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®I3UYHA OCHOBA 3AKOHY EJEKTPOMATHITHOI IHAYKIII

Teepoxcenns npo 3anexncuicmo EPC na maxpopieni 6i0 3minu MazHimnozo nomoKy KOHmMypy y 4aci HesipHo 6i0oopadicye izuu-
He Aguuie enekmpomazuimuoi indykuii 3a @apaoeem, momy wio EPC modxce Hagooumuce, AKui0 MazHimuuii NOMIiK KOHmMypy He
3MinIOEMbCA. IMina Maznimnozo nomoxy konmypy npu nageoenni EPC eunukae nuuie Ak Hac1i00K nepemuHanns npoeioHuUKoM
MAZHIMBUX CUNOBUX JIIHIL | € UHAMKOM, AKUIL CIHOCYEMbCA JIUULE NeGHUX Kacie enekmpuunux mawun. bion. 11, puc. 11.
Knrouoei cnosa: 3aKoH eeKTpoMarHiTHoi inaykuii, @apaneii, MakcBe, sBuie.

Ymeepoicoenue npo zasucumocmov 3/JC na maxkpoypoene om usmeHeHus MAZHUMHO20 ROMOKA KOHMYPA 60 8PEMEHU HEGEPHO
omoobpaxcaem huzuueckoe sagnenue InekmpomazHumuon undykyuu no Papaoero, m. k. I/C morxcem nasooumepcsa, eciu mae-
HUMHBII NOMOK KOHMYpPa He usmensemcs. Himenenue maznumnozo nomoxa konmypa npu nageoenuu 3/{C ¢o3nuxaem mons-
KO Kak ciedcmeue nepecedenus npOGOOHUKOM MAZHUMHBIX CUNOBBIX NUHUIL U AGNAEMCA UCKIIOYEeHUEM, KOMOpPoe Kacaemcs

MONBbKO ONpedesieHHbIX KNaccos dnekmpuyeckux mawun. buon. 11, puc. 11.
Kniouesvie cnosa: 3ak0H 371eKTPOMarHuTHOH HHAYKumMu, @apaneii, MakcBe1, siBleHue.

IMocTanoBka npo6aemu. Po3riissHeMo MaTeMaTHIHI
MOJIeNi 3aKOHY eJIeKTPOMArHiTHOI iHAYKIIT Ha MaKpOpiBHI
y Burisini popmysoBanHs Makcseia [§8]

do
e=—P—, (1)

dt
ne e — EPC; ¢t — yac; d® — 3MiHa Mar"iTHOTO IIOTOKY KOH-
mypy, 1O BUKIMKaHa OyIb-sKOK NPHYMHOK; P — mepe-

MUuKatoda (YyHKIIA, sKa IpuitMae 3HadeHHs "1" mpu mo-
TpuMaHHi yMoB @apanes Ta "0" y iHImomy pasi [8];

Ta (opmymoBanas Dapanes (BOHO 9acTo TIyMa-
YUTHCSA 3 TOYKH 30PY 3MiHH MarHiTHOTO TIOTOKY KOHMYPY)

e=PBL,V, )

ne B — marHiTHa iHAYKWis; L; — DOBXKWHA NPOBITHUKA;
V' — Moayib WIBWAKOCTI PyXy MPOBIIHUKA Yy HAIPSMKY,
MEPHEeH/MKYJIIPHOMY JOBXHHI NPOBITHHUKA, SIKHH ypaxo-
By€ TIEPETUHAHHA NPOBIIHUKOM Oe3IepepBHUX MarHiT-
HUX CHUJIOBHX JIHIH.

Dizuuny 0CHOBY 3AKOHY eNeKmMpPOMASHIMHOL IHOYKYLL

Ha__makpopisui _eusnauue _Papadeii: EPC nopiBHIOE
IIBUAKOCTI TICPETHHAHHS HPOGIOHUKOM MATHITHUX CHIIO-
BHX JIiHIH.

MareMaTH9HO TOTOXKHI i EKCIIEPUMEHTAIBbHO IIif-
TBepkeHi moxeni (1) Ta (2) € BipHUMH, KOPHCHUMH i
HEOOXITHUMH TIpY aHadi3i eJeKTPUYHUX MaIluH. AJe
Cy4JacHE TIyMadeHHS SBHIIA €NEKTPOMATHITHOI IHAYKIii
3rizHo ¢opmya (1) Ta (2) B OCHOBHOMY MOB’SI3y€ Qizuxy
ctBoperHss EPC Ha MakpopiBHI i3 3MIHOW MAZHIMHO20
nomoky koumypy [1-6, 8, 10, 11].

MiK THM JOCHIIM TOKa3yloTh, O 0e3 ypaxyBaHHS
ymoB Papanest hopmyna (1) y Burisiai e = —dd/dt:

1. Ilpu d® # 0 Ta dt # 0 He MIATBEPAKYETHCS EKCIIe-
puUMeHTaNBHO, 60 ¢ = 0 [10].

2. B yHINOJApHUX TeHeparopax npu e = E = const,
(3Bigku @ = —E¥) y nificHOCTI crioctepiraerbest @ = const,
[8], mio mo30aBnsie piBHsAHHS ¢ = —dD/dt = E = const, He
nnme (GizudHoro, ane i MaTeMaTH4YHOrO CEHCY BHACHIOK
"HEKOPEKTHOCTI" MaTeMaTHYHHX TIEPETBOPEHB.

B pesynbraTi BHHUKAIOTH MIMTaHHS: HACKUTBKU (QOp-
mymu (1) Ta (2) BipHO TiiyMadaThbes P NOSCHEHHI Qizu-
xu siBuma’? Yu € HeoOXIAHICTh MPOTHUCTABICHHS (DI3MUHIX
MPOIECiB 3MIHM MarHiTHOTO TIOTOKY KOHTYpY Ta MepeTHu-
HaHHS TIPOBITHUKOM MarHiTHUX CHJIOBHUX JIiHIN?

Meta. MeTo0 CTaTTi € JAOBEACHHS TOTO, IO IPH
TIOyMadeHHI (i3UKM SBHINA EJIEKTPOMATHITHOI iHIYKIil
Tpeba BHUKOpUCTOBYBaTH BH3HaueHHs Dapames. 3miHa
MAarHiTHOTO MOTOKY KOHTYpY 3a (hopmyJoro (1) mpu HaBe-
nenni EPC cnoctepiraerbcst He B yCiX €KCIIEpUMEHTaXx; B
JIOCIiZax, Ae 15l 3MiHa MarHiTHOTO IOTOKY KOHTYPY BCE X
MiATBEpKEHA, BOHA € HACIIKOM IEPETUHAHHS IPOBil-
HUKOM MarHiTHUX CHJIOBHUX JiHiH, TOOTO HE € mepuIonpH-
ynHoro HaBeneHHs EPC.

AHani3 ocTaHHIX AOCTiIKeHb Ta myOJikaniii.
®Dapapeit y 1831 p. chopmyroBaB 3aKOH €IEKTPOMArHIT-
HOI 1HIYKIMi1 y BUTISIAI TBEPIKESHHS CTOCOBHO 3aMKHEHO-
ro KOHTYpy 31 cTpymMoM: "3apsao Aq, saxkuii npouuios no
3AMKHEHOMY TaHYI02Y, € NPONOPYIUHUM 3MIHI MACHIMHO20
noas A® i € 360pomno nponopyitinum onopy nanyioea R",
TOOTO

Aq=-A®D/R. 3)

VYHinoxsipanii reaeparop (puc. 1) O6yB cTBOpeHMHA
®Dapaneem y 1831 p. mna nemonctpanii HaBeneHHs EPC i
CKJIaJIaBCs 3 MOCTiifHOTO MarHiTy 1 Ta MigHOTO TUCKY 2,
mo obepraBcs Mix momocamu N Ta S marnity 1. EPC
3HIMaJIach IITKaMH 1 BUMIpIOBajiach rajibBaHOMETpOM G.

1 S
N

Puc. 1. I'eneparop ®Papanes

[Miznime dapaseit BBIB MOHITTSA MArHiTHOTO MOTOKY
@ Ta #oro 3mMiHu A@, cTBOpUB "MOBY" MarHiTHUX CHJIO-
BUX JiHIA 1 MPUHAINIOB JO BHCHOBKY, IO SUPIUATLHON
VYMOBOI BUHUKHEHHsl ITHOYKYIUHUX CIMPYMIG € NepemUuHaH-
HA RPOGIOHUKOM MAZHIMHUX cunosux aiHiti. JIo mporo
TBEPIKCHHS € OLTbIT HaOMIkeHOor Gopmyna (2).

B.®. Mutkenua [10, c. 83-86] po3pi3HSAB 3aKOH
®dapanes

Ta @

* . . . .
ne @ — KiJbKIiCTh MepeciueHuX MPOBIAHUKAMU KOHMYPY
MAarHiTHAX CHJIOBHUX JIHIH,
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i 3akoH MakcBeiuia y Burini e=—d®/dt. Bin ctBep-
JUKyBaB, o Qopmyna (4) Omwkde 1m0 cyti dizudHOrO
mporecy i € crabifbHO YHIBEpCAIbHOIO y MOPIBHSIHHI
3 (hopmytoBaHHsIM MakcBesuia e=—dd/dt.

s moBeneHHS HEOOXiMHOCTI BUKOPUCTAHHS (Hop-
myiu (4) 3amicte Gopmynun e=—d®/dt B.O. Murkesuu
OIUCaB TPU EKCIIEPUMEHTH, y SAKUX HE NOTPUMYBAIKUCH
ymoBu Dapazes 100 NEpeTHHY HPOBIJHUKOM MAarHiT-
HUX CHJIOBHX JIiHiH, BHacinok yoro EPC koHTypy nopis-
HIOBaJIa HYJIO NPH 3MiHI HOro marHiTHoro motoky [10].
Jnst ckopoYeHHs OTJIsiLy, 3 HaBEJCHUX HUM TPHOX JOCIIi-
JiB posrisiHeMo sumire oauH (puc. 2). Ha puc. 2 no nep-
BHHHIII 00MOTIII TpaHC(hopMaTopa w; TPOTIKA€e IMOCTiH-
HUH CTPYM 1 CTBOPIOE Y MAarHITOIPOBOI MOCTiHHUNA Mar-
HITHUHA TIOTIK @, a 3aMKHEHHH Ha TanbBaHoMeTp G OIUH
BUTOK BTOPHHHOI 0OMOTKH W, = 1 IIpH KOB3aHHI IO eJleK-
TponpoBigHOMY "KijbIo" "cTpuOKoM" 3MiHIOE CBilf Mar-
HiTHUH MOTIK 3 Hyns Ha @ [10, c. 83]. Ane nmpu npomy 3a
3akoHOM e=—d®@/dt EPC He cTBOpIOEThCS 13-32 BiJICYTHO-
CTi MpoleCy NMEPETHHAHHS MPOBIMHUKOM MArHITHHX CH-
JIOBHIX JIHIH.

Enexmponposioune "kinoye"
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Puc. 2. Jocnig B.®. Mutkesu4a (1901 p.)

B.®. MuTkeBHUY TakoX CTBEPKYBaB, 110 B YHIIIO-
JSIPHUX MAallUHAX icHYe 3axogana komymayisn [10]. Ane
MIPOBEACHUH Mi3Hime Jnociix Ha OapabaHHOMY YHIIOJS-
pHOMY TeHepaTopi (puc. 3) 10BiB, MO "3aXOBaHOI KOMY-
Tamii" He iCHye, a y 3aMKHEHOMY KOHTYpPi MOJXKHa He-
CKiHUeHHO 0oBro HaBoauth mocTiitHy EPC 6e3 3pocTan-
HS MOJYJISl MarHITHOTO IIOTOKY KOHTYpPY 10 "HECKiHYeH-
HocTi" [7].

Izonvosanuii nposionuk
Obmomxa 36y00icenHs

Koumaxkmni xinvys

Puc. 3. YHinonspHwuii reHepatop

Jnsa anamizy nporecy crBoperHs EPC e 3pyanumu
VHIIIOJISIPHI TeHepaTopu MEepiOJUIHUX MPIMOKYTHUX iM-
mynsciB. CxemMa OOMOTKH YHINOJSIPHOTO TEHeparopa
MPSIMOKYTHUX IMITyJIBCIB TOCTIHHOTO CTpyMy HaBeIeHa
Ha puc. 4,a [9]. [louaTku Ta KiHII 3’ €IHAHUX MapaleabHO
NPOBITHUKIB | Ha OJHOMY TOJIIOCI LMJIIHIAPUYHOTO POTO-
pa YHINOJSIPHOTO TeHeparopa OapabaHHOrO THUIY YBi-
MKHEHI JI0 JBOX KOHTaKTHHMX KUTelb 2, a YHIMOJSAPHHIA
TIOJIIOC CTATOpy 3 € 3y0uacTuM i BMILIy€e OJHAKOBI OJJHO-
HWMEHHI BHJIUICH] cipuM (OHOM IIOJIFOCH, SIKI PIBHOMIpHO
pO3MillleHi 1o KOy cTaTopa.

MiK IWIIHIPpHYHAM pPOTOPOM Ta  3yOIsIME-
MONIFOCAMH  CTaTopa TepeadavdeHuil MOBITPSIHAN IpOoMi-
JKOK, SIKUH Y JUISHII MK TOJIOCAaMH CTaTtopa pi3ko 3poc-
Tae. Y KoXKHOMY THpoBimHUKY | 3a dopmymnoro (2) rene-

pyroThes omHAKOBiI mpsMoKyTHI immynbeen EPC, ski cma-
JIAI0Th Maibke JI0 HyJIsl IPU MPOXO/PKEHHI MPOBIAHUKAMU
MUISHKA MDK TIOJFOCAMH CTaropa 3 MaJUM 3HAYCHHSIM
MAarHitTHOi iHAyKIii (puc. 4,0).

Puc. 4. Cxema 0OMOTKH reHepaTopa yHIMOSPHUX IMITYJIbCIB

PesynbraT nosropenus nocniny ®Papanes puc. 1 3
ypaxyBaHHSM CXEMH PHC. 3 y JUCKOBOMY BapiaHTi (puc.
5) HaBeneHi B po6oTi [8]. YHinonspHuii remeparop (puc.
5,a) CKJIAJA€ThCs 3 MOCTIHHOTO MATHITYy, MiX TOJIKOCAMU
gkoro N ta S oOepraerbcsi quck | 3 OZHOCTOPOHHBOL
JIPYKOBAHOI IUIATH 3 (POITBrOBaHOTO CKIOTEKCTOJITY TOB-
muHOIO 1,5 MM, Ha sIKiii BUTpaBIIeHI BEPXHS JOPIKKA IS
IITKH 2, aKTUBHUHA TPOBIAHUK 3 (Y HPOMY HABOIUTHCS
EPC) Ta HykHA J0piKKa IS IIHTKH 4.

E=BLV

Puc. 5. Ilpuaiun po6OTH YHIIOIAPHOTO iIMITYIBCHOTO
reHepaTopa IOCTIHHOTO CTPYMY: a — CXeMa BUKOHAHHS JIOCIIiy;
6 — ¢hopMa OTpUMAHHX OCLIMIOTPaM

3a nonomororo miitok EPC aktuBHOrO nposijHuka 3
BUMIPIOETHCS OcIIorpadom 5.

MarniTHa cucrema reHepaTopa CTBOPIOE y poOodo-
My HOBITPSHOMY NPOMDKKY MAIIMHM MarHiTHHH TOJIOC
NIMPUHOI0 4 MM Ta JOBXHHOIO 50 MM B3JOBXK pajiycy
poropa. [IBuryH, skuii oOeprae AucKk 1, He TOKa3aHUM.
[Tpu oGepranHi mucka 1 y nposinHuky 3 (puc. 5,a) HaBo-
IUTHCS TIO3UTHUBHO CIIPSIMOBaHi imMirynben moctiiiHoi EPC
3 amrotitygoio 0,074B. ®opma immyneciB EPC HaBenena
Ha puc. 5,0.

Jocmian mokaszayu, o AOJaHHs 10 CXEMHU PHC. 5,a
HOBOI'O MAarHiTy, 3CyHYTOIO Ha JESKMH KyT BIiJIHOCHO
MEpIIOr0 MarHiTy i 3 NPOTWJIC)KHUM HAIPSIMKOM MarHiT-
HOI 1HIYKLI1, NPU3BOIUTH 10 OTpuMaHHs Ha Buxoni EPC
31 3MIHHUMH HarpsiMKaMH IMITyJIbCIB.

3 IOCIHIAHUX IaHUX TeHEpaTopa pHcC. 5 BUIUINBAE:

1. ITinTBep/Ky€ETHCS. BUCHOBOK, HaBeICHHH B poOOTi [7],
II0 Y 3aMKHEHOMY KOHTYPI1 MOJICHA HECKiHYeHHO 00620 Ha-
BomutH imMiryibecu EPC mocriitHoro HampsiMky 6e3 3pocTaH-
HS MOI[y.JI}I MAarHiTHOTO TIOTOKY KOHTYPY 1O "HeCKiHYeHHO-
cti" (Bimomu# "mapamgokc” yHIMOISIPHOTO TeHEPaTopa).

2. HaBenenns EPC B xoHTypi puc. 5,a BinOyBaeThcd,
JUIIE KON 130Jb0BAaHUI IPOBITHUK POTOPY IeEpecikae
MarHitTHe nosie craropa. B ycix iHIINX MOJIOXKEHHIX MpPo-
BiJTHMKA 30BHi [ii MarHiTHOro motoky craropa EPC He
HaBoauThes. Hampsimok EPC 3anexuTh Bil HamnpsiMKy
MarHiTHOI 1HJIYKIil ITOJIf0ca NOCTIHHOTO MarHiry.

B poGoti [8] ommcaHi 06araToOIOJIOCHI IMITYJIBCHI
VHINOJISPHI TeHEPaTOPH HOCHINHO20 Ma 3MIHHO20 CIDY-

My auckoBoro (puc. 6) Ta bapabanHOTO (pHC. 7) THIIIB.
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Puc. 6. KoHcTpyK1ii 6araTomnoatocHOTo yHIMOISIPHOTO
reHepaTopa AUCKOBOTO THITY

S;N N S

0 > S
NL_tls]|-

2) | 6) "N

Puc. 7. baratononrocHuit yHINOISIpHUN TeHepaTop 6apabaHHOTo
THITy: a — epepi3 B3IOBXK Oci; O — monepeynuii nepepiz

[li MamMHyA MarOTh JOBiIJIbHE PO3MIIICHHS Ta JOBi-
neHy ¢Gopmy momtociB N Ta S TOCTIHHHMX MAarfiTiB Ta
OJIMH 130JIbOBaHUI AaKTHMBHHWM MPOBITHUK Ha pOTOpi. 3a
OJIMH TIepioJ] 00EpHEHHsI POTOPY MallMHA MOXKE T'eHepy-
BaTH JIOBUIBHY MOCIHIOBHICTh immynbciB EPC 3amanoi
JOBLIBHOT ()OPMU Ta CHIPSIMYBaHHSI.

Ha puc. 6 nokasaHi JjBa NpUKJIAAN MOXKINBUX CXEM
6araToIoIOCHUX YHIMOJISPHUX T'€HEepaTopiB JIHCKOBOTO
THITy Ta MOXIHBI BuximHi immynscu EPC, 3Bepxy sikux
HaBelleH]l MO3HAYEHHs BIAMOBIAHUX IIOJIFOCIB, IIOMIYEHHUX
HiTepaMI/I Nl, N2, N3, Sz, S4 [8]

B po6ori [8] 3anmpornmoHOBaHO BUKOPUCTOBYBATH 3d-
KOH_eaexkmpomachimuol indykuyii' v popmynosanni Makc-
senna ona susnayenns EPC y BUTTIA1

e=—P-d®/dt, 5)
ne d@ — 3MiHa MarHITHOTO MOTOKY KOHTYPY; df — KPOK y
yaci; P — nmepemuKaoda QyHKIis, ika Ma€ 3HadeHHsa "1" y
BUMAJKYy noTpuManHsi ymMoB Dapanes i mopisHioe "0" y
IHILIOMY BUIAJKY,
a cucmemy pisusinb Makceenia —y BUTISL
rotE = POB/ot; rotH = j+ 0D/ ot; divD = p; divB =0, (6)
ne E — HalpyXeHICTh eJeKTPHYHOTO MO, B — MarHiTHA
iHAyKIis; H — Hanpy>KeHICTh MarHiTHOTO TIOJIS; j — IIiJb-
HICTB €JIEKTPUYHOTO CTPYMY, BUKJIMKAHOTO PyXOM 3apsi-
IiB; D — eleKkTpuyHa 1HAYKIS; p — OIUIBHICTD €IeKTPHY-
HOTO 3apsny.

Buxaan ocHoBHoro marepiauy. IIpu posrsaai 3a-
KOHY eJIeKTpOMarHiTHol inaykuii @apanes 3a popmynamu
(1) Ta (2) noTpiOHO PO3PI3HATH:

® KUTBKICTh TEPECiUeHUX HPOGiOHUKOM MAaTHITHUX
CHJIOBHX JTiHIH 32 OAMHUINIO Yacy (3a Papaneem);

e IHTErpoBaHy 3a JESKWiIl Yac 3arajbHy KiJbKICTh ITe-
PETHYTHX HPOBIOHUKOM MAarHiTHUX CHJIOBUX JiiHiA. Ha-
MPUKIIAJ, 011 6cix OE3MePEePBHO MPAIIOI0YHX Y Yaci eIeK-
TPUYHUX MaIIMH (CHHXPOHHUX, aCHHXPOHHUX, MTOCTIIHO-
ro CTpyMy 3 KOJIEKTOPOM, YHINOJISIPHUX) Y HPHUPOII HE
iCHyI0Ya IHTErpoBaHa 3a JESKHH Yac KUIBKICTh TEPETHY-
TUX TIPOBiITHHUKOM MAarHITHHX CHJIOBHX JIiHIN (MarHiTHUI
MOTIK) HAONIKYETBCS A0 "HECKIHYEHHOCTI" (HampsMOK
Mar”HiTHHX CHJIOBUX JIiHIN HE PO3TIAAAEThCSA);

® KUTBKICTh MarHiTHHX CHJIOBHX JIiHIN xowmypy (mar-
HITHUH TOTIK KOHTYPY).

CyuacHe TioyMadeHHs MaTeMaTH4Hux mozenei (1)
Ta (2) Mae HacTynHi BiAMIHM Yy TOPIBHSHHI 3 SIBHIIEM
eJIEKTPOMArHiTHOI IHAYKIIi1, onrcanuM Dapaseem:

1. Ilepury pi3HHIIO M)XK HUIMH MOKHa BU3HAYHUTH CIIO-
BOM — "konmyp": Tiiymauensst popmyn (1) ta (2) B ocHo-
BHOMY CHPSIMOBaHI Ha pO3IJIsiA 3MiHM MarHiTHOTO ITOTOKY
KOHTYpY. Pa3om 3 Tum ekcriepumenTrt Mutkesuda [10] Ta
MIPOBE/ICHI JOCTiAN Ha YHIMOIAPHUX MamuHax [7, 8] mo-
Ka3yIOTh, IO YV 3d2dlbHOMY 8unadky nagedeuts EPC ne
3a1excumy 8i0 3MIHU MASHIMHO20 HOMOKY KOHMYDY.

Xoua BBEACHHS NOHATTS BIUIUBY "3MiHH MarfiTHOTO
notoky koHTypy" Ha EPC € HeoOXimHMM i 3py4HUM JUIst
aHaJi3y eNeKTPUYHHMX MAIlWH, ajieé CTOCOBHO @isuKu
SIBUIIIA EIEKTPOMArHITHOI IHAYKLIT BOHO IIOBHUHHE TIyMa-
YUTHUCH 5K BUHAMOK, SIKUH Qi3uuHO 00IPYHMOSaHUN THIIE
JUISL sty €JIEKTPUYHMX MAIlWH, aje He CTOCYEThCS YHi-
MOJSIPHUX MAlIWH 1 HE MiATBEPKYETHCS AEIKUMH 1HIIH-
MU ekcriepuMeHTaMu [10]. Mixk TUM 3aKOH HE TOBHHEH
MaTH BHHATKIB Ta mapanokciB. ToMmy y 3araipbHOMY BHIIa-
JIKy TIpH TOSICHEHHI SIBHINA E€JIEKTPOMATHITHOI iHIYKIil
®Dapazes B OCHOBHOMY IOTPiIOHO 3aCTOCOBYBATH HOHSTTA
"npogionuxa".

YcknagHeHb 3 aHali3oM poOOTH MAIllMH CHHXPO-
HHHX, aCHHXPOHHHUX Ta MAIMH IIOCTIHHOTO CTPyMY 3 KO-
JieKTopoM 3a Gopmysoro (1) He BUHHKAE, 00 IS HHUX Y
KOXKHMH JJaHWM MOMEHT uYacy IOXiJHa IO IOTOKY
e = —d®/dt NOpIBHIOE KIIBKOCTI MEPETHYTUX MPOBIIHU-
KOM MAarHiTHUX CHJIOBHX JIiHIH 32 ONWHUIIO Yacy, a Mar-
HITHUH TOTIK KOHTYPY JOpIBHIOE iHTErpajy MarHiTHOI
IHAYKIIT TI0 TUTOIIUHI KOHTYPY.

[Ipobmema BHHMKAe TPW aHAI3i YHIMOISIPHUX Ma-
IIMH 3BUYalHOI KOHCTPYKUii, V SKHX MAarHiTHUH MOTIK
KOHTYpY € nocTiitanM (@ = const, d@ = 0), mo nozbysac
He Juuie (Di3uuH020, ane il MameMamuyHo20 CeHcy no-
HAMMSs NOMOKY KOHmypy ¥ dhopmyai (1).

2. lpyra pi3Hung Mix Bu3HaueHHsIM Dapanes ta Gop-
mysamu (1) 1 (2) mossirae y HOTpUMaHHI JIIHTBICTHYHOL
Bumoru Papajest — "NepeTHHAHHS NPOGIOHUKOM MATHIT-
HUX CHJIOBHX JIIHIH".

VY poGorti [8] 3BepHYTO yBary Ha Te, [0 MarHITHHHA
MOTIK YHINOJISIPHOTO T'eHepaTopa He MOXKE IEPEBHIIYBaTH
HOMIHAJIBHOTO 3HAYEHHs, a HOro "HEeCKiHUeHHE 3pOCTaH-
HS y 4aci" MOsICHIOEThCS TUM, o (opmyna Maxkcsemta
(1) Moznemoe poOOTY peanbHO HE ICHYIOUOi eIeKTPUIHOL
MAIIMHHU 3 HECKIHYEHHO BEIIMKUM 1HIYKTOPOM Ta PiBHUM
HECKIHYEHHOCTI MarHiTHUM IIOTOKOM.

Pazom 3 TuM y po6orti [8] 3anummiice mo3a yBaroxo
Te, WO AOCIAHI JaHi HE WIATBEPIXKYIOTh IPUB’SI3KY
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B3aemonoB’si3anux Gopmyn (1) ta (2) g0 3MiHM MarHiT-
HOTO TIOTOKY KOHTYpY:

1. 3 exCIepUMEHTY puC. 2 BUIUIUBAE, L0 3MiHA MdcHi-
MHO20 NOMOKY KOHIYPY He sukiuxac sunuknenns EPC.

2.3 eKCIepuMEHTY PUC. 3 BUIUIMBAE, IO MPHU MOCTIi-
HOMY MarHiTHOMY HOTOILi KOHTYpY B HbOMY MOXXHa "He-
ckinueHHo" nosro HaBogutu EPC. Skmo poboty Oyiab-
SIKOT 3BMYAHOI YHIINOJSIPHOT MAlIMHKU JUCKOBOTO 4 Oa-
pabaHHOTrO THIy ONUCATH PIBHSAHHAM e = —d®/dt = E =
= const, TO 3 MaTEMATUYHOI TOUKHU 30PY MA2HIMHUL HO-
MiK NOBUHEH JIHINIHO 3pocmamu V 4aci 00 "HecKinyeHHO-
cmi" 3a dhopmynorwo @ = —E-t. YV nificHOCTI eKCliepuMEHTH
IIe He MiATBEePIKYIOTh 1 MOJKHA BBaXKATH, 0 @ =~ const.

3. 3 exciepumeHTansHEX HaHux mo EPC puc. 4,0 (abo
puc. 8,a) Ta dopmynu (1) BUILIHBAE, O MAcHIMHUILL HO-
MiK_3A4MKHEH020 KOHMYPY NOGUHEH 0e3YNUHHO 30i1buly-
embcsi 00 "neckinuennocmi 3rigHo puc. 8,0, 10 € mapa-
JIOKCOM: BOHO €KCHEpHUMEHTaMH He MiITBEPIXKYEThCS 1
TaKe HapOLIYBaHHS TEOPETUYHO HEMOXKIIMBE, 00 03Ha4ae
3pOCTaHHs 10 "HECKIHYEHHOCTI" HaKONMYEHOI y MarHiT-
HOMY TOJIi eJISKTPOMArHiTHOI eHeprii.

0
Dy
6) o~ —=>!
Puc. 8. 3mina y yaci EPC Ta MaruiTHOro moToky reHeparopa
(puc. 4)

VYV 3BHUAafHOMY YHIMOJISIPHOMY T€HEpaTopi 3 piBHO-
MipHHM TIOBITPSHUM MPOMIKKOM Ta KOHCTPYKIII€IO0 POTO-
pa, aHaNOTiYHOIO puc. 4, y KOHTYpi 3 JBOX OTHAKOBHX
napajeabHO YBIMKHEHHX IPOBIIHUKIB HABOAATHCS PIBHI i
3yctpiuHo crpsiMoBani EPC. MarnitHui NOTIK KOHTYpY 3
[UX JBOX MPOBITHUKIB, HE 3MIHIOETHCS (CKIJIBKH YBIHIILIO
y KOHTYp MarHiTHUX CHJIOBHX JIiHii — CTINIBKM K W BUHILI-
10), i EPC xonmypy nOpiBHIOE HYJIIO; a MK THM SIBHIIE
€JIEKTPOMATHITHOI 1HIYKINT Ui ABOX MPOBIIHUKIB BCE XK
CIIoCTepiraeThesi. I 0JHOYACHO JUIs aHAJIOTIYHOTO KOHTY-
Py 3 OHX € IBOX MPOBIITHUKIB 32 JAHUMH PHC. 2 MOKHA
301IBITyBaTH MarHiTHUH MOTIK, a EPC KOHTYpY i mpoBiz-
HUKIB OyZie JOPiBHIOBaTH HYJIIO.

HasiBHicTh mnapaiokciB  (HEBIAMIOBIJHOCTI 3aKOHY
eKCIIepUMEHTaM) TIPSAMO BKa3ye Ha Te, [0 MaTeMaTHYHa
MOJIeJIb Ta BIANOBiZAHE 11 TBEP/PKEHHS HE € 3aKOHOM. Pa-
30M 3 TUM cami NApadoKcu € 3aX06anoi0 niOKa3Koio uo-
00 po36’s3anns npobremu.

o6 Bu3HaumTu BB Ha EPC 3MiHM BenwmyuHH
MAarHiTHOTO TOTOKY KOHMMYpPY, PO3TIITHEMO 3BHYaHHUN
JMICKOBUH YHINOJISIpHUH reHepaTop puc. 9,a, ne B BKasye
HAIPSMOK MATHITHUX CHJIOBUX JIiHIA CTOCOBHO THUCKOBO-
TO eIeKTPOIIPOBITHOTO poTopa 1. 3’exHaHi 3 raTbBaHOME-
TpoM G TIPOBITHUKH MO>KHA PO3MICTHTH TaKHUM YHHOM,
00 MarHiTHHH TOTIK BUMIPIOBAJIBHOTO KOHTYDY, AKUl
CIMBOPIOEMbCA _ULie POOOYUM MACHIMHUM _NOMOKOM
cmamopa, 0yB MiHIMAJbHUM (3 BHUKOPHUCTAHHSAM IIOJIO-
JKCHHsI TIPOBIZIHUKA A, NMOKa3aHOro Oe3nepepBHUMH JIiHi-
sMH). B pe3ynbraTi npu MiHIMaibHOMY i HOCTIHHOMY 3a
BEJIMYMHOI MArHITHOMY IMOTOIl KOHTYPY MH MaEeMO CTa-
OinbHe y yaci 3a mepiox 7T' HaBenenHss EPC y koHTypi
(puc. 9,0).

Y/~

6)

Puc. 9. JIuckoBuil yHINONAPHUI TeHEPATOD

SIKIO0 3MIHUTH TOJOKEHHS MPOBiTHUKA 4 Ha TOJO-
JKeHHA B, TO KOHTYp rampBaHOMeTpa G OXOILIIOE OiNBITY
JaCTKy p0004020 MacHimno2o nomoky, a senuanHa EPC
He 3MiHIoeThes y daci. Bemmuuaa EPC Takox He 3MiHIO-
€TbCS y dYaci, SKII0 3MIHUTH 3HaK MAarHITHOTO ITOTOKY
KOHTYpY HEpeMIillleHHSIM NpOBiJHHKAa A HE TPOTH PYXy
CTPUIKM TOJMHHMKA (K 1€ TI0Ka3aHo Ha puc. 9,a), a 3a
PYXOM CTPUIKH FOJJMHHHKA.

B pesynbraTti MOXKHA 3pOOUTH BHCHOBOK, IIIO B YHi-
MOJISIPHOMY TE€HEpaTopi 8 pedcumi Xonocmozo Xxody MU
CIIOCTEPIraEMO CmafinbHuil y uaci MazHimuuii nomik
BHAMIPIOBAJIFHOTO KOHTYPY, IKHH MOX€E 3MIHIOBaTHCH EKC-
MEPUMEHTATOPOM TI0 3HAKy Ta BEIMYWHI (Big HYJIS IO
HOMIHAJBHOTO 3Ha4eHHs) 0e3 BIUTNBY Ha BennunHy EPC.

Lle#i BHCHOBOK MPSIMO CyNEPEYUTh MaTEeMaTHUHIH
Moneni e=—d®@/dt: EPC y konmypi icHye, a MazHimHui
NOMIK KOHMYPY He 3MIHIOEMbCA.

Crinx 3BepHYTH yBary Ha Te, IO 1€ TaKOX "cynepe-
Yumy i HAWUM  MAMeMamuyHuUM _NOHAmMmMAM',
OB SI3aHUM 3 TUM, 110 MArHITHHHA MOTIK, SIK IHTErpajbHa
BCJIMYMHA 10 YacCy, HC MOKE HC 3MiHlOBaTI/lCI) IIpy HaBeE-
nenni EPC 3rinno e=—d®/dt, a Tum Oinblie — cTabiIbHO
JIOPIBHIOBATH HYJIIO Y 4Yaci, 10 CHOCTEpIraeThes y IMOJIO-
JKCHHI TIpoBigHUKA A 3a puc. 9,a. [lyi1 yCyHEHHS IBOTO
"Mamemamuunozo napadokcy" cuiji 3rajgaté mpo icHy-
BaHHS "MaTeMaTHYHUX (OPMYIN 3 JIHTBICTHYHAMH yMO-
BaMU", IPHUKIIAJIOM SKUX € BUpa3u e=—d@/dt Ta (4): dpop-
MaJbHO BOHM "Hade omHakoBi", ame ¢opmyna (4) cympo-
BO/Ky€eTbCsl yMOBoO0 Dapanes. Tomy y NUTaHHAX HaBe-
nennst EPC notpiOHO MaTu Ha yBa3i Bci 6€3 BUKIIIOUEHHS
ymoBu Dapajiess CTOCOBHO sIBUILIA €IEKTPOMArHITHOI iH-
nykmii. 3 dopmynn  e=—d®/dt BUmIMBaE, IO
000B’s13k0BOI0 TTpHUKHOIO osiBH EPC € 3MiHa MarHiTHO-
ro MOTOKY xoumypy, a y Qopmyii (4) "JiHrBiICTHYHHN
JI0JaTOK" BKa3ye, L0 MEPEeTHH MPOBIIHMKOM MarHiTHUX
CWJIOBUX JIiHIN € mepionpuunHoio i BuHukHeHHs: EPC i
3MiHM (1 TO HE B YCIX JOCIHiZax) MarHiTHOTO IMOTOKY KOH-
Typy. ExciepuMeHTH HaM MifKa3yloTh: y AESIKUX BUIIAl-
kax HaBeneHHs1 EPC 3a paxyHOK nepemuny npoBiTHIKOM
MarHiTHUX CHIOBHMX JIHIH CYNPOBOOIHCYEMBCA 3MIHOIO
MAarHITHOTO TIOTOKY KOHTYpy (B MAIIWHAX 3MiHHOTO
CTPyMY), a Y AKX BHIIAAKax — Hi (puc. 9,a).

Ha namm mormnsi, HalminmmuM 9UHOM IIe MOKHA ypa-
XyBaTH BBEACHHAM INepeMuKardoi GyHKmii Py piBHIHHA
Makcgemia 3a ¢popmynamu (1), (5) Ta (6) Ta 'y dopmysiy
®dapanes (2).

KapTuna, aHanoriuyda puc. 9, Takox CIOCTEPIraeTh-
Cs CTOCOBHO 3BHYAWHOTO YHIIOJISIPHOTO T'eHeparopa Oa-
pabanHoro Tumy (puc. 10).

Ha puc. 10,a mo3naueni: 1 — Bupinenuii cipum o-
HOM OJIMH MAaCUBHMH (pepOMarHiTHUH YHINOJAPHUH I0-
JIOC pOTOpa YHIMOJSPHOTO TeHepaTtopa 0apabaHHOTO TH-
My y PO3TOPHYTOMY BUTISAL; 2 — WITKH KOB3aHHS,
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Puc. 10. Cxema 0OMOTKH yHINOJISIPHOTO FeHepaTopa

Hampyra Ha SKHX BUMIpIOEThCS octmiorpagom 3;
B — cnpsMOBaHICTh MAarHITHUX CHJIOBHX JiHI po0OOYOTO
MAarHiTHOTO MOTOKY; 4 Ta b — OJHE 3 MOXJIMBHX MOJIO-
JKCHb BHMIPIOBAJIBHOIO MPOBigHMKA ocumiorpada 3. I3
puc. 10,a BUTUIMBAE, MO SIKIIO BUMIPIOBAIHLHUMN MPOBIiJI-
HUK 3HAXOJUTHCS Y MOJIOXKEHHI A, TO MarHiTHUH MOTIK
KOHTYpY BuMipioBanHsi @ =~ (0 = const; nepeMileHHs Ho-
r0 y HOJIOXeHHs1 b 30UIblilye MarHiTHUN HOTIK KOHTYpY,
ayie el MOTIK He 3MIHIOETHCS Y Yaci y mporeci poOoTH.
CrocoBHo cxemu puc. 10 MOXHAa CTBEpIKYBaTH, IO
MAZHIMHUI NOMIK KOHMYPY nPU POOOMI He 3MIHIOENb-
ca, a EPC ne dopisnioe nynio. Ile modcna noacnumu
Auuie 3a meepoxycennam Dapades.

VY mpoMy BHMangKy KOHTYyp puc. 10,a Takox IeMOH-
CTpy€E Bijiomuil "mapagokc": MarHiTHUNA MOTIK LbOTO KOH-
Typy 3a ¢opmynoro Maxkcsemta e=—d@/dt moBUHEH 3pOC-
TaTh 10 HECKiHYEeHHOCTI. BUKOpHCTaHHS MaTeMaTH4YHUX
Mozened (5) ta (6) Burydae nel "mapagokc” i po3B’sa3ye
MaTeMaTHYHI IPOOIeMH.

Po3risiHeMO BETMUMHY MArHiTHOTO TIOTOKY KOHTYPY
Ha OJTHOMY IOJItOCi poTopa "6apabaHHOro" YHINOJSPHOTO
rereparopa immynsciB EPC omHakoBOro crpsMyBaHHS
(puc. 11,a, ananoriyauii puc. 7), Ha IKOMyY ITO3HaYeHi: 1 —
OIIMH 130JIbOBAHII MPOBIAHUK HAa NWITHIPAIHOMY POTOPI,
SIKUHA 3’ €THAHWN 3 IBOMA EJIEKTPONPOBITHUME KiTBIISIMU
2, Hampyra 3 SKUX 3HIMa€ThCA 32 JOMOMOTOO IIITOK KOB-
3aHHA 3 1 BuUMiproeTscst ocumiaorpadom 5. Ha crartopi
PO3MIIICHI [Ba [TOJIIOCH 4 OHAKOBOI ITOJISIPHOCTI V.

VY 1pboMy BHIIQJIKy MOXKHA PO3MICTUTH HPOBIJIHUKH,
3’eaHaHi 3 ocumwiorpadom 5, y monoxenus A (puc. 11,a),
110 JI03BOJISIE OTPUMATH IoKa3aHi Ha puc. 11,6 oxHoImO-
nsipHi iMnynben EPC. Ase mepeMmilieHHs ITPOBiIHHKA
ocumwiorpada 3 TONOXKEHHS A B IOKa3aHE IyHKTHPOM
MOJIO’KEHHST b HE 3MIiHIOE YMOBH TEPECIYCHHS PYXOMUM
MPOBITHUKOM | MarHiTHUX CHJIOBHX JiHil, XO4a MarHiT-
HUH MOTIK KOHTYPY HEPIOJUIHO 1 3MIHIOETBCS Y Yaci.

To6T0 B omHOMY 1 ToMYy X mpunazai ¢popma EPC ne
3MiHO€eTRC Tipu @ = 0 = const, Ta mpu @ = var. Lle no-
BOJIUTH CIIPaBEIUBICTh TBep pKeHHs: Dapajies.

Puc. 11. Cxema 0OMOTKH TeHepaTopa YHIMOISPHUX IMITYJIBCIB

3rigao puc. 11,8 ocumnorpad 5 3 BIacHUMHU IPOBI-
JHUKaMHU PO3MIIS€ MAarHiTHUH MOTIK OZHOTO LMJIiHIAPHY-
HOTO TOJIFOCY POTOPY HA JIBI YACTKH, SKi MO3HAYUMO JIi-
tepamu K ta M (ix po3mipu 3MiHIOIOTBCS ITPpU 00EpTaHHI
poropa). 3 puc. 11,B 6aunmo, 1110 nepeMillieHHs! TPOBi-
HHUKa | HACTIJBKM X 30UIbIIye MarHiTHUI MOTIK KOHTYPY
K, HackiNbKM 3MEHIIYy€e MarHiTHHH MOTiK KOHTYypy M i
HaBraku. Tomy EPC 000X KOHTypiB cripsMoBaHi y pi3Hi
CTOPOHH 1 CHIBMAJAIOTh MO HAMPSIMKY 1 TI0 BEJIMYUHI Ha
ocumiorpadi 5.

3 puc. 11,B MH OTPUMYEMO mPpU _63AEMHO
noeg’azanux meepdxycennn: EPC y NpoOBIIHUKY BHHHKA€e
npu 30UIBIIEHHI MarHiTHOTO TMOTOKY KOHTYpYy K, mpu
TOTO>)XKHOMY 3MEHIIEHHI MarHiTHOTO IIOTOKY KOHTYpY M,
IIPY HE3MIHHOCTI MiICYMKY MarHiTHHX MOJiB KOHTYpiB K
Ta M (He3MIHHOCTI poOOYOr0 MArHITHOI'O MOJIS MAIIUHHU Y
PEXHMi XOJOCTOTO X0Ay). TakuM YWHOM, y JaHOMY BHU-
MaJIKy MU TOBHHHI CTBEpXKYBaTH, 110 IPHYNHOIO BUHH-
kHenHss EPC y nposinauky 1 puc. 11,B € 3MiHa MarHiT-
HUX IIOTOKIB 080X KOHMypié (301IbIICHHS MAarHiTHOTO
MOTOKY OJHOTO KOHTYpPY HOBHHHE OJHOYACHO CYIPOBO-
JUKYBAaTHCh 3MEHILIEHHSM MAarHiTHOIO IIOTOKY Jpyroro
KOHTYpPY) NPH HE3MIHHOCTI MarHiTHOTO MOTOKY KOHTYpY,
SIKMA OXOIUTIOE 00MIBa BKa3aHi KOHTYpH. Lli TBepkeHHS
LUIKOM  y3TOJDKYeTbcss 3 Qopmyiolo  Makcsesuia
e=—d®/dt 1 HaBeeHI JMIIEC IS JACMOHCTpAILi IEsIKOro
YCKJIaIHEHH aHalli3y, sIKe He BUHUKAE Y IbOMY ITUTaHHI 3
TOYKH 30py Bumor dapaes.

Xoya TyT ¥ OTPUMAaHHH 3B’ 430K MK 3MIHOIO MAarHiT-
HOT'O TIOJIS1 KOHTYPIB Ta IEPETHHAHHAM ITPOBITHUKOM Mar-
HITHUX CHJIOBHUX JiHIiH, ajge L 3MiHA MAarHiTHUX ITOTOKIB
KOHTYpiB K Ta M icHye sIK HacJiJJOK epeTHHAHHS ITPOBi/-
HUKOM MarHITHHX CHIIOBHX JiHiA. ToOTO e€mmHe BipHE (i-
3WYHE TMOSICHEHHs SIBHIIA €JIEKTPOMArHiTHOI IHIYKLil Ha-
nexuts Papanero: EPC nopiBHIOE IIBHIKOCTI NEPETHHY
MPOBITHUKOM O€3MEePEePBHUX MArHITHUX CHJIOBHX JIHIH i,
BIJITOBIHO, HE 3AJIEIKUTH BiJ 3MIHU BEIMYHMHU MArHITHOI'O
MOTOKY KOHTYPY Y 4aci 3a popmysioro e=—dd/dt.

Lleti npoyec ModiCHA pO32NAHYMU_MAKONC 3 MOYKU
30pY 3MIHU MONOA02IT cXxemu: 1Ba KOHTYPH 00’ € THYIOThCS
Yy OJIMH KOHTYp 3 TUM, 100 y HACTYIHHH MOMEHT PO3i-
JUTHCh Ha JBa KOHTYpH. B MOMEHT 00’emHaHHS IBOX
KOHTYpIB MarHiTHUI NOTIK BUMIPIOBAJILHOTO KOHTYpPY 3
ocuuiorpagoM A0piBHIOE MiHIMabHOMY ("HYJIBOBOMY")
3HAYEHHIO TIPY MAKCUMAaJIbHOMY MAarHiTHOMY HOTOILI 30B-
HIIIHBOTO KOHTYPY, SIKMH TICIS LBOTO PO3IUISETHCS HA
JIBa KOHTYPH: B TIEPIIOMY MarHiTHHH MOTIiK 3MEHIIYEThHCS,
a y Ipyromy — Ha CTIIBKHM X 3pocTae. Bimomo, mo B Mo-
MEHT 3MiHH TOTOJOTI] eJeKTPOMAarHiTHA CHEpPTis MOXKe
nepeiaBaTuCh MK KOHypaMu 0e3 repeHarpyr.

Sxmo x y puc. 11 BUKOpHUCTaTH MarHiTHI MOJIOCH
MPOTHIIEKHOI MoJIsipHOCTI N Ta S, TO 3HOBY €KCIepHMEH-
TAJILHO HE HiATBepxyeThest 3anexHicts EPC Bin Benu-
YMHU MarHiTHOTO TOJIsl KOHTYPY 3TiHO e=—d®/dt.

HiiicHo, 3a dopmynowo e=—d®@/dt nepinii M03UTHUB-
Huid imnysibe EPC o3Hauae 30UIbIIEHHS] MarHITHOTO HIOTO-
Ky KOHTYPY, SIKUH MMOTIM 3aJIMIIAETHCS HE3MIHHUM JI0 JIpY-
roro HeratuBHOro imIynbcy EPC, 1o Bu3Havae 3MeHIIeH-
HSl MarHiTHOTO MOTOKY KOHTYpY Ha JAPYroMy iMITYJbCi JI0
HyJsl. Y LbOMY BHIQJIKy BUHHMKA€E MapajioKC APYroro Io-
PSIKY: SIKIIO MU BU3HAEMO 3POCTAHHS MarHiTHOTO IOTOKY
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KOHTypy Ha mepmomy immynsci EPC s puc. 11, To Mu
MIOBMHHI BU3HATU 3POCTaHHS MarHiTHOTO IIOTOKY KOHTYPY
JI0 HECKIHYEHHOCTI 3a puc. 8,0. MU He MOXKEMO CTBEpPIXKY-
BaTM Haye OYEBHIHY pid — 3pPOCTaHHS MAarHiTHOTO MOJIs
KOHTYpY Ha no3utuBHOMY immynbci EPC, 60 icHytoTh 1Ba
KOHTYpH: B OJIHOMY MarHiTHe IoJie 30UIbIIy€eThCs, a y iH-
[IIOMY HA CTUIBKH K 3MEHILYEThCSA. A y IIJIOMY MarHiTHHNA
TIOTIK OJJHOTO TOJIOCY POTOpPA HE 3MIHIOETBCS.

Buxin 3 mporo Tymuka Hanexuts Dapanero: 3mina
MAZHIMHO20 NOMOKY KOHMYDY V 4aci He @nausac Ha
EPC, 20noena_ghizuuna npuuuna nagedenns EPC — ye
WIGUOKICHY nepemuHy npogioHuUKOM de3nepepeHux ma-
ZHIMHUX CUOBUX JIIHIH.

3 puc. 9 — 11 BumMBae, MO B YHINOJSPHUX MAalllU-
Hax EPC KoHTYypy He 3aJeXHTh BiJl 3MiHM BEIMYMHH Mar-
HITHOTO I0JIsi KOHTYPY 1 pa3oM 3 THM IIPOLIEC CTBOPEHHS
EPC Touno Biamosinae 3akony ®apanes.

3MiHa MarHiTHOTO TMOTOKY KOHTYpPY y 4aci 3a Qop-
MyJoto e=—d®@/dt Ta KijbKICTh IEPETHYTHX MPOBITHUKOM
MarHIiTHUX CIJIOBHX JIiHIH 3a OJMHUIO Yacy — I¢ HE TO-
TOXHI HOHSTTSI.

3 popmyn (1) Ta (2) BumIMBAE:

1.V dopmymu (1) Ta (2) He BXOASATH NEPETHYTI Y MHU-
HyJIOMy MarHiTHi cwioBi biHii. Ile o3Havae, mo MarHit-
HHU{ HOTIK KOHTYpY HE BIUIMBA€ Ha HABEICHHA B HHOMY
EPC. Tomy mosicHeHHsI (hi3WKH SBHUINA IOBUHHE CTOCYBa-
TUCh HE 3MIHM y Yaci MarHiTHOTO MOTOKY KOHTYpY, a 3a
dapajeeM — MBUIKOCTI EPETUHAHHS TPOBIIHUKOM Mar-
HITHUX CHJIOBHUX JiHIH.

2. Pozpaxynok EPC yuinoaapnux MalmmH BUKOHYETbCS
3a Qopmyroio (2), mpu po3risLal NPOBiITHHUKA, LIO Iepe-
THUHA€ MarHiTHI CWJIOBI JIHII 1 MpHU HE3MIHHIA BEIMYHHI
MarHiTHOro IOTOKY KOHTYpy. Lls MaremaTH4Ha Hecymic-
HICTH 3 (opMynoro (1) y3romKyeTbCs JHUIIE 32 PaxyHOK
BBeneHHA B (1) mepeMukarodoi QyHKIII.

3. Ilpu mpoeKkTyBaHHI eNeKTPUYHUX MAIlWH, PO3paxy-
Hok EPC koHTypy, KOTYy1IKH 1 a3, a Takok 0OMOTKOBO-
ro koediuieHra (3 ypaxyBaHHSIM YKOPOUEHHS KPOKY KO-
TYUIKH, CKOCY IPOBIJHHKIB, PO3MOAUTY KOTYIIOK) JUIs
EJIEKTPUYHHUX MAallMH MOCTIHHOTO CTPYMY 3 KOJIEKTOPOM
Ta MalldH 3MIHHOTO CTPyMy BHKOHYEThCsl Ha 0a3i po3-
rsiny EPC  axmusnux nposionukie, sKi IepeTHHAIOTh
MarHiTHi CHJIOBI JiHil. ¥ po3paxyHKOBHX (OpMyJax iHTe-
TpaJbHAH MAarHITHUH TOTIK KOHTYPY BHIUIMBAE TOTIM,
TIpH y3araibHEHHI aHaIi3y.

4. be3 ypaxyBaHHsS CKIHYEHHOCTiI PO3MIpiB iHIyKTOpa
Ta HANPSMKY MAarHiTHUX CHJIOBHMX JIHIH 32 PIBHSAHHIMU
(1) Ta (2) mpoBIAHMKKH KOHTYPY IPU HEOOMEKEeHIl y daci
pOOOTI €JIEKTPHUYHOI MAILIHHU MEPETHHAOTH "HECKIHYCH-
Hy" KUIbKICTh MarHITHAX CHJIOBUX JiHiH [§].

TakuM uuHOM, @QI3UUHOIO OCHO6010 CHI86ODEHHS
EPC ¢ npouec nepemuHanua npogioHUKOM MAZHIMHUX
cunosux ninii 3a @apadeecm. Todro Gopmyna Makcsen-

na (1) y cydacHOMy TiyMadeHHi onepye He 3 ¢hizuunoio

npuuunoio_sunuxnenna EPC, a 3 it naciiokamu, siKi €
BIPHAMM JIMIIC ISl BU3HAYEHHX THIIIB €JIEKTPUYHHAX Ma-
muH. Y 3B’S3Ky 3 UM NpH Gi3HIHOMY TIIyMadeHHS Ma-
TEMATHIHUX MOJENel 3aKOHIB eIeKTPOMATHITHOI iHIyK-
uii (1) Ta (2) noTpiOHO ypaxoByBaTi BUMoru dapanes.
Bucnoskn.

1. ®i3MYHOI0 OCHOBOIO 3aKOHY E€JIEKTPOMArHITHOI iH-

nykuii € TtBepkeHHs dapazjes, sike IIIKOM PO3IUILB

i MakcBemt: EPC OopigHioe wisuokocmi_nepemuHauHs
NPOBIOHUKOM Ma2HimHux cunosux ninit. CaMme 1ie ¥ Bigo-
opaxye popmyina (1). B dopmymi (1) d® cnig posrisimaTu
SIK KUIBKICTh NEPETHYTHX MPOBIJIHMKOM MarHiTHUX CHIIO-
BUX JIiHIN 3a 4ac df, a He K 3MiHYy MarHiTHOTO ITOTOKY
KOHTYPY, 00 V 3a2anvHOMY GUNAOKY MACHIMHUL NOMIK
KOHMYPY MOce Ul He 3MIHI08ATNUCD.

2.1Ipu po3risial 3aKOHY EJNEKTPOMAarHiTHOI 1HIYKIil
Oapajnes y BUNIAAI MaTeMaTHYHOI Moneli e = —P-dd/dt
MOTPIOHO PO3PI3HATH:

® KUIBKICTh NEPETHYTHX IPOBIHUKOM KOHTYpPY Mar-
HITHUX CHJIOBHUX JIiHIM 32 oquHHMITO Yacy (3a Dapaneem);

e iHTerpambHy KUIBKICTH NEpEeCcideHHX MPOBIIHUKOM
MarHiTHUX CHJIOBHX JIiHIM mpu Oe3nepepBHii poboTi Ma-
IIMHK (SIKa MOXKe 30UIBIIYBAaTHCh y 4Yaci 10 "HEeCKiHueH-
HocTi");

® KUTBKICTh MarHiTHUX CHJIOBHUX JIiHIA KOHTYpY.

3. HaBenennss EPC 0606 ’a3k060 CynpOBOMKYETHCS
MEPETHHOM IPOBIIHUKOM O€3MepepBHUX MArHITHHX CH-
JIOBUX JIHIH, SIKUH HE 000B’SI3KOBO 3MIHIOE MArHITHUN
MOTIK KOHTYPY (E€KCIepUMeHTH puc. 3, puc. 9, puc. 10), B
TOH Yac sK 3MiHa y 4aci MarHiTHOTO TOTOKY KOHTYpY 0e3
MEPETHUHY IIPOBITHIUKOM MATHITHHX CHJIOBHX JIiHIA He
Bukikae nosisu EPC (puc. 2).

4. Ciizt 3BepHYTH yBary i Ha Te, 1110 y IEpIIOMY YHIIO-
JSpHOMY TeHepartopi (memoHcTpamiiHoMy "mucky Dapa-
nes", puc. 1) maenimnuii nomik KOHmMypy He 3MIHIOEMbCL.
Tomy, Ha Ham morysia, Oa)kaHo, MO0 HAWOLIBII PO3MO-
BCIO/KeHA y (haxoBiif JiTepaTypi MaremarndHa Mozeins (1)
MOCTYIIIIacCh cBOIM MicueM (opmyii (2), sika O TOYHO
nepenae (Gi3UYHy CYTHICTH 3aKOHY EJICKTPOMATHITHOI iH-
Iykiii, 3anporonoBaHoro @apaneem. Te, 1m0 A1 CHHXPO-
HHUX Ta aCMHXPOHHHMX MAIIMH I KOJIEKTOPHUX MAIIUH T10-
CTIHOTO CTPYMY 3HAa4YCHHS d@ NOPIBHIOE 3MiHI MarHITHO-
'O TIOTOKY KOHTYPY € BipHHM, ajie € JINIIE HacliOKoM Tiepe-
TUHAHHS TPOBITHAKAMHU MarHITHUX CHJIOBHX JIHIN 1 6uHA-
mKoM y 3arajbHOMY BHMajaKy. Di3nYHOI HNPUYMHOIO BU-
nukHeHHS EPC € mepeTnHaHHsA NMPOBITHUKOM MAarHiTHHX
CHUJIOBHX JIiHIH — 32 TBepkeHHM Dapanest.

5. ¥YpaxyBanus ymoB @apanes (Hanpukian, y Qopmi
Bupazis (1), (2), (5), (6) 3 BUKOPUCTAHHIM IEPEMHKAIO-
qux (YHKLIA P, 9¥ y BUTISAL TIHTBICTHIHAX O0OMEKEHB)
BUKIIOYaE "mapasokcu” 1 103BOIISIE:

e OTpUMATH B VHINONApHUX TeHepaTopax "'mamema-
muuno nesipuui” pesyromam @ = 0 = const nmpu HaBe-
nenni nocriiHoi EPC e = —P-d®/dt = E = const, P = 1;

® BHJIYYUTH 3POCTaHHS 110 "HECKIHYEHHOCTI" MarHit-
HOT'O TIOTOKY KOHTYPY B YHIMoyisipHux mamuHax npu EPC
e = —P-d®/dt = E = const, P = 1, 60 e 3poctranus y ¢o-
pmi @ = —Ef cniji po3riisiiaTH sIK pe3ysibraT Oe3nepepBHOT
poboTH MamWHM y Yaci NnpH "HEeCKiHUeHHIH" BeIMYMHI
IH/IyKTOpa;

® 3aCTOCYBaTH y MareMaTH4Hil 3anexxHocTi (1) 3miHy
MAarHiTHOTO TOTOKY KOHTYpY d@ nwuile y BUIAIKY, KOJIU
BOHA TOTOXKHO JOPIBHIOE INBUIKOCTI MEPETUHAHHS MPO-
BiTHIKOM MAarHiTHHX CHJIOBUX JiHIH.
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Physic basis of electromagnetic induction low.

The statement on the macro level of EMF dependence on change
in magnetic flux in time wrong reflects the physical phenomenon
of electromagnetic induction low by Faraday, because EMF can
be inducted if the magnetic flux of the circuit does not change.
Changing magnetic flux of the circuit when the electromotive
force arises is only a result of crossing the magnetic field lines
by conductor and is an exception, which applies only to certain
classes of electric machines. References 11, figures 11.
Key words: electromagnetic induction low,
Maxwell, phenomenon.

Faraday,
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