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BBEJAEHUE

CoBpeMeHHBIN YpOBEHb DPA3BUTHS MPOU3BOJACTBA TpeOyeT BHEIPEHUS BO
BCEX OTPACIAX MPOMBIIIICHHOCTH 3(P(HEKTUBHBIX CUCTEM YIPaBICHUS MPOU3BOJI-
CTBEHHBIMHU M TEXHOJOTHUYECKHUMHU MPOILIECCAMHU, OCHOBAHHBIX HA ILIUPOKOM HC-
MOJIB30BAHUM 3JIEKTPOHHON TEXHUKH U MAKETOB MPOTPAMM pacdyéTa M MOJIEIUPO-
BAaHUS DJICKTPOHHBIX YCTPOMCTB. [103TOMY 3HaHUE OCHOB 3JIEKTPOHUKH SIBIISIETCA
HEOOXOAUMBIM YCJIOBHUEM MPOJYKTUBHOW pPabOTHI CHEHHUATMCTOB Pa3IUYHBIX
HaIlpaBJICHUN.

OCHOBHOM 11€IbI0 BUPTYaAIbHBIX JJAOOPATOPHBIX SIBISIETCS 3aKpeIyieHue Teo-
PETUYECKOr0 MaTepuaia O MPUHIUIAX PadOThl U XaPaKTEPHUCTHUKAX Pa3THUHBIX
aHAJIOTOBBIX MOJYMPOBOIHUKOBBIX TPUOOPOB U AJIEKTPOHHBIX YCTPOMUCTB, MOJIy4e-
HUE€ MPAKTUYECKUX HABBIKOB B UX IPUMEHEHUH U UCCIICIOBAHUU UX MTAPAMETPOB.

O6mme TpeOOBaHMS K MOATOTOBKE, BHINOJIHEHNIO U 0()OPMJIEHHIO J1a00-
PaTOPHBIX padoT

[TpoxoxaeHue 1abOpaTOPHOro MPAKTUKYMa BKJIIOUAET B ceOsl TpU dTara:

1) camocTosTeNbHAs TOATOTOBKA K paboTe;

2) npoBeeHne sKcnepuMenToB Ha [I9BM;

3) 06paboTKa pe3yIbTaTOB SKCIIEPUMEHTOB M 0()OPMIICHHE OTUETA.

B nportiecce camocTosITeNbHON MOATOTOBKU CTYJEHTHI 00sI3aHBbI:

a) U3y4YHUTh WU MOBTOPUTh OCHOBHBIE TEOPETUUYECKHE IMOJIOKEHHUS MO TEME,
KOTOPYIO OTpakaeT JlabopaTtopHasi paboTa, I 4Yero UCIOIb30BaTh KOHCIIEKT JIEK-
Ui ¥ PEKOMEHJIOBaHHBIC TIperojiaBaTesieM ydeOHble mocoOus. KauectBo cBoeit
HOATOTOBKH MOYKHO OLIEHUTH C MOMONIBI0O KOHTPOJIBHBIX BOIIPOCOB, MPUBEAEHHBIX
B HACTOSIIIIUX METOJIMYECKUX YKa3aHUAX K KaxA0u JabopaTopHO pabore;

0) MOATOTOBUTh  ONAHKM  MPOTOKOJA  MCCJIENOBAaHMM U  PacdETHO-
rpadudeckoii yactu orcué€Tta, (HOPMBI KOTOPBIX MPEJCTABICHBI B METOAMYECCKUX
YKa3aHUsAX;

B) YACHUTH 11JIb paOOTHl U U3YYUTD MOPSIIOK €€ BBHITTOJTHCHHUS.

[lepen HauwamoM paboOTHI TpPEMOJaBaTENbh MPOBEPSIET YPOBEHBb MOJATOTOBKU
cTylieHToB. CTy/IeHT, HE MOATOTOBIEHHBIN TEOPETUUECKU WM HE MUMEIOLUNA MOJ-
TOTOBJICHHBIX OJJAHKOB, K BBITTOJIHEHUIO pa0OTHI HE JOMMYCKACTCS.

[IpoBeneHne KCIIEPUMEHTOB U MCCIEIOBAHUN OCYIIECTBIsACTCS (POHTAIb-
HbIM MeToaoM Ha [IDBM B coctaBe moarpyii mo 2-3 4eioBeKa B COOTBETCTBHUHU C
rpaMKoM, COCTABJIICHHBIM MpenojiaBaTesieM. DJIEKTPUUECKHUE 1IEMU COrJacHO CXe-

MaM, MPUBEIEHHBIM B MIPOTOKOJIAX UCIbITAHUM, HaOuparoTcss Ha Monutope [I19BM
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B COOTBETCTBHMHU C UCIIOJIb3yEMOU IIPOrPaMMOM.

[Tpumensiss BUpPTyaIbHBIC U3MEPHUTEIBHBIE MPUOOPHI, CIEAYET BHUMATEIHLHO
O3HAKOMHTBCS C TIEpeHeN MaHenblo MpHOOpOB, HA3HAUYEHUEM pyUeK, TepeKToda-
Tesei, npuberas Ipu HEOOXOAUMOCTHU K MOMOILHU MTPENOIaBaATEN .

B mporecce BeimonHeHUs paOOThl MPOTOKOI UCIBITAHUH 3alOJHAETCS KC-
MEPUMEHTAIBHBIMU JaHHBIMH, CHUIMAaeMbIMU C U3MEPUTEIBHBIX TIPUOOPOB, a TAKKE
3apUCOBBIBAIOTCS OCIMJUIOIPAMMBI, HAaONIOJaeMble Ha JKpaHe BUPTYaTbHOTO OC-
uutorpada. Ilocne 3aBepiieHus: padOThI, TPOTOKOI MCHBITAHUMN MPETbIBISICTCS
JUI TIPOBEPKU TPETOAaBaTeN0, KOTOPHIM CBOCH MOAMKCHIO yIOCTOBEPSIET Mpa-
BUJIBHOCTH PE3YJIbTaTOB.

O6paboTka pe3ynbTaToB U3MEpPEHU, ohopMiIeHHE U clladya OTYETOB MIPOU3-
BOJIUTCS B 1aOOPaTOPUU HEMOCPEACTBEHHO TOCIE BBITTOTHEHUS paboThI. J{71s aTOTO
KaX/IbIi CTYyJEeHT 00s13aH UMETh C COOOH Ha KaKIOM 3aHSATHH YePTEKHBIC MPUHA-
JIeKHOCTH (KapaHjaalll, JUHEHKY, JIeKaJIo) U MUKpOKaIbKysaTop. Coaepxanue pac-
4ETHO-TpaUECKOil YaCTH OTCUETA MIPEICTABICHO B METOAMYECKUX YKA3aHUSIX.

Otuér no 1abopatopHoit paboTe BKIIOYAET B CEO:

- HOMEp U Ha3BaHUE J1abopaTOpPHOH PabOTHI;

- 11eJIb TaOOpaTOPHOU paboTHI;

- POTOKOJI UCTIBITAHUH C TOJMUCKHIO MPENO0/1aBaTeNs;

- pac4€THO-TpaUUECKYIO YacTh;

- KpaTKHe BBIBOJIBI 110 padoTe.

[Tpu odopmiteHnn oTuéra HEOOXO0UMO BBITIONHATE TpeboBanus ECK/I.

Ecnu ctygenT He ycmen Ha 3aHATAA OQOPMUTH OTYET O KOHIIA, TO OH 3a-
KaHYUBaeT 0POPMIICHHUE JI0Ma C MIPEABSIBICHUEM OTUYETA HA CIAEAYIOIIEM 3aHITHH.

Texnnka 0e30macHOCTH

OcHoOBHBIC TIpaBUJIa TEXHUKH 0€30MaCHOCTH MPU paboTe ¢ IEKTPooOOpyI0-
BaHUEM M3JI0’KE€HBI B UHCTPYKIIMH TI0 TEXHUKE 0€30MaCHOCTH, C KOTOPOM CTYJEHTHI
3HAKOMSTCSl HAa BBOJHOM 3aHATHH. KpoMe TOTO, IpH BBITOJIHEHUH JTa0OPaTOPHBIX
pabot o pazaeny «OCHOBBI IEKTPOHUKU» 0CO00€ BHUMaHHE HEOOXOIUMO yje-
JSTH IPaBIWIIBHOMY oOpamenuto ¢ [I9BM.



1. KPATKOE OIIMCAHMUE ITPOI' PAMMHOI'O KOMIUIEKCA
ELECTRONICS WORKBENCH

Pa3paboTka COBpEMEHHBIX PaIHOAICKTPOHHBIX YCTPONCTB TPEOYET BHICOKOM
TOYHOCTH M TiayOokoro anammsa. [loatomy mpu pa3paboTke pagrodIeKTPOHHOTO
000pyA0BaHMsI HEBO3MOXKHO OOOMTHCH 0€3 KOMIIBIOTEPHBIX METO/I0B pa3padOTKH,
BBHJTY CJIO)KHOCTH U OOBEMHOCTH BBITTOTHIEMBIX pa0OT.

[Tpunoxenue Electronics Workbench mpencrapnser co0oit cpeacTBo mpo-
IrpaMMHOW Pa3pabOTKW M MMHTAIMH JJICKTPHUSCKHUX 1enei. [IporpaMMHbIiA KOM-
TUTIEKC MOYET MPUMEHATHCSA KaK Ha MPEANPUITHSX, 3aHUMAIOIIUXCS pa3padoTKOM
AIIEKTPUUYECKHUX IICTICH TaK M B BBICHIMX YYCOHBIX 3aBCICHHSIX, 3aHUMAIOIIUXCS
U3YYCHHUEM H Pa3pabOTKOH pagruodIeKTPOHHBIX YCTPOHCTB.

Electronics Workbench moxet mpou3BoauTh 00JIbIIOE KOJIUYSCTBO aHATH30B
PaMO3JICKTPOHHBIX YCTPOWCTB, 3aHMMAIONIUX JOCTATOYHO MHOT'O BPEMEHHU TIpH
CTaHJIAPTHBIX METOJZIaX pa3pabOTKH, a TaK)Ke BKIIOYAeT B ceOsi OONBIIOE KOIHde-
CTBO MOJICJICH PaJIMOAICKTPOHHBIX YCTPOHCTB HaKOOIee N3BECTHBIX MMPOU3BOIUTE-
JIEH.

Electronics Workbench mpoct B oOpariiennu u He TpeOyeT TiTyOOKUX 3HAHHIMA
B KOMITBIOTEpHOH TexHuke. HTepdelic mporpaMMbl MOXXHO OCBOUTH OYKBAJIBHO 32
HECKOJIbKO YaCOB paOOTHI.

KoMIoHeHTHI 1 TIPOBeIeHHE IKCIIEPUMEHTOB

B 6ubnmorekn KOMIIOHEHTOB MPOTPAMMEBI BXOJST MACCUBHBIC KOMITOHEHTHI,
TPaH3HUCTOPHI, YIPAaBIsEMble WCTOYHHWKH, YIPABISEMbIC KIIOUYH, WHIUKATOPHI,
TPUTTEPHBIE YCTPOMCTBA U JIP.

B mporpamme ucmonszyercs OoJbliol HaOOp MpUOOPOB IS MPOBEICHHS
MU3MEPCHHIA: aMIIepMETp, BOJBTMETP, MYJIbTUMETP, ociuniorpad, boxe-mmorrep
(rpadomocTpouTENh YACTOTHBIX XapaKTEPUCTHK CXeM), (QYHKIIMOHAIBHBINA TeHepa-
TOp, TEHEPATOP CJIOB, TIOTUYECKUN aHATU3aTOp U MPeoOpa3oBaTeb.

Onepanun, BoINOJHsIEMbIe NIPU aHATH3e

Electronics Workbench mo3Bosnsier cTpouTh CXeMbl Pa3IUYHON CTETCHH
CJIOKHOCTH TIPU TIOMOIIH CJICTYFOIINX OTIePAITHIA:

® BEIOOp DJIEMEHTOB U IPUOOPOB U3 OUOITNOTEK;

® TIepeMelLICHHE PJIEMEHTOB U CXEM B JIF000€ MEeCTO pabodero mosis;

® TIOBOPOT 3JIEMEHTOB ¥ TPYIII AJIEMEHTOB Ha YTIIbl, KpaTHbIE 90 Tpagycam;

® KOINMPOBAaHWE, BCTaBKA WJIH YAAICHHE DJIEMEHTOB, TPYMNI JJIEMEHTOB,

(parMeHTOB CXEM U LEJBIX CXEM;
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® M3MEHEHME 1[BETA IPOBOJHUKOB;

® BbIJICJICHHUE LIBETOM KOHTYPOB CXeM Uist Oosiee yA0OHOTrO BOCIPUSTHS;

® OJIHOBPEMEHHOE MOJKIIOYEHUE HECKOJIBKUX U3MEPUTEIBHBIX NPUOOPOB U
HaO0JII0ICHUE X NTOKA3aHUI Ha SKpaHe MOHUTOPA;

® [IPUCBaMBaHUE IEMEHTY YCIOBHOTO 0003HAYEHUS;

® H3MCHCHHUC ITapaMCTPOB 3JICMCHTOB B IIMPOKOM AHWAIIa30HC.

HNurtepdeiic nporpammuoro kommiekca Electronics Workbench
WuTepdeiic monp3oBarenss COCTOUT U3 MOJOCKU MEHIO, MAaHEI UHCTPYMEH-

TOB M paboueii 00sacTH (pUCYHOK. 1).

- roncs chh
Fle E Crast Andlysic Window Melp

Di@|@|@| ¢|oa al<|ila] 2] Q[Kex -] 2] @oy
= SES

B-| [F | #|2]| B[T|F| ojam|

“"]:'-_EO!@ @)| Bdlod|ad| @?J XFHN‘@ «— Ilome KOMMOHEHTOB
G0 sloleis] alelokm

Padouee nose

Pucynok. 1 — O6miee mosie mporpaMmsl

[Tooca MEHIO COCTOUT M3 CIIEAYIOIIMX KOMIIOHEHT: MEHIO paboThI ¢ (aiina-
mu (File), menro penaktupoBanus (Edit), meHto pabotsl ¢ nensimu (Circut), MEeHIO
aHanu3a cxeMm (Analysis), meHt0 paboTel ¢ okHamu (Window), MeHIO pabOThI C
daitnamu cipaBok (Help).

[lanenr KOMIIOHEHTOB COCTOUT U3 MUKTOTPaMM I0JIE KOMIIOHEHTOB, a TMOoJIe
KOMITOHEHTOB — U3 YCJIIOBHBIX N300pa’KeHUI KOMIIOHEHTOB.

[Ipu mienyke MbIMIK IO OJHOM M3 MUKTOTPAMM IOJIEH KOMIIOHEHTOB, pPacIio-
JIO’KEHHBIX Ha TIAHEIH, MOYXXHO OTKPBITh COOTBETCTBYIOIIIEE TTOJIE.

Bce KOMITOHEHTBI MOKHO YCJIIOBHO pa3OWTh Ha CIENYIONIUE TPYIIbL: 6a30-
BbIE KOMITOHEHTHI, WCTOYHUKH, JIMHCHHbIE KOMIIOHEHTBHI, KIIOUW, HEIMHEHHbBIC
KOMITOHEHTBI, WHIAUKATOPHI, JIOTUYECKUE KOMIIOHEHTHI, y3JIbI KOMOWHAIIHOHHOTO
THUIA, Y3JIbI OCTEA0BATEILHOTO TUIA ¥ TUOPHUIHBIE KOMITOHEHTHI.

ba3oBble KOMIIOHEHTBI
Iluxmozpamma 6 none KOMnoHeHmos ITukmozpamma na nanenu Kom-

NOHEeHmoe6

“;‘ Coeounsatowuil y3en I = |

V3en NPpUMCHACTCA OJIA COCAMHCHHA IIPOBOJHHMKOB M CO34aHHUSA KOHTPOJIb-



HBIX To4YeK. K KakqoMy y3l1y MOXKET MOJCOEAUHSTHCS HE 00Jiee YEeThIpEeX MPOBO-

HHUKOB.

|t

‘ = ‘

3azemnenue
KoMmoHEHT «3a3emiieHne» UMEET HYyJIEBOE HANpsHKEHHE W TaKUM 00pazom
o0ecrnednBaeT UCXOIHYIO TOUKY JUIs OTcuéTa MmoTeHnuanos. Jlrobas cxema, conep-
)Karas ONeparoHHbIA YCUIIUTENb, TpaHC(HOPMATOp, YIPaBIsEeMblii HCTOYHUK, OC-
uuuiorpad, nomkHa ObITH 00s3aTENbHO 3a3eMileHa, MHAaue NpuOoOpbl HE OyAyT
MIPOU3BOANTH U3MEPEHHS MU MX TIOKa3aHMUs OKaKYTCsl HEMPABUIbHBIMH.

HUcTouHUKH

—_

- Hcmounuk nocmosannozo HANpPAIICEHUA

i

O/IC ncToyHMKa MOCTOSHHOTO HAIpPSKEHUsI U3MEPSIETCS B BOJIbTaX U 3a1a-
ércs mpous3BoAHbIMU BennuuHamu (ot MKB 10 kB). KopoTtkoii sxupHoii uepToii B
n300pakeHun Oaraper 0003HAYaeTCsS BBIBOJI, UMEIOIIUN OTPUIIATEIIBHBIA MOTEH-

uaj

HM‘

‘ @ Hcmounuk nocmosannozo moka
CTpenKa YKa3bIBACT HAIIPABJICHUC TOKaA (OT «t» K «—»). 3a21aeT051 B aMIICpax

(ot MKA 10 KA).

]

®‘ Hcmounuk nepemennozo nanpaxcenus
eiicmeytoujee 3naueHue HaIpPSKEHUS MCTOUYHMKA 3a7a€TCs B BOJIBTAaX (OT
MKB 1o kB). MmeeTcss BO3MOXHOCTh YCTaHOBKHM YacTOThl M HAYaJbHOM (hasbl.

HanmeeHHe HCTOYHHKA OTCUHUTBIBACTCA OT BBIBOJA CO 3HAKOM «™».

i

@ ‘ Hcmounuk nepemennozo moka
leticmeyrouee 3navenue TOKa UCTOYHUKA 3a7a€Tcs B amrepax (0T MKA 10
kKA). ImeeTcsi BO3MOXKHOCTh YCTAaHOBKH 4YacTOTHI M HadalibHOM (a3bl. Tok mcTOU-

HHKa OTCUHHUTBIBACTCA OT BBIBOJd CO 3HAKOM «™~».

-H||H

‘ @‘ I'enepamop makmoevix umnynocos

['eneparop BbIpaOaThIBAET MOCIEAOBATEIBLHOCTh MPSMOYTOJIBHBIX HMITYJIb-

COB. MOXHO peryiupoBaTh aMIUTUTYAY HMIYJIbCOB, KOI(PUIIMEHT 3arOJHCHUS

(CKBaXXHOCTb) M YaCTOTY CJIEIOBAHUS UMITYJIbCOB. OTCUET aMIUIUTYbl UMITYJIECOB
reHeparopa Mpor3BOAUTCS OT BbIBOJA, IPOTHUBOIMOJIOAKHOIO BBIBOAY «+».

JInHeHHbBIe YJIeMEeHThI

=iy I =i
S Pe3ucmop >

Conpotusienue pesuctopa 3aaaércs B Omax (ot OM 10 MOm).
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‘ﬂ Ilepemennsiii pesucmop I = |

[TomokeHre ABMKKA MEPEMEHHOTO PE3UCTOPA YCTAHABIMBACTCS TPU ITOMO-
M CTICIIMAIBHOTO AJIEMEHTA — CTPEJIOUKH PEeryyisaTopa. B muasoroBomM okKHE MOX-
HO YCTaHOBUTH CONPOTHUBJICHHE, HAYAJIbHOE TOJIOKCHHUE JIBMDKKA (B TPOIEHTAX) U
mar mpupamieHus (Takxke B MporeHTax). MiMeeTcss BO3MOKHOCTh U3MEHATD ITOJIO0-
KEHUE JIBMKKA TPU TTOMOIIU KJIaBUII-KITFOUei: OYKBBI OT A 10 Z, mudpsr ot 0 10
9, xknaBumu Enter unu npo6en [Space].

[Tpumep: TBMKOK yCTaHOBJICH B ToJiockeHHE 45 %, mrar npupaimienus — 5 %,
KJIaBUIIA-KIF0Y — npooOen. Haxxkatnem kmaBummm [Space] MONOXKEHUE TBUKKA CTa-
HoBUTCA paBHbIM 40 % u T.A. Ecniu nHaxars [Space] + (Shift), To monoxenue

ABHWIKKA TOTCHIUOMCTPA YBCIIMUUTCA HA 5 %.

‘ ] Konoencamop W )

EmMxocTth KOHACHCATOPAa U3MCPACTCA B @apazlax H 3a1aCTCsA IIPONU3BOAHBIMHA

BenuuuHamMu (0T nd no D).

o =i~

‘ *F‘ Ilepemennwtii konoencamop I * |
[lepemeHHBIN KOHJEHCATOpP JOMYCKA€T H3MEHEHUE BEJIMYMHBI E€MKOCTH.

3HaueHne EMKOCTH MOKET YCTaHABIUBATHCS C TIOMOIIBIO KIABUII-KITIOUYEH Tak Ke,

KaK U ITOJIOKCHUC IBMIKKA IICPEMCHHOI'O pE3UCTOPA.

Kamywika unoyxkmusnocmu > |
NunykTuBHOCTH KaTtyliku 3ajaaetca B ['enpu (ot MkI'H 10 ['H).

3 g Tpancgopmamop - |

Tpanchopmatop ucnonb3yercs aias mnpeoOpa3zoBaHus HampspkeHus U, B
Ul
Hanpspokenue U,. Koadouiment tpancpopmamum n = (. Moxer OBITH yCTa-
2

HOBJICH B JIMAJIOTOBOM OKHE CBOMCTB Mojenu TpaHchopmaTopa. Tpanchopmarop
MOXET OBITh BBIIMTOJTHEH OTBOJAOM CPEIHEH TOUKH.

Cxema, codepoicawas mpanc@opmamop, 00AHCHA Oblmb 3a3eMIeHd.

H Kniou W I

Kitoun Moryt ObITh 3aMKHYTHI WJIM PA30MKHYTBI MIPU MOMOILIU YHPABISIO-
IIMX KJIABHII Ha KJABHAType, TakMepa, HANpsDKEHHs, Toka. Mms ympasisromieit

KJIaBHUIIIW MOKHO BBCCTH C KJIaBHATYpPhbl B I1HAJIOIOBOM OKHCE.



HequnHeiHbie 3J1€MEeHTHI

| bt

Ak Huoo

TOK qepe3 ANO0Od MOXET HpOTCKaTB TOJIBKO B OJHOM HaHpaBHGHI/II/I — OT aHO-
na A x karoay K. CocrosiHue auoja (poBosiiee Wik HEMPOBOISIIEE) ONpeIes-
CTCA HOJ'ISIpHOCTBIO HpI/IJ'IO)KCHHOI‘ O K I[I/IOI[y HaHpH)KeHI/Iﬂ.
| Bt

® ‘ Cmabunumpon
Jns crabunutpoHa (muoma 3eHepa) paboOuMM SIBISIETCS OTPUIIATEIIBHOE
HanpspkeHre. OOBIYHO 3TOT JIEMEHT HMCIOJIB3YIOT JUISl CTAOWIM3aIMK HampsoKe-

HUs

{}‘ Mocmoegou évitnpamumern v

MocCTOBOI BBHIPSMUTENb TPEIHA3HAYCH I BBHIMPSMIICHUS MEPEMEHHOTO
HanpspkeHus. [Ipu mogave Ha BBIMPSMUTENb CHHYCOUJAIBHOTO HANIPSKEHUS Cpel-
Hee 3HaYCHUE BBIIPSMIIEHHOTO HanpspkeHus U, MOXXHO MPHOIU3UTENTHHO BBIYHC-
Tk o popmyne U, =0,636(U,, —1,4), rne U, — aMIumTy1a BXOZHOTO CHHYCO-

NAAJIBHOT'O HAIIPAXKCHUA.

AR

E Onepayuonnstii ycunumeins

Onepanuonssiii ycuurens (OY) — ycunuTenb, npeIHa3HaueHHbIN 15 pabo-
ThI ¢ 00paTHOM CBsA3bI0. OH OOBIYHO UMEET OYEHBb BBICOKMI KOA(DPUIIMEHT ycuiie-
HUS 10 HANPSHKEHUIO, BBICOKOE BXOJHOE€ M HHM3KOE BBIXOJHOE COINPOTUBIIEHUS.
Bxon «+» sBnsieTcsl HEMHBEPTUPYIOIINM, BXOJ «—» — WHBEPTUPYIOIIUM. Mojenb
OTIEPAllMOHHOTO YCWJIMTENSI TO3BOJISIET 3a/aBaTh MapaMeTpbl: KOPGUIIUEHT yCH-
JICHUS, HANPSKEHUE CMEUIECHUs, BXOJIHbIE TOKH, BXOJIHOE€ M BBIXOJHOE COMPOTHUB-
JICHUS.

Bxonubie u BbixogHbie curHainbl OY NOMKHBI OBITH 3a/IaHbl OTHOCHUTEIIHHO
3EMJIH.

Blll’lOJl}lprle mparn3ucmopbnl

K E

Bl4| B
E K (n-p-n p-n—p coorsercraenHO) I?

bunonsipHbie TPAH3UCTOPHI SBISAIOTCS YCHJIHTEIBHBIMH  yCTPOMCTBAMHU,

ynpasiasieMbIMA TOKOM. OHU OBIBAIOT JIBYX TUIIOB: P-N-P u N-p-n. Tpanzucrtop N-p-
n umeet aBe N-obnactu (kosuiektop K u amutrep E) u ogHy p-o0aacts (6a3y B).
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IIpubopsI AJ1s1 NPpOBeIeHUA U3MEPEeHUH
[Mpocreiimmmu npubopamu B cpene Electronics Workbench sisnsirorest Bosib-
TMETP M aMIIepMETp, pacrojiokeHHbIe B mojie nHaukaTopoB (Indicators), oTkpbI-

BaromIicCMcCs IIpyu HaXXKaTUHW KHOIIKH « W )),

Bom;mmemp 0o003HaJaeTcss B II0JIE HHIUKATOPOB CHMBOJIOM « »

, IpH
HaXaTUM JIEBOM KHONKOM MBIIIM Ha KOTOPBIA, OH MpHOOpEeTaeT BUJ,
n300paxEHHbii Ha pucyHke 1.1, a. mocie d4ero ero MOXXHO MEPEMECTUTh, HE

OTITYCKa#d JICBYIO KHOIIKY MBI, B HY?>KHOC MCCTO ITOJIA YCPTCIKA.

|
| V] - Al

a o
Pucynok 1.1 — YcnoBuble 0003HaYeHHs BOJIbTMETpa (@) 1 ammnepmerpa (6)

Ha I10JIC YCPTCIiKa

BonbrmeTp ucnonb3yercs aiist uamepenus nepeMeHHoro (4C) u mocTossHHO-
ro (DC) wanpsbkenus. BbiieneHHas TOJICTOW JIMHHEW CTOPOHA MPSMOYTOJbHHKA,
U300paKarolero BOJIBTMETP, COOTBETCTBYET OTpHULIaTeIbHONU Kiemme. Bun usme-
PSEMOTO HaIpsKEHUSI MOKHO YCTAHOBUTH B JIMAJIOTOBOM OKHE BOJBTMETpA (B 3a-
rkiagke Value). Ilpu u3MepeHHH TEPEMEHHOTO CHHYCOHIAIBHOTO HAMpsKCHUS

(AC) BosibT™METp OyIET MOKA3bIBATH €TO ICHCTBYIOIICE 3HAUCHHE, PABHOC

U
u=-nmn.
V2

@

AMnepMeTp HCHONB3YETCs ISl U3MEPEHUS MHOCTOSIHHOIO W IMEPEMEHHOIO

Amnepmemp

TOKa. BblaeneHHas TOJCTON JTMHHUEW CTOpOHA MPSIMOYTOJIbHHKA, H300paKaroIIEro
aMIepMeTp, COOTBETCTBYET OTPULATENBHOM KieMmMme. Bua usmepsemMoro Toka
YCTaHABJIMBAETCS AHAJIOTUYHO BUY U3MEPSIEMOr0 HaNPSKEHUS BOJIBTMETPA.

DNEKTPOHHO-U3MEPUTENBbHBIE MPUOOPHI U TEHEePATOP PACIOJIOKEHBI B TOJIE

uHCTpyMeHTOB (INStruments), oTkpbIBaroIIeMcst IPH HAYKATHH KHOIIKA « ¥ ».

—
i Mynvmumemp v
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My.]'IBTI/IMeTp HUCIOJB3YCTCA AJId U3MCPCHUSA: HAIIPSAKC-

HUs, TOKA, COIIPOTHUBJICHHA, YPOBHA HAIIPSXKCHUA B I[GI_[I/I6C-

nax. [l HaCTpOMKHM MyJIbTUMETPA HY’KHO JBOMHBIM IIEITYKOM

| A/@ = @] | | MBIIHU M0 yMEHBIICHHOMY U300PaXKCHUIO OTKPHITh €r0 YBEIIH-
S | YEeHHOE M300pakeHUe, T7Ie BEIOMPAIOTCS U3MepsieMasi BeIUdu-

_ Smnes| | pa BHI M3MepSeMOrO CHrHaua (IIEPEMEHHBIH HIIM MOCTOSH-

]
]

HBIi1), PEKUM YCTAHOBKH MapaMeTPOB MYJIbTUMETPA.

I[HSI HCIIOJIB30BaHUA MYJIBTUMETPA B KAYCCTBC OMMCETpPA, IMPUCOCANHUTE €TO
napamuiCyibHO Y9aCTKy HCIIH, COIMPOTHUBIICHUC KOTOPOI'0O HYKHO HU3MCPUTH, HA YBC-
JJMYCHHOM 1/1306pa>1<eH1/11/1 MYJIBTUMCTPA HAKMUTC KHOIIKY Qu KHOIIKY E= 1ICpC-
KIIFOUCHUS B PCIKHUM ITOCTOSHHOT'O TOKA. Yrto0B! N30€KaTh OIIMOOYHBIX HOKaBaHHﬁ,
CXEMa AO0JIDKHAa UMCTh COCANMHCHUC C 3eMJIEM M HE UMETh KOHTAKTa C UICTOYHMKAMMU
nutaHus. ICTOYHUKM NmUTaHUS JOJI?KHBI OBITh MCKIIFOYEHBI U3 CXEMBI (I/II[eaJIBHBIfI
HNCTOYHHUK TOKa HOOJIX)KCH OBITH 3aMEHEH Pa3pbIBOM IICIIH, a I/I,ZIGaJIBHBIﬁ HCTOYHHK

HaNpPsKCHUS — KOPOTKO3aMKHYTBIM y‘laCTKOM).

s Ocuunnozpagh v

Ocmumiorpad, nmutupyembiii mporpammoii Electronics Workbench, mpen-
CTaBJIsIET cOOOM aHaJIOr JBYXJIy4€BOT'O 3allOMHUHAIONIETO ocuuiuiorpada, mMeer
1Ba KaHala 4 U B U MOXET UCIOJIb30BAThCs JIsi BU3YaJbHOTO HAOMIO/IEHUS JIBYX
CUTHAJIOB OJIHOBpeMeHHO. OH uMeeT J1Be MOAU(UKAIIMN — MPOCTYIO0 U PaCUIUpEH-
HY10. YClIOBHOE 0003HaYeHUe ocuuiorpadga Ha cXeMe UMEET BHl, MpEeCTaBICH-
HBIM Ha pucyHke 1.2, a. [Ipy 3ToM K HM)KHUM TOYKaM (KJIEeMMaM) MOIKIIOYArOTCS
BXOJIHbIC KaHalbl: 4 U B, a k mpaBbiM — «O0uMi» (0OH coeaUHACTCS, KaK IMPaBUIIO,
¢ Maccoii) 1 «CHUHXPOHHU3ALIUS.

Ocuumnorpad MOXKHO TIOJIKITIOUUTH K YK€ BKITIOYEHHOM CXeMe WM BO BpeMs
paboThI CXeMBbI IEPECTABUTH BHIBOJIBI K IPYTUM TOUYKAM — M300paKEHUE HA DKpaHE
ociyiorpada U3BMEHHTCS] aBTOMATHYECKH.

OcTaHOBUTH Tpoliecc pacuéTa CXeMbl B JII0OOOH MOMEHT BPEMEHH MOKHO
HaxxatueM kiaBuiiv F9 wnm Pause B mpaBom BepxHeM yrity 3kpaHa. [IpomomkuTsb
Pacy€T MOKHO MOBTOPHBIM HAXKaTUEM ATUX KJIABHIIL.

JIBOMHBIM HIETYKOM MBIIIH MO YCIOBHOMY M300pa)KEHHUIO HA CXEME OTKpPHI-
BaeTCsA M300paXeHUE MEepeaHe MaHeIn MPOCTOW MOJeNu ociiiorpada ¢ KHOM-
KaMH yrpaBieHus (pucyHok 1.2, 6).

12



Expand Ground (&
H —Time baze Trigger
DBIHE 5 0.50 =/ div E | Bige EA 2| &
. 1| :
“ )| CrHMp 0HHS aIHA xeesten (000 | eve
P ar KBl Bis | A Efl | B Ea
KEIHE[J'I.E':'L KEIHEI.T.[ B —Channel 4 —— - Channel B
: [ 5 wroiw I [ 5w =
¥ position [ 0.00 [&] | ¥ position [ 0.oo B
scloEl & | s/oEE -

a o
Pucynok.1.2 — Ocuunnorpad: a — ycaoBHOE 0003HAUEHUE HA CXEME;

6 — BUJ IPOCTOM MOJEIH

Ocmmiorpad umeet asa kanaia Channel 4 u Channel B ¢ pa3aenbHoit pe-
ryJIupoBKoi vyBcTBUTENbHOCTH OT 10 MkB/nmen no 5 kB/men u perynupoBkoi
cMmelneHus 1o Beptukanu Y Position. Pexxum mo Bxoay BeiOupaercs kHonkamu AC
(mabmrofaercst TodAbKO nepemMeHHbl curHan) u DC (mabmronaerca nepeMeHHast u
MOCTOSIHHASI COCTaBJIsioNMe curHana). OObIYHBIA peKUM pa3BepTKU (IO BEpTHKA-
JIM — HalpsDKEHUE CUTHAJA, 110 TOPU30HTAIIN — BpeMsi) BeiOupaetcs kaonkoit Y/T. B
pexuMe B/A 1o BepTUKAIN OTKJIQJAbIBACTCS HANPsKEHUE KaHalla B, 1Mo ropu30HTa-
au — kaHana 4. B pexxume Y/T pmutensHocts pasBeptku (Time Base) MokeT OBITH
3anana B npeaenax ot 0,1 Hc/gen mo lc/nmen. Pa3BepTka MOXKET UMETh XKAYUIUN
pexxuMm (Trigger) ¢ 3amyckom (Edge) mo mepennemy wiu 3agHemMy (QPOHTY 3armyc-
KaIoIIero CUTHaia npu perynupyemom ypoBHe (Level) 3amycka. Pexxumbl 3amycka
pa3BepTKHU BeIOUparoTcs aubo Auto (oT kanama 4 uinu B), ot kaHana A, ot kaHana B
win oT BHemHero uctounuka (Ext). [Ipu Haxkatuu Ha kHONKY EXpand otkpeiBaetcs
pacliMpeHHas MoOjeNb ocuuuiorpada, uMmeromas YBETUYCHHBIH HKpaH (pHCY-
Hok 1.3).

JImd mpoBeieHUsT U3MEPEHU MTHOBEHHBIX 3HAUYCHUI CBEPXY dKpaHa pacIlu-
pEHHOM MoJenu ocuuiorpada pactoiioKeHbl JBa Kypcopa, 0003HauYeHHbIE MHUd-
pamu | u 2, ¢ BepTUKAJIbHBIMU JIMHUSIMU, TTPU ITOMOIIN KOTOPBIX MOKHO U3MEPUTD
MTHOBEHHBIC 3HAUYCHUS HAMPSHKEHUHN B JIFO00W TOUYKE OCILiorpaMMel. s atoro
HEO0OXOIUMO JIEBOM KHOIIKOW MBIIIN MEPEMECTUTh KypCOPHI BIOJIb BEPXHEH YacTh
sKpaHa B TpeOdyeMmoe mojoxkenne. KoopauHaTel TOUEK MepeceueHus: JMHUH MePBO-
ro Kypcopa ¢ OCHHUIOTpaMMaMHU OTOOPaKaroTCsl Ha JEBOM Tab0, KOOPIAHHATHI
BTOPOH JIMHUM Kypcopa — Ha cpeaHeMm Tabno. Ha mpaBom Tabmo oToOpaxkaroTcs
3HAQYEHUS] Pa3HOCTEH MEXAY COOTBETCTBYIOIIMMHU KOOpPJIMHATAMU MEPBOTO U BTO-

pOro KypCOpOB.
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B Oscilloscope [ Sé_?
P

L -
\/ 1
& i
T 1.51&82 s T2 1.52E3 s T2-T1 28,1258 ms
il 153.32E54 W WG 1% .3888E5 W WA 48 . B485 ml
WH1 14 8631 W B2 14 BE&Z7 W WH2-E1 47 .4127 mW
— Time base Trigger Channel & Channel B
5.00rmsd div Bl eige mE@ = [10 wrDiw B[ 5 weoiw [] | Feduce |
¥ position Lewel 0,00 IE|‘ ¥ pasition | 0.00 H‘ ¥ position | 0.00 H‘ ml
W ois | o BN A6 Ee] | 4c|0 EE ac | o | save

Pucynok 1.3 — Pacuiupennas mozens ocimiorpada

OcuwnorpaMMy MOXHO 3anucath B ¢aiin. JIJist 3Toro HaXKMHUTE KHOIKY
SAVE u B nuanoroBoM okHe BBenute uMs (aitsia. UToObI BEpHYTHCS K MPEKHEMY

n3o0pakeHuto ocuworpada, Haxmure kiasunry REDUCE.

’7 =F
L Booe-nnommep (2pagponocmpoumenns) !

Bone-orrep wucnonp3yercd A MOJIYYEHUS AMIUITMTYJHO-YaCTOTHBIX
(AUYX) u dazouactoTHbIX (OPUX) xapakTepucTuk cxeMbl. OH U3MepsIeT OTHOIICHUE
aMIUTUTYJ] CUTHAJIOB B JIByX TOYKaX CXEeMbl B JiernOenax u (Ha30Bblid CABUT MEXIY
Humu. [ usmepenns boje-mimoTrep reHepupyer COOCTBEHHBIM CIEKTP YacToT,
JMana3oH KOTOPOTro MOKET 3a71aBaThCs MpU HACTpoiike nmpubopa. YactoTa 1106010
MIEPEMEHHOT0 MCTOYHMKAa B HUCCJIEAYEMOW CXEME UTHOPUPYETCS, OJHAKO CXema
JIOJIKHA BKITFOYATh KaKOW-TH00 UCTOYHUK MEPEMEHHOTO TOKa.

Bone-morrep umeer detbipe 3axuMa — JiBa BXOAHBIX (IN) 1 1Ba BBIXOJHBIX
(OUT). dns u3aMepeHusi OTHOIICHUS aMIUTUTY] WK (a30BOTO CIIBUTa HYXHO TOJ-
KIIFOUHUTh TMOJOKUTENbHbIE BbIBOABI BX0A0B IN m OUT (sieBble BBIBOABI COOTBET-
CTBYIOLIMX BXOJIOB) K UCCIIEyEMbIM TOUKaM, a J1Ba JIPYTUX 3a3€MJIUTh.

[Ipy nBOWHOM MIETYKE MBIIIM MO YMEHBIIEHHOMY H300paxeHuio bome-
IJIOTTEPA OTKPBIBACTCS €T0 YBENWYCHHOE M300pakeHue (pucyHok 1.4). Bepxuss
4acTh II0TTEpa 3a4a€T BU MoidydyaeMon xapaktepuctuku — AUX wimn OUX. s
nonyaeans AUX Haxxmute kHonky MAGNITUDE, nns nonmydenns @YX — xHom-
ky PHASE.
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Pucynok 1.4 — YBenuuenHoe uzodpaxkenue rpadornocTpouTens

JleBast manens ynpasinenus (VERTICAL) 3apaér:

e HayanbHOE (I - initial) u koneunoe (F - final) 3Hauenus mapameTpoB, OT-
KJIQIBIBAEMBIX 10 BEPTUKAJIIBHOUN OCH;

® B/l IIKAJIBl BEPTUKAIBLHON ocH — Jorapudmuyeckas win JuHeitHas. [Ipa-
Bas nanens ynpasieHus (HORIZONTAL) nactpauBaeTcst aHaJIOTUYHO.

[Ipn nmonyuyennn AYX 1o BEpPTUKaJIbHOM OCH OTKJIAJBIBAETCS OTHOLIECHUE
HarpspDKeHui: B auHerHoM Macmtade ot 0 go 10 E9, B norapudpmudeckom mac-
mrade ot — 200 dB xo 200 dB.

[Tpu nonydenun @YX no BepTUKAIBHON OCH OTKJIAABIBAIOTCS TPAIYChI (OT
—720° no 720°). ITo ropu3oHTaILHON OCH BCETJa OTKJIAbIBAETCS YACTOTA B Trepliax
WJIN B IPOU3BOJHBIX BEJIMUMHAX.

Brauanie ropu3oHTanbHOM LIKaNbl PacloiokeH Kypcop. Ero MoxHo mepe-
MeEIaTh HA)KATHEM Ha KHOIIKM CO CTpPEJIKaMH, PacIOJIOKEHHBIMU CIIpaBa OT 3Kpa-
Ha, 100 «TAIIUThY» C MOMOIIBIO MBIIIK. KOOpIMHATHI TOUKHU TIEpeceueHust Kypcopa
¢ TpaUKOM XapaKTEPUCTUKH BBIBOJSATCS Ha MH(DOPMAIMOHHBIX TOJISIX BHU3Y.

oW N Q¥

LA DyYyHKYUOHAIbHBLIL 2EHEPAM O v

['eneparop siBisieTCs WMACANbHBIM HCTOYHHKOM HAIpPsHKCHHs, BhIpaOaThiBa-
IOIIUM CUTHAJIBI CHHYCOMIQIBHOM, MPSMOYTOJIBHON UITH TPEYTOJIBHOU (POPMEL.

Cpennuii BBIBOJ TeHepaTopa MpU MOAKIIOYEHUH K CXeMe o0ecrieunBaeT 00-
IIyI0 TOYKY i1 OTCYETa aMIUIMTYIbl MEpEeMEHHOro HampsikeHus. s orcuera
HaIpPsHKEHUS] OTHOCUTETFHO HYJISL OOIIWi BBIBOM 3a3eMuisitoT. Kpaiinue mpaBblili u
JIEBBIN BBIBOJIBI CIIYXAaT JJIs MOJa4M MIEPEMEHHOr0 HanpsKeHusl Ha cxeMy. Hamps-
KEHUE Ha MPABOM BBIBOJIE M3MEHSETCS B MOJIOKUTEILHOM HANpaBI€HUU OTHOCH-
TEJIHHO OOIIETO BHIBOJIA, HA JICBOM BBIBOJIE — B OTPUIIATCIILHOM.

JIBOWHBIM IIEITYKOM MBIIIN IO YMEHBIIIEHHOMY U300pa’KEHUI0 OTKPHIBACTCS

YBEJIMYEHHOE M300pakeHue reHepartopa (pucyHok 1.5), riae MoXXHO 3aJaTh cCliely-
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IOmMUe MmapaMeTpbl: 4aCTOTY BBIXOAHOT'O HAIPSIKCHUA, CKBAKHOCTb, aMIUIMTYAY

BBIXOAHOT'O HAIIPSAKCHUA, TIOCTOAHHYIO COCTABJIAIOIIYIO BBIXO/JHOI'O HAIIPSAKCHUA

e

Frequency |4 B | Hz B
Duty cysle %
#mplitude [10 H v B

oitst [0 [

— Camman

+
0] ) )

Pucynok 1.5 — Ypenuuennoe nzobpakenue GyHKIIHMOHATLHOTO FeHepaTopa

Hacrpoiika reseparopa

Yemanoexa popmur cuznana

Bri6epute Tpebyemyro ¢hopMy BBIXOJHOTO CHTHAA U HAKMHUTE Ha KHOIKY C
COOTBETCTBYIOIIMM H300pakeHHeM. DopMy TpEyrojbHOTO H MPSIMOYTOJILHOTO
CUTHAJIOB MO’KHO M3MCHHUTh, YMEHBIIIAsA W yBeauduBas 3HaueHue B mose DUTY
CYCLE (ckBaxxHOCTB). DTOT mapameTp ONpeesieTcs: sl CUTHAJIIOB TPEYTroJbHON
U MIPSIMOYTOJIbHOM (hopMmbl. [[71s1 TpeyronbHOo# (opMBbl HAPSHKEHUS OH 3aJ1aéT JUTH-
TENBHOCTH (B MPOLIEHTaX OT MEpPHOJa CUTHAJIa) MEXIY WHTEpPBAJIOM HapacTaHHs
HANPsDKEHUSI ¥ UHTEPBAJIOM Cliajia. Y CTaHOBUB, Hampumep, 3HaueHue 20, Mbl 1mo-
JyYUM JUTUTENBHOCTh MHTEpBajia HapacTaHus 20 % oT mepuona, a JUIMTEIbHOCTD
uaTepBana cnaga — 80 %. Jlns npsamoyroibHON (OPMBI HANPSHKEHHS 3TOT IMapa-
METp 3a7a€T COOTHOIIEHUE MEXIY UIMTEIbHOCTSIMHU TOJOKUTEILHOU U OTpHUlla-
TEJIbHOM YacTer Mepuoa.

Yemanoexka wacmomut cucnana

Yactora renepatopa MoxeT perynupoBaThecs oT 1 ' go 999 MI'n. 3naue-
HUe 4acToThl ycraHaBnuBaercs B ctpoke FREQUENCE ¢ momombpio kiaBuaTypsl U
KHOIIOK CO CTpelikamMu. B eBOM mojie ycTaHaBIMBAETCS YUCIEHHOE 3HAUYCHHE, a B
npaBoM — eaununa usmepenus (Hz, kHz, MHz — I'i, xI't;, MI'11 cOOTBETCTBEHHO).

Yemanoska amnaumyowt 6vixo0n020 nanpasicenusn

AMITIUTYZ]a BBIXOJAHOTO HAMPSDKCHHSI MOXKET peryiupoBatbes oT 0 MB 1o
999 kB. 3navenne amrumutynbl ycraHaBnuBaercs B crpoke AMPLITUDE ¢ momo-
IIbI0 KJIABUATYPHI M KHOTIOK CO CTPEIKAMH.

Yemanoexka nocmoannoit cocmasnaroueni 6b1Xx00H020 HANPAIICEHUA

[TocTosiHHAsE cocTaBsOMAs TEPEMEHHOTO CHUTHAla YCTAaHABIMBAETCS B

ctpoke OFFSET mpu momomy KJIaBHATYphl WM KHOIMOK co cTpenkamu. OHa Mo-
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JKECT UMCTHb KaK ITOJOKXHUTCIBbHOC, TaK U OTPHUILATCIIbHOC 3HAUCHUC. OTO MO3BOJISACT

I[MOJIYUUTh, HAITPUMCEP, MMOCIACAOBATCIIBHOCTh OAHOIIOJIAPHBIX HMITYJIBLCOB.

MopaeaupoBaHue cxem

Buvioop komnonenmoeg u3z oudIuOmMEKU KOMNOHEHMOE

Bb160p HYKHOTO KOMIIOHEHTa MPOU3BOIUTCS M3 MOJS KOMIIOHEHTOB, HYX-
HO€ 110JIe€ KOMIIOHEHTOB BbIOMPAETCSl HaXKaTUEM JIEBOM KHOIKHU MBIIIHN IO OJHOM U3
MUKTOIpaMM TaHenu KOMIOHEHTOB. [locie BbIOOpa 1Mosisi KOMIIOHEHTOB HYKHBIN
KOMITOHEHT MPHU MOMOILY MBIIIIN IepeMeniaeTcs Ha paboyee moJe.

OOBEKT MOXKHO TOBOpAaYMBATh Ha yrod, kpatHbeiil 90°. [Ins aToro Ha o0ObeKT
HY>KHO Ha)kaTh MPaBOil KJIaBUILIEH MBIIIH, a 3aTeM BbIOpaTh koMaHay Rotate. Y aa-
nenue oObekTa ocymiectrisercss komangamu Cut u Delete. Konuposanue mpous-
BOJMTCS MpHU oMol koman sl COpPY, BCTaBKa — MpH MOMOIIM KOMaH bl Paste.

Coedunenue KOMNOHEHMOE cxembl NPOGOOHUKAMU

Jlist coequHeHUs KOMIIOHEHTOB TPOBOAHUKAMU HY>KHO TOJIBECTH YKa3aTelb
MBIIIA K BBIBOAY KOMIIOHEHTa. [IpM »TOM Ha BBIBOJE KOMIIOHEHTA IMOSBUTCS
OombIras kupHas Touka (pucyHok 1.6). HaxkaB jeByr0 KHOIKY MBIIIH, IEPEMECTH-
Te €€ yKa3aTelb K BbIBOJY KOMIIOHEHTA, C KOTOPBIM HYXXHO COCIMHHUTHCS, U OTIIY-
CTUTE KHOIKY MBIIIN. BBIBOJBI KOMIIOHEHTOB COE€IUHATCS IPOBOIHUKOM.

1kS2 1kS2

1

W =iy =12v
T T L

Pucynok 1.6 — CoennHeHrE€ KOMIIOHEHTOB

Yemanoeka 3nauenuit napamempoé komnonenmog

VYcraHoBKa 3HaYEHUI MMapaMeTpOB KOMIIOHEHTOB IPOU3BOAUTCS B JIUAJIOTO-
BOM OKHE CBOWMCTB KOMIIOHEHTA, KOTOPOE OTKPBIBAECTCS JBOWHBIM IIETYKOM JIEBOU
KJIQBUIIIA MBIIINA 10 H300paKEHUI0 KOMIIOHEHTa Wiu kKomaHmon Value m3 MeHro
Circuit (py 5TOM KOMITOHSHT JJOJDKCH OBITh BBIJICIICH).

Bre16op Monenu KOMITIOHEHTa OCYIECTBISETCS B JHATIOTOBOM OKHE BBIOOpA
MOJIEIM KOMIIOHEHTA, KOTOPOE OTKPBHIBAETCSA JBOWHBIM IIEIYKOM MBIIIH MO U300-
paXeHUI0 KOMIOHEeHTa. [[ns penakTupoBaHUs 3HAYEHHM MMapaMeTpoOB MOJIENU

HY>KHO Ha)kaTh kHomKy Edit.
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Ilookniouenue npuoopos

B Electronics Workbench nmeercs cemp npu6opos, hopMupyronmx pazand-
HBIC BO3JCUCTBUS M aHAIM3HUPYIOUIUX PEAKLIHUI0 CXEMBbl. DTH MPUOOPHI MPEACTaB-
JICHBI B BUJE MMUKTOTPAaMM, PaCIOI0KEHHBIX HA MAHEIN HHCTPYMEHTOB.

JUis ToAKITIOUeHUs Iprbopa K cXxeMe HYKHO MBIIIBIO «TIePETaIUThY MPHOop
C MaHeJ N WHCTPYMEHTOB Ha pabodee Toje U MOAKIIOYHTH BBIBOABI MPUOOpPA K HC-
cleyeMbIM ToukaM. HexoTopbie mpubopsl HYKHO 3a3eMIIATh, MHAUE UX TTOKA3aHUs
OyIyT HEBEPHBIMH.

PacmmpenHoe n3o0paxkeHre nmpudopa BEIBOJIUTCS B OKHE, KOTOPOE TMOSIBIIS-
€TCsI TIOCJIe IBOMHOTO IIETYKa MBIIIH 10 YMEHBIIIEHHOMY N300pakeHUI0 prudopa.

Bcmaesxka komnonenmog ¢ yens

[Tocne Toro kKak cxema MOCTPOEHA, MOYKHO BCTaBHUThH B HE€ JTOTIOHUTEIBHBIC
KOMIOHEHTHI. [[JIs1 3TOTO HYKHO MBIIIBIO TIEPEMECTUTh KOMIIOHEHT B TpeOyeMyro
TOYKY CXEMBbl U, TIOMECTHB €r0 HaJl MPOBOJHUKOM, OTIYCTHUTh KHOTKY MBIIIH.

KoMnoHeHT aBTOMAaTHYECKM BCTABUTCS B II€Mb, KaK MMOKa3aHO HUXKE HA PHUCYH-
ke 1.7.

1kS2

Q1K Q1K Q1K 1K
AMN—AN—  AN—AN—  —AN—AAM—AA—

Pucynok 1.7 — BctaBka KOMIOHEHTOB B II€TTb

[Tocne mocTpoeHHs CXeMbl W MOJKIIOYCHHUS MPUOOPOB aHamu3 €€ paboThI

HAYMHAETCS HAXKATUEM BBIKJIFOUATEIIS [l B [IPaBOM BEPXHEM YIJIy OKHa IIpo-

rpammbl (pucyHOK 1.1).
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2. IABOPATOPHAS PABOTA Ne 1

NCCIELOBAHUE PABOTDI ITOJIVIIPOBOIHMUKOBOI'O INOIA

1. LIEJIb PABOTBI
N3yueHnne npuHUUMIIA JEHUCTBHS, MCCIEIOBAHUE CTATUYECKUX BOJIBTAMIIEP-
HBIX XapaKTEPUCTUK MOJYNPOBOJHUKOBOIO JHOAA M €ro padoThl B MPOCTEUIINX

OCTIAX.

2. OCHOBBI TEOP1IA

2.1. BonpramnepHas xapaktepuctrka (BAX) p-n-nepexona u uaeanu3upo-

| = |0(e%pT —1], (2.1)

rae |, - TemnoBoll TOK 0OpaTHOCMENIEHHOTO p-N nepexona; U — majaeHue Hamps-

BAaHHOI'O ANO0Ja UMCCT BU/

JKCHMsI HA AUOAC, (P — TeMHepaTypHBIﬁ IIOTCHIKAJI, OHpClIGJISIGMBIﬁ COOTHOIIICHHU-

eM @ = K % (K - mocrosinnas bonbiimana; T — abcosroTHas TeMIepaTypa re-

pexoma; — 3apsad 9JJekTpoHa).  Jlg  HOpPMaNbHBIX  YCIIOBUH
(T =300°K ) @, =26 MB.

2.2. Tox nuona | w Hanpspkerwe U TMOJOKHUTENBHBI TIPHU MIPSMOM CMeIe-
HUH (TUTFOC K aHOAY, MHUHYC K Katojy). [Ipu oOpaTHOM CMEIIEHUH TOK M HamlpshKe-

HUEe oTpularenbHbl. BoasT-amnepHas (BAX) xapakrepucTuka 1uoja nmokasaHa Ha

pucynok 2.1. Ha npsimoii BeTBu U,,;, >0 1 TOK |,, 9KCIOHEHIMAIBLHO PACTET, Ha
obparroit Beru Uz, <0 W TOK WMeeT BBIPAKEHHBIH YYAaCTOK HACHIIICHUS
I 06p = lg.

IIIP }

Tosp {1, 0 Ufp
0
Uosp

Pucynok 2.1 — BonbT-aMnepHasi XapakTepUCTHKA TUOa
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COBOKYITHOCTh IOCTOSIHHBIX HAIIPSKEHWM M TOKOB HA JUOJE OIPENENSIET
PEXHUM JMOJIa MO MOCTOSHHOMY TOKY. PaGouell TOUKOi Ha3bIBa€TCSI COOTBETCTBY-
IOIIAsl PEKUMY IO MOCTOSHHOMY TOKY Touka Ha BAX nuopa. Ilapamerpom Henu-

HEMHOTI'0 3JIEMEHTAa B 3TOM PEXUME ABIISACTCA CTATHYCCKOC COIIPOTHUBIICHHUC.

Rem =Y/, (2.2)

rae U u | — cooTBETCTBEHHO HaNpsHKEHHE U TOK B pabouel Touke.

COBOKYMHOCTh MEPEMEHHBIX HANpPSHKEHWM M TOKOB HAa JMOJE OINpEIEsieT
peXUM paboThl AMOJA MO MEPEeMEHHOMY TOKY. CONpOTUBICHHS] HEIMHEWHBIX dJie-
MEHTOB JIJISl MaJIbIX MEPEMEHHBIX TOKOB HAa3bIBAIOTCS JUHAMUYECKUMU WIH JU]-
¢depennmanbabiMu. Ecnin u3BecTHBl GopMyna win rpaduk, onucsiBatoume BAX

auona, To aud@epeHnnanbHoe CONMPOTUBIECHUE BBIYMCISAIOT, OMpENesss IMpou3-

Roup :d%l zA%I. (2.3)

I'papuueckoe omnpenenenue AuQepeHInanbHOro0 CONpOTUBIEHUS B pado-

BOJIHYIO B paboueit Touke

4elt Touke B ToKa3aHoO Ha pUCYHKe 2.2.

I h
B AU
R,y= AT
Al iif.’fffffli
i Un
0 L p i
AU

Pucynok 2.2 — I'paduueckoe onpenencnue nuddepeHnaibHoro
COIIPOTUBIICHHSI

3. ITIOAI'OTOBKA K PABOTE
3.1. Beibpatp u3 Tabnumpl 2.1 TUI 1UOAA, IS CBOSTO BapHaHTA M BHIITUCATH

U3 CTIPABOYHOM JIUTEPATYPHI MMApAMETPhI UCCIEAYEMOTo Mprbdopa.

Tabmuna 2.1
Bapu- 1 2 3 4 5 6
aAHT
;;‘;‘a D1N4001 1N4002 1N4003 1N4004 1N4005 1N4006

3.2. 3yunth npuHIUN pabOThI MOIYITPOBOIHUKOBOTO aAuojaa, ero BAX xa-

PAKTEPUCTUKY U NTAPAMETPBHIL.

20




3.3. Haueptuts no 'OCTy cxeMsbl 15 Mcclieq0BaHUS NOTYPOBOIHUKOBBIX

AWOJ0B B IIPSIMOM U 06paTHOM BKJIFOUCHHH, a4 TaAKKEC B IICIIN C Hany3KOfI.

4. TIPOT'PAMMA PABOTbI

4.1. Ha xommbtoTepe 3amyctuTh mnporpammy Electronics Workbench
«Wewb32.exe».

4.2. lloctpouts npsimyto BeTBb BAX nuoaa. [lns 3Toro Ha MOHUTOpPE KOM-
nploTepa coOpaTh CXeMy B COOTBETCTBHM ¢ pucyHkoMm 2.3. Ilpu BbIOOpe nuona B
TpyMIe AUOJHBIX KOMIIOHEHTOB OMOIMOTEKH, UMEIOIIUXCS B MEHIO, BHIOpAaTh IO
tabnuie 2.1 u3 Oubimoreku internat auox [uisi cBoero Bapuanrta. [lpw 3amaHum
napamMeTpoB U3MEPUTEIILHBIX TPUOOPOB yCTaHOBUTH B omiuu Mode pon usmepsie-
moro Toka — DC (mocrtosHHbIH), a B onuu Resistance (R) — BeuunHy BHyTpeHHE-
ro comnpoTtuBieHus s BojdbT™MeTpa —10 MOwM, a BHyTpeHHEe CONMpPOTHBIICHUE aM-
nepmerpa — 1 mOm.

4.3. CKOppeKTHPOBaTh MOJIEIIb CBOETO BapHaHTa TNO0JIa B COOTBETCTBUH C €TO
CTIPaBOYHBIMH Tapamerpamu. J|Jis 3TOro yCTaHOBHMB MBIIIKY Ha MapKy IuO0Na M3
tabuiel 2.1 6ubanoreku internat, makate kHonky Edit . B mosBuBImIEMCST OKHE
MIOCJIe/IOBATEIIbHO YCTAHOBHUTh 3HaUCHMS TapameTpoB Saturation current [1S] (06-
paTHbIii Tok quona l.g,) u Reverse breakdown voltage [BV] (o6patHoe Hamnpsi-
xeHne npo6ost Uysp). losp TpUHATE paBHEIM 1 MKA, a Uy, cregyrommm oOpa3zoMm:
st 1IN4001 Uys,=50 B, mna 1N4002 - 100 B, quis 1N4003 - 200 B, nna D1N4004
- 400 B, naa 1N4005 - 500 B, aaa 1N4006 - 600 B.

4.4. N3mensts 3Hauenus DJ[C ucrtounuka E;, ot 0 1o 5 B, cHATh nokazaHus
ammepmerpa u BoibTMeTpa. (Illar wW3MeHEHHsT BXOIHOTO HAMPSKCHUS TPUHSITH
paBubM 0,1 B nipu usmenenun E;, or 0 1o 1 B u 1 B npu usmenenunn E; ot 1 10

5 B). Ilony4yeHHbIe pe3yabTaThl 3aHECTH B TAOIHUILY 2.2,

AAA '
— ¥ 338.1m Y
»

Pucynok 2.3 — Cxema 1151 CHATHS IPSIMOM BETBH BOJIBT-aMIIEPHON XapaKTe-

pucTHkH 1uona B cpene nporpammer Electronics Workbench
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Tabmnuna 2.2
E,,B 0 5
Lup s mA

Unp,mB

4.5. TloctpouTh 00paTHYIO BETBb XapaKTEPUCTUKU TUOMA, JJIS YEro Ha MO-
HUTOpE KOMIIbIOTEpPA cOOpaTh CXEMY B COOTBETCTBHM C pUCyHKOM 2.4. B mocneny-
roreM, u3mensas 3HadeHus DJIC ucrounuka Eq, ot 0 mo 15 B, cHATH moka3aHus
amrnepmeTpa 1 BosibT™MeTpa. Lllar usmeHneHnus BXOAHOTO HaNpPsHKEHUS] IPUHSITH paB-

HbIM 2-3 B. [lonydennble pe3yabTaThl 3aHECTH B TabmuIy 2.3.

Tabmuna 2.3
E,, B 0 15
|05p’ mA
Uy B 0
——— [T Al
; 1000

Pucynok 2.4 — Cxema 11 CHATHS OOpaTHOM BETBH BOJIBT-aMIICPHOU
XapaKTepucTuku nuonaa B cpene nporpammbl Electronics Workbench

4.6. Ilo nmamapiM Tabuwi 2.2 u 2.3 moctpouTh B Macmtabe BAX nuona
(opsimyto | np=TWUpp) 1 oOpatHyto | oop = T Uoep) BeTBH). [IpoBepuTh cooTHOIIIE-
HUE U3MEPEHHBIX TOKOB JMOJIa B MPSMOM M 0OpAaTHOM HaIpaBJICHUH C TEOpPETHYE-

(E1-Upp) (E1=Uosp)
CKUMH GopMyTaMu |, = P logp = 0P’/ AL IBYX MOOBIX 3Haue-
HUW U3 Tad. 2.2 u 2.3.
4.7. OnpenenuTs cTaTudyeckoe comportuBieHue auona npu E; =0+5 B no

(2.2) 1 mOCTPOUTH €T0 3aBUCUMOCTD OT TOKA.
4.8. [loctpouth KacaTenbHyt0o K Tpaduky mpsmoil BeTBH BAX mpu
1,,,=400 MA n ouenuts nUddepeHHaTLHOE CONPOTUBIEHAE U0/ TI0 HAKIOHY

KacarenbHou. [Ipogenalite Ty xe npouenypy ais l,,=200 mA u 1,,=50 mA.
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4.9. Ananorudso 1. 4.6, oueHuTh 1udpPepeHIraIbHOE CONPOTUBIECHUE TUO-
7a Ipyu 00paTHOM HamnpsbkeHuu S B.

4.10. ITocTpouTh Ha MOHUTOPE KOMITBIOTEPA CXEMY, U300pKEHHYIO HA PU-
CYHKe 2.5 JJi1 MOJy4YeHHUS! BOJbT-aMIIEPHOM XapaKTEPUCTHKU AMOJA C MOMOIIBIO
ocuuiorpada.

4.11. JIBOMHBIM IIETYKOM MBIIIU MO0 YMEHBIIEHHOMY W300paKeHUIO OCLUJI-
norpada OTKpBITh M300pakeHUEe MepeaHel MmaHenau ocuuuiorpada ¢ KHONKaMU
yIpaBieHHS, THPOPMAIIMOHHBIMH TOJISIMH U DKpaHOM (PUCYHOK 2.6).

[Ipy TakoM MOJKIIOYEHUU KOOPJMHATA TOYKH MO TOPU3OHTAIBHOW OCH OC-
nuiorpada Oyner mponopuyMoHalibHa HAMpPsDKEHHIO, a TI0 BEPTUKAIbHOW — TOKY

yepe3 auoj. IIockosbKy Hampsike€HHEe B BOJbTax Ha pe3uctope 1 OM 4dmcCieHHO
paBHO TOKy uepe3 auoa B ammepax (| :U/ :U/:U) M0 BEPTUKAIBHOU OCH
R A1™" P

MOKHO HEMOCPEACTBEHHO CUMTHIBATH 3HaU€HHUA ToKa. Ecnu Ha ocuuorpade BbI-
Opan pexum B/A, To BenuuuHa, IponopuyoHaibHAs TOKY depe3 nuoa (kanan B),
OyJeT OTKJIa/IbIBAThCS 10 BEPTUKAIBHON OCH, a HampsikeHue (KaHaia A) — 1o TopH-

30HTAJILHOMU.

) =

E1 R
11350 HZ'0 Den 1 Ohm

Pucynok 2.5 — Cxema A1l CHATHS BOJIBT-aMIIEPHOW XapaKTEPUCTUKH AUO01A
C TIOMOIIIBIO ociyuiorpada.

Expand Ground (=
: —Time base Trigger
[5.00ms/ div Edge MR x| (&
¥ position | 0.00 Lewel
R e | BEN A 5] Ex]
—Channel # —— |- Channel B
[500 vy D [z00 e D
¥ position | 0.00 ¥ position [ 000

AcloE & | scoE @

a0(30

Qa0
agae

Pucynoxk 2.6 — U300pakenne nepeaHeit nanenu ociuuiorpada
IpU HaXXaToi KHomke «B/A»
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4.12. Tlepeueptuts rpaduk (pucyHok 2.6) B OTUET (WJIM BBIBECTH HA ME€YaTh
U MPUJIOKUTH K OTUYETY) JUIsl pa3HbIX HanpspkeHud ncrounuka (ot 0 go 5 B). Cpas-

HUTHh BAX, oJly4eHHBIE SKCIIEPUMEHTAIBHBIM U PACUETHBIM ITYTEM.

5. COAEPXXAHUE OTUYETA

OTu€T HOHKEH coaepk aTh MPUHIUIHAIbHBIE cXeMbl U1 cHaTust BAX, Ta6-
JUIBl C IKCIEPUMEHTAIBHBIMU pe3ynbrataMu, rpapukun BAX, moctpoeHHble B
Macitade, pe3yabTaThl pacue€TOB, BHIBO/IbI, CACIAHHBIC MPU UCCIICIOBAHUH.

6. KOHTPOJIbHBIE BOITPOCHI

6.1. Uro Takoe moaynpoBoAHUK? UeM 00ycloBI€HA AJIEKTPONPOBOIHOCTH
nosrynpoBogHuKa? Kakue ObIBAIOT TUIIBI ITOTYITPOBOTHUKOB?

6.2. Uto Takoe p-n mepexon? Yem oOBACHSETCS HaIU4Me 3aMMPAIOLIETo
CJIOSl ¥ TOTEHIIMAJILHOTO Oapbepa p-N nepexona?

6.3. Kakrie TOKM TpOTEKAIOT 4epe3 p-N Mmepexoja MpH MPSMOM U 0OpaTHOM
BKJIFOUCHHU U ?

6.4. Kakrie TOKM MpOTEKaeT 4epe3 p-N Mmepexoi MPH OTCYTCTBHHM BHEITHETO
HANPSDKEHUSI, K 4eM OHU 00yCIIOBJICHBI?

6.5. Kak u3MeHsieTcsi TONIIMHA 3aMMPAIONIEro CJIOS M BhICOTA MOTEHIUAb-
HOro Oapbrepa Mpu MpsiMOM M 0OpPaTHOM BKIIFOUEHHH p-N niepexona?

6.6. KakoBa 3aBUCHUMOCTb MEX]ly TOKOM, IPOTEKAIOIIUM Yepe3 p-N mepexo,
U HanpsDKEHUEM, NMPUIOKEHHBIM K HeMy? Kak u3MeHsieTcst ona ¢ reMreparypoit?

6.7. Uto Takoe npoboii p-n nepexona? Kakue ObIBaroT BUIBI MPOOOCB?

6.8. Kak 3aBucut HanpspkeHHe Ipo0ost p-N mepexoaa OT TeMIepaTyphi?

6.9. Uem 00BsICHICTCS OTKIIOHEHHE dKCIeprUMeHTaIbHOM BAX momymnpoBoi-
HUKOBOTO JMOJIa OT TEOPETUYECKON?

6.10. YUro Takoe muddepeHmanibHoe COMPOTUBICHUE TUO0/Ia U COMPOTHUBIIE-
HUE TIOCTOSSHHOMY TOKY M KaK OHH 3aBUCAT OT MPSIMOTO TOKa?

6.11. KakoBO COOTHOIIIEHHE MEXIY COMPOTHUBICHHEM JHOJA, BKIIOUEHHOTO
B IPSMOM M OOpaTHOM HaIlpaBJICHUSX?

6.12. Kakue OBIBalOT THUIIBI MOJYIMPOBOAHUKOBBIX JHOJOB U KaK OHHU KJac-
cupuIUpyrTCs?

6.13. KakumMu 3KCIUTyaTallMOHHBIMUA TIApaMeTpaMU XapaKTEPHU3yeTCs TOIY-
MIPOBOIHUKOBBIN JU0A?

6.14. KakoB BepxHuil mpeaen paboueil TeMrnepaTypbl TepMaHUEBBIX H KPEM-

HUEBEIX JTUOJIOB?
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3. IABOPATOPHAS PABOTA Ne 2

NCCIELOBAHUE PABOTDLI I[TOJIVIIPOBOJIHMKOBOI'O CTABMJINMTPOHA

1. LIEJIb PABOTBI
N3yuyeHne npuHUUMIIA NEHUCTBHS, MCCIENOBAHUE CTATUYECKUX BOJIBTAMIIEP-
HBIX XapaKTEPUCTUK MOJYNPOBOJHUKOBOIO CTAOUIUTPOHA U €ro paboThl B IMPO-

CTEUNINX MEMIX.

2. OCHOBBI TEOPUI

CtaOUIUTPOHBI — ATO MOJTYNPOBOJHUKOBBIC JUOJIbI, paOOTAIOIINE B PEXKUME
JABUHHOTO Mpo6osi. OHM MpeHa3HAYEHBI JIJIs1 CTAOMIN3alUKA YPOBHS HAIIPSKEHUS
B HEJIMHEHHBIX IIEMAX MOCTOSHHOTO TOKa. B KauecTBe CTAOMIMTPOHOB HCHOJB3Y-
I0TCS TUIOCKOCTHBIC KpeMHueBble nuoabl (06o3Hayaror KC 168A). Ilpu ucmons3o-
BaHUM BBICOKOJICTMPOBAHHOTO KpPEeMHHS (BBICOKAs KOHIICHTpAIMsS IpUMeEcel, a,
CJIeI0BaTENIbHO, U CBOOOJIHBIX HOCUTEJICH 3apsijia) HaNpsHKeHUE CTaOUTM3aluu 1mo-
HUXKAETCS, & C YMCHBIIICHUEM CTEIICHH JICTUPOBAHUS — TMOBbIIaeTcs. Hampsikenue
cTabmIM3anuy JSKUT B auanazone ot 3 o 180 B. BonsTammnepHas xapakTepucTu-
Ka MOJYMPOBOJHUKOBOTO CTAOMIMTPOHA N300pakeHa Ha pucyHke 3.1.

Ha xapakrepuctuke (pucyHok 3.1) Toukamu 4 u B OTMEYEHBI IPaHUIbI pabo-
gyero y4actka. [lonoxeHne TOUuku A COOTBETCTBYET HAIPSIKEHHUIO TIPOoOOost P-N Te-
pexojia, KOTOPOE 3aBUCUT OT YIEIBLHOTO COIMPOTHUBIICHHS HCXOIHOIO MaTepuala.
Touka B COOTBETCTBYET MPEICIbHOMY PEKHUMY, B KOTOPOM Ha CTAaOMIIMTPOHE pac-

CCHUBACTCA MAKCUMAJIBHO AOITYCTHUMAS MOITHOCTD

Inp A

ERH/(RH+R)

LTanoﬁ _
~ 0 o
A Unp
\\ = — - IcT min
D A, N
8/~ lcT
__\__ ——
! ~ lcT max
~ E/R

Pucynok 3.1 — BonpTammneprasi XxapakTepuCTHKA CTAOMINTPOHA

Tok crabunuszanuu cTaOUAUTPOHA |, MOXKET OBITH ONPENEIEH BBIYUCICHH-
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€M IMaJICHW HAIIPSAKCHUS Ha PE3UCTOPC R , KOTOPOC CIIIC HAa3bIBAIOT OanIacmuovIM.

cm — R ,

rac E - HAIIPsKCHHUC, ITOAaBACMOC Ha BXO/ CT3.6I/IJ'II/ITp0Ha;

I (E_—Ucm) (3.1)

U, — HalpsbKeHUe cTa0WIN3aluy CTaOMIUTPOHA.
Hanpsxkenue crabuwnmszanuu crabuiauTpoHa U, ONpEAeNsercs TOYKOW Ha
BOJIBTAMIIEPHOM XapaKTEPUCTHKE, B KOTOPOU TOK CTAOMJIMTPOHA PE3KO yBEIUYHUBa-

ercs. JuddepeHnmnanbHOe CONMPOTUBICHUE CTAOMIUTPOHA BBIUMUCISACTCS TaK JKE,

KaK JUIs TUO/1a, TI0 HAKJIOHY BOJIBTAMIICPHOM XapaKTEPUCTHKH: Ry, = dUcn/dl :
cm

Ha MMPAKTUKE CXCMa CTa6I/IJ'II/ISaT0pa HANpPsSKCHUS COACPIKUT HAI'PY30YHOC
COIIPOTHUBJICHHUC, HpI/ICOCI[I/IHéHHOC mapaiciIbHO CTa6I/IHI/ITpOHy.

Torma Oyzer cripaBeATIMBO COOTHOIICHHE
U
E=gn+1,)R+Ugp =g+ M RH)R+Ucm' (3.2)

N3 storo YPAaBHCHUA ITOJTYUUM BBIPAXKCHUC JIS TOKA CTa6I/IJ'II/IBaIH/II/I

lom =B )-(Vern BRI . (3.3)

Ha ocHoBanuu ypaBHeHus (3.3) MOXKET OBITh MOCTPOEHA HArpy304Has mpsi-
Masi, TOYKa MepecedyeHus, KOTOPO C BOJIBTAMIIEPHON XapaKTEPUCTUKOMN SIBISETCS
paboueii (pucyHok 3.1).

[Ipu M3MeHeHUU HaNpsHKEHUS UCTOYHWKA MuTaHud E Harpy3oudHas mpsiMas
nepemMeniaeTcs napauiebHo caMoi cebe (MyHKTHpHAas TUHUS Ha pucyHke 3.1), a

IMp1 U3BMCHCHHUHN COIIPOTHUBIICHUA HAI'PY3KU U3MCHACTCA €C HAKJIOH.

3. IOAI'OTOBKA K PABOTE
3.1. Beibpate u3 Tabnunbl 3.1 TUn cTaOWIUTPOHA, JJISI CBOETO BapuaHTa H

BBITIUCATh U3 CIIPABOYHOM JINTEPATYPHI MTapaMETPhI UCCIIEyeMOro mpudopa.

Tabnuna 3.1 — BapuaaTsl uccienyemMbix CTaOMINTPOHOB

Bapuant 1 2 3 4 5 6

Tun crabunmutpona | KCI33A | KCI39A | KCI137A | KCI156A | KC162A | KC168A

3.2. U3yunTh mpuHOHUN PaOOTHl TMOIYNPOBOJHUKOBOTO CTA0MJIMTPOHA, €TO0
BAX u mapamerpsl.
3.3. HauepTuTh CXeMBbI JJIT MCCIICIOBAHUS TOTYITPOBOIHUKOBBIX CTaOWMINT-

POHOB B MIPSIMOM U OOPaTHOM BKJIFOUEHHH, a TAKXKE B LIEMU C HATPY3KOil.
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4. TIPOTPAMMA PABOTBI

4.1. Ha xoMmbloTepe 3anmycTuth nporpammy Electronics Workbench.

4.2. Iloctpouts npsimyro BeTBb BAX ctaOunutpoHa. [l 3TOro Ha MOHHUTO-
pe KoMIbloTepa HabpaTh cxeMy corjacHo pucyHky 3.2. [Ipu Beibope cTabunutpo-
Ha B Ipynne AUOJHBIX KOMIOHEHTOB OMOIMOTEKH, UMEIOUIUXCA B MEHIO, BHIOpATh
6ubamorexky motor 1n u B Heil cooTBeTcTBYIOME Tabune 3.1 Tun cTabuauTpoHa
Uil cBoero BapuanTa. [lpu 3ajaHuu mapaMeTpoB U3MEPUTETBHBIX TPUOOPOB ycTa-
HOBUTH B omnimu Mode pox usmepsiemoro toka — DC (IOCTOSIHHBIN), @ B OMIHH
Resistance (R) — BennmyMHYy BHYTPEHHETrO CONPOTHBICHHS JUIS BOJIETMETpA —
10 MOw, a BHYTpeHHee CONpOoTUBIIEHHE aMmriepMeTpa — 1 mOM.

A—— Al

— 26.06m Y/

Pucynok 3.2 — Cxema 11l CHATHS OPSIMOI BETBU BOJIbT-aMIIEPHOM

XapaKTepUCTUKU CTAOMIUTPOHA

4.3. CKOppeKTHpOBaTh MOJIENb CBOCTO BapHaHTa CTAOMIUTPOHA B COOTBET-
CTBHH C €T0 CIIPAaBOYHBIMHU MapameTpaMu. [ co3gaHust MO CTaOMITUTPOHA B
COOTBETCTBUHU C BapHUaHTOM 3aJlaHus 10 Tabmuie 3.1, HeoOXOIUMO MICIKHYTH JBa
pasa KJIaBHIIICH yKa3aHUs MBIIIHA HA W300paKCHUH CTaOMIMTPOHA U BBIOpaTh B TO-
spuBmeMcss okHe Zener Diode Properties B pasmene Library oOubamorexy
default, a 3atem B pasznene Model — tun crabunutpona ideal. Beiopats mocieo-
BaTEIIbHO KIIABUIIICH yka3aHUs MbIk kHonku Copy m Paste, 3ammcars naTHHCKU-
MU OYKBaMH B ITOSIBUBIIEMCSI OKHE THIT CTAOMJIMTPOHA B COOTBETCTBHH C BapHaH-
ToM 3amaHus u Haxath kHOnKy OK. B pesynbrate B pasmene Model nobasurcs
HOBBIH THUN CTaOWiIMTpOHA. JIJIT KOPPEKTHUPOBKU €r0 IMapaMeTPOB HAXKATh KHOIKY
Edit u ycranoBuTh 3HaueHHs mapameTpoB Zener test voltage at 1ZT [VZT]
(manpspkenne crabwmm3auu Uen), Zener test current [1ZT] (MakcuManbHBINA TOK
cTabunu3auuu lem max) B COOTBETCTBUU C JaHHBIMU M.3.1. 3HaUueHUs APYyrux napa-
METPOB OCTaBUTH 0€3 U3MECHEHMUS.

4.4. izmenss 3nauenus DJ1C uctounuka HampspkeHus E, Ha ctaOunurpone

ot 0 no 1,2 B, cHITHh IOKa3aHUS aMIiepMeTpa U BobTMeTpa. [lomydeHHbIe pe3yib-

TaThl 3aHECTH B TAOIHITYy 3.2.
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Tabnuua 3.2
E,.B 0 0,2 0,4 0,5 | 0,55 0,6 0,7 0,8 0,9 1,0 1,2

Icm.np » MA
U B

cm.np!

4.5. [loctpouth OOpaTHYIO BETBb XapaKTEPUCTUKU CTAOMIUTPOHA. [[71s1 3TOTO
Ha MOHUTOpE KOMITbIOTEpa HaOpaTh CXEMY COIIACHO PUCYHKY 3.3 U, U3MEHss 3HA-
YeHHUs UCTOYHHKA E, Ha crabumutpone ot 0 no 20 B, cHATH nokasaHus amimep-

METpa M BOJIBTMETPA, U3MEPsisi TEM CaMbIM 3HAUCHHs HANPsDKCHHE U ., o5, HA CTa-
OMJIMTPOHE U TOK Yepe3 CTAOMIIUTPOH |ey 06, pH 3HAYEHUSAX DJIC ucTounuka E,.
B unrepsane ot 0 10 U,y o5, UCHOB30BATH OONICe MEIKUH IIar u3MeHeHus E,
(wampumep, 0,2-0,4 B). Ilpu npesbiieHUd Uy, o5, MOXKHO HCHOJB30BATH 1Al U3~

meHeHust E; paBubiil 1-2 B. PesynbraT 3anucate B Tabnuiy 3.3 B pa3ien «IKCIe-

PUMCHT.

AN~ sasimAl

— 40310

Pucynoxk 3.3 — Cxema jy1s1 CHATHS OOpaTHOM BETBU BOJIbT-aMIICPHOU

XapaKTepUCTUKU CTAOMIUTPOHA

4.6. BBIYMCIHUT TOK ¢y 06, CTAOMIUTPOHA JUIA KAKIOTO 3HAYCHHS HAMpsi-
KeHUS U opp, MCTIONB3Ys (3.3). Pesynbrarel BeluMCIEHME 3aHECHTE B Tabiiu-

iy 3.3 B pa3zien «pacyem.
Tabnuna 3.3

El ,B

9KCIepu-
cm.oop | yeur

mA pacuer

U B

cm.oop

ITockonpky B mporpamme EWB B mapamerpax mojelneil CTaOMIMTPOHOB HE

IPEeyCMOTPEHO 3HaYeHUE | ., max (T.€. CTAOMIMTPOHBI HE TOPAT IPU MPEBBILIE-
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HUM OINPENEICHHBIX 3HaYeHuu |, ) TOo mox HampspkeHueM U, max COOTBETCTBY-
omeM |, max OyAeM HoIpa3syMmMeBaTh BEIMYMHY OTPULATENBHOIO HANPKCHHS,

IaJaloUIero Ha CTAOMIMTPOHE IPU MPOTEKaHMU YEpe3 HEro 0OpaTHOro TOKa paB-
Horo =101, min - g Haxoxnenusa napamerpa U, i, HCIIONB30BaTh Ooiee

MEJIKU 11ar U3MEHEHUS BEJIMYUHEL £ .

4.7. Tlo nanabpM Tabuui 3.2 1 3.3 TOCTPOUTH BOJBTAMIIEPHYIO XapaKTepH-
CTUKY CTaOMJIUTPOHA.

4.8. Ha nonyuennoit B m.4.7 BAX cTaOMiIuTpoHa, MOCTPOUTH Harpy30uHbIe
NpsSIMBIE IJIS1 CIIETYIONINX 3HAYCHUH:

a) E;=20B; R=300 Om; R, =200 Owm;

6) E,=20B; R=300 Om; R, =1 xOwm;

B) E =35B; R=300 Om; R,=200 Owm.

JIist KaXI0r0 ciydasi OnpeieTuTh padouyro TOUKY.

4.9. Cobparpb cxemy, mpejacTaBiieHHyt0 Ha pucyHke 3.4. 3nauenue DJIC uc-
toyHuka E, ycranosuts paBHeIM 20 B. Ilpunsars R=300 Om, a R, =75 Om. Bxito-
YUTh CXEMy. 3amucarh 3HaueHus HanpspkeHus U, Ha cTaOMIMTPOHE U TOKOB ye-
pe3 pesuctopel: R — Iz; R, — |, u4epes crabunutpon |, B Tabnuny 3.4.

cm

4.10. IToBroputh 1. 4.7 Tipu KOPOTKOM 3aMBIKAHUM M TIPU COTPOTHUBICHUSIIX
pe3ucTopa R, B3SITHIX U3 TabauLe! 3.4.

wan— 2]
- %
L Allre A
. ]

Pucynok 3.4 — Cxema 1ij1s1 uccieioBaHus padOThl CTAOUITUTPOHA

IO/ Harpy3Kou

Taomuna 3.4

R, ,OM 75 100 200 300 600 1000 ¢ K.3.

UcmiB

R,MA

I
lemy M
I,

, MA
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4.11. Paccuurats TOK |, yepes pesuctop R,, u Tok crabuinurpona |, 1o
(3.3) mnst xaxknmoro 3HaueHus R, (Tabmmma 3.4) ¥ cpaBHUTH UX C SKCIEPUMCHTAIIb-

HBIMU 3Ha4YeHUusiMH U3 11. 4.9-4.10.
4.12. Cobpath cxemy, NpeACTaBICHHYIO Ha puUCyHKEe 3.5. BKIOUMTH cxemy.
3anucaTh HKCIIEPUMEHTANBHOE 3HAUCHHE HANPSXKEHUS CTAOUIU3alUU, TTOTYyYeHHOE

u3 rpaduka Ha sKpaHe ociuniorpada (pucyHok 3.6).

[~
YD1

R 1M4T 334 ro—=

Ml

Il Function Generator = _

- | — | i ||

Frequency
Outy cyele [6o0 B =
empltde [11 5] [ v [
Offset b H

= Common

+
) IC) 10

Pucynok 3.5 — CxeMa 117151 U3BMEpEHUs HaNPSKEHUsI CTaOMIN3aIuU

M Oscilloscope Lx |
Expand Ground i
—Time base Trigger
[0.50 =/ div £ | Bdge EE | @
¥ position | 0.00 2] | Lewal
T (| 8 | B 4 5| &
~Channel & ——|— Channal B
[500 v Div =[] 20 mivi D =
¥ position | 0.00 2] | ¥ position [ 0.00 =

AC|VEER @ AC|VEE @

Pucynok 3.6 — U300pakenue nepeaHeit manenu ocruuiorpada
IpU HAXXaTo# KHOTKe «B/A»

5. COJEPXXAHUE OTYHETA
OT4€T MOKEH COoAepiKaTh MPUHIMIMATIBHBIC cXeMbl /it cHsATus BAX, Ta6-
JUIBI C JKCMEPUMEHTAIBHBIMU pe3ynbratamu, rpadukn BAX, moctpoeHHble B

MaCIHTa6C, PE3YJIbTAaThI paC‘-IéTOB, BBIBOAbI, CACIIAHHBIC IIPHU UCCIICIOBAHNH.
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6. KOHTPOJIbHBIE BOITPOCBI

6.1. Uto Ha3bIBaeTCsl CTAOUIUTPOHOM?

6.2. Kakas BetBb BAX cTaOUIUTpPOHA HCMONB3YETCA MPU CTAOMIM3ALUU
HaIpsKEHUM?

6.3. OT 4yero 3aBUCHUT HAMPSHKEHUE CTAOMIN3AIMKU CTAOMIUTPOHA?

6.4. Ilepeuncnutb OCHOBHBIE MTApaAMETPhl CTAOMIIUTPOHA.

6.5. Biusier nu 3HaueHHE CONPOTUBIICHUS HArpy3KH Ha CTENEHb CTaOMIM3a-

LIMU BBIXOJHOT'O HAIpsKEHUs cTabuinzaTopa?
6.6. Kak wu3mensiercs Hampsbkenue Ug, Ha BbIxoAe crabuiusaropa, INpu

YMEHBIIIEHUU CONPOTUBICHUs R?
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4. IABOPATOPHAS PABOTA Ne 3

NCCIELOBAHUE PABOTDBI BUITOJIAIPHOI'O TPAH3UCTOPA,
BKJIFOUEHHOI O 110 CXEME C OBLIUM OSMUTTEPOM

1. HEJIb PABOTBI

N3ydenne npuHuuna padoThl OUMOISPHOIO TPAH3UCTOPA, HKCIEPUMEHTANb-
HO€ HCCJIEIOBAHME BXOJHBIX M BBIXOAHBIX CTATHUECKUX XapaKTEPUCTUK TpPaH3U-
CTOpa BKJIFOUEHHOTO 10 cxeme ¢ o0muM smutrepoM (0O3), uccienoBanue padoThI
TPAH3UCTOPA B AIEKTPUUECKON 1IEMH ¢ Harpy3KoH, onpeieIeHue MalOCUTHaJIbHBIX

h-mapameTpos.

2. OCHOBbBI TEOP1I

2.1. bunonspubiii TpaH3ucTop (pUCYHOK 4.1) — MOIyIPOBOIHUKOBBINA MPUOOP
C ABYMSI B3aUMOJICHCTBYIOIIUMH BBITPSIMIISIOMIUME P-N TIEpeXoilaMu U TPEMsl BbI-
BOJaMU, YCUJIUTEIbHBIC CBOMCTBA KOTOPOTO0 OOYCTIOBJICHBI SIBICHUSIMH WHKEKIIUU
U DKCTPAKIMU HEOCHOBHBIX HOcHUTeNeH 3apsaa. B OumosisipHoM TpaH3HMCTOpE HC-
MOJIB3YIOTCS OJHOBPEMEHHO JBa THUIIA HOCHUTENIEH 3apsija — AJIEKTPOHBI U ABIPKU
(oTcro/1a ¥ Ha3BaHWE — OUIOJISAPHBIN). TpaH3UCTOP MO3BOJISET YCHUIINBATD JICKTPH-

YCCKHUC CUTHAJIBI.

K(l'l.ﬂékTOp? Konnekrop T
P n

Basa Basa
o>— n o— P
P n
'_'->MmTepé OMHTTEDP ;

K K
B
B
€ 5
a) 6)

Pucynok 4.1 — CtpykTypa OUMOISIPHOTO TPAH3UCTOPA:
a — TpPaH3UCTOp TUMa P-N-P; O — TpaH3uctop Tumna N-p-n

32



entpanbHas yacTh TpaH3UCTOpa HasbiBaeTcs 0a3oi (b), kpaliHue obmacTu —
kosuiektopoMm (K) u amutrepom (3). Tlepexona, BO3HUKAIONMIUN MEX Y KOJUIEKTOPOM
n 0a30ii, Ha3bIBAETCS KOJJIEKTOPHBIM MEPEX0J0M, a IEPEXO0/I, BO3SHUKAIOIINNA MEXK-
Ay SMUTTEPOM U 0a30il — SMUTTEPHBIM. B 3aBHCHUMOCTH OT YepeqOBaHHS MEPEXO-
JIOB pa3JInYyaroT TPAH3UCTOPHI P-N-P ¥ N-P-N THITOB.
Cy1iecTByIOT TpY OCHOBHBIX PEKHUMA pabOThI OUMOISIPHOTO TPAH3UCTOPA:
1. AKTUBHBIN pexuM (pexum A).
Vnpasnaroomuii p-n nepexon 6aza-smutrep oTkpeIT: Uz =U 5 +0,7B, a ne-
pexon 0a3a-kosiekrop 3akpbIT: U x >U . Tok komnekropa JMHEHHO 3aBUCUT OT

Toka 0a3bl. B 3TOM pexume TpaH3UCTOP UCHOIB3YETCs ISl YCUIICHUS! HETIPEPBIBHO
U3MEHSIIOIINXCS CUTHAJIOB, HAIPUMEP CUHYCOUJIBI.

2. Pexxum otceuku (pexum B).

Tpanzucrop 3akpbIT, 00a P-N nepexoaa: 6a3za-KoIEKTOP U 0a3a-3MUTTEp 3a-
neptbl. KonekTopHbIi TOK paBeH HyINIO (TOYHEE, MPEHEOPEKUMO ManoMy oOpat-

HOMY TOKY KoJuiekropa |, ), yaacTok 5-K HaXOIHUTCS B BRICOKOOMHOM COCTOSTHHH H

MOJKET CUYUTATHCS Pa30MKHYTHIM.
3. Pexxum HaceltieHus (pexuM S).
O6a p-n nmepexona OTKPBITH U Yepe3 HUX MPOTEKAIOT MpsiMbie TOKH. Koad-
dbunment 3 muauManeH. Tok 6a3el — lg > 15 /B. Hanpsokenue 6aza-KoJuieKTop —
Upk 20,7 B, HanpskeHue 0asza-smutrep — Ugy >0,7 B 1 HanpsikeHne KoJIeKTop-

smurrep HacelmeHus — U g ,,.= 0,2-1,0 B. Yyactok 3-K nMmeeT BBICOKYIO IIpO-

BOJMMOCTB U €TI0 MOKHO CYUTATh KOPOTKO3AMKHYTBIM.

PexxuMbl OTCEUKH M HACBIIIEHUS UCIIONIB3YIOTCA B KIIFOUEBOM PEXXUME PaOOTHI
TPAH3UCTOpA TIPH YCUJICHUU JABYXYPOBHEBBIX CUTHAJIOB (BBICOKHI YPOBEHb — HU3-
KUl ypOBEHB).

B xauecTBe sneMeHTa 3IEKTPUIECKON IIENMU TPAH3UCTOP UCTIOIB3YETCS TAKUM
o0pa3oM, YTO OJMH W3 €Tr0 BBIBOJIOB SIBIISIETCS BXOJIHBIM, IPYTrOMl — BBIXOJHBIM, a
TPETUil BBIBOJ| SBJIAECTCS OOIMM OTHOCHUTEIHHO BXOJa M BhIXOJa. B 3aBucuMocTH
OT TOTO, KaKOW BBIBOJ SIBIISIETCS OOIIMM, CYIIECTBYIOT TPH CXEMbI BKIIOUCHHUS
TpaH3ucTopa: ¢ oommm smutTepoM (03), obmum kosexktopom (OK) u obmeii Oa-
3011 (OB).

[Tpu BKITFOYEHUN OUTIONSPHOTO TpaH3UCTOpa ¢ oOImmM 3muTTepoM (OD) 1ens
0a3bl SIBISICTCSl BXOAHOW, a IIETh KOJUIEKTOpa — BBIXOAHOW. Cxema BKITIOYCHUS

Tpan3uctopa ¢ OO B aKTUBHOM PEKHME MTOKa3aHa Ha pUCYHKe 4.2.
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@usnueckue npoueccsl B TpaHsuctope ¢ OO aHaJOTMYHBI IIPU BKIIOYEHUHU
TpaH3ucTopa ¢ oodmeil 6azoil (Ob). Ilox neiictBueM HampsbkeHus U g, B memnu

AMUTTEPA MPOXOIUT TOK |5. B 0aze 3ToT Tok pa3BerBisiercs. OCHOBHAs €ro 4acThb
UAET B KOJUIEKTOP, CO3/aBas YIPABISEMYIO COCTAaBIIAIOIIYI0 TOKAa KOJUIEKTOpA,
Apyras 4acTb — B LI€Nb 0a3bl, ONpenessas ToK 0a3pl pekoMOuHanuu. OCHOBHOE CO-
OTHOIIIEHHWE JJII TOKOB Ha BBIBOJIAX TPAH3UCTOpPA COOTBETCTBYET MEPBOMY 3aKOHY
Kupxroda:

|9:IK+IE' (41)

Pucynok 4.2 — Cxema BkItoueHuUs TpaHzucropa ¢ O3

B dKTHBHOM PCIKUMCE

HaBcrpedy Toky pekoMOuHaiuu B 6a3e MpOXOIUT OOPATHBIN TOK KOJIJIEKTO-

pa | gpo.C yuérom TemnoBoro toka |gpg ¥ Ko3pdunmeHTa nepegadu Toka IMUT-

TEpa, 0. TOK |z MOKHO BBIPA3UTh TAKUM 00pa30M:

=1y —lg=0-0)l5 —Igpo. (4.2)
OTKyJla BUJTHO, YTO TOK 0a3bl SIBJISICTCS HE3HAUUTEIBHBIM 10 CPABHEHUIO C TOKOM
AMUTTEPA.
2.2. CtaTu4eckue BOJbTaMIIEPHBIE XapaKTEPUCTUKU TPAH3UCTOPA BKIIIOUECH-
Horo 1o cxeme ¢ 0D
[Ipu Mcnonp30BaHUM TPAH3UCTOPA B PA3IMYHBIX CXeMaX MPAKTUYECKUA HH-
TEpEeC MPECTABIAIOT 3aBUCUMOCTH HANpPSIKEHUS M TOKA BXOAHOM Ilenu (BXOJHbIE
BAX) u Beixognoil uenu (Beixoguele BAX). CraTuueckue xapakT€pUCTUKH CHU-
MalOT MPU OTHOCUTEIBHO MEJJIEHHBIX U3MEHEHUSX TOKA U HAMPSHKEHUS (IO MOCTO-
SHHOMY TOKY). BUa XxapakTepucTHK 3aBUCHT OT CIIOC00a BKITIOYCHHS TPAH3UCTOPA.

2.3. Bvixoouvimu cmamuieckumu XapakTePUCTUKaMU TpaH3uctopa ¢ OD sB-
JsieTcs ceMeNCTBO XapakTepucTuk lx oT HanpspkeHust U g npu GUKCUPOBAHHOM

ToKe 0a3bl | g
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(1g = f(Ugs) |15 =const)
Bun 3THX XapaKTepUCTUK OTpakaeT 0COOEHHOCTH padOThl TPAH3UCTOpA C
OD B pa3ianyHBIX peKUMax (PUCYHOK 4.3).
B akTHBHOM pexuMe U pekrMe HACBIIIEHUS! SMUTTEPHBINA MEPEX0/1 BKIIOYa-
eTcsl B psAMOM HampasieHun. [lox neiicTBHeM HampshKeHHs B IeH 0a3bl MPOXo-

IUT TOK |g. 3a c4€T HampspkeHuss Ug, INIPU HYJIEBOM HAIPSHKEHUU KOJIIEKTOPA

o0a p-N mepexona TpaH3UCTOpa CMEUIEHBI B MPSMOM HampaBiieHUU. TpaH3uCTOP
paboTaeT B peKMME HACHIIIEHUS W 4Yepe3 KOJUIEKTOP MPOXOJIUT TOK WHKEKIHH,
HampaBjIeHUE KOTOPOIO MPOTUBOINOJIOKHO HANPABICHUIO KOJUIEKTOPHOIO TOKa B

AKTHUBHOM PCIKUMC. B 6a3e HakanianBaroTCI HEOCHOBHBIE HOCUTEIN 3apAanaa.

I A
INNHMA KPUTUYECKOTO .
AKTUBHbI pPeXuM
pexuma

/ _ I53>162
I62>I51
I51>0
=0

ObnacTtb
HacblLLEeHMA

04 .
0-1,5 Uks wac Pexum oTceyku U

Pucynok 4.3 — BeIxo/iHbIe XapaKTEpUCTUKHU TpaH3uctopa ¢ OO

C mosiBneHUEM HEOOJBIIOr0 OTPUIIATEIHHOTO HAMPSKEHUS Ha KOJUIEKTOPE
TOK MHXKEKI[UU U3 KOJIJIEKTOPa YMEHBIIAETCS, a TOK 00YCIOBIECHHBIN dKCTpaKiuen
IBIPOK W3 0a3bl B KOJJIEKTOP yBeauuuBaeTcs. [losToMy mpu yBeIMdYeHUH OTpuUlla-
TEJIbHOTO HAIPsDKEHUS! KOJUIEKTOpa 10 3HaueHus U g =U gy HabIogaeTcs 3HaYu-
TENBHBIH POCT KOJUIEKTOpHOTO ToKa. IIpm Ugn|>Upgs| Tpamsucrop u3 pexnma
HACBIIIECHUS TIEPEXOIUT B aKTUBHBIN pekUM. POCT KOJIIIEKTOPHOTO TOKA TIPH JaJTh-
HEHIlleM YyBEIWYEHUU OTPULATENIbHOTO HampspbkeHus Uy 3amenisercs. Ho
HAKJIOH BBIXOJHBIX XapaKTEepUCTHK B cxeMe ¢ OD oka3wpiBaeTCsi OOJBINE, YEM B
cxeme ¢ Ob.

VYBenuuenne Toka 0a3bl BBI3BIBACT YBEIWYCHHE KOJJIEKTOPHOTO TOKA, TO
€CTh CMEIICHHE BBIXOIHBIX XapaKTePUCTHUK BBEPX.

2.4. BXoaHbIe XapaKTepUCTHKHU TpaH3UCTOpa B cxeme ¢ OD (pucyHok 4.4)
MIPEACTABIAIOT COO0M 3aBUCUMOCTh | = f(Upy)|Ugp =constu o BuAy OJIU3KH K

npsimoii BeTBu BAX p-n nepexozna (nuonaa).
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Iko 0

Pucynok 4.4 — BxoaHble XapakTepUCTUKU TpaH3ucTopa ¢ O3

IIpu Ug~ =0 0b6a p-n nepexoja TpaH3UCTOPa OKA3bIBAKOTCS BKJIFOUEHHBIMU B

OpsMOM HampapieHuu. M3 sMuTTepa M KOJUIEKTOpA OCYIIECTBISETCS WHKEKIIUS
IBIpOK B 6a3y. B nenu 6a3bl mpoXoauT TOK pekoMOuHanuu oooux nepexoaos. Ilo-
ATOMY BXOJHAs XapakTepUCTHKa MpejncraBisier coboit BAX nByx mapasmienbHO
BKJIFOUEHHBIX P-N-TIEPEXO/IOB.

ITpu Ugs <0 KOJIEKTOPHBIM Mepexo]i BKIIOYAaeTCs B 0OpaTHOM HarpaBlie-
HHUM U B LIenu 0a3bl IpoXoauT Tok |5 >0.

Ecmn Ugy =0, T0 |5 =0 n B nenu 0a3sl npoxoaut 10K |5 =—Igp0. YBe-
JIUYEHHUE HanpspkeHus U g CONPOBOXKIAETCS PEKOMOMHAIIMOHHON COCTaBIIAIOLICH
TOKa 0a3bl, U IIPU HEKOTOPOM HampsbKeHUM Up; TOK 0a3bl CTAHOBUTCS PAaBHBIM
Hymo. /lanbpHeilee yBenuueHne HanpskeHus U gy CONPOBOXKIAETCS POCTOM TOKA

6a3pl. [Ipu yBennueHUH OTPUIATENILHOTO HAMNPSIKEHUS KOJUIEKTOpa HaOromaeTcs
CMEILEHHE XapaKTEPUCTUK B CTOPOHY OCH TOKOB. DTO CBSI3aHO C MPOXOXKIAECHUEM

00paTHOTO TOKa KOJUIEKTopa | xp0 -

Cratnyeckuid K03(pPUIMEHT Tepeaadun TPAH3UCTOPA 1O MOCTOSIHHOMY TOKY

oTpeJieNsieTCsl KaK OTHOIIIEHHUE TOKa KOJIEKTopa | x K TOKY 0a3bl I :

Boc = I’%E- (4.3)

Cratnyeckuid KOd)PUITMEHT Tepeladdl TPAH3UCTOPa 1O MEPEMEHHOMY TOKY
oTpeJieNsieTCsl KaK OTHOIICHHUE MPUPAIICHHS TOKA KOJJIEKTOpa Al g K IPUPAIIEHUTO

TOKa 0a3bl Alg:

Al
Bac = %IE . (44)

2.5. TpaH3ucTOp KaKk aKTHBHBIA YETHIPEXTIOTIOCHUK

JIns TpaH3MCTOpA KaK YETBIPEXIIONIOCHUKA B KAUECTBE HE3aBHCUMBIX IEpe-
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MEHHBIX OOBIYHO NPUHUMAIOT MPHUPALIEHUS BXOAHOTO TOKa Al, M BBIXOJHOIO
HaIpsDKeHUs1 AU, , a MpUpanieHus BXOAHOTO HaIpshKeHHs AU;HM BBIXOJHOIO TOKA

Al, BBIpQXKAIOT Yepe3 TakK Ha3bIBaeMble N-apameTpsl TpaH3ucTopa (pucyHok 4.5):

{AUl = hllAll + hleU 2, (4 5)

Al 2= h21A|1 + h22AU2,

riae uaaekc 1 s BXOqHOM 1IeH, MHIAEKC 2 — I BBIXOJTHOM.

Aly Aly
——> K le—
) AKTHBHBIH AU

l‘ﬁ( BD HETBIPEXTIONIOCHHK ~YKI
. C ] 3 F———

Pucynok 4.5 — Tpan3uctop, BKIOUEHHBIN 110 cxeMe OO Kak aKTUBHBIM
YETBIPEXMOJFOCHUK

Torna cBs3b cormacHo BelpaxeHHio (4.5) mexxny Bxomusivu (AU gy, Al p) 1
BBIXOJHBIMHU (AU g7y, Al g ) IpUpAILIEHUSIMH HAIIPSDKEHUH M TOKOB JIJIs1 TPAH3UCTOPA,
BKJIFOYEHHOT'O TI0 cXeMe OOl SMUTTEp OYJET UMETh BUA:

{AUsa =154l 5 +25AU ko; (4.6)
Al g =ho15Al g +hoon AU g,

HewusBectHbie h-mapamerpsl TpaH3MCTOpa JIETKO ONPEICISIOTCS OMBITHBIM
yTEM:
- BxosiHOe AuddepeHaibHoe COMPOTUBIICHUE TPAH3UCTOpA MPU HEM3MEH-

HOM BBIXOJJHOM HanpsikeHur (U g = const)

AU,

h113 :A—|1

_AUpy

Al ; (4.7)

AU»=0

- KO3 HHUIMEHT TIepeadl TOKa MPH HEM3MEHHOM BBIXOJIHOM HAIPSOKCHUU
(Ugr =const)

Al

Nypy = -2
215 A|1

_AIK

Al =B (4.8)

AU, =0

- KOO GUIIUEHT BHYTPEHHEH OOpaTHOH CBS3HM IO HANPSDKESHUIO TPH HEH3-
MEHHOM BX0HOM TOKe (| 5 =const )
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_AYp

_AUps .
= U3 = (4.9)

o AUrs

AI1=O
- BBIXOAHAA MPOBOAMMOCTL TPaH3UCTOpAa IMPU HCU3MCHHOM BXOJHOM TOKC

(15 =const)

_ Alg
Al;=0 AUgs

hpp = 2. (4.10)

AU»

s cxembl ¢ OO BXOOHOE COMPOTHBIEHUE COCTABISIET €AWHUIIBI KOM, a
BBIXOJ/IHAsl POBOJIUMOCTD — OT 10 10 107°Cwm.

h-mapameTpbl TpaH3ucTopa B paboyeit Touke A MOXHO ONpeAeInuTh rpadu-
yeckuMm myTéM. [lapamerpsl hjj5 HAXOIAT MO BXOJHON XapaKTepUCTHKE (pHCY-
HOK 4.6).

Ha BxomHO# XapakTepucTHKe BEIOMPAIOT BOJM3HM paboueil TOUKu A JIBE BCIIO-
MoOTaTelibHble TOYKH A; M A, (IpUOTU3UTENBHO HA OJIMHAKOBOM PACCTOSHUM),
HAXOJAT MPHUPAIICHHS HAMPSHKEHUS] U TOKa 0a3bl M PACCUUTHIBAIOT BXOJHOE JH (-
¢epennmanpaoe conpotusienue hyj5 Ilapametpsr hys u hy5 ompenensirores u3

CEMEICTBA BBIXOIHBIX XapaKTEPUCTHK TpaH3ucTopa (pucyHok 4.7):

* * *
hors = Alg _B= k2 —1k1. gy = Alg _ lx2-1x1 (4.11)
1 * * * * "
Al l52-1p1 AUgr Ugo-Ugo
h
{H
Ay
/|
<
a‘\]f".; 1
i -
/ > AL ED
0 Ugy

Pucynok 4.6 — [Toctpoenus mst onpeaenenus hy,
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Pucynok 4.7 — Iloctpoenus s onpeaeneHus Ny u hyys

2.6. PabGota TpaH3uCTOpa C HArpy3KOi
IIpu paborte TpaH3MCTOpa B Kauye€CTBE YCHIIUTENS JJIEKTPUYECKUX CUTHAJIOB
[IOCJIEI0BATENIBHO C HUM B LIE€Nb KOJUIEKTOP-IMUTTEP BKIIIOYAETCS CONPOTUBIICHHUE,

C KOTOPOT'0 CHUMACTCA BBIXOAHOC YCUJIICHHOC HAIIPAKCHUC.

3. IOJATOTOBKA K PABOTE
3.1. BeiOpath u3 Tabnuubl 4.1 TUN TpaH3UCTOPA, COTJIACHO CBOETO BapHaHTa

U BBINKCATh U3 CIPABOYHOM JTUTEPATYPHI MApaMETPhl UCCIEYEMOT0 MpUudopa.

Tabmuna 4.1
Bapuant 1 2 3 4 5 6
T 2N712 | 2N3392 2N5172 MPS3395 | MPSW10 | PN4141
TpaH3HUCTOpa

3.2. M3y4ynTh MPUHIHKI paOOTHl OUITOISIPHOTO TPAH3UCTOPA, €TO XapaKTepH-
CTHUKH U TTAPaMEeTPBhI.

3.3. HauepTuTh CXEMBI JIJISi UCCIICIOBAHMS BXOJHBIX W BBIXOJHBIX XapakTe-
PUCTHK OUTIONIAPHOTO TPaH3UCTOpa JJIS CXEMBbI BKIIOYECHHS C o0miei 0a3oii, 00-
M SMHUTTEPOM KU OOIIMM KOJUIEKTOPOM (I10 3aJaHHIO IMPETIOIaBATEIIS).

3.4. TlpecTaBUTh HAYEPUCHHBIC CXEMBI TPEIOIABATEIIO JIJIS TIPOBEPKH.

4. TIPOTPAMMA PABOTHI

4.1. Ha xoMmmproTepe 3ammycTuTh iporpammy Electronics Workbench.

4.2. C moMoIpl0 WHCTPYMEHTAIBHBIX CpEACTB Tporpammer Electronics
Workbench naGpats Ha MOHUTOpPE KOMITBIOTEpA CXEeMY, H300paKeHHYIO HA PUCYH-
ke 4.8, U1 MCClIeJOBaHUS BXOJHBIX M BBIXOJHBIX XapaKTEPHCTUK OHUIIOJSPHOTO

TpaH3HUCTOpA.
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P -989.30 A,

1.000m 2,

R, EECITRY —

Pucynok 4.8 — CxeMa ycTaHOBKM AJis1 uccaeaoBanust BAX 6unonsipHoro

TpaH3UCTOpa

4.3. BeiOpath MoJIeIb TpaH3UCTOpa U3 Oubmmuoreku nation2 Bkinaake Models
cpoiictB Tpansucropa (NPN Transistor Properties).

4.3.1. Bo Bkianake Value coiicts BoasTMeTpoB (Voltmeter Properties) ycra-
HOBUTh PEXHM H3MepeHHsi noctossHHoro Toka (Mode: DC) u 3aiath BHYTpeHHEe
conpoTuBieHue BombT™MeTpa (Resistance) R = 100 MOwm.

4.3.2. Bo Bknanke Value cBoiicte amnepmerpoB (Ammeter Properties) ycra-
HOBUTh PEXHM H3MepeHus noctossHHoro Toka (Mode: DC) u 3amath BHYTpeHHEe
conporusienne ammepmerpa (Resistance) R = 1uOm. Bkiouuth 1abopaTopHYIO
YCTaHOBKY.

4.4. CHATh CeMEWCTBO BXOJIHBIX 3aBUCUMOCTEN OUIIONSPHOTO TPaH3UCTOPA.
J{nst 3TOTO, U3MEHSIS BEIMYMHY TOoKa UCTOuHMKA |z oT 1 mo 1000 MKA B COOTBET-
CTBUU C JaHHBIMU TaONuIbl 4.1, U3MepuTh HANpsHKEHUE MEXAY 0a30i U DMUTTE-

poM Upgy OpU ABYX 3HAYCHUAX HANPSDKCHUSA MEXAY KOJUIEKTOPOM U 3MUTTEPOM

(Ug =08 u Uy =5B). Pe3ynbraTel n3MepeHuii 3aHecTd B Tabuiy 4.2.

Tabmuna 4.2

| 5, mxA 0 1 3 10 30 100 300 1000

Ups, MB
npu
UK9 =0B

Ugpy,MB
npu
Ugn =58

4.5. CHATh CeMENCTBO BBIXOAHBIX 3aBUCHMOCTEH OHITOISIPHOTO TPaH3UCTOPA

pu Tokax 6a3el 15 = 0; 50; 100; 150 MmxA mo cxeme pucynka 4.8.
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4.6. YcTaHOBUTH BEIMYMHY TOKA MCTOYHMKA TOKa |g= 0 1, U3MEHss Beu-
4uHy HanpspkeHns uctounuka E; (U i) B cOOTBeTCTBUY ¢ NaHHBIMU TaOnuis! 4.3,
CHATH 3aBUCUMOCTD | ;- = f(Ugo) mpu | 5 =0. Pe3ynpTraTsl u3MepeHuii 3aHECTH B

Tabnuiy 4.3.

Tabmuna 4.3
|5, MKA Ugn,B g, MA

50 5

100 2

150

4.7. TloBTOpUTH M3MEpEHUS 110 1. 4.6 mpu APYruX TOKax Oasbl.
4.8. Tlo mony4yeHHBIM pe3yibraTaMm (Tadmuma 4.2 u 4.3) mocTpouTh B Mac-
mTabe BXOJIHbBIE U BBIXOIHbIE BAX OUTIONISIPHOTO TpaH3UCTOPA.

4.9. Paccunrtath, ucnonb3ys BblpaxkeHue (4.7), mpu Toke 0a3nl |5 =50 MKA

A IBYX 3HaueHMi komekropHoro HanpspkeHus (U zo =08 u Uy =5B) Bxoa-

HOE CONpPOTHUBIIEHHE R, TpaH3UCTOpA MPHU BKIKOYEHUH €ro no cxeme ¢ OI:

Alg

Ry =hy1n =

4.10. PaccuntaTh, UCTIONB3ys BEIpakeHue (4.8), 3HaUECHUE BBIXOJHOTO COMPO-
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THBJICHHS TPAH3UCTOPa IPU BKIIOUYECHHM €ro 1o cxeme ¢ O3, mpu 15=100 MKA u

* *
1 _AUgy  Ugy—Ugy
RK = (h22) = Al Ba— *
K lga=lg
4.11. PaccuutaTh, ucnonb3ys BbelpaxeHue (4.11), 3nauenue kordpduimenrta
YCWJIEHHUS 10 TOKY ISl TPaH3UCTOpa MpH €ro BKIYeHuu 1o cxeme ¢ OO, npu

Ugy =5 Bu | ;=100 MKA.

4.12. HaGpaTh Ha MOHHUTOpPE KOMIIbIOTEpa H300pakEHHYIO Ha pHUCyHKe 4.9
CXeMy JJIsl UCClIeIOBaHus BXOJHbIX BAX OUMOISPHOro TpaH3UCTOpaA HAa OCIMILIO-
rpade B cpene nporpammel Electronics Workbench.

%2 Ohm
4

YWT1
2M2T12

+ R
@1 414450 Hz0 Deg — EZ
— Vi

2 Ohm

Pucynok 4.9 — CxeMa 17151 UCCJI€IOBAHUS BXOJIHBIX BOJIBTAMIIEPHBIX
XapaKTePUCTUK OUIOJIIPHOTO TPaH3UCTOpa Ha ocluiuiorpade

JIBOMHBIM IIEITYKOM MBIIIH 110 YMEHBIIEHHOMY M300paKEHUIO OCIHIIIIOTpa-
(da OTKpBITh M300paKeHWEe MepeaHel maHenu ocruuiorpada ¢ KHOMKaMHU yIpaB-
neHus, MHOOPMAIMOHHBIMUA TOJAMH U dKpaHoM (pucyHok 4.10). Ilepeueptutsh
rpaduk (pucyHok 4.10) B oT4eT (MM BBIBECTH Ha I€YaTh M MPUIIOKHUTH K OTUETY)

JUTSL pa3HbIX HampspbKeHud ncrounuka E;. CpaBuute BAX, nonydennsie B 11.4.8.

Expand Ground (%
—Time base Trigger
[5.00mss div B | B3z M 2| &
¥ position [ 0,00 ] | Lewvel
Y B e | Ao | 8| En
—Channel & — Channel B
[ 5 wiDiv & [ 5 wioiv =
¥ position [ 0.00 [2] | ¥ pesition [ 0.00 [£]
ERojoc] & | scjoEE

Pucynox 4.10 — U3o6paxenue BxogHo BAX OHUITOISIPHOTO TpaH3HCTOpa
Ha ocumuiorpade
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4.12. HaGpaTh Ha MOHHUTOpPE KOMIIbIOTEpa H300pak€HHYI0 Ha pucyHke 4.9
CXeMy IS UCCIeqoBaHus BXOAHBIX BAX OUIONApHOTO TpaH3UCTOpa HA OCHUIIIO-
rpade B cpene nporpammbl Electronics Workbench.

4.13. HaOpaTh Ha MOHUTOpPE KOMIIbIOTEpa M300pakEHHYIO Ha pucyHke 4.11
CXeMy ISl MCCIIeZIOBaHUs BHIXOAHBIX BAX OUMONSPHOrO TpaH3UCTOpa Ha OCLUJI-
norpade B cpeae mporpammsl Electronics Workbench.

e

1 WT1

100 A IN2T12 <+ -
T/ 14144110 Haid Deg

— 2 Ohm

r

Pucynok 4.11 — Cxema 114 UCCH€I0BaHUS BBIXOHBIX BOJIBTAMIIEPHBIX

XapaKTePUCTUK OUIOJIIPHOTO TPaH3UCTOpa Ha ocluiuiorpade

JIBOWHBIM IIETYKOM MBIIIH 110 YMEHBIIIEHHOMY U300pa)KeHUIO OCIHILIOTpa-
(da OTKpBITh M300paKEHUE TEepelHel MaHeau ocuuuiorpadga ¢ KHOMKaMH yIpaB-
JeHusi, WHOOPMAIMOHHBIMU TIONSIMU U dKpaHoM (pucyHok 4.12). IlepeuepTuTsb
rpaduku (pucyHOK 4.12) B oTUéT (UM BHIBECTH HA IE€YATh M MPWIOKUTH K OTUETY)
JUTSL pPa3HBIX 3HAYeHUN TOKOB ucTouHuKa Ji. CpaBHuTh BAX, nony4yennsie B 11.4.8.

Expand Ground (=
—Time base Trigger
[5.00ms¢ div 2] | Bdge EE | &
¥ position | 0.00 (=] | Lewel [onoo [
v | e aso | 8] B0
—Channel A Channel B
[ 5 wroiv =] ([ 5 woiw [=]
¥ position | 0.00 [2] | ¥ pesition [ 0.00 =]
ERojoc] & | co/EE @

Pucynox 4.12 — U3zo0paxenue BeixoHOM BAX OUITONSPHOTO TpaH3UCTOPA
Ha ocryuiorpadge

5. COAEP)XAHUME OTYETA
OTuéT HOMKEH coaepXkaTh LeJb pabOThl, HCCIEAYEMbIE CXEMBbI, BBIIIOJIHECH-

HbIe B cooTBeTCTBUU ¢ TpeboBaHusiMu ['OCToB, TaOIUIbI C SKCHEPUMEHTATBHBIMU
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pe3ysbTataMu, rpaUKy NOJYyYEHHBIX XapaKTEPUCTHK, TOCTPOCHHbBIE B MacIITaoe.
XapakTEPUCTUKHA OJHOTO THIA CTPOATCS I CPAaBHEHMS B OJHUX KOOpAWHATax. B
OTUETE TAKKE MPUBOIATCS PE3YyJbTAThl PACUETOB, BBIBOJBI, CACIAHHBIE ITPU UCCIIE-

JIOBAaHUM.

6. KOHTPOJIBHBIE BOITPOCHI

6.1. OOBACHUTH NPUHITUT ACHCTBUS OUTIOJIIPHOTO TPAH3UCTOPA.

6.2. O0BSACHUTH BXOJHBIE M BBIXOJAHBIC CTATUUECKUE XaPAKTEPUCTUKU TPaH-
suctopa B cxeMe ¢ Ob (0D).

6.3. KakoBo BiIMsiHUE «MOIYJISALUN 0a3b» Ha CTATUYECKUE XaPAKTEPUCTUKH?

6.4. CpaBHUTH BXOJIHbIE U BBIXOJHBIE COMPOTUBIEHUSI TPAH3UCTOPOB B CXe-
me ¢ Ob u ¢ OD.

6.5. OOBACHUTH YCUITUTENbHBIE CBOMCTBA TPAH3UCTOpPA MO TOKY B CXEME C
Ob (02).

6.6. IlpuBectu T-00pa3Hyro cxeMy 3aMeLIECHUsI TPAH3UCTOPA, 1ATh XapaKTe-
PUCTHKY €€ dJIEMEHTaM.

6.7. laTh MOHATHE MaJIOCHTHAJIBHBIM h-TlapameTpam TpaH3ucTOpa JJs CXe-
Mbl ¢ OB 1 O3, 00BACHUTD UX (PU3IUYECKYIO CYIIHOCTh U B3aUMOCBSI3b MEXKIY CO-
0oif u ¢ mapameTpamu T-00pa3HOM CXeMBbI 3aMEIIICHHUS.

6.8. lates onpenenenue h-mapaMeTpoB MO CTATHYCCKUM XapaKTEPUCTHKAM.

6.9. Haueptuth cXxeMy 3aMelIeHUs TPaH3UCTOpa B N-apameTpax.

6.10. OO0BsCHUTD PabOTy TPAaH3UCTOPA C HArpy3KOH B KOJIJIEKTOPHOM IIEIIH.

6.11. [TocTpouTh HArpy304YHYIO MPIMYIO, ONPEIEIUTh YCHUIUTEIbHBIE CBOM-
CTBa MO HAMNPSKEHUIO TPAH3UCTOpPA C HArpy3Koil MO CTATHUYECKUM XapaKTEpUCTH-
KaM.

6.12. OOBSACHUTD BIUSHHE KOJUIEKTOPHOTO CONPOTUBIICHHS Ry M Hampske-
HUS TUTaHUs Ex Ha MOJIOKEHHUE HArpy304HOM IMPSMOU U yCUIIMTEIbHBIE CBOMCTBA
TPAH3UCTOPA C HAIPY3KOU.

6.13. [laTh aHanMW3 YCHUIUTENIBHBIX CBOMCTB TpPaH3UCTOpA C HATPY3KOH IO

cxeMme 3aMenicHus B h-mapamerpax.
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5. IABOPATOPHAS PABOTA Ne 4

VCCJIEJOBAHUE TIOJIYIIPOBOJTHUKOBBIX BBITIPSIMUTEJIEM

1. IEJIb PABOTHI

HensiMu paOOTHI SIBASIOTCS:

- UCCJIeIOBaHUE PAa0OTHI BHIIPSIMUTENIEH TIEPEMEHHOI0 HAIPSHKEHUS Ha TIPU-
MEPE CXEM: OJHOIOIYIEPUOTHOMN, ABYXIIOIYIEPUOIHON CO CPEINHEU TOYKOM, O-
HOa3HOM MOCTOBOM, TpExda3zHOU C HyJIEeBOW TOUKOM U Tpex(da3zHOH MOCTOBOM;

- O3HAKOMJICHUE C MPHUHIIUIIOM JCHCTBUS U OCHOBHBIMHU XapaKTEPUCTUKAMU

CIJIQXKUBAIOIIUX (PUIBTPOB.

2. OCHOBbBI TEOP1UM

BreimpsimuTenem Ha3bIBaeTCs yCTPOMCTBO, MpeoOpasyroliee dHEPruro nepe-
MEHHOT'0 TOKa B YHEPTHIO MTOCTOSIHHOTO TOKA.

CxeMbl BBIIPSIMUTENCH CTPOSITCS B OOJBITMHCTBE CIIy4aeB Ha MOJYIPOBO/I-
HUKOBBIX JIN0JIaX U TUPUCTOPAX.

OCHOBHBIMH TOKA3aTENSIMU paOOTHI BEIIPSIMUTEINICH SABIISAIOTCS:

- CpeJiHeEe 3HaYECHUE BBIIPAMIICHHOIO HaIpshKeHus Ha Harpyske U, o,

- Cpe/iHee 3HaYECHUE BBITPAMIICHHOIO TOKa B HArpy3Ke |y, op;

- Cpe/iHee 3HaYECHUE MPSIMOro TOKa 4epe3 JUoA (TUPUCTODP) lyp. cp

- MaKCUMaJIbHOE OOpaTHOE HANpsSIKEHHWE Ha 3aKPhITOM AHOJE (THPUCTOPE)

Uo6p.max-

Onnoda3ubiii 0IHONONYIEPUOAHBIA BbINPAMUTEBL. CxemMa 01HO(hA3HOTO
OJTHOTIONTYTIEPUOHOTO BBITIPSIMUTENSI C aKTUBHOM Harpy3koil U TpancopmaTopoM
MpuBE/CHA Ha pUCYHKE D.1, a. Bempsimutens coctout u3 ognoro auoaa VD, uepes
KOTOPBIM BTOpUYHAsE 0OMOTKa TpaHchopmaTopa T MOAKIIOYEHA K HATPy30YHOMY
pesucropy R,,. [lepBuunas oOMoTKa Tpanchopmatopa T MOAKITIOYEHA K TMTUTAIOIICH
CETH C HaIpsKeHUEM Uj.

PaGoty BeIIpsiMuTENe ymoOHO paccMaTpuBaTh C TIOMOIIBIO BPEMEHHBIX
nuarpamM. Ha pucynke 5.1, 6 npuBegeHbl BpEMEHHbIE TUArpaMMbl, MOSCHSIONINE
paboTy OJHOMOIIYNIEPUOAHOTO BHIIPSIMUTENA. B TeueHue mepBOro moayrnepuoa
(ot 0 mo ) HampsKeHUs1 U, BEPXHUH BBIBOJI BTOPUYHONW 0OMOTKH TpaHchopmaTopa
T umeer Oosiee BBICOKMU MOTEHIMAT, YEM HUKHUU (MOJSAPHOCTh HANPSDKEHUs Uy
yKazaHa Ha pucyHke 5.1, a 6e3 cko0ok). [Ipu 3TOM HampsikeHue Uy PHIIOKEHO K
nvony VD B mpsiMoM HampaBieHuH, 1uoj] VD OTKPBIT M B LIENH MO JSUCTBHEM
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HaANpsDKEHUs U POTEKaeT TOK Iy = Ip. Tak kak amox VD waeaneH, To mpoTekaro-
MK Yepe3 Hero TOK Iy He CO3/1aeT HAa HEeM IaJieHHs HANPSKCHUS W BCE HampsDKe-
HUE Up B 3TOT NOJyNepruo OyAeT NPUIIOKEHO K Harpy3ke Ry, T. €. Uy = Uy. Tak Kak
Harpy3ka MMeeT aKTUBHBIN XapakTep, TO popMa TOKa Harpy3kH I, MoBTOpsieT Ghop-
My HanpsbkeHus Uy (pucyHok 5.1, 0).

B Teuenue BTOporo nmosnymnepuoaa (0T w 10 27) HANPsHKEHUS U, HUKHUN BBI-
BOJI BTOPUYHON 0OMOTKHM TpaHchopmaropa T umeer Oosiee BBICOKHI MOTEHIMA,
YeM BEepXHHU (HOJSPHOCTh HANpsKEeHUs Uy yKa3aHa Ha pucyHke 5.1, a B ckoOkax).
B sToM ciiydae Hanpspkenue U, mpuiiokeHo K nuoay VD B oOpaTtHOM Hampasiie-
UM, auoA VD 3akphIT U TOK B 1ienu He mpoTekaeT. Tak kak aunon VD waeaneH, To
BCE HampspKeHue Uy OyJeT MPUJIoKEHO K 3aKPbITOMY JUOY, T.€. Uyp = Uy.

U

: . i S
i VD i H m =i []H.c
o > T 0 ! rasiine " e '

I ,

2 Upp of
u ] RH 0

U,

UH UZm
Uyp

-+
a) 6)

Pucynok 5.1 — Cxema (a) 1 BpeMeHHbIE quarpamMMsbl (0) TOKOB U HANPSKCHUIH

0J1HO(hAa3HOTO OJTHOTIOIYIIEPHUOTHOTO BBITIPSIMUTEIS

N3 BpeMeHHbIX auarpamMm (pUCYHOK 9.1, 6) BHUIHO, YTO HAmNpsDKEHUE HA
Harpyske U, UIMEET OJIHY MOJISIPHOCTD U IMyJIbCUPYIOIIHNI XapaKTep.

OcHOBHBIE TIOKa3aTenu paboThl OJHO(PAZHOTO OJHOMOIYIEPUOTHOTO BHI-
MPSIMUTEIIA

1) cpenHee 3HaUCHHUE HANPSHKCHUS HA HArpy3Ke:

J2u, ~2J2,
2T

17 :
Upep = Z_ECJ)\/EU >Sinot dot = —( cosoat|gj = ~0,45U,; (5.1)

21

2) cpeqHee 3HaYCHUE TOKA B HArpy3Ke:
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| _Ynep 045U,

HCD — R R (5.2)

H H

3) cpenHee 3HaYCHUE MPSIMOTO TOKa Yepe3 MU0/ (Tak Kak BeCh TOK HAarpy3KH
npotekaet uepes nuoj VD) onpezensieTcs BEIpaKCHUEM:

Inp.cp - IH cp;
4) MAaKCUMAJIBHOEC O6paTHOC HaHpSI)KeHI/Ie, HpI/IJ'IO)KeHHOC K BaKpBITOMy ANO0-
ay, paBHO aMHJ'II/ITYI[C HaHpH)KeHI/ISI BTOpH‘IHOﬁ O6MOTKI/I IpchcpopMaTopa U2 (pI/I-

cyHok 5.1, 6):
Uo6p. max =V 2U». (5.3)

OCHOBHBIM MPEUMYIIECTBOM OJHOIOIYTIEPUOTHOTO BHITPSIMUTEIIS SBIISICTCS
ero npoctota. K HemoctarkaM ciaeayeT OTHECTH: OOJBbIION K0P UIIMEHT Mybca-
I[Mi, MaJble 3HAYEHHUS BBIMPSIMIICHHBIX HAINpPsUKEHHsS U Toka. Kpome Toro, Tok ip
BTOPUYHOI 0OMOTKH TpaHchopmaropa T MMEET MOCTOSHHYIO COCTaBIISIOINIYIO, KO-
TOpasi BBI3BIBACT IMOJMAarHUYMBAHUE CEPJACUYHHMKA TpaHC(OpMaTopa, 4TO CHUKAET
WHJYKTUBHOCTh €r0 OOMOTOK. DTO TPHUBOJAUT K POCTYy TOKa XOJIOCTOTO XOJa
TpaHnchopmaropa, u, clieioBatesibHO, K cHkeHuto KIIJ] Bcero BeImpsiMuTesi.

OpHomnonynepruoHble BBIIPSIMUTENN MPUMEHSIOTCS OOBIYHO IS MUTAHUS
BBICOKOOMHBIX HArpy304HbIX YCTPOUCTB, AOMYCKAIOUIMX MOBBIILICHHYIO MTyJIbCAIUIO
HaIPSKEHUS.

OnnodasHblii HyJ1eBOH BBINPAMUTEIb. J[[pyroe ero Ha3BaHUE — BBIIPSIMHU-
TEJIb C BBIBOJOM CPEIHEH WM HYJEBOW TOYKH BTOPUYHOM OOMOTKH TpaHchopMma-
Topa. Cxema o/1HO(a3HOTO HYJIEBOTO BBIIPSIMUTEINS IPUBEJICHA HA PUCYHKE 5.2, a.
JIaHHBIN BBIIPSIMUTEIb SIBISETCS ABYXIIONYIIEPUOAHBIM U €r0 MOKHO paccMaTpu-
BaTh KaK COUYETaHUE JIBYX OJIHOMOJYNEPUOIAHBIX BhIpsAMUTeNe Ha quogax VDI u
VD2, paboTaromux Ha OJWH M TOT K€ Harpy304HbId pe3uctop R,. Bropuunas o6-
MOTKa TpaHchopmaTtopa T UMEeT BBIBOJ CPEHEN TOUKHU M COJAEPIKUT JIBE CEKITUU C
OJIMHAKOBBIMU HaNpsDKEHUsIMH Uy’ | Uy”, paBHBIMU Up. KaTonber quonor VD1 u VD2
COEIMHEHBI BMECTE M 00pPa3yIOT «ILTIOCY» BBITIPIMUTEINS, & CpeaHssa (HyseBas) TOU-
Ka BTOpUYHOUW OOMOTKM TpaHchopmaTtopa T — «wmuHyc». IlepBuunas oOMOTKa
Tparncpopmaropa T MOAKITIOYEHA K MTUTAIONIEH CETH C HANPSDKEHUEM Uj.

Ha pucynke 5.2, 6 npuBeeHb BpEMEHHBIE JTUArPaMMBbl, MTOSICHSOMINE pado-
Ty 0AHO(A3HOTO HYJIEBOTO BHITPSIMHUTEIIA.

B teuenne nepsoro nonynepuonaa (ot 0 10 m) HanpsKeHUs: U, BEPXHUE BbI-
BOJIbI CEKITMU BTOPHYHBIX 0OMOTOK TpaHchopmaTopa T uMeroT 6ojee BEICOKHUH TO-

TEHILIMAJI, YeM HIKHHE (MOJSPHOCTh HAmpsbKeHUM Up' U Up” yKkazaHa Ha pUCYHKE
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5.2, a 6e3 ckobok). IIpu 3TOM HamnpsixeHue Uy’ npuiioxkeHo Kk nuoay VD1 B npsamom
HamnpasieHuu, 1uoa VD1 OTKpeIT U moja JeHCTBUEM HampsikeHUs U,' B BEpXHEM
KOHTYPE CXEMBI MPOTEKAET TOK Iy = lyp;. OHOBpEMEHHO HampsbKeHUe Uy” Mpuito-
xeHo Kk anoay VD2 B oOpaTHOM HampsKEHMH M OH 3aKpBIT. YUHMTHIBAs TO, YTO JIH-
oael VD1 u VD2 upaeanbHble, npotekaromui yepe3 auon VD1 Tok i, He co3maer Ha
HEM MaJIeHUsl HANpsDKEHUS U BCE HampsbKeHue Up' B MEpBBIM mosynepuoj Oyaer

MIPUIIOKEHO K HArpy3Ke, T. €. Uy = Uy'.

U»

UH.C]J

MATTINAT o

Uyp1
2Us,

6)

Pucynok 5.2 — Cxema (a) 1 BpeMEeHHBIC THarpaMMbl (6) TOKOB M HAIIPSKEHUN
0J1HO(ha3HOTO HYJIEBOTO BBITPSMHUTES

B Tedenue BToporo nomymnepuosa (OT 7 10 27) HANpsDKeHUs U, HUKHUE BbI-
BOJIbI CEKITUH BTOPUYHBIX 0OMOTOK TpaHchopmaTopa T uMeroT 6oJee BEICOKUH TT0-
TEHLHAJI, 4YeM BepxHHUE (MOJSIPHOCTh HampsikeHuud U," M U,” ykKazaHa Ha pUCYH-
Ke 5.2, a B ckoOkax). B atom ciydae Hanpspkerue U,” mpuioxkeno k aquony VD2 B
MPSIMOM HaIlpaBIICHUH, OH OTKPBIT, a HampsikeHue Up" npuiioxkeHo k nuony VDI B
0o0OpaTHOM HAIMpPaBICHUU U OH 3aKPHIT.

B HI>KHEM KOHTYpe CXEMbI MOJ] ACHCTBUEM HANpsKeHUs U,” MpOTEeKaeT TOK
Iy = lypp, @ Tak kak quoxa VD2 upaeasieH, TO Bce HampsbkeHHe U,” BO BTOPOH IMOITy-
neproa OyJeT MPWIOKEHO K Harpyske, T. €. Uy = Up”. ClemoBaTelbHO, TOK Iy B
Harpy3ke R, mpoTrekaeT B TeueHHe 000uX MOIYIEepUoA0B, a ero opmMa MOBTOPSET

dbopmy HanpsKeHUs Uy, T. K. HArPy3Ka HOCUT aKTUBHBIN XapakTep.
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N3 BpemeHHBIX auarpamMm (pPUCYHOK 5.2, 6) BHUJHO, YTO HAIpPSDKEHHE Ha
Harpyske Uy UIMEET OHY MOJIIPHOCTD U MyJIbCUPYIOLINNA XapaKTep.

OcHoBHBIE MOKa3aTeNnu padoThl OJHO(PA3HOTO HYJIEBOTO BHIIPSIMUTENS:

1) cpenHee 3HaUCHHE HANPSKCHUS HA HATPY3Ke:

. ~09U,; (5.4)

T
Uep = : [~2U sinot dot = V2, ( cosot |") _2,
T 0 T T

2) cpeliHee 3HAUYCHUE TOKA B HArPy3Ke:

U, 0,9U
IH.cp = ;CP ~ R 2 , (5.5)
H H

3) cpeaHee 3HAYCHHE MPSMOTO TOKA Yepe3 KaK/blid 110 (Tak Kak yepes JIH-

O[] IIPOTCKACT IMOJJOBHHA TOKA HAI'PY3KH |H cp) ONpCACIIACTCS BBIPAKCHUCM !

Inp. op — IH.cp/2-
4) MakcUMaabHOE 00paTHOE HANpPsHKEHUE, MPUIOKEHHOE K 3alepTOMY JHO-
1y, PaBHOE B HEMPOBOJSAIINNA MOJYIEPUO] YABOCHHOMY 3HAUEHUIO HANIPSIKEHUA Uy
CEKIIMU BTOPUYHON OOMOTKHM TpaHcopMmaTopa, OnpeesieTcss yIBOSHHON aMIUIH-

Tynoi Hanpspkenus U, (pucyHok 5.2, 6):

Uosp max = 272U 5. (5.6)
p 2

JIOCTOMHCTBOM JaHHOTO BBIIPSIMUTENS SIBIsieTCs HeOonbinoe (ABa) A
JBYXIIOTYTIEPUOJHOTO BBIIIPSIMUTENA KOJIMYECTBO TUOAOB. AHANIU3 IMOITYYEHHBIX
COOTHOUIEHUW TMOKAa3bIBAET, YTO MPHU OAMHAKOBBIX 3HAUCHHUSIX MAapaMETpPOB TpPaHC-
dopmaropa T u Harpy3ku R, oiHO(ha3HBIN HYJIEBOW BBIIPSIMUTEIb 110 CPABHEHHIO C
OJHOIIOJIYTIEPUOJHBIM UMEET B ABa pas3a Ooibluue cpennue 3HadeHus U, o 1 1y o,
a KO3 (QHUUUEHT MyJIbcaluy 3Ha4uTeNbHO MeHblIe. OnHaK0 Ugsp max, TPHI0KEHHOE
K AMO0JIaM, UMEET B JIBa pa3a Ooibliee 3HadeHne. Heqoctarkamu Taxoke sSIBISIOTCS
OombIrie rabapuThl, Macca U CTOMMOCTb TpaHcPopMaTopa, OCKOJIBKY BTOPHYHAS
00MOTKa UMEET JIBE CEKIIMH U TPEOYEeTCsl BEIBOJ CPEAHEN TOUYKHA 0OMOTKH.

Onnoda3zubiii MOCTOBOM BbINPSIMUTEIb. CxeMa 0AHO()A3HOTO MOCTOBOTO
BBITIPSIMUTEIIS TIPUBEICHA HA PUCYHKE 5.3, @. BRIMpsSMUTENs TakKe SABISACTCS IBYX-
MOJIYTIEPUOAHBIM U coAepKUT ueTbipe nuoja VD1-VD4, BkitoueHHbIE IO MOCTO-
Boi cxeme. K ogHO#M nuaroHanum mMocTa MOAKIIOYEHA Harpys3ka Ry, a K apyroi —
BTOpHUYHasi 0OMOTKa Tparncpopmaropa T ¢ HampsukeHueM U,. uoxst VD1 u VD3, y
KOTOPBIX O0BEAMHEHBI KaTOABI, 00Pa3yIOT KAaTOIHYIO TPYIITY M «IUTFOCY BBITIPSIMHU-
tenst. JIBa npyrux nuoma VD2 u VD4, y kKoTOpbIX 00beIUHEHBI aHOBI, 00pa3yIoT
AHOJHYIO TPYIITY U «MUHYC» BBIIPSIMUTENA. B Ka10il U3 rpynil B JIF0OOM MOMEHT
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BPEMEHU OTKPBIT TOJIBKO OJUH TUOJ.

Jlns ynpoleHus aHaian3a paboThl CXeM BBIMPSIMUTENCH, UMEIOIINX aHO IHYIO
1 (WIM) KaTOJHYIO TPYIIbI COCUHEHUN NHOI0B, MOKHO CPOPMYIUPOBATH CIETY-
fomue npasuia. B 11000 MOMEHT BPEMEHHM B KAaTOJHOM TpyIIe OTKPBIT JUOM C
HauOOJBIIMM TIOTCHIIMAJIOM aHOJla, a B AaHOJHOW TpymnIne OTKPHIT JTUOA C

HAaMMCHBIINM ITIOTCHIIMAJIOM KaToJda.

Iypi Iy U
— > — > 2
u
i ! TZSvm /NVD3 n of
— T 0 0
ﬂ> 121'[
15 i
h u [] R |
2 Uy, Uy : Unep
@ u NN NN
JNVD2 7RVD4 |y of
0
Urp1, Iyp
Iyp w!
0
Uyppi
a) UZm
0)

Pucynok 5.3 — Cxema (a) 1 BpeMeHHbIE THarpaMMbl (6) TOKOB M HANIPSIKEHUN
0J1HO()a3HOTO MOCTOBOTO BBIPSIMUTEIS

Ha pucynke 5.3, 6 nmpuBeieHbl BpeMEHHBIC JUArPaMMBbI, TIOSICHSIOIIHE pado-
Ty 0JHO(A3HOTO MOCTOBOTO BhIMpAMHTENA. B Teuenue nepporo nomynepuonaa (ot
0 mo =) HampsbKeHHs Uy BEpXHUM BBIBOJ BTOPUYHON OOMOTKHM TpaHcdopmaTtopa T
uMeeT 0oJiee BHICOKUH MOTEHIINAI, YeM HUKHUH (TOJISPHOCTh HANpsKEHUs Uy yKa-
3aHa Ha pUCYHKe 5.3, a 6e3 cko00k). [Ipu 3TOM B KaTOAHOM TPyMIe OTKPHIT JUO
VD1, umeromuii 60jiee BHICOKMI MOTEHIIMAN aHOAA, @ B AHOJHOW T'PYIIE OTKPBIT
nnon VD4, nMmeromuii Oonee Hu3kuil norennuan karoga. K auomam VD2 u VD3
HarpspKeHue U, MPUII0KEHO B 00paTHOM HAIPABJICHUH M OHU 3aKPBITHL. TOK B ATOT
MOJIYIIEPUOJ TIPOTEKAET MO IEMU: «IUTFOCY» BTOPUYHONW OOMOTKH TpaHcpopMaropa
T, nmon VDI, narpy3ounsiii pesuctop Ry, nuon VD4 u «muHyc» BTOpUYHON 00-
MOTKH Tpancpopmaropa T. YUuTsiBasi TO, 4TO MO HI€ATHHBIC, BCE HAMPSHKEHUE
Uz B 3TOT MOJyNEPUOI OyAEeT MPUII0KEHO K HArPY3Ke, T. €. Uy = Us.

B teuenune BTOporo mosynepuonaa (OT m A0 27) HANpsHKEHUS! Uy HUKHUM

BBIBOJ] BTOPHUYHOU 00MOTKHU TpaHchopmaropa T umeeT OoJiee BHICOKHI MOTEHITUA,
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YeM BEpXHHU (HOJSPHOCTh HANPSKEHUs U yKa3aHa Ha pUCYHKE 5.3, a B CKOOKax).
IIpu 3TOoM B KatoaHOU rpynne OTKpoIT auoxa VD3, umeroniuii 6o1ee BHICOKUN TO-
TEHILIUAJl aHOJIa, a B aHOAHOU rpynmne OTKphIT Anoa VD2, umeromuii 6oee HU3KUMA
notennuan karona. K guomam VDI u VD4 nHanpsbxkenue U, NPUIIOKEHO B o0paT-
HOM HAaIlpaBJICHUH U OHM 3aKPBITHl. TOK B ATOT MOJYNEPHOJ MPOTEKAET MO LEMH:
«IJTIOC» BTOPUYHOM 0OMOTKH TpaHcpopmaropa T, quon VD3, Harpy3ounslil pe3u-
ctop Ry, nuox VD2 u «MuHyc» BTopruHO 00MOTKHM TpaHncpopmaropa T. IIpu aTom
BCE HampspKeHHE Uz B ATOT MOJyHNEpHOJ OyJeT MPUIIOKEHO K HAarpy3Ke B TOW ke
NOJIIPHOCTH, YTO W B MEPBbIM mosynepuoi, T. €. Uy = Uy. B pesynpraTe TOK B
Harpys3ke R, uMeer 0JJHO W TO XK€ HalpaBlieHHE B TeueHue Bcero nepuonaa. opma
TOKa B Harpy3ke I, moBTOpsieT POpMYy HANpPsDKEHUS Uy, T. K. HArpy3Ka HOCUT aKTHB-
HBII XapakTep.
OcHOBHBIE MOKa3aTed padoThl OJJHOPA3HOIO MOCTOBOI'O BBIITPSMHUTEIIS:

1) cpenHee 3HaUCHHUE HAMPSKCHUS HA HATPY3Ke:

Y
Upep = 1 j\/§U »Sinwt dot = @( cosomt @ :N_ﬂ ~09U,; (5.7)
7T 0 T T
2) cpeHee 3HaUYECHUE TOKA B HArpy3Ke:
Uiep 09U,
IH,cp = R ~ R ’ (58)

H H

3) cpenHee 3HaUCHHE MPSIMOTO TOKA Yepe3 KakKIbIld U0/, TaK KaK uepe3 Ju-
Ol IPOTEKAET M0JOBUHA TOKA HATPY3KH |y, ¢, OIPENENAETCS BEIPAKEHUEM:
Inp. szll-[. cp /21
4) MakCHUMaIbHOE 00paTHOE HAMPSHKEHUE, TPUIOKCHHOE K 3aKPBITOMY JHOY,

OIPEAEIIACTCS B HEMPOBOAIIMIA [TOTYIIEPHO] BETHUUHOM U, (pUCYHOK 5.2, 6):
Uo6p. max — \/EU 2 (5.9)

[To cpaBHEeHMIO ¢ OHO(A3HBIM HYJIEBBIM BBIITPSIMUTEIEM MOCTOBOW BBHITIPS-
MHUTEIb NPHU OJMHAKOBBIX 3HaueHusX U, u Ry umeer crnenyronme npenMmyniecTna:
HanpsKeHNE Ugsp max B 1B pa3a MEHBILE, OTCYTCTBYET BBIBOJ CPEIHEM TOUYKH BTO-
pUYHON OOMOTKHM TpaHc(hopmaTopa, MEHbIIIE Ta0apUTHI U Macca TpaHcPopMaTopa.
HenocratkoMm siBrisieTcst BABOE OOJIBIIIEE YHCIIO TUOO0B BHITPSIMHUTEIIS.

Tpéxda3ublii Hy1eBoil BhIIpAMHUTENb. CxeMa TpEX(azHOro HYJIEBOrO BbI-
MpSIMUTENIA MIPUBEJICHA HAa PUCYHKE 9.4, a. BeIIpsIMUTENb COCTOUT U3 TPEX AUOJOB
VD1-VD3, BKIIOYEHHBIX B KaXIyio (a3dy BTOpUYHOW OOMOTKH Tpex]azHoTo
TpaHchopmaropa T ¢ ¢asneiM HanpskeHueM Uy, Katogsr nunonos VD1-VD3 u
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OJIMH M3 BBIBOJIOB HArpy304HOro pesucropa R, oObennHeHbl W 00pa3yloT IUIHOC
BhITIpsiMUTENA. HelTpanbHas Touka BTOpUYHOM oOMOTKH TpaHcdopmartopa T, co-
€AMHEHHOW 3B€3/10M, MOAKII0OYEHA K IPYyroMy BBIBOJlY HAIPy30UHOTO pe3ucropa Ry
u o0pa3yetr MuHyc BbipsiMutens. [lepBuunas oomMoTka Tpancopmartopa T coeau-

HEHA B 3B€3]ly U NOJKIIOUEHA K TpeX(a3Hoi ceTu ¢ (pa3HbIM HampskeHrueM U g,

Uz Uy Urp Use
| | | /ot
' $ +
(,Ofl (0!2 (013
Uia Ury VD1 ~
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Pucynok 5.4 — Cxema (@) 1 BpeMeHHBIC THarpaMMbl (6) TOKOB U HAIIPSYKSHUM

TpEX(Pa3HOro BRIIPSIMUTENS C HYJIEBOM TOUKON

Ha pucynke 5.4, 6 npuBeeHbl BpeMEHHBIC TUArPaMMBbI, TIOSICHSIOIIHE pado-
Ty TpeX(}a3zHOro HyJEBOIro BhIIpAMUTENA. [I0CKOIBKY KaToabl AUOJI0B OOBEIUHE-
HBI, TO B OO0 MOMEHT BpPEMEHH B cXeMe (PHCYHOK 5.4, @) OTKPBIT TOT AHOMI, Y
KOTOpOTO MOTEHIMA aHojia Bhilie. Tak, B MHTepBajie BpeMeHu t; — t, Makcumarb-
HOE 3HAUYCHHWE MMEET HaIpsDKeHHE Up; BO BTOPUYHON 0OMOTKe ¢aswl A, ciemoBa-
TeJbHO, MOTEeHIMaN aHoja auoaa VD1 Beie, yem y octanbHbiX, U quoa VD1 ot-
KpbIT. Tak Kak AUOJ HJieaIeH, TO BCE HampshHKEHUE Uy, B TOM MHTEpBAJC MPUIIO-
KEHO K Harpy3ke Ry (pucynok 5.4, 6). B unrepsane Bpemenu t; — t3 MakcumanbHOE
3HAYEHHUE MMEET HampsikeHue Uy, B dase B, ciemoBaTenbHo, OTKpHIT nuoa VD2 u k
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Harpy3ke R, B 3TOM WHTEpBajie MPUIOKEHO BCE HampsbKeHHe Uy, B mHTEepBane
BpeMeHH {3 — ty MakcumanbHOE 3HAaUeHUE UMeeT HampsbkeHue Uy B daze C, creno-
BaTeIbHO, OTKPHIT Ao VD3 u k Harpy3ke Ry B 3TOM MHTEpBajie MPUIOKEHO BCE
HanpspkeHue Uy B pesynbpraTe HampsbkeHue U, Ha Harpyske Ry mpeacrasiser co-
00if OrmOaroNIyI0 MOJOKUTENBHBIX IMOTYBOJH (DasHBIX HANpSDKEHHH Uy (pHCY-
HOK 5.4, 6).

JUITenbHOCTh MHTEpPBAJIa MPOBOJAMMOCTH Ka)JI0r0 JAMOJA COCTaBJISET Tpe-
ThEO YacTh nepuona win 120°. Tak kak Harpy3ka HOCHT aKTHBHBIA XapakTep, TO
¢dopma Toka B Harpyske I, moBropsier GopMy HamnpskeHus Uy, (pucyHok 5.4, 6).

OcHoBHBIE MOKa3aTeNd padoThl TPEX(PA3ZHOTO HYJIEBOT'O BBHITPSIMUTEIS

1) cpenHee 3HaUCHUE HAMPSKCHHS HA HArpy3Ke:

T
+—

1 3 3\/§U2q) ) T
U,..=—— [ J2U,; cosotdot =——22| sin ot| 3 |=
P T on/3 In 20 2n -t
3
38Uz 117Uy ; (5.10)
T T A '
2) cpejHee 3HAUYECHUE TOKA B HArpy3Ke:
U 117U
lep, = P T2 220 (5.11)
R R

H H

3) cpeaHee 3HaYEHHE MPSIMOIO TOKA Yepe3 Kaxabli auon ompeaensercs 1/3
YaCTbIO TOK HArPy3KH |y cp!

Inp. cp = IH. cp /31
4) MakCHUMaJbHOE 0OpaTHOE HAMPSIKCHHE, MPHUIOKEHHOE K 3aKPBITOMY KO-

1y, PaBHOE B HEMPOBOIAIIMIA [TOIYIIEPHO] HAMPSKEHHUIO Uy, (PUCYHOK 5.4, 6):

U06p max — \/EU 211 (512)

Tpéxdazuplii HyJIEBOM BBITPIMUTENH UCTIONB3YETCS ISl MUTAHUS HArpy304-
HBIX YCTPOICTB cpe/lHE U OO0NBIIONW MOIIHOCTU. JJOCTOMHCTBOM Takoro BHIIPSIMU-
TEJs SIBJIAETCS JTOCTATOYHO BBICOKAs HAJAEKHOCTb, UTO ONPENECIACTCS MHHUMAJIb-
HBIM KOJIMYECTBOM JIHOJ0B. K HegocTraTkaM cieayeT OTHECTHM MOJAMAarHU4MBaHUE
cepleuyHuKka TpaHc(opmaTopa MOCTOSTHHBIM TOKOM, YTO TPHBOJIHUT K CHIIKEHUIO
KII[ Beimpsimutenst.

Tpéxda3zubiii MocTOBOH BhINpsAMHUTENb. Cxema TpEXPa3zHOro MOCTOBOTO

BBITIPSIMUTEIIS TPUBECHA HA PUCYHKE D.5. BBIIPsIMUTENb COCTOUT U3 LIECTH JUO-
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noB VD1-VD6, BkitoUeHHBIX 1O MOCTOBOM cxeme (cxema JlapumonoBa). Bxon BHI-
MPSIMUTENS MOJKIIOYEH K BBIBOJAAM BTOPUYHONM OOMOTKH Tpéx(dazHoro tpaHchop-
MaTopa T, COEJUHEHHON M0 CXeMe «3Be3a», ¢ (pasHbIM HanpskeHueM U,g. Jnonsl
VD1, VD3, VD35, y KoTopbIX 00BEAMHEHBI KATO/1bl, 00pa3yl0T KaTOAHYIO TPYIIY U
rwitoc Beipsamutens. Auoasl VD2, VD4, VD6, y KOTOpbIX 00beIMHEHBI aHObI, 00-
pasyloT aHOAHYIO TPyHIy U MUHYC BbhIIpsAMHTENs. K BBIXOAY BBIIPAMUTENS MOI-
KJIFOUEH Harpy304HbIil pe3uctop Ry.

Ty f:||.
o=

=
oy *
Uy, TZ& VDI fg VD3 /N Vs
]

”,‘ b '”2:|I1-
ot )"
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Mag e -

v
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Pucynok 5.5 — Cxema Tpéx(}pazHoro MocToBOTO BHITPSIMUTEIS

Iy

Ha pucynke 5.6 nmpuBeseHbl BpeMEHHBIE TUAarpaMMBbl, MOSCHSIONINE PaboTy
TpE€x(a3HOr0 MOCTOBOTO BBIIPSIMUTENS. JMOabI pabOTaIOT MOMAPHO — OJIUH U3 Ka-
TOJHOW M OAWH U3 aHOJHOM rpynmnbl. B nuntepBaie Bpemenu t; — t; B cxeme OTKphI-
Tol auoasl VD1, VD4 u x Harpy3ke R, mpuiokeHo JIMHEHHOE HAampsiKEHUE Uygy. B
uHTepBasie BpemeHu 1, — t3 oTkpbIThl quoabl VD1, VD6 u k Harpy3ke mpuioKeHO
HarpspDkeHue —Uy. B mHTEpBane BpeMmenu t3 — ty oTkpbiTel auonsl VD3, VD6 u k
Harpy3Kke MpHIOKEHO HampshKeHue Ugne. B nHTEpBane ty— ts oTkpsiThl Auoasl VD2,
VD3 u k Harpy3ke NPUIIOKEHO HampsoKeHUue —Uzap. B mHTEpBasie ts — tg OTKPBITHI
muoanl VD2, VDS u x Harpy3ke IpuIoKeHO HampsikeHue Uy B nHTEpBasie ts— ty
oTKkpbIThl auoAsl VD4, VDS u Kk Harpy3ke NpHIIOKEHO HampsiKeHHE —Uope. TakuMm
o0pa3oM, yYUThIBasI, YTO JAMOJBI UACAIbHbIC, HATIPSHKEHUE HA HAarpy3ke U, COCTOUT
W3 YYaCTKOB JIMHEHMHBIX HANPSKEHUM Ugap, —Uzca, Uzbe, —U2ah, Uzca, —U2pe TIPOIOJIKH-

TeNBLHOCTHIO 110 60° (pricyHOK 5.6).
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Pucynok 5.6 — BpemeHnHble AuarpaMMbl TOKOB U HaIIPSKEHU N
TpEX(a3HOTO MOCTOBOTO BBHIIPSIMHTES

OcHoBHBIE MOKa3aTeNnu padoThl TPEX(PA3HOTO HYJIEBOT'O BBHITTPSIMUTEIS

1) cpenHee 3HAUCHHUE HAMPSHKCHUS HA HArPy3Ke:

T

LT
1 6
Uep = 3 [ V2U,, cosot dot =
T
6
T
- —3‘/§U 21| sin wt |+5 =—3ﬁu 21 ~1,35U,, =2,34U 20 (5.13)
- _r o
6

2) cpeqHee 3HaUYCHUE TOKA B HArpy3Ke:
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(5.14)

3) cpeHee 3HAYEHHWE TPSMOTO TOKA 4epe3 JHOJ OIpPEIeNsIeTCs BpeMEHEM
paboTsl — 1/3 yacth nepuoja:

Inp. cp = IH cp /31
4) MakcUMaIbHOE 0OpaTHOE HANPSIKCHUE, MPUIIOKEHHOE K 3aKPBITOMY JHO-

1y, OIpeIesieMoe HalpsbkeHueM Uy, (pucyHok 5.6):

Uo6p..max = \/EU 2n (515)

3. IOAT'OTOBKA K PABOTE
3.1. IloaroToBUTH MPOTOKOJ UCCIAEAOBAHUS CXEM BBINIPSMUTENCH U BpeMeH-

HBIC THUarpaMMbl UX pa6OTBI.

4. TIPOTPAMMA PABOThI

4.1. 3anyctuth Ha KomMnbioTepe nporpammy Electronics Workbench.

4.2. Uccnenyiire paboTy 0AHO(MA3HOTO OTHOIMOIYNEPUOTHOTO BBITPSIMUTEIIS,
IS 9TOTO coOepuTe cxemy, U300paKEHHYIO Ha PUCYHKE 5.7,

v
B

{20 Al
-

Pucynok 5.7 — Cxema m1st ucciaeoBaHus 0 JHO(A3HOTO OJHOMOIYTICPHOIHOTO
BBIMIPAMHUTENS B cpezie monenupoBanus Electronics Workbench

4.2.1. YcranoBute BO BKIajake Value (3HaueHWe) UCTOYHHMKA MEPEMEHHOTO
HaIpsDKEHUST BEIUMYMHY HamnpsbkeHus U; corflacHO MHAMBUIYaJIbHOMY BapUaHTY
(tabmuma 5.1), gactory curnama — 50 ', dasy — Homb TpagycoB. Bemmuuny co-
npotuBieHus: R1, BBIMOJHAIONIErO poJib HArpy3KH, ycTaHOBUTE paBHYIO 10 kOwm.

[Tapamerpsl TpancpopmaTopa ocTaBbTe MO ymonadyaHuto. OOpaTuTe BHUMAaHUE,
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yTOOBI Ha KaHall A ocuuiorpada moctynan curaai co Bxonaa auoaa VD, a Ha ka-

Han B — curnan ¢ Beixona auona VD.

Tabnuua 5.1 — Hanps>keHne HCTOYHMKA COTIACHO MHAUBUIYaJIbHOMY BapUAHTY

Bapuant 1 2 3 4 5 6 7 8 9 10
Uy, B 10 15 20 25 30 35 40 12 18 22
Bapuant 11 12 13 14 15 16 17 18 19 20
Uy, B 8 14 24 32 36 45 42 28 9 6
Bapuant 21 22 23 24 25 26 27 28 29 30
U, B 38 45 50 55 60 65 70 75 80 85

4.2.2. Bxnrounte cxeMy KJIaBUIIIEH B MPAaBOM BEepXHEM yTiy 3kpaH. Hactpoiite

Ha ocrwuiorpade HEOoOXOIUMbIE TapaMeTpbl MOJCIUPOBAHUS: BEIMYUHY UYyBCTBU-

tenbHOCTH KaHaoB (V/DiV) Takoii, 4TOObI aMIUTUTYy/a CUTHAJla HE BBIXOAMJIA 3a rpa-

HHI[BI JKpaHa, a BpeMeHHyto pa3Béptky (Time base) — B 3-4 mepuoaa (pucyHok 5.8).

Pexxumbl 1o Bxoay kaHasioB BeiOeputre DC. UToOBI oclmMuiorpaMmbl ObLIO YJI00HO

Ha6JIIOJIaTB, W OHM HC HAKJIAAbIBAJIIMCH APYI HA JPyrd, Ha J'IPIIIGBOﬁ IMaHCJIIM OCHUJIJIIO-

rpada B pasaene Channel B ycraHoBuTe UyBCTBUTENIBHOCTh KaHalla B 4yTh MEHBIIE

BeJIMUMHBI KaHana A. Hapucyiite mnmomydeHHble OCHWUIOIpaMMbl (WJIM CHUMUTE

CKpPHUHIIIOT).

# | Oscilloscope

=

Ground

("

MR b |

—Channel A

Trigger

Edg= EAl =

Leve

EEEN A | 8| Ex |

— Channel B

0}

[ & wDiv

[ 10 wiDiuw

Y position | 0.00

2130

scjo)EE @

¥ position | 0.00

12130

scioEB

Pucynok 5.8 — 300paxenus BXoqHOM (KaHaT B) ¥ BRIXOTHOH (KaHa A)

OCIIMJUIOIPAMM JJIsI OTHOIIOIYIIEPUOJHOTO BBIIPSAMHUTENA (KaHaIbl A U B UMeroT

Pa3IUYHYIO YYBCTBUTCIbHOCTBIO AJIA YCTPAHCHUS HAJIOKCHUA CI/IFHa.]'IOB)

4.3. U3mepbTe MakcuMaibHbIe (10 ociuuiorpady), IeHCcTByoIIee (10 BOTb-

t™eTpy PV1) u cpennee BoinipsiMiieHHOE (M0 BOJIbTMETPY PV2) 3HaueHUs: BXOJIHBIX

Y BBIXOJHBIX HANPSOKECHUH, a Takke TOK 4epe3 Harpysky (mo ammepmerpy PA1L).

IIpu stom, BosnbT™MeTp PV1 pomxeH ObITh HACTPOEH HA U3MEPEHHE MEPEMEHHOIO
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HanpspkeHus, a BoibT™MeTp PV2 u amnepmerp PA1 Ha u3MepeHne NOCTOSTHHBIX Be-
Tu4uH. Pe3ynpTaThl H3MEpEeHN 3aUIIUTe B Ta0UIy 5.2.

4.4. Onpenenure o ocuwuiorpady MakcuMaibHOE OOpaTHOE HANpsiKEHUE
Uoép.max Ha JMOME, IOAKIKOYUB, HAIPUMED, BXOJ A ocuuuiorpada K aHoy a1oja,
a o0mmii BXxoj ocuwuiorpada K KaToay AWOAA. 3aNUIIMTE pe3yjibTaT B TaOJIH-
1y 5.2 ¥ 3apucyiTe MoTydeHHbIE AUarpaMMbl (UJIM CHUMHUTE CKPUHIIOT).

4.5. BoruucnuTe cpejiHee 3HaYCHHUE BBIXOAHOTO HanpspkeHust Uy o, (mocto-

SIHHAsl COCTABIISIONIAs), CPE/IHEE 3HAYCHHUE TOKA Yepe3 Harpysky |y, 1 odpaTHoe
MaKCHMaJlbHOE HampspkeHne Ha auoae U s, may 1O hopmymam (18-20). CpaBHute
UX C U3MEPEHHbIMU 10 1.11. 4.3-4.4, 3anucaB pe3yabTaThl B TAOIHILy 9.2.

Tabnuua 5.2 — Pe3ynbTaThl HcclieJOBaHUHN U pacy€ToB

CxeMa BBITIPSIMUTEIS Utmax: | Y2, | Ugep, Uoop..max, L. cp.
B B B B 4

OnnodazHbli OIIBIT
OJTHOTIOJTYIIEPHO THBIHI -

A yHepHOA pacuér
OnnodazHbii OIIBIT
C HYJIEBOM TOYKOMN "

pacuér

OnHodazHbIi MOCTOBOM OIBIT

pacuér

4.6. Uccnenyiite paboTy 0HO0(GA3HOTO JBYXIOIYIIEPHOTHOTO BRIMPSIMHUTENS C
HYJICBOM TOYKOM, JJIsI 3TOTO cobepute cxemy, n300pakEHHYI0 Ha pucyHke 5.9. Ha
BX0J A ocumiuiorpada mogaeTcsi BXOJAHOW CUTHAI (BEIMYMHY BXOJHOTO HaIpshKe-
HHUSI YCTAHOBHMTBH COrjacHoO Tabimie 5.1), a Ha BXoa B - BbeixoaHoi. IIpu 3Tom 1o
Bxony A ocmwmiorpada ycranoBute pexumM AC (HaOmomaeTcss TOJIbKO MepeMeH-
HBIM curHan), a mo Bxoa B pexum DC (HaGnrogaeTcss mepeMeHHasl ¥ MOCTOSHHAS
cocrapisromue curtana). Conporusnenne R = 10 kOm. Hactpoiite HeoOxoanmbie
napaMeTpbl MOJEIHUPOBAHUS M MOJYYUTE OCUUIUIOTPAMMBI HAa BXOJE M BBIXOJIE
cxeMbl (pucyHok 5.10).

4.7. BpINOTHUTE HCCIEIOBAHUE JAHHOTO BBIIPSIMUTENS, BBIIOJIHUB I HETO

.. 4.3-4.5. 3anonaute Tabnuiry 5.2 ¢ pe3yabTaTaMy 3TOTO UCCIICTOBAHMS.
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Pucynoxk 5.9 — Cxema a1t ucciegoBanus oqH0(Ga3HOTO JBYXIOTYTIEPUOIHOTO

BBINIPSIMUTEIIS C HYJIEBOM TOUKOM B cpene moaenuposanus Electronics Workbench

Expand Ground (=

—Time base Trigger
[5.00mss div Bige BEE x| &
X position ||:|,|:||:| Lewel
I o5 [ 240 | BN | 5 Bx |
—Channel A ———— — Channel B
[ 5 wDiv [ 5 wiDiv
¥ position |-|:|_2|:| Y position | 0.00

Ac[oEE & | acjoEE @

3230

nQae
aQac

Pucynok 5.10 — M300paxkeHust OCIILIOrpaMM JIst

JIBYXIIOJYTIEPUOAHOTO BBIIPSIMUTENS C HYJIEBOUM TOUKOM

4.8. Uccnenyiite paboTy omHO(}A3HOTO JBYXIOJYIEPHUOIHOTO MOCTOBOTO BBI-
MPSIMHATEIIS, IS 3TOT0 coOepuTe cxemMy, n300pakEHHy0 Ha pucyHke 5.11. Ha Bxon
A ocmmnorpada MoJaeTcss BXOAHOW CUTHAN (BEIWYMHY BXOJAHOTO HANPSHKCHHS
YCTaHOBHUTE coriacHo tadumie 5.1), a Ha Bxoa B - BeixogHoi. Conporusienue R =
10 kOm. HactpoiiTe HEOOXOaUMBIE MapaMeTpbl MOJCIUPOBAHUS U TOJIYIUTE OC-
[IWIIOTPAMMBI Ha BXOJI€ U BBIXOJIE CXEMBI (PUCYHOK 5.12).

4.9. BeImomHuTEe MCCIEA0BAHUE JAHHOTO BBIPSIMUTENS, BHITIOTHUB ISl HETO

n.a. 4.3-4.5. 3anonaute Tabnuiry 5.2 ¢ pe3yabTaTaMy 3TOTO UCCIISTOBAHMUS.
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Pucynok 5.11 — Cxema ajist uccieoBanus oH0(Ga3HOTO

ABYXIIOJTYIICPUOAHOTO MOCTOBOT'O BBIIPAMUTCIIA

Expand Ground (&

—Time base Trigger
[5.00ms¢ div Edge HEE =| =
¥ position [ 0.00 Lewel
A PO
—Channel A ————— Channel B
[ 5 wiDiv [ 5 wiDiw
¥ position [ 0.00 ¥ position [ 0.00
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Pucynoxk 5.12 — U3o00paxeHus ocluIIorpaMm

JJIA O,Z[HO(i)aSHOI“O MOCTOBOT'O BBIIIPAMUTCILA

4.10. Uccnenyiite paboTy Tpéx(}a3zHOTO BBIIPSIMHUTENS C HYJEBOW TOUYKOM,
JUIsL 9TOTO colOepute cxemy, n300paxEHHYI0 Ha pucyHKe 5.13. YcTaHOBUTH yroiu
casura Hanpspkenus 0, 120, 240 rpagycoB B ¢azax VDI, VD2, VD3 cootBet-
ctBeHHO. Ha Bxox A ocumorpada mogaeTcsi BXOJHON CUTHaN (BEJIMUMHY BXOJ-
HOT'O HANpSDKCHHsI YCTAaHOBHUTE corjlacHO Tabmuiie 5.1), a Ha BXoa B - BBIXOHOM.
Comporusnenue R =10 kOm. Hactpoiite HeoOXoauMbie mapaMeTphl MOJIETUPOBa-
HUS M TIOJIYYHUTE OCIMJUIOTPAMMBI Ha BXOJIC U BBIXOJIE CXEMBI (PUCYHOK 5.14).

4.11. BBIMOTHUTE UCCIICIOBAHUE TAHHOTO BBIMPSMUTEIS, BBHITIOJIHUB JIJIsI He-

ro m.m. 4.3-4.5. 3anonuure Tabnuiy 5.3 ¢ pe3ynbTaTaMu 3TOTO UCCIETOBAHUS.
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Pucynok 5.13 — Cxema aiig uccneoBaHus Tpex($a3HOro BHIIPSIMUTENSA

C HYJIEBOM TOYKOU

Expand Ground (%

—Time base Trigger
} [5.00ms diw Edge Bl %| &
¥ position [ 0.00 Lewel (o000 [
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Pucynok 5.14 — N3o00paxeHus oCIWIJIOTpaMM

JUTsE TPEX(PA3HOTO BHIIPSIMUTENS C HYJIEBOW TOUKOU

Taomuma 5.3
CxeMma BBIIPSIMUTEIIS Uimax: | Yncp s | Yoop.max L. cp,
B B B A
TpexdaszHbiii ¢ HYIEeBON TOUYKOM OIIBIT
pacuer
Tpexdazupiii MOCTOBO# OIIBIT
pacuer

4.12. Uccnenyiite paboTy TpEx($a3zHOTO MOCTOBOTO BBITIPSIMUTEISI, IJIsI TOTO
cobepute cxeMy, H300pax€HHYI0 Ha pucyHke 5.15. YcrtaHoButh yrom casura
Hanpspkerus 0, 120, 240 rpagycoB B ¢dazax VD1, VD2, VD3 cootBercTBenHo. Ha
BX0Jl A ocumiuiorpada mogaeTcss BXOAHOW CUTHAN (BEJIMYUHY BXOJHOTO HampshKe-
HUSl YCTAHOBHTH coryiacHo tadumie 5.1), a Ha Bxoq B — BbixoaHO#. ComnpoTtusie-
aue R =10 kOm. Hactpoiite HEOOXOAMMBIE TTapaMeTPbl MOACIUPOBAHUS U TIOTY-

YHUTE OCIIMUIOIPAMMBI Ha BXOJIC M BBIXOJIe CXeMbI (PUCYHOK 5.16).
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Pucynoxk 5.16 — 300paxeHus BBIXOIHBIX OCIHILIOTPAMM

JJIA TpéX(bEBHOFO MOCTOBOTI'O BBIIIPAMUTCILA

4.13. BeimoaHuTe HUCCIICA0OBAHUC JAHHOT'O BBIIIPAMUTCIIA, BBIIIOJIHUB JJI HC-

ro 1.1. 4.3-4.5. 3anonaurte Tabnuiry 5.3 ¢ pe3yapTaTaMu 3TOr0 UCCIEIOBaHUS.

5. COJEPY)KAHUE OTUETA

B coctaB oTu€Ta BXOIAT: TUTYJBHBIA JHCT (popmanu3zoBaHHOrO oOpasia
(mpunoxxeHue A); TPOTOKOJ UCCIICA0BAaHUS, KOTOPBIN JOJKEH COJIEpKAaTh HOMEP U
Ha3BaHUE JTAOOpAaTOPHOI pabOTHI, €€ 1eTH, UCCIEAYEMbIE CXEMBbI, BHITIOJHEHHBIC B
cootBercTBUU ¢ TpeboBanusmu ['OCToB, TaOIUIBI ¢ IKCIEPUMEHTAIBLHBIMHU pe-
3ynbTatamMu, rpaduKH TOJYyYEHHBIX XapaKTEPUCTHK, MOCTPOEHHBIE B MaciiTabe
(MM UX CKPUHIIOTHI). XapaKTEPUCTHKH OJTHOTO THITA CTPOSITCS JJIsSI CPAaBHCHHS B
OJIHMX KOOpJMHATaX. B oTuéTe mpUBOMASITCS TaKKe€ BBINOJHEHHbBIE PACU€Thl U Jie-

JIAOTCs BBIBOJHLI 110 PE3yJibTaTaM HUCCICIOBAHHH.

6. KOHTPOJIbHBIE BOITPOCHI
6.1. Kakoe ycTpoiicTBO Ha3bIBatoT BeIpaMuTeneM? OObSICHUTh MPUHITUT pa-

OOTBI BBIIPSIMUTEIIS, UCTIONB3YS CTPYKTYPHYIO CXEMY.
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6.2. Jlnsa kakux 1enei NpuMEHSIOT BBIIPAMHUTENN CpeHENd U OONbIION MOII-
HOCTH?

6.3. Kakyto poiib urpaer TpancopMaTop B cXemax JUOIHBIX BBITPSIMUTENCH?

6.4. B uéMm 3akimoyaeTcss NPUHIUN BBIIPSIMIICHUS B OJHO(A3HOM OJHOIMONY-
nepuoHoM Beinpsmurene? [lpuBectu BpeMeHHbIE JUarpaMMbl paOOTHI.

6.5. B uém oTiMuue ABYXIOIYNEPUOJAHOTO BBITPSIMUTENS OT OJTHONONYIIEPHU-
onHoro? Kak onpezensieTcst 3HayeHUE CPETHETO BBIMPSAMIECHHOTO HAIPSKEHUS ?

6.6. O0BsiCHUTE, KaK MPOUCXOJIUT MPOIIECC BHIMPAMIICHUS B CXEME MOCTOBOTO
BeInpaMuTens. [IpuBeauTe cxeMy 1 BpeMEHHbIE JUarpaMMbl.

6.7. OIMHAKOBBI JIM YAaCTOThI BXOJJHOTO U BBIXOJJHOTO HAIPSIKEHUS BBITPSIMHU-
TenbHOro Mocta? Kak OHM COOTHOCATCS € 4acTOTaMU BXOJHOTO M BBIXOJHOTO
HaNPsHKEHUH JIBYXITOTYIEPUOHOTO BBIIPSIMUTENSA?

6.8. Kak cOOTHOCATCS TOKM M HaIpsSKEHUS Ha BXOJE€ U BBIXOJE TpeXx(da3HOTro
BBIMPAMUTENSL C HYJIeBOM Toukoi? OObsAcHUTE MpUHLUI ero padboTsl. [lpuBenute
CXEeMY ¥ BpeMEHHbIE TUarpaMMBbl.

6.9. Kak cOOTHOCATCS TOKM M HaIpSKEHUSI Ha BXOJI€ U BBIXOJE TpeXx(da3zHOTro
MOCTOBOTO BhInpsiMutensi? O0bsIcHUTE TPUHIKN ero padoThl. [IpuBenure cxemy u

BPCMCHHBIC THUAIrpaMMBI.
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6. JABOPATOPHAS PABOTA Ne 5

NCCIENOBAHUE ITAPAMETPUYECKOI'O CTABUJIM3ATOPA
HATIPSDKEHW A

1. IEJIb PABOTHI

M3yunth cXemMbl ¥ TMPUHITMI PabOTHI MapaMEeTPUUYECKOTO CTaOMiInU3aTopa Io-
CTOSTHHOTO HampsbkeHHsl. McciaenoBaTh OCHOBHBIC XapaKTEPUCTHKU ITapaMeTpuye-
CKOI'0 CTabMIIM3aTOpA.

2. OCHOBBI TEOPUI

2.1. Ctabunu3atop SBISETCS COCTABHON YacCThIO BBIIPSIMHUTECIIBHOTO YCTPOWA-
CTBA W CIYXHUT JJIA TOJACPKAHUS HEU3MEHHBIM (B OIPEACICHHOM JIOITYCKE)
HANPsDKCHHSI Ha Harpy3ke, KOTOPOE MOXKET MEHSTBCS MO JICUCTBHEM pPa3IMYHBIX
JecTabMIM3NpyroMKX GakropoB. Takumu pakropaMu MOTYT OBITh, HAIIPUMEP, KO-
neOaHus HAPSDKCHUS CETH, U3MEHEHUS COTIPOTUBIICHHS HAarpy3KH.

[Tpu yBeMUEeHUN HANPSDKEHUS Ha BXOJIE NApaMETPUUYECKOTO CTaOMInu3aTopa
HANPSDKCHHSI TOK Yepe3 CTaOMIMTPOH B COOTBETCTBHHM ¢ ero BAX pe3ko yBeandu-
BaeTCsl (PUCYHOK 6.1), 4TO MPUBOIUT K YBEITUYCHUIO TOKA Yepe3 OayutacTHBINA pe3u-
cTOp R ¥ COOTBETCTBYIOIIEMY YBETUYCHHUIO TAJACHUS HAIPSDKCHUS HA 3TOM pe3u-
ctope Ug,. Hanpsikenune Ha cTaOuiIMTpoOHE, a, CIe10BaTeNIbHO, U Ha Harpy3ke (pe-

3UCTOP RH) TP 5TOM IIPAKTHYICCKU HC MCHAKOTCA.

Uk
Ty
to—— ] $
Es VD
Unx Uer| /N R Upyx
- O L

Pucynok 6.1 — CxeMa nmapamMeTpruecKoro cTaduiIn3aTopa HaMpsKEeHUs

[Ipy ymeHbIIEHUW HaANpPsDKEHHs, HAOOOpPOT, MaJeHHWE HampspKeHus Ha Ry
YMEHBIIIAETCSI TaKUM 00pa3oM, YTO HAMNpsHKEHUE Ha CTAaOWIIMTPOHE M HArpys3ke
OCTAeTCsl HEU3MEHHBIM.

3HaueHue U3MEHEHUs HanpsbkeHus: Ha ctadbuiutpone VD (£AUyp) 3aBucut ot

HU3MCHCHUS BXOOHOI'O HAIIPAKCHUA :EUB)(, COIIPOTHUBJICHUA 0aJJIaCTHOTO PE3UCTO-

pa R u nuddepeHnnanbHOr0 COMPOTUBICHHS CTAOMIUTPOHA I = ——

ol

M
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2.2. KadectBO paboThl cTaOUiIM3aTOpa XapakTEPU3YeTCs CIEIYIOIUMH YHUC-
JIOBBIMU TTapaMeTpaMH:

1) koadpureHT crabuan3annuy o HanpsHKEHUIO!

AUgeUgy

AUGblx/UGleHOM ,

Kcm = (61)

rne AU, AU aOCOJIIOTHBIE TPUpPAIICHUS BXOJHOTO W BBIXOJAHOTO Ha-

8x’ 6blX

IMPSKCHUA CTa6I/IJ'II/IBaT0pa COOTBCTCTBCHHO,

2) BBIXOJIHOE COMPOTUBJICHUE:

Rpprx =AUpry 1Al (6.2)
rae Al ;; — abCcomOTHOE TIPUpAIEHUE TOKA HATPY3KH.

[lo cnocoOy crabunu3anuu CTabUIN3aTOPhI JACNSITCS Ha MapaMeTpUuyecKue u
KOMIICHCAIIMOHHBIE.

2.3. OCHOBHBIM 3J€MEHTOM CTaOHWIM3aTOpa SIBISETCS MOJIYNPOBOIHUKOBBIN
ctabunmutpon VD. ObGpartHasi BeTBb BoJbTaMIlepHON xapakTepuctuku (BAX) cra-
OWJINTPOHA MMEET Y4aCTOK CTaOMIIM3allMi, Ha KOTOPOM HANpsKEHUE CTaOMIUTPO-
Ha 3aBUCHUT OT TOKa OYE€Hb HE3HAUUTENHHO (PUCYHOK 6.2). YuuThIBasi, 4To cTabu-
JUTPOH UMeeT HennHeHyto BAX, nins onucanus paboThl TapaMeTpUYECKOro CcTa-
Owr3aTopa HanpsDKeHHsT MOXKHO HMCIOJNB30BaTh I'paUUecKue METOJbI aHalli3a

HEJIMHEMHBIX QJICKTPUICCKUX ueneﬁ.

AL’?{'H
N S — -

- 0

\ 4
Pucynok 6.2 — BAX crabunutpona

Paccmorpum paboTy crabuimmsaropa Ha XOJOCTOM XOAy, T.e. NMpU R, =
(1,=0). B atom ciy4ae GamnacTHbIil pe3ucTop R; u cradmmutpon VD OyayT co-

CANHCHBI ITIOCJICAOBATCIIBHO MW AAaHHYIO LOCIIb MOXHO aHAJIU3HUPOBATH MCETOAOM

OTIPOKMHYTOM XapakTepuctuku. Ha pucynke 6.3 npeacrasiensl BAX crabumutpo-
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Ha (kpuBas 1) u onpokunyras BAX pesucropa R; (mpsimast 2). Touka ux nepece-
YEeHHsl ONpEeJeNsieT 3HaUCHHs HANPsDKEHNs Ha CTAaOMIMTPOHE paBHOE U, U TOKa

cm:

o

Al

Al%

. I

Tz min Iz Iz Tezme I b

Pucynok 6.3 — BAX nmapamerpuueckoro ctabuimnsaropa,
MIOSICHSFOIIAsI €r0 PaboTy

Toraa, onuceIBaEMyI0 YpaBHEHHEM DJJIEKTPHUYECKOIO COCTOSHUSA XapaKTepH-
CTUKY Ugy =U,y, + 1nR5 , IPOCTO pemuTh rpaduuecku. IIpu 3ToM yuuThIBaeM, 4To

Ugor =Uem- 1Ipu aTOM | =U,, /R;. Touka 4 nepecedeHuss XapakTepUCTUK OIIpeEe-
aseT 1ok |, depe3 crabunutpod VD u Hampspkenue ctaOunmzaunuu U, paBHOE
HaIpsDKEHHIO Ha Harpyske U,,. Tak npu BXOAHOM HanpsbkeHuu U, , BAX nuneit-

HOM YacTU CXEMbI 3aHUMAET MOJIOKEHUE 1, Yepe3 CTaOMIMTPOH MPOTEKAET TOK

| .1 » @ HAIIPSDKEHUE HA HArpy3Ke paBHO Uy, q =U . (27151 TOUKH Aj).
IIpn yBenuueHHH BXOAHOIO HampspKeHHs Ha AU, oT Ugq 10 Ugo BAX

JUHEHHOW YacCTH CXEMBI TIEPEMECTUTCS MapajiebHO caMoi cebe M 3aliMeT Mmojo-

xkenue 2. M3 pucynka 6.3 BUAHO, UTO HaNpsOHKEHUE Ha cTabmiuTpoHe U,.,» , a, cie-
J0BaTEIbHO, U Ha Harpy3ke U, .» W3MEHUTCS (YBEIMUYUTCS) HE3HAYUTEIHHO Ha
BenuunHy AU g (Touka A4p). Ilpn yMeHbIIEHNH BXOJHOIO HANPSKEHUS MPUHIINIL
paboThl cxeMbl aHamornyeH. Takum oOpa3oMm, MpYU M3MEHEHHWH BXOJHOTO HAmps-

xenust Uy, HanpsikeHne Ha Harpyske Uy, OCTaeTcs MpakTUU4eCKU HEM3MEHHBIM.

Tak kak pabouunii yuactok BAX crabunutpona VD orpannuen MuHUMAalb-
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HBIM | min ¥ MaKCUMAJIBHBIM |, max TOKAMH CTaOMIIM3alUH, COIPOTHBIICHHE
pe3uctopa R; BbIOMpaeTcsl TaKUM OOpa3oM, 4TOOBI JMHMS HArpy3Ku INepeceKkana

BAX crabunutpoHa B TOYKE A, COOTBETCTBYIOLIEH HOMHUHAJIBHOMY TOKY CTaOH-
mutpona VD.

B peanbHbIX ycnoBusaX R, #oo, modTOMy cymmapHas BAX crabunutpona VD
U Harpy304HOro pe3ucTopa R, MEPEMECTHTCS B CTOPOHY OOJBIIMX TOKOB, M pe-
UM cTadmiIn3anuu OyJeT HacTylaTh pU OONbIIEM BXOAHOM HaNpsKEeHUU U, .

H3menenue HAarpy3ku O4YCHb MAJIO BJIMACT HA BCIWYHUHY HAIPSAKCHUSA U6bLX,"

MIOCKOJIbKY, HallpUMEp, YBEITUYCHHE TOKA HArpy3Ku |y KOMIICHCHPYETCSI YMEHBIIIC-
HUEM TOKa CTaOMJIMTPOHA.

ConpoTuBieHue OalgacTHOrO pe3uctopa R; BbIOMpaeTcs TakUM, YTOOBI

oOecreunTh 3HaYCHUE TOKa CTa6I/IJ'II/ITpOHa | COOTBCTCTBYIOIICC HOMUHAaJIbHOM

cmo
BeJIMYUHE .y, ,,0,,» YKA3AHHOM JUISI TAHHOTO THUIIA CTA0MIIUTPOHA.

B03MOXXHOCTH peryJupoBaHMs BEIXOAHOTO HAMPSOKCHUS Y TTapaMeTPUISCKOTO
cTabminM3aTopa OTCyTCTBYIOT.

Kosdhdurment crabwimzanuu mapaMeTpUYECKOro CTaOMIM3aTopa OTHOCH-
TEJILHO HEBBLICOK M cocTaBisieT 20-60.

BbIX0oHOE COMPOTUBIICHUE MapaMEeTPHUSCKOT0 CTaOMIN3aTOpa ONpeIesaeTCs
nuddepeHnraIbHbIM COMMPOTUBIICHNE CTA0OMIMTPOHA HA YYacTKE CTAOWIM3AlUUA U
MOJKET HaXOIUTHCS B JHAIA30HE OT OJHOTO 10 JecATKOB OM.

3. IIOJI'OTOBKA K PABOTE
3.1. IloaroroBbTE MPOTOKOI MCCIAETOBAHUS, HAYEPTUTE CXEMBI JJISI UCCIIEI0-
BaHMs TTapaMEeTPUIECKOT0 CTaOMIIN3aTOpa HAPSHKCHUS.

3.2. Paccuuraiite conpoTuBieHre 0amIacTHOrO pe3ucTopa Ry .

3.3. Onpenenure K03 PUIMESHT cTaOMIN3AIMN TApAMETPUISCKOTO CTaOMIIN-
3aTopa.

4. TIPOTPAMMA PABOThI

4.1. TIpoBecTH OMBIT XOJIOCTOrO XO/a:

4.1.1. Ha xowmmbtorepe 3amyctuth mnporpammy Electronics Workbench
«Wewb32.exe».

4.1.2. C momompl0 WHCTPYMEHTAJIBHBIX CpeICTB mporpaMmbl Electronics
Workbench mabpaTth cxeMy mapaMeTpHuecKOro CTaOMIIM3aTopa, COTJIacHO PUCYH-
Ky 6.4, BeIOpaB MapKy cTaOUIUTPOHA JJII CBOETO BapuaHTa 1o Tabmure 6.1.
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Tabnuua 6.1 — Tun 1 napameTpsl CTAOMIUTPOHA COTJIACHO BapHAHTY

Ne Tun Uer B lermax, A Rz Om
BapHaHTa | CTaOWJIMTPOHA (VZT) (1ZT) (RS)
1 KCI133A 3,3 0,081 65
2 KCI139A 3,9 0,07 60
3 KCI137A 4,7 0,058 52
4 KC156A 5,6 0,055 46
5 KC162A 6,2 0,022 35
6 KC168A 6,8 0,02 28
7 KC170A 7,0 0,018 20
8 KC175A 7,5 0,018 16
9 KCI182A 8,2 0,017 14

2378 A4

>y 3501 W

5882 W/

Pucynok 6.4 — CxeMa 1151 MCClIeIOBaHUS MTapaMeTPUIECKOTro
cTabuin3aTtopa HanpsHKeHUS

4.1.3. JInst co3maHus MOJCNIA CTAOMIIMTPOHA B COOTBETCTBUU C BAPHAHTOM 3a-
naHus 1o Tabswmie 6.1, HeoOX0AMMO JIEBOM KIIABHIIECH MBIIINA KIWKHYTH JIBaXKIbI
10 M300pakKeHUIO CTAOMIMTPOHA U B OTKPBIBIIEMCS OKHE B paszaeine Library Bei-
opate 6ubanorexy default, a 3atem B pasgene Model — tun crabuaurpona ideal.
BriOpath mocienoBaTebHO JIEBOUM KiaBuIIe Mblu kHomku Copy u Paste, 3amm-
caTh JAaTHHCKUMU OYKBaMH B MOSIBUBIIIEMCSI OKHE THIT CTAOMJIMTPOHA COTJIACHO Ba-
pUaHTy 3ajaHusg U HaxaTh KHONKYy OK. B pe3ynbraTe 3THX IE€UCTBUN B pasjelne
Model nosiButcst BBIOpaHHBIN THI CTAOMIUTPOHA. {151 KOPPEKTUPOBKH €ro Imapa-
METpPOB HEOOX0IMMO HakaTh KHOIKY Edit u yctaHOBHTE yKa3zaHHBIC B TabmuIe 6.1
3Ha4YeHHs TapaMeTpoB: Zener test voltage at I1ZT [VZT] (manpspkenue crabuimsa-
man U,,); Zener test current [IZT] (MakcumanbHbIH TOK crabwim3amud lem.max);
Ohmic resistance [RS] (muddepernmansHoe conpoTuBicHue Ro), TOMHS TIPH 3TOM,
YTO TIeJIbIE W IPOOHBIC YACTH CMEIIAHHOTO YHCIIa OTICISAIOTCS HE 3aIlATol, a TOU-

KOW. 3HAYEHUs IPYTUX NapaMeTpOB OCTaBUTH 0€3 U3MEHEHUS.
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4.1.4. YcranoBuTh 3HaueHHd dieMeHTOB cxeMmbl. E =20B, R =10,

R;=1 Om, R, =00 Om. [l11s1 3TOr0 HEOOXOAUMO:

1) nis ucrounuka Ep: nBa pa3a MENKHYTH JICBOW KJIABUIICH MBI Ha dJIe-
MeHTe, BO Bkiajake Label oTkpriBierocs okHa HamucaTh 00O3HAYCHUE DIIEMEHTA
(marmpumep, E1), Bo Bkiaake Value yctaHOBHTH 3HaueHUE mapaMerpa U HE0OXOau-
MYIO €TUHUILY U3MEPEHHUSL.

2) IUIsl COTIPOTUBIICHUI: 0003HAYEHUS M BEJIMYMHBI MMapaMETPOB YCTaHABIIH-
BAIOTCSl aHAJIOTMYHO, HO /ISl TIEPEMEHHBIX PEe3UCTOPOB, KPOME TOTO, YKa3bIBACTCS
BO BKiajke Value, B okHe Key kimaBuiiia M3MEHEHHs BEJIMYHMHBI (Harmpumep, R), B
okne Setting (Vcmawnoska) — MCXONHYIO BEIMYMHY Hayalla OTCYETa, HAIpUMED,
100 %, B okne Increment (/Ipupocm) — mar u3meHnenus, Hanpumep, 10 %. D1o
03HAuaeT, YTO M3MEHEHHE MapamMeTpa HAaYHETCS OT BEJIMYHMHBI, YKa3aHHOU B CTPOKE
Resistance (R) B MeHbIyto cTopoHy ¢ 1aroM B 10 %. 3aBepinaeTcst ycTaHOBKa ma-
pameTpoB HaxxaTueM kHomku OK.

Ipumeuanue. TéMHas CTOpOHA aMIICPMECTPOB U BOJIbLTMCTPOB 0003HAYAET «—».

4.1.5. Iamenss conpotusnenne Ri, moctpouts 3aBucumocts U, = f(U,,).

HpI/I 9TOM, U3MCHCHHUC COIIPOTUBJIICHUA OCYHICCTBIIACTCA HAKATHCM BBI6paHHOﬁ B
.. 4.1.4 xmaBuIei. I[J'ISI BKJIIOYCHMUS ITUTAHUA CXCMbI HCO6XOI[I/IMO KIIMKHYTD JIC-

. . 0
BOW KJIABHIIIEH MBIIITN Ha 3HAYOK [o[d B IIPaBOM BEpPXHEM YTy 3KpaHa, i (puk-
calm pe3ysbTaTa U3MEepeHus — Ha KHOTIIKY Pause.

4.1.6. 3anucath MOJyYEHHBIE PE3YIbTaThl B TAOIUITy 6.2 U MOCTPOUTH Tpaduk

zaBucumoctd U, (U,.).

Tabnuma 6.2 — Pesynbrats! m3mepennit 3apucumoctr U, (U ,)

Ugy 8

UGbDC ’B

4.1.7. o rpaduky U, = f(U,,) BBIYUCIUTH, UCIOIB3Yys BbIpaxenue (6.1),

3HaueHus kodpduruenta crabunuzanuu K., 1S mapaMeTpudeckoro crabuimsa-
TOpa, MCTIOJIB3Ys YIaCTKH ¢ Hanbosee CTaOMIbHBIM BBIXOJHBIM HampshkeHuem. Pe-

3yJbTAT BRIYHMCIICHUN 3amucaTh B Tabmuiry 6.3.

Tabnuna 6.3
[Tokazarenu kauecTBa K, R,

[TapameTrpuueckuii cTabuin3aTop
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4.2. [IpoBecTy ONBIT C HATPY3KOU:

4.2.1. YcTaHOBUTH AJIA CXEMBI [0 PUCYHKY 6.4 clieyromue 3HayeHus dje-
meHToB cxembl: E, =20 B, R,=1 Om, R;=1 Om, R,=1 xkOm.

4.2.2. YcranoButs u1a conportusieHus R, Setting=0%.

4.2.3. Usmensist compoTuBieHue Ry (R, ) CHATh W IOCTPOUTH 3aBUCHMOCTb
Ugue = F(1,,) Ipu U, =CONSt. 3aHecTu NOJy4YEeHHbIE Pe3yIbTaThl B TaOIULy 6.4.

4.2.4. Tlo rpaduxy U, = f(l,,) BbUuCIUTb 1O (6.2) 3HAYEHUS BBIXOAHOTO
(muddepenumanbaoro) conporusienus R, (R, ) s mapaMeTprUuecKoro crabuim-

3aTOopa, UCII0JIb3Yy:d YYACTKH C HauoOoJiee CTaOMIBLHBIM BBIXOJHBIM HAITPAKCHUCM .

TabOnura 6.4

mA
B

H!

Uebe’

4.3. CHsATHE OCIIMILIOTPAMM BXOJITHOTO M BBIXOJIHOTO CUTHAJIOB:
4.3.1. Cobpath cxemy corjacHo puUCyHKY 6.5. [lonximrounTs ocmiorpad.
4.3.2. YcTaHOBUTH 3Ha4YeHUs 31eMeHTOB cxeMbl. R =1 Om, R;=1 Om, R,=1

kOm. [Ins mpubopa reneparop ¢yukuuii (Function generator) ycranoButs 3Haue-
aus: yactora (frequency) — 1 I', mukimarocts (duty cycle) —1, ammmuryga (ampli-
tude) — 8 B, mocrosiuuas cocrasisionias (offset) — 19 B.

4.3.3. YcraHoButb ans conportusnenus R, Setting=0%.

4.3.4. CHATHh 3aBUCUMOCTBH BBIXOJHOTO CHUTHaja OT BXOJHOTO (PUCYHOK 6.6).

3apucoBaTh NOJYYEHHBIE OCHUIIIIOTPAMMBI.

A
. 3
@_ ] = [y

= : .

PI/ICYHOK 6.5 — Cxema JJIAA UCCIICA0OBAaHNA BXOAHBIX M BBIXOAHBIX CUTHAJIOB

napaMeTpHuecKoro crabmimsaropa Hanpsbkenus: B Electronics Workbench
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'l Oscilloscope

—Time basze Trigger
W [0.50 =/ div E | Edge EE | %
W Kposition [0.00 [ | Lewel

5 —Channel #——— |- Channsal B
[ = woiv [ = wroiv

Y position | 0,20 ¥ position | 1.00

sl | scioEE &

B0

aQac

PI/IcyHOK 6.6 — OCI_[I/IJ'IJ'IOFpaMMBI BXOAHBIX W BBIXOJHBIX CUI'HAJIOB

napamMeTpUyYECKOro cTabmin3aTopa HanpsHKeHUs

5. COOEP)XXAHUE OTYETA

5.1. Homep u HazBanue nabopatopHOil paboThI, €€ 1IeH.
5.2. IIpoTOKOJ UCCEIOBAHUS C COACPKAHUEM:

- rpaduKoB 3aBUcUMOCTEN Uy, = f(Ugy) 1 Ug = F(1,,).
- 3aIIOJIHEHHBIX Ta0uIl 6.2-6.4.

5.3. BeiBojibI 1o padore.

6. KOHTPOJIbHBIE BOITPOCHI

6.1. [NosicauTe HA3HAYCHHUE CTAOMITN3aTOPOB IMOCTOSIHHOTO HAIIPSKCHHUS .

6.2. Kakumu mapameTpaMu XapakTepU3YIOT KauyecTBO PaOOTHI CTAOMIN3aTO-
POB ITOCTOSTHHOTO HAIPSKCHUS?

6.3. Kak kiaccuduuupyrorcs cTabmIM3aTopbl HAMIPSHKSHUS ?

6.4. Yxaxute ocoberHoctd BAX momynpoBOJHUKOBOTO CTAOMINTPOHA.

6.5. Onumure NPUHIUN ASUCTBUS apaMETPUIECKOTO CTaOMIM3aTOpa.

6.6. Onummure 3aBUcUMOCTb U, = f (U,,) npu 1,=0 11 mapamerpudeckoro

cTabuim3aropa.
6.7. Iloscaure Bua BHemHeH xapaktepucTHku Uppx=f(ly) npu Ugx=const mis

napamMeTpUIECKOro CTadmIM3aTopa.
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7. JABOPATOPHAS PABOTA Ne 6

NCCIIEAOBAHME KOMIIEHCAIIMOHHOI'O CTABUJIN3ATOPA
HAIIPSAXKEHUA
1. IEJIb PABOTEI
M3yunth cXeMbl U NPUHLUIN PaOOThl KOMIEHCAIMOHHOIO CTa0MIM3aTopa Io-
CTOSIHHOTO HarpsikeHus. McciaenoBath OCHOBHBIE XapaKTEPUCTUKUA CTAa0MIM3aTOPA.

2. OCHOBBI TEOPUI

2.1. Ctabunuzatop sIBISETCS COCTAaBHON YaCThIO BBIMIPSIMUTEIBHOTO YCTPOU-
CTBa WM CIYXHUT JJIsl TIOAJCPKaHHUS HEU3MEHHBIM (B OINpPEEJICHHOM JOMYyCKe)
HAIpPsDKEHUST HA HArpy3Ke, KOTOPOE€ MOKET MEHSIThCS MO JEHCTBHEM Pa3lIMYHBIX
necrabunusupyromux pakropos. Takumu dakTopaMu MOTYT OBITh, HAIIPUMEP, KO-
nebaHus HANPsHDKEHUST CeTU, U3MEHEHHS COTIPOTHBIICHUS HATPY3KH.

2.2. KadecTBOo paboThl cTabUiIM3aTOpa XapaKTEPU3YETCs CIACAYIOIIUMU YK C-
JIOBBIMU TTapaMeTpaMH:

1) xoaddurent cradunuzanuu no Hanpsokenuio (6.1);

2) BeIXOHOE conpoTuieHue (6.2).

2.3. KomneHcanlMOHHBIN CTaOUIM3aTOp HAMNpsDKEHUST padoTaeT Mo HHOMY
NPUHIIMITY, HEXENH TTapaMeTpudecKuid ctabunuzarop Hanpspkenus. [Ipunnun nei-
CTBHUSI KOMIICHCAI[MOHHOI'O CTaOWIIM3aTopa HAaIpsKEHUS OCHOBAH Ha M3MEHEHUU
COTPOTHBIICHUS PETYIUPYIONIETO 3JIEMEHTAa B 3aBUCHMOCTH OT YIPABIIAIOIIETO
CUTHAIA.

KomMmeHncannontbie cTaOMIM3aTOPhl HANIPSDKCHUS! SIBIISIFOTCSI CUCTEMOM aBTO-
MaTHYECKOTO PETryJIHpPOBaHUS MO OTKJIOHEHHWIO, B KOTOPOHW Ojarojapsi HaIU4HIO
oTpunatenbHoi oopaTHoi cBs3u (OC) obecrieynBaeTCsl MOCTOSHCTBO HAMPSIKEHUS
Ha Harpy3Ke C BBICOKOM CTENEHbI0 TOUHOCTU. KOoMIEeHCAlMOHHBIE CTA0MIN3aTOPbI
JUIICHBl HEJIOCTATKOB, CBOWCTBEHHBIX MapaMEeTPUUYECKOMY CTaOUIIU3aTOpPy, YTO
JOCTUTAETCS YCIIOAKHEHUEM €TI0 CXEMBI.

JIOBOJIBHO 4acTO HA MPAKTUKE UCIIOIBb3YETCSI NPOCMeNUUUll KOMNEHCAyuOHHbIU
CMadUIU3AMOP HANPANCEHUSL HENPEPbIBHO20 Oelicmeus (JIMHSHHBIN), cXeMa KOTO-
poro mpuBejieHa Ha pucyHke 7.1. B xommeHcanmoHHOM cTaOuWin3aTope Harpyska
Ry MOJIKIIIOYeHAa K MCTOYHUKY BXOJHOTO HampspkeHus Upx depe3 perynupyromnmii

Tpan3uctop VT, cienoBaTesnbHO:

ng :UVT]. +UH'
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[ToaTOMy M3MEHEHUE COMPOTUBIICHUS PETYIUPYIOIIEero Tpansuctopa VI B co-
orBercTBuH ¢ curHaioM OC TMO03BOJSET MOAACpKMBaTh Hampspkenne Uy Ha

Harpy3ke IMpakKTHYCCKHM HCHU3MCHHBIM IIPpU BO3I[€I>'ICTBHPI I[CCTa6I/IJ'II/ISI/Ipy}OIHI/IX

(bakTOpoB.
VT Uiy
—
0 N
U, [] 2.
UDH UH
/NVD L
-8 - e

Pucynok 7.1 — CxeMa npocTteiiero KOMIEeHCallMOHHOTO CTabuIn3aropa

HaIIPSOKCHUA

3nech onopHoe HanpsbkeHue Uopp cozaercs mapaMeTpuyeckuM CTaOuiIn3aTo-
poM HampsixeHus: Ha ctabmiutpone VD u pesuctope R, a poib cpaBHUBAIOIIETO U
PETYIHMPYIOMIETO 3JIEMEHTOB BBITIOJHSAET OUNOJSAPHBINM TpaH3uctop V.

Hanpsxenune Ha Harpyske Uy npencraBisieT co00i pa3HOCTb

U, =U,,-Upgs.

B HOpManbHOM peknMme, KOrja OTCYTCTBYET AEMCTBHE AeCTaOMIN3UPYIOIINX
(pakTOpOB, peKUM pPabOTHI PErYIUPYIOIEr0 TPAaH3UCTOPA BHIOMPACTCS TaK, YTOObBI
OH OBLI HE MOJHOCTBIO OTKPBIT HampsbkeHueM cmemeHust Ugs, KoTopoe 0OBIMHO
coctapiisieT 0,4-0,6 B. Ilpu sToM HampsiKeHHE Ha Harpy3ke MPaKTUYECKH PaBHO
oropHomy U, =U,,,.

[Ipennonoxum, Mo KakuM-1u00 MpuyMHaM HampspkeHue Uy yMEHbIINIOCH.

Hanpsokerne Upn Ha crabunutpone VD mpu 3TOM MpakTHYECKH HE M3MEHSETCH.

Tak kak Ugy=U,, -U, (pucyHok 7.1), To Hanpspkenue Up, yBennuuBaercsa. Tok

0a3bl TpaH3WCTOpPA TAKKE YBEIUYHMBACTCS, TPAH3UCTOP OTKPBHIBACTCS, MaJCHHE
HaIpsHDKEHHUST HA HEM yMeHblIaeTcs, a HanpsikeHue Uy yBenuuuBaeTcs U ero 3Ha-
YeHHE YCTAaHABIMBAETCS OJIM3KOE K HOMUHAJIBLHOMY.

C nenpro yBenuueHus KO3 GUIMEHTA CTaOMIN3alli CTa0MIN3aTopa B IEMb
OC BBOOUTCS YCUITUTEND.

Ha pucynke 7.2 mpuBeneHa CTpyKTypHas cXxemMa KOMIICHCAIMOHHOTO CTaOu-
JM3aTopa HEMPEPHIBHOTO JACHCTBUS C YCUIIUTENEM B LIeNU 0OpaTHOH cBsizu. PaboTa

CXEMbI KOMIICHCALIMOHHOT'O CTa6I/IJ'II/ISaTOpa HCIIPCPBIBHOT'O I[CﬁCTBHH 3aKJII049acTCA
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B cienytoumeM. B y3ne cpaBHeHuss YC NpoUCXOAUT HENPEPHIBHOE CpPAaBHEHUE

HanpspKeHUus: oOpaTHOW cBsA3M U,., CHUMAeMOIo C JaTdyMKa HanpsbkeHus [H, c
ONOPHBIM HamnpspDKeHueM U,,,, CHUIMAeMbIM C MCTOYHHMKA OIOPHOIO HAIPSKEHHS

NOH. PesynbraT cpaBHeHust AU ycunuBaeTcst ycuiauTeneM YV u nmojaercst Ha BXOJ
perynupyoliiero semenTa PO, nagenue HanpspkeHus: Ha KoropoM Ups KOMIIEHCH-
pyeT ecTBUE JeCTa0UIN3UPYIOMUX (aKTOPOB.

JUist CTpYKTYpHOU cXeMbl (PUCYHOK 7.2) CHpaBeIIuBbI CIEIYIOIINE COOTHO-
LIEHUSA:

Ugy =Upn +U,, (U1 BHELIIHETO KOHTYpa CTa0MIN3aTOpa);

AU =U,.-U,,, (a1 y3na cpaBHenus Y C);

U, =1,R, (11 Harpy3Kn);

U,e =BU,, (115 gaTunka HanpsoKeHUs),

riae B — koapuimeHT oOpaTHON CBS3H.
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Pucynoxk 7.2 — CTpykTypHas cxeMa KOMIIEHCAIIMOHHOT'O cTabuIn3aTopa

HaIIPsSKEHUS HENTPEPBIBHOTO JEUCTBUS

[Ipu yBenuueHuM BXOMHOrO HampsbkeHuss Upx WM yMEHBUIEHUH TOKa
Harpy3ku |y HECKOJIbKO MOBBIIIAETCS HANpsiKEHUE Ha Harpy3ke Uy, OTKIIOHSACH OT
CBOEr0 HOMHHAJIBHOTO 3HAaU€HUs. Y BenuuuBaeTcsl Hanpsikenue Uopc, sSBIsONIEECs
yacTteio Uy, a Hanpsixkenne Upp ocTaeTcst HEM3MEHHBIM. Y BEIMUUBAETCSI HaNpshKe-
Hue AU Ha Beixonme YC, KOTOpO€ yCUITUBAsACHh YCHJIUTENIEM Y, T0/IaeTCA Ha BXOJl
PO wm yBenmnumBaeT e€ro CONMPOTUBICHUE TaKUM 00pa3oMm, uto HampsbkeHue Up,
KOMITEHCHUPYET JeHCTBUE NecTadmmm3upyommx ¢GakropoB. B pesymprate 3TOTO
HarnpspkeHne Uy yMeHbImaeTcs U mpuoOpeTaeT 3HaueHre, 0JM3Koe K HOMUHAIBHO-
MY C ONPENEIIEHHON CTENEHbIO TOYHOCTH. [IpM yMEHBIIEHNH BXOJHOTO HAMpsikKe-
Hug Upgx WM YBEJIMYEHUU TOKA HAarpy3ku ly B cxeme MpoTeKaroT MPOTHUBOMOJIOXK-

HbIE TIPOLIECCHI.
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Ha pucynke 7.3, a npuBeneHa cxeMa KOMIIEHCAIMOHHOTO CTa0UIN3aTopa Ha
JUCKPETHBIX 3JIEMEHTaX — OMMOJSPHBIX TpaH3ucTopax. Cxema BKIIIOYAET: peryiu-
pyromuii 3neMeHnT PO Ha tpanzucrope VT1 u pesuctope Rj; ycunurens Y Ha TpaH-
suctope VT2; y3en cpaBaenust YC — p-n-nepexon 6a3za-sMuttep tpansucropa VI2;
HUCTOYHUK OnopHOoro HanpspkeHuss MOH, BbINOIHEHHBIN B BUJIE TAPAMETPUYECKOTO
crabunuzaropa Ha crabunutpone VD u pesuctope Rp; natuuk Hanpspkenus IH Ha
pesuctopax Rz, Ry, Rs.

[Ipu yBenuueHHH BXOAHOIO HampsikeHus cradbunusartopa Upgx mnm ymeHb-
IMIEHUH TOKa Harpy3ku |y Hanpsbkenune Uy moBbIIIAeTCs, OTKIOHSSAICH OT CBOETO
HOMHMHAJIBHOTO 3Ha4€HMsl. YBelIMuMBaeTca 4actb HanpsbkeHust Uy, paBhas Uy u
apistomasicss curHanoM OC. Tak kak omnopHoe HampsbkeHue Uy, ocTaeTcst mocrto-
AHHBIM, TO HampsbkeHue Ugs, Tpansuctopa VT2 Takke yBenuuuBaercs. TpaH3u-
ctop VT2 npHOTKpBIBaeTCs, €ro KOJJIEKTOPHBIN TOK | yBeIuunBaeTcs. Y UuThIBasl,
910 lp1=11— K2 ¥ NPUHSB MPAKTUYECKHU HEU3MEHHBIM |1, TOK 6a3bl TpaH3UCTOPA
VT1 ymeHblaercs, 1 OH YaCTUYHO 3aKpbiBaeTcs. [Ipu »ToM majeHue HarpsKeHus
Uyri Ha Tpansuctope VT1 Bo3pacraet, a HampsikeHue Ha Harpyske Uy cHIbKaetcs
U MpUOOpeTaeT 3HaYeHUE, OJIM3KOe K HOMHUHAJIBHOMY C ONpPENENEHHON CTENEHBIO
TOYHOCTU. AHAJIOTUYHO OyzAeT oTpaboraHo n3MeHeHune Uy npu ymensiieHun Upx
VJTH U3MEHEHUU COTIPOTHBIICHUS Harpy3ku Ry (Toka Harpysku ly).

Iy
A
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R4 I
I \
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Pucynok 7.3 — CxeMbl KOMIIEHCAITMOHHBIX CTA0MIIN3aTOPOB HATIPSIKCHUS
Ha OWMOJISIPHBIX TPAH3UCTOPAX (@) U OMepaIriOHHOM ycriuTelne (0)

C momoIpio MepeMeHHOT0 pe3rcTopa R4 MOXKHO peryiampoBaTh B HEOOXO-
TUMBIX TIpenenax HampspbkeHue Ha Harpyske Uy. [lpmuem mepemernienne aBUXKKa
MEePEMEHHOr0 pe3ucTopa Ry Mo cxeme BBepX MPUBOAUT K YMEHBIIICHUIO HAIPsDKeE-
Hud Ha Harpy3ke Uy u Hao0opoT.

Jl1s1 moBbIIeHUsT KO3 UIIMEHTa CTA0UIU3AIMU BMECTO YCUIIUTENS HA TPaH-
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suctope VI2 B cTabuian3aTtope 4acTo UCIONb3YIOT MHTETPAJIbHBIN ONepaluOHHbIN
yewiurens (OV) (pucyHok 7.3, 6), KO3(pPUUMEHT yCHIEHUS KOTOPOrO0 MHOIO
Oosbie ko3 puImenHTa ycuaeHus ycunurens Ha Tpansuctope V2. U3BecTHO, 4TO
HamnpspkeHue Mexay Bxojgamu OV mpakThyeckd paBHO HyJo. B crabunmzarope
(pucyHok 7.3, 6) pabora kouTypa OC HOAACPKUBACT PABEHCTBO HYJIO Pa3HOCTH
BUn —Uop, mostomy Uy =Upn/B. Yem Boitie kod3ddunment ycuwienus OV, Tem
TOUYHEE BBIMIOJIHSIETCS] 3TO PABEHCTBO, TEM BbIlIe KO3QhuUUeHT ctadmnuzanuu Ky
U TeM Hke Rppx crabunuzaTopa. Y KOMIEHCAIIMOHHBIX CTaOWUIM3aTOPOB HA OC-
HOBe OV Ky MOXET JOCTUTaTh HECKOJIBKUX THICSY, @ BHYTPEHHEE COIPOTUBIICHUE
Ricr = 10°-10 Om.

CpaBHUBasi KOMIIEHCALIMOHHBIN CTAOUIU3ATOP C MAPAMETPUUYECKUM, CIEAYEeT
OTMETUThH CIEIYIOIIUE JTOCTOMHCTBA KOMIIEHCAIMOHHBIX CTAOUIIM3aTOPOB HAIpsi-
KEeHUS: BICOKMM Koapduument cradbunuzanuu (Key > 1000); HU3KOE BHYTpEHHEE
conpotuBierre Ri = 10°-10* Om; mpaxtuueckas Ge3MHEPLHOHHOCTE U Gonee
BeIcokni KII/I, cocTapmsronuii 0,5-0,6.

Henocratkamu siBnsitotrcst: O07bIIasi CIOXKHOCTb, U, CIEAOBATEIHHO, MEHbB-
masi HaJIeKHOCTh MO CPABHEHUIO C MapaMEeTPUYECKUM CTaOWIIM3aTOPOM; 3HAUM-
TeJIbHAsi Macca, rabapuThl U CTOMMOCTb, YTO OOBSCHSAETCS HAIUYMEM OOJIBIIOrO
KOJINYECTBA 3JIEMEHTOB B CTaOMIM3aTOpe, a TaKKe NPUMEHEHHEM paJuaTopoB
OXJIaX1€HU, 00€CIIeUNBAIOIINX TEIJIO0TBO] OT PETYIUPYIOIIEr0 TPAH3UCTOPA.

2.4. BaxHbIMU rpa@MuecKUMH XapaKTEPUCTHUKAMH, OTPa)KaroIllUMU padboTy
CTaOMIN3aTOPOB HANIPSKEHUS, SIBJISIFOTCSL:

1) 3aBHCUMOCTB BBIXOTHOTO HANPSDKEHUS OT BXOTHOTO Uy, = f U,y ;
2) BHeUIHss Xapakrepuctuka Uy, = f(l,,) npu U, =const.
3aBUCUMOCTb Uy, = f (U,,) UMEET BUJ, IIPEICTABICHHBIA HA PUCYHKE [.4.

Ao

U

=T -

- E-U BX -

U

B

] U

B Min

Pucynok 7.4 — 3aBUCUMOCTb BBIXOJHOTO HAIPS)KEHHSI OT BXOJAHOTO

y cTaOMIIN3aTOpa HANPSHKEHUS
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st obecniedenust TpeOyemMoro 3HadeHUsl HampsbKeHus U Ha Harpyske,

6blX
MOAKIIOUEHHON K BBIXOAY CTa0WIM3aTopa, He0OXOAMMO, YTOOBI BXOJHOE HAMpsi-

KEHHE ObLIO HE MEHEE HEKOTOPOI'0 MUHUMAJBHOTO 3HA4eHHS U,y min » KOTOPOE B

CBOIO O4Y€pelb, NOJDKHO IpeBhImaTh U IIpu ycioBuu, uro U, >U U3~

8biIxX guix.Min »

MCHCHHC BXOJHOI'O HAIPAKCHUA AU@x HpI/IBeI[éT K BE€CbMa HC3HAYUTCIbHOMY H3-

MEHEHHUIO BBIXOJHOTO HampsbkeHus AU HakiioH naHHOM XapaKTEpPUCTUKHA Ha

6blX *
paboueM yyacTke omnpesensercs BeanunHon ko3 duimenta crabunuzanuu K.

BHremnss xapakrepuctuka ctabunuzatopa Uy, = f(1,,) npu U, =const (pu-

CYHOK 7.5), KOTOpasi IOKa3bIBACT, YTO MPH YBEIMUCHUH TOKa Harpy3ku |y mpowuc-

XOOUT HEKOTOPOE CHUXKXCHHUE HanpspkeHus U OT0 00YCIIOBEHO OTJIMYMEM OT

6blX *
HyJISl BBIXOJTHOTO COMPOTHBICHUS cTabuiu3atopa. Yem OoJibIiie BHIXOIHOE COIMPO-
THBIICHHE cTabunm3atopa Rppry, TeM Oollee KpyThIM OyaeT HaKJIOH BHEIIHEH Xa-
paKTepI/ICTI/IKI/I. CHI/I}KGHI/IQ HaHpH)KeHI/IH Ha BBIXOIC HpI/I pOCTe TOKa Hal‘pyBKa I[-[ B
KOMIICHCAIIUOHHBIX CTa6I/IHI/IBaTOan 3HAUYUTCIBbHO MCHCC BLIpa)KeHO, YycM B Hapa-
MeTpI/IquKI/IX, YTO JOCTUTACTCA HAJIUYUCM OTpI/IIIaTeHLHOﬁ 06paTHOﬁ CBJsI3H.

AU

BhiX

U

=114

|
0 b
-

Pucynoxk 7.5 — BeixogHas XapakTepuCcTHKa cTaOMIM3aTOpa HAMPSKECHUS

3. IOAT'OTOBKA K PABOTE

3.1. V3yunuth mpuHIUI pabOThl KOMIIEHCAIIMOHHOTO CTa0UIN3aToOpa HAIpsi-
KEHUS.

3.2. Cnenarb npenBapUTENbHBIA pacyeT PE3UCTOPOB CTAOMIM3ATOPA HAMPSI-
JKEHUs, 111 CBOEro BapuaHTa. /{aHHbIe B34Th U3 Tadmwmi 6.1, 7.1, 7.2.

Pacuér npoBoauTcs B caeayronien nociae10BaTeIbHOCTH

1. Onpenensercs BeIrMunHA CONPOTUBIICHUS pe3nucTopa R;:

Rl:URy zukay :(UBX_UEBVTl_UBbIXy
IR1 (Ig2 +151) (Ig2+151)’

rae lg = IK%VTl — ToK 0a3bl TpaH3uctopa VT1; |x ~ 1, — TOK KOJJIEKTOpa TpaH-
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suctopa VT1; Ugy =Ugy — mageHne HampsbkeHus Ha pesucrope R;; lpp — TOK,
npoTeKarmuil yepe3 pesucrop R;; Tox komnekropa VI2 Iy =155, 15, — TOk
sMUTTEpa TpaH3ucTopa V12, KoTopslii BeIOHpaeTcs B npeaenax (1-2) mA.
Upy = (ng —Uporr1 —Ugpus
rac UEQVT1=097 B.
Torna
Ry = U —Upoprs =Ugn) 10,01+ 1, /Byra],
IR,.

2. Onpenensercs BeIMUNHA CONPOTUBIIEHUS pe3nuctopa R,:

RZ = Z(Uebzx _Ucm)/ Icm.maX'

3. OnpenenstoTcs BEIMYUHBI CONPOTUBICHUN pe3ucTopoB R,u R, :

rae UBQVT1:0>7 B; IH :U6blx

R3 = (UGblx _Ucm _UBBVTZ)IO’O:I';

Ry = +U goypr2) /0,01,
rae Ugypr2=0,7 B.

4. TIPOTPAMMA PABOTbI

4.1. Ha xommbeioTepe 3amycTuth mnporpammy Electronics Workbench
«Wewb32.exe».

4.2. C 1OMOINBIO HHCTPYMEHTAJIbHBIX CpeacTB mporpammbel Electronics

Workbench rabpars cxeMy KOMITEHCAIIHOHHOTO CTaOMIM3aTOpa COIJIACHO PHCYH-
Ky 7.6.

fe T
= [ w :
[z A =T

T

Pucynok 7.6 — CxeMa yCTaHOBKH JIJIsI KCCIEAOBAHMS KOMIIEHCAIIMOHHOTO

cTabuim3aTtopa HanpsHKCHUS
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4.3. Co3maTh MOJieTb TPAH3HCTOPA B COOTBETCTBUHM C BapUAHTOM 3a/IaHUS
tabnuubl 7.1. JIJig 3TOro ImeaKHyTh JBa pas3a JIEBOW KJIABHILEH MBIIIH MO U300pa-
’KEeHUI0 TpaH3ucropa u B nosisusiieMcs: okae NPN Transistor Properties (Bkimaaka
Models) B okue Library Beiopats 6ubanorexy default, a 3arem B okane Model — Tun
tpan3uctopa ideal. Iocie 3Toro, jeBOM KJIABUIIEH MBIIIM HAaXaTh MOCIIEIOBA-
TeapbHO KHONKU Copy u Paste, 3amucath naTMHCKMMU OyKBamMu B TOSIBUBIIEMCS
OKHE THIT TPAH3HCTOpPA B COOTBETCTBUU C BAPHAHTOM 3a/IaHUSI U HaXaTh KHOIKY
OK. B pesynbrate B pasnene Model nobGaButcst ykazaHHbIl THI TpaH3ucTopa. s
KOPPEKTUPOBKU €ro MapaMeTpoB HakaTh KHONKY Edit 1 ycTaHOBUTH 3HaueHUs ma-
pametpoB: Forward current gain coefficient [BF] (xkoaddunuent ycunenus ),

Base ohmic resistance [RB] (conpotusienue 6a3br Rg), Emiter ohmic resistance
[RE] (conpotuBnenue smutrtepa R5), Collector ohmic resistance [RC] (comporus-
JeHue Kojuiektopa Rg) cormacHo Tabmuie 7.1. 3HadeHUs APYyrux MapaMeTpoB

OCTaBUTH 0€3 U3MEHEHMUS.

Tabnuua 7.1 — ITapaMeTpsl TPaH3UCTOPOB COTIACHO UHIMBUIYAIbLHOMY BapUaHTy

No O6o3nauenue | Tumn TpaH3u- B R, OMm R, OM Rk, Om
BapuaHTa | TPaH3UCTOPA cropa (BF) (RB) (RE) (RK)
1 VT1 KT815A 40 2,1 0,9 0,4
VT2 KT315B 60 5 2 1
2 VT1 KT815B 40 2 0,9 0,4
VT2 KT3102J 100 3 1 0,6
3 VT1 KT815B 40 2 0,9 0,4
VT2 KT315I 60 5 2 1
4 VT1 KT815I' 30 2,1 0,9 0,4
VT2 KT3102A 100 3 1 0,6
5 VT1 KT817A 25 1,5 0,7 0,3
VT2 KT31021 200 3 1 0,6
6 VT1 KT817b 25 1,5 0,7 0,3
VT2 KT315E 50 5 2 1
7 VT1 KT817B 25 15 0,7 0,3
VT2 KT3102A 100 3 1 0,6
8 VT1 KT817T 25 15 0,7 0,3
VT2 KT503b 80 2,5 1,2 0,5
9 VT1 KT831A 25 1,8 0,6 0,3
VT2 KT3102B 200 3 1 0,6

4.4. Co3nate Monenb CTaOUIUTPOHA COTJIACHO BapuaHTy 3anaHus (Tabiu-
1a 7.2), yCTaHOBUB 3aJIaHHOE HampspkeHue ctadbwmsanuu U,,. s 3Toro BeIoI-

HUTH TIOPSAJIOK ACHCTBUH, yKa3aHHbIHN B 1.11. 4.1.3 paboTsr Ne 5.

4.5. YcTaHOBUTH HANpsDKEHHE Ha BXoje cTabumiusatopa Upy, 3amaB ero Be-
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JIMYWHY Ha UCTOYHHKEC ITOCTOSHHOI'O TOKa El, M COIIPOTHUBJICHHUC HAI'PY3KHU RH B CO-

OTBETCTBUH C BApUAHTOM 3aJaHus (Tadsmna 7.2).

Tabnuua 7.2 — ITapaMeTpbl HCTOUYHHKA, CTAOUIIUTPOHA U HArpy3KU

Nesap. |Ug, B |U,, B |R, Owm Newap. | Uz, B |U,.,, B |R,, OM
1 15 8 130 16
2 15 9 150 17
3 16 10 160 18
4 16 11 180 19
5 18 12 200 20
6 18 13 220 21
7 20 14 240 22
8 22 15 270 23
9 22 16 300 24
10 25
11 26
12 27
13 28
14 29
15 30

4.6. YcTaHOBUTH 3HauYeHUsI pe3ucTopoB Ri-R4 B COOTBETCTBUU € mMpeaBapu-

TCJIIbHBIM paC‘IéTOM.

4.7. DKCIEpUMEHTAIIbHO YTOUYHUTh 3HaYEHUE COMPOTHUBIICHUS pe3nuctopa R,

IpY KOTOPOM 3HAYEHHUE BBIXOJHOTO HampspKeHus ctabunuzaropa U, Oyner cooT-

BETCTBOBATH TA0JIHIE 7.2.

4.8. Ins uccnenoBanus kodddunmeHTa crabuinzanuu KOMIICHCAITMOHHOTO

cTabuinu3aTtopa HampsHKEHUs BEIMYMHY BXOJHOTO HampspkeHuss Usx mocnemoBa-

TeapHO 3amaBaTh paBHbBIM 0,9 Usx; 0,94 Usx; 0,97 Usx; Usx; 1,05 Usx; 1,1 Usx;

1,15 Usx; 1,2 Ux. Pe3ynprat 3anucate B Tabauiry 7.3.

Tabnuna 7.3 — Pe3ynbrarsl u3MepeHuit

UBXaB

019UBX’

0,94U;y

0,97Ugy

UBX

1|O5UBX1

1,1Ugy

1,15Ugyx

1,2Upx

UBb]X aB

4.9. Jlns uccnenoBaHdus HArpy30YHOM XapaKTEPUCTHKU CTaOMIM3aTopa Be-

JUYUHY COTPOTHUBIICHHUS Harpy3ku Ru mocimemoBaTenbHO 3amaBath paBHBIM (0,4Ry;
0,6Rx; 0,8Rx; Ru; 1,2Ry; 1,4Ru; 1,6Rx; 2Rx). PesynpraT 3anucath B Tabnuiy 7.4.
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Tabnuua 7.4

RuOm | 0,4Ry | 06 Ry 0,8 Ry Ru 1,2 Ry 1, 4Ry 1,6 Ry 2Ry
UBbIX:B

IBb]XvA

5. COAEPXXAHUE OTUETA

5.1. Homep, Ha3BaHue U 1€y 1a00paTopHOM paOOTHI.

5.2. IIpoTOKOJ UCCIen0BaHus, B KOTOPOM:

5.2.1. Tlo panubiM Tabnui 7.3 u 7.4 moctpouTh rpaduKyd 3aBUCUMOCTEH
Ugpr = F(Ugx) B Ugyye = (1)

5.2.2. Ilo rpaduky U, = f (Ugy) BBIYUCIUTH 3HaU€HHs KOd((UIUECHTA CTa-

Ounusanuu K, 1718 KOMIEHCALIMOHHOIO CTaOMIM3aToOpa, MCIOJb3Yys YYacTKH C
HauOojee CTAOMIIBHBIM BBIXOJHBIM HampshKEHUEM. Pe3ynbTaT BBIUMCIECHMN 3alu-
caTh B TabmuIty 7.95.

5.2.3. Ilo rpaduxy U, = f(l,,) BBIUUCIUTH 3HAYEHUS BBIXOJHOI'O COIPO-
TUBJIEHUSI Rppy 1751 KOMIEHCALIMOHHOIO CTaOMIM3aTOpa, UCIHOJb3Ys Y4acTKU C
HauOojee CTAOMIIBHBIM BBIXOJHBIM HampsKeHHEM. Pe3ynbTar BBIUMCIIEHUH 3amu-
caThb B TabuIy 7.5.

Tabmuma 7.5

Ilokazarenu kadyecTBa KcT RBLIX

KomnencannoHHbI# cTabuau3aTop

5.3. BeiBojibI 0 pabote

6. KOHTPOJIbHBIE BOITPOCHI

6.1. [losicHuTe Ha3HaUYCHHUE CTAOMIM3ATOPOB TOCTOSTHHOTO HAIIPSKEHUS.

6.2. Kakumu mapaMeTpamMu XapaKTepU3yIOT Ka4eCTBO pabOThl CTaOMIM3ATO-
POB MOCTOSTHHOTO HANIPSKCHMUSI?

6.3. Kak kmaccuduiupyrorcs cTabuian3aTopbl HAMPSHKCHUS ?

6.4. Yxaxute ocoberHoctd BAX momynmpoBOJHUKOBOTO CTAOMIUTPOHA.

6.5. OnummuTe NPUHIUT AEHUCTBHUS KOMIIEHCAITMOHHOTO CTa0MIN3aTopa.

6.6. Onummure 3aBUCUMOCTb Uy, = f (Uyy) TIpu 1p=0 11 KOMIeHCcannoHHO-

ro crabuiauzaropa.
6.7. IloscHute BUJ BHEWIHEW xapakTepucTUKU U, = f(l,) mpu Ugx=const

JJIA KOMIICHCAIMOHHOI'O CTa6I/IJ'II/ISaTOpa.
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8. IABOPATOPHAS PABOTA Ne 7

NCCJIIEAOBAHUE TPAH3MCTOPHOI'O YCUJIUTEJIA

1. IEJIb PABOTEI

DKCHEepUMEHTAJIbHOE HCCIEJOBAHUE YCHJIMTEIbHBIX CBOMCTB OHUIIOJISPHOTO
TPAH3UCTOPA, MPHUHIIMIIOB PaOdOThl U XAPAKTEPUCTHUK TUIOBOTO TPAH3UCTOPHOIO
Kackaza.

2. OCHOBBI TEOP1I

2.1. OcnosHule npasuna paboThI N-P-N TpaH3UCTOPA!

1. HanpskeHne KOJIIEKTOP-IMUTTED Beeraa Oobiie Hyms:U 5> 0.

2. Tlockonbky p-n mepexoji 6a3za-dMUTTEP — 3TO AMOJ, TO B aKTUBHOM PEXH-
me: U5 =U;—-0,7 B.

3. B akTuBHOM pexuMe (He B HACBIILICHHH ):

Ik =B+ 15, (8.)
rze 3 = 20-200.
4. B aKTHBHOM peXHMe yIpaBisioniee HanpsbkeHHe Uy CBSI3aHO C TOKOM
KOJIIEKTOpA SKCIIOHEHIIHAILHONW 3aBUCHMOCTEIO (ypaBHEHHEM DOepca-Moiuia):
Ik =lgexp(U g, /25uB),
rae |, —3To 0OpaTHBIN TOK KOJIEKTOPA.

CnencTBus U3 npaBuiia:

- Ipyu Bo3pacTaHuu Hanpsbkenus U gy Ha 20 MB TOK Kosutekropa |, yBenu-

YuBaeTCA B 2 pasa;

- Ipu Bo3pacTaHuu HanpspkeHun U g, Ha 60 MB Tok komekropa |, yBenu-

yuBaetcs B 10 pas.
5. O0patHBII TOK KOJIJIEKTOpa CYIIECTBEHHO BO3pACTacT MPH IOBBIIMICHUH
TEeMIepaTyphl:

exp(At0 /12),

1€ loxon s 10nqy — KOHEUHOE M HaYaJIbHOE 3HAYEHHsI 0OpaTHOIO TOKA KOJUIEKTOPA;

IOKOH = IOHalt

At° — n3MeHeHMe TeMmepaTyphl B rpagycax Llenbcus.

CrnenctBus U3 npaBuiia:

- npu Bo3pacTaHuu Temrepatypbl At® Ha 8° Tok xostektopa |, yBennumsa-
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eTcs B JIBa pasa;

- IpH BO3pacTaHuyU TemrepaTypbl At° Ha 27° Tok Komnekropa |, yBennum-
Baetcs B 10 pas.

6. CoOCTBEHHOE CONPOTUBIEHUE SMUTTEPA OOPATHO MPOMOPIUOHATIBHO TOKY

KOJUIEKTOpa:
7. Ilpu nanuuuu pesuctopa Ry B nenu smurrepa (pucynok 8.1) tok lk B 1e-

1 KOJUIEKTOpa OIpeeseTcs HanpsikeHrueM 0as3bl U g 1 HE 3aBUCUT OT COIPOTHB-
nenus R (B aktuBHOM pexume): lx =15 =Ug—0,7B)/(Ry+1y).

2.2. Tpan3ucmopnbwlil Koy

Kitoun B oTiM4Me OT aHaNOrOBBIX YCTPOMCTB pabOTalOT CUTHAJAMH JIBYX
YPOBHEHN: BBICOKUM M HU3KUM. TPaH3UCTOp B KIIFOUEBOM PEKUME HAXOAUTCS B OJ-
HOM M3 JIByX COCTOSIHMIA: BKJIIOYEH (HACBIIIEHHUE), BhIKIIOUEH (oTceuka). [lepexon

N3 OOHOI'0 COCTOSAHHA B APYTroc€ COBCPIIACTCA ITOYTHM MI'HOBCHHO IIPH CKa4KC

Hanpsbkenus: U,, Ha 6a3e TpaH3ucTopa (pucyHok 8.1).

U

BX'

Pucynok 8.1 — TpaH3uCTOPHBIN KITIOY

BricokoMy ypoBHIO HampspbKeHUsT Ha 0a3e COOTBETCTBYET HHU3KHU YpOBEHb
U k5 nae Ha KOJUIEKTOpE. [l pasHbIX THUIIOB TPAH3UCTOPOB HAIPSXKEHUE HACBIIIIE-

Hus U gy . Bappupyercs (0,05-1,0) B. Uem oHO MeHbIe, TeM JIydille KadyeCTBO
KITtoya. TOK KOJUIEKTOpa B PEKUME HACBIIIECHUS OMPEAEIICTCS PE3UCTOPOM B IIETTH
KOJJIEKTOpa

E_UKSHac
|K :R—.
K
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[Ipu nopaye Ha 6a3zy HU3KOro ypoBHs HampsbkeHust = 0 B tpan3ucrop nepe-
XOIUT B PEKUM OTCEUKH.

HenocraTtkoM TpaH3ucTOpa SIBIASETCA TO, YTO MEPEXOJ B 3aKPBITOE COCTOSIHUE
COBEpILIAETCS HE Cpa3y, a uepe3 HEKOTOpPOe BpeMs IMOcIe Mojadu Ha 0a3y 3amupa-
IOLEro CUrHajia. 3a 3TO BpeMs (J10JIM MUKPOCEKYH/T) pacCachlBalOTCs HEOCHOBHBIE
HOCHTEJIM, HAKOIUIEHHbIE B 0a3e B pexuMe HachllleHus. KolIeKkTOpHBbIi TOK B pe-
KUME OTCEYKH ONpPENENseTCs TEIJIOBBIM OOpaTHbIM TOKOM, COCTABIISIIOLIUM He-
CKOJIBKO MUKPOAMIIED, T.€. MPAKTUYECKHU PABEH HYJIIO.

OCco0OEHHOCTBIO PEKUMA HACBIIICHUS SBJISETCS YMEHBIIEHHE [3 10 cpaBHe-
HUIO C aKTUBHBIM pexxuMoM. OrpaHnyuBalollee ConpoTuBieHne Ry BeiOupaeTcs u3

YCIIOBUSL:

RE < (ng _O'7B)l(l KHac/Bmin )

TpaH3UCTOpHBIC KIIFOUX ITUPOKO MPUMEHSIOTCS JJIS YIIPABICHUS MOIIHBIMHU
UCTIOJTHUTEIBHBIMUA YCTPONCTBAMU (JIEKTPOMArHUTAMHU U T.I1.) C TIOMOIIBIO Majio-
MOIIIHBIX BXOJIHBIX CUTHAJIOB.

2.3. DmummepHwlll NOBMOPUMETL

Hampspkenne Ha BBIXOJIE TOBTOPSIET BXOJHOM CHUTHAjd 3a BBIUETOM

Up»=0,7 B — oTcrofa Ha3BaHuE «IOBTOPUTENbY». TpaH3UCTOP BKIIOYEH 110 CXEME C

OOIIMM KOJUIEKTOPOM (pUCYHOK 8.2).

Pucynok 8.2 — CxeMa SMUTTEPHOTO MTOBTOPUTEIS

OcHOBHas 0OCOOEHHOCTb CXEMBI OMHUTTCPHOI'O IIOBTOPUTCIIA — BBICOKOC BXO/I-

HO€ ¥ HU3KOE BBIXOJIHOE COMPOTHUBIICHUS:
Fex = (B+1)(R9 I RH) )
Mo =0 1B+1, (8.2)
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/i€ 3HaK // 03HaYaeT napajieibHOE COCIMHEHUE ABYX PE3UCTOPOB.

IToaTOMY 3MUTTEpPHBIA IMOBTOPUTEIH UCIOJIB3YIOT ISl COTJIACOBAHUS COIIPO-
TUBJICHUN: BKJIIOYAIOT €r0 MEXIY BHICOKOOMHBIM MCTOYHHUKOM CHTHAJIOB U HU3KO-
OMHOM Harpys3Kkom.

KoadduireHTs! Mo Hanps»>KeHUIo, TOKY U MOIIHOCTH PaBHBI COOTBETCTBEHHO!

Ky =AU gy / AUgy ~1;
K| :AIS/AIB zB'Fl,
Kp = KU . K| ~ B

ComnpotuBinenus R;, R, o0pa3yror nenutens HampsiKEHUs, 3a1al0lUi HaIps-
’KEHHE CMEICHUS 0a3bl:

Ug=Ex/2+0,7B.

[Ipu 3TOM HampsDKEHHE SMHUTTEpPa B peXKUMe MOKos Oyzer paBuo Eg /2, uto
obecrieurBaeT MaKCUMAIBHYIO aMIUIUTYy BBIXOAHOTO curHana. COonmpoTUBICHUS
R1, Ry BBIOMparoTCst HE CIUIIKOM MajIeHBKUMH, YTOOBI HE CHIIKATh BXOJHOTO CO-
IPOTUBJICHUS SMHUTTEPHOTO TIOBTOPHUTEINIS,, U HE CIMIIKOM OOJIBIIMMH, YTOOBI
HaIpPsHKEHUE CMENICHUsI ObLIO JT0CTaTOYHO CTAaOUJILHBIM MIPU U3MEHEHUSX HArpy3-
KU:

Ry =01EkBR, /(0,5E +0,7);
R, =01ExBR5 /(0,5E —0,7).

[TockoJIbKY BBIXOAHOE COMPOTUBIEHUE AYMUTTEPHOTO MOBTOPUTENS MaJo, €ro
cBoiicTBa O6JM3KH K ucToUHUKY DJ[C.

2.4. Ycunumenvuvle Kackaowvl

CxemMbl yCWIIMTETBHBIX KACKaJIOB XapaKTEePHU3yIOTCs OONBIIUM pa3zHOOOpa3u-
eM. BmecTe ¢ TeM NpUHIUMT MOCTPOEHUS TIABHBIX IeMel YCUIUTENIbHBIX KacKaloB
OJIMH Y TOT K€, OH MOKa3aH Ha MpUMepe CTPYKTYpHOI cXeMbl Ha pucyHke 8.3, a.

OCHOBHBIMH 3JIEMEHTAMH KacKaja SIBJISIOTCS YIpPaBIsEMbId 3JIeMEHT Y0,
(GYHKITMIO KOTOPOTO BBITIOJHSIET OUMOJSPHBINA (TIOJEBOM) TPAH3UCTOP U PE3UCTOP
R. CoBMECTHO C HalpsHKEHHEM NUTaHUA E 3TU 3JIE€MEHThl 00pa3yloT BBIXOIHYIO

Lelb KacKaja. Y CUIMBaeMblil curHai U, , IpUHATBIA Ha pucyHke 8.3, a) s npo-
CTOTBI CUHYCOMJAJIbHBIM, IIOAAETCA Ha BXOX Y. BeixonHou curnain U, CHUMa-

eTcs ¢ BbixoJia YO uiu ¢ pesucropa R. OH co3paercs B pe3ysibTaTe U3BMEHEHHUS CO-
MPOTUBJICHUSA YD W, CIIeIOBATCIBHO, TOKA | B BBIXOAHOM IIEMHU O] BO3JCHCTBUEM
BXOJHOTO HampspkeHus. I[Iporiecc ycuiieHHs OCHOBBIBAETCS Ha IMPeoOpa3oBaHUU

OHCPIruKM HCTOYHHKA IIOCTOAHHOI'O HAIIPAXKCHUA E B OQHCPIUI0 ICPECMCHHOIO
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HAIpsKCHUA B BBIXOI[HOﬁ CTIH 3a CUCT UBMCHCHUA COIMPOTUBIICHUS YIIPABISICMOTI O

9JICMCHTA I10 3aKOHY, 3a/laBACMOMY BXOJAHBIM CUT'HAJIOM.

———0-E ne ~
/—> I / -\ Im , .\ !
R [] i In
0 L 2 t
Usbix
5 0 r'y t
Y
Usbix Un
Usx Y
N Um
\ /UBbIX
\L/
a) 0)

Pucynok 8.3 — [Ipuniun nocrpoenus (a) ¥ BpeMeHHbIe JuarpaMmsl (0)

YCHIINTCIIBHOT'O KaCKaaa

BBuay ucrnons3oBanus 11 TUTAHUS UCTOYHHUKA IMTOCTOSIHHOTO HAIpsDKEeHUs E
TOK | B BBIXOJHOM IIEIH KacKaja SBJIIETCSA OJHOHAMPABICHHBIM (PUCYHOK 8.3, a).
[Tpu 3TOM MEepeMeHHBIN TOK ¥ HANpPsKEHUE BBIXOJHOM 1enu (MPOMOPIMOHAIBHBIC
TOKY U HaIlPSKEHUIO BXOJIHOTO CUTHAJIA) CIIeIyeT pacCMaTpUBATh Kak MepeMeHHbIe
COCTAaBIIAIOIINE CYMMapHBIX TOKAa W HaIpsHKEHHS, HAKJIaJbIBAIOIIUECS HA UX TO-
crostHHbIe cocTaBisitomue |y u Uy u (pucynok 8.3, 6). CBs3b MeXAY MOCTOSTHHBIMU
U TEPEMEHHBIMU COCTABIISIIOIIMMHU JOJDKHA OBITh TaKOM, 4TOOBI aMIUTUTYIHBIE
3HAUEHHUS MEPEMEHHBIX COCTABIISIOIIMX HE MPEBBINIATN TMOCTOSHHBIX COCTaBJISIO-

mux, 1.e. 1;7>1, u Uy >U,,. Ecim oTi yciioBust He OyIyT BBIOIHATHCS, TOK | B

BBIXOJTHOW IICTIH Ha OTJCJBHBIX MHTEpBaJiaX OyJeT paBeH HYJO, YTO MPHUBEACT K
UCKaKEHUIO (POPMBI BBIXOJHOTO cHTHaia. Takum oOpaszom, st obecriedeHus: pa-
OOTBI YCHIIMTEIIBHOTO KacKajia MpH MePEeMEHHOM BXOJHOM CHUTHAJIE B €r0 BBIXOJ-
HOM TIeNU JOJKHBI OBITh CO3/IaHbl TIOCTOSIHHBIE COCTaBISAIOIMINE TOKa |;; M Hampsi-
xeHust Uy 3agady pemiaroT myTeM ToJladd BO BXOJHYIO IEMb KacKaaa IMOMHMO
YCHJIMBAEMOTO CHTHAJa COOTBETCTBYIOMIETO MOCTOSTHHOTO HampspkeHust Upgyy; (mnm
3aJ]JaHUsl COOTBETCTBYIOIIETO IMOCTOSIHHOTO BXOJHOTO TOKa lzxr). [locTosiHHBIE CO-
CTaBJISIIONINE TOKA W HANPSDKEHUS OMPENETSIOT, TaK HA3BIBAEMBIN, PEXKUM TOKOS
ycwuTeapHoro Kackaga. [lapamerpsr pekmma mokost mo BxomHoi tienu (lgyy,
Usgxrz) 1 o Beixoauoit nenu (17, Up).

[Tokazarenu yCHINTEIBHBIX KACKAIOB 3aBHUCIT OT CIOco0a BKIFOUEHUS TPaH-

3UCTOpPA, BBIIOJHAKOIICTO POJb YIPABIICMOI'O 2JICMCHTA. Ananus YCHIINTCIIbHBIX
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KacKaJ0B Ha OUTIOJIAPHBIX TPAH3UCTOPAX MPOBOIUTCS TSI TPEX CIIOCOOOB BKITFOYEC-
HUs: ¢ 001muM smMuTTepoM (0I), 06mmuM kosuiektopoM (OK) u obrieit 6a3oit (OB).
2.5. Ycunumens ¢ obwum smummepom
DTOT TUN Kackajaa IIMPOKO HCIIOIB3YETCS B TPAH3UCTOPHBIX AJIEKTPOHHBIX

YCTPOMCTBaX B KAYECTBE YCHIIUTENS HANPSDKEHUs (PUCYHOK 8.4).

Pucynok 8.4 — Cxema ycunurensHoro kackaaa ¢ O3

Harpy3ko# KOJUIEKTOPHOU LIETIH SABIISETCS PE3UCTOP Ry .

Koo puuuenT ycunenns Kackaaa 1o HanpsKeHHIO
Ky =Ugpx IUgx =—Rk /R5. (8.3)

3HAK «—» YKa3bIBA€T HA TO, YTO HAIIPSKCHUC HAa KOJIJIICKTOPC HpOTI/IBO(l)aSHO
HaIIPAKCHUIO Ha Oase.
P€3I/ICTOpBI B IICIIN CMCIICHUA OOJIZKHBI 00eCreYnTh HaIpsAKCHUEC HAa KOJIJICK-

TOpE B peKUMe TIOKOs Ex/2. OHM BBIUUCIIAIOTCS 110 (hOpMYJIaMm:
R, =01E«BR,/Uy;
R, =01ExBR, /(Ex —Upg).
Hanpsxenne Uy =U» +0,7 B. Hanpsbxenue U, onpenensercss TOKOM IOKOS
U CONMPOTUBIICHUEM Ry 1 BEIOMpPAETCS TaKUM, YTOOBI B PEKUME TMOKOSI HATIPSIKCHUE
Ha SMUTTEPE COCTABISLIO HE MeHee 1 B, uTo oGecmeunBaeT XOpoInyo TemMneparyp-
HYIO CTaOHJIU3AITHIO.
BxosiHOE 1 BBIXOJTHOE COTPOTHUBIICHUS KaCKaJa OMPEESIOTCS (OPMYyIIaMHu:
Ry =Ry /IR IN(B+D(R5 /IR,);
R@be ~ RK .
BxonmHoe compoTuBiIeHNE KacKaaa BBIPAXKAETCS TaK )K€, KaK W JJIsT SMUTTEP-

HOI'O ITOBTOPHUTCIIA, @ BBIXOAHOC OIIPCACIIACTCA COIIPOTUBICHHUCM RK, COCTAaBJIAIO-
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UM OOBIYHO HECKOJIbKO KOM. BBICOKOE BBIXOHOE CONPOTUBIICHUE SBISICTCS HE-
JOCTAaTKOM YCHIIUTEIIHOTO Kackaja ¢ OOIUM IMUTTEPOM.

Otpunarensubie oopatnbie cBsizu (OOC) B ycunurene ¢ oOIIUM YMUTTEPOM
CHIKAIOT KO3(PGUIIUCHT YCHIICHHUS, OJTHAKO IMUPOKO MCIOJIB3YIOTCS IS TeMIepa-
TYpHOW CTaOMIM3aliy KacKaaa, CHIKEHUS BBIXOAHOTO COIMPOTHBIICHUS W ITOBBI-
IIICHUST BXOJTHOTO CONPOTHUBJICHUS, a TaKXKe ISl YMCHBIIECHUS JTUHEHHBIX UCKaKE-
HUM BHOCUMBIX KackagoM. Paznuuaror OOC no TOKy ¥ 1O HANpsHKEHUIO.

Ompuyamenvhas oO6pamuas cés13b NO0 MOKY

OOC 1o ToKy peanusyeTcs pe3ucTopoM R B 1ienu smMmuTTepa (pucyHok 8.5).

—1—

“HX

Pucynok 8.5 — Cxema ycuiurenbHOro kackama ¢ OD ¢ o0paTHOM CBA3BIO
110 TOKY M HANPSKEHUIO

PaccMoTpuM BIMSIHEE 3TOTO PE3UCTOpPA HA TEMIEPATYPHBIN PEXUM TpaH3U-
cropa. B pexxume mokos (E.=0) nanpspkenne 6a3st Ug=const. [IycTs B pe3ynbrare
MOBBIIICHUSI TEMIIEPATypbl SMUTTEPHBIA TOK TpaH3uctopa |, Hawam Bo3pacTats.
DTOT TOK cO37aeT MaJeHUe HAMPsHKEHHUsS Ha pe3uctope Rs, mosToMy ynpasistoiee
Hanpspkerne (U gy =U g —15R5) ymeHbImUTCS, ¥ TOK |5 BepHETCS K MCXOAHOM Be-
nuauHe (eM. paBmiio 4 mm.2.1).

Takum 00pazoM, BIUSHUE TEMIEPATypbl HA TOKH DMHUTTEpPA M KOJJIEKTOpA
CYILECTBEHHO CHU3UTCH.

Jlist coxpaHeHus BBICOKOTO KO3(PdUIMEeHTa YCUICHHS M0 HANpPSOKCHUIO Ha
MEPEMEHHOM TOKe pe3uctop R myHTHpYIOT KOHIEeHcaTopoM Cn, CONMPOTHBIICHUE

KOTOPOI'O0 B AMAIIa30HC pa60tmx 9aCTOT HAMHOI'O MCHBIIC COITPOTHUBJIICHHA R3 58 g

(ry — cobcTBeHHOE compoTuBiIeHUE dMUTTEpa (cM. mpaBwio 6 mm.2.1). Torga xo-
3 PUIKEHT YCUIIEHHSI IO HAMIPSIKEHUIO HA IEPEMEHHOM TOKEe OyAeT IPUMEPHO pa-

BCH
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KU ~ —RK /|’3, (84)

T.€. OCTaHETCS TaKUM, KaKUM ObLI B OTCYTCTBHE Rb>.
Ompuyamenvhas 06pamuas c6s3b N0 HANPIAHCEHUIO

Ha rtemneparypusbiii pexum kackaga OOC 1o HanpsHKEHUIO BIUASIHUA HE
OKa3bIBaeT U JACHCTBYeT uepe3 1enouky Roc, Coc (pucynok 8.5). Kongencatop Coc
BBIOMPAETCSl TakK, 4TOOBI €ro CONMPOTUBIICHUE B JUAMa30HE pabo4MX 4acTOT OBLIO
HAMHOTO MEHbIIIe, 4YeM Rpc, MOATOMY CBOMCTBA OOpAaTHOU CBSI3M OMPEIEISIOTCS
MOYTH UCKIIOYUTEIBHO comnpoTuBieHueM Roc. Ponb xongencaropa Coc — B pas-
BSA3KE IIeTel KoJUIeKTopa W 0a3bl MO MOCTOSSHHOMY TOKYy, T.e. OOC nelctByer
JIUIIH HA TIEPEMEHHOM TOKE.

Koaddunment ycunenust xkackaga npu Hanmuuuu OOC omnpenensiercst Gop-

MYJIOM:
Ky.oc =Ky I1+7Ky) (8.5)

rjae y — ko3 puuueHT nepenayu oOpaTHON CBS3H.

OOC paboraer caeayronuM odpazoM. [Ipu mogave Ha BXoJ Kackaja mojio-
JKUTEIIBHOTO TMOJIyIIEpHOIa TIEPEMEHHOT0 HANPSDKCHHUSI Ha KOJIJICKTOPE TPAH3UCTO-
pa dopMupyeTcs OTPUIIATENBHBIN MoMynepuo HanpsbkeHus. Yepes nenouky Roc,
Coc ATOT OTpHIIaTeNIbHBIN MoJIynepuo ] nojaaerca Ha 6a3y. [lockoiabky conmpoTus-
JIEHUE KOHJIEHCATOpa HAMHOTO MEHbIIIE COMPOTUBIIEHUS pe3uctopa Roc, TO BHOCH-
MBI 1IEMOYKO oOpaTHOU CBsi3M (a30BbIM CABUT He3HauuTesdeH. CreqoBaTenbHo,
HanpsDKeHHe, Mo/laBaeMoe Ha 0a3zy uepe3 OoOpaTHYIO CBs3b, OyneT MpOoTHBOGhA3HO
BXOJTHOMY.

OuyeBUIHO, YTO JACHCTBUE OOPATHOW CBSI3M NMPHUBENET K CHIDKCHUIO KOd(pdu-
IIMeHTa ycuieHus Kackaga. OmgHako ATOT KOA(HUIMEHT OyaeT ropasao MEHbIIe
3aBUCETh OT [3 TpaH3HCTOpa, YeM B cxeme 0e3 oOpaTHOU CBS3U. YMEHbIIATCS He-
JTUHEHHBIE UCKAKCHHSI CUTHAJIOB, BHOCHUMBIE KaCKaJOM, PACIIMPHUTCS T0JI0ca Mpo-
mycKaHus. [[pyrum moyoKUTEIbHBIM CBOMCTBOM, KOTOPOE KacKaj MPHOOpETeT 3a
cuetr OOC, OyneT MHOTOKpPaTHOE CHMXKEHHE €T0 BBIXOJHOTO COMPOTUBIICHHUS.

HenocratkoM Takoro Bapuanta OOC sABIsSE€TCS CHUKEHHE BXOJHOTO COIPO-
TUBJICHUS KacKaja.

OcHOBHble XapakmepucmuKky YCUIUMenIbHblX KACKA008

BaxxHO! XapaKkTepUCTUKOW YCHIIMTENSI IEPEMEHHOTO TOKA SIBIISIETCSA €r0 aM-
IMTYAHAas xapaktepuctuka. (OHa XapaKTepU3yeT 3aBHCHUMOCTb BBIXOJIHOTO
HaANPSDKEHUST OT BXOJHOTO Ha CPEJIHUX YacToTax (pUcCyHOK 8.6). AMIumMTyIHAs Xa-

PAKTEPUCTHUKA OIPEAEISIETCA MPU CUHYCOMAAIBHOM BXOJHOM CHUTHAJIE 3aJIaHHOMN
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HaCTOTHI.

Uebzxa B 0 | C

Pabouuii
VHACMOK

Uy

Uex.min Uex.max sta MB

Pucynok 8.6 — AMIIuTy/1Hast XapaKTepUCTUKA YCUIIATENS

[Ipu otcyrcrBum BxoaHoro curHana (Ugy = 0) Ha BBIXOJE YCUIIUTENSI PETH-
cTpupyeTcss HekoTopoe dhoHoBoe HampsikeHue Uy M3-3a HABOJIOK OT BHEITHUX HC-
TOYHHKOB TIOMEX, MyJIbCAIMI NCTOYHUKA MTUTAHUS U BHYTPEHHUX IITyMOB yCHJIUTE-
as. Ipu Upy>Upy,in (TpaBee TOUKU A) MOJIE3HBIM CUTHA HAYMHAET IPEBBINIATH
ypOBEHb (POHA, U BBIXOJHOE HAIPSKEHHE HAPACTAET MPOMOPIIHOHATIBLHO BXOTHOMY
HanpspkeHuto. B Touke B pocT BBIXOHOTO HANPSKEHUS CYHIECTBEHHO 3aMeIaeT-
csl, TaK KaK HAaYMHAETCS OTpaHUYECHHE BBIXOJHOTO curHaia. CHayana HayWHAIOT
«Cpe3aTbCsy BEPXYIIKH OAHOW M3 MOJIYBOJIH CHHYCOMIAIBHOTO CUTHAIA (TIOJIOKH-
TEJIHHOW WJIM OTPHUIATENBHON), a 3aTeM U o0eux (mpumepHo B Touke (). C kakux
MOJTYBOJIH HAYMHAETCA MPOLIECC OTPAaHUYCHHS 3aBUCUT OT HampsbkeHust Uok MoKos

tpansucropa. IIpu Ugy <0,5E;; mepBbIMU HaYMHAIOT «CPE3aThCs» BEPXYIIKU OT-

PULATCIBHBIX ITOJIYBOJIH BBIXOAHOT'O CUHYCOUTAJIBHOI'O CUT'HaJIa. HpI/I

Upx > 0,5E;; nepBbIMU HAUMHAIOT «CPE3ATHCS» BEPXYIIKHU MOJ0KHUTEIBHBIX ITOTY-

BoJH. [IpaBee Touku C BBIXOJHOW CMHYCOWJAJbHBIA CUTHAJ MPEBpALIAETCS B MO-
CJI€10BATENBHOCTh MOYTH MPSAMOYTOJIBHBIX UMITYJIHCOB.

Takum o0OpazoM, Mpu ypOBHE BXOJHOTO CHUTHaia MeHbIe Ugymin MBI HE
CMOEM OTJIMYUTH IMOJIE3HBIA CUTHAI OT noMex, B ciiydae Upzxy>Upymax BBIXOJTHOM
CUrHaji OyJeT MMETh HEJIMHEIHbIE UCKa)KeHUsI, pa0OUYMM Y4acTKOM SIBJISIETCS y4da-
CTOK A-B.

OCHOBHBIMH MapaAMETPAMU YCUIIUTENS PUHSITO CUUTATH:

- KOO PUITMEHT YCUIICHHS TI0 HaNpsHKEHUIo Ky;

- KOO PUIMEHT ycuiIeHus 1o ToKy K,

- BXOJIHO€ COMPOTUBJICHUE YCUITUTENS Rpy;
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- BBIXOJJTHOE COIPOTUBIIEHUE YCUIUTENS Rppy.

HazBanHble mapameTpbl, Kak IPaBUIIO, PACCUUTHIBAIOTCS HA CPEAHUX YaCTO-
Tax, T.€. B MOJOCE MPOIYCKAHUs YCHIUTENS, KOTJa BIMSHUEM BCEX PEAKTHUBHBIX
AJIEMEHTOB CXEMbI MOKHO MpeHeOpeyub. 3aBUCUMOCTh KO3((PUIIMEHTA YCUICHHS OT
YacCTOThl HA3BIBACTCS amnaumyoHo-uvacmomuou xapaxmepucmuxou (AUYX) ycumnu-
Tels (pucyHok 8.7), KoTopas onpeaessaeTcss Kak 3aBUCUMOCTh K03 uIreHTa ycu-
nenust K ot yacToTsl f BXOJHOTO CHTHANIa MpU MOCTOSHHOM JIEHCTBYIOIIEM 3Haue-
HUU HanpspkeHust Ha Bxonie Ugy = const. OHa xapakTepu3yeT YaCTOTHbIE CBOMCTBA
YCUJIUTES, T.€. €r0 CIOCOOHOCTh YCUJIMBATh CUTHAJIBI B ONPEEIEHHOM JUara3oHe
4acTOT, HA3bIBAEMOM YACMOMHOU NOI0CoU nponyckanus. B npenenax 3Toil obna-
cTU KO3 PUIIUECHT yCUIIEHUS YCUIUTENs Haubosee ctabuieH u obo3HavaeTcs — K.

I[J'ISI YIIO6CTBa MMOCTPOCHUA aMHHHTYﬂHO-qaCTOTHOﬁ XAPAKTCPUCTUKU 3HA-
YCHHUA 4aCTOT OTKJIAABIBAIOTCA B JIOI‘apI/I(i)MI/I‘ICCKOM Maciraoe.

\ 4 »

10 10° 10° 10* 10° f(log), I'y

llonoca nponycxkanus
Af = fB - fH

A

Pucynok 8.7 — AMIITUTYTHO-4aCTOTHAS XapaKTEPUCTUKA YCUITUTEIS

HuxHIOI0 ¥ BEpXHIOIO TPAaHUYHBIE YACTOThI OMPENEIAIOT OOBIYHO U3 YCIO-

BUA:

Ky (fr) =Ky (fp) =§Ro =0,707K,, (8.6)

rae Ko sBisieTcst cpefHuM 3HadeHueM K03 (UIIMEeHTa YCUIICHUST B 001acTH cpe-
HUX YaCTOT.

YacTtoTHas 1moJjioca IMPOITYCKAHHA OIPCACIIACTCA 110 BBIPAKCHUIO!

Af == fB - fH . (87)
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Onpedenenue yacmomuoul noaocsl NPONYCKAHUA TIPOBOAUTCA B CIEYIO-
IIEM TOpSJKE:

- HA aMIUTUTYIHO-YaCTOTHOW XapakTepUCTUKE ycwiutens (pucyHok 8.7)
BbIOMpaeTcs TOUKa 1, COOTBETCTBYIOLIAs CpeHEN BeIMYMHE Hauboiiee CTaOUIbHO-

ro 3HaueHus kodppuuuenta ycunenus Ko.
- pasnenus 3Ty BeanuuHy (Kg) Ha /2, OTKIaabIBaeTCs MOJTy4eHHOE 3HaYe-
Hus Ha ocu K (Ha pucynke 8.7 3to BennuuHa o6o3naueHa 0,707Kg);

- nmpoBes nepneHaukyssip k ocu K ot Touku 0,707Kg, onpenensitorcst To4-
k1 nepeceyeHus 2 u 3 ¢ rpadpukom AUX ycunurens;
- IPOBE/Is MEPIICHANKYIISAP U3 Touek 2 u 3 k ocu f onpenensiercst Bepxusis fp
Y HUXKHSS ;7 TpaHUIIBI YaCTOTHOM MOJIOCHI MPOITYCKAHUS YCUJICHHOTO CUTHAIA;
- o BeIpakeHUo (8.7) ompenensercss BeIUYMHA YACTOTHOW TOJIOCHI TIPO-
nmyckauus Af.
YacToTHas moJjioca IpoONycKaHusl ONpeeNsieT Kiace ayJuOCUCTEM U yKa3bl-

BAaCTCA B IACIIOPTHBIX JAaHHBIX ayﬂﬂoyCTPOfICTB, COoACpKalluX B CBOCM COCTABC

YCHUIINTCIIBHBIC KaCKa/lbl.

3. IOATI'OTOBKA K PABOTE
3.1. U3yuuts paznen «Tpanzucrops» [2, c. 88-150] u cBeneHust, U3NOKEH-

HBIC B I1.2 HACTOSIIEH pabOTHI.

4. TIPOTPAMMA PABOTBI

4.1. Usmepenue cmamuueckozo koagguyuenma nepeoaiu moka 6a3vl
mpansucmopa (p)

4.1.1. Cobepure cxemy, m300paxk€HHYI0 Ha pucyHKe 8.8, BBIOpaB HE0OXO-
JIUMBIE KOMIIOHEHTHI U3 UMEIOLINXCA ONOJIMOTEK.

4.1.2. YcranoBure 3HaueHusi comportuBieHmit: Ri;=1,5 kOm, R,;=100 xOwm,
R3=47 xOm, E;=5 B, E,=10 B. JIna ycTaHOBKHM 3a/JaHHOW BEIUYMHBI HEOOXOIMMO
KIMKHYTh JBAXbl JIEBOM KIIABHINIEH MBIIIU IO AJIEMEHTY CXEMbl M BO BKJIAIKE
Value (BenmmumHA) OTKPBIBIIETOCS OKHA YCTAHOBHTH HEOOXOJMMOE 3HAYCHHE U €r0
eauHUIly u3Mepenus. [Ipu 3ToM, 1ienbie U ApOOHBIE YaCTH CMENIAaHHOTO YUCHa OT-
JEJSAI0TCS He 3aIsATOM, a Toukoi. J[ys BeIOOpa MojaenHn TpaH3UCTOpa HEOOXOIUMO
mocJie JBOWHOTO KJIMKA 110 3HAKY TPaH3UCTOpa BeIOpaTh BKiIanky Models (momenn),
B okHe Library (6uGsmoteka) BeIOpaTh OuOIHOTEKY 2N, a B okomke Model — mo-
nenb Tpanszuctopa 2N3904. 3aBepmuTh caenanHbiil BEIOODP, HaxkaB KHOMKY OK.
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Pucynoxk 8.8 — Cxema mist onpenenenus ko3 duipenra

YCHJICHHUS TPAH3UCTOPA

4.1.3. YcraHoBure KiIOY Sp KiaBuiled Space (mpoben) B TOJIOKEHUE

«BHU3Y», 3aMbIKas ero Ha Ry. Ycranosute E1=E;=2,68 B. Bxirouute cxemy u 3a-
MUIITUTE PE3YJIbTaThl U3MEPEHUsT TOKAa 0a3bl |b, HANPSHKEHUS KOJUICKTOP-IMHUTTEP
Uks u 6a3a-smutrrep Usd, Toka komiekropa Ik B Tabnuiy 8.1. Tlo monydeHHBIM pe-

3yJbTaTaM MOJCYUTANTE, UCTIONB3Ysl BeIpaxeHue (8.1), craTuueckuit Ko GuimeHt
nepeaayn Toka 6a3el 3 Tpansuctopa. [loBTOpuTe M3MEpeHust U pacuéT K03 humu-

enra [3 mis 3nauenuii Eg=5 B u 5,7 B. Pe3ynbrars! 3anumure B Tadauiy 8.1.

Tab6muma 8.1 — Pe3ynbraThl M3MepeHuit u pacu€ToB KodddunueHra 3

[Tonoxxenune | R B menu E B boa sl ues | 1w R,

Kiouda Sq 0a3bl B> 5 M K9 59 oM I o
1015 288
S| — BHU3 «OM 5,0
57
485 |28
S1 — BBepx «OM 5,0
57

4.1.4. Tlepexmounte TymOJep S; KIaBuieil Space B MOJOXKEHHE «BBEPX»,
3ambikasg ero Ha Rg. [loBropute mamepenus s 3HaueHuil Eg=2,68, 5 u 5,7 B.
ITpoBepbTe, Kak u3MeHs0TCs HanpsbkeHus U g, Tok 0assl |5 1 Tok koutekropa l.

IIPU Pa3HBIX 3HAYCHHSAX COMPOTHUBJICHUS B IeNM 0a3bl. 3alUIIUTE PE3yibTaThl B
Tabmuiry 8.1.

4.1.5. Ucnonw3ys Beipakenue (8.1), paccuuraiite [ IUIsl KaXKIOTO 3HAYCHUS
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conpotubiienus B nenu 6a3bl (R1+Ro = 101,5 u R1+R3 =49,5 kOm). YcraHoBure,
KaK 3aBHCHUT TOK KOJUIEKTOpa OT TOKa 0a3bl?

4.1.6. Onpenenure BXOAHOE CONMPOTHUBIIEHUE TpaH3UCTOpa Ryt 11 060ux
COTPOTHBIICHUHN B 1enu 0a3bl (neneHueM HampspkeHus U g Ha 6a30Bbli TOK |p).

3anumurte pe3ynbrarel B Tabnuily 8.1.YcraHoBuTe, 3aBUCHUT JIU BXOJHOE COIpPO-
TUBJIEHUE TPAH3UCTOPa OT TOKa Oa3bl?

4.2. Uccneoosanue mpan3ucmopHo2o Kuoud

4.2.1. Cobepute cxemy Ijisi MCCIeOBaHUS pabOThl TPAH3UCTOPA B KItOUe-
BOM pexkume (pucyHok 8.9). YcranoBute 3HadeHue conporusieHuii: Ry = 10 kOwm;
R, = 27 xOwMm; R3; = 2 kOwm; E; = 15 B.

4.2.2. lns BbIOOpa TpaH3UCTOpPa W3 TPYIIIBl TPAH3UCTOPOB OUOIUOTEKU
Transistors (kHomka ¢ M300paKEHUEM TPAH3UCTOPA) MEPEMECTHTE MHKTOTPAMMY
Ha TpaH3UCTOp TUIa N-P-N Ha pabodee noje. Beibepete Mmozens Tpanzucropa. Jis
ATOr0 HEOOXOJIUMO TMOABECTH yKa3aTedb MBIIM K U300pa)KEHUIO TPAH3UCTOpPA U
JIBa pa3a Ha)kaThb MO HEMY MbIIIbIO. B MosiBUBIIEMCS] AMAIOTOBOM OKHE B OKHE
Library (oubmmoteka) BbiOpaTh OmOMMoTeky 2n, a B okomke Model — monens

Tpau3uctopa 2N2218. [Tocse 3Toro JIeBoi KiIaBUIIIeH MBI HaxaTh KiaaBuiry OK.

Pucynok 8.9 — Cxema 1151 uccienoBanus padoThl TpaH3UCTOPA

B KIIFOUCBOM PCIKHNMC

4.2.3. Brumrounte cxemy. Kiou S, BKITtounTe BBEpX, MOJaB Ha 0a3y TpaH3U-
ctopa norennuan «3emm» (1.e. 0 B). Kirou S; oTkimtounTe BieBo, 4ToObI cMmelie-
HUe Ha 0a3y MOJAaBaJIOCh TOJIBKO uepe3 pe3uctop 27 kOm. CHuUMUTE MOKa3aHUS

mpuOOPOB U 3aNUIIKATE UX B TaOIUITYy 8.2.

95



4.2.4. IlepexiirounTe K04 Sy BIEBO, OTCOSAUMHUB 0a3y OT «3eMin». M3MepbTte
3HaueHue HanpsikeHud Uy, Uy 1 TokoB Ik 1 |g. Beruucnute koad uiuent 3.

4.2.5. KimrouoM S; moAKIIOUUTE MapalieabHO pe3ucTopy Ry = 27 kOm pesu-
ctop R; = 10 kOm. Kak usmenunucey 3nauenust HanpsbkeHu Ugs, Uy 1 TokoB
I5? Uemy ctan paBen korpduument ? Pesynbrarel 3anumure B Tadnuiy 8.2. Kak
MOXHO J10Ka3aTh, YTO TPAH3UCTOP BOIIEN B HACKIIICHHE?

Ta6muma 8.2
ITonoxeuue karouen S 5, MA Uz, B Us, B | g, MA B
S; —«BBEpX» Si—«BneBO»
S; —«BBEpX» Si—«BnEeBO»
S; —«BHU3» Si—«BMIpaBo»

4.3. Uccnedosarnue smummepHoco nogmopumes
4.3.1. Cobepute cxemy st usmepenus 3 (pucynok 8.10). YcranoBute 3Ha-
yeHue comnpotuBieHus R;=1 kOm, R,=130 kOmMm, R3=150 kOm, R4;=7,5 kOm Rs=1
kOm E»=15 B, C1=1,5 mx®. B kauecTBe MOJeu TpaH3UCTOpa BhIOEpETE TpaH3H-

ctop tumna 2N2218 , ananornyno m.4.2.2.

|

—

9

1600 %
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.
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T

Pucynoxk 8.10 — Cxema a1 BicciieIOBaHUSI SMUTTEPHOTO TTOBTOPHUTESA
4.3.2. Brimrounte cxemy. Kimroun S, S, BKIIIOUNTE BJIEBO, CHSIB C 0a3bl HaIpS-

xeHue cMmermenns. Kiroa Sz B 11enmu SMUTTEpa NMOCTaBhTE B TOJIOKEHHUE PE3UCTOPA
R4=7,5 kOm (BneBo). Kirtouom S, 3akopoture konmencarop Ci.
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4.3.3. [lomaiiTe Ha BXOJ Kackaja MOCTOSIHHOE HampsibkeHue 6,8 B. Bxiatouute
CXEMY.

4.3.4. N3mepsbte Tok 0a3bl |p, BxogHoe HanpspkeHre Ugsy OTHOCUTENBHO «3€M-
anw». PaccuuraiiTe BXOJHOE CONPOTUBIEHHME Kackala R,, B OTCYTCTBHE LENEi

cMmenenus. Micrionb3ys Beipaxenue (8.2) onpeaenuTe 3 TpaH3uCTopa Mo BXOAHOMY
CONpPOTHUBIICHHIO. Pe3ynbTaThl 3anumure B Tabnuiy 8.3.

4.3.5. Kiitou B 1enu 3MuTTEpa S3 MEPEKIIOYUTE B TMOJOXKEHUE PEe3UCTopa
Rs=1 kOwm (BnpaBo) u noBTopute I.1. 4.3.3 u 4.3.4. Kak u3BMEHWIOCh BXOJJHOE CO-
npoTuBJeHUe Kackana? Paccuuraiite ero. Beruncnure 3 TpaHsucropa 1mno BXOJHO-

MY COIIPOTUBJICHUIO IJIs1 JAHHOTO ITYHKTA. P€3yJIBTaT 3allMIINUTC B Ta6m/1uy 8.3.

Tao0muma 8.3

ITonoxeune karoya S; 5, MKA Ugsy, B Rzx,Om B
S3 —«BIIEBO»
S; —«BIIpaBO»

4.3.6. BMecTo mOCTOSIHHOTO HaIpsKEHUsSI Ha BXOJ] Kackaja mnojaaire ¢ GyHk-
[IMOHAJILHOTO TeHepaTopa CUHyCOUJajdbHOe HampspkeHue amrumtyaod Un=5B u
yacrotoi f = 1000 I'u, Munyst éMKOCTh Ha BXOj€e (K04 Sy B IMOJIOKEHUU «BBEPX»).
Kanan A ocumwmuiorpada moAKIIOUATE K SMHUTTEPY TPAH3UCTOPA, T.€. HA BBIXO
Kackajaa, a kaHain B ocuuiorpada K BeIXoay (YHKIIMOHAIBLHOTO reHeparopa (T.e.
Ha BXOJ Kackaja). 3apucyiTe MoixydeHHble ocluiorpaMmel. [loBTOpsieT nu BbI-
XOJIHOE HAaTpsDKEHUE 1o (popMe BXOIHOE HANpsHKEHHE?

4.3.7. Knrou S, mepeBeuTe B MOJOXKEHUE «BHU3» U TIOJIATE CUHYCOUIATBHOE
HanpsDKeHHE ¢ (PYHKIIMOHAJIBLHOTO TeHEepaTopa 4epe3 €MKOCTh, BKIIOYCHHYIO Ha
Bxojie. [loBropute 1. 4.3.6. 1 3apUCyTE MOTYUYECHHBIE OCIIUIIOTPAMMBI.

4.3.8. Knrouamu Sy u S, nmopaiite Ha 60a3y HampsDKEHUE CMEIIECHUS (KITF0UH S; |
S; B monokeHuu «mpaBoy). OTKIOUMB (YHKIMOHAIBHBIN T'€HepaTop, U3MepbTe

E
HanpsokeHue 6asel B pexxume mokos. Cocrasiser mu oo (K 2)+O,7 B? Ilepe-

KJIro4as K4 Sg BIIPpaBO-BJICBO, IIPOBCPLTC, BIMACT JIK SMUTTCPHOC COIIPOTHBIIC-
HHUC Ha BCJIIMYMHY HAIPAKCHHUA CMCIICHUA, U3MCPsAA BOJBTMCTPOM HAIIPAKCHHC

Ugs 1 BeIMUMHY BXOJHOTO CONPOTHBIEHMUS Kackaga R, paccunrtaB ero. Ecnm

BIuseT, To noueMy? IIpoBepbTe, BIUAET U IMUTTEPHOE CONMPOTUBJICHUE HA BEJIU-

YIHY TOKA B IIEMU KOJUIEKTOPa, M3MEpHUB ero. Pe3ymnprar 3anummre B Tabmuiry 8.4.
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Tabnuua 8.4

ITonosxxenne Kirroden Ugg, B |5, MA RBX, Om U](g, B IK,
MA
Si, S, S3 —«BIIEBOY
U r =0B

«BIIPABO» S3 —«BHIpaBo»

S., S, Sz —«BnIEBOY
U]" :0,5 B ’
«BIIPABOY» S; —«BIIpaBOY»

4.3.9. CHoBa nojaiiTe Ha BXOJ| CUTHaJ ¢ (DYHKIIMOHAJILHOTO TeHepaTopa. 3a-
pHUCYITE OCIUIUIOrpaMMYy BBIXOJIHOTO HarpskeHus. [louemy ona usmenusnaco? Ile-
peKJIoyasl K04 Sz BIIPABO-BJIEBO, MPOBEPHTE, BIUSIET JIM SIMUTTEPHOE COMPOTHUB-
JIEHWE Ha BEJTMYUHY BBIXOJAHOTO HarnpsbkeHust Uy, (Benmuuuny Uy, peaBapuTeIbHO

U3MEPUTDH) U BEIMYMHY BXOJHOIO COIPOTUBIIEHMS Kackajga Rpy (BenmuMHy Rpy

IpeIBapUTENBHO paccuuTaTh). [IpoBepbTe, BIAMIET JIM SMUTTEPHOE CONPOTHUBIICHUE
Ha BEJIMYHMHY TOKa B IIEMU KOJUIEKTOpa (BEJIMYMHY TOKa MPEABAPUTENILHO H3Me-
puth). PesynpraT 3anummure B Tabnuity 8.4.

4.3.10. YBenuuuBaiiTe aMITUTYly CUTHAJIA C BBIX0JIa (PYHKIIMOHAJIBHOTO Te-
HepaTopa 10 TOSBICHHUS OTPAaHUYCHUN BBIXOJIHOTO HampsykeHHs. CUMMETPUYHBI
mu orpanndeHus? OObSCHUTE UX MOSIBIICHUE.

4.4. Hccnedosanue ycunumens ¢ 0OWUM IMUMmMepom

4.4.1. Cobepute cxemy coryacHo pucyHky 8.11. Kirouom S; oTkmmtouunte re-
HEPATOP OT YCUITUTENBHOTO Kackaja (KoY S3 «BHU3Y).

4.4.2. KirouoM S, OTKJIIOUUTE IIeNb OTpHUllaTeabHOoN oOpaTHOM cBsa3u (OOC)
o HampsokeHuro (Kmrod Sy «BieBoy). Kirodom Sp oTkiIouMTe KOHAEHCATOP B

OMHUTTEPHOU menu (Kimou S; «BHU3Y»). Brimounte 1ienb. OnpeaenuTe Mo BhIpake-

auio (8.3) 3Hauenue koddduimenra ycumienus Ky mo HampspkeHHIo Kackazga. Pe-

3yJIbTaT 3aMMIIATE B TaOHIy 8.5.
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Pucynoxk 8.11 — Cxema a1 vicciieIOBaHUs yCWIMTEIIBHOTO Kackaaa ¢ 0D

Tabmuma 8.5

TTonoxxenue Kirouen U, B Uk, B Uz B I, MA Ku

S3, S; BHH3Y,

Ur=0B S, «BIEBO»

Si «BHH3Y,
S, «BIEBO»

U-=05B S; «BBEepx» |S; «BBEPX»,
S, «BIEBO»

S1 «BBEpX»,
S, «BIIPaBO»

4.4.3. VIamepbTe BOJBTMETPAMH HAIPSHKEHUS HA IMUTTEpE, KOJJIEKTOpE M
0a3e TpaH3ucTOpa B pexume mokos. [IpoBepsTe obecniedeHo a1 3HaYeHUE Hampsi-
xeHus Ey /2 na KOJUIEKTOPE TpaH3ucTopa?

4.4.4. TlonaiiTe Ha BXOJ Kackaaa ¢ (yHKIIMOHAJILHOTO I'eHEepaTopa HaIpsKe-
Hue amrumatyaoi 0,5 B u wacroroii f = 1 k', 3aMkHYB K104 S3 (Ki1tou S3 B 110J10-
HKEHUU «BBEPX»).

4.4.5. N3mepbTe ocuusuiorpadoM aMIUIUTYy HANpPsKEHUS Ha BBIXOJIE Kac-
kama. CooTBeTcTBYeT ¥ KOXD(DHUIMEHT YCHUJIICHUS OMpPEaeIEHHOMY 3HAYCHUIO?
[IpoBeprTe, MHBEpTUPYETCS U BBIXOAHOW curHan? Kanam A ocumminorpada moa-
KITFOUUTE K KOJUIEKTOPY, T.€. Ha BBIXOJ] Kackaja, a kKaHan B ociumiorpada K BeIXO-
a1y (QYHKIIMOHATBLHOTO TeHeparopa (T.. Ha BXOJ KacKaaa). 3apHCyHTEe OCIHIIIO-

rpaMMbl HAPsKEHUN (MM CHUMHTE CKPUHIIOT ocluiiorpada).
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4.4.6. Kntouom S; MOAKITIOUMTE KOHACHCATOP MapauIesibHO IEMU AMUTTEpa
(k1104 S; B MOJIOKEHUM «BBEPX»). YMEHBUIUTE aMIUIUTYJy BXOJHOIO Hampshke-
HUS, 4TOOBI CUTHAJl HE UCKaxascs. Yemy cran paBeH KOdPOUIIMEHT YCUIICHHS MO
HanpspkeHuto? OmnpeaenuTe, HUCIoONb3ys BbIpakeHue (8.4), coOCTBEHHOE COMpO-
TUBJICHHE 3MHTTepa (mpaBwio 6 m. 2.1) u ko3P UIMEHT yCUIeHHus Kackaaa. Pe-
3yJlbTaT 3alUIIATE B TAOIHILY 8.5.

4.4.7. KntouoM S; 3aMKHUTE LIeTIb OOPATHOW CBSI3U MO HAMPSHKEHUIO (KITI0Y
S; B nosoxeHuu «BOpaBoy). Onpenenute KodQOUIMEHT YCUICHUS MO HampshKe-
Huto? Onpenenure KO3(p(GUIMEHT Nepeaadyd oOpaTHOM CBS3M 7Y, TOJYYUB €ro U3

dopmyisl (8.5). PesynbraT 3anumunTe B Tabuiy 8.5.

4.5. Uccneoosanue amniumyoHO-4aCmMOMHOU XAPAKMEPUCTIUKU — MPAH3U-
CMOPHO20 YCUTUME]ISL

45.1. Ins cxembl (pucyHok 8.11) yCTaHOBUTH CIIEAYIOUIUE IOJOKEHUS
Kioueit: Sz, S; «BBepx», S; «BnpaBoy. HacTpouTh (PpyHKIIMOHANBHBIA TeHEpaTOP
(Function Generator) Ha peXuM CHHYCOHWJAIbHBIX KOJeOaHUH. YCTaHOBUTH JIJIH-
TeNIbHOCTDH padouero nukia (Duty cycle) 50 %, ammuntyiHOE 3HaAYECHUE BBIXOAHOTO
curnaiga (Amplitude) Ugpx=70,7 MB, MOCTOSHHYIO COCTaBJISIOIIYIO BBIXOJIHOI'O
curHana reneparopa (Offset) U =0 B. Bosnbstmerp PV2 HacTpouTtsh B pekuM H3Me-
penust AC.

4.5.2. Bxmrounth cxemy. M3MeHsis yactoTy curHania f reaeparopa B cOOTBeT-
CTBUU C JIAaHHBIMH TaOJuUIbI 8.6, HUKCHpOBaTh BONbTMETpOM PVZ2 BennuuHy BBI-
xomgHoro HampspkeHus: Upprx ycunutenss 0e3 OTpuUllaTeIbHOM OOpaTHOW CBSI3U
(O0C) (kirou S2 «BIIEBO») U ¢ 0OPATHOM CBA3BIO (KITFOU S2 «BIpaBoy). Pe3ynbTarsl

U3MEpEeHUH 3anucaTh B Ta0auIty 8.6.

Tabnuna 8.6 — Mcxonneie nanasie 11t moctpoenns AUX ycunurens

f,xI'hk 0,05/ 0,1(015/02 05| 1 10 [2000 2500|3000 | 3500|4000 4500|5000

UBI)IX1 B
0e3 O0C

Ussix, B
c O0C

Ku,
oe3
00C

Ku,
c O0C

4.5.3. Berauciure, ucronb3ys Beipakenue (8.3), ko3hdumeHTs ycuieHus
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YCWINTENS JJIA pa3HbIX 4acToT, npuHuMas 3a AU, ycunuTens aMIUTUTyJHOE 3Ha-
YeHHe reHeparopa. 3anuiIuTe pe3ysbTaThl pacu€ToB B Tabmuily 8.6 U moctpoiite
aMIUTUTYAHO-4aCTOTHBIE XapakTepucTuku ycunutena 6e3 OOC u ¢ OOC.

4.5.4. Onpenenure, Uconb3ys BeipaxkeHus (8.6, 8.7), yacTOTHBIC MOJIOCHI
npomnyckanus st yeunurens 6e3 OOC u ¢ OOC. CpaBHUB MOJIOCH! TPOITYCKAHUS
yewurens 6e3 OOC u ycunutens ¢ OOC, cnenaiite BBIBOJ O I€JI€CO00PA3HOCTH
ucnosibzoBanuss OOC B yCUIUTEINAX.

4.6. Uccneoosanue amnaumyOoHOU XapaKkmepucmuku mpaH3ucmopHo20

yeunumens

4.6.1. lnsa cxembl (pucyHok 8.11) HacTpouTh (HyHKIIMOHAJBHBIN T'€HEPATOP
Function Generator Ha pe)xuM CHHYCOMIaJIbHBIX KOJCOaHUH. Y CTAHOBUTH HaYallb-
ayto yactoty (Frequency) f=5 kI'u, qurensHOCTh padbouero 1ukia (Duty cycle) 50
%, aMIUIUTyAHOE 3HaueHue BBIXOJHOTO curHana Ugpx m=0 MB, mocTtositHHyrO co-
CTaBIISAIONIYIO BBIXOAHOTO curHajia reaeparopa Offset U =0 B.

4.6.2. TlpoBeputb mnapameTpbl BOJHTMETPOB. BbI3BaB JUANOroBO€ OKHO
Voltmeter Properties, otkpsiTh Bkiaaky Value u B okorike Mode 3aath THIT BOJIb-
t™eTpa — AC (BoimbTMETp mepeMeHHoro toka). B okormike Resistance (R) ycrano-
BUTH BHYTPEHHEE COMPOTHUBICHHE BoJIbTMETpa 1 MOM.

4.6.3. BKIIIOYUTh CXEMY € TTOMOIIBIO BBIKIIOYATENSI B PABOM BEPXHEM YTy
skpaHa. OmnpefenuTb aMIUIMTYAHYIO XapaKTepPUCTUKY YCHIIMTENS Ha 4YacToTe
f =5 kl'u. s aTOro, M3MEHss aMIUTMTYTHOE 3HAYCHUE CHHYCOUIAILHOTO CHUTHAIIA
Ugxm Ha BXOJ€ YCWJIHUTEIS B COOTBETCTBUHU C JAaHHBIMU TaONMUIILI 8.7, U3MEphTe
npu nomouy BonbTMeTpoB PV1 u PV2 nelicTByromue 3Ha4eHUS BXOJHBIX U BBI-
XOJHBIX HAMpPSHKCHUM yCUIIMTENBHOTO Kackana. Pe3ynbraTel 3amumiuTte B TaOJH-
1y 8.7 ¥ MOCTPOWTE 10 HUM aMILTUTYTHYIO XapaKTEPUCTHKY, HA KOTOPOU OTMETHTE

IpaHUIBl padOYero yyacTka.

TabGauma 8.7

Upxm, MB 0 10 20 80 | 100 | 150 | 200 | 250 | 500 | 1000 | 1500

Ugx, MB

UBbIX > B

Ky

4.6.4. Berauciautb, Ucnoib3ysi BeipakeHue (8.3), kodddummeHT ycuieHus
YCWIIUTENS JJIS PA3HBIX BXOJHBIX HAMPSHKEHUH, 3aMUIIUTE MMOTYICHHBIC PEe3yIbTa-

ThI B TaOnuity 8.7. Ha kakux ydacTkax aMIUTUTYTHON XapaKTepUCTUKH KOdhuiiu-
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€HT YCWICHHUS] HOCUT UCKA)KEHHBIM XapaKTep, & HA KAKUX NCTHUHHBINA?

4.6.5. UccnenoBath opMy BbixogHOro HampsikeHus Upgpx ocuumiorpadom
B KOHIIE paboyero ydactka AX M 3KCIEPUMEHTAIBHO ONPENEIHTh, MPU KAKOM
BXOJHOM HarpspkeHun Upx MPOUCXOIUT UCKaKeHHe PopMbl cuHycouabl. s aTo-
ro:

- IBOMHBIM MIEITYKOM JIEBOW KJIABHIITM MBIIIU 11O MAKTOTPaMMe OCIHILIOrpa-
(a oTKpbITh OcUUILIOrpad;

- YCTaHOBHTD JUIUTEIBHOCTH pa3BepTku (Time base) 0,5 mc/aen;

- YCTAaHOBUTbH YYBCTBUTEIILHOCTh OTKJIOHEeHMs KaHana 4 500 mB/aen, a kana-
na B — 5 B/nen;

- yctaHoBUTh pexuM DC pabotsl kaHanoB A u B.

VYBenuuuBas aMIUIMTYJly BXOJIHOTO CHrHaja 3auMKCHpOBaTh Ha HKpaHE OcC-
mutorpada MosiBICHUE UCKAKEHUH BBIXOAHOTO CHTHaja YCWUJIMTENsA. 3amucarhb
3HA4YCHHsI BXOJIHOTO CUTHaja, MPU KOTOPOM HACTYMAIOT UCKAKCHHS M 3apUCOBATH

¢bopMy BBIXOJTHOTO HANPSKEHUS YCUIUTENS (MJIM CHSATh CKPUHIIIOT).

5. COJJEP)KAHUE OTYETA

OT4éT MOIDKEH COJEp)KaTh THTYJIBHBIN JUCT (TpuaokeHue A), 1eib 1adbopa-
TOPHOHM pPabOTHI, MMPOTOKOJI HMCCICAOBAHHUSA, B KOTOPOM IIPEJICTaBHTh: DJICKTpUUC-
CKHE CXEMBbI MPOBEACHUS IKCIIEPUMEHTA, TaOIUIbI pe3yiIbTaToB, rpaduku AUX u
AX, CKpPUHIIOTBHI MOJYyYEHHBIX ociumiorpamm (m.m. 4.3.6, 4.3.7, 4.3.9, 4.4.5,

465), HCITIOJIb30BAaHHBIC paC‘IéTHBIG 3aBUCHUMOCTH U BBIBOJHBI.

6. KOHTPOJIbHHBIE BOITPOCHI

6.1. Kak 3aBUCUT KOJUIEKTOPHBIA TOK TPAH3UCTOpPa OT HANPSDKEHUS] MEXKIY
0a3oit u smuTTepoM? Kak 3aBUCUT KOJUICKTOPHBIM TOK TPAaH3UCTOPA OT TeMIIepaTy-
pBI?

6.2. Kak 3aBHUCHUT OT KOJUICKTOPHOTO TOKa COOCTBEHHOE CONPOTHUBIICHHE
AMUTTEpA TpaH3ucTopa’?

6.3. I gero HeoOX0MMO HANPSHKCHUE CMEIICHUS B KaCKaJlaX SMUTTEPHOTO
MOBTOPUTENSI M YCUIUTENS ¢ 00muM smuttepom? M3 kakumx cooOpakeHui BHIOH-
parOTCsl COMPOTUBIICHHUS PE3UCTOPOB B IIEMTH CMEIICHUS ?

6.4. Uemy paBeH KOd(DPUIIMEHT yCUIICHUS IO HAMPSHKEHUIO KAaCKaia ¢ O0IIHIM
YMUTTEPOM B ciaydae R, = 07
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6.5. 3aBUCHT M HaNpsKEHUWE CMELIEHUsI Ha 0a3e TPaH3UCTOpa OT COMPOTHB-
neHust Ry Kackajgax SMUTTEPHOrO MOBTOPUTENS U YCUIIUTENS C OOIIMM SMUTTE-
pom?

6.6. Kakue cBoiicTBa nmpuoOpeTaeT yCHIUTENb ¢ OOIUM SMUTTEPOM B PE3YJIb-

TaTe AEUCTBUS OTPHUIATENIbHBIX OOPATHBIX CBA3EH MO TOKY U HANPSKEHUIO?
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9. IABOPATOPHAS PABOTA Ne 8

NCCIELOBAHUE XAPAKTEPUCTHUK OIIEPALHIMOHHOI' O
YCUIIATEJIA

1. IEJIb PABOTHI

- U3MEPEHUE BXOAHBIX TOKOB onepanmonHoro ycwirens (OY);

- OIICHKA BEJIMYMH CPETHET0 BXOIHOTO TOKA U PAa3HOCTH BXOJHBIX TOKOB OV
- I3MEPEHHE HanpsDKeHus cMenieHus OY;

- m3Mepenue TudPepeHIHATEHOTO BXOIHOTO conpoTuBicHus OV,

- BBIYHMCIICHHUE BBIXOHOTO cornpotuBiieHus OV

- IBMCPCHUC CKOPOCTU HAPACTAHUA BBIXOIHOT'O HAIIPSIKCHUS OYV.

2. OCHOBBI TEOPUHN

2.1. OnepanOHHBIM YCHWIUTEIh — 3TO YCHUJIMTENb MOCTOSSHHOTO TOKa ¢ 00JIb-
UM KO3 PUIIMEHTOM yCUIIeHHs, UMerouid nuddepeHInaibHbli BXOI U OJUH
oOuuit Beixog. OV — 3T0 aHanmoroBas MHTETpalibHas MHUKpPOCXeMa, CHaOKeHHas
IAThIO BbIBOJAaMU. JIBa BbIBosia OV HCHONB3YIOTCS B KaU€CTBE BXOAHBIX, OJAMH —
ABJISIETCS] BBIXOJAHBIM U €II€ /IBa BBIBOJA UCIOJB3YIOTCS Ul NOAKIIOYEHHUS UCTOY-

HUKa MMHATaHUsA. YCIOBHO-Tpaduueckue m3obOpaxeHuss OV mpuBeIeHb Ha PUCYH-
ke 9.1.

Bxopn2 A
._I_. Uex.n UBbix
Usx1 -En RH '
lUsz I—( ) T Uex.H
Usbix |
O 1 -
a) 0)

Pucynok 9.1 — YcnosHo-rpaduueckue nzoOpaxeruss OV B 3IeKTPOHHBIX

CXEMax: a — B BHJIC HHTETPATLHOUN CXEMBbI; O — yMpoIIeHHOe 0003HaueHNE

C yu€toM (a30BbIX COOTHOIIEHUI BXOITHOTO M BBIXOJTHOTO CHTHAJIOB OJIMH W3
BXOJIHBIX BBIBOJIOB (BXOJ 1) Ha3pIBaeTCs HEMHBEPTUPYIIUM, a IPYyrou (Bxonm 2) —
uHBepTupytomuM. [lpu nomade curnana Ha HEMHBEPTUPYIOIIUM BXOJ] MPUpAICHHE
BBIXOJTHOI'O CUT'HaJIa COBNAJAET M0 3HaKy ((ase) ¢ nmpupaiieHueM BXOJHOTO CUTHa-
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na. Ecii ske curHan mojiaH Ha MHBEPTUPYIOMIUN BXOI, TO TPUPAIIICHUE BBIXOTHOTO
CUTHaja MMeeT OoOpaTHbIM 3HAK (MPOTHUBOMOJIONKHBIM MO (aze) Mo CPaBHEHUIO C
MpUpaIIeHUEM BXOJHOTO curHajia. HBEpTUPYIONUI BXOI 9acTO MCIOJB3YIOT JIIS
BBEJICHUS B OTNICPAIIMOHHBIN YCHIIUTENh BHEITHUX OTPHUIIATEIHLHBIX OOPAaTHBIX CBSI-
3el.

Beixognoe Hanpsbkenue U gy CBA3aHO C BXOJHBIMU HANPSKEHUAMU U, q U

Ugy2 COOTHOLICHHUEM:

U@bzx = KU (ngl _UGXZ)’ (9.1)

rae K, — cobcrBenHsblil koaddunueHt ycumieHus OV no HanpskeHuo.

N3 npuBeaeHHOro BbIpa)keHus ciienyer, uto OY BOCHPUHUMAET TOJBKO pa3-
HOCTh BXOJIHBIX HaIpsKEHUU, Ha3blBaeMyo NU((EpeHIIMAIbHBIM BXOJHBIM CHT-
HAJOM M HEUYBCTBUTEJICH K JIIOOOW COCTABJISIONICH BXOJAHOTO HAMPSHKEHUS, BO3-
JIEHCTBYIOIIEH OJHOBPEMEHHO Ha JIBa €ro Bxoja (CMH(pA3HBIN BXOJHON CUTHAI).

Koadduuuent ycunenusa K; B OY nomkeH cTpeMHUTBCS K OECKOHEUHOCTH, OJTHAKO

HA MPAKTHKE OH OrpaHH4uBaercst 3uagennem 10°-10°.

B kaudectBe nctounuka nutanus OY HCHOMB3YIOT JABYXMOJSPHBIN HUCTOYHUK
HanpspkeHus (+En, —En). CpeaHuii BBIBOJ 3TOTO UCTOYHMKA SIBSCTCS OOIICH MIH-
HOM 711 BXOJHBIX M BBIXOJIHBIX CUTHAJIOB U B OOJBIIMHCTBE CIy4aeB HE MOKIIO-
yaercs Kk OV. B peanbabix OV HanpsikeHUe NMUTAHUS JISKUT B Juanazone 3-18 B.
Hcnonp30BaHNe UCTOYHUKA MUTAHUS CO CPEIHENW TOYKOW MPEANOaracT BO3MOXK-
HOCTh U3MEHEHHUS HE TOJIBKO YPOBHS, HO U MOJIIPHOCTU KaK BXOJHOTO, TaK U BBI-
X0JIHOTO HanpsixeHut OV.

TunuyHash 3aBHCUMOCTH BBIXOJHOT'O HANpPSIKEHUS OT BXOAHOrO ISl MHTE-
rpasibHOro OV mokaszaHa Ha pucyHke 9.2. I3 pucyHka BUIHO, UTO Aa)Ke IPU MaJoil
BEJIMYMHE BXOJHOTO HaIpsKeHUs Ha BbixoJie OY MOABISETCS CUTHA MPAKTUYECKU
COOTBETCTBYIOIIMI HAMPSHKEHUIO MUTAHUSA. DTO OOBSCHAETCA 3HAYUTEIHHBIM KO-
sdunmentom ycunenus OY. Ha pucynke 9.2 Takke MOACHSIETCS CMBICI Hampsi-
xeHus cMelenus Hynst OY, npuBOSIIEro K BOBHUKHOBEHHIO BBIXOJITHOI'O CUTHAJIA
OV naxe npu OTCYTCTBUH Ha €T0 BXOJaX MH()OPMAIMOHHOTO CUTHAJA.

HNHTerpanbHblii ONEpPalMOHHBIA YCHUIIUTENIb XapaKTEPU3YETCs PsAOM Napa-
METPOB, OMHCHIBAIOIIUX 3TOT KOMIIOHEHT C TOYKHM 3PEHHUSI KaueCTBA BBIMOJHEHUS

UM CBOMX (DYHKITUH.
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Pucynok 9.2 — [lepenarounas xapakrepuctuka OV

NneanbHbli oniepalliOHHBIA YCUIIUTENb UMEET CIEAYIOIINE XapaKTePUCTUKU:

- BXOJIHOE COIpoTuBiieHne (s auddepeHImanibHOro U CuH(a3HOro curHa-
J1a) paBHO OECKOHEUYHOCTH, a BXOJIHbIE TOKH — HYJIIO;

- BBIXOJTHOE COMPOTHBIICHHUE (MPU Pa30OMKHYTON OOpaTHOM CBSI3W) paBHO HY-
J10;

- KOO PUIMEHT YCUIICHUS TI0 HANIPSYKEHUIO PaBEH OECKOHEYHOCTH;

- KOO UIMEHT yCUJIEHUS! CUH(A3HOT0 CUTHAJIa PaBEH HYJIIO;

- BBIXOJIHOE HAIpsKEHHE PaBHO HYJIIO, KOT/la HAIpsDKEHUE Ha 00OMX BXOJax
OJIMHAKOBO (HamNpsKEHUE CMEIEHUS PaBHO HYIIIO);

- BBIXOJIHOE HaNpsKEHUE MOYKET U3MEHSATHCS MITHOBEHHO (O€CKOHEYHasi CKO-
pPOCTb HapacTaHusl);

- IEPEYUCIICHHbIE XapaKTEPUCTUKHU HE 3aBUCAT OT TEMIEPATyphl U U3MEHEHUM
HaNnpsHKEHUS] TUTaHUs;

Cpenu napaMeTpoB, OOBIYHO NMPUBOJUMBIX B CIIPABOYHBIX JaHHBIX, OCHOBHbI-
MU SIBJISIFOTCSI CIIEAYIOLIHE!

1. Cpeonuii éxoonoii mox lgy . B orcyrcTBuM curHana Ha Bxomax OV depes

€r0 BXOJHBIC BBIBOJIBI MIPOTEKAIOT TOKH, O0YCIOBICHHBIE 0a30BBIMU TOKAMHU BXOJI-
HBIX OWITOJISIPHBIX TPAH3UCTOPOB HIIM TOKAMHU YTEUKH 3aTBOpOB OV c moyieBbIMU
TPaH3UCTOpPaMH Ha BXoJe. BXOaHbBIE TOKH, TPOXOJs 4Ye€pe3 BHYTPEHHEE CONPOTHB-
JIEHWE MCTOYHHMKA BXOJHOTO CHUTHaJla, CO3JAI0T MaJCHUE HANpPsHKEHUS Ha BXOJE
OV, KOoTOpble MOTYT BBI3BATh MOSBJICHUE HANPSKEHUS HA BBIXOJIE B OTCYTCTBUU
curHaia Ha Bxoje. KommneHcanus 3Toro nmajeHus HaNpsHKEHUS 3aTPyAHEHA TEM,

YTO TOKHU BXOJIOB peanbHbIX OV MOTyT OTIn4aThes Apyr oT apyra Ha 10-20 %.
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Bxonubie Toku OY MOKHO OLEHUTH 10 CPEJHEMY BXOJHOMY TOKY, BBIUKCIIS-
€MOMY KaK cpeliHee apu(pMETUYECKOE TOKOB MHBEPTUPYIOLLETO U HEMHBEPTUPYIO-
LIETO BXOJOB:

.. =1+15)/2, (9.2)
rae |, u |, — COOTBETCTBEHHO TOKM MHBEPTUPYIOLIETO U HEMHBEPTUPYIOIIETO BXO-

JOB.

2. Paznocmo 6x00HbIX mMOK0G Al .
Alge=11-1>o. (9.3)
B cnpaBouHMKax yka3bIBaeTCss MOIYJIb 3TON BEJIMYHHBIL.

Cxema IJIA N3BMCPCHUA BXOAHBIX TOKOB IIPEACTABJICHA HA PUCYHKE 9.3.

3. Koagpgpuyuenm ycunenus nanpsoicenus na nocmosnnom moke K, — mnoxa-

3aTenb, ONPEACISIIOIINNA HACKOJIBKO X0po1io OV BBINOIHIET OCHOBHYIO (PYHKIIHIO

— yCUJIEHHE BXOJHBIX CUTHaNoB. ¥ uaeanbHoro OV K, crpeMutcst k 0eCKOHEYHO-

CTH.
Kosdhdumment ycunenuss HanpsokeHus cxeMbl ycunutens Ha OV (pucy-

HOK 9.4) BeruucisgeTcs 1Mo Gopmysie:
KU = _RZ / Rl' (94)
4. Hanpsiocenue cmewenusi U,,, — 3HAUEHUE HANPSKEHUs,, KOTOPOE HEOOXO-

JTUMO ToJIaTh Ha BX0J OV, 4TOOBI HANMPSOKEHHUE HA €T0 BBIXOJE OBLIO PABHO HYJIIO.
Bennunny U,,, MOXXHO BBIYMCIIUTH, 3Hasl BBIXOJHOE HamlpskeHUe AU, MpH OT-

CYTCTBUU HaIlpsbKEHUs Ha Bxoe U K :
Uy =AUguxKuy - (9.5)
5. Bxoonoe conpomuénenue R,,. Paznuuaior aBe cocrapisiouie R,,.: aud-

(hepeHIMANBHOE Ry gy U Rgxeqgy TO CHHPA3HOMY CUTHANY (CONPOTHUBIICHHUE yTEY-
KU MEXKJY KaXIbIM BXOAOM U «3eMIEN»). updepenunansioe Ryy g, A7 OUIO-

JSPHBIX yCUIHTENEH HaxoauTcs o0braHO B mpenenax or 10 kOm mo 10 MOwm. Be-
JIMYUHY Rgycq TIO CHH(PA3HOMY CHIHAIY ONPENENACTCSA KaK OTHOLICHHE MpHpalie-

HUSI BXOJHOTO CHH(pA3HOTO HANPSIKCHHS AUgy.p K BBI3BAHHOMY IPUPAIICHHUIO

CPEAHEro BXOJHOIO TOKA gy cp

Rex.cqb. =AU ex.co. /Al (9.6)

ex.cp.*
Hubdepennmansuoe Ry, g,p HaOmomaercs mexay Bxogamu OV u MOKeT

OBITH OTpeAeseHO 0 hopMyJie:
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Revoug =AU g [ Al 1, 9.7)

6x.0u
rie AU,, — u3MeHeHue HanpspDkeHus Mexay Bxozamu OVY; Al — u3meHeHue

BXOJIHOTO TOKa.
Cxema [y1st usMepenust AU GepeHnanbHoro Ryy o, OV TpuBe/icHa Ha pu-

cynke 9.5.

6. Bvixoonoe conpomusnenue R B uHTerpayibHbix OV coctaBusier 20-

6blX
2000 OM. R, YMEHBILIAET aMIUIMTYAy BBIXOJHOTO CUTHAIa, OCOOEHHO IIPpU pado-
T€ YCWJIWTENs, HA CPAaBHUMOE C HUM COIPOTHUBIIEHUE Harpy3ku. CKOpOCTh Hapac-

TaHHUA BBIXOJHOTO HAIIPAKCHUA VU bix PpaBHa OTHOIICHWIO U3MCHCHU BBIXOIHOT'O

HanpspkeHust OY Ko BpeMeHM ero HapacTaHus MpU Mojavye Ha BXOJl CKauyKa Harpsi-
*KeHusi. Bpemst HapacTaHus onpeesseTcss MHTEpBaJOM BPEMEHH, B TE€UEHHE KOTO-
poro BeixoaHoe HamnpsbkeHue Ha OV uzmensercsa ot 10 1o 90 % ot cBoux ycraHo-

BUBIIMXCS 3HAUCHUU

Vy  =U, It (9.8)

abix eoix ' tycm -

CxeMa 17151 UBMEPEHUsI CKOPOCTH HApaCTaHUS BBIXOJHOTO HAMPSHKCHUS TOKa-
3aHa Ha pucynke 9.6. M3amepeHus mpoBoAsSTCS MpU Mojaye UMIYyIbca B BUJIE CTY-
nenn Ha Bxoa OV, oxBaueHHOTo oTpuliatreabHoi oopatHOi cBsa3bio (OOC) ¢ 006-
muM kodddunmerntom ycunenus ot 1 go 10.

3. IIOJI'OTOBKA K PABOTE

3.1. U3yunts npunnun pabotsl onepannoHHoro ycunutens OV LM741, ero
XapaKTePUCTUKH U TTapAMETPHI.

3.2. Jlnsg 3amanHoro npernojasaresneM Tuna OV BBIIMCATh U3 CIIPABOYHOMU JIH-
TepaTyphl MapaMeTPhl UCCIIETyEeMOTO ITPUOOpa.

3.3. HauepTuTth cXeMblI JJIs1 MCCIICAOBAHUS BXOJHBIX U BBIXOJIHBIX XapaKTepH-
ctuk OY.

3.4. IToka3aTh HaUEPUCHHBIC CXEMBI ITPEIIOAABATEIIIO JIJISl TPOBEPKH.

4.ITPOIT'PAMMA PABOTHI
4.1. smepeHue BXOAHBIX TOKOB. C MOMOIIBIO MHCTPYMEHTAIbHBIX CPEICTB
nporpammel Workbench co6pats cxemy, n300paxEéHayro Ha pucynke 9.3.
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Pucynok 9.3 — CxemMa j1st u3MepeHusi BXOJHbIX TOKOB OV

4.1.1. JIns BeIOOpa ONEPALMOHHOTO YCWJIMTENS U3 TPYMNIbl aHAJIOTOBBIX
komroHeHToB Oudmuoreku Analog ICs (kHomKa ¢ M300pakeHUEM MHUKPOCXEMBI U
ab6peBuatypa ANA) nepemectutsh nukrorpamMmmy 3-Terminal Opamp (oneparos-
HBII YCUIIUTENh C TISATHIO BEIBOJIAMH) Ha pabodee mose. BeiOpate Moiens onepariu-
OHHOTO ycumnuTens. JIJiss 3TOro moIBeCTH yKa3aTellb MBIIIN K ONEPAMOHHOMY YCH-
JUTEIIO U, TOCJIe U3MEHEHHS €r0 BUIa B M300paKCHHE PYKH, TBOHHBIM IIETIKOM
JICBOM KJIABMIIIKM MBIIIK BBI3BATh quaioroBoe meHio 3-Terminal Opamp Properties.
B nmosiBuBIIIEMCS AranmoroBoM okHe B okorike Library (6ubanoreka) BeIOpath O610-
auoteky default, a B oxomke Model — mozens omeparpionHoro ycunutens 741.
[Tocne aToro J1IeBoi KHOMKOK MBITITH HaxkaTh kiaBuiny OK.

4.1.2. Bximounts cxemy. U3meputs Bxoansie Toku OV. Ilo pesynbratam us3-

MepeHuil BerauciuTh 1o (9.2) cpemnuit BxogHo# Tok lgy u mo (9.3) pa3HOCTh

Al gy BxonHbIX TOKOB OV. Pe3ynbratel 3anectu B Ta0mauiy 9.1.

Tabmuma 9.1
Ne skcnepu- . N
Pe3ynbratel u3mepeHuit Pe3ynbraTel BeIYUCICHUN
MEHTa
4.1. Tok |, HeMHBEpTHPYIOIIEr0 BX0Aa Cpennuii BXOJHOU TOK lgy
Toxk |, nuuBepTHpYIOIIEro BXoaa Pa3HocTh BXOIHBIX TOKOB Algy
4.2, Brixonnoe Hanpsbkenue AUggy Koaddunuent ycunenus Ky
Hanpsoxkenue cmemenust Ucy,
4.3. | 5x, MKA, 10 KOMMYTaIMH Hsmenenue AUzy, MB
| 5x, MKA, TIOCIIE KOMMYTallUU HUsmenenue Algy, MKA
Bxonnoe nuddepenmnuansuoe
Brixonnoe Hampspkenne Uggx Rgx, OMm
UBX, B
4.4 Uppix, B Cxkopoctb HapacTanust Uggx
Bpewms ycranosnenus Uggx
4.5 RBI;IX; Om
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4.2. 3MepeHune HanpsHKEHUs] CMEIEeHUS

C moMoIIbI0 MHCTPYMEHTANBHBIX cpenctB mporpammbr Workbench cobpats
cxemy, n300paxk€HHYI0 Ha pucyHke 9.4. BxiounTh cxemy. 3amnucarh MOKa3aHUs
BosibT™MeTpa B Tabnuny 9.1. Ilo pe3ynpraTaM n3MepeHus BBIYUCIUTD KO3PPULIHEHT
YCUIICHHSI CXEMBI, MCIONB3ys BbipakeHue (9.4) m HampspkeHwe cMmenieHus Uy,

(9.5). Pesynbrarel Takke 3aHecTd B Tabmiy 9.1.

iy

% 1
- 13.35m .

- = I

Pucynok 9.4 — Cxema jy1st u3MepeHust HanpsikeHus: cmenieHuss OV

4.3. 3MepeHne BXOIHOTO U BBIXOJHOT'O COMPOTUBIICHUM
C moMoIIBI0 MHCTPYMEHTAIBHBIX cpenctB mporpammbr Workbench cobpats
cxeMy, n300paxk€HHyto Ha pucyHnke 9.5. Bximounts cxemy. M3mMeputh BXOAHOU TOK
lgc U BBIXOJHOE HampsbkeHue U,,,., 3amucaTh nokasanus B Tadsuny 9.1. Ilepe-

KJTFOUUTh KJIFOY KiaBuien [Space]. MI3sMepuTh BXOIHOW TOK MOCIIE MEPSKIIOUCHHS
Kiroua. Paccuntars uameHenne BxoaHoro Hanpspkenus: (AUBx=UBx;—UBX;) u Toka
(AlBx=IBx1—IBX)). IT0 MONy4YeHHBIM pe3yabTaTaM BBIYHCIHMTH, UCIIOJb3YsI BBIpaXKe-
Hue (9.7), nuddepennnansuoe BxogHoe corportusienue OV. PesynbraThl 3amnu-

catb B Tabmuiry 9.1.

T

ATATAY Q_L

1.79my

A

Pucynoxk 9.5 — Cxema 115t ©”3BMEPEHHS BXOIHOT'O M BBIXOJHOTO
COINPOTHUBIICHUH
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JUist u3MepeHusi BBIXOAHOTO CONPOTUBIIEHUSI TaKK€ BOCIOJB3YEMCS CXEMOM
pucynka 9.5. Heo0xoquMo yMeHbIIATh CONMPOTHUBIEHUE HATPY30YHOTO PE3UCTOpa

R, 1o Tex mop, moka BBIXOJHOE HampsbKeHUe U, He OyleT IPUMEPHO PABHO IO-

JIOBUHC 3HAYCHU:, IMOJTYYCHHOT'O B OKCIICPUMCHTEC U3MCPCHUA BXOAHOI'O COIIPOTHUB-

JeHus. 3anucaTh 3Ha4YCHHE CONpOTUBIEHUS R,, KOTOpoe B 3TOM ciydae ImpuoOIIu-
3UTENIBHO PaBHO BBIXOJHOMY CONPOTUBIEHHIO ( Rg ~ Rpp v )-

JIoKa3aTeIbCTBO: PACCMOTPUM CXEMY, U300PKECHHYIO Ha PUCYHKE 9.6.

Pucynok 9.6 — CxeMa nenurtens HarpsiKeHUs

1
3neck R, >> Ry, MO3TOMY M3MepsemMoe Upgy =Uq. Ugy = Eul B TOM CIIy-

qae, koraa R3 =R, ~ R, CienoBarensHo, R, =75 OM. Pe3ynpraTthl u3MepeHuii

1 pacyEToB 3aHEeCTH B TaOuIry 9.1.
4.4. VI3mepeHre BpeMEHU HapacTaHUs BBIXOJAHOTO HamnpsikeHus OV
C moMOIIbI0 MHCTPYMEHTAIBHBIX cpeacTB mporpammbl Workbench coopats

cxeMmy, 1300paxE€HHYI0 Ha pucyHke 9.7.

[~

n 3 |~—x_z—-,w_|

Frequency
— Duty cycle %
spitude 7 5] [v

— Common +
ICH IC} IC

Pucynok 9.7 — Cxema 1j151 m3MepeHus BpEMEHH HapacTaHUs BEIXOHOTO
HanpspkeHus OV
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JIBOMHBIM IIETYKOM MBI IO YMEHBIIIEHHOMY U300paXXeHuI0 ocimiorpada
OTKPBITh €T0 M300pakKCHHE Ha MepeaHel MaHeau ¢ MHOOPMAITMOHHBIMU TIOJSIMH U

AKpaHoM (pUCYHOK 9.8.).

“\-\_\_\-\
“\_\_\\

\ i

T

| i
Ti 36 .2428 ps T2 30 .2481 ps= T2-Ti d.1162 ns=
W 7.BB8@a W Wi -7 .8068 W A2 -14 ©H@E8@ W
W1 7. .BB@A8 W B2 -7 .BEEA W WH2-WE1 —-14 . HEBS W
— Time basze Trigger Chanrnel & Channel B
2.00nsd div B | dge @ = [ 5 widiv SN [ | Fedues |
® position Lewvel 0.00 |;_|‘ f pasition | 0.00 II" ¥ pasition | 0.00 |z|‘ Rewerse
Ml b | BEN A5 Bc] | Aclo/EE ac | o |8 save

Pucynok 9.8 — U3o6pakenue nepeaHeit naHenu ocuuuiorpada

Brxurounts cxeMy. 3apucoBath ocumiuiorpammy. [lo ocuumiorpamMmmMe omnpee-
JUTH BEJIMYMHY BBIXOJHOTO HANPSKEHUS, BPEMsI €r0 YCTAHOBIICHUS U BBIYUCIIUTH,
UCTIOJNIB3Ysl BbIpakeHue (9.8), cKOpoCcTh HapacTaHUS BBIXOJHOTO HAMpPSKEHHUS B

B/mkc. 3amucate pesynbrat B Tabauiy 9.1.

5. COAEPXXAHUE OTYHETA

OTu€T MOIDKEH coaep aTh Iedb padOThl, UCCIEAYEMbIE CXEMBbI, BBIOIHECH-
HbIe B cOOTBETCTBUU ¢ TpeOoBanusimMu ['OCToB, TaOIMILy C IKCIIEPUMEHTAIBHBIMU
pesynbrataMu, rpaduK MOJyYeHHBIX XapaKTePUCTUK, BHITIOJHEHHBIE B MaciTabe.
B oruére Takxe npuBOAATCS PE3YyJbTaThl PACUETOB, BBIBOJBI, CACIAHHBIE IIPU UC-

CJICJOBAaHHH.

6. KOHTPOJIbHBIE BOITPOCHI

6.1. KakoBa o6macte nmpumenenust OY?

6.2. Uto Takoe uueanbHbld OV, kakoBa kinaccudukamus OY?.

6.3. [Ipu kakux yclIoBUAX peanbHbIii O MOXKHO CYUTATh HICATEHBIM?
6.4. KakoBbl BXOHBIE TapaMeTpsl OV?

6.5. KakoBsl nepenarounsie mapameTpsl OY?
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6.6. KakoBbl BbIxoaHbIE TapameTpbl OV?

6.7. KakoBbl nepexoubie napamerpsl OV?

6.8. B uém 3akimroyarorcs OCHOBHbIE JocToMHCTBAa OV, Onarogaps KOTOpbIM
OHM IIMPOKO NMPUMEHSIOTCS?

6.9. OTnnyaeTcs 11 U3MEPEHHOE 3HAUYEHUE CPEAHEro | OT €ro HOMUHAIb-
Horo 3HauyeHus st OV LM741, B34T0r0 U3 nacnopTHHIX JaHHBIX?

6.10. CyuiecTBEHHO U OTJIIMYKE PA3HOCTH BXOJIHBIX TOKOB OT HOMUHAJIBHO-
ro 3Hauenus s OV LM7417?

6.11. CpaBHuTE MEXaYy COOON BEJIMYMHBI BXOJHOTO M BBIXOJHOT'O COMPOTHUB-
nennid OV. KakoBa cxema 3amenienust OV Kak 3J€MEHTa dJIEKTPUYECKOM 1enu?

6.12. B yém npuunMHa BO3HHMKHOBEHMSI BXOJHBIX TOKOB OV u pa3HOCTU

BXOJHBIX TOKOB? K uemy onu npuBoasT npu padbote cxem Ha OY?
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10. IABOPATOPHA S PABOTA Ne 9

UCCJEJIOBAHUE HEMHBETPUTYIOLIMX Y UTHBEPTUPYIOLIINX
VCUJINTEJIEN

1. HEJIM PABOTHI:

- U3MepeHne Kod(ppuuuenTa ycuaeH!s HEMHBEPTUPYIOIIETO YCUITUTENS,

- OnpezieJIeHue Pa3HOCTH (a3 MEXKAY BBIXOAHBIM U BXOJHBIM CHHYCOMAAIb-
HbIM HanpsbkeHuem OV

- UCCIICAOBAHHUC BJIUAHHUA KOBq)(i)I/ILII/IeHTa YCUIICHUA HCHUHBCPTUPYIOIICTO
YCHUIINTEIIA HA IMOCTOSAHHYIO COCTABIIAIOIITYIO BBIXOIHOT'O HaHpH}KeHI/IH;

- IBMCPCHHUC KOC)(b(l)I/ILII/IeHTa YCHUIICHUA HWHBCPTHUPYHOHICTO YCWIMTCIIAL HA
oYy;

- OIIPCACIICHUC PA3HOCTU (1)213 MCKAY BBIXOJHBIM WU BXOIAHBIM CHHYCOWIAJIb-
HbIM HanpskeHuem OV

- UCCJICAOBAHUC BJIIMAHUA KOS(b(l)I/IIII/ICHTa YCHIICHUA CXCEMbI Ha IMOCTOAHHYIO

COCTABJAOIIYHO BBIXOJHOT'O HAIIPAXKCHUA.

2. OCHOBBI TEOPUN
Ycunurens, oxBadeHHbIN nocnenoBatebHOM OC 1Mo BBIXOJHOMY Halpsike-
HUIO ¢ KO3 (PULIMEHTOM Nepefauyrd paBHbIM €IMHHULE, HA3bIBAETCS MMOBTOPUTEIEM

Hanpsbkenus (pucynok 10.1).

B

& + U
BX H

il

Pucynok 10.1 — Cxema NOBTOPHUTESI HANIPSKEHUS

BbIX

U

CBoiicTBa TaKOr0o yCWJIMTEIS MOJ00HBI CBOMCTBAM SMUTTEPHOI'O MOBTOPUTENS

1 1J11 HET'O BBIIIOJHSAKOTCS YCHOBI/IH:
U 6x — U 8bIx )

Rex.ooc = RexO (1+ KUoo);

Rebe.ooc = Rebsz (1+ KUoo) '
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YTO XOpPOUIO coriacyercs co cBouctsamu OV,

JIeHiCTBUTENIBHO, HAIIPSKEHNE, PWIOKEHHOE Mexay Bxoaamu OV, nepena-
€TCA Ha BBIXOJ C KOX(P(PHUIMEHTOM ycuieHHs Ky,,, T.€. IPU JHOOOM BBIXOJHOM
HaIPSHKCHUN

AU, =AU, , - AU

6xX.u 6X.H

:AUGbe/KU '

rae AU AU — COOTBETCTBEHHO BXOJHBIC HANpPSKEHUS HAa MHBEPTUPYIO-

IEM ¥ HEUHBEPTUpPYIolLeM Bxoaax OV,

ex.u’ 6X.H

=U

IlosiBnenue 00010 BXOJHOT'O HAIIPSKCHUS Cpa3y IPHUBOAUT K ITOABIICHUIO

B ciyuwae Ky, — o nomyunm AU, -0 n U

BblX.H 8blX *

pasHOCTU Uy, —Ugyy =Ugue —Ugys - OTa pa3HOCTb, NepenaBasich Ha Bbixog OV,

U3MCHSICT €r0 BBIXOJHOE HANpPsDKCHHE TaK, YTOObI CKOMIICHCHPOBATH BO3HUKIIIEE
OTKJIOHEHHWE M BOCCTAHOBUTBH YCJIOBHS, YKa3aHHBIC BBIIIC. YYHUTBIBAs, YTO COO-
CTBEHHOE BXOJIHOE cornpotuiieHne OY cTpeMuTCcss K 0ECKOHEUHOCTH, a BBIXOJTHOC
CONPOTHBIICHHE CTPEMUTCS K HYJIIO, MOKHO CKa3aTh, YTO PACCMOTPEHHAs CXema
0JIO0OHO AMUTTEPHOMY TIOBTOPHUTEII0 HAXOAUT MPAKTUYCCKOE NMPUMEHEHUE B Ka-
gyecTBEe Oy(epHBIX WIIA COTJIACYIOIIMX 3JICMECHTOB.

HeunBepTupyommii yeuiaureab. CxeMa MOBTOPUTEIIS, TIPEICTaBlIcHHAsS Ha
pucynke 10.2, He MHBEpTUPOBAJia BXOJHON CHUTHAJ, HO U HE YCHWJIHMBAJIa €ro. JTo
00BSICHAETCS TEM, YTO KO3 (HUIIMEHT Tepeladyl OTPHUIIATSILHON 0OpaTHOM CBS3U
paBeH eaunuIe. Jnsa moydeHus kodQPUIMEHTa epeayd yCHINTEs, MPEBhIIIa-
IOIIET0 UHUILY B cXeMe HeoOX0auMo obecrieunTh KO PUIIMEeHT 0OpaTHOM CBS3U

Boe <1.

st atoro B nienb OOC BBOAAT AEIUTEIb HAMPSIKEHUS TaK, KaK MOKa3aHO Ha

pucynke 10.2. Dta cxema npencrapisieT co00i HEMHBEPTUPYIOIINN YCUITUTENb.

Roc
L}
A \; = D
UO
+

E Y

i

Pucynok 10.2 — Cxema HEMHBEPTUPYIOIIETO yCUITUTEIS

BblX

Koapdumment nepenaun neaurens B mnenu OOC onpepenseTcss U3 BhIpaXxe-

HUA.
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Boc =Ri/(Ryc —Ry).
Toraa xoapduument ycuwienus OV, 0XBay€eHHOr0 OTpPHULATEILHON 0OpaTHOM
CBSI3bI0
Kuooo = Kuoo L+ KuooBoc) = Kuoo 1+ RiKyge (Roe = R1I-
C yuérom Kyj,, — o0 OKOHUATEIBHO MOIY4YUM
KUooo = (Roc —Ry)/R =1+ Roc/Rl :1/[300'

W3 nony4eHHOro BbIpaXKEHHsI MOKHO CHI€NIATh CJIEIYIOIINE BbIBOIBI:

- ko3 puimeHT nepenayn (yCUJIEHUSI) HEMHBEPTUPYIOUIETO YCUIUTENS 00-
paTHO npornopimoHaneH kodgdurmenty nepenauu nenu OOC;

- TIpH JIFOOBIX cONMpOTUBICHUSAX pe3ucTtopoB B enu OOC ko3 duirieHT nepe-
Jla4d HEMHBEPTHUPYIOIIETO YCUIIMTENSI HE MOXKET ObITh MEeHbIle enuHulbl. [locnen-
HUU BBIBOJI HEMTOCPEJICTBEHHO BBITEKAET U3 CBOMCTB OV.

Koaddumment ycunenus cxembl HeMHBEpTUpYolero ycuiurens Ha OV Bbl-

qUCIIseTCs 1Mo hopmyIie:
KUOO =1+ R1/R2. (101)
[TocTosiHHast coCTaBIAONIAsT BBIXOAHOTO HANPSOKEHUS YCHIHUTETS Uy,

OoNIpCACIIACTCA IPOU3BCACHUCM HAIIPSAKCHUA CMCIICHUA UCM Ha KOE)(l)(i)I/IHI/IeHT

yCuIIeHHs cXeMbl Ky,
U Ogbix — U emBZUoo - (10-2)

HNuBepTUpyOmmii ycuanTeb. B cxeMax mOBTOPUTENS U HEUHBEPTUPYIOIIIE-

ro ycwmrensa curian U, . n U MOJABAIMCH Ha pasnuyHble Bxoawsl OV. Jlns

C 6X.H
MOJTyYEHUsI WHBEPTUPYIOLIETO YCHIIUTEIS BXOJAHOW CHUTHANT U CUTHAJI OOpaTHOM
CBS3U JOJDKHBI MOJIaBaThCS HA OJMH M TOT YK€ MHBEPTUPYIOIIUN BXOJ, T.€. LEMb
OTPHUIIATEIIbHONW OOpaTHOM CBS3W IpeBpallaeTcs U3 IMOCIe0BaTeILHON B Mmapa-

JeapHyr0. THIOBas cxXemMa HWHBEPTHPYIOMIETO YCHIIWTENS IPUBEICHA Ha PHUCYH-
ke 10.3.

A e B g

BX Y +

Pucynok 10.3 — Cxema WHBEPTUPYIOIIETO YCHITUTEIS
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HeunBeptupytonuii Bxoa cBsI3bIBaeTCs ¢ OOLIEH TOYKOM BXOJAa M BBIXOJA
cxeMbl (3azemisieTcs). BxonHol curnai nopaercs yepes pe3uctop Ri, Ha MHBEPTH-
pytomuii Bxox OVY. Ilokazarenn cxeMmbl MOKHO OIPENEINUTh, BOCIOJIb30BABIINCH
ypaBHeHHEM TOKOB ans y3na 1. Ecom mpusarte Ry, oy =0 u BXxogHol Tok OV
lgy =0, TO I =1,., OTKyaa

Uex —Up)/ Ry =—(Uyx —Ug) /R,

Ipu Ky,, — coHampsxenue Ha Bxoxe OY Uy =U, . /Ky,, =0, B cBa3m, ¢

4eM IOJIyYUM
Upy /Ry =- BI)IX/R

IIpu Ky, —> oHanpsbkenre Ha Bxoge OV Ug=Uyg,, /Kyy,, —0, B CBI3U C

4eM MOJIyYUM

UBX / Rl BI)IX / R

Crie10BaTeNibHO, KOOPPUIMEHT YCUIIEHHS 110 HAIPSUKEHUIO HHBEPTHPYIOILE-
o YCI/IHI/ITCHH C OTpI/IIlaTeJIBHOI?'I HapaHHeHBHOﬁ O6paTHOf/'I CBA3BIO
Kuy =

v =Y /U,y Onpenensercs mapaMeTpaMy TOJIBKO ITACCHBHON YacTH CXEMBI

KUu :_ROC/R].' (103)

3HaK «MHUHYC» B q)OpMYJ'Ie O3Ha4acT, YTO BBIXOJAHOC HAIIPSAKCHUC HMHBCPTHU-
PYOIICro YCHJIMTEIIA HAXOOUTCA B HpOTI/IBO(l)EBG C BXOOHBIM HAIIPAKCHUCM.
IlocTtosiHHAas COCTaBJIAOIIAaA BBIXOJHOT'O HAITPSAKCHUA UOGbe YCHIINTCIIA 3aBH-

CHUT OT KOB(i)(I)I/IIII/IGHTa YCHUIICHHUA KUu CXCMbI U HAITPSKCHUA CMCIICHUA UCMI/I BbI-

qucsaeTcs 1mo popmyiie:
UOebzx U KUu (10-4)

Beibop R,. =Ry, korga Ky, =-1, npugaer cxeme Ha pucyHke 10.3 cBoiicTBO

WHBEPTUPYIOIIETO MOBTOPUTENS HampshKeHHWs (MHBEpTOpa curHaia). VM3MeHeHue
ko3 dunmeHTa nepenadynd yCHJIUTENS 10 BEIUYUHBI, MCHBIIEH ¢IUHUIIBI, TOCTUTa-
€TCs 3a CUET JACUCTBHUS BXOJHOTO AEnUTeNs. J[eHCTBUTENBHO, B MPEACIBHOM CIIy-

qae, koraa R,. =0, ko3G(UIHEHT nepeadn Lenu oTpulaTeabHoil 0OpaTHOI CBs-
3u B,-=1 u cobcTBeHHBIN KOAPIUIMEHT nepeaaun curuaia co sxoga OV paseH
enuHuLe. B aTom citydae BeinonHseTcs ycnosue U,y , =Ug,,.. OnHako ko3pdunu-

SHT TIepeauu JASIuTeNs], 00eCTIeUnBaIOMero HeoOXoauMbIi BXoqHOH curHain OV,
CHIDKaeTcs 10 Hyisl. BenenacTBue 3Toro cymMmmMapHbiii K03 OHUITMEHT mmepeiadn Bee-
ro OV Ttaxke cCHWKaeTcs 10 HysA. IS HHBEPTHPYIOMIETO YCUIUTENSA (da3bl BXOI-
HOT'O Y BBIXOJIHOTO HAIPSIKEHUN CIBUHYTHI OTHOCUTEIIBHO APYT Apyra Ha 180°.
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3. IOAI'OTOBKA K PABOTE
3.1. U3yunth npuHUUI pabOThl HHBEPTUPYIOIIETO U HEMHBepTHpYtomiero OV,

HNX OCHOBHBLIC XapPAKTCPHUCTUKH U ITaPpaMCTPBHI.

3.2. HauepTuTh cXxeMbl BKIIIOUEHUSI UHBEPTUPYIOLIETO U HEMHBEPTUPYIOLIETO

oVv.

3.3. Iloka3aTh HaUepUYEHHBIE CXEMBI MPENOAABATEIIO JIJIs1 IPOBEPKH.

4. TIPOI'PAMMA PABOTbI

4.1. TlocTpoeHne aMIUTUTYAHOU XapaKTepUCTUKU UHBEepTUpYIoIiero OY

4.1.1.Cobpatb cxeMy pabOThl HHBEPTUPYIOIIETO YCUIIUTENS B PEXKUME yCUJIe-

Husl curHana (pucyHok 10.4), mpeaBapuTeIbHO cO3/1aB Mojienb camoro OY B cooT-

BETCTBHMHM C BapraHTOM 3ajaaHus (tadmuma 10.1).

Ta6muma 10.1

Ne Tun OY Ucv, MB | Rpx, Mom Ku VUesixs f,MI' Rapix,
Bapu (VOS) (RI) (A) B/Mkc (FU) Om
aHTa (SR) (RO)

1 K140V I6A 5 3 70000 2,5 1 150
2 K140V 17 9 0,3 50000 0,3 0,8 150
3 K140Y]112 6 50 50000 2 1 1000
4 K140Y]19 5 0,3 35000 0,5 1 200
5 K140V 110 5 1 50000 50 15 200
6 K140V /111 10 0,2 25000 20 5 200
7 K140V ]I8A 20 1000 50000 5 1 200
8 K140V ]114A 2 30 50000 0,05 0,3 300
9 K140V ]17A 0,025 100 300000 0,1 0,4 200
R2
100 k Ohm @
10 k Ohm k140udeE
e —
L 10k Qhm + B
%1 00 1 pR
L - | - | ||

ycunuTenst Ha ocHoBe OY

Frequency [1 B
&

Outy cyele (50 [5]
smpitde [0z B [v H
offse [0 [
— Common +
[ i ]

Pucynok 10.4 — Cxema 11 ccie/IoBaHUSI CBONCTB MHBEPTUPYIOIIETO

4.1.2. JIns Bei6opa OY HaxkaTh /1Ba paza KIaBUIIECH yKa3aHWs MBIIITN HA U300-
paxennu OY u BeIOpaTh B mosiBHBIIEMCS okHe 3—Terminal Opamp Properties B
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paszaene Library oubmuorexy default, a 3atem B pasnene Model — tum OV ideal.
BeiOpath mocienoBaTenbHO KiaBUIIEH yka3zaHus Mblliu KHomku Copy u Paste,
3amucaTh JATUHCKUMH OyKkBamH B TosiBUBIIEMCs okHE THIT OY B COOTBETCTBHH C
BapHaHTOM 3ajaHus U HaxaTh kHonky OK. B pesynbrate B pasnene Model no6a-
BUTCS HOBBIH T OVY. [ KOPPEKTUPOBKH €ro IMapameTpoB Haxarh KHONKY Edit
¥ yCTaHOBWTH 3HaueHus mapamerpoB Input offset voltage [VOS] (manpsoxenue
cmemennss Ucm), Input resistance [RI] (BxogHoe comportuBnenue Rex), Open-
loop gain [A] (koaddurnment ycunenus Ky), Slew rate [SR] (ckopocts Hapacra-
HUS BBIXOJIHOTO HAIpsDKEHUSA Vygyy), Unity-gain bandwidth [FU] (uactora emu-
auuHoro ycwienus fi;) m Output resistance [RO] (BbIxogHOE CONPOTUBIICHHE
RBbix) B cooTBercTBUM ¢ TaOmwuiei 10.1. YcTaHOBUTh HampsHKEHUsS MTUTAHUS IS
KaXJioro ormepaionHoro ycuiutens Positive voltage swing (VSW+=+15) wu
Negative (NSW-=-15). 3HaueHus qpyrux napaMeTpoB OCTaBUTh 0€3 U3MCHCHHSI.

4.1.3. YcraHoBUTH comnpoTHBiIeHUs pe3rucTopoB: R1=10 kOm, R,=100 kOwm,
Rs=10 kOwm. [Toath Ha BXOJ MHBEPTUPYIOLIETO YCUIIMTENS HAMPSHKECHUS CHHYCOU-
nanbHOE Hampsbkenue ¢ yactoroi f= 1000 Iir.

Vkazanue: Bo Bkianke Value cBOWCTB BOJIBTMETPOB YCTAHOBHUTH PEKHM H3-
Mmepenus nepemennoro toka (Mode: AC).

4.1.4. V3meHsisi BEMMYUHY BXOJIHOTO CHUTHAJA, U3MEPUTHh BEITMYNHY BBIXOTHO-
ro curHama. PesyneraTel 3aHectn B Tabnmiy 10.2. [TocTpouTs aMIIUTYAHYIO Xa-
paktepuctuky uHBepTUpyomero yewtutens Uppxm= f(Upxm), TpeaBapuTesbHO

BeIYMCIINB 3HaYeHUSI Ugx m ¥ Uppx m.
Tabmuna 10.2

Upxm,B | 0,01 0,1 0,2 0,5 0,8 1 1,2 1,8 2

UBbIXaB

UBLIX.maB

4.1.5. 3apucoBaTh OCUMJUIOrPaMMBbl HaIpsKEHW Ha BXojae M Bbixoge OV
IJI. OTHOTO M3 U3MEPECHUU.

4.2 TlocTpoeHue nepenaToyHON XapaKTepUCTUKU HMHBEPTUPYIOILIETO Olepa-
LHOHHOTO YCUJIUTEIIS

4.2.1. 3amenuTth B cxeMe pucyHka 10.4 HCTOYHWK MEPEMEHHOTO HaIpsKe-
HUS Ha UICTOYHUK TTOCTOSIHHOTO HAIPSIKEHUS.

Vrazanue: Bo Brianke Value cBOiCTB BOJBTMETPOB YCTAHOBHUTH PEXKHUM H3-
Mepenus rmoctosiuaoro Toka (Mode: VC).

4.2.2. VI3meHsisi BeMUYUHY BXOJHOTO CHUTHAJIA, H3MEPUTh BEJIMYHUHY BBIXO/I-

HOTO curHana. Pe3ynbprarel 3anectu B Tabmuiry 10.3.
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4.2.3. TloMeHsATh NOJASPHOCTh UCTOUHHMKA MOCTOSTHHOT'O HANPSIKEHUST HAa TIPO-
TUBOIOJIOKHYIO0. BHOBb, U3MEHASI BEIMYMHY BXOJHOIO CHrHaja, U3MEPHUTH BEJU-
YUHY BBIXOJHOI0 curHaia. Pe3ynbrarel 3aHectu B Tabauiy 10.3.

4.2.4. ITocTpouTh NepeaTOUHYIO XapaKTEPUCTUKY UHBEPTHPYIOIIETO YCUITU-
tenst Uppix= f(Upx).

Tabnuua 10.3

Ugx,B 0,01 0,1 0,2 0,5 0,8 1 1,2 1,8 2
Uswix,B
Ugx,B | -0,01 -0,1 -0,2 -0,5 -0,8 -1 -1,2 -1,8 -2
Uswix,B

4.3. TlocTpoeHre aMIUIUTYAHO-4YaCTOTHOM XapaKTePUCTUKU UHBEPTUPYIOIIETO
ONEepPalMOHHOTO YCUIUTENS
4.3.1. lna cxembl pucynka 10.4 ycTaHOBUTH Ha BXOJI€ HHBEPTUPYIOLIETO YCH-
mutens HanpsbkeHue Upx=0,5 B. M3MeHsst yacToTy BXOJHOTO CHTHaja M3MEPUTH
COOTBETCTBEHHO aMIUIUTYy BBIXOJHOTO CUTHana. Pe3ynbTaThl 3amucaTh B TaOIH-
iy 10.4.
Ta6muna 10.4

f, ' 0 10 100 1000 | 10000 | 100000 | 1000000 | 10000000
UmeIX1 B

4.3.2. 3ameHuTh B cxeme pucyHka 10.4 HCTOYHHK IMEPEeMEHHOTO HaIpsiKe-
HUS HA MCTOYHUK MOCTOSHHOTO HANpPSDKEHUs. Y CTAaHOBUTH CONPOTHUBIICHUS pe3U-
ctopoB: Ri=1 kOm, Rs=1 kOm. M3MeHss HOMHHaNbl pe3uctopa R, um 3HaueHUs
BXOJTHOTO HAMPSIKEHUS B COOTBETCTBHM C AaHHBIMH TaOmuilsl 10.5, BBIMTONIHUTH

u3MepeHus HamnpsbkeHus Ha Boixoge OVY. Pe3ynbraThl u3MepeHuii 3anucarh B Ta0-

nuity 10.5.
Ta6mmuma 10.5
Ugx, MB R2, KOM Ugpix, B Ky Ky™" 5, %
5
50 10
20
5
100 10
20
5
500 10
20

Vrazanue: Bo Brianke Value cBOWCTB BOJIBTMETPOB YCTAHOBHUTH PEKHM H3-
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Mepenus rnmoctossuaoro Toka (Mode: DC).
4.3.3. Paccuurath 1o (10.3) Teopernyeckoe 3HaYCHHE KOIPPUIIMCHTA YCHITC-
HUS 110 HanpspDKeHUIo Ky yCHIIMTENA 110 3aJaHHBIM 3HAYEHUSAM [1apaMeTPOB KOM-
MOHEHTOB cxeMblI U 110 (9.1) skcrepuMeHTaTbHOE 3HaYCHNE KOA(PPUIIHECHTA YCUITe-
HUSI 110 HANPSDKEHUO Ky yCHITuTens.
4.3.4. Paccuutath OTHOCUTEIBHYIO IOTPEITHOCTh YCWIICHUS 110 (hopmyJie
_ (Kﬁeop —KGKCH)

TEeop
KU

4.4, TlocTpoeHne aMIUTUTYAHOM XapaKTepUCTUKU HEeUHBepTUpYytomiero OY

d -100% .

4.4.1.Cobpatb cxemy pabOThl HEHHBEPTUPYIOIIETO YCUITUTEINS B PEXKUME YCH-
nenust curHana (pucynok 10.5), ayig mapku OY B COOTBETCTBUU C BapUaHTOM 3a-

nanus (tadbmuna 10.1).

|_M£I|

Frequency [T
Duty cyele E-g %
gl rms
Dffset =

= Common

+
IO () O]

Pucynok 10.5 — Cxema J1g MCCleI0BaHUsI CBOMCTB HEMHBEPTUPYIOLIETO
ycunuTens Ha ocHoBe OY

4.4.2. YcTaHoBUTH compoTuBiieHus: pe3uctopoB: R1=10 kOm, R,=100 xOwm,
Rs=10 kOm. [TogaTe Ha BXOJ HEMHBEPTUPYIOLIETO YCHIIUTEINS HANPSHKEHUSI CUHY-
comaabHOe Hanpsbkenue ¢ yactoroit f = 1000 I

Vkazanue: Bo Bkianke Value cBOWCTB BOJIBTMETPOB YCTaHOBHUTH PEKHM H3-
Mepenus rnepemernoro Toka (Mode: AC).

4.4.3. 3meHsis BETUYMHY BXOJHOTO CUTHAJA, U3MEPHUTHh BETUYHHY BBIXOJHO-
ro cur"ana. Pesynprarel 3anectu B Tabmuiry 10.6. [loctpouTs aMmmuTyaHyro xa-
pakTepucTHKy HeuHBepTHpyromiero ycunuteas Uppxm= f(Upxm), HpeaBapuTesnb-

HO BeIuncanB 3HaueHUA Upx m 1 Upprx.m.
Tabauma 10.6

Upxm,B | 0,01 0,1 0,2 0,5 0,8 1 1,2 1,8 2

UBI)IXaB

121



‘ Ugpix.m,B ‘ ‘ ‘ | ‘ ‘ ‘ ‘

4.4.4. 3apucoBaTh OCHMJUIOTPAMMBI HaNps>KEHUN Ha BXoze U Bbixoae OV s
OJIHOTO U3 U3MEPEHUM.

4.5. [loctpoeHue nepesaTOuHON XapaKTEPUCTHUKH HEMHBEPTUPYIOIIETO OIle-
PALMOHHOIO YCHIIUTENS

4.5.1. 3ameHutb B cxeme pucyHka 10.5 UCTOYHUK MEPEMEHHOI0 HANPSKEHUS
Ha UCTOYHUK MOCTOSIHHOTO HANPSKEHUS.

Vkasanue: Bo Briagke Value cBOiCTB BOJIBTMETPOB YCTAaHOBHUThH PEXKHM H3-
MepeHnus nmocrosiuHoro Toka (Mode: VC).

4.5.2. 3MeHsis BETMYHMHY BXOJHOTO CUTHAJA, U3MEPUTh BETUYUHY BBIXOJHO-
ro curnana. Pe3ynbraThl 3anectu B Tabauiy 10.7.

4.5.3. IloMeHsTh MOJSPHOCTh MUCTOUYHMKA MOCTOSSHHOTO HANpPsDKEHUsI Ha MPo-
TUBOTIOJIOKHYI0. BHOBB, M3MEHSI BETUYHHY BXOJHOIO CHUTHANA, U3MEPUTH BEJH-
YUHY BBIXOJIHOTO CUTHaA. Pe3ynbTaThl 3anectu B Tabnauiy 10.7.

4.5.4. TlocTpouTh MepeaaTOYHYI0 XapaKTEPUCTUKY HEUHBEPTUPYIOLIETO YCH-
JINTECIIA UB])[)(: f(UB)()

Tabmuma 10.7

Ugx,B 0,01 0,1 0,2 0,5 0,8 1 1,2 1,8 2
UBLIX;B
Usx,B | -0,01 -0,1 -0,2 -0,5 -0,8 -1 -1,2 -1,8 -2
UBLIX;B

4.6. TlocTpoeHre aMIUTUTYIHO-4aCTOTHOW XapaKTEPUCTHUKU HEUHBEPTHPYIO-
mero ycunutels Ha 6aze OV,

4.6.1. Insa cxemsl pucyHok 10.5 ycTaHOBUTH Ha BXOAE€ HEWHBEPTUPYIOIIETO
yeunutens Hanpsbkenue Upx=0,5 B. M3MeHsisi 4acToTy BXOJHOTO CUTHANA U3Me-
pUTh COOTBETCTBEHHO AMIUIMTYAY BBIXOJHOTO CUTHana. Pe3ynprarhl 3amucaTh B
tabmuiry 10.8.

Tab6auma 10.8
0 10 100 1000 10000 | 100000 | 1000000 | 10000000

f, T
UmBLIX1 B

4.6.2. 3amenuTh B cxeme (pucyHok 10.5) UCTOYHHK MEPEeMEHHOTO HAIpsKe-

HHA HAa UCTOYHHK IMOCTOAHHOI'O HAIIPSKCHUA. YCcTaHOBUTH COIIPOTHUBJICHUA PEC3U-
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ctopoB: R1=1 kOm, R3=1 kOm. M3MeHsAsI HOMUHAIIBHBIE BEIMUUHBI pe3ucTopa Ro
M 3HAYCHUSI BXOJHOTO HAIpPSDKEHHS, B COOTBETCTBUU C AaHHbIMU Tabnuia 10.9,
BBITIOJIHUTh M3MEpEHUs HampsikeHus Ha Bbixojae OVY. PesynbTaThl u3mepeHuit 3a-

HecTu B Tabnuiy 10.9.
Tabnuua 10.9

Ugx, MB R,, kxOM Usgnix, B Ky"® Ky™" o, %
5
50 10
20
5
100 10
20
5

500 10
20

4.6.3. Paccuurath mo (10.1) TeopeTnueckoe 3HaueHHe KOI(P(UIMCHTA YCHU-

TEop

JICHUs YCWIIUTENS TI0 HANpsHKEHUI0 Ky'*”, UCIHOJIb3ys 3aJaHHbIE 3HAYCHUS Iapa-
METPOB 3JIEMEHTOB cxeMbl, ¥ 10 (9.1) skcrepuMeHTaIbHOE 3HaUCHUE KO3 HHUIH-
€HTa YCUJICHUs YCUIIUTEIIS 110 HAIPSLKEHUI0 K™,

4.6.4. PaccuntaTh OTHOCUTEIBHYIO MOTPEUTHOCTD YCUIICHHUS

B (Kljeop _ LaJKcn)

TEeop
KU

) -100%.

5. COAEPXXAHUE OTYHETA

OT4€T MOIDKEH coAep aTh IeNib pabOThI, UCCIENYEMbIE CXEMBbI, BHITIOJHEH-
HbIE B COOTBETCTBUU ¢ TpeboBaHusiMu ['OCToB, Tabnuily ¢ SKCIepUMEHTaIbHBIMH
pe3ynbTataMu, TpaduK MOTyYeHHBIX XapaKTepUCTHUK, TOCTPOCHHBIN B MacmiTabe. B
OTUETE TAKKE MPUBOIATCS PE3YJIbTAThl PACYETOB, BBIBOJbI, CICIIAHHBIE IIPU UCCIIE-

JIOBaHUU.

6. KOHTPOJIbHBIE BOITPOCHI

6.1. [IpuBenute cxemy HemHBepTHpYOMETo OV, 00BSICHUTE MPUHITUT €€ pa-
60Th1. Kakyto ponb B cxeme UrpaeT IeTuTeNb HAPSHKESHUS ?

6.2. Ot gero 3aBucHUT KOYPDUIIMEHT YCUICHUS HEMHBEPTHPYIOMIETO YCUIIUTE-
ns?

6.3. IlpuBenute cxemy moBTOpHTENs HampsukeHus. OOBSICHUTE MPUHITUN €¢

paboTHI.
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6.4. Ouenute pa3nuuus MEXy U3MEPEHHOU U BBIYMCICHHOW MOCTOSIHHOU CO-
CTaBJISIIOUIEH BBIXOJHOTO HAIPSIKEHUS.

6.5. IlpuBenute cxemy uHBepTUpytomero OY, o0bacHUTE TpUHLMI €€ pado-
TBI.

6.6. Kakue mapameTpbl cXeMbl Ha PUCYHKE 7.5 BIMSIOT Ha ee KOd(PpuuueHT
yCUIICHUS ?

6.7. Kak nocturaerca usmeHenue korppuirenTa nepegayu yCuinTens?

124



11. TABOPATOPHAS PABOTA Ne 10

NCCJIELOBAHUE TUITIOBBIX KACKAZIOB HA OIIEPAIITMOHHBIX
YCUIIATEJIAX

1. IEJIb PABOTEI
DOKCHEepUMEHTAIIbHOE M3yYeHUE MPUHLUIOB paOOThl THUIOBBIX KACKAJOB Ha

OIICPAMOHHBIX YCHUIIUTCIIAX.

2. OCHOBbBI TEOP1UM
Cymmamop
HNuBepTupyronuil yCwInTelb ¢ HECKOJIBKUMH BXOJaMU MOYKET BBICTYNaTh B

POJIH cymMMaTopa curHaioB (pucyHok 11.1)

Elo RO
1
| I |
I} R
U, <L R
| —0 > UBb_,X
U, <=1 )
— 1

Pucynok 11.1 — Cymmatop Ha OY

I[J'IH HEroO CIIpaBCAJIMBbI COOTHOLICHHA

I, =U; /Ry (11.1)

I, =U,/Ry; (11.2)

lg =1y + 15 =—(Uy /Ry +U5/Ry); (11.3)

U,.. = lgRy=—(UsRy /Ry +U5Ry/Ry). (11.4)

Ecmu Ry =Ry =Rgp, 10 UBHX =—(U1 +U2) .
Takum 00pa3om, BBIXOJIHOE HANPSIKEHHUE PABHO CYMME BXOJHBIX HaIpsKe-

HUM ¢ 00paTHBIM 3HAKOM.
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Hnmezpamop

Ecimn B nenmm OOC cxemMbl MHBEPTUPYIOLIETO YCHIIUTENS PE3UCTOP 3aMEHUTD
KOHJIEHCATOPOM, TO MOJIyY€HHas cxema OyJIeT MHTErpUpPOBaTh BXOJHBIE CHTHAJIbI
(pucynok 11.2):

U (1) =U (1) = W/ C) i)t
i(t)=-U,_(t)/R,.
HOI[CT&BJISIH BBIpa)KeHI/IC JJIsI TOKA IIOA 3HAaK I/IHTerpaHa, HOJIy‘H/IM OKOHYa-

TCIJIBHO
Ui 0 =-1/( R].C)J‘UBX (tdt.
TAc R]_C = Tl — BPCMA MHTCTPUPOBAHUA, T.C. BpEMA 3a KOTOPOC BLIXOJHOC HAIIPs-

JKCHHUC NOCTUTHCT YPOBHA BXOAHOTO IIPU IMMOAAYC HA BXOA CTYIICHBKU HAITPSKCHUA.
Takum 06p3,30M, BBIXOJJHOC HAIIPSKCHUC TIPONMOPHUOHAIIBHO HHTCTPAly OT

BXOJHOT'O HAIIPAKCHUA C O6paTHBIM 3HAKOM.

T
L) Cl|
U R

— 1+q > U

=

Pucynok 11.2 — Unterpatop va OY

BEIX

Jugppepenyuamop
Ha pucynke 11.3, @ moka3zana ympoiieHHas cxema nuddepennuaropa. Ero
pabota onpenenseTcss AByMs (OPMYIIaMH:

UBBIX (t) = I(t) RO;
i(t) =—Cy (dU,, (t)/dlt).

HOI[CTaB.]'IHH BBIPAKCHUC IJIA TOKA B HAIIPAXKCHUC, I10JIYy4aCM OKOHYATCIbHO

U, (t) =—RoCy(dU,, (t)/dt. (11.5)
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|—| (NI
[ <o
C [

,_H—A ) > Umix E‘JBT\' %‘_Tll——ci > Upinx

i i

a) 0)

Pucynok 11.3 — Ynpouiennas (a) u peanbHas (0) cxeMbl nuddepeHimaTopa

VYnopouienHas cxema nauddepeHinuaropa HeyCTOMUMBa, T.€. CKIOHHA K IeHe-

panuu Kosie0aHHi, IOITOMY Ha MPAKTHKE €€ JONOJIHSIT pe3ucTopoM R, BO BXon-
HOW L€NM, a MHOIAA M KOHJEHCATopoM Cp B LENU 00paTHOW cBsA3M (puCy-

HOK 11.3, 6). DTH 37eMEHTBI «3aBaJIMBAIOT» AMILIUTYIHO-YACTOTHYIO XapaKTepH-
ctuky auddepeHmaTopa B 00JaCTH BBICOKMX YacTOT, 0OECreuuBasi TEM CaMbIM
YCTOMUYHBYIO pabOTy CXEMBI.

Tpueceep LlImumma

Tpurrep llIMmuTtra Ucnoyb3yeTcs: Kak MOPOTrOBOE YCTPOUCTBO AJIsI CPAaBHEHHMS
BXOJIHOI'O CUTHaja C 3aJaHHbIM HaIpshKeHHEeM U, KOTOpO€ IOAAETCS Ha HEHH-

BepTupyrouii Bxox (pucyHok 11.4). Ha mpaktuke uame Bcero U,,=0. Pabora

CXEMBbI OIMUCHBIBACTCA (bOpMy.TIaMI/I:
U, >U,, =U,,  =-12B;
U, <U,, =U, = 12B.

UB\Z
—0 > U

AU

(I
R,

R,

Pucynok 11.4 — Tpurrep LlImutra

Beixon tpurrepa IlImurra Bcerga HaceimieH: Ha HEM uinu —12 B nnum +12 B.

Tpurrep IlIMutra 4acTo UCnosb3yeTcs AJisg MpeoOpa3oBaHUsl aHAJOTOBBIX CHUTHA-
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J0B B IU(POBBIE JIBYXYPOBHEBBIE CUTHAJbI, T.€. SBISIETCS AJIEMEHTOM LIM(PPOBBIX
ANEKTPOHHBIX ycTpoHCTB. IloaTomy B cxeme tpurrepa orcyrcrByer OOC, 3aro
nMeeTcs noJjioxkutenbHas oopatHas cBs3b (IIOC), peannzoBaHHas ¢ TOMOIIBIO pe-
suctopoB R, R,. IIOC BeinonHseT ABE (yHKLMU: BO-IIEPBBIX, YCKOPSIET MEPEKIIIO-

yeHue tpurrepa llImurra U, BO-BTOPBIX, CO34AET TaK HAa3bIBAEMbIN TMCTEPE3UC I1€-
PEKIIIOYEHMS, 3AIIUIIAIOIIAN TPUITEP OT CIIyYaWHBIX MIEPEKIOUYCHUN IIPU HE3HAYU-
TEJIbHBIX U3MEHEHUAX BXOAHOI'O CUTHAJIA.

[loporoBoe HampsiKeHHUE HAa HEMHBEPTUPYIOLEM BXOJE ompezensercs (op-
MYJIOU

AU =U R]_/(R1+R2).

6blX

[lepexiroueHne Tpurrepa NPOUCXOAUT MPU MPEBBILICHUH 3HAYEHUS! BXOAHOTO
Hanpspkenust AU . Bennuuna 2AU HasbiBaeTcs ructepe3rcoM nepexinouenus. [pu
U3MEHEHUAX BXOJHOI'O CHTHaja B MpEJeNiax TMcTepe3nca MEPEeKIOYEHNs BBIXO-

HOM CHUTHAJ HE MCPCKIII0YACTCA.

3. IIOJI'OTOBKA K PABOTE

3.1. M3yunuth npuHIUIBE pabOThl pacCMaTPUBAEMBIX THIIOBBIX KacKaJoOB Ha
OV, ux oCHOBHBIE CBOMCTBA.

3.2. HadepTuTh cXeMbl BKJIFOUCHUSI CyMMaTOpa, HHTerpatopa, nuddepeHima-
Topa Ha OY.

3.3. Iloka3atp Ha4YCPUCHHBIC CXCMBI ITPCIIOAABATCIIIO IJISI IIPOBCPKHU.

4. ITIPOTPAMMA PABOTHI

4.1. UccnenoBaHre MHBEPTUPYIOLIETO CyMMATOpa MOCTOSHHBIX HAMPSKEHUN

4.1.1. Cobpatb cxemy IS UCCIEAOBaHUS pabOThl MHBEPTUPYIOIIETO CyMMa-
topa (pucynok 11.5). Bkimouute Bonst™MeTphl PV1, PV2 miis usmepenus BXOAHBIX
HanpsokeHut Ugyx; 1 Ugy, u amniepmetpsl PA1 u PA2 ninst usmepenust TokoB lq, o u
lo. st m3MepeHusi BBIXOHOTO HanpspKeHHS Upgpy TOAKITIOYUTE BOJIbTMETp PV3.
[ToakmrounTe K BXOJHBIM IEMSIM UCTOUYHUKH MOCTOSIHHOTO ToKa E; u E; u 3a3emuu-

TC HUX.
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— 20000 A,

f

Pucynok 11.5 — Cxema uccrienoBanus cymMmMaTopa MOCTOSIHHBIX HAMPSKEHUN

Oy

20.00m

4.1.2. 3anare compotuBieHue pesucropa R; mo tabnune 11.1 ans cBoei
noarpynmbl. CONPOTUBIICHUST OCTATBHBIX PE3UCTOPOB YCTAHABIMBAIOTCS ISl KaXK-
JIOTO OIbITa B COOTBETCTBUU C JIaHHBIMH Ta0iuIel 11.2. B kauecTBe oneparyuoHHO-

ro ycusaurens BeiOpats ideal oudmuorexku default. Bkimrouute cxemy.

Tabmuma 11.1

Ne
IO AT PYIIITBI 1 2 3 4 5 6 7 8
R1, kKOM 1 1,2 1,3 1,4 15 1,6 1,8 2
Tabmuna 11.2
Usx, | Usxz, | R2, | Ro, TEOp | | T€0P | | TEOp | |;TEOp | |IKCH | | OKCH | | IKCIL || § IKCII 0,
1 2 0 BBIX 1 2 0 BBIX

MB| MB |[kOmM|kOM | MA | MA MA B MA MA MA B o
0 10 2 10
10 | -50 2 10
10 50 2 20
10 20 2 20

4.1.3. V3meHsiss HOMUHABI pe3ncTopa Ry M 3HaUYCHUS BXOJIHBIX HAIPSKECHUN
Ugx: 1 Upyz , B COOTBETCTBUM C JaHHBIMH TaOmwmiel 11.2, paccunraiire mo (11.1-
11.3) 3uauenus TokoB |"°, 1,"°%, 15", Tlo mokazanusm ammepmerpoB PAL-PA4
U3MEPHTE IKCIIEPUMEHTAIbHBIE 3HAYEHHUS 3TUX MapaMeTpoB. Pe3ylbTaThl 3alUIINU-
Te B Tabnmiy 11.2.

4.1.4. Paccuuraiite o (11.4) TeopeTnyeckoe 3HAYECHUE BEJIMYHUHBI HAMPS-
KeHUS Uppx' P HA BBIXOJI€ YCUJIMTEINSI U CPABHUTE UX C MOJIYYCHHBIMU U3MEPEHMUSI-

DKCIT

MU Uggx™" BOJIBTMETPOM. Pe3yJIbTaThl BEIUUCICHUN 3amumuTe B Tabsmiy 11.2.
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4.1.5. PaccunraiiTe OTHOCUTEIBHYIO MOIPEIIHOCTD YCUIICHHUS

_ (U ];rﬁc))(p T_eé; ;II)(I(;H) .100% .
U

BBIX

)

4.2. WccnenoBaHue MHBEPTUPYIOUIETO CyMMaTopa CyMMHPOBaHHUsS MEpPEMEH-
HBIX HaIIpsSKCHUN

4.2.1. Cobpatb cxemy aJisg UCCIeAOBaHUS paOOThl MHBEPTUPYIOIIETO CyMMa-
TOpa CyMMHUPOBaHHUS IEPEMEHHBIX HanpspkeHui (pucyHok 11.6).

1414 Y
El A Function Generator &2
Frequency _ -kHa E
— - Outy cycle [50 [ =
Amplade 1 B [ v [H
. o] .
= Common +
o ICi 0} [}
]

p

Pucynok 11.6 — Cxema uccieoBaHusi CyMMaTopa nepeMeHHbIX
HAMPSKEHUN

4.2.2. YcraHoBHTE 3HaUe€HHUE COMpOTUBIeHUs Ry mo tabmuie 11.1 mis cBoei
noarpymsl, Ry=2,5 kOMm, Rg=5 kOmMm, Upx=1 B, f=1kI 1.

4.2.3. 3apucyiiTe OCHMILIOIPaMMbl BXOJIHOTO U BBIXOJHOTO HaNpsiKeHUU (pH-
cynok 11.7).

4.2.4. M3meppre ocuuiorpadoM amIUIUTYJbl BXOJHOTO ¥ BBIXOJHOTO

(9] OKCII
Hanpsokenuit U, 1, . BBIYMCIINTE aMILIUTY/Ty BBIXOIHOTO HANPKEHUS U gpoi, MO

M3BECTHBIM 3HAUYCHUSAM aMmILIuTyA HanpsikeHuil Uiy, u Uy, Pe3ynbpTaThl 3anummre

B Tabuiy 11.3.
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K Oscilloscope B \
hid

| I

T ENCEEEE] T2 E. 0140 = 2T E 6148 =
WAl 1.6319 W Wiz | 417 8357 my WATAL -1.2144
Bl -4.8878 B2 -1.2@843 u WBZ-VB1 3. 6E3E

~ Time base Trigger Channel & Charnel B

0.20ms/ div | Bige @ 2 [z woiv B[z v 2| |Reduce |

H position [ 0,20 E Level [0.00 2] | ¥ pesition [ 0.00 E Y position | 0.00 E FReverse |

R | " PEEIRr ] 22/ oH save |

Pucynoxk 11.7 — OcumimorpaMMbl BXOJHOTO U BBIXOJTHOT'O HAMPSHKEHUH

IIPU CyMMHUPOBAHUH NIEPEMEHHBIX HAIPSKEHUM

Tabmuna 11.3
Uim, B Uom, B U Teop e

BbIX.IM BbIX.IM

4.3. UccnenoBanre HHTErpaTopa

4.3.1. CoOparb cxemy JuIs HCCIEAOBaHUSA pabOTBI MHTErpaTopa (pHUCYHOK
11.8) u ycTaHOBHUTE ClIeAYIOIINE HOMUHAIbHBIE 3HAYeHHs dJ1eMeHTOB: R1=10 kOwm,
Ro=100 xOwm, C=0,01 mx®, OV mno tabnume 10.1. K BXoay cXeMbl MOAKIIOYUTE
(GYHKIIMOHAJILHBIN TE€HEPATOP M YCTAHOBUTE CIICAYIOIIHUE TTapaMeTphl MPSIMOYTOJIb-
HBIX UMITyJbCOB: =2 k['11, k03 dunment 3anonuenus 50%, ammmutyny 5 B. Iloa-

KITFOUUTE OCIMIIIOrpad K BXOJY M BBIXOY CXEMBI M 3a3€MJIIUTE €TO.

1| Function Generator | =2 |

]

Frequancy [kH= 3]
Duty cycle [50 |2} =

popiute [5_[3 [ v I3
= Comman +
— 0 10} 0

Pucynoxk 11.8 — Cxema uccnenoBanust nHTerpaTopa Ha 6aze OY
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4.3.2. 3apucyiite OCIIWULIOTPAaMMBI BXOJHOTO ¥ BBIXOJHOTO HAMPSKCHUS,
BBIUMCIIMTE UX aMIUTATyIHOE 3HauYeHue Upx m 1 Uppix m (prcyHok 11.9).

4.3.3. 1o ocummiorpamme, ucnomn3ys (9.8) onpeaenure CKOPOCTb U3MEHEHUS

BBIXOJHOTO HampspkeHus. OnpenenuTe BpeMsi HHTCTPUPOBAHUS 1O OCITUILIOTPAM-

T,2Kem _ UBXm I
! u 4

BbIXm

Me n 1o mapamerpam cxembl T, ¢ =—RC. (T - nepuox
BXOJIHOTO curHaina). Pe3ynbrarel 3anummuTe B Tabaumy 11.4.

El Oscilloscope | == I
P

/

NP2 IBEN

T 466 .8644 ms T2 467 . 8087 ms T&T1 1236 .2648 ps
i 68 . 2829 ml Rriind é.2@FE W AR &.3737 W
W1 —5 . 6688 W WH2 5. 6806868 W WB2-WB1 16.866868 W

— Time base Trigger Channel A Channel B

0.1 0ms/div ]| Bige EE x| [5 v B[ 5 woi [£]| Redue |
® position Lewal 0.00 H‘ ¥ position | 0.00 H‘ f pasition | 000 H‘ Rewerse
NN con (a0 | | BE AJ6 e | Ac|o/EE 250 8 save

Pucynoxk 11.9 — OcnumiorpaMMbl BXOJHOTO M BBIXOHOTO HaIPSHKCHHMA

UHTETpaTopa

4.3.4. YcTaHOBHTE aMIUIMTYAy CUTHaJIa Ha BbIxojae reHeparopa 2 B. Ilosro-
pUTE HCCIENOBAHUS W CPABHUTE TMOJYYUBIIUECS OCIMIUIOTPAMMBI BBIXOJHOTO

HaIpPsHKEHUS, C TIoMydYeHHbIMU B 11.4.3.2. Pe3ynbpTaTs! 3anummure B Tabnuiy 11.4.

Tabmuma 11.4

No skcnepu- Usxm, B | Uppxm B TlaKCH' c TlTGOP, c Vu cbix
MEHTa

4.3.2.
4.3.4.
4.3.5.
4.3.6.

B/c

4.3.5. B cxeme pucynka 11.8 ycranosure conpotuBienne R;=5 kOwm, amru-
Tyay reseparopa 5 B. Bxirouure cxemy. 3apuCylTe OCHMIIOTPAMMBI BXOJHOTO U
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BBIXOJHOI'O HAIpsDKEHUH. 3amuIIUTe aMIUTUTYy BXOJHOTO HANPSIKEHUS M Ompe-
JEJUTE MO OCUMIIONPaMME CKOPOCTh M3MEHEHHUS BBIXOJIHOTO HAIPSKEHUs! B HaYa-
ne npouecca. CpaBHUTE OCHMIUIONPAMMY BBIXOJHOI'O HAaNPSLKEHUSI, TOJYYEHHYIO B
JAHHOM 3KCIEPUMEHTE C OCLHUIUIOTPaMMOM, MONTY4eHHOU B 1.4.3.2. HANpsKEHUs.

OnpeienuTe BpeMs HHTETPUPOBAHKS 110 OCHMIorpamme TP 1 1o mapameTpam

cxembl T,'°°P. PesynbraThl 3anumute B Tabmmy 11.4.

4.3.6. B cxeme pucynka 11.8 yctaHoBuTEe eMKOCTh KOHJIeHcaTopa paBHoit 0,02
MK®. Bxmounte cxemy. M300pazure oclmmIorpaMmbl BXOJAHOTO M BBIXOJHOTO
HanpspkeHu. OnpeaenuTe MO0 HUM aMIUTHTYLy BXOJIHOTO HANPSOKCHHS U OTpee-
JUTE MO OCIMIIJIOTPaMMe CKOPOCTh M3MEHEHHSI BBIXOJHOTO HAIPsDKCHUS B Hadaie
nporecca. CpaBHUTE OCIHUIOIPAaMMY BBIXOJHOTO HAIPsDKCHUS, MOTYYCHHYIO B

JTAHHOM JKCIEPUMEHTE, C OCIUJUIOrPaMMOM, TTOJIy4eHHOU B 11.4.3.2. HaAIPsIKEHUS.

OnpejienuTe BpeMsl HHTErPUPOBAHKS 110 OCHMIIOrpaMme TP 1 Mo mapameTpam

cxembl T,'°°P. Pesynbrathl 3anumute B Tabmmiy 11.4.

4.4, VccnenoBanue nuddepeniupyromero OY

4.4.1. Cobpath cxemy Il ucciienoBanus padbotel quddepennupyromiero OY
(pucynok 11.10) u ycTaHOBHTE CIIEAYIONIME HOMHHAJIbHBIC 3HAUYEHUS DJIEMEHTOB:
R;=500 OmM, Rp=5 xkOm, C=0,05 mMx®, OY OV mno Tabmume 10.1. K Bxomay cxeMbl
MOAKIIOUNTE (DYHKIIMOHAIBHBIA T€HEepaTOp U YCTAHOBUTE CIICAYIOIINE IMapaMeTphl
JUHEWHO u3MeHsomerocs curHana: f=1 kI, xoaddumnuent 3anondenus 50%,
amrutyny S5 B. [Mogkmrounte ocimummorpad K BXoIy U BBIXOAY CXEMBI M 3a3€MJIH-

TC €TO.

| Function Generator @
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Pucynoxk 11.10 — Cxema ucciienoBanus audpeperuaropa Ha 6aze OV
4.4.2. BKIIOUNATE CXEMY M 3apUCYUTE OCHMIUIOrPAaMMbl BXOJIHOTO U BBIXO/I-

HOT'0 HampsHKEHUM, BHIYUCINUTE UX aMIUIUTYIHOE 3HaueHue Ugx m U Ugpxm. (pUCY-
Hok 11.11).
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Pucynoxk 11.11 — OcuumiorpaMMbl BXOJHOTO M BBIXOJHOTO HAIPSYKCHHM
nuddepenimaropa

4.4.3. Tlo moiy4deHHBIM OCHMJIJIOTPAaMMaM OIPEICTTUTEe CKOPOCTh U3MEHEHUS
BXOJIHOT'O HAMPSDKEHUS U aMIUIUTYy BBIXOJIHOTO HAIIPSIKEHUS.

4.4.4. Tlo 3aaHHBIM MTapaMeTpaM CXEMbl M HalJICHHOMY 3HaUY€HHIO CKOPOCTHU
M3MEHEHHUS BXOJHOTO HampsikeHus paccuutaite 1o (11.5) aMmuTy 1y BBIXOIHOTO
HaIPSDKEHUS M CpaBHUTE €€ C IKCIepUMEHTAIBHBIM 3HaueHueM. Pe3ynbraThl 3a-
numuTe B Tadauiy 11.5.

445. B cxeme pucynka 11.10 ycraHoBHTE dYacTOTy TreHepaTropa paBHOU
2 xI'm. Brmrounte cxemy. M3o00pasute OCHMILIOrpaMMbl BXOJHOTO M BBIXOIHOTO
HanpspkeHui. [1o mogydeHHBIM OCITMILIOrpaMMaM OIPEACIIUTEe CKOPOCTh M3MEHE-
HUSI BXOJHOTO HAIPSDKEHUS M aMIUIATYIy BBIXOAHOrO HanpspkeHust Uppixm . Pe-
3ynbTarhl 3anumuTe B Tabmuiy 11.5. CpaBHHTE OCHMIUIOIPaMMY BBIXOJHOTO
HanpsHKEHUsI, TMOJYYEHHYIO B JAHHOM SKCIIEPUMEHTE, ¢ OCHMJIOrPaMMOM, MOJy-
yeHHOH B 11.4.4.2.

Tabmuma 11.5

€0 9KCIT

Ne skcnepu- Upxm, B VU , B/c Usbixm' s Usbixm
6X
MEHTA B B

4.4.4.
4.4.5.
4.4.7.
4.4.9.
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4.4.6. Ilo 3a1aHHBIM MapaMeTpaM CXEMbl U HAMJIEHHOMY 3HaY€HUIO CKOPOCTH
M3MEHEHHS] BXOJHOI'O HANPSIKEHUS PACCUUTANTE aMIUTUTYy BBIXOJHOIO Harpsi-
xeHusI Upprxm 7. Pe3ynbrarel 3anumuTe B Ta0bmiy 11.5.

4.47. B cxeme pucynka 11.10 BoccraHOBHUTE HayadbHYIO YAaCTOTY T€HEPaTO-
pa, a BEIMYHHY CONPOTHUBIICHUS B LENU OOpAaTHOM CBs3U ycTaHOBUTE paBHOM 10
kOm. Bkiouute cxemy. M300pasute ocUMIIOrPaMMBbl BXOJHOTO M BBIXOJHOTO
HanpspbkeHui. [1o mostydeHHbIM ocLMILIOrpaMMaM OIPEAETIUTE CKOPOCTh U3MEHE-
HUSI BXOJHOTO HANPSKEHUS U aMIUIMTYAY BBIXOJHOTO HampsbkeHus. Pesynbrat 3a-
nuimurte B Tabnuiy 11.5. CpaBHuTEe OCIMILIOrpaMMy BBIXOJHOTO HANpPSKEHUS, TO0-
JYYEHHYIO B IAHHOM 3KCIIEPUMEHTE, C OCLIMIIONPAMMO, MOJIy4eHHOH B 11.4.4.2.

4.4.8. 1o 3a1aHHbIM MapaMeTpaM CXEMbl U HAlJICHHOMY 3HaY€HHUIO CKOPOCTHU
U3MEHEHMSI BXOJIHOTO HAMPSDKEHUS PACCUMTANTE aMIUIMTYJy BBIXOJHOIO Hamps-
xeHust Upprxm 7. Pe3ynbrar 3anummre B Tadbauiy 11.5.

4.4.9. B cxeme pucynka 11.10 BoccTaHOBUTE MEepBOHAYAIbHBIC 3HAYCHUS T1a-
paMeTpoOB CXEMbl, a BEJIMYMHY €MKOCTH KOHJeHcaTtopa ycTaHoBute paHou 0,1
Mk®. Brxmounte cxemy. Ilocne ycraHoBieHHs mpoliecca M300pa3uTe OCIUILIO-
rpaMMbl BXOJHOT'O M BBIXOJAHOrO HamnpspkeHui. [1o mosydeHHbIM oCIMILIorpaMMamM
OTIPEJIIUTE CKOPOCTh U3MEHEHHS BXOJHOTO HAIPSHKEHUS M aMIUTUTYTy BBIXOJAHO-
ro HanpspkeHus. Pesynprar 3anumute B Tabnuiry 11.5. CpaBHuTe oclMIIOrpaMMy
BBIXO/IHOT'O HAMPsHKEHUS], MOJYYEHHYIO B JAaHHOM SKCIEPUMEHTE, C OCHUILIOrPaM-
MOH, nojydeHHou B n.4.4.7.

4.4.10. Tlo 3amaHHBIM TIapaMeTpaM CXEMbl U HalJIEGHHOMY 3HAYEHHUIO CKOpO-
CTH M3MEHEHMsI BXOJHOTO HAMPSDIKEHUS pACCUUTAUTE aMIUIUTYIY BBIXOIHOTO

HanpspKkeHus. PesynpraT 3anumure B Tabsmimy 11.5.

5. COAEPXXAHUE OTYHETA

OT4€T MOIDKEH CoAepX aTh IeNIb PabOThI, UCCIENYEMbIE CXEMBI, BBITIOJHEH-
HbIe B cOOTBeTCTBUU ¢ TpeOoBanusmu ['OCToB, Tabnuily ¢ SKCIIEPUMEHTATbHBIMU
pe3ynbTataMu, TpaduK MOTyYeHHBIX XapaKTepUCTHUK, TOCTPOSHHBIN B MacmiTabe. B
OTU€Te TaKXKE€ MPUBOJSTCS PE3YyIbTaThl PACUETOB, BEIBOABI, CACIAHHBIE IIPU UCCIIE-

JIOBaHUHU.

6. KOHTPOJIbHBIE BOITPOCHI
6.1. Kakyto pyskmmro BeimoaHseT cymmarop Ha OY?
6.2. UTo Ha3bIBatOT MacIITAOHBIMU KO3 dUlIMeHTaMu cymmaTopa’?
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6.3. KakoB nmpuHuun aeiictBus uHterpatopa? UTto sBIAE€TCS HEIOCTATKOM
cxeMbl Ha pucyHke 11.27

6.4. B uém paznuuus Mexay uieanbHbIM U PeaIbHbIM UHTErpaTopaMu’?

6.5. B uém paznuuus Mexay uaeanbHbIM U peasibHbIM AuddepeHuuaTopamu’?

6.6. 3auem HyxkeH rucrepesuc B Tpurrepe lImurra?

6.7. Kak onpeaenuTts 4acTOTy BBIXOJHOTO CUTHAA AJI PENaKCAMOHHOIO Ie-
Heparopa?

6.8. Kakyto ponb urpaer compoTuBieHue Ry, MOIKIIOUEHHOE NapaylielbHO
KOHJIeHCAaTOpy B cxeme Ha pucyHke 11.27

6.9. Ha xakue mapaMeTpsl mepexoHOTO mpolecca B cxeme Ha pucynke 11.3
BJIMSIET BEJIMUMHA CONPOTUBICHUS Ry?

6.10. Ot mapameTpoB KakMX KOMIIOHEHTOB CXeMbl Ha pucyHke 11.2 3aBucur
TOYHOCTbh MHTETPUPOBAHUS BXOJIHOTO HANIPSHKEHMUS ?

6.11. BoiBequTe COOTHOIIEHHE MEXKIY BXOJHBIM U BBIXOJHBIM HANpPsHKECHUEM
JUIsl cXeMbl Ha pucyHke 11.2.

6.12. BoiBenuTe COOTHOIIEHHE MEXKIY BXOJHBIM U BBIXOJHBIM HANpPsHKEHUEM
JUIst cXeMbl pucyHka 11.3.

6.13.0T mapaMeTpoB KaKWX KOMIIOHEHTOB cXeMbl Ha pucyHke 11.3 3aBucur
BEJIMYMHA BBIXOJHOTO HAIPSKEHUS IPU M0Jlade Ha BXOJ JIMHEWHO M3MEHSIOIEro-
Cs HanpsKeHUs?

6.14. Ilouemy BbIXOJIHOE HampspkeHHE TU((EepeHIUPYIOLUEro Kackajaa mpo-
HOPIMOHAIBHO OTPULIATEIBHOMY 3HAUYEHHUIO IPOU3BOIHOM BXOJIHOTO HANIPSKEHUS?
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12. IABOPATOPHAS PABOTA Ne 11

NCCIEALOBAHUE MVYJIBTUBUBPATOPOB HA OIIEPALIMOHHBIX
YCUIIATEJIAX

1. IEJIb PABOTEI
DKCHEepUMEHTAIbHOE UCCIEAOBAHUE ABTOKOJIEOATENbHBIX U KAYIIUX MYJIb-

TUBUOPATOPOB HA ONEPALIMOHHBIX YCUIIUTENSX.

2. OCHOBbI TEOP1U

MynbTuBUOpaTop (0T JATUHCKUX CI0B multim — MHOTO U Vibro —kone0to0) —
pellakCallMOHHBIN T€HEPAaTOp MMITYJIBCOB MOYTH MPSIMOYTOJIBHONW (OPMBI, BBITION-
HEHHBIN B BUJIC YCHIIMTEIBHOTO YCTPOMCTBA C IEMBIO MOJIOKUTEIHHONH OOpaTHOMN
cesizu (ITOC). Pasnuuaror nBa BHIa MyJIBTHBHOPATOPOB: aBTOKOJIeOaTENbHbIC (HE
001a1al0T COCTOSITHMEM YCTOMYMBOTO PaBHOBECHS) W JKAyliue (00J7amaioT OJXHUM
COCTOSIHHEM YCTOWYMBOTO PABHOBECHUS M TIOATOMY MX YacTO HAa3bIBAIOT OJHOBHO-
paropamn).

Mynemusubpamop

Ecnu Beixon tpurrepa IlIMuTTa COENMHUTH C HHBEPTUPYIOLIUM BXOJ0M 4Ye-
pe3 MHTETPUPYIOIIYIO LENOYKY, MOTy4YeHHas: cxema OyleT reHepupoBaTh JBYXIIO-
JsipHBIEe UMIYNbehl. [IpUHIMNUaNbHAs cXeMa aBTOKOJ1e0aTeIbHOTO MYJIbTUBHOpa-
TOpa Ha ONEPALMOHHOM YCWIMTEJE NpecTaBlieHa Ha pucyHke 12.1, a, BpeMeHHbIe

JarpamMMbl, TIOSICHSIIOIINE €ro padoTy — Ha pucyHke 12.1, 6.

Uc
+ U n [~ ~—"~~~—— 7’:7_7__7_7—7—7—7—7—7 - :7_7__7——7—7—'7—7
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Pucynoxk 12.1 — Cxema (@) 1 BpeMEHHBIC TUarpaMMbl paboThI (6)

MYJBTUBHOpATOpa HA ONEPALIMOHHOM YCUIIUTENE
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[TpuHUMNO nEeWCcTBUS MYJIbTUBHOpPATOpa COCTOUT B MEPUOJUYECKOM Mepe3apsi-
ne xkougeHncaropa C no HanpspkeHus: BKIOUeHUST Uy, U BbIKIIOUeHUS Uy, oA
JEUCTBUEM BBIXOJTHOTO HAMpPsDKEHUsSI Ug,y OV, paBHoro =U,. Tak xkak OCHOBHOM
4acThl0O MYyJbTUBUOpaTOpa siBisiercs Tpurrep llIMutra, TO BRIXOJAHOE HAIPSKEHUE
MyJIbTUBHOpaTOpa MokeT ObITh paBHO +U, 1o —U,,.

PaGora mynpTHBHOpaTOpa MOSICHAETCS BPEMEHHBIMHU JuUarpaMMamH, pHUBe-
JE€HHBIMU Ha pucyHke 12.1, 6.

B ucxomnom cocrossauu uctounuku nutanug OV orkimrouensl: +U, = 0, —U,
= 0. Kongencarop C pa3psikeH u Uc = 0. B momenT Bpemenu t = 0 mpousBoautcs
BKJIFOUCHUE MCTOYHHMKOB MUTaHus. [Ipu MX BKIIIOYEHUU B CXEMeE MOJ JeHCTBHEM
ITOC pa3zBuBaeTcsl caydailHbI JTaBUHOOOPA3HBIN MPoOIECC, B pe3ybTaTe KOTOPOro
Ha BbixoJie OY MoxkeT ycTaHOBUTHCA 6o +U,, 6o —U,,.

Honyctum, uro B MOoMeHT BpeMenu t = O Ha Beixome OV ycTaHOBWIOCH
Hanpspbkenue +U,. Tornga Ha HemHBepTupyromeM Bxoae OV yCTaHOBUTCS HaIps-

KEHUE Uy, PABHOE HANIPSIKEHUIO BRIKITIOUEHUS Uy ey

— 4+ UHR2
BBIKJI R2+R3.

[Tox meiicTBUEM Uy, = +U, HaumHaeT 3apspkatbes KoHAeHcaTop C depes pe-

U

3uctop Ry. Ilpu 3TOM HampskeHHe Ha KOHAEHCATOpe Uc PacTeT MO AKCIOHEHTE,
ctpemsicb kK +U;. Kak Tonpko B MOMEHT BpeMeHM t; HampsikeHue Uc JOCTUTHET
HanpsikeHust Uy, TPUCYTCTBYIOIIETO HAa HeMHBepTUpYtoweM Bxone OV, TIII me-
PEKITIOYUTCS. U BBIXOJHOE HAMNPSIKEHUE MYJIbTUBHOpATOpPA U3MEHUTCSI CKAYKOM JI0
—U,. B pe3synpraTe Ha HenHBepTHpyloweM BxoAe OV ycTaHOBUTCS HampsiKeHUE

Urioc, PaBHOE HAMpPSHKEHUIO BKITIOUECHUS U,

U, —-JnRe
R2 + R3

Hauunas ¢ MomenTa t; mop aeictBueM Uy, = —U; koraeHcarop C nepe3aps-
xaetrcsa depes pe3uctop Rp. Ilpu 3ToM HampsikeHne Ha KOHAeHcaTtope Uc U3MEHS-
eTcsl Mo 3KCIoHeHTe, cTpeMsch K —U;. Ho korna B MomeHT t, HanpsikeHue Uc Ha
HEM cTaHeT paBHbIM Uy, Tpurrep IlIMuTTa NepexItounTcs U BHIXOJIHOE HaIpshKe-
HUE MYJIbTUBHOPATOpPA MU3MEHUT 3HAK N0 Uy,x = +U,. BHOBb HaumHaeTcs 3Tarm me-
pe3apsina konaeHcaropa C 1 B MOMEHT t; MPOUCXOIUT OuepelHOE cpabdaThIBaHKE
tpurrepa IlImurra. Jlasee nmpoueccel MoOBTOpstOTCS. B pe3ynbpraTe Ha BBIXOAE
MyJIbTUBHOpaTOpa (GOpMHUPYETCS MEPUOINYECKas IOCIEI0BATEIHPHOCTh MPSIMO-

YI'OJIbHBIX UMITYJIBCOB.
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BBIpa)KeHI/Ie IJI JUIATCIIBHOCTHU BBIXOJAHBIX HMMITYJIBCOB tH MYJ'IBTI/IBI/I6paTOpa

Kak cieayeT u3 [1] umeer BU:

t, =tin % (12.1)

I BBIKJI

rae t = RyC.
[ToactaBuB B Beipakenue (12.1) manpsokeHUs Uy B Uy, U3 [2] mommydaem:

t, =t on~ma _p,cp 1t R/(RRs) RZCIn(1+ ZRIJ.

1—R; /(R + Rg) Ry

I~ ~ BBIKI

N3 BpemMeHHBIX nuarpaMM BHJHO, YTO B PACCMOTPEHHOM MYJIBTUBHOpATOpE
JUIATENILHOCTh UMIYJIBCOB {; paBHa mmrenbHOCTHM may3 ty, T.e. t; = t;. Takou
MYJIbTUBHOPATOP HA3BIBACTCS CUMMETPUUHBIM. [Ipu 3TOM yacToTa BBIXOJHBIX UM-

MyJIBCOB OIpeAesercs no Gopmyse:

ol )
T 2R,CIn(1+2R;/R3)’

(12.2)

rne T =t, +t,.

B cumMmeTpuyHOM MyIbTUBHOpATOpPE CKBAKHOCTH BBIXOAHBIX HMITYJIHCOB
Q=2

PerynupoBaHue 4acTOThl MYJIbTHUBHOpATOpa MOKET OCYIIECTBIATHCA H3Me-
HeHueM J1b0 napamerpoB Bpemsizanatoeil RC-enu R, wiu C, mu6o u3mMeHeHneM
conpoTuBieHus: ogHoro u3 pesuctopoB [IOC Ry mim Rs .

Oonosubpamop

OpnoBubOpaTop — 3TO0 (GOPMHUPOBATENH OJAMHOYHOTO MPSMOYTOJBHOTO HM-
nyJabca ¢ (PUKCUPOBAHHOM MJIUTEIHHOCTHIO, BO3SHHUKAIOIIETO HA BBIXOJE TMPH TO-
CTYIUICHUM Ha €ro BXOJl KOPOTKOTO 3amycKaromiero umiryibca. OmHOBUOpATOp
WHOTJIa HA3BIBAIOT JKIYIIIUM WM 3aTOPMOKECHHBIM MYJIBTUBHOPATOPOM.

Ha pucynke 12.2, a npuBenena cxema ognoBuOparopa vHa OY. OgnoBudparop
coctout u3: Tpurrepa llImutra Ha OV DA ¢ nensto IIOC Ha pe3ucropax R, u Ry,
BpeMsizanaromieit RC-ienn R3C,, Brmouennoit B nenb OOC; muona VD1, ¢ukcu-
PYIOIIEr0 HadallbHOE HANpsKEHHE Ha KoHnaeHcaTope C, U LeNM 3amycka, COCTOs-
e u3 quddepennupyromeit RC-nienu R1Cy u pazaenutensHoro auoaa VD,.

Ha pucynke 12.2, 6 npuBeeHBI BpEMEHHBIC THATrPAMMBI, TIOSCHSIIONINE pado-
Ty ogHOBHOpaTopa. PaboTy oHOBHOpaTOpa MOKHO pa3JeiuTh Ha TPH dTarla.

1-i aTan (MCXOAHOE COCTOSHUE, «KAyIIui» dTam) oT t = 0 no t;. Ha aToMm aTa-
1€ OTCYTCTBYET BXOJIHOW MUMMYJIBC, T.€. Uz = 0, koHIeHcaTtop C1 pa3psikeH, a Bbl-
XOJHOE HaIpsHKeHUE Uy, = —Up. B cxeMe mporekaer TOK MIYIIEero PeUMa iy, 10
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uenu: «obmuit» — auon VD; — pesuctop Rz — «—Up» (Bbixon). [lporekaromuii ye-
pe3 UACATBbHBIN U0/ TOK iy, HE CO37acT Ha HEM MaJCHUS HaNpshDKeHUs. B pe3ynb-
TaTe HamnpsbkeHue Uc Ha koHaeHcatope C nmonaaepkuBaetcs ((UKCUpYETCs) Ha HY-
JeBOM ypoBHE, T.€. Uc = 0. Tak kak Upoc < Uc, TO Ha BBIXOJIE MOJAECPKUBACTCS

HaMnpsbKeHHe Uy, = —U,. Hanpsbkenne Upoc onpenenseTcs: BRIpaKeHUEM:

_(CUDRR IR +Ry) U,RR,
Ry+RRy/(Ry+Ry))  RR,+R,Ry+RRy

Unoc = UBKJ‘I

Ugx
Ume
t
T
O i Ume t
..... | I.. |
: : Uoe ;
VD1 i R3 EfZVDs T |
0 t
C2 DA o ]
>t V1B N | 11 |
Uc ¢ Uggix +U,t-————- 3—77,%7¢:::::::::::: 7777
UBbIKJ'l ****** }7,,7 ;“Y
Cl wvD2 /Nta |
0 }tl A}‘tZY\\\
I | -~
Uspix } } i \\\\\\\s
U [T - -U, ———--=°==9
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Pucynok 12.2 — Cxema (a) 1 BpeMeHHBIC JHarpaMMbI paboThI (6)

OJTHOBHOpATOpa Ha OMEPAIIMOHHOM YCUJIUTEIE

DTO COCTOSIHUE OJHOBHUOpPATOpPA YCTOMYMBO U MOXKET JJIUTHCA CKOJIBKO YIoOJ-
HO J0JITO, MIOKa HE MPUAET 3aIlyCKAIOUIUN UMITYJIbC.

2-1 atan (3Tan ¢popMUpoBaHUS UMIMYbca) oT t; g0 tp. B MmomeHT Bpemenn t;
Ha BXOJI OJHOBHOpaTOpa MOAAETCs 3aIlyCKAIONMINNA UMITYJIbC, KOTOPhIH auddepen-
nupyetcs (ykopauuBaercs) RC-ienbio R3Cs. [Tom0XUTEIbHBIA UMITYJIBC MOJTYYEH-
HOT'O CUTHaua, BblAeIeHHbIN n1uogoM VD,, mocTynaer Ha HEMHBEPTUPYIOIINI BXO
OVY. HemnpeMeHHbIM YCIOBHEM TMOJYYECHHS MOJOXKUTEILHOTO UMITYJIbCa 3aIycKa
OJTHOBHOpATOpa MOCIIe TPOXOKACHHUS BXOTHBIM UMITYJIBLCOM IEIH 3aIycKa SBIISCT-

cs Up px > U, Hampsbxenue Ha HemHBEpTHpYIOIIEM Bxo1e OY cTaHOBUTCSA TOJI0-
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KUTCIBHBIM. A, TaK KaKk Ha WHBEPTUPYIOIIEM BXOJIE€ COXPAHSCTCS HAIMpsKEeHHUE Uc
= 0, To TII mepekatoUNTCA U HAMPSHKEHWE HA BBIXOJIE OJTHOBUOpATOpa JOCTHTHET
Usx = tUy. B pesynbrate dopmupyercs QpoHT BbIXOAHOTO uMITysibca. Ha aTom
aTane HEOOXOAUMOCTh B MOJACPKAHUU TOJIOKHUTEILHOTO HANPSOKCHUS HAa HEWH-
BEPTUPYIOIIEM BXOJIe OTHAAACT, TaK KaK 3TO COCTOSHHE TOCPKUBACTCS MOJIOKH-
TENBHBIM HaIPSKEHUEM Urjoc, PABHBIM HAIIPSKEHUIO BBHIKITIOUCHUS Uy ey
Uiien = +& .
R2 + R4

[ToaTOMy BXOJHOW UMITYJIEC MOXKET OBITh JIOBOJIBHO KOPOTKHM.

Hauwnnas ¢ MomeHTa BpeMeHU ) O NEUCTBHEM Uy, = +U; HaumHaeT 3apsi-
xaThcs KoHJeHcaTop C, depes pe3uctop Rs. Ilpu 3TOoM HanpshkeHue Ha KOHJICHCA-
Tope Uc pacTeT Mo IKCIMOHEHTe, cTpeMsch K +U,. Kak Toiapk0 B MOMEHT BpeMeHH 1,
HaNpsDKEHUE Uc JOCTUTHET HanmpspKEeHUS Ugyy,, TPUCYTCTBYIOMIECTO HA HEUHBEPTH-
pytomem Bxojae OV, T nmepek/IrounTCs U BBIXOJHOE HANPSHKEHUE MYJIbTUBHOpPa-
Topa u3MeHUTCs ckaykoMm 10 —U,. B pesynbrare popmupyercs cran (cpe3) BbIXO-
HOTO MIMIYyJIbCa, a Ha HEHHBepTUpYyromeM Bxojae OV yCTaHOBHTCS HaIPSKCHHUC
Unioc, paBHOE HaNPSHKCHUIO BKITIOYEHUS Uy,

JIIUTensHOCTh UMITYJIbCA, CPOPMUPOBAHHOTO OJHOBUOPATOPOM, OTIpPEIEIIsIeT-
cs o hopmyiie:

t, =1ln L R3Cs,In
1—R4 /(R2+R4) R2

M~ ~ BBIKI
3-i aTamn (3Tann BOCCTAaHOBJICHUS HCXOIHOTO COCTOsIHMSA) OT 1, 110 t3. Haunnas ¢
3TOro MOMEHTa 1, Mo IecTBUEM Uy, = —U,, KoHaeHcaTop C, mepe3apsixKaeTcs ye-
pe3 pesuctop Rs. [Ipu 3ToM HanpsokeHUue Ha KOHIAEHCATOpe Uc U3MEHSAETCS MO DKC-
noHeHre, crpemMsich kK —U;. Ho xorna B MoMeHT t3 HampsbkeHue Uc Ha HEM CTaHET
paBHBIM HYyJIO, oTKpoeTcs auoja VD1, m cxeMa mpuaeT B UCXOJHOE cOoCTosiHuE. B
MOMEHT BpeMeHH {3 cTaaus BOCCTAHOBJICHUS 3aBEpIIAcTCs, OJHOBHOpATOp mepe-
XOJIUT B XKAYIIUN PEXKUM U TOTOB K IIPUXOAY HOBOT'O UMITYJIbCA.

HJII/ITGJIBHOCTB tB 9Talra BOCCTAHOBJICHUSA OIIPCACIIACTCA BhIPpA)KCHHUCM:

t, =cn o s g cojn T Ra/(Ro +Ra)
~U, _
= R4C,In Ry+2Ry
R2+R4

Baxno OTMCTHUTB, YTO 3aIllp€IiacTCsa I10AaBaTb SaHYCKaIOIHI/Iﬁ HMITYJIbC Ha
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BXOJ] OJHOBHOpaTOpa B TEUCHHE STara BOCCTAHOBJICHHS, TaK KaK OJHOBHOpATOP
MOJKET MO0 HE 3aMyCTHTHCSA, THOO0 IIUTETFHOCTH €T0 BBIXOAHOTO UMITyJIbca OyAeT
HEIPEICKA3yEeMOM.

C 1enplo COKpalleHus AIUTEIbHOCTU dTana BOCCTAHOBIEHUS 4acTO B CXEME
oIHOBHOpaTOpa MpeaycMaTpUBAeTCsl IOIMOJHUTENbHAS 1eNb (MOKa3aHa MyHKTH-
pom), cocTosiias u3 pezucropa Rs u quona VDs3. Ilpuyem pesuctop Rs BeiOupaercs
C MEHBILIUM CONpoTUBIEHUEM, YyeM Rs. B pesynbprate konaencatop C, B TeueHHUE
JTana BOCCTAHOBJIEHUS pa3psbKaeTcs: ObICTpee.

PerynupoBanue qIuUTeNbHOCTH HMITyJbca t, OZHOBHOpaTopa MOXET OCy-
IIECTBIATHCS M3MEHEHHEeM JIMOo mapameTpoB Bpemsizafaromeid RC-ienn Rz wm

Cy, 11060 U3MEHEHUEM CONPOTUBIEHUS 0JIHOTO U3 pe3uctopoB [IOC R, unu Ry.

3. [IOAI'OTOBKA K PABOTE

3.1. 3yunth mpHUHIMIBI PaOOTHI pacCMaTPUBAEMBIX THIIOBBIX KacKaJOB Ha
OV, ux oCHOBHBIE CBOMCTBA.

3.2. HadepTuTh CXeMbI BKIIOUYCHUS MYJbTUBHOpAaTOpa U OJTHOBHOpATOpa Ha
oVv.

3.3. ITo dopmyine (12.2) paccunTaTh TEOPETUUECKOE 3HAYCHUE YACTOTHI CH-
rajia ¢ BbIXoJa MynbTuBUOpaTopa. [lpuHaATh comportusieHus pesuctopon: Rz=10
kOM, R1=1 kOm. 3HaueHus: eMKoCTH KOHJeHcaTopa C ¥ COMPOTUBJIEHUS PE3UCTOPA
R, B3sTh 13 ¢ Tabsuiel 12.1. Pesynprar 3anucars B Tabsuiy 12.2.

Tadomuna 12.1

Bapuant R,, xOM C, Mx®
1 10 2,2
2 11 2,0
3 12 1,8
4 13 1,6
5 15 1,5
6 16 1,4
7 18 1,2
8 20 1,1
9 22 1,0

3.4. Tloka3aTh HaYEPUYCHHBIC CXEMBI MPEIMOIABATEIIO JIJIST TPOBEPKH.
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4. ITIPOTPAMMA PABOTHI

4.1. UccnenoBanue MyJIbTUBHOpaTOpa

4.1.1. C momMonipi0 HHCTPYMEHTAIBHBIX cpeacTB mporpammer \Workbench co-
Opathb cxemy, IOKa3aHHYIO Ha pucyHke 12.3.

S EE—

A1

o 1

Pucynoxk 12.3 — Cxema a1 uicciieioBadusi paboThl MyJIBTUBHOpaTOpa

4.1.2. Jlns BpIOOpa ONEPAMOHHOTO YCHJIMTENS W3 TPYMIbl aHAJIOTOBBIX
KomroneHToB Onommoreku Analog ICs (kHomka ¢ u300pakeHHEM MHUKPOCXEMBI U
abopeBuarypa ANA) nepemectuth nmukrorpammy 3-Terminal Opamp (omepanuos-
HBI YCUJIMTENb C MATHIO BBIBOJIaMU) Ha pabouee noisie. BeiOpath Mojiess oneparu-
OHHOT'O YCHJIMTENA. J{JIs1 3TOTr0 MOABECTH yKa3aTeslb MBIIIU K ONepallMOHHOMY yCH-
JUTEIIO |, TOCJIe U3MEHEHHUS €ro BHJIa B U300paKeHUE PYKH, JTBOMHBIM MICITYKOM
JICBOM KJIABMIIIK MBIIIK BBI3BaTh quaoroBoe meHio 3-Terminal Opamp Properties.
B mosiBuBIIIEMCS AramoroBoM okHe B okorike Library (6ubanoreka) BeiOpath 61o-
auoteky default, a B oxomike Model — mozmens omepaimonnoro ycuautens 741 .
[Tocne aTOrO J1eBOM KHOMKOW MBIIIH MENKHYTH Kiapuiry OK.

4.1.3. YcraHoBuTh compoTuBieHus pe3uctopoB: Rz=10 xkOm, Ri;=1 xOwm.
YcTaHoBUTH eMKOCTh KOHZIEHcaTopa C U CONMPOTUBIIEHUS pe3ucTopa R, B COOTBET-
cTBuU ¢ Tabmunei 12.1.

4.1.4. K Beixogy OY NOIKIIOUNTH OCHUIUIOTPad W U3MEPUTh YACTOTY BbI-
XOJTHOTO HAIpPSKEHUSI aBTOKOJIEOATEILHOTO MYJIbTHBHOPATOPA, COBMECTHB PUCKU
«1» 1 «2» Ha 3kpanHe ociuTiorpada ¢ Ha4aJioM U KOHIIOM Tepruoja TeHEPUPyeMo-
ro CUTHaJa, KaK MOKa3aHo Ha pucyHke 12.4. PesynpraT 3anucats B Tabmuiy 12.2.
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T {J BBIX

= L
TL 2.551162+00 T2 2.56120e+00 T2-T1 1.01468e-02
VYAl |-B.14791e+00 VA2 |-6.27E53e+00 VA2-VAl |[-1.28674=-01
VB 1.40882e+01 VB2 1.40882e+01 WB2-VB1 |[-2.03346e-05
TIME BASE TRIGGER CHANNEL A CHANNEL B REDUCE
[Boomsic B | Epge M@ =l [ 5 viow B [10 w0 .
% POS LEVEL [oo0 B | v POS (o0 ¥ POS [0.00 EEEEREH
BB 5/n| noe| |EHEE &) B[ EXT| | ac| ol EE Ac| o JEE sAVE |
Pucynoxk 12.4 — OcumiimorpaMMsbl BBIXOJTHOTO HATIPSIKEHUS

MyJIbTUBHOpaTOpa

Tabmuna 12.2

fakcnep1 FH

fTeop; FH

4.1.5. I3meHuTth conpoTuBieHus pesucropa R, (pu HemsmenHout eMkoctu C,
3ajaHHON B Tabmuie 12.1) u emkocTh KoHaeHcatopa C (MMpU HEM3MEHHOM COIPO-
TUBJIEHUM pe3ucTopa R, 3amanHoMm B Tabnuie 12.1) takum obpa3om, 4TOOBI Ya-

CTOTa reHepaTopa M3MEHUIACh B COOTBETCTBUHU C Tabymmei 12.3.

Ta0muna 12.3
f, ' C, Mmx® (R,=const) R, kOm (C =const)
2f
1,5f
f
0,75f
0,5f

4.1.6. ITo manHbpM TabmuIel 12.3 moctpouts rpaduku 3aBucumocteit f(Ry) n
f (C). CpaBHUTB pe3yabTaThl ABYX DKCIIEPUMEHTOB M CJI€JIaTh BHIBOJIBI.
4.2. UccnenoBanue ogHOBHOpaTopa

4.2.1. C moMonipi0 HHCTPYMEHTAIBHBIX cpeAcTB mporpammbl Workbench co-
Opathb cxemy, TOKa3aHHYIO Ha pucyHke 12.5.
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5] Function Generator |3 | R?
200 k Ghm ~J
[ — | o ] _
Frequency
Lo % . N
g 1|
Offset T4
- Common + & 0z 22%”: hy Y ——
® 5 ® : f -
i L
VOT— 12
oy | —
@E‘ﬁ 01 uF —P—s R3 }‘||
2 10kOhm | 100k Ohm

e L

R
10 kOhm

Pucynok 12.5 — Cxema aiis uiccieioBaHusi paboThl OJTHOBHOpaTopa

4.2.2. YcraHoBuTh conpoTuBieHus pe3uctopo: Ri=10 kOm, R3=100 kOwm,
R;=10 kOm. YcTanoButb eMKOCTh KoHZeHcaTopa Ci1= 0,1 Mx®. [TapameTpsl pe3u-

ctopa R, u konneHncaropa C, yCTaHOBUTh B COOTBETCTBHUH C Tabnwmieit 12.4.

Tabmnal2.4
Bapuant R,, xOM C,, MkD
1 51 2,2
2 43 1,0
3 33 1,8
4 13 1,6
5 27 15
6 16 1,3
7 22 1,2
8 20 1,1
9 15 1,0

4.2.3. YcraHoBUTh apaMeTpsl reHeparopa: Frequency - 10 I'u, Duty cycle —
1%, Amplitude — 10 B.
4.2.4. V3MepuTh JIUTENHHOCTh UMITyNbca (T) HA BBIXOAE XKIYIIETO MYJbTH-

BUOpaTopa mpHu TOMOIIM ociwiorpada, aHamoruyHo, kak mno 1. 4.1.4 (pucy-
HOK 12.6).
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5 Oscilloscope &=
L i
o [
Ti 2.7892 = T2 2.8834 = T-T1 &4 2782 ms
"] AR PNl
W1 12 .5767 W 0 -7 .8é44 W WE2-WET -13.441@ W
— Time base Trigger Channel A Channel B
Bige M x| [+ viDiv El| [z0 viDi 5] | Reduce |
¥ position Lewel 0.00 E ¥ position | 0,00 H‘ ¥ position | 0.00 H‘ RE\"&I
NN o | BN 2[5[ee] | B ooc) B o oo save |

Pucynok 12.6 — OcuumiorpaMMbl BEIXOJAHOTO
HaANpPsDKEHUsI OJJTHOBUOpaTopa

4.2.5 V3meHuTh CONpOTUBIICHHE pe3ucTopa R, Takum oO6pa3oM, YTOOKI MOJTY-
YUTh JJIUTEIIBHOCTh UMITYJIbCA B COOTBETCTBUH C Tabnuient 12.5.

Tabmuna 12.5

T, mc 0,37 0,57 0,7T 0,857 T 15T 2T 25T 3T
R,, xOM

4.26. Iloctpouts rpaduk 3apucumoctr 1(R;) mo 3HaueHusM Tadauis 12.5.

5. COAEPXXAHUE OTHETA

OTu€T MOIDKEH CcoAepX aTh IeNib pabOThI, UCCIIENYEMbIE CXEMBbI, BHITIOJHEH-
HbIe B cOOTBeTCTBUU ¢ TpeOoBanusmu ['OCToB, Tabnuily ¢ SKCIEPUMEHTATbHBIMU
pesynbTrataMi, TpaduK MOTYYEeHHBIX XapaKTEPUCTHK, MOCTPOSHHBIM B MacmiTade.

B oruére Takxe npuBOAATCS PE3yJbTaThl PACUETOB, BBIBOJBI, CACIAHHBIE IIPU UC-
CJIEJOBaHUM.

6. KOHTPOJIbHBIE BOITPOCHI

6.1. JlaliTe onpenesieHre K AyIIEro MyJIbTUBHOpaTopa (0JHOBHOpATOpA).
6.2. TloscHuTe MPUHIUT JEHCTBUS ATOTO YCTPOWCTBAa nuarpamMmamu (B 00-
IIEM BHJIE, HE IIPUBSI3BIBASICH» K KOHKPETHOU CXEME).
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6.3. IlomyuuTe BbIpaKEHHE, ONPEACIAIONIECE MIUTEIBHOCTh BBIXOJHOTO HM-
yJIbca B OCHOBHOM cxeme ofgHoBHOpaTopa. [IpuBeaure quarpaMmbl, MOSICHAIOIINE
npouecc (popMUPOBAHUS BBIXOJITHOTO CUTHAJIA.

6.4. Kakum 00pa3oM MOKHO pEryiavpoBaTh JJIUTEIBHOCTh BBIXOJHOTO HM-
nyJibca ogHoBuOpatopa? Ilpeanoxure, apryMeHTUPYsI, HECKOJBKO CITOCOOOB.

6.5. Uto Takoe «BpeMs BOCCTAHOBJICHUs» OJIHOBHOparopa? YKaxXuTe 3TO
BpeMs Ha COOTBETCTBYIOLIEH BpEMEHHOW auarpamme. Ilomyuyure BblpakeHue s
ONpENENICHUs] BPEMEHH BOCCTAHOBJIEHUSI B OCHOBHOW CXEME YCTPOWCTBA.
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13. TABOPATOPHA PABOTA Ne 12

NCCIELOBAHUE LHHA®POBLIX CXEM HA JIOIT MYECKUX SJIEMEHTAX

1. IEJIb PABOTEI
O3HakomiileHHE ¢ pabOTONM OCHOBHBIX JOTMYECKUX LHU(PPOBBIX 3JIEMEHTOB U

TPUTTEPOB.

2. OCHOBBI TEOP1IA

[HudpoBbie cxembl ABIAIOTCS COCTaBHOM yacThio Bcex DBM, cucreM aBTOMA-
TUYECKOTO YINpaBieHUs! W MpeaHa3HauYeHbl A1 00paOOTKU, XpaHEHUS U Nepeaaydu
auckpeTHon (umudpoBoit) nnpopmaiu. B mudpoBbix cxemax BBITOJHSIOTCS pas-
JUYHBIE JTOTUYECKHUE ONEPAlMU HAJl TUCKPETHBIMU CUTHAJIAMH MPH JIBOMYHOM CIIO-
cobe ux npencrasiaenus (1; 0). L{udposbie moruueckrue cxemsl ACIITCS HA KOMOH-
HAllMOHHBIE CXEMBbI M TUCKPETHBIE aBTOMAThI C NaMATHIO.

K noruueckum KOMOMHAIMOHHBIM CXeMaM OTHOCAT TaKHe, BBIXOJIHOE JOruye-
CKOE COCTOSIHHUE KOTOPBIX OJIHO3HAYHO ONpeielsieTcss KOMOMHAIMEe UX BXOJHBIX
CUTHAJIOB B JJaHHBIH MOMEHT BPEMEHM. DTO JIOTUYECKHE 3JIEMEHTHI, Jemudparo-
pbl, mHdpaTopsl, Ipeodpa3oBaTe KOAOB U APyrue yCTpONCTBA.

K nuckpeTHpIM aBTOMAaTaM C MaMAThEO OTHOCAT TAKUE YCTPOMCTBA, BBIXOJHOE
COCTOSIHME KOTOPBIX OIPEAEIAETCs HE TOIbKO KOMOMHAIMEN BXOJIHBIX CUTHAJIOB B
JAHHBII MOMEHT BPEMEHH, HO U TE€M, KAKUE MOCIEAOBATEIBHOCTH CHUTHAJIOB IIO-
CTYIIAJIM Ha MX BXOJbl B MPEAUIECTBYIOIINE MOMEHTHl BpEMEHH. ABTOMAT IIOMHHT
CBOIO IIPEJIBICTOPUIO U XPAaHUT €€ B MaMATH. DTO pa3HOOOpa3HbIe TPUITEPHI, PETH-
CTpBbI, CYETYUKN UMITYJICOB

[IpenMyIieCTBEHHOE pacPOCTPAHCHUE TTOTYYHIN JIOTHICCKHUE JIEMEHTBI 110-
TEHIIMAJILHOTO THMA. B HUX UCIIONB3YIOTCS TUCKPETHBIC CUTHAIIBI, HYJICBOMY 3Ha-
qeHU10 «0» KOTOPBIX COOTBETCTBYET YPOBEHb HU3KOT'O IMIOTEHIINAJIA, & CITMHUIHOMY
3HAYCHUIO «1» — YPOBEHB BBICOKOT'O ITOTEHIIHAIA.

Bce cxembl upOBOM TEXHUKHU BBITIOJHSIOTCS Ha JIOTHYSCKUX MHTETPATBHBIX
MHKpOcXeMax. 3aKoH (DYHKITMOHUPOBAHMS JOTHYECKUX SJIEMEHTOB MOYKHO OTIH-
caTh, MCIOJIL3Yys anreopy joruku (0yseBy aareOpy) Wi MNPy MOMOIIN TaOJIHII,
Ha3bIBa€MBIX TaOJNUIIAMH UCTHHHOCTH.

JIro6oe 1 poBoe yCTPOMCTBO MOXKHO CO37aTh, UMEsI B PACIOPSHKEHUU HAOOp

JIOTHYECKHUX DJIEMEHTOB, BBIIIOJHAIOMIUX CICAYIOINUE OIICpalMH. JIOTHYICCKOE CJIO-
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xenue (moruueckoe MJIN), morndeckoe ymHoxenue (mormueckoe M) u morndyeckoe

orpunianue (joruueckoe HE). MokHO OOOHTHCH M TOJBKO OJHHUM M3 COCTaBHBIX

noruyeckux dementoB 2U-HE niu 2NJIN-HE.

B tabnuue 13.1 npencraBieHbl ycnoBHbIE 0003HAUEHHUS] OCHOBHBIX JIOTHYe-

CKHUX 3JICMCHTOB, OIICpalli, BBIMIOJIHACMBIC OTUMHU BJICMCHTAMHA U UX Ta6J'II/II_[BI Huc-

THHHOCTH.

Tabmuma 13.1

Jloruueckoe YenoHoe Tabnuna
Haspanne JI9 ypaBHEHUE 060;32%_ UCTUHHOCTHU
X1 Xo Yy
x_ [1 1Y 0]0([O
nim Yy =X1v Xo Xe 1101
0 [1]1
1 ]1]1
X1 X2 Yy
x_[& Y 0]0[O
" Y =X Xo Xo ] 1 [0f[O
0O [1]0
1 ]1]1
HE a Y
(uHBEpTOD) Y= X_j_y (1) (1)
, Xt | X2 | Y
X1
NJIN-HE _ xij 01011
(onemenr Iupca) y=xvx 11010
0110
1 ]11]0
X1 X2 Yy
U-HE M_f&d¥ 10|01
(onement Lledde- Y= XX, Xz_j 1101
pa) 0 1 1
1 ]11]0
, X1 X2 Yy
OKBHBAJICHTHOCTb _ Z: B 01011
(paBHO3HAYHOCTB) y=xumx L 010
0110
1 ]1]1
Hckmouaromiee xi_[=1 Y )8 )E)Z E)/
N Xe
Yy =X DX, 1 0 1
(HepaBHO3HAY- 0 111
HOCTb)
1 ]11]0
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Tpurrepom (anrn. Trigger) Ha3bIBaeTCs YCTPOMCTBO, OOJIajaromiee ABYMs
YCTOMYUBBIMU COCTOSTHUSIMU PABHOBECHUSI M CIIOCOOHOE CKAUYKOM MEPEXOJIUTh W3
OJIHOTO COCTOSIHUSI B JPYro€ IO BO3JACHCTBUEM BHEIIHUX YMPABISIONIUX CHUTHA-
JIOB, TOCTYMAIOMNINX HA €r0 HH(OpPMaIMOHHbIE BXOABI [1].

Tpurrepsl npenHa3zHaueHbl ISl 3aMUCU U XpaHeHus 1udpoBoi nHopManuu
(otHOTO OUTa — OAHOPA3PSIAHOTO JBOMYHOTO YKCIIA).

Knaccuduxanus. [lo pyHKIIMOHATBEHOMY NMPU3HAKY TPUTTEPHI TOAPA3ACISIIOT-
cs Ha RS-, D-, T-, JK- Tpurrepsi.

[To crioco®y 3anmucu UHGOpPMAIUU TPUTTEPHI MOAPA3ALIAIOTCS HA AaCUHXPOH-
HbIC U1 CUHXPOHHEIE.

VY acMHXpPOHHBIX TPUTTEPOB MEPEXOJ M3 OJHOTO COCTOSHUSA B Jipyroe (repe-
KIIFOUCHHE) MPOUCXOJUT MPHU TMOCTYIUIEHUH COOTBETCTBYIOIIMX CUTHAJIOB Ha WH-
dbopMaImoHHbIE BXO/IbI.

CUHXpOHHBIE TPUITEPHI TMEPEKITIOYAIOTCS TOJIBKO TPU HAJIWYUU TaKTOBOTO
CUTHAaJIa Ha JOMOJHUTEILHOM CHHXPOHU3UPYIOIIEM BXO/JIE.

[To cnocoOy ympaBieHUs CHHXPOHHBIE TPUTTEPHI MOAPA3ACISIIOTCS HA TPUT-
repbl CO CTATUYECKUM U TPUTTEPHI C TMHAMUYCCKUM YIIPABICHUEM.

Tpurrepsl co CTATUYECKUM YIIPABICHUEM IEPEKIIOYAOTCS, KOrJa CUTHAJ Ha
CUHXPOHHU3UPYIOIIEM BXOJI€ JOCTUT OPOTOBOrO YPOBHSI.

VY CUHXpOHHBIX TPUITEPOB CO CTATUYECKUM YIIPABICHHEM B TEUCHHE IECii-
CTBUS CHUHXPOHU3HUPYIOIIETO HMMITYJIbCa CMEHAa CHUTHAJOB Ha HH(POPMAIMOHHBIX
BXOJIaX BBI3bIBAET HOBbIE CpalaThiBaHUS. Bo MHOTHX ciy4asix 3TO CBOMCTBO SBJISI-
€TCSl HEeJIOCTATKOM, TaK KaK MPUBOIUT K cO0sIM B paboTe 1u(poBOro yCcTpOUCTRa.
Ot 3TOrO0 HegOCTaTKa CBOOOAHBI TPUTTEPHI C AMHAMUYECKUM YIIPABICHUEM.

Tpurrepsl ¢ TMHAMUYECKUM YIPABICHUEM B 3aBUCUMOCTH OT CXE€MbI MCHOJI-
HEHHUS pearupyror 1100 Ha GPoHT, TuOO0 Ha cpe3 (Craj) CHHXPOHU3UPYIOIIETO UM-
yJibca.

CxeMBbl TPUTTEPOB BBHIMOIHAIOTCA Ha JID 1 MOryT OBITH TOCTPOCHHI B 6a3ucax
WNIJIN-HE wnu U-HE. Paccmotpum paboTy cXeéM OCHOBHBIX TPUTTEPOB.

Acunxponsbli RS-tpurrep Ha normueckux snementax MJIM-HE. Buauane
pPacCMOTPUM OCHOBHBIE MTOHSTHSA, KACAIOIINECS] BCEX ACUHXPOHHBIX RS-TpUrrepos.

CBoe HazBanue RS-tpurrepsl B3siin oT 0003HAYeHUsS] MX BXOJ0B. BXojbl, B
CBOIO OUE€pE/Ib, B3SJIU CBOE 0003HAYEHHUE OT MEPBHIX OYKB aHTITUHCKHUX CJIOB:

- Set — ycTaHOBKa WIIM 3aI¥Ch;

- Reset — nepeycranoBka, cOpoc, CTUpaHHe, YCTAHOBKA HYJIA.

Tpurrepsl umeroT aBa UHGOPMAIIMOHHBIX BX0oJa S U R u 1Ba BeIXOga — mps-
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Moil Q ¥ MHBEPCHBIN Q.

[Ipu mogaye COOTBETCTBYIOIIETO CUTHANA HA BXOJ S MPOUCXOAUT YCTAaHOBKA
TpUITEPA, a MPHU NOJIa4e COOTBETCTBYIOIIEr0 CUTHajga Ha BXoJ R mpoucxomur ero
copoc. B 3aBUCHMOCTH OT CXEMBbI TPUITEPHI MOTYT YHPaBIAThCA 100 Jsor. 0 a1udo
aor. 1.

[lon ycTtaHOBKO (3aIMCBHIO0) MOHUMAIOT PEXKUM padOTHI TpUITEpa, IPU KOTO-

pOM Ha TpsIMOM BbIxojie (Q ycTaHaBJIMBAETCs CUTHAJ Jor.l, a Ha uHBepcHOM Q —

aor.0.
[Ton cOpocom (ctupanuem) OyaeM NOHUMATh PEKUM pabOThI TpUTTEpa, MPH KO-
TOPOM Ha IpsiMoM BbIxoJie Q ycranaBnuBaetcs curnai jior.0, a Ha uHBepcHOM Q —

qor.1.
Pexxum, ripu KOTOpOM Mpu U3MEHEHUU HAOOpa BXOHBIX CUTHAJIOB COCTOSIHUE

BBIXOJIOB TPUTTEPA HE M3MEHSETCS, HA3BIBACTCS PEKUMOM XPAaHCHMs 3alTMCAHHOU
uH(pOpMAITIH.

PaGoTy TpurrepoB MOXHO paccMaTpUBaTh C MOMOIIBIO TAOIHIIBI IEPEXOIOB.
B otnuuue ot TabauIibl MICTUHHOCTH B TaOJIUIIE MTEPEX0JI0B MPU U3MEHEHUH Habopa
BXOJIHBIX CHUTHAJIOB TOCJIEAYIONIEE COCTOSIHUE BBIXOJOB TpPHUITEpPa 3aBUCHUT OT
PEABIIYILETO.

Ha pucynke 13.1, a npuBeaeHa cxema acHHXpoHHOro RS-tpurrepa Ha JID
NJIN-HE. Cxema tpurrepa BoinoigHeHa Ha nByx JID WJIM-HE ¢ nepexpecTHbIMU
0OpaTHBIMU CBSI3AMH.

DD1.1 S ! ! ! !
S 0:0 1 0:0 :OHOHO:Ot
DD2 R— | | — i —
= 1 oio io 1 oioioioio 1
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- : | : | | |

R —Rr 9) otol 1 f1f o tofrfriria]o

R T T
Q— | . I

1110 'o]l 1 '1]ololo!l o] 1
| | 1 | | | t

a) 0) 6)
Pucynok 13.1— Acunaxponsbiii RS-Tpurrep Ha TUHEHHBIX

anemenTax UJIN-HE: a — cxema; 6 — ycioBHOe 0003HAaUYEHUE;
6 — BPEMEHHbBIC JUarpaMMbl PaOOThI

PaGoty RS-tpurrepa paccmorpum mo Tabnuiie nepexoaos (tadbmuma 13.2). B
tabmume 13.2 wHAaekc N o00o03HA4YaeT COCTOSIHME TEKyIero Takta, a N—1 —
COCTOSTHUE TIPEABIAYIIETO TAKTA.
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Tabnuma 13.2

S R Qn Q_n Pexxum

1 0 1 0 YcranoBka

0 1 0 1 C6poc

0 0 0 (Qn-1) XpaHeHne
1( Qn_l )

1 1 0 0 3anpenieHHbI N

RS-tpurrep noctpoen na JI2 UJIM-HE, cnenosarensHo, Ha BX0gax HE0OXO-
JTUMO oOpaliaTh BHUMaHWE Ha aKTUBHBIN YPOBEHB JIOT. 1, Tak KakK ero MpUCYTCTBHE
Ha r000M u3 Bxoa0B JID NIIN-HE onHo3HauHO ompeaessieT Ha ero Beixoze Jior.0.

[Tpu naGope BxomHbIX curHasioB S = 1, R = 0 jor.1 Ha Bxome JID DD1.2
YCTaHABJIMBAET Ha ero BeIxoge Q curHan jor.0, a asa nor.0 Ha Bxogax JID DD1.1
yCTaHaBIWBAeT Ha ero Beixojae Q curHan jor.l. Takum oOpa3om, B COOTBETCTBUU
¢ cocrosinueM BeixosoB Q =1, Q = 0 mpowusoiia ycTaHoBKa (3aluch) TpUTTEpa.
B tpurrep 3amnucana nor.1, yctaHoBieHHas Ha Bbixoze Q .

[Tpu naGope Bxomubix curHasioB S = 0, R = 1 jor.1 Ha Bxome JID DD1.1

yCTaHaBIUBAaeT Ha ero Beixoje Q curuan jor.0, a aBa jor.0 Ha Bxonmax JID DD1.2
yCTaHABIWBAIOT Ha ero Beixojae Q curHan jor.l. Takum o6pa3oM, B COOTBETCTBUU
¢ coctossareM BbixoqoB Q = 0, Q = 1 mpowusomen copoc Tpurrepa. Madopmarus

U3 TPUITEpa yAaJIeHa, Tak Kak Ha Bbixoae Q ycraHosieH Jior.0.
Cnenyrouuii Habop BXoAHBIX curHamoB S = 0, R = 0 omgHO3HAYHO HE

omnpeAeNsieT COCTOSSHUE BBIXOJOB Tpurrepa, a Bot Jior.l Ha Bxoae JID DDI.1 ¢

Beixoma Q JIO DD1.2 ocraBut Ha BeIxoAe Q umor.0. JIa mor.0 Ha BXxomax JIO
DD1.2 ocrapmstor Ha ero Beixoge Q cwurnan sor.l. Takum oOpa3oM, COCTOSIHHE

BBIXOJ0B Q 1 Qipnrrepa HE M3MCHHIIOCH, CIICJIOBATEIBLHO, ATO PESKUM XpaHEHUS
npeapayero coctosaus. Ecmu O6b1 mepen npuxoaom HaOOpa BXOJAHBIX CUTHATIOB S
= 0, R = 0 cocrosiHHe BBIXOJOB Tpurrepa oo Q = 1, 6 = 0, To OHO OBI U
COXPaHHUJIOCH.

ITpu HaGope BxoaHbIX curHaioB S = 1, R = 1 cocrosamre Bbxo0B Q = 0, (_) =

0. Taxoit HabOp BXOAHBIX CUTHAJIOB JIJIsl TAHHOTO RS-Tpurrepa 3amperieH mo 1Bym
MPUYMHAM:

1) yTepsiHBI CBO¥CTBA TpHrrepa, Tak kak umeem @ = 0, (_) = 0, a cur”amusl
JOJIKHBI OBITh MPOTUBOMOJIOKHBIMHU.

2) Tipu TIepexojie U3 Habopa BXOIHBIX cHrHaIoB S =1, R=1BHa0op S=0,R=0
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COCTOSIHME BBIXOJIOB TpUITEpPa Oy/IET HENpeACcKa3zyeMo.

N3 anamuza tabmuuel 13.2 cnemyer, 4ro npu mojade Ha Bxoj S Jor.l
MPOMCXOAUT YCTAHOBKA TpHUITEpa, a mpu mojaaye jor.l Ha Bxox R — ero cOpoc.
CrnenoBarenbHo, naHHbIM RS-Tpurrep ympasnsercs jor.l, TO €CTb aKTUBHBIM
JIOTUYECKUM YPOBHEM SIBIISICTCS JIOT. 1.

Ha pucynke 13.1, 6 mnpuBefeHO ycJIOBHOE 00O3HAUE€HUE ACHMHXPOHHOro RS-
tpurrepa Ha JIO WMJIM-HE. B BBepxy ocHoBHOro mnons wuzoOpaxena Oyksa T,
yKa3bIBaIOIIas Ha TO, YTO 3TO YCTpOMCTBO — Tpurrep. O6o03HaueHue BxoA0B S U R
yKa3plBa€T Ha TO, uro 23T0 RS-tpurrep. OTCyTcTBHE IOMOJHHUTEIHLHOTO
CHHXPOHHM3UPYIOIIEro Bxoaa C TOBOPUT O TOM, YTO JaHHBIN TPUTTEP aCHHXPOHHBIN. B
0003HaueHnM BXOJbI TpUrrepa S u R mpsiMble, Tak Kak HET 00O3HAYCHUSI MHBEPCHIA.
10 yKa3bIBaeT Ha TO, YTO AaHHBIN RS-Tpurrep ympasmnsercs jor.1.

Takum 006pazom, O YCIIOBHOMY 0003HAYEHUIO MOXKHO y3HATh (DYHKIIMOHAIBHOE
Ha3HA4YCHHUE TPUTTepa U OOBSICHUTD JIOTHKY €T0 pabOoTHI.

Ha pucynke 13.1, ¢ mpuBeeHbI BpeMEHHBIC JHarpaMMbl, TOSCHSIONINE PadoTy
acuHxpoHHoro RS-tpurrepa na JI9 NJIN-HE.

[lpu mocTpoeHWHM BpPEMEHHBIX JUArpaMM CHadajla OTMEYAIOTCS HHTEPBAJIBI
BPEMEHH, COOTBETCTBYIOILME PAa3IMYHbIM HaOOpaM BXOJHBIX curHanoB S u R. Ha pu-
cynke 13.1, ¢ uHTEepBaybl pa3[eNieHbl BEPTUKAIBHBIMU ITyHKTUPHBIMHU JIMHUSMH.
3areM, aHAIM3WPYysd HAOOpPHI BXOMHBIX CHTHaIOB S W R, mo Tabnume 13.2

OnpecaACAIOTCA COCTOAHUA BBIXOJ0B Q ) Q N YKa3bIBAlOTCA HAa BPCMCHHBIX

auarpammax.
AcuHxpoHHBII RS-Tpurrep Ha jgoruueckux iementax U-HE. Ha pucys-

ke 13.3, a mpuBenena cxema acuHxpoHHoro RS-tpurrepa na JI9 U-HE. Cxema

Tpurrepa BoinonHeHa Ha nByx JID U-HE ¢ nmepexkpecTHbIMU 0OpaTHBIMU CBS3SMHU.

Tpurrep umeet aBa HHGOPMAIMOHHBIX BX0/1a S U R U JIBA BHIX0Ja — IPAMOA
@ v uaBepcHbIH Q.

PaGoty RS-tpurrepa paccmorpum mo Tabnuiie nepexoaos (tabmuna 13.3). B
Tabymile UHIEKC N 0003HaYaeT COCTOSIHUE TEKYIEero Takra, a N— 1 — coctosiHue
MPEABIAYIIEro TaKTa.

RS-tpurrep nmoctpoen Ha JID U-HE, ciemoBarensHo, Ha BXxomax Oymem oOpa-
aTh BHUMAaHNUE Ha aKTUBHBINA YPOBEHH JIOT.0, TaK KaK €ro MpUCyTCTBHUE HA TIFOOOM

u3 Bxo70B JID U-HE onHo3HayHO omnpenenser Ha ero BbIxoe Jor. 1.
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Pucynok 13.2 — Acunxponnsiit RS-tpurrep na JI9 U-HE:

a — cxema; O — yclIOBHOE 0003HAUEHUE; 8 — BPEMEHHBIE 1MarpaMMbl paOOThI

IIpu nabope BXomHbIXx curHamoB S= 0, R= 1 nor.0 nHa Bxoxe JID DD1.1
yCTaHaBIMBAET Ha €ro BhIxojae @ curHan jor.l, a ase jor.l Ha Bxomax JID DD1.2
YCTaHABJIMBAET HA €ro BhIXoje @curHan jgor.0. TakuM o6pa3oM, B COOTBETCTBHUE C
COCTOsIHMEM BbIX0J0B @ = 1, @ = 0 mpousouaa ycTaHOBKA (3amKch) Tpurrepa. B

TPUITED 3allicana JIor. |, ycTaHOBJIEHHAs Ha BBIXoe ).
Tabmuna 13.3

S R Cn Qn Pexxum

0 1 1 0 VYcraHnoBka

1 0 0 1 Copoc

1 1 0 _ — XpaHeHue
(Qn 1) l(Qn—l) p

0 0 0 0 3anpenieHHbIN

IIpu Habope BXOMHBIX curHagoB S= 1, R= 0 nor.0 Ha Bxoge JID DD1.2
YCTaHABJIMBAET HAa €TI0 BBIXOJE 6 curHax jor.l, a ase jor.1 na Bxoxax JID DD1.1
yCTaHABJIMBAIOT Ha ero Bbixoae ¢ curnan ymor.0. Takum o0pa3oM, B COOTBETCTBUE
¢ cocrostHEeM BbIx010B @ = 0, Q =1 npousotien copoc tpurrepa. Uudopmarus
U3 TPUITEpa yIalleHa, TaK Kak Ha BeIxoae @ ycraHosieH jor.0.

Cnenyromuii HaGop BXOAHBIX curHamoB S= 1, R= 1 oJHO3Ha4HO He
OMpEeNIEeNIAeT COCTOSIHUE BBIXOJIOB Tpurrepa, a Bot Jior.0 Ha Bxonme JI9 DD1.2 ¢

Beixoga @ JID DDI1.1 ocraBuT Ha BBIXOIE 6 gor.1l. JIe mor.1 Ha Bxomax JID
DDI1.1 ocraBastorT Ha ero Beixoge ) curHan sor.0. Takum 00pa3oM, COCTOSIHHE
BBIXOJI0B @ M QTpuUrrepa He M3MEHMIIOCH, CJIE0BATENBHO, ITO PEKUM XPaHEHHUS
npeapayiero coctosuus. Ecau Obl mepea mpuxoaoM Habopa BXOJHBIX CUTHAJIOB
S=1, R=1 cocrosHre BBIXOAOB TpHrrepa Obut0 @ = 1, 6 = 0, To OHO OBl M

COXPaHHUJIOCH.
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[Ipu HaGope BXOJIHBIX CUTHAJIOB S=0, R=0 cocTostHUE BBIX00B @ = 1, (_) =

1. Takoil HaboOp BXOAHBIX CUTHAJIOB JJIsl JaHHOTO RS-Tpurrepa 3ampelieH no AByMm

MPUYUHAM:
1) yTepsiHBI CBOWCTBa TpHUrTrepa, Tak kak umeeM @ = 1, Q = 1, a curHasl

JOJKHBI OBITH IPOTUBOIIOIOKHBIMH,

2) ipu nepexoze U3 Habopa BXoAHBIX curHanoB S=0, R=0 B Habop S =1,
R = 1 cocTosHME BBIXOJ0B TPUITEPA OYIET HEMPEICKA3YEMO.

W3 ananu3a tabmuiel nepexoaos (tadbmauna 13.3) ciemyer, 4To npH mojadye Ha
BxoJ S 1nor.) MPOMCXOAUT YCTAHOBKA TPUITEpa, a MpH nojade Jjor.0 Ha BXox R —
ero copoc. CrenoBaTenbHO, NaHHbIM RS-Tpurrep ympasisercs nor.0, To ecTh
aKTUBHBIM JIOTHYECKUM YPOBHEM sIBIsieTCs JioT. 0.

Ha pucynke 13.2, 6 npuBefeHO yclIOBHOE 00O3HauY€HHE aCHHXPOHHOro RS-
tpurrepa Ha JID W-HE. BBepxy ocHoBHOro mossg wu3oOpaxeHa OykBa 7,
YKa3bIBAIONIas Ha TO, YTO 3TO YCTPOHCTBO — Tpurrep. O603HaueHHE BXOAOB S U R
yKa3plBaeT Ha TO, 4YT0o 3T0 RS-tpurrep. OTCyTCTBHE IONOIHUTEIHLHOTO
CUHXpOHU3Upytomero Bxoga C TOBOPUT O TOM, UTO JAHHBIA TpPHUITEp
aCMHXPOHHBIN. B 0003HaueHM BXOJBI TPUITEPAa S M R HMHBEPCHBIE, TAK KaK €CTh
0003HaYeHHUs WHBEpCUH (KpYy>KOUKM Ha BXOJax). OTO yKa3blBaeT Ha TO, 4YTO
nanHblidi RS-tpurrep ynpasinsercs jor.0. i TOATBEPKISHUS MHBEPCHBIX BXOJIOB
JaHHOTO TpUITepa HajJ OYKBEHHBIMH OOO3HAYEHUSMHU BXOJIOB CTAaBUTCS 3HAK
MHBEPCHH.

Ha pucynke 13.2,6 mnpuBeneHbl BpPEeMEHHBIC AHArPaMMBI, MOSCHSIONINE

paboty acuaxpoHHoro RS-tpurrepa Ha JID U-HE. Ananusupys HaGOpbl BXOJIHBIX
CUTHANOB S 1 ﬁ, COCTOSIHUS BBIXOJ0B @ 1 6 onpenensroTcs mo Tadmuie 13.3.

CunxpoHnblii RS-Tpurrep na joruueckux 31emenrax U-HE.

Bo MHOrMX mHQPOBBIX YCTPOWCTBAX HEOOXOJUMO CHUHXPOHH3UPOBATH BO
BPEMEHM MEPEKIIIOUEHUE TPUTTEPOB, TAK KaK HEOJJTHOBPEMEHHOE UX MEPEKITIOYEHUE
MO>KET MPUBECTHU K TOSIBJICHUIO HETIPE/ICKa3yeMbIX COCTOSTHUIM YCTPOUCTBA U COOSIM
B €ro pabore.

C 97Ol 11ebI0 CHHXPOHHBIE TPUTTEPHI CHAOKEHBI JOTIOTHUTEILHBIM BXOJAOM,
Ha3bIBAEMbIM CUHXPOHU3UPYIOIIUM (TaKTUPYEMBIM). Ha3znauenue
CUHXPOHHU3UPYIOIIETO BXOJa 3aKIII0YAETCs B TOM, YTOOBI CUTHAJIOM Ha 3TOM BXOJ€
paspeniaTh MPUEM CUTHAJIOB ¢ MH()POPMAIMOHHBIX BXOJIOB B 33/IaHHBIC BPEMEHHBIC
MHTEPBAJIbI JIJIsl TPUTTEPOB CO CTATUUYECKUM YIPABICHUEM U B 33JJaHHBIE MOMEHTHI

BPpCMCHH AJIA TPUITCPOB ¢ AMHAMUYCCKHUM YIIPABJICHUCM. HpI/I OTCYTCTBHHU CHUI'HAJa
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Ha CUHXPOHMU3UPYIOLIEM BXOJE€ CUTHAJIbl HA MH()OPMAIMOHHBIX BXOJaX TPUITEPOM
HE BOCIPUHUMAIOTCSA, U TPUITEP HAXOJUTCS B PEKUME XPAHEHHs 3alHMCaHHON
uHpopmanuu [1].

CHHXpOHHBIE TPUITEPHl TO3BOJIAIOT YCTPAHATh BIMAHHE pPA3IUUUld B
BEJIMYMHAX 3a/IEPKEK B PACHPOCTPAHEHUM CHUTHANa 4Yepe3 OTAENIbHBIE AJIEMEHTHI
CXeMbl, o0ecreuyuBasi MpU 3TOM OJIHOBPEMEHHBIM NPHEM CUTHAJIOB pPAa3HBIMU
gacTsIMU cxeMbl. CHUHXPOHHBIE TPUITEPHl O00JATAIOT OOJBIIMMHU JIOTMYECKUMU
BO3MOXHOCTSIMH, YEM aCUHXPOHHBIE.

Ha pucynke 13.3, a npuBenena cxema cuHXpoHHOro RS-tpurrepa na JID U-
HE.

Cxema tpurrepa BoinoiHeHa Ha yeTsipex JID U-HE. JI3 DDI1.1 u DD1.2 sB-
JSFOTCA BXOJIHOM JIOTMKOM (cxeMol yrpaBieHusi), a cxema Ha JID DD1.3 u DD1.4

npencrapisieT co00M acHHXpOHHBIA RS-Tpurrep.

C
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Pucynoxk 13.3 — Cunxponnsiii RS-tpurrep na JID U-HE:

a — cxeMa; 6 — yciIoBHOE 0003HaUYCHHUE; 8 — BPEMEHHBIE JUarpaMMbl pabOThI

Tpurrep umeer nBa WHPOPMAIMOHHBIX BXOoAa S U R, CHHXpOHHM3MPYIOIINT
Bxox C (ot anri. Clock) u gBa Berxoza — npsimoii @ 1 nuBepcHblii Q .

PaGoty cunxponHoro RS-Tpurrepa paccMoTpuM MO TaOdHIE IMEPEXOI0B
(Tabmuma 13.4). B tabnuie nHIEKC N 0003HAYaeT COCTOSHUE TEKYIIETrO TakKTa, a

n — 1 — cocTosiHUE MPEABIAYIIETO TAKTA.
Tab6auma 13.4

C S R Qn Qn Pexnm

1 1 0 1 0 VYcranoBka

1 0 1 0 1 Copoc

1 0 0 0 (Qn-1) 1(Q,_4) XpaHeHue
n_

0 X X 0(Qn-1) 1Q, XpaHeHue
n_
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Cunxponnsiii RS-tpurrep nocrpoen Ha JI9 U-HE, cienoBarensHo, Ha BXogax
Oyznem oOpaliatb BHMMaHHME Ha AakKTUBHBIM YypoBeHb Jor.), Tak Kak ero
npucyrcTBue Ha nroooMm u3 BxoaoB JID U-HE oaHo3HauHo ompenenser Ha ero
BBIXOJIE JIOT. 1.

[Ipu naGope Bxomubix curHaioB C = 1, S = 1, R = 0 nor.0 Ha Bxone JID
DD1.2 ycranaBnuBaeT Ha €ro BBIXOJ€ CHUTHAN JIOT.l, KOTOpas jajee HUYEro He
onpenensier. Jpe mor.l1 Ha Bxomax JID DDI.1 ycranaBnuBaer Ha €ro BBIXOJE

curHai Jior.0, KOTOpbIi B CBOIO OYepe/b yCTaHABIMBAcT Ha Bhixomae @ JID DD1.3
curnan jor.1. JIge sor.1 ¢ Beixoma Q u JID DD1.2 ycraHaBnuBarOT Ha BBIXOJIE 6
JID DD1.4 curnan nor.0. Takum o6pa3oM, B COOTBETCTBUE C COCTOSIHEM BBIXOJIOB
Q = 1, Q = 0 npowusomuIa ycTaHOBKA (3aIKCh) TpHUITepa. B Tpurrep 3ammcana

jor.1, ycraHoBiieHHast Ha Bbixojie Q.

[Tpu naGope Bxomubix curHasioB C = 1, S = 0, R = 1 nor.0 na Bxone JID
DD1.1 ycranaBnuBaeT Ha €ro BBIXOJAE CHUTHAJ JIOT.l, KOTOpas Jajee HUYETro He
onpenenser. JIe nor.l1 Ha Bxomax JID DDI1.2 ycraHaBnuBaeT Ha €ro BBIXOJIC

curHain Jjior.0, KOTOpBIA B CBOIO OYepe/ib ycTaHaBnuBaeT Ha Bbixoge Q JID DD1.4
curnain jor.1. JIee nor.1 ¢ BeIxozga 6 u JID DDI1.1 ycranaBiaMBarT Ha BeIXo1e )
JID DD1.3 curnan nor.0. Takum o6pa3oM, B COOTBETCTBHE C COCTOSIHEM BBIXOJIOB
Q=0 Q=1 npousoiien copoc tpurrepa. Madopmanus u3 Tpurrepa yaajieHa,

TaK Kak Ha BbIxoje ¢ ycranosjeH Jior.0.
[Tpu Habope Bxoanwix curHainoB C = 1, S =0, R = 0 na Beixogax JI3 DD1.1 u
DD1.2 ycranaBnuBatotcs Jior. 1, KoTopsie sl acuHXpoHHOTo RS-tpurrepa Ha JID

DD1.3 u DD1.4 onpenenstoT ero peXuM XpaHEHUs MpeAblayIieii nHhOpMaIlnu.
Takum oOpa3om, cocTosHHE BBIXOAOB Q u Q TpUITEpa HE H3MEHUJIOCH,

CJIEIOBATEIBHO, ITO PEXKUM XPaHEHHUS.

Kax Tonpko curHanm Ha cuHXpoHU3UpyomeM Bxoae C ycraHnoButcs B jor.0,
TO, BHE 3aBUCUMOCTH OT CHTHAJIOB Ha MH()OPMAIMOHHBIX Bxogax S U R (X — moboe
coctostHue), Ha Bbixogax JID DD1.1 u DDI.2 ycranaBnuBarotcs jor.l u tpurrep
MIEPEXOINUT B PEKUM XpaHEHUS.

Ha6op Bxomgubix curHamoB C = 1, S = 1, R = 1 gnsg maHHOrO TpHITEpa Mo
M3BECTHBIM MTPUYMHAM 3ampelneH u B Tabmuie 13.4 He ykasaH.

N3 anmammza tabmuner 13.4 cnegyer, uro mpu mojade Ha Bxox C or.l
paspemiaetcst pabota Tpurrepa, mpu Jior.0 TpUrrep NePeXoauT B PEKUM XpaHEHUSI.
[Tpn momaue Ha BXxOA S Jor.l MPOMCXOMUT YCTAaHOBKA TPUTTEpA, a TPH IMOJade
aor.1 Ha BXxog R — ero copoc. CrnenoBarelbHO, JaHHBIH RS-Tpurrep ympasisercs
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jor.] xak no nHGopMauMOHHBIM BXoAaM S U R, Tak u 1o Bxoay cuHxponuzauuu C,
TO €CTh aKTUBHBIM JIOTUYECKUM YPOBHEM SBIISIETCS JIOT. 1.

Ha pucynke 13.3, 6 nmpuBeAeHO YCIOBHOE 0003Ha4€HHE CHUHXPOHHOro RS-
tpurrepa Ha JID M-HE. Hanuuue nOMOMHUTENBHOTO CUHXPOHU3UPYIOIIETO BXOAA
C TOBOpPUT O TOM, 4YTO JaHHBIA TPUITEP CUHXPOHHBIM. B 0003HaueHHMH BXOIbI
tpurrepa C, S u R npsmble, Tak Kak HET 0003HAYEHUS] UHBEPCHI. DTO yKa3bIBaeT
Ha TO, YTO JaHHBIM RS-Tpurrep ynpasmnsercs jaor.l mo BceM BX0oJ1aM.

Ha pucynke 13.3, 6 npuBeneHbl BpEeMEHHbIE JUarpaMMbl, [OSICHSIOIINE
paboty cunxponHoro RS-tpurrepa na JID9 U-HE.

Oc00EHHOCTBIO MTOCTPOEHUSI BPEMEHHBIX AarpaMMm paboThl CHHXpPOHHOTO RS-
TpUITEpPA 3aKIIOYAETCS B TOM, YTO aHAIM3 HAOOpa BXOJHBIX CUTHAJIOB HEOOXOIUMO
POU3BOJIUTH TOJBKO MPU HAIMYUU HA CUHXPOHU3MpYIOIIEM Bxojie C aKTUBHOIO
ypOBHS JIOT.l, TaKk Kak TPUITEP MOXKET MEPEKIIOYUTHCS TOJBKO B TEUEHHUE ITHUX

WHTEPBAJIOB BpeMeHH. AHanu3upys HaOopbl BXxoaHbIXx curHaioB C, S u R,
cocTostHUs BhIX0JI0B Q, Q ompenensrorcs o tadnuie 13.4.

PaccmoTpenHblli  CHHXpOHHBIM  RS-Tpurrep  sBIseTcss TPUTTEPOM  CO
CTaTUYCCKUM YIMPABJICHUEM, TaK KaK OH MOXET TMEpPeKIYaThCsd B TEUCHHUE
BpPEMEHU JICUCTBUHM CHHXPOHU3HUPYIOIIETO UMITyJibca Ha Bxoje C.

D-tpurrep Ha Jgorudeckux 3aemeHtax MHM-HE. D-tpurrep — 5310
CUHXPOHHBIA TpUTTEpP, KOTOPBIM 3aJepKUBAET TOCTYMAIONIYI0 Ha €ro BXO]
MHGOPMAIIHIO 10 TPUXO0/1a 0YEPETHOTO CUHXPOHU3UPYIOLIETO UMITYJIbCA.

Cgoe HazBanue D-tpurrep B3si oT 0003HaueHUs ero nH(popmalrmonHoro D-
Bxoza. D-BXog B CBOI0O ouepenb B3sJl CBOE O00O03HAUYECHHE OT TEPBOM OYKBBHI
aHrnmickoro cioa Delay — 3angepxka.

Ha pucynke 13.4, a npuBenena cxema cuHxpoHHoro D-tpurrepa na JIO U-
HE. Cxema Ttpurrepa BbeimonHeHa Ha naByx JID HU-HE c¢ nepekpecTHbIMU
0OpaTHBIMHU CBSI3SIMU.

Cxema D-tpurrepa Bemonnena na detsipex JI9 U-HE. JI9 DDI1.1 u DD1.2
SABJISIIOTCSL BXOJHOM JIOTMKOM (cXxeMol ympaBieHus), a cxema Ha JI9 DD1.3 u
DD1.4 npencrasisieT co00it acCHHXpOHHBIN RS-Tpurrep.
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Pucynok 13.4 — D-tpurrep na JI9 U-HE:

a — cxeMa; O — yCIIOBHOE 0003HAaY€HHE; 6 — BpPEMEHHbBIE JuarpaMmbl paboThl

D-tpurrep umeer oauH HHPOPMALMOHHBIA BX0J D, CHHXpOHU3HPYIOMIMIA
Bxo C ¥ JiBa BbIX0/1a — psiMoii @ v uHBepCHbIH Q .

Pab6oty D-tpurrepa paccmorpum mo Tabnuie nepexoioB (tadnuia 13.5). B
tabnuie 13.5, kak 00bIYHO, MHACKC N 0003HAYAeT COCTOSHHE TEKYIIEero TakTa, a

N — 1 — cocTosiHuE MNpCaAbIAyniero TakTa.

Taomuna 13.5

C D Qn Qn Pexunm

1 1 1 0 YcTraHoBKa

1 0 0 1 Copoc

0 X 0 (Qn-1) Xpanenue
1( Qn_]_ )

[Tpu na6ope Bxomupix curHanoB C = 1, D = 1 aBe mor.1 Ha Bxogax JID DD1.1
yCTaHABJIWBAaEeT Ha €ro BbIXoAE curHaid Jor.), KOTOphIi B CBOIO O4Yepelb
ycTaHaBIMBaeT curHai jor.l. Ha Beixoge @ JID DDI1.3 u na Beixoge JID DD1.2.
Jlse nor.1 ¢ Beixoga @ m JID DDI1.2 ycranaBnuBaioT Ha Beixoge @ JID DD1.4
curnain jor.0. Takum 00pa3oM, B COOTBETCTBHE C COCTOSHHEM BBIXOJ0B @ = 1,

Q =0 mpoumsonura ycraHoOBKa (3amuchk) Tpurrepa. B Tpurrep 3ammcana Jjor.l,

yCTaHOBJICHHAs Ha BbIXOJe @.

[Tpu wabope Bxomubix curHanoB C = 1, D = 0 nor.0 na Bxoze JID DD1.1
YCTaHABIIMBAa€T HA €ro BBIXOJE CHUTHal Jor.l, KoTopas jgajee HHUYEro He
onpenenser. /e nor.l Ha Bxomax JID DDI1.2 ycraHaBnuBaeT Ha €ro BBIXOJIE

curHai Jior.0, KOTOpbIi B CBOIO OuYepe/b YCTaHABIMBAeT Ha Bhixoae @ JID DD1.4

curnain Jior.1. /Ige nor.1 ¢ Beixoga (_) u JID DD1.1 ycranaBnmmuBaroT Ha Bbixomae @
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JID DD1.3 curnan nor.0. Takum 06pa3oM, B COOTBETCTBUE C COCTOSIHUEM BBIXOJIOB
@ = 0, Q =1 npousommen c6poc Tpurrepa. MupopMamms U3 TpUrrepa yaaieHa,
TaK Kak Ha BbIxoje @ ycraHosjeH Jior.0.

Kak Tonmpko curnan Ha cuHXpoHM3UpyromeMm Bxoae C ycrtaHoButcs B Jior.0,
TO, BHE 3aBUCHMOCTH OT CHTHaja Ha wH(popmarmonHoMm Bxojge D (X — moboe
cocrosinue), Ha Beixogax JID DDI1.1 u DD1.2 ycranaBnuBatorcs jor.1 u tpurrep
MEPEXOUT B PEKUM XpaHEHUSI.

Ha pucynke 13.4, 6 npuBeneHo yciioBHoe o0o3HaueHue D-tpurrepa na JID U-
HE. Hannume MOMONHUTENHHOTO CHHXPOHH3UpYIOMIETo Bxoga C TOBOPUT O TOM,
YTO JAHHBIA TPUITEp CUHXPOHHBIA. B o0o3nadenmu Bxoapl Tpurrepa C u D
npsIMBIE, TaK KaKk HET 0003HAaYCHHsI MHBEPCHA. JTO yKa3bIBaeT Ha TO, YTO JAHHBIH
D-tpurrep ynpagmusiercs Jior.1 mo o6oumM BXoaam.

Ha pucynke 13.4, 6 mpuBeneHb BPEMEHHBIC IHArPaMMBI, TTOSCHSIONINE
pabory D-tpurrepa na JI2 U-HE.

T-Tpurrep. BHyTpeHHSsIsI CTpyKTypa 7-TpUTTepa JOCTATOYHO CIIOKHA, TI0ITO-

My MpuBeJeM Ha pucyHke 13.5, a TONbKO ero ycjaoBHOE 0003HaUYEHHE HA CXeMaX.

DD1 T—BHHHT“B Tl_l_l_l_l_l_t

T—7| T Q YupasneHue o GpoHTy Q

- t
R —R 6 T_BHHH Tdi I | I | I |_

VYmpasnenue no criagy t

a) 0) 8)

Pucynoxk 13.5 — T-tpurrep: a — ycioBHOe 0003HAUCHHE;

Ol

6 — 0003HaYeHNE TUHAMUYECKUX BXOJIOB; 8 — BDEMECHHBIC IMarpaMMbl paOOThI

T-Tpurrep umMeet oguH HHGOPMAIIHOHHBIA BXOA T U IBa BBIXOAa — MPSAMOi )
u uHBepcHbIW Q. Jlma ycTaHOBKM B HyJIEBOe cocTosHHe (cOpoca) T-Tpurrep

OOBIYHO JOTIOHIETCS ACHHXPOHHBIM BXOJIOM TPEIBAPUTEIHLHON YCTAaHOBKH R.

Bxoapl mpenBapuTenbHONM yCTAaHOBKM S W R, €cii OHM UMEIOTCSA, WUMEIOT
MIPUOPUTET (IPEUMYILIECTBO) HaJl BCEMHU OCTAIbHBIMU BXOJIaMHU.

T-Tpurrep (WM CUETHBIA TPUITEP) SIBIAETCS TPUITEPOM C JAHUHAMUYECKUM
yOpaBJI€HUEM H  MEPEeKI0YaeTcs B  pe3ysibTare BO3JACUCTBUSL Ha  €ro
nH(OPMAITMOHHBIN BX0J] T Ka)KI0TO OYEPETHOTO aKTHBHOTO CHTHAJIA.

AKTHBHBIM CUTHAQJIOM y TPUITEPOB C JAUHAMUYECKUM YIPABICHUEM MOMKET

ObITH OO GPOHT, MO0 crax BxoaHOTro curHana. Ha pucynke 13.5, 6 mpuBeaeHs
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BapUaHThl (KaK ObUIO TMOKa3aHO BBINIE) YCIOBHBIX 00O3HAYEHUU AMHAMUYECKHUX
BXO/JIOB.

N3 ycnoBHoro o6o3HaueHust T-tpurrepa (pucyHok 13.5,a) BUIHO, 4YTO
MPUBEJICHHBIA [-TpUIrTep C JUHAMHYECKMM YIOpaBICHUEM IO chaay, cOpoc
TpUrTepa mpou3BoauTcs Jor.1 Ha Bxoje R.

PaGota T-Tpurrepa 3akiito4aercst B CIEAYIOLIEM.

[Ipu axtuBHOM ypoBHe Jjor.l. Ha Bxome R T-Tpurrep HaxoguTcs B
COpOIIIEHHOM COCTOSIHUM W HE YYBCTBYET CHUTHAJIBI Ha €ro MHGOPMAIMOHHOM

Bxojie T. [Ipu aToM cocTosiHus BBIX00B cOOTBEeTCTBYIOT Q =0, Q = 1.

ITpu nor.0. Ha BXoae R T-Tpurrep nepexiroyaeTcss MPU BO3JACHCTBUU Ha €ro
UH(GOPMAIIMOHHBIN BXOA T Ka)X0T0 0YEPETHOTO CIaja BXOJHOTO CUTHAJIA.

Ha pucynke 13.5, ¢ mpuBeneHbl BpeMEHHBIC JUArpaMMBbl, MOSCHSIONINE
paboty 7-Tpurrepa.

N3 BpemeHHBIX auarpamMMm (pucyHok 13.5, 6) BUHO, YTO YacTOTa BBIXOJHBIX
UMITyJIbCOB T-TpUITEpa B JBa pa3a MCHBIIEC YacCTOThI BXOJHBIX HMITYJIbCOB.
[Tostomy T-Tpurrep MmMHUPOKO HMCHOJIB3YETCS B JICIUTEISIX YACTOTHI M IHU(PPOBBIX
CUYCTYNKAX UMITYJIHCOB.

JK-Tpurrep. JK-Tpurrepbl 0THOCUTCSA K YHUBEpCAIbHBIM TPUTTEpaM, TaK Kak
00Jaat0T CJIETYIOIIMMHI CBOMCTBAMM:

1) oHM HE UMEIOT 3aIPEIICHHBIX KOMOMHAIIUI BXOTHBIX CUTHAJIOB,;

2) MOCPEICTBOM  OMPENEICHHOTO COCAMHEHUS WX BBIBOJIOB OHHU JIETKO
NPEBPAIAIOTCS B TPUTTEPHI IPYTUX TUIIOB,;

3) 3TH TPUTTEPHI C PABHBIM YCIIEXOM MOTYT OBITh HCIIOJb30BaHbI B PETUCTPAX,
CUETUMKAX, TETUTEISIX YACTOTHI U IPYTUX HU(POBBIX y3/Iax.

Cxemnas peanuzanusa JK-Tpurrepa 10CTaTOYHO CJIOXKHA, TOATOMY MPUBEIIEM
TOJILKO €r0 YCIIOBHOE 0003HaYeHHEe Ha cxeMax (pucyHok 13.6, a).

JK-tpurrep (pucynok 13.6, a) mmeer nBa mHpopMannoHHbIX Bxoga J u K,
cuHXpoHm3upytomuii Bxoa C, 1Ba MHBEPCHBIX BXOJA MPEABAPUTEIHLHON YCTaHOB-

ki S U R W Ba BbIX0za — npamoii @ u unBepcHbii Q . Bxox C aunamuueckuii ¢

YIOPaBJICHUEM IO CHATY.
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Pucynok 13.6 — JK-Tpurrep: a — ycioBHOe 0003HaYEHUE;

0 — BPCMCHHBIC THAT'PAMMBbI pa6OTBI

N3 ycnoBHoro o6o3nauenus (pucynok 13.6, @) BumgHo, uto 310 JK-Tpurrep,
Tak Kak B HanMu4uu BXoAbl J 1 K, nmpudem npsiMbie, MOSTOMY TPUITEP yNPaBISETCS
nor.l. Hanmuume u o6o3nayeHue Bxoaa C TOBOPUT O TOM, YTO 3TO CHHXPOHHBIM
TPUITEp C JUHAMUYECKUM yrpabieHneM. (OO0o3HaueHHWE WHBEPCHBIX BXOJIOB
IIpeIBAPUTEILHON YCTAHOBKY S M R (KPY’KOYKM Ha BXOJAX) CBUIETENLCTBYET O
TOM, YTO MpeBapUTENIbHAS YCTAaHOBKA MPOU3BOAUTCS JoT.0.

Kak yxe oTmedasnoch, BXOAbl MPEIBAPUTENHHON YCTAaHOBKA S U R HMerOT
NPUOPUTET HaJ BCEMHU OCTAIBHBIMU BXOJIaMH, TIOATOMY paccMoTpeHue padbotsr JK-
TpUITEpa HEOOXOAMMO HAYNHATH C HUX.

IIpu HaGope curHanoB S= 0 (akTUBHBI ypoBeHb), R =1 (HEaKTUBHBII
YpPOBEHB) MPOUCXOJIUT YCTAHOBKA TPUTTEPA, MPU 3TOM Ha BBIXOJAX OyJeM HMETb
Q=10 =0.

Ipu Habope curHatoB S = 1 (HeakTHBHBIA ypoBeHb), R= 0 (aKTHBHBII

YPOBEHb) MPOUCXOIUT COPOC TPUTTEPA, IIPU ITOM Ha BbIX0jaax Oyaem umeTh @ = 0,

Q=1

ITpu Habope curHanoB S= 1, R= 1 (HeakTHBHBIC YPOBHH) BXOJbl S M R He
OKa3bIBAIOT BIUSAHUS HA pabOTy TpUITEpa.

PaGota JK-Tpurrepa 3akirodaercs B CICTYIOIIEM.

[Ipu Bcex KOMOMHALMAX BXOJHBIX CUTHaNOB, Kpome onnor J = 1, K =1, JK-
Tpurrep paboTaeT KaKk CUHXPOHHBIM RS-Tpurrep ¢ nuHaMHYECKHM yTpPaBICHUEM,
pyYeM BX0J J BBITIOJNHSAET POJb BXoaa S, a Bxoa K BeIMOIHSAET poib Bxoaa R.

[Tpu komOuHanmu Bxoanbix curnanos J = 1, K = 1 JK-tpurrep pabotaer kak 7 -
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TPUITEP, TO €CTh €ro MNEPEKIIOYEHHE MPOUCXOJUT MPH MNPUXOJE KaXIOro craia
CUHXPOHHU3UPYIOIIEro uMItyJibca Ha Bxoje C.

Ha pucynke 13.6, 6 mpeacTtaBieHbl BpEMEHHbIE JUArpaMMbl, MOSCHSIOIINE
paboty JK-tpurrepa.

3. IOAI'OTOBKA K PABOTE
3.1. U3yunrte TeopeTnueckuii MaTepua, Kacarwluics OCHOBHBIX JID u mpo-

CTEHIINX KOMOMHAIIMOHHBIX YCTPOMCTB, a TAKXKE TPUTTEPOB.

4. ITTIPOT'PAMMA PABOTHI

4.1. UccnenoBaHue JOTHYECKUX DIIEMEHTOB

4.1.1. 3anmycture nporpammy EWB.

4.1.2. C nomomisto mporpamMmmbl EWB cobepute moouepeiHo OHY U3 CXEM
nabopaTopHOi ycTaHOBKHM (pucyHOK 13.7) um ycraHOBUTE TpeOyeMble MapameTphbl
2JIEMEHTOB CXEMHEL.

4.1.3. Bxmrouute nmabopaTopHyro ycTaHOBKY. [lomaiiTe Ha BXOJIbI HICCIEmye-
MOTO JIOTHYECKOT'O JJIEMEHTa C IMOMOIbI0 Tepekitouareneid S1 u S2 Habopsl
BXOJIHBIX cUTHaNIOB JID cornacuo Tabmuie 13.6. [lo cBeTOMUOIHBIM HHAUKATOPAM
HL1-HL3 gabaromaiite coctossaus Bexoaa JID B COOTBETCTBUM C COCTOSIHUSIMUA €T0
Bx0J10B. Crexyer oTMeTuTh, 4To B EWB JID NJIN 0603HavaeTcsi CHMBOJIOM
«>1», a He «1» kak npuHATO. Pe3ynbpTaThl HaOMOACHUH 3anuIuTe B TadbuIry 13.6.
CpaBHUTE TIOJIYYEHHBIC PE3yJIbTAThI C TEOPETUUESCKUMHU.

Tabmuma 13.6

Bxoapr X Brixon Y

X1 X 4! NJIN H-HE NJIN-HE OKB-Tb NCKIJIL. MJIA

4.2. UccnenoBanne RS- Tpurrepos

4.2.1. C nomomisto nporpammbl EWB cobepute cxemy acuaxpoHHOTO RS-
tpurrepa Ha JID WUJIN-HE (pucynok 13.8) u ycraHoBute TpeGyemble mapaMeTpsl
AJIIEMEHTOB CXEMBI.
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Pucynok 13.7 — Cxema 1a00paTopHON YCTaHOBKH JIJISl UCCIIEIOBAHUS

JOTNYCCKHUX 3JICMCHTOB

S1
[S]

HL1

DD1.1
Q

Ok

z1 TOHLB

HL4

DD1.2
1 =1
QJ

Pucynok 13.8 — Cxema 1abopaTopHO# yCTaHOBKH JIJIS1 UCCIICIOBAHU S

acuaxpoHHoro RS-tpurrepa na JI9 UJIN-HE

164



4.2.2. Bxmouute naboparopHyto yctaHoBky. [logaiite Ha Bxoasl RS-Tpurrepa
c nomouplo nepekimouatenet S1, S2 mocnemoBarenbHO HAOOpPHI BXOJHBIX
curHasioB S u R cormacuo tabnune 13.7. Ilo ceeroguonnbiM nnaukaropam HLI,
HL2 konTposupyiTe cCOCTOSIHUS BXOJA0B S U R, a M0 CBETOAMOIHBIM MHINKATOPAM

HL3, HL4 na6mtonaiite coctosinus BbixoaoB Q u Q RS-tpurrepa B coorBeTcTBUU

C COCTOSHUSMH €ro BXOJ0B. [losydeHHBIE pe3yibTaThl 3aHECUTE B TAOJHILY
nepexo10B (Tabnuina 13.7) u cpaBHUTE UX C TEOPETUUECKUMU.

Tab6mauma 13.7
Bxonnr Brixonnl

Cn Qn

ool »n
ol |O| O

4.2.3. Tlo pesynabraram Tabnuubl 13.7 u3zobpasure B Macimtabe BpeMEHHbIC
auarpaMMbl paboThl acMHXpoHHOTO RS-Tpurrepa na JI9 WIN-HE

4.2.4. C nomompto mporpaMmmbel EWB cobepute cxemy acuuxpoHHoro RS-
tpurrepa Ha JID U-HE (pucynok 13.9) u yctanoBute TpeOyeMble apamMeTphl dJie-
MEHTOB CXEMBI.

S1
[S] HL1

[LI :}
s DD1.1

Q
| ¥pe—(OHL3

> R &, HL4
OS2 e

Pucynok 13.9 — Cxema 1a00paTopHON yCTaHOBKH JIJISl UCCIIEIOBAHUS
acuaxpoHHoro RS-tpurrepa na JID 1-HE

4.2.5. Bxitounte nabopatopHyto yctaHoBKy. [logaiite Ha Bxoasl RS-Tpurrepa
C moMouIpto nepekiatouarenei S1, S2 nocinenoBaTeaIbHO HAOOPHI BXOJHBIX CHUTHA-
noB S u R cormacuo tabnune 13.8. Ilo cBerogmonubimM maaukatopam HL1, HL2
KOHTPOJIMPYHTE COCTOSTHUS BXOJ0B S 1 R, a mo cBeToaMoIHBIM HHAuKaTopam HL3,
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HLA4 nabmronaiite cocrosinust BeixoaoB Q u Q RS-Tpurrepa B COOTBETCTBHUM C CO-

CTOSIHHSIMU er0 BX0J10B. [lomydeHHBIC pe3ysIbTaThl 3allUIIUTE B TaOJHUIly TIEpPeXo-
noB (Tabnuna 13.8) u cpaBHUTE UX C TEOPETUUECKUMU.
Ta6numa 13.8

Bxonpr Brixonnl

Cn Qn

R—|Oo|l O

R Ok »

4.2.6. Tlo pesynbraram Tabnuubl 13.8 u3zobpasure B Macimtabe BpeMEHHbIE
auarpaMMbl paboThl aCMHXpOHHOTO RS-Tpurrepa na JI9 U-HE

4.2.7. C nomompto niporpammbel EWB cobepute cxemy cuHxpoHHOro RS-
tpurrepa Ha JID U-HE (pucynok 13.10) u ycrtaHoBute TpeOyemble MmapaMeTphbl
AJIIEMEHTOB CXEMBI.

4.2.8. Bxutounte nabopaTopHyto yctaHoBKy. [lomaiite Ha Bxoabl RS-Tpurrepa
c moMmoIpl nepekiaouateneit S1-S3 mocnegoBaTeIbHO HAOOPHI BXOJHBIX CUTHA-
noB S, R u C cornacuo tabnuie 13.9. [locnenoBarenbHOCTh JEHCTBHM ClIeMyIOIIAs.
IIpu C = 0 ycranoBute Habop BXOJAHBIX curHaoB S = 0 u R = 1 u 3anumure co-

crostaus BbixoqoB Q u Q. YcranoBure C = 1 ¢ momMoIibio MepekovaTens S2, 3a-
TEeM BEepHUTE ero B ucxoaHoe coctosiHue (C = 0) U 3aMUIIUTE COCTOSIHUS BBIXOJ/IOB

Qu Q. Ilpu C = 0 ycraHoBHTE CleayIOMMA HAOOP BXOIHBIX CUTHATOB S =1u R =
0 u 3anummuTe coctossHus BeIxoA0B Q m Q. Ycranosute C = 1 ¢ momoInpo nepe-

KItouaTenst S2, 3aTreM BepHHUTE ero B ucxoaHoe cocrosinue (C = 0) u 3anuimuTe co-

CTOSIHHS BBIXOJ0B Q 1 (_Q U tak nanee.
HL1

nEe
’ [S] 15 DD1.1 901 3

—e—(HL3

5_5'70 HL4

Pucynok 13.10 — Cxema nabopaTopHOI YCTAaHOBKH JJIS UCCIIEOBAHUS
cuaxporHoro RS-tpurrepa na JID U-HE
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4.2.9. Ilo ceeronuoansiM uHaukatopam HL1-HL3 koHTponmupyiiTe coCTOAHMS
Bxos10B S, R u C, a no ceeroanonubpiM unaukatopam HL3, HL4 naGmrogaiite co-

ctosHus BbixogoB Q nu Q RS-tpurrepa B COOTBETCTBUUM C COCTOSHHUSIMH €O BXO-

noB. I[loydueHHbIe pe3yabTaThl 3aMUIINTE B TaOaUIly nepexonoB (tabmwuina 13.9) u
CPaBHHUTE MX C TCOPCTHUCCKUMHU.
Tabnuua 13.9

Bxonpr Brixoanl

Cn Qn

R O|Rr|OFR|Iol O
OO0 O
OoOl0o|0O|O||—|

4.2.10. Tlo pesynbratam Tabmuibl 13.9 nzobpasute B macuitabe BpeMeHHbIE
auarpaMMbl paboThl CHHXpOHHOTO RS-Tpurrepa.

4.3. Uccnenosanne D-tpurrepa

4.3.1. C nomompio mporpammbl EWB cobepute cxemy cunxponHoro D-
Tpurrepa co cratudeckum yrpasienueMm Ha JID U-HE (pucynok 13.11) u ycrano-
BUTE TpeOyembie MapaMeTphl IIEMEHTOB CXEMBI.

4.3.2. Bximounte nabopatopHyro yctaHoBKy. [logaiite Ha Bxoasl D-Tpurrepa
¢ momoIbplo nepexmovareneit S1, S2 nocnenoBareabHO HAOOPHI BXOJAHBIX CUTHA-

noB D u C cormacuo ta6aune 13.10. [TocnenoBaTeabHOCTh NEUCTBUH ClIeAyIOIIas.
ITpu C = 0 ycranoBute D = 1 u 3anumurte coctossaus Beixo10B Q u Q . YcraHoBu-
te C = 1 ¢ moMOIIbBIO MepeKIoyaTeas S2, 3aTeM BEPHUTE €r0 B UCXOJHOE COCTOS-

Hue (C = 0) u 3anummute cocrossHus BbixogoB Q m Q. IIpu C =0 ycranoBure

D = 0 u 3anummuTe COCTOSHHUS BBIXOA0B Q H 6 YcranoButre C =1 ¢ mOMOIIBIO
nepexirodarens S2, 3aTeM BepHHUTE ero B ucxoaHoe cocrosinue (C = 0) u 3anumim-
T€ COCTOSIHUS BEIX0JI0B Q H 6 YcranoBure C = 1 ¢ mOMOIIBIO TIEpEKItOYaTes S2
1, U3MEHss cocTosiHUE BXoa D 3ammmmre coctosiHus BRIXOA0B Q 1 6 :

4.3.3.Tlo ceetomunonnupiM naaukatopam HL1, HL2 kouTpomupyiiTe cocTosHUS
BxosoB D m C, a mo cBeroamoaubpiM naankatopam HL3, HL4 HaGmromaiite cocTos-

Hus BeIX0J0B Q m Q D-Tpurrepa B COOTBETCTBHHM CO CTOSHUSIMH €TO BX0J0B. [1o-

JTy4eHHBIC Pe3ybTaThl 3aNMUIINTEe B TaOnuiy nepexonos (tabmuma 13.10) u cpas-

HHUTC UX C TCOPCTHUICCKUMMU.
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Pucynok 13.11 — Cxema nabopaTopHOM YCTaHOBKH JJIsl UCCJIEI0BaHUS
cunxponHoro D-tpurrepa na JI9 U-HE

Tabmauma 13.10
Bxoasr Brixoapr

Cn Qn

RO Iol O
oOlrRr|O|O||—| O

4.3.4. Tlo pe3ynbratam Tabmauipl 13.10 nzob6pasute B Maciitabe BpeMEeHHBIE
auarpamMmbl paboThl CHHXpOHHOTO D-Tpurrepa co CTaTUYeCKUM YIIpaBICHUEM.
4.3.5. C nomomursto nporpammel EWB cobepure cxemy maboparopHoii ycTa-
HOBKH JI KICCIIEI0OBaHUsI CHHXpOHHOTO D-Tpurrepa ¢ TMHAMHYECKAM YIIpaBICHU-

eM (pucynok 13.12) u yctaHoBUTE TpeOyeMble IMapaMeTphbl SJIEMEHTOB CXEMBI.

S1
[D]  HL1
m
—“a-i__ D Q
. HL3
GB O
+
2
5B [C] HL2
- [
L C OHua

Pucynok 13.12 — Cxema n1abopaTOpHO# YCTAaHOBKHU TSI ICCIICTOBAHUS
cuHXpoHHOTO D-Tpurrepa ¢ TMHaMUYECKUM YIIPABICHHEM
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4.3.7. Bxmrouute nabopaTtopHyto yctaHoBKY. [lonaiite Ha Bxoasl D-tpurrepa
C MOMOIIbI0 Tepekitouareneit S1, S2 mocneaoBaTebHO HAOOPHI BXOAHBIX CUTHA-
1oB D u C cornacao tabmune 13.11. I[TocnegoBaTeabHOCTL ACHCTBHM aHAJOTUYHA,
BBIIIIE, M3JI0KEHHOM B 11. 4.3.2. 3HaK F — osnauaer (GPOHT BXOTHOTO UMITYJIbCA.

4.3.8. Tlo cBeronnogusiM uHaukaropam HL1, HL2 kontponupyiite cocros-
Hus BxonoB D u C, a no ceeronuoaubiM unaukaropam HL3, HL4 nabmronaiite co-

ctostHus Beixo0B Q u Q D-Tpurrepa B COOTBETCTBUU C COCTOSIHUSIMU €T0 BXOJIOB.

[TonmydyeHHble pe3yabTaThl 3alUIIUTE B TaOiuIly mnepexonoB (tadnuna 13.11) u

CPaBHUTC UX C TCOPCTUUCCKUMU.

Tabmuua 13.11

Bxomasr Brixopr
D Ch Qn

0 1
£ 1

0 0
£ 0
1 1
1 0

4.3.9. Tlo pesynpraram Tabaunbl 13.11 n3obpasute B Macimrabe BpeMEHHbBIC
auarpaMMbl paboThl CHHXpOHHOTO D-Tpurrepa ¢ AMHAMUYECKUM YTIPABICHUEM.

4.4, UccnenoBanue T-tpurrepa

4.4.1. C nomomipto nporpammbl EWB cobepute cxemy nist uccinenoBanust -
tpurrepa (pucyHok 13.13, a) m ycraHoBuTe TpeOyemble MapaMeTpbl AJIEMEHTOB

CXEMBI.
Q
HL1  pp  re<)HL2
Pl
S1 Q kT 1D -
GB [T] H(l_’l DD —{( JHL2 : 501 p—
m .
T - BN ol
()88 2 Tt []° (N g o OHL
Wl ‘7-—.., - o — \\.__._,-' - ol—
. o—{ JHL3 E”a
1 Q’ | |
a) 0)

Pucynok 13.13 — Cxembl 1a00paTOPHOM YCTAHOBKH JJIS UCCIIEOBAHUS
T-Tpurrepa ¢ ynpaBieHUEM IO PPOHTY
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4.4.2. Bxirouute 1ab0paTopHyto ycTaHoBKy. [lonaiite Ha Bxon 7-Tpurrepa ¢ mo-
MOIIIBIO Nepextrouatenis S1 Bxoanble curHabl 1 cornacHo Tadmuie 13.12.

Tabmuua 13.12
Cn Qn

7

4.4.3. Tlo ceeronuoanbsiM uHAMKaTopaM HL1 koHTponupyiiTe cocTosHUS BXO-
na T, a mo ceetoanonubiM uaankaropam HL2, HL3 nabnronaiite cOCTOSIHUS BBIXO-
108 Q u Q T-TpHrTepa B COOTBETCTBHH C COCTOSHUSMHE €ro BXOH0B. [10yueHHbIe
pe3yibTaThl 3aHECUTe B TaOMMIly TepexonoB (tabnwuima 13.12) u cpaBHUTE HX C
TEOPETUICCKUMH.

4.4.5. C nomomibto nporpammel EWB cobepute cxemy niist rccienoBanus |-
tpurrepa (pucyHok 13.13, 6) u ycraHoBute TpeOyemble MapaMeTpbl 3JIEMEHTOB
CXEMBI.

4.4.6. YcraHOBUTE CIIEYIONIME MapaMeTpbl TeHepaTopa IPsIMOYTOJIbHBIX UM-
nyibcoB G: wacroty Frequency = 1 I';; koaddunment 3anoanenuss Duty cycle =
50%; nanpspxenne Voltage = 5 B.

4.4.7. Bxmrounte J1abopaTOPHYIO YCTAaHOBKY M HaOJIIO/IaliTe HA DKPaHE OCIIHII-
norpada PG BpeMeHHbIE TUarpaMMbl BXOJTHOTO U BBIXOJIHOT'O CUTHAJIOB.

4.4.8. CaenaiiTe KOIUIO PKpaHa, B MOMEHT ITOJHOTO 3aIllOJIHCHHS dKpaHa OC-
muutorpada rcciaeyeMbIMA CUTHAJIaMH, HaXKaB KiaBuinry Print Screen Ha kiaBua-
Type.

4.5. UccnenoBanue JK-tpurrepa

4.5.1. C nomompto nmporpammel EWB cobepute cxemy JK-tpurrepa (pucy-
HOK 13.14) u yctaHoBUTE TpeOyeMble MapaMeTpPhl JIIEMEHTOB CXEMBI.

4.5.2. Bxiounte nabopatopHyro yctaHoBKy. [lomaiite Ha Bxoae1 JK-Tpurrepa
C TIOMOIIBIO TIepekITrouaTeneit S1-S5 mocnegoBarensHO HAOOPHI BXOIHBIX CUTHAJIOB
S, R, J, Ku C cornacuo tadmune 13.13.

[TocnenoBatenbHOCTh AericTBui cienyromas. [Ilpu C = 0 ycraHoBuTe HabOp
CUTHAJIOB TIpeBapUTeIbHON ycTaHOBKH S = 0 u R = 1, mHGOpMaNMOHHBIX CUTHA-

aoB J = 1 u K = 0 u 3anummuTe coctossaus BeixoaoB Q m Q. YceranoButre C =1 ¢

MTOMOIIBIO MTepeKouaTes S3, 3aTeM BepHUTe ero B ucxoaHoe cocrosuaue (C = 0)
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U 3alMIIATE COCTOSHMS BBIXOJIOB Q M (_) IIpu C = 0 ycTaHOBUTE ClERYIOINN
Ha0Op CUTHAJIOB MpeABapUTENbHON ycTaHOBKU S = 1 u R = 0, uH(popMaIMoOHHbBIX
curHaioB J = 0 u K = 1 u 3anummuTe coCTOSHUS BbIXOJI0B Q 1 6 YcranoBure
C =1 c nomo1pio NepekIoyaTenas S2, 3aTeM BEpHUTE €ro B UCXOJTHOE COCTOSIHUE
(C = 0) u 3anumuTe COCTOSHUS BBIXOA0B Q 1 6 3atem IIpu C = 0 ycranoBure

Ha0Op CUTHAJIOB IpeABapUTEIbHON ycTaHOBKM S = 1 1 R = 1 u, nogasas nocnezno-
BaresibHO Habopa curHaioB J, K u C cornacHo tabnuie 13.13 3anumure cocTos-

HHS BBIX0JI0B Q 1 6 .

HL3 HL6

- ™ Ha [ R L
mS4
| Q o HL7

Y
\zﬁ/*g

(wn)
[
o
—\

4]
ti

W
[l )
=

Pucynok 13.14 — Cxembl 1a00paTOpHO YCTAHOBKH JIJIsI KCCIIEAOBAHUS
JK-Tpurrepa
Taomuna 13.13

Bxonbr Brixonasl
S R C J K Qn o
0 1 0 1 0
0 1 Iy 1 0
1 0 0 0 1
1 0 Iy 0 1
1 1 0 1 0
1 1 | 1 0
1 1 0 0 1
1 1 Ly 0 1
1 1 0 0 0
1 1 f 0 0
1 1 0 1 1
1 1 Iy 1 1
1 1 f 1 1
1 1 f 1 1
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4.5.3. Io ceeronuoansiM uHaukatopam HL1-HLS koHTponmupyiiTe cocTosHMS
Bxos0B S, R, J, K u C, a no cBetonuoaubiM unaukaropam HL6, HL7 nabntonaiite

coctosinusa BeIxooB Q m Q. JK-Tpurrepa B COOTBETCTBUU C COCTOSHHUSIMHU €IO

BXx0J10B. [lomydyeHHble pe3yiabTaThl 3aHECUTE B TaOMuIy HepexonoB (Tadiiu-
na 13.13) u cpaBHUTE UX C TEOPETUUECKUMU.

4.5.4. BpikmiouuTe yCTaHOBKY. 3amycTtute nporpammy Screen Capture u
CKOTIUpPYHTE M300pakeHHe COOpaHHOM CXeMbl, HaXkaB KiaBuiry Print Screen na
KJIaBHATYE.

4.5.5. Tlo pe3ynbraTtam Tabnuusl 13.13 n3obpasute B MacuTabe BpeMEeHHbIE

auarpaMmbl pabotsl JK-Tpurrepa.

6. KOHTPOJIBHBIE BOITPOCHI

6.1. Uto Ha3wiBaeTCs JoruueckuM semMenTom (J13)?

6.2. IlpuBeauTe ycnoBHbIE Tpaduueckue 0003HAYEHUS HA CXeMaxX, UCCIeaye-
MBIX B pabote JI3.

6.3. Uto Ha3bIBaeTCsl TaOIUIEH HCTUHHOCTU U CKOJIBKO B HEW CTPOK?

6.4. IlpuBenuTe TaOIUIIBI HCTUHHOCTHU UCCIENyeMBIX B padote JID.

6.5. Kakue JID nonyuwniu Hanbosee MUPOKOE pacpoCTpaHEHUE HA MPAKTHKE
U rouemy?

6.6. Chopmymnupyiite noruky padotsr JID MJIN-HE u U-HE.

6.7. Chopmynupyiite 3akoH le-Moprana.

6.8. PeanmuzoBath nipemioxennsie JID B 6azucax MJIM-HE u U-HE.

6.9. Kakoi 1orn4eckuii CUrgaja HeoOXOIUMO II0JaTh Ha OJUH U3 BX040B JID
NCKIIIOYAIOUIEE MJIM, uTo0bl 110 BTOPOMY BXOAY OH BBINOJHSII POJIb UHBEP-
Topa?

6.10. ITocTpouth cxeMy KOMOWHAIIMOHHOTO JIOTHYECKOTO yCTPOMCTBA MO 3a-
JAHHOMY JIOTUYECKOMY YPAaBHEHHUIO.

6.11. Yto Ha3bIBaeTCS TPUTTEPOM?

6.12. Yto Takoe aCHHXpPOHHBIN TpUrrep?

6.13. NU300pa3uTe NpUHIMITHATEHYI0 CXEMY AaCHHXPOHHOTO RS-Tpurrepa Ha
nornyeckux anemenrax NJIN-HE.

6.14. Tloscante paboTy aCHHXPOHHOTO RS-Tpurrepa Ha JOTHYECKUX IIEMEH-
tax NJIN-HE ¢ momoipio TabauIlbl MEPEXo/10B.

6.15. Kakoit Habop BXOIHBIX CHTHAJIOB SIBJISICTCS 3alPEIICHHBIM JIJIST aCHH-

XpoHHOTO RS-TpHrrepa Ha normdeckux snemenrax NUJIM-HE?
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6.16. M300pa3ure npuHUMIMAIBHYIO CX€My acMHXpOHHOro RS-tpurrepa Ha
nornyeckux dnemenrax M-HE.

6.17. Iloscaure paboTy acCHHXpOHHOTO RS-Tpurrepa Ha JIOTMUECKHX 3JEMEH-
tax M-HE ¢ noMoripsto Tabauibl nepexo/10B.

6.18. Kakoii HaOOp BXOJHBIX CUTHAJIOB SIBJISIETCS 3alpPEUICHHBIM JIJISi ACUH-
xpoHHOro RS-tpurrepa Ha norudeckux anementax U-HE?

6.19. Uto Takoe CHHXPOHHBIN TpUTTEP?

6.20. M3o0pa3uTe NpUHIMIHAIBHYIO CXEMY CHHXpPOHHOro RS-tpurrepa Ha
nornyeckux dnemenrax M-HE.

6.21. Ilosicaute paboTy CUHXpOHHOTO RS-Tpurrepa Ha JOTMYECKHUX 3JIEMEH-
tax M-HE ¢ momorieto Tabauiib nepexo/1oB.

6.22. Yto Takoe D-Tpurrep?

6.23. N300pa3ute NpuHIMNUAIBHYIO CXeMY CUHXpOHHOro D-Tpurrepa Ha jo-
ruueckux snementax U-HE.

6.24. Tlosicaute paboty cHHXpOHHOTO D-TpUrTepa Ha JTOTUYECKHX AIEMEHTaX
N-HE ¢ momoribio TaGIuIbl TEPEXOI0B.

6.25. KakoBbl 0COOEHHOCTH TPUTTEPOB C JHHAMUYCCKUM yIpaBICHUEM?

6.26. Uto Takoe T-Tpurrep?

6.27. IlosicauTe paboTy 7-TpuUrrepa ¢ MoMouIbl0 BPEMEHHBIX AHarpamm.

6.28. Uto Takoe JK-tpurrep?

6.29. N306pa3ute ycinoBHOE rpaduueckoe odo3Hauenune JK-tpurrepa.

6.30. Iosicaute pabory JK-tpurrepa.

6.31. U306pa3ute cxembl D- u T-tpurrepoB Ha ocHOoBe JK-Tpurrepa.

173



[Ipunoxenne A
®dopma TUTYIBHOTO JUCTA OTUETA MO J1TabopaTopHOU paboTe

MHWHOBPHAYKU POCCUU
denepanbHOE rocy1apCTBEHHOE OI0PKETHOE 00pazoBaTeIbHOE
yUpEXJIeHHE BBICIIET0 00pa30BaHus

«Tynpckuii rocy1apCTBEHHBIN YHUBEPCUTET»

NuctutyT BeicokoTOuHbIX cuctem uM.B.IL.I'psizea (MBTC)
Kadenpa «3nekTpoTexHuKa U 31EKTPOOOOPYI0BAHUECH

OTYET

nabopatopHas pabora Ne

(HanmenoBanue paboThI)

10 JUCLUILIMHE

(HanMeHOBaHME TUCIIUTUIMHBI)

Bapuant No

Beimonawi(a) cryaeHT(ka) yd. rpynisl

(Pamuns, HHUIHATIBI) (IToamuce) (Mara)
Ouenka
[IpoBepun
(Pamusvs, HHUITAATIBI ) (ITonmuce) ([Hata)
Tyma 2020

174




10

11

12

13

14

CIIMCOK JIMTEPATYPBI

KonecnukoB E.b. OcHOBBI (hyHKUMOHUPOBAaHUS LUPPOBON TEXHUKH U
UHTETPaTbHBIX MUKpocxeM. (OCHOBBI (DYHKIIMOHUPOBAHUS CHUCTEM CEp-
Buca, yactsh II): yuebHoe nocobue / E.b. KonecuukoB. — HoBoMOCKOBCK,
PXTY um. JI.1. Menneneena, 2009. — 293 c.

becconoB JI.A. Teopernueckue OCHOBBI JJEKTPOTEXHUKHU: DJIEKTpUYE-
ckue nenu. — M.: Beicimag mikoia, 1978. — 528 c.

BonoBozoB A.M. DnemMeHTHI CHUCTEM aBTOMATHUKHU: y4eO. mocoOue s
CTyI. BeICIIL Yy4eO. 3aBenenuii / A.M. BonoBo3oB. — M.: U3narenbckuit
HeHTp «Akaaemusy», 2006. — 224 c.

lanenepun M.B. IlpakThueckass CXEMOTEXHUMKA B NPOMBIILICHHONW aB-
ToMartuke. — M.: Dueproaromusznar, 1987. — 320 c.

I'epurynckuit 5.C. OcHOBBI 251€KTpoHUKH. — M.: Beiciias mxkoina, 1977.
— 344 c.

I'op6aues I'.H., Yamneirun E.E. Ilpombinennas snekrponuka / [lon
pen. B.A. JlabynnoBa. — M., DHeproatomusnar, 1988. — 320 c.

I'ycer B.I'., I'yceB KO.M. Dnekrponnka: Yuebd. mocodue mjist mpudopo-
CTpOMT. cIiell. By30B. — M.: Beiciias mkomna, 1991. — 622 c.

HcTouHMKN 3IEKTPONUTAHUS PAJAUO3IEKTPOHHON ammapaTypsl: Crpa-
Bounuk / I'.C. HaiiBenbt, K.b. Mazens, U.N. XycaunoB u np. — M.: Pa-
JINO U CBA3B, 1985. — 576 c.

Komomb6er E.A. MukposaekTpoHHBIE cpeacTBa 00pabOTKH aHaJOTOBBIX
curHanoB. — M.: Pagno u cBsa3p, 1991. — 376 c.

Jlesmmmura E.C., HoBuukwmii I1.B. Dnekrpuyeckue usmepenus dusude-
ckux BenmuuH: (M3meputenpHbie TpeoOpazoBaTenu). Yued. mocodoue ais
BY30B. — JI.: DHeproatomuzaart. Jlenunrp. oraenenue, 1983. — 320 c.

OcHoBbI TipoMbITiuIeHHON 3ekTporuky / B.I'. 'epacumos, O.M. Kus3s-

koB, A.E. KpacHononsckuii, B.B. CyxopykoB. — M.: Beicmas mikona,
1986. — 336 c.

[MpsuumnaukoB B.A. Onekrtponuka: Kypce nexumit. — CII6.: KOPOHA
npuHT, 1998. — 400 c.

Pono A.A. CxeMOTEeXHHMKAa YCWJINTEIBHBIX KACKAJOB Ha OWITOJSIPHBIX
TpaH3ucTopax. — M.: M3garensckmii toM «Jlomaka-XX1I», 2002. — 256 c.

CepreeB b.C. CxemoTexHuka (pyHKIIMOHATBHBIX Y3JI0B HCTOYHHKOB BTO-

pruuHoOro snekrponuranusa: CnpaBounuk. — M.: Paguo u cBsa3p, 1992. —
224 c.

175



15

16

17

18

19

20

®onkendeppu JI. [IpuMeHeHne onepanuoHHbIX YCUIUTENCH U TUHEHHBIX
MHTErpaNbHbIX cxeM. — M.: Mup, 1985. — 572 c.

[udpoBbie U aHATIOTOBBIE MHTErpabHbIE MHUKpOCXeMbl: CIpaBOYHUK /
ITon pexn. C.B. fxy06oBckoro. — M.: Panuo u cBs3b, 1990. — 496 c.

Onexrpuueckue uzmepenus / baiina JI.U., Jooporsopckuii H.C., {ymun
EM. u ap.: Ilox pen. A.B. ®pymke u E.M. lymmna. — JI.: DHeprus,
Jlenunrp. otnenenue, 1980. — 392 c.

Onexrpuueckue mmepenus / P.M. Jlemunosa-Ilandeposa, B.H. Manu-
HoBckuid, B.C. ITonos u ap.: [lox pen. B.H. Manunosckoro. — M.: DHep-
roaromusnaar, 1982. — 392 c.

DNEeKTpOoTEXHUKA U 31eKTpoHuKa. B 3-x kH. KH. 3. Dnektpuueckue ns-
MepeHus: 1 ocHOBBI 3ekTponuku / Ilog pen. B.I'. I'epacumoBa. — M.:
OHeproatomusznar, 1998. — 432 c.

Munos3opoB O.B. Dnekrponuka: yueOHUK 1is By30B / O.B. Mumnos3o-
pos, W.I'. ITankoB. — M.: Beicr. mk., 2004. — 288 c.

176


http://library.tsu.tula.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=3784&TERM=%D0%9C%D0%B8%D0%BB%D0%BE%D0%B2%D0%B7%D0%BE%D1%80%D0%BE%D0%B2,%20%D0%9E.%20%D0%92.%5B1,1004,4,101%5D&LANG=rus

YueOHoe u3ganue

LIITPEXEP JImutpuii MapkoBuy
CYPKOB Bukrop Bacunsenu
KOJIECHHUKOB Esrenuii bopucosnu
TIOJIEBOI Banepuii EBreHnesny

OJIEKTPOHUKA

AHAJIOT'OBBIE 3JIEMEHTbBI 1 CXEMBbI

BupTtyanbHblif 1a00paTOPHBIN MPAKTUKYM

ABTOpPCKOE peIaKTUPOBaHKE

Komnrwrorepuas Bépctka .M. llnpexep, E.b. KosnecHukos

W3a. muix. JIP Ne 020300 ot 12.02.97. Iloanucano B meyats 11.10.2018.
®opmar 6ymaru 70x100 1/16. bBymara odcernas.
VYca. neu. . 13,8.
Tupax 100 sx3. 3aka3 133

TynbCKHl TOCYIAPCTBEHHBIN YHUBEPCUTET
300012, r. Tyna, npocn. Jlenuna, 92

Otneuatano B M3narenscte Tynl'yV
300012, r. Tymna, mpoct. Jleauna, 95

177



