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BCTYII

BukonanHs po3paxyHKOBUX 3aBlIaHb, y TOMY 4YHCIl 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 OITIHKH B KIHIII HABYAJILHOT'O CEMECTPY.

HagezeHi B HaBUaJIbHO-METOJIMYHOMY MOCIOHUKY 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.

[TepenbadaeTbes, MO CTYAGHT CIIOYATKY IPOCTYyXaB TEOPETUUHUN MaTepial
Ha JICKIII{, MOTIM Ha MPAaKTUYHOMY 3aHSITTI 3aKPINUB 3HAHHS OTPUMaH1 Ha JIEKIli, a
NOTIM KOPUCTYIOUHCh JAaHUM HaBYaIbHO-METOJUYHUM IMOCIOHMKOM, CaMOCTIMHO
pPO3B’s13yBaB 3ajauy. Tum OUIBIN, 1€ BAXJIUBO, SKIIO CTYJACHT HE BIJBiAyBaB IEB-
HUX JICKIIMHUX Ta MPAKTUYHUX 3aHATh T4 MOTO 3HAHHS MAalOTh 3HAYHI JaKyHU B
HeoOX1/1HIM HaBuanbHUl 1H(OpMarlii. Takox 11e Oyae BaKIUBO IJIsl CTYACHTIB 3a-
OYHO-AUCTAHUIWHOI (POPMU HABYAHHS, KOJHM KUIBKICTh ayAUTOPHUX 3aHAThH y MO-
PIBHSIHHI 13 IEHHOIO (POPMOIO HABUAHHS 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 1e TpeOa 3BepTaTH yBary Ta C€pilo3HO CTaBUTHCS /10 BUMOT BHKJIajaya
10710 0(OPMIICHHSI 1HAUBITYyaTbHOTO 3aBAaHHA. [IpUKIan TUTYIBHOTO apKyIly Ta
npaBmwia 0OPMIICHHS PO3PaXyHKOBOTO 3aBJIaHHS HABOJIUTHCS B KiHII MTOCIOHHMKA
B [lonatkax. [IpoxaHHs yBakHO O3HAHOMHTHCS 3 LMMHU NpaBuiamu. L1 mpaBuna
IPYHTYIOTbCA Ha JOKYMeHTI «CucTreMa CTaHJapTiB 3 OpraHizailii HaBYaJbHOI'O
nporiecy. 3aranbHi BuMmoru a0 BukoHaHHsA. CT3BO-XI1I-3.01-2025y.

VY noci6Huky npornonyerbes 100 BapiaHTIB YMCETbHUX JAHUX JUISl KOXKHOI
3anayil. TiibkM BUKJIaAa4, AKMA MPOBOAUTH NPAKTUYHI 3aHATTA 200 yCTaHO-
BYi JieK1lii, BU3HA4Ya€ HOMeP BapiaHTy 3aBJaHb Il KOKHOIO CTy/AeHTa!

ABTOpU OYyIyTh BASYHI 3a 3ayBaXEHHS Ta MPOIO3MIIi IIOJI0 HaBYaJIbHO-
METOJUYHOI0 MOCIOHUKA, SIKI MOKHA HAJ[CUJIATH 3a aJIpECOlo:
61002, XapkiB 2, Byn. Kupninuosa 2, HTY “XIII”, kadenpa 3araabHOi €1eKT-
poTexHiKH abo ejekTpoHHOIo noriroro Vladyslav.markov@khpi.edu.ua



PO3JILI 1
PO3PAXYHOK EJIEKTPUUHHMX KL

1.1. dopmy.oBaHHS 32124 HA PO3PAXYHOK eJIEKTPUYHMUX KiJ
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) poO3B’sI3aTH MpsAMY 3aJady: HAKPECIUTH 33aJaHy EJICKTPUUHY CXEMY
(puc. 1.1) 1 BU3HaYUTH CTPYMHU B yCiX BITKaX KOJIa METOJOM €KBiBaJE€HTHHUX Mepe-
TBOPEHb;

0) po3B’si3aT 3BOPOTHY 3aJiauy: JUIsl CXeMH 3 MYHKTY (a) 3a 3aJjaHUM CTpY-
MOM Y BITIIl 3 OOpOM Ry BU3HAYUTH CTPYMHU B yCIX IHIIMX BITKaX, a TAaKOX 3Ha-
yeHnHs EPC.

[lepeBipUTr NPaBUIBHICTH PO3B'A3aHHS K MPSAMOI, TaKk 1 3BOPOTHOI 3ajadi,

CKJIABILM PIBHSAHHA OanaHCy MOTY>KHOCTEH KoJa.

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

3a 3a/1aHUM BapiaHTOM, SIKil HaBeAeHO B TabOJ. 1.2, HAKpeCIUTH 3a7aHy eje-
KTpuuHy cxemy (puc. 1.2) 3 mxepenom EPC y BiTII MIX 1BOMa By3jaMmHu, sIKl BKa-
3aH1 y TabnuIll JBoMa JIaTUHChbKUMU Jiitepamu (Hampsm EPC obpatu Bij mepiioro
10 APYToro 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.

3agaya 3. Po3paxyHOK eJIeKTPMYHOI0 KOJIA MEeTOAO0M KOHTYPHHUX CTPY-

MiB.

3a 3aaHUM BapiaHTOM, K1/ HaBeJIeHO B TabOJ. 1.3, HaKpEeCIUTH 3a/1aHy efe-
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, SIKMM HaBeAeHo B Ta0. 1.3, HakpecnuTu cxeMy Koja
(puc. 1.3) Ta 3HANTH CTPYM Y BITIII 3 OTOPOM R METO/I0M €KBIBAJIGHTHOTO IreHEepa-
TOpA.



Taomug 1.1 — Bxigai gadi xo 3amayi 1

Bapiant | Howmep Onopu, Om [Ipsma | 3BopoTHa
CXeMH R o R1 R ) R s R . R s [anada. | 3azaua,
3a E,B l,, 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 15
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 18
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 25 | 15 8 13 10 9 90 2
14 14 1 25| 15 8 S 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 25 | 20| 20 24 10 25 240 15
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 25 | 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 5
32 2 2 6 10 ) 20 90 240 2,5
33 3 1 ) 20 14 3 12 140 8
34 4 25 |10 | 30 60 5 50 165 8




[Tpomoxenus tadm. 1.1 — Bxigni nani 1o 3agaqi 1

Bapiant | Homep Onopu, Om [Ipsma | 3BopoTHA
CXEMH R, | R, R, R, R, R, Pazaya. | 3amauya,
3a E, B ., A
puc. 1.1
35 5 2 20 | 30 25 | 200 | 50 210 1
36 6 05 | 4 10 30 5 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 25 | 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
54 24 1 6 15 10 15 60 100 10
55 25 25 | 20 | 40 6 10 6 75 6
56 26 2 40 | 40 30 60 30 240 1,5
57 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 15 | 48 | 16 3 6 15 120 2
64 4 1 10 | 100 25 7 20 150 4
65 5 1 40 | 80 52 25 80 105 0,8
66 6 1 4 3 6 8 10 120 6
6/ 7 25 | 12 | 16 20 15 6 200 9




[Tponmosxenus Tadm. 1.1 — Bxigni naxi 10 3aga4i 1

Bapiant | Homep Onopu, OM [Ipsima | 3BOopoTHA
CXEMH R, R, R, R, R, R, [3amaya. | 3anada,
3a E,B ., 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 S 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 25 | 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 25 | 20 | 30 30 15 15 100 1,5
85 25 25 | 20 | 40 6 10 6 75 6
86 26 1 20 | 20 15 30 15 150 3
87 27 25 | 35| 30 70 5 9 160 2
88 28 1 10 | 30 10 8 20 110 6
89 29 25 | 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 5 25 | 10 8 4 30 9 120 2,5
96 6 1,5 6 20 5 16 60 180 4
97 7 1 4 5 7 30 17 260 4,5
98 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 (mpomoBxkeHHs) — Po3paxyHKoBa enekTpruyHa cxema 10 3aaadi 1
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Pucynoxk 1.1 (mpomosxeHHs1) — Po3paxyHKoBa eeKTpuyuHa cxema 70 3aaadi |
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Tadomug 1.2 — Bxigni gadi 1o 3aaayi 2

Ba- | Homep Omip, Om EPC
pl- | CXeMmHu 3a Ry R, R; Ry Rs | Rs | 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 be
4 4 12 24 36 7 74 | 16 | 210 cd
5 5 8 10 30 30 | 30 | 20 | 180 bd
6 6 12 S 40 40 | 20 | 14 | 250 ad
7 7 20 S 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 85 | 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 5 10 8 2 10 | 10 | 150 bc
17 17 8 20 10 20 | 12| 5 | 1/0 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 |10 | 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 S 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 5 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 3amadi 2

Ba- | Howmep Ormip, Om EPC
pi- | cxemmsa [ R; RR | R | R | R | E,B |Birxa
aHt | pwuc. 1.2

35 5 12 12 24 4,5 9 | 32 | 300 ac
36 6 75 5 75 4 45 | 75 | 200 bd
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 90 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 bc
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 55 17 18 | 9 | 240 bd
57 27 6 3 6 4 18 | 6 100 bc
58 28 10 20 8 10 2 5 | 210 bd
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 17,5 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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[Tpomoxenus Tadm. 1.2 — Bxigni gani 10 3aga4i 2

Ba- | Howmep Ormip, Om EPC
p1- | CXCMHU 3a Ri Ry Rs R4 Rs | Re | E,B | Bitka
aHt | pwuc. 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 S5 | 45 | 240 ab
93 3 65 5 45 45 | 45| 5 | 1/0 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 cXema J0 3aaadi 2
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Pucynok 1.2 (npomosxeHHs1) — Po3paxyHKoBa eJIeKTpHUYHA CXeMa JI0 3a1a4i 2
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Pucynok 1.2 (mpogosxxeHHs) — Po3paxyHKoBa eeKTpUYHA cXeMa JI0 3a1adi 2
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Taomung 1.3 — Bxiani gadi 1o 3amay 3 ta 4

Bapi- | Homep EPC, B Omip, Om
aHT cxemusa | FE; E> R. Ry Rs 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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[Tponosxenus Tabmmmi 1.3 — Bxigui gani go 3amaq 3 ta 4

Ba- | Homep EPC, B Omip, Om

pi- cxemu3za | £E; E> Ry R Rs R4 Rs Rs

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 55 150 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
438 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 55 | 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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[Tponosxenns Tabmmmi 1.3 — Bxigai gani xo 3amaq 3 ta 4

Bapi- | Homep EPC, B Omip, Om
aHT CXEMH 3a E1 E> Ry R> Rs 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 9 | 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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Pucynoxk 1.3 (mpomosxeHHs1) — Po3paxyHKkoBa eekTpuyHa cxema 1o 3aaad 3,4
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Pucynok 1.3 (mponos:xxeHHs) — Po3paxyHKOBa eleKTpU4Ha cxema /10 3aj1a4 3,4
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1.2. OcHOBHI TeOpeTHYHI MOJ0KEHHS /IJIsl PO3B’I3aHHA 327124

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

posranyxeHus (puc. 1.4), eKBiBaJICHTHHA OIIp JOPIBHIOE CyMi BCiX OMOPIB, TOOTO
n
Rie = 2 R
k=1

36epHimb yeazy, w0 cCmpym npu HOCAIO06HOMY 3’€OHAHHI e/leMeHmis,

He36axcaruu HA KIbKIiCmb e1emenmis y eimuyi, miibKu 0Oun!

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

MAaloTh JIBi CITIJIbHI TOYKH PO3TATYKCHHS a00, IO TEXK >
) ) e . R
caMme, 3HAXONATHCSA Mia Ji€r0 OxHiel Ti€l K camoil _£2_|:2|_
HaIpyTu (puc. 1.5), CKBIBJICHTHUI orop Ry b
(o, O || '| O O
3HAXOIUTHCS SIK:
T
_ I R
N e S —
YR U
k=1
Pucyuok 1.5 — [Tapanenbue
1 1 1 1 y p

........ +—. 3’€THAHHS OTMOPIB

=+
R R R Rq

OxpeMo po3TITHEMO BUIIAJ0K JBOX HapaeIbHuX onopiB (puc .1.6), komm

€KB1BaJICHTHUI OIIp BU3HAYAETHCS SIK

I, R
>
I b
ReKB=111: R-LRé_ g—)—o 0—oO0
S REI.+ 2 12 R2
R R >
U

Pucynok 1.6 — /IBa mapasienbHi omopu

3Mimane 3’€AHAHHS MTOKa3aHO HA puc. 1.7. BoHO moenHye mocioBHE Ta

napaseibHe 3’ €JHaHHS:

R
R2R3 IZ 2
o =R D P R Ry o
Ru=R* o 2 h =RitRal g PP,
o >0 PR o
lyj=——. E3|:|
RGI(B

n . Pucynok 1.7 — 3Mmimane 3’e1HaHHS ONOPIB
PaBWJIO PO3KUIAY CTPYMIB:

:U23:| R3 - :U23:| RZ
R, 'R+Ry’ ° R, 'Ry+R;
ac U23 = |1R23.

I

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” B “TPUKYTHUK a0O0 HaBMAaKU. TaKUM YHHOM,
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3 SBJISIETHCS MOXKJIUBICTh CKOPUCTATUCS METOJOM ‘‘3ropTaHHs”. Huxde HaBeneHi

dbopMyIH 71 TaKO1 €KBIBAJICHTHOI 3aMiHH.

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

i RaRy _ RpRa .
Ro =Rt Rt o™ e Ry + b + Rea
_ RR: . _ RoRe
e =R H Rt b R Ruc + Roa’
i RR, __ RecRa
Ra=RerRat g " R+ Roc  Rem

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

n
Zlk :0.
k=1

2" 3akon. AnreOpaiuna cyma EPC y KOHTYpI €J€eKTPUYHOTO KOJ1a JOPiBHIOE
cyMi Hampyr (MaiHb HAMPYT) Ha AUITHKAX JaHOTO KOHTYPY
n m
PASEDINDE
k=1 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 — 3aMKHYTHH LUISIX B €JIEKTPUYHOMY KOJI, IO MPOXOAMUTH Yepes
By311 1 BiTKM. [Ipum 1boMy >KOJaHa BITKa, *OJEH BY30J (KpiM BHUXIAHOTO) HE
NOBTOPIOETHCST  JBIYl. KpiM TOro, KOHTYp MOKHA OpraHizyBaTh JOBUIBHO,

3aMIHUBIIN OY/b-SIKYy BITKY Halpyro MK JBOMa TOYKAMH €JIEKTPUYHOTO KOJa.
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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 Koji 1 3a mepmmM 3akoHoM Kipxroda
3anucyemo (N — 1) piBHIHHS;

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
JIKEpeI 1 CIOKUBAYIB

n m
SP. =2 P, 10610, > El, = Y RIZ.
k=1 k=1
[ToxnOka He MOBHHHA MEPEBUILYBATH OJIMH B1ICOTOK, TOOTO

_ ZP,[[)K_ZPCH

) -100% < 1%.
2. P
a IIpukaaa. BuzHauutu BCi CTpyMH B BITKax
koxa, skmnio £1 =100 B; £2, =50 B; R =10 Om;
£ B, ¥5  R,=200m; Rs=15Owm (puc. 1.9) (n=2, m=3).
R

I 5 I:I ’ Po3B’si3aHHs
Rl R2

WU E, - E, =Rjl; + Ryl ,; =150=10I, +10I 5 + 201 ,; =
PHCYHOK 19 - CXGMa EZ = _R2| 2 + R3I 3- 50 - —20| 2 + 15| 3-

eNIEKTPUYHOTO  KOJa,  fKe
PO3paxoOBY€ETHCS 332 3aKOHAMU
Kipxroga
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|1:|2+|3;

I, =4,23A;
|, =2 1s. = {1,=0,38A;
2 — 3 ) 2 — Y% ’

|3 =3,85A.

5|
5=— ( ; 3j+1,5|3.

bananc noryxHOCTEM:

S P, =RIZ+RI%+ Ryl 2=10-4,23% + 20-0,38° +15- 3,85% = 404 Br.
TakuM uymMHOM, OajnaHC MOTYKHOCTEH CXOOUTHCS 1 3aJaya po3B’sA3aHA
npaBwibHO. llle pa3 3Bepraemo ymary, sikimo EPC i ctpym B sikiii-HeOyab BITIII
CIpPSIMOBaH1 3yCTPi4HO, TO B OanaHCl MOTYKHOCTEW Iepes iXHIM T00yTKOM Tpeba

MOCTAaBUTH 3HAK MIHYC.

MeToa KOHTYPHHMX CTPYMIB

[lin KOHTYpHUM CTPYMOM PO3YMIIOTh
@ikmuenuii CTpyM B SIKOMY-HEOYJlb KOHTYpI, IO
OJIHAKOBUM I BCIX E€JIEMEHTIB LIbOIO KOHTYPY.
JIJi KOKHOTO KOHTYPY CKJIQJa€ThCs PIBHSHHSA 3a
apyrum 3akoHoM Kipxroga. Hanpsimox ob0xomy
KOHTYpIB, K W y TONEPEIHbOMY METO/I,
BuOupaemo noBinbHO. Ha puc. 1.10 koHTypHI

CTpyMHU TO3Ha4eHl 5K [11 Ta I, [Ipudomy, ixHii

HampsMOK CITIBIAJAE 3 HAIPSIMKOM 00XO0may

KOHTYPIB.

Pucynok 1.10 — Cxema kona
JI0 METOY KOHTYPHUX CTPYMiB

Ipukaaa. Buznauntu ctpymu B BiTKax, akuio Bizomi 3HaueHHs EPC Ej 1
E>, a Takox 3HadeHHs omopiB Ry, Ry, Rs, Ry (pwmc. 1.10). 3rigHo 3 mMeTomom

KOHTYPHHX CTPYMIB 3aMTUCYEMO:

{El_ E, =(R+Ry+Ry)ly; — Rel oy
E, =—R3|11+(R3+ R4)|22-

JificH1 CTpyMH B BITKaXx:
li=l1; To=lp -l Ig=lxy.
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VY 3araibHOMY BUNAJKY ISl OYIb-IKO1 CKJIaIHOI CXEMH MO>KHA 3aIliCaTH
CUCTEMY PiBHSHB:

Rigli1 + Rolos + Riglgg +oeeennnn + Ryl = Epg;
R21|11+R22|22+R23|33+ ........... +R2n|nn:E22’ (11)
Rn1|11+Rn2|22+Rn3|33+ ............ + Rnnlnann:Enn,

ne Ri1, Roo.......Ryn — moBHI aGo BjacHI OmopW KOHTYPIB, SIKi JOPIBHIOIOTH CyMi

OIIOPIB BCiX €JIEMEHTIB, IO BXOJATh y MaHUi KOHTYp; Rk = R¢ — B3aemHi omopw,
SIKI TOPIBHIOIOTH CYMi OIOpIB CIUJIBHUX BITOK, SIKi BXOASTH i B i-THid 1 B K-Tmii
KOHTYpH. B3aemHI omopu 3amucyroTbes 31 3HAKOM «+», SKIIO KOHTYPHI CTPYMHU
CIPSIMOBaHI B OJIHY CTOPOHY 1 «-», SIKIIIO — B Pi3HI CTOpoHU; E11, Ex.......Em —
kouTtypHi EPC, koxxkna 3 skux jopiBHIo€e anreOpaiuniii cymi Bcix EPC
BIJIMOBITHOTO KOHTYpYy. Akimo EPC koHTypy 30iraerhcsi 3 HampsiMKOM 00XO0may
KOHTYPY, TO BOHA 3alHCYETHCS 31 3HAKOM «1», y NPOTHJIEKHOMY BHMIMAJAKYy 31
3HAKOM «-».

VY 3aranpbHOMY BHUITJIKY 3HAXOKCHHSI KOHTYPHOTO CTPYyMY 3I1HCHIOETBCS 3a
dbopmyIioro

A A A
I, =—KlE +2K2E 4 “kng
kk A 11 A 22 A

e A — BU3HAYHUK CUCTeMU piBHSHBG (1.1), sikuii qopiBHIOE

Ri Re - Ry
Rt Ro o Rl (1.2)
Ru R o Rin
a Ay — anreOpaiuHe JOMOBHEHHS, OTPUMaHE 3 BU3HAYHHMKA BHUKPECITIOBAHHIM K-

o . . k+1
TOT'O CTOBIILIA U |-moco pAdKa 1 MHOKCHHS OTPUMAHOI'O BU3HAYHHUKA HA (— 1) .

AG0 KOHTYpHUH CTPyM MOKHA 3HAUTH 3 HOpPMYITH

| = —Kk
kk A

ne A — BuU3HA4YHMK cucteMu piBHSAHb (1.1), a A — BHU3HAYHHMK, OTPUMAHUU 3
BU3HAYHUKA A IUIIXOM 3aMiHu K-Toro cToBmis croBmiiem KoHTypHux 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  HeoOXimHO 3HANTH CTPYM l.
ExBiBaJeHTHUII reHepaTop TNPEACTaBISAIOTH Y

Buriani EPC E.. 1 omopy R (puc. 1.17). Otxe,

CTPYM Y BUJIUICHIH BITII 3HaXOAUMO TaK

| = Eer — UabXX
R+ Rer R+ Rer ’ O
b
ne U,y — Hampyra XoJIOCTOrO XOJy MIX
Pucynok 1.11 — Cxema

By3s1amu a i b. )
CIICKTPUYHOI'O KOJa B MCTOIl

CKBIBAJICHTHOT'O réHeparopa

AJITOPUTM PO3B’SI3aHHA 32 I0IIOMOTI0I0 METOAY €KBiBAJICHTHOIO
reseparopa:
1) po3dMuKaEeMO BITKY 13 BH3HAYE€HUM CTPyMOM I/,
TOOTO YTBOPIOEMO PEXHUM XOJOCTOTO X0y, TOJI 332 APYTUM
3akoHOM Kipxroga moxkHa 3amucatu U, = E, + 1 Rs;
2) WyKaEMO CTPYM XOJIOCTOTO X0y, BUXOASUH 31

cXxeMH koJia Ha puc. 1.17, mo yrBopuiacs micis

PO3MHUKaHHS BITKH 3 orniopoM R

El_ E2

XX ft
R+R+Rs Pucynox 1.12 —
Enexkrpuuna cxema
JUISl BU3HAYEHHS

i Busnauaemo EPC: E,. =U , = E, + Rsl;

3) mpuitmaemo Bci EPC piBHUME HYITIO 1 BU3HAYAEMO CTpyMy
OITip €KBIBAJIGHTHOI'O IeHepaTopa Mmo/10 ToYok aib
Re :(REI.+ RZ) R3 .
" RAR+Ry
4) Toni mykanuii ctpyMm (puc. 1.12)
| = B :
R, +R

30



1.3. Ilpukjiaam po3paxyHKy eJeKTPUYHHUX KiJl MOCTIiHOTO

CTPYMY Ta MUTAHHSA VISl CAMOKOHTPOJII0

Ipuxkaang 1. Po3paxyHOK eJeKTPHYHOIO KO0JIa NMOCTIHHOIO CTPyMy 3
OJTHUM JI’KePeJIOM KUBJIEHHS NPHU 3MIiIAaHOMY 3’ €IHAHHI CIIOKUBAYiB.
BusHauuTu CTpyMH B BITKaX €JIEKTPUYHOTO KOJIa, CXeMa SKOTro 300pa)keHa Ha
puc. 1.13, a, sxmo EPC E =120 B; omopu emementie Ry=2 Owm; Ry=3 Owm;
R, =25 0m; Rs=50mMm; Ry =20 0Om; Rs =30 Om.
[lepeBipuTH MpaBWIBHICTh PO3B'S3aHHS, CKJIABIIM PIBHAHHSA OajlaHCy
MOTYKHOCTEN KOJa.
Po3B’s13anHs
a) mpsaMa 3ajgava
[IpuitMaeMO MO3UTHBHI HANPAMH CTPYMIB Yy BITKAaX KOJIA, BIAMOBIIHO [0
Hanpsmy EPC. BuxopucToByeMO METOJ MOCIHIJIOBHOTO 3rOPTaHHS MOYaTKOBOI
CXEMH B HEpPO3Taldy>KeHy 3a JOMOMOTOI0 €KBIBAJIEHTHOI 3aMIHU OJIHUX JIJISTHOK
CXEMH JIPYTUMHU, SIK 11€ 300pakeHo Ha puc. 1.13, 6, 6, 2.
3eepuimo yeacy, wo 6 00Hil 8imMyi, HE36aNHCAOYU HA KINbKICMb HOCNI008HO

BBIMKHYMUX ONOpI8, cmpym minvku 0oun! Hoeo mooicna noznavumu 6 0y0b-aKomy

Micyi Ha NiHiL, KA 3 €OHYE elemenmu GimKuU.

o

Pucynok 1.13
BuzHauaemo €KBIBaJICHTHI ONOPU JUISTHOK 1 BCbOTO KOJIa MICHS 3TOPTaHHS:
Rs;=R, + Ry=25+5=30 Owm;
R, - 20-30
R,+ R, 20+30
= (R +Rec) Ry _ (3+12)'30:10 Om
R+Rgc+Rys 3+12+30

Huoicniti indexc 0nsi exgisaienmnoco onopy OUISAHOK MOJNCHA 8uopamu 5K

2 Owm;

KOMOIHayilo iHOeKci8 onopieé OilsiHKu, Hanpukiad, Ry; abo sk kombiHayiio

NO3HA4Y€Hb 6y3ﬂi6, 00 SKUX l’lplxlé'()HleWleﬂ 8IMKU 13 napajlieloHumMu onopamu.
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Tpeba nam’smamu, wo onip y eimyi 3 Odxcepeiom EPC ne mooce oymu
napanenvnuil - miskomy inwomy onopy. HMozo oOodaromb 0o  ompumanozo
eK8I8AIEHMHO20 ONOpPY 8CIX THWUX 8iMOK R c 6 ocmanHio uepey, wob ompumamu
eKBIBaNeHMHUL ONIP YCb020 KOJA

Rue =Ry + Ry =2+10=12 Om.
Busznauaemo cuiy crpymy lo y BiTi 3 mxepenom EPC (puc. 1.13, 2)
B 120
[ @ T 10
Hanpyra na ginsami AC (puc. 1.13, )
U,c =R -1, =10-10=100 B.
Ctpymu B mapajieTbHUX BiTKax Ha miil autsHii (puc. 1.13, 6):
I, = U e _ 100
R +Rge 3+12

3eepuimo yeaey, wo cmpym I 6uzHauaecmocsa Hanpy2oto OLIAHKU KOAd Ma 6CiM

=10 A.

=6,67 A;

ONopoM OLNAHKU.
l, :L;‘\C:lg)zs,ss A.
23
Hanpyra na ginsaii BC (puc. 1.13, 6)
Uge =Ry - 1,=12-6,67=80 B.
Ctpymu B mapanenbHux BiTkax (puc. 1.13, a):

_Ugc 80

R, 20
=t 90 o674
R 30

PiBHsIHHA OanaHCy MOTY»KHOCTEH Koua 3a puc. 1.13, a:
5
PIDK = z B:Hk !
k=0

Jie oTyxHicTh Jxepena EPC
P =E-19=120-10=1200 Br;
apumeTHyHa Cyma MmOTyxHOCcTed R, — cmoxuBauiB, ne k = 6 — KUIBKICTh

CHO}KI/IBa‘IiB, BHU3HAYAETHCA SK:
6
> P =Ro 1o+ R 17 +(Ro+Ra)- 13+ Ry 13+ Rs 15 =
k=1
=2.10° +3-6,67° +(25+5)-333% + 20-4° +30- 2,67° =
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=200 + 133,47 + 332,66 + 320 + 213,87 = 1200 Br.

SAkio, 3HAYEHHA TOTY)XKHOCTEM JpKepena Ta CcyMmMapHa MOTYKHICTb
CIIO’KMBAYIB BIJPI3HIIOTHCS, TOJ1 Tpeba po3paxyBaTU BIAHOCHY IMOXHOKY. JIuB.
npukiiax Ne2. BiHocHa moxuOka He TOBUHHA MepeBuUIyBaTy 1%.

0) 3BOpPOTHA 3a/1a4a

Hamnpyra na ginsani BC (puc. 1.13, 6)

UBC = RBC ° Il :124:48 B
CTpyMu B mapajielbHUX BiTKax Ha mii aursHi (puc. 1.13, a):
_Ugc 48

l4 =24 A;
R, 20
lg = Uﬁ = @ =16 A
R, 30
Hanpyra na ainsaig AC

CtpyMm y BitIli 3 onopoM Ry3 (puc. 1.13, 6)

 Use 80,

Rs 30

3a nepurum 3akoHoM Kipxroda nmnst Byszna A4 (puc. 1.13, a, 6) Bu3HayaemMo
CTpyM JIXKepena

|o=|1+|2 =4+2=6 A.

Busnauaemo 3nauennst EPC mkepena (puc.1.13, 2)
E=R,; 1p=12-6=72 B.
PiBHsiHHS OaslaHCy MOTY>KHOCTEH €JIEKTPUYHOTO KOJia TOAI0HO /10 PIBHIHHS
OaslaHCy OTYXKHOCTEH y MpsMiid 3a7a4i, TUTBKH 3 1HIIUMH 3HAYCHHSIMU CTPYMIB Ta
EPC:

5
P}l}K = ZF)CHk !
k=1

Jie oTyxHicTh mxepena EPC
P =E-lg=72-6=432 Br;

apu(MeTnyHa cyma MOTY>KHOCTE! CIOKHUBaYiB:
5
>Ry =R 10+ ReIf +(Re+Re) 12+ Ry 15 + Ry 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.

Ipuxiaan 2. Po3paxyHoOK eJIEKTPUYHOT0 KO0JIA MOCTIHHOT0 CTPyMY 3 OJHUM

mxepesiom EPC meTronom neperBOpeHHs “TPUKYTHHK” — “3ipka”.

! A B  enekrpudyHe Kouno 3a  pwc. 1.14

yBIMKHYTO y BiTKY DA mxepeno EPC E.
e? Hampsm EPC Bin By3na D 5o By3na A.

C [TapameTpu enemenTiB koia: £ = 60 B;

Iy Rt = 80M; R = 100M; Rs=200wm;
Rs= 15 OmM; Rs=7 OM; Rs=9 Om.

PNV

)
Pucvuok 1.14 L

BusHaunty cTpymM# y BITKax €JIEKTPUYHOTO KOJa 3a
JIOTIOMOTOI0  METOJly MEpPETBOPEHHSI OMOpIB, 3 €JHAHUX “‘TPUKYTHUKOM , Yy
eKBiBaJICHTHY “‘31pKy”’ 1 HaBmaku. CKJIacTU PIBHIHHS OalaHCy MOTYKHOCTEH KoJa 1
NePEBIPUTH HOTO.

Po3B’s13aHHs
[TontepenHpo BHOEpEMO MO3UTUBHI
HaIpsIMU CTPYMIB Y BITKax KOJia, K 1€ MOKa3aHe
Ha  puc. 1.15. ITeperBoproemo  3’emHaHI
“TpUKYyTHUKOM MK By3namu A, B 1 C omnopu

R, Rs, Ry (puc. 1.14) Ha ekBiBaJieHTHY “31pKy” 3
ornopamu Ry, Rg1 Rc Ta nentpanbaum By3iom O
(puc. 1.15).

Buznauaemo ekBiBaJI€HTHI OMOPH “‘31pKuU’:

Pucynok 1.15

- R-Rg _ 10-20 _ 4.440m;
R +R;+R, 10+20+15

Ro= e R 1015 _aaq,,
R,+R;+R, 10+20+15

R. = ReRy _ 2015 56700

R,+R,+R, 10+20+15
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3 ypaxyBaHHSM TMPOBEJICHOI BHUIE 3aMiHM Ha puc. 1.16,a nana
CKBIBAJICHTHA CXeMa KoJia, Y SKii 30epekeHl HampsMU CTPYMIB Kpi3b €JIEMEHTH,

10 HE IToITaJIn Hi,ZI IMCPCTBOPCHHA.

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

Pucynox 1.16

Busnagaemo exBiBasieHTHHI omip MK By3inamu O 1 D ta mneperBoproemo

cxemy 3a puc. 1.16, a y cxemy 3a puc. 1.16, 6

Ryp = (R +R) - (R. + Ry) _(833+7)-(667+9) 6,23 Om.
R+ R+ R+ Ry 333+7+6,67+9

ExBiBajsieHTHUI1 omip ychoro koia (puc. 1.16, 6)
R =R + R, + Rop =8+ 4,44+ 6,23=18,67 Owm.

Crtpym kpi3b mxepeno EPC
= = %9 _ao1a
R, 18,67

Hamnpyra mix By3namu O i D (puc. 1.16, 6)
Ugp =1, Ryp =321-6,23=20 B.
Ctpymu mapanenbHuX BiTOK (puc. 1.16, a):

I = Yoo = 20 =194 A;
R, +R, 333+7
° R.+R, 667+9
3a apyrum 3akoHoM Kipxroda mnst koutypy K (puc. 1.14) npu iforo o6xoxi

1,28 A.

32 PyXOM TOJMHHUKOBOI CTPUIKU CKJIAJa€MO PIBHSIHHS
l4-Ry+1g-Rg-15-Rs=0;

3 IbOTO PIBHSIHHS BU3HAYAEMO CTPYM
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| Vs Ro—lg-Ry_194.7-128-9
‘e R, - 15

3a nepumm 3akoHoM Kipxroda st CTpyMiB BITOK, IO 3’ €HAIOTHCS Y BY3JI1

=014 A.

B (puc. 1.14), maemo piBHsHHA |5, — |4, — |5 =0, 3 AKOrO BU3HAUYaEMO CTPYM
l,=1,+1;=014+194=2,08 A.

3a nepmm 3akoHOM Kipxroda st cTpymiB BITOK, IO 3’€THAIOTHCS Y BY3i
C MaeMo piBHSHHSA

3 SIKOT'O BU3HAYA€EMO CTPYyM
ly=1l4—1,=128-014=114 A.

PiBHsiHHA GanaHCy MOTYXHOCTEH KoJia 3a puc. 1.14:
6
PJDK = Z Pcnk ’
k=1

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

apupMeTUYHa CyMa MOTY>KHOCTEH CIIOKUBAYiB
6
2 2 2 2 2 2
ZPCHKZR_L‘H +Ry -1+ R I3+ Ry 15+ Rs- 15+ Rs - lg =
k=1

~8-321%2 +10-2,08° + 20-114° +15-0,14° + 7-1,94° + 9.128% =
= 82,43 + 43,26 + 25,99 + 0,29 + 26,34 + 14,75 = 193,06 Br.

BigHocHy moxuOKy po3paxyHKy MOTY>KHOCTEH y BIJCOTKaX

6
PZDK o Z RJHk
5, = k= 10006 =[-228~19306 15004 _ 02406 |
PIDK 192.6

MOJKHA BBaKaTHU JOIIYCTHUMOIXO.

Ilpukaan 3. Po3paxyHOK eJEKTPHYHOIO KOJAa MeTOJA0M KOHTYPHHX
CTPYMiB.

JIJIsl eeKTpUYHOro KOJa, CXeMy SIKOro 300pakeHo Ha puc. 1.17 Bu3HauuTH
CTPYMH B YCIX BITKax, KOPUCTYIOUHCh METOJOM KOHTYPHHX CTPYMIB, SKIIO
E,=100B; E,=50B; R=R=80M; R,=100M; R;=70m; R,=9 Owm;

Rs =130M. Ckiactu piBHSIHHS OalaHCy MOTY>KHOCTEH KoJja 1 epeBipuTH HOTO.
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Po3B’s13anus

Bubip nesanexuux koutypiB I, I, III, mo3HaueHHss KOHTYpHUX CTpyMiB |44,
| 5, | 33 1 HanIpsiM 00X0y KOHTYpiB NoKa3aH1 Ha puc. 1.17.

3amumemo piBHsHHS A koHtypiB I, II 1 III 3a mapyrum 3axonom Kipxroda B

3arajJlbHOMY BUNAJKY:

Ry 1+ R, 1+ Ra- I3 =Ep;
Rop 111+ R 1 o5 + Rog - 135 = Epy;
Rey - 111+ Ry 10 + Reg - 133 = Egg,

a

(1.3)

ne koutypHi EPC:

E;; = E; =100 B;

f C K E11 E1 100 B;
Pucynok 1.17 22— -1 ’

MOBHI (BJaCH1) OMOPHU KOHTYPIB:

R;=R +R,=8+10=18 Owm;

Ry =R, + R+ R5 =10+16+8=34 Owm;

Ry =R; + Ry =8+13=21 Owm,
B3a€MHI OIOPU KOHTYPIB:

R, =Ry =R, =100wm;

Ry3 =Rg; =Rs =8 Om;

Ri3=R3; =0 (xoutypu I i III He marTh 3B’s3Ky). Y HaHOMY BUNAAKY
B3aeMHI onopu Ry, = Ry 1 Ry = Ry,  3ammcani 31 3HaKOM «+» TOMy, 1110 KOHTYpHI

CTPYMH B HUX 301TatOThCHI.

[Ticis migcTaHOBKY YHMCETbHUX 3HaYeHb cucTeMa piBHAHB (1.3) mae Burmsig
18-11;1 +10- 15 +0- 15 =100;
10-11; +34-1,, +8-15 =100; (1.4)
0-170+8- 15 +21- 153 =50.
18 10 O

[i 3aranphmit Bu3Haunuk A =10 34 §|. (1.5)
0 82

Po3kpuBaroun 1oro 3a eeMeHTaMu NePIIoi CTPOKU, 3HAXOAUMO
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18 10 O 3 8 0 8
A=10 34 8=(—1)1+1'18' +(_1)—1+2_10. +(_1)1+3_0.
8 2 02
0O 8 2
=18-(34-21-8-8) —10- (10- 21— 0-8) + 0=11700 — 2100 = 9600.

I[OHOMi}KHi BU3HAYHHUKHU CUCTCMHU OJCPIKYEMO 3 3araJibHOT'O BU3HAYHHKA 3a

10 34
0O 8

Jonomororo 3aminu 1, 2 ta 3 cropmiiB Ha croBnelb EPC cuctemu piBHsHB (3.2), a
came:
100 10 O 4 3 100 8
A =100 34 8=(-1*'.100- +(=D)*2.10. +
8 2 50 2
5 8 21

100
+(-1)1+3-o-‘ 34‘:100-(34-21—8-8)—10-(100-21—50-8)+0=

50 8
= 65000 —-17000 = 48000;

18 100 0 00 & o 8 0 100
Ay =[10 100 8 |=(-1**.18. +(~1) %2 .100- +(-D¥3.0.
50 2 0 2 0 50
0 50 21

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

18 10100 34 100 10 8
A4 =10 34 100=(-1)**-18- +(-)™2.10. +
8 5 05
0 8 50

10
+(—1)1+3-1oo-‘O 3;"=18-(34.50—100-8)—10.(10.50—0.8)+

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

KontypHi ctpymu OyayTh TOpiBHIOBATH:
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BianoBigHO cTpyMH y BiTKax:

I, =141 =5A;
[, =11 +1,5b=5+1=6A;
l3=1,=1A,;
lg =150 +133=1+2=3A;
lg=153=2A.

PiBHsHHS OanaHCy MOTYKHOCTEH:
5
PIDK = ZPCHk !
k=0

ne P =E-l,+E,lg=100-6+50- 2=600+100=700 Bt

DK
SPu=R I +Ry 15+ Ry 15+ R 15+ R 1E+Rg 1§ =
~8.524+10-6°+7-12+9.1°+8.3°+13.2° =

=200+360+7+9+72+52=700 Br.

Ipukaang 4. Po3paxyHOK CKJIAJHOTO eJEKTPUYHOI0 KOJA MeToI0M
€KBiBaJIeHTHOI0 reHepaTopa.

Buznauutu ctpym |, y BiTIi 3 onopom R; B enekTpuuyHOMY KOJI, SIKE
300paxeno Ha puc. 1.18, sxmo E; =120 B; E, =60 B; Rj=8 Om; R,=5 Owm;
Ry =40Mm; Ry =60M; R; =10 Om; Rg =15 Om.
Po3B’s13aHHs
Enektpuune kojgo 0e3 JUISHKM Kojla 3 ONOpOM R, 3amiHIO0€EMO

eKBIBAJIGHTHUM TeHepaTtopoMm (Ha puc. 1.18 oOBemeHMil MTPUXOBOIO IIHIEIO).
ExBiBanentHuit reneparop (puc. 1.19) xapakrepusyerbest Benuuunoro EPC (EPC

€KBIBAJICHTHOTO reHepaTopa £, ) 1 BHyTpILIHIM (€KBIBaJIEHTHUM onopoM) R, ..

[ T e e e s ey ) a
a R, ¢ Iil e |
Soei— ! T,
E Er} I cr
| ! - Rﬁ I Rl I
R, | | ; I
R R | 1
| ' b
b |_ L _d_ L _.f; _____ JI Pucynok 1.19
Pucynoxk 1.18



EPC E_. nopiBHIOE Hampy3i xosoctoro xoxy U Ha PO3IMKHYTHX

abxx

3aTHckadax a-b koma (puc. 1.19), to6t0 E, . =U ;. . EkBiBanenTHuii onip R,

JOPIBHIOE BX1JHOMY OITOpPY YaCTHHH KoJjia 3a puc. 1.19 Mix 3atuckadamu a-b, komm
Koo crae macuBHUM (puc. 1.21),
100TO yc1 EPC nopiBHIOIOTE HYIIO, & Y
BiTKax  3amicTh  peanbHux EPC
30epiratoThCs iX BHYTPIIIHI OMOPH.

Ctpym |; BHU3HaAYaeTbcs 3a

dbopmyioro (1.6)
E )
|, = er — abxx (16)
" R+R, R+R,

Jlns  koma, 300pa’keHOro Ha

Pucynoxk 1.20

puc. 1.20, BuzHavaemo Hampyry U ;..

3a ApyruM 3akoHoM Kipxroda mans koHtypy a-c-d-b-a mpu tioro o0xoai mpotu
PYXy TOAMHHUKOBOI CTPLIKH
E1: |3xx ’ R3+Uabxx’

3Biaku U 5 = B — 13 - Rs.

I[JBI BHU3HAYCHHA CTPYMY CKOPpHUCTAEMOCA MCTOAOM KOHTYPHHX

I 3xx
ctpyMiB. st nBox HezanexxHux KoHTYpiB | 1 Il mpum iX 06Xo/i 3a TOJUHHHUKOBOIO
CTPUJIKOIO 3amluIIeMO pPIBHSHHS 3a ApyruM 3akoHoM Kipxroda B 3arajibHOMY

BUTJISIII:
{R11’|11Jr Rip - I = Ep;
Rop - 111 + Rop - 10 = B,
ne koutypHi EPC: By =E; - E, =120-60=60 B; E,, =E, =60 B;
noBHi (BrmacHi) omopu KoHTYpiB: Ry =R;+R;+Ry=4+6+10=20 Owm;
Ry =Rg + Rg =10+15=25 Owm,
B3a€MHI OTIOPH KOHTYPIiB: Ry = Ryy = —Rg=-10 Om.
[Ticnst miACTaHOBKYM YMCEIbHUX 3HaUYEHb CUCTEMA PIBHSIHb MA€ BUTJISI:
20-14 —10- 1, =60;
{—10- I +25- 15 =60.
20 -10
-10 25

BusHauHuk cuctemMu, 0 NOTPIOHUI 7151 BU3HAUEHHS CTyMy |11 =13, :

3arajbHUI BU3HAYHUK CUCTEMU A =

= 20- 25— (—10) - (—10) = 400.
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60 -10

A= — 60 25— 60- (—10) = 2100,
60 25
TOI[I Ill =1 3xx — i“ 24:-LOOOO = 5,25 A.

[Ticst miICTAaHOBKY YMCEIBHUX 3HAYEHB Y PIBHSHHS
U =E1 — I3« - R =120-5,25-4=99 B;
E.r =U 0 =99B.

Busnagaemo exBiBajeHTHuUl onip R,

a

3a puc. 1.21:
Ry = R;-Rg 10-15 .

R + Ry T10+15 ’
Ris = Ry + Rg =6+ 6=12 Owm;
R,=R+—=— ReRus 5, 412 g4, Pucynok 1.21

Rs + Rysg 4+12
Ctpyw™ |1 nopiBHioe |4 = Ear = % =619 A.
R+R, 8+8

IIuTaHHA AJI9 CAMOKOHTPOJIIO
1. Illo HAa3UBAETHCS EIEKTPUUHUM KOJIOM 1 3 SIKMX €JI€MEHTIB BOHO CKJIaJa€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 KOJIa 3 TMOCTIJIOBHUM, MapajiebHUM 1 3MINIaHUM
3’€JHAHHSM CITOKMBaYiB?
6. Sk BHU3HA4YalOTh TMOTYXKHICTb, CIOXXKHUBAHY OKPEMHUMH CIIOKMBayaMu Ta
MOTYXHICTh YChOTO KoJa?
7. Hanuiite piBHAHHS OajaHCy MOTY>KHOCTEH KoJa.
8. Sxuil MOpANOK pPO3paxXyHKY €JIEKTPUYHOTO KOja 3a JOMOMOIOK 3aKOHIB
Kipxroda ta MeToay KOHTYpHHUX CTPYMIB? Y 4OMY BIAMIHHICTb?
9. 3anumnte QGopMyNH TEPETBOPEHHS OMNOPIB, 3 €AHAHUX ‘3IPKOIO”, B
eKBIBAJICHTHUH “TPUKYTHUK ’ Ta HABIAKH.
10. SIxkuii TOpSIIOK PO3pPaxyHKY EIEeKTPUYHOTO KOJa METOJOM EKBIBAJICHTHOTO

reHepaTopa’?
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1.4. ®opmys1r0OBaHHS 32/1a4 HA PO3PAXYHOK €JIEKTPUYHHUX KiJI
3MIHHOT'0 CHHYCOITHOT'0 CTPYMY

Y 3a0aui Ne 5 cmydenm euznauae peakmueHi i NOGHI ONOPU MPbOX NPULUMAUIE

Ly, Ly, Z,, AKI ROMIM GUKOPUCTNOBYIOMbCS Y HACKIYNHUX 3a0adax!

3agaua S. Po3paxyHOK 0QHO(AZHOIO €JEKTPHUYHOIO KOJIA CHHYCOITHOIO

CTPyMY 3 OJHUM JIZKepeJIOM eHepril Py NocJIiA0BHOMY 3’ €/IHAHHI NPHIIMAYiB.

[IpoBecTu po3paxyHOK €IEKTPUYHOrO KoJia 3a puc. 1.22 mpu mociiioBHOMY

3’eqHadul npuiMmauis Z_, Z,, Z., mapaMmeTpu SKHAX
ar T =y

Tpeba B3aTH 3 Tabn. 1.4. Hampyra mkepena eHeprii
U =220B npwu gacrori f=50TIm.

OO0csAr po3paxyHKy: a) 300pa3uTH €IEKTPUUHY
CXeMy 3aMIIlleHHs Koyia 3a puc. 1.22 3 i1eaqbHUMHU
eJIeMEHTaMHU 3aMiCTh KOXXHOTO npuiimMaya;
0) BU3HAYUTH CTPYM Yy KOJI; Hampyrd Ha KOKHOMY

npuiiMadi; akTUBHI Ta PEaKTUBHI MOTY>KHOCTI JpKepena

Uy

Ta MpHiiMadviB, B) 3a pe3yidbTaTaMH po3paxyHkiB PucyHok 1.22 — IlocnigoBHe

300pa3uTH CHUHYCOI[HI 4YacoBi ()YyHKIII Hampyrua Ta

3’€THaHHS MPUIUMaviB

CTpyMy JIKepena; I') moOyayBaTh BEKTOPHY Jllarpamy CTpyMy 1 Halpyru Jpkepena

Ta HANpyrd Ha BCIX NpuiiMayax; 1) 3poOUTH TMEpEeBIPKY

pO3B’si3aHHS 3ajayi 3a

JIOTIOMOTOI0  BEKTOPHOI  JilarpaMu Ta OajaHCy AaKTUBHUX 1 PEaKTUBHHX

MOTYKHOCTEM.

3apaua 6. Po3paxyHok 0xHO(}a3HOI0
€JIeKTPUYHOI0 KOJIA CHHYCOIJHOI0 CTPyMYy 3 OJHUM
JKepeJIoM  eHeprii mpu  napajiejJbHOMY 3’€IHAHHI
NpUHMaYiB.

IIpoBecT pO3paxyHOK €JIEKTPUYHOIO Koja 3a
puc. 1.23 mpu mapanenbHOMy 3’€HAHHI TPUIIMAadiB

Z,, ZB’ Zy, JaHi sKuX Tpeba B3aTH 13 3amayi 5. Hampyra

mxepena U = 127 B npu uvacrori f=50TT.
OO0csar po3paxyHky: a) 300pa3uTH EJIEKTPUUHY
CXeMy 3aMIllleHHd Kojia 3a puc.2.5 3 iIeaqbHUMU

~y U -
(o) > 0
1y
I Zo
a9g—>— +—eb
B %

Pucynok 1.23 — [apanensHe
3’€THaHHS MPUMUMaviB

eJIEMEHTaMH 3aMICTh KOXHOTO TIpHiiMava; 0) BU3HAYUTH CTPYMH B KOJIi, aKTUBHI
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Ta PEaKTHUBHI IMOTYXXHOCTI JDKEpesia Ta MpuiiMadiB, B) MOOyAyBaTH BEKTOPHY
JiarpaMy Hampyr 1 CTPyMIB YCIX IpUHMadviB; T') 3pOOUTH MEPEBIPKY PO3B A3aHHS
3a7avi 3a JIOTIOMOTOI0 BEKTOPHOI JiarpamMu Ta OallaHCy aKTHBHHUX 1 PEaKTHBHHX

MOTY>KHOCTEM.

3agaua 7. Po3paxyHOK 0AHO(A3HOI0 €JEKTPUYHOI0 KOJA CHHYCOIIHOIO
CTPyMY 3 OJHUM JIZKepeJIOM eHeprii 32 J0NOMOro CHMBOJIIYHOI0 METOY .

IIpoBecTn po3paxyHOK €JIIEKTPUYHOTO KOJIa 32
puc. 1.24 npu 3mimaHoMy 3’€JIHaHHI NpHUIIMadiB

Z,, ZB’ Zy, maHl sAKUX Tpeda B3ATH 13 3a7adi S.

Hampyra mxepena eneprii U =220B mpu dactorti
f=50TIm.
OO0csr po3paxyHKy: a) 300pa3UTH €ICKTPUIHY

CXeMy 3aMillleHHd 3a puc.2.6 13 11ealbHUMU

eJIEMEHTaMH 3aMiCThb KOXXHOTo mpuiimada; 0)
Pucynok 1.24 — 3mimane

, o BU3HAUUTH CTPYMH B KOJI, aKTHUBHI Ta PEaKTHUBHI
3 €JHaHHA IIpUHUMaydlB

MOTYKHOCT1 JKepesla €Heprii Ta mnpuiiMayiB; B)
noOyAyBaTH BEKTOpPHY JiarpaMmy Hampyr 1 CTPyMiB; T) 3pOOMTH MEPEBIPKY
pO3B’si3aHHS 3aJayl 3a JIONOMOTOK BEKTOPHOI JlarpamMu Ta OalaHCy aKTHUBHHUX 1

PEAKTUBHUX MOTYXHOCTEH.

3agaua 8. PospaxyHok TpudasHOro eJeKTpUYHOro KoOJa MNpH

CHMETPUYHOMY HABAHTAKEeHHI i 3’ €AHaAHHI npUiiMaviB “3ipKoro”.

7 7 Y  tpudazny wmepexy 3
IJ‘I a Id) o B .o
Ao—>—o0 > = — niniitHolo Hanpyroto Uy =380 B npu
m 1 Zs Z 4acTOTi f=50Tn YBIMKHYTO
B0 8 $ 1 [} 4n

® 0—>—0—>— CUMCTPUYHEC  HABAHTAXCHHSA  MpHU

! . , : ..
MOCJIIIOBHOMY 3’€JTHaHHI NpUHMaviB

C 0—>—0—>— — — Z,,Zy y xoxHy ¢asy (puc.1.25).

Pucynok 1.25 — Tpudasne enexrpuune kono  Ilapamerpu npuiimadis Z, 1 Z, tpeba
1py 3’ €IHaHHI NpUiiMadiB “‘31pKOK0”

B3STH 13 3a/1a4i 5.
OO0csr po3paxyHkKy: 300pa3uTH CXeMy 3amilleHHs TpudasHoro koja 3

1IeallbHUMU €JIEMEHTaMH 3aMicTh NpuiiMadiB. BuzHauntu QasHi 1 JiHIAHI CTpyMH, a



TaKOXX TIPUIIMaHi aKTUBHY Ta pEaKTHBHY MOTYXHOCTI. [loOymyBaTt BEKTOpHY
Jiarpamy.

3agaua 9. PospaxyHok TpudasHOro eJeKTpHYHOIr0o KoOJIa MpH
CUMETPUYHOMY HABAHTAKEHHI i 3" €THaHHI NpuiiMaYiB “TPUKYTHUKOM”.

Y tpudaszny mepexy 3 miHiHOW Hampyroro U, = 380 B mpum wactoti
f=50T1 yBIMKHYTO CHMETpUYHE HABAHTAXXCHHS MPH 3’ €JHAHHI ITOCIiIOBHO

npuiiMauis Z,, Z, B KoxHy ¢asy (puc. 1.26). [Tapamerpu npuiimadis Z, i Z, tpeba

B3SITH 13 3a11a4l 5.

v

40 OOcsr po3paxyHKy:

300pasuTh  CXEMy  3aMiIlCHHS

Tpuda3HOro Kojia 3 1JCATbHUMHU

€JIEMEHTaMU 3aMICTh PUKMAYiB.

Busnauntu ¢asHi 1 TiHIAHI CTPyMH,

d TaKOX aKTHBHy Ta peaKTI/IBHy
Cco

&

notykHocti  kona. [loOymyBaru
Pucynok 1.26 — Tpudasne enekTpuaHe KOJIO BCKTOpHY Jlarpamy.
1pyY 3’ €IHaHHI IPUKMAaYiB “TPUKYTHUKOM

3amaua 10. Pospaxynox

Tpu(a3HOTO eJIEKTPUYHOT0 Koja i3 HeWTpaJbHUM  TPOBOAOM  IPH
HEeCHMETPUYHOMY HABAHTAKEHHI.

Y Tpudazny mepexy 3 dmiHiHOW Hampyroro U, = 380 B mpu wyactoTi
f=50Tu ysimkayTi nodasno npuiimadi Z,, Zg i Z, (puc.1.27), mo B cuity iXHbOi
HEOJHAKOBOCTI TMPHU3BOANUTH 1O HECHMETPUYHOTO HaBaHTaKeHHs. I[lapameTpu

npuiimMayiB Z,, ZB iZY B3SITH 13 3a1a4l b.

1 A Ze O0cHAr po3paxyHky:
L] a)  300pasuTH  CIEKTPHYHY  CXEMY
@ .
S 3 Lt L Zy » Tpu(dazHoro Kojia 3 1JCATbHUMU €JIeMEHTAMU
7 3aMICTh IpuitMaviB; 0) BU3HAUWTU (a3Hi 1 JiHIHHI
" Le L Zy CTPYMH, a TAaKOXK CTPYM Yy HEUTpaJIbHOMY MPOBO/II;
P ° / L] B)  BU3HAQUUTH  AKTHUBHY Ta  PEAKTUBHY
N . .
No - MOTY>KHOCTI; T) TOOYIyBaTH BEKTOPHY Jllarpamy.

Pucynok 1.27— Tpudazue
eNEKTPUYHE KOJIO 13
HEUTPaJIbHUM IIPOBOAOM



Tabauwst 1.4 — Iapamerpu npuiivadis Z,, Zg, Z,

Ba- | [Tapamerpu npuitmaya | Ilapamerpu npuiimaya | Ilapamerpu npuiimaya

pi- Z, Zg Z,

TR L C B | b | &G R ITL TG

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

1 | 12 | 50,96 - 12 - 199,04 - 76,43 -
2 7 76,43 - 5 - 26539 | 20 - -
3120 - 212,31 10 95,54 - - - 127,39
4 | 25 - - 12 50,96 - 10 - 90,99
5 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 5 - 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 110191 - 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 - 5 - 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 - 21231 | 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 o) 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 -

45




Hponosxenus Tabmuui 1.4 — Tlapamerpu npuiimadis Z,, Zg, Z,

Ba- | Ilapamerpu npuiimaua | Ilapamerpu npuiimaua | Ilapamerpu npuiimaua

pi- Z, Zy Z,

IR L S IR IL S T RTL TG

Om MI'H MKD OMm MI'H MKD OMm MI'H MKD

35 - 79,62 - 10 - 21231 | 15 - 318,47
36 6 25,48 - 16 38,22 - - - 72,38
37 - - 95,51 15 414 - 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
a4 S - 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
438 - - 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 - 21231 | 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
59 | 20 - - 18 - 132,7 18 76,43 -
60 - - 11796 | 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 - 21231 | 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
6/ - - 159,24 | 30 | 111,46 - 20 - 212,31




Hponosxenus tadmuui 1.4 — Tlapamerpu npuiimadis Z,, Zg, Z,

Ba- | Ilapamerpu npuiimaua | Ilapamerpu npurimaua | Ilapamerpu npurimaua
pi- Z, Zy Z,
IR LG R G RL G
OMm MI'H MKD OMm MI'H MKD OMm MI'H | MKOD
68 | 18 - 132,7 18 - - 9 127,39 -
69 | 20 - 21231 | 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 - 15924 | 20 63,69 -
73| 15 - 66,35 15 146,5 - 50 - -
74 - 114,65 - 20 - 21231 | 20 - 88,46
75| 20 63,69 - 25 - 159,24 - 114,65 -
76 8 19,11 - 8 - 530,79| 20 - -
7/ - - 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 - 83,99 22 121,34 -
89 - 89,17 - 28 - 113,74 | 12 50,96 -
90 | 35 - 90,99 30 - - 10 31,85 -
9 | 12 50,96 - 20 - 212,31 - - 144,76
92 | 18 - 132,7 - 63,69 - 20 47,77 -
93 - 70,06 - 24 - 45496 | 25 - 127,39
94 - - 14476 | 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 -
9 | 20 - 212,31 - 70,06 - 18 - 132,76
100| 15 63,69 - 22 . 83,99 25 . =

a7




1.5. OCHOBHI TeOpPEeTHYHI MOJIOKEHHS IJI1 PO3B’I3aHHS 3a1a4

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 i1(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=E, sin(ot+vy,); u=Usin(ot+y,); i=I1,sn(ot+y;), (1.7)
ne € U, i — murrei 3HadenHs EPC, Hanpyru i ctpymy; Em, Um, |m— ammrityasi
3HAYCHHS, Ve, i, Yy — IOYATKOBI (ha3u, 110 BUMIPIOIOTLCS B Ipaaycax abo pau/C;

® — KyTOBa 4acTOTa B paji/C , 110 JIOPIBHIOE

o=2xf,
ne f — gacrora >xuBMIBHOT Mepexi B reprax [['11], sika 1opiBHIOE

1 : : .

f = T ne T — nepiol, BUMIpIOBaHUHM y CEKYHIax [c].

BignosigHo mo dopmynu (1.7) mogaHHs CH-
HYCOIiJIHOTO 3MIHHOTO CTPyMYy Ha3UBAa€ThCS aHai-

TUYHOIO (POPMOIO.

VY Ko 3MIHHOTO CTpyMy Hampyra i CTpyM He

00OB’SI3KOBO MalOTh OJHAKOBI MOYATKOBI (azu 1

XapaKTEepU3YIOThCS KyTOM 3CYBY pa3 @ =y, — ;.
Otpumanns 3MiHHOi EPC MoxHa mokaszaTt 3a El

noromororo (puc. 1.28).

VY cepeauHl MIOCKOTO HEPYXOMOIO poO3i-

P pyXW . P ] Pucynoxk 1.28 — Otpumanus

MKHEHOTO KOHTYpY 00€pTaeThCsl MOCTIMHUI Marxit

" . . cunycoinnoi EPC
3 MOCTIMHOK KYTOBOI IMIBUAKICTIO . Hexail mar-
HITHUW TMOTIK MOCTIMHOIO MAarHiTy AOpiBHIOE Pm, TOII MHUTTEBE 3HAYEHHS MOTO
CKJIQZI0BOI Y3/TOBX TOPU30HTAIBHOI OC1 X

@, =D, cos(ot +vy,),
Ie Y, — noyarkoBa (ha3za MarHiTHOro noToky, a ot + y, — ga3a MaraitHoro

MOTOKY, TOOTO MOYAaTKOBHM KyT MPOCTOPOBOTO PO3MIIICHHS MOCTIHHOTO MAarHIiTy

BIJTHOCHO OC1 X.
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Bigomo, 1110 TOTOKO3UYEIIEHHS MPSMO MPONOPLIHHO MarHITHOMY IOTOKY
Yp =W,
7ie W — 9HCJI0 BUTKIB KOTYIIIKH.
3riJiHO 3aKOHY eyieKTpoMarHiTHOT 1HAYKIT EPC, 110 HaBoAUTHCS Y KOTYIIII,
JTIOPIBHIOE
v,
dt

Awmmutitynae 3nadenss EPC BusHavaetses sik E, =21 f wd,,, a nitoue 3Ha-

e= =oWd,sin(ot +vy,).

yenHs EPC nopiBHioe
_Enm
2

Cunycoinna EPC moxazana na puc. 1.29. 3wminHi e

E =4,44Ff W,

cTpymH i3 yactoramu Big 20 I'm — 50 k't MoskHa otpuma- £, |-
TH 32 JJOIOMOTOI0 BUCOKOUYACTOTHUX €JIEKTPOTreHEepPaTOPiB. /\ ot

L1i reHepaTopu (MalIMHA 3MIHHOTO CTPYMY), SIK IIPABHIIO, \/ \
€ CHHXPOHHUMHM, BOHU PO3TAIIOBaH1 HAa €JIEKTPOCTAHIIISX,

IpUYOMY IXHIN BaJl IPUBOJUTHCS B OOEpTaHHS TEIJIOBU- Prcynox 1.29 —
MM, Ta30BUMH, TiIPaBIiYHEMH 200 BITPOIBUTYHAMHU. Cunycoimna EPC

['pacdiune (y Burisal rpadikiB) MoAaHHS CHHYCOIJHUX HANPYTH 1 CTPyMy IO-
kazane Ha puc. 1.30.

U, Takox Ha puc.1.30 mokazaHwii KyT 3CyBY
MK Halpyrow Ta CTPYMOM @ =y, — ;.

of [ToyaTkoBi a3y CUHYCOITHUX CTpyMy abo

/ EPC uu Hampyru MoXyTb OyTH NMO3WTUBHHUMU,

HETaTHBHHUMH 1 JIopiBHIOBaTH HYJIO (prc. 1.31):

i i
v, =0 v>0 / 0

No N N\ o N\ N
VAN AV ARVAR

Pucynok 1.31 — IToyaTkoBi ¢a3u CHHYCOiTHUX BEJIMYMH B €IEKTPUUYHOMY KOJI1
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TemnnoBa a1 cTpyMy, a TAaKOXK MEXaHIUYHA CHJIa B3a€EMO/IIi IBOX MPOBIAHUKIB,
10 SIKUM TPOXOAWTH OJUH 1 TOW CaMHi CTPyM, MPOMOPIIiHHI KBaapaTy CTPyMY.
Tomy BeMUMHY 3MIiHHOTO (IIEPIOIMYHOTO) CTPYMY XapaKTepHU3ye Ailoue (CepeaHe

KBa/IpaTU4He) 3HAYEHHS], SIKE PO3PAaXOBYETHCA 32 (OPMYIIOLO

_ L2
| = /T£I dt. (1.8)

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

Bupa3y Ha RT
T
RI?T = [Ri%dt.
0

Buxoasun 13 OCTaHHBOrO BHpa3y, MOKHA CKa3zaTH, L0 JII0Y€ 3HAYECHHS
3MIHHOT'O CTPyMY JOpIBHIOE TaKOMY IOCTIHHOMY CTPyMY, SIKUW MPOXOJSYH KpPi3b
pesuctop 3 ornopoM R 3a nepion yacy 7, BUAUIIE Ty K KIJIbKICTh TEIUIOBOI €HEPTii,
IO 1 JAHUUM 3MIHHHUH CTPYyM.

bepemo inTerpan (1.8) i BU3HauaeMo 3B'SI30K MK JIIOYUM Ta aMILTITYHUM

3HAYEHHSAM CHHYCOITHOTO CTPyMy

T T T : T
= [2]i%dt = |2 [12sn%otot = 1lmj—l coszol y ilﬁ{t—snz‘”tj
TO To T 2 2T 20) 0

1 (. sin2eT S|n20)0 T2 - |2
= =13 T-2"2 0+ / m ~0,7071
\/ZT m( 20 j \/_

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

HIOIOTh
E= En. U= Um :
J2' T 2

KpiM nir0uoro 3Hau€HHs, BU3HAYAIOTh TaKOX 1 CEPEAHE 3HAYCHHS CHHYCOi-
JTHUX BEITMYMH.

CepenHe 3HaYeHHS CUHYCOITHOTO CTpyMy lc, 0OUMCIIOIOTH 3a MiBIEPIOJ,
IOPOTATOM SIKOTO CTPYM 3aJIMIIA€THCA MO3UTUBHUM, TOOTO HANPSMOK CTPyMYy He
3MIHIOEThCSI. BOHO NOpPiIBHIOE TaKOMY MOCTIMHOMY CTpyMY, IIPH SIKOMY IPOTSATOM

HiBIIEPiOy MPOXOAUTH TOM e 3apsa Q, 1o i mpu 3MiHHOMY cTpyMi (puc.1.32)

T/2 T/2
ICp:&:E jldt—g [l Sinotdt =— 2l —Mcosw t\m %z0,637|m
T/2 T 0 T 0 To T

ne To =2, a cos(Tw/2)=cos(2n/2)=-1; cos0® =1.

0



i Amnanoriyno ans Hanpyru 1 EPC:

1,0,6371 T T/2
LN T U, -2 judt~0637um, E, =2 ; edt=0637E,
/L

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

> imnoi BenmuumHM (cTpymy, Hampyru, EPC) 3a mepion

Pucynoxk 1.32 — Cepenne JIOP1BHIOE HYIJIIO.

Ha BexkTOpHIT giarpamMi BEKTOPH 300paXKVIOTh
3HAUEHHS CTPYMY pHI J1arp p paxy y

MaciTadl pIBHUMH IXHIM JIFOYUM 3HadeHHsAM. Kpim

]’// ,,,,,,,,,,,,,,,, g TOTO, iX (PIKCYIOTH 11070 Ocl X MiJ KyTaMu PIBHUMHU T10-
U ‘ yaTkoBUM (azam. BekTopu airounx 3HadeHb U 1 | po3mi-
-1 oty +1 IIAIOTHCS HA KOMIUTEKCHiH momuHi ( puc.1.33).
“”*"’"§ ;I U Ile mae MOXIHMBICTH MPEACTABUTU EIEKTPUUYHI BEJIU-
)& T YMHHM KOMILIEKCHHMMM YMCJIaMH, HaIpUKJIAJA, Yy IOKa-
J v

30Biil 1 ajgredpaiuHiii popmax:
Pucynok 1.33 — Bektopu

U=Ueu=U +juU"; E=EeVe=E +jE ;I =1eVi =1 +jI ,

HAMpyTH Ta CTPyMY o
ne U,E,| — nilicHI 4acTUHM KOMIUIEKCHHMX YHCEIT,
U , E,| — ysiBHI YaCTUHU KOMIUIEKCHUX YHCEN, € — OCHOBA HATYpaJbHOIO JIOTa-

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

30BOi 710 anredpaiuHoi popmu, BUKopucToByroun ¢popmyiy Eitnepa

e
I =tcosy; + jlsing =1 +ji" =J(1f+(1" e]amg(' ]:Iej‘”i.

Po3paxyHOK eIeKTpUYHHUX KUT 3 BUKOPUCTAHHSIM KOMIUIEKCHUX YUCEN Ha3u-
BAETBCS CUMBONIUHUM MemoOdoM. JlonaBaHHS 1 BUpPaxXyBaHHS KOMIUIEKCHUX BEJH-
YUH 3pYy4HILIE NPOBOAUTH B anreOpaiuHiil ¢opmi, a MHOKEHHS 1 JAUICHHS B MOKa-
30BIi:

IL=l1+lp=11+ jli+1o+ jI2=(I1+ I2)+ j(l1+ IZ);
U=U;-Up=U;+jU; -Up— jUp =(U1—U2)+ j(Ul —Uz);
U=I1Z= |eJ‘lfi ZeJ(P — |Zej(‘lfi HP) :Uej‘lfu :

I\ - .

[Ipu po3paxyHKy KiJl CUHYCOiTHOTO CTPYMY 3aCTOCOBYIOTHCS CXEMH 3aMi-

U
- Z

IIEHHS, Y SKUX pealibHI JDKepesa 1 mpuitMadi 3aMiHSIOThCS CYKYITHICTIO 17[€aTbHIX

eneMmeHTIB. Jlo HuX BigHOCHUTBCS 111eanbHe kepeno EPC (puc. 1.34), a Takox na-
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CUBHI €JIEMEHTHU: aKTUBHUH onip R, iHAyKTUBHUIN eeMeHT L, eMHicHuM eneMeHT C

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

Pucynox 134 -
[neanpHe mxeperno
EPC

Pucynoxk 1.35 — [neanpHi 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 KOJIi. BuMiproeTbes y BosibTax [B].

IneanbHuii pe3ucTuBHuUii ejemenT (puc. 1.35 a) — akTuBHUH omip R BuMI-
proeTbes B oMax [OM]. BigoOpaxkae 31aTHICTh pealibHOTO 00’ €KTa TIEPETBOPIOBATH
CJIEKTPUYUHY €HEPrito 0€3MOBOPOTHO B TEILIO.

BiamoBigHO 10 CHMBOJIIYHOTO METOY:

QR — RL; L_JR:UR,eJWu; |_:| ,eJ\Vi : UR-GNU - R-| ,eJ\Vi : UR: R-| :
P=vy,—V; =0; y, =v;.

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

no ¢asi. BekropHa niarpama nmogana Ha puc. 1.36 a.

O
1y ¢=0 U G O L o
= > =k $=90 ®=—90
1,
— UC
a 9] -

Puc.1.36 — Bexropu Hampyr Ta CTpyMiB

Ineanbumii ingykTuBHui 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. InaykTuBHICTh L BuMiproerbes B renpi [['H].

di

Ha ingyktuBHnomy enementi EPC camoinaykiii qopiBHioe € =—L e
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3a apyrum 3akoHoM Kipxroda u, =—€ = Lﬂ.

dt
Tonai BIAMIOBIIHO O CUMBOJIIYHOTO METOTY
| - | eloty :
U (t)=L dL(®) abo U el = L% = joLlel.
jE
Takum ynnoM, U | = joLl, ne j=e 2.

Beogumo monstrs X =l =2xn f L — iHqykTHBHAN OTTip.

- iwi+) T n
U eYv=Xle "2 UL =X 15y, =\|/i+§,3BlzLCH O=VY, — VY, :E.

: : . : T
Ha inaykTMBHOMY €JeMEeHTI CTpyM BiJCTa€ BiJ Hampyru Ha —. BekropHa

miarpama mogana Ha puc. 1.36 6.

Ineanbuuii eMmuicHuii enemenT (puc. 1.35 ) BijoOpakae 31aTHICTb pealib-
HOTO 00’€KTa HAKOMMYYBATH EJICKTPUYHUM 3apsijl 1 CTBOPIOBATH B HABKOJUIITHEOMY
mpocTopi enekTpuuHe nojie. EmMuicTh C BUMIpIoeThes y papamax [D].

: : : : duc
MuTtTeBe 3HaUCHHS CTPYMY Kpi3b €MHICTB JA0piBHIOE | =C — =

) ) ) 1
Bignosiguo g0 cumBostiunoro metony U ¢ (t) = EJL(t) dt;

L_JC ejcot :ljl_ejmtdt:_i'l_ejmt.
C JoC

. T

o1 R P

Takum ynHoMm, U =—j—1 ,1e — j=€ 2.
oC

1 1 .
BBoaMMO NOHATTS X- = oC = 2 fC — €EMHICHHUM OIIIP.
. T
UCejWU = xcleJ(Wi_E); Uec =Xcl;
T . -
Yu = Vi Y 3BiICH Q=Y — :_E'

: : T :
Ha emHicHOMY elleMeHTI CTpyM ONepeIKae Hanpyry Ha —. BektopHa miar-

pama nosana Ha puc.1.36 s.

3axon OMa 1J11 KOMILJIEKCHUX BeJINYHH.
U=RI; U =X I =1X &% Ug==jX,] =1Xe %"
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VY 3araibHOMY BUTJISI],
=2
A
Toni kyTH 3¢yBY (pa3 1j1s1 KOKHOTO BUTIAIKY (KYT MK HAIIPYTOlO 1 CTPYMOM)

PR = OO, oL 2900, oc =—900(pI/IC. 1.36 q, 6, 6)

a0o0 B pajiiaHax
oR=0, L ==, pc=——.
2 2
3axonu Kipxroga aist Kl 3MiHHOTO CTPyMY.
1% 3akon

Cyma MUTTEBUX 3HAYEHBb CTPYMIB, IO CXOISITHCS Y BY3JIi JOPIBHIOE HYJTIO:
n -
Yik=0
k=1

n
a00 JIJI1 BEKTOPIB Y KOMIUICKCHUX 3HAYCHb Zl_k =0.
k=1

2% 3akon
BianoBigHo 10 BUOpaHOro HampsMy OO0XOJy KOHTYpY ailreOpaidHa cyma
MuTTeBUX 3HaueHb EPC mxepen y mboMy KOHTYpl JOPIBHIOE anreOpaidHiil cymi
MUTTEBUX 3HAYEHb HAIPYT Ha BCIX MOro MACUBHUX €JIEMEHTaX
m di,
D &= Zuk = ZRklk + ZLk k Z I'kdt
k=1 k=1 k= 1 k
ne M- ygucino EPC y koHTYpi; N — 4MCIO NAaCUBHUX €JIEMEHTIB Y HbOMY, IPUYO-
My, P, |,  — 9uciio pe3sucTUBHUX, IHAYKTUBHUX 1 EMHICHUX €JIEMEHTIB
n=p+l+q.

J{n1s1 BEKTOPIB a00 KOMITJIEKCHUX 3HAYEHb:

zEk_ZUk—ZURk+ZULk+ZUCk
k=1

CniBBiIHOIIEHHA €JIEKTPUYHMUX BEJUYHUH NMPH MOCJAIIOBHOMY Ta mapa-

JeJIbHOMY 3’€HAaHHi eseMeHTiB. Pe3onanc. IloTyxkHicTh 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 MAaCUBHUX €JIEMEHTaX
U=Ugr+U +Uc =UI=RL+ X |- Xcl=[R+ (X = Xc)]L.
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Z =R+ (X - Xc P =VR2+ X2,

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

S
7

L )i C R [ToBHUI1 onip 1aHOTrO KOJa:
U U U

7 rd

Pucyrok 1.37 — [ocrizosse X = X| — X — cyMapHU#l peakTUBHUH Omip.

3’ennanns R, L, C Toni aitoye 3HAYEHHS CTPYMY BU3HAUYUMO 32

U
3akoHoM Oma | = —.

[IpuyomMy, nns aMIUTITyIHUX 3HaYeHb MokHa 3anucatd U, =Zl.,. A nns
. jwy
lelvi — Ue
KOMIUIEKCHHX 3HAYeHb e’ = .,
Ze'?

Hanpyry Ta cTpyM MO>KHa PO3KJIACTH HA aKTUBHY W PEAKTUBHY CKJIAJOBI:
Ugz=Ucosp=Ur=RI; I5=1cose,

U, =Using=U —Uc =(X_ - Xc)I =XI; I, =1sng.
Tojl 3 reoMeTpUYHUX MIPKYBaHb
U=JU2+U2= U3+ (U_-Uc .

KyT 3cyBy a3 B K0J1i BA3HAYAETHCS K

cpzarctng;RXC:arctg%; R=Zcosp, X =Zsne.

3aJie’KHO BiJl CHIBBIAHOIICHHS BEIUUMH X 1 Xc PO3PI3HSIOTH:

1) X, > Xc, X > 0 — aiisiHKa Kojla Ma€ aKTUBHO-1HIYKTUBHUN XapakTep, KyT
scyBy (a3 0'< ¢ < 90°, 3aranbHuii cTpyM BifcTae 1o (asi Bij 3araapHOi HAIIPYTH.
B3aemHi (a30Bi CIiBBIIHOIICHHS MOKa3aHi Ha BEKTOPHIi aiarpami (puc. 1.38).

AQL yc i QL
0 U
(P:90 _U o _U =P 7 Pe
N U I > 0U, I
=90 Uy R
v =C a 6 8 2

Pucynok 1.38 — BekropHi aiarpamu npu KyTi 3cyBy ¢ > 0’
ba3zoBuM BBaxka€MO BEKTOp CTPyMYy IpU TMOYATKOBIA (a3l piBHIA HYIIO

v;=0’". ®a30Bi CHiBBiAHOIIEHHS HAIIPYTH Ta CTPYMY BH3HAYAIOTHCS TEOMETPUUHO
TaK0X 3 TPUKYTHHKA oropiB (puc. 1.38 2).
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2) XL < Xc, X <0 — ginsHKa Koja Ma€ aKTHUBHO-EMHICHUH Xapaktep, KyT

scyBy a3 -90°< @< O', 3araibHUii CTPyM BUIIEpeKae N0 (Basi 3araibHy HAIpPyry
(puc. 1.39).

U
0

=90

L, — JYe A Y R
@] 0l
4 :—90 (P< 0 o D U
U,
¥ Qc , gc
a 9] 8 2

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

3) XL = Xc , Tomi X =01 ¢ = 0 3aranpHwmii cTpyM 30ira-
€ThCS 10 (Pa3l 13 3arajibHOI0 HANIPYTOI0, Y IIJIOMY OIIp JIJISTH-

KH KOJIa Ma€ aKTUBHUM XapakKTep, 1 TaKUW CTaH CICKTPHUYHOI'O

I

Il
IS
Vl ~

KOJIa 3 IIOCIIIIOBHUM 3’ €JHAHHAM €JIEMEHTIB BIAMOBIAAE OCO- )

OJIMBOMY PEXUMY, SIKUM HA3UBAETHCS PE3OHAHCOM Hanpye.
Hanpyru U, 1 Uc , nepebyBatouun B npotudasi, B3a€MHO KOM-

NEHCYIOTh OJIHA OAHY, TOMY 3arajbHa Hampyra JOpiBHIOE Ha-

npys3i Ha akTuBHOMY omopi U =U g (puc. 1.40).

v l_]C
Pucynok 1.40 —

Pe3onanc Hanpyr

CniBBiIHOIIEHHS €JIEKTPUYHUX BEJUYHH MPHU NAPAJIeJIbHOMY 3’ €IHAHHI
npuitMayis.
Jlitoul 3Ha4Y€HHs CTPyMIB y BiTKax Koja (puc. 1.41) MokHa BUBHAUUTH SIK:

LU U U
RT ' 'L X, C X -
3aranpHui CTPyM 3HAIEMO SIK BEKTOPHY CYMY BCIX CTPYMIB y Hapaeiib-

HUX BiTKax | =1 g+ 1, + |, 1110 TOKa3aHO Ha BeKTOPHi# miarpami (puc. 1.42).
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v

Pucynox 1.41 — apanensne Pucynok 1.42 — BektopHa giarpama

3’eqnanna R, L, C

Axmio koso Mae purisn (puc.1.33), To CTpyMH y Bi-
TKax MOJKHA 3HANTH SK:

LY U
1 Zl ’ 2 ZZ ’

IPUYOMY 3arajJlbHUil CTPyM € TE€OMETPUYHOK CYMOIO

CTpYMIB y napaienbHux BiTkax | =1,+1,.

IToBHi omopH BiTOK: Zp =+ Rl + X|_, Zo=+R5 +i XC )

Pucynok 1.43 - :
Oxpemit BHIATOK M- Kyr 3cyBy ¢a3 'y  KoxHIA BITOK:
’ X - Xc
paeNbHOTO 3’ € THAHHSI _ L.
=arctg—; =arctg——.

3 1HmoOro OOKy 3arajbHUN CTPYM MOYKHA 3HAWTH
AHAJTITUYHO 3 BUKOPUCTAHHAM MOHSTH PO aKTUBHY 1 PEAKTUB-

. I
HY CKJIaJloBi cTpymy (puc. 1.44): — _Ip
| =1,C08Q;; 1.0 =1,C080,; l,=14+,; P U
|p1:|18n(p1; |p2=|28in(p2; Ip:|p1+|p2; _Ia
| = \/m 0= arctgl—p Pucynoxk 1.44
I, — AKTHBHA Ta
[Ile omuH cmoci®0 3HAXOMKEHHS 3arajlbHOr0 CTPyMy peaKThBHa cria-
JIOB1 CTPYMY

MOB’A3aHUM 31  3HAXO/KEHHSM  TIOBHOI  MPOBIAHOCTI:

Y=,IG§+B§, ne Gz=Gy+ G; — moBHa akTuBHA g

—p2
MpoBiHICTh; By = B1 — Bcy — moBHa peakTrBHaA mpo-

BIIHICTh. J[JI1 OKpeMHX BITOK MPOBIIHOCTI MalOTh
BUTJISIL; )i

G- Rl,Gz - Bu=2L: Bop=

V4 22 Z Z 5 ' Pucynok 1.45 — Jlo Bu3Ha4YCHHS

3arajlbHOrO CTpyMy

Y



Toni 3aranbauil cTpym Bu3HavaeTbes sk | =UY . dazoBuii 3cyB B jaiana3oHi

T T ) .. ) .
— E << E 3aJICKHUTH BiJl CliBBIIHOMIEHHS By 1 Bc. BekTopHa niarpama Jijist iboro

BUNAJKYy NojaHa Ha puc. 1.45.

Pe3onanc. Y Teopii KOJIMBaHb PE30HAHCOM HA3WBAIOTh MPOIEC BUMYIICHUX
KOJIMBaHb 3 TAKOIO0 YAaCTOTOIO, IIPU SIKii iXHS IHTEHCHUBHICTh MaKCHMajbHa. Xapak-
TEpU3yBaTHU 1HTEHCUBHICTh KOJMBAaHb MOKHA MO PI3HUX MPOSIBAX, HAMPHUKIAMI, 32
MaKCUMaJIbHUM 3HAYCHHSIM aMIUNITyAu. [HIlle BU3HAYEHHS] PE30HAHCY — Pi3Ke 3pO-
CTaHHS aMIUTITYIM CTAJIMX 3MYIIEHUX KOJIMBAaHb MPU HAOIMKEHHI YACTOTH 30BHI-
IIHBOTO TAPMOHIMHOTO BIUIMBY JI0 YAaCTOTH OJIHI€l 3 HOPMAJIbHUX KOJMBAHb CHC-
TEMHU.

Ak xkpuTepiil pe3oHaHcy npuiiMeMo 301r 1o (a3l Harpyru 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 3aJIaHIll EMHOCTI 1 IHIYKTHBHOCTI KOJIa).

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

YKUBJICHHS, TOJIl pEaKTUBHUH omip Koja OyJie JOPIBHIOBATU HYIIIO

X = X|_ —XC =mOL—i:O,
O)oC
TOJIl YMOBA PE30HAHCY HalpyT:
X =X abo (DOLZL.
0,C

3BIJKM 3HAXOJIMMO YaCTOTY HANPYTHU KUBJICHHS Ta CTPYMY B KOJIi, IPH SKIii

HacTa€ PpE30HaHC

) 1
(g = —— — PE30HAHCHA KyTOBa 4acToTa, ToAi fy=—"— - pe3oHaHCHa
2/ LC

JLC

4acToTa B reprax. XapakTepUCTUYHUI OIip IpH MOCTIA0BHOMY 3’ €HaHHI JOPIB-

HIoe p=+/L/C . Omxe, mpu MOCTiJOBHOMY 3’ €HAHHI PEAKTUBHUX €JIEMEHTIB MO-
K€ BUHUKHYTH PE30HAHC HAIPYT.
HobpotHicTio Q Ha3MBalOTh BIIHOIIEHHS Aitounx 3HadyeHb Hanpyr Up 1 Uc
710 3HAYCHHS HATPYTH JKUBJICHHS
Q:UL ool _Ue 1 _P
U R U o,CR R

Jliroue 3HaYEHHs CTPYyMY B ITOCITIIOBHOMY KOHTYPi (puc.1.46)
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(19)

3a Bupaszom (1.9) moOynoBaHi pe3oHaHC-
HI KpUB1 B KOJI IPU MOCHIIOBHOMY 3’ €HaHHI
CJIEMEHTIB Ta 3MiHI 4actotd © (puc. 1.46).
Haii6inpmoro 3Ha4eHHs CTPyM JOCSTa€e MpH
pe30oHaHCHINA YacToTi wo. [Ipu 3pocTanHi 106-

potHOoCcTi Q pe3oHaHCHE 3HAa4YeHHS CTpymy |

JIoOpOTHICTh TIOKa3ye B CKUIBKHU pa3iB
P PE30HAHCI HANpyrd Ha I1HAYKTUBHOCTI 1
€MHOCT1 OLIbIIIE HAMPYTH JKEpeNa KUBJICHHS

JlocikeHHs HA MAaKCUMYM MTOKa3yloTh,
0 MakcuMalibHi 3HadeHHsa Up 1 Uc MaroTh mic-
1Ie HE MPU PE30HAHCHIN YaCTOTi, a MPU YaCTO-

Tax TPOXM MEHIIMX, HIXK PE30HAHCHA YacTOTa

U U U
I = — = = .
Z  JR2+(XL-Xcf R?+(oL—VaC)?
u
U, u,
L | , S
o o o migBunryeThes (o2 > log).
Pucynoxk 1.46 — PezonancHi KpuBi
HaIpyT
1
) (puc.1.47).
| 0,>0,
Il oo fo . |
o,

Pucynok 1.47 — I'padixu
TO0OpPOTHOCTI

Oc < 0y ad0 TPOXH OLIBIIAX ®) > Og.

Pe3onanc crpymiB. OcoOnuBuii BUIAIOK 3a0e3reuye ymMoBa PE30HAHCY

ctpyMmiB |11 lo. Tlpu mbomy B=0, ¢ =0, | =15, Y = G i, y uimomy, koo (puc.1.43)

Mae€ akTUBHUM omip. lpi 1 |, piBHI MIXk cO00I0 I B3aEMHO KOMIIEHCYIOTh OJMH OJ-

Horo (puc. 1.48).

YMoOBa BUHUKHEHHSI PE30HAHCY CTPYMIB — PIBHICTh PEAKTUBHUX MPOBIIHOC-

Tel mapayielbHUX BITOK:

BLl = BC2 abo

A—[p2 (|)=0O
= : 1=I U
RE+X{ Rp+X¢ = =
[Ipuyomy, y BUnajKy enekTpuuHoro komua (puc. 1.43) peso- I
HAHCHA 4acToTa. v=ol
Pucynox 1.48 —
' 1 L Pe3onanc crpymis
°~JLc Z’Hep:\g' "
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Pe3onaHCcHI KpuBI CTpyMiB IIpH Mapale-

JLHOMY 3’€JHaHHI Moka3aHi Ha puc. 1.49. Cuig ! I

MaTH Ha yBa3i, [0 pe30HAaHCHA YacTOTa KoJja : !

IIpY MapajeIbHOMY 3’ €THaHHI (0'0 HE JIOPIBHIOE 1
PE30HAHCHIM  YacTOTi TIPU  IOCJIJOBHOMY z(oo @

3’enHaHHI 0y (puc.1.46). MiHiMalbHE 3HAUCH- Pucyrox 1.49 — Pesonancui kpuei

Hs cTpyMmy / He JOPIBHIOE HYIIIO, 1 BOHO 3HAXO- CTpyMi1B
JUTHCS TIPU 4acTOTI ONM3BKUIN 10 ®y. Pe30HaHCHI sBHIlla BUKOPUCTOBYIOTh y Te-

Jie- Ta pajiio3B’s3Ky, a TAKOXK y MPUCTPOSX TPOMUCIOBOT EHEPTETUKH.
IoTy:XHiCcTh TA eHEPreTU4YHI MPOLECH B KOJIi CHHYCOITHOTO CTPYMY.
Enepretnyni npoiiecu B KoJiax 3MIHHOTO CTPYMY XapaKTEPHU3yIOThCS MMT-

TEBOIO MOTYKHICTIO P =UI, 1[0 3MIiHIOETHCS 31 3MIHOIO U1 i, Ta TIPH I[LOMY KOJIH-

Ba€THCA 3 ITIOABOEHOK 4aCTOTORO 2m.

AKTHMBHA NMOTY:KHicTh P XapakTepusye npoiiec 6€31moBOPOTHOTO MEPETBO-
PCHHA GJIGKTpoeHepI‘i'l' B TCIINIO HA PC3UCTHUBHOMY €JIEMEHTI 1 BU3HAYAETRLCS K Ce-
peaHs MOTYXHICTh 3a niepion 7 3MiHu cTpyMy. BoHa BuMiproeTbest y Batax [BT].

T 1T 1- cos2mt Upl T
P=_[pdt==[Ug|m dt =—R [(1- cos2wmt)dt =U -l =RIZ.
To To 2 T %

Kle TOr'o, MO>XHa 3aIlIiCaTu

1T
P == [ pdt =UI cose.
To

PeakTuBHa moTy:kHicTh Q XxapakTepuszye OOOpOTHMIA MPOIEC B3AEMOJIIT
€Heprii Mk KUBUIBHOIO MEPEKEI0 Ta MpUiiMadyaMH €JIEKTPOCHEPrii Ta BUTpaya-
€TbCS. HA CTBOPEHHS MArHITHUX Ta €JIEKTPUYHHUX IOJIIB Y PEAKTUBHUX €JIEMEHTax
(BIAMOBIAHO B KOTYIIKAX 1HAYKTUBHOCTI Ta KOHJAEHCATOPaX):

Q=Q -Q:-=XI?=(X_ - Xc)I?=XI1%=Ulsng.

PeakTuBHA MOTYXHICTh BUMIPIOETHCA Y BOJBT-aMIIEp PEAKTHUBHHUX [Bap].
[Ipu 11bOMY SKIIIO MUTTEBA MOTYKHICTH p > (), TO MOTYKHICTh 3a0UPAETHCS 3 Me-
pexi, a Ao p < 0, TO MOTYKHICTh TOBEPTAETHCS B MEPEKY.

IMoBHa moTyxkHicTh Kota S=Ul moka3ye, siIKy MaKCUMaJIbHY MOTY>KHICTh
MOXHa OTpUMATH BiJ JKeperna eHeprii. BoHa BHUMIPIOETBCS y BOJbT-aMIepax
[BA].

3 ypaxyBaHHSM I[bOT0, MOKHA 3anucatu P = Scos, e COS¢p Ha3uBa€TbCA

koedinmieHTOM NMOTYy:KHOCTI. Mloro HeoOXiAHO MiABUIIYBAaTH, TOMY 1[0 YUM BHIIIE
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KOe(IIIEHT MOTYHOCTI, TUM OUIbIIa aKTUBHA MOTYXHICTh MPH 3aJIaHUX 3HAYCH-
HSX HalpyTH W CTpyMy, MepelaeThCsl HaBaHTaKeHHIO. J[Jis 1iporo Tpeba 3MeHIy-
BaTH 1HIYKTUBHHM OIip HaBaHTa)KE€HHA a00 oro kommneHcyBaT. Ciijy 3ayBaXKUTH,
mo Q koja Moke OyTH K MO3UTHUBHA, TaK 1 BIJ’€MHA, a P 3aBXKIU TIIBKH IMO3H-
THBHA.

PeaktrBHA MOoTyXHICTH Q= SSiN @, a MOBHA MOTYKHICTh S=/ P2+Q?%.

KomrmuiekcHa MOTyKHICTh BUPAKAETHCS SIK

S=U-I"=Uelu . |g Wi =ylelvu=vi) = %I* = Scose + jSsne=P+ jQ,

Ac |_ — KOMILICKCHO CIIPAXKCHC 3HAYCHHA CTPYMY.

OcHOBHI NOHATTA TPUGAZHOIO KOJIA

bararodasne enekTpuyHe KOJIO SBJsi€ COOOI0 CYKYMHICTh JEKIIBKOX €JIEKT-
pUYHUX K, Y sikux 1itoTh EPC onHi€l yacToTu, ane 3 pi3HUMH MOYATKOBUMU (a-
3amu. CkJaZioBa YaCTHHA TaKOTO KOJIa Ha3uBaeThes ¢azoro. B3aram B enekrpore-
XHIII MOHATTSA “daza” Mae eKiabka BU3HAYCHb.

1) KyT, IKMI1 BU3HAYA€ 3MIHFOBAHHS CHHYCOTTHOI BEIMYWHHU;

2) BUBIJI BiJ] BUIIIOTO MOTEHIIIATY JKepelia eIeKTPOSHEeprii;

3) ckitagoBa yacTrHa OaraTodazHuX EICKTPHYHUX KiJl, TOOTO OKpeMe KOJIo Y
CKJIAJIl €JIEKTPUYHOT MEPEXKI.

Cumetpuunoro Tpudasznoro cucreMoro EPC Ha3uBaeThCsi CyKyMmHICTh TPhOX
EPC omHakoBOi 4acTOTH 1 aMIUTITY/ U, TOYATKOBI (pa3u SIKUX BIAPI3HAIOTHCS HA KYT
120 rpaaycis (puc. 1.50).

E.
120°
E,
120° >
120°
a EB 6

Pucynok 1.50 — Cumerpuuna tpudasna cumerpuyuna cuctema EPC
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Tpudaszna cuctema 3MiHHOTO CTpyMy Oysa po3poOJsieHa POCIACHKUM 1HXkKe-
HepoMm M.O. Jlonio-Zlo6poBoabscekum y 1891 pori. Lls cucrema no3Bonuia Haii-
O1IBIII EKOHOMIYHO TIEpeIaBaTH €JIECKTPOSHEPrito 1 CTBOPUTH HaAlMHI Ta BIIHOCHO
MPOCTI €IEKTPOIBUTYHH, T€HEPATOPHU, TPAaHCHOPMATOPH Ta 1H.

JIlxepenom tpudasanx EPC e tpudaszni enekrporeneparopu. Haitmpocrti-
muil TpudasHui TeHepaTop aHAJIOTIYHUN OAHO(a3HOMY TEHEPATOPY, 3 TIEIO JIHIIEC
pi3HHIICIO, 0 B HHOTO HE OHA, a TPX OJHAKOBI OOMOTKH CTaTOpa, PO3TAIIOBaHI
mig kyrom 120 rpanycis (puc. 1.51). 4, B, C — nouatku ¢a3; X, Y, Z — xinui ¢as.
[Tpu oGepTanHi poTOpa 3 YACTOTOIO ®, 3MIHHUI MarHiTHUHA NOTIK @ HABOIUTH B
obmoTkax craropa EPC omnakoBoi gacToTw 1 amii-
JTYyAH, K1 3MIIIEHI OJHa BIJHOCHO OJHOi Ha 1/3
yacTuHy nepiogy a6o Ha 120°. Hampsam ctpymis B
00MOTKaX MO3HAYAETHCS «+», SKIIO CTPYM HaIpaB-
JIeHUH BiJ crioctepiradya abo «ey», SKIIO Hampalie-
HUH Ha criocTepiraya.

Takum unHOM, ¢asni cunycoinni EPC y tpu-

¢da3zHOMY reHepaTopi yTBOPIOIOTh TpU(a3Hy CUMET-

X Porop puuHy cuctemy (hasHUX HaAIpyr, Ky MOKHA 3aIu-

CaTU B aHAJITUYHOMY BHIJIAJI Ta 30KpEMa 3 BUKO-

Pucynok 1.51 — Tpudasuult  pycrapmEsSM KOMILIEKCHHUX UHCE:
TeHepaTon

= ~O

2
. 2 T s o
eB:UB:U(bmsn[cot—énj , Eg=Ug=Use 3 =U4e 20"

.2
. 2 +]on 1500
eC:UC:Uq)msm(mHén); Ec=Uc=Ue 3 =Uq,e1120 :

da3Hi HanpyTu JKepeia MaloTh OJHAKOBE Aitoue 3HaueHHs1 Uy 1 3CyHyTH 10
¢asi oj1Ha BiTHOCHO OJHOT, sIK OyJ10 3a3HadyeHo Buile, Ha 120° (puc. 1.50).

OCHOBOIO TTPOMHCIIOBUX Ta MOOYTOBUX EIEKTPUUYHUX MEPEK € YOTUPHUIIPO-
BiHa Tpu(as3Ha JiHisA eNeKTpomepenayi, ska yTBOpeHa Tpboma JiHiiHuMHA (A4, B,
O) 1 neitrpansauM (Hynb0BUM) (N) mpoBomamu. HaBanTaxeHHsT MOXe OyTH BKITIO-
YEeHO 3a CXEMOI0: “3ipka” 0e3 HeHTpalbHOro MpoBoaAy (YMOBHE Mo3HaueHHS Y)

a00‘3ipka” 3 HeliTpanbHUM poBoAoM (Y- ) um “TpukyTHUK” (A) (puc. 1.52).
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N
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Pucynok 1.52 — Tpudasne enekTpudHe KOJIO 13 pI3HUMHU CXeMaMU BMUKaHHS
npuitMadiB

Hanpyru mix JiHIAHUMU NpoOBOAAMH HazuBaroTbes giniunumu. Uag, Ugc,
Uca, @ MDK JHIHHUMH 1 HEUTPAJIBHUM MPOBOJIOM HA3UBAIOTHCS (DASHUMU HANPY-
eamu dxcepena. Ua, Ug, Uc.

Daszni nanpyeu na nasanmasicenni: Ua, Up, U (s “3ipku™), Uap, Upe, Uca
(st “TpUKyTHHKA”).

JIiHi¥HI CTpYMH NPOTIKAIOTH MO JIIHIHHUM MpoBoaaM: la, Ig, Ic.

Da3zni cmpymu TPOTIKAIOTH IO HABAHTAXKEHHIO:

— Y BUNIAAKY 3’ €JJHAaHHS HaBaHTaXCHHS 3a CXeMOoto “3ipka” |g, Ip, lc.

— Y BUNAAKY 3’ €JHAaHHS HaBaHTAKCHHS 32 CXEMOIO “TPUKYTHUK lap, |pey lca

Ctpy™M y HEHTpaIbHOMY MPOBOI — | .

3B’S130K JIHIAHUX CTPyMiB Ta (a3HUX y BUMAAKY 3’€/THAHHS HaBaHTAKCHHS
B “TpUKYTHUK’ 3rifHo 3 nepmmM 3akoHoMm Kipxroda wmae BUIIISI
Ia=lap—lcai I =lpc—lapi lc =lca—lnc:

Ha ocHoBi npyroro 3akony Kipxroda MokHa BCTaHOBUTHU 3B’SI30K MiXK JIi-
HIMHUMH 1 Pa3HUMHU HANPyTraMu:

Uppg=Ua-Up; Upgc=Ug-Uc; Uca=Uc-Un
[ToBHi onopu a3 npu pi3HOMY 3’ €THaHHI HABAHTAXKEHHSA: Za, Zy, Zc, Zab, Loc,

. N . io
Zca. Y 3aranbHOMY BHIIAJIKY IIOBHH KOMIUICKCHUI omip y dasi Zy, =Zye 3

Ctpym (aszu npu Oyab-sSKHUX 3’€IHAHHIX HABAHTAXXEHHS MOKHA BU3HAUUTH,
BUKOPUCTOBYIOUM 3aKOH OMa, pO3JIIUBILIN BiioMy (ha3Hy Hanpyry HaBaHTa)KEHHS

Ha omip HaBaHTaxeHHs |p =Ugp/Zgp. Y BUnagky piBHOCTI (pa3HHX OMOpPIB (HE

TIJIBKH 332 MOJYJIEM, ajie i 3a apryMEHTOM () KOMITJICKCHOTO YHCJIa) HaBaHTaKCHHS
HA3WBAETHCS CUMETPUYHHUM 1 BCTAHOBIIIOIOTHCSA TaKl CITIBBIIHOIICHHS MK (a3HH-

MU 1 JIHIHHUMU [TapaMeTpamu:
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- TIpY 3’€JHAHHI HaBAaHTAXXEHHs ‘31PKOI0” CHIBBIIHOIICHHS MIXK JIIOUNMHU

3HaYCHHAMH (pasHuX 1 JiHiiHX Hanpyr Ug = U / J3;
- ipu 3’eqHaHH1 “TpuKyTHUKOM” Ugp = Un.
Jns miHIAHYUX 1 (ha3HUX CTPYMIB CITIBBITHOIIEHHS MK JIFOYMMHU 3HAYCHHS-
MU JITHIMHUX 1 (a3HUX CTPYMIB HACTYITHI:
- TIpH 3’ €JHAHHI HaBaHTaKeHHS B “31pKy” | 1= | o;
- ipu 3’ €THaHHI B “TpUKYTHUK o = |1/ J3.
Ha puc. 1.53 a, 6 nokasani eneKTpHUYHI CXEMHU 1 BEKTOPHI Jiarpam, BiArmo-

BITHO 1711 3’€HAHHS HaBAaHTAXKEHHA B “31pKy’’ Ta B “TpUKYTHUK . HaBaHTa)keHHs

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

Pucynox 1.53 — Tpudazue koo 3 pi3HUM 3’€THAaHHSIM HaBAaHTAXKCHHA Y “31pKy”
(@) Ta 'y “TpukyTHUK”’(H) Ta BEKTOPHI JiarpaMu B [IUX BUIIaIKaX

Axmo (azHi onopu npuiiMayiB HE TOPIBHIOIOTH OAUH OAHOMY, PUUOMY SIK
3a MonyJIeM Zg, TaK 1 32 XapaKTepOM HaBaHTa)XEHHA, TOOTO KyTYy @y, TO TaKke Ha-
BAHTAKEHHS HA3UBAEThCSI HECUMETPUYHUM. [Ipy 1IbOMY HaBaHTa)KEHHSI MOXHA ITi-
JKITIOYATH K “TPUKYTHUKOM , Tak 1 “31pKOr0” 3 HEUTpauIro, ToMy 1o (a3Hi Ha-
MPYTrd 3aJIUIIAIOTHECS HE3MIHHMMH 1 JOPIBHIOIOTH HABEACHUM BUIE. AJie TNpu

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

BUHHUKAE Harnpyra 3CYBY HeUTpani Un
U _YaUa+YeUpg+YUc
T YatYehY,
e Y, = i; Yy = i; Y.= N KOMILJIEKCHI
Za Zb Zc
poBiAHOCTI (as.

[TosiBa Hampyru 3CyBy HEWTpalli SBHILE MIKiA-

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

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

pizko 3poctu. Da3Hi HAMpPyTu MPH IHOMY BU3HAYa-
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IOTHCS SIK:
Ug=Ua-Upn; 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 <<Z4 BHpIBHIOE Hanpyru Ha (pa3ax mpuitmMaviB y BUMAJAKy HECUMETpIi Ha-
BaHTAXKEHHS, TOMY 1110 cama cuctema ¢asnux EPC cumerpuuna i ¢a3He HaBaHTa-
JKEHHs BKJIIOUAETBCA Oe3nocepeHbo Ha hasHy Hampyry miepena Ug =Uj /-/3.

OpHak o HEUTPaJIbHOMY MPOBOY Y BUIIAAKY HECUMETPIi HABAHTAKEHHS MPOTIKAE
CTPYM, SIKMI PO3paxOBYETHCS SIK BEKTOpHA (200 KOMIUIEKCHA) cyMa (a3HUX CTpY-
MmiB: | =1,+1,+ 1., TOMY 1 BaxkiuBo, mo6 Ry OyB Habarato MeHIIHii 3a Zg, .
IHoty:xHicTh TPUGa3HOTo KOoJIA.
AKTHBHA TIOTYKHICTh TpU(A3HOTO KOJIa CKIAJAEThCA 3 AKTUBHUX MOTY>KHO-
creit pa3. Tak, 119 CUMETPUYHOTO HaBaHTAXKECHHSL:

Fo =Ugl $c0s0y; Rps =3Ry, 1¢ ¢o — KyT 3cyBy MiXk (pasHHMH HaIpyroxo i
CTPYMOM. AHAJIOTIYHO MO>KHA BU3HAYUTH PEAKTHBHY MOTYKHICTb:

Qp =UglaSNey; Qpy =3Qg-

[loBHa moTyXHICTh ()a3u  BH3HAUUTBCSI 1O  BIAOMIA  (opmydi
Sp =+ P£ + Q(% , @B yCbOMY TpH(a3HOMY KO, BIIIIOBIIHO, K Spy = 3Sy,.

A60 inakme: Spy =35, = gle =/l

JI1s HeCUMETpUYHOTO HAaBaHTaXKEHHS MOTY)KHICTh Tpeba O0OUYHCITIOBATH OK-
peMo 1715t KOxKHOT (paszu:

R =U_,l cosp, +Uplpcosey +U I cospg;

Qs =U,lsne, +Uylpsing, +U I sing,.

[Ipn mepemMukaHHI HABaHTAXKEHHS 13 “3ipKu’~ Ha

“TpUKYTHHUK JIHIAHI CTPYMU Ta TTOBHA MOTY>KHICTh 3pO-

(o]
I

CTAalOTh Y TPU Pa3u:

U U U 2 PI/ICYHOK 155
=3Spy = Vgylgy =34 =1 =1,
SY SCIDY Y ' DY \/§ \/ézq) Zcp

U, 3U?2
SAzsstDA:&JCDAICDA:&JHZ_H:Z—H'
® ®

BumiptoBaHHs aKTMBHOI MOTYXHOCTI y BHIIJIKY

CUMETPUYHOTO HaBaHTAXKEHHS MokazaHe Ha puc. 1.55, €
npu upomy B =3Ry, a y BUnaaky HecUMETpUYHOTO Ha- Pucynok 1.56
BaHTaXeHHS — Ha puc. 1.56. [Ipu nmpoMy cymapHa MOTyKHICTh KOJIa JTIOPIBHIOE aJl-
reOpaiuyHii  CyMi TOTYXKHOCTEH, BHUMIPIOBAaHUX OKPEMHUMH BaTMETpaMu
R = Ry + Ry2, aie okpemuii BaTMETp NOTY>KHICTh OKpeMHX (ha3 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 NPUIiMaYiB.

Uy

Pucynok 1.57

Po3paxyBaru enekTpudHe KOJIO 3MIHHOTO CTPyMY 3
NOCIIIIOBHUM  3’€IHAHHAM IpuiimadiB Z , ZB 1 Zy,
CXeMy sKoro 300paxeHo Ha puc. 1.57. Jlitoue 3HaueHHS
Hanpyru U =200B, ii ugactora f=50 I'n. Ilapamerpu
IICATbHUX ~ CJIEMEHTIB  MpUHMAaYiB: R, =20 Ow;
L, =47,77 ml's; F\’[3 =233 Owm; Cy =79,62 wMkO.

300pa3uTi cXeMy 3aMillleHHS Koja 3 1/IealbHUMHU

€JEMEHTaMH 3aMICTh KOKHOIO HpHﬁMaqa; BU3HAYUTHU

cTpyM, kepena eHeprii. [loOymayBatu BekTOpHY jiarpaMmy. 3amucaTd pPiBHSIHHS

OajaHCy aKTHBHHMX Ta PEAKTHUBHHUX MOTYKHOCTEH KOJIa 1 TIEPEBIPUTU 11l PIBHSIHHIL

3anucaTi CHHYCOiTHI YacoBl (YHKII CTpyMy 1 Hampyrd JDKepena eHeprii Ta
noOyryBaTy rpadiky MUX QyHKLIHA.

Po3p’si3annna

Ha puc. 1.58 300paskeHO cxemy 3aMilieHHs Koja 3a puc. 1.57 3 igeanbHUMH

CJICMCHTaMHM.

KytoBa gactora ctpymMy 1 Hanpyr
w=2n-f=2.314.50=314¢c".
PeakTuBHI ONOpH €JIE€MEHTIB:

X, =o-L, =314-47,77-10° =15 Om;

X, = L ! —5 =40 Om. X
o-C, 314.79,62-10 |
AKTHBHMI, PEaKTUBHUI Ta MOBHUUN OINOPH l
KOJa: Y
R=R, +R; =20+233=433 Oy; Pucynox 1.58

X = Xy — Xo, =15-40=-25 Om;

Z= [RP+X?= /433" +(-25)? =50 Owm.

Jlitoue 3Ha4eHHs CTPyMY B KO 3a 3akoHOM Oma
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U _200_

= =4 A.
Z 50
KyT 3cyBy (ha3 Mi>k BEKTOpaMH CTPYMY Ta HaIpPyroo JHKepesa
X —-25
=arctg— =arctg—— =-30".
¢ g R g 433

[ToBHi1 ortopu mpuiiMadyiB;

Zo =[R2+ X2, = /202 +152 = 250m;
Zy =R; =233 Om;

Z, =X, =40 Om

Jlitoui 3HaYeHHs HANpyT Ha IpUiMayvax:
U,=2,1 =25-4=100 B;

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

Kyt 3cyBy (pa3 Mizk BEKTOpaMu CTpPyMy
| ta Hanpyramu U, .U, U, npuiimadis:

Py = arctg—X La arcth =36,87°;
R, 20

Pg = arc'[g2 = arc:'[gi =0;
Rs 233
O arctg%o = —90".

Ha puc. 1.59 300paxena BekTOpHa

¢, =arctg

niarpama. [losicHroeMo TopsIoK ii o0y 10BH.

s cxemu 3a puc. 1.58 3arampHum € cTpywm,

JUISL SIKOTO TPUHMAEMO JOBUIBHO TIOYATKOBY Vv

Pucynok 1.59

dazy y; =0°. Bubupaemo macmrab crpymy i

POBOAMMO BeKTOp | 1o ropuzoHTtanbHii oci. [am BuOupaemo macmrad Hampyr 1
MIPOBOJIMMO BEKTOP HAIIPYTH JDKEpeNia Mil KyTOM (P 3a PyXOM T'OJAMHHUKOBOI CTPUIKU

BIIHOCHO BEKTOpa cTpyMy |, a Takox Bekropu Hampyr Ha mpuiimadax U,,Ug,U,
I11 BINOBIIHUMHU KyTaMu 3cyBYy a3 @, Py Py BIJTHOCHO BEKTOpa | .

Macwmab obupaemo 0Ooginvho. Ilesne 3HauenHs cmpymy 6 amnepax aoo

Hanpyau 6 onvmax Ha 1 cm. Tpeba 06086 ’a3K060 300pasicamu MipHul 8i0pi30K!
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KopucTyrounch BEKTOPHOIO Jliarpamoro, 3poOMMO TIEpeBipKy PO3B’sS3aHHS Ha
ocHOBI Jipyroro 3akoHy Kipxroda mis xoma 3a puc. 1.58. BekTopHa cyma Hampyr
npuiiMaviB TIOBUHHA JIOPIBHIOBAaTH BEKTOPY HAmpyrd JpKepesia eHeprii, ToOTo
Uu=U, +QB +QY (puc. 1.59), saxuii 3a TPUHHATUM MacIITaOOM TIOBUHEH

nopiBaroBaTH 200 B.
IToBHa, akTHBHA Ta peaKTHBHA MMOTYXKHOCTI JiKepesia eHeprii:
SM =U -1 =200-4=800 B-A;
P =U -1 -cose=200-4- cos(—30°) =692,8 Br;
Qu =U - -dn@=200-4-sn(—30") = —400 Bap.
PiBHsiHHA O6anaHCy aKTMBHUX MOTYXXHOCTEH JXKepesia Ta MpHiiMayiB
P=2 P
YP,=R+R+P =R, 1 +R-15+0=20-4°+233-4° =6928 Br,
ne P, %, R, — MOTY>KHOCTI, SIK1 CITIOKMBAIOTh PE3UCTUBHI €JIEMEHTH MPUHMaYiB.
PiBHsIHHS OanaHCy peaKTUBHHUX MOTY>KHOCTEH:
QIDK = ZQCH !
2 2 2 2
ZQCH =Q, +Qfj +Qy =X g 15+0- XCy . Iy =15-4°-40-4° =-400 Bap,
ae Q,, QB , QY— MOTYHOCTI, sIKI BUHUKAIOTh Y PEAaKTUBHUX €JIEMEHTax MpUUMadiB.

AMIUTITYIHI 3HAYEHHS CTPYMY 1 HAIIPYTH JIKEpesa eHeprii BIANOBIIHO:
lm=1/2-1=1/2-4=566 A;
U, =+2-U=+2-200=2828 B.

CunycoinHi 9acoBi (PyHKIIT CTpyMy 1 HAIPYTH JKEpEIa EHeprii:
=1, -sn(ot+y;)=566-sn314t A;
u=U_,sn(ot+y,)=2828sn(314t — 30") B,

Jie TIoyaTkoBa (paza cTpyMmy Bxke obpana P, =0°, mo nac mouatkoBy (asy

Hanpyru y, = ¢ +y; =—30° +0° = -30".

['padiku cuHycOiq CTpyMy 1 Hanmpyru 300pa’karoThCsl MPU BUKOPUCTAHHI HE
Macmtaly Jacy t, a kpaTHoro oMy macitady ot , 1o 6UIbII 3pyYHO HpU OOYA0BI
nux rpagikiB. Y Tabn. 1.6 HaBeneHl po3paxyHKHA CTPyMy 1 HAmpyru Ui Pi3HUX
3Ha4YeHb ot , a Ha puc. 1.60 300pakeHo rpadiku ¢pynkiii i(t) ta u(t).
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Tabmurs 1.6 — MUTTEBI 3HaUEHHS CTPYMY 1 HANPyTH JPKEpena eHeprii 3a1eKHO

BIJI yacy
o[ o [ % [ = | ]2|5x |, |7n] 4|3 |5rlin]
pan 6 | 3| 2 | 3| 6 6 | 3 | 2| 3| 6

ot, | 0 | 30 | 60 | 90 | 120 | 150 | 180 | 210 | 240 | 270 | 300 | 330 | 360
Ipaj

I, A| 0 |28 49 [566| 49 |28 | 0 |-283 | 49 |566 |-49 (283 | O

u,B |[-1414| O 1414 | 245 | 283 | 245 | 141 0 |[-1414 |-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 QyHKIIT 4acy

Ilpuknaaxg 6. Po3paxyHOK eJIEKTPUYHOIO KoOJIa 3MIHHOIO CTPyMy HNpH

napaJjieJibHOMY 3’€IHAHHI NPpUiMAaYiB.

° ~U S o PozpaxyBatu EJIEKTPUYHE KOJIO pu
, napanelbHoOMy 3’€[HaHHi mpuiimauis Z,,Z, 1 Z,,
) Y L Za , CXEMY SO 300paxeHo Ha puc. 1.61. Jliroue
L1 sHaueHHs1 Hanpyru U = 220 B, ii wactora f= 50 I'm.
I :IZB [lapameTpy  i€anbHUX  €JEMEHTIB  MpHUIIMAayiB:
R, =24 Owm; Xey =32 Owm; I% =200wm;
Z

Ly 5| X,;=200m; X, =80 Om.

Pucynok 1.61 300pa3uT cxemy 3aMIlIeHHs KOJa; BUBHAYUTU

CTPYMH KOJIa, @ TAKOXK aKTUBHY, PEaKTUBHY Ta MOBHY IMOTYXHOCTI JKEpena SHEprii.
[ToOymyBat BeKTOpHYy jiarpamy. 3amucaTd pIBHSHHS OajaHCy aKTUBHUX Ta

PEAKTUBHUX MOTYKHOCTEH KOJIA 1 IEPEBIPUTH 111 PIBHSIHHI.
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Po3B’si3aHHA
Ha puc. 1.62 300pakeHo cxeMy 3amillleHHs KoJjia 3a puc. 1.61 3 imearbHUMH
eJIEMEHTaMH.

[ToBH1 oropu napajieIbHUX BITOK:

Z, =R+ (=X,)? =+/24% + (=32)% =40 Om;

Zy =[RS + X2, =+/20% + 207 = 28,28 Owu;

Jliroul 3HAYEHHSI CTPYyMIB y MapajelbHUX ! 1 X X
BITKaX: 4 o o ” 5
Uu 220
l,=—=—==55A;
‘ Z, 40 Ig I:lRB XLB
IB:£:£:7’78 A; I XLY
I, = Zi = 220 =2 75A. Pucynok 1.62

Y
Kyrtu 3cyBy a3 mixx Bekropamu ctpymiB 1,15 i 1, Ta Bektopom Hanpyru U :

Py = arctg — Gt = arctg "% = 5313
R, 24

X
Pp = arctgﬂ = arctg@ =45;
Rs 20

¢, = 90° (iH1yKTHBHHUIA eIeMeHT).
JIns Bu3HAUEHHS CTPyMy JDKEpela CKOPHCTAEMOCS BEKTOPHOIO JliarpaMoro
(puc. 1.63), ne BekTopu OyIyrOThCS B 3a3HaueHuX Maciirtabax. [lepmmm Oymyemo

BekTop Hampyru U . Moro mouatkoBy (azy npuiiMaemo poBimsHO (y, =0°).

Bekropu ctpymis |, 1 i I, Gymyemo, kopuctyrouuch nouarkoBumu pazamu. Tomy

mo v, =0°, mouarkosi (a3u BuzHa4UaEMO 3a HopMyTamu:
Vi, =0, =5313% iz =—gp=-45"; vy =—¢,=-90".

3a mepmmm 3akoHoM Kipxroda st By3na a Ha puc. 3.15 BEKTOp CTpymy

JUKepenia € BEeKTOpHA Cyma CTPYMIB IapalielibHuX BiTOK, T00T0 | =1, +1g+1,

(puc. 1.63). 'eomeTpuuHe CKJIaJaHHs IUX BEKTOPIB JIa€ HA OCHOBI BUMIPIB 3HAUCHHS

crpymy jokepena | ~9,7A ikyr3cyBy ¢=24°.
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TouHinm pe3yapTaTd MOXKHA OJIEpXKATH OE3MOCEPETHBO  PO3PaXyHKAMH,
3aCTOCOBYIOUM PO3KJIa/JIaHHS BEKTOPIB CTPYMIB HAa aKTHBHI W PEaKTHBHI CKJIAJOBI:
nepin — napanenbHi Bektopy U, a npyri — nepneHauKyssipHi 10 Hboro. Poskman

BEKTOPIB Ha CKJIAJI0BI ITOIAHO Ha BEKTOPHiH jaiarpami (puc. 1.63).

Pucynok 1.63

AKTHBHI Ta peaKTUBHI CKJIAJIOBI CTPYMIB MPHUIIMAYiB:

lsa =1, COSY;, =55C085313" =3 3A;

lp =1, SiNy; =555N5313" =44 A;
lga=1p COSV;y = 7,78co5(—45") =55A;
lgp =15 sin\yiB =7,783n(—45") =-55 A;
La=1, cosy;, = 2,75c05(—90") =0A;
l,=1,8n Vi, = 2,758n(-90") =—2,75 A.

AKTHBHA Ta peakTHBHA CKJIAJI0BI CTPYMY JIKepera Ta Horo Jiro4e 3HaYeHHS:
la=1lga +1pa +1,, =33+55+0=388A;

ly=lgp + gy +1p=44—55-275=-385A;

| =12+12 =88 +(-385)% =9,61A.
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Kyt azoBoro 3cyBy BekTopa ctpymy | BimHOCHO BekTopa Hampyru U
-385

|
Qo=—y; = —arctgl—p = —arctg =2363.

a 1

[ToBHa, aKTHBHA Ta pEaKTHUBHA MTOTYKHOCTI JHKEpena:
S=U-1=220-961=21142B-A;

P = Scosp = 2114,2- c0s23,63" =1936,9 BT;
Q=Ssing=2114,2-sin 23,63 =847,4 Bap.
BigmosigHo 110 6a.11chy AKTUBHUX Ta PEAKTUBHUX MMOTY>KHOCTEH:

P=R,1{+R; |5 =24-55°+20-7,78°=1936,6 Br;
Q=X 12+ Xy 1§ + X, |2 =-32-55°+20-7,78° +80- 2,75* =847,6 Bap.

Ipuxknaxg 7. Po3paxyHOK eJIEKTPUYHOIO KoOJIa 3MIHHOIO CTPyMy HNpH
3MIIIAHOMY 3’ €IHAHHI MpUiiMaviB.
Po3paxyBaTu enekTpu4HE KOJIO 3a puc. 1.64 mpu 3MiliaHOMY 3’€IHaHHI

npuiiMauis  Z_, ZB 1 Z, CHMBOJIYHMM METOJIOM, TOOTO 3 BHKOPHCTAHHSIM

Y
KoMmIuiekcHuX yncen. Hanpyra mxepena eneprii U=127 B,
ii gacrora f = 50 I'u. ITapamerpu igcaabHHUX €ICMEHTIB

npuiiMadiB: R, =8 Om; X, =150m; R; =16 Om;
Xcp =12 Om; X, =42 Om.

300pa3uTH CXeMy 3aMillleHHs Kojla 3 iJcalbHUMU

€JIEMEHTAMH; BHM3HAUWTH CTPYMH KOJIa, HAIpyrn Ha

npuiiMavax, a TaKOX IMOTY)KHOCTI JDKepena eHeprii.
Pucynox 1.64 [loOynyBaTu BEKTOpHYy Jlarpamy. 3amucatd pPiBHSIHHS

OayaHCy aKTUBHHUX Ta PEAKTUBHUX MOTY>KHOCTEH KOJIa 1 IEPEBIPUTH 111 PIBHSAHHSL.

Po3B’si3aHHA
Cxemy 3amileHHs KoJia 3a puc. 1.64 3 ijeanbHIMH eJIeMEHTaMH 300paXeHO Ha
puc. 1.65. Ctpymu 1 HanpyTH, a TAaKOXK MOTY>KHOCTI Oy/1eMO BU3HAYATH CUMBOJITYHUM
METOJIOM, TOMY 17icaJIbHI €JIEMEHTH, SIK1 3’€JIHaH1 MOCIIOBHO, 00 €JHYEMO B TOBHI
KOMIUIEKCHI omopu. Bix moyatkoBoi cxemu 3a puc. 1.65 mepexoaumo 10 CXeMu 3
KOMIUIEKCHUMH OnopamHu BITOK (pHc. 1.66, a), Ae CTpyMH 1 Harpyra TakoX 300pakeH1

B KOMIUIEKCHIH popmi.
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Pucynok 1.65 Pucynok 1.66

3HaueHHs KOMIUIEKCHUX OINOpIB BITOK B aireOpaiduHiii Ta MOKa30Bii
dbopmax:

. 15
. . jarctgu . o
Z,=R +jX,,=8+j15=/8+15%.¢ 8 =17./%% Om;

. -12
tg— . o
Zy=Ry— Xcy =162 +(-12)% - 16 =20.6 185 O
o jarctg ™ o
Z,=iX, =j42=42.¢ 0 =42.6% Ou;

JUnAHKy Kona 3 TapalelpHMM 3’€IHaHHAM Z, 1 Z v 3aMIHSIEMO

€KBIBAJICHTHMM KOMIUIEKCHUM OTIOpoM Z .

Z3-Z, 20-€10F 42619 840.eIB 840. 531"

Z. =
=Tz 1z 16— |12+ 42 16+ {30 jarctg >
By JRerd : 162 +30% 16

840- 1313

34. @i6L9%°
1 OZIEP>KyeEMO OUTBII MPOCTY CXeMy 3a puc. 1.66, 6.

= 247167188 ~2471cos(-88") + jsin(-88)]= 24,42 j3,78 Om

JIBa mocmiioBHO 3’€AHaHuX omopu Z, 1 Z,, 3a puc. 1.66, 6 3aMiHsEMO
OJIHUM, SIKH € eKBIBAJICHTHUM OTIOPOM YChOTO KoJia (puc. 1.66, 8):

Zo=2,+2Z,,=8+j15+24,42—- (3,78=32,42+ j11,22 =

arctg%
2,42 _343.11909° o

j
~ /32,422 411222 . e

KomrnekcHe 3HadueHHs Hanpyru Jxepena U =U - elvu =127.6i% —127B ,

SIKIIIO TIOYaTKOBY (hasy wiei Hanpyru npuitasata v, =0°.
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KoMriekcHe 3Ha4eHHs CTpyMy Jikepenia 3a 3akoHoM Oma (puc. 1.66, )

U - o
_= _ 127 :3,7'6_119’09 :315_ J].,ZlA

Z 34,Bej19’090

Kommuieke Hanpyru Ha npuiimaueBi Z, (puc. 1.66, 0)

U,=2,-1,=17-e/%% .37.611909" _629.61%% _ 4161+ j428 B.

Hanpyra mix By3namu a i b Ha nipuiimMadax Zg i Z, (puc. 3.19, a)

Uap=Zap-1, =2471.6188 .37.¢7 1190 _914.671278" _gog_ j428 B.

Ctpymu B napajienbHux BiTkax (puc. 1.66, a):

Uy _914.€17%

Ig= —=457-e1%% =451+ j071 A,
Zy  20.g 1%

| _Uap 91417

1 =218 & — 102 j193 A.
Zy  42.l®

Ilepesipka cTpyMiB 3a nepinm 3akoHoM Kipxroda ass Byzna a (puc. 1.66, a)
l,=1g+1,=451+]0,71-1,02- j193=349- j122~ 35~ jL21A.

I[lepesipka Harpyr 3a qpyrum 3akoHoM Kipxroga (puc. 1.66, a)
U=U,6+U,,=461+ j42,8+80,8-]42,8=126,9~127 B.

HeBenuka pi3HMLIS B 3HAYEHHAX 00YMOBIIEHA OKPYTJIEHHSIM IPU PO3paXyHKaX.

CniesinrowenHs Hanpyr U =U , +U i ctpymis |, =15 +1, 300paxeHo

Ha puc. 1.67 3a T0OMOMOT0I0 BEKTOPHOT JllarpamMy B 3a3HaYEHUX MacIITadax.

Pucynox 1.67
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[ToGynoBa BEeKTOpHOI JiarpaMH BUKOHYETHCS 3a JIIOYMMH 3HAYCHHSIMU
CTPYMIB 1 Hampyr Ta iX moyaTkoBUMHU (azamu. Jlirodi 3HAYCHHS HAIMPYTH 1 CTPyMY
BU3HAUYAIOTHCS SIK MOIYJb Y TOKa30Biii (hopMi KOMITJIEKCHOTO YHUCIIa, SIKE BH3HAYA€E

CTpyM a00 HaIpyry.
Jliroul 3HA4YeHHs CTPyMIB 1 HAmpyr Ta iXHl modaTkoBl ¢asu: |, =37 A;

Vi, =—19,09%; lg =457 A; Vig =8,98"; |, =218 A; Wiy =-117,89";
U, =629 B; v, =4284"; U, =914 B; v,,=-27,89";U =127 B; y,=0".

Bektopna gmiarpamMa Moke TakoX OyTu IMoOyaoBaHa 3a JINCHUMHM Ta
YSIBHUMHM CKJIaJIOBUMH KOMIUIEKCHUX JIIFOUMX 3HaYEHb CTPYMIB Ta HAMPYT:
l,=35-]121 A; 153=451+ jO,71 A; |, =-102- j1L93 A;

U,=461+j428 B; U _,=808- 428 B; U =127 B,

Jie OIMCHI 3HAYEHHS BEJINYNH:

lo =35A; Ig=451A;1,=-102A; U, =461B; U,,=808B; U’ =127 B;
ySIBHI 3HAYEHHSI BEJIMYWH:

I =-121A; 17 =071A; |/ =-193A; U; =428B; U}, =-428B; U"=0B.

*

Kommiekcna noTyxHicTs Jukepena emeprii S, =U-1,=P_+]JQ_
BU3HAYAETHCS SIK JOOYTOK KOMIUIEKCIB HANPYTU 1 COPSHKEHOTO CTPyMy JDKepena
€HEeprii, K1 BU3HAYAIOThCS B MTOKa30BiH (a00 B anredpaiuHiii) Gopmi.

* .

Cnpsxenuii kommneke crpymy 1, =1,-€ Vi¢ pusHauaetscs 3 BuXimHOrO
1, =1, -eVio 3vinor0 3HaKa y MOKa3HUKy (200 mepen ysBHIM YaCTUHOMO, SKIIO
BUKOPHUCTOBYETHCS alireOpaiuna (hopma KOMIUIEKCHOTO YHCIIa).

[TimcTaBUMO KOMIUICKCH HANpPyTH 1 CHPSDKEHOTO KOMILIEKCY CTPyMY
JDKeperna 1 IpoBeIeMO TTePETBOPECHHS:

ES

S, =U-1,=127-37.e/9% —4609./19%" _
=469,9- (cos19,09° + jsin19,09°) =4441+ j1537B- A,
Jie noBHa NoTyxHicTh S, =469,9B- A ¢ moayib y noka3osiii Gopmi KOMILIEKCHOT
TIOTYKHOCTI, & OTYKHOCTI: aktuBHa B, =444,1 Br i peaktusna Q,, =153,7 Bap,

SIK JIIFICHA 1 ysIBHA CKJIAJIOBI 3 ayreOpaiuHoi (hopMy KOMITJIEKCHOTO YHCIIA.

AHaJOTYHO BU3HAYAIOTHCS TIOTY>KHOCTI IPUMMAYiB:

*

S, =U,-1,=629-e%% .37.l1909 _2377.6I50%" _1095+ | 2053 B-A ;
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S3=Ugp-1p=914-617% .457.¢718% = 417,7.¢7 188 3342 j250,6 B- A;

S,=Ug-1,=914-¢ 17 .218.eM7® —1993.e1%" = j1993B- A,

% k *

ne Ly, 1g, |, — cripsbxeni crpymu npuiimadis;
aKTUBHI OTY>XHOCTI mpuiiMauiB: P, =109,5 Br; Ffa =334,2 Br; Py =0;
peaKkTHBHI MOTYXHOCTI npuiimadis: Q, =205,3 Bap; Qs =—250,6 Bap;
Qy =199,3 Bap.
PiBHsiHHA O6anaHCy aKTMBHUX MOTYXHOCTEH:
P =Fy + B + P,= 109,5+334,2+ 0=443,7 Br~ 4441 Br.

PiBHsiHHS OanaHCy pEeaKTUBHUX IMOTYKHOCTEH:
Qux =Qy +Q +Q, =205,3-250,6+199,3=154 Bap~1337 Bap .

Ipuxnag 8. Po3paxyHok TpudasHoro Kkojga mnpu CHMETPUUHOMY

HABAHTAKeHHI Ta 3’€HAHHI NPUIMaYiB “3ipKo10”.

VY tpudazny mepexy 3 miHiiHOW Hampyrow U, = 380 B Tta uactotoro
f=50Tu yBiMKHYTO cuMeTpuuHe HaBaHTaxeHHs (puc.1.68), ske 3’€mHYyeThCS
“3ipkor0”. HaBaHTa)kKeHHS CKJIaJAa€ThCsl 3 IBOX MOCIIOBHO 3’€/THAHUX MpHUIIMadiB
Z,, Zy y koxHil ¢asi 3 mapamerpamu: R, =16 Om; X, =30 Om; Ry =22,1 Owm;
Xcp=80m.

300pa3zuTi cxeMy 3amimieHHs] Tpru(da3HOTO KoJia 3 1/I€ATbHUMU €JIeMEHTaMU
npuiiMaviB. BuzHauntu ¢asHi 1 JiHINHI CTPYMH, a TaKOK aKTUBHY Ta PEAKTHUBHY

MOTY>KHOCTI €JIEKTPUYHOTO KOJIA.
[ToOyyBaTu BEKTOpHY Alarpamy.

U, R
]A a [a RU’ XLOL RB ch
hoaly %o % Ao——o—>{ N
n1 a ‘o
Ados>—o—>1 1+ 1+ 4= U
s l/Uﬂ Z Z s |9 R X R X>
= 1 1 a B )
% B 1 b s8] l—I " T B IBb ]b a La. B Bn
l |:I :I
N UJ'I @ U UC
UV e 1, % % | >
C
Coso—+{ 1+ Sl ¥ 1o, 1 Ra Ko R 20
Co—>6— [+ |-
a 9]
Pucynok 1.68
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Po3B’sa3anus

Ha puc. 1.68, 6 300pakeHa cxema 3amiiieHHs TprudazHOTo KoJia MpH 3’ € THaHH1
HaBaHTa)XCHHSI ‘31pKOI0”.
Jiroue 3HaueHHs (a3HOI HAIIPYTH Y MEPExKi

Us —@=220 B.

U, =2 =
NI
Ilpn cumeTpuyHOMY HaBaHTaXCHHI (asHi Hanmpyru Ha npuiiMadax U,
JIOPIBHIOKOTH (asHUM Hanpyram mepexi U g, Tobto
Uy =Ua=U,=U,=U, =220B.
[ToBHMIi omip KOKHOT (hazu

Z, :J(Ra +Ry)2 +(Xpq — Xcp)? =/(16+221)2 + (30-8)% =44 Om.

®da30Buii 3cyB MUK (PAa3HUMHU HAIIPYTOIO 1 CTPYMOM Yy KOXKHIM (a3i

X, —X _
p=arctg P _orerg 078 _z00.
R+t R 16+221
Jlitoue 3HaueHHs (pa3HUX Ta JHIKHUX CTPYMIB:
U 220
=1 =l =l =l.=l,=lg=lo=—20=""_5 A,
) hi} a b C A B C Zd) 44

AKTHBHA Ta peaKTUBHA MTOTY>KHOCTI BCHOTO KOJIa!
R :3Pcb :3U¢,Iq)co&p: 3-220-5-c0s30° = 2858 Br;
Qy =3, =3l ySine=3-220-5-sin 30" =1650 Bap.
Bekropna mgiarpama OynyeTbcsi TakuM 4YWHOM. BusHauaemo wacmirabu
CTpyMIB Ta Hampyr, sKI MOKa3aHO Ha

puc. 1.69.  BuOupaemo  1OBiIBHO

oYaTkoBy (a3y BEKTOpa Hampyru
Y,, =0" 1 mo ropusoHTanbHii oci
A

MMPOBOJUMO L€ BeKTop. Bekropu

bazanx Harpyr puiiMadiB

U,,UpU., gk 1 Bekrtopu Qa3Hux

Hanpyr MepexKi UaUgUc,

CTBOPIOIOTH  TpHU(a3Hy CUMETPUYHY

CUCTEMY, TOOTO MalOTh OJTHAKOBI JIIFOYi

Pucynok 1.69
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3HAYEHHS 1 3CYHYTI 3a (a30r0 0oJ1HA BiHOCHO 0/1HOT Ha KyT 120°. BekTop Hanpyru
U g Bizacrae Big BekTopa U 4 Ha KyT 120°, TOMy BiH MOBEPTAETHCS HA ICil KYT 3a
PYXOM T'OJJMHHUKOBOI CTPiJIKH, a BeKTOp Hanpyru U - Bumepemxae BekTop U o Ha
kyT 120°, TOMy BiH MOBEPTAETHCS HA IIEH KyT IPOTU PyXy TOJAUHHUKOBOI CTPIJIKH.
Bekropu niniitnux Hanpyr U ag,Upc,Ucp OyAyeMO 3 BHKOPHCTaHHSIM
npyroro 3akony Kipxroda 3a popmynamu:
Upp=Ua-Up; Upc=Up-Uc; Uca=Uc-Uap,

TOOTO 3’€AHAaeMO KiHII BeKTOpiB Hampyr U ,,Ug,U- MK cO00I0 1 OAEpKUMO
BEKTOPH JIHINHUX HAIIPYT, 5K 1€ 300paxeHo Ha puc. 1.69.

Kosxuwuii da3uuii ctpyM Bijgcrae Bix cBoe€i ¢asHoi Hanpyru Ha KyT ¢=30",

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

CBOE€I (pa3HOI HANIPYTH.

Hpuxnax 9. Po3paxyHok Tpu(a3HOI0o KoJIa NPH CHMETPUYHOMY
HABAHTAKEHHI TA 3’€AHAHHI NPUIMAYiB “TPUKYTHHUKOM”.

VY tpudazny mepexy 3 miHiiHOW Hampyrow U, = 380 B Tta uactororo
f=50Tu yBiMKHYTO cuMeTpuuyHe HaBaHTaxeHHs (puc.1.70), ske 3’€THYyeThCS
“TpukyTHUKOM”. HaBaHTa)XKeHHs CKJIAAae€TbCsd 3 JABOX IOCIIIOBHO 3 €IHAHUX
npuiiMauis Z,, Z, y KoxHiii ¢asi 3 mapamerpamu R, =20 Om; R =10 Owm;
Xy =30 Om. 3o0pasure cxeMy 3amillleHHs TPHU(A3HOTO KOJa 3 iAcaIbHAMH
elleMeHTaMu npuiiMauiB. BusHauuTy ¢asHi 1 JiHIAHI CTPYMH, a TaKOXXK aKTUBHY Ta
PEaKTUBHY MOTYXKHOCTI eNIeKTpUYHOro Koia. [To0yayBaTi BEKTOpHY Jiarpamy.

Po3B’si3aHHA
Ha puc. 1.70, 6 300paxkeHa cxema 3aMilieHHs TpuGasHoro Koja npu 3’ €JHaHHI

HABaHTAXCHHS “‘TPUKYTHUKOM .

1~380 B

Pucynok 1.70
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[ToBHMI1 omip KOXHOT hazu

Zy=/(R, +R)? +(~Xg,)? =/(20+10)? + (-30)2 = 42,43 Om;

dazoBwuii 3cyB Mk (ha3HUMHU HATIPYTOIO 1 CTPYMOM y KOXKHIH (ha3i

_X B
¢ =arctg— =L = arctgy 0 _ 0,
R, +R 20+10

[Ipn 3’enHaHHl mNpuiMaviB y “TpUKYTHHK (a3Hl HaNpyru Ha HUX

Uap Uper Uea CHIBOAgaroTh 3 BIANOBIIHUMM JIIHINHUMHM HamnpyramMM Mepexi

Uag, Ugc: Uca, ToMy ¢asHi Hanpyru npuiimauis U, =U =380 B.

Jitoui 3HaueHHs (ha3HUX CTPYMIB!

U 380
= ==l =———=896 A
- —'ab ™ 'bc 7 'ca ™ - .
Zq) 42,43
BignosigHo giroue 3HaYCHHS JIHIMHUX CTPYMIB:

|, =V3ly=1a=lg=Ic=+3-896=1552 A.

Iy

AxTHBHA Ta PCAKTHBHaA l'IOTy}KHOCTi YCBOI'O KOJIa.

P, =3R, =3U,,cosp=3-380-8,96- cos(—45)° = 7222 Br;
Q, =3, =3U,l, sing=3-380-896-sin(-45)° = 7222 sap.

BekTopHa nmiarpama, sika 300pakeHa Ha puc. 1.71, OyayeTbcs TaKuM YHHOM.
Busnagaemo macmtabu CTpyMiB Ta Hampyr,
Kl TokazaHo Ha puc. 1.71. Bubupaemo

JIOBUIBHO MOYATKOBY (pa3y BEKTOpa Hapyru

U Yy, =0 1 mo ropusonTainsHiii oci

MPOBOJMMO 1ieil BeKTOp. Bexropu miHIHHUX
Hanpyr U pg,Upc,Uca (K1 Takox €
(da3HMMH  HanpyraMM Ha  IpuiiMauax
U.p Upes Uey) cTBOprooTh  Tpudazny

CUMETPUYHY CHUCTEMYy, TOOTO BOHHU MalOTh

Pucynok 1.71 OJHAKOBI 10Ul 3HA4YEHHA 1 3CYHYyTI 3a

¢a3oro oxHa BigHOCHO OgHOI Ha KyT 120°.

Bektop Hampyru U e Biacrae Bim Bektopa U g Ha kyr 120°, Tomy BiH
MIOBEPTAETHCS HA LEH KyT 32 PyXOM TOJAMHHUKOBOI CTPIJIKH, a BEKTOp HANpyru

U o Bumepemxae Bektop U ag Ha kyr 120°, TOMy BiH MOBEPTAETHCS HA IEH KYyT
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IPOTU PYXY FTOJAMHHUKOBOT CTPUIKH.

Koxuwuii Bektop ¢azHoro ctpymy | p,lpe 1ca BUIEpemKae cBiit (asHuii

BEKTOp Hampyrn Ha KyT @=—45", ToMy BiH IOBEPTaETHCI MHPOTH PYXY
TOJIMHHUKOBOI CTPUIKK Ha Il KyT BITHOCHO (ha3HOi HAMPYTH.
Bekropu nmiHiitHUX CTpyMiB | 5, | g, | ¢ OyAyeMo 3 BUKOpUCTaHHSIM TMEPIIOTO
3akony Kipxroda 3a popmynamu:
La=lap—lca; le=lpc—lap; lc=lca—lnec,
TOOTO 3’€THAEMO KOHII BEKTOPIB CTPYMIB | gp, 1 e, I ca MK CcO0O0IO 1 OJepKuUMO

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

Hpuxnanx 10. Po3paxyHok Tpu(a3HOro KoJ1a i3 HedTPaJbHUM MPOBOAOM
IPU HECUMETPUYHOMY HABAHTAKEHHI TA 3’ €AHAHHI NPUITMaYiB “3ipKoI0“.

VY T1pudaszny mepexy 3 midiiiHOo Hampyroo U, = 380 B mpu wuactorti

f=50Tu yBiMKHYTO HECMMETpUYHE HABaHTAKEHHs mpuiMauis Z,, ZziZ, (1o

OJTHOMY MpHUHMady B KOXKHY (ha3zy) 3ipKor0 i3 HeHTpaJbHUM MpoBojoM (puc.1.27).
Ilapamerpu npuitmadis: R, =12 Om, X, =160mM, Ry =32 Om, Xcp=240m,

XLY =200mMm.

300pa3uTu eNeKTpUUHY cXeMy Tpu(a3HOro KoJjia 3 1/IeaIbHUMU eJIeMEHTaMu
3aMiCTh TpuiimMadiB. BusHauutu ¢aszHi 1 JiHIHHI CTpyMH, a TaKOX CTPyM Yy
HEUTpaJIbBHOMY  MPOBOAl. BH3HAUMTH aKTUBHY Ta pPEAKTUBHY IMOTY>XHOCTI
eJIeKTpuuHOro Koja. [loOynyBaTtu BEKTOpHY aiarpamy.
Po3p’s13aHHs

Ha puc. 1.72 300pakeHa

Ijgla Be X
eJeKTPUYHA cXxeMa TpU(a3HOro KoJa. Ao—>—o0—>{ Y Y —
@da3Hi HaNpyru MEpexi:
X,
U m I I Rﬁ C[i
Uq):Tg:UA:UB:UC: % B: EBb: Eb I:l | n
o
380 1
=—=220B. @ X
\/é IC C Ic Ly
R o——o0—>—/Y Y
3a HasBHOCT1 HEUTPAIBHOTO ¢
npoBoAy (ha3zHi HAIPYTU MEpexKi No ,]n

JIOPiBHIOIOTE (pa3sHUM HATPYTaM Ha PucyHok 1.72

MpuiiMavax:

Il
-
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[ToBHi omopu 1 KyTu 3CyBY (ha3 HaBaHTKCHHS:
Z, =RZ+ X2, =122 +16% = 20 Ow;
Zy = |RE+(~Xcp)? =/322+(-24)2 =40 Ow;
Z,= X, =200m;

= arctg& = arcth = arctgl,33=5313";
R, 12

~Xep

(g = arcty = arctg_3—224 = arctg(—0,75) = -36,87°;

=90°.

Jliroul 3HaUeHHS (Pa3HUX CTPYMIB, K1 JOPIBHIOKOTH JIHIHHUM:

[lobynyemMo  BEKTOpHY  Jiarpamy
(puc. 1.73). Tlpuitmaemo mouaTKoBY (dazy

Hanpyru juis pasu 4 yy , = 0°. Busnauaemo

JI0Y€ 3HAYEHHA CTPYMY B HEUTpaIbHOMY

mposomi  (In=la+lp+l,)  mpswuu

BUMIPIOBAaHHSAM JOBXHHH BekTopa |y 1

MHOXEHHSIM 11  Ha macmTad CTpymy
(Iy =19A). TlouatkoBa (aza cTpymy
HEUTPAJIBbHOIO MPOBOAY, SKa BU3HAYEHA 3a

JOTIOMOIOK0  TPAHCIOPTHUPA, JIOP1BHIOE
Vi = —27,5°.

Pucynok 1.73

MoxkHa ~ aHaJITUYHO  MEpPEBIPUTHU
3100yT1 pe3yabTaTH 3a JOIMOMOTOK CHUMBOJIIUYHOTrO MeTonay. Pas3Hi CHHYCOinHI

HAIpPYTH YTBOPIOIOTH TpHU(a3Hy CUMETPUYHY CHCTEMY:
Un=U,=220B; Ug=U, =220 12" B, U.=U_ =220 B,

KowmrnekcHi moBHi onopu (a3 mpuitmadis:
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Z,=Z el =208 oy
Z,=2, €' =40e 1% Ow;
z,=7 " =201 Owm.

KowmruiekcHi 3HaueHHs THIWHUX 1 (Pa3HUX CTPYMIB:

La=1,= Ya__ 220 _ =117 181 — 66— j88 A;
Z, 20el%1B
—j120° . o
lg=ly=2b_220¢ " _55e i3 _ 66 546 A
Zy 40 1B
j120° s
lo=l=2e 2200 " _110%° _g53, j55 A,
Zy 208190
Jie 104l 3HaYeHHs (pa3HUX CTPYMIB, SIK1 IOPIBHIOIOTH JIIHIMHUM,
l,=1A=11A; lp=15=55; l.=1c =11 A;
MoYaTKOB1 a3y CTPYMiB:
A\ a= —53,130 ; Vi b= —83,130 ; Vi c = 300 .

KomMriiekcHe 3Ha4eHHS CTPyMY B HEUTpallbHOMY MPOBOII
In=1la+1p+1,.=66-)88+066- ]546+953+ |55=16,79— |8,76=

=1894¢ 175" (*)

Jie Jitoue 3HA4YeHHS CTpyMy y HeuTpaibHoMy mpoBomal |, = 18,94 A, a iioro
apryMeHT abo modyarkosa dasa =-2755°.

Yeaca! *lxwo eexmop cmpymy 6 HelimpanbHOMYy NpOB0OI Haneicumsv 00
o0py2020  K8AOpawmy  KOMNAEKCHOI niowunu (mobmo  OillcHa  4acmuHa
KOMNJIEKCHO20 4UCNA He2amueHa ma YA6HA YaCmuHa HO3UMUEHA), mo 00
pospaxoearozo 3a opmynorwo (*) apeymenmy (nouamkoeoi pazu) mpeba
0ooasamu 180 epadycis, a axuio 6in Hanedscums 00 MpPembo20 K8aopaumy (moomo
OilicHa ma ys8HA YACMUHU He2amueHi), mo mpeba 6i0 apeymenmy gionimamu 180
2paoycis.

AKTHBHA Ta peaKTHBHA ITOTYXKHOCTI BCHOT'O KOJIa:

P=R,+R+P =U,l,cosp, +Uyl,coses +U. I cosp, =

=220-11-cos5313° + 220-5,5- cos(—36,87°) + 220-11- cos90° = 2420 Br;

Q=Q,+&+Q,=U,l,sng, +Uyl,sing; +U. I .sno, =

=220-11-sin5313° + 220-5,5-sin(—36,87°) + 220-11-sin 90° = 3630 Bap.
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IIuTa”HA 1)1 CAMOKOHTPOJIIO
1. SlkumMu mapameTpaMu XapaKTepPU3YIOTbCS MUTTEBI 3HAYEHHS CHHYCOIJHOTO
cTpymy, Hanpyru, EPC?
2. Cchopmymoiite 1 3amuiiTh 3akoHu Oma 1 Kipxroda asst kil 3MIHHOTO CTpyMy.
3. Slki imeasibHI €IEMEHTH 3aCTOCOBYIOTh y CXE€MaxX 3aMIICHHS €JICKTPUYHUX KU
CUHYCOITHOTO CTpyMy?
4. 3anuuriTe GopMyIH A IHAYKTUBHOTO, EMHICHOTO OIMOPIB T2 TTOBHOTO OIOPY.
5. SIkumH TOTY>KHOCTSIMUA XapaKTEePU3YIOThCS €HEPreTUYHI MPOIECH B €IEKTPUUHUX
KOJIaX 3MIHHOTO CTPyMY; SIK BU3HAUYAIOTh 111 MOTY>KHOCTI 1 SIK BOHU TMOB’SI3aHI MK
co0o10?
6. Sxi yMOBM BHUHHMKHEHHS PE30HAHCY HANpyr Ta PE30HAHCY CTPyMIB 1 SKi
CIIIBBITHOIIEHHS! OCHOBHUX €JIEKTPUYHHX BEJIMYUH y IIUX peKuMax?
7. Slki maremMaTW4yHi OCHOBM Ta CYTHICTh CHMBOJIIUHOIO METOAY PO3pPaxyHKY
CJIIEKTPUYHMX KIJT CHHYCOITHOTO 3MIHHOTO CTPyMY?
8. B akux opmax MOXxHa M0JIaBaTH KOMIUIEKCHI 3HAUY€HHS cTpyMiB, Harpyr, EPC i
OIOPIB 1 SIK MEPEXOIUTH BiJT OJHI€T (hOPMU 10 IPYTOl MPH PO3paxyHKax?
9. 3anuunTe piBHSAHHA OajaHCy AaKTUBHUX 1 PEAKTUBHUX MOTY>KHOCTEH
ENIEKTPUIHOTO KOJIa.
10. Slk BUMIpSIETHCS AKTUBHA MOTYKHICTh B €JIEKTPUYHOMY KOJI1?
11. Ak otpumyroTh Tpudazny cumetpuuny cucremy EPC?
12. Sk moxyTh OyTH 3’€/IHaHI puiiMadl y TpudazHiid Mepexi?
13. SIxi cTpymMu 1 HAPYTH HA3UBAIOTHCA JIHIMHUMHU Ta (pazHUMU?
14. SIxi cmiBBIIHOIICHHS MK JIHIMHUMHU 1 (a3HUMHU CTpyMaMu MpU 3’ €THAHHI
npuiiMadiB “3ipkor0” Ta “TPUKYTHHKOM ?
15. SIki cniBBIAHOWIEHHS MK JIHIHHUMU 1 (Da3HUMHU Hampyramu Mpu 3’ €JHaHHI
npuiiMadiB “3ipkor0” Ta “TPUKYTHHKOM ?
16. Slke mpu3HAYECHHS HEUTPAIBHOTO MPOBOAY B YOTHUpHMpPOBimAHIN Mepexi? 1o
Oyne, Koiau BIH OOIpBETbCA MpPU CHUMETPUYHOMY 1 HECUMETPUUHOMY
HABAHTAKEHH1?
17. 3anumite ¢opMynM BH3HAYEHHS AaKTUBHOI, PEAKTUBHOI Ta TOBHOI
NOTY>KHOCTEH Tpr(azHOTO KoJa.
18. SIx BUMIPIOETHCS aKTUBHA MOTYXKHICTh Y TpU(azHOMY KOJI1?
19. 1o Take Hampyra 3MIIIEHHSI HEUTpaJl Ta B AKUX BUIIQJIKaX BOHA BUHHKAE, Ta
K PO3PaXOBYETHCA?
20. Sk BruIMBa€ nepeMUKaHHsS PUIIMaYiB 13 3’€JHAHHA “31pKOI0” Ha 3’ €IHAHHS

“TPUKYTHUKOM Ha CTPYMH Ta MOTY>KHICTb KOJa?
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JOJATOK 1
3pa3ok TUTYJIBLHOTO APKYLLY PO3PAXYHKOBO-TPa(QIiYHOI0 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 3aBAaHHA

PospaxynkoBe 3aBmaHHs oGOpMIISATH MOXKHA SK Ha CTaHJAAPTHUX apKyIlax
narepy, Tak 1 Ha 30IIMTOBUX y KIITUHKY. [IpoxaHHs He mucatu B 00pi3 apkyma!
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
MUIIETbCST HOMEp BapiaHTa. binbine Horo He Tpeba mucaTd B Jy)KKax O
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
NepenucyeTe 3 HaBYAJIbHOIO MOCIOHWKA YMOBY, HUKYE B OJIMH a0o0 JBa pAIKH (Y
cToBmelp He Tpeba!) mumiere uucenbHi 3HaueHHs EPC, HampykeHb, OIOPIB.
MiXpsAKOBUM IHTEpBaJ — OJIHA KJITHHA, AKIIO OPOpPMIIsETE HA CTAaHIAPTHHUX
apkymax, popmary A4, To He MEHILE 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 3aga4i 10CTaTHHO OJIHIET CXEMH, MIEPETBOPEHI CXEMU MaJIIOBATU
He Tpeba.

VY apyriii 3a71a4i HABECTH JIB1 CXEMH: BUX1/IHY Ta MIEPETBOPEHY.

VY Tperiii 3ajmadi HaMalIOBAaTH OJHY CXeMy Ha sKIA Moka3aTu 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 mo 3MIHHOMY CTpPyMy B KOXHIH 3amadyi — OJHAa cXema 3
MEepCOHAIPHUMM CXEMaMH 3aMillleHHs TIpuiiMadiB 3aMicTh Zanbda, ZOerta 1
Zramma.

[Totim numeTsest mocepeauni psiuka cioBo PO3B'SI3AHHS 6e3 kpanku abo
nBoKpanku. Hwmxde #ae camo po3B’szaHHs 3amadi. llumerscs ¢opmyna y
OYKBEHOMY BWTJISJII, ITOTIM 3HAK <«JIOPIBHIOE» 1 MIJCTABICHI Y GOPMYJTy YHCEITbHI
3HAQYCHHS, MOTIM «JIOPIBHIOE» 1 YHCIO 3 TOYHICTIO JI0 JABOX 3HAKIB IMCJIS KOMH,
AKIO YHUCJIO HE IJIe, Ta PO3MIpHICTh 0e3 aykok. Ha psaxy mnucatu oanHy
bopmyny. Cynpoeionuii mekcm, AK y nOCIOHUKY, Hagooumu He mpeoa!

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

Y Tperiit 3amaui (KOHTYpHI CTpyMH) Tpeda JOKJIAQJHO B YHCIAX
PO3IUCYBATH, SIK 3HAIICH] BUBHAYHUKHN MATPHUIIb.

VY nmepmmx TproX 3amadax oOOB'A3KOBMI OanmaHC moOTyxHOCTe. OkpemMo
pPO3paxoOBYETE TMOTYXKHICTH JDKEpena, OKPEeMO CYMYy IOTY>KHOCTEH CIT0)KHBadYiB.
Sk110 BOHU piBHI, TO BIJTHOCHY MOXUOKY (J€NbTy) He Tpeba po3paxoByBaTu. Bona
JIOPIBHIOE HYJIIO, IO 3pO3YMUIO. SIKIO YMcia BUWIUIM PI3HUMH, Tpeda IIyKaTu
BIJIHOCHY MOXHOKY. OpieHTyBaTUCS Tpeba Ha 3pa30K y Apyrii 3a1aui.

VYci BEeKTOpHI JiarpamMu poOJSATBCS TMiJ JIIHIAKY, BOHUM MOBUHHI OyTH
HOPMAJIbHOTO PO3Mipy, HE HAATO MaJeHbKi, OOOB'A3KOBO BKa3yBaTH MacIlUTa0
CTpyMy Ta Hampyru. [Ipoekiii BEKTOpiB Tak0XX IMOBHWHHI MIiAMUCYBaTUCA. YCi
BEKTOpPHI BEJIMYMHM Ha BEKTOPHUX Jlarpamax MiJg OYKBEHHM TO3HAYCHHSIM
M1IKpecToThes. Lle 5k cTocyeThesl po3paxyHKy B KOMIUIEKCHUX YHCIIAX y 7-Mid
ta 10-T1# 3amauax.

VY n'sTiit 3aga4i MamOOTECS Tpadiku CTpyMy Ta HaMpyTru CTPOTO 3a 3pa3KoM
y TOCIOHMKY, HEe 3a0yBaTH BKa3yBaTH MAacIITad Ha BEPTUKAIBHHUX OCSX: 3JI1Ba 1O
CTpyMYy, a IIpaBoOpyd MO HaIpy3i.

B ymoBax oH-naitH HaBuaHHs Bce pororpadyeThes, pororpadii mociiToBHO
30uparoThes 10 ogHoro dainy y dopmari doc (docx) um pdf. Baxkano, 1mo6 ¢oto
3aiiMano yBech apkym gokymenta Word ado PDF. 3 ¢otorpadiii HeoOXigHO
npubpaTu Bce, M0 HE CTOCYEThCA 3aBIaHHS, HAPHUKIaA, (DOTO MOBEPXHI, HA SIKOT
3HAXOATHCS apKyIIl 3 PO3B’sI3aHHSM Ta 1HII 3aiiBl mpeameTu. Y Ha3Bi Qaiiny
BKa3aTU CBOE MPI3BUIIE, TPYITy Ta HOMEP BapiaHTa Ta HAJICIATH HA KOPIOPATUBHY

oty Bukianada. Hanpuknan, Cementok MIT-221u_Bapiant 03
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