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NMpeancnoBue

Koropoe myunie npountaTh BMECTE € IIOCIECIOBUEM, HA3BaHHBIM «3aBepiiasi pa3roBop».

Hamr mup, Bo MHOTOM, MUD 3JIEKTPOHUKH, OKPY’Karolel Hac moBcroay. Jfoma 3to -
TeneoH, 4achl, TEIEBU30P, MY3bIKAIbHBIN LIEHTP, BUJCOMATHUTO(OH, KOMITBIOTED, 3aMUCHAST
KHIDKKA, CTHpaTbHAsl MAIlIHHA, MUKPOBOJIHOBAS TI€Ub, XOJIOJMIBHUK, MATHUTOJIA B aBTOMOOUIIE
(1 He TONBKO OHA), KoHauIMoHep. Ha paboTe — Ta e 37eKTPOHNKA U KOMIIBIOTEPHBIE CETH,
OXpaHHbIE U MOKAPHBIE CUCTEMBI HAOIOIeHUs, TeNe()OHHbIE CTAHIIUU, KCEPOKCHI, YCTPONUCTBA
JUTSL YHUUTOXKEeHUs Oymar, Tenedakcel. Ha ynuiie - cBeTodopbl, pekiaMHbIe HIHUTHI,
BUICOKaMEPHI, JOMO(OHBI.

B ogHOM 113 OriIbMOB roJIOC 32 KaJpOM OT3BIBAETCS O Oece/ie ABYX Pa3BeIUUKOB, KaK O
HEMOCTHKUMOM I HEMOCBSIIIEHHBIX, CPABHUBAS €€ C pa3rOBOPOM MaTeMaTUKOB. BeposTHO, TO
K€ MOXHO CKa3aTh U 0 Oecesie IByX CIEIUAINCTOB 10 AeKTpoHuke. Ho Tak nu 3arajodeH
pPEeIMET X Pa3roBopa - JEKTPOHUKA?

U na, n Her.

Jla, MOCKONBKY JIOAH, IONB3YACH ANIEKTPUIECTBOM JOOPYIO COTHIO JIET, 110 CeH IeHb He
3HAIOT - YTO TO Takoe?

W HeT - cpeu MOCBSIMAONNX CBOHM TOCYT PEMOHTY COCEIICKHX TEIIEBU30POB U
MarHuTo(pOHOB, TOCTATOYHO TE€X, KTO HE UMEET CIEIMAIBLHOTO 00pa30BaHusl, U, 3a4acTyo, HE
3HAET TOJKOM YCTPOUCTBA TOTO, YTO PEMOHTHPYET. UTO moMoraet um?

Jymaro, caMoe BaXKHOE - OHH JIFOOST «ITOBO3UTHCS C NMEKTPOHUKON. OHH XOTAT 3HATH,
KaK YCTPOSHO «BHYTPH» IJICKTPOHHOE OKPYKEHHUE Haiero Mupa. OHU ¢ yI0BICTBOPEHUEM
pasragbIBaIOT 3arajIki «3a0apaxIMBIICH» TEXHUKH, C KOKIBIM YCTPONCTBOM y3HaBasi HOBOE,
oOorarasi CBOi OMBIT, paciupsis Kpyrozop. OHM yMEIOT IPEeBPaTUTh OOBIACHHBIA MUDP TPEBOT U
336OT B BOJIIJ.IG6HBII>1 MI/Ip, KakK aAcjaJiu 3TO B ACTCTBE BCC, a CCTrOAHA JIUIITb HEMHOI'UC.

DIJIEKTPOHUKA, B CBOEH CYIIHOCTH, IOCTATOYHO Mpo3payHa. OHa MOHITHA HE MEHEE YeEM
yIpaBlIeHUE aBTOMOOUIIEM, a €3[IAT U CTap, U MJIajl, U TeHUH, U OpIAMHAPHOCTh. Henb3s ckas3arth,
YTO BCE, CBSI3aHHOE C AIEKTPOHHUKOM, TPOCTO - 3TO OBLIO OBI COBEPIIIEHHO HecmpaBe uBo. Ho
TO, YEM CTOHUT 3aHHUMATHLCS BHE HpO(i)eCCHOHaHLHOﬁ ACATCIIbHOCTH, I[CflCTBI/ITCJ'IInHO, JOCTAaTOYHO
MIPOCTO U SICHO.

MHorue npoBOAAT CBOM OTABIX B IMTyTEIISCTBUAX. [[BUKET T MMH HEOOXOIUMOCTh
CMEHHUTDH KJIMMAT WIW WHBbIE TUTHEHnYecKne coobpaxxenusa? Ensa mu. Oka3aBuIuch B
HE3HAKOMOM MECTE, YEJIOBEK MIIET BIICUATICHUH, KOTOPBIC IM03KE BEPHYTCS B BUJIC
BocrioMuHaHuil. OH MoJyiaraet, YT0 UMEHHO BOCTIOMUHAHUS Pa3BIEKYT €ro B cyere OynHel. S He
rOTOB OCHAPUBATh, HO MOYTH YBEPEH B CYILLIECTBOBAHUH €I1[€ OJTHOTO BO3/ICUCTBUS: B
HE3HAKOMOM, 3K30THYECKOM MECTE YEJIOBEK, OCO3HAHO WJIM HET, BUAUT C€0s1 CO CTOPOHBI MHBIM,
4yeM 00BIYHO. DTO BIIEUATICHUE, MOXKET OBITh, TJIABHOE BIICYATIICHUE, U €CTh ab(a U OMera, u
€CTh TOT SJUKCUP MOJOJOCTH, UTO MPUAAET EMY SHEPTHUI0 U OOJPOCTH IO BO3BPAILICHUH.

B 3TOM cMbICIie 3aHATHSA 3JEKTPOHUKOM B 4achl JOCYTa, KOT/1a Bbl IOTPY>KAETECH B
HE3HAKOMBIM BaM MU, CIIOCOOHBI CIENATh TO XKE, UTO MyTEIIECTBUE B NAJIEKYIO CTPaHy.

Ecnu Bam, Bam n1uHO, cTano AaBHO MOHSTHO, YTO HENb3s yAETATH CBOeH mpodeccuu Bce
JIBa/ILIATh YETHIPE Yaca B CYyTKH, U €CJIM BaM, JINYHO Bam, HECKOHYaeMasl uepeia «yIpaxHEHU B
OTZIBIXE» KaKeTcs 00Jiee YTOMUTEIBHOM, UeM caMasi Tspkelasi paboTa, To, MOXKET ObITh, CTOUT
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HO,Z[YMaTb O 3aHATHUU BHCKTpOHHKOﬁ JJIs1 OTAbIXA OT CBOGﬁ paGOTBI H IJ1d OTAbIXa OT CBOCTO
«OTHOBIXay?
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BCTyﬂﬂeHMe K nepBOMY NMPOEeKTY, KaK npoaosi>xeHne npeancrioBus

OObIIeHHAst UCTOPUS. 3HAKOMBIHM MPOCUT TOPEKOMEHI0BATh KaKyI0-HUOYIb CXEMY YCHIIUTEINS
BaTT Ha 10-15, HO He 17 3HAKOMCTBA C SJIEKTPOHUKOH, a YTOOBI «MMETh yCHIuTenby. Camoe
pa3yMHO€ IPUMEHUTH FOTOBYIO MUKpocxemy (u3 174 cepum, k npumepy). Keratu, Bcnomunaro,
y MEHS OCTaJIOCh HeCKoJIbko MuKpocxeM TDA2030 nmociie 0HON 13 He3aBEPIIICHHBIX PadoT.
OTaaro MUKPOCXEMY C PUCYHKOM THUIIOBOM CXEMbI BKIIOUEHUS U PACTIONI0KEHUEM BBIBOIOB.
Jlaro peKkoMeHaIuH 110 BBIOOPY HANPSHKCHUSI MUTAHUS, pagruaTopa. Bee BRITISANT JOCTaATOYHO

IPOCTO.
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Puc. 1. TunoBas cxema BkJIloueHusi Mukpocxembl TDA2030.

Kazanock Ob1, Bonpoc ucueprnat, uctopust okonueHa. Ho uepe3 Hekotopoe Bpems
3HAKOMBIH TIPOCUT OOBICHUTD, «UTO HE TAK?» - MEKPOCXEMa IPeeTCsi, T(POMKOTOBOPUTEIH
«peseT». Jlaro CTaHIAapTHBIE PEKOMEHAALMA: TPOBEPUTh MOHTaX, HU3MEPHUTH TOK, BCTATh
ocumiIorpad)oM Ha BBIXOJ] YCHIIUTENS, TOCMOTPETh, UTO TaM npoucxoaut. Ho...

Het ocuumorpada. Ecte TONBKO aBOMETD.

OcranoBuMcs Ha 93TOM MecTe. B yem B janHOM citydae npo6iema? B cxeme?.. B
OTCYTCTBHUH OIBITA, IPUOOPOB, 3HAHMIA?.. B OTCYTCTBUM MOANEPKKU?

Ha moii B3risia, Bcero ecTh HOHEMHOTY, HO TJIaBHas po0JieMa, Kak MHE KaXKeTcsl, B
IIOCTaBJIEHHOM 11enu - uMeTh. He nccienoBath, He pazpaboTaTh, HE MOHSATH, HE CO3/1aTh, A
«UMEThY. JlJist IOCTHIKEHHS ITOM LK €CTh IPYTHE CPENCTBA, Apyrue nyTu. [lpuberats K
CaMOCTOSTENILHON cOOpKe 4ero-a10o ¢ IeNbI0 KUMETh) CIIEAYET, Ha MOM B3I, TOJIBKO
JIOCTaTOYHO ONBITHBIM JIFOOUTEINSAM, Ja U TO B TE€X CIy4asiX, KOr/ia KyIUThb 3TO «HEYTO» 110
KaKo-1100 NprUuMHE HEBO3MOXHO, B IPOTUBHOM ClTydae JIydlle, BCe-Taku, KylIUTh TOTOBOE
U3JIENNE.
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VMeHHO B nccie10BaHUM, B IOMCKE PELIEHUS IOCTaBICHHOM 3a7auu, IIPE0I0IEHUN
BO3HHUKAIOIINX TPYAHOCTEH, B BBISIBJIEHUHM HECOOTBETCTBUS MEX]y TEM, UTO JOJKHO OBITH U
TEM, 4TO €CTh, KaK sl CYMTAI0, PACKPBIBACTCA OJIHA U3 HauOoJIee NPUTAraTeIbHbIX CTOPOH
UIEKTPOHUKH KaK 3aHATHUA U1 OTAbIXA, KaK JIIOOMMOI0 pa3BlI€UEeHUSI MHOTUX, UbsI
npodeccuoHanbHast JeSITeIbHOCTD HE CBsI3aHa € AJIEKTPOHUKOH.

3aHATHE JIEKTPOHUKOM BCEra COMPSKEHO C HEKOEH TalHOM, 3araJikoil, KOTOPYIO Bam
HaJ0 pa3rajaath, Oyab TO HEUCIIPABHOCTh WIJIHM OMIHNOKA, KOTOPbIE HE OYEBUAHBI, U TOTPEOYIOT OT
Bac pacciacaoBaHud, CpOAHU ACTCKTUBHOMY, UJIM ITPOCKT, BHI[HMLIﬁ JIMIIb B 06H_[I/IX qycpTax.

EcTb 01uH acnexT, 1 yke YIIOMHHaI 00 3TOM - yBIICYEHHUE JIEKTPOHUKOH BHE
po¢eCCUOHATIBHOMN AEATEIbHOCTH I0CTaTOYHO J0POTOCTOSILEE 3aHATHE: JOPOTO CTOST
XOpoIIre NpUOOPHI, HEACHIEBH HEKOTOPBIE KOMIIOHEHTHI U T.J. XOTs, cpa3y ke X04y BO3Pa3HuTh
cebe, a 00s13aTeNbHO Ji 3TO Tak? O3HAYaeT JIU 3TO, YTO JIOJSM, YbH CPEJICTBA OTPAHUUYEHBI, HO
BJICYCHHE K 3aHATHIO 2JICKTPOHUKON CHIIBHO, HE CIIELYET U IBITaThCS 3aHUMAThCs €107 OTHIOAb.
OTcyTCcTBHE NOCTAaTOYHBIX CPEJICTB Ha OPTaHU3ALMIO JAOOPAaTOPHH MOKET OBbITh
KOMIICHCUPOBAHO JONOJIHUTEIBHBIMU YCUIIHSIMUA IO U3TOTOBJICHUIO MTPUOOPOB, JOMOTHUTEIBHO
3aTpayeHHbIM BPEMEHEM Ha NMPHOOpPETEHNE 3HAHUM, BBIOOPOM pa3paboToK, HEe TPEOYIOUIIX
JOPOTOCTOSIIEH anmaparypsl. Sl ©UMEro B BUY, 4YTO HHTEPEC MOTYT IIPEICTABIIATh HE TOJIBKO
camble HOBEHILINE TOCTHXKEHUS B 00JIACTH AJIEKTPOHUKH, TPEOYIOIIUE TOPOTOCTOSLINX
TEXHOJIOTMH IIPU CO3/JaHUU YCTPONCTB WK UccieoBaHuM. Ecny Ball HHTEpeC MIMEHHO B
HOBEHIIEH TEXHUKE, @ CPEICTBA OIPAHUYEHBI, TO Jy4IIE 3aHATHCS JJIEKTPOHUKOU
npodeccuoHaIbHO. B miaHe e Jro0UTeNbCKOM LIEbI0 3aHATUH ClieAyeT BEIOpaTh NOIyUYeHHE
YJIOBJIETBOPEHMS pe3yIbTaTaMu paboThl, @ KOHKPETHYIO Pa3paboTKy ONpeaessaTh B
COOTBETCTBUM C TEMU CPEICTBAMH, KOTOPbIMH BbI pacrnonaraete. He cienyer nymars, 4to
3aJada Ha BHJ POCTasi pemaeTcst OBICTPO U MPOCTO, a CIIOKHAs Ha BUJI - HET. MHOTHE CII0XKHbIE
3aJja4u UMEIOT IITaTHOE pelIeHue, He TpeOyloliee HU BIIyMKH, HU (paHTa3uu, HU, OAYAC, JJaKe
XOPOIIKX 3HAHUH, 1a U IOYTH BCE CIIOKHBIE 331a4l pa30oUBaloTCs Ha OoJiee MPOCThIE MM0/13a1auH.
B T0 e Bpemsi, penieHrne NpoCThIX 33124 MOXKET MOTPeOOBaTh OT BaC HEOPIMHAPHBIX KaueCTB.

Ha moii B3rsi1, BaxkHO U caeayromiee. BeiOpaB B kauecTBe X000M 3aHsATHE
ANEKTPOHHUKOM, ocTapaiiTech BoIpaOOTAaTh OMpPEIEICHHbIE HABBIKU - MIOCIEI0BATEILHOCTD,
METOJIMYHOCTh, BHUMATEILHOCTbD, HAOMI0IaTeNbHOCTh. OHU HE TOJIBKO MMOMOTYT BaM MPEOJI0JIETh
BO3HUKAIOIIHE TPYJHOCTH, HO ¥ H30aBAT OT pa3odapoBanuii. [Ipuctymnas k ouepeaHoi padore,
COCTaBbTE ONMCAHUE MPOEKTA - €T0 LENb, TyTH JOCTHKEHUS 1IeId, IepedeHb HE0OXO0IUMBIX
cpenctB. O0s3aTeNnbEHO COCTaBbTE IJIaH paboThl. Peann3ys mpoekT, crapailiTech 3amuchiBaTh B
pabodeil TeTpay BCe IIAry 10 ero peann3alii, BCe MBICIIH, KOTOPbIE MOSBISIOTCS P paboTe
KaKyTCsl BAaM 3HAYUMBIMHU. [[eaiiTe 3aricy SI36IKOM ITOHSATHBIM BaM, HE CTapasiCh €ro
«omnpodeccuoHanuThy. BrocneacTsuu, ananu3upys CBOM paboyue 3anucH, Bl HaleTe psj
HOBBIX HHTEPECHBIX MCCIIEA0BaHUM, Oa3UPYIONINXCS HA YKe TpoaenaHHoN padoTe, u,
CJIeIOBATENLHO, UMEIOIUXCS CPEICTBAX.

W, nakonen, nocinennee. MHOrue, BCTpETUB HUYKE HETOYHOE WIIM HEITPABUIIBHOE C UX
TOYKH 3PEHUS OIpeesIeHNe, MOTYT UCIIBITATh YyBCTBO AUCKOM(OPTA. MO COBET - BHIIUILINTE
Ha JIUCTE MOIXOAAIIEero (popMaTa NpaBUILHOE OIIPEICIIEHUE U BKIICHTE €ro B KHUTY. A eciu
9yBCTBO JUCKOM(popTa OyIeT BOSHUKAThH CIUIIKOM YacTO, TO JYYIlle PACCTaThCs C KHUTOH, 4eM
C BalMM yBiedeHueM. KHur o npeamery, NOBTOPIOCh, MHOT'O, KAK OT€YECTBEHHBIX, TaK U
MIEPEBOIHBIX 3apyOekKHbIX.
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[Tocne nmpu3BIBOB K MOCIIEAOBATENILHOCTH OBIIIO OBl IOTHYHO HAYaTh C ONPEICTICHHIA,
(Gu3MKH NPOLIECCOB, C a30yKU YTEHUS CXEM, ITPaBUJI MOHTaka U T.11. OHAKO MHOTHE
corJlacsTcs, 3T0 CKydHoBarto. [lonmpobyem nHaue, Oyaem oOpamarbcsi K HE0OXOAMMBIM
HOSICHEHUSIM «I10 X0y JIeJIay.

Tak moxy4uusoch, 4To ceiuac, Koraa st Hauajl MUcaTh KHUTY, MPeIIBEpUe HOBOTOIHUX
MPa3AHUKOB, U TIOCKOJIBKY 51 HE BUXKY Pa3HHUIIbI, C YETO HayaTh, 1 HAYHY pa3roBop ¢
TPUBHAIILHOMN T€MbI MEPEKITIOYCHHSI €TOYHBIX THUPJISTH]I.

MNMpoekT nepBbIN «EnoyHasa rmpnaHpa»

Llesb MpoeKTa - 03HAKOMHUTHCS CO CXEMaMH MEPEKIIIOYCHUS IOYHBIX TUPIISHI, HCCIIeI0BaTh
HEKOTOPBIC PEUICHHUs, BBIOPATh OJHO U3 HUX JUIS PEeaH3alui, U pa3padoTaTh Ha OCHOBE
BBIOPAHHOW CXEMBI CBOE pelieHre. Pa300beM MpOeKT Ha HECKOJIBKO JTATOB.

Ilepsrrii 3Tan. Co3nanue MoJEH.

Heob6xomumebie cpencrna:

1. MuanManbHbIC CpeACTBA - OyMara, KapaHalll, Tanka ¢ Haanmuchio «llepBbiii TPOEKT
«Enounas rupnsuaay.

2. MakcuMaibHbI€ - KOMIIBIOTEP C TEKCTOBBIM MPOLIECCOPOM U IIPOTPaMMOH,
MO3BOJISIOIIEH JIETKO PUCOBATH AJIEKTpUUECKUEe cxeMbl (Harpumep, AutoCAD).

Bropoii 3Tan. PaccmoTpeHnne pa3HbIX peleHUN.

Heob6xomumebie cpencTBa: oHM OyIyT 3aBUCETh OT BRIOPAHHOW MOJCIIH U OTIPEACIISATCS
nocyie 3aBepIICHHUs IEPBOrO dTara MpoeKTa.

Tpetuii 3Tan. Bei6op KOHKPETHOH peanu3aliui.

Heo6xoaumeie cpencTBa: oHU OYyAyT 3aBUCETh OT PE3YJIbTaTOB BTOPOTO ATAIa.

YerBepThiii 3Tan. Moaudukaiys BHIOPAaHHOHN peanu3aiim.

HeoOxonumele cpenctBa: Oy1yT 3aBUCETh OT NPEAbIYIINX 3TANOB, U UMH OIPENEIATHCS.

[Ipuctynum k nepBomMy 3Tamy padboThI.
IMopasmbinuisiem:

Enounas eupisinoa, kKaxk npaguiio, 5mo yenoyka u3 HeKOmopo2o Yucia 00OUHAKOBbIX
namnoyex Hakaaueanus. Kascoas uz nux paccuumana na onpeoenennoe nanpsaxcenue. I upaanoy
Mbl 8KIOYAeM 8 ObIMo8YIo nekmpocems ¢ nanpaxcenuem 220 eonom. Ecau namnouxa u3
2UPISIHOBL PACCUUMAHA HA HanpsidiceHue 22 80ibma, mo maxkux 1amMno4ex 00axicHo ovimo 10.
Tozoa na donro kaxcooti (220 pazdenums na 10) npuxooumcs kax paz 22 onrbma.

Ymo mwui oocudaem om eupiasanovl? Ymo ona 6yoem «2opemv» Ha efiKe.

Ymo mol, 6 npocmetiuiem ciydae, moz2iu 6vl 0obasums k smomy? Coenamov max, umoowvl
SUPTIIHOA «MUATLAY.

Obviunas eupaanoa umeenm cemesyro UKy, KOMOPYIO Mbl GKII0UAEM 8 PO3EHIKY, 3Aicueas
O2HU e/IKU, U BbIHUMAEM U3 PO3ZEMKU, YMOObL NO2ACUMb O2HU.

Hmak, mvl umeem 2upaanoy, UCMOYHUK MOKA (INEeKMpPOCcems), KOMMYmamop (cemesgyro
BUJIKY).

3nauum onsa Haweli Mooenu modice HYHCHO: COOCMBEHHO 2UPISHOY, KOMMYMamop (8
OaHHOM ClyHae 2mo yce He OyOem SUNKA, KOMOPYIO Mbl BKIIOYAEM U BbIKIIOUAEM), UCTOYHUK
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numanus, U 000a8UM Heumo, Ymo OyOem Ynpaesisimes KOMMYMAmopoM, 6KI0OHAs U bIKIIOYAsL
SUPTSAHOY.

Co3maauM MOJIETD.

B xauectBe rupiIsIHABI KCTIOJIB3YEM B MOJEJIM MHAUKATOPHBINA cBeTOANOI. Bee
MIEPEUNCIICHHBIE BBIIIE YCTPOHCTBA N300pa3uM MPSIMOYTOIbHUKAMH U MTOKAXKEM CBSI3U MEXKIY
HHUMMH JIMHUAMMUA.

VcTounuk HUTaHUA

I'mpngauma
W

| Krou

YipaBrieHue

Puc. 2. O6mas Mmogenb mpoekra.

Tak B 001em Buze OyJeT BRITISACTH HAIllAa MOJIEb.

B namreii Mogenu rupIisiHaa U MOZYJIb YIIPaBJICHUS TUTAIOTCS OT OJTHOTO HCTOYHHKA TOKA.
Monynb ynpaBlieHus CBA3aH C KIIFOYOM, KOTOPBIN, B CBOM Yepe, CBSI3aH C TUPIISTHIOM
(cBeTOIMOIOM).

Teneps MOroBOprUM O TOM, KaK MOTYT BBITJISIETh PEATH3allMNA COCTABJISIONINX MOJIEIH, a
3aTeM BHOBb BEpHEMCS K MOJICIIH.

Ilpumeuanue:

Ob6s3amenvHo 1u pasoeieHue ynpasiaowe2o siemenma u kommymamopa? B peanvHvix
2UPTIIHOAX 00BOJILHO YACMO 8 Kauecmeae dJleMeHma, 3aCmasisaioue2o 2upisiH0y Mueams,
ucnonv3yrom mepmopene. Ymo ono coboti npeocmasnsem? Ilapa konmaxkmos, 00uH u3
KOMOPbIX COENaH U3 OUMemaiiuieckol niacmumsl (RI1ACMunbl, COOPAHHOU U3 08YX
Memainnos ¢ pasHulM Kodgguyuenmom pacuupenus npu naepese). Ilpu npomekanuu moka
yepes CNOMO2amenbHyo 0OMOMKY 8 OUMEMANIUYECKYI0 NIACTUHY 8bl0eISAemCs MEenio
(mok npouzeooum pabomy), pazoepesaroujee niACmutbl, NPU SMOM OUMEMALTUeCKasl
naacmuna uzeubaemcs (Memasiivl ee COCmasisaowue pacuupsaomces npu Hazpese no-
PA3HOMY), HAPYWAs KOHMAKM U pa3puleas yens, m.e. 0eaaem mo xce, Ymo u UiKd,
KOmopyo mbl ebimackueaem u3 posemxu. I upnanoa eacnem. Tox uepe3 nee He meuem.
bumemannuueckas nnacmuna ocmoigaem, 6036paujasco Kk UcXoOHou ghopme, U 6HO8b
samvixaem yensv. Tox meuem. I'upnanoa copum. M m.o.

U sce-maxu, pazoenum @ynkyuu ycmpoicmea ynpasienus u kommymayuu. [lonpobyem
Peanu308ams me Hce 03MONCHOCIU, YMO U Y 0ObIUHOU «Muarowely UpisaHobl.

[TepexoguM KO BTOpOMY 3TAaIy.
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BriOepeM B kauecTBe HCTOYHHKA MUTAHUS YTO-HHOYAb 00Jiee TOIXOsIIee IS
HKCTIEPUMEHTOB, YEM AJIEKTPOCETh. ITO MOKET OBITH JIFOOOW MCTOYHUK MOCTOSTHHOTO TOKA:
Jy4Iiie BCero OJI0OK MUTaHUS MPOMBILIUIEHHOTO MPOU3BOACTBA, HO MOHO UCIOJIb30BaTh
Oarapeiiky uin akKyMYyJISITOp, WM CaMOJETbHBIN 0ok muTaHus. HampspkeHue 010ka mUTaHUs
nycTthb Oyzer 12 BoJbT, B clIy4yae UCIOIb30BAHUS OaTapeiku OHO MOXKET ObITh MEHbIIE (HO HE
MeHee 3 BOJIBT).

Jly11 KOMMyTaTopa B MOJIENIM UCTOIb3yeM OUTONIAPHBIA TPAH3UCTOP, TOCKOIBKY TaKOM
KOMMYTAaTOp MPOIIE BCETO HAUTH.

Uro y Hac CTaHET yIpaBISAIOMINUM yCTpoiicTBOM? OUYEeBHIHO YTO-TO, YTO CMOXKET
NePUOTNIECKU TI0J]aBaTh CUTHAIIBI BKJIIOUCHHS W BBIKITIOYCHUS TUPISHABL. T.€. HeKuid
MIPOU3BOAUTEIND (MJIU TEHEpATOp) Mepruoandecknx curHanoB. CoOepeM Takol TeHepaTop Ha
ocHoBe 1udpoBoit mukpocxemsl KP1561TJI1.

Ilpumeuanue:

I'enepamopul nepuoouieckux cueHaios mo2ym 6vims pazHvix munos. Yawe ux paboma
O0CHOBAHA HA NEPUOOUUECKOM 3apsde U pazpsoe Konoencamopa. Komnonenmul, uz komopuix
MOXMCHO COOpamb 2enepamop, Mo2ym Oblmb PazIUyHbLIMU, HANPUMED: MPAHIUCTOPB,
OUHUCMOPYL, CNEYUATUIUPOBAHHBIE MUKPOCXeMbl matimepos, kak NES55 (omeuecmeenmwiii
ananoe KP1006BH1).

A npeonazaro cenepamop nepuoouyecKux CUsHauio08 coopamso, UCNoIb3ys Yupposyio
MUKpPOCXemy, NOCKOAbKY NOOOOHbLE 2eHepamopbl NPOCHIbL, UX YACTNOMY MONCHO 8 0080IbHO
WUPOKUX npedenax MeHsamy nymem 3amMeHbl KOHOEHCamopa u pe3ucmopa, Kpome mozo,
MOJCHO cobpams deaumeib 4acmomvl U NOAYYUMb euje 00UH CNOCOb 8apuayuy 4acmomol,
0a U MOOUPUKAYUIO CXeMbl CEANCEM C NPUMEHeHUeM YUPDPosbix Mukpocxem. Taxkosa mos
MOYKaA 3penUsl, KOmopas 0ece He 00sa3amenbHa Hu OISl KO2O.

[IpakTHyeckast cxema reHepaTopa BBITJISANUT TaK:

R1 N

1
) el

TIT1

TJT1
D1.1 D1.2

Brixon

Puc. 3. TunoBoii cunxporeneparop.

Ucnonb3yembie komnoHeHThl: D1 — KP1561TJI1, R1=R2=2 MOwm, C1=0,47 mMx®.
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PaccmoTpenue pa3inuyHbIX peLIeHUH MOYKHO CBECTH K pa300py pa3HbIX CXeM I'€HEpaTopoB,
KOMMYTaTOpOB, UCTOYHUKOB MUTaHUA. BO3MOXHO, 035K€ MBI BEpHEMCS K 3TOMY, HO ceiluac
pa3nuuus B PEIICHUSAX OTHECEM K KOHEUHOM Hallel ey - K TOMY, Kak OyeT BBITJISAETh
TUpJISIH]IA Ha eJIKE.

CobepeM nepBy10 MOZEIb €TOYHON THPIISH/BIL.

+V num

R4

R1 Re

NN

HLT

T

T VT
D1.1 D1.2

Puc. 4. IlepBasi MoaeIb THPIASTHABL.

Hcnonb3yeMble KOMIIOHEHTHI Oy Iy T PEXHUMHU, KpoMe BHOBB NMosiBUBIIKXCS: R3=10 kOwm,
R4=2,4 xOm, VT1 - KT503A (b-E), HL1 - AJI307.

N3menss 3Hauenusa konaeHcaropa Cl u Benmuuabl pe3uctopoB R1 u R2, mb1 moxkem
MEHSTh BpeMsl BKJIFOUEHHS TUPJISHbI, a IPU Pa3HbIX 3HaUYeHUsX pe3rcrtopos R1, R2
COOTHOIIEHUE BPEMEH «BKJIKOYEHO - BHIKIIIOUEHOY.

MHorue npeanoYuTaroT, YTOObI TUPJIsSHIA BKII0OYAIach HE ¢ OIMHAKOBBIMH ITPOMEXYTKAMH
BPEMEHM, a Pa3HBIMHU.

B nameit Mmogen MOXHO OBLIIO ObI MPUMEHUTH C ATOH LENBI0 Pa3HbIE CXEMHBIE PEIICHHUS.
MbI UCTIONIB3yEM F€HEepPaTOP MCEBAOCTyYanHbBIX YHCEN.
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CoO A~ Ny —
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Puc. 5. Bropas mogenb rup/siHibI.

JloGaBuB erie 1Be TUPJISTHBI, TTOJYYUM 00Jiee KpacouHOe yOPaHCTBO €JIKH.

QPN —
‘lﬂ

np2

Puc. 6. Moauduxanus Moaeau Ajas TpeX rupJisiH.

Kax pabomaem eenepamop ncesdocuyuatinolx uucen?

T'enepamop cobpan na muxpocxeme cosuearougux pecucmpos K561HMP2 (D2.1 u D2.2).
Tlocne npoxoorcoenuss umnynvca copoca no 6xody R (R1 ona D2.1, R2 ons D2.2), komopuiii
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Gopmupyemcs mukpocxemoti D1.3 npu exniouenuu ucmoynuxa numanus (konoerncamop C2 6
HA4anbHulll MOMEHM He 3apsaxceH, u Ha exooe D 1.3 noeuueckutl HOb, a HA 8bIX00€ N02UYECKAsL
eouHuya, nocie 3apsaoa KoHoencamopa Ha evixooe D1.3 noeuueckuil HOb, KOMOPbIU U
ocmaemcs Ha 6ce 8pems pabomvl cxembl), 8b1X00bl 0OOUX INEMEHMO08 CO8ULAIOUe20 pecucmpd,
obosHauennvle kax 1, 2, 4, 8, ycmanasnusaromcs 6 «0». Ha gvixode 6mopo2o snemenma
ucxmouarougeco HJIH (K561J1112) D3.2 ycmanasnusaemcs edunuya. Hanomuio, umo noeuxka
pabomul 08yx6x0006020 uckaoyaioujeco MJIH makosa, umo Ha 6bix00e €20 YCMaHa8IuBaAemcs.
Jlo2uyecKkas eOuHuya moaoa, K020a Ha 6x00ax pasHvle 102UuyecKue yposHuU, 8 NPOMUGHOM clyuae,
npuU 0OUHAKOBBIX YPOBHAX HA 8X00aX, He 8adxcHo « Oy unu «1», Ha 8vixode ycmaHnasnusaemcs « 0.

C npuxooom kasxcoo2co makxmogozo umnynvca Ha 6xo0 C1, makmosvie UMny1bCol
Gdopmupyem cenepamop na snemenmax DI1.1 - DI1.2, cooepocumoe pecucmpa cogueaemcs «Ha
00UH 8bIX00» 6HU3 NO CXeMe, a HA CaMblll 6EPXHULL NO cXeMe 8bIX00 pecucmpa cosuea
nepenucvigaemcs 3naverue ¢ 6xooa D (D1 0ns nepgotl nonosunsl pecucmpa), kKomopoe 8
HA4anbHulll MOMEHM PasHo « 1» (Ha 3mom 6x00 NpUxooum 6v6ix00 8MOpPo20 INeMeHma
ucknrouaroujeco HJIH).

Umak, evixoowl 1, 2, 4, 8 muxpocxemol D2.1 nocie umnynvca copoca npuHUMarom 3Ha4eHus.
0-0-0-0. Ilocne nepsoeo makmosoco umnyivca ux 3uavenuss cmavym I1-0-0-0. Ilocrne émopoco
maxkmogozo umnynvca 1-1-0-0. I[locne mpemvezo 1-1-1-0 u m.o.

IIpocnedum, umo y Hac npousoiidem Ha 8bix00ax emopozo pecucmpa (D2.2) mukpocxemul,
K020a, NOCMEeNeHHO «COBULAACHY, OH YCMAHOBUNM HA CBOUX 8bIXO0AX MAKYIO Jice, KaK U Nepavlil,
nocneoosamenvrocmo 3uadenuii 1-0-0-0, 1-1-0-0, 1-1-1-0. Tenepb smopotui 2n1emenm (D3.2)
muxpocxemvl uckmouaroujeco MJITH umeem na céoux 6xooax oge jocuieckue eOuHuybl, a Ha
gvixooe - «0». Imom HOb CIeOVIOWUM MAKMOBLIM UMNYIbCOM NEePenuuLencsl 6 nepeslii
peaucmp, a 3amem 6yoem cosueamvcsi. ModcHo paccmompems pabomy cxemul Oanviile U
y8uoemv, Ymo Ha 80CbMu 8b1x00ax mMuxkpocxemvl K56 1UP2 ¢ momenma navana pabomol
NoABAMCs 8Ce 0BOUUHBLE YUCIA, ONpedeNseMble 0CbMbI0 OUMAMU (80CbMbIO 8bIX00AMU),
npUMoM ux nosigienue He 6yoem onucbl8amvcs KAKUM-mo npocmuim 3akonom. Iloomomy
2eHepamop maxKo2o Mmuna Ha3bl8aemcs 2eHEPaAMoOPOM CLYYAUHBIX YUCET UTU 2EHEPAMOPOM
CILYYAUHBIX NOCIe008AMENbHOCMEN YUCEI.

Ho nocne mozo xax ocywecmsames 6ce kombunayuu usz 60coMu oum, m.e. NOSAGAMC 8ce
080UYHBLE YUCIA UMU ONpeodeTisiemMble, 8eCb YUK NOBMOPUMCS BHO8b 8 MO Jice
nocaedosamenvHocmu. I1o 2moii npuuuHe 2eHepamopsbi MaxKo2o0 Mund Ha3vlearom
2eHepamopamu NcegOOCYYAliHbIX NOCIe008aAMeNIbHOCMEN YUCelL.

BepHemcs k Hamen MOJEH, OJTHAKO.

C Tpemst TUPIISTHIAMH U Ha TOU K€ AJICMEHTHOH 0a3e jerko co3aarh dhdekT Oerynmx
OTHEH, pa3MECTHB TUPJISHIIBI TaK, YTOOBI YePEIOBATUCH TPYIITBI H3 TPEX JIAMIIOYEK (IT0 OJTHOM
U3 K10 THUPIISTHIIBI).
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Puc. 7. Moaeanb ¢ «0erymiuMu OrHsIMmu».

3/1ech CABUTAIOIUN PETUCTP pabOTAET aHAIOIMYHO NMPEABIAYLIEMY CIy4aro, HO JOTHKa €ro
pabotel Mensiercs. Ee onpenenut anement WJIM-HE (D1.4), noakimioueHHbIN K BBIXOAAM
peructpa. Beixon nsyxsxonosoro aiemernra MJIM-HE nprHuMaeT 3HaueHUE JIOTMYECKOTO HYJIS
TOT/1a, Koraa 00a BX0/1a UMEIOT 3Ha4eHUE JIOTHYECKON €TMHMIIBI, B OCTAJIBHBIX CIy4asX Ha
BBIXOIE «1».

Ilpumeuanusn:

Tlooknouue ko 6cem 8biX00am pecucmpa c8emoOUuOOHble UHOUKAMOPLL Yepe3
KI0Yegble MPAH3UCOPbl, KAK MO COeNAHO 8 MO0, MOXCHO NPOCIeOUms 3d
CUCHANIAMU HA 8bIX00AX pe2Ucmpa  cxemax puc. 6 u puc. 7.

Ipuwina nopa, Haoo dymams, NOACHUMb HEKOMOPble MePMUHbL, YNOmpeO.ieHHble
MmHo10 panee. Haunem ¢ nazeanus — yugposas mukpocxema. Tax nazviearomcs
MUKPOCXeMbL, pa3pabomaHnuvle CneyuaibHo Osi ONEPayull ¢ 080UUHbIMU YUCIAMU,
m.e. 0151 08OUYHOU ApUPMEmUKU.

Yucna MOXCHO 3anuUcCbl8ams 8 pa3HbIX CUCMEMAX CYUCIEeHUA: 080UYHOU (011 3anucu
yucen ucnonvsyemcs ece2o 0ge yugpwvi 0 u 1), 6ocbmepuunoii (ucnonwb3yemes 60cemy
yughp), npusvluHOL 0151 HAC 0eCAMUYHOU (C Oecamblo yugppamu),
wecmuaoyamepudnou (kpome yugp om 0 0o 9 ucnorvzosanv ramunckue 6yKevi) u
m.o0. Apugpmemuxa ma sxce, 4mo u ¢ OeCAMUYHLIMU YUCTAMU, HO 3ANUCH YUCeT
HenpusviuHa. Y0oocmeo cuema (0151 21eKMPOHUKU) 8 OBOUUHOU cUCmeMe CHUCTEHUS
CBA3AHO C BO3MONCHOCMBIO CONOCMABUMb 08YM yugpam osa nanpsxcenus. L{ugpe
«0» - nekomopoe Hu3Koe Hanpsaxcenue, yugpe «1» - gpicokoe. 3HaueHue 3Mo2o
HAaNpsdiCceHUuss Modtcem 05l pa3HbIX MUKpocxem dvims pasuwvim. Hanpumep, ons
mukpocxem cepuu K155 smo nanpsocenus 0.5 éonoma u 2.4 eonoma. /s
murpocxem cepuu K561 snauenue nanpsascenus, coomsemcemsyrowee yugpe « 1y,
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3a8Ucum om HaANPsANCeHUst NUMAHUsL, KOMOopoe, 8 CE0I0 0uepedb, MONCEN MEHAMbCS
om 3 0o 15 éonvm.

o EcmecmeenHbiM 0000wenuem apugmemuky cmanosumcs aneeopa. B smom cmoicie
MOJICHO 2080PUMb 0 OBOUUHOU Alleebpe, KOMOPYI0 Ha3vlealom Oyiesa anreeopa.
IIpooondicenuem ucmopuu yu@dposulx MUKpOCxXem CMaHO8UMCs 080UUHAS TOCUKA
(npunamo 2ogopums bunapHas nozuxa). Ona onepupyem c 08yMs 3HAYEHUAMU
CUCMUHHOY» U «TONHCHOY», KOUM MOICHO CONOCMAasums 0soudnsie yugpol « I» u «0». A
NOCKONILKY HANPAICEHUAM He UHMEPECHO, «YMO O HUX MO2YM NOOYMAambvy, U
NOCKOILKY onepayuy OUHAPHOU 102UKU CXOHCU C ONePayusiMu 080UYHOLL
apugmemuxu, po6HO NOCMONILKY YUPDPOBbLE MUKPOCXEMbL MO2YM OCYWECMEIAMb
Jlo2udecKue onepayull, npu KOmopulx 3HA4eHUI0 «JI0ACHO» CONOCMABIIAEMCsl HU3KOe
HanpsijiceHue, 3Ha4eHur0 «UCMuUHHO» - gbicokoe. O HanpsadICeHUusx moz20a 2080psm,
KaK 0 HUBKOM 102U4eCKOM YPOBHe (U YPOBHe 102Uutecko2o «0») umu 6b1COKOM
JI02UYeCKOM YpOosHe (YPOBeHb o2uteckol « 1»).

o Buiue 5 ynompebun mepmuH Kuouegol mpauzucmop. Moxicrno nooymams, 4mo 3mo
KaKou-mo 0cobenHblll mpanzucmop. B oelicmeumensnocmu max s Ha3ean oObIuHblLL
MPAau3UCmop, pabomarouwuil 8 Kiroue8oM peddcume «BKIOYEH - GbIKIIOUEHY. B
00bIUHOM pedicume (pedcume ycunenusy) 6a306vlll MOK MPAHIUCMOPA NOOOUPAOm
MaxKum, YmooOwvl HanpsNicenue Ha KOLLeKmope ObLI0 PA6HO NOJIOBUHE HANPANCEHUS
numanus. B kiroueeom pesicume evibuparom 08a sHaueHusi moka 6azvl —
MUHUMATbHOE, NPU KOMOPOM MOK KOJLIEKMOPA MUHUMAJLEH, U MAKCUMATbHOE,
obecneuusaroujee HeOOXOOUMbLI MOK KOJLIeKmopa (0K paseH moky 6asol,
VMHOMNCEHHOMY HA KO3 uyuenm ycunenus mpauzucmopa). MaxcumanbHulii mox
baszvl 6 cxeme puc. 4 MON*CHO Onpedenums, pazoeius HanpsAXceHue NUMAaHus Ha
genuyuny pesucmopa R3.

Tperuii aTamn.

BribepeM a1t IpoCTOTHI CXeMy puc. 4, KOTOPYIO IPUBEIEM K peaJbHOMY BUAY (/10 3TOTO
MbI pacCMaTpUBAJIN CXEMbI MOJI€JIEl ) 3aMEHON TPAH3UCTOPHOI'O KJIt04a TUPUCTOPOM (TIOXKaIyH,
Hanbosee moctyrneH KY202H) - oH mo3BOIUT MOAKIIIOYATH Pa3HBIE PeaIbHBIC TUPJISHIIBI, a TS
BKJIFOUEHUS] THPUCTOPA - MOTPEOyeTCsl TOK YIPABIISAIOIIETO JIEKTpoaa TupucTopa nopsaka 100
MA - HCIIONIb3YEM TPaH3UCTOP.

[IpoBOAUTH SKCIIEPUMEHTHI, HAOMIOACHUS U U3MEPEHUS], pabOTaTh CO CXEMaMHU,
MUATAIHUMHECS 0T ceTr 220 BobT 0€3 MOHMKAIOIIETO TpaHchopMaTopa, s He COBETYIO Jaxe
TEM, KTO UMEET HEKOTOPBII OMBIT pabOThI C NMEKTPHUUECTBOM, 0e3 0e3yCIOBHOTO COOII0ICHUS
NpaBUiI 0€30MaCHOCTH MPH paboTe ¢ INEKTPUUECKUMU ycTpoiicTBamu. Jlyuiie Bcero
HKCIEPUMEHTAIBHYIO YaCTh MPOBOIUTH CIEAYIONIMM 00pa30M: COOpaTh MOIHOCTHIO CXEMY,
yOpaTh ee B KOpIyc, IPOBEPUTH MPABUIBHOCTh BCEX COEIMHEHUH, MOAKIIOUUTh TUPISHAY U
TOJILKO TIOCTIE 3TOTO BKIIOYUTH YCTPOUCTBO B ceTh 220 BoibT. [Ipr HE0OX0IMMOCTH THOOBIX
U3MEHEHHUH BHAYaI€e OTKIIOUYUTH yCTpOfICTBO OT CCTH, 3aTEM IMPOU3BCCTU U3MCHCHUS, U, TOJILKO
y6eI[I/IBHII/ICI) B IIPaBUJIbHOCTU BCCX COCI[I/IHCHI/Iﬁ, BKIIIOUHUTH YCTpOI\/JICTBO B CCTh.
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Puc. 8. Cxema BKJIIOYeHUS PeaJbHON TUPJISTHABI.

YerBepThlil ITAIL
3amemku Ha noaAX:

1. JTna cebsi ommemum, Umo npu HceraHuu 66eCmu 8 CXxemy 4mo-iudo OpueUHaIbHoe Mbl
Moz Obl 006asUMb 3A8UCUMOCTIL YACTIOMbL NEPEKTIOUeHUsL SUPJISTHObL OM YPOBHS ULYMA 8
nomewgeruu. C 3moui yeavro MONCHO UCHONb308AMb MUKPODOH (OUHAMUYECKUT UTU, Tydule,
9NEeKMPEMHblil), YCUIUMENb, GLINPAMUMETL CUSHANA U KOMRAPAMOp (KOMNapamopbwl),
VIPABAAIOWULL INeKMPOHHBIM NepeKadamenem, KOmopbil, 8 C80H oyepedb, CMaHem YNpaesisims
4acmomou.

2. Tupucmopnuas kommymayus oonyckaem nazpysxy 6 1-2 kBm. T.e., ucnonv3ys namnouxu
Ha 220 B mowHocmoio no 10 Bm, mbl umeem 803mMoxucHoCmsb ynpasisams pabomoti 200
namnoyex. Cobpas none uz maxux ramnoyex 20x10, mvi Modicem pucoeams Ha SMOM HOJe.
Komneuno, 6 smom ciyuae, npocmozo 6kirouenuss u 8blKio4e s 1amn 6yoem He 00CmamodHo.
Ho smo yoice opyzoii éonpoc.
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Heobxodumbie onpedenieHUs1 U NOsiCHeHUs

Ilepsas epynna.

Jna mex, kmo 3a0blL1 Kypc (hu3uUKy WKOIbHBIX 8PEMeH, 3anuuem HeKomopbie onpeoeeHus.
Inekmpuueckuil MoK - HANPABIeHHOe OBUICEHUE INEKMPUYECKUX 3apsi008. Kaxum obpazom
Mo ModHcHO cebe npedcmasums? Hanpumep, max.

JIoboui mamepuan (6ewjecmeo) cocmoum u3z amomos unu Monexyi. Bosvbmem ons npocmomoi
COCMOAWULL U3 AMOMO8 Mamepual. Amomvl Ce53aHbl 8 MAMEPUALE MENCAMOMHBIMU CULAMU,
Komopbvie onpeoesim, 8 3a8UCUMOCMU OM CULbL C853U, OYOem iU Mamepuanl meepovim, HCUOKUM
U 2a3000paA3HLIM.

B ceor0 ouepedn, amomwi sewgecmea npedcmagum cebe cocmoauumu u3 a0ep U CeA3aHHbIX C
HUMU IeKMPOHO8. B 3asucumocmu om cunvl cés3u 31eKmMpoHO8 ¢ A0OPOM MEepoble Gelecmsd
0yoym npeocmasnims coO0u NPOBOOHUKY UIU U30AMOPbL. Ymo smo 3Hauum?

B nexomopuix mamepuanax yacme 31eKmMpoOHO8 C1A00 C8A3AHA C AOPOM U, 8 CYUHOCTMU,
HAX0OUMCs 8 NOCMOSHHOM OIYICOAHUU RO CeMy MaAMepuay, 06pazys Heumo epooe
anexmponHnozo ooaaxa. I1oo deticmeuem s1eKmpuyeckoeo nos dieKkmpuieckue 3apsobvl (a
NEKMPOHDBL - IMO «NPOCMeENuUey NeKMPUIeCcKU 3apsaniCeHHble Yacmuybl) UMEIOm C80UCMBEO
nepemewamscs 8 HanpasieHuU NoJis (8001b UIU NPOMUB HANPABIEHUS, COOMBENCINEEHHO
3HAKY), A HANPasieHHoe 0BUINCEHUE INEKMPUYECKUX 3aPA008, KAK Mbl ONpeOenun gbllie, U eCmb
anexmpuueckuii mox. Taxum obpasom, eciu ¢ mamepuaie MHO20 SEKMPULECKU 3APAHCEHHBIX
yacmuy, CHOCOOHbLIX nepemewamspcsi 0O OelCmEUueM dNeKMpULecKo2o noJjis, mamepuan 6yoem
XOpouio npogooums Mok, m.e. Oyoem npo8ooHuKom. Eciu 3apsoos ouenv mano, mo mamepuan
0yOem oueHb nI0X0 NPOBOOUMb MOK, m.e. OyOem U30ANOPOM.

30ecw dice cpazy ommemum, umo me mMamepuaibl, KOMopvie 3HA4UMeIbHO XYHce NPOB8OOsm
MOK, 4eM NPOBOOHUKU, HO MHO2O0 JIyHuLe U30IAMOPO8, HA3bIBAIOMCS HOAYHPOBOOHUKAMU.

Xapaxkmepucmuka mamepuana, Kak npo80OHUKA WU U30JMOPd, NO CEeNeHU
NPOBOOUMOCU INEKMPULECKO20 MOKA, NOMONCEM NOHAMb OPY2OU MepPMUH, KOMopblii 6yoem
NPUMEHSMbCAL 8 OANbHelueM - CORPOMUBTAEHUE, KAK CONPOMUBLEHIUE NPOMEKAHUIO
anexmpuyecko2o moxa. Ilpu smom, yem gviuie 5mo conpomusienue, mem 00abuie O0IHCHO
ObIMb HARPAHCEHUE HA KOHYAX HMO020 CORPOMUGEHUA OJisl NPOMEKAHUSL MOKA ONPedesieHHOU
genuyunsl. T.e. HanpsiceHue Mbl NPeOCmasum cebe, KAk HEKOMopoe deKMpuUiecKoe
HanpsiceHue, B03HUKarOwee 8 mamepuane npu NPOMeKaHUU INeKMpU4ecKoeo mokKd.

Medwcoy smumu mpems ROHAMUAMU, KOMOPLIM MONCHO NPUOAMb KOIUYECHEEHHOE

U

3Hauenue, Om vlgesl npocmoe COOmHoueHue I . (R — conpomuenenue, U— nanpscenue, I
- mok). U 30ecvy ymecmuo coenamu cieoyrowue

Ilpumeuanusn:

Dopma, 6 komopou 3anucan 3akon Oma, modicem ObIMb NPOUUMAHA MAK, YO
conpomueiierue 3a8ucum om Hanpsaxcenus u moxa. Ha camom oene 60 écex, npaxmuuecku,
CY4asx, ¢ KOmopuimu Mol 6yoem umems oeno, smo He mak. ConpomusieHue onpeoesiemcs
ceolicmeamu mamepuana, u He Oyoem 3a8ucemsv Hu Om HANPAXCEHUs, HU om moka. Hckmouenus
Oy0ym 02060peHbl no Mepe ux nossienus. Ewe mot 2cosopunu o mom, umo noo oeiicmauem
INEKMPULEeCcKo20 NoJisi Hocumenu 3apsaoa 6yoym ogueamvcs 8 mamepudae. byoym nu smumu
HOCUMeNAMU MOIbKO d1eKmponbl? Hem, smo mozym 6vims u uoHwl, u 1100vle Hocumenu 3apsoa,
0 KOMOPbIX NO20BOPUM NO Mepe 803HUKHOBEHUS 8 MOoM Heobxooumocmu. Kpome mozo, moi
2080pUIU O BO3HUKHOBEHUU HANPABIEHHO20 OBUICEHUS TIEKMPOHOE NOO OelCmauem
INEKMPUYECKO20 NOJSL, HO KMO co30aem 3mo snekmpuyeckoe none? Iloka ocmanosumcs Ha
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moMm, 4mo noie 6yoem co30a8amvpcsi UCMOYHUKOM NUMAaHUsL: bamapeiikou, O10KoM NUmManus,
akkymyasmopom. M nocieonee - camoe epemst st mex, K020 He YCmpauearom OaHHbvle
onpeodeneHus, coelams HeodXo0UMble USMEHEHUSL.

Bmopasa epynna.

Lna usmepenus éenuuunbl HANPAdICEHUS, MOKA U CONPOMUBLEHUS NPUMEHAIOM
coomeemcmayioujue npubopbsl: 6orbmmemp, amnepmemp u ommemp. Eciu 6 eawem
PAacnopsiceHuy ecmv agoMemp (Unu MyIbmumemp), mo 6am 00CMamo4Ho NepexIiodumy
PedNcuMbl USMEPEHUSL.

Tpemuws epynna.

Cxema - 5mo ycno6mwviii pUCyHOK COB0KYRHOCU JJIeKMPOHHBIX (2JIeKMPUYECKUX)
91eMEeHMO8, COeOUHEHHBIX OISl BLINOIHEHUS 3A0AHHbIX QyHKYul. Ecmb onpedenennvle npasuia u
HOPMbl, NpUHAMbLE 015 BLINOJHEHUSL NOOOOHBIX PUCYHK08. Mbl nocmapaemcs npuoepiHcusamvcs
UxX, a NosICHeHUs 0asams no X00y pabomol.

Kaxumu HosbIMU mepMuHamu Mol 80CRONbL306AIUCL? B nepsyio ouepeds - mpanzucmop.
Tpanzucmop - 5mo mpex 31eKmpooHbll (I1eKmpoovl - SImummep, 6a3a, KOIIeKmop)
NOYNPOBOOHUKOBbIU NPUOOP, NPEOHAZHAYEHHDIL, Yauye 6ce20, 018 YCUNLEHUSL CUCHAILO8.
IIpoucxooum smo 6aazooaps momy, Ymo 8bIXOOHOU MOK, MOK KOIIEKMOpPd, pageH 6X00OHOM)
MoKy, moky 6aswi, yeeauuennomy 6 K pas, eoe K (6 nawem ciyuae) npocmo Hekomopoe yucio 8
ouanazoxe om HeCKOIbKUX eOUHUY 00 HeCKONbKux comeH. T.0. 6a308bill MOK, KOMOPLUL MONHCEM
UBMEHSIMbCSL 60 6PEMEHU NO OUEHb CLONCHOMY 3AKOHY, NOBMOPSEMCS KOILEKMOPHBIM MOKOM NO
MOMY Jice 3aKOHY, HO KOJLIeKMOPHbLIL MOK MHO20 601bute 6a306020. Brazooaps ycunumenvrvim
CBOUICBAM MPAHZUCMOPA €20, 8 OMIUYUe OM Pe3UCMOPA, KOHOEHCAmopd, KamywkKu
UHOYKMUBHOCMU (OCHO8HblE COCMABAAIOWUE DONLUUUHCINGA CXeM), HA3bI8AIOM AKMUBHBIM
anemenmom. Kemamu, nasean s e2o QUnOAAPHBIM, NOCKOILKY eChb ewe nojesvie
MPAH3UCMOPDL, KOMOPble OMAULAIOMCI OM OUNOIAPHBIX PUIUKO-MEXHON0SULeCKUMU U
@yHKYUOHANHBIMU c8Oicmeamu. Eciu Ham 6 IKcnepumenmax npudemcst noib3068amscsi
NOEBbLMU MPAHZUCTIOPAMU, MO Mbl OCIAHOBUMCS NOOPOOHee HA UX C8OUCMBAX.

IonynposooHnuk - mul yoice 3naem, ymo 3mo Kiacc Mamepuaios, 3aHUMAaouux
APOMENCYMOUHOE NONONCEHUE MENHCOY NPOBOOHUKAMU U UZOTISMOPAMU 8 OMHOUEHUU
nposooumocmu. Pasnuuarom 06a muna noaynpo8oOHUKOBbIX MAMepuaios «n» u «p»
(namuncKue «du» U «n3y). B 00HOM U3 HUX HOCUMENAMU ABTAIOMCA INEKMPOHbLL(N-MUn), 6
opyzom «ovipkuy. T.e. ¢ mamepuarne, 61a200aps mexHoi02uu, 00Pazyiomcs c60600Hbvle, He
3aHsAMble INEKMPOHAMU YPOBHU, KOMOPble NOCIe008AMENbHO 3AHUMAIOMCS, UMUMUDYS
08UICEHIE NONONCUMENbHORO0 3apsaoda. [Ipu coeduneHuu norynpo8oOHUKO8 PA3IUYHOLL
NPOBOOUMOCTU, 8 MecHe KOHMAKmMa oopaszyemcs nepexoo - 21eKmpOoHbl NOAYNPOBOOHUKA «N»-
MUuna nepemewjaromcst 8 NOJIYNPOBOOHUK «PH»-MUNA, 3AHUMASI C6OOOOHbBLE YPOBHU, HA 2PAHUYE
pazoena Mamepuanog 00pazyemcsi 3apdiceHHas 30Ha (00 nepemeweHuss IAeKmMpoHO8 8 001ACb
«pr»-muna, ma 6vlia dINEKMPUYECKU HeUMPAlbHa), m.e. NOAGIAeMCs dIeKmpudecKoe noie.
3apsocennan 3ona Haszvieaemcs «p-ny-nepexooom. llossusweecs none npensamcemeyem
nepemewjenuio 31eKkmporos. besz enewneco nois ycmanasIueaemcs pasHo8ecHoe cocmositue. B
NPUCYMCMBUU BHEULHE20 NOJISL (M.e. NPU NOOKIIOUEHUU BHEUHEe20 UCIOYHUKA NUMAHUS), 8
3a8UCUMOCIU OM NOJAPHOCMU NPUTOIHCEHHO20 HANPANCEHUS, NOJIe HA cPpAHUye pazoend Moxcem,
KaK y8enudumscsl, U euje CuibHee 80CHPEensmcme8ams NPOXoHCOeHUIo J1eKMpoHos, Max U
VYMEHbUUMbCSL, U NO360IUMb INEKMPOHAM Je2ue NPoxXooums uepes nepexod. Kaxk euoum, maxas
NOIYNPOBOOHUKOBAS CMPYKIMYPA UMEEN PA3Hble, 8 OMHOULEHUU NPOBOOUMOCMU, CEOUCMEA,
3asucauue om NOJAPHOCMU NPULOHCEHHO20 HANPANCEHUS - NPU OOHOU NOJAPHOCMU
APOBOOUMOCTb JIyUuULe, NPU OPY2Oll 3HAYUMENbHO XYdice. Ycmpoticmea ¢ no00OHbIMU
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ceoticmeamu Hazvlearom eenmuaamu (Ouooamu). T.e. 08YXClOUHbIU NOTYRPOBOOHUK 0OpaA3yem
BEHMUNILHYIO CIPYKIMYDY, NO360NAIOWYIO 8bINPAMIAMY NepeMeHHblll moK. Tpexcroiinas
CMpYKmypa, umerowas 06a nepexooa u cliou, K npumepy, «n-p-n»-mund, oopazyem
mpansucmop. 1100 Oeticmeuem npunoAHCeHHbIX HANPAICEHULL NOJISL YIPABIIAIOM nepemeujeHuem
3aps008, €030a6ds ONUCAHHYIO BbIUUE 3ABUCUMOCTb KOJUIEKMOPHO20 MOKA OM MOKA 0a3bi.

Konoencamop - anemenm, umerowuti 06e npogoosuue 0OKIa0Ku, U30AUPOBAHHbIE Opy2 Om
opyea. Ecnau na npoeoosauwux 00K1aokax ckaniuéaomces 3apsaovl NPOMUEONO0I0ACHbIX 3HAKOB, MO
BHYMPU KOHOEHCAmMopa Noayuaemcs sekmpudeckoe noje. Taxou KoHoencamop 6yoem
sapsicenHviM. Eciu meneps coeOunHums 00K1A0KU KOHOeHCamopa npo8oOHUKOM, MO
KOHOeHcamop 6yoem paspaxcamscs (m.e. 3apsovl nepetioym ¢ 00KIA0KU Ha 0OKIAOKY MAakK, 4mo
06e 00KIAOKU cmanym 21eKmpuyecku Heumpaivisl). ModicHo codpams npocmyro cxemy -
Pe3UCMOp, COCOUHEHHDIL NOCAEO08AMENLHO ¢ KOHOEHCAMOPOM, U 801bMMEMp, NOOKTIOYEHHbL
napanneibHo KoHoencamopy. Tenepb, NOOKIIOUUE K C60O0OHBIM KOHYAM Pe3UCmopa u
KOHOeHCcamopa UCMoYHUK moka (610K numanus, 6amapetiKy), MO*CHO Haba0amo, KaK pacmem
HanpsjiceHue Ha KOHOeHcamope, NPUOIUNCAAC, NO BeUYUHE K HANPAANCEHUIO NUMAHUSL
(koHOeHcamop 3apsdicaemcs). Bpems smoeo npoyecca 6yoem 3asucems om genuyunbsl
CONPOMUBTIEHUSL PE3UCTNOPA U BETUYUHBL eMKOCU KOHOCHCAMOopd - 4eM OHU Doablue, mem
oonvue uoem npoyecc. B omcymemeuu pesucmopa, conpomugnaiowie2ocs npomexKaHuro moxda,
npoyecc nowien Ovl «KMeHO8enHOY. Ecnu, 3apsaous kondencamop, cuams KOHYbl, NOOKIIOYEHHbLE K
UCTNOYHUKY NUMAHUS, U COCOUHUMb MedHCOY COOOLL, MO MONCHO HAOII0O0AMb AHANOSUYHBIU, HO
0OpamHulil, ObICMPLLIL NPOYeCcc paspsada KOHOeHCamopa (npu 3Ha4UmMenbHoU emMKoCmu
KOHOeHcamopa u 00CMamoyHo OONbUOM HANPAACEHUU MeHCOY NPOBOOAMU BOZHUKAEM UCKPA).

Onucannvlil onvim 00UH U3 CAMbIX NPOCMENUUX ONbIMOE ¢ daeKkmpuyeckumu yenamu. OH
€08a Il NPUSTISIHEMCsL 0adce CaMoMy HauuHaowemy mooumento. Ho nanomnro, eciu vl xomume
NOLYYUMB YO0BIeMBOPeHUe OM 3AHAMUSL INEKMPOHUKOU, A He NPOhecCUOHANbHbLE HABIKU,
Hayuumecsb NOIYy4ams y0osiemeopeHue om aoouix onvimos. Tem, Kmo coMHe8aemcs, cKaxcy -
nonpobyiime npoodeiams npocmeuuuti Onvlm no 3apsaody KoHoeHcamopa uepes pe3ucmop. A
HOUMU He COMHEBAICh, YUMo 603HUKHem eonpoc. «Ilouemy Hanpsicenue Ha KOHOeHCamope
MeHbue HanpsiceHust numanus? ». Ilpoodenatime smu onvimol ¢ pasHbIMU MUNAMU
gonbmmempos. B umoze, ckopee 6cezo, nonyyamcs pasHvle HanpaXCeHUus Ha KOHOEHCamope
(umobbl umemsb pazHvle MUnbvl 60JLIMMEMPOE, HYHCHO UMEMb 00CMAMouHble CPeOCm8a Ha UX
npuobpemensl, NOYeMy si U 2080PUIL, YMOo INeKMPOHUKA 8 Kauecmeae X000u - 00CmamoyHo
oopozocmosiyee yeneyerue). Mzmenum cxemy onvima, y0aiue KoHoencamop. Pasznvie munoi
B0LMMEMPOS NOKANCYM PA3HbLE 3HAYEeHUs HanpsaxceHus. Eciu cocmasums mabauyvl 3HaveHull
HanpajceHull 8 nep8oM Onvime U 60 8MOPOM, MO, CPAGHUBASL UX, MONHCHO 3AMEMUMb, YMO
BHAYEHUsI HANPANCEHULL COBNAOArom OJisi 8OJILIMMEMPOE8 00H020 mund. Benuuuna smoeo
HANpAJCeHUs 3a8UCUM OM 8ETUHUHbL PE3UCMOPA 3aPA0a U 8eIUYUHBL BXOOHO20 CONPOMUBTIEHUS
gonbmmempa. Hanpsiscenue na konoencamope pacmem 00 HANPAXCeHUs: Oerumeins (Pe3ucmop
3aps0a ¢ nocied08amenbHO GKIIUEHHbIM BXOOHbIM CONPOMUBTIEHUEM 8OJIbIMMeEmpa), a 3amem
MoK 3aps0a nepecmaem meusb yepe3 KOHOEHCAmop, a meyen molbKo Yepe3 6X00H0e
conpomuenenue oabmmempad.

30ech s x0uy ommemums, Mo MONCHO euje paz UsMeHUmMsb ONbim, 8blOPA8 BOJLIMMEMP C
ouenb 6ONLUUM 6XOOHBIM cOnpomuegieHuem. Tenepsb cied08ano 0Hcudamsy, Ymo HanpaxiceHue,
00 KOmMopo2o bydem 3apsidiceH KOHOeHcamop, Oyoem NoJIHOCMbIO PABHO HANPANCEHUIO NUMAHUS.
Ilonpobytime npoodenamov smom onvim, umoowl yoeoumscs 8 oopamuom. 4Ymo npoucxooum?
IIpooenaiime onvimul ¢ pasHvlMu Munamu Konoencamopos. Jloboii konoencamop, a 014
NOO00OHBIX ONBIMOEG YOOOHEe UCNONb308AMb INEKMPOIUMUYECKUE KOHOEHCAMOpPYl, UMeen
HEeKOmopoe conpomugieHue ymeuxku. Imo-mo conpomueieHue u oopazyem ewje 0OuH 0eiumerns,
npekpawarowull npoyecc 3apsaoa Konoencamopa. Eciu menepsb oyenums cmoumocms maxkux
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npocmulx SJieKmpuiyecKux onvlnmoe, nmo, nojiazaio, 60npoc 0 mom, nodemy He cmoum
npeHe6peofcumerbH0 OMHOCUMBbCA K TI0ObIM onvlmam, nepecmaHem ObImb 60NpPOCOM.
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MecTo Ansa 3amMeToK Npu NepBOM YTEHUM.

[lpyMep BaMeTKM NPM NEPBOM YTEHUM:
Oumbkxa B cxeMe puc.5 — Mmmkpocxema JI[I2 He mMeeT MHBepTOpa Ha
BHXOZE, KaK ®TO NPaBMIBHO M306paxeHO Ha puc.6.
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MecTo Ans 3amMeTOK NPU BTOPOM YTEHUMW.
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BcTynneHue Ko BTOPOMY NPOEKTY

B npenpinyniemM npoekTe B Kaue€CTBE YIPABISIOLIEr0 YCTPOUCTBA MbI MTOJIb30BAIUCH
TeHepaTOPOM HMITYJIHCOB U T€HEPATOPOM TCeBIOCTyUaiHbIX uncen. Oba ycTpolicTBa
BBINOJHEHBI HA MUKPOCXEMAX MAJIOW U CPEJTHEN CTeneHn uHTerpauu. [locMoTpuMm, Kak
BBITUIsIZIETIAa OBl CXEMa YIPABJISIFOIIETO YCTPOHCTBA, BOCIIOIB3YHCS MBI MUKPOCXEMOW OOJIBIIOM
CTENEHU MHTErPALMH - MUKPOIIPOLIECCOPOM.

Boo01ie, MUKpOCXeMBI JT000# CTEeNEHU HHTETPALUY MBI OyIeM paccMaTpUBaTh KaK HEKHE
CTpOUTENbHbIE 010KM (KyOHMKH), BIaBasCh B JE€TAIbHOE PACCMOTPEHHE UX YCTPONCTBA U
KOJIMUYECTBA 3JIEMEHTOB B HUX TOJBKO TOTJIa, KOTJa B 3TOM BO3HHUKHET HEOOXOIUMOCTb.

[Ipu peanbHO pa3paboTKe, B TOXOKEM yCTPOMCTBE: pEKIaMHBIN MIUT, opopmiieHne
BBIBECKH, BUTPHUHBI, - CJIETyET IPUMEHATh OJJHOKPUCTATIBHBII MUKPOKOHTPOJIIEP, HAITPUMED,
cepun 1816, HO U3yunTHh pabOTy MOAOOHOTO YCTPONCTBA JIETUe, €CIIN UCTIOIb30BaTh
MHKPOIIPOIIECCOP.

Ilpumeuanue:

Ha moii 832140, pasymno 6 smom ciyuae 6u110 661 0CMAaAHO8UMb 8bIO0P HA
mukrponpoyeccope Z-80, HOCKOIbKY NPOULIO He MAK Yo MHO20 8PEMEHU ¢ MOl Nopbl, K020d
CAMbBIM PACNPOCPAHEHHBIM OOMAWHUM Komnbiomepom 0bin ZX-Cnekmpym (« Cunkiepy),
pabomaiowuti Ha npoyeccope Z-80. Ilpoepammmnoe obecneuenue 0 He2o XOPOULO pa3eumo
U, 8 HACMHOCMU, CYWECMB08ANU NPOCPAMMYL 00VUEHUs NPOSPAMMUPOBAHUIO HA A3bIKE
accembnepa Z-80. dmu npocpammuvl MOICHO UCHOIL306ANMD OJisL OMIAOKU CEOUX NPOSPAMM.
Kpome mozo, OvLiu npoepammel 00CayHCUBAHUS NPOCPAMMAMOPOS, KCMAMU, 1eCKUX 6
UCNOTHEeHUU, NPEOHA3HAYEHHBIX OJ1 NPOCPAMMUPOBaHUs Mukpocxem I13Y ¢
yavmpaguonemosvim cmupanuem. M nocrneonee 3ameuanue, camu MUKPORPOYeCccopbl
MOJICHO BLIHYMb U3 CIAPLIX MOOeell melepOHHbIX Annapamos ¢ onpeoeieHuem Homepa
360HAWe20 abonenma. Bcé emecme denaem muxkponpoyeccop Z-80 naubonee y0ooHwvim 05
O3HAKOMAEHUS. C MUKPONPOYECCOPHOU MEXHUKOU.

MNMpoekT BTOpON «EnoyHasa rupnasga»

Llesqb nmpoekTa - 03HAKOMUTHCS ¢ pabOTON MUKPOIPOIIECCOpa, KOTOPBIH MOKET HAWTH
MPUMEHEHHE AJIs pellIeHNs pa3HOTO poJia 3a7ay B MIEKTPOHUKE. Pa300beM MPOEKT Ha HECKOJIBKO
JTaIoB.

IlepseIii 3Tan. Co3nannue CXeMbl «MUTAJIKK» Ul €KUM Ha OCHOBE MUKPOKOHTPOJLIEPA
8051 (oreuectBennslit ananor - KM1816BEST).

Heob6xoaumeie cpencrna:

1. MunnMaibHBIC CpeICTBA - OyMara, KapaH/alll, Tanka ¢ Haanucbio « BTopoit mpoekt
«Enounas rupnsHia», JOKyMEHTalusl Ha MUKPOKOHTPOJLIED.

2. MakcuMasbHbl€ - KOMIIBIOTEP C IPOTPaMMOi, TO3BOJISAIONIEH JIETKO pUCOBATh
anekTpuyeckue cxeMol (Hanpumep, AutoCAD) u ntokymeHTanyeir Ha MUKPOKOHTPOJLIED.

Bropoii 3Ttan. Hanmmcanue nmporpamm, BHITTOJIHSONINX 33 lyMaHHbIE (QyHKITUH
YCTPOICTBA.

Heo6xonumele cpencTa:

1.MunuManbHbIe CpelcTBa - Oymara, KapaHjaall, narnka ¢ HaAnuchio « Bropoii mpoexT
«Enounas TupiasHaar.
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2. MakcuMasbHbIe - KOMIIBIOTEDP C PEIAKTOPOM M TPAHCIATOPOM acceMmoOepa
MUKpOKOHTpoJsuiepa 8051.

Tpetnii 3tan. PaccMoTpenue cpeacTB, HEOOXOAUMBIX I pealn3alliy IPOeKTa B BUIE
TOTOBOTO YCTPOMCTBA.

[Ipuctynum kK nepBomMy 3Tamy padboThI.

CoOcTBeHHO, cieyst MOJIEIH, Mbl COEIMHUM MHKpPOKOHTposuep 8051 (umeromuit
BCTPOEHHBIE MTOPTHI BBOJA-BBIBOA) C KOMMYTAaTOPOM U UMUTAaTOPOM TUpPIsHAbL. Eciu 106aBUThH
HEOOXOAMMBIN 17151 paOOTHI MUKPOKOHTpOJIIEpa KBapil Ha 12 MI'1, nens HadaabHON yCTaHOBKHU
MIPU BKJIIOUYEHUHU TTUTAHUS, TO 3TUM U UCYepIIbIBaeTcs Besi paboTta Haa cxemoi. Koneuno, Tpu
TUPJSHABI - 3TO, COOTBETCTBEHHO, TPU KOMMYTATOPA U TPU UMUTATOPA TUPJISHIBL.
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=l A/ vP P00 22
+€ POl 38
12 1% PO 237
— L P03 S6
[ ]zQ P04 32
— 18 x> PO S LS4
ﬁﬁ c2 PG 33
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C}{ so 1
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/P16 TXD L Rr3
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Puc. 9. IIpocrasi Mojesib Ha 0a3e MHKPOKOHTPOJLIEpA.

Bot tak, npumepHo, OyAeT BRIVIAAET MOJEIUpYolIas cxema. Tenepb MOKHO IPeHTH KO
BTOPOMY JTarly.

Bropoii 3Tan npoexTa OyAeT MOCBSIIEH IPOrPaMMHOIN KOMIIOHEHTE YCTPONCTBA.

[TepBast mporpamMma 10JbKHA 0OecTieunBaTh pabOTy YCTPOMCTBA, KaK MPOCTOM
«MUTAJIKN.

Ha si3p1ke accemOnepa MmukpokoHTposuiepa 8051 31o OyaeT BHITISACTD CIEAY UM
obOpazom:
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;OCHOBHAsI TIpOrpaMMa
elkal: cpl ObOh ; 9Ta KoMaH1a uHBepTUpyeT 0 OUT mopTa 3, YTO MOTaCUT TUPIISTHIY
call secunda ; BBI30B MOANPOrpaMMBbI, 00pa3yIOIIU MPUMEPHO CEKYHIHBII
; BPEMEHHOM MHTEpBAJl

cpl ObOh ; TOBTOpHAst MHBEepCHst OuTa () 3a30KeT TUPIISTHIY
call secunda ; BHOBb MOJOXKJIEM CEKYHITY
jmp elkal ; 1 BEpHEMCSI K Hauaiy

;OpraHu3yeM MOANPOrpaMMy 00pa3oBaHUsl CEKYHIHOTO MHTEpBaja

secunda: mov 15, #8  ; B perucTp 5 Mbl 3aIIKChIBACM JECITUIHOE YUCIIO §

tsikl1: mov 16, #255 ; B peructp 6, unuciuo 255

tsikl2: mov 17, #255 ; 3To ke YUCIIO U B peructp 7

tsikl3: djnz 17, tsikl3 ; Teneps, Moka B peructpe 7 4ucio 255, yMEHbIIAsICh Ha KaXI0M

; Iare Ha 1, He CTaHeT paBHO HYJIIO, MBI IEPeXoanuM K MeTke tsikl3
djnz r6, tsikl2 ; anamoruuno, 10 oOHyJIeHUS perucTpa 6 nepexon Kk Metke tsikl2
djnz 15, tsikll ; a 3mech k metke tsikll
ret ; TIOCJIE Yero CJIeIyeT BO3BPAT U3 MOIPOrPaMMBI

Mp1 3anucanu B peructpsl 5, 6, 7 uncno 255x255x8 = 520200, 3actaBuB ux
MOCJIeI0BATENLHO OOHYJISATHCS, YTO 3aMET Y MUKPOKOHTpOJIIEpa MPUMEPHO CEKYHY TpH
yactoTe kBapua 12 MI .

[Tocne koMnuIAIUK acceMOIepHON POTrPaMMbl MBI ITOJTYYUM IIECTHAALATEPUYHbIE
KOJIbL:
OCHOBHas MporpaMma
B2 BO
1200 0C
B2 B0
12 00 0C
80 F4
MOATpOrpamMma
7D 08
7E FF
7F FF
DF FE
DE FA
DD Fé6
22
dakTH4eCKHe KOJbl MOTYT HECKOJIBKO OTIMYATHCS MOCIE KOMIWIISALUYU OT TOrO, 4YTO
HaIMCcaHo, HO B TAKOM BUJIE, B KOTOPOM KO/JIbl ITPE/ICTABIICHBI, OHHU JIyYIll€ OTPAXKAIOT CBSI3b C
IIporpamMmMoi Ha accemouiepe.
Teneps, eciu Mbl 100aBUM B Hally CXEMY €llIe YeThIpe pe3UCTOpa, ABAa TPAH3UCTOpA U

CBETOJINO0/1a, TIOJKITIOYMB MX K BEIBoaM 11, 12, a mporpaMMmy U3MEHUM CJICTYIOIIUM 00pa3oM:
;OCHOBHasI porpaMma

elka2: cpl 0bOh
call light
cpl ObOh
cpl Oblh
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call light
cpl Oblh
cpl Ob2h
call light
cpl 0b2h
jmp elka2

; OPraHU3yeM IMONPOTrpaMmy
; 00pa30BaHUsl BPEMEHHOTI'0 UHTEpBaJIa

light: mov 15, #3

tsikl1: mov 16, #255
tsikl2: mov r7, #255
tsikl3: djnz r7, tsikl3

djnz r6, tsikl2
djnz 15, tsikll
ret

MBI TOJTYYUM 3 (HEeKT «OeryIero orash» ¢ TpeMs THpIIsHIaMU.

W3mensst mporpamMmy, Mbl MOKEM ITOJIyYUTh aHAJIOT CXEMBI PUC. 6 U3 IIEPBOTO MPOCKTA, B
KOTOPOI1 HHTEPBaJIbl «BKIIOYEHO - BBIKJIIOYEHO» MEHSUTUCH CIy4YalHbIM 00pa3oM. J{i1st 3Toro Ml
Morv Ob1 TMOO0 cO37aTh IPOTrPAMMHBIN T€HEPATOp MCEBAOCTYYaHbIX YHCE, JINOO HAMKCATh
MacCHB, 3aII0JJHEHHBIN CIIy4allHBIMU YHUCIaMH, U 3aHOCUTh B PETHCTPbI 3HAYEHUS U3 3TOTO
MaccCHBa.

TpeTwnii 3Tan nmpoekTa MHE XOTEJIOCH ObI HAYATh C HATOMUHAHKSI O TOM, YTO CaM
nporeccop (MM MUKPOKOHTPOJIIEP) MOXKET OBITh JIFOOBIM.

MkHe, nHanpumep, yao0Hee 0Ka3aaoch BOCIOIb30BaThCsI MUKPOKOHTposuiepoM 8051.

Wrak, uro cnenoBano Obl (WM KeNaTeabHO) UMETh JIIsl PU3NYECKOTO MPOBEICHUS
SKCIIEpUMEHTOB? B mepByro odepeb COOCTBEHHO MPOIECCOP, XOPOIIYIO JOKYMEHTAIUIO K
HEMY, BKJIIOUAOIIYIO OMKUCAHKE SI3bIKA TPOTpaMMHUPOBAHUS TIPoIIeccopa, Kak acceMOJIepHOro,
TaK ¥ MaIllMHHBIE KOJBI. 3aTeM, s mporeccopa Z-80 HeoOX0IuMo, a 1T MUKPOKOHTPOJIIEpa
8051 >xenarensHO, UMETh MUKpocxemy [13V mubo c ynapTpaduoneToBsiM cTupanueM (TUIa
K573P®1 wunu 6onbieit eMKOCTH), JIMOO IIEKTPUUECKU TEPETIPOrPAMMHUPYEMYIO C
COOTBETCTBYIOIIUM ITPOrPAMMATOPOM ISl IOJKIFOUEHUS K KOMITBIOTEPY, @ HAa KOMITBIOTEpE
nporpamMmy oOCITyKHBaHUS TTporpammaTopa (st MEKpokoHTposuiepa 8051 cooTBETCTBYIOMTUI
porpaMMaTop U mporpamma mporpaMmMupoBaHusi MUKpokoHTposuiepa 8051). XKenarensHo
UMETh Ha KOMITBIOTEPE MPOTpaMMy MOAETUPOBaHUsS pabOThI IpoIieccopa, 00bETUHEHHYIO C
accemOIiepoM It 3TOro Tporieccopa. [Ipu otnanke (B GU3MIECKUX IKCIIEPUMEHTaX C
MPOLIECCOPOM) MTOJIE3HBIM MOXKET OKa3aThCsl JIorndeckuil ananuzarop. [lone3nsiM Takke OyaeT u
HAJIMYUE Yy Ballero ocuuuiorpada JIOormieckoro KommyTaropa Ha 8 kaHajioB. Bee octanpHoe,
YTO BaM MOHAIOOUTCS, TIOXKATYH, OJOUIET U3 TIEPBOTO MPOCKTA.

Heob6xodumbie onpedesieHuUst U NOSICHEHUSs

ons mex, Kmo He cmajlKuedjcs C MUKpOleOb;QCCOpHOIZ MEeXHUKOU U npozpamvmuposarnuem, u
xomeJl Obl HEMHO20 C Hell NO3HAKOMUMbCAL.
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Ilepsas epynna.

Muxkponpoueccop - TporpaMMHO-yIIpaBisieMoe ycTpoiictBo, B Buae BIC (Mukpocxemsl
OOJBIION CTETIEHH UHTETPALuH), IpeJHa3HaYeHHOE ISt 00paboTKK nHpOpMaIny,
IIPEJCTABICHHON B IBOUYHOM BUze. . Mukponpoueccop - orpoMHOE KOJIMYECTBO
3JIEKTPOHHBIX KOMIIOHEHTOB, B OCHOBHOM TPaH3UCTOPOB, YIIAKOBAHHBIX B OJJHOH MUKpPOCXEME
(nn pake Ha OJJHOM KPUCTAJIIE), U MOTYILHUX 110/ BO3/IEHCTBUEM IIPOIPaMMBbI OCYILIECTBIISTh
HEBOOOPa3UMOE KOJIMYECTBO MPOLIECCOB, XOTSI COCTABIISIIOIIMX (MU 3JIEMEHTOB) STUX MPOLIECCOB
OyZeT He TaK MHOT'O - ITOpsAKa HECKOJIBKUX COTEH - U 3TU COCTABJIAIOLINE 00pa3yloT MalllMHHBIN
A3BIK MUKponporieccopa. . Mukponpoueccop - cepaue 1o00ro KOMIbIOTEPa, T.€.
YCTPOICTBO, KOTOPOE OCYLIECTBIISIET IOYTH BCE MPOLIECCHI, TPOUCXOAIINE B KOMIIBIOTEPE,
IIUILEM JIX MBI CTaThI0 B TEKCTOBOM IIpoLiecCOpe (PeJakTope), CYUUTAEM JIM 3apIljiaTy B
anekTpoHHOU Tabmune Excel pupmbr Microsoft, rynsiem nu o nedpsm Internet, urpaem jiu B
TI0OUMYIO UTPY, WIM YUTAEM YTO-TO U3 CEPHUH KOMIAKT-IUCKOB «bHOIMOTEKa B KapMaHey,
KoTopas cofepkuT 10 8000 KHur.

Mukpokonmponnep B OTINYNE OT MUKPOIIpOLIECcCopa MpeiHa3HaueH s CO3AaHus
OJIHOT'O YCTPOMCTBA, BBIIIOJIHSAIOIIET0, KaK IIPaBUIIO, OAHH Npolecc. Ero MoXHO paccMaTpuBaTh
Kak MUKpOoOBM, y1o0Hy0 /U1 BCTpauBaHUsI B Pa3InYHbIC YCTPOUCTBA - TeNE(POHBI,
aBTOMOOWJIN, CTUPAJIbHBIC MALIMHBI U AK€ KPBIIIKU KaCTPIOJb. Y J00HOE yCTPONUCTBO.

Mukpomnpolieccop, Kak MpaBuiIo, UMEET aIpeCHYIO IUHY, IIUHY JaHHBIX U
YIPaBJISIONIUE CUTHAJIBI, YACTh U3 KOTOPBIX (POPMHUPYETCS MPOLIECCOPOM ISl YIIPaBIICHUS
BHELIHUMH YCTPONCTBAMU, TAKUMH KaK OllepaTHUBHAs MaMsTh, a IO JPYTHM IIPOLIECCOP
IIPUHUMAET CUTHAJIbI, YIPABISIONUE €ro paboTOM, TaKKe, KaK CUTHAJIbI IPEPhIBAHUS.

AO0pecHnas wiuna HAYMHACTCS C BRIBOJIOB MUKPOCXEMBI. ITO MOXKET OBITh 8, 16, 24 wiun
00JIb11I€ BHIBOJIOB, COEIMHEHHBIX CO BCEMU aJJPECHBIMU BBIBOAAMH MUKPOCXEM, KOTOPbIE UMEIOT
azipecannio. MHOXECTBO OUT Ha afipecHOM IIMHE 00pa3yloT aApEeCHOe MPOCTPAHCTBO, B KOTOPOM
pacrosiaratotrcsi Bce OCTajJbHbIE BHELIHHE (110 OTHOLIEHHUIO K IPOLIECCOPY) YCTPOMCTBA, AJIs
TOT0, YTOOBI POIIECCOP MOT OOPATUTHCS K JIIOOOMY M3 BHEIIHUX YCTPOWCTB, HE Mellast
OCTJIbHBIM, ¥ OBLIT OBI IPY 3TOM YBEPEH B TOM, YTO OH 3HAET, C KeM nMeeT Jerno. T.e. anpecHas
LIMHA - BCE BO3MOXKHBIE ajipeca.

Hluna 0annpix 10X0Xa HA aIPECHYIO ILIMHY, HO HAa HEN NOSBIIAIOTCS JBOMYHBIE JTaHHBIE,
KOTOpBIE TOJIKO M TIOHUMAET MPOIECCOp, M ¢ KOTOPHIMH OH PabOTaET, OCYIIECTBIISAS BCE TO
BEJIMKOE MHOXKECTBO MTPOLIECCOB, KOTOPBIE OH OCYIIECTBIISET.

Muxkponpoueccopsl ¥ MUKPOKOHTPOJIIIEPHI, KaK U OCTaJIbHbIE IU(POBbIE yCTpoicTBa (00
aHasoroBbIX OBM MBI ceifiuac He TOBOPUM), OIEPUPYIOT C ABOUYHBIMU YHCIAMHU, T.€. YACIAMH,
3aMMCaHHBIMH € TIOMOIIBI0 Beero AByX mudp 0 u 1. Yncna B 1ecATUYHON CUCTEME CUMCIICHUS, K
KOTOPOH MBI IPUBBIKIIH, 3aIIUCBIBAIOTCS ¢ MOMOILBIO AecTd udp ot 0 10 9 (1 06 3TOM roBopu
BhllIe). [lepeBo uncen U3 0JJHOM CUCTEMBI CUMCIIEHUS B IPYTYIO HE CI0XKEH, OJJHAKO IpU
HE00XOIMMOCTH TaKOT0O MIEPEBOa, JTyUIlle BOCIOIB30BAThCS BO3MOXKHOCTSIMH HEKOTOPBIX
KaJIbKYJISITOPOB MPEACTABIATh YKCia B Pa3HBIX CUCTEMAaX CUMCIeHUs. J|BouUHbIe yncia
MOJIy4YarOTCsl O4YEHb JJIMHHBIMU U JUIs yA00CTBA X 3alIMCH UCIOJIb3YIOT BOCBMEPUYHOE U
niecTHaALaTepuuHoe npeacrasiaeHus. lllecTHaauarepuyHas cucTeMa CUUCIEHUS] UMEET
mectHaaAuaTh uugp. ns 0603HaueHNs IepBhIX IECATH UCIOIb3YIOT MPUBbIUHBIE IIU(PEI 0T 0 10
9, a ms 0003HAYCHHS OCTALHBIX UCTIONB3YIOT OYKBBI TaTHCKOTO andasura A, B, C, D, E, F.
Takum 006pa3om, dncia, KOTOpbIe BCTpeYaauch Boimie, B2 unu 7A, Bcero nuiib
HIeCTHAALATEPUYHOE MTPEICTABICHUE ABOUYHBIX YHCEI, KOTOPhIE MPOLIECCOp TOHUMAET KaK
KOMaHJly WM JaHHOE.

JIro06o0ii iporieccop B ero GU3NIECKOM UITOCTACH, BKITFOUYASCh TIPH 0/1a4e MMUTAOIIETO
HanpsKEHUs, IEPBBIM NOIy4aeT CUTHAJI Ha4yaJIbHOM yCTaHOBKH, IO KOTOPOM €ro CYETYUK
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KOMaH/[ (O/IMH U3 BHYTPEHHHUX PETHCTPOB) OOHYJISAETCS M Ha aJJpeCHOM IIMHE Tpoleccopa
yCTaHaBJIMBAeTCs (KakK MMpaBUIIO) HYJIEBOU ajpec, T.€. BCE aJipecHble OUTHI ycTaHaBiIMBatoTCs B 0.
DU3NYECKH - 3TO HU3KUH yPOBEHb WK HU3KO0e Hanpshkenue. J{ima mukpocxem TTJI,
HaNpsOKEHUE MUTaHUS KOTOPBIX 5 BOJBT, 3TO HanpspkeHue He 6ornee 0.5 BonbTa. [1o aTomy
ajipecy, ONATh-TaKH, Kak mpaBuiio, Haxoautces [13Y, B koTopom 3anucaHa nmporpamma
VMHUIMAIN3aluy paboThl IpoLeccopa, Ui HAYMHAETCs porpamMmma, ¢ KOTopoi mporueccop OyaeT
paborats. Emne Tounee, mo 3ToMy agipecy HaXOJUTCS TIEPBOE CIIOBO KOMaHbI (0aiT, T.¢. 8 OUT,
WM Ba 6aiita, eciii mpoIeccop ONEepUpyeT ¢ ABYX OAMTOBBIMH JaHHBIMU). B HameM npumepe
9TO OaiiT B2, KOTOpEIi mporieccop 00s13aTeIbHO TOHUMAET, KaK KOMaH/Iy, €ro MEePBYI0 KOMaH/Y.
B2 - 310 KOMaH1a HTHBEPTUPOBATH HYJIEBOM OUT nopTa 3, umeromuii aapec B0, kotopslil u
CJIEyET 32 KOMaHI0H.

Ilpumeuanue:

1lo npuyune b6onvuuerl «OMKPLIMOCMUY MUKPONPOYECCcopa 01 husuyecKux
9KCNepUMeHmos, s Obl CO8EMOB8A HA4aMb IKCHEPUMEHMbL He C MUKPOKOHMPOIIEPOM, d
¢ npoyeccopom. ¥ MUKpoKOHmMpOJLIepa npoyeccop CKpbim 3a NOpmami 6600a-6bl600d.
Ilpuyuna, no komopoii s 60CNONL306ANCA KOHMPOTIEPOM, 8 MOM, YMO MHE XOMEN0Ch
noKazams - MUKPONPOYECCOPHAsL MEeXHUKA N0380Jisiem c030a8ams Oojlee TaKOHUYHbLe,
bonee cubKue ycmpoicmea, 4em YCmpoucmea Ha MUKpOCXemax MAajotl u cpeoHetl
cmenenu unmezpayuu. Xoms OJisl CXem nep8o2o npoeKmad, NPUMEeHsIsi MUKPOKOHMPOJLLED
8051, mol He owywaem sviucpvilia 8 2abapumax, NPoYeccop NO380AAEn Peaiu308ams
8ce 9Mmu cxemvl Ha 0OOHOU MUKPOCXeMe, U YoHce Ha IMOM YPOSHe 8blUsPblld 8 2a0apumax
Modicem umems mecmo. B Oonee crodicHbIX cxemax 3mom 8bluspblih MOMCEm OKA3AMbCsL
peuwarowum.

Pezucmpui npoyeccopa - nporpaMMHO JOCTYIIHBIE 3JIEMEHTBI IPOLIECCOPA, B CYIIIHOCTH,
BHYTPECHHSS ONIEpaTUBHAs ITaMATh. HEKOTOpBIE U3 pErucTpoB UMEIOT CIIELUAIbHOEC HA3HAYCHUE,
KAK CYETYHMK KOMaHJ, U3 KOTOPOTO YUTAECTCS aApEC CAEAYIOIIEH KOMaHIbl, aKKyMYJIATOp, B
KOTOPBI MHOTHE TIPOLECCOPBI OTIPABIISIIOT PE3yIbTAT KAKIOW ONEpALliU, PETHCTP COCTOSHHUS
npolieccopa, B KOTOPOM OH YCTaHABIMBAECT OMTHI, ONKUCHIBAIOIINE CBOMCTBA IPOLIECCOB
(BO3HMKHOBEHHUE TIepeHOca MPH apuPMETHUECKUX ONepalysiX, HaJTMUUE HYJIEBOTO pe3yibTara u
T.1.). Colep’)KUMO€E 3THUX PErMCTPOB HE BBIBOJUTCS «HAIPSIMYIO» Ha IIMHBI IPOIIECCOPA, HO
MOYKET OBITh IPOYMTAHO MIPOrPaMMOM, IEPENUCAHO B ONIEPATUBHYO NaMsTh. [loToMy-T0
PETUCTPBI ¥ IPOTPAMMHO JOCTYIHBI, YTO alllapaTHO HE OYEHb JOCTYIIHBL. B MUKpOKOHTpOIIIEpe
K€ HE CIIMILKOM annapaTHO JOCTYIIHA U IIMHA IaHHBIX, U aJpeCcHas IIMHA.

Bmopas epynna.

bum - enununa nadopmaiuy, oHa MOXKET TpuHUMATh ABa 3HaueHus 0 u 1. Bocempb Out
00pa3yroT faiim.

Mawunnste K00l - TBOUYHBIC YHUCIIA, KOTOPHIE MPOIECCOP BOCTIPUHUMAET KaK
KOMaH/Ibl, MK KaK JaHHble. KakoMy TBOMYHOMY YMCITy COOTBETCTBYET Kakasi KOMaH/a, 3aBUCUT
OT KOHKPETHOTO Mpoueccopa. SBAsSeTcs 1 YUCI0 KOMaHAOW WU JaHHBIMH, 3aBUCUT OT
npenprymmx komana. CoOCTBEHHO MPOIECCOp HEe BUIUT M HE TIOHUMAET HUYETO KPOMe
MalTMHHBIX KOJIOB. BEINIe mpuBeneHHast mporpaMma Jijisi Ipoiieccopa BhITIISIUT, TPUMEPHO, TaK:

10110010 00000000 00010010 00000000 u T.x.
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Korna-To mporpaMMupoBaHue BEJIOCH TOJBKO B MAIIMHHBIX KOZJaX, Ha KOTOPBIX
MUCAINCh BECbMa CIOXHBIE TporpaMMbl. IMeHHO Tora, noiarato, IporpaMMHUCThI TPHUOOpETH
Ty ClIaBy, KOTOPOM HBIHEIIHNE UX MIPEICTABUTENN HE BCEI1a 3aCIyKEHHO MOJIB3YIOTCS.

YPOoBEHb IPOrpaMMHUPOBAHNS B MAIMHHBIX KOJAX, WM HA SA3bIKE€ HU3LIETO YPOBHS,
CaMblil CJI0XKHBIH, TO3TOMY MPOTPAMMHUCTBI, 1151 00JIerYeHHs] COOCTBEHHOM JKU3HU, TPH Ly MaJIH
A3bIK O0JIee BBICOKOTO YPOBHS - @accemdnep.

Kaxnomy cioBy accemOepa, KOTOpBIii sBIsieTcss aO0OpeBUaTypOil MIIM COKpallleHUEM
AHTJIOSI3bIYHOTO ONMCAHMS KOMAH/Ibl, MO>KHO COITOCTaBUTh MalIMHHBIN KoA. Hanmpumep:

mov 15, #8 - mepeMecTuTh WK NepeABUHYTh (move) uncio 8 (#8) B peructp 5 -

nMmeeT MammHHbIA aHanor: 01111101 00001000.

bnaronapst 3ToMy nporpamMmbl Ha si3bIKe acceMOiiepa TPAaHCIUPYIOTCS (KOMIMIUPYIOTCS)
B MaIlIMHHBIE KOJbI IPAKTUUYECKU Oe3 U30bITKa, 00pasys caMble KOMIAKTHbIE TPOrPaMMBI.

[IporpamMmMupoBaHu€e Ha S3bIKaX BBICOKOTO YPOBHSI 3HAUUTEIBHO O0JI€E MPOCTOE 3aHATHE,
HO LIEHOM 3TOM MPOCTOTHI CTAHOBSTCS POTPaMMBbI, TPEOYIOIME Bce OOIIbIIE MECTa Ul CBOETO
pasmenienus. [IporpammupoBats Ha C nnu [lackane, @oprpane win belicuke nerde, a, 3Ha4uT,
Y TIPOrpaMMBbI MOTYT OBITh CIIOKHEE, dPPeKTHEE, pasyMHee.

BepnemMcs emie pa3 k Hamel mporpaMmme.

[lepBas mporpamma J10JKHA BBITIOJNHATH CIEAYIOUIee - BKIIOYaTh TUPISHIY, KAATh
CEKYHIY, BEIKJIIOYATh TUPJIIHIY, )KIATh CEKYHY, BKIIIOYATh TUPJISIHIY U T.J.

3anuimiem 3To:

BxirouuTh TUPISIHITY .
Knate cekynuy.
BrixiiiounTh rUpISIHY.
Knatb cexyHny.
BepuyTthes k Hauany.

Teneps nocMOTpUM, KaK MbI MOTJIM OBl 3aIKUCaTh 3TY IpOrpaMMy (MUJIM YacTh €€) Ha
s3bIKe accemOepa 8051.

B cncke komana mukpokoHTposuiepa 8051 ecte ynoOHast komanaa cpl bit - uHBepcus
6ura mopra BBOJIA - BEIBOAA. AJipec OMTa CTOUT Mociie KoMaHabl. B Hamem ciydae - 3To
HyJIeBoii 6uT mopta 3, umeromuii agpec b0. T.e. komanaa BeIrsiauT Kak cpl b0. [Tocne
BKJIFOYEHHUS TUTaHUS U HA4aJIbHOH yCTAHOBKM OUTHI IOPTA NPUHUMAIOT 3Ha4eHue «1», uTo
COOTBETCTBYET HANPSHKEHUIO HA COOTBETCTBYIOIIMX BBIBOJAX MUKPOCXEMBbI HE MeHee 2.4
BoJibTa. [Ipy TakoM HampsHKEHUH KOMMYTHPYIOIIUI TPaH3UCTOP, MOAKIIOYCHHBINH K BEIBOY
gepe3 Pe3UCTOp, BKIFOYUTCS U BKIIOUUT UMUTATOP THPIIHABL. [lociie KoMaHabl «< MHBEPTHPOBATH
OUT» ero 3HaueHue cTaHeT PaBHBIM «0» (T.e. HANIPSDKEHUE Ha BBIBOJIE CTaHET paBHBIM (0.5 BOJIBT)
U TPaH3UCTOP 3aKPOETCsl, CBETONO/ roracHet. Mrak:

cpl bOh

Knatb cexyHuy.

cpl bOh

Knate cekynny
BepHyTbes Kk Hadany.

Ji1st IpOCTOTHI Nepexo/ia, KOTOPbIi MOTpedyeTcs MpU BBIOJIHEHUH KOMaHIbl
«BepHyThCs K Hayary», acceMOep UMeeT IPOCTO MEXaHU3M - MOXKHO ITOCTaBUTh METKY
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(HEeCKOJIbKO CUMBOJIOB, 3aKaHUYMBAIOIINXCS IBOCTOYNEM) U BBHITIOJIHUTH KOMaHIy IIepexoa K
METKe (jmp MeTKa):

metkal: cpl bOh ; 3gech OykBa h mocne yncna b0 yka3eiBaet, 4to uncio 16-
puuHOE
Knars cekyHmy.
cpl bOh
Knate cekynny
jmp metkal

Tenepb HaM OCTaIOCh YTO-TO MPUAYMaTh ¢ KOMaHI0M «OKnate cexynay». Takoi
KOMaH/Ibl HET B CIIUCKE KOMaH KoHTposuiepa. [logymaeM, 4To Mbl MOTJIH OBl IPEANIPUHSTH B
3TOM OTHOIIEHUH. MBI 3HAaEM, YTO BBIIIOJHEHNE KOMaH/ IporieccopoM Tpedyet Bpemenu. Eciu
3aCTaBUThH HpOHCCCOp BBIINIOJIHATH KaKHEC-TO KOMaH/bI, KOTOpI)IG BaﬁMYT y HETro CCKYHI[y, TO 3TO
W CTaHeT Hame komanaon «Xaate cexkynmay». [Ipocreiimel komanmoi Moriia Obl OBITH
KOMaH/Ia YMEHBIIUTH COIEP)KUMOE PETUCTPa Ha €IUHUILY, €CITH MIPEABAPUTENHHO MbI 3aMUIIEM
HY>KHOE YHCJIO B peructp. T.e. 3T0 MOrJIo Obl BBITJIAAETD TaK:

3anucarb B PETUCTP YHCIIO.
YMEHBIINUTH YUCIIO B PETUCTPE HA €IUHUILY.
Ecau uncio B peructpe He CTajlo paBHO HYJIIO, TO BEPHYTHCA K IPEAbIAYIIEH KOMaH/IE.

B xomangax kontpoiuiepa 8051 ecth yaoOHass KOMaHa JIsl OpraHU3alUK IIUKJIOB, C
UCToNb30BaHueM peructpoB djnz Rn, metka. 1o 3Tol KOMaHAe cCOAEePKUMOE PETUCTPa
YMEHBIIIAETCS HA €IUHUILY, IPOBEPSETCS, HE OOHYIISIICS M PETUCTP, U, €CITU HET, TPOUCXOTUT
nepexoJl K cTpoke ¢ MmeTkoil. Komanza ke 3anucu B peructp (s perucrpa 5) unucia BhIMISIUT
Tak - mov RS, #aucno. Takum oOpa3oM, Mbl UMEEM:

mov 15, #8
metka?2: djnz r5, metka2

Teneps ¢ komangoi «KaaTe cekyHy» MbI IOUTH pazoOpanuck. OCTaauch MEIOYH - B
PETUCTP MOXHO BIHMCATh MAKCUMAJIbHOE YHCIOo 255 (37ech JeCATUYHOE YUCIIO), a 3TOro Oyaer
MasoBato. YToObl 000WTH BO3HUKILYIO MPOOJIEMY, UCIOJIB3YEM HECKOJIBKO PETUCTPOB.

mov 15, #8
metka3: mov 16, #255
metka4: mov 17, #255
metka$: djnz r7, metka5

djnz r6, metka4
djnz r5, metka3

MB51 OSTHOCTBIO pa3oOpanuch ¢ koManou «Knate cexkynay». [IpaBaa, ecTo ere oHO -
KOMaH/1a MOSBJISETCS ABaXAbl. MOXKHO ABaXK/IbI EPEMHICATh BCe HATUCAHHOE BhIIIE, HO MOKHO
UCIIOJIB30BATh IIPUEM, YACTO IPUMEHSAEMBIN B IIpOrpaMMUpoBaHuu. Mcnonb3yem MexaHusm
noanporpamMm. Ogopmum komaHy «KmaTh ceKyHIy», Kak HOAIpOrpaMMy, 0003HAUNB €€
MeTkoi metka?2 (moamporpaMma JI0KHA 3aKOHYUTHCS KOMaHI0M BO3BpaTa M3 MOIIPOrPaAMMBI,
ret), a B mporpaMMe UCIOIb3yeM KOMaH1y BbI30Ba moanporpammsl - call metka. [Tocne
MEepeCACIOK IMporpamMmma 6y;[eT BBITJIAACTH TAK:
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metkal: cpl bOh
call metka2
cpl bOh
call metka2
jmp metkal

metka2: mov r5, #8

metka3: mov r6, #255

metka4: mov 17, #255

metka5: djnz r7, metka5
djnz r6, metka4
djnz r5, metka3
ret

3a UCKJIIOYEHUEM UMEH METOK MPOrpaMMbl OJIMHAKOBBI.
Ilpumeuanue:

s npoepammuposanus XapakmepHo mo, 4mo npocpammad, 8binOIHAOUAS
onpeoeneHHYI0 (YHKYUI, Modcem Oblmb HANUCAHA PA3TUYHBIM 00pazom. HHoeoa Ose
npoSpPamMMbl, OOUHAKOBbIE, 8 CYUWHOCIU, MO2YM 8bl2NA0emb COBEPULCHHO NO-PA3HOMY.
Onpedensaowum mModxcem cmamyv u CMulb, U JU4HblE 8KYCbl, U MPebo8anus K npocpamme,
u m.0. Moti éam cosem - nuwume max, Kak cuumaeme HYJ’CHbIM (ecmecmseeHHo, 6e3
owubok). Ecnu 6am 3axouemcs y Ko2o-mo noyuumucs, ¢ yeivblo blpabomams
onpeodeneHHbll Cmuilb, coenatme smo. Eciu nem, mo - nem.

Tpemuvsa epynna.

CxemaTuueckoe U300pakeHUe JEKTPOHHBIX M AIEKTPHUUECKUX JIEMEHTOB, KOHEUHO XK€,
pernamentupyercs 'OCTamu. U ecnu BBl XOTUTE HCIIOBEOBATH MPO(ECCHOHANBHBIN MOIXO/,
TO BaM npuaercs codmonars Bce TpedoBanus ECKJl. Oxnnako... OgHako, s yBepeH, uTo
JTr00OMBITCTBO HEITPEMEHHO 3aBEJIET BAaC B CXEMBbI 3apyOekKHBIX YCTPONCTB, I'/I€ Bbl CTOJIKHETECh
C MHBIM I'pauuecKUM U300paKEHUEM, YeM 3TO MPUHATO B Halel crpane. [loaTomy s m03BOIIO
ce0e HCII0NIb30BaTh B CXEMax pa3inyHble rpadudeckre n300paskeHHs OTHUX U TEX JKe
3JIEMEHTOB CXEMBbI. Tak pe3ucTop MOXKET ObITh U300paXkeH, KaKk IPUHATO Y HAC
IPSIMOYTOJIBHUKOM, MJIM KaK MPUHATO HE Y HAC B BUJIE JIOMAHOW JIMHUU. BONBIIMHCTBO
MHKPOCXEM H300paXkaeTcs NpsSIMOYTOJIbHUKAMU C BBIBOJIaMH, 0003HAUYCHHBIMH BHYTPU
psIMOYTOoJIbHUKOB. HO onepanrioHHble yCHIINTENN B HEKOTOPBIX CTpaHax, 1a U 'y Hac paHblIe,
1300paxaroTcsl TPEyTrOJIbHUKOM, Y KOTOPOTO MPSMOI BXOJ 0003HAUEH IUIIOCOM, & UHBEPCHBIN
MuHycoM. MHOr1a MHBEpPCHBIIN BXOJ1 M300paXaroT KPY>KKOM, KaK 3TO IPUHATO AJIS U300paxeHus
BXOJI0B, UMEIOLINX HU3KUI aKTUBHBIA ypOBEHb B 1IM(PpoBoi TexHuke. Ecnu yto-T0 B
n300pakeHNH CXEMbI B KAKOM-JINOO MPOEKTe OyJeT BbI3bIBaTh HEOIHO3HAYHOE IOHUMAHHUE, 5
[IOCTapalOCh OTPA3UTh NPABUIBHYIO TPAKTOBKY B IPUMEUYAHUSX.
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MecTo Ans 3aMeToK npu nepsoM YTeHUU.
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MecTo Ansa 3amMeToK NPV BTOPOM YTEHUMN.
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BcTynneHue K TpeTbeMy NMPOEKTy

B nepBom npoekTe Mbl pacCMOTPENIH MIPOCTHIE CXeMbI Ha IIU(PPOBBIX MUKpocxeMax. Bo BTopom
IIPOEKTE MBI UCIIOIB30BAIIN JOCTATOYHO CIOKHYIO U COBPEMEHHYIO MUKPOCXEMY -
MHUKPOKOHTpOJIIEp. MOXKeT Co3/1aThCsl BIIEYATICHUE, YTO BCE, YTO MHTEPECHO, 0053aTEIILHO
CJIOXHO, a BCE, YTO IIPOCTO, TO, IPOCTO, U HE UHTEPECHO. JIMYHO 5 € ITUM PEUIUTEIBHO HE
COIJIaCeH, U X0TeN Obl I0Ka3aTh, YTO MPOCTHIE HA MEPBBIN B3MVIA] 3a/1a4¥ MOTYT UMETh JJOBOJILHO
CJIOXHBIN M MHTEPECHBIN MyTh pemieHus. C 3TOM LeNbl0 Mbl BEPHEMCS K OTHOMY aCIIEKTy
IIEPBOrO IIPOEKTA.

MNMpoekT TpeTun «lMpoctana 3agavar

Ieab mpoeKTa - 03HaKOMHUTBHCS C Pa3HBIMU PELICHUSAMHU OJHOM ITPOCTOM 3a1a4u, UX
[IPEUMYILIECTBAMU U HEAOCTATKaMHU.

IepsoIiii 3Tan. [locTaHoBKa 3axauu.

Heo6xonumeie cpencTaa:

1. MunumanbHble cpeicTBa - OyMara, KapaHJalll, Iarnka ¢ Haanuchio « TpeTuil mpoekT».

2. MakcuMalbHbI€ - KOMIIBIOTEP C TEKCTOBBIM MPOLIECCOPOM M TPOTPAMMOM,
MO3BOJIAIOIIEH JIETKO PUCOBATH JIEKTpUYecKkue cxeMsbl (Hanpumep, AutoCAD).

Bropoii 3Tan. PaccMoTpeHne pa3HbIX pelIeHnd 3a1a4u.

HeoGxoaumeie cpencTaa:

1.MuHuManbHble CpeacTBa - Oymara, KapaHJalll, nanka ¢ Haanuceko « TpeTuil mpoexT».

2. MakcuMalibHbI€ - KOMIIBIOTEP C TEKCTOBBIM ITPOLIECCOPOM.

Tpetuii 3Tan. DKCIIEpUMEHTHI C Pa3JTUYHBIMU PEUICHUSIMU 3a/1a4H.

[TockonbKy peub MmoiIeT 00 YCTPOUCTBAX, MUTAIONINXCS OT CETEBOTO HampskeHus 220
BOJIBT, 51 PEKOMEHI0BAJ OBI IIPOBECTH IKCIIEPUMEHTHI Ha MOJICIISX, ITATAEMBIX OT
HU3KOBOJIbTHOTO UCTOYHHMKA MUTAHUA (5-15 BONBT), IPUMEHUB UHBIE, YEM B MIPEITI0KEHHBIX
CXeMax KOMIIOHEHTHI U MacIITaOMpPOBaB BCE K BEIOPAHHOMY HAMPSHKEHUIO TUTAHUS.

Jnist paboThI C HANIPSDKEHUSIMU, OTTACHBIMU JUTSL dKU3HH, CJIEYET XOPOILIO 3HATHL U
HEYKOCHUTEJIbHO CO0II01aTh NPABIJIA TEXHUKHU 0€30MaCHOCTH TIpH paboTe ¢
ANEKTPUUECKUMU ycTporicTBaMu. OUeHb JKeIaTeIHHO MPU ATOM €I1I€ U UMETh OMBIT MOA00HOM
paboTHI.

Wrak - mepBbIii 3TaI.

B nepBoM npoekre cxema ynpaBJIeHHs] KOMMyTalueld uMesa OTAEIbHbIM UCTOYHUK
MUTaHMsI, YTO, B 3HAYUTEIBLHOU Mepe, MPOJIUKTOBAHO COOOPAKEHUAMU y100CTBA ITPH HaJaJIKe,
MOCKOJIBKY paboTaTh C HU3KUM HampsbkeHHueM B 5-10 BOJIBT mpoiiie, YeM ¢ HanpsbkeHneM B 220
BOJIBT.

Ho, xpome 3Tux coobpaskeHuil, 0TKa3aBIIUCh OT OTIEIBHOTO UCTOYHHUKA MUTAHUS JJIS
YIPaBIISAIOLIEr0 yCTPOUCTBA, Mbl JOJKHBI PELIUTD 33/1a4y HanboJiee NprueMiIeMOoro BapuaHTa ero
MATAHUS OT BBIIPSMIICHHOTO IEPEMEHHOTO HanpsbkeHus 220 BosIbT. JTa 3a7a4a CTaHET
MPEAMETOM JIaIbHEHUIIETO UCCIET0BAHMS.

s Brmrouenus tupucropa KY202H HeoOxoauMo, 4TOOBI Uepes ero yIpaBIIsTIOLIHA
3JIeKTpoI TTpoTekan Tok nmopsaka 100 mummmamnep (vau 0.1 ammnepa). st moakimrodeHust
YOPAaBIISIONIETO AJIEKTPO/Ia K MOJIOKUTEIHLHOMY TOJTIOCY UCTOUYHUKA MMUTAHUS MBI UCIIONIB3YEM



Xo66u-3neKTPOHUKC 38

TPaH3UCTOP, a AJIs1 OTPAaHMYCHHS TOKA HYKHOM BETMYMHON 100aBuM pesuctop. [Turaromree
HaIpsDKEHUE Ha CXEMY YIIPaBJIEHUS MbI ITOJIyYUM, UCIIOJIb3Ysl CTAOMIIUTPOH, a JUIsl CIUIaKUBAHUS
OpOCKOB TOKa NapajjielIbHO €My BKIIIOYMM KOH/IEHCATOP.

Cxema OyZeT BBITTIAIETh TakK:

~220B

+U
VD2—-VD5

ﬂH

I'mpnauna
K BBIXOIY
CXEMBI praBHeHHH

Puc. 10. IlepBblii BApHAHT ynpaBJjeHUs] TAPHCTOPOM.

Ilpumeuanue:

Hcnonvsyemoe 6 cxeme uzobpaxcenue _| . o0603nauaem obuuii cxemmwiii npo6oo (uno20a
€20 HA3b18AIOM 3eMIS, YMO 80 MHOSUX CIYUASX CNPABEONIUBO), K KOMOPOMY NOOKIIOUAEMCsl
OOUH U3 NOIOCO8 UCTOYHUKA NUMAHUSL, U OMHOCUMENbHO KOMOPO20 UZMePSIIOMCsL
HAanpsjiceHus 8 cxeme.

Bropoii 3Tam.
Ha nepBriii B394 MOKET MOKA3aThCsA, YTO NPEABIIY MK 3TaIl 1a]l HE TOJIbKO
MOCTAHOBKY 3aJa4M, HO U €€ pelIeHue. ITO TaK, Aa HE COBCEM.

[Tocuntaem («HaBCKHUIIKY») KOHKPETHBIC 3HAUCHHSI, BEIOPAB HANPsSHKCHUE TTUTAHUS
ycTporicTBa yrpasieHus 12 BonsT. CregoBaTenbHO, HanpsbkeHUe Ha ctabunutpone VD1 paBHO
12B. ITockonbky Tpanzuctop VT1 nurtaercs OT TOro k€ UICTOYHHUKA MUTAHUS, YTO U CXeMa
yOpaBleHus, CTAOMIUTPOH JODKEH 00ecredrBaTh CTA0OMIM3AINIO HAMPSKEHHS TIPU U3MEHEHU T
TOKa 4epe3 TPAH3UCTOP OT HECKOJIbKUX MUKpOAMIIep, KOT/1a TPaH3UCTOP BhIKIIOUEH, 10 100
MUJITHAMITEp TIPH €ro BKIIOUEHHUH. T.e. TOK uepe3 CTaOMIUTPOH AOJDKeH ObITh mopsaka 110-120
MUJITHAMIIEP, @ MOIITHOCTh, paccenBaemas Ha HeM okouio 1.5 Barr (12B X 0.12A). s
cTabunuTpoHa notpedyercs TernooTBo (paauarop). Tok yepes pesuctop R3 pasen 0.1A, a
HanpsDKEHUE TIPU BKITIOUYEHUH TPAH3UCTOPA MPUMEPHO HA 2 BOJIbTA HUXKE MMUTAIOIIET0, T.€. BOJIBT
10. Torma BenmmumHa pesucropa cranet papHoit 100 Om (10B/0.1A) u MomHOCTh, paccenBaeMast
Ha HeM, 1 BT (10B X 0.1A). Pe3uctop xe R2 6ynet umets BenuuuHy 2.1 kOM (HanmpspkeHUE Ha
HeM okoJio 210 BonbT, a Tok uepes3 Hero 0.1A) u paccenBaeMyto Ha HeM MOIITHOCTh 21 Batr.

Kak BUIHO U3 MOACYETOB, LIEHOIO MUTAHUS BCEIl CXeMbI OT OJJHOTO UCTOYHHKA CTAHET
MOSIBJIEHUE JOBOJIBHO MOIIIHOTO CTAOMJIUTPOHA C PaHaTOPOM U PE3UCTOPA HA OOJIBILIYIO
paccernBaeMyr0 MOIIIHOCTb, KOTOPBIH UMEET JOCTaTOYHO Oosbine rabaputhbl. O0mue rabapuThl
BCeX 00aBIEHHBIX 3JIEMEHTOB CPABHUMBI C TabapUTaMu CXEMbI i rabapuTamMu OTAECIBHOTO
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UCTOYHHUKA UTaHus. B1o0aBoK, Bce ycTpoHCTBO OyAeT (M3-3a pacceuBaHMs TEIUIa Ha Pe3UCTOpe
R2) rperbcs.

Kakwue myTu MOXHO ObLTO OBl HAMETUTD JUTS U3MEHEHHS CUTYAIMH K JTydInemMy?

B niepByto ouepenp X0Tenock Obl OTASTUTS NUTaHue Tpansucropa VTl oT nuranus
CXEMBI yIIpaBJicHHs. B 3TOM ciydae TOK 4epe3 CTaOMIMTPOH MOKHO OBUTIO OBl YMEHBIIUTH 10
BeNTMYUHBI B 5-10 MA, uT0 M3MeHns10 Okl BenmmuuHy pe3uctopa R2 (mo 3nauenus 21-42 kOm) u
CHHM3HIIO OBl pacCEMBACMYI0 Ha HEM MOIIHOCTB 10 BennuuHbl 1-2 BT (pexne Obuto 21 BT).
JloToTHUTENHHO MBI N30aBUIUCH ObI OT HEOOXOAUMOCTH CTaBUTh CTAOUIUTPOH (TENEph yKe
MaJIOMOIIHBII ) Ha paguaTop.

Cxema BKITIOUCHUS 1ICTIN YTIPABIICHHUS] THPUCTOPOM OYET BBITJISAICTh TaK:

~220B

VD1-VD4

R3

Tmpnaana

K BBRIXOIOY
CXEMEBI yIIpaBJIECHUA

R1

Oﬁ—g

Puc. 11. Bropoii BapuaHT ynpaBjieHUsI THPHCTOPOM.

VD5

HCHB IMUTaHUs OCTAJbHOM CXEMBI HE 1/1306pa>1<eHa, IMOCKOJIBKY OHa BBITTIAAUT TOYHO TaK
Ke, Kak 1 Ha puc. 10. B nanpHeimem He cTaHeM ee H300paxaTh.

MBI HECKOJIBKO YMEHBIIMIIN rabapuThl yCTPOUCTBA 3a CYET YMEHBIICHUSI MOITHOCTH,
paccenBaemoii Ha ctabunutpone. OgHako mpobiaeMsl «pesuctopa R2» (o cxeme puc. 10) M1 He
peuIiIn, B IaHHON cXeMe peub uaeT o pesuctope R4. Ero MomHoOCTs 1 TabapuThl OCTAIOTCS
npexHuMu. Kpome Toro, nosiBuiacse eme ofHa npodiaema — «npodiaema tpanzuctopa VI2y». s
MOCTPOCHUS HOBOM CXEMBI MBI JIOJIKHBI BBIOPATh TPAH3UCTOP C JOMYCTUMBIM HANpPSHKEHUEM
KOJUIEKTOp - aMUTTep nopsiika 320 B. MimeHHO Takoe HanpsiKeHHUE MOSIBUTCS Ha TPaH3UCTOPE,
Korja oH OyJieT 3aKkpbIT. TpaH3UCTOPOB C TAKUM JIOITYCTUMBIM HAIPSXKEHUEM KOJUIEKTOP -
SMUTTEP HE TaK MHOTO.

Hebonvuioe nosacrnenue:

Ecnu 6a3o06vlii mox mpanzucmopa ouenb Mai, mo e2o KOJLIeKmOpHbull MoK,
npeocmasiauull npousgeoerue 6a3068020 MOKA HA HEKOMOPOE YUCTO, MOAHCe MAJL.
Hanpsoicenue mesncoy smummepom u KOJLIEKMOPOM MPAnH3UCmMopa, NPAKmuiecku, pagHo
HANPAACEHUIO NUMAHUS (Mbl NPUHUMAEM, YO MPAHIUCTOP CBOUM KOJLIEKMOPOM
NOOKNIOYeH K UCTNOYHUKY NUmManus yepes pesucmop). Ilone, cozoasaemoe ucmoyHuKom
NUMAaHUs 8 Mamepuaie mpaH3ucmopa, 8030eticmayem Ha Hocumenu 3apaod, CMmpemsCh
yckopumb ux ogudxcenue. Koeoa mpausucmop 3axpoim, Hocumerneu 3apaoa mMano, mox,
Kax mbvl onpeodenunu gviuie, Heboavuwiou. Ho ¢ pocmom nanpsiscenust pacmem
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8030eticmaue nojisi Ha HOCUMenu 3apsoa, me, pa3eoHasACy, HAYUHAOM NPUOOpemams 6ce
bonbuwyto u 6orvuryto snepeuro. Hacmynaem momenm, npu HeKomopom HAnPANCeHUU
NUMAHUA, K020a dHepeuy Hocumenel 3apsaoa Xeamaem Ha 8bl0UBAHUE HOBbIX HOCUmeel
3apsoa uz mamepuana mpansucmopa. Ilocieonue, 6 c6oro ouepedv, pa32oHAIMCA,
CMAHO0BACL 00CMAMOYHO SHEePeUYHbIMU 0151 NoOOepacanus npoyecca. Tox uepes
mpansucmop ovicmpo pacmem. M3 «3akpulmo2o» oH HauuHaem npespauiamscs 8
«OMKPBIMBLLY, XOMS Mbl 9020 U He 3aKasvieanu. Hanpsowcenue 3axkpolimoco
MPAH3UCMopa, npu KOMOPOM euje He B03HUKAEm CaMONPOU3B0IbHO20 pOCMA MOKA,
HA3b18AI0M 0ONYCIMUMbIM HANPAXCEHUEeM dIMUMmep-KOJLIeKmop, a npoyecc
CAMONPOU3B0ILHO20 POCMA MOKA HA3bIBAIOM «1asuH000pasubimy. Takotl e npoyecc
nPoOUCX00Uum 6 CMAabUIUMPOHAX, YMO NO3BOIAEN NPUMEHAMb UX 0151 CAOUTU3AYUU
HanpAJCEeHUs.

[TormpoOyeM U3MEHUTDH CXeMY ISl PELICHUs 3TOM MPOOIEMBI CIIEAYIOIUM 00pa3oM:

~220B

VD1-VD4

l'upnsauna

K BRIXOLY

CXEeMEI yIIpaBIIeHUud

VD5

Puc. 12. TpeTuii BapuaHT ynpap/jeHUs] THAPHCTOPOM.

bnarogaps nenurento Hanpsikenust R2, R3 Hanpspbkenue Ha Tpansucrope VT1
YMEHBIIUTCS BIBOE, YTO COCTABUT BeIMUMHYy 160 BONBT, M 1acT HaM OOJIbIIIE BO3MOKHOCTEH B
BbIOOpE TpaH3HUCTOpA.

Emie nyunie nemna o6ctosuiy Obl IPH CAEAYIONIEM CXEMHOM PEIICHUN:

~220B

VD1-VD4

l'mpraena

R2

VT1

K BHIXOLY R

CXeMbI yIIpaBIIeHUdA
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Puc. 13. YeTBepThlii BADHAHT yNIPaBJIEHUS THPHCTOPOM.

Ho nac BonHyeT nmpoOiemMa CHUKEHUST MOIITHOCTH paccesiHus Ha pesuctope. C aToi
[EJbI0 MOXHO TaK MOAU(DUIIUPOBATH CXEMY:

~220B

K BBIXOIY VD1—-VD4

CXEMBbI yIIpaBJ/I€EHUA

[mprnanna

R2

VD5
R3 L

Puc. 14. IIaTblii BApHAHT yNIPpaBJIeHUsS THPHCTOPOM.

R
VT

Teneps nenurens o0pa3yroT pe3uctop R2 u conpoTHBICHUE THUPIISHIBI, BEITUYNHA
KOTOPBIX MOYTH OJMHAKOBA, HANIPSDKEHUE Ha pe3ucTtope R2 yMeHbIIaeTcs o4ty BABOE, YTO
COOTBETCTBEHHO YMEHBILIUT PACCEUBAEMYIO MOIIIHOCTb.

Ncnonb3yemslii B cxeme Tpanzuctop VT1 nmpsimoii mpoBoaumocTH (p-n-p). Ilomyunts
OoJtbIIie CBOOOIBI MMPU BEIOOPE MOYKHO C TPAH3UCTOPOM OOpaTHON TPOBOJUMOCTH (N-p-n):

~220B

VD1-VD4

Tmpnarma

R3 @
K BHIXOOY |

VT1
cxeMrl yrmpaBieHusg R

Puc. 15. lllecToii BapuaHT ynpaBjieHUs] TUPHUCTOPOM.
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Kak emie ynmy4muTh cXeMHOE peleHue?

Ecnu ucnons30BaTh i yKpAIISHUs €JIKU JABE THPIISHIBI, MOXKHO OBLIIO ObI
BOCIIOJIB30BaThCSI BTOPOU THPIISTHIONW BMECTO PE3UCTOPa OOJIBIION MOITHOCTH. BTopas rupisHia
B OJIHUX U3 BBILIE IPUBEJCHHBIX CXEM ropesa Obl IOCTOSHHO, B IPYTHUX €€ TOpEHUe
Yyepe10BaIoch Obl C TOpeHHEM NepBOM rUpIisH/bl. [10100HbIM TpUeM yiTyullaeT peleHue, Ho
OYEHb CHJIBHO IIPUBA3aH K KOHKPETHOM CXEME.

Yro 10 MeHs, s BCe-Taku, IPU HAJTMYUH JOCTATOYHOTO BHIOOPA MOHMKAIOLINX
TpaHchOpMaTOpPOB, Mpeiroyelt Obl pa3febHOE TUTAHUE.

HalineHHoe naxke Tenepp peleHue, ¢ MOed TOUYKHU 3PEHUS, HE SIBISETC HaWIydInM. S
YBEpEH, €CTh PeIIeHUs U Jyuie. Bo3aMoXHO, BbI HaliieTe ux?

Tpernii 3Tam.

Mo3xHO B34Th MaHOMOIHHLIﬁ TUPUCTOP Ha HU3KOC HAIIPAKCHHUC, JIAMIIOUYKY HaKaJIMBAHWA
BOJIBT Ha 12, M KCTIOJIB30BaTh HU3KOBOJILTHBIN (1 5-BOJIBTOBBIN) HCTOYHUK NTUTaHus. Kpome
0€30MacHOCTH TaKOH BapHaHT U30aBUT OT HEOOXOAMMOCTH HCKATh MOIIHBIE PE3UCTOPHI,
TCILJIOOTBOABI, MOIIIHBIC CTa6I/IJII/ITpOHBI 1 BBICOKOBOJIBTHBIC TPAH3HUCTOPBHI. OueHp COBCTYIO
IOCTYIIUTh UMCHHO TaK, IIOCKOJIbKY BCIIMYNHBI HaHpﬂ)KCHHﬁ, TOKOB U MOHIHOCTGfI paccesaHunAa
a0COIIOTHOT'O 3HAYEHUS HE UMEIOT.

3amemKu Ha NOAAX:

1. /[ns exnrouenus mupucmopa ne 00s3amenvHo, Ymobwvl MoK uepes Ynpasisiowull
INIEKMPOO NPOMEKAL ROCMOSIHHO. JJocmamouno obecneuums €20 8 meyenue HeKomopo2o
BPEMEHU, MEHbULE20, YeM 8peMs BKIIOUEHHO20 COCMOosAHUs mupucmopa. Mownocms dice npu
UMRYIbCHOM BKIIOYEHUU MUPUCMOPA, PACCeUsAaeMds Ha pesucmope, 6ydem 6ulcmpo
CHUICAMBCS C YMEHbUEHUEM OUMENbHOCIU UMNYIbCA.

2. Cywgecmso npobaemvl, Kak MHe KAHCemcsi, 8 MOM, YUMo MoK YAPAGIEHUsL MUPUCTIOPOM U
MOK, KOMMYMUPYeMblil UM, NPAKMULECKU 00UHAKOBbL, U3-3A Ye20 YCUIUMENbHbLE CEOUCMEA
AKMUBHO20 JJIeMEHMA IBHO HeOOUCNOIb308aHbl. Hennoxas mvicab - nouckams mupucmop ¢
MEHbUUM MOKOM YNPAGLEHUS.

3. Pene, komopoe umeem oepaHuyennvlii pecypc no KoIuvecmay cpadbamviéanuil, mooice,
eciu nooymamao, He 00IHCHO omeepeamubcst 6e3yciosHo. OObIYHO Mbl 8KAOUAEM SUPTAHOY HA
HECKONbKO 4acos pasz 6 200y. Bozmooicho, pecypcos pene 6yoem 0ocmamouno?

4. Kommymayus 1amn HaKamueanus HyjiCHA He MObKO Ha eke. Bce svikmiouamenu ceema 6
Keapmupe mosice KOMMYMUpYIom j1amnsl Hakamusanust. U, eciu emecmo svikuowamens
NPUMEHUMb KOMMYMAMOop HA MUPUCMOope, CHAONCEHHbLIL OAMYUKOM OMKPbIEAHUS 08epU
(myanema, 6aHHOU KOMHAMbL), A 8 KA4eCcmee YNpasisoue20 YCmpoucmea cuemiux 00 08yXx,
YmoOblL NPU NEPEOM OMKPLIBGAHUU 08EPU CEEN 3AICULATICS, A NPU BMOPOM 24C, MO, BO3MONCHO,
U3 eNOYHOU «MUSATKUY NOJYHUMCSL eufe 0OHO NOJIe3HOe YCMPOUCmEO.

5. A ecau 6cnomHums, ymo 6 Kawecmee OPUSUHATLHO2O OONOIHEHUs, Mbl PACCMAMPUBATU
BO3MOANCHOCIb YRPABICHUSL KOMMYMAyUel 2upisstHobl 8 3a8UCUMOCIU OM YPOBHS. UYyMA (C
HOMOUWBIO MUKPOGOHA), MO MY JHce U0 MONCHO UCHONb308aMb Ol YAPAGIEHUSL BKIIOUEHUEM
HACMOIbHOU IaMNbl, UIU Opa, WU CEEMUTbHUKA 8 NPUX0dCell, Komopule 6y0ym GKII0UAMbCsL Om
PE3K020 XIONKA 8 1a00WU.

6. Brniouams u 8bIKIIOUAMb C8em, OMKPbLEAs 08€Pb, KOHEUHO, MONMCHO MOIbKO 8
Hekomopwix komHamax. Ho, s ecnomunaro, umo ecmpeuan @ iumepamype OpUSUHATLHYIO UOETO -
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ONMoNnapa u3 uIy4arue2o ceemoouood u npuemHo2o pomoouooa oopazyom Oamuux, iyy
KOMOpo2o nepexkpvisaem 6xo0 6 KomHamy. Mmnyiscol om 0amyuka, npu nepecedeHuu ayuda,
K020a KMo-1ubo 6xo0um 68 KOMHAmy, NOCMYRAaiom Ha PegepCcusHblil CYeMmyUK, CUUMAaowull 8
APAMOM HANPAGLEHUU, d UMNYIbCbL OM 8MOPO20 AHALO2UYHO20 OAMYUKA, PACNONIOHCEHHO20 C
BHYmMpeHHel CMOPOHbL 08epU, NEPEKTIOUAIOM CHeMYUK HA 00pAmHbILL Cuem, Ko20d Kmo-mo
yxooum u3 komuamsl. Takoe ycmpoucmeo sKuouaem ceem 6 KOMHame, K020d Nepablil 4e108eK
6X00UM 8 KOMHAMY, U GbLIKIIOUAEH C8em, KO20a KOMHANMY NOKUOaem nocieoHuu. Imo 2o0umcs
Yotce 015 1106020 nomeujenus 8 Keapmupe.

Heobxodumbie onpedenieHUs1 U MNOSICHEeHUs

Ilepsas epynna.

Tupucrop - moIynpoBOJHUKOBLIN MPUOOP, KOTOPHI MPU HATMYUH HAPSHKECHUS HA HEM
BKJIIOYAETCS U MPOITYCKAET MOCTOSIHHBIN TOK TOTJa, KOTAa YEPE3 €ro YIPABIISIOMIUN 3JIEKTPOT
IIPOTEKAET TOK B TEYCHHUE ONPEIECICHHOTO BpeMeHH. [locie uero on ocraeTcs BKIFOUEHHBIM 10
MOMEHTA NaJICHUsI HAIIPSDKEHUS HAa HEM 10 HYJIS.

CTa0UJIMTPOH - NOIYIIPOBOIHUKOBBIN MPHUOOP, 0OpaTHBII TOK KOTOPOTro (TOK IMpH
HaNPsHKEHUU HEMPOBOISALIEH MOISIPHOCTH) UMEET CBOMCTBO PE3KO BO3pPAcTaTh IIPU HEKOTOPOM
3HaYeHUU 00PaTHOTO HAMPsDKEHUsS. DTOT AP(PEKT UCIIONB3YeTCs TS CTA0MIN3aluu
HanpsokeHus1. Jlo0aBUB OaiacTHBIA PE3UCTOP, MBI TTOJIYYUM MTPOCTEHIIINN TTapaMeTPUIECKUN
CTaOMIIN3aTOP HAIPSKEHHS.

Ilpumeuanue:

Buuwe 6vi10 ckasano, umo, Kak npasusio, ConpomusieHue He 3a8UcUm Hiu Om moxa depe3s
pe3ucmop, Hu Om HANPANCEHUsl, NPUTLOHCEHHO20 K Hemy. Cmabunumpon npedcmasisem
c0001l 00UH U3 NPUMEPOB UCKIIOUEHUS U3 IMO20 NPABULA (XOMS OH U He Pe3UCOP).
Conpomuenenue, paccuumannoe no gopmyne 3akona Oma 051 TUHetuHoOU yenu, OJist
HAaNPANCEeHUs MEHbULe20 HaNPAXCeHUs cmadunuzayuu Oyoem CUIbHO OMAUYAMbC OM
CONPOMUBTIEHUs,, KOMOPOe Mbl paccyumaem no mou sxce popmyie 0/ HanpsA©CeHus,
PABHO20 HANPAAICEHUIO CIAOUTUZAYUU.

PeJte - 3J1eKTpOMEXaHUYECKOE YCTPOICTBO, UMEIOIIEe OOMOTKY, 110 KOTOPOH MPOTEKAET
TOK yIIPaBJICHUS, B PE3YJIBTATE YETrO MEPEKIIIOYAIOTCS KOHTAKTHI peiie, KOTOPhIE MOTYT
KOMMYTHPOBATh OOJIbLINE TOKU, YEM TOK YIIPABICHHUS.

NuaukaTopHbIii CBETOAMO/ - TOTYTIPOBOAHUKOBEIN IPHOOP, KOTOPBINA U3JIy4aeT CBET
IIPU OPSIMOM BKJIFOUEHUHU U MTPOTEKAaHUU Yepe3 HEro TOKa B BUIAUMOM criekTpe. EcTh
CBETOAMO/IbI, N3TyYarolire B MHQPaKpaCHOM JHAIa30He.

DoToaUO] - TTOTYTIPOBOAHUKOBBINA PUOOP, Ha KoTopoM nosiBisiercs I/C npu
OCBEUICHNUH €T0 BUIUMBIM MM HH(ppaKpacHbIM cBeToM. [Ipu oOpaTHOM BKITIOYEHHUH (OTOIMOIA
€ro COMPOTUBIICHUE CUIILHO 3aBUCHUT OT OCBEIIIEHHOCTH B BUIAUMOM HIIM HHPPAKPACHOM
CIIEKTpE.

OnTonapa - napa 3eKTPOHHBIX PUOOPOB, OJIUH U3 KOTOPBIX SBISETCS
CBETOU3IIyYalOLUM JUOJI0M, @ BTOPOH CBETOIIPUEMHBIM.

HudpoBoii cueTUnK (IBOUYHBIN, JeCATHUYHBIA UIH IBOUYHO-1eCATHYHBII) -
UHTErpaJibHas LU(POoBasi MUKPOCXEMA, COCTOSIHUE KOTOPOH U3MEHSETCS C MOCTYIIJICHUEM
UMITYJIbCOB Ha CYETHBIN BXOJ TAKMM 00pa30M, YTO YKCJIO HA BBIXOJHBIX BBIBOJAX
yBEIMUYMBAETCS (MU B peKUME OOpPAaTHOTO CueTa YMEHBIIAETCsI) Ha €AMHUILY C IPUXOA0M
Ka)KJ0r0 UMITYJIbCA.
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Bmopasa epynna.

MomHocTh, paccenBaeMasi KOMIOHEHTAMHU YCTPOICTBA, CBsI3aHa C BbIJICIIEHUEM TEILIA.
Ecnu BbIEnsieMOe TEMI0 OTBOAUTH OT 3JIEMEHTOB, TO TEIJIOBOM PEKUM €ro He OyJIeT BBIXOAUTh
3a TpaHMIIbI JOITyCTUMOTO, B IPOTUBHOM CIIy4ae KOMIIOHEHT YCTPOHCTBA MEperpeeTcs u BeIAAET
u3 crpos. s oTBoAa Teria (0XJIaKIeHuUs ) MOITYIIPOBOAHUKOBBIX MPUOOPOB MPUMEHSIOT
Pa3HOro poja TeIIOOTBOIBI (PagruaTOPhl), KOTOPHIE B MIPOCTEHUINIEM CITydae MPECTaBISIOT COOO0M
IUTACTUHBI U3 METalJIa, YBEINYHUBAIOLINE OXIaKAAEMYI0 IOBEPXHOCTb, a, CJIeI0BATEIbHO, U
0TBOJ Teria. B mocnennee Bpems Bce yalle NPUMEHSIOT BEHTUIIATOPEI. Pe3uctopsl pexe, yem
MOJTYTIPOBOTHUKOBBIE TIPUOOPHI CHAOKAIOT paiuaTOPaMH, Yalle MPU pacyeTax ONpeaesIIoT
MOIIIHOCTh, PACCEUBAEMYIO Ha PE3UCTOpPE (PaBHYIO IPOU3BEJCHUIO TOKA, IPOTEKAIOIIETO Yepes3
PE3UCTOp, Ha MaJICHUE HAMIPSDKEHHS Ha PE3UCTOPE) U MOAOUPAIOT PE3UCTOP, HOMUHAIbHAS
MOIITHOCTH KOTOPOTO OOJIBIIE UM PaBHA MOJYyYCHHOMY 3HAYECHHUIO.

MecTo Ans 3aMeToK Npy NepBOM YTEHUM.
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MecTo Ans 3amMeTOK NPU BTOPOM YTEHUMW.
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BCTynneHMe K 4HeTBepToOMY NPOEKTY

[Toporo To, 4TO HE 0XKHUIACTCS OBITh CBSI3aHHBIM, BBIKA3bIBACT CBSI3b CTOJIb OTKPOBEHHYIO U
HCCOMHCHHYIO, UTO KaXXCTCA CTPAHHLIM, KaK IPCKC Thl CBA3U TOU HE YBUACIH, U TCIICPD,
CKOJIbKO HU CTapaiics, K ObLJI0i 0€CCBSI3HOCTH BO3BpaTa HE OyIeT.

[lepBbIe TpH «ETOYHBIX)» MPOEKTA, MOCBSIICHHBIC «HAUTPUBHATBHEHIIICH» TeMe
NCPCKIOUCHUA CIIOYHBIX THPJISIHA, ITO3BOJISIFOT HAM 3a1lyMaTbCA (a TO U CI[CJIaTB) O IMPOCKTC
co31aHus NHOOPMAIIMOHHOTO TA0JIO ¢ JOCTATOYHO OOJILITUMH BO3MOXKHOCTSIMH. CO3HAIOCH,
HavnHas pabOTy HaJl MPOCKTAMH, Sl TOTO €Ille He YBUJEI.

Jlpyrast uicTopusi Hayanach Ha pajuo pblHKe B TylInHe, B IepHoA ero OyiHOro IBETEeHUs.
BooBopoT nokynareneil, OMbIBAIOIINN TPUIABKHA U CTOJIMKH, U IIPOCTO PA3JIOKEHHBIE HA
raseTrke ToBapsl. CHOpbI, BIlyMUUBBIE O€Ce/Ibl, 3a3bIBHBIE BCKPUKH — UET0 TOJIBKO HU YCIIBIIINIIb,
KOT'O HU BCTPETUILIb.

Hu 51, Hu Moi#t cimydalinbiil co0€CceTHUK HE MOTJIM COOTHECTH BHE3AITHO BO3HUKIIYIO Y
Hero (GaHTa3uIo - cOOpaTh PATUONPUEMHHK TaKOW, KaKOW OH coOMpai B IETCTBE - C
CETOAHSIIIIHUMU €T0 3aHSATUSIMHU, HACTOJIBKO €ro OM3HEC JajeK OT TeXHUKH Booodie. Ho, xorna s,
¢ mpucyIei MHe 6eClepeMOHHOM TOTOIIHOCTBIO, CTall BBISICHATD, YTO 32 PATUONPUEMHUK OH
HaJyMall «HaCO3UIaThy», KOCHYBIIUCH TIPH 3TOM 3aKOHOMEPHOTO JJIsI MEHS BOTIPOCa, a 3a4eM
eMy 3T0? - OH, BCe Topsiuee OOBSICHSS CBOIO TOUKY 3pEHUs, BHE3AITHO, KaK MHE Ka)KeTCs U JIJIst
cebst camoro, ckazain: «MoskeT ObITh, MHE HY>KHO JIOJIeNIaTh TO, UTO S HE JAOJIeNIal B IETCTBE,
9TOOBI ATO HE MeIanao MHe ceroans?» OH emle pa3, He TO ¢ yIUBIECHUEM, HE TO C 00JIeTYeHHEM
noBTOpMII: «YTOOBI HE MEIIANIO CErOIHA», - U 51, OTUEr0-TO, CPa3y MOBEPUTI EMY.

BriocnencTBum Mbl BBIOpaJId MOAXOAIIYIO CXEMY TPUEMHUKA MPSAMOTO YCUIICHHUS,
OCHACTHJIMCh MPUOOpaMHU, U MPOBEJH PsIJI UCCIIETOBAHHA, KOTOPhIE MOEMY 3HAKOMOMY
JIOCTABWIIM YJIOBOJIBCTBUE, IO €r0 CJI0BaM, KAKOTO OH HE UCIIBITHIBAJI OYEHB JABHO, U KOTOPOE
IIPUBEJIO €TO K PEUICHUIO HE OCTABJIATH 3aHATHS JIEKTPOHUKOM B 4achl JOCYTA.

B nercTBe MHOTHE YBIEKAINCh COOPKOM yCHIUTENEH U paguonprueMHUKoB. Jlis
OOJIBIITMHCTBA ATO YBIIEUYEHUE 3aKOHUYMIIOCH Cpa3y MOCIe HEYyAa4HOTr0 OOIIEeHHs ¢ HAabopoM
netaneit u3 cepun «Cobepu cam». [laneko He Bce MOTIIM MTO3BOJIUTH Ce0€ MPUMEHHUTH MPUOOPHI U
MIPOBECTH HEOOXOAMMBIE UCCIIeIOBaHUS. A Kak ceroHs? MoeT ObITh, CTOUT MOyMaTh O TOM,
YTOOBI «I0/ETaTh CBOM MPUEMHHK U3 JETCTBA»?

MpoekT YyeTBepThbIN «[MpUeMHUK U3 geTcTBa»

Lesab nmpoeKTa - 03HAKOMUTHCS C padOTON PUEMHHKA MPSIMOTO YCHUIICHUSI.

IlepBoiii 3Tan. Pa3z6op cxemsl npuemMHuKa 2-V-2.

HeoOxonumeie cpencrtaa:

1. MuHHManbHBIE CpeCcTBa - Oymara, KapaHJalll, Iarnka ¢ Haanucbio «YeTBepTolit
MIPOEKTY.

2. MakcuMalbHbI€ - KOMIBIOTEP C TEKCTOBBIM IIPOLIECCOPOM M IPOTPaAMMON,
MO3BOJISIONIEH JIETKO PUCOBATh dIEKTpHUecKue cxembl (Hanpumep, AutoCAD).

Bropoii 3Tan. COopka npueMHIKa HA MAaKETHOM TUIaTe.
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HeobxomuMmbie cpeicTBa: MakeTHas I1aTa, JJIEKTPOHHBIE KOMITOHEHTHI, TTasUIbHUK,
nasuIbHBIN (UIIOC, IPUIOH.

Tperuii 3Tan. VccienoBanue paboThl MPUEMHHKA C TTOMOIIBIO TPUOOPOB.

Heob6xomumebie cpencTna:

1.MuHumManbHbIe CpeACTBa - MAKeTHAs TU1aTa ¢ COOpaHHOM cXeMoii MPUEeMHHKA, TI000i
reneparop BU, myasTumerp.

2. MakcuManbHbI€ - MaKeTHas IJ1aTa ¢ COOpaHHOM CXeMOM MPUEMHUKA, TeHEPATOP
3BYKOBBIX YaCTOT, FT€HEPATOP CTAaHAAPTHBIX CUTHAJIOB, ocLusuIorpad.

YerBepThiii 3Tan. VccienoBanue pa3IuyHbIX YIyUYIICHUH, KOTOPHIE MOTYT OBITh
BBEJ/ICHBI B CXEMY MPUEMHHUKA.

HeobOxomumbie cpecTBa: Bce, 4TO MOXKET MOHA00UTHCS HAa JAHHOM JTarie, yKe JOIKHO
OBITH, UCKITIOYasi, BO3MOKHO, HEKOTOPHIE JIEKTPOHHBIE KOMIIOHEHTHI, KOTOPHIE MOTYT
MOHA00UTHCS B X0J/1€ PaOOTHI.

IlepBbIii 3Tam.

KoneuHo, MOYKHO IPUBECTH TOYHYIO CXEMY MPUEMHHKA, KOTOpast ObLIa UCIIOIh30BaHA B
JETCKOM KOHCTPYKTOPE, HO 3TO HE CTOJb YK BaXHO, TOSTOMY JOCTATOYHO BHIOpPATH JIIOOYIO U3
cxem. [IpuBenennas Huxe, B3ara MHOU U3 KHUTH B. A. BacunbeBa «I[IpueMHUKN HAUWHAIOIIETO
pamuomobuTters»y. dopmyra 3TOro npueMHuKa 2-V-2 pacurn@poBbIBACTCS CIETYOIIUM
00pa3oM: JIBa KackaJia yCUJICHHUS BBICOKOW Y4aCTOThI, JETEKTOP, 1Ba KaCKaaa yCHICHHs] HU3KOU
YacTOTEHI.
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Puc. 16. Cxema paagnonprueMHHIKa NPSIMOI0 yCUJIeHHs 2-V-2.

JIr000i1 pagnonpreMHUK HAYMHACTCS C aHTEHHBI, B KOTOPOM MO ACHCTBHEM
AIEKTPOMArHUTHOTO TOJIsI PAAMOBOJIHBI MOSBISETCS PaJUOCUTHA, T.€. KaKOKH-TO, IPOCTON MIIH
CJIOKHBIH, JIEKTPUYECKUM CUTHAJ. DTOT 3JEKTPUUECKUM CUTHAJ YCUIIMBACTCS YCUIIUTEIIEM, IPU
HEOOXO0IMMOCTH TIPE0OPA30OBLIBACTCSI, & 3aT€M MOCTyIAeT Ha UCTIOTHSIOIEe YCTPOiCTBO. B
PAAONPUECMHUKE B KAYCCTBC UCIIOJTHAIOICTO yCT‘pOﬁCTBa BBICTYITACT 'POMKOI'OBOPUTEIIDb,
KOTOPBIN TTpeo0pa3yeT IEKTPUIECKHI CUTHAI B 3BYK.

Antenna (W1) sToro npuemMHHKa MpeIcTaBisieT coboil peppuToBbIi cTEpKEeHb, Ha
KOTOPOM, Ha KapKace U3 IJIaCTMAacChl WM IJIOTHOM Oymaru, HamoTaHa katymka L1 BxonHoro
koHTypa. Bxognoit koutyp L1C1 npennasHadeH 1j1st BIOOpa OJTHOM paJiOCTaHITUHU U3
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MHOYKECTBA PaIMOBEIIATEIBHBIX CTAHIIUH, BEAYIIHNX Iepeiaun ofHOBpeMeHHO. Kaxas u3 Hux
BEJIET BelllaHue Ha cBoell yactote. iMenHo BxonHoil koHTyp L1C1, 6rarogapst pe30HaHCHBIM
CBOMCTBaM K0JIe0aTEIbHOTO KOHTYPA, TO3BOJISET BEIOPATh OJHY YacTOTy (OJHY PaMOCTaHIINIO)
W3 MHOTHUX.

Jli cBS3M yCUIIMTENS BBICOKOM 4acTOThI, coOpaHHOro Ha Tpansucropax VI1 u VT2, c
koJnebaTenbHbIM KOHTYpoM L1C1 mpumeneHa karymika cBsizu L2, koTopast 00pasyer ¢ KaTylurkon
L1 monmxaromuit Tpanchopmarop. [Ipuuuna, mo KoTopoit BXoJHas 1eTb MPUEMHHUKA
OpraHu30BaHa TAaKUM 00pa3oM, B HU3KOM BXOJHOM CONPOTHUBIICHUU IIEPBOT0 KacKaaa yCHUINTEIs
BBICOKOM 4acTOThl. [Ipy HEMOCPEACTBEHHOM COEMHEHUH YCHIIUTENSI C BXOJIHBIM KOHTYPOM
HU3KOE BXOJIHOE COMPOTUBJICHUE YMEHBIITUT T100pOTHOCTH KOHTYpa L1C1, moHmkas ero
CEJICKTUBHBIE CBOMCTBA (ABE PSAIOM PACIOJIOKEHHBIE PAIMOCTAHLIUN OYIyT MIPUHUMATHCS
OJIMHAKOBO XOPOILIO OJJHOBPEMEHHO).

Kak y»e roBopuiock, NpUHATHIM CUTHAT OyJIET YCUIIEH JBYXKACKaJHBIM YCUITUTEIIEM
BBICOKOI 4aCTOTBI, 3aTEM OH JETEKTUPYETCs AeTeKTOpoM Ha auonax VD1 u VD2. [lonyueHHbIi
MOCJe JETEKTUPOBAHUS CUTHAJ 3BYKOBOM YaCTOThI YCUJIMBAETCS ABYXKACKAIHBIM YCUIIUTEIIEM
HU3KOM 4acToThl Ha Tpau3uctopax VT3, VT4 u VTS, u Bocipou3BOaNUTCS TPOMKOTOBOPUTETIEM
B1. Tpansucropsl VT4-VT5 00pa3yroT NIByXTaKTHBIH OKOHEYHBINA KAaCKaJ[ yCHIIMTEIST HU3KOM
YacTOTBHI.

Heobxodumbie onpedenieHUs1 U MNOsICHEeHUs1

Ilepsas epynna.

Bo3Mo3kHO, 51 COBEpIIIEHHO HE TIPaB, HO XOTeJ ObI HAYaTh ATOT pa3fiei ¢ a0COMIOTHO
MIPOCTHIX MOSCHEHUH, H3BECTHBIX U3 IIKOJIHHOTO Kypca (PU3UKH.

3ByK - KojeOaHus BO3yXa (a 3BYK B BOJIC - BOJIbI), BRIPAKEHHBIE B YEPETOBAHHUH
YIUIOTHEHHUSI U PA3PEHKEHUSI CPEABL, IPOUCXOISAIINE IO KAKOMY-TO 3aKOHY, KOTOPBIN U IMO3BOJISET
HaM OTJIMYUTH JIall COOAKH OT MEHUs COJIOBBs. JIMKTOp HA paJMOBEIIATEILHON CTAaHITUU CO3acT
WMEHHO 3BYK, KOTOPBIH BOCTIPUHUMAETCS MUKPOGOHOM, MMPEe0oOpa3yIOIIM 3BYK B
anekTpudeckuit curnai. Kak mpoucxoaut 3to mpeodbpazoBanue? B pazHbix MukpodoHax mo-
pazHomy. PaccMoTpuM OJTMH U3 TUIIOB MUKPO(OHOB - dIeKTpoAuHaMudeckuidl. OH mpeacTaBiser
c000i1 MOCTOSIHHBIN KOJIBIIEBOM MarHUT, UMEIOLIUI CTaJIbHOW KEpH (LUIUHAP B LIEHTPE
MarHuTHOTO KOJjbIia). B 3a30pe, 00pa3oBaHHOM MarHWTOM M KEPHOM, pa3MelleHa KaTyIlKa,
KOTOpasi KpenmuTcs K MoABMKHON MemOpane. [loa neficTBueM 3ByKOBO BOJIHBI MEMOpaHa
MPUXOAUT B JIBHKEHUE, KOTOPOE OMUCHIBACTCS TEM KE 3aKOHOM, KOTOPOMY CHEAYIOT
YIUIOTHEHUSI M pa3psKEeHUs 3BYKOBOM BOTHBL. Kosebanus MeMOpaHbl IPUBOAAT K KOJICOAHUSIM
KaTyIIKU B M0JI€ MOCTOSSHHOTO MarHuTa. A B IPOBOJHUKE, IBUKYIIEMCSI B MArHUTHOM TI10JI€,
MOSIBJISIETCS TOK, KOTOPBIH, B CBOM Uepea, Oy1eT U3MEHSTHCS 110 TOMY K€ 3aKOHY, TI0 KOTOPOMY
M3MEHSIIACh 3BYKOBas BOJIHA. Ha BXoje ycuurens, K KOTOpOMY MPUCOETUHEH MUKPO(DOH,
MOSABUTCA SJIEKTPUUECKHUI CUTHAJ, U3MEHSIOIIUICA 110 TOMY € 3aKOHY, YTO H 3BYK,
MIPOU3BOUMBIN TUKTOPOM B CTYJIMH PATHUOBEIIATEIbHON cTaHIuu. Jlanee Mbl Oy/1eM UMETh
JI€JI0 UIMEHHO C 3TUM 3JIEKTPUUECKUM CUTHAJIOM.

Paguocurnas. DnekTpruuecKuii CUTHal, MPOU3BECHHBIH MUKPO(POHOM, YCUICHHBIH
YCUJIMTENIEM, IOCTYNAeT Ha MepelaTYMK PaJUOCTAHIINH, TJ€ OH MOAYJIUPYET CUTHAJ HECYIIeH
YacCTOThI, a 3aTEM U3JIy4aeTCs B BUJIE SJIEKTPOMArHUTHOM BOJIHBI IEPEAAIOIIECH aHTEHHOU
paauoBemaTebHoN cTaHuu. YTo Takoe Moayssinus? 3MeHeHne oqHOro U3 nmapaMeTpoB
(CBOIACTB) 2NIEKTPUUECKOTO CUTHAJIA TIOJ] BIMSIHUEM, U TI0 3aKOHY, IPYTOr0 3JEKTPUUECKOTO
curHana (B paJMOBEIIaHIH OOBIYHO O0JIee HU3KOM YacTOThI). ECTh HECKOIBKO BHIOB
MoayJsanun. CHavyalia pacCCMOTPUM OJIUH €€ BUJI - AMIUIUTYIHYIO MOAYJISIIUIO.
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I'enepaTop nepegarunka paaiuoCTaHIIMK TPOU3BOIUT CUHYCOMIAIbHBIN CUTHAI
OIpeIeIEHHON YacTOThl. DTOT CUTHAJI, TIOKA TUKTOP B CTYIUU MOJYUT, UMEET MOCTOSHHYIO
amMIuTy iy (pa3Max). IMeHHO OH, 3TOT CUTHAJ ONPEAEICHHOMN YacTOThI OT FeHepaTopa
nepeaaTyrka, U Ha3bIBaeTcs «Hecyei». JIioool 3ByK, KOTOpbI MUKPO(GOH BOCIIPUHUMAET B
CTyauH, OyAeT BO3/IEHCTBOBATh Ha aMILTUTY/y CUTHAJIa TeHEepaTopa nepejaTinka, U3MeHss ee
10 TOMY € 3aKOHY, 10 KOTOPOMY MEHSETCSl 3ByKOBasl BOJIHA. FIMEHHO 3TO BO3/IEHCTBUE HA
aMIUIMTYAy CUTHaJIa T€HEepaTopa NepefaTynKa U Ha3bIBAeTCs MOLYJIALIUEH, a CaM CUTHAII,
HOJYYCHHBIH B pe3yibTaTe MOAYJISILIMN, U3MEHSIOLIUICS [0 3aKOHY TOIO CUTHaJIa (3ByKOBOTO),
KOTOpBIH HAC, B KOHEUHOM CYETE, U UHTEPECYET, aMIUIUTY AHO-MOIyJINPOBAHHBIM.
DneKTpoOMarHuTHas BOJIHA, U3yyaeMasi aHTEHHOM NepeaTiynuKa, U3MEHSIETCS C YaCTOTON
«HECyLIEW» IO 3aKOHY, OIIPENEIIEMOMY 3BYKOBBIM CUTHAJIOM, T.€. HECET 3BYK, KOTOPBIM MBI U
XOTUM YCJIBIILIATh U3 HALIErO IPUEMHHUKA.

KonedareabHblii KOHTYp, WK pPe30HAHCHBIN KOHTYp. KOHTYp, 00pa3oBaHHBIH
NapajuleabHO (MM MIOCJIE0BATEIbHO) BKIIFOUEHHBIMUA KOHAEHCATOPOM M KaTyIIKON
UHAYKTUBHOCTH. [locnenoBaTenbHbli pe30HaHC MbI IOKAa OCTABUM B CTOPOHE, a NapaJuIeIbHOMY
YAEIUM HEKOTOPOE BHUMAHUE.

W3 ¢pu3nku u3BECTHO, YTO NapajiesbHO BKIIOYEHHbIE KOH/IEHCATOp U MHIYKTUBHOCTb
XapaKTepU3yIOTCsl COOCTBEHHON pe30HaHCHOW 4acTOTOM. YTO 3TO 3HAUUT?

Ecau mb1 mogaanm kakoe-To pe3koe (OBICTPO MCUE3aoIee) STIEKTPUIECKOE BO3ICHCTBHE
Ha TaKOW KOHTYP, TO B HEM BO3HHUKHYT 3aTyXalOIIHe KOJICOAHUS ¢ YACTOTOM, HE 3aBUCSIICH OT
BHEIIHETO BO3JIECUCTBUS, a ONIPENEIIEMON TOJBKO EMKOCTBIO M MHIYKTUBHOCTBIO KOHTYpa. JTO
cOOCTBEHHAas 4acToTa KojeOaHuii KOHTypa. J{Js mapajuieIbHOT0 KOHTYpa Ha 3TOH 4acToTe,
4acTOTE COOCTBEHHOI'O PE30HAHCA, COMPOTHUBIEHUE KOHTYPAa MAaKCUMAJIbHO U MAaKCUMAaJIbHO
HaIpsDKEHUE HAa HEM.

Taxkum 00pa3oM, yCTaHOBUB OIPEICIIEHHYI0 EMKOCTh KOH/IEHCATOPOM IepEMEHHON
emkocTH Cl1 (puc. 16), mb1 HacTpounu koHTYyp L1C1 Ha onpenenennyto yactoty. Eciu Ha aToi
4acTOTE BEAET BEL[aHHE paAHOCTaHIIMsI, TO HallpshKeHUE Ha KaTyiuke L1, BeI3BaHHOE
BO3/I€HCTBUEM IEKTPOMArHUTHOM BOJIHBI OT 3TOW PaJUOCTaHLINU, Oy1eT HAMHOTO OOJIbIIE, YEM
JPYTUX, 4aCTOTa BEIAHHUS KOTOPBIX OTINYAETCS OT YacTOThI pe30HaHca (COOCTBEHHBIX
kosiebanuit) koutypa L1Cl1.

Kak Mb1 yxe roBopmiy, karymku L1 u L2 o6pa3yrot Tpanchopmarop (TOHMKAIOIIHIA,
T.€. HanpsbKeHue Ha KaTymke L2 Hwke, yem Ha L1 B N pa3, rine N - koaddunueHT
Tpanchopmanun). Ho 310 HanpsikeHue U1 CUrHajla paluoCTaHIMK, Ha KOTOPYIO Mbl
HACTPOWJIHCH, OyIeT MHOTO OOJIbIIIe, YeM HAIPsKEHUE CUTHAJIOB APYTUX PAIUOCTaHIUN. MBI
BbIOpaI OJIHY paJMOCTAHIIUIO U3 MHOTUX OJaroaapsi CEIEKTUBHBIM CBOMCTBAaM K0J1€0aTeIbHOIO
KOHTYypa.

Yceuanreab BHICOKOH 4acTOThI. BBICOKOYACTOTHBIN CUTHAT (a paJluOCTaHIIUN
paboTaroT Ha BEICOKUX YacTOTaX, Ha KOTOPBIX MPH MPUEMIIEMOI MOIIHOCTH MepeiaTunKa MOKHO
MOJIYYUTh JOCTaTOYHOE JATbHOICUCTBUE PAIUOCTAHIIIN), IPUHATHIA AHTEHHOM, U BBIICICHHBIN
K0JIe0aTEeIbHBIM KOHTYPOM, OU€Hb MaJl. J[J1s TOro 4To0b! yCblaTh MOLYJIUPYIOINN CUTHA,
HEO0XO0IMMO yCUJICHHE. Y CUIMTENb BBICOKOM YacTOTHI YCHJIMBAET PaJIMOCUTHAT 10 BEJIMYUHBI,
HE00X0IMMOH 1711 HOpMasibHOI paboThl neTekTopa. OH, yCUIUTENb BEICOKOM YacTOThI, paboTaeT
Ha BBICOKOM 4aCTOTE - 4aCTOTE BEIIATEIILHON PaAMOCTaHLIUH.

Ilpumeuanue:
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Ilepsvie paduonpuemHuxu, KOMopbie Ha3bIBAIUCL OCMEKMOPHbIMU, He UMeNU YCUTUmers,
a moavko demekmop. Ho maxue npuemnuku mpebosanu OOnbUUX AHMEHH U NPUHUMATU
UCKIIOYUMENbHO MOWHbBLE PAOUOCAHYULU, KOMOPLIX 8 MO 8peMs OblLI0 HeMHO20. Xoms U
Ce200H5L MOJHCHO NPUHAMNL MOWHYIO PAOUOCTNAHYUIO HA 0eMeKMOPHbLU NPUEMHUK,
OdemeKmopHbvle NPUEMHUKU Ce200H NOYMU He NPUMEHSIIOMCAL.

JleTeKkTop - 110 CyTH, BBIIIPSIMUTENb, OTCEKAIOLINI ITOJTYBOJIHY HECYILIEH YaCTOTHI U Ha
KOHJICHCATOPE N0 MEUIEHHO, 110 CPAaBHEHHUIO CO CKOPOCTBIO H3MECHEHHSI HECYIIIEH YaCTOTHI,
MEHSIOLUICS TI0 3aKOHY 3BYKOBOTO U3 CTYJUH BEIAHUS, CUTHAJ HU3KOM YaCTOTHI.

Yeunureab HU3K0#M 4acToTbl. CUTHAN, BBIACIEHHBINA JETEKTOPOM, MOKHO YCJIBILIATh HA
TOJIOBHBIE TeNE(POHBI, HO OH HEIOCTATOYHO MOIIHBIH, YTOOBI €0 XOPOIIO OBLIO CIBIIIHO Ha
IPOMKOTOBOpUTENE. Y CHIIUTh (YBEIMYUTh MOIIHOCTh) CUTHAJ U MPU3BaH YCUJIUTEIb HU3KOM
(3BYKOBOI{) YaCTOTHI.

I'poMkoroBopureb yCTpOEH, IPAKTUYECKH, TAK K€, KaK MIEKTPOAUHAMAYECCKUI
MUKpO(oH. OH TOKe UMEET MarHUT, B 3a30p€ KOTOPOTO pacIojiaraeTcs KaTylIlka, CBsI3aHHas C
MOJIBMKHOM MeMOpaHoii (nuddy3opom rpomMroroBoputens). [loa nefictBrueM curnana HU3KOM
Y4acTOTHI [0 KaTyLIKE IPOTEKAET TOK, U3MEHSIOIIUICS IO €ro 3aKOHY. A, KaK 3TO U3BECTHO U3
Kypca (GU3UKH, Ha IPOBOJHUK C TOKOM, IOMEIEHHBIM B MarHUTHOE 10J1€, IEHCTBYET CHUJIA.
VImeHHO OHa 3acTaBisieT KaTyIIKy, a BMecTe ¢ Hell 1 Juddy30p, coBepIlaTh IBUKECHNUE,
M3MEHSIOIIeecs 10 3aKOHY MCXOTHOTO 3ByKOBOI'O CHTHaJIa U3 cTyauu Bemanus. Auddyzop
CO3/1a€T TE pa3psKEHMsSI U YIUIOTHEHMSI BO3/1yXa, KOTOPbIE CO3/1aI0T 3BYKOBYIO BOJIHY,
BOCIIPMHMMAEMYI0 HaMH KakK 3BYK, HJJCHTUYHbII MOMMaHHOMY MUKPO(OHOM B CTyAUU
paavoBENIaTENbHON CTaHIMH.

Bropoii 3Tam.

KommoneHTs, HE0OX0IMMBIE J11 COOPKU MaKeTa paguoNpPUEeMHHKA:

MakKeTHas IU1aTa, 3JIEKTPOHHBIE 3JIEMEHTbI, HCTOYHHUK MMUTAHUS.

MakeTHas 1u1ata - B JaHHOM CJIy4ae clie[lyeT MPUMEHUTh MaKeTHYIO TIaTy,
ONpCeAHA3HAUYCHHYTO JJIA PACIIOJIOKCHUA JUCKPCTHBIX 3JICMCHTOB.

IHpumeuanue:

Pacnonazamyo snemenmul na makemmot niame MOICHO NO-PA3HOMY, HO eClu
PACNoNodNCUmMs UX mak, ymoowsl 0becneyums HauLyyuiee COOmMeemcmaue ¢
NeKMPUYECKOLl CXeMOU, 3HAUUMENbHO YNPOCIMUMCS OalbHelulas paboma no Haiaoxe
NpUEeMHUKA U IKCnepumMenmos ¢ Hum. Ilonesno u maprupoeams s1emenmsl, HaK1eus
amukemku co cxemHoimu oboznauenuamu (R1 unu C5, unu VI12) npamo na snemenmol,
eciu OHU NO3BONAIM MO, UIU PA0OM ¢ HUMU Ha niamy. He obs3amenvro mapkuposams
gce 2nemeHmyl, O0CMAMOUYHO «ONOPHbBLEY - MUKPOCXEMbl, MPAH3UCMOPbL, KAMYUIKU,
mpancghopmamopbwi.

Heranu paguonpueMunka: Cl - KOHIeHCAaTOp epeMeHHON eMKOCTH 5...240 nd; L1 -
KaTyIlIKa, HAMOTaHHas Ha Kapkace U3 INIoTHOH 6ymaru npoojom [1DJIIIO 0,15 nnu [19B-1
0,15 u conepxkamas 133 BuTka; L2 - kaTyika, HaMOTaHHAs Ha KapKace U3 IJIOTHOW Oymaru
nposoaoM I19B-1 0,5 u conep:xkaiias 6 BUTKOB (00€ KaTyIIKH pa3MelieHbl Ha (EeppUTOBOM
CTEpKHE MPAMOYTOJIBHOTO ceueHUsT 15X3 MM IJIMHOW 55 MM ¢ Ha4YaJIbHOM MarHUTHOM
nponunaeMoctbio okoso 400). Tpauszucropsr VT1 u VT2 tuna I'T3096, VT3 MII41A, VT4
MII 42b, VTS5 MII 38A. lnonst VD1, VD2 tuna /196, VD3 J[18. Bce Hu3koyacToTHBIE
tpan3uctopsl (VT3-VT5) MoKHO 3aMEHUTH COBPEMEHHBIMH KPEMHHUEBBIMHU.
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Pesuctopsr Tuma OMIJIT 0,25 - R1 20k, R2 6,2k, R3 2k, R4 2k, R5 510, R7 330, R8 47k,
R9 1,3k. Pezuctop R6 tumna CII3-3B 4,7k.

Kongencaropsl Tuna KM wnu KJIC - C2 0,033 mx®, C3 0,033 mx®, C4 0,033 mxd, C5
0,01 mx®, C6 0,01 mx®. Dnekrponurnueckue konaeHcatopsl Tuna K50-16 - C7 10,0x10B, C8
50,0x6B, C9 u C10 200,0x6B. I'poMKoroBOpuTE/h TMHAMUYECKUN MOIIHOCTHIO HE MeHee 0,2BT
C COTIPOTUBJICHUEM KATYIIKH MOCTOSSTHHOMY TOKY 8 OM. HampspkeHue nutaHust - 6 BOJIBT.
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Tperuii 3Tamn.

HccnenoBanue npueMHUKA CIEyET Ha4aTh C yCUJINTENS HU3KOW yacToThl. OTHasB
BepxHUH KoHell (TIo cxeMe puc. 16) pesuctopa R6, monkimtounts k Hemy renepatop HY,
ycTaHoBUTh yacToTy 4000 1 HanpsbkeHue 20 MUIUTMBOJIBT. 3aTeM, HaOJIt01asi Ha HKpaHe
ocumorpaga GopMy CUrHasia, yBeIMYUTh BXOJHOE HAMPSKEHUE IO yCTaHOBICHUS
HaIpsDKEHUs Ha TpoMKoroBopuTenie okoio 1B. Curnan He 10JKeH UMETh BUJIMMBIX UCKaXKEHHH.
[Tpu HEOOXOAMMOCTH PEXUM PAOOTHI YCUIUTEISI CIIEYET TOJICTPOUTH pe3rucTopoM RS8. M3meHnsst
4acTOTy CUIHaJIa, CIeayeT yOeauThCs, YTO 1M0JI0ca BOCIIPOU3BOAUMBIX 4acToT He MeHee 100-
6000 I', T.e. IpU U3MEHEHNUHU YaCcTOTHI B ATUX NPEJENIax NEPEMEHHOE HAIIPSDKEHNE Ha BBIXOJIE
YCHJIUTEINS OCTaeTCsl 0KoJIo 1 BosbTa.

3HAKOMCTBO C BBICOKOYAaCTOTHOM YacThIO IPUEMHHUKA HAYHEM C KOHTYpa HaCTPOMKHU Ha
94acTOTy BelaTeIbHON paaroCTaHIuK, 0Opa3oBaHHOro Katymkoi L1 u kongencatopom Cl, 6e3
MOJIKJIFOUEHUS CXEMBI K UICTOYHHUKY NMUTaHUs. J{J1s1 3TOro uccieq0BaHus MOAKIIOUNM KOHTYP
L1C1 k renepaTopy nNpsAMOYTOJbHBIX UMITYJILCOB YEPE3 PEIUCTOP COMPOTUBIECHUEM MPUMEPHO
10 kOM. YcTaHOBUM aMIUINTYly BBIXOJHOTO HanpsbkeHus 5B, gacroty 50 kI'n, a konaeHcarop
C1 nmoctaBuM B cpesHee nosnoxkenue. Cxema SKCIEepUMEHTa BBITJISIUT CIEIYIOIUM 00pa3oMm:

R

B T
10k
L] C1 ?é
O
40
l'eHrpaTop IpPSAMOYT'OJIBHBIX
MMITYJILCOB Ocuurnorpat

Puc. 17. CxeMa omnbITa ¢ KOJ1e0aTeIbHBIM KOHTYPOM.

Kaprtunka Ha 3xpane ocumiiiorpada OyIeT moxoxa Ha CJIeTyIONyo:

aF il

Puc. 18. OcuuniorpaMMma K onsITy ¢ KoJ1e0aTeIbHbIM KOHTYPOM.
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[Tockonpky Ha puc.18 mokazaH dKpaH IBYXKaHAJIBHOTO OocIuiuiorpada, B €ro BEpXHeu
4acTH 0TOOPa)KaeTCsl CUTHAM MEePBOT0 KaHalla, MOJKII0YEHHOTO HEMOCPEACTBEHHO K TeHEpaTopy
MPSIMOYTOJIBHBIX UMITYJIBCOB.

Kaxnp1it ppoHT (M3MeHEeHHEe PSIMOYTOJIBHOTO HMITYJIbCA OT MHHUMAJIBHOW BEJTMYUHBI J10
MaKCUMaJIbHOW Ha3bIBaeTCsl (PPOHTOM; 3aHUI (POHT ellle HA3hIBAIOT CPE30M MMITYJIbCa), KaK
nepeaHuil, Tak U 3aJHUH, UMITyJIbCOB T€HEpaTOpa BBI3BIBAET 3aTyXalollue KoieOaHus B KOHTYPE,
KOTOpbIE MMPOUCXOAT C COOCTBEHHOM YacTOTOM KoJeOaHUi KOHTypa (WM Ha 4acTOTE pe30HaHca
KOHTYpa). [Ipy u3MeHeHnH eMKOCTH KOHIEHCAaTOpa 4acToTa COOCTBEHHBIX KoseOaHuil Oyaer
U3MEHATHCA.

Jliig mpoBepky paOOThl YCUIIUTENS BHICOKON YaCTOTHI HAMJIYUILIUM CJIEYET CUUTATh
METO/, MO3BOJISIOIINM ONPEAEIIATh UyBCTBUTEIBHOCTh IPUEMHUKA. [[151 3TOrO € reneparopa
CTaHJAPTHBIX CUTHAJIOB MOJIAI0T CUTHAJ ¢ Hecyen yactoror 1 MI', MogyupoBaHHbIH
gactotor 400 umu 1000 I'x ¢ rmyOunoit Mmoaysiuu 30%, uepes pesuctop 80 OM Ha paMKy U3
MEIHON MPOBOJIOKU AraMeTpoM 4-5 MM ¢ pazmepamu 380x380 MM. MarHuTHY10 aHTEHHY
pacrosararoT 1o HEHTPY paMKH NEPIICHIUKYJIIPHO €€ IIonaau Ha paccTosiHuu B 1 M. IIpu sTom
YyBCTBUTENBHOCTD MpHeMHHKa B MKB/M onpenenurcs kak Urcc/10. M3meHss 3HaueHue
koHzeHcaropa Cl, 1o6uBaOTCs MOTYUYESHUSI MAKCUMAJIbHOTO CUTHAJIA Ha KaTyIIKe cBsi3u L2
(W11 Ha BBIXOJIE YCHJIMTENIS BBICOKOM YacTOThI, HA KOJUIEKTOpE TpaH3uctopa VT12).
VYcraHaBIMBaKOT HANIPSKEHUE HA BBIXOJE F'€HEepaTopa CTaHAapTHBIX curHasioB Urcc, npu
KOTOPOM HaIlpsKEHUE HU3KOM 4acTOThI Ha SKBUBAJIEHTE TpoMKoroBoputens Bl coorBercTByer
MotHocTH 50 MBT. ITpu 3THX yClIOBUSAX MOXHO ONPEAEINTh UyBCTBUTEIBHOCTD
paavonpUeMHHUKA.

Bun paguocursaana Ha BbIXOJE YCHIMTENS BBICOKOM YaCTOThI, HA KOJUIEKTOPE
Tpan3ucropa VT2, 1omxkeH COOTBETCTBOBATh NOKa3aHHOMY Ha puc. 19.

v xr

Puc. 19. OcummorpaMMa AMIVIMTYIHO-MOAYJ/IHPOBAHHOI'0 CUT'HAJIA.

CpaBHMBasi aMIUTUTY/Ibl PAIMOCUTHANA HA BBIXO/I€ U BXOJI€ MEPBOro Kackajia, Ha BbIXOJE
¥ BXOJIC BTOPOT'O KacKaJia yCHIIUTENS BBICOKOW YacTOTBI, MOKHO ONPEEIHTh KO HUIIUEHT
YCHWJICHHS IO HANIPSKEHUIO KaX0T0 KacKaaa U BCETrO yCHITUTENS.

Bun pangunocurnana Ha BeIxoze AeTekTopa 0e3 konaeHcaropa Coé (ua pesuctope R6):
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Puc. 20. OcuniuiorpaMma pajuocUrHalia nocJje J1eTeKTupoBaHusl.

[Toaxmrouenne koHaeHcaTopa C6 U3MEHUT BUJ CUTHAJIA HA dKpaHe ociuuiorpada:

r =

Puc. 21. Ocunanorpamma Biausinus GUIbTPa HA BbIX0/e 1eTeKTOPA.

WTak, BBICOKOYaCTOTHBIN CUTHAJ, aMIUIMTYJa KOTOPOIO MEHSETCS 110 3aJaHHOMY 3aKOHY
(B cimyyae U3MepeHHUH 10 3aKOHY CHHYCa), HEeCeT» Ha cebe Hy)Hylo HaMm nHpopmanmio. [Tocie
JETEKTUPOBAHMsI UIMEHHO 3Ta MHPOpMaLUs (3TOT CUTHAJ) YCHIIMBACTCS YCUIIUTEIEM HU3KON
YaCTOTHI.

W3mensist BennuuHy pesuctopa R1 MoxHO niepecTpanBaTh napamMeTphl yCUIUTENS
BBICOKOM 4acTOTHI, a pe3ucTopoM R8 - ycunurens Huzkoi yactotsl. Onpenenss
qyBCTBUTEJIBHOCTh IPUEMHHUKA IIPU PA3HBIX ITapaMeTpax, MOXKHO TOOUTHCS HAaWITydIIel
4yBCTBUTEIBHOCTH NPUEMHHUKA.
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YerBepThlil ITAIL

[IepBoe n3MeHeHNE CXEMBI C LEbIO YIYULIEHUSI TapaMeTPOB PUEMHHUKA MOXKHO
MIPOU3BECTHU, 3aMEHUB pe3ucTop R4 Ha npoccenb, 4TO MO3BOJIUT YBEJIMUUTH KOJUIEKTOPHBIN TOK
Tpan3uctopa VT2 1 HeCKOJIBKO YBETUYUTh YCHIICHHE Kackasa. Jlpoccens HaMaThIBaeTCs Ha
dbeppuroBoM komwite Mapku 600HH ¢ pasmepamu - BHyTpeHHU# auametp 3,4 MM, BHEIITHUI
nuametp 8,2 mMm. Ha xonbie HamaTeiBatoT 150-200 BuTkoB nposoaa [I19B-1 0,1.
BbICOKOYACTOTHBIN IpOCCENb ClIeAYyeT SKPaHUPOBATH JIJIsl TOTO, YTOOBI U30€XaTh Mapa3uTHON
00paTHO# CBSI3M C MAarHUTHOW aHTEHHOM.

DddexT oT npuMeHeHus: Apoccens CBA3aH C TEM, YTO Ui TOCTOSIHHOTO TOKa
CONPOTHUBIIEHUE JPOCCENSE OUEHb MAJIO, a 3TO MO3BOJISET YBEIMUUTh TOK KOJUIEKTOPA, IS
BBICOKOYACTOTHOTO YK€ CHTHAIA COMPOTHBIICHUE APOCCEs OOJBIIOE, YTO YBEIHMUNBACT
K02 PHUIIMEHT yCHIIeHHs KacKasa.

Ilpumeuanue:

ﬂpOCC@Jlb - 9mo Kamyuika uHOmeue‘Hocmu, umernuas 4acmontHo 3asucumoe
conpomuejieHue. Axmusnoe conpomueilienue, m.e. COnpomuejleHue noCmMoARHOMY MoOK),
KaxK npaeujo, 3Ha4umejlbHo Mernblue, yem qumeuSHO@ conpomueienue, Komopoe,
noemoprocob, NPAMO NPponopyUoORAaIbHO Yacmome.

BTOpOC HU3MCHCHUEC KaCaCTCA NCPBOT0 KaCKala yCHUIICHUA BBICOKOM 4acTOThI. MOKHO

IIPUMEHUTBH IIOJIEBOM TPAH3UCTOP, UMEIOLIUIN BEICOKOE BXOJHOE CONPOTUBIIEHUE, YTO MO3BOJIUT
OTKa3aThCs OT KaTyIIKH cBsi3u L2.

Bxomnas cxema npuMeT BU:

Y K pesucropy R7
W1 R1 i
VTl
L1
1 K 6azc VT2
] Re

1

Puc. 22. Moaudukanus npueMHUKA NPSIMOI0 yCHJIEHHS.

Heobxomumseie anementol: VT1 - KIT103E, R1 - 1 kOwm, R2 - 1 kOwm. [Ipumenenue
M0JIEBOTO TPAH3UCTOPA YNPOILAET MOCTPOEHUE BXOAHON YaCTU IPUEMHHUKA, TO3BOJISIET
MOJIYYUTh XOPOIIYI0 H30MpaTeIbHOCTh. BBIOOP MOIEBOrO TpaH3uCcTOpa MOXKET MOTPEeOOBAThH
M3MEHEHUs MOJIIPHOCTHU MUTAOIIET0 HAMIPSKEHUS, UTO MOBJIEYeT HEOOXOJUMOCTh 3aMEHBI
TPaH3UCTOPOB MPSAMOI MPOBOAUMOCTH Ha oOpaTHbIe. Mnu ciemyer BEIOpaTh APYroi MoJIeBoOi
TPaH3UCTOP.

[IpoBens uccnenoBanus ¢ NPEIIOKEHHBIMU CXEMAaMHU MOKHO OLICHUTD BIIMSIHUE Pa3HBIX
CXEMHBIX PELIEHUN HAa OCHOBHBIE TTOKA3aTEIM TPUEMHHUKA - YyBCTBUTEIBHOCTh U
n30upaTeIbHOCTh. JlanpHeiinee yIydieHne cXeMbl TPUEMHHKA CBSI3aHO C N3MCHCHUSIMH CXCMBI
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ACTCKTOPA U YCUIIUTCIIA HU3KOI YaCTOThI, HO, TOCKOJIBKY MBI HC 3a1aBaJIUCh LICJIbIO pa3pa60TaTL
CXCMY NPUCMHHKA NIPAMOro YCUJICHHA, CIIOCOOHOTO KOHKYPHPOBATb C COBPEMCHHBIMU
paauonpuEeMHUKaMHU, OCTaBUM 3THU BOIIPOCKHI 10 TOI'O MOMCHTA, KOTIa OHHU CTaHYT aKTYaJIbHBI B
Hamux UCCICIOBaAHUAX (I/I, €CJIK 3TO HpOI/ISOI‘/JII[eT).

MecTo ans 3amMeToK Npu NepBOM YTEHUM.
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MecTo Ans 3amMeTOK NPU BTOPOM YTEHUMW.
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BcTynneHue K NATOMY NPOEKTY

B npenpiayniemM npoekTe Mbl UCCIEA0BAIN PaJUONIPUEMHUK, KOTOPBIN IPUHUMAET CUTHAI
paauoBeniatenbHoi craHuu. CkazaB « Ay, MOX0xe, cienyer cka3aTh «b». [locMoTpuM, kak
BO3HHKAET PAJMOCUTHAII.

KoHe4HO, MBI HE CTaHEM CTaBUTh 3KCIIEPUMEHTBI 10 CO3JaHUI0 MOLIHBIX
paavonepeaoX yCTPOMCTB, UL PACCMOTPUM IIPUHIIMIIBI, HA KOTOPBIX OCHOBAHO CO3JaHKe
MOI00HBIX MEPETATUYNKOB.

Kpome Toro, kak u Bblllle, peub MOHAET B OCHOBHOM 00 OJTHOM CIIOCO0€ MOAYJISILINY -
AMIUIATY THOU.

PaboTa mo0bIX paguonepeaaronmx yCTPORCTB JOCTATOYHO TaBHO U CTPOTO, YTO BITOJTHE
CIPaBeIMBO, KOHTPOJIUPYETCS FOCYyAapCTBEHHBIMU OpraHaMu Haj3opa. JI1o0oit nepegaTyuk
JIOJKEeH OBITh COOTBETCTBYIOIIUM 00pa3oM 3aperucTpupoBan. OgHaKO IS 1IeTeil uccae0BaHus
MBI Oy/IeM MIPUMEHSITh OYCHb MaJOMOIIIHBIE TIEpeAaTYuKy, padoTaoIINe Ha YacTOTe,
OTBEJICHHOW I paJuOyIIpaBiIIeMbIX Moiesiel. /[0 HeJTaBHETO BpEMEHH MEPEIaTUNKU HA ATOU
4acTOTE ¢ MaJIoil MOIIHOCTRIO (He Oosiee 10 MBT) Mornu He peructpupoBatbes. UMEHHO U3 3THX
cooOpaxxeHuit u BeiOpaHa yactora 27,12 MI'.

Boo06iuie, paanoymnpapnsieMble MOAETH - 3TO JOCTATOYHO MHTEpECcHast 006JacThb
NEeSTENIbHOCTH, CBA3aHHAsI C KOHCTPYUPOBAHUEM MEXaHUYECKUX YCTPOMNCTB, TEJIEMEXaHUKOM,
aBTOMATUKOM, paTuoTeXHUKOU. [Ipy 3TOM 371€KTpOHUKA XOTS U UTPAeT BCIIOMOTaTeNIbHYIO POJIb,
HO BeChbMa CYIIECTBEHHYIO.

MNMpoekT nATbIN «PaguonepenaTvymk»

Ilesab npoekTa - 03HAKOMUTHCS ¢ PaOOTON NEpeAAIOIUX yCTPOHCTB.

IlepBbIii 3Tan. PaccMOTpeHNE HECKOIBKUX CXEM PaJUOIEPEIaTYUKOB.

Heo6xoaumeie cpencrna:

1. MunnMaibHBIC Cpe/ICTBA - OyMara, KapaH/alll, anka ¢ Haanucbio «IISTeiid TpoeKT
«PagnonepenaTunky.

2. MakcuMasbHbI€ - KOMIIBIOTEP C TEKCTOBBIM MPOLIECCOPOM U MPOTPaMMOH,
TTO3BOJISIIOIIEH JIETKO PUCOBATH dJIEKTpUUECKUe cxeMbl (Harpumep, AutoCAD).

Bropoii 3Tan. MakeTupoBaHue paguonepeaaTdmka.

HeoOxonumsble cpencTBa: MakeTHas I1aTa, 3JIEKTPOHHBIE KOMIIOHEHTHI, MasIbHUK,
NasuIbHBIN (IIOC, TPUTION.

Tperuii 3Tan. MccnenoBanue paboThI NepeiaTYMKa C IOMOIIBIO0 TPHOOPOB.

Heo6xonumeie cpeacTa:

1.MunHuManbpHbIe CPEACTBA - MAKETHA IJ1aTa ¢ COOpaHHOM CXeMOM MepeaaTunka,
MYJIBTUMETD.

2. MakcuManbHbIe - MaKeTHasl IiaTa ¢ CoOOpaHHON CXeMol nepeaaTiyruka, reHepaTop
3BYKOBBIX YaCTOT, YaCTOTOMEp, OCIIHILIOTpad.

IlepBbIii 3Tam.
JIoCTaTO4YHO XapaKkTEpHOU CXEMOU IepeaTuuKa s PaIHOyIIPaBISIEMbIX MOEIIEH
CILy KMT CJIEAyIOIas:
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Puc. 23. Cxema nepegaTuuka JJisi pauoynpasJisieMbIX Mo/IeJI€ii.

3anaronuii renepatop cobpaH 1Mo cxeMe «EMKOCTHOM TPEXTOUKI» C KBAPIEBOM
crabmin3anueil yactoTsl Ha Tpanzuctope VT1. CBs3b MexIy Kackagamu TpaHchopMaTopHas
L1L2. Monynsiuyst OCyIIECTBISIETCS OT BHEIIHEr0 UCTOYHMKA CUTHajia yepe3 apoccens L3. K
KOJUIEKTOPY BBIXOJHOTO Kackaaa Ha TpaH3zuctope VT2 nmoakmtoueH [1-o0pa3ubiit GuiabTp
C5L4C6, nopasnsomumii rapmoHndeckue cocrasistomue. Karymxka LS, k koTopoit
MOJIKJIFOYAETCS] aHTEHHA AJIMHOM 1.4 M, Ha3bIBaeTCs «yUIMHUTEIbHON», TIOCKOJIBKY
IpeHa3HayeHa JiIsl KOMIIEHCAlluU EMKOCTHON COCTaBISAIONIEH ThIpeBOil anTeHHbl WA,
KOTOpasi Kopoue HeoOXOJUMOM, €CIIM UCXOJUTh U3 €€ JUIMHBI, KaK YeTBEPTh BOJTHOBOIO
BuOparopa (2.5m Ha yactote 27.12 MI'm).

[Tockonbky momoOHbBIe TepeaaTyuku uMeroT MomHocTh 500-800 MBT, uTO 3HAUHTETHHO
OosbIe HEOOXOAMMOM TSI SKCIIEPUMEHTOB, KOHKPETHBIC 3HAYEHUS JIEMEHTOB CXEMBI HE
IIPUBECHBI.

I[JISI MPOBCACHU SKCIICPUMCHTOB IMPCAHAa3HA4YCHA CICAYIOIIAad CXeMa:

“Urmr L1
O TWAW

C3 R3

Co

diE!

C4 — —
Mogymarma Le
Cl L
O v
CS
R2 .

1
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Puc. 24. Cxema Ma10MOLIHOTO NepeaaTyuka Ha 27 ml'u.

9aemeHThbI cxeMbl - C1=0.1 Mx®, C2-C4=200n®, C5=1000nd, C6-C7=5-20n1D,
C8=10nd.

R1=2,4kOm, R2=4,3xOmM, R3=2,4kOm, R4=4,7xOm, R5=1000M.

L1, L2, L5 - npoccenu nnagyktuBHOCTHIO SOMKI 'H (50-60 BuTKOB nposoaa I113JIIO 0,1
HaMOTaHHBIX BUTOK K BUTKY Ha KapKace JUaMETPOM SMM).

L3-L4 xatyumku, HaMOTaHHbIE Ha OJJHOM Kapkace auamerpoMm 10mMm posogom [12JIIO
0,35 BUTOK K BUTKY ¥ HIMEIOLIUE COOTBETCTBEHHO 6 U 8 BUTKOB.

VT1 Tpan3ucTop npsiMoii MPOBOAMMOCTH MPAKTUUECKHU JII000T0 TUIA, HAIPUMED,
KT3107, VT2 BbicokouacToTHBIN Tpan3uctop tumna ['T313, ['T328 unu aHanoruyuHeIi.

Hanpsiokenue nuranusg Unut = 4,5 BoJibTa.

PexxuM nuTaHus reHepaTopa BHICOKOM 4acTOThl, cOOpaHHOro Ha TpaHsucrope VT2,
onpezenseTcs 3HadeHUsIMU pe3uctopoB aenutens R1R2. Pexxum paboTsl camoro TpaHsucTopa
VT2 onpenensiercs 3HaueHUsIMHA pe3uctopoB Aenutenst R3R4 u pesucropa RS, koTopelit
oTpeieNsIeT, B OCHOBHOM, paboumii TOK TpaHzuctopa VT2.

Kongencaropamu C6 u C7 nepenaTuvk HacTpauBaeTcs Ha yactoty 27 M.

Ha paboTy BbICOKOYAacTOTHOIO reHepaTopa O0JIbIIOE BIUSHUE OKa3bIBa€T BHIOOD
Tpan3uctopa VT2, KOTOpbIit JOKEH OBITh JOCTATOYHO BHICOKOYACTOTHBIM, B TPOTHBHOM
clly4ae reHepaTop MOKET He Bo30ykaaTecs Ha yactore 27 MI'w.

Haznauenue reneparopa, coOpanHoro Ha tpansuctope VT2, BeIpaboTaTh CHUTHAI
BBICOKOM 4acTOThI, KOTOPBII CTaHET «HECYLIEei» A1 MH()OPMAIIMOHHOIO CUTHAJIA, 101aBaeMOT0
Ha BXOJl, 0003HAYEHHBIN Ha CXeM€ KaK «MOAYJIALMsD». IMEHHO MOLYIMPYIOIUI CUTHAT U
nepeaact Ty HUHPOPMAaLUIO, KOTOPYIO MbI XOTEJH ObI IEPEHECTH «uepe3 3hup»: pedb TUKTOpa
WM MY3bIKY BEIIATEIbHON PalMOCTAHLINN, CUTHAJ JUCTAHIIMOHHOTO YIIPABJICHUS MOJIETbIO U
T.IL.

Moaynsanust BHICOKOYaCTOTHOTO CUTHalIa MH(MOPMAIMOHHBIM IPOUCXOIUT Osiaroaaps
M3MEHEHHUIO aMILIUTY/Ibl HECYILEr0 CUTHAJIA IIPYU U3MEHEHUH IIUTAIOIIEr0 HAIPSKEHUS
re"epaTtopa. Tpansuctop VT1, Ha BX0 KOTOPOro MOCTYNAaET MEAJIEHHO (IO CPAaBHEHUIO C
TeHEPUPYEMBIM CUTHAJIOM) U3MEHSIOIMNICA NHPOPMALIMOHHBIA CUTHAJI, B TAKT C HUM U3MEHSET
HaIpPsDKEHNE MUTaHMS 3a/1al01LEro reHepaTopa, TeEM CaMbIM «MOILYJINPYsD», HAIIOIHSIS HY KHOU
HaMm uH(popMaIen curnan ¢ yactorou 27 MI'm.

MonynupoBaHHbBIN BBICOKOYACTOTHBIN CUTHAN yepe3 aHTeHHy WA usnydaercs B
IIPOCTPAHCTBO U MOKET OBITh MPUHAT IPUEMHUKOM, HACTPOSHHBIM Ha Ty K€ 4acTOTy, Ha
KOTOPOH paboTaeT BBICOKOYACTOTHBIN reHeparTop.

KoneuHo, 17151 ycToiunBO# paboThI mepeaTunka Ha BEIOPAHHOM 4acTOTe )KeIaTeIbHO
ObL10 OBl CTAOMIM3UPOBATH BEICOKOYACTOTHBIN T€HEPATOP KBAPIIEBBIM PE30HATOPOM, KaK ATO
caenaHo B cxeme Ha puc. 23 (ZQ1, reneparop cobpan Ha Tpansuctope VT1), Ho mist
HKCIEPUMEHTAIBHBIX IIeIeil 3TO He 00s3aTeIbHO.

B peanbHbIX nepenaTunkax, BbIpadaThIBAIOLIINX MOIIIHbBIE PAJAHOBOJIHbI, YCTPOHCTBO
MepeaoluX y3JI0B HAMHOTO CIIOKHEE, OJTHAKO CYIIIECTBO BOMPOCA OT ATOTO HE MEHSIETCS.

Bropoii aTan - cOopka cxeMbl Ha MaKETHOM IJ1aTe.
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HanowmHto - xenaTeabHO, 4TOOBI MEXKYy MAaKETOM U MPUHIUIHAIEHONW CXeMOH
COXPAHMUIIOCh COOTBETCTBUE, KOTOPOE IIOMOXKET JIETYE HACTPOUTD CXeMy. EcTh onHa
0COOEHHOCTh BBICOKOYACTOTHBIX YCTPOMCTB. [IpOBOAHNKH, COEAUHSIOLINE HIEMEHTHI CXEMBI, U
UMEIOIIME COOCTBEHHYIO HHAYKTUBHOCTh U €MKOCTh, MOT'YT CUJIBHO BJIUSATH Ha PabOTy
ycTpoiicTBa. YToOBI 30€KaTh 3TOT0, COEAUHUTEIbHBIE IIPOBOAHUKH BHICOKOYACTOTHOM YacTh
CXEMBI CIIEJIy€ET JieJIaTh KaK MOKHO KOpOY€e U pacroaraTh UX Aajblie IpyT OT ApyTra (ams
YCTpaHEHUs! HEYYTEHHOIO BIMSHUSA APYT Ha ApYTa).

TpeTuii 3Tanm - HaCTPOIKA CXEMBI.

MBpI pa30bepeM /iBa cirydast: HACTPOWKA CXeMbI 03 ITOMOIIH TATHBIX MPHOOPOB (TaKHX,
Kak ocumiutorpad, 4actoroMmep, FeHepaTop CTAHAAPTHBIX CUTHAIOB) U HACTPOWKA CXEMBI TIPH
MTOMOIIIX TPUOOPOB.

Hactpoiika cxembl 6€3 mpuOOpoB (IoApa3yMeBaETCs, YTO MYJIBTUMETP BCE-TAKH €CTh)
3HAYMUTENILHO O0Jiee TPYI0EMKa U JAeT HE camble Jydiue pe3yiabTaTel. OHa TpeOyeT Oosbiei
KBaJTM(HKAIINU, H, CKOPEE BCETO, MOTPEOYET MpeIBapUTEIbHON COOPKU BCIIOMOTaTEIbHBIX
YCTPOUCTB. A TOYHAs HACTPOHKA HAa HY)KHYIO YaCTOTY U3JIYUYCHHUSI BO3MOXHA TOJIBKO MPH
HAJTMYUU KATHOPOBOYHOTO YCTPOMCTBA MM MPOMBIIILIEHHOTO BCEBOJTHOBOTO PAIMOTIPUEMHUKA.
be3 HuX Jrydiie N3MEHUTh CXeMy TeHepaTopa, Kak, HalpuMep, 3TO ClIeJIaHo Ha puc. 23,
UCTIONIB3YSI TEHEPATOp C KBAPIIEBBIM PE30HATOPOM.

HacTtpoiika cxemMbl 6€3 MOMOIIM MITATHBIX IPHOOPOB JI0JKHA HAYNHATHCS C IIPOBEPKU
NpPaBUWIBHOCTH MOHTa)Ka, U3MEPEHHS TOKa, MOoTpedisieMoro cxemoil. B manHoM ciydae Tok
OTPEOJICHUS ONIPEACIISETCS BEIMUYUHON pe3ucTopa RS u yciioBusiMu caMmoB0O30Y K IEHUS, OH
JIOJDKEH HAaXOJUThCs B mpenenax 5-20 MA (BepXHHi mpeen).

UroObl yOeqUThCs B HATMUNU T'€HEPAIMH CIIeIyeT COOpaTh BHICOKOYACTOTHYIO
BBIHOCHYIO M3MEPUTENFHYIO TOJIOBKY, PHUCOEANHAEMYIO K BOJIBTMETPY MYJIbTUMETPA, PUC. 25:
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Puc. 25. CxemMa BbICOKOYACTOTHOMH H3MEPUTEIBLHOM M0JI0BKH.

Kommnonents! cxemsol - C1-C2=0.022mx®, R1=1MOwM, VD1-/1311.

CMOHTHPOBaHHbIE Ha TJIaTe KOMIOHEHTHI COSIMHSIOTCS ¢ BEIXOJHBIMH, YAOOHBIMU JJIS
BKJIIOUEHUS B MYJbTUMETP (BX0JHOE conpoTupiieHne 1 MOM), IThIpbKaMU U C BXOJHBIM
I1yIIOM 3KPaHUPOBaHHBIM BBICOKOYACTOTHBIM KabeneM. A caMmy IIaTy IOMEINAOT B
9KpaHUPYIOLINH KOpITyC (Hanmpumep, U3 MeJH, JJaTyHH WK, B KpalfHEM ciydae, )KeCTH).

BcTaB BeIHOCHOM TOJTIOBKOM TTapajuieIbHO KOHAeHcaTopy C6, crenyeT yoeauThes B
HAJIMYUU BRICOKOYACTOTHOTO CHTHAJIA, & TAK)KE B TOM, UYTO OH HE MPOTAIACT IPH U3MEHCHHU
BennunHbl KoHaeHcaTopoB C6 u C7. [locne yero cneayer HACTPOUTH TeHEPATOP HA HYKHYIO
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yacrotry. [Ipu Hanu4yum paguonprueMHUKa, UMEIOIIEro pabouuil [uamnas3oH, BKIIOYAOINT
yactoTy 27 MI'1i, 3TO caenaTh HE CIOKHO.

JU11 MOy JISIIMM CHTHAJIA MOKHO BOCIIOJIB30BATHCA HU3KOYAaCTOTHBIM F€HEPATOPOM,
coOpaHHBIM 10 cxeme puc. 3, rie konaeHcatop Cl cienyer 3aMeHUTh KOHAEHCATOPOM
emkocTbio 470 n®. [[1ns1 coeauHEeHNs ero co cXxeMoi Jyulie BMecTo KoHaeHcatopa C1 (Ha cxeme
puc. 24) noctaBuTh pe3ucTop BennynHon 2 kOm. HampspkeHrne Ha HU3KO4aCTOTHBIN TeHepaTop
MOJIAeTCsl OT UCTOYHMKA MUTaHUs nepenaruuka 4.5 B. [TonydeHHbIN MOLYIUPOBAHHBIN
BBICOKOYACTOTHBIM CUTHAJ JOJDKEH OBITH CIIBIILIEH B paJilONPUEMHUKE, HACTPOSHHOM Ha 4acTOTy
27 MTI'n. Ecniu reHepanyst ecTh, a CUTHAJI He CIIBIIIEH, TONMpo0yHTe MOACTPOUTH YacToTy,
koHneHcaropamu C6 u C7 (1o cxeme puc. 24), 3a1al01Iero reHepaTopa rnepeaaTanka ¢
BKJIFOUEHHOW aHTeHHOM (1.5 -2.5 M MOHTa)XHOTO MPOBOJIA).

ITocne HacTpoiiky 3a7aroliero reieparopa Ha yactory 27 MI'n, npu Hanuuuu
paavonpueMHUKa, pabOTaIOIEro Ha TOW 4acTOTe, MOKHO IIPOBEPUTH JAIBbHOCTh NEUCTBUS
nepenaryuka. /s 3KCepuMEHTOB JOCTaTOYHO albHOCTH B HECKOJIBKO METPOB.

CaMbIM HETIPUSTHBIM MIPH HACTPOIKE, TOXKATYH, OyJeT OTCYTCTBHE MPOMBIIIUICHHOTO
paaronpueMHnKa, padboTaromiero Ha yacrote 27 MI'. B atom ciydae s coBeryto b0 coopath
3a/IAf0IIHMI TeHepaTop MepeaaTynKa ¢ KBaplieBor CTa0MIM3alield 4acToThl, JIM00, B KpaitHEM
ciy4ae, TOUHO coOocTH mapaMeTpsl kKatyiiek L3-1L4 u BMecTo moAaCcTpoeuHbIX KOHAEHCATOPOB
C6 u C7 ycTaHOBUTH KOHAEHCATOPHI MOCTOSIHHOM eMKocTh 17 n®d u 17.2 nd cooTBETCTBEHHO,
HaOpaHHBIE U3 HECKOJIBKUX KOHJEHCATOPOB, XKEJaTeIbHO Kacca TOUHOCTH He MeHee 5%.

Eme pa3 xo4y HalmoMHUTB, YTO HEOOXOUMOCTh HACTPOWKH Ha yacToTy 27 MI'11 cBsi3aHa
HE C 0COOEHHOCTSIMH SKCIIEPUMEHTOB, a C TPEOOBAHUSIMU MPABHII OJIB30BAHUS
paznuornepenaomuMu yerpoiictBamu. [IpaBuit, KOTOpble UMEIOT JOCTATOUYHO OOJIBILION CMBICH, U
HapyIIeHHe KOTOPBIX MOXKET, TP HEOIAronpHsITHOM CTEYEHUN 00CTOSITENbCTB, IPUBECTH K
0O0JIBIIUM HENPUITHOCTSIM, U JJaK€ CTOUTh KOMY-TO JKU3HH.

Hacrpoiika cxeMbl ¢ TOMOLIbIO MPUOOPOB. DTO 3HAUYUTENHHO MPOIIIE, a PE3YIbTATHI
Jydlne.

Kak u B nepBoM ciyyae, HAaUMHATh HACTPOUKY CXEMBI CIIEIYET C IPOBEPKU
MPaBWJIBHOCTH MOHTa)Ka U MOTPeOIsieMOro ToKa.

3areM cienyeT MPOBEPUTH HATMYHUE TeHEPAlNU, TTOIKIIOYUB ocuuiuiorpad napamiensHo
koHzeHcaropy C6. ITonp3oBatecs cinenyer kabenem ocruuiorpada, numeromum aeiaurens 1:10.
[TonyuuB ycToM4MBYIO T€HEPALMIO TIPH BCEX 3HAUCHUSAX KoHAeHcaTopoB C6-C7, ciemyeT noaath
ot reaeparopa HU moxynmupyronuii curaain yactoroit 400-1000 'y u Hanpsbkenuem 0.5-1 B Ha
kougencarop Cl (puc. 24) u ydbeautscsi, yTo Ha ocuusuiorpade BUIACH MOAYIUPOBAHHBIN
BBICOKOYACTOTHBI CUTHAJL.

Jlnia onpenenenus albHOCTH JEHCTBUS MepeaTynka U HAaCTPOMKHU TeHepaTopa Ha
HY>KHYIO 4aCTOTY MO>KHO BOCIIOJIb30BaThCsl paAUOIIPUEMHUKOM (puc. 16), BXOAHYIO LIENb
KOTOPOTO MepeenaTh B COOTBETCTBHH C puc. 26 (BMECTO OTBOJIa, BOZMOXHO, MOTpedyeTcs
HaMOTAaTh KAaTyIIKY CBSI3U C 1-2 BUTKaMM) U 3aMEHUTH TPAH3UCTOPHI, KaK 3TO PEKOMEH/I0BAHO
JUISL CXeMBbI Ha puc. 59 (BockMOii MpoekT). YacToToMep MOAKII0YAETCS K BBIXOLY YCHUIUTENs
BBICOKOM "acToThl (kojuiektop VT2, puc. 16), nocie yero kouaencaropamu C6-C7
yCTaHABJIMBAETCS YacTOTa reHepauuu pasHas 27,12 MI'.

MOHO U1 3TOM LIENU UCITOIB30BaTh CAMOJIEIbHBIA HHAUKATOP IOJIS.
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Ilpumeuanue:

Buviwe cosopunoce 0 mom, umo oemexkmopHwle NpUeMHUKU
NOYUMU He NPUMEHAIOMCA 8 HACMOosAWee 8PeMsl, BblMEeCHEeHHbLE
cynepeemepoouHubimu. QOHaxo...

WAL

Cl

I

Puc. 26. Cxema uHAUKATOPA MOJS.

Kommnonents! cxemsl - WA 1 ToHkuit Metayumnueckuit tbips anunoi 20-30 cm; C1 3nd,
C2 xoHzieHCaTOp NEPEMEHHOM EMKOCTH C BO3AYIIHBIM AUAJIEKTPUKOM eMKOCThIo 5-20 n®, C3
150 n®; VD1 JI2B; L1 karymika, HaMmoTaHHasi Ha kapkace 12 MM u umeromas 12-14 BUTkoB
nposoja [19B-1 0.8 ¢ 0TBOAOM OT cepenHbl, THAYKTUBHOCTb KaTymku L2 30 Mx['H (HO MOXHO
UCIIOJIB30BaTh TAKYIO )K€ KaTylIKy, kak L5 puc. 24, PA1 MukpoaMmnepmeTp Ha TOK ITOJIHOTO
otkinoHeHus 100 MKA.

[To cyTu, uHAUKATOP MO - NETEKTOPHBINA MPUEMHHK, HATPYKEHHBIN Ha
MHUKpoamrepMmeTp. MoKHO BBIBECTH pyUKy KOHJEHcaTopa BXoHOro KoHTypa (C2) Ha
TIEPEIHIONO MMAHEIb U MPOTPaayUupOBaTh HHIUKATOP C MIOMOIIIBIO T€HEPATOpa CTaHAAPTHBIX
CHUTHAJIOB, K BBIXOly KOTOPOTO MOAKIIOYAIOT OTPE30K MOHTAXHOT0 npoBoja JiuHon 20-30 cM, a
AHTCHHY WHAMKATOpa pacmoiararmT psaoM. M3MeHss yacToTy reHepaTopa, HaCTpauBaloT
MHJUKATOP HAa MAKCUMAaJIbHOE OTKJIOHEHHE CTPEIKA MUKPOAMIIEPMETPA, U CUUTHIBAIOT YACTOTY
CO IIKAJIBI TEHEepaTopa.

Hoacnenue no xo0y oena:

PannonpueMHHK cynepreTepoIHHHOIO THIIA - PAJUOIIPUEMHUK, Y KOTOPOTO JUIs
NOJY4YeHUS OOJBIION UyBCTBUTEIBLHOCTH MTPOU3BOINUTCS NMPEOOpa30BaHUE YACTOTHI HA BXOJIE MU
1ocJyie KackaJ 0B IIMPOKOIMOJIOCHOIO YCUIINTEINS BBICOKOW 4acTOThl. ToMy, Kak, U JUIsl Uero, 3T0
JieNIaeTcs, Mbl, MOXKaIyd, U IOCBATUM CIIEYIOIINN IPOEKT.
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MecTo Ans 3aMeToK Npu NepBOM YTEHUM.
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MecTo Ans 3amMeTOK NPU BTOPOM YTEHUMW.
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BcTynneHue K WecToMy NPoeKkTy

[IpencraBnenue o mpueMo-nepeaaronel anmnaparype Obl1o Ob HEMOJIHBIM 0€3 YIOMUHAHUS O
TOM, KaK yCTPOEHBI IIPOMBIIIICHHBIE PATUONIPUEMHUKH, KAKHE CYIIECTBYIOT BU/IbI MOIYJISALIUU
KpOME aMILJIUTYIHOM, U UTO €1l MOJE3HOr0 MOXKHO CKa3aTh O CUTHAIAX, C KOTOPHIMH Mbl HMEEM
TeJI0.

ITo »TO# MpUYKHE SKCIIEPUMEHTHI CIEAYIOIET0 MPOeKTa Oy IyT MOCBALICHBI STUM TEMaM,
C TeM, 4TOOBI B AaJIbHEHIIIEM, PACCMOTPEB NMPUHIUIIBI IOCTPOEHUSI aBTOMATUYECKUX YCTPOHCTB
U 3JIEMEHThl aBTOMATHKH, COOPATh B €IMHYIO CUCTEMY BCE TO, O YEM MBI yCIIEEM IIOTOBOPHUTb.
Cuctema, X0Tea0Cch Obl 0KUAATH OT HEE ITOT0, TOJDKHA JI€aTh HEUTO OCMBICICHHOE, A Mbl, B
CBOIO OUE€PE/Ib, BIIOJIHE OCMBICIIEHHO MTPOBEIEM €€ CXEeMHYIO M KOHCTPYKIIMOHHYIO Pa3paboTKy.

Bce, 0 ueM MBI y’e rOBOpUIIM, U TO, O YEM Pa3roBOp €IIE MPEACTOUT, UHTEPECHO B
NEPBYIO OYepeib B3aUMOCBI3aHHOCTHIO. C Jpyroil CTOPOHBI, 3JIEKTPOHHbIE YCTPONUCTBA,
KOTOpBIE HAC OKPYXKAIOT, U KOTOPBIMU MBI I10JIb3yEMCSI, BO MHOI'OM, YCTPOEHBI HE TOJIBKO Ha TEX
K€ MPUHIUIAX, HO U UMEIOT CX0’KHE CXEMHBIE pelleHHsl. Tak yCTpoeH Balll 0eclpoBOIHON
Tes1e()OHHBIN anmapaT ¢ HECKOJIbKUMHU TeJIe()OHHBIMU TPyOKaMU, MEKIAY KOTOPBIMH MOKHO
BECTH Pa3roBOp, U Ha KOTOPbIE MOXKHO NepeJaBaTh BXOAIIME 3BOHKHU. IMEHHO Tak (MU ouTH
TaK) YCTPOEH Balll TEJIEBU30P, KOTOPBIA MOKET NIOKa3bIBaTh HECKOJIBKO IMPOrpaMM Ha OJTHOM
sKkpaHe. IMEHHO Tak (MM O4EeHb [10X0KE) padoTaeT Balll HOBBII My3bIKaJIbHBIN LIEHTP U Balla
cTUpasibHas MamuHa. M naxxe 1oMo(oH, 0 KOTOPOM BBbI 3a0bIBaeTE A0 TEX MOP, OKA K BaM HE
MPUXOJAT FOCTH, PA0OTAET CXOXKE C TEMU YCTPOHUCTBAMHU, O KOTOPBIX Mbl TOBOPHJIU BBIIIE WIIN
OyJZieM TOBOPUTH Jaliee.

YroObl BaM HE Ka3aJ0Ch, YTO Ballla KaCTPIOJIs, B KOTOPOM BapuTcs 00el], yMHee Bac, a
CEeroJiHs M KacTPIOJIM CHA0XKaIOT MPOLIECCOPaMH, CTOUT, KaK MHE Ka)KeTCsl, TOCUETh BEYEPKOM,
U B CBOOOHBIEC THH 3a ONBITAMH, YJOBJIETBOPEHUE OT KOTOPBIX OYJIET COrPeTO OCO3ZHAHUEM
BEJIMKOW TalHBI BallleH «MHTEIJIEKTYalIbHOW» KACTPIOJIA - HUYEr0 TAMHCTBEHHOI'0 U YMY
HEMOCTHKUMOTO B 3TOH «IOCyIHHE» HeT!

I'IpoeKT LecToun ((HpOMbILIJ.HeHHbIe npueMHUKN, He aMmnNnTyaHas
MoaynsauuAa, CUrHanbl, 1 4HTO U3 ITOro cregyeT»

Ilem, MPOEKTA - O3HAKOMHUTLCA C IIOCTPOCHUEM MTPOMBIINIJICHHBIX PAAUOIIPUEMHUKOB, BUIAMU
MOAYJISAIUHU U CUTHAJIaMHU.

IlepBbIii 3Tan. PaccMOTpeHNE NPUHIMIIOB IOCTPOCHMS CYTIEPreTEPOIUHHBIX
IIPUEMHHKOB.

Heo6xonumele cpecTa:

1. MuHHManbHBIE CpecTBa - Oymara, KapaHjalll, rnarnka ¢ Haanucbto «lllectoif mpoexT».

2. MakcuMasbHbI€ - KOMIIBIOTEP C TEKCTOBBIM MPOLIECCOPOM U MPOTrPaMMOH,
TTO3BOJISIOIICH JIETKO PUCOBATH dJIEKTpUIecKre cxembl (Harmpumep, AutoCAD).

Bropoii 3Tan. DKcriepuMeHTHI 0 TEME MTPUEMHHUKA-CYTIEPreTepoIuHa.

Heo6xonumele cpecTBa: MakeTHas IU1aTa, 3JI€KTPOHHBIE KOMIIOHEHTBI, NasNIbHUK,
NasUIbHBINA (IIIOC, TPUTION, TPUOOPHI.

Tpernii 3Tan. PaccmoTpeHne BUI0B MOLYJIALIMN.

Heo6xoaumeie cpencTna:
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1. MuHHMManbHbIE CpeAcTBa - Oymara, KapaHjalll, nanka ¢ Haanucbto «lllectoif mpoexT».

2. MakcuMasbHbI€ - KOMIIBIOTEP C TEKCTOBBIM MPOIIECCOPOM U IPOTPaMMON,
MO3BOJISIOIIEH JIETKO PUCOBATH AJIEKTPUUECKUE cXxeMbl (Hanpumep, AutoCAD).

YeTBepThiid 3TaM. DKCIEPUMEHTHI C YACTOTHON MOYJISIIIUCH.

HeobOxonumbie cpencTBa: MakeTHas I1aTa, JJIEKTPOHHBIE KOMIIOHEHTHI, TTasUIbHUK,
nasuIbHBIN (UIt0C, TPUTIOH, TPHOOPHI.

IIaTelii 3Tan. PaccMoTpenue CUrHanos.

Heob6xomumsbie cpencrna:

1. MuanManbHbIe CpeCTBA - OyMara, KapaHjaail, nanka ¢ Haanucbio «lllecToit mpoekTy.

2. MakcuManbHbI€ - KOMIBIOTEP C TEKCTOBBIM IPOLECCOPOM U MTPOTrpaMMOH,
MO3BOJISAIOILEH JIETKO pUCOBATh JIEKTpUUECKUE cxeMbl (Hanpumep, AutoCAD).

IlecToii 3Tan. DKCIEPUMEHTBI C CUTHATAMH.

HeoOxonumele cpencTBa: MakeTHas I1aTa, JJIEKTPOHHBIE KOMIIOHEHTHI, asUIbHUK,
NasTbHBIN (IIIOC, TPUIION, TPHOOPHI.

IlepBblii 1 BTOPOIi 3Tanbl TPOEKTa OYyT MOCBSIICHB PAIUOTIPUEMHUKAM, KOTOPBIC
HA3bIBAIOT MPUEMHUKAMHU CyNepreTepOAUHHOTO THIIA.

Camo cII0BO «CymnepreTepoiuH» - BCEro JUIIb TEPMUH, TSI 0003HAYEHUS CXEMBbI
paauoTPUEMHHKA, B KOTOPOW MCXOIHBIN paIMOCUTHAN MPeoOpa3yeTcsi B CUTHAJ C APYTrou
HECYILEH YaCTOTOM.

Brauane pazbepeM, A 4eTo 3TO JeNaeTcs, a 3aTeM - KaK 3TO MPOUCXOIUT.

JKenanue ycipImare B paliONPUEMHUKE BCE PaIMOBEIIATEIbHBIC CTAHIIMH, KOTOPBIC
MOMA/IAI0OT B AMAINAa30H PabOThI MPUEMHHUKA, C HEOOXOAMMOCTBIO IIPUBEIET K IIpodiieMe
YCWJICHHUSI CUTHAJIOB OT JaJbHUX PAJUOCTAHIINNA, TOCKOJIBKY PaIUOBOIHA C PACCTOSHUEM
pacceunBaeTcs u cinabeer. Ha rmepBrlii B3I TOTIOTHATEIHLHOE YCHIICHUE, KOTOPOE B JITAHHOM
ciydae TpedyeTcs, JETKO TIOCTUTAETCs T00aBICHUEM KaCcKaI0B YCHIICHHS: YeM OOJIbIIIe
KacKaJloB YCHJICHHUSI, TEM OOJIbIIE 00IIee YCHIICHHE, TEM JIYUIle Mbl YCHUJIUM CIIA0bIe CUTHAJIBI.

OpnHako 4acTh YCHJICHHBIX CUTHAJIOB MOXET IMOMAAaTh HA BXOJ] TOTO K€ YCUIIUTES,
UMEIOIIETO TeIepPh OYCHB OOJIBITYI0 UyBCTBUTEIBHOCTD. 3APABbIi CMBICI MO/ICKA3bIBACT, YTO
3TOT «COOCTBEHHBIN» CUTHAI OYJIET YCHUIICH YCHIIUTENIEM, OIISTh ITONAIET Ha BXOJ| YCHUITHTEII,
Oynet ycuieH u T.4. Takoit 3 pekT Ha3pIBaIOT CaMOBO30YKACHHUEM.

MOo3KHO MONBITaThCS KaK-TO YKPBITh BXOJIHbIE KacKabl IPUEMHUKA (IKPAaHUPOBATh) OT
BO3/JICHCTBHS MOCIIEIHUX KAaCKaJ0B yCHWINTENS, HO 3TO TOCTATOYHO CIIOKHO, a, 3HAYUT, JOPOTO,
XOTSI KOT/Ia-TO TaK U JeJalii, a B JOPOTrOCTOsIIEM 000pY/JOBaHUH (Yallle BCEro
npodeccruoHaIBLHOM) JIENAI0T 10 ceil AeHb. BTopas 6ena - curnan «oOpaTHOTrO BO3IECHCTBHSDY
IPOCAYMBAETCS MHOTUMHU ITyTSIMU - IPOXOUT 110 LIETH MUTAHUS, K KOTOPOH JO0JKHBI OBITH
HOJKJIFOUEHBI BCE KacKa/lbl yCUIICHHs, IPEO0JI0JIEBAET CIIy4aiiHO 00pa30BaHHbIE EMKOCTHBIE U
WHAYKTUBHBIE CBSI3H, IPOHUKAET Y€PE3 BHYTPEHHUE CBSI3U aKTUBHBIX 2JIEMEHTOB. KoHeuHO, pu
KOHCTPYKTOPCKOM MPOpadOTKe NPUHUMAIOTCS MEPHI 10 AIEKTPOMArHUTHON M30JISILIUN
KACKaJI0B, KPOME TOT0, KACKabl YCUIICHUS «Pa3BA3bIBAIOTY 110 Lenu nuranusd. Ho oueHp
HeOOJIbIIIas YacTh CUTHAJIA BCE PAaBHO MUHYET Oapbepbl, yCTaHOBJICHHBIE HA €T0 MyTH.

HInpoKononocHbIe yCUIUTEIH ¢ OONBIINM KOA(P(PHUIUEHTOM YCUICHUS UMEIOT
CKJIOHHOCTb K CaMOBO30Y KJCHHUIO, YTO OTPAHUYHBAET BO3MOXHOCTD UX MMPUMEHEHHUS JIs
MOJIyYEHHUs PauONPUEMHHUKA C O0JIBIION YyBCTBUTEIBHOCTBIO.
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[TocTpoeHne mpueMHHKa 110 CXeMe CyTepreTepoInHa - eIle O1H Coco0, Kpome
9KPAHUPOBAHUS U PA3BSI3bIBAHUS KACKAIOB TI0 IIETI ITUTAHUS, CHATh OTPAaHHMYCHHUE HA BEITMUNHY
YCHJICHUSI PaJHOCUTHAA.

CKJIOHHOCTB K CaMOBO30Y>KICHHUIO TE€M BBIIIE, YEM IIHPE M0JI0CA MPOITY CKAHHS
ycunurtensi. Bot, eciu 661 MbI y0BIETBOPUIMCH IPUEMOM €IMHCTBEHHOM pajinOCTaHIINH,
paboTaroeit Ha KaKOi-TO OJTHOW YaCTOTE, TOTAa MbI MOTJIH OBl HCIIOJIb30BATh YCHIUTEIh C
OOJIBIITUM YHCJIOM KacKaJoB, ¥, MPOMOPIUOHATLHO, Ko duimenTom ycmienus. Kak pas
MOJTy4eHUE BO3MOKHOCTH CTPOUTH YCHIIMTENb Ha OJJHY pab0uyI0 4acTOTy 00eCIeunBacTCs
PUMEHEHHEM B paJronpueMHuKe rerepoanna. Kakum oopazom?

[IpoBenem 3KCHEPUMEHT MO CIAETYIONIEH CXeMe:

+ 4B
[lepBhIll T"eHepaTop Ocrmmorpad
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Puc. 27. Cxema MPOBECACHUSA IKCIIEPUMEHTA 110 CMENIMBAHUIO CUTHAJIOB.

3n1ech epBBI U BTOPOU Te€HEPATOp - TeHEPATOPBI CTAHAAPTHBIX CUTHAJIOB C OJIU3KUMHU
gacrotamu F1 u F2 (rne F2 neckonbko 6onbiie, uem F1). Hanpsbkenue BTOporo reHeparopa
0.1-0.3 B, a nepBoro pa3 B 1€CATh MEHBIIIE.

Comporusnenne pe3uctopoB: R1=20 kOm (mogbupaercs no Hammydiiemy 3GGeKTy),
R2=2 xOwm; konaencaropsl C2-C3=0.01 Mmx®. Koutyp C1L1 MOXHO B34Tb OT IPUEMHHKA U3
YeTBEPTOro MpoeKTa, Toraa yactotsl F1 u F2 onpenenstcs pabounm auanazoHOM NpHEMHUKA.

HacrtpowuB xouTyp Ha yactoty F1, MBI yBUIMM Ha sKpaHe ociuiorpada curxai ¢
gactotoii F1. [lepectponB koHTYyp Ha yacToTy F2, MOXHO yOeIUThHCS B HAIMYMH CUTHAJA STOU
4acTOThI Ha BeIXoze ycunutend. Ho, ecinu Mbl HacTpouM KOHTYp Ha yactoty F2-F1, To
0oOHapy»uM, YTO U CUTHAJ TAKOW YaCTOThI HA BBIXOJI€ YCUIIUTEIS IPUCYTCTBYET.

Curnansl IByX 4aCTOT UMEIOT CBOWCTBO alreOpandecku CKJIaIbIBaTbCsA HA HEIMHEHHBIX
3JIEMEHTaX, a MOJYIIPOBOAHUKOBBIN TPAH3UCTOP - HEJIMHEUHBIN JIEMEHT.

3TO-TO CBOMCTBO U UCIOJIB3YETCS B CyNEPreTepOIMHHOM MTPUEMHUKE JIJIsl TTOJTYYEHUS
MPOMEKYTOYHON 4acTOThl. OIMH CUTHAJ, MOJIOKUM, ¢ yacToTol F1 - curnan paanocranuuu, Ha
KOTOPYIO MBI HacTpauBaeMmcs. BTopoii cursai noiyyaroT OT CHEUaIbHOTO F'eHepaTopa,
KOTOPBIN HA3bIBAETCS F€TEPOAUHOM, U KOTOPBIN NIEPECTPAUBAETCS IPU IEPECTPOUKE HA IPYTYIO
CTaHIIMIO TAK, YTO €r0 4YacTOTa BCErJa OTIIMYAETCSA OT YaCTOThI PAIMOCTAHIIMN HA OJHY U TY XKe
BeNIMUMHY. B utore, mpu HacTpoiike Ha J1I0OYIO CTaHIIMIO, MBI IMEEM I10CIIe CMECUTeNs (TaK
Ha3bIBaeTCs cxema Ha TpaH3uctope VT, puc. 27) curnan, oJlHON U TOH *Ke, pa3HOCTHOU
4acToThl. IMEHHO 3Ty, OHY U Ty K€ JUI Pa3HBIX CTAHIMM, YaCTOTY YCWIMBAIOT Aajyblie. Ee
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Ha3bIBAIOT IIPOMEXKYTOUHOM YaCTOTOM, @ KacKa bl yCUJIEHUS, COOTBETCTBEHHO, KaCKaJaMu
YCWJIEHUSI TPOMEKYTOUYHOMN YacCTOTBHI.

Harpy3skoii cmecurens 6piBaeT, anamornuno C1L1, KOHTYyp, HACTPOSHHBIM HA
MPOMEXKYTOUHYIO (Pa3HOCTHYIO) 4yacToTy. HOTIa B KauecTBe (PUIBTpa MCIONB3YETCS He
napaieNIbHbIA KoJIeOaTeNbHbIH KOHTYD, a Ipyrue 6onee 3ppekTuBHbIe QUILTPHI,
IPOITYCKAIOIINE MTPOMEKYTOUHYIO YacTOTy. HacToTa rerepoarHa BEIOUpAETCs TaK, YTOOBI
pa3HHIA MEXITY HEH U YaCTOTON MPUHUMAEMOM paInOCTaHIINH, OblJIa paBHA TPOMEKYTOUHOM
4acToTe.

A YTO K€ TPOUCXOAUT C CUTHATIOM MH(pOPMALMH (MOIYJIUPYIOUIUM CUTHATIOM)?

I'enepaTopsl CTaHJAPTHBIX CUTHAIOB MO3BOJISIFOT MOYJIUPOBATh BEICOKYIO YAaCTOTY
HU3KOYACTOTHBIM cUrHasioM. [IpomMoaynupyiTe BBICOKOYACTOTHBINA CUTHAJI IEPBOTO reHepaTopa
yacroroit 400 I'n, u Ha sKpane ociuiorpada Bbl YBUIUTE CUTHAI IPOMEKYTOYHOM 4acTOTHI,
MoynupoBaHHbIi yacToTo 400 ['1. C Hammm MHPOPMAIIMOHHBIM CUTHAJIOM HUYETro He
CJIy4HJIOCH.

[IpompblliIeHHBIE PATUOTIPUEMHHUKHN CTPOAT Yallle BCEro M0 CXeME CyIepreTepoanHa.
OHU UMEIOT OJIMH-/IBA KacKaja YCUJICHUS BBICOKOW YaCTOTHI, CMECUTENh, HECKOJIBKO KAaCKa/I0B
YCWJICHHUSI TPOMEKYTOUYHOM YaCTOThI, IETEKTOP M YCUIUTENb HU3KOM yacToThl. Kpome
BBIMTPBIIIA 32 CUET YBEIMUYCHHSI OOIIEro KOJIMYECTBA YCUIUBAIOUINX KACKaI0B, YIAeTCs
MOJTyYUTh BBIMTPHIII B YCUJIICHHH U 33 CUYET TOTO, YTO KXKABIH M3 KaCKaIOB IMPOMEXKYTOUHOM
YaCTOTHI MOXKHO TOJTYYUTh C OOJBIITUM YCHJICHHEM, YeM aHaJIOTUYHBIC, HO ITMPOKOIIOJIOCHBIE.

Ecnu noGaBuTh, 4TO 0OJNIBIIOE YCHIIEHUE TIO3BOJISIET BBECTH B CXEMY NPUEMHUKA
ABTOMATUYECKYIO PETYJIUPOBKY YCUJICHHUS: CUTHAIIBI MOIIHBIX PAJAUOCTAHIINNA aBTOMAaTHYECKU
YMEHBIIIAIOT 001I[ee YCUICHHE, a CIa0ble CUTHAIBI JAIBHUX CTAHIIUN HE U3MEHSIOT €T0, - TO 3TO,
MOKaTYH, ¥ BCE MPUHITUIHAILHBIC OTIMYHS MPOMBIIUICHHBIX IPUEMHUKOB OT PUEMHHUKOB W3
JETCKOTO paro-KOHCTPYKTOpA.

Boo06iue, ecau BaM Hy»Ha XOpolas, ycroiurnBast paboTa npueMHHKa, TPUMEHSITe
CXEeMy CylneprerepoauHa. Xopoure NpUEMHUKY IJIsl paJUOyIIpaBIIeMbIX MOJENeEH -
cyneprerepoauHbl. Bamn TeneBu3op - cyneprerepoauH. I aBTOMOOMIIBHBIN TPUEMHUK -
cyneprerepoauH. [IpaBaa, ecTb OIHO OTJIIMYUE OT TOTO, O YEM MBI TOBOPUIIN paHee. Bo3mokHO,
BaIll aBTOMOOMJIbHBIN MPUEMHHUK UMEET AUANa30Hbl CPETHUX U JUTMHHBIX BOJH, HO Yallle BBl €T
ciyulaere, ckopee Bcero, Ha YKB. A Bemanue Ha YKB umeer 0co0eHHOCTD, KOTOPYIO Mbl
paccMOTpHUM, NIEPENA K TPETbEMY ITaILy.

Tperuii 1 yeTBepTHIH dTAI

Panee MbI roBopui 00 aMITUTYAHON MOAYJIALMN CUTHANA. DTOT BUJ MOAYJIALUU
OTJIMYAETCS BHICOKON HArJISAHOCTBIO, HO HE SIBJISIETCS €MMHCTBEHHBIM. OH HE ycTapen -
BHJICOCUTHAJI B TEJICBUJICHUHU aAMIUIUTY IHO-MOYJIUPOBAaHHBIN, OTHAKO APYTHE BUIBI MOLYJISLIMH
UMEIOT CBOM IpeuMyIecTBa. Mbl He OyJ1eM OCTaHABIMBATLCS MOAPOOHO HAa BCEX BHUJAX
MOJYJISIIIUH U X 0COOEHHOCTSIX, PACCMOTPUM TOJIBKO YaCTOTHYIO Moy isiiuto. O061ee
IPEJICTaBICHUE O BO3MOXHBIX CIIOCO0aX MOIYJISLIMY 1aeT IPOCTasi 3alMCh CUTHAIA
IIEPEMEHHOTO HANPSKCHMUS:

U(t) = AeSin(wt +o)
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3nechk U(t) - 3aKOH M3MEHEHUs HapsKEHUs! Co BpeMeHeM. B naHHOM ciyuae
HaIpspKEHNE U3MEHSETCSl CO BpEMEHEM I10 3aKOHY CHHYCa, UMEET aMIUIUTYAy (pa3max) A,
4acTOTy M, U HAaYalbHYIO0 Bazy .

Bun dhopMyiiel cpasy gaet OTBET, KaKue BUABI MOIYJISIIUN CYIIECTBYIOT. 3aCTaBUM
aMIUIUTYAY MEHSTHCS 10 KaKOMY-TO 3aKOHY A(t), MOJIYyYUM aMIUIUTYAHYIO MOAYJISILIMIO, TPU
YCIIOBUH, YTO U3MEHEHUSI aMILIUTY /bl IPOUCXOST MHOTO MEJIEHHEE, YeM U3MEHSETCS CO
BpeMeHeM Haill ocHOBHOM curHan U(t). Byaem mensTs yactoty w(t), MOIy4YuM 4aCTOTHYIO
MonayJsnuio. [Ipu Bo3aeiicTBuu Ha dasy ¢(t) Oynem nmeth (Ha3zoByr0 MOAYJIISAIIHIO.

PannoBemanue B Auana3oHe yJIbTPaKOPOTKUX BOJIH BEAETCS ¢ YACTOTHOM MOYJISIUEH.
DTO MO3BOJISIET MOMYYHUTH OOJBIIIYIO 3AIIUTY OT MOMEX, MTOCKOJIBKY aMIUTUTY/Ia paMOCUTHaIa
yKe He HeceT MH(POPMAIINH, €€ MOXKHO IMOJACPKUBATH MOCTOSTHHON M MAaKCUMAJIBHO OOJIBIIION.
Bricokas yactoTa Hecylen onpeaenseT LUPOKUi Iana3oH €€ U3MEHEHHsI OTBETCTBEHHBIN 3a
JUHAMHWYECKHH TMara30H (OTHOIICHHUE BEJIMUMHBI TIOJIE3HOTO CHTHAJIa K BEJIMYMHE TIOMEX), T.€.
Ka4decTBO nepeaaun nHpopmaruu. OTHOIICHHE TIOJIE3HOTO CUTHANIA K MyMY (B TIOHATHE IITyM
BXOJST M IIOMEXH) JIJISI 3ByKOBBIX YCTPOMCTB 00YCIIaBIMBAET BO3ZMOKHOCThH MEepPeIadll 3BYKOB OT
CaMOTr0 TUXOTO J10 caMoro rpoMkoro. Cy’keHne TMHaMUYECKOro IMana3oHa OYeHb BIUSET Ha
KpacoTy 3BYKOBOI KapTHUHBI: BOOOpa3HUTe Pa3roBOp C TIyXUM, KOrJa Bcs Oecena - 0IuH
HAaJpPBIBHBIA KPHUK.

J111s mpoBeIeHUs SKCIIEPUMEHTOB ¢ YaCTOTHOM MOAYJISIHEH MHE XOTEIOChH Obl
MIPEIIOKUTL CXEMY I'€HepaTopa, Ha KOTOPYIO 1 HATOJIKHYJICS, paCCMaTpUBasl pa3sHbIe CXEMBI B
ONMCAaHUU KOHCTPYKIUH COBETCKUX M YE€XOCIOBALKUX (KOTJa-To ObUIM U TaKuUE)
paauomtooureneil. ['enepaTop, Kak OTMEYEHO B OMMCAHUU, XOPOLIO pabOTaeT, HO UMEET OJUH
HEJIOCTATOK - YaCTOTA F'eHepaTopa CUIbHO 3aBUCUT OT HANPSIKEHUS TUTAHUS.

MHe 1oka3anoch HHTEPECHBIM UCIIOJIb30BaTh 3TOT T€HEPATOP IS NOJIyYEHUS YACTOTHO-
MOZYJINPOBAHHOTO CUTHAJIA.

VT3
o i o« O +1
Re
-l C1 !
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VTl } Fmod
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R1

Puc. 28. Cxema BBICOKOYACTOTHOTO FeHEPATOPA.

B cxeme Ha puc. 28 reneparop Ha Tpanzuctopax VT1 u VT2 nonyuaer nuraroiiee
HanpsbkeHue ot Tpansucropa VT3, Ha 6a3y kotoporo yepe3 koHaeHcarop C2 nonaetcs
MOAYJIHpYIOlIee HallpsbkeHre. M3MeHenne nuraromero HanpsKeHusl Ha reHeparope (C 4acToToi
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MOJAYJISILIUK) BBI3BIBAET U3MEHEHUE (HECYIIE ) YaCTOThI T€HEPaTOpa, OCYIIECTBIISISI YACTOTHYIO
MOIYJISILIAIO

[Ipu snementax cxembl L1 10mMkl'H, C1 50n®, C2 1mMk®d, R1 1.5kOm, R2 30kOm, VT1-
VT3 2N3904 (oreuectBennslil ananor KT375A nnu KT375b), nutatomem Hanpsbkenun U = 8B
Y MOJyJIMPYIOILEM CUHYcouAanbHOM Hamnpsbkenuu Fmod: 1.5B, 15[ 1, - nogaBaemom ¢
HU3KOYACTOTHOT'O F€HEPATOPA, S MOTYyUYHJ CPEIHIOI HECYITYIO YacToTy 0kojo 600kl 11 u Buzg
curHana Ha koutype L1Cl1:

- =

e anlUhae,
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Puc. 29. IlepBasi ociMJLJIOrPaMMAa K ONBITY N0 YaCTOTHOI MOy /ISIUH.

Ha ocuumiorpamMmme siBHO BUIJHO, KaK «IIPOPUCOBBIBACTCSA» MOLYJIMPYIOIIAs 4acToTa,
oru0ast BEICOKOYAaCTOTHRIN curHan. Ho ato ne AMIUIMTY AHAas MOOYJIALUA.
Jlo6aBuM B cXeMy JIBYXKAaCKaJIHBIA YCUIUTEIb-OTPAHNYNUTENb (Ha TpaH3uctopax VT3,

VT4, puc. 30).
RI11

VT4
R1 R3 RS

Puc. 30. Cxema MOJIy4€eHHUS YACTOTHO-MOAYJUPOBAHHOI0 CUTHAJIA.
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ITocne nepBoro kackazia yCUJIeHus, B KOTOPOM OJJHOBPEMEHHO C YCHJIEHUEM IIPOUCXOAUT
OJTHOCTOPOHHEE OTPaHUYCHUE CUTHAJIA, BO3JACHCTBUE MOAYIUPYIOLIEH YaCTOThI
IIPOCMATPHUBAETCS €Il JOCTATOYHO XOPOILIO:

Ll e

M"l""ﬁ [T

ﬂuﬂ Uu

Puc. 31. Bropas ocuujuiorpaMma K ONnbITy 110 YaCTOTHON MOAYJISILIUM.

Opnako mociie BTOporo Kackaja ycuieHus Ha TpaHsucrope VT4 nmpoucxoaut
OTrpaHMYEHUE CUTHAJA CO BTOPOW CTOPOHBI M MOAYJIUPYIOUINI CUTHAII HA OCHUJUIOTpaMMeE YiKe
COBEpIICHHO HE BUJICH:

L xr

Puc. 32. Tpebel ocHuJIJIorpaMmMa K ONnbITy 1o YaCTOTHOM MOAYyJIsIUHA.

Wrak, Bcsd mHPOpMaLUs 0 MOYJTUPYIOIIEM CUTHAJIE TeTepb CKPbITa B U3MEHEHUH
HecyIel 4acToTsl. T.e. Mbl UMEEM Ha puUC. 32 4aCTOTHO-MOAYJIMPOBAaHHBIN CUTHAI.
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Jl1 mocTpoeHUsl JIETEKTOpa 4YaCTOTHO-MOLYJINPOBAHHOIO CUTHAJa IPUMEM BO BHUMAHUE
cienyromue coodpaxxenus. Bece uameHnenus Haulero nHGOPMallMOHHOIO CUTHajA (a OH-TO Hac,
B KOHEYHOM CUETEe, U MHTEPECYET) CKPBIThl B U3MEHEHUH YaCTOThl HECYLIETO CUTHAIA.
YBenuueHne aMIUIMTY Abl MOLYJINPYIOIIErO CUTHAJIA IPUBOAUT K CHHKEHHUIO HECYIIEH YacTOTHI,
YMEHBIICHHUE - K yBeJIIMYeHUI0. TakuM o0pa3om, st 00paTHOTro Mpeodpa3oBaHus, MOX0XKE,
MO>KHO MPUMEHUTh YaCTOTO3aBUCHUMBIE 3JIEMEHTHI - UHAYKTUBHOCTh WJIM €MKOCTh. u
IPUMEHHUTH UX coueTanue. Vcnonp3yeM napauiesbHbli KoyieOaTenbHbIi KOHTYpP, COOCTBEHHA
4acToTa KOTOPOTo HUXKE CpeiHeH yacToThl Hecyero curnaia. Konebarenbusiii konTyp L2C5 B
KOJUIEKTOPHOM 1enu Tpansucropa VTS nMeer yactoTy HacTpoiiku nopsaka SOOkI .
[Tonywaercs, 4To yMEHbIIIEHHE YAaCTOThI HECYIIETO CUTHAJIa IPUBOJUT K YBEITUUYECHHUIO
COTMPOTHUBIIEHHUS KoJiebaTempbHOro KOHTYpa L2C5 n yBenmnueHuto yCueHus Kackaaa Ha
tpanzuctope VTS5 (cm. puc. 30), yMeHbIIEHHE YaCTOTHI - K YMEHBIIEHUIO YCUIICHUS.
Ocuusutorpamma kosiebanuit Ha koutype L2C5 n3obpakena Ha puc. 33:
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Puc. 33. YUerBepTasi ocM/LJIOrpaMMa K ONBITY N0 YaCTOTHOI MOy ISLUH.

HecmoTpst Ha HEBBICOKOE Ka4eCTBO 000MX MPeoOpa3oBaHMil (KaK YaCTOTHOW MOTYJISIIHH,
TaK ¥ JETCKTUPOBAHUS YaCTOTHO-MOIYJIMPOBAHHOTO CUTHANA), HAalll UH()OPMAIIMOHHBIN CUTHAT
BHOBB SIBHO ITPOPHCOBBIBACTCS, @ MOAYJISILIKS IpeoOpa3oBaiach B aMILTUTYAHYO. J{iis
MOJIYUYCHHUA UCXOJHOTI'0 CUTHAJIA 1OCTATOYHO UCII0JIb30BATh TaKOMH ke ACTCKTOP, KaK B
paZMONPUEMHUKE TIPSIMOTO YCHIICHHSI - TIOTYIPOBOJHIUKOBBIHM IO U KOHJIEHCATOP, HA KOTOPOM
MBI TIOJTYYMM HUCXOJHBIH CUTHAN (YBBI, HECKOJIBKO M3YPOJIOBaHHBIN ).

N3mensis mapamerpsl cxeMsl (puc. 30) MOKHO, 5 TIoJIararo, MoJIy4uTh 00Jiee KpacuBbBIN
pe3ynbrat. OIHAKO CYIIECTBO BOIIPOCA SICHO U 0e3 yJydlIeHHs.

YecTHO TOBOpsA, HA MCHHA HOIIOGHI:IC MNpEeBpalICHUA NHOT Ja ITPOU3BOAAT BIICUATIICHHUC,
€CJIM OTPEIIUTHCS OT MPOPECCHOHATHHOTO 0€3pa3Iuuus, €CIIU HEe Uy/a, TO Yero-To OJU3KOro K
HeMy. Y TUBJISISICH ATOMY MIPEBPAILIEHHIO, 51 OCTPO OMIYIIAI0 Ty HECKOHYAEMYIO padOTy JFO/ICH,
OTKPBIBIIMX M Pa3padOTaBIINX 3TH METO/IbI, OJaroapst KOTOPOH MBI MOXKEM HaCTIaKIaThCs
MY3BIKOH, CITyIIas paguo, UM CONEePEKUBATh IeposiM KHHO(DMIIbMA, CUIS Y TEJIEBU30pa.

Korz[a YUTaCllb JIUTCPATYPY, C OIMUCAHUCM, CKAXXCM, pa3HbIX BUJ0B MOAYJIAIINH, 34
MaTEeMaTHKOM, 32 CXeMaMH 3Ta paboTa YKphIBAeTCs, KaK 3a MeJICHON TyMaHa. Thl BUIUIIE SICHO
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JIMILIb MAaTEMATUYECKUE COOTHOILIEHUS U 3JIEKTPOHHBIE KOMIIOHEHTHI, U TOJIBKO TOT/AA, KOI1a
MO>KEIIb TIO3BOJIUTH ce0€ MPOAENaTh OIBIT, TOJ0OHBIN TOIBKO YTO OMHCAHHOMY, TOJIKO TOTAA
TyYMaH paccenBaeTCsl, OTKPbIBas TO, YTO MHE OYEHb XOUETCsl Ha3BaTh UyJIOM «UEJIOBEYbErO
TpyAa».
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Ilpumeuanue:

Mbt yoice cosopunu 0 KorebamenrbHOM KOHMYpe, paccmampugas 6X00OHYI0 yenb
paouonpuemnura. Celiuac mvl UCHOIL30BAIU KOACOAMENbHBLIL KOHMYDP 0151 OpPY20ll Yeu,
VUIU CBOUCMBO NAPALLENbHO20 KONEOAMeNbHO20 KOHMYPA USMEHAMb CONPOMuUBLeHue -
conpomusinenue napaiieibHo20 KOHMypa MAKCUMAIbHO HA Yacmome pe30HaHCd.
Pesonanc 6 napannenvhom xorebamenbHoM KOHMype HA3bIBAIOM euje Pe30HAHCOM
MOK08, NOCKOILKY Moku 6 semesax LC koumypa 6 s3mom ciyuae pasHul.

Kpome napannenvroeo xonebamenvbHo2o KOoHmypa cyuecmsyem nocieo08amenbHulil, ¢
nocne008amenbHO GKII0UEHHbIMU eMKOCIbIO U UHOYKMUBHOCMbI0. Pesonanc nazviearom
PE3OHAHCOM HANPSHCEHUN (OHU PABHBL HA eMKOCIU U UHOYKMUBHOCIU, U MO2YM Oblmb
OobULE HANPACEHUST B030VHCOCHUS), A CONPOMUBTEHUE NOCIE)08AMENbHO2O
PE30HAHCHO20 KOHMYPA HA YACMOme Pe30HAHCA MUHUMALLHO.

I'paghux 3a6ucumocmu nanpsoicenus om wacmomul 014 napaiieivbroz2o LC konmypa
(cxema onvima cxooica ¢ puc.17, no eenepamop — I'CC) sviensioum ciredyrouum oopazom:

Puc. 34. HanpsizkeHue Ha napajuieJibHOM KoJ1e0aTeJIlbHOM KOHTYpe.

I'paghux drce 3a6ucumocmu nanpsadiceHuss om yacmomsl 015 nociedosamenvHozo LC
KOHmMypa 6yoem 8vieisl0ems max:

Puc. 35. HanpsizkeHue HA NM0OC/1e10BATEJIBLHOM KOJ1e0aTeJIbHOM KOHTYPe.

Ha nsToM U mecToM 3Tanax npoeKTa Mbl MPOAOIIKUM Pa3roBOp O CUTHAJaX.
Panee MbI rOBOpHIIN O CUTHAJIE HECYLIEH YaCTOThI, MOAYIMPOBAHHOM MH(OPMALIMOHHBIM
CUTHAJIOM, TOBOPHJIM 00 MH(POPMAIIMOHHOM CHTHAJIE.
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BbICcOKOYaCTOTHBIE CUTHAJIBI, MOYJIMPOBAHHBIE HU3KOYACTOTHBIMU - 3TO IIPUMEPHL
PaauOCUTHAIIOB.

B paguonpueMHuke B kauecTBe HH(OPMALIMOHHOIO HCIIOJIb3YEeTCs 3BYKOBOU (MU
HU3KOYaCTOTHBIN) curHai. Peub u My3blika, yM npuOos WM KPUKH YaeK, CKPUI TOPMO30B U
NIEHHE JTIOOMMOM POK TPYTIIIBI - 3TO BCE 3BYKOBBIE CUTHAJIBI. [IpHHATO paccMaTpuBaTh
3aBUCHMOCTh HalpsHKeHUs curHana oT BpeMenu U(t). PeanbHble 3Bykr HMEIOT BeCbMa CIIOKHBIN
XapakTep ¥ UX MaTeMAaTHYECKOE OITMCAHUE OYECHb CII0XKHO.

HpI/I HUCIBITAHUAX U UCCICIOBAHUUN BJICKTPOTCXHUYCCKUX yCTpOﬁCTB HCIOJIB3YIOT
CUTHAJIBbI IMTPOCTBIX (1)OpM, MAaTEMaTUYCCKOC OITMCAHNUEC KOTOPBIX HC BBIZLIBACT 0CO0BIX
3aTPYyAHEHUN. DTO CHHYCOUAAIbHBIN, TPEYTOJIbHBIN, TPSAMOYTOJbHBIN CUTHANIBL. DOpMa 3TUX
CUTHAJIOB SICHA U3 WX Ha3BaHUS. BOT CHHYCOMIANBHBIN U TPEYTOJIbHBIA CUTHATIBI:

b 1l wr

Puc. 36. Curnajibl pa3noii ¢opMbl, HCNOJIb3yeMble B KaUeCTBe UCIbITATEIbHBIX.

Ilpumeuanue:

B pasoene, nocssauennom usmepumensHulM npUuOOPAM, MHO20 CKA3AHO O
@DYHKYUOHANBHBIX 2eHepamopax u NPUBeOeHa cxema npocmozo
@yHKYUOHANBbHO2O 2eHepamopa Ha 00HOU mMukpocxeme. C e20 nomouyvio
MOICHO HAOI00AMb HA IKPAHEe OCYULLOZPpAdha 3mu pa3sHO8UOHOCMU
cuenanos. Ilpamoyeonvnas popma cueHana oueHvb xapakmepHa Oisl
yugpposvix ycmpoiicme. Paznosuonocms mpey2oivHo2o — Ru1000pasHblil
CUCHAT, MOJICHO Y8UOEMb 8 pa36epmKe OCYuilozpagdha u meiesuzopda, 8
DYHKYUOHANBHBIX NPeoOPA308aAMENAX HEKOMOPHIX USMEPUMETbHBIX
npu6bopos. CUHYCOUOAIbHBI CUSHAN — OCHOBA BCEX HeCYWUX CUCHANIO8 8
nepeoarowux yCmpoucmseax: paouo, meieguoenue, ces3b.

A TaK BBITIISAAT Ha 9KpaHe ocuuiuiorpada CUrHaIIBI MPSIMOYTOJILHON M MAII000pa3HOi
hopmbr:
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Puc. 37. OcumnnorpaMMa CUrHaJI0B NPSIMOYTOJILHOM 1 MUJI000pa3HOil (opMBI.

B maremaTuke nokazaHo, 4To Jto0as GyHKIUS IpeICTaBUMa B BUAEC CyMMBI HEKOTOPOTO
OeckoHeYHOTO psia. B yacTHOCTH, HCTIONB3Ys MpeoOpa3oBanusi Oypbe, MOKHO MHOTHE CUTHAIIBI
MPEICTaBUTh, KaK OECKOHEUHYIO CYMMY TapMOHHYECKHX COCTABJISIONINX, B3STHIX C
onpeeIeHHBIMUA aMIUTUTYIaMH U (ha3amu.

['apMoHMYECKHE COCTABIISIIOLINE - 3TO CUTHAJIBI C YACTOTOM, KPATHOM OCHOBHOM 4acCTOTE
(T.e. wacToTHI OyAyT B J1Ba, TPH, YETHIPE U T.1. pa3 OoIbIle), U CHHycongabHOU (opmbl. [Ipu
paznoxeHuu B pan Oypbe yalie BCEro UCMoJb3yeTcs MPEICTaBICHNE MEPUOIUYECKUX CUTHATIOB
B BUJIE CYMMBI CHHYCOB M KOCHHYCOB (00pa3yroMx OPTOHOPMUPOBAHHYO Mapy QyHKIUN).
AHanu3 curHanos ¢ npejcrapieHneM Oypbe Ha3bIBAIOT FTAPMOHUYECKUM.

Hampuwmep, s monpo6oBai CyMMHpPOBaTh YEThIPE CHHYCOHMIaIbHBIX CUTHAJA C YaCTOTAMH
Ik, 2k, 3xl'y u 4xI'n, ammurynamu S, 2.5, 1.7 u 1.2 BoabTa. [Ipu 3TOM curHaisl c
yactoramu 2 U 4 kI'1 npoTrBodazuel AByM aApyrum. Ha puc. 38 Bel MoXkeTe BUAETH, UTO
MOJTYYAIOIIUKACA CUTHAJ, KaK 3TO U CIIeayeT U3 mpeactasieHus Oypbe, OueHb MOX0XK Ha
nuiaoo0pa3Hoe Hanpspkerue (puc. 37).

Ilpumeuanue:

s nonyuenus cuHghasHvix cueHANo8 ciiedyem UCnoIb306amy
2eHepamopul, daroujue 603MONCHOCHb CUHXPOHUSUPOBAMb UX pabomy.
Hnu ucnonvzosams kakoe-mo cxemHoe peuienue, oaroujee Heooxooumvle
CUSHAIbI.
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Puc. 38. CuHTe3MpOBaHHbII CHTHAJ MHJI000pa3Hoi opMbIl.

YeMm Gosnbliie cOCTABIAIOIMUX OYIET B3STO, TEM TOUHEE MOIy4aeMblil pe3yibTar. B
HKCHEPUMEHTAaX 110 CUHTE3y CUTHAIOB HEOOXOIUMO UCIIONIB30BaTh TOCTATOYHO MHOTO
TeHEePaTOpPOB, KOTOPHIE, KO BCEMY MPOUYEMY, JOJDKHBI OBITh CHHXPOHH3UpOBaHbI. [ToaToMy MHE
IIOAYMAaJIOCh, @ HE 3aMEHHUTH JIM CHHYCOUJAJIBHBIC CUTHAJIBI IIPSIMOYTOJIBHBIMU - UX JIETYE
CUHXPOHHM3HPOBATh, YETHYIO KPATHOCTD JIETKO MOJYYUTh, UCTIONb3YS HUPPOBON CUETUHK-
JIEJINTENb YacTOThl. B pe3ynbrare NOBTOPEHUS MPEABIAYIIETO ONBITA C CUTHAIAMHU
IPSMOYTOJIBHOM (hOPMBI MOTyYMIIach CIEAYIOIAs OCIMILIOrpaMMa:

b 1l wr

Puc. 39. OcunnnorpaMMa cUrHana, NoJy4eHHOI0 ¢ NOMOIIbIO MPSIMOYT0JIbHBIX HMITYJIBCOB.

Kax moxHO BUACTH, CUT'HaJ O4YCHbB ITOXO0K Ha HHHOOGP&SHHI’I. HCHOJ’IB?»YSI OouplIIe
COCTaBJIAOIINX, CXOACTBO MOKHO YBCIINYUTE.
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Ilpumeuanue:

Bnpouem, cuenanvl npamoyzononou ghopmul, 1€2ko noayuaemvle ¢ NOMOWbIO YUPPOBbIX
MUKpOCXeM, MONHCHO Ob110 Obl NONPODOBAMb 835Mb 3A OCHOBY NOTYYEHUs
CUHYCOUOANbHBIX CUSHAII08, BOCNOIb308ABULUCH CXEMOU (PYHKYUOHATLHO20 2eHepamopa,
Komopas 6yoem onucauna 6 pazoene, NoCGAUEHHOM USMEPUMENbHbIM NPUOOPAM.

OnbITEI IO CHUHTC3Y PAa3JIMYHbLIX CUTHAJIOB, KaK BBl IOHUMACTEC, HC ABJIAIOTCA CaMOLICIIbIO,
HO MOT'YT JOCTaBUTb OoubIIoe YAOBOJIBCTBHUC.

OCHOBEBIBasICh Ha dTHX OIIbITax, MHC XOTCJIOCh OBl paccka3aTtb 00 HCKaXCHUAX,
BO3HHUKAOMUX B YCHUIIUTCIIAX.

[IpoBenuTte mpocToii 3KCrIepuMeHT. [ToAKITIOUNTE K YCUITUTEIO HU3KOM YaCTOThI
paauonpueMHuka (puc. 16, konaencatop C8) reHepaTop HU3KON 4aCTOTHI, YCTAHOBHUB YaCTOTY
1xI'n n Hanpsxenue curHana 10MB. [locTenenHo yBenuuMBaiiTe HapsKEHUE CUTHANA,
HaOIro1as1 Ha ocrutorpade ero GopmMy Ha BBIXOJ€ yCHIATENS (OCIIIIIOrpad MoaKITFOUeH K
rpoMKoroBopurento). [Ipy kakoM-To BXOAHOM HamnpsKeHUW popMma CUrHaia, BHayale
CUHYCOUJANbHAS, HAUHET MEHITHCS Ha BBIXOJE YCHIIUTENS. DTO IPOUCXOAUT MTOTOMY, YTO
HACTyIaeT «OrPaHUYCHUE)» CUTHANIA. JIeHCTBUTEIBHO, 3APaBbId CMBICI IIOJCKA3BIBAET, YTO
NUTAOIIee HAPsHKEHNE (KOTOPOE YHEPTETHYECKHU | MPEBPAIIAeTCsi B UHOPMAIIMOHHBIH
CUTHAJI) UMEET BIIOJIHE ONPEACICHHYIO BEINYMHY, IPEBBICUTH KOTOPYIO CUTHAJ B IaHHOM cxeme
HE MOXeT. TouHee - aMIUTUTy/Ja CUTHAJIA HE MOKET CTaTh OOJIBIIIE MMOJIOBUHBI MTUTAIOIIETO
HanpspKkeHus. B Kakoi-TO MOMEHT, IpU yBEIMUEHUHU CUTHAJIA HA BXOJE YCUIUTENS, 1OJIKHO
HACTYIUTh OrpaHuuyeHue. Tak MMoAcKa3bIBaeT 3/1paBblii CMBICI. DTOT ke pe3yibTaT MbI
HaOJII0ZIaeM U Ha dKpaHe ocuorpada:

e 2

RVAVAYEYAYAY

VYV VAR VAR,

Puc. 40. Bua cuHyCcONIaIbHOT0 CHTHAJIA ¢ HEIMHEHHBIMHM MCKAKEHHSIMU.

Ckopee Bcero, popma curHalia, KOTOPYIO IMOJYYIUTE BBI, OyIeT HECKOJIBKO HHOM, HO TO,
YTO UCKaKeHHs POpMBI CUTHAIA Oy IyT UMETh MECTh, HECOMHEHHO.
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C yeM CBSI3aHO UCKaXKEHUE CUTHANA, €CITU 3TO UCKaXKEHHE pacCMaTPUBATh C TOUKHU
3peHusl TApMOHUYECKOT0 aHaIn3a?

B cniekTpe curHana nmosiBUIMCh TAPMOHHUYECKUE COCTABIISIOIINE C JOCTATOYHO
OOJIBIIMMHU AMIUTHTYAAMH, KOTOPBIX B UICXOJHOM CHUTHase He ObU10. CI0XKEHUE ITUX
TapPMOHUYECKHUX COCTABIISIONINX C UCXOAHBIM CUTHAJIOM U JIa€T HOBBIN CUTHAJ, H300payKEHHBIN
Ha puc. 40. T.e., ecau UCXOIHBIN cUTHAT onuckIBaica pyHkuuen u(t)=A,; Sin(wt), To B HOBOM
CUTHAJIC MOSBHINCH cocTaBisiomme A,Sin(2mt), A3Sin(3wt) u T.1.

Bompoc uckaxeHnuii B 371€KTPOHHBIX YCTPOHCTBAX BCET/a BaXKEH, KaK MPH HaJa/IKe
YCTPOMCTB, TaK U IIPU UX PEMOHTE - OHU [TOYTH BCET1a HOCSAT HETAaTUBHBIA XapaKTep.
I/ICKJ'IIO‘-IGHI/IC, KOTOPOC IMECPBLIM IMPUXOIUT B I'OJIOBY, COCTABJIAIOT MY3bIKAJIbHBIC
ANEKTPOMHCTPYMEHTHI, 3By4aHHEe KOTOPBIX CIIEHaIbHO UCKAXKAIOT, MOTy4yasi HOBbIE OTTEHKU
3ByuyaHUs. B ycunuTensx HU3KOM 4acTOThI MOAOOHBIE UCKAXKEHHS, UX HA3bIBAIOT HEJTMHEHHBIMH,
CIIBILIHBI KaK XPUIIbI U HEIIPUATHBIC IPU3BYKU. B nepenaromux ycTpoucTBax OHU BbI3bIBAKOT
HETPEAyCMOTPEHHOE N3TyYeHHE Ha YacTOTax BHE paboUero nuama3oHa, 3acopsst 3pup 1 Memast
pabote Ipyrux paauoycTporcTs. [1o 3Tol mpuUYMHE B 3JIEKTPOHHBIX YCTPOUCTBAX CTAPAIOTCS
n30exaTh HCKaKEHUH.

3amemKu Ha NOAAX:

Koeoa-mo, 0oonvHo 0asHo, ko20a 5 ycepoHo pucosan Ha MULIUMEMPOBKE CUSHALbL U UX
npeobpaz06anust 8 YCUIUMENbHBIX KACKAOAX, NPeOCMABIEeHHbIX HACPY30UHbIMU
XapakxmepucmuKamu, U 6bIMUCIAL HETUHEUHble UCKAMCEHUsL 8 COOMBEMCMEUU ¢ NPUHAMBIMU
MemoouKamu, st ROOYMAl, a Kakum oopazom smo npoucxooum «puzuuecku»? A cmoe
npUOYyMams moabKo 00HY MOOeLb NPOYECca - KAHCObIU CUHYCOUOANbHBIU CUSHAT, NOTYYAeMbllL
OMm 2eHepamopa, UMeem UCKANCEHUs, M.e. KPOME OCHOBHO20 CUSHALA, UMeen 2apMOHUYECKUe
cocmasnsarowue. Konuvecmeenno smo xapaxmepusyemcs HeTUHeUHbIMU UCKANCEHUAMU,
VKA3aHHBIMU 8 nacnopme Ha npubop. Ilpu ysenuvenuu cuenania Ha 6xooe ycuiumens 0o mex nop,
noKa He HacCmynaem o2paHuyeHue, 8Cs COBOKYNHOCMb CUSHALO8, KOMOPYIO Mbl CYUMAeM OOHUM
CUCHANIOM, YCURUBaemcsi 00uHakogo. Koeoa jce nacmynaem oepanuuenue, HanpsijceHue
OCHOBHOU 2APMOHUKU Nepecmaem Y8eauuusamucs - NOABUICS NPeoei, Mmo2od KaK HanpsijiceHue
Opy2ux 2apMOHUK, AMNIUMYOA KOMOPbIX MHO20 MeHbule, npododcaem pacmu. Tlonyuennviii
cueHan umeem opyeyio opmy eciedcmeue mozo, 4mo «COCmasieny u3 Opyeux KOMHoHeHm.

Bom maxyio modenv nosienenus HeMUHEUHbIX UCKANCEHUTI 8 YCUTUMENAX 51 ceDe
npeocmasun. Ho, eciu sma mooenv npaguibHa, mo udedibHulll CUHYCOUOATbHBIL CUSHATL He
O0JIHCEH UCKAHCAMbCA NPU HACMYNJIeHUU oepanuyenus. [Ipocmo, ¢ pocmom HanpsxceHus na
6X00€e YCUNUmens, HanpsjiceHue Ha 8blXx00e nepecmaenm pacmu, NPu SMoM Cam CUSHAL
ocmaemcsi CUHycouodanrbHuiM. MHmepecHo, MOXNCHO iu 9mo npogepums? Pauvuue s ne nblmancs
amo coenams, HO omuezo Ovl HU Nonpobosams ceuuac?

IlonymHno, 6He 3a8ucumocmu om pe3yibmama, MHe XOmenoch Obl NOKA3aMb, YMOo He
MONILKO UCCTIe008AHUE PAZTUUHBIX CXEMHbIX PeUleHUll U pa3pabomKa c8OUux cxem Mo2ynm cmams
npeomemom ysieuetus, Ho U NPUOYMbIBAHUE CEOUX MOOeNel NPOYeCCo8, ¢ NOCAeOVIoujell Ux
NpoGepKoll, He MeHee Y8IeKamenbHOe 3aHAmue.

I[JIH MMPOBCACHU UCCIICAOBAHUA HGO6XO,Z[I/IMO CO31aTb CXCMY OIIbITA.

IHopa3mbinuisem:
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Koneuno, nposepums moodenv 6 uucmom guoe He ROIYUUMCA - UOATbHYIO CUHYCOUOY He
obecneuum Hu 00uH cenepamop. llpeyusuonHvle ceHepamopsvl HU3KOU YACMOMbL UMEIOM OYeHb
manvle HeluHeliHble UCKaxceHus, Ho umelom. Kax 6vims?

Ilonpobyem noooiimu k 6onpocy Heckoabko unave. Ilonodcum, mvl umeem oueHb yucmulii
CUHYCOUOANbHBIN CUSHA, HETUHELIHblE UCKANCEHUSI KOMOPO20 Mbl 3a0a0UM, NOOMEUUBAs,
cKasicem, mpemulo 2AqpMOHUKY ¢ NOMOWbIO 8Mopo2o 2enepamopa. Tenepv, kak smo ciedyem u3
MoO0enu, npu NPUOIUNCEHUU K NOPO2Y 0ZPAHUYEHUSI Mbl OOJIHCHBL YEUOeMb, KAK YMEHbUAEeM sl
KO3 puyuenm ycunenus 01 AMIAUMYObl OCHOBHO20 CUSHANA, A AMIIUMYOA 8MOPO20 CUSHALA
npoooadCcaem pacmu ¢ UCXOOHbIM KOIhuyuenmom ycunenus. Imo ObLio Obl C8UOemenbCmeom
8 NOIb3Y MOOEU.

[IpumeM crenyIomIyro cXeMy ONbITa:

R6
[ — AnmanuzaTop
criekTpa
U e

R4
R1 [
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l'enepatop 2 —
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i !

T

T'ermepatop 1 140vnv

Puc. 41. Cxema npoBeieHHs ONBITA N0 HEJUMHEHHBIM UCKAKEHUIM.

Hananbie cxembl: R1=1kOM, R2=1kOmM, R3=10xOmMm, R4=10xOm, R5=10xOwm,
R6=100kOm, R7=2kOM, C1=1MxD, mukpocxema 741 (oreuectBernsiii ananor KP140Y J[708),
Unur =+ 5B.

Koadduuuent ycunenus ycunutens onpenenutcs cootHoienuem (R6/R4)+1, t.e.
JOJKEH OBITh OKoJTo 11.
HcxonHple qaHHBIC TPECTAaBUM B BUIE TaOIHIBI 1:

F,Im ¢,mpag U,mMB

I'enepatop1 1000 0 100
I'enepatop 2 3000 0 8
Taoauna 1

Brauane nopaauMm Ha BXOJ yCWINTENS HANIPSKEHHUE, KOTOPOE €LIe HE MPUBOIUT K
orpanuuenuto. [Ipu stom: Usx = 100MB; Uspix = 1100MB; Kyc = 11.

IIpencraBuM UCXOJIHBIE JaHHBIE, TOJIyYEHHBIE C TIOMOIIBIO aHAJIN3aTOpa, B BUE BTOPOH
TaOJINLIBI.

Bxong | Bexonm Kyc
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Ammr., 1kl'n, MB 140 1541 11
Amvmi., 3xkl'n, MmB 11,17 123 11

Tadauna 2
N3 tabnutet 2 BUHO, 4TO aMIuIUTY bl 4acToT 1k u 3k’ ycunuBatores ¢
K02 (ppuImeHTOM paBHBIM KOIPGUIIUECHTY YCUICHHS YCHIIUTEIIS.
Teneps, He MeHAS HANPSHKEHUN HA TEHEPATOpax, YCTAHOBUM pe3ucTopom R3
HaIpsHKEHUE HA BXOJI€ YCUIIUTES, P KOTOPOM HAYMHAETCSl OTPAaHUYEHUE CUTHAJIA:

Usx = 304,6MB; Ussix = 3288mB; Kyc = 10,79

F,I'm ¢@,mpag U,mMB

I'enepatop1 1000 0 1000
I'enepatop 2 3000 0 80
Ta6auna 3

Bxox @ Brxon Kyc

Amvn., 1xkI'u, MB 426 4587 10,76
Amm., 3kl'n, MB 33,87 452 13,35

Taoauua 4

Bce Ob1 x0po1110, ¥ BIOJIHE COOTBETCTBYET MPEIOJIOKEHUIO - OCHOBHOW CHUTHAI

nepectan ycuiuBatbes, Kyc = 10.76, yto menbie 11, Torna kak JONOJIHUTETbHBIN

ycuiauBaeTcs. EqMHCTBEHHO, UTO II0X0, TaK 3TO 3HaYeHHE KO3 PULIMeHTa yCUIeHUs is
nononHuTenbHOTO curtana Kyc = 13.35. Oruero ko3 puuueHT ycuneHus mpeBbICHI HCXOJHYIO

BEJIMYUHY ?

[TormpoOyemM yMEHBITTUTEL HAPsDKEHHE ¢ 4acToTou 3KI 11 Ha BTOpOM T'eHepaTope.

F,I'm o,mpax U,mMB

I'enepatop1 1000 0 1000
I'enepatop 2 3000 0 10
Tabauna S

Hanpspokenue Ha Bxoae ycunurens coxpaduM npexxHum: Usx = 303,7MB; UBbix =

3180MB; Kyc = 10,47 - mocMOTpHM, 4TO MbI TOJIYYHM C TIOMOIIBIO aHAIU3aTOpaA.

Bxox  Brxoxn Kyc

Amn., 1kI'u, mB 426 4360 10,23
Ammi., 3kI'n, mB 4,23 216 51

Taoauua 6

@y, cTano, moxoxe, emie xyxe!
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YeM MOKHO OOBSICHUTH pOCT KO3 (DUIIMEHTA YCUIICHHUS IS TPEThel TapMOHHUKH?
MoHO OBUTO OBI CBSI3aTh 3TO C TEM, YTO B PEIKUME OTPAHUUCHUS, M3-32 HACBHIIICHUS
TPaH3UCTOPOB BBIXOJHOIO KacKaza (WIN MPeAOKOHEYHOI0), MPeXHUN MOAXO0 K OTPULIATEIbHON
o0paTHOM CBSI3U, KOTOpasi U onpenensia Ko3(Q(UIUEHT YCUIEHUS CXeMbl B HICXOTHOM
COCTOSIHUH, OKa3aicsa HeBepHbIM. Koadduruent ycunenus ycunurenst 6e3 o0OpaTHOM CBsI3U Ha
yactote 3kI 1 nopsaka 5010, T.e. Kyc =200-300, u Benuuuna Kyc = 51 He mpeBOCXOIUT 3TOT0O
3Ha4YeHUs. MOYKHO MOMBITAThCS pACCMOTPETH (Pa30Bble CABUTH, KOTOPBIE, B CBOIO OYEPEIb,
CHOCOOHBI IPEBPATUTH OTPULIATEIBHYIO OOPATHYIO CBA3b B MOJOKHUTEIBHYIO, a TOTAA
KOX(pUITMEHT yCUIIeHHS BripaBe mpeBbicuTh 5010. Kpome Toro, eciiv BCIOMHHUTH
npeoOpa3oBaHUE YaCTOTHI B CYNEPreTepOANHHOM MPUEMHHKE, TO U 37€Ch BO3MOXKHO
00pa30BaHNE CyMMApHOI'O U Pa3HOCTHOI'O CUTHAJIA, T.€. OSIBJIEHUE IPYTUX FapMOHHUK.
[TorrpoOyem BKIIOUUTH MEXY BBIXOAOM ycuiuTens (puc. 41) u pesucropom Harpy3ku R7 LC
¢GuIbTp, HACTPOEHHBIHM Ha YacToTy 1KI'1I, ¥ MOCMOTPUM CIIEKTpP CUTHAJIA C TOAAaBICHHON
OCHOBHOM 4aCTOTOM.

1K 2K 3K IK 3K 6K TK 8K

Puc. 42. CneKTp rapMOHHYECKHX COCTABJISIIONIUX CHTHAJIA.

Kak Buano, ocHoBHYI0 rapmonuky (1K) mer ¢ 4360MB ymensimmnu go 200MB, HO Kpome
Tpetheil rapmonuku (3K), umerorcst BTopas, uerBepras u T.4. OCOOEHHO BBIIEISIOTCS NATast U
ceapmas. Bee, cnarocn!!!

W3HavanbHO TpocTas MOJIEIb, MPUBJICKATEIIbHAS IMEHHO CBOCH IPOCTOTOM,
IpeBpaTUiIach B CIIOKHOE HArPOMOXKACHNE HOBBIX MPEAIONOKEHHM, TPEOYIOIIHNX OTACTbHOM
IPOBEPKH, HO 3TO, COTJIACUTECH, YIKE COBCEM JpyTasi HCTOPHSI.

OpnHako paboTa cienana, a pe3yJbTar - OH U €CTh Pe3yJIbTar.

Heobxodumbie onpedesnieHUs1 U MOSICHEeHUSs

OO0paTHasi cBfA3b - CBS3b BBIXOJIa YCHIIUTEIIS C €T0 BXOZOM Ha3bIBAETCS 0OpPaTHOM
cBs3b0. OHAa MOKeT OBbITh BBE/IEHA PEIHAMEPEHHO, @ MOKET BOZHUKHYTh city4aiHo. [Tpu aTom
Han0oJiee BaKHBIMU SIBJISIFOTCS JIBa CJIydasi - CUTHAJI 0OpaTHOM CBA3M MPOTHBO(A3EH BXOJAHOMY,
Toraa oOpaTHasi CBsI3b Ha3bIBACTCS OTPHIIATEIIbHOM; CUTHAI 00OpaTHOM CBs3U CUH(]a3eH
(coBmamaer 1o ¢a3e) BXOAHOMY, TOTJIa OOpaTHAs CBS3bh HA3BIBACTCS MOJIOKUTEITHHOM.
OtpunarenbHas oOpaTHas CBsI3b YMEHBIIACT KOAPGHUIMEHT YCUIICHUS YCHIINTENs, HO
CTaOMIIN3UPYET €ro NapaMeTphl, YMEHBIIIAET IIyMbl U UCKAXKEHUS YCUIIUTEIS, PACIIUPsIET
pabouyto nonocy yactot. [lonoxurenbHas oOpaTHast CBA3b MPUBOAUT K 0OpaTHBIM 3 dexram u,
B OCHOBHOM, ITPUMEHSIETCS [Tl IPEBPAIICHHS yCHIIUTENS B TEHEPATOP.

Boo06iue, uaes o6paTHOH CBsI3M 0OKa3anack CTONb IUIOAOTBOPHA, YTO ITO IOHATHE MOKHO
BCTPETHUThH HE TOJILKO B 3JIEKTPOHUKE, HO U B APYTUX 001ACTAX, C HEH COBCEM HE CBS3aHHBIX.

@®a3a curHaJjia - Mbl HECKOJIBKO Pa3 FOBOPUIIM O MPOTHUBO(DA3HBIX M CUH(A3HBIX
curHanax. Yro takoe «(pa3sHocTb»? I'pyO0 TOBOPS - COCTOSHUE U TEHIACHIIMS U3MEHEHHSI OTHOTO
CUTHAJIa OIPEIeJICHHON YacTOThI 10 OTHOIIEHHUIO K IpyroMy (TOM K€ YacTOThI) B JAHHBII
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MOMEHT BpeMeHH. CpaBHMBAs JBa CUTHAJA, Mbl MOXXEM OTMETHUTb, YTO OHH 00a, HAYMHAS C
JTAHHOT'O MOMEHTA BPEMEHH, HAUMHAIOT YBEJINUUBATHCSI, CHHXPOHHO (OJJHOBPEMEHHO) ITPOXOAT
CBOM MakCHMMyM M Ha4MHAIOT YMEHBIIATHCS. DTU CUTHAJIbI CUH(a3HbI:

L =

AV VIV VAT AV AVINVAVAVAVAVAVA

VYUYV VV YUY

Puc. 43. Ocunnnorpamma cuH$pa3HbIX CUTHAJIOB.

Ecnu e oguH U3 CUTHAJIOB YBCIIMYUBACTCA U JOCTUTACT MAKCUMYyMa B KaKoOM-TO
MOMCHT BPEMCHH, TOI'/Ia KaK I[perﬁ YMCEHBIIACTCA U JOCTUTa€T MUHHUMYMa B TOT K€ MOMCHT,
TO TaKUC CUT'HAJIbI HpOTI/IBO(i)aSHBIZ

L xr

A A A N AV ANV AV AV A VA VAVAVAVIAVE

VWYV VIV

Puc. 44. Ocuuiiiorpamma npoTuBoda3HbIX CUTHAJIOB.

da3a curHana, B CTWJIC BBINIECKA3aHHOTO - €r0 COCTOSHUE B KAKOH-TO MOMEHT BPEMCHH,
110 OTHOLICHUIO K HAYaJlly OTCUCTA, I[IPU 3TOM 10 OCU BPECMCHHA ocunnnorpa(ba OTCUHUTHIBAKOT
YTJIBL. 3TO CBA3AaHO C TEM q)aKTOM, YTO MOXXHO IMOCTaBUTH B COOTBECTCTBUC CUTHAITY,
n300pakeHHOMY Ha puc. 44 (JIT0O0OMy M3 CUTHAJIOB), BpallleHUE BEKTOpa C YIII0BOM YaCTOTOM,
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NPONOPLHUOHATIBHON YacTOTe CUTHaNA. BennunHa curyana B 110001 MOMEHT BpeMeHHU OyeT
OTIpeAENATHCS MPOEKLIMEN BEKTOpa HAa OCH KOOPJMHAT, TOTAAa KaK caM BEKTOp OyJEeT MOBEPHYT
Ha OIpe/IeJICHHBIN YToJl, HAXOAACh B ONPECIICHHOM (a3e BpaleHusl.

HenuHeliHble HCKAXKeHUsI — UCKaXEHUST (DOPMBI CUTHAJA, CBI3aHHBIC C HEJTMHEHHBIMHU
npeoOpa3oBaHUSIMU CUTHAJA, B OTJIMYUE OT JIMHEHHBIX (MacuiTabupoBaHue, epeMelieHue,
casur). Ecte emie yactoTHble uckaxeHus. OHU CBSA3aHbI C CYKEHHEM I10JIOCHI TPOITYy CKAHUS
YCHITUTENCH. DTUM HCKaXCHHUSIM MBI 00513aHBI N3MEHEHUSMHU TEMOPOBOW OKPACKHU 3BYKOB.

I'IpmmeanMe no xoAy Agena, BbiaerieHHoe B HECOCTOABLUYHOCS rnaBy.

B camom Hauane s oxapakxmepuzoean KHUZY KaK pacckas 00 yeieKameibHOM 3aHAmuu
NEKMPOHUKOU 8 Yacsl 0ocyaa. JI0boll pacckazyux, u s He UCKIIOYEHUe, HYHCOAemcs 8
cnywamerne. Iloxka nuuty, s 8UdHCy €20 MO CMENeHHbIM MYHCUUHOU M0e20, He MOJI00020,
803pacma, mo Houlell, 20Mo8bIM PUHYMbCS 8 CROP, MO MATbYUKOM, 8EPAUUM B0 BCE
MHOIO CKA3aHHOEe, HO He 8Ce NOHUMAIOWUM.

Tonvko cetiuac, K020a YepHOBUK KHULU 3A8EPULEH, U 51 ULy OUUOKU, Yumas u
nepeuumsleéas HanUCaAHHoe, s ¢ yousieHuem 0Jis cebsi ommeuaro, Yymo Mou Cryuiamens —
0053amenbHO MyxHcyuna. A cmaparoco npunoMHums, Oblia iU cpeou mex, Kmo
06pawancs Ko MHe 3a CO8emoM Ul HOMOWbIO, Kpome npocbhb o pemonme, xoms 6bl 00HA
arceHuyuna. U ne mocy npunomuumeo. H He nomuro, umoowsl ObLI 3HAKOM C HCEHWUHOU, UbU
3aHAMUS TIEKMPOHUKOU He HOCUNU Obl NPOGheCcCUOHANbHO20 XapaKmepd.

Huxkoz0a npesicoe s He 3a0ymbleaics, nowemy maxk Maio HeeHWUH noCeaiom ceol
oocye anekmponuke? He mo, umo ux nem coscem, HO ux maxk mMano, 4mo 3mo cKopee
9K30MuKa, yem 0ovloenHocms. Ilomomy i, ¥mo HcenuuHbl OmobIXarom om pabomst,
pabomas no 0omy, u 5mo u ecms ux oocye! nu mpaduyuonno cuumaemcs, 4mo He
arcerckoe smo 3ausmue? !

Ymo 0o mpaduyuil, max ce2o0Hsi MHO2UE HCEHUWUNBL HAXOO0SIM NPU3BAHUE U MeCmo 8
busHece - OMKpwIBAIOM c80e 0en0, CMAHOBAMCs cosnadenvyamu npeonpuamui. Iloouac
HCEHWJUHDBL Jce COOePICAm CeMblo, d, CO2NACUMECh, MPAOUYUOHHO MO 6Ce 3AHAMUS
bonee Haonexcawue mysicuune. Mooicem Ovims, MeHsAs MPAOUYUU 8 0OHOM, cledyem
NOMeHAMb UX U 8 Opyeom?

A npasnto, omvickusaro owubku. M 3mo 00Ha uz ouuboK, KOmopyo MHe modice Xouemcs
ucnpagums. To au Haumu Hcenwuny ¢ 00CMamKoOM 6pemMerU U Cpeocms, U 04apo8ams
neKmponHbiMU Mupaxcamu. To 1u nanucams 2nagy cneyuanvho 07 dcenwun. [loxka ne
3uaro. Ho owubku naoo ucnpagisime.
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MecTo Ansa 3amMeToK Npu NepBOM YTEHUM.
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MecTo Ans 3amMeTOK NPU BTOPOM YTEHUMW.
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Tanm-ayT

Tekymas Tema 1o npeABapUTEILHOMY IUIAHY - TEMa aBTOMaTHKH. | OTOBSCH, 1 IPOCMOTpET
MHOYECTBO CXEM, Ha IIPUMEPE KOTOPBIX MPeIIoIarai pacKpblTh OCHOBHbIE TPUHLIUIIBI,
3aJI0’)KCHHBIE B aBTOMATHKE, PacCKa3aTh O ee cpencTBax. MIHTepecHbIe, KaxKaas o-CBOeMy,
OTOOpaHHBIE CXEMBI PHUBJIEKAIOT YEIOBEYECKOM N300peTaTeIbHOCTHIO, CMETIMBOCTBIO, YMOM.
BBI00p Tak BEJHK, U TaK XOTEJIOCh ObI BOCIIPOM3BECTH BCE pelIeHHs1, 000 Bcex moroBoputs! Ho
nake Oernplii 0030p BCEro TOro, 4YTO MHE MPUTIISTHYJIOCH, 3aHsT Obl 00BbeM OOJIBIINI, YeM BCs
KHUTA. 3aTPpyAHUBIINCH B BEIOOPE CaMOi JTydIIeii CXeMbl H3 MHOKECTBA CaMBIX JIyUIIHX CXEM, 5
peLInI B3ATh TaliM-ayT.

S mogyman - 4To, ecam BMECTO TOTOBOM CXEMBbI, MBI IIPSIMO CE€MYac, C 3TOr0 MecTa,
HayHEM CO3/laHHE CBOEH CXeMBbI? Y Hee MOoKa TOJIBKO JBa CEPhEe3HbIX HemocTaTKa. [1epBbrii -
HESICHO KaK OHa OyJIET BBITJISACTh, M BTOPOU - HEU3BECTHO, OyAeT iu paboraTh. Bo Bcem
OCTaJIbHOM, 51 HA/ICIOCh, OHA BIOJHE MOAOKACT ISl MPOIOJIKEHHS pa3roBopa 00 3JIEKTPOHUKE U
aBTOMAaTHKE. A, TIOCKOJIBKY 00a HEIOCTaTKa HE SBISIOTCS OMPEACIISIONIMMU I OCHOBHOM 11eTTN
- pacckaza 00 JIEKTPOHUKE KaK MPeAMETE I0CyTa, TAKOW BapUAHT Pa3BUTHS COOBITHIT MHE
MTOKA3aJICsl BIOJHE MPUEMIIEMbIM.

Wnero anst BOMIIONICHUS B CXEMHOE PElICHHE MHE MOICKA3aIH JJOITHE TeleQOHHBIC
pas3roBOpbI, KOTOPBIE CIIYYHUIIUCh Y MEHS B MOCJIETHEE BPEMS.

MHorue coBpeMeHHbIe TenedoHHbIe anmapaTsl uMetoT kiasuimry HOLD (ynepxanue).
Oynkuus HOLD - yaepskaTe Ha Kakoe-To BpeMs Telae(hOHHBIN pa3roBOp OT pazbeAUHEHUS TTPH
TMOJIOXKEHHOH TpyOKe. DT0 y100HO, eciu TeJaedOHHbII 3BOHOK 3aCTaeT Bac BO3J€ TeIe(OHHOTO
amrmapara, yCTaHOBJICHHOTO I'/ie-HUOYIb B KOPUIOPE MU Ha KyXHE, a Pa3roBOp MPEICTOUT
noaruii. B aTom ciyuae Bbl Haxkumaere kinasuiry HOLD, knanere TpyOky Ha TenedOoHHbIH
ammapar, IepexoIuTe K armapaTy, KOTOPbIi CTOUT BO3JIE BAIIETO JIOOMMOTO Kpeca,
yCa)kKMBaeTeCh B HET0, CHUMAaeTe TPyOKy ¢ Jpyroro anmnapara u HaunHaeTe CBOU JOITUN
pasroBop.

OyHKIUSA yaepKaHus TeIeOHHON JIMHUHU OT pa3beInHEHHS TTPU TIOJI0KESHHON TPyOKe
BCTpOEHa B cxeMy TenedonHoro anmaparta. OHaKO Janeko He Bce Teae(oHHbIE anmapaTsl B
J0Me, KaK TPaBHUiI0, UMEIOT 3Ty (pyHKIHI0. UTO, €ciu caenaTh aBTOMaTHYECKOE YCTPOICTBO,
KOTOPOE MO3BOJISIIO OBl pearn30BaTh MoJ00HOE C JTI0O0BIMU Tele(OHHBIMY alapaTaMH,
BKJTIOYEHHBIMH TapaJijIeIbHO?

Bort takyro uzero g npemyiararo BOCCO31aTh B BUJIE CXEMBI IPSIMO CEHYac, ¢ 3TOr0 MecTa.
Hraxk, MBI XOTHM cAenaTh yCTPOMCTBO, KOTOPOE:

1. PearupoBano Obl Ha MPUXOIAIINN TEICPHOHHBIH 3BOHOK.

2. [lpu cusitun TpyOKM Ha TH0O0M TeaeOHHOM anmapare HOArOTaBINBaIO Obl
Tese()OHHYIO JIMHUIO K YACPKAHUIO M BKJIIOYAJIO OBl yCTPOHCTBO YIEpKaHUSA, €CITU TpyOKa
OyzeT moJioKeHa Ha TeJIeOHHBIN ammapar.

3. CHuMano Obl TUHUIO C yACpKaHUs, e OyAeT cHsATa TpyOka Ha Apyrom TeneoHHOM
amrmapare, ¥ epeBoAUII0 Obl YCTPOMCTBO B COCTOSIHUE TOTOBHOCTH NMPHUHSTD CJIEIY O
Tesie()OHHBIN 3BOHOK, COTJIACHO MYHKTY 1.
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B kauecTBe UCTOYHMKA TUTAHUS CXEMBI BEIOEPEM CETEBOM CTAOMIM3UPOBAHHBIN OJIOK
nuTa"ys. BriociencTeuu, BBl MOKETE PACCMOTPETh BAPUAHT ITUTaHUS YCTPONCTBA OT
Tes1e(POHHOM CeTH, KaK 3TO C/IETaHO Y HEKOTOPBIX TUIIOB TeJIe()OHHBIX aNapaToB, €CIIU
OKaKETCsI, YTO B PEIKUME 0XKUJAHHUS YCTPOUCTBO NOTPEOIIAET OYCHb MAJICHbKUH TOK (€IUHULIBI
WIH JECATKU MUKPOAMIIED).

B Tpex myHKTax OmucaHusl yCTPOHCTBA, KOTOPOE MOKHO Ha3BaTh, CKaXxeM, «JlaitH-
XO0JIIep», €CTh OJIHAa HEONPEIeIEHHOCTh, KOTOPYIO CIIEAYEeT YCTPaHUTh ceifuac. S BpImuiy
OTIENBHO (hpa3y, IMEIONIYI0 HEOTIPENEICHHOCTD: «...U GKIIOUANI0 Obl YCMPOUCMEBO YOePHCAHUS
JUHUU OM PA3beOUHeHUs, ecaiu mpyoKa 6yoem nonoxcena Ha meaegouusli annapamy. CBoeMy
CYIIIECTBOBAaHHIO HEOIPEIEIICHHOCTh 00513aHa TOMY (akTy, 4To TesehoHHass TpyOKa Oyaer
MOJIOXKEHA Ha armapart B JII000M ciiyuae, a yJaepKaHue TeneOoHHOM TMHUU TpeOyeTcs TOIBKO B
HEKOTOpHIX. T.e. He ompeaeNeHo TpeOOBaHME K MOBEICHHIO YCTPOWCTBA B TE€X CIIyYasix, KOraa y
HAC HET HaMEPEHUS YIePKUBATh JIMHUIO.

Jlnst onpeiesienys MpaBUWIIBHOTO ITOBEIECHUS YCTPOMCTBA MOKHO IIPEIIIOKUTD
CIIEIYIOIIME PEILICHUS:

® caMo€ IIPOCTOE - U3MEHHUTD IPaBUJIA MOJIH30BaHUSA TeIe()OHHBIMHU alapaTaMu,
paboTaroNIMMU COBMECTHO C YCTPOUCTBOM. [OTOTHUTEIFHOE MPAaBUIIO OYIET BHITIISAICT,
PUMEPHO, cienytonumM oopazom: «llocie okoHUYaHUS pa3roBopa, MPeke YeM KIacTb TPYOKy
Ha TenedOHHBIN anmapaT, HEOOX0AUMO «JaTh OTOOW», T.€. KPATKOBPEMEHHO HaXKaTh HA pbIyar
amrmapara ¥ TOJIBKO ITOCJIE 3TOTO MOJIOKUTH TPYOKY». COOTBETCTBEHHO, B CXEME MBI JIOJIKHBI
IpUIYMaTh y3€J1, KOTOPBIi OyIeT pearupoBaTh Ha «OTOOW.

e JIpyroe MpoCTOe PEIICHNE - YCTAHOBUTH TaliMep, OMPEACIISIONINN BpeMsl yIepKaHUs
JIMHUY, TI0JIOKUM, B 10 ceKyH. DTOro BpeMEeHH JOCTaTOYHO, YTOOBI IEPEUTH OT OJHOTO
TenedoHHOTO anmnapara kK Apyromy. Ecim ke nepexos He HykeH, Bail TenedoH Oyaet 3anar 10
CEKyH]I IT0CJIe pa3roBopa, Korjaa Tpyoka nosioxeHa. Ho 3to He cTpaiHo.

e Qosiee yA0OHOE B SKCIUTyaTallUU PEIICHUE MOKHO MOJIy4YNTh, KOMOMHUPYS TIEpBBIC JBA.
[Ipu HEOOX0AMMOCTH NEPENTH K IpyroMy TesiepoHHOMY anmnapaTy KpaTKOBPEMEHHO (TIOJI0KUM,
Ha (.5 cekyH/IbI) HO)KaTh Ha phIYar Teae(OHHOTO ammapara, a 3aTeM MOJIOKHUTh TeJIe(OHHYIO
TpyOKy. Cxema JoMKHa UMETh HEKUHN y3elI, KOTOPBI OYIeT «IIPOYUTHIBATEY» BpPEMS
pa3beIMHEHNUS U, €CIIU 3TO BPEMsI MEHBLIE, CKaKeM, 1.5 CEKyH[I, OCTaBJIATh JIMHUIO Ha
«yIep>KaHUN», a, €CIIU O0Jble, pa3beAUHITh JUHUIO U BO3BPALLATh YCTPONUCTBO B UCXOJIHOE
COCTOSTHHE.

® BO3MOJKHO, CYILIECTBYIOT U €Il[€ KaKHe-TO pelIeHus?!

[IpoBenem peBU3MIO BAPUAHTOB.

MoxHo BLI6paTB NEPpBOC PpCHICHUC, HO OHO 3aCTAaBJIACT ACJIaTh HCHYKHBIC OIICpaluu, a
HUKTO 3TOr0 He JH00UT. Bropoe perienue mnpolie peanu3oBarb, HO OHO, BCE-TaKH, OCIOKHSIET
paboty ¢ TenedOHHBIMH anmapaTaMu, 3acTaBisas KAaTh 10 CeKyH/ mociie 3BOHKA. A €CJii Bam
Ha/I0 3BOHUTH CPOUHO?

OctanoBHM BBIOOp HA TPETHEM PEIICHUH U 100aBUM €Ille OJIMH MYHKT B ONHMCaHUU
paboThl yCTPONUCTBA K UMEIOIUMCS TPEM:
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e onpenersuio Obl BpeMs pa3beIMHEHUS JTMHUU (C TeIePOHHOTO arnmapara), ¥, €Clii OHO
HE MPEBOCXOANT 1.5 ceKyHI, BKIFOUAIO Obl JJMHUIO HA yACp)KaHUE, B TPOTHBHOM cllydae
pa3beIUHSIIIO.

Temneps Bce deThipe chopMyTUPOBAHHBIX TYHKTA TPEOOBAHHH K yCTPOUCTBY
nocrapaemcsi nepe(popMyIHpoBaTh B BUJIE IPOCTHIX KOMaH OyoylleMy YCTpOHCTBY:

1. OnpenenuTh 3BOHOK.

2. [loAroToBUTH YCTPOWUCTBO K YIEPIKAHUIO JTUHUH.

3. XKnate pa3beIUHEHUS JTUHUH.

4. Ecniu BpeMs pa3beIMHEHMs MeHbIe 1.5 ceKyH]1, peain30BaTh QyHKIHUIO YAepKaHUA
JVHUH.

5. Ecnu Bpems pazbequHeHust 0oJiblie 2 CEKyH/, pa3beINHUTD JIMHUIO U BEPHYTHCS B
HCXOJHOE MOJIOKEHUE.

6. Eciin cxema BKJIFOUMIIACh HA yAEp KaHHUE JIMHUM 110 CUTHAILY «Y IE€pKaTh JIMHUIOY,
xnath currana « TpyOka cHsTa» Ha BTOPOM ammapare, IocJie 4ero CHATh yJIepyKaHue JTUHUHU 1
BEPHYTb CXEMY B UCXOJHOE COCTOSTHUE MOCJIE OKOHYAHUS Pa3roBopa.

ConocraBrB KOMaHJaM CXeMHBIE€ (DYHKIIMHU, HAIlle yCTPOMCTBO MOXKHO MPEACTABUTH, KaK
HEKOe 00bhEeIMHEHUE YEThIPEX UJIH ISITH y3JI0B, KAKIBIA U3 KOTOPBIX OYIET BBHITIOIHATh
o0o3HaueHHy10 QpyHkuuio. [lonpodyem peann3oBaTh MOTyUYEHHBIC IECTh MYHKTOB B BUE
MIpeIBAPUTENIbHBIX CXEMHBIX PEIICHUN Ha 3J€MEHTHOH 0a3e HU(POBBIX MUKPOCXEM CEPUUI
K561, c koTopbiMu MBI YK€ paboTaiu.

Onpedennumb 360HOK

3BOHOK TeneoHHOTO amnmapara paboTaeT OT CleluaIbHOrO CUTHANIA, IEPEAaBacMOro
TeneOHHOM CTaHIMEH M Ha3bIBAEMOTO CUTHAJIOM BBI30Ba. DTO MEepeMEHHOe 25-repiioBoe (T.€.
yactota curHaina 25 I'm) nanpsbkernue B 80-120 BonbT. CTaHIMs B TEUEHUE CEKYH/IBI MTOJIAET Ha
TeneOHHYIO JIMHUIO STOT CUTHAJ, 3aTeM CIIeAyeT, IPUMEPHO, TPEX CeKYHIHBIA HHTEPBAT U
OIIATH CUTHAJ BbI30BA. [IpH MonokeHHOH TpyOKe OOBIYHBIN AIEKTPOMEXaHUYEeCKUN 3BOHOK
MOAKJIIOUEH K Tele(OHHOM JIMHUM Yepe3 KoHeHcaTop. bonee mo3qHue 351eKTpoHHbIE 3BOHKHI
CTPOMJIUCH IO CXEME F€HEPaTOPOB, OJTHO WIH JBYX TOHAJIBHBIX, HArPYKEHHBIX
TPOMKOTOBOPUTEIIEM, U TIOJYHAIOUIUX MUTAIOIIEE HANPSIKEHUE OT BBIIPSIMIIEHHOTO BBI3BIBHOTO
CUTHAJIA.

B Hamewm ycTpoiicTBe Ais y3i1a, BBIIOIHSIIONIET0 (PYHKIIUIO ONpeieJIeHHs 3BOHKA, MOXKHO
ObLI0 OBl UCTIOIB30BATh AHATIOTUYHOE pelieHre. M0KHO ObLIO ObI MOCTYNUTH UHAYE.
BrIpsIMUTH CUTHAIT BBI30Ba, HO HE CTIAXKUBATh €0, OTPAHUYUTH MOTyYCHHBIC UMITYJIbCHI, U
HCIIOJIb30BaTh, KAK UMITYJIHChI 3aITUCH B OOBIYHBINA TPUTTEP-3alleKy. FI3MeHeHne COCTOsTHUS
Tpurrepa 3aUKCUpyeT HaJTu4Kie 3BOHKA.

Ho ectb onHO «HO!».

[TpakTrdecku Bce TeneOHHBIE CTAHIIUH Y HAC Pa0OTAIOT C UMITYJILCHBIM HA00OpOM
Homepa. Korza BbI 3BoHHTE KOMY-JTH00 (C TenedoHa co cTapbIM JUCKOBBIM HOMEpOHaOUpaTesieM
WM CETOHSIIHUM KHOTIOYHBIM) IPOUCXOUT Pa3pbiBaHKE TeIe()OHHON JIMHIH B COOTBETCTBHU
¢ HaOpanHo# 1M dpoii. [TocTossHHOE HanpspkeHue B TeneGoHHOM TUHUK pUuMepHO 60 BOJIBT.
[omyuaetcs, uro mpu Habope HOMepa, B TelaePOHHON JIMHIH (HOPMUPYETCS UMITYITLCHOE
HaINpsDKEHUE, KOTOPOE MOXKET OBITh «IIPOYUTAHO» ONPEICIUTEIEM 3BOHKA, KaK BBI3BIBHOM
CHTHAJI, ¥ PUBECTHU K OIINOKE.
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Bo us3bexxanue sToro npuberseM K Apyromy npuemy. Mcnonb3yeM BbI3BIBHOM CUIHAIL,
BBINPSAMIICHHBIA U OTPaHUYCHHBIN, KaK CYETHBIC HMITYJIbCBI IBONYHOTO CYETUMKA. B mpuHnumne,
3a 1 CeKyHIly IpU 4acTOTE BBI3BIBHOIO CUrHasa 25 't Mbl JOJKHBI OIYy4nTh S0 MMITYJIbCOB
(TIpH ABYXIOJTYTIEPUOAHOM BHIIPSAMIICHUH ). JIBOMUHBIN CUETUHK (TOYHEE CABOCHHBIN TBOMYHBIN
CYETYHK) TIO3BOJMT HAM OTCUUTAThH 24 UMITYJIbCA, HAIWNYHE KOTOPHIX U 3aUKCHPYET (haKT
IIPUX0/1a 3BOHKA.

Cxema OIPCACIICHUA HAJINYHUS 3BOHKA 6yI[€T BBITJIAACTH TaK:

+U
TT| |bs1 3BOHOK
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Puc. 45. Cxema onpeaesieHusi 3BOHKA.

ITockonbKy cxeMa npeaBapUTeIbHas, U B IIpoLecce pa3paboTKH OHa, CKOpee BCETO,
U3MEHHTCS, HET CMBICJIa YTOUHSATH BCe ee a1eMeHThl. Ceifuac cxema MpeacTaBiseT JUIb O0Iui
ACKU3 UJEHU: MBI BBINPSAMIISIEM BBI3BIBHOIN CUTHAJ, CTABUM PE3UCTHUBHBIN E€IUTENb, YTOOBI
IPUBECTH YPOBEHb CUTHAJIOB K JOJDKHOMY YPOBHIO, CTaBUM CTAOMIIMTPOH, KOTOPBIN 1aeT HaM
rapaHTHIO, YTO CUTHAJ HE MPEBBICUT MAKCUMAJIBLHOTO YPOBHS, a 3aTEM UCIOJIb3yEeM TPUITED
HImuara, U1 MOTyYEHHUSI UMITYJILCOB MPSIMOYTOIBHON (POPMBI, KOTOpBIE OyIyT MPOYUTAHBI
(MM IPOCYKTAHBl) CYETYMKOM UMITYJIbCOB. [Tocne npuxona 24 UMIyIbCOB MBI Ha BBIXOJIE
CYETYMKA IOJIy4YaeM CUTHAJ O HAJIMYMH BXOJHOIO 3BOHKA. KOHEUHO, 3TOT CUTHAaI clieayer
3a(puKCHpOBaTh, YTO MBI U CAEIAaeM ¢ IOMOIIbI0 D-Tpurrepa.

Ilpumeuanue:

Touxa A, 6b1X00 OUOOHO20 MOCMA, NOCIYHCUM MOUKOU NOOKTIOYEHUs.
cnedyrowux y3no08. Coomeemcmeayowas cColika 6 cxeme Oyoem cOelana Ha
m. A.

lModzomoeumb ycmpotlicmeo yodep)xaHusi TUHUU

Ji1st TOro 94TOOBI yIepKaTh JTHHUIO OT Pa3beAMHEHUS MPH MOJIOKEHHBIX TPyOKax Ha BCEX
TesIe(DOHHBIX annaparax, Mbl JOJDKHBI HOJKIIOUUTh K IMHUM YKBUBAJIEHT TeIe()OHHOTO
anrnapara HOCTOSSHHOMY TOKY. A 3T0 npocTo pe3uctop. EcTb cTannapTHas Belu4nHa
COIIPOTHBJICHUS TeIe(POHHOrO anmnapara HOCTOSHHOMY TOKY - 4TO-TO okosio 600 Om. ITpumem
3TO conpotusieHue paBHbIM 1000 Om. B kauecTBe KOMMyTaTOpa BO3bMEM OOBIYHBIN
TPaH3UCTOP, KAK MBI 3TO JA€Jali, MOAEIUPYs TUPISHY U1 HOBOTOJIHEH €JIKH.

Jloruka paboThI MOTYYaETCs CIEAYIOIICH.

Ecnu Ob11 3BOHOK, U, €clii ObUT CUTHAN YAEPKaHUS JIMHUM, TO CIIETYET MOJIKIIOUUTh K
JMHUM PE3UCTOP IKBUBAJICHTA TeJIe(POHHOTO anmnapaTta. TakuMm 06pazoMm, cxema ycTpoiicTBa
yAepKaHUs TUHUHU OyAeT BBITTSACTh MIPUMEPHO TaK:
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Bsim 3BOHOK

Brirr curuan B— 1]

yIOepXaHus TI1

TI1

Puc. 46. Cxema ycTpoiicTBa yAep:KaHUs JUHHU OT pa3beJUHEHHS.

B kauectBe cxembl «A», a BpIIIE MBI CKa3anu: eciu... M, ecin... - ucnonabp3zyem
OCTaBILMECS HEUCTIONb30BaHHBIMU 3JIeMeHThI Tpurrepa llImuara, ux noruka padots! «U-HE».
Jiis BKIIFOUEHUS TPaH3MCTOpa HaM MOHAJA00UTCS €IMHUYHBINA CUTHAJ (BBICOKHH YPOBEHB),
II03TOMY BKJIFOYMM MHBEPTOP.

Tenepsp, npu HAIMYUKN PUKCALIUU PUX0/1a 3BOHKA U CUTHaJIa TpeOOBaHUS yIepKaHUs
JVHUU OT pa3beINHEHMs, TPAH3UCTOP BKIIIOYAETCS U MOAKIIIOYAET K TeIC(POHHON JIMHUU
pe3uctop R - skBUBasIeHT TeneOHHOTrO anmapara - 4epe3 BhIIPSIMUTEIbHbBIN MOCT, KOTOPBIH, B
JAHHOM CJIy4ae, HIKOUM 00pa3oM He MEIAeT yAepKaTh JTUHHUIO OT Pa3beIUHEHUSI.

Xdamb pazbeduHeHus1 TUHUU

B nepByto ouepep HaMm MOHAAOOUTCS JaTYUK COCTOSIHUS TUHUM. [IpH nonoxeHHoN Ha
Tesie()OHHBIN anmnapaT TpyOKe MOCTOSHHOE HAIPSKEHUE B JIMHUU COCTABIISAET NpUMEpHO 60
BOJIBT. IIpu cHATOH TpyOKe MOCTOSHHOE HAINpsKEHUE B IMHUU cocTaBiseT 15-20 BonbT. Takum
00pa3oM, MbI MOKEM OIPEEIIUTh COCTOSTHIE JIMHUY 110 HANPsDKEHUIO B Hel. [{ns cornacoBanus
YPOBHE HaNpsHKEHUs B TeICPOHHON JIMHUY C JIOTUIECKIMH CJIEYET HCIIOb30BaTh
PE3UCTUBHBIN JEIUTEb.

MBI y>Ke UCIIONB30BaIU MTOAOOHBIHN JeNUTeNb B CXeMe ONpeAeTIeHNs HAINYHs 3BOHKA.
[IpaBaa, Tam aMmIMTy1a CUTHaja BeI30Ba gocturana 120 BoibT, T.€. BABOE MpEBbIIIaIa
HHTEpecylollee Hac Tenepp HanpsbkeHue. OCTaBUM Ha BpeMs MONBITKY UCIOIb30BATh YiKe
UMEIOIINICS pe3UCTUBHBIN ENUTeNb, U OCTABUM €LIe OJUH JUIs Halleld KOHKPETHOH LeH -
OIIpeENICHUE COCTOSIHUS TUHUM. Olpenensis HalpsyKEHUE Ha JEIUTENE, MbI CJIENAeM BbIBOJ,
M0JIOXKEHA TPpyOKa (MJIM Ha)KaThl pplyaru) Ha anmapar Uiid HeT.

Bpliie MbI pemmig, 4To CUTHAJIOM JIJIS YACP)KaHUS JIMHUK OyJIeT KPaTKOBPEMEHHOE
Ha)kKaTHe Ha phIYary ammapaTa. 371ech eCTh OJJHa Mpodema.

Ecau mb1 He TpuMeM HUKaKUX Mep, TO 3a 3To Bpems (0.5-1 cekyHna) Tenedonnas
CTaHIIUS, KOTOpasi TOKE CIEANUT 32 COCTOSTHUEM JIMHUH, «PEUINTY», 9YTO TPYOKa MOJI0KEeHa Ha
ammapar, ¥ nopa pa3beJIMHUTh JTUHUIO. T.€. MBI IOJDKHBI Ha 3TO BPEMS BKJIIFOUHUTH BMECTO
TeneOHHOTO anmapaTa SKBUBAICHTHBIN pe3uctop. [locie yero B Teuenue 1 ceKyHIbI CIETUTh
3a COCTOSIHUEM JIMHUU - OyJIeT JIK BHOBB CHsTA TPyOKa, M TOT/Ia 3TO CUTHAJ yIeP KaHUS JTMHHH,
WJIH HET, TOTIa MOXXKHO Pa3beINHUTh JIMHUIO U BEPHYTh BCIO CXEMY B UCXOJIHOE COCTOSIHUE.

[TonpoGyeM HapuCOBATh HYKHYIO CXEMY.
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Puc. 47. Cxema popMupoBaHusi CHTHAJIA yePKAHUS JIMHUU.

ITocmotpum, yTO y Hac nosxyuniaoch? B cxeme npumenensl D-tpurrep KS61TM2 u
taiimep 555 (oreuectBenHbli anazor KP1006BI1). Hanmomuro, cxema npenBapuTenbHas u
MHOT'H€ JIEMEHTBI CXEMBI Oy IIICHBI.

Curnan «bbUT 3BOHOK» MBI TIOJIy4aeM OT CXEMBbI OINPEACIICHHS] HAIMYUS BXOISIIETO
3BOHKa. [Ipn Hanuuuum 3BOHKa curHai «bbul 3BOHOK» MPUHUMAET BBICOKHN JIOTUYECKHI
ypoBeHb. Ecniu Teneps TenedonHas TpyOKa mosioKeHa Ha anmnapar (Miu HaKaThl peluari), Ha
BbIX0J1e TIepBoro neMenTa « M-HE» nossisieTcst HU3kuii ypoBeHb (Ha ero Bxoje 18e «1»),
KOTOPBIM 3aITyCKaeTcsl EPBBIN TaiiMep U, OAHOBPEMEHHO, TIEpeNuChIBacTCs (4epe3 HHBEPTOP -
BTOpOil anemeHT «M-HE») enunuiia na npsimoii Beixoa D-tpurrepa TM2. Enunnia (BbICOKHIA
YPOBEHB) Ha TOM BBIXOJIe OyAEeT CUTHAIIOM YICpKaHUS JINHUU.

[TepBrrii Taiimep 555 popMupyeT Ha BBIXO/I€ MOJTOKUATEIBHBIN UMITYJIbC TTUTEIHBHOCTHIO
2 cexyHabl. Ecniu 3a 9TO BpeMsi COCTOSIHME JIMHUM HE U3MEHUTCS, TO 3TO OyJET CBUETEIILCTBOM
TOT0, YTO TPYOKa IMPOCTO MOJIOKEHA Ha armapaT, U CUTHAJIOM K pa3beAMHEeHUI0 TuHIH. Kak 310
npousoier?

OtpunatenbHbIM (GPOHTOM 2 CEKYHIHOTO UMITyJIbCa MEPBOro TaiiMepa 555 Oynet
3amymieH GpopmupoBatenb KopoTkoro (0.1 cekyHaa) UMITyibca, BHITIOTHEHHBINH HA BTOPOM
taiimepe 555. OTuM ummynbcoM 1o Bxony R («cOpoc») D-tpurrep Oyner Bo3BpallieH B
UCXOAHOE cocTosiHMe. Ha ero mpsiMoM BbIXOJ/i€ yCTAHOBUTCS HU3KUI YPOBEHb, CUTHAI
yAepKaHUsI TUHUU CHST, U CXeMa yIep>KaHUs JTMHUH BBIKIIOUYCHA.

Ecnu 3a Bpems 2 ceKyH/bl COCTOSHUE JIMHUU U3MEHUTCS (T.€. Mbl OTITYyCTUM pblYar 4epes
1 cexynmay), To Ha nenutene R3R4 mosBuTCS HU3KUIT YpOBEHB (ITOCTOSTHHOE HAIPSKEHUE B
Tes1e(POHHOM JIMHUU CTaJI0 HU3KUM), KOTOPBII CTaHET aKTUBHBIM CUTHAJIOM «cOpoca» A
BTOpOTro TaiiMepa. Bropoii Taiimep He OyneT 3amylieH, He mpou3oiaeT «copoca» D-tpurrepa, He
Oynet pazbeauHenust TuHuM. K cioBy, BTOpoil 1enurens HaMm MOHaA00MICS U3-3a TOT0, YTO
NIEPBBIN JAEIUTENb IPUBOIUT K JIOTHYECKAM YPOBHSM CIIEIYIOIINE 3HAYCHUS HAIPSHKEHUS B
auHUU: 60 BOJIBT IpU MOJNI0KEHHON TpyOke n 20 BOJIBT Npu CHATOM. B HacTosmuit MOMEHT B
JIUHUYW HanpspkeHus: 30 BOJIBT MpH MmosioxkeHHoU TpyOke, 10 BoibT npu cHATOM. Paznuia B 18a
pasa.
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I/ITaK, MBI, B HepBOM HpI/I6J'II/DK€HI/II/I, HAIIlJIn CXCMHBIC peHIeHI/Iﬂ JJIA BBIITIOJITHCHUA YaCTHU
dbyukmuii. [loiinem nanbie.

Ecnu epemsi pa3beduHeHuss MeHbwe 1.5 cekyHO, 8KIro4UMb yoepKxaHue JIUHUU
OTy 3a7a4y Mbl PELIWIIN.

Ecnu epemsi pa3beduHeHus1 6onbuwe 2 cekyHO, 8epHYMbCS1 8 UCXOOHOEe
rnoJsioxxeHue

n 9Ty 4YacCThb 3a/la4u MbI IIOYTH PCIINIIHN. Z[J'IH IMOJIHOI'O €€ peIICHUA JOCTATOYHO UMITYJIBC CO
BTOpOTO TaiiMepa 1mojaTh Ha BXOAbI cOpoca BceX MUKPOCXeM (KpoMe TaitMepOB), UMEIOIIUX
TaKoW BXOJI.

Ecnu cxema eKnro4vunacb Ha ydep)KaHue JIUHUU no cuzHany «YOep)KaHue JIUHUU»
[TocMoTpHM, YTO Yy HAC TPOUCXOAUT CO CXEMOU yaep:kaHust TIMHUU (puUC. 47) mocie NoaydeHUs
cUTHaja « Y AepKaHue JTUHUI - KPATKOBPEMEHHOE HAXKaTHE Ha PhIYard TeJe)OHHOTO anmnapara
(1e monee 1 cekyHbl) — M IOAKJTFOYCHUS SKBUBAJICHTA TeJIe(DOHHOTO armapara.

MBpl yaepxanu JIMHHUIO, U Ha TIEPBOM arllapaTe CHsATa TpyOKa.

3areM MbI Ki1ajieM TpyOKy Ha nepBoM TesnedoHHoM amnmnapare. Ha BTopom nenurene
R3R4 nosBnsercs CUrHaI BBICOKOTO JIOTUYECKOTO YPOBHSI, YTO HE MEHSIET COCTOSIHUS CXEMBI.

[Tocne Toro, kak Mbl CHUMEM TPYOKy Ha BTOPOM TeJe(OHHOM armapare, Ha 3TOM
JICJIATEINE MOSIBUTCSL CUTHAJ HU3KOTO JIOTHYECKOro YpoBHs. Ho 3T0 TOke 1oka He MEHseT
COCTOSIHUS CXEMBI, @ HaM Obl BBIKJIIOUUTD yAepKaHUE JTUHUU. MIcroab3yeM TOJIbKO YTO
IIOJIy4E€HHBII CUTHAJI HU3KOTO JIOTUYECKOr0 ypOBHs Ha aenutene R3R4.

HY)KHO «(IIPOYHUTATH» 3TOT CUTHAJI U OPTaHU30BATh BBIKIIIOYCHHUE CXCMbI YACPKAHUA
nuHuU. YTO MBI cAelIaeM C IIOMOIILIO TPETHETO TaﬁMepa.

1 TT Brim 3BOHOK
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Puc. 48. Cxema hopmupoBanns curaaja copoca.
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JU1st BBIKITIOYEHUS CXEMBI yliepxkanus copocuMm D-tpurrep TM2, koTopsiid pUKCHpoBa
BXOJAIIMH 3BOHOK (puc. 45), no Bxoay R («cOpocy). HanomHro, 111 BKIIOUEHHS TpaH3UCTOpa
yAepKaHus TUHUU (puc. 46) HeOOXOAMMO /1Ba aKTUBHBIX CUTHAJNA, OJUH U3 KOTOPBIX - «BbII
3BOHOK.

IToka Taiimep 2 cek He 3aBEpIIMII IEPEXO]] B COCTOSIHUE C HU3KUM YPOBHEM BBIXO/a,
TpeTuii Taitmep (hopMUPYIOINI UMITYIIBC JTUTEIBHOCTRIO 0.1 cek) He OyaeT 3amyieH,
yIep>KuBaeMbIii curHaioMm copoca. [locne nmepexosa Taiimepa 2 cek MHTEpBajia B COCTOSTHUE
HU3KOT'0 YPOBHS Ha BBIXOJIE pa3pellaeTcs 3amyck TpeTbero taitmepa. Hakonern, korga Oynet
cHsTa TpyOKa co BTOporo Tese(hOHHOTO armnapara, Curainom Ha aenutene R3R4 Oyner 3amyiien
tpetuii Taiimep (0.1 cex), CBOMM MUMITyJIbCOM cOpachiBatolinii D-Tpurrep v BHIKITIOYAIOIIHMA
PE3UCTOP HKBUBAJIEHTA TeIe()OHHOI0 anmnapara.

Hawm octanock opranuzoBatb o0muii cOpoc. /11 3Toro ucnonp3yem curaad,
HOJTy4aroIuiics Tora, Koraa OyAeT MojokKeHa TpyOKa Ha BTOPOM Tene(OHHOM amnmapare.

MBbI npHUIyMai BCe Y3IIbI ISl HEOOXOMMBIX (pyHKIIHIA.
Teneps moctapaemcsi cOOpaTh UX B EAUHYIO CXEMY, BHECS HEOOXOUMbIC U3MEHEHUS U
100aBUB KeJlaTebHBIE.

KakoBbl 3TH xenarenbHble U3MEHEHUS ?

B nepByto ouepens cienyeT U3MEHHTh CII0C00, KOTOPBIM (POPMHUPYETCS CUTHAT
CUHUTBIBAHUS COCTOSHUS JIMHNU. JKelaTeIrH0 NMETh «XOpOoHIHrEC» YPOBHHU CUTHAJIOB U XOPOLINEC
(GPOHTEHI, a 3TOTO MPOCTON PE3UCTUBHBIN JEIUTENb MOXKET HE o0ecrednTh. Kpome Toro, o4eHb
XO0TeJI0Ch OBl UCTIONB30BaTh OJJUH PE3UCTUBHBIN JIETUTENh Ha BCE CIy4yau, a He TPU.

O6uwas cxema
[Monmyuuncs TaiiM-ayT B TaliM-ayTe. [lj11 COOpKH BCEro B €MHYIO CXEMY MHE MPUIILIOCH HA
HECKOJIBKO JHEH npepBarbes. [IpuunHa B MOEM KelnaHuU HAauTH B OTJEIBHBIX CIydasX Kakue-
HUOY b Oonee «u3sitHbIe» pemeHus. Ho, yBbl, MpUILIOCH JOBOJILCTBOBATHCS TEM, UTO
HOJYYHIIOCh, XOTSI Y MEHSI M COXPAHUJIOCH OLIYIIEHUE, YTO UHbIE, O0Jiee KpacuBble peleHHs
€CTb.

Ilpumeuanue:

Jleno 6 mom, umo cnosa «Kpacugoe peuteHuey, «U3AUHoOe peueHue» 8 mexHuke dauje
8Ce20 OMHOCAM K UHMYUMUBHO 8OCHNPUHUMACMbIM HAUIVHUUM DEUEHUIM U3 6CeX
OOCMYNHBIX, HA0EJICHLIX U npocmblx. Koneuno, kaxcowlil, NOCKOIbKY OCHO8Y UHMYUYUU
cocmassiem JUYHbLL ONnblm, 8UOUm no-ceoemy. Ho u nuunviil onvim, cxnaovieaemcs noo
8030elicmauem 6cex mex 3HaHull, KOmopble 4ei08ek npuoopemaem 6 npoyecce
oessmenbHOCHIU.

B npogeccuonanvhoil npaxmuxe 6b160p ocmaemcs 3a Muno8blMu PeueHusIMuU, HO UX
mooice KMo-mo, Koeoa-mo Hawen! B smom cmulciie nouck c6oux peulenuti Moxcem
cmamse He MeHee VEIeKaAMeNbHbIM 3aHAMUeM, Yem Ucciedosanue (Wi nosmoperue)
yyorcux. He cmaest yenvio 0ob6umscsi npogheccuonanuzma 6 pabome, 8ol ocmasisieme
PAcnaxuymoi 08epb 8 Mup hanmasuu u meop4ecmaed, NPUHAOIeHCAuull moabKo GaM.
3aenanume 6 neeo.
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Puc. 49. Iloanas cxema J1aiiH-xoJ1/1epa.
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[Ipexne, ueM ABUTaThCS AajbIle, MHE XOTEJIOCh Obl KOCHYTHCS OJJHOM mpoOiemMbl. Kak
BUJIHO Ha puc. 49, MHOIOYHCIIEHHBIE COEIMHEHUS IPUBOAT K 3aIIOJTHEHUIO CXEMBbI
COCIMHUTEIIBHBIMY JIMHUAMU 10 TAKOW CTENEHH, YTO OHA CTAHOBUTCS TPYIHO YUTacMOu. YTo

enaTs?

MOo’KHO HCTIONB30BaTh HECKOIBKO MPUEMOB.

Pa30uB Bcio cxeMy Ha (QyHKIHOHAIBHBIE Y3JIbl, MOKHO, KaK 3TO JIeJIaeTCsl TOr1a, Korjaa
OHHM M3TOTOBJISIOTCS B BUE CAMOCTOSATEIBHBIX MOYJIEH, 0003HAYUTH COSMHEHUS (BBECTU
U(PPOBYIO MAPKUPOBKY WIIM HA3BAaHUS CUTHAJIOB), HO HE IPOBOJIUTD UX:

R2

K remnedon.
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Puc. 50. Ilpumep ncnosib30BaHNs Ha3BaHMIl CHTHAJIOB Ha cXeMe.

HapucoBannas momoOHbIM 00pa3oM, cxema OyIeT IMETh MEHBIIIE COeAMHUTEIHHBIX
JMHWMA, U YUTATHCS OHA OYJIET JIerye.

MoxHO MMOCTYIIUTH MHAYC. MosxHO O6’B€ILI/IHI/ITB COCAMHHUTECIIBbHBIC IMHUHU 110 HEKOTOPBIM
HallpaBJICHUAM, 0003HAYUTh UX OJIHOM 0oJiee TOJICTOH IMHUEH U MMPpOMAapKHUpOBaTh BCC JIMHUU

BXOJOB U BBEIXOJOB:
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Puc. 51. Ilpumep o0bequHEeHNs COeIMHATEIbHBIX JUHHI HA cCXeMe.
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KEDKI[BIﬁ U3 IMPUEMOB ITIO3BOJISCT H30aBUTHCA OT MayTUHBI COCAMHUTCIIBHBIX J'II/IHI/II\/'I,
KaXXJIbIii UMEET CBOU MNpEeUMyI1ICCTBa, HO HC JIMIICH U HEAOCTATKOB, ITIOOTOMY PA3yMHEC BCCTO
OCMBICJICHHOC COYCTAHUC BCCX TPHUCMOB C TCM, YTOOBI CXEMa JIETKO YHUTAJIACh.

Ho BepHeMcs k Haleil cxeme, OCTaBUB €€ IOJIHOE U300paXKeHNe TaKUM, KaKOe OHO €CTh
Ha puc. 49.

Kakue usmeHeHust, 0 KOTOpPbIX Mbl TOBOPWJIM, YTO OHU JKEJIATENIbHbI, ObLIN C/IETIaHbI.

Kax BusiHO M3 prCYHKa, MBI OCTAaBWJIN OJIMH PE3UCTUBHBIN enuTenb R3R4 u nobaBumm
komnapatopsl W1-W4 (mukpocxema Al). Kommaparops! (aHaJOrOBbIE) - 37IEMEHTHI, UMEIOIIHE
JIBa BXOJla, HAa OJIMH U3 KOTOPBIX MOJAETCSI OIOPHOE HAIIPSDKEHUE, a Ha JPYTroi HalpsyKeHUe
CUTHaja. 3ajaya KoMIapaTopa CpaBHUTh 3TH HanpspkeHus. Ecny HanpsbkeHne curHana, K
IIPUMEPY, MEHBIIIE OIIOPHOT'0, TO BBIXOJHOE HANPSDKEHUE KOMIIapaTOpa UMEET HU3KUH YPOBEHB,
€CJIU K€ HalpsDKEHUE CUTHaja 0oJIbIlie OMOPHOIo, TO BEIXOAHOE HAPSHKEHHE KOMIIapaTopa
HMeeT BBICOKUHN ypoBeHb. KOHEYHO, 3TO 3aBUCUT OT TOTO, HA KAKOM M3 BXOJ0B KOMIIapaTopa
[I0JIaHO OIIOPHOE HaIpsHKEHUE (MPSAMOM WIIM UHBEPCHBIH, TOCIETHUI 0003HaU€H KPY>KOUKOM), a
Ha KaKO# HanpspKeHHE CUTHaJIa (MHBEPCHBIA WU TIPSIMOi).

B kauecTBe OMOpHBIX HAPSXKEHUH MBI UCTIOJIB30BAIM HANPSKEHUs, 00pa3yroIyecs Ha
pe3uctuBHOM aenuterne R5-RS.

Eme ogHo n3MeHeHne - nHTerpupyomas nemnovka (v Guibtp, ecinu yrogao) ROCI.
DTO0 mepBOe MECTO, I/I€ MHE XOTEJIOCh HAMTH KaKoe-HUOYIb MPOCTOE U U3SIIHOE PELIeHHE, HO
OpUIIJIOCHh JOBOJILCTBOBATHCA TCM, YTO €CTh.

B uem npobiema?

PaGota Bceit cxeMbl HAUMHAETCSI C TOTO, YTO BBI3BIBHOE HANIPSKEHUE (MIPUXOISAIINAN
3BOHOK) nocJe Beinpsimiienust MoctoM VD1-VD4, nenenus pesuctuBHbiM nenutenem R3-R4 u
npeoOpazoBanus kommnapatropom W1 nmoctymnaer B Buae UMIyJibcoB ¢ yactoroi 50 [' Ha
CUYETHBIN BXOJ ABOMYHOTO cueTunka-genutens DD1, a 3ateM, ¢ moMoOIIbI0 BEpXHEN MOJTOBUHBI
(o cxeme Ha puc.49) tpurrepa DD4, ¢ukcupyercs kak cUrHal HAIUYUS 3BOHKA.

JlanbHeass MHULIMATU3aIUs CXEMBI, TOATOTABIMBAIOIIAs €€ K padoTe, MPOUCXOIUT
TOTJa, KOT/Ia ¢ Tesie(hOHHOTO armapara CHUMaloT Tpyoky. Hanmuue curnanos «3BoHok» U
«TpyOka cHsATa» 3amycKaeT JaJIbHENUIIYI0 padOTy CXEMBI.

OpHako eciu He IPUHATDH JOTIOJHUTEIBHBIX MEp, 00a 3TH CUTHaja MOSABATCS MIPU
BBI3BIBHOM CHUTHAJIE MOCJE NMpuxoaa 24 uMmynbcoB. Bropoii Tpurrep mukpocxemsl DD4
MIEPETHIIET Ha MPSMOM BBIXOJ IOTUYECKYIO « 1» MpH MepBOM K€ UMIYJIbCe, CPOPMUPOBAHHOM
Y3 BBI3BIBHOTO CUTHAJNA. A, Korna cueturk DD1 nocuuraet 10 24, B mepBOM TpUTTEpPE
MukpocxeMbl DD4 (BepxHuil o cxeMe) Ha IPSIMOM BBIXOJIE TOXKE YCTAHOBUTCS BHICOKHI
JOTUYECKHUI ypoBeHb («1»), mpu 3ToM Ha 00a Bxoaa cxemsl U-HE (DD2.3) nmoctynsat curHais
«1», T.e. cxema OyAeT MPeKIEBPEMEHHO MHUIIMATU3UPOBAHA.

Bot 310 1 ecTh Ta npoOiema, Juist KOTOPOIl MHE XOTEI0Ch HANUTH «U3SIHOE» PELICHHE.

[ToTpaTB T0BOJILHO MHOTO BPEMEHH, sl HE HAIIE], KaK XOTEJ, «U3SIIHOTO» PEIICHHUs, U
TO, YTO €CTh, BBITJISUT TaK: CUTHAJI CHATOU TPYOKHU BBIICTICH M3 CUTHATIOB COCTOSHUS JIMHUU
TeM, uTo cHuMaercs ¢ puibtpa R9C1, Hactpoennoro Ha yactory 10 I'i. @unbTpom curnan ¢
JuHUM ¢ yacToTor 50 I'l, @ UMEHHO ¢ ATOM 4YaCTOTOW U3MEHSETCS BBIITPSIMIICHHOE BBI3BIBHOE
HamnpsbkeHue, OyAeT moaaBieH, v curHaln « TpyOka cHsATay MOsSBUTCS TOJIBKO TOT/IA, KOT/a B
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nayse MeX/ly 3BOHKaMH TpyOKka JeHCTBUTEIbHO OyaeT cHATa. FIMEHHO OH mpeaBapseT
JAIbHENITYI0 paboTy CXEMBI, a BBI3BIBHOE HAIMpPSKEHHE, [TOCIIE TOTO KaK CHITA TpyOKa Ha
TenedoHHOM anmapare, OyaeT CHATO TelneOHHOW CTaHIIMEH U OOJIbIIIe HE TTOSIBUTCS 10
CJICYIONIETO 3BOHKA.

Wrak. [Tocne nmpuxoa BBI3BIBHOTO HAMPSHKEHUS TPUTTEP, (PUKCUPYIOMINI MTPUX0]] 3BOHKA
(mepBbIii TpUrTep MUKpOocxeMmbl DD4), mepenuiet Ha IpsIMOM BBIXOJT 3HAYCHHE « 1.
[Tpousoiiner 3To cneayromum odpazoM. Cuetunk Ha Mukpocxeme DD1 cuutaer uMIyJsibChl,
IIOJIyYEHHBIE OT BBITPSIMIIEHHOTO BBI3BIBHOTO HampskeHUs uyepes3 aenutenb R3R4 u kommapaTtop
W1. Kak Tosibko npuxoauT 24 umiryjbca, Ha BbIX0/1€ 2 BTOPOM MOJ0BUHBI MUKpocxembl DD1
cocTosiHue u3MeHUTces ¢ «0» Ha «1».

@DpOHTOM 3TOr0 UMITyJIbCa MEPENUCHIBAECTCS 3HAUE€HUE CUTHaiIa ¢ D-Bxo/1a nepBoro
Tpurrepa (BepxHuii no cxeme puc. 49) mukpocxemsl DD4, a oHO paBHO «1», mockonbky D Bxon
MOJIKJIFOUYEH K MOJIOKUTEIBHOMY BBIBOAY MCTOYHMKA MUTAHUSL, HA IPSIMOM BBIXOJ TPUTTEpPA.

[Tocne Toro, kak TpyOKa Ha Tene()OHHOM amnmnapare OyAeT IMOIHATa, Ha IIPSIMOM BBIXO/IE
BTOPOT'O TpUITEpa (HWXKHSS MOJ0BUHA MUKpocxeMbl DD4), hukcupyromiero 3To coobITHE,
nosiBUTCS «1»: curHan ¢ D-BXoaa 3Toro Tpurrepa rnepenuchiBaeTcs Ha BBIXO IIEPETHUM
(pOHTOM IOJIOKUTENEHOTO UMITYJIbCA, IIOJyYSeHHOTO C BBIX0Ja KommapaTopa W2.

Cxema U-HE (DD2.3) 6ynet umeTth «1» Ha 000MX BXO/JaX U U3MEHHUT COCTOSIHUE
BBIX0/1a, yCTAaHOBUB HU3KUM JIOTUYECKUI YPOBEHD («0»).

Curnan cocTostHUS JTHHU «JIMHUS)» UMeeT BRICOKUHN JIOTHYECKUI YPOBEHB (TpyOKa
cHsTa), no3romy Ha Beixoze cxembl MJIM-HE (DD3.2) coxpansiercst ypoBeHb «0». Cxema
HaXOJUTCS B COCTOSIHUU OXKHUJIAHUS TAJIbHEHIINX COOBITUH.

Ecnu HaM He HY>XHO yAep)KUBaTh JIMHHIO, TO, IOTOBOPUB 1O Te€IEPOHY U TOJI0KHB
TpyOKyY, MBI 3aITyCTUM MEXaHU3M OOIIEro cOpoca U BEpHEM CXEMY B UCXOJHOE mojoxenue. Kak
3TO poU30MaeT?

Cxema U-HE (DD2.4) nonyuaet curnan ¢uxcaruu 380HKa Tpurrepom DD4 u
unBeptupoBanubiii cxemoit UJIM-HE (DD3.3) curnan « Tpy0Oxka casta». Ecnu nocnennuit
npuMeT 3HaueHue «0», koraa TpyOka OyeT 1mojioskeHa Ha TeJeOHHBIN anmapar, mocie
uHBepTupoBaHus aeMeHToM DD3.3 Ha Bxoa DD2.4 nmocTynsT nBe € IMHUIIBI, KOTOPHIE
nepeBenyT Beixoa cxeMbl M-HE B cocTosinre HU3KOTO Torndeckoro ypoBHs («0»), 3amyckas
tarimep AS. K MmomeHTy ke, Koraa popMUPYEMBI UM MOJIOKUTEIBHBIN UMITYJIBC Uyepes3 2.2 ceK
3aKOHUYUTCS, Ha BxoJie «Copocy Taiimepa A4 OyneT BRICOKUN ypOBeHb (curHan «JIuHus» umeer
HU3KUH YpOBEHbB, TpyOKa mosioxkeHa, uaeprop DD3.4 npeoOpasyeT ero B ypoBeHb «1»), 4To
pazpemaet GOpMHUPOBAHKUE UM IOJIOKUTEIFHOTO UMITYJIbCca JITUTENHHOCTHIO 0.1 cex Ha BBIXOIE.
OTHUM MMIIYJIbCOM BCS CXE€Ma MEPEBOJUTCS B UCXOTHOE TOJIOKEHUE.

Ecnu sxe HaMm HE00X0AMMO yAepKaTh JTUHHUIO?

CurHasom yJaepaHus JTMHUY SIBIIETCS KpaTKOBpeMeHHOoe, TpuMepHO 0.5 cex (HO He
Oosee 1 cex), HaKaTHE HA phIYard TeJe(OHHOTO armapara.

Cxema U-HE (DD2.4) mosnyuyaeT curaan (puKcauy 3BOHKa ¥ MHBEPTUPOBAHHBIA CXEMOM
NJIN-HE (DD3.3) curnan «TpyOka casitay. Ecnu, kak v BbIle, OH TpUHUMAET 3HaueHue «0»,
Korza TpyOKa MoJjoKeHa Ha TeleOHHBIN anmnapar (Mbl Ha)KaJld Ha pbIYari), IBE eIUHUIBI Ha
BxoJie nepeBoasT Bbixof cxembl U-HE (DD2.4) B cocTosiHEE HU3KOTO JIOTHYECKOTO YPOBHS, UTO
3armyckaet Taiimep AS. Ho k MOMeHTy, Kora popMUPYEMBIH UM MOJIOKUTEIbHBINA UMITYJIbC
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yepe3 2.2 cek 3aKOHUUTCs, Ha Bxoze «COpocy TaiiMepa A4 Oyaer y:xe HU3KUI JTOTHUeCKUi
ypoBeHb (curHain «JIMHUs» Tenepb UMEeT BBICOKHI YPOBEHb, TPyOKa CHATA, TOCKOJIBKY MBI
ormyctuiin peryaru uepes 0.5 cek, a uaBeprop DD3.4 mpeoOpa3oBai ero B ypoBeHb «0»), 4T
3ampenaeT (OpMUPOBAHHUE UM TOJIOKUTELHOIO UMITYJIbCa Ha BBIXO/IE, IEPEBOIAILEIO CXEMY B
HCXOJHOE MOJIOKEHUE.

C npyroit CTOpOHBI, IPU HAKATUH HA phlYary, Korjna curian «JIuaus» npuHumaet
3HAYECHHE HU3KOTO JIOTUYECKOro YpoBHs (TpyOKa monoxeHa), Beixoa cxemsl MWJIM-HE DD3.2
MIEPEXO/IUT B COCTOSTHUE C BHICOKHM JIOTUYECKUM YpOBHEM (00a Bxojia B cocTostHUH «0»), U
¢ponT nepexona uz «0» B «1» nepenuceiBaeT 3HaueHne D-BXo/1a nepBoro Tpurrepa
mukpocxembl DDS, paBHoe «1» (BbIx0 BTOporo tpurrepa DD4 3adukcuposan, uro TpyOka
CHUMAJIACh, COCTOSTHHEM « 1)), Ha TIPSIMOM BBIXOJI 3TOTO TpHUTrTepa (MEepPBbIi TPUTTEP
Mukpocxembl DDS). Boicokum ypoBHeM Tpanzuctop VT1 Bkitouaercs, U MOAKIOYAET K TMHUU
pesuctop R1 - sxBuBaseHT TeneoHHOro anmnapara, YTo yJIep>KUBAET JIUHUIO OT Pa3beAUHEHHUS.

OAHOBPEMEHHO C 3TUM MHBEPCHBIN BBIXOJI IEPBOIO TpUrTepa MUKpocxembl DDS
TepeXoI0M U3 COCTOSTHUS « 1» B «0» 3amyckaet taiiMep A3, popMuUPYIOITHI TTOJTOKUTEIIbHBIN
HUMITYJIbC JUTUTETBHOCTHIO 1.2 cex. 3aaHuM GppoHTOM 3TOro uMmyibsca (mepexom u3 «1» B «0»)
MOJKET OBITh 3aIyIleH Taiimep A2, eciu Ha ero Bxojae «COpoc» K ITOMy MOMEHTY OyieT
BBICOKUH YpOBeHb. UTO, B CBOIO OUEPE/Ib, 3aBHCUT OT COCTOSIHHSA TeJIS()OHHOTO armapaTa MnpH
BKJIFOUEHHOM YJIepKaHUH JIMHUY - CHATA Ha HeM TpyOka mwiu HeT. Eciu oHa cHsTa (T.e. Mbl Janu
CUTHAJ BKJIIOUCHHUS yACepKaHUs, HO ellle He MOJIOXKIINA TpyOKy Ha ammapar), To curaai «I[lapamy,
(mapanienbHOE BKIIFOUEHHE JIBYX allllapaToB, B JAHHOM Cllydae OJHOIO anmapara U pe3ucropa
skBuBasieHTa R1) umeer 3nauenue «1». Ha Beixone nuBepropa DD3.1 ypoBenb «0», 1 aKTUBHBIH
cur"an «COpocy» (HU3KUH ypoBeHb) TaliMepa A2 3amperiaeT GopMUPOBAHUE TTOJIOKUTEITHHOTO
BBIXO/IHOTO UMITYJIbca AMUTENbHOCTHIO 0.1 cek, KOTOpHIi cOpocuIt Obl yaepKaHUE JTMHHH.
JIunus ocraercs yaepxkaHa.

Yro panpiie?

Korna nocne nosiBieHust curHaina yJepKaHus 1 OKOHYaHHUs (GOpMUPOBAHMS HMITYJIbCa
taiimepoM A3 (uepe3 1.2 cek), Taiimep A2 He BBIKIIOUMI yI€pP>KaHUs; KOI/1a 3aKOHYMIIOCh
(dbopmupoBaHKe UMITYJIbCa TaiiMepoM A5 (uepes 2.2 cek), a Taiimep A4 He chopMHpOBa
HMITYJIC 00111ero cOpoca, Tor/1a Mbl MOKEM ITOJI0KUTh TPYOKYy Ha mepBoM TeiaehOHHOM
anmapare. [[is Hac mponuio okoso cekyHasl. [Ipu atom curnan «Ilapam» usmeHurces ¢ ypoBHsS
«1» Ha ypoBeHnsb «0». Curnasom c Beixoga uasepropa DD3.1 (ypoBeHb «0» MeHseTcs Ha «1»)
Oynet nepenucaHo 3HaueHue «1» ¢ D-Bxona Broporo Tpurrepa MukpocxeMbsl DDS5 Ha ero
MPSAMOM BBIXO/I.

Teneps Ha oqHOM BXoje cxembl U-HE (DD2.1) nosiBuTcst ypoBeHb «1», HO Ha BTOpOM
BXO/i€ OyJieT HU3KUI YPOBEHB (MBI MOJIOKUIN TPYOKY, 1 curnain «llapam» npuHAI 3HaUCHHE
«0»). Y ToapKO mocse Toro, Kak Mbl CHUIMEM TPYyOKY Ha BTOpPOM Tesie(h)OHHOM armapare,
YPOBEHb 3TOr'0 CUTHAJIa U3MEHUTCS Ha BhICOKHM (curHan «Ilapam» onsate umeeT 3HaueHUE «1»).
Ha Boixonme DD2.1 mosiBUTCSI CUTHAJI HU3KOTO JIOTHYECKOTO YPOBHS (00a €ro BX0/1a UMEIOT
ypoBeHb «1»), Ha BbIxoJie nHBepTopa DD2.2 dpopmupyercs «1», kotopas cOpocut o R-Bxoxy
nepBbiil Tpurrep DDS, nepesens ero npsiMoi BBIXOJ B COCTOSIHUE HU3KOT'O JIOTUYECKOTO YPOBHSL.
Tpansuctrop VT1 BeIKITIOYaeTCs, C TMHUU CHUMAETCS SKBUBAICHT TeJeoHHOro ammapara R1.

MpbI MOKEeM MPOJOIIKHUTH PA3rOBOP C APYTroro TeneoHHOro anmnapara. 3aKOHUYUB
Pa3roBOp U MOJIOKHB TeTIePOHHYIO TPYOKY, MBI 3aITyCTHM MeXaHU3M o0111ero copoca (TaiiMepsl
A5 u A4). A nockomnbKy Teneps curian «JIuaus» B coctostHuM «0» (HET HU OJJHOTO armnapara,
MTOAKIIOYEHHOTO K TUHUM), Ha BXoje «COpocy Taiimepa A4 BBHICOKUI JTOTUYECKUN YPOBEHBD,
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paspemaromuii ero padory. Bor Teneps mpousoiiger oduuit copoc Beeli cxembl. OHa BEpHETCS B
MCXOJIHOE COCTOsSIHME U OyJeT BHOBH TOTOBA K padoTe.

Cxema obmero coOpoca npegHazHaAYeHA PEIINTh €Ille OJHY 3a7a4y.

[Tosoxxum, ATON CXeMbI HeT. 3BOHOK IPHUIIIEIN B Ballle OTCyTcTBHE. CXema omnpeecHHs
HAJIMYUs 3BOHKA CpabOTaeT, HO HUKTO HE CHSUI TPYOKY M CHUTHAT (PUKCAITH 3BOHKA (BBIXO]]
nepBoro Tpurrepa DD4) ocranercs. Ecnu Teneps BbI, Mpuas A0MOM, coOepeTech MO3BOHUTD 10
TeseoHy, TO HabOp MepBoH ke (Pl HOMEpa BKIIOYHT cxeMy yaepkanus. Tpansuctop VT1
cpaboTaet u 3a0J0KHpyeT paboTy HOMEpOHaOUpaTes SKBUBAJICHTOM TeJIe()OHHOTO armnapaTa
R1. Bel He HabGepete HOMED.

[Tpu Hanmuum o61IeH cXeMbl cOpoca, YCTPOSHHOW KIMEHHO TaKUM 00pa3oM, Kak
NOKa3aHo Ha puc. 49, mocie 2 CeKyHIHOTO OKUIAAHUs CHATUS TPYOKH, eclii TpyOKa He ObLia
CHsTa, cxema Oy/IeT MpUBEICHA B UCXOJHOE COCTOSTHUE, a CUTHA (PUKCAIIMU 3BOHKA COPOIIICH.

BOT, TaKas IMoJIiydujiaCb CXxeMa.

51 roBOpUIT O TOM, UTO CXEMY YCTPOMCTBA MBI OyJIeM CO3aBaTh MO X0y HAIMCAHUS
KHUTH. 5] mo4Tu yBepeH, 4To cxema paboTocrocoOHa, BO BCAKOM ClIydae, 51 CTapalcs
JIOCTaTOYHO TIIATEJIBHO €€ MTPOJYMbIBATh, HO IIOJIHAS YBEPEHHOCTD MOSIBUTCS TOJIBKO ITOCIIE
cOOpKHM, HaNIaJAKHU U UCTIBITAHUS YCTPOICTBA C pa3HbIMU TE€IE(POHHBIMU CTAHIMSMMU, B PA3IHUHBIX
YCIOBHSIX 3KcIuTyaTanuu. OIHAKO 11eb, KOTOPYIO S peciieioBall, ObUla HE B CO31aHUH
YCTpOICTBa, a B TOM, YTOOBI IPONTH IyTh OT MOSIBJIICHUS UAEH O CXEMHOU peanu3alnu 3TON
UAEH. DTOT IyTh MBI IIPOLLIN.

E1ie HeCKoIbKO CII0B 0 paboTe CXEMBI.

Bcest paboTa cxeMbl OCHOBaHA Ha HEKOTOPBIX MPEATONO0KEHHIX, CACTaHHBIX
OTHOCHUTEJILHO TeJIe)OHHON CTaHIIMHU, C KOTOPO# OyeT paboTaTh yCTPONCTBO, B Tele()OHHBIX
anmnaparoB, YCTAaHOBJICHHBIX Ha TeledoHHOM nuHuu. Ecnu TenedoHHas cTaHIUS WK annapaTsl
CHJIBHO OTJIMYAIOTCS OT CTAHIAPTHBIX, TO cXeMa noTpedyeT u3mMeHeHnil. OHU MOTYT OBITh
HE3HAYUTEILHBI, HAIIPUMEP, TOA00p PE3UCTOPOB JenuTeneii. mu 3HauuTeIbHBI - IepeIeka
y3710B. B TOi1 Mepe, B Kako# 51 yBEpeH B paOOTOCTIOCOOHOCTH CXEMBI, SI YBEPEH, YTO OHA
COXPAHUTCA C OONBIIMHCTBOM TeJIe(OHHBIX CTAHINI U TeIeOHHBIX aNnapaToB.

3aBepiuas TaiiM-ayT, 1 X0Ted Obl U1l T€X, KTO PELIUT cOOpaTh CXEMY, IPUBECTU
HYMEpALUIO BEIBOJOB MUKPOCXEM, KOTOPOH HET Ha cxeMme (MHE I0Ka3ajloch, 4TO 3TO
3arpoOMO3JUT U 6€3 TOro MyTaHyto rpaduKy cXeMbl), U IPUBECTH 3HAYEHUE BCEX 3JIEMEHTOB
CXEMBI.
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Puc. 52. PacnoJioxkeHnne BbIBOJ0B HEKOTOPBIX MUKPOCXEM.

Br1Bo1BI TaliMepa, He 0003HAYCHHBIE HA CXEME JIOJDKHBI OBITh CJICTYFOIIMH:
BpeMs3anaromas nemns (Harnpumep, R13C6 taiimepa A2) moakiItodeHa K 00beAMHEHHBIM
BBIBOJIaM 6 U 7; K BBIBOAY 5 moakitoueH kKouaencarop (C5 y Taiimepa A2).

BenuuuHa 1 TN IPYTUX JI€MEHTOB:

[MonynpoBoanauku - VT1 KT940A (M0oXHO, B IPUHIIKTIE, TIONTPOOOBATH U TPAH3UCTOPHI
KT503E, ocobenHo, ecinu ux oTodparth 1o HanpsikeHuto kosiekropa), VD1-VD4 KI1407 (wnu
aHAJIOTMYHBIE I10 NTapaMeTpaM OTIENbHbIE BeIIpsAMUTENbHbIE 1noabl), VDS KC215XK, VD6-VD9
K522A (B).

R1 OMIJIT-2 1xOm, ocTaJIbHBIC PE3UCTOPHI MOTYT OBITH TOTO K€ THIA, HO MOIITHOCTHIO
0.125 Bt ¢ Homunaazamu R2 - 10 kOm, R3 - 1 MOwm, R4 - 250 kOm, R5 -2 kOm, R6 - 8 kOMm, R7 -
1.5 kOMm, R8 - 3.5 kOm, RO - 200 kOm, R10 - 20 kOm, R11, R12, R15, R16 - 27 kOm, R13, R14,
R17,R18 - 1 MOwm.

Bce konnencaTopsl Tuna KM-3 uiu aHamoru4HsIe:

C1-0.1 mx®, C2, C3, C8, C9 - 1 mx®, C4, C5, C10, C11, C6,C12 - 0.1 Mmx®, C7 - 1.2
MK® (13 nByX KoHAeHcaTopoB), C13 - 2.2 MxD.

3amemku Ha noasax:

1. Cxemy ycmpoticmea none3Ho 0vlio Ovl O0noaHUmMb ewe 00HuM y3iom. Eeo 3adauet
ObLI0 Obl CO30aHUe HA TUHUU KOPOMKO20 38VKOB020 CUSHAILA, KO20Ad K JUHUU NOOKTIOYAEmCsl
9K8UBAIEHM MeleOHHO20 annapama, m.e. IuHus bepemcs Ha yoepacanue. B nepayio ouepeos
Mo 0asano Obl Y8EPEeHHOCMb, YUMo 8Ce NPABUNLHO, TUHUS He DYOem pa3beOuHeHd, d, Kpome
mo2o, M0o210 6bl ObIMb NONE3HBIM NPU COOSX, KOMOPbLLE MO2YN 603HUKHYMb U3-3d NIIOXOU
pabomul auHUY UTU Meeh)OHHOU CMAHYUU.

2. Bmecmo muxpocxemor maiimepa KP1006BH 1 modxcHo npumenums aHanocuduyro cxemy
K564AI'1, komopas umeem Oadice HeKOMopble NPEUMYUecmed, NOCKOIbKY MONCEM
3anycKamscs PPOHMOM ULU CHAOOM NOTOHCUMETLHO20 UMNYIbCA U He nompebyem
KOHOeHcamopa u pe3ucmopa 6 yenu 3anycka. A npeonouen coenamos mak, Kaxk coeid, Ho He
HACMausaio Ha 3mMom peuileHuu.

3. Ecmb 00un ocobennblii cayuail - cnapennvie meieghonvl. Paboma nunuu 6 smom
cyuae umeem 0cobeHHOCmu, KOmopbule, NO-MOeMy, He O0NHCHbL CKA3ambCsl Ha pabome
yempoucmea, Ho, 803MOMCHO, NOMpebyemcs Hala0Ka cXemvl, C8A3AHHASA ¢ 0becnedeHuem
yemouuusou pabomel komnapamopa W1l.

4. Yempoiicmseo neobxo0umo cHaboums uHCmpyKyuetl, OCHOBHbIMU MOMEHMAMU
KOmopou 6yoym - 01 8KIIOUEHUs. YOePAHCAHUS TUHUU HEOOXOOUMO KPAMKOBPEeMeHHoe, He
bonvue cekyHObl, Hadxcamue Ha puiyacu (npu smom krasuwa FLASH, komopyio umetom ce2ooms
MHO2Ue annapamsl, 6y0em 8bINOIHAMb QYHKYUIO BKIIOYEHUS YOEPHCAHUS TUHUU, M020A KAK
panbuLe e Noib308anUCh OISl PA3bEOUHEHUs TUHUU, YO HAO00 OMMemums 8 UHCMPYKYUL);
nocne Kpamko8peMeHHO20 HAXCAmus Ha puluazu mpyoKy ciedyem Kiacms Ha annapam c
HebOobULOU NAY30U 8 CEKYHOY, CHUMAamb mMPYOKY NPpU 360HKe JyduLe 8 Nay3y Mexcoy 360HKAMU
(amo nonezno u 011 camoeo annapama). [10000Hy0 uHCMpPYKYUIO cledyem Hanucamov 0axice 6
mom cayuae, eciu noib308aMbCs YCMPOUCEOM cOOUpaemecs MmobKo 6bl, HOCKOJIbKY NO
npoulecmsuy HeKOmopo20 8pemeHuy bl camu 3aoyoeme dmu 0COOeHHOCMU, A 8bI36AHHbIE UX He
cobnrodenuem coou ycmpoucmea npou3otudym 6 Camulil HenOOX0OAWUL MOMEHM, KO20a 8aM
HeKko20a Oydem pazoupamuvcs ¢ pabomou cxemoi.
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5. Xopowio 661 nocmpoums cxemy Ha 6aze MUKPOKOHMPOILIEPA, KPOMe KOMOPO20
006asunUCh Ovl, 8EPOAMHO, PE3UCMUBHBIL OAMYUK, KOMIAPAMOp, MPAH3UCIOD U NApa
pe3ucmopos.
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MecTo Ans 3aMeToK Npu NepBOM YTEHUM.
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BcTynneHue kK ceAbMOMY NPOEKTY

- 3aueM MHE CIEeIHAIIMCTY TI0 OAHKOBCKUM OIEpaIusiM BCsl 3Ta djeKTpoHuka? S BooOie He
JHO0JTI0 U HE TIOHUMAIO TEXHHKY.

Xopommii Bonmpoc MHE 3aai npuarenb. CMOTy JIH s Tak jK€ XOPOIIo Ha HETO OTBETUTH?

HauHeM ¢ KOHIA: «... HE TOHUMAIO TEXHHUKY.

PaBHOxyImIME MK HEMIOOOBH K 4eMy-1IH00, 3a4acTyI0, IPOYIUPOBAHBI OTCYTCTBUEM
noHuManus. Eciu korna-nn60 Bel IpEANPHHSIIN HEYAaYHYIO MOIBITKY MOHSATH YTO-TO, TO MO3XKE
npeaMeT OyZeT BhI3bIBaTh aHTUNATHIO. HUKTO He mo0uT cBom Heynaun. Ho, MOXKeT ObITh, BBI HE
crpaBeUIUBHI K ceOe. [IpnunHa Heypaum He B Bac, a B TOM, 4TO IOIBITKA OblIa
NPEeXJIEBPEMEHHOM, MIIN CPelICTBA ObLUTH IUTOXH. MOXKEeTe JIM BB C YBEPEHHOCTh CKa3aTh, YTO HE
JTI0OUTE TEXHUKY, €CITH, KAKUM-TO BOJIIIEOHBIM 00pa3oM, Bbl BAPYT CTaHETE MOHUMATh ee?

3aueM KOMY-TO, UMEIOILIEMY XOpOIlIie TTO3HAHUS B CBOEH 00J1acTh AESITETbHOCTH, 3HAHUS
JasieKue, Ha TIePBhIi B3IV, OT 3TOM o0nactu?

3a4acTyr0 MBI OYEHb TIEPEOIICHUBAEM PACCTOSIHUS MEXKIY Pa3HBIMU 00JIaCTSIMH
nesitenbHOCTH. Kak pas, uist IydIiei OleHKH 3TOr0 PacCTOsIHUS, HEJIUIIIHE ObLIO OBl
03HAKOMHTHCS C ITOU JPYTroi 001acThIo.

«51 BooOIIE HE 11001110...». Eciin ObITh TOYHBIM, TO CIEI0BAIO OBl CKa3aTh: «S BooOIIE HE
JTHOOMII...». Jero B ToM, 9TO MBI MeHsieMcs. To, 9To ObLTO BUepa, MOKET HE OBITh CETO THS.
CeroJiHs ciieIyeT MPOBEPUTH, TaK JIU TO, YTO OBLIO BUEpa.

W, HakoHew, nocineHee BO3paKeHUe.

B nanHoM cinydae 3ieKTpOHUKA HE 11eJ1b, OHA JIUIIb CPEACTBO, a LIEJb - HEKOE 3aHSITHE,
KOTOpOE, KaK 3aHSITHE, MOXKET IPUHOCUTH YJIOBIETBOPEHHUE, CTOJIb HEOOX0IUMOE KaXKIOMY IS
OCYIIECTBIICHHS CBOC OCHOBHOM JIESTENBHOCTU. Y 3JIEKTPOHHUKHU €CTh ONPEICIICHHBIE
npeumyiiecTBa. OHa BECbMa «KOMITAKTHAY - XOPOIas TJa0opaTopusi MOKET 3aHUMAaTh MaJjlo
MecCTa, XOTA 3TO U He JJISl KaKA0ro CylmecTBeHHO. OHa UCMOIb3YeT NOHATHUS U METOJbI,
3a4acTyl0 MPUMEHSEMBIC U B APYTUX 00NACTAX AEATEIHHOCTH, UTO MMO3BOJISIET YUl MOHATH U
Te, IpyTHUe, 00JIaCTH, 3aHUMASICh dNEKTPOHUKON. OHa, KaK s yKe TOBOPHII BhIIIIE, BCE OOJIbIIe
BTOpraerTcs B Haill ObIT, B Haity paboTy. He cneayer nu moOnuxke ¢ HEMl MO3HAKOMUTHCS?

Ho BepHeMcs k 3ammaHupoBaHHOM paboTe.

MpoekT ceabmMon «ABTOMaTUKa 3NEKTPOHHAA U HeT»

Ilesb npoeKTa - 03HAKOMUTHCA C IIOCTPOCHUEM U PabOTOM aBTOMAaTUUECKUX YCTPONUCTB U
CpeACTBaMU aBTOMATUKH HA IIPUMEpPE KOHKPETHBIX 2JIEKTPOHHBIX YCTPOMCTB.

ABTOMaTHKA [103BOJIIET OPraHU30BaTh PETUCTPALIUIO COOBITUMN, MU PETyJINPOBAaHHE
KaKHUX-JTM00 MPOLECCOB, TN YIPaBIeHUE KAKUMHU-TO oObekTaMu. OHa MpHU3BaHa 3aMEHHUTh
YeNoBeKa B 0IH000pa3HON paboTe, BBITIOIHUTH €€ B CPEZe, YCIOBUAX OMACHBIX JIJIS
YenoBeueCKon Ku3HM. [Ipu 3TOM ecii He BIaBaThCs B OJPOOHOCTH, HE TPeOOBATH CTPOTOTO
U3JI0KEHUs, CaMble HEOOXOAUMBIE HJIEMEHTBI aBTOMAaTUYECKOT0 YCTPOMCTBA MOXKHO OITUCATh
TaK:

® HEYTO, YTO MOXET MO3BOJIUThH CIEAUTh 32 COCTOSHUEM OOBEKTA;
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® HEYTO, YTO OIpPEICIICT 3a/1aBacMOe WIIH HE0OXOIUMOE COCTOSTHUE O0BEKTA;

® U, HAKOHEII, /IBa yCTPOMCTBA, OJTHO U3 KOTOPHIX CPAaBHUBACT 33]]aBACMOC
COCTOSTHHE 00BEKTa C €r0 TEKYIIUM COCTOSHUEM;

® 1 BTOpPOE, CIIOCOOHOE U3MEHATH COCTOSTHUE OOBEKTA.

YcrpoiicTBa, KOTOPBIE CIEAAT 32 TEKYILIMM COCTOSIHUEM 00bEKTa, Ha3bIBAIOTCS
oamuyuxamu, 3aal01Iue ero TpedyeMoe COCTOSIHUE - 3a0amyuKamu, a CpaBHUBAIOIINE ITH J[Ba
COCTOSIHUS TaK M Ha3bIBAIOTCA - ycmpoticmea cpasnerusi. Ha coctosinue o0bekTa BO31eUCTBYIOT
uUcnoHAwWUe YCmpoucmaa.

B 3aBucumocTu 0T XxapakTepa aBTOMaTH4YECKOI'0 YCTPOMCTBA (MJIM CUCTEMBI aBTOMATHKH )
€ro JaTYMKH, 3alaTYUKH U YCTPOICTBAa CpaBHEHMsI MOTYT UMETh pasHyto npupoay. Hac 6yayr
HMHTEPECOBATh 3JIEKTPOHHBIE YCTPOICTBA.

MHorouuncieHHbIe O6’I)GKTLI aBTOMAaTHKHU TpC6YIOT HE MEHEC MHOI'OYHCJIICHHOI'O
CeMelCTBa IaTYMKOB, a YIPABJICHHE 00HEKTAMHU - CEMEHCTBA UCTIOTHSIOMINUX YCTPOMCTB.

PaccmoTpuM BHauase Ha puUMepe yCTpOHCTBa MpeablayIeii TeMsl (puc. 49) padboty
JaTYMKa, 3aJaTYhKa, YCTPOICTBA CPAaBHEHUS U HCIIOJHSIOIIETO YCTPOICTBa.

Yro B HallleM cllyyae BBICTYIIAET B KauecTBE 00bEKTa ynpasieHus? Bunumo,
Tesie(hOHHAs CTAHIUS, KOTOPast TOXKE SIBJISIETCSI aBTOMAaTH4eCKUM ycTpoiictBoM (ATC —
aBTOMaTHUeCKas TejaeOoHHas CTaHIKA). Y JepKUBast JTMHUIO OT Pa3beAMHEHU, Kora TpyOKa Ha
Tes1e()OHHOM allnapaTe M0JI0KEHa, Mbl, B CYIIIHOCTH, BMEILIUBAEMCS B yIpaBlIeHUe paboToN
Tes1e()OHHOM CTaHIIMHU, TOCKOJIBKY 3TO €€ (PYHKIUS - OTCIEKUBATh COCTOSIHUE TEIE(POHHOTO
anmapara.

Hemuoro o Tom, kak 3To npoucxoaut. Koraa Mbl cHumaeM TpyOKy TenedoHHOro
anmnapara, B IMHUU, COSAMHSIONICH HaII anmnapar ¢ TeneoHHON cTaHIMel, mpoTekaeT Tok. [lox
JIEMCTBUEM 3TOTO TOKA y JEKTPOMEXaHUYECKUX TeJIe(OHHBIX CTAaHIIUN BKIIOYACTCS pele.
CraH1us oJyJaeT CUTHAI O TOM, 4TO TpyOKa Ha TesiepOHHOM armapare CHsATa, abOHCHT
TpeOyeT COOTBETCTBYIONIETO 00cmy)kuBanus. Eciu TpyOKka cHATa 1mocie 3BOHKa, TO
00CITy>KUBaHUE COCTOUT B COEIMHEHUU CO 3BOHALINM aboHeHTOM. Eciu 3B0HKA HE ObLITO, TO
CTaHLUS TOTOBUTCA K IIpUEeMy HabOpa HOMEepa, KOTOPBIM MbI OyJIeM 3arpalinBaTh COeIUHEHHUE C
npyrum abonenToM. TpyOka Ha Tene)OHHOM armapare IMOJHATA, MUTAIOIIEe HAIIPSDKEHHE,
MO/IBOJIMMOE CTaHIIMeH K HaleMy Tele(OHHOMY almnapary, nepepacrnpeaeseTcs MexIy
anmapartom u pene. HanpsbkeHune Ha TeneOHHOM amnmapaTre CTaHOBUTCSI MEHBIIIE.

Korna Mb1 kitageM TpyOKy Ha TenedOHHBIH anmapaTt, OCTOSIHHBIM TOK HE IPOTEKaeT
qycpes amrapar, a, COOTBETCTBCHHO, U B JIMHHU. Pene BBIKJIIOYACTCA, HANIPAKCHUC B IMHUU
Bo3pacTtaeT. OTKIIIOUECHHE pejie BOCIIPUHUMAETCS TeIe(POHHON CTAaHIIUEeH KaK CUTHA K
pa3beAMHEHUIO COSAMHEHHUS, K OCBOOOKICHHIO JINHUU.

Taxum 00pa3oM, B KauecTBE CBOMCTBAa 00BHEKTA, 32 KOTOPHIM MBI MOYKEM CJICTUTh,
BBICTYIIA€T HaIpsHKEHHE B a0OHEHTCKOM JIMHUU. VI3MeHeHe 3TOro HanpsKeHHs coo0IIaeT HaM
0 COCTOSIHUU CTAHIIMU, U MBIl MOKEM, OTCJIEKMBas 3TO U3MEHEHHUE, POTHO3UPOBATh Oy IyIiee
COCTOSIHME CTaHUUU. [ criexeHus 3a HalpsHKEHUEM B JIMHUM MbI MCIIOJIb30BAJIA PE3UCTUBHBIN
nenurenb R3R4. U xoTs Teneps y HacC B JIMHUU IPY MOJI0KEHHOM TpyOKe MpoTeKaeT
MTOCTOSIHHBIA TOK, BeJTMYMHA pe3ucTopa R3 BriOpaHa Takoil, 4yTo aODOHEHTCKOE peie Ha CTaHIINH
HE «BHJIUT» 3TOTO TOKA.
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Mg Morin ObI BEIOpATh APYTHE NATYUKHU JJIST OTCIICKUBAHUS COCTOSHUS 0OBEKTa.
[Tepeuuncium, 9TO HAC HHTEPECOBAJIO:
e 3BOHOK B A0OHEHTCKOM JIUHUU
® COCTOSIHHEC JIMHHH, KOTJ]a TpyOKa Ha ammapare CHATa
® COCTOSIHUE JIMHWUHU, KOTJ]a TpyOKa IMOoJI0XKeHa Ha anmnapar.

JInst onpeiesieHust HATMYUS 3BOHKA B JIMHUHM MOXHO OBLIO OBI, HAPUMED, MOJKIIOYUTH K
JIMHUH peJie IePEeMEHHOT0 TOKa Yepe3 KOHIESHCATOP, KaK 3TO C/IENaHO B OOBIYHOM 3BOHKE
Tese(hOHHOTO arnmnapata. BbI3bIBHOI cUTHAJ 3aCTaBUT pelie cpaboTaTh, a €ro KOHTAKThl COOOIAT
HaM O HaJMYUH 3BOHKA.

Z[J'IFI OmnpeaACIICHUA COCTOSAHUA TeJ'Ie(l)OHHOl"O arrapara (CHHTa pr61<a 50044 HeT) MBI MOTI'JIM
OBl YCTAHOBHUTD OOIIOJHUTCIBHBIC KOHTAKTBI, @ Y HCKOTOPBIX allllapaTOB OHU YiKC €CTh, B
TCJ'IG(i)OHHI)Ie armaparsl. CocTosiHHE KOHTAKTOB OIpeaciiIo OBI COCTOSIHHE arrmapartoB.

JlaTunku Morau Obl OBITH IPYTHUMH, HO, KAKUMU ObI OHU HU OBLITH, OHU HYKHBI. S
MPEeIoYes PE3UCTUBHBIN JIETUTENh, CIEASIINN 32 COCTOSTHUEM a0OHEHTCKOW JIMHHH.

Ha patumke cocTosiHUS JIMHUU NOSIBIIAIOTCS pa3Hble Hanpsbkenusd. [lynbcupyroiee
HaNpsDKEHUE TIPU BBI3BIBHOM CUTHAJIE M Habope HoMepa ¢ TeleOHHOro anmapaTa (OHH OyayT
OTIMYAThCS BEJIMUYMHON M XapaKTepoM), IIOCTOSTHHOE HAIpsDKEHHeE, KOTa TpyOKa ¢ anmapara
CHSITa, ¥ KOTJla TpyOKa CHsITa C IByX anmaparoB (OHH OyIyT OTIMYAThCS BETHYUHON) U
MOCTOSTHHOE HaIPsDKEHUE TPU MOJIOKEHHBIX TPyOKax Ha BCeX almaparax.

[TockonbKy Uil yIipaBi€HUs UCTIONb3YIOTCS pa3HbIe YCIOBHS, YCTPOMCTBO CPABHEHUS
COCTOMT U3 YeThIpeX KoMmaparopoB (kommnaparopbl W1-W4 mukpocxemsl Al), a 3a1aT4uuK,
pe3ucTuBHBIN AenuTenb R5-R8, nmeer Heckonbko 3agaBaeMbiX BeTMUrH. Kaxkapii u3
KOMIIapaTOpOB OTCIECKUBAET CBOIO BEIMUMHY HAIPSKEHUS B TUHUH, U3MEHSISI COCTOSIHUE TIPH
MOSIBJIECHUU COOTBETCTBYIOIIETO HAIIPSKEHUSI.

Jlormueckoe yCTpOMCTBO, OIIPENEss MOCICN0BATEIBHOCTh U3MEHEHHS COCTOSTHUS
KOMIIapaTOPOB, MOXKET MOAATh CUTHAJI BKJIIOUEHUS HAa UCIIOJIHAOLEE YCTPOUCTBO - TPAH3UCTOP
VT1, KoTOpBIi BKIIIOYAET SKBUBAJICHT TeJIe()OHHOTO amnmapaTa 1o nmocTostHHoMY TOoKy R1, win
HE BKJIFOYATh €TO0.

Wrak. JlaTuynk OTCIICKMBAET COCTOSIHUE 00BEKTA, 3aITaTUMK ONPEIEIICT HYKHOE
COCTOSTHUE, YCTPONCTBO CPaBHEHHsSI CPABHUBAET 00a COCTOSIHHSI, & UCTIOTHSIOIIEE YCTPOHUCTBO
MIEPEBOAUT OOBEKT B TPEOyEeMOEe COCTOSIHHE.

SlcHee 5Ta CTpyKTypa BUAHA Y APYTOTO YCTPOUCTBA - CTA0MIIN3aTOPA HAMIPSIKEHUS.
HampsokeHne Ha BeIX0oJIe CTaOMIM3aTOpa aBTOMAaTHYECKH MOICP)KUBACTCS HA 3aJaHHOM YPOBHE
MIPU U3MEHEHHUH BXOJHOTO HANPSDKCHUS M M3MEHEHHUH HArpy3ku. Takue cXembl
ABTOMATUYECKOTO PEryJUpOBaHus Ha3bIBAIOTCS HENpepbIBHBIMU. CXeMa IpeICTaBlIeHa B TOU
Mepe, B KaKoi 3TO He0OX0IUMO sl TOHUMAaHHUS CYIIeCTBa PEryIUpOBaHUS:
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Puc. 53. Cxema craduinuszaropa HanpsiKeHUs.

Bxonnoe nanpsixerrne UBX, KOTOpoe O0JIbIle CTAOMITH3UPOBAHHOTO BBIXOTHOTO
HanpspkeHus UCT, pacipenensieTcss MeXy HanpsbkeHreM Ha Tpan3uctope V1 v BBIXOJIHBIM
Ucr. T.e. UBx = Uy,yr1 + Uert. Ilockonbky Hanpsixenre UCT Mbl XOTHM NOAIECPKUBAThH
noctostHHBIM (UcT = const), TOCTOIBKY U3MEHEHUIO MOICKUT TaJICHUE HATIPSKEHUS Ha
tpan3uctope VT1 (Ugyri), IPU TOM TPAH3UCTOP OKA3BIBACTCS pe2yiupyroumum YCmpoucmeom.
N3mensist TOk 6a3bl TPAaH3UCTOPA, MBI MOXKEM YIIPABIISITH MMaJICHUEM HAMPSIKCHHS Ha
TpPaH3UCTOPE.

OOBEKTOM PEryJIMpOBaHUs B JTaHHOM CIIydae sIBJISETCS HallPsDKEHUE, 0amyuKoM CIIyKUT
pe3uctuBHbIi nenurens R2R3. [Tagenne HanpsbkeHus Ha pesucrope R3 mMbl moaeM Ha 0uH
BXOJl ycmpoticmea cpagierus (MHBEPCHBIM BXOJ1 ONepalluoHHOro ycunutens Al), Ha BTopoit
(TIpstMoOii BXOJ1 OTIepaliioOHHOTO ycruTtenst Al) mogaeM onopHoe HANPsDKEHHUE CO CTAaOMIMTPOHA
VDI, KOTOpBIi CIyKUT 3a0amyuxom. TakuM o0pa3oM, yCTPOICTBO CpaBHEHHS CPAaBHUBAET
cTabmIbHOE OMOpHOE HanpsbkeHrue Ha VD1 ¢ HampspkeHHeM, KOTOpOe Mbl XOTUM TMOAICPKUBAThH
MOCTOSIHHBIM. Eciiy 3TO HanpsbkeHue moJ| 1eHCTBUEM, TIOJI0KUM, YBEITUUHUBILET0CsS BXOIHOTO
HaIPSDKEHUS YBEJIMYUTCS, TO HA HHBEPCHOM BXOJI€ YCTPOMCTBA CPABHEHMSI BO3PACTET
HanpsKeHWEe OTHOCUTENBHO O0IIero NpoBoJa. To MPUBEAET K YMEHBIICHUIO HANIPSKEHUS Ha
BBIXOJ/IE YCTPOMCTBA CPaBHEHUS (CTAaHET MEHBILIE HAIPSKEHUE MEXKTY BBIXOA0M ycuiutens Al u
OOLIMM MPOBOJIOM), YTO YMEHBIIUT 0a30BbIil TOK TpaH3ucTtopa VT1 u yBenuuuT najaeHue
HaNpsDKEHUs Ha TPAH3UCTOPE POBHO HACTOJIBKO, YTOOBI BEPHYTh BBIXOAHOE HAIPSIKEHUE K
BennyuHe UcT.

AHaJOru4HoO, NpY YMEHBIIEHUHU CONIPOTUBIIEHHSI Harpy3KH (yBEIMYEHUHU TOKA Ha
BBIXO/IE) 32 CUET YBEIMUEHUS NaJICHNS HAIPSDKEHUS HA TPAH3UCTOPE HANPSYKEHUE HA BBIXOJIE
cTabMiIn3aTopa yMEHBIIUTCS, YTO YMEHBIIUT HANPsKEHNE HA HHBEPCHOM Bxozie Al, T.e.
YBEJIMYUT HaNpsDKEHUE Ha BbIX0Jie Al OTHOCUTEIBHO OOIEro MPOBO/A U YBEIMUYHUT Oa30BbIil TOK
TpaH3UCTOpa. YBelndeHne 6a30BOro ToKa TPaH3UCTOPA MPHUBEET K €ro OONbIIeMy OTKPHIBAHUIO
(YMEHBIICHUIO Na/IEHNs] HAPSDKEHUST HAa TPAH3UCTOPE) M YBEIMUEHHUIO HANIPSKEHUS HA BBIXOJIE
crabmwin3aropa 10 BeauuuHsl UcT.

B naHHOM ci1yuae Mbl BHOBb BUAMM 3HAKOMYIO CTPYKTYPY - JAaTUMK, 3a0aTUHK,
YCTPOICTBO CPaBHEHHUSI, UCIIOJHSIOLIEE (MU PErYIUPYIOLIEe) yCTPOICTBO.

YT1o0bI 3aKOHYHUTD pas3roBop o CT8.6I/IJ'II/I38.TOpe HaIpsKCHUA MOXKXHO CKa3aTb, UTO
CTa6I/IJII/I3aTOp TaKOI'0 TUIla Ha3bIBACTCA KOMIICHCAIlTMOHHBIM (MLI KOMIICHCUPYCM U3MCHCHUC
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HaNpsHKEHUS Ha BBIX0JE). PaccMOTpuM J1Ba KpallHUX Cilydas peryjaupoBaHus. B mepBom ciydae
Ha BBIXOJIe ycriHTenst Al MakCHMalIbHOE HAPSKEHUE OTHOCUTENIFHO OOIIET0 POBOIA.
Pesucrop R1 yuepes Beixoa Al momHOCTBIO MOAKIIOUEH K HanpsbkeHuto UBx. Bennunna
pe3ucTopa BeIOUpaeTcs Takoi, 4TOOBI 0a30BBIN TOK MPU ATOM MOTHOCTHIO OTKPBIBAT TPAH3UCTOP
(KOJJIEKTOPHBIN TOK KOTOPOTO paBeH MPOU3BEACHUIO TOKA 0a3bl Ha KOAPPHUIIMEHT YCUICHUS
TPaH3UCTOPA), TIPU STOM TaJICHUE HANIPSHKEHHS HA TPAH3UCTOPE OYSHb MaJIo, 8 Ha BBIXOJIE
cTabuian3aTopa MOYTH Bce BXOAHOE HanpsikeHne UBX.

Bo BTOpOM cnyuae Ha BeIxoJie yeunuTens Al MUHUMaIbHOE HAMPSKEHUE OTHOCUTENBHO
obmiero nmpoBoja. Peauctop R1 uepe3 Beixox Al modTy MOJTHOCTHIO MOAKIIOYEH K 001IeMy
IPOBOY, TOK 0a3bl TPAH3UCTOPA MUHUMAJICH, TPAH3UCTOP MOTHOCTHIO 3aKPHIT, HA HEM I1aJaeT
Bce BXOJHOe HampsbkeHne UBX, Ha BbIXo/ie cTabUIn3aTopa Haps>KeHUE paBHO HYJIIO.

Mexny 3TUMU OBYMSI KpafHUMHU CIy4asiMU, B CYITHOCTH, U IPOUCXOTUT PEryJIUpOBaHUE.

-
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Puc. 54. OcummorpaMMa peakuuu CTaﬁHJ’ll/BaTOpa HANpPAKCHUSA HA U3MCHCHHUEC HANIPHAKCHUSA.

Ha puc. 54 noka3zaHa peakius yCTpOHCTBa CpaBHEHUS Ha CKAYKOOOpa3HOE H3MCHCHHE
BXOJHOTO HanpsbkeHusa. C mOMOINIbIO pesie, MepeKIoyaronerocs ¢ yactorou 1 I'm, Kk BXogHomy
HANPSDKEHUIO J00aBISETCs TOMOTHUTEIBHOE MOCTOSHHOE HAIMPsDKEHUE, KaKk 3TO BUTHO Ha
ociuiorpaMMe (BepxHsisi Kpupasi). Hike nmokazana BTopasi KpuBasi, IOJIy4eHHasl Ha BBIXO/JIE
ycTpoiicTBa cpaBHeHUs. Kak u 0’kuaanoch, yCTpoiCTBO CpaBHEHUSI (B JaHHOM Cilydae
npaBHIbHEE ObUIO OBl HA3BIBATh €0 YCTPOMCTBOM PETYJIUPOBAHUS) CTPEMUTHCS TPUBECTH
pEryJIupyeMyIo BEIMYHMHY K 33JJaHHOMY BUAY. 3/1€Cb BHOBB, KaK U B IPOEKTE, /1€ TOBOPUIIOCH O
HEJIMHEWHBIX UCKAXEHHIX, YMECTHO BCTIOMHUTH 00 00paTHO# cBsizu. B ycTpoiicTBax
ABTOMATHKH OTpHUIATEIbHAs 0OpaTHAas CBSI3b UTPAET HE MEHBIIIYIO POJIb, YEM B TEXHHUKE
YCWJIEHHUS. A B TOM, UYTO B JaHHOM CJIy4yae oOpaTHas CBSA3b OTpULIATEIbHAS, MOXKHO YOEAUThCS,
paccMaTpuBas peaklMI0 yCTPONCTBA PETYJIUPOBAHUS HA U3MEHEHHE BBIXOJHOW BEIMYUHBI - TPU
€€ U3BMEHEHUU YCTPONCTBO PETYIMPOBAHUS BO3ACHCTBYET HAa YIPABISAIOMIUNA 3JIEMEHT TaKUM
00pa3zoM, YTOOBI MPUBECTH BHIXOJAHYIO BEIMUYUHY K MPEKHEMY, 3aJaHHOMY BUJLY.

[TpounTtaTh HHTEPECYIOLIHIA HAC TTApaMETP O0BEKTa PETYIMPOBAHHUS, CDABHUTH €T0 C
3aJaHHbIM 3HA4YCHUCM, BBIIIOJIHUTH ICJICBOC HeﬁCTBHe (BKJIIO‘-II/ITI: HCTOYHHUK BO3IL€ﬁCTBH$I Ha
00bekT). Tak, B caMOM NPOCTOM BHJIE€, MOKHO pacckas3aTh 0 paboTe aBTOMATUYECKUX YCTPOMICTB.
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CBOUM MHOABJIEHHEM aBTOMATBI O6H3aHbI MCXAaHUKC, CYHICCTBYS BMCCTC C Hel ¢
HE3alMaMATHBIX BPECMCH. Breuto 05l CIIpaBCAJIMBO paCCKa3aTb U O MCXaHNYCCKUX aBTOMATax, HO
3TO MOTpeOOBao O pacckaza 0 MEXaHUKE, UTO, TIPH BCEH €€ 3HAYMMOCTH U IPUBJICKATEILHOCTH,
YBEJIET HAC JIaJICKO B CTOPOHY OT OCHOBHOI TEMBI.

[Ipexne, yeM fganbiie NPOAOIKUTH PA3TOBOP O CPEACTBAX aBTOMATHUKH, CJIETyET CKa3aTh,
YTO B AJIEKTPOHMKE BCE CUTHAJIBI, KaK MPaBUIIO, 3TO HAPSDKEHUS (TIOCTOSIHHBIE, TIEPEMEHHBIE,
HMITYJIbCHBIE) WM TOKH, IO3TOMY CHUTHAJIbI OT JaTYMKOB, COOTBETCTBEHHO, TPEe0Opa3yIoTcs B
ANEKTPUYECKOE HAIPSHKEHUE WM TOK. BooOIIIe, 2IeKTPOHHBIE aBTOMATHYECKHE CUCTEMBI,
HaBepHoe, Harbouiee y100HOe BOIIOIIEHNE aBTOMAaTHKHY, a BO3AEHCTBHUE HA HE JIEKTPUUECKUE
00BEKTHI OCYIECTBIISIETCS C TOMOIIBIO Pa3HOTO POJA 3JEKTPOHHBIX U 3JIEKTPOMEXaHUUECKUX
WCTIONTHSIOLIUX YCTPOMCTB.

BepHemcst HeHa10JIro K BCTYIUICHHIO. $1 He TOMHIO TOYHO, KeM padoTaj MOW 3HAKOMBIH B
6anke. [Ipeanonoxum, oH paboTan HaYaIbHUKOM OJTHOTO U3 OTIENOB. Sl yBepeH, 4To OTAeN
¥Mel M1aH paboThl, B KOTOPOM 33/1aBalIMCh TIOKAa3aTeNu oTeNa. Sl yBepeH, 4To OT/en UMeT
COTPYIHUKA, COCTABJISIBILIETO €KEAHEBHBIE OTUETHI 10 ITUM IOKa3aTelsiM. S yBEPEH, UTO MOEMY
3HAKOMOMY MPUXOJIAIIOCH €KETHEBHO CPAaBHUBATH IMOKA3ATENIN OTUETOB C IUIAHOBBIMHU,
3alyMBIBasICh, KAKHE MEPHI CIIETyEeT IPHUHATH JJIs JOCTHKEHHSI IJIAHOBBIX ITOKa3aTeei.

Ta ke cTpyKTypa — AaT4UK, 3aJaTYUK, YCTPOICTBO CPaBHEHUS, UCIIOJHSAIOIIEE
YCTPOMCTBO.

Hrak, maTuuku.

Kak roBopuiock Bbliiie, MHOXECTBO OOBEKTOB YIPABJICHHS, PETYIUPOBAHUS U
peructpanuu, 00bEKTOB COBEPIICHHO Pa3HON MPUPOIBI, TOPOKIAET IIETT0€ CEMEHCTBO TATYUKOB,
OCHOBHAs 33J1a4a KOTOPBIX «IIPOYUTATH» COCTOSTHUE O0BEKTA U MEpPeBeCTH ero (Tipeodpa3oBaTh
rH(popMaIno 00 ITOM COCTOSTHUH) B BUJ] YIOOHBIN ISl CPABHEHUST yCTPOUCTBOM CPaBHEHHS.
Kaxxapiit u3 1aTunkoB (GUKCUPYET KaKOM-TO MapameTp 00BbEKTa: MEXaHUYECKOE MepeMeIleHue,
CKOpPOCTbh, TEMIIEPATYPY, AaBICHUE, BIAXKHOCTh, YPOBEHbB, HAJTMUKE 3apsa, JEKTPUISCKOTO UITU
MarHuTHOTO TOJIs, TeopManuu 1 T.1., | T.J., ¥ T.IL.

PaccMOTprM HEKOTOpPBIE IATYMKU, KOTOPBIE MOTYT OBITh HHTEPECHBI JIJIsI IPOBEICHMUS
COOCTBEHHBIX 3KCIIEPUMEHTOB.

DomooamuyuKu, I3MEHSIONINE CBOE COCTOSIHUE TPU M3MEHEHUH OCBEIICHHOCTH:
¢doropesucTopsl, poToaroab!, HOTOTPAH3UCTOPHI, HOTOTHPUCTOPEI.

[Tonp3ysCh MyIFTOM AUCTAHIIMOHHOTO YIIPABICHHS TEIIEBU30POM HIIH
BHJICOMarHuTO(POHOM, BbI, CKOPEE BCETO, BO3/IeHCTBYeTe Ha (hOTOIUO HIIH (POTOTPAH3UCTOP,
PacIoJIOKEHHBIE TIOJ X JICKOPATHBHOM MaHelbto. [Ipoxo/is uepe3 aBTOMaTH4eCKH
OTKPBIBAIOLINECS ABEPU HEKOTOPBIX MarasuHOB, BbI, BEPOSATHO, IepecekaeTe HHppaKkpacHbIN
Ty, HalpaBJICHHBINA Ha poToaroxn mim ¢hoTtoTpaH3zuctop. Eciu BBl 3aX0THTE caenaTh B CBOCH
KBapTHPE OXPAHHOE YCTPOMCTBO, TO MOYKHO BOCITOJIL30BAThCS (DOTOAATIMKOM, PACTIONOKEHHBIM
BO BXOJHOM TaMOype. Kak Obl HU ObLJ1a IJIOXO OCBEIIEHA JICCTHUYHAS TUIOIIAIKA, BO BXOTHOM
tamOype TemHee. He3BaHble TOCTH, OTKPBIBAsi BXOAHYIO IBEPh, OCBETAT JaTUHK, 3aCTABUB €TI0
OTpearupoBaTh Ha BTOpKEHHE. BBl MOXeTe BCTPOUTH (POTOPE3UCTOP B AIIEKTPOHHBIE YACHI C
OOJIBIITUM CBETAIIUMCS [UGPPOBBIM Ta0I0 (€CIM OH TaM YK€ HE CTOUT), 3aCTaBUB Ta0JIO0 MEHATh
SIPKOCTh CBEUCHUS B 3aBUCHUMOCTH OT OCBEIICHHOCTH KOMHATBI. BbI MOXET BCTPOUTH
¢dorope3ucTop uin HOTOTPAH3UCTOP B BHIKIIIOYATEh HACTOIBHOM JIaMIIbI, KOTOpast Oy 1eT
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BKIIIOYAThCA, KOrJa B KOMHATC CTAHOBHUTCA TEMHO. KOHG‘-IHO, 06H1PII>'I BBIKJIFOYATCIIb JIAaMIIbI
JIydylie€ oCTaBUTh, MHAYC JIaMIla 6YI[6T BKJIIOYATBCA U B BalllI€ OTCYTCTBUC.

DoTope3ncTop U3MEHSIET BETUUYUHY CBOETO COMPOTHUBIICHUS MO AeiicTBreM cBeTta. J{is
WCTIOJIb30BaHUS €70 B KAYECTBE JaTUYMKA MMOCICIOBATEILHO C HUM BKITIOYAIOT OOBIYHBIN
PE3UCTOP, MOJKITIOYAOT UX K UCTOYHUKY CTAOMIBHOTO HANPSDKEHUS, M TOT/Ia TTaICHHE
HanpspKEeHUs Ha poTope3rcTope Oy1eT U3MEHSTHCS B COOTBETCTBUH C OCBEILIEHHUEM, UTO, B
CBOIO OYEPE/Ib, MOKHO «IIPOYUTATHY» C MMOMOIIBIO YCTPOMCTBA PETyIUPOBAHHUS.

®OoTOaNOBI, B OTIUYHE OT OTOPE3UCTOPOB, MOTYT PabOTATh KaK B PEKUME
¢doTope3ncTopa, MEHsIsI CBOE€ CONPOTUBIICHHE TIPH N3MEHEHUH OCBEIIEHHOCTH, TIPH 3TOM
doToamon, Kak U POTOPE3UCTOP, MOAKIIOUACTCS Yepe3 OOBIYHBINA PE3UCTOP K UCTOUHUKY
MOCTOSTHHOTO HaIpshKeHUs (00paTHOTO CMEIIEHHs ), TaK B B PEXKUME TeHepauu. B pexume
reHepanuu, nockosubky 2J1C poronnona oueHp Maa, €ro Jydilie BKJII04YaTh COBMECTHO C
OTICPAIIMOHHBIM yCUIINTEIIEM:

Ut
1M
BBIX U
0 ’ <) BBIX
741 O
NS NS
/N NN
L
PeauctuBHOE l'emepaTopHoOe
BKJIIOUCHUE BKJIIOUeHUE

Puc. 55. Cxembl BKiIIOYeHHSA POTOANOAOB.

Huoykmuenbsle 0amyuku - NaTINKU, U3MEHSIONINE UHIYKTUBHOCTD WIIH
B3aUMOUHAYKTUBHOCTDb TPHU NECPCMCILICHHUU WU JABJICHUH. Paznuugarot UHAYKTHUBHBIC JaTUYUKHU C
MMOABUKHBIM AKOPEM, IOABWIKHBIM CEPACUYHUKOM, - USMCPCHHUC HCpGMCHIGHI/If/'I, ACCATHIC U COThIC
JIOJTM MUJUTUMETPA MEPBBIA U MUJUTUMETPBI BTOPOM, - JATYUKHU C TOBOPOTHOM KATYIIKOW JJIs
U3MEPEHHS YTJIOBBIX IEPEMEIICHUHN U JaTYNKU MarHUTOYPYTOro THIA, U3MEPSIOIUe
JaBJICHUE.

Bce HWHAYKTUBHBIC JATUYNKN pa6OTaIOT TOJIBKO Ha ICPEMCHHOM TOKEC KaK HpOMI:IHIJ'ICHHOﬁ
gacToThl 50 I'l, Tak B 00JIee BEICOKUX YacTOT.

Emkocmmuble 0amyuku - 1aTINKU, U3MEHSIOLINE EMKOCTb IIPU NIEPEMEILEHUAX U
NoBOpoTax. B mepBbIX AaTUMKax UCMONb3YETCS U3MEHEHUE PACCTOSHUS MEXTy IJIACTUHAMMU, BO
BTOPBIX - M3MEHEHHE IUIOIIAIH MIacTUH. ECTh éeMKOCTHBIE JATYMKH, N3MEHSIOIINE EMKOCTh IPU
U3MEHEHUU JUAIEKTPUKA MEX/1y IJIaCTUHAMHM (KaK MPAaBUJIIO, )KUAKOCTH, /U1 U3MEPEHUS YPOBHS
KOTOpPOU OHH U MIPUMEHSIFOTCS).

Kak 1 uHIyKTUBHBIE, EMKOCTHBIE JATYMKU PA0OTAIOT TOJILKO HA IEPEMEHHOM TOKE, HO
Ha 0oJiee BBICOKHX YacTOTAX, YACTOTAX, YEM UHAYKTUBHBIEC.
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Pezucmuenvie 0oamuuku - 1ATINKN, U3MEHAIOIUE CBOE CONPOTHUBIICHUE TIPU
nepeMeneHusax. VIx NpuMeHsIoT 11 CYUTHIBAHUS YIVIOBBIX IEPEMEIECHUH, INHEHHBIX
NEpPEMEILEHUH, TaBIEHUS. DTO NOTEHIMOMETPUUECKHUE, PEOCTATHBIE, YTOJIBHbIE JaTUUKH.

B kauecTBe npocTeiiiiero ciydas pe3MCTUBHOTO JaTYMKa MOKHO paccCMaTpuBaTh
KOHTaKTHBIA JaTYUK, IPOCTOTA U JOCTATOYHO BBICOKAs HAJIEKHOCTh KOTOPOTO OCTABIISIOT
aKTyaJIbHBIM €T0 HCIIOJIB30BAHKE U IO CEH ICHb.

E1ie onHOM pa3HOBUIHOCTBIO PE3UCTUBHBIX JaTYMKOB SIBIISIFOTCS TEH30JaTUYNKH,
UCTOJb3yeMble i u3MepeHus nedopmanuii. C MX MOMOIIBIO HCCIEIYIOT JUHAMUYECKHE
MIPOLIECCHI, TPOUCXOAIINE B ABMKYILIUXCA MEXaHU3MaX. TeH30/1aTUYMKHU BBINOIHSIOT B BUIE
IIPOBOJIOYHBIX, U3TOTABINBAEMBIX U3 ITPOBOJOB ¢ MAJIOX 3aBUCHMOCTBIO COITPOTUBIICHUS OT
TEMIIEPATYPBI, U IIIOCKUX JICHTOUYHBIX KOHCTPYKLNM, HAKIIEUBAEMbIX Ha KOHTPOJIMPYEMYIO
MOBEPXHOCTbh. ECTh M0OJIyIpOBOAHUKOBASI pAa3HOBUAHOCTH TEH30JaTYUKOB, KOTOPYHO OTIMYAET
BBICOKAs UyBCTBUTEIIBHOCTb.

ITve3021eKmpuueckue damuuKu OTHOCITCS K JaTYMKaM TeHepaTopHoro tuna. [Ipu
MEXaHUYECKUX BO3JCHCTBUAX HA pabOUMii SJIEMEHT AaT4yrKa (Jale BCero U3 KBapla), u3rudax u
JIABIICHUH, Ha €T0 DJIEKTPOAaX MOsBIsAeTcs 3aps. CYNTHIBAaHUE HAIMYHSA 3apsiia, KOTOPBIN
MOXET JI0CTaTOYHO OBICTPO CTEKATh 3a CYET COMPOTUBIICHHUS YTEUKH M30JISLUH, TPOU3BOISAT C
MIOMOIIBIO CHEIUATBHBIX JIEKTPOHHBIX JIaMI (MITH MTOJIEBBIX TPAH3HCTOPOB).

Kak mpaBuiio, 3Tu 1aTYUKU IPUMEHSIOT IS PETUCTPAIMU OBICTPO MPOTEKAIOIIUX
MIPOLIECCOB.

Tepmooamuuku - NaTYNKU, U3MEHSIOLIME CBOE COMPOTUBIIEHUE MO/ IEHCTBUEM
TeMriepaTypbl. K HUM OTHOCSTCSI TEpMOPE3UCTOPHI U reHepupytomune IJC TepMonapsl.

U Te, u apyrue ciayxaT B KaueCTBE JaTYUKOB TEMIEPaTypbl. TepMOpe3uCTOPHI
BKJIFOYAIOT YaCTO 10 CXeMe aHAIOTMYHOW PE3UCTUBHOMY BKIIIOUEHHUIO (DOTOJATUHKOB, a
TEPMOIIAPHI - AaHATIOTUYHO BKIIOYCHHUIO (JOTOTATIYMKOB B TEHEPATOPHOM PEIKUME.

Kaxk Tepmope3ucTopos, Tak ¥ TEPMOIIAp CYIIECTBYET BEIMKOE MHOKECTBO, U B KaKJIOM
KOHKPETHOM CJIy4yae €CTh BO3MOKHOCTh BBIOPATh MOAXOISALINHI 3JIEMEHT.

[Topoto 6bIBaeT y100HO OOBETUHUTH TEPMOIATUHUK C UCTIONHSIOIIUM 3JIEMEHTOM, U TOTAa
nosryuaercs tepmopenie. O0 0THOM TaKOM TEPMOpEIIe Mbl TOBOPHIIU B TipoekTe «Enounas
TUPJIAHIa». ECTh pa3HOBUAHOCTH TEpMOpETE, T1e PaO0YMM TEJIOM CIYKUT Ta3,
paCHIUPSIIONTUICS IO/ ISUCTBUEM TEeMIIEPATYPhl U IEHCTBYIOINNA HAa THOKYIO quadparmy,
MepeMeIleHUuEe KOTOPO BBI3BIBAET MEPEKIIOUEHNE KOHTAKTOB. Perynupys HauanpHOe
MOJIOXKEHUE AraparMbl, OTHOCUTEIEHO KOPOMBICIIA KOHTAKTOB, MOKHO HACTPOUTH TEPMOpEIIS
Ha cpabaThIBaHUE MPH pa3HBIX TemmepaTrypax. CToib ocTpOyMHasi, POCTasi K KOMIIaKTHAS
KOHCTPYKIIUA, HE TpeOyrolias aBTOHOMHOT'O MUTaHUs, TOCTATOYHO YaCcTO MPUMEHSETCS IS
PEryIupoOBaHUs TEMIIEPaTyphl, IPU STOM KOHTAKThI TEPMOpEIIE BKIIOUYAIOT 3JIEKTPOHATPEBATETb,
a 110 TOCTH>KCHUH HYKHOU TEMIIEpaTypbl, OTKIIIOYAIOT €T0.

U3 ucnonnarwwux ycmpoicme agmomamuku CTOUT yIIOMSHYTh JIEKTPOMarHUTHBIE
pese MOCTOSIHHOTO TOKA. JTO TOXKE JOCTATOYHO HAJIEKHBIE U BEChbMa MTPOCThIE YCTPOMCTBA, HE
MOTEPSBIINE aKTYaTHLHOCTH J0 HAIIUX JTHEH, XOTS UX BCe OOJIbIe U OOJIBIIE TECHST
MOJIyIIPOBOTHUKOBBIE YCTPOUCTBA.

DNEeKTPOMarHuTHEIE pelie CyIIeCTBYI0 BO MHOTHX MOAU(UKAIMIX, HA pa3HbIe pabouue
HaMpPsDKEHUs, C KOHTAaKTaMU, PACCYNTAHHBIMU Ha Pa3HbIC HAMPSHKCHUS U TOKH.

Ecnu BaM He TpeOyeTcs CIMIIKOM 00JIbII0E KOJUYECTBO CpadaThIBAHUMN, BEICOKOE
ObICTpOACHCTBHE, TO MOyMANTe O MPUMEHEHUH 3JIEKTPOMAarHUTHOTO PeJie - BO MHOTHX CIIy4asx
MOJTy4aeTCs MPOCTask M HaJe)KHAsI KOHCTPYKIIHSL.
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DNEeKTPOABUTATEIIN, HIEKTPOMATHUTHBIE pelie IEPEMEHHOTO TOKA, MarHUTHBIE PeJie €1Ba
JIM CTaHYT HEOOXOIMMBI B Balieil paboTe, HO, €CITH MTOHAT00SITCS, BBI JIETKO HAMIETe MaTepraIbl
0 STUM IIHUPOKO MPUMEHSIEMBIM 3JIEMEHTaM aBTOMATHKHU.

ABTOMaTHKa, 10A00Has BBICOKOMY JIEPEBY C Pa3BECUCTON KPOHOIL, I/ie Ka)K1asi BETOYKa
o0Opa3yeT cBoe HanpaBJeHHe, IPEJAMET CTOJIb OOMIMPHBIA U EMKUN, YTO MOXHO HAIUCaTh
THICSIYM KHUT, HE UCUEpIaB peaMeTa MOTHOCThI0. [locKoIbKy BCE, YTO MOXKET TOHA0OUTHCS
JUTSL TATbHEHIIEH paboThl, MBI PACCMOTPEIN, MOYKHO OBLITO OBI IEPEUTH K CISAYIOUIEMY MPOCKTY.
OpnHaxo MpexJie 4eM 3TO CIeJaTh, XOTEN0Ch Obl T0OABUTH €111€ HECKOJIBKO CIIOB.

B cucremax ynpaBieHusi B poir 00bEKTOB MOTYT BBICTYNATh HE TOJIbKO TEXHUYECKHE
MIPOIECCHI, HO U OMOJIOTHYECKHUE, M COITMANIbHEIC. B CYIIHOCTH, MBI YIIPaBIISIEM IMOCTOSIHHO: MBI
MBITAEMCS YIIPABISITH COOO0M, CBOMM HACTPOEHUEM, MBI XOTUM CIIPABUTHCA (YIIPABIISTH) C
CUTYyallMeH, WK yIpaBisieM aBTOMOOUIIEM, Pa3MBIILISS IPU STOM O JiejaX, KOTOPbIMHU, KCTaTH,
MBI TOX€ IPUHYKJEHbI YIIpaBisATh. Ha MOM B3risi/, 3aHUMAsICh 3JIEKTPOHUKOW, HAUMHACIIb
sICHEE TIOHMMATh BCE HIOAHCHI YIIPABIICHUS, THAYE CMOTPHIIIb HA MHOTOE B OOBIZICHHOMN JKH3HH.
37O emie OJIUH PE30H ISl BBIOOPA, YEM 3aHATh CBOOOAHOE BpEMs - KOHEYHO, TEM, YTO TOMOTAET
3aHATOMY, @ HE MEIIAET EMY.
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MecTo Ansa 3amMeToK Npu NepBOM YTEHUM.
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MecTo Ans 3amMeTOK NPU BTOPOM YTEHUMW.
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BcTynneHue K BOCbMOMY NpPOEKTY

OueBuaHO, YTO HanboJIEe HIMPOKOE MOJIE AJIs IKCIIEPUMEHTAILHON JEITeIbHOCTH IPOCTUPAETCS
B 00JIaCTH CO3[aHUS PA3HOTO POJIa aBTOMATUYECKHUX YCTpOICcTB. Besne, rue MoxHO
MEPETNOPYYUTh aBTOMATy PYTUHHYIO padoTy, IJI€ MOXHO N30aBUTh YEJIOBEKA OT HAIIPSKEHHOTO,
HO HE TBOPYECKOI0 TpyAa, Oy/b 3TO HEUYTO CI0KHOE I COBCEM MPOCTOE, BE3/E €CTh MECTO IS
UCCIIeIOBAaHMS U Pa3pabOTKH KaKoro-1100 aBTOMaTHYECKOTO yCTPOUCTBA.

B crnenyromem npoekte MHE XOTeNOCh ObI MOKa3aTh IMEHHO 3Ty 0COOEHHOCTb
ABTOMAaTHKH. A IOIIyTHO MOSICHUTB, KAK MO>KHO HAlTH T€ UAEHU, KOTOPBIE BIOCIEACTBUN
BOIIOLIAIOTCS B peasibHble yCTpoiicTBa. [lepexos ke oT ujen K cxeme Mbl pa3o0paii B IaBe
«Tanm-aym».

Kpowme toro, Mbl cobupanuce, mogooHo I'ekenpoeppu @uHHY, COOpaTh BCE, O YEM MBI
TOBOPHJIM, BMECTE, XOPOLIEHBKO MepeMEIIaTh, U MOBApUTh. YeM u 3aliMeMcsl.

[IpencraBbTe cebe, 4TO BBI BIajieeTe HEOONIBIIUM MarasuHoM. Jleno xoporo
MTOCTABIIEHO, YMHO OpraHU30BaHO, €CTh BCE HEOOXOIMMOE JIJISl YCIIENTHOTO ero pa3BuTHs. Uto
MOXET, ¥ MOXET JIM BOOOIIIEe, aBTOMATHKA YTO-JIMO0 K ATOMY T0OaBUTH?

Bo3M0HO, Ta cUTyanyst U Te€ KOHKPETHBIE YCTPONCTBA, O KOTOPBIX 1 HAMEPEH FOBOPUTD,
C TOYKH 3PEHUS PEATBHOIO BJIAJIEIbIAa Mara3iHa JUIIEHBI BCSIKOTO CMBICIIA, HO... €CIIU HE HY KHBI
9T yCTPONCTBA, TO OT IPUMEHEHUSI aBTOMATHKH BCE PABHO HUKY/A HE JIEThCSI, U, MOKET OBITb,
MMEHHO 3TOT PEeaJIbHBINA BIIaJeIIel] MarasuHa oayMaeT O ApPyTUX YCTPOWCTBAX, KOTOPBIE CTaHYT
SIPKOM WIITIOCTpaLiel IPEUMYIIECTB BHEAPEHNUS aBTOMAaTHKH.

Ho BepHeMcs k BooOpaskaeMOMy Mara3zuHy, HeOOJIBIIIOMY M XOPOILIO OPraHU30BaHHOMY .

ITo cBOEMY ONBITY MOKYTIATENISA, @ MBI BCE TIOKYHATE M, Mbl 3HAEM, YTO MPH MPOUHX
PaBHBIX yCIOBHAX MBI OXOTHEE OWIEM B TOT Mara3uH, I7ie TPOaBIbl U KACCUPHI CTIOKOMHEI,
T00pOXKeTaTeIbHBl, BHUMATEIBHBI U - €CTh XOPOIIIee CII0OBO, KOTOPOE MPHUOOpeIto, MoXKalIyH,
HECKOJIBKO HETaTHBHBIN OTTEHOK - «yCIY XKJIMBBI». Hac mpuBiekaeT MarasuH, r7ie MO>KHO OBICTPO
1 6€3 TOMUTENIFHOTO OKUIAHUS B OUepeid KynuTh Bce HeoOxoaumoe. [lormpobyem HalTH B
OpTaHU3aINH JIeJla MECTA, C BO3MOXHBIMH, C TOUYKH 3pEHHS 3JIPaBOTO CMBICIIA, TPOOJIEMaMH,
penIaeMbIMHU C TIOMOIIIBIO ABTOMATHKH.

MNMpoekT BocbMon «IMo peuenty Nekenb6eppu ®UHHaA»

eab nmpoekTa - co3gaHrue aBTOMaTUYECKOTO YCTPOICTBA C HCIIOJIb30BAHUEM YCTPOMCTB,
KOTOpBIE€ OBLIN MPEAMETOM HAIIUX MPEABIIYIIUX UccienoBanuii. PazoObeM mpoekT Ha
HECKOJIbKO 3TaroB.

Ilepsrrii 3Tan. [loctanoBka 3agaun. OTbICKaHHUE BO3MOKHBIX ITPOOJIEMHBIX MECT.
Cozpanue CI0BECHOTO «IIOPTPETay MOJAECIH.

Heo6xonumele cpecTa:

1. MuHHMManbHbIE CpeacTBa - Oymara, KapaHJalll, anka ¢ Haanucbio «BocbMoii mpoekT
«ITo peuenty I'exens0eppu OuHHAY.

2. MakcuMalbHbI€ - KOMIBIOTEP C TEKCTOBBIM MPOILIECCOPOM.

Bropoii 3Tan. Beibop ycTpoiicTs.

Heo6xonumele cpecTaa:
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1. MuHHMManbHBIE CpeCTBa - Oymara, KapaH/Jalll.
2. MakcuMasbHbI€ - KOMIIBIOTEP C TEKCTOBBIM MPOIIECCOPOM.

Tpernii 3tan. Co3ganue 3IeKTPOHHBIX CXEM, peaU3yIOIUX BEIOPaHHbBIE yCTPOUCTBA.
HeoOxonumele cpenctBa: oHU OyAyT 3aBUCETh OT BEIOPAHHBIX PEIICHUN.

[Ipuctynum K nepBoMy 3Tamy padOTHI.

IMopa3mbllisiem:

s onpedeneHHoCmu NOAOACUM, YMO MA2A3UH npediazaem hacoeanHvle mosapul,
PAcnonodicentbie Ha NOJKAX €O C80O0OHBIM 0ocmynom. Tpacca 603MOHCHO20 NepeosUNCEHUS.
nokynamernetl npoOOyMana maxkum oopazom, ymo OIudx*ce K HA4any 08UNCEHUSL PACNONONCEHbI
mMoeapwl, UMerouue HecCmKyro YnakogKy, Uil npoyHsle Mmoeapbsl, KOmopbwle 6y0ym yi0x4CeHbl Ha
OHO KOp3uHbl, a Obojlee XpynKue mosapul 6y0ym yi0diceHvl nosice, ceepxy. Ilpu nooxooe k
KACCam pacnoiodcensbl NOJKU ¢ MEIKUM CONYMCMEYIOUWUM MOBAPOM, O KOMOPOM Mbl
BCNOMUHAEM 8 NOCAEOHION 04epedsb. B 3adauy npodasyos 6xooum dobasienue mosapos, no
HeoOX00UMOCMU, HA NOJIKU, NOMOWb NOKYNAMEAM 8 8bl00pe MO8apos, KOHCYIbmMayus no ux
UCNONBL30BAHUIO.

Kaccosvie annapamul pacnonosicensvt eOunoti 2pynnot, Ho mak, Ymo 6 Kaccogwltl 3d.l
MOMCHO NPOUMU, OMX0051 0m 000U U3 NoIoK ¢ mosapamu. Kaccosvie annapamul cnabiicensl
aUb60 mpauncnopmepamu, 1O NOAKAMU, NPEOHASHAYEHHbIMU OJIsl MO20, YMOObl MOBAP MONCHO
ObLIO N1€2KO BBLIOHCUMb U3 KOP3UHBL OJISL yuema e20 KACCUPOM, a 3amem 6e3 CReuKU YI0HCUMb
BHOBb 8 KOP3UHY, He Meuldsi NPOOBUNCEHUIO 0Yepedu Nocie paciema ¢ KacCupom 3a NOKYNKuU.

Bce npooymano, 6ce ycmpoeno.

Kaxue npobnemovr mocym 603Huknyms?

Ilepsas npobnema. Tosap yovieaem ¢ nONOK. 3a €20 60CnOIHEHUEM OOJHCHBL CLEOUMD
npoOasyvl, YUMo omeieKaem ux om HenoCPeoCmeenHo20 00CIyHcusanus kKiuenmos. Ilpooasypwi,
OKUOBIBAS NOJIKU 8327I5100M, MO2YM NepeoyeHums deduyum mosapa u yCmagums nojaKy c8epx
Mepul, Ul HeOOOYeHUMb, OCMABUS NOJIKY 0e3 HYIHCHO20, 8 OAHHbIL MOMEHM, MOo8apa.

Ilpobnema emopas. H3-3a nepasHomepHo2o npuxoda noKynameeil 8 Maza3uH MONcem
€030ambCs NON0dHCEHUe, K020d 00HUM NoKynamenem 6yoem 3aHUMamsbCs HeCKOIbKO NPoo0asyos,
u noxynamenv, 00pawasco 3a CNPABKOL, yempausaem oouyio OUCKyCccuio. Imo ne onpasoaHHo
3aHUMaem npooasyos, meuiaem opyeum NOKYRameisim, u, 8 CYWHOCMU, MOANCEm NOMeUams
npooadice mosapa. Obwas OUCKYCCUsL MOACEM CIMAMb CAMOYeNbI0, NPUBECMU K KOHMIUKMHbIM
uHmepecam yY4acmnuko8 OUCKYCCULl, U HACMpoOums NOKYnamesis nNPOMue mosapa, Xomsi 6ce
npooasybl NBIMAIUCL HAUDOLee NOJIHO NPOOEMOHCMPUPOBANb 00CIOUHCMEA MOBAPA.

IIpobnema mpemws. H3-3a nepagnomepro2o npuxooa noKynameneil 8 Maza3ut, uz-3d
HEepAaBHOMEPHO20 UX NOOX00A K KACCAM, NOCie 8bl00pa mogapa, ouepedb 803/1€ KACCbl
n00BepIHCeHa NPUIUBAM U OMIAUBAM. B kakue-mo momenmol oHa cMano8UmMcs CIUUKOM
bonvuwiol. B amom cuyyae nacpyska Ha Kaccupa 6o3pacmaen, oH CmpeMumcsi ovlcmpee
8bINOIHAMb PAOOMY, YMO 4pesamo ouudKamu, 0 KOMopwuix OH U cam nooospesaem. Bce emwecme
834Moe Hepaupyem Kaccupa, npespauias e2o uz 000poxceramesibHo HACMPOEHHO20 K KIUEeHM)
Ye06eKa 8 1e2K0 B0CNIAMEHAEMYIO CMECb PA3OPANHCEHUS U YCMATIOCMU.

IIpobnema yemeepmas. M3-3a Hepagno2o nooxo0a nokynameieil K Kaccam Kaccupbl
npoOCMausarom 8 MOMeHmyl 3amunibs, CKyuaom, paseosapuearom. IIpu smom onu He Mo2ym
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OMOOXHYMb, HO U 3aHAMbCA UM HeueM. [1000OHOe cocmosnue upesamo mem, 4mo K HAYa1y
pabomwl, K020a 803HUKAEM HANILIE NOKYnameinel, Kaccup He 20mos Kk pabome. Paboma y nezo
He 1a0Umcsi, 8bl3bl8dsl pazopadceHue, Komopoe 6biCmpo nepeHoCUmcs Ha KIueHmos.

IIpobrema namas - ...
IIpobnema wecmas - ...

Ocmanosumcs Ha NepebIX Yembvlpex, CKAHCeM YeCmHO, No Ce200HAUMHEMY 8peMeHU
00801bHO HAOYMAHHLIX NPOOTIEMAx.

Ymo 6vl coenamo 0ns yayuweHus cumyayuu?

1. Xomenocw 6bl, umobdvl npoo0asyoe u Kaccupos 6 mopeosom 3ae Ovlio POGHO CMOIbKO,
CKOIbKO HYIHCHO OJIsl KAYeCMBEHHO20 00CIYHCUBAHUS NOKYnameell.

2. Xomenocw 6b1, umobbl npo0asybl U KAcCupbl, He 3aHAMble 8 HacCmosujee 8pemMs 8 3aie,
OMOobIXANU 8 OMBEOEHHOU 0I5l OMObIXA KOMHAME (U 8 OMEOPOICEHHOU WUPMOLL OM 3a1d
yacmu obugeco nomewjeHust), 20mogvle N0 CUSHAY «8bl308d 8 3A1» HAYAMb pabomy.

3. Xomenocwy 6v1, ymobwvl oyeHka Koauuecmea mosapa Ha noiKkax 6azuposanacs He Ha
CYyOBLEKMUBHOLL MoUKe 3peHUs npooasya, opocarowe2o bezvlii 632150 Ha NOIKU, d HA
Gaxkmuyeckom Koruyecmae.

Ilepguie 06e npobaembl, Ha MO 63271510, MO0 Obl peuiums YCMpOUCmeo, Komopoe
no00epHcUBano 6vl COOMHOUEHUS - KOIUYEC80 NOKynamenel 8 mosapHoM 3aie U KOIU4ecmaso
npooasyos, KOIUUeCmeo KAcCupos 8 3aie u ONUHA ouepeou - Ha 3a0aHHOM ONMUMATILHOM
yposne. Ilpu neobxooumocmu 0HO NOOACM CUSHAT 8bI30680 8 KOMHAMY OMObIXA.

Pewenue sice npobaemvl 3a2py3xu noiok mosapom 603oMem Ha ceds YCmpoucmeo,
peazupyroujee Ha yMeHbuleHue 8eca moeapa HAa NOAKAX HUNHCE HEKOMOPO2O KPUMUUECKO20
VPOBHSL.

Ilocne agmomamusayuu:

® B mop206om 3ane Hax0OUmMcs. CIMoabKo NPOOABYO8, CKOIbKO HYHCHO OJi OOCTYHCUBAHUSA
0anHo20 Koauvecmea nokynameinet. Jluwnue npooasyst naxoosamcs 6 mecme omovixa. Ecau 6
MOP2060OM 3aile NOABNAIOMCA U30BIMOUHbIE) NOKYNAmenuy, 8 nomeweHuly 0jia 0movixa Ha
uUHGoOpMayUOHHOM MAabo NOABIAeMCs 3anpoc (UHGOPMUPYIOWULL CUSHAT) HA OONONIHUMENbHOE
KOUYEeCmB0 npooadsyos.

® 3a kaccamu HaxoOumcs maxKoe KOIUYeCmeo Kaccupos, 4modwl ouepedb 6 Kaccy He
npeeviuiana 3a0aHHO20 KOIUYeCmaa noKynameiel, eciu o4epedb YMeHbUaemcs, mo 00Ut us
KAccupos yxooum 6 nomewenue oas omovixa. Eciu srce ouepeos 6 kaccovl cmanosumes
upesmepHo 60abULOLL, MO 8 KOMHAmMe 0mobIXa HA UHGOPMAYUOHHOM MAONO0 NOABNAEMCS 3aNPOC
Ha pabomy euje 0OHOU KACCHL.

o [Ipu ymeHbueHuy moeapa Ha NOaKax Hudce yCmaHoBIeHHO20 KOIUYecmed, Ha
uHpopmayuoHHom mabio 8 KomMHame omovlxa NOAGIAEMCS 3aNPOC HA NONOJIHEHUe MO8APA HA
coomeemcmayroweli noJixe.

B Tom Buze, B KOTOPOM CUTYallMs ONKMCAaHA BbIIIE, OHA OYEHb [T0X0’Ka HA TUITMYHYIO
3a/ladyy aBTOMaTHYeCKOro peryiaupoBanus. Eciu napamerpsl 00beKTa peryJupoBaHus BBIXOAST
3a YCTaHOBJICHHBIE MPEEibl, yCTPOUCTBO aBTOMAaTUYECKOTO PETYIUPOBAHUS BKIIIOUAET
MeXaHU3M BO3BpaTa IapamMeTpoB 00bEKTa PEryIHMPOBAHUS K YCTAHOBICHHBIM 3HAYCHUSM.
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O 4yewm emie cneayeT noagymaTs?

3/1paBblif CMBICIT TOJICKA3bIBAET, UTO JJISl PELICHUS 331a4 «IIOKyIaTenei» HaJJo KaKuM-
TO 00pa30M MOJCUUTHIBATh KOJIMUYECTBO MOKyHaTeaeH, BXOAAIMX B Mara3uH, U MOJCUYUTHIBATH
KOJIMYECTBO MOKyIaTeeH, MOAXOAAINX K KaccaM M OTXOASIIUX OT Kacc.

Kak natumk MoxeTt (pMKCUpOBaTh KOJIMYECTBO IMOKyMIaTenen?

[Tokymnarens nMeeT HEKHME «ITapaMeTpbD»: BEC, POCT, TEMIIEpaTypy, ABMKeHUE. Kax bl
13 9TUX NIapaMETPOB MOXKET OKa3bIBaTh ACHCTBHE HA NATYMKHU, BOCIPUHUMAIOIIHNE ITH
napaMmeTpsl. ECTb JaTUMKK YyBCTBUTEIBHBIE K BECY, €CTh UyBCTBUTEIBHBIE K TEMIIEPATYPE, ECTh
JaTYNKH, BOCTIPUHUMAIOIINE TBI)KEHUE OOBEKTOB.

ITockonbKy AJis pelieHns: BTOPOH 3a/1a4uM - ONpeAeTIeHUs TEeKYIEro KOJIM4ecTBa ToBapa
Ha I0JIKaX, pa3yMHee BCEro BOCIOJIb30BaThCs JATYMKOM, UyBCTBUTEIBHBIM K BECY, €CTh CMBICIT
U B IIEPBOM CJIy4ae BOCIOJIb30BaThCS TAKUM K€ JTaTYUKOM.

Jli11 00pabOTKM CUTHAJIOB OT IaTYMKOB (CpaBHEHUS ), 00paOOTKU CUTYALIUU U IPUHATHUS
peleHust IPUMEHUM MUKPOKOHTposiep. COeJMHUM KOHTPOJLIEP € JaTYNKAMU PaJHOKaHAIOM.

B utore Mbl nosyyaem, IpUMEpHO, TaKyr0 MOJEb.

Ha Bxone B Mara3uH CTOWT JaT4HK, (PUKCUPYIOIINIA TOSBICHHE HOBBIX TIOKyIaTeNeH,
pearupys Ha BeC BXOAALIMX B MarasuH. Ha BXoJie B KacCOBBIN 3aJ1 CTOUT JAaTYUK, PUKCUPYIOIIUI
HOsIBJICHHE NOKyMaTesnei B ouepeau. Ha BbIX0o/ie U3 KacCOBOTO 3ajla CTOMT AATYHK,
bUKCHPYIOIMUN TOKYyMaTeNeH, MOKUIAIOIINX 0Yepelb. ITUX Ke MOKynaTesiel (TTOKHIAI0IuX
ouepesb) MbI OyZIeM CYMTATh U MOKYTATEIIMH, MOKUIAIONIMMA Mara3uH, 4To U30aBHUT HAC OT
HEOOXOIMMOCTH YBEIMUYUBATh KOJIUYECTBO JJATUHUKOB.

Bce pacuersl OyeT ocyIIecTBIsATh MUKPOKOHTPOJIIEP, OH K€ OyJeT Bbl1aBaTh
HEeo0Xxo1uMyI0 nH(popMaIHio Ha HHPOpMaIMOHHOE Ta00. JJaTuuKu 1 KOHTPOJUIEP COeIMHEHBI
PaarOKaHAIIOM.

Bropoii 3Tan.

Kak MbI pemmiy, Juist yHU(UKALKUY Y3JI0B UCIIOJIb3yEeM OJIMHAKOBbIE TAaTUMKU BO BCEX
ciydasix. A TIOCKOJIBKY K IaTYMKY HAJMUYUS TOBAPOB HA MOJIKE OyAeT MpeabsABICHO OOJbIIe
TpeOOBaHUil, YeM K APYTUM JaTYUKaM, HAUHEM C HETO.

IIpexne, uem BbIOpaTh BUJI 1aTYHMKA, @ MOXKHO NPUIyMaTh PELICHHUE TOYTH C JIIOOBIM
JaTYUKOM, TIONIPOOYEM MPeICTaBUTh ceOe MOJKY, HAarpyaeMylo TOBapoOM, U ONPEACIIUTh, YTO
IIPOUCXOAMT C HEW IPU 3arpy3Ke, 4TO U3MEHAETCSA B HeW. /|1l onpeesIeHHOCTH KOHCTPYKIUIO
IIOJIKM ITPUMEM CIIeAYIoLeH. JlepeBsiHHas MOJIKa 3aKpeIUIeHa IByMs KOHIIAMH Ha CTAJIbHBIX
KpoHIUTeHaX. KpoHIITENHBI, 110 TpU Ha YPOBEHb, B CBOIKO OUYEPE/Ib, SIBIISIFOTCS YAaCThIO IUIAHKH,
KOTOpast KPEMUTCS K OOIIEH I TpeX MOJIOK 3a/IHEH CTEHKE.
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Puc. 56. Koncrpykuus 6a3bl pacnoJio;KeHus 1aTYHKOB.

Harpy»eHHas ToBapoM MOJIKa cIerka Iporudaercs, a, 1o Mepe 0CBOOOKAECHUS OT
TOBapa, BO3BPAILAETCS B UICXOJHOE TOJI0XKEHUE.

Jlaxke orpaHMYMB BHIOODP JaTYMKA OMPEeICHHON pa3HOBHIHOCTBIO - AaTYHK,
YyBCTBUTEIBHBIN K BECY - MBI UMeeM BbIOOp. Harprumep, MOKHO TPUMEHHUTD MTPOCTEUIITHIA
KOHTAaKTHBIA JJaTYUK, YCTAHOBUB €r0 B CEPEIUHE MOJKHU IO OJHY U3 YIIAKOBOK AAJIBHETO OT
Kpasi TIOJIKM psiJia: e/1Ba JIM MOoKynaTean Oy 1yT OpaTh yHaKOBKH U3 JAJIBHETO psijia, €CIIU €CTh
YIaKOBKH ¢ Kpato. Takum 00pa3oM, Kor/ia 4acTh ToBapa OyAeT pacnpojaaHa, OyJIeT CHATa ¢
MOJIKK YIIAKOBKa, II0JT KOTOPOW HAXOAUTCSI KOHTAKTHBIM JAaTUYMK, YTO U IPUBEIET K
cpabaTbIBaHUIO AaTyhka. MOYKHO C/1e€aaTh KPOHIITEHHBI OABHKHBIMU OTHOCUTEIBHO OCH B
BEpXHEH 4acT OCHOBAHUS U MPY>XKUHOU B HIDKHEH. [Ipy Harpy>keHHOM MoJike KpOHIITEHH Oy aeT
CJIETKa OIyCKAaThCs, TOBOPAYUBAsICh BOKPYT OCH, a C yObIBAHHEM TOBapa MPUMIOHUMATHCS.
OTperynupoBaB AaBlieHHE KPOHIITEHHA HA THE30JaTYHK, C TEM YTOOBI MOCICAHAN HE
HCIBITHIBAJI JaBJICHUS IIPH ONIPEIEICHHOM 3arpy3Ke IOJIKH, MBI IOCTUTHEM >KEJIa€MOTO.

MoHO npuaAyMaTh pasHble KOHCTPYKIUH 101 Pa3HbIe TUIIBI 1aTYUKOB. Bribepem s
OIpEAEIEHHOCTU TeH304aTYiK. HarpykeHHas mojka U30rHETCsl, BO3IEUCTBYS Ha JIaT4UK,
MIPUKJICCHHBIN B CEpeIMHE MOJIKK Ha HIOKHEH cTopoHe. CripaBa (Wiv ciieBa) OyIeT yCTaHOBIICH
KOpITyC YCTPOMCTBA, K KOTOPOMY OT TE€H30JlaT4yMKa MOAOUAYT npoBoja. Bee Tpu mosiku
YCTPOEHBI OJJUHAKOBO, HO CXEMbI OYyIyT HECKOJIBKO OTJIMYAThCS (XOTS 3TO U HE 0053aTeNbHO) -
cxeMma HWKHeW MoJKu OyIeT UMETh aKKyMYJISTOp U IepelaTurK, OOIIre s BCEX TPeX MOJIOK.
Cxembl IBYX BEPXHHUX MOJIOK Oy1yT COEMHEHBI IPOBOIaMU C HIKHEN. B KauecTBe aHTEHHBI
nepesaTyrKa Mbl UCIIOJIb3YEM METAIIMYECKYIO IIJIaHKY KPOHIITEHHOB.

HOCKOHBKY MbI pCHINIA IPUMCHUTb OJUHAKOBLIC JATUYUKH BO BCCX ClIyHdasaAX, TO IJIA
(1)I/IKC3HI/II/I BXOOAIINX HOKynaTeneﬁ, a TaKXXe HOKyrIaTCJIeI\/JI, IoAXOoJAIIUX K KacCaM U
OTXOJIALINX OT HUX, UCIIOJIb3YEM MOKPBIThIE JEKOPATUBHBIMU IJIACTUKOBBIMU KOBPUKAMH JIOCKU
¢ narunkamu. [lepBas OyneT ycraHOBIIeHA BO BXOJAHOM TamMOype, ABE APYTUX B MPOXOJIE K
KAacCOBBIM arlapaTaM U Ha BBIXOJIE U3 KaCCOBOTO 3aJia, COOTBETCTBeHHO. Kaxas u3 Hux Oyjaer
MUMETh CBOM MEpeaTIiK M aKKyMYJIATOp B OyJeT cHab)KeHa aHTeHHOM B BUE OTpe3Ka MPOBOa
JUTMHOM, TPUMEPHO, B METP.
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Puc. 57. PacnoJjio:keHue JaTYuKAa.

[IpueMHOE yCTPONCTBO M YCTPOMCTBO 00pabOTKH HHPOPMAIIMK Mbl KOHCTPYKTHBHO
COBMECTHM ¢ MH(pOpMaLmoHHbIM Tabi0. [Tocneanee opopMuM B BUIE CIMCKA MPOIABLIOB,
CIHCKa KACCUPOB M CITUCKA HOMEPOB IOJIOK C MHAWKATOPHBIMU CBETOIMOIAMH BO3JIE KaXKIOH
no3uuu. CBeTouo bl Oy 1yT 0TOOpakaTh TEKYIIYIO CUTYALHUIO U €€ U3MEHEHUS.

PemuB Bce Bompockl B 00111eM BH/IE, IEPEHAEM K...

Tperbemy 3Tamy - cxeMHOI popabOTKe peleHui.

CrnenyeT cpa3y OroBOPUTHCS, PEIICHU MOXKET ObITh MHOTO. S pu BEIOOpE
PYKOBOJICTBOBAJICS KE€TTaHMEM MAaKCHUMAIIbHO HCIIOIb30BaTh paHEe pACCMOTPEHHBIE YCTPOMCTBA
U CXEMBI, TOJIePKUBast KOHIICTILIMIO BOJIOIHMU pa3paboTok. Bel MokeTe HaiiTu apyrue
MOJIXOJIBI.

HaunewMm ¢ natumka. TeH304aTUMK BKIFOUUM B PE3UCTUBHBIN MOCT, BTOPOE IJIEYO
KOTOpOT0 00pasyeT 3a4aTuuK. 3aJaTIUK CHAOIUM MOACTPOCUHBIM PE3UCTOPOM IS
MepPECTPONKH mopora cpabarbiBanusi cxembl. CUTHAJ C IMaroHaJIM MOCTa MOKHO CUUTATh (1
JydIle 3TO ¢AieiaTh TaKk) KOMIIApaTOpOM, HO MBI UCITOJIB3yEM OTEPAIIMOHHBIN YCHIUTETh 00IIEro
Ha3HAYCHHsI C MaJIbIM MOTpeOIeHuEM TOKa. BBIXOAHBIM CUTHAJIOM yCHIIUTENs OyAeM BKIIIOYATh
nepesaTIuK ¥ MOAYJISATOP, B PYHKIIMH KOTOPOTO BOMIET popmMupoBanue curnaioB «llepemauar
n «Homep». Bcem natunkam mbl npucBouM HoMepa. Homepa BXOAHOT0, BXOAHOTO KaCCOBOTO U
BBIXOJTHOTO JATYUKOB OYyIyT CIIeIOBATh 32 HOMEpPaMH IOJIOK.

Ha puc. 58 moct o6pazoBan pesucropamu R1, R2 (ogHo mevo, rae R2 - TeH3oaTumk) u
R3, R4, RS (mpyroe nnedo, rae R3 - noactpoeunslit pesucrop). OnepanuoHsblil ycunurens Al
CHUMAaeT CHUTHaJ ¢ JuaroHaiyu Mocrta. Korza, n3orayras nepBoHa4aIbHbIM BECOM, MOJIKA
pacupsIMUTCS, yMEHbLIAsi CONPOTUBIICHNE TEH30JaTYMKA, BCIEACTBUE U3BMEHEHUS HANIPSHKEHUS B
JUaroHaJId MOCTa HaIIPsDKEHUE Ha BBIXOJIE yCUIUTENsd Al U3MEHUT 3HaU€HUE OT HyJIs 10
HaTPSDKEHUS OJIM3KOTO K HANPSHKCHHIO muTanus, T.¢. Ha C Bxoae D-tpurrepa DD1.1 mpoiiner
GpoHT, KOTOPBIN NIepenuiieT 3HaueHue D-Bxoa («1», BBIBOJ 5) Ha IPSAMOM BBIXO/ TPUTTEpa
(BeIBOA 1), MEHsIs JTOTUUECKH YPOBEHB ¢ HU3KOTO («0»), B KOTOPBIl OH yCTaHABIUBACTCS
o0IM cxeMHBIM cOpocom, Ha BeIcOKUl («1»). Tpansuctop VT1 BkitounTcs u mogact
HaNpsDKEHUE MUTAHUS Ha CXEMY MOJYJIATOpA U IepeJaTurKa.

Taxum oOpa3om, B J€KYPHOM PEKUME, /10 T€X MOP, MOKa He cpaboTaeT NaTYMK, MUTAHUE
pacxojayeTcs TOJIbKO Ha paboTy Mocta, yeunutens Al u mukpocxembl DD1. Ecnu B kauecTBe
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OIIEPALMOHHOTO YCUIUTeNs Al NIPUMEHUTh MUKPOMOIIHBIN ONEPALIMOHHBIN YCUIUTEND (LIETIb
YCTaHOBKH TOKa OTPEOJIEHUS Ha CXEME HE MT0Ka3aHa, €€ CIEAYET B3SITh U3 TUIIOBOM CXEMBbI
BKJIFOYEHHUSI KOHKPETHOT'O ONEPALMOHHOIO YCUIIUTENS ), TO OTPEOIIseMBbIN TOK ONPENEIUTHCS, B
OCHOBHOM, 3HAYEHUSIMHU PE3UCTOPOB MOCTA U MOKET COCTABUTh JI€CATKH MUKpOAMIIEp
(pemaronyM (HakTOPOM CTAHOBUTCS BEJTMYUHA COTIPOTUBIICHUS TCH304aTUHKA).

OnHOBpEMEHHO C BKJIIOYEHHEM TpaH3ucTOpa VT1 BBICOKMI TOTMYECKUI YPOBEHB Ha
BbIBoJie 1 Mukpocxemsl DD1.1 pa3zpemaet paboTy reHepaTopa, HOCTPOSHHOTO Ha ABYX
anemeHTax Mukpocxembl DD2 (DD2.1, DD2.3). Yactora reneparopa okoisio 160 xI'n. C Beixoga
reneparopa (BeiBoz 10 DD2.3) uepes anement DD2.4, Ha BeiBosie 13 KOTOPOTO MPUCYTCTBYET
noruyeckas «1» (rmocne obmero cxemHoro copoca BeiBoj 12 Tpurrepa DD1.2 mpuHuMaeT
3HaYEHHUE BHICOKOTO JIOTUYECKOTO YPOBHSI), pa3peliaromiasi BOCIPHHUMATh CUTHAI TI0 BBIBOLY
12, curnan noctynut Ha MoayisaTop. Beixog DD2.4 uepes nuox VD2 Oynet nepekinodarsb
Moaynupytomuit Tpansuctop VT2 ¢ wactoroit 160 k', popmupys paguocurnan «Ilepegauay,
KOTOPBIM UHULUUPYETCS IPUEMHOE YCTPONUCTBO.

Cuetunku DD3.1, DD3.2 oTciexuBarT KOJIMYECTBO HHULUUPYIOIUX UMITYJIbCOB,
nepenuchbiBas «1» Ha npsiMoit Bbixos (BeiBoa 13) Mmukpocxemsl DD1.2 no okoHyaHUH
dhopmupoBanus curnana «llepemaday. IToi enUHUIICH pa3pemaeTcs nepeaadya UMITYJIbCOB OT
cuetynka DD3.1 uepe3 anement DD2.2 (BbiBox 5) u nuoa VD1 k Moaynaropy Ha TpaH3UCTOpE
VT2. Umiynbcel chopMHUPYIOT HOMEp naTunka (curaan «Homepy), cinenys ¢ 4acToToi B
LIECTHAUATh pa3 HUXKE YacTOThI reHeparopa (BeiBoJ 6 cuetunka DD3.1). OgHOBpeMeHHO Ha
BbIBOZIE 12 Mukpocxemsl DD1.2 nosiButcs orudeckuit «0y», 3anpematomuii snementy DD2.4
(BeIBOZ 13) mepenavdy uMmirynbcoB ¢ yactotoit 160 kI'1, uem 3akanuuBaeTcs GopMUpPOBaHUE
curHana «Ilepenaya». Cuerunxk DD4 (BbiBoz 14) cuntaet ummysabcsl curnana «Homep» u, ¢
MOSIBJICHUEM JIOTHYECKOH «1» Ha BbIBOJIE 4 (B peaJIbHOM JAaTUYMKE 3TOT BBIBOJI BEIOUpAETCS
TepeKIIIoYaTesIeM B COOTBETCTBUU C HOMEPOM JaT4YHKa), OyIeT mpou3BeieH o0l copoc,
BBIKJIIOYAIOIMI UTaHue (POpMUPOBATENS CUTHAJIA U NIepeAaTyrKa (Ha BbIBOJIE 1 MUKpOCXEMbI
DD1.1 nossurcs «0», 3akpsiBaromuii Tpanzucrop VT1). Cxema, nepenas curnainsl «llepenaua»
(vaMumupyromuii curnan) u «Homep» (MHGOPMaIIMOHHBIN CUTHAN) BBIKIIOYAETCS 10
CJIEAYIOLIETo cpadaThIBaHUS JaTUUKa.

Ilpumeuanus:

Buixniouenue cxemvl nocie nepedauu 6cex CUSHAI08 NPEOHAZHAYEHO OJisl COXPAHEHUs.
3apsaoa akkymynamopos. OCHOSHbIM nompeoumenem NUManus, 0OHAKO, MOXHCEm
0KaA3amvCsi nepedamuyux, mo2oa Kaxk popmuposamens CUSHaI08, COOPAHHLLIL HA
Mmukrpocxemax cepuu K651, 6 cmamuyeckom pexcume modicem nompeoisims 04eHb MAao.
B smom naane, 603m00icHO, yuuLe Obl bIKTIOUAMb NUMAlOUjEe HANPANCEHUE MOJLKO
nepedamuuka. Toeoa credyem npedycmompems 3a0epiuCKy HAUaia pabomol
Gopmuposamensi nocie noodayu NUMArWe20 HANPsNCeHUs: Ha nepedamyux. B
npeonazaemoli cxeme 3MOLl Yeau CIYHCUM Y3eil HAUaIbHOU YCMAHO8KU popmuposamers,
cobpannvlil Ha mpauzucmope VT4, 6 komopom épems yCmano804HO20 UMNYIbCA
8b10Upaemcs 00CMaAmMoOYHbIM 071 MO20, YMooObl Nepedam4uK ycnei 80tUmu 8 HOPMaibHbllL
pedrcum pabomol.

Ipuuuna npumenenus menzodamuuxa, mpebyoujeeo ycunenus, npocma. Mue xomenoco
NOKA3ams 4acmo npumeHsemMoe Ha NPaKmuke Kuodenue OamyuKa 6 MOCmo8yIo cxemy.
Mocmosvie cxembl no8CeMecmHO 8CMpedaromcst 8 UsmMepumenbHuvlx npubopax, 6
YCMpOoUcmeax agmomamuxy, 8 paouomexHuxe.
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Puc. 58. Cxema naruuka, GopMupoBaTe/Isi CATHAJIOB U MepeIaTYuKa.
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Kak MbI 1 HaMepeBaITUCh, UCTIOIB30BAHBI PEIICHHS: TEHEPATOP U3 TIEPBOTO MPOEKTA, O
CUETYMKAX TOBOPHJIOCH B TPEThEM MPOCKTE, OHU MCIIOJIb30BaHbI B pasjeine « TaiM-ayT»,
nepcaaTuuK B3AT U3 IIATOr'O MPOCKTA, 4 JATUUKH OIIMCAHbI B CCABMOM ITPOCKTC.

DNIEMEHTHI CXEMBI:

pesuctopsl Tuna OMJIT, momnocTeIO 0.125 BaTT

R1 - 82 kOm, R4 - 82 kOm, RS - 800 Om, R6 - 12 kOm, R7 - 10 kOm, R8 - 10 kOm, R9 -
12xOM, R10 - 10 kOm, R11 - 5.6 kOm, R13 - 200 Om, R14 - 56 xOm, R15 - 5.6 kOm, R16 - 10
KOwm.

ITonctpoeunsie pezuctopsl Tuna CI13-24 umu PI11-48, unu CI15-14 (22), CIIS-2 unn
aHaAJIOTUYHbBIE:

R3 -8.2 kOm, R12 - 5.6 kOmMm.

TeH301aTYMK MPOBOJIOYHBIN C COMPOTUBICHUEM

R2 - 800 Om.

Konnencaropst Tuna KM-3 (4,5):

C1 - 280 n®, C3-C6 - 200 nd, C9 - 10 n®, C10 - 0.01 MmxD, C11 - 1.0 mxD.

Konpaencarop snekrponurndeckuii Tuna K50-16 win aHanoruuHslii Ha HAIPsKEHUE 5
BOJIbT C2 - 50 MKD.

Konnencarops! noacrpoeunsie Tuna KT4-23 unu ananorudnblie:

C7-C8 - 8-30 n®.

TpaH3uCTOpHI:

VTI1-VT2 - 2N3904 (KT375A,b), VT3 - BCW31 (KT3130B9)

Jmoabl:

VDI1-VDS5 - K/1522 (A, b)

MHuUKpOCXEMBI:

Al - K1423V /1 (KP140Y 1208, KP1407Y 2 umu Y/3), DD1 - K561TM2, DD2 -
K1564TJ12, DD3 - KS61UE10, DD4 - K561 1ES.

HICTOYHUK MUTAHUS:

K pUMepy, akKyMmyJsiTop Gupmbsl Panasonic ais 6ecripoBoIHBIX Telle(OHHBIX
anmnapaToB ¢ HampsbkeHueM 3.6 BOJbT, eMKOCThI0 1 A/4ac uin m000i aHaTOTHYHBIH.

Pa3zbeMsbl 1 iepekirovaTesny To0bie, Kakie BaM yI00Hee MPUMEHUTh.

Ha puc.58a nokazana neyaTHas miara U3MEPUTEIBHOTO MOCTA, YCHIIUTEIISI U
MOJlyJIITOpa, a Ha puc. 580 - nepenarunka. Ha nepBoii miare pazbem J1 1 noaxioyeHus
TEH30/1aTYMKa, J2 151 COEAMHEHHUS ¢ IEpPEeJaTYUKOM, a nepekiaoyarens TP1-TP20 cuyxut mst
3aJlaHusl HOMEepa JaTyuKa. PUCYHKM MiaT npu3BaHbl 1aTh oOlIee MPEeACTaBIECHUE O TOM, KaKk
MOJKET BBITJISIETh TOTOBOE U3zenue. Pa3zBoika 00eux miar BeIIIOJHEHA ABYCTOPOHHUM
MeYaTHBIM MOHTA)KOM C MIEPEXOIHBIMU OTBEPCTUSIMHU, U 51 HE PEKOMEHI0BaJl ObI UX K
MOBTOPEHUIO, TOCKOJIBKY MOBTOPATH CAMOCTOSITENILHO, B IOMALITHUX YCIOBUSX, TOJOOHBII
MeYaTHbII MOHTAX CIUIIKOM CI0XHO. JlJI1 SKCIEPUMEHTOB JIy4Ille BOCIIOIb30BaThCS
MaKeTHBIMH IJIaTaMHU.

I'oToBBIC MIaTHI MOTYT OBITE PasMCIICHBI B INIACTMACCOBLIX WJIN MCTAJINIMICCKUX
Kopnycax, MMCIOINX YHIKKU JJIA KPCIUICHUA K IMOJIKaM U JOCKaM.

CxeMa npu MOHTa)ke pa30UTa Ha JIBE YaCTH, HOCKOJIbKY Mbl PELIMIIHN, YTO JaTYUKU MOJIOK
OyayT HCIONB30BaTh 00IMiA nepeaaryrk. [1o 3Toi mpuunHEe OH BBIHECEH Ha OTIEIbHYIO
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MOHTaXKHYIO TJIaTy, KOTOopasi OyJeT yCTaHOBIIEHA B KOPITYC TOJIBKO OJHOTO Jartynka. Ha mimate
nepeaaTuriKa pa3MenieHbl pa3beMbl IS MOAKIoueHus naTaukoB (J3, J4, JS).

Kopmyca, BMecTe ¢ TeM, MOXHO C/eNIaTh YHHUBEPCATBHBIMH, OJMHAKOBBIMU IS BCEX
JMATYMUKOB, YTO YIIPOCTUT UX U3TOTOBJICHHE (€CIIHU UX BOOOIIE €CTh CMBICI U3TOTABIUBATH).
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Ha puc. 59 npuBesnena cxema nprueMHuKa 1 aemudparopa.

Cxema npueMHHUKa, y KOTOPOTO U3MEHEH BXOAHON KOHTYD (JaHHBIE MOKHO
HCMOJIb30BaTh TE€ K€, UTO U y nepeaaTynka Ha 27 MI'n uinu uHanKaropa mosis puc. 26, a
koHzeHcarop C1 B3saTh eMkocThiO B 100 nd), ucronb30BaHa U3 YETBEPTOrO MPOEKTA.
TpaH3uCTOpPHI 3aMEHEHBI TPAH3UCTOPAMHU OOPATHON MPOBOAMMOCTH (N-p-n THIMA) B
COOTBETCTBUH C U3MEHEHHUEM MOJIIPHOCTH MUTAIOIIET0 HAPsbKEeHUs. B kauecTBe TpaH3UCTOPOB
VT1-VT2 moxHo ncnonb3oBath Tpan3uctopsl ['T311, octanensie - KT315, KT361.

JlemdpaTop aHAIOTUYEH MOJYJIATOPY CXeMBI pHc. 58. YcTpoiicTBO paboTaeT
CJIEIYIOIINUM 00pa3oM.

13 BBICOKOYACTOTHOTO paJiMOCUTHAJIA IPUEMHHUK BbIIEJSIET OTMOAIOINIA CUTHAI,
yCUJIMBAET ero ycuiuteneMm Hu3koi yactotel (VT3-VTS). Yeunurens Ha Mmukpocxeme Al
(dbopMHUpyeT IPSIMOYTOIbHBIE UMITYJIECHI, KOTOpBIE cunTaroTcs cuerynkoM Ha DD1. C mpuxomom
MOCJIeTHETO UMITyJibca curHana «llepenayay Ha HHBEpCHOM BbIxojie Tpurrepa DD3.2 (BeiBOI
12) nosiButTcs noruueckuid «0», KOTOPHIA pazpemuT padoty cuetyrika DD2. Ha Bxox sToro
cueTuymka (BeIBOJ 14) mpuxonaar ummyibchl curHana «Homep». OTHOBPEMEHHO C BKIIOYEHHEM
cuetunka DD2 3amyckaercs Taiimep A2 (ucnosib30BaH B pazzaene «Taiim-ayT»). Uepes Bpems,
JOCTaTOYHOE JUIsl 3aIIMCH MaKCUMAJIbHOTO HOMEpPA, TAMEpP CUTHAJIOM Ha BBIBOJE 3 BBIKIIIOYUT
tpanzuctop VT7, dopmupys GppoHT, koTopsiM B Tpurrepe DD3.1 curnan noruueckoit «1» ¢ D-
BXOJ1a (BBIBOA 5) OyJeT mepenucan Ha MpsIMOi BBIXO, a HA MHBEPCHOM BBIXOJIE TPHUITEpa
(BBIBOJ 2) MOSIBUTCS JTOTHUECKUN «O», SIBISIOINNACS CUTHAJIOM IIPEPhIBAaHUS [
MUKPOKOHTpoJIepa. MukpokoHTposuiep (cM. puc. 60), oOpabaTbiBas npepbIBaHUE,
IIPOYUTHIBAET HOMED, MOSBUBIIMNCS HA BbIBOJaX pazbema X1.1, a 3aTeM (GopMUpYET UMITYJIIbC
«cOpocy (BeiBoa 9 pazbema X1.2), KOTOPBIM cxema Jemudparopa NEPEBOIUTCS B UCXOTHOE
COCTOSTHME TOTOBHOCTH MPHUHSTH CIAEAYIOLMN HOMEp CpabOTaBLIETO 1aTYHKA.

Octaetcsa 100aBUTh, UTO Ha TpaH3ucTope VT6 cobpaHa cxeMa Ha4aIbHOM
MHUIMANTU3AIH JenmdpaTopa Ipy BKIIFOUSHUH MMUTAaHUs. Bce NCToab30BaHHBIC JETAN
AQHAJIOTUYHBI COOTBETCTBYIOIIUM 3JIEMEHTaM MPEABIAYIINUX cXeM. 3HaueHue pesucropa R17 - 10
KOM (BO3MOXHO €ro mpuaeTcs moaooparts), kouaencaropos C12, C13 - 0.22 mxd.

[MpuemuuK u nemm@paTop IpeanoiaraeTcs pa3MecTUTh B KOpIyce HH(HOPMAIMOHHOTO
TabJI0 BMECTE CO CXeMOM 00pabOTKH, peaan30BaHHONW Ha MUKpokoHTposuiepe 8051. Ux nuranue,
KaK U MUKPOKOHTpOJIIEpa, OyAeT OCYIIECTBIATHCS OT CETEBOI0 CTAOMIM3UPOBAHHOTO OJIOKA
MMATaHUS, U3TOTOBJICHHOTO ¢ MpuMeHeHreM Mukpocxembl KP142EHSA (uu 5B), umetomero
BBIXOJIHOE HAMPSHKEHUE 5 BOJIBT.

[TockobKy IPUEMHHUK | JCTUPPATOP MPEAONAraeTCsl PACIIOIOKUTh B KOPITyCe
WH(POPMAIIMOHHOTO Ta0JI0, OHU MOTYT OBITh U3rOTOBJICHBI HA OJIHOM TUIATE C KOHTPOJUIEPOM.
OpHako npuBeeHHbIE HUKE PUCYHKH IUIAT CAENIaHbl OTACIBHO JJIsl IPUEMHUKA U AetudpaTopa
(puc. 59a u puc. 596, coorBercTBeHHO). Kak 1 B peapaymieM ciydae 00a pucyHKa JOKHBI
JaTh MPECTABICHUE O TOM, KaK BBITISSAT TOTOBBIC IJIATHI, HO HE MPEIHA3HAYCHBI IS
MOBTOPEHUS B IOMAIIHUX YCJIOBUSX, IIOCKOJIBKY MIOBTOPHUTH JABYCTOPOHHHH MEYATHBIA MOHTAX C
MeTaJUTu3alrell OTBEPCTHI 0€3 COOTBETCTBYIOIIETO TEXHOIOTHIECKOT0 000Dy IOBAHHUS
CIIUIIKOM TPYIHO.

Ilpumeuanue:
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Ipu dcenanuu ucnonv3oeams 015 IKCNEPUMEHMOS8 He MAKemHble niamsl, a Heumo bonee
noxooicee Ha NeYaAmHbLl MOHMAIC, MONCHO BOCNONb30BAMbCI PEKOMEHOAYUAMU
coomeemcmeyoujell Iumepamypel Uiy mou mexHoi02uetl, KOmopas OnUcCaua 6 2naese,
NOCEAUeHHOU USMEPUMENbHBIM NPUOOPAM, U UCNONIb308AHA ABMOPOM NPUBEOEHHOL
cxembl YYHKYUOHANLHO20 2eHepamopa Ha 0OHOU YUPPOBOl MUKpocxeme.

Om cebs xouy 0006a8ums, YUMo MHe, K020d K SMOMY RPUHYHCOATU 0OCMOAMENbCmEd,
npuUxoounocs npubezams K NOMowU 3mMoi npocmotl mexunono2uu. ¥ ona npuwinacos mue
gecoMa no oyuie, 603MONCHO, U am npueisiHemcs. EOuncmeennas mpyonocms, komopas
Ha nepewlil 8327150 Heebl200OHO OMAUYAen Niamol, U320MOGIeHHbLE NO IMOU MEXHOL02UU,
oM CMAHOAPMHBIX NEYAMHBIX NAAM, MOXNCEM 803HUKHYMb NPU 3amene siemenmos. Ho,
KaK MHe Kaxjcemcs, 3mo He 601bluds mpyoOHOCHb, YeM 3aMeHd, CKANCeM, MUKPOCXeMbl Ha
niame ¢ 08ycmoponHeli newamoio. bonee mozo, docmamouno «omxycumoy ce
nooxoosiuue K 371eMeHmy npo8oOHUKU, NOMEHAMb dNeMeHM U NPUNASIMb HOBbLE
coeOuHeHuUs1, 4mobwl Yoeoumscs, 8 npocmonie 3aMeHbl, 0axce no CPAGHEHUIO C
0ObIYHBIMU NEYAMHBIMU NAAMAMU.

Ecnu monmasic 8binonums akkypamuo, a 20mogyio niamy noKpblms 1aKoM, OHA 6yoem
UMemb 8nOJHE «MOBAPHBIUY 8UO, HEe YCMYNAs 8 HAOEHCHOCU UHBIM 3A800CKUM
uzoenuam. Ilpu mom niomHocms MOHMANCA, 8bINOTHEHHO20 YMUM CHOCOOOM, MOHCEM
ObIMb 3HAYUMENLHO Bbllle, YeM NO380JIsAem NeuamHas niama, U320moeieHHAsl 6
OOMAUIHUX YCTLOBUSIX.

Bonpoc npumenenus 6 pazpabomkax maxemuvix niam, Uiy CHeYuaibHo U320MOBIEeHHbIX
07151 KOHKPEMHOUL CXeMbl, BONPOC, CKOpee, TUUHbIX NPUBLIUEK U UHOUBUOVATILHBIX Uepm
xapaxmepa. Ecau vl 1rodume 00513amenbHo 00800UMb 8ce 00 NOTHO20 3A8ePULEHUS, Bbl
nocie MaKemupo8aHus nNocmapaemecs U320Mmosums ONbIMHbILL 00pazey, 4mo
nompebyem u320mogneHus Niam, KOpnycos, UCMo4HuUKo8 numanus. Ilpu docmamounvix
cpedcmeax smu pabomwl, NOIA2AI0, MONCHO 3aKa3amv. [list mex dice, KMo aooum ece
0enamov cam, MONCHO PEKOMEHO08AMb BOCHONb30BAMbCS NPAKMUYECKUMU COBEMAMU,
KOmopule MOX*CHO Haumu 8 aumepamype. CRUcox aumepamypbl npueeoeH 8 KOHYe KHUU.
Kpome moeo, nonezno nocmompems Ha paouo puinke (Unu 8 MA2a3uHax) 4mo-mo
nooxoosawee. I[lopor 6 dome ckanauearomes cmapuvle uepyuwKu, RIACMMAccosble
VRAKOBOYHbBLE KOPOOKU, KOMOPbLE MONCE MO2YIM NPULOOUMbCSL NPU U320MOBIeHUU
KOPNYCO8 UNU WACCU 8AUUUX YCTNPOLICTNS.

Koncmpyuposarnue ecnomozamenbHbix 91eMeHmMos 21eKMPOHHBIX YCIMPOUCIE. meX Jce
KOPNyco8, WKal, nepedamovnbiX MexaHusmos u m.n., - MOJNCem umemsb
CAMOCMOSIMENLHYIO YEHHOCHb U CMAMb NPeOMemoM He MEHbULe20 VeleueHUsl, YeM
cozoanue cxem. Kak npasuno, 1rodumenu 6noiHe yoauHo covemaiom ooa uoa
oesmenbHOCHIU.
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MukpokoHTpoJIIep 711 00pabOTKU CUTHAJIOB JATYMKOB U BBIBOIA MH(POPMAIIMH HA
uHbOpMaIMOHHOE TabJI0 UCMOIF30BaH TaKOM ke, KaK BO BTOPOM MPOEKTE. ITO MOXKET OBITh
KOHTpOJLIEp, COOpaHHBIN Ha MUKpoTpolieccope Z-80, eclii BO BTOPOM IIPOEKTE BbI
UCTIONB30BaH ero. Toraa mporpamma o0padoTku motpedyeT 3ameHsl MuKkpocxemsl 113V, B
KOTOPOI pa3MECTHUTCSI HOBas IIPOTrpaMMa.

[TockonbKy s BO BTOPOM MPOEKTE UCTIONB30Bal MUKpokoHTpoiep 8051 (KM1816BESIT),
HIDKE OITMCaHa CXeMa, pealn30BaHHas UMEHHO Ha 3TOM KOHTPOJUIEpE.

Nudopmanmonnoe Tabs10 BEIOPAHO caMoe€ MPOCTOE - CBETOAMOHBIC HHIUKATOPHI.
PaGotoit ”HINKATOPOB yNpaBseT KOHTPOJUIEP, & CAMU UHAUKATOPHI (CBETOIMOIbI) BKIIOUCHBI
yepe3 KII0UEBbIe TPAH3UCTOPHI.

Cxema 3ymmepa He n3o0pakeHa Ha o0IIel cxeme, T.K. B KaUeCTBE 3yMMepa MOXKET
HCIIONIb30BAThCS JIF000E YCTPOHUCTBO OT CaMOi MPOCTON OJTHO-TOHAIBHOM «ITUIIATIKIY C
MBE30M3TyYaTeNIeM JI0 My3bIKATHPHOTO aBTOMATa, IPOUTPHIBAIOIIETO (PparMEeHTHI MEJIOIUN.
Kcraru, pasymMHO ObLUTO OBI MOAKITIOYNATE K TpaH3uCTOpy VT1 mbe3onsnydarennb, a 3ByJaHHE
OpraHU30BaTh B BUJIE 3BYKOBOI MOANPOTpaMMbl, KOTOPYIO BBINIOJIHAT Obl KOHTpoJutiep. Ha mMoit
B3IJIS1/1, XBaTHIIO ObI 3BYKOBOT'O CUTHAJIA, MPUMEHSEMOT0 B TeJeOHHBIX anmnaparax. Takoi
CUTHAJI MCHbIIIC TIPUBIICKAN Obl BHUMaHHE MOKyMaTeNel, U ero ObLI0 ObI JOCTATOYHO ISt
oOcry>xuBatomiero nepconana. Ho... Eciu B koMHaTe oT/bIXa CTOUT TeNe(OHHBIN anmapar, TO
cienyeT aub0 U3MEHUTh PUCYHOK 3BOHKA Ha HEM, €CJIM MOJIEJIb MO3BOJISET ClIeaTh BEIOOD, 1100
CO3/aTh JPYrod PUCYHOK CHTHaIa HH()OPMAIIMOHHOTO TabIIo.
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Muxkpoxontpoiuiep (puc. 60) padbotaer ¢ TakToBoi yactoToi 12 MI'1, uTo onpenensiercs
kBapieBbIM pezoHatopoMm ZQ1. Ilens C1R1 npegnaznauena qjisi Ha4adIbHON yCTAaHOBKHU
KOHTpOJIIEpa P BKJIKOUEHUH nuTaHus. Pesuctopsl R2, R3 ananornyHsl HCOIb30BaHHBIM
panee, R4-R11=10-12 kOm, a R12-R18=300-400 Om. CBETOANOBI T€ K€, YTO UCIOJIH30BAHBI B
MOJIENIAX €OYHBIX THPIISH, TPAH3UCTOPHI J1t00bIe, K mpumepy, KT315 wim KT503 ¢ mo6bmmu
OYKBEHHBIMU WHJIEKCAMH.

Ilpumeuanue:

IIpocmoti 00HO-MOHANIbHYI 2eHepPamop MONCHO COOpamb, UCNONL3Y matmep 355
(KP1006BH1) 6 pesicume myromusubpamopa, Kax NOKA3aHO Hudice.

R1
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30ece R1=4 kOm, R2=3 kOm, C1=0.1 mx®D, C2=0.01 mx®D. Bvieoo 4 coeounsemcs c
MUKPOKOHMPOLLEPOM OJiA YAPAGLEHUSL CUSHATIOM. NPU HUZKOM JIO2UYECKOM YPOBHE -
ooicuoanue, npu gvicokom - paboma. K 6vixoody (861600 3) uepes pesucmop, Kax 3mo
COeNano 0711 c6emoouo008, NOOKIIOUAEMCcs MPAH3UCIIOP C (Nbe30) 2POMKO2080pUENEM.
Yacmoma okono 1000 I'y.

s 08yx moHAnbHO2O 3yMMEPA MOMHCHO UCNONIL308AMb 084 2eHepamopa, HACMPOEHHBIX
Ha pasuvie 36YK08ble 4acmomul U HOOKTIOYEHHBIX K PA3HbIM 8b1800AM
MUKPOKOHMPOLLEpa. 3a0ayy nepexknoueHus: ux pabomol pasymMHO 803/10HCUMb HA
npocpammy.

Mooicho ucnonvszosamu 051 NOCMPOEHUsL 2eHepamopo8 U YUPposvie MUKPOCXeMbl, KAK
Mo cOenano 6 nepeom npoexkme (puc. 3), 8bib6pas 38ykoeyio uacmomy 2enepayuu. Ha
uemvipex snemenmax H-HE (M/TH-HE) modcro nonyuums 08a ceHepamopa.
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Huxe npuBenena nporpamMma, yrpasisiomias padboToil MUKpOoKOHTposiepa. Kak u B
MpEeABIIYIIEM Cllydae, OHa HallhucaHa Ha acceMmOmnepe it MUKpoKoHTposepa 8051.

Urak, nmporpamma.

[Tpu HanMCaHUU W OTJIAJIKE TTPOTPAMMEI Sl CTOJIKHYJICS C OJTHOH OCOOCHHOCTBIO -
KOMaHJIbl YCIIOBHBIX ITEPEX0JI0B pabOTaIOT B IMANa30HEe CMEIIeHHH OT -128 mo 127 Gaiit. S He
MpUAYMAaN Jy4IIero, KaK YIMHUTD MEPEeX0/1 ¢ TOMOIIbIO TOMOTHUTENbHBIX MeTOK (longer]-
longer3). B okoH4aTeIbHOM BapHaHTE OHH, BOZMOYKHO, CTAU JIMIITHAUMH, HO ST PEIIHI X
OCTaBUTh, KaK HATTOMHUHAHUE O TOM, YTO ¥ HA POBHOM MECT€ MOXHO CIIOTKHYTbhcs. KcTaTu, camu
METKH (BCE METKH, KOTOPBIE 51 UCIIOJIB3YI0) C TOUKH 3PEHHS POrPaMMHUPOBAHKS Ha3BaHBI HE
caMbIM yAauyHbIM 00pazoM. Jlydire ObUI0 HCTOIh30BaTh AHTIOSA3BIYHBIE IMEHA MEeTOK. Ho 51
MTOCYUTAI, YTO HE BCEM YUTATENSIM HEOOXOIUMO 3HATh aHTJIMACKUIA S3bIK, U HAIHCATl PYCCKUE
Ha3BaHUs JAaTUHCKUMHU OYKBaMU - IyPHOI MpUMep, KOTOPOMY HE CJIeIyeT MoApaxaTh. X0Ts,
€CJIM BAYMAThCS, TO JUIsl CAMOM MPOTPAMMBI 3TO HE UMEET HUKAKOTO 3HAUYCHHUS, & IOTOMY -
0oTYero Obl U HET?

[IporpamMma, TEKCT KOTOPOM MPUBEEH HUKE, MOXKET ObITh UCIIOJI30BAHA B
JKCIEPUMEHTAX, HO, IPEXKAE YEM €€ TPAaHCIUPOBATh, U IPOrPAMMHUPOBATH MUKPOKOHTPOJLIED,
ClelyeT THIATeIbHO MPOBEPUTH €€ paboToCOCOOHOCTh. M3-3a pa3nyHbIX KOMIHIATOPOB,
MOTYT HOSIBUTHCS OCOOEHHOCTH, KOTOpPbIE MOTPEOYIOT BMEIIATEIbCTRA.

Urak, nporpamma.

NAME SHOP

[lpoTrpaMMa HalMcaHa JOJig Cclenyoiley KOoHOUIypaluuM Mara3uHa -
MarasmMH MMeeT TOPIOBHM 3aji, B KOTOpPOM paboTanT OBRa Ipolarla,
VMEEeT KaCCOBHBM 3aJl C OBYMA KAaCCOBEIMM allllapaTaMM M OByMS
Kaccupamu, B TOPI'OBOM 3ajle PAaCIIOJIOXKEHE TPM IIOJIKM, CHaOXeHHBE
JaTumMkKaMm, C (i_)aCOBaHHbIM TOBapOM, IOAaTUMKM PaACIIOJIOXEHEI TaKXe IIPpU
BXOOe B Mar'a3MH, IIpM BXOIE B KaCCOBLIM 3aJi, IIPpM BEIXOOE M3 HETIO.
Ecnm KOIMUEeCTRO NOKYyIaTeJleM B Mal'a3MHe I[IpeBHIaeT 4 dJYeJioBeKa

B TOpI‘OBbHZ 3aJl BBEIBBIBaAeTCHA BTOpOIZ npomaBel—KOHCYJIBTAHT,

ecJiM B KacCCOBOM 3ajie 6ojiee 4 mnokylnaTeJiey, BHEBEHBAETCS BTOPOU

~e

Kaccup.

IJajiee MCIOJL3YITCS MMeHa IJaTUuMKOB
plkl - maTumk nosku 1

plk2 - maTuyuk TIOJKU 2

plk3 - maTumxk nojxu 3

dtchd4 - parumk BXOIa

dtchS - marTumk BxOIa B KaACCOBHM 3all

Ne Ve Ve Ve Ve Ve Ne Ne Ve Ne Ne Ne Ne Neo Ne “o

dtch6 - maTumk BHXOZA
JMP init ; [Iepexon K MeTKe HaudajJa paboTe NpOI'PaMMEL

ORG 3h
SJMP opros

3ajlaHMe BEKTOpa MPEepHBaHUg
nepexon K MeTKe MNONNPOTPaMMH OOCITYXMBaHUI
[IPEPLEIBAHN A

Ne Ne N

B Hauajsie pa®OTH 3aZalIVM MMeHa PEeTrUCTPOB UM NOPTOB, MCIOJb3YyEMBIX
B annapaTHOM dYacTHu

Ne N
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init: ACC DATA OEOh ; axKyMyJsaTOp
PSW DATA 0ODOh ; permcTp cCJiOBa COCTOSHUsA Ipolleccopa
DPL DATA 82h ; Muazumy OaMT permcTpa-ykas3aTelsd IOaHHBIX
DPH DATA 83h ; crapumy OauT permucTpa-ykas3aTeJsid IaHHBEIX
B DATA OFOh ; PEerucCTp-pacUMpuUTesib aKKyMyJsaTopa
PO DATA 80h ; nopt 0, MCHOJNB3YyEeMHM IJiS BHBOIA

; uHbOopMaumuy Ha TabJjio

P1 DATA 90h ; nopt 1, MCHOJb3YyEeMHM IJiS BBOJA IIaHHBIX
POLKA1l BIT O ; cosmaIuM MaccuB (¢Jaros,
POLKAZ2 BIT 1 ; B KOTOpOoM OyIeM yCTaHaBJIMBATH
POLKA3 BIT 2 ; bJary JaTuMKOB IIOCJIe IOSBJIEHUS B
VHOD BIT 3 ; HOpTy BBOHa WM cOpaceBaTh OGJjaaru
VHOD KASSA BIT 4 ; OpM olepaluMax Hal TeMM OaHHBIMU,
VIHOD BIT 5 ; KOTOpBE IIOJIYUYMM B IIOPTY BBOIAa II0
V_MAGAZINE DATA 21h ; npephBaHMoO, CO3OaIUM MAaCCHUB
U KASS DATA 22h ; IDAHHEIX ydeTa IOoKylaTeJier U
INFORM DATA 23h ; Oybep MHOOPMaALMOHHOTO TabJio

CLR POLKAl ; OOHYJIMM Ha BCAKUM Cclydan

CLR POLKAZ2 ; Hamw MaccuB u permucTtpel RO,R1,R2,R3
CLR POLKA3 ;

CLR VHOD ;

CLR VHOD KASSA ;

CLR VIHOD ;

MOV V_MAGAZINE, #0 ;
MOV U KASS, #0 ;

MOV RO, #0
MOV R1, #0
MOV R2, #0
MOV R3, #0

; [pous3BemeM VHULMAIMUIAND MUKPOKOHTPOJIIIEPa

MOV INFORM, #0 ; obuynuMm Oydep INFORM

MOV PO, #0
SETb 0B2h

CLR 0OBlh
CLR 88h
SETb OA8h
SETb 0B8h
SETb OAFh

JMP start

.
4

.
14

ycraHoBuM nopT 0 Ha BHBOI MHOOpMaLUU
YCTaHOBUM OUT nopTa 3 IJiS BHIIOJIHEHUS
albTepHaTUBHOM OQyHKUMM INTO, »TOoT OMT,
yCTaHaBJIMBaeMelll nemmbppaTopoMm, OyIOeT BHISHEBATH
IpepelBaHUEe

ycTaHoBuM OuT (TXD) mnopTa 3 Ha BHBOI NOJid
opraHm3auum cbpoca peumbppaTopa

3amanuM cpabaTHBaHue npepreBaHusa INTO «Iio
ypoBHIO», 3zanmucar "0"

YCTaAHOBUM PpaspelleHMe BHEMHEeTO IIpepbBaHUA
YCTaAHOBMM HaMBHCUUY OpuopmuTeT INTO
CHMMEM 3alpeT IpepHEBaHUM

nepenneM K Hadajly OOCJIyXMBAHMA IATUUKOB U
MHGOPMALIMOHHOT'O TabJo
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; lommporpamMa BpeMeHHOM 3amepxku B 100 mc

zaderjka: MOV R1, #84 ; Barpyska umcia 84 B peructp R1
tsikll: MOV R2, #236 ; u umcyia 236 B perucTp R2
tsikl2: DJINZ R2, tsikl2 ; noBTopeHmMe no OOHyJieHMs R2

tsikl3:

DJINZ R1, tsikll ; noBTopeHme tsikll mo oOHYJIEHUS
; perucTtpa Rl

MOV R3, #4 ; Barpys3ka B perucTtp R3 umcrna 4

DJINZ R3,tsikl3 ; noBTopeHme tsikl3 mo oOHyJeHUS
; perucTpa R3

RET ; BO3BpaT M3 noamnporpaMmel uepe3z 100 mc

; llommporpamMMa BPEeMEHHOM 3alepXkM B 1 CexyHIy

sSecC:

tsikl4:

MOV RO, #10 ; BanuumeMm B perucTp RO KOJIMUeCTBO MNOBTOPOB
; pasHoe 10
CALL zaderjka ; BBIBOB mnomnporpaMMme 3amepxku B 100 mc
DJINZ RO, tsikl4 ; nosTopuMm tsikld mokxa perucTtp R3 He
; CTaHEeT paBeH HYJID
RET ; BO3BpaT M3 IOANPOI'PaMMEL

; lommporpaMma MHAOMKALUU

indikat:

SETb INFORM.7h ; BKJINYMM 3yMMEP

MOV PO, INFORM ; mnepemsieM ZIaHHEIE Ha TabJo

CALL sec ; mnomoxIeM CeKyHIy (BBIBBaAB MNOONPOTIPaMMy
; BaIdepXKM B CEKYyHIOY)

MOV PO, #128 ; He OoOHyJsasg OuT 7, OOHYJIVMM OCTAaJlbHHE
; OUTH MopTa BEBOIa MHOopMalmu PO

CALL sec ; TIOOOXIEM CEeKYHIOY

MOV PO, INFORM ; mnepemyieM IaHHBEE Ha TabJo

CALL sec ; TIOOOXIEM CEKYHIY

MOV PO, #128 ; He o0OHyJag OurT 7, OOHYJMM OCTAaJlbHEBE

CALL sec ; TIOOOXIEM CEeKYHIOY

MOV PO, INFORM ; mnepemieM IaHHBEE Ha TabJo

; T.e. Mel "noMmMmram"

; BaXIIIM-IOTaCUIIM—3aXIJIM-IIOTaCUIIM— 3aXIJIN
CLR P0O.7h ; BBIKJIIOUMM 3YMMEP
RET ; BO3BpaT M3 NOONPOI'PAMMEl MHIOMKALUU

; [omnporpaMMma OOCIHIyXMBAHMA I[IPEPEBAHUSA

opros: PUSH PSW ; CcoXpaHMM B CTEKe PeIrMCTp CJIOBa COCTOSAHUSA
; Ipoleccopa
PUSH ACC ; coXpaHMM B CTeKe aKKyMyJaTop
PUSH B ; U PETrMCTPp-pacUlIMpUTesib akKKyMyJaTopa
PUSH DPl ; coxpaHMM B CTeKe pPerMcTp-ykKaszaTellb

PUSH DPh ; nmaHHBX

JB P1.0, ol ; cpaboTay IaTuMk MOJIKM 1, OeperuTu K MeTke ol
JB P1.1, 02 ; cpaboTajyl IDaTuMK IIOJIKM 2, I[Iepe’Tu K MeTKe 02
JB Pl.2, 03 ; cpaborayl maTuMK [OJKM 3, NEPEUTM K MeTKe 03
JB P1.3, 04 ; cpaboTajyl maTuMK BXOoHIa, I[IepeuTu k MeTkKe 04



135 Xo66K-3neKTPOHUKC

ol:

02:

03:

o4:

ob:

06:

sbros:

JB P1.4, o5 ; cpaboray maTuMK BXOIa B KaCCOBHM 3aJl,
; Tepe’uTu K MeTKe 05
JB P1.5, 06 ; cpaboTay IaTuMk BHXOIa, IIepPeuTM K MeTke 06

SETb POLKAl ; yCcTaHOBUTHL GJjar TOJKM 1
JMP sbros ; Iepe’uTu Kk MeTke cbpoca

SETb POLKAZ ; yCcTaHOBUTL GJjal TOJKMU 2
JMP sbros ; TepeuTu k MeTke cbpoca

SETb POLKA3 ; YyCTaAHOBMTL (QJar OOJKM 3
JMP sbros ; TepeuTu K MeTke cbpoca

SETb VHOD ; yCcTaHOBUTHL QJjar maTuuka BXoma
JMP sbros ; nepeutu K MeTke cbOpoca

SETb VHOD KASSA ; yCTaHOBUTb OQJiar HaTuMKa BXOIa B
; KaCCOBHM 3aJjl
JMP sbros ; nepeutu K MeTke cbOpoca

SETb VIHOD ; yCTaHOBMUTH (Jjlal’ mHaTuMKa BEIXOIa
; NpoM3BeIeM alllapaTHHM cOpoc IeumbpaTopa

SETb 0Blh ; ycTraHoBMM B emuHully 6uT (TXD) nopra 0,
; KOTOPBEIM MBI OCYIIECTBJISEM cOpoc nmemmbdpaTopa

NOP ; DOoDaBMM HECKOJIBKO OIIepaTopoB, He
NOP ; BHIIIOJIHAKIMX IeMCTBUM,

NOP ; IOJI4 YOJIVMHEHMA MMIyJbca cbpoca
CLR 0Blh ; c6bpocuMm Out (TXD) mnopta O

POP DPh ; M3BJIeKaeM U3 CTeKa

POP DP1 ; 3HadeHue OlIpenesIgrlnx

POP B ; PermcTposB

POP ACC ;

POP PSW ;

RETI ; BO3BpaT M3 NOONPOI'PaMMbl OOCIIYyXMBAHMA I[IPEPEBAHMUA

; Tenepb IIPOOOJIXVIM IIPOI'pPaMMy, O@CJ‘IYXMBaFI TabJO UM OATUYUKU

start:

massiv:

MOV PO, INFORM ; mnepenumeMm B nopt PO xonuino Tabjo

SETb INFORM.3h ; BEHB3OBeM 1 Kaccupa B KaCCOBHM 3all

SETb INFORM.5h ; BrBOBeM 1 OpolarBlla B TOPIOBEM 3all

CALL indikat ; 3alyCTUM MHOMKALUMIO TabJjo (nomnporpaMMomn
; UMHIOMKALIUU)

JB POLKAl, plkl ; npoBepuM He cpaboTajl M TaTuMK [IOJIKM1

JB POLKAZ, plk2 ; npoBepuMm He cpaboTalyl JM OAaTUUK IIOJIKMUZ

JB POLKA3, plk3 ; nporepuMm He cpaboTaj JM HATUUK IIOJKMU3

JB VHOD, dtch4 ; nposepuMm He cpaboTals JIM DaTudMK BXOIAa

JB VHOD KASSA, longer3 ; npoBepuMm He cpaboTaljl JM OaTuuK
; BXOIa B KACCOBBIM 3all

JB VIHOD, longerZ ; npoBepuM He cpaboTajl JIM OaTuMuK
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; ecam cpaboTanuM OaTuukKy,

JMP massiv ;

BepHeMCA K CKaHMPOBaAaHMK MacCcCHmiBa,

; BEIXOIA U IepenmeM K CJenyoleMy
;. DaTUUKy
ecam He

; cpaboTajyl HM OIOMH HOaT4YUK

TO OOpaboTaeM UX

plkl: CLR POLKAl ; cOpocuM diiar HDepBOM IIOJIKU
SETb INFORM.Oh ; "s3axxeM" MHIMKATOP MNOJkM 1 Ha Tabjo
CLR INFORM.1lh ; "moracuM" MHOMKATOP IMOJKM 2 Ha Tabjo
CLR INFORM.2h ; "moracuMm" MHIOMKaATOP MOJKM 3 Ha Tabjo
MOV PO, INFORM ; a Temnepb BEHBEeIEM 3TO Ha Tabio
CALL indikat ; BEI3BOBEM OONPOTPaMMy MHIMKALUU
JMP massiv ; U BEpHeMCsa K CKaHMPOBAHMI MacCcCHuBa
plk2: CLR POLKAZ2 ; cObpocuM diar HNoIku 2
SETb INFORM.1h ; "s3axxeM" MHIMKATOP IMOJKM 2 Ha TabJjo
CLR INFORM.Oh ; "moracuMm" wmHOuMKaTop nOJKM 1 Ha Tabjo
CLR INFORM.2h ; "moracuMm" MHIOMKaTOP MOJKM 3 Ha Tabjo
MOV PO, INFORM ; a Temnepb BEHBeIEM 3TO Ha Tabio
CALL indikat ; BEIBOBEM OINPOTPaMMy MHIMKALUU
JMP massiv ; BEpHeMCs K CKaHMPOBAHMIO MacCcCHuBa
plk3: CLR POLKA3 ; cbpocuM Odnar nomnku 3
SETb INFORM.2h ; "s3axxeM" MHIMKATOP IMOJKkM 3 Ha TabJjo
CLR INFORM.Oh ; "moracuMm" wmHOMKaToOp HOJKM 1 Ha Tabo
CLR INFORM.1lh ; "moracuMm" MHIOMKaATOP IOJKM 2 Ha Tabjo
MOV PO, INFORM ; a Temnepb BEHBEeIEM 3TO Ha Tabio
CALL indikat ; BEI3BOBEM OIONPOTPaMMy MHIMKALUU
JMP massiv ; BEpHeMCs K CKaHMPOBAHMIO MacCCHuBa
dtch4: CLR VHOD ; cOpocuM QJar maTymMkKa BXOIa

INC V_MAGAZINE

MOV A, V MAGAZINE

SUBB A, U KASS

JZ massiv ;

.
14

.
14
4

BepHeMCA K CKaHMPOBaHMK MacCcCHmiBa,

yBeJIMUMM UMCJIO IOoKyIlaTeJeM B Maras3MuHe
Ha eIOVHUILY
; OTIPaBMM B AKKYMYJIATOP UYMCJIIO
; TIOKyIaTeJyieM B MaTal3MuHe
ompeneyiMM UYMCJIO [HOKylaTeJeM B
TOPI'OBOM 3aJie
ecnu

; TIOKyIaTeJIeM HeT

SUBB A, #1 ; yMeHbBUMM UMCJIO [OKyHarTejei Ha 1
JZ massiv ; BepHeMCs K CKaHMPOBAHMI, €CJM Iokyrnaresen 1
SUBB A, #1 ; yMEeHBUIMM UMCJIO I[OKyIaTejyier Ha 1
JZ massiv ; BepHeMCS K CKaHMPOBAHMIO, €CJM IoKylaTeJel 2
SUBB A, #1 ; yMeHbBUNMM UMCJIO [OKyHaTejei Ha 1
JZ massiv ; BepHeMCs K CKaHMPOBAHMI, €CJM IoKyrnaTejen 3
SUBB A, #1 ; yMEeHBIIMM UMCJIO MOKyIaTejyiel Ha 1

JZ massiv ;
JB INFORM. 5h,

BEPHEMCSA K CKAHMPOBAHMIO, €CJM HoKylarejsenm 4

vtoroy ; eciu 1 mnponaBel, B 3ajle, IIepenieMm
; K BHI3OBY 2 IponaBlia

B NOPOTMBHOM CJlydyae BE3OBeM 1 Npozailia

"moracuMm" BEIBOB 2 NIpoXabBlia

nepenneM K BHBOLNY MHOOpMaUMM Ha TabJIo

SETb INFORM.b5h ;
CLR INFORM. 6h H
JMP obrb ;
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longerl: JMP massiv ; YyOJIMHUTEJb [Iepexola K CKaHMPOBAHUI MaCCUBY
longer2: JMP dtch6 ; yIoaumHUTENb IHepexoma k o0paboTke maTumka 6
longer3: JMP dtchb ; yoauHUTEeNb IHepexoma k oOpaboTke maTumka b5

vtoroy:

obrb:

dtchb:

SETb INFORM.6h ; BBIB3OBEM 2 OpolaBlia
CLR INFORM.5h ; "nmoracum" BEHZ3OB 1 npozaBlia

MOV PO, INFORM ; mnepenmieM B BHEHXOINHOM NOPT ero Oydep
CALL indikat ; BEIBOBEM IIONNPOTpPaMMy MHIMKALUM
JMP massiv ; BEPHEeMCHd K CKAaHMPOBAHMIO MacCCHUBa

CLR VHOD KASSA ; cOpocum djar maTumka BxOomIa
; B KACCOBBIM 3al
INC U KASS ; yBeIMUMM UMCJIO MOKyIaTeJle B KaCCOBOM
; 3ajle Ha eIuMHUILY
MOV A, U KASS ; OTIOpaBUM B aKKyMyJSaTOpP UYMCIIO
; TOKyIlaTeJsieM B KaCCOBOM 3ajie
SUBB A, #1 ; yMeHbUIMM UYMCJIO NOKyIaTejer Ha 1
JZ longerl ; BepHeMCS K CKaHMPOBAaHMIO, e€CJM IokynaTejenm 1
SUBB A, #1 ; yMeHbIIMM UYMCJIO HOKyIarejier Ha 1
JZ longerl ; BepHeMCS K CKAHMPOBAHMIO, E€CJM IOoKyrnaTejyem 2
SUBB A, #1 ; yMeHbUIMM UYMCJIO HOKyIaTejer Ha 1
JZ longerl ; BepHEMCS K CKaHMPOBAHMIO, €CJAM IIOoKyHnaTeJyen 3
SUBB A, #1 ; yMeHbIIMM UMCJIO HOKyIarejyier Ha 1
JZ longerl ; BepHeMCda K CKaHMPOBAHMIO, €CJM [okymnaTejen 4
JB INFORM.3, vtoroy k ; ecmm 1 xaccup B 3aje, NepelmeM K
; BEIBOBY 2 Kaccupa
SETb INFORM.3h ; B OPOTMBHOM CJlydae BHI30BEM 1 Kaccupa
CLR INFORM.4h ; "noracum" BHBOB 2 Kaccupa
JMP obrb k ; mnepermem kK BHBOLY MHOOpMaUMy Ha TabJo

vtoroy k: SETb INFORM.4h ; B NPOTMBHOM CJiydae BBI3OBEM 2 Kaccupa

obrb k:

dtchoé:

scan:

CLR INFORM.3h ; "moracuMm" BH30B 1 Kaccupa

MOV PO, INFORM ; mnepenmuumeM B BBXOIOHOM IIOPT

CALL indikat ; BEIBOBEM IIONNPOTPaMMy MHIMKALUML

JMP massiv ; BEPHEeMCHa K CKaHMPOBAHMIO MacCCHUBa

CLR VIHOD ; cOpocuM Qiiar maTyMKa BEIXOIA

MOV A, V MAGAZINE ; npoBepuM Iepeln BHUYMTAHUEM

JZ scan ; He NyCT JM CUEeTUMK [OoKylaTeJel

DEC V_MAGAZINE ; yMeHBUMM UMCJIO MOKyNaTeJier B Maras3uHe
MOV A, U KASS ; OpoBepuM Iepel BHUYMTAHUEM

JZ scan ; He IIyCcT JIM CUeTuMK IIOKYyIaTeJIeM y Kacc
DEC U KASS ; YMEeHBIIMM UMCJIO IIOKyIllaTeJel Yy Kacc

JMP massiv ; BepHeMCS K CKAaHMPOBAHMI MacCCHUBa

END
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Tenepb mporpaMMy MOXKHO OBLITO ObI KOMITUJIHPOBATh, TOJYYHTh MAITHHHBIE KOJBI U
3anectu ux B [13Y.

B 3axmroueHue s XoTen Obl OTMETUTH, UTO, KaK M MpeAbIAyIIas pa3padoTka, 3Ta
BBIITOJIHCHA 10 X0y HAalTMCAHUS KHUTH. Ee IIEJIb HE CTOJIBKO AAaTh OIIMCAHUC I'OTOBOI'O
YCTPOMCTBA, CKOJIKO MOKa3aTh, KAK MOKHO MOJOUTH K CO3/IaHUI0 COOCTBEHHBIX 3JIEKTPOHHBIX
YCTPOMCTB. MHE XOTeNIOCh MOKa3aTh UMEHHO MPOILIECC CO3/JaHUs YCTPOUCTBA, a HE MOPa3UTh
YUTaTess] MOUMHU MTO3HAHUSIMU U YMEHUEM.

KOHG‘IHO, s moCTapalicsa J0CTATOYHO THIATCIILHO IMPOAYyMAaTh BCC CXCMHBIC PCIICHUA, HO...
U st0 s Toxe x0oTen Obl moka3ark. Ho... s uenoBek, u, Kak Kaxablid YeJIOBEK, MOTY OIIN0AThCA,
YTO NOTPeOyeT UCTIPaBICHU B MPUBEACHHBIX cxeMaX. IMEHHO mo3ToMy Mociie CO3/1aHus CXeM
ux paboTy MpOBEPSIOT, HAIIPUMEP, Ha MAKETHBIX TuaTax. [locie MakeTHpOBaHUs CO3AI0T
OIIBITHBIC 06pa3HLI, KOTOPBIC UCIIBITBIBAIOT B PA3JIMYHBIX YCJIOBUAX SKCILTyaTalluH. U toapko
IIOCJIE 3TOT'0 CXEMbI yCTpOﬁCTBa MOKHO IIPpU3HATh 'OTOBBIMU JIA TI€pEaavu B IIPOU3BOACTBO,
T.€. JUUIsl IOBTOPEHUS.

Bce BbllIeckazaHHOE HUKAK HE 03HAYAET, YTO HE CIEAYET IOBTOPATH YCTPOICTBO, €CIIn
Bbl HAMEPEHBI €r0 NOBTOPUTD, a JIULIb €I1I€ Pa3 HATIOMUHAET, YTO €CJIU CXEMbI IOTPEOYIOT
HaJIaJIK1, UCIIPABJIECHUS OIIMOOK WU MEPEIENIKH, Bbl IPUOOPETETE INYHBINA ONBIT U MOITYYUTE
OosbliIee yI0BIETBOPEHHE, YEM OT MEXaHMUYECKOTO MOBTOPEHUS MOJIHOCTBIO paboTaromien
CXEMBI.

Ecnu BbI pemyte NpUMEHNUTD MIPEIOKEHHBIE CXEMHBIE PELIEHHS B CBOUX pa3paboTKax,
TO IIPU HAJIAJKE cIeyeT 00paTuTh 0c000€ BHUMAHKE HA MOSIBIICHHUE JHUIIHKX, 1a)Ke OUCHb
KOPOTKHX, UMITYJIbCOB. IX HCTOUHHKOM MOTYT CTaTh HaBOJKH, KOMMYTALIMOHHBIE JJIEMEHTHI,
caMM MHUKPOCXEMBI U OIHOKH, O KOTOPBIX MOKAET peub B paznaene «Hamanka». O0bIYHO, TpH
MOHTAa’K€, B LIETIM MUTAHUS CTABIT KEPaMUYECKUE KOHIEHCATOPBl eMKOCThIO 10-22 HD
(Hanogapampl) U3 pacdera OAUH KOHACHCATOP HAa HECKOJIBLKO MUKPOCXEM.

Heobxodumbie onpedesieHUs1 U MOSICHEeHUs

I13Y - a66peBuatypa HazBanus [loctossHHOE 3anoMuHaroiee Y cTpoicTBO. ITO
SHEPTrOHEe3aBUCUMAas MUKpPOCXEeMa XpaHeHUs JaHHBIX. YTo o3HavaeT sHepronesaBucumas? [loce
BBIKJIIOUEHHUS TUTAIOLIETO HanpshkeHust uH@opmarus B [13Y coxpansercs, ¢ nogaueit
HANPSDKEHUS MTUTaHKsI OHA BHOBb MOXKET OBITh U3BJI€UEHA JUIsl UcToyib30BaHusd. O6bryHO B [13Y
MaJjol eMKOCTH (3TO ObLIH «mpoxuraeMeie» [13Y) xpanunuce HeKOTOpbIE JaHHbBIE, YTO-TO
BpoJie TabmuIlbl iepeBoAHBIX K03 dumrenton. C nossnenuem [13Y 0onbIIoi eMKOCTH B HUX
CTaJIi XpaHUTh NPOrpaMMBbl, YIIPaBJISIIOIINE PabOTON MUKPOIIPOLIECCOPOB.

O3Y - OneparuBHoe 3anoMuHaronee Y crpoiictBo. OnepaTuBHas namsTh, KOTOpas
aKTUBHO HCIIONB3YyETCA MU paboTe, HO BCS XpaHUMasi B Hel nH(OpMalKs ncYe3aeT Mocie
BBIKJIFOUEHHUSI TUTAIOUIETO HAaNpshKeHUsl. ECTh MUKPOCXEMBI CTaTUYECKOM NTaMsATH, B KOTOPbIE
JAaHHBIE 3aMMCBIBAIOTCS M XPAHATCS J0 CIeqytoniero ooparienus. ECTh MEKpOCXeMbl
JTUHAMUYECKON MaMSTH, KOTOPbIE TPEOYIOT «pereHepalumy» JaHHBIX, YTO OCYIECTBIISCTCS
IIyTeM PETYJISIPHOTO MPOYUTHIBAHUS TaHHBIX (3TO U €CTh pereHepanus).

TpancasiTop - B TaHHOM CiIydae pedb UJIET O IPOrpaMMe, KOTOpasi OCYILECTBIISET
MepPEBO TEKCTA C SI3bIKA MPOTPAMMUPOBAHHUS BBICOKOI'O YPOBHS B MallIMHHBIE KOJbI. Paznuyaior
HWHTEPIPETATOPBI U KOMITUIIATOPBI.

HNuTtepnperaTtop - nporpaMmma nepeBoja C si3blka BHICOKOTO YPOBHSI B MallIMHHBIE KOJIbI,
0COOEHHOCTBIO KOTOPOU SIBJISIETCS BBIIIOJIHEHUE ONIEPATOPOB U KOMaH/ SI3bIKa BICOKOTO YPOBHS
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cpa3y moclie ux BBeJIeHUs ¢ KilaBuaTyphl. Kitaccuueckuit AuanexT si3bIka MporpaMMHUPOBAHUS
Basic Ob1 IMEHHO HHTEPIIPETATOPOM.

KoMnuasiTop B 0OTIu4ME OT IIIyCTPOT0» UHTEPIIPETaTOpa TpeOyeT HAaMCaHus BCeH
IIPOrpaMMBbI TOJTHOCTBIO, MPEXK/Ie YeM OH HauHET ee nepeBoanTh. [lepeBoaut oH ee B
MIPOMEKYTOUHBIE OOBEKTHBIE KOJIbI, KOTOPBIE 3aT€M CJIeAyeT KOMIIOHOBATh B UCIIOIHIEMYIO
porpaMMy C MOMOIILI0 KOMITOHOBIITMKA TporpaMMebl. TakoBel Obiu Pascal u C.

Ceroansi ¢ pa3BUTHEM TEXHOJIOTHM MPOTPAMMHUPOBAHUS ITU MTOHATHUS HECKOIBKO
yCTapeiu, MOCKOJIbKY HOBBIE JUATIEKTHI S3bIKOB BHICOKOTO YPOBHS BOMPAIOT B ce0s BCe camoe
yaA00HOE, 4TO €CTh B APYTHX, 0Jaro, BO3pOCIINe BO3MOKHOCTH KOMITBIOTEPOB MO3BOJISIOT 3TO.

MecTo AnsA 3aMeToK npu nepsoM YTeHUU.
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MecTo Ansa 3amMeToK Npu BTOPOM YTEHUMN.
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Hanapka wnu bopbb6a ¢ co6CTBEHHOW «reHUanbHOCTLIO»

BHumatensHO paccmaTpuBas cxemy, U300pakeHHYI0 Ha pUC. 58, MOXKHO OTMETUTh OLIMOKH,
KOTOpbIE MHE, €CJIM OBITh 10 KOHIIA YECTHBIM, XOTEJIOCh ObI Cpa3y UCIPABUTh U 3a0bITh O HUX.
Komy HpaBuThCS nenath OMMOKH, J1a el U MyOIMYHO B HUX MPU3HABATHCS?

C npyroii CTOPOHBI, OIIUOKY - XOPOILIUI MTOBOJI, YTOOBI TOTOBOPUTH O HATAKUBAaHUU
pa3pabaTbIiBaeMbIX yCTPOHCTB. OMIMOKM MOTYT BO3HUKATH 10 Pa3HBIM IPUYMHAM: 3]1ECh U
HEOPEKHOCTH - CIEACTBUE TOPOIUIUBOCTH, U HE3HAHUE, UM HETIPABUIILHOE IPECTABICHUE O
paboTe MpUMEHSEMbIX JIEMEHTOB. [IpHunHON OMOKKM MOKET CTaTh CIIPaBOYHAs JINTEpATypa, B
KOTOPOI1 ONMCHIBAETCS AJIEMEHT, HHTepecyolnii Bac. Ha 0CHOBaHMM 3TOT0O ONUCaHUS BbI
CTPOUTE CBOIO CXEMY, U Ta HEe paboTaeT. Bo3MoxkHO, 3TO omnlOKa aBTopa CIpaBOYHUKA.
Bo3moxHO, aBTOp HE 0mMOCs, HO OMMCAHKE AIEMEHTA COOTBETCTBYET €ro MOAU(UKALIUN
OIIPEIENIEHHOTO TO/1a BhIITyCKa. bbIBaeT Tak, 4To 0JlHA U Ta e, HalpuMep, MUKpocxema
BBIXOJUT B PA3HBIX MOIU(PHUKAIMIX, HECKOJIBKO pa3IHyaroIIuxcs B paboTe, 0 4eM aBTop
CIPaBOYHMKA MOJKET U HE 3HaTh. lIHOra MpuMeHsieMble UMIIOPTHBIE MUKPOCXEMBI,
AQHAJIOTMYHBIE OTEUECTBEHHBIM (MJIM HA000POT), HECKOJIBKO OTJIMYAIOTCS OT HUX.

Bosi3Hb OIIMOOK MOXKET 3aCTaBUTh OTKA3aThCS OT IMOMCKA CBOCTO PEIICHHSI WITH CO3/IaHuUS
CBOETO YCTPONCTBA, HO 3TO HEMPABUJIBHO. Sl CUHTar0, 9TO CleayeT OOSIThCS HE OMMOOK, KaK
TaKOBbIX, 4 HCXXCIIaHUA (I/IJ'II/I HGYMGHI/HI) HX UCIIPABUTL. ITone3no Takxke OILCHUTH MCPY BIIUAHUC
omuOKHN Ha pabOTy yCTPOUCTBA.

HanaxxuBanue pa3pabOTaHHOTO YCTPOKCTBA - MPOIIECC, B TIEPBYIO OYEPE/Ib, BHISBICHUS
BO3MOKHBIX OIIMOOK B €0 padoTe.

Ha puc. 61 nokazana ocumiuiorpamma curnana «llepenada» o cxeme puc. 58.
Mapxkepamu BbIICTIEH TOT YYaCTOK OCIIMIIJIOTPAMMBbI, KOTOPBIN COOTBETCTBYET OILITHOKE.

Ha puc. 62 BeigeneHHbIi pparMeHT cXeMbl — HCTOUHUK OLTHOKH.

Puc. 61. Ocunnorpamma curnana "Ilepenaua", nokassiBaroniasi olmuoKy.
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Puc. 62. ®parmenT cxemsbl puc. 58, cogep:xamuii omuoKy.

Bcnomanm, kakum 00pa3zom Mbl coOupaich popMupoBaTh curHan «Ilepemgaday.

[Tocne momaun HaMpsHKEHUSI TUTAHUS HAa (OPMHUPOBATENb U IEPEAATUHK (Pe3yIbTaT
cpabaTbIiBaHUs 1aTyuKa) reHepartop Ha sneMentax DD2.1, DD2.3 nauunaer paborats. [Ipu aTom
Ha Bxojie (BeiBOA 13) anementa DD2.4 ypoBeHb Torudeckoit «1», BClIeICTBUE Yero Ha
MOJyJIATOp MepeJaTunKa NOCTYAIT UMITYJIbChI, hopmupyromue curaan «llepegauay.
OAHOBPEMEHHO ATH UMITYJIbCHI TIOJCUUTHIBAIOTCS CUETYMKOM Ha Mukpocxeme DD3, a, ¢
pUX0/I0M 24 uMIyJibca, OH epenuchiBaet 3HaueHue D-Bxona tpurrepa DD1.2 Ha ero npsmoit
BbixoA. Y anementa U-HE DD2.4 na BoiBozie 13 nosiBUTCSI ypOBEHB JOrHUecKOro «0», yTo
3alpelaer nepeaayy UM UMITyJIbCOB OT FeHepaTopa, TEM CaMbIM, 3aKaH4YHMBasi (popMUpOBaHHE
curHana «Ilepenaday.

[TepBas ommbka, B JAHHOM cllydae, B TOM, YTO MOCIeAHUIN 24 UMITyJIbC (MMEHHO OH
BBIJICJIEH MapKepaMHy Ha pHc. 61) OyaeT HaCTOIBKO KOPOTKHUM, YTO €ro MPOYUTHIBAaHHE B
IpUEeMHHKE (IT0ciIe MPOX0XKIAECHU 110 paJiOKaHally) €/1Ba I CTAHET BO3MOXKHBIM.

JeiictButensHo, cueTunk DD3 ¢ npuxonom 24 umiynbca (ero ¢ppoHTOM) Ha BeiBOjE 12
YCTaHOBUT yPOBEHbB JIOTUYECKOM «1», a 3TOT nmepexo oT Jorudeckoro «0» k «1» n3MeHur
cocrosiare Tpurrepa DD1.2. Takum 00pa3om, ITUTEIBLHOCTD 24 UMITYJIbCa ONPEACITUTHCS
TOJIKO CKOPOCTBIO pabOThl MUKPOCXEM U COCTaBUT, CKOPEE BCETO, 10U MUKPOCEKYH/IbI, YTO
MBI U BUUM Ha ociuiorpamme. i ncnpaBiieHUs OJI0KEHUS MOKHO MEKY BBIBOAOM 12
cuerunka DD3 u BeiBosiom 11 tpurrepa DD1.2 noctaBuTh cXeMy 3a7€p»KHu, BB HOBbIE
JIEMEHTHI. A MOXHO MONBITATbCA U3MEHUTh COEIMHEHUS CXEMBI, IOCKOJIBKY KOJIMYECTBO
UMIyJIbCcOB B curHaine «Ilepegaua» Hamu BEIOpaHO MPOU3BOIBHO. MBI BIIpaBe BapbUPOBATh 3TO
3HaYEHHUE, BHECS COOTBETCTBYIOIINE MTONPABKU B IPUEMHYIO YaCTh YCTPONCTBA.

Bropas ommoka. [Tocie cpabaTeiBaHus JaTYMKa HA cXeMy (GOpMHUpOBATENS U
nepenaTyrka nojaercs nuraroiiee Hanpsikenne. O4eHb BEpOSITHO, UTO T€HEPaTOp HAYHET
paboTaTh MPAaKTUYECKHU Cpa3y, TOT/Ia KaK cUeTYHK Ha MUKpocxeme DD3 Oyner ocTaHOBIICH
dbopMupoBaTeneM UMITyJIbca «cOpoc» Ha Tpanzuctope VT4. U XxoTs Ha cxeme oTcueT
UMITyJIbCOB curHazia «[lepenaya» u oTmpaBka ero Ha MOAYJISTOP MPOUCXOAST B OHOM TOUKE,
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KOJMYCCTBO OTIIPABJICHHBIX UMITYJILCOB 6y,ueT 3aBHUCCTHb OT BPCMCHU BKIIIOUCHUS I'CHCPATOPA
(DD2.1-DD2.3) 1 ;IUTeTsHOCTH UMITYJIbCa «COPOCY, U OYIET HE BIIOJIHE OTPEICIICHO.

Ha puc. 63 npuBenena ocuuuiorpamma ucnpasieHHoro curiana «llepempauay, npu stom
KOJINYECTBO UMITYJILCOB U3MEHWIOCH 10 28. HuxkHuMii Tyd moka3piBaeT curHai Ha C-Bxoje
tpurrepa DD1.2 (BbiBoa 11), KOTOpEIH Teneps NOABIsAETCS Hocie 28 UMITyJIbCa.

xr '

Puc. 63. OcumiorpaMMa ucnpaBJIeHHOT0 CUTHAJIA.

AHanornyHas CUTYyalus CKJIabIiBaeTcs u ¢ opmupoBanrem curnana «Homepy. [Tocne
UCIpaBleHUs: 00a CUTHaIa MPUHUMAIOT TOJDKHBINA BUI. Ha puc. 64 ocummiorpamMmma
UCTIPABJICHHBIX CUTHAJIOB (MHBEPTHPOBAaHHAs ), OJTYUYECHHAsl Ha BXoJe MoayaTopa. Huxauit myu
- BeIBOJ 4 MuKpocxeMbl DD4. Ero ypoBeHb JIOTH4ecKO# «1» BBI30BET 00N «COPOCY CXEMBI U
€€ BBIKJIFOUEHUE JI0 CIIEAYIONIEro cpabaThIBaHUsI TaTYHKA.

A xr

JIRT _

Puc. 64. Ocuniiiorpamma nosaHoro HHGOPMAaIMOHHOT0 CUTHAJIA.
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Hwxe (puc. 65) npuBeneHa ucnpaBieHHas cXxeMa JJaTuuka, OpMHUPOBATEIIS U
nepeaaTynka, COOTBETCTBYIomas puc. 58. McrpaBieHrue M3MEHIIIO U TIOPSIOK MOIaun
UMITYJIbCOB cuTHaNIa «Ilepenada» mo OTHONMICHHIO K HaYaly MOJCYETa STUX UMITYJIbCOB.

N3menenHblie coenqunenus: BoiBoJ 12 DD2.4 coequnen Teneps ¢ BeiBojoM 3 DD3.1;
BeIBOJ 5 DD2.2 coenunen ¢ BeiBogoM 11 DD3.2; BeiBog 13 DD3.2 ¢ BeiBogoM 11 DD1.2.

3amemKku HA ROJAX:

Bo mnozom nanasccusanue ycmpoticme u nouck HeucnpagHocmelti - 06a Ha36aHusi 00HO20
u mozo sdice. Ouenv uHmMepecHvlll, Ha MO 83271510, NOOX00 K 2momy onucwvlieaem Pobepm
Tpeticmep 6 ceoeli knuee «Paduonrooumenscrue cxemol ha UC muna 555». Aemop npeonacaem
ulecms 3mManog npoyedypuvl NOUCKA U YCMPAHEHUsl HeUCNPABHOCMELl, KOMopble MHe XOMen0Ch
Obl npusecmu.

1. Bviagnenue npusnakoe HeucnpagHoCmu.

2. Venybnennwlii ananusz npusHaxa HeUCHPasHOCMu.

3. Cocmaenenue nepeurs B03MONCHHIX HEUCHNPABHBIX DYHKYULL.

4. Jloxanuzayusi HeucnpasHou GyHKyuu.

5. Jlokanuzayusa neucnpagnocmu 6 cxeme.

6. Ananuz omkaszos.

IIpocmoti nepeuenv He daem, KOHEUHO, NOIHO20 NPEOCMABIIEHUsL O NPeda2aemMoMm
nooxooe, NOIMOMY OUEHb PEKOMEHOVIO NPOYUMAams 8Cio 211agy, KOmopas max U Ha3bleaemcs
«llouck u ycmpanenue neucnpagnocmeiin. K cnogy, 6 kHuze MOMCHO HAUMU MHO20 UHMEPECHO20
U 8 Opyeux 2nasax.

MHe dice xomenoce oopamums eauie BHUMAHUE HA MO, YO B00PYHCEHHbIE OAHHOU
MemoOUKol, 8bl MOdCeme 4y8cmeosams ceds 3HavyumenvHo yeepentee. M, enasnoe, ne moivko
npu pabome ¢ 31eKMPOHUKOLL.

He me nu smanwi 6v1 npotioeme npu pewieHuu a1100bix NpooIem, O3HUKAIOWUX 6 saulell
pabome? B smom cmvicie, ygneuenue 31eKMpoHUKOLL, KaK 3aHsamue 071 0movlxd, XOpouuil
NONUSOH O] 0811A0EHUs. HABLIKAMU, NOJE3HLIMU 6 Opyeux oonacmsax desmenvHocmu. Ecnu,
KOHeuHO, Yeblo 8bl CMmagume npoyecc, a He pesyavmam npoyecca. A noscuio.

Mnozue, 3anumasnce 6 c60600HOe 8peMs CO30AHUEM INEKMPOHHBIX YCMPOUCME UIU UX
DPEMOHMOM, OWYUarom 21yO0KyI0 Hey008lemBOPeHHOCMYb 8 ciyuae Heyoauu. Hx ocopuaiom
ycmpoticmea, Komopule He XOmsam pabomamby, Xons adémopsl YMeEepicoaronm, 4mo yCmpoucmasd
npekpacHo pabomatom. Mx obeckypasicusaem, umo Oblmosas mexHuka, Komopas pabomana
NI0X0 00 UX 6MEeuamenbCmed, NOCie SHAYUMeNbHbIX YCULUL C UX COPOHbL O 80CCIMAHOBNIEHUIO,
cogcem nepecmaem pabomamo. Vx pazopasicaem neo6xo0umMocms NpUMEeHAmMb 8 CBOUX ONbIMAX
npubopul, paboma ¢ KOmopwviMu mpebyem u3yueHus,, Kak camux npubopos, max u pesyibmamos,
NOTYYAEMBIX C UX NOMOWBIO. [ makux arooell yevio ecms U 0Cmaemcs umems pabomarowee
uzoenue, Kaxk ecau 66l 3mo ObLIO UX NPODECCUOHANLHOU OeamenbHOCMbIo. IIpu mom y MHO2UX U3
HUX, cpedu mex, ¢ KeM MHe NPUXOOUIOCh, 6CMPeuamsvcs, U NPUPOOHbLL 0ap, U 3HAHUS, U ONbIM.
Memns He yousuno ovl, eciu 6 oHu cMeHUIU NPOpeccuro u O0Cmu2iu 8epuuUl 8 HOBOM 8blOOpe.
Ho, umo mens yousnsiem, max ux HenoHuMaHue npeumyujecms, KOmopule OHu 0opemym nepeo
npogheccuoHanamu, eciu CMeHam yeis - He pe3yiomam, a npoyecc. Ocyuecmenss e2o oe3
cnewku, 6e3 owyujeHus Ha 3amboliKe 20psaue20 ObIXaHUs He0OX00UMOCMU, bl 8 TH0O0L MOMEHM
Mmodceme ckazamo cede: «Cmon. Omo yoice He npuHocum mue yoosiemeopenus. Ilopa
NOUCKAMb, YMO-MO OPY20ex.
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Puc. 65. UcnipaBiieHHas cxeMa JaTYUKa, opMupoBaTe/isi M nepeiaTyuka.
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[TpousBenst ”3MeHEHHS B cXxeMe (POPMHUPOBAHUS CUTHAJIOB IEPEIaTINKa, CICIyeT
M3MEHUTH U CXeMy Jemundparopa y npueMHoro ycrpoiictsa. Kak u B cirydae hpopmupoBarens
CUTHAJIOB, B Aemn(paTope MOTIIN MOSIBUTHCS AHATIOTUYHBIE OLTUOKH - CXEMbl HICHTUYHBI, U
CJIEyET IPOBEPUTH, IPABUIIBHO JIM IPOUCXOJUT MOACUET KOJIMYECTBA UMITYJIbCOB.

Ha puc. 66 moka3ana ocrusuiorpaMma UCIPaBJICHHOTO emudpaTopa, T/1e HIKHAN JTyd
MOKa3bIBAaeT CUTHAJ Ha TaKTOBOM BxoJjie Tpurrepa DD3.2 (BeiBoa 11 Ha cxeme puc. 59). Otum
CHTHAJIOM pa3peniaercsi cuuThiBanue curnana «Homep». Ha ociimiorpamme BUAHO, YTO GPOHT
CHTHAJIa TIEPETIHCH B TPUTTEP, MEPEKIIIoYaroImuii nemmdparop Ha 00paboTKy curnana «Homepy,
IPUXOIUT MOCIE MPOXOXKACHHS 28 UMITyJIbCOB CUIHAJIa MHUIManu3auy «llepenaqay.

Puc. 66. OcuuiiorpaMmmMa CUrHAJIOB HCIPAaBJIEHHOTO TemudpaTopa.

Hwxe (Ha puc. 67) mpuBeaeHa UCIpaBieHHas CXeMa IPUEMHOTO YCTPOMCTBA, KOTOpast
COOTBETCTBYET cxeMe puc. 59. MI3MeHeHHble coenHeHus: BbiBoa 5 DD1.1 coequnen co
CUETHBIM BXOJIOM cllefytolero cueruuka (BeiBo 9 DD1.2); BeiBog 13 DD1.2 coenunen ¢
TaKTOBBIM BX0/10M Tpurrepa DD3.2 (BeiBog 11).
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Puc. 67. UcnpaBiieHHasi cxeMa NPUEMHUKA U JemudpaTopa.
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Ecnu Ob1 hopmupoBaTens Toukoit coenunenust quoaos VD1-VD2 (puc. 65) u pesucropa
R10 coenunuts ¢ pemmdparopom (BeiBog 1 DD1.1, puc. 67), To noHano0unocs 061
MHBEPTHUPOBaHUE CUTHAIOB. HO HalMune KackagoB HU3KOYAaCTOTHOTO YCUIICHHUS B IPUEMHHKE
CZIEJIAJIO NONOJHUTEIIBHBIN HHBEPTOP JIMIIHUM.

Ha npumepe omm60K, KOTOpbIe MOTYT HOSIBUTKCS MPH pa3pabOTKe, CTAHOBUTCS SICHO, YTO
IIOCJIE CO3/IaHus CXeMbl Ha Oymare, ocjie €€ MaKeTUPOBaHMsI CIIEAYET IPOBEPUTDH BCe
COEAMHEHUS U OTIaJUTh YCTPOUCTBO.

XopoIo ocHaleHHas 1abopaTtopust MPeA0CTaBiIsIeT Bce HeoOxoaumoe. Hanmpumep,
MIPUBEICHHBIC BBIIIE OCIIMJIIOTPAMMBI MOTYT OBITh TIOJyYEHBI OCIIIIOrpadoM ¢ IUPpPOBOit
MaMsThIO. A 4TO JeNIaTh, €CIU B BallleM PacHoOpsHKEHUH OOBIYHBIN ocruiuiorpad?

JMTenbHOCTh COPMUPOBAHHBIX UMITYJILCOB HEBEIIMKA, & CIICTYIOT OHU PEIKO - UX
TPYJIHO YBUJETH HA SKpaHe OOBIYHOTO ocHmiuIorpada, Jake Mob3ysSCh PEKUMOM ITOUCKA
KOPOTKUX UMITYJIbCOB. UTOOBI UX CAENATh BUANMBIMH, CIEAYET «3ALUKIUTHY ITY
MOCIIE0BATEIBHOCTh: €CIIH BBhIBOA Auoja (puc. 65) VDS, unymuii k BeiBogy 4 DD1.1, oT aToro
BBIBOJIa OTCOEAMHUTH, TO MOCIIE Mepenucu jJorunyeckoi «1» ¢ D-Bxoaa tpurrepa DD1.1 Ha ero
MPSIMOM BBIXOJI, YTO COOTBETCTBYET CPaOaTHIBAHUIO TATYHKA, CXeMa (JOPMUPOBAHUS CUTHAJIOB
«Ilepenayua» u «Homep» mommkHa paboTaTh B 06CKOHEUHOM IuKIIe. Teneph MOKHO
CUHXPOHU3HUPOBATH OCHUILIOrpad, B pexKUMe BHEIIHEH CHHXPOHU3ALUY, UMITYIILCOM cOpoca
(BeIBOX 4 MuKpocxeMbl DD4) 1 mpocMOTpeTh Ha SKpaHe ocIiorpada BCro
MOCIIE0BATEIHLHOCTh (DOPMUPYEMBIX UMITYJIBCOB. J[J1s1 TOTO, 9YTOOBI YBHIETh, CKAYKEM, TOUKY
CMEHBI UMITYJILCOB curHaina «llepenada» nmmynbcamu curnaia « Homep», MOXKHO yMEHBIIUTh
KOJIMUYECTBO OoJiee KOPOTKUX UMITYJIbcOB curHana «llepemauay, nepenass Beiog 9 DD3.2 Ha
BeiBOZ 4 DD3.1.

Besxuit pas, Korna npuxoIuTCsl pacCMaTpUBATh aHAJOTHYHBIC ITOCIIEI0BATEIBHOCTH Ha
9KpaHe OOBIYHOTO (HE 3alIOMUHAIOIET0) OcUUIuIorpada, ux Heo6X0IMMO NEPEBECTH B PEKUM
0ECKOHEYHOT0 ITUKIIA, BBIOPATh MOAXOSAIINN UMITYJIBC JJIS1 CHHXPOHU3ALUH OcIiiuIorpada u
HCCIEA0BATh UHTEPECYIOIINE IETAIH.

Kak mogoiiTu k Hanagke CXeMbl, €Clii B IOMAIIHEel JabopaTopuun HET ociuorpada?

B 5TOM Ccityyae e JUHCTBEHHBIN IIyTh, KOTOPBIM HE JAET IIOJIHON YBEPECHHOCTH B
pe3ynbTarax, BHUMaTeIbHEUIIUM 00pa3oM MMPOBECTH aHAJIU3 BCEX ATANOB PAOOTHI CXEMBI NEPE
€€ TIEPBBIM BKJIIOUEHHEM. 3aTeM U3MEHHUTh YacTOTY TAKTOBOTO TeHepaTopa (B cxeme Ha puc. 65
sto DD2.1, DD2.3), cnenaB ee o4eHb HU3KOM, K IpuMepy, 1 ', BpeMEeHHO 3aMEHUB
koHAeHcatop Cl Ha HEMONSIPHBIN eMKOCTBIO B 160 ThICSY pa3 O0JbIIeH, M OTCICTUTh 3HAYCHUS
CHTHAJIOB C TOMOIIBIO0 MYJIBTHMETPA U JIOTHIECKOTO MPOOHHUKA HA BCEX 3HAYMMBIX BBIBOJIAX
MHUKpOCXeM (B HallleM IpUMepe, puc. 58, BbI 3aMETHIIN Obl, UTO UMITYJILCOB CUTHAJIA
«Ilepenaua» He 24, a 23), ¥ BHOBb THIATEIHHO BCE MMPOAHATN3UPOBATH. S yKe TOBOPUII, UTO
HacTpoiKa cxeM 0e3 mpuOopoB, OUCHb TPYAOEMKa, HO TeM MpHUSATHEE 00e bl BA0OABOK HUUTO
HE MEIAeT CAeIaTh HEKOTOPbIE MPUOOPHI CBOMMU PyKaMHU.

[IpueM nmoHMKEHUS 4aCTOTHI TAKTOBOT'O T€HEPATOPA, BIUIOTh A0 PYYHOH NOJAaYn
€AMHUYHBIX UMITYJICOB, MOYXHO MPUMEHHUTH U MPU HAJAKUBAHUN MUKPOIIPOLIECCOPHOM YacTH
YCTPOHCTB B OTCYTCTBHE PUOOPOB, HO TOJILKO TOTJa, KOTJa IporpaMMma He HCIIOJIb3yeT
JUHAMHUYECKYIO ONIEPaTUBHYIO IaMSTh - OCIEAHS TpeOyeT OUeHb YacTOM perenepanuu (Win
CXEMy pereHepaluu CleayeT CeslaTh OTACIbHO U MOAKIIOYUTh Ha BpeMsl HaJa)kKUBaHMUS ),
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OCYILIECTBIIAEMOM OO0 CaMHUM IIPOLECCOPOM, JTHOO YCTPOUCTBOM, HCIIONIB3YIOIIMM OOIIUH
TaKTOBBIM F€HEPATOp, YaCTOTa KOTOPOTO JOJDKHA OBITH BBICOKOH.

JInst TeX, KOro Bech pa3roBop 00 OMIMOKax MOT M3JIUIIHE HAITyTaTh, 51 XOTEJN OblI CKa3aTh,
YTO, CKOpEe BCEro, CXeMbl paboTaloT U MOTPeOyIOT He OOJIbIIe YCUIUI 110 Hala ke, YeM JIo0bIe

JpyTHE.

UYro xe 10 KOHIENTYyaJIbHBIX OIMOOK, TO O HUX MHE XOTeJIO0Ch Obl TOTOBOPHUTH B
CIIETYIOIIEH IJIaBe, KOTOPYIO S Ha3BalI «A ecli ObI MBI ...»

MecTo Ans 3aMeToK Npu NepBOM YTEHUM.
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«A ecnu 6bl Mbl Be3n1 NaTPOHbI?»

Ecnu Ob1 pa3paboTka Obu1a mpodeccuoHaNbHOM, TO, 9TO U3MEHMIIOCH OBI?

Bo-nepBbix, npodeccronanbHas pa3paboTKa OTIMYaeTcs JoKyMeHTauen. Ecte
OIpeIeJIeHHBIN CTaHAAPTHBIM HAOOP JOKYMEHTOB, KOTOPBI HAYMHAET, COMPOBOXKIACT U
3aKaH4MBaET pa3paboTKy. OAUH U3 MEPBBIX JOKYMEHTOB - TEXHUYECKOE 3a/1aHKe, B KOTOPOM, IO
MEHbILIEH Mepe, ONKCaHbl BCE MPETEH3UU K YCTPOMCTBY, KaK B (DyHKIIMOHAIBHOM IUIaHE, TaK U B
IUIaHEe KIMMaTHYECKUX TpeOOBaHUi, TpeOOBaHUil 10 yCTOMYMBOCTH K MEXaHUUECKUM
BO3JICUCTBUAM, HAJCKHOCTU U T.J., U T.IL.

[Tockonbky (hopMaabHbIe BOIPOCH pa3pabOTKH HE BXOJAT B IIPEIMET HAIlIEro
paccMOTpeHMsl, MOKOHYMM Ha 3TOM C IOKyMEHTAlUe!, XOTS HEUTO MOX0Kee Ha TEXHUYECKOE
3a/laHie Mbl OCYIIIECTBHIIA B CAMOM Hayaje MpoeKTa.

Uro emie, kpome popMaabHOCTEH, CBA3aHHBIX C TOKYMEHTAIIMEH, OTIIMYaeT
npoeCCHOHATILHYIO Pa3pabOTKy, OT TOTO, YTO MbI CACIIAIN?

B niepByro ouepens, modas mpodeccuoHanbHas pa3padoTka 0a3upyercs Ha THIIOBBIX
peleHHsIX, paHee MPo/IeTIaHHOM padoTe, Ha TeX YCTPOIMCTBAaxX, KOTOPBIE pa3padaThIBAINCH
MPEINPUSATHEM, & 3aTEM H3TOTaBIUBAINCH. ECIIM MOXHO HCIIOJIb30BaTh UX, UX CIEIYET
HETMPEMEHHO HCITOJIb30BaTh. [[pudrHa OJ0OHOTO MOAX0/1a B TOM, YTO MPEIbIIYIIUE pa3padOTKu
yKe€ MHOTOKPATHO MIPOBEPEHBI, KaK B MPOIIECCE OATOTOBKU K MTPOU3BOJICTBY, TaK U MPU
pealbHOM 3KCIuTyaTanuu. Bee HeoCcTaTKH, KOTOPBIE BRISIBIIMCH B TIPOIECCE IKCIUTyaTaIlHH,
TIIATEIBHO aHAIN3UPOBAJIKChH, ONIHOKN YCTPAHSIIHCE.

Ecnu B mporniecce co31anusi HOBOTO yCTPOUCTBA MPUXOIUTCS pa3padaThiBaTh HEKOTOPYIO
4acTh, KOTOpasi paHee He pazpadbaTbIBaIach MPEANPHUATHEM, TO B IEPBYIO OYEPEIb CICTYET
y3HAaTh, KTO pa3pabdaThiBall MOJOOHBIC YCTPONUCTBA, M BOCIIOIB30BATHCS UX OMBITOM pa3pabOTKH,
B YaCTHOCTH, BO3MOYKHO, KYTIMB TOTOBBIE MOJTyJIH, KOTOPBIE M UCIIOJIB30BATh B CBOEH padoTe.

DTOT acneKT MBI Y4JIU, UCIIOIb30BaB B pa3pabOTKe BCce TO, YTO HapabOoTaIu paHee.

Emme o100, 9TO HEOOXOIMMO yUecTh, HaunHas pa3padoTky. JIloboMy yCTpOHCTBY MOKHO
COTOCTAaBUTh HEKOTOPBIM HAOOP CBOMCTB. B 3aBUCUMOCTH OT peasIbHBIX YCIOBUI
(GYHKIIMOHUPOBAHUS 3TOT HA0OP CBOMCTB MOXKET OKA3aThCsl KaK M30BITOYHBIM, TaK U
HegocTaTouHbIM. Kpome Toro, npuaer Bpems, Koraa Ha CMEHY 3TOMY yCTPOMCTBY IPUIET
apyroe. [loaToMy Ha cTaguu pa3pabOTKH CIEAYET 3aJI0KUTh U BAPUAHTHOCTb, M CIIOCOOHOCTD
YCTPOMCTBA K 3BOJIIOIUH.

B kaxoii-To Mepe Mbl yUJIH 3TO, UCIOJIB30BaB MUKPOKOHTPOILIEp At 00paboTKu
coObITHiA. I3MeHsIst mporpaMmy, Mbl MOXKEM IOJyYUTh HOBbIE (YHKIIUHU, KOTOPBIX YCTPOUCTBO
HC UMCJIO0, a, BBIIIOJIHUB KOHTPOJIJICP HAa OTILGJ’ILHOfI 1aTe, Mbl IOATOTOBUIIN €TI0 JJIA
MCIOJIb30BaHUs B APYTUX ycTporcTBax. OMHAKO TOPMO30M AJIsl TOTO MOKET CTaTh
nH(popMalnoOHHOE Tab0, HE UMEIOIIee JOCTATOYHOM TMOKOCTH TIPU MCTIOJIB30BAaHUHU BHE
KOHKPETHOTO yCcTpoicTBa. MOXKHO OBLITO OBl HCTIOJIB30BATh APYTHUE HHIUKATOPHI U TUCILICH,
1t 0TOOpaKeHUs MH(POPMAIIHH, YTO CAEAI0 OBl MOIYJh 3HAUUTEIHLHO O0Jiee THOKUM, HO 3TO
MOTJIO OBl CTaTh U MPUUMHOMN 3HAUUTENBHOTO yIOPOKAHUSI YCTpOHCTBa. Takoro poja acreKThl
ClIeyeT YUUTHIBATh U THIATEILHO MPOCYUTHIBATS.

Teneps MHE XOTETOCH ObI 00CYINUTH, BCE JIM BO3MOXXHOCTH JIEMEHTHOM 0a3bl ObLIH
UCIOJIb30BaHbl B IOJTHOM MEPE U HET JIM JIMIIHETO B CXEMHBIX PEIICHUIX.
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XO0Ts BOTIPOC 0 KOHKPETHBIX CXEMHBIX PEIICHUSX JOCTATOYHO CIIOPHBIHN, HO, B TIPUHIIHIIE,
CJIe10BaJI0 OBl OYMATh O TIOCIIEIOBATEIFHOM MOPTE, KOTOPBIM MMeeT MUKpOKOHTposutep 8051,
U KOTOPBIN IpeHa3HavyeH Jisi oOMeHa nH(opManueil ¢ APyruMu yCTPOMCTBAMH.

Kpome Toro, kak 3T0 TOBOPUIIOCH NP 00CYKICHUN pa3pabOTKH, BIIOJIHE OMPABIaHHBIM
ObUTO OBI MPUMEHEHHE B KAYE€CTBE TATYNKOB CAMBIX IPOCTHIX, & 3HAYHUT U CAMBIX JICIICBHIX,
KOHTAKTHBIX aTYMKOB. X BIOJTHE XBAaTUIIO OBl AJIsl peLlIeHus 3aja4, CTOALIUX Mepet
ycTpoiictBoM. [Ipu ncnons3oBanuu nopta P1, kak 3To UMeeT MecTo, KOHTAKTHBIE TaTYHKU
MOTJIM ObI OBITH TIOAKITIOUEHBI HETIOCPEACTBEHHO K OPTY, €CIIH MIPU ITOM OTKA3aThCs OT
paznoKaHaia, 4YTo BRITJISANT JOCTATOYHO MPUBJIEKATEIHHO, XOTS IPU 3TOM IOTPEOOBAIOCH OB
COEIMHSATH MPOBOJIaMHU JaTYUKU U MHPopMaImoHHoe Tabno. Ho k JocTomHCcTBaM Takoro
peIlIeHus CIeyeT OTHECTU MPOCTOTY IKCIUTyaTallMK JaTYUKOB. [ pOBEpKU UX pabOThI
JIOCTAaTOYHO OYEHB MPOCTOr0 MpHOOpa UK YCTPOUCTBA, U CIIEUANINCTA HU3KON KBATH(UKALIUY.
Torna, Kax st MPOBEPKH MPUMEHEHHBIX JaTYMKOB, TOTpeOyeTcst OoJiee cloKHasl armaparypa,
CHEIMaIbHO U3TOTOBJIEHHAS WK O0LIET0 MpUMEHEHUs, U OoJiee BhICOKask KBau(UKaIus
00CITy>KHBAIOIIEro epcoHaIa.

Kpome Toro, BeiOpaB coeilMHEHHE IPOBOJAMH JATYUKOB U KOHTPOJIIEPA, MBI
OTKAa3bIBAEMCSI OT UCTIOIB30BAHMUS aKKyMYJISITOPOB, KOTOPBIE, CaMU 110 ce0e, TPeOyIoT
KBATH(UITUPOBAHHOTO OOCTYKHUBAHUSI.

S nymaro, 9T0 HET HE0OXOJUMOCTH TOBOPUTH O TOM, YTO TIpH MpodeccruoHaIbHOM
pa3paboTKe clelyeT U3MEHUTh pabouylo YacTOTy paJlOKaHaja, YTO MPUBEAET K
HEO0OXOJMMOCTH 3aMEHbI NepeaTynKa U MPUEMHHUKA JPYTUMH. XOTs Jaxke U 0e3 H3MEeHEHuUs
4acTOTHI MPO(ecCHOHANBHBIN MOAXO0/ K MepeIaTYNKy U MPUEMHHUKY MTOTpeOoBa OBl UX
W3MEHEHUs1, Kak 00 5TOM rOBOPHIIOCH B pa3jienax, MOCBAIIEHHBIX 3TUM TeMaM. B uactHocTH
CJIe10BAJIO OB MPUMEHUTH YACTOTHYIO MOYJIAIIMIO WK IPYTOH, 60ee CTOUKUI K BO3/ICHCTBHUIO
MIOMEX, BUJT MOIYJIALINH.

He cambiM myumum o6pa3zom BeiOpaH (hopMmaT nepenaun AaHHbeIX. KoHeuHo, cienoBano
NPUMEHHUTDH CTAaHJAPTHBIN (OPMAT TOCIIEIOBATEIBHON MTepeIaun JaHHBIX, U TIATeIbHEES
npoayMaTh (POPMHUPOBATETH UMITYJIECOB.

U emte. [TockombKy OCHOBY YCTPONCTBA COCTABIISIFOT HH(PPOBBIE MUKPOCXEMBI,
XKeJaTeIbHO N30eKaTh NCIIOIH30BAHUS aHAJIOTOBBIX, €CIIH 9TO BO3MOXKHO.

Jleno B ToM, uTO LM(poBasi TEXHUKA UMEET BEJIMKOJIEITHOE CBOMCTBO - MPaBUIIBHO
pa3paboTaHHbBIE U COOpaHHBIC YCTPOICTBA HE HYKIAIOTCS B HAJIAXKUBAHUH. A omepanus
HaJaXXUBaHUs [IPU IPOU3BOJICTBE MOKET CTAaTh KaK MPUUYUHON CHUKEHUS KaueCcTBa U3/EeNHs,
pU HEJTOOPOCOBECTHOM MIJIM HU3KO TEXHOJIOTUYHOMN Haa/IKe, TaK U 3HAYUTEIHHOTO €T0
YAOPOKAHUSL.

Ecnu MmoxxHO M30€xaTh cMEMMUBaHUs IU(PPOBBIX M aHATIOTOBBIX 3JIEMEHTOB B OJTHOM
YCTPOICTBE, TO ATO cleayeT cuenarh. [10 KoHIenuu paboThl BCETO H3ACIUs, KOTOPYIO MBI
BBIJIBUHYJIM B KQ4ECTBE 33JIaHUs, BCE JICMCHTHI YCTPOUWCTBA MOTYT paboTaTh Kak MU(POBEIE,
MOCKOJIbKY JaTYMKHU BbIIal0T MH(GOPMALIKIO JIUIIb O IBYX COCTOSIHUAX - cpadoTal, He cpaboTall.
T.e. Bce ycTpoiicTBO BRIMISIAUT Kak nudposoe. Kak nudposoe ero u cnegyer pa3padaTbiBaTh.

XOTs1, KOHEYHO, 3TO MOYKHO CUUTATh U CIIOPHBIM BOIIPOCOM.

EcTb emnie oHa 0COOEHHOCTH YCTPOMCTB, OIOOHBIX pa3paboTaHHOMY HaMU. MBI He
paccMaTpUBaIA BO3MOXKHOCTh TOTO, YTO M3 IIECTH BKJIFOUYCHHBIX B pa0OTy NaTYUKOB, 1BA, HITH
OoJbIie, cpaboTaOT OIHOBPEMEHHO. MOXKHO, KOHEUHO, IPUKUHYTHh BEPOSITHOCTH 3TOTO COOBITHUS
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Y YBUJICTb, YTO OHA OYEHb Maja. MOXHO OLEHUTh TOCIECTBUS COO0s1, BHI3BAHHOTO
OJIHOBPEMEHHBIM cpabaThIBAHUEM JIBYX JIaTUMKOB, KaK He3HAUUTeIbHbIE. OTHAKO B
po¢eCCHOHATILHON MPAKTUKE MPU BO3MOXKHOCTH OJJHOBPEMEHHOTO CpadaThIBaHUs ABYX
YCTPOMCTB, KaX/10€ U3 KOTOPBIX OOpalaercs K HEHTPaJIbHOMY MpOLeccopy A 00paboTKH
COOBITHSI, CTAPAIOTCS MPELyCMOTPETh MEXaHNU3M OpPraHU3aIlluH Ouepen Ha 00CITy KUBaHUE.

Tenepsp, pe3toMupys ckazaHHOE, TOCMOTPUM, KAKUM MOTJIO OBITh YCTPOMCTBO, «ECIH ObI
MBI BE3JIM MATPOHBD».

[Tpu HEOOTBIIOM KOJTMYECTBE HEOOXOAMMBIX TATYUKOB (10 16), mpearmonararoTcs
KOHTaKTHbIE JaTYUKU. MBI HCIIOJIb3yeM OPTHI KOHTPOJLIEpa Ui 00pa30BaHUsl MaTPULIbI
ckanupoBanus (4x4). Onpoc cOCTOSIHUS JATYUKOB OyIeM OCYLIECTBIIATH MO MPEPHIBAHUIO OT
BHYTPEHHEr0 TaliMepa MUKPOKOHTpoJuiepa. OcTaBIIrecs: BBOAbI-BHIBOIbI IOPTOB UCIIOIb3YEM
IUTsL OpraHu3anyu 0osee riOkoro nHpopMaroHHoro Tado. [locnemoBaTenbHBIN MTOPT MOXKHO
MCIOJIb30BATh JJISl CBSA3H C JIOKAJIbHOM CEThIO JUIsi 0OMEHA JaHHBIMU MOIIEPKUBAIOLTUIMU
paboTy ckiana, OyXraiTepuu, CIy»KObl MapKeTHHTa U yIIpaBieHus. Takas MoJIelnb MOXKET OBbITh
MpeIIoKeHa 71l HeOONbIINX Mara3uHoOB.

Jist pa3BUTHSI MOJIETTH B pacueTe Ha OOJIbIINE Mara3uHbl MOYKHO OBUTO OBI MCTIOB30BATh
MYJIBTHILICKCUPOBAHUE JIMHUI TATUUKOB C MoJjauel HHGOpMaIlui Ha Ty K€ MaTPUILy Orpoca.
[ToTpeboBanock ObI K3MEHEHHE TPOTPAMMHOTO OOecTieueHus1, 6€3 CyIIeCTBeHHbIX N3MEHEHUN
arrmapaTHOW YacTH yCTPOKCTBA.

Ho 370, KOHEYHO, YK€ COBCEM JIpyroe YCTPOHCTBO, COBCEM Apyras pa3paboTka.

Bot, uro Ob1 66110, «ecii ObI MBI BE3JIH TATPOHBDY.

[Tonararo, Teneps SICHO, K 4eMy 5 KJIoHI0. CTpemiieHre K nmpodeccnoHain3my B
3HAYUTENbHOI Mepe pPaBHO3HAYHO CAMOOTPaHUYCHHIO M CMEHE IEJIM, O YEM Mbl TOBOPUIIU paHee.

Bouee sxecTkue TpeGoBaHus, 00JbIIEe KOHCEPBATU3Ma, OOJIbIIE TPEOOBAaHUI B
OTHOILIEHUN MOJU(UKALMY, OTPaHUYUBAIOIINX BBIOOP U 3aCTABIAIOIINX OOJIbILE AyMaTh HE O
CBOUX MHTepecax, a 00 HHTepecax NMPOu3BOACTBA, 00 HHTepecax NOTpeduTeneH u T.14.

MHe KaxeTcs, 9To OT MPOPECCHOHATIOB CIIEIyeT 0€3yCIOBHO MPUHSATH 1BAa MOMEHTA -
KECTKHUE TpeOOBaHUS ITPaBUiI 0€30MMACHOCTH MIPH pabOTE C MEKTPUUECKUMH YCTPONUCTBAMHU U
CTpeMIICHHE KaK MOXKHO OOJIbIIIe 3HATH O MpeaMeTe. Bo BceM ocTallbHOM ClieyeT
BOCIIOJIB30BATLCA TCMU IMPECUMYIICCTBAMU, KOTOPBIC AaCT HerO(bGCCHOHaHBHLIfI moaxod.
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U3meputenbHbie Nnpudopbl

[lepeno MHOM /1Ba CTapbIX KaTajaora KOHTPOJIbHO-U3MEPUTENbHBIX TPHOOPOB (hrupMbl « DUITUTICY.
[epBerit matupoBan 1978/79 rogom, BTOpOI BRIYIIEH JecAThIO TogaMu no3xke. O0a karanora
OTKPBIBAIOTCS Pa3JesIoM, HOCBALIEHHBIM ocuuiiorpadamM. Bo3amoxxHO, 3TO cilydaifHO, BO3MOXKHO
HET, HO 5 TOXKE XO0Tel Obl Ha4yaTh pa3roBOp C OcIuuIorpada.

Ocumanorpad oueHb MoJIC3HBIH YHUBEPCATIBHBIN MPHUOOP, HEOOXOJUMBII BO MHOTHX
AKCIIEPUMEHTAaxX B 00JIaCTH 3JIEKTPOHUKH. U XOTS modurtenbckas nureparypa U300uiyer
OTIMCAHUSIMHU JTIOOUTEIBCKUX OCITMILTOTpadoB, Ha MOM B3TJISI, TOPA30 pasyMHee MpruoopecTr
ero. biaro cerogHs BrosiHe 1OCTOMHBIM BHUMaHUS MPOGECCHOHATIBHBIN OCIIHILIOrpad MOXKHO
HaAlTH Ha paJino phIHKE 110 JOCTYIHOM, KaK 3TO IPUHATO celyac rOBOPUTH, LIeHE. A eciiu
(uHaHCOBBIE MPOOJIEMBI [T BAC HE HAUWHAIOTCSA JaKe C IIEH Ha IPECTUKHbIE aBTOMOOMIIN, TO
CEeroJIHsI MOXHO HAWTH, 1 MOJIararo, U MpOCTO-TaKHU BEIMKOJIENHbIE 00pa3ibl OCIMILIOrpadoB.
Mos yBepeHHOCTb 0a3upyeTcs He TOJIbKO Ha MPUCTPACTHH K M3MEPUTENIbHON anmaparype, Ho Ha
TOM, YTO 51 BUXKY, PACKpPbIBas KaTaJIOI'H JECATH- U, 1aXe, 1BaJUATUICTHEN 1aBHOCTH.

Bor, k npumepy, uem Moria nopaaoBath pupma «Dununcy 6osee ABaLATH JIET Ha3a.

Mopens PM3262: nByxkaHaJIbHBIA OCHMIIOrpad ¢ 3JEKTPOHHBIM KOMMYTaTOPOM H
nosiocoit mpornyckanust 10 100 MI'1, ecTh BO3MOXKHOCTH Ha0JIIO1aTh 3aITy CKAIOIIMK CUTHAT 110
TpeTheMy KaHaiy. Bec mpubopa Bcero 0.6 kI'. ITpu monoce nponyckanus B 35 MI't
YyBCTBUTEJILHOCTh BEPTHKAJILHOTO KaHana 2 MB/nenenue. Beck ciekTp Bo3aMoXkHOCTEH
CUHXPOHM3ALMH ¢ YacTOTON cuHXpoHM3anuu cebiiie 200 MI'n. Pazmep sxkpana 8x10 cm.

C ¢ororpadun Ha MEHSI CMOTPUT MAJICHBKOE UyI0 B MPUATHBIX KOPHYHEBBIX TOHAX C
9JIETAHTHO MOJTEHEHHBIMU PyYKaMHU NEPEKIoYaTesIel U CUSIOIIMMU pa3beMaMH BXO/IOB.

MHe JOBOJIBHO JJOJITO TOBEJIOCH MOIb30BATHCS OTEUECTBEHHBIM ocuuiutorpagom C1-114
CO BCTPOCHHBIM MYJITUMETpOM. [Iprbop Toro xe Kinacca, TOMOJIHEHHBIH BOCbMUKaHATBHBIM
KOMMYTaTOPOM, HE MEHEe 3JIETaHTHBIM, OH MHOTO Pa3 BhIpydas MEHs, T0OKa3blBas OTPEXH B
3JIEKTPOHHBIX YCTPOUCTBAX «BOOYHUION.

Yem xe xopomr ocumimiorpad? Bo-nepBbIX, 3T0 JEHCTBUTENFHO CETOIHS YHUBEPCATbHBIHN
npubop. MHOrue MoJenu UMEI0T BCTPOSHHBIH MYJIbTUMETDP, HEKOTOPbIE UMEIOT (DyHKIMH
Kypcopa. EcTb 3anomuHaromye ocunuiorpadsl, 4To BaKHO IPU UCCIIEI0BaHUU OBICTPO
IIPOTEKAOLIUX MTPOLIECCOB (MU PEIKUX OJUHOYHBIX CUTHAJIOB), KOTOPHIE MOXHO 3alIOMHUTB, a
3aT€M MHOTOKPAaTHO BOCIPOU3BOJINUTH U METOANYHO U3y4aTh.

Ecnu B34Th M0OOYI0 U3 CXEM, OTIMCAHHBIX BHIIIE, TO U1 MEHSI HET COMHEHHI, CaMbIi
OBICTPBIN M MIPOCTOM CIIOCOO 3aCTaBUTh €€ PadOTaTh - BKIIOUUTH OCIMIUIOTpad U IOCMOTPETH,
YTO MPOUCXOANT C CUTHAJIAMH CXEMBI.

Bot apyroit npubop GpupmMbl « OUIUTICY»: BBIOJIHEHHBIH B CEPBIX TOHAX, C TOIYOBIM
HKPaHOM, OH HE TOJIbKO KPAaCUB, HO U MOXET MOMHUTH 00 3TOM B MaMATH eMKOCThIo 4 KbaiiT.
Oto monenb 88/89 rona. A Bot Geno-romy6oit kpacaser] pupmbl «KeHBY1», BBIBOISIINN Ha
3KpaH BCE MapaMeTphl CUTHAJA, JIEJKaIero noja KypcopoM. Bepxuss yacrora - 40 MI'n,
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YyBCTBHTEIHLHOCTh KaHajla BEPTUKAILHOTO OTKIOHeHUs1 | MB/nenenue. TouHOCTh U3MEpeHUS -
3%, 9T0 OJIM3KO K TOYHOCTH U3MEPEHHUSI TECTEPa BIIOJIHE MPUIMYHOTO KJIacca.
Her, uro HU TOBOpHTE, & MPHOOPHI KPACHBEI.

Ecnu y Bac Het ocuinsuiorpada, Ho BbI PEIIMIN HEIPEMEHHO UM 003aBECTHCh, Ha UTO
clieyeT oOpaTUTh BHUMAHHE TIPH BEIOOPE MOICITN?

[TocMoTpuM, 4TO TOBOPHUT MO A3TOMY 1OBOy Maiik Tynu B cBoelt kHure «CipaBo4HOE
noco6ue 1mo HuQpoBoil SMEKTPOHUKEN:

«IIpu noxynke ocyunnozpagha Hys’HcHo yuumsiéams He MoIbKO €20 CIOUMOCHb.

Kenamenvho, umobwl 6blOparHbILL Bamu npubop npociysicun Kak MOA*CHO 00blUe ).

Koneuno, on umeet B Buly He npoyHocTh. [IIupokas monoca npomyckanus npudopa u
BBICOKAs! UyBCTBUTEIBHOCTh KaHAJIa BEPTUKAIBHOTO OTKIOHEHHUS - TApaHTHsI TOTO, YTO BbI
CMOXETE MCIIOJIb30BaTh OCIMILIOTPad BO BCEX CBOMX HKCIEPUMEHTAX C MOJIB30M JJIs ceOsl.
Opnako, BbIOMpasi BBICOKYIO BEPXHIOIO TPAHUYHYIO YAaCTOTY, HE CTOUT 3a0bIBaTh U O MEJJICHHBIX
mporeccax, ¢ KOTOPbIMHU, BO3MOXKHO, IPUIETCS CTONKHYThes. [Ipu aToM ecnu ociumiorpad He
uMeeT (QYHKIMH 3alIOMUHAHUS, TO XOPOIIIO UMETh pa3BepTky | - 0.5 cex/nenenue.

O0s13aTeIBHO TIOCMOTPHUTE, YTOOBI IIPH MAKCUMATBHOM SPKOCTH H300paKeHHUE XOPOIIIO
¢boxycupoBanock. HekoTopbie MOJieNI UMEIOT PACUIMPUTENH PAa3BEPTKH, UTO BaKHO IS
MPOCMOTPa KOPOTKUX CUTHAJIOB, TOT/Ia KaK Ha CTOMMOCTh IpUOOpa 3Ta BO3MOXKHOCTD,
NPaKTUYeCKH, He BIuseT. [louTu Bce coBpeMeHHbIE OCIIHILIIOrpadbl MMEIOT BCTPOCHHBIE
KaauOpaTopsl. DTO MpEBpaIaeT UX U3 CPEACTBA HAOIIOACHHUS 32 CUTHAJIAMH B CPEJICTBO
M3MEpEeHUs apaMeTPOB CUTHAJIOB C XOPOILEH TOYHOCTHIO, JOCTATOYHON MOYTH BO BCEX
MPAKTUYECKHUX CIIydasiX.

Xopommmwii octriorpad cHa0keH OOIBIIMM KOJTHYECTBOM BCIIOMOTATEIbHBIX
npucnocoOaeHui. Sl ynomuHani, yto otedecTBeHHbIN ocumorpad Cl-114 (B onHoit u3
MoaudUKaIMil) IMEET BCTPOSHHBIN MyJIbTUMETp. Ho, KpoMe TOro, OH UMEeT NaTYuK
TEeMIIEPaTypbl, © MyJIbTUMETP paboTaeT Kak Xxopoiuuii nudposoit TepmomeTrp. OH UMeeT
BOCbMUKAHAIBHBIN (IIM(PPOBOIT) KOMMYTATOpP, U MHOTHE IIU(POBBIC YCTPOICTBA B CBOEH padoTte
OyAyT ISl BaC 3HAUUTEIBHO OOJiee MOHATHBI, €CIIU Bl YBUIUTE OJJHOBPEMEHHO CUTHAJIBI B
pa3HbIX UX TOYKaX. J|ByXKaHaIbHBIN, 3TOT OCHIIIOrpad Mo3BoIsieT BaM MPOCIeIUTh, KakK
MeHsieTcs a3za BHIXOJHOTO CUTHAJa YCHUIIUTENS MPU U3MEHEHUHU 4acTOThl. CTaHOBUTCS
MOHATHEE, IOYeMy OTpHLIaTeNIbHasi 0OpaTHas CBA3b, YIyUIIAIOas BCE MapaMeTphl Balllero
YCHIIUTEIS, BIPYT MPEBpAIIaeTCs U3 JpyTa B 3JICUIIETO Bpara, CKHUrasi BBIXOAHbBIE TPAH3UCTOPHI
U «yTOMJIsIsD» OJIOK MUTaHUS.

3aBepiuasi peKOMEHJIAIMH [0 TPUOOpeTeHuIo ociuiorpada, s XoTeln Obl peocTepeyb
oT AByXx Beulell. [lepBas - «camblit nyumniit». CaMbli Tydini ocuusuiorpag ToT, KOTOPbIT
ITOMOT BaM B Baleil padote. S 1o ceit 1eHb 4acTo MOJIb3YIOCh JIIOOUTEIbCKUM (TIpaBia, €ro eIle
Ha3bIBAJIM cepBUCHBIM) ocLmuorpagom C1-94 u ouens GrarogapeH Kak eMy, Tak U JIIOASIM €ro
co3/1aBIINM. XOTs 10 COBPEMEHHBIM MEPKaM €ro MapaMeTphl yCTapeEH, OH, K IPUMEPY, MHOTO
noMor (a TouHee, 6€3 HEro ¥ HU4ero He BHIIIIO Obl) MHE B BOCCTAHOBIICHIH KOMIIBIOTEPA MOETO
cbiHa «CHHKIIEp», KOTAa Ha IJIaTy MpoLeccopa BMECTO IATH BOJIBT MUTaHMs 1onajo 20 BOJbT
OYEHb IyJILCUPYIOIIEro HanpspKeHus. Jlerkuit 1 HeOGoNbILION MO pa3MepaM, OH HU pa3 BhIpyYas
MEHSI, KOTJIa PUXOIUIIOCH pa30dupaThes ¢ KAKUMHU-TO JIEKTPOHHBIMU «3aMOPOUYKAMU JANIEKO
oT pabouero Mecra, 4, HaJ0 OTAATh EMY JOJDKHOE, 3a IBaJILATh JIET (IPUMEPHO) BIAJICHUS UM S
JIMILIb OJJHAXKAbI 3aHUMAJICSA €r0 PEMOHTOM.

[TponmtrocTprpoBath NpodIeMy CUHIPOMA «CaMbIi JTyUIIUi» S MOTY Ha IpUMeEpe
COOCTBEHHBIX COBETOB IO MPHOOPETEHHIO KoMIIbIoTepa. Korna MeHs cripalinBaioT, Kakon
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KOMIIBIOTEP CIEAyeT IPUOOPECTH, 1 0TBeUar0: «B 3aBUCHMOCTH OT TBOUX (PMHAHCOBBIX
BO3MOXKHOCTEH, O€pH TOT, YTO JIyUllle BCET0 MOXKET PEIIUTh T€ 3a/1au, KOTOphIe mepe 1 ToOoH
crosT. He mpITaiicss KynmuTh CaMblid TyUIIMHA KOMIBIOTED, MOCKOJIbKY, KYIIUB «CaMbIi», ThI
IpUBE3EIIb JOMOHN YK€ YCTapeBIIHiA - 32 BpeMsl TBOSH MOE3/IKH MOSBUTCS «CaMBbIii-CaMBbIil».

Eme MOMEHT, KOTOPBIN MOXET CHIIBHO MOBJIHUSTH Ha Ballle PEIICHUE 110 TPHOOPETCHUIO
ocrutorpada - ero croumocth. Korna et 20 Hazaz s cam perrai mpooiaemMy MOKYIKH
ocuuiuiorpada, ero HeBbICOKasi, B 0O0IIEM-TO, [IeHa Halyrajia MeHs B JOCTaTOYHOU Mepe.
[Tomorio oTHO HEXUTPOE COOOpaKEHUE - S MOKYTAI0 BEIIb, KOTOPasi MPOCIYKHUT MHE, TI0
MEHBIIICH MEPE, JICT IATDh. Ecmm IIoACJIINThE CTOUMOCTD ocm/mnor‘pa(ba Ha 5TU IIATh JE€T, TO B I'OJL
BBIXOJIUT HE TaK YK U MHOTO. Bo BCSIKOM citydae, He HAMHOTO O0JIbliie, UeM 5 Tpayy Ha
CUTapeThl, a Bellb MOJIb3bI OT ocuuiuiorpada OyneT HecpaBHUMO OOJIbIIIE.

Tak uyTO, ecu BBl HE UMeeTe ocIuIorpada, Ho MOXKETe MO3BOJIUTH cebe KyIHTh €T0,
KYIIATE €T0.

O3HayaeT 7 BCe BBIIIE CKa3aHHOE, YTO Oe3 ociuuiorpada Helb3si HACTPOUTh HU OJHOU
CXEMBI, HEJIb3sl pEaJIN30BaTh HU OJJHOM CBOEH 3aAyMKH?

Her. He o3nagaer. MoxHo u 6e3 ocumyuiorpada cienaTs 04eHb MHOTOE. J[71s1 3T0T0
JIOCTaTOYHO MMETh 3HAYUTEIHHO 00JIee JeIeBhIi mpuOop - aBoMeTp (TecTep).

Jlyuie, npaBaa, UMeTh MyJbTUMETP. K cBOEMy CThIZly 5 IJIOXO 3HAKO, B YEM Pa3HHULIA B
ATUX JIBYX Ha3BaHUsX. BBITb MOXET, aBOMETP MOAPA3yMEBAET U3MEPEHHE TOIBKO TOKA,
HaNpPsDKEHUS U CONIPOTUBJIEHMS, TOTJa KaK MYJIbTUMETP MOXKET MOIYTHO U3MEPATH apaMeTphbl
TPaH3UCTOPOB, BEJIMUYMHY EMKOCTH KOHJIEHCATOPOB UK TeMmiepaTtypy? JIndHo s mox
MYJIBTUMETPOM, BBILIE U Jjanee, Oy1y MoApa3yMeBaTh XOPOIIHi MPUOOpP, KOTOPHIH MOSBUIICS B
Mpojake HEe TaK JIaBHO - HU(POBON U3MEPUTENh TOKA, HAMIPSDKEHUs, COTpOoTUBIeHUs. Ecnn y
Bac €CTh TakoW mpudop, TO, KaK U B Cilydae ¢ oclMuiorpadom, He CIIEHINTE €ro MEHATh Ha
«cambIity. Ceroans, mpeiaraeMplii B MarasuHax JEMeBbli [MUPPOBONA MYIbTUMETP, UMEET
KJIACC TOYHOCTH JIOCTATOYHBIN 71l TOCTPOCHUS APYTUX U3MEPUTETBHBIX MPruOopoB. OH
NPUTOCH JJIsl IPOBENICHHS U3MEPEHUH, CIIOCOOHBIX PelIaTh KOHLENTYalbHbIE BOIPOCHI, a HE
TOJILKO MPAaKTHYECKHE. ITO XOPOIHnii 1 y100HkIH pubop. KoHeuHo, eciii BBl HE CTOJIb
OTpaHHYEHBI B CPEJICTBAX, TO MOXKHO MOUCKATh AHAJIOTUYHBIE MPUOOPHI, HO UMEIOIIUE HE TPU C
MOJIOBUHOM pa3psiia (MMeeTcs B BUy, YTO IIPU U3MEPEHUH Y Bac TpU 3HavaIue udpsl
menstiotes ot 0 710 9, a yeTBepTast 100 HE TOPUT, MO0 MOKA3bIBAET 1) U AaXKe HE YEThIpe ¢
MIOJIOBUHOM, a 3aMaxXHyThCs Ha OOJIbLIYIO pa3psAHOCTh MyJbTuMeTpa. CKopee Bcero, 3To
IpUBEET K MOBBILIICHHUIO KJIacca TOYHOCTU MPHOOpa, €Clv AJi BaC 3TO MOKET ObITh BaXKHO, U
pacCIIMPEeHHIO er0 (PYHKIIMOHATBHBIX BO3MOXHOCTEH. Tak MyJIbTUMETp TOM ke (PUpMBbI
«Dunurncy PM 2718 no karaiory 1989 roga umeeT TOUHOCTh MPU U3MEPEHUHU TTOCTOSIHHOT'O
HanpsikeHust 0.04%. A «6onbimoi» mynstumeTp 8840 0.003%.

Xopomuii 1udpoBoit mpubdOp BBITyCKalla OTEYECTBEHHAS TPOMBIITICHHOCTD -
«Onextporrka MMII - 01». Beicokasi TOUHOCTh M1 MHOT'O MPEEIOB U3MEPEHUH, KaK Ha
IIOCTOSIHHOM, TaK ¥ Ha IEPEMEHHOM TOKE.

O 4geM, KaKk MHE Ka)KeTcs, clieyeT oAyMaTh B IEPBYIO OYEPE/Ib, BBIOUpas MyJIbTUMETDP?
O BO3MOKHOCTH U3MEPEHUS U MIOCTOSTHHOTO, M IEPEMEHHOT0 TOKa (M HANPSHKEHUS ) B IIUPOKHUX
npenenax. [Ipu aToM kimacca TOUHOCTB 2.5 - 4 BIIOJIHE JOCTATOYHO IS MPAKTUYECKUX
u3Mepenuii. Ecim BB oOkaxkeTech nepe BEIOOPOM, UTO B3STh - aBOMETP, H3MEPSIONINN Ha JeCITH
npejienax TOK U HampsbkeHne o00MX BUIOB, HO Kilacca 2.5 Wi MyJBTUMETP, U3MEPSIOIIHIA
MOCTOSIHHBIN TOK, HO HE U3MEPSIOLINN TEPEMEHHBIN, a IPU U3MEPEHUH IEPEMEHHOTO
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HAaIPS?KCHUA I/IMeIOH_[I/Iﬁ BCCTO ABa Mpeacia, To, €CJIN XapaKTCp BalllUX UHTCPECCOB HC TUKTYCT
00paTHOTO, MOyMaiTe 0 BEIOOPE aBOMETPA.

Kakum ObITh BallieMy MyJbTUMETPY - CTPEIOYHBIM WU U(PPOBBIM?

Boob6e-To 310 - 1eno BKkyca. Bo-nepBoIX, 1udpoBoii mpudop He 3acTaBisieT Bac
3aTPYIHATHCS C MPOYNUTHIBAHUEM 3HAUEHUSI U3MEPEHHON BeanunHbl. Ho, BO-BTOPBIX, YBBI,
MOpoH, 3actaBiisieT. S moscHio. Bbl nu3MepsieTe HanpsHKeHUE OaTapelKy Ballero Ieepa.
[udposoit mynsTuMeTp MokasbiBaeT 1.457 BonbT. U BaM Hajo mepeBecT 3TO B 3HaUYeHHE 1.5
BOJIBTA, TOCKOJIbKY BAaC MHTEPECYET OJTHO - €CTh JIM TaM TOJI0)KEHHBIE «BOJIBTHI» MM OaTapeiika
coBceM pa3psbkeHa. Eire OombIie Bac 3aTpyIHUT, €CITH, MoKa3aB 1.457 BOJBT, Balll YeCTHBIN
M(ppoBOI MYJIBTHMETP MOKAKET TYT K€ (KaK TOBOPST, «HE OTXO OT Kacchl») 1.456 BOMBT, a
3ateM 1.458. Takoe ¢ HUMH, HHOTA, ObIBaeT. MiHOTIa OBIBAeT U XyXkKe, KOT/1a u3MepsieMast
BEJIMYMHA KosebieTcs B 0ojiee MMPOKKX npeaenax. CTpesiouHblid mpubop MpH TeX ke 3aMepax
MOKa3bIBACT MOCTOSIHHOE 3HaueHue. JlomkHo i 310 pazouapoBbiBaTh? He mymaro. Bee aTo He
0osee yeM Borpoc NpuBbIYKU. [To3TOMyY Ha IepBoe MecToO 51 ObI BBIHEC BOIPOC O JOCTATOYHOM
KOJIMYECTBE MPEAEIIOB UBMEPEHHUIN U U3MEPSEMBIX ITAPaMETPOB.

Kcrartu, MHOTHE MYJIBTUMETPBI, UMEIOLIUECS CETOIHS B MPOJaKe, OCHAIICHBI
THIIATIKOWY, paboTarolel Ha IEPBOM (CaMble Majibie 3HAUCHUS ) TIPEIeie N3MEPEHUS
COTMPOTHUBIIEHUS. Sl cunTaro 3TO oueHb yI00HOM 106aBKOM. Y 100HOI, KOT/1a BaM MPUXOIUTCS
MIPOCMATPUBATh CXEMY COSIMHEHUH, pa30upasich ¢ KAKUM-HUOYAb SJICKTPOHHBIM YCTPONCTBOM,
CXEMBbI KOTOPOTO y Bac HeT. Brl prucyere (MBICIIEHHO BHauaje, MO3Ke 1 Ha OyMmare)
(GyHKIIMOHATIBHBIE y3JIbl, OCHOBBIBASICh HA CBOMX JIOTAJKaX, «IIPO3BAHMUBAETE) LIETIH COCTUHEHUS
MHOT'OYUCJIEHHBIX KOMIIOHEHT, COOTHOCSICh CO CBOMM IIPE/ICTaBIIEHUEM, U BUJIETh TOUHbBIE
3HAYEHUS B 3TOT MOMEHT BaM COBEPIICHHO HE BaXKHO. 3aTO BaXXHO MPOCIIEIUTh, YTOOBI IyTIHl HE
CKOJIB3HYJIH, 3aKOPOTHB COCETHUE BBIBOJIBI KAKOH-HUOYIb MUKpOCXeMbI, nMetorien 40-60
BBIBOJIOB, MJIH, COCKOJIb3HYB C U3MEPSEMOTO BbIBOJIa, HE BBENU Bac B 3a0yxaeHue. JIro0oii xe
MIOBOPOT TOJIOBBI, U JaKe MEPEMEILEHUE B3IJI/1a, YpEBAThl UMEHHO TAKUMH MOCIEACTBUSMH.
3/1ech «IUILIATKa» - HE3aMEHUMbIN MOMOIIHUK. TO, YTO HA3BIBAIOT ITYCTAYOK, HO MPUSTHOY.

Ecnu ot ociiiiorpada, mo npuumrHe ero A0CTaTOYHO BHICOKOW CTOMMOCTH, BB MOXKETE
0TKa3aThCs, TO TecTep (aBOMETP, MYJIBTUMETP), cO00pa3ys ero MoKynky ¢ HaTM4eCTBYIOIUMU
CBOOOHBIMU JICHBIaMH, S BAM COBETYIO UMETh 0053aTeIBHO.

CymHOCTb paboThI € ANEKTPOHUKOM BO MHOTOM MOYKHO CBECTH K U3MEPEHUSM Pa3HOTO
poJia ANEKTPUIECKHUX BEJIHUMH, C LIeTbI0 TPOBEPKU COOTBETCTBHS PACUETHBIX U peabHBIX
3Ha‘{eHHI>'I, OKNJACMBbIX U MOJYUYACMbIX, IPOMHUCAHHBIX B CXEMC UJIN TaGJII/II_Ie, U UMCIOIIINXCA B
HaJIM4YNH.

N3mepaTsb, Tak u3MepsTh!

Kakue ele pagocTHble UM IPYCTHBIE MBICIIN HaBESIM Ha MEHS CTAPEHbKUE KAaTajaoru?

Bort panoctHsle.

Pa3znen reneparopoB. OyHKIIMOHAIBHBIE TEHEPATOPHI.

OueHb MHE HPaBUTCA W[ UMETh B OJJHOM I'€HEpPaTOpE U CUHYCOUIANIbHBIN, U
TPEYTOJIbHBIN, U IPAMOYTOJIBHBIM CUTHANBL. Jla ellle U CHHYCOMAAIBHBINA CUTHAJI UMEET
HeqmmHelHabIe nckakeHud 0.35% B momoce gactoT 1 I'm - 200 xI'11. DTOT0 BIIOJIHE JOCTATOYHO
JUTSI MHOTHX M3MepeHui. A mosHast mojoca yactoT 0.1 mI'm - 50 MI'p (Monens PM5192), na
ewe u ¢ monyssiuuei. [lpusitHo.
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A TpyCTHO OTTOT0, YTO MaJIO, Ybs JOMAIIHSS J1a00paTOPUs MOKET IIOXBACTAThCSI TAKUM
puoOpOM.

B Bamieit npakTuke MOXKET MOHAI0OUTHCS MHOKECTBO JIPYTUX MPUOOPOB: YaCTOTOMED,
WU3MEPUTEITh UHIYKTUBHOCTU U EMKOCTH, TEHEPATOP TEIIEBU3UOHHOTO CUTHAJIA, TOTUYECKUM
aHAJIN3aTOP, U3MEPUTEIb HETMHEWHBIX UCKAXKEHU, N3MEPUTENb TapaMeTPOB TPAH3UCTOPOB,
U3MEPUTEINb CIEKTPA... IS MPOAOIKEHUS CITUCKA JOCTATOYHO OTKPBITH CIIPABOYHHUK 10
U3MEpUTENbHBIM pubopam. Eciu Bamu puHAHCH MOTYT BBIACPXKATh MOAOOHBINA HATIOP, TO 3TU
poOJIEMBI OTCTYTAT. A €Clii He BhIJepKatT?

JIns nomariHeit 1abopaTopuu 003aTeNbHO CIeTyeT HMETh MyJIbTUMETP, OYCHb
KeNaTeNbHO - OCIUIUIOrpad 1 reHepaTop, BO3MOXKHO, GyHKIMOHAIBHBIN. C HAOOPOM 3TUX
pruOOPOB Y BaC OTKPOIOTCS TOCTATOYHO OOJIBIIIE BO3MOXXHOCTH B YaCTH SKCIIEPUMEHTOB, &
HEJIOCTAOIHE TPUOOPBI MOXKHO U3TOTABIMBATH, IO MEPE HEOOXOAMMOCTH, IPH MOITOTOBKE
odepenHOro npoekTa. Kakue npubopsl MOXKHO H3TOTOBUTH CAMOCTOSTENIEHO, H KaKUe MTPUOOPEI
IPY 3TOM YK€ HY>KHO UMETb ISl HaJlaJAKu?

Ecnu BBI, BOIPEKH MOUM COBETaM, PEIIUIIN CAMOCTOSTEIIBHO CAENaTh OCIUuIorpad, To...

Ecnu y Bac ecTh KOMIBIOTED, S COBETYIO MPEXKIE MOXOIUTH O PAUO PHIHKY U
HOCHpaH_II/IBaTB, HCT JIN y KOro mu3 HpOI[aBL[OB HpI/ICTaBKI/I JUIA KOMHBIOTepa, HOBBOHHIOLLIGP’I
IpEeBpPaTUTh €ro B ocuuiorpad. Koraa-ro MHOrMe U3roTOBUTENH 3IEKTPOHUKH IS
KOMITBIOTEPOB TMpe/yiaraiu mogo0HbIe yeTpoiicTa. M, ecnu HalineTe moaxosiiee, To Oyaere
UMETh ocIuiuIorpad ¢ 3armoMUHAHUEM, XOTS U C OTPAaHUYEHHBIM YaCTOTHBIM Juamnma3oHoM. He
3a0yJIbTe, TOJIBKO, B3ATH C IJIATOM U MPOTrpaMMy MOAIEPKKHU, MHAUYE BaM MPHUAETCS MUCATh €e, U,
00I0Ch, B YCIIOBUSX He0CcTaTKa HH(OpMAUK 00 YCTPOMCTBE ITOTO «KOMITHIOTEPHOTO
ocrutorpada.

[Ipu oTCYyTCTBUHU KOMITBIOTEPA, UM HEY1aue B IOMCKAX IUIATHI, peBpalaromeit
KOMITBIOTEP B OCIIILIOTPAQ, sl COBETYIO B3ATh CXEMY IIPOMBIIUIEHHOTO ocLmuniorpada u
HOBTOPHUTH ee. [le7I0 B TOM, 4TO CXeMHas pa3paboTKa Il CEpUHHOTO MPOU3BO/ICTBA
OpPHEHTHPOBaHA HA MHOTOKPAaTHOE IMOBTOPeHKE 03 CI0XKHOM Hanmaaku. /l0cTaToyHO B3STH
3JIEMEHTHYI0 0a3y, yKa3aHHYIO B cnenudukannu, u coopats npudop 6e3 ommdoK, 4To0bI
HOJTY4UTh KEJTaeMbIi pe3yJIbTaT, TOT/Ia KaK B JTIOOUTENbCKUX pa3paboTKax, Jale BCEero,
HaWIy4YIIHe Pe3yIbTaThl JOCTUTAIOTCS [IEHOW TPYIOEMKOW JOBOAKH M3METH, a 3TO, B CBOIO
o4epelib, MOKET MPOSBUTHCS B M3MEHEHHUH TTapaMEeTPOB TI0 MPOIIECTBUY HEKOTOPOTO BPEMEHHU U
00€CIIeHUTh Balll MPUOOP, KaK U3MEPUTEIBHBIH.

[IpocToii pyHKITMOHAIBHBIN TEHEPATOP MOKHO U3TOTOBHUTH Ha 0a3ze mudpoBoi
MHKPOCXEMBI, 00JIee CIIOKHBIH C IPIMEHEHNUEM OTIEPALMOHHBIX YCHIuTeneld. TOYHOCTh 1
CTaOMIBHOCTB He OyIyT mopakaTh BOOOpaXKeHHe, HO X OyAeT XBaTaTh /g MHOTHX 1eneil. [Tpu
M3TOTOBJICHUH NPUOOpA KpaifHe )KeIaTeIbHO UMETh OCIILIOrpad, 4ToObl KOHTPOJIUPOBAThH
dbopMy CUTHAJIOB.

Hwuxe npuBeneHa cxema QpyHKIIMOHATIBLHOTO T€HEPATOPa, KOTOPast OIMyOIMKOBaHA B
xypHane «Pagmo» Nell 3a 1980 r. Cxema pazpaborana JI. AHyppreBbIM 10 3aJaHUI0 PEIAKIINH.
K cioBy, oT MHOTHX MpodecCHOHAIOB sI HEOTHOKPATHO CIIBIIIAN TPEHEOPESIKUTEITBHBIE OT3BIBBI O
KypHaie «Paano», K KOTOpsIM HUKAK HE MOTY MPUCOSIUHUTBCS. JIMYHO s Bcerya ¢
yI0BOJILCTBHEM JIMCTAJT TIOAIIUBKY JKypHAIa Pa3HbIX JIeT. B kakol-To mepuo; MOXHO OBLIO
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KyIHUTb CTapble )KypHaJIbl B KHIDKHBIX Mara3suHax, o3jiHee Ha paauo poiake. Kak obcrodar nena
ceifuac, He 3Hat0, HO €CJIM BaM BCTPETUTCS MOJIIMBKA )KypHasa «Panno», nymaro, Bbl HE
noxxkayieere, eciau kynute ee. Keratu, cxema ocumiiorpada C1-94, ecnu s He omuocs,
nyOnukoBanack B xypHanax «Pagno» Nel u 2 3a 1983r. Cxema u pekoMeHJaluu 1o
HaJIa)KUBaHUIO.

Wrak, cxema (hyHKITMOHAIBHOTO TeHepaTopa. B 1emsax ynpoiienusi, oH pa3paboTaH Kak
reHepaTop AUCKPETHBIX YacTOT, epekpbiBas Auana3oH ot 20 repi a0 150 kunorepi. B nepsom
nojaauana3oHe 3tTo yactotel 20, 27, 36, 47, 63, 84, 112, 150 repi, ocTajibHbIE IO/IMAIIA30HbI B
JIECSITh, CTO U THICSYY pa3 BBIIIIE.
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Puc. 68. Cxema (yHKIIMOHAJIBLHOIO FeHepaTopa.

BrixogHoe HanpskeHue cuHycounainbHoro curtana 300mB, 30mB, 3mB.

Ha snemenTax DI1.1 u D1.2 Beinonnen komnaparop. Ha tpansuctope VT1, anemente
D1.3 u xonnencaropax C1-C4 noctpoen unrerparop, a Ha aneMmenre D1.4 u nuonaxVD3 u VD4
npeoOpa3oBaTesb TPEYTroJIbHOTO HAMPSKEHUS B CHHYCOMAATIBHOE.

Kaxk Bo3HHKatoT Kojiebanus B reneparope?

[Tonoxwum, Ha BbIxoze D1.2 Bbicokuil ypoBeHb HamnpsbkeHus (nepekiatouareny S1 u S2 B
MOJIOKEHUH, TOKA3aHHOM Ha cxeMe), KonaeHcaTop C4 HaumHaeT 3apsiKaThes uepes3 pe3uctop R6
HanpspKeHueM ¢ Beixoja D1.2, a HanpskeHUe Ha BBIXOJE MHTErpaTopa HauHET JIMHEHHO
Clajiath. JTO HAMpsDKEHHE Yepe3 pe3ucTop R4 moctynaer Ha BXOJ KOMIapaTopa, U Kak TOJIbKO
oHo nocturHeT BenuuuHbl 0.5B (onpenensercs conporuBnenueM R3) komnaparop
MEPEKIIIOUNTCS B APYTO€ YCTOMUNBOE COCTOSIHME ¢ HU3KUM ypoBHEM Ha Beixoze D1.2. Ho
HanpspkeHue Ha 0asze Tpansuctopa VT1 Bbllle 3TOro HaNpsKEHUsI, YTO 3aCTaBUT KOH/IEHCATOP
C4 paspspxaThed uepes pe3uctop R6 u BeixogHoe conpotuBieHue snementa D1.2. Hanpsbkenne
K€ Ha BBIXOJIE HHTErpaTopa Mpy 3TOM OyJeT TUHEHHO HapacTaTh, MOKA HE JOCTUTHET BETHYUHBI
B 3.7B, npu KOTOPO KOMIapaTop BHOBb BEPHETCS B UCXOJIHOE COCTOSIHUE C BHICOKUM YPOBHEM
Ha BeIxozie D1.2, a HanpsbkeHue Ha BBIXOJI€ MHTETPAaToOpa HAYHET OISITh JJMHEMHO CIaiaTh.

Wzmensst 3apaanoe conpoTusienue (R6, R8-R15) mnu emkocts (C1-C4), MoxkHO
M3MEHSATH CKOPOCTh 3apsijia, a, CleA0BaTeIbHO, M YACTOTY TeHepaTopa.
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@OyHKIMOHAIBHBIN Tpeodpa3oBaTeNb CUTHANA TPEYTroIbHON (POPMBI B CUHYCOUIATbHBIH -
3TO OOBIUHBIN ycunuTenb Ha aneMenTe D1.4, oxBaueHHbIH nuHeitHoOH (uepe3 R22 n R23) u
HenuHenHoM (uepe3 VD3 u VD4) o6patHo# cBsi3bi0. OTKPBIBAasICh HA BEPIIMHAX TPEYTOJIBHBIX
UMITYJIbCOB, TUOJIbl «CKPYTIISIOT» TPEYTOJIbHOE HAPSHKEHUs, IPeBpallias ero B 0JM3K0e K
CHUHYCOUJAIILHOMY.

Hcnons3yeMbie KOMITOHEHTHI:

DDI - KI55J1IA8, VT1 - KT315b, VD1, VD3, VD4 - KJ1522A, VD2 - KC133A.

Pesuctoper MJIT 0.125BT, 5%: R1 - 1.3kOMm, R2 - 7.5kOm, R3 - 5.6kOm, R4 - 5.1kOm,
R5-430, R6 - 3.9xOm, R7 - 510, R8 - 27kOm, R9 - 6.8kOM, R10 - 5.1kOm, R11 - 3.9xOm, R12 -
3kOm, R13 - 2.2xOm, R14 - 1.6kOmM, R15 - 1.2kOm, R16 - 240kOm, R17 - 1.1xOm, R18 - 390,
R19 - 2.4xOm, R20 - 820, R22 - 910, R24 - 1.3kOm, R25 - 8.2xkOm, R26 - 820, R27 - 91.

Pesucrops! CII3-1b: R21 - 1kOm, R23 - 470.

Konnencaropst MBI'TI, MBM, KCO, K40I1-2 (5%): C1 - 470n®, C2 - 4700nd, C3 -
0.047MKD, C4 - 0.47MKD.

Konpnencarop C5 - 100.0x10B tuna K50-3, K50-6.

[Tepexmouarenu S1 - [IT'T 11111H; S2 - IIT" ST12H.

HanaxuBaHus renepaTopa HAYMHAIOT C TPOBEPKU HANIPSKEHUS TMTAaHUsSA, KOTOPOe
JOJKHO OBITH PaBHO 5 BOJIBTaM.

[MonkmrounB ocumiorpad K BEIXOLY CUTHANIA IPAMOYTOIbHON Gopmbl «I1p»,
YCTaHABJIMBAIOT MEpeKIoYaTeab S1 B HUKHEE 110 CXeME MOJI0KEHUE, COOTBETCTBYIOIIEE
MaKCHUMaJIbHOM JacToTe, a S2 B cpeanee. [Ipu oTCyTCTBUU Ha 3KpaHe ocimiiorpada
MPSIMOYTOJIBHBIX KOJIEOaHU TPOBEPSIOT YPOBEHB HaNpsikeHus Ha Bbixoae « Tp». Eciu o
Hu3kui (0.2B), To He00X0AMMO YMEHBIIUTH COTPOTUBIIEHUE pe3ucTopa R1, ecnu BbICOKMIA -
yBenuuuTh. C MOSABIEHUEM TPEYTOJIBHBIX UMITYJIBCOB CIEYET OTPEryJIUpoBaTh pe3uctopoM R1
ux pa3max ot 0.5B 1o 3.5-3.7B. CUMMETpHYHOCTH TPEYTOJbHBIX HMITYJIbCOB TOOMBAIOTCS
pe3uctopoM R8. YBennueHnue 3Toro pe3suctopa NpuBOAMT K YBEJIMUEHUIO CKOPOCTH criaja
TPEyToJIbHOTO HanpshkeHus. [Ipu HanpspkeHnn ctabunnszanuu crabunutpona VD2 3B pesucrop
R8 BO3MOKHO HCKIIIOUNUTH U3 CXEMBI, 4, €CIIM CHMMETPHUH UMITYJIbCOB HE YJAETCsl TOOUTHCS, TO
ciemyeT monpoOoBaTh pe3ucTop R8 MogkmounTh K MojgokuTeasHoMy mnodtocy. [Tocie
CUMMETPUPOBAHUS UMITYJILCOB Ha BBICOKOM YAaCTOTE MaIa3oHa nepexitovarens S1 ciexyer
NEPEKIIIOUNTD B BEPXHEE T10 CXEME IT0JIOKEHUE, TIEPEN/I Ha HUYKHUE YaCTOThI 1Uana3oHa. 31ech
CUMMETPHUHU UMITYJILCOB JOOMBAIOTCS TOJICTPOMKOI pe3uctopa R16.

[Tocne 3Toro 3amMepsroT NEPUO TPEYTOJIBHBIX UMITYJIBCOB, KOTOPBIN ITPHU MOIKIIOUEHUH
koHaeHcaropa C3 (nuana3oH «x10») gomken 66T SMC (¢ TouHOCTHIO 10%). [ToacTpoiiky
CJIEIyEeT BECTU PE3UCTOPOM R4 - yBennueHue pe3rucropa NpUBOIUT K YBEINYEHHIO IEPUOJIA U
Ha000pOT.

Teneps ocumnorpad nepexiaoyarotT Ha 300MB BbIX0 CHHYCOMIATBFHOTO HANIPSDKCHUS U
pesuctopom R21 no6uBaroTCsi CHMMETPUYHOTO OTPAaHUYEHUS CUTHANa, a pe3uctopoM R23
U3MEHSIOT ITOPOT OrpaHUYEHUs, TOOMBAsICh HAWITydlIel (POpPMbI CUTHAIIA.

OcTanoch npoBepUTh pabOTy TeHepaTopa Ha BCEX JIMana3oHax U BCEX YacTOTax.

OcobeHHOCThIO BBIOOpaA psiia 4acToT B Ipejeax AUana3oHa sBIseTcs To, YTO Ipu
noctpoeann AUX B norapupmuueckom Macirade (camblil ya00HBIH, Kak PaBUIIO0, BAPUAHT)
paccrosiHre Ha rpaduke MeXIy 3HAYCHUSIMH 3TUX 9acTOT OJTMHAKOBO.

Harpy3ouHas crtocoOHOCTb BBIXOJI0B IPSMOYTOJIBHBIX M TPEYTONBHBIX CUTHAJIOB
HEBEJIHMKa. BXOIHOE CONPOTHBICHNE MOIKIIOYAEMbIX YCTPOHCTB JOKHO OBITH HE MEHEE
10xOm.
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U emie onHO, 0 ueM s o0emian paHee paccka3aTh B 3TOM pasJiele.
A He 3HAK0, IPUAYMaH JIK CIIOcO0 MOHTa)xa, KOTOPBIN MpejiaraeT B cBoei cratbe Jl.
AHy(pueB, aBTOPOM, HIIM HET, HO CIIOCO0 MOHTa)a JINYHO MHE BEChbMa CUMIIATUYEH.

B nnare, BbIpe3aHHOMN U3 TEKCTOINTA, TETUHAKCA UM CTEKJIOTEKCTOIMUTA (6€3 (OobIu),
CBEPJIAT OTBEPCTHUS O] BBIBOJIBI JieTajiel. JleTain ycTaHaBIMBAIOTCS Ha IUIATY U UX BBIBOJIBI
clierka rnoAru0aroTcst, YToObI 1eTaay He BINAAAIN U3 IUIATHI [IPU €€ MepeBOpaYMBaHUU. 3aTeM
JY>KEHBIMH OTpe3KaMu ToJioro rnposoja (kuibl nposoaa bIIBJI unun MI'ILB), o6opauuBas
IIPOBOJ OJIVH WJIM JIBa pa3a BOKPYT BBIBOJA J€TaJIU, IPOBOJAAT BCE COETUHEHUS, IPOTIanBast
MPOBOJ] HA BBIBOJIAX JETaJIEH.

Ecnu cxema He oueHb CII0KHASI, TO TAKUM CITIOCOOOM MOYKHO COSTMHUTH BCE JETAIIH.
Ecam xe aToro He ynaercs cienaTh, TO YaCTh COCTMHEHUM MOYKHO C/I€NIaTh TOHKUM
M30JIMPOBAaHHBIM MOHT)KHBIM TIPOBOJIOM (Xoporuii mpoBoa Mmapku MI'T®D). [Tnarta mpu sTom
MOJTy4aeTcsl JOCTaTOYHO KpacuBasi, a MOHTaXX BecbMa HajekeH. [Ipu HeoOX0uMOCTH KPEUTh
JIeTaJIM K [U1aTe, HalpUMep, Pa3beMbl, MOXKHO B35Th (DOIBTUPOBAHHBIN MaTepuall U BHIPE3aTh
KpETeXHbIE TUIOMIAIKH, YJAIUB OCTAIBHYIO (ponbry. Takoi crmocod MOHTaxa Mmo3BOJISIET OBICTPO
coOpath cxeMy Ha IulaTe, He YCTYMarollel 1o MIOTHOCTH MOHTa)ka M 3aKOHYEHHOCTH BHJIa
nevyatHoi minate. [ToBTOproch, MHE Takoii CITOCOO MOHTaka BeChbMa IO HPaBY.

Jlo6aBito emie, 9To pa3BUTHE CXEMBI 3TOTO (PYHKIIMOHAIBHOTO TeHEPaToOpa MOXKHO HAWTH
B cOopHHKe «KOHCTPYKIMH COBETCKUX U YEXOCIOBALIKUX PaTUOTIO0UTENEHY.

3amemKu HaA NOJIAX:

1. Cxema ananoeuuno2o yHKYUOHATbHORO 2eHepamopa, HO NOCMPOEHHO20 HA
muxpocxeme K176JIES unu JIA7 (a nonazaro, mosicro npumenumo u K561JI47),
npusedena 6 knuee B. JI. llluno «Ilonynapuvie yugposvie mukpocxemol». Mue
Kasicemcsi, ObL10 Obl UHMEPECHO 0OUH U3 NPOEKMO8 NOCEAMUMb UCCLEO008AHUIO
BO3MONCHOU 3AMEHbL MUKpocxembl ananocuynou uz cepuu K531 unu K1531 ¢ yenvio
NOBbIUEHUS BePXHEll 2PAHUYHOU YaACMOmbl, U NOOYMAMb 0 86€0eHUU B03MONCHOCTIU
BKIIOYEHUS AMAAUMYOHOU MOOYTIAYUU, YMO MO2JI0 Obl NO360IUMb UCNOIb308AMb
2eHepamop npu pabome ¢ paouonpuemMHuKamu.

2. Hcnonv3ys npunyunsl NOCMpoeHus (PYHKYUOHAILHO20 2eHepamopd, MO#CHO 0bL1o Dbl
nooymams 0 paspabomke 2eHepamopa KpamHulx CUHQAZHBIX CUHYCOUOATbHBIX
CUSHAN08, M.e. 2eHepamopa, KOMopblii 8blpabamvléaen Kpome 0CHOBHOU YaCMOmbl
PA0 wacmom 6 08a, 8 mpu, 8 yemsipe (U m.o.) paz bonvue. Ilonodxcum, ucnonv3ys
2eHepamop NPAMOY20IbHbIX UMNYIbCOB, CYeMYUKU-OeNUMeNU Yacmomaol u
dopmuposamenu CUHYCOUOATbHBIX CUSHATO8 MOICHO DbLIO Obl NONPOOOBAMb MO
ocywecmgums. C makum 2eHepamopom MOH#CHO 0bl10 Obl nposecmu psio
9KCNEPUMEHINOB NO NPOXOHCOEHUIO KOMNIIEKCA CUSHANIO8 Yepe3 IUHeliHble U
HeUHelHble YCMPOUCmEd.

MynbsTaMeTp, ociuniorpad u QyHKIIMOHAIBHBIA TEHEPATOP COCTABIT 0a3y JOMaIIHEeH
naboparopud. biiok muTaHus Tydine KymuTh TOTOBBINA, WJIM UCTIONB30BaTh Oatapeiku. XOTs He
COCTaBIISIET TPY/ia U U3TOTOBUTH OJIOK MUTaHUs. B mo0oM ciydae riaBHOE, Ha UTO CIEAYyeT
00paTUTh BHUMaHHE - NpaBuiia 0€30MacCHOCTH MPU padboTe € ANEKTPUYECKHUMHU yCTPOHCTBAMHU.
brrtoBoe Hanpsxkenue 220 BOJIbT, K KOTOPOMY MbI IIPUBBIKIIN U, TIOPOM, HE BOCIPUHUMAEM Kak
yrpo3y, B 110001 MOMEHT U3 Ipyra MOXKET IIPEBPATUTHCS BO Bpara. JTO CJIeyeT IOMHUTb MIPU
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MMPOBCACHNU CBOUX 3KCIICPUMCHTOB, KOTOPLIC JIYHIIC CTPOUTH HA NUCIIOJIb30BAHUN 6aTapeﬁ NI
AKKYMYJISITOPOB B KAYCCTBC UCTOYHHUKOB ITUTAHUA.

OnHaKo U aKKyMYJISITOPBI MOTYT CTaTh UCTOYHUKOM ONACHOCTH. ABTOMOOUIIbHBIN
AKKyMYJISITOp MOXKET OT/AaBaTh TOK nopsiaka 100A, 4To npu KOPOTKOM 3aMbIKaHMM MOXKET JaTh
IYTY, CIIOCOOHYIO BBI3BaTh 0’KOTH KOXKH M CETYATON 000I0YKH r1a3. [103ToMy akKyMyIsITOpHI,
IpUMEHSEMBbIE ITPH SKCIIEPUMEHTAX, ClIeyeT BBIOMpaTh HE CTOJIb MOLIHbIE. Jl0CTaTOUHO
aKKyMYJIITOPOB OT O€CIIPOBOIHBIX TeIe()OHOB MIIN aHAJIOTMYHBIX.

I'maBHOE mpaBuIIO - BHayYaje CeNaTh BCE COEINHEHUS CXEMBI, U TOJIBKO 3aTEM, KOTaa
cxeMma coOpaHa, U3MEpUTENIbHBIC IPUOOPHI MMOAKIIIOYECHBI, U BCE TOTOBO K KCIIEPHUMEHTY,
BKJIIOUUTh NIUTaHUE. Bee MCTOUHMKY MUTaHMS JOJDKHBI HMETh BBIKIIFOUATENH, a 00JIee MOLIHbIE
(MM ¢ GONBLIMM UCTOIb3YEMBIM HANPsKEHHUEM ), YeM OaTtapeiku i hoHape, T0JIKHbI UMETh
npefoxpanutenan. Ecimu, cHIB oka3aHus IpuOOPOB, BBl XOTUTE U3MEHUTH YTO-JINOO B CXEME,
BBIKJIIOUUTE TUTAaHUE, BHECUTE U3MEHEHMUS], a 3aT€M BKIIIOUUTE MUTaHuEe. MOM COBET, 10BEUTE
9TH JEMCTBUSA /10 MOJIHOTO aBTOMaTU3Ma, YTO U30aBUT BaC OT BO3MOKHBIX HEIIPUATHOCTEH,
KaKMMU Obl CMEIIHBIMU HY NTOKA3aJIMCh Ballll AEHCTBHS KOMY-TO. 310POBbE U KU3Hb MHOTO
BAYKHEE CIIy4alHOI0 MHECHMUS.

OnHako BepHEMCS K M3MEPHUTEIBHBIM ITPHOOpaM.

MHe x0Tesnoch Obl PEKOMEHIOBATh CXEMY MPOCTOTO M MOJIE3HOTO YCTPOUCTBA, KOTOPOE
Ha3bIBAETCS JIOTHYECKUM MPOOHUKOM. J[e10 B TOM, UTO NPH U3MEPEHUH JIOTUYECKUX YPOBHEH B
CXEMC C MOMOMIBIO MYJIbTUMETPA, BBl IPHUHY KICHBL 06pa1uaTL BHUMAaHHE, XOTUTEC BbI UJIU HET,
Ha M3MepseMyto Beln4yrHy. [Ipr OOJIbIIOM KOTMYECTBE U3MEPEHUI 3TO IPUBOAUT K HEHY)KHOMY
yToMIIeHUI0. Jlornueckuii mpoOHKK aeT JHIIb Ba 3HaYeHUs «0» U «1» (TpeThe 3HaUCHHE -
HaJIM4ue I/IMHy.]'IBCOB), qTo Tpe6yeT 3HAa4YUTCJIIbHO MCHBIIIC BHUMAHUA, 4, 3HAYUT, MCHBIIIC
YTOMIIACT. Cam HpO6HI/IK MOYKET UMETH HEOOJIBIIIIE PasMEpkI, ONpeaACIsAICMbIC, B OCHOBHOM,
ya00CTBOM pabOTHI C HUM.

B nutepatype BCcTpeuaeTcsi MHOTO Pa3HOBHIHOCTEH JTOTHYECKUX IPOOHHUKOB.
[TpuBonMas MHOIO cxeMa B3sita u3 KHurd M. Ty «CripaBogHOe TocoOue 1Mo MUQpPOBOi
TexHuke». Kcraty, TaM ke ecTh 0JJHa HHTEpPECHAs CXeMa, KOTOpask Ha3bIBAETCS «3BYKOBOM
norudeckuit unaukaropy. [Ipubop npeanasHaueH A pabOThl C MEKPOIPOIIECCOPHOM
TEXHHUKOM.

Wrak, mornueckuii npoOHUK.

KommnoHeHTHI.

Pesuctopsr 0.25 BT, 5%: R1=15 kOMm; R2=R3=R8=R9=4.7 kOmM; R4=R12=10 xkOwm;
R5=470 xOm; R6=R7=R11=270 Om; kouaencatopsl Tuna KM: C1=C2=0.1 Mx®;
anektponutnueckue C3=4.7 Mx® (tantanoBsiii, 16 B), C4=10 Mx® (16B);
nonynpoBoaHuKoBbie mpudopsl [C1=L.M393 (K1401CA3 oteuectBeHHbI# aHanor); [C2=555
(KP1006BU1 Taitmep); D1-D3 kpachsriii ceeroaunon; D4=1N4001 (K103, K[1226A).

KoHCTpYKTHBHO TPOOHHUK MOKET OBITh BBIIOJIHEH B BUJIE OT/IEIBHOTO OJI0KA, UMEIOLIETO
Iy U KJIUIIChI, KOTOPBIMH OH MOJKJIIOYAETCS K MUTAIOIIEMY HAIPSKEHHUIO TPOBEPSIEMOI CXeMbl
(+U, oOmwuii mpoBoA B cxeme puc. 69), uiau B BUJE L1yna yIo0HOro A paboTsl pazMepa u
¢dopmel. [IpoBepsaTh npoOdHUKOM MOKHO Kak MukpocxeMbl TTJI, Tak 1 KMOIL
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Puc. 69. Cxema Joru4eckoro npooHuka.

HanaxuBanue npoOHMKA HAYMHAIOT C KacaHMsI IIynoM oO1ero nmporojaa. Ceeronuon D3
(«IMiyibey») TOMKEH BCIBIXHYThH OJIMH Pas3, MOKa3aB U3MEHEHHE JIOTHYECKOTO COCTOSHUS, a
ceeroano D2 (moruueckuit «0») 10OJKEH CBETUTHCS IIOCTOSIHHO.

[Tocne xacanus Touky +U (HOJIO0KUTENBHBIN MMOIIOC MUTAIOLIETO HAIPSYKEHUS)
cBeToino]1 D3 1oJKeH BCIBIXHYTh OJHMH pa3, a cBeToanol D1 cBETUTHCS MOCTOSIHHO.

3amemku na nonax:
Ilooymatime o mom, umobwvl 6mecmo (Unu emecme) c8emosvblxX UHOUKAMOPOE NPUMEHUMb
36yKosbie. CKrasicem, 102UtecKoMy Hya1o Oyoem coomeemcmeosams 36VK HU3KO20 MOHA,
JI02U4ecKoll eOUHUYe - 8bICOKO20, A UMNYIbCAM - npepbleucmulil. [IpobHux co 38ykosotl
UHOUKayuell Modcem OKa3amucsi 20pazoo 6oaee yOoOeH 8 NONb306aHUU, YeM CO
ceemosoil. Ilpu nposepke cxem, a paccmoaHus Mexcoy b1800AMU INEMEHNO8
Hebonbuiue, CMOUm yyms OmeneybCs, Wyn cockanbsvieaem. B smou cumyayuu
B03MONCHOCHb He NepesooUumb 83271510 OKA3bIBAEMC s 6CbMA NOJIe3HA.

Emie st xouy 106aBUTh, 4TO pa3paboTKa U3MEPHUTEIBHBIX MPUOOPOB, & UX MOXKET B
pa3HBIX SKCIIEPUMEHTAX MMOTPEOOBATHCS MHOTO, OJTHA U3 HHTEPECHEUIIINX 00acTen
ACATCIIbBHOCTU B 3JICKTPOHUKCE. IlosiBienue MUKPOIIPONCCCOPOB U OAHOKPUCTAJIBHBIX
MHUKPOKOHTPOJUIEPOB CHIENAJIO €€ elle HTepECHee U MHOTOOOpasHee.
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MecTo Ansa 3amMeToK Npu NepBOM YTEHUMU.
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(o) KOMMNbIOTEepax U HEKOTOPLIX nporpamMmmax

ITpu paboTte HaJg KHUTOW MHE MPeICTaBIIIaCh BO3MOXKHOCTh BOCIIOJIb30BaThCs HEKOTOPBIMU
MpOrpaMMaMH, O KOTOPBIX 51 XOTeJ ObI cKa3aTh HECKOJBKO CJIOB.

Tak moxy4unock, 4To Ha4aTh padOTy HAJl KHUTOW MHE MPUIILJIOCH 3a CTAPEHBKUM 386
KOMITBIOTEPOM ¢ 8 MerabaiTaMu orepaTUBHON MaMSITH, C OCHOBHBIM «BUHYECTEPOMY,
umeromumM 210 merabaiT, u BTopsIM - 540. 5l HameTns HabpocaTh MIaH padoThl, OCIIE YETO
CMEHUTb KOMITbIOTEP. UTO 1O CErogHsAIIHUM MepKaM 8 MerabaiT onepaTUBHON namsti u 750
MerabaiT Ha «BuHUecTepe»?! Ho, crycTs HeKoTopoe BpeMsi, MHE CTaj0 HHTEPECHO, 4TO OyIeT,
€CJIM TIPOJOKUTE PaboTy, HE MEHsIsl KoMITbIoTepa? XBaTUT JIU €r0 BO3MOXKHOCTEH st
OCYILECTBIICHUS 32/ lyMaHHOT0, €CJIM TIOHAI00UTCS BKIIIOUATh B KHUTY CXEMBI, Pa3BOAKY
MEYaTHBIX IJ1aT, PUCYHKH U T.II.

ITepBoe, uto yaanock onpoboBath, 310 AutoCAD LT Bepcun 1995 rona, koTopslit st
UCTOJIBb30BaJ I n300paskeHus cxeMm. OHM BrioyiHE cpaboTanuch ¢ pegakropom Microsoft Word,
a OMOIMOTEeKA SIEKTPUIECKUX KOMITOHEHTOB 3HAYUTENBHO yCKOopHiIa 1eno. Koneuno, 4To0b!
UCIOJIb30BaTh 3Ty NIPOrpaMMy, Kak U pe1akTop, B IOJIHOW Mepe, cle10BalI0 Obl IPEABAPUTEIBHO
€e OCBOUTh, HO TOT (hakT, YTO 3Ta Bepcus Oblila OpueHTHpoBaHa Ha cpery Windows 95,
3HAYUTENIBHO YIPOCTUI OCBOGHHUE MTPOrPaMMBI, B 00bEMe JOCTATOYHOM [l aKTUBHOT'O
WCIIOJIH30BaHUsA, B MPOIIECCE paOOTHI.

[TpakTHdecku, B KaXXJIOM IPOEKTE €CTh YIOMUHAHHE TEKCTOBOI'O pelakTopa U
IIPOrpPaMMBbl, T03BOJISIFOIIEH PUCOBATh CXEMBI. ECM y Bac HET Ipyrux MpeariouyTeHUu, MOXKHO
HCIIOJIb30BAaTh TO XK€ COUYETaHUE, KOTOPHIM IPEACTaBIIIaCh BOZMOXKHOCTh BOCIIOJIb30BATHCS MHE.
KoneuHo, npu ycinoBum, 4T0 y Bac €CTh KOMIIBIOTED, I Bbl MOXKETE MO3BOJIUTH ce0e
npuobpectu kommprotep. Ilpu orpaHnueHHBIX (PUHAHCOBBIX BO3MOXKHOCTSAX (HO HAJIMYUU
HEKOTOPBIX CBOOOHBIX (PMHAHCOB), 51 TOCOBETOBAJ ObI HE OTBEPraTh BAPHAHT MPUOOPETCHUS
ObIBIINX B ynorpebaeHnn Mozaernei 386DX ninun 486DX, koTopbie OyAyT CTOUTH MHOTO JICIICBIIC
COBPEMEHHBIX MOJEIIEH, a 10 CBOUM BO3MOXKHOCTSIM BIIOJIHE MOTYT Bac YJOBJIETBOPUTH B
KayecTBe cpeAcTBa oopmieHus Bamiel padoTsl. Pabounil )xypHai, TeKyui iaH u
OKOHYATEJIbHBIA OTYET MO MPOEKTY CO CXeMaMH U TaOJIHMIIaMH BIIOJIHE MOXHO BECTH Ha ITHX,
Ka3aJoch Obl, CTapeHBKUX MOJIENAX. Ha KOTOpBIX, KaK s caM yOenuics, paboTaeT ¥ MHOKECTBO
WHTEPECHEHIIUX TPOTPaMM.

Hrak, AutoCAD LT.
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Puc. 70. OcHoBHoOe oxkHO nporpammbl AutoCAD LT.

BoT Tak BHIMISAUT OKHO 3TOM NporpaMmbl. Kak BbI MOXKETe BUAETh, OHO MOJTHOCTHIO
odopmieno B cruiie Windows 95, 4To cymecTBeHHO 06Jerdaet ObICTpOe BXOXKIECHHE B PaboTy.

[Ipu nonbp30BaHUM MIPOTPAMMOM 51 CTOJIKHYJICS C HEKOTOPBIMU TPYIHOCTSIMH, KOTOpBIE
MOTYT BBI3BaTh YJIBIOKY Y IPO(ECCHOHATIOB, HO, TyMaro, TeM, KTO, KaK | s, PEIIUT ClIeaTh
MpOrpaMMy HHCTPYMEHTOM Tpadudeckoro ohopMIICHHs CBOSH pabOThl, BO3SMOXKHO, OKaKyTCS
T0JIE3HBI MOU COBETHI.

IlepBoe 3aTpyiHEHHE - KAK BCTAaBUTh B TEKCT F'OTOBYIO CXEMY, BBIMIOJIHEHHYIO B
AutoCAD. Bunoto 1 Tomy cia0blii KOMIIbIOTEp, ciadboe 3Hanne Windows Uiu Bepcuu
MIPOrPaMMHOTO 00€CIIEUEHUs], HO 3TO HE cpa3y yAajoCh ClIeNaTh. S NCIoIb30Ball CIEAY 0NN
npueM. Jlenas BctaBky oobekTa B Word, BeIOpaB mipu 3Tom ueprex AutoCAD, B quanore
HOCJIETHET0, B KOTOPOM 3alpaiiuBaeTcs He00X0AUMOCTh MCII0JIb30BaHMsI TPOTOTHUIIA, B
KayecTBE MPOTOTHIIA 51 YKa3bIBAIO CXEMY, KOTOPYIO HEOOXOIMMO BCTaBUTh B TEKCT, UTO
no3BoJsieT BepHyThest u3 AutoCAD B Word co BcTaBkoii cxemsl (B moameHto «Daitmy AutoCAD
HCTIONB3yeTcsl MyHKT «BepHyThes B pegaktop Word u 0OHOBUTH TEKCT»).

Crnenytouiee, 4TO BbI3BAJIO Y MEHSI 3aTPY/IHEHHE - KAK B CXEME IIOCTABUTh COCIMHEHHE
MEePEKPEUTUBAIOIINXCS MPOBOJAHUKOB. J[JIs1 3TOTO 51 COBETYIO UCIOJIb30BaTh KobIio (Donut) Ha
MaHEeJ CPEJICTB PUCOBAHUS C BHYTPEHHUM auaMeTpoM 0.5 ¥ MOIXOIAITUM BHEIITHUM.
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Puc. 71. KoJb11o0 Ha HHCTPYMeHTAAbHOI nanexn AutoCAD.

TpeTbe 3aTpyJHEHHE BO3HHUKIIO TOT/A, KOTAa CXeMa, KOTOPYIO MHE TIOHA/1001I0Ch
BCTaBHUTH B TEKCT, IIepeCTaja MOMEIaThCs MOMepeK JucTa. [ BcTaBKy ee Ha BeCh JIMCT (BIIOJb
JIUCTA), OKa3ajJ0Ch, TOCTATOYHO YMEHBIIUTH cxeMy (Zoom, Scale, 1/4), pa3BepHyTh ee Ha 270
rpaaycos (Rotate) u ncnosnp3oBate MacmTad (Zoom, Window) okna. Bee, kpome noBopora, B
noameHto «Bum» (View).

Bo3MmorkHO, ObLIH el1ie 3aTpyJHEHHUS, HO celdac s X HE O4YEHb IPUIIOMUHAIO.

Kak mpaBuio, cxema colep>KUT He TaK MHOTO 0a30BbIX 3JIeMeHTOB. O4YeHb 4acTo - 3TO
TPaH3UCTOP, PE3UCTOP U KoHJeHcaTop. [lepen HayamoM co31aHus CXEMbl MOXKHO B3STh 3TH
AJIEMEHTHI U3 OMOJIMOTEKU WIIM HApUCOBATh UX. A 3aT€M, €CJIHM Bbl XOPOIIO IPEACTABIISIETE
KOMIIO3UIIUIO CXEMBI, B pexxnuMme konupoBanus (Copy), koraa OyayT IpeasoKeHbl MOAPEKUMBI B
CTpoKe KoMaHbl (command:), BBECTH ¢ KJIaBUATyphI JaTHHCKYIO OykBy m (Multiple)
«MHOTOKPATHO» U PACCTaBUTh HYKHOE KOJIMYECTBO AJIEMEHTOB Ha IpocTpaHcTBe ucTa. [Tocme
MOBTOPEHUSI 3TOU MPOILETYPHI C OCTATLHBIMU 0A30BBIMHU 3JIEMEHTaMH, BaM OCTAHETCS] COSTUHUTD
UX JTUHUSAMHU.

DTHUM ke PUEMOM MOKHO BOCIIOIH30BATHCSI MPU PACCTAHOBKE 0003HAYCHUN CXEMHBIX
3JICMEHTOB. B pexxnme MHOTOKpaTHOTO KOIMMMPOBAHUS ITPOCTABUTH, K TIPUMEPY, BO3JIC BCEX
pe3ucTtopoB o0o3HaueHue R1, a 3aTeM BOCIIONB30BaThCS PEKUMOM PEAAKTHPOBAHUS TEKCTa
(Edit_Text) nns u3MeHeHUs TOPSAKOBOTO HOMEpA.

=IEdit_Text|

m

Puc. 72. Knonka PE€AAKTUPOBAHUA TEKCTA HA HHCprMeHTaJ’[BHOﬁ IMaHeJINn.

Boo6iue, st monarato, uem 6ouiblie paboTaemib ¢ MpOrpaMMoid, TeM 00JIbIe YI0OHBIX IS
ce0st prueMOB BBIpa0aTHIBACTCS, U3 HUX MO3KE BBIOMPAIOTCSI, T€, KOTOPBIE OOJIbIIIEe HPaBATCS,
OHH 1 OCTAIOTCSI B apCCHAJIE JINYHBIX CPECTB.

Bropas nporpamMmma, KOTOpOi MHE IPEACTABUIIACH BO3MOKHOCTH BOCIIOJIB30BAThCA - 3TO
pemakTop acceMOIepa M OTJIATIHK JIJIsT MUKpOKOHTposutepa 8051 (oTeuecTBEHHBINM aHAIOT
KM1816BES51), onn xe pabotatot ¢ koHTposmepamu 80251 u 82930.
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T pVision/251 - SHOP_PRJ &[]

X
Eile Edit Project Bun Optons Tools ‘window Help

] (2] EBEE

T SHOP1_1.A51

I JMP init ; mepexcld K MeTHe MHMIIMATMSAILMHK

CORG= 3h ; =agaHMe BeKTODA NPpepHBAHMA
8JMP opros ; HepeHol K MeTHe NoJOpolpaMME o0CHyEHMBAHMA

; SamanMmM HMeHa perMcTpolE M NOPTOR, MCIOONEBESYeMEH B AIII.

ACC DATA OEOh ; AEEYMYJIATOPR

PESW DATA 0DOh ; perMcTp CIOBA CoCToAHMA Npolscdopa

DPL DATA BZh ; MIamuMi GalT perMoTpa-YEasSaTelA OaHHEH
DPH DATA B83h ; crapuMd BadT perMCTpa-YRASATENA OaHHEH
B DATA OF0Dh ; perMcrp-pacliMpMTeNE AHKVMYJIATOPRA

Fl DaTA 20h ; moprt 1, MCOOMBSVeMHH ONA BEOOA OaHHEEH
FO0 DATA Z30h ; nopr 0, MCOOJNbSVeMENT OJA BHEOLA MHDOpPM

POLEALl DATA Z0h : cosoanyu MacCHME TaSHHER
H oz

|Openanexmﬁngﬁm | | | | | 1 F_T

Puc. 73. OcHOBHOE OKHO peJaKTOpPa MporpamMM JJist KOHTpoJsiepa 8051.

Tak BRITVISIIAT KpaH peaakTopa pVision/251, npoussenennoro Bitware Inc. and
Rainbolt& Associates ¢ komnumsTopom C npousBojctsa Keil.

[IpusTHast 0COOEHHOCTD - B PeIaKTOPE BBl MOKETE pabdOTaTh KaK ¢ acceMOJIepOM, Tak U
si3pIKOM C, 4TO MO3BOJISIET CO3aBaTh O0JIee CIIOKHBIC TIPOTPAMMBI MEHBIIIUMU YCUIIASMHU.

Hamnucas nporpammy, Bbl 3alycKaeTe €€ Ha TPAHCIISIIHIO, PU KOTOPOM OTCIIEKUBAIOTCS
KaK CHHTaKCHYECKHE OIMOKHU, TaK M OIIMOKH UCTIONIHEeHUs. Hanmpumep, Uisi MUKPOKOHTPOJLIEpa
8051 ycnoBHble iepexoasl Buaa «llepeiitu, ecnu pe3yabTar paBeH Hymo (JZ)» pabdotaror
TOJIBKO CO CMEIIIEHUEM B IUAIa3oHe oT - 128 1o 127 6aliT OTHOCUTENBHO ajpeca CIAeayromei
koMaHbl. Ecnu B Batiel mporpaMme 3To ycloBue OyAeT HapyIIeHO, TO IPU TPAHCISIIUU BbI
MOJIyYHTE COOOIIIEHNE 00 OMMOKE U TOMKHBI OYIETe UCIIPABUTh €€.

[MomyunB mecTHaAATEPUYHBIE KOJIBI IPOTPAMMBI, BB IPSMO U3 PEIaKTOPa MOXKETE
nepeiTu Kk mporpamme otiaxuuka dScope nmpousBonactsa Gupmsl Keil.
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Reset = =
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{{Module: <none> !E[g{ R2=00 R3=00
Commands Go!  GoTiCurs!  StepDut!  Steplntol StepOwerl  Stopl Parallel Port 1 X gg:gg gg:gg
T2 ED (B0 o e s S Y = ) 2 [Port1 - o || TFIR = momn
[l =
[coooor — mor ] Go | P1: [0xFF /17 [ [ [ [ [ [ PSHS_P ) ggu?
C:0001H HOP s T TEETT
C:0002H HOP GoTilCurs | Pins:[04FF | GV P $. C.o0000
C:0003H HOF Cyc: i}
C:0004H HOP Stepinto | Close | Sec: 0.000000
C:0005H HOF
. 000sH HOP StepOver |
C:0007H HOFP _I
C.0008H HOF StepOut |
C:0009H HOP
C:0004H HOP Stop |
C:000EH HOF
C:000CH HOF .
C:000DH HOP View Trace |
C.000EH HOP Assemble
| [hll stop —I =]
<| |
i Memory O] x|
Addr 00 01 02 03 04 05 08 07 03 0% 04 OB OC O OE OF 0123455?89ABCDE];|
Parallel Port 0
Port 0

P0: [1FF CRRR R R

Pins: |““FF 17l i i vl ol

Close |

Puc. 74. OTnaguuk nporpamMm Uit MEKpOKOHTPOJLIEPOB.

B oTiagunke Bbl MOKETE 3arpy3UTh CBOIO MPOTpaMMy U BBIIOJIHATH €€ 100 MO I1aram,
1100 yCTAaHOBUB METKU OCTaHOBA. [Ipy 3TOM BBl CMOXKETE OTCIIEKHUBATH COJEPKIUMOE
PErucTpoOB, BHYTPECHHEN NIaMATU JaHHBIX, COCTOSHHE IIOPTOB BBOAA-BBIBOJIA, & COCTOSIHUE
MIOPTOB BBOJIa U3MEHSTH MO XOAY IMPOTrPAMMBI B COOTBETCTBUH CO CLIEHapueM paboThl Baleit
IIPOTrPaMMBI.

Taxoe y100HO€ IPOrpaMMHOE CPEICTBO PabOThI ¢ MUKPOKOHTPOJIJIEpAMH ITO3BOJISET
OCYILIECTBUTH OTPOMHOE KOJMYECTBO HHTEPECHEHIINX npoekToB. [1paBna, s ¢puszndeckoi ux
peain3any BaM MOHa00UTCs IPOrpaMMaTop AJis POrpaMMUPOBAHUS. MUKPOKOHTPOJIIIEPOB,
eciu OyJeT ucoib30BaThesl BecrpoeHHoe [13Y, wim nporpaMmMartop st mporpaMMUpPOBaHUS
mukpocxeM I13VY Gonbmioit emkocTH. Bo3MoxkHO, 3T0 OyeT 01HO yCTPONUCTBO, O3BOJISIONIEE
paboTaTh ¢ pa3HBIMH TUTIAMU (U KJIACCAMH ) MUKPOCXEM.

Beirnsaers nporpaMmarop, CKopee Bcero, 0y1eT Kak HEKOTOPO€ yCTPOMCTBO (MMerolee
MCTOYHUKH IMUTAHUA U (HOPMUPOBATEN UMITYJIbCOB IPOrPaMMHUPOBAHUS), OJIKIOYAEMOE K
KOMIIBIOTEPY, AOMOJHEHHOE IPOIPaMMHOM YacThlO, KOTOPAsl yCTaHABIMBACTCS Ha KOMIIBIOTED.

[Tocne nonmyuyeHus: MalIMHHBIX KOJOB OTJIAXXEHHON IPOrpaMMBbl IOTpeOyeTcs 3anucarh ee
B [I3VY, nociie yero Mo>xHO MPOJIOKUTE SKCIIEPUMEHTBI ¢ MUKPOKOHTPOJIEPOM YK€ B
(bU3MYECKOM BOILIOIIEHUU CXEMBI.
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W, Hakoner, o0 e1e 0AHOI HHTEPECHOH MporpaMMe, TOUHEe TPeX MporpaMmax,
00BEIMHEHHBIX €MHBIM MEHEIKEPOM IpoeKTa, npou3BeaeHHbIX Gprupmoit ULTImate
Technology B.V.

Ilepsas u3 vux ULTIcap mo3BosisieT BaM HapuCcOBaTh BaIly CXEMY, UCIOJIB3Y I
BCTPOCHHBIE OMOIMOTEKH IEKTPOHHBIX KOMIIOHEHT.

win - [shop.UTSCH:SHEET]
E_rEiIe Edt View Place Symbolz Tool: ‘window Help == ﬂ

Dz Ed@ & = Bl s AR R

ooia

i‘ a013E

Symbol browser

figm =

THai0

Da

=

“4 shop. UTSCH

= S

= TRAMSIVER

Far Help, press F1 2220 Units 1400 Unitz

Puc. 75. Oxno nporpammsl ULTIcap.

HapucoBas cxeMy, BBl MOXKETE 3aIlyCTHTh IporpamMmy SpiceAge, B KOTOPOii IPOBEpUTE
paboTOCTIOCOOHOCTD Ballel 3ayMKH.

[Iporpamma TpeOyeT 3HaHUS SA3bIKA, OMUCHIBAIOIIETO paboTy Mozenei. Ho Bpems,
MOTPAYEHHOE HA €0 OCBOCHUE, OKYIUTHCS M03KE€ MHOTOKPATHO.
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= SPICEAGE [ =] ]

File  Graph Metwork Analpse  Freguency Time Presentation window Help

il D[R] P [l ] e ]
[ Netlist Editor -E:\UT_¥5_SASCHASPICEAGE.cmp =1
volts [27C] * ULTlcap generated list file =
" File = EAUT_V5_5\SchiSpiceDemo. UTSCH N
374 W3 +out:1 -out: GND v=3 Ex=Sine Fr=lk
[ pt:1 p22 v=470n
25 Cc2 pl:8 p2:QUT  v=470n
) RR1 pl:2 p2:3 v=15k %=5.00
9.4 R R2 pl:3 p2:d vV=27m  %=5.00
=7 R R3 pl:4 p2:5 =12k %=5.00
R R4 pl:8 p2B v=500k %=5.00
2 R RS pl:GND  p2:8 v=500k %=5.00
=11 UAF41C  OUT:4 HMGMD #H12Y -IN3
1.74 = L2 UAF41C  OUTY HMGMD +H12Y -INS
D D1 an:’ cab
1.8 D D2 anh cab
DO3 an:GND cay
1.29 D D4 an:GND cah
R R6 pl:OUT  p2:GND v=1m %=5.00
4 B B1 +out: H12%-out: GND v=12
B B2 +out:GND -out:-12% v=12
Ta0
500
280
Ad
1 1 1 1 1 1 1 1 1 1 ‘I I 4
100k 200k 200k 400k 500K 600k 700k 800k 900k TR||[L % == p— +- +-
M- GNDM_OUT - "GND hart |T IEI | i I“QI_“_I IEEI “@IT{I'@I -élé—'léli'l'@l _QI @
|| =517.8k [¥[=1.008

Puc. 76. Oxno nporpammsl SpiceAge, cucreMa npoexktuposanus (pupmel ULTImate.

TenepL, Y6GI[I/IBHH/ICB, YTO BCC UMCHHO TaK, KaK Bbl 3ayMaJIk, BbI MOXETC 06paTI/ITBC$I K

nporpamme ULTIboard u 3aHsATECS pa3BOJIKOM MMEYATHOM TUIATHI...

Ilpumeuanue:

Hexomopule anemenmui, 0151 KOMOpwIX bl He 8bIOPAIU KOHCIMPYKMUBHBIX NPOMOMUNOS,
Oy0ym 0603HayeHbl 6ONPOCUMENLHLIM 3HAKOM. Bam ciedyem 6vibpamuv ux npomomunsl
u3 6ubnUOmMeKU NPeosioHCEHHBIX IEMEHMO8.

IIpoepamma cooepoicum pedakmop OubIUOMeUHbIX KOMHOHeHM. Bol Modiceme
B80CNONBL306AMBCS UM OISl CO30AHUS C80CU COOCMBEHHOU OUOIUOMEKU, YO UMeem CMbICT
0Jis1 mex 31eMeHmMOo8, CMaHOapmul 3apyoexcHbvle U omedecmeeHnble 0l KOMOopblX He
cosnaoarom, a max duce 0Jis HONOJHEHUS DNIeMEHMHOU 6a3bl, C KOMOPOU 8am NPedcmoum
pabomameo.

Opuenmupogannas Ha NPogeccuoHanros, nNPoSPamma mModicem Oblmy NOLe3HA Mo204a,
K020a 8bl HAMEPEHbl C8010 pabomy oghopmums 6 NOTHOCMbIO 3AKOHUEHHOM GUde, ecu,
KOHEUHO, y 8aC He 803HUKAEM QUHAHCOBLIX 3ampyOHeHull. B amom ciyuae, npedicoe yem
8bINOIHUMb 6CI0 pabomy, ciedyem y3Hamb y CHeYUaIucmos, Komopwle 6yoym
U320MasIUeamsd neuamHule Naamsl, COBMEeCMUMbL U bIXOOHbIE POPMAMblL NPOSPAMMbL C
6X00HBIMU (hopmamamu 000pYO08aAHUS, UCNONB3YEMO20 UX NPEONPUINUEM.



171 Xo66K-3neKTPOHUKC

% ULTIboard - Ub55demo. ddf

Ele “iew Traces Components Tests Block Shapes Metlist Tool: Help

D[] 8| = [=|s|slalx] 5] | i o]

. =l
90

& 45+90

" all angles
Methiod =
& hace

o anc

Type
" fined
& variable

ULT | BOFRD PGB
7=

Layer:
Tar i
it

Ic: T, M 017 'I

Wia code:

I Calculated hd I

Yia Shift:

)
Dl

[Ffe@Ee
||m|n._é-|e

I

LT IMATE TECHNOLOGY
ﬁﬁ%ﬂ %
i alutmn | lI-I I

messwsmsl|l

— — y 11993

Open an existing design [ |TOP [EOTTOM)] | |ME39750 [M 307350 | Ir

Puc. 77. OxHO nNporpaMMbI TPacCHPOBKHU CXEMBbI.

... C TeéM, 4T00bI BepHYThCS B porpammy AutoCAD u 3aBepIIuTh KOHCTPYUPOBAHHE
YCTPONCTBA, CO3/1aB €r0 HApYKHYIO «000JI0UKY» U BCE HEOOXOAMMBIE FIIEMEHTBI KOHCTPYKIUH.

[Touemy UMEHHO 00 3THX MPOrpaMMax MHE XOTEJIOCh cKa3aTh?

B niepByto ouepeip OTOMY, YTO UMEHHO C 3THMHU ITPOrpaMMaMU MHE TIPEICTaBIIIACh
BO3MOKHOCTh TTO3HAKOMHUTHCSI. 3aTEM, IO TOH MPOCTON MPUYUHE, YTO UMEHHO 3TH TIPOTPAMMBI
BIIOJIHE YCTENTHO paboTall Ha CTAPEHBKOM «TPEIIKe», XOTs, eCIi Obl MHE CKa3alli, YTO 3TO
BO3MOJKHO JIO MO TIPOOBI, 5, CKOPEE BCETO, 3aTesiT ObI CIIOP, TOKA3bIBasi HECOCTOSITETLHOCTD
no1o0HOTO TIoIX01a. HakoHer, Bce mporpamMmbl Hanmkcansl st cpeasl Windows 95, uto
crocoOcTBYyeT OoJiee ObICTpOMY MX OCBOeHHUIO. KOHEUHO, 3TO HE UCKITI0YaeT HEOOXOAMMOCTH
UMETh PYKOBOJICTBO IO paboTe ¢ MporpaMMaMHu, >KeJIaTelbHO BBIMYIIEHHOE UX CO3/IATEIISIMH.
Kak mHe kaxkercs, GupMEeHHBIE pyKOBOJICTBA, €CIIM HE CAMbIE MHTEPECHBIC, TO HaubOoJIee MOJIHbIC
U TIpaBHJIbHBIC. be3 3TUX PYKOBOJICTB, OMUPASCH TOJHKO Ha CIIPABOYHBIC MaTSPHAIIBI,
BCTPOCHHBIC B MPOTPAMMBI, YCTICIITHOE OCBOCHHUE MPOTPAMM CIIUIITKOM MpobieMaTtnyHo. Eciu BbI
HE B COCTOSIHMH MPHOOPECTH KaKoe-TO MporpaMMHOe obecreueHne, CHa0KeHHOe (PUPMEHHBIM
PYKOBOJICTBOM, MOJAYMaNTe 0 MPUOOPETEHUH IPYToro, OoJiee MPUBICKATEIBHOTO ISl BaC TI0
nieHe. To, 0 4eM s TOBOPHJI, C HE MEHBIIIUM yCIIEXOM MOXHO OCYIIECTBUTHh B PAHHUX BEPCHSIX
TaKuX TpaAuMOHHbIX porpamm, kak PCAD, ORCAD u T.1.

I/IHHIOCTpaLII/II/I B KHUTI'C 6LIJII/I BBITTOJTHEHBI MHOIO B 3HAUUTCIILHOM MCpe 6nar0,uap51
nporpamme Electronics Workbench, mpoussonctsa Interactive Image Technologies Ltd. Orta
porpamMma JISDKET B OCHOBY CIIEAYIONIECH KHUTH «X000HM-3JIEKTPOHUKC. BUPTyanbHBIA MUDPY.
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Ko BceMy BblIIIe CKa3aHHOMY MHE OcTaeTcs 100aBUTh 0HO. [IporpaMmHoe obecrieueHne
B JJAHHOM CJIy4ae He LeJlb, & CPEJCTBO. Sl HACTOSITEILHO HE PEKOMEH IO BaM BbIOOp CTHIIA
paboTHl «TOJNBHKO 3a KOMITbIOTEPOM». He monmpo6oBaB paboTy ¢ HACTOAIMUMHU TTPUOOPAMHU,
pEaJIbHBIMH, a HE BUPTYaJIbHBIMU, 2JIEKTPOHHBIMA KOMIIOHEHTAMHU, MHE Ka)KE€TCs, BbI JIUIINTE
ce0st MUTaTEeNIbHOW CpeIbl A Bamel (panTazum, MHOTHUX CTUMYJIOB K JieiicTBuIo. bes
MHOTOLBEThS] HHIMKATOPOB, IIIKAJI U SKPAHOB MPHOOPOB, S MMOJIarar, TPyAHO CTaTh POMAaHTHKOM
OT JICKTPOHHUKH, KAKUM, ObITh MOKET, U OIIMOOYHO, 51 BUXKY JIFO/IeH BCEX BO3PACTOB,
IIPOBOJIAIIMX CBOI IOCYT 3a CXeMaMHU ¢ NasyIbHUKOM B pyke. IIpu 3ToM BoBce He 00s13aTeIbHO
pacrioyiaratb CaMbIM MOJIHBIM 000pYy/IOBaHHEM, CAMBIM MOCIIEIHUM KOMITBIOTEPOM
WK paboTaTh C HOBEHIIMMHU JIEKTPOHHBIMU KOMIIOHEHTaMu. BriOupaiite ux 1o cpeacrsam.

Ecnu BHI e1nie He BBIOPOCHIIM KHUTY U JOYUTAIU 0 3TOTO MECTa, U, CIIEAYSI MOUM
PEKOMEHIAIMSM IO UCIIPABJICHUSM, 3aMHUCATN CBOU COOOpaKCHHsSI Ha CTPAHUIIAX, OCTABICHHBIX
JUIS 3aMETOK, €CJIM MONPoOOBaIM MO3KCIEPUMEHTUPOBATh, TO COBETYIO BaM €LIE pa3, yiKe C
TOYKH 3PEHHUS JTUYHOTO OIBITAa U MPUCTPACTUH, «TIPOOEKATHCS MO0 BCEM MTPOEKTaM, BbIOHpast
HOBBIE TeMBI 11 ceOs1. Hampumep, B mepBoM IpoeKkTe Ha puc. 3 n300pakeHa TUIIOBas cxema
MPOCTEHIIEro TAKTOBOTO reHepaTopa. bblio Obl HHTEPECHO OMPOOOBaTh pabOTy YCTPONCTBA MPH
Pa3HBIX MUTAIONIUX HAMPsOKEHUsX (0T 3 10 15 BOJBT), MOCMOTPETHh 3aBUCUMOCTD YaCTOTHI
reHepaluy OT HapsHKEHUS U MOAyMaTh, HE UCIIOJIb30BATh JIU 3TO, €CJIM 3TO UMEET MECTO, B
MOCTPOCHUH, CKaXeM, MPOOHUKA, WIIU MTPUIAHUSI HOBBIX CBOMCTB MEPEKIII0UATENI0 TUPIISH, WU

[TonsepruyB MoJ0OHOMY KpUTHYECKOMY pa300py Bce MPEAIOKEHHbBIE CXEMBbI, 3alUIINTE
cBou 3ameydaHusi. OcoOEHHO MHTEPECHBI MOTYT ObITh OIIMOKH, pa30upast KOTOpPbIE MOKHO HAalTH
HOBBIE IIPEIMETHI [Tl UCCIIEI0BAHUM.

CoBeTty10, MPOCMOTPUTE BCE MPOEKTHI €IIe pa3 Mo/ TUM YIJIOM 3peHus. MHe kaxercs,
3TO JOCTAaBUT BaM YJIOBOJLCTBUE U OyA€T MOJIE3HO.

MecTo ANsA 3aMeTOK NPU NEePBOM YTEHUM.
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3aBepluas pa3roBop

Ha npotsikeHnn BCei KHUTH 51 TOCTOSIHHO TMBITAIOCh Pa3rPaHUUUTh MPO(HECCHOHAIBHYIO H
HENPO(ECCUOHATBFHYIO IEATEIHHOCTh B 001aCTH JIEKTPOHHUKH. S OBbI 1axke Ha3BaJI CBOIO KHUTY
«aHTUMPO(ECCUOHATBHOI.

Mexay TeM, BMECTO YBJIEKaTeIbHON CKa3KU, MPU3BIBHI K I1OCIIEA0BATEILHOCTH,
METOIUYHOCTH, IIIaHoMepHocTU. KokercTBo? JIBynnuHocTs? HenckpeHHOCTh? OTHIONB.
Kaxnp1ii pa3, HannoMuHas o mpodeccuoHanax, s Xouy Moka3aTh BaM, KaKk 4acToO OHH
IPUHYKIECHBI OTKa3bIBaTh ce0e B CBOOOAE TBOPUECTBA, A CKOPEHUIIETr0 JOCTHXKEHUS LIETIH.
Kak «mpunenena» Best mpogeccuoHanbHast 1€ TeIbHOCTb, U1 KOTOPOil polecc - JUIb
CPEIICTBO, MOAJIEKAIEE ONTUMHU3ALIUHN U, CKOJIb BO3MOKHO, MUHUMU3ALINH.

Bawm ke 103B0sI€HO TO, 4TO HE 103BOJIeHO HU IOnuTepy, Hu ObIKY — OTZAThCsI BO BJIACTb
npoiiecca, 00ycTpanBasi €ro cooopazHO CBOUM KeJaHUsAM U BKycy. /1y Bac - mosiHas cBo0o/a,
OTpaHUYEHHAs TOJILKO (PM3MUECKUMHU paMKaMH. 3a KOTOpbIE, MIPaBJia, HE CIEAYET BHIXOIUTh
CJIMIIKOM YacTo. Ho He 0TTOro, 4T0 4peBaTo 3TO KAKUMHU-TO KaTaCTPOPHIECKUMHU
NOCIIEACTBUAMM, a IOTOMY, YTO OTPULIATEIBHBIC PE3YJIBTATHI, KaK TO: MOJIYAIUE U HUYETO HE
JIeNIaloIINe CXEeMbl, OBICTPO BBIXO/SAIUE U3 CTPOSI KOMIIOHEHTBI, HUKAaK HE JKeJarolue
BBITOJIHATH BAMU 3alyMaHHOE yCTPOICTBA, - MOT'YT IIPUBECTH B YHBIHUE AK€ OUEHD
HecrubaeMoro onTuMHUCTa. [10I0KUTEbHBIC PE3YIbTAThl HYKHBI, HY>KHBI C PErYJISIPHOCTBIO
BOCXOJIOB U 3aKaToB. IMEHHO OHM JasyT BaM YBEpEHHOCTb B c€0€ U pacTyIIUi OIBIT, IPUHECYT
TO YZOBJIETBOPEHHUE, KOTOPOE U €CTh LENb BAIIEH NEATENbHOCTH. METONNYHOCTb,
IUIAHOMEPHOCTB, I1OCJIEI0BATEIBHOCTD — IIEHA yCIeXa.

Huxorna He oTka3bIiBaliTech cpasy, 0€3 CIIOKOWHBIX Pa3MBIIIUICHHH, OT pean3aiin
MIPOEKTOB, KOTOPHIE, HAa TIEPBBIN B3TJIsIA, TPEOYIOT CaMOil COBPEMEHHOW U OYEHB I0POTOCTOSIIEH
anmaparypbl, JOPOrOCTOSIIMX UM JSPUIUTHBIX 3JEKTPOHHBIX KOMIIOHEHTOB, OCOOBIX 3HAHUH,
«OOCTYITHBIX TOJIBKO I/I36paHHI)IM)). Ecim BB MOkeTe TTO3BOINUTH ce6e TPaThI - KYIIUTC XOPOIINC
npuOOpBI, 3aKaXKUTE KOMIIOHEHTBI, OTUIATUTE MOMOILb SKCIIEPTA, €ClIU HET - moaymaiite. Moxer
CTaThCsl, YTO MPEMATCTBUS HE CTOJb YK HEOJAOIUMBI.

BbeccniopHo, myuiie Bcero, €Ciiy Ballle yBJICUCHHUE PAacBETET Ha XOPOIIO YX0KEHHOI
no4se (PMHAHCOBOTO J0cTaTKa. Toraa s COBETyIo 1mocjae 03HAKOMJICHUS C KHUTOW 0OPaTHTHCS K
CIeUalIicTaM IUTHOTO KIy0a, KOTOPbIE TOMOTYT BaM BBIOpaTh HAaIPaBJICHUE S TEILHOCTH,
npuoOpectu 060pyA0BaHUE U TIOATOTOBUTH MEPBLI pabounii mpoekT. Moii mouToBbI agpec
yka3aH B Havyane KHuru (E-mail), u st rOTOB HE TONBKO NPUHSATH OT3BIBEI O HEH, HO U JaTh
HEKOTOPBIE COBETBHI.

Ecnu nouBa nHast ¥ KJIMMAaT MHOM, BEIOWpANTE Iy Th UHBIX pEeIIeHUi: OyIbTe
Oyaropa3zyMHbI IIPH [IJIAHUPOBAHUH NPOEKTOB, IPOSBUTE OOJIbILE YCEPAUSI U TEPIICHUS B
MpUOOPETEHUH 3HAHHM, TOTPATHTE OOJIBIIIE BPEMEHH Ha CO3/IaHUE MPUOOPOB U
JIOMIOJTHUTEIBHOTO 000PYA0BaHMsl, CHOCOOHOTO 3aMEHUTh JJOPOrOCTOsAIIEE TOKYITHOE.

Ho B mo0oM ciydae - He OTKa3bIBaiiTe ceOe B YIOBOIBCTBUH ITONBITATHCS PEaTn30BaTh
000 TTPOEKT, KOTOPBIH BaM TOJIBKO MPUBUIUTCS, €CITH OH TOrO CTOUT. [IOpOr0 OYEHB CIIOXKHBIC
3aJ]a4ui UMCIOT TaKUE MPOCThIE pelieHus. TPpyaHO TOJIBKO OThICKATh uX. VIuTe, U y1aun Bam,
rocnoja!
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