-3 YcraHoBJIeHHE paBHOBeCHAI. MaremaTudeckoe BBeJcHue

VYciioBue

3anaya 10-3 YcraHoBJieHUEe PaBHOBECHSI.

Mamemamuyeckoe ssedenue.

[TycTh CKOPOCTH M3MEHEHWsI HEKOTOPOi (DU3NUECKON BeJMUnHBI, onuchiBaeMoil dyukimein X (1),
[IPOIIOPIIMOHAbHA CAMOIl BEJIMYMHE, TO €CTh IOAYUHAETCH yPaBHEHUIO

AX
=2 - X, (M1)
At

rJie a - HEKOTOpask TOCTOsTHHAs BejmanHa. s ogrosHadHoro omnpeenernst gy X (1) ypas-
Henue (1) HEOOXOIUMO JIONOJHUTH HAYAIBHBIM yCJIOBUEM: 3HadeHneM GyHkimu X, (Jjist onpeje-

JIeHHOCTH OyzieM cauTarh, 9ro Xo > 0) B MOMeHT Bpemenu ty = 0.
KauecTBeHHO pellieHre 5TOro ypaBHEHUsT OMUCHIBACTCs CIIEYIONMM 00pa3oM (CM pHC):

npu t = 0 3Hadenune HYHKIUHM 3aJa€TCd Ha-
JAJBHBIM yCaoBueM X, 3aTeM (DyHKIUS Ha- X
YuHaem Yyoueamy, NPuvem CHAYAAL CKOPOCTD
YOLL8aAHUA PABHA (AA—)f)tZO = —aXy, 1m0 Me-
pe yMeHbIlleHUus 3HadeHusl MYHKIuH X CKO-
pocth ee yowiBanus najaer. [lostomy rpadu-
KOM 3TOi (pyHKIIUU OYJIeT MOHOTOHHO YObIBA-
o1as KpuBasg. XapaKTepHoe BpeMs YObIBAHUS
GYHKIINN OTIEHNBAETCST KAK BPEMs, 38 KOTOPOe
dyHKIU cTajga Obl PaBHOW HYJIIO, €CJIU CKO-
POCTH ee YOBIBAHUS OCTAETCs TAKOW Ke, KaK B
HAYAJTBHBIT MOMEHT BpPEMEHU

At

Ommemum maxoice, 4mo cmpozum pewenuem ypasuenus (1) asaaemea dyrnkyua

X = Xoe (M3)
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Yactp 1. Jloaka.

[Ipu jBUXKEHUNM MOTOPHOI JIOJIKM MacChl M Ha Hee JEHCTBYeT TOPMO3IAsA CUJIa, IPOIOPIUOHA b
Hasl CKOPOCTHU

F = —37, (1)

[ne B - wspectnswrit napamerp. 1.1 Jlogka nBurajach ¢ MOCTOSTHHOM CKOPOCTBIO vy. MoTop JtogKkm
BBIKJITOYAIOT. HapucyiiTe mpuMepHBbIil TpaduK 3aBUCUMOCTH CKOPOCTHU JIOJIKA OT BpeMenu. Haii-
JITe XapakTepHoe BpeMsi TopMoxkenus. Onpenenure. Kakoit myTh mpoiiger Jojka 10 OCTaHOBKHU.
1.2 Jlogka nokomsiack, mocje 4ero 3amyckaoT Morop. Cunrasi, 9To BpallleHue BUHTA ITPUBOJIUT K
JIECTBUIO ITOCTOSHHOM CUJIBI F{), TOCTPONTE TPUMEPHBIN rpaduK 3aBUCUMOCTH CKOPOCTH JIOJIKA OT
Bpemenu. Haiiiure xapakTepHoe BpeMsi Pa3roHa JIOJIKH.

Yactp 2 Konagencarop.

2.1 KonyiencaTop BKJIIOYEH B I€lb, IOKAa3aHHYIO Ha pUCyHKe. VIcTOYHNK cO3/1a€eT B 1eNn TOCTOTHHOE
nanpsizkeane Uy. [locTpoiite npumepnbie rpaduku 3aBUCUMOCTU HAIPSKEHUS Ha KOHJCHCATODE
U CUJIbl TOKA& 4Yepe3 Pe3UCTOpP OT BPeMEHU IpU 3aMblKanuu 1enu. Haiiiure xapakTepHoe BpeMs
3apsiIKA KOHJIEHCATOPA.
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2.2 lens n3menunin, 1006aBuB eme oanH pesuctop. IlepBonadaabHO KoHAEHCATOD He 3apsizkeH. [lo-
cTpoiiTe puMepHbIe TPadUKN 3aBUCUMOCTEN HAITPSXKEHNI Ha Pe3UCcTOpax OT BPEMEHU IPU 3aMbl-
kanuu 1ernu. Haiiure xapakTepHoe BpeMs YCTAHOBJIEHUS TOKa B STOI IeIu.

2.3 Ilocne mosiHOM 3apsiIKM KOHJIEHCaTOpa KJI0Y pa3MblKaioT. Haiiinre xapakTepHoe BpeMsi pas-
PSAJIKN KOHJICHCATOPa B 9TOM CJIydae.

7

7

Pemmenue
3anaya 10-3 YcraHoBJiIeHUEe PAaBHOBECHSI.

Yacts 1. Jloaka.

1.1 YpaBHeHue JBUKEHUS JIOJIKH, CJejiyiolniee n3 2 3aKoHa HpioToHa nMmeeT BUI

ma = — v, (1)

Koropoe o4eBniabIM 06pa3oM IpuBouTCs K BrLy ypashenus (M1) u3 «MaremMaTnieckoro BBeje-
HUS

— = —ﬁv. (2)
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U3 T0ro ypaBHEeHUs CJIELYET, 9TO 3aBUCUMOCTH
CKOPOCTH OT BPEMEHHM WMMEET BHJ[ MOHOTOHHO
yObIBarouii (byHKIMN (IKCIOHEHTHI) C Xapak-
TEPHBIM BPEMEHEM TOPMOKEHMsI

r= %. (3)

I'pacduk 31Ol (DyHKIMH U METOJ| HAXOXKICHU
XapaKTepHOI'0 BPEMEHHM TOPMOXKEHUU ITOKa3aH
Ha PHUCYHKE.

g onpenenenus myTu, TPOHIEHHOTO JIOJIKOI,
npeobpasyeM ypaBHenue (2):

Av b Az m
== Az = ——Av. (4)
At m At Io)
TaK KaK CKOPOCTb MEHsAET OT Ha4daJIbHOI'O 3HaY€HUA A0 HYJId, TO A’U = —7Ug, TO IIOJIHBIN IIyTb
NPONIEHHBIA JIOAKONH OKa3bIBACTCA PABHBIM
m
L= E/UO (5)

BameTnm, 9T0 (GOpPMATBHO 3TOT KOHEUHBIN Iy Th JIOJKA MPOHIET 38 OECKOHETHO OOJIBITOE BPEMSI.

1.2 B stom cJjIydae JIOJKa 6y,IL€T Pa3roHdTbCAd ¢ YMEHbIIaIOMUMCA YCKOPEHHUEM. ypaBHeHI/IG JBHU2KeE-
HHE nMeeT B

ma = Fy — po. (6)

YckopeHne cTaHeT PaBHBIM HYJIIO, KOIJIa CKOPOCTb JIOJIKM JIOCTUTHET CKOPOCTH YCTaHOBUBIIIETOCS
JIBUZKEHUsI, KOTOPYIO MOXKHO HailTu u3 ypashenus (6), moarast a = 0:

Fy
V= —. 7
3 (7)
ITepenmmmem ypasuenne (6) B Buje
Av B Fo
— =L (v=-=2). 6
At m ! B (6)

Ecymm BBecTn HOBYIO epemMennyo X = v — U, UMEIONLYIO CMBICJ OTKJIOHEHUS MOJIYJI CKOPOCTH OT
CKOPOCTH YCTAHOBUBIIIEIOCST JIBUKEHNUs, TO ypaBHeHue (7) mpeobpasyeTcs K M3BECTHOMY BHJLY

== __Lx (7)
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Perrenue 3Toro ypapHeHus UMEET BHJ MOHOTOHHO BO3pacTaomeil (hbyHKIMH, CTpeMsIneiics K mpe-
JICJIBHOMY 3HAYCHUIO (yCTAHOBUBINEHCS CKOPOCTH) C XapaKTEePHBIM BPEMEHEM Da3rOHa, OIPeJIesisi-
embiM opmyiioit (3). ['padux sroit GyHKINE TOKA3aH Ha PUCYHKE.

=]

Yacrp 2 KonaeHcarop.
2.1 Ha ocHOBaHMM 3aKOHa, JJIsI CHJIBI TOKA Yepe3 Pe3UCTOpP MOXKHO 3allCaTh ypPaBHEHNE

Uy—Us=IR (8)

Cua ToKa B eIl paBHa CKOPOCTU U3MEHEHUA 3apid/ia Ha KOHIAECHCATOPE, ITIO9TOMY €€ MO2KHO BbI-
Pa3uThb 9€epe3 HallPpA2KCHNE Ha KOHJ/ICHCATOPE

A A
_ 2~ Uc

I_E_ At (9)

C yd4eTom 3TOro COOTHOIIEeHNs ypaBHenue (8) mpeobpasyercst K 3HAKOMOMY BHLY:
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AU AU 1
C—Uy-Us = ¢ =

RO At = RC'

Uc

— U) (10)

D10 ypaBHEHUE, C TOYHOCTHIO /10 0003HAUEHNUIT COBIIAIAET ¢ ypaBHEHHEM pa3roHa ok (6), mosro-
My OHO OyJ/ileT UMeTh Takoe Ke perenue. V3 anaamsa 9Toro ypaBHEHUs CJIE/IyeT, 9TO XapaKTepHOe
BpeMs 3apsIKU KOHJIEHCATOPA B JIAHHOI Ienu onpejessercsa (popMyioi

7= RC.

(11)

s omnpejiesieHns 3aBUCUMOCTH CHUJIBI TOKA OT BPEMEHU BbIPpa3UM,
ypasuenus (8). Ilociie 09eBUIHBIX TTOICTAHOBOK TIOJIyINM yDaBHEHIE

Al 1AW -Us)  1AUs

At R At R At
L 1 Agq . 1
~ RCAt  RC

CKOPOCTH €€ HM3MEHEeHUd u3

(12)

Koropoe coBnajsiaeT ¢ ypaBHenneM TOPMOXKEHHS JIOJKU, C XapaKTEPHLIM BPEMEHEM TaKKe OITH-
coiBaeM dopmysioit (11). I'padukn 3aBucuMocTeii CuIbl TOKa U HAPSIZKEHHsT HA KOHJIEHCATOPE OT

BpeMeHH IMOKa3aHbl Ha PHUCYHKE.

2.2 Jlns onmcanus MPOTEKAHWS TOKOB B IENU TIOJTYIUM
ypaBHEHUsI I HAIIPsKeHUs Ha KoHjeHcarope Up (pas-
HOEe HAIPsKEeHNIO Ha pesuctope Ry). st sroro samurmem

BBIPAYKEHUsI JIJIsi CUJIbI TOKa Ha pe3ucrope Ra:

Up — Uy C
I = —m (13) _|

C nmpyroit CTOPOHBI 9Ta CUJIa TOKA paBHA CyMMe CHUJI TOKOB —r
yepe3 pe3ucTop R; m 4epe3 KOHJIEHCATOD :—

R - R
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Iy =1+ I¢, (14)

KOTOPBIE B CBOIO OYEpE/Ib MOTYT BBhIPaXKEHbI Yepe3 Hallpsi-
kenne Uq:

Uy Ag _

A
I == I C Ui

At AL

(15)
Nz sTtux Bblpa}KeHI/Iﬁ CJIeJyeT ypaBHEHHUE, OIINChIBaIOIIeC N3MEHCHNE HalIPAKCHN A Ha KOHIAECHCATOPE

UO—Ul_Ul AUI
T AR

(16)

B o4epeoii pa3 MbI TOJTyYn/Id YpaBHEHHE, B KOTOPOM CKOPOCTb M3MEHEHUsT HEKOTOPOI BEJTUINHBI
(B marHOM ciydae Uy) JMHERHO 3aBUCUT OT 9TOi BeJudnHbL. [IprBeieM ero K cTaH apTHOMY BHLY:

AU 1 1 1 U,
e U (o4 = )+ o (17)
At C Rl RQ R2C
AU, 1 —
=——(U;-U
At 7'( ! )
rie obosnaueno 7 = C % — XapaKTepHOe BpeMs YCTAHOBJIEHUS TOKA B IEIHU, WM BPEMs 3a-
_R R

paaku KoHjencaropa. U, = Uy TR, ~ CTalMOHApHOE SHAYEHHE HallPAZKEeHI U,. B nagabHbIit
MOMEHT KOHJEHCATOP He 3apszKeH, MOTOMY HAIIpsizKeHHe Ha HeM PaBHO HYJIIO; TOK IMPOTEKAIOIIHii
qepe3 pesuctop Ry HauMHaeT 3apsizKaThb KoHjeHcaTop. [lociie Toro, Kak KOHIEHCATOD 3apsInTCs
10 IIpeJeJIbHOI'O 3HaYCHUA (KOF,ZL& BBIPDOBHAIOTCA CHUJIBI TOKOB 9€PE3 peSI/ICTOpr), HallIpA2KEHHUE Ha
KOHJICHCaTOpe IIepeCTaHeT U3MCHATHCA. MHTepeCHO OTMETUTDb, 9TO BPEMA 3apPAJKU TaK2KE MO2KET
OBITH 3amucano, Kak RC', HO TOJIBKO B KadecTBe R ciie/lyeT OpaTh COMPOTUBJIEHNE JIBYX PE3UCTOPOB,
coeJIMHEHHBIX mapasuienbao! Hamnpsizkerne Ha pesucrope Ry MOKeT ObITH pacCIMTAHO IO IIPOCTOM

dopmyite

U2 = UO - U1 (18)
Fpa(bI/IKI/I 3aBUCHIMOCTEN HaHpH}KQHI/Iﬁ OT BpEMEHU IIpUBEJICHBI Ha PUCYHKE. ITokazamo JABa CJIy4dad:

a) Ry = 2Ry, 6) Ry = 2Ry. 2.3 Tlpu OTK/IIOUEHNH UCTOYHMKA KOHJIEHCATOD OyJeT paspsizKaThCst
TOJIBKO uepe3 pesuctop R;. [losromy xapakTepHoe BpeMs pas3psaku OymueT paBHo 7o = RiC.
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