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B3AEMOAIA PYXOMUX I HEPYXOMUX 3APANIB B CTAHIOHAPHOMY IOJII

MMPOBIJIHOI'O CEPEJIOBUILIA'

Bci pedoBuHHI cepeloBUINA, BHKOPHCTOBYBaHI B
ENIEKTPOTEXHIYHUX TIPHUCTPOSX, MAIOTh IPOBIIHICTH, HE
PIBHY HYJIIO, 1 BOJIOJIIOTh, TI€IO UM iHILIOK MIipOIo, Jierne-
KTPUYHUMH BJIACTHBOCTSAMH. [Ipy He3MiHHOMY B daci
PO3IIOALT HANIPY)KEHOCTI ENEeKTPUIHOro 1o (abo more-
HIliaJIiB), 3aB[SIKK BIJIMIHHIN BiJ HYJs NPOBiJHOCTI peyo-
BUHHUX CEPEJOBHUI Y HUX Oyae NpOTIKaTH MOCTiHHMI
ENEKTPUYHHUN CTPYM, NPU SKOMY PO3IIOALT eNeKTPUIHUX
3apsliB y MPOCTOPi 3aJIHMIIAETHCS B Yaci He3MiHHUM. Bin-
OyBaeThCs TUIBKU Oe3lepepBHa 3aMiHa KOXKHOTO eJIeMEH-
Ta 3apsny piBHUM HOMY IHIIMM €leMEeHTOM. TakuM 4u-
HOM, TOCTiIHHE B 4Yaci eJeKTpUYHe Moyie (i3UYHO 3aBKAN
Oy/e cranioHapHUM EJIEKTPHYHHUM ITOJIEM 1 HOTO PO3TOALT
y TpOCTOpi BHU3HAYAETHCS PIBHSHHSAMH CTalliOHAPHOT'O
nons. BianoigHo 1o moctynaty MakcBenia Al JaHOTO
CTAIllOHApHOT'0 EJIEKTPUYHOIO II0JI 3aJIMINAEThCA CIIpa-
BeUIUBOIO TeopeMa ["ayca:

§DdS =qcp -

S
Jlpyre ocHOBHE PiBHSHHS €JIEKTPOCTATUYHOTO OIS
§EdI=0
i
TaKOXX CIIPaBEeIUIUBE W JUIS CTALIOHAPHOTO EJIEKTPUYHOIO
TIOJISL, 1110, TAKMM YMHOM, € IOTEHIIHHNM II0JIEM, TOMY JUIsI
HBOTO MOHSTTS Hampyra i MOTEHIaNl 3aJHIIAETbCS TAKUM
XKe, K 1 JUIA eJIeKTPOCTATHYHOTO Mo, [IJis eleKTpUYHOro
IOJIsl B TIPOBIAHOMY CepeloBHII (y TMPOBITHHUKAX 1 B pea-
JIBHUX JieleKTPUKax) 30epiratoTbcsl BCTAHOBIICH] LIS €le-
KTPOCTATHYHOI'O TIOJISl 3aJISKHOCTI, M0 BUPaXKAIOTh Ha-
MIPY)KEHICTh TOJISA ¥ MTOTEHIIIA Yepe3 PO3MOALT eIeKTPHY-
HUX 3apsaiB. OTKe, CTalliOHapHE EIEKTPHYHE T10JIe PO3I0-
JIIISIETHCS B IPOCTOPI TaK CaMo, SIK 1 €JIeKTPOCTaTHYHE.
[pore, cramioHapHe elEeKTpPUYHE I0J€ ICTOTHO Bif-
pi3HSETBCA BiA enekTpoctaTWdHoro moisi. Hacammepen,
JlaHe T0JIe Ma€ Miclie B PEYOBHHHOMY INPOBIAHOMY cepe-
noBuili (peanbHi TNpOBIAHUKK U jgienektpuku). 1100
YCTAaHOBHUTH 3aKOH MEXaHIYHOI'O MPOSBY CTalliOHAPHOTO
CIICKTPUYIHOTO TMOJII CKOPHUCTAEMOCS 3aJICKHICTIO MiX
a0COJIFOTHOIO JIENIEKTPUYHOI0 MPOHUKHICTIO PEYOBHHHO-
T'0 CepeloBHINa i 11 MpoBiaHICTIO [4]:
y= de,
dt
OCHOBHOIO BETMYMHOIO, IO XapaKTEPHU3Y€E EIEeKTPO-
CTaTHUYHE M0JIe B JIIENIEKTPUKY U CTallioHapHE €JIEKTPUIHE
ToJie B TPOBIJTHOMY Cepe/loBHIi, € HanpyxeHicts E. 1le
CHJIOBA XapaKTepHCTHKA ITOJIsI, YMCEIbHO piBHA CHIIL, IO
Jli€ Ha 3aps]] 10 BEIMYUHI PIBHUI OJMHMIN, Ta BU3HAUCHA
3a YMOBH, II0O BHECEHHH Yy NaHy TOUKY IOl 3apsj He
CIOTBOPUB TIOJIsl, 110 ICHYBAJIO JI0 BHECEHHS I[HOTO 3apsi-
ny. [y eJ1eKTpoCTaTUYHOrO IMOJsl B JIi€NEKTPUKY BEJIH-
YMHA HAIPY)KEHOCTI BU3HAYAETHCS BUPA3OM:

q
4ne,r

E= 7

3BiIKH:

'3akinuenns. [TouaTok — y momepeHROMY HOMEDI.

1
fy= =g (5)
4nEr 4nEr
3 iHmoro Ooky, W1t OyIb-sSKOr0 PEYOBUHHOIO cepe-
JIOBHIIA, JJIS PEaIbHOTO JieNeKTprKa abo MpOoBiaHUKA, T1
MTUTOMA MPOBIIHICTS 1 JlieNEKTPUYHA TPOHUKHICTD 3B's13a-
Hi CITIBBIJJHOLICHHSM [4]:
y= de, .
dt
ToMmy 110 pO3MOIIT HAMPYKSHOCTI CTAIliOHAPHOTO
EJICKTPUYHOTO TIOJIs He3MIHHUM B Yaci, To0To £ = const, TO:

de, 1 dq
dt  4nEr? dt
abo:
1 d
=——=L. (6)
4mEr” dt

3 OCTaHHBOI'O DIBHSHHS BWU3HAYAETHCS BUPA3, IO
BIJINIOBiIa€ HANPY)>KEHOCTI EJIEKTPUYHOrO ITOJIsI, CTBOpE-
HOT'O MOCTIHHUM CTPYMOM Yy PEYOBHHHOMY IPOBITHOMY
CEpPEIOBHIIII:

1 dq )
4nyr2 dt

SIkuro BpaxyBaTH, IO HANPYKEHICTh TOJIsI BU3HAYA-
€TBCS SIK BIJTHOLIECHHS CHJIM, IIO Jli€ Ha MMO3UTUBHUI Ha-
CTUTBKHM MaJHi (HepyXoMHuid) MpoOHuiA 3apsin (g;), 110 BiH
CBOEIO TIPUCYTHICTIO HE BUKJIMKAE TIOMITHOTO TIEPEPO3IIO-
Iy 3apsAIiB Ha Tijax, 10 CTBOPIOIOTH IMOJIE, A0 BEIHYH-
HU IIOT0 3apsiny [5]:

F
E=lim —,
a—>0q
TO CHJIA, 1[0 JIi€ HA TOYKOBHUI 3apsi] CKIHUCHOI BETHUYHHH,
BHECEHHH Y T10JI€, JIOPiBHIOE:

F=gE a6o F=—11 M o], (8)
4y p- dt

TakuM YUHOM, 1Ba TOUKOBUX 3apsiid HEPYXOMHH ¢
1 III0 3MIHIOETBCS B Yaci dq/dt B3aeEMOIIOTH OUH 3 OTHUM
i3 CHIIOI0 TIPSIMO TIPONOPIIHHOI0 iXHROMY HAOOYTKY, aie
00epHEHO TPOMOPIIHHOI KBaApaTy BiICTaHI M HHUMH, i
3aJIeKHOI BiJ| EMEKTPUYHUX BJIACTUBOCTEW (ITUTOMOI IpO-
BiJTHOCTI) CepelIOBUINA, L0 OTOUYE 3apPSIH.

BupakeHHs1, 0 onucye MexaHiYHHAHN TPOSIB CTallio-
HApHOTO EJIEKTPUYHOTO MOJIS, € TI€I0 TEOPETUIHOI OCHO-
BOIO, Ha sKiil 0a3yeTbcst M Teopist CTAlliOHAPHOTO EJIeKT-
PUYHOrO TOJIS, 1 TEOpisl JIHIMHUX EIEeKTPUYHUX KiJ I10-
CTIHHOTO CTPyMY.

Tomy 110 BigmoBimHO 10 BUpaxxeHHs (3) BEeKTOp Ha-
npyxenocti E craiioHapHOTO eIeKTPUYHOrO OIS, CTBO-
PIOBAHOTO TOYKOBHM 3MIHHUM B Haci 3apsiuoM dq/dt Bu-
3HAYAETHCS SIK:

1 dq
=N,
47tyr2 dt
TO TOTIK Bekropa E yepe3 eneMeHTapHY IUIOMIAAKY dS
JIOPIBHIOE:
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1 dq

4nyr dt
JIe: ¥y — OPT pajiiyca-BEeKTOpa F, MIPOBEACHOIO 3 €JICMEHTa
cTpyMy dg/dt no monmanku ds.
Taxkum yuHOM:

EdS =

A as, 9)

dq cos(ry,dS)

dt 47tyr2

Jo6yTok cos(ry,dS) YUCENbHO MOPIBHIOE MPOEKIIT
TUTOLIAKH dS Ha TOBEPXHIO, EPIEHINKYISIPHY 10 paii-
yca-BeKTopa r.

[NepnenaukynspHa 10 pajiyca-BeKTOpa ILIOIMIA/IKa
dS' 30iraeThcs 3 €IEMEHTOM KYJIHOBOI MOBEPXHI pajaiyca
i3 IEHTPOM Y Tourti O, e B IIell MOMEHT TepedyBae ToY-
KOBUM 3MIHHUM y 4aci 3apsj (eJIeMeHT cTpymy dq/dr).
TinecHuii KyT, mia SKuUM 1uroniaaka dS’ BumHa i3 Touku O
SIK BiIOMO [6] BU3HAYa€THCS:
ds'  cos(ry,ds)

EdS =

dQ =

i TOMY:
EdS=ﬂLdQ. (10)
dt 4ny

TakuM 4nuHOM, y TOJIE €IEMEHTAPHOTO 3apsy dq/dt,
IO PYXA€EThCS, IOTIK BEKTOpPA HANPYKEHOCTI 4epe3 JIOBi-
JILHO OpIiEHTOBaHY dS TUIOMANKY 3aJICKHUTh TUTBKH Bif
TIJIECHOTO KyTa, i SKUM I TUIOMIAAKa BUIHA i3 3aiiMa-
HOI exeMeHToM dq/dt ctpymy Touku O. OctaHHs Gopmy-
Jla € HAaCNiJIKOM TOTro, IO HampyxeHicts E momns crpsiMo-
BaHa pajiaibHO M NpHW BHAAJCHHI BiJl €IEMEHTapHOIO
3apsny dq/dt yOyBae TakoX sSK W TUIECHHH KyT, IO Bif-
TIOBifIa€ NaHii rutomazni ds.

Takum ymHOM, MOTiK Bektopa E depes KiHIEBY IO-
BEPXHIO S MOke OyTH BU3HAUYEHUH SIK:

1
j Eas =%
dt 4ny

ne Q — TiJecHui KyT, i1 SIKUM BUJIHA 3 eJIEMEHTa CTPyMY
dq/dt Bcs moBepxHs S, TOOTO TUIECHUH KYyT, YTBOpEHHI
paaiycaMu-BeKTOpaMH, MPOBEACHUMU 3 dg/dt 1o kpatio-
BOI JIiHIT I1i€l moBepxHi. SIKImO MOBepxHs S 3aMKHYTa, TO
TijzecHu# KyT {2 MOXe MaTH OJHE i3 JBOX 3HaueHb: 41 i 0.

ToukoBuii 3MiHHUH Y yaci 3apsin dg/dt Moxke Oyru
po3TramoBaHuil a00 ycepenuHi 3aMKHYTOi IOBEpXHi, abo
no3a Heto. Posrisi enemeHTa ctpymy dg/dt, po3ramoBa-
HOI'0 Ha caMili MOBEPXHI, MO30aBJICHO 3MICTY, TOMY IO
KOPHUCTYBATHCSI YABJICHHSAM MPO TOYKOBHH EIEMEHT
CTpYMY MOXHA JIMIIIE 32 YMOBH, IO JIiHCHI po3mipu dq/dt
MaJi B MOPIBHSHHI 3 BiJICTAHHIO HOTO 10 PO3IVISIHYTHX
TOYOK ITOJIS.

SIKIIO TOYKOBUH eJIEMEHT CTpyMy dg/dt po3TanioBa-
HUH ycepe/IMHi 3aMKHYTOI MOBEPXHi S, TO I TIOBEPXHSI OTO-
4ye HOro 3 ycix OOKIiB i, TAKUM YMHOM, BHIHA 3 PO3TaIlly-
BaHHA dq/dt mim kyrom QQ = 47, OTKe, Y IbOMY BUIMAIKY:

§Eds _ldq
y dt
a00:
dq
Eds = . 11
iy o (11)

SIkmio k eleMeHT cTpyMmy dg/dt miepeOyBae B TOMII
O, 110 JISKUTh 1032 3aMKHYTOIO ITOBEPXHEIO S, TO i3 i€l
Toukr O MOXKHA TIPOBECTH O MOBEPXHi S My4OK MOTHY-

Hux. CyKynHICTh IHX JOTHYHHUX YTBOPHTH KOHYC, IO
CTHKA€ETHCS 3 S Y3IOBXK JESIKOI 3aMKHYTOI JIiHii, 10 pO3-
IIUTH MOBepXHIO S Ha ABi yactuHu. OOWIBI YacTUHH
moBepxHi S BUAHI 13 ToYkd O TiA THM CaMUM TiIECHUM
KYTOM, IIIO BiANOBia€ PO3XHIY AOTUYHOI'O KOHYCA, MPH-
YOMY OJ[HA i3 IIMX YacTHH Oyne BUIHA 3 1i BHYTPIIIHBOI
CTOPOHH, a IHIA — i3 30BHINIHBOI. TakKUM YHHOM, ITUM
000M YacTWHaM HOBEpXHi S OyAyTh BiANOBIIATH TiJIECHI
KYTH PiBHI ITO BEJTHYUHI i POTHIICKHI 3a 3HAKOM. Takum
YHHOM, 1 TIOTOKHM HaNpy)KEHOCTI EIEeKTPUYHOr'0 MOJIs de-
pe3 obuaBi yacTUHU TOBepXHi S OyIyTh PiBHI MO BENYH-
Hi, aJie IPOTWJIeKHI 332 3HAKOM 1 B CyMi JanyTh Hylb. O1-
&Ke, MOTIK BekTopa E depe3 ycsKy 3aMKHYTY MOBEpPXHIO,
10 HE OXOILTIOE EIEMEHT CTPYMY dg/dt, MOPIBHIOE HYJIIO:
fyEds=o0. (12)
S
i MmoxxIMBi BUTIagKK (€JIeMEHT cTpymy ycepenuHi i
1o3a MOBEPXHEI0) MOXKYTh OYTH OXOIUIEHI OJHOKI €IH-
HOI0 (HOPMYJIOH0:

§yEdS =ﬂ,
dt
s

SIKIIIO TLIBKHM PO3YMITH B 1iH (hopMyITi I1i/1 BENUYHHOIO dq/dt
EJIEMEHT CTPYMY, PO3TAlllOBAHOIO YCEPEaUHI TIOBEpXHi S, 1,
TaKUM YMHOM, BBXKATH dq/df pIBHUM HYIIIO, SIKIIIO €JIEMEHT
CTpyMY PO3TaIlIOBaHHUH 11032 LI€I0 TOBEPXHELO.

Bynp-sika cucrema cTpymiB Moxke OyTH pO3KiajieHa
Ha CYKYIHICTh €JIEMEHTAPHUX CTPYMIB, KOXKHHH 3 SKUX
MOXe OyTH BU3HAYCHUH sIK dq/dt. Bynb-sikui i3 ux cTpy-
MIB CTBOPIOE OKpEMO HampyxeHicTb E;, Toxi BiANOBiIHO
JI0 TIPUHIMITY CYHEPIIO3ULii HaIpyXeHICTh pPe3ybTyIo-
YOro IMOJIsl BCIET CUCTEMH €IeMEHTapHUX CTPYMiB BHU3Ha-
YaeThes SK:

E=ZE;.
Taxum yuHOM:

1

§Eds = 2§ E;as = 1dy,,
y dt

s

abo:

§yEds =%Zq, (13)

N
MIPUYOMY, OCTaHHSI CyMa IOIIMPIOETHCS TUIBKH Ha Ti ene-
MEHTapHi CTPYMH, IKi pO3TalllOBaH| ycepe/IHHi MOBEpXHi S.

OcKinbKku
d
Lyg=i=§sas,
a1t §
TO:
§yEdS=j£5ds. (14)
S S

PiBHICTH iHTErpajiB NMpUITycKae PiBHICTH MiiHTET-
paJIbHUX BUPA3iB, TAKUM YHHOM:
d0=vE. (15)
OcranHiii Bupa3 € 3akoH Oma B qudepeHIiabHii
¢dopmi. Y HpOMY HarpyxeHicTb E CTBOPIOETHCS 3MiHHH-
MU TOYKOBUMH 3apsilaMH, pO3TAIIOBAHHMHU YCEpeAMHi
3aMKHYTOI TIOBEpXHi. Y TOMY BHIIQJIKY SIKIIO B PO3IIIAHY-
TOMY €JIEMEHTI MPOBIAHOIO CEpPeOBUINA JIi€ i CTOPOHHE
eJIEKTPUYHE TI0JIe HANPYKEHICTh Eirp, M0 3a0e3medye
PYyX 3apsiliiB TAHOMY CEPEOBUIILY, TO:
8 =Y(E + Ecrop)- (16)

Otpumane piBHIHHS € AuepeHIlaTbHO (HopMoro
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y3arajsHeHoro 3akoHy Oma abo npyroro 3akony Kipxroga.

3 ormamy Ha Te, IO MOTIK BekTopa E depe3 ycsiaKy
3aMKHYTY [TOBEPXHIO, II[0 HE OXOILIIOE €IEMEHTU CTPYMY
dq/dt, NOpiBHIOE HYIIO, TOMY:

§yEds =0,
S

a00:
§5ds -0.
S

SIkuro mpaBy # JiBy YaCTUHU OCTaHHBOTO PIBHSHHS
PO3ALIUTH Ha 00'eM eeMeHTa IPOBIIHOTO CepeNOBHIIA,
M0 SIKOMY MPOTIKa€ MOCTIHHUH CTPyM , MPUIOMY 00'€M,
o nepedyBae ycepenuHi 3aMKHYTOI TTOBEPXHi, CIIpsIMYe-
MO /IO HYJIS, TO PIBHICTh 3aJIMIIUTHCS CIIPABEITHBOIO:

§5ds
=divéd=0.

V=0

TakuM YMHOM, JUIS CTaliOHAPHOTO EJIEKTPUYHOTO

TIOJISL B TIPOBIZTHOMY CEpEIOBUIIL:
divo =0. 17

Ie BupakeHHsS HA3WBAIOTh HEpIIMM 3akoHOM Kipx-
roda B audepenmianbHiii Gopmi. BoHo o3Hauae, mo B
OyIb-sIKili TOYII CTAalliOHAPHOTO E€JIEKTPUYHOTO IOJISI He-
Ma€ a Hi BUTOKY, a Hi CTOKY JIiHIH CTpyMY ITPOBITHOCTI 8.

3 ornsiAy Ha Te, IO po60Ta YHHEHA CTaIllOHAPHUM
CICKTPUIHUM IOJIeM IIPH nepeMlmeH}n OZIMHUYHOTO 3apsi-
Jly Ha OIMHHMINIO BiJICTaHi JOPIBHIOE HOTO Hapr)KeHOCTl E,
€Hepris, 10 BUAUISETbCS B OJMHHII 00'€MY ITPOBIJHOIO
cepeIoBUIIA B OJIMHUIIIO Yacy, Oy/ie BU3HAYATHCS SIK:

OF .

Tomy 1o & = yE, To:

OF =yE? (18)

Bupaxenns (18) Bigmoinae audepeHmianbHid ¢o-
pmi 3akony Jlxoyms-Jlenua.

[1106 onmepykat iHTerpanbHi (GOPMU OCHOBHHX 3a-
KOHIB CJICKTPOTEXHIKHM, HEOOXITHO B3STH 00'€MHI iHTET-
panu Bin ixHix qudepeHnianbHUX Gopm, 3 OrJsLy Ha Te,
o IHTErpay Mo 00'€eMy € TOABIMHMM iHTerpajioMm (1o
MTOBEPXHI ¥ TOBXKUHI TAHOTO 00'eMYy):

jdV:”del.
V S

Tak, Hampukiam, iHTErpanbHid Gopmi 3akoHy Oma
BIJIMIOBiJIa€ BUPA3:
jadsjdl yjdsjEdl
s 1

jdl

J deS Jl.Edl,
S
IR=U.

(19)

BHUCHOBKU

TakuM 4YUHOM, BHpa3, IO OMUCYE B3AEMOZII PyXo-
MUX T HEPYXOMHX 3apsIiB CTauiOHapHoro €JIEKTPUYHOTO
OJISL TIOCTIHHOTO CTpyMy, He TITBKU omHcye Horo mexa-
HIYHUH TposiB, i yCBlI[OMJ'I}Oe €JICKTPOMATHITHI MPOIIECH,
[0 TPOTIKAIOTh Y MPOBIMHUX PEYOBUHHHX CEpPEIOBHUIIAX
THX a00 IHIIMX EJIEKTPOTEXHIYHUX MPHUCTPOIB, ajie 1 €
TEOPETHYHOI0 0a3010 Uil PO3POOKHM HOBUX METOMIB PO3-

paxyHKy eNeKTpOTeXHIYHUX NpHucTpoiB. Hampukman, y
cTatTi [7] BUKIaIeHO BU3HAYEHHS 3aJIEKHOCTI IIPOCTOPO-
BOTO PO3IMOITY BEKTOpa HAMpPYXEHOCTI CTalliOHApPHOTO
ENEKTPUYHOTO TONs B 00'€eMHHX MeETaJeBUX YacTUHAX
€JIEKTPOYCTaTKYBaHHs BiJ PO3IOMITY BEKTOPA IIIIBHOCTI
CTpyMY H €NeKTPUYHMX BIACTUBOCTSX NPOBIJHOTO cepe-
JIOBHIIIA 32 JOIIOMOTO0 AudepeHiianbHol GopMu 3aKOHY
Owma, 110 6a3yeThCcsl Ha BCTAHOBJICHOMY BHpasi (4).
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P.Y Pridubkov, L V. Khomenko

Interaction of mobile and immobile charges in a stationary
field of conducting medium.

Interactions of immobile point charges in the electric field of a
dielectric medium and elementary currents in the magnetic field
of a magnetic medium are considered. Maxwell postulate is
analyzed in the stationary field of a conducting medium, ana-
lytical expression for the strength created by motive charges of
the stationary field is specified. It is determined that the ana-
lyzed interaction of mobile and immobile charges in the station-
ary field is inversely proportional to squared distance between
them.

Key words — mobile and immobile charges, interaction, sta-
tionary field, conducting medium, analysis.
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