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1. BBEJIEHUE

B 9acTOTHBIX IeTeKTOpax 4aCTOTHO-MOIYJIMPOBAHHOE KoJieOaHue mpeoOpazyercs B
KoJiebaHue, MOTYTMPOBAHHOE 10 aMILTUTY/E U (pa3e, 00 B MOCIEA0BATEILHOCTh UMITYITHCOB,
MO/IyJTMPOBAHHBIX MO YaCTOTE C IMOCIIEAYIONUM TPUMEHEHUEM aMIUTUTYTHOTO U (a30BOTO
JeTekTopa win GuiIbTpa HU3KOH yacToThl [ 1-3]. TIpu 3ToM amst Bocmpon3BeaeHUs POPMBI
MOTyJTHPYIOIIEr0 COOOIIEHNUs x(¢t) C HAMMEHBIIMMHU HETMHEHHBIMH HCKAKEHUSAMH JICKPETHAS
XapaKTepUCTHKA JOJDKHA 00JIaAaTh JOCTATOYHON JIMHEMHOCTHIO B JIMana3oHe W3MEHEHHS
MTHOBEHHOM 4acTOThI cUrHaja. YacToTHO-MOynupoBaHHbIi curdan (UM curnan) umeer Bup [1]:

t
Uc(t) =U,, sin| o1+ Ao, [ x(t)dt
0

rae U me — AMIUTUTYJa HECYILETo KoJiebaHus co cpeqHel yacToToil @, ; Aw, —
JAeBuanus 4aCTOThI.

MGTOZ[I)I MOJIy4CHUSA I/IH(i)OpMaIII/II/I 0 3aKOHE M3MEHEHHS] MTHOBEHHOM 9acTOTHI CUTHANIA
u.(t) ocHoBaHsl [2]:

® Ha Hp606pa3OBaHI/II/I HU3MCHCHUA YaCTOTHI B UBMCHCHUEC aMIIINTYbI C
MOCJIEAYIOUIUM JIETEKTUPOBAHUEM aMILIUTYIHO-MOYTUPOBaHHOTO curHaia (AM
CUTHaJa);

® Ha Hp606p213OBaHI/II/I U3MCHCHUA 4aCTOThI B UBMCHCHUC (1)2131)1 C IOoCJICAYIOIUM
JETEKTUPOBAHUEM C TIOMOIIBIO ()a30BOTO JIETEKTOPA;

e Ha npeoOpa3zoBannu UM curaasa B mocie1oBaTeIbHOCTh HUMITYIIBCOB, YaCTOTA
CJICA0OBAaHMA KOTOPBIX NPONOPHHUOHATIbHA OTKJIIOHCHUIO YaCTOThI YM curnana ot
cpelHell YacToThl @, ¢ MOCIeAyIolel HU3KOUaCTOTHOM (uiabTpaiueil.

OCHOBHBIMHU XapaKTEPUCTUKAMH YAaCTOTHOTO JIETEKTOPA SIBJISIOTCS CIIETYIOLIHE.
JleTekTopHas XapaKTEPUCTHKA, ITPEJICTABIISIONIAst COO0H 3aBUCUMOCTh
BBIXOJJHOTO HANPSKEHUS U 5, OT BETMYMHBI Aw(¢) OTKIOHEHUS MTHOBEHHOMN Y4acTOTHI CUTHAJIA

OTHOCHUTENBHO CPEAHEN 4acToThl @ : Aw(t) = o(t) — @, . YPOBEHb HEIMHENHBIX HCKaKEHUH,

MMEIOIINX MECTO IIPHU IETEKTUPOBAHUM, OIPEAEIAETCS BUIOM JETEKTOPHOU XapaKTEPUCTUKU U
TE€M MEHBIIIE, YEM MEHBIIIE CTEIIEHb HEIMHEWHOCTH 3TOM XapaKTepucTuku. [1o Buy neTekTopHOit
XapaKTEPUCTHKH JIETKO ONPENENUTD uanason Af ,, = Ao 4, / 27 W3MEHEHUs MTHOBEHHOM

9aCTOTHI, TPH KOTOPOM HEITMHEHHBIC UCKAKCHHS HEe OY/yT MPEBHIIIATh OMPEIEIICHHOTO TIpe/ea.
KpyTusHa neTekTopHO# XapakTepUCTUKH, OMpeaessieMas Kak —IPOU3BOHAS

S = du g,y
T d(Aw)

[o ananoruum ¢ moxasaTensMu JIKOOOTO yCUIUTENBHOTO y371a, KDYTH3HA Sy, XapaKTEpU3yeT

IIEPEIaTOYHBIE CBOMCTBA AETEKTOPA.
Koah¢dunmeHT nepepauyn 4acTOTHOTO AETEKTOPA ONPEeIIsseTcs P 3alaHHOM
rapMOHUYECKON MOJYJISILUYU C 4YaCTOTOM (2 OTHOILIEHUEM:

Aw,,

ko, =U, u

© mc |,
C
rae U, — aMIunTyzia HU3KO9aCTOTHOTO CUTHAJIA HA BBIXOJIE YACTOTHOTO JIETEKTOPA.
YacToTHOW XapaKTEPUCTUKOM SBIISIETCS 3aBUCUMOCTh aMILIUTY/IbI HU3KOYaCTOTHOTO
curHana U, Ha BBIXOJI€ YaCTOTHOTO JAETEKTOPA OT YacTOThl Moaynauuu Q =2xf .

HJ’ISI YMCHBIICHUSA 3aBUCUMOCTU  PE3YyJibTaTa 4YaCTOTHOI'O ACTCKTUPOBAHUA OT H&p&?;HTHOfI



.

AMIUIUTYTHOH MOIYJISILIUM BXOJHOTO KoJIeOaHus u . (¢), BBI3BAHHOM, HalpUMep, IPOX0KICHUEM
u.(t) uepes n3bupaTeabHbIE LENU YCUIIUTENEH paguouacToTsl ¢ HepaBHOMepHOH AUX B nonoce

MIPOIYCKaHMUsI, TIEPe]] IETEKTOPOM BKITIOUAIOT aMIUTUTYIHBIA OTPaHUYHUTEINb, JINOO CaM JIETEKTOp
CTPOSIT TAaKUM 00pa3oM, 4YTOObI B HEM CaMOM OCYIIECTBIISIIOCH 3TO orpannyeHue. CTerneHpb
IIOJJaBJICHUS YKA3aHHOW MMapa3UTHOM aMILIUTYIHON MOAYJISLIMU XapaKTEPU3yeTCs
KOA(QPHUIIMEHTOM TOAaBICHHS AMIUTUTYIHON MOYJISIIIAN, KOTOPBINA ONPENeNIIeTCs IS
u.(t)=U0,, sin[(a)c +Aw,, )t] IIPU MaKCUMAaJIbHO JOITYCTHMOM BEIMYMHE JIEBHAIMU A®,

oTHoleHueM [4]:

— (Aa)m)/ (m 4pr)
Ky =gy’ [y :

(Aw,,)
rue u BAIX — HIOCTOSIHHAs COCTaBJISAIONIAsI HA BBIXOJE YaCTOTHOI'O JETEKTOpa IpHU
(m4pr)
MAaKCHUMAaJIbHOM OTKJIOHEHUU YaCTOTHI HAa BEIIMUYUHY Ao m / 2 u BBIX — BBIXOJHOE

HanpspKeHHe (epeMeHHasi COCTaBJIAIONIast), BBI3BAHHOE BXOJAHON  Napa3sUTHON aMIUIUTYIHOM
MOJYJISALUEN € 3aJaHHON YaCTOTON U UHIEKCOM M, . Y BEIMYEHUE CTEIIEHU T101aBJICHUS
aMHJII/ITyZIHI)IX I/I3M€H€HI/II>1 BXOJHOT'O CUTI'HAJIAa ITO3BOJISICT YBGJII/I‘II/ITI), B KOHCYHOM HTOTC,
OTHOIIIEHUE TTOJIE3HOTO CUTHAJIA K IOMEXE Ha BBIX0JI€ YACTOTHOTO JETEKTOPA MTPU HAJTMYUU HA €T0
BXOJIC I/IMHYJH)CHI)IX NN FapMOHI/I‘-IGCKI/IX IIOMEX.
[enbpro 1abopaTOpHOU PabOTHI SBISIETCS IKCIIEPUMEHTAITBHOE UCCIIEI0BAHNE TIPOIecca
JneTeKTupoBaHuss YM curHanos, BBIITOJHSEMOTO HA OCHOBE:
° Hp€O6pa3OBaHI/I$I N3MCHCHUS 4aCTOTHI B UBMCHCHUC aMHJII/ITyZII)I C
MOCJIEAYIONUM JIeTeKTUpoBaHueM AM curHana;
° Hp€O6pa3OBaHI/I$I N3MCHCHUS 4aCTOTHI B UBMCHCHUC (1)2131)1 C HOCJICZIYIOHII/IM
JETEKTHPOBAHUEM C TIOMOIIBIO (Pa30BOTO JETEKTOPA.
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2. YACTOTHBIE JETEKTOPHI C TIPEOBPA3OBAHUEM YACTOTHOM
MOAYJIAIUA B AMIVIMTYIHY IO MOAYJIALUIO

PaccMOTpyUM OCHOBHBIE METO/IbI IOCTPOEHUS YaCTOTHBIX JETEKTOPOB Ha OCHOBE
peoOpa3oBaHus YaCTOTHO-MOIYIUPOBAHHBIX — KOJIEOAHUH B aMIUIMTY/JHO-MO Ty THPOBAHHBIE C
MOCIIEYIOIUM aMIUTUTYTHBIM JETEKTUPOBAaHHEM IPeoOpa3oBaHHOTO curHaia. CTpyKTypHas
cxema MoJI00HOTO YaCTOTHOTO JIETEKTOpa puBeaeHa Ha puc. 1. [IpeoOpa3zoBanne N3MEHEHHUS
YaCTOTHI B aMIUTUTYHYIO MOTYJISIIIMIO TTO3BOJISIET MOJIYYUTh JIF00ast TIMHEHHAs SIeKTpHUECcKast
1enb, 001aJaroNIasi KOMIUIEKCHOH, 3aBHCAIIEH OT YaCTOTHI Nepeaarounoi pynkuueil K(w).
Tpebyemast 3aBUCUMOCTB BBIpask€Ha OCOOCHHO APKO y AP PEePeHIUPYIONINX U HHTET PUPYIOLTIX
1ernei, pe3oHaHCHBIX H30MPATENIbHBIX Tienei u T.10. [2].

BbI3bIBast MN3MEHEHNE aMIUIUTY/ b, 3aBUCSIEE OT YaCTOTHI, IMHENHHAs LEMb C
koappurmenTom nepenaun K (w) (puc. 1) B KBa3UCTAIMOHAPHOM PEXKUME HE U3MEHSIET YaCTOTHI

Koseb6anus u . (t), I0O3TOMY Ha BBIXOJIE €€ MOJIydaeTcs KouebaHue u C' (¢), u3menstomeecs
OJTHOBPEMEHHO T10 YacTOTE U 10 aMILTUTY e (puc. 2). IT0 00CTOSTENHCTBO HE PENSATCTBYET
OCYIIECTBIICHUIO aMIUTUTYTHOTO JICTEKTUPOBAHUS, TaK Kak KojieOaHUE U 4, () HA BBIXOJIE
aAMIUTUTYAHOTO JIETEKTOPA JUIsi OTHOCUTENILHO Y3KOIOJIOCHBIX CUTHAJIOB OMIPEEISETCS TOIBKO
aMIUTUTYIHON MOAYIISIIUEH U HE 3aBHCUT OT 3aKOHA U3MEHEHHUSI YaCTOThI KOJIeOaHNUs.

HanpspokeHne Ha BBIX0J1€ HIeabHOU TG GEepeHIUPYIOMIEH e OMpeIesieTCs
du (1)

: (1
dt

!
BeIpaskeHHeM: u. (1) =K,

rae K, = const .

|
u(t) uc'(y —— Ugnx(t)

Puc. 1. Cmpyxmypuas cxema 4acmomnozo 0emekmopa ¢ npeoopazosanuem usmMeHeHus
yacmomsl 8 AMNIUMYOHYIO MOOVIAYUIO

e wawiv
fmva TAIILTS VARVA!
\ ,\/\f
UU !

Puc. 2. Bpemennvie ouazpammul pabomuvl 4acmomHo2o 0emekmopa
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Jns upeansuoit mupdepenumnpyromei nenu, nepenarounas pynkuust K ., ()
ompeeNsieTcs: BeIpaxkeHueM [3]:

KﬂI/I(D (@)= jokK, (2)

[Tpu ycioBum, Korja Ha BXOJIE TAKOW IEMH UMEETCS YaCTOTHO-MOIYJIMPOBAHHOE
KoJiebaHue

ue (1) = u,, sin(o.t +9(1)) (3)
rie ¢(¢) = Ao, J. x(¢)dt | 10, noacrasmss (3) B (1), momyduu:
0

uC,(t) = UmcKO(a)c +%j cos (a)ct+go(t)) 4)

IIpencrasum (4) B BUE:

Aw,

u;(O::U%ﬂKth(L+ xu)jam(wcf+¢(0)=

® ; (%)
" x(t) |cos (a)ct + ga(t))

=U,. 1+A

mc
'
rae Umc :umcKOa)C

Kak cnemyet u3 (5) Ha BBIXO/Ie HAeaTbHON AU PEpEeHIIUPYIOIEH TETTH MOSBISETCS
aAMIUTATYTHAST MOYJISIIHS, WHJEKC KOTOPOU paBeH:

Ao,

m

(6)

Oc
!
[MomaB kosebanue U (t) Ha aMIUTUTYIHBI  JIETEKTOp, pabOTaIONINi, HalpUuMep, B

KBa3WJIMHEHMHOM pexuMe (B peKuMe "CHUIbHBIX" CUTHAJIOB), MOPYYUM Ha €ro BBIXOJIE

MOCTOSIHHYIO COCTABJIAIONLYI0 U _ | IpOnopIiroHaIbHy0 U3MEHEHUIO YacTOThL. Tax, mpu
x(t)z cos )t umeeMm:

u_(t)=u, (1+m,, cosQr) 7)

Jlnst peanbHOM muddepennmpytromiei nenu («auddepeniupyromnieii RC-memnouxmny)
nepeaaTovHasi GyHKIUS UMEET BU:

Jjot
KﬂH(D (0)=——— ) ®)
1+ jor
rie T — IMOCTOsIHHAs BpeMeHu nemnu. [Ipu ycnoBun @t <<1MoxHo 3anucaTts (8) B
cienymomei popme:
du,
Ko@) =7— = ©)

Torna kosdduiment K, B (1) u (2) 6yner papen T U KoieGanue HA BBIXO/E TAKOH Ienu
MOXHO TPEJICTABUTH B BUJIC:

/ du (1
uCU)=TJ%%l. (10)

[IpeoOpa3oBaHKe N3MEHEHNS YAaCTOThI B aMIUIUTYAHYIO MOAYJISLIMIO MOYXHO MOJIYYUTh U C
MTOMOIIBIO PE30HAHCHOM n3bupaTenbHoi nenu, AYX KoTOpoi HMEeT JIMHEHHO HapacTaro Ui
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(MM TMHEIHO CIIAJAKONINIT) YIACTOK BOIH3H cpeHeil uacTotel O = 27f . . [lepenaTounas
(yHKIMS TakoM 1enu paBHA

K(N)=1/Q1+j&), (1)
S Jfx

rane é =4 T Q 5 f ¢ — PE30HAHCHas 4acTOTa U30UpaTENbHON LIETH; Q —

e S

N0OpOTHOCTH Lienu. CxeMa 4acTOTHOTO JETEKTOpa Ha pACCMOTPEHHOM KOHTYpE N300pakeHa Ha

puc. 3.
YD P (- p——

- Ubwitl “P T 1
B e o T e e e N
| e | | |
| i) =L |- []RH = (H | | |Ryrs |
I | | |
| | _ || I
L___f- s I S S i

Puc. 3. Cxema wacmomnozo demexmopa na paccmpoenHom
KOHmMype

BxosHO€E BBICOKOYAaCTOTHOE KOJIeOaHHE U () MOCTyNaeT C KOHTYypa YCUIUTEIBHOIO
KacKaJa, K KOTOPOMY IIOJIKJIFOUYEH 4acTOTHBIN AeTekTop. Kontyp LC mMMeeT pe30HaHCHYIO
gactoty ®y = 27fy . Paccrpoiika ‘COC - COK‘ BBIOMpAETCS TaK, YTOOBI MOJTYYUTh

MaKCUMAJIbHYIO KPYTH3HY ITpeoOpa3oBaHus MOIYISUU. M0)XHO TIoKa3aTh [4], 4yTo

MaKCUMajbHasl KpyTH3HA MPeoOpa3oBaHus JOCTUTACTCS TIPU pacCTPOKe ‘COC — |, paBHOK

+Aw o
K R rae Aw, — mosoca nponycKaHus Pe30HaHCHOH LETH, H3MEPEHHAsI IO YPOBHIO

]/\/5 . Kxontypy LC NOAKIHOYEH aMIUIUTYIHBIN AETEKTOP, HArPY304HOU LIETIbI0 KOTOPOIO

ABJIIETCS NapaJlJIelIbHOE coelnHeHne KoHeHcatopa C,, u pesuctopa R, . K Harpyske nerekropa

4yepes pa3esuTeNbHbli KoHeHcaTop C, MOJKIIOYEH MEPBBIN KacKaJl yCHIINTEI HU3KOM

gacToTsl (YHY), nMerommuii 5KBUBaJIEHTHOE BXOJIHOE CONPOTHBIEHUE R, . Ha puc. 4 moxasano

(dbopMHpoBaHME 3aKOHA U3MEHEHUs aMIUIMTYibl UM curnana npu rapMoHudeckon popme

MOIyJIUPYIOIIETO COOOIIEHUS x(t ) = sin Q¢ .



Puc. 4. Dopmuposanue 3axona uzmenenusi amnaumyovl YM cuenana na paccmpoenHnom Koumype

Ha stom pucynke u ,,, (t) — 3aKOH COIIYTCTBYIOIIEW aMIUIMTYJHON MOIYJIALMH.

HpI/IHIII/IHI/IaJIBHaSI cXeMa 4aCTOTHOI'0O ACTCKTOpa C OAMHOYHBIM PACCTPOCHHBIM KOHTYPOM
n3o0pakeHa Ha puc. 5.
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Puc. 5. llpunyunuanvnas cxema yacmomuo2o oemexmopa Ha
PaccmpoenHom KOHmype.

Pe3oHaHCHBIN KO GUIMEHT yCHIIeHUsT N30MpaTeabHOro YCHIINTENs Ha Tpansuctope VT 1
OTIPEJIEISAETCS BBIPAKEHUEM:

K,=5R, (12)

rie 8 — kpyrusHa Tpansucropa VT 1, paBHas S=1 K / @ . 3nece Q@ —
TEPMOJIMHAMUYECKHUI MOTEHIMAN, BeJIMYMHA KoToporo nipu T’ = 293°K npumepHO paBHa

20+30MB, a Tok KomtekTopa I MOKeT OBITh BBIUMCIIEH TI0 CIeyIomeil GopMyIte:

E _R2
I, =| =1 _06B|/R3
K [RL+R2 l/ ' (13)
BennunHa CONPOTHBIICHHSI HATPY3KH R, ONPE/eIsieTCs] BhIPaKCHUEM:
11 1 1
R R.(R R4+ (R (14)
H oC ( BbIX)VTl + ( BX)VT2

rae R, =w, -L1-Q, a BEIXOAHOE CONPOTUBIEHNE KPEMHHEBOTO N-p-n-Tpansucropa V71,

MMeIoIero Hanpsikenne npusenetus 200B+250B, pasuo (Rghy )yr ® 2003/ I, . Bxoamoe
COIIPOTUBIICHHE TpaH3uctopa VT 2
_ (B+1)-0,5-R8-R7-RI0
(RBX )VTZ = , (15)
0,5R7-R10+0,5R8-R10+ R8-R7

rae B — xo3QQUIMEHT nepelaud ToKa B CXeMe ¢ 00muM sMutTepom. Cunras, 4to

K03 (UIIMEHT Nepeaun YMUTTEPHOTO MOBTOPUTENS HA TpaH3ucTope VT 2 paBeH eIUHULIE B
IIMPOKOM JIMAMA30HE YaCTOT ¥ aMIUTUTYAHBINA IETEKTOp Ha auoae VD paboTaere pexxume
«CUJIBHBIX)» CUTHAJIOB HAa IMHEMHOM y4acTKe I€TEKTOPHON XapaKTEPUCTUKHU, a €ro KO3(hPUIIUEHT
nepefaun k., ~ 1, 3anuiieM KOMIUIEKCHBIH KO()(UIUEHT YCUIIEHHS Y4aCTOTHOTO JAeTeKTopa (puc.

5) B BUE:



K(éQKB):Ku/\/l_i_é;KB ) (16)

NS
fxe f
106poTHOCT KoHTYpa LIC1 ¢ ydeToM compoTHBIeHHS Ky M eMKOCTH HArpy3Ku

C, =Cl+(Cpy )i ¥ (Cui)iras (Copne)yry B (Cyy)yry — BBIXOIHOE U BXOJHOE 3HAYEHUS

eMKocTel Tpan3uctopos VTl u VT 2.
B npennonoxeHnn TMHERNHOCTH AMIUIMUTYIHOTO IETEKTOPA MOCTOSIHHYIO COCTABIISIONIYIO

re & B = Ok — 00606mIIeHHAS paccrpoiika; Q4xp — SKBUBAJIEHTHAS

HaIps>KCHUA u = Ha €ro BbIXOJAC 3aIlIMIIIEM B BUJIC:

u_(t) =U,,.|K(Exkp )‘ =U,.K, /\/1"' 5321(3 : (17)

VYpasuenue (I7) onuceiBaeT JETEKTOPHYIO XapaKTEPUCTUKY, KOTOpas O popMe MOBTOPSET
aMIUIUTY/IHO-4aCTOTHYIO XapaKTEPUCTUKY pe30HAaHCHOTO ycunurens (puc. 4). Kpyrusna

JIETEKTOPHOM XapaKTepUCTUKK B KoopauHatax U_ | &, . u3MeHseTcs o 3aKoHy

du— _ K umc&SKB

S - = —_ u
qiq déaKB (1 N é;KB )3 , (18)

U UMEET MaKCUMAJIbHOE 3HAUYEHHUE TIPH paccTpoiikax & =+ 1/ V2.

K 1mocTomHCTBaM 4aCTOTHOIO JIETEKTOPA C OJUHOYHBIM PACCTPOECHHBIM KOHTYPOM
OTHOCSITCS IIPOCTOTA BBIINIOJIHEHUS AETEKTOPA U €r0 HACTPOMKHU; K HETOCTaTKaM — BBICOKUH
YPOBEHb HEJIMHEWHBIX UCKAXEHUM, 00yCIOBIEHHBIN HeMHENHOCThI0 AUX pe3oHaHCHOTO

YCUJIMTEIIA.
CyliiecTBEHHOE YMEHBIIEHUE YPOBHS HEIMHENHBIX UCKAKEHUI MOKET OBITH MOJIYYEHO C

MTOMOIIIBIO OAJTAHCHBIX YaCTOTHBIX JIETEKTOPOB C JIBYMsI PaCCTPOCHHBIMU KOHTYypaMu (puc. 6).

x YO
* N +- I— T -1 [L:I

[»-3 =1 ==I[H Ry | ST [>

|
N o } ¥ U= M IRyHY :
=0 = [[rulz 2-+ __ !
L v

VD2

&

L2

Puc.6. Cxema uacmomnoeo demekmopa na 08yx paccmpoeHHblx
KOHMYPAXx.

(D (2) (2) f
_JK Q _ K _ JK Q
(D (2) )

K pum—
fK K fK K
(1) (2)

rae Jx u Jxg — pe3oHaHCHbIE 4acTOThl KOHTYpoB L1C1 u L2C2, pacnoioKeHHbIE

Se =

Ha stom pucynke
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CHUMMETPHYHO 10 06 CTOPOHBI OT CpeHelt 9acToTsl f; = f, . [IoCTOSIHHBIC COCTABISIOIINE

HaIIpsHKEHUH Ha BBIXOJIaX AMIUIMTYIHBIX JIETEKTOPOB, MOAKIIOYEHHBIX K KOHTYpaMm LIC1 u
L2C?2, BKIIIOYEHBI BCTPEYHO U BBIXOJHOE HaNpshKEHUE 00pa3yeTcs Kak pa3HOCTh:

1 2
u_ :ui) _ui) (puc. 7).

e

. :
) B U (;)

— e ?0=2
’
\ 7 § =4
) ) /’,/&\— 0=Q7 o
-2 -9 oy 2 g

Puc. 7. Jlemexmopnas xapaxmepucmuka 4acmomHo20 0emexkmopa
HA 08YX pACCMPOEHHBIX KOHMYPAX

Ha puc. 7 nyHKTHpHBIMU JTUHUSMHU U300pa’KEHBI IETEKTOPHBIE XapaKTEPUCTUKU (B o0OnacTu
Ec>0)mpu E. =0,707 u2[3].

B npenmnosnoxeHnu, 4To pe30HaHCHBIE COMTPOTHUBIICHHSI KOHTYPOB U KO (MHUITMESHTHI
nepelaui aMIUIUTYIHBIX IETEKTOPOB OJAMHAKOBBI, IOJYYUM CJIEYIOIIEE YpaBHEHUE JETEKTOPHON
XapaKTepUCTUKH [3]:

U 1 B 1
Wi E gy i+ rg)y )

Kpyrusua gerekropHoii xapakrepuctuku mpu & = 0 umeer Bu:

du 2¢,

MakcuMmaibHOe 3HaUCHHE KPYTH3HbI ZocTHraeTcs npu &, = 1/ V2 . OHaKoO HAaMMEHBIIIAs

o . (1) (2)
CTENECHb HETMHEHHOCTH JICTCKTOPHOM XapaKTEPUCTHKH B iMana3oHe 4actot ot J g~ 1o J g

u_ = ‘Ku

okasbiBaercs pu BeiGope &, = 4/1,5 [2]. Tak kak U _ 3aBucHT OT ypoBHS BXOJHOTO CUTHAIIA

U, , nepea 4aCTOTHBIM JIETEKTOPOM HEOOXOIMM aMIUTUTY/IHBIA OrPaHHYUTEIb, YCTPAHSIOIIUIT

BO3HeﬁCTBHe HU3MCHCHUS aMIIMTYAbI Umc Ha BbIXOJHOC HAIIPSIXKCHUC.
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3. YACTOTHBIE JIETEKTOPBI C ®A30BbIM IIPEOBPA30BAHUEM YACTOTHOI
MOLYJISILUH

B nerexTopax, MOCTPOEHHBIX HAa IPUHIIKIIE TPEOOPaA30BaHUS YACTOTHO-MO Iy TMPOBAHHOTO
KosiebaHus B KoJiebaHue, MOIYIMPOBAHHOE 10 (a3e, BXOJHOE HANPSHKEHUE TOIBOTUTCS K
JTMHEWHOU e , 00eCcTIeYNBAOIeH JIMHEHHYIO 3aBUCUMOCTD (ha3bl BEIXOIHOTO HAMPSIKEHUS OT
4acTOThL. DTO BBIXOJIHOE HANPSHKEHHE U HANIpshKEHUE U . (f) Janee MoaBoAATCs K (ha30BoMy

JIETEKTOPY, BBINOJHEHHOMY, HAIPUMEP, HA OCHOBE aHAJIOTOBOT'O NTIEPEMHOKHUTEINS Ha
mddepeHInaIbLHON Mape TPaH3UCTOPOB.
[TycTh Ha BXoAe 1ienu, BHOCSUIEH 3a1epKKy T , nerctByeT UM curnan

u-(t)=u,, sin (a)ct +o(t )), 4aCcTOTa KOTOPOTO U3MEHSETCS TI0 3aKOHY

o(t)=o, + d(P(f)/df .Toraa Ha BbIXOjI€ 3TO#1 1emu uMeeM [3]:

ugb)IX (t) = umc Sin(a)c (t _T) + (P(t _T)) (21)

da3oBEIN CABHI' BBIXOJHOT'O HANIPSAKCHUA OTHOCUTCIIBHO BXOAHOI'O

<P(f)—<0(f—f)j

Ap(t) =0, T+¢(t)—@(t—1)=0.T +r(

: 22)
VY4auTeIBas, 4To

() —p(t—-1) do(t)

lim =

T—>0 T df > (23)
MOJTY4YHM:

do(t

Ap(1) ~ (w + 20 )jf =70(1). 4

Taxum o6pazom, pu MasioM T 3aKOH W3MEHeHHs pa3zHocTH (a3 UM curnasna Ha BBIXOJE
JIMHUH 33JI€PKKU U BX0AHOTO UM cHruana coBnagaeT ¢ 3aKOHOM U3MEHEeHMs 4acToThl. Ha ocHOBE
TaKOTO IPEJICTABICHUS MOKHO IIOCTPOUTH YaCTOTHBIN JIE€TEKTOP, UCIOJIb3Ysl OTHOCUTEIIBHO
JMHEWHBIE y4acTKU (a309aCTOTHOW XapaKTEPUCTUKHU, HAIPUMED, N30MUPATEIbHON HIETH C

nepenarounoi Oynxiuein K (f) suma (11). CtpykTypHas cxema 1mo00HOT0 4aCTOTHOTO
JIETEKTOpA TIPUBEJIECHA HA PUC. 8.

/2

Uit . UBkixitl

&2

Puc. 8. Ob60b6wennasn cxema wacmomno2o demekmopa Ha OCHOGe
AHANI0208020 NEPEMHONCUMEIIL.

B cxemy BkitoueH (azoBparnaress Ha yroa 7 /2 . B atoM ciiydae aetektopHast

XapakTepuCcTHKa (Ha30BOTO JETEKTOpa OyIeT MPOXOIUTh Yepe3 Hylb. OHAKO eciu
u30uparenpHas Lelb BHOCUT Ha PE30HAHCHO# YacToTte (a3ossrit casur (2n + 1) -7 /2
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(n =0,2,...), T0 oTAETBHOTO (ha3oBpamaTels He TpeOyeTcs. B yacTHOCTH, MTHOBEHHAs

pasHocTh a3 UM konebGaHuii Ha BXOJIE U BBIXOJIE N30MPATEILHOTO KOHTYPA OTIPEIeNsIeTCs
1o (a304acTOTHOM XapaKTePUCTHKE KOHTYpa JJIsl YCTAHOBUBIIIETOCSI COCTOSTHUSL:

O¢)= %— arctg & . (25)

Dta XapakrepucThka (puc. 9) MMeeT MOYTH JTMHENHBIN yyacTok B obnactu & = 0 u,

CIIeZI0BATENILHO, MOXET OBITh MCIIOJIb30BaHa JJIs MpeoOpazoBaHust BXxogHoro UM curnana B
4aCTOTHO-MOIYJIHUPOBAHHOE KOJIieOaHHe, C IOTIOJIHUTENbHOU (hazoBoit Momysinueit. [Ipu sTom
OTMETHM, 4TO B KOJI€OAHUM Ha BBIXO/I€ M30MpaTEIbHOH e OyIeT MPUCYTCTBOBATh
COITYTCTBYIOIIAsl aMIUTHTYIHAST MOIYJISIHs (CM. pasnen 2). st Toro, 4ToObl yKazaHHas
COITYTCTBYIOIIAsl aMITJIUTYIHAS. MOTYJISALUS HE BIMsUIAa HA (JOPMY BBIXOIHOTO HANIPSHKEHHS
(a3oBoro AETEKTOpA, MEPE]] HUM YCTAHABIMBAIOT aMIUIUTYTHbIE OTPaHUYUTENH, THOO0 cam
(ha30BBIil AETEKTOP MEPEBOIAT B PEXKUM PaOOTHI C OTPAHUYCHUEM.

IKE) /K, 5 045)

4,01}

Puc. 9. Amnaumyono- u pazouacmommuas xapaxmepucmuku usoUpamenbHo2o KOHmypa.
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3. 1. YACTOTHBIN JETEKTOP HA OCHOBE AHAJIOT'OBOI'O IEPEMHOKHUTEJIA

BbIXo1HO€ HaNpsKEHHUE YaCTOTHOIO AETEKTOPA, IOCTPOSHHOTO Ha OCHOBE aHAJIOTOBOIO
MEPEMHOXKUTENS Ha U] PepeHInanbHOM Kackajle pu YCIOBHH, YTO KojieOaHue uon(t) Ha
BBIXO0/IC M30MPATENbHON LENH CABHHYTO Ha yroi 7 /2 ortHocuTensHo UM konebanus u,.(f) Ha

BXOJAC, OMNpPCACIACTCA BbIPAKCHHUECM!

Uy () = ¢+ {sin Ag(t) —sin[2(w,t + (1) + Ap(1))]}

I7I€ ¢ — MacIITaOHBIA KOAPPUIIUEHT epeMHOXKUTENA. JleTeKTOpHasi XapaKTepUCTHKA
YaCTOTHOI'O JIETEKTOpA HAa OCHOBE aHAJIOTOBOT'O IIEPEMHOKUTEIIS B PEKUME OTPAHUYCHUS
BXOJIHOTO M OTIOPHOTO U ,; () CUTHAIIOB OYJET ONPENENAThCSA CIEAYIOIIMM BhIpaKeHHEM [S]:

21,R,M@(t) )/ _ 2Ly Ry
a T
rne umcﬂuOH = 4(pT ) _7-[/2 S(P(l‘) S7-[/2, RH, [H — COIIPOTHBJICHMEC HATPY3KH U TOK B

Harpyske gerekropa. Cxema 4aCTOTHOIO AETEKTOpa Ha OCHOBE TAaKOTO aHAJIOTOBOIO
MIEPEMHOXKUTENS IpUBeieHa Ha puc. 10, a, Tie B KaUeCTBE HAarpy3KU HUCIIOJIb3yeTCs] QUIIBTP

Uppy () = -arctg§ ’

umsknx gactor R,Cy. 3nech xe Cprc.10,6) mpuBeaeHa 1eTeKTOPHAS XapaKTePUCTHKA

uBb[X:f ©).

af R% UBiblx i 4 Ubhix, B
(o

|_|

[

|
—a

Puc. 10. Cxema yacmommnoeo oemexmopa Ha aHAI02080M JiepeMHONCUmene ¢ 02paHudeHuem
8X00H020 U ONOPHO20 CUSHAIO08 (a) U e20 OemeKmopHas xapakmepucmuxa (0)

Haubonee yacto Takue 4aCTOTHBIE AETEKTOPHI (puc. 10, a) peanu3yroTcs Ha OCHOBE
uHTerpanbHbix MukpocxeM (MMMC). [1pu 3ToM 4acTo 4acTOTHBIN AETEKTOP OKa3bIBAETCS
BKJIIOUEHHBIM B cocTaB MIMC, BbInosHsAOIIEN U MHbIE QYHKIIUH, HATPUMEP, aBTOMAaTUYECKOM
perynupoBku. Tak, Hanpumep, mukpocxema K174V P4 npencrasnsier co6oi TpakT 00paboTKu
CUTHAJIOB MPOMEKYTOYHOM YaCTOTHI ¢ YaCTOTHOM Moayssiiueit. 3ta UMC BeimosHseT
cienyronme QyHKINN:

® yCWJIEHUE—OIPAHUYEHHUE CUTHAJIOB IIPOMEKYTOUYHON YacTOTHI;

® YaCTOTHYIO JIEMOJAYJISALIUIO CUTHAJIOB;

® [Ipe/BapUTENIbHOE YCUIIEHUE CUTHAJIOB HU3KOM YacTOThI;

® PErylMpOBKY YCHIIEHUS HU3KOM YaCTOTBI, yIIPABIISIEMYIO BHEIIHUM HOCTOSTHHBIM
HaIpsHDKEHHUEM.
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B cocTaB Mmukpocxembl BXouT (puc. 11):

®  yCUIUTENb—OrpaHu4uress — I;
yacTOTHbIN femoyisarop — I;
HEPETYJIMPYEMbIN IPEABAPUTEIBbHBIN yCUIUTENb HU3K0M yacToThl — I1I;
peryaupyeMsli IpeaBapUTENbHBIA YCWIIMTENb HU3KOM 4acTOThl — IV
HMCTOYHHMK OTIOPHOTO HampsikeHus — V.

w13 1 I’H L B

JUn |

/

W

> |

%

-ln

Puc. 11. @ynkyuonanvnas cxema UMC K174V P4

[punnunuansnas cxema UMC K174YPY npusenena na puc. 12.
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I +ln

\

-Un “

| |
1 Z 3 £ 5 6 !

Puc. 12. IIpunyunuanvuas cxema UMC K174V P4

Muxkpocxema K174V P4 obecrieunsaer BbixoaHoe Hanpsokenne mpu f o = 0,95M1'y,

:Aw%ﬂzsmf% F=1kly, Umc =1mB ne menee 300 MB Ha BeBOIE 8 M 250 MB Ha

BbIBOJIE 12. HanpsbkeHue Hauana orpaHUYEHUs IIPU TEX e IapaMeTpax BXOJHOTO CUTHAJIa
cocrasisieT He Oosiee 100 MxB. KoadduunenTt nonasiaeHus: aMmiuTyAHOH MOAYIISALIUN

(A, )

k, =201gEEX Uppix

uBb;)A(l) npu  f. =6,5xIy, U,,. =1MmB ue menee 4655. Tox

noTpebiieHns Ipy HanpsbkeHnu nutanus 12 B cocrasmsier ot 9,5MB 1o 17,5 MB.
[TpunnunuaneHas cxema BkitoueHuss UMC K174V P4 npu 4acTOTHOM 1€TEKTHPOBAHUU
npuBeAeHa Ha puc.13.
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puc. 13. Yacmommuuwiti oemexmop na UMC K174V P4

Harpyskoii gerekropa siBisercs GpunbTp HU3kuX yactoT R5C6 . M36uparenbHas 1emnb
L2C4 umeet pe30HaHCHYIO 4acTOTY, paBHYIO cpenHelt yactote UM curnana. [TapamnensHo
n30MpaTeabHOM LU MOTYT MOAKIIIOUAThCSl  IIYHTUPYIOLIUE PE3UCTOPBI U1 YMEHbIIECHUS
noOpotHocTH KOHTYpa L2C4 M paciiupeHHst ero Mojiochl POMyCKaHMUS.
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3.2. JPOBHBI1 YACTOTHBIN JETEKTOP

BI)IXO[[HOG HAIPsKCHUC U ppp, YACTOTHBIX ACTCKTOPOB € PACCTPOCHHBIMHU I/I36I/IpaTeJH)HI)IMI/I
LCIAMHU U A€TCKTOPOB HAa OCHOBC aHAJIOT'OBBIX HepeMHO)KHTeHeﬁ IIpHU OTCYTCTBHUU aMIIJINTYIHOT'O
OTpaHU4YCHHA BXOOHOT'O KoJIcOaHus Ue (l) OKa3bIBACTCA 3aBUCUMbBIM HE€ TOJIBKO OT 3HAYCHUA

t

@(1 ) = A@m _[ X (t )dt , HO 1 oT 3HaueHusi U ,,. . OT 3TOro HejoCTaTKa B 3HAUUTEIILHOM Mepe
0

CBO0O/IeH JPOOHBIN YaCTOTHBIN IETEKTOP WM JIETEKTOP OTHOIIEHUH (puc. 14).

U1
1 |.T.|

| Y 1 3
r——- g o o kg
I *D}| . Uc/2 (d _ i Lo
. gz i 2 RE
M2 | ¢ [ TFe T v
L Y2
£ =
L F l T [:>I
Uﬁuxﬁ]: Rupq |
|
L )

Puc. 14. Cxema opobroco demexkmopa.

B npoOHoM wactoTHOM ferekrope 00a konTypa LC u L,C, HacTpoeHBbI B PE30HAHC HA

CPEJIHIOIO YaCTOTy . BXOAHOTO KoJieOaHHs u . (¢). CBA3b MEXKIY KOHTYPAMH OCYLIECTBIIACTCS
3a CYeT B3aUMOMHAYKTHBHOCTH M . Biarojapsi 3Toif CBs3M Ha BTOPOM KOHTYpPE B JIBYX
BKJIIOUYEHHBIX BCTPEYHO 0OMOTKaX pOpMUPYIOTCS MPOTUBO(Aa3HbIe HANpsKeHus u . /2. Ha
PE30HAHCHOM YacToTe W, = W KoHTYpoB LC u L,C, HanpssKeHHe Ha BTOPOM KOHTYype

OKa3bIBAETCSI CIBUHYTHIM 1O (pa3e OTHOCHUTENBHO HANPSKEHUS Ha IIEPBOM KOHTYype Ha yroia 90°.
Kax BusHo u3 cxemsl, k auogam VD1 u VD2 nonBoasTCs: HaNpsiKEHWE, CHUMAEMOE C KaTyIIKH
L, v HanpshKEHUE U, C KaTYIIKU CBSI3H L., u pesuctopa R. DTH HANPsHKEHUS B BEKTOPHON

(opMe 3arncu MOKHO MPEACTaBUTh B BUJIE:
Uy =1y +iic /2,
Uy, =ty —lic /2. (27)
BexropHsble cooTHOLIEHUS (27) NIUTIOCTPUPYIOTCSI BEKTOPHBIMU IMarpaMMaMu puc. 15.
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Puc. 15. Bekmopnas ouacpamma Hanpsdicenuii Ha 0uooax 0pobHo2o demekmopa

Ecin yacToTa cursana @, paBHa pe30HAaHCHOM 4acToTe @, KoHTypoB LC u L,C, (puc. 15, a),

TO BEKTOpHI Uy U Uy, paBHBI IO BeTUYHUHE. B ciydae, KoT/1a 9acToTa CUTHANIA OOJIbIIe
PE30HAHCHOM YacTOTHI KOHTYPA, TO HANpshKeHHUE Ha auoje VD2 Gonbiie, yem Ha quoae VDI .

Ilpu f. < f; uMmeem ‘”02‘ < ‘Mﬁl‘ . Uepes KaxxapIit 110/, pabOTaBIIH B PEKUME CHITbHBIX

CUTHAJIOB, OyJIET MPOXOJUTH TOK, UMEIOIIHI (HOPMY CHHYCOUTAITBHBIX UMITYJIECOB. ITOT TOK
MO’KHO PacCCMaTpHUBATh KaK CyMMY MEPEMEHHON U MOCTOSTHHOM cocTaBisitouX. [lytn
MPOXOKJICHUS 3TUX COCTABIIIOIIUX PA3JIUYHBI.

TepemenHas cocTapsitomas Toka auona VD1 npoxomut no uenu C, R, L, L,, a
@
H

auona VD2 —wuepe3 C;;°, R, L, L,. IlocTosHHas cocTapisioias TOKOB 00oux auojos VDI

1 VD2 npoxoauT 1o OJHOM U TOM Ke 1IeTH, cocTosmel u3 nuoaa VD1, pe3uctopos RS) u Rﬁf) ,
auona VD2, n xarymku L,. OTcroza cienyeT, 4To HOCTOSIHHBIE COCTaBIISAIOIINE TOKOB 000HX

JIMOJIOB ]:al u [:62 OJIMHAKOBEI, T. €. [:al = [:62 )
Kaxk cnenyer u3 (27) vt puc. 15, a, npu f. = f, umeem: ‘”02‘ = ‘Mﬁl‘ . YUuThIBas1, 4TO
1 -0l — I =02 , YTJIbI OTCEUYKH TOKa B 000X JIMOJaX OJUHAKOBEL T. €. ®, = ®,. B ciyuae, xorza

, ¥ CIIENOBATEIIBHO, TSI TOTO YTOOBI

fc > fx,cornacHo puc. 15, 6, umeeM ‘%2‘ > ‘”01

HOCTOSIHHBIE COCTABJIAIOIINE TOKOB AUOI0B OBbLIM PaBHBIMH, YTOJ OTCEUYKH Ajs auona VD1
JIOJKEH GBITH GOJTBINE yriTa oTceukH s quoaa VD2 (@, > ©, ). Ecii wacToTa cHTHATA HHKE

pe3oHaHcHO# yacToTsl KOHTYpoB LC n L,C,, TO UMEIOT MECTO 0OpaTHbIE HEPABEHCTBA, T. €.

; ©, <0,. CaenoBarenbHo, B ApoOHOM AeTeKTope (puc. 14) Npu U3MEHEHUH

‘”al‘ > ‘”az

YaCTOTBI CUTHaJIa UBMCHAKOTCA YI'JIbl OTCCYKU TOKOB JHUOJI0B.
BrixogHoe HanpspbkeHue ApoOHOTO aerekropa (puc. 14) paBHO

i2) z/li2) . MS)

U (8) =u" — 5 = 5 : (28)

W3 (28) B wacTHOCTH, CIEYeT, YTO HANPSKEHUE Ha BBIXOJIE JPOOHOTO JeTeKTopa

(2) )
II0JIy4aeTCsl paBHBIM HE Pa3HOCTH HaIpsDKEHUW U_ ~ —U_" | KaK DTO UMEET MECTO B YaCTOTHBIX
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JETeKTOpax, IOCTPOCHHBIX HA OCHOBE OaTaHCHBIX 0a30BBIX AETEKTOPOB [3], a OKa3bIBaeTCs
MPONOPIMOHATIBHBIM 3TOM PA3HOCTHU. Y UHUTHIBAsA, YTO

u =u, cos®,; u® =u,, cos®,
TIOJTy4UM:
Upgy =0,5(u,, c0sO, —u, cosO,) (29)

[Ipencrasum (28) B cnemyromiei popme 3anucu:
(@ =0 Yu® +u®) (@ +u®) (@ /u -1)

Uppy = 2(ui2) ‘H/lil)) - " (Uiz)/uil) +1). (30)

M p(2) .
Y4uThIBas, 4TO NOCTOSIHHYIO BPEMEHU Co (R;/'Ry7) BBIOMPAIOT HACTOJILKO OOJIBIION, YTOOBI

aMIUIUTYIHbIE 1eTeKTOPbI Ha quojax VD1 u VD2 nposBisiav MHEPUUOHHbBIE CBOWCTBA AJIS
CaMbIX HU3KHUX MOJIYJIUPYIOIINX YaCTOT BO3MOKHOM MMapa3uTHOM aMILIUTYAHON MOYJISLUH,

L., (2) M o
CyMMa HalpspKeHu U_ " +U_~ oKa3bIBaeTCs MPAKTUIECKU NOCTOSTHHOW MTPU U3MEHEHUSX

)/, M
aMILIUTY/IbI BXOIHOTO curHana. [IockoiapKy B OTHOIIEHUH U_ " /U_ " 4uCIUTENb U 3HAMEHATEIb

OJINHAKOBO M3MEHSIOTCS IPU KOJIEOAHUAX aMILUTUTYAbl U,,. BXOJHOIO CUTHAJA, TO BBIXOJIHOE
Hanpspkerne B (30) Takke OyJIeT MpakKTHYeCKH HEM3MEHHO. JTOMY pPe3yiIbTaTy MOKHO JIaTh
cienyromniee GU3NIECKoe 0ObSICHEHHE.

Tak xak B (29) Ugyy = CONSt (umc) , TO IIPY BO3PACTAHUU aMIUIMTYbI HANIPSKEHUS HA
BXO/I€ HaPsKEHUs Ha 1nojax Uy u Uy, TakKe T0JKHBI BO3pacTarh, HO, OCKOJIBKY,

1 2 .
ui) + ui ) ~ const , IPOTIOPIIMOHAIBHO YMEHbIaeTcss cos®, u cos®,, 4To HoBiedeT 3a coooi

YMEHBIIIEHNE BXOTHOTO CONPOTUBIIEHUS AUOAHBIX AeTeKTOpoB Ha VD1 u VD2 u cnenoBarenbHoO,
YBEJIIMUYEHUE UX IIYHTUPYIOIIETO AEHCTBUS HA KOHTYPbI. DTO MPUBOJIUT K TOMY, YTO, IPH
BO3PACTaHUH YPOBHSI BXOHOI'O CHTHAJIA HANIPSLKEHUS HA AUOAAX U, U U,, U3MEHSIOTCS B

3HAYUTEIHHO MEHBIIEH cTerneHu. Takum 00pa3oM, IpOOHBIH IETEKTOP MPAKTUIECKU HE
pearupyer Ha BO3pacTaHUE aMILIUTY/Ibl CUTHAJIA OT CPEAHETO 3HAYCHUS AMIUIATY/bI.

1 2
OGBIYHO B cxeMe Ha puc. 14 3Hauenue konjencatopos C' u C\? u pesuctopos R\, n
2
R BBHIOMpAIOTCS OMHAKOBBLIMH. Pe3ucTop R ycTpaHseT HekesaTebHble Pe30HAHCHbIE
SBJICHHUSA B IICTIN LCBCH . B Takom ACTCKTOPC MOKHO NOCTUTHYTH MOJABJICHUSA Hapa3HTH0171

aMIUTUTYAHON Moayisiuu mpuMmepHo Ha 30 +4005 B paboueii moyoce 4acTor.
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4. OMUCAHUE JABOPATOPHOM YCTAHOBKH.
JlaboparopHas ycTaHOBKA IpeIHa3HAuEHA /ISl SKCIIEPUMEHTAJIbHBIX UCCIIEI0BAaHUIN
npouecca 1eTekTupoBanus YM, BbITIOIHAEMOTr0 HA OCHOBE
® pPacCTPOEHHOTO KOHTYypa U AUOJHOIO JETEKTOPa;
e (a30BOro JIETEKTOpa C OJJMHOYHBIM KOHTYPOM, BXos1iero B cocras UMC;
e JpOOGHOr0 YaCTOTHOTO JIETEKTOpA.
CrpykTypHas cxema yCTaHOBKH, COCTOALIeH U3 Tpex 010koB 1 UM reneparopa, npuBeieHa

Ha puc. 16.
- RII| R
L2 [

ﬁ T 1_/ : Tun demexmopa

K176 YPY — E
] R1 HEE

»
- I " ,_l T[ Buxod YM demexkmopo

h— . — 1
Bnok T g W
i —M . .
5 | v l[‘ﬁ’ =
(o]
(21 21
o CH R
= V02 T
MR I
Enok 1T o
YM TEHEPATOP
CHELLEHLE

ycmoHofikn ypofiEHL %

YO TOMH 4M cuzHoo
CUZHIN

—= nodynRyuu

”T'—

Husod M zewepomopo

Puc. 16. Cmpykmypuas cxema 1a60pamopHou yCmaHOo8KU.

Jlnia popmMHupoBaHUS YaCTOTHO-MOYIMPOBAHHOTO KOJIEOAHUS UCIIOJIb3YeTCsl BCTpOeHHBIH UM
reHeparop. I'eHepaTop IOCTPOEH Ha OCHOBE JIBYXKaCKaJHOI'O TPAH3UCTOPHOTO YCUIITUTEIS

C TIOJIOKUTEIBHOU 00paTHOM CBsI3bI0. B KOJIEKTOPHYIO 1IEMb MEPBOTO TPAH3UCTOPA BKITIOUEH
n30MpaTenbHbIN MapajieNbHbI KOHTYP, U MIEPECTPOIKA YaCTOTHI T€HEPALINH TPOUCXOUT C
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ITIOMOIIIBIO0 U3MEHEHUSI EMKOCTH BAPUKAIOB, BXOJALIUX B IIAPAJIJICIIbHBIA KOHTYP.
[TonmoxutenpHast 0OpaTHasi CBSI3b OCYIIECTBIISIETCS Yepe3 BTOPO TPAH3UCTOP, BKIFOUEHHBIN B
peXKUME SMUTTEPHOTO MOBTOPUTEINS MEXK LY KOJUIEKTOPOM M AMUTTEPOM IIEPBOTO TPAH3ZUCTOPA.
PerynupoBka 4acTOThI FeHepaluy IPOUCXOJUT € MTOMOIIBIO IEPEMEHHOTO PE3UCTOPA
«YCTaHOBKa 4acTOThI». B mabopaTopHO# ycTaHOBKE MPETYCMOTPEHA BOSMOKHOCTD U3MEPEHUS
YPOBH$ HaIlpsDKEHHUS, 110/1aBaeMOro Ha Bapukarbl («CMeIIeHne»), 1 3HaYeHUs 4aCTOThI Ha
BbIxojie UM reneparopa («Bbix. UM renepatopa»). Kpome Tore, npeaycMoTpeHa BO3MOXKHOCTh
perynupoBku amiuintysl UM curnana («Yposens UM curnanay) Ha Beixose UM reneparopa.
Jlnst u3mepenust Ko PUIMeHTa mepeiaud YaCTOTHOTO JIETEKTOPa MPEAYCMOTPEHO
noaxitoueHue kK YM renepatopy BHEIIHETO FreHEpaTopa 3BYKOBBIX 4acToT («CuUrHan
MOYJIALIUNY).

bnox I cnyxut s ucciieoBaHusl XapaKTEepPUCTUK YaCTOTHOTO JAETEKTOPA €
peoOpa3oBaHUEM YaCTOTHON MOAYJSIIUH B AMIUTUTYTHYIO MOIYJISIIIO HA OCHOBE
pPaccTpOEHHOI0 KOHTYpa U AMOJHOTO AETEKTOpa (MPUHIMIINAIbHAS CXeMa BKJIIOUEHUS IPUBEJCHA

Ha puc. 5). BeIXo IMOTHOTO IETEKTOpa Yepe3 Coracyomuil yCHIUTeNb ¥ . MOIKIIOUeH K

BBIXOJTy JIabopaTopHO# ycTaHOBKH («Bbixon UM gerekropay). Jlis aKCiepuMeHTaIbHBIX
MCCIIEIOBaHUI 3aBUCUMOCTH (POPMBI IETEKTOPHOHN XapaKTEePUCTHKH OT BETMYUHBI JOOPOTHOCTH
n30MpaTeNbHOMN 1eTH B TAOOPAaTOPHOH YCTaHOBKE MPEyCMOTPEHO MOKI0ueHne K KoHTypy LC
(puc. 16) myntupyromux pe3uctopoB Rl =5,6k0Om u R2 =10kOm .

biiok II mo3BonsieT mpoOBOAUTE UCCIIEIOBAHUS XapaKTEPUCTUK YACTOTHOTO JIETEKTOpa C
¢ba3oBBIM TpeoOpa3oBaHNEM YACTOTHOM MOYJISIIIMMA HA OCHOBE 0A30BOTO JIETEKTOPA C
OJIMHOYHBIM KOHTYpOM, BbimostHeHHOTo Ha UMC K174YP4 (hyHkumronanbHasi, MpUHIUIHATBHAS
CXEMBI U CXeMa €€ BKIIIOUEHHUsI TpuBeeHbI Ha puc. 11, 12 u 13). Curnain ¢ Beixoge UM reneparopa
IIOCTYIAET Ha BXOJl aMIUIMTYIHOTO OrpaHuuuTens, Bxoasamiero B cocraB MIMC. Tak e kak u B
brnoke I x m3buparenbHoMy KOHTYpY LC BO3MOMXHO TOJKITIOUEHHE ITYHTUPYIOUINX PE3UCTOPOB

R1=4300m, R2 =1,2kOm . Yepes cornacyromuii yemnmtens Y. Beixoq UMC K174YP4

MOJIKJTIOYEH K BBIXOJY J1JaOOpaTOPHON YCTAHOBKH.

brnoxk III mpenHasHaueH it SKCIIEPUMEHTAIBHBIX HCCIETOBAHUNA APOOHOTO YaCTOTHOTO
NIETEKTOpa, IPUHIUINAIIbHAS CXeMa KOTOpPOTro NMpUBEAEHA Ha puc. 14.

CoenuHenue 1a00paTOPHON YCTAHOBKH ¢ KOHTPOJIbHO-U3MEPHUTEIHHOMN
BCIIOMOTaTENNbHON anmapaTypoil NpuBEIEHO Ha puc. 16. Uctounuku nuranusg 128
MTOJKJIIOYAIOTCA K Pa3beMy, PACIIOJIOKEHHOMY Ha 3a/IHEH CTEHKE KOPIyCa YCTAHOBKH.
[ToTpebnenne Toka OT KaKI0T0 U3 UCTOYHUKOB MUTaHUs cocTaBisieT He Oonee 30mA4 . K Beixomy
«CMEUIEHHNE» MOJIKII0YEH MUJIJTUBOJIBTMETP MOCTOSSTHHOTO ToKa. C ero moMoIibio MPOUCXOIUT
HCCIIEA0BaHNE MOAYIISILIMOHHON XapaKTEPUCTUKU BCTpoeHHOTo UM reneparopa. I'enepartop
3BYKOBBIX YacTOT NOJIKIo4yaercs K Bxoay UM reneparopa «Curnan moaynsuun». KoHTpoas
4acTOoThl U ypoBHS UM cHrHana ocyiecTBiIseTcsl I[IapOBbIM YaCTOTOMEPOM U
MUJUIMBOJIBTMETPOM IIEPEMEHHOTO TOKA, MOJKIIOYEHHBIM K KOAKCHAJILHOMY pazbeMy «Bbixos
UM reneparopa». K Beixoay yacToTHOrO eTekropa «Beixon UM neTekTopay moaKiIFoueHbI
ocumiorpad ¥ BOIBTMETP YHUBEPCANbHBIN, TPeHA3HAYCHHBIH U1 N3MEPEHUS HAIPSKEHUH
IIEPEMEHHOT0 U MOCTOSIHHOTO ToKa. C €ro MoMOLIbI0 IPOUCXOAUT U3MEPEHUE TIOCTOSIHHON
COCTAaBJIAIOLIEH HAIIPSDKEHUS HA HAarpy3Ke JIETEKTOpa U IEPEMEHHOM COCTaBIIAoNIeH. MI3MeHenne
no6potaoctr KoHTYpoB LC (610k I u 6ok 1) ocymiecTBisieTcs: myTeM MOAKIIOYSHUsT K HUM
myHTUpYIouX pe3uctopoB Rl u R2 . Ilpu stom nojkitouenue pesuctopoB Rl u R2
IIPOUCXOJUT ITyTEM Ha)KaTUsl COOTBETCTBYIOLIEH KHOIKU. JlomycKaeTcsi 0THOBPEMEHHOE
BKJIIOUeHUE KHOTIOK R1 u R2.

Br160p o1HOTO M3 GJIOKOB 151 MPOBEICHUS SKCIIEPUMEHTAIBHBIX HCCIIeIOBAHHIMA
MIPOUCXOJIUT C IIOMOTIBI0 KHOTIOUHOTO Tiepekitouates 6510koB I, 11, I («Tum nerekropa» Ha puc.
16, 17). Ilpu 5TOM BKIIOUEHHE TPeOyeMOro OJioKa MPOU3BOAUTCS HAKATHEM COOTBETCTBYIOIEH
KHOTIKH TIPH OT’KATBIX KHOTIKAX JABYX JPYTUX OJIOKOB.
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5. MPOTPAMMA U ITOPAJTOK BBIIIOJIHEHUSA PABOTHBI.

O3HaKOMHUBIIUCH C ONIMCAHUEM KOHTPOJIbHO-U3MEPUTENILHON anmapaTypbl BXOJSIIEH B
AKCTIEPUMEHTAIBHYIO TAOOPAaTOPHYIO YCTAaHOBKY, BKIIOUUTH MPUOOPHI U YCTAHOBKY HaXKaTHEM
kHONKHU «Bxi.» (puc. 17). [locie 3Toro mpoBeCTH CIEAYIOIMNE U3MEPEHUS.

5.1. Iloay4uTh 3aBUCUMOCTb 4acTOTHI Ha BbIX0Jie UM reneparopa oT HalpsLKEHUS
CMEIIIEHUS [TPU OTCYTCTBUM BHEIIHENH TapMOHUYECKON MOTYysiuK. C MOMOIIBIO MOTEHIIMOMETPA
«YposeHnp UM curnana» ycTaHOBUTB DJIEKTHBHOE 3HaueHHe U, = 450 +550mB . U3menss
HAalpsKEHUE CMEIIEHNs U, C IOMOIIBIO IOTEHIIMOMETPA «Y CTAHOBKA 4aCTOTHI» B IpeJeax OT
1B no 2B, u3MepuTh 3Ha4EHHs 4aCTOThl f. CUTHana Ha BeixoJe UM reneparopa. PesynbTarsl
3aHECTH B TAOJHILy ¥ TOCTPOUTH I'paduK.

5.2. JIs1 4aCTOTHOTO JI€TEKTOPA, BBIMOJIHEHHOTO HA OCHOBE PACCTPOEHHOI'O KOHTYpa U
JMOHOTO JieTekTopa (670K I), MoJIydnTh 3aBUCUMOCTD BBIXOJHOTO HANPSKEHUS U 4y,
(MOCTOSITHHOM COCTaBJISIOLIEH Ha Harpy3Ke YaCTOTHOTO JIETEKTOPE) OT U3MEHEHUS] MIHOBEHHOM
4acTOThI CUTHAJIA TIPU OTCYTCTBUM BHEIIHEN TAPMOHUYECKON MOAYIIALIUU. Y CTAHOBUTH
sddexTuBHOE 3HaUeHHE U, =450 +550mB . I3MeHeHue YacTOThl f,. HMPOU3BOJUTH C IOMOLIBIO
MOTEHIIMOMETpa «Y CTaHOBKA 4acTOThD» B quanaizone ot 2300xly no 2850x/y . Usmepenus
IIPOBECTHU ISl YETHIPEX CIy4aeB:

LIYHTUPYIOUIUE pe3ucTopbl Rl u R2 OTKIIOYEHBI;

MOJIKITFOUEH pe3uctop Rl;

MOJIKITIOUEH pe3uctop R2;

MOAKIIIOUEHBI pe3uctopel R1 u R2.

Pe3ynbpTaThl 3aHeCTH B TAOIULIBI M HOCTPOUTH rpaQuKH Uy, = f(f.) U pa3sIuuHbIX

sgaueHuii R1 u R2.
5.3. JIy1st 4acTOTHOTO JIETEKTOPA BHIMOJTHEHHOTO HA OCHOBE (ha30BOTO JIETEKTOPA C

OJIMHOYHBIM KOHTYpOM (010K II), mosIy4nTh 3aBUCUMOCTD BBIXOJJHOTO HANPSDKEHUS U 5,;, OT
M3MEHEHHs] MTHOBEHHOH YacTOTHI CUTHAJIA TIPU OTCYTCTBUU BHEIIHEH rapMOHHYECKON
MOJyIsLUH. Y CcTaHOBUTH 3 dekTuBHOE 3HaueHue u,. = 450+ 5508 . 3MeHeHue 4acToThl f.
IIPOU3BOJIUTH C MIOMOIIBIO MOTEHIIMOMETPA «Y CTAHOBKA YaCTOTH» B tuana3zoHe ot 2200x/y no
2900« y . I3mepeHnus MpoBECTH IS YETHIPEX CIy4aeB:

LIYHTUPYIOUIUE pe3ucTopbl Rl u R2 OTKIIOYEHBI;

MOJIKITFOUEH pe3uctop Rl;

MOJIKITIOUEH pe3uctop R2;

MOAKIIIOUEHBI pe3uctopel R1 u R2.

Pe3ynbpTaThl 3aHeCTU B TAOIHULIBI M HOCTPOUTH rpaQuKH Uy, = f(f,) UL pa3IuuHbIX

3HaueHuil Rl n R2.
5.4. lns npo6HOTO "yactoTHOTrO AerekTopa (biok 1) momyunTs 3aBUCUMOCTD BBIXOIHOTO

HAIPSUKEHUS U 5., OT U3MEHEHUSI MTHOBEHHOW 4aCTOTHI CUTHANA IIPH OTCYTCTBUU BHEIIHEH
rapMOHHUYECKOH MOAYIALUH. Y CTaHOBUTh 3 heKTUBHOE 3HaueHue u,. = 450+ 550mB .
M3MeHeHue 4acToThl f,. MPOU3BOAUTH C HOMOILBIO TOTEHIIHOMETpPA «Y CTAHOBKA YaCTOThI» B
mramna3zoHe oT 2200x/y 1o 2900«[y . Pe3ynbTaThl 3aHECTH B TAOJIHILy U TIOCTPOUTH I'paduk
Ugye = S (fe)-

5.5. Ilomyunts 3aBUCUMOCTH 3((PEKTUBHOTO 3HAUCHUS HANIPSHKEHUS U, HA BBIXOJIE

4acTOTHOTO JieTekTopa (010K I) oT wacToTh! BHEIHEH Moaymsiiuu F . C moMOIIbIo
MOTEHIIOMETPa «Y CTAHOBKA YaCTOTHI» YCTAHOBHUTH YaCTOTY HECYILErO KOJIeOaHuUs
Je =2650xly . DbdexTrBHOE 3HaYeHHE U, BBIOpaTh paBHBIM 450+ 550mB . U3Mepenus
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IIPOBECTH IIPU OTKJIFOUEHHBIX LIYHTUPYIOLUX pe3uctopax Rl n R2 . I3MeHss yacTOTy BHEIIHEN
monyisituu F oot 407y no 167y , mosryunTh 3aBUCUMOCTD U, = f(F) . Pe3ynbraTsl 3aHeCTH B
TaOJHILY ¥ IOCTPOUTH TOTYYEHHYIO 3aBUCUMOCTb.

5.6. ITomyunTh 3aBUCUMOCTH JIEKTUBHOTO 3HAUEHUS HANPSDKEHUS U, Ha BBIXOJE
gactoTHOro jietekropa (bnok II) ot yacroTe! BHemHel moaynsauun F . C nomMousio
MOTEHIIOMETPa «Y CTAHOBKA YaCTOTHI» YCTAHOBHUTH YaCTOTY HECYILETO KOJIeOaHuUs
Jfe =2550xly . DbdexTrBHOE 3HaYeHHE U, BHIOpaTh paBHBIM 450+ 550mB . U3Mepenus
IIPOBECTHU IIPHU OTKIFOUYEHHBIX ITYHTUPYIOIIKX pe3uctopax Rl u R2. M3menss wacroty F
BHeIHel Moaysinuu ot 407y no 121y , nonyuuTs 3aBUCUMOCTD U, = f(F). PesynbpTarsl
3aHECTH B TaOJIHILy U IOCTPOUTH MOTYICHHYIO 3aBUCHMOCTb.

5.7. Ilony4unts 3aBUCUMOCTH 3((PEKTUBHOTO HAIPSLHKEHUS U, HA BBIXOJIE JPOOHOTO
gactoTHOro jierekropa (bnok Il ) ot yacTtoTh! BHemHENH Moayasauuu F . C HOMOIIbIO
MOTEHIIOMETPa «Y CTAHOBKA YaCTOTHI» YCTAHOBHUTH YaCTOTY HECYILErO KOJIeOaHuUs
Je =2650xly . DbdexTrBHOE 3HaYeHHE U, BBHIOpATh paBHBIM 450+ 550mB . M3MeHss yacToTy
F Buemmeit moaymsiuuu ot 407y no 107y , monyuuts 3aBUCUMOCTD U, = f(F). PesynpTarsl
3aHECTH B TaOJIHILy U IOCTPOUTH MOIYICHHYIO 3aBUCHIMOCTb.

5.8. Onpenenuts ko3P PuIMEHT epenaun k., = _Ua JUTSL TPEX THITIOB YaCTOTHBIX

fe

AeTeKTopoB. D(PHEKTUBHOE 3HAUCHUE U, BBIOpPATh paBHBIM 450+ 550MB . YcTaHOBUTH 4acTOTy

BHemHew moaysinuu F = 1xly.

»  Jlnst wactoTHOTO AeTekTopa (010K I) yCTaHOBUTH YaCTOTY HECYIIEro KOJIeOaHUs
Jfe =2650xly 1 u3MeHssa 2GPEeKTUBHOE 3HAUEHUE BHELIHETO MOAYIUPYIOLIEr0
HanpsokeHus (U, ) 5, B npenenax or 100mB 1o 700mB uepes nntepBan 100mB mosyunts
3aBUCHMOCTD U, = f{(uQ)BX }

»  Jlns wactorHoro aerekropa (bnok II) ycTaHOBUTE 4acTOTY HECYIIEro KOJIeOaHUs
Jfe =2550xly n u3MeHssa 2QPEeKTUBHOE 3HAUEHUE BHELIHETO MOAYIUPYIOLIEr0
HanpsoKeHus (U, ) 5, B npenenax or 100mB 1o 900mB uepes nuntepBan 100mB nosyunrs
3aBUCHMOCTbD U, = f{(uQ)BX }

»  Jlna npo6noro yactotHOTO ieTekropa (biok I11) yctaHOBUTE YacTOTY HECyIero KojiebaHus
Jfe =2650xly 1 u3MeHssa 2GPEeKTUBHOE 3HAUEHUE BHELIHETO MOAYIUPYIOLIET0
HanpsoKeHus (U, )z, B npenenax ot 100mB 1o 800mB uepes nnrepsan 100mB nomnyuuts
3aBHCHMOCTD Uy = f{(Ug) gy |-

Ug

Af, .

fe

xapakTtepuctuke UM reneparopa (1. 5.1) Ui Kax10ro 3HaueHUs (U, )z, ONPEACIUTD 3HAUCHHUS

[Tpu BbIUMCIIEHNH KoY PHUIMEHTA TTepeadn k., = 10 MOAYJIILIUOHHOM

J€BHUAIIH YaCTOTHI Afm . HOZ[CT&BJISISI OTHU 3HAUCHUA B BBIPAKCHUC IJIA kQ MOJIYYUThb

A,
C
T216J'II/IIII)I 1 MOCTPOUTH IMOJTYYCHHBIC 3aBUCUMOCTH.

3aBUCHUMOCTH kQ = f Ugy, . Pe?;y.]II)TaTI)I UL TPEX TUIIOB YaCTOTHBIX JETCKTOPOB 3aHCCTHU B
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6. COAEP) KAHUE OTYUETA.

Ot4er o0 mabopaTopHOit paboTe JOHKEH CONEPIKAThH CICIYIOIINE MTYHKTHI.
HaunmenoBaHue 1 11e1b paOOTHI.

CTpyKTYypHBIE CXeMBI M KPAaTKO€ OTMCAaHUE TPUHIUIIOB PaOOTHI
HCCICAYCMBIX HaCTOTHBIX JECTCKTOPOB.

P€3y.]'II)TaTI)I I/I3M€p€HI/II\/JI JUIL TPEX THUIIOB YaCTOTHBIX JACTCKTOPOB

3.1. Tabnuusl c pe3ynbTaTaMu U3MEPEHUN U SKCIIEPUMEHTAIbHAS 3aBUCUMOCTh
MOAYJIALIMOHHOM XxapakrepucTuk UM reneparopa (1. 5.1).
3.2. JIynd 4aCTOTHOIO AETEKTOPA, BBIIOJHEHHOIO HAa OCHOBE PACCTPOCHHOTO KOHTYpa U

JIMOTHOTO AeTekTopa (1. 5.2): TabIuIsl C pe3yIbTaTaMyi U3MEPESHHIA 1 SKCTICPUMEHTATbHBIC
3aBUCHUMOCTH JIETEKTOPHOM XapaKTEpUCTUKU i 4-X CllydaeB:

e myHTUpYyIoUue pe3uctopsl Rl u R2 oTKItOYEHBI;

® IIOJKJIIOYEH pe3uctop Rl;

® [IOJKJIIOYEH pe3UcTop R2;

® [OJKIIOYEHBI pe3uctopsl Rl n R2.
3.3. Jlyig 9acTOTHOTO JIETEKTOPa, BBHITIOJIHEHHOTO Ha OCHOBE (ha30BOTO JIETEKTOpA C
OJIMHOYHBIM ~ KOHTYPOM (1. 5.3): TaOiHIIBI ¢ pe3ybTaTaMu U3MEPEHUH 1
AKCIEPUMEHTAJIbHBIE 3aBUCUMOCTH JIETEKTOPHOM XapaKTEPUCTUKHU JJIsl YETBIPEX CIy4aeB:

o LIYHTUPYIOLIUE pe3ucTopbl Rl u R2 OTKIIOYEHBI;
o MOJIKITFOUEH pe3uctop Rl;

o MOAKIIIOUEH pe3ucTop R2;

o MOAKIIIOUEHBI pe3uctopel Rl u R2.

3.4. lng qpoOHOTO 9acTOTHOTO JeTekTopa (1. 5.4): TaOIuIlkl ¢ pe3yIbTaTaMu
M3MEPEHUH 1 SKCIIEPUMEHTATIbHAS 3aBUCUMOCTD JIETEKTOPHOM XapaKTePUCTHKH.
3.5. YacroTtHsle xapakTepucTuku (1. 5.5, n. 5.6, 1. 5.7) Tpex TUIIOB IETEKTOPOB:
TaOJHIIBI C pe3yIbTaTaMi U3MEPEHHUI U SKCIIEPUMEHTAIbHBIE 3aBUCIMOCTH TIPU
OTKJIFOUEHHBIX HIYHTHPYIOIKX pe3uctopax Rl u R2.

3.6. Tabmuisl ¢ pe3ynbTaTaMu U3MEPEHHUI U SKCIIEPUMEHTATIbHBIE XapaKTEPUCTHKH
Ug
KoaduurenTa nepenauu k., = JUISL TPEX TUIOB YaCTOTHBIX JETEKTOPOB (II.
Af, .
umc
fe

5.8) npu OTKIIIOYEHHBIX IIYHTUPYIOLUX pe3uctopax Rl u R2.
AHanu3 NoJIy4eHHBIX Pe3yJIbTaTOB.

4.1. OOBACHUTH XapaKTep 3aBUCUMOCTEN U, = [(Aw) (1. 5.2 — 1. 5.4).

4.2. [TIlpoBecTH aHAJIU3 YaCTOTHBIX CBOMCTB JIETEKTOPOB (I1. 5.5 — 1. 5.7).
4.3. CpaBHHUTH KO3(PPUIIMEHTHI Tepe1aun Pa3TUIHBIX TUIIOB IETEKTOPOB (II. 5.8).



