JJABOPATOPHA POBOTA 2.
PO3PAXYHOK CKJIAJJTHMX KIJI CUHY COIJIAJIbHOI'O CTPYMY

MeTta po0OTH: eKCTIEpUMEHTAIBHO MEPEBIPUTH PO3PAXYHKH KiJT CHHYCOIJAIBHOTO CTPYMY METOJaMu
BY3JIOBUX TMOTEHIIAJIIB, €KBIBAJICHTHOT'O TeHEpaTopa 1 CATHAJIBHOTO Tpada.

KOPOTKI TEOPETHUYHI BIJOMOCTI

1. Bubip metoxy po3paxyHky. [lpu BuOOpi MeTomy po3paxyHKy MparHyTh CHPOCTHTH PO3PaXyHOK
JTAHOTO KOJIa, TOOTO, CKOPOTUTH OO MIHIMYMY YHCJIO HEBIIOMHX 1, TAKMM YHWHOM, 3HU3UTH HOPSIOK
CUCTeMHU piBHsHb. Hampukian, Iuis po3paxyHKy Koja 3a METOAOM piBHsHB Kipxroda 3aBxiau 4uciio
HEBIJJOMHX CTPYMIB JIOPIBHIOE YHCITY BITOK CXeMH. SIKIIIO K JI0 IIBOTO KOJIa 3aCTOCYBATH METO]T KOHTYPHHX
CTPYMIB, TO KIJIbKICTh HEBIJOMUX MOKHA CKOPOTHTH JI0 YUCNa K =n - &+ |, 1e N — 91cio BITOK, & - YUCII0
BY3JIIB CXEMH. SIKIO KOJIO YTPUMYE Psiji MapajellbHO CIONYYSHHX BITOK, TO YHCJIO HEBIJOMHX MOXKHA
CKOPOTHUTH, BHKOPHUCTOBYIOUM METOJl BY3JIOBUX TMOTEHIamiB. [ CKIQAHUX KT, MO0 YTPUMYIOTh
HEBEJIMKY KUIBKICTh JKepesna €Heprii, HaOUIbIl JOIIIFHUM METOJOM PO3PAaXyHKY MOXKE BHUSIBUTHCH
METO/l CUTHAJIbHUX TpadiB.

S0 B CKJIaAHOMY KOJII TTOTPIOHO 3HAWTH CTPYM B SIKil-HEOYIb OJHINM BITIII, TO B IIbOMY BHIMAJAKY
JOIIJTEHO BUKOPUCTATH METOJI €KBIBAJICHTHOTO T€HEPATOPA.

2. Po3paxyHOK KoJla METOJIOM BY3JIOBUX mOTeHIamB. [leit merox OymyeTrbes 3a MEPIIUM 3aKOHOM
Kipxroga i 3akonom Oma. fIkmio Kojo yTpuMye o BY3JiB, TO Ha mijcTaBi mepmoro 3akoHy Kipxroga
MO’KHa 3amucaTté @ — 1 4Huclio B3a€MHO He3aJIeHUX pPiBHAHB. [loTeHIian a - ro By3ia IpUMaOTh
piBHUM HYJIO (3a3eMIII0I0Th). Lle 3aBkIu MOXKHA 3pOOWTH, OCKUIBKM CTPYMH y BITKax 3ajieXaTh Bif
PI3HMII MMOTEHIIIANIiB BY3JIiB, @ HE BiJ X aOCOJIOTHUX BEJIWYWH. BHpa3uBIIM CTpyMH 4Yepe3 MOTCHINAIH
BY3/iB 3a 3akoHOM Oma, OTPUMYIOTh CHUCTEMY DPIBHSHB 1O BiJIHOIICHHIO IO HEBIJIOMHUX IOTCHINAIIB
BY3.1iB. BU3HAUYMBINIM MMOTEHIIIAN BY3JIiB, 3HAXOASITh CTPYMH Yy BITKAaX.

Jis mpukiaxy 3HaiAeMO CTPYMH Y BITKaX METOZOM BY3JIOBHX IOTEHIIIANIB I cXeMu (puc. 1).
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Puc. 1

Cxema yrpumye Ttpu By3nu (1, 2, 3). Byson 3 3azemmioemo (¢;=0). Toai Ha miacTaBi BHILE
BUKJIAJICHOTO CHCTEMa PiBHSIHB Oy/1e MaTH TaKWid BUTJISII:

Y =Yy =iy, =0+, =1,
ne Y = 1Ry + 1/(R; + joL) + joc; Yz = 1/(Ry+jol) +1/R; +1/R4 — cyma mpoBiZHOCTEH BITOK, IO
cXoaaThes 10 By3aiB 1 1 2 BianoBiaHo; Y1, = Yz =1/(R; +jwL) — cyma npoBigHOCTE# BITOK MiXk By3iaamu 1
i2; I, =¢&/R,; I,,=0— By3noBi CTpyMH, I[0 BH3HAYAIOTHCS SK anrebpaiuHa cymMa CTPYMiB aKTHBHHX
BITOK, SIK1 CXOJIATHCS 10 BY3:1iB 1 1 2 BiJIMOBITHO.

Po3B'si3anHs cuctemu piBHSHB: O, =A,/A; ¢, =A, /A, ne

Yn _le © A _111 _le CA = Yll ]11
1= ’ -
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UYepes BiJOMi MOTEHITIAJIN BY3JIiB 3HAXOJUMO CTPYMH Y BiTKaX, BUKOPUCTOBYIOUHM y3arajJbHEHUN 3aKOH
Oma:

I.ij:((;oi_(;[)j-i_zéij)),zj’ (1)



ne Zay — anrebpaiuna cyma EPC y BiTHi, mo po3risgaerbes. SIKIIO MK By3/aMu i Ta | yTPUMYETHCS

JEKUTbKA MapalieIbHO CIIOTYYCHHX BITOK, TO PiBHSAHHS (1) 3aCTOCOBYETHCS 0 KOXKHOI 3 BITOK OKpemo. Jliist
cxeMH puc. 1:

L=GE=¢)/R; 1, =@, —¢,) (R, + joL); 1, =¢,/Ry; 1,=¢,/R,; I, = joco,

3. MGTO,H €KBIBAJICHTHOI'O I'¢Heparopa. B ocHoBI MeToy €KBIBaJIEHTHOT'O TeHEepaTopa JICKUTh TCOPpEMa
npo aKTUBHUMN JBOITIOJIFOCHHK. AKTUBHHUI JABOIIOJIFOCHUK MOJKHa 3aMIHUTH €KBIBAJICHTHHM reHCPaTopoOM,

EPC sixoro nopiBHIOE Hampy3l XOJOCTOTO XOAY Ha 3aTHUCKauax JBONOMIOCHMKA U, a BHYTPILIHIN OMIp

JIOPIBHIOE BX1JTHOMY OTIOPY TOTO K TBOTIONIOCHUKA Z4, B CXEMI SIKOTO BiJICYTHI BCi JKepesa eHeprii, ane ix
BHYTPIIIIHI OTIOPH 30€piraroThcs. TakuM YHHOM, CKIIAJIHY PO3TATYKEHY CXEMY PO3TIISAIAI0Th K aKTUBHUN
JIBOTIOJIFOCHUK JI0 BITKH 13 IIYKaHUM CTPYMOM, SIKUH BH3HAUAETHCSA 32 (OPMYIIO0

I=U/Z+Z). (2)
Hexaii y cxemi (puc.l) moTpiOHO BH3HAUUTH CTPYM Y BITHI 3 pe3uctopoM R4 3rimHo 3 meTomoMm
eKBiBaJIeHTHOTO TeHepaTopa U . 12, BU3HAUAIOTHCS 3 pUC.2, 2,0 BIANOBIIHO, a CTPyM 3a (HopMyIoro (2).

Puc.2

4. Meron curHanbHEX rpadiB. [Ipm po3paxyHKax Ki METOJOM CHTHaJIbHUX TpadiB HEOOXITHO
crovyatky nmoOynayBaTu curHanbHuil rpa¢ kona. IIpu moOymoBi rpada Ha 6a3i piBHSHB, CKIAJCHHUX 32
METOIOM BY3JIOBHX IMOTEHIIIJIIB, YUCIIO BY3JIiB Tpada JOPIBHIOE YUCITY HE3a3eMJICHUX BY3JIIB TUIFOC YUCIIO

HE PIBHUX HYJIIO BY3JI0BUX CTpyMiB [, y nux By3nax. KoxHwuil By3osn [, CHOIydaeTbes 3 BY3IOM @,

BiTKOIO 3 mepepadero a,, =1/Y,

ao, 2

ne Yoo — CyMa MpOBIAHOCTEH BITOK, IO CXOIATHCA y BY3JI 3
noteHuiaioM ¢, . Koxxuuii By3os ¢, Ha rpadi cromydaeTscst 3 IpyruM BY3JIOM ¢, ABOMA BITKAMH, SIKIIIO

BY3JIM 0L 1 M CXEeMH CIIOTYYeH1 JEsKOI BiTKOIO a0o BiTkamu. OpHa BiTKa Ha Tpadi crpsiMOBaHa 0 By3Ja
¢, 1Mae epenaqy 8qm = Yam/ Yoo, APYra CIpsIMOBaHA JI0 By3/a ¢, 1 Ma€ nepenaqy émq = Ymo Ymm, A€ Yom =

Yma — CyMa MPOBIAHOCTEHN BITOK, 11O CIIOJyYarOTh BY3JIH O 1 M.
3HaxO/PKEHHs] HEBIJOMUX BEJIMYUH Ui MPOCTUX IpadiB MOXKHA 3IIMCHUTH LUIAXOM Oe3rocepesHix
obunciieHb. Curnan Xy y By3:i K BU3HAYa€ThCsl PIBHIHHSIM BUIJISAY:

X, =Y a,X,, i=1,2,..,k..N, (3)

Ie a,; — mepeadl BITOK, IO CIIPsIMOBaHi 110 By3ia, N — uucio By3iiB rpada.
Cknaani rpagum MOXKHA CHPOCTUTH, BUKOPUCTOBYIOUM BJIACTUBOCTI CHUTHaJbHUX TpadiB. [ns
3HAXO/KCHHS TIepeiadi CKIAIHOTO CUTHAILHOTO Tpada MOKHA TaKOK BUKopucTatu hopmyny Me3ona:

n
H= > PA,/A, (4)
k=1
neA=1-XLi+XZLjLi-2LjLi Lk +...; N —uucino nusAxiB BiJ BUTOKY 10 CTOKY; Py — mepenadi NUIsxis
BiJl BUTOKY JI0 CTOKY; Ax — OTPUMY€EThCS IIUIIXOM BUKIIOUEHHS KOHTYPIB, 10 JOTHKAIOThes Py muisaxy; X Lj
— cyma mepefad ycix KoHTypiB rpada; X Lj Li — cyma noOyTkiB mepeiad ABOX KOHTYpIB, IO HE
JOTHUKAIOThCS MiXk co6010; X Lj L Ly — cyma 100yTkiB nepeay Tpiiok KOHTYPIB, 1110 HE JOTUKAIOThCS MiXk
CcO0O0K0 1 T. II.
®dopmyna Me3oHa cripaBeayiBa s rpada 3 omHuM xepenom. st rpada 3 mekimpkoma JKeperaMu
notpibHO 3acTocyBatu (GopMmyiny Me3oHa JUIs KOXKHOTO JDKEpelia OKpPeMO 1 pe3ysbTaTH OOYHCIICHb
CKJIACTH.

Sk mpuknan 3Haiizemo ctpym I, (puc.l) metonom curHambHOro rpada. Ha puc.3 monmano cxemy
rpada, 1o BiAMOBIIa€ CUCTEMI PiBHSHB, CKJIaICHUX 32 METOAOM BY3JIOBUX MOTEHINamiB. 3T1IHO 3 3:
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Le#t sxe pe3ynbTaT MOXKHA OTPUMATH 3aCTOCYBaBIIH Gopmyny Me3oHa.

KonTpoJbHi 3anuranus

agrwbdE

A
1.
2.
3.
4,

B sixux BHIagKax Ui po3paxyHKY KiJl TOIITbHO BUKOPHCTATH METO/] BY3JIOBHX ITOTEHIIiaiB?
SIK 3HAXOAUTHCS BY3JIOBUH CTPYM Y METO/1 BY3JIOBUX MOTEHITialiB?

CdopmymtoBaT TeopeMy PO aKTUBHUM TBOTOJIIOCHUK.

Sk BU3HauYa€THCS cUTHAN Y BYy3:1 rpada?

Yu BIJIMBAIOTH HA BEJIMYMHY CUTHAIIIB Y BY31i rpada BiTKH, IO BUXOAATH 3 TAaHOTO By3Jna?

OMAaIIIHE 3aBJaHHHA

BuBunTH TEOpETHYHI BIIOMOCTI 32 METOAOM PO3PaXyHKY CKJIAJIHUX KiJI CHHYCOIadIbHOTO CTPYMY.
JlaTu BiAMOBIAI HA KOHTPOJIBHI 3aTUTaHHS B MUCHMOBIH (opMi.

OOrpyHTYBaTH TOUUTBHICTD BUKOPUCTAHHS ISl cXeMHU (prc.4) METOly BY3JIOBHX MOTEHITIaIB.

Jns cxemu (puc.4) 0OUUCIUTH CTPYMH y BITKax METOJOM BY3JIOBHMX MOTeHLiadiB, skmo R; = 500
Om; R, =50 Om; R3= 150 Om; Ry= 100 Om; L = 183 mI'w; ¢ = 0,01mkd; € = 0,4 B (BuctaButh), a
4acToTa JyKepesa eHeprii 1 onip pe3uctopa Rs 3a1atoTbes B Ta0IMII BapiaHTIB 3aBAaHb.

Ne papianra| 1 2 3 4 5} 6 7 8 9 10 11

f, k['n 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,6 5,9 6,0

Rs, Om 20 36 62 82 100 | 120 | 150 | 180 | 200 | 220 | 240

I

Puc.4



JlaGopaTopHe 3aBIaHHA

1.

2.

N

O3HallOMUTHCH 3 IPUHIUIIOM POOOTH BUMIPIOBAJILHUX MPUIIAJIIB, 1110 BUKOPUCTOBYIOTHCS B pOOOTI:
TeHEepaTop, MiTiBOJIBTMETP.

3i0patn (pyHKIIOHATBEHY CXeMY BHUMIPIOBaHb, IMiIKITIOUYMBIIN BUMIPIOBAJIbHI MPUIAJAH IO MAKETY.
VYBIMKHYTH TIpwiIagu Juis nporpiBy. BucraButu Hampyry 3 rereparopa € = 0,4 B B xomoctomy
pexuMi (KoM reHepaTop He MIAKIIOYEHHUH 10 CTeHNY), YaCTOTYy T€HepaTopa i BEIWYUHY OMOpYy
pesucropa Rs3rigHO 3 BapiaHTOM BaIlIOTo 3aBJIaHHS.

Bumipsatu Benmurnan Hanpyr Uiz, U | Ups 1 yepe3 HUX BU3HAUUTH CTPyMH Y BiTkax. OTpuMaHi
pe3yibTaTH CIIBCTABUTH 3 pe3yIbTaTaMH OOYUCIICHb.

Busnauntu cTpym y BITII 3 pe3uCTOpoM Rs MeToqoM eKBiBaJIEHTHOTO TeHepaTopa. Hampyry
XOJIOCTOTO XOJy BHMIPSATH MUTIBOJIBTMETPOM (IpU Ha)xaTid KHOMII BHMHUKada). BximHuit omip
MaCUBHOTO JIBONOJIFOCHUKA OOYUCIIUTH 32 BIJOMUMH [apaMeTPaMU €JIEMEHTIB CXEMHU.

[ToGyayBaTi BEKTOPHY Jiarpamy HaIrpyr i CTPyMiB JUIs JOCIIJKYBaHOI CXEMHU.

Criucok miiteparypu
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