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MeToiuueckye yKa3aHus JJist 00yUaroIuXxcs II0 OCBOEHUIO AMCIIUITIMHEI.

[vciuruiiHa TipelycMaTprBaeT JieKiiuu (pa3 B /IBe HeJenu) W JiabopaTOpHbIe
paboThI (pa3 B Mecsi)). Mi3yueHne Kypca 3aBepIIiaeTcs 3aUeTOM.

YcnemHoe u3yueHre Kypca TpeOyeT IocelneHus JeKI|ui, akKTUBHON paboThl Ha
nabopaTtopHbix paboTax, BBIMIOTHEHUS BCeX YueOHBIX 3aJaHUM TIperofiaBaTe/is,
03HAKOMJIEHHUsI C OCHOBHOM U JIOTIO/THUTEbHOW JIMTepPaTypOil.

YKa3aHus B PaMKaX HEKHHﬁ.

Bo BpeMms JIeKIIUM CTYZIEHT J0/DKEH BECTH KPaTKUI KOHCIEKT. [1epBbIi TpoCcMOTp
3arMce yKenaTebHO C/e/IaTh B IeHb JIEKIIWH.

Jlekiiro HeoOXOZMMO TPOYMTATh, 3allO/IHATL TIPOIYCKH, pacimdpoBath u
YTOUHUTh HEKOTOPbIE COKPAIL[eHHs, JOIOJHUTL HEKOTOphbIe HeJJOMMCAHHbIE TPUMEPBHI.
Ocoboe BHUMaHHWE CJ/Ie[lyeT Y/AeIUTh COJIEP)KAaHHIO0 TIOHATHH. Bce HOBBIE TIOHATHS
JTOJDKHBI BBIZIEJIATBCS B TEKCTe, UTOOBI UX JIETKO MOYKHO OBIJIO OTHICKaTh U 3alIOMHUTD.
JIEKIIMOHHBIA MaTepuan SIBASEeTCd Ba)KHBIM, HO He €eJIWHCTBEHHBIM /i H3yUeHHs
yueOHOM AMCLMIIMHBL. Ero HeoOXOoZAMMO [OTIOJHHUTE MaTepPUaloM M3 PeKOMEeH/yeMOi
nuTepaTyphl o TeMe. Ecim 00ydJaroiiemMycsi CaMOCTOSATeTbHO He y/1aroCh pa300paThCst
B MaTepHasie, He00X01UMO C(HOPMY/IHMPOBATh BOMPOCHI U 0OPATUTHCS 3a TIOMOIIBIO K
Tpero/laBaTeqll0 Ha KOHCYAbTAIMM WM Ompkaimed jekiuu. OOyuaronmmcs
He0oOXO/IMO PEery/isipHO OTBOJUTH BPEMS Jjisi TIOBTOPEHMs IIPOMeHHOr0 MaTepHaiia,
TIPOBEPsisi CBOM 3HAHMsI, YMEHHST U HaBBIKH TI0 KOHTPOJIbHBIM BOITPOCAM.

YKa3aHusi B paMKax JlabopaTOpHBIX paboT.

JlabopaTopHble pabOTbl COCTAB/SIOT Ba)KHYH UacTb TPOgeCcCUOHaTbHOU
MO/ATOTOBKU CTy/AeHTOB. OHM HampaB/ieHbl Ha SKCepUMeHTaTbHOe TO/ITBEepPXK/IeHre
TEOPeTUUECKUX TIOJIOKeHHH U (GopMHUpOBaHWe Yy4eOHBIX ¥ MpodecCHOHATBHBIX
MPaKTUYeCKUX YMEHUM.

BhimoniHeHre CTy/leHTaMy JlabopaToOpHbIX pabOT HampaBjeHO Ha Crefyroliye
L{e/IN:

- o00o01ieHye, cucTemMaTv3alyio, yriayOreHue, 3akperyieHHWe —TO/y4YeHHBIX
TeOpeTUYEeCKUX 3HAHUU 110 KOHKPETHBIM TeMaM JIUCLIUILIMHBL;

- (opmrpoBaHre HeOOXOAUMBIX MPO(eCcCHOHATBHBIX YMEHWA W HABBIKOB, B
MepByl0  ouepelb CBS3aHHBIX C paboToii B  paccMaTpuMBaeMbIX  CHUCTeMax
aBTOMAaTU3UPOBAHHOI'O MPOEKTHPOBAHMUSI.

MeTouuecKie  yKa3aHMSl [0  TPOBEAEHWIO  j1abopaTOpHBIX  paboT
pa3pabaThIBalOTCS HA CPOK JIEMCTBUS pabouelt MporpaMMbl AMCLUTUIMHBI M BK/TIOUAIOT:

- TIOPSIIKOBBIN HOMep paboThl U HAMMEHOBAHUE;

- 11e/Tb paboThI;



- TIpeZIMeT U CoJiepyKaHue paboThI;

- OMMCaHKWe TEXHUUYECKHUX U TIPOrPaMMHBIX CPe/ICTB;

- TeOpeTHUeCKHEe MaTepHasibl, TpeOyeMble /1Jisi BBITOJIHEeHHS paO0Th;
- IPYUMephI BBIMIOTHEHUST pa0dOTHI;

- TIOPSI/IOK BBITIO/THEHHUS pabOThI;

- BapUaHTbl MHAWBU/YaIbHBIX 3a/[aHU;

- MMpaBU/Ia TEXHUKH 0€30T1aCHOCTH;

- CITUCOK JIUTEpaTyphl;

- CCBIIKM Ha 371eKTPOHHbIE Pecypchl ceTu VIHTepHeT.

CocraB 3ajaHuii Ayig 1a00paTOpHOM pPabOThI CIJIAHUPOBAH C TaKUM pacyeToM,
yTOOBl 3a OTBEIEHHOE BpeMs OHM MOIVIM OBbITb KayeCTBEHHO BBITIOTHEHBI
OO/BITMHCTBOM CTY/IEHTOB.

Heo6XoAUMbIMH CTPYKTYPHBIMHM 3/IEMEHTaMH J1a00paTOPHOM pabOThI, TTOMHMO
CaMOCTOSITE/TbHOU JIeSITe/TbHOCTH CTY/IeHTOB, SIBJITIOTCST WHCTPYKTaX, TPOBOAMMBIN
nperojiaBaTesieM, a TaK »>Ke OpraHu3aius OO0CY)XIEHHS WTOTOB BBITIOJTHEHUS
nabopaTtopHoii paboThl.

BbimonHeHnuto  sabopaTtopHoil  pabOThI  TIpeJIIeCTBYeT TpOBepKa 3HaHWMN
CTYZIeHTOB — UX TEOPeTUYECKOW TOTOBHOCTU K BBHITIOJTHEHUIO 3a/laHMUSI.

[TomrMo  BBITIOJIHEHWS ~ pabOThl I KakKAOW  J/1abopaTopHOM  pabOThI
NpeJyCMOTpeHa TpolleZiypa  3all[UThl, B XO/Ae KOTOPOH TMOC/ie  YCITeIIHOro
MO/Ie/TMPOBAHKSI YCTPOMCTBA TIperio/laBaTe/ib 3a/laéT KOHTPOJIbHBIE BOIPOCHI WA
BbIIaeT WHAVWBUJYyanbHOE 3aJjaHWe 110 MoAu(UKaru JUO0  ONTUMH3AIUH
CTIIPOEKTHPOBAHHOTO YCTPOMCTBA.

YKa3aHusi B paMKaX CaMOCTOSITe/IbHOW pabOThI CTy/IEHTOB.

ITepen BbITOJIHEHHWEM J1aOOPAaTOPHBIX PabdOT HACTOSITE/ILHO PEKOMEH]yeTCst
MPOBO/IUTH CAMOCTOSITE/TbHYIO TIOJrOTOBKY K /J1ab0paTOpHBEIM paboTaM 10 MaTepHasiaMm,
MPOYMTAHHBIM Ha JIEKIUSAX, a TakKXKe MCII0/b30BaTh CBEJEeHHsT M3 OCHOBHOM U
JIOTIO/THATE/IbHOM PEKOMEHIyeMOM JIUTePaTyphl, B TOM UHC/Ie METOAMUECKUX YKa3aHUH
K JJabopaTOpHBIM paboTam.

OOyuaroIMCs pPeKOMEH/yeTCsl BHHUMATebHO O03HAaKOMHMTBCS C BOIPOCAMH,
KOTOpbIe TIpeZyCMaTPUBAIOT CAMOCTOSITE/IbHOE H3y4eHHe, U OCMBICJUThL XapaKTep
3aJaHus. 3aTeM C/iefiyeT HAMTh MCTOUHUKKA HHGOPMAI[UM 110 COOTBETCTBYIOLEMY
BOIPOCY, HCIIO/Mb3ysl TIPe/JIOXKeHHBIM IIperojlaBaTe/ieM CIIHCOK 00s3aTe/lbHOW 1
JIOTIOJTHUTETbHOW JIUTepaTyphbl, a Takke pecypchl VHTepHeTa. Bo Bpems uTeHHs
PEKOMEH/IYeTCsl OCYILeCTB/IATh TeOPeTHUUeCKUH aHa/li3 TeKCTa: BbIJEe/STh IJIaBHbIE
MBIC/IM, HAaXOJUTh apPryMeHThbl, TIOATBEPXKJAIOIieé OCHOBHBIE TE3UChl, a TaKXKe
WITIOCTPUPYIOIIe MX TpUMepbl U T.A. Ilocie 3TOro MOXHO IIPUCTYHaTh K
BBITTOJTHEHHUIO 3a/IaHMs], IPY 3TOM Ba)KHO TIOMHMTb, UTO BBIMOJIHEHHOE 3ajlaHHe BO BCEX



C/lyyasix JOJ/DKHO OTpakaThb OCHOBHBIE BBIBOJbI, K KOTOPbIM TIDUIIUIM B MpoLiecce
camoCTosTeTbHOM yueOHOM ZiesiTeTbHOCTH.

Takke peKOMeH/lyeTcsl MpPU Ha/JIMuWKM Yy CTYy/leHTa TMepCOHa/bHOrO KOMIIbIOTepa
yCTaHOBUTH  yueOHYI0 BEepCHUI0 U3y4aeMOM CHUCTeMbl aBTOMAaTH3WPOBAHHOTO
MPOEKTUPOBaHUS WM €€ MOJY/IU [Jisi CAMOCTOSITeNIbHOM pabOoThl TPU YCIOBHH, UTO
yuebHast Bepcusi faHHoro I10 sBiisieTcsi 6ecriaTHOM Wi cBOOOIHO pacpoCTpaHseMOid.

B kKauecTBe MpOMeKyTOUHOM aTTeCTal[uy UCII0/Ib3YOTCS OMPOCHI M0 pe3y/bTaTaM
KKIOr0 pasjena [JUCLUIUIMHBL, KOTOpble MOTYT TPOXOJUTb TIpU  TpueMe
nabopaTopHbiX pabOT WM BBIMOJIHEHWM WHAWBUAYaNbHBIX 3a/laHUM IO Marepuasaam
MIPOW/IeHHBIX pa3/iesioB.

YKa3aHus B paMKax IMOJrOTOBKU K UTOIOBOM aTTeCTaL|UH.

[Ipy moOAroTOBKe K 3a4eTy B [OTNOJIHEHHWE K H3yUYeHHI0 KOHCIEKTOB JIeKI[UU
He0oOXO0IMMO TO/Ib30BaThCsl YUeOHOH JIMTepaTypol, peKOMeHZI0OBaHHOW K HaCTOSIIei
paboueii iporpamMme. IIpy TTOATOTOBKe K TIPOMEKYTOUHOM aTTeCTallid HY)KHO HU3YUMUTh
TEOPUI0 U CaMOCTOSITe/IbHO pelIuTh 3a/laud [0 MO/Ie/TMPOBAaHUI0 YCTPOMCTB B
M3y4yaeMOM CHCTeMbl aBTOMAaTU3UPOBAHHOT O TTPOEKTUPOBAHUSI.

K wuroroBoii arrecTalyd JOIMyCKArOTCS OOyuaroivecs, BbLITIOTHUBIKE U
3all[UTUBIIIME BCe JabopaTopHbie PabOThI.

C 1e/bl0 BbIsIB/IEHUS] TTyOWHBI 3HaHUWM W BBICTaBIeHUS OObEKTUBHOW OLIeHKH
TrperiofiaBaTe/lb MOXKeT 3aflaBaTh 00yUarOIIMMCSI ZIOTIO/THUTE/TbHbIE BOTIPOCHI U 3a/IaHMUS
B paMKax YTBEP)KAEHHBbIX OL[eHOYHbIX MaTepuanoB. [IpernosaBaTenb uMeeT IIpaBO
aBTOMaTUUeCKU BBICTABUThL OI[eHKY OO0yuarol[eMyCsi Ha OCHOBaHWHM pe3y/IbTaTOB ero
pPEerTHHra Mo JUCLIUILIHE.

3aueT MPOBOJUTCS B CMelllaHHOW ¢opMe U MpejriosiaraeT OTBeT Ha jBa BOMpOCa
13 CIUCKA.

O1leHKM «3auTeHO» 3aCay)KHUBaeT OOyYaromuiicsi, MPO/IeMOHCTPUPOBABIINN
MOJIHOe 3HaHWe MaTepuajiia M3yYeHHOM [WUCLUIUVIMHBI, YCBOUBIIMU OCHOBHYIO
UTepaTypy, PeKOMeH/I0BaHHY paboueil TMporpamMmoi JUCLIMIIIMHBI, TOKa3aBIIHi
CHUCTeMaTUUYeCKUN XapaKTep 3HaHWW T0 AUCLAIUIMHE, OTBETHBIIWM Ha BCe BOIPOCHI
Owreta WIA  [AONYCTHBIIMKA  TIOTPEIIHOCTH B  OTBeTé HA  BOMNPOCHl, HO
obnazaroiyii HeOOXOAUMBIMU 3HAHUSIMU [I/I1 UX YCTPaHEHHUsl TI10f] PYKOBOJCTBOM
rpernojaBaTessl.

O1leHKH «He 3auTeHO» 3ac/y>KWBaeT 00yuarol[uics, TIPOZeMOHCTPUPOBABIINI
cepbe3Hble Tpobesbl B 3HAHUSIX OCHOBHOTO MaTepuasia W3yUYeHHOW [AWCIUTUIMHBI, He
OTBETUBIIIMI Ha BCEe BOIPOCHI OWieTa W [JOIMOHUTE/bHBIE BOMPOCHL. Kak TpaBwio,
OlleHKAa «He 3auTeHO» CTaBUTCS OOYYarol[UMCs, KOTOpble He MOTYT TIPO/IO/DKUTh
oOyueHre 10 oOpa3oBaTe/NibHOM TMporpaMme 0e3 IOTOJHUTENbHBIX 3aHSATUM TI0
COOTBETCTBYIOIeN  AucHuIMHe ((OpMUpOBaHWS U pa3BUTHS  KOMIIETEHIWH,
3aKperIeHHbIX 3a JaHHOMW AUCLIATIMHOWN).



Jlabopamopuas paboma Ne |

Mooenuposanue paouosneKmpoHHsIX U paduoPomoHHbIX
yempoticma 6 cpede SimOne

Llenv pabomur

OzHakomiieHue ¢ uWHTep(dEcoM W  OCHOBHBIMH  BO3MOXKHOCTSIMH  TTaKeTa
CXEMOTEXHHUYECKOTo MoienupoBanus SimOne.

Kpamkue memoouueckue pekomenoayuu no 6binOJAHEHUIO PadOmbl

Brinonnnenue nanHOW nabopaTopHOW paboOThI MOApPa3yMeBAE€T WHIUBUIYATBHYIO
WIH, B KpailHEeM clydae, TPYMIOoBYI0 paboTy B Opuragax MaKCUMyM I10 JIBa YEJIOBEKa I10
BapuaHTy 3a1aHust N, KOTOPBI MOXKET OBITh 3aJaH IO MOPSIAKOBOMY HOMEPY CTYyJEHTa
10 JKypHaJy TpyIIbl, HOMEpY pabouero mecta wid Homepy [I9BM.

Bce momydennble pe3ynabTaThl  (MMOCTPOCHHBIE CXEMbI, TaOMuUIbl, TpaduKH,
CKPHUHIIIOTHI) BMECTE C OTIMCAHUEM U BBIBOJAMH 3aHOCSTCS B OTUET.

Nsmepenus no nmonydeHHbIM B SimOne rpadukaM NpOU3BOJUTH ¢ TOYHOCTHIO JIO
TPETHEro 3HaKa MOCJe 3aMAToi.

Buvinonnenue pabomut

1. O3nakomiieHHe ¢ HHTEeP(eiicoM U ObICTPHIMU KJIABUIIIAMM.

[laker cxeMoTexHHYECKOTO MozenupoBanus SimOne TMO3BOJSIET CO3/AaBaTh
AIIEKTPUYECKUE TPUHUUIHUAIBHBIE CXEMbl C BO3MOXHOCTBIO MX JallbHEHIIEro
peNaKTUpOBaHUS W  MOJEITUPOBaHMA B  rpaduueckoM Bume. ['padudeckoe
Ipe/ICTaBIEHUE PE3YJIbTATOB MOJICTMPOBAHUS TO3BOJISIET Oosiee OBICTPO M KaU€CTBEHHO
OLICHUTh HCKOMBIE XapaKTEPUCTUKH U MapaMeTpbl, a Takke padoTy MOIEIHPYEMBIX
YCTPOWCTB B LEIIOM.

brnwxailiiuM  (QyHKIMOHANBHBIM aHAJIOTOM SIBJISIETCS TAKET CXEMOTEXHHUYECKOTO
moaenmupoBanus Micro-Cap, mo3ToMy TeMm, KTO paHee paboTaj ¢ JaHHBIM
IpOrpaMMHBIM 00O€ecTieueHneM, OyAeT 3HAUUTENIBHO MPOIe 0CBOUTH SimOne.

Takxke, ¢ TOMOIIBIO BCTPOCHHOTO B SimOne TEKCTOBOTO pelakTopa MOXKHO
pa3pabarbiBaTh, peJaKTUPOBATh U MOAEIUPOBATH cXeMbl B TekcToBOM (hopmate SPICE.
Takolt MeToa MOJENIUPOBaHUS MPEAIIECTBOBAT rpadUuecKoMy MPEICTaBICHUIO CXEM U
O0epéT cBOE Ha3BaHWE OT OJHOUMEHHOUN MporpaMMbl. B pamkax naHHOU JaGopaTopHOIMA
paboThI OyIEeT PACCMOTPEHO CO3AHHUE CXEM TOJIBKO B rpaUueCcKOM MPEICTABICHUU.

Ha pucynke 1.1 npencraBien HadalbHbIN 5kpad SimOne, rae MOKHO BBIOpaTh OAHY
U3 OMNUUN: CO3JaHUE HOBOW CXEMbI, CO3/JaHME HOBOTO HETJIMCTAa U 3arpy3ka paHee
CO3/IaHHOM MOJIEJIH.



@ SimOne
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Pucynox 1.1 — Coz0anue Hogoll cxemul

Ha pucyse 1.2 npencrasnen mnrepdeiic SIMONE, pa3nenEéHHbIN Ha GyHKIIMOHATLHBIE 00JACTH.

[TaHenb HHCTPYMEHTOB

PaGouyas o0macTh

TlaHenb KOMIIOHEHTOB

JepeBo npoekTa

Pucynox 1.2 — Humepdgbeiic SimOne

CocTaBneHne cxeMbl B TpaUuecKkoOM NPEACTABICHHH TMPOHU3BOIUTCS B pabouei
oOmactu mporpamMmbl. [l coCTaBleHHsI CXE€MBI MOTPEOyeTCsl BhI3BATh HEOOXOMMMBIE
KOMITOHEHTBl C TOMOIIBI0 OBICTPHIX KIJIABWIN, W3 TaHEId KOMIIOHEHTOB WIH W3
OMOIUOTEKH KOMITOHEHTOB. Jljisi MojenupoBaHus paboThl COOpaHHON CXEMBI MOXKHO
BOCTIOJTB30BAThCS COOTBETCTBYIONIMMH BKJIaJKaMHd HAa CTAHJAPTHOW TAHENH WIIH
KHOIIKAMH Ha TaHelId MHCTPYMEHTOB. Bce pe3ynbTaThl COCTaBICHUS U MOJEITUPOBAHUS
CXEMbI 0TOOpaxaroTcs B JepeBe NPOEKTa.

[IpumMeHeHre OBICTPHIX KJIABHIN TO3BOJSET 3HAUYUTEIHHO COKPATHTh BpeMs COOPKH
CXEMBI TI0O CPaBHEHHIO CO CIy4aeM, KOTJIa KaKIbIid 3J€MEHT BBHIOMpaeTCS BPYYHYIO W3
oubnmoreku. B Tabnuie 1.1 npuBeneHs! OCHOBHBIE HEOOXOIUMBIE ISl pA0OTHI OBICTpHIC
KJIQBHUIIIH.

Tabmmma 1.1 — beictpeie knaBummu SimOne
| BricTpas | Onncanne




KJIaBHIIIa

\\

npoBoHUK (Wire)

R

pesuctop (Resistor)

L

KaTyIIKa UHTYKTUBHOCTH (CUMBOJ «Ly»
ObUT TPUHAT B  YECTh  ODMIIUS
XpuctranoBuua Jlenra)

koHaeHncarop (Capacitor)

nuon (Diode)

lellviie!

n-p-n OUTOJIAPHBII TPaH3UCTOP
(cumBo «Q» OBLT HMPUHSAT MO OJHOM
Bepcun  u3-3a  (QOpMBI  KopITyca
TO18/TO39, mo  nmpyrod  wu3-3a
UCIIOJI3YEMOTO  TOHSATUSA  «TOYKa
nokos»: «Quiescent Pointy mmm «Q-
pointy)

MOJIEBOM TPAH3UCTOP C YNPaBISIOLUIUM
PN-nepexonom u n-kanaiom (JFET,
Junction Field-Effect-Transistors)

TOJIEBOM TPaH3HUCTOP c
U30JIMPOBAHHBIM 3aTBOPOM u
BCTpoeHHbIM n-kaHaioMm (MOSFET,
Metal-Oxide-Semiconductor Field-
Effect-Transistor)

mmHHas auHus (Transmission line)

ZIE

yIpaBiIsi€MbIil NEPEKITIOYATETb
(Switch)

UICATU3UPOBAHHBIN HCTOYHHUK TOKA (OT
noustusa «Current Intensity»)

ucrounuk JOJIC, wuaeann3npoBaHHBIN
ucTOUHUK  Hampspkenus — (Voltage
source)

UCTOYHUK TMOCTOSIHHOTO HamNpsKEeHus,
«barapetikay (Battery)

(bYHKIIMOHATLHBIHA MCTOYHHK
Hanpspkenus (Function source)

o0t BeIBOJ, «3eMiish» (Ground)

BBI30B OMOMoTeKH dsieMeHToB (Parts)

[Tpoben

IIOBOPOT BBI6paHHOFO OJICMCHTA

[TIKM

OTMEHA BbIOOpA AJIEMEHTA




3aganme: coOpaTh NMPOM3BOJIBHYIO CXeMy C Hcmojib3oBaHueM 10-15 pasmuyHbIxX
AJIEMEHTOB,  BBI3BIBAEMBIX  OBICTPhIMH  KiIaBuIIamu. OO0s3aTeNbHO  HAIMYUE
COCIMHUTENIBHBIX MPOBOJHUKOB MEXKY AJIEMEHTAMH M Y3JI0B, a TAKK€ MPUMEHEHHUE
MOBOPOTA 3JIEMEHTOB.

2. O3HaKOMJIEHHE C AHAJIM30M padoueil TOUYKH.

[Tpu ananuze pabodyeit Touku cxembl SimOne pacCUUTHIBAET MOACIUPYEMYIO CXEMY
[0 TIOCTOSTHHOMY TOKY, MPU 3TOM €MKOCTH pacCMaTpHUBAIOTCS KaK pa3pbIBbl LEMH, a
UHAYKTUBHOCTH paccMaTpUBAIOTCS KakK 3aKOpPOYEHHbIE Y4yacTKU Uenu. JlaHHbIN
WHCTPYMEHT TMOJE3€H MpPU aHaM3€ LENel ¢ aKTUBHBIMU 3JIEMEHTaMU AJisl OLIEHKU
HANPSDKEHUN MUTaHus U cMeneHus. Hactpoiiku ananu3za pabodeil TOUKU IpUBEICHBI Ha
pucyHke 1.3.

0P Pabouan Touka: sim_op1 ? X
NapameTpot Hacrpoitiat
BLIBOp 3HUEHIT MCTOUHMKOB. | 3HaUEHIE CArHaAE MW TIME = 0
id
NODESET
TMPoBEpHTE YCTOA4MBOCTE B PaBouel ToUKe | romorpadoM Muxarnosa

Coxpannte

Ternepatypa| 27

CoxpansTe HACWITaHHEIE AaHHEE

/| Nepecur

Crpasia Sanycrims Coxpanms Kar.. Orrera

Pucynox 1.3 — Hacmpotixu ananuza paboueti mouxu

3agaHue: IOCTPOUTH CXeMy IO TpuMepy Ha pucyHke 1.4. Hampsbkenue Oatapeiiku
BbICTaBUTh paBHOe S5B. Homuuansl compoTtuBiieHnii pe3uctopoB R1 u R2 B3sATh
POU3BOJBHBIMHU U PABHBIMH MEKIY COOOM.

[MpousBectn ananu3 padoucit Touku (CtanmaprHas = MozenupoBanue = Paboyast
TOYKa... Wik KoMOuHauus kiasuml Alt + 1), onuus «IlepecuntbiBaTh Mpu U3MEHEHUU
CXEMBD» JOJDKHA OBITh BKIIOYEHA. BKIIIOUUTH OTOOpa’keHHWE TOKOB M HANpPSOKEHUN Ha
cxeMme, yOenuThca B X KOPPEKTHOM OoToOpakeHuH. [lomyunth HanpspkeHHe B cpeliHen
Touke pesuctuBHoro genutens (yzen OUT), paBuoe 5-N*0,1 B wusmenenuem
HOMUHaNOB pe3ucTtopoB R1 u R2, mpenBapurenbHO paccuuTaB JaHHBIE HOMUHAJIBI
(Hampumep, uepe3 majeHHe HamnpsokeHuss Ha pesuctope R1). Cpenats BbIBOJ 0
BO3MOXKHOCTH yYCTaHOBKM HEOOXOAMMOrO HANpSOKEHUs] B y37€ C I[OMOIIBIO
NOJTATUBAIOILIETO PE3UCTOPA MIIK PE3UCTUBHOTO JIETUTES.



Pucynok 1.4 — Pe3ucmugnwiti Oeaumens 015 aHAIU3a paboueil moyku
OOpatuTe BHUMaHUE, YTO TIOCTE BBIMIOJIHEHUS MOJICTUPOBAHUSL €T0 IMapaMeTphl
COXpaHAIOTCS B IepeBE MPOeKTa B pazzaene «MoaenupoBanue» (pUcyHokK 1.5).

JNokymeHT E}"—'i Cxema 1% x
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-~ MNogoemel 1: 1
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~|L Curnane: '~ ||
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L.op sim_op1 F@ DE W oW OW R N OB M OB W W oW ¥R R B
~ ) Brewnme Galine | - G R B B &G E B A E
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Pucynok 1.5 — 3anonnenue oepesa npoekma
3. O3HaKoMJIEHHE ¢ AaHAJIN30M MePEeXOIHBIX MPOIECCOB.

AHaM3 NepexoIHBIX MPOLIECCOB MO3BOJAECT MOJAEIUPOBATH UCCIETYEMYIO CXEMY BO
BPEMEHHOM 00JIacT Tpu TMoJadye Ha HEE BHEIIHUX BO3JCHCTBUNA C TOMOIIBIO
WMCTOYHUKOB HAIPSHKEHUS WM TOKA. BBIXOIHBIMH MEPEMEHHBIMHM MPH TAKOM aHAIU3E
MOTYT OBITh MOTEHIIMABI B y3JIaX CXEMBI, TIaJCHUS HANPsHKEHUM Ha AJIEeMEHTaX, TOKH,
MPOTEKAIOIIME Yepe3 YUYacTKHU IIeTNel, reHepupyemMasl Wik rnorpedsisemMas MOITHOCTh U
T.1. KpoMe TOro, cymectByer BO3MOKHOCTh COCTABJICHHSI BBIPAKEHUM U3 YKA3aHHBIX
3HAYEHU, HAIPUMEpP OTHOLICHUS HANpSIKEHUH Ha BBIXOJIE M BXOJE, MTHOBEHHBIC
3HAYEHUSI MOIIHOCTH, NMOCUYUTAHHBIC KaK MPOW3BEICHHE TOKOB W HANPSKEHUH U T.J.
Pe3ynpraramu aHanusa SBISIOTCS BPEMEHHBIE IMArpaMMbl YKa3aHHBIX PAHEE BEJIMYMH,
KOTOpPBIE OTOOPaKAIOT U3MEHEHNE MPOIECCOB BO BPEMEHHOM 00J1aCTH B MOJICIIMPYEMOM
CcXeMe, aHaJOTHYHBIC TOJydaeMbIM C TpHUMEHEHHeM ocuuiuiorpada mpu padore ¢
(bU3UYECKU CYIIECTBYIONTUMH AJICKTPUICCKUMH HETISIMU U TICYaTHBIMH TJIATaMH.
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3agaHme: MOCTPOUTH CXeMy IO mpumepy Ha pucyHke 1.6. Yacrtora koneOanuit
ucrounnka V1 nmomkHa ObiTh paBHa 1+N*0,1 MI'nu, ammiutyaa konebanuii — 1 B.
Homunans! pe3uctopa 1 KOHAEHCATOpa BBICTABUTH KaK B IPUMeEpE.

Pucynox 1.6 — RC-yens 015 ananuza nepexoonsbix npoyeccos

[IpousBectu aHanmu3 mepexoaHbIX mporeccoB (CranmaptHas = MojenupoBanue —>
AHanmM3 mepexoaHbIX MPOIIECCOB. .. WK KoMOuHaIus kiasumn Alt + 5) B y3ne «OUT».
Hactpoiiku ananmmza pabGoyelt TOUKM TIpuBeAeHbI Ha pucynke 1.7. Onuus
«IlepecunThiBaTh TMpPU M3MEHEHHWU CXEMbl» JIOJDKHA OBITh BKJIIOYEHA. Bpews
mojaenupoBanus (mapamerp «Konem») 3amate TakuMm, 4TOObl Ha rpaduke ObLIO
otoOpaxkeHo poBHO 100 xkonebanmii 3amaHHOM yacToThl. Illar MomemupoBaHus

(mapameTp «Illar») 3agaTh TakuM, 9TOOBI OJJHO KoJIeOaHHWE Ha rpaduke OBLIO MOCTPOCHO
o 100 Toukam.

orent |0.000001 Lliar |0.000000001

Mone | Mapawerpe

x| %% %

BLBparHie nepeneHHue ~| | Clear Expressions

Pucynox 1.7 — Hacmpoiiku ananuza nepexoonvix npoyeccos
OLEeHNATh IMTENBHOCTh IEPEXOJHOr0 IMpoIecca NpU HW3MEHEHHH HOMHHAJA

koHaeHncaropa Cl (R1 =100 Om) ¢ noMoubi0 KypcopoB, KOTOPbIE pacrojiaratoTcsi Ha
NaHEeJNIU WHCTPYMEHTOB, a TaKkKe M3MEHEHHE aMIUTUTYyIbl Hanpsbkenus B y3ne OUT B

10



YCTAHOBHBIIEMCSl pe:KMMe, 3aroaHuB Tabnuiy 1.2. Paccuntarh NOCTOSIHHYIO BpEMEHU
RC-iemn 1. BHMMaHue: HE co37aBaiiTeé HOBOE MOJICTUPOBAHUE, HEOOXOIUMO
BOCITOJIB30BATHCS YK€ UMEIOIIMMCS MOJICIIMPOBAHNEM B JIEPEBE MTPOEKTA.

Tabmuua 1.2 — 3aBUCUMOCTD BBIXOJITHOTO HAMPSHKEHUS U ITTUTEIBHOCTH MEPEXOAHOTO
npoliecca OT HOMUHaIa EMKOCTH HAarpy3KH.

C,n® |0, 1 10 100

t, MKC

UBBIX,
MB

T, MKC

OueHUTh JJIMTENBHOCTh TEPEXOJHOTO TMpoIlecca NpH H3MEHEHHM HOMUHAJA
pesucropa R1 (C1 =1 HD), a Takke U3MEHEHUE aMIUTUTY bl HanpsbkeHus B y3ine OUT
3anosHuB Tabauity 1.3. PaccuntaTh nocrosiHHyto BpemeHu RC-1ienu T.

Tabmumma 1.3 — 3aBUCUMOCTD BBIXOJTHOTO HAMPSDKEHUS U ITTUTEILHOCTH TIEPEXOHOTO
npoliecca OT HOMUHAJA CONPOTUBIIEHUS HATPY3KHU.

R,Om |10 100 1000 10000

t, MKC

UBBbIX,
MB

T, MKC

BricraBute Cl =1u1®, R1=100OM. 3anycTuTh MOJEIUPOBAHUE, NPUOIU3UTH
HECKOJIBKO MEepPUOJIOB KOJIeOaHusl, I3MEPUTh BpeMs MEXAY ABYMS COCEIHUMH TOUKAMU
Ha Tpaduke, oueHuTh (GopMy KosiebaHUs, OOpaTUTh BHUMAaHUE HA HAIWYWE WIH
oTcyTcTBUE HcKakeHuid. Emie pa3 3amyctuth MopenupoBanue ¢ marom B 0,1 mMkc u 1
MKC, B KQ)XKJIOM CITy4ae U3MEPUTH BpEeMs MEXKIY JBYMSI COCETHUMHU TOUKAMH Ha rpaduke
U OIICHUTH (POpPMyY CHUTHAJIA.

4. O3HaKOMJIEHHE ¢ AHAJIU30M YaACTOTHBIX XapaKTEePUCTHUK.

YacTOTHBIM aHaIM3 IMO3BOJIAET MCCIENOBaTh YaCTOTHBIE CBOMCTBA HMCCIELYyEMOM
CXEMBI C TIOMOIIbIO aMITTUTYIHO-4aCTOTHOU xapakTtepuctuku (AUX), dazo-dyacToTHOM
xapaktepuctuku (OUX) wnu ammmutynHo-¢azoBoit xapakrepuctuku (ADX). AUX nns
ya00CTBa OTOOpaXK€HHWS MOXET ObITh TpeACTaBi€Ha B JMHEHHOM, JHOO B
norapudmudeckoMm Maciitade.

3agaHme: MOCTPOUTH cXeMy IO mpumepy Ha pucyHke 1.8. Yacrtora koneOaHuit
ucTouHrKa V1 MoeT OBbITh MPOU3BOJBHOM, aMIUIUTya Kojebanuii — 1 B. Homunan
koHaeHncaropa C1 B3sath paBHbIM 1+N*0,1 H®, HOMUHAT KaTYIIKU WHAYKTUBHOCTH L1
B3sTh paBHbIM 1+N*0,1 Mx['H. HoMuHaIBI p€3UCTOPOB BHICTABUTH KakK B MMPUMEpE.
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[TpousBectn wyacrtotHblii ananu3 (CrannaptHas = MogenupoBanue = YacTOTHBIN
aHanu3... win KoMmOuHamus knaBuml Alt + 7). Hactpoiiku ananmm3a pabodeil TOUKH
npuBeeHbl Ha pucyHke 1.9. Omus «IlepecunThiBaTh IpU M3MEHEHUN CXEMBD» JTOJIKHA
ObITh BKJIIOUEHA. YacCTOTHBIM [Mana3oH A MoJenupoBaHus 3aaatb or 1 MIn
(mapametp «Hauwano») no 10 MI'u (mapamerp «Konewy). s Bapuanta N > 30 npu
HEOOXOJIMMOCTH CKOPPEKTUPOBATh YaCTOTHBIM Juana3zoH. KoinyecTBO TOYeK ISt
noctpoeHus rpaduka B3saTh He MeHee 10000. st aToro BeIOpaB pexxuM «Jlekagamuy
BHECTH YHCJO TOYEK HA OJHY JEKaay B COOTBETCTBYIOLIEE OKHO. TakXe MOYKHO NpH
HEOOXOJIMMOCTH 3aJlaTh YHUCJIO TOo4yeK uepe3 pexuM «OkraBamm» win «JIuHeHHOY.
Hanomunaem, 4to nekajga — 3TO €IMHMIA YaCTOTHOIO WHTEPBAJIA; paBHAas WHTEPBATY
mexay nByms yactotamu (fl u f2), necatuunslil Joraprudm OTHOIICHHS] KOTOPBIX paBeH
eauHuile, uro coorBerctByer f2/f1 =10, a okTaBa — eqUHUIIA YACTOTHOTO MHTEPBAJIA;
paBHasi HHTEpBaTy MeXay nByMs yactotamu (fl u £2), korma 2/f1 = 2.

R2

Koreu | 10Meg Touex/aex. | 10000 Pexom |fexanamn ~

X[ %[ x| %

Terneparypa
27

Crpaska Janyerume

Pucynok 1.9 — Hacmpotixu yacmomuozo ananuza
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Ouenuts nomyusenHyo AUX. Ilpy MofeIMpOBaHUN YaCTOTHO-CEICKTHBHEBIX IIeTeil ¢ KaTylIkaMi HHIYKTUBHOCTH 00S3aTeIbHO
HEOOXOMMO YUIUTHIBATH COPOTHBIICHHE IOTEPh KaTymku. IToBTopuTh Monenmposanue npu R1 =1 Om, cpaBHUTH ¢ IPeABITYIINMH Pe3yIbTaTaMH

MOZACITMPOBAHHUA.

O1LeHNTH BIMSHAE KOIMYECTBA TOUCK Ha Tpadike HAa TOYHOCTD ONPEAENICHNS PE30HAHCHON 9acTOTHI KOHTYpA, 3aI0NHUB Tabmuy 1.4.
Pe30HaHCHYIO 4aCTOTY ONPEICIHTE C IOMOIIBI0 (DYHKIMHU « YCTAHOBHUTH KypCcOp B IIHK» Ha IIaHENIH HHCTPyMEHTOB. O0parHTe BHUMaHNE Ha

n3meHeHne popmsl AUX. Paccunrarh pe30HaHCHYIO YacTOTY KOJIEOATEIBHOIO KOHTYpa.

Tabmuma 1.4 — 3aBUCUMOCTD U3MEPEHHOM PE30HAHCHOM YaCTOTHI OT KOJIMYECTBA TOUEK
Ha rpaduke.

Kon-Bo 100 1000 10000 | 100000
TOYEK

fp, MI'n

BrIOpaTh ONTHMAIBEHOE O COOTHOIICHUIO «KAa4eCTBO IOCTPOCHHS — CKOPOCTh PAacu€Tay KOIHIECTBO TOUCK B 3aBUCHMOCTH OT
npousBoauTensHocTH [I19BM. OneHUTh BAMSHAE COMPOTHBICHHS NOTEPh KaTyIIKH HHAYKTUBHOCTH HA IIONIOCY HPOITYCKAHHSI KOHTYpa 110 YPOBHIO -

3 nb, a TakKe M3MEHEHHE PE30HAHCHOW YacTOThI KOHTYPA, 3alOJIHUB Tadnumy 1.5.

J171s1 BBIMONHEHMS TAHHOTO ITYHKTA J1ab0paTOpHO# paboThl HE0OXOAUMO BOCHONb30BaThes (hyHKIMeH «lapaMeTpuueckuii aHammu3»,
MO3BOJISFOLICH CTPOUTH ceMeiicTBa rpahKoB B OHOM cucTeMe KoopAnHaT. HacTpoiiku mapaMeTpryecKoro aHaimsa nokasansl Ha pucyske 1.10.

AC

MNapameTpel | MapamMeTPHUECKMiA aHaNM3 AHanus MoHTe-«apno W3mepeHusa Dypee HacTpoiiki
Tun OBbexrT MNapameTp Awanason
¥| |3nemeHt - ||R1 [ |R ~ | | 10m,100m,1,10 Crmckomn i ¢
| - s
JneMeHT MiHefiHo =

|
|
|
|
X|
X |
|
Pucynox 1.10 — I[Ipumep nacmpoex napamempuieckozo anaiuza

Tabmuma 1.5 — 3aBUCUMOCTD BBIXOJTHOTO HAMPSDKEHUS U ITTUTEILHOCTH TIEPEXOHOTO
poIEecca OT HOMHUHAJIA CONPOTUBIIEHUS HATPY3KHU.

R1,0m | 0.1 0.5 1 2

f,, MI'n

H-311]35
MI'n

JUitst TOro 94TOOB! HOIYYUTH CEMEHCTBO IpadUKOB HEOOXOAMMO HPU HACTPOIIKe MOIESIUPOBAHNS OTKPHITh BKIAAKY «[lapamerprdeckuii
aHaJIU3», BKIIFOYUTb €r0 OTMETUB I'aJloyKol, BBIOpaTh M3MEHAEMBbIH THII 00beKTa (HanpuMep, « QIeMeHT»), caM 00beKT (pesuctop R1), ero napamerp
(comporuBieHne R) u mocne ykasars 1uana3oH 3HaYCHHI H3MEHAEMOTO ITapaMeTpa, yKa3as BuJ HOPMHpPOBAaHNUS Auana3oHa 3Hadenuil. [Tocie

3aBEpIICHUS MOJICTMPOBAHHS MOXKHO A7 yIoOCTBa BEIOPATh pa3IMyYHbIEC IIBETA ITIOCTPOCHHBIX IPa(HKOB.

5. O3HaKoOMJIeHHE CO CTATHYECKUM AHAJIHU3OM.
CraThyeckwii aHanmM3 TO3BOJISET HCCIEA0OBaThH PabOTy HCCIeIyeMON Ienu II0

IIOCTOSIHHOMY TOKY. J/IaHHBIM BUJ aHaIM3a IOJIE3EH ISl IOCTPOEHUS BOJIBT-aMIIEPHBIX
xapakTepucTuk (BAX) akTHBHBIX 3JIEMEHTOB. B peknmMe cTaTmueckoro aHaan3a Kaxmas
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€MKOCTh pacCMaTpUBAaETCs KaK Pa30MKHYTBHIN YYacTOK LIEMHU, a Kaxaasi HHAYKTUBHOCTb
paccMaTpuBaETCs KaK 3aMKHYTBIN y4acTOK.

3amaHue: MOCTPOUTH CXeMy IO mpuMepy Ha pucyHke 1.11 mna momydyenus BAX
TPaH3UCTOPA, BKIIOYEHHOTO IO CXeMe ¢ OoOmmMM SMHTTepoM. BHUMaHuUe: Monenb
TPaH3UCTOpaA JIOJDKHA OBITh TPHUOIMKEHHON K pEeallbHOM, a HE WAcaTM3UMPOBAHHOM.
Mopenu CymecTBYIOMIMX TPaH3UCTOPOB MOXHO B35Th B buONHMOTEKE KOMIIOHEHTOB.
[Ipumep pacroyioKeHHs JaHHBIX TPAaH3UCTOPOB: BHOIMOTEKa KOMIIOHEHTOB = «ITyTh K
oubnnoTekam» —> Poccuiickre KOMIIOHEHThI = bunosspHeie TpaH3ucTopbl. HoMuHan
pesuctopa R1 3amate paBubiM N*0,02 OM. HoMuHanbl HanpsoKeHU BBHICTABUTHh Kak B
IpUMEpE.

Q2T939A

R1 0.02

Pucynox 1.11 —cxema onsa ananuza BAX mpanzucmopa

IMpousBectn cratmueckuii aHanmu3 (CrangaptHas —> MojenupoBanue —>
Cratuueckuil aHaiau3... Wik KoMOuHanus kiaBum Alt + 2). HacTpoliku ctaTudeckoro
aHanu3za npuBeneHbl Ha pucyHke 1.12. Onmus «llepecuuThiBaTh NpH HW3MEHEHUU
CXeMbI» JOJDKHa ObITh BKiIrO4YeHa. [lomyuuts Bxognyro BAX  TpaH3zuctopa
(3aBucumocTh Ib(Q1) ot V(V2)), HanpsbkeHue Ha 6a3e Tpan3ucTopa MeHATh oT 0 10 2 B
¢ marom 1 MB. Tlo ananoruuHoi MeToUKEe MOMYUYUTh TpoxoaHy0 BAX TpaH3ucTopa.
YBemuunuth HoMuHaN compoTuBieHus R1 B 10 u 100 pa3. 3adukcupoBaTh U3MEHEHHE
KpyTu3Hbl U tuHerHocTH BAX. BepHyTh HcX01HBI HOMHHAN R1.

3aMEHUTh UCTOYHUK IOCTOSIHHOTO HAIpsKEHUsT V2 Ha UCTOYHHUK TOKa. [locTpouTh
CEeMENCTBO BBIXOAHBIX BAX ¢ MOMOIIBIO CTATUYECKOTO0 M MapaMEeTPUUECKOrO aHaIu3a.
Jmg 3TOro B HACTpOMKAax CTATUYECKOTO aHajdW3a HYKHO NEPEUTH HA BKIAJKY
«ITapameTpuueckuil aHanu3», BKIIOYUTh €r0 U B KAYECTBE H3MEHSIEMOIO Mapamerpa
BBIOpaTh TOK YCTAHOBJIEHHOTO Ha 0a3y TpaH3UCTOpa HUCTOYHHMKA TOKA, MPEJEb
n3MeHeHus: Toka ot 1 mo 10 MxA ¢ marom 1 MKA. HamnpsskeHue Ha KOJIJIEKTOpE
Tpanzucropa MeHsaTh 0T 0 10 10 B ¢ marom 10 MB.
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DC sim_dc ? X

MNapaMeTpbl MNapaMeTpHYecKMiA SHanM3 AHanus MoHTe-Kapno WsmepeHna HacTpoiiku
Tun Ofbekt NapameTp Auanasox
¥'| | InemeHT - Blv2 - [|DC ~| Or (0 fo |2 War |0.1m NHeiiHo

3IneMeHT TMHERHD
Beipaxerue Mone | MapameTpel
=+ Mpynna 1

Q1) b i ¥ g

xR X X X

BribpaHHEIe NepemMeHHble = Clear Expressions

.MODESET
TemnepaTypa
7 BapemposaTe

COXpaHATE HECHUTEHHBIE AaHHEIE

| TIEpECUMTHIBATE MPY MSMEHEHMI CXEMBI

Cnpaeka 3anycTuTe CoxXpaHnThb Kak... OTmeHa

Pucynoxk 1.12 — IIpumep nacmpoex cmamuyecko2o anaiusa

[Tocne KOPpEKTHOW HACTPOMKHM aHAIN3a M MOJYyYEHHUS] CEMEWCTBa BBIXOJIHBIX BAX
NOBTOPUTH MOJEIMPOBAHUE NPHU Pa3IUYHBIX Temneparypax. OOpatutb BHHUMaHHE Ha
M3MEHEHUS B MOJTYYEHHbIX cemeiicTBax BAX.

3agaHne MO yKa3aHUI0 NpenoJaBaTessi: IMOJIYYUTh BXOJHYIO, MPOXOJAHYIO U
ceMelcTBO BRIXOAHBIX BAX TpaH3ucTOpa, BKIIOUEHHOTO MO cxeMe ¢ 001ieit 6a3oit. [1pu

BBIIIOJTHCHHUHN JAaHHOI'O ITYHKTA OIMMPATBCA Ha MCTOAUKY H ITOJIYYCHHBIC PC3YIIbTAThI AJIA
CXEMbI BKIIFOUYCHHUA C O6IHI/IM OMUTTCPOM.

6. 3akpenJieHue MOJy4eHHbIX HABBIKOB.

3anaHne 0 YKa3aHMIO IIperoaaBaTe/isi: CO6paTL YKa3aHHYIO IIPCIIOAaBaTCICM
IMPOU3BOJIBHYIO CXEMY. HpOI’ISBCCTI/I aHaJIu3 CXEMbl B COOTBCTCTBHMH C BbIJaHHBIM
HHAWBUYAJIIbHBIM 3a/IaHUCM.

Jlabopamopuas paboma Ne 2
Onmumusayus napamempos paouodIeKmpoHHbIX U paouogpomonnsix ycmpoucms & cpede SimOne

Llenv pabomur

O3HakoMJIEHHUE C BO3MOKHOCTSIMUA ONTHUMH3AIIMA NApaMETPOB YCTPOWCTB B MAaKETE
CXEMOTEXHHUYECKOTo MoienupoBanust SimOne.

Kpamkue memoouueckue pekomenoayuu no 6binOAHEHUIO PabOmbl

[lepen BbIMOTHEHUEM TEKYIIEH pabOTHI CTyAEHT 00s13aTE€NbHO JOJKEH BBITIOJHUTH
naboparopayro pabory Nel w3 JaHHBIX METOAMYECKHX YKa3aHUM C 1EeJIbI0
03HaKOMJICHHSI ¢ HHTepdeiicoM B Bo3MOkHOCTsIMU SimOne.

Brimonnenue nanHO#M jabopaTOpHOM pabOTHl MOApPa3yMeEBAET WHIWBHAYAIBHYIO
WIH, B KpaifHEM clydae, TPYMIoBYI0 paboTy B Opuragax MaKCUMyM I10 J[Ba YEJIOBEKa I10
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BapuaHTy 3a1aHus N, KOTOPBI MOXKET OBITh 3aJaH IO MOPSIAKOBOMY HOMEPY CTYIEHTa
0 JKypHaJIy TpYIIbI, HOMepy pabodero mecta niu Homepy [19BM.

Bce nonydennsie pe3ynbTaThl (TIOCTPOCHHBIE CXEMbI, TaOIUIIBI, TpauKK) BMECTE C
OTIICAHWEM U BBIBOJIAMU 3aHOCATCS B OTUET.

Nsmepenns no nomydeHHbIM B SimOne rpadukaM NpOU3BOJUTH ¢ TOYHOCTHIO O
TPETHErO 3HAKA MOCJE 3aIATOM.

Buvinonnenue pabomut

1. Orlpezle.ne}me XapaKTEPUCTUK IJIEMCHTOB MOAC/IMPYEMBIX CXEM.

3agaHme: OCTPOUTH CXEMy IO mpumepy Ha pucyHke 2.1. OOpaTute BHUMaHUE Ha
HaJIM4Me Pe3UCTOpoB, umerouux comnpotuBieHue 0 Om. Ilpu aHanuze mpoTekaroumx

4epe3 OCIM TOKOB TAKHUE PE3HUCTOPBI MOXKXHO HCIIOJBb30BATH IJIA HU3MCPCHHA TOKa B
HpOI/I3BOJII>HOﬁ TOYKE CXCMBI.

[TonyunTts cemeiicTBO BoIXoAHBIX BAX ontonapsl PS2501-1, cpaBHUTH MTOTy4YEeHHBIE
pe3ynbTaThl ¢ rpadukaMu Ha pucyHke 2.2 (a).

Ny ==

P52501-1

Pucynox 2.1 - Cxema 013 anamsa .p.c.l501’I1bl ohhionapbl PS2501-1

N3menuts cxeMy no npumMepy Ha pucyHke 2.2 (0).
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COLLECTOR CURRENT vs. Pulse Input L —
COLLECTOR SATURATION VOLTAGE

40 i PW =100 us ‘
| 50 mA ] Duty Cycle = 1/10 h
—— T 20 mA|

|

o

i 5 mAJ 500 3
5—17;
177 mA ] g
17/
L — TF=1mA

Input

o
wn

Collector Current le (mA)
il
i —
R §

0 0.2 0.4 0.6 0.8 1.0

Collector Saturation Voltage Vce @san (V) Qutput

(a) (0)
Pucynok 2.2 — Bvixoonvie BAX onmonapewi (a) u cxema mecmuposarusi (0)

[lomyuuTs TpaduKku BXOJHOTO M BBIXOJHOTO HANpsDKEHUS OnTomaphl. B kauecTe
MCTOYHUKA CUTHAJA B3ATh TEHEPATOP MPSMOYTOJIBHBIX UMITYJILCOB HarnpsikeHus: VPulse,
ammiutyga umnyJibcoB 1 B, wactota cinemoBanus 10 kI'm, 100 kI'm wu 1 Ml
ComocTaBUTh BXOJHOE€ M BBIXOJHOE HampspbkeHue omTomapbl. CrenaTh BBIBOABI 00
HCKa)XCHUH ()OPMBI BEIXOTHOTO CUTHAJIA.

[ToBTOpUTE H3MEpEHUs, B3SIB KA4eCTBE MCTOYHUKA CUTHAJIA B3STh TE€HEPATOP
CHHYCOMJIAJIBHOTO HampspkeHus VSin, amrumatyna Hanpspbkenus 1 B, wactora 10 kI,
100 xI'm u 1 MI't. CrenaTth BBIBOJIBI 00 UCKaKeHUH (POPMBI BEIXOAHOTO CUTHAIA.

VYuuTeiBas pe3ysbTaThl NPEIbIAYIINX MYHKTOB, MonyyeHHble BAX, a Takxke To, 4To
BXOJl ONTOMAPhl TPEJACTABISCT COOOW CBETONMOM, KOTOPBIA YIPABISIETCS TOKOM,
HACTPOMKON CXEeMbI JOOWTHCS OTCYTCTBHS BHIMMBIX MCKKXCHUW HAINPSOHKEHUS Ha
BBIXOJE ONTOMAphl MNpW IMOJaYe Ha €€ BXOJ CHHYCOUJAJIBbHOTO HAIpsKEHUS C
amruiutynou 1 B u wacroroit 1 MI'n.

2. OHTI/IMl/I3aHI/Iﬂ XapPaKTCPUCTHK 3JIECMECHTOB MOAC/IMPYEMBIX CXEM.

3agaHme: OCTPOUTH CXEMy IO HMpuMepy Ha pucyHke 2.3. OOpaTuTe BHUMaHHUE Ha
OTCYTCTBME HOMHHAJIOB JJIEMEHTOB Ha cxeme. Ha BXoa mnogaTh nNepeMEHHOE
HampspDkeHne ¢ ammautyaon 10 mB wm wactoroit 1+0,05*N MI'u. HomunHans
pa3leNUTEeNbHBIX KOHICHCATOPOB M KOHJIEHCATOPA SMUTTEPHOU IIENH B35Th paBHBIMU |
H®, a HoMuHaIBI apocceneil — 1 Mk['H. ConpoTHBIEHNE HArpy3KH MPUHATH paBHbIM S0
OM. HomuHanel HampspkKeHHH MCTOYHHMKOB MHTAHUS, a TaKXKEe PE3UCTOPOB OCTaBUTHh
3aJlaHHBIMH 10 yMon4daHuio. [IpousBecT MoIenMpoBaHUE TMEPEXOJHBIX MPOILIECCOB
(MonenupoBaHHe BO BpeMeHHOU oOsactu). Bpemsi MogenupoBanus 3aaTh TakK, YTOOBI
Ha rpaduke Obu0 ToKazaHo 100 mepuomoB kosnebanmii. I[llar MopenupoBaHus
BbICTaBUTh He MeHee | Hc. CpaBHUTH HaIpsDKEHHE Ha BXOJE M Ha BBIXOAE CXEMBI,
onpenenuTh KOdQPHUIIMEHT yCUICHHS TI0 HAMPSHKEHUIO.

[Tpou3BecTy ONTUMHU3ALMIO CXEMbl MO MAaKCUMYMY YPOBHSI BBIXOJHOI'O CHUTHaja,
OTCIIeKHMBAsi OTCYTCTBHE SBHBIX HEIMHEHHBIX HCKakeHui. Jlns 3Toro cHaudana
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HEO0OXOIMMO BBECTH M3MEPEHHE, M0 KOTOPOMY OyAeT MPOU3BOAUTHCA OonTHUMH3aIus. B
CYIIECTBYIOIIEM aHAJHM3€ TEPEXOJHBIX MPOIECCOB HEOOXOAMMO BBECTH H3MEpPEHHE
ucKoMoro mapameTpa (pucyHok 2.4). Ilocne Haxxatust KHONKH «/[06aBUTE» HEOOXOAUMO
BBECTH NapaMeTpbl M3MEpPEHHUs IO MpuUMepy Ha pHUCYHKe 2.5. 3areM NpUMEHUTh
UHCTpyMeHT «Ontumuzanus» B pazgene «MopaenupoBanue». ONTUMHU3ALMIO
NPOU3BOJNTH 10 TIOCTOSHHBIM HANPSHKEHUSIM W HOMHHAJIAM  COMPOTHBIICHUI.
Homuuaner pe3ucTtopoB MoOryT OBITH BBIOpaHBI B JIOOBIX TMIpeieiax, HaNpsDKEHHE

HMCTOYHHKOB BBIOpaTh He Oosiee 30 B.
e

Pucynok 2.3 — Cxema Ona anamsa pabomwvl onmonaper PS2501-1

TR sim_trans1 ? *

MapameTpel MapamMeTpu4eckin aHanms Ananns MoHTe-«kapno | Msmepequs Dypee HacTporir
Bkn MC Hma MNapameTpol
v MAXVOUT Max¥(V(OUT)) b4

COXPaHATE HACUMTEHHBIE AaHHBIE
+'| MEPECUUTHIEATH NPY M3MEHEHK CXEMBI

Cnpaeka 3anycTuTe CoxXpaHnThb Kak... OTmeHa

Pucynok 2.4 — Hacmpotixa usmepenus 011 nociedyroweti OnmumMu3ayuu

Haseauue Mzmepenune MapameTpsl [Auanasox X

MAXVOUT | [May v(ouT) b 4
X
Pucynok 2.5 — Ilpumep nacmpotiku uzmepenus
[Ipumep HacCTpOMKM ONTHMHU3AlUMKU N0 HOMHHaIy pe3uctopa R1 mpuBeaéH Ha
pucyHke 2.6.
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1 [ My ~ | [sim_trans1 - | [maxvour -1[+ 1 - s

COXPaHUTE PESYNLTATI...

AsToofHoBneHme

Pucynok 2.6 — Ilpumep nacmpouxu onmumusayuu

[Tocne 3amycka ONTUMH3AINH TI0 MOJYYEHHOMY CEMEWCTBY TpaMKOB OMPEACTUTDH
BIMSHAE W3MEHIEMOTO ONTHMH3MPYEeMOTO TMapaMeTpa Ha YpPOBEHb BBIXOIHOTO
HaNpsDKeHHsI, 3a(UKCHPOBATh TOJYYECHHOE MAaKCHMAalIbHOE BBIXOJHOE HAMPSHKCHHE H
ONTUMAJILHOE 3HAYEHHE UCKOMOTO TapaMeTpa.

Y06enurcs B HaMWYUKM YCWJICHHUSI CUTHaja MO TOKY M MOIIHOCTH Ha BbIxoje. Jlis
ATOT0 MOXKHO Bocmonb3oBatbes pyHkuusmu I(), Pg() u Pd(). Onpenenuts ko3 duiineHt
YCHJICHHSI TT0 TOKY W MOIITHOCTH JTaHHOW CXEMBI.

3. SaernJIeHne IMOJIY4CHHBIX HABBIKOB.

3agaHme: BBECTH B CXEMy TalbBAaHMYECKYIO Pa3Bs3Ky, 3aMEHHUB PE3UCTHUBHYIO
Harpy3ky auddepeniuansHoro kackaga onronapo PS2501-1. Iomyunts HanpsokeHHe
MEPEMEHHON COCTABIIAIONICH Ha BBIXOJIC TaIbBAHUYECKON pa3Bs3ku He meHee 1 B 6e3
BUJIUMBIX HEJIMHEWHBIX UCKaKeHUU. [oMyuuTh CIEKTp BBIXOJHOTO CUTHANIa, TPUMEHUB
npeodpazoBanue Dypbe K aHAIU3Y MEPEXOAHBIX MPOIEeccoB (pucyHok 2.7). IlocuurtaTth
KOd(pPUIMEeHT HETMHEHHBIX UCKaXXKEHUH 110 2, 3 1 4 TApMOHUKE UCXOAHOTO CUTHAIA.

R sim_transt r X%

MapaneTpel i i aHamis P /] vanepenna | V] ypee | HacTpofiku

Bkn Tun Ok O Bupaxenne Pl oo e n’::: Lt

Var.  Hawmo Ke clur. - S
B0 v || Abs ~ | [none -0 vioun v |[vacr... ~|[0.5meg |[1 10 1 ~| |2

Crpsexa SanycriTe

Pucynok 2.7 — Illpumep nacmpotiku npeobpazosarnus @ypve

Jlabopamopuas paboma Ne 3

Dnemenmsl CKEO3HO20 NPOEKMUPOBAHUSL PAOUOILEKIMPOHHBIX U
PAOUODOMOHHBIX YCMPOUCME ¢ NPUMEHEHUEM
CAIIP TinyCAD u FreePCB

ILlenv pabomor

O3HakoMJIEHHE C TMPUHIMIIAMHA CKBO3HOIO MPOEKTUPOBAHHUSA, & TAKXKE OCHOBHBIMU
Bo3MoxkHOCTsIMU CATIIP TinyCAD u FreePCB.
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Kpamkue memoouueckue pekomenoayuu no 6bIn0JIHEHUIO padomaul

Brimonnnenue nanHOW nabopaTopHOW paboOThI MOApPa3yMeBAeT WHIUBUIYATBHYIO
WIH, B KpaifHEM clydae, TPYMIOoBYI0 paboTy B Opuragax MaKCUMyM IO JIBa YEJIOBEKa I10
WHANBUIYaTbHOMY BapUaHTY 3a/IaHUS, 3aKII0YAIONIEMYCs B BBIOOpE MPUHITUIHAIBHON
CXEMBI U THIIOB MIPUMEHSIEMBIX KOPITYCOB 3JIEMEHTHOU 0a3kbl.

Pyunast TpaccupoBka medaTHOM IUIAThI SBJSETCS JOBOJBHO 3aTPATHOM MO BPEMEHU
3a/aveii, YYHTHIBATE 3TO TIPU paclpeielieHNH BPEMEHH Ha BBITIOJHEHHE ITyHKTOB
JTaHHOM JTa0OpaTOPHOM pabOTHI.

Buvinonnenue pabomut

1. O3nakomJiieHune ¢ uHTepdeiicoM U BO3MOKHOCTAMH CXEMOTEXHHYECKOIo
penakropa TinyCAD.

3apanme: OTKpBITH cxeMoTexHuueckuid pemaktop TinyCAD. O3HakOMHUTBCSA C
uHTepdeiicoM mporpaMmMbl U OMOIMOTEKON 351eMEeHTOB. [IOCTPOUTH BIEKTPUUYECKYIO
NPUHIMITUATEHYI0 CXeMy B COOTBETCTBUM C YyKazaHUAMH IpenojaBareis. [Ipumep
CXEeMbI MIpUBEAEH HaA pUcyHKe 3.1.

ﬁ
P
) [l] 5

Pucynox 3.1 — Ilpumep sapuanma unousuoyaibHo20 3a0aHus
BHuMaHMe: TIpY COCTaBIICHHHM CXEMBI HE 3a0bIBaliTe PacCTaBIATH y3JIbl B TOUYKAX
COeIMHEHUs TPOBOAHMKOB. Ecnm 3TOro He nenath, TO B Ipolecce MOCIeAyIomei
TPACCHPOBKH MEYATHOW TUTATHI OYAyT MOTEPSHBI HEKOTOPHIE COSAMHECHHS Ha CXEME.

:’TH
|:‘m

2. OsnakomuieHne ¢ wuHTepdeilicoM U BO3MOKHOCTAMH TPACCHPOBIIMKA
ne4yaTHbIX AT FreePCB. DxkenopT 1 MMNOPT HETJIHUCTOB.

3apanme: oTKphITh TpaccupoBUK FreePCB. Co3nathk HOBBIN MPOEKT: BBECTU UMS
MPOEKTa, YKa3aTh YMCIO CUTHAJBHBIX CIOEB (1 mim 2, Mo yka3aHUIO MPENnoAaBaTes).
O6patute BHMMaHHE, YTO [0 YMOJYAHUIO B JIAHHOM MpOrpaMMe HUCHOJIb3YyeTCs
aMepUKaHCKas MaoiMoBasg cuctemMa wusMmepeHus aiauH, | mun = 1/1000 mgroiima =
0,0254 mMm. B yueOHBIX 1ENAX MOXXHO OCTAaBUTh YKa3aHHYIO CHUCTEMY HW3MEPEHHUIA,
OJIHAKO Tmpu paboTe C CYIECTBYIOIMUMH OWOIMOTEKaMH, BBITIOJHEHHBIMUA B
coorBerctBun ¢ ECK]I, HeoOXoqumMo yKas3biBaTh 3HAYCHHS B MM, JTUOO TEPEBOIUTH
JUIMHBI U3 MM B MMWIbL. [Ipy HECOOTBETCTBUM €IMHUIl U3MEPEHUS JIMHBI BO BpEMS
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JanbHeWed paboThl MOTYT MOSBHTHCS MPOOJIEMBI C BBHIPABHUBAHUEM DJIEMEHTOB I10
CETKE U X COeIMHEHUEM JOPOKKAMH Ha MEeYaTHOM IUiaTe.

O3HaKkoMUTBCST ¢ UHTEp(dEcoM MporpaMMbl U OMOIMOTEKON 3JeMEHTOB (OBICTpas
knaBuma F4). [lo ykazaHuio mpemnojaBaTensi BHIOpaTh OUOIMOTEKH C DIIEMEHTaMH,
KOpIyca KOTOPBIX pacCuMTaHbl HAa CKBO3HOH MOHTaX (Ha3BaHUE OMOIUOTEKU
HayuHaeTcsa ¢ th ) Win MOBEpPXHOCTHBIM MOHTaX (Ha3BaHHWE OMOIMOTEKH HAUYMHAETCA C
sm_). Takke BO3MOXXEH BapWaHT, KOTJa TMpHU pa3pabOTKe CXEMbI MPUMEHSIOTCS 00a
TUIA 3JIEMEHTOB. BpimucaTh B OTUET B BHJE TaOJMIbI HAMMEHOBAHMS KOHTAKTHBIX
mwiomanok (Footprint) st Bcex Tpymnm SJIEMEHTOB, NPUMEHSEMBIX Ha CXEME B
TinyCAD. Jlns MmOArOTOBKH SKCHOpPTa pe3yiabTaTOB pPabOThl B CXEMOTEXHUYECKOM
penakTope HeoOXOIUMO 3alOJHUTh 3HaueHue napamerpa «Package» y umeronuxcs Ha
cXeMme JIEMEHTOB, a Takke BecTu mapameTp «Package» u yka3aTh ero 3HaueHuUe I TeX
AJIEMEHTOB, Y KOTOPBIX OH OTCYTCTBYET. 3Ha4YeHne napamerpa «Package» B TinyCAD
JAO0JIKHO TOYHO COO0TBeTCTBOBATH Napamerpy «Footprint» n3 FreePCB. Kpowme Toro,
HEO0OXOIMMO MPOCTABUTH MO3UIIMOHHBIE 0003HAUYEHHUs JIeMEeHTOB B noiist «Ref» Takum
oOpa3oMm, 4yTOOBI Ha CXeMe He OBbUIO OJMHAKOBBIX O00O03HAYEHUN. DKCIOPTHPOBATH
CIIMCOK COCMWHEHUN (HETIHCT) s oOMeHa maHHbIMH ¢ FreePCB. [lns aToro 3aiitu B
meHto «Special» u BbIOpath myHKT «Create PCB Net List», 3agaTh THUI BBIXOJHOTO
daiina «PADS-PCB-WITH-VALUE, yka3aTe uMs coxpaHsieMoro Qaiiia u Haxarb
kHonKy «Exporty. YOenuTbcsi B OTCYTCTBUM OIIMOOK Ha ATare SKCIOpTa HETIIUCTA.
[Ipumep copepKUMOro HETIUCTA NTOKA3aH Ha PUCYHKE 3.2.

n outputtest.net
*PADS-PCB*
*PART*
2x1_HDR c1 c0805
e H1 R1 ROB05

H1 1X2HDR-100

e, —_—

F1 @ *SIGNAL* NOOO0OL
RO&05 _ | cosos e e Lot B gL
*SIGNAL* NOOQO0002
R1.1 H1.2
*SIGNAL* NOO0OOQO03
R1.2 c1.2

*END*

Pucynok 3.2 — Ilpumep cxemol u co30anHH020 No Heli HEMAUCA

NmnoptupoBats HetnucT B FreePCB. Jlns sroro 3aiitu B MeHto «File» u BbIOpaTh
nyHKT «Import netlist...», HaliTH coxpaHEHHBIN HETINCT, yKa3aTh mapameTpsl Import —
Parts and Nets u Format — PADS-PCB, 3atem HaxkaTh KHONIKY «OTKPBITEY. Y 0€IUTHCA
B OTCYTCTBMHU OILIMOOK IPH MMIIOPTE HETJMCTA, IPOBEPUTH HAJIMYUE BCEX IJIEMEHTOB
Ha cxeme. [lpu Hammumum ommbOok mocie ux ucnpasieHus B TinyCAD neoOxommmo
Nepeco3aTh HETIIUCT U 3aHOBO UMIIOPTUPOBATH €ro B poeKT FreePCB.

HapucoBath koHTyp medarHoO#l mmiaThl, BbIOpaB B MeHIO «Add» myHkT «Board
outline». IleperamuTh 3MeMEHTH B paMKH KOHTypa IUIaThl. Pa3MecTUTh AIEMEHTHI
TaKUM 00pa3oM, 4TOObI COeIMHUTENbHBIEC TUHIUH, KOTOPbIE MOKA3bIBAIOT CBS3H BHIBOJIOB
AJIIEMEHTOB, IEPECEKATUCH MUHUMAIIBHOE YK CIIO Pa3.
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[IpousBecTn pydHylO TPACCUPOBKY MEYATHOW IuIaThl. JlJis 3TOTO HaXaTHUEM JIEBOM
kiapuimi Meimu (JIKM) BeiOpath aneMeHT Ha 1uiate, emie ogHuM HaxaTtuem JIKM mo
KOHTAKTHOM IJIOIIaAKe BHIOpATh €€ JIsl MPOPUCOBKU MPOBOAHMKA (OBICTpasi KiaBUIIA
F3). Ilpu mosiBIEHHMM HEYCTPAaHUMBIX TEPECEYEHUN MPOBOJHUKOB  MOXKHO
BOCIIOJIB30BAThCSl TEPEXOJIOM Ha JPYyrod CUTHAIBHBIM CJIOM wunuM J00aBieHUEM
NepeMbIYKU. Pe3ynprarT mMmopra CXeMbl B NMPOEKT U €€ TPACCUPOBKU INPHUBEAEH HA
pucyHke 3.3.

I

C1

Pucynox 3.3 — Pesyniomam umnopma Hemaucma u py4Hot mpaccuposru
Jlabopamopuas paboma Ne 4

Tpaccupoexa newamusix niam paouodINeKMmpoHHBIX U paduopomonnvix ycmpoiicms  cpede TopoR

Llenv pabomor

O3HakoMJIEHHE C BO3MOXKHOCTSIMHU aBTOMATHYECKOTO TPACCHPOBIIMKA MEYATHBIX
riat TopoR.

Kpamkue memoouueckue peKomeHOayuu no bINOJHEHUIO PAOOmbL

Brimonnenue nanHO#M jabopaTOpHON pabOTHl MOApPa3yMeBAET WHIWBHAYATBHYIO
WIH, B KpaifHEeM clydae, TPYMIOoBYI0 paboTy B Opuragax MaKCUMyM I10 JIBa YEJIOBEKa I10
WHAMBUIYaIbHOMY BapUaHTY 3a/JaHHUs, 3aKII0YAIONIEMYCs B BbIOOpE MPUHIUIHAIBHON
CXEMBI M pa3Mepa MPOECKTUPYEMOM MEYATHOM TLIATHI.

Pydnas tpaccupoBKa mmedaTHOM IUIAThI ABJSETCS JTOBOJIBHO 3aTPATHOM IO BPEMEHHU
3aJa4eil, YYUTBIBAUTE 3TO MPU PACHPEIACICHUH BPEMEHU Ha BBIIIOJHECHHE ITYHKTOB
JTaHHOM J1abopaTOPHOM pabOTHI.

Buvinonnenue pabomut

1. Os3Hakomiienne ¢ wuHTepdeiicoM M BO3MOKHOCTAMH ABTOMATHYECKOIO
TpaccupoBIIMKA neyaTHbIX m1aT TopoR.

3agaHme: OTKpPBITh TPACCHUPOBIIMK MedaTHbIX miar TopoR W 3arpy3uTh 3apaHee
NOATOTOBJICHHBIA MPOEKT MO yKa3aHWIO mpenojaBarens. B kadectBe mpumepa Oyner
npuBeaéH npoekT «Example O1», KOTOpbIii noCTyneH B myHKTe MeHiO «Daitm»y >
«OTKpBITh NPUMEPBHI. .. ».

OtkpeiTh paznen «Pemaktop mapaMeTpoB au3aiiHay. [[as 3Toro HE0OX0auMO
BBITNIOJIHUTh KOMaHAy «PemakTop mapaMeTpoB» B IIYHKTE€ MEHIO «/M3anH», Wiy HaXKaTb
kiaBuiry F4. O3HaKOMUTBCS C ONMUCAHMEM CJIOEB, COCTABOM IIENEW M COACpPKAHUEM
rpyni. HacTpouTs npaBuiia NpOEKTUPOBAHUSA: MUHUMAJIbHAS IIHpPUHA npoBoaAHUKA 0,3
MM, HOMHUHAJIbHAsl IIHpUHA nOpoBogHUKA 0,4 MM, MHUHUMaJIbHBIA 3a30p MEXKIY
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npoBogHukaMu 0,2 MM, HOMUHAJBHBIN 3a30p MexAy mHpoBoaHukamu 0,5 MM, 3a30p
Mex 1y komnoHeHTamu 0,3 MM, 3a30pbl 40 Kpas miatel 0,5 M.

[1oATOTOBUTH ABYXCTOPOHHIOKO MOJIOKKY JJISI pa3MEIICHHS 3JIEMEHTOB. st 3TOro
HY)XKHO Komanaou «Co3marb KOHYp IUIaThl» CO34aTh NPSIMOYTOJIbHBIA KOHTYD,
KOOPJMHATHI YETHIPEX TOUEK OOpa3yIoIUX KOHTYP IMOCIE€ PUCOBAHMS 33/1aTh BPYYHYIO,
ucxons u3 pazmepoB matel Lx, Ly mo Bapuanty N no ykasanuro npenogasarens. s
ya00CTBa JaibHEHIIEH pabOThl KOOPAUHATHI X;y 0JIHOM U3 Todyek nmpuHsTh 0;0. [Ipumep
3aganus A npoekta «Example 01» npueaér B Tabnure 4.1.

Tabmuia 4.1 — [Ipumep BapuanTa 3a1aHus

N I |2 |3 |4 |5 |6 |7 |8 |9 |10

Ly, 2012112223124 |25|26(27|28 |29
MM

L,, 30129 |28 |27 (262524 23|22 |21
MM

J100aBUTh 4YETHIpE MOHTAXKHBIX OTBEPCTUS MO yIJlaM IiaTel moa BUHT M3. Jlns
ATOr0 HEOOXOAMMO BMECTO MHOTOYTOJIbHHKA BHIOpATh OKPYXKHOCTh Ha)KaTHEM IPaBOM
KJIaBUILIM MBI IO KHONIKE «Co31aTh KOHYD IUIaTh. [[naMeTp OTBEPCTUS AENAIOT 4y Th
00JbIlle HOMUHAJIBHOTO AMAMETpa BUHTA, OTCTYIl OT Kpas IUIaThl JOJDKEH YUWUTHIBAThH
nuametp uwisinku BuHTa (st M3 o 'OCT 17473-80 — 5,5 mm). He 3a0ynbre yka3aTh
tun auHun: «KoHTyp mnate» uin «Beipes B miaTey.

OcHoOBHOM BepxHHUI paboumii ciioi MeTaum3anuu uMeHyercs «Topy», 3aaHuil cioin
MeTa3anuu uMenyetcs «Bottomy. J{ns manpHeieit paboTel BEIOpaTh cioit «Topy.

Komanpoit «Co3aaTh 3anpeT» HaJIOXKUTh 3alpPeT HAa pa3MEILEHUE 3JIEMEHTOB BOKPYT
MOHTaXHBIX OTBEPCTUH C Y4ETOM AMAMETpa LNUISIIKKA BUHTA. TakXKe HaJ0XWUTh 3amlpeT
Ha pa3MelIeHUuEe SJEMEHTOB B JII00OW HEOOIBIION MPOU3BOIBHON MPAMOYTOJIBHOU
00J1acTy, HaIIpUMeEp Yy Kpast Ie4aTHOM IIaThl.

[lepeTanTh 3JIEMEHTHI B PaMKH KOHTypa IUIaThl. Pa3MecTUTh 3J€MEHThl TAKUM
o0pa3oM, 4TOObl COEAMHUTEIbHBIE JHMHHH, KOTOpbIE IOKa3bIBAIOT CBSI3U BBIBOJOB
AJIEMEHTOB, NEPECEKATUCh MHUHMMAIbHOE 4uCI0 pa3. [Ipu HEoOX0aUMOCTH MOKHO
MOBOpAYMBaTh JIEMEHTHI Ha 3aJaHHbI yroa. Pexomenayercs ucnonap3oBaTh yribl 0°,
90°, 180° m 270°, xak ATO AejlaeTcsd JIs OOJBIIMHCTBA DJIEMEHTOB Ha M3rOTOBJISIEMBIX
MeYaTHBIX IUIaTax MpsAMOyroiabHOM ¢dopmel  (pucyHok 4.1). 3Orto obecmeuut
BO3MOKHOCTb Pa3BOJIKM TEYATHOM IJIAThl HA OJHOM CHUTHAJIBHOM CJI0€ 0€3 MepexoJ/ioB
Ha npyroit cmoi. [ns mpumepa «Example 01»: oOpaTuTe BHHUMaHUE, YTO HCXOIHBIN
BapUaHT TPACCUPOBKH ObLII BBITIOJHEH HA OJHOM CUTHAJILHOM CIIO€.

[Tocne pa3menieHus: JIE€MEHTOB Ha IUIaT€ MPOMU3BECTH PYUHYIO TPacCUpOBKY. Jliid
ATOr0 HEOOXOJWMO C MOMOIIBIO KoMaHbl «IIpoknanpiBaTh NPOBOAHUKNY» MPOIOKUTH
IIPOBOJIHWKY HA MEYATHOW IUIATE MEXAY BBIBOJAMM AJIEMEHTOB, COCAMHEHHBIX B OJHY
nenb. JlaHHBIN Tanm TPOSKTUPOBAHUS SBIAECTCS HamOoJee 3aTpaTHBIM MO BpeMeHu. Bo
BpEMsI BBITIOJIHEHUSI PYYHOM TPacCUPOBKU, CKOPEE BCEro, MOTPEOYeTCs MEePEeMECTUTH
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HEKOTOPBIE JIEMEHTHI IS MOJyYSHHs ONTUMAIBHOTO pe3ynbrara. [locie BhImoTHEHUS
PYYHOH TPACCUPOBKH 00513aTeJILHO COXPAHUTDH TEKYIIHIl BAPHAHT TPACCUPOBKHU MO/
APYrUM HMeHeM U TI0Ka3aTh Pe3yJbTaT PYYHON TPACCHPOBKH MPENOaBaTEIO.

Pucynox 4.1 — Ilpomedxcymounvlii pezyiomam mpaccuposxu niamaol

[Ipon3BecTn aBTOMAaTHYECKYK) TPACCUPOBKY IedaTHOM Iwiartel. Jlist  3TOTO
HEOOXOJMMO  BBINOJHUTH KOMaHIy «ABTOTPAacCHpPOBKA...» W3 IyHKTa MEHIO
«TpaccupoBka», win Haxarh kiapuiry F11. O3HAaKOMUTBCS C COACPKUMBIM BKIIAJIKH
«Hactpoiiku», 3amaTh OIWH U3 TPEX BO3MOXKHBIX BapUAHTOB (HOPMBI MPOBOJIHHUKOB.
Haxatp kHONKY «3amycTuth», B MOsSIBUBILIEHCS Bkiaake «Bapuante» BeIOpaTh MyHKT
«IToka3piBaTh  TPOIECC  TPACCHUPOBKHM»,  JOXKIAThCS  3aBEPIICHUs  TMpollecca
aBTOTPACCUPOBKH, HaOMIOAas 3a M3MEHEHUSAMM Ha 1uiaTte. [Iporecc MOXHO CUUTATh
3aBEpPILIEHHBIM, KOTJa TPACCUPOBIIMK IMEPECTAHET HUCIPABIATh OMIMOKH M COKpPAIlaTh
JUIMHBI TIPOBOJIHUKOB WJIM TOSIBUTCS cooOuieHne «llonck BapuaHTOB LieaecooOpa3HO
OCTaHOBUTBHY», TOTJAa HEOOXOAMMO HaXaTb KHOMKU «OCTaHOBUTHY», 3aTeM «OTKpHITH B
penaktope». O3HAKOMUTBCS C KOHEYHBIM PE3yJIbTaTOM pPabOThl aBTOTPACCHUPOBIIHUKA,
00513aTeJIbHO COXPAHUTH TEKYIIMHA BAPUAHT TPACCHPOBKHU MO JAPYrUM HMeEHEM.
[ToBTOPUTH AAHHBIN MYHKT JJISl IBYX OCTaBIIUXCSI OPM MPOBOJTHUKOB.

CpaBHUTH uYeThIpE TMOJY4YEHHbIE BapHaHTa TPACCUPOBKHU, BBIOpaTh Haubosee
yAAuHBI B IUIaHE BHEIIHETO BHJA, OTCYTCTBHUS OIIMOOK M NEPEXOJ0B Ha BTOPOH
CUTHAJIBHBIMN CJIOW. Bximounts mpoBepky cobmoaeHus mpoekTHbix HOopMm (DRC),
IPOBEPUTH BHIOPAHHYIO TPACCHPOBKY IO BCEM MPEAJIOKEHHBIM KpuTepusMm. Jlomyck
BbICTaBUTH paBHbIM 0,001 mm.

[IpousBecTn CIUIONIHYIO MeTAIM3alKi0 cliosi Bottom ¢ momolpio KOMaHJbI
«Co3natrh o6nacte MeTamu3anuuy». J[laHHY0 o00JacThb MeTa/uIM3alMd  CBSI3aTh C
yKa3aHHOW mpernoaaBaTesieM Ienbio (B mpumepe «Example 01» MOXHO B34Th IeNb
NET00014).
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Jlo0aBuTh 2-3 mepexoaHbIXx OTBepcTHs Mexay ciosimu «Top» u «Bottom» nms
00BbEAMHEHHS] TPOBOJHUKOB YKA3aHHOM LIEMU HUKHETO U BEPXHETO CJI0s METAJUTU3ALUuU
B OJIHY CBSI3aHHYIO LICTIb.

[Tocne 3aBepiieHus: TpacCUpOBKU ellie pa3 BkiIounTh DRC, 3ateM yaanuTh 3anpeTshl
HAa pasMemnieHMe. B ocBoOOJuBIIEHCS TPSIMOYrOJIBHOW  0O0JIACTH  TOMECTHUTH
mpou3BOJIBHBIN TekcT, Hanpumep, PO pazpaboTunkoB win Ha3zBaHue cxeMmbl. Cioi
JUTSL CO3JTaHUS TEKCTa — CUTHAJIBHBIN UK IIeTKorpadus.

[Tokazath pe3yiabTaT pabOTHl MPENOIABATENIO ISl BBISBICHHUS BO3MOXHBIX OIIUOOK,
NOJ/JIEKAIUX UCTIPABIICHHUIO.

CocraBun
Cr. nip. kadenpel PTY / B.A. Kyzpsiuos /
3aB. kaenpoii PTY, a.1.H., npodeccop / FO.H. TlapiiuH /
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