JJABOPATOPHA POBOTA 1.
PO3PAXYHOK CKJIAJIHUX KIJI IOCTIMHOI'O CTPYMY

Merta po60TH: eKCTIEpUMEHTAIBHO TEPEBIPUTH PO3PAXYHKH KiJT MOCTIHHOTO CTPYMY METO/IaMHU PiBHSHB
Kipxroda, KoHTYpHUX CTPYMIB 1 CyNepIio3uIlii, BAKOHAHHS 0ajlaHCy MOTY>KHOCTEH.

KOPOTKI TEOPETHUYHI BIJOMOCTI

1. Meron piBaanHs Kipxroda. Hexaii koo yrpumye N BiTOK 1 @ By31iB. [1oTpiOHO BU3HAUUTH CTPYM Y
BiTKax. [{st po3B’si3aHHs 3a7a4l HOTPIOHO CKJIACTU N PIBHSAHB MO BIAHOLIEHHIO 10 N HEBIJOMHUX CTPYMIB,
BUKOPUCTOBYIOUM MepIunii 1 apyruit 3akonu Kipxroda.

[lepmmii 3akon Kipxroda roBoputh, 1Mo anredOpaiuHa cyma CTpyMiB y By3idi a00 B Oyab-sKOMY
JOBUTBHOMY TIepepi3i CXeMH JOPIBHIOE HYITIO
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Ctpymu, 1110 BXOJATH Y By30.1 a00 miepepis3, MaroTh 3HAK “+”, a Ti , 10 BUXOATH — 3HAK
3rigHo 3 apyrum 3akoHoM Kipxroda anreOpaiuHa cyma Hampyr y KOHTYpi IOpiBHIOE anreOpaiuHii
cymi EPC y ibomy KOHTYpi
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Hanpyru i EPC no3utuBHi nipu criBnajaHHi iX HAPSMKIB 3 HATPSIMKOM 00X0/1y KOHTYDPY.

[Ipu 3HaxomkeHHI CTpyMiB 3a mepiiuM 3akoHOM Kipxroda MokHa ckiacTé TUIbkM & - | B3aeMHO
HE3aJIe)KHUX PIBHSAHb. & - € PIBHAHHA OyJe 3aJie)KHUM, OCKUIbKH KOXKHUWA CTPYM BXOJUTH Yy PIBHSIHHS JBa
pasu 3 npoTuiiexHUM 3HaKoM. [Him K =n — o + | piBHSAHB CKIIagaroThes 3a ApyruM 3akoHoM Kipxroga. A
TOMY cXeMma IOBMHHa OyTH po30ura Ha uucio K B3aeMHO He3asexkHHUX KOHTYpiB. KoHTypu OynyThb
B3a€EMHO HE3aJIC)KHUMH TUIBKH B TOMY BHMAJKY, SKIIO B KOKHUI HOBHH KOHTYP BXOJUTH Xouya O O/HA
HOBA BiTKa.

Cxema, o nojgana Ha puc.l, yrpumye N = 5 BiTok 1 @ = 3 By3na. CucreMa piBHsSIHb, CKJIa/ieHa 3a
MeTos1oM piBHAHB Kipxroda , Oyae MaTu Takuil BUTJISI:

l1— 13— 1,=0— mns By3na 1;

I+ 14—15 =0 — nns By3na 2;

R1 |1 +R0|1+R3|3 :E]_ — 1A KOHTypyl;
-Rsl3 +R4l4 +Rs515=0 — nns kouTypy 2;
R2|2 +R5|5 =E2 - JIA KOHTYpPY 3,

Puc.1

2. Meron koHTYpHUX cTpyMiB. Cxema po30OuBaeThcst Ha 4yncio K = n — a + | B3aeMHO He3alle:KHHUX
KOHTYpiB. [IpuiiMaroTh, 1110 B KO)KHOMY KOHTYpP1 BCTAHOBIIOETHCS BIACHUN KOHTYPHUI CTPYM, HE3MIHHUN
y310BXK ychoro KoHTypy. Ilepmmii 3axon Kipxroga BHKOHYeThCSI aBTOMAaTHYHO, a TOMY 3aIllUCYIOTh IS
KOHTYpIB TUIbKH pPIBHSHHS, CKJajzeHl 3a apyruMm 3akoHoM Kipxroda. Ortpumytore K piBHSHB TIO
BiHOMIEHHIO 710 K HEBIIOMUX KOHTYpPHHUX CTpyMiB. JlifiCHI CTpyMH y BITKax 3HaXOIATh K anreOpaidHy
CyMY KOHTYPHHX CTPYMIB, 110 IPOXOJAATH Yepe3 BIAMOBIIHI BITKH.

3HalIeMO CTPyMH y BIiTKax cxeMu (puc.l), BUKOPUCTOBYIOUM METOJ KOHTYPHUX CTPyMiB. OCKIJIBKH N
=51 a= 3, cxeMy po30MBaEMO Ha TPU B3a€MHO He3asexkHi KOHTYpHU. [lo3HaunMo KOHTYpHI cTpymu 11, [op,
I33 1 BUOEepeMO NTOBUIbHI MO3WUTHBHI iX HANPSIMKH, HAMPUKIAJ], 32 TOJUHHUKOBOK CTPIIKOK. 3a IPYrUM
3akoHoM Kipxroda ogepxumo:




(Ri+Ro+R3) li1—Rs 1= Ey,

—R3l11+ (R3+ Rs+ Rs) 12— Rs 133 =0,

—Rslx+ (R2+Rs) Isz3=—E3.
3Hak “—* BIANOBIAa€ BUMAAKY HECIIBIIAJaHH 32 HAIPSIMKOM KOHTYPHHUX CTPYMIB y JaHIi BITLI.

Beenemo mosnauenns: Ry + Rp+ R3= Ry, R3+ Rs+ Rs =Ry, Ro+Rs=R33, Rio=Ry1=—R3, Rpz=
=R =-Rs, E1=Ey;, —Ex=Eazs.

Cucrema piBHSIHb IPUAMAE BUTIIS]

Ra32 I+ Razl33 = Ep,

Ra li1+ Ry 12 = Eyy,

R21 111+ Rao 22 + Ragl33 =0,

PO3B’sA3aHHS SKOL
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a A1, Ay 1 A3 — OTpUMYIOTH 13 BUBHAYHUKA A TIUIIXOM 3aMiHH BiJIIOBITHOTO CTOBMIIS MPABOIO YaCTHHOIO
piBHsHb. Hanpukmnan:

E11 Rlz 0
Al =10 Rzz R23
Ezz R32 R33

JilicHi cTpyMH y BITKaX 3HaAXOASAThCS depes KOHTYpHi: [1 = [11, L =— 1D, I3 =1i1— Iy, 14 =1y, 5=
= I — Iz

1. Meron cynepnosuuii. B ocHOBI MeToay cyneprno3uiii JIeKUTh MPUHIMIT CYNEePHO3ULii, 3T1THO 3
KM CTPYM Y OyIb-sKii BITHI CKJIaJHOI CXeMH MOKe OyTH TMOJaHUI y BUIISAIL anredpaiuHoi cymu
YACTUHHUX CTPYMIB, IO BUKIWKaIOThCA nicr0 kKoxHOI EPC 30kpema. Ilpu po3paxyHKy Ki METOIOM
CYMNEpIo3uIlii MO uep3l pO3MIAaoTh Jil0 KOXKHOIO JDKepesla OKpemo. IHmi jpkepena Hpu LBOMY
BUKJIIOYAIOTBCSA 13 CXEMH, NpOTe iXHI BHYTpIIIHI omopu 30epiraioTbes. MeTon cyneprno3uii
3aCTOCOBYETHCS TUIBKH 10 JIHIMHUX KiJI. 3aCTOCOBYIOUM J0 CX€MHU puc.l MEeToxa cyneprno3ullii, moTpioHO
PO3TIISTHYTH JIBi cXemH (puc. 2, 3).
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YacTkoBi CTpyMH B cXemax pHC. 2, 3, BUBHAYAIOThCS HA MiACTaBl 3aKOHIB €JICKTPUYHMX Kii. JliiicH1
CTPYMH Y BITKaX:
L=hL"-1I"L=0L"-L"=L-L"I1=I1y-1,", Is=1Is' - Is". 4)

4. bamanc noryxHocTeli. CTOCOBHO 10 KiJl MOCTIHHOTO CTpyMy OajaHC MOTYKHOCTEH O3HAyae, IO
anreOpaiuHa cymMa aKTUBHUX TIOTYXXHOCTEH YCiX JDKEpea eHeprii JOpiBHIOE apUPMETHYHId cymi
HOTYKHOCTEH yCiX PE3UCTHBHUX CIIEMEHTIB!

D EI=)RI?. ®)

Jns cxemu (puc.1) 6anaHc MOTY>KHOCTEH BUTIISIAa€ TAKUM YHHOM:
EiL+ Ey I, = (Ry + Ro) 112+ Ry 1%+ R332 + Ry 1,2 + Rs 15




KoHTposbHi 3aniuTaHHsA

1.

ook own

Yomy 3a mepmuMm 3akoHOoM Kipxroda MoxHaA CKIACTH YHCIIO B3a€EMHO HE3aJICKHUX PIBHSIHH Ha
OJIMHUITI0 MEHIIIE YUCIIa BY3/IiB CXeMHU?

B axoMy Bunaaky KOHTYpU CXeMHU OYIyTh B3a€EMO HE3aJIEKHUMU?

SIK BU3HAUA€ETHCSI 3HAK OMOPY ABOX CYMIKHUX KOHTYPIB MPHU KOPUCTYBAHHI METOJIOM KOHTYPHHUX CTPYMiB?
Sk BU3HAUYaIOTHCS A1MCHI 3HAYEHHS CTPYMIB y BITKax 4epe3 KOHTYpPHI CTpyMu?

Y yomy nondrae MpyuHIUN CYNEPIO3UIii?

YoMy MeToA cyneprio3ullii 3aCTOCOBYEThCS TIIbKU B JIIHIMHUX KoJ1ax?

Jlomanine 3aBIaHHsA

1. BuBuMTH TEOpETHUHI BiIOMOCTI 32 METOJIaMH PO3PAXYHKY CKIaTHUX KiJ.
2. JlaTu BiATIOBiAl HA KOHTPOJIBbHI 3alTUTAHHS Y THCBMOBIH OpMi.
3. i cxemu puc.4 cki1acTH He0OXiTHY KIJIbKICTh PIBHSAHB 32 METO0M piBHSHB Kipxroda.
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4. BUKOPHCTOBYIOUH METOJ KOHTYPHHX CTPYMiB, pO3paxyBaTH CTPYMH Y BiTKax (puc.4), skmo £1= 10 B;
R;1=R,=R3=100 OmM; R4= Rs = 110 Om; 3HaueHHst £, 1 RgB3sITH 3 TabNHII IS CBOTO BapiaHTYy:
No Bapianta| 1 2 3 4 5 6 7 8 9 10 11

E;,B 2 4 5 6 7 8 9 10 11 12 12

Re, Om 56 100 | 160 | 220 | 270 | 330 | 390 | 430 | 470 | 510 | 560

JlaGopaTopHe 3aBIaHHA
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O3HallOMUTHCH 3 TPUHIUIIOM pOOOTH BUMIPIOBAIBHUX MPUIIAJIB, 110 BUKOPUCTOBYIOTHCS B POOOTI:
JOKEPeI1o KUBJICHHS, M1TIBOJIBTMETD.

3i0patu cxemy BUMIipIOBaHb, MiJKIIOYUBIIY BUMIPIOBAIbHI TPHIAIHN 10 MAKEeTy. YBIMKHYTH TPHIaIH
Jutst iporpiBy. BucraButu 3HaueHHs £1 = 10B, a E>1 Rg 3rimHO 3 BapiaHTOM BaIlioro 3aBIaHHsI.
ExcnepuMeHTanbHO TEpPEeBIPUTH CIIPABEUIMBICTh Hepuioro 3akoHy Kipxroda mns BCiX BY3JiB
cxeMu. CTpyMH OOYMCIIOIOTBCS 332 BEJMUYMHAMM BUMIPSHMX HAalpyr Ha BIJOMHUX OIOpax Koua.
HanpsiMmku cTpyMiB Taki K, SIK 1 HAIpyT.

ExcriepumMeHTaIbHO TIePEBIPUTH CIIPABEITMBICTD 2-T0 3akoHy Kipxroda s B3aeMHO He3aJIeKHUX KOHTYPIB.
[lepeBipuTu crpaBeIMBICTE TPUHIMITY cynepno3umii. [lo BUMIpSHUM Hampyram BH3HAYUTH
ctpymu y BiTkax okpemo misi EPC Ej 1 okpemo ninst EPC E,. Benmuuunu aificHHX cTpymiB
BHU3HAUUTH SIK aJreOpaidyHi CyMU YaCTMHHMX CTpyMiB. OJepkaHl 3HAUEHHS CTPYMIB MOPIBHATH 3
BU3HAUYEHHSAMH B MYHKTI 3 1 pO3paxOBaHUMHM 32 METOJOM KOHTYPHHUX CTpyMiB. Pe3ynbraT nogatu
y BUIJIsiA1 Tabnuui. Hakpecnutu cxeMu 3 4aCTKOBUMHU CTPyMaMH.

Ipumitka. [lpu Bumukanui ogHoro 3 jukepen EPC nependaunty, mo6 y naHiif BiTIi He Oyio
po3puBy kona. Hampuknaa, mpu BumukanHi EPC E; MiHycoBUM NpOBIJ NEpPEKUAAETbCS Ha
3arajipHy Kiemy Jukepen Eq 1 Eo.

3a BIJOMHMMHM 3HAYEHHSIMH CTPYMIB Y BITKax NEPEBIPUTH BUKOHAHHSA OaaHCY MOTY>KHOCTEW IS
JIOCTIJKYBaHOI CXEMHU.

Criucok Jitepatypu
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