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OUSNIYECROE TOJROBAHUE INAPAMETPUMYECROI'O
PE3OHAHCA, SHEPTETUYECKUIT IIOJIXO/I

H. 1. bupmok, 10. b. Heuaeg, B. H. ®unbko

Boponedccrkuil 2ocydapcmeentsblil. yHugepcumem

Ha ocHOBaHMM TOJIBKO (pM3UUECKUX COOOPaKEHMI C MCIOJIb30BAHMEM IIPOCTHIX DHEPreTy-
YeCKMX IIpeo0pas3oBaHMil PaCCMOTPEHO fABJIEHME HaKaudKy DHEePIMy B llapaMeTPUYecKNUil KOH-
Typ 4YacTHOTO BUJA. BbliesieHO /1Ba KpaliHMX CJIydasi: CMHXPOHHBIN 1 aCMHXPOHHBIN. B nepsoM
cJIydae OHa MMHMMAJIbHA, BO BTOPOM — MaKcuMaJibHa. IIpesjaraeMslii ogxos orycKaeT 00600-
IIIeHVe Ha CJIOJKHBIE CJIydal, KOTOpbIe TPYIHO IIOANAIOTCA (PMBMYECKON MHTepIIpeTaImn

fiBneHue mapaMeTpPUUECKOTO0 pel30HAHCA
3aKJI4YaeTcAd B TOM, YTO B BJEKTPUIECKOM
K0Je0aTesbHOM KOHTYpPE C MEePUOAUNYUECKU M3-
MEHAIIIMMUCA PEaKTUBHOCTAMM CBOOOMIHBIN
mporiecc OecrpenesibHO Bo3pacTaeT (KOHTYP
HeycToiumB 1o JlanyHoBy). VceaenoBanme aTo-
IO ABJIEHUA COUPAKEHO C OOJBUIMMM MaTeMa-
TUYECKUMU TPYAHOCTAMMU [1—3], KOoTOpble He
[IPEOJIOJIEHBI IIOJIHOCTBIO [0 HACTOAIIET0 Bpe-
MeHM, TaK 4YTO, MOYKHO CKa3aTb, MIPaKTUYec-
K1e IMOTPeOHOCTM B aHaJM3€ DTOr0 ABJIEHUS
ocraloTca B cuie. Kak M3BeCTHO, aZleKBaTHbIN
MaTeMaTUYeCKNUIl anmapaT [Py JCCJIeI0BaHUMI
pagnodpu3nIecKX IIPodJIeM MeeT HeIIPeXoId-
mee 3Hayenre. OObIYHO B (PUBUYECKUX 3aja-
Yax COCTaBJIEHNA MaTEMATUIECKUX YPaBHEHNUIA,
IIPOMEIKYTOUHBIE ¥ KOHEYHbIE PEe3yJIbTaThI
COIIPOBOKIAIOTCA OCTATOYHO ITPOCTHIM (PU3U-
YecKMM TOJKOBaHMeM. Torja mojydaeTcsa II0Ji-
Has, JOTMYECK) CBA3aHHAS KapTMHA, COTJIACY-
OIasACA C HaIUMM (PU3UIECKUM MUPOBO33pe-
HueM. B Takmx ciydasdx OObIYHO BO3HUKAIOT
UJEV, CIIOCOOCTBYIOIIME Pa3BUTUIO M 0000111e-
HUIO IIOJIyYE€HHOI'O PEeLIeHNs.

B cayuae mapaMeTpuYecKOTO pe3oHaHCa C
pusUYECKUM TOJKOBaHMEM BO3HMKAIOT XapaK-
TepHble TPpyAHOCTH. J[eJ0 B TOM, UTO 3TO BEChb-
Ma TOHKOEe sBJIEHNME, CBA3aHHOE C IIOHATHUEM
HEYCTONYMBOCTU TI0 JIAMIYHOBY JIMHEHBIX CU-
crem. B Takmx ciy4asx HEyCTOYMBOCTB JIOC-
TUTaeTCA 3a CUeT MaJbIX HAKOIJIeHUI Ha Oec-
KOHEYHOM MHTepBaJie BpeMeHu. Kak masble
HAKOILJIEHUsA, TaK ¥ OECKOHEYHBLINI MHTEepPBaJ
HeyOOHbI JJIA HATJIALHOTO IPEJCTABJIEHUA U
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dpusudgeckoro ToskoBaHuA. IlosTomy mcciaeno-
BaHME IIapaMeTPMYeCKOr0 pe30HaHca dYacTo
OTPaHMYMBAIOT (POPMAJIBHBIMI MaTeMaTUIeCKI-
mu 3amadgamiy. OOBIYHO OHM OBLIBAIOT MOEaJIM3U-
POBaHHBIMM, TaK YTO IIPM COIIOCTaBJIEHUU C
OPaKTUKOM BO3HMKAIOT TPYAHOCTU. B maHHOI
IyOJIMKanNM AesaeTcsa IIOIbITKA BbIIEJIUTb Xa-
PaKTepHBINI YaCTHBIN CJydall TapaMeTpuIecKo-
ro pe3OHaHCa U JIaThb €r0 KadecTBEHHBIN aHa-
JIM3 C [IOMOLIBI0 MaKCMUMaJbHO IIPOCTOr0 Ma-
TeMaTHYeCKOT0 alapaTta, OnMpasdch IJIaBHBIM
o0pas3oM, Ha (uaMdeckKre 3aKOHOMEPHOCTIL.

PaccmoTpumM mocsienoBaTesbHBIE pe30HAH-
CHBIJI KOHTYD, IpecTaBJIeHHbl Ha puc. 1. CHa-
Jajla B MEeTOAMYECKUX ILleJAX IIPelIIOJIONKNM,
uyTo 3JyeMeHTHI KoHTypa C, L, R TOCTOAHHEI
Kakx m3BecTHO, CBODOIHBIN IIpOIecC 3aKJIOYa-
eTcs B TOM, UTO DHepPIrusd, 3allaceHHad B peak-
TUBHOCTAX, IIOCTOAHHO IlepeKadlBaeTcs U3
€MKOCTM B MHAYKTMBHOCTH M HaobopoT, mpu
5TOM YacTb 3JIEKTPOMATHUTHOM YHEPTUM TepseT-
CA B aKTVUBHOM COIIPOTUBJIEHUN, ITPe00pasysAch B
TeroTy. IIpyu 3ToM TOK M3MeHAeTCa BO BpeMeHN
10 3aKOHY «3aTyXalollell KOCUHYCOMIbI»

i=1,e"cos(wt+9),,

rme o =R /2L — xoadpuimeHT 3aTyXaHUAI,
o, = @) — @’ — uacrora cBOGOAHBIX Koseba-
Hnit, ®, =1/~LC — cobcrBeHHas 4yacroTa
R
c

Puc. 1. IlocnenoBaTesbHBI Pe30HAHCHBIN KOHTYP
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KOHTypa. MrHOBeHHble DHepPruM, 3allaceHHbIe
COOTBETCTBEHHO B €MKOCTM M MHIYKTUMBHOCTU
PaBHBI

2 2 (D2 L'2
woo L JCu oy O _Lh g,
20 2 2L 2
rne q — 3apsAal KOHIAeHcaTopa; U, — Hallpsd-

sKeHMe Ha KOoHZeHcaTope; @ — MarHUTHBIN IT0-
TOK, CIEIJIAIOIINIICA C KaTyIUIKOl MHIYKTUB-
HOCT);, I, — TOK MHIYKTMBHOCTM (B JaHHOM
cJlydae COBIIAJAIOINII ¢ TOKOM KOHTYypa i). Obe
DHEPIUM KOJIEOJIIOTCA BO BPEMEHM C YOBOEH-
HOJ 4acTOTOl 2, cBODOINHBIX KoJebaHMii, IO-
CTEIlIeHHO yMeHbIasack. Kak BUAHO, CBOOOIHbIN
mpoliecc B 0ObIYHOM KOHType mmpu R > (0 Bce-
Iza 3aTyXaloluii, T.e. OOBIYHBIN KOHTYpP BCe-
Ila aCUMIITOTUYECKM yCTOIYMB 10 JIAmyHOBY.
Ecom sxe peakTMBHOCTM M3MEHAIOTCA BO Bpe-
MeHM [0 HepUOAUYEeCKUMM  3aKOHaM
Ct+T)=C(t), L(t+T)=L(t), rne T — ne-
PUOM, TO CBODOMHBIN IIPOIECC MOKET OBITH KakK
3aTyXalolmM, Tak 1 OecmpenesbHO Bo3pacTa-
omyM. B nocsennem corydae KOHTYpP HeEyCTOM-
4yB 110 JIAITYHOBY ¥ MMeeT MeCTO IlapaMeTpu-
JecKNil pe3oHaHC. Bo3aMoskeH M IIpOMesKyTOU-
HBIIl CJyd4ail, KOTJla KOHTYp He ABJIAETCA HU
3aTyXawluM, Hu OecIpeieslbHO BO3PaCTaO-
IIJM, T.e. €r0 TOK BCErZa MEHbIIIe II0 MOZYJIIO
HEKOTOpPOT0 IIOCTOSAHHOTO 3Ha4YeHUdA. B Taxkom
cJIydae KOHTYP YCTOMUYMB (HEaCUMIITOTUYECKMN)
no JlanyHoBy. PasgennTs 3T KadeCcTBEHHO
pasHbIe ABJEHNA — CJIOMKHAA 3a71a4a KaK B Ma-
TEMAaTUYEeCKOM, TaK U B (PU3UYIECKOM OTHOIIIEe-
Hym. IlapameTrpuyeckuii pe30oHaHC IPOABIIAET-
csa HamboJlee CUJIBHO, KOTJIa PeaKTMBHOCTIU M3-
MEHHAITCA CKa4YKOM. PaccMOTpMM HECKOJIBKO
YaCTHBIX CJIy4daeB.

IIycTh eMKOCTD YMEHBIIIAeTCA CKAUYKOM B TOT
MOMEHT, KOT/Ia 3allaceHHasA B Hell DHeprus MaK-
CMMaJIbHA M paBHA IIOJIHOM DHEpPruu, 3allaceH-
HOI B KOHType. Uepes 4eTBepTh Iepunoaa KOH-
neHcaTop OyneT HesapssKeH M 3allaceHHas B
HEeM DHeprusa paBHA HYJIO, B 3TOT MOMEHT KOH-
JIEHCATOP CKAYKOM YBEJIMYMBAETCH JI0 IIpeskHe-
ro 3HaueHud. [Ipm BTOM 3amaceHHadA B KOHTY-
pe SHeprusa He mM3MeHUTCA. VI Tak Bce mepuno-
IUYEeCcK) IIOBTOPAETCHA, B pel3yJbTaTe dYero
9HEPIUA BKJAABIBAETCA B KOHTYpP Yepes3 eM-
KOCTb JBa pasa 3a Inepwmoh. IIpm anammze sTo-
IO ABJIEHUA OYEeHb BajKHO BBIOPATH ITOAXOMA-
Illee BbIpaskeHue AJA dHepruu. Ilostomy pac-
CMOTPMM JIBa CJIydasl.

IIpoanammaupyeM BBIpasKeHMe

2
= ﬁ, q = const. (2)

W,

2C
Mmeerca B Bupmy, uro ¢, = Cu, =const B
MOMEHT CKa4YKOOOpa3HOro M3MEHEHUS €MKOC-
. Torma Oo4eBUAHO, YTO €CJAM €MKOCTh CKad-
KOOOpa3HO YMEHBIIAeTCsdA, TO aMILIUTYya Ha-
NPAKEHNUA CKaYK000Pas3HO YBEJINIMBAETCS, TaK
YTO UX IIpOomM3BeOeHre oCTaeTCA IIOCTOAHHDBIM.

Tenepb paccMOTPUM BhIpasKeHUE

72
W, = C;m , u, = const. 3)

¢

B namHOM caydae u,, = % = const. Ecom C
CKAa4YKOM yMEHBIIIaeTCd, TO M ¢, CKAYKOM
yMeHbIIIaeTcs, TaKk 4To Apodb ¢, /C ocraercs
IIOCTOSAHHOIA.

Bripasxenne (2) ocoObIX BO3paskeHMII IpU
peasmsanuy He BbI3bIBaeT. HalpAKeHHOCTH
MeSKIy IJIaCTMHAaMM PV CTAHAAPTHBIX KOHCT-
PYKIMAX KOHJEHCATOPOB BbIUMCJIAETCA B IIpe-
IIOJIOSKEHMY, UTO €ro IIACTUHBI OeCKOHEUHBIE,
PaBHOMEPHO 3apssKeHHble, TOTa

c
F=—=-"1_
eg, ¢€g,8

rome S — IUIOHIAAL IJIACTMHBI KOHIIEeHCaTopa.

Kax BMIHO, HAIIPAMKEHHOCTb JJIEKTpPUIEC-
KOro 1oJig E He 3aBMCUT OT PacCCTOAHMA MEXK-
ny mnactuHamu d. HampsoxeHne Mexay miac-
TUHaMM paBHO u = Fd. Ecau npennosiosuTs,
YTO €MKOCTb yMEHBIIIAeTCA CKAaYKOM 3a CYeT
CKa4YK000pPa3HOTO YBeJNYEeHUA PaCCTOAHUA d
MEXKIYy IJIACTMHAMM, TO ¥ HAIPSAYKEHMEe MeK-
Iy IJIaCTMHAMM yBeJIM4YMBaeTca CKadukoM. IIpwm
aTtoM q, E ocrarorca nocroauubiMu. Ecoy npen-
IIOJIOXKUTh, YTO ¢ M3MEHUTCA CKAYKOM, TO IJIA
9TOro mnorpedyercsa OeCKOHEYHO OOJIBIIION TOK

d
1= d—(i Takum obpaszom, BeIpaskeHye (2) BIOJ-

He IIPUEMJIEMO IJIS PeaJsi3aliiiL

Paccmorpum BrIpaskenmne (3). 3mech, ecsu
C yMeHbIIIaeTCs CKAYKOM, TO U q YMEHbIIIaeT-
cs CKadykoM, a BMecTe ¢ HuM E ymeHbIaercsa

. dgq

cka4ukoM. IIpu 9TOM MOJIyInTCA, YTO 4 = Z = oo,
Ecnau mpenrnosioskuTb, 9YTO €MKOCTb yMeHbIIa-
eTcs yBeJMUEHNEeM PaCCTOAHMA MeKIy ILIac-
TMHaMu d Tpu u = const, TO AOJKHA YMEHb-

BECTHURK BIY, Cepusa: ®usura. Martemarnka, 2005, No 1



22 H. JI. Buptoxk, FO. B. Heuaes, B. H. ®unvko

IATBCA U HANPSAMKEHHOCTb F =u/d, u 3apsan
q. ITo mepe pas3aBMKeHNA IJIACTUH 3aPAJ T0JI-
SKeH YMEeHBIIAaTbCA 3a CYeT TOKa, IIPOTEeKalo-
1mero MeXkay miactuHamvu. IIpm ckauxkoodpas-
HOM yBeJudeHur d TOK paBeH OECKOHEYHOCTIL
Takum 00paszoM, MpU CKAUYKOOOpa3HOM U3Me-
HEeHUM eMKOCTM, BbIpaskeHUe (3) He MOKeT
OBITH NIPMHATO K PACCMOTPEHMIO, TAK KaK IIpK
peasmzaiuy TpebyeTcsa BBIIOJHEHNME Hepeab-
HbIX ycJsoBuil. Takum obpasom, BeIpaskeHMe (2)
u (3) paBHOIpPaBHLI B OOBIYHOM KOHTYpE, a B
mapaMeTpUYecKOM KOHTYpe CIpaBeJINBBLIM
ocTaeTcsa BbIpaskeHue (2).

OHepPruio, 3allaCeHHYI0 B KOHTYpe, MOXKHO
YBEJIMYMBATb 3a CUET CKAYKOOOpPa3HOIO M3Me-
HEHUA MHAYKTUBHOCTU. 3JEeChb TOYKE BO3MOXK-
Hbl ABa BapuaHta. IlepBulil cBA3aH ¢ PopMy-
JION I 3allaCeHHOM B MHAYKTUBHOCTU JHEp-
I, KOIJIa OHa MAaKCUMAaJIbHA.

2
w,=2e o

2L
MHAYKTUBHOCTb CKAYKOM yMeHbIIaeTCd, TOrZa
SHEepPruA KOHTYpPa CKaYKOM yBesramBaerca. [Ipu
arom @® = LI =const, T.e. aMILIUTyZa TOKa
B MHIYKTMBHOCTY CKAa4KOM yBeJuMunuBaercd. B

dd
dt
He BO3HUKAET. 37IeCh IPUHINIINAJIBHBIX TPYI-

HOCTell py peanusaimn He BuaHo. Kak nssec-
THO, MHAYKTVBHOCTb COJIEHOMZA pPaBHa

L = uu,n’v, (3)

rJe m — IJIOTHOCTB HaMoTKM (1/cM — dYmeJio
BUTKOB Ha €IVHUITY IJIMHBI COJIEHOUAA), U —
MarHUTHasA IPOHUIIAEMOCTE IIPOCTPAHCTBA BHYT-
pu coneHoupa, V — ob6beM IIPOCTPAHCTBA BHYT-
pu coseHona. VIHIYKTUBHOCTE MOYKHO MEHATH
BIBUJKEHIEM, HAIIPUMED, KEJIE3HOTO MJIV MeJl-
HOTO CepJiIeYHMKa B CoJIeHOuJ. B mepBom ciry-
Yae MHAYKTUBHOCTb yBeJMYMBaeTCd, BO BTO-
poM — yMeHbIaercd. JVITak, Korja SHeprusa B
VHAYKTVUBHOCTY MaKCUMAaJIbHA, KeJIe3HBIN cep-
JIEYHVK BBIIBUTAEM (MM MEJHbIII — BIBUTa-
€M), MHIYKTUBHOCTb YMEHBIIIAeTCH, & ee DHep-
rusa (4) yBesmuuBaeTcs. Uepes yeTBepTh Iepu-
olla ’KeJIe3HBbII CeplleYHMK BJIBUTAEM, B 3TO
BpeMsa 3HepPrus MHAYKTUMBHOCTYM pPaBHA HYJIIO,
TaK YTO 3allaceHHad DHEPTUdA B KOHTYpe He
VBMEHUTCA.

Ecau Takum o0pa3oM MHAYKTUBHOCTH Oy-
JIeT M3MEHATHCA IIePUOANYecK), TO 3allaceH-

= const. (4)

m

TaKOM CJydae 5.J.C. MHIYKTUBHOCTH &, = —

Has PHePrus B KOHType OyleT yBeJIMduMBaTbCs
IIBa pasa 3a IepUoZ.
Temneps paccMOTPUM BBIpaskeHME

LI
WL — m

, I, = const. (6)

D
Nmeem I, = T’” = const. 3Hauut, ecamu L

CKA4YKOM yMeHbIaercsd, To @, TOKe CKaduKOM
YMEHBIIIAeTCA TaK, YTOOBI BBIIOJHAJIOCH YCJIO-
Bue ® /L =const. Ho ecau @, cradkoMm
YMEHBIIIAETCA, TO BO3HIKAET OECKOHEYHAA B./1.C.

do

m
dt
I10 3aKOHY JIeHIla cepAeduHMK COJIEHOU A HeJIb3sd
HY BABUHYTH, HM BBIABUHYTH. lIpu peasmsa-
IOV BO3HMEKAIOT HeIIpeonoJiiMble TPYIOHOCTIU.
Takum o0pasoM, pPaBHOIIPABHbIE IJIA OOBIYHO-
ro KOHTypa BbIpaskeHud (4) u (6), B mapamer-
pUYECKOM KOHTYpe CTAHOBATCA HEpPaBHOIIPAB-
ueIMU. [Ipu peasmzaiy U3MeHEeHUA UHITYKTIB-
HOCTY BBINOJIHAETCSA TOJIBKO popmysia (4).

VI3 MBJI03KEHHOTO BBIIIE IIPOACHAETCA Me-
XaHM3M BJIOYKEHMA DHEePIruM B KOHTYP IIyTeM
U3MeHeHnsa peakTuBHOcTel. OlleHMM COOTBET-
cTByMOIIE 5(peKThl KadecTBeHHO. [Ipu mn3me-
HEHNM €MKOCTY HadaJibHad (IO M3MEHEHNU: eM-
KOCTM) ¥ KOHeYHad (Iocje M3MEeHEeHUS eMKOC-
TU) DHEPTUU JIETKO HAXOAATCA 10 popmye (2):

MHOYKOUN, € = — =oo. B Takom ciydae

2 2
M/Cl — q/ﬂ ’I/VC2 — q”L . (7)
20 2(C - AC)
OTCIO,HB. HaXOOVIM BRJIaJl 9HEPTUM B KOHTYP
3a OOAMH aKT yYMEHbIIEeHMA €MKOCTI!

2
q AC
AM/ — M/ _117 — dm_ | .
© e T 90 0-AC
1 mpakTMKM OKa3bIBAETCSA BAKHBIM CJIY-
gaitt AC < (' 1pu BBICOKOZOOPOTHOM KOHTYpE

o, =w,=1/~LC . Torma
g oaCc_ L ac_1

= =—mn . —~ =_T"p’AC, (8
‘20 C 20 C C p P ®

fL
rme p = g XapaKTepUCTUIECKOe COIpPOo-

TUBJIEHJE KOHTypa. 3a IIepuos cBoOOIHOro
poliecca B KOHTYP BKJIAJBIBAETCA NIBE IIPU-
MEPHO TaKMe IIOPIMM DHEPIruu, T.e.

W, =2W, = I p°AC.
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OTO — 3Heprusd, BKJIaJbIBaeMas B KOHTYD
3a nepuoj. Teneps mHojpcunTaeM SHEPIUIO, Te-
pAeMy!o 3a Iepuof B conpoTuBJeHnn R 3a cuer
npeobpa3oBaHMA HACTU BJIEKTPOMAaTHUTHON
SHEPTUN B TEIIOTY:

_ IR, _LR:

W,
o 2w,

=nI>RJLC.

(10)

ITapameTpuyeckuii pesoHaHc OyneT MMeTb
Mmecto, ecin W, > W, nmm

éAC>nR\/ﬁ,%> (11)

T
Q )
e @ :% — nobpoTtHOCTE KOHTYpa. ITosyue-

HO IIpOCTOe yCJIOBMEe IlapaMeTpUdecKOro pe-
30HAHCA: OTHOCUTEJIbHOE M3MEHEHVE eMKOCTH
II0 MOPAAKY JIOJIKHO ObITh OO0JIbIlle JOOPOTHO-
CTM B MMHYC IIEPBOJ CTEIIEHIN.

IIpoBenem aHAJIOTMYHYIO OLIEHKY IIPU M3Me-
HeHMu MHAYKTUBHOCTU. Ilo dopmysie (4) mosy-
YaeM 3allaCeHHYI0 B MHIAYKTMBHOCTM DHEPTUIO
JI0 U IIOCJIe yMEHBIIeHMs MHIYKTUBHOCTY

o’ o’

m m

Wy = o
2(L - AL)

T2

IIpm sTOM mosydaerca cienyroliee BJIOMKe-
HMEe DHepruM B KOHTYP:

o> AL LI* AL
AW, =W, -W, =—+ =—" .
2L L-AL 2 L-AL

B caywae AL <L

I’ 1,
AW, = =2 AL ==I’AL. (12)
2 2
3a nepuosi KOHTYP HOJYUUT DHEPTUIO
AW, =2AW, = I’ AL. (13)

ITapameTprueckmnii pe3oHaHC peasin3yeTcs
npu ycanosum AW, > AW, nm

AL >t RNJLC wnn A—LL > %

(14)

Kak u B ciydae eMKOCTHM, OTHOCUTEJIbHOE
U3MeEHeHVe VMHAYKTUBHOCTU IOOJIMKHO 6bITb I10
TIOPANKY BeJMYMHBI O0JIbIIIe 00paTHOI HOOPOT-
HOCTM KOHTypa. Ilosyuniock mpocToe ycJjoBue
mapaMeTpUIecKoro pe3oHaHca B clydae CKad-
KOO6paSHOI‘O VSMEHEHUA VMHAYKTVBHOCTU.

Msbl paccMmoTpesy ciaydan, KOrZa e€MKOCTb
CKaYK000pas3HO yMEHbINAJach MMEHHO B TOT
MOMEHT, KOI'/Ia 3allaceHHas B Hell DHeprus MakK-

CUMaJIbHA, TOYHO TaK K€ yMEHbIIIaJach U MH-
IYKTUMBHOCTH B TOM MOMEHT, KOIJla 3allaceH-
Had B Hell DHePTUs MaKCUMaJibHA. AHAJIOTUYHO
MOKHO PacCMOTPETh CJIyday CKadYKooOpasHO-
ro yBeJNYeHUA eMKOCTM ¥ MHIYKTUBHOCTM B
TOT MOMEHT, KOTJla 3allaCeHHble B HUX DHepP-
My MaKCUMAaJIbHBL Toryia mosydaTca Takue jKe
OpupalieHnusa SHePIuM, Kak U PaHbIIle 10 BbI-
pasxkesuaM (9) u (13) TOJIBKO CO 3HAKAMU «MMU-
HyC», T.e. DHEPIUdA He BKJAJbIBAE€TCA B KOH-
Typ, & 0TOMpaeTca OT HEro.

Tenepr MOKHO, MCIOJIB3ydA IIOJIydeHHBbIE
CBEJIeHNs, PacCMOTPEThb CJIydall OJHOBPEMEH-
HOTO M3MeHeHUsA 00eMxX peaKTMBHOCTEN. 37ech
BO3MOKHO MHOTO BapmaHTOB. OrpaHmumMcsa
paccMoTpeHEM JBYX HamboJiee XapaKTepPHBIX
caydaes: a) p =const, 6) @, =const. Ciay-

, L@)
4Jaji a) paBHO3HA4YeH ——

= const, mmosToMy
Takoe M3MeHEeHJe PeaKTUBHOCTEN eCTeCTBEeH-
HO Ha3BaThb CUMHXPOHHLIM. Cory4aii 0) paBHO3HA-
ueH ycgosuwo L (t)-C (t) = const, Takoe mame-
HeHMe peaKTMBHOCTell OyzeM Has3blBaTb aCUH-
XPOHHBIM.

PaccMmoTpuM CHMHXPOHHOE MB3MEHEHUE peak-
tuBHOcTeil L (t)=constC (t), AL =constAC .
JonycTum, YTO €MKOCTh UM MHAYKTUBHOCTH
YMEHBIIIAI0TCA TOTAa, KOTJa 3allaceHHasd B eM-
KOCTY DHEPrus MaKCUMaJibHa. Torga B KOHTYP
BHOCUTCA dHeprus (8) 3a cueT M3MEHEeHUS eM-
KOCTM

AW, = lIf”pQAC = lI;"nL&.
2 2 C

Yepes yeTBepTh MEPUOJA, KOTJA DHEPTUA
KOHTypa IepekadaeTcd B MHAYKTUBHOCTDb, VH-
IYKTUBHOCTb M €MKOCTb OJTHOBPEMEHHO, CKau-
KOM YBeJINYMBAIOTCA. TOrfia DHEeprusd BBIKAUN-
BaeTcsd M3 KOHTYpa 3a CUeT U3MEeHEeHUA UHIYK-
TUBHOCTI. BeJsmuyHa 9TOI SHEPruUM OIpesiesisa-
erca 1o gopmysie (15), co 3HAKOM «MUHYC»:

AW, = —lIfHAL = —113”L£ = —11,,“‘;L£.
2 2 L 2 C

Ilonyunsocs, uro sHeprusa (12), koropas
paHbIlle ObLIA BJIOYKEHA B KOHTYpP, Uepes3 deT-
BepTh mepuona corsacHo (13) OblIa BbIKauaHa
U3 KOHTypa. OTO 3HAYUT, YTO HPYU CUHXPOH-
HOM M3MEHEHUV PEaKTUBHOCTEN ITapamMmeTpudec-
KNI KOHTYpP HEYCTONYMBBIM ObITH HE MOJKET,
B TaKOM CJydae IapaMeTpuUdecKuii pe3oHaHC
He Bo3HMKaeT. MOKHO IMOKasaTb C IIOMOIIBLIO

(15)
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BTOPOTO MeToja JIANyHOBa, YTO 3TO 3aKJIO-
YeHye CIpPaBeIJIVBO IIPY JIOOOM, OJHOM ¥ TOM
’Ke 3aKOHe M3MEeHEHMA BO BPEeMEHM eMKOCTU U
mEAyKTUBHOCTY. CJleioBaTesIbHO, ecy KOHTYP
Bo30ymJicA 13-3a M3MEHEHUA BO BPEMEHM Of-
HOM (IOILyCTVIM, €MKOCTM), TO €r0 MOXKHO CTa-
OMyMBNpPOBaTh, M3MEHAA CUHXPOHHO BO Bpe-
MeHl PYIyI0 PeakTMBHOCTb (MHAYKTVBHOCTD).

Paccmorpum corydait acMHXPOHHOTO M3Me-
nenusa peaxtusHocteit C (t) L (t) = const . Vme-

em L(t)= const ,

C )
caydae dpopmysibl (8) u (12) moryT ObITH IIpU-
BeJEHBbI K BUIY

AL = —const B sTom

AWC——IQp AC— ACC
AW, :1I§lAL = —[;Lﬂ = ——JZLAC
2 2 C

ITomyuaeTcs, 4To KOTJla €MKOCThH yObIBaer,
MHAYKTUBHOCThL Bo3pacTtaer. Ecim eMKOCTh Ha-
Ka4dMBaeT DHEPIUMI0 B KOHTYpP, TO B DTOT MO-
MEHT MHAYKTUBHOCTL BBLIKAYMBAET DHEPTUIO U3
KOHTypa. Pe3ysibraT 3aBUCUT OT COOTHOIIEHIS
3allaCeHHbIX JHEPTMil B 00eMX PeaKTMBHOCTAX
B OTOT MOMEHT. B Halllem cJjiy4ae M3MEeHEeHUs
PEeaKTUBHOCTEl BO BPEMEHU OCODbIE, IIO3TOMY
cJIeqyer OKMaaTh 1 ocoboro pesysbrarta. IlycTs
B HeKOTOprff[ MOMEHT BpEMEH]/I BCA SHepI‘I/IH
KOHTypa COCpeloTOYeHa B €MKOCTM, [PV 3TOM
€MKOCTb CKAa4YKOM YMEHbIIIaeTCs, BCJEACTBUE
Yero PHepPrUd B KOHTYpP HaKauduBaeTcd. B 9To
JKe BpeMsA MHOAYKTUMBHOCTbH CKAYKOM yBeJMYl-
BaeTcsd, 3a CYET DTOro, BooOIle TOBOPA, DHEpP-
I'Ms IOJIKHA BBbIKAYMBATBCA U3 KOHTYpa. Ho B
3TOT MOMEHT SHepI‘I/IH B I/IH,Z[yKTI/IBHOCTI/I paBHa
HYJIIO, TIO9TOMY BBIKQUMBAHUS HE IMPOUCXOMINT.
Yepes ueTBepPTh NEPUOAA BCS DHEPIUS KOHTY-
pa Oymer cocpemoTodueHa B MHIYKTUBHOCTU, B
5TOT MOMEHT MHIYKTUBHOCTb CKAYKOM YMEHb-
I1aeTCsd, & €MKOCTh CKAaYKOM YBEJIUUMBAETCAH.
3a cyeT TOro, 4YTO MHIOYKTUBHOCTH yMEHbIIIA-
eTcs, DHeprusa HakauymBaeTcAa B KOHTYD. Ilpwm
YBEJIMYEHUY €MKOCTY YHEPTUA JOJIMKHA BbIKa-
YMBATBCA M3 KOHTYpa, HO B JaHHBI MOMEHT
BpEMEH! DHEPrUM B E€MKOCTU HEeT, [IOBTOMY
BBIKAYMBAHUA DHEPruy He mpomexoautT. VI ma-
Jee Bce IepuoaundecKy mnopropsaercs. [losyda-
eTcdA, YTO DHEPrusd UYepes KasKkJble YeTBepPThb
rneproga HaKauyMBaeTCA B KOHTYP TO €MKOC-
TBIO, TO MHAYKTUBHOCTBIO. IIpu acMHXPOHHOM

U3MEHEHUM PEeaKTUBHOCTEN KOHTYP MOIKET
OBITH JIMOO HEYCTONYMBLBIM, JINOO YCTONUMBBIM,
HO 9Ta YCTOMUYMBOCTBL 10 CPABHEHMIO C APYTH-
MM aHaJIOTMYHBIMU CJIydadAMu Haubosiee OGyms-
Ka K HEYCTOMYMBOCTU. JTO YTBEPIKAEHIE HY K-
naerca B mosdcHeHun. JlomycTum, mpu HEKOTO-
PBIX BaKOHAX M3MeHeHUus peakTuBHocTeil L (1),
C(t) umeeM aCUHXPOHHOE M3MEHEHUe, IPU-
YeM MO’KHO BBOJIUTDL 3aJ[EPIKKY WM YIIPEXKIe-
HME BO BPEMEHU B KaKOM-HUOYIb U3 DTUX 3a-
KOHOB, ckaxkeM, niua emxoctu C(t+t)), t,
MOJKEeM 3aJlaBaTh IIPOMBBOJIbHO, T.€. CaM 3aKOH
U3MEHEHIUA €MKOCTM He MEeHSETCA, HO MOIKET
ObITE COBMHYT BO BpeMeHM, npu f, =0 mosry-
JaeTcA acMHXPOHHOe u3MeHeHme. Ternepb BbIC-
Ka3aHHOe BBIIIE YTBEPXKJIEHNME MOYKHO Cpop-
MyJMPOBaTh TOYHO. EcCaMm Opu acuMHXPOHHOM
U3MeHeHuM peakTuBHocTell (i, =0) KOHTYp
ycToitums, To npu JroboM t, oH Oyzem Tem 06o-
Jgee ycroyumus. Eciu npu ?, =0 KOHTYyp Heyc-
TOVYMB, TO, BOOOIIe roBops, npu JrwboM {,
HUYEro HeJb3sd CKas3aTb 00 YCTOMUMBOCTY KOH-

Typa.
3ARJIOYEHUNE

Pemenne cJyokHOM (pu3MUeECcKOoll 3amayn,
KaK IIPaBUJIO, IIPeJICTaBJIAET CO00I cBOeoOpas-
HBIJI CILJIaB M3 BBICTPOEHHOM JIOIMYEeCKON II0C-
JIeJIOBaTEeJIbHOCTY (PMBMYECKUX M MaTeMaT/dec-
KX 3aKOHOMEPHOCTeN. ¥YIeJIbHBbII BeC TexX U
IPYTUX MOXKeT ObITh pas3HbIM, HO B ujease OJd
KasKOoM 3aady OH MOJIKEeH OBITh BIIOJIHE OII-
pellesieHHbIM. Y AVBUTEIbHAA TAPMOHUA MEXKIY
CbI/ISVI‘-IECI{MMI/I I MaTeMaTHM4YeCKVMIM IIogxXoda-
MU COZEPIKUTCA B TBOPUYECTBE aKaJleMUKa
JI. VI. Maupeasintama [4]. B wacTtHOCTHM, B CTa-
The [5] aHaIMBUpyeTCcA napaMeTpUIecKuil KOH-
Typ C M3MEHAWIeIcA BO BPeMEHU eMKOCTbLIO
C To3MULMII DHepreTuKU. JVIHTepecHO OTMeTUTb,
4TO B paanoU3NYUecKoll JuTepaType Hesac-
JIy’KeHO MaJio BHMMAHUA yHeJideTcA IapaMer-
PUUECKOMY KOHTYPY € 00erMM M3MeHAOIIMI-
cAd BO BpEMEHU PeaKTUBHOCTAMM, XOTA OdUe-
BYHO, 9TO B TaKOM CJly4dae IIOTeHIMaJbHbIe
BO3MOYKHOCTY KOHTYpa 3aMeTHO PacCIIMPSIOT-
cA. VImeHHO dTa 3a7ada paccMOTpeHa B HACTO-
Alell cTaThe, OIPUYEeM pellajlach OHA MCKJIIO-
4NTeJIbHO (pusmueckuMy Metonamy. OHUM mann
BO3MOMHOCTDB, IIO-BUAVIMOMY, BII€PBblE BbIIE-
JIUTH XapaKTepHble, CUHXPOHHbIE M aCHMHXPOH-
Hble, CJIydayl M3MeHeHns peakTuBHOcTeil. O6-
JIaCTV IIPUMMEHMMOCTIL CbI/IBI/I‘-IeCKI/IX  MaTeMa-
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TUYECKUX PEeNIeHN PasJNdHbl, OHM B3aUMHO
IOITOJIHAIOT OPYT APYra U IT03BOJIAIOT, KaK ObI
paccMmoTpeTs npobJseMy € pPas3HBIX ITO3UITUIL
VnmocTpalmeit K 5ToMy MOKeT ObITh ITapameT-
PUYECKNMII KOHTYP II0 puc. 1, B KOTOPOM peakr-
TUBHOCTY IIOCTOSHHBI , @ aKTUBHOE COIIPOTUB-
ageane R =R(t)>0 MoxXeT M3MeHATLCA BO
BpeMeHU IO JiroboMy 3aKOHY 0e3 KaKuX-Jm0o
OTPaHNYEHNII, OCTABasCh BCErAa IIOJIOKIUTEb-
HBIM. PelreHrne sToil 3amaum MaTeMaTUYeCKU-
My MeTozaMu He nosydaercsa. C dusmueckoii
TOYKM 3PEHUA PEIIeHe HaX0IUTCA DJIeMEeHTap-
Ho. ITocTyryieHuA DHEPTUM B KOHTYP HET, B TO
JKe BpeMs pacxXojn ee, T.e. IIpeodpasoBaHue B
TEIJIOTY B aKTUBHOM COIIPOTHMBJIEHNM , HE IIpe-
kpamtaercda. CiemnoBaTesibHO, TaKOW KOHTYP
aCUMIITOTMYECK) yCTOVuuB. BriBaeT um Hao00-
pOT, T.e. oJe3HaA MHQOPMAIULA M3BJIEKAETCHA
TOJIBKO IIOCJIE PEIIeHMA CJIOMKHOM MaTeMaTy-
veckoil 3agaun. [logxon 1 pe3yabTaTbl HACTOA-
I11eif CTaTbM MOTYT ObITH 0OOOIIEHBI B IBYX Ha-
[IPaBJEHNAX: IIPUMEHUTEJILHO K 00Jee CJI0MK-
HBIM ITapaMeTPUYECKUM PaJAVONENAM U IIPUMe-
HUTEJIbHO K HeJMHENHBbIM paauorensaM. Cyie-

CTBYET, K CO’KaJIeHNIO, MaJi0 M3BECTHBIV B
panmMopm3nNIecKnX Kpyrax IPUHINIT JMHEHO-
o BKJIIOYEHNA, YTBEPIKAAIOIINI, YTO Jiro0oe
pelleHre HeJVHENHOM CUCTEeMbI MOYKEeT OBITh
OpeacTaBJIeHO KaK pellleHle 5KBUBAJIEHTHOMN
JIMHEHOW CUCTeMBL 3ech IIo[ JIMHEHOI CliC-
TEMOI IoApa3yMeBaeTCA MMEHHO IIapaMeTpu-
4yecKad CHUCTeMA.
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