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BCTYII

BukonanHs po3paxyHKOBUX 3aBIaHb, B TOMY YHCJIi PO3PaxXyHKOBO-
rpadiyHUX 3aBJaHb a00 KypCOBUX POOIT, € OJHUM 3 HAWBAKIIMUBIIIUX €JIEMCHTIB
HABYAJILHOTO MPOIECY MpU BUBYEHHI 1H)KEHEPHO-OPIEHTOBAHUX IUCIHUILIIH, 10
SKUX HAJIEXKATh CJICKTPOTEXHIYHI JUCHUILUTIHU. «EnexTpoTexHika, enekTpoHika Ta
MIKpOTIPOIIECOpHA TeXHiKa», «EIeKTpoTexHika Ta eneKTpoHika», «EnekrporexHi-
Ka Ta OCHOBHU €NEKTPOHIKN», «EIeKTpoTexHIKa Ta eneKkTpomexaHikay, «Enekrpu-
yHe 00JIaHaHHS, OCHOBH €JIEKTPOHIKI, sIKI BUKIAJAIOTHCS Kadeaporo 3araibHol
enektporexHiku HTY «XIIl». CBoeuacHe Ta npaBuiibHE BUKOHAHHS PO3PAXYHKO-
BOTO 3aBJaHHSA € HEOOXITHOI YMOBOIO JJII OTPUMAaHHS CTYICHTOM ITO3UTHBHOI
M1JICYMKOBO1 OI[IHKH Y KiHIIl HABYAJIbHOTO CEMECTpY.

HageseHni B HaBUaIbHO-METOIMYHOMY TOCIOHUKY 3a/1adi OXOIUTIOIOTH OCHO-
BHI PO3JIUIA €JIEKTPOTEXHIYHUX JAUCIUIUTIH: PO3pPaXyHOK €JIEKTPUUHUX K1, po3pa-
XYHOK MarHiTHHUX KT Ta XapaKTEPUCTHUK CJIICKTPOTEXHIYHUX MPHUCTPOIB, a TAKOK
PO3paxyHOK €JIEKTPOHHUX MpHUCTpoiB. [licis ¢opmMynroBaHHS yMOBU KOXKHOI 3a-
Jlayl HaBOJSATHCS 3arajibHl TEOPETUUHI MoJjokeHHd. [lepen TUM sk IpucTynaTu A0
PO3B’sA3aHHs MEBHOI 3a/1a4l CJIiJI 03HAMOMUTHCS 13 IUMHU TMOJOKEHHIMHU, J1aji e
NpUKJIa] PO3B’S3aHHS 13 HEOOXITHUMH NOSICHEHHSAMHM. SIK Moka3zaB OaratopiuyHuin
JIOCBIJ] BHUKJIQJaHHS €JIEKTPOTEXHIYHUX MUCIMIUIH, HABEICHHS TIIBKA OJHOTO
NpUKIaAy pO3B’sA3aHHs 3a/adl 3aMajio, TOMY MOTPIOHI AOJATKOBI MOSICHEHHS, SIKi
JIOTIOMArarTh CTYJCHTOBl YHUKHYTH 0araTb0X MOMUJIIOK MPHU PO3B’SI3aHHI 3aa4i.

[lepenbavaeThes, MO CTYIEHT CIIOYATKy MPOCIyXaB TEOPETUIHHUIA MaTepial
Ha JICKIII{, MOTIM Ha MPAaKTUYHOMY 3aHSITTI 3aKPINUB 3HAHHS OTPUMaH1 Ha JIEKIli, a
NOTIM KOPUCTYIOUHCh JAaHUM HaBYaIbHO-METOJUYHUM IMOCIOHMKOM, CaMOCTIMHO
pPO3B’s13yBaB 3adady. TUM OUTBIN 1€ BaXKJIMBO, SKIO CTYJACHT HE BiJBIyBaB IEB-
HUX JICKIIIMHUX Ta MPAKTHYHHUX 3aHATH Ta HOTO 3HAHHS MAlOTh MEBHI JaKyHHU y HE-
00xiHIi HaBUanpHUU 1HGOpMaIlli. Takox 1e Oy/e BaXIJIMBO ISl CTYICHTIB 3a04-
HO-JIUCTAHIIIHOT (POPMH HABYAHHS, KOJIM KUIbKICTh ayAUTOPHUX 3aHATH Y MOPIB-
HSIHHI 13 ICHHOIO ()OPMOIO HaBYaHHS 3HAYHO OOMEKEHa.

Takox HanmpUKIHII MOCIOHMKA HABOJMUTHLCS CIMCOK HEOOX1JHOT HaBUAJIbHOL
Ta METOJANYHOI JIITEpaTypH.

[HIIMM Ba)XJTMBMM TMHUTAHHSIM BUKOHAHHS PO3PAaXyHKOBHX 3aBJIaHb € MPaBU-

JbHE Ta sIKiCHE 0(OPMIICHHSI caMOi poOOTH TOOTO 1HAMBITyaIbHOTO 3aBaaHHs. Lle
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BOKJIMBUN HABWK, SIKUM CTYJICHT MAa€ OTPUMATH HABYAIOYKCH Y BUIIIOMY HaBYAIb-
HOMY 3aknani. [{lum HaBUKOM He MOXHa HexTyBaTu. KpiM Toro, 1ie ¢pakrop BILIH-
Ba€ Ha OIIHKY, SIKYy OTPUMY€ CTYJEHT 32 BUKOHAHHS PO3PAXyHKOBOTO 3aBJaHHSI.
Tomy Ha 11e 3BepTaTu yBary Ta CEplO3HO CTaBUTHUCS O BUMOI BUKJIaJaya 00
oopmileHHs 1HAMBIAYyalnbHOTO 3aBAaHHs. [IpHKIan TUTYIBRHOTO apKylly Ta mpa-
BWJIa OpOPMIICHHSI PO3PaXyHKOBOI'O 3aBJaHHS HABOJUTHCS Yy KIHII MOCIOHHKA Y
Honatkax. [IpoxaHHs yBa)KHO O3HAWOMUTHCS 3 UMM TpaBmwiamu. Lli mpaBuia
IPYHTYIOTbCA Ha JOKYMeHTI «CucTreMa CTaHJapTiB 3 OpraHizailii HaBYaJbHOI'O
nporiecy. 3aranbHi BuMoru A0 BukoHaHHsA. CT3BO-XI1I-3.01-2025».

VY noci6Huky npornonyerbes 100 BapiaHTIB YMCETbHUX JAHUX JUISl KOXKHOI
3anayil. TiibkM BUKJIaAa4, AKMA MPOBOAUTH NPAKTUYHI 3aHATTA 200 yCTaHO-
BYi JIeK1lii, BU3HAYa€ HOMeP BapiaHTy 3aBJaHb I KOKHOTO cTy/AeHTa!

ABTOpU OYyIyTh BASYHI 3a 3ayBaKCHHS Ta MPOIO3MIIi II0JI0 HABYaJIbHO-
METOJUYHOI0 MOCIOHUKA, sIKI MOKHA HAJ[CUJIATH 34 aJIpECOlo:
61002, XapkiB 2, Byn. Kupninuosa 2, HTY “XIII”, kadenpa 3araabHOi €1eKT-
poTexHiku abo enekTporHoro nomroro Vladyslav.markov@khpi.edu.ua



PO3JILI 1
PO3PAXYHOK EJIEKTPUUHHMX KL

1.1. dopmy.ioBaHHS 32124 HA PO3PAXYHOK eJEKTPUYHMX KiJl
MOCTIHOTO CTPyMY

Tinvku 6uxnaoay 3a0ac Homep eapianmy cmyoenmy OJisi BUKOHAHHS 3a80aHHs!

3agauya 1. Po3paxyHOK eJIEKTPHYHOI0 KoJia 3 OOHUM mxkepenaom EPC
NPH 3MIIIAHOMY 3’ €IHAHHI CIIOKNBaYiB.

3a 3agaHUM BapiaHTOM, sIKii HaBeaeHO B Tabm. 1.1:

a) po3B’sA3aTH MpsAMY 3aJady: HAKPECIUTH 3a/aHy CEIEKTPUYHY CXEMY
(puc. 1.1) 1 BU3HaYUTH CTPYMHU B yCiX BITKAaX KOJIa METOJOM €KBiBaJE€HTHHUX Mepe-
TBOPEHB;

0) po3B’si3aT 3BOPOTHY 3ajJiauy: JUIsl CXeMH 3 MYHKTY (a) 3a 3aJaHUM CTpY-
MOM Y BITIIl 3 OOpOM Ri BHU3HAYUTH CTPYMHU B yCIX IHIIMX BITKaX, a TAaKOX 3Ha-
yeHnHs EPC.

[lepeBipUTr MpPaBUIBHICTH PO3B'A3aHHS K MPSIMOi, TaK 1 3BOPOTHOI 3ajaui,

CKJIABILM PIBHSAHHA OanaHCy MOTY>KHOCTEH KoJa.

3amaua 2. Po3paxyHOK eJIeKTPUYHOI0 K0JIAa 3 OJJHHM /’KepejioM eHepril
METOAO0M €KBIBAJICHTHOI'O NIEPETBOPEHHA “TPUKYTHUK”-*“3ipKa”.

3a 3a/1aHUM BapiaHTOM, SIKiii HaBeAeHO B TabOJ. 1.2, HAaKpeCIuTH 3a7aHy eje-
KTpuuHy cxemy (puc. 1.2) 3 mxepenom EPC y BiTII MIX 1BOMa By3jamHu, sIKI BKa-
3aH1 y TabnuIll JBoMa JIaTUHChbKUMU Jiitepamu (Hampsm EPC obpatu Bij mepiioro
70 APYTOTro By3ia). BUSHAYHTH CTPyMH B yCiX BITKaX METOJIOM €KBIBAJICHTHHX TIe-
PETBOPEHD 13 BUKOPUCTAHHSM 3aMIHU “‘TPUKYTHHUKA  OMOPIB “3ipKor0, ab0 HaBMa-
KM, @ TAKOX CKJIACTH 1 IEPEBIPUTH PIBHSIHHS OalaHCy MOTY>KHOCTEH.

3agaua 3. Po3paxyHOK eJIEKTPHYHOIO K0JIa METOAOM KOHTYPHHX CTPY-

MiB.

3a 3aaHUM BapiaHTOM, K1/ HaBeJeHO B TabOi. 1.3, HakpecnuTH 3a1aHy ene-
KTpuuHy cxemy (puc. 1.3) 1 BUBHaYUTH CTPYMH B yCiX BITKax METOJOM KOHTYPHHX
CTPYMIB, a TAKOX CKJIACTH 1 IEPEBIPUTH PIBHSIHHS OAIAHCY TIOTYKHOCTEH.

3agaua 4. Po3paxyHOK eJIEKTPHMYHOIO0 K0JIAa METOJA0M €KBiBaJEHTHOIO
reseparopa.

3a 3ajaHUM BaplaHTOM, KU HaBeAeHo B Tabm. 1.3, HakpecnuT cxeMy Koja
(puc. 1.3) Ta 3HaiiTH CTpyM Y BITLI 3 OIOPOM R; METO/I0M €KBIBAJIGHTHOT'O reHepa-
TOpA.



Taomug 1.1 — Bxigai gadi 1o 3amayi 1

Bapiant | Howmep Onopu, Om [Ipsma | 3BopoTHa
CXeMH R . R1 R ) R 5 R A R , [anada. | 3azaua,
3a E,B I, A
puc. 1.1

1 1 1 |5 10 20 15 4 120 12
2 2 2 40 20 10 40 20 130 10
3 3 1 10 15 14 7 30 200 1,8
4 4 05 | 15 | 30 15 17 25 180 1,5
5 5 05 | 20 20 10 36 10 90 1,6
6 6 1 4 30 70 9 30 100 10
7 7 2 20 10 10 45 20 240 1,8
8 8 1 6 45 30 24 12 140 2,5
9 9 1 4 60 15 60 40 130 10
10 10 1 6 20 10 15 16 120 6
11 11 25 | 10 | 30 12 60 5 270 4
12 12 2,5 4 50 30 20 15 150 3
13 13 2,5 | 15 8 13 10 9 90 2
14 14 1 25 15 8 3) 8 135 6
15 15 2 7 18 5 10 15 90 12
16 16 1,5 7 4 3 6 5 220 3
17 17 25 | 20 | 35 25 5 60 140 9
18 18 1 10 6 4 12 8 100 6
19 19 25 | 24 15 10 30 6 210 3
20 20 1,2 | 15 9 4 21 6 135 8
21 21 1 20 10 20 8 12 110 10
22 22 255 | 20 20 24 10 25 240 1,5
23 23 1 20 15 60 20 7 100 6
24 24 2 12 30 20 30 120 200 2,5
25 25 2 15 10 17 15 7 180 5
26 26 1 15 10 40 10 50 80 9
27 27 2,5 | 20 20 20 5 5 150 4
28 28 2 11 5 9 8 24 150 2
29 29 1 40 15 20 10 60 220 1
30 30 1 22 10 45 40 18 200 3
31 1 0,9 6 3 4 3 7 160 3)
32 2 2 6 10 3) 20 90 240 2,5
33 3 1 3) 20 14 3 12 140 8
34 4 2,5 | 10 | 30 60 3) 50 165 8




[TpomoBxenus tadm. 1.1 — Bxigni naxi 1o 3agaqi 1

Bapiant | Homep Onopu, Om [Ipsma | 3BopoTHA
CXEMH R, R, R, R, R, R, Pamava. | 3anada,
3a E, B I, A
puc. 1.1
35 3) 2 20 | 30 25 200 | 50 210 1
36 6 0,5 4 10 30 S) 30 240 6
37 7 2 40 | 20 20 100 5 110 9
38 8 2 9 24 24 70 30 100 8
39 9 0,5 7 30 60 30 70 190 6
40 10 2 16 12 20 5 18 70 9
41 11 1 5 6 30 6 7 180 3
42 12 1 8 10 14 12 48 130 15
43 13 2 60 10 7 15 7 150 4
44 14 2,5 | 50 | 90 21 60 21 125 1,8
45 15 2 12 60 13 80 80 220 4
46 16 05 | 30 10 20 30 5 250 4.8
47 17 1 10 5 10 6 4 80 6
48 18 1 3 4 5 10 10 130 10
49 19 1 5 19 70 30 5 90 4
50 20 05 | 20 | 40 10 10 20 100 6
51 21 1 12 3 4 5 7 90 4
52 22 25 | 30 | 40 30 19 40 45 1,2
53 23 1 30 6 30 120 4 200 2,5
o4 24 1 6 15 10 15 60 100 10
95 25 2,5 | 20 | 40 6 10 6 75 6
56 26 2 40 | 40 30 60 30 240 1,5
o7 27 1 40 | 30 70 14 5 210 2,5
58 28 2 30 | 40 30 16 40 220 1
59 29 2,5 5 12 40 8 15 200 4
60 30 1 8 20 100 30 25 110 10
61 1 1 4 5 7 12 4 90 3
62 2 0,5 7 10 5 6 15 100 10
63 3 1,5 | 48 16 3 6 15 120 2
64 4 1 10 | 100 25 7 20 150 4
65 3) 1 40 | 80 52 25 80 105 0,8
66 6 1 4 3 6 8 10 120 6
67 7 2,5 | 12 16 20 15 6 200 9




[Tponmosxenus tadim. 1.1 — Bxigni nani 1o 3aga4i 1

Bapiant | Homep Onopu, OM [Ipsima | 3BOopoTHA
CXEMH R, R, R, R, R, R, [3amaya.| 3ajada,
3a E,B I, A
puc. 1.1
68 8 1 10 15 10 20 80 180 5
69 9 1 10 10 15 80 20 90 10
70 10 2,5 3) 10 30 30 10 150 8
71 11 2 20 | 45 30 90 10 85 2,4
72 12 4 50 | 45 15 60 20 120 3
73 13 3 10 10 7 40 7 60 1,6
74 14 2,5 | 50 90 21 60 21 125 1,8
75 15 1 14 25 16 40 40 230 3
76 16 05 | 20 60 30 20 5 130 4.8
77 17 1 15 20 10 4 14 160 2
78 18 2,5 4 10 6 20 12 220 4
79 19 2 10 38 140 | 60 10 180 4
80 20 1 5 10 10 15 10 110 16
81 21 2 24 6 8 10 14 180 2
82 22 1 30 10 10 10 18 100 2,5
83 23 2 60 14 20 80 18 300 2
84 24 2,5 | 20 30 30 15 15 100 1,5
85 25 2,5 | 20 | 40 6 10 6 75 6
86 26 1 20 20 15 30 15 150 3
87 27 2,5 | 35 30 70 5 9 160 2
88 28 1 10 30 10 8 20 110 6
89 29 2,5 | 20 10 20 50 10 75 4
90 30 2 16 | 40 200 | 60 50 220 2,5
91 1 1 3 40 50 10 6 190 5
92 2 2 5 12 3 36 6 220 7,5
93 3 2 15 35 4,5 4 60 225 14
94 4 2 8 30 20 7 80 150 6
95 3) 2,5 | 10 8 4 30 9 120 2,5
96 6 1,5 6 20 5 16 60 180 4
97 7 1 4 ) 7 30 17 260 4,5
89 8 1 2 20 80 90 10 120 10
99 9 2 6 45 30 10 15 170 7,5
100 10 2 |115| 15 10 40 24 270 6




Pucynok 1.1 — Po3paxyHkoBa efekTpuyHa cxema 70 3a1adi 1




Pucynok 1.1 (mpomoBxkeHnHs) — Po3paxyHKoBa enekTpruyHa cxema 10 3aaadi 1
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Pucynok 1.1 (mpomosxxeHHs1) — Po3paxyHKoBa enekTpuyuHa cxema 10 3a1adi |
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Tadomug 1.2 — Bxijgni gadi 1o 3aaayi 2

Ba- | Homep Omip, Om EPC
pi- | cxemu 3a R, R, Rs R, Rs | Re | E, B | Bitka
aHT | puc. 1.2
1 1 10 40 20 8 20 | 20 | 200 bc
2 2 30 14 18 30 7 | 15 | 250 ac
3 3 30 30 14 30 | 70 | 10 | 160 bc
4 4 12 24 36 7 74 | 16 | 210 cd
3) S) 8 10 30 30 | 30 | 20 | 180 bd
6 6 12 3) 40 40 | 20 | 14 | 250 ad
7 7 20 3) 30 30 | 30 | 5 | 150 ch
8 8 14 40 7 80 | 54 | 80 | 180 ac
9 9 10 20 30 65 8 | 50 | 150 bd
10 10 4 7 18 12 6 8 90 ac
11 11 20 10 10 6 8 | 5 | 175 cd
12 12 3 9 33 33 | 33 | 69 | 165 ad
13 13 8 36 24 11 | 12 | 24 | 270 bd
14 14 18 4 48 48 | 48 | 64 | 200 ab
15 15 25 5 13 20 5 | 15 | 300 bd
16 16 ) 10 8 2 10 | 10 | 150 bc
17 17 8 20 10 20 | 12 | 5 | 170 bd
18 18 14 20 30 50 | 25 | 30 | 200 cd
19 19 3 9 6 17 4 4 | 285 ac
20 20 8 2 6 6 6 | 13 | 135 cd
21 21 10 4 6 5 3 110 | 90 ad
22 22 12 24 12 7 17 | 24 | 150 cd
23 23 19 9 33 33 | 33| 4 | 135 ab
24 24 10 6 50 40 | 25 | 10 | 250 bd
25 25 4 28 60 14 | 60 | 60 | 270 bc
26 26 9 6 3 25 | 37 | 9 | 180 ad
27 27 3 5 3 2 2 3 90 ab
28 28 6 2 7 20 | 10 | 20 | 160 ad
29 29 2 24 24 22 | 24 | 7 | 180 ac
30 30 11 30 3 8 30 | 40 | 300 bc
31 1 4 3) 20 30 | 50 | 9 | 150 ab
32 2 8 7 6 12 | 18 | 4 | 180 bc
33 3 4 40 30 60 | 90 | 15 | 210 ac
34 4 18 10 12 12 |46 | 3 | 180 bd
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[Tponosxxenns tadn. 1.2 — Bxigni gani 1o 3agadi 2

Ba- | Homep Omip, Om EPC
pi- | cxemmsa [ R R, Rs R. | Rs | Re | E, B | Bitka
aHt | pwuc. 1.2

35 5 12 12 24 45 | 9 | 32 ]300 | ac
36 6 75 5 75 4 | 45 | 75| 200 | hd
37 7 18 18 18 4 9 | 6 | 180 | ad
38 8 14 5 28 3 8 | 14| 145 | bd
39 9 10 10 15 5 |12 |25 ] 120 | «cd
40 10 14 6 12 36 | 24 | 8 | 240 | ad
41 11 9 9 9 37 | 7 ] 4] 9 bd
42 12 8 18 36 36 | 36 | 12 | 240 | cd
43 13 12 28 8 62 | 13 | 11 | 250 | bc
44 14 10 20 30 30 | 30 | 3 | 300 ad
45 15 50 40 26 10 | 5 | 10 | 250 | bc
46 16 51 51 13 51 | 43 | 13 | 225 | ab
47 17 6 7 4 18 | 12 | 8 | 180 | hc
48 18 14 20 8 50 | 15 | 30 | 210 | ac
49 19 12 3 13 7 6 | 18 | 270 | ab
50 20 1 9 6 6 | 24| 6 | 120 | ac
51 21 32 2 24 24 | 24 | 4 | 200 | bc
52 22 12 3 12 4 7 | 24| 140 | ac
53 23 68 8 36 36 | 36 | 7 | 175 | bc
54 24 5 15 10 9 |15 | 15| 300 | ad
55 25 30 10 70 30 | 4 |30 ] 240 | ab
56 26 11 27 5,5 17 | 18 | 9 | 240 | hd
57 27 6 3 6 4 | 18| 6 | 100 | hc
58 28 10 20 8 10 | 2 | 5 | 210 | hd
59 29 20 7 4 12 | 40 | 40 | 150 | ab
60 30 9 13 27 9 9 | 5 ]300 | ac
61 1 20 6 32 20 | 8 [ 10 | 300 | bd
62 2 25 15 10 5 | 15 | 15 | 90 cd
63 3 10 10 175 | 60 | 75| 5 | 240 | bd
64 4 2 5 10 20 | 10 | 35 | 200 | ab
65 5 20 5 30 30 | 30 | 5 | 150 | cb
66 6 12 5 40 40 | 20 | 14 | 250 | ad
67 7 45 5 10 20 | 30 | 15 | 300 | ac
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[TpomoBxenus Tadm. 1.2 — Bxigni xani 1o 3aga4i 2

Ba- | Howmep Orrip, Om EPC
p1- | cXeMu 3a R, R, R3 R4 Rs Rs E, B | Birka
aHT | puc. 1.2

68 8 15 30 75 6 45 | 60 | 240 ad
69 9 6 42 24 24 24 5 220 ac
70 10 3 6 4 18 6 6 150 bd
71 11 18 5 12 3 12 | 42 | 215 bc
72 12 5 9 45 45 45 | 65 | 200 bd
73 13 9 18 10 8 6 12 | 190 ad
74 14 6 24 3 4 36 | 12 | 240 bc
75 15 10 2 6 8 10 | 55 | 180 ab
76 16 2 13 10 2 8 2 140 cd
77 17 51 11 57 10 57 | 57 | 150 ac
78 18 35 5 15 30 15 7 200 bd
79 19 12 4 8 2 6 18 | 120 bc
80 20 3 3 3 3 2 5 270 bd
81 21 20 5 3 5 13 | 25 | 260 ab
82 22 4 60 9 30 22 | 10 | 200 bd
83 23 5 20 25 7 2 10 | 155 cd
84 24 34 12 4 8 18 6 180 ac
85 25 7 12 6 12 12 | 86 | 300 cd
86 26 12 12 12 20 3 2 295 ac
87 27 20 40 15 10 20 5 200 cd
88 28 4 6 36 20 20 | 10 | 300 ab
89 29 7 24 24 7 24 | 22 | 225 bc
90 30 5 18 84 4 18 | 18 | 300 bd
91 1 1 20 2 6 20 | 10 | 225 ac
92 2 15 2,5 15 30 5 45 | 240 ab
93 3 65 5 45 45 45 5 170 ad
94 4 12 9 3 6 24 | 12 | 180 bc
95 5 10 7 8 4 4 11 | 180 ab
96 6 2 16 5 10 10 3 120 ac
97 7 15 20 15 9 2 4 125 bd
98 8 5 25 15 15 15 | 25| 90 bc
99 9 26 1 10 30 10 2 235 ab
100 10 20 30 60 9 30 | 30 | 120 bc
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Pucynoxk 1.2 — Po3paxyHkoBa eleKTpuYHa cXxema J0 3aaadi 2
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Pucynok 1.2 (mpomosxeHHs) — Po3paxyHKoBa eJIeKTpHUYHA CXeMa JI0 3a1a4i 2
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Pucynok 1.2 (mpogosxeHHs) — Po3paxyHKoBa eeKTpUYHA cXeMa JI0 3a1adi 2
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Taomug 1.3 — Bxigui gadi 1o 3ama4d 3 ta 4

Bapi- | Homep EPC, B Omip, Om
aHT cxemMu3a | E; E> Ry R, Rj R4 Rs Re
puc. 1.3

1 1 90 70 6 15 6 8 5 12
2 2 100 30 6 1 8 6 7 20
3 3 170 95 4 5 18 6 10 6
4 4 130 | 220 10 17 14 8 7 20
5 5 150 85 13 6 9 2 10 7
6 6 90 100 6 3 7 12 4 8
7 7 125 | 155 4 2 21 3 4 11
8 8 150 50 5 4 6 14 9 16
9 9 120 40 8 10 12 13 6 30
10 10 90 80 2 4 4 7 10 5
11 11 130 | 160 4 2 10 4 20 18
12 12 65 30 33 4 12 5 1 5
13 13 145 | 160 10 5 15 10 25 10
14 14 100 60 5 21 10 6 9 2
15 15 110 75 12 7 15 4 3 10
16 16 270 | 120 9 9 7 9 2 17
17 17 240 | 100 1,5 5 14 8 10 12
18 18 110 55 10 10 15 20 15 15
19 19 195 | 480 5 35 15 20 15 15
20 20 100 | 100 7,5 15 15 4 45 15
21 21 90 75 12 6 3 15 4 3
22 22 35 40 7 10 4 2 3,5 8
23 23 70 55 60 10 10 5 4 15
24 24 100 80 7 5 8 8 12 7
25 25 70 110 20 14 8 2 25 6
26 26 150 55 4 5 4,5 7 2 16
27 27 190 | 135 26 6 10 24 5 15
28 28 75 70 5 3 10 15 10 2
29 29 135 90 2 11 10 0,5 5 0,5
30 30 120 50 11 4 2 4 7 6
31 1 270 | 210 12 30 12 16 10 24
32 2 150 | 135 10 12 10 30 11 56
33 3 80 25 1 3 55 34 3 1,5
34 4 195 | 330 20 34 28 16 14 40
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[TpomoBxenus Tadbmummi 1.3 — BxigHi gani go 3agaq 3 ta 4

Ba- | Homep EPC, B Omip, Om

pi- CXEMHU 3a E1 Ez R1 R2 R3 R4 R5 Re

ant | puc. 1.3
35 5 130 | 110 9 4 20 35 4 2
36 6 140 | 105 12 4 5 4 15 17
37 7 95 150 4 3 10 5 15 4
38 8 110 70 5 6 40 2 1 6
39 9 140 | 160 10 3 6 8 16 8
40 10 40 35 1 6 5 2,5 1 12
41 11 120 40 1 6 4 11 2 1,5
42 12 40 110 14 4 15 6 3 2
43 13 125 35 12 2 25 4 3 7
44 14 185 | 210 6 11 5 10 9 30
45 15 90 90 6 6 6 1 4 16
46 16 125 | 145 6 9 5 15 2 3
47 17 110 30 5 24 6 6 6 4
48 18 150 75 1 14 5 5 1 9
49 19 130 20 8 10 6 5 15 3
50 20 70 130 10 15 16 10 17 6
51 21 120 50 10 2 4 4 6 3
52 22 105 | 195 15 5 5 10 20 28
53 23 90 70 60 10 10 5 9 20
54 24 100 | 120 3 9 8 8 12 12
55 25 80 220 15 14 8 2 25 6
56 26 300 | 110 8 10 9 14 4 32
57 27 200 | 135 20 7 10 30 5 15
58 28 150 | 140 10 6 20 30 20 4
59 29 270 | 180 4 22 20 1 10 1
60 30 240 | 100 22 8 4 8 14 12
61 1 180 | 140 3 7,5 3 4 2,5 6
62 2 50 45 5 6 5 15 5,5 28
63 3 240 75 2 6 11 68 6 3
64 4 130 | 220 5 8,5 7 4 3,5 10
65 5 80 80 3 21 2 6 5 11
66 6 120 | 150 4 4 8 10 3 5
67 7 360 | 300 16 8 26 14 30 27
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[Tponosxxenns Tabnumi 1.3 — BxigHi nani g0 3amaq 3 ta 4

Bapi- | Homep EPC, B Omip, Om
aHT CXEMH 3a E; E> R4 R» Rj R4 Rs Re
puc. 1.3

68 8 110 | 70 10 4 5 7 3 7
69 9 90 | 95 15 5 10 5 20 30
70 10 160 | 140 2 12 10 5 2 24
71 11 240 | 80 2 12 8 22 4 3
72 12 40 | 40 3 8 18 4 5 14
73 13 60 | 120 4 2 10 2 5 2
74 14 120 | 150 7 5 2 9 3 15
75 15 210 | 170 6 4 3 5 4 10
76 16 55 | 65 2 3 10 30 4 16
77 17 100 | 200 4 5 6 11 12 8
78 18 120 | 60 1 12 6 10 20 10
79 19 240 | 90 1 6 12 16 12 12
80 20 100 | 50 20 24 2 8 21 10
81 21 50 | 20 10 2 5 6 2,5 20
82 22 140 | 160 | 14 20 8 4 7 16
83 23 140 | 110 | 30 5 5 2,5 2 7,5
84 24 230 | 160 | 11 6 8 8 15 7
85 25 40 | 155 | 15 14 8 7 25 6
86 26 130 | 85 3 5 5 6 2 15
87 27 150 | 80 9 10 5 14 8 8
88 28 90 | 75 6 9 10 9 3 5
89 29 155 | 170 | 15 5 10 27 20 18
90 30 65 | 25 | 55 2 1 2 3,5 3
91 1 110 | 230 | 30 4 20 12 6 16
92 2 40 | 90 6 2 4 3 6 4
93 3 130 | 220 9 10 3 9 8 3
94 4 145 | 70 2 10 10 2 3 6
95 5 105 | 15 11 10 16 1 5 12
96 6 160 | 100 | 10 4 8 7 2 30
97 7 120 | 100 8 4 13 7 15 13,5
98 8 95 | 130 5 9 8 2 10 18
99 9 180 | 210 | 15 5 20 5 20 40
100 10 50 | 95 2 4 5 5 25 2
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4

5

— Po3paxyHkoBa enekTpuiHa cxema 210 3ajay 3

Pucynox 1.3
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Pucynok 1.3 (mpomosxeHHs1) — Po3paxyHKkoBa eekTpuyHa cxema 1o 3aaad 3,4
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Pucynok 1.3 (mponosxeHHs) — Po3paxyHKoBa eleKTprYHa cxema JIo 3a1a4 3,4
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1.2. OcHOBHI TeOpeTUYHI MOJIOKEHHS 1JIs1 PO3B’sI3aHHSA 3a/1a4

Ha MOCTIMHUN CTPYM

MeToau po3paxyHKy eJJeKTPUYHMX Kijl. EKBiBajleHTHI mepeTBOpeHHs.
3akonu Kipxroga. Po3s’s13anns 3a1a4 Ha ocHOBI 3akoHiB Kipxroga. Meron

KOHTYPHMX CTPyMiB. MeTo/ eKBiBaJICHTHOI0 reHepaTopa

Pospaxysamu enexkmpuune kono — ye o3nauae no 3a0aHux napamempax oxceper
i cnoorcusauis (3Hauenns nanpye, EPC, onopie) euznauumu cmpymu y imKax
(npsima 3adaua), abo no 3a0aHomy Cmpymy 8 AKiu-HeOyOb Gimyi SUZHAUUMU

EPC oocepena ma cmpymu inuiux 8imox (360pomua 3a0aua,).

[Ipu po3paxyHKy Kojia CIOYATKY JOBIIBHO BUOMPAIOTH HANIPSIMKHU CTPYMIB Yy
BiTKax. J{IMiCHMI HampsIMOK BH3HAUUTBHCS 3HAKOM CTPYMY, OTPUMaHUM MICISA
poO3paxyHKy. SIKIIO B pe3yJibTaTl pO3paxyHKY CTPYM BUSBHUBCS HEraTUBHUM, TO
HOro HampsIMOK HPOTWIEKHUN oOpaHoMy crodatky. Jlami OyayTh pO3IJIsSHYTI
JIesiK1 HalO1TbII BITOM1 METOJIA PO3PAXYHKY €JIEKTPUYHUX KiJI.

ExBiBajieHTHI  meperBopeHHs. (11  CHpOIIEHHS  pPO3pPaxyHKY
3aCTOCOBYETHCSI METOJ ‘‘3rOpTaHHsS’, TOOTO CIPOIICHHS CXEMU — IOCTYIOBa
3aMiHa rpyIU OMOPIB €KBIBAJEHTHUMH onopaMu. EXBiBaI€HTHUI omNip — L€ TaKUl
omip, 10, OyAy4Yd BKIOYEHUM 3aMICTh FPYyIU ONOPIB, HE BUKIIUKAE 3MIHU CTPYMIB
1 HanpyT B 1HIIIM YaCTHHI KOJa.

IIpu mocaiioBHOMY 3’€IHAHHI OMOPIB, KOJM MK HUMHU HEMA€ TOYOK

posranyxeHss (puc. 1.4), ekBiBaJeHTHUI OMIp JOPIBHIOE CyMi BCiX OMOPiB, TOOTO
n
ReKB = Z Rk '
k=1

3BepHITH yBary, mo CTpPyM MNpPH MOCTITOBHOMY 3’€[IHAHHI €JIEMEHTIB,
HE3BAKAKYM HA KUIBKICTh €JIEMEHTIB y BiTHi, TiJIbKM OUH!

RGKB
R R R R al b
a ! 2] 1 n b o> 10
o+ P +---1"t1o < —
u U, U, U, v
—>
U

Pucynok 1.4 —IlocninoBHe 3’€JHAaHHS OTIOPiB
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J1s1 mapaJjieJibHOro 3’€IHAHHS, KOJHU OMOpHU R
1

]l
MAaloTh JIBi CITIJIbHI TOYKH PO3TATYKCHHS a00, IO TEXK >
o e . R
came, 3HaxXONIATBCS I Ji€0 OJHIi€l Tiel > camoi _£2_|:2|_
Hanpyru (puc. 1.5) ekBIBaJIEHTHUI ONOP 3HAXOAUTHCA |, Ry b
o—o— 1—o 0
SIK:
T
— R
Row = 5 200 R
Y 1/R, U
k=1
1 1 1 1 Pucynok 1.5 — I[1apanensHe
=T T + . 3’€JIHAHHS OTIOPiB
ReKB Rl R2 n

OxpeMo po3TIsTHEMO BUIIAJ0K JBOX MapaebHuX omnopiB (puc .1.6), komm

€KB1BaJICHTHUI OIIp BU3HAYAETHCS SIK

I, R
>
/ b
Rees = 1 _ RR 650 0—o0
i+i Ri+ R, L, R’
R, R, —>—
U

Pucynok 1.6 — JBa mapasienbHi onopu

3Mmimane 3’€HaHHS MMOKa3aHO HA puc. 1.7. BoHO moenHye mocaijoBHE Ta

napaseibHe 3’ €JHaHHS:

1 R,
RCKB:R1+7R2R3 =Ry + Ry3; R > ]
R, + R a 1L, T 3 b
o >0 25 o
l,=—— 3
R —>— —

n . Pucynok 1.7 — 3Mmimane 3’€1HaHHS ONOPIB
PaBWJIO PO3KUIAY CTPYMIB:

_U23_| R3 | _U23_| RZ
- -1 » 13— -1 )
R, R, +R; Rs R, +R;

ac U23 = |1R23.

>

Skmo 3’e¢gHAaHHS OMOPIB HE MOXHA BITHECTH A0 IOCHIJOBHOTO abo
napajenbHOro, a 00’elHaHl BOHM OUIBII CKJIAIHO — Y “31pKy” a00 B “TPUKYTHHUK
(puc. 1.8), To 1 mpuUBENEHHS 0 3MIIIAHOTO 3’€IHAHHS BUKOPUCTOBYIOTHCS

€KBIBaJICHTHI MEPETBOPEHHS “31pKU” y “TPUKYTHUK  a0O0 HaBMaku. TakuM YHUHOM,
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3 SBJISIETHCS MOXKJIUBICTh CKOPUCTATUCS METOJOM ‘‘3ropTaHHs”. Huxde HaBeneHi

dbopMyIH 71 TaKO1 €KBIBAJICHTHOI 3aMiHH.

Pucynox 1.8 — 3’ennanns onopiB y “3ipky”’ Ta B “TpUKYTHHK’

Ryp =R, + Ry + 22 R Rb Ry = RabRea .

RC Rab + Rbc + Rea
R R

Roc =Ry, + R + b Rp = RabRbe :

a Rab + Rpc + Rea
Rh~R

R, =R, +R, + ReRa R; = bcTca

Rb Rab + Rbe + Rea

[HOMI &Myt po3paxyHKY EIEKTPUYHOTO KOja CEKBIBAJCHTHUX TMEPETBOPEHB
HEJIOCTAaTHBO 1 TpeDda 3acToCcyBaTH METO/IM, 3aCHOBaH1 Ha 3akoHax Kipxroda.
3axonu Kipxroga
1" 3akon: AnrebpaiuHa cyMa CTpYMiB BIiTOK, IO CXOAATHCS y BY3Ji
EJIEKTPUYHOTO KOJIa, JOPIBHIOE HYJITIO

n
2. 1k=0
k=1

2" 3agoH: Anreopaiuna cyma EPC B KOHTYpI EISKTPHYHOTO KoOJa
£ 3aKOH: Yy y

JOPIBHIOE CyMi1 HampyT (MajiHb HAMIPYT) Ha AUISHKAX JAHOTO KOHTYPY
Z Ey = Z Rl -
k=1

By30u1 — Touka eeKTpUYHOT KOJIa, 1€ 3’ €AHYIOTHCS TPU 1 OLIbILIE BITOK.

BiTka — guisiHKa €IEeKTPUYHOrO KOJIa, HIO CKJIAIa€ThCsd 3 OJHOTO abo
JEKUIBKOX TOCTIOBHO 3’€IHAHUX EJIEMEHTIB, 4epe3 Kl MPOXOAUTh OJHAKOBUMN
CTPYM.

KoHTyp — 3aMKHYTUH NUIAX B €IEKTPUYHOMY KOJI, 110 TPOXOIUTH Yepe3
BY3J4 1 BITKH. [Ipu 11boMYy 3K0O/THA BITKa, )KOACH BY30.]1 (KpIM BUX1IHOTO) HE
NOBTOPOETHCS /1Bivi. (KpiM TOro, KOHTYp MOKHa OpraHi3yBaTH JOBUIBHO,

3aMIHUBIIN OY/b-SIKY BITKY HaIllpyrol MK JBOMa TOUYKAMH €JIEKTPUYHOTO KOJIa).
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OnuH 3 HaAWOLIBII YHIBEPCAJBHUX METOJIB PO3PaxXyHKy € METO/I,

3aCHOBaHUM Ha Oe3mocepeTHbOMY BUKOpHCTaHHI 3akoHiB Kipxroda.
AJITOPUTM PO3B’A3aHHA 3a/1a4i 32 100MOro10 3akoHiB Kipxroga:

1) 1OBUIBHO MpHIIMAEMO HAIMPSMOK CTPYMIB Yy BITKaX 1 MO3HAYaEMO iX, a
TaKOX BUOMpPAEMO HE3aleXHI KOHTYpH, TOOTO Taki, Y sIKI BXOAMTH Xo4ya O OaHa
HOBA BITKa, 1 MPUIIMaEMO HaMPAMOK 00X0y IUX KOHTYPIB;

2) BU3HAYA€MO KUIBKICTH BY3JiB N y KOJji 1 3a mepmmM 3akoHoM Kipxroda
3anucyemo (N — 1) piBHSIHHS;

3) BH3HAYaeMO KUIBKICTh BITOK M 1 3a apyruM 3akoHoM Kipxroda
3anmucyeMo M —N+ 1 piBHSAHHS, NPU LIbOMY Hampyry Ha pe3ucTopi Oepemo 3i
3HaKOM IUTIOC, SAKIIO HAmpsM CTPyMy y BITII 30iraeTbCcsi 3 HaAmpsMOM OOXOTy
KOHTYpY, 1 31 3HAKOM MIHYC, KO He 30iraerbes; EPC 0epeMo MO3UTUBHOIO, SKIIIO
M0 HAIpsIMy BOHA 301ra€ThCs 3 HAMPSIMKOM 00XOJy KOHTYPY 1 HETaTUBHOIO, SIKIIIO
HE 30Ira€eThes;

4) oTpuMaHy CHCTEMY pIBHSHb (TIPUUOMY YHUCIO HEBIJIOMUX BEIUYUH
MOBUHHE JIOPIBHIOBATH YHWCIY PIBHSAHb) BUPINIYEMO OJHUM 3 BIJOMHX 3 KypCy
MaTEeMaTHUKH METO/IIB;

5) IS mepeBipKU MPABUIBHOCTI PIIICHHS CKJIalaeMO OajaHC MOTY>KHOCTEH

n m
mxepen i cnoxusavis) P => P, , Tobro, > El, = SR I Tloxubka He
k=1 k=1

MOBMHHA TIEPEBUILYBaTH OJIMH BIJICOTOK, TOOTO

_ ZPIDK _ZPCH

) -100% <1%.
2. Prx o
Ipukaaa. Busznauutu BCi CTpyMH B BITKax E E I
Koa, sikio E1 =100 B; E» =50 B; Ry =10 Owm: : ? ’
R2 =20 Om; R3 =15 Om (puc. 1.9) (n=2, m=3). I L R,
Rl R2
Po3p’s13aHHs
b
|1—|2—|3:0, |1:|2+|3, =~
_ _ Pucynoxk 1.9 - Cxema
El_E2 :Rl|1+R2|2’:> 50:10|2 +1OI3+20I2’:>CHCKTPI/ILIHOFO KoJa, SKe
E, =—R,1, + Rsl5. 50=-201, +15I5. PO3paxOBYEThCS 3a 3aKOHAMH

Kipxroga
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|1: |2+|3,

5:—2(5_'3j+1,5|3.
3

bananc noryxHOCTEM:

|, =4,23A,;
|2:5‘3'3; =11, =0,38A;
I;=385A.

P, =Eil; —E,l, =100-4,23-50-0,38 = 423 —19 = 404 Br;

S P, =R +R,1% + Ryl 2 =10-4,23% +20-0,38% +15-3,85° = 404 Br.

Takum YHUHOM, OajaHc I'IOTy}KHOCTGI/I CXOOUTBHCA 1 3aJga4da po3B ’s13aHa

npaBwibHO. llle pa3 3Bepraemo ymary, sikmo EPC 1 ctpym y sikiii-HeOyab BITII

CIpPSIMOBaH1 3yCTPi4HO, TO B OanaHCl MOTYKHOCTEW Iepes iXHIM T00yTKOM Tpeda

MOCTAaBUTH 3HAK MIHYC.

MeToa KOHTYPHHMX CTPYMIB

Pucynok 1.10 — Cxema kona
JI0 METOY KOHTYPHUX CTPYMiB

[lin KOHTYpHUM CTPYMOM PO3YMIIOTh
@ikmusHuli CTpyM y SKOMY-HEOYJlb KOHTYpI, IO
OJIHAKOBHUH JJISI BCIX €JIEMEHTIB I[LOTO KOHTYpY.
JIJi KOKHOTO KOHTYPY CKJIQJa€ThCsl PIBHSHHSA 3a
apyrum 3akoHoM Kipxroga. Hanpsimox ob0xomy
KOHTYpIB, K W y TONEPEIHbOMY METO/I,
BuOupaemo noBinbHO. Ha puc. 1.10 koHTypHI
CTpyMHU TO3Ha4eHl1 5K [11 Ta Iy, [Ipudomy, ixHii
HampsMOK CITIBIAJAE 3 HAIPSIMKOM 00XO0may

KOHTYPIB.

Ipukaaa. BusHauutu CTpymMu B BITKaX, SKILIO

Biomi 3HaueHHs EPC FE; 1 E;, a Takox 3HaueHHs omopiB Ri, Ro, Rz, Ry

(puc. 1.10). 3rimHO 3 METOIOM KOHTYPHHX CTPYMIB 3aIUCYEMO:

{El -E,= (Rl +Ry + R3)'11 —Rslp;
E, =—Rsly; +(R3 + R4)|22-

JIificH1 CTpyMH B BITKaXx:

Iy =143;

=13 =1y, I3=1y.

28



VY 3araibHOMY BUNAJKY JUIsl OYIb-IKO1 CKJIaIHOI CXEMH MO>KHA 3aIliCaTH
CUCTEMY PiBHSHB:

Ryl + Rialos + Ryglgg +.oeenn, + Rinlnn = B
Rzllll +R22I22+R23I33+ ........... +R2n|nn:E22; (1 1)
Rn1|11+Rn2|22+Rn3|33+ ............ + Rnnlnann:Enn,

ne Rii, R2s.......Rnn — moBHI abo BjacHI ONMOPH KOHTYPIB, SIKi JOPIBHIOIOTH CyMi

OTIOPIB BCIX €JIEMEHTIB, IO BXOITh Y JaHUN KOHTYpP; Rik = Rk — B3aeMH1 omopw,
SIKI TOPIBHIOIOTH CYMi OIOpIB CHUIBHUX BITOK, SIKi BXOASTH i B I-THid 1 B K-Twii
KOHTYpH. B3aemHI omopu 3amucyroTbes 31 3HAKOM «+», SKIIO KOHTYPHI CTPYMHU
CIOpPSIMOBaHI B OJJHY CTOPOHY 1 «-», SIKIIO — B PI3HI CTOpOHU; E11, Eo......Eqn —
kouTtypHi EPC, koxxkna 3 skux jopiBHIo€e anreOpaiuniii cymi Bcix EPC
BIJIMOBITHOTO KOHTYpY. Akimo EPC koHTypy 30iraerhcsi 3 HampsiMKOM 00XO0may
KOHTYPY, TO BOHA 3alHCYETHCS 31 3HAKOM «1», y NPOTHJIEKHOMY BHMIMAJAKYy 31

3HAKOM «-).
V 3aranbHOMY BHUIIAJIKy 3HAXOKEHHSI KOHTYPHOT'O CTPyMY 3/1HCHIOETBCS 3a

A A
dopmynoro |l = f B+ f Ex +oiiiiinnn, —=

e A — BU3HAYHHUK CUCTeMU piBHSHBG (1.1), sikuii qopiBHIOE

Rll R12 Rln
A= R21 R22 R2n , (1.2)
Rnl Rn2 Rnn

a Ayi — anreOpaiyHe IOMOBHEHHS, OTPMMaHE 3 BU3HAYHUKA BUKPECITIOBAHHIM

o - . k+1
K-TOro CTOBIILIS it i-m020 PAKA i MHOMKEHHS OTPMMAHOTO BU3HAUHMKA Ha (—1) ",
9 o Akk

A0G0 KOHTYpHUI CTpyM MOXHA 3HaiTH 3 popmynu |, = N

ne A — BU3HAYHHUK cucteMu piBHsAHB (1.1), a Aw — BU3HAYHUK, OTPUMAHHHA 3
BU3HAYHHKA A IUIIXOM 3aMiHU K-TOT0 CTOBIIIA CTOBIIEM KOHTYpHHX EPC.
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MeTo/ eKBiBaJI€eHTHOT0 reHepaTopa.

[{um MeToAOM 3pydyHO KOPHCTYBATHUCS, KOJU
HEOOXIIHO 3HAaWTH CTPyM OKpeMoi BITKH B
elIeKTpUYHOMYy Kouyi. Hampukman, y xom Ha
puc. 1.11 HEOOX1THO 3HANTH CTPYM l.
ExBiBaJeHTHUII reHepaTop TNPEACTaBISAIOTH Y

Buriani EPC Ee. 1 omopy Rgp(puc. 1.17). Otxe,

CTPYM Y BUJIUICHIH BITII 3HaXOAUMO TaK

_ Eer _ Uabxx
R+Ry R+Re O
b
ne U, — Hampyra XoJIOCTOrO XOJy MIiX
Pucynok 1.11 — Cxema

By3s1amu a i b. )
CIICKTPUYHOI'O KOJIa Yy MCTOA1

CKBIBAJICHTHOT'O réHeparopa

AJITOPUTM PO3B’SI3aHHA 32 I0IIOMOTI0I0 METOAY €KBiBAJICHTHOIO
reseparopa:
1) po3MuKaEeMO BITKY 13 BH3HAYE€HUM CTPyMOM I,
TOOTO YTBOPIOEMO PEXHUM XOJOCTOTO X0y, TOJI 332 APYTUM
3akoHOM Kipxroga moxxna 3amucatu U,y = E, + 1, Rs;
2) WyKaeEMO CTPYM XOJIOCTOTO X0y, BUXOASUHU 31

cXxeMH koJia Ha puc. 1.17, mo yrBopuiacs micis

PO3MUKaHHS BITKH 3 O1TOpoM R

El_EZ

" R+ Ry +Ry Pucynox 1.12 —
Enexktpuuna cxema
JJ1s1 BUBHAYCHHS

3) mpuitmaemo yci EPC piBHUME HYJTIO 1 BU3HAYAEMO ~ CTPyMY

i Busnauaemo EPC: E_. =U, =E, + Ryl ;

OITip €KBIBAJIEHTHOI'O FeHepaTopa o0 TOYOK a1 b

R :(R1+R2)'R3.
* R+R 4Ry
: . E
4) Toni mykanuii ctpym (puc. 1.12) | = ——.
R, +R
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1.3. Ilpukjaam po3paxyHKy eJeKTPUYHHUX KiJl MOCTIHOTO

CTPYMY Ta MUTAHHSA VISl CAMOKOHTPOJII0

Ipuxkaang 1. Po3paxyHOK eJeKTPHYHOIO KO0JIa NMOCTIHHOIO CTPyMy 3
OJTHUM JI’KePeJIOM KUBJIEHHS NPHU 3MIiIAHOMY 3’ €IHAHHI CIIOKUBAYiB.
BusHauuTu CTpyMH B BITKaX €JIEKTPUYHOTO KOJIa, CXeMa SKOTro 300pa)keHa Ha
puc. 1.13, a, sxmo EPC E =120 B; omopu enemeHTiB Ro=2 Owm; R;=3 Owm;
R, =25 Om; R3=50OmMm; R4 =20 Om; Rs = 30 Om.
[lepeBipuTH MpaBWIBHICTh PO3B'S3aHHS, CKJIABIIM PIBHAHHSA OajlaHCy
IIOTYKHOCTEU KOJa.
Po3B’s13anHs
a) mpsaMa 3ajgava
[IpuitMaeMo MO3UTHUBHI HANPSAMH CTPYMIB Yy BITKAaX KOJIa, BIJIMOBIJHO [0
Harpsimy EPC. BukopucToByeMO METOJ| MOCHIJOBHOTO 3TOPTaHHS IMOYATKOBOI
CXEMHU B HEPO3TAIYKEHY 3a JIOMOMOTOI0 €KBIBAJEHTHOI 3aMiHU OJIHUX IUISTHOK
CXEMU JPYTUMH, K 11e 300paxeHo Ha puc. 1.13, 0, 6, 2.
3eepuimo yeaey, wo y 0OHIU 8imyi, He38aHCaAOYU HA KiIbKICMb NOCAI008HO

BBIMKHYMUX ONOpis, cmpym minvku 00ur! Hoeo moocna noznauumu y 6yob-aKkomy

Micyi Ha NiHIL, KA 3 ' €OHYE elemMenmu GImKuU.

oo

Pucynok 1.13
BuzHauaemo €KBIBaJICHTHI ONOPU JUISTHOK 1 YChOT'O KOJIa MICHS 3rOPTAHHS:
Ry; =R, + R; =25+5=30 Owm;

_ R,-Rg  20-30
" R,+R; 20+30
_(Ry+Rgc) Ry (3+12)-30
- R, + Rge + Ry3 - 3+12+30

Huoicniti indexc 0nsi exgisanienmuoco onopy OUISAHOK MONCHA 8uopamu 5K

R

=12 Owm;

Rac =10 Om.

KOoMOIHayilo iHOeKci8 onopie OilsiHKU, Hanpukiad, Ry; abo sk xombinayiio

NO3HAYEHb 8Y3/1i8, 00 SAKUX Ni0 EOHYIOMbCS 8IMKU I3 NAPANENbHUMU ONOPAMU.
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Tpeba nam’smamu, wo onip 6 y eimyi 3 ddcepenrom EPC ne mooce dymu
napanenvnuil - miskomy inwomy onopy. HMozo oOodaromb 0o  ompumanozo
eK8I8AIEHMHO20 ONOpPY YCIX THWUX 8imoK Ryc y ocmannio uepey, wob ompumamu
eK8I8aneHmHuUL Onip ycbo2o Kola

Ros =Ro + R, =2+10=12 Om.

Busznauaemo ctpym lg mxepena EPC (puc. 1.13, 2)
- B0y,
R 12

CKB

Hanpyra na ginsuaui AC (puc. 1.13, 6)

U =Rpc -1, =10-10=100 B.

Crpymu y napaneinbHUX BITKax Ha 1id auisHO (puc. 1.13, 0):
I, = Ync _ 100 =6,67 A;

R, +Rge 3+12

3eepuimov ysazy, wo cmpym I; euznavacmvcsi Hanpy2oio OLIAHKU KOAA mda

ONoOpoM OLNAHKU.
I, =U&:@=3,33 A.
Ry 30
Hanpyra na aunsani BC (puc. 1.13, 6)
Ugc =Rge - 1, =12-6,67 =80 B.
Crpymu y napanenbHux Bitkax (puc. 1.13, a):

_Upgc _80

R, 20
| =ec _80 567 A
R, 30

PiBHsiHHA GanaHCy MOTY)KHOCTEH Koua 3a puc. 1.13, a:
5
P}:[)K = z PCl'Ik !
k=0

Jie oTyxHicTh xepena EPC
P =E-19=120-10=1200 Br;
apudMeTHYHa cyma moTryxHocted P CIOKMBayiB, ¢ kK = 6 — KUIbKICTb

CIIy

CHO}KI/IBa‘IiB, BHU3HAYAETHCA SK:
6
S P, =Ry 1§ + Ry -1 +(Ry+Rg)- 15+ Ry 1 +Rs - 15 =
k=1
=2.10%+3-6,67% +(25+5)-3,33% +20-4% +30-2,67% =
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=200+ 133,47 + 332,66 + 320 + 213,87 = 1200 Br.

Sxmo, 3HAaYeHHS TOTY)KHOCTEH JpKepena Ta CymMapHa MOTYXHICTb
CIIO’KMBAYIB BIJPI3HIIOTHCS, TOJI Tpeba po3paxyBaTH BIAHOCHY MOXHOKY. JIuB.
npukiaa Ne2. BimHocHa moxuOka He TOBMHHA TiepeBUIyBatu 1%.

0) 3BOpPOTHA 3a/1a4a

Hanpyra na ginsuni BC (puc. 1.13, 6)

UBC :RBC ‘Il :124248 B

Ctpymu y nmapajienbHUX BiTKax Ha id autsHii (puc. 1.13, a):

|4:—URBC :3-?:2,4 A;

4

|5:ULC:4—8:1,6 A.
Ry, 30

Hanpyra na ainsaig AC
CtpyM y BitIi 3 onopoM R,3 (puc. 1.13, 6)

, 2 A.
Ry; 30

3a nepmum 3akoHoM Kipxroda ms Bysna A4 (puc. 1.13, a, 6) Bu3HAYaEMO
CTpyM JDKepena
|o = |1+ |2 =4+2=6 A.

Busnauaemo Hanpyry mpkepena (puc.1.13, 2)

E=R.s 1p=12-6=72 B.
PiBHsIHHS OaslaHCy MOTYKHOCTEH €JIEKTPUYHOTO KOoJia MOAI0HO 10 PIBHSHHS

OaslaHCy MOTYXHOCTEH y MpsAMIi 3a7adi, TUIbKY 3 IHIIUMU 3HAYEHHSIMU CTPYMIB Ta
EPC.

5
PI[)K = Z PCHk 1
k=1

Jie moTyxHicTh Jxepena EPC
Px =E-lg=72-6=432 Br;

apudMeTHYHA CyMa MOTY>KHOCTEH CIOKHUBAYiB:
5
S P, =Ry 1§+ Ry 17 +(Ry+R3)- 15+ Ry - 14 +Rs - 15 =
k=1
=2.6°+3-4°+(25+5)-2 +20-2,4° +30-1,6° =
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=72 +48 + 120+ 115,2 + 76,8 =432 Br.

Ipuxkaan 2. Po3paxyHOK eJEeKTPHUYHOIO0 KOJIa NMOCTIHHOTO CTPyMy 3
oaHuM JxkepesioMm EPC meTronom neperBOpeHHs “TPUKYTHHUK” — “3ipka”.

B enextpuune xono (puc. 1.14) yBimkuyTO B BiTKy DA mxepeno EPC E.
Hanpsim EPC Bin By3na D no By3na A. IlapameTrpu enemeHTIB Koja:
E=60B;R1=8 Om; R,=10 Om; R3=20 OM; R4= 15 Om; Rs=7 Om; Rg=9 Om.

Pucynok 1.14

BusHauutu cTpymMu B BITKax €JIEKTPUYHOrO KOJa 3a JIOMOMOTOK METOIY
NEPETBOPEHHS OMNOpPIB, 3’€THAHUX “TPUKYTHUKOM , Yy EKBIBAJCHTHY ‘3ipKy’ 1

HaBnmaku. CKJIacTy PIBHAHHS 0ajaHCY MOTY>KHOCTEN KoJja 1 MepeBipUTU HOro.

Po3p’si3anHs

[Tonepenubo  BUOEpEMO  MO3UTHBHI
HampsiMU CTPYMIB y BITKax KoJja, SK IIe
nokazane Ha puc. 1.15. IleperBoproemo
3’eHaH1 “TPUKYTHUKOM ™ MIX By3namu A, B
1 C omopu Ry Rs;, Ry (puc.1.14) nHa
eKBiBaJICHTHY ‘‘3ipKy” 3 omopamu Ry, Rpz1 Re

Ta neHTpaabHuM By3ioM O (puc. 1.15).

Pucynok 1.15

Busnauaemo CKBIBaJICHTHI oTnopu

“31pKu’’:
- R,-Rs  10-20 _ 444 On
R, +R; +R, 10+20+15
R, R,-R,  10-15 —3330Mm

"R, +R;+R, 10+20+15
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R;-R, 20.15

Rc =6,67 Om.

"R,+R;+R, 10+20+15

4 f
Ry
Ry
Io
U
E ODI| [Rop
I;
a O

Pucynoxk 1.16
3 ypaxyBaHHSIM TMPOBEJICHOI BHUIE 3aMiHM Ha puc. 1.16,a nana
€KBIBaJIEHTHA CXeMa KoJia, Yy sIKiii 30epeKeHl HalpsIMU CTPYMIB Kpi3b €JIEMEHTH,
10 HE MOMAJIH I1JT IEPETBOPEHHS.
Busnagaemo exBiBasieHTHHI omip MK By3inamu O 1 D ta mneperBoproemo
cxemy 3a puc. 1.14, a y cxemy 3a puc. 1.16, 6:
_ (Rg +R5)-(Re +Rg) _ (3,33+7)-(6,67+9) _6.23 Om.

R.~ =
°" Rg+R;+R.+R;  333+7+6,67+9

ExBiBajsieHTHU#1 omip ychoro koia (puc. 1.16, 6):
E 60

Crpym mxepena EPC: || = R = 1867 =321 A.

Hanpyra mix By3mamu O i D (puc. 1.16, 6):
U =1;-Rop =3,21-6,23=20 B.

CKB

Crpymu napanenbHUX BITOK (puc. 1.16, a):
| Uob _ 20
> Ry+R, 333+7
°® R.+R; 6,67+9
3a pgpyrum 3akoHoM Kipxroda pns kontypy K mouarkoBoi cxemwu

(puc. 1.14) npu iforo o0Oxomi 3a pyXOM TOJAMHHHKOBOI CTPUIKM CKIJIAIa€MO

=194 A,

=128 A.

PIBHSIHHS:
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3 IbOI'O piBHHHHfI BHU3HAYA€MO CTPYM
| s Rs—1g-R; _194-7-128-9
) R, 15

3a nepmuM 3akoHoM Kipxroda st cTpyMiB BITOK, 1O 3’ €IHAIOTHCSA B BY3JI1
9

=014 A.

B (puc. 1.14), maemo piBHsHHSA |, — 1, — |5 =0, 3 s5KkOro BU3HAYa€EMO CTPYM
l,=1,+1;=014+194=2,08 A.
3a nepmm 3akoHOM Kipxroda st cTpymiB BITOK, 110 3’ €IHAIOTHCA B B3I

C maemo piBHAHHA: |5 + 1, — g =0, 3 Ax0oro BU3HA4aeMO CTpyM
l;=1,-1,=1,28-014=114 A.

6
Pipnsnns 6anancy notyxHocted kona 3a puc. 1.14 P = > P,
k:

e noryxHicts uxkepena EPC P, =E -1, =60-3,21=192,6 Br;

apu(pMeTHYHa CyMa MOTY>KHOCTEHN CIOKHUBAYiB:

6
2 2 2 2 2 2
k=1

~8-321%2 +10-2,08% +20-114% +15-0,14° +7-1,94% +9.1,28% =
= 82,43 + 43,26 + 25,99 + 0,29 + 26,34 + 14,75 = 193,06 Br.
[ToxuOKy po3paxyHKy MOTYKHOCTEH y BIJICOTKAaX
6
szc B Z PHp,k
5, - = 1009 [192.6 ~193,06
P 192.,6

JOK

-100% =0,24%

MOJXHa BBAXKAaTHU OOITYCTUMOIO.

Ipuxnag 3. Po3dpaxyHOK eJeKTPUYHOIO KOJAa MeTOAO0M KOHTYPHMX
CTPYMiB.

JIJIsl eeKTPpUYHOTO KOJIa, CXeMY SIKOTO 300pakeHo Ha puc. 1.17 Bu3HauuTH
CTPyMH B YCIX BITKax, KOPUCTYIOUHCh METOAOM KOHTYPHHMX CTPYMIB, SKIIO
E, =100B; E,=50B; R =R;=80M; R,=100M; R;=7Owm; R, =9 Owm;

Reg = 130M. CkiacTu piBHSIHHS OajlaHCy MOTY>KHOCTEH KoJja 1 epeBipuTH HOTO.

Po3B’s13anus

Bubip nezanexuux koutypis I, II, IIl, mo3HaueHHs koHTYypHUX cTpyMiB Iy,

I 55, 133 1 HAmIpsiM 00X0y KOHTYpIB MoKa3aHi Ha puc. 1.17.
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3anumemo piBHsHHS 11 kKoHTYpiB I, II 1 III 3a npyrum 3akonom Kipxroda B

3daraJIbHOMY BHUIIAJKY:
a

R lLli+R,-1,+R.-l..=E,,;
11" 1yt Rl TRz I3 =By (13)
Roi -y + Ry - 1 + Ryg - 133 = Ep;

E, Rap - 13+ Ry - 1o + Rgg - 133 = Eg3,

ne koutypHi EPC:

E,, =E, =100 B;

ki - R E11 E1 100 B
Pucynox 1.17 21 ’

MOBHI (BJIacH1) OMOPHU KOHTYPIB:
Ry =R +R, =8+10=18 Owm;
R, =R, + R3+ R; =10+16 +8=34 Owm;
Rs3 =Rg + Rg =8+13=21 Owm,
B3a€MHI ONOPU KOHTYPIB:
Ry, =Ry =R, =100wm;
Ros =R3 =R5 =8 Owm;
Ri3 =R3; =0 (kontypu I 1 III He MaroTh 3B’43Ky). Y JaHOMY BHIIaJKy B3a€MHI
onopu R, = Ry 1Ry3 = R3, 3ammcani 31 3HakOM «+» TOMY, IO KOHTYPHI CTPYMH

B HUX 30Irar0ThCA.

[Ticnst miacTaHOBKU YHCEIBHUX 3HAYEHb cUcTeMa piBHsIHB (1.3) Mae BUTIIS:
18-144 +10-1,, +0- 133 =100;
10-144 +34-1, +8- 153 =100; (1.4)
0-137+8- 15 +21- 153 =50.
18 10 O
[i 3arambamit Bi3HauHMK: A =10 34 8. (1.5)

0 82

Po3kpuBaroun Moro 3a eJIeMEHTaMu MEPIIOT CTPOKU, 3HAXOAUMO

18 10 0 4 g o s
A=10 34 8=(-1'!.18. +(=1)¥2 .10 +(-)+3.0.
8 2 0 21
0 8 21
=18-(34-21-8-8)—10-(10-21—0-8) + 0=11700 — 2100 = 9600.

10 34
0 8
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JlomoMi>kHI BUBHAYHUKU CHUCTEMH OJICPXKYEMO 3 3arajbHOTO BH3HAYHUKA 3a
Jonomororo 3aminu 1, 2 ta 3 cropniiB Ha croBnens EPC cucremu piBHsHB (3.2), a

caMce:
100 100 34 8 100 8
A; =100 34 8 =(-1)"!.100- +(-1)*2.10- +
8 2 50 2
50 8 21
100 34
+(—1)1+3-o.‘ 50 8 ‘=100-(34-21—8.8)—10-(100-21—50-8)+O:
= 65000 — 17000 = 48000;
18 100 0 100 8 10 8 10 100
Ay =10 100 8 |=(-1)**.18- + (=) 2 .100- +(=D¥3.0. =
1 0 21 0 50
0 50 21

=18-(100-21-50-8)-100-(10-21-0-8) + 0 = 30600 — 21000 = 9600;

16 10100 34 100 10 8
Ay =[10 34 100/ =(-1)***-18- +(=1)7*-10- +
8 50 0 50
0 8 50

10 34
+(—1)1+3-1oo.‘O 8‘:18-(34-50—100-8)—10-(10-50—0-8)+

+100-(10-8—-0-34) =16200 - 5000 + 8000 =19200.

KontypHi ctpymu OyayTh TOpiBHIOBATH:
A
11 _ 48000 5 A

b

|11 =

A 9600
3 :ﬁ:%oo:lA;
A 9600
Ay; 19200
|33 == 2
A 9600

BinmnoBigHO cTpyMH y BiTKax:
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PiBHstHHS OanaHCy MOTY>KHOCTEH:
5
P[[}K = Z Pnp,k )
k=0
ne P, =E -1, +E; - 14=100-6+50-2=600+100 =700 Br
SP. =R 1P +Ry - 12 +Ry- 15 +R, - 12 +R- 12 +Rg- 1€ =

~8.524+10-6°+7-1°+9.1°+8.32+13.2%2 =
=200+360+7+9+72+52=700 Br.

Ipuxnag 4. Po3paxyHoOK CKJIQTHOTO €JeKTPHYHOTO KO0Ja MeTOA0M
eKBiBaJICHTHOTO reHepaTopa.

Buznauutu ctpym |, y BiTIi 3 omopoM R; B €JIEKTpUYHOMY KOJI, SIKE
300paxkeHo Ha puc. 1.18, sxmo E; =120 B; E, =60 B; R;=8 OM; R, =5 Owm;
R; =40Mm; Ry, =6 OM; Rg =10 Om; Rg = 15 Om.

Po3B’s13anus

EnektpuuHe Kkojgo 03 JUISHKM Kojla 3 ONOpOM R; 3aMiHIOEMO

€KBIBaJCHTHUM reHepaTopoM (Ha puc. 1.18 oOBeneHuil MITPUXOBOIO JIHIEIO).
ExBiBanentHuit reneparop (puc. 1.19) xapaxrepusyerbest Benuuunoro EPC (EPC

€KBIBaJIEHTHOTO reHepaTtopa £, ) 1 BHYTpIlIHIM (€KBIBaJIEHTHUM oropoM) R...

Pucynok 1.18 Pucynok 1.19

EPC E,. nopiBHIOE Hampy3i xosoctoro xoxy U Ha PO3IMKHYTHX

abxx
3atuckadax a-b xoma (puc. 1.19), toéto E..=U .. . ExBiBanentHuii omip R,

JIOPIBHIOE BXIHOMY OMOpPY YaCTHHHU Kouia 3a puc. 1.19 mixk 3aTrckadamu a-b, koau
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KoJio ctae macuBHUM (puc. 1.21), To6To yci EPC nopiBHIOIOTH HY/IO, a y BITKax
3amicTh peanibHux EPC 30epiratoTbcest iX BHYTPIIIHI OMOPH.
Ctpym |; Bu3HavaeThcs 3a popmynoro (1.6)

_ Ba _ UYaw (1)
Ri+R.,, Ri+R..

Iy

Jna xoma, 300paxenoro Ha puc. 1.20, BusHauaemo nampyry U .. 3a

npyrum 3akoHoM Kipxroda mis koHTYpy a-c-0-b-a mpu #oro 00Xo/i MpoTu pyxy
TOJMHHUKOBOI CTPLIIKU

abxx 1

3Biaku U, = E; — I35, - Rs.
JUIs BU3HAUEHHS CTPyMYy
|3« CKOpPHCTAaEMOCS METOIOM

KOHTYpHHUX CTpyMiB. [l n1BOX

He3zanexHux KoHTypiB I 1 I npu

iXx 00xodl 3a TOIMHHUKOBOIO

CTPIJIKOIO 3aIUIIEMO PIBHSIHHS

Pucynok 1.20

3a npyrum 3akoHoM Kipxroda B

3araJibHOMY BI/II‘J'IHIIiI

{Rll Iy + Ry 1 =By
Roi - 111 + Ry - 1 =By,

ne koutypHi EPC:

MOBHI (BJacH1) OMOPH KOHTYPIB:
Ry=R3+R; +Rs=4+6+10=20 Owm;
Ry =Rg + Rg =10+15=25 Owm,
B3a€MHI OTIOPH KOHTYPiB: Rjp =Ry =—Rg =—-10 Om.
[Ticns miaCcTaHOBKHM YMCEIBHUX 3HAUCHb CUCTEMA PIBHSIHD MA€ BUTJISI:
20- 144 =101, =60;
{—10- l;1 +25- 1, =60.
20 -10
-10 25

BusHauHuk cuctemMu, o NOTPIOHUI 7151 BU3HAUEHHS CTyMy |lqq = I3, :

3arajbHUI BU3HAYHUK CUCTEMU A =

=20- 25— (~10) - (~10) = 400.

40



0 -10

A, = —60- 25— 60- (—10) = 2100.
60 25
TOI[I Ill = I3XX =il':24]600025,25 A.

[Ticst miICTAaHOBKY YMCEIBHUX 3HAYEHB Y PIBHSHHS
U, =E1 — 3« -R3 =120-5,25-4=99 B;
EeF :Uabxx = 99 B

Busnauaemo exBiBanieHTHu# onip R,. R, . R, .
I
3a puc. 1.21:
= RsRg _10-15 O R, R, Rﬁ[]

Rg+Rg 10+15

Rer:R2+M:5+ 4-12 —80M. Pucynok 1.21
Rs + Rysg 4+12
E 99

cr

R,+R, 8+8

Ctpywm |1 nopiBHioe |; = =619 A.

IIuTaHHA AJI9 CAMOKOHTPOJIIO
1. Ilo Ha3UBAETHCSI EEKTPUUHUM KOJIOM 1 3 SIKUX €JIEMEHTIB BOHO CKJIaa€ThCs?
2. I1lo Ha3MBa€eThCS BITKOO, BY3JIOM, KOHTYPOM?
3. ke 3’enHaHHSA €JIEMEHTIB HA3UBAETHCS TIOCIHIJIOBHUM, TapayeIbHUM,
3MimaHum?
4. SIx BU3HAYAETHCSA €KBIBAJICHTHUH OIIp KOJa MPHU MOCI1I0BHOMY, HapaeIbHOMY
1 3MIIIAHOMY 3’€/IHAHHI CIIOKUBaYiB?
5. Sxuii MOPSAAOK PO3PaxXyHKY KOJa 3 TMOCHTIJIOBHUM, MapajeibHUM 1 3MIIIaHUM
3’€JHAHHSM CITOKMBaYiB?
6. Sk BuU3HA4YalOTh MOTYXHICTh, CIHOXMBAaHY OKPEMHMM CIOXKMBadaMH Ta
MOTYXHICTh YChOTO KoJa?
7. Hanuiite piBHAHHS OajaHCy MOTY>KHOCTEH KoJa.
8. SIxkuii mopsAI0K po3paxyHKy CKJIAQIHOTO KoJia 3a JoToMoroto 3akoHiB Kipxroda?
9. 3anumite QOpMyNIM TEpPETBOPEHHS OMNOpPIB, 3 €AHAHUX ‘3IPKOIO”, B
eKBIBAJICHTHUH “TPUKYTHHUK .
10. Sxuit nopsAI0K pO3paxXyHKY CKIAIHOTO KOJa METOJI0M KOHTYPHHUX CTPYyMiB?
11. Sxuit mopsiAoK poO3paxyHKy CTPYMy Y BITI CKJIaJHOTO KOja METOIOM

€KBIBJICHTHOTO TeHepaTopa’?
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1.4. @opmysIl0OBaHHS 32/1a4 HA PO3PAXYHOK €JIEKTPUYHHUX KiJI
3MIHHOT'0 CHHYCOITHOT'0 CTPYMY

Y 3a0aui Ne 5 cmyoewm e6usnauae peakmusHi i NOBHI napamempu mpbox

CHOHCUBAYIB, K NOMIM BUKOPUCMOBYIOMbCA Y HACMYNHUX 3a0ayax!

3agaua 5. Po3paxyHOK eJIEKTPHYHOIO KOJIa OJHO(A3HOI0 CHHYCOITHOTO
CTPYMY 3 OTHUM JI’Ke€PeJIOM €HePrii NPy MOCIiI0BHOMY 3’ €IHAHHI CIIOKUBAYIB.
[IpoBecTr po3paxyHOK €IEKTPUIHOrO KoJia 3a puc. 1.22 mpu mociiioBHOMY

3’eqHaHHl cnoxuBauiB Z ,Z., Z., mapaMeTpu SKHAX
a’ =B Ty

Tpeba B3aTH 3 Tabn. 1.4. Hampyra mxepena eHeprii
U =220 B npu wacrori f=50 I'm.
OOcAr po3paxyHKy: a) 300pa3suTh EIEKTPUUHY

CXeMy 3aMIIlleHHs Koyia 3a puc. 1.22 3 i1eaqbHUMHU

eJIeMEeHTaMu 3aMiICTh KOXHOTO CIIO’KMBAYa;
0) BU3HAUUTH CTPYM B KOJII; HAlpyrd Ha KOXKXHOMY
CIIO’KMBAdi, aKTHUBHI Ta PpEaKTHBHI TOTYKHOCTI Uy

JoKepella Ta CIOXKHMBAdYiB; B) 3a pe3yjbTaTaMu Pucysok 1.22 — Tocizosse
pPO3paxyHKIB 300pa3uTH CHUHYCOIMHI YacoBl (YHKINI  3’eqHaHHs CIOXUBaYiB
HAIIPYTH Ta CTPYMY JKEpelia; T') MoOyyBaTH BEKTOPHY JliarpaMy CTPyMY 1 Harpyr
JoKepenia 1 BCIX CIOXKMBAauiB; J) 3pOOWTH TEpEeBIPKY pO3B’s3aHHS 3a7adi 3a

JOTIOMOTOI0  BEKTOPHOI  JlarpaMu Ta OalaHCcy akTUBHUX 1 PEaKTUBHHX

MOTYKHOCTEM.
3agaua 6. Po3paxyHOK eJIeKTPHYHOI0 KOJIa ~U
.o O N
0AHO(}a3HOr0 CHHYCOITHOTO CTPYMY 3 OJHHUM /IKepeioM > 9
eHeprii npu napajieJibHOMY 3’€/IHAHHI CIIOKMBAYiB. TA A

ITpoBecT pO3paxyHOK €NEKTPUYHOIO Koja 3a g ._i“_:_. b

puc. 1.23 npu napanenbHOMYy 3 €IHaHHI CIOXKHMBayiB

I Zp
Z,, ZB’ Zy, JaHi sikux Tpeba B3sATH 3 3amadl 5. Hampyra o—>B—|:|—o
mxepena U = 127 B npu uvacrori f =50 I'm. I Zy
Y

OOcAr _po3paxyHKy: a) 300pa3uTH eJEKTPUYHY —>—

CXeMy 3aMIllleHHd Kojia 3a puc.2.5 3 iIeadbHUMU

Pucynok 1.23 — [apanensHe
eJIEMEHTAaMH 3aMICTh KOXKHOT'O CIIOKHMBada; 0) BU3HAYUTH 3’€IHAHHSA CIIOKUBAYiB

CTPYMHU B KOJIl, aKTUBHI Ta PEaKTHUBHI MOTYXHOCTI JKepeia Ta CIOXKUBAYiB; B)
noOyAyBaTH BEKTOPHY JAlarpaMmy Harpyr 1 CTPyMIB YCIX CIIOXHBadyiB; T') 3pOOUTH
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NEepeBIpKy PO3B sA3aHHS 3a7adl 3a JOMOMOrOI0 BEKTOPHOI JlarpaMu Ta OanaHcy
AKTUBHHX 1 PEAKTUBHUX MOTY>KHOCTEH.

3agaua 7. Po3paxyHOK eJIEKTPMYHOI0 KOJIa OJHO(A3HOr0 CHHYCOIJIHOIO
CTPyMY 3 OJHM JIZKepeJIOM eHepril 32 J0IOMOI 00 CHMBOJIIYHOIO METOY.

[IpoBecTn po3paxyHOK €JIEKTPUYHOIO KoJia 3a
puc. 1.24 npu 3MilIaHOMY 3’€JIHaHHI CIIOKUBAYiB

Za,ZB,Zy, naHl SKAX Tpeba B3ATH 3 3amadi S.

Hampyra mxepena eneprii U =220 B mpu dactori
f=50I'm.
OO0csr po3paxyHKy: a) 300pa3uTH EIECKTPUUHY

CXeMy 3aMmilleHHs 3a puc.2.6 3 11calbHUMU

€JIEMEHTaMH 3aMiCTh KOXKHOTO CIOXKHMBaya; 0)
Pucynoxk 1.24 — 3mimane

, : BU3HAUUTH CTPYMH B KOJI, aKTHUBHI Ta PEaKTHBHI
3 €IHaHHA CIIOKHBa41B

MOTYKHOCT1 JKepella €Heprii Ta CHOXXUBayiB; B)
noOyayBaTH BEKTOpPHY JiarpaMmy Hampyr 1 CTpyMiB; T) 3pOOUTH TMEPEBIPKY
pO3B’sA3aHHs 3a]adl 3a JIOMOMOTOI0 BEKTOPHOI JiiarpamMu Ta OajaHCy aKTUBHHUX 1

PCaKTHBHUX HOTy)KHOCTefI.

3agaua 8. Po3paxyHoxk Tpu(}a3zHOro eJeKTPUYHOIO KOJa IMPH
CHMETPUYHOMY HABAHTAKEHHI i 3’ €/IHAHHI CNIOKMBAYiB “3ipKOI0”.

Z Zg B Tpudaszny wmepexy 3

A IH a I(b C o

o—>—0—>— — — miHiiHOIO — Hampyroro U, =380 B

m 7 7 YBIMKHYTO CUMETPHUYHE

o IJ‘[ b Id) a B .

% B o—>—0—> — [—en HaBaHTaXEHHS MPHU IOCIIIOBHOMY

:q I e [(b Z, ZB 3’€¢lHaHHl cnoxwuBayiB Z ,Z 5 1
Co—>—0—>—] — — BKIIIOUEHHI iX B  KOXHY (basy

Pucynok 1.25 — Tpudasue enextpuune kono  (puc. 1.25). ITlapamerpu cnoxuBauiB

b : b (194 29
IpH 3 €AHaHH1 CIIOKNUBAY1B  31PKOIO Z(x i Z[} Tpe6a B3SITH 3 33144l 5.

OO0cAr po3paxyHKy:  300pa3uTH CcXeMy 3aMmilleHHs TpudaszHoro koma 3

17ICATbHUMU €JIEMEHTaMHU 3aMICTh CIIOKKBaviB. BusHaunTtu (asHi 1 iHIMHI CTpyMH, a
TaKOX CIHOXHMBaHI aKTHUBHY Ta PEaKTHBHY NOTYXHOCTI. [loOymayBaTu BEKTOpHY
Jiarpamy.
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3agaua 9. PospaxyHok

Tpu(a3HOTO eJeKTPUYHOr0 Ko0JIa TpH

CUMETPUYHOMY HABAHTAKEHHI i 3° €THAHHI CMIOKUBAYIB “TPUKYTHUKOM”,

B tpudazny mepexy 3 miHiiiHOo Hampyrorw Uy = 380 B yBiMKHYTO

CUMETPUYHE HABaHTAXXCHHS IIPU 3 €IHAHHI IOCIINOBHO CIOXUBadiB Z , Zy 1

BKIIFOYCHHI iX B KOXkHy ¢asy (puc. 1.26). Ilapamerpu crnioxusauis Z, i Z, Tpebda

Iy

A0 >
m

2 b

X Bo >
2
on

I

Co >JI

Pucynok 1.26 — Tpudasne enekTpuaHe KOJIO
IIpY 3’ €IHaHHI CIIOKUBAUIB ““TPUKYTHUKOM

B3SITH 3 3a/a4i 5.

OocsHr PO3PAXVHKY:

300pa3uTH  CXeMy  3aMIIIeHHS
TpudazHOro Kojia 3 1JcaIbHUMU
€JIEMEHTaMH 3aMICTh CIOXKHUBAYiB.
Buznauntun  QasznHi 1 JiHIHI

CTpyMH, a TaKOX CIIOXHBaH1

aKTUBHY Ta PEaKTUBHY
MOTY>KHOCTI. [ToOymyBatu
BEKTOPHY Jlarpamy.

3amaua 10. PospaxyHok Tpu(azHOIo eJeKTPHYHOIO KO0Ja i3 HeATpaIbLHuM

IPOBOAOM NP HECUMETPUIHOMY HABaAHTAaKeHHI.

B tpudasny mepexy 3 miniitHoro Hampyroto U, = 380 B mpu uacroti =50

I'n yBimMkHyTi modasHo cnoxkusaui Z,, Zg i Z, (puc.2.6), mo B cuily iXHbOI

H€OI[HaKOBOCTi MNpU3BOANTL A0 HCECHUMMCTPHUYHOI'O HABAHTAXXCHHS. HapaMeTpH

CIIOKHUBaYiB Z,,, ZB iZY B3SITH 3 3aj7a4l D.

OO6csar po3paxyHKy: a) 300pa3uTd €NEeKTPUUYHY cXeMmy TpudazHoro Kojia 3

17IeaTbHUMHU €JIeMEHTaMHU 3aMICTh CHOXKMBauiB;, 0) BU3HA4YUTH (a3Hi 1 JIHINAHI

CTPYMH, a TaKOXX CTPyM y HEUTpaIbHOMY MPOBOJII; B) BHU3HAUYMTH CIIOKUBaHI

aKTUBHY Ta PEAKTHBHY NOTYKHOCTI; T') TOOY1yBaTH BEKTOPHY Jlarpamy.

3~380B

Pucynok 1.27
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Tabmums 1.4 — [Napamerpu cioxuBauiB Z,, ZB’ ZY

Ba- | ITapamerpu cnioxuBaua | Ilapamerpu cnokusaua | [lapamerpu cnoxkuBaya

pi- Z, Zg Z,

aitT | R, L, C, Rg Lg Cs R, L, C,

Om | MmIH MKD Om MI'H MKOD Om MIH | MKOD

1 | 12 | 50,96 - 12 - 199,04 - 76,43 -
2 7 76,43 - 5 - 265,39 | 20 - -
3 | 20 - 212,31 10 95,54 - - - 127,39
4 | 25 - - 12 50,96 - 10 - 90,99
3) 8 19,11 - - - 176,93 | 10 63,69 -
6 - 79,62 - 20 47,77 - 20 - 127,4
7 | 12 | 50,96 - 12 - 79,62 - 152,87 -
8 3) - 265,39 15 63,69 - 25 - -
9 | 16 | 38,22 - 7 76,43 - - - 63,69
10 | 12 | 50,96 - 12 - 199,04 - - 133
11 - - 144,76 24 101,91 - 12 15,92 -

12 | 7 76,43 - 12 - 636,94 - - 83,81
13 - 63,69 - 24 22,29 - 16 - 265,39
14 | 10 - - 12 - 199,04 7 76,43 -

15 | 12 | 50,96 - 8 - 530,79 - - 106,16
16 | 24 - 176,93 6 25,48 - - 101,91 -
17 | 20 - - 15 63,69 - 3) - 265,39
18 - 63,69 - 10 - 318,47 | 10 31,85 -
19 | 18 | 76,43 - - - 79,62 12 - 199,04
20 | 17 | 25,48 - 5 38,22 - - - 199,52
21 - - 96,51 30 41,4 - 15 63,69 -
22 | 15 | 25,48 - 5 38,22 - - - 159,24
23 | 27 | 114,65 - - - 63,69 13 44,59 -
24 | 9 41,4 - 13 28,66 - - - 106,16
25 | 7 - 132,7 7 76,43 - 25 - -
26 - 105,1 - 20 - 212,31 | 24 - 454,96
27 | 12 - 199,04 12 50,96 = 20 - -
28 - - 90,99 20 47,77 = 20 - 212,31
29 | 16 | 38,22 = 12 50,96 = . . 199,04
30 - - 79,62 20 63,69 - 20 63,69 -
31 | 20 - - 7 . 132,7 5 38,22 =
32 | 12 199,04 12 50,96 = 22 . -
33 | 15 | 63,69 = 20 47,77 = - - 144,76
34 | 30 - 79,62 30 127,39 - - 159,24 -
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Hponosxenus tabmuui 1.4 — ITapamerpu crioxusadis 2y, Zg, Z,

Ba- | Ilapametrpu cnoxxuBaua | [Tapametpu cnioxkuBada | [lapameTpu cnokuBada

pi- Z, ZB Zv

ait | R, L, C, Rs L Cp R, L, C,

Om MI'H MK®D Om MmI'H MK®D Om MmI'H MKD

35 - 79,62 - 10 - 212,31 | 15 - 318,47
36 6 25,48 - 16 38,22 - - - 72,38
37 - - 95,51 15 41,4 - 15 63,69 -
38 | 24 57,32 - 15 31,85 - - - 113,74
39 18 - 132,7 10 - 212,31 - 124,2 -
40 | 11 - 167,17 11 60,67 - - 121,34 -
41 | 24 57,32 - 24 - 176,93 - - 114,65
42 18 - 132,7 18 76,43 - 14 - -
43 - 127,39 - 30 - 79,62 15 - 159,24
44 5 - 265,39 15 63,69 - 10 - -
45 | 12 | 50,96 - 8 - 530,78 - - 106,16
46 6 25,48 - 16 38,22 - - - 159,24
47 7 76,43 - - - 66,35 12 - 636,94
48 - - 106,16 20 47,77 - 10 143,31 -
49 8 19,11 - 12 50,96 - - - 144,76
50 | 14 - 66,35 14 | 152,87 - 50 - -
51 | 20 95,54 - 10 31,85 - - - 159,24
52 - - 127,39 20 - 21231 | 20 127,39 -
53 | 24 - 99,52 24 101,92 - 40 - -
54 - 105,1 - 30 - 24498 | 20 - 159,24
55 | 30 - 212,31 10 47,77 - - 79,62 -
56 - 63,69 - 20 63,69 - 20 - 212,31
57 16 - 132,7 - - 132,7 24 76,43 -
58 | 18 82,8 - 26 57,32 - - - 53,08
5 | 20 - - 18 - 132,7 18 76,43 -
60 - - 117,96 10 117,83 - 12 - 318.47
61 | 40 95,54 - 7 76,43 - - - 318,47
62 | 20 - - 12 - 199,04 | 12 50,96 -
63 | 25 | 111,46 - 20 - 212,31 | 22 - -
64 | 22 - - 5 38,22 - 5 - 265,39
65 - 159,42 - 40 95,54 - 14 - 66,35
66 | 18 76,43 - 18 - - 9 - 79,62
67 - - 159,24 30 111,46 - 20 - 212,31




Hponosxenus Tabmuui 1.4 — ITapamerpu croxusa4is 2y, Zg, Z,

Ba- | Ilapamerpu crioxxuBada | Ilapamerpu cnokuBaua | [lapameTpu crokuBaya
pi- Z, ZB Zv
aitT | R L, C, Rs L Cp R, L, C,
OmMm MmI'H MK®D Om MmI'H MK®D Om MmI'H MKD
68 18 - 132,7 18 - - 9 127,39 -
69 20 - 212,31 30 111,46 - - - 159,24
70 40 - 106,16 7 - 132,7 - 31,85 -
71 20 - - 12 50,96 - 12 - 199,04
72 - 127,39 - 20 - 159,24 20 63,69 -
73 15 - 66,35 15 146,5 - 50 - -
74 - 114,65 - 20 - 212,31 20 - 88,46
75 20 63,69 - 25 - 159,24 - 114,65 -
76 8 19,11 - 8 - 530,79 20 - -
77 - - 127,39 25 15,92 - 25 - 636,94
78 40 - 79,62 - 127,39 - 20 63,69 -
79 17 31,85 - 12 15,92 - - - 127,39
80 - - 117,95 27 104,14 - 15 63,69 -
81 - 159,24 - 24 - 132,7 20 - 79,62
82 - - 95,64 20 58,28 - 20 - 174,03
83 10 - 183,87 10 55,16 - 30 - -
84 12 38,6 - 18 - - 30 - 79,62
85 - - 83,81 19 60,51 - 11 63,69 -
86 12 - 199,04 25 - - 12 50,96 -
87 25 - - 12 50,96 - 9 - 79,62
88 22 - - 22 - 83,59 22 121,34 -
89 - 89,17 - 28 - 113,74 12 50,96 -
90 35 - 90,99 30 - - 10 31,85 -
91 12 50,96 - 20 - 212,31 - - 144,76
92 18 - 132,7 - 63,69 - 20 47,77 -
93 - 70,06 - 24 - 454,96 25 - 127,39
94 - - 144,76 27 88,46 - 15 - 398,09
95 16 28,66 - - - 144,76 12 - 636,94
96 - - 127,39 20 47,77 - 15 - 159,24
97 - 79,62 - 15 - 159,24 7 76,43 -
98 - - 144,76 18 76,43 - 12 50,96 -
99 20 - 212,31 - 70,06 - 18 - 132,76
100 | 15 63,69 - 22 - 83,59 25 - -
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1.5. OCHOBHI T€OpEeTUYHI MMOJIOKEHHS JIJISI PO3B’SI3aHHS 327124

HAa 3MIHHUH CTPYyM

3MIHHUM CTPYMOM Ha3HMBAaIOTh CTPYM, 3HAUEHHS SIKOTO Ta 3MIHU HAIPSIMKY
MOBTOPIOIOTHCSA B OJHIM 1 Til e MOCTIZIOBHOCTI Yepe3 piBHI MPOMIXKKHU Hacy, siKi
Ha3MBaIOThCs mepiogoM 7. OTxke, AKIIO B JOBUIBHUNA MOMEHT 4acy CTPYM JOpPIB-
Hioe i(t), Toai yepe3 iHTepBall, piBHUI 0JTHOMY a00 OY/b-SIKOMY ILIOMY YHCIY ITe-
plO/IiB, CTPYM Ma€ Take K 3HaY€HHA 1 HanpsIMOK. CHHYCOITHUN CTPYM — OKpEMHUIA
BUIAJIOK 3MIHHOTO CTpyMy. B €neKTpuyHuX KOJaX CHUHYCOIAHOIO CTPYMY €JIEKT-
puuHi Bennunau — EPC, Hanpyra 1 cTpyM € CUHYCOiTHUMU (DYHKITISIMU Yacy:

e=Eysin(ot+vy,); u=Ugsin(ot+y,); i=I,sin(ot+y,;), (1.7)
ne e, U, I — mutresi 3Hadenns EPC, Hanpyru i ctpymy; Em, Um, In — ammmityaai
3HAYCHHS, e, Vi, Yy — ITOYATKOBI (ha3u, 1[0 BUMIPIOIOTHECS B rpaaycax abo pana/C;

® — KyTOBa 4acToTa, 1110 JopiBHIOE ® = 27f , pan/c; f — yacTora >KUBHILHOI Mepe-

. ) 1 ) ) .
ki, B repuax [I'u], sika gopisuioe f ==, ne T — mepion, BUMIpIOBaHUI y CEKyHIaX

T
[c].

BignosigHo mo ¢opmymu (1.7) moganHs cu-
HYCOIiJTHOTO 3MIHHOTO CTPyMYy Ha3WBA€ThCS aHai-
TUYHOIO (POPMOIO.

B ko1 3MIHHOTO CTpyMY Harpyra i CTpyM He

00OB’SI3KOBO MarOTh OJIHAKOBI MOYATKOBI ¢a3zu 1

XapaKTEepPU3yIOThCSI KyTOM 3CYBY ha3 ¢ =y, — ;.
Otpumanns 3miHHOT EPC Mo)xHa mokazatu 3a Ej

nomomororo (puc. 1.28).

B cepenuHi TJIOCKOTO HEPYXOMOTO pO3i-
P Py L P ) Pucynoxk 1.28 — Orpumanus
MKHEHOTO KOHTYpPY 00€pTa€ThCsI MOCTIHHUN MarHiT

- . . cunycoinnoi EPC
3 TIOCTIHHOI0 KyTOBOIO IIBUAKICTIO ®. Hexait mar-
HITHUW TOTIK TMOCTIMHOTO MarHity AopiBHIOE Dp, TOJI MHUTTEBE 3HAYEHHS MOTO
CKJIaJIOBOI y3/I0BXK FOPU30HTAIBHOT 0C1 X

O, =D, cos(ot +v,),
1€ Y — MOoYaTKoBa (pa3za MarHiTHOTO MOTOKY, a ®t + y, — (aza MarHiTHOro

MOTOKY, TOOTO MOYATKOBHMA KyT MPOCTOPOBOTO PO3MIIIEHHS MOCTIHHOTO MArHITY
BITHOCHO Oci X.

Bimomo, 1110 TOTOKO3YEIIIEHHS TPSIMO MPOTOPIIIHHO MarHiITHOMY TTOTOKY
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Yn =W,
7€ W — 9HCII0 BUTKIB KOTYIIIKH.
3rigHo 3akoHy enekrpomarHiTHOI iHAYKIiT EPC, 1110 HaBOAWTHCS y KOTYIIILI,
JTIOPIBHIOE
d :
e= —% =oWd,sin(ot+vy,).

Awmmutitynae 3naduenHst EPC BusHavaetses sik E, =2n f wd,,,, a nitoue 3Ha-

uennst EPC nopiBaioe E = Em _ 4,44Ff wd,,.

2

Cunycoigna EPC mnokazana Ha puc. 1.29. 3MmiHHI e

ctpymH i3 yactoramu Big 20 I'p — 50 k' MoskHa otpuma- E, |-

TH 32 JJOIOMOTOI0 BUCOKOYACTOTHUX €JIEKTPOreHEepaTOPiB. /\ Wt
L1i reHepaTopu (MAaIMHA 3MiHHOTO CTPYMY), SIK IIPABHIIO, \/ \ !
€ CUHXPOHHHMMH, BOHH PO3TaIllOBaHI Ha €JIEKTPOCTAHIIINX,

MPUYOMY iXHIA BaJl NMPUBOJIUTHCS B OOEPTaHHS TEIJIOBU- Pucynox 1.29 —

MM, Ta30BMMH a0 TiJPaBIiYHIMH JIBUT'YHAMH. Cunycoinna EPC
['padiune (y Burisal rpadikiB) MogaHHsS CHHYCOITHUX HAMPYTH 1 CTPyMy IIO-

kazaHe Ha puc. 1.30.

AT Takox nHa puc.1.30 mokazaHWii KyT 3CyBY

MIDXK HaIlpyror Ta CTPYMOM Q= Y, — ;.

, o [TouatkoBi (pa3u CUHYCOITHUX CTPyMy abo

/ ” EPC u4m Hampyru MOXyTh OyTH MO3UTHBHHUMH,

HETaTHBHHUMH 1 JIOpiBHIOBaTH HYJIO (prc. 1.31):

i i
\|li=0 Wi>0 1 0

Y NANRIANWAY
\/ VARV

Pucynox 1.31 — [TouaTkoBi ¢a3u CHHYCOiTHUX BEIHYUH B €IEKTPUYHOMY KOJIi

TeruoBa fis cTpyMy, a TaKOK MEXaHIUHA CUJIa B3aEMO/IIT TBOX MPOBITHUKIB,

M0 SIKUM TMPOXOAUTH OJWH 1 TOW CaMHil CTpyM, MPOMOPIIIHHI KBagpaTy CTPyMY.
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Tomy BeMUHMHY 3MIHHOTO (IIEPIOAUYHOTO) CTPYMY XapaKTepusye Jilyde (cepeaHe

KBa/IpaTU4He) 3HAYEHHS, SIKE PO3PAaXOBYETHCA 32 (OPMYIIOIO

_ L
| = /T(j)l dt. (1.8)

[TigHOCMMO 10 KBajapaty (1.8) Ta MHOKMMO OOHJIBI YaCTHHH OTPUMAHOTO

BUpasy Ha RT
.
RI’T = [Ri‘dt.
0

Buxonsum 13 OCTaHHBOTO BUpPa3y, MOXKHA CKa3aTH, IO J1I0YE 3HAYCHHS
3MIHHOTO CTPyMY JOpIBHIOE TaKOMY MOCTIHHOMY CTpyMYy, SIKMi MPOXOJSYN KpPi3b
pe3ucTop 3 onopom R 3a nepion yacy 7, BUAUISE Ty K KUIBKICTh TEIJIOBOI €HEPTII,
110 1 JaHUHM 3MIHHUM CTPYM.

bepemo inTerpan (1.8) 1 Bu3HauaeMo 3B'SI30K MK JIIOYUM Ta aMILTITYIHUM

3HAYEHHSIM CHHYCOIJTHOTO CTPyMY

T T T ' T
L= 2 ri%dt = |2 112 sin2 otdt = —|2j1 COSZ‘”t dt = il,ﬁ(t—s'nzmtj
TO To 2T 2(,0 0

2
_ iIZ(T—SmZ(DT—O S|n2co0j / 12 I —~0707I
2T 20 V2

AHaJIOT1YHO MOJKHA TTOKa3atu, 1o aitoui 3HaueHHs EPC Ta Hanpyru gopis-

HIOIOTH E:E' U :U—m.

J2I T 2

KpiMm mitouoro 3HaueHHs, BU3HAYAIOTh TAKOX 1 CEPeHE 3HAYCHHS CHHYCOi-

nHUX BennuuH. CepeaHe 3HAYEHHS CUHYCOiTHOTO CTpyMYy |, 00UMCIIO0Th 32 mi-
BIIEPIO/, MPOTATOM SIKOTO CTPYM 3QJIMIIAETHCA MO3UTUBHUM, TOOTO HANpPSIMOK
CTPYMY HE 3MIHIOETbCA. BOHO TOPIBHIOE TAKOMY MOCTIHHOMY CTPYMY, MPU SIKOMY
OPOTATOM TIBIEPIOAY MPOXOIUTH TOH ke 3apsa Q, 1o 1 mpH 3MIHHOMY CTPY-
mi(puc.1.32):

T/2 T/2
l., = Q _2 |dt—E [y smmtdt_—icos t\m 2I—’“z0,6:’>7lm,
P T/2 T 0 T 0 Tw T

ne To=2m, a cos(Tw/2)=cos(2n/2)=-1; cosQ° =1.

50



i Amnanoriyno ans Hanpyru 1 EPC:

1 =0,6371 T/ T/
/'\ cp m t U 2 Iudt~0637um1 EC 2
/ O

jedt~0637E

T/ BapTo ram’gTaTH, 10 CEpe/IHE 3HAUCHHSI CUHYCO-

’ inHol BenmuuHM (ctpymy, Hampyrd, EPC) 3a mepiox
Pucynok 1.32 — Cepenne JIOP1BHIOE HYIJIIO.

Ha BexkTOpHII aiarpamMi BEKTOPH 300paXKVIOTH
3HAUEHHS CTPYMY pHIA A1arp p pPaxy y

MaciTadl pIBHUMH IXHIM JIFOYUM 3HadeHHsAM. Kpim

]’// ,,,,,,,,,,,,,,,, g TOTO, iX (PIKCYIOTH 1070 ocl X MiJ KyTaMu PIBHUMU T10-

U yaTkoBUM (azam. BekTopu airounx 3HadeHp U 1 | po3mi-

~1 orry, +1 INAKOTBCS Ha KOMIUICKCHIN rurommHi ( puc.1.33). Ile nae

oy U/ " MOJKIMBICTD TPEICTABUTH CICKTPUYHI BEINYHHE KOM-

7’ T IUIEKCHUMHY YHCJIaMH, HANPUKIAL, Y OKA30Bil i aJj-
J v

redpaiuniii popmax:

Pucynoic 1.33 = BEKTOPH -, _jeiva _yy' 4 jU'; E=Eelve =E + JE'; L= leM =1+ jI',

HAIIPYTU Ta CTPYMY R
ne U,E,|l — nificHI 4acTUHM KOMIUIEKCHHMX YHCEII,

U , E, | — yiBHI YaCTUHU KOMIUIEKCHUX YHCEN, € — OCHOBA HATYpaJbHOIO JIOTa-

pudma (He rrytatu 3 MUTTEBUM 3HaueHHAM EPC). [TokaxeMo nepexonu Bij moka-

30BOi 710 anredpaiuHoi popmu, BUKopucToByroun ¢popmyiy Eitnepa

lzlcosz//i+jlsin1//i:I'+jl":\/()z ( )zejamtg( ] =lelvi,

Po3paxyHOK eIeKTpUYHHUX KUT 3 BUKOPUCTAHHSIM KOMIUIEKCHUX YUCEN Ha3u-
BAETBCS CUMBONIUHUM MemoOdoMm. JlonaBaHHS 1 BUPaxXyBaHHS KOMIUIEKCHUX BEJH-
YUH 3pYy4HILIE NPOBOAUTH B anreOpaiuHiii ¢opmi, a MHOKEHHS 1 JUJIEHHS y MOKa-
30BIH:

I=li+l=li+jlp+1x+ ]l =(I1+ I2)+ j(ll + '2)?
U=U;-Up=U;+jU; -Uy - jUp =(U1—U2)+ j(Ul —Uz);
U=17Z= |eJ‘Ifi ZeJ(P — |Zej(‘lfi+(P) :Uej‘lfu :
vy . .
(=2 _YeT U ilve—o) - o livi
L zelv Z
[Tpu po3paxyHKy KUI CHHYCOiJHOI'O CTPYMY 3aCTOCOBYIOTHCS CXEMH 3aMi-

IIEHHS, y SKUX peabHI JDKEpesa 1 CIOKUBaYl 3aMIiHSAIOTHCS CYKYIHICTIO 171€aib-
HUX eJleMeHTIB. Jlo Hux BiHOCUTHhCA 1eanbhe mkepenio EPC (puc. 1.34), a Takox
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MAacUBHI €JIEMEHTH: aKTUBHUM o11ip R, IHIyKTUBHUN eIeMeHT L, EeMHICHUH eJIeMeHT

C (puc. 1.35).
—o0
; R ; L iC
®De |+ T >
U, U, Ue
e — —
—© a o 8

Pucynox 1.34 -
[neanpHe mxeperno
EPC

Pucynoxk 1.35 — [neanpH1 e1eMEHTH KoJia 3MIHHOTO CTPYMY

Ineannne mkepesno EPC BinoOpaxkae 37aTHICTh peasIbHOTO 00’ €kTa (reHe-
paTopa, aKymyJjsiToOpa) CTBOPIOBAaTH PI3HMIIO MOTEHIIATIB HAa CBOIX 3aTHCKadyax
HiATPUMYBATH CTPYM Y 3aMKHEHOMY Kouti. BuMiproeTbest y BosibTax [B].

IneanbHuii pe3ucTuBHUii ejemenT (puc. 1.35 a) — akTuBHUH omip R BuMI-
proeTbes B oMax [OM]. BigoOpaxkae 31aTHICTh pealibHOTO 00’ €KTa TIEPETBOPIOBATH
CJICKTPUUHY €HEPrito 0€3MOBOPOTHO y TEILIO.

BiamoBigHO 10 CHMBOJIIYHOTO METOY:

QR ZRL; L_JR:UR,eJWu; |_:|,eJWi;UR,eJ\Vu =R-|-eNi;UR :R-l;
P=vyy —V; =0; vy =v;.

Takum 4MHOM, Ha PE3UCTUBHOMY €JIEMEHTI CTPYM 1 Hampyra CIiBIaJal0Th

no ¢asi. BekropHa miarpama mogana Ha puc. 1.36 a.

0
1y ¢=0 U, L o
—— S (p=—90
Uc
a 9] -

Puc.1.36 — Bexropu Hampyr Ta CTpyMiB

Ineanbumii ingykTuBHMi eeMeHT (puc. 1.35 6) BimoOpakae 31aTHICTD pe-
aIbHOTO 00’€KTa (KOTYIIKM 1HAYKTUBHOCTI) 30y/’)KyBaTH MarHiTHe MoJje B HaBKO-
JUIIHBOMY CEPEJOBHILI MPU MPOXOKEHHI MO IBOMY OO €KTY EJIEKTPUYHOIO
ctpyMy. InaykTuBHIiCTh L BuMiproerbes B renpi [['H].
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di
Ha ingyktuBHomy enementi EPC camoinaykiiii JOpiBHIOE € =—La 3a
di
apyrum 3akoHoM Kipxroda u, =—e =L at’
Tonai BIAMIOBITHO O CUMBOJIIYHOTO METOTY

d(lel®h)

d() Lot _
ULt)=L——7 i ~L "

= joLlelt,
) i-
Takum ynnom, U | = joLl, ne j=e 2.

Beogumo monstrs X =l =2n f L — iHgykTHBHAN OTTip.

i iCvi+ ) .
Uelu=X 1le Y2 U =X 1 vy \|!i+g,3BmcpI (p:\yu—wi:g.
Ha 1HAyKTMBHOMY €J€MEHTI CTpyM BIACTAa€ BiJl HAaIpyrd Ha g Bekropna

niarpama nogana Ha puc. 1.36 6.

Ineanbuuii eMmuicHuii enemenT (puc. 1.35 ) BijgoOpakae 31aTHICTb pealib-
HOTO 00’€KTa HAKOMMYYBATH EJICKTPUYHUM 3apsijl 1 CTBOPIOBATH B HABKOJUIITHHOMY
mpocTopi enekTpuyHe nosie. EMHICTE C BUMIpIOEThCs ¥ apagax [D].

duc
dt

MHuTTeBe 3HAUCHHS CTPYMY KpPi3h EMHICTb J0piBHIOE | =C
: : : 1
Bignosiguo no cumBosiunoro Metony U ¢ (t) = EIL(t) dt;

; 1
Ucelt= j | elotgt = Jelet,

joaC
1 R
Takum ynaom, U =—j——1,1e — j=e 2
oC
BBoaumo nmoHATTS = i = — €MHICHHUH o111
= oC  2nfC P
: i(wi —*)
Uceu =Xcle ' 2;Uc =Xcl;

T . T
Yu =Vi— -, 3BUICH Q=Y —VY;=—"_".
2 2
: : T :
Ha emHicHOMY efleMeHTi CTpyM ofepekae Harpyry Ha — . BekropHa miar-

pama nojana Ha puc.1.36 s.
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3akoH OMa 1J1l KOMIIJIEKCHUX BeJHYHH.
U=RI; U =X I=1Xe®; Uc=-jX1=1Xe 1%
VY 3aranpHOMY BUTIISAL, | = ? .
Tonai kytu 3cyBy da3 mis KO;HOFO BUMAAKY (KyT MK HaIlpyroko i CTPYMOM)
or =0, ¢ =90°, pc =—90° (puc. 1.36 a, 6, 6) abo B pajiaHax

2 2
3axonu Kipxroga ans ki 3MiHHOTo cTpymy.
1% 3akon

CYMa MHUTTEBHUX 3HA4YCHD CTpYMiB, 10 CXOIAThCA Y By3JIi ,Z[OpiBHIO€ HYJIO:

n n

Zik =0 abo 151 BEKTOPIB UM KOMILJICKCHUX 3HAYEHb ZLK =0.
k=1 k=1
2" 3aKkoH

BianoBigHo 10 BUOpaHOro HampsMy OO0XOy KOHTYpY ailreOpaidHa cyma
MuUTTeBUX 3HaueHb EPC mxepen y nboMy KOHTYpl JOPIBHIOE anreOpaidHiil cymi
MUTTEBHUX 3HaYCHb HANPYT Ha BC1X HOr0 MACHBHUX €JIEMEHTaX

q
S, = S~ 2R+ Ty G S [t
k=1 k=1 k=1“k
ne M —uucno EPC y KOHTYpi; N — 4YKCIO MACMBHUX €JIEMEHTIB Y HbOMY, IPUYO-
My, P, |, § — 9uCII0 pe3suCTUBHUX, IHAYKTUBHUX 1 EMHICHUX €JICMEHTIB
n=p+l+q.

J{n1s1 BeKTOPIB a00 KOMITJIEKCHUX 3HAYEHb:

m n p | q
DE=2Uy=>Up+2U +D>Uc.
=) k=1 =) k=1 k=1

CniBBIIHOIIEHHA €JIEKTPUYHMX BEJUYUH NP MOCJIIIOBHOMY Ta mapa-

JeJIbHOMY 3’€¢AHaHHi ejeMeHTIB. Pe3onanc. IlorykHicTh y KoJIaxX 3MIHHOIO

CTPpymMy

[Tpu mocmimoBHOMY 3’enHanHi enemeHTiB R, L, C (puc. 1.37) 3aranbHa Ha-
npyra Ha HUX JOPIBHIOE TEOMETPUYHIN CyMi HANPyT Ha MACUBHUX €JIEMEHTaX
U=Ug+U +Uc =UIL=RI+ X I-XcIL=[R+ J(X_ - Xc)IL.
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[ToBHMI omip KaHOTrO KOJA:

- Z=|R?+(X_ - Xc P =VR?+ X2,

R
Ur

L ;cC
1% Ue

7 rd

~U Z =R+ jX =Ze®- nosnuii komnnexcHuii omip,

Pucynok 1.37 — I[ocmimoBHe

S
7

X =X | — X - peakTUBHUI OIip.

3’ennanns R, L, C Toni aitoye 3HAYEHHS CTPYMY BHU3HAYMMO 32

U
3akoHoM Oma | = —.

[IpuyomMy, nnsi aMIUTITyIHUX 3Ha4YeHb MokHa 3anucatd U, =Zl,. A nns
) vy
lelvi — Ue
KOMIUIEKCHHX 3HAYeHpb le’"! = — .
Zel?

Hampyry ta cTpymM MOKHa pO3KJIaCTH Ha AKTUBHY i pEaKTUBHY CKJIa/I0BI:
Uz =Ucosp=Ugr =RI; I; =1coso,
U, =Using=U —Uc =(X_ - Xc)I =XI; I, =1sing.

Toni 3 reomeTpnyHux MipKyBanb U = \/U 24 Us = \/ U3+ U, -U¢ )2 :
Kyt 3cyBy (a3 B xoJ1i BU3Ha4a€THCS K
Q= arctgx'-;l__\)XC = arctg%; R=Zcose, X =Zsin .

3aJie’kHO BiJl CHIBBIAHOIICHHS BEJIMUMH X 1 Xc PO3PI3HSIOTH:

1) XL > Xc, X > 0 — quIsiHKa KoJjla Ma€ aKTUBHO-1HIYKTHBHHUN XapakTep, KyT
3cyBy (a3 0°< ¢ < 90°, 3aranbHuii cTpyM BifcTae mo (asi Bix 3aranbHOI HAIIPYTH.
B3aemHi ¢a30Bi CIiBBIIHONICHHS MMOKa3aHi Ha BEKTOpHiN aiarpami (puc. 1.38). ba-
30BUM BBa)KAa€MO BEKTOP CTPYMY IPH MOYATKOBiH (hasi piBHii Hymo ;= 0°. ®a3o-
Bi CIIBBIAHOIICHHS HAPYTH Ta CTPYMY BH3HAYAIOTHCS TEOMETPUIHO TAKOX 3 TPH-

KyTHHKa oropis (puc. 1.38 o).

A(_]L yc ' QL
0=96 u/, U 2 Ay
N U I > 0U, I
=90 ] U, R
v —ZC a 6 8 2

Pucynok 1.38 — BekropHi aiarpamu npu KyTi 3cyBy ¢ > 0
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2) XL < Xc, X <0 — giiasHKa Koja Ma€ aKTHBHO-EMHICHUH XapakTep, KyT

scyBy (a3 -90°< @< 0°, 3aranbHuii CTPyM BUIlEpeKae 1o (Basi 3araibHy HAIpyry
(puc. 1.39).

AU
O
=90
W - LU A Y, R
O 0l
:—90 p< 0 o )
U,
v l_fc y QC
a 9] 8 2

Pucynoxk 1.39 BekropHi giarpamu npu KyTi 3¢yBy @ < 0°
N UL

3) XL = Xc , Tomi X =01 ¢ = 0 3aranpHwmii cTpyM 30ira-
€ThCS 10 (Pa3l 13 3arajibHOI0 HANPYTOI0, Y IIJIOMY OIIp JUISH-

KM KOJIa Ma€ akKTUBHUI XapakTep, 1 TaKui cTaH enekrpuunoro U=U,

[~

KOJIa 3 IOCIIIIOBHUM 3’ €JHAHHSAM €JIEMEHTIB BIAMOBIAAE OCO-
OTMBOMY PEXHUMY, SIKUA HA3WBAETHCS PE30OHAHCOM HANpye.

Hanpyru Ui 1 Uc , nepedyBaroun B npoTu(asi, B3aEMHO KOM-

NEHCYIOTh OJIHA OAHY, TOMY 3arajbHa Hampyra JOpiBHIOE Ha- VU

npy3i Ha aktuBHOMY omopi U =U g (puc. 1.40). Pucynok 1.40 —
Pe3onanc nanpyr

CniBBIIHOIIEHHS €JIEKTPUYHUX BEJUYHUH MPH NAPAJIeILHOMY 3’ €IHAHHI
CIIOKUBAYiB.
Jlitoul 3Ha4Y€HHs CTPYMIB y BiTKax Koja (puc. 1.41) MokHa BUBHAUUTH SIK:
IR _E; I =i; Ic :i.
R XL Xc
3aranbHUIM CTPYyM 3HANZEMO SIK BEKTOPHY CyMy BCIX CTPYMIB Y Mapayeib-

Hux BiTkax | =1g + 1, + 1, 1110 MOKa3aHO Ha BeKTOPHi# aiarpami (puc. 1.42).
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o3 N1,
I I, yic A 1
~U R L =—(C ® I U
o— T V1

Pucynox 1.41 — [apanensne Pucynok 1.42 — BektopHa giarpama

3’eqnanna R, L, C

Axmio koso Mae puriisan (puc.1.33), To CTpyMH B Bi-

TKaX MO>KHA 3HAUTH SIK

U . U
ly=—; ly=—
Zy Z,
IPUYOMY 3arajJlbHUil CTPyM € TE€OMETPUYHOK CYMOIO
CTpyMiB y napanenbHux Bitkax | =1, +1,.
[ToBHi omopu BiTOK: Z1 =+ Rl + X|_, Zy =4/R5 +i XC )
Pucynok 1.43 — _
Oxpemit BHIATOK M- Kyr 3cyBy ¢a3 'y  KoOxHil BITOK:
’ X - X
PATIENIBHOTO 3'€MHAHA  (, _ arcyo L. (0 = arctg C
R’ I—1 C Rl R2
3 1HmoOro OOKy 3arajbHUN CTPYM MOYKHA 3HAWTH
aHAIITUYHO 3 BUKOPUCTAHHSM TOHSTH PO aKTHBHY 1 PEaKTHB- It
HY CKJIaJIOBi cTpymy (puc. 1.44): = p p
lag = 11C0S@;; 1ap = 1,C089y; 1o =13+ a5, P U
La=lsing; Ly=lpsingy 1o=14+1,; 1,
I
| = /|§+|§; (p:arctg—p. Pucynok 1.44
I, — AKTHBHA Ta

pEaKTUBHA CKJIa-
JIOB1 CTpyMY

[Ile oauH cmoci0 3HAXOMKEHHS 3arajlbHOTO CTPyMY

MOB’A3aHUM 31  3HAXO/KEHHSM  TIOBHOI  MPOBIAHOCTI:

Y—,/G§+Bz ne Gz=Gi+ Gz — moBHa akTWBHA
—p2

MpoBiHICTh; By = B 1 — By — moBHA peakTrBHA Mpo-

BIIHICTh. J[JI1 OKpeMHX BITOK MPOBIIHOCTI MalOTh

BUTJIS; )i
—pl
Ry R X Xc
G =—7%; Gp=—5:Bu=—5; Bco=—%-.
’ ’ 2’ 2 Pucyaok 1.45 — Jlo Bu3HaueHHS
Z{ Z35 i Z35 Y A

3arajlbHOrO CTpyMy



Toni 3aranbauil cTpym Bu3HauvaeTbes sk | =UY . dazoBuii 3cyB B jaianas3oHi

T T ) .. ) .
— E << E 3aJICKHUTH BiJl CliBBiIHOMIEHHS By 1 Bc. BekTopHa miarpama Jijist iboro

BUMNAJKy NojaHa Ha puc. 1.45.

Pe3onanc. Y Teopii KOJIMBaHb PE30HAHCOM HA3WBAIOTh MPOIEC BUMYIICHUX
KOJIMBaHb 3 TAKOIO0 YAaCTOTOIO, IIPU SIKii iXHS IHTEHCHUBHICTh MaKCHMajbHa. Xapak-
TEepU3yBaTH 1HTEHCUBHICTb KOJMBAHb MOXKHA IO PI3HUX MPOSIBAX, HAIPUKIAMI, 32
MaKCUMaJIbHUM 3HAYCHHSIM aMIUNITyAu. [HIlle BU3HAYEHHS] PE30HAHCY — Pi3Ke 3pO-
CTaHHS aMIUTITYIM CTAJIMX 3MYIIEHUX KOJIMBAaHb MPU HAOIMKEHHI YACTOTH 30BHI-
IIHBOTO TAPMOHIMHOTO BIUIMBY /10 YAaCTOTH OJIHI€l 3 HOPMAJIbHUX KOJMBAHb CHC-
TEMHU.

Ak xkpuTepiil pe3oHaHcy MpuiiMeMo 301r no (a3l HampyTy 1 CTPyMy Ha 3aTH-
ckauax kona. Ile Tak 3BaHuit ¢a3oBuil pezoHaHc. 3a cnocod0aMu OTPUMAHHS Pe30-
HAHC MOXe OyTH: mapaMeTpUYHUN (KOJIM MiAOUparoTh 1HAYKTHUBHICTh Ta €MHICTb
IIPU 3aJIaHii pe30HAHCHIN 4acToTi) a00 YacTOTHUH (IMiA0MPalOTh YaCTOTY HANPYTU
YKUBJICHHS TPH 3aJIaHIil €MHOCTI 1 IHIYKTHBHOCTI KOJIa).

Konu pexxum pe3oHaHcy Hactae mpu 30iry (a3 cTpyMy B KOJII Ta Hampyru

YKUBJICHHS, TOJIl pEaKTUBHUH omip Kojia OyJie JOPIBHIOBATU HYIIIO

X =X|_ —XC :Q)OL—L:O,
O)Oc
: 1
TOJIl YMOBa pe30HaHCy Hanpyr: X; = X¢ abo oyl = oC
®o

3BIJKM 3HAXOJIMMO YaCTOTY HANPYTHU JKUBJICHHS Ta CTPYMY B KOJIi, IPH SIKIii

HaCTa€ pC30HAHC

: 1
() = ——= — PE30HAHCHA KyTOBa uactora, Togi f, =——F——= - pe3onancha
21\ LC

JLC

4acToTa B reprax. XapakTepUCTUYHUI OIip NpH MOCIIJOBHOMY 3’ €HAHHI JOPIB-

HIOE p = JL/C . Orxe, MIPH TOCTIZIOBHOMY 3’€IHAHHI PEAKTUBHUX €JIEMEHTIB MO-
K€ BUHUKHYTH PE30HAHC HAIpPYT.
JoOpotricTio Q Ha3MBalOTh BIIHOIICHHS Ait0unXx 3HadueHb Hanpyr Up 1 Uc
U ol U 1 p
U R U oCR R
Jliroue 3HAYEHHS CTPYyMY B ITOCITiIOBHOMY KOHTYPi (puc.1.46)
U U U

Z R24 (X -Xc ) JRZ+(oL-1/eCP

A0 3HAYCHHA HAIIPYT'H ) KUBJICHHSA Q =

(1.9)
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u 3a Bupazom (1.9) moOGynoBaHi pe30oHaHC-
Ue U, Hl KpHUBI B KOJII TIPH TOCIIJOBHOMY 3’€/IHAHHI
CJIEMEHTIB Ta 3MiHI 4actotd ® (puc. 1.46).

Haii6inpmoro 3Ha4eHHs CTPyM JOCSTa€e MpH

X pe30HaHCHIN YacToTi g. [Ipu 3poctanHi 1006-
! potHOCTI Q pe3oHaHCHE 3HAa4YeHHsS CTpymy |
' ' miaBuiyerbed ( lop > lor).
®, 0, o ® 4 ( )

: . OOPOTHICTH IMOKA3y€ B CKUILKH Pa3iB MPH pe-
Pucynok 1.46 — Pe3oHaHCHi KpUBi Hlodp y p pup

HAIPYT 30HAHCI HANpPYyrd Ha 1HIYKTUBHOCTI 1 €MHOCTI
1 Oulbllle  HAmpyrd  JpKepena  SKUBJICHHS
Il oo (puc.1.47).
| 0,>0, .
i/ ; JlocnmiKeHHsT Ha MAaKCUMyM IOKa3yloTh, IO
MakcuMaiibH1 3HaueHHs U 1 Uc maroTe Micie
HE MPU PE30HAHCHIA YacTOTi, a MPU YACTOTaxX
TPOXM MEHIIMX, HIXK PE30HAHCHA YacToTa
, ®  ©Oc <0y ado TPOXU OUIBIIUX M > M.
Pucynok 1.47 — I'padixu Pesonanc crpymiB. Oco0uBHil BUIIa 0K
Ao0poTHOCTI 3a0e3nedye ymMmoBa pe3oHaHcy cTpywmiB |l 1 la.
[Mpu ubomy B =0, 0 =0, | = 15, Y = G i, y ninomy, koo (puc.1.43) mae akTHBHUIA
omip. Iy 1 |2 piBHI Mi>k cO00I0 1 B3a€EMHO KOMIIEHCYIOTh OJIUH oAHOTO (puc. 1.48).
1 =0 YMoOBa BUHUKHEHHS PE30HAHCY CTPYMIB — PIBHICTh PEAKTUBHHX
T 1=l U nposignocreii mapanensaux BiTok: B ; = Bc, a6o
l _]pl X L _ XC

RZ+ X2 RZ+X2'

[Tpudomy, y Bumnaaky enektpuyHoro xona (puc. 1.43) pe3onan-

Pucynoxk 1.48 —

Pe3onanc ctpymiB
CHA 4acToTa:

I Pe3onancHI KpuBI CTpYMIB TIpH Mapa’e-
JHLHOMY 3’€JIHaHHI MoKka3zaHi Ha puc. 1.49. Cnin

MaTh Ha yBa3i, OO0 Pe30HAHCHA YacTOTa Koja

OpUu THapajeNbHOMYy 3 €IHAHHI ®, HE JIOpiB-

=), ) HIOE€ PE30HAHCHIM YacTOTI MPH MOCIIIOBHOMY

Pucynok 1.49 — Pe3onancHi kpuBi  3’enHaHHI ®, (puc.1.46). MinimanbHe 3Ha-
CTpyMiB
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YEeHHS CTpyMYy / HE JJOPIBHIOE HYJIO, 1 BOHO 3HAXOAMUTHCS MPU YACTOTI OJIU3bKUH 10

®g. Pe3oHaHCHI sIBUIIa BUKOPUCTOBYIOTH y Telle- Ta Pajio3B’si3Ky, a TaKOX Yy

MPUCTPOSAX MPOMHUCIOBOI EHEPIETUKHU.
IoTy:XkHIiCTH Ta eHEePreTHYHi NPOLEeCH B KOJIi CHHYCOITHOTO CTPYMY.
EnepretnuHi mpouecu B Kojlax 3MIHHOTO CTPYMY XapaKTepU3YIOTbCS MHUT-

TEBOIO MOTYKHICTIO P =UI, 1[0 3MIiHIOETHCS 31 3MiHOKO U i 1, Ta TIPH I[OMY KOJIH-

BAETHCS 3 TIOJJBOEHOIO YACTOTOIO 2.
AKTHBHA NOTY:KHicTh P Xapaktepusye mpoiiec 6e3moBOPOTHOTO MEPETBO-
PEHHSI €JICKTPOEHEPTii B TEIJIO HAa PE3UCTUBHOMY €JIEMEHTI 1 BU3HAYAETHCS SIK Ce-

penHs MOTYXHICTb 3a nepion 7' 3MiHU cTpyMy. BoHa BumiproeThes y BaTax [BT].

T T _ T
p=tipdt=2fug 1, 1700520 g YRl (4 cosontiit=Ugl = RIZ
To To 2 T o
T
Kpiwm toro, moskua 3amucatu P == [ pdt =UI cos¢.

0

PeakTuBHa moTy:kHicTh Q XxapakTepuszye OOOpOTHMH IpOLEC B3aEMOIIT
€HEeprii MK XUBUJIBHOIO MEPEXKEI0 Ta CIIOKMBAYaMU Ta BUTPAYAETHCS HA CTBO-
PEHHSI MArHITHUX Ta €JIEKTPUYHUX MOJIIB Y PEAKTUBHUX €JIeMEeHTaxX ( BIAMOBIAHO Y
KOTYIIKaX 1HAYKTUBHOCTI Ta KOHJEHCATOPAX):

Q=Q, —Qc =XI?=(X_ =X )?=X1%=Ulsin ¢.

PeakTuBHa MOTY)XHICTh BHUMIPIOETHCS Y BOJBT-aMIEpP PEAKTUBHUX [Bap].
[Ipu 11pOMy SKIIO MUTTEBA MOTYKHICTh p > (), TO MOTYKHICTh 3a0UPAETHCS 3 Me-
pexi, a akiio p < 0, TO MOTYKHICTh OBEPTAETHCS B MEPEXKY.

IloBHa moTyxkHicTh Kona S =Ul mokasye, siky MaKCUMaJIbHY MOTY>KHICTh
MOXHa OTpUMATH BiJ JpKeperna eHeprii. BoHa BHUMIPIOETBCS y BOJBT-aMIepax
[BA].

3 ypaxyBaHHSM I[bOTO, MOKHA 3amucatu P =S COS, e COS(p Ha3UBAETHCSA
KOe(pii€eHTOM MOTYKHOCTI. Moro neobximHo IIJIBUIIYBaTH, TOMY 110 YMM BHIIE
KOe(DIIIEHT MOTYKHOCT1, TUM OLIIbIIIa aKTUBHA MOTYXKHICTh MPHU 33/IaHUX 3HAYCH-
HSX HANPYTU ¥ CTpyMy, NepeaeThes crokupayeni. [l boro Tpeda 3MEeHITyBaTH
IHAYKTUBHUN OMip HaBaHTaXeHHs a00 iloro kommneHcyBaTH. Ciifl 3ayBaXuTH, 1110

Q xona Moxe OyTH SIK TIO3UTUBHA, TaK 1 B1JI’€MHA, a P 3aBXK/Y TUTbKU MTO3UTHBHA.

PeaxtuBHa nmoTyxHicth Q = SSIN @, a MOBHA MOTYXHICTh S =/ P2+Q%.

KomMmruiekcHa moTyKHICTh BUPAXKAETHCS SIK
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S=U-1

*

U-1"=Uelu . e Vi —yleivu-vi) = sel® —Scosp+ jSsing =P+ jQ,
Jc | — KOMIITIEKCHO CIIPSAPKCHE 3HAUCHHSA CTPYMY.

OcHOBHI NOHATTS TPU(AZHOTO KOJIa

bararodasne enekTpuyHe KOJIO SBIsI€ COOOI0 CYKYMHICTh JEKIIBKOX €JIEeKT-

pUYHUX KiJ, Y sikux AitoTh EPC onHi€l yacToTu, ane 3 pi3HUMHU MOYATKOBUMU (a-

3amu. CKi1aJj0Ba 4aCTHHA TaKOTO KoOJia Ha3uBaeThes (a3oro. B3arami B enekrpore-
XHII MOHATTS “(a3a” Mae JeKiabKa BUSHAYCHB!

1) KyT, KUl BU3HAYA€E 3MIHIOBAaHHS CHHYCOIIHOT BEIMYUHH;

2) BUBIJ BiJ] BUIIIOTO MMOTEHITIANTY JIKEPEIIa eJIeKTPOCHEPTi;

3) ckiiagoBa yacThHa O0araTo(azHuX €JIEKTPUYHUX KT, TOOTO OKpEME KOJIO Y
CKJIAJIl €JIEKTPUYHOT MEPEXKI.

CumerpuuHnoto TpudasHoro cuctemoro EPC Ha3uBaeTbes CyKymHICTh TPHOX
EPC o1HaKOBOi 4aCTOTH 1 aMIUTITY 1, IOYATKOBI (pa3u SIKUX BIAPI3HAIOTHCSA HA KYT
120 rpaxycis (puc. 1.50).

It

120°
120°

vgn

120°

Itxy

o
Pucynok 1.50 — Cumetpuyna tpudasna cumerpuyna cucrema EPC

Tpudazna cucrema 3MiHHOTO CTpyMy Oyiia po3po0JieHa POCIHCHKUM 1HXKE-
HepoM M.O. JlomuBo-/{o6poBoascbkumM B 1891 porri. L cuctema qo3BosuiIa Hail-

O1JIbIII EKOHOMIYHO TMEpeAaBaTH €JIEKTPOEHEPTit0 1 CTBOPUTH HAA1MHI Ta BIJHOCHO
MPOCTI €NEKTPOABUTYHU, T€HEPATOPHU, TpaHCHOPMATOPH Ta 1H.
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Hxepenom tpudaszuux EPC e tpudaszni enexrporeneparopu. HaimpocTi-
Ui TpudazHUil reHepaTop aHaJOTIYHUN o HO(Ga3HOMY Te€HEPaTOPY, 3 TIEHO JIUIIIC
pI3HHUIICIO, [0 B HBOTO HE OJIHA, a TPU OJHAKOBI OOMOTKH CTaTOpa, pO3TalllOBaHi
mig kyrom 120 rpanycis (puc. 1.51). 4, B, C — nouatku ¢a3; X, Y, Z — kinmi ¢as.
[Ipu obepraHHI poTOpa 3 YACTOTOIO ®, 3MIHHUNA MArHiTHUM MOTIK @y HABOAUTH B
obmotkax craropa EPC onnakoBoi yactoTu 1 ami-
JITYyAH, K1 3MIIIEHI OJHa BIJHOCHO OJHOi Ha 1/3
vacTuHy mepiogy a6o ma 120°. Hampsm ctpymis B
00MOTKaX MO3HAYAETHCS «+», SKIIO CTPYM HaIpaB-
JICHUW BiJl criocTepirada abo «ey, SKIIO HaIpabJie-
HUHW Ha criocTepiraya.

Takum unHOM, (ha3Hi cunycoigni EPC B Tpu-

(dha3zHOMY reHepaTtopi YyTBOPIOIOTH TpU(a3Hy CUMET-

X Porop pUUHY cuUcCTeMY (pa3HUX HAIpyT, SIKy MOKHA 3alu-

CaTHu B aHaJIiTHqHOMy BI/II“JDII[i Ta 30KpC€Ma 3 BHKO-

Pucynok 1.51 — Tpudasuuii pUCTaHHSIM KOMIUIEKCHUX YHCEIL.
TE€HEDATOD

ea=Up=Uypsinot ; Ea=U=U,el%;

1 i : o
eB :UB :Uq)m3|n(0)t—§nj ; EB :!B:U(be 3 :Uq)e—leo :

.2
. +jim 1900

da3H1 HapyTH JKeperia MaloTh OJHAKOBE Aito4e 3HaueHHs Uy 1 3CyHYyTH 1O
¢asi oHa BITHOCHO OJIHOT, SIK 0YJ10 3a3Ha4yeHo BHile, Ha 120° (puc. 1.50).

OCHOBOIO MTPOMHUCIIOBUX Ta MOOYTOBUX EINEKTPUYHUX MEPEK € YOTUPHUIIPO-
BiJIHa Tpu(a3Ha JiHisA eJeKTponepenayl, ska yTBOpEHa TpboMa JHIMHUMHU (A4, B,
C) 1 HeitrpansHuM (HynboBUM) (N) mpoBonamu. HaBanTaxeHHs MOXe OyTH BKIIIO-
YEHO 3a CXEMOM0: “3ipka” 0e3 HEWTpaJbHOro MpoBOAY (YMOBHE MO3HA4YCHHS Y)

a00“3ipka” 3 HeiitpanbuuM npoBoaoM (¥-) uum “TpuxkytHUK” (A) (puc. 1.52).
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Pucynok 1.52 — Tpudasne enekTprudHe KOJIO 13 pI3HUMHU CXEMaMHU CIIOKUBAYiB

Hanpyru mix niHIHHUMH TPOBOJaMHU Ha3uBarOThes jiniunumu: Uag, Ugc,
Uca, @ MIX JIHIMHUMU 1 HEUTpaJIbHUM MPOBOJOM HA3UBAOTHCS ha3HuMu Hanpy-
eamu oxcepena. Up, Ug, Uc.

Dasznui nanpyeu na nasanmaxcenni. U, Up, Ue (st “3ipru’), Uap, Upe, Uca
(ot “TpuKyTHHKA™).

JIiHi¥HI CTpYMH NPOTIKAIOTH O JIIHIHHUM MpoBoJaM: la, Ig, lc.

Da3zni cmpymu IPOTIKAIOTH TI0 HABAHTAXKCHHIO:

— Y BUNIAAKY 3’ €JJHAHHS HaBaHTaXXEHHS 3a cXeMoro “3ipka’ la, lp, lc.

— Y BUNAAKY 3’ €JHAHHS HAaBAaHTAXKCHHS 32 CXEMOIO “TPUKYTHUK lap, lpe, lca.

Ctpy™m y HEeHTpaibHOMY TpoBOII — .

3B’S130K JIHIAHUX CTPyMiB Ta (a3HUX y BUMAAKY 3’€/THAHHS HaBaHTAKCHHS
B “TPUKYTHUK’ 3rigHo 3 mepmuM 3akoHoM Kipxroda wmae BUIIISI
Ta=lap—lcai g =lpc —lapi lc =lca —lic-

Ha ocHoBi npyroro 3akony Kipxroda MokHa BCTaHOBUTHU 3B’SI30K MiXK JIi-
HIHHUMH 1 Pa3HUMU HAMIPyTaMU:

Upg=Ua-Up; Ugc=Ug-Uc; Uca=Uc-Up
[ToBHi oniopu a3 npu pi3HOMY 3’€THaHH1 HaBaHTAXEHHS: Za, Zp, Zc, Lab, Lbc,

Zca. Y 3arajlbHOMY BHIIA/IKy MOBHUM KOMILTICKCHHUI omip y dasi Zy = Zq)ej% :

CrtpyM da3u npu Oyab-SKHUX 3’€JHAHHIX HABAaHTA)KEHHS MOXKHA BU3HAYUTH,
BUKOPUCTOBYIOUM 3aKOH OMa, pOo31IMBUIM BiIoMY (ha3Hy HAlpyry HaBaHTaKEHHS

Ha omip HaBaHTaxeHHs |lp =Ugp/Zgp. Y BUNagky piBHOCTI (a3HHX OMOpPIB (HE

TIJIBKH 332 MOJIYJIEM, ajie i 3a apryMEHTOM () KOMITJICKCHOTO YHCJIa) HaBaHTaKCHHS
HA3WBAETHCS CUMETPUYHHUM 1 BCTAHOBIIIOIOTHCSA TaKl CITIBBIIHOIICHHS MK (ha3HH-

MU 1 JIHIAHUMH TTapaMeTpamu.
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- TIpY 3’€JJHAHHI HaBaHTAXEHHs ‘31PKOI0” CHIBBIIHOIICHHS MIXK JIIOUNMHU

3HaYCHHAMH (pasuuX 1 JiHiiHuX Hanpyr Ug = U / J3;
- ipu 3’eaHaHH1 “TpuKyTHHUKOM” Ugp = Un.
Jns miHIAHYUX 1 ha3HUX CTPYMIB CITIBBITHOIICHHS MDK JIIOYMMH 3HAYCHHSI-
MU JITHIMHUX 1 a3HUX CTPYMIB HACTYITHI:
- TIpH 3’ €JHAHHI HaBaHTaKeHHS B “31pKy” 1= lo;
- ipu 3’efHaHHI B “TpuKyTHUK” lo = 1/ J3.
Ha puc. 1.53 a, 6 nokasani eneKTpHUYHI CXEMHU 1 BEKTOPHI Jiarpam, BiArmo-

BITHO 711 3’€HAHHS HaBaHTAXKEHHS y “3ipKy” Ta 'y “TpuKyTHHUK . HaBaHTa)keHHs

B 000X BUIIAAKaX CUMCTPUYIHC, aKTI/IBHO-iHI[YKTI/IBHe 34 XapaKTCpPOM.

Pucynox 1.53 — Tpudazue koo 3 pi3HUM 3’€THaHHSIM HaBaHTAXXCHHA Y “31pKy”
(@) Ta 'y “TpukyTHUK”(0) Ta BEKTOPHI JiarpaMH B IIUX BHUITaJIKaX

k1o ¢a3Hi ONOpH CIOXKKBAUYIB HE TOPIBHIOIOTH OJIMH OJJHOMY, IPUUOMY SIK
3a MonyJsieM Zg, TaK 1 32 XapaKTepOM HaBaHTa)XEHHA, TOOTO KyTYy @y, TO TaKke Ha-
BaHTA)XCHHSI HA3WBA€ThCSI HeCUMETpuuHUM. [IpH 11bOMy HaBaHTa)XEHHS MOKHA ITi-
JKITIOYATH K “TPUKYTHUKOM , Tak 1 “31pKOr0” 3 HEUTpauIro, ToMy 1o (a3Hi Ha-
NPYrd 3aJIMIIAIOTHCS HE3MIHHUMH 1 JIOPIBHIOIOTh HaBEIEHUM BHUILE. AJie NpU

3’€JHAHHI HECUMETPUYHOTO HABAHTAXKEHHS ‘‘31pKOI0” 0€3 HEUTPaIbHOTO MPOBOIY

BUHHUKAE Harnpyra 3CYBY HeUTpani Un
U _YaUa+YpUg+YUc
T YarYerye
ne Y, = i; Yy = i; Y.= 1 KOMILJIEKCHI
;a ;b ;c
poBiAHOCTI (as.

[TosiBa Hampyru 3CyBY HEWTpai SBHILE MIKiA-

JIMBE, TOMY 1110 TPU3BOJUTH JI0 TOTO, 110 HA OJIHIH 3
Pucynok 1.54 — Hanpyra

acyBy HelTpai ¢da3 Hampyra Moe pi3KO 3MEHILIUTHUCS, a Ha 1HIINX

pizko 3poctu. Da3Hi HAMpPyTu MPH IHOMY BU3HAYa-
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IOTHCS SIK:
Us=U,-Uyn; Up=Ug-Uy;U,=Uc-Uy.
Taxa cuTyariist HempuMmycTUMa 3 MOTJSAY O€3MeYHOi poOOTH eNeKTponpuIa-
IiB, SIKI BMUKAIOThCSl Y TaKy Mepexy. HasBHICTb HEMTpanbHOTO MPOBOIY 3 OIO-
poMm Ry <<Z, BUpIBHIOE HANpyryd Ha (a3ax CIOXHBAYiB y BUMAAKY HECHUMETPIi

HaBaHTaXKEHHs, TOMY 110 cama cucteMa ¢azuux EPC cumerpuuna 1 ¢pa3He HaBaH-
Ta)KEHHSI BKITIOYAETHCS Oe3rmocepeHpo Ha pa3Hy Hampyry mxepena Ug, =U 5/ 3.

OpHak o HEUTPaJIbHOMY MPOBOY Y BUIIAAKY HECUMETPIi HABAHTAKEHHS MPOTIKAE
CTPYM, SIKHI PO3paxOBYETHCS SIK BEKTOpHA (200 KOMIUIEKCHA) cyMa (a3HUX CTpY-
miB: Iy =1,+1,+ 1., TomMy 1 BaxxnuBo, mo6 Ry OyB Habarato meHmmii 3a Zy, .
IHoty:xHicTh TPUGa3HOTo KOoJIA.
AKTHBHA TIOTYKHICTh TpU(A3HOTO KOJIa CKIAJAEThCA 3 AKTUBHUX MOTY>KHO-
creit pa3. Tak, 119 CUMETPUYHOTO HAaBaHTAKECHHSL:

Po =Uglc0s0y; Pps =3Rp, A€ ¢o — KyT 3cyBy MiXk (asHHMH HaIpPyroro i
CTPYMOM. AHAJIOTIYHO MO>KHA BU3HAYUTH PEAKTHBHY MOTYKHICTb:

Qp =UgleSiNgy; Qpy =3Qg-

[loBHa moTyXHICTh ()a3u  BH3HAUUTBCSI 1O  BIAOMIA  (opmydi
Sp =1/ qu + Qé, , @y BCbOMY TpU(asHOMY KOJI, BIAIOBIIHO, K Sgy =3Sg,.

A6o0 inakme: Sgy =3Sq =3 gle =+/3U 1.

JI1s HeCUMETpUYHOTO HAaBaHTaXKEHHS MOTY)KHICTh Tpeba O0OUYHCITIOBATH OK-

peMo 1715t KOxKHOT (paszu:
Py =U,l,cos¢, +Uplycose, +U | cosp;

Qs =U, I sing, +Uylysing, +U I sing,.

[Tpu mepeMukaHHi criokvMBaua 13 “3ipku” Ha “Tpu-
KyTHUK’ JIHIAHI CTPyMH Ta TOBHA CIIOXHBaHA TOTYX-

HICTh 3pOCTalOTh Y TPU Pa3u:

U, U u?

Sy =354y =3U gy lpy =34, “1 _ .

Y DY oY 'dY \/§ \/§Z® Zcp
U; 3Uj

Sy =3Sppr =Mapplpr =3 = ,
A DA oA oA J]Zq) Zo

BumiptoBaHHs aKTMBHOI MOTYXHOCTI y BHIIJIKY

CUMETPUYHOIO HaBAaHTAXKEHHS IMOKazaHe Ha puc. 1.55,

npu upomy P =3Ry, a y BUNagKy HECHUMETPUYIHOTO Ha- Pucynox 1.56

BaHTaXeHHS — Ha puc. 1.56. [Ipu mpoMy cymapHa MOTYKHICTh KOJIa JTIOPIBHIOE ajl-
reOpaiuyHii  CyMi TOTYXKHOCTEH, BHUMIPIOBAaHUX OKPEMHUMH BaTMETpaMu
P =Ry + Ry, alte okpemuii BaTMeTp NMOTYKHICTh OKpeMuX (pa3 He BUMIPIOE.
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1.6. IIpukyaaau po3paxyHKy eJeKTPUYHHUX KiJI 3MIHHOTO CTPyMy Ta

INUTAHHA IJI1 CAMOKOHTPOJI10

Ipukiaag S. Po3paxyHok KoJa 3MIiHHOIO CTPyMy IMpH HOCTiIOBHOMY
3’€IHAHHI CTIOKUBAYiB.
Po3paxyBatu enekTpudHe KOJIO 3MIHHOTO CTPyMY 3

HOCIIIOBHUM 3’€IHAHHAM CHOXHUBauiB Z , Zg 1 Zy,
cCXeMy SIKOro 300paxeHo Ha puc. 1.57. [litoue 3HadeHHS
Harpyru U =200 B, ii wacrora f= 50 I'm. [lapamerpu
|leaslbHUX ~ eneMeHTiB  cnoxuBauiB: R, =20 Owm;
L, =47,77 mI'y; RB =23,3 Om; Cv =79,62 MKOD.

Uy

300pazuTu  cxeMy 3aMmillleHHS KoJia 3 1leajlbHUMU

Pucynok 1.57 €JIEMEHTaMU 3aMICTh KOXKHOTO CHOKHBaya; BU3HAYUTH
CTpyM, Jkepena eHeprii. [loOymyBaT BeKTOpHy aiarpaMmy. 3amucatd PiBHSHHS
OajaHCy aKTHBHHMX Ta PEAKTUBHHUX MOTYKHOCTEH KOJIa 1 TEPEBIPUTU LI PIBHSIHHSL
3anucaTi CHHYCOiJHI YacoBl (DYyHKII CTpyMy 1 Hampyrd JDKepena eHeprii Ta

noOyryBaTy rpadiku Mux QyHKIIH.

Po3B’si3anHs
Ha puc. 1.58 300paxkeHo cxemy 3amilieHHs Kosia 3a puc. 3.10 3 igeanbHuUMU
CIICMCHTaMH.
KytoBa gactora ctpyMy 1 Hanpyr
w=2n-f=2.314.50=314c".
PeakTuBHI ONOpH €JI€MEHTIB:
X, =o-L, =314-47,77-10° =15 Om;
1 1

XCy = = 6 =40 Om. X
o-C, 314.79,62-10" |
AKTHBHMI, PEaKTUBHUI Ta MOBHUUN OINOpPH l
xoma: R=R, + RB =20+ 23,3=43,3 Om; %

Pucynok 1.58
X =Xio = Xgy =15-40=-25 Owm;

Z=[R?+X? =433 +(-25)* =500m.

U 200
C 1 l=—=——=4A.
TPYM Y KOul 7 "5
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KyT 3cyBy (ha3 Mixk BEKTOpaMu CTpyMy Ta Harpyroro JHKepesa

X -25
=arctg— =arctg—— =-30°.
L EE

[ToBH1 OITOpH CIIOKHUBAYIB:
Zo =[R2+ X2, =+/20% +152 = 250m;
Zg =Ry =233 Om;

ZY:XCY:4O OM

Hanpyru Ha cnoxuBauax:

U,=Z,l =25-4=100 B;
Ug =231 =233-4=932 B,
U,=2,1=40-4=160 B.

Kyt 3cyBy (a3 wmik BekTopamu
ctpymy | i wanpyramn U, Ug U,

CITOKUBAYIB:

X 15
= arctg —L% = arctg—— =36,87°:
(0N g R, g 20
0 0
=arctg— =arctg——=0";
=R T Y a3

~ Xey

- 40 o
¢, =arctg =arctg o =-90".

Ha puc. 1.59 300pakeHa BekTOpHa
Pucyrox 1.59 Jiarpama. IHoscHOEMO IIOPS 0K 11
nobymoBu. Jlns cxemm 3a  pwuc. 1.58

3aTaIbHEM € CTPYM, VI SIKOTO IIPMAMAEeMO JOBUIBHO modaTkoBy (asy i =0°.

Bubupaemo macmrad ctpymy 1 IpoBOJIMMO BeKTOp | 1Mo ropu3oHTasbHIN ocl. [ami
BUOMpAEMO MaciiTad HAMPYT 1 MPOBOIUMO BEKTOP HAMPYTH JKEpEna IMij KyToM ¢ 3a
PYXOM FOAMHHUKOBOI CTPUIKHU BITHOCHO BEKTOPa CTpyMY | , @ TaKOK BEKTOPU HAIpyT

Ha cnoxusadax U,,Ug U, min Bignosigaumu Kyramu 3cyBy (a3 ¢, ¢g, ¢,

BIJTHOCHO BeKTOpa | .

Macwumab obupaemo ooginono vy 1 cm. Tpeba 00608’513k080 300padicamu
MipHuil 8i0pi3ok!

KopucTyrounch BEKTOpHOIO Jllarpamoro, 3p00MMO MEPEBIPKY PO3B’S3aHHS Ha
ocHOBI Jipyroro 3akoHy Kipxroda mms xoma 3a puc. 1.58. Bektopra cyma nanpyr
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CMOKMBAYiB TOBHMHHA JIOPIBHIOBATH BEKTOPY HAIPYrd JIKEpena eHeprii, ToOTo

Uu=U,+ QB + Qy (puc. 1.59), sxuii 3a TPUUHATHM MacIITabOM TTOBUHEH
nopisatoBat 200 B.
[loBHa, aKTUBHA Ta pEaKTUBHA ITOTY>KHOCTI JKepesia eHeprii:
S =U-1=200-4=800 B-A;
Px =U-1-cos¢p=200-4-cos(-30") =692,8 Br;
Qu =U - 1-sin@=200-4-sin(-30") =—400 sap.
PiBHsiHHA G6anaHCy aKTMBHUX MOTYXHOCTEH JKepesa Ta CIIOKUBaUiB
P =2 Py
Py=P,+P+P =R, 1¢+Rg- 15 +0=20-4% +233-4* =6928 Br,
ne By, Fs, P, — MOTYXHOCTI, SIKi CIIOXKMBAIOTH PE3UCTHBHI CICMEHTH CIIOKUBAYIB.
PiBHsIHHA OanaHCy peaKTUBHUX MOTY>KHOCTEH:
Que =Qu + Qs +Q, = X 15 +0— X, -1
a60 — 400 Bap =15- 42 — 40 - 42 = —400 Bap,
ne Q,, QB : QY— MOTY>KHOCTI, SIK1 CTIO’KUBAIOTh PEAKTUBHI €JIEMEHTH CIIOYKHUBAYiB.
AMIUTITYIHI 3HAYEHHSI CTPYMY 1 HAPYTH JKEPEa eHeprii:
lm=~2-1=+/2-4=566 A; U, =+2-U=+2-200=2828 A.
CuHycoinH1 4acoBi (PyHKIIT CTPYMY 1 HAPyTH JKEpPEa eHeprii:
=1, -sin(ot+y;)=566-sin314t A;
u=U,sin(ot+y,) =282,8sin(314t —30") B,
Jle no4atkoBa (aza cTpyMy Bxke oopana ; =0°, mo mae noyatkoBy (aszy Hapyru

v, =@ +y; =-30° +0° =-30".

['padiku cuHyCOin CTpyMy 1 Hampyryd 300pa’karoThCsl MPU BUKOPUCTAHHI HE
Macmtaly yacy t, a kpaTHoro oMy macitady ot , 1o OUIbII 3py4HO MpU MOOYA0BI
nux rpagikiB. Y Tabn. 1.6 HaBeneHl po3paxyHKHA CTPyMy 1 Hampyru Ui Pi3HUX
3Ha4YeHb ot , a Ha puc. 1.60 300paxkero rpadiku ¢pynkmii 1(t) Ta u(t).
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Tabmuns 1.6 — 3HaueHHS CTpyMy 1 HaNpyry JHKepesa €Heprii 3aJeKHO Bif

qacy
o [ o [ 7 | %] ® [2n|5n] ;[ 7n] 4n |82 ]6n [1n]
pan 6 | 3| 2 | 3 | 6 6 | 3 | 2 | 3 | 6

ot, | o | 30 | 60 | 90 | 120 | 150 | 180 | 210 | 240 | 270 | 300 | 330 | 360
rpajt

I, Al O [283]49 |566| 49 |283| 0 |-283|-49 |-566|-49 |-283| O

uB|[-141 | O | 141 | 245|283 | 245|141 | O |-141 |-245 |-283 |-245 |-141

i,A u,B
6 240
4 / N 160
/// Im U\ \(u
0 y 0
2TC
, 7'5/2 TC 37'5/2 ot y, “
2y NEEys)
4 \ N / /l -160
¢ N 4
A
6 —A 240
-320

Pucynok 1.60 — I'padixu ctpymy Ta Hanpyru B QyHKIIIT yacy

Ipukinax 6. Po3paxyHOK eJIEKTPUYHOIO KoJIa 3MIHHOIO CTPyMy HpH
napajejibHOMY 3’ €IHAHHI CII0KMBaviB.

° ~U >0 PoszpaxyBaru CJIEKTPUYHE KOJIO npu
napanenbHOMy 3’€[HaHHI crioxwusa4is Z,,Z; 1 Z,,

1 .
4 Y I, Za 5 cxeMy sIKoro 3o00paxkeHo Ha puc. 1.61. iroue
L sHayenHs Hanpyru U =220 B. [1apameTpu ineanbHuX
s :IZB enemMeHTiB cnoxuBaviB: R, =24 Om; X, =32 Owm;
—>Y—|:|— 300pa3uTH cxeMy 3aMillIeHHs KOJla; BUSHAYUTH
Pucynok 1.61 CTPyMH KOJIa, & TAKOXK aKTHBHY, PEAKTHBHY Ta TIOBHY

MOTY>KHOCTI Jpkepena eHeprii. [ToOyayBaTi BEKTOpHY
Jiarpamy. 3anucaT piBHSHHS OallaHCy aKTUBHUX Ta PEAKTHUBHUX MOTYKHOCTEH KoJja

1 IEPEBIPUTH 111 PIBHSIHHIL.
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Po3B’si3anus

Ha puc. 1.62 300pakeH0 cxemy 3aMillieHHsI KoJia 3a puc. 1.61 3 imeabHUMU

eJIeMEHTaMH.
[ToBH1 onopu nmapaneinbHUX BITOK:

Z, =[R2 +(=Xg,)? =24 +(~32)? =40 Om;

~U
> O
Zy =R + X2, =+/20% + 207 = 28,28 Ou; +
Iy Ji R ao
Zy =X, =800m. a4 ] H $b
CtpyMmu B nmapajienbHUX BITKaX: , Rg Xig
B
|a:;:%=5,s A; ="
o 0 I XLY
Y VY
== 22 _778 A >
Zg 28 28 Pucynok 1.62
Iy:H:@:ZJSA.
Z

Y
Kyru 3cyBy a3 mix Bekropamu ctpymiB |, .15 i |, Ta BekTopoM Hampyru

U:
— Xeq —-32
= arct =arctg—— =-5313";
P =A== Ra 9724
X LB 20
=arctg—- =arctg— =45";
Qp g RB g 20

¢, = 90° (iHyK THBHMIA eeMeHT).

JlJiss BU3HAYEHHSI CTPYMY JDKEpesia CKOPUCTAEMOCS BEKTOPHOIO Jllarpamoro

(puc. 1.63), ne BexTOopu OyIyrOThCS B 3a3HaueHuX Maciirtabax. [lepmmm Oymyemo
BekTop Hampyrn U . Moro mouatkoBy (asy npmiiMaemo moBimsHO (y, =0°).

Bekropu ctpymis |, 1g 11, Oymyemo, KOpHUCTYIOUNCH OYATKOBUMHE (hasamu. Tomy
o y, =07, mouarkoBi (a3u BU3HAYAEMO 32 (HOpPMyIaMHU:
Vi, =0, =5313°; iz =—gy=-45";  y; =—¢,=-90".
3a nmepmmM 3akoHoM Kipxroda g Byzna a Ha puc. 3.15 BekTop cTpymy
JpKepesla € BEeKTOpHa CyMa CTpPyMIB IapajielbHHUX BITOK, ToOTO | =1, +1g+1,
(puc. 1.63). 'eomeTpuuHe CKIaaHHS [IUX BEKTOPIB JIa€ HA OCHOBI BUMIPIB 3HAUCHHS

crpymy okepena | ~9,7A ikyr3cyBy ¢=24°.
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TouHinm pe3yapTaTd MOXKHA OJIEpKAaTH OE3MOCEPEHRO  PO3pPaXyHKAMHU,
3aCTOCOBYIOUM PO3KJIa/JIaHHS BEKTOPIB CTPYMIB HAa aKTHBHI W PEaKTHBHI CKJIAJOBI:
nepin — napanenbHi Bektopy U, a npyri — nepneHauKyssipHi 10 Hboro. Posknan

BEKTOPIB Ha CKJIAJIOBI MOJAHO HA BEKTOPHii miarpami (puc. 1.63).

1 A
20B

I

..<

e T T

\Fl Q

Pucynok 1.63

AKTHBHI Ta peaKTUBHI CKJIaJIOBI CTPYMIB CIIO’KHUBAYiB:

lya = 1,COSy; =55c085313" =33A; I, =1,siny; =55sin5313" =4,4 A;
lga =1 CoS g = 7,78c0s(—45") =55A; lg, =1 sinwiB =7,78sin(—45")=-55 A;
lLa=1, cosy; = 2,75c08(-90°) =0A; 1., =1, sin Vi, = 2,75sin(-90%) =-2,75 A.

AKTHBHA Ta peakTHBHA CKJIAJIOBI CTPYMY JIXKeperia Ta Horo Jiro4e 3HAaYCHHS:
Iy =14 +1ga +1,, =33+55+0=88A;

ly=lgp +lgy + 1,0 =44-55-275=-385A;

1= 12+12 = /882 +(-385)2 =9,61A.

Kyt ¢a3oBoro 3cyBy BekTopa ctpymy | BinHOCHO BekTopa Harpyru U

I _
P=—y; = —arctgl—p = —arctg % =23,63".

a 1

71



HOBHa, AKTHBHA Ta PCaKTHBHA HOTY)KHOCTi JOKepea.
S=U-1=220-9,61=2114,2B-A; P=Scose=2114,2-c0s23,63° =1936,9 Br;
Q=Ssinp=2114,2-sin 23,63° =847,4 Bap.
BiamosigHo 10 6ajlaHCy aKTUBHUX Ta PEAKTUBHUX TMOTY>KHOCTEH

P=R,1{+Rylf=24-55°+20-7,78° =1936,6 Br;
Q=—Xgy I+ Xyl + X, 17 =-32-55°+20-7,78° +80-2,75° =847,6 sap.

Ipuxaag 7. Po3paxyHOK eJeKTPUYHOI0 KOJAa 3MIiHHOIO CTPyMYy HpH
3MIIIAHOMY 3’ €IHAHHI CIIOKUBAYIB.
Po3paxyBatu enekTpuyHe KoJI0 3a puc. 1.64 mnpu 3MiIaHoMy 3’€JHAHHI

cnoxuBadiB Z,,Z; 1 Z, CHUMBOJIYHHM METOZOM, TOOTO 3 BHKOPHUCTAHHAM

i
KoMmruiekcHuX uncesn. Hanpyra mxepena eneprii U=127 B,
ii gacrora f = 50 I'u. ITapamerpu igcaabHHUX €ICMEHTIB
cnoxnBadiB: R, =8 Om; X, =15 Om; Rg =16 Owm;
Xcp =12 Om; X, =42 Om.

300pa3uTH CXeMy 3aMillleHHs Kojla 3 iJcalbHUMU

CIICMCHTAMH; BHU3HAYUTU CTPYMH KOJa, HAIIpYId Ha

npuiiMayax, a TakKoX MOTYXHOCTI JKEpenaa eHeprii.
Pucynox 1.64 [loOynyBaTu BEKTOpHYy Jiarpamy. 3amucatd pPiBHSIHHS

OajaHCy aKTUBHHUX Ta PEAKTUBHUX MOTY>KHOCTEH KOJa 1 IEPEBIPUTH 111 PIBHSHHSL.

Po3B’s13aHHA
Cxemy 3amillieHHs KoJjia 3a puc. 1.64 3 i1ealIbHUMU €JIeMEHTaMH 300payKeHO Ha
puc. 1.65. Ctpymu 1 HanpyrH, a TAKOK MOTYKHOCTI OyJIeMO BU3HAYaTH CUMBOJIYHUM
METOJIOM, TOMY 1/1eajibHI €JIEMEHTH, SIKI 3’€JJHaHI MOCIIJJOBHO, 00 €IHYEMO Y TIOBHI
KOMIUICKCHI omopu. Bing mouyatkoBoi cxemu 3a puc. 1.65 mepexoaumo 10 CXeMHU 3
KOMIUIEKCHUMH ONopamH BITOK (pHc. 1.66, a), ne cTpyMH 1 Harpyra Tako 300pakeH1

y KOMIUIEKCHIH hopmi.
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Pucynok 1.65 Pucynok 1.66

3HaueHHs KOMIUIEKCHUX OINOpIB BITOK B aireOpaiduHiii Ta MOKa30Bii

dbopmax:
. 15
. . jarctg— ; o
Z,=R, +jX =8+ j15=1/82+15%.¢ 8 =17.¢)%% Oum;

' -12
] jarctg—— . o
Zy=Rg— jXcp=116"+(-12)* - 16 =20.e71%5 Om;

A2
. . jarctg— con®
Z,=jX,=j42=42.e 0 =42.¢)% Ou
JnsHKy Koma 3 TapaleiabHUM  3'€IHaHHAM  Z, 1 Z v 3aMIHSIEMO

€KBIBAJICHTHMM KOMILIEKCHUM O1IOpOM Z

Zy-Z, 20-¢71%87 . 42.61%° g4p.eIBL 840-g15313°

ST 7,42, 16— j12+ j42  16+j30 162+3ozejamtgfg
840 %13

34.¢16L93°
1 OZIEP>KyEMO OUTBIII MMPOCTY CXeMY 3a puc. 1.66, 6.

= 24,71-6718% ~2471[cos(-88") + jsin(-88")]= 24,42 j3,78 Om

JIBa mocniioBHO 3’€nHaHuX onopu Z, 1 Z,, 3a puc. 1.66, 6 3amiHgEMO

OJIHUM, SIKH € eKBIBAJICHTHUM OTIOPOM YChOTO KoJia (puc. 1.66, 8):
Z,=2,+2Z,, =8+ J15+24,42 - j3,78=32,42+ j11,22 =

jarctg=—"— ) R
= \/32,422 +11,22% . 3242 _343.0190 oy

KommuiekcHe 3HaueHHs Hanpyru mxepena U =U - elvu =127.e1% 1278 ,

SIKIIO TOYATKOBY (a3y i€l Hanpyru npuidHata y, =07,
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Crpym™m mxepena 3a 3akoHoM Oma (puc. 1.66, 6)

1, =— 127 _37.619%° _35_j121A
Z 3431190

-

Hanpyra na cnoxuBaueBi Z, (puc. 1.66, 6):
U,=2,-1,=17-e8%% .37.e71190° _629.0i%8" _461+ j42,8 B.

Hamnpyra mix Bysnamu a i b Ha cniokusadax Zg 1 Z, (puc. 3.19, a):

Uyp=Zg-l,=2471.e7188 .37.67 190" _914.¢7127%" _g0g_ j428 B.

Ctpymu y mapasnensHux BiTkax (puc. 1.66, a):

-jo7.89° o
1, = 2a  9h4-e —4,57-e18%" _ 4514 j0,71 A;
Zg  20.e %87

—j27,89° , .
I = L_Jzab _ 914-e — —218. e—jll7,89 - -102- j1,93 A.
Sy 42.¢!

[lepesipka cTpyMiB 3a nepinm 3akoHoM Kipxroda st By3na a (puc. 1.66, a):
Iy=Ig+1,; 35-j121 A~4,51+ jO,71-1,02— jL,93=3,49— jL22 A.

[lepesipka Harpyr 3a qpyrum 3akoHoM Kipxroga (puc. 1.66, a):
U=U,+U,,; 127 B=46,1+ j42,8+80,8-j42,8=126,9 B.

Hesenvka pi3HHIS B 3HAYCHHSX 00YMOBJICHA OKPYTJICHHSIM TIPH PO3paxyHKax.
CniesinnowenHs Hanpyr U =U , +U ,, icrpymis 1, =15+ 1, 300paxeHo

Ha puc. 1.67 3a T0OMOMOT0I0 BEKTOPHOT JllarpamMy B 3a3HaYCHUX MacIITadax.

Pucynok 1.67
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[ToGynoBa BEKTOpHOI JiarpaMd BHUKOHYETHCS 3a JIIOYMMH 3HAYCHHSIMH
CTPYMIB 1 Hampyr Ta iX moyaTkoBUMH (pazamu. Jliroui 3HAYCHHS HAIPYTH 1 CTPyMY
BU3HAUYAIOTHCS SIK MOIYJb Y TOKa30Biii (hopMi KOMITJIEKCHOTO YHUCIIa, SIKE BH3HAYA€E

CTpyM a00 HAIpYTYy.
Jliroul 3HA4YeHHs CTPyMIB 1 Hampyr Ta ixHl modatkoBi ¢azu: |, =3,7 A;

Vie =—19,09°; 1, =457 A;  y;z=898"; I, =218 A; vy, =-117.89";
U, =629 B; y,,=4284";U,, =914 B; y,,=-27,89";U =127 B; y, =0".

Bektopna gmiarpamMa Moke TakoX OyTH I10oOyaoBaHa 3a JINCHUMH Ta

YSIBHUMH CKJIQJIOBUMH KOMIUICKCHUX JIIFOUMX 3HaY€Hb CTPYMIB Ta HAMIPYT:
1,=35-J121 A; I3 =4,51+ jO,71 A; 1, =-102— j1,93 A;
U,=461+j428 B; U,,=80,8- j42,8 B; U =127 B,

1€ OIMCHI 3HAYEHHS BEJINYNH:
I, =35A; I[’3 =451A; I; =-102A; U, =461B; U/, =808B; U' =127 B;

y5[BHi 3HA4YCHHA BCIINYUH:
15 =-121A; 17=0,71A; 17=-193A; U} =428B; U}, =-428B; U"=0B.

*
KomiuiekcHa TOTYXKHICTh JKepesa eHeprii Sk =U -1, =P + 1Qu
BU3HAYAETHCS SIK IOOYTOK KOMILIEKCIB HAMPYTH 1 CHPSKEHOTO CTPyMY JIKepelia

eHeprii, Kl BU3HAYAIOThCS Y MOKa30Bil (abo B anredOpaiuHiit) hopmi.
* H -
Cnpsxennii kommneke crpymy 1, =1, - Vi¢ pusHauaersca 3 BuximHOro

1, =1,-eie3minor0 3Haka y mokasHuKy (abo mepen ysSBHIN YaCTUHOK, SKIIO
BUKOPHUCTOBYETHCS alireOpaiuna (hopma KOMIUIEKCHOTO YHCIIa).
[limcTaBUMO KOMIUIEKCH HAmNpyrd 1 CHPSDKEHOTO KOMIUIEKCY CTPYyMY

JDKepena 1 IPOBEAEMO MTEPETBOPEHHS:

k

S, =U-1,=127-37.e19% _4609.e1100" _
=469,9-(cos19,09° + jsin19,09°) =444,1+ j153,7 B- A,
Jie noBHa NMoTyxHicTh S, =469,9 B- A € monyib y noka3osiii Gopmi KOMILIEKCHOT
TIOTYKHOCTI, & OTYKHOCTI: aktuBHa P, =444,1 Br i peaktusna Q, =133,7 Bap,

SIK JIMICHA 1 ysIBHA CKJIAJIOBI 3 ayireOpaiuHoi (hopMU KOMITJIEKCHOTO YHCIIA.
AHaNOTTYHO BU3HAYAIOTHCS TOTYKHOCTI CIIOKHBAYiB:

*

S,=U,-1,=629-e1%8 .37.e11909 _23) 701609 _1095+ j2053 B-A ;
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Sp=Ugy-15=914 -6 127® .457.6718% = 417,7.671%8" 3342 j250,6 B- A;

S, =U,y-1,=914.e717% .218.¢/17%" _1993.61%" = j1993B. A,

% k *

e l,, lB’ ly — CIIPSDKEHI CTPYMH CIIOKHBAYIB;

aKTUBHI IOTY>XHOCTI cioxkuBauiB: P, =109,5 Br; PB =334,2 Br; Py =0;
pEeaKTUBHI NOTYKHOCTI cioxuBauis: Q, =205,3 Bap;QB =—250,6 Bap;

Qy =199,3 Bap.

PiBHsiHHA O6anaHCy aKTMBHUX MOTYXHOCTEH:
P =P, + B + P, 4441 Br~109,5+334,2+ 0=443,7 Br.

PiBHsiHHS OanaHCy pEeaKTUBHUX IMOTYKHOCTEH:
Qu =Qo +Qp +Q,; 1537 Bap~205,3-250,6+199,3=154 Bap.

IMpukaaxg 8. Po3paxyHoxk Tpu(pa3HOro KoJa TNPH CHMETPUYHOMY
HABAHTa)KeHHI Ta 3’ €IHAHHI coKUBaviB “3ipkor”(puc. 1.68).

Y tpudazny mepexy 3 miHiiiHOIO Hampyroo U, = 380 B yBimMKHYTO
CUMETPUYHE HABAHTAXKEHHS, SKE 3 €IHYeThC “‘3ipkoro”. HaBaHTakeHHs

CKJIAJA€ThCA 3 JIBOX IMOCIIOBHO 3’€JHAHUX CIIOXXHUBayiB Z , Z[3 y KOXHIM ¢a3i 3
napamerpamu R, =16 Om; X, =30 Owm; RB =22,1 Owm; XCB: 8 Om.
300pa3zuTi cxeMy 3amimieHHs] Tpru(da3HOTO KoJia 3 1/ICATbHUMU €JIeMEHTaMU

crokuBauiB. Buznauntu QasHi 1 TiHIAHI CTPYMH, a TAKOK CIIOKHBaH1 MOTY>KHOCTI.

[ToOynyBaTu BEKTOpHY Alarpamy.

Ua
Z Ijgla B X Ry g
haly Zo % L S T o
AO+O+|:|_:I— M o Ub
m \LU” A S >
Z Z 2 X R, X
7 B3 T T+ 7 BB b AN N |Sﬁon
clq lUH 1 d U,
Ui Z Z S >
Coto2 1 1+ Sl Vi, R KXo Rp G
Co—>——5 [+ |-
a o
Pucynok 1.68
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Po3B’sa3anus

Ha puc. 1.68, 6 300parkeHa cxema 3amiiieHHs TprudazHOTo KoJia MpH 3’ € THaHH1

HaBaHTa)XCHHSI ‘31pKOI0”.

Daszui Hanpyru y Mepexi Uy = v

Y, 330
V343

220 B.

Ilpn cuMETpHYHOMY HaBaHTaKCHHI (asHI Hampyru Ha croxuBadax U,

JIOPiBHIOIOTH (pa3HUM Hampyram Mepexi U, , T00T0

Uge =U, =U, =U, =U, =220B.

[ToBHi# omip KOXkHOT (a3u:

Zy :\/(Roc +Rg)? + (X g — Xcp)® =\/(16+ 221)% +(30-8)% =44 Owm.

®da30Buii 3cyB MK (pa3HUMHU HAIIPYTOIO 1 CTPYMOM y KOKHIH (a3i:

g

X, —X
p=arctg—= P — arct
Ry +Rg
da3Hi Ta JAIHINAHI CTPYMHU:
U 220
_ e _ _ ol =1 —1 —1. —EA-
lp = Z, _H_S A; la=ly=1=13=5A;

ﬂ 30°.

16+221

AKTHBHA Ta peaKTUBHA MOTYKHOCTI YChOI'O KOJIa:

Py =3R, =3U1,cosp = 3-220-5-c0s30" = 2858 Br;

Qy =3Qy =3U,lysing=3-220-5-5in 30° =1650 Bap.

BekTopHa miarpama OyayeThCs TaKUM
yiuHOM. Bu3HayaeMo Macmitabu CTpymiB Ta
Hampyr, skl TMokazaHo Ha pwuc. 1.69.

Bubupaemo 10BUIBHO TMOYaTKOBY a3y
Bekropa  Hanmpyrn Wy =0 i o
TOPU3OHTAJBHIA  OCl  MNPOBOAMMO  IIE€H

BEKTOP. Bektopu  daszHux  HaAmpyr

CIIOXKMBAYiB U,, U, U, npu

CUMETPUYHOMY HaBaHTAXXEHHI, SIK 1 BEKTOPHU

dazaux Hampyr wmepexi U, Ug,Uc,

CTBOPIOKOTH TpudazHy CUMETPUYHY

Pucynok 1.69

cucTeMmy, TOOTO MAaroTh OJHAKOBI J1l0Yl 3HAYEHHSA 1 3CYHYTI 3a (a3ol0 OJHa
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BiiHOCHO oHOT Ha KyT 120°. Bektop Hanpyru U g Biacrtae Big Bektopa U 4 Ha

kyT 120°, ToMy BiH NMOBEPTAETHCS HA IIEi KyT 3a PyXOM TOJUHHUKOBOI CTPIJIKH, a
BekTop Hanpyru U Bumepemkae Bektop U, Ha kyr 120°, Tomy BiH

MOBEPTAETHCS HA 1€ KYT MPOTHU PYXy TOAMHHUKOBOI CTPLJIKH.

Bekropu niniitnux Hanpyr U ag,Upgc,Ucpy OyAyeMO 3 BHKOpPHCTaHHSIM
npyroro 3akony Kipxroda 3a popmynamu:
Upp=Ua-Up; Upc=Upg-Uc; Uca=Uc-Un,,
TOOTO 3’€AHAaeMO KiHII BekTOpiB Hampyr U ,,Ug,U- MK co00I0 1 OAEpKUMO
BEKTOPH JIHINHUX HAIPYT, 5K 11e 300paxeHo Ha puc. 1.69.
Koskuwuii dasuuii ctpyM Bijgcrtae Bix cBoei ¢asHoi Hampyru Ha KyT ¢=307,

TOMY BIH MOBEPTAETHCS 32 PYXOM TOJMHHHKOBOI CTPUIKM Ha 1€ KYT BIJHOCHO

CBO€1 (Da3HOT HAIPYTH.

Hpuxnax 9. Po3paxyHok Tpu(a3HOIro KoJIa NPH CHMETPUYHOMY
HABAHTAKEHHI Ta 3’€IHAHHI COKUBaviB “TpuKyTHHKOM” (puc. 1.70).

Y tpudazny mepexy 3 miHidHOIO Hampyroto U, = 380 B  yBiMKHYTO
CUMETPUYHE HABAHTAXECHHS, SK€ 3 €HYETbCA “‘TpUKYTHUKOM . HaBaHTa)kxeHHs
CKJIAJAE€ThCS 3 JBOX IOCIINOBHO 3’€IHAHUX CHOXKUBa4diB Z Zy y KOXHIN a3l 3
napamerpamu R, =20 Om; R, =10 Om; X, =30 Om,

300pa3zuTi cxemy 3amimieHHs] Tpu(da3HOTO KoJia 3 1/ICATbHUMU eJIeMEHTaMU
cnoxuBauiB. BusHauntu QasHi 1 JiHIAHI CTPYMH, @ TAKOXK CIIOKHUBaHI MOTY>KHOCTI.
[ToOymyBaTu BEKTOpHY Jiarpamy.

Po3B’si3aHHA
Ha puc. 1.70, 6 300pakena cxema 3aMillieHHs] Tpu(a3HOTO Kojia TIpH 3’ € THaHHI

HABaHTAXCHHS “TPUKYTHUKOM .

S
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Pucynok 1.70
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[ToBHi# omip KOXHOT azu:

Zy = /(R +R,)? +(~Xc,)? =/(20+10)? + (-30)? = 42,43 Om;

dazoBwuii 3cyB Mk (pa3HUMHU HAIPYTOIO 1 CTPYMOM y KOXKHIHU (hasi:

20+10

(o]

~ Xe,

¢ = arcty——— =arctg -~
Ry + R,

[Ipn 3’egHAHHI CHOXKHUBA4YIB y “TPUKYTHUK  (a3HI Hampyrda Ha HHX

Uap: Upes Uga cHiBOagaroTh 3 BIINOBIIHUMH JIIHINHUMHM HalpyramMM Mepexi

Uag: Ugcs Uca, ToMy dasui Hanpyru cnioxusauis U, =U, =380 B.

U 380
(I)C e —
_ — 7—8’96 A; lov=l.=1..=1 8,96 A.
= = 2’ 13 ab bc ca i)

®asHi crpymu: |,

Tiniiini crpymu: 15 =lg=lc =1,=+/314 =-/3-896=1552 A.
AKTHBHA Ta peaKTUBHA MOTY>KHOCTI yChOT'O KOJIa!
Py =3R;, =3Ul,c050=3-380-8,96- cos(—45)° =7222 Br;
Qa =3Qy =3Uyl,sine=3-380-8,96-sin(—45)" = —7222 Bap.
BekropHa niarpama 3o0paxkena Ha puc. 1.71. Jliarpama OynyeTbcsi TakKuM
yiuHOM. Bu3Hauaemo Macmitabu CTpyMiB Ta Hampyr, siKi Mmoka3aHo Ha puc. 1.71.

Bubupaemo n0BinbHO mMO4YaTKOBY (hasy Bekropa Hampyrn U g ‘Fy, =0 1 mo

TOPU3OHTAJIBHIN OCl MPOBOJAUMO II€H BEKTOP.
Bexrtopu niniitaux Hanpyr U g, Upgc,Uca

(ki TakoX € (a3zHUMH Hampyramu Ha

cnoxuBauax U,p, Uy, U.,) cTBOpIOIOTH

¢ [U,;z=U, tpudasny cumerpuury crucreMy, T06TO BOHH

MaroTh OJIHAKOBI JIIFOUl 3HAYEHHS 1 3CYHYTI 3a

dazor0 omHa BigHOCHO OoxHOI Ha Kyr 120°.

U..=U ——  Bekrop nHanpyru U p. BijcTae BijJ BEKTOpa
BC bc 1

U og Ha kyT 120°, ToMy BiH MOBEpTAETHCS HA

el KyT 3a pyXOM TOJMHHHMKOBOI CTPIJIKH, a

Pucynok 1.71

BeKTOp Hampyru U, BHUIEpeIKae BEKTOP

U ag Ha kyT 120°, TOMY BiH MOBEPTAETHCS HA
1eil KyT IPOTH pyXy FOJUHHUKOBOI CTPUIKH.

Koxuwuit Bektop ¢aznoro ctpymy |,p, 14, 1.a BUDepemkae cBit (asHuit

79



BEKTOp HAmpyru Ha KyT @=-—45", ToMy BiH NOBEPTaETHCS MPOTU PYXY

TOJIMHHUKOBOI CTPIJIKA HA I1eH KyT BITHOCHO (pa3HOT HAIPYTH.
Bexropu niniitHux ctpyMiB | 5, 15, I OyayeMo 3 BUKOpPUCTaHHSIM MEPIIOTO
3akony Kipxroda 3a popmynamu:
Ia=lap—lea; le=lpc—lap; lc=lca—lbe,
TOOTO 3’€THAEMO KOHII BEKTOPIB CTPYMIB | ,p,1pc, o4 MK cO00IO 1 OJep>KuUMO

BEKTOPH JIIHIHHUX CTPYMIB, SIK 1€ 300paxeHo Ha puc. 1.71.

Hpuxkaan 10. Po3paxyHoxk Tpuda3HoOro koja npd HECUMETPUYHOMY
HABAHTAKEHHI TA 3’€IHAHHI CNIOKNBAYIB “3IPKOI0* 3 HEUTPAJLIIO.

B tpudasny mepexy 3 miHiiHOO Hampyroro U, = 380 B mpu wyactorti

f=50Tu yBIMKHYTO HECMMETPHYHE HABAHTAKECHHA CHOXUBaYiB Z,, ZgiZ,

3ipKkor0 3 HeHTpawmo (10 OJHOMY CHOXHBady B KoxHY ¢asy). [lapamerpu

cnoxusa4is: R, =12 Om, X,,=160m, Ry = 32 Owm, Xgz=240m,

Iy o R, Xy, 3o00pa3zutu CIICKTPUUYHY

Ao—>—o0—— VYV — cxeMy  Tpu(asHOro - Koja 3

171eaTJbHUMH €JIEMEHTAaMU 3aMICTh

m B Igp I Rg XCB criokuBaviB. BuszHaumTu ¢asHi 1

) h ceu

%2 o—>—o—>— | | JHIAHI CTPYMH, a TaKOXK CTPYM Y
- HEUTpaJIbHOMY MPOBO/II.

Ic ¢ I XLy BusHauntu CIIOKMBaHi

o+oé_m_
¢ AKTHBHY Ta PCaKTUBHY
No ,In MOTY>HOCTI. [TobynyBaTu

Prcyrok 1.72 BEKTOPHY Jllarpamy.
Po3B’si3anHs
Ha puc. 1.72 300pakeHa ejlekTpuyHa cxeMa TpudazHoro koa.
@da3Hi HaNpyru MEpexi:
U, 380
Upy=Ug=U;=U,; =—2=——=220B.
ATTETTETTR T B3
3a HasIBHOCT1 HEUTPATLHOTO TIPOBOAY (ha3H1 HATIPYTH MEPEXKI TOPIBHIOIOTh
da3HUM HampyraMm Ha CIIOKHUBaYaX:
U,=U, Ug=U,; Us=U.. U,=U,=U,=U; =220B.

[ToBHI onopH 1 KyTH 3CyBY (pa3 HaBaHTAXKEHHS:
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Z, =[R2+ X2, =122 +16? = 20 Ou;

Zy=|RE+(~Xcp)? =322 +(-24)2 =40 Ow;

Z, =X, =200m

X 16
—arctg 2L — arctg— = 53,13
(O g R g 12

o

~Xep
=arctg——
O g R

¢, =90°.

= arctg_—24 =-36,87%;
32

Jitoui 3HaueHHA (Da3HUX CTPYMIB, SIKI JOPIBHIOIOTH JHIHHUM:

Pucynok 1.73

U, 220

la=lp=2 =S =11 A;
Z, 40

IC: CZﬁ:@:]'lA
z,” 20

[ToOynyemo BEKTOPHY aiarpamy
(puc. 1.73). Tlpuiimaemo mo4yaTkoBy (a3y

Hanpyru st gasu 4 yy , =0°. BusHauaemo
Ait04e 3HA4YeHHS CTPYMy B HEUTpaIbHOMY
mpoBomi  (In=1+1,+1,.) IPSIMUM
BUMIPIOBAaHHSIM JIOBXKMHHM BekTopa |y 1

MHOXXEHHSIM 11 Ha  MacmTab  CcTpymy

(Iy =19 A). TIlouwatkoBa (aza cTpymy

HEWTPaJbHOIO MPOBOMAY, SIKa BH3HAY€Ha 3a

JIOTIOMOTOIO TPAHCIIOPTHUPA, NOPIBHIOE ;= = —27,5°.

Mosxna mnepeBipuTH 3400yTi pE3ynbTaTH, 3BEPHYBIIUCH 0 CUMBOJIYHOIO

Meroay. da3Hi CHHYCOIIHI HAPYTH YTBOPIOIOTH TpU(DA3HY CUMETPUYHY CUCTEMY:
U,=U,=220B; Ug=U, =220 B; U,=U_=220¢" B,
KowmrnekcHi moBHi onopu (a3 CriokuBadviB:

i ; 0
Z,=2 &% =201 Om;

Z5=2,e'% =406 1% Ou;
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Z,=Z.e 191 290 190° O,

JliHiiiH1 1 Bha3Hi CTpyMHU:

(£a 120
Ia=l,= oo 220 = =111 =66 j88 A;
Z, 20e 15313
—j1200 o
lg=ly=ob = 220¢ " _geeieat® g6 546 A;
Zy " 400 10¥
j1200 0
[ :lczuc _ 2206_ - =11e%" =953+ j55 A,
Zy  20e1%
Jie J1ito4l 3HaueHHs (pa3HUX CTPYMIB, SIK1 JIOPIBHIOIOTH JIIHIHHHM,
I, =1,=11A; I, =15 =55; . =1c =11 A;
MoYaTKOB1 ()a3u CTPYMiB:
\I/ia = —53,130 ; \.|Iib = —83,130 ; \Vic = 300 .

CtpyM B HEUTpabHOMY MPOBO/IL:
Iy=1,+1,+1,.=66-)88+0,66— j546+953+ j55=16,79— j8,76=
=18,94 ¢ 175 A

Jie JAif04e 3HaYeHHs CTpyMy B HelTpasibHoMy nipoBoi |, = 18,94 A, a iforo

moyatkosa paza ——27,55°.

Sx BUAHO, PO3PaxyHKOBl 3HAYEHHS CTPyMYy Ta HOro MOYaTKOBOi (a3u
MPaKTUYHO 301ratoThCs 31 3HAUCHHIMHU, 3J00yTUMU 13 BEKTOPHOI AlarpaMu.
AKTHBHA Ta peaKTHBHA MOTYXHOCTI yChOI'O KOJa:

P=F,+R+P, =U,lc050, +Uy I, cospg +U. I cose, =
=220-11-c0s5313° +220-5,5-c0os(—36,87°) + 220 -11- cos90° = 2420 Br;
Q=Q,+Q +Q,=U,l,sing, +Uy I singg +U_ 1 sine, =
=220-11-sin5313° + 220-5,5-sin(—36,87°) + 220-11-sin 90° = 3630 Bap.
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ITutaHHA 1)1 CAMOKOHTPOJIIO

1. Sxumu mapameTpaMu XapaKTepU3YIOTHCS MHUTTEBI 3HAYCHHS CHHYCOIIHOTO
3MIHHOTO CTpyMy, Haripyru, EPC?

2. Chopmymorite 1 3amumrite 3akonn Owma 1 Kipxroda misa kxin cuHYcOimHOTO
3MIHHOTO CTPyMY.

3. SIki imeanbHi €IEMEHTH 3aCTOCOBYIOTH y CXeMaxX 3aMillEHHS ENeKTPUYHUX Ki
CHUHYCOIJTHOT'O 3MIHHOTO CTpyMYy?

4. 3anmumiite GopMyay A 1HIYKTUBHOTO 1 €MHICHOTO OMOPIB Ta MOBHOTO OMOPY
SNIEKTPUYHOTO KOJIA 3 TIOCITIIOBHUM 3’ €THAHHSIM CITO’KUBAYiB.

5. SIkuMU TIOTY>KHOCTSIMU XapaKTEPU3YIOThCSI EHEPreTUYHI MPOLIECH B €JIEKTPUYHUX
KOJIaX CHHYCOIHOTO 3MIHHOTO CTPYMY; SIK BU3HAYarOTh 11 MOTYXHOCTI 1 SIK BOHHU
OB’ sI3aH1 MIXK CO0010?

6. SIki yMOBM BUHHMKHEHHsS PE30HAHCY HANpyr Ta pPE30HAHCY CTPYyMIB 1 SKI
CHIBBIIHOIIEHHS! OCHOBHUX €JICKTPUYHUX BEJIMYMH y IIUX PeKUMax?

7. Slki OCHOBM 1 3MICT CHMBOJIIYHOTO METOAY PO3PAXYHKY EIEKTPUYHUX KU
CHUHYCOIJTHOT'O 3MIHHOTO CTpyMY?

8. ¥V sxux (hopMax MOKHA IM0/1aBaTH KOMIUIEKCHI 3HAYE€HHs CTpyMiB, Harpyr, EPC 1
OIOPIB 1 SIK MEPEXOIUTH BiJl OJHIET (hOPMU 10 IPYTol MPH pO3paxyHKax?

9. 3anumnTh piBHSIHHA OajaHCy AaKTUBHUX 1 PEAKTUBHUX TMOTY>KHOCTEH
ENIEKTPUIHOTO KOJIa.

10. SIx BUMIpSIETHCSA AKTUBHA MOTYKHICTH B €JIEKTPUYHOMY KOJi?

11. Ak otpumytoth Tpudazny cumetpuuny cucremy EPC?

12. SIxk MmoxxyTh OyTH 3’€IHaHI criokuBayi B TpudaszHiit mepexi? 1llo HazuBaeThCs
JTHIAHUMHA Ta (Pa3HUMU CTPYMaMH 1 HAPyTaMH.

13. Sxi crmiBBIZHOLIEHHS MiX JIHIHHUMH 1 ()a3HUMHU CTPYMaMU Ta HAIpyramu pu
3’€JHAHHI CIIO’KUBAYIB “31pKOI0” Ta “TPUKYTHUKOM ?

14. SIxe mpu3HAYEHHS HEUTPaJbHOTO MPOBOAY B HOTHpHUMIPOBiAHIMN Mepexi? Illo
Oyne, Koiau BiH OOIpBEThCA TMPU CUMETPUYHOMY 1 HECHUMETPUYHOMY
HaBaHTAXEHH1?

15. 3anumrite hopMyIIH BUSHAUYECHHS aKTUBHOI, PEAKTHUBHOI Ta MOBHO1
NOTYXHOCTEH TpudazHoro koma.

16. SIx BUMIPIOETHCS MMOTYXKHICTh Y TpU(azHOMY KOII1?

17. Illo Take Hampyra 3MIIIEHHS HEUTpall, B IKMX BUMAaJKaX BOHA BUHUKAE 1 K 11
po3paxyBaTu?

18. Sk BIIMBa€E MEpPEeMUKAHHS CIIOKUBAYIB 13 3’€THAHHS “31pKOI0” Ha 3’ €THAHHS
“TPUKYTHUKOM’ Ha CTPYMH Ta CIIO>KMBAHY MOTYKHICTb?
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JTOJATOK 1

3pa30oK TUTYJIBHOIO apPKYLILY PO3PaXyHKOBO-TPa(ivHOI0 3aBIaHHS

MiHicTepcTBO OCBITH 1 HAYKH YKpaiHu
HamioHanpHU#M TeXHIYHUN YHIBEPCUTET
«XapKiBChbKUH MOMITEXHIYHUN 1THCTUTYT

Kadenpa 3aranbHoi eeKTPOTEXHIKU

PospaxynkoBo-rpadiuHe 3aBIaHHS

Po3paxyHOK €JIeKTpUIHHMX K11

Bapiant No

3aBaHHS BUKOHAB CTYAECHT ,
(mpi3BULLE, HIIATH)

I'pyma__ ;
(1HAEKC TpyMH)

(maTa BUKOHAHHS)

3aBIaHHA NPUINHSB
(mocana, mpi3BHIIE, 1HIIIATHN)

XapkiB
PIK BUKOHAHHS
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JTOJATOK 2

SAx odopMisiTH PO3paxyHKOBO-TpadivyHe 3aBJaHHA

PospaxynkoBe 3aBmaHHs oGOpMIISATH MOXKHA SK Ha CTaHJAAPTHUX apKyIlax
narepy, Tak 1 Ha 30IIMTOBUX y KIITHHKY. [IpoxaHHs He mucatu B 00pi3 apkymia!
3anumaty noJig xouya 6 mo 1 cm. Bece mae OyTu HanmucaHo Bi pyKH, BKIIOYAIOUH
TUTYJIBHUN JTUCT. Bee opopmitsieThest yKpaiHCHKOIO.

Hazsa po6otn «PO3PAXYHOK EJIEKTPMUYHUX KI1JI»

Tpoxum HWXK4YEe 3a Ha3By, NPUOIM3HO TIOCEPEAWHI THUTYJIBHOTO JIMCTa
MUIIEeTbCST HOMEp BapiaHTa. binbine Horo He Tpeba mucaTd y JyXKKax OIS
KOXXHOT'O 3aBJIaHHS.

Hymepamis 3amau HackpizHa Bijg 1 1o 10. ToOto nepima 3aava Ha 3MIHHUN
CTPYM HYMEPYEThCS SIK M'siTa, BIAMOBIIHO IOCTA 3MIHHOTO CTPyMY — J€CsTa.

Pucynku ma ¢popmynu nymepysamu ne mpeoa!

Cnouarky mnumetbes ciioBo 3AJ[AYA Neo.., moTiM Ha3By 1 IOBHICTIO
NEepenucyeTe 3 METOUYIIl YMOBY, HI)KYE B OAMH a00 JBa psaku (y CTOBIEIh HE
Tpeba!) numere yucenbHl 3HaueHHs EPC, Hamnpyxensb, omnopiB. MibKpsSAKOBUN
IHTEpBaJ - OJHA KJIITHUHA, SKIIO0 OPOPMIIIETE HA CTAHJAPTHUX apKyllax, popMary
A4, To HEe MeHIIe 5-7 MM.

Ham — cxema. 300paKy€eThCs i1 JIIHIMKY OJIIBIIEM, €I€MEHTH KOJIa, CTPYMHU
Ta HAMPYTU TTO3HAYAIOTHCS PYUYKOIO.

Po3mipu enemeHTiB Taki:

oxcepeno EPC — kono 10 mm,

onip — npamokymuuk 4 na 10 mm,

iHOyKmueHicmb — mpu nigkona, paoiyc niekona 2 - 3 mm,

EMHICmMb — 06a GIOPI3KU NApanenvHi 0OUH 0OHOMY NO 8 MM, GI0CHAHD
midic akumu 1,5 mm.

VY nepuriii 3amaui JOCTaTHBO OJHIET CXEMHU, MEPETBOPEHI CXeMU He Tpeda
MaJIFOBATH.

VY apyriii 3a71a4i HABECTH JIB1 CXEMH: BUX1IHY Ta TIEPETBOPEHY.

VY Tperiii 3ajmadi HaMaIOBAaTH OJHY CXeMy Ha sKIi MokKa3aTu MAiMCHI Ta
KOHTYPHI CTPYMH.

VY derBepTiii 3amaui ABI CXEMH: BHUXIAHY, Ha SKId TOKa3aTh CTPYMH
XOJIOCTOTO XOJy Ta HaIlpyry XOJOCTOrO0 XOAy, Ta JAPYyry, fKa IOSICHIOE, SIK

3HAXOJUTHCS OITIp €KBIBAJICHTHOI'O reHepaTopa.
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VY 3amagax 1Mo 3MIHHOMY CTpyMy B KOXHIA 3amadi - OojHa cxema 3
MepCOHAILHUMH CXeMaMU 3aMileHHs 3aMiCcTh Zanbda, Z0eTTa 1 Zramma.

ITotim po3B'szanHs 3amavi, numith ciaoBo PO3B'A3AHHSA. Hwxue dime
pimenns. [Iumerscs popmyna y OyKBEeHOMY BUTJISAL, MOTIM 3HAK «JOPIBHIOE» 1
mifcTaBieHl y (opMmyidy uuMcedbHI 3HAYEHHS, MOTIM <JIOPIBHIOE» 1 YHCIO 3
TOYHICTIO JIO JIBOX 3HAKIB ITICJISI KOMU Ta PO3MIpHICTH Oe3 aykok. Ha psaky
nucatu ofHy popmyny. Cynpogionuit mexkcm, aK y memoouuyi, HA6OOUmMu He
mpeoa!

Oco0MBO 11€ CTOCYETHCS TIOSICHEHB, SIK Oy yBaTH BEKTOPHI JiarpaMu B 8, 9,
10 3apayvax.

Y Tperit 3amaui  (KOHTYpHI CTpyMH) Tpeba [OKIAAHO Yy UHCTaX
PO3IUCYBATH, SIK 3HAUACHUN BU3HAYHUK MATPHIII.

VY nmepmmx TprOX 3adadax OOOB'SI3KOBHUU OanaHc moTyxHOCTel. OKpemo
PO3paxoBYyETe TOTYXKHICTh JDKEpENa, OKPEMO CyMy IMOTYXHOCTEH CIIO)KMBAYiB.
SKi110 BOHU piBHI, TO BIAHOCHY OXHOKY (1e1bTy) HE Tpeba po3paxoByBaTu. BoHa
JIOPIBHIOE HYJIO, IO 3pO3YMUIO. SIKIO YMcia BUWIUIM PI3HUMH, Tpeda IIyKaTu
BIJIHOCHY MOXHOKyY. OpieHTyBaTuCs TpeOa Ha 3pa3oK y Apyrii 3a1adi.

Bci BekTOpHi giarpamMu  poONIATBCS MiA JIIHINKY, BOHM TOBUHHI OyTH
HOPMAJIBHOTO PO3Mipy, HE€ HAATO MaJeHbKi, OOOB'A3KOBO BKa3yBaTH MacIlUTa0
CTpyMy Ta Hamnpyru. lIpoekiii BEKTOpiB TakoXX IMOBMHHI MIJNUCYyBaTUCA. YcCi
BEKTOpPHI BEJIMYMHM Ha BEKTOPHUX Jlarpamax mijg OYKBEHUM TMO3HAYCHHIM
M1IKpecToThes. Lle 5k cTocyeThesl po3paxyHKy B KOMITIEKCHMX YHCHIAX y 7-Mid
ta 10-T1# 3amayax.

VY n'sTiit 3aga4i MamoOTECS Tpadiku CTpyMy Ta HaMpyTru CTPOTO 3a 3pa3KoM
y METOAMYlll, HEe 3a0yBaTh BKa3yBaTH MaclITad Ha BEPTUKAIbHHUX OCSX: 3J11BA IO
CTpyMYy, a IIpaBoOpyd MO HaIpy3i.

B ymoBax oH-naitH HaBuaHHs Bce pororpadyethes, pororpadii mociiioBHO
30uparoThes 10 oHOrO (haitmy y hopmarti doc um pdf. V Hassi daitny Bkazatu cBoe
npi3BUILE, TPYNy Ta HOMEp BapiaHTa Ta HAJICIATH HAa KOPIOPATHUBHY IMOIITY

BHUKJIaJa4a.
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