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EXPERIMENTAL RESEARCHES OF JUMP-SHAPED CHANGES
OF CURRENT AND VOLTAGE IN TRANSIENT
SWITCHING CIRCUITS OF AC GENERATION

Abstract. The article considers the transient process in switching electrical circuits, which are available in
electric current generators in the form of a surge of supercurrents and voltage when removing, from isolated plates,
brushes and which are lost in unused form. These bursts in collected form account for about-30-35% of the energy
generated by the generator. The work is devoted to analysis of the available theoretical works on transients and
experimental study of current surges and voltage in switching circuits, similar in electric motors and elk-
regenerators. The results are given of the experimental study in the switching circuits of the electric generator in the
work.

Keywords: current intensity, voltage, oscilloscope, oscillogram, delay line, switching, transient processes,
current and voltage hopping, electro motoring force-EMF.

Introduction Here, it is necessary to recall the evolution of the development of an electromagnetic
field based on Faraday 's experiments "on the relationship of a changing magnetic field to the appearance
of a changing induction current," and Ersted 's experiments "that, a changing electric field is accompanied
by a changing magnetic field." Another consequence of the field theorem should be mentioned. Let there
be a turn through which the current arising from the Volt battery flows. Suddenly, the conductor 's
connection to the current source breaks. Now, of course, there’s no current! But at the moment of this
brief break, there is a complex process that can again be predicted by field theory. There was a magnetic
field around the conductor before the current broke. It ceased to exist when the current was interrupted.
Consequently, due to the current rupture, the magnetic field disappeared. The number of force lines
passing through the surface surrounded by the chain changed very rapidly. But such a rapid change, no
matter how fast it occurs, should cause an induction current. What really matters are that it is the change in
the magnetic field that excites the induction current, the stronger the field change is. This conclusion is
another test of theory. The current break must be accompanied by a strong short-term induction current.
The experiment again confirms the prediction of the theory. Whoever ever broke the current noticed that
there was a good spark. This spark indicates a huge potential difference caused by a rapid change in the
magnetic field. The spark has quite considerable energy, so the magnetic field must have no less energy.
To consistently apply the concept of field and its language, we must view the magnetic field as a supply of
energy. Only by taking this path will we be able to describe magnetic and electrical phenomena in
accordance with the law of energy conservation. - (A. Einstein, L. Infeld-Evolution of Physics, M. ed.
ACT, 2018, c-151) All this determines the importance of considering switching analysis methods.
Switching refers to any change in circuit parameters, its configuration, connection or disconnection of
sources, which leads to transient processes. Switching will be considered instantaneous, but the transition
process, as noted above, will take some time. In theory, it takes infinitely long to complete the transition,
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but in practice it is taken to be finite, depending on the parameters of the chain. Let us assume that
switching is performed using the ideal key K (figure 1), whose resistance in the open state is infinitely
large, and in the closed state is zero. The direction of closing or opening the key will be indicated by the
arrow. We will also consider, unless otherwise stated, that switching takes place at the time of t = 0. The
first and second switching laws are distinguished. The first switching law is related to the continuity of the
change of the magnetic field of the inductor WL = Li2/2 and states that at the initial moment t = 0
immediately after switching, the current in the inductance has the same value as at the moment t = 0-
before switching and from this moment gradually changes (hereinafter f (0-) means the left-hand limit of
the function f(t) if t = 0-, and under f(0+ ) - right-hand limit f(t) if t = 0+ )

ip =1i,(04) ()

The second switching law is related to the continuity of the change of the electric field of the capacity

WC = Cu2/2: at the initial moment t = 0 immediately after switching, the voltage on the capacity has the
same value as at the moment t = 0- before switching and from that moment gradually changes:

Uc (0-) = Uc(04) (2)

In contrast to the current in the iL inductance and the voltage at the uC capacitance, the voltage at the
inductance ul and the current in the iC capacitance can be varied by a jump since according to (1. 9) and
(1. 12) they are derived from iL. and uC and are not directly related to magnetic and electric field energy.
The values of the currents in the inductance of the iL (0) and the voltages at the capacitances of the uC (0)
form the initial conditions of the task. Depending on the initial energy state of the circuit, two types of
transient calculation tasks are distinguished: tasks with zero initial conditions, when immediately after
switching (at t = 0) iL (0) = 0; uC (0) = 0 (i.e. WL (0) +WC (0) = 0) and tasks with non-zero initial
conditions when iL (0+) 0 and/or uC (0+) 0 (i.e. WL(0 ) + WC(0 ) 0). The zero and non-zero values of the
initial conditions for iL and uC are called independent and the initial conditions of the remaining currents
and stresses are dependent. Independent initial of conditions is determined by switching laws (1) and (2).

The classical method of calculating transients in electrical circuits is based on the compilation of
integral-differential equations for instantaneous values of currents and voltages. These equations are
derived from Kirchhof laws, contour current methods, nodal stresses, and can contain both independent
and dependent variables. For ease of solution, it is generally accepted to draw up differential equations
with respect to an independent variable, which may be iL or uC. Solving the obtained differential
equations with respect to the selected variable and constitutes the essence of the classical method.

Considering that in some cases the solution of differential equations is simpler than integral-
differential equations, the obtained system is reduced to one differential equation of the corresponding
order relative to the selected independent variable iL or uC. The order of the differential equation is
determined by the number of independent electric and magnetic field energy accumulators. Denote an
independent of variable (iL or uC) through x = x (t).

14 U,
U
R+ Ry
it)
t 0 ¢
1y ()
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Figure 1
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Analysis of the equations shows that in the case ® where the frequency of the applied voltage is
substantially higher @ 0 where ¥ C ® 0 han the resonant frequency of loop 0 at C 0, the circuit may be
overvoltage, and in the case of @ << @ u PC ™ T2 overcurrents.

Analysis of equation shows that in the case of a circuit connection to source u (t) at the moment when

Pu=9+7p Supercurrents may occur in the latter. If the chain time constant 7 large enough, then the
surge of current in the initial period can reach in. ® 2Im. In contrast, when the circuit is switched on,
when Pu= % Init immediately comes a steady-state regime. Similar picture is observed with voltage of
inductance.

As a calculation example, consider the case of non-zero initial conditions in the RL chain. Magnetic
field energy equal to WL = Li2(0-)/2, where i(0—) = U/(RO + R). After switching in the RL circuit, the
transient process described by:

L é + Ri=0, (3)
dt
where ip = 0. Solving equation (1), we find, taking into account (2) - (4):

- _ pf_ =T
i=i.,,=Ae" = Ae"".

Constant A is found from initial condition i (0-) and switching law (1):

U

i(. )=il0 )=—=A.
()=10)= 5
Finally, the law of changing the current in the transition mode is described by the equation
i=—Y e,
The uL voltage is defined as
di U
= =~ __Re-tf.
vl riRR® )

Figure 1 shows graphs i and uL. Note that all energy WL stored in the inductance over time is
consumed for heat loss in R. Under non-zero initial conditions, L behaves as a source of current.
Switching on the RLC circuit to harmonic voltage

When RLC circuit is switched to harmonic voltage u = Umsin( ®t + P u) forced voltage component

on capacitance YCnp = Urc sin(ef + ¢ ), (5) where YC=%u+ 9 — T2, Here, the phase shift
between the current in the circuit and the applied voltage
¢=arctg(ol -1/oC)/R, (6) And amplitude of forced voltage at the capacitance

1 U, 1
mo = —— —'}‘mc.

oC JR2+ (wlL - 1eC)’ " oC )

Considering that the oscillatory circuit in radio engineering devices, as a rule, has high quality, that is,

the condition is met R <2 P , that the free component of us is defined by the equation and the law of
voltage change on the capacitance will be

uc =Upcsn(of + @ )+ Aestsn(o.f +0). ®)
Taking the derivative from the expression (8), and taking into account that for the specified contour

o << &~ @ . .
g c , let's receive the current equation

. dUC
i=C 2 | o cos{ of + @ )+ opCAe-«t cos( epf + 0,
i (ot + @) (et +0) o
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Permanent integration A and © We find from initial conditions and switching laws:

U (0_)=up(0,)=0=U csingc + AsinB,
i(0_)=1(0,)=0= ¢ cospc + @gCA cosb.

(10)
Where
foreoe (2]
A=U,c 9'"2¢'c+(—} cos? @c;
b (11)
6 =arctgf{ wptgo/w}. (12)

Substituting values A and 8 from the equations (11), (12) in (8) and (9), get the final law of change of
voltage on capacitance and current in RLC- contour:

uc = U e sin(of + @ )+Uchdn2(R3 +[a)/mg)2005‘2(pc .
-e-ot sin( wpf + 0); (13)

i= 1 cos(of + @)+ ImCJ[cog/oa)z sin2 g + cos? @ -
-et cos( wpf + 8). (14)
Analysis of the equations (8. 1), (8. 2) shows that in the case @ where the frequency of the applied
voltage is substantially higher ® 0 where ? C # 0 han the resonant frequency of loop 0 at C 0, the circuit
may be overvoltage, and in the case of ® < @ n ?C ® T2 - overcurrents.

If the frequency of the reference voltage @ = ®(, that is, isochronism phenomena occur in the
circuit when the voltage on the capacitance and the current in the circuit change smoothly according to

equations:
dc = U ;e (1 - e-=t )sin(@pf + @c ) (15)

i=1mc(1- e=t)cos(wpf +oc ). (16)
At the same time the transient process proceeds without overvoltage and overcurrents (figure 2, a).

Up 4 Upd Um{‘(t)

o . \ui} Y

~
o
D
“‘N.
<
-~

mC

T=2n/mg

—
a) 6)
Figure 2

When the frequency of a given voltage @ and resonant frequency of the circuit @ 0 close to each

other, then beat phenomena occur in the circuit. Let's put that

e =Upc[Sn(of + g )+sn(opf+ @c )=
= U e (£)sin( ot + o ), -
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wheree UmC(t) = 2UmCcos Qt - amplitude of beats with angular frequency Q_ (® — @0)2. In
figure 2, b, is a graph of the change in beat voltages (17).

Experimental study of surge voltages and currents in transient processes during generation of
electric energy

For experimental investigation of surge-like pulsation of voltages and currents in generators during
generation of electric energy, which are as a result of transient processes taking place in current-collecting
contacts (brushes), specifically for this purpose, we have assembled an electric installation based on a DC
motor. At the same time, standard stator windings, DC motors, were rewound in the number of 9 windings
simulcast along stator walls. (figure 3). Electric motor is supplied from accumulator with voltage of 24B,
which through contactors is alternately supplied to stator windings symmetrically wound by us 9 (figure 4).

Ay AW\ I !

Figure 3 Photo — Symmetrically wound 9 stator windings Figure 4 — Ostsilogramm of impulses

When voltage is transferred from one winding to another, transient processes occur in contactor where
voltage surge is generated and which is supplied to base of transistor "JR-260," which operates as
electronic switch, in collector circuit of which stator winding is connected. Such electronic keys are only
9-pieces, one for each stator winding (figure 4).

Thus, 9-pulses of voltage surges are generated in one revolution of motor in collector circuit of
winding as a result of phenomenon of transient processes due to switching of 24B supply voltage from one
winding to another. The number of stator windings, we specially increased from 3 to 9 by hand winding 9
new windings located symmetrically on the inner surface of the stator. (figure 1). Such changes allow us
to obtain in one revolution the collector of 9-pulses of voltage jump as a result of transient processes when
switching the supply voltage from one winding to another. During the study, the parameters of voltage
hopping pulses were carefully studied by their oscillograms. With (figure 3, U =250V, t=0, 6 ms).

According to the electronic diagram assembled by us (figure 6), used as an electronic switch, the 24B
supply voltage is switched from one winding to another. At each switching (break and connection of
inding circuit) U = surge voltage pulse appears as a result of transient processes (figure 5).

Then this pulse is supplied to the base of transistor of JR-260 type, as a result of which emmiter-
collector transition of transistor and supply voltage is opened 24B supplied to the next winding of stator.
Such transistor-based electronic switches JR-260 only 9, one for each winding.

The obtained pulse voltages and currents on transistor collectors we can smooth and accumulate on
capacitances via RC-chain diodes for further use of accumulated electric energy. For example: -to charge
the power battery or for the direct underside of the stator rim. A similar use of energy obtained from the
hopping pulses generated in the respective transients of each coil will increase the efficiency of motors
and electric current generators by about 30%.

Typically, these pulses occurring in transients accompanying the operation of motors and generators
based on the principle of electromagnetic induction are not used and wasted.

— g4 ——
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Figure 5 — Photo of manifold with contactors

T =
L LT

i
k }H o
’
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D]
g % -

Figure 6 — Diagram of electronic switch for obtaining transient process in stator windings

Analysis of results of experimental studies of jump pulses in transient processes

1. Each time the 24B power supply switches from one winding to another, as a result of the power
circuit break of the next winding, a surge voltage pulse appears as in standard transients.

2. Voltage pulse as a result of switching of power supply sources from one winding to another, by
oscillograms obtained on the collector of the corresponding electronic key is estimated to be about 250B at
pulse signal duration of about 0, 6 m/s. (figure 5).

At the same time duration of signal-pulse depends on rotation speed of rotor, windings of which are
powered from the same power supply source of 24B, which powers simultaneously windings of stator and
circuit of electronic switch.

3. Increase of battery supply voltage increases frequency of rotor turn and amplitude of pulse-signal
on oscilloscope.

4. Pulse currents generated on the collectors of electronic key transistors can be smoothed and
accumulated at capacitances through diodes and RC-chains (figure 6) followed by using it to charge
batteries or use it to directly feed stator and rotor windings.

5. Similar use of surge voltage pulses appearing in transient processes in all electrical systems
applying electromagnetic induction phenomenon makes it possible to use pulses and increase their
efficiency up to 30% and more.
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AVHBIMAJIBI TOKTBI TEHEPALIUSLIIAY KE3IH/IE,
OTIIEJII MPOHECTI TYFBIBATBIH,KOMMYTANIUA TI3BBEI'HAET'T TOK KYIITHIH
KOHE KEPHEYIH CEKPMEJII TYPJE TE3 OCYIH SKCIHHEPUMEHT KY3IHJE 3EPTTEY

AnHoTanus: Makajana 3JIeKTp TOTBIHBIH T€HepaTOPIApbIHIAFbl ACKBIH TOKTapIBIH KAIKYHI jKoHE Oip-OipiMeH
OKIIayJaHFaH, IMeTKaJapIaH TYpaThlH IUTACTHHANIApAAH ally Ke3iHIEeTri KepHey TYpiHAeri 3JeKTp TOrbl Oap
KOMMYTAIFSUTBIK 3JIEKTP Ti30€KTEepiHIETi aybICHaNIbl MPOIECTi JKOHE ojlap TaijaanaHblIMaraH KyHiHIE >KOFaTybI
KapacTeIpeiIaael. JKuHanmFaH Typraeri Oy Kajkamap TeHepaTop eHAIPEeTiH HSHeprusHelH mamamed — 30-35%
Kypaiapl. JKyMBIC ©TIIeNi Ke3eHeTi TEOPHSIIBIK )KYMBICTApAbl TaJlayFa jKOHE 3JIEKTP KO3FAaITKBIIITAPbl MEH JICKTP
reHepaTopiIapblHa YKCAC KOMMYTAIMSUIBIK Ti30€KTepaeri TOK TMeH KepHey KalKaHIapblH TOXipHOETiK 3epTreyre
apHayiFaH. Makanaza 3JIeKTPIIiK TeHepaTOpAbIH KOMMYTalUsUIBIK Ti30EKTEePIHET] TOKIPUOEIiK 3epTTey HATHKeIepi
KEJTipIIreH.

Ti30ekTiH aybICralibl KYMBIC PEXKUMI OHJA MAarHUT JXOHE DJIEKTP OPICTEPiHIH DHEPrHsACHl KUHAKTAIAThIH
PEaKTUBTI 3JEMEHTTEpIiH (MHIYKTUBTIIIK, CHIMBIMABUIBIK) OOJybIMEH OailaHBICTBI. Op TYPJi acep eTy KesiHje
(Ti30exke KOCy HeMece 3JEKTp JSHEprusichl Ke3[epiH axXblpary, Ti30eKk mapaMeTpiepiH e3repTy) Ti30eKTiH
SHEPreTUKAIBIK JKYMBIC PEXKHMI ©3repeidi, Oyl e3repicTep JJIEKTp JKOHE MAarHUT epicTepi SHEPTHUSCHIHBIH
Y3Iikcizairine OaimaHeICTHI (Y3MIKCI3MIK PUHNNII) OipIeH jKy3ere achIpbUia anMaiabpl, Oy eTIelNi MporecTepIiy
TyBIHZQYBIHA ajbln keieni. Kenreren BaiinaHvic KypbUIFBLIaphl MEH KyHesepiHIeri oTIeli IpouecTep oaplblH
YKYMBIC PEXKHMIHIH Kypamaac "KanbIThl" Oesriri 60BN TaOBIIATHIHBIH aTanm oTKeH xoH. COHbIMEH Katap, OipkaTap
KarJailapa eTIeni NpolecTep aca arblHAAp MEH acKblH KepHeYJIepIiH maiifa OOolybl CHAKTBI HKarbIMCHI3
KyOBUIBICTApFa 9KEIyl MYMKIH.

OHbIH 0apibIFbl KOMMYTALMSHBI TAJIAAY SICTEPIH KapacThIPYAbIH MaHBI3bUIBIFBIH aHBIKTalaAbl. KommyTarust
Ti30EK IapaMeTpliepiHiH, OHbIH KOH(QHIYpalHUsSCBIHBIH Ke3 KeJIreH e3repyiH, OTIeNi NMpOLecTepliH TybIHAayblHa
OKEJIETIH Ke3JIepAiH KOCBUIYbIH HeMece elipinyin atayra Oonanbl. KoMmmyraums Oip coTTIK Jien ecenteimis, 6ipax
eTIeNi mpolece, XOoFapblaa alTeUIFaHaal, Oenriri O6ip yakplTTa eTeni. ©THeni NpouecTi askray YLIH TEOPHSUIBIK
TYPFBIJAH IMIEKCI3 YJIKEH yakbIT Taylanl erinexi, 6ipak ic »y3iHae OHBI Ti30eK mapamerpiepiHe OaiylaHBICTBI LIEKTI
Typinge KaoObuimaiasl. Kommyrammss K wmumeanmel KinTiHIH KeMeTriMEH Xy3ere achIpbliajgbl el ecenTeiMis.
TyHbIKTaNFaH KYiie Keneprici mekci3 YIKeH, aln TYWBIKTaIMaFaH jkarnaiina Henre TeH. KinTTiH TyWBIKTamy HeMece
XBIPATBUTY OAFBITHIH KOpCETKiMEH kopceTeMi3. COHBIMEH Kartap, erep 0acka aiteuimMaca, kommyTtamus t = 0 cotinge
JKy3ere achIpbUIambl Aen ecenrteliMiz. KoMMmyTanusHbeIH OipiHIN >KoHE eKiHmI 3aHmapsl Oap. KoMMyTarusHbIH
Oipinmi 3aH6l Wi = Li%/2 HHAYKTHBTINIK KAaTyNIKACKIHBEIH MATHHUT OPIiCiHIH ©3TepyiHiH y3OiKCi3miriMeH GaiaHbICThI
koHe Oacramkpl corre T=0; Tikened KOMMyTauusiaH KeWiH WHIYKTUBTUIIK TOTbl Oipieit MoHre wue, Oy
T=0_ xoMMyTarusFa IeliH )KOHE OCHl COTTeH OacTam OipKambITH o3repeai (MyHaa >koHe oxan api F(0.) nem T=0
ke3inzeri F(t) pyHKumschHbIH cox xakThl 1weri, an F(0,) xen-t=0; ke3inzaeri f(t) oH *aKThI 1Ieri TyciHiIeai)

i (00) =17 (0,). (1)
KoMMyTalusHbIH eKiHII 3aHbI CHIABIMABLIBIFEL We = Cu?/2 anekTp epiciHiH y3aikci3 e3repyiMeH GaiinaHbICThL:
Gacrankpl corre T=0: KOMMyTauusiiaH KeHiH CHIABIMABUIBIKTaFbl KepHEy t=0_ KoMMyTauusra AeHiH >KOHE OCHI
coTTeH OacTam OipKaJIbIITHI ©3repei:
uG (0) = ug (0.,). @)
iL MHAYKTUBTUIIK TOTBIHAH JKOHE Uc CHIMBIMIBUIBIFBIHAAFEI KEPHEYICH albIPMAIIbLIBIFGI U, WHAYKTUBTUIIK KepHEYi
YKOHE ic ChIMBIMIIBLIBIFBIHIAFBI TOK CEKIpY TYPIHIC ©3repeii.
Tyiiin ce3mep: Tok kymi, KepHey, ociwuiorpad, OCHMUIOTpaMMa, KEUIrY CbI3BIFBI, JIMHHUS 3aJePXKKH,
KOMMYTAIIMsI, aybICy ITPOLIECTEP], TOK IIeH KEPHEYIiH CeKipMeIi e3repyi, a7eKTp Kozraymisl kym — OKK.

A.M. Tarenos, b.C. bByry6aes, B.B. lllnnunko, M.H. Akbinos, JI.C. balikagamoBa

Kazaxckuil HallMOHANBHBIHN JKEHCKUN NeAarorndyeckuil yuupepcurer, Anmarsl, Kazaxcran

IKCHEPUMEHTAJIbHBIE UCCJIEJOBAHUA CKAYKOOBPA3HBIX W3MEHEHUI
CHUJIbl TOKA 1 HAIIPSI>)KEHUU B IIEPEXO/IHBIX KOMMYTAIIMOHHBIX HEITAX
T'EHEPAIIMU NIEPEMEHHOT O TOKA

AHHoTauus. B cratbe paccMarpuBaiOT MEpEeXOHBIN MPOIECC B KOMMYTAIMOHHBIX SJIEKTPHUYECKUX IETISX,
KOTOpPBIE MMEIOTCSI B TEHEPaTOpax MIEKTPHYECKOT0 TOKA B BHJIE BCIUIECKA CBEPXTOKOB M HANPSDKCHUS MIPU CHATHH, C
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M30JINPOBAHHBIX MEXIy OO0, MIACTHH IIETKAMH M KOTOPBIE TEPSIOTCS B HEUCIIOIB30BAaHHBIM BHUIE. DTH BCILIECKH
B COOpaHHOM BHIE COCTaBIIOT oKkoio 30-35% osHeprum, BhIpabaThiBaeMOro reHeparopoM. PabGora mocssimeHa
aHaJIM3y MMEIOLIMXCS TEOPETHYECKHUX paboT IO MEepeXOAHBIM MPOLEccaM M IKCIIEPUMEHTAILHOMY HCCIIEIOBAHUIO
BCIUIECKOB TOKa H HaHpSDKeHl/Iﬁ B KOMMYTAIMOHHBIX M[CIAX, AaHAJOIMYHOTO B DJJCKTPOABUTATECIIAX U
aJIeKTporeHeparTopax. B pabore npuBeneHbl pe3ysbTaThl IKCIIEPUMEHTAIBHOTO UCCIIEOBaHUsI B KOMMYTallMOHHBIX
LEMsIX JIEKTPOreHepaTopa.

[lepexonHoii pexxuM pabOTHI Lier OOYCIIOBJIEH HAJIWYHEM B HEH PEaKTHBHBIX SJIEMEHTOB (MHIYKTHBHOCTH,
€MKOCTH), B KOTOPBIX HaKaIUIMBACTCS DHEPrHs MarHUTHOTO M 3JeKTpuyeckoro mnosed. [Ipum pasiamunoro pona
BO3ICUCTBUAX (TOOKITIOUCHWH K MMM WIA OTKIIOYCHHS HWCTOYHHKOB SJCKTPUYCCKON SHEPruH, H3MEHEHUH
mapaMeTpoB IENH) H3MEHSETCS YHEPTeTHUECKU PEKUM pPaOOTHI IIeTH, MPHYEM OTH HW3MEHEHHS HE MOTYT
OCYIIECTBIISATHECS. MTHOBEHHO B CHIIy HENPEPHIBHOCTH W3MEHEHHs DHEPTHH AIEKTPHUYECKOTO M MArHUTHOTO ITOJIEH
(IpUHIMIT HENPEPHIBHOCTH), YTO M MPUBOIUT K BOSHHUKHOBEHHIO MEPEXOAHBIX mporeccoB. Ciemyer moadepKHyTh,
YTO MEPEXOIHbIE MPOIIECCH BO MHOTHX YCTPOMCTBAX U CUCTEMAaX CBSI3H SIBJISFOTCSI COCTAaBHOW "HOPMAaBHOK" YacThIO
pexxnMa ux paboTel. B TO ke Bpems B psne CiIy4aeB MNEPEeXOAHBIE MPOIECCHI MOTYT HPUBOIUTH K TaKUM
HEXKCIIaTC/IbHBIM SABJICHUAM, KaK BOBHUKHOBEHHUE CBEPXTOKOB 1 nepeHaHmeeHMﬁ.

Bce 3T0 ompenensieT BaKHOCTh PAacCMOTPEHHMsI METOIOB aHaidu3a KomMmyTanuu. Kommyraruel mpuUHATO
Ha3bIBaTh JI000E M3MEHEHHE MapaMeTpPOB LIENH, €e KOHPHUI'YpalHH, HOAKIIOUEHHE W OTKIIOYEHUE MCTOYHUKOB,
NPUBOJSIIIEe K BO3HMKHOBEHHIO IEPEXOAHBIX IporieccoB. KoMmyranmio OyneMm cyuTaTh MIHOBEHHOM, OJIHAKO
MIepEeXOJHBIA MpOIlecC, Kak OBIJI0O OTMEUEHO BBINIE, OyIEeT NMPOTEKATh OIpEAeTIeHHOe BpeMs. TeopeTHdyecKd Uit
3aBEpILIEHIsI TIePEXOTHOTO Iporecca TpedyeTcss OECKOHEYHO OONBIIOe BpeMs, HO Ha MPAKTHKE €ro MPHHUMAIOT
KOHEYHBIM, 3aBHCAIIMM OT MApaMETPOB Ienu. byaem cumTaTh, 9TO KOMMYTALHUS OCYIIECTBISIETCS C TOMOIIBIO
uaeabHoro Kimoda K (pucyHok 6. 1), COmpoTHBIEHUE KOTOPOTO B Pa30MKHYTOM COCTOSTHUM O€CKOHEYHO BEJIHMKO, a B
3aMKHYTOM paBHO HyJio. HampaBieHre 3aMBIKaHUS WIIM Pa3MBIKaHUS KiItoya OyJeM MMOKa3bIBaTh CTPENKOH. bymem
TaK)Ke CUNTATh, €CJIM HE OTOBOPEHO MHOE, YTO KOMMYTAIIHs OCYyIIecTBIsieTcs B MOMeHT t = (. PaznuyaroT nepBsiii 1
BTOPOI 3aKOHBI KOMMYTaIuu. [1epBhIif 3aKOH KOMMYTAITNH CBA3aH C HEMPEPHIBHOCTHIO H3MEHEHHUSI MATHUTHOT'O TIOJIS
KaTymku HHIyKTuBHOCTH WL = Li2/2 n rinacut: B Ha4ajabHBIH MOMEHT t = 0+ HEmocpeACTBEHHO M0CIe KOMMYTaIUU
TOK B MHAYKTUBHOCTHU UMEET TO K€ 3HAYCHUEC, YTO U B MOMCHT t=0- A0 KOMMYTalluu U € 3TOro MOMCHTA IIJIaBHO
u3Mensiercs (3aeck u ganee mon f(0-) moHmmaercst jeBocTtopoHHHE mpenen ¢ynkimu f(t) npu t— 0-, a moxg
f(0+ ) - mpaBocToponuuii npenen f(t) mpu t — 0+)

i (02) =i (04). (1)

Bropoii  3akOH  KOMMYTAallMH CBA3aH C  HENPEPBIBHOCTBIO  M3MEHEHHUS  JJIEKTPUUYECKOro  I10JIA

emkoct WC = Cu2/2: B HayanbHbIA MOMEHT t = 0+ HENOCPEICTBEHHO T0CIIe KOMMYTAIMH HANpPSDKEHUE Ha eMKOCTH
HMeeT TO K€ 3HAaYeHHUE, YTO U B MOMEHT t = (0 — 10 KOMMYTAIlH U C 3TOT'0 MOMEHTA IUIABHO U3MEHSETCS:

uc (0_)=wuc (0, ). ©)
B omnnune ot ToKa B MHAYKTHBHOCTH iL 1 HamnpspkeHus Ha eMkocTd uC HamnpsDKEHHE HA WHAYKTUBHOCTH UL u
TOK B €eMKOCTH iC MOTYT H3MEHATHCS CKAIKOM.

KuaroueBble ciioBa: cuia ToKa, HalpshHkeHHe, oclmiorpad, ocuuuiorpaMma, JTMHUS 331€PIKKH, KOMMYTaIIus,
MePEeXOIHbIE MPOIECChI, CKAYKOOOpa3HbIe N3MEHEHHS TOKA M HAMIPSDKEHHS, NIEKTPOoABIKYyIIas cua-2J(C.
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