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3ATAYM 110 MEPEXO/THLIM ITPOIIECCAM
B KYPCE TEOPETMYECKHX OCHOB 3JIEKTPOTEXHUKHU
JJISI CHEAAJIACTOB 1O CUTHAJIA3AIIMM, IIEHTPAJIA3AIIAN 1 BJIOKHPOBKE

PacemarpyBaioTes OTIeNbHbIE 33894 [0 MEpeX0HLIM NPOLEccaM, KOTOPbie BOBHHKAROT IPH aHaNM3¢ paboTsl 37eKTPOMarHuT-
HBIX pere. OTH 3anaiy HMEIOT TeopeTHYeckuil natepec. Takoke MX CONEPKAHNE CBS3aHO C aKTYAIbHBIMM TIPaKTHYECKHMH BOIIPOCAMH
AJ1d CUCTEM JKENE3HON0POKHOH aBTOMATHKH M TeeMeXaHukH. |IpoaHani3upoBatbl 0COOEHHOCTH PacyeTa NePexOaHbiX MPOIEeccoB B
cxemax «semia Makcsenman u «cxema ['ynberazar, MeToaoM KycodHO-IMHEHHOM annpoKCHMAlHK PellieHa 3a1a4a 0 TepexXoIHBIX
NpoLeccax B KAaTYLIKe pene npu ABMKCHNH skops. [lokazano, 4ro BrmoYenre 3THX 3a0ay B KYPC TEOPETHHECKHX OCHOB 3MEKTPOTEX-

HHKH CIYKUT LIENAM NMPAKTHKO-OPHEHTHPORAHHOTO 00ydeHMs.

Bﬂene:ﬂﬂe. HecMmoTps Ha MPOKOE BHEIpEHHE

MUKPOIJIEKTPOHHOH W MHKPONIPOUECCOPHON arn-
naparypbl, 3JEKTPOMArHUTHBIC PENe TEepBOro Kiacca
HAIEKHOCTH MPOAOIIKAKT HCIIONb30BATECA B CHCTEMAX
JKETIe3HOLOPOKHON aBTOMATHKM M TeneMmexanuks [1, 2].
CoBpeMeHHble peseifHO-MpoLeccOpHbIe  IMeKTPHISCKHE
LHEHTPAIM3ALUN HE YCTYIAT N0 (YHKUHOHAILHOCTH
MHUKPONPOLECCOPHBIM [3]. Jlaxke ecu 3IeKTPOMAarHUTHEIE
pene He HaHOyT NIpHMEHeHHs B MePCIeKTHBHLIX CHCTEMAX
MHTEPBANBHOTO PEryJlHpOoBaHNs ABMKEHUS roe3moB [4],
TO MUHHMATIOPHBIE pelie-repKOHbI COXPAHST CBOE MECTO B
anmaparype VrpaelieHus aiexrpocHabxkeHneM KenesHo
A0porH [3, 6].

[lepexnioueHne 3MEKTPOMATHUTHLIX pere, obnanaro-
WX CYIIECTBEHHOH MHIYKTHBHOCTBIO, COMPOBOAIAETCA
nepexonHeiMH mpoueccamu [7]. TIoaTOMy COOTBETCTBY-
HOINMMA pa3iell TEOPUH JEKTPHYECKHUX Lernel uMeeT Bax-
HOE NPaKTHYECKOe 3HaYEHME 114 ClNeLMaInCcTOB B 00ma-
CTH JKENE3HOJOPUKHOH ABTOMATHKM M TEIEMEXAHHKH.
Kpome Toro, TeOpHA NEPEXOMHBIX NPOLECCOB HAXOAUT
IIAPOKOE MPUMEHEHNE NP PELICHUH 3amad IIEeKTPOMar-
HUTHOH coBMecTumocTH [8]. [Tpobnemarnka snexTpomar-
HHTHOH COBMECTHMOCTH KpaiHe aKTyallbHa B COBPEMCH-
HEIX YCIOBHAX HM3-3a YBENHYMBILEHCH 4YBCTBUTEILHOCTH
MHKPO2JIEKTPOHHOM 3/IeMEHTHOH 0a3sl M yXyaIIHBIIEHCA
aNieKTpoMarduTHoll oberanoeku [9]. M3 sTtoro cnenmyer,
BO-TIEPBLIX, HEOOXOAMMOCTE OCHOBATENLHOIO H3YHeHHSA
MEPEXOHBIX MPOLECCOB CTYAEHTAMM COOTBETCTBYHOLIEH
CreLMaANbHOCTH TPAHCIIOPTHLIX BYy30B. Bo-BTOpLIX, Heob-
XO0HMa alalTalHia CoAcpaHMWA }”LIE:EHDFG MAaTCpHallda K
MOTPeOHOCTAM CMELHATBEHOCTH.

B cTaThe paccMaTpHBArOTCA OTIENBHBIE 3a0a4M 110 repe-
XO/IHBIM MPOLIEcCaM, KOTOPhIE MPEACTABIAIOT UHTEpeC A
aHam3a paboThl HJICKTPOMArHUTHBIX Peie H MOTYT HCIONb-
30BATECH B Y4eOHOM NpoLECCe, TaK Kak HMEKT HE TOJBLKO
y3KOMpakTHiIeckni (paboTa pene), HO M TEOPEeTHYECKHMI M
METOIHYECKH HHTepec. Takue 3ajauM paccMOTpeHsl B [7].
YkazaHHbll HCTOUHMK fABseTcs OubnmHorpaduueckoi pen-
KOCTBLIO W TpeOyeT N0noIHeHHH B HEKOTOPBIX AcTeKTax.

OcHoBHaAS 4aCTh,

Hns ananusa paboTel peJie MpeiCcTap/IseT HHTepec cxeMa,
HasblBaemas «3emast Makceemian (pucyHox 1). Pacuer me-
PEXOJHBIX TpoLIECCOB B Hell mnpeacrtaBined B [7, 10].
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OH BBINOJHEH KJIaCCHYECKHM METO/I0M pacueTa Mmepexoil-
HBIX IPOLECCOB.

Pucynox 1 — Cxema «3emna Makcrenna»

Ho nns mogrotoBku cnenuanucto CLIB uenecooGpas-
HO MPOBECTH aHA/IM3 BIUSHUS €MKOCTH KoHmeHcatopa C
Ha IepexojiHble NpPOLECCH B aNepUOJHUECKOM pPEKHME.
Jlns 3TOTO BRIpAXKEHHE ISl TOKA B KaTylKe mpeolpasyer-
cs K BALY [7]
i
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CKayKETCSA BIMSHHUE eMKOCTH KOHAEHCATOpa Ha CKOPOCTh
NPOTEKAHWA NepexoJHoro mnpouecca [7].
Mg aHanusa penedHBIX CXEM MPeJCTaRiseT HHTepec

cxeMa I'vibeTana (pucyHok 2) mpu paboTe KIoua HA 3a-
MbIKaHue [7].

Yem meHblle napamerp L
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Pucynox 2 — Cxema ['ynscraga

Pacyer nepexomHBIX MNPOLECCOB B HEHM BbLINONHEH B
[7, 10] knaccuyeckuM METOLOM pacdera NepexoIHbIX Ipo-
LIECCOB, B YAaCTHOCTH, TIOJYHEHO BbIPa/KEHHE IS HEpPeXo]-
HOTO TOKa B 00MOTKE peJie A anepHoIHYECKOro MpoLecca.
[IpuneydaTenbHBIMH ABJIAIOTCA CASIYIOIIHE 00CTOATEMLCTRA.
BripaskeHue U1 MePexoHOro ToKa MOXKET ObITh TIOMYyHYeHO
B BHJE 3aMKHYTOIO BeIpakeHus obmeit dopmel. HesaBncu-
MO€ Ha4aJbHOE YCIOBHE /A TOKAa B MHIYKTHBHOCTH HAXO-
JIATCS 10 3aKOHY KOMMYTaLHW M SBIAETCA HYJTIEBBIM. 3aBH-
CHMOE HayabHOe YC/IOBHe [UId MepBoi NpOH3BOAHON TOKa B
HHIYKTHBHOCTH TakXKe Jerko HalTH nmyTeM LejecoofpasHo-
ro pasdHeHHs CXeMbl HA KOHTYPBl U NPUMEHEHHS 3aKOHOB
Kupxroda. HaxoxaeHue HauaneHeIX YCIOBHH OyeT mones-
HbIM YTIPAsKHEHHWEM N7 CTYAEHTOB. KOHCTAHTBI HHTETPHPO-
BAHUA BBIYMCISIOTCH MO M3BecTHBIM dopmynam u3 [11],
YUUTBIBAS HYJIEBOE HAYA/ILHOE YCIOBME 11t TOKA. DT dop-
MYJIbl 3aMETHO YTPOLIAKOT pacieThl NMEPEXOIHBIX TIPOLIECCOB
B 1IEIISIX BTOPOI'O MOPAIKA, TIO3TOMY YCBOGHHE X CTYIEHTa-
MH BeChbMa HKelaTesbHO.

Pacyer nepexoaHoro nmpouecca 1id Toka B HHIYKTHE-
HOCTH npu padoTte kiroya B cxeme I'yibCTana Ha pasMbl-
KaHHE COOTBETCTBYET KIACCHUECKOM 3ajlade O paspsaie B
nmocnenoBarelibHoM RLC-xkonType [12]. OnHako B 3TOM
cliydae WHade ONpEeAciAioTCs HE3aBUCHMOE HadalbHOE
YCAOBHE I/ TOKA B KATYUIKC M 3aBUCHMOE HAYaibHOE
YCIIOBHE 718 NIEPBOI NpOM3BOAHOM 3TOr0 TOKA [ 7].

HauansHoe 3HaueHHe TOKA B KaTylUIKe HA OCHOBAHWH
3akoHa KoMmyTauuu [11, 12] 1 nocnekOMMYyTalHOHHOH
cXeMbI Ha pHcyHKe 2

y : E
I(ﬂ'-i'}: f(ﬂ'—)= m .

HavaneHOE YCIOBHE 114 MEPBOM MPOM3BOOHON TOKA B
KaTyIIKe ONpegendeTcd NYTEM COCTaBJIEHHS YpaBHEHHA
mo Bropomy 3akoHy Kupxroda mis mocnekoMMmyTrauuoH-
HOWM CXEMBI ¢ YIETOM HE3ABMCHMOI0 Ha4allbHOTO YCIOBHA
171 HanpsKeHHA Ha KoHaeHcatope [11, 12]. Do Hawans-
HOE€ yclnoBHe umeeT BUI [7]
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Torna 3apHMcCHMOE HAYAIEHOe YCIOBHE MMEET BH]
| 2ER 1
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[TosToMy 3aja4a MOKET CTaTh MOJIE3HBIM YIIPaKHEHH-
em aia o0yuaronmxcs,

OtmernM, 4TO B [7] B BBIPaMKEHHMH 111 3aBMCHMOLO
HAYAIILHOTO YCIOBHA JOMNYIIESHa ONMeYaTka.

Taroke B [7] paccMaTpuBaeTcs 3ajada O MEPEXOIHOM
MpoLecCe B KATYLIKE pesie ¢ YYETOM TOrO, 4TO MHIYKTHB-
HOCThL KaTYIIKA MEHAETCA B 3aBMCHMOCTH OT TOJIOMKEHH
AKOpA. DTa 3aBHCHMOCTbL NOKazaHa Ha pHcyHke 3. Ha
yyacTke oT 0 10 f), IKOpL B OTMYILIEHHOM MOJIOMKEHWH, Ha
YYacTKe OT f; J0 ¢, AKOpb NEPEMEIAETCA, H HA Y4acTKe OT
f> 10 o SIKOPBL B NPUTSHYTOM TOJIOKEHHH,
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PucyHoK 3 — M3MeHeHHe HHAVKTHBHOCTH KaTYIIKK pene
NpPH ABWKECHUH SKOPS

Takum o00pa3oM, 3aBACHMOCTh WHIYKTHBHOCTH OT
BPEMEHM B IIPOLIECCE JIBUKEHNA AKOPS ABIAETCA HElMHEH-
HOI1, KyCOYHO-THHENHHOA. TToaTOoMY 3aava pacueTa mepe-
XOJHOro mpouecca, B 00lIeM ciyuae, Takke HelHHelHad.
Pemienue 3710 3anaun uenecoobpazHO OCYIIECTBUTL MeE-
TOJOM KYCOUHO-THHEHHON anmpokcuMauuu B gopme, yKa-
3aHHO# B [13]. B [7] pemenune 3anaun npoBOANTCS CIIEIH-
QIbHBIM METOJO0M, MOTOMY OHO Man0 MOAXOIUT Ui Lie-
NeH TIpenoapanms.

IIpennonaraercs, 9To pene ¢ 0OMOTKOMN, cXxemMa 3aMelne-
HUA KOTOpOH mpeacTaBiser coboi mnocaedoRaTelbHYIO
RL nens, nogkmoyaercs K HCTouHHKY noctosuuol DJIC E,

Ha yuactke o1 0 1o #; nepexomHslii npoluece B mocie-
MOBATENBHON RL-1ieny onuceBaeTcs ypaBHeHHeM I efbM-
rojasiia [ 7]

L §+Rf =E. (2)
Pewmenne ero mo [7]:
.
i(:)=% 1-e¢ b (3)

B momMeHT BpeMeHH {, 3Ha4YeHHEe TOKa B 0OMOT-

R
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kei(t)=—|l—e . B 3TOT MOMEHT BpeMeHH SKOpb

HAYMHAeT IBWKEHME. B Tpoliecce NBHKEHWs SKOPS WH-
MYKTHBHOCTE KATYUIKH MEHSETCS 10 3aKOHY L(r] =a+bt.

Kos(duuueHTsl a U & MOTYT OBITE OTIPEAENEHBl HA OCHO-
BAHHH YpaBHEHHA NMpAMOH mo aByMm Toukam [14] na rpa-



(HKe 3aBUCHMOCTH MHIVKTHBHOCTH OT BPEMEHH (CM. pH-
cyHOK 3) [7]:
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-

Torpa nepexonHblii MPoOLECC B LMK ONMMCHIBAET ypaB-

HCHHE
L(r)ﬂ+ Ri=E wm
dt

di
+
dt

R . E
a+ bt a+bt

4

JTO0 JHHEHHOe HEONHOPOIHOE YpaBHEHHE NEPBOro
poxa. Ero pemieHHe ¢ y9€TOM Ha4YalbHOTO YCIOBHA — 3HA-
HEHUS TOKA B MOMEHT BpeMeHH ) — umeeT Bua [14, 15]
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B MoMeHT BpeMeHH f; SKOph 3aKaHUMBAET JBUKEHHE,
[Ipn 5ToM 3HayeHWe TOKA B KaTyllke i(f;) orpejensercs
u3 (5). OHo sBIsieTcs HayalbHBIM YCIOBHEM [UIS pacyera
nepexo/lHOro mpoiecca B 0OMOTKE pefie Ha CIeayHIIeM
srane. JlansHelmuil nepexoAHblii MPOIECC OMUCHIBAETCA
ypagHeHWeM [ enbMronbid

di

dt

Ero PEIICHHE, C }"IETGM Ha4aJIbHOI'0 YCJIOBHA, HMCCT
Bun [12, 15]

E ' - &,
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OTa 3amada IoJie3Ha TeM, 4T0 ABIAETCA MOATOTOBH-
TENBLHOH N1 M3YYEHHS MPOLECCOB B HEJIMHEHHBIX LeNdX.
Kpome Toro, Ha KaxaoMm 3Tane ee pelleHHs NpHMEeHAeTCs
KJTacCHYECKUIl METOJl pacdeTa TMEPEXOJHBIX TIPOIECCOR B
topme, Oonee crnoKHOH, YeM B NPENbUIYIIHX pPaccMOT-
peHHBIX 3ama4dax. [1oToMy 3Ta 3aja4a CJOYKHMT TaKKe A
3aKpemyieH!a 3HaHMIl M0 MEeTOJaM pacdera [epeXOHbIX
MPOLIECCOB U Mo TeopuH AupdepeHIHanbHbIX YpaBHEHHH.

OTMeTHM, 4TO MCIIONB30BAHHE 3TOH 3ama4u B Kypcee
TEOPeTHYECKHX OCHOB DJIEKTPOTEXHHKH I CTYISHTOB-
JKEeJNIe3HOJOPOKHAKOR HMEeT HEKOTOpOoe MNpeHMyIIecTBO
meped paccMOTpEHHEM 3a1ad O NEePHOIHYECKOM TMepe-
kaoveHud B RL-nemw [12], Tak kak paccmatpuBaemas
3ajada OmKe K OMHCAHHIO padOTHl pele B anmaparype
KEJTE3HOIOPOKHOH aBTOMaTHKH.

3HAYMTEIbHEIN HHTEpPEC [UIA PAacyeToOB pPEeNeHHOM an-
[naparypbl [OPeICTaBISHOT HEKOPPEKTHBIC KOMMYTAIHH B
cxeme Ha pucyHke 4 [16].
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Pucynok 4 — HexoppeKTHEIE KOMMYTallHH
IIPH [EPEKTIOYCHHH pene

[TosTOoMY aHanu3 NEPEXOJHBIX MPOLIECCOB B CXEME Ha
PHCYHKE 4 ¢ TOMOIIEI0 0000MEHHOT0 3aK0Ha KOMMY TalliH
[16] HeoOxoaMMO cOXpaHAThL B Kypce TEOpeTHYeCKHX OC-

HOB JJICKTPOTEXHHKH OJ1d CIICLHANHCTOR 10 aBTOMATHES H
TeleMeEeXaHHKe.

3aknouyeHne.

[IpoBReaeHHOE B CTaThe pacCMOTPEHME 3a/iay 0 pacuere
NepexoHBIX TIPOLECCOR TIO3BOJIAET CHENATh ClieIyIoInuii
BBIBOJI: MMEIOUIHECH B JIUTEpaType, HO HE MNOJy4UBIIHE
MIAPOKOT0 PacrpOCTPAHEHHS 331249 O TEPeXONHbIX Tpo-
neccax B 0OMOTKaX KaTYUIEK pelie COXpaHW/IH METOIHYC-
CKHMH MHTEpeC W MOI'YT HalTH CBOE MECTO B Kypcax Teope-
THYECKHX OCHOB 3JEKTPOTEXHHKH, YYHMTBIBAIOLIHX I1O-
tpebHOcTH cneunanucto CLIb., Takum oOpasom, Oymer
OCYIIECTBIACHO MNPAKTHKO-OPHEHTHPOBAHHOE O0y4deHHe.
[lpobnema TNpPaKTHKO-OPHEHTHPOBAHHOTO OOy4eHHA B
HACTOAIIEE BpeMA ABIAETCS akTyalbHOU, T. K. Takoe 00y-
YEeHHE 3HAYWUTCIIBHO IMOBBIMIAST MOATOTOBICHHOCTS H BOC-
TpeOOBaHHOCTE BEIMYCKHHKOB TPaHCIIOPTHEIX BY30B.
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[Nomyueno 05,09.2025

D. V. Komnatny. Problems on transients in course of theoretical electrotechnic for specialists in railway signaling,
interlocking and blocking.

Separate problems on transients, which arise during electromagnetic relay operation analyzing, are considered. These problems
have a theoretical interest. Also, their matter associated with actual practical questions for railway automatic and telemechanic SYs-
tems. The peculiarities of transient computations in circuits “Maxwell’s ground” and “Gulstad circuit” are analyzed. The problem
of transients in relay coil during armature motion is solved by piecewise linear approximation method. It is shown, that inclusion of
these problems in the course of theoretical electrotechnic served the aims of practical-competent education.
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