Eaexkrpoaunamika, npuctpoi HBU ta anTeHHA TexHika

Cucrema piBHssHb MaKkcBes1a



h\ﬁ?ha

YU 3HANU BU?

BinbLWICTb ICHYOYOro NOBHICTIO
HeBuauma aong Hac. Jliogu 6avaTthb
CBITNO nuwe B giana3oHi 430-790 Ty i 4yioTb
3ByKku B giana3oHi 20 My-20 kl'u. i gianasoxu
CTaHOBNSATb JIULIE KPUXITHY YaCTUHY
NMOBHOrO CMNeKTPY ICHYBaHHS.




Sk came 4acTOTH pPagloXBIWIb
BUKOPUCTOBYIOTh ?



100 km

- [nCcreasing wavesength

BukopucTtaHHs pagioXBWIb Pi3HUX JiaNa30HIB

martima |.;|....u
revigation

1ﬂ|'l!l‘|'l

_ 3kHz

ETTE

shomwaye radio

LIHF talavision,
mobile phones,
(PS. Wi-Fi 403

1lI|m

fadio
astronomy,
eatellite com-
munications

1rnm

S-IJIJI'[:E Em:y'r.l-upae::lla Errlanmr.a In[:




BukopucTtaHHs pagioXBWIb Pi3HUX JiaNa30HIB
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CynyTHHKOBI 4aCcTOTH

VHF band: operating in the range of 30 to 300 MHz, VHF signals have relatively longer wavelengths compared to
higher frequency bands, making them suitable for relatively short-range communications in space (LEO missions) and
offering good propagation properties for inter-satellite links and communications with ground stations.

UHF band: from 300 MHz tc 3 GHz, UHF bands facilitate data transmissicn between spacecraft and ground stations,
ensuring reliable and efficient communication due to their ability to penetrate the jonosphere and effectively transmit
information over langer distances. UHF signals have shorter wavelengths than VHF, enabling them to carry more data
and travel more line-of-sight distances.

L-band: from 1 to 2 GHz, used for mobile services, satellite navigation (GP5, Galileo, GLONASS), telecommunication
{Iridium, Inmarsat), aircraft surveillance, amateur radio, broadcasting, and radio astronomy. This band is known for its
ability to penetrate the atmosphere and overcome obstacles as heavy rain or fog, making it suitable for reliable
communication in adverse weather conditions. Due to this capability, the L band is often used for critical services such
as emergency communications and safety applications.

S-Band: from 2 to 4 GHz, is commaonly used for telemetry, tracking, and control (TT&C) of satellites. It is also used for
weather radar, radio navigation systems, and space research. This band provides a balance between data rates and
atmaospheric penetration, making it suitable for various communication and monitering functicns.

C-Band: this band operates in the range of 4 tc 8 GHz. It has been a staple for satellite communication since the early
days of space exploration. The C band is known for its ability to penetrate rain, snow, and other atmospheric
conditions, making it highly reliable for earth-to-space communication.

X-Band: from 8 to 12 GHz, it offers higher data rates and greater accuracy, making it valuable for radar
communications and certain space-based scientific instruments. It is less susceptible to rain attenuation than K bands,
making it suitable for more precise targeting high-priority missions.

Ku-Band: from 12 to 18 GHz and is widely used for high-powered satellite communication, including television
broadcasting and breadband internet. It offers greater bandwidth than lower frequencies bands, enabling the
transmission of large amounts of data.

Ka-Band: from 26.5 to 40 GHz, is situated in the upper part of the microwave spectrum. It provides an even larger
bandwidth, which is ideal for data-intensive applications like high-speed internet services and high-definition satellite

television.
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CynyTHMKOBI Mepexi
TAa HABITaliMHI CUCTEMHU



[Tpukiaa moOy10BH MEPEXKI CYITYTHUKOBOTO 3B’ SI3KY
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Sl NCC: Network Control Centre
% NMC: Network Management Centre
SCC: Satellite Control Centre
User Segment Ground Segment
System Control Centre
f
. . producing @ @ ﬂ scc
Gowwd  station T @ p-
Cargo Ship < ‘ ﬁ
F Handheld User . !
Terminals MHS NCC+NMC

<

' Terrestrial Telephone




13



14



15



i';r.-. 3
e ""'Elr QIL I-.t
1Y/




Ykpainceki npoexktu PolyITAN-1, PolylITAN-2, PolyITAN-HP-30

sl HRD Satellite Tracking - [[RX] polyitani]
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[Ipukian moOyI0BY paioHaBIraliiHOT CUCTEMU
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Ipukiaaa fucneT4epcbKoi BexkKi
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Ipukiaaja Bexi paaio3B’ I3Ky aeponopry
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ABialiiiHa pagloJoKaliiiiHa CTaHIIis
(iLmrocTpaTUBHE (POTO 3 BIIKPUTHX JKEPE)
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3a MaTepiajaMy CauTIB!
https://www.rtx.com/raytheon
https://www.lockheedmartin.com/en-us/index.html
https://www.northropgrumman.com/
https://www.boeing.com/
https://solarsystem.nasa.gov
https://microwaves101l.com

https://wiki.lvao.aero

https://gps.gov

http://www.cubesat.org.ua/
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Cucrema piBHssHb MaKkcBes1a
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BeKkTOpH €JIEKTPOMATHITHOTO T0JISI

EneKkTpoMarHiTHI MoJis ONMUCYIOTh 32 JOIIOMOTOK BEKTOPHUX (PYHKIIIA KOOpAUHAT Ta
qacy:

m
I

E(F, t) - HaNpY>KEHICTh elIeKTpuaHoro nojs [B/m; V/m];
é — é(f’,t) - MarHiTHa iHgykmis [Bo/m*2; Wb/m”2];
r- paniyc-Bektop; 1 - uac.
Hux pyHKIiA JOCTATHHO JIS1 ONMUCAHHSA €JIEKTPOMATHITHOIO MOJIA Y BAKYYMI.

AJie 1J1 10BUIBHOI0 cepeaoBHIA ABOX (PYHKII HETOCTATHHO.

ToMy iX JOMOBHIOIOTH 111€ JIBOMA (PYHKIIISIMH:
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BeKkTOpH €JIEKTPOMATHITHOTO T0JISI

EneKkTpoMarHiTHI MoJis ONMUCYIOTh 32 JOIIOMOTOK BEKTOPHUX (PYHKIIIA KOOpAUHAT Ta
qacy:

—

H=H

(F, t) - HaIIpy>KeHICTh, Mar"iTuoro noius [A/M; A/m];

—

D = [_j(f”t) - eslekTpuuHa iHayKuisa [Kn/m 2; C/m"2].

JI71s TOBLIBHOI'O CEpEIOBHIIIA.

—_— —_—

D = £¢E; B = o

10’ 12 g,
= ~ 885410 “ ®/m - cneKkTpuyHa CTaa [D/™m; F/m];

g_
° 4

2

Uy = 411077 = 1257 [M10° - marnirna crama [[u/v; H/m];

¢ — IIBUJIKICTB CBITJIa Y BaKyyMl.
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BeKkTOpH €JIEKTPOMATHITHOTO T0JISI

[IpuiiagaTo kazaTu, 1o ejekTpomarniTHe mose (EMII)

€ CYKYITHICTIO

exexTpuuHoro noas (Bekropu E,D ) Ta

—

mMardiTHoro nmoJs (Bekropu H

!
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ba3oBi TepMinu
Tako’x BUKOPUCTOBYIOTH IIOHSTTS:
rycruna 3apsaay [Kin/m*3; C/m”3]
~lim Ag
AV - 0AV

Jo,

Aq - 3apsiJ, 1110 MICTUTHCS B €JIEMEHTapHOMY 00’ eMi AV :

rycTuHa cTpymy [A/MA2; AlIm”2]
im - Al

| ,
AS - 0 °AS

=

AS - enemenTapna momMHKa, OpiEHTOBAHA MEPIICHANKYIAPHO 10 PYXY 3apAMAiB;
IO
A| - STPYM, SKHI1 IEPETHHAE L0 IUIOLIMHKY .

- OJIMHUYHHI BEKTOP HOpMaJIl JI0 HeT,
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PiBuauusa MakcBeJLia

JAudepenuianbHa ¢gpopmMa nepuioro Ta Apyroro pisusaub MakcseJsia:

—

rotH:a—D+T rotE = -2
ot ot

SKI10 iX CIIPOEKTYBAaTH Ha 0Ci BUOPAHOI CUCTEMM KOOPJAUHAT, TO PE3yJIbTaTOM I[bOTO
OynyTh " piBHAHHSA MakcBemia y KoopJAuHaTHIN dhopmi”

InrerpasbHa ¢gopma nmepuoro Ta Apyroro piBHsaHb MakcpeJsuia:

§ Hdl = dij +de§
S

-~
mu
o
-
1
I

S| o

) C———y
0!
o
0]
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PiBuauusa MakcBeJLia

Tyr S— neska nosepxus (pucyHok), L —ii kontyp, (S = ﬁods’ dr = fod|_
rot. E

[{e nupKyJIsIis HAaIPy>KEHOCT1 MarHiTHOIO I0JISI Y3J0BXK JOBIILHOTO
KOHTYpY L

,_.e
o
c_ll

[le UMPKYJSLIS HANPYXXEHOCTI EJIEKTPUYHOTO TIOJsS  Y3JI0BXK
JTOBUIBHOT'O KOHTYpY L

-
[Tl
C_Ll
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PiBuauusa MakcBeJLia

| = J J dS - nosuwit CTPYM MPOBITHOCTI, IO MTPOTIKAE YEpe3 MOBEPXHIO S
S

3M %I d§ — Iaa—? S CTPYM 3MIIICHHS

N N y oD -
| + | yzaransnennii (moBHuit) cTpyM, fioro rycruna + |

3M at

s I
fHdI —astS+£de

HupKyJasmiss HANPYKEHOCTI MATHITHOrO MOJIA Y3M0B:K A0BIJIbHOIO0 KOHTYpY L
JTOPIBHIOE MOBHOMY y3arajibHEHOMY CTPYMOBI, 110 IPOXOJAUTH Yepe3 0yab-IKY
MOBEPXHIO S, IKA ONMUPAETHCA HA 1eil KOHTYP. To0To

3a BiACYTHOCTI MATHITHOIO MOJIA JAOPIiBHIOE HYJII0 I NMOBHMH Yy3arajJbHeHHUM
CTPYM, a MOSIBA CTPYMY O0OB SI3KOBO CIPUYMHSIE MOABY MATHITHOIO IOJIS.
PoJsb cTpyMy NPOBIAHOCTI TA CTPYMY 3MillIEeHHS NIPU {bOMY OITHAKOBA. 39



PiBuauusa MakcBeJLia

. d
fdl aol

HupKyJasmis HANPYKEHOCTI MATHITHOIO MOJIA Y3I0BK JI0BIJILHOI0 KOHTYpY L
JOPIiBHIOE B3ATIH 3 MNPOTWIECKHHUM 3HAKOM IMOXiAHIM MO Yacy MOTOKY
MATHITHOI IHAYKIiI  4Yepe3 OyAb-IKy NOBEPXHIO S, IKA ONMPAECTHLCH HA Lel
KOHTYPp. ToOTO

Oyab-s1Ka 3MiHA MATHITHOT'O MOJISI HEMUHYY€ CIIPUYUHAE MOABY €JIEKTPUYHOI O
MOJIA.
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PiBuauusa MakcBeJLia

Judepenuianbaa ¢gpopMa TPETHOro Ta 4eTBEPTOro piBHAHb MakcBeJia:

divD=p divB=0

Iuterpansua d¢opma TPeTHLOro Ta 4YeTBEPTOro PpiBHAHL MakcseJia
OTPUMYEThCH 3 IXHIX JudepeHmiaabHUX (POPM TA 3 BUKOPUCTAHHAM TEeOpPeMH
Octporpaacskoro-I'ayca:

j div Fdv = § Fds
V S

BdS=0

§5d§:q
S

0N —e—

Tyr g= j podv MOBHUU 3apsa B 001acTi V, iky 0OMEKEeHO TTOBEPXHEI S,
\%

[HTerpanbHa popMa TpEThOTO PIBHSHHS MakcBesia — e TeopeMa
["aycca. 34



PiBuauusa MakcBeJLia

divD=p

JluBepreHuisi  (po3Xo/sKeHHsI) eJeKTPUYHOI iHAYKUii JOpPiBHIOE TYyCTHHI
CJIEKTPUYHOTO0 3apsiny. To0To BeKTOpPHI JiHII D  MOXYTH pPO3NOYHMHATHCH
a00 3aKiHYYBATHUCH JIMIIIE Y TUX TOYKAX MPOCTOPY, e € 3apsaa (0 # O).

Sgxkmo =0 K y BCIX TOUKax Jiesikoi o0iacti V, To BekTopHi miHii D
D

a00 MPOHU3YIOTH i1 HACKPI3b

D
a00 € 3aMKHEHUMH

—

Ockutbku ipu P >0 pos3xomkeHHss D momathe

—

npu P <0 posxomkenns D  Bix emHe,

—

TO “JKepellaMyd’ BEKTOpHUX JIHIA D € JmojaaTHi 3apsjad, a “cTOKaMu — BI1JI €MHI.
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PiBuauusa MakcBeJLia

divB=0

PIBHICTH HYJII0 PO3XO0JIKeHHSI MATHITHOI iHAYKIIII 03HA4Yae€, 10 BEeKTOPHI JiHil B

(MarniTHi cuJIoBi JIiHii) HiZe He PO3MOYMHAIOTHCS i He 3aKiHUYIOTHLCSA. BOHHM a00
3aMKHeHi, a00 MAYTb Yy HecKiHYeHHICTb. IloTik MarmitHol iHAYKIII
(MarHiTHHH NOTIK) d4epe3 OyIb-IKy 3aMKHEHY IOBEPXHIO, 3TiIHO
iHTerpajabHoi GopMH HLOT0 PiBHAHHS, 3aBK/IU JTOPIBHIOE HYJIIO.

—

: - oD - . : :
bepyuu piBHsHHS rOtH = — + |, Ta 3acTOCOBYIOUM 10 000X HOr0 CTOPIH ONEPALi0

: | Y =
div, 3 ypaxyBauusm TotoxxHocTi divrotF =0, orpumaemo:

D §@+Td§:o.

div ob + j | =0 abo x BiHTEerpanbHiii popmi P

ot

S
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PiBuauusa MakcBeJLia

D13UYHUI 3MICT BUPA3IB

S

XapaKTePHU3ye BaKIWBY BIACTHUBICTh y3arajJlbHEHOro (IIOBHOT'O) CTPYMY:. BeKTOPHI
JIiHIl T'YCTHHM y3arajibHeHOro CTPyMy HemnepepBHi (He MalTh Hi MOYaTKYy, Hi
KiHIA), TMOBHMH Yy3arajJibHeHMHl CTpPyM, SIKMii BHUXOAUTH 4epe3 OyAb-AIKY
3aMKHEHY IOBEPXHIO, TOPiBHIOE HYJIIO.

Ilpuknao: KoHAEHCATOP Yy KOJII 3MIHHOTO CTpyMy. TyT 3aMKHEHa MOBEPXHSI S MOXKeE
IPOXOJAUTH MIX IUIaCTUHAMM KOHJIEHCATopa, IIpU I1IbOMY BOHAa HEMHHYyYE
nepeTrHae nmpoBia. [[oBHUI y3araJbHEHUH CTPYM 4Yepe3 110 MTOBEPXHIO JOPIBHIOE
Hymto. Ile o3Hadae, 1m0 CTpyM 3MIIICHHS, 30CEPE/KCHUI TOJIOBHUM UYHHOM
BCEPEJMHI KOHJIEHCATOpa, Y KOKHHUM MOMEHT 4Yacy JOpPIBHIOE 3a aOCOIIOTHOIO
BEJIMYMHOIO Ta MPOTWICKHHM 3a HAIpPSIMOM CTPyMy IIPOBIIHOCTI Yy KOJI
(BUXimHMI 3 S CTPYM BBa)KAIOThH JTOAATHIM, BX1THUN — HCTATUBHHM).
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Cucrema piBHaHb MakcBeJiia

Cucrema piBHAHL MakcBena y audepeHmiajibHin Gpopmi:

— —

rot H :a—D+T, rotE:—a—B, divD = p, divB =0,
ot ot




Cucrema piBHsAsHb MakcBeJlJia

3BepHITH yBary. cama mo co0i cucrema piBHssHb MakcBe/l1a He Ma€ BU3HAYEHUX
po3B’ s13KiB. [IeBHUM PO3B’ 130K, TOOTO CYKYIHICTh E, H, I§, [_5, T,J K
KOHKpeTHUX (PYHKUIH KOOPAMHAT I yacy, Oyae Jiuile 32 YMOBH HAKJIAAAHHS
HeAKUX JOJAaTKOBUX YMOB, fIKi XapaKTepU3yIOTh NMEeBHUN pPeaJbHUH 00 €KT.
IHmMvu  cjioBaMM, micJss TOro fK 3aJa4y NP0  JOCJIIKYBAHUM
CJIEKTPOMATHITHMM  Npouec MNPaBHJIbHO CcHOPMYJbOBAHO, BiH CTae€
MaTeMaTHYHOI0 3ajavel0 (3aJa4vel0 eJeKTPOJAUHAMIKH), SIKA CKJIAJAAEThCS 3
cucTeMd PpiBHAHL MakcBessla Ta Jd0JAaTKOBHX YMOB (iX Ha3uBaKwTh
“rpaHuuHi yMoBH’), 3a IKMX iCHY€ pPo3B’ 30K, sIKHIi i onmucye 1eii nmpoirec.

3aKoH 30epe;KeHHs 3apaay.

op

div | = ——=|a60 x B iHTerpabHiii hopMi

div | +— |dv =0.
ot

ot

2 ——
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Tunu cepenoBuIIl

—

BekTop moasipmsamii P € MIPWIOM BIIMIHHOCTI €JICKTPUYHOI IHAYKINI Yy
CEpEeIOBUIIII B1J] IHAYKIII Y BaKyyMI:
F=D-sF

|5_£/\/E KJ’I>:>6:80E+IS:EOE-l_gO/YeE:gO(l-l-Xe)E:
—CoNe=r o

:goe]:g E.

:n£:1+)(e]=£0£I§= £

—

Hamarniuenictroe M € MIPWJIOM BIJIMIHHOCTI MarHiTHOI 1HAYKIII y CepeIOBHIIII
B1J1 1HIYKIIIT Y BaKyyMl.

N = B-pH

N

Bo (= é:ﬂol:i +M :,Uol:i +,uo)(m|:i :,uo(l"')(m)l:i =

2
M

= [ =1+ x| = ot =, = ot = 111

VY 3aragpHOMY BUNAJKy IPOHUKHOCTI € (PYHKIIISIMUA YaCTOTH £(f ), ,u(f )

M :/UOXmI:i

1
lIm g(f ) =1 lim (f ) =1 npuyomy [ TPSAMYE M0 LI€I TPAHULI IIBUIIIE.
fo

f oo 00
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Tunu cepenoBuIIl

Tunu cepenoBuUIL:
Jliniiini — napameTpu €, [ Ta 0 He 3aJIeXaTh BlJl 3HAYCHb HAIPY>KEHOCTEH E, H.
Heniniitni — mapamertpu £, fiTa 0 (abo xo4da O OJIMH 3 HUX) 3AJICKUTH BiJ] 3HAYCHB
HAIPYXKEHOCTEN E, H.
Onunopigni —napamerpu €, U Ta0 He 3aJekKaTh Bl MPOCTOPOBUX KOOPJMHAT.
HeoaHopiaHi — mapaMeTpu 3ajexaTh B1Jl KOOPJAUHAT (g(F), ,u(F)Ta g (F)),
a00 Xxo4a 0 OJIUH 3 HUX 3QJICKUTh B1JI KOOPAUHAT.

[30TponHI — napaMeTpu CepeOBUIIA OJHAKOBI Y PI3HUX HaNpsMax.
AHizoTponHi — [sapianm eusnauennsi] TmapaMeTpH CEPEAOBHUINA HE 3aleKaThb BiJ
KOOPJIMHAT IIPOCTOPY Ta 3HAYEHD E’ H ~aje npu LbOMY Xoua O oJIMH 3
MapamMeTpiB 3aIEKNTh BUL HAIPAMY = 7.
[6apianm eusnauenns] mapameTpn CepenoBHINA YU Xoua O OJUH 3
HUX € BeJIMUMHAMH (BEJIMYHUHOIO) TCH30PHOIO:

i =|olE. D =&olle| B, B= s |,

a00 y ckopoueHiit hopmi.

Ji =0 B Dy = & B, B = oty H 1K= Xy, Z 42



Ipuknaou pozzopuymoi gpopmu 3anucy:.

/DX\
D

y
\Dz}

:/'IO

Tunu ceperoBuIIl

D :go(eszX+£ZyEy+£ E)

N
N

Bx :lUO(lUxxHx-I_luxyHy-l-luszz)
= By:'l'lo('quHX-l-/'lyyHy-l_/'lysz)
B, = oo H o+ i H, + 11H, )
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IIpoBiAHUKH Ta JieJIEKTPUKH

[TuTOMI1 MPOBIJHOCTI TUIIOBUX MPOBIIHUKIB 1 JICJICKTPUKIB BIAPIZHAKOTHCA HA 0arato
NOPSJIKIB, TOMY iXHs ToBeAiHKa B EMII cyTT€BO BiIpi3HAETHCH.

Ilpuknao.

PevoBnna o, CM/M PedopnHa o, CM/M
(03131571 (¢ JOURU 6,139-10 KBapIl IIaBIeHMil. ............ 2-10H
BB 5,8005-10’ 1T 1. T
ATroMiHiit IpoMIIcIoBHiL... 3,54+ 107 (@3 110 ¢ FON 10+, 1072
BATI30 e, 1,0-107 (9} 1 (1 TR 1071
OJOBO. ..o, 0,869:10° BaAKEIT. ... 10°... 10°1°
(03:11; (511 SR 0,48-107 MapPMYP...covveveeerereerereieen, 1077, 107
) 0,1044-107

VY psal BUMagKiB peajbHUN AICIEKTPUK UM MPOBIAHUK 3aMIHIOOTH 17€JII30BaHUMU:
BUKOPUCTOBYIOTh  TOHATTS  i1€aJIbHOT0 TPOBIAHMKA 3  HEOOMEKEHOIO
IPOBIIHICTIO (U = 00) Ta iJeaJIbHOIr0 JlieJIeKTPHKA, I1030aBJICHOIO
IIPOBITHOCTI (0 = O).
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IIpoBiAHUKH Ta JieJIEKTPUKH

[Ipote € cepenoBuINa, sSKi 3a €ICKTPONPOBIIHICTIO 3aiiMal0OTh NPOMDKHE MOJOKEHHS

— TaOJIUIIA.
Cepenopuime € o, Cm/Mm
3emusg cyxa 3..6 114072210

3eMis BoIOTA 10...30 3-103..3-1072
Bonaa muctmisosana (0 ') 81.0 2-10#
Bona mucrisoBana (10° ') 80 2-10°
Bonga muctimmroBana (107 I'm) 80 2-10:4
Boma nuctimsosana (3-10° I'n) 78 P10
Boaa aucrmwisosana (1010 ') 64 2-10
Bona quctmiposana (1,9-101° I'n) 44 210
Bona muctiieosana (2.4-101° I'm) 35 2:10:4

Bona mpicHa npupoaHa 80 103..2.4-10
Bona mopceka 80 1..43
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IIpoBiAHUKH Ta JieJIEKTPUKH

Y 4oMy SIKiCHA BIIMIHHICTH MIXK ileaJIbHUM NPOBITHUKOM Ta ileaJIbHUM
HieJeKTPUKOM 7

Y Tomy, LIO:

B iIeaJIbHOMY NPOBIAHUKY MOKe iICHYBATH JIMIIE CTPYM MPOBITHOCTI,
a B I1eaJIbHOMY JieJIEKTPUKY — JIMIIIE CTPYM 3MIILIEHHS.

[Io10 peasibHUX CEPEAOBHIIL, TO IIIOTh 3a TAKUM MPaBUIOM:

SIKIIO Y CEPEIOBHMILI JOMIHYE CTPYM IIPOBIIHOCTI (j >> |4, ), TO HOro BBaXKAIOTh
OJIM3BKUM 10 17I€aJIbHOTO MPOBITHUKA,;

SKIIO K Y CePEIOBUIL JIOMIHY€E CTPYM 3MIIIICHHS (J << |,y ), TO HWOTr0 BBaAXAKOTh
OJIM3BKUM JI0 1JI€TbHOTO Jdi€JIeKTPHUKA.

AJie CIIiBBITHOLIEHHS CTPYMIB 3QJI€KUTH He JIMIIE Bi/
XapaKTEePUCTUK CepPel0BUIIA & TA 0, aJie 1 BiJ
IMBUIKOCTI 3MiHHA moJis!

Po3risiHemMo 11e Ha MPUKJIIali TapMOHIYHMUX IOJIIB, 3 SKUMHU JOBOJUTLCS MaTH CIIPaBy
HaH4dacTIIIE,



IIpoBiAHUKH Ta JieJIEKTPUKH

—_

Hexali Halpy>XeHICTh €JEKTPUYHOTO 10Js € GyHKIa E = Em (F)cos[cut + ¢(F)],

4OMY BIAINOBiJal0OTh TAPMOHIYHI KOJMBAHHS 3 KOJOBOK YacTOTOI . Y JOBUIbHIN
TOYIIl IpoCcTOpY M (F) I'YCTUHH CTPYMIB

nposigHocTi | =OE =0OE_ COiCot + ¢),

. oD .
SMIICHHA  —— = —ge eE_sin(at + @),
ot " -
Jw _ O
a BITHOIIIEHHS iXHIX aMILTITY JOPIBHIOE oD CE & Heie
ot

m
IIYKAHA Mipa OLIHKH BJIACTUBOCTEH Cepe0BHINA 3a JAHOI YACTOTH:

AKIIO >>1,  TO cepeaoBHIIe BBAKAKTH MPOBITHUKOM HA Wil 4acTOTI,
CE &
g . ol
AKINO XK <<] TO CepPeJ0OBUILE BBAKAIOTH AICJICKTPUKOM HA Wil
wWE &
0

gyacToTi. JKIIo X =] TOAl MOr0 BBAKAIOTH HAIIBIPOB1IHUKOM.

(E &
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IIpoBiAHUKH Ta JieJIEKTPUKH

ToOTO 3 TOYKM 30py €JEeKTPOAMHAMIKH, MOJAUI cepelOBHUI HA NMPOBIAHMKH Ta
NAleJIEKTPUKH BiIHOCHUM, OCKIJIBKY MUTAHHA [00 MPUHAJEKHOCTI 10 OHOI0
3 HOMX KJaciB BHPINIYETbCA 3ajleKHO Bil BJacTHBOCTeH moJus (/s
rapMOHIYHMX KOJMBaHb — BiJl YaCTOTH).

Y 3araapHOMY BHIIQJIKy IMApaMETPH € Ta ¢ € PYHKIIAMH 4acTOTH (IIpo IIe BiKe HIma
MoBa panimre). IIpoTe ax 40 THX 4YacTOT, JOKH KOJIMBAaHHS YaCTHHOK MaTepii e
JajgeKkl BIJI CBOIX PE30HAHCIB, Il MHapaMeTpd  MOXHAa BBa)KaTH YacTOTO-
HE3aJeKHUMM 1 TOJI B OLIHIN ° JICJIEKTPUK YW IPOBIAHUK 1X BBaXKaIOTh
KOHCTaHTaMH.
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