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Jlexkuus 8

AHAJIN3 YYBCTBUTEJBHOCTHU U LTYMOB
JJEKTPOHHBIX CXEM

Ilaan

1. Beeneunune

2. AHanu3 4yBCTBUTEIBHOCTH METOJIOM MAaJIbIX MPUPAIICHUI

3. AHaJIN3 YyBCTBUTEIILHOCTH METOJOM MPUCOCTUHEHHBIX CXEM
4. AHanu3 n1yMOB aHAJIOTOBBIX AJIEKTPOHHBIX e

5. BeiBoabl

1. Benenue

IIpn mpoOEeKTUPOBAHUM DIEKTPOHHBIX LENEN Ba)XKHO 3HATh, KaK BIUAET Ha
XApAaKTEPUCTUKHU LIENU U3MEHEHNE NTapaMETPOB AJIEMEHTOB. JlJI TUHEHHBIX Lenen
ATO BIIUSHUE OLIEHUBAIOT C MOMOIIbIO (DYHKIIMI YyBCTBUTEIBLHOCTH.

[lycts H (jW) — (QyHKIMS Lenu, a, — napaMeTp OAHOI0 M3 KOMIIOHEHTOB

ATOW LENH, U3MEHSIOIUUCA TMOJA JeUCTBUEM JeCTaOWIM3UPYIOMNX (HAKTOPOB.
dyHKIMsS  OTHOCHTENBbHOW uyBcTBUTENbHOCTH H(Jjw) x Bapmamusm a.

omnpezenseTcs no Gpopmyine

SaH(iW) — dH (JW) a.i ) (81)
da. H(jw)
B cootBercTBHH ¢ (8.1) 4yBCTBUTEIBLHOCTD SaH(jW) MO>XKHO pacCMaTpUBaTh Kak

OTHOIMCHHUC OTHOCHUTCIIBHOI'O HN3MCHCHMUA (1)YHKI_II/II/I O K OTHOCUTCIIbBHOMY
HU3MCHCHUIO IMMapaMeTpa ai npu yCJIOBHUH, YTO OTH U3MCHCHUS MaAJIbI. HOCKOJIBKy

H (jW) — KOMIUIEKCHAass (DYHKIMS 4acTOThl W, TO M YYBCTBUTEIBHOCTb SaH(jW)
Takxke sBisercs (Qynknueidl wactotel. [IpeacraBum H (jW) B TIOKa3aTeIbHOMN

bopme:

H(jw)=H(w)e"*.

Tornma

d (w)

gHliw) = '
a | dal
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OyHKIMS YyBCTBUTEIBHOCTH SBISIETCA OJHUM M3 HauOojee Ba)XHBIX
nokKaszarejiel KadecTBa YacTOTHO-u3OupaTenbHbIX wened HMudopmamus o
YyBCTBUTEJIBHOCTH MCIIOJIB3YETCS B PA3IMYHBIX LEIAX.

1 @YHKUIHST YYyBCTBUTEIBHOCTU SBIIAETCS KPUTEPUEM [JIsl CPABHUTEIBHOU
OLICHKH PA3JIMYHBIX KOHPUTYpaIUil 3JIEKTPOHHBIX LEMEH.

2. Pe3ynbTaThl aHaNM3a 4yBCTBUTEIBHOCTH HMCIOJIB3YIOTCS JJIS ONPEEICHHUS
JOMYCKOB Ha MapaMeTPbl JJIEMEHTOB LIETIH.

3. OyHKIMs ~ aOCOJMIOTHOM ~ YYBCTBUTENBHOCTH  HUCIOJNB3YIOTCA  MPHU

ONTUMM3AIUN XAPAKTEPUCTUK DJIEKTPOHHBIX LENel JUisl pacueTa rpagueHTa
1eaeBOM PYyHKIUU.

4. UyBCTBUTENBHOCTH MO3BOJISIET MOHATh, KaK BIUAIOT BapUallMM KaKOro-JI10o
rapaMeTpa Ha XapaKTEPUCTUKH 1IEIIH.
[Tepeuncinum HEKOTOPHIE CBOICTBA byHKIIMHN OTHOCHUTEJIbHOM

4yBCTBUTEIBHOCTH, OnpeaessieMoit popmyioii (8.1).

Csoticmeo 1. UyBCTBUTEIBHOCTD MPOU3BEICHUS NTapaMeTpa Ha TOCTOSIHHYTO
paBHA YYBCTBUTEIBLHOCTH UCXOIHOTO TIapamMeTpa.

Csoticmeo 2. UyBCTBUTEIILHOCTh K M3MCHEHHIO OOPAaTHOW BEJIMYMHBI paBHA
YYBCTBUTEIBHOCTH K HW3MCHCHHMIO WMCXOIHOW BEJIMYHMHBI, B3SATOW C OOpaTHBIM
3HAKOM.

Csoticmeo 3. UyBCTBUTEIBHOCTh MPOU3BEIICHUS BAPbUPYEMbIX MapaMeTPOB
paBHA CyMME YyBCTBUTEIBHOCTEH OTICILHBIX TAPAMETPOB.

[lepeuncieHHBIC CBOWMCTBA JIETKO MOTYT OBITh IOJIYUYEHBI C TOMOIIBIO
dopmyisr (8.1).

Pacuer uyBCTBHTENIBHOCTEW NPEACTABISET TPYAOSMKYIO mpoueaypy. B
AHATTUTUYIECKON (hopME OH BO3MOXKEH TOJIBKO JJIsl IPOCTHIX IICTICH.

B mHacrosiimee BpeMms pa3pabortaHbl 3()PEKTHBHBIC MAINTUHHBIC METOIbI
aHajM3a YYyBCTBUTEIBHOCTH. MBI paccMOTpuM jBa Haubojiee 3(h(EeKTHBHBIX
METO/Ia — METOJl MJIbIX MPUPAIICHUN U METOJ] MPUCOSTUHECHHBIX CXCM.

2. Ananan3 YYBCTBUTCJIBbHOCTH METOJI0M BO3SMYIICHHBIX CXEM

PaccMOTpUM JABYXIONIOCHBIM 3JIEMEHT C KOMIUIEKCHBIM CONPOTUBICHUEM
Z(jW) (puc. 8.1, a). [lpu wH3MEHEHUM CONPOTHBIICHUS Ha BenuuuHy DZ

HAIIPAKCHUC 3JICMCHTA U3MCHHUTCA
DU =Z(jw)>DI +DZ>1 +DZ:Dl .

Ecmu mnpupamenne DBZ wmamo, To mocimegHee cliaraeMoe MBI MOXEM
OTOpPOCHUTB:

DU =Z(jw)>DI +DZ>1 .
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HOCJICI[HCMY PAaBCHCTBY COOTBCTCTBYCT ABYXIIOJIOCHUK, MOKa3aHHbINA Ha pHuc.

8.1,6.

I
i U
a 9]
Puc. 8.1

Cxemy Ha puc. 8.1, 6 Ha30BeM BO3MYUIEHHON. AHAIOTMYHBIM 00Pa3oM MOTYT
OBITh TIOCTPOEHBI BO3MYILIEHHBIE CXEMbI I JpYyrux snemeHToB. I[logpo6Ho
BOTIPOC MOCTPOCHMS BO3MYIIICHHBIX CXeM paccMoTpeH B [12, rir. 15].

AHanu3 yyBCTBUTEIBHOCTEH METOJIOM BO3MYIIEHHBIX CXEM BBIMIOJIHAETCS B
CJIEIIOIIEM TOpsIKE.

1. Ananuzupyercs LeTb IPU HOMUHATBHBIX 3HAUEHUAX DJIIEMEHTOB.

2. Tlo pesynbraTam 1. 1 cTpouTcst «BO3MYIIEHHAS» CXEMA.

3. AHanu3upyeTcsi «BO3MYUIEHHAs» CXeMa M ONPEIENSIOTCS MNpUpaIieHus

BBIXOJHBIX IEPEMEHHBIX.
4. PaccuutbiBaeTcsa (PyHKIMS aOCOMIOTHON 4yBCTBUTEIBHOCTU

S» bU, )
Dx

OTMeTHUM, 4TO MCXOJHAS M BO3MYILCHHAs CXEMbl UMEIOT OJMHAKOBBIN TIpad.
Bo3MylienHas cxemMa  OTIMYAaeTCs  OT  HMCXOJHOW  TOJIBKO  HAJIUYUEM
JOTIOJTHUTENIbHBIX HE3aBUCUMBIX UCTOYHUKOB. [Io3TOMY 1151 penieHust ypaBHEHUM
HCXOJIHOM M BO3MYIIIEHHOM CXeM yJI00HO MCIOIb30BaTh MeTo LU-pasnoxenus.

3. Anaam3 YYBCTBUTCJIBbHOCTH METOJI0M NPUCOCAUHEHHBIX CXEM

OnuuM n3 Hambosee A(DPEKTUBHBIX METOJO0B aHajIu3a YYBCTBUTEIHHOCTH
SBIIAETCS METOJ IMPUCOECAUHEHHBIX CXEM. B COOTBETCTBMM C 3TUM METOAOM JJIA
pacdeTra 4yBCTBUTEIBHOCTH XAPAKTEPUCTUKHU LIENHU K BAPUALIUSAM BCEX DJIEMEHTOB
JOCTATOYHO MPOBECTU aHAJIN3 JBYX UICHTHUYHBIX IO TOIOJIOTUH CXEM — UCXOJTHOM
U TpucoeauHeHHOM. [IprcoeIMHEHHON HA3bIBAIOT LEMb, MMEIOIIYI0 MaTPUIY
Y3JIOBBIX MPOBOJMMOCTEHN, TPAHCIOHUPOBAHHYK) IO OTHOIIEHHIO K MAaTpULE
Y3JIOBBIX ITPOBOJAUMOCTEN UCXOJHOU LIETIH.

PaccmoTpuM  1emb, ONKUCHIBAEMYK) CHUCTEMOM PACIIMPEHHBIX Y3JI0BBIX
ypaBHEHUU
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[Ylvi=13]. (82)

IlycTth [Y] u [V] ABIAIOTCA (YHKIMSIMHM IIapaMeTrpa a,, a BEKTOp IpaBo
YacTU HE 3aBUCUT OT ATOTr0 apaMeTpa.
Hubdepentmpys (8.2) mo a ., moaydum

i1+ e-o.

3 MOCJICAHCTO PABCHCTBA ONIPCACIINM BCKTOP IMIPOU3BOAHBIX

%:[Y]-l%][v]. 83

®opmyna (8.3) mO3BOJSIET ONPEACTUTh YYBCTBUTEIBHOCTh BCEX 3JICMCHTOB
BekTopa (V| k BapmanusM napamerpa a,. Ho Ha mpakTtuke oObIYHO TpeOyercs

OoNpCACINTb YYBCTBUTCIBHOCTDH KaKOH-JITH00 OIIHOﬁ (1)YHKI_II/II/I oeiu, T.C.
HCO6XOIII/IMO HalTH YYBCTBUTCJIILHOCTD OIIHOﬁ HCpCMCHHOﬁ Vj K BapuanyuiaM

HCCKOJIBKUX IIapaMCTPOB ai . UroOnl HaiiTH YYBCTBUTCIIBHOCTD Vj, YMHOXHUM

JICBYIO U IIPaBYylO YaCTH paBCHCTBA (8.3) HA €IMHUYHBIN BEKTOP [uj ]t .
[uj] dai - [uj] [Y] dai [V]

3nech cUMBOJI t 03HAYAET TPAHCIIO3UIIUIO.
[lepenuiiem nocieaHee paBeHCTBO B Apyroil popme

[uj]t%vi] - {1 [uj]}t%][V]- (8.4)

Jlepas w4acTh MOCNEHEr0 BBIPAKEHHMS paBHa npousBoAHoi dV, /dai.

[IpousBenenue - {([Y]'l)t [u j]}= [V] MOXHO paccMaTpuBaTh KakK  BEKTOpP
MEPEMEHHBIX HEKOTOPOW IEMH, TOMOJOTMYECKH SKBUBAJICHTHOM HCXOJHOU. DTy
LEeMb Ha3bIBAIOT MIPUCOEIMHEHHOM. 31eCh U Jajnee CUMBOJIOM OyneM 0003HauYaTh
MIEpEMEHHBIC, OTHOCSIIUECS K TPUCOSTUHEHHON CXeMe.

Martpunia k03¢hQUIIMEHTOB PACHIMPEHHON CHUCTEMBbI Y3JIOBBIX YpaBHEHUU
MIPUCOEAUHEHHOM IIENHU SIBJISICTCS] TPAHCIIOHUPOBAHHOM TTO OTHOIICHUIO K MaTPUIIC
K03 GHUIUEHTOB HCXO0AHOM 1enu. B coorBeTcTBUM ¢ (8.4) e IMHUYHBIN BEKTOP |_u jJ

MOXHO paCCMATPUBATL KAaK TOK HJIM HAIIPSAIKCHUC HUCTOYHHKA, IICﬁCTBYIOH.I@I‘O B
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npucoeMHeHHON nenu. Ecom V, - HampsikeHue j-ro ysna, B IPHUCOEIHMHEHHOH

CXCMC HeO6XOIII/IMO BKIIFOYUTHb UCTOYHUK TOKA MCIKIAY j-M 1 0a3UCHBIM Yy3J1aMH.

Puc. 8.2

Hrak, u3 dpopmynsl (8.4) cieayer, 4TO 4yBCTBUTEIBHOCTh (PYHKIIUU LIETIH K
BapHallUAM JII000Or0 IapaMerpa MOXHO ONPEAEIUTh Kak IPOU3BENEHUE
MEepPEeMEHHBIX B HCXOJHOM M mpucoeauHeHHON mensx. [lpu stom Qopmynbl
BBIYMCIICHUS YYBCTBUTEIBHOCTH OJIMHAKOBBI [JISl PA3JIMYHBIX BHUAOB (PYyHKIUN
uenu. M3MeHsercs TOJbKO XapakTep BXOJHOIO BO3JIEHUCTBHS B MPUCOECIMHEHHOU
cxeMme.

Tabnuna 8.1
DJIeMEHT Cxema [IpucoennuenHas dopmyna
_cxema qyBCTBUTEIIBHOCTH
R i R I R TH(jw) _
G .
C oo o130 | HUW_y¢
— = G
U U
L [ L ;L TH(iw) _ wik
E o= O L
C C ¢ H(jw) _ .
o | oo | "=
U o
UTYH [ '
YH [ o—o0 —o i H(w) .
lUl sU, 2 l 1
o ° o o o Uzo
VHYH | 69 A 0 HOW) g
lUl kU, l(A]l @ sz q —Vil
(o, O O | O I O

BriBeieM coOTHOIIEHUE I pacueTra YyBCTBUTEJIBHOCTH K BapHaLUsM
pesuctopa R. bBynem paccmatpuBaTh pe3ucTOp Kak Z-BETBb B CHCTEME

paclIMpEHHBIX  Yy3JIOBBIX ypaBHeHM. HerpyaHo HaliTh, 4YTo Marpuua
MTPOU3BOJHBIX d[Y]/dR CONEPKUT TOJBKO OJWH HEHYJEBOW D3JIEMEHT,

PACIIONIOKEHHBIM Ha TIePeCceYeHUU CTPOKU U CTOJOIA, COOTBETCTBYIOIIMX
pesuctopy R B pacmmpeHHOW cucTeMe ypaBHEHMH. BbINonHsAs yMHOXeHHE

DJIEMEHTOB B COOTBETCTBHMH C (8.4) Haitnem, 4To aOCOIIOTHAS YYBCTBHTEIHLHOCTD
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HaIpPsDKEHMS |-TO y3J1a K BapualisiM CONPOTUBIICHUs pe3uctopa R onpexpensiercs
IIPOU3BEICHUEM TOKOB B UCXOJTHOW U MPUCOECIUHEHHOM 1EMAX

av,
— =g
dR

AHanOTMYHBIM 00pa3oM MOXKHO TMIOJYYHWTh BBIpOXKEHUS [JIs pacyeTa
YyBCTBUTEJIIBHOCTEH K BapualusM JAPYTHX JJIEMEHTOB. OTH  BBIpaKEHUS
npuBeieHbl B Ta0m. 8.1.

OTMeTuM, YTO METOJ MPUCOCIUHEHHBIX CXEM MPUMEHUM ISl pacyeTa
YYBCTBUTEJIBHOCTEH JIIOOBIX JUHEWHBIX CHCTEM, B TOM 4YHCJIE JTUCKPETHBIX U

U POBHIX.
4. MHoronapaMeTpu4ecKasi 4yBCTBUTEJIbHOCTh

@OYHKIUM YYBCTBUTEIBHOCTH K BapHalusM OTAEJBHBIX JJIEMEHTOB
HEYOOHBI JI1 CPABHUTENIBHOIO aHalIW3a WU ONTHUMH3ALUU 3JIEKTPOHHBIX cxeM. C
UX TIOMOUIBIO MOXHO OLIEHUTH BJIMSHHE HAa XapAKTEPUCTUKHU LEMH OTAEIbHBIX
AIeMEHTOB. [[ns ydera BIMSHHUS BCEX 3JEMEHTOB HEOOXOIMMbl HHTETPaJIbHbIE
Kputepud. B KkauecTBe  TakMX = KpPUTEpUEB  HUCIOJB3YIOT  (PYHKIUU
MHOTrOnapameTpU4eCcKon YyBCTBUTEJILHOCTH. MHoronapameTpuieckast
YYBCTBUTEJIBHOCTh MOXET MCIOJb30BaThCsl B KAauecTBE 1eJeBOM (DYHKIHMH NpU
ONTUMU3AIMU, A TaKKE YYECThb CIyYallHYK MNPUPOAY HW3MEHEHHUs 3HAYECHUU
AJIEMEHTOB.

HaubGonee  pacnpocTpaHeHHBIM  KpPUTEpU  MHOIrOMapaMeTpudecKoi
YYBCTBUTEIBHOCTU OMPEEISIIOT C MOMOILBIO (POPMYIIBI

&IDH|* . ©
M(X)=EC T
(x) ééﬁ dWB

3necy E — maremaTudueckoe oxxumanue. M ()_() Ha3bIBAIOT CTATUCTUYCCKOU
Mepoi MHOTOIMapaMeTpuueckoil 4yBcTBUTEIbHOCTU. Kputepuiik M ()‘()onpez{enﬁeT
qyBCTBUTEIBHOCTh XapaKTEPUCTHUK JUIs 1UAIIa30Ha 4acToT W, EW £W,,.

Cratuctuyeckass Mepa  MHOrONapaMETPUUYECKOM  YYBCTBUTEIBHOCTH
YUUTHIBACT CIIy4yalHBIA XapakTep W3MEHEHUs 3HadyeHud oamemeHToB. C ee
MTOMOIIIBI0O MOXKHO YYUTHIBATh U B3aUMHYIO KOPPEIALMIO MEXKIY OTKIOHCHHUSMH.
CrnemyeT OTMETUTD, YTO pacueT MHOroNapaMeTPpUUIECKON YyBCTBUTEILHOCTH OYCHb
TPYIOEMOK. 3a MCKJIIOUCHHEM TPUBUAIBHBIX ciiydyaes M ()_()MO)KHO paccuuTaTth
TOJIBKO ¢ oMo DBM.

[Toapo6GHO BOMpOCHl aHalM3a MHOTOMAPAMETPUYECKON UYBCTBUTEIHHOCTH
paccMmoTpensl B [14].
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4. Ananms3 IIYMOB aHAJOTI'OBBLIX 3JICKTPOHHBIX CXEM

lymbl B aHaANOrOBBIX JJIEKTPOHHBIX MLEMSIX OOYCIOBIEHB LIyMamu
MOJIYIPOBOJHUKOBBIX KOMIIOHEHTOB U pe3ucTopoB. [Ipeobnagaromumu sBisiOTCS
IIyMbl IOJYNPOBOJHUKOBBIX KOMMIOHEHTOB. IIlyMbl pe3UCTOPOB CpaBHUMBI €
mymamu, reHepupyeMbiMu OY TOJNBKO B TEX ClydyasX, KOrja HOMMHAJbI
PE3UCTOPOB COCTABIIAOT COTHU KOM.

Hau6onee Ba)HBIMH COCTaBJISIONIMMHU IIIyMa B aHAJIOTOBBIX LEMAX SIBISIOTCA
IpoOOBOM, TEIIIOBOM U (DIIUKKEP-IITYM.

TennoBoil myM reHEpUPYIOT PE3UCTUBHBIEC AJIEMEHTHI Lenu. CIEeKTp TaKoro
IyMa OJIMHAKOB Ha BCEX YaCTOTaX.

J{po00Boii mrym. DIEKTPUUECKUI TOK MPEACTABIAECT ABUKEHNUE TUCKPETHBIX
3apsAI0B. 3amnuileM BbIpakeHue Juisi Toka B Buae | =nq, tme q — 3apin

AJIEKTPOHA, @ N — CpeJHEee YHCIO HOCHUTENEH 3apsna, NPOXOASIIUX Yepe3
IOTIEPEYHOE ceueHue NpoBoaHMKA 3a 1 cexyHny. Ecnm yepes i(t) 0003Ha4YUTh

MOJIHBIH, 3aBUCSIINIA OT BpEMEHU (PIIYKTYUPYIOIIHMHA TOK, TO CpeHee 3HaUYeHUE i(t)
Oyner paBHO

it)=1.

[[lymoBOM TOK HWMEET HYJEBOE CpeJHEEe [0 BpPEMEHU 3HAYCHHUE.
CpenHekBajgpaTuyHas BeJIWYMHA im(t) 3aBUCHUT OT XapakTepa pacupeaeciieHus

3aps10B U B3aMMOJICMCTBUSA MEXAY HUMH.

B nanbonee mpocToil Monenu Npeanojaraercs, 4To KaXkIoMy 3JIEKTPOHY
COOTBETCTBYET MMIIYJIbC 3apsiia, a B3aWMMOJCUCTBUE MEXAY DSJIEKTPOHAMU
OTCYTCTBYET. B 3TOM ciyyae pyHKIMS CIEKTpaIbHON MIIOTHOCTHU IIIyMOBOTO TOKa

s(f)=2a.

N3 3Toro ypaBHEHHS CIEayeT, YTO CHEKTP IIyMa IMOCTOSHEH JJIsl BCEX YacTOT.
CHexTpsl ¢ TAKUMH XapaKTepUCTUKAMH Ha3bIBalOTCs OenbiM 1rymoM. Kpome Toro,
aMIUTUTYa CIEKTPAIHHOM TIJIOTHOCTH MOIITHOCTH MPOMOPIIMOHANIBHA CpEIHEMY
3HAYEHHIO TOKa | .

Takum oO0OpazoMm, KaXIOMy OJJIEKTPUUYECKOMY TOKY MOXKHO TIOCTaBUTH B
COOTBETCTBHE HMCTOYHHUK JPOOOBOT0O IIYMOBOTO TOKa C (PYHKIHMEH CHEKTpaibHOU
m1oTHOCTH 20| Ha BceX yacToTax.

PaCCMOTpI/IM BOIIPOC O TOM, KAKHC THUIIBI 3JICKTPOHHBIX HpI/I60pOB HUMCIOT
3HAYUTEIILHBIN IIpO6OBOﬁ IyM. Ero BenuumHa 3aBUCHT OT BHYTPCHHCT O
COIIPOTHUBJICHUA  HMCTOYHHKA IIpO6OBOI‘O IIyMOBOI'0O  TOKa. Yem 0obIIe
COIMPOTHUBJICHHUC HWCTOYHHUKA, TCM OoJbIas 4acThb ITYMOBOI'0 TOKa IIOCTYIIACT BO
BHCIIHIOIO  IICIIb. HpI/IMepOM MOXCT  CIIYXKHTHb KOHHCKTOPHBIﬁ nepexonq
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OUMOJNSPHOTO TPAH3UCTOpA, CMEUIEHHBIM B 0OpaTHOM HampaBiieHuu. [lockonbky
€ro CONPOTUBIIEHUE BEIUKO, IPOOOBOM IIyM, COOTBETCTBYIOIINNA KOJJIEKTOPHOMY
TOKY, Oy/IeT 3HAaUUTEIbHBIM.

TennoBoii mym. OJEKTPOHbI B TPOBOJHUKE HAXOASATCS B OBICTPOM
TEIJIOBOM JIBMKEHUH, CXOJHOM C JBM)KECHHEM YACTHIL[ HJEAIBHOrO Ta3a.
DNEeKTpUYECKUA TOK  4Yepe3 IONEPEYHOE CEUYECHHE MPOBOAHUKA HE SBIIACTCS
MOCTOSIHHBIM, @ UCIBITHIBACT (PIYKTYyalluH, BbI3bIBAEMbIE TEIUIOBBIM JABUKEHUEM
AIEKTPOHOB. DTOT IIYM, Ha3bIBAEMBIN TEILUIOBBIM, MOJEIUPYETCS SKBUBAJIEHTHON
CXEMOM, COCTOsIIEH U3 MOCIIEeI0BATEIbHO BKIIOYEHHBIX HEITYMSIIIEro pesuctopa R
U MCTOYHUKA IIYMOBOI'O HAIpPSDKCHUS € (t) Cpennee 3HaueHue € (t) paBHO

HYJIIO0, @ (QYHKIIUS CIIEKTPAIBLHOMN TUIOTHOCTU UMEET BU/I:
S,(f)=4KTR,

rne K — mocrosiuHas bonbnMana, T— temmepatypa B rpaaycax KesnbBHHA.
TemoBoit 1iym sBisieTcss Oe€lbIM  IIYMOM, TaK YTO TOJBKO YacTOTHAs
XapaKTepucTUKa BHEIIHEH 1ienu OyJeT omnpenensaTh CpeaHEKBaIpaTUYHYIO
MOUIHOCTh, OTITaBAEMYIO TAKUM HUCTOYHHUKOM.

e (1) i (1) g=1/R

a) 6)
Puc. 8.3

DKCIEPUMEHTAIBHO YCTAHOBJIEHO, YTO MHTEHCUBHOCTh TEIUIOBOTO IIyMa HE
3aBUCUT OT BEJIMYMHBI TOKa uYepe3 Ienb (ECIM TONBKO ITOT TOK HE H3MCHSICT
TEMIIepaTypy LEIn).

IIpy KOMIIBIOTEPHOM MOJEIMPOBAHUM ILIYMbl MOJEIUPYIOT BKIKOYEHUEM
HE3aBUCHMBIX HEKOPPEJIMPOBAHHBIX HCTOYHUKOB HANpPSKEHHUS WIHM TOKa B
JMHEApU30BaHHbIE MOJEIM JJIEKTPOHHBIX KOMIIOHEHTOB. Bknaxg kaxzaoro
MCTOYHHUKA B OOUIMH YpPOBEHb ILIyMa BBIXOJHOTO HEOOXOJMMO paccMaTpUBaTh
otaenbHo. [103TOMYy HEOOXOIMMO paccuuTaTh LEMb TOIBKO C OJJHUM MCTOYHHKOM
1Iyma, a 3aTéM HOBTOPUTH pacueT JJIsl BCEX OCTaJIbHBIX UCTOUYHUKOB. CymMMmapHas
aMIUTUTy/la IIyMOB Ha BBIXOJE pPaBHA KBAJAPATHOMY KOPHIO M3 CYMMBI KBaJIpaTOB
aMIUTUTY/] IIIyMOB, OOYCJIOBJIEHHBIX OT/AE€IbHBIMU UCTOUYHUKAMHU.

Opnum u3 Hanbosee 4acTo MCIOJIb3YEMbIX ITYMOBBIX MAapaMETPOB SIBISIETCS
ko3¢ urreHT myma. OH paBeH OTHOIIEHUIO MOLTHOCTH IIIyMa Ha BBIXOJE K YacTu
BXOJIHOM MOIIHOCTH, O0YCIIOBJIEHHOU TerioBbIMH mymMmaMu. Kosdduiment myma
BbIpaxkaercs popmynoil:
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» )_1+§|Hi(jwfs.(w>
T R (W) s, W)

3IIeCB S (W) - CIICKTpaJiIbHAaA INIOTHOCTD | - "0 UICTOYHUKA nryma.

N3 stoit popMysbl creayeT, 4To CreKTpalibHasl TIOTHOCTH IIIyMa Ha BBIXOIE
IIETT1 MOXKET OBbITh HalJieHa KaK CIIECTBUE ACHCTBUS KaXKOTO U3 UCTOUHHUKOB:

S..(0) =4 H, ) 'S ().

Takum 06pa30M, ITYMOBBIC CBOMCTBA ey  OonupCaACIFOTCA  BHUIAOM
nepeaIaTOYHbIX (I)YHKI_II/Iﬁ MCKAY BHYTPCHHUMU Y3JIaMH U BBIXOJOM LICIIN.

5. BbIBOABI

1. BrnusHue wm3MeHeHMs mapamMeTpoB JJIEMEHTOB Ha XapaKTEPHUCTUKH IIETH
OIICHUBAIOT C TTOMOIIBIO (PYHKIIUIA YYBCTBUTEIHLHOCTH.

2. @OyHKIUST OTHOCUTEIBLHOW UyBCTBUTEIbHOCTH H (jW) K Bapualusm

napaMmerpa a, onpenensercs 1no Gopmyse

gHliw) = dH (JW) a,
: da, H(jw)
3. Pacyer u4yBCTBUTENBHOCTEH IIPENCTaBISET TPYLOEMKYH mpoueaypy. B
aHAJINTUYECKON (hOopMe OH BO3ZMOXKEH TOJIBKO JUISI IPOCTHIX LEMHEH.
4. OnauM u3 Haubonee >PQPEKTUBHBIX METOAOB aHAJIM3a YyBCTBUTEIBHOCTHU

SIBIIAETCS. METOJ IMTPUCOECAUHEHHBIX CXEM. B COOTBETCTBUU C 3TUM METOIOM
IJI pacyeTa 4yBCTBUTEIBHOCTH XAPAKTEPUCTUKU LENU K BapUALUSAM BCEX
3JIEMEHTOB JOCTATOYHO MPOBECTHU AHAIN3 JBYX UIECHTUYHBIX 110 TOIOJOTUU
CXEM — UCXOJHOW U NMPUCOETUHEHHOM.

5. JI711 OMHOBPEMEHHOTO y4€Ta BIMSHUS BCEX BJIEMEHTOB HA XapaKTEPUCTUKU
IEMH UCTIONB3YIOT (PYHKIIMU MHOTOTIapaMEeTPUIECKON YyBCTBUTEIBHOCTH.



