Ipunooicenue 2.27 . Ix OIIOII no cneyuanvrocmu
27.02.04 Asmomamuyeckue cucmemvl YNpagreHus

MuHHCTEPCTBO HAyKU U BhIcIIEro oOpazoBanus Poccuiickoit @enepannu
denepanbHOE FOCYAAPCTBEHHOE OO/DKETHOE 00Pa30BaTENbHOE YUPEKACHHE
BBICILIETO 00pa30BaHuUs
«MarHuTOropcKuil rocy1TapCTBEHHbIN TeXHUYeCKUi yHuBepcurer uM. ['.11. HocoBa»

MHoronpoGmIbHBINA KOJUTEHK

METOAUYECKUE YKA3AHUS J1J151
JJABOPATOPHBIX 3AHATHIA YYEBHOM JUCIHUITIJIMHBI
OI1.05 Hugpposass cxeMOTEeXHUKA
«o0enpoecCHOHATbHBIN UK
NMPOrpaMMbl NOArOTOBKHU CNENMAJNCTOB CPeIHEro 3BeHa
cnenuaibHocTi 27.02.04 ABTOMaTHYeCKHEe CHCTEMbI YIIPABJIEHUS



1 BBEJAEHUE

2 METOJIMYECKHE YKA3AHUA
JlabopaTtopHoe 3ausaTHE Ne 1
JlabopaTtopHoe 3ausaTHE Ne 2
JlabopaTtopHoe 3ausaTHE Ne 3
JlabopaTtopHoe 3ausTue Ne 4
JlabopaTopHoe 3aHsaTHE Ne 5

COJIEP)KAHUE

13
16
25
31



1 BBEJAEHHUE

BaxHylo 9acTe TEOpeTHYECKOW U NMPO(EeCCHOHATBHON MPAKTHYECKOH MOJrOTOBKH CTYICHTOB
COCTaBJISAIOT IPAKTUYECKUE U J1a0OPATOPHBIE 3AHATHUS.

CoctaB u coaepkaHue J1a0OpaTOPHBIX PabOT HAMpaBlIeHbl HA PEATU3ALUI0 JEHCTBYIOIIETO
(beneparbHOrO TOCYAapCTBEHHOTO0 OOpPa30BaTENLHOIO CTAaHAAPTa CPEAHEro Mpo(ecCHOHATBHOTO
oOpa3oBaHUsl.

Benymelh muaakTH4ecKoW IIeNbI0  JTA0OpAaTOPHBIX paboOT SIBISICTCS AKCICPUMEHTAIBHOE
MOATBEPK/ICHUE U POBEPKA CYLLIECTBEHHBIX TEOPETUYECKUX MOJI0KEHUH (3aKOHOB, 3aBUCUMOCTEM).
B cootBerctBUM ¢ paboueil mporpammoit yueOHOW muctmmiuHbl «LludpoBas cxeMoTEeXHHKay,
[IPEelyCMOTPEHO IPOBEACHHE JJAOOPATOPHBIX 3aHITUH.

B pe3ynbpraTe uX BBIIOJHEHUS, 00y4atOLUNiCs JOIDKEH:

ymemb:

- BBINOJIHATH aHAJIU3 U CUHTE3 CXEM LHU(PPOBBIX YCTPOUCTB;

- MpPOBOJUTH HCCIENOBaHUS paboOThl IUGPOBBIX YCTPOWCTB M IMPOBEPKY HUX Ha
paboTOCIIOCOOHOCTS;

Copep:xaHue IpaKTUYECKUX U J1a00paTOPHBIX pabOT OPUEHTUPOBAHO HA MOJTOTOBKY CTYICHTOB
K OCBOCHHMIO MpOTrpaMMbl MOJATOTOBKM CHEIMAUCTOB CPEAHEr0 3BE€HA M0 CIEUUaIbHOCTH H
OBJIAJICHUIO

I[IK 1.2. CocraBnsTh CXEMBI CIECIHAIU3UPOBAHHBIX Y3JI0B, OJOKOB, YCTPOWCTB U CHCTEM
aBTOMAaTUYECKOTO YIPABJIEHUS TEXHOJIOTHUECKUMHU MPOIIECCaMH

[IK 3.1. JInarHocTupoBaTh dJIEKTPOHHOE 000PYIOBAHUE U CUCTEMBI aBTOMATHIECKOTO yIPABICHUS

A Takxke popMHPOBAHMIO O0ILIIMX KOMIIETEHIIUI:

OK 01. Beibupats crioco0s! perieHns 3a1a4 npodecCHOHATBbHON e TEIbHOCTH PUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM;

OK 04. 3¢ddexTnBHO B3aUMOACHCTBOBATH M pa0OTaTh B KOJUICKTUBE U KOMAH/IE;

JlaGopaTopHble 3aHATUS MPOBOIATCS MOCIE COOTBETCTBYIOIIEH TEMBbI, KOTOpas OOecreunBaeT
HaJIM4ue 3HaHUM, HEOOXOIUMBIX JJIsl €€ BBITOJHEHUS.



2 METOIUYECKHUE YKA3AHUSA
OIIUCAHUE CTEHJA U OBIIIME PEKOMEHJIAIIUU 110 BBIITIOJIHEHUIO
JIABOPATOPHBIX PABOT

[Ipu npoBeneHnn 1a0OPATOPHBIX PAaOOT HCHOIB3YETCS CTEHI B MOHOOJIOYHOM BapHaHTE
ucnoiaHeHus: «OCHOBBI HU(PPOBON AMEKTPOHUKNY, KOMIUIEKT COCTMHHUTEIBHBIX TPOBOJIOB M U (PPOBOI
ocrmniorpad.

Onucanue crenaa

Oo6mwme Bupa crenna «OCHOBBI IU(POBOI TEXHUKW NPEICTABICH Ha puc. 1.
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Puc. 1. O0mmii Bug MoHOOJIOKA

Mono6sok nmutaetcs ot ogHo(dazHoro HanpsikeHus 220 B. KitaBuniHbIi BBIKITIOUATEh TATAHUS
(Cetp) pacmonoxeH Ha MepeAHEN NaHeNnu, crpaBa BBEpXy. MOHOOIOK COAEPKUT CIEAYIOLIUe
OCHOBHbIE (P)YHKIIMOHAJIbHBIE YACTH:

- 1oJie JIOTUYEeCKUX YPOBHeM, MO3BOJIAIONIUX YCTaHABIMBATh HA BBIXOJHBIX THE3/IaX YPOBHU
JIOTUYECKOTO HOJISI UJTH €TUHULIBL;

- 10Jie OAUHOYHBIX UMITYJILCOB, TIO3BOJISIONIUX MOTYYUTh OAUHOYHBINA UMITYJIHC HAPACTAIOIIHIA
(TI0JI0KUTENbHBIN) JTMOO CTIaIAIOIIHNK (OTPHUIIATEIIBHBIN );

- TeHepaTop UMILYJbCOB, BbIPaOaTHIBAIOIIUN TpH (PUKCHUPOBAHHBIE YACTOTHI MOJOKHUTEIbHBIX
nmitynbeoB 100 I'u, 200 ' u 1600 I'i;

- 1oJie MHAUKAIMH, HA KOTOPOM JIECATh CBETOJAMOIHBIX HHAMNKATOPOB U OJUH CEMHCETMETHBIH,
MHIUIHUPYIOIINUE HYJIEBOE WU €AMHUYHOE (TIPU CBEUYEHUHU) COCTOSIHHE,

- JIoTHYecKHe 3JIeMEeHTbl U TPHUITEPHI - MoJie, HA KOTOPOM HcCCJIeaAylTcss 0a3oBble
JIOTHYeCKHe 3JIEeMEHThI U TPUITEPHI;

- PerucTpbl M CYeTYMKM - MOJiE, HA KOTOPOM HCCIEAYIOTCS CABUTOBBIN M mHapauieIbHbIN
PETUCTp, a TAKXKE ABOUYHBIN U TBOMYHO-ACCATUYHBINA CUETUNKH;

- CyMMATOpbI U Aemiu(paTopsbl - TOJe, HA KOTOPOM HCCIEAYIOTCS TIOJNHBIM cymMMaTop U
JemuQpaTopsl;

- wmyastuBuOparopsl u AIIl - mnone, Ha
MyJIBTUBHOPATOPOB U aHAIOTO-IIM(PPOBBIX MPeoOpazoBaTENCH.

Opransl yrnpaBieHHs W WHAWKAIMK OObEIUHEHbI Ha CTEHJEe B (DYHKIIMOHANBHBIE TPYIIBI H
cHaOXeHBI HAJMKICSIMU Ha THIIeBOX naHenu (puc. 1).

KOTOPOM  HCCICAYIOTCA  CXCMbI



HcTounuk curHasioB «YPOBEHb JIOTHYECKHI» TpeaHa3HAYeH Uit (POPMHUPOBAHUS JIOTHUECKUX
CUTHAJIOB BBICOKOTO «1» u Hu3zkoro «0» ypoBHeW. BxiioueHne COOTBETCTBYIOIIUX CHUTHAJIOB
ocytecTBisieTcs: pu momontu Tym6iaepoB SAl - SA8. C moMoIplo CBETOIUOIOB OCYIIECTBIISCTCS
WHJIMKAIIUS CUTHAJIOB, COOTBETCTBYIOIIMX JIoTHYecKo «1». YpoBenb «1» coorBercrByer 3,5...5 B.

Hcrounuk curHana «WMmynsec OAWMHOYHBIN»  (OPMUPYET OJWHOYHBIE HWMITYIBCHl C
MOJIOKUTEITFHOW M OTPUIATEIBHON ToJisspHOCThIO. [lpn Hakatuu Ha kHOmKy SB1l Ha BBIXOZE
reHeparopa, Haxojsuemcsi B cocTtossHuu «0», BbIpaOaThIBAe€TCs CUTHAI JIOTHYECKOW «l», a mpu
Ha)KaTUM Ha KHOTIKY SB2 - curnan nmorugeckoro «0».

«["eHepaTop UMITYJICOBY» TE€HEPHUPYET MOCIEAOBATEIHLHOCTH IMOJOKUTEIBHBIX MPSMOYTOIbHBIX
uMITysbcoB ¢ yactotamu 100 ', 200 I'n u 1600 T

Ha pabouem mone «MymnbruBuOparopsl u ALIl» mMeroTcs aBa UCTOYHUKA PETYIHUPYEMOTO
noctosiHHoro Hamnpsikenus (0 - 5 B) RP1 u RP2.

Ha mnone «Muaukanus» OCYIIECTBIASETCS WHIMKAIMS CHTHAJIOB JIOTHYECKOW «l» Ha
MOJKITIOYAEMbIX K THE3JJaM Ha 3TOM TI0JIe BBIXOJIHBIX CHUTHAJIOB MHKpOcXeM. MHaukamuss MOKeT
MIPOU3BOIUTHCA U C TIOMOIIBIO CEMHUCETMEHTHOTO WHIUKATOPA, TOJKIIOYEHHOTO K PaCIIOI0KEHHOMY
psaoM ¢ HuM remudparopy DD14.

Ha mnepenneii manenu, B LIEHTpE, UMEIOTCS THe3Aa (YEPHOTO I[BETA) OOIICH TOYKH (_J—_).
MuHychl BCeX UCTOUHUKOB, T€HEPATOPOB M MHUKPOCXEM TMOJCOCTUHEHBI K 3TOMY MOTEHIIUAY BHYTPH
cTeHa. B manpHeimem 5T 11eny Ha cXxeMax He U300pakaroTCsl.

Taxke B 1IeHTpe, B OJHY JIMHHUIO C KJIeMMaMHu OOIeH TOYkH (YEpPHOTO IBETA), UMEETCS IIeTh
KJIEMM-KOHHEKTOPOB (JKEITOTO IBETA), UCIIOIh3YEMBIX JJIsSI PA3BETBICHUS CXEMBI IPH HEXBATKE THE3I.

IMopsinok BbINOJIHEHHSI PadOT

[Tepen BeIMONHEHHEM PabOT BCE CTYIEHTHI JIOJDKHBI M3YyYUTh MPaBHJIa TEXHUKH 0€30TaCHOCTH
MPUMEHUTENFHO K Jlabopatopur 1U(PPOBOY SIEKTPOHUKH, JJII YETO MPErojaBaTeIeM MPOBOJIUTCS
MHCTPYKTaX. KpaTkuii HHCTPYKTaXK MPOBOAUTCS TAKKE HA KKIOM 3aHITHH.

[Ipu moaroToBKE K TabOopaTopHON paboTe HEOOXOIUMO:

1) O3HAKOMHUTBCSI C €€ COJIep’)KaHHEM U, TOJB3YsACh PEKOMECHIOBAHHOW JINTEPATYpOH W
KOHCTIEKTOM JICKIHH, U3YYUTh TEOPETUICCKHE TIOJIOKEHHUSI, Ha KOTOPBIX 0azupyetcs padora;

2) BBITIOJTHUTh TIPEABAPUTEIBHBIC PACUEThl, COCTABUTH TAOJHIIBI, HAPHCOBATH CXEMBI,
YKa3aHHbIE B 33/IaHUH; [TPETIOIaBaTeNlb MOXKET 3a]aTh BapHAHTHI 3aaHUH;

3) U3YYUTh CXEeMy Ja0OpaTOpPHOH YCTaHOBKM M MPOAYMAaTh METOAWKY BBITIOTHEHUS
1abopaTOpHOU PabOTHI;

4) OTBETUTh HA KOHTPOJIbHBIC BOTIPOCHI.

[lepen BbIMIOJNIHEHHEM Ka)KJIOW J1aOOpaTOpHOU pabOThl HEOOXOJAMMO OTBETUTh HA KOHTPOJIbHBIE
BOIPOCHI MOCOOUS U MPEACTAaBUTH OTUET 0 MpebIAyIIei padboTe.
[Ipu BeINONIHEHUY J1aOOpAaTOPHOU PabOTHI HEOOXOIUMO:

1) O3HAKOMHUTBHCSI C  padOYMM  MECTOM, IPOBEPUTh  HAIMYHE  HEOOXOIMMBIX
COCJIMHUTEIIbHBIX IPOBOJIOB;

2) MIPOU3BECTH COOPKY CXEMBI;

3) MOCJIE pa3peliCHus MPETNOAaBaTeNs BKIOYUTh ITUTAHUE U MPUCTYIUTh K BBHITIOJHCHUIO
paboTHI;

4) B X0J/I¢ pa0OThI U TI0 €€ OKOHYAHHUIO TIOJYYCHHBIC JaHHBIC TIPEACTABISTh HA MPOBEPKY
MIPETI0/1aBaTelo;

5) CXeMy paz0upaTh TOJBKO MOCIE MPOBEPKU MPETOAaBaTeNIEM Pe3ylbTaTOB OMbITA (TIepe]]
pa3bopkoii He 3a0ynbTe BHIKIIOYUTH UCTOUHUK MUTaHUs!);

6) 0 OKOHYaHUU PabOTHI IPUBECTU B IOPSATOK pabodyee MecTo.

Odopmienne 0T4eTOB 110 J1A00PATOPHBIM padoTam
B oryere nomxHa OBITH CPOpPMYIUpOBaHA I€NIb MPOBEICHHON pabOThl U TpeJCTaBIEHBI
CIIEIYIOINE MAaTEPHAIBI:

1) CXCMbI 3KCIICPUMCHTOB,
2) PAaCUYCTLI U TIOCTPOCHHUA K JOMAITHEMY 3aJIaHUTO;
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3) 9KCIEPUMEHTAJIbHbIE XapaKTEPUCTUKY;

4) 06paboTaHHbIE OCIIILIOTPAMMBI;
5) BBIBOJIBI (2HAJIM3 SKCTIEPHMEHTANLHBIX JTAHHEIX, BUA KPUBBIX, IPHUMH TIOTPEIHOCTEI
UT. 1)

OmnbITHBIE TOYKH MOTYT HMMETh pPa30poc. DKCIEpUMEHTAJIbHBbIC KPUBBIE MPOBOJAT ILIABHO,
MaKCHUMaJIbHO HpI/I6JII/I)I(a$I K OKCICPUMCHTAJIBHBIM TOYKAaM. Ha Fpaq)I/IKaX MNPpUBOAAT HAa3BaHUC,
O603Ha‘IaIOT, K KaKOMY OIIBITY OHH OTHOCATCS, U YKA3bIBAIOT NOCTOAHHBIC BCIIMYMHBI, OIIPCACTIAIOIINC
ycioBust onbiTa. Ha ocsix kKoopArHAT HaM0 00sA3aTEIbHO yKa3aTh, Kakas BEJIMYMHA 110 HUM OTJIOJKEHA,
B KaKUX CAWHHIAX OHA U3MCPACTCA, U HAHCCTU ACJIICHUA. L[eHa JCJICHUA NOJIKHA 6I)ITI) YHO6HOﬁ JJIA
paboTHI.

[Tpumep odopmiteHHS OCIMIUIOTPAMMBI IIPUBECH Ha pUC. 2.
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Puc.2. [Ipumep opopmiieHrs ocuuiorpamMmm

Tema 1.2. UHTerpasbHoe ucmnojiHeHne 0a30BbIX HM(PPOBHIX IJIEMEHTOB
JlaGopaTtopHoe 3ansiTue Nel
HccnenoBanue padoThl JJOrHYECKUX 3JIEMEHTOB U CXeM HA UX OCHOBe

esnb padoThl: TECTUPOBAHUE U OTIPEICTICHIE pa0OTOCTIOCOOHOCTH JIOTUYECKUX dJIEMEHTOB: «M-
HE», «MJIN-HE», «<HE», «MCKJIIOYAIOILEE WUy, «1-UJIN-HE», a Takke cOopka U MpoBepKa
KOMOHHAIIMOHHOM CXEMbI Ha JIOTHYSCKHUX dJICMECHTaX.

Bbinosinus padory, Bol Oyaere ymern:
- BBITIOJIHATH AHAJIU3 U CUHTE3 CXeM IU(POBHIX YCTPOUCTB;

- IPOBOJUTH  HCCIEAOBaHUS pabOThl UU(POBBIX YCTPOHCTB U TMPOBEPKY HUX Ha
paboTOCIIOCOOHOCTE.

MarepuajibHoe obecniedenue: creHabl «OCHOBBI IU(POBON AIEKTPOHUKIY, OcHUILIOTpad.

1. Teoperudeckue cBegeHHUs

OCHOBY COBpPEMEHHOW BBIUMCIUTEIBHOW TEXHUKHM COCTABJISIOT  IOJIYINPOBOJHUKOBBIE
unterpanbable  Mukpocxembl (MMC).  Ilpocreitmuvu UMC  sBisitoTcst un@poBbie JTOTHYECKHE
JJIEMEHTBI.

[udpoBsie nOrUyecKue 3MEMEHTBl — 3TO MUKPOIIEKTPOHHBIE U3/ENUs, TPeIHA3HAYCHHBIC IS
npeoOpa3oBaHus U 0OPaOOTKU AUCKPETHBIX CUTHAIIOB.

B UMC, BemonnenHsbix o TexHonoruu KMOII, B kauecTBe 0a30BOTO 3J€MEHTA HCTOIB3YIOTCS
KJIFOUEBBIE CXEMBI, MOCTPOEHHbIE Ha KOMIUIMMEHTapHbIX MOII-TpaH3ucTopax, T.€. MCHOJIB3YIOTCS
MOJIEBBIE TPAH3UCTOPHI CO CTPYKTypoid Mertamn — Okeua kpemuusi — [1omynpoBOJHUK IBYX THUIIOB: € n
— kaHasioM U ¢ p — ka"anoM. Hapsny ¢ UMC KMOII cymectsyror UMC n — MOII u p — MOIL



B nmannoi#i paboTte mccieayroTcs npocreiinre KoMOMHAIIMOHHbIE JIOTHYeCKue cxeMbl Tuma «M-
HE», «WJIN», «HE», «MCKIIIOYAIOILEE NIy, «1-NJIN-HE», BHyTpeHHsIs1 CTPYKTYpa KOTOPbIX
noctpoena Ha ocHoBe KMOII-noruxwu.

Taxxke B paboTe UCCIEAYIOTCS KOMOMHAIMOHHBIE CXEMbl HAa OCHOBE JIOTUYECKHX DJIEMEHTOB
tuna «M-HE», «HE», «1JIM-HE», BHyTpeHHSs CTpYKTypa KOTOpBIX IocTpoeHa Ha ocHoBe KMOII-
noruku. Takxke B paboTe ucnoib3yrorcs RC-1enouky B KauecTBE HHEPLMOHHOIO JIEMEHTA (3JIeMeHTa
3aJIEPKKH).

Kombunayuonnvimu cxemamu Ha3bIBAIOTCS TAKHE CXEMBI, BBIXOIHBIE CUTHAIIBI KOTOPBIX 3aBUCST
TOJIBKO OT KOMOHMHAITMM BXOJTHBIX NMEPEMEHHBIX M HE 3aBUCAT OT TOTO, B KAKOW MOCIEI0BATEIbHOCTH
9Ta KOMOMHAIMS BO3HUKJIA HA BXOJIE.

Takue cxembl HMIMPOKO PACTIIPOCTPAHEHBI 32 CUET CBOEH MpocToThl. VX paszpaboTka (CHHTE3)
OCYILIECTBJISIETCS B JiBa Iara:

1. CocraBnsercst TabauIla UICTUHHOCTH, OTPAXKAIOIasi B3aUMOCBSI3b BXOJHBIX M BBIXOTHBIX
nepeMeHHbIX. 110 HeW 3amuCHIBAIOTCS JIOTMYECKHE YPaBHEHWS. OTH YpPaBHEHUS MUHHMHU3HUPYIOTCS
IIyT€M HEMOCPEICTBEHHOIO PeoOpa3oBaHusl JOrMUECKUX PYHKINH.

2. BriOupaeTtcs aneMenTHas 6a3a A1 CO3/1aHUs TIOJJOOHON CUCTEMBI.

Jnst GOJIBIIMHCTBA CXEM JIOMyCTUMO CUUTAaTh, YTO B KOMOWHAIIMOHHOW CXeMme IpeoOpa3oBaHHE
CHTHAJIa TIPOUCXOJUT TPAKTHUECKH 0€3 3aJepKKH BPEMEHH M BBIXOJTHBIE CUTHAIBI (HOPMUPYIOTCS
MPAaKTUYECKH MIHOBEHHO TIOCIIE TIOJaYl BXOIHOW KOMOWHAITHH.

2. Onucanue 1a00paTOPHOI YCTAHOBKH
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Puc.3. Mcnonb3yemble pabouune moJist CTeH 1a

Jlornueckue snementol: «M-HE», «1JIM-HE», «HEy», «MCKJITOUAIOIIEE WUJINy, «1-NJI-
HE». uccnenyrorcst Ha padbouem nosie «JIOTMYECKUE DJIEMEHTBI U TPUITEPBI» (puc. 1).

HcTounuk curHanoB «YpOBEeHb JIOTHYECKHI» NpeAHa3HadyeH s (OPMUPOBAHMS JOTUUYECKHX
CUTHAJIOB BBICOKOTO «1» u Hu3Koro «0» ypoBHel. BxiroueHune COOTBETCTBYIOIIMX CHUTHAJIOB
ocytecTBisieTcs npu nomoiu Tym6iepoB SAL - SA8. C momolpi0 CBETOIUOIOB OCYIIECTBIISETCS
WHMKAIUS CUTHAIOB, COOTBETCTBYIOIIUX JIOTUYECKOM «1%.

Bxo/HbIe cUrHANBI TOJAIOTCS Ha BXObI HCCIEAYEMBIX MUKPOCXEM.

«["enepaTop» reHepupyer nociae10BaTeIbHOCTH MOJ0KUTEIBHBIX MPSIMOYTOIbHBIX UMITYJIBCOB C
gactoramu 100 I';; 200 I'op m 1600 I'm,.

C nomoupl CBETOAMOAOB MOJS
JIOTHUYECKOM «1».

3. 3ananmne

3.1 JKCNepUMEHTAIbLHOE UCCIe0BAHNE IBYXBX00BbIX 3JIEMEHTOB

a) COCTaBUTh TaONHWIly MCTUHHOCTH JJS JBYXBXOJOBBIX JIOTHYECKHX 3ieMeHTOB «M-HEy,
«MJIN-HE», «Mckmouaromee WJIIN» (MMC DDI1, DD2, DD4) u npoBepuTbh UX UCIPABHOCTb. s
3TOoro cobpath cxemy (puc. 4), TOIKIIOYHB BBIXOJBI THE3J «YPOBEHb JOTHYECKHID» K

«MBauKanus» OCYHICCTBJIACTCA HWHAUKANUA CHIHAJIOB



COOTBETCTBYIOIIMM BXOJIaM (HaXOJALIMMCS Ha OJHOW TOPU30HTAIN) Jiornueckoro snementa «M-HE»
(«MJIN-HE», «Uckmouatomee WIIM»). Brmounts Tymbnep «Cerb». 3amaBas pa3lddHbIe
KOMOWHAITMH BXOJHBIX JIOTHUECKUX cUTHAIOB TymMOnepamu SAl u SA2, GpukcupoBaTh MO CBETOHOTY
BBIXOJJHOW CHTHAJ JIOTHYECKOTO 3JeMeHTa. Pe3ynbTaThl 3aHecTd B Tabn. 1. Beikmrounts TymoOIep
«Cetb». CpaBHHB pe3yabTaThl C ATATOHHBIMU TAONHMIIAMH WUCTUHHOCTH OMPEICIIUTh, MCIPABEH JIH
JJIEMEHT.

S AR 5. """ r————"7"7"77
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Puc. 4. Cxema coequHeHNN UT MCCIIEqOBAaHU JJornueckoro iementa M-HE

Tab6numna 1
Bxonpr Brixon
X1l | X2 Y
N-HE nJIn- Hckmrouaromee
HE NJIn
0 0
0 1
1 0
1 1

0) mpoBeputh padoty sorudeckux memeHToB «M-HE» («MJIN-HEy, «Uckmouaromee MJIN») ¢
MTOMOIIIBIO OCIMIUIOrpada, MOAKIIOUYUB BBIXOIHBIE THe3Aa «I'eHeparopa» ¢ gactoroit 100 'y u 200 'y
K BXxoJaM «X1» u «X2» jgoruueckoro snmeMeHTta (cM. puc. 5). Jlnsa sroro Bxon ocmmmiorpada CHI
(kanan 1) monkmounth K BXoay «XI» amementra «M-HE» («MJIM-HEy», «Mckmrouaromee UJIN»), a
Bxoj ocrmiuiorpadga CH2 (kanan 2) - k BXoay «X2» 3neMeHTa (Kopnyc ociuuiorpada COeIuHUTD C
oOmieil Toukoi cTeHaa), BKIUUTh TymOsep «CeTb». 3apucoBaTh Ha KaJlbKe BXOJHBIC CUTHAJIBI JIPYT
o apyrom. Ilepexnrounts Bxon ocimuiorpadga CH2 k «Breixony» anementa «M-HE» («AJIM-HE»,
«Hcxmouaromee NJINy»), n 3apucoBaTh Ha TON ke KajdbKe BBIXOJHOW CHUTHAJ. BBIKIIOUHTH TyMOsEp
«Cetb». CpaBHUB pe3ysbTaThl 00pabOTKU OCHUIUIOTPAMM C COCTABJICHHBIMU TAOIMIIAMH UCTUHHOCTH
OTIPE/IeIIUTb, I/I'C_HpaBeH JIM 3JIEMEHT;

——————— 1 el G B e
| fenepamop | | fNozuveckue | | UnduKauus |
| UMAYALCO8 | | anesMmenmal | | |
| I | wgsaa ) !
| | | (I |
I 1007 o — & (I % I
| T o1y |
| 20014y [ |
| | [ |
| I—— N N N S —— I I al
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Puc.5 Cxema coenuaeHnii o ucciaenoBauud Joruyeckoro dementa U-HE ¢ nmomorisio
ocuuorpaga



3.2 JKCIEePpUMEHTATIbHOE HCCileJ0BaHue JJOrn4eckoro djiemMmenta «HE»:

a) COCTaBUTh TaOIMIy ICTUHHOCTH AJs jorudeckoro aeMmenta «HE» (MMC DD3) u npoBeputs
ero ucmpaBHOCTb. [l 3Toro coOparh cxemy, aHAIOTUYHYIO pHC. 4, TOAKIIOYHB BBIXOJ THE3N
«YpOBEHb JIOTUYECKHI» K COOTBETCTBYIOLIEMY BXOXy Jorudeckoro snemenra «HE». Bxmrounts
TymOnep «CeThb». 3aaBasi pa3IuyHble KOMOMHAIINH BXOAHBIX JIOTHYECKUX CUTHAIOB TyMOepom SAL,
(UKCHPOBATH 1O CBETOAMOIY BBIXOJHOW CHUTHAJ JIOTHYECKOTO dJIeMEHTa. Pe3ynbpTaTel 3aHecTH B Ta0.
2. Boixmouuts TymOnep «Cetb». CpaBHUB pe3ynbTaThl C 3TAJTOHHBIMM TaOMMIAMU HCTUHHOCTHU
ONPEENUTh, UCIIPABEH JIU JIEMEHT.

Tabnuia 2
Bxon Brerxon
X1 Y
0
1

0) mpoBepuTh paboTy joruueckoro snemeHnta «HE» ¢ momomipio ocuumiorpada, moakiItounB
BbIXOJHBIE THe3aa «['eHeparopa» ¢ yactoror 100 I'm ko Bxoxy «X1» moruyeckoro snementa. Jlis
storo Bxojn ocuwwiorpadpa CHI (kanan 1) moaxmountsh K BXomay «X1» snementa «HE», a Bxon
ocimuiorpada CH2 (kanan 2) - K BBIXOAY AJieMeHTa (KOpIyc ociuiuiorpadga COEIUHHUTH C OOIIeH
TOYKOHW CTEH/A), BKIIOUHTH TymMOsep «CeThy». 3apucoBaTh Ha KaJlbKe BXOJHON M BBIXOJHOW CUTHAJIBI
apyr noa ApyroM. BeixmounTts TymOsep «Cetb». CpaBHHUB pe3ylbTaThl 00paOOTKH OCIMIIJIONPAMM C
COCTaBJICHHBIMHU Ta0JIMIIAMH UCTHHHOCTH ONIPEICTTUTh, UCTIPABEH JIM SJIEMEHT.

3.3 IKCNePpUMEHTAIbHOE HCCIeI0BaHue Jornueckoro iemenra « 1-UJIU-HE»:

a) COCTaBUTh TAOJHIY HCTHHHOCTH JUIsl Y€THIPEXBXOI0BOTO JoTHueckoro snementa « I—JIN-
HE» (MMC DDS5) u npoBepuTh ero ucrpaBHOCTb. Jljis 3TOro cobpaTh CXemMy aHaJIOTHYHO puc. 4,
MOJAKIIIOUUB BBIXOJBI THE3] «YPOBEHb JIOTHYECKHID K COOTBETCTBYIOLUIUM BXOJaM (HaxOIAIIMMCS Ha
OJIHOW Topu3OoHTaNM) jorudeckoro anemeHTta «U-NJIM-HE». Brxmounts Tym6Omep «CeTby». 3amaBast
pasnuuHble KOMOWHAIIMM BXOJHBIX JIOTHYeCKHWX curHajgoB TymOmepamu SALl, SA2, SA3 u SA4,
(buKcHpOBaTh MO CBETOAMOY BBHIXOJHOW CUTHAI JIOTHYECKOTO 3JIeMeHTa. Pe3ynbTaTsl 3aHecTu B Ta0.
3. Beixmounts TymOnep «Cetby». CpaBHHMB pe3yibTaThl C JTAJOHHBIMU TaOJMWIIAMH HCTHUHHOCTH
OTIPEeNUTh, UCIIPABEH JIU DJIEMEHT.

Tabaunia 3.
Bxonbr Brixon Bxonapl Brixon
X1 X2 X3 X4 Y X1 X2 X3 X4 Y
0 0 0 0 1 0 0 0
0 0 0 1 1 0 0 1
0 0 1 0 1 0 1 0
0 0 1 1 1 0 1 1
0 1 0 0 1 1 0 0
0 1 0 1 1 1 0 1
0 1 1 0 1 1 1 0
0 1 1 1 1 1 1 1

3.4. IlpenBapuresibHOE 3aJaHUE

[To 3amannHoi Tabmuie wcTUHHOCTH (Tabn. 4) COCTaBUTh U MUHHUMHU3UPOBATH JIOTMYECKOE
ypaBHEHHE JUIsl OJJHOTO M3 BBIXOJHBIX CUTHAJIOB. HapucoBaTh cxemy peanu3aluu JaHHOTO YpaBHEHHUS
Ha JJOTMYECKUX dJIEMEHTaX, MMEIOIINXCSI B COCTaBe CTEH/IA.

[Ipumep:

Bo3bMeM 3a OCHOBY CETMEHT «€» M COCTABUM ypaBHEHHMSI:

JIaHHBIN CErMEeHT 3a)KUraeTcs YeThIpe pa3a, i KaXJI0ro pa3a eCTh CBOsS KOMOWHAITUS BXOTHBIX
curHanoB. CHayvasna 3anuiieM ypaBHEHUE HETUKOM:

e=X X

HR NI IR T AN IR



[IpeoOpazyeM naHHOE ypaBHEHHUE, BOCIOJIB30BABIINCH 3aKOHAMM IPEOOPa30BaHMs JOTUUECKUX
byHKIMII:

e=X,-X

Tak Kak OCHOBY JIOTMYECKHMX 3JIEMEHTOB Ha JIMIIEBOM MaHEIM COCTaBIAIOT 3ieMeHThl M-HE,
npeodpa3yeM ypaBHEHHUE C TOMOIIBIO 3aKOHOB Jie MopraHa:

e=X,-X, +\_|k_,

e= /Y, : .\’2 \_’IT

CxeMbl Ui JaHHBIX YpaBHEHUHH MOKHO coOpaTh HA JIMIIEBOH MaHENIW C MOMOIIBIO AJIEMEHTOB
DD1, DD2, DD3 u DDS.
Tabnuia 4. Tabnuua nctuHHOCTH UcX0AHAd (QparMeHT)

Ne BxoaHble curaanol Brixogunie curaanel
nm | X4 | X3 | X2 | X1
8 4 2 1 |a|blc|d|e|f]|Qg
0 0 0 0 0 1{1(1|1]1111]0
1 0 0 0 1 oj|111,0]0]|0]0O0
2 0 0 1 0 1{1(0]1]1|0]1
3 0 0 1 1 1{1(1]1]0|0]1
4 0 1 0 0 oj111/0(0]1]1
5 0 1 0 1 1/{0(1]1]0|1]1
6 0 1 1 0 1011111
7 0 1 1 1 1{1(1]0]0|01]0
8 1 0 0 0 1{1(1)]1]1|1]1
9 1 0 0 1 1{1(1]0]0|1]1

Taobmuia 5. Tabnuma KCTUHHOCTH

BxoaHble curHanel Brixoguoi curgan
X4 | X3 | X2 | X1

=
5 &

-

ol v|o|olrw|N|R|lo
Rlr|lo|lo|lo|lolo|lo|o|lo|m
o|lo|r|r|rlrloolools
o|lo|r|r|lololr|rlolon
Rlolr|o|lr|lolr|lolr|lo

3.5. DJkcnepuMeHTA/IbHOE HCCJIeI0BaHHMe KOMOMHALMOHHON CcXeMbl HAa JIOTHYECKHX
3JIEMEHTAaX:

a) CoOpath cxemy, pa3paboTaHHYIO B 11.3.4, TOJKIIOYUB BBIXOJIbI THE3/ «YPOBEHb JOIMUECKHID)
K COOTBETCTBYIOUIMM BXOJaM JIOTHYECKHX JJIEMEHTOB. COEIMHUTH NEPEMBIYKAMHU DIIEMEHTHI,
COTJIACHO CXeMe, MpH HeoOXOJAMMOCTH HCIIOJIb30BaTh KOHHEKTOPHI. BBIXOJ CXeMbl COEIMHHUTH CO
ceeroguonoM Ha noje «MHAWUKAILIMSA». Brmounts TymMOnep «Cetb». IlogaBast Ha BXOJBI CXEMBI
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pa3nuyHble KOMOHMHALMM BXOJHBIX CHUTHAJOB, YOEOUTbCS B MPABUIBHOCTH PAOOTBI CXEMBI,
PYKOBOJICTBYSICH TabnuIieit 5. Pe3ynbrarsl cpaBHUTE C HCXOIHOM TabnuIei 4.

[lomatr Ha cxemy OJHY M3 KOMOWHAIMK BXOJHBIX CHTHAJIOB, TIPH KOTOPOM Ha BBIXOJE
BO3HMKaeT 3HaueHue 1. OTcCoeaMHUTHh OJMH U3 BXOJOB OT NOJA «YPOBEHb JIOTMYECKUW» MU
NOJKIIOUNTE K reHeparopy 200I'm. 3areM moakIO4YMTh K TeHepatopy Bxona ocuwmiorpaga CHI.
Bropoii Bxox ocummiorpadga CH2 moacoenmHuTh K BBIXOAY cXeMbl. Kopmyc ocmmmiorpada
COCIMHHTH C 00IIeH TouKoit cTera «Ly. 3apucoBaTh BXOJHON M BBIXOJIHOM CUTHAJ APYT HOJ APYTOM.

[ToaxmrounTh BbIX0oA cxembl K Henouke R2C2. C npyroil cTOpoHBI K HEW IMOJAKIIOYUTH BXOJ
ocummorpada CH2. 3apucoBarh BXOAHOW M BBIXOAHOM CHUTHAJI JApyr moj apyrom. IIponenats Te xe
onepanuu ¢ nernoukoit R3C3. Beixmounts Tym6Osep «Cerb». Caenatb BBIBOJBI O paboTe cXeMbl 0e3
MHEPLIMOHHOTO 3JIEMEHTA U C HUM.

3.6 JKCIePpUMEHTAJIbHOE HCCJIeJ0BAHNE TeHePATOPa UMILYJIbCOB!
T remesamon i M= Toavsece 1 [ o e mvestioomons |
' fenepomogp I | J b | | MMyasmuewdpamaooe |
] UATETECCE | ] AACCH T & | | u AN |
] | I U P e | | |
: el L :
| 2000y ——f—— — 1
b 1 | | N

I P [ 1L
I I |
I . [ I
I - I |
I R — I -

Qeduasasgad

Puc.7. Cxema aiia nuccneoBaHus reHeparopa KOpOTKUX UMITYJIbCOB.

CoOparp cxemy (puc.7), MOAKIIOUMB BBIXOA TeHeparopa 200l k OBYyM BXOJaM IEPBOTO
anementa M-HE u x omHomy BXoay BTOporo snemeHTa M-HE. 3atemM moakimro4uTh BBIXOJ MEPBOTO
snementa U-HE k nenouke R3C3, ¢ apyroil CTOpoHbBI COECIMHUTH LENOYKY C BXOJOM BTOPOIO
anementa U-HE. Toaxmounts Bxoa ocimsuiorpadga CH1 x rereparopy. Bropoi#t Bxon ocumiorpada
CH2 noaxmouunTh K BRIXOy cxeMbl. Kopmyc ocriumiorpada «L» coenuHuTH ¢ 0Ll TOUKOI CTEH IA.
Bxurounts TymMOnep «Cetb». 3apucoBaTh OCIHMUIOIPAMMBI BXOJHOTO W BBIXOJHOTO CHTHAJIOB JIPYT
MO/ IPYroM, clienaTh BbIBOABI. Brikitounts TymOep «CeTtby». Pazobpats cxemy.

4. Conep:kaHue oT4yeTa

OT4er JOHKEH COJIepKaTh CIEIYIONNEe TYHKTHI:

1) HaWMEHOBAHUE M 11€JIb PaOOTHI;

2) MPUHIUIHATBHBIC SJICKTPUYECKUE CXEMBI JUTSI BBITIOJTHEHHBIX SKCIIEPUMEHTOB;

3) pe3yIbTaThl SKCIIEPUMEHTAIBHBIX HUCCIICOBAHNMN, TOMEIICHHBIE B COOTBETCTBYIOIIHE
TaOJIHIIEL;

4) 0(OPMIICHHBIE OCIIUIIOTPAMMBIL;

5) BBIBO/IBI 110 padoTe.

5. KoHTpoJIbHbIE BONIPOCHI
Jaiite onpeneneHre HUGPOBBIM JIOTHYECKUM 3IEMEHTaM
Kakwue TpaH3ucTOphI UCIONB3YIOT B 0a30Boi cxeme anemMeHnToB KMOIT?
Kaxue Bunp! noruku Bol 3Haere kpome KMOIT?
Hazosure ocHoBHBIE TpenmyIecTBa u HepocTtaTku KMOII-noruku no cpasaenuto ¢ TTIL
Yro Takoe Tabauia HCTUHHOCTU?
Kakue nornyeckue »meMeHThl UCCIEAYIOTCS B JaHHOW paboTe, U K KaKOMY BUJY JIOTUKUA OHU
OTHOCATCS?
IIepeuncinTe OCHOBHBIE ITAPAMETPHI JIOTUUYECKUX DJIEMEHTOB.
8. HapucyiiTe cxeMHble 0003HauUEHMsI TPEXBXOJOBBIX JIornyeckux annemeHToB «M-HE», «JIU-
HE».
9. Kakue cxeMmbl Ha3bIBalOT KOMOWHAIIMOHHBIMH?
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10. U3 xakux 3TanoB COCTOUT CUHTE3 KOMOWHAIIMOHHBIX CXeM?

11. Yro Takoe MUHUMU3AIMS JIOTHYECKUX BHIPAKEHUN?

12. TlepeuncnuTe OCHOBHBIC 3aKOHBI TPEOOPA30BAHNUS JTOTUICCKUX YPABHCHHIA.

13. CymecTByeT a1 3a7ep:kka B KOMOMHAIIMOHHBIX cxemax? Kak Biuser e€ Hanmdue Ha padoTy
CXEMBI.

Kpurepuu oneHku:

O1leHKa «OTJIMYHOY» CTABUTCS, €CIM SKCIICPUMEHT IPOBEIEH, 00pabOTaHbl PE3yIIbTATHI,
BBITIOJTHEHBI BCE 3a/1aHus1, paboTa 0popMiIeHa B COOTBETCTBHH C TPEOOBAHHSIMHU.

O11eHKa «XOPOIIIOY» CTABUTCSI, €CIIM ObLiIa JOMYIECHBI OMHOKK IPU MPOBEACHUH SKCIICPUMEHTA,
00paboTKe pe3ynbTaTOB WK MPU 0(HOPMIICHUHN OTIETA.

O1ieHKA «YI0BJICTBOPUTEIIBHOY» CTABUTCS, €CIIA IKCIIEPUMEHT IPOBEAEH, IPUBEICHO HEMOJIHOEC
BBINOJIHECHUE 33/IaHH.

O1ieHKa «HEYIOBJIETBOPUTEIILHO)» CTABUTCS, €CITH SKCIICPUMEHT HE TPOBOIMIICS, 33[aHNE HE
BBITIOJTHEHO.

Tema 1.2. lIlndposbie nociaenoBareibHocTHBIE yeTpoiicTBa (LITY)
JlaGopatopHoe 3aHsTHE N2
HN3ydeHue moc/ie10BaTEJIbHOCTHBIX CXeM (TPUITEPbI HA JIOTHYECKHUX 3JIEMEHTAX)

Ienp padoThl: nccIeI0BaHUE MOCIEIOBATEIBHOCTHBIX CXEM HA OCHOBE JIOTHYECKUX JIIEMEHTOB
Brinosinus padory, Bel Oynere ymers:

- BBIMIOJIHATH QHAJIU3 U CUHTE3 CXeM IU(POBBIX YCTPOUCTB;

- IPOBOJUTH  HMCCIEAOBaHMS pabOThl LU(POBBIX YCTPOWCTB U MPOBEPKY HX Ha
paboTOCIIOCOOHOCTE.

MarepuajbHoe obecniedenune: cTeHbl «OCHOBBI IU(PPOBON AIMEKTPOHUKNY, OCITUAILIOrpad.

1. TeopeTruyeckue cBegeHUs

B pabore uccnenyroTcst mociea0BaTeIbHOCTHBIE CXEMbI HA OCHOBE JIOTHYECKUX JIEMEHTOB TUIIA
«-HE», «<HE», «MMJIN-HE», BHyTpeHHsIs1 CTPYKTYpa KOTOPBIX nmocTpoeHa Ha ocHoBe KMOII-noruku.
Taxxe B pabore wucnonb3ylorcss RC-Lernmouky B KauyecTBE HMHEPIUOHHOTO 3JIEMEHTa (dJIeMEHTa
3aJICPIKKH).

IlocneoosamenvnocmubiMu UIU MHO2OMAKMHBLIMU CXeMaMy HA3bIBAIOT CXEMbl, B KOTOPBIX
OJIHOM M TOM ke KOMOWHAIIMU BXOJHBIX CHUTHAJIOB, MOJAHHON HAa BXOJbl B PA3IUYHON OUEPETHOCTH,
MOTYT COOTBETCTBOBAThH Pa3IMYHble KOMOMHALIUY BBIXOIHBIX CUTHAJIOB.

OT/IUYUTENBHBIM 2JIEMEHTOM MOJOOHBIX CXEM SBISIOTCSA AJIEMEHTHI MaMsTH. B jornuyeckux
CXeMax 3JIeMEHT MaMATHU MPEJICTaBJICH B BUJIE OOPAaTHOM CBSI3U C BBIXO/a JIIEMEHTA Ha €r0 BXO/I.

DNIEeMEHTHI TaMSATH BBOJATCS B CXEMBI:

1. Ecou Ttpebyercs 3alOMHHMTBH KDPaTKOBPEMEHHBIM CHUTHal (Ha)KaTMe KHOIKH) - B
CUCTeMaxX aBTOMATHU3allMU TAKOE SIBJICHHE YaCTO HOCUT Ha3BaHUE CAaMOOIOKUPOBKH.
2. Korja oHOIi 1 Toif ke KOMOMHAIIMM HA BXOJE CUCTEMBI COOTBETCTBYET HECKOJIBKO
Pa3IMYHBIX BBIXOJHBIX KOMOUHAIIHIA
3. Jlns 3amoMHMHaHKS OPEIBIAYILIErO 3HAYEHHS
2. Onmucanne 1a00paTOPHOIl YCTAHOBKH
Jlornueckue s31eMeHTHl pacrosiaratorcss Ha pabouyem mnone «JIOTMYECKUE SJIEMEHTHI U
TPUITEPBD»  (puc. 8). DuemeHThl 3aJ€pKKM  pacmoJjlaralorcss Ha  paboueM  moie
«MVYJIbTUBUBPATOPBI 1 ALII» (puc. 8).
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Puc.8. Mcnionb3yemble 1oJst CTeHAa

HcTounnk curHAIOB «YPOBEHB JIOTHYECCKHI» TpeaHa3HAYCH IS (POPMHUPOBAHUS JIOTHUSCKUX
CUTHAJIOB BBICOKOTO «1» m Hm3KOTO «0» ypoBHEH. BKIIOYEHHE COOTBETCTBYIONINX CHUTHAJIOB
ocymiecTBisieTcss mpu oMot Tym61aepoB SAl - SAS. C moMoOIIpi0 CBETOAMOIOB OCYIIECTBIISIETCS
WHJIMKAILKS CUTHAJIOB, COOTBETCTBYIOIIUX JIOTUUECKOM «1».

«["eHepaTop» reHepupyeT MOCIeT0BATEIIFHOCTH TIOJOXKHUTEIIBHBIX MTPAMOYTOJIBHBIX HMITYJIHCOB C
gactoramu 100 I't; 200 I'm u 1600 I'm,

KOHHEKTOPHI TO3BOJISIOT YBETUYHUTH YUCIIO TIPOBOJIOB, IMTOAKITFOYaEMbIX K OJJHOH TOYKE.

C mnoMoImpi CBEeTOAHOAOB TONSA «VHIWKANHS» OCYIIECTBISACTCS WHIUKAIAS CHTHAJIOB
JIOTHYECKOM «1».

3. 3apanue

3.1. JKCNepUMEHTAJIbHOE HCC/IeJ0BAHME MPOCTEIIMX MOC/eA0BATEJIbHOCTHBIX CXeM
RS-Tpurrep na nornueckux 3jaementax UJIN -HE u U -HE:

a) UccnemoBare paboty RS-tpurrepa na ocuose snementoB WJIM-HE, mns storo coGpath
cxeMmy, coryiacHO pucyHky 9 (a). CoenuHUTh BBIXOJbI THE3J «YPOBEHb JIOTMUECKHI» C BXOJaMH
COOTBETCTBYIOIIUX 3JeMEHTOB. COeAMHHUTH MEpPEeMbIYKaMH D3JEMEHTHl, COIJIACHO CXeMe, MpHU
HEO0OXOJIMMOCTH HCIIOJIb30BaTh KOHHEKTOPBI. BBIXOJBI CXeMbl MOAKIIOYUTH K moto «Haukanms.
Bxmrounts Tym6nep «CeThby». 3anmomHuTh Tabauiy uctTuHHOCTH RS-Tpurrepa (Tabnumna 5). Cuenaiite
BBIBOJI 00 UCIIPABHOCTH TPUTTED.

| ST ITeE S A O 2 R e T 7| | BRI AW 1 W] B v AT e i1 I e R A 1
| Yoosess socusevcaud | | Nocuvecaue | ] | Hady vdau® ] | ¥Yoceene nossuercaud | | Nossverrue (| Hvdusoiw 1
| st : | ancwenmu o mpuzaepu : : | | p# | | svewenmocs movzzeow || |
I [ | &7 ' G T I |
s 1, I (B 1 T, 1 R | |
] @ T T | |} 0 — | | I
I I I I I I
I | | | | | | |
| | | | | | | |
I | | | | | I |
| | | | | | | |
I L I

! Lo L | :
' 7t S T : [ g I
| 1 2

Lo | iy :
' L, AR ! I BRL |
bemmm - 4k - L i S J

a) 0)
Puc. 9. Cxema coequnennii 11 uccienoanus RS-tpurrepa Ha ocHoBe aneMmenToB «JIM-HE»

u «M-HE».
6) UccnenoBath paboTy mHBepcHOro RS-tpurrepa nHa ochoBe snementoB U-HE, mis storo

co0paTh CXeMy, COTJacHO PUCYHKY 9(0). AHAJIOTUYHO MpPEbIAYIIEMY 3a/IaHUI0 3aMOJIHUTh TaONIuIly
uctuHHoctu (Tabnuma 6). Caenaiite BbIBOA 00 UCIIPABHOCTH TPUTTEPA.
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Ta6mumna 5.

Bxonbt

Brixonasl
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3.2. DKcnepUMEHTAJIbHOE HCCIeI0BAHNE AaBTOTreHepaTopa:

st aToro cobpats cxemy (Puc.10), moakiItounMB BBICOKHM JIOTUYECKUH YPOBEHb CHTHaja K
Bxoay nepsoro aementa U-HE. 3atem noakmtounts Bxox nepsoro snementa M-HE k konaeHcaropy
Cl. TIoaxmrounts Bxonx ocmwuiorpadga CH1 k Beixomy Ttperbero smementa M-HE. Kopmyc
ocruuiorpada CoeIMHHUTh ¢ 00mIer Toukoi creHaa. Brmounts TymOmep «Cetby. 3apucoBathb
OCLIJIJIOIPaMMYy BBIXOJHOTO curHaina. Beikimounts Tym6aep «Ceth». PazoOpars cxemy.

4. Conep:xanue oT4eTa

Tabmuna 6.

| 1 T T T T A0~ 170
[Ypoeens mozuseckul| | Mocuveckue — g 1 |
I l MeMenme ¥ Mouee o I I " I
I (I |
I — %A 1 ¢ ¢ | '| & |
| 1| | !
| W poi | | |
l I l I I-'J:,'..l:l"l'.ll'}:.l‘\l” i I
L__ e _ I__"'—J
Deyunnozpad

Puc.10. Cxema a1t ucciaeoBaHuil aBTOreHEepaTopa

Otuyer AOJIKCH COACPKATh CICAYHOIIUC ITYHKTBI:
HanMMCHOBAaHHUC U LICIIb pa6OTBI;

1)
2)
3)
TaOJIHIIEL;
4)
5)

1.
2.
3.

INPUHOHUITMAIIBHBIC SJICKTPUUYCCKUC CXCMBbI JJIS1 BBIIIOJIHCHHBIX S3KCIICPUMCHTOB,
PE3YyIbTATbl SKCIICPUMCHTAJIIbHBIX HCCHeﬂOBaHHﬁ, IOMCIHICHHBIEC B COOTBETCTBYIOLIUC

00paboTaHHbIE OCLUILIOTPAMMBI;
BBIBO/IbI IO paboTe.
5. KoHTpoOJIbHBIE BONIPOCHI

I[aﬁTe OIPEACIICHUC TTOCTICAOBATCIbHOCTHBIX CXCM.

YeM mociien0BaTeIbHOCTHBIE CXEMBI OTIMYAOTCS OT KOM6I/IHaI_[I/IOHHBIX?
IlosscHuTe Ha3HAUEHHE DJIEMEHTOB MNaMSTH B IIOCIIEA0BATEIbHOCTHBIX CXEMaxX. C kakoit

OCJIIBXO OHH BBOI[HTCH?

4.
S.

[IpuBenure ypaBHeHHEe (GYHKIIMOHUPOBAHUS aCUHXPOHHOTO RS-Tpurrepa.
Kakast koMOUHaIMs BXOTHBIX CUTHAJIOB SIBJISIETCS 3anpelieHHon aust RS-tpurrepa?
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6. KaK N3MCHACTCA ocunnnorpaMMa BBIXOJHOI'O CUI'Hajia aBToreHepaTopa HpI/I N3MCHCHUU
BxoaHoro curana c O ma 1, ¢ 1 ma 0?

Kpurepuu oneHku:

O1leHKa «OTJIMYHOY» CTABUTCS, €CIIM SKCIICPUMEHT IPOBEIEH, 00pabOTaHbI PE3yIIbTATHI,
BBITIOJTHEHBI BCE 3a/1aHus, paboTa 0(hopMiIeHa B COOTBETCTBHHU C TPEOOBAHUSIMHU.

O11eHKa «XOPOIIIO» CTABUTCSI, €CIIM OblLiIa JTOMYIIECHBI OMMHOKH IPU MTPOBEACHUH SKCIIEPUMEHTA,
00paboTKe Pe3ynbTaTOB WM MPH 0(HOPMIICHUHN OTIETA.

O11eHKa «YI0BJICTBOPUTEIILHO» CTABUTCS, €CIIA IKCIIEPUMEHT MPOBEAEH, TIPUBEIACHO HEIMOJIHOE
BBINOJIHECHHUE 33/IaHH.

O1eHKa «HEYIOBJICTBOPUTEIBHO» CTAaBUTCS, €CIIM SKCIICPUMEHT HE TPOBOJMIICS, 3aJaHUEC HE
BBITIOJTHEHO.

JlabopaTtopHoe 3ausitue Ne3
HccnenoBanue nu@poBbIX MOCA€10BATEILHOCTHBIX YCTPOMCTB

eas pabGoThl: TECTHpOBAaHWE U TMPOBEPKA HAa PabOTOCIOCOOHOCTH PA3JIUYHBIX THUIIOB
TPUITEPOB, IBOUYHBIX CYETUNKOB U CABUTOBBIX PETHCTPOB.
Brinosinus padory, Bel Oynere ymers:

- TIPOBOJUTH HCCIIECIOBAaHUS pabOThl MUMPOBBIX yCTPOWCTB W TPOBEPKY HX Ha
paboTOCIIOCOOHOCTE.

MarepuajibHoe obecniedenune: creHabl «OCHOBBI IU(PPOBON IIMEKTPOHUKNY, OCIUAILIOTpad.

1. Teopernyeckue cBeieHust

B pabote uccremyroTcs TpUrrepbl, BHYTPEHHSS CTPYKTypa KOTOPBIX TOCTpOEHA Ha OCHOBE
KMOII-norukm.

JK-tpurrep (DD7) umeet nBa nndopmarmonnsix Bxona J u K, cuernsrit Bxoa C u aBa Bbixoaa Q
n Q. Beixompr Q, 00bpryHO HaxomsTCs B TmpoTHBOdase, KpoMe ciydas Mojadyd Ha BXoabl S W R
3anpeneHHOH KOMOWHAIIUYA CUTHAJIOB.

Tabmuma ucruaHOCTH JK-Tpurrepa npusenena B tabmune 7. [Ipu 3Tom Tpurrep padoraer, Kak
CUHXPOHHBIN. 3anuch HHPOPMAILIUU B TEPBYIO CTYIEHb TPUTTEpa MPOUCXOJIUT TIPH HATMYHUH HA BXOJIE
C HUBKOTO YypOBHSA HalpsSOKEHHWs, a TMEPeKIIOYCHUEe BTOPOHM CTYNEHH OCYIIECTBISIOTCS
MOJIOKUTEIBHBIM (ppoHTOM curHama mo Bxoay C. Ero Tabmuiia MCTUHHOCTH aHaJOTW4YHA TaOJIHUIe
ncTUHHOCTU RS-Tpurrepa ¢ mpsmeim ynpasiaeHueM. OqHaKO, Y HETO HET 3alpenieHHON KOMOWHAIMH
curHainoB J u K. Kak BuaHo u3 Tadiu. 7, npu nogade Ha BXoasl J u K ypoBHS 1, Tpurrep ¢ KaxabIM
CYETHBIM UMITYJILCOM MEHSET BBIXOJIHOE COCTOSIHHE Ha HHBEPCHOE, T.€. pab0OTaeT B CYSTHOM PEKUME C
ko3 durmenTom aeneHus 2.

Bxongsl Brixoasl

) D R S Q Q
_ 0 0 0 0 1
A 1 0 0 1 0
\ | X 0 0 Q Q
X X 1 0 0 1
X X 0 1 1 0
X X 1 1 X X
J n K n Q n

0 0 Q1 h
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Tabnuma 7. Tabnuma uctuaHocty JK-Tp. 0 1 0 Tabmuna 8. Tabnua UCTUHHOCTH
D-t1p.

[N
o
[N

D-tpurrep (DDS8) Ha ocHoBe RS-Tpurrepa umeer Bxobl «YcraHoBka» (S), «Ycranoska 0» (R),
unpopmanronHsil (D) u cunxponusanuu (C). Y tpurrepa umeercst 2 npoTuBoga3HbIx Beixoaa: Q u Q
(cM. Ta61.8). 3anuck HHPOpPMAaLMK B MIEPBYIO CTYNEHb TPUITEPA MPOUCXOAUT IPU HAIUYUU HA BXOJE
C curnana «0», a U3MEHEHHE COCTOSHUS HAa BBIXOJE MPOUCXOAUT MO MepeaHeMy (POHTY BXOJTHOTO
UMITyJIbCa.

YcranoBka Tpurrepa mo BxogamM S M R mpuHyauTenabHas, MO3TOMY CHUTHalbl BXOJa
cuaxponusanu C 1 “HPOPMalMOHHOTO BXoJa D He M3MEHSAIOT COCTOSIHMSI TPUITEpa Ha BBIXOJE BO
Bpemst nerictBust curHaioB S u R. Cocrosinne R=S=1 sBisieTcs 3anpenieHHoi KOMOWHAIMEH CUTHAJIOB
T.K. IPEJICKa3aTh COCTOSHNE BbIXO/I0B HEBO3MOKHO.

Cuetuuk — 370 HKU(DPOBOE YCTPONCTBO, MpeAHA3HAUEHHOE Ui MOJICUeTa YKciia UMITYJIbCcoB. B
nporecce paboThl CUETYHMK IMMOCIIETOBATEIbHO M3MEHSET CBOE COCTOSIHME B OIPENETICHHOM IMOPSJIKE.
JUlnHa crucKa pa3pelieHHbIX COCTOSHMM CueTYMKa Ha3bIBAeTCSl MoldyleM nepecyemd, OCHOBAHUEM
nepecuema i emxocmoio cuemyura (Kc).

OnHO U3 BO3MOXHBIX COCTOSIHUM CUETYMKa MPUHUMAETCs 3a HadanbHoe. Ecin cueTunk Hauai
CUeT OT HAYaJbHOI'O COCTOSIHMS, TO KaXIbli MMITyJdbC, KpaTHbIH Moaymaro cueta K¢ cHoBa
YCTaHaBJIMBAET CUETUUK B HAUAJIbHOE COCTOSIHUE, a HA BBIXO/I€ CUETYMKA MOSIBJISAETCS CUTHAIN IIEPEeHOca
P (unmm 3aiima 7).

[locnenoBaTeabHOCTh BHYTPEHHUX COCTOSHUH CUETYMKA MOXHO KOJUPOBaTh PAa3IMYHBIMU
ciocoGamu. Yaiie Bcero UCHoJb3yoT:

® JBOHNYHOC (I[BOI/I‘IHI)IC C‘ICT‘II/IKI/I) KOIUPOBAaHHUE;

® JIBOMYHO-JECATHYHOE (JEKAJHbIC CUETYUKH ) KOJUPOBAHUE

Ecnu kol pacnosioxkeHbl B BO3PACTAIONIEM MOPSAIKE, TO CYETYUK HA3BIBAIOT CYMMUPVIOUUM
(Up-counter). Cueruynku, y KOTOPBIX KOJbI PACIOJIOKECHBI B YOBIBAIOIIEM IMOPSAKE, Ha3bIBAIOT
soruumarowumu (DOWN-counter), a CUETYMKH, y KOTOPHIX HAMpaBiicHHE Mepedopa Koja MOXKET
U3MEHATHCS, Ha3pIBalOT pesepcusuvimu (Up/Down counter).

B pabote uccienyroTcss 4eThIpexpa3psIHble aCUHHXPOHHBIE ABOMYHBIM M ABOUYHO-JECSITHUYHBIH
pEBEpPCUBHBIC CUETUYUKH C MPEIYyCTaHOBKOW, BHYTPEHHSS CTPYKTypa KOTOPBIX MOCTPOEHA HA OCHOBE
KMOII-noruku.

JIBonuHbIi yeThipexpa3psanabiid cuetuynk (DD10, DD11) umeer o6muii Bxox copoca «R», BXon
pexuma pabotel «C», Bxoabl npexyctanoBku DI, D2, D4 u D8, Bxox cymmupoBanus «+1», BXoa
BBIYMTAHUA «-1», geTsipe Bhixoma: Ql, Q2, Q3, Q4, cOOTBETCTBYIOIIME OT MIAMAIIETO A0 CTapIIero
paspsiaM 4YeThIpeXpa3psaHOro JBOMYHOTO KOJA, @ TAK)KE BBIXOJbI MEPEHOCA CTAPIIEro W MIIAJIIIEro
pa3psIoB.

OTnuuuTeNnbHON 0COOCHHOCTHIO ACUHXPOHHBIX CYETYUKOB SIBIISIETCS TO, YTO OHU IMPEICTABISIOT
co0oil mocnenoBaTeNbHOE BKJIIOYEHHE TPUITEPOB, TJ€ KAXKIBIM  IMOCIEAYIOUUHA  TpUTTEp
MEPEKIIOYaeTCsl MOJ JIEWCTBHUEM BBIXOJHOIO CHUTHAJIa MPEIbIAYIIero Tpurrepa. PeBepcuBHbIE
CUYETYHKHU MOTYT paboTaTh Kak B peKHUME CYMMUPOBAHUS, TaK M B PeKUME BHIUUTAHUS YHCIIA CUCTHBIX
HMITYJICOB, YTO ONPEIEISIETCS ABYMS CUETHBIMU BXOJIaMH.
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Tabnuma ucruaHOCTH (TabnwIa paboynx cocTosiHMIA) cueTunka (Tadi. 11) mosicHser ero padory.

[Ipu nogaue Ha Bxoa C HU3KOTO ypoBHS () CUETUMK MEPEXOJIUT B PEKUM MPETYCTAHOBKH, B TOM
pexuMe Tojlaueli curuainoB Ha Bxoel D1-D8 co3maercs cooTBeTCTBYIOMAs KOMOWHAITMS HA BBIXOIAX
Q1-Q4. Ilpu nmomave Ha Bx0oJ C BBICOKOTO YpPOBHS 1 CUETUMK MEPEXOJUT B CUETHBIM pexuM. B aTrom
pexxuMe paboThl TEepecueT HUMITYJIBCOB OCYIIECTBIIICTCS MOJaueil MOJOKHUTEIHHOTO Iepernaga Ha
BX0bI +1 mian -1 B 3aBUCUMOCTH OT BBITIOJTHSEMON omepanuu (CyMMHpPOBAaHUE WM BeluuTanue). [pu
MIPEBBIIIICHUN MAaKCUMAJIBHOTO YKCiIa Ha BbIXOJE (9 uisi ABOMYHO-IECATUYHOTO Wi 15 /uist ABOMYHOTO
CUYEeTUMKa) TOSBIIAECTCA €JAMHHIIA Ha BBIXOJE TMEpEeHoca crapiiero paspsga. Bxoxg R cuyxur s
OOHYJICHUS BBIXOJ/IOB CUCTYMKA BHE 3aBUCHUMOCTH OT PEKHMa PabOTHI.
Tabnuma 11. Tabmuia cCOCTOSIHHIA TBOMYHOTO W TBOUYHO-ICCATUIHOTO CYCTUNKOB

DD10 BXO/IbI BBIXO/IbI

R|C|+1]-1]D1|D2|D3|D4|[Q1]Q2][Q4]Q8]>15]<0

CBPOC 1 [ x| x]Jo [ X[ x| x|[xXx[]o[o|]o]o 1 |0

1 [ x| x[]1 [ x| x| x|[x[]o[o|]o]o 1 1

ol o[ x| o]of[of[o]oJ]o[o|]o]o 1 |0

[TAPAJUIEJIbHAS ol o[ x| 1]of[of[o]oJ]o[o|]o]oOo 1 1
3ATPY3KA oo o | X[ 1[X][Xx]1 Q.=D, 0 1
oo 1| XxX[]1[X][Xx]1 Q.=D, 1 1

[IPSIMOU CUET 0| 1 / 1 [ X[ X | x| X [IPSIMOM CUET 1 1
OBPATHBIM CUET 0| 1| 1] /7] X] X ] X ] X | OBPATHBII CUET 1 |1

DD11 BXO/IbI BBIXO/IbI

R|IC|[+1] -1][D1|D2|D3|[D4[Q1]Q2[Q4]Q8]| > |<0

CBPOC 1 [ x| x]Jo [ X[ X[ X |[X[]o[o|]o]o 1 |0

1 [ X[ X[ 1 [ x| x| x|[X[]o[o|]o]o 1 1

ol o[ x| o]of[of[o]oJ]o[o|]o]oOo 1 |0

[TAPAJUIEJIbHAS ol o[ x| 1]of[of[o]o]o[o|]o]oOoO 1 1
3AT'PY3KA oo o | X[ 1[X][X]1 Q.=D, 0 1
oo |1 |X][]1[X][X]1 Q.=D, 1 1

[IPSIMOU CUET o 11/ 1 | X[ X[ X[ X [IPSIMOM CUET 1 1
OBPATHBIU CUET 0| 1] 1| /7] X] X ] X | X | OBPATHBI/ CUET 1 1

B paborte wucciemyercss 4eTBIpEXpaspsAHbIA  OJHOHANPABJIECHHBIH PETHCTP CABUTA C
MOCJIEI0BATEIbHBIM BBOJIOM U MApAJUIEIbHBIM BBIBOJIOM HH(DOPMAITHH.

Peructp — 3TO yCTPOMCTBO Ui 3allOMMHAHWS MHOTOPA3pSAHBIX CJIOB. sl TOCTpOEHHS
PETHCTPOB HEOOXOMMOE YHCIO TPUITEPOB OOBEIMHSAIOT BMECTE M PACCMATPUBAIOT KaK €IMHBIN
(GYHKIHOHATBHBIA y3e1. THIIOBHIMH BHEIIHUMH CBSI3IMH PETHUCTPA SABJISIOTCS HH()OPMAIMOHHbIE
BX0J16I Dj, BX0/1 curHaia 3amucu (vwiu 3arpysku) C, BXo ramenust R, BBIX01sI TpUITepoB Q.

ITo GpyHKIIMOHATBHOMY Ha3HAYEHHIO PETUCTPhI OBIBAIOT:

- HAKOTIMTEJIbHBIE;

- C/IBUTAIOIIHE.

ITo criocoGam npremMa u BbIaud HHPOPMAIUKH PETUCTPBI JAENAT Ha:

- mapauleNibHble — MPUHAMAIOT HHPOPMALUIO B MapaUIe]bHOM KOJE T.€. OJHOBPEMEHHO
HECKOJIBKO paspsjioB YMCIIa;

- IOCJIEIOBATENbHBIE — IPUHUMAIOT HH(POPMAIIUIO B ITOCIIEI0BATEIHLHOM KOJIE T.€. TIOPA3pPSIHO;

- MapaJuIeNIbHO-TIOC/IEI0BATENbHBIE — CITIOCOOHBI MPUHUMATH HHPOPMAIINIO KaK MOPa3psIHO, TaK
U cpa3y HECKOJIBKO Pa3psiioB.

CaBuraromiuii, WM cABUToBbIi, peructp (Shift register) - sro peructp, coaepkumMoe KOTOPOTo
npu mojade ympasistorniero curdana CJIBUI" MoXeT CIBUTaThCs B CTOPOHY CTAPIIUX MM MITAIIIAX
pa3psioB. JlaHHbIE PErUCTPBI IOMEUAIOTCS CIEIUATIBHBIM 3HAYKOM: <—, —, <>, HarnpaBjeHue cTpeiku
MOKa3bIBAET HAMpaBJCHUE CJBUTA, a JByHANpaBJICHHAs CTpeiika 0003HAa4YaeT JABYHAIpPaBJICHHBIH
perucTp.
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Peructp casura DD9 umeer mHpOpManmoHHbIA BX0oA S, BX0A R Ui ycTaHOBKHM perucrtpa B
cocrosaue 0 (oOpatuTe BHUMaHHME HA TO, YTO B JAHHOM pErucTpe BX0A R HMHBEPCHBII), TaKTOBBII
BxoJ C, Bxoa DR mis BeiOopa pexuma paboTsl peructpa, Bxoasl DO - D3 mis mapamieabHOTo BBOAA
uHpopmanuu 1 yetbipe Beixoga Q0 - Q3.

s paboThI B pexxume perucrpa casura Ha BxoJ DR momaercs BBICOKHIA JTOTUYECKH YPOBEHB
«Iy.

Tabnuma ucruaHOCTH (TabiMUIa pabounX COCTOSIHUEN) perucrpa capura (tadm. 1) mosicHseT ero
pabory.

bazoBbiM anemenToM peructpa DD9 sBnsercs mocinenoBarenbHOe BKItoueHHE D- Tpurrepos,
KOI'/Ia MPSIMOM BBIXOJ IPEBIIYIIEr0 TPUITEPa MOoAKIoUaeTcss K D-BXo1y mocieayrouero Tpurrepa, a
CUHXPOUMITYJIbC ITo/1aeTcsi Ha Bce C-BXObl OJTHOBPEMEHHO.

[Ipu momaue Ha BXxox R eaMHUIBI OOHYINSIOTCS BBIXOABI BO BCEX DPa3psAAax HE3aBUCHUMO OT
cocrosinus BxoJoB C u S. Ilpu nonave Ha Bxox R Hy:ns peructp Moxxer paboTats.

Cnsur mHbopMalMu B PETUCTPE OCYILECTBISETCS MPH IoJaye IOJOXKUTEIBHOro Iepernaja
HanpspkeHus Ha BxoJ C. YerslpexpaspsiiHOE CIOBO BBOJUTCS B PEruCTp 3a 4deTblpe Takra. llpum
OTCYTCTBMM TaKTOBBIX UMITYJICOB MH(pOpMAIs, 3alIUCaHHAsI B PETUCTP, OYAET XpPaHUTHCSA KaK YrOJIHO
JOJITO.

Tabnumua 14. Tabnuia pabounx COCTOSTHUM perucTpa

Bxomgsr Brixoasl
C S R [lepBorii paspsin | N-if pa3psn
/ 0 1 0 Beixox paspsza (n -1)
/ 1 1 1 Beixon paspsiza (n-1)
/ X 1 He mensiercs He mensiercs
/ X 1 He mensiercs He mensiercs
X X 0 0 0

3. 3aganue

3.1. DkcnepuMeHTAILHOE HccaenoBanue D-Tpurrepa:

a) TPOBEPUTH TAOIHMILy UCTUHHOCTH D-Tpurrepa um ompenenuTb, UCIpaBeH Ju OH. s 3Toro
cobpate cxemy (puc. 12), MOAKIIOYMB THE3Ia «YPOBEHb JOTMUYECKHi» K Bxoaam R, S u D,
HaxOJAIIUMCS Ha OJHOW TOPU30HTAJIM C COOTBETCTBYIOIIMMH BXomamu D-tpurrepa. IToakmouuTs
reHeparop «MMmynbC OJWHOYHBIN», (OPMUPYIOMIMH OJUHOYHBIC HMITYJIBCHI C TOJOKUTEIBHOMN
noJsipHocThIO KO0 Bxoay C. Brmounts TymOnep «CeThby. 3amaBas pa3inyHble KOMOMHAIIUN BXOIHBIX
morudeckux curtanioB tymOiepamu SALl, SA2 u SA4, dukcupoBaTh MO CBETOAMOJAM BBIXOHBIC
curHayibl Tpurrepa. PesynpraThl 3aHecTd B TaOiuiy. Beikmtounts TymoOmep «Cetb». CpaBHUB
pe3ynbTaThl ¢ TAONMHIICH HCTHHHOCTH (Ta0J1. 8 1 9) onpeaeuTh, UCTIPABEH JIU TPUTTED;

R R 7. e s S MR P e e & |
I Ypoaeno nozudexcnid | l Nozuuecnue ' ' Wndurayus l
| | | snemesmeiu mpuzzepw || |
I % SA1 | | [ |
E oz X L 1 [T Ja 1! s :
| Bl | | —l—-'-—i ﬁ
[ SA2 | | | (. |
I 4 \ | | o} (. |
I I I : :
| | | | 2

c | { |
| SA4 | | Q |
I ¢ e M ] !
I 0 T T R LA I I l
=== S e J :
[T Huopastodunconed 3 | |
IJL 581 | | |
| bt vemrres =l | 2

Puc. 12. Cxema COCIMHEHUH IS UCCIEIOBaHUS D-TpHrrepa IIpU 1MoJa4u€c Ha BXOA O AMHOYHBIX
HUMITYJIBCOB
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0) mpoBepuTh padoTy D-Tpurrepa ¢ momoIp0 ocuuuiorpada npu moaaye Ha BXO b UMITYJTHCOB
ot reneparopa (puc. 13). Ilogkinrounts BeixoHbIE THE3A «I'eHeparopa» ¢ wactoToi 1600 I'y k BXxony
C, a ¢ gactoroit 100 I'm x Bxoxy D. Bxoasl S u R ocTaBuTh MOIKIIOYEHHBIMU K THE3/1aM YPOBEHb
normdeckuii. Bxon ocmwmiorpapa CH1 (kaman 1) mogxmrounth k0 Bxomy D Tpurrepa, a BXon
ocummiorpada CH2 - xo Bxomy C. Kopmyc ocummiorpada coeAMHUTh ¢ OOIICH TOYKOW MOJYIIS.
3apucoBaTh Ha KaJIbKEe BXOJHBIC CUTHAIIBI APYT oA Apyrom. [lepexmounts Bxoa ocummtorpada CH2
K BeIXoay Q, a 3aTeM K MHBEPCHOMY BBIXOAy Q Tpurrepa, 3apucoBaTh Ha TOW K€ KAJIBKE BBIXOHBIC
CUTHAIBI Jpyr 1o napyrom. Beikmounts TymOnep «Certb». CpaBHHB pe3ynbTaThl 00pabOTKH
OCLIMJIJIOIPaMM C COCTaBJIEHHBIMH TaOIMIIAMUA UCTUHHOCTHU onpene_|m/1'T_L WCIIPaBEH JIU SJIEMEHT.

| Yoowews socuwercnui | | Nozuvecvue MudURaLYS

I 1
| |  aoemenmuympuzzepw | |
[
1
i 1 T Tar ) | %

(R |
| |
| —t [
I | :
(| = | P
. sas 1| [T ) a !
| | o | e |
— T R | &% | I : 1
Essaasss 3 | Esieaer s Jd g
™ Tenepomop | |
I UUPTARCON | |
: 1001y —| A —— -
I 1600 My =——t—
Lz ase _1

Cowunnoepod

Puc. 13. Cxema coenunenuit ans uccnenaoBanus D-Tpurrepa npu nojgade Ha BXObl UMITYJIbCOB OT
re’eparopa

Tabmuma 9. Tabauna uctuanocta D-Tp.

Bxonpl BrIxoipr
Cc D R S Q Q
_ 0 0 0
_ 1 0 0
\ | X 0 0
X X 1 0
X X 0 1
X X 1 1

3.2. DKkcnepuMeHTalbLHOe ucciaenoBanue JK-Tpurrepa

a) MPOBEPUTh TaONHIy MCTHHHOCTH JK-TpHrrepa m ompeaenuTh, UCIPaBeH Ju OH. g 3TOTO
coOpatb cxemy (puc. 14), MOAKIIOUMB BBIXObI THE3 «YPOBEHb JIOTMUYECKUI» K COOTBETCTBYIOIIUM.
[Tonkmr04nTh UCTOYHUK CUTHANA «MIMITyJIbC OJIMHOYHBINY, (POPMUPYIOIIUN OJUHOYHBIC UMITYJIbCHI C
MOJIOKUTENFHOW — MOJsipHOCTHIO, K BxoAy C. Brmrounts TymOnep «Cerb». 3amaBas pazmuvHbIC
KOMOHMHAIIMK BXOJHBIX JIOTHUECKUX cUrHaioB TyMOnepamu SA4 u SAG6 Ha Bxonax J u K n Haxkumas
Ha KHOTMKY SB 1 (CHMHXpOHM3UPYIOMIMI HMITYJIbC), COCTaBUTH TaOmuily uctuHHOocTH JK-Tpurrepa.
VYpoBHIO norudeckoit «1» Ha Bbixoje Tpurrepa Q COOTBETCTBYET CBEUEHHUE CBETOAMOA. Pe3ynbTaTsl
3aHectd B Tabn. 10. OOparure BHUMaHHE, HAa KakoM (pOHTE CHHXpouMITyabca «C» MPOUCXOAUT
nepexmouenue JK-tpurrepa. Beikmounts TymOmep «Cetb». CpaBHUB pe3ynbTaThl ¢ Tabm. 7
OTIPEIeNIUTh, UCTIPABEH JIU TPUTTEP;
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Puc. 14. Cxema coenunenuii nis uccnenosanus JK -tpurrepa npu nojade Ha BX0J1 OJJMHOYHBIX

UMITYJTHCOB
Tabmumna 10. Tabnuma ucruaHOCTH JK-TD.
Bxonnt Brixonarnl

J K C Q Q

0 0 _

0 1 ¥

1 0 _

1 1 ¥

0) mpoBeputh padoty JK-Tpurrepa ¢ momompio ocumuiorpada mpu nojade Ha BXOJbI HMITYJIHCOB
oT reneparopa (puc. 15). Ilogkarounts BeixoHbIe THe3a «I eHeparopa» ¢ yactoroit 100, 200 u 1600
I't cootBercTBeHHO K BXonam J, K u C tpurrepa. Bxon ocummtorpada CHI(kanan 1) moakmouuTs K
Bxoxay C tpurrepa, a Bxoa ocmmuiorpadpa CH2 - k Bxoay J. Kopmyc ocuimmnorpada «1» coenuHUTH ¢
obmel Toukoir Moayst. Bximtounts TymOaep «CeThy. 3aprucoBaTh Ha KajdbKe BXOJAHBIC CUTHAIBI JAPYT
non apyroM. Ilepexmounts Bxon ocrumiorpadga CH2 k Bxomy K um 3apucoBaTh BXOJHOW CHTHAI.
[lepexmounTs BxoAbl ociuiorpada k BeixonaM Q m Q. 3apucoBaTh Ha TOM ke KaJbKe BBIXOJIHBIC
CUTHaJBl Jpyr moi napyroMm. Beikmiounts TymbOnep «Cerb». CpaBHHUB pe3ynbTaThl 00pabOTKH
OCHWJIIOrPaMM C TaOIMIIaMU UCTUHHOCTH OIIPENIEIUTh, UCIIPABEH JIU 3JIEMEHT.
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Puc. 15. Cxema coenunenuii s uccnenoBanus JK-tpurrepa npu nojgadye Ha BXOJIbl HIMITYJIbCOB OT
reHeparopa
B) mpoBeputh paboty JK-tpurrepa B cuetHoMm pekume. nst atoro Ha Bxoael J u K mopats
CHTHAJIBI JIOTHUECKOM «1» ¢ BBIXOJIHBIX THE3] «YPOBEHb JIOTHUECKHUil», a Ha BX0J C - MPSIMOYroJIbHbIC
uMIynbchl ¢ dactortoir 1600 T'r ¢ Beixona «I'eHeparopa UMITYIbCOBY. Brimounth TymOiep «CeTby.
HapucoBate Tpu ocumwmwiorpammbl Ha omHoMm pucyHke: C(t), Q(t), Q(t). Mcmomp3oBarh cxemy
HOJIKITFOYCHUS ocuiuiorpada B mpeaplaylieM omnbite K BoixogaM Q u Q. 3arem Bxon ocumimiorpada
CHI1 mnoxakmoouuTh K CHHXpOHH3HpyMoliemMy Bxoay C. 3apucoBaTh Ha KallbKe OCIMJIIOTPAMMBI
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CUTHAJIOB CHHXPOHHO JIPYT MOJ APYroM. Y OeuThCs, YTo curHaiibl Q u Q MpOTHBOMOIOKHEI 110 3HAKY.
CpaBHUTB 4aCTOTY CUTHAJIOB Ha BXOJE€ U BbIXoJ€. Beikintounts TymOsep «CeTby.

3.3. HccaenoBanue JBOMYHOIO CHETYMKA

a) cobOparb cxemy (puc. 17), TOAKIIOYUB BBIXOJBI THE3l «YPOBEHb JIOTHYECKHID K
cootBeTcTBYIOIMM BxoaaM R, D1-D8 u C. [loaxntounTs HCTOYHUK curHaia « Mmyabc oTMHOYHBINY,
(bopMUpYIOLINIT OAMHOYHBIE HMITYJIBCH C TOJOXHUTEIHHONH MOJAPHOCTBIO, K BXoay +1. Brerxomsr
CUETYMKA MOJKIIOYUTH K CBETOIMoAaM Ha noJie «Muaukanusy». Bxintounts Tym6aep «CeTby». 3anaBarhb
o ouepeqn Bce KOMOMHAIIMY, OTMCAHHBIE BBIIIE, PE3ylbTAaThl 3aHeCTH B Tadbmuiy 12. CpaBHHTH C
TabmuIel MCTUHHOCTH cueTdnka. COCTOsSHUS BBIXONHBIX paspsanoB cuerdnka (QL Q2, Q4, QS)
OTIPENIENATh TI0 CBEUSHHIO CBETOAMOA0B. OOpaTHTe BHUMAaHUE, HA KAaKOM (POHTE CHHXPOHUMITYJIbCA
«C» IpOUCXOIUT NMEepeKIoYeHne cueTuuka. [lepexiitounTh BbIX04 HCTOUHUKA «IMITyIIbCc OAMHOYHBIN
ko Bxoay -l. IlpoBeputTh mpaBuibHOCTH paloThl. llepeliTn B pexuM NpenyCTaHOBKH, IPOBEPUTH
MPaBMWJIBHOCTh pabOThl. 3aTeM MpOJOLKUTH PAabOTy B CYETHOM pexHuMe. 3agaThb Ha BXxoae R
TymOnepom curHan «l». [loBroputh oOmBITBI, NpoBeAeHHbIE paHee. OIEHUTE pe3yNbTar.
CootBercTBYeT M OH TaliuIle UCTUHHOCTH? Boikitounts TymMOnep «Cerb». CpaBHUB pe3yabTaThl C
Tabin. 11 onpenenuts, ucripaBeH ! CYETUHK.

4
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Puc. 17. Cxema mjist ucciaeqoBaHusi ABOMYHOTO CUETYMKA MPH MOAa4€ OJJMHOYHBIX UMITYJIbCOB.
Taomuia 12

Ne Brixoanl
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0) IPOBEPUTh paboTy JBOMYHOIO CYETYMKA MpPH I0Jauye Ha BXOJbl HMITYJIBCOB OT
re”Hepartopa (Puc.18), nonkmouns BeIxoqHOE THE310 «l eHepaTropa umiyascoB» ¢ yactotor 1600 I'n x
Bxony +1. 3arem Bxox ocumimiorpada CH1 noakmounts k reneparopy 16000, a Bxox ocumiorpada
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CH2 - mocnenoBaTenbHO K Ka)JIOMY M3 BBIXOJIOB CUeTdMKa (KOpIyc ocHmuiorpada coOeauHUTH C
oOmielt ToukoW Monayns). Brmrounts TymMOnep «llutanme». 3apucoBaTh BpPEMEHHBIE TUArpaMMBbI
CUTHAJIOB Ha BXOJIE U BbIXOJaxX cueTdMka. llepexitounTs BBIXOJ reHepaTopa K Bxoay -1. 3apucoarb
OCLMJUIOTpaMMBbl  TakXe Kak W B IpeapiaymieM omnbiTe. IlocnenoBarenbHo mnepekirodas BXOJ
ocummiorpada CH1 x Beixomam Q2, Q4, Q8 3apucoBaTh Ha TOH K€ KalbKe BBIXOJHBIC CHUTHAIBI
CUETYHKA.

[Hoaxmrounts BeIXOH reHeparopa 1600I'n k Bxoxy cuerunka +1, a Beixon 200I'n x Bxoxy -1.
[MonkmrounTe KaHaimbl ocIuiorpada cHadansa K BXOIHBIM CHUTHAjaM, Kak IOKa3aHO Ha PHUCYHKE,
IIOTOM I10CJIEIOBATEIbHO KO BCEM BBIXOJIaM CUETUMKa. B oTueTe mpencTaBuTh BCe CUTHANBI APYr MO
apyroM. ITpu HE0OX0AMMOCTH MPaBUTh CUHXPOHMU3ALMIO. KpaTKOBPEMEHHO OTCOEIMHUTH IPOBOJ OT
reHepatopa 1600I'n. Iloncoeaunuts 3aHOBO. IlpoaenaTh ONBIT HECKOJIBKO pa3, HaOmomas 3a
M3MEHEHHEM CUTHAJIOB Ha Bbixoje. [louemy 3To mpoucxoaut?

Boikmounts TymOnep «IIutanuey.

o

Oonoepad

Puc.18. Cxema coequHeHH J11 TECTUPOBAHUS CUETUUKA MTPH [101aY€ UMITYJILCOB OT
reHeparopa.

3.4. UccaenoBanye IBONYHO-AECATHYHOIO CUYETUHKA
[ToBTopuTh oOmbITHl 1.3.3. a W O I JBOMYHO-AecATHYHOro cuerunka DDI11. Pesynbrars
3a”HecTd B Tabmuiy 13. Caenarh BBIBOJBI O PaOOTOCIIOCOOHOCTH CUETYMKA M CXOJICTBE U PA3THUYHUH
JBYX CUYECTYHKOB.
Tabmuma 13

Ne Brixoanl
HMMITYJIbCA 1 2 4 8
0

OO |NOOTPBA|WIN -

3.5. MccaenoBanme perucrpa ciBura

a) MPOBEPUTH TaOIMIly HCTUHHOCTU PErHCTpa CABUra M ONPEAEIUTh, HCTIpaBeH Ju OH. [l 3Toro
cobpath cxemy (puc. 20), HOIKITIOUUB BBIXOJIbI THE3] «YPOBEHb JOTHYeckuii» K Bxojgam R, DR u S.
[ToKII0UNTh UCTOYHUK CUTHaNA «MMITyJIbC OJMHOYHBINY, (OPMHUPYIOLUINI OJMHOYHBIE UMITYIbCHI C
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MIOJIOKUTEIBHOW  TOJsIpHOCTBIO, K Bxony C. Bximouuts TymOmep «Cerb». 3amate Ha Bxoje DR
tymbnepom SA1 curnan «1». 3amats Ha Bxoxe R tymbnepom SA3 curnan «1». 3amaBas TymOGiepom
SA2 na Bxone S «0» nimm «1» n Haxkumas Ha kHOTIKY SB1, mpoBepaTs TabaHIly HCTUHHHOCTH perucrpa
ciBura. YpOBHIO JIOTHUECKOW «1» Ha BBIXOJAaX COOTBETCTBYET CBedYeHHE cBeToauona. OOparture
BHUMaHHE, Ha KaKOM (h)poHTE CHHXpOUMITYJbca «C» MPOUCXOTUT MEPEKIIOUEeHHE PETUCTpa CABHIA.
3anate Ha Bxoae R TymOGinepom SA3 curnan «0». IloBTOpUTH OMBITHI, NPOBEIEHHBIE paHEE.
Pe3ynbrarel 3aHOCUTH B TabauLy 15.

Onenute pesynbraT. COOTBETCTBYET JM OH TaOnuie HCTHHHOCTH? BBIKIIOUNTH TymOIep
«Cetb». CpaBHHB pe3yibTaThl ¢ Ta0M. 14 onpenenuTh, UCTIPABEH JIM PETUCTP CIABUTA.
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Puc. 20. Cxema coennHeHui 17151 TECTUPOBAHUS PETUCTPA CABUTA MIPU
1o/1aye OJMHOYHBIX UMITYJIbCOB
Tabnuma 15. Tabnuia pabounx COCTOSTHUM perucTpa

Bxonpr Brrxo el
C | DR | S R Qo Q1 Q2 Qs
/ 1 1
/ 1 1
/ 1 1
/ 1 1
X 1 X 0

0) mpoBepuTh pabOTy PErucTpa CABUIa C MOMOINBIO OcIuIiorpada Mmpu mojade Ha BXOJbI
HMITYJIbCOB OT reHepatopa (puc. 21). [Toakmounts BeIxoaHbIe THE3Aa «I eHepaTopa» ¢ yactoToit 100,
200 u 1600 I't cooTBeTcTBeHHO K BX0saM R, S u C (cM. puc. 21). Bxox octiumnorpada CH1 (kanan 1)
noAKIIounTh K Bxoay C, a Bxon ocumiuiorpada CH2 - x Bxoay R. Kopmyc ocuumnorpada coenuHuTh ¢
oOuieit Toukoit moayns. Bxirounts Tym6Onep «CeTby». 3apucoBaTh Ha KajdbKe BXOAHBIE CUTHANBI JIPYT
noxa npyrom. Ilepexmrounts Bxoa ocuwmiorpada CH2 x Bxoay S u 3apucoBaTh BXOJIHOW CHTHAIL.
[TepexmmounTs BX0AbI ociuiorpada k Beixoaam Q1 u Q2, a 3arem k Beixogam Q3 u Q4. 3apucoatb
Ha TOM ’XKe KaJbKe BBIXOJHBIC CUTHAJBI APYr MOA ApyroM. Beikmrounts Tym6nep «CeTb». CpaBHUB
pe3ynbTaThl  00pabOTKH OCHWLIIOTpAaMM C TaOJIMllaMd HWCTUHHOCTH OIpPEAeTINTh, HCIPABHOCTD
AIIEMEHTA.

23



r+-t+-t4-——q-————————————

Oeywinovpod

Puc. 21. Cxema coennHeHu 1715 MCCIEA0BAHUS PETUCTPA CABUra IIPU
MoJ1a4e Ha BXOJIbI UMITYJILCOB OT MHOTOKaHAJILHOTO TeHEpaTopa

4. Coaep:xkanue oT4eTa
OT4YeT NOMKEH COMEPKATh CIEAYIOIMNE MyHKTHI:
1) HauMeHOBaHUE U 11eJIb PAdOTHI;
2) TPUHIUITHAIbHBIE JIEKTPUUECKUE CXEMBI JUTS BBITOJHEHHBIX 9KCIIEPUMEHTOB;
3) pe3ynbpTaThl AKCIEPUMEHTAIbHBIX HCCIICOBAHUH, MOMEIIEHHbIE B COOTBETCTBYIOIIHE
TaOJINIGL;
4) ob6paboTaHHbIE OCIUILIOTPAMMEBIL;
5) BBIBOJIBI IO paboTe.
5. KoHTpoOJIbHBIE BONIPOCHI
Uto Ha3bIBaeTCA TPUTTEPOM?
UeM oT/IMYAIOTCS MOCIEI0BATEIBHOCTHBIE CXEMBI OT KOMOMHALIMOHHBIX?
UTo 03HauUaeT TEPMUH «3anpeiieHHass KomouHarws» st RS -tpurrepa?
[Ipu xakux KOMOMHAIUAX BXOIHBIX CUTHAJIOB U3MEHSETCs cocTosinue RS- tpurrepa?
Uewm otimmuarorcs Tabnuisl uictuaHoctd RS u JK-Tpurrepa?
B uem oTanure CHHXPOHHBIX U ACHHXPOHHBIX TPUTTEPOB?
Jnst wero npumenstotcs D-tpurrepsr?
[TosicauTe Tabnuity uctuHHOCTU D-Tpurrepa
[Touemy JK-Tpurrep Ha3pIBalOT YHUBEPCATbHBIM?
0. Hapucyiite cxemy D-Tpurrepa, peanuzoBanHyto Ha 6a3e JK-tpurrepa.
1. Yem oTnuyaroTcs MOCieA0BaTeIbHOCTHBIE CXEMBI OT KOMOMHAIIMOHHBIX?
12. Ha ocHOBe KakuX 3JIEMEHTOB CTPOSITCSI CUCTUUKH?
13. HapucoBatrh cxeMy ABOMYHOTO CYMMHPYIOIIETO YEThIpEXpa3psaHOro cuerynka Ha 0Oaze D-
TPUTTEPOB
14. Yem oTnuyaroTCsd AaCUHXPOHHBIE CYETUYMKH OT CHUHXPOHHBIX? [lepedynciuTs OCHOBHBIE
MIPEUMYILIECTBA CHHXPOHHBIX CYETUUKOB [0 CPABHEHUIO C ACHHXPOHHBIMH.
15. [TosicHuTe TEPMUH «PEBEPCUBHBIE CUCTUUKID.
16. CxosbKO pa3psoB JOJDKEH HUMETh JBOMYHBIM CYETYHK, YTOOBI OOECIEYUTh BO3MOKHOCTH
cuera 64 UMIyIbCOB?
17. Kakue ycTpoiicTBa Ha3bIBaIOT perucTpamu?
18. Uem oTMYaroOTCs HAKOTIUTEIbHBIE PETUCTPHI OT PETHCTPOB CABUTA?
19. Kakoii anemeHT siBrisieTcsi 6a30BbIM B PETUCTpe cABUTra?
20. Yto 03HaYaeT TEPMUH MapaJUIeNbHBINA perucTp?
21. YTto mpouCXOaUT B PETUCTPE CABUTA MPH Mojaue Ha BXxoa R eauHuUIb1?
22. YTO MpOUCXOJNT B PETUCTPE CABUTA MPH moAaue Ha Bxoa DR exunuiip?

RBPRooo~NoRwNE
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Kpurepuu oneHku:

O11eHKa «OTJINYHOY» CTABUTCS, €CIIM SKCIIEPUMEHT IPOBEAEH, 00paboTaHbl pe3yIbTaThI,
BBITIOJTHEHBI BCE 3a/1aHus, paboTa 0(hopMiIeHa B COOTBETCTBHHU C TPEOOBAHUSIMHU.

O1ieHKa «XOPOIIIO)» CTABUTCS, €CIIM ObLIa JOMYIECHBI OMHOKH IPU MPOBEICHUH SKCIICPUMEHTA,
00paboTKe pe3ynbTaTOB WM MPU 0(HOPMIICHUH OTIETA.

O1ieHKa «YI0BJICTBOPUTEIBHO» CTABUTCS, €CIIA SKCIIEPUMEHT MPOBEACH, IPUBEICHO HEIOJIHOE
BBINOJIHECHHUE 33/IaHH.

O1ieHKa «HEYIOBJICTBOPUTEIBHO» CTAaBUTCS, €CIIM SKCIICPUMEHT HE IPOBOJMIICSH, 3aJaHuEC HE
BBITIOJTHEHO.

Tema 1.3. IndpoBbie komOuHauuonublie yerpoiictea (LIKY)
JlabopaTropHnoe 3ansiTue Ned
Hccaenopanue nu@ppoBbIX KOMOMHALMOHHBIX YCTPOMCTB

ean padoThl: TECTHPOBAHUE U MPOBEPKA HA paOOTOCTIOCOOHOCTh ACMIU(PPATOPOB U TBOUUHBIX
CYMMaTopOB.

Brinosinus padory, Bel Oynere ymers:

- TPOBOAMTH MCCIENOBaHUS PabOThl HUPPOBBIX KOMOMHAIIMOHHBIX YCTPONUCTB U MPOBEPKY HX
Ha paboTOCIOCOOHOCTD.

MarepuajbHoe obecniedenune: creHa6l «OCHOBBI IU(PPOBON AIMEKTPOHUKNY, OCIUAILIOTpad.

1.TeopeTuyeckue cBeeHUsI

B pabote uccnenyrorcs nemmdpaTop, mpeoOpasyronuii YeThIpexpa3psaaHbli TBOUYHBIA KO B
NECATUYHBIM, W JAemudpaTrop ¢ BBIXOJOM Ha OJHOPA3PSIHBIA CEMUCErMEHTHBIM WHIUKaTop. Mx
BHYTPEHHSIS1 CTPYKTYypa nocrpoeHa Ha ocHoBe KMOII- noruxkwu.

Onepanust U3MEHEHUs KOJa Yucia Ha3bIBaeTcs ero nepekoaupoanueM. UMC, BeImoHSIOMINE
3TH OIEpaluU, HA3bIBAIOTCS npeobpazosamenimu Kooos.

[IpeoGpa3zoBarenu KOAOB OBIBAIOT MPOCTHIE (BBIMOJHSAIOT CTaHAAPTHBIE OMEpAllUK HW3MEHEHUS
KOJIa 4Kce, HapuMmep, MpeoOdpa3oBaHuil TBOMUHOTO KOJIa B OJJMHAPHBIN WM OOpaTHYIO OTEpallnio) U
CJIOXHBIE (BBITIOJHSIOT HECTaHAapTHBIE TPeoOpa3oBaHusl KOJOB M UX CXEMBbI Pa3padaThiBalOT KaXIblil
pa3 ¢ MOMOIIBIO aareOpsl JOTHKH).

[Ipumem, uto mpeoOpa3oBaTean KOJI0B UMEIOT n BX00B U k BbIx010B. COOTHOIIEHUS MEXIY N U
k moryr ObiTh moObiMu: n=k, n<k u n>k. I[lpum mnpeoOpa3zoBaHmM KoJa YKCET C HUMH MOTYT
BBITIOJIHATBCSL  PA3JIMYHBIE JIOTIOJHUTEIbHBIE OIepaluu, HampuMep, YMHOXKEHHE Ha BECOBbBIE
koa¢d¢unmentrl. [Ipumepom HeBecoBoro mpeoOpa3oBaHuUsl SBISETCS MNpeoOpa3oBaHUE IABOUYHO-
JNECSITUYHOTO KOJa B JBOWYHBIN. BecoBble mpeoOpa3oBareinn KOJOB HCHOJB3YIOTCS MpHU
peoOpa3oBaHUU YUCIOBOW HH(OPMALIUH.

WuTerpanbHbple MUKPOCXEMBI MpeoOpa3oBaresieil KOJAOB BBIMYCKAIOTCS TOJBKO Ui Hauboliee
pacipoCTpaHEHHBIX OTEpaIlHii:

- npeo6pa30BaTeJ1H JBOWYHO-JIECITUYHOTO KOJa B IBOMYHBIN KO,

Hp606pa3OBaTeJ'H/I JBOUYHOI'O KOJA B JBOMYHO-AECATUIHBIN KO,
- Hp606pa3OBaTeJ'H/I JABOUYHOTO KOJa B KO/ YIIPABJICHHUA CCTMCHTHBIMU NHJAUKATOPAMU;

- IpeoOpa3oBaTesd ABOMYHOTO UM IBOMYHO-JECATUYHOTO KOJIa B KOJ| YIPABJICHHUS MIKATbHBIMU
WA MaTPUYHBIMU UHIMKATOPaMH.

[Ipumepamu mnpocreiimux npeoOpa3oBaTesnell KOJOB, KOTOpbIE IIUPOKO MPUMEHSIOTCA B
U(POBBIX YCTPONUCTBAX, ABISIOTCS MK(PATOPHI U e (paTopsbl.
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Jlewugppamop — 510 TpeoOpasoBareib JBOMYHOIO N-Pa3pSAAHOrO Kojaa B yYHMTapHbIA 2'-
paspsAIHBIA KO, BCE pa3psbpl KOTOPOTO, 3a MCKIIOYEHHEM OJHOTO, paBHBI Hymo. Jlemmdparopst
OBIBAIOT MOJIHBIE U HenoJHble. s momHoro aemmdparopa BbinoHseTcs yenosue: k = 2", rme n —
YHCII0 BXOJOB, a K — YHCII0 BBIXO/IOB.

B HenoaHeIx jemm@paropax HMMeETcs N BXOA0B, HO peanmsyercs k<2" Beixomos. Tak,
Hanpumep, aemmdparop, umeromuii 4 Bxoxa u 10 BBIXOAOB, OyaeT HENOJHBIM, a aemudparop,
MMEIOIINH 2 BXoJa U 4 BbIX0OJa, OYIET MOTHBIM.

Cymmamop — GyHKIMOHATBHBIN Y3€I1, BBITOJHSAIONINA apu(hMETHUECKOE CII0KEHUE YUCETT.

Cymmarop UMeeT n BXOJOB pa3psiioB ciaraeMoro A, n BX0JI0B pa3psJIoB ciaaraeMoro B u Bxon
nepenoca Py. Beixoamu cymmaropa siBJISIFOTCS N BBIXOJIOB Pa3psiIoB CyMMBI S U BBIXOJ1 IlepeHoca P.

2. Onucanne J1a00paTOPHOIl YCTAHOBKH

HccnenoBanne paemudpaTopa W CymMMaropa IPOBOAMTCS Ha pabodyeM T1oje MOHOOJIOKa
«CYMMATOPBI U AEILIM®PATOPBI» (puc.25).

— CYMMATOPb!I W AEWWOPATOPLI |}y
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Puc. 25. Ucnonszyemoe pabouee moje CTeH a.

Jemmdpatop - yCTpOMCTBO C HECKOJIBKUMH BXOJaMH U BbixogamMu. OnpeeIeHHOW KOMOMHAITNHT
BXOJIHBIX CUTHAJIOB COOTBETCTBYET aKTUBHOE COCTOSIHUE OJTHOTO U3 BHIXOJIOB.

Hemmdparop DDI3 cayxut misi nmpeoOpa3oBaHHUS UYETHIPEXPA3psSAHOTO JIBOMYHOTO KOJa B
necsatuaHbiii. DD14 - nemmudpaTop ¢ BEIXOIOM Ha OTHOPA3PSIHBIA CEMHUCETMEHTHBIN MHIUKATODP.

Mukpocxema DD13 umeer: Tpu nBonunbix Bxona D1, D2, D4, D8 u necsath Bbixo10B. CoriacHo
Ta0nuIle UCTUHHOCTH (Tabn. 16) kaxaomy U3 necsaTH HaOOpPOB ypOBHEH Ha BXOJaX COOTBETCTBYET
MOSIBJICHHE HAIPSDKEHUS BHICOKOTO YpoBHS (1) Ha 0JHOM U3 BBIXOJIOB, IIPU ATOM Ha OCTAIbHBIX JEBSITH
BBIXOJIaX - HU3KUHU ypoBeHb HarpspkeHus (0).

Tabmuma 16. Tabnuia ICTHHHOCTH IBOMYHO-IECATUYHOTO Aemudparopa
Bxonapl Brixonl
D1| D2| D4 D8| YO| Y1| Y2| Y3| Y4| Y5| Y6

Y8

<
(o]

O Oo|rOo0 o000 00oNL

P ORI OFRO|IFr OO
OO FR OOk OO
O|O|FRIFIFIFPIOI0O OO
PP OOOI0O|I0|0|0|0O
O|O|0O|0O|0O|0O|0|0 |0k
O|0O|0|0O|0O|0O|0|0|—|O
ellellelle]llelilelle]] Jllelle]
ellellellellelie}] JJlelle]le]
ellellellellell dlellelle]le]
O|O|0|O|r|IO|0|0|O0|O
ellelle]] Jlfellellellelle]lle]
OO0 |0O|0O|0|0|O0|O
R|O|O0O|0O|I0O|0|0|O0|O
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Heummdpatop DD14 cocTouT U3 ceMU CaMOCTOSATENBHBIX Y3JI0B, KQXK/IbIH U3 KOTOPBIX (GopMHpYeT
MIOTEHLIUAJIbHBIA YIPABJIAIOINNA CUTHAJ JUIsl OJHOTO U3 CETMEHTOB CEMHUCEIMEHTHOIO MHJUKaropa. B
3aBUMCHUMOCTH OT YMCJIa HA BXOJIE, BBIPAXKEHHOIO B ABOMYHOM KOJI€, HA BBIXO/JIE MOSIBJISIFOTCSI CUTHAJIBI,
M0JIaBaeéMble Ha CETMEHTHI MHIMKaTopa. Ha nHaukarope n300pakaeTcst 4ucio B IECITUYHON CUCTEME
CUUCJICHUS.

Tabmuua uctuHHOCTH (Tabm. 17) WmOCTpUpyeT, Ha KaKUX BBIXOAAX MOSBISIOTCS CHTHAIIBI
BBICOKOTO ypoBH# (1) B 3aBUCHMOCTH OT IBOMYHBIX KOJIOB Ha BXOJAX.

Tabmuua 17. Tabnuua HCTUHHOCTH Jemn(paTopa ¢ BEIXOJIOM Ha CEMUCETMEHTHBIA HHIANKATOP

Bxonpt Brixonanl
D1 D2/ D4 D8|a|b|c|d|je|f]|qg CHUMBOJI Ha
WHIUKATOPE
o,o0jo0y0}1(2j1y2|1{1/0 0
1/0,0|0(O0O|212(2]|0|0(0]O 1
o100 (1(2|0|2|1]0]|12 2
111,00 (1|1(12|1(0|0]1 3
oyo0}j1,0(0(2|1/0|0]1]|12 4
110110 (12|]0(2]|1(01]1 5
o|j1}1,0(1(0j112|1]|1]|1 6
171,10 (1|1(12|{0(0(0]O 7
ojo0o}jo0212 (12|11 |1]1]|1 8
11001 (1|1(12|1(0(1]1 9

[TonHBI YeThIpeXpa3psAaHbIA CYMMATOP CO CKBO3HBIM MEPEHOCOM MMEET YETHIPE Maphbl BXOJIOB
IBYX deTbIipexpa3psaaHbix uncen Al—A4, B1— B4 (Al, Bl - Bxoapl Miaamux pa3psoB), BBIXObI
CYMM 4YeThIpexpa3psaHbix uncesn S1 - S4, BXoa nmepeHoca B MiIaAmuil pa3psaa Py ¥ BBIXOJ nepeHoca
ctapuiero paspsnaa Poyr. Hanmuune B cocraBe MUKpOCXEMBI CXEMBI CKBO3HOTO MIEpEeHOCa 00ecrieunBaeT
(dbopMupoBaHHe OBICTPOTO MapaIebHOTO MepeHOca KaXa0ro YETBEPTOro paspsa.

Tabnuia ICTHHHOCTH OJTHOTO paspsa cymmaropa (Tabs. 20) HCTIONb3yeT Clenyroniee MpaBuio: B
KauecTBE BXOJIOB MCIOJIb30BaHBI OJHOPa3psAHbIe unciaa A u B; mepeHoc obo3HaueH OykBou P; mst
0003HaYCHMsI BXOJ1a MEPEHOCA MCIOJB3YIOTCSA OYKBBI IN (COKpallleHHe OT aHTJIMHCKOro cjoBa input -
BXOJ); JUIsl 0003HAUEHHUS BBIXOJA MEPEHOCA MCIOIB3YIOTCS OYKBBI Out (COKpaIleHne OT aHTJIMHCKOTO
cJIOBa output - BBIXO/T).

Tab6numa 20. Tabnuia ICTHHHOCTH OJHOTO pa3psjia CyMMaTopa

Bxonpr Brrxo bl
Pin A B S Pout
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

OpraHH YIIpaBJICHUA W HWHAUKAIUW CTCHOA O6’LC,Z[I/IHCHI>I B (I)YHKLII/IOHaJ'IBHHe Tpylmbsl “
CHA0KEHBI HAJIMCSIMH Ha JINIEBOM IaHEIH.

HcTOYHUK CUTHAIOB ((YPOBGHB JIOTUIECKHI» NMpECAHA3HAYCH JIsA (I)OpMI/IpOBaHI/ISI JOTHYCCKUX
CUTHAJIOB BEBICOKOTO «1» u HU3KOTO «0» ypOBHCfI. BxiroueHue COOTBCTCTBYIOIIIUX CUTHAJIOB
OCYIICCTBJIAICTCA IIpU TMOMOLIN TYM6HCpOB SAl1 - C INOMOHIbKO CBCTOAMOAOB OCYIICCTBIISICTCA
HWHAWKaWA CUTHAJIIOB, COOTBETCTBYIOIINX JIOTHYCCKOM «1».
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BxonHbIe CHTHAIBI MOJAIOTCS HA BXOABI MHUKPOCXEM HAXOJSIIMECS HAa OJHOW TOPH3OHTAIH C
TyMOsepamu.

«["erepaTop» reHepupyeT MOCICIOBATEIBHOCTH OJHOIOJISIPHBIX MPSIMOYTOJIBHBIX UMITYJIBCOB C
yactoramu 100 I';; 200 I'np 1 16000 I'm.

C mnomompio CcBEeTOAMOAOB TONS «VHIWKANUS» OCYIIECTBISACTCS WHIUKALUS CHTHAIOB
JIOTUYECKOM «1».

3. 3apanne

3.1 DJkcnepuMeHTa/IbHOEe  HccaeioBaHHe Jemmmdparopa A  npeodpasoBaHus
YeThIpexXpa3psAHOro ABOMYHOI0 KOJAa B AeCATHYHbII

a) POBEepUTH paboTy nemudpaTopa, cOCTaBUB ero Tabnuiy uctuHHOoCTH. COOpaTh cxemy
(puc. 23), MOAKIIOUMB BBIXOJbI THE3 «YPOBEHb JIOTMUECKUN» K COOTBETCTBYIOLIUM BXOJaM
nemmdparopa. Brmrounts TymoOnep «CeThy». 3anaBasi pa3inuyHble KOMOMHAITUU BXOHBIX JTOTHYECKUX
curnanoB TymOnepamu SALl - SA4 ma Bxomax DI, D2, D4, D8, ¢urcupoBarh M0 CBETOAMOaM
BbIXOJHOU curHai. [IpoBepuTs TaOaMIly UCTUHHOCTH JAemudparopa. Pe3ynpraThl 3aHECTH B TaOIUILY
18. Beixmounts TymMOnep «Cerb». CpaBHMB TaOIuLbl MCTUHHOCTU (Tabn. 16 u 18) ompenenurs,
WCIIPABEH JIU nemn(bpaTop';_
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Puc. 23. Cxema coemuHeHU# U1l TECTUPOBAHUS AeIrdpaTopa Ha TOCTOSHHOM TOKE.

Ta6muma 18. Tabnuia ICTUHHOCTH IBOWYHO-IECATUYHOTO Aemudparopa
Bxonbr Brixoanl
D2 | D4 YO |Y1|Y2|Y3|Y4|Y5|Y6|Y7]Y8|Y9

O
=
o
0 0]

O O O IOk O
ORI R IOIOoOIFRIFLIOIOo
ORI FRPIFPFPOIO0OOOo
P OOO0O|0O|0|0|O

[E
(@)
(@)
[E

0) uccleoBaTh paboTy Jemudparopa ¢ MOMOIIbIO OcuuIorpada MOJKII0OYUB BHIXOIHOE
rue3no «leneparopa» ¢ dactoroir 100 I't x Bxoay D4 (cm. puc. 24). Bxoasl ocummtorpada CHI
(xanan 1) m CH2 (xaHan 2) NOJIKIIOUUTH K BBIXOJAaM, Ha KOTOPHIX JOJDKEH MEHSThbCS CUTHAIN.
Bxutounts Tym65ep «CeTby». 3apucoBaTh BpeMEHHBIE IMar paMMbl CUTHAJIOB Ha BHIOPAHHBIX BBIXOJIaX.
[epexmrounts Bxox ocimniorpaga CH 1 x «Bxoay D4», u 3apucoBaths Ha Toil ke Kanbke. CUTHAIIBI
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3apUCOBBIBATH JIPYT TMOJ JApyroMm. Beikmouuts TymOnep «CeTb». OOBICHUTH TMOTYyYCHHBIC
OCLUJUIOTPAMMBI.
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Puc. 24. Cxema coenuneHuit yist ccle0BaHu aemudpaTopa ¢ TOMOIIBI0 ocuuiuiorpada

3.2 DkcnepuMeHTAIbHOE WCCJIe0BaHUHE NAemMppaTopa ¢ BbHIXOJOM Ha OJXHOPA3PSIHBII
CeMHCEerMeHTHBIH HHIUKATOP

a) TPOBEpUTHh HCHpaBHOCTH aemudparopa DDI14, coctaBuB ero TaOJHWIly WCTUHHOCTH.
[ToaxmrounTh BBIXOMABI THE3] «YPOBEHb JIOTMUECKUI» K COOTBETCTBYIOIIMM BXOJaM Jemudparopa.
Bxmrounts TymMOnep «Cethb». 3amaBasi pa3inuuHble KOMOWHAIMA BXOJHBIX JIOTHYECKHUX CHUTHAIIOB
tymoOnepamu SAL - SA4 Ha Bxonax DI, D2, D4, D8, ¢duxcupoBaTh 1o ceMUCErMEHTHOMY UHIUKATOPY
BbIXOJHOU curHai. [IpoBepuTh Tabnuily UCTUHHOCTH AemudpaTopa. Pe3ynbraTel 3aHecTH B TaOIuIy
19. Beixmounts TymOnep «Cetb». CpaBHUB TaOmuIel UCTHHHOCTU (Tabn. 17 m 19) ompenenuTs,
WCIIPaBEH JI A (paTop.

Tabmuma 19. Tabnuma ucTuHHOCTH NemudpaTopa ¢ BEIXOJOM Ha CEMUCETMEHTHBIA HHIUKATOP
Bxonn! Brixon
CHUMBOJI Ha
WHAUKATOPE

O

R|O|R|O|FR| O Oo|k|lo|lr T
el lellellid it lellell SR W)
oo/ |rirIroooo/~0O
il llellellellelilellellellie]lice]

3.3. DKCepUMEHTAJIBLHOE HCCJIEeOBAHNE CYMMATOPA

a) MIPOBEPUTH UCIPABHOCTH CyMMAaTOpa, COCTABUB €ro TaOJIHUIly UCTHHHOCTU. [l 3Toro
coOpath cxemy (puc. 26), MOAKIIOYNB BBIXOAbI THE3] «YPOBEHb JIOTHYECKUI» K COOTBETCTBYIOIINM
BXOJaM (HaXOJIIMMCS Ha OJHOM TOpU30OHTaIM) cymmaropa. Bxuounts Tym6nep «CeTby». 3agaBas
pa3nuyHble KOMOMHAIMM BXOJIHBIX JIOTMYECKUX CHUTHanoB TymOnepamu SAl - SA8 Ha Bxojax,
(UKCHpPOBaTH 10 CBETOAMO/IaM BBIXOJHbIE cUTHaJbI. [IpoBepuTh TabIMIly HCTUHHOCTH cymMMaTopa (1o
pa3psanaHo). Pesynbrathl 3aHectu B Tabnuuy 21. Beikmounts TymOnep «Cetb». CpaBHHMB TaOMUIIbI
UCTUHHOCTH (Tabia. 20 u 21), onpeaenuTs, UCIIPaBeH JH CyMMaTop.
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Puc.26. Cxema coevHeHUN A5 TECTUPOBAHUSI CyMMaTOpa Ha IOCTOSTHHOM TOKe

Tabmuma 21.
Bxonnr Brixonarnl

IDin A B S I:)out
0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

0) mpoBepuTh pabOTy CymMMaTopa ¢ MOMOIIBIO ocumorpada, MOAKIIOYUB BBIXOJHBIC THE3/A
«I"eneparopa» ¢ gyactoroir 100 I'm u 200 I'm x Bxomam «Al» u «Bl» (wim k apyruMm, ykazaHHBIM
npenoaaBateneMm). Bxon ocmwmiorpada CH 1 (kanan 1) monkmounTh K Bxoay «Al» a BXon
ocrmutorpada CH2 (kanan 2) - k Bxoay «Bl» cymmaropa. Bxmounts Tym6mep «Cethb». 3apucoBarh
BPEMEHHBIC JTMarpaMMbl CUTHAJIOB Ha BXoJax «Al» u «Bly. Ilepexmtounts Bxoa ocummiorpada CHI
kK «Bwixogy Sl», Bxox ocmwmiorpadga CH2 k «Bwixomy S2», W 3apucoBaTh Ha TOW K€ KallbKe
BBIXOJIHbIE CUTHaJbl. CUTHAIBI 3apUCOBBIBATh ApyT noa ApyroMm. Ilepekitodast BXoabl ocuusuiorpada
Ha JIpyrue BBIXOJbl 3apPHCOBBIBATh BBIXOJHbIE cUTHANBL. Boikmounts TymOnep «Cerb». CpaBHUTH
MOJIy4Y€HHBIE OCIIIIJIOTPAMMBI C Tabyniel HCTUHHOCTH.

4. Conep:kaHue oTyeTa
OT4eT NoMKEH COAEPKATh CIEAYIOIINE TYHKTHI:

1) HaMMCHOBAHUE M I1€JIb PaOOTHI;

2) MPUHIUIIHATIBHBIC SJICKTPUYECKUE CXEMBbI JUTSI BBITIOJTHEHHBIX SKCIIEPUMEHTOB;

3) pe3yIbTaThl IKCIEPUMEHTAIBHBIX HCCIICIOBAHUMN, MOMENIEHHBIE B COOTBETCTBYIOIIHE
TaOJIHIIEL;

4) 00paboTaHHBIC OCITUIUIOTPAMMBI;

5) BBIBO/IBI 110 padoTe.

5. KoHTpoOJIbHBIE BONIPOCHI

Kakyto ¢pyHKIMIO BBINOJIHAIOT IpeoOpa3oBaTeny KOJI0B?

[lepeuncaure THUIOBBIE (IPOCTHIE) BUIBI TPe0OPa30BaHUs KOJIOB

KakoBo Ha3HaueHue nemudparopa’?

K kakomy Ty 1H(POBBIX CX€M OTHOCATCS JemnuppaTopsl?

Kakue ObIBatoT THIBI AemUppaTopoB?

Kakue BXopI ¥ BBIXO/IbI UMEIOTCS Y aemmugparopa?

[TosicHuTe TabMUIBl HCTUHHOCTH JUIS ACIIH(PPATOPOB PA3TUYHOTO HA3HAUEHUS.

Noogk~ownhPE
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8. KakoBo naznauenue cymmaropa?

9. Ha xaxue nBa tumna aenstcs Bce Hu(poBbie CXeMbl?

10. K kakomy THIy n1H(pOBBIX CXEM OTHOCATCS CyMMAaTOPhI?

11. Kaxue Bxo/bl 1 BBIXOJIbI UMEIOTCSL Y cymMMaropa?

12. [TosicauTe TaOMUIly UCTUHHOCTH JJIs CyMMaTopa.

13. Kak mo Tabnwie HMCTUHHOCTH TOCTPOUTH BPEMEHHBIE IUArpaMMbl CymMMaTopa B
naboparoproii pabore?

14. KakoBo Ha3HaueHue BbIBOIOB Pin u Pout?

15. Kakue curhHansl Hago mojaTh Ha BXOAbI, 4TOObI Ha Bbixoge Pout Obuta «1» mpu
Hanmmuuu «0» Ha Bxoxe Pin?

16. Kakue curHanel Hajo mojgaTth Ha BXOJbI, YTOOBI Ha BbIXOAe Pout Obuta «1» mpwm

Hanmmuuu «1» Ha Bxoxe Pin?

Kpurepuu onenku:

OneHka «OTJIIMYHO» CTaBUTCS, €CJIM SKCIIEPUMEHT POBEIEH, 00paboTaHbl pe3yNbTaThl,
BBITIOJIHEHBI BCE 3aJjaHus, paboTa ohopmiieHa B COOTBETCTBUU € TPEOOBAHUSIMH.

OneHka «XopoIl0» CTaBUTCS, €CIu ObUla JOMYIEHb! OMKUOKU MTPH IPOBEIEHUH SKCIIEPUMEHTA,
00paboTKe pe3yabTaTOB WU TIPU 0(GOPMIICHUH OTYETA.

OneHka «y10BIETBOPUTEIBHO» CTABUTCS, €CIIU SKCIEPUMEHT POBEEH, IPUBEACHO HETOIHOE
BBIIIOJTHEHUE 3aJaHuH.

OneHka «HEYIOBJIETBOPUTEIHHO» CTaBUTCS, €CJIM DKCIIEPUMEHT HE NMPOBOJWICS, 3aJaHHUE HE
BBITIOJTHEHO.

Tema 1.5. YcrpoiicTBa npeodpa3zoBaHus CUTHAJIOB B HM(POBOM TeXHUKeE

JlabopaTropHnoe 3ansitue Ne 5
HccaenoBanue anajsoro-uudgposoro npeodpasosarens (AL

Heap paGoThl: O3HAKOMJIEHME C OCHOBHBIMH (YHKIUSMH M  TECTHUPOBaHHE Ha
paboTocrnocoOHOCTh aHajoro-mudpoBoro npeodpazosarens (ALIT).

Bbinosinus padory, Bol Oyaere ymern:

- MPOBOJUTH UCCIENOBAaHUS PA0OTHI IU(PPOBBIX YCTPOUCTB U MPOBEPKY X HA
paboTOCIIOCOOHOCTE.

MarepuajibHoe obecniedenue: creH bl «OCHOBBI HU(POBON AIEKTPOHUKIY, OCHUILIOTpad.

1.TeopeTudeckue cBeJleHUs

B pabGore wuccnenyercs 8-pazpsaabiii ALIIl mocnmenoBatenpHOro mnpuobmmkenus (AL ¢
MOPa3pPAIHBIM YPAaBHOBEIIMBAHUEM ).

CrpykrypHas cxema ALl nocnenoBarensHOro MNPUOIMKEHHS, KOTOpas COOTBETCTBYET
npuHUUNUaIbHOM cxeMe uccnenyemoro AT npusenena na puc. 30.

Teweparop
TOheis

oTh

(TOARNEHAR
MNTTYNIRG 0

Puc. 30. CtpykrypHas cxema oanoro kanana ALl mocnenoBarenbHOrO MpUOIIKEHUS

ALl nocnenoBatenbHoro mnpuOmmkenus win ALl ¢ mopaspsaHbIM ypaBHOBEHIMBAHUEM
COJIepKHUT KoMmapaTop, Bcriomorarenbuslii LIAIT u peructp nocnenoBarenbHoro npudnmxenus. AL
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npeoOpa3yeT aHAJIOTOBBIN CUTHAN B mdpoBoii 3a N maros, rae N — paspsaaocts AL Ha kaxaom
miare OIpeneNisieTcss MO OJHOMY OuTy wuckomoro uudpoBoro 3HaueHus. llociienoBaTenbHOCTH
JEWCTBUI TO OMpPEICICHUIO OYepeJHOTo OWTa 3aKirodaeTcs B cienayromieM. Ha BcmomorareabHOM
LIAIT BbICTaBIISIETCSI AHAIOTOBOE 3HAYCHHE, OOpa3oBaHHOE M3 OWTOB, YK€ ONpEACIEHHBIX Ha
NPEBIAYIINX [Iarax; OuT, KOTOPBIN JOJDKEH OBITH ONPENesIEH Ha 9TOM Ilare, BbICTaBisiercs B 1, 6oiee
mitagmue outel yeraHosiieHsl B 0. [Tomydennoe Ha BciomoratensHoM LATL 3HaueHne cpaBHUBAETCS C
BXOJIHBIM aHAJIOTOBBIM 3HaueHueM. Ecin 3HadeHWe BXOJHOIO CcHUrHaja OOJibllle 3HAuY€HUs Ha
BcriomoratenbHoM LAIL To onpenensemsplil Out nonaydaer 3HaueHue 1, B npotuBHOM cityyae 0. ALIIT
3TOTO TUIA 00J1aaI0T OJHOBPEMEHHO BBICOKOI CKOPOCTBIO M XOPOLIMM pa3pelieHreM. TakTupoBaHue
pabotel BHyTpeHHero 1mkia ALl ocymecTBisieTcss OT reHepaTopa TaKTOBBIX MMITYJIbCOB. [ JTaBHBIM
HenocratkoM ALl momoGHOro THma sBisieTcss BBIOOPKAa MTHOBEHHBIX 3HAYCHHWH aHAJIOTOBOTO
curHaga. B sToM ciyyae 3HayeHHMs CTATUYECKOr0O M JUHAMHUYECKOTO CHMTHala 3a HWHTEpBaj
peoOpa3oBaHMs MOTYT KaK COBIACTb, TAK U HE COBIACTb.

AOCOI0THAs NOTPEIIHOCTh MPeoOpa3oBaHUs OTPAXKAET OTKIOHEHHE (PaKTUUYECKOIO BBIXOJHOTO
CUTHajia NpeoOpa3oBaressi OT TEOPETUYECKOr0, BBIUMCIEHHOTO JUISl WICAIbHOTO MpeoOpa3oBaTels.
OTOT mapaMeTp yKa3bIBaeTCsi OOBIYHO B MPOILIEHTaX K MOJIHOM IIKaje MpeoOpa3oBaHUs U YUUTHIBAET
BCE COCTaBJISIIOIINE MOIPEUIHOCTH MPpeoOpa3oBaHus (HEIMHEHHOCTb, CMEUIeHUE HYIsI, KO3(PPUIHEHT
npeoOpazoBanusi). [lockosbky aOCOIOTHOE 3HAUYEHHWE BBIXOJHOTO CHTHaja mpeoOpa3zoBaTens
ompezensercss OmnopHeIM HampspkeHueM Uy, TO aOcoJIfoTHas MOTPelIHOCTh IpeoOpa3oBaHus
HAXOJUTCS B MPSAMO 3aBUCUMOCTH OT cTaOUIbHOCTH HanpsokeHUs U oy.

2. Onucanue J1alOPATOPHOIl YCTAHOBKH

UccnenoBanne ALl mpoBomutcss Ha padouem mose «MYJIBTUBUBPATOPBI U ALII»
(Puc.31).

— ] _MYNGTMBMBPATOPBI M_ALN ___ |——\
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Puc. 31. Mcnonszyemoe pabodee moje CTeHaa

OcHoBHble napametpsl ALII cienyronue:
+  YHCIIO KaHAJIOB: 4;
« abcoutoTHas MOTpemHocTh: +2 M3P (Mnaaiuii 3Havamuil paspsn);
«  Bpems npeobdpazoBanus 240 MKc.

ALIT umeet nndopmanunonnsie Bxoapl ADCO u ADC1 nis BBoga u3MepsieMOi BEJIMYHUHBI, BXOT
0/1 nns ycraHoBku HoMepa kanamna, BxoJ REF paspemarommii padory ALl u Bocemb BBIXOJOB OT
NepBOro /10 BochMmoro paspsaa DO - D7.

Ha BbIxoge cosmaercss 1upoBOil CUTHAN, COOTBETCTBYIOIIMI aHATOTOBOMY CHUTHANy TOTO
KaHaJla, HOMEp KOTOpPOro yKa3aH Ha BXOJ€ yCTaHOBKU: 0 - HU3KUU YpOBEHb, 1 - BBICOKHI ypOBEHD.
[Ipn momaue HHU3KOTO YpOBHS CHTHaia Ha Bxoja pazpemieHuss REF Bce BbIxoabl cOpachIBaroTcs B
COCTOSIHME | - BBICOKOTO YPOBHSI.

Opranbl ymnpaBieHHs W WHAWKAIMN OObEIUHEHBbI Ha CTEHJEe B (DYHKIIMOHANBHBIE TPYIIBI H
cHaOXKeHBI HAMHICSIMU Ha JIMIIEBON TTaHEIH.
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VIcTOYHMK CHUTHAJOB «YPOBEHb JIOTUYECKU» MpeAHa3HA4YeH sl (POPMHUPOBAHUS JIOTHUUECKHX
CUTHAJIOB BBICOKOTO «1» u Hu3koro «0» ypoBHeill. BkioueHHe COOTBETCTBYIOUIMX CUTHAJIOB
ocytecTBisieTcs: pu nmomomy Tym61epoB SAl - SA8. C momoIpi0 CBETOIUOIOB OCYIIECTBIISCTCS
MHMKAIUS CUTHAJIOB, COOTBETCTBYIOLUX JJOTUYECKON «1».

Hctounuk curHaioB «VMOyiabCc OJUHOYHBIN»  (OPMHUPYET OAMHOYHBIE MMITYJIBCHl  C
MOJIOKUTEIPHOW M OTpHULATeIbHOM moJsipHOCThbiO. IIpu Hakatuum Ha kHonky SB1 Ha BbIxone
reHeparopa, HaxoasmieMcs B COCTOSHUHU «0», BBIpadaThIBaeTCs CUTHAN JIOTWUYECKOH «1», a mpu
HakaTUM Ha KHONIKY SB2 - curnan norudeckoro «0».

HcTouHuku perynupyeMoro mnocTossHHoro HampspbkeHust (0-5 B) ocyluecTBisitoT IU1aBHOE
peryupoBaHUe HAIPSHKEHUS B YKa3aHHOM JlMana3oHe.

3. 3apanne

3.1 JKcnepuMenTajibHoe ucciaeaosanue AL

a) CHATh 3aBUCUMOCTb BbIxoAHOro HampspkeHust AL (B uudpoBoM koza€) OT HampsKeHHs Ha
Bxoae. [ms sroro cobpate cxemy (puc. 32), MOIKIIOYMB aHAJOTOBBIE BXOJbI K BXOJaM
noteHuuomeTpoB RP1 u RP2. Coenunuth Beixonbl TymO1epoB SAl u SA2 co BxoJamMH pa3pelieHust
REF u Be16opa curnana 0/1. Coenunutb Bbixosl AL co cBeTomogaMu HHANKAIIWH.

Bxmountes TyMOnep «Cerb». Perymupys u u3Mepss HanpsDKeHHE Ha BXOJE, H3MEPATh
HalpsDKEHWE Ha BBIXOJE B JIBOMYHOM KOJIE€ IO CBEYEHHUIO CBETOAMOJOB. Pe3ynbrar 3aHOCHTH B TalII.
22.

Tabmua 22

Hanpsxenue Ha Hanpsbxenue Ha Hanpsixenue Ha AbcontoTHast

BxoJe, B BBIXOJZI€ B IBOMYHOM KOJE BBIXOJZIC B HOrPEIIHOCTh
JIECATUYHOI
cucreme, B

0
0,5
1
15
2
2,5
3
35
4
4,5
5

0) IloBTopuTh SKCIIEpUMEHT i BToporo kaHaia ALIIl, cpaBHUTH pe3ynbTaThl. BBIKIIOUNTH
tymoOsep «Cetb». llepeBecT NBOWYHBIN KO B JeCATHYHBIN. OmNpenenuTh Auana3oH BXOIHBIX
HampspDKeHU ©  pazpemaronnyto  cnocobnocts  AIIl.  Onpenenuts norpemHocTd.  OlEHUTH
COOTBETCTBYIOT JIM OI'PEUIHOCTH NAaCHOPTHBIM JAaHHBIM. ONpeenuTh, UCIIPaBEH JIU 1ALII'I;
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Puc.32. Cxema coequnenuii ansa uccienoBanus AL
4. Cogep:xkanue oT4eTa
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OTuer JOJKEH COJIepKaTh CIIEIYIOINE TYHKTHI:
1) HauMeHOBaHUE U 1IEJTb PAOOTHI;
2) TUPUHIMIHAIBHBIC YJICKTPHYSCKAE CXEMBI ISl BHITIOJTHEHHBIX SKCIICPHMEHTOB;
3) pe3yabTaThl IKCIIEPUMEHTAIILHBIX UCCIIC0BAHHUN, TOMEIICHHBIC COOTBETCTBYIOIINE TAOIHIIbI;
4) BBIBOJIBI 1O paboTe.

5. KoHTpoJIbHBIE BONIPOCHI

[Tepeuncnure HaznayeHus: u obnactu npumeHenus ALIL

Haiite knaccudukaruo AL

[Tepeuncnure TpeboBanus, npeabspiseMbie k AL

Otuero Bo3HUKarOT norpeurHocty B ALIIT?

[Nosicaure npuanun neiicreust ALIT mocnexoBaTensHOTO MPUOTHKEHUS.
[TosicauTe cMbICI a0COTIOTHON NOTPELUTHOCTH

OT 4dero 3aBUCHUT BETMYHMHA a0COTIOTHON MOTPEUTHOCTH?

NookrwdpE

Kpurepuu onenkn:

OneHka «OTJIMYHO» CTaBUTCS, €CJIM DSKCIEPUMEHT NpOBEAEH, 00pabOTaHbl pe3yabTaThl,
BBITNIOJIHEHBI BCE 3aJjaHus, paboTa ohopmiieHa B COOTBETCTBUU € TPEOOBAHUSIMH.

OneHka «XOopoIlo) CTaBUTCS, €ciau Oblla AOMYIIEHbl OMMOKK MPH MPOBEIEHUHU 3KCIIEPUMEHTA,
00paboTKe pe3yabTaTOB WU TP 0(HOPMIICHHH OTYETA.

OneHka «yJOBJIETBOPUTEIBHOY» CTaBUTCS, €CIIM SKCIEPUMEHT MPOBENEH, MPUBEIECHO HEMOJIHOE
BBIIIOJTHEHHE 3aJaHNH.

OneHka «HEYIOBJIETBOPUTEIHHO» CTaBUTCS, €CJIM SKCIIEPUMEHT HE NMPOBOJWICS, 3aJaHHUE HE
BBITIOJTHEHO.
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