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I. OCHOBHHE MOHATUA TEOPUM PAIMORNEKTPOHHHX LIENEA

PAn#OaNeXTPOHHAR Lellh - 3TO COBOKYNHOCTH B3AMMOCBA3AHHHX
KOMIIOKEHTOB JXX OOpaGOTRM CHIHANOB, HOCMTEXAMW KOTODHX ABAADTCA
HATDANEHMA HAX TOKH., B XauecTPe NPMMEpPOB DANMOBNERTPOHHHX uenefl
MOXHO NMPHBECTH yCTpOHCTBA, I'eHepupywaiMe, yCWIMBAKMKE WIN fuasTpy-
YEHe CHI'HANH, MOLYNATOPH, JOTEKTOpH B T.0.

TeopHs PANMO3NEXTPOHHHX Lienelt BRADWAST B ce6A MeTONM ONKcAa-
HMA Leneft M CHIHANOB, & TAKKE AHARAS MPOXOKISHAA CHMHANOB uepea
HenM ¥ CHHTE3 uenefl ¢ 380aHHEMHM XAPAKTeDUCTHKAMH.

 Hecmorps Ha Goxbmoe pasHooSpasue BADHAHTOB MOCTDOSHMA DAfUO-
3NEKTPOHHMX HeNeRl W HX 3JeMeHTHO/l 6a3H, OCHOBHHE 3AKOHOMEpHOCTH
¥ OCHOBHHE MeTOQNH aHAAM3A M3yUsNT HA YNPOWEHHHX MOReNAX pPajuo-
BNAEKTPOHHEX ueneft. DyHRaMEHTARBHOR MOLeAbD peaybHOR Lemn fBAfeTCA
cxeMa, COCTOANAS K3 COGAMHEHHA OTAENbHHX WAEANHINPOBAHHHX JNEMeH—
TOB, TAXHMX,K8K MCTOUHMKH HANPAEHWA WIW TOKA, COMPOTHBACHUA, €M-
KOCTH , “MHLYKTHBHOCTH H T., OTHM MOCATU3IMPOBAHHEM JJeMEHTaM COOT-
BETCTBYDT DA3AWUHHE KOMIIOHEHTH DANMO3AEKTPOHHHX yCTpOACTB: peauc-
TOpDH, KOMAEGHCATODH, KATymX¥ WHAYKTHBHOCTH, TPAH3XCTOPH, MUKpOCXE-
MH K T.O.

He caenyer, ogHaxo, AyMAaTb, UTO SAEMEHTH CX€MH MOJHOCTHD OT-
paxanT Bce CBOAiCTBA peanbHHX feraneft (KOMIOHEHTOB), M3 KOTODHX
cofpaHo ycrpoficrso. K nmpumepy, ReTaub "KOHmeHCATOp" TOALKO B M3-
BEeCTHOR Mepe paoTaeT Tak xe, KAK COOTBETCTBYWIAA "eMKOCTL" B CXe-
me. Ha camom nene, rpome HaxommeHus sapAna (uro CBOMCTBEHHO eM-
KOCTH) , B KOHLEHCATOpe MPOUCXOSUT paccedHHe ONeXTPHUeCKof.sHep-
PUM % HeKOTOpHE ADyTHe uanueckKHe adPeKTH, He yUMTHBAEMN® MOREABD.
KoHeuHo, NpH HEOGXORMMOCTH MONEAb MOXKHO YCAORHUTL TaK, UTOOH OT-
pasuth Gonee MONHO CBOACTBA peanbHHX KOMMOHeHTOB, B Hamem npumepe
KOHIEHCATOp MoxeT OHTH oTofpaxeH B CXeMe COENVHEHMEM eMKOCTH M
CONpOTHBNIEHNA, YUMTHBANWErO paccesHue 3Heprum. Tax me o6cTouT
ReNo M CO BCEMH [PYT'MMH KOMITOHEHTaMH.

Cxeua mpescraBase? coGO#A He MPOCTO COBOKYNHOCTD JAEMEHTOB -
Ha Hefl yXasHBanTCA 3NEKTpHuecKWe (MAM MATHHTHHE) CBASM Mexmy OT-

3




NeAbHEMM JJIEMEHTAMHU. PeanbHue CBA3M MOTYT OHTb 3HAUHTEAbHO CNOX-
‘yee, OCOGEHHO B MONYNPOBOSHMNOBHX npubopax. OTn ahdexrtu raxke
MOXHO CMOJIeANPOBATH, YCROXHHA CTPYRTYPY CXeMH, BBOAA 3&BACHMHE
(ynpaBAseMHe) UCTOUHMKM TOKA M HENPAKEHRA, & TAKEE JMGMEHTH, yun-
THBADGUE NAPASHTHHE CBAIM MEXy KOMNOHEHTAMW DeasbHOR HemmM.
OgHaxo HA NMPARTHKE CHAGANA LEeAecOOSpA3HO MPOBOAMTH PACCMOT-
pelide Ha CaMHX MPOCTHX MOREASX, OTPANANGHX TOXLKO OJHO UER He-
CKOABKO CAMHX MJGBHHX CBOACTB pEaibHHX KOMIIOHEHTOB LN W OCHOB-
HHe CBA3¥ MEXny HUMK. JTO NMOSBOJNHT NPMMEHHTb CPABHHTEAbLHO MpOC-
Tolt MATeMATHUECKK{t ANNAPAT ONMUCAHWA HYHRUMOHMDOBAHHA uenelt mog
BOSZE/CTBNEM TEX WIA MHMX CHPHANOB (TOKOB WA HAmpAxeHuft), mccxe-
LOBATH MX XAPAKTEDHCTMKM W JATh DEKOMEHNALMM MO CHHTe3y neneft
¢ sajawHuM¥ cBoficTBamu. UYro xacaercsa GoXee CXOXKHHX MOfexef KOMMIO-
HEHTOB ¥ B3AWMOCBR3eft B PAAROBXGXTPOHHMX LOMAX, TO OHW ONDABJAHH
NpH aHANW3e WAM CHHTese ycrpoficrs ¢ nomompo B, xuGo rTorga, Korza
Gonee mpocTad MOREXb KaeT Pe3yAbTATH, He &feKBATHHE DeaNbHOMy
JyHRUMOKKPOBAHMD yCTpPORCTBA.

1.1. Momeay wuneanu3upoOBAHHWX 3JIEMEHTOB

KoMnoHeHTH panvosXeKTPOHMEX Lenefl neafrcA Ha naccxmme ® aK-
enBHHe. [laccuBHIE KOMIOHEHTH HE CO3[ANT 3HEPrHiG-OHA AWmb NMOTpes-
AAPT IHEPI'MD, CO3NABAGMYD AXTHBHHMN KOMIIOHEHTAMM. Taxoft nomxon
CMpAaBEAMB C TOURK SPEHHA BIAMMOAGACTBHA TOXOB U HaNpAXeHKR B 2xe~
MexrTax cxesmu. Ha camoM pene, axXTHBHHE KOMNOHEHTH He CO3anT 3HED-
rup, & Xmmb ﬁpeodpaaym HEePrHD MCTOUHMKOB NNTAHMA B HEPIHD CMr-

" HaxOB.

OCHOBHHMK MACCHBHEMM XOMIMNOHEHTAMH ABAADTCHA peaucmpu, XOH-
REHCATODH W KATYNKR MHOYKTHBHOCTH; MM COOTBETCTBYDT NAacCHPHHE sne-
MEHTH, OoTpamanuye CBOACTBA corrpo'run.neﬂna R, euxoctn ( n ¥HOYK-
THBHOCTH /. :

K aKTBHEM XOMTIOHEHTAM DOAMOSAEKTPOHHHX Lemef OTHOCATCA 3AeK-
*TPOHHHE NPNGOPH: PANUORAMIIH, TPAHIUCTOPH, MUKDOCXEMH M Jaxe lejHe
yerpoficrBa (Hampumep, Aa00paTOpHe I'eHepaTOpH CHUIHANOB MO CBOMM
(yHRIMAM MOXHO OTHECTH K AXTHBHHM KOMNOHeHTaM) . CpoficTBa 2TUX
KOMTIOHEHTOB OMHCHBADTCH AKTHBHEMM S/EMEHTAMM: HE3ABUCHMEMU H
yTpABAAEMEMHA MCTOUHWKAMM HANDAKEHWA M TOKA, -XApaKTeDHHM MPU3HAKOM
AXTHBHHX KOMIOHEHTOB ABAAETCA HAaAWUMe MCTOUHMKOB NKTAHMA, KOTO-
pue M o6ecrneuyrBanT CEOICTBO ARTHBHHX OAEMEHTOB CO3MaBaTbh RKOMOAHU-
TeXLHYD OHEDPIrMD B CXeMe.
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ComporupiieHHe OTpamaeT CBOMCTBO KOMIIOHEHTa 6€3BO3BPATHO pac-
CeHBATb INEKTPUUECKYD BHEPPHI, MEPeBOLA €e B TeloByn. OCHOBHOMN
XapaXTepUCTHKON CONDOTHBAEGHUA ABARETCA CBA3b MEXNy HANMPAKEHHEM M
TONOM Gepes Hero:

U=R7 HAM ['=6U. (I.I)
E;mumen W3MEPeHHA CONpPOTHRAeHMA X saApasercs Ou, a eguuuuedt npo-
sommoct® G - cumenc (wru 1/0m).
EMxocTh OTpaxaeT CBOJCTBO HaRaMAWBATb dNEKTPUUECKuil 3apan,

a 3HAUMT, 387AcCaTh SNEKTPHUECKYD dHEPrHD, OTO CBOACTEO XapaKTepH-
3yeTCA CBA3bK MEeX[y HANpAKEHWEM M 3aPAAOM, HAKOMNEHHEM EMKOCTHD:

EnuHuileft MSMEPSHHA eMKOCTH é’ mne-rca gapw (uame ucnonbayorca
NONbHHE eJHHMIN MED = IO'6 IO‘

MHEyRTHBHOCTD coo-rnerc'rnye'r CBOACTBY ROMITOHEHTA HAKAIUIKBATH
MAPHHTHHA MOTOK, & 3HAUMT, 3AMAcCATH MATHHTHYD 3Heprun, Xapaxte-
PHCTUROR MHIYKTHBHOCTH ABAAGTCA CBA3b MEXOy MOTOKOCUeNseHuem ¥ ,
NPONOPLMOHANBHEM MATHHTHOMY TOTOKY, M TOKOM Yepes 3JNeMeHT:

Vil (1.3)

Eguauuefl vasmepeHus WHAyXTHBHOCTH ABxaerca reHpu (I'), ucnoxbayercsa
rarxze u[' = 1073 T u uxI' = 100 T,

HneaAn3upoOBaHHNE COMPOTHBAGHHA, EMKOCTh W WHIYKTWBHOCTb HB-
RADTCA NMHOMHIMA BAeMeHTaMu. BOAbT-aMnepHAR XapaXTepuUcTHXa COMpO-
ruprerna (I.1), Boapr-KynoHHas xapakrepucTHxa eumxoctd (1.2) u
aunep-pefepHas XaparTepuCTuRa wHayRTuBHOCTH (I1.3) - 3TO nMpsuue
avnvy (puc. I.1). KpyTusHa, T.e. TaHTEHC yraa HARAOHA ITHX AMHUA,
¥ onpegenaser sexuwtHn G=//R, ( W [ COOTBETCTBEHHO.

UL (¢)
Q.
iC empin—e
v L‘(t) ’
Pﬁc._ I.1

Yro6H NPUCTYNHTL K QHANK3Y CXeM, Heo6XOOMMQ YCTAHOBMTb CBA3b
Mexy HanpaeHueM Ha snewente U(f) w rowow wepes mero 7(7) (U(?)
# 1(f) - HexoTopHe NMPOMIBORBHHE (YHKIMM BpeMeHH).



Ina conportuBneHus 3Ta cBA3b cpasy clemyer u3 (I.I):
Un(t) = Ry (), (1.4)

T.e. GopMa HATPDKEHUA B TOUHOCTH TOBTOpAET (bopuy rora; R - x03d-
JULMEHT NpOMOPLMOHAABHOCTH '

Laa emxocty w3 (I1.2) c ywerom Toro, uwro Tox 1 () ecrp He
YTO WHOe, KAK CKOPOCTb M3MEPEHWS 3apajga, KMeeM

[ - o) _ p 24

Hurerpupys (1.5), nomyuwm p
, / .
L,C’({)=7j’ Z[,(T) ar (1.8)

Ecan xe uasecrTHo U/ ({) B KaKOM-aMG0 MOMEHT BPEMEHH hz‘, . TO
s (¢ wueen

¢
Un(t) = (f)f—j 1,(7) AT {1.7)

1
U3 (1.5) BMEHO, UTO TOX UEpe3 EMKOCTb He 34BHCHT O HaMpsRe-
HUA Ha eMKOCTH, OH ONpenensieTcAd CKOPOCTbD ero HaMeHeHHA. Jopuy-

na (1.6) noxasupaeT, YTO HANpAKEHWE HA EMKOCTH B NAHHH! MOMEHT

BpeMeHM OMpefenAeTcA He TeM, KAKOB TOK B ITOT XE MOMEHT, & MHTEer-

panbHuM afdexrom (T.e. rmomagbLo) BCero MpemmecTBynm@ero Toxa. Bupa-
xenue (1.7) wmeeT caeqyomuit cMucn: Hampsmenue U, (7,) axKyMyaupy-
. er B cefe BCD "NPENHCTOPHO" L0 MoMeHTa I, . LA onpeneneHus »c(t"
npu #>f, Tenepb KOCTATOUHO -3HATHL NOBENEHHE TOKA TONLRO OT Y/ N0

. VuerHO 3HaueHwe HanpsxeHUs Ha EMXOCTH, & HO TOKA uepes Hee,
onpep,exxefr 'rexymee COCTOAHUE" BTOrO siNeMeHTa., B JanbHefmeM My
YBHOMM, UTO MDA AHANH3E Lenefl uacTo OWBAeT LEeNecOOCpasHHM BHON-
PATb Takue nepeMeHHHe (TOKM MAW HalpPAXEHMR), KOTODHE HaHOOnee 3KO-
HOMHO ONMKMCHBAPT TEKymee COCTOFHME LEMH. OTH BENIUUMHH MONYyWIX Ha-
3BaHMe "NepeMeHHHX COCTOsHWA", Kax BUAMM, NEepeMeHHON COCTOAHUA
LA eMKOCTH SBAAETCA HanpAxeHUe Ha Hefl, .

fopua TOKA 1". (f) w» opMa HanpsweHMs . (/,(,{) He COBNAjZavT,
OHM CBR3AHH, KAK NMPOM3BOJHAA ¥ MuTerpan. [lpmmep Taroft csasm nau
Ha puc. 1.2. CymecTBeHHOe. 3HaueHwe IAA NPAKTUKU WMEDT ABa OOCTOA-
TexscTBA: BO-TepBHX, ecan U, (¢) = Const , To ip {{) =0, r.e.
A NOCTOAHHOIO HANMDAREHWA EMROCTb KaK OH ABNAETCA PA3DHBOM LENH,
TOK He TeyeT; BO-BTOPHX, HANDSXEHHE HAa EMKOCTH He MOXeT H3Me-—
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HATbCA CRAUXOM, - OAA 3TOrO f10-
rpedoBanca 6u GecxoHeuHo Gonnbmoft
TOK,
CBA3L Mexny HANpAKEHVEeM W Vf(t)
TOKOM B MHLYRTUBHOCTH CJELYyeT ¥3 JA
38KOH8 3JI6KTPOMAPHUTHOR MHAYRIMH, i \__/,r
COrNacHO KOTODOMY HaMeHeHHe Mar- [ (o )b= | I-I_

|+

HUTHOPO MOTOKA BH3HBAET B KATYm- !
xe JIC &(f) , MPONOPLMOHANBHYD
CKOPOCTH M3MEHEHMs TOXA W HAIpaB-
XeHHyD Tax, YTOCH MPEenATCTBOBATH
M3MEHeHWD TOKA, ONpefeAAUEro Puc. 1.2
nororocuenzenne V() :

ey - LY . 2yt (1.8)

dt at :

Bo Bropom paBencTse cnoabaosano pupaxerme (I1.3). Yunrusas, wro
HAMpAXEHHe Ha daeMente M JJIC ¥MEDT NMPOTHBONOXORHHE HANDABAGHHSA,
MOXeM 3AIHCATD:

"

Yy = L “Zif({) . (1.9)
Hurerpupys (I 9), noxywm ;
L) == f () dr =1 (t‘)l_j U(r) dr. (1.10)

/
HeTpymHo 3aMeTMTh, YTO MHLYRTHBHOCTb B HERKOTODOM CMHCAE TOAoOHa

EMKOCTH: COOTHOmeHWEe MEeXNy TONOM K HAMDAKEHWeM HMeeT TOT xe BMA,

HO TOXbXO TOR M HANpANEHWe MOMEHANMChL MecTaMM. EmxocTh W HHOyRTHB-
HOCTh CUMTANT AyalbHEMM BeTHURHaMM. BoamuHas sameHa .
Q=Y [’e——z’ 1(f) =—=-U(%) (I.II)

nepeBom#T Bce GOPMYAH OAA EMKOCTH B COOTBeTCTByNmMe dopMyxu maa
WHARYKTHBHOCTH.

OTMeTVM, YTO AAA NMOCTOAHHOTO TORA 7, (Y) = const wanpamerme
H& HHLYKTHUBHOCTH ({4({) = (0, T.e. WHIYKTHBHOCTb - 3T0 XaX Ou XO-
POTKOE 3aMHRAHMe B LEMH. TOX wepes WHAYRTHBHOCTb He MOXET NMpeTep-
neBaTh CKAUKOB, €CAM TOABKO HA Heft He geficrByer GecxoHeuwHo Goxb-

moe Hanpsmenve. [leppMeHHOR COCTOAHMA MHAYKTHBHOCTH ABIAGTCA TOK
qepes Hee,



Hpe,u,c'ramme'r UHTepec pacCMOTpPEHUEe BOMpoca O MOMHOCTHA M 3HEpPriun

B sneMmedtax © , L , { . Tlo onpenenenun, MrHOBEHHAA MOWHOCTD

2ty 1(4) U(Y), (1.12)
a sHeprua y
W) = j p(rydr. (I.13)

Jna CONMpPOTHMBNEHWA MPHOBEHHAA MOMHOCTDH TIOAYUAETCH MOMCTAHOB-
xoft (1.4) s (I.I2):

B = Riz(t) = GUE(E). (1.14)

Bpemennan Qynxuma Py (7) nas 3anaHHOR dopMm TOKa Ip (f) wim He-
npsxexus Up (f) Ha comporuenennu (puc. 1.3,a), mocrpoeHHas B co-
orsercreuu ¢ (1.I4), norasaxHa Ha puc. [.3,6. OueBMgHO, uTO MOmM-
HOCTb B CONpPOTHBACHUM He MOXET GHTh OTPHLATENBHOH, UTO COOTBETCT-
ByeT NoTpeGNeHWn SHepruu, pacceupanmeficA B Buie Terna. [lpd aToM
sneprua Wp(f) npencraBnser coSoit HeySupawmyo dyHRIMD. [lockombky
npuHmManT W(-oe)= 0 N4 BCEX INEMEHTOP CXeMH, DHeprus B COMPOTHB-
JIeHUY HUKOPJA He MOXeT OHTb OTPHUATENbHOH, WrO MOATBEPROAST MPH3-
HAK ONpEeNEeNeHWA MACCHBHOCTH DNEMEHTA: CONPOTUBJEHHE He MOXeT OT-
ATH BO BHEmHOD LeNb 3HEPryn.

NipousBesteHue TORA U HAMDAREHUA HE EMKOCTH X&PAKTEPN3YeTCs
MrHOBeHHo#t MomHocTbo. Ee momyusnt ua (1.12) ¢ yuerow (I.5):

()= cy.f) L) (1.15)
at

MomHoCTs eMxOCTH MOXET OHTb KaK MOJORATENbHOM, TAR M OTpHUa-
TenbHO!t B 38BUCHUMOCTM OT 3HAKOB HANPAKEHUR M HANDPABNACHWA ero ua-
MeHenua. Tax, ecau a6COMOTHAA BeNMUMHA HATIPAXEHUA pacTer (3apdAfn
HAKAMMBAETCA) , MONHOCTb NONOXUTENbHA, UTO COOTBETCTBYeT MoTpel-
neHvD BHEPPHM eMxocTbP. Ecam xe emxocTbs paspamaerca (3apspn yMmeHb-
maercA), TO MOMHOCTH OTPULATENbHA W BHEPPMA OTAAETCH EMKOCTHD BO
pHemHoo uenb, llpn 7 (f) = O eMKOCTb XpaHHT 3apAA CHOMbL YTONHO
nonro. Bce aTH cayuau nokasaHH Ha puc. l.4,a, npuues HamnpsxeHue
U(f) wmMeer Gopmy, npuseneHHyp Ha pHc. 1.2.

dHEpr¥A B €MKOCTHM onpefensercd wHrerpupopanuem (I.I5) B mpen- -

W —aoo) = o:
nonoxerun W, (~ oo) ; d[é{’l’) dr -0 [/pe(/)
dr '

Wc(f)-é’j 4(7) 5 (1.16)

Orcoga crefyoT NBa BaXHHX BHBONA B OTHOWMEHWH SHEDruM, Haran-
nuBaemoft durocTbo. Bo-nepetx, oHa He MOXeT GHTL OTpULATENbHOMN,
T.€. 6MKOCTb HE MOXET OTJATh BO BHEMHID LENb 3HEepruyu Goiabme, ueM
B HeR 3anaceHo. JTO ABAAETCA NPUIHEKOM TACCHBHOCTH EMKOCTHOPO
3AEMEHTA.

{
l
(
l

Puc. 1.3 Puc. 1.4

Bo-Bropsx, ®HEprHA B KAXIuI MOMEHT BDEMEHU ORHO3HAUHO Onpene-
nAeTCA KBALPATOM HANDAKEHWS HA EMKOCTH W HE 3&BUCHMT OT TOKA uepes
Hee, YTO eme DA3 MONTBEDEIAET CMPaBEefJIXBOCTh HA3BAHWUA HANDAREHUS

Up(f) mnepemeHHOR cOCTOAHMA eMmxocTH. Bce ato wwmwcrpupyercs rpa-
dvrOM U3MEHEHUA sHepruu Ha puc. 1.4,6.

B ToM, UTO MHIYXTHBHOCTb ¥ €MKOCTb LyafbHH, JErk0 yGemuTbcsa
ete pas Np¥ BHBOMAE BHpaxeHuft OnA MICHOBEHHOR MOMHOCTH M 3HEpru:,
conocrapuB ux ¢ (I.I5) u (I.16). MomHOCTL HAa MHIYKTMBHOCTH

. e,
Rt) =11, (1) % ) (1.17)
a 3Heprus MHAYKTUBHOCTH 2
. Q ()
W) - L = (1.18)

OuesugHO, UTO CBOACTBA MHAyKTMBHOCTH SHANOTMUHH CBOWCTBaM
EMKOCT{ C TIONpABKO} Ha 3aMEeHy COOTBETCTBYDUWX BeAWUMH, & puc.l.2
n 1.4 nocne HeofxoguMoft 3aMEHH MOT'YT C yCNeXOM WLIDCTPHDOBATHL NO-
BelleHne WHIYKTUBHOCTH NPU NEpeMeHHHX BO3NefCTBHUAX.



BaauMHAs WHIyXTUBHOCTH OTpAXAET CBOHCTRA MHLYXTHBHO CBA3AH-
HHX XaTymex MHMLyXTHBHOCTH. I'pajuueckoe uzofpameHue TAXUX BdAEMEH-
20B NpHBegeHo Ha puc. I.5..

[lpoaBngeTcA B3aUMHARA mmyx-mnuoc'rb B HaBENEHWN HANDPAKEHHA
B MHIYXTMBHO CBASASHHOR XATymKe 3a CweT TOKa, NMpoTexapmero no Apy-

roff karymxe a'z', ({)

Gy () = 11— = (1.19)
NMpMueM BIAKMHAA WHAYKTHBHOCTD- [/ M3MEDAETCA B TeHpH, & 3HAK BHOH-
paeTcA B 3aBHCHMOCTH OT BKADUEHHS WIH HANDABREHW# HAMOTRH WHIyK-
THBHO CBASBAHHHX KATymex. 3Hak "+" COOTBOTCTBYeT COTRACHOMY BRIO-
wermo (puc. 1.5,a), xorna noacsMTesbHHe HANPABJIEHMA TOKOB 7, H
1, NPUHATH BTERANUMMK B BHBONH MHAYKTHBHOCTH, 00O3HAUEHHMe TOU-
xamu. 3Hax "-" B (1.I9) GymeT npu BCTPEUHOM BKOUEHUH xatyurex
(puc. 1.5,6).

i o

L
fu,

Qu

5‘) )
Puec., 1.5
[lomnMo HAMpAREHWR, BH3BAHHOTO BIaRMOMHAyKRUMEH, Ha xmon ka~
Tymxe, oSxanapme$ cOGCTBEHHON MHAYRTHUBHOCTLD L, Wi lg s dopun-

PYeTCA HANpAREHHe CAMOWHAYKUWM, BH3BAHHOE CBOWM TOROM B COOTBET-
cremv ¢ (1.9). Cymmupys oT¥ fBe COCTABAAYNIME HANDANSHHA, TONYyUMM

diy(t) 4 p diy(t)

4t -4, :
at ;t{ (1.20)
diy(f) , pdy ()
ENA 2 MUY

It xapaxTepuCTHRY CBASH MEXRY WHAYKTHBHOCTAMH MCTIONb3YyDT RO-
s@mméwr CBA3K
PO B " (LD
"y
XOTOpHIi He MOxeT OHTh GoAbEE eRWHMLE, NOCKOAbRY OnpesenseT NOAD
MATHUTHOPO NMOTORA, B3aKMOMefCTByOmEero ¢ WHAYRTHBHO CBA3AHHOM Xa-
TYmKO}i 110 OTHOMEHWD X TONHOMY MATHUTHOMY MOTOKY.
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Heaasucymne MCTOUHMKH ONMMCHBANT CBONCTBA BAEMEHTOB WIM gaxe
ROBONILHO CIORMHX YCTpOACTB MONNEDXHBATH ONpefeXeHHOe HANPAXeHMe
(ncTounMk HanpmmeHMA) mnM TORe (MCTOWHMK TOKA) BO BHemHeft Lenw,
TlpwepaMy He3ABHCHMEX MCTOUHWROB HANDAKEHWS ABAADTCAS da'rapemca,
CHrHana onpeneneHHo# fopMu, HAMPUMED CHHyCOWZAnbHOM,

Fpajuueckoe uaoOpamerHue WIEANBHOrO MCTOUHWRA HANDAKSHUA W
BOJbT-aMNEDHO! XADARTEPHCTHKYM NMpPENCTABEEHO HA puc. [.6,a u 6
(cnromHoRt muuuett). BumHO, UTO HANpAmeHMe MeXAy BHBOLAMH MAEANbHO-
I'0 HCTOWHUKA HANDAKEHUA He 3aBUCHT OT TOKA Uepes Hero.

Iey ‘w 2 \ mm e
Eto - ,\ ucmomun 4
nompedenery

\ aePeusro us
\Bvecunesi o
5)

Puc. 1.6

Kpyxox co crpenxoft - u3o6pameHue He3aBUCHMOr'O UCTOYHHRA HA-
npsmenus (S]C) ; HanpaBneHne CTPENRYM 03HAUAET HAMDABAEHWE BHEMHEro
TORA, KOTOpHE NoTeueT, eClA¥ K 3AXUMEM HCTOUHMKA NORCORNHUHATL HEXO-
TOpyp BHemHD® (maccuBHyn) uenb, [Ipu aToM Hanpawenwe Ha 3amMMax Mc-
TOUHHRA l/({) u3odpaxaeTcs ‘CTPeAROA, KAymeR B MPOTUBOMONORHOM HA-
npasnexud. Ha nepew#t B3raag, STO HapymaeT 06mee NpaBUAO, OTMEUeH-
Hoe Bume ana P , [ m [, rue NOROXMTENbHOE HANpABAEHWE TOKA K
HaNMpAXEHHUA HA 3JJleMeHTe cosnafand, Ha camou gene, anA Mcrowmxa 3T0
€CTEeCTBEHHO. MrHOBEHHAA MOWHOCTL, MOTpe6aAeMan NOCHM ABYXNONDCHN-
koM (¥ fMaccHBHEM ¥ AKTHBHIM), ecTh npoussenenwe 1(7)- U(f).
Ecau tox B anemenrte TeueT "HABCTDEUy™ HANDAMEHMD He OTOM BJEMeHTe,
TO NMOTpPeGNAENad MOMHOCTb OTpULATEAbHA, 8 3TO ¥ O3HAUAET, UTO ajne-
MEHT ABAAETCA WCTOUHMROM, OTHADMMM MOMHOCTDL BHemHell nemd.

[Ipy HanMuMM BO BHemHER LEMU JPYTMX MCTOUHMKOB MOXET OKA38Thb-
CA, UTO TOK uepe3 JAHHHA MCTOUHMK MOTeueT B OGPATHOM HANDABNEHHH.
Tar, Ha puc. 1.7 nokasaww nBa ucrounwka, padoTammux "HascTpeuy™
Hpyr apyry. llpn U, > U, Tok uepea conporusaesme R Gyger npore-
KaTh CUpaBa Haneso. B orom cayuse B ucTourMke &, mnorpeSaseMas

MOWHOCTb GyneT monomutensHa: P = 26, . Hcrowmk ¢ pacceusaer
3HEprun,
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Ru l'. (‘r)
-
u
e,d epe, €. }U(f)
Puc. 1.7 Puc. 1.8 -
.(t) - P<Q degowmx
O~ gt | EEE
oA T~
Inepurc ~
Vte) : v
a) l 5
Puc. 1.9

PeanbHut HCTOUHMK HANpPAXEHUA yMeHbIaeT HaNpAXEHWe MpH yBeNu-
UYEHHM TOKA, OTHABAEMOr0 BO BHEmHOD Uenb. Mogexb TAKOr0 UCTOUHWKA
npuBeneHa Ha puc. 1.8, a ero BoAbT-aMnepHas XxapaxTepUCTHRA M3o6pa-
XeHa MyHKTUpHOA yuHMe# Ha puc. 1.6,6. QuesunHO, uTO veM Gnuxe pe-
ATbHHH MCTOWHWMK HANDAKEHAR K UOEANLHOMY, TEM MEHbEVM LOJNKHO GHTb
ero BHyTpeHHee CONpOTUBNEHue K, .

WpeanbHuft UCTOUHHK TOKA ABAASTCA NYaJSbHEM BAGMEHTOM MO OTHO-
MeHVWD K WeanbHOMy UCTOUHMKY HanpsxeHnsa. Ero u#sofpamenne npencraB-
neHo Ha puc. 1.9,a, BOAbT-aMnepHad XapaKTepUCTHKA B BUOE CILIOMHOR
JIMHAM TOKa3aHA H& pHUC. “1.9,6. Kak- ¥ y MCTOUHMKS HANMDAKGHWA, MOm=
HOCTb MCTOUHMKA. TOKA MOXeT OHTb MOACXUTENbHOX U OTpULATENbHOR, U
OH OTHOCHTCA K BKTHUBHHM 2JIeMEHTaM uUeni. PeanbHuit UCTOWHMK TOKRa
MOf@ANpyeTCA NApaNebHEM COSIHMHEHHEM UNEANbHOrO UCTOUHMKA M CO-
npotusiesus R, (puc. I.10), BOnbT-amnepHas xapaKTepUcCTHKA MORA3a-
ua Ha puc. 1.9,6 nmyHxTupom. UYem Goabme X, , Tem Oxuxe no csoftcr-
BAM peanbHH/l MCTOUHWK TORE K HUIEANbHOMY.

. lipuMep He38BUCHMOTO UCTOUHMKA TO-
: £ =Z“-'U'/Ru‘~ Ka NPABECTH SHAUMTENbHO CIOXHee, ueM
, MCTOUHMKA HanmpameHus. Ha npaxkTuke uc-
@zl A’a + 4 TOYHMKEMM TOKA MOJENAWDYOTCA ClNeuHasbHue
yCTpoO#icTBA, COLEepXamue MONYMPOBOAHAKO-
pue npudopi, OZHAKO MCTOUHWK TOKA Kax
Puc. 1.1I0 INyanbHHR 5JEMEeHT 110 OTHONEHMD K KCTOU-
HYKY HANPAXEHUA MCNIOABL3YeTCA NOBONbHO WMMPOKO MU 8HANM3E DPaANO-
3MEeKTPOHHHX ueneft.
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Ynpasnsesmne (3aBACHMHE) MCTOUHHMKM MONEIMPYOT CBONCTBO ynpap-
NeHHA HANPAXEHUA WIK TOKA B ONHOM UACTH LEMK HANDIKEHWEM WM TO-
KoM B fpyroft uacTH, Takoro poga ynpaBreHue HaGAINJAETCA B CXeMaX
¢ ,MONYTPOBONHUKOBHMYU NPUSOPaMU, ONEDALMOHHEMHM YCUIUTENAMK M T.M,
PasnuyapT ueTHpe THNA MNEANbHHX YIPABAREMHX MCTOUHUROB, M306pa-
XeHHwe Ha puc. [.Il. B BMOe HANpABIEHHHX UETHPEXNOANCHUKOE. YeTH-
PEXMONICCHUK =~ 3TO y4yaCTOK LEMM, B KOTCPOM yKa3aHW ABe Napd Moaw-
cos; Bxon (Ha cxeme ciema) ¥ Buxon (cnpasa). YnpaBasouuit curHan
nogaH Ha BXOOHHE KJEeMMH. MoeanbHH# UCTOUYHMK, MONCOEIWHEHHHW K Bhi-
XOMHHM KAeMMaM, CO31aeT CUIHas, NMPAMO MNpPOMNOPLUOHANbHHR yITpaBiAn-
memy. OGpaTHOrO BO3NEWCTBUA BHXONA HA BXON HET.

‘Iy=0 I _Ty T
4 Y o Ty | v
s e p—0 . o - —d
J y _
_—[—‘4,/=0 T Iy A
% YU -0 2l | |u
8 " ?) ]

Puc. 1.1I

¥ MCTOuHMKA HanpakeHuA, ynpasnaeMoro Hamnpsoenued (UHYH)
(puc. 1.11,a), BHXOgHOE HanpskeHWe yTPABAAESTCA BXONHEM HAIpPAKEHH-
em U= o(l/y . [Ipy arom Tok / uepe3 BHXOOHHE 3aXUMH MOXET OHTb
no6eM, BxogHoO#t TOK /yz 0, a MHioxuTenp o HasHBaETCA KO3PULIMEHTOM
nepefaun (yCUNeHVA) HaNpAREHWA. :

Herowmk Hanpamenus, ynpasngemufl roxou (MHYT) (puc. I.II1,6),
OCymecTBAAeT yTPABNEHUE HANDAKEHMEM HA BHXOAE BXONHEM YTIDaBAAMMM
TOKOM: U= f'/y , PAe 7 - nepenaTouHoe COMpOTHBAeHHe. [Ipum arToM
BXOnHOe Harmpsmenue U, = 0, & TOK / uepes BHXOQHNE 38XVMH MOEeT
OHTb ADOHM,

[lo asanoruu HeTpymHO goramaThci, uro Ha puc, I.I1,B usolpa-
XeH UCTOUHMK TOKa, ynpaBisemuft Hanpssenvem (UTYH), a wa puc.I.Il,r-
MCTOUHMK TOKa, ynpabndeMuft Toxom (UIYT), Omm ofecnewnBanT TOK Ha
BHXOle HE3ABMUCHMO OT BHXOAHOro Hanpsxexua ¢ . Kosddwumenr Ha-
3HBAETCA NepeRaTouYHOR NMpPOBOAVMOCTHD, & j - xoappuumeHTOM nepesaun
(ycuneHus) roka.
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CnepyeT oTMeTUTH TP OCOGEHHOCTH, XApaKTEpHHE INA BCeX TUMOB
3aBUCHMHX MCTOUHWKOB, BO-TEpBHX, OHM ABAANTCH OZHOHANPABNEHHHMH,
nepefaua OCYymeCTBAAETCA OT BXOHA K BHXOAY; BO-BTOPHX, BC@ 3TH HC-
TOYHUKM OTHOCATCA K KJACCYy AKTHBHHX 3JEMEHTOB, NOCKONbKY NOTpeS-
AfeMan BHEPr¥A MOXET NMPUHUMATL OTpULiATENLHNE SHAUSHME, T.e. MOouj-
HOCTb OTRAETCA BO BHENHND LEeNb, W BO3MOXHO yCWIEHHe CHTHAaAa Mo
MOMHOCTH; B-TPETHUX, 3ABUCHMHE MCTOUHWKM, KAK M DACCMOTpEHHHE pa-
Hee NMACCHBHHE ONEMEHTH, ABIADTCH JHHeNHLMM,

PeanbHue yTpaBifeMne MCTOUHMKHM MOPYT UMETb BXOAHOE COMpOTHB-
AeHve B ynpamiaomeR LemH, T.e. l/y = R” ly , 8 TaKKe BHXOfHOe
CONPOTUBNEHHE, MONXANUYAEMOES X BHXOAHHM NONNCAM MCTOUHMKA MO AHA-
JIOI'MM C HE3aBACUMHMY MCTOUHKKAMH,

Ua I-0 Réaux.
U i—————'{ 23—
Uy t ) { i, “U1 .
8

a) | oy I

Puc. I.1I2

Ecam B ucTowHMKE YNpABAAGTCA TOK, TO BHXOAHOE CONDPOTHBIEHUE
BRADUAETCA NAPANAETLHO BHXOQHEM 3aXHMAM, 8 €CJAU yNPaBAAEMOR Belw-
WHOR ABARETCA HANpPAKEHWE, TO CONpPOTHBNEHNE BRADUAETCH MOCASNOBA-
TeabHO, KaK 9TO NOKA3aHO Ha puc. [.12,6.

1.2, Mogenu noaynpoBONHUKOBHX MPMGOPOB

Quucn MoneRupoBaHuA MOMYNPOBOLHHKOBHX MPUGOPOB COCTOHT B pas-
paboTKe MATEeMATHUECKUX COOTHOmEHMUR, oTpaxanmux (QUIUYeCKHe mpoLec—
CH B HuX. EcTecTBeHHO, MOJENM MOTYT OKA3aTHCHA UPEIBHUAHHO CHORHH-
MM, OHAKO MpPH UCMOAL3OBAHUK NOMYNPOBOZHWKOBHX NMPHGOPOB B ANHEMH-
HHX yCTpO#CTBAX UX YIAETCA MOJENIMpOBATH C [OMOWBD -ONHOTO WIK ~.
penxo - NByx yNpaBASEMHX MCTOUHHKOB, MMEDEMUX HEKOTOPOE BXORHOE
M BHXOQHOE COMPOTHBJIGHMA.

Onepgggommn yewmnreap (OY) aBnfgeTcR MOBOALHO CRORHON MHTEr-
pasbHOft MMRpOCXeMOft, HO B NuHelHORt ofnacT¥ OH BefjeT cefs KaK NpaK-
Tuuecky naeanvhut MHYH, Xora murpocxema (¥ umeer mHoro BHBOLOB
(o6uuHo BOCEMB), ANA BHANM3A yCTPOWCTB C MCMOAb3OBaHWeM (Y BamHM
TOABKO TPH U3 Hux. OCTaNbHHE CIy®aT JAA oGecrneueHus padoTH caMmoi
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MVRDPOCXOMH (rm'ra.nue YacTOTHAA KOppeRuMA) M, Kax NpaBuxo, He BAWA-
DT HA XADARTEDMCTHRH JHHERHOrO ycTpoficTma.

OGoanauenne (Y Ha cxemax npupeneHc Ha puc, 1.12,a. Bxon,

0603HAYSHHHA JHAXOM "+", HA3WBAETCA HEMHBEPTHQRYDMMM, BXOR CO 3HA-
xoM "-" wwreprupyvepm. BxogHoe Hampamerste Y Bcerga nogaercs Mex-

Ay BXOmaMu, & ero NOZORUTENbLHOE HANPABAGHWE 3aJ8eTCA OT NADCA

x munycy. Taxoft BXos WHOTZA HasuBanT audbepeHimansHum,. Buxogsoe
Hanpsxenue (Y uaMepAercA OGHUHEM OGDA3OM, MEXAY BMXOAOM W OGmM
NONAPCOM, HA3IHBAOMEM 3emneft,

Mogens (Y B suge MHYH noraszana na puc. 1.12,6. PaanocTHoe
Hanpamenne U, ‘ycurusserca B X pas, NyHKTUDOM TOKA3AHH BXONHO®
Rgx 1w BuXOmHOe Rpgx conporuBaenus. B ugeanpHou (O  Kgx =09,
Rasy=0 o= =°. B peanvnx O Ky Ha Heckombko nopanxos -Gomb-
me wa 28 KO3(PMIMEeHT yCUNEHHA ol OueHb BENMK, HO HecTaGWieH,
M3~-3a Yero TOWHOE 3HAUEHWe oL He rapaHTHpyeTcA. Kak mpasuao, (Y
MCHONbL3YDTCA B CXeMax ¢ OCPaTHHMH CBASAMM, UTD ofecrneu#BaeT Hes3a-
BUCHMOCTD DACOTH CXeMH OT KOHKPETHOIO 3HAUEHUA ol , Ivmb Gu BHIIOA~-
Hanock ycnoeueol >> 1, B arom: cnyuae monenb uneanbHoro (¥ ‘xopomo
oTBesaeT MpaKTHKe.

Tpanaucrop B AMHEHHOM DexHMe TAKNE® MONeAUpYyeTCA C nououbn
YRP&BAASMHX WMCTOUYHWKOB. Bnnonxpmm TPAHIUCTOP MpPENCTABRIEH Ha
puc. I.I3,a; ero smogenr no nepemeHHoMy Toky (TouHee, mo mpwpa-
WEeHHD TOK& OTHOCHTEABLHO HEKOTOPOrO NMOCTOAHHOrO TOKa) B Bmme UTYH

HaobpaxeHa Ha puc., I.13,6. OGoanawenus Ha >Tom PHUCYHRe umamca
B MOACHEHWH,

P‘ 5 (s(t) Le(®)
Bvs L ”53(4 ”pz, ’(;(x,ﬂ-)
Ts 9 90— ' —o3

J aUs
Puc, I.I3
[Ipexme Bcero TPAKIUCTOP - 3TO HEAMHENHHN no.uynpbnonmomn '
npu6op, uMenmuft TP BNBORA (Gasa, KOANGXTOD ¥ aMurTep). CBASH Mex-
Ly TOKEMW uepe3 BHBOIM H HANPAKCHUAMM 38J80TCA BONLT-AMIEDHHMH X&-
PaKTEepPUCTHRAMH, MPUMODHHI BUj KOTOPHX NOKA3aH Ha puc. 1,14,
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I’ko

Puc. I1.14

3nech MCNOAb3OBAHO 0GO3HAUEHUE uanpaxeﬂun C NBOfHHM VHOEKCOM,
nanpuuep, Upy = Up-Uy , a Usy = Us-0; , npuved nanpsmenus Uy
Uy m Us cunrapTcA 3a08HHEMH OTHOCHTENILHO 3€MIH. s puc. 1.14,a
crefyerT, 4TO KOMNEKTODHHA TOX TPAH3NCTOPA /[y yNpABAAETCA HANpAXe-
HHeM Mexny Gasoft u suurrepoM (/53 , NMpHYeM 3Ta 3aBUCHMOCTb ¥MEeT
xapaxrep Hapacranmeft arcrionenrs. Puc. 1.14,6 wnmcrpupyer cnadyn
3aBMCHMMOCTb KOANKEKTOPHOI'O TOXA OT HANDSEEHUA Uy3 B ompenenenon
IuanasoHe HampsxeHWft, MOCKOAbRY B CBOE}l INOCKOR uacTH xapaxTepuc-
THX® WAYT TOUTH I'OPU3OHTAXbHO. PasHHe BeTBH COOTBETCTBYDT yNpas-
AaouuM HanmpsxenusM Ug; B TR HasuBaesoft paGoueft rouxe (PT).

PaSouas TOuKa OmpepenAeT PEXWM N0 NOCTOAHHOMY TOKY, KOrna
HANMDAXGHHA M TOKM TPaH3WCTOpa nmocToAsHHw., OCwwio PT 3anaerca ane-
MEHTaMK CXEMH, - CIeLMAAbHO NPeNHA3HAUSHHHMU IAA NpPABUIBHOR yCTAHOB=
KK pexmda, B Hamem cayuse PT onpemensnwTcs HAIpsKeHUAMH /53 " U o

TOKOM [p . lipn arom Gasosuft TOk /g, OKaswBaercs B f pas uexbme
KOLXERTOPHOTO, & 3MUTTEPHHR TOK !30 = /50 + [5’0 Koa@mmem

B sBuReTcs napaMeTpOM TPAHIUCTOpA ¥ MPUBOMTCA B CPABOWHHKAX.
O6wmo B mocraTouHo Bemuxo (nopsmka 50 - 200).

lipennonoxmd Terieph, YTO HANPAXEHWE MEXLy 6230/t M IMHUTTEPOM
Hawer uoMenatsea: Ugy = [/5__;0 + Us5(f) . B rou cayuae, xorma

MBKCHMANBHOE NepeMeHHOe HanpsmeHne (s, .., MANO HACTOABKO, -UTO

BOAbT-3MIIEPHYD XapAKTEPUCTHKY BOAU3M PT MOXHO anmpoxcuMupoBaTh Ka-
caTenbHoORR, )
dr

Le(f) =By #-
X s,

_ 0 dy,
CBASH Mexny MepeMeHHHEMM COCTABNANMMGHMYM TOKA M HANDAXEHUA CTAHOBAT-
cA auHeRHON:

Uss (D) = Iy #ip(t). (1.22)
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“”ff | Vs, () = Yoz (1)

Wz lpr 73
3nech BBeneHo oooaﬂgqeaue IR KOBGULMEHTS TPOTOPLMOHANBHOC -
™ d[ﬁ’/d 3! or t‘g'oé (cu. puc. 1.14,a) uepes penvumny,

VMeDmyn PA3MEPHOCTh MPOBOAMMOCTH ¥ ofpaTHyw 775 . 7, onpegenser
HAKJIOH BOAbLT-AMNEPHOR XapaKTepHCTHKM B paSoueft Touxe ¥ Ha3HBaeTCA
IuppepeHUMAN bHEM COTIPOTHBNCHUEM SMUTTEpA. AHAJIOMMUHO ompefnenseTcs
Tk Kax BeXWUMHA, XAPAKTEDU3yDmas HAKJOH BOJbLT-AMNEPHHX Xa8paKTe-
pucrux puc. I1.I14,6 B paSoye Touke.

Eme pas noguepkHeMm nBe BamHe#myx OCOGEHHOCTH MOLENH TPAH3IUC-
TOpa: BO-NEpBHX, MOAEAb CIpaBejnuBa TOALKO OMA TEPEMEeHHHX .COCTaB-
NAOWAX TOXOB ¥ HANpAXeHu#t; BO-BTOPHX, AubdepeHiManbHue napameTpu
momenu 75 M 74, MOMEHANTCA NMPU CMeHe padoue#t TOuKM OQHOI'O M TOrO
Xe TpaH3ucTopa, JTH gBa OGCTOATENLCTBA CREAyeT MOMHWTL NMPU MOMEeAH-
POBaHWHM NHHEeAHHX cXeM Ha TPaH3UCTOpax. '

Mogens Tpamaucropa, MaoSpameHHas Ha puc. 1.13,6, xoHeuno xe
He ABAAETCA €AMHCTBEHHO#. 3Jech He yuMTHBAETCA TAX HA3HBAEMAA
BHyTpEeHHAR o0paTHas CBA3b, KOrja HanmpsxeHue Mexzy 6asoft ¥ oMurTTe-
poM uaMeHseTca nof AeficTeueM HanpsxeHus (i, . He ywuriiBanres
35eCh ¥ eMKOCTH MNepexogoB Gasa-oMutrep (55 ¥ 6a38-KOMNEXTOP [’5 ’

() - (1.23)

a TaKme COGCTBEHHOE CONPOTHBIEHUE 6asH Pév . Yuer atux napauerpos
3HAUUTENbHO YCHORHACT AHAJNN3 TPAH3UCTODHHX CXEM, TMO3TOMy Npwde-—
HATb YCJIOXHEHHYD MOfeNb CieflyeT JAWNb TOrL4, KOrAa 3TO BHOCHT Cy-
HeCcTBEHHYD NOMNpaBKy B PE3yAbTaT aHANU3ad.

"6 D K Lg
*1453 gt # L“b
9 a o3

Puc. I.I5

Ha puc. 1.15 npuseneHa ROBOJLHO CNOKHAA MOAENb TpAaH3UCTODA

. TIO. riepeMeHHOMy TOKy. [lapaMeTp 4 ynpaBnAeMOro UCTOUHMKA TOKA B Le-

nu o6paTHOi CBA3X ONpenenseTcs Tax HasHBaeMmuM ofdexrom dpnu. [pax-
THUECKU OH ABAAETCA Tako#t BexuumHoft, npy KOTOpPOK pOCT HANPAXEHUSA
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MOXIy KOXNORTOPOM B 3MATTEPOM IDEBONRT K yMHHIOHED AANDAEGHRS

MOXIY Oasoﬁ B samrrepou. HO B THCHYY pas MeHEIe:
3({)--000/ 5 (1)

npE HEMSMeHHOM KOJLTORTODHOM §one A’({)' 0 . MomHo noxRasaTs, UTO

NpE 3THX YQIOBRAX 7/' W

HoneBof TPaHSECTOD, 6CHH OH HCHOALSYETCA B Jmaenaou pexnue
JUM JCRUOHAS MANHX CHTHASJOB, TAKEG MORHO MONEJHDOBATH C NoMombD
WTYH. Bce coo0paXeHms OTHOCHTENBHO padodue#t TOURR 2 nrdbepeRmEans-
HHX DapaMeTpoB TPAaHSHCTODA, NPABENEHHHE IIA GBIOJAPHOrO TPEHIACTO-
pa, CHpDaBOILARBH B AJA NOJEBOIO.

OTMOTHM HEROTODHO OCOGERHOCTE MONONM NOJXEBOI'O TPaH3HCTODA.

Ero BuBonH RasuBapTca: cTok (C), sarmop (3) m mcror (1) (pmc.I.I6,a).

Tox saTBOpa HACTOJEKO MaX, 9YTO €ro OCHYHO He YIHTHBOMT, NPR ITOM
BXOJIHOE CONPOTHBJIEHHE MOIIGJH (prc. 1.16,6) GeckoHewHO BeNMRO, KAR
y BneansEoro WIVH.

A ' c 3 1,20 .. itt) C
o [ T N
Jou [[eee  {dat®

| {l(,,(t) |
L 1

»£°

°a .
Pre. I.I6

Koaddmmmenr ynpaBreHRs g’ TOKOM CTOR& OlLpefendAeTcd HARJOHOM
‘CcTOK-3aTBOpHOR BosbT-amnepHofi xaparTepBCTERE B PT. 10T KOSHImImE-
©HT HMO6T pasMepHOCTH nposomeMocTh. Maddepermmanrhoe conpoTHBIG-
HRE 75, ONpPEKiOIAETCA HAKJOHOM NJIOCKOR YACTH BHXONHHX BOJBT-AMIEDHHX
XapaKTOPECTEK [, OT HANpPAXCHES Upy » KOTODHE OYEBH NOXORU Ha COOT-
BTCTEYNURO XADAKTEDPHCTHKR CENOAAPHOTO TPAH3HCTODA (CM. pac.1.14,6).

1.3. Mojesn cmraajos

lipn aHaawse DaNROPICKTDOHRHX Ueneft n ycTpolicTB BaEREy® Doab
ArpaeT BHGOD BO3SHEHCTBYDMEIO CHTHAJE.

PearpHHe cHrHANH - ROCHTeNM RHYODMAIHMRE -~ BECEM3 CIOXHH B Ma-
TEeMATHUSCKOM ONHCAHEM, UTO SATPYRHAET QEANES BX NPOXOXNEHHS depes
gens, NOSTOMY NIenecoolpasHo BOCHONBSOBATHCA HOROTOPHME MONSJAME
CErHanoB. [IpocTOTA MATOMATHYECKOR BANECH MONENH B TOI'0 MSTEMATH-

I8

9eCKOI'0 annapara, KOTODHE HCNONBSYeTCS IAA AHATHSA NPONECCOB B fe-
OE npA ZagHOM BosfeflcTBER, mmeeT Goasmoe 3HAYeHHe. HecmoTps Ha To,
9T0 OCHOBHHE 38KOHOMEDHOCTH RMCNT oCmeft XaparTep B CHPSBOLMMBN NDH
Mo0oM BO3NECTBHA, KOHKDETHHE METONH PacdeTa NpECNOCOCNeHH g
CHRIH&JIOB BHOJIHE OIpeiesegHOro BRIA.

B To ®e BpPeMS MONGNR IOJEEH OTpaXaTh B cee OCHOBHHO XapaR-
Tep:He YepTH DealbHHX CHIHaN0B (vYacToTENM NRanasoH, MMHTENBHOCTD
BospelicTnd, "nnaBsHR" mm ckayKooSpasHEE xapakrep B T.m.).

Hexe pnepevmcneHH HaMCOJee NpPOCTHO B JaCTO HCHONBSYEMHS MOJEJH
CEIHAJIOB .

1. llocToaRAOe HANDAZEOHMEe ANE TOK

S(t) = E=const, -eoct < oo, (1.24)
2. T'apmoHAYecknft crraaxn '
St Am (Wity), -eo<fcoo - (1.25)

Tpz napamerpa - aunnn'ryna A, Kpyromad sacrora & B HavYaxbHAg
daza ¥ - NONHOCTED OLPEMENADT JTOT NEPEOMMISCKHE CErHAaN He Beef
mkane BpeMeHM. KpyroBas wacrora ) , mmenmas pasmepHOCTS pag/c,
cefsara ¢ sanedtsof wacrorot { [Tnlm nepmomom 7 . [c]coormomemmmer -

W= 27f < ar

: 7
W3uendn vacToTy BoSKeficTBEA, MOEHO BCCNENOBATH NPOXOBNCHMS M OYGHS
MOJLEGHEHX, B OYeHBF CHCTPHX NEPHONMYECKEX CHIHSJ0B. B wacTHoCTE,
opr & = O pMBEM NOCTOAHHNE HANDASOHWE RJH TOK.

3. Komunercrasa SKCIOHEHTA

st - 467 ot on.
(1.26)
9To - "maTemaTHuecKEfl" CEIHAN, ero HeXb3d COSHATH DEATHRO B BENO
HOKOTOpPOro HAaNpAXeHUT AJB TORA B UenH. OmHero poms momesm (I.26)

B aHaimse menefl BeckMa BesiHRa. DyHARIAA t"/d PONCTBEHHS rpnroaouer—
puvecrEM JyeRmaaM (054 u Sind. Hasecrane fopMyms 9Rxepa mamr ory
CBASE: ;( -fad W7
cosd = £ 18 sind=¢_"¢"_ |

IpoBensa MaTeMaTHUECKRER anamms Bo3nelicTBEA cErmajza (I.26) ma
nenb, MOEHO JIeKO NEPeHOeCTH De3yJLTarTH HA crydal Bospeficrsma (1.25).
[loaTOMy KOMUIGRCHYD SKCHOHEHTY CUMTADT TAKEM X© IapMOHEYECKEM CHI-
HajuoM, 9T0 % carHax sema (I1.25), a ee napamerps 4, @, ¥ oroxmec—
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TBJIANT C aMUIBTyHRoH#, vaci'oroﬁ 7 dasoft. IpemmymecrBa monexs (I.26)-
B npocroTe onepaumfi RHTeIPADOBAHHEST B mEddepesmEpoBaREHEA BKCNOHEHTH.
4, Enpenuenft ckador {cryneHvaras fyaxmms)

a) 5({)=/(1)={0, 127/
f>0 ’ ‘ (1.28)

6) St)={(t-1) = { » T
t‘ > 7.
5. RaasRuHul BMIyasc (nmra—@nmg)

o) St =8 < {i” £r0 j 1) dt =1
(1.29)
o st=oer)-{ % AT

Baplam 46 ¥ 56 - 3ro0 cryneama B AMOYIBEC B MOMEHT BpeME—
HR f»7 . OTH 1Be MONENH TaKXe ABIADTCA MaTeMaTHYeCKoft adcTpermaef.
PeanbHO CO3NAaTH MPHOBEHHHE CKAY0K WA¥ MIHOBEHHHE mMIyMLC Hemp3d.
Onpakp MaTeMATRUYECRHE CAIHAN peakiMM Hedd HA TaxkEe BosnedcTBHA
Ype3BHYaliHO NONeSeH C TOYKE 3DEHMA Iepeliaud CHCTPHX CKOYKOB MM
KODOTREX HMOYABLCOB, COXCPEANMHEXCA B DOANBHHX CHATHAJaX.

C maTeMaTueCKoft TOUKH Spenmd, (yHKmAA 7(f) - ofwumas QyHRmRA
¢ paspuBOM mepBoro pona. Uro ®e Kacgercs JyHRIMH é‘ (¢), ro crpo-
ro6 B HeNpOTEBOPOUMBOE 6€ OUpelleNeHMe JIOBOJBLHO CJIOXHO B HE YKIGHH-
Baercd B paMkB "OOHYAHX" QymEKimii. MareMaTERaM NPRIIOCH BBECTH HO-
BO© NOHATHE — "olodmeHEHe {yHROUA". n)yoo roeopa, 0GOGMGHEN® JyHK-
{@E ONRCHBADTCH He NOBENEHEEM EX Ha mKane aprymMemTa f , a TeM, UTO
OHR ,ue.uam'" HOX 3HAROM RHTerpana. Tar, Ranpmmep, onpeleneRAeM
tyErmen O(f) ABAASTCA He 3amECK (I.29), a cooTRomenHe

g F(4) 0t -7) dt = fm), - (.30)

HHTerpan oT NpoRsBeNeHAA NpORSBOBHOR &y BKTER F(Y) wa nmemra-
{yBKmaw, pacnoJoEeHHYD B TOoYRe 7  , DaBeH 3HAUOHRD f(f) B aroft
rouke /-7 . JlemsTa—dyHERIAA Kar O "(WIBTDyeT", "BuXBaTHBaer"
=8 f(?) omso ee sravemme. Uamrerpan (I.30) wacro hasuBapT mnnrpy-
ouEM necTEEEM ~{yHEEE .

Iu3nYeckr TOT xe pesyanrar (I1.30) maer mGoft KopoTRE mM-
nyasc J{f) npomssonBHOR JODMH, eCAE 6I0 WIRTENXBROCTS HACTONBKD Ma-
X8, 9TO 3a 90 BpeMA fyErmm f (f) se womoT sameTHO MaMeHMTHCA (npn
eToM Duomgms A () npEEMMaeTCs yCJOBHO Sa eMMEMLY). Takmm o6pazoM,

20

&y BRmua EMEOT DOSNBHHE CMHCA: 3To HMIYJLC HACTOJBKO KODOTKEE, uTo
6ro JUMTENBHOCTE MHOTO MOHBNE BDEMOHR 38MOTHOIO MSMEHOHHS BOSMOEHHX
nponeccoB B paccmarpeBasmoft menu (Tax BasuBaemoft nocroaugon BpeMe-
HE OenE, PeYb O KoTopoft nofiner HExe).

Monmern I.-.5 ABRADTCA CAMHME OCHOBHHMM. AHSJES BX BosgefcTeEa
Ha Ty BAE BHYD OeNb NOSBOJAET HAliTH OCHOBHHO XaDARTODECTHKE [OINH:
9ACTOTHYD (onpenendnmyD nepenavy FapMOHHYGCKEX CEIHANOB B S3BHCH-
MOCTH OT EX YACTOTH), NepexoiHyd (pearmpm meIM HA MIHOBEHHME CRE-
4oK) # RMUyABCHYD (pEaRkmED memM HA MrHOBORHNR EMIyXBC). 3HAg OTE
XapaKTepACTHRH, MOXHO TeOPOTHYECKE DACCIETATH NPOXOXNGHH® MNGOI0
cmraana. _

TaxeM oGpas3oM, STH MOIEXH CIPaBEIIRBO DACCMATDRBATL KGR OCHOB-—
AHO TECTOBHO CEIHAMH, NOSBOJANIEO CKOHCTPYHDPOBASTH B HACTPORTH DOIB
LIS pacoTH C DOATHHEEME HHPOPMAIBORHHME CRI'EANAME.

ladopaTopEas R3MEeDATONBHAH annaparypa ofecnedmBaeT NpOBEOHNE
SKCIGPHMBHTOB Np¥ DOaJbHHX TECT~CEIHANAX, CIMSKNX K ONMCAHHHM MO~
nenm. Tax, mMHPOKO pacnpocTpaHesH JadopaTOpHHe IHEPATOPH CTAHEADT—

" HHX CHIHANOB rapMonEweckoff $opMH P DasHHX mIanasoBax SuawenHR wac-

ToTH f (HE3ROYACTOTHHE:OT eNEHMI IepI IO IECATKOB KEAOLePH, BHCO-
KOYACTOTHHO: 10 NOCATKOB Merarepm B CBY - mo rmrarepm). CnemsarsHme
EMOYABCHHO IeHepaTODH HApT CHCHAJNH BHNA NPAMOYI'OJBHHX BMIYJILCOB
¢ mepokoffl peryaupoBKof IUMTEJELHOCTH BMIYABCOB. JIX MOXHO ACIONHS0-
BaTh RKaK HCTOUHHRH CHIHaAOB BREA /() ; ecuE BHOpATH COMLIYD MLH-
TENBHOCTD HMIYABECA B DACCMATDEBATH Nepenmmi (poHT EMIYABLCE KRR CTY-
NeHBKy. OTH X8 IeBepaTOpPH MOryT CHYXHTE HCTOUHMKAME CHPHANa BH-
za J(f) , eCNB yCTAaHOBETH OUGHB MATYD LTHTEJHHOCTH EMIYIECA.
[loMBMO BHIeNeHHHX BHI@ OCHOBHHX CRIHANOB, 4aCTO SHATHSEPYOTOS
po3neficTERe B NpYyrdx TeCTOBHX CHEI'HanoB. OTMETEM HEROTOPHO B3 HEX.
6. OmeRoYHHE npAMOYroABEHE EMIYJABC, NEpHOIMYECKAs NOCHEeNOBa—
TeIBHOCTD OPAMOYIOJBHHX MMIyNLCOB. TakWe CHIHANH 948CTO HCIOMNESYDT-
cq wia recrnpoaafms geneff, npenHaSHEYEHHAHNX IS PACOTH C NRACRPOTHH-
ME curuanamn (BHUNCIETENBHAA TexHEKa, mEfposne ycrpoffersa, ycrpofi-
CTBa 8BTOMATAYECKOIO DEryJMPOB&HHA B Np.).
7. dKcnogeHOMaNBHHE BMMIOyJBC

-d :
051577 120
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-t + fwt
o s A5 b
0 , te 0
Bapaant 78 -~ neilicTBMTENRHOe KOJ6GaREe, BKANUAEGMOE CHAUKOM B MOMSHT
# = 0 B JANOIGe SKCHOHEHUBANHHNR 3Saryxanmg# cnax. BapmaT 76 ~ Mo~
TeMaTAYeCRRE cHruax, poxcreesuuft (I.26), Ho He neprmommveckmflt, a
HMOYABCHHA C SKCNOHOHIMANBHHM CNANOM AMUIETYNH. B 3TOT TUN CHIrHanoB
BXOMMT CMrHan CTyneHsKE /(1) kak wacTEnit cayuaR. Kax Gymer noxa-
3680 HAXO, CHIHAJH STOI0 THNA SBIADTCA COGCTBOHENMM MOgaMu JanSo#
ausefiHoR menE. CMHCS 3TOrO TepMMHA OyIeT DACKPHT HB®e.
8. lEnefiHo-napacTanamt CRrHAA
S¢) =k, £r0.
HenonssoBaHRe Takoro CHIHANA NOSBOASET NPOAHAIM3EDOBETH IMHA-
MBKY NPONECCOB B 6NN B S&BHCHMOCTE 0T CKODOCTR W3MeHeHRS BXOMHOTD
Bosneficrsra (napamerp £). -

2. AHAV3 IVHEMRHX UFIE! METOJAMY IFEOEPAROBARMI

QNeKTPETECKEE [EN¥ NpeCTABIANT colof COONmAEHER SJEMeHTOB,
MOZICIE, KOTOPHX DACCMOTPEHH B NpeHHIymeM pa3fienNe, 9AOKTPHIeCREe
coefRReAMe BorBeR Hanrarapt onpenesieHHHe OTDAHUYORRA HA TOKM M HB-
OpARGHAS B.COOTBOTCTBEM C IBYMA $ysnamenTanphiam 3akoHams Kmpxro-
da, koTopue mmOCTpEpYDTCA DEC. 2.I.

aﬂ/ —ab. .

Prc, 2.1

3aroB Kepxroge mna Toros (pmc. 2.I,a)'ymepxnaer, qT0 anred-
pagveckas CymMa TOKOB, BHTOKaDIEX B3 JIOGOLO y3J8, DaBHA HYJID:

Yty tly- 1y -tp =0 (2.1)

2

AnasI0rRYi0 JOPMyIMpPYeTCH 38KOH IUIA JOGOIO CEYeHHs SMOKTPHYSCROR
menn (pec. 2.I,6). OTMeTEM, 9TO TOK GepeTCH CO 3HAKOM "+", ecuy
OH BNTER3ET M3 y3Jia (CeweHHA); 6CNR TOK BTEKAOT = TO CO 3Haxkom "-".

. SakoH Kupxroda nns manpameumfl raacmT: anredpapveckas Cymma
nagenu#t RAaNpAXeHES BIOND .JOGOTO 3EMKHYTOrO KOHTYDE BSJISGKTPHYeCKOR
OSIM DaBHA HyJD. MmocTpanps 3TOro SaKOHA npusenena Ha puc. 2.I,6.
KorTypoM HasuBaercs oot 3aMkEyTHR OyTH, ONHORPATHO NpOXOUAMHR
gyepes BHOPAHHHE y3JH B BETBH CxeMH. CHavana HyXHO 3aJ8THCH NOJNOXH-
TeJbHHMA HanpabJeHHAMM nagexnit manpaeusfl, KOoTOpHe YRE3ARH CTpOJ-
kamu Ra pac. 2.7,0. Ecar RanpassieHme o0XoIa ROHTYpa COBNANAET ¢ HO-
JOZBTENHHHM HANDABIORHOM HANPAREHRAA, OHO depeTca co sHaroM "+",
6CJE HeT - CO SHawoM "-". YpaBHeHHe I KOHTYpa Ha DEC. 2.I,6 EMo-
oT caenyramft BmX:

Uz-/-l{?!f(/c{fe-lfpefo. (2.2)

JaxohH Kupxrofa SRAANTCA QyRIAMEBTANHHHME, NO3TOMY HENB3T MD-
JeJBpOBaTh PEANBHHO BJIORTDRYSCKHEE HeNM Tak, YTOCH MOZEAE: conepxana
COEQMHORNS SJOMEHTOB, NpoTABOpEvamEe SaxosaM Kupxrofa. lIpEmepH He-
NpaBATEEOIO MONEJRDOBAHEA NPENCTABNOHH HE pEC. 2.2.

&0 §r P

5 R
5’ fIz _.@_[2’__—
\@\
L .T —-
. ® g c
Ly ]
Pmc. 2.2

HocienoBaTenbHoe BKIDIEHHE DA3HNX MCTOYHMKOB Toka (pmc. 2.2,a)
A HaJEdYHe B CXeMe XOTA OH DIHOTO y3ja RIR CeYeHHsd, Colepsamero
TONBKO MCTOGHRKE Toka (puc. 2.2,B), NpoTHBOpewHT 3axoHy Kmpxroda
IIA TOKOB. IIapa'JmeJmﬂoe'sx.moqenne HCTOYHEROB HanpAzeHEs (pme.2.2,6)
Jméo Halpd®e B ren# xoTH OH OIHOI'0 KOHTYDA, CONEDEAMSIo TOJNBKO RC—
TowmBKE Hanpaxerus (pme. 2.2,F), OpOTHBOPEURT 3arofy Kmpxroda mia
sanpsseHdft. 9T0 OTHOCETCA KaK K HESABHCHMHM, TAK H K YIPABNAOMHM
HCTOUHRKAM TORA B HANDPAXOHRBA.
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Ecm nems cocTaBleHa B3 3JEMEHTOB ONROI® BRua (He cumTag ®c-
TOGHRKOB), HANDHUMED X3 CONPOTHUBIEHWRA WIM MHIOYKTUBHOCTEH,OHa Oymer
ongcasa cHcTemo¥t anredpamdecKkmx ypaBHOHME. Fcum 37eMeHTH mMeDpT pas-
JAYAHY BRX, TO CHCTeMma ypaBHeHmft B olmem cirydae 6ymeT Conepx®aTh
pHTErponMdepeRUNANbHHE ypaBHeHns. O Takmx menax peds nofimer B mo-
CISNYDIRAX pa3xeJax, & 3H6eCh MH PacCMOTDHM IpeoGDa3cBaHRS JuHelHHX
meneft, comepEamux ONHOEMEHHHE 2JEMEHTH.

2.1. OcHoBHNG NDRHIMNH aHayu3a JWAeHHEX nemeft

B npaKkTHEKe aHaNE3a JNEKTPEUYECKHX menefl HCIONB3YeTCH HECKONE—
KO OCHOBHHX NPHHALMNOB, NO3BOJAKINX SHAJNH3MPOBATE CXeMH 663 fopmanb-
HHX NpAEGMOB COCTaBJIEHAA P PemEHRS CHCTOM ypaBHeHMY NpOBENEGRHEM pa-
I8 3KBHBRJICHTHHX Npeodpa3oBaHEf OTHENBHHX yYAaCTKOB LENHE No OTHome-
HMD K BHONHAM BHBOIAM. lIeHHOCTHL TAKOre NOEXONA COCTOMT B DE3BHTHH
HATYRTHBHHX NPEICTABICHEY B HABHKOB AHAAN3A npocTHx ueneft.

[ppHIAN SKBHBAJGHTHOCTH TNO3BOJAET NPENCTABIATH ONEO B TO 26
yeTpocTBO B pasHHX $OpMax TaKk HASHBAGMHX SKBHBANCHTHHX CXOM, 8-
nmEx 6ojiee KOMNAQKRTHOe B HaryfnHoe onucaHue. Ecom roMecTET: pamno-
SJIeKTPOHHYD lent B "YepHHI AUMR", M3 KOTOPOTO HMMOETCH HECKOMBKO BH-
BOAOB, TO O OENR MOKHO CYIMTPH JIANG O TOKAM ¥ HANDAXEHRAM HE 3THX
BHBOAX. OYEHb 9acTO TAKOTO NPENCTABJNECHES O NENM OKA3HBAETCH NOCTa—
rouydo. Tak BOT, IBe men® B BEAE "YEPHHX SUMKOB", HMEDIEX ONHHAKO-
BOE KOJMYECTBO BHBONOB, CUMTANTCA SKBHBANGHTHHMH, €CIE TOKA M Ha-
npAXeARA COOTBETCTBYDIMX BHBONOB DaBHH.

[IDHKIN SKBRMBANOHETHOCTRE BINCTPEPYETCH DBC. 2.3, IMe R306pa-
EGHH 1B3 YOTHDOXNOJNCHAKA. OHR ABJADTCA SKBHBANGHTHHMM, €CJM BH-
NOJHADTCA DaBeHCTBA

HOE z‘/(r’) ; .u/(f) = u/"/(/);' A

9TO0 YCIOBHE NONRHO BHNOJAATHCA NPH JNCHX DERHMAX PaGOTH UenHd.

r. .y 'y . ” ”
@a,l.,' [ ;a,’@ @a,c{ — ls U

it I ilé(, <=> " jiN i"a”
@,‘A_s.. e 5 @ 4Ll | Ly Yo (@)

Prc. 2.3
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Ha nppHOpNe SKBABANERTHOCTR OCHOBAH METON SKBABAJNGHTHMX Npe-
00pasoBaHm#t, COrIacHO KOTODOMY OTHENBANE YYIACTRE IENA 3aMeEADTCH
OKBHBAJGHTHHMA NOALENAME, B DE3yJABTATE Yero NeNb YHAeTCA CYmecT-
BeHHO ynpocTRTH. IIpnm 5TOM He nomsepranT npeoGpa30BaHED Te BeTEH,
HanpARGHAS WM TOKHM KOTQDHX HyXHO HafltH. Ecum Nocse HAXOXICSHRA 88—
JaHHHX TOKOB B BampAReHRit noTpedyerca HaliTR RarWe-mGo0 IpyrHe To-
RE B HalpAZOHHS, MOXHO BeDHYTHCA K HCXONHOZ menm.

AHaE3 MORHO JNPOCTETH, €M BOCNONB30BATHCA CHECIYNUEME TDPHH-
imnaMe. [pRAMEN samemexdd: oot NBYXNOJOCHHE 2JeMeHT, B KOTODOM
HBBECTHH ToR (/) mmm manpawerme U/(Y), MOEHO 3aMECTHTH EpeaNBHEM
HCTOUHMKOM TOKS WM HanpaAReHRS usBecTHoft pesmwmay () wm Z(7)
COOTBETCTBEHHO,

‘ o, -
e e
2

Pac. 2.4

Puc. 2.4 mumeTpapyeT 5TOT NPREIMN A cydas, KOrna npoBONHMT-
CA SaMemeHMe BCTOYHMKOM TOK&. [IDHAMMD SameNeHRs NPEMEHEM K JHOHM
9JeMeHTaM - JmHeliHHM B HesmHefiHEM. Ho ecTs O.HO orpaHMYeHHe: 3ame-
uaeMulf BIEeMEHT NOJEeH MMOTH TOJNBKO JJNEKTPEIOCKYD CBA3h ¢ 0CTambHOX
Oemed; B 9aCTHOCTH, Re NOJRHO OHTH CRA3E YepPe3 B3AUMHYD RHIYRTHB-
HOCTDH WJIB 38BHCHMHE RACTOYHMK.

lpeamun cynepoosmume (HanoBenns) CHpABEMB TONBKO IS JEHOR-
HHX ueneiél. On dopMymmpyercd cie-
IypumM o0pasoM: peaknEs Jupef-
Ho#t menm Ha BozpmelicTsme, npen-
CTaBJIeHHOe B BHIe B3BemerHol ' o
CYMMH CHTHRJIOB, SBJAETCA B3BE- 7 4 I U(t)::
weHHoil cymmo#t pearumit Ha xammuit
3 COCTaBNADIMX CUIEAJIOB.

STOT NpEHOAN RILIDCTPRDPYET-
ca puc. 2.5. Bxopmsoft cmruax

{Bospeiicrme) U(¥)= Z a; u; ). Prc. 2.5
1

irt)

2

=}

2a U @)

Ecnu gafiTy peaxrmm A () Ha kexmuft @S DAPOPANLHHX BXONHENX CHI'HE-
n0p u, (), To ofmas peaxmas U(f)= % ay U; (7). ppamin cynepnosmmn
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MEDOKO HCMNOJL3Yercs NPR HAXORNeHMM peaktml JuHeflmux meneft Ha cmr-
HaJH cnoxHoft QopMH, KOTHA EX YHSeTCA DA3NOXATE HA Go0Jee NpoCTHe
£OCTERAANNES .

2.2. KBEBYNEHTHNS npeodpasosanud ienef
C DADAJIENTLANM W NOCA6NOBATEJNBHEM COGINRHEHMEM 3JEMEHTOB

[ipe anaamse penefi oveHhr NosesHo ynpomaTh CXeMy, BBONIA 3aMeHY
HexroTopo# rpynnu 9IIeMEHTOB ONHAM SKBHBANGHTHHM. BnocAenCTBHE M

yBHOAM, YTO TAKHe 3aMeHH BO3MOX-

l.(t) y: Rs HH DPH JOGOM COGNHMHOHMH JIGHX
o] C)-- sneMenToB. ONHAKO CHavYana pac-
U, ®) 7] CMOTPEM npocTefire - nocueNoBa~

l R & U ) TeNBHOS HJH NAPALIENBHOS = CO-
a{f} N 'Y/ emmnenns » orpamnvEMca coemuHe-

HHAEM ONHOMMOHHHX 3JICMEHTOB.
HocnenoBaTeNbHOS COSIMHI-
Prc. 2.6 HPe OINHOMMEHEHX 9JeMCHTOB NOKE8-

8aHo Ha pnc. 2.6. [Ipe TaroM coO-.

OJMHOHEE UOpe3 SMAeMOHTH NPoTekaeT onnHaxoBHR Tox 2 (7).
SanumemM ypaBHEHWe A KOHTypa no 3akoky Kepxroda mwia sanpa-

Bounit: '
U(t) = Uy(d) # Up(t) #... # Uy (F). (2.3)

Teneps, NOJCTABEB B NPABYD JacTh ypaeHeHmd (2.3) cooTHomeRms

JUIA BJIOMOHTOB, M3 KOTODHX 00pa30BaHA NOCNENOBATeNbHAs NElb, 320M-
meM BHPaseHMe 1A UeNnE BS conporaenenmd (cm. puc. 2.6)

u(t)=1(f)(R + Ry #... + R, ) = 1({) Fy, (2.4)

OTKyJAa CJSNyeT, YTO SKBMBANOHTHOE CONPOTHBJICHEE NOCHEI0BaTEJBHO
BKINYERHEX CODpPOTHBJ6HRM 7§ paBHO MX CcymMe.

AHAJIOTHYEO NOJYYEM BHpaXeHHe IJIA UGNE N3 NOCIENOBATENBLHO BKIIO-

YOHHEHX RAHIYKTEBHOCTER:
uff)= d’m[l Lyt..tl,)=1L, ‘2’{(‘) (2.5)

LA genm ¥S NOCNeNOBaTENBHO COSNMHERHHX eMxocTel mmeem

/ /
INCimdrsL( 4
uld) - ( I-—f 5)§z(ﬁd¢ 4’5 mdr. (2.6

SHaYET, SKBUBAJNCHTHAA €MKOCTH leNM H3 NOCJIECNOBATENBLHO BRJINYSHHHYX
eMxocTeft

r. - !
27 /4,1 Yy,
Gt f A ~)
] &y
Ha npakTEXe UIAPOKO ncnwmzyewcn NOCTeN0s aTeNbHOS BKINYCHAO
ONHORMORANX 3JIeMEHTOB [UIA NEJCHRS HanpAKeHEA, KOTRE olmee Hanpsaxe-
HRE NONA6TCA Ha LENb M3 OBYX NOCTENOBATONBHO BKJOYERHHX 3J6MEHTOB,
a cHEmaeTcs ¢ omHoro w3 Hmx (pmc. 2.7). JUA pesHCTEBHOTO IEJRTENA
HaNL SEeHAs

&
7yt Ry
Ha3uBaeTcd Ko3(mIMeHTOM NOJNIeHRS BAaNpSA®eHRAA.,

(2.7)

Besmwmnua i
Jmﬂ—pp

Ina zm]yx'maﬂoro nemeeJm k03T ULEHT NeJeREss HSNPAZCHAN

x . Y by (2.8)
. U h
14 L/ ¢ ég
a8 LA eMKOCTHOTO QennTena

N/ 1/& . G (2.9)
v !/ / ‘
U 0 40
o' 10

OGpaTeTe BHNMMAHWe, YTO B umMcimTese Bhpaxemm®t (2.8) m (2.9)
CTOAT I3DaMETPH 5JHEMEHTOB C DA3HHMY MEICKCAMH.

at) LT
IR DI i)
l{"* Ry % RN & |5z

aAmam A ;-

oy

L
3

'
'
!
i
J
)
)
!
l
!

— e g - g e

Puc., 2.7 Prc. 2.8

NapamnensHoe COSMMHEHME SIeMSHTOB NOKAQ33HO HA puc. 2.8. g
HaxOENeHNS BKBRBAIGHTHOIO CONPOTHBICHHS R, yITeM, UTO Ha BCEX 3Je-
MeRTax OIMHAKOBOE NafeRMe Hanpsaxemms U(7) . Ecm Tenepsr sanacars
saxon Kmpxroda mwia Toxos i(f) =1 (f)+,(f)+...* {4(f) u menom-
30B4TH 3axkoB OMa LIS HAXOZNEHRS TOKOB 3NeMEHTOB, NOJYIHM
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i) = (éféf...fé)-u(/)z-é uit). (2.10)

[lanomunMm, uTo BesuumHO#,o0paTHo#l conpoTRBIEHND, ABJAAETCH NPOBO-
namocts & . TakEM o0pa3oM, NPOBOMBMOCTE NapaIeNbHO BKJIWYSHHHX CO-
npoTuBreHEt PaBHEA CyMMe UX NpOBOLuMOCTel:

Gy =G #Ly4. + 8y - (aD
AHAJIOTHYHO MOXHO HAlTH BHDAXOHNS IS SKBHBANEHTHOR MHIYKTHB-
HOCTR / .
Ly T, T (2.12)
L' Ly T Ly
H 6MKOCTH .
by= Gt Lyt L, (2.13)

[apajUIeNBED BKIOYCHHNK DNCMEHTOB .
IlapanenbrOe BKJINYOHAE ONHOMMEHHNX

L . SJI6MEHTOB Y4CTO MCIOJB3YOT B K3YeCTBE NENH-
- [ L2 reng rora (puc. 2.9). KoshimmienT menemns
U # R, R, TOKa JIJIA conpoTmeie Mt
. Klz_{z_z 1//7?11 . R 5{.(2.14)
Puc. 2.9 tow ! R, Rk 1%
HeTpyaHo NOJNYy4HTH xoa@@nmegm IeJleHuA 1A MHIOYKTHEBHoCcTeoft
IR A — (2.15)
7 ! [1 td LJ *
# emxocreit ‘ :
A (2.16)
4 1 [’, 7‘[‘&

YroOH He sSanmyTaTsCAd B NPABRMIAX ONpeNeoHAS SKBABAICHTHOID CO-—
OPOTHEIGHAS, MHIYKTERBHOCTH N EMKOCTR, BCIOMHMM CTPYKTYDyY CBA3H
MEBNy HaupsEeHreM B ToxoM B a7ax sxemexTax (em. n. I.I). Korxma
menb COCTONT M3 CONPOTERNEHEN, BendmaH X w & ecTh MHORRTENN NpO—
NOPUMOHANBHOCTH MEEIy TOKOM B HalpsxeHneM; deM CoJmile R, TeM GONb~
me HanpsAXeHHe NIpE NEHHOM TOKe; dYeM Cojmlie & , TeM GoJblie TOK HpH
DlaHHOM HANDsTKeHH: .

i eMKOCTR CBA3b MEBILY TOKOM M HanpAXeHWEeM MHTerpaiabHad, HO
npw naHHoM Toke (a 3HAYAT, DY NAEHOM 3HAYEHMM FHTEIDANa) HANpAEe-
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HNe TeM MeHBIe, TeM Cojklie eMKoCT®s [ ; JUIn BHATYKTABHOCTH - HaoG0-
por. Texmm oGpa3oM, mmeeTcs HeRas aHANOIrmA:

{
P"'Z'VT,

2] ,v_/
G» 0 7

(2.17)

Orcona cremyer:
a) NOCJeNOBATENLHO® COSLBHOHRE — 3T cymva conpoTmsieHnft

_ ! /
B2, f"s'?“u@'%fi; (2.18)
6) napamneseHOe COGIMAGHEE - 3TO CYMMa NpoBomAMDCTef
/ !
6,226, O L3 1. (2.19)
"’i” "’1'1)53"5{’
B) Ko3dQHIMEET NEJOHES HEAMTENA HanpAEe HEA

U U
K= - !
) (2.20)
L D SR
‘ . » e ,
r) rood{MOAeHT MeNeHMA NoJETENs TOKA
' R/ 1
-T Y ’
5 z 14 2 ; (2.21)
X =—ZL :i =72 K:—!—
R Oy pz) pA Z’Z ) e s

OIprmep 2.1, PaccMoTpEM cxeMy N0 CJIe IOB AT ©JIbHO-N aPaINO M b~
HOI'0 BKJDYOHHA DE3HCTOPOB, KOIJA MCTOYHHK HanpAReHus #«(f) ¢ BHyT-
DEHHUM CONpOTHBAGHAEM Xy NONRILTEH
K nesnTemn Toka (pmc. 2.I0).

OpennoJyioxum, 4To Tpedyercs
OnpeieJnTs TOK B onHo# B3 BeTBeft
nenarensi (Hanpmmep, 13(7) ) gepes
HanpaxeH#e u({) . Haljmem cravana
TOK 1;(f) uepea conporuiene X,
LIS 49ero BHUNUCJKPM 3KBABAJCHTHOS Puc. 2.I0
conpoTaBiaesne X OTHOCETEJBHO 38—
¥UMOB RIearbHOI0 HCTOYHMAKA HaNpSBeHus
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I p, BBy ARt RE 1R F
P:RI* =R, =

1/2,+ 1R 2+ R, AR, (2.22)

Paspemms u(f) na R, , Balinem ToR 7, (7).
Teneps MOXHO BOCNONB30OBATECA YDABHEHHOM NEIMTONA TOKA
p .
-y ({) 2 ) (2.23)

1,(8) =1, (¢
50405 7 p, RR tR Ry RaFs
Ipumepp 2.2. PacemoTpmEM npyroff wacro scrpevsmmpfics Bape-
8HT - BCNONBL30BAHME HMOTOURMEE TOKA
i R ¢ mexmreniem Hanpmxemms {pmc. 2.II).

OnpenesEm RanpsAmeHEe #z(f) Ba co-
/7 NpOTHBIEHNE Ry 9epes HSBeCTHHE YoR
Joffe T

HCTOUHEKE 7(7) . CHAYANA HaXOMHM
SKBEBANGHTHO® CONDOTHBJGHME OTHOCH-
TENBHO SAXUMOB MAEANBHOTO HCTOSHE-

Prc. AJII Ka TOE&:
o1 _ R (RatRs) (2.24)
T 7 e

E7RD 2y > Rv Rt %

YuHoxEB 7(f) Ha R , DOJNyINM Hanpamerme H, ().
Teneph MOBHO ONpENeMTH ECKOMO® HANDAROHES ¢ HOMOIBD yPaBHE-

HAS NeNETEJNA BanpAXesEd:
® o & Rz
3 )
us(f) = Y(f) =—5-=1(t) =%
R, R, RtR iRy
Kax BEUEM, SKBABAJNGHTHES Npeo6pa30BaHEA CXE6M NO3BOJNADT NPOBO-

{2.25)

JIMTH aRaiE3 He OYGHD CNOEHHX menef 0e3 oCOOHX BHURCHMTENBHHX TPy~

HocTel.

2.3, 9KBABAJEHTHEHE Npeodpa30BaHus HCTOYHHKOB
PaccMoTpEM CXeMH DeajBHHX ECTOYHEKOB TOKE B Hanpmame-
aea (pac. 2.I2), WIA RoTOMX ONpeNeNEM RANpTXEHREe () ¥ TOK /()
9epes BHEMHARMe 3aXUMH MCTOUHUKOB.
las MCTOYHEES TOKa HMEEM

) . £y . . o
1(f) = 1, - %il—) ; u[{): [70-7({)] ka), (2.26)
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Ui ACTOWHAKA HalpAXeBHA

1(f) = u"—;‘,uﬂ ; U(t)= up- 1(f) By (2.27)
5.
Ré <,
U, *t(

Puc. 2.12

Y70CH HCTOYHEKN TOKA M HANDAREHWA OCHIM OKBMBAJNGHTHH, HEOGXOINMD
paBeHCTBO HANDABEHAR B TOKOB Yepes BHOWHME BHBOMM. IIpNpaBHMBEA BH-

pasennd (2.26) m (2.27), NONYUEM yCIOBRS OKBHBANCHTHOCTH:
/

Pazkétkj' uo”b?5 l.o=?u0. (2.28)

HeTpyAHO 3aMeTHTH, TTO HANPABCHEE Uy DKBRBANGHTHOIO RCTOYHEKA
HAnpANOHAA ABAAGTCA HANDAECHREM XOXocToro xoma ( Z = 0) HCTOYHMKOB.
Tor I, 9KBRBATEGHTHOIO HCTOYHHKA TOKA ABIACSTCH TOKOM KODOTROID 38—
MuREHES { & = 0) HCTOYHMKOB. OKBMBaJEHTHO® BHYTDOHHO® CONpPOTHBJG-
HHE. ROTOUHAROB R MDXHO NOJYIHT: HAEICHEOM HANDAXGHAS XOJOCTOID X0-
I8 u, KA TOK KODPOTKOIO 3aMMKSHUA 1, HCTOVIERE.

U3 atEx paccyxpenMl ciemyeT He NpocTO NpPaBRIO npeoépasoaaimx
pealbHOr0 HCTOYHEES HanpaXeHMs ¢ NoCAeNoBaTeJBEHM BHYTDEHHEM COLpO-
THRIGRAEM B DeaNbHHH MCTOYHMR TOKRA C NApaAJUICJLHHM BHYTDSHHHM COIDO-
THBJGHHOM, 8 OYeHEL BaZHufl MeTOX aHaJM3a JIOOHX CX6M C RCTOUHAKAMA
¥ CONDOTRBIIGHAAMA.

JIndyp menmp, CONEPEAMYH MCTOYHAKM M CONDOTHBISHES, MR JOCYD
93CcTh Nen¥ MOXHO NpPefCTABHTH SKBEBANEATHHM HCTOYHMKOM HONDANOHHS
C NOCJHSNIOBATEIBHHM BHYTDeHHEM CONDPOTHBJACHAGM, NPRAYEM HANpAvCHEE
SKBEB&IGRTHOIC ACTOYEWKA HANDIXEHNT DSBHO HAUDARGHHD XOJOCTOYD XO-
fia Ha BHEMHAX BHBOJAX ueny (mj¥ 9YacTE nenw), a BHYTDEHHES CONpO-
THRICHEE HAXOETCH KAK OSKBYBATGHTHOS CONDOTHBJCHZO mHenNd 1O OTHOmE-
H¥D K BHEMHANM 38EHMaM IPE OCHYNCHHWX HE38BHCHMHX MCTOYHMKEX HCXOQ-
Holl 1enM, T.e. MCTOUHHMK HANDIRGHMS 3aMEHAOT KODOTKHM 33MHKEHHMEM,

8 ACTOWHMK TOKQ - Da3PHBOM.
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OTy TeopeMy HasHBGDT HHOITIA Teopemolt Tesenmna, mum Teopemolt 06
SKBEBAJCHTHOM MCTOMHMKE HANpSKOHHA. ‘

Opumep 2.3. PacCMOTDEM NpEMED NpeoCpa30BaHRA Ie-
nr (puc. 2.I3) OTHOCHTENBHO BHEWHEX BHBOJOB Mo Teopeme TeBeHRmHA.
Hanpaserme xonocToro xoxma (1= 0) Hafinem ¢ yverom pesyssrara, mo-
JyUSHHODO WIS N&palLieJBHO-NOCAENoBaTe bHod neny (2.25):

. RR
Ge=lrly=l+r, 2T

Pac. 2.I3 '

OCnynerme HCTOYAAKE TOKA COOTBOTCTBYET DAa3PHBY BETBH C MCTOYAMKOM,
a OCHy/NOHH® UCTOYHHKA BANDAREHHS — KODOTKOMY 3aMHKAHWD BETBH, CO-
Zepsame#t BCTOUHEK HanpA®ensa. Torlla CONpOTHBJIGHME CO CTODOHM BHEm-
HRX saxums {pmc. 2,I4)

By=R+ : 7 =% B (BirRe)
% " RiE orRr %

Npx aHanuse nuHeftx uenef UCTIONb3YeTCA TaKXKEe TeopeMa 006 BKBU-
BaleHTHOM ucrounnke Toka(reopema HoproHa), xoropas smagercs Dyaib-
: Hofl no oTHomeHED K Teopeme TeseHmHS.
JInGyp nens, cComepRamy®m HCTOYHMKH
R2 Ry B CONDOTHBJEGHHA, MORHO SKBABANCHTHO
- 3aMEHATH MCTOYANMKOM TOKA C BHYTDEH-
Rs - =D R, HmM cOnpOTMBJICHEM, NpHYEM TOK HC-
TOYHAKA P3BEH TOKY KODOTKOI'® 3aMH-—
KaHEA Yepes BHBOIH LENH, a COIpPOTHB-
JeHNe HCTOYHHKS HAXONAT KaK OKBEB3~
JIGHTHOE CONPOTEBJIGHNE UENW ¢o cTo-
DOHH BHEIIAWX BHBONOB NPH OCHYJOHHHX HE33BACEMHX HCTOYHMKAX.
Opramepp 2.4. B kayecTpe npuMepa HCNONB30BIHNSA TeopemMH
HopTona paccMoTpEM npeodpa3oBanHe LEN®, AHATAR KOTOpO# nposoymiIcs
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' Prc. 2,14

B OpenHnymeM npumepe (cm. prc. 2.I3). LA HaXO®NOHMH TOKa KODOTKO~
ro 3aMHKaHEA 96pe3 BHOWHEE 3aXEMH J, JIOOHO NpeoSpa3oBaTh CXeMy
K BHIY, NOKasaHHOMY Ha pmc. 2.I5.

Ppc. 2,I5

Chauana npeoCpasyem MCTOUHER TOKa 7 C CONDOTEBNGHAAME R,
R n B3 B oxBEBaneHTHuE RCTOYHZK TOKA C BHYTDEHHHM CONDOTHBIE-
unem R':
reg, = »'- ! . BB R)
T R+R, A :
PJ k/ # pz
Janee npeoGpasyeM HCTOYHKK HANDAREHAS 1/1 C CONDPOTABJSHNEM 724 B HC-
TOUHHK TOK& /” ¢ BHyTPGHHEAM CONpOTMBNcHEEM R7:
e pep
x, 4
Teneps y®e He TpyAHO NpeoGpPa3oBaTh NOJYYEHHYD CXEMy K ONHOMY
SKBUBAJIOHTHOMY HCTOUHAKY TOKA

E+Rr Ry

Lt p/#];// #1")  Ry=R'+R (2.29)

HHorza SKBMEANEHTHOe CONDOTHEJNEHHE MCTOYHMKA YHOGHEe HAXOMHTDH
He OCHyJIBHROM HO3aBECEMHX KCTOYHEKOB, & NeJeHNEM HANDARGHHS X0J0C—-
TOro xoia U Ha TOK KOPOTKOLO 3AMHKAHEA [, Jepe3 EHENHE® 33—
Mi &) =0y /Iy, 9TO HENOCDECTBEHHO CIETyeT M3 SKBWBANCHTHOCTH Npe—
00paSoBAHHHX NCTOYHHKOB.

Hpruep 2.5. Paccrorpnam cxemy yemmurensa (pme. 2.16).

[
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7]
Hanpsgerze xonocroro xoma = - K Uy =-K Ul ma— . Tox Ko-

R
POTKOrO 3aMHKAHMSA Uepe3 BHEWHAE 38XMMH Io =~ K% -KI§ S
PJ FJ (R‘/;‘Pe)

TaxpM odpasoMm, BSKBRBATGHTHOS CONDOTRBJICHMEe HCTOUYRHKE HANpAEe-
Z/ .
HRg R, - l—" = R;. OTOT DESYJBTAT MOXHO IOJYIMTH, €CIH OGHYJHTH He-
- o

3ggcEMult mcrouABK Uy = 0, 9TO IpEBElleT X OGHYJEHHD S3BHCHMOIO HC-

TOYHRKA HanpsxeHAd. JorZa OeDh CO CTOPOEH BHXONEKX 3a¥AMOB OyHeT
CONePEATH TOJBLKO /1’3.

2.4, Meron HajoxeHRS

)

Eme onmEH MeTon aHanmsa nuue#HHX nemeft ocHoBaH Ha Teopeme Ha-
JOREHAS, KOTOPAS HENOCPENCTBERHO BHTOKAOT WS NPHHIOMIA CyNepnosH-
mn 2 fopMyampyerca crenyxuHM OCpa30M.

Ecna B renM aMeeTCS HECKOJLKO HO3aBECHMHX WCTOUHEKOB, TO pe-
armiA (TOK RAM BanpasesEe B Rarof-mméo onmHoft BeTBR) paBHA CyMMe
pearmAfl, onpenejeBHEHX B 5TOf BeTEA MIA KARNOLO HS HE3ABECEMHX HC-
TOYHEKOB 0p# OCHyJICHHE OCTAaNLHHX

IprmMep 2.6, PaccmoTpum npEmeHeHHe 9Tofl TeopeMd Ha Ipm-
Mepe CXeMH,-npencrabienHoff ma pmc. 2.17,a.

Puc. 2.17
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llycrs Tpedyerca RaftTw HanpAzeHEe U Ha COUDOTHBIGHEH Z} Cra-
9ana OCHYJ®M RCTOYHAK ToKa / = O M HailieM peakmo@p Ha COUNpPOTEBJS-
Hag %; or mcrounmka wanpamemms L (puc. 2.17,6). B cooTsercremm
C ypaBHEH®EeM NEJETENA HanpAKeHAA NOJY YEM

/. Rs
v'=Z% 7 7R

3aTeM, OGHYJHB HCTOYRMK Hanpsxenus £ , no cxeme pmc. 2.I7,B Haxo-
IEM HANpPAEGHHEe HA CONPOTHBNGHMM X; 0T MCTOYHMKE Toka / :

Y.
U// -7 y R3 )
F{ fki
Viurepecyrmas Hao pearkima U HaxOmMTCHd CYMMEDOBAHHEM NapHASIEHNX
peaxmmii:

rs
!N 4
(/:[/f[{: P/fP;([PI*E)

BameTEM, YT0 DEAKIWA COBCEM He BaBHCHT OT CONpOTHEBJIOHAS R,, mo-
CKOJIBKY TOK 4Yepe3 Hero onpeleideTcs JMmb TOKOM BASANLHOIO HCTOY-
HHKa [ . OTo ofliee NpaBwio: KakMe OH 3JeMeHTH He OHJE BHIDYSHH H0-
CJIGIOBATE/ABHO C MCTOYHEKOM TOKa, TOK JYepe3 HEX ONMHAKOB ¥ pameH / .
ABaJIOTRYHO, eC/H NApaslIeSbHO WIOaNBLHOMY HMCTOUHHEKY HaNpARBGHHS BRIO-
9eHH MOOHe BJeMeHTH, HaNPABEHMe Ha’ RMX OILMHAKOBO B DABHO HanpsEe-
HEX BCTOYHMEA. JIT@K, NO OTHOmMERMD K BHewHeR HeNM MCTOURHK TOKa

C. nnocjiefoBaTeAbHO BHINOUEHHHMH 3JieMeHTaMi 3KBMBAJIGHTEH I CAJIbHOMY
HCTOUYHUKY TOKa, & HCTOUHHMK HAIlIpAXeHHA ¢ NapaieNbHO BKIOUCHHHMH
BNEMEHTAMM DKBUBANCHTEH 'UIEeANbHOMY UCTOUHMKY Hanpmxenua (puc.2.18).

. Pmc. 2.18

Ipnmep 2.7, Fume onup cryyall ncnors3pBaHEd METOHA HAJNO-
XeHRST MIUICTpapyercs cxemolt, npemcrasnerHo# Ha pmc. 2.I9,a. TNpen-
" NOJNOXUM, YTO TpedyeTcd HaliTH TOR Yepes COMpOTHBJEHMe F; npm onHO-
BPEMEHHOM NeHCTBHE TPOX HE3aBHCEMHX HMCTOYHHKOB Ly By m .



B cooTBercTBEE ¢ METOIOM HaNOREHES NOOYEpPONHO CymeM HAXOIXTH
NapOEaTBEHEe TORE OTHEJNBHHX HCTOYHEKOB IDH ONHOBDEMEHHOM OGHYJICHRMH
npyrEx. TOR OT MCTOUHEKA HANDABEHEA Ej (pre. 2.19,6) onpemensercs
110 1€ I0BAT IbRO-NADAJUISNIEEHM BRIKYCHNEM CONpPOTEBIeHRR:
= T2 :

! BBt (R R) (B

R £3 R

3
P 1-3”’
Rs
o 0
Y

Pac. 2.19

YacTs TOKA OT HCTOUHMKA J; HAXOMHTCH MNENOHHEM HANDSECHAS HCTOTHE-
K& Ho SKBEBAIGHTHOe CONDOTHABICHNME LENW M3 CONDOTABICHAR OTHOCH-
TeABHO 3aXBMOB McTounmre (pmc. 2.I19,B):

/i £
Iy = g

R Ra
HaroHen, TOK, OCyCGJOBNEHHHY TOKOM NCTOYHHEKA 14 , ONpenendercs
ypasHoHAeM neimrens Toka (pmc. 2.I9,r):

Rj*&: +

®
7 J{// - [4 4 — .
I R
Bt Ry
PesyapTapyoumE nckomut Tox /3 NOAYy9anT B BHNE CYMMH NapIWAaNEbHHX
TOKOB, HalleRHHX paHee:

/ N /4
13=/3f]37‘/3
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UraK, BCNOJL30BAHHE MeTONS HAJOKEHWS MeNeCooGpasHO OPH HAXO%—
JeHHR DeaKkI¥H B Kakoi-ym0o BeTBYW pasBeTBJeRROR uenm, conepzameft
HECKOJIBKO HEe3aBUCHAMHX HCTOYHMKOB TOKA ¥ HANpPARGHHA.

2.5. MeTon ysJOBHX DOTEHIMAJNOB

OnncaHsufl BH® MeToX BKBEBANEHTHHX npeolpasonanuft genserca
BechMa 9)PeKTRBHHM N[A .8HAIW3e CDABRUTENLHO OpocTHX meneft. B cmoz-
HHX Da3BETBIEHHHX USNAX BHOPATH, KaKkMe MMEHHO YUSCTKH HONM X B Ka-
KOM DODANIK® SaMEeHAT: SKBHBANGHTHHMW, 04YeHb HE NPOCTO, 3I6CH YeTREX
pexomennamt HeT.

V3BeCTHH MOTONH QHATES8, B KOTOPHX BCe NeficTBHA perIaMeHTApDO-
BaEH ~ OHE NpREMEHAMH LAA JIOOHX CTPYRTYD pamzonmenefi. Jea M3 HMX mc-
DOJB3YDTCA HAmRCOJee YacTo: MeTON Y3J0BHX NOTEHUHAJNOB M METON KOH-
TyPHHX TOKOB. OCa MeTona DaBHOUEHHH, ONHAKO NepEM Gosee HariAmeH,
¥ MH OTDAHRWMMCH DACCMOTDEHHEM HMEHHO 9TOI0 MeToja.

B mMeTOI6 Y3/NO0BHX DOTEHNEANOB B REYGCTPE HMCKOMHX BEJNYRH BHOD-
papTCq NOTEHIMANH BCEX Y3J0B NHENH, OTCYATAHHHE OTHOCHTOJBHO NOTeH-
maana Karolo-si60 ONHOIO y3Ja, NpPARATOrO 3a "olmyp meRy". DTOT
y3eX 9acTo 0603HAUAETCA HA CXEMAX '
camsonoM "rkopnyc"(L). Cocrampas- 1 Ji K I, 2
eTCA CACTeMa ypaBreHult, Ramnoe
B3 KOTOPHX oOnpeneseT NoTeHIMAaxa
ORHOI0 KaKOro-JmGo ysaa U depes

HOTeHIUANH BCEX HPYyIEX y3JIOB, U Ué
HMODIEX C Y3VIOM K o0IHe BeTBH.

PemeHge chCTeMH ypaBHemu#t naeT ' 1

3HAYGHAA BCEX HanpsEeHEft B cxeme.

Ecam mHETepec npencTaBIANT HE BCO Puc. 2.20

HaNDAREHAA, & KAKoe-TO ONHO, HANPEMOD HA BHXONE CXEMH, 5T0 HEKAK
He BiEAeT Ha MeTONRKY COCTaBJGHAA ypaBreHH{t, HO MD®eT OHTH YYTEHO
IpK DOleHHR CHCTEMH. '

PaccmorpnM dparvesr Hexoropo# menm (pac. 2.20). K yaay K crsa-
rgsapres TpR Bersm: ¥, Fa; R, , IBe HOYT oT y3ia0B I B 2, TpeTHA -

Ha o0y MREEY. YpaBHeHse Kmpxroda mnd TOKOB, BTEKADIPX B ysexn K ,
nMeeT BORL

Ltly-1e =0 (2.30)
o 3aKOHY OMB TOKR B BETEAYX ONpeeJIfITCH Pa3HOCTHY NOTEHIMEN 0B
Y-Ue _ .
fe ——+% = ((/”UA’)[’/:
Ry
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I =(Y%-U) 6,

I = UGy

(2.31)

Noncrasnaa (2.3I) B (2.30) » paspemas orTHocmrensho U , ToxywmM
U = i + U Gd (2.32)
Ag P4
e GKZ= G, +G,# Gy~ cywmapHas DpOBONEMDCTE Beex Bersefl, CTATMBA-

DIEXCA K Y3Ky K, TaKk HasHBaemas CoGCTBEHHAS NDOBOJAMOCTE ySJ8.
HeTpyZHO 0COCHHMTH NpupeneRHHH# npmmep HA NPOASBOJNBHOE THCIO

poTBOfl B yUSCTH HANEYME ECTOYHAROB (HESSBHCEMHX W yNDABILAOMEX)

B BOTBAX, CTACMBANEXCA K I8HHOMY y3iAy. Tar, NpEMEHATENHHO K

X pHC. 2.2 nmeem 4

L/'Z 5; U + G’L'f[ 7

rre szzé‘!{fﬁ'gféifﬁz‘ f53-,

Crenyer OTMOTHETH, uTo B (2.33) 3HAKM NEDBHX WIGHOB, 0056IMHOHHHE
B2 » BCerma HOJOXUTENLHHE, He 3S8BMCAT OT BHOOpE KanpasjeHM#t TOKOB
B BeTBAX, 3 WieHH, YIYATHBANIME HC-
TOYHAKH, MOU'YT BMETH BHAKHA KaK
"4+", TaK B "-" B 38BNCHMOCTH OT
HanpaBAeHRs HcTownmka (K y3ay "+
oT yaxma "-").

SameTeM, uro (2.33) MomnO
TpaKToBaTh KaK NpAMEHeHHe NpPHRUA-
na HalOREHHA:

%=§ﬁx%' (2.34)

’ (2.33)

3pecy U; - ormensuue BozpeficTmms
Pmc. 2.2I * (noTeRmpMasH COCEQNHEX y3J0B, DDA~
Zerapmae MCTOYHAKE); KOdPMIMEHTH K, — KOBYMUMEHTH mepena
onpeleJslUpe PEARmAK y3Xa K Ha BO3NeLCTEME ; NpE "OGHYJeHHHX" OC-
TanbHHX BosueftcTBnax. Tagk, NpAMeHATENBHO K cxeme pEc. 2.21 npnpumm
HANOEOHESA RJUIDCTDHDYETCA pAC. 2.22.
BoszneficreasM U [, ] COOTBETCTBY®MT KOSHIMIMEATH nepemavh:

e/ _ G . !
K =2— 0 Fxo5-0 g
KX KZ
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Puc. 2.22

Nprmepp 2.8, Ina cxem
pEC. R.23 B8 YpaBHEHRMS OTHOCH-
TENBHO IBYX NepeMeHRHX U, B U,
BHIVIAAT TaK:

R By Ryt g e
Ve KoYt Ky, 2o * B2l
3necs
&, G G
T — K = —._2 . K =——2 .
! Gy 21 ;50 % 545
: &, 6 {
T —_— K = __3 E
rne G,z < Gj + Gg I 63 " Gez = 02 b 04 .

Oprmepp 2.9. Cxema pac. 2.24,a #3BeCTHS KaRk "MacmTadEpy-
pm#" yomneTens, obecneumBavmmd cemse U, = XZ , rme "macuradmuft
xoodimmuenT X TouHO SalaH CTACHNLHHME DOSHCTOpaME X, M B, B He 3a-
BHCHT OT HECTACWIBHHX I8DAMeTDOB OnepammroRHoro yemmrens (0Y).

Ha puc. 2.24,6 oB npencrasyes peaymaum VHYH.

SameTEM, 4YTO ynpeBiAnmee HanpsweRRe U, Ha cxeme 2.24,3 nonamo
Ha uHBepTHpywmu#t Bxon Y ("-").B cxeme 2.24,0 3TO OTpameHO TeM,uTO
ynpaengemul BCTOYRRR HanpaxemHs & -«U; nanpaBner BAns (Moxno Ouno
O ‘HANDABATH BBEPX, HO SamaTh & = (-U).
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CucTeMa ypaBEEHER LIA ySJIOBHX norenmmanes U, m 0 :

u,=K, F+K,0; '
1 z"{ g}/ 2 s ) (2.35)
Up =Koy - By 5 €= (K -l K. )Y, (2.36)
R,
Resx
EaotV,
Kosdfmmmenry nepenavm
G G G &,
K,=—L . K,-2 K =2 K, =2 (339
l! 1,2 ; &2 ot
big’ P Gy AT Gy 9% G,y
Ime GIX 01‘0 *GjX’ _032':0&"635/}'
Honcrasys (2.35) B (2.36) m paspemms oTHOCETemBHO 3, TOMyTIEM
y, - M1 (Koo-4%2) pogr (2.38)

C 1K a Kag e Ky K s
Macmradenft xosdfEimenT X onpenenAeTCA BCEMM DIGMOHTAMA CXOMH.
Onnako IpE HOCTATOUHO GoEmoM ycmierws OY (& — ==) Rambosnee sHa-
YEMHMR CTQHOBATCA Bropoff WieH B ymeymTese M TpeTuff B 3namenarene,
OCTANbHHME MOXHO IpeHeSpeus: '
X~M L T b. % (2.39)
Lyt Keo Ky Gy B
Kag BALAM, Koamnxmenr K nodYrm He 3aBECHT OT HECTACHMNBHHX NapaMeT-
pop (mmms OH o Ghn HOCTATOUHO BEJNEK).
M pacCMOTDEJIM MEeTONl Y3JOBHX NOTEHIRANOB NDEMOHETONHHO K He-
04, CONEDEAIEM TOJBKO CONDOTABNOHAHA. ONHARO METON MONXONHT A
pacuera JrOx memeft; 4To OyneT NORA3aHO HEEe.
MeTon y3J0BHX HanpsxeHAf#l mMUpOKO HCNONE3YETCS B MAUNHHHX METO-
nax pacdera meneff, T.K. OH JOIKO ajNIOpATMA3BNpYETCH. '
HexonHHME NAHHHMH, BBOTNOMMME B KOMIBDTED, ABIANTCHA BHAYCHWSA
npoBoaamocTel BeTBeff, MCTOYHAKOB B 3TAX BETBAX, 8 TAKEO MATPHNA
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coezmseaiﬁ. KOYOpaf ONpefeaser CTPYRTYPY cxemd B fopme, "nongr-
Bo#" xoMmEBOTEDY .

2.6, MeTOIWRA pacueTa JECTHEWHHX CTPYRTYD

Hapany ¢ ofmaM, JyEnaMeBRTaNEEHM METOIOM YSJIOBHX NOTEHIMANOB
NPENCTARIADT MHTEPeC M HOKOTODHE JACTHHE METONEKH, DacCUMTAHHHO
Aa onpefeNeHHHE BRN CTPYRTYDH CXeMH. 3MeChk peanusyeTcs yIauHad
"poramka”, npuBomsmas K KoMnaxTROR B mssmHOR 3aNHCE, YTO HEMANO-
BEXHO IUIA aHaJm3sa.

OGpaTEMcA Kk MOTOIMKe pacvuera koadimmmeHTs nepensadM TRk HA3H-
Ba6MHX "“JeCTHHUEHX" CTDYKTYD, YACTO BCTDEUSDNMXCA B POaiBHHX CXe-
max {pmc. 2.25). B RavecTBe SNEMEHTOB MOryT OuTh R,. wm [ . Ina
OPOCTOTH DACCMOTDHM COSIHHOHWE DESHCTOPOB. KIIDYEBHM MOMEHTOM MeTo-
IERY ABJIAETCA TO, IO NOCJeNOBSTENBHHE 3ANEMEHTH 38JIaDTCH EX CONPO-
rusteruau K7 , & napanienbHue - TpOBOAMMOCTAMH Gy . llpx arom, me-
pexogA OT ceueHHMA K ceueHuMo (ceueHus Ha puc. 2.25 0603HAUEHH
NYHKTUPOM, X HOMEpa - DUMCKUMM Uuppamu), yROGHO 3AMMCHBATH BXOL-

HHE CONMpPOTHBIEHHA WIM NpOBOAMMOCTH B (opue uenHoit (ecTHUuHOM)
Jpobu:

Op =0,
!
B %t
¢ / (2.40)
szﬁgf}} GJ*P,.L)'
2 g,
4
! !
G, =R ¢+—=R, ¢
4 4
X GE [{,,4‘ 1.1
Ryt =—
G
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Bunexmm MHCJIOEHO ONHO HS 3 —00pasHNX 3BeHBeB (pmc. 2.26) m onpe-
JienEM ero ROSYIAMMERT Nepelau® KAR IIA NeNNTONs HanpImeHns:
{
K—- = g = oﬂ . = __1__
./.Y'LF b/ -

: (2.41)
'z Péf [’_I PLV Gﬂ

)

,V, C’E’ ~ BXOJIE0E CONDOTABJICHEE M NDOBONEMOCTE COOTBETCTBOHHO
B cevenmax IV = I,
Oomaft koodiWmEEAT Nepenav® CXEMH onpeneNnAeTCH NPoR3BeNeHmeM
nepenav OTHENBEHX BBEOHBEB:

Y% % Y% o ok ke

Rou= 7 %, Uy I 71 Y-r -7 (2.42)
Ms crpyrrypu (2.4I) scmo, wro
Ky = ! ! . (2.43)
oy 507 C'Z’PZ/’GY GIII[YGY

[pocrensm nocrenoBaTeNbHO LENOUYKy 3Hawemuft R m & (2.40). npEBONA
EX R BRIy OOHYHHX mpolefl:

01=Cr{,'
Pg&]*{ 3‘1

21-:?2*?/:—7]——“:7[) 31:,?601"/’

! G;Rpt! Bos
Op=Gyt—e = SXTL_ L2CI By= G Ry +1
F Y Zy %y 3, ) 2= G R p)

! _ RlgH_ B3
P. R /-——— = = =2 =R

# op Boy’ P37 Hatl

! G Ryt ByBy6,
Gg =004 = =80 i dic 2/ SN BN - |
A 773 7 3,350 4G
Ry = R, ,‘_’_ - Bt %53
3aMeTEM, 9TO saaueaarem, raxnoft nocnenypme#t mpodm paBeR WHCINTEAD
npenupyme® B npE noxcraHoBRe B (2.43) Bce omM coxpamaprca. OcraeT-
cd {
Ko = =5,
o0 3,3, 3

Bf = 251}17*/.

HO 3TO BHD&XEHKe OGDETHO YHCJIETOND 2?!-, .
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Hrar, 4ToOH onpeme;uTh KOSIPMIREHT NepeNadd, INOCTATOUHO Halt-
TP WHCMTENH NPOCH B BHPa®eHHMH WIS OCmEro BXONHOrO CONDOTHBICHRA.
Ilpe sToM nmoswHE CHTH CoCJOeHa onpeneseRHas $opMa SanAcH BXORHOTO
conpoTHBNeHNs. Fe Jerko noJydaTH R8 JGCTHERUHO# NPOGH SanECH BXOHI-
goro conporaenenma {2.40).

Ipruep 2.10. Onpenenan
rO20IWIERHT NEpeNaumM menm PEC. 2.27,
N6 NOCTENOBATENLHNE DJIGMOHTH HMODT |

100m 100m 100m

eonporasiaesre 10 Om, a napamnempHHE - o @ i
2 Oma. 3anmmeM BXOIHOE CONPOTRBJIGHRE —
8 BEOe menHoft npodm (3amerEM, wro Prc. 2.27
B Bell dmrypupyor nposommocT 0,5 I/0M):
PJX =10 + I _ 281 .
I 24 1/0M

0,5 4 I
I0 + ——di—
0,5+ i S

10+ L
0,5
KoadiRrmenT mepemau® menE X = 2%1 . ’

lipe onpemenerus A BeciMa pacnpocTpaHeHa ClEIyDWAS OMBORA:
KOOOIMNEEHTH NeleHHS 3BEHEEB (I 2

= -—é-) nepeMioXapYCA Ges ywera

BXOJIHHX CONPOTRRJIEGHER NOCISNyDTHX 3BEHLEB
K=31.1.1 __ I

6 6 6 218

3. AHATV3 JVHEMRHX IHIE! PRIFRMEM
IVHAM/MECKYX YPABHEHA

llycre samana mens ¥ COBOKYNHOCTE: Bo3neftcrsmft Ha Hee. TpedyeT-
A ONpefie)NTs MATEDECYNmME Bac DearmuE. [pm sToM nom Bosreficramdmm
NOHYMADTCH BHEWHHWEe N0 OTHOMEHED R UeNH CHIHANH, MOAeNEPyeMHe HOe3a-
BRCEMHMI RCTOYHHKAME TOK3 WIE HANDATEHRS, 3 DEaRMMAME SENADTCH TO-
KM MM HanpAmenus Bersef nenm.

B pananosseKTDORHEMX NeNAX, KAK NPaBRIO, MOXHO SBHO BHEEJNHTH
BXOHI B BHXOR mend. Ko BxOXy NOXRINIAETCS HCTOYHEMK CHIHANE, Hampu-
MOD TOJIOBKA 3BYROCHEMATENS BJM KACKaX JCHIMTENd, K BHXOLY - Ha-
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TpPysSKa B BRI ORPHEYHOYC ycTpoftcTBa, Hanpmmep aKycTnyecko? cmere-
Mi. B 5ToM ciy4se BosmeficTBME - 5TO TOK RN HaNpAROHES Ha BXOIe,
8 PeaRUNA — HaNpA%eHEEe W TOK 9Yepe3 Rarpysky. Ilon marpysroft no-
pemaerca yanelHas mens, Monempymmaa cBoficTBa OROREUHOIO YCTpOi-
cTBAa.

OcoGensocTr ananm3a JrHefHHX menef pemelmeu nnﬂaunwecm
ypaBaeHRE COCTOST B CiexyomeM. Bo-nepBex, /mAefiHag menb ONACHBEET-
C NIRHGMAYECKEM YDABHOAFEM, CONepRamuM B Jeeol qacTH ymuelRyD KoM
OpHammy HCKOMOR peaRmER Kak (YHRIEH BDEMEHE H ee TIPOH3BONAHX WY
BETErpaJOB, 8 B IpaBoll - JEHOfiHyD KOMOREHAUMD W3BECTHOrO Boanxel-
‘CTBEA B 6ro NpousBomAHx (mATerpanos). OYeBRMEEO, YTO €Cam B pe3yNb-
TaTe aHaamsa TpefyeTcs HaflTM HeCKONERO pearmm, TO BMECTO ONHOID
IEHAMAYECKOLD YDABHOHRA HEOGXOIEMO COCTABHTE CHCTEMY MX.

Bropaa ocoGeHHOCT® cocTomT B dopMe npencraBleRns BosneficTerg.
Jeno B ToM, YTO "RASCCHYSCKENt" MOTON DOWMEHHs I¥HAMZTECRER YD3EHEe-
HE# NO3BONSET NPEXCTABATH DemeHHe, T.e. HATEDECYDIYD BAC DEARIHD,
B Bame cymvd meyx dymxmm#. Ilepsag cOOTBETCTBYeT DEMEHRD OTHOPONHO-
0 DHHAMHYECKOI'0 YDABHEHAS B HA3HBAETCA OoOIBM pemenmeM, 3Ta YacTh
He 8aBmCET oT Jopmu Bo3neficTBEA, Bropas QyHRUMA, ABIAPMAACA YACT-
HHM DEmeHHeM, 33EACHT OT BO3NefCTBEA R MO™ET OHTH OonpeneneHa B
3aMKHYTO! fopMe B TOM eiyuase,ecnH, Hanmpumep, BO3neHCTBUEe ABNAeTCA

3rcnogenToft Aef t, rme 4 u £ MOTYT OHTE AOCHMH, B TOM WHCNE B KOM-
DLJISKCHHME YHCJIAMA .

. TpeTsa 0cOGEHHDCTE 3aRNNYAETCA B HEOOXOIMMOCTE TOYHOIO SHA -
HEA "COCTOAHEA" mene B KaKof-mGo OIMH ROHKDETHHE MOMEHT epememaf ’
KoTopHit NPRAATO CYMTATE HauanoM orcyeTa. ([Iom COCTOAHV¥EM UENHE MOHW-
MaeTcd COBOKYNHOCTS 3HaYeHHY#t TOKOB Yepes MHNYKTRBHOCTE P HaNpARe-
paft Ha eMKOCTSY DENH B KOHKDETHHA MOMEHT BpemeHw.) OUeBMIHO, uTO
COCTOAHME IeIM MOXHO Tarke XapaKTePH30BaTh COOTBETCTEYONMMM KOJH—
YeCTBOM He38BHCHMHX JMHelHHX roMOREaimit yka3aHRNX TOKOB B Hanpsxe-
ualt. . ,

Teneper CTAROBHTCA ACHHM KDYI' MPOGJIEM, KOTODHE HYXHO YMETH Das-
pemETH, YTOCH HAYYRTHCA QKAJNMSMPOBATH ANHeHHHE HeNyW pelcHNEM MHHA—
MEYOCKAX ypaBHeHHft, a Tawkse orparmvueHms, NDACYIHEe STOMy MeTony asa-
ausa. Ec M3BEeCTHO COCTOSHME LENE B HEKOTODHY MOMEHT BpeMoHH fg .
a Bo3nefcTBHE HMMeeT 3KCNOReHURANBHYL fOpMy, peaxumsa MoweT GHTE
onpefeseEa B Bume QyHKIME BpemeHE LA f ) Z,.

Ha nepsuft B3rAN, paccMaTpEBaeMHlt METON aHaNM3a EMeeT odYeHs
J3KyD 0658CTH NDAMEHEeHWA, OIHAKO 9T0 He Tak. CymecTByer Corsmoe
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. 0603HAYATE Ha CXEMe HampaBie-—

KOJIE‘!GOTBP' vonaferaimlt RISCCHYECROro METONA; HENOCDEICTBOHHO B3
HOTO BHTEKADT BCEe COBPEMEHHHO MOTONH aHanysa JmHefmux neneft, na

¥ IJA UeNOIv pPANSG NPARTAYOCKH BAEBHX 3a1a¥ Kiaaccrvecrmft mMeTon npe-
A0oCTaBjfgeT Haméoxee NpocToe B RArJNANHOe DEmNeHHMe.

HaMAYECKHO YDaBHeHHs Jm HeftHHX

OOHYHEO DanmOSNEeKTPOHHAS U'ONb SaNaeTCs B BRNe BIOKTDEYECROH
CXeMH, NpemcTapnAnmelt rpadmweckoe msolpaxenme B3amMocBasefl sxemen-
TOB NENR. IIpONnoONOXEM, YTO Imeny CONEPXRT N 9JeMeHTOB, TOrma B 06-
meM caywae HeoOx mMMO onpeneyuTs A HemsBecTHHx fyHKmmE, - TOK X
Hanpg®eHMe B KEEIOM dJeMeRTe. Ing 5TOr0 Ballo COCTABETE CHCTOMY
13 2N HeSaBRCEMHX ypaBRemmft, cojepzammx HeRZBeCTHHe (YHROPM.

N ypaBHeHH# NapT COOTHOWEHNS MEELY TOKOM B HANDSAXEHEEM B RAXIOM
anemedre menu. Hemocrawmee ./ ypasmeHER COCTaBAAMTCH 10 SaKOHAM
Kupxroda 1mi ToxoB B Hanpsmemm@t. Iepewe A ypapreruf NMDEAATO HASH-
BaTH ypaBHEHUAME SNOMGHTOB, BTOPDHe A ypepHeHmE - ypaBHeREAMR co-
emuennft.

Hocne Toro kar cocraBJxeaa CECTeMa RRHAMEYOCERRX ypabHenmft, on-
py B3 {ysxmaft NpPRERMANT 33 BosueficrBHe, APYIYD - 8a DearmED. Mo~
KJDUaf BCe NPOMEEYTOYHH® NEPEMEHHHE, CHCTEMy ypaBHeHEE CBOZAT X
OZEOMy IMHAMAYOCKOMYy YDaBHEHED.

Opruep 3.I.B gennm, nsoopaxeﬂﬂoﬁ Ra pmec. 3.I, BxomMHOE
Bo3pe#iCTBRE 3aflaeT MACANBAHR
HcTouHRER Ranpszemma £(1) Y )

a peaxmmeft sBageTcH TOK Ip(?) Y

9epes conpoTmsieRpe X . 4 @ L
Tipexfie BCOro HeOGXOMAMD ¢

€t %(d‘c-l-

¥ 7p(!). Hanps=enms Ha 3nemen-

TAX EMENT COrJNacoBaHHEe C TO-

KOMA Hanpapiedns. 3andCcHBaeM Prc. 3.I

YDeBHERRS SJI6MEHTOB:

L.g )

HEe ToxoB BeTseR (%), 1, %3] ]

d 1 (f)
AP/ z .

du[(t‘)
ip(f)s 0 L0 —F

'uk(f)= Riy(?).



Corraceo sarory Kupxrode m1a Toxos mmeeM 7, (f)z 15 (¢)+ 2 (z‘)
Saron Kmpxroda LI HanpA®eHRE naeT MBS ypaBHEHRS NO xmcmy He3asp-

CHEMIX KOHTYDOB
' {u(f) tup(t) = 2(4);
Up(t) = Up (1),
Hrar, nojyqEM mecThk ypaaaesnﬁ C MEeCTHD HEeM3BECTHHMH SyHKIMAME.
Taxoro vwmcna ypapHeHRE NOCTATOUHO IIM UENM HS. TPOX SJEMEHTOB. Pas-

PEmAB CHCTEMy OTHOCHTONBHO. BCKOMOZ Dearmme ToKa ’k (f) , noxywam
JBHAMIIECKOE ypaaaeaze menu:

A1yt t
;f;” Y R({)*—-sz,('l’)df— —je(r)a’fr (3.1)

Opm Bceft Raxymefica mpocToTe MeTon Henocpencraeanoro COCTaBNe-
HHA JHHGMEYECKOI'0 YpaBHEOHAS ¢ NOMOMED. 38KOHOB Kampxroda moBosmHO
TPOMOSNOK NP GO.THIOM YRCIE BJEMEHTOB. 3TO OGLACHAETCA TPYIHOCTH-
ME D@SpelleRns CHCTOMH CONEBNOIO KOJHYECTBA ypaBReHmf omocnre:mno
onno# nepemergoft. :

CymecTByeT NIOBOJBLHO MHOTO METONOB COCTEBNCHES CHCTEM nPHAME-
JeCKEX’ ypaBHCHE{, CONeDEANEX 3HAYRTENHHO MOHEDSE KOJMUSCTBO Nepe-
MOHHHX. B NDAKTRKe aHa/M3a JRHORHHX DaINOB3NEKTPOHHHX nenedt Hamco—
JIee MEPORO ACHONBSYNTCH METON Y3NMOBHX Ranpseemr#t B MeTon nepemeH-
HHX COCTOSHMSA. )

MeToxm ysmoBHX HanpaEeHAR COCTOMT M3 TpexY 3Tanos.

I. Budop onoprOro ysya. B xavecTse onopHOro MO¥er ONTE NPREAT
Jodoft yses menu. HamGonee wacTo 3a oNODHME Y3en NMPEAEMANT y3eX, CO-
emmHeREHE ¢ ofmek mmmoft, RaswBaemoft semmeft mam ropnycoM. OnHako
cacTema OymeT Hamrdonee mpocTolt, ecim 33 OMODHHY NPHHATE yS6M, B KO-
TOPOM CXONBTCH HAmCOJHIee KONMYECTBO BETBEH B/WIN HauGoNEmee WHOJO
HCTOYHAKOB HaNpaXeHHd.

2. 0Co3HaYeHH® Y3JOBHX HaNLA®eHH{l. Y3JI0BHM HaNpARCHWOM HABHBA-
ercd HanpAXeHMe MEENy NAHHHM Y3JOM CXeMH B OTNODHHM yamoMm, Taxroe
ONpeneseHE® ONHOBHAUHO 33La6éT NONOFUTONLHOO HANDAENeHHe LIS Kaxmo-
Io yanoBoro nanpsreag. Odmee UHCNO y3NOBHX RaNpAReAM? paBHO THCIY
y3JI0B B CX6MO, He CUMTas ONOPHOIO y3J1a, MAHYC YRCIO MCTOYHMROB Ha-
npAxeHBA. U3 IBYX y370B, KOTODHME BRUINYADTCH B CXOMy ACTOUHARN Haw
NpAXeHAA, 0003HaY3eTCA KaR Y3J0BOO HANDAXSHHe TOMHKO OIMH y3ei;
ecJ¥ B CXeMe mMeeTCA HENOYRa ¥3 NOCNEHOBATENBHO COENMPelUHNX HCTOYU-
HUKOB HAnpfAEenms, TO OCO3HAYAETCA ONAH RS y3JI0B NENOYKH.
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3. i xa¥noro o06o3HAYEHHOrD ySJKa COCTEBNAGTCH YpaBHEHHe
B COOTBETCTERR C 3aKOHOM Kupxroda mns Toxom. IIpm 5Tom TOKE Berseft
BHpPaRaNTCHA 4epes Y3JOBHE HanpAXeHRS, M BCO TOKRE YROGHO CYHTATE BHTO-
KaOIEMR M3 JGHHOTO y3Jya. Ecym R ySuy NONKIOYEH OMMH WIN HECKOJBRO
HCTOYHAKOB HANDAXEHNUS, TO ypaBHeHHe 3axkoEa Kmpxroda cocTaBngercs
UL CeveHns, BRINYSNMEro NaHANY y3es  CoenmHeHHHe ¢ HEM HMCTOTHHRH
HANPARSHAS .

B pesynpTare NOJSydATCA CHCTEMA IMHAMAYGCKEX YpanbHeHHft, mepe-
MeHEHME @yRKnmaME B Helt ABJIADTCA Y3JM0BHE HANpAREHHUS, KOMMYECTBO
KOTODHX SHauMTENELHO MEHRDe, 9YeM YIBOEHHOe WHCJIO BeTBefl Cxemd, no-
sToMy naibHefmee pemeHMe CHCTEMH OKA3HBAETCH NpOme. B BariOveHyue
no HalfleHHHM YSJOBHM HANDAXCHEAM MORHO ONpENEJHTE: JIOYD HHTEDECY-
DOyD Bac PeaRIMD B BHIE TOKA AW HanpARGHES BOTBH.

OIprmep 3.2. Ha prc. 3.2 mpuBeleRa CXeMa € ynpaBiageMHM
HCTOUHEROM HanpiEeHms Ru (), mckoMoi peaxmueft sasercs Tor 7(%).
CocTaBHM HMHAMAYECKOE

ypaBHeHEe 114 TOK&, AC- HKal -\ .
NOJNBSYA METON YBNOBHX Ha- Ur) — I hth L@)-?

npsxeHni. R
I) B xasecTBe onop-
HOI'0 BHOHpaeM ysex O, B
KOTODOM CXOIATCS HARGOIE-
mee GmeNo BeTBefi. €
2) Bcero B cxeme NATH
y3JI0B B IBa RCTOYHMRE HA-
NpSAEeHEs, 3RAYMT, HE0OXO- Pye. 3.2
1EMO 0GOBHAYMTEH 1B YSNOBMX Hanpssenus & (¢) u Ug(f)
3) 3anncuBaeM ypaBHEHHS WA TOROB IO 3aroRy Kupxroda. Jna ys-

y)-et) , 4@, , gt , dlyd)-48))_ ,
7 % | 4t 2 df

Ina ceveHms, BRINUADMOIO y2eJ 2,

p P0G, pt) kG, 1 z/mdw A,
2 4 e

ot 3’3 [ &,
llanrRefim@e npeo6pasosanEs CEONATCA K DaspemeHnn CHCTEMH OTHOCHTEIb-
Ho O, (/);-’B pesynmpTaTe Wero noJiywRTCS IEHAMAUECKOe YDABHEHH® 3-Io
HOpANKRA.

Ja l

47



Ipnmmep 3.3, Cxems, npencraBneHHas Ha prc. 3.3, comep-
EAT ONepaNEOHHHO yCHMTex®. YToOH COCTABHTH IMHAMAYECKH® YDaBHEHHA,
HE0GXOMAMO BOCIONS30BATECA Muensp 0F.

U,(f | —— l_&
—r Iz UG —ik
R é g %) o
%ﬁ) fD—'-?;D—‘
4y U?(oi
&%) =K 1 1
Ppc. 3.3

Ecom npmesTe npocrefryn monmexs mueanvHoro OY B aKTEBHOM Dexp- '

Me, TO MOXHO COCTABHTE: y3JIOBHE YDABHEHEA HeNOCPENCTBEHHO NO CXeme,
Jns 3TOro HEOGXONAMO 3aNOMHHTH HECKOJEKO NDOCTHX NDABRX:

- HanpAXOHES MHBEPTHPYIMEI'0 M HERABEPTAPYNmeI'c BXONOB DABHH:

- BXOJH OHEPanPOHHOI0 YCHIHTENS He IOTDeCNAnT TORAS

~ HEJBS& COCTABJATEH YPABHEHHS LN §310B, COSMMHENHNYX C BHXO-
rom OY,

I) B ravecTBe ONOPHOID y3ja BHOGpeM odnnm TRHY, COGMAHEHHYD
¢ 3emrel.

2) 0Go3naumM y3JIOBHEe HaNpA®eHNs C YYeTOM CEoHCTB onepalvOHHO-
ro yewmrend. OTMeTHMm, 9TO ecJ¥ onmH H3 BxoxoB OY coemmHeH ¢ 3em-
Jeft, TO noTeHUHMAN IPYIOro BXOla DPaBOH HYAD, HO 3TO He 3HATNT, aro
JUZ TaKOI'O y3JIa He Hamo cocTaBiATH ypaBHenne Kmpxroda.

3) CocTasifeM y3JMOBHe ypaBHeHmA. JIA ysja, COeNMHEHHOIO ¢ He-
HHBEPTHDPYOUEM BXOZIOM NepBoOro oy,

ulh)- o) ult)-dst) . p
R KR
Ipyrott ysen nepsoro OY naeT ypasReHme

' W) ~ Uy (D) - ul)-U) . p
R

®
Ina mEBepTEpypmeroc yssa BToporo OV mmeem

0-uy()  p a(0-uz(t)). 0.
? dt :
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AnaNOTPYHOR YDaBHeHEE NOJYURTCA ¥ IN7 y3Jaa Tpersero OY:

0-ust) , p d(0-U(1) .,
? at .

Liocne npeoGpa30BaHng noayumM nuddepeEnnansLHoe ypapHeHHe, CBf-

sHBamMee BXOXHOe BO3NEHCTBEE M BHXOIHYD PEaRrIMb, "BXOX - BHXOR":
dégy, 4 dVE L g K w4
déd (R(K+) - df (CR)? (CRY? (K1) )

Kar BmmaM, ypaBHeHHme mmeeTr BTopoit nopsmok. Ecmm BepHYTHCA K
pPacCMOTPEHHHM DpyMepaM, HETDYyMNHO 3aMeTATH, UTO NODANOK IMHaMEYeC-
KOTO ypaBHEHHS COBIAAET C WMCJOM DEaRTEBHHX BJeMEHTOR (MHIYRTHB-
Hocrelt B eMxocTeft) B cxeme mend. 3MECH MM NONOWM K BSXHOMY NOHA-
Tap "nopsuok uenn", xoTopuft mefcTBETENEHO BCerna coBIameeT € NO-—
PAIKOM MMAAMAYECKOr0 YDGBHOHRSA, HO MO®OT OHTH MEHEBNe THCHAR Doar-
THEHHX 9JaeMeHToB. HoweMy? O¢ 9TOM Jydme NOUOBODHTH NOCHKE paccMoT-
DeHRE MeTOna NEPEeMOHHHX COCTOSHHS.

MeToll MepeMeRHHX COCTOSHES IA6T BO3MOEHOCTE COCTSBHTH CHCTEOMY
nrdfepeHMAATEENX YPaBHEHRE meny B HAMCONee KOMIARTHO! B pammoRams—
HoR Jopme. Bo-mepeux, YHCAO ypaBHeHRE paBHO NOPANKY meNn®, BO-BTO~
pHX, K8X10€ yDaBHeHMe CHCTEMH EMOeT NepBuit NODANOR, NpHISM NpOHs-
BojHaA 3anmcHBaerTcH B yeBoff wacTA., HanoMHAM, 4TO NepeMEeRANME CO-
CTOSAHAS B 9JEKTPEYECKEX LENAX ABIADTCH TOR YepeS BANYKTHBHOCTDL M
HANpAREHAS HA GMKOCTR, NOCKOJNEKY MTCHOBEHHHO SHAYOHHA 3THX nepemer-
HHX TOJBOCTHD ONpENesAlT SREPTED, HAKOIICHHYD B PEaKTHBHHX 3JOMBH-
TaX. MeTOX COCTOHT W3 Tpex 3TanoB.

I. llepenmoHHNe COCTOARASA (ror M Banps®eAue) B COOTBOTCTEYM
¢ NpARIENOM SaMemeHRs R306pa¥apTCs HY CXEMe B BHANE NCTOUHHKOB TOKa
IJ HanpAXOHASA COOTBETCTBeHHO. Ecim B pesyasrare 3aMeHH B memn o6-
pasyercd KOHTYD #S ONHEX MCTOUHREDB HanpAXeHHS B¥ CEYEHHe HS HC-
TOUHUROB TOKA, SHAUHT, DEARTEBHHE 3JeMORTH 39BHCEMH, ¥ HeoGXOMEMO
OIMH HS MCTOYHHROB CEYeHHA MWI¥ KOHTYpa npeodpasoBaThs o6paTHO B HC-

. XOOHYyPD BHIyKTHRBEOCT® HIR E€MKOCTH.

2. B menm, noiyversofi B pesyJpTaTe 3aMOWEHES, ONDENONANTCH
TOKH Yepe3 BBEJICHANE MCTOURMRM HanpaxeHms (TORE 7,(7) ) m Rampame-
HRS HA BBOIEHANX MCTOWHMKax Toka X; (£) . B pesyamrare noiygapr cm-
cTeMy ypasHeHMY, B JeBoft wacrm xoTopoft CyEyT TOKH YeDes 6MROCTH H
HaNpAReHES Fa MHEYKTMBHOCTAX, @ B npaBofl - BSBEMeHENE CyMMH Hanps-
%eHM® Ha OMKOCTAX, TOXOB Jepe3 MHmyrTmBHOCTH (T.e. NIepeMeRHE® CO-
cronrrs 4, (t), 1, ( ) ) » He3aBMCEMHX WCTOYHRKOS.
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3. JleBHe 49acTH COCTABNEHHHX ypaBHeHWY BaMeHAVTCSH TIPOX 3BOIHH~
u
MA B CODTBOTCTBHE C BHDGRORAAME, CBABHBADIMMA TOKH ? //) o4 z " )
a it
B EanpAReHus ()= L 7()

B EMKOCTAX M RHIYKTMBHOCTSAX. HOCJIG

npeoGpas30BaRAd xoa@n’bmmeﬂ'roa nonyvapT cacremy natbepeHmambAuEX -
ypaBHeHE# B dopme Ko, XOTODHE SBAADTCHA YDaBHEHHSME COCTOSHASA
Lens.

Iprmep 3.4, PaccmoTpEM eme pas uensy, npencTaBileHAYD
Ha DEC. 3.2, NDHMOHEB JUIA QHANH38 METOX NEPEMEHHNX COCTOSHUS.

I. CocraBnseM cxeMy, B KOTODPOY OMKOCTH M DANYKTHBHOCTE 3aMeHe-
HH ZuearhbHEHME BCTOYRWRaMA (puc. 3.4). HampaBieHMe BBENEHHNY HCTOY—
HEROB U, # , fu[.‘2 IR 1[ ({) IIOJEHO OHTH COTJNACOBAHEHM C NOJORUTENb—
HHM Hanpasnermeu WA NEPEMOHHHX COCTOSHAS, KOTODHE OGA3aTENLHO HyR-
BO HamecTm Ha HCXonRo¥ cxeme memn (cM. pme. 3.2). Iipm 9Tom Hanpas-
noEAA I Up(?) o6paTHH HanpaBReRED TOKA 1,.({) , 8 HanpaBJeHNA Wc-
TOYHEKOB TOR& cOBNamant ¢ iy ( ). llocroyNEKy B nosyveHHO# SKBRBA-
JIOBTHOR CxXeme HeT HM OLHOIO KOHTYDA A3 MCTOYHHEOB HANpSXEHMS Mim
CeveHEd U3 HCTOYHHROB TOKA, NEPEXONmM KO BTODOMY 3Tany.

{a) - SLeft)
Ue ) klUece)
U/4 Y) R
6 YL @ H Y
(z(t)
Pac. 3.4

2. OCo3HavaeM COINaCOBAHAHE HANDABJCHMA TOKOB tz-/ #ln t[ (£

R Hanpskemmst 4/, () Ha BBemeHEMX mcTowsmRax (c. pmc. 3.4), Temeps.
JOCHM METONOM HYRHO COCT@BATH VDABHEHNA IS 1[} ), 1& (f) a Z(f))

cunTas 3aNaHEHMM. BCO HCTOUMIMKHE. 3amNammmcs NOJOTHTEeNbHHMA HanpasJe-
HASAMA TOKOB qepéa CONPOTHENCHNR B ONMpeneJmM UX 9Yepe3 RanpaweHRs
ACTOYHAKOB:

. et
1'3(07/; g (f) I(t) = _”_ij” ;
i) uq({)fu[z(r’)fﬁuq({) ' i M) |

1 =
Rz T 2y
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Teneps Hafijgem aanbmxeane Ha BCTOUHERE TORA:
w (£)= Ry 1y(#) = g, (H) # gy (F). (3.3)
Tox 2 (( BaXOMATC/ WS yPABHOHRA Kapxroda mng ysima 2:
“ ) 10, () * 1y )+ (6 +1, ($)=0.
Orcuaa
1/ !/ .
£, ()=~ (XH + —)”p,(f)'(; 2 4 ) @
Tox 1c (f) MOZHO ODpPeNeNHTH, COCT8BIAY ypRBHeAEE IUIA TOKOB y314 I:
10 ({) = 1‘\ (f) - Za(f) - 1I(f)
YuuTHBAA NOJY YORHO® BHPaEeHRe ILIA z[z (t) , noxywmm

' Xt/
1&0:-_(%/%3;% f) t}({) (2P P)u,({) {/)f——!({) (3.5)

3. IpoBoNHEM SaMeHy B Jes0ft wACTH ypasgemmft (3.3) - (3.5) ne-
POMEHHHX E& NPOASBONHHE NEPeMEHHHX COCTOSHES:

d 1 (f) du,{{) o A (f)
w ()<l ‘(-110 i, (=0, B
A () dt‘ 1‘2() 2 7
B sanmmeMm cncrew ypaeHeHuft cocroaﬂnx B yonopsnogeHno# dopme:

dyf) | / 4) ;
7 [u ()" uz;:()

dug (). L Ll 2L B0y - Lot Ly e L o).
dlf = ['1 1() C,(R{ &*Fé 33) 1() (F #ky)t’ )E/

du, digy() 1 L) -L
df & L
YnopAROTeHAOCT, ypaBReAA# COCTOAERA NOSBOJAET MCOONB30BATH xou-
DaKTHYD MaTpRYHyD dopMy sanmcm:

(’;’3’ ;) (f)—(—*— 4y, (1),

. ! ! ;
d 1‘(1‘) 0y T ’ 7 71.({)
A {up ) =] . L .2 {1y,
&y o (& % R,, 3), L}(R;R,?) U, (| +
Ue,(t)
# L (/m Ly, tp,(t)
!
Flmg | o (3.6)
0
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Beons o0o3HAYEHHA MATDHO, IOJTY9EM
X=A4X+ 32, :
rge X - BEKTOD NEpeMeHHHX COCTOSHRA; ¢ - BeKTop eosmeficremft; 4 -
MaTpHUA NapameTpoB nenm; 5 — MaTpRua NapaMeTpos BospmeltcTems.
OprMep 3.5. CocTaBmm ypaBHEHHS COCTOSHWS WIS UENW, WMe-
pue#t OmEH KOHTYD, cocTaBieHHHE n3 emxocTreft (pmc. 3.5).

Ca I. llpn EBENEHEE HCTOY-

— HUKOB, ONECHBARIMX TEDEMEeH-

£ HHE COCTOSHHA, ONHY N3 6M-

G L xocrelt, HanpaMep [, same-

e maThs He chaenyeT. OGo3nagmm

G aq(‘/‘-'E a%(f)‘gl'_ts R2 H& CXeMe NOJORNTENLEHE Ha-

npaBaeHEa N HanpsweAnft Ha
eMrocTAX ) B C; , a raxme
HanpaBleHHe TOKa dYepes3 NH-
IYKTEBHOCTE. Cxema SKBWBa-
JIeRTHO npeodpasyercd K BHIY,
B306paReRHOMy Ha pmc. 3.6.
2. CocrasnaeM ypaeHeRmng
L9 TOKOB uUepe3 BBRENeHHHe
WCTOURARY HanpA®eRns 7 (f)

7 1‘% (f) , a Tamke HanpsmeHmS
Puc. 3.6 Ho BCTOWHERe Toxa i (7) :

wy(t) = ug, (F) - g, (7);

‘ . . . . - 7
1, () == ()= 1,(8)- g, (1) == 3, (4) - .ngﬂz)"*/”f) -L dz},c( ).

. . . . . du, (t Up, (#)

5,0 () Fin (- 11 = 5,4, aff() - ;; ,

3. llocse NONCTEHOBKM B JIEEBYO YacCTh NPOA3ZEONHHX HNEeDEMEeRHHX CO-
CTOARBA B anrefpamdecKmx npeolpa30BaHmyl NOJYIAM CHCTEMy ypaBHenmit
cocToAHnA B fopme Komm:

dyt) 1 L ,
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dup()__ / [ 56 f%ﬂl}(/)f 2 4, /’() ’/{)])
dt  Lhlr00 ?
(3.7
a’u{,({): !

at c,z'gw,cjwa&[ w2 u 0 Y, )]

PaccMOTpeB MeTON NEepeMeHHHX COCTOSHEA, MOXHO CHONATH CIETyD-
mall BHBOZ: NODANOK HelR ONpenesNsdeTCs TRCIOM HO3SBECHMHX NeDPEeMoHBHY
COCTOAHHSA, KOTOPOe COBNANaeT ¢ YACJOM DEARTHBHHX 3JeMERETOB B meng
38 EHYOTOM YACNA OMKOCTHHX KOHTYPOB B HHIYKTEBHHX CEYeHEfl, EMeHOMX-
CA B Uenw. )

CrenyeT OTMETHTE, UYTO BHGOD B KAUeCTBe NEereMEHHHX COCTOSHMS
panpAxeAn#t eMKOCTHHX W TOKOB MEIYKTHBHHX BJIEMGHTOB HE SBJAETCS
eI1RCTBEHHO BO3MOXHHM. B K3YeCTBE NeDEeMeBHHX COCTOSHRA MOXeT OHTH
BCNOJIE30BaHO COOTBETCTBYOIEE UYHCNO HE33BHCAMMY JHelHNX romépHammaft
JKa3aHHHX NEeDEeMEeHHHX .

B 3armmueHne MO®HO KOHCTATRPOBATEH, UTO COCTABjJGHWEe ypaBHeHAH
MeTOIOM IepeMeHHNX COCTOSHESA CNOXHEe, UeM METONOM Y3JIOBHX Hanpsaze-
grfi. OnHaRo CJIOXHOCTE STR ONpaBIaHH, BO~NEDBHX, TEM, YTO ONACAHMe
neny vepes NepeMeHHHe COCTOSHRHA NaeT GoJiee NOJHY®D KAPTEHY NOBENeHRA
yenyu, BO-BTODHX, ynopAnodesHas dopma sannce Gojree npmromBa LN CO-
31aHNAS aJIODKTMOB URCJEHHOTD MONENypoBalEs nuHeltEux meneft ra OBM;
Kpble TOTrO, yDaBHEHHA COCTOAHHA yHoGHEe ACNONB30BaTh NpH aHa/m3e
o6unx ceotcTs JuHefinux meneft.

3.2. Peuerne mmpammyeckPx ypaBHeawd JmuefEHX nenef

My yge yOemuymch B TOM, YTO IMHASMAYECKMe YDaBHEHMS, ONHCHBa-
onAe JIMHEEHYD lenb, ABIA0TCA NuHepeHIBATEAEME YDABHEHAAMNM, KOTO-
pHe E HefBHOM BHIE CONep®aT MHTePeCyDmy® HEC pearmmo. Pemense co-
CTOHT B onpenejieHng sTol peakmum B BAne SBHO% AYHKOMM BpeMeHRn,
srumoganuel! BozyeitcTBAA Ha Henb.

Commacro Teopmm nnfepeHmmantHNX ypaBReHn#t pemerme GymeT eMHA~
CTBEHHHM TOJIBKO B TOM CJIYY26, ©CHH M3BeCTHH HavyarbHHe yonosua (T.e.
HaYaTbHOE COCTOAHMe men®). Kpome TOro, pemeHEe BKIOYAET KoMOMAAIEMD
IBYX pearmmait, olHA B3 KOTODHX ONpelesfieRs INA HYJASBHX Bosmeitcrmaft
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B HasHB@eTCH COGCTBeHHON pearimeft (pememme omHopomHoTo nmdPeper-
OMATLHOTO YDSBHEHMA), NPYTasd ONpemendeTcs MU SKCNOHEHUMANBHHX BO
BpoMeHE BosueftcTBER (4acTHAas pearmmsa).

HavneM paccMoTpeHHe MOTOIHMKE DENeHHA NMEaMRYSCREX ypaBHemmft
¢ onpenenernrsa codcTeeHAoR pearmmH. MoxHO NOoRazaTh., YT0 NpE HYJIOBHX
BO3OeNCTBUAX TOKM M HANDAXEHUA BeTBelt aumelHoM uenu Cynyr MMeTh He-
HyJleBHO SHAYGHEA TOJBKO B TOM CIyuae, KOINA OHM ARIAPTCH cymolt
SKCHOHOHIBANBbHNX (yHKIME BPeMOHHM, Ha3HBAEMHX COCCTBOHHHMM MOJIAMH.
HocroAHAHe BpeMEeRH COGCTBOHHHX MOR OCDA3YNT COBORYNHOCTD UHMCEJ
(BOSMO®HO, KOMITERCHMX), OOpaTHHEe SHAUCHHS KOTOPHX HASHBEamTCH COO-
CTBEEHHMH JACTOTAMA IBNH. JATEpeCHO OTMOTETE, UTO MAKCHMATLHOO
YNCHN0 COGCTBEGHHHX MOX B COCCTBOHHHX 9YacTOT DEBHO NODSIKY UenH.

Bce 9TR TeOPOTHYOCKHE IOJOTEHES Jydme BCero paccMOTperhs Ha
npEMepe .

Oprmep 3.6. Bepremcs K NEAaMAYIECROMy ypasHemmp (3.1),
nosydYeHEoMy Riad men® pec. 3.I, B HaftmeM coGCTBOHRYD pearmED TORA
Yepe3 CONPOTHENGHEe. JI1g STOrO NoJaraeM NpaByD 38CTh NHHAMMYIECKOI'D
ypasneHHs passoft Hyan. IpommddepeRmapyeM ypaBHEHEe M IOJYTEM

a2 n(t) , L dtx(i) Ljo(t)=0.
aré 4 a’z‘ Zt’
CormacHO TeopmR, COCCTBEHHO® pameHEe mxer CONEDPRATE CYMMY

SKRCNoEeHMMAaNnEENX (yHKrElt BANA ‘LR (i £)= Ae Pt . NlomcTapum ero

B ypaBHeHHe M nocie COrRpameHMs HeHyJaeBHx yHErmE# » xo>dfmomenToB
NOXYYHM anreCpamvyecroe ypaBHOHEe OTHOCHTONLHO P :

P 2dp +wf =0, (3.8)
. e__1.
rme  2el 'x’c ;o % e

PemerHe 5TOro ypaBHEEHMS 16T SHAYeHAA COGCTBOHRHX 4YacroT f,
| pz, onpenenAnm@e co6CTBeREHe MONH pafrof menm:

[ t @ Feot
padtyarag; gl =4e Pt S - ze ™

Ecm £, 2 #,- pasEne wcia, COGCTBEHHO® Demenme SBafeTcs cymoft
CcOOCCTBEHHENX MOM:

1)

(s g @) r i) = Ae P

# 33&" (3.9)

54

losy9eRHOe BHPaEeHE® WLIA COGCTBeHRON pearkIm® SABISETCH HOONDe-
TeNeRANM, NOCKONBKY Ko3®bmmuenTH A ¥ B Moryr OHT: moCuMH, B TOM
qmene ¥ KOMIVIGKCHHME YHCJIaMp., B npHAMENe BX MOXHO ONDPENOJHTH M8
3aNgHHHX HOYATBHHX ycnoBmii, B Toruna CBOCONHOE DemeBme CTARET BIOJ-
ge onpefenennoft dyrkmmeft, HasuBaemoR peaxggeﬁ_npa jyareaou BYXORHOM
carnaze (PHB).

SanaMEaMCH YAC/ICHANMA SHAaYGHAAME S/7EMEHTOB NENM B HaJaJNBHHMY
yOROBRAME C TeM, YTOOH maiiT® PHB B BHACHETE €ro fusnyecknt cmucrn.
Oycrs R= I xOM, £ =1 mx®, [ = I M, zL(o) = ~I MA, 2 (J) =2 B.
HavyampHHe yCI0BRAA LA NOPEMOHHKX COCTOSHRS HASHBADTCA HESABHCHMIMA
HEYQTBHHME YCIOBRAME. IIOCKOJNERY Heme ANHAMEYECKOe YDABHOHEE HMeeT
nepemMeREyD 1p(#), HOOGXONMMO CHaYasa NEPeCURTATH HOSABHCEMHE Ha-
YalbENe YCIOBAS B 38BECEMHE, OMpENeNANEe. SHATeHRS p(0) B

dlf (0)

N U (H) .

soft CTOPORH, 7p(f)= "R O'rcrona 12(0) =

. 9T0 MOEHO CﬂeﬂaTL HeNOCpPeNCTBEHHO 110 CXeMe Melln. C o~
“c_(”’= 2 wA. C mpyro#

cropom, ZIR(1) _ due(t),

dt R “df M () = m,(zz({)—zk({))

Hrax, d1p(0) p(o = A :
LRO =g (i (0)- 250 ) = -5 4

BepHeMos Teneps X no:ryqexmoﬁ panee odmen peaxmr (3.9). Co-
CTAaBEM cHCTeMy ypaBHeHmft mwia onpenesyesws xod3PImrmenros A ¥ B, mc-
RONBSYA JiA 9ToTo HalIeHHHe BSBHCHMHE AAYANBAHE ycnosmx

(o)< 4e70+ 36727 = 448 = 2u ;
dz(o)z' A Ae_ffo + B, 3ol - PA+ DB -'3—24;—

Pemas BTy cncTeuy ¢ yqerom sRaveHuit p, 2 = <0,5° 103

* {866 (pan/c), nomywmm A = B'= 2,517.10° ¢ 766:6° Tarm oc-
pa3oM, Dearyns NPE HYJIEBOM Bospeficrsur (PHB)

1p(f) PHB = 5,034 ¢ ~0,5°10%p5 (8664 + 66,6°).
Tpajmx 5Toft {yHxuym npencTaBNeH Ha pac. 3.7.
Anamm3Epya Ipafmk PHB, oTMeTEM cHavana, YTO 6o HIYATBHO® 3HE-

YeHRMe B HaKIOH B HAYANe KOODRMHAT COOTBETCTBYDT Ha¥neHHHM 23’ (0)

dlk (0)
nrHelimee nosenenne PHB B Bmne OucTpo 3aTyxawmedl Ro-
7 B P

CHHYCOBIOH IOBODHT O TOM, 9YTO LEN® ABRIASTCH HA3KONOCPOTHHM pesoaaac—
AEM KOHTYDOM. Vs BHABNERRA €ro NapaMeTpoB. NOJeSHO M306Da3HTh co0-
CTBOHHEHE YACTOTH R& NJOCKOCTR KOMINexcHol wacrorH (pwc. 3.8).
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Puc. 3.7
Bo-nepsux, pesorancHas uacrora & =

/ﬁ- = 103 pan/c
paBHR [AWMHE OTPe3Ka, CONUHANNEr0 HAUAAO KOODAMHAT ¥ TOU-
4: Ky, COOTBETCTByOHYD COGCTBEHHON
¥ yacrore. Ha rpaduke PHB nepson
SN Py - ppemeHd T coorsercTByeT NpOEKUMH COG-
CTBEHHOR uACTOTH H& MHMMYD OCh

3 ‘
W08, T 33:'6 1073 2 7,25 uc.- Bpews,

= ’

'“; * 33 roropoe PHB saryxser nparrmusckE o
f HyNA, OUSHABAGTCSH KoK 37 = 3 —m 1 ——
o — 0,5-10°

% x 6 we, e T - BeJuIHHa, 00DATHAR

Prc. 3.8 npoemmn codcreennolt gacToTH Ha neft-

CTBHTONEHYD O0Ch. Kar BHEHO, coGCTBEH-
EHe 4acTOTH onlpenesyfADT OCHOBHHE CBoficTBa PHB, B TO Bpema rar na-
ganbHHe YCNOBRA Nap? KOMRDeTHEHE BEx dyHrmem PHB. Urodw ydemmTrcs
Bdsrou', HafinemM PHB Toft ®xe menm npm HAUANBANY YCTOBRAX i]‘, (0) = 2 wA;
1n (0

-—d—‘;(—) = 0. T'pafwr msoCpaxen nymrraphoft Jmmee#t wHa pme. 3.7.

Hecroxeko HEOf nosyuaercs $opma COGCTBEHEHX MOI, ©CHM DENEHH-
em ypasresms (3.8) aBmseTca KOpeHs BTOPOR KPaTHOCTE p; = £y = P .

. 4.t Dt

ipt) =AL’% + Bte 7 (3.10)
Ecam KRpaTHOCT® KODHA XapaKTEPACTHYECKOI'0 YPABHEHMS paana N,

TO COOCTBOHHAA Dearmud BRINYAET COCCTBERHNE MOIH BHIA A,é”o 4
are Pt A 4 W) g Bt

56

B sarimuerme ciefyeT OTMETHTH, YTO, €CJH B NPONOCCO pemeHHA
He HyXHO Haxomu™h PHB, a Tpedyercs HaliTH ofmee DemeHHe C yYOTOM
BXOIHOID BOSAOHCTBEA H HAYANBHHX YCJOBHH, TO MOXHO COGCTBeHHOE pe-—
[@eAue OCTABETH C HeonpeneNeHAHMA KOPIMIMEHTaMH H ROHKDSTRSAPO-—
BATH MX HOCJe HAXOBNGHHA YaCTHOIO DEmEHHA.

Kak yse IOBODAIOCH, HaCTHOO BHHYXEJGHHO® DelleHMe OyaeM Haxo-
JIATH TOMBKO A Bosuefcrsmit, EMenmmY SKCHOHeHIMANBHYD dopmy. B nef—
CTBATEJBLHOCTE 9TO OIDAHEYSHHME He ABNASTCA Yepecuyp XeCTKEM, Io-
CKOJNBKY NOBOJBHO MWPOKEH RIACC CHIHANOB MORHO NPENCTEBATH B BHIE
CyMMH SKCHOHOHIMGTBEHX WISHOB (pasmozesmme no &ypne), a mEHefinHe
[enR yKOBIOTBODAKT NPRHIENY CYNepno=WImA. HeTpyIHO moramarbes,
yTO eCcIM B NpaBo# UACTE IMHAMHYECKOro yDaBHEHHS B KayecTBe Bosnel-

CTBRS NORCTABJIAETCH SKCHOHGHIMaNbHad (yHKIAS BHIA e‘” ¢ {, rme Pa'
KOMLIGKCHAA 49acToTa CHI'HAJNA, TO DaueHHe YPABHOHHA MOXET OHTH TOXe
SKCIOHEHIMANLELM C Tolft ®e uacToTo¥. 3T0 pemeHHe M Ha3HBAOTCHA YacT-
HHM DemeBHeM. _
3mech ciaengyeT OTMETHTH, 4TO CYMECTBYET OIHO HCHINYEHWe HS npa-—
BMIa. [IpoABIAeTCA OHO B CJIydYae COBNANEHAS YacTOTH BOSHeZcTBRA C of-
golt #3 COoOCTBEHHHX 4acToT JmEeftHo# mem®, T.e., eCM RpaTHoCcTh 2Tof
COoOCTBEHHO! YaCTOTH paBHA M, UaCTHO® WIM BHHYXIGHHO® pemeHHMe CymeT

¢
zmeTy Gopmy [ # 4 Pc

Haxoxnerne aunyxmensoﬁ DeaxKmyE DPacCMOTDHEM HA TNpEMepe.

Hpnmep 3.7. BepreMca kK npemepy 3.3, B KOTODOM pacemaT-
pEBaNach LeNb C ONEPAlMOHHHMH YCHIWTEJAMA. BOCHONBSYeMCA NONYJOH-
gHM pafee nuddepeHmMasbHEM ypaBHEHNOM (3.2). Mlycers Bo3meificTBHE HMe-

or dopMy 2(f)=B¢ ‘% 7 » TNie p,~ dacTora BospelficTBRY, He coBnazammas
¢ co6crBelnoit vacToTof menn. Torma wacTHoe pemeHHe IS Uf) cynet

HMBTE BRNL D2 {. lloncrasus ero B ypaBHesme (3.2), noxydmM
2,8, D 8, 1 8. X2
PP+ Ghrrn PECH (R €0 myead) ¢
OTcoa MOXHO HANTH KOHKpeTHoe 3HaYeHEe J) :
KB/(cRP(KH)
;&3 »R/CR(KH) 1/(('7?)3
Taxum odpaaom, 4acTHoe pemerme Halineno.

Ina cnyyas, xorma oens oNACHBaeTcs cHCTemolt ypasHemmit cocTos-
urg (cM. npEmep 3.4), pemesue TAx®e COCTOMT M3 IBYX dwacTeft: omHoO-
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PORHOrD (COBCTBEHHOrO) PENeHN A ,KOTOPoe UIeTCHA NpH HyJNeBOM nuemﬂen

po3neficTsRR (B npumepe 3.4 ed) =0), ¥ YaCTHOTD DENOHMA ND# BKC-
 noBeHIWANBHOM Bo3neficTBmM. [Ipm 3ToM cucTeMma nnddepeHIMANBHHX ypap-
HeHH# nepBorc nopsuKka npeotpasyeTcs B anreopaﬁqecxym CHCTEMY ypaB-
HeHmfi, peflaeMyl B COOTBETCTBHEM C MeTomaMs JuHeiHO¥ anredpu (nmpaem-

a0 Kpamepa, meTon Taycca m T.:m.).
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