5.3. 300paxkennss 3a  Jlamulacom  HadmpocTimmx — QYHKIIH.
300pakeHHs1 NOXIAHUX Ta iHTerpaJdiB pyHkuin Buriasaay f{(t)-1(t)

BBenemo Tak 3BaHy OAMHUYHY CXiI4ACTy (PYHKUIIO.

Onput<O0;
1(t) =
loput=>0.

I'padik miei pynkiii 306paxkeHo Ha puc. 9.21. OueBuaHO, MO OyaAb-sSKa
dbyHKIis, 1m0 Mae meperBopeHHs Jlammaca, mMoke OyTH 3amucaHa y BUTIIAII
f(t)-1(t), 60 BoHa MOBHHHA OPiBHIOBATH HYJIO TIpH t < 0 (quB. miagposm. 9.5.2).

Kopucrytourice  cmiBBiiHOmeHHsIM (9.44), 3HaiigemMo 300pakeHHs
OJIMHUYHOT CX114acTOi (PYHKIIIi:

F(p)= Tl(t)-e“’tdt =1- Te“"dt _1
0 0 p
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Puc. 9.21

Tenep posrisHemMo cxiguacty GyHKII0, “CXOAUMHKA’ SIKOi TOPIBHIOE A, Jie
A — Oyab-sike uucio (aificHe un koMIuiekcHe): f{t)=A-1(t).
3o0paxxenHs 3a JlarutacoM Takoi yHKIIII €

F(p)=[A() e ™dt=A [e™dt=". (9.45)
0 0 P

Sxmo f (t): e™ -l(t), Je o — OyJIb-AKe YUCIIO (JIIMCHE Y KOMILIEKCHE),
TO 11 300paxkeHHs 3a Jlamnacom €
N 1

F(p)= e -1(t)-e™dt = [e "t =— . (9.46)
0 0 p—Q

Ile#i pesynbrar OyJe KOPEKTHUM, SKIIO I1HTETPYEThCS 3eacaroua
eKCIIOHEHTa, TOOTO 32 yMOBH Re{p —ai}> 0.

3 pesyabrary (9.46) BUILUIMBAaE HU3KA CIIBBIIHOIICHb, KOPUCHUX IS
CIIEKTPOTEXHIYHUX PO3PaXyHKIB:

1
P-jo
2) sixmo f (t) = elot® -l(t) = ei? . eI -l(t), TO OJEPIKUMO, 10

1

F(P):ej'p'i.
p—-Jo

3)swwo £(t)=sinet-1(t)="

1) stKmwo f(t): @it ,l(t), TO TO3HAYMBIIIH 0=, ONEPKAMO F(p)=

b

(60 €/® € KOHCTAHTOIO);

jot —jot
J —e J ®

-l(t), TO F(p)= o +p2 .

Takoxx 3azHaummo, 1o ¢yHKIii f{t)-=t-1(t) BianoBizae 300pa)keHHS

Tenep momupuMo MOHATTS 300pakeHHs 3a Jlammacom Ha moxiaH1 GyHKITIT
[(t). BBaxxatumemo, 1110 B MOMEHT 4acy t=0 1 ¢pyHKIIis MOTIa MaTH CTPUOOK, TaK
o mipu t=0+ (quB. miaposain 9.4) Bona npwuitHsuia 3HadeHHs f{0+), a ii moxiaHi —
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3nauyeHHs f(0+), f(0+) i 1. 1. 3a uux ymoB 300pakeHHs NoXiAHUX QyHKIT f{t)
OOYUCIIOIOTH SIK

L{f(t)]=pF(p)-f(0+), (9.47)
L[f"(t)|=p*F(p)-pf(0+) -f'(0+),
L[ f "t)]=p°F(p) -p’A(0+) -pf'(0+) - f"(0+),

L [f® (t)]=p"F(p) - p™'fI0+) - p"2f"(0+) - ....of ©D(0H).

[Tommpumo noHATTs 300pakeHHs 3a Jlarmiacom Ha HeBU3HAYEHUH 1HTErpal
@(t) bynxkuii f{t). [TonepeaHbo 3ayBaskuMo, 10

t

0()=] £()dt = [ (O)ae+[ f(at =0(0+)+ [ £(D)at.

e @(0+)= j f(Oat.

3a IMX yMOB IHTETpaJI Ma€ Take 300paKeHHSI:

o(p) = F(p), o(0+)
p

p

0+
3okpema, Ko f{t) Mae pi3MUHUN CMHCII CTPYMY i, TO BETUYHHA _[idt Mae

—00
b13uanmit cmuci 3apsaay q(0+), HakomMYEeHOTO B KOHACHCATOP1 HA MOMEHT 4acy
t=0+. Hexaii i(t) ~ I(p). Buxoastuu 3 nporo, 306paxkents Uc(p) Hampyru uc Ha
KOHJIeHcaTop1 3HaieMo Tak. OCKIIbKU

TO
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Anie )X MUTTEBI 3HAYEHHS 3apsiy KOHJEHCATOpa Ta HANMPYrd Ha HHOMY
noB’si3axi sk q=Cu. Tomy

U.(p)= I(p) N uc(0+) (9.48)

9.5.4. 3akon Oma B onepaTopHiii ¢popmi

PosrasHeMo kojo, cxemy sikoro 300pakeHo Ha puc. 9.22. BBaxkatnMemo,
10 KOMYyTallig BiOyBaeTbcsa B MOMEHT uacy t=0, To6to npu t=0 BigOyBaeThCs
mutTeBe BimkmoueHHs RLC-koma Bim mkepena eq(t) i MATTEBE MMiIKIIOUCHHS
IIBOTO KOJIa JI0 Jukepena e(t).

Takox BBakaTUMEMO, IO 0 KOMYTaIlli MpoIec y Koy OyB yCTaleHUM
(BUMAOK, B IKOMY TaK BBa)KaTH HE MOXHA, PO3TIIAHYTUH B miapy4dHuky [2]). Ilix
niero EPC ey 6e3mocepeiHbo nepe; KOMYTaIler0 KOTYIIKOIO MPOTIKAB CTPYM
iL(0-) = i(0-), a xongeHcarop OyB 3apskeHuit 10 Harpyru uc(0-).

SA 1

Puc. 9.22

Jlns micnsgkoMyTaliiiHoro 4acy (to6ro s t = 0) 3a IpyruM 3aKOHOM
Kipxroda maemo

e(t)zu(t):R-i+L%+uC.

3acTocyBaBilii mnepeTBopeHHs Jlammaca 10 000X YacTUH PIBHOCTI 1
BpaxyBaBIIM criBBiHOIIEHHS (9.47) Ta (9.48), oTprmaemo, 110

E(p)=U(p) =R -1(p)+ Lfp-1(p) - i(0-+)]+ ) 1el0%) (g 49)
pC p

ne E(p) = Lle(H], U(p) =Llu®)], I(p) = L[i(H], i(0+)=i(0-), uc(0+) = uc(0-).

3Bi7ICH 3HAXOIUMO 300pa)KEHHS CTPYMY B KOJI:
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U(p)+Li(0+)— uc(0+)

1(p)= | U (9.50)

R+pL+L
pC

Ile — 3akon OMa B onepaTopHiii ¢popmi, 11eli BUpa3 BpaxoBYe MOYATKOBI
YMOBH NEPEX1THOTO MpoIecy. 3a HyJbOBUX TOYATKOBUX YMOB MaeMO

_Up)
I(p)—Z(§)=

JIe BUpa3

Z(p)=R+pL+i
pC

Ha3MBalOTh OMNEPAaTOPHUM omopoM koja (puc. 9.22); ne Zi(p)=pL ¢

OMEPAaTOPHUM OMOPOM  IHAYKTUBHOTO €JIEMEHTa KOJa, Zc(p)—i €

pC
ONEpPaTOPHUM OIOPOM €MHICHOTO €JIEMEHTa KoOJla, a OIEepaTOpHUM Omip
pe3ucTopa npocTo JopiBHIOE BeauurHi R iioro “3BuuyaitHoro” omnopy.

Benuuuny Y(p)=1/Z(p) Ha3uBalOTh ONEPATOPHOK NMPOBIAHICTIO KOJa.
®opMynu 1Sl ONEPATOPHOTO OMOPY Ta ONEPATOPHOI MPOBITHOCTI 6)0b-AKO20
Koja OyIoyroThCAd Tak caMo, K 1 (opMynu sl KOMIUIEKCHOTO OIOpYy Ta
KOMILJIEKCHOI MPOBIJHOCTI IILOTO KOJIA, Tpeda TUIbKK 3aMIHUTH AOOYTOK j® Ha
CUMBOJI P.

9.5.5. 3akonu Kipxroga B oneparopHiii popmi. 3acTocyBaHHsSI METOAIB
PO3PaxyHKy KiJI CHHYCOIZHOIO CTPyMYy /0 PO3PaxyHKY KiJl OnepaTopHUM
METOA0M

3rigHo 3 mepmmM 3akoHoM Kipxroda, anrebOpaiuna cyma MUTTEBUX
3Ha4Y€Hb CTPYMIB y BY3JIl KOJIa JOPIBHIOE HYJIO (HArajaemo, 10 CTPYMH, SIKi
BTIKAIOTh Yy L€ BY30JI, BXOJASTh JO CYMH 13 3HAKOM «IUIIOC», a CTPYMH, SIKi
BUTIKAIOTh 3 IIbOTO BY3JIa, BXOJSAThH JI0 CYMH 13 3HAKOM «MIHYC):

N

i,(t)=0,

n=1

ne N — KIJIbKICTb BITOK, SIK1 3’€IHaHI B JAHOMY BY3JIL.

3acTocyBaBiu TepeTBopeHHs Jlammaca g0 000X YacTUH IIi€i PIBHOCTI,
OTPUMAEMO
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N
Ziln(P), (9.51)

ne In(p)=L[in(D)].

Bupa3s (9.51) — ue nepmmii 3akon Kipxroga B oneparopHiii popmi.

3rigHo 3 qpyrum 3akoHoM Kipxroda, anredpaiuna cyMa MUTTEBUX 3HaYCHb
EPC, sxi nifoTh y 3aMKHEHOMY KOHTYpl KOJia, JOPIBHIOE anreOpaidHiil cywi
MUTTEBUX 3HAU€Hb MaJiHb HAMpPYT y IbOMY X KOHTYpi (3Haku EPC Ta maginb
HAIpyr 0OMPaIOTh TaK camo, SK 1 AJIs KU HOCTIHHOTO CTPYMY):

JIe Uk — MMaJIIHHS HAMPYTU Ha M-I BITII KOHTYPY;
K — KiJIBKICTB BITOK, 5IK1 BXOJIITh B KOHTYD.

3acTocyBaBiiu TepeTBopeHHs Jlammaca g0 000X 4YacTWH Ii€l PiBHOCTI,
OTPUMAEMO

YE(p)=2U,(p) 9.52)

ne Ex(p)=L[ex()], Ux(p)=L[uw(t)].

B 3aranbHoMy Bunaaxky Oyzab-sika BiTKa Koja sIBJIsi€E COOOIO MOCIITOBHE
3’€JHAHHS PE3UCTOPA, IHAYKTUBHOIO T4 EMHICHOTO €JIEMEHTIB, SIK L€ MOKa3aHO
Ha puc. 9.22, Tomy y Bupa3s (9.52) MokHa MIJACTABUTH NIPaBy YaCTUHY BHPaA3y
(9.59), momepenHbO HamaBIM 1HAEKC K ITO3HAYEHHSM YCIX BEJIMYMH, SIKI
BiTHOCATHCA 110 K-01 BiTKH. B pe3ynbrari 1boro oTpuMaeMo

iEk(p): §|:Ik(p).(Rk +pL, + ! ]_Lkik(o +)+ H (0 +):|
k=1 k=1 ka P
abo

i{Ek(p)+Lkik(o+>—w}ilk(p»(Rk+ka+Lj. ©0.53)
P pC,

Leit Bupa3 — npyruii 3akoH Kipxroga B oneparopHiii ¢gopmi.
[lepeneceHHs 10/1aHKIB, SIKl BU3HAYEHI MOYATKOBUMHM YMOBAaMH, JI0 Ti€l YaCTUHU
piBHOCTI, B sikiii MicTaTbes EPC, Mae meBHuMl (i3WYHUN CMUCI: BEJIMYUHH
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Liix(0+) Ta u, (0+) ICHYIOTh 3aBJSKM HAKOIMYCHHIO €HEprii B KOTYIIKax Ta
Y

KOHJIEHCATOpax, 1 TOMY 11l €IEMEHTH KOJIa MOKHA PO3TJISAATH SIK ACSIKi T0JaTKOBI
mxepena EPC. Hanpukinana, cxemy, 300paxkeny Ha puc. 9.22, moxna st t > 0
300pa3uTH B ONEpaTOpHi popMi y BUTIISLII, TOJJAaHOMY Ha puc. 9.23. 3ayBaxxumo,
mo BenuunHa Liik(0+) BXomuTh m0 piBHOCTI (9.53) i3 3HaKOM «IUTIOC», a
BennurHa uck(0+)/p — 13 3HaKOM «MiHYC», AKIIO BKa3aHUW Ha CXEMi HaIpPsIMOK
CTPYMY Kpi3b Ili €IEMEHTU 00 KoMymayii 301Ta€ThCsl 3 HAPSIMKOM O0XOMy ITHX
CJIIEMEHTIB nicjisi KoMymayii.

A pL  Li(0¥)
T ampor ooy , ,%\
E(p) A K‘”;my b ug(0%)
N ﬂ __________ Y D
Puc. 9.23

SK1110 111 HANPSIMKK HE 301Tal0ThCs, TO 3HAKH CJI1]1 3MIHUTH Ha MIPOTUIICKHI.

Takox 3ayBa)kMMO, IO IOYaTKOBI YMOBH BHSBHJIMCS aBTOMAaTUYHO
3alTydeHUMH 10 piBHAHHA (9.53), ckiageHoro 3a npyruM 3akoHoMm Kipxroda, i
aBTOMATUYHO “OpaTHMMyTh y4acTh Yy MOJANBIIMX PO3PAXYHKAaX Ha BIIIMIHY BiJl
KJIACHYHOTO METOY PO3PAXYHKY MEPEXIJTHUX MPOLECIB, 3TAHO 3 SKUM IS
BpaxyBaHHS TOYAaTKOBUX YMOB CJifi Oyslo 3poOUTH HHU3KY JOJATKOBUX
MaTeMaTUYHUX BUKJIAIOK.

OCKUJIBKM BCl METOJIM PO3PAXyHKY EJIEKTPUYHUX KT 0a3yloTbcs Ha
3akoHax Oma ta Kipxroda, a mi 3akoHH, K OyJI0 BHSIBJICHO y JBOX OCTaHHIX
M1pO3/1JIax, MaloTh CBOE ()OPMYITIOBAHHS M B OINepaTOpHii (GopMi 3amucy, To
CJil 3pOOMTH BaKJIAMBUH BHCHOBOK: YCi BIJJOMI METOJIM PO3PaxXyHKY KiJ
CUHYCOIJTHOTO CTPYMY B KOMILJIEKCHIM (hOpMi € 3aCTOCOBHUMHM i O pO3PaXyHKY
KUJI B oniepaTopHii (opmi (ciij aumie BpaxyBaTH MOYATKOBI YMOBH). 30Kpema,
€KBIBAJICHTHUI OMEpaTOPHUIA OIIp JAHLIIOKKA €JIEMEHTIB, 3’ €JHAHUX TMOCII1JOBHO,
JIOPIBHIOE CyMi X ornepaTopHuX onopiB (puc. 9.24): Z(p)=Z1(p)+Zz(p)+....+Zx(p).

Z:(p)  Z5(p) Zn(p)

Z(p)

Puc. 9.24
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B komax 13 B3a€EMHOI0 I1HAYKTHBHICTIO JO OIEPAaTOPHUX OMOPIB
IHAYKTUBHOTO Ta €MHICHOTO €JIEMEHTIB JOJAEThCS 1€ ¥ OonepaTopHUM orip
Zv=1pM B3aeMHOI 1HIYKIII1, SIKUH € OTIepaTOPHUM 300pasKeHHSIM KOMIUIEKCHOTO
ornopy B3aeMHO1 1HAYKIIT Zm=tjooM (auB. migposa. 5.2).

BaxxnuBo Takox 3ayBaxxuTH, 1110 3akoHr Oma Ta Kipxroda B onepatopHii
dbopmi opepxaHl IUIAXOM 3aCTOCYBaHHs TmepeTBopeHHs Jlamutaca 1o
OJTHOMMEHHUX 3aKOHIB JIJISI MUMMEBUX 3HAYEHb CTPYMIB Ta HAIIPYT, a 111 MUTTEBI
3HAUYEHHA MOXYTh 3MIHIOBaTHCh y 4Yacl 3a Maike JOBUIBHUM 3aKOHOM (JIMB.
oOMexxeHHsT B miaposid. 9.5.2). 3BiAcM — 1€ OAWH BaXXJIMBUM BHCHOBOK:
ONEPAaTOPHUIM METOJ € 3aCTOCOBHHUM HE TIUIBKH JUIsI PO3PAXYHKY MEpPEeXiTHUX
IPOIIECiB; BIH MOKEe OyTH BUKOPHUCTAHUU ISl PO3PAXYHKY €JICKTPUUHUX KiT 3
JoKepenamMu Oyab-skoi (opmu, aOu TUIBKM BOHA 3aJI0BOJIBHSAJIA OOMEKEHHSIM,
3a3HauYeHUM B Mipo3. 9.5.2. [Ipu nuboMy 30BCiM HEOOOB A3KOBO, 1100 MPOLIEC Y
KOJ11 Ha0yBaB yCTaJ€HOro Xapakrepy (1€ MOXIJIUBO, HAITPUKJIIAA, AKIIO B KOJI1 i€
JDKEpENo eKCIOHEHIIIaIbHO 3pOCTal0u0] HAPYTH).

9.5.6. Teopema po3KJIaJaHHA

3o0paxkeHHI0 3a JlammacoM 4acTo MOXKHA HaJaTH BUTJIS] palllOHATBHOTO
Ipo0y:

F(p) _ ep"+ep" " +6,p" +.nt6_ _pte, _ Fl(p)
ap"+ap” +ap +..ta,_pta, Fz(p)

ne koedimientu ax (k=0,..., n) ta 6k (k=0,..., m) € TICHUMU YHCIIaMH,
MPUYOMY CTEMiHb M YUCEIbHUKAa MEHIINNA 3a CTEMiHh N 3HAMEHHHUKA, 1 JIpid €
HECKOPOTHUM (TOOTO YHCETBbHUK 1 3HAMEHHUK HE MalOTh CHUIBHUX KOPEHIB).
SK1110 3a IUX YMOB 3HAMEHHUK HE Ma€ KpaTHUX KOPEHIB, TO, 3T1JIHO 3 TEOPEMOIO
pO3KJIalaHHs, OpUriHai f{t) BUBHAYAE€THCS 32 TAKOKO (POPMYIIOLO:

F
£(6)= 3 FiPu) e (9.54)
1, (py)
Tyt px(k=1,..., n) — KopeHi noxiHoMa 3HaMeHHUKa Fa(p), a BenuuuHU
F'2(px) o0GuuciIonTh 5K M . IlikaBo 3ayBa)XWTH, IO CTOCOBHO 0
dp |, —
P=Px

aHai3y eJEeKTPUYHUX KU nojiHoM F2(p) € XxapakTepuCTUYHUM PIBHSAHHSIM, PO
sKe WIIIocS TpU PO3TISAI KIACHYHOTO METOAY PO3PAaxXyHKY MepexiTHuX
npoiieciB. opmyny (9.54) iHKOIM HA3UBAIOTH hopmynor Xegicatioa.

Bunanok, konu noninom Fa(p) Mae kpatHi KopeHi, po3risiHyTHH B [2].
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9.5.7. ®opmyJin BKJIIOYEHHS MACMBHOT0 JBOIMOJIICHUKA

PosrisitHemMo BUNIAOK, B IKOMY JAEAKWAN MTACUBHUM JIBOTIOJIFOCHUK, 110 MA€
KOMIUIEKCHUI omip Z(jw), MiAKI0YaeTbcs B MOMeHT t = 0 10 imealpHOro

mxepena Hanpyru, EPC sikoro 3MiHIOETBCS 32 3aKOHOM e(t) =U,- e (puc. 9.25).
SA \

CD e(t)=U, e u(t)

it

Z(jw)

1
| I |

Puc. 9.25

Heo0x11HO BU3HAYUTH 3aKOH 3MIHU B 4aci CTpyMy i(t) uepes ABOMOIOCHUK
32 HYJIbOBUX IMOYaTKOBUX YMOB.

Ile oana 13 3aAa4, PO PO3B’sI3aHHA SIKUX ONEPATOPHUM METOJIOM HIIOCA
HAIPUKIHIN Miapo3a. 9.5.5. Binrak BBeeMO OMEpaTOpHUiL OMip JBOMOJIOCHUKA
Z(p) = Z(jo)]japp 1 3alMIIEMO HAalNpyry Ha LbOMY JIBOIOJIOCHUKY SIK

u(t)=Up-e*-1(t), me omumHMyHa cximyacta (QYHKI[IS OMUCye (PaKT 3aMHUKAHHS
kiro4a SA B MomeHT t=0. 300pakeHHsIM 11i€i Hanpyru Oyze (AuB. miaposa. 9.5.3)

3rigHo 3 3akoHoM OMa, B omepaTopHiil popMi, 300pakeHHsT cTpymy i(t)
3HAXOJMMO SIK

1(p)= V) _ Do (9.55)

BBaxxatumemo, o piBHsHHSA Z(p) = 0 He Mae KpaTHUX KOpeHiB. 3a i€l
yMOBH 3acTocyBaHHS (opmynu Xesicaitna (9.54) mo npoOy (9.55) mo3Bossie
OJIep>KaTH TaKe CIIBBIIHOIICHHS JJI BU3HAYEHHS CTPyMY B Koui (puc. 9.25):

Ue™ X Uge™
i(t)=—2 0 , 9.56
V) B, -z 030

ne pk (k=1,...,K) — xopeni piBHsiHHs Z(p) = 0.

223



@opmyna (9.56) oxomiIO€ BUIAJKH BKIIOYEHHS JBOIOJIIOCHUKA Ha
EKCIIOHEHITIaJIbHO 3pocTarody (abo cmamarouy), MOCTIMHY abo0 CHHYCOIIHY
Hanpyry. BxirodeHHI0O Ha EKCIOHEHIIAJIbHY Hampyry BIJAMOBIAa€e JiHCHE
(momaTHe uW BiJ’€MHE) 3HAUYCHHS MapaMeTpa O; BKJIIOYEHHIO Ha MOCTIMHY
Hanpyry — 3HadeHHs o=0. SKmo mKepeno reHepye CUHYCOIAHY HaIpyry, TO

— ot+e)y _ jot ‘

u(t)—lm[Um-e ' ]—Im[[_Jme ], ne U,=U_-e™ a In[.] o3nauae yssuy
YacTUHY BHPA3y, IKHH MICTUTHhCS B KBQJIPATHUX AYXKaX. BBeneMo mo3HaYCHHS
o=jo. Toxi, 3aminuBmm B (9.56) mocriliny BennunHy Up Ha 1HIIY TOCTIHHY
semmunny U |, olepKuMo IIyKaHuii Bupas

i(t)= U, e +i U, e™

Zjo) 1=, - o)z ()]

9.5.8. IlopsA0K PO3paxyHKY K0JIa ONIEPATOPHUM METOA0M

Po3paxyHok Kojla OMNEpaTOpHUM METOJOM JIOLUUIBHO TOYaTH 3
neperBopeHHs EPC Ta (abo) cTpymiB [kepen B omnepatopHy Qopmy,
KOpPUCTYIOUHUCh abo Oe3nocepennbo dopmynoo (9.44), abo TabmuisMu
neperBopeHHs Jlamnaca (quB. Hanpukiaf, [1, 10, 15, 18]). [Totim caig odunciautu
nmoyaTtkoBi ymMoBH. [lani Tpeba HaKpecIuTH cXeMy Kojia B OmepaTopHid ¢opmi
1o10HO /10 TOTO, SIK 1€ OYJI0 3p00JICHO TIPU MEPEXO/I1 BiJl CXeMH, 300pakeHOl Ha
puc. 9.22, no cxemu, 300paxkeHoi Ha puc. 9.23. Tenep MokHa 3HANTH BUpPA3H JIJIs
300pakeHb 3a Jlammacom cTpymiB Ta Hampyr Kojia Oyab-SIKHM MPHIATHUM
MeTO0M (JIUB. Tiapo3d. 9.5.5 1m010 3aCTOCYBaHHS METOJIB PO3PAXYHKY).

Hapemiri, 3HalmoBIIM OomepaTopHi 300pakKeHHS HIYKAHWX CTPYMIB Ta
HaIpyr, MOKHA MEPENTH 10 iX OPUTTHAIIB, JIJIS YOTO JOIIBHO BUKOPUCTATH a00
tabmuii (quB. [1,10,15.18]) abo Teopemy po3kiagaHHS.

PosrisiaemMo mpukian' po3paxyHKy MEPEXiJHOrO IPOLECY ONEPATOPHUM
METOJIOM.

VY xomi (puc. 9.26) maemo U=140 B, Ri=20 Om, R,=60 Om, L.=0,025 I'n,
C=20 mx®. Kiitou SA 3amuKkaeTbcsi B MOMEHT yacy t = (. 3HaliTi 3aKOH 3MIHHU B
qaci cTpymy ii.

Po3B’s13anus

300pakeHHsIM BX1AHOI HanpyTu, oueBuAHO, € U/p. [loyaTkoBi yMmOBH — 11€
iL(0-)=i1(0-) ta uc(0-). o 3amuKaHHSA KJIIO4Ya CTPYM IMPOTIKAB JIAHIFOKKOM
RiR:L, Tomy iL(0-)=i1(0-)=i2(0-)=U/(R1+R2)=1,75 A. Hamnpyra Ha emHOCTI
JIOPIBHIOE HaMpy31 Ha pe3ucTopi Rz, Toxx maemo uc(0-)=i2(0-)-R.=1,75-60=105 B.

! 3amauy 3amo3uueHo 3 MeToau4yHoi po3poOku Uymaxin B. B. Pacuer mepexomHbix
IIPOLIECCOB B JIMHEWHBIX LIEMAX C COCPEAOTOYEHHBIMU mapameTrpamMu. Omck: OMUUT, 1974.
46 c.
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I s

- Iy Wz W:a

Puc. 9.26

Tenep HaKpecIUMO CXEMY KOJia B OniepaTopHiit popmi (orepaTopHy CXeMy
3aMillieHHd KoJja) micis komyrtamii. [i HaBegeno Ha pwc. 9.27. Bpaxaroun
HEBIJOMUMHU CTPYMH Y BITKaX, PO3B’SDKEMO 3a7ady iX 3HAXOJKCHHS METOJO0M

piBHsHb Kipxroga. 3a nepmmum 3akonoM Kipxroda:

Li(p)=L(p)*+1L3(p).

P « LE| 15k
:' v R
| : : p
ue)| A PR Us (p)
N . A uc(0+)
p Li(0%) L p
. e S N

Puc. 9.27

3a npyrum 3akoHoM Kipxroda
U(p)=—=Uc(p)+pLL (p)-Li,(0+)-

Uc(p)=R:12(p).

3 iH1I0rO0 OOKY,

_ . 1 uC(0+)
U.(p)=1,() pC+ .

(9.57)

(9.58)

[TincraBuBmu 11k BUpa3 y piBHIHHA (9.57) Ta (9.58), oTpumaemMo Taky

CUCTEMY PiBHSIHB:
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Li(p)=I:(p)+1s(p), (9.59)

U 1 u(0+) .
—=1,(p)—+-<—2+pLL,(p)-L-i,(0+), 9.60
=LE) (p)-L-i,(0+) (9.60)
1 u (0+)
Lp) —+-——=RI(p). 9.61
®) o+ () 9.61)

Po3B’s13aBmu 1110 cuctemy piBHSAHB BigHOCHO I1(p), oTpumMaemMo

[UR,C—u.(0+)-R,C+Li,(0+)]- p+R,LCi,(0+)-p* +U
p(R,LCp*>+pL+R,)

Il(p):

a0o0 micid MICTAaHOBKY YHUCJIOBUX 3HAYEHD

L(p)= 52,5-10°p” +8,57-10"p+140 _F,(p)
' 30-10°p® +0,025p> +60p  F,(p)

Jns 3Haxo KeHHsT opuriHany i1(t) 3aCTOCYeEMO TEOpeMy PpPO3KJIaJaHHS.
CnoyaTKy 00YMCIMMO KOPEH1 3HAMEHHUKA, TOOTO KOPEH1 PIBHSAHHS

F2(p)=30-10"°p3+0,025p>*+60p=0.
HeBaxxko 3HaiiTy, 1o p1=0, p2=-416+j1350, ps=-416-j1350.

OcCK1JIbKU 3HAMEHHUK Ma€ TpU KOpeHi, To cyma y dopmydi (9.54) Teopemu
PO3KJIaJIaHHS CKIIAJAETHCS 3 TPHOX JOJIAHKIB:

3HaXOI[I/IMO YUCCJIIBHUKH 1THUX I[OI[aHKiB:

F1(0)=140;
Fi(-416+j1350)=17,9+{57=60-¢'™ .
Fi(-416-j1350) =17,9 -j57=60-¢ /"%

3Hax0IMMO TOX1JIHY BiJl 3HAMEHHUKA:

F'2(p)=90-10%p>+0,05p+60.
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[lincTaBnstoun 0 IHOTO BHPA3y BEIUYWHU Pi1, P2 Ta P3, 3HAXOIUMO
3HAMEHHUKH JI0IaHKIB BHUpazy (9.62):

F'2(0)=60;
F'2(-416+j1350)=-109,2-j33,7=114,5- Q197'08 :
F'2(-416-j1350) =109,2+j33,7=114,5-¢ 7%

[TincTaBnseMo po3paxoBaHi BEIUYUHU KOPEHIB, YUCETHHUKIB 1 3HAMEHHU -
KiB 710 Bupasy (9.62). Ilicas aiieHHs YuceTbHUKIB Ha 3HAMEHHUKH OTPUMYEMO

19400 (_ . 1949300 (_d16_i
i1(H)=2,33+0,52¢ 24307 (-416+j1350)¢ 0,52 I124°30 o (~416-j1350)¢

abo
. -416 il1350t-124°30’ —j(1350t—124°30’
i1(t)=2,33+0,52 ¢ *-[eJ( S01240) 4 gojaazsie )
Ockinbku e%+e¥°=2cos@, T0

i,(t)=2,33+1,04-¢' - cos(1350t — 124°30') =
=2,33+1,04-¢" .sin(1350t — 34°30')

['padix 1€l 3amexHOCTI HaBeACHO Ha puc. 9.28.

1,75

Puc. 9.28

9.5.9. 3aBaaHHsA /151 CAMOKOHTPOJIIO

1. 3naitaiTe 300paxenns 3a Jlammacom mis Gyskiii f(t)=coswmt-1(t).

Binnosini: 1) F(p)=At); 2) F(p)=1/p*, 3) F(p)= @sinwp ;
4) Flp)=—P 5 5 F(p)=o/p*.

p2+(02
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2. JloBeaiTh TeopeMy 3ali3HIOBaHHS, KA MOJSTa€ B HACTYIMHOMY: SKIIIO
bynxkuii f(t) Binnosinae 300paxeHHs F(p), To dpyHkii f{t-T), sika «3ami3HIOETHCS»
Ha MPOMDKOK 4acy T BigHocHO QyHKii f{t), Bianosinae 300paxennsa F(p)-eP”.

3. Kopucrtyrounch TEOpeMOIO pO3KIaJaHHS, IOBEIITh, IO OPUTIHAIOM

1

p(p+a)

4. Po3B’sKiTh OMEPATOPHUM METOJOM 3a7ady PO3PAXyHKY MepexigHoi

HaIpyru Ha KOoTym mociigosHoro RL-kxoma (puc. 9.2) mpu H#oro miaKIroYeHH]
10 1/1eaTbHOTO JKepera MOCTIMHOT HAIIPYTH.

BUpazy € pyHkist yacy 1 (1 —e™ )
a

t
Bignosini: 1) ur(t)=tUo ,t 2 0; 2) u, (t) =U,-e" ", t20;
3) ur(t)=Up - (1-€),t > 0; 4) ur(t)= Uy -(1-€"), t <0; 5) BipHA BiANOBIAb BiACyTHS.

5. Po3B’skiTh omepaTopHUM MeToAoM 3agady 4 3 migposa. 9.4.10.
[lepekonaiiTecs, 110 BIAMOBI1 301TIHCS.

Bimmoini: 1) i =120e*A; 2)i=120(1-e) A; 3)i=4-3¢";
4)i=9tetA; 5)i=(12-9-¢"")A.

10. JIIHIHHI KOJIA NPU CKJAJHUX HENEPIOJAWYHUX
BXIJTHHUX CUT'HAJIAX

10.1. 3acTocyBaHHs KJIACHYHOI'0 TA ONIEPATOPHOI0 METOAIB

Sk1110 Ha BX1JIHI 3aTHCKayl KOJa MoJaHe KOJIMBAHHS, SIKE HE € IEP1OAUYHUM
(muB. Hanpukan, puc. 10.1), 1 Tpeba BUSHAYUTH 3aKOHU 3MIHU CTPYMIB Ta HAIPyT
IIbOIO0 KOJa, TO TMPH BUKOPHUCTAHHI KJIACHUYHOTO METOJY, CKOpIII 3a BCE
BUHUKHYTH CKJIaTHOCTI.

uf u

IRVIAY A
0\/\/

TMpomsixHul HenepioOuYHUU cugHar IMnynbcHUl cueHan

B 4
B 4

Puc. 10.1
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Bonu o00ymMoBieHI TpOOJIEMAaTHYHICTIO AHAIITUYHOTO PO3B’SA3aHHS
JiHIMHOTO AU(EpPEHIIAIBHOTO PIBHSIHHS 3 JTOBUIHHOIO MPABOI0 YaCTHHOIO (TOOTO
BXI1JIHUM JiSIHHSIM ). BX1THUMI cUTHAJ, SKUH HE OMMMCAaHUN aHATITUYHO, € CKIIATHUM
BUIIAJIKOM 1 JIJIsl 3aCTOCYBaHHS OMIEPAaTOPHOTo MeTo1y. BTim, ciaij 3ayBaskuTy, 1110
BKazaHi i1 000X METOJIIB CKJIAJHOCTI HE € MPHUHIIMIIOBUMH, a BiJI0OpaXaroTh
CKOpillle TEXHIYHY CTOPOHY BUKOHAHHS PO3paxyHKiB [1].

3ayBaXUMO, IO 3aCTOCYBaHHSI KJIACMYHOI'O Ta ONEPaTOPHOTO METO/IB
noTpedye 3HAHHS CXEMH pO3TIIaHOTO Koyia. Take 3HaHHS, OE3yYMOBHO,
HeoOXi/IHe, SKIOo Tpeba 3HANTH CTPYMHU B OKPEMHX BITKaX KoJia 200 Hampyrd Ha
OKpeMHuX ejeMeHTax Koia. OJHaK THUIOBOKO 33Jayeio, sSKa BUHUKAE TpHU
JOCITIKEHH] TIPUCTPOiB aBTOMATHKH a00 3B 53Ky, € 3ajJada BU3HAYCHHS
BUX1JIHOT'O CUTHAJTY TaK 3BaHOT0 YOTUPHUIIOIIOCHUKA (KOJIa, IKE Ma€ JIBa BX1AHUX
3aTHCKaYl Ta JBa BUXIJHUX 3aTHCKadl, K, HANPUKIAI, TpaHCPOPMATOP) MpHU
3aJlaHOMYy BX1JTHOMY curHaii. [Ipy nboMy BHYTpilTHS Oy0Ba YOTUPUIIOTIOCHUKA
MOXxe OyTH BIJJOMOIO HE IOBHICTIO a0o0 B3araji HeBigomMor. Mo)KHa JHIIe
CTBEp/UKYBaTH IO BIH SABISE €000 JHIMHE Kojo. HeoOximHOo mi3HATH
BJIACTUBOCTI IILOTO KOJIa IIOAO Tepe/iayl KOJMBaHb 3 BXOAY A0 BUXOdy. Taky
iH(DopMaIliI0 MOXHA OJEpKaTU JIUIIE EKCIEPUMEHTAIBHO, MOJAI0Yu Ha BXiJ
TECTOBI CUTHAJIU 3 BIJIOMUMU NTapaMeTpaMH 1 aHAMI3yIOYH BUX1/IHI CUTHAJIH, B K1
MEPETBOPIOIOTHCA 111 TECTOBI CHUTHANM. 3a TaKUX YMOB CKJIACTU IS
JOCIIIKYBAHOTO Koja omuc y ¢Gopmi AudepeHialbHOro piBHAHHA abo B
omnepatopHiii ¢opmi ayxe ckiamHo. [loTpiOHI OiablI 3py4yHl METOIU, SIKI O
JTIO3BOJIUJIM PO3B’A3yBATU 3a7jauy BU3HAUCHHSI BUX1JHOTO CUTHATY Ha 0a3l Xxapakx-
TEPUCTUK KOJIa, MOCTYITHUX ISl €KCIIEPUMEHTAILHOTO BH3HAYCHHS. Takummu
XapaKTEPUCTHKAMU € TIEPEXiTHa XapaKTEPUCTHKA KOJIa, IMITYJIbCHA XapaKTEePHUC-
THKa KOJIa, a TAKOX HOTO aMILTITyTHO- Ta ()a30-9acTOTHA XapaKTCPUCTHUKH.

10.2. Tlepexigni xapakrepucTuku KoJa. Po3paxyHok koJsia 3a
A0MOMOroxo inrerpaja [roamens

3HOB PO3TJIIHEMO OJMHUYHY cXimguacTy GyHKIO (quB. miaposa. 9.5.3).
Ane Tenep BBAXaTUMEMO, L0 CTPUOOK MOXKeE BIIOYTHUCS HE TiIbKU npu t=0, ane
U npu Oyab-sikomy t=t. Taky Moaudikaiio OAMHUYHOI cXigdacTol (yHKIIii
ONHCYIOTh SIK

Onput<r,;
l(t—r)— loput=>r,

il Burisa mojgano Ha puc. 10.2. Hexail nmistHHS Ha BXOZl JIHIHHOIO KOJIa Mae
BUTJIS

X()=A-1(1),
ne A — BellnuuHa cTpuOKa Hanpyru ado cTpymy.
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X
1
. >
0 T t

Puc. 10.2

Take AisTHHS COPUYMHHUTH JEAKUM BIATYK y(t) y BUDISIIl cTpymy abo
HaIlpyTu B JUISHIN KOJIa, SIKa HAC IIKaBUTh. Llel BIATYK 3aJIe)KUTh TUIBKU Bij
CXEMH KOJIa Ta HOMIHAJIIB 11 €JIEMEHTIB.

Beeaemo (yHKIIi0

a()=21

A

9

Ky NPUNUHATO HA3UBATH MEPEXiIHOK XapaKTePUCTHKOIO KoJia. [le — peakiris
KOJIa Ha BXIJHE OJUWHHUYHE CXigdacTe MisSHHSA. Po3MipHICTB i€l QyHKINT MOXe
OyTu pi3zHo0. Hanmpukian, Ko BXiJHE JiSTHHS € CTPUOKOM CTpyMYy, a BIATYK Y(t)
€ Hanpyrow, To PyHkuis a(t) MaTUMe CMHCI TIEPEXIAHOTO OMOpPY Koja (MU B¥Ke
BBOJIMJIM TaKl BETUYMHM NIPU aHami31 nepexigaux npoueciB y RL- ta RC-konax
y miapo3a. 9.4). SKio x sk BX1J1HE AisIHHS, TaK 1 BIATYK € HAIpyramu, TO QyHKIIs
a(t) € 6e3po3MipHOIO Mepexiano (PYHKIIEI0 KO0J1a 32 HAPYTOI0. 1i MpHItHSATO
no3Havatu sk h(t). Jlam posrimsHemo came 1o (QpyHKI0. 3ayBaXXuMo, 110 AJIs
pPEAIBLHOIO KOJIa 11 JOCUTh IPOCTO BUZHAYUTH €KCIIEPUMEHTATIBHUM LILISIXOM.

Hexait BxiHe qiSTHHS IE€SIKOTO KOJIa 3a/1aHe Y BUTIIS1 (PYHKITIT, 300paskeHO1
Ha puc. 10.3. baunmo, 110 Taky QyHKIIII0 MOKHA HAOJIMKEHO YSIBUTH Y BUTJISII
cymu mouatkoBoro ctpudka Up-1(t) Ta CyKymHOCTI HACTYITHHUX CTPHOKIB, SIKi
pIBHOMIpHO po3TamIoBaHi B yaci i3 kpokoM At. KoxeH 3 1iux cTpulkiB Ma€e CBOIO
BENTMYMHY Au, SKa 3aJICKUTh BiJl MOMEHTY T, B SIKHM 1€l CTpUOOK BIIOYBCS.
ToOTo OKpemuii CTpUOOK OMHUCYEThCA SK Augx(T)-1(t-T). TodYHICTH TaKOTrO
ysIBJIIEHHS Oyzie a0COMOTHO0, K0 AT—0, a KUIBKICTh LIMX CTPUOKIB 3pOCTE 10
HECKIHYEHHOCTI.

Ockinpku mpu Manux BennuuHax AT ¢parmeHT AB kpuBoi maiibke He
BIJIPI3HSETHCS BiJI BiIpi3Ka MPSIMOI JIiHI1, TO MOYKHA HaOJIMIKEHO 3aIucaTH, 110

AUBX(T) zu,BX(T) 'AT,

' (7)= du,(t)

’ dt t=1 .
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Ug, A
Bxid B
Au(e) ¥ Z 77777 I
e -
u(0)=U, MoolatiatiaTiazg
0y <> .
IS N t
Au1(t-7)4 i
Au(z ................. W i
0 ET ;
uBuxA i
Buxid i Aot
u(0)h(z) |
© 0 T t:
Puc. 10.3

Tomi Au,(t)-1(t—1)~u/ (t)At-1(t 7).
[Tpu A1—>0 mMaemo

du, (t)-1(t—1)=u/ (t)dt-1(t—7). (10.1)

Biarykom kona Ha mouatkoBuil cTpuOOK Uex(0)=Uo-1(t) Oyzae, 3rimHo 3
BU3HAYCHHAM MepeximHoi GyHKIi kona, GyHKiig usx(0)-h(t). Binrykom mporo
koda Ha crpubok du (’I:) l(t — 1:) oyne ¢yukmis h(t-t)-dusx(t), sKa
MOYMHAETHCSI B MOMEHT 4acy t=t. 3aMiHuBIIN BeanunHy dusx(T) 3rigao 3 (10.1),
OTPUMAEMO, 1110 ITUM BiATyKoM Oy1ie u'ex(T)-h(t-1)-dt.

OCKIiJbKH KOJIO JIIHIHE, TO B MOMEHT 4acy t peakii€ro Ha CyMy BXIJTHUX
CTpHUOKIB € CyMa peakxiliii Ha KOKHUN OKPEMHI CTPUOOK, SIKHIl BCTUT BiAOYyTHUCS
710 IILOTO MOMEHTY Yacy (3riHO 3 mpuHIunoM Hakinananus). [Ipu At—0 1o cymy
CJIIJT 3aMIHUTH 1HTETpasoM. ToMy BHXiJTHA HAMpyra Koja JIOPiBHIOE

t

o (6=, 0) () + fu, (Wh(t-thar.  (102)

0

Lle#t Bupa3 HazuBaroTh iHTerpaaom Jdrwameds. [Ipointerpysasuu npyruit
JOJTAHOK I1i€1 PIBHOCTI 32 YaCTHHAMH, OTPUMAEMO
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Uy ()= 1, (0)- () + [u,, () h(t— 7)) + fu,, (D' (e - )t =
0 (10.3)

Ile — npyra dopma 3amnucy iHTerpana Jroamens. IcHyroTh ¥ 1HII Gopmu
3aMmcy 1OTO 1HTerpana (IuB., Hanpukiaaxn [2, 11]).

g po3paxyHKy BHXIAHOI Hampyrd Kojia 3a JOMOMOTOI0 IHTerpajia
Jlroamens ciifi Cio4aTKy €KCIIepUMEHTAIIbHO a00 PO3PaxyHKOM OJIep KaTH mepe-
X1IHy xapakTepucTuky h(t) mporo kosa, mcisi YOoro BUXIJHY HAMpyry MOXHa
3HaiTH, kopucryouuchk (10.2) a6o (10.3). [Ipu mpoMmy iHTErpyBaHHS MOXHA
BUKOHATU SIK aHAMITUYHO (SIKIIO Uex(t) Ta h(t) maroTh 3pydyHHil aHATITUYHUN
OIKC), TaK 1 YUCIOBUMHU METO/IaMH (SIKILO 3pYYHOTO aHAJIITUYHOIO OMHICY HEMAE
a60 dyHKIIT uex(t) Ta h(t) Big camoro mouatky 3ajaHi rpadiqHo ab0 TaOIMYHO).

10.3. IMnyJbCcHA XapaKkTepuCcTHKA KoJ1a. [HTerpaa Hak/iIalaHHA

[lep, HiXK AaTH BU3HAUCHHS 1HIIIN Ba)KIMBIA XapaKTEPUCTHIN JIHIHHOTO
KOJla, a caM€ — IMIYJIbCHIM XapaKTepUCTHIl, BBEAEMO MACSIKUN OCOOIMBUIA
IMITyJIbC, SIKUM HA3WMBAIOTh JAelibTa-pyHKII€0. Lle — 11eanizoBaHne OAHOMOISPHE
IMITyJIbCHE  JIISIHHS, $IKE SIBJISIE COOOI0 HECKIHUEHHO KOPOTKHUHN IMITYJIhC
HECKIHYEHHOI BHCOTH, MPUUYOMY IUIomIa (PIrypH, yTBOPEHOI LIUM IMITYJIbCOM Ta
BICCIO 4Yacy, JOPIBHIOE OJMHUIIL:

o, t=0
S(t): 9 9
0,t=0.
OnuH 3 MOXIJIMBUX MUIAXIB OIMUCY TaKOro IMMYJbCY — 1€ PO3IJIsiA

IPSIMOKYTHOTO iMITYJbCY O(t, Tn) TPUBATICTIO Tn Ta AMILTITY10I0 1/Tn (puc. 10.4)
npu Ta—>0.

sttt
1
;|
| »
0 T {
Puc. 104
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OueBunHO, MO 3a Oyab-KOi BEIMYMHU T IUIOHIA MiJ LKUM IMIYJIbCOM

JIOPIBHIOBATHME S = T_ l =1. OTxe, MaeMo 8(t) =/im 8(t, 'cn).
-0

T

n
MosxmuBi # 1HIII1 ciocoOu onucy aenbTa-(QyHKIIT SK TPaHUYHOTO BUTIATKY
TS 1HIUX QyHKIH. B Oyab-sKoMy BUIIAJKy MaEMO PIBHICTh

TS(t)dt =1 .

Sxmo nenvra-¢yHKUisS icHye He npu t=0, a nmpu t=t, (TOOTO BOHA
«3CYHYTa» BiJ] IOYATKy KOOPJMHAT), TO 1i 3aMUCYIOTh K O(t-T).

BaxxnuBoro oco6nuBicTIO fenbTa-GyHKIII € 11 hinbTpyroda (cTpoOyBaibHa)
BJIACTHUBICTbD, SIKa MOJISITae B HacTynmHoMy. Hexaii f(t) € HerepepBHOIO HA BIIPI3KY
[t1, t2] 1 HEXAI t1 < to < t2. Tomi

ty

[ £(t)-8(t—t,)dt = f(t,), (10.4)

ty

ToOto penbra-PyHKHIsA «BiADUIBTpYBana» 3HaueHHS GyHKil f{t) B
MOMEHT 4acy to.

Tenep BBeEMO IMIYJIbCHY XapaKTEPUCTUKY YOTHUPUIIOIIOCHUKA (KOJIa,
AK€ Ma€ Tapy BXIJIHUX 3aTHCKAYiB Ta Mapy BUXIIHUX 3aTHCKayiB) SK HOTro
pPCaKIiio Usux(t) Ha BXIOHY IMIIYJIbCHY HaIpPyTry qu(t)—S(t). [0 peaxiiiro
NPUIHATO MO3HAa4YaTH 5K g(t), ToOTO g(t) u, t] (=5 )

IMmynbcHY ~ XapakTepuCTHKy ~ KOJa  MOXHA  BHU3HAYUTH  SIK
€KCIIEPUMEHTAJIbHO, TaK 1 aHATITUYHO. B mepmomy BUnNanky BU3HAaYeHHs Oyne
HaOMMKEHUM, 00 B PEaIbHOCTI HEMOXIJIMBO C(OPMYBATH IMITYJIbC HAMpPYTH y
BUTJISAI JIeNbTa-PyHKIN, OJHAK, A0 HEl MOXKHAa HAOJMU3UTHUCA 3 TOYHICTIO,
JIOCTATHBOIO JIJIs 0araTh0X MPAKTUYHUX BUITAJIKIB.

Bukopucrtanus 1MIyJbCHOI XapaKTEPUCTHUKU MOKIAJEHO B OCHOBY
pPO3paxyHKy peakiii Kojia 3a JTOIOMOTOI0 TaK 3BAHOTO iHTErpajia HakjIaJaHHS.
Jns dopMyntoBaHHS LIBOIO METOAY YSBHMO BXIJHUH CHUTHAN Usx(t) JIesKOro
YOTUPUINOIIOCHUKA CKJIQJACHUM 3 €JIEMEHTapHUX NPSIMOKYTHUX IMITYJIbCIB
TpuBaJicTi0O AT koxxkHMi (puc. 10.5). 3Buuaiino, mo npu At—0 1 CyKynHICTh
IMITYJIBCIB MIPSIMYE 0 KPUBOT Uex(t).

BubepeMo NMOBITbHUN IMIYJbC, SIKUM MOYMHAETHCS B MOMEHT T. Horo
Ioma JAOPIBHIOE Uex(T)-AT.Cripsimyemo At mo Hyns. Toxi neli immynbe Oyae
HECKIHYEHHO KOpPOTKUM (AT—>dT), a mioma uex(t)dt mpsMmyBatume a0 HYJIS.
Takuii HECKIHYEHHO KOPOTKUU IMITYJIbC 3 Mailke HYJbOBOIO IUIOIICIO MOXHA
aHAITHYHO OINMHCATH K Upx(T)-O(t-T)dT, TOOTO K menmbTa-(QyHKINIO, B3SITY 3
KOe(DIIIEHTOM BETUYMHOIO Upx(T)dT. AJie XK, 3a BU3HAYEHHSM IMITYJIHCHOI
XapaKTePUCTHKH, PEAKII€I0 YOTHPHUIIONIOCHUKA Ha AenbTa-PpyHKuio O(t-1) €
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bynkiis g(t-t). Peakiiero Ha BCIO CyKYMHICTh IMITYJIbCIB, 3 SIKHX ‘‘CKJIaeHO”
HaIpyry uex(t), Oyzne cyma peakiiii Ha KOXKHUH 3 WX IMITYJIbCIB.

quA nnowa Uy (T) AT
qu(T) “““
Ug,(0) &
0 T T+AT t>
A
UBX(T) i :7A7;
Z
ugOg
~
_ .
0 2 t
uBuxA i
| Ug, (T)dT9(t-T)
| Ug, (0)dTY(t)
0 t
Puc. 10.5

Ockinbku AT—0, T06T0 AT= dT, TO 11T CyMa NEPETBOPIOETHCS HA IHTETPa

t

()=, (W g(t—7)=u, (Wglt—he.  (105)

0 0

OcranHili BHpa3 Ha3MBAIOTh IHTErpajioM HakJaJdaHHdA. IcHye WU
aNbTEepPHATUBHUM BapiaHT MOro 3amucy:

u,, (6)=[u, (t-1)g(x)dr. (10.6)

O6uaBi 11 GopMysd AO3BOJISIOTH 3a BIAOMHUM (B TOMY YHCI 3aJaHUM
rpadgiyHo abo TaOJIMYHO) BXIJHUM CHUTHAJIOM Ta BIJOMOIO IMITYJIBCHOIO
XapaKTEPUCTUKOIO (SIKa TE€X MOKe OYTH 3a1aHOI0 SIK aHAIITUYHO, TaK 1 rpadivyHo
a00 TaObJIMYHO) BU3HAYUTH 3aKOH 3MIHHU B 4acl BUX1THOT'O CUTHAIY.
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10.4. Po3paxyHOK KiJI Y YaCTOTHIii 00s1acTi

10.4.1. InTerpaa ®@yp’e. IleperBopennss ®yp’e

Y po3mimi 7 pO3MISHYTO CHEKTpalbHE TMOJAHHS IEPIOANIHOTO
HECHHYCOITHOTO curHamy. Ilepexin m0 HEmepioAMYHUX CUTHAIIB, OYEBHJIHO,
noTpedye MeBHOI 3MIHM MaTEMaTHYHOTO anapary.

OTxe, MU MOJaBaIM MEPIOTUIHUN CUTHAT S(t) y BUTIISIII CyMH TapMOHIK:

s(t)= 3" Conk- €11 (10.7)
k=—0

Jie KOMIUIEKCHI aMILTITYIM TapMOHIK OOUYHCITIOBATIUCS SIK
1 12

Coue = — [s(t) e at. (10.8)

-T/2

) 27 .
Haragaemo, mo T — mepiox curmamy, a @, =-- — 49acToTa IEpIIOi
T

TapMOHIKH.
[TincraBumo (10.8) B (10.7), 3anmucaBiiy npu bOMY, 10 T = n.
(D]
w [ T/2 N L®
s(t)= > | [s(t)e ™ at |- -—L. (10.9)
k=—o\__T/2 27

3niiicCHUMO TepexiJ BiJ MEpPIOAMYHOTO CUTHAIY [0 HENepioJuyHOro,
cupsiMmoBytour T 10 HeckiHueHHOCTI (uB. puc. 10.6), TOOTO “pO3TATHEMO” MEXK1
OJIHOTO TIEPI10Jly Ha BCIO BICh YacCy.

lpu T > c0 S lpu T > o0
usi Konisi nepwoeo nepiody us Konisi nepwozo nepiody
"g8i0x00umb" 00 MiHyC HECKIHYEHHOCMI "gi0xodumb" 00 HecKiH4eHHoCmI

A
\ 4
A
\ 4

Puc. 10.6
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Ilpu 1pomy ammuityad Cmk TapMOHIK CTaHOBJIATHCS HECKiHUCHHO
MaJMMH, BIJICTaHb 1 MK TapMOHIKAMH TEX CTa€ HECKIHYEHHO Majior. Tomy
MoxkHa B (10.9) 3aminutu @1 Ha d®, a yacToTy k@i — Ha MOTOYHY YacTOTy .
Cyma npu 11bOMY 3aMiHIOETHCS Ha IHTETpa;

s(t)= 21 i Ts(t)- e dt |-e''dw. (10.10)
Tt —00 =00

Bupa3 (10.10) Ha3uBaroTh inTerpasom @dyp’e B KOMILIeKCHiH ¢opMi.
BuyTpimHiit inTerpan

Ojos(t)-e‘j““dt =S(w) (10.11)

HA3MBAIOTh CMEKTPAJbHOI rycTHHO curHany s(t). 3rigHo 3 (10.10), cam meit
CUTHAJI TIOB’SI3aHUM 13 CBOEIO CIIEKTPATILHOIO TYCTHHOIO SIK

s(t)= 1 Tg(m)- e dm. (10.12)
2T

Bupaz (10.11) na3zuBaroTh nmpamMuM neperBopeHHsM dyp’e, a Bupas
(10.12) — o0epHenum neperBopeHnsiMm Dyp’e.

104.2. KommiexkcHa mnepeaaTHa (QyHKIisS KoJa 32 HANPYromw.
AMILIITYTHO- Ta (a304aCTOTHA XapPAKTEPUCTHKHU K0JIA

Hexaii Ha BX1]1 JTIHITHOTO YOTHPHUIIONIOCHUKA (TOOTO TAKOTO KOJIa, SIKE Ma€e
JBI Mapy 3aTUCKAYiB — BXIAHY, A0 AKOI MIAKIIOYAIOTh JKEPENIO CUTHAIY, 1
BUXI/IHY, J0 SKOi MiAKJIIOYaIOTh HABAHTAXKEHHS) MOJAHO CHUHYCOiIHY Hamlpyry,
KOMIIJIEKC MUTTEBOIO 3HAYEHHSI SIKOT 3aIUILEMO SIK

l—lBX (t) = Ume (0)) ) ej[m“'q)”(m)] = gme (0)) ) ejmt o
ne U, (a)) =U, - ") _ xommekcra ammiityna BxigHoi Hanpyru.

OCKUJIbKY YOTUPUIIOIOCHUK JIHIMHUAN, TO HOro peakiis (BiAryK) MaTuMme Ty
XK camy 4acToTy. KoMIjiekc MUTTEBOTO 3HAUEHHSI peaKIlii 3aluIIeMo K

.. (t)=U,.. (@) e,
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— j(PBHX ((D) . . .o
ac U (0)) = Umsm € — KOMINIJICKCHA aMIIIITy/]a BUX1AHO1 HAIIPYyTI'U.

—— N BHUX

KowmriekcHa mepenatHa GyHKITIS 32 HAPYTO0 BUSHAYAETHCS K

U .
ISU((D) — gmnux (0')) — mBUX (m)ej[q)nux(m)_q’nx(“))] ) (1013)
gme ((D) Umnx ((D)
Binnomenus
U,,.(®)
m BUX — K
U w) 0@
Ha3UBaIOTh AMILTITY/THO-YACTOTHOIO XapaKTePHCTUKOIO (AUYX)

YOTUPUTIOMIOCHUKA. 3a (i3uyHuM cmucioM AYX mokasye, y CKUIbKH pa3iB
CUTHAJI 4acTOTOI ® IMmijacuiieHo (abo mociiabiaeHo) MpU MPOXOJKEHHI Kpi3b
YOTHPHUIIOTFOCHUK.

Pi3auiro

AQ (®) = @uux (©) - Psx ()

Ha3UBaIOTh (a304acTOTHOIO XapakTepucTukor (OUX) votnpunontocHuka. 3a
¢13uynuM cmuciaoM OUX € MoKa3HUKOM BEJIMUYMHM 3CYBY (pa3u CHHYCOiTHOTO
CUTHAJIy 4YacTOTOK ®, HAOyTOro MNpU MNPOXOKEHHI LBOrO0 CUTHAIY Kpi3b
YOTHUPHUIIOJIFOCHUK.

Jlnst BumiproBanas AUX ta @UX BUKOPUCTOBYIOTH ClIEeLialIbHI PUIaAH —
BIJINOBITHO BUMiproBaul AUX Ta BuMiproBaui pi3HHILI (a3.

Ockinbku, 3117110 3 (10.10), MUTTEBE 3HaUCHHS Upx(t) BXITHOTO CUTHAIY €
MEXKEI0 CyMHU HECKIHYEHHOI KIJTbKOCTI HECKIHYEHHO OJIM3bKMX OJIHA JI0 OJIHOI
rapmMonik €' 3 ammitymoro U, (0))=§BX (w)dm (me Sex(®) — cmekTpaibHa
I'YCTHHA CUTHANY Uex(t)), TO, Bukopuctapmu (10.11), MokHa 3amucaT peaxiiito
YOTUPUIIOIIOCHUKA Ha TaKy TAPMOHIKY K

Un(0)= K, ()-8, (0)do =S, (0)do,

ne S, (‘D) =Ky (“)) S

=BX

Toni, 3rigHo 3 (10.12), MOXKHA 3HAWTH BUXITHUN CUTHAI K

((0) — CIICKTpaJibHA I'yCTHUHA BI/IXiI[HOFO CUTHAIY.

W (t) = i TKU ((D) S (m)ejmtdm = i OJ? S s (m)ejmtdﬁ)- (10.14)

Omxe, moO BU3HAYUTH 3aKOH Upux(t) BHUXIIHOI HANpPyrH, CIiAg
HNEPEMHOXKUTU CIIEKTPAIbHY I'YCTUHY Sex(®) BX1IHOT HAIPYTH 3 KOMILJIEKCHOO
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nepenatHoo  ¢yHkuiero Ku(w), micns 4oro, 3acToCcyBaBIIM OOEpHEHE
neperBopeHHs Oyp’e (10.14), 3HaiiTu mykany GyHKIIO 4acy Ugux(t).

10.5. 38’5130k MiK 4YacOBHUMH Ta YACTOTHHUMHM XaPaKTePUCTUKAMH
K012

10.5.1. 3B’5130K Mi:K iMITyJIbCHOIO TA NEPEXiTHOI0 XaPAKTEePUCTUKAMH

3HOB PO3TISTHEMO ACTbTa-(PYHKITIF0 SIK TPAaHUYHHUHN BUTIAIOK MPSIMOKYTHOTO
iMysibey  O(t, Tn), posrisHyTOoro B mimpo3a. 10.3. Takwif iMITyJIbC MOKHA

300pa3uTH K PI3HUIO CX1M4acTUX QYHKIIN fi1(t, Tn)= i-l(t) Ta  fr2(t,Tn) =
T

n

1. 1(t - Tn) (puc.10.7). O1xe, MOKHA 3amMCaTH, 10
T

n

0 npu t<0

5(t,T,,)=4Tl=f“(t,Tn) npuo0<t<T, (10.15)

\fn(t, Tn)—fn(t,‘rn)s 0 nput=>T,.

Tenep ysBuMo co0l1, 110 Ha BXiJ JAESKOTO JIHIHHOTO YOTHPHUITOIIOCHUKA
MOJIaHO HAMPYTY Uex(t,Tn)=0(t,Tn). OCKINBKM BIH NiHIHHUH, TO WOTO peakilis
CKJIQJIa€ThCS 3 PI3HMIN peakiiii Ha BXigHl IistHHSA fi1(t, To) Ta fia(t, Ta). AJle X
KO)KHE 3 IIMX JISHb — TO cXigdacTa (yHKIIS, BUCOTA SIKOi YHCIIOBO JOPIBHIOE

BenuuuHi 1/Ta. ToMy peaxiii€ro Y4oOTUPUTIONIOCHUKA Ha fu(t, Tn) OyIie r . h(t), a
‘cll

peaxuiero Ha fi2(t, Tn) Oyne 1, h(t -1, ), oe h(t) — mepexinHa XxapaKTepUCTHKA
T

n

bOT'O YOTHPHUIIOIIOCHUKA. A BIJTaK, pe3yJIbTaTUBHA PEAKIIIS Upux(t) HA IMITYJIbC
d(t,Tn) € TaKOIO:

0 mput<O0,

um(t,Tn)=<Tl-h(t) npu0<t<T, (10.16)

n

1 1
T—h(t)—T—h(t—Tn) le/lt>Tn.

L n n
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stz 4
.
V|1
| Th
7 g
A
fis i
| 1
! T
0' ! ”
fio i
| 1
|z
0 T, >
Puc. 10.7

CrpsiMmyeMo BeTMYHHY Tn A0 HYJS. OCKUTBbKY NeibTa-QyHKII0 O(t) MOXKHA

ySIBUTH K fim 8(t,'cn ), TO BX1JIHOIO HaIpyrow oyne
T,—0
tim u_(t,t,)=(im3(t,t,)=5(t), T06TO came nmenbTa-QyHKuiA. Ane K
T, —0 T —0

B1JIOMO, 1110, 32 BU3HAYCHHSM, PEAKI[isl YOTUPHUITOIIOCHUKA HA TaKe BX1HE JTISTHHS
€ Moro IMITyJIbCHa XapakTtepuctuka g(t). Tooto

gim uBux (t’ Tn ) = g(t)

T,—0

Otrxe, MU BH3HAuUWIUW MeXy JiBoi 4vactuHu Bupazy (10.16). Temep
BU3HAYMMO MEKOBE 3HAUCHHS BUpPa3iB, IO CKJIAMAIOTh PSAAKU MPABOi YaCTUHU
1IbOTO BUpa3y. [lepimmii psimok TOTOKHBO TOPIBHIOE HYJTI0. MEKOBUM 3HAUYCHHSIM
JIPYToro psijika, 3TiHO 3 BU3HAUEHHAM nenbTa-QyHKil (auB. posain 10.3), €
BennurHa 0(t)-h(0). MexxoBe 3HaUCHHS TPETHOTO PSJIKA 3HAXOIUMO K

Jim h(t)-h(t—7,) _dh(t)
1,0 T dt

n

nput>0-

OTxe, IMIyJIbCHA XapaKTepUCTUKA BUPAXKAETbCS UYepe3 NepexigHy
XapaKTEPUCTHUKY SIK
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0 nput<0,
g(t) = 8(t)- h(O) npu t=0,

dl:lgt) nput>0
abo
g(t)= h(O)-S(t)+d(l;£t). (10.17)
Sxumro h(0)=0, To
= M 10.18
g(t)==_ " (10.18)

[Tpu ubomy sik y Bupasi (10.17), Tak 1 y Bupasi (10.18) maemo g(t)=0 npu
t<0. Haperri, crae 04eBUIHUM, IO TIEPEX1THA XapPAKTEPUCTUKA € IHTETPAJIOM BiJl
IMITYJIbCHOI

t

h(t)=[ g(t)dt. (10.19)

0

10.5.2. 3B’A30K MikK iMIyJIbCHOI0 XaPAKTEPUCTHKOK Ta KOMILIEKCHOI)
nepeaaTHow GyHKUIEH

Hexaif Ha BXiJ YOTHPHIIOIIOCHUKA IOJAHO HAMpyTy Usx=0(t). Tomi, 3a
BU3HAYCHHSIM, BHUXIJIHOIO HAIPYrol € IMIYJbCHA XapaKTePUCTHKA IIHOTO
YOTUPUIIOJIIOCHUKA: Upux=g(t). 3 iHImoro 6oky, 3rigHo 3 (10.14), mo HAnpyry
MO>KHA 3aITUCaTH 5K

uan (t) - ﬁ TKU (0‘)) ’ SBX (m)ejmtdo‘)’ (1020)

ne Kuv(w) — kommiekcHa niepeiatia (yHKIIisI YOTUPUIIOTIOCHUKA 32 HAIIPYTOI0;
Sex(®) — ciekTpanabHa yCTUHA CUTHATTY Ugx(t).

VY nanomy BUMNAAKy BX1AHUM CUTHAJIOM € aefbTa-QyHKiis. OOUnCIUBIIN i1
CHEKTpalbHy I'ycTUHY 3a Bupazom (10.11), maemo

S, (@)= TuBX (t)-e'dt = Ofs(t)- e dt.
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3rigHo 3 GUTTpYIOYOI0 BiacTuBicTIO AenbTa-(yHkili (10.4), otpumyemo

S

— o jo0 _
S.x (0)) =e ™ =1,
TOOTO CHEKTpajibHAa T'yCTHHA JeabTa-PyHKII Ha OYyIb-SIKIM 4acTOTI JIOPIBHIOE
onunaMIl. [TimcraBuBiy nei pesynsrar B (10.20), oTpumyemo

U (0= [Ke(0)-cdo.

OCK1UIbKM B HAIlIOMY BHUIIAJIKY OyAe Ueux(t)=g(t), TO

¢(t)= L [Ko(0) e™do.
2,

OTxe, IMITyJIbCHA XapaKTEpPUCTHKA € OOEPHEHUM NEPETBOPEHHAM Dyp’e
B1Jl KOMIUIEKCHOI nepeaaTHoi GyHKIIi. A 3B1ICH CI1J 3p0OUTH BUCHOBOK, IO LS
OCTaHHSI € MPSIMUM IlepeTBOpEeHHIM Dyp’€ B IMIYJIbCHOI XapaKTEPUCTUKHU:

&(m):_ig(t).e-wdt.

[Tokazanwmit y migposn. 10.5 38’130k yacoBux xapakrepuctuk h(t) ta g(t)
YOTUPUIIONIOCHUKA SIK MIX €000, Tak 1 3 HOro KOMIUIEKCHOIO MEpPEeAaTHOO
byHKIlI€I0, A03BOJSIE 3pPOOUTH BHUCHOBOK, IO METOJ PO3PaXyHKY KUI 3a
JOTIOMOTo10  iHTerpana Jlroamens, MeTOJ pPO3paxyHKy KUl 3a JOINOMOIOIO
IHTerpajga HakJaJaHHS 1 METOJ PO3paxyHKy KIJI y YacTOTHIM o00yacti €
INPUHIIMIIOBO PIBHOLIHHUMH IHCTPYMEHTaMH aHali3y Kil. ToMy B KOHKpETHIH
cuTyalii BHUOIp METOAY pO3paxyHKy IUKTYEThCA MepII 3a BCE THUM, SIKI
XapaKTEPUCTUKU KOJIa JOCTYIHI, a TAaKOX 3PYYHICTIO BUKOHAHHS PO3PAXyHKIB
00paHUM METO/IOM.

10.6. 3aBaaHHs 1JI1 CAMOKOHTPOJIIO

1. 3naiiaiTe BUpa3 I8 KOMIUIEKCHOI MepeaaTHoi (yHKII 3a Hampyror
YOTUPHUIIOIOCHUKA, CXEMY SIKOTO 300pakeHo Ha puc. 10.8.

R

1
| S

Puc. 10.8
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Bianosizgi: 1) K(w)=8(t); 2) h(t)= ®’RC;

3) K (0)) = ; . e—jarctg (3wRC);
“ Jo+(@rC)
4) g(@)=1ot; 5) Ky(o)= S ¢~ JArctg(ORO)

J1+(@RC)

2. 3HalITh IMITYJIbCHY XapaKTEPUCTUKY KOJIa 3 MOIMEPEAHBOT 3a/1aui.

t

Biamnoaizi: 1) g(t)=RlC.e_Rc A(t); 2) K(@)=8(t); 3) h(t)= o’RC-1(t);

4) g@)= 1ot 5) K (0)= 1 jarctgeRO),

S e (oRC)*

3. 3HailaiTh NepexiJiHy XapaKTepUCTUKY Koja, KOMIUIEKCHA IepeaaTHa
(GyHKLIS SIKOTO AOPIBHIOE QL / (Q + jw).

t

Binnosixi: 1) ¢(t)= L.e_; 1(t); 2) K@®)=6(t) ; 3) h(t)= a’RCt;
RC
4) h(t) = (1 — e_“t)- l(t).; 5) BipHa BIJTIOB1Ib BIJICYTHS.

4. B komi, cxemy sikoro 3o00paxeHo Ha puc. 10.9, BXigHa Hampyra Uex

. . -2t
3MIHIOETHCS B yaci 3a 3akonom 4.7 .

R1
uB)> Lg RZQ luBux
Puc. 10.9

[Tapametpu enementiB kosna: Ri=R»=2 Om, L=0,5 I'n. 3naiitu ua(t),
BUKOPHUCTABINM iHTErpan J[roamerns.

Binnosigi: 1) w2(t)=(L/ R1 Rz)e2t1(t); 2) ua(t)=2(1-2t)-e21(t);
3) ua(t)= 02RCt: 4) ua(t)= 4-e 2 1(t); 5) uz(t)=0,25(1-¢).

5. Po3B’s3atu 3a1auy 4, BUKOPUCTABIIN 1HTETpal HAKIalaHHS.

Bignosizxi: 1) uz2(t)= 4-e>'1(t);  2) ua(t)=2(1-2t)-e2-1(¢) ;
3) u2(ty=(L/ R1 R)e21(t); 4) uz(t)=0,25(1-¢); 5) ua(t)= a?RCt.
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AMILTITY/THO-4aCTOTHA
XapaKTepucTuKa, 237

Bananc noryxxHocreit, 42

BeGep-amniepHa xapakrepuctuka, 67
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