MunucrepcTBO 00pa3zoBaHus U Hayku Poccuiickoit @enepannu
(enepanbHOE rOCYJapCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE YUPEKIEHUE BBICILIETO
oOpazoBaHuUs
«TOMCKUI TOCYJAPCTBEHHbBIN YHUBEPCUTET CUCTEM YIIPABJIEHU S
N PAJUOSJIEKTPOHUKN»

Kadenpa snexrponnsix mpudopos (311)

YTBEPXIAIO
3aB. kad. D11
H. . bypumos

HCCJIEJOBAHUE ®A30BbIX NOPTPETOB 'APMOHUYECKHX U
SATYXAIOIINX KOJIEBAHUU

MeTtonuueckue yka3aHus JUIsl CTYACHTOB K J1a0OpaTOpPHOMY IMPAKTHUKYMY 1O Kypcy: «KBaHTOBas U
ONTUYECKAs DICKTPOHUKA

PA3PABOTYMKMU:
noteHt kad. D11
B.. brikos

npodeccop kad. O
C.M. Ilannapos

H.o. 3aB. kad. OI1
H.N. bypumos

Tomck 2024



COJAEPKAHUE

LU BBEICHME. . ..ottt e e 3
2. TECOPETHUECKAST HACTDB .-« et eteenetentte et et e eaee et e et e et e et e e e et e e eae e eaeenneeenanas 3
2.1 KnacCHMUKAITUST KOTCOAHIII . . ...\ uventtettentete et ettt entete et eteaneeeenneeneannanns 3
PR IO 10023 514 801 (0] 0y 011 RO 6

RIC) (01501707 (53 ;D092 - R 2 ot 9
I I (531001 0% 1 ) W1 (5] 0) 2 00 ()2 4 - F P 9
3.2 Ocmmurorpad PCSUTO00. ... ...t e 9
3.2.1 lIporpammuoe obecnieuenue st PCSUT000. ... ... 10
3.3 CxeMa IKCTIEPUMEHTAITBHOTO MAKETA. .. v e vveenteenneeenneenneeenneenneeanneenneennneenneenes 11
B4 BAMAHME. ... .ot e 12
3.5 KOHTPOIIBHBIE BOTIPOCBL. .« vttt eetteeenttee ettt e eaaeeeeatee e ete e e tee e enteeenneeeanans 13
RO @001 (5700 1217 (ol 0 (5 - D SRR 13

PEeKOMEHITY ©MAST JTITCPATYPA. v e vvententeeteententeeneeteate et eteeneeteeneeneeaseaneeeenneens 13



Ilenv  pabomwr: VccnenoBaHue — 3aTyXamoLMX  KoJeOaHMM  3JIEKTpUYECKOro  3apsia B
IOCJIEI0BATEIBHOM  KoJIe0aTeIbHOM KOHType. M3ydenume werona (asoBoro mnoprpera mis
Ka4eCTBEHHOI'0 aHaJIN3a KoJie0aTeIbHOro Ipoliecca.

1. Beenenue
B ob1em citydae koneOaHuEM MOYKHO Ha3BaTh MPOLIECC, UMEIOIINNA ONPEeNIEHHYI0 IEPUOIUYHOCTh
BO BpEMEHH (MJIH B JIFOOBIX APYruX KoopauHarax). C npumepamMu TaKUX MPOLECCOB MOXKHO
BCTPETUTHCA B JH000H cepe KU3HEAEATEIIbHOCTH YeI0BEKa U IPUPO/Ibl: CMEHA JHS U HOYM, CMEHA
BpPEMEH r0/1a, IEPUOJAUYECKNE U3MEHEHUS TIOIYJIALIUN XUILHBIX U TPABOSIAHBIX )KUBOTHBIX B PETHOHE,
NEPUOANYECKOE U3MEHEHUE XUMUYECKOTO COCTaBa JKUBBIX KJIETOK U T.J. OCOOEHHO BaXKHYIO POJIb
KoJieOaHMs UTPAIOT B TEXHUKE, B YACTHOCTH B 3JIEKTpoHUKe. [IpakTuuecku mo0oe yCTpoiCTBO,
IIPUMEHSIEMOE B 3JIEKTPOHUKE, COJIEPIKUT B C€OE COCTABHYIO YaCTh, UCIIOJIb3YIOLLYIO KOJIeOaHMs
3apspKEeHHBIX yacTull. Hampumep, kosebaHust HOHOB B Ia30pa3psIHOM MJ1a3Me, 3JIEKTPOHOB U JBIPOK
B TBEP/IOTEJIbHOM, 3JIeKTpOMaruuTHele kojedbanus B CBU-pe3oHaTtopax wiu B ONTUYECKOM
pesonaTope jiaszepa. [loxxanyi, camblif pacpOCTpaHEHHBIH IPUMEP — ITO HIEKTPUUECKHE KoJIeOaHus
B [I0CJIEZI0BATEIBLHOM KOJ1€0aTeIbHOM KOHTYpE (CM. puc. 1), cocToseM U3 KaTyIIKU HHAYKTUBHOCTH
L, akTuBHOrO conpoTuBieHus R (3T0 MOeT ObITh CONPOTUBICHHE NOTEPh LEMH), TCKTPUIECKOTO
konencaropa C u 3amaroriero reaeparopa DJ]C E(t), KoTopslit MOKET U OTCYTCTBOBATH.

L

L E()

R i(t)
——

Puc. 1 — IlocnenoBarenbHbIi KOJIeOATEIBHBI KOHTYP

Hecmotpst Ha GombIioe pa3HOOOpa3ye CyIIECTBYIONIMX B MPHUPOJIC KOJIEOATEIBHBIX MPOILIECCOB,
B II€JIOM, OHH TIOJAYUHSIOTCS OJMHAKOBBIM 3aKOHaM. [103TOMy HM3y4YHMB OCHOBHBIC 3aKOHOMEPHOCTHU
SJICKTPHUICCKUX KOJIeOaHUI MBI OXBATUM TEM CaMBIM U POACTBCHHLBIC KOJIC63,HI/I$I B Apyrux o0acTax
HAYKH U TCXHHUKH.

2. TeopeTnueckas 4acThb

2.1 Knaccndpuxanus konedaHuii

Konebanus MOXHO KiacCH(PHUIIMPOBATh 1O PA3IMYHBIM TpU3HAKaMm. Hampumep, mo dwmciy
HE3aBUCHUMBIX MEPEMEHHBIX, HEOOXOAUMBIX IJI MOJHOTO OMUCAHHS MPOILECCOB B KolebaTeabHOU
cucTeMe. DTH MepeMeHHbIe B (PU3MKE HA3BIBAIOT CTENEHAMHU CBOOOBI. OYEBHIHO, YUCIIO CTETICHEH
CBOOOMBI 3JCKTpHUCCKUX KojiebaHuii B KoHType (puc.l) W BOOOIIE B SICKTPHUSCKHX IIEMAX C
HE3aBHUCSALIMMH OT IMPOCTPAHCTBEHHBIX KOOPAMHAT MapamMeTpaMH PaBHO €IMHUIE, a HE3aBHCUMAs
nepeMeHHas ecTh BpeMs t. [Ipubmkenue ogHON cTenmeHu CBOOObI CIIPABEIIMBO IO TEX MOp, MOKa
BpeMsl PACTIPOCTPAHCHHS IJIEKTPUUYECKUX KOJCOAHUN MO AJIEKTPUYECKON IEeNU MHOTO0 MEHBIIE
XapaKTepHOTO0 BPEMEHHU Koyie0aTeNbHOrO Mpoliecca B 000K Touke enu. Huske Mbl paccMOTpUM
KJIACCU(UKAIIUIO JICKTPHUSCKUX KOJIEOAHUH B IEISAX C OJHON CTeNeHBbIO cBOOOABL. [Ipwm 3TOM mox
603Myuienuem KonedaTeNbHON cUCTeMbI Oy/leM MOHUMATh TUOO NEUCTBYIOIINE B IIEH UCHMOYHUKU
IHepzuu, 100 3HAYEHUA MOKOE U HANPANCEeHUIl Ha DJIEMEHTaX LENU B HAYAIbHbIIL MOMEHM
eépemeHu.



Haunbonee oOmas wHpOpManus KoneOaHWN 3aKIIOYaeTCs B JACICHUA WX Ha JIUHelHble U
HenuHelHble.

C ¢usnyeckol TOUKU 3pEHUS TSl JIMHEHHBIX CUCTEM XapaKTEPHO TO, UTO U3MEHEHUe GelTUUUHbL
603MYUjeHUs BBI3BIBACT JIUIIb KOJIUYECTN8EHHble U3MEHeHUs MTHOBEHHOTO 3HAUCHUS AJNEKTPUUYECKUX
KOJICOAHUH, NPONnOpyUoHAaIbHble BEITMYNHE BO3MYIICHHS. XapaKTEPHOH OCOOCHHOCTHIO JIMHEHHBIX
KOJIeOaHUM SIBISIETCS BBIMIOJTHEHHUE MPUHYUNA Cynepno3uyuy s KoleOaHWM, BO3HUKAIOIIUX O]
JIeCTBHEM MHOTHX BO3MYIIAIOMINX (PAKTOPOB.

B 3aBucuMOCTH OT TOrO, delicméyem NW BKJIIOUEHHBIM B 1EMb HCTOYHHUK AJIEKTPUUYECKOM
SHEpPrHH BO BpeMs KoJeOaTeNbHOTO IMpolecca WIH He Oeticmeyem, KojaeOaHUs TOAPa3IeIIIOTCs Ha
8bIHYIHCOCHHbIE UU CBODOOHDIE.

Ecmu napamempor snexrpuueckoit nenu (C, L winu R) sasucam om epemenu, T0o KonedaHus
HA3BIBAIOTCS napamempuyeckumu (UIU HeasmoHoMmHbiMu). B KadecTBe mpuMepa HEABTOHOMHOM
CHUCTEMBI MOXXHO PacCMOTPETh IOCIIEeIOBATEIbHBIN KOJICOATENbHBI KOHTYp C BapHKaroM,
BKJIFOYEHHBIM BMECTO KOHJIeHcaTopa (puc. 2).

EmKocTh Bapukamna 3aBHCUT OT NMPHUJIOKEHHOTO HAMPSIKCHUsS, KOTOPOE MOXKET OBITh MOJaHO OT
BHEIITHEH, 10 OTHOIICHUIO K JAHHOMY KOHTYpY, lienu. [loaToMy Benn4rHa eMKOCTH YKBUBAJICHTHOTO
KOHJICHCATOPa, BKIIFOUEHHOTO B KOHTYP, OyJIeT MEHATHCS BO BPEMCHH.

/ vD E(t)
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Puc. 2. HeaBTOHOMHBIN KOj1€0aTENbHBIN KOHTYD

B mpocreiimem cirydae nmapametpsl snektpudeckoit nenu (C,L niam R) He 3aBUCAT OT BpeMeHH.
B cnyuae oTkimodeHHOro BO BpeMs KojebaTenpHOro mpouecca uctounuka JJ[C Takue kosnebaHus
Ha3bIBAIOTCSI aBTOHOMHBIMH.

Knaccudukanuio koneOGaHul MOKHO MHPOAOIDKUTH M 1O (PYHKIMOHAIBHOM 3aBHCUMOCTH
napaMeTpoB  Koye0aTeldpbHOTO TIpoliecca OT BpeMeHH. Hampumep: rapMOHMYECKHE WM
aHrapMoHuueckue.  ['apmoHmueckue  kojeOaHMst  —  3TO  KojebaHMs MO  3aKOHY
A(t) = A, cos(mt +¢), A(t)=A,sin(wt+¢) C mocrosHHOW ammmTYmod A, dYacToTod @ U

dazoit ¢. Ecam Kakoi-mubOO W3 MapaMeTpOB MEHSETCS BO BPEMEHH, TO KoJeOaHHs
aHrapMoHuueckue: Hapacraromme A (t>t)> A, (t,) wm 3aryxaomme A (t>t) <A, (L),
aAMILTUTYAHO-MOIYJINPOBAaHHBIE A t+T)=A.(t) (T-mepuwox  MOAyNSNMH),  YaCTOTHO-
moyaupoBanubie @(t+T) = w(t), pazomomynupoBanusie @(t+T)=p(t).

B nannoit paGoTe MBI HccienyeM JiMHelHbIe, CBOOOJHbIE, ABTOHOMHBbIE, 3aTyXalllue
KOJIe0aHUsl IJIeKTPUYECKOr0 3apsijia B MOCJIeA0BATEILHOM KO0J1e0aTeJIbHOM KOHTYpe W Ha UX
pUMepe OCBOMM METO]] aHalu3a KoneOanuit Ha (a3oBoi TIocKOCTH. OTMETUM, YTO MPUBEIACHHYIO
BBIIIIE KJIaCCU(PHUKAIIUIO MOKHO 00OOIINTH HAa IPOU3BOJIbHBIE KOJIEOATENbHBIE MTPOLIECCHI.

2.2 YpaBHeHHe K0JIeOaHUI JJIEKTPUIECKOT0 3apsiia

Jlist mosydeHusi ypaBHeHHs KoneOaHuit 3apsaa ((t) Ha KOHIEHcATOpe B IOCIIEA0BATEIBHOM
KoJIebaTeTbHOM KOHTYpE (cM. puc. 1) Bocmonb3yemcs BTopbIM 3akoHOM Kupxroga



U +U,+U, =E(t), (1)
rae U, , U, u U, - nagenue Hanpsokenuit Ha L, R u C.
W3BecTHO, YTO

di(t)
U =L—=, 2
L it )
Ug =i(t)-R, 3)
t
U =48, @
[MoacraBnss (2)-(4) B (1) 1 yuutsiBas TO, 4TO
Ly da(t)
I(t)=———7, 5
O==4 (5)
MOJTy4YUM ypaBHEHUE KOJIeOaHU JIJIs SMEKTPHUUECKOT0 3apsijia B BUIE
d’at) ., da®t) . E()
+2 +ay-q(t)=—", 6

R
rae y:z - KO3 GULIUEHT 3aTyXxaHus, @,- 4acToTa cBobogubix (E(t)=0) rapmonmueckux

KosiebaHuit B kKouType npu y =0.

VYpaBHeHue (6) onuchIBaeT TUHEITHBIEC KOIe0aHUS HE TOJIBKO B PACCMAaTPUBAEMOM CUCTEME, HO U
BO MHOTHX JIPyTHMX CIydasx: KOJIeOaHWs MasTHHKAa TpU HEOONBIIMX yTriaX OTKIOHEHUS OT
MOJIO’KEHHUSI paBHOBECHS, KOJeOaHusl KBa3UHEHTpaIbHOU M1a3Mbl, KoieO0aHUE 3JIEKTPOHA B ATOME I10]1
JIEMCTBUEM BBICOKOYACTOTHOTO TOJIS U JIP.

B ciyuyae cBoGoaubix xonedanuit (E(t)=0) u npu @, >y pemenue (6) MOXKHO NPEACTABUTH B
dbopme
a(t) =, exp[-rt]cos(@t +g,) ()

e w, =+ 7" . (8)

JIns HayajbHBIX YCIIOBHMM, 3aJaHHBIX Ui HampspkeHud Ha koHgeHcatope U (0)=U., un

pesucrope U, (0) =U,,, Bennuuny 0, ¥ Ha4aabHYIO a3y ¢, MOXKHO 3aIHCaTh BBIPAKCHUSIMU

2
O, = \/C2U§O +(UfRRO+7/CUco) 6’)1_2 ' 9)
@, =—arctg l+ih (10)
o, @oRCU,,

Bunno, uro Beipaxkenue (7) mpeAcTaBisieT U3 cedsl 3aTyXaoIIyIo 10 IKCIIOHEHTE KOCHHYCOUY,
KoTopass Juii HadanbHbIX ycinoBuih  Ug, =1B, U., =0 BrnpeoOpasyercs B  3aTyXarouryro
cunycouay (puc. 3).

B cimywae @, <y pemenne (6) mpu E(t)=0 MoxHO mnpencraBuTe B BHIE CIEAYIOIIETO
BBIPA)KEHUS:

q(t) = M{CUCO -ch[a)lt]+i(u—é“w;/cucoj-sh[a)lt]} : (11)

2
rae @ :,/}/2 —a)o2 .

Boeipaxxenue (11) onuceiBaeT anepuoIMYECKyH0 3aBUCUMOCTb OT BpPEMEHHM 3apsjga Ha
KoHJieHcaTope (puc .4).
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Puc. 3 3aryxaromue koneGaHus 3apsiia Ha KOHIEHCATOpeE IpU
Uy, =1B, U,,=0B,R=500m, L =64 mxI'n, C =500 nd
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Puc. 4 Anepuoandeckasi 3aBUCUMOCTb OT BPEMEHHM 3apsijia Ha KOHAEHCATOPE B MOCIIEI0BATEIbHOM
KosebaTenbHOM KOHTYpe B ciydae R=720 Om (ocTasibHbIe TapaMeTphl TaKKe ke, Kak U Ha puc.3 )

2.3 ®da3oBbIil OPTPET

Bo wmHormx cmyuasx guddepeHIranbHble  YpaBHEHHWS, OIMCHIBAIONINE HEIWHEHHBIE
KoJieOaTeNbHbIe MPOLECChl, HE HUMEIOT TOYHOIO AHAJUTUYECKOro pelieHus. TeM He MeHee JUis
NPaKTUYECKHUX IIeJIe YacTO JOCTATOYHO 3HATh Ka4eCTBEHHOE TOBEACHUE KOJeOaHU BO BpEMEHH U
3aBHCUMOCTh TaKOTO IIOBEIEHHUs OT TMapaMeTpoB CHCTEMBbI. Jl0CTaTOYHO MOIIHBIM CPEICTBOM
Ka4eCTBEHHOI'0 aHalIM3a sBiseTcss MeToJ] (ha3oBOoro moprpera. B ocHOBe 3TOro merona JEXHUT
NOCTPOCHHE W aHanu3 ()a30BOM TPAaEeKTOPUHM HA IUIOCKOCTH B KOOpAMHATAX ‘X- KOJIEOIOIIascs
BEJIMUMHA U “Y- MPOU3BOJHAS 10 BPEMEHU 3TON BEJIUYUHBI .

B ob0mem cnyuyae B cilyuae aBTOHOMHBIX KOJIeOAaHHWH O XapakTepy (a3oBOH TpaeKTOPHUH
MOYKHO CYJUTb O ITOBEJICHUH CUCTEMBI, ONTMCHIBAEMON ypaBHEHUAMU



dx

—=P(x,Vy), 12
m (X, y) (12)
dy
—=Q(x,Yy). 13
it Q(x,y) (13)
KOTOPBIC DKBUBAJICHTHLI OTHOMY YPaBHEHUIO IIEPBOTO MOPSIIKA
dy_Q(xy) dx_P(xy) 14)

dx  P(xy) dy Q(xY)

AHanu3 (a3oBoOi TPAECKTOPUHU MO3BOJSET, B YACTHOCTH, HAUTH yCTOWYHMBBIC W HEYCTOWYMBEIC
COCTOSIHMSI PABHOBECHS M OIIPEAEIINUTh TUIl 3TUX COCTOSHMI; ONPEAEIIUTh XapaKTep HApaCTaHUs WU
yObIBaHMs KoJeOaHUI BO BPEMEHH; HAWTHU YCIOBHUS CYIIECTBOBAHHS MEPUOIUYECKUX KOJICOaHUH ¢
MOCTOSTHHOW aMIUIMTYAON (YacTHBIM CIIy4aeM KOTOPBIX SIBISIOTCS T'apMOHMYECKHE KoyieOaHus),
KOTOPBIM COOTBETCTBYIOT 3aMKHYTBIC TPACKTOPHH Ha (ha30BOM IIIOCKOCTHU, OMPENEIUTh HEKOTOPHIC
napaMmeTpbl caMoi KojebaTenbHONH CUCTEMBI U T.]1.

B  paccmatpuBaecMOM  mpuMmepe  JIMHEHHBIX — KOJIOaHMH  DIEKTPUYECKOTO  3apsia

(cM. mpenpLAyIIMiA MyHKT) X=(, Y= ((j:i_? u ypaBHeHHs ¢azoBori Tpaektopum (12), (13)
MEPENUCHIBAIOTCS C ydeToM (6) B creayromieit popme:

dx

=y, 15

il (15)

dy 2, E()

— =-2yy—wyX—=. 16

at VY-, L (16)

CooTBeTcTBYIOIEE ypaBHEHHE (HAa30BOM TPACKTOPUU UMEET BHUJL
dy __2}/y+a)gx N E(t)
dx y yL

(17)

da3oBbie TPACKTOPHH, ONMUCHIBACMbIe 3TUMH ypaBHeHHsMHU mpu E(t)=0 u coorBeTcTByMOMIIME
ciydasiM puc. 3 u puc. 4, MoKazaHbl Ha puc. 5a U puc. 50, COOTBETCTBEHHO.
[Iepeuncnym MX OCHOBHBIE CBOWCTBA!
1. B BepxHell MONYIUIOCKOCTH MrHOBeHHOe 3HaueHue ((t) =X yBemuuuBaercs, T.K.

_dx _ dq(t)

dt dt
JIBMDKETCS BIIPABO.
2. B HmwkHeW MOMYMJIOCKOCTH MrHOBeHHOe 3HaueHue ((f) yMmeHbliaercs, T.K.

dx dqf(t
y =—= ﬂ < O . I/I3o6pa>Ka}0ma51 TOYKa ABUKETCS BJICBO.

dt dt

>0, u coOTBeTCTBYIOMAsT TOYKA HA (Da30BOM TPACKTOPHH CO BPEMEHEM



dqg(t)/dt, 2o
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Puc. 5 ®a3oBble TpaeKTOpUH 3aTyXalOMUX KOJIEOAHUN IIEKTPUUIECKOTO 3apsia B
MOCIe0BaTEILHOM KOJIe0aTEIbHOM KOHTYpE: a) — COOTBETCTBYET Ciyyaro, H300pakeHHOMY Ha
puc.3; 6) — COOTBETCTBYET CiIy4aro, H300paKeHHOMY Ha puc.4

3. ®asoBas TpaeKTopus mepecekaet ock adciuce Y =0 Bceraa moj npsiMbIM YTIIOM.

4. B toukax nepecedeHus ocu opanHaT X =0 HaksI0H (ha30BOi TpaeKTOPUH OJAMHAKOB.
5. Cocrosiaue paBHoBecus coctapisier X =0, Y =0 u Ha3piBaeTcs yCTOWYHUBBIM (POKYCOM.



3 DkcnepuMeHTAJIbHAs YaCTh
3.1 MeToauka 3KcniepuMeHTa

Jlns HAOMIOACHUS W WCCIICOBAaHUS DIICKTPUYCCKUX CUTHAJIOB YAOOHO WCIIOJIb30BaTh
ocimutorpadguueckyro Tpyoky. PasBepTka 3Toi TpyOKM MO BEpPTHKAIBLHON OCH MPOMOPLHUOHATHHA
BEJIMYMHE CUTHAJA, & 10 TOPU3OHTAIBHOW OCH, B PE&KUME BHYTPCHHEH CHHXPOHH3AIIMU, -BPEMCHH.
YcToiuuBble I BU3YAJIBHOTO HAOJIOJMCHUS OCIUJLIOTPAMMBI ITOTYYAarOTCS TPH HAOIIOCHUH,
NEPUOANYECKUX TPOIECCOB C MEPUOJOM IOBTOPEHHUS | JeKalleM B HEYYBCTBUTEIBHOU JUIs
YeNoBeYeCKoro 3peHust obmactu. [losTomy IS WcclenoBaHHMS 3aTyXamIUX KojeOaHWU B
MOCTIEAOBATEIHbHOM KOJIEOATEIbHOM KOHTYpe Mbl JIOJDKHBI IMOA0OpaTh MapaMeTphbl 3a/arollero
reHeparopa TaKMMH, 4TOObI XapakTepHOE BpeMs 3aTyxaHus 1/y ObUIO TOCTAaTOYHO MaJICHBKUM B

CpaBHEHMH C TiepuoaoM T (puc.6).

A

»
>

i

:

Puc.6 [locnenoBaTenbHOCTD MPSIMOYTOJIbHBIX UMITYJILCOB, BO30YKIAIOIIUX KOHTYP

VYcnoBue nNepuOAMYECKUX WM HE NEPUOAMYECKUX 3aTyXarolMX KoJieOaHWM 3aBHCHUT OT
COOTHOWICHUS @,/ y . DTO ycIOBHE MBI MOXXEM MEHATH MPH (PUKCHPOBAHHOI 4acTOTE @), U3MEHSA

AKTUBHOC COIIPOTUBJICHUC R B IMUPOKHUX MIpcAciax, HAUUHAA C R 06€CHe‘-II/IBaIOH.ICTO y,Z[O6CTBO

min >
BU3yaJbHOTO HaOmoaeHus. [y obecrieueHus: MEPUOANYHOCTH 3aTyXaHHsI HAM HEOOXOAMMO KasKIIbIi
pa3 mociie 3aTyXxaHus KojeOaHui co3/1aBaTh HEKOTOPOE HAIpPsKEHHE Ha KaKOM-TMOO M3 AIIEMEHTOB
KOHTYypa. DTO MOXHO CJeNlaTh IpH IMOMOIIM TeHepaTropa MEepUOANMYECKON IOCIeI0BATEIbHOCTH
MPSIMOYTOJIBHBIX HUMITYJIbCOB (puc.6). M3BecTHO, 9TO KOJEOAHWS MOXKHO CYUTATh CBOOOJHBIMHU

TOJIbKO BO Bpemsi E(t) =0. [Toatomy tst mosydeHus: MOCIEA0BATEIbHOCTH 3aTyXakOIIUX MPOIECCOB
HE00X0AMMO, YTOOBI BHITIONHSIIOCH YCIIOBHE

T>> i (18)
/4
MpU 3TOM, IS TOTO 4YTOOBI MOXHO OBUIO TIpeHeOpedh KoyieOaTeTbHBIM TPOIECCOM BO BpPEMs
JNEHCTBUS CaMOT0 UMITYJIECA, HEOOXOAUMO BBITIOJIHEHUE YCIOBHS

T, << s . (19)
‘ 2

3.2 Ocumstorpag PCSU1000

B nanHoil pabote B kauecTBe ocumiuiorpada Juis UCCIEAOBAaHHS 3aTyXaloUMX KojeOaHuit
npumeHsiercs nudposoi ocmmntorpad npucraska k PC (mepconanpHbiin kommbiorep) PCSU1000.

Jlnst ero paboThl HEOOXOIUMBI: HETIOCPEACTBEHHO caM OJIOK ocluyuiorpada moJKIFOueHHOTO K
PC u mporpammuoe obecrieuenue (Pc Lab2000se) ycTaHOBIEHHOE Ha KOMIThIOTEPE.



3.2.1 IIporpammHoe obecneyenne A PCSU1000

3amyck  mporpaMMbl  OCYIIECTBISieTcss HakatneM kHomka Ilyck->  IIporpammbr->
Pc_Lab2000SE-> Pc_Lab2000se, nub0 ABOMHBIM Ha)kaTHEM sIpIbIYKAa MPOrpaMMbl Ha pabodeM
crone. Iocre yero mosiBUTHCS CIEAYIOLIEE TUAIOr0BOEC OKHO

' W E PCLAB 2000se

USB - Devices LPT - Devices

C oK |
(| Pesurono] ) [ Pcsio [ -] [ Pecssoo | [ Pceio | D

() (Tee] (o] [fors |
[ kaom | [ Mere |
r -t [ Bisabic TET Bilia-and By bindows 56 anik

B nem HeoOxomumo Haxate kHonku PCSU1000 3atrem OK, mocime 4ero 3amyCTHTBCS OKHO
porpamMmsbl ocisuiorpada puc.7.

~\ Dscilloscope

File Edit Options View Math Help 8

Oseiloscope | | Spectumanayzer | [ Transient Recoder | | I | chllrSe"DWm =T
ims| [ 60ms
1 v w 20ms | 10ms

Gms || 2ms

1G5/

: . .
Volte/Div. chi Che Trigger
Sk O [ Auoset | [ Pesit | [ On | [ Aueset | z On/0if 5
21T 1 -
e : 2
P N - =
E Eoh " Coupling E @
""*‘WLEL_ Posiige~  Level Tiigger of

Puc.7 Oxno mporpammsel octiniuiorpada
Ha puc.7 undpamu 0603HaUEHBI OCHOBHBIE JIEMEHTHI TPOTPAMMBI:
1- rpaduaeckuii guctuiei skpana ocrusuiorpada.

2- KHONKAa BKJIIOYCHHs / OTKIIOUEHHs KaHaiuoB ocimuiorpagda. Chl — nepseii kanan,
Ch2 — Bropoii kaHa.

3- KHOIIKH MEPCKIOYCHUA ECHBI ACJICHUS PA3BCPTKHU 11O BCPTHUKAIN (BOJ'IBT Ha ILCJ'IeHI/IC).

4- [BUKKMA TO3BOJIAIOIIME TMEpeMelaTh OCHWUIOTpaMMbl Ul  KaXJIOro KaHajla [0
BEPTUKAJILHOU OCH.

5- KHOTKA BKJIFOUCHHMS BHEIIHEH CHHXPOHU3ANMH. Takke He00X0UMO 4TOOBI ObIT MOIKIIOYCH
Ka0eJb BHEITHEH CHHXPOHU3AIMH U KHOTIKA “ON’ BKJIIOYEHA.

6- EnuHuuHbld 3amyck pa3BepTKd 1O ropu3oHTanm (o BpemeHH). [locie dero Ha skpaHe
oToOpakaeTcs 3alIOMHEHHAas! OCIIMIUIOT paMMa.
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7- HempepsIBHBI peXuM paboThl pa3BepTku ocuwuiorpada. MoxkHo HaOmIOHaTh BCe
M3MEHEHUS CUTHAJIA B PEKUME PEATIbHOTO BPEMEHH.
8- KHOIIKM NIEPEKITIOUYCHUS IICHBI JIeJICHHS Pa3BEPTKH MO0 TOPU30HTAIN (BPEMEHHAs pa3BEePTKa).

Jliis momyuenust pazoBoro mopTpera KojieOaHuii HEOOXOAMMO PeXUM paboThl ociiuiorpada B
pexum XY-miorrepa (XY Plot), myrem Haxkatus B mento mporpammbl Math->XY Plot kak moka3zano
Ha puc.8.

~\ Dscilloscope

File Edit Options Wiew Help
ODzcillozcope CHI+CHZ =)
CH1-CH2
[ L Inwert CH2

Puc.8 Mento Brimtouenus pexuma XY -1iorrepa

[Mocue vero rpaduueckuii AUCIUICH YKpaHa ocIuIorpada M3MEHUTCS, KaK OKa3aHo Ha puc. 9.

~\ Qscilloscope
Filee Edt Options Wiew Math Help

Spectrum Analyzer ‘ | Transient Recarder | | | |

Oscillozcope

L] i

Walts/Div, Chi Chz Trigger

[EM J [ | [ Pemsit | | | [ 5 n/it
] il 1v sy Bgsmeen | 2 [ [ 050 | ©
: Tl e

Probe
Coupling Coupling

: : : -
. Postion Pasition ~ * Level Trigger off

Puc.9 rpaduueckuii qucrmeit sxkpana ocuuiuiorpaga B pexxume XY -miorrepa

B sTOM pexxume BepTHKadbHAas OCb- 3TO CHUTHAJ C MEPBOTO KaHala, TOPU3OHTAIbHAS OCh —
CUTHAJI CO BTOPOTO KaHasla. DJIEeMEHTHI YIIPABJICHHUS TE K€ UTO U B peXKHUMe ocIimuiorpada.
Jlns ynoOcTBa HAOIOACHHUS OCIIIIIOIPaMM MOKHO Ha)kaTh KHOTIKY “Big Screen”.

3.3 Cxema 3KCrIepUMEHTAJILHOI0 MaKeTa

Cxema makera mnpuBeaeHa Ha puc.l0. BennumHa HMHIyKTHBHOCTH, BKJIIOYEHHON B KOHTYD,
paBHa L=64 mx['H. OcranbHble NapaMeTpbl KOHTypa OMPENENSIOTCS M3 HKCIEPUMEHTAIbHBIX
u3MepeHuil. BemmunHa R, COOTBETCTBYEeT BHYTPEHHEMY CONPOTHUBICHHIO reHepaTtopa. Jlis
pPEeryJMpOBKM BEJIMYMHBl 3aTyXaHUs BO3HUKIIMX B KOHType KojeOaHMH B LENb BKIIOYEH
NEepPEeMEHHBIN pe3uctop. s BU3yanbHOro HaOMIOACHUS KOJeOaHMii, BOZHUKAIOIINUX Ha KAaKOM-JIH0O
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9JICMCHTC KOHTYpa, B MAaKCTC MNPCAYyCMOTPCHA BO3MOXKXHOCTb HNOAKIIOYCHUA ocunnnorpa(ba npu
MMOMOIIIH IMTBIPHKOBBLIX PA3bEMOB, 0003HaYEHHBIX Ha puc. 10 KpY’KOUKaMH.

Puc. 10 Cxema naGopatopHoro Makera

BenuunHy BpeMEHHOro paccorjiacoBaHMsi KoJeOaHUI HANpsDKEHUS Ha PasIMYHBIX AJIEMEHTax
MOKHO OIpENeNUTh TMOAKIIOYUB K MaKeTy JiBa OJHOKAHAIbHBIX ociuuiorpada WIM OAUH
JByXKaHaJIbHBIA. [Ipy 5TOM HEO0XOUMO MOAKIIOUUTH 00IME TOUYKH OCIIMIIIIOrpa(oB UIU KaHAJIOB B
TOYKH C OJMHAKOBBIM IIOTEHLIUAIIOM.

3.4 3aganmne

1. O3nakombTech C TEOpHEHl 3aTyXalomuX KoyieOaHUil MO0 PEeKOMEHIYyeMOH JHuTepaType u
OIHMCAHUIO.

2. O3HaKOMBTECH CO CXEMOIl IKCIIEPUMEHTAIIbHOIN YCTaHOBKH.

3. Homyuute Ha »SKpaHe ocHwuiorpada 3aTyxaromue KoneOaHus. 3apucyire dIiop
HanpspkeHus Ha C,.. Onpenenure no ocuuiuiorpady nepuos Konedanuil n kodpGULNUEHT 3aTyXaHusl.
W13 >Tux 3HaueHMi 10 3aJaHHOMY 3Ha4E€HUIO MHAYKTUBHOCTH KOHTypa L=50 MxI'H Bbumcaure C, u
R,=R +R.

4. Vcnonw3ys BTOpoM KaHasl ocuwuiorpada, MOJyduTe M 3apUCyHTE SIIOphl BPEMEHHBIX
cooTHouleHnit Hampsbkenuit Ha C, u R,. Omnpenemute ¢azosbiii casur mexay C.u R,
COIIOCTaBbTE €r0 CO 3HAYEHUEM, KOTOPOE CIIEYyET U3 TEOPHUHU.

5. 3apucyiTe OSmIOpHl HANPsDKEHUH HaA JJIEeMEHTaX KOHTypa, CoOJIojas BpEMEHHBIC
COOTHOUIIEHUSI MEXIY HUMH.

6. TlomyuuTe COOTBETCTBYIOIIMK (a30BBIA MOPTPET 3aTyXamOIMUX KoJcOaHWH Ha 3KpaHe
ociuiorpada u 3apucyiite ero. Onpenenure conpoTuBiIeHUe noreps R, 1o ¢a3oBoMy mopTpery.
CormnocTaBbTe €ro 3HaYeHUE C BBIYUCIEHHBIM M0 BPEMEHHBIM 3II0PaM HaIPSKEHUS.

7. VI3mMeHsis  aKTUBHOE  CONpPOTUBJIEHHE  KOHTypa, MOJIy4yuTe  (Pa3oBbIi  MOPTpPET
anepuoIMYecKoro Mpolecca M COMOCTaBbTE BPEMEHHBIE OCHWIUIOIPAMMbl HANpSXKEHUM Ha
3JIEMEHTaxX KOHTYpa € TOTyYEHHBIM (Da30BbIM OPTPETOM.

8. Ompenenute HampaBIeHUs IBIKEHUS N300pakaroiieil TOUYKU 1o (ha30BOi TPAEKTOPUH.
9. OdopmuTe O0TYET COTITACHO METOJUYCCKIM YKa3aHHUSIM U TTOJITOTOBHTECH K 3aIIHTE.

3.5 KoHTpoOJIbHBIE BONPOCHI

1. Kaxk u3aMeHuThCS 4acToTa CBOOOJHBIX KOJIEOaHHM MPH YBETUUYEHUN EMKOCTH KOHTYypa?
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Kak m3meHHuThCS KOA(POUIMEHT 3aTyXaHHs KOJICOAaHWH MPHU YMEHBIICHHH CONPOTHBICHHS
noreps R, koHTYypa?

Kakoii yron cocraBisier ¢a3zoBasi Tpa€KTOpPUs C OCbIO X?

Uewm ompenensieTcst yroi Mex1y (pa30BOM TPACKTOPUEH U OChIO y?

KakoB Tunm oco0oi TOUKM JUIsl 3aTyXaroluX KoJeOaHUl M Ie OHa pacHojoXeHa Ha
(ha30BOI MITIOCKOCTH?

Kakoit Bun umeer ¢a3oBas Tpa€KTOpUS TaPMOHMYECKUX KOJICOaHUI?

Kak usmensiercst (a3oBasi TpaeKTOpHsl FapMOHUYECKHX KOJIEOAHUM MpH yBEIMYEHUH HX
aMILTUTY b1 ?

Kax usmensiercst (a3oBasi TpaeKTOpHUsl FapMOHUYECKHX KOJI€OAHUH MpH yBEIMYEHUH HX
4acTOThI?

3.6 Coneprxanue oTueTa

A

[TapameTtpsl paboueii nocnegoBarensHocTy umiyascos (T,7,,U, ).

Heo6xonumele pacueTHbie (GOPMYIIbI.
HeoOxonumble sm0pbl HAIPSHKEHUH.

CpaBHeHI/IC pPE3yJIbTaTOB  OIPCACIICHUA Rn U3 BPEMCHHBIX oOCHWIJIOrpaMM HU U3

ocuusuiorpamm (ha3oBOro mopTpera.
BriBonml.
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