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Yapinb3 [Tnart (Charles Platt) cran usBecteH, Kak KOMIbIOTep-
HBII CrenuasucT, eme B 1979 roxay, korna oH paboTtan B aMeprKaH-
ckoit komnanuu Ohio Scientific Inc. (OSI) Hax MPOEKTOM KOMITbIO-
tepa Challenger 4P. ITocsie HanvcaHWS W TIPOJIAKU TIPOTPAMMHOTO
obecriedeHHst O 3aKa3y TOBAPOB I10 3JIEKTPOHHOM MOYTE OH MPOBO-
IWJI 3aHATUA 10 U3Y4YEeHUIO IPOrpaMMUpOBaHus Ha s3bike BASIC,
M3y4YeHUI0 OlepaluoHHON cucteMbl MS-DOS u B mociezyolem
nporpamm Adobe Illustrator u Photoshop. B 1980-x rogax oH Hamu-
CaJl IATb KHUT, IOCBALIEHHBIX KOMIIBIOTEPAM.

OH TakXe Hamucan /iBe HayuyHo-¢daHTacTUyeckue KHUrH: “The
Silicon Man” («KpeMHHMeBbIii 4eI0BeK» ), CHavaa OnyOIMKOBAHHYIO
u3zatenbcTBoM Bantam, a mosnHee Wired Books, u kuury Protektor
(«IIpotekTop»), OMyb6IMKOBaHHYO M3aaTenbcTBOM Avon Books. Ha-
y4Hy!0 GaHTaCTHKy OH IlepecTas mucaThb, Korza B 1993 roxgy Havan
paborathb B xypHasne Wired, B KOTOpOM 4epe3 HECKOJIBKO JIeT CTaJ
OZIHMM U3 TPeX OCHOBHBIX aBTOPOB.

Yapnb3 HauMHAI cOTpyAHUYATE ¢ XypHasoM MAKE eme c ero
TPeTbero HOMepa U B HACTOALLee BpeMs ABJIAETCS OTBETCTBEHHBIM
penaxkropoM. IlpencraBieHHass KHUra — 3TO €ro Iepsasi KHUra B ce-
puu Make Books. B HacTosiiee BpeMsi OH 3aHUMAeTCsl TPOEKTHUPO-
BaHMEM U M3TOTOBJIEHHEM OIBITHBIX 06Pa3Ii0B MeUIIMHCKOTO 060-
PYZOBaHUA B CBOEM MaCTePCKOM B IYCThIHe HA CeBepe APU30HBI.







KAK NMoJ1ydnTb yAOBOJIbCTBUE
NMPU YTEHUW 3TON KHUTU

Kax[pli1 13 HaC MOJIb3yeTCs 3JIeKTPOHHBIMUA YCTPOMCTBAMY, HO
OOJIBIIMHCTBO HE 3HAET, YTO MPOUCXOUT Y HUX BHYTPH.

KoHe4HO, BaM MOJKeT I0Ka3aThCsl, 4TO 3TO BaM 3HATh U He HYX-
Ho. Eciivt BbI yripaBJisieTe aBTOMOGMIEM Ge3 IeTaqbHOrO IIOHMMAHMS
TOrO KakiM 06pa3oM paboTaeT ABUraTeslb BHyTPEHHEro CropaHusi, TO
COBepIIeHHO TaK e, M0-BUANMOMY, Bbl MOXKeTe MOJb30BaThcst iPod
6e3 KaKux-1Mb0 3HaHWII 00 MHTEerpasbHbIX cxeMaX. OfIHAKO MOHU-
MaHIe OCHOB 3JIEKTPUYECTBA U 3JIEKTPOHUKU MOXKET ObITh MOJIe3HBIM
TI0 TPeM MPUYUHAM.

« VI3y4asi OCHOBBI 3JIEKTPOHUKH, BbI MOJIy4aeTe OOJIbIe BO3MOX-
HOCTeii YyIPaBIATb MUPOM BMECTO TOTO, YTOOBI IO3BOJIATH €My
YIpaBIATb BaMK. EC/iM BBI MPOHKKaeTe B CyTh IpobJeM, TO 6y-
7ieTe B COCTOSTHUM peIlaTh WX, a He UCIBITBIBATb HEMPHUSTHbIE
OIIYIeHNs, CBI3aHHbIE C UX HAJIMYHEM.

o VI3y4eHue 3/eKTPOHUKU MOXXHO CZHeNaThb HNPUATHBIM Hpenpo-
BOXX/IeHHeM BpeMeHHM IPU YCJIOBHHM, KOHEYHO, IPAaBUJIBHOTO
noaxozna K 3ToMy mpoueccy. Heo6xonumble Ipy TOM PUOOPEI
Y UHCTPYMEHTBI OTHOCUTENIBLHO JIeIIeBbl; KPOME TOTO, BbI MOJXKe-
Te MPOZeNaTh BCIO paboTy MpsIMO Ha BalueM paboyeM CTOJIe U He
MIOTPATHTe Ha 3TO MHOTO BpeMeHH (10 TeX Mop, MTOKa BbI CAMU He
3aX0THUTe MOCBATUTDH OOJIbIIIe BpeMeH! 3TOMY 3aHATHUIO).

« 3HaHUe 3JIEKTPOHUKH MOBBICHT Ballly LleHHOCTh, KaK pabOTHHUKA,
YT, BO3MOXKHO, OTKPOET HOBOe HalpaBJieHue JJIsi KApbephl.

N3YYAI, COBEPLUAAl OTKPbITUA

BOJBIIMHCTBO HAaYaIbHbIX PYKOBOZCTB HAYMHAETCS C OIIpefiesie-
HUH 1 QaKTOB, a 3aTeM MOCTeNeHHO OHU IOABOAAT YUTATeNs K MO-
MEHTY, KOIZla MOXXHO, Ie}iCTBYSl B COOTBETCTBUHU C MHCTPYKIUSAMHY,
HAKOHEI[-TO cO6paTh KaKyr-HUOYAb IPOCTYIO CXEMY.




Xii

Puc. M1. V3yyeHne, coBepLuan OTKPbITUA,
[IaeT BO3MOXHOCTb HauaTb CObMPaTh NPo-
CTble CXeMbl Cpa3y e, UCMoNb3yA ropcTb
HEAOPOrMX 3NEeMEHTOB, HECKOMbKO OaTa-
peekK 1 3aXKMMOB TUMa «KPOKOAMM»

[peducnosue

B 3TOi1 KHWre BCe COBEPIIEHHO MO-APYromy. 51 Xouy, 4ToObI BbI
HavyaJlv C COeflMHEeHNs 3JIeMEeHTOB cXeM TpsMo ceitdac. ITocie Toro,
KaK Bbl YBUAUTE, YTO B Pe3yJbTaTe MOJIYYUIOCh, BbI HAYHETe TIOHH-
MaTb, YTO NPOUCXOAUT. SI BEPIO, UTO NPOUeECC U3y4eHUs, CO8epuas
omxpeumus (puc. I11), 1aeT BO3MOXHOCTb MOJNYYUTh ropasno bonee
OOIIVPHBIE ¥ TBEpZble 3HAHNUS.

ITo3HaHMe MUpa IyTeM COBepIIeHNs OTKPBITHIA IIPOMCXOAUT IIPU
BBIIIOJIHEHUH CePbe3HbIX HayYHbIX MCCIe0BAaHMUIA, KOTZIa YYeHbIe 3a-
MeJalT HeoObIYHOE SIBJIEHHE, KOTOPOe He MOXKeT ObITh 06BSCHEHO
B PaMKax CyILIeCTBYIOIIell TeOPHH, U TOTZA OHU HAaYMHAIOT M3y4YaTh
€ro, CTapasiCh HaiTH eMy 0ObSICHEHHE. DTO B KOHEYHOM UTOTE MOXKET
TNIPUBECTY K JIy4llleMy TOHUMaHHIO MHUPA.

MbI cobupaeMcs IenaTh TO Xe caMoe, HO, KOHEYHO, Ha MeHee
aMOUIIMO3HOM YPOBHE.

Ha 3TOM IyTH BBI, CKOpee Bcero, Gy/ieTe coBepIIaTh HEKOTOPbIe
ou6ku. Y 310 X0pomo. OmubKY 3T0 camoe Mojie3Hoe, 9TO CIoco6-
CTBYeT IpOLieccy U3ydeHus. 51 Xouy, YTOObI BbI ITPY IPOBEJIEHUH IKC-
TIePUMEHTOB C)KHT'aJIU 3JIEKTPOHHbIE KOMITIOHEHTBI 1 BBIBOZIVJIM UX U3
CTPOS, TOTOMY YTO 3TO /JaCT BaM BO3MOKHOCTB IOHATb, KAKOBBI Ipe-
JIeJIbHO JIONYCTAMBbIE TapaMeTphl pa3IMIHbIX JleTajeil 1 MaTepHasoB.
[TocKo/bKy MBI OyzieM HCIOJIb30BaTh TOJIBKO HU3KKE HaTpKeHUs,
TO BaM He TPO3UT ONACHOCTh NIOPAXKEHHS HJIEKTPUIECKIM TOKOM H 710
TeX I0p, IOKA BbI He ITPeBLICUTEe 3HAYeHUI TOKA, KOTOPBIe 51 mpeziia-
rao, y Bac He OyzieT pUCKa CKedb HajbIbl ¥ YCTPOUTH ITOXKap.

A He npeesbiwaiime donycmumesix npedenos!

Xoms 5 8epto, ymo 8ce npednazaemoe 8 3moli KHUze cosepuieHHo 6e3-
0NacHo, Mo Nosdearo, Ymo 8bl 6ydeme HaxXo0UMbCA 8 PAMKAX MeX npedesib-
HbIX 3HaYeHuUl, komopesle s 6ydy o6o3Hayame. loxanyticma, ecez0a ciedyu-
me UHCMpYKYUAM u yOenalime 8HUMAaHuUe npedynpexx0eHUsm, Komopble 8bl-
denAromca npusedeHHbIM 30ecb 3Hauykom. Eciu eel 6ydeme npesbiuames smu
npedesibl, mo nodgepzHeme cebs HeHY>KHOMY PUCKY.

HACKOJIbKO CJIOXKHbIM 3TO BYAET?

1 MCXOXKy M3 TOTO, YTO BbI MPUCTYIAeTe K 3TOMY MpOILeccy, He
MMest KaKUX-J100 MmpeiBapUTeIbHBIX 3HAHUK B 00J1aCTH 3JIEKTPOHU-
Ku. II03TOMy HepBbIe SKCIePUMEHTBI OYAYT OYeHb MIPOCTBHIMU, U TIPU
3TOM BBI He GyzieTe MCIOJIb30BaTh JaXKe MAas/IbHUK WM MaKeTHbie
TJIaThl IPU MOHTa)Ke cxeM. Bbl GyneTe coeauHSTH MPOBOAA C T0-
MOIIbIO0 32)KUMOB THIA «KPOKOIHUII».

OueHb OBICTPO BBI CTAHETE BHIMOJIHATH SKCIIEPUMEHTBI C TPAH3HU-
CTOpaMH, U B KOHIIe 271a6b1 2 Gy/ieTe UMeTb JIeJI0 CO CXeMaMH C BIIOJIHe
KOHKPETHBIM M0JIe3HBIM TPUMEHEHKEM.



lpeducnosue

51 He BepIo, YTO TaKOe X0O0U, KaK JIeKTPOHMKA, MOXKeT BbI3BAaTh
3aTpy/HeHNs IpU ero ocBoeHUK. KoHeuHo, eciy Bbl XOTUTE U3yYUTh
3JIEKTPOHUKY GoJiee QyHIAMEHTANIBHO U CO3/jaBaTh CBOM COOCTBEH-
Hble IIPOeKThI CXeM, TO 3TO MOXeT CTaTh IOCTATOUHO TPYAHBIM [IeJIOM.
Ho B 3T0¥ KHHTe HCII0JIb3yeMble TIPUOOPBI, UHCTPYMEHTHI U BCIIOMO-
raTeJIbHble MaTepUasbl JOCTaTOYHO JielleBbl, 3a/jady YeTKO oIlpesie-
JIeHbl, @ U3 00JIaCTH MaTeMaTHKU BaM MOTpeOyeTcs 3HaHUE TOJBKO
CJIOKeHVsl, BbIYUTAHNUS, YMHOXKEHUS, JleJIeHUS U CTIOCOBHOCTD Tiepe-
HOCUTbD [IeCATUYHYIO TOYKY U3 OHOM MO3ULIUY B APYTYIO.

OPUEHTALMA MO TEKCTY 3TON KHUTU

Marepuan B KHUrax TaKOro THIa OOBIYHO MPUBOAUTCSA B JBYX
¢dopmax: obydaroiee PyKOBOACTBO M pa3fesibl CO CIPaBOYHOUN KH-
dopmarueit. J cobuparoch MOIb30BATHCS 0OOMMU ITHMH COCOOa-
mu. Obyuaroiee PyKOBOJCTBO MOKHO HalTH B pasziesiaX, 03arjiaB-
JIEHHBIX CJIEAYIOMUM 00pa3oM:

+ Crcox HeoOXOMMBIX TTOKYIIOK
« Vcnonb3yemble IPUOOPHI M MHCTPYMEHTHI
o DKCIIePUMEHTBI
A paszesibl co cripaBOYHOUM HHPOpPMaLIeH 03ariaByieHbl, Kak:
o OyHaMeHTaJIbHbIe CBeleHUs
e Teopus
 ba3oBble cBefieHus
o BaxxHble cBesieHuA

Kak nonb30BaTbCAd 3TUMU pasfieslaMH, IOJHOCTbIO 3aBUCUT OT
Bac. Bel MokeTe NpOMyCKaTh CIpaBOYHbIe Pa3ziesibl U BO3BPALIATHCS
K HuM 11o31Hee. Ho eciu BbI Gy/ieTe MpOIycKaTh pas/eibl, OTHOCSIIHU-
ecsi K 00yJaronemMy pyKOBO/CTBY, TO 9Ta KHUATA He OKaXKeTCs ZUIs Bac
NIeMICTBUTEJIbHO M0JIe3HOM. V3y4yeHue, coBepiiast OTKpPBITHSA, O3HA4a-
€T, YTO BbI, O€3YCIOBHO, IOJDKHBI YTO-TO C/IeJIaTh CBOMMH PYKaMHu,
a JUIsl ATOTO Ha/I0 MPUOOPECTH HEKOTOPbIe OCHOBHbIE AJIEKTPOHHbIE
KOMITOHEHTbI U «[IOUTPaTh» C HUMU. ByzieT Masio TosKy, eci Bbl Oy-
ZieTe TOJIbKO JIIIb TIPe/iCTaBIATh, YTO I0Ib3yeTeCh UMHU.

OdeHb TMPOCTO ¥ JOCTATOYHO JIENIEBO MOXXHO MPHOOPECTH BCe
TO, 4TO BaM MoTpebyeTcs. He3aBHCHMO OT rOPOZICKOTO UJTH CEJTbCKOTO
NPOXMBAHUA U151 60IbIUHCTBA pailoHoB CIIIA BenuKa BeposTHOCTD
TOTO, YTO BbI JKKMBeTe BOIN3U Mara3nHa, KOTOPbIiA TOPTYeT 3JIeKTPOH-
HBIMU KOMITIOHEHTaM1 U HEKOTOPBIMK OCHOBHBIMY TPUOOPAMU ¥ UH-
CTPyMeHTaMH, HeOOXOMMbIMH JJIs1 PAOOTHI C STUMHU KOMIIOHEHTAMH.
51, KOHeYHO, UMeIo B BUZly Mara3uHbl Kommnanuu RadioShack. B He-
KOTOPBIX U3 HUX aCCOPTUMEHT 0OJIbllle, 4YeM B IPYTUX, HO B JIIOOOM
CJly4ae Bbl Hali[ileTe B HUX BCe, YTO BaM HYKHO.

Xiii
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lpeducnosue

Kpowme Toro, BbI MOXXeTe IIOCeTUTh Mara3vHbl 3allacHbIX YacTen
17 aBTOMOOMIIEH, Kak, HanpuMmep, AutoZone u Pep Boys, ¢ 1enbo
NpUOOPeTEeHNsI TAKMX OCHOBHBIX KOMIIOHEHTOB, KaK COeIMHUTENb-
Hble NIPOBOJA, IIPeIOXPAaHUTEIIN U [IepeKIroYaTesau. A B TAKUX Mara-
3uHax, kak Ace Hardware, Home Depot u Lowe's, BbI cMOXeTe Ky-
NUTh He0OXOAMMBIe TPUOOPbI ¥ UHCTPYMEHTBI.

Ecim BbI ITpezinioYnTaeTe MOKyImarh 110 [o4Te, TO CMOXeTe JIETKO
HAWTH TO, YTO BaM HY)XHO, OCYILeCTB/IASA NOUCK B MIHTepHeTe. B He-
KOTOPBIX pa3ziesiax 3TOM KHUTH S NPUBOXY azipeca BeO-CcaliTOB HAM-
GoJiee IONYJISIPHBIX MHTEPHET-PECYPCOB, a MOJIHBIN CIIMCOK Beb-caii-
TOB BbI HalifieTe B [Ipunoxcernuu.

OYHOAMEHTAJIbHbIE CBEAEHIA

3aKa3 KOMMNOHEHTOB, Npn6opoB
M MHCTPYMEHTOB MO nouTe

37ech s MPUBOXY OCHOBHBIE PeCypChbl IOYTOBOM TOPrOBIIH, KO-
Topble ecTb B MIHTepHeTe (puc. I12) 1 KOTOPBIMU NOJIB3YIOCh!

http://www.radioshack.com

Caiit kommanun RadioShack, nzsectnoii takxe kak The Shack.
CrielaM3upyeTcsi Ha Mpojaxe MPUOOPOB, UHCTPYMEHTOB U KOM-
IIOHeHTOB. He Bcerma oHM 37ech caMmble JiellleBble, HO 9TUM CalTOM
OYeHb JIETKO ¥ YIOOHO TOJIb30BaThCs, @ HEKOTOPbIe PUOOPHI U UH-
CTPYMEHTbI UMEHHO Te, KOTOpPbIe BaM U OHA/I00ATCA.

http://www.mouser.com
v http://ru.mouser.com st Poccun
Caiit komnanun Mouser electronics

http://www.digikey.com
Caiit komnanuu Digi-Key Corporation

http://www.newark.com

Be6-caiiT Newark

Komnannu Mouser, Digi-Key n Newark sBisroTcss Xopomumu
TMOCTaBIIMKaMU KOMIIOHEHTOB, KOTOpbIe OObIYHO TPeOYIOTCS B He-
GOJbIINX KOJIMYECTBAX.

http://www.allelectronics.com

Caiit kommanuu All Electronics Corporation. Ilpemocrapius-
eT ZIOBOJIbHO OTpaHMYeHHbIM acCOPTMEHT KOMIIOHEHTOB, KOTOpbIe
CIeNUabHO MOA0OpaHbl AJA JNoOuUTeNell 3JIeKTPOHUKH. 371ech e
IIPe/IJIaraloTCsl TOTOBLIE SJIeKTPOHHBIE HAOOPHI.



lpeducnosue

http://www.ebay.com

wy Ha pycckom si3bike http://ebayworld.ru

Ha sTom pecypce BbI MOXXeTe NPHOOPECTH M3JUIIKYA UM TOBA-
PBI [10 CHI)KEHHBIM IIeHaMH, HO BaM IIOHAZIOOUTCS TepecMOTpeTh He-
CKOJIBKO pecypcoB eBay, 4To6bI HAUTH TO, YTO BaM HY)XHO. TOT pecypc,
KOTOPBIN, HanlpuMep, 6a3upyertcst B [OHKOHTe, pe/iyiaraeT Bce 04eHb
HeZIOPOTO, U 51 CYNTAI0, YTO 3TO BIOJIHE HaJle)KHbIe KOMITOHEHTBL.

http://www.mcmaster.com

Caiit komnannu McMaster-Carr 0co6eHHO noJie3eH, Koraa Hazio
nprobpecTy MPUOOPHI ¥ MHCTPYMEHTHI BLICOKOTO Ka4ecTBa.

Marazunsl Lowe's (caitt http://www.lowes.com) 1 Home Depot
(caiit http://www.homedepot.com) Takxe pacpocTpaHsIOT CBOU
TOBapkI 110 MIHTEpHeTY.

[rpere.
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Puic. M2. Bbl 06Hapy»K1Te, UTO B VIHTEpHETE MOXHO NPMOBPECTL Mobble KOMMOHEHTbI, MPUOOPbI,
WNHCTPYMEHTbI, HAOOPbI M Pa3nnUHbIe OPUTMHabHbIE YCTPOCTBA

ConyTtcTBylowmin Habop

Komnanus Maker Shed (www.makershed.com) npennaraer
CIelyaibHbIe COMYTCTBYIOIIKE Habopb!l Make: Electronics, B KOTOPBIX
MPUCYTCTBYIOT Bce HeOOXOAUMBbIe TPUGOPHI ¥ HHCTPYMEHTHI, 8 TAaK)Ke
HEKOTOpOe KOJUYeCTBO Pa3IMIHbIX KOMIOHEHTOB, UCIIOJIb3YOMINX-
Cs1 B 9KCIIEPUMEHTaX 3TOW KHUTH.
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DTO NPOCTOH, yNOOHBII ¥ SKOHOMUYHBIH CIOCO6 TPUOOpeTeH s
BCeX HeOOXOMMBIX MPUOOPOB, MHCTPYMEHTOB U MaTePUAJIOB, KOTO-
pble BaM TOHAIO0STCS IS BBITIOJIHEHHSI BCEX KCIIEPUMEHTOB, MPH-
BeJIeHHBIX B JaHHOW KHUTe.

AHMrMNNCKNIA BapyUaHT KHUIN

Jl7is1 aHTJIMICKOTO BapUaHTa KHUTY CO37IaHa CTpaHuiia B MIHTep-
HeTe, Ha KOTOPO¥ MPHMBE/IeHbI: CIUCOK 0OHAPY)KeHHbIX OIIUOOK, PH-
Mepbl, HoJiee OAPOOHBIE BEPCUU PUCYHKOB, KOTOPBIE HCIOJIb30Ba-
JIUCh B KHUTE, ¥ HEKOTOpast Apyrasi IOMOJHUTeIbHAs HHOPMAIIUS.
BbI MOXeTe 3aiT! Ha 3Ty CTPAHHUILY TI0 aJipecy:

http://oreilly.com/catalog/9780596153748

J17151 TOrO YTOOBI IPUCTIATh KOMMEHTAPUU ¥ 33/1aTh TEXHUYECKHUe
BOIPOCHI [0 aHITIMHACKOMY BapUaHTy KHUTH, MOXHO TIOCJIATh Balle
3JIEKTPOHHOE COODIIeH e 110 aZipecy:

bookquestions@oreilly.com

[Tonyunts Gosee MoAPOOHY0 MHOPMALIUIO O KHUTAX U3/IaTelb-
crBa O'Reilly, kondepenuusx, pecypcHbix nentpax u cetu O’Reilly
Network Mo)XHO Ha BeG-caiiTe U37aTeNIbCTBA:

http://oreilly.com

LUundpoBaa 6mbnnoreka Safari® Books Online

Safari Books Online (http://www.safaribooksonline.com) 3to
nudpopas 6ubnroTeka, mpeAoCTaBIAIasg MHPOPMALHIO IO 3aIpo-
caM, T7ie BbI CMOXKeTe JIETKO BBIIIOJIHUTB IOMCK CPeay 7,5 ThICAY TeXHH-
YeCKUX U KPeaTUBHbIX NHGOPMAIMOHHBIX KHUT ¥ BUIeOMaTepUasoB
77ist GBICTPOTO TIOJTyYeHHsI OTBETOB HA MHTEPECYIoIre BaC BOIPOCHL.

[ToAnucaBIINCh, BBl MOXKETe YUTATh JIIOOYI0 CTPAHUIYY U CMO-
TpeTh JiT0O0e BUIeO U3 Halllell OHJIANHOBOW 6ubnIMoTeKn. YuTaiite
KHUTY C TOMOIIIbIO BallIUX MOOUJIbHBIX TeJiepOHOB M IPYTHX CPENCTB
MOOHJIBHOH CBSI3U. JIOCTYN K HOBBIM HAa3BaHUSIM MOXKHO MOJIYYUTD
elje 710 MOSIBJIEHUS UX B T1€YaTH, TAKUM 00pa3oM, BbI MOXKeTe CTaThb
obJaziaTeneM 3KCKJIIO3UBHOTO I0CTYIA K PYKOIMCSM B MPOIIecce UxX
CO37IaHNf, @ TaKXKe MOJYIUTb BO3MOXXHOCTb OOIIAThCA 10 3JIEKTPOH-
HOI1 T104Te ¢ aBTOpaMu KHUT. Konupyiite 1 BcTaBisiiTe 06pasibl KO-
JI0B, YTOOBI OPraHU30BaTh MHTEPECYIOIINe BaC CChUIKH, 3arpysKaiite
IJIaBbI, 3aKJIaZIKU KJIIOUEeBbIX pa3/iesioB, feslaiiTe IOMETKH, pacreya-
ThIBaiiTe CTPAHULbI U MOJy4aiiTe MHOXECTBO IIPEMMYIIECTB OT /Ipy-
TUX QYHKIIUIN, KOTOPbIE COKOHOMST BPeMsl.

UsnarensctBo O'Reilly Media 3arpysusio aHMIMACKUIA BapUaHT
sToil KHUrY B VIHTepHeT — B nudposyo 6ubimoreky Safari Books
Online. YTOObI MOMYYUTD AOCTYI K JaHHOW KHWTe ¥ IPYTHM aHaJo-
TMYHBIM U371aHusM OT usziatesibetBa O'Reilly u npyrux usnareneii 6ec-
TJIaTHO, obpatuTech no azpecy http://my.safaribooksonline.com.



Moe coTpynanuecTBo ¢ XypHaaoM MAKE Hayanoch CTOro MOMeH-
Ta, Koraa ero uszatens, Mapk ®@payendenbaep (Mark Frauenfelder),
TIOTIPOCHUT MeH$1 HalUCaTh J7Ist HUX. §1 Bceraa ObLT 04eHb PU3HATENeH
Mapky 3a ero noazepxky Moeil pabotel. biaronaps emy s mo3HaKo-
MUJICS C UCKITIOYUTEIBHO COCOOHBIMU ¥ MOTUBUPOBAHHBIME Ha J10-
CTYDKEHUSA KOHEYHOIO pe3yibTraTa COTpyAHMKamy XypHana MAKE.
Taper BpauBuH (Gareth Branwyn) co BpeMeHeM IPEAONIOXUII, YTO
BO3MOJXHO 3aX0TeJl ObI HAIKCATh PYKOBOZICTBO 110 3JIEKTPOHUKE st
HAYMHAIOIINX, I03TOMY Y MeHs eCTb ZIOJT Tiepesi apeToM 3a ero MHU-
IIMaTUBY 3aIlyCTUTh 3TOT IIPOEKT U KyPHUPOBATh €T0 B Ka4ecTBe MOero
penakropa. ITocse Toro, Kak s Hanycas IPYMepPHbIH I71aH, B KOTOPOM
omucas ujero usfanus «Msydan, copepiiast OTKPbITAS» U CBA3aHHOU
C Hell KOHIIeTIXY, T7ie IeMOHTa KOMIIOHEHTOB U UX CKUTaHHe MOXeT
cTaTh 00OyJarommM paKTopoM, U3aaTeb JaHHON KHurK Jeiin [lorep-
1 (Dale Dougherty) npoustec He3abbiBaeMyto ¢pasy «5 xouy aTy
kHury!» TToaTomy 51 ocobeHHO Graronapes [leity 3a ero Bepy B MOU
crnocobHoctu. TeH Byzc (Dan Woods), accoluupoBaHHbBIH M3aaTenb,
TaKke ObLT OYeHb ¥ OYeHb IT0JIe3€H.

ITporecc MPOU3BOACTBA ObUI CTPEMUTEIBLHBIM, MOJHONPABHBIM
1 6e360J1e3HeHHBIM. 32 3TO 1 I0JIKEeH BBIPA3UTh 6JIar0[apHOCTh TAKUM
JIOZIAAM, KaK Moii pefiaktop B usnarenbcTBe O'Reilly Bpaiian Jlxxencon
(Brian Jepson); crapmuii BelycKaromui pefaktop Peiiuen Monar-
xaH (Rachel Monaghan); murepatypusiii penakrop Hencu Kotapu
(Nancy Kotary); xoppektop Hencu Paitaxapar (Nancy Reinhardt);
cocraButens uHzekca xymua Xokc (Julie Hawks); nuzaitnep Pon
Bosozawio (Ron Bilodeau) u Po6ept Pomano (Robert Romano), koTo-
phIit 06paboTan Mo WTOCTpauun. Bosblie Beero st 06s3aH BaHHM
Xyanry (Bunnie Huang), MoeMy TeXHM4YeCKOMY KOHCYJBTaHTY, KO-
TOPBINA TOAPOOGHO M3YYMJI STOT TEKCT ¥ HAIlesl Maccy He0CTAaTKOB,
0 KOTOpPBIX A He mozo3peBai. JIroOble OCTaBIIMeCs OMIMOKU Jiexar
Ha MOeil coBecTH, XOTS f Obl HpeAroYes OOBUHUTH B HUX BaHHU.

Bnarogapen Marty Metcy (Matt Mets), Beku Crepn (Becky Stern),
Komnuny Kauunrxamy (Collin Cunningham), Mapky ne Bunky (Marc de
Vinck), @umunmny Toppony (Phillip Torrone), lumopy ®peiiny (Limor




XViii

bnazodapHocmu

Fried), xxony Darapy ITapky (John Edgar Park), I)xony Befimiramito
(John Baichtal) u [Ixxonarany Bynbdy (Jonathan Wolfe) 3a nomomp
TIpY CaMOM IIOCJIefIHEM TeCTUPOBAHUY IIPOEKTa.

HaxkoHel, £ I0JDKeH yIOMSHYTb FeHHaIbHbIX Jifofielt [IxoHa Bap-
Hoka (John Warnock) u Yapnn3a I'emnke (Charles Geschke), ocHoBa-
Teneii cucteMbl Adobe Systems u co3nareeii 3aMeyaTesIbHOrO A3bIKa
nporpaMmupoBanus PostScript, KOTOpBIN chenan peBONIOLUI0 BO
BCEM U37IaTeJIbCKOM fiesie. YKac OT TOTO, YTO TPUILIOCHh ObI JieaTh
TIOMIBITKY CO3/1aBaTh 3Ty KHUTY, WCIOJb3ys JApyrue rpaduyeckue
CpeZCcTBa OT ... KAKOM-TO IPyrofl KOMIIAHUU... IPe/ICTaBUTh [TPAKTHYe-
CKU HeBO3MOXHO. @akTrvecku 6e3 Takux mporpamm, kak Illustrator,
Photoshop, Acrobat u InDesign, cOMHUTeIbHO, YTOOBI 51 PEIIUIICS
Ha BBINOJIHEHWe 3TOW 3a1a4u. I Takxke 00s3aH kamepe Canon 1Ds
co 100-MHUTUMETPOBBIM MaKPOOOBEKTUBOM, C TOMOII[bIO KOTOPOTO
ObLIO MoJTy4eHo Oosbliee Komm4decTBO ¢oTorpaduil, nmpesicTaBieH-
HBIX B 3TOHM KHUTe.

He 651710 MOJIy4€HO HUKaKKX OeCIIaTHBIX 00pa3iioB M KaKO#-
76O APYroi MOMOIIU OT JI0OOro 13 MOCTABIIMKOB 000PYAOBaHUS,
YIIOMSIHYTBIX 371eCh, 32 MCKJIIOUeHeM JIByX 06pa3iioB KHUT XypHasa
MAKE, koTOpble 51 uiTaj, YTOObI ObITH YBePEHHBIM B TOM, UTO S He
BKJIFOUMJT KaKKe-60 Belly, KOTOPbIe yKe ObLIX O1y6IMKOBaHBI.



NMOJTIYHEHUE OTIbITA
B USYHEHUU SNEKTPOHUKIA

s1 X04y JaTh TOYYBCTBOBATb BaM BKYC K 3JIEKTPOHUKe — OYK-
BaJIbHO! — TIpU BBINOJIHEHUY MEPBOT0 3KCIepuMeHTa. B 3Toii riase
KHUTH BB y3HaeTe:

e KakK C [OJIHbIM NOHMMaHKeM BBINOJIHATb U3MepeHUs] OCHOBHBIX
3JIeKTPUYeCKUX BeINUUH;

* KaK 00paIarhCcs U KaK COeIMHSATD 3JIeMEeHThI CXeMbI He ZI0TyCcKas
BO3/Ie/ICTBUSA Ha HUX OOJIBIINX HArPY30K, a TAK)Ke He IIOBPexX/ast
¥ He BBIBOJII X U3 CTPOS.

Jlaxxe ecnv BBI yKe MeeTe KaKve-Iu00 Npe/iBapUTesIbHble 3Ha-
HUSA B 3JIEKTPOHUKE, BCe PABHO OyJeT O4YeHb MOJIe3HO, eCIU BbI BbI-
TIOJIHUTe 3TY 9KCTIePUMEHTHI Ilepe]] Ha4yaJoM CBOero MyTellecTBUA 110
BCEM OCTaJIbHbIM CTPaHUIIAM 3TOU KHUTH.

CNNCOK HEOBXOAUMbBIX MOKYMOK
ANA SKCNEPUMEHTOB C 1 10 5

Ecii BBl XOTUTe YMEHBIIUTb KOJINYECTBO MOCeIeHNI MarasuHa
WY KOJIMYeCTBO MOKYNOK yepe3 MIHTepHeT, TO IOCMOTPUTE CIIUCKU
TOTO, YTO HAZIO KYIHTh, B OCTAJIbHBIX YaCTAX KHUI'Y 1, 00bEIUHIB UX,
KyIIUTe BCe Cpa3y LeJIMKOM.

B 3T0ii r11aBe /71 Ka)XX0ro MHCTPYMeHTa M KOMIIOHeHTa, KOTO-
pbie MbI O6yZieM UCII0JIb30BaTh, 5 PUBEY BCe HOMepa JieTajleil 1 Me-
CTa, I7le UX MOXHO Kynuth (6osee moapo6Hy0 HHGOPMALIHIO O T10-
CTaBIIMKaX CM. B [Ipeducnosuu). BiocnencTBuu s He iyMalo, 4ToO BaM
noTpebyeTrcsi crenuanbHas UHPOPMAIMS TaKOTO Poja, MOCKOIBKY
BbI YK€ MOJIy4YUTe CBOM COOCTBEHHBIN OIBIT MOMCKA HEOOXOAUMBIX
MO3UIIIH.

naBa

B aTom rnaBe

Crnmcok HeoOXOAMMBbIX MOKYMOK
[ONA 3KCnepymeHToB € 1 Mo 5

JKCnepuMeHT 1.
[poBepbTe HanpsxeHmne Ha BKyc!

JKCMNEPUMEHNT 2.
[aBalite coxxem batapelnky!

JKCNEePVIMEHNT 3.
Bawwa nepeas cxema

JKCNepUMEHT 4.
V3meHeHne HanpsxeHKa

JKCNepUMeEHT 5.
[aBaiite cienaem batapeliky

NMpumeyaHue

KomnaHus Maker Shed (www.
makershed.com) pasmecmuna
Ha calime pAd conymcmaylowux
Habopos Make: Electronics (Snex-
MPOHUKA C8OUMU pyKamu). B smu
Habopbl 8X00Am 8ce HeObX00UMble
UHCMpPYMeHMbl U KOMNOHeHM®bI,
ucnosb3yemMble 8 SKcnepumeHmax,
ONUCAHHbIX 8 0aHHoU KHuee. lpu-
obpemeHue maxkux Habopog —
3mo 6sicmpebil, npocmoli U 3Ko-
HOMUYHbIU  €Nocob  nosydeHus
8CE20 M020, YMO HEOOXOOUMO 015
8bINOJIHEHUA 8CeX ycmpoulcms,
ONUCAHHbIX 8 MoU KHU2e.



Puc. 1.1. CraHpapTHble [OfIMHHOHOCHIE
TOHKOTYOUBl 3TO OCHOBHOW MHCTPYMEHT,
KOTOPbI  MCMOMb3yeTca Ana  duKcauum,
13rnba 1 3axgsata ynasLvx getanen

Puic. 1.2. [IIMHHOHOCHIE TOHKOTY6L|bl: OHY
OuYeHb MonesHbl Ans PaboTbl B MecTax C
OrpaHnyeHHbIM OCTYNOM

lnasa 1

Mpun60opbl N NHCTPYMEHTDI

ManeHnbkue nnoa(ozy6ubl

RadioShack Kronus 4,5 gioiima, HoMmep netanu 64-2953 unu
JJIMHHOHOChIe MUHU-TIIOCKOTYOITBI Xcelite 4 nioiima, moznens L4G.

Wnu aHanornyHele UM KOMIOHeHTHI (puc. 1.1-1.3). Mmure 3Tn
MHCTPYMEHTHI B X03HCTBEHHbIX Mara3nHax Wil B MeCTax, KOTOpble
nepevnciensl B IIpeducnosuu. ToproBasg mMapka (OpeHs) He MMeeT
3HaveHus. [Tocsie KaKOTO-TO BpeMeHH UX UCIOJIb30BaHUSA Y BaC MO-
ABATCA CBOM COOCTBEHHBIE MpeAnoyTeHus. [IpaKTU4ecKy BbI JJOJIK-
HbI PElIUTh TOJBKO OZIMH MOMEHT — HPaBUTCA JIM BaM paborathb C
MOANPYXKMHEHHbIMHI PYYKaMM WX HeT. Ecv BBl pemmiy, 4To HeT,
TO BaM HaBepHsKa IIOHA/J0OUTCS BTOpasi Mapa IJIOCKOTyO1eB, YTOObI
BBIHYTb [IPY>XUHBI U3 IIEPBOH.

Kycayku

RadioShack Kronus 4,5 proiima, HoMep feTamu 64-2951 unu
Stanley 7 mroiiMmoB mozenb 84-108.

Wy aHaJIOrMYHbIe UM KOMIOHEHTHI. CliefiyeT MCIoNb30BaTh UX
JUIA TIepeKyChbIBaHUS MeHbIX IPOBOZIOB, a He MPOBOJIOKHU U3 GoJee
TBepAbIX MeTaJI0B (puc. 1.4).

Mynemumemp

Mopnenu Extech EX410, unu BK Precision 2704-B, v Amprobe
5XP-A, Wi aHaJOTMYHbIe UM KOMIIOHEHTbL [TOCKOJIbKY 3JIeKTpH-
4ecTBO HEBU[MMO, HaM HYXXeH HHCTPYMEHT [JIsi BHU3yaju3aluu

i

Puc. 1.3. [nockoryoubl ¢ oCTPbIMU HO- Puc. 1.4. Kycaykun gna npoBoAoB., MHOrha
CVKamy ObINN CKOHCTPYMPOBaHbI ANA 13- MMeHyemble OOKOpe3amn, Takke OueHb
FOTOBNIEHVA I0BENVIPHBIX M3AENNI, HO Tak- BaXKHbl

e Mone3sHbl v A9 3axBaTta KOMMOHEHTOB
Masioro pasmepa



I'Ionyquue ONnblma e usy4eHuu 3/iekKmpoHUKU

Pa3HOCTH MOTEHIMANOB (HANPsHKEHKs) U TPOTEKAIOIIero ToKa (CHUJIbI
TOKa), a TeCTep 3TO eJMHCTBEHHBII CIIOCOO pelnTh 3Ty Npobiemy.
[l BallMX HAa4aJbHBIX SKCIEPUMEHTOB OyzieT BIOJIHE JJOCTATOYHO
BO3MOKHOCTel HeZJopororo Tecrepa. Eciv BbI IOKymaeTe ero yepes
VIHTepHeT, TO HaZlo HOCMOTPEeTh, YTO MUIIYT O NPO/IABIIe, ITOCKOJIbKY
HaZIeXXHOCTh KYIJIEHHOTO HeZIOPOTOro TOBapa MOXXeT OKa3aThCs IO
00JBIIMM BOIPOCOM. BbI MOXXeTe IPHOOPEeCTH 3TOT TOBAP B PO3HUY-
HbIX Mara3uHax, KOTOpbIe IIpeJJIaraloT Hauy4myto reny. He ciezyer
3a0bIBaTh O MIOKCKe HAa MHTEPHeT-ayKI1OHe eBay.

VI3MepuTenbHbINA IPHOOP MOKeT ObITh HUQPOBLIM, HO He Clie-
iyeT 3a0bIBaTh U 00 ycTapeBlIeM aHAJIOTOBOM IPUOOPE CO CTPENIKOH,
KOTOpasi epeMeIaeTcsi BAOJb YCTAHOBJIEHHOM LIKAJIbl C HAHECeHHbI-
MU Ha Hee JieJleHUsIMU. B 3TOi KHUTe [Ipe/TonaraeTcsi, 9To Bbl 0JIb-
3yeTech IPUOOPOM C HUPPOBBIM TUCIIIIEEM.

s monarao, 4TO BBI He CTaHeTe IOKyNaTh MpHOOp ¢ aBTOMATH-
4ecKOi HaCTPOHMKOW Auana3oHa M3MepeHHs. «ABTOMAaTH4ecKoe 13-
MeHeHMe IMana30Ha» 3BY4HUT, KaK HeuTo I10JIe3HOe, HallpuMep, KOrza

-
A1 BX° TOOL KIT 27048

Puc. 1.5. Ha moem cobcteeHHOM niobu-
MOM MyJIBTUMETPE Bbl MOXETE 3aMETUTb
cnefbl M3HOCa ¥ Aaxe LapanviHbl. Y Hero
eCTb BCE HEOOXOAMMbBIE OCHOBHbIE (QYHK-
LMK, ¥ OH MOXET M3MepATb eMKOCTb (aua-
nasoHbl 0603HaueHbl Bykson «F»). Kpome
TOro, C ero NMoMOLLbI0 MOXKHO MPOBEPUTH
MNCMPaBHOCTb — TpaH3ucTopos.  OgHako
npu pabote C 3TWM MyNETUMETPOM [ua-
Ma3oHbl M3MEPEHWs Haflo YCTaHaBNMBaTb
BPYYHYIO

Puc. 1.6. MynbtimeTp RadioShack 13
cpefHero LUeHOBOro AMana3oHa, KOTOPbIN
MMeeT BCe OCHOBHble ®YHKLMM; OfHAKO
MMeeTCA [BOMHOE Ha3HaueHWe Kaxaown
no3uuMmn  OUCKOBOTO  Mepeksiovatens,
YTOUHAEMOE C MOMOLLbI0 KHOMKM SELECT,
uTO, 6E3YCNOBHO, MPUBOAMUT K HEKOTOPbIM
TPYAHOCTAM. Tem He MeHee 3TOT Nprbop
MMeeT  aBTOMaTMuYeckoe —ornpefeneHune
[ManasoHa n3mepeHus

Puc. 1.7. MynstmeTp, Npovi3BeAeHHbIN
KomnaHven Extech, nveer aBTomatnue-
CKOe onpeaeneHve AvanasoHa nsmepe-
HUA, 0bnafaeT BCEMM OCHOBHBIMU ByHK-
umamn. Kpome Toro, B nprbope vmeeTca
[aTuMK TemnepaTypbl, KOTOPbLIN MOXeT
ObiTb MoneseH AnA onpefeneHva Temne-
paTypbl  pasorpesa HEKOTOPbIX KOMMO-
HEHTOB, HanpuMep BNOKOB NUTaHWA



Puc. 1.8. Pazbem ans noaknoyeHmns bata-
perkn TMna «KpoHa» HanpaxeHnem 9 B

Puc. 1.9. [lepxatens ana opHon Oata-
perkn pasmepa AA C NPUCOeANHEHHbBIMM
npoBOAamMn

lnasa 3

BbI XOTHTE IPOBEPUTH OaTapeiiKy HanpspkeHueM 9 B, To Takoi mpu-
60p caM OIpeZesnT, YTO BbI He MbITaeTeCh U3MEPUTD HaNpPSUKeHueM
BeJIMYMHOW B COTHM BOJIBT, & TaK)XXe BeJIWYMHOU J0aU BOJBT. I1po-
6J1eMa COCTOUT B TOM, YTO 3TO MOXET CTaTh IIPUYMHON COBEPIIEHUS
BaMM OIMOOK. A 4TO ecym GaTapeiika yxe o4ty paspsokeHa? Torna
IIPY U3MepPeHNHU Bbl MOXKeTe IOJIyYUTh B pe3ysbTare [JOJIX BOJIBT, He
IIOHKMMas, YTO Bbl Ha CaMOM fiesie MepsieTe. EIMHCTBeHHAsA BHIBOAU-
Masi nH$OpMaIKs, Ha KOTOPYIO IIPY 3TOM MOXKHO JIeTKO He 0OpaTUThb
BHUMaHHe, 3TO HeOosbIIasi OykBa «m», KOTOpasi B JAaHHOM CJIydae
OyzeT yKa3bplBaTh Ha «MHJIIUBOJILTEI» U OyZeT HaXOAUTBCS Ha JIHC-
TJIee MyJIbTAMETPA CIIpaBa OT OOJBIINX HUPP.

Ecim xe y Bac mpr6op ¢ pyYHBIM BHIOOPOM /Maria3oHa u3Mepe-
HYS, @ UICTOYHUK M3MePsIeMOro HalpsHKeHUs MMeeT HallpsKeHue 3a
TpeJielaMHl YCTAaHOBJIEHHOTO JIMANa30Ha, TO MYJIbTUMETp OyzeT WH-
dopmMupoBaTh Bac 0 TOM, YTO BHI JieiaeTe OMMOKY. S MpeAnoYnTaro
MMEHHO 5TOT BapuaHT. Kpome TOro, MeHs pa3zipakaeT TO BpeMs, KO-
TOpO€ TpaTUTCA NPUOOPOM A cpabarbiBaHus GYHKIMKM aBTOMATHU-
4eCKOro OlpezieIeH!s AUana3oHa Py KaX/0M BbITIOJHeHUU U3Mepe-
HYsA. OHAKO BCe 3TO OTHOCUTCA K MHAUBU/YaIbHBIM IIPeAIIOYTeHUAM.
Ha puc. 1.5-1.7 npuBeneHbl NpuMepbl HEKOTOPBIX MYJIbTUMETPOB.

Pacxoayemblie maTepuanbi

bamapeliku

Barapeiika tuna «KpoHa» ¢ HanpsxenueM 9 B. KoimnuectBo —
1 wr.

Barapeiika Tuna AA ¢ HanpsikeHueM 1,5 B. KonnuectBo — 6 mirt.

Barapeiiku JOJDKHBI OBITh 1eJIOYHBIMUA — OHM He CO3AazyT HaM
npo6JieM P UX YTUTM3ALMH, TOCKOJIbKY HEKOTOPbIe M3 HUX MBI MO-
K€M BBbIBECTH U3 CTPOsA. Bbl IOJKHBI KATErOPUYECKU OTKA3aThbCs OT
VICTIOIb30BaHUS aKKyMYJIATOPHBIX OaTapeek B axcnepumenmax 1 u 2.

Jepxamenu ona 6amapeek u pazsemol

PazbeM /7151 ofKI04YeHns 9-BobTOBOI Garapeiiku Trma «KpoHa»
¢ npunasHHbIMU npoBoziamu (puc. 1.8). KommuectBo — 1 mt. Homep
neramu 270-325 or RadioShack wnu ananornyssle eit. [opoizer yito-
60¥i aHAJIOTMYHBII Pa3beM C MPHCOeINHEHHBIMU K HEMY MPOBOZIAMH.

Jlepxarenb IJist OfHOW Garapeiiku THma AA C TPUCOeIUHEHHbI-
MU K HeMy ripoBofiamu (puc. 1.9). Konuuectso — 1 mt. Homep nertanu
270-401 RadioShack mnu Homep 12BH410-GR B Karajiore Ha caiTe
kommaHuu Mouser Electronics vy aHaJOr4IHbIe UM; IOIOKMET JIF000i
Jiep)Karesib JUIsi OfHOW OGaTapeiKu C MPUCOeIMHEHHBIMU POBOIAMH.

Jlepxatenb A7 4eTbipex GaTapeek Tuma AA C TIPUCOeIVHEH-
HbIMU nTpoBogamu (puc. 1.10). Konudectso — 1 mt. Homep BH-342



O6pauweHue K bosiee cepbe3HbIM Bewam

BKarasore All Electronics unmi Homep 270-391 komnanuu RadioShack
WY QHAJIOTUYHbIE WM.

3axxumol muna «<kpokoous»

3aXUMbl TUINA <«KPOKOAWJI» C BUHWIOBOW M30JAnMeN (Kpac-
Hble U YepHble). KonmudectBo — He MeHee 8 mT. ITo katanory All
Electronics Homep ALG-28 wnu Homep netanu RadioShack — 270-
1545 nnu ananornysble uM (puc. 1.11).

KoMnoHeHTbl

Bbl MOXeTe He 3HATb JJIS1 Yero MpeJHa3Ha4eHbl HEKOTOPbIe U3
3TUX JIeTaJIeil WK Y4TO OHU ZienatoT. [10aToMy 1moka obpaiaiite BHU-
MaHMe TOJIbKO Ha HOMepa JieTajiell U OMMCAaHUA, a TaKKe Ha UX CO-
OTBETCTBHE TeM JieTasisiM, KOTOpble M300pakeHbl Ha GpoTorpadusix,
NpUBeNEHHBIX B JAHHOW KHUTe. B mpoiiecce n3y4yeHUs C MOMOIIBIO
OTKPBITHIA CMBIC]T BCEX 3TUX JieTaleill O4eHb CKOPO CTaHeT BaM IO-
HSITEH.

llpedoxpanumenu

ABTOMOOWIIbHBIE C HOXKEBBIMU KOHTAKTaMH, C MUHU-JIe3BUSAMY,
Ha 3 A. KonuuectBo — 3 mr. Homep neranu RadioShack — 270-
1089 wnnu perans Bussmann — ATM-3, KOTOpbIe ZOCTYIIHBI § TAKUX
NIOCTABUIMKOB, KaK, Hanpumep, AutoZone (puc. 1.12).

IMomonayT ¥ aHANOTMYHbIE UM, ONHAKO IPeJOXPaHUTENN C HO-
’KeBbIMU KOHTAKTAMU Jierde 3aXBaThIBaTh «<KPOKOAUTIAMU», UeM Ipe-
MOXPAHUTEJIY KPYIJIOro THUIIA.

ﬂomeHuuomempbl

C BO3MOXHOCTBIO KpeIUIeHHsI Ha T1aHeJy, POTOPHOTO THIA, Of-
HOOOOPOTHBIE, C JINHEHHBIM NU3MeHeHHeM CONPOTUBIIEHN S, HOMUHA-
jioM 2 kOM, momHoCThI0 He MeHee 0,1 Bt. KonmmyectBo — 2 miT. [le-
tanb Alpha — RV170F-10-15R1-B23 wnu getanb BI Technologies —
P160KNPD-2QC25B2K no katanory komnanuu Mouser Electronics
WY JPYTUX NOCTABIIMKOB KOMIIOHEeHTOB (puc. 1.13).

ITonoiiznyT 1 aHAJIOTMYHBIE 3TUM KOMIIOHeHThl. OO03Ha4eHue ¢
OTMeTKO} «BarT» (BaTThbl) 03HaYaeT MaKCUMaJIbHYIO MOIIHOCTb, KO-
TOPYIO MOXXeT paccesTh [aHHbI KOMIIOHEHT. BaM He MoHaznoO6sTcs
MOTEHIIMOMETPhI MOIIHOCThIO Gostee 0,5 Br.

Pe3ucmopei

Hab6op pe3ucTopoB MOMHOCTEI0 MUHUMYM 0,25 BT, pa3indHoro
HOMUHAJIa, HO 00513aTeJIbHO J0JDKHBI ObITh B HAIMYUU COTIPOTUBIIE-
HueM 470 OM, 1 kOm 1 2 KOM nin 2,2 kOm.

Puc. 1.10. [epxatenb ans yetbipex Oa-
Tapeek TMna AA, KOTOPbIE AOMKHbI ObiTh
NOAKNIOYEHbl  MoCieoBaTeNbHO, CO3fa-
BaA UCTOYHMK C HanpskeHnem 6 B

Puc. 1.11. 3axumbl TMNa «KPOKOAMN»
C BMHWIOBOW LIBETHOW M30MALMEN, KOTO-
padA yMeHbLUAeT BePOATHOCTb CJ1yYatHOro
BO3HWKHOBEHWA KOPOTKOIO 3aMblKaH1A

Puc. 1.12. MNpegoxpaHnTenb HOMUHANOM
3 A, ¥Cnonb3yembli B aBTOMOOWIbHOW
MPOMBILLNEHHOCTY; Ha PUCYHKe NMOKa3aH B
yBENMYEHHOM MacllTabe

Puic. 1.13. [NoteHUMOMETpbl NPOJatoTCA B
pa3HOO6Pa3HOM UCMONHEHUN MO dopme
1 pasmvepy, C PasNyHOM AMHON OCeln AnAa
pasHoro TMna pyydek. [na Hawmx uenen ro-
auTca niobad opma, HO € NOTeHLMOMETPa-
MU 6OMBLIMX Pa3MEPOB Nerve 0bpaLLaTbCA



Puc. 1.14. TunuyHbln CBeTOAMOA AMa-
METPOM 5 MM

Puc. 1.15. Cetogmoa 60nbWOro pasme-
pa (auametpom 10 Mm) obnafaet 605b-
LWIOW APKOCTbIO CBEUEHMS, KOTOPas B [iaH-
HOM CNyuae He Hy»KHa, 1 K TOMY »Ke TaKoM
CBETOAMOA CTOUT AOpOXe. B mpuHuwmne
InA GONbLIMHCTBA 3KCNEPVIMEHTOB, Mpu-
BEEHHbIX B 3TOW KHWME, MOXHO KynuTb
niobble cBETOAMOMBI, KOTOPble Bam 60sb-
lie NOHPaBATCS

Puc. 1.16. llar 1 B npouecce obyueHus

C MOMOLLBbIO  OTKPBITWIA:  TeCTMPOBaHMe
9-BOSIBTOBOW GaTapeliki C MOMOLLbIO A3blKa

lnasa 1

KomyectBo — He menee 100 mT., RadioShack Homep netanu
271-312.

MosxHO mouckaTh B VIHTepHeTe Ha ayKIMOHe eBay ¢ 3ampocoM
«resistor assorted» (pe3ucTOpbI Pa3INYHOTO HOMUHANA).

Ceemou3snyuaroujue 0uodsi (ceemoouoodsi)

Ceeronuonel (LED — light-emitting diodes) smob6oro pasmepa
wnu nseta (puc. 1.14 u 1.15). Konnvectso — 10 wr. Homep feranu
RadioShack — 276-1622 unu All Spectrum Electronics — K/LED1 B
KaraJjore Ha caiite komrnanuu Mouser Electronics.

ITonoiAyT ¥ aHaNIOTMYHble UM KOMIIOHEHTbI. [/l epBbIX 3KC-
TIEPUMEHTOB MPUTOJSATCS JIFOObIE CBETOAUO/BI.

JKcnepumenm 1
NMPOBEPbLTE HANPAXXEHUE HA BKYC!

Mo:xHO 11 OLYTUTB Ha BKYC 3JeKTpudecTBo? HaBepHOoe — Her,
HO B JaHHOM (JIy4ae, II0XO0e, YTO Bbl 3TO CMOXeTe CLesIaTh.
Bawm nonanobarcs:
« Gatapeiika Tuna «Kpona» ¢ HanpspkeHvem 9 B;
* pa3beM JJIs OAKII0YeHUs HaTapeiky;
* MYJBTUMET].

Mopapok pencreun

CMOYHUTe CJIIOHOM Balll A3bIK U KOCHUTECh €ro KOHYMKOM Me-
TaJUIMYeCKUX KOHTAKTOB 9-BOJILTOBO# Oatapeiiku. Pe3koe GbicTpoe
IIOKaJIbIBaAHKE, KOTOPOE BbI IIOYYBCTBYETE, 6y/:{eT CBA3dHO C IIOTOKOM
JJIEKTPUYIECKUX 3aPAJO0B, NEPEMEIIAOIUXCA OT OAHOI'0O BbIBOJA 6a-
TapelKu K apyromy (puc. 1.16) no Biare, KOTOpO CMOY€eH Ball A3BIK.
HOCKOJIbe KOJ)Xa Ballero A3blKa O4Y€Hb TOHKaAA (3T0 [IPpaKTU4YeCKH
CIIn3unucrasa M6M6paHa) Y HEPBbI PACIIOJIOKEHBI O4€Hb 6JII/ISKO K ero
HOBerHOCTI/I, BbI MOJXKeTe O4YeHb JIEr'KO OH.IYTI/ITI: 9TOT IIOTOK.

A He 6onee 9 B!

bamapelika c HanpsxeHuem 9 B He npedcmasnisem 0715 8ac KakoU-1u6o
yepos3sl. Ho He neimatimecs noemopsame 3mom 3KkcnepumeHm ¢ 6amapeu-
Kol ¢ 6osiee 8bICOKUM HanpsxeHuUem unau 6amapelikol 6o/blwezo pasmepa,
Komopas 8 COCMoAHUU No00epxusams cusly moka 6os1ewoli 8esuYuHsl. Tak-
XKe, ec/lu y 8ac eCmb Memasiiuyeckue KOpOHKU Ha 3y6ax, mo 6y0bme oyeHb
8HUMamesibHbl, Ymobbl He KOCHYMbCA UX KOHMakmamu 6amapeuku.

ITocre sTOrO BBICYHbT€ Balll AA3bIK, OY€Hb THIATEJIbHO IIPOTPUTE
€ro KOH4YMK Caﬂ(l)ETKOfI U1 ITIOBTOPHUTE SKCIIEPUMEHT, HE [OIIyCKas I10-
BTOPHOT'O YBJI&JKHEHU A A3bIKd. Tenepb [TOKaJIbIBAHNE YMEHBIINUTCS.
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Yro jxe mpousouuio? Ham nmoHazmo6utcst Tectep, 4ToObI paso-
OpaThCsi B ATOM.

Mpu6opbl 1 MHCTPYMEHTDI

Beinonxenue HacmpoﬁKu eauie2o mecmepa

[TpoynTaiiTe UHCTPYKLMH, KOTOPble UMEIOTCS B KOMILTIEKTe MO-
CTaBKY Ballero MyJIbTUMETPA, YTOOBI OIPeJieIUTb HYXHO JI1 B HETO
YCTaHOBUTH MUTAOIIYI0 OaTapeiiKy UM e OH KYIUIeH C y)e ycTa-
HOBJIEHHO# GaTaperKoil.

BOJBIIMHCTBO MPHOOPOB UMEIOT CheMHbBIE U3MEPUMETIbHbLE NPO-
600a, U3BECTHBIE eIlle, KaK U3MepumenvHoie wgynst VI IPOCTO ufynol.
Kpome Toro, MHOT¥e TpUGOPBI UMEIOT TPY THe3/ia Ha Mepe/iHel naHe-
Ju; KpaiiHee JieBoe 0OBIYHO pe3epBUPYeTCs ATk U3MepeHHst OOJbIINX
3HaueHW# TOKOB. B JTaHHOM clyyae 3TO rHe3710 HaM He TOHa00UTCS.

Vi3MepHTeNbHbIE TPOBOAA OOBIYHO OLIBAIOT YEPHOTO U KPACHOTO
ngeta (puc. 1.17). Busika 4epHOro Iymna BCTaBIseTCs B THe370 C OT-
MmeTkoi «COM» uu «Commons (o6miuit). Buika KpacHOTO TIpoBoJia
BCTABJIAIETCS B THE3/I0 C OTMETKOM «V» mitn «volts» (BonbThI) (puc. 1.18).

Jpyrue KOHLbI U3MEPUTEIbHBIX IIPOBOOB UMEIOT MeTaJllIndecKue
OCTpUs, KOTOPbIe Ha3bIBAKOT UIAMU WYNA VI HAKOHEHHUKAMU Wynd,
KOTOPBIMU HaZl0 KacaTbCsl KOMIIOHEHTOB MDY BBIIIOJIHEHUU 3JIeKTpruye-
CKUX M3MepeHni. HakoHeuHUKY IyTia mpeiHa3Ha4eHsl 17151 U3MepeHNs
3JIEKTPUYECKUX NTAPaMEeTPOB; OHH He ABJIAIOTCA UCTOYHUKAMU OOJIBIIO-
O 3JIeKTPUYecKoro 3apsaaa. I109ToMy OHM He MOTYT HaHECTH BaM Ka-
KYI0-HUOY/Ib TPaBMy, €CJIM TOJIBKO BbI He IOPAaHUTECh 00 UX KOHUYKKH.

Ecnu Bam MysbTUMeTp He MeeT GYHKINY aBTOMATUIeCKOTO BbI-
Oopa Amana3oHa U3MepeHHi, TO KaX/as MO3ULMsA AUCKOBOTO Iepe-
KJII0YaTeJis peXXMMOB U JUalla30HOB M3MepeHUs COOTBETCTBYET OIpe-
JleJIeHHOMY 4HCITy. DTO 9MCII0 O3HavYaeT «He Oosblre yeM». Hanpumep,
BbI XOTUTE TIPOBEPUTD HAIPSDKeHVe OaTapeiiku HOMUHAIOM 6 B, a 'y
nepeKJIryaTesis JUala30HoB B pas/elie U3MepeHus HanpshkeHus «V»

Puc. 1.17. Bunka yepHoro n3meputesb-
HOrO Lyna BCTaBnAeTca B obllee rHeszo
«COM» (Common), a BMfIKa KPacHOro —
B rHe3/0, KOTopoe OObIUYHO ABMAETCA Ca-
MbIM MPABbIM FHE30M MyNbTUMeTPa

Puc. 1.18. Y7060l M3MEPWTL COMPOTUBNEHME W HANPAKEHWE, HY)KHO BCTaBUTb YEPHbIN M3MepUTeNbHbIN Nposog B rHe3no «COMy,
a KpacHbli B rHe3a0 «V», [1ouTn BCe MyNbTUMETPbI MMEIOT OTAENbHOE MHE3AO0, B KOTOPOE BCTABAAOT KPACHbIN M3MepUTENbHbI NPOBOA
TONBKO NMPU HEOOXOAMMOCTM BEINOMHWTL U3MEPEHME CUAbl TOKa OOMbLIOY BEANYMHBI B aMnepax, HO Mbl MO3HAKOMMMCA C 3TOW NpoLle-
[lypow nosaHee
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uMeeTcs Mo3uluA 2 U ciefyronias 3a Heit no3umus 20 (cM. puc. 1.5),
TMO3UIIKS 2 03HAYAET, YTO «M3MepsieMOoe HalpsiKeHue He JOJKHO ObITh
6osbiire 2 BosbT>. [103TOMY B IaHHO# CUTyal[y BaM HaZIo TIepPeKIIIo-
YUTHCA Ha CJIe[yI0LIyI0 MO3UIMI0, KOTOPasi 03Ha4aeT, YTo «13Mepsie-
Moe HampsiKeHue He I0JDKHO ObITh Gosiee 20 BOJIBTS.

Eciit ke BBI C7les1anyl OUIMOKY ¥ TbITaeTeCh BHIOJHUTDH KaKoe-
b0 HempaBUJIbHOE M3MepeHue, TO TecTep 0TOOpPa3UT coobIeHne
06 ommbke, Hanipumep, «E» (error) wau «L» (lapse). i3meHure 1o-
JIO)KeHMe MepeKJIroyaTesis 1 BhINOJHUTe U3MepeHue CHOBA.

A OYHAOAMEHTAJIbHbIE CBEAEHUA

Ombil

Mbl n3mepsem paccToaHmEe B MUIAX U KUITOMETPaX, BeC B QyH-
Tax WK Kuiorpammax, TemnepaTypy B rpagycax QapeHrenta nnu
Llenbcus, a sanekTpuyeckoe conpoTusneHne B omax. Om asnaetca
MeXAyHapOAHON eanHuLen nsmepenns (Bxoaut B cuctemy CU).

B mexgyHapofHOM 0603HauYeHUN COMPOTUBIIEHNA B OMax WUC-
nonb3yeTcs rpeyeckasl OykBa omera — «(», Kak 3TO MOKa3aHO Ha
puc. 1.19-1.20, a B pycckom 0603HaueHur «Om». byksa «K» (unu anb-
TepHaTMBHOE 0603HaueHre «KQ» COOTBETCTBEHHO B PYyCCKOM 060-
3HaueHUn «kOM») 03HaYaeT KUTOOM, YTO paBHO 1000 Om (Tabn. 1.1).
BykBa «M» (nnn «MQ» — B pycckom 0603HaueHnmn «MOm») 03Haua-
eT meraom, 4yto pasHo 1 000 000 Om.

Tabnuya 1.1
Konuuyectso 06bIyHO CoKpalyeHune CokpalyeHue
Om NPON3HOCUTCA, B MeXXAyHapogHOM B PyCcCKOM
Kak 0603HaYeHnn 0603HavYeHUn
Puc. 1.19. lpeueckan 6ykBa omera wuc- 1000 om T knnoom TKQ umm 1K 1kOm
MOJIb3YETCA B KAHECTBE MEKAYHAPOAHOTO 10000 om 10 kunoom 10K nnm 10K 10 KOm
0003HaYyeHun COMNPOTVMBIEHNA B OMax
100000 om 100 kunoom 100K nnn 100K 100 KOm
1000000 om 1 meraom M v M 1MOm
10000 000 om 10 meraom 10M Q unm 10M 10 MOm

MaTepwuan, 0 KOTOPOM U3BECTHO, YTO OH 0bflagaeT oUeHb 6osb-
UMM CONPOTMBIIEHNEM, Ha3bIBAKOT U30JIAMOPOM.
BoNbWNHCTBO NNacTMacC M CUHTETUYECKUX MaTEPUAIOB, BKIIHO-
Yasi UBETHOE MOKpPbITME NPOBOAOB, ABMAIOTCA N30ATOPAMMU.
A maTepuarn, KOTOpbIi MEET OYeHb HU3KOe COMpPOTUBIIEHME,
Ha3bIBalOT NPOBOOHUKOM.
PUIC. 1.20. Bl MOXeTe BCTPETUTD pasniit- Takrie MeTansibl, Kak Mefb, aNtoMUHWIA, cepebpo 1 30/10TO, ABNA-
Hble B1bl M300PaXKeHA AaHHOrO CUMBOSA IOTCA OTIMYHbIMW MPOBOAHUKAMW.
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lopsdok deticmeuti npu usmepeHuu conpomuesieHus

MBI cobupaeMcs UCIIONb30BaTh MyJIBTUMETD JJIsA ONpeZeseHus
COTPOTHUBIIEHNS Balllero s3bika. CHavyasa nepexkioduTe mpubop B pe-
KM U3MepeHus conpoTusieHus. Eciu y Hero ects GpyHKIMA aBTOMa-
TUYECKOT0 OIpeZiesleHNs AUana30Ha U3MepeHus, TO Bbl YBUAUTE, YTO
OH oToOpakaeT OykBy «K», 4TO 03Ha4aeT KUIOOMBI, UK OYKBY «M>»,
4TO O3HAa4aeT MeraoMbl. ECii e Bbl I0JDKHBI YCTAaHOBUTD AMAIa30H
BPY4YHYIO, TO HaYMHATH HYKHO O 3Ha4eHus He MeHee 100 000 Om
(100 kOm). ITpuMepbI BbIGOPA pexkMMa U iUaia30Ha U3MePeHus Mo-
Ka3aHbl Ha puc. 1.21.

a 6

Puc. 1.21. Y1060l M3MEPUTL CONPOTUBAEHIE B OMaX, HY»KHO MOBEPHYTb NepeKniouaTenb PEXMMOB B NONOXeHWE ANA V3MEPEHNA COnpo-
TMBNEHUA. Ha MynbTMETpE 3TOT peximm 0603HaueH rpeueckon Bykeon omera — Q. [y 1CNonb3oBaHWn Nprbopa ¢ dyHKLUVeN aBTo-
MaT4YeCcKoro BbIbOpa [vanasoHa U3MepeHuns (a v 6) Bbl MOXeTe HECKOMNBbKO pa3 HaxaTb KHOMKY Range (avanasoH) (cm. puc. 1.6-1.7) ana
OTOOPAKEHVA PA3NNUHBIX [4MaNa30HOB M3MEPEHNA COMPOTUBAEHNA MM NPOCTO MPUKOCHYTHCA KOHLAMM M3MEPUTENBHOTO LLyMa K pe3u-
CTOPY 1 OX/AATBCA MOKa NPUOOP He BblIbepeT AnanasoH aBToMaTUYecKu. B MynbTUMETPE C PyUHbIM BHIGOPOM fAKanasoHa n3mepeHys (8)
TpebyeTcA yCTaHOBUTL NepeKioyaTeb 1ana3oHoB Ha COOTBETCTBYIOLLEE 3HaYeHe, YTOObI M3MEPHTL COMPOTUBNEHUE KOXM Bbl AOMKHI
yYCTaHOBUTL AnanasoH «100K» nnwv 6onble. ECn e Bam He YAanoch YCTaHOBUTb HyXHbI AnanasoH, To ciefyeT nonpobosaTh Apyron

KocHuTech KOHIIJaMU M3MepUTeIbHBIX LIYNIOB Balllero fi3blka B
TOYKaX, PaCCTOSIHUE MeXZY KOTOPBIMHU OyZieT OKOJIO OJHOTO AoMMa
(25,4 Mm). ITocMoTpUTE HA pe3ysbTaT U3MEPEHHUsI, OH JI0JDKEH ObITh
okos0 50 KOM. 3aTeM OTJIOXKUTe U3MEPUTENIbHBIE IIYIIbl, BBICYHbTE
A3BIK U TIATeJbHO NPOTPUTeE ero Hacyxo. He fomyckas moBTOPHOTO
YBJIQXHEHUs A3bIKa, IOBTOPUTE TECT, IPUOOP B 3TOM CJIy4ae JOJDKeH
NoKa3aTb OoJsiee BBICOKOe 3Ha4yeHue. HakoHerl, MPUKOCHUTECh KOH-
[JaMU M3MEePUTENIbHBIX IIYIOB K Balllel PyKe UK KACTU: Bbl MOXeTe
BOOOIIe He MONTYYUTb KaKUX-JTMOO0 pe3ysbTaToB /10 TeX MOp, OKa He
YBJIQXKHUTE KOXY PYKU.

B 9-BosbTOBOY GaTapeiike cozepxarcs XMMIYecKUe BellecTBa,
KOTOpble OCBOOOXAIOT 371eKTPOHBI (YaCTUIIbI-HOCUTENN 3JIeKTPH-
4ecKOro 3apsizia), CO3Aaoliye B pesybTaTe XUMUYeCKOW peaKIuu
BHYTpPH KopIyca 6aTapeiiky TOK OT OAHOW KJIeMMbI K Apyrou. s
[IPOCTOTHI BHYTPEHHEe YCTPOMCTBO OaTapeiKyu MOXKHO IPeCTaBUTh

lIpume4arue

Koz0a eawa koxa ysnaxHe-
Ha (Hanpumep, 8awum NOMom,),
ee 3/eKmpuyeckoe conpomus-
JleHUe yMeHbwdemcs. 3mom
npuHyun ucnosnelyemcsa 8 Oe-
meKmope J1XXuU, NOCKOJIbKY Koz20a
Kmo-nubo sxem, 8eciedcmeaue
cmpecca y Hez0 HA4uHdem 8bi-
cmyname nom.
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Puc. 1.22. [lpefctaBbte BHyTpeHHee
YCTPOWCTBO GaTapeiikn B BUAE ABYX Lin-
NMHAPUYECKX 6aKOB: OAMH 13 HIX 3an0-
HeH BOJOW, a fpyroi nycton. OTKpoiiTe
BEHTWU/b COeANHUTENbHOW TPYOKM Mexay
HUMW 1 MOTOK BOABI OyeT NPOXOANTb MO
Hel O Tex Mop, NOKa ypoBHW B 0bevix 0a-
Kax He CpaBHATCA. Yem MeHbluee Conpo-
TVIBAIEHWE VCMbITbIBAET BOAA NPV nepeTe-
KaHuu, Tem MoLLHee byaeT NoToK

Puc. 1.23. leopr CumoH Om nocne Ha-
rpaXkaeHns 3a CBOI0 HOBATOPCKYIO paboTy,
60nbLLIYI0 YaCTb KOTOPOW OH BLINOMHW B
OTHOCUTENBHOW 6E3BECTHOCTM

lnasa 1

B BHJIE /IBYX BOZSIHBIX 6AaKOB, OZVH U3 KOTOPBIX MOJIHBIN, @ APYrON —
nycroii (puc. 1.22). Eciu ux coeAuHUTDb TPyOOid, TO TOTOK BOZILI HAY-
HeT [lepeTeKaTh U3 OAHOrO B JPYroi 10 Tex I0p, I0Ka YPOBEHb BOJbI
He BBIPOBHAETCA. AHAJOTMYHBIM 00pPa30M, KaK TOJNBKO BbI MEXIY
ZIByMS BbIBOZIAMU OaTapeiKy MOZK/II0YaeTe KaKylo-Iubo0 Lenb s
IPOTeKaHUs 3JIEKTPUYECKOr0 TOKa, CO3[aeTcs IOTOK 3JIeKTPOHOB
MeXZly TIOJIF0CaMU, [aXe eCId STOW LIeIbI0 ABJAETCA BCEro JMLIb
BJIQKHBII KOHYMK BaLIero A3bIKa.

[TOTOK 37eKTPOHOB MOKET Jierde pOXOAUTh Yepe3 OHU IPOBO-
Asmye cpenbl (Kak HalIpUMep, MOKPBIH A3bIK) 110 CPAaBHEHHUIO C JIpy-
TMMHU (Hanpumep, CyX0i KOHYMK A3bIKa).

y BA3OBbIE CBEEHUA

YenoBekK, KOTOPbI OTKPbIZI CONPOTUBNIEHNE

leopr CuMoH OMm, n306pakeHHbIN Ha puc. 1.23, poaunca B ba-
Bapuu B 1787 1. U paboTan B 6€3BECTHOCTY OONbLUYIO YaCTb CBOEW
Xun3HU. OH M3yyan NpUpOAY dNeKTPUYecTBa, NCNOMb3ysa MeTanau-
YecKyto NMPOBOJIOKY, KOTOPYIO caenan ans cebs cam (Bbl He CMOMN
6bl CMYCTUTBLCS B MOABAI JOMa AJiA TOro, YTOObI 10CTaTb MOTOK MPO-
BOJIOKM B Hayane 1800-x roqos).

HecmoTpsA Ha cBoM orpaHuyYeHHble pecypcbl M HeJOCTaTOYHblE Ma-
TemaTtnyeckme cnocobHoctn, Om B 1827 1. oKasanca B COCTOAHWM OO-
Ka3aTb, YTO SMEKTPUYECKOE COMPOTUBIIEHNE MPOBOAHNKA, HAaNpumep
Meau, MeeT MPAMO NPOMOPLIMOHANbHYIO 3aBUCMMOCTb OT MOMNepeyHo-
ro CEYEHMA STOrO NMPOBOAHNIKA, a TOK, KOTOPbIV MPOTEKAET Yepes Hero,
NPOMNOPLMOHANEH HaNPAXEHNIO, MPUIIOKEHHOMY K HeMy Mpu NOCTo-
AHHOW TemnepaType. Yepe3 14 neT KoponeBckoe HayyHOe 06LLIeCTBO
BenvkobputaHun B JTOHAOHE OKOHYATENIbHO MPY3HAN0 3HAUYEHVEe ero
BK/afa 1 yaoOCTOMIIO ero CBOeW BbiCLler Harpagon — meganbto Kon-
nm (Copley Medal). CeropHsi 3TO OTKpbITVE U3BECTHO, KaK 3akoH Oma.

JanbHenwne nccnegoBaHuA

I[IpucoenuHuTe pa3beM AJs NOAKIIIOUeHNs 6aTapeiiku (OH ObLT
MoKa3aH paHee Ha puc. 1.8) k 9-BonbTOBOI Oarapeiike Tuma «Kpo-
Ha». Bo3bMuTe /Ba IpOBOAA, KOTOPBIE IPUCOEAVHEHbI K KOHTAKTaM
pa3bema, U iepXKUTe X TaKUM 00pa3oM, YTOOBI OroJIeHHbIe KOHIIBI
IIPOBOZIOB HAaXOAWJIKCh BCErO JHLIb B HECKOJBKUX MWIIMMETpPax
Apyr oT Apyra. KocHuTech MMy Baliero A3blKa. 3aTeM yBeJIn4bTe pac-
CTOSIHAE MeX/ly IPOBOZAMU 10 HECKOJbKUX JIIOVMOB M KOCHUTECh
A3bIKa CHOBA (puc. 1.24). 3ameTniu pa3Hully?

Vcronb3ys MyJIbTAMETp, U3MepbTe 3JIeKTpUdecKoe COPOTUBIIe-
HMe Balllero A3blKa, Ha 3TOT pa3 U3MeHss pacCTOSIHUe MeX/y AByMs
HaKOHeYHUKaMU M3MepUTeNbHBIX IynoB. Korna snekTpuieckuii TOK
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Npeo/ioyieBaeT MeHblllee PacCTOSTHUE, TO OH BCTpevyaeT Ha CBOeM IyTH
MeHblllee CONpPOTHBJIeHUe. B pesynbrare cuima ToKa (KOJMYECTBO
NepeHOCHMOTO 3apsA/ia B eIMHNLY BpeMeH!) Bo3pacTaeT. Bol MoxeTe
MOMBITATHCS IPOBECTU MOXOKUI 3KCIIepUMeHT C Balllel PyKOu, Kak
3TO NOKa3aHo Ha puc. 1.25.

[TonpoGyiiTe ¢ TOMOIIBIO MyJILTUMETPA U3MEPUTH COTIPOTUBIIE-
HUe BO/ibl. PacTBOpUTE HEKOTOPOE KOJIMYEeCTBO COJIU B BOZie Y BBIIIOJ-
HHTe CBOY OMBIT CHOBA. Teneps MOMbITaliTeCh N3MEPUTh HANPSKEHKe
B JUCTWIJTMPOBAHHOM BOZie (B YACTOM CTaKaHe).

Mup BOKpYT Bac MOJIOH MaTepuasoB, KOTOpPbIe IPOBOJAT 3JI€K-
TPUYECTBO C PA3IMYHOH CTeleHbI0 CONPOTUBIIEHUS.

HaBegeHune nopapka
1 NOBTOPHOE NCNOJZIb30BaHNE KOMMOHEHTOB

B xo7ie 3TOrO 3KCIEpHMeHTa Balla HaTapeiika He JOJDKHA OBbITh
HOBpeX/ieHa MM B 3HAYUTEeNbHOM CTeleHn pa3psikeHa. Brl, pazyme-
eTcsl, MOJKeTe UCII0JIb30BaTh ee CHOBA.

ITocie BLIMOTHEHNS BCEX OMBITOB He 3a0y/bTe BBIKIIOUUTD Bl
MYJIBTUMETP.

JKchepumeHm 2
AABAWTE COMMEM BATAPEMKY!

YT0OBI Jyyllle MOHSATh, YTO TaKOe 3JIeKTPUYecKasi SHeprusi, Bbl
CZiesiaeTe TO, YTO B OOJIBIIMHCTBE KHUT PEKOMEH/IYeTCs He JieiaThb. Bbl
3aKopoTUTe OaraperKy. 3aKOPOTUTh 3TO 3HAUUT HENOCPENCTBEHHO,
HAKOPOTKO, COeJTMHUTD /IBA BbIBOJIA ICTOYHMKA HATIPSDKEHUS.

A Kopomkue 3ameikaHus

Kopomkue 3ameikaHua moz2ym 6bims o4eHb onacHeimu! He ciedyem 3a-
MbIKAMb HAKOPOMKO KOHMakmel cemesoli polemku 8 gauiem oome! 3mo
npusedem K 2pOMKOMY XJ10NKY, APKOU 8CnbilKe, a Nposood uau UHCMpPyMeHm,
KomopebIli 861 UCNO308aA/1U Bbl 071 3Mol yenu, 6ydym pacniasieHsl U pas-
Jlemarowyuecs 4acmuysl pacnaagieHHo20 Memasia Moz2ym cmame npuyu-
HoU 0X02a unu nospex0eHus 2/1ds.

Ecriu 8bl 3aKopomusiu asmomobusibHbll aKKyMYIAmop, mo cusid moka
6yoem Hacmosbko 6osbwol, Ymo bamapes Moxem Odxe 830p8aMbC, 8bl-
nsecHys Ha 8ac Kuciaomy (puc. 1.26).

Jlumuesble 6amapeliku moxe ondcHel 8 3Xmom cmeicsie. Hukoz0a He crie-
dyem 3akopayusams umuesyto 6amapeliky! 3mo mMmoxem npusecmu K 803-
HUKHOBEHUIo noxapa u o6xede 8dc (puc. 1.27).

15 5mo20 3kcnepumeHma cnedyem ucnosib308ames MOJIbKO WeI0UHYI0
6amapeliky, npuyem mosibko 00Hy u muna AA (puc. 1.28). Bam cnedyem Ha-
O0emb 3awWumHble 04KU Ha mom ciyyad, ecsiu y 8C OKAaXemcs HeucnpasHas
6amapetika.

Puc. 1.24. VIameHAa onbiT onpeaeneHva
TOKa C MOMOLLbIO A3bIKa, MOXKHO MOKa3aTb,
YTO YeM MeHbLLIE PacCToAHNE MeXAY NPo-
BOAAaMM WCTOYHMKA, TEM MeHblle COMnpo-
TUBNEHME A3blka WM COOTBETCTBEHHO Tem
6onblle 3neKTPUYECKMA TOK, 4TO uyB-
CTBYeTCA MO POCTy BONEeBoro ouylieHns

=

Puc. 1.25. Cvmounte Bally Koxy nepej
TeM, Kak MbiTaTbCA V3MepuUTb ee Conpo-
TMBNEHMe. Bbl AOMKHE OOHAPYXWTb, UTO
COMPOTVBEHVIE YBENNUMBAETCA MO Mepe
yAanenua Apyr oT Apyra KOHLOB 13mMepH-
TenbHbix Lynos. ConpoTusnexne Gyaet
BO3pacTaTb  MPOMOPLMOHANbHO  3TOMY
PaCCTOAHMIO
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Puc. 1.26. BcAaknia, KTo poHAn pa3BogHOM
KoY Ha OrosieHHble Knemmbl akkymyns-
TOpPHOW GaTaper aBTOMOOMAS, CKaxeT
BaM, UTO KOPOTKOE 3aMblKaHVe MOXET
ObITb [aXke OYeHb MOLLHbIM MPY «BCETO
nvb» 12 B

lnasa 1

Puc. 1.27. Huskoe BHyTpeHHee Conpo-
TUBNEHWE NUTVEBON OaTaperiku (KoTopas
4acTo WCMOMb3yeTcA B HOYTOyKax) npw
3aMblKaHUV  MPUBOAUT K JOCTUXEHMIO
MaKCMManbHOro 3HaueHnsa Toka C Henpes-
CKasyembiMi pesynbraTamu. Hukorga He
TepaAlnTe 6AUTENBHOCTY BONW3M NINTUEBBIX
6aTapeek!

Puc. 1.28. 3akopaunBaHme LenoYHon 6a-
Tapewikv MOXeT ObITb Ge30nacHbIM, ecin
Bbl OyJeTe TOUHO CNeAoBaTh MPVIBEAEH-
HbIM [lanee ykasaHuawm. [Jaxe B 3TOM CIly-
uae baTapeika MOXKET CTaTb CIULIKOM FO-
pAYEN, UTO KacaHue K Hell MOXET Bbi3BaTb
HenpusATHble ouylleHua. Obpaluato Balle
BHMMaHWeE Ha TO, UTO B SKCNEPUMEHTE He

Crefyet  UCMonb3oBaTh — akKyMyAToOpS
nmoboro Tmnal

BaM noHazmobaTcs:

« GaTapeiika Tuna AA Hanpsbkenuem 1,5 B;

e JlepiKaTesib ISl OHOM GaTapeiKu;

* NpefoXpaHuTesb Ha 3 A;

* 3aLIUTHbIE OYKU (JIf 3TOY LieJIM MOZOMAYT OOBIYHbIE OYKU MJIN
COJTHEeYHble);

* 3QKUMBbI TUNA «KPOKOUII»>.

Mopapok pencrevn

Bo3bmuTe mesnouHylo 6aTapeiiky. O6Gpaiial0 BHUMaHKe, YTO B
SKCIIepUMEHTe He CJIef[yeT UCIOIb30BaTh KAKON-JIO0 aKKyMyATop!

BcraBbTe GaTapeiiky B iepxKaTesb st OAHOUM OaTapeiiKu ¢ IByMs
TOHKMMU M30JIMPOBAaHHBIMU IPOBOAAMH, OTXOAAMMMHU OT HEro, Kak
3TO IM0Ka3aHo Ha puc. 1.28. B 1aHHOM Ci1y4ae He cyefilyeT IPAMEHATh
JiepkaTtesib KaKoro-JIubo JPyroro THIA.

Vcnonb3ys 3aXUM THUINA <KPOKOAWJI», COeJUHUTE O4YMIIeHHbIe
OT U30JIALIMYA KOHI[bI TPOBOJIOB TaK, KaK MOKa3aHo Ha puc. 1.28. Ilpu
3TOM He BO3HUKHET UCKPbI, I0CKOJIbKY BbI UCIIOb3yeTe TOIbKO HU3-
KOBOJIBTHYIO OaTapeiiky ¢ HanpsbkeHuem 1,5 B. [TogoxanTe oHy MU-
HYTY, 4 Bbl 0OHAPY)XUTe, 9TO MPOBOJIa pa3orpenuch. [lofoxauTe eie
MUHYTY, U 6aTapeiika Toxe CTaHeT ropsiyeit.
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Ternto co3maeTcs 3a CY4eT 3/IEKTPUUYECKOTO TOKA, MPOXOAAIIEro
10 IPOBOZIAM U uYepe3 3JIeKTPONUT (IPOBOAALIYIO XXUAKOCTb) BHY-
Tpu OGarapeiiku. Eciu BbI KOr/ja-m60 MoIb30BaUCh PYYHBIM HACO-
COM /171l HAKQYMBAHUS BO3/lyXa B IIMHbBI BEJIOCUIIE/|A, TO BbI JOJKHBI
3HaTb, YTO HACOC [IPU 3TOM pa3orpeBaeTcs. DIeKTPUIeCTBO BO MHO-
roM BezieT ceDsi aHAJIOTUYHBIM 06pa3oM. Bbl MOXKeTe TMpenCTaBUTH
JJIeKTPUYeCKUM TOK B BHJE COBOKYIIHOCTM 4YacTuUl] (3JIeKTPOHOB),
KOTOpBbIe JIeJIaloT IPOBOJ, TOPSYMM B IIpOLiecce TOro, Kak OHU «IIpo-
TAJIKUBAIOTCS» Yyepe3 MPOBOJ. DTa aHAJIOTUs HerJleabHa, HO OHa J10-
CTAaTOYHO TOYHO COOTBETCTBYeT HAIIUM 3aladaM.

XuMHyecKre peakiuy BHYTPU GaTapeiikyl CO3Ial0T HEKOTOpOe
«3JIeKTpUYeCKOe JaByieHne». PasymeeTcs, NpaBuIbHBIM HaIMEHOBA-
HUEM J|JIsl 3TOTO JaBJieHusi OyZIeT CJIOBO HanpsceHue, KOTOpoe u3Me-
psieTcs B BOJIBTaX B 4eCTb AseccaHdpo Bonsma, OFHOTO U3 NEPBOOT-
KpbIBaTesieil 37IeKTpU4ecTBa.

BepHeMcsi K «BOZISIHOI» aHAJIOTUu. BbicoTa ypoBHS BOZibI B Gake
IPONOPLMOHANbHA [IaBJIeHNI0 BOJbL, U €€ MOXXHO CPaBHUTD C 3JIeK-
TpUYECKUM HanpsixkeHreM (puc. 1.29).

Ho BosbTBHI 3TO BCero Jiuiib MOJ0BUHA ucTopuu. Korna nortok
3JIeKTPOHOB IIPOXOZAUT Yepe3 IPOBO/, TO ero Ha3bIBAIOT MOKOM U Me-
PAIOT B amIlepax — 3TO Ha3BaHMe BBe/IeHO B YeCTh ellle OHOTO Iep-
BOOTKpBIBaTeJisA 3JeKTpudecTBa Axndpe-Mapu Amnepa. DTOT MOTOK
0OBIYHO HA3BIBAIOT CUNOU MOKA. DTO TOT CAMBbIH TOK (IIOTOK 3apsiI0oB
B e[JUHULY BpeMeHH, BbIpaXKeHHbIN B aMIlepax), KOTOPbIM IPUBOAUT
K TOMY, UTO IIPOMCXO/UT BblJieJieHue Teria.

A

Mouemy Baw A3bIK He pa3orpeBaeTca?

BA3OBbIE CBEAEHUA

Koraa Bbl A3bIKOM KacanvCb KOHTAKTOB 9-BOJIbTOBOW GaTaperiku,
TO YyBCTBOBAJIM HEKOTOPOE NMOKasblBaHUE, HO OLLYTUMOTO Tensa He
BO3HMKaso. Koraa Bbl 3aKkopoTuin 6atapeiiky, To NPOUCXOAUT Bbl-
[leNneHne Kakoro-To KoJimyecTBa Tensa fJaxke npu Ucrnonb3oBaHum
NMOHVXXeHHOTO Hanps»keHus. Kak Bbl MOXKeTe 3TO 00bACHUTD?

dneKkTpuUYeckoe COMPOTUB/IEHNE Ballero fA3blka AOCTAaTOYHO
BbICOKO, UTO YMEHbLUAET NOTOK 3/1EKTPOHOB. CONPOTUBNIEHME NPO-
BOZa, HANPOTVB, OUYEeHb HM3KOE, MO3TOMY, KaK TONbKO NMPoBOoAa Noj-
KftoualoTcs K BbiBOAaM b6aTapeiiku, TOK, MPOXOAALLMNIA N0 HUM, ByaeT
CyLlecTBEHHO 6OJblUe, YTO U MPUBOANUT K BblaeneHumio Tenna. Ecnn
BCe OCTaslbHble paKTOPbl OCTAOTCA MOCTOAHHBIMMU:

« MeHbluee conpoTUBIEHNE NPUBOANT K NPOTEKAHMIO 60NbLIEro
ToKa (puc. 1.30).

- Tenno, co3gaBaemoe 31eKTPUUECKMM TOKOM, MPONopLOoHab-
HO KONMYeCTBY 3/1eKTpUYeCTBa (3apagy), KOTOPbI NepeTek.

13
TN
N
YpoBeHb
. BOfbl
|, - ~ /
Hasnewe | | ~~°°°
BOAbI MoTok BoAbl
(Hanps- (cvna Toka)
KEHME)
Q‘
ConpoTueneHue

Puc. 1.29. TllpeacraBum HanpsaxeHve
[laBNEHVEM, @ SNEKTPUUYECKII TOK B amre-
pax — MOTOKOM BOfbI

o e (‘ o
L ]k-'f i
(e 1)

Puc. 1.30. Yem bosblue pesynsTrpytoLiee
3HaueHre COMPOTUBNEHMA, TEM MeHblue
MOTOK — HO eCNvt Bbl yBeNMUVBaeTe Aas-
NeHVie, TO Bbl MOXKETe MPeoAoNeTb COnpo-
TUBEHME 1 CO3AaTb 6ONbLUMIA NO BENNUM-
He MoToK
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[anee nprBegeHbl HEKOTOPbIE OCHOBHbIE MOSIOXKEHNS:
- Cuna ToKa (NOTOK 3NEeKTPMYECTBA B CEKYHAY) U3MepseTcsa B aM-
nepax.

« Hanps»eHue, KOTOpoe NPUBOANT K CO3aHNIO TOKa, N3MepsieT-
CA B BOJIbTaX.

. COI'IpOTI/IBJ'IeHI/Ie TOKY N3MEPAETCA B OMax.
« bonblee conpoTmelieHne orpaHNYnBaeT TOK.

- bonee BbicOKOE HanpA@XeHne npmnBoanT K npeogoJIeHNo CoMnpo-
TUBNEHNA N NOBbILWEHWIO CUJbl TOKa.

Ecny Bam XoueTcsl 3HaTb TOYHOE 3HadeHMe 3JIeKTPUYecKoro TOKa
Me3K/y BbIBOZIaMH HGaTapeiiky, KOrja Bbl 3aKOpadrBaeTe ee, TO 3TO OT-
HOCHUTCA K YU CJIY BOIIPOCOB, Ha KOTOPBIE JaTh OTBET JOCTAaTOYHO TPYAHO.
Ecnu e BbI 711 U3MepeHNs [0IIbITaeTeCh UCII0NIb30BaTh MYJIbTUMETP,
TO BbI OyzieTe HECTU OTBETCTBEHHOCTH 3a IeperopaHue MpejoXpaHu-
TeJIS1 BHYTPH 3TOro Nprbopa. Ho mpu 5ToM BbI MOXeTe UCIONb30BaTh
VIMEIOIIMICA Y BaC aBTOMOOMIIBHBIN IPeIOXPAaHHTENb Ha 3 A, KOTODBIH
He XaJIKO U CKeub, TOCKOJIbKY OH ZIOCTATOYHO JlelleBbIi.

OnHako cHayasa Hazfo TIATeJIbHO IIPOBEPUTH NpeNOXpaHUTelb,
VICTIOJIB3YS XOTS1 Obl yBEJIMYIUTEIbHOE CTEKJIO, eCTM KOHEYHO OHO Y Bac
ecTb. IIpy 3TOM BbI IOJDKHBI YBHETh TOHKYIO S-00pa3HyI0 MPOBOJIO-
Ky B IIPO3PayHOM OKOIIIKe B LIEHTpe MpefoXpaHuTesns. Dta OykBa «S»
ABJIAAETCS TOHKOW MeTaJlZIN4eCKOM NPOBOJIOKOM, KOTOPas MOXeT Jier-
KO PaCIUIaBUThCA [IPU TOKE, IPEBbILIAI0IeM HOMUHAIBHOE 3Ha4eHne
IpefloXpaHuTeIs.

V13BniexuTe 13 Ziepykaresist 6aTapeiky, KOTOpYIO Bbl HEMHOTHM paHee
3aKopauvBamy. OHa Terepb He MPUTOJHA HU [IJIs Yero, U JOJDKHA ObITh
YTHJIM3UPOBAHA, eCIIM 3TO BO3MOXXHO. YCTAHOBUTE CBEXYIO OaTapeiiky B
Ziep>katesib U IOZICOeIUHUTe ITPeJOXPaHUTeNb TaK, KaK 3TO IIOKa3aHO Ha
puc. 1.31, a 3aTeM noHabr0/aliTe 32 HUM. BbI IOJDKHBI B LIEHTPe Mpe/io-
XpaHUTeJIsl 3aMETHUTh NeperopaHye MPOBOJIOYKU B popme OYKBBI «S»,
r7ie MeTaJu1 Oy/ieT pacIuiaBiieH oyt MrHoBeHHO. Ha puc. 1.32 nokasaH
IpeZI0XPaHUTe]Ib 10 ero IMOAKJIF0YeHNs, a Ha puc. 1.33 — neperopeBLuil.

Puc. 1.31. Korga Bbl mpucoeauHute oba
MPOBOAA K NPEAOXPAHNTENIO, TO MaNeHbKII
MPOBOMOYHBIN €ro 3nemMeHT B popme OyKBbI
«S» ByfieT NoYTV MIHOBEHHO pacrnaBneH

Puc. 1.32. Llenbiii aBTOMOOUIbHBI Npe- Puc. 1.33. ToT e camblii NpefoxpaHn-
floXpaHWTeNb HoOMWHanoM 3 A 4o Npose-  Tefb NOC/e TOro, Kak OH Obll pacniasneH
[IeHVIA OMbiTa 3NEKTPUYECKMM TOKOM
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DT0 00BACHAET TO, KAKUM 00pa3oM paboTaeT IpefoXpaHUTENb: OH
pacmiaBATCsA, YTOOBI 3AIIUTUTb OCTAJIBHYIO IeNb. DTOT HeOOJbIIOM
Pa3pbIB B LieHTpe NIpejoXpaHuTessl IpeKpallaeT IpoTeKaHue 371eKTpH-
9eCKOro TOKa.

A

N3o6peTatenb 6aTapenkn

BA30OBbIE CBEAEHUA

AneccaHgpo Bonbta (puc. 1.34) pogunca B Utanum B 1745 rogy
3aJ0/ro 4O TOro, Kak HayKa cTana AenmnTbCA Ha pas3finyHble oTpac-
nu. MNocne nsyyeHna xvummm (OH OTKPbIN MeTaH B 1776 rofy) oH cTan
npodpeccopom GU3NKM N CTan UHTEPECOBATbCS TaK Ha3blBaeMbIM
rafibBaHNYeCKUM OTKJIMKOM, KOTOPbIV 3aKJ/T4asnca B TOM, YTO HOra
NArYWKN HauMHana gepratbCca Noj Bo3dencTenemM ygapa crtatnde-
CKOro 31eKTpryecTBa.

Mcnonb3ya cTakaH AnA BMHA, 3aMOJfIHEHHbIA CONEHOW BOAOW,
BonbTta npoaemMoHCTpMpPOBan, UTO XMMUYECKasa peakuua mexay
[BYMSl SNIEKTPOJAMY, OUH U3 KOTOPbIX Obl1 CAENaH U3 Meau, a Apy-
rov 13 LMHKa, 6yneT NpMBOAUTb K BO3HMKHOBEHWIO MOCTOSIHHOMO
3neKTpryeckoro Toka. B 1800 rogy OH ynyulumn CBOIO KOHCTPYK-
L1, BbIMOJIHUB €€ B BUAe MNNIaCTUH N3 MeAV N LINHKA, pa3feneHHbIX
KapTOHOM, CMOYEHHbIM B CONIEHON BOAE. DTa «BOSIbTOBA CTOMKa»
CTasla NepBoOW aneKTpuyeckon batapeen.

A

OcHOBHbIe CBejeHNA O BoNbTax

Puc. 1.34. AneccaHgpo Bonbra oTkpbin,
YTO XVIMMYECKME peakLuu MOryT Co3fa-
BaTb 3M1EKTPUUECKNI TOK

OYHAOAMEHTAJIbHbIE CBEAEHUA

JneKTprYecKoe HanpsKeHne n3mepaeTca B BosibTax. BonbT sB-
nAeTCA MeXKAYHAPOAHON eAUHULEN N3MEePeHNsA (BXOQUT B CUCTEMY
CW). OguiH munnmsonbT 310 1/1000 BonbTa (Tabn. 1.2).

Tabnuua 1.2
Konuyectso O6bI4HO CokpalyeHne CokpalyeHne
NPON3HOCUTCA | B MEXAYHapOAHOM B pycCcKOMm
BOJIbT
Kak 0603HauYeHnn 0603HauYeHnn
0,001 BonbTa 1 MunnueonsT TmV 1mB
0,01 BonbTa 10 MunaugonbT 10mV 10 mMB
0,1BonbTa 100 MmunnuBonbT 100 mV 100 MB
1BonbT 1000 MunnuBonbT 1V 1B
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Puc. 1.35. D70T TvIN CeTeBOW pO3eTKM
MOXHO BMAeTb B CeBepHoi AMmepuike,
IOxHOM Amepuke, ANOHUM 1 HEKOTOPbIX
LpYrvx CTpaHax. EBponeiickre po3eTku
BbIMIAAAT HECKOMBKO MHaue, HO MPUHLMN
UX KOHCTPYKLMM ABAGTCA aHANOMMYHbIM.
KOHTaKT «A» 3TO KOHTaKT, KOTOPbIA Haxo-
OWUTCA MO HaNPAXeHMeM ¥ Ha3biBaeTcA
«pa3zoit», OH MOJAET HampAXeHue, KoTo-
poe MEHAEeTCA OT MONOXKUTENBHOTO A0
OTPULATENBHOTO 3HAUYeHUA OTHOCKTENb-
HO noTeHUMana KoHTakTa «B», KoTOpbI
Ha3bIBAETCA «HEWTPanbio» WAKU «<Hynem.
Ecnn B Kakom-n1bo AomalHeM npubope
BO3HMKAET HEWCMPaBHOCTb, Hanpumep
noseneHvie dasbl Ha KOPMyCe, TO MOXHO
3alUMTUTL OT 3TOrO, OTBEAA 3TO HampsKe-
HWe uepe3 KOHTAKT «C» Ha 3emIlio

lnasa 1

OcCHOBHble cBefieHUA 06 amnepax

Mbl 13MepsAeM 3NeKTPUYECKMIA TOK B aMmnepax. Amnep — 3To
MeXAyHapoAHas efuHuLa, KOTopas OuYeHb YacTo MMEeT TaKoe
MeXayHapoaHoe 0603HaueHue, Kak «A». OguH Munavamnep 3To
1/1000 amnepa (tabn. 1.3).

Tabnuya 1.3
KonuyecTtso O6blyHO CokpalyeHne CokpalyeHne
MPON3HOCUTCA B MeXXAyHapoaHOM B pycckom
amnep
Kak 0603HavYeHnn o0603HauyeHnn
0,001 amnepa 1 munanamnep 1mA 1mA
0,01 amnepa 10 munnuamnep 10 mA 10 mA
0,1amnepa 100 munnuamnep 100 mA 100 mA
1amnep 1000 munnuamnep 1A 1A

‘ OYHAAMEHTAJIbHbIE CBEAEHUA

MocToAHHBbIN N NepeMeHHbIN TOK

dneKTPUYECKUI TOK, KOTOPbIN Bbl MofyyaeTe ¢ MoMoLblo 6aTa-
penKK, Ha3blBaeTCA NOCMOAHHbLIM MOKOM W B aHFIMNCKON NnuTepa-
Type ob6o3HauvaeTcs, Kak DC (direct current).

KaK 1 noToK BoApbl N3 KpaHa NMOCTOSIHHbIV TOK 3TO MOTOK 3J1eK-
TPUYECKMX 3apAA0B, KOTOPbIN ABUKETCA B OAHOM HanpaBfeHUN.

ToK, KOTOPbIN NMeETCA B NPOBOAE NOJA HANPAXKEHNEM, NOAKIIIO-
YeHHOM K CEeTeBOW po3eTKe B BalleMm [JoMe, CyLeCcTBEeHHO OTnYa-
etcsi. OH MeHsAeT CBOe HamnpaBfieHNE OT MNONOXKUTENIbHOTO Nostoca
K oTpuuatenbHomy okono 50 pa3 B cekyHay (B BenvkobputaHum
N B HEKOTOPbIX APYrrX CTpaHax 3Ta BefinumnHa coctasnseT 60 pas B
CeKyHAy). DTOT TOK M3BECTEH, Kak nepemMeHHbIU MoK 1 0603HavaeTcA
B aHrMUNcKon nutepatype, Kak AC (alternating current), n 6onblue
MOXOX Ha MyNbCUPYIOLWMIA NOTOK BOZbI, KOTOPbIA Bbl MOXeTe Ha-
6ntoaTb B MOLLHOM AyLue.

MepeMeHHbIN TOK OUYeHb BaXXeH MpW OCYLLEeCTBIEHUM HEKOTO-
pbiX 3a4ay, Hanpumep Npu Nepegaye 3NEeKTPUUYECKOro HamnpsXKeHnA
Ha 6onblune paccTosHUA. NepemMeHHbI TOK TakXe MCronb3yeTca
npy NoAKMoUYeHUV ABuraTeneil U pasnMyHoro AomMallHero obopy-
foBaHuA. BHelwHnn Bug ceteBon poseTku, ucnonbsyemon B CLUA,
npveedeH Ha puc. 1.35. B HeKOTOpbIX ApYrMx CTpaHax, Hanpumep
B AANOHMK, TaKXKe NCNONb3YTCA PO3ETKU TOro e Trna, uto 1 B CLUA.

B 6osbLuelt YacT CBOEW KHUIM A CObMpatoCb FOBOPUTb O NOCTO-
AHHOM HaNPAXXEHWU MO ABYM NPUYNHAM: BO-NEPBbIX, OONbLUNHCTBO
NPOCTENLINX SNIEKTPOHHbIX CXEM B KaUeCTBE MCTOUHUKOB HaMNpsKe-
HMA NCMONb3YIT UCTOUYHMKM MOCTOAHHOIO TOKa, a, BO-BTOPbIX, €ro
noBefeHne ropasgo ferye noHsTb.
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Al He xouy 6onbLue MOBTOPATb, YTO A UCMOJb3YI UCTOYHKK MO-
CTOAHHOTO TOKa. [MpocTo NpefnonaraeTca, YTo Be3fae UCMonb3yeTcA
MMEHHO MOCTOAHHBIN TOK, 3a CK/TIOYeHUeM crneLranbHO OroBOPEH-
HbIX Clyyaes.

y BA30BbIE CBEEHUA

OTey 3neKTpomMmarHeTnsma

Popguswwninca B 1775 rogy Bo ®paHumn, AHgpe-Mapn Amnep
(prc. 1.36) 6bIN MaTEMATUYECKN OJAPEHHbIM PebeHKOM, KOTOpbIi
CTan npenojaBaTenemM eCTeCTBEHHbIX HayK, HECMOTPS Ha TO, UTO
6ONbLUYI0 YaCTb CBOUX 3HAHWIA OH NPUOOpPEeN camoCcToATeNIbHO —
B nabopatopun ceoero otua. Ero Hanbonee n3BecTHOM paboToii
6bl1a paspaboTaHHaa um B 1820 rofly Teopus SNeKTPOMarHeTM3ma,
KOTOpas No3BoJIAEeT 06bACHNUTb, YTO MCTOYHUKOM MarHUTHOrO Nons
ABNAETCA ABWXKYLUNACA SNEKTPUYECKNI 3apAa, T. €. SNeKTPUUYECKNn
ToK. OH TaKKe NnocTpoun NepBbivi NPUbop Ans n3MepeHnsa cnaboro
3NeKTPUYECKOro TOKa (ceyac 3ToT Npubop M3BECTeH, KaK 2a/168a-
HOMemp) N OTKPbIS TAKOW 31eMEHT, KaK pTop.

HaBepeHne nopAakKa v NoBToOpHoe
ncnoJib3oBaHmMe KOMMNOHEHTOB

ITepBas Garapeiika Tima AA, Kotopas Obl1a 3aKOpOYeHa U MpH-
BeJleHa B HEUCIIPABHOEe COCTOSTHME /10 TAKOH CTeIeHU, YTO ee HeBO3-
MOXXHO OTPEMOHTHPOBATh. BbI JOMKHBI ee yTHIN30BaTh. Bbibpachl-
BaTh Oarapeiiky B MyCOPHOe BepO He TPeJCTaBIsAeTCS Pa3yMHBIM
peleHueM, OCKOJIbKY B GaTapeiike cozepXarcs TsKeslble MeTaJllbl,
KOTOpbIe OyayT maryOoHo BIMATH Ha 9KOCUCTEMY. BO3MOXKHO, B Bamei
006JIaCTH WM TOPOJie OCYIIeCTBIISETCS YTUIN3ALUs OaTapeeK B COOT-
BETCTBUM C JIOKAJbHO JielicTBytomel cxemol. (Hanpumep, B mTare
Kanudopuus B CIIA cymecTByeT 3aKOH, TPeOYIOIIMIA YTHIN3ALUN
MOYTH Bcex OaTapeek). Bbl MOXeTe M3y4UTh Ballld MECTHbIE 3aKOHBI
771 TIoJTy4eHus1 6oJiee mofipoOHON MHPOPMALH.

[TeperopeBuinii MpeI0XPaHUTENb He MOKeT OBITh MCIONb30BaH
MIOBTOPHO, IO3TOMY €ro CJief[yeT BLIOPOCHUTb.

Bropas Garapeiika, KoTopasi Oblia 3alluilieHa IpefoXpaHuUTe-
JieM, I0JDKHA HaXOJUThLCS B UCIIPaBHOM cocTostHMU. KpoMme 3T0i1 Ga-
TapelKy MOBTOPHO MOKHO MCIIOJIb30BaTh U Jlep)KaTesib ISl Hee.
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Puc. 1.36. Anape-Mapu Amnep o6Ha-
PYXWA, UTO 3NEKTPUYECKMA TOK, NpoTe-
KatoLWmnin No NPoBOAY, CO3AaeT MarH1THoe
none Bokpyr Hero. OH MCNonb30oBasn 10T
npUHUMA AnA Toro, Ytobbl Co3daTh nep-
Bbl1 HA[IEXHbIA CMOCO6 M3MEpPEeHUA TOro,
YTO Tenepb M3BECTHO, Kak Cvna ToKa
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lnasa 1

JKcnepumeHm 3
BALLA MNMEPBAA CXEMA

Tenepb HacTaao BpeMs 3aCTaBUTh 3JIEKTPUUECTBO C/leJIaTh YTO-
HUOY/Ib TaKOe, YTO MOXKET MIPUHECTH KaKyr0-JI100 monb3y. [ aToi
11U MbI OyZieM MCIOJIb30BaTh KOMIIOHEHTHI T10/] Ha3BaHUEM pe3u-
CTOPBI U CBETOJUOABI.

Bawm noHano6srcs:

« Gartapeiika Tuma AA c HanpspkeHuem 1,5 B. KonmyectBo — 4 mit.;

* JlepiKatesib 1S YeTbipex batapeek. Komuectso — 1 mit.;

o pesuctopsl: 470 OM, 1 kO™, 2 kOM wnu 2,2 KOM (HOMHHAT
2,2 xOMm BcTpevaeTcd ropaszo Jaie, 4yeM 2 KOM, U TaKKe MOXeT
WCII0JIb30BaThCAl B JAHHOM 3KcrepuMeHTe). KommdectBo — 1o
OZHOMY pe3UCTOPY KaXXI0r0 HOMUHAJA;

e cBeronuoz aroboro tuna. Kommuecrso — 1 mr.;

* 32XUMBI TUIIA «KPOKOAWI». KonnyecTso — 3 WT.

MpeaBapuTenbHaA NOAroToBKa

Hacrynuio BpeMsl TO3HaKOMUTBCS C ONHUM U3 caMbIX QyHza-
MEeHTaJIbHbIX KOMIIOHEHTOB, KOTOPBIH OyZIeT MCIOJIb30BaThCS B AJIeK-
TPOHHBIX CXeMaX, — OObIYHBIM pe3ucmopom (resistor). Kak yka3biBa-
eT ero HaMMeHOBAHYe, OH CO3JIaeT COMPOTHBIIEHNE IIEKTPUIECKOMY
TOKy. Kax BbI y2ke MOXeTe IIPe/TI0JI0KHTh, eT0 BeJIMIMHA U3MepseTCs
B OMax.

Eciu BBI IproGpen Heoporoi Habop pe3rcTOpoB Ha pacipo-
JlaKe, TO BbI MOYKETe He HANTH HUYero Takoro, 4T MOTJIO Obl yKa3aThb
Ha BEJINYVMHY UX CONMPOTUBIIEHUI. DTO HUYET0; MbI MOKeM U3MEPUTD
WX JJOCTATOYHO Jierko. Ha camoM Jiefie naxke, €Cid OHM MMEIOT 4eT-
KYI0O MapKHPOBKY, TO 51 BCe PABHO XOUY, YTOObI BbI CAMU TIPOBEPIIIH
MX 3HaUeHUs CaMOCTOATEbHO. Bl MoXeTe 3TO czenaTh JByMs CIIO-
cobamu.

o [IpuMeHMB BaIlll MyJIbTUMETP. DTO OTJIMYHAS TPAKTUKA JJISA MO-
HUMaHUs TeX HUdpP, KOTOPbIe 0TOOPAKAIOTCS MYJIBTUMETPOM.

o V3yunB 1IBETOBYIO KOAMPOBKY, KOTOpPast HAHeCeHa Ha OOJIbIIHH-
CTBO PEe3UCTOPOB (A7 MONyYeHUs JOMOIHUTENIbHOM nHOpMa-
U M. pasd. «Pyndamenmanvheie ceedenus — Pacuugposxa
MApKUposKu pe3ucmopos»).

[Tocsie mpoBepKU 3HAYEHUIN COMPOTHUBIIEHUI HEMIOXO0 ObIIO ObI
BBITIOJIHUTD COPTHUPOBKY, PA3JIOKUB UX MO MaJeHbKUM ILIaCTMACCO-
BbIM KOPOOOYKaM C HaHeCEeHHbIMI Ha HUX HOMUHAIaMK. MHe TUYHO
HPABATCSA KOPOOKH, KOTOPBIE IIPOZIAIOTCS B CETH XO3SMCTBEHHBIX CY-
nepmapketoB Michaels, HO BbI MOXXeTe HalTH JITOOBIE IpyTHe, KOTO-
pble Bac yCTPOAT.
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y OYHAAMEHTAJIbHbIE CBEJEHUA

PacwundppoBKa MapKNpoBKU pe3ncTopoB

Ha HeKoTopbIX pe3ncTopax X HOMMHAN COMPOTMBAEHNA YKa3bl-
BaeTcA Lmdpamu, KoTopble HanevyaTaHbl LOCTAaTOYHO MESIKUM Wpnd-
ToM (puc. 1.37). 3T 3HAYEHUA MOXHO 6e3 npobnem npountaTb C
NMOMOLLbIO yBENNUUTENbHOM Nynbl. OfHaKOo B O0MbLIMHCTBE CllyYaes
B COBPEMEHHbIX Pe3nCTopax NPUMEHAETCA MapPKMPOBKa C NCMOSb-
30BaHMEM LIBETHbIX NMOSIOCOK. [lopAafoK AeicTBUIN ANa onpeaeneHuns
HOMMHana npy LBETOBON MapKMpPOBKEe ClefyoLWunii: BO-NepBbIX,
cnefyeT NCKNIOUNTb 13 PaCcCMOTPEHMA LIBET KOpnyca pe3uncTopa. Bo-
BTOPbIX, HY>XHO HalTW cepebpsAHYIo 1M 3010TYyI0 NONOCKY. Ecnu Bbl
ee HalaeTe, TO MOBEPHUTE PE3UCTOP TaKUM 06pa3oM, YToObI 3Ta No-
NOCKa Haxoaunach ¢ NpPaBoi CTOPOHbI. CepebpAHbIN LiBET O3HAYaET,
YTO BENIMYMHA COMPOTUBIIEHNSA PE3UCTOPA BbINOSIHEHA C TOYHOCTBIO
B npegenax 10%, a 3010TON LBET O3HaYaeT, UTo — B nNpegenax 5%.

Ecnu ke Bbl He MOXeTe HalTy cepebpsAHYI0 UK 30110TYIO NOJIO-
CKY, TO Hafjo NMOBEPHYTb Pe3NCTOP TaknuM 0b6pa3oM, uTobbl rpynna
NOJSIOCOK HAaXOAUIACh C JIEBOW CTOPOHBI. Bbl Tenepb AoNXKHbI 06pa-
TUTb BHMMaHME Ha TPY LBETHbIX MONOCKM, KOTOPbIE PACMONOXKEHDI
cneBa. HekoTopble pe3nctopbl UMetOT 60siblle MOIOCOK, HO Mbl B
HaCTOALLMIN MOMEHT ByieM NMeTb es10 TONbKO C TPeXLBETHOW Map-
KnpoBskoi (puc. 1.38, LIB'-puc. 1.38).

HauvHasa cneBa, nepBas 1 BTOpas NonoCcKu MMEIOT LiBETOBYIO KO-
LVPOBKY, KOTOpas COOTBETCTBYET NprBeAeHHON fanee Tabn. 1.4.

Tabnuya 1.4
LiBeT nonocku 3akoanpoBaHHasA yudppa
YepHblii 0
KopnuHesblii 1
KpacHbiit 2
OpaHeBblit 3
Hentbiit 4
3eneHblit 5
CuHuii 6
OuoneToBblii 7
Cepblii 8
benblit 9

TpeTbs MoONoCKa MeeT ApYroe 3HaUeHMe: OHA YKa3blBaeT KONU-
yecTBO Hyneli (Tabn. 1.5), KoTopoe crieayeT [06aBUTDL K NMOJTyYeHHO-
My MpeablayLiemy LMGPOBOMY 3HAUEHNIO.

1 Bce MIUTIOCTPALMK KHUTH ¢ 0603HaueHrieM «L1B» BbIHECEHBI Ha [IBETHYIO BKJIEH-
Ky. — Peo.
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Puc. 1.37. HekoTopble coBpemMeHHble pe-
3MCTOPbl UMEIOT HAHECEHHbIE Ha UX Lnd-
pPOBble 3HaYeHWA COMPOTUBIEHWA, XOTA
BaM [N1A VX UTeHUA MOXeT noTpeboBaThb-
€A nyna. 3TOT pe3ncTop HomMuHanom 15K
(15 kKOM) UMeeT AnnHY MeHee NOJIOBUHbI
niorima (okono 12 mm)

Puc. 1.38. lMpumep Tpex pe3ncTopos C
LIBETOBOW MapKMPOBKOW. HomMHanbl npu-
BefleHHbIX Pe3KCTOPOB (CBEPXY BHW3) Cle-
ayowwe: 56000, 5600 1 560 Om. Pasmep
pe3ncTopa YKa3biBaeT Ha MOLHOCTb, KOTO-
PYIO OH MOXET BblAepaTb; 3Ta MOLWHOCTb
HUKaK He BIMAET Ha ero ConpoTMBeHwe.
[lBa KpalHWX pe3ncTopa MeHbLIEro pas-
Mepa rmetoT MoLHOCTb 0,25 BT, a pesncTop
6onbluero pasmepa paccumtan Ha 1 BT
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Puc. 1.39. Y106 ONpegennTs 3HaueHne co-
NPOTVBNEHNA Pe3NCTOPa C LIBETOBOW MapKM-
POBKOW, CHauana HaZo MOBEepPHYTb ero Takum
06pa3om, 4Tobbl ero cepebpaHan 1M 3010Tas
NOMIOCKN HAXOAWAMCH CNPaBa, a rpynna aApyrmx
NoNnocok — cnesa. [pu 3ToM, ecnmn cMOTPeTb
Ha Pe3nCTOPbl NOCNeA0BaTeNbHO CBEPXY BHI3:
NnepBbii  Pe3nCTop UMeeT COMNpPOTUBIEHNE
1 2 n nAate Hynen nam 1 200 000 Om, YTO O3Ha-
yaeT 1,2 MOwm (1.2 MQ). Bropoit pe3nctop —
56 1 ofnH HoMb, T. e. 560 Om (560 Q). TpeTui
pesuctop — 4 7 v aga Hyna, unn 4700, 4to
03HauaeT 4,7 kKOm (4.7 KQ). MocnegHuit me-
eT 65 1 v aBa Hyna — 65100 Om, uam nHaye
65,1 KOMm (65.1 KQ)

[nasa 1
Tabnuya 1.5
LiBeT nonockn Konuuyectso Hynen 3akoaupoBaHHaA yudpa
YepHblit Het Hyneit —
Kopuunesbiit 1 0
KpacHblii 2 00
OpaHxeBblit 3 000
Kentoiii 4 0000
3eneHblii 5 00000
CuHuia 6 000000
OvoneToBblil 7 0000000
Cepblit 8 00000000
benblit 9 000000000

CnegyeT NOMHUTb, YTO LiBETOBaA MapKMpPOBKa ABMNAETCA BNOJIHE
cornacyiowenca 1 NorMyHon, Hanpumep, 3efeHbi LBeT o3HavaeT
nnb6o BennunHy 5 (AnA NepBbIX ABYX NONOCOK), N1nbo 5 Hynen (ans
TpeTben nonocku). Cama nocnefoBaTenbHOCTb LIBETOB COBMagaeT C
nocneaoBaTeNlbHOCTbIO LIBETOB B pagyre.

Taknm 06pa3om, pe3ncTop C MapKUPOBKOWN KopUUHeBaA-Kpac-
Has-3eneHana 6yfeT nMeTb 3HaueHue 1 2 1 NATb Hynel, UTo B UTore
coctasnsaet 1200 000 Om nnm 1,2 MOm (1.2 MQ). Pe3nctop ¢ MapKu-
POBKOW OpaH»KeBblIi-OpaHXeBbl-OpaHXeBbIl OyaeT nMeTb 3Have-
Hue 3 3 1 Tpu Hyns, uTo B UTore coctasnaAet 33 000 Om nnm 33 KOm
(33 KQ). A pe3ncTop C MapKnpOoBKOW KOpUYHEBaA-YepHasa-KpacHas
6yneT umeTb 3HaueHve 1 0 1 fBa AOMOSNHUTENbHBIX HYMSA, YTO CO-
ctaBnaet B cymme 1000 Om mnm 1 kKOm (1 KQ). Ha puc. 1.39 (LiB-
puc. 1.39) npuBeAeHbl HEKOTOPbIE ApYriie NPUMEpPbI.

Ecnun Ha pe3uncTop HaHeceHa rpynna r3 YyeTbipex NosiocoK BMme-
CTO TpeX, TO NepBble TPV MNONOCKM ABNATCA Lndpamu, a YeTBepTas
MonocKa 03HayaeT KoNnuecTso Hynel. TpeTba LmdpoBasa nonocka
[laeT BO3MOXHOCTb yKa3aTb COMpPOTMBIEHUe pe3ncTopa C bonee
BbICOKOW TOYHOCTbIO.

Bbl cOuThbl C TONKy? AGCONIOTHO. IMEHHO NO3TOMY UTOGbI MpPo-
BEPATb 3HaUYEHUA COMPOTMBAEHNIA PE3UCTOPOB fydlle MNCNOoJb30-
BaTb MynbTMmeTp. OfgHaKo cnegyeT UMeTb B BUAY, UTO pe3ynbraThl
N3MEPEHNI MOTYT C/lerka oTiiM4aTbCA OT 3HAUYEHUN, KOTOpble yKa-
3aHbl Ha pe3ncTope. 3TO MOXKET CyYnUTbCA, MOTOMY UTO Ball Npwu-
60p He ABNAETCA NPeLM3MOHHbIM NPUOOPOM, U CKopee NOoToMY,
YTO COMPOTUBIEHNE PE3NCTOPa NMPY ero N3roToBNEeHUN NMEET He-
KOTOPbIN pa3bpoc NapamMeTpoB, UK Xe 3T 06e NPUUMHbI UMEeT
mecTo. Ecnn Bbl 06HapyXmny, UTO CONPOTMBNEHME OT/IMYAETCA OT
YKa3aHHOro 3HauyeHuA He 6onee ueM Ha 5%, TO ANA HaWKX HYX[ 3TO
BMOJIHE JONYCTUMO.




Honyquue Onblma e usy4eHuu 3/1iekKmpoHUKU

3axuraem ceBeToguop

Terepb paccMOTPUM HAllM CBETOAUOABL YCTapeBarollue dJIeK-
TPUYECKVe JIaMIIbl HaKaJUBaHUS MOTPEOIAIOT CIMIIKOM OOJBLIYIO
MOIIHOCTb, KOTOPYIO K TOMY K€ B OCHOBHOM IIPeBPALIAIOT B TEILIO.
CBeTOnMO/IbI HAMHOTO <TOJIKOBee»: OOJBIIYI0 YacTh SHEPIUU OHU
npeoOpasyIoT B CBET U, €CJIM UX PABUJIBHO UCIIOJIb30BaTh, OHM MO-
ryT paboTaTth NOYTH HeCKOHEYHO!

CBeToaMo/ KpUTHAYEH K KOJIMYeCTBY 9HepPTruH, KOTOPOe OH TOJy-
Yaer, a TAKXKe K TOMY, KaKUM 00pa30oM OH ee nosy4yaet. [IoaTomy npu
paboTe co CBETOAMO/IAMY BCErJia HY>KHO PYKOBO/ICTBOBATHCS CIIE/y-
IOIMMHY TIPaBUJIAMU:

« K GoJiee JUIMHHOMY BBIBOJIy CBETOAMOJIA JOJDKHO OBITH MOAKIIHOYe-

HO GoJiee MOJIOXKTEeIbHOE HATIPsDKeHHe, YeM K KOPOTKOMY BBIBOZIY;

* Pa3HOCTb HAIPSKEHNUI MeX/y JAJTMHHBIM U KOPOTKHM BbIBOZIaMU

He JIOJ/DKHA [TPeBbIIIaTh IPe/ie/IbHOr0 3Ha4eHN s, 3a[aHHOr0 IIpo-

U3BOAUTENIeM I UCIIOIb3YeMOrO CBETOAUO/A;

* TOK, NPOXOAAIIVI 4Yepe3 CBETOAMOJ, He [OJ/DKeH IIpPeBbIIAaTh

Ipe/ieJIbHOTO 3HAYeHUs, 3aJaHHOTO IIPOU3BOAUTEIIEM.

A 4gro0 Oyzert, eciu Bl HApyIIUTe 3TU paBuia? OTIMYHO, 1aBaii-
Te BBIACHUM 3TO!

I[Ipexne Bcero, cienyeT yOeMUThCsl, YTO y BaC UMEIOTCS CBEXHe
OaTapeiiku. Bbl MOXeTe IPOBEPUTD KX, BBIOPAB HA MyJIbTUMETPE pe-
KM U3MepeHus IOCTOSHHOTO HallPSKeH!s M KOCHYBLIMCh KOHLIAMU
IIyNOB 060MX BBIBOZOB KaXX/10i OaTapeiku. Bbl JOJKHBI MOMyIUTD
pesyJbTaT, KOTOPBIY YKa3bIBaeT, YTO KaX/Aas U3 HUX MMeeT HalpsixKe-
Hle, paBHOe 10 MeHblIe Mepe 1,5 B.

Eciit mosy4yeHHOe 3Ha4eHne OKaXKeTCsl HeCKOJIbKO BOJIbIie, YeM
3TO IOJDKHO OBITh, TO 3TO HOPMaJbHO. Barapeiika cHa4yana BbIaeT
HanpspKeHUe HeCKOJIbKO G0Jibllle HOMUHAIBHOTO 3HAYeHUs, a 3aTeM
10 Mepe UCI0Ib30BAHUA IIOCTEIIEHHO YMEeHbLIAeT ero BeanduHy. ba-
TaperKU TaKXe TepAIT CBOe HAIpsDKeHUe, KOrAa IPOCTO XPAHATCA
Ha I0JIKe B HeIOJK/II0YeHHOM COCTOSIHUM.

BcraBbTe Bce 4 Garapeiiku B ZepkaTesb, NPOCIENUB 3a TeM,
4TOOBI OHM OBLIM YCTAHOBJIEHBI TPABUJILHO — BCe OTpHUIIaTebHbIe
BBIBOJIbI HaTapeeK JIOJKHBI HAXOUThCSI B KOHTAKTE C MPY)KMHAMU B
nepsxareJie. VIcosb3yiiTe MyJIbTUMETP, YTOOBI IPOBEPUTH HATIPSIKeE-
HIe Ha TPOBO/IaX, MOJK/II0YEHHBIX K ZiepKaTesto barapeek. DTO Ha-
HpsDKeHNe TOJDKHO OBITh 110 MeHblueid Mepe 6 B.

Ternepb HaZ0 B3ATb Pe3UCTOP C conpoTusieHneM 2 KOm. Cnenyer
MMOMHUTB, YTO «2 KOM» 03Ha4aeT «2000 Om». Ecnu ke pe3uctop ume-
eT [JBeTOBYI0 MaPKUPOBKY HOMMHAJIA C TIOMOLIbIO [[BETHBIX MOJIOCOK,
TO WX IOCJIeJOBAaTeIbHOCTh JIOJDKHA OBbITh CIefyromell — KpacHas-
YyepHasa-KpacHas, 4To o3HaydaeT 2 0 1 ewe 1Ba Hyss1. IIOCKONBKY pe3u-
CTOPBI C conpoTuBiIeHneM 2,2 KOM BCTpeyaroTcs B IIpojaxe ropaszo
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Puc. 1.40. By cObpaHHOM CXembl MK Bbl-
MNONHEHWN 3KcnepumMeHma 3, Ha KOTopoW
MPVIMEHAIOTCA PE3UCTOPbI C COMPOTUBIE-
Hnem 470 Om, 11 2 KOM. [Ins BbINOAHEHWA
HafeXHOrO KOHTaKTa MOACOeAVHWTE 3a-
KVIMbI TUIMNa «KPOKOMIT», KaK 3TO MOKasaHo
Ha prCyHKe. Kpome Toro, B OAHOM 11 TOM e
MecTe Liernun nonpobyiite No ovepeamn no-
MEHATb BCE NCMOSIb3yeMble B SKCNePVIMEH-
Te Pe3nCTopbl, Habnoaas 3a Tem, Kak npu
3TOM MEHAETCA CBeYeHe CBeToamnoaa

lnasa 1

Yalne, 4eM pe3uCTOpkI € conpoTrBIeHreM 2 KOM, TO BbI, payMeeTcs,
MOJKeTe MPUMEHUTh UX. DTU Pe3UCTOPhI OYAYT UMeTh MapPKUPOBKY —
KpacHasA-KpacHasg-KpacHasl.

Vcronb3yst 3a)XMMBI THIIA <KPOKOJUI», cOOepHTe 1ielb, KOTO-
pas nokasaHa Ha puc. 1.40 u puc. 1.41 (LIB-puc. 1.41). ITpu 3TOM BBI
JIOJDKHBI 3aMETUTD, YTO CBETOAUO/ OyIeT CBETUTD, HO, K COXKAJIEHHIO,
II0Ka O4eHb TYCKJIO.

Teneppb OTKJIIOUKTE PE3UCTOP C CONMpOTHUBIeHHeM 2 KOM (unu
2,2 xOM) U 3aMeHHTe ero pe3ucTOpoM ¢ HOMUHAJIOM 1 KOM, KOTO-
PBIi IMeeT [IBeTOBYI0 MAPKUPOBKY — KOpUYHeBasd-uepHasa-KpacHas,
4yTO 03HaydaeT 1 0 u eme fBa HynA. ITocse 3TOro CBETOAMOL AOJIKEH
3aropeThcsi boee SpKo.

ITocne aToro ymamute pe3uctop ¢ HomuHanoM 1 kKOM u 3ameHu-
Te ero pe3ucTopoM Ha 470 OM, KOTOpBIY MMeeT L[BeTOBYI0 MapKu-
POBKY — ’XenTasi-puoeToBas-KOPUYHEBas1, YTO O3HAYaeT 4 7 U elle
OfVH HOJb. [Ipy 3TOM CBETOAMO OKEH 3aropeThes elle spye.

Bce 3TO BBIMIAAUT O4YE€Hb 3JIEMEHTApHO, HO IIPU 3TOM MOXHO
CllelaTh OZIH Ba)XXKHBIN BbIBOJ. Ha pesucrope najaet onpezeyeHHbIN
NPOLIeHT Hanps)keHus B Lienu. C TOYKY 3peHus1 «BOJAHON» aHAJIOTUU
CONPOTUBJIEHNE Pe3UCTOPa MOXHO PacCMaTpUBaTh B Ka4eCTBe Iepe-
ruba WM Cy)KeHust B THOKOM IIJIaHre TP Toziade BozbL. Pe3uctop ¢
6oJiee BEICOKMM 3HaYeHEeM COIIPOTHBIIeHNs obecredrBaeT Oobliee
aZileHue HalPsDKeHNs Ha CBOUMX KOHTAKTax, OCTaBJIAs MeHbIlee Ia-
ZieHNe HallPsDKeHUsI Ha CBeTOANOe.

Csetoamop

Bonee kopotkuit
BbIBOZ CBETO-

—__—nvopa (katop)

Bonee AnnHHbIN
BbIBOJ CBETO-
avopa (aHog)

B Bawem aepxartene

Ansi 6aTapeek 3TOT NPOBOA
MOXET 6bITb IMBO CUHUM,
nmbo YepHbIM

Bnok 6atapeek Ha 6 B

Puc. 1.41. 30ecb Nokas3aHo, Kak BbIMAANUT CXema BKOUYeHMA ceeTogmoaa. Ecnm Mpn 3aMblKaHWK
Lenun Bbl HauMHaeTe C UCMNOIb30BaHMA pe3ncTopa C 606MbLWUM conpoTtmeneHnem, To B 3Tom Cry-
Yae ceetoanon 6)/,£leT ropeTb, HO O4eHb TYCK/IO. O6BACHAETCA 3TO TeM, UTO Ha pe3ncTope nafgaet
CyllecTBeHHaA YaCTb HanpaAXeHnA, OCTaBIAA Ha CBETOAMOAE TONbKO He6onbmyro ero yactb. B pe-
3ynbrate 310 NPUBOANT K HEAOCTATOYHOMY MO BeNYMHE TOKY, MPOXOAALLEMY Yepe3 CBeTOANOL,
ANA ero ApKOro ceevyeHmA
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HaBepeHne nopAapaka n nOoBToOpHoée
ncnoJib3oBaHMe KOMNMOHEHTOB

BaTapeliky 1 CBeTOAMO], BIIOJIHE MOKHO MCIIO/Ib30BaTh B CJIey-
IOLIKX KCIlepuMeHTaX. Kpome TOro, MOBTOPHO MOTYT OBITh UCIIOJb-
30BaHbl U Pe3UCTOPBI.

JKchepumeHm 4
W3MEHEHWE HANPAMEHUA

B mpozake numeeTcst 60s1bI0e pa3HOOOpa3ye TUTIOB U Pa3MepoB
MOTEHIIMOMETPOB, HO BCE OHU BBINOJHAIOT OJHY U TY Xe QYHKIHIO:
NO3BOJIAIOT U3MEHATD HAIIPS)KeHKe U TOK B I1eNH 3a cYeT U3MeHeHUs
COTPOTHUBIIEHUS. B 3TOM 3KCIeprMeHTe Mbl CMOXXeM y3HaTb GOJIb-
Ile 0 HalPs)KeHNH, CUJjie TOKA U COOTHOILEHNU MeXy HUMU. 371eCh
BbI TaK)XKe IIO3HAKOMUTECh U HAYYUTEeCh YUTATh CIPABOYHbIE JIUCTBI
TeXHUYECKUX JJAHHbIX U3/1eJIUH, BBITYCKaeMbIX pUPMaMH-U3rOTOBH-
TeJIAMHU.

37ech BaM PUTOAATCA:

 Te Xe caMble OaTapeiiKu, JepxaTenb Ui GaTapeek, 3aXKMMbI
TUINA <KPOKOAWUJI» U CBETOAUO, KOTOpPbIe BbI UCIOJIb30BAIN B
NOCJIeJHeM JKCIIepUMeHTe;

e MOTEHIIMOMETD C JIMHEMHON XapaKTepUCTUKOW WU HOMHUHAJIOM
2xOwM. KonnyectBo — 2 mit. [TosiHOpa3MepHbIe IIOTEHIMOMETPBI,
KOTOpbIe BBIMJIAJAT TaK, Kak Ha puc. 1.42, BcTpedaroTcs pexe
IO CpaBHEHHMIO ¢ 6ojlee MUHUATIOPHBIMU BepcHsiMHU. 51 mpezro-
YUTAI0 MCIONb30BaTh NIOTEHIIMOMETPHI OOJIBIIEro pa3mepa, 110-
CKOJIbKY C HIMF HaMHOTO Jierde paboTaTh;

e OJIVIH JIOTIOJTHUTENIbHBIN CBETOMO;

e MYJIBTAMETP.

3arnAHem BHYTpb Ballero noTteHUMomeTpa

ITepBoe uTO £ XOUy CAeaTh, 3TO IO3HAKOMUTD BAC C TeM, KaK pa-
6oTaeT MOTEHIIMOMETP. DTO 03HAYAET, YTO BbI OJKHBI OTKPBITH €T0,
MMeHHO [I03TOMY B BallleM CIUCKe He0OXOIMMBIX TTOKYIIOK ObLIO yKa-
3aHO MpUoOpeTeHue ABYX MOTEHIIMOMETPOB — Ha TOT CJydYaii, ecyiu
BbI He CMOJKeTe cOOpaTh MepPBbIil M3 HUX CHOBA.

BoJIbIIMHCTBO TOTEHIIMOMETPOB (QUKCHPYIOTC B COOPaHHOM
COCTOSTHUY HeOOMbIIMMU MeTa/UTMIeCKUMH JIaIKaMU. Bbl HaBepHsIKa
CyMeeTe OJLeNUTb TH JIANKHU BalIUMU O0KOpe3aMu (KycauKaMH Ji7is
MPOBOJIOB) MJIM IUIOCKOTYOIIaMH, a 3aTeM OTOTHYTh MX BBepX U He-
MHOT0 B CTOPOHBIL. Ec/M BRI Cies1aeTe 3TO, TO IIOTeHLIMOMETP A0JDKeH
OTKPBITHCS, KaK 3TO MIOKa3aHO Ha puc. 1.43.
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Puc. 1.42. BHelwHWin BMA NPOBOMOYHOMO
noTeHuMomeTpa

Puc. 1.43. YT00bl OTKPbITH MOTEHUMOMETP,
CHayana Hafo OTOTHYTb YeTbipe Hebomb-
wne MeTanamyeckme nanky, PacrnonoxeH-
Hble MO Kpalo MEeTa/IMyecKoro Kopryca
(Ha HVPKHEM PUCYHKe BUOHO ABE NarnKw,
OTOTHYTble HapyXy — OAHa BMIEBO W OfHa
BMPaBo). BHyTpW HaxoamTca oaHOCIONHaA
CnMpanb 13 NPOBOJIOKK, HaMOTaHHOM BO-
Kpyr MIOCKOW MnacTMacCoBOW MOMOCKH,
1 napa NOAMNPYKUHEHHbIX KOHTAKTOB, KO-
TOpble MPOBOAAT TOK K HY»KHOW TOUKe 1in
OTBOAAT OT IPYTOV HYKHOW TOUKM KaTyLLIKV
npy BpaLleHnM ocK noTeHUMomeTpa (no-
KasaHbl Ha BepxHem pUCyHke). B 3aBucu-
MOCTI OT TOrO, Kakoro Tvina NOTEHLMOMETP
Yy Bac eCTb, OTHOCUTENBbHO HeOPOroV Ui
6onee LOPOroN, BHYTPU VX Bbl MOXeTe 06-
HapyXWTb JOPOXKY NposoadALlel rpadu-
TOBOWI MAIEHKM UV MPOBOSIOUHYIO CNPasb.
B niobom cyyae ncnonbyemblit npyYHLMN
LeCcTBYA OyneT OAVH U TOT XKe
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Puc. 1.44. lNpy nposepke NoTeHLome-
Tpa NOCTOAHHO V3MepAlTe CONpOTMBIe-
HVie Mexay AByMA ero BbiBogamu (opunH
13 KOTOPbIX AO/MKEH OblTb 06A3aTeNbHO
cpefHuit), Korga Bbl NOBOpauMBaeTe OCb
noTeHUMoMeTpa TO B OfHY, TO B APYryto
CTOPOHY

Puc. 1.46. Csetoavon, npuvBeaeHHbI
Ha 3Toi doTorpadum, BAPYr cropen, no-
CKONbKY A U3MMLWHE YMEHbLUWA CONPOTMB-
neHne NoTeHUMoMeTpa

lnasa 1

IIpoBoz MM IPOBOZSAIIIASA IJIEHKA 006J1aIal0T HEKOTOPBIM COTIPO-
tBJeHNeM (2 KOM B JaHHOM CJyuae), a IIpY IOBOPOTe OCU MOTeH-
MoMeTpa 0becrevnBaeTcsi KOHTAKT JI0O0W COOTBETCTBYIOLIEH TOY-
KU Pe3UCTUBHOTO 3J1eMeHTa (TPOBOJIOYHOTO UM HelPOBOJIOYHOIO)
C LIeHTPaJIbHBIM BBIBOJIOM ITIOTeHL[MOMeTpa.

ITocse pa3bOpKY MOTEHIIOMETPA BbI MOXKETe MOIBITAThCA CO-
OpaTb ero CHOBa, HO eCJIM ATO He MOJTYYUTCS, TO Ha/I0 B3ATh 3aaCHOM
aHAJIOTUYHBIN IOTEHIIMOMETP.

YT0OBl MPOBEPUTH BAll TOTEHIMOMETP, HYXHO C MOMOIIbIO
MyJIbTUMETPA U3MEPATh ero CONPOTHUBIIEHVE B OMaX, 00OecrednBast
IIPY 3TOM [TOCTOSIHHBIN KOHTAKT M3MepUTeJIbHBIX IYIIOB C BBIBOJAMU
IIOTeHIIMOMeTpa U Bpalljasi ero 0Cb B OZIHY U APYTYIO CTOPOHY, KaK 3TO
MIOKAa3aHo Ha puc. 1.44.

YMeHblueHne APKOCTU Ballero ceetogunona

[Tpexne Bcero, MoBepHUTE OCh MOTEHIIMOMETPa B KpalHee TO-
JIO)KeHNe IPOTHB 4aCOBOM CTPeJIKY, B IPOTUBHOM CJly4yae Bbl MOXe-
Te CKedb Balll CBETOAUOZ elle /10 Hadasna aKcnepumenTta. (Kpaiine
Majioe KOJM4YeCTBO MOTEHIMOMETPOB YBENUYMBAIOT U YMEHBIIAIOT
COIIPOTHBJIEHNE ZIPYTUM CIIOCOOOM 110 CPaBHEHHIO C TeM, KOTOPBIH
s ONKCBIBAIO 371€Chb, HO TIOCKOJIBKY BbI IIPHUMeHseTe TOTeHI[IOMETP,

CeeToauoa

bBonee gnnHHbIN

BbIBO/ CBETO-
nvoga (aHog) __— BbIBOA CBETOAMOAA

B Bawem fepxarene

ans 6atapeek 3T0T NPoBOA
MOXET ObITb NNBO CUHUM,
nnbo YepHbIM

/13HayanbHO 0Cb NOTEHLMOMETpa NOBEPHUTE NPOTUB YACcOBOM
CTPENKM B KpaliHee ero noroxeHne. 3atem, cobpas cxemy,
HaYHMTe NNaBHO BpaLLaTb 0Cb B HANPaBMeHUH, ykazaHHOM
CTPENKOA, T. €. N0 YacoBOW CTpenke

Bnok 6atapeek Ha 6 B

Puc. 1.45. 5710 B CxeMbl And akcnepumeHma 4. [py NOBOPOTE OCK NOTEHLIMOMETPA C HOMUHA-
nom 2 KOM CoMnpoTHBIIEHWE MEX[Y UCMOMNb3yeMbiMI €ro BbiBOAaMyu OyaeT MeHATbca oT 2000 fo
0 OM. 3T0 conpoTHBEHNe [OMKHO 3aliMLiaTb CBETOAMOL OT MOMHOMO HanpsxeHus batapenkn
BenuymHom 6 B
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MIOKa3aHHbIH Ha puc. 1.42, TO MOe ONMCaHue JOIHKHO OBITh JOCTaTOY-
HO TIOZIPOGHBIM).

ITocse 3TOro BBLINOJHUATE BCE MOAKIIOYEHU, KaK 3TO [I0OKa3aHO
Ha puc. 1.45 u 1.46, cnens 3a TeM, 4TOOBI He TIO3BOJIATH MeTaJlIAde-
CKMM YacTSM 3aXMMOB THUIIAa «KPOKOJWJI» KacaThbCst Apyr apyra. Te-
nepb O4YeHb MeJJIEHHO 110 YaCOBOW CTpeJIKe HaYHUTe IOBOPAYMBaTh
0Cb IOTeHIIMOMeTpa. B pe3yibTare BbI JOJKHBI 3aMETUTD, YTO CBE-
TOnMOz OyZieT CBETUTHCSA BCe sIpUe U fpde, U, B KOHIIe KOHIIOB, BAPYT
noracHer. MiTak, Bbl OIBITHBIM IIyTeM YBUIeJIH, KaK JIEFTKO MOXXHO BbI-
BECTH U3 CTPOsI COBPEMEHHYIO 3JIeKTPOHUKY? BbIOpocuTe 3TOT CBETO-
avoz. bosblie OH y)Xe HUKOIZA He 3arOPUTCA. 3aMEeHUTEe ero HOBBIM
CBETOAMOZOM, HO Tellepb OyAbTe ropaszio BHUMATENIbHEe.

J1151 u3MepeHys HalpsDKeHUs B CXeMe, B KOTOPOU UCIIOJIb3YIOTCSA
barapeiiky, HaZlo Ha MyJIbTUMETpe BbIOPATh PEXUM /IS U3MePeHHs
HaNpSKeHKsl Ha TIOCTOAHHOM ToKe — «V» 1 «DC», «V» umm «Vye>,
rie DC (direct current) — mOCTOSIHHBIHM TOK, KaK 3TO IOKa3aHO Ha
puc. 1.47. Tenepb M3MepUTEIbHBIMU I[yIIaMU KOCHUTECh BBLIBO/IOB
ceeroguoza. IonelTaiTech, yAepKuBas LIyIbl HA MeCTe, CJIerKa I0-
BEPHYTh OCh IIOTEHIIMOMeTpPA CHayasla B OZIHY, a 3aTeM B JIPDYT'YIO CTO-
POHY. BbI 10JKHBI yBUZIETH COOTBETCTBYIOIIEE M3MEHEHNe BeINYUHEI
HaIpsKeHUA Ha BBIBOZIAX CBETOAKMO/A. MBI Ha3bIBaeM 3TO pa3HOCMbHO
NOMeHYUAI08 MeXY IBYMS BbIBOJAMHU CBETOAUO/A.

a 6
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Puic. 1.47. B pasHbix TMNax MynsTUMETPOB ANA M3MEPEHUA NOCTOAHHOTO HANPMKEHMA TPEOYIOTCA COOTBETCTBEHHO Pa3NNYHbIE HACTPOMKN. Tak,
B My/bTUMETpE C PYYHOW YCTaHOBKOW AManasoHa M3MepeHus (a) TpebyeTca yCTaHOBUTL NepeksioyaTesb pexmma paboTsl B nonoxerne «DC,
a 3aTemM C NOMOLLBIO IMCKOBOIO Nepeksiouatens BbIbpatb NpeaenbHoe 3HaUeHVe HanpsKeHWs, KOTOPOE Bbl XOTUTE U3MEePUTb. B JaHHOM Cryyae
BbIOpaHHOE HampaxeHWe coctanaeT 20 (NOCKONbKY 3HaueHre 2 CAULIKOM Maro). Micnonb3osaHue TecTepa RadioShack ¢ ¢yHKuMel aBToma-
TNYECKOTO BbIOOPa [ManasoHa U3MepeHua TpebyeT yCTaHOBKY Nepeknioyatena B nonoxexue, Hanpumep, <V» (6) nam «V, » (8) 1 Tectep cam

OnpeaennT, Kakow AnanasoH UCnonb3oBaTb

Ecyu BB BMeCTO cBeTO/IM0Na OyZieTe UCTIONb30BaTh YCTAPEBIIYIO
MUHHMATIOPHYIO JIAMIIOUKY HaKaJMBaHUs, TO BbI IPU U3MEPEHHH T10-
JIy9UTe Pa3HOCTh MOTEHIIUANOB, KOTOPasi OyZeT MeHATbCS B TOPaszio
OoJIbLIelt CTeTIeHH, TIOCKOJIBKY JIAMIIOYKa BeieT cebs1, KaK «IIPOCToe»
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CONPOTHUBIIEHUE, TOTZa KaK CBETOJMOJ B HEKOTOPOi CTeleHHU OCy-
IIIeCTBJIsIET CAMOHACTPOIKY, U3MeHSIsI CBO€ CONPOTUBIIEHNE B 3aBH-
CUMOCTH OT U3MeHEHHUS HalpsKeHUS MUTaHHUA.

Tenepsb, 4TOOBI U3MEPUTH PA3HOCTh IOTEHI[MATIOB MEX/Y BbI-
BOZIaMH MIOTEHIIMOMETpPa, KOCHUTECh UX U3MePUTEeIbHBIMY LIyTIaMu.
IToTeHIIIOMeTp ¥ CBETOAMOZ JIENIAT MeX/Ty COO0H Bce MMeroIIieecs Ha-
NpsDKeHUe TaKMM 00pa3oM, 9TO KOTI/ia Pa3HOCTb MOTeHIUAJIOB (Iazie-
HYe HalpsDKeHNs) Ha [OTeHIIMOMeTpe MOBBINIAeTC s, TOT/ia Pa3HOCTh
TMOTEHIMAJIOB MeXZy BbIBOZAMU CBETOAMOZA MazaeT, U HA0OOpOT
(puc. 1.48-1.50). Cnenyet uMeTh B BUY HECKOJIBKO OOCTOATEIILCTB.

 Eciii BBI CJIOKWTE Bce TMafieHNs] HAaNpSDKeHUS Ha KaX/I0M 3ie-

MeHTe LieTy, TO CyMMa OyZieT paBHa TOMY HalpshKeHHIO0, KOTOPOe

BbIZIaeTcst GaTapeiKoi.

o IIpu u3MepeHNM HANpsSUKeHUsl BbI BCerja M3MepsieTe OTHOCHU-

TeJIbHOE HalpsKeHUe MeXy IByMs TOYKaMH B IIeIH.

« V3MepuTebHBIE LIYIIbI BAlllero NprOopa MOACOeIUHSNTE 09eHb

OCTOPOXXHO, CJIOBHO CTETOCKOI, 0e3 KaKuX-Ju00 HapylleHHi

WJIH TIOBPEX/IEHUI COeIMHEHWA B LIeTH.

Mcnonbayiite Ball MynsTUMETP,
4TOGbI U3MEPUTB HaNpsikeHe
MEXAY [BYMS STUMM TOYKaMM

3aTeM nonyyeHHoe 3HaveHne
CpaBHWUTE C HaNPsKEeHNEM
MeXay 3TUMN ABYMS TOYKaMM

Bnok 6atapeek Ha 6 B

Puc. 1.48. Kak 13vepATb HanpaxeHve B NpOCTol Lienu
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Bbnok 6atapeek Ha 6 B Bnok 6aTapeek Ha 6 B

Puc. 1.49. Tprbop NoKa3biBaeT 3HaueHvie HanpPsXeHs Puc. 1.50. Mprbop nokasbiBaeT 3HayeHVe Hanpaxe-
Ha cBeToaMone HIA Ha NOTEHUMOMETPE

N3mepeHne ToKa

Ceifuac s1 X0uy BbIIIOJIHUTb HECKOJIBKO APyroe u3Mepenue. 5 xouy
M3MepUTDb TOK WJIM CUJTy TOKA B L€, MCIOJIb3Ys IPUOOP, YCTAHOBUB
Ha HeM «MA» (MuTHamiepbl). YToObI NU3MEPUTH CHITY TOKA, CIIefIyeT
IIOMHUTb, YTO:

* BbI MOKeTe U3MePUTh TOK TOJIbKO TOI/a, KOTZIa OH TPOXOAUT Ye-
pe3 Baii prdop;

* Balll U3MEPUTEJIbHBIN PUOOP JI0JKEH OBITH BCTPOEH B IIEllb;

e CJIMLIKOM OOJIBLION TOK MOXET CXe4b MpeOXPaHUTeb BHYTPH

BamIero npubopa.

Crnenyer ybemuThCs, YTO Ha MYJIbTHMETpPE YCTaHOBJIEH PEXUM
VMMEHHO [/I1 U3MepeHus CUJIbl TOKa B MuaMamiepax (puc. 1.51-
1.52, a), a He HampsDKEHU s, KaK 3TO ObLJIO paHee. B HEKOTOPBIX MpU-
Oopax /i U3MepeHHs TOKa B MIJUIMAMIIEPaxX TPeOyeTcs MepeKIIto-
YUTh OJJHY U3 BUJIOK N3MePUTEIbHOTO II[yTa B Pyroe rHe3/i0 — <mA»
(cm. puc. 1.52, 6).
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Puic. 1.51. Ecnv Bbl nonbiTaeTech M3MepUTb CIIMLWIKOM DOMbLLIOW TOK, TO B N060M Nprbope 061-
3aTeNbHO JOSKEH CropeTb BHYTPEHHWI NPeAoxpaHnTent. B Haleln LUenv HeT HUKaKoro prcka,
eC/n Bbl YCTaHOBWTE PErynaTop NOTEHLMOMETPA B CpefiHee nonoxexue. Ana n3mepeHns cunbl
TOKa B MunnMamnepax Bblbepute pexmm «mA» 1 3aNoMHKTE, YTO MyABTUMETP NpW 3ToM OyaeT
0TOBPaXaTb 3HAUYEHNSA, KOTOPbIE 03HAYAIOT ThICAYHbIE JOM aMnep

Puic. 1.52. MynstimeTp € pyUHbIM BbIOOPOM peXMa U3MepeHNa Takor, HanpUMep, Kak NprBeaeH-
HbIA 3€Cb, NPV M3MEPEHUM TOKa B MINNIMamnepax TpedyeT OT BaC NepeKioUeHIa KpacHOro 1ame-
PUTENBHOTO Lyna B Apyroe rHe3fo nprbopa. B 60NbLUMHCTBE COBPEMEHHbIX MySETUMETPOB STOrO
[lenatb He HY»KHO [10 Tex Nop, NoKa Bam He NOHaAobUTCA U3MePATb OOMbLUVE 3HAUEHNIA TOKOB

IToxkJirounTe BAll TeCTep B Liellb KaK 3TO OKa3aHo Ha puc. 1.53.
He crieiyet noBopayuBaTh MOTEHIOMETP OOJIbIle YeM HaIlOJIOBHHY.
ConpoTyBeHre MOTeHIIOMeTpa OyaeT 3alluIiaTh Ball TecTep, KakK
u cBetTozoy. Ecy yepe3 TecTep MPOIMycKaeTcs CIMUIIKOM GOJIbIIOHN
TOK, TO BBl CMOXKeTe 0OHapyXXUTh Ce0s BBHITIONHAOMIM 3aMeHy BHY-
TPEeHHero Ipe/ioXpaHUuTeIs TecTepa.

Ecnu BbI cllerka U3MeHUTe MOJIOKeHHe PeryssaTopa MOTeHINo-
MeTpa, IOBEPHYB €ro B OJHY WU JPYTYIO CTOPOHY, TO OOHAPYKUTe,
4TO U3MEHeHe CONMPOTHBIIeHN B Ilenu Oy/eT IPUBOJUTH K U3MeHe-
HUIO TOKAa. DTO MOXET OOBSACHUTD, I0YeMy CBETOAMOZ Ieperope B
npenbIAyIeM SKcrepuMenTe. CIMIIKOM GOJIbIIOH TOK /ieJTaeT ero ro-
pAYMM, U 3TO TEIUIO PAcIJIaBUT ero U3HYTPH, KaK IIpel0OXpaHUTeNb B
IpUBEZIEHHOM PaHee sxcnepumerme 2.
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Amnepbl

bnok 6aTtapeek Ha 6 B Bbrok 6atapeek Ha 6 B

Puc. 1.53. YT00bI 13MepUTb TOK B amnepax, Kak 3T0 MoKa3aHo Ha 1eBOM (a) 1 NpaBom (6) pUCyHKax, M3Mepaembli TOK JOMKEH NPOXOAUTL Yepes
My/bTUMETP. Korga Bbl ByaeTe yBenmumsarhb CONpPOTHBIEHUE MOTEHLMOMETPA, TO 3TO NPUBEAET K YMEHBLEHMIO SNEKTPUUECKOrO TOKa, @ MeHb-
LW TOK Yepe3 CBETOANO 3aCTaBUT ero CBETUTLCA MeHee APKO

Bosee BBICOKOE CONPOTHBIIEHNE OTPAHNYMBAET TOK UJIH €€ BeJIN-
YUHY B amIepax.

Tenepp BCTpOWTE MyJbTUMETD B APYIYI0 4acTb HCCIIeAyeMOu
Ileny, Kak 3TO0 IO0Ka3aHo Ha puc. 1.53, 6. ITo Mepe moBOpOTa MOTEH-
IIMOMeTpa BIIepell WM Ha3az Bbl OyZeTe MOJy4aTh TOYHO TaKue Xe
pe3yJIbTaThl, YTO U B CXeMe, IPHMBe/ieHHo Ha puc. 1.53. Do npouc-
XOJUT II0TOMY, YTO TOK BO BCeX TOUKAX TaKOM Liell MMeeT OJHO U TO
e 3Ha4yeHue. Bce 3T0 IMEHHO TakK, IOCKOJIBKY Y IIOTOKA 3JIEKTPOHOB
HeT HUKAKOro IPpyroro myTH.

Terepb HACTYNWJIO BpeMsi, 4TOObI 0OPATUTHCA K HEKOTOPBIM
mudpam. 371ech 0CTaJIOCh MTPOBEPUTH OAHY TOCTENHIOW Bemb. OT-
KJIFOUUTEe CBETOAMOJ U 3aMEHUTEe €r0 Pe3UCTOPOM C CONPOTUBIICHU-
eM 1 kOM, KaK 3TO MoKa3aHO Ha puc. 1.54. Obiiee conpoTUBIIEHUE
B Lleny Tereps OyzeT paBHO 1 KOM IJIIOC CONPOTUBIIEHNE MOTEHIIH-
OMeTpa, 3aBUCALIee OT IOJIOKEHUs OCU PEeryaATopa, B KOTOPOe Bbl
ero ycraHosunu. (Pasymeercs, MyJIbTUMETp TOXe IMeeT HeKOTOpoe
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COIIpOTHBJIEHNE, HO OHO HACTOJIbKO MadJIO, 9YTO Mbl MOXE€M UM IIpe-

Hebpeub).

Brok 6aTapeek Ha 6 B

Puc. 1.54. Ecnvi Bbl BMECTO CBETOAVOAR YCTaHOBNTE PE3NCTOP, TO CMOXETe NPOBEPWTD, UTO TOK,
KOTOpbI TeYeT B Lieny, byaeT 3aBMceTb OT OOLLEro CONpPOTUBAERWA B LN NPy YCNOBIUM HEn3-
MEHHOTO MUTAIOLLEro HanpPAXeHWA

CHavaJia moBepHUTe OCh IIOTEHIIMOMETPa [0 YII0pa IPOTHB 4aco-
BOY CTPEJIKH, U y BAC IIOJIyYUTCS CyMMapHOe CONPOTHUBIIEHNE B LIeIIH,
paBHoe 3 kKOM. Bam My/ZbTMMeTp IIPYA 3TOM AOJDKEH II0Ka3aThb MpU-
6nu3uTenpHO 2 MA. 3aTeM IIOBEPHHUTE OCh TIOTEHI[OMETPA B CpefiHee
TIOJIOXKeHHe, U BbI MOJIyYnTe 0blllee CONPOTUBIIEHNE B IIENU MOPS/KA
2 kOM. Tok B 3TOM ciy4ae JJOJDKeH ObITh 0Koso 3 MA. Temepb 110-
BEepHHTe OCh IOTEHIIMOMETPA [0 YIIOpa 110 4acoBoii cTpeke. Obiiee
COIIPOTUBJIEHME B LieNH cTaHeT paBHO 1 KOM, U BBl IIOJIy4UTe TOK, KO-
TOPBI¥ OyIeT 0KOJIO 6 MA. BbI MOKeTe 3aMeTHTh, YTO eCJIA YMHOXUTh
COTIPOTUBJIEHME HA CUJTy TOKA, TO KXIbIM Pa3 MOMYYUTCH YUCTIO 6 —
YTO BCEro JIMLIb O3HA4YaeT BeJIMYMHY HANPSKeHUs, KOTOpOe IPUJIO-
)eHo K nenw (tabmu. 1.6).
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Tabnuya 1.6
O6uee conpoTuBneHne, KOm Cuna ToKka, MA HanpsxeHwve, B
3 2 6
2 3 6
1 6 6

®DaKTU4YeCKU Mbl MOXKeM CKa3aTh:
BobThI = KHJI0OMBI X MUJIMAMIIEPbI.

Ho nmopoxnure cexyHzy: 1 kOm 3to 1000 OM, a 1 MA 3TO
1/1000 A. ITostomy Hamma popmysia IO-HaCTOAIIEMY ZIOJKHA BBITJISA-
JIeThb CJIeAYI0MUM 00pa3om:

BoabThl = (0MbI x 1000) x (amneps1 x 1/1000).

[Tocne cokpamenus yucauTens U 3HameHnatensd Ha 1000 moiny-
YUM:

BoabTBI = OMBI X aMIIepBbI.

DTO 13BECTHO, Kak 3aK0oH OMa, cM. fasee pa3so. «@yndamernmans-
Hole ceedenusn — 3axon Omas.

A OYHAOAMEHTAJIbHbIE CBEAEHUA

MocnepoBaTtenbHO M Na pannenbHO

Mepepn Tem Kak NPOJOMXKNTb, Bbl AOMKHbI Y3HaTb KaknM obpa-
30M M3MEHAETCA COMPOTMBAEHME LEenu npu nocinefoBaTebHOM
1 napannenbHOM MOAKAYEHNN pe3ncTtopos (puc. 1.55-1.57, LiB-
puc. 1.55-1.57). CnepyeT 3anOMHUTb, YTO:

« MpW nocnefoBaTeNIbHOM COEAVUHEHUN PE3UCTOPOB OHU Nof-
K/0YatoTCA Takum 06pa3om, UTo crieflytoT Apyr 3a APYroM;

« NPV NapannenbHOM COefUHEHNN PEe3NCTOPOB OHU MOAKIYA-
l0TCA TaKM 06pa3oM, UTO PacnosiaralTcs psagomM 60K 0 GOK.
Korga Bbl nocnepoBaTeNlbHO MofK/loyaeTe [Ba pe3uctopa

O[HOro HOMVHaa, TO Bbl yfBanBaeTe obLiee CONPOTMBEHNE, MNO-
CKOJIbKY /IEKTPUYECKUI TOK B JAHHOM CJlyyae npeofosieBaeT Ba
nocnefoBaTefibHbIX MPenATCTBUA.

68 1000 Om I
6B

ConpoTuBnexve uenu
1000 Om

Tok 6 MA

Puc. 1.55. K ogHOMy pe3ncTopy NpUioxeHo BCe HanpaxXeHve 1 B COOTBETCTBUY C 3akoHoMm Oma
no Hemy nNpoTekaeT Tok BenuunHom U/R = 6 B/1000 Om = 0,006 A = 6 MA

31
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6B 1000 Om
ConpoTusnenue yenu
2000 Om
Tok 3 MA

Puc. 1.56. Koraa Ba OMHAKOBbLIX Pe3nCTopa NOAKMOYEHD MOCNEA0BATENbHO, SNEKTPUUYECKIA
TOK CHayana JOMKeH NPONTY Yepes OAMH 13 HIIX, @ 3aTEM TOMbKO Yepe3 AAPYron, NOSTOMY Ha Kax-
[IOM 13 HKX NaAaeT NONOBMHA NPUIOXKEHHOIO HanpsxeHus. Obliiee CONPOTUBNEHVIE TEMepb CTa-
HoBUTCA paBHbIM 2000 OM, 1 B COOTBETCTBIM C 3aKOHOM OMa MO Lieny NpOTeKaEeT TOK BEANYMHON
U/R =6 B/2000 Om = 0,003 A =3 MA

r1oooo ’
6B Lmoo Om ]

ConpoTusnexue uenu
500 Om

Tok 12 MA

Puc. 1.57. Koraa ABa 0AMHAKOBbIX pe3ncTopa NOAKMNoUeHbl NapanienbHo, TO K KaxKAOMY M3 HMX
NPUNOXKEHO MOMHOE HANPAXEHME, T. €. HANPAKEHWA Ha HUX COCTABNAT MO 6 B. dnekTpuyeckuin
TOK MPOXOAMUT Yepe3 HUX OJHOBPEMEHHO, MO3TOMY obllee COMPOTUBAEHME CTaHOBWTCA B ABa
pa3a MeHblLe Mo CPaBHEHWIO C Tem, UTo 6bi10. B cOOTBETCTBIM C 3akoHOM OMa Mo Lienu NpoxoanT
TOK, pasHbit U/R=6B/5000Mm=0,012 A= 12 MA

Korga aBa pesnctopa OAHOrO HOMMHaNa NoAKYeHbl napan-
nesbHO, TO Bbl AennTe obLlee CONPOTUBIIEHME HA [Ba, MOCKONbKY
npefocTaBnsAeTe 3eKTPUYeCcKomy TOKY ABa MyTW, MO KOTOPbIM OH
MOXeT NPOWNTH, BMECTO OQHOrO.

Ha npakTrke Ham HET HeO6XOAMMOCTM YCTaHABNMBATD PE3NCTO-
pbl NapanfesbHO, HO HaM YacTO MPUXOANTCA MOAKMOYaTb KOMMO-
HEHTbI APYroro T1mna Taknum obpasom. Hanpumep, namrnoyku B Ba-
Lem floMe MOAKIoYeHbl Takum 06pa3om. MNo3TomMy oueHb None3Ho
NMOHMMaTb, YTO COMPOTMBMIEHME Lenn YMeHbLUAeTCA, eCcnn Bbl JO-
6aBnAeTe B Hee KOMMNOHEHTbI NPU NapaniebHOM NOAKIOUEHUN.

Ncnonb3oBaHune 3akoHa Oma

3akoH Oma O4YeHb MOJIe3€H. Haan/IMep, OHIIOMOraeT HaM oIpeze-
JIUTH O€30I1aCHO JIM UCII0JIb30BaTh KAKOM- 1100 KOMIIOHEHT B JlaHHOM
enu. Bmecto Toro, YTOOBI noaBepraTb BO3/IEMICTBUIO MOBBIIIEHHBIM
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HampsDKeHreM KOMIIOHEHT JI0 TeX IOp, TI0Ka OH He IePeropur, Mbl
MOXKeM TIpe/icKa3aTh, Kak OH OyzeT paboTaTh.

Hanpumep, BHauasIe, KOr/a Bbl IOBOPAYMBAJIHN OCh IOTEHI[FIOMe-
Tpa, BbI Ha CAMOM JieJie He 3HaJIi, KaK ZI0JIr0 BbI MOXKeTe 3TO JeJaTh,
9TOOBI CBETO/IMO, He BhIIeN 13 CTPOsi. I103TOMy ObLIO ObI MOJIE3HO
TOYHO 3HATh, KAKOE COMPOTUBIIEH}E HAZIO OACOeUHUTD IOCTIe0Ba-
TeJIbHO CO CBETOZAMOZOM, YTOObI a/IeKBATHO 3AIUTUTH €ro, MoJy4Jast
IIPY 3TOM CBeYeHNe MaKCUMaJIbHOU PKOCTH.

Kak untatb cnpaBoOYHbIe JINCTDbI
TeXHNYeCKNX faHHbIX

Kak ¥ /17151 6OJIBIIMHCTBA IPYTHUX CIy4aeB, OTBET Ha 3TOT BOIIPOC
MO’KHO HauTu B VIHTepHeTe.

31ech OMMCaHO KaK MOKHO HAaWTH CIPAaBOYHbBIE JIUCTHI TEXHHU-
4eCKUX NaHHbIX Ha u3fenus (MX TeXHUYecKre OMUCAHUSA), BBIIY-
CKaeMbIX TeM WM UHBIM usrorosuteneMm (puc. 1.58). Bo-nepBbix,
HaluTe KOMIIOHEeHT, KOTOPbI Bac WHTepecyeT, y IOCTAaBIIUKa,
odopMIIAIOIIEro 3aKasbl MO 3JEKTPOHHOM Mo4YTe. 3aTeM BBeIUTE B
HOMCKOBYIO cucTeMy Google HOMep JieTany U UM IPOU3BOJUTEIS.
OOGBIYHO B YKCTIE TIEPBBIX Pe3yJbTa-
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TOB 3arpoca IIOSABATCSA CIIpaBOYHbIE

JIUCTBl TEXHUYECKUX JAHHBIX 3TOTO @ TLHG /R / Y540.

KOMIIOHeHTa. C MCIIONb30BaHUEM TR Ta———_

TaKMX MCTOYHMKOB, KaK CailT KOMIIa- Migh. Eificlency LES .. S mm Tipted DMfusm Dechage

Huu Mouser Electronics, mouck ocy-

LIECTBJIAETCA elle IIPOLLE, IOCKOJIbKY R i i f-/:;"

OH TPeIOCTABJISIET MPAMYIO CCHUIKY Sy S S IOy S g

Ha CIIpaBOYHbIE JINCTHI TEXHUYECKUX e e /

JIAHHBIX 71T MHOTMX M3JIeTUIA. o s il Wi . “é"él |
IIpuBenem npumep. Ilpenmo- s ey peres, T yoen 4t oo LEOS 7 Laml

NOXMM, 1 X049y HCIOMb30BaTh Kpac- Mg S

HpI cBertomguon tuma TLHR5400, L — m

BBIITyCKaeMblii KommaHueil Vishay Features mm

Semiconductor, KOTOpBIN CTan Ha- Ak ekl Phai

CTOJIbKO PacrpoCTpaHeHHbIM, YTO A s ek i Laguac oms

MOTI'y €ro KyIUTb OTZEJbHO IO IieHe T M sy

$0,09 3a mryky (=2,7 py6.). Ilen- % Tohmnanf aan 0ur Mg

KHUTE MBIIIBIO MO CChUIKE HAa JIUCT B Lt sl

TeXHUYeCKUX JaHHBIX, KOTODBIN
npezncraBieH KommaHueidl  Vishay
Semiconductor. ITouTy HeMeZeHHO
Ha 5KpaHe KOMIIbIOTepa IOSABUTCA

CTpaHuIa (baﬁﬂa B (bopMaTe PDF.  Puc. 1.58. TunuiuHbiit CNpagouHblii IUCT TeXHUUECKVIX AAHHBIX, B KOTOPbIV BKIIOUEHI
COOTBETCTBYIOL|ME TEXHUUECKME XaPAaKTEPUCTVKM U3AEMUS, B AAHHOM Clyyae BbiCOKO-
OTOT JIMCT TeXHUYeCKUX JAHHBIX [ 3DHEKTUBHOIO CBETOANOAA B KOPIYCE AUAMETPOM 5 MM
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cseroguozos Tvna TLHR, TLHG u TLHY, KoTOpbIe COOTBETCTBEHHO
MIMEIOT CBeueHHe KPacHOTo, 3eJIeHOTO U JKelTOro IIBETOB, Y4TO 0060-
3Ha4yaeTcs OykBamu <«R», «G» u «Y» B HAUMEHOBAHUM CBETOMO-
7fa. IIponuCThIBal0 TOKYMEHT U Haxoxy Tabmury «OPTICAL AND
ELECTRICAL CHARACTERISTICS» (Ontudeckue u 3yeKTpuyie-
CKUe XapaKTepUCTHKN). B Hell coepxutcs nHPOpMANus 0 TOM, YTO
IIpY TOKe Yepe3 CBeTOAMO] BeTWYMHON 20 MA OH MMeeT TUIIMYHOe
3HaueHue («TYP.») npsmoro Hanpsixkerus (Forward voltage) paBHoe
2 B. CnoBo «<MAX.» B Tabule 03Ha4aeT MaKCAUMaJbHOe 3HaueHue,
KOTOpoe cocTasiser 3 B.

Tenepb MOCMOTPUM Ha /IPYroy JIMCT TeXHUYECKUX AAaHHBIX, [10-
CKOJIbKY BCe OHU UMEIOT OZIHY U Ty e ¢popmy. 51 BeIOepy Apyroii cBe-
tomuon — komnoHeHT WP7113SGC komnanuu Kingbright. IIlendok
MBIIIBIO 10 CCBIJIKE Ha caliTe NIPOU3BOAUTENS U A NIOJy4ar BTOPYIO
CTPaHMLLy JIMCTA TEXHUYECKUX JJaHHBIX, [7le TUTMYHOe 3Ha4YeHue Mpsi-
MOTO HanpsiKeHUs cocTaBisfeT 2,2 B, MakcumanbHOe 3HayeHHe —
2,5 B, a MakcuMaJsbHbIN npsMoii Tok 25 MA. Kpome Toro, A Haren
HEKOTOPYIO JIOMOJHUTENbHYI0 MHPOPMALMIO: MaKCUMaJIbHO IOITy-
cTMOe obpaTHOe HampshKeHe — 5 B, a MaKCMMAJIbHO AOMYCTUMBbIit
ob6patHblil TOK 10 MKA (0O3HauaeT MHUKpOamIiep, KOTOPbIA COCTaB-
nser BennuuHy B 1000 pa3 MeHblle amnepa). DTU AaHHbIe TOBOPAT
HaM, YTO He CJIe/lyeT IPUKJIA/IbIBaTh N30bITOYHOE HATIPsIKEHHeE K CBe-
TOAMO/Y NPY TIOAKJIIOYeHUH ¢ 00paTHOM MOJAPHOCTBI0. ECtut xKe s
CBETO/IMOIa TIPEBBICHTH MAKCHMAJILHO JIONYCTUMOE 3HaueHKe 06paT-
HOTO HanpsiKeHWs, TO BO3HUKAeT ONACHOCTb BBIXOZA €r0 U3 CTPOS.
[ToaToMy Bcerzia cTapaiTech COOJIIOAATh MOMSAPHOCTb HPH MOJKIIIO-
yeHuu!

Komnanus Kingbright mpenocrasnsier cBefieHHsI 0 TOM Kakyio
TeMIepaTypy MOXeT BblepxuBaTh ceetoauon: 260 °C (500 °F) B Te-
YyeHUe HeCKOJIbKUX CeKyHZ. DTo Ioje3Hass MHPOpMauus, MoCKOIb-
Ky AOBOJIbHO CKOPO MbI OTJIOXHMM B CTOPOHY HallW 3a)KMMBI THIIA
<KPOKOIWJI» W ISl COeNVHEHUS 3JIEKTPUYECKUX KOMIIOHEHTOB Oy-
7leM UCII0JIb30BaTh PACIUIaBJI€HHBIA MAsiIbHUKOM TOPSYUU TPUIION.
IToCKOIBbKY MBI y)Ke BBIBEJIM M3 CTPOs OaTapeiiKy, pesoXpaHuTel b
¥ CBETOZIVIO/] IIPY BBINOJHEHUH BCEro JIMLIb YeThIpeX 3KCIIepUMeHTOB,
II03TOMY BO3MOXXHO Bbl He YAUBUTECh, YTO Mbl UCTIOPTUM, I10 MEHb-
1Ieil Mepe, ellje HeCKOJIbKO KOMIIOHEHTOB IIPY ONpe/ieJIeHUH KX Ipe-
JelIbHBIX TeMIIepaTyPHBIX 3HaYeHUH IPU BO3/eMCTBUU IMASTIbHUKA.

B nt060M citydae Temeph Mbl 3HaeM, YTO HEOOXOAUMO ISt HOP-
MaJibHOI paboThI CBETOAMOAA, M Mbl MOXXeM CZeNlaTh BCe COOTBET-
CTByOIIMe pacyeTsl. Ecy y Bac Ipy BbIYMACJIEHUY BO3HUKHYT KaKue-
7nbO TPYIHOCTH TPU ONpe/ieJIeHU MecTa, Ky[a HY)KHO TOCTaBUTb
NeCATUYHYIO 3alATYIO, TO INepes NPOAOJKeHUeM U3y4eHUS KHUIH
obparutech K pasd. «@yndamenmansrsie ceedenus — Ionoxcerue de-
CAMUUHO020 pa30enumens».
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y OYHAAMEHTAJIbHbIE CBEJEHUA

3akoH Oma

Mo MpuuYMHaM, O KOTOPbIX i PAaCcCKaxy YyTb MO3XKe, NEKTpu-
Yeckuii TOKk 06blYHO 0003HavYaeTCA NATUHCKON BYKBOW «l». BykBoW
«U» 0b603HaualoT HanpskeHue, a 6ykBo «R» — conpoTuBeHye,
06bIYHO MpeacTaBieHHOEe B OMaX (MOCKOMbKY C MCMONb30BaHNEM
60MbLUMHCTBA KNAaBMATYp He Tak SIerko HamevaTtaTb OykBy «Q»). Uc-
Monb3ys 3TV CUMBOJIbHble OO03HAYEHUs, Bbl MOXETe HanucaTb 3a-
KoH Oma Tpems pasnnyHbIMK Crocobamu:

U=IxR.
I=U/R.
R=U/I

CnepyeT NOMHUTb, 4TO U — 3TO pa3HOCTb NoTeHUManos (Hanps-
)KeHI/Ie) mMexay ABymMA TOYKaMn I'IpOCTOIZ uenun, R— conpoTtmBneHmne
B OMax mMexay ABYMA 3TUMUN TOYKaMU, a | — TOK B amnepax, KoTo-
PbI NPOXOANT MO 3TON Lienun Mexay ABYMA TOUKaMu.

bykBa «I» ncnonb3syerca notomy, YToO C1na TOKa N3MepPAETCA COo-
rmacHo cosfjaBaemol TOKOM MHAYKuuK (inductance), 4To o3HavaeT
CMOCOOHOCTb TOKOM MHAYLMPOBaTb (co3aBaTb) MarHUTHoOe Mnore.
[na o603HaueHNA 3NeKTPNYECKOro TOKa ropasfo MeHbLue BONpo-
COB BbI3blBasio Obl MCMONb30BaHNe OYyKBbl «A», HO, K COXaseHuIo,
y»Ke CJIMWKOM No3gHO YTO-NNHO MEHATD.

‘ BA3OBbIE CBEAEHUA

Kakoe HanpAXeHve nagaeT Ha I'IpOBOAE?

O6bIYHO, Mbl MOXXEM He YUUTbIBaTb COMPOTUBIIEHNE NPOBOAOB,
Hanpumep, y NPOBOAOB Masiol AJINHbI, KOTOPble COeANHAIOT CONPO-
TUBNEHUA, NOCKOSIbKY 3TO o4eBrAaHO. OfHaKo ecnv Bbl NomnblTaeTechb
NPOMyCTUTb TOK GOMbLUON BENIMUMHBI Yepe3 ASIVHHBIN TOHKUIA Npo-
BOJA, TO CTAaHOBUTCA BaXKHbIM YUNTbIBaTb €ro CONPOTMBEHNME.

Hackonbko e 370 BaxHO? YToObl onpeaennTb 3To, Mbl CHOBA
MOX€eM BOCNOJIb30BaTbCA 3aKkoHOM Oma.

MpeanonoXmm, 4To oYeHb AJIMHHbBIN KYCOK MPOBOAA UMeET Co-
npotueneHne 0,2 Oma. [lonyCTMm Mo 3TOMy MPOBOAY Mbl XOTUM
NPoNyCcTUTb TOK BennumnHom 15 A. Kakoe no BeIMunHe Hanps»keHne
6yaeT oTobpaHo y Lienu 3a CYET ero CONPoTUBREHNA?

CHoOBa HauMHaeMm nucaTb TO YPaBHEHME, KOTOPOE BaM YXe n3-
BECTHO:

R=0,20m

I=15A

35
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Mbl xoTM 3HaTb HanpaxeHune U, napeHne HanpAaXeHna, ona
nposofa, NO3TOMY Mbl BOCMOJIb3yeMCA 3aKOHOM Owma, B KOTOpOM
HanpAaxeHne U HaxopuTca B neBOM Yactun ypaBHEHNA:

U=IxR.

Tenepb B 3Ty ¢popmMyny Hafo MOACTAaBUTb 3HAYEHMS, KOTOpble
OblIV 3aaHbl B YCNIOBUU:

U=15A%x020m=3B

Tpw BOMbTa 3TO He CNIMLLKOM 6ONbLLIOE 3HAYEHME, ECNIN Y BaC €CTb
WCTOYHWK NUTAHNA BbICOKOTO HaMpPsXXeHNs, HO eC/n Bbl UCMONb3ye-
Te, Hanpumep, aBTOMOOUITbHbBIV AKKYMYNATOP € Hanpsi>keHnem 12 B,
TO NPOBOJ TaKOW ANNHbI byaeT oTbupaThb B Lienu YeTBepTb JOCTYN-
HOro HanpskeHus (pnc. 1.59).

Tenepb Bbl OMKHbBI MOHUMaTb, TOYeMy NPOBOAa B aBTOMOOMAX
[OCTAaTOYHO TOJICTble — 3TO CBA3AHO C TEM, UTO UX COMPOTUBIEHNE
IO/IKHO ObITb ropasfo MeHblue 0,2 Om.

_

\

Kakoe-To
aneKTpUYeckoe \
K YCTPOICTBO

Puic. 1.59. Korzia nuTaHre Kakoro-nnmbo yCTpoWCTBa OCYLLeCTBAAETCA OT aBTOMOOUIBHOTO aKKy-
MynATOpa C HanpskeHviem 12 B, conpoTvBneHne Nposoga OTHUMAET Yy Lenu HekoTopoe Hanpa-
XeHue 1 paccerBaeT B BUE Terna
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y OYHAAMEHTAJIbHbIE CBEJEHUA

MonoxeHune aecATMYHOro pasgenntens’

JNereHpapHbIn 6puTaHCKK NonMTUK C3p YHCTOH Yepunnib Obin
3HAMEHUT TeM, UTO >KasloBaJiCsl Ha «3TU YepToBbl TOUKM». OH 1Men B
BUAY AeCATNYHblE TOUKU. [ocKobKy Yepunib 6b1 MUHUCTPOM GprHAH-
COB B 3TO BPeMA 1 HeC OTBETCTBEHHOCTb 3a BCe PacXOfbl rocyAapcTBa,
TO €ro 3aTpyAHEeHUA NPY NCNONb30BaHUN AeCATUYHbIX TOUYEK CO3faBa-
NN JOCTAaTOYHO MHOTO Npobnem. TeM He MeHee, Kak 6bl TO HU ObIo, OH
BCerga 4oBOAWN Aena 0 KOHLA, YTO HaBepHsKa byaeTe aenatb v Bbl.

Kpome TOro, Bbl MOXeTe BOCMOJIb30BaTbCA KapPMaHHbIM KasbKy-
NATOPOM — VNN CNepyoLWmMmM Janee ABYMA OCHOBHbIMM NpaBuiaMu.

Mpw BbINONHEHNN YMHOXEHUNA:
nepemMelyanTe AeCATUYHDbIE 3anATble

MNpepnonoxum. Bam Hago ymHoxuTb 0,04 Ha 0,005:

1. MNepemecTum fecATUYHbIE 3ansTble BNpaBo 3a nociegHve undpbl
oboux ymcen. B faHHOM nprmMepe Ham NoTpebyeTcs BbIMOAHUTD
BCEro 5 nepemelleHnin 3anaTol, Ytobbl NonyumTb uicna 4 u 5.

2. YMHOXWM YncCna, KOTopble Y HaC NonyyYnnucb. B gaHHom npume-
pe:4 x5=20.

3. 3anuwem OKOHYaTeNbHbIA pe3ynbTaT, NepemecTB B NosyyeH-
HOM YuMcCne AecATUYHYIO 3anATYI0 BfIeBO Ha TO KOIMYEeCTBO nepe-
MeLLeHNIN 3anATON, KOTOPOe Mbl CAeNany B MEPBOM NYHKTE, T. e.
Ha 5. Taknum o6pa3om, mbl nonyyurm: 0,00020 nnm 0,0002.

I1pv| BbINOJIHEHN AeneHnA:
aHHan/IPYI‘/'ITe AeCATNYHbDbIEe 3anATblie

Mpepnonoxum. Bam Hago pasgenntb 0,006 Ha 0,0002:

1. MNepemecTute gecATUYHbIE 3anATble BMNPaBO B 060MX YMciax Ha
OfHO 1 TO Xe KONMYEeCTBO NO3ULMIA, 0 Tex Nop, Noka oba uunc-
na He cTaHyT 6onblue 1. B jaHHOM cnyyae Ham Hafo B KaxaoM
yncne NnepemMecTuTb 3anAaTble Ha 4 No3numn. Taknm o6pasom, Mbl
nosyynm, 4To Yncno 60 Hafo pa3fenmnTb Ha 2.

2. BbinonHwuTe geneHue. B gaHHOM criydyae pe3ynbrat OygeT paseH 30.

Hackonbko 6onblioe conpoTuBneHune
TpebyeTca gna cBetoguopa?

IIpeanonoXuM, 4TO Mbl NPHMEHsSeM CBETOAMOZ IPOM3BOA-
crBa komnanuu Vishay Semiconductors. He 3a6bu1u ero TexHude-
CKMe XapaKTepPUCTUKU, KOTOpble NpUBe/ieHbl B CIPABOYHOM JIHCTeE

! Cnefyer 3aMeTUTb, YTO B KayeCTBe JIeCATUYHOTO Pa3ieJITes s B aHITIOSA3bIY-
HBIX CTPAHAX MCIONIb3YeTCs AeCATHYHAS TOUKA, @ B OOJIBIINHCTBE OCTAIBHBIX CTPAH 1
B TOM unciie ¥ B Poccuun — 3anaTas. — Ped.
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TeXHUYeCKUX [aHHBbIX? MakKcuMajabHOe 3HaueHue NpPsSMOro Hamps-
keHus 3 B u 6e3omacHas BenuynHa ToKa 20 MA.

[l moBbINIeHUsT 6e30MacHOCTU 51 COOMPAIOCh OTPAHUYMUTHCS
NpAMBIM HampsbKeHHeM 2,5 B. JIs nutaHus y Hac ecTb Gatapeiika
Ha HanpspkeHue 6 B. BeruteM 2,5 B u3 6 u noayuum 3,5 B. IToaro-
My HaM B ZJaHHOH 1lenTy He0OXO0/IMIM Pe3UCTOp, MaZleHue HalpsHKeHNs
Ha KOTOPOM JIOJDKHO COCTaBJATh 3,5 B, 1 uT06bI 2,5 B ocTasnoch ans
CBeTOANO/A.

Cuiia TOKa B TAKOYM IPOCTOY L1eNu SABJIIeTCS OAMHAKOBOY BO BCeX
ee TOuKax. [103TOMY, ecii Mbl XOTHM, 4TOOBI MAKCHMaJIbHOE 3Haue-
HUe TOKa, KOTOPBI¥ MpoTeKas 6bl yepe3 CBeTOAUO, 6610 20 MA, TO
TAKO JKe CUJIbI TOK OyieT IPOTeKaTh U 4epe3 pe3ucTop.

Terepb MBI MOXeM 3amucaTb TO, YTO Mbl 3HaeM O pe3uCTope B
nerny. OfHAKO CJIe/[yeT MOMHHTh, YTO BCe 3HAYeHHUS JIOJDKHBI OBITH
IpUBeJieHbl K eINHUIIaM M3MepeHus B BOJIbTAX, aMIlepax U OMax,
1103ToMy BMecTo 20 MA nipu BbIYMCIeHUAX Hazo 3anucath 0,02 A:

U = 3,5 B (nmazeHue Hanps>keHUs HAa Pe3UCTOpe)

I1=0,02 A (TOK, IpOXOAALINY Yepe3 Pe3ucTop)

Ham Hy)XHO y3HaTb conpoTuBjeHue pe3ucropa R. IIosToMy Mbl
UCIIOJIb3yeM BapUaHT HaNKcaHusA 3aKkoHa OMa, B KOTOPOM COIIPOTUB-
JleHVe HaXOZIUTCSA B JIEBOM YaCTU ypaBHeHU:

R=U/L

Teneps HaZiO OZICTaBUTh U3BECTHBIE 3HAYeHUA B popMyIy:

R=3,5/0,02

BrinosHUTe BbIYKC/IEHWE CONPOTUBIIEHUS C MOMOIIbIO Balllero
KapMaHHOT'O KaJIbKYJISITOPA, eCJIM Y BaC eCTb IPOOJIEMBI C OIpesierie-
HUeM MeCTa, KyZja HaZlo IOCTaBUTh eCATUYHYIO 3aIATYI0. BbI 07K~
HBI [TOJIYUTh CJIeAYIOLINN OTBeT:

R=1750m

Wtak, conporuienue 175 OM fBifeTcd TOYHBIM 3HAYeHUEM
IJi pe3ucTopa. Bbl MOXeTe MCIOIb30BaTh PE3UCTOPHI CO CTAHAAPT-
HBbIM 3Ha4yeHreM conpoTusienus 180 umm gaxe 220 OM, TOCKOIBKY
3TO IOCTATOYHO BJIM3KUe 3HAUeHUSI.

OueBU/IHO, YTO pPe3UCTop ¢ conpotuBieHreM 470 OM, KOTOPBIi
MBI UCIOJIb30BAJIU B dKcnepumerme 3, ObLI BBIOPAH CO CIUIIKOM
6O0NbIINM 3aTTacoM. 51 IPEeJIJIOKIUIT er0 UIMEHHO MOTOMY, YTO BHayasie
TIPeINoJIarajioch UCMOIb30BaTh CBETOAKO/ JI0O0T0 THUMa. S paccuu-
TaJl, YTO BHe 3aBUCHMOCTH OT TUIIA UCII0JIb3yeMOr0 BaMU CBETOANO-
7ia, pe3ucTop c conporusieHreM 470 OM BIIOJIHe NOAOUZET.

HaBepeHne nopAaaka v nOBToOpHoe
ncnosib3oBaHue

COX>KeHHBII CBETOAMO/ JOJDKEH ObITh BBIOpOIIEH. Bee ocTab-
HOE MOKHO MCII0JIb30BaTh CHOBA.
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A

BbinonHAnTe 3TN BblUMCIEHNE C nOoBTOpPEeHNEM BCNyX

fl cobrpatocb BepHYTbCA K BOMPOCY, KOTOPbLIN A 3ajan paHee
NpwW BbINOJIHEHUM OJHOTO U3 NpefbIayLLnX SKcnepumeHToB — «[o-
yemy Balll A3bIK He pa3orpeBaeTcaA?»

Tenepb, NOCKONbKY Bbl ke 3HaeTe 3akoH OMa, Bbl MoXKeTe chop-
MySIMpOBaTb CBOW OTBET C UCMONb3oBaHueM Lnbp. MNpeanonoxmnm,
yTo GaTapelika co3faeT HanpsXeHne BenMUnHoM 9 B, a Baw A3bIK
nmeeT conpoTumeneHne, pasHoe 50 KOM, nnm nHave 50 000 Om. 3a-
NULLIXM, YTO BaM U3BECTHO:

U=9B

R=500000Om

Mbl XOTVM y3HaTb 3HaYeHUe SNeKTPUYECKOro TOKa, MO3TOMY UC-
nonb3yem BapraHT HanncaHuA 3akoHa OMa, B KOTOPOM cuna ToKa
HaXOAUTCA B IEBOM YacTU ypaBHEHUA:

I=U/R.

Tenepb Halo NOACTaBUTb U3BECTHbIE 3HAYEHUs B Gopmyny:

I=9B/50 000 Om =0,00018 A

MepemecTm AecATUYHYIO TOUKY Ha TpY No3uLmUn BNeBo, YToObI
nonyynTb OTBET B MUIIAMIEPAX:

[=0,18 MA

3TO OYeHb MaNieHbKUI TOK, KOTOPbIN He ByaeT NPUBOAUTL K Bbl-
[eNeHnIo CKONb-HMOY b 3HAUNTENIbHOTO KOMYeCcTBa Tenna.

UYto npownicxonuTt, Korga Bbl 3akopaudvBaeTe GaTapeniky? Cuna
TOKa KaKoW BenMuuHbI HarpeBaeT npoeoga? OTnnyHo, npegnosno-
WM, YTO NPOBOAA NMeIT conpoTusneHune sennymHom 0,1 Om (Bo3-
MO>HO, OHO MeHblLLe, HO A XOUYy HauyaTb C NPEeAMNONOXKEeHUS, YTO OHO
paBHO umeHHo 0,1 Om).

3anuiiem, YTo Ham N3BECTHO:

U=158B

R=0,10m

KaK TofIbKO Mbl MbITaEMCA HANTW BENNUYMHY TOKa, Mbl [JO/KHbI 1C-
nonb3oBaTb ciiefyoLlyto dopmyny:

I=U/R.

Tenepb HaJoO NOACTaBUTL M3BECTHbIE 3HAYeHMA B Gopmyny:

I=15B/0,10m=15A

3710 npuMepHo B 100 000 pa3 Gosbluee 3HAYEHUA TOKa, KOTO-
pbIvi Npoxoaun No NOBEPXHOCTM Ballero A3bika. [Tpryem 3TOT TOK
BblenseT ropa3ao 6osblue Tensa gake npu TOM, YTO UCMOJb3yeTcA
HAMHOrO MeHbLLEe HanpsaXXeHune.

OZHaKo MOXET NN TakKas TOHEeHbKasd U ManeHbKasa GaTapelika
B AENCTBUTENBbHOCTN CO3AaTb TOK BennunHom 15 A? NomMHuTe, 4To
6aTapelika pa3orpenacb TakXKe Kak 1 npoBofa. ITo O3HauyaeT AnA
Hac, YTO 3MEKTPOHbI NMPY NepeMeLLeHNN BHYTPU GaTapenkn Takxe
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BCTpeYalnT HEKOTOpPOe COMPOTUBIIEHME, KaK U NPU NepemeLleHnn
no nposofam. (MHaue oTkyaa elle MoxeT B3ATbCA Tenno?) O6bly-
HO Mbl MOX€eM 3a6blTb O BHYTPEHHeM CONpoTUBAeHUN GaTapeliku,
MOCKOJIbKY OHO CJINLLIKOM Mano. Ho npu BbICOKUX 3HaUYEHUAX CUIIbl
TOKa 1 OHO CTAHOBUTCA JOCTAaTOUYHO CYLLIECTBEHHbIM.

MHe He oueHb xoTenocb Obl 3aKopaumBaTb GaTapenky ¢ nog-
KNtoUYeHnem MynbTUMeTPa, YToObl MOMNbITaTbCA U3MEPUTL CUNY TOKa.
Moli npnbop cropuT, ecniv NPOXOAALLMIA Yepe3 Hero Tok byaet 6o-
nee 10 A. OfHaKo A MOTY NMoMbITaTbCA MOAKOYATL B LieMb TONIbKO
[06aBOYHblE MpefoXpaHUTENN, YTOObI ONpesenmnTb NPY Kaknx 3Ha-
yeHVAX OHW ByayT neperopaTtb. Korga s nonpo6osan NpUMeHUTb
npepoxpaHntenb HoMnHanom 10 A, oH He pacnnasusca. lNostomy
[J1A UICMONb3yeMOoro MHO TUMa 6aTapeliki A COBEPLUEHHO YBEPEH,
YTO TOK MpPK KOPOTKOM 3aMblkaHuu b6yaeT meHee 10 A. Ho A TouHO
3Halo, UTO 3TOT TOK ByzeT 6onblue 3 A, MOCKOMbKY NpW NOMbITKE Nof-
KNoyeHnA npegoxpaHnTtens Ha 3 A oH neperopen.

BHyTpeHHee conpoTtuBneHune 1,5-BONbTOBOM GaTapenku npu
KOPOTKOM €ee 3aMblKaHUW NPenATCTBYET MPOTEKaHMIO TOKa CILL-
KoM 60sbLUIO BeNMUYUHBI. IMEHHO Mo3TOMY s Npeaynpexaan, uto
B dKCMEpPUMEHTe HeJlb3si MCMOb30BaTb MOLHble 6aTapenkn (oco-
6eHHO aBTOMOOWIIbHblE aKKyMynaTopbl). MolHble 6aTapen nuTa-
HUA VIMEIOT ropasfo MeHbllee BHYyTPeHHee COMpOoTUBIIeHMe, Mo-
3BosiAOLLEe TOKY AOCTUraTb OUYeHb OOJbLIOrO 3HAYeHUs, KoTopoe
COOTBETCTBEHHO NPUBOAUT K BblAeNeHNI0 OONbLIOro KoNmMyecTsa
Tenna, NPYBOAALLEro B KOHLe-KOHL0B K B3pblBY. ABTOMOOMIIbHbIE
aKKyMyNATOpHble GaTapen crneumanbHO KOHCTPYWPYIOT Ans Bbl-
[lauy TOKOB B COTHW amnep AfiA NpoBOpauyMBaHMA Bana fBurate-
nA. OTo BMOJSIHE [OCTAaTOYHasA BeJIMUYMHA TOKa, UTOObI pacnnaButb
npoBofa U BbI3BaTb CUJSIbHble Oxorn. (MakTUYecKW, UCMosb3ysA
aBTOMOOUIbHBIV  aKKYMYyNATOP, Bbl MOXeTe BbIMOJMIHATL CBapKy
MeTansoB.

JInTneBble 6aTapeliky TaKkKe MMEIOT HU3KOe BHYTPeHHee Conpo-
TUBNEHWE, YTO AeflaeT MX OYeHb OMaCHbIMY NPU 3aKopaunBaHUN.
Hapo umeTb B BUAY, UTO 60NbLLIOI TOK MOXET ObITb CTOMb e onac-
HbIM, KaK 1 BbICOKOE HamnpsiXeHue.

BA3OBbIE CBEAEHIA

I'Ipowcxox(nel-me NMOHATNA MOLWHOCTN

Ixenmc BatT (puc. 1.60) n3secTteH Kak nsobpertaTtesib NapoBOro
asuratenda. OH pogunca B 1736 rogy B LLloTnangun, rae opraHnso-
PuC. 1.60. [Ixeiivc BaTT, u306peTeHNe KO- Ban HebosbLUyo MacTepcKyto nNpu YHMBepcuTeTe B MMasro un paspa-
TOPOro MO3BOSIANO WCMOMb30BaTh SHEPIMIO 6oTan 3¢¢eKTVIBHyIO KOHCTPYKUMIO AN1A NCNONb30BaHWA Mapa C ue-
fapa, CAENANO  BO3MOMXHbIM - COBEPWINTL Nblo NepemelleHnsa NopLHA B uunuHape. uHaHcoBble Npobnembl
MPOMbIWIEHHYIO PEBOJIIOLMIO. Mocne ero

N NPYMUTUBHOE COCTOAIHNE TEXHOJNIOTMN MeTannoobpaboTku oTno-

CMEepTU e1HULE M3MEPEHNA SNeKTphde-
CKOW MOLLHOCTM 6bINIO MPUCBOEHO €ro VMS XKUY NpaKTUYeCcKyto peannsaumio n3obpeteHus go 1776 ropa.
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HecmoTpa Ha TpyaHOCTM MpW NOflyYeHWUW NaTeHTOB (KoTopble
MOT/IN ObiTb BblAaHbl B TO BPEMSA TOJIbKO C MOMOLLbIO NapiaMeHT-
CKOTO pelleHus), BaTt u ero naptHep no 6usHecy B KOHEUYHOM UTOre
3apaboTany MHOro fieHer Ha CBOMX MHHOBaLUUAX. XOTS OH XKW paHb-
LLie OCHOBOMOJIOXHMKOB 3N1eKTpMYecTBa, B 1889 rogy (4epes 70 net
nocsie ero CMepTn), ero UMs OblNIo NPUCBOEHO OCHOBHOW eAnHNLIE
N3MepPEeHNSA SNEKTPUYECKON MOLLHOCTM, KOTOPas B SNEKTPUYECKNX
Lensax nocTosHHOro TOKa MOXeT ObITb onpeaeneHa, Kak npounsee-
[leHVie TOKa B amrepax Ha HanpseHue B BosbTax (cm. paso. «DyH-
oameHmasbHoie caedeHus — OCHOBHbIe c8e0eHUSA 0 BaMMAX»).

‘ OYHAAMEHTAJIbHbIE CBEAEHUA

OcHOBHbIe cBeeHNA 0 BaTTax

[lo cux Nop st HUYEro He rOBOPWIT O eAMHMLE N3MEPEHUSA, C KOTO-
pOWi HaBepPHsAKa 3HAKOM KaXAbli — 3TO BaTThbl.

BaTtT 310 eguHMLa AnsA n3mepeHus paboTbl. MiHxeHepbl Nonb3y-
IOTCS CBOMM COOCTBEHHbIM onpeaeneHem paboTbl — OHU FOBOPSAT,
YTO PaboTa MOXET ObiTb BbIMNOSIHEHA YE/TOBEKOM, XMBOTHbIM WK
MaLUVHOW, KOTOpas BO3AENCTBYET Ha UYTO-TO AiA NPeojoneHnsa Me-
XaHMYecKoro conpotussieHns. Mpumepom MOXeT ClyXWUTb napo-
BOW [iBMraTesib, KOTOPbIN TAHET Moe3[ MO FOPU30HTaNIbHOMY MyTH
(NpeofoneBan TpeHWe N CONPOTUBIEHNE BO3AYXa), UM YeSloBeK,
NoAHMMAIOLMIACA NO NecTHULUe (MpeodoneBas CUTY TAXKECTN).

Korga aneKTpoHbl NpoKnafbliBatoT cebe JOpOory B LIENW, OHY TOXe
npeosoneBalT HEKOTOPOE COMPOTMBIEHMNE 1 MO3TOMY BbIMOSHAT
paboTy, KoTopas MoXeT ObITb U3MepeHa B BaTTax. MimeeTca oueHb
npocToe onpegeneHne:

BaTTbl = BOJIbTbl X amnepbl

MpriMeHAa 0bblYHbIe UCMoMb3yeMble 0603HaUYeHNA, MOXHO Mpu-
BECTV TPU GOPMYIIbl, KOTOPbIE B MPUHLIMMNE 03HAYaloT OJHO U TO XKe:

W=UxI.
U=wil.
I1=W/U.

[na BaTT MCnonb3yeTcsa COKpalleHHoe MexAyHapogHoe 060-
3HaueHre «W», B pycckom o603HaueHumn «BT». COBMECTHO C co-
KpalleHHbIMU 0603HaueHAMY BaTT MOTYT OblTb WCMOJSIb30BaHbI
pa3fnnyHble NPUCTABKK, Takre, HanprumMep, Kak «m» ajisi 0603Have-
HUA «munny — «mW» (B pycckom 0603HaueHnr «MBT»), Bnpouem,
TOYHO TaKMe e, Kak 1 B Cilyyae NprMMeHeHNsA BONbTOB UM aMmnep
(tabn. 1.7).



42

[nasa 1
Tabnuua 1.7
Konnuectso O6bIyHO CokpalleHue CokpalleHue
BaTT NPOU3HOCUTCA | B M@XAYHapOoAHOM B pyccKom
Kak 0603HavYeHUn 0603HaYeHnn
0,001 BatT 1 MunnuBart TmW 1mBt
0,01 Barr 10 munnuBatt 10 mW 10 mBt
0,1Bart 100 munnusatt 100 mW 100 mBt
18Barr 1000 munnuBatt 1w 181

|-|0CKOJ'Ibe SNIEKTPOCTAaHUMN, COJIHEYHbIE 6aTapeV| N BETPAHbIe

3/1eKTPOCTaHLMM TEHEPUPYIOT ropa3fo 0Onbluvie 3HAUYEeHNA MOLL-
HOCTU, TO Bbl TakXKe MOXeTe BCTPETUTb TakMe 0603HaueHus, Kak
«KUNOBATTbI» (onA 0b603HauYeHUs mcrnonb3yetca 6ykBa «K» nnmn B
PYCCKOM 0603HaueHun «K») U «MeraBaTTbl» (4718 0603HAaYEHUs nC-
nosib3yeTca nponucHas 6ykea «M», UTo6bl He CryTaTb ee CO CTPOu-
HOW BYKBOW «M», KOTOpas NpUMeHAeTCA AfiA 0603HaYeHUA MUIN-
BaTT) (Tabn. 1.8).

Tabnuya 1.8
Konmuecrso O6bI4HO CoKpaujeHne CoKkpaljeHune
BaTT NPON3HOCUTCA | B MEXKXAYHapPOAHOM B PycCKOM
Kak 0603HavYeHun 0603HavYeHnn
1000 Bart 1 Kunogart TKW 1kBT
1000000 BatT 1 meraBatt TMW 1 MBr

MOLWHOCTb NaMnoyeKk HakalMBaHVA Bblpa)kaeTcA B BaTTax.
B aHanornyHbIx egnHMLAX U3MEPAETCA MOLLHOCTb CTEPEOCUCTEMDI.
BaTtT monyumn ceBoe Ha3BaHue B yecTb [Kelmca BatTa, KOTOpbIN
n3o6pen napoBow aBuratenb. Kctatu, BaTThl MOTyT ObITh NepeBefe-
Hbl B JIOLaAMHbIE CWfbl 1 HAOHOPOT.

Pacuet mowHOCTHN

PaHee A y»ke ynomuHan, 4to pe3ncTopbl N3roTaBAnBalOT C pas-
JINYHBIMW CTAHAAPTHbLIMW 3HaYeHUAMN molHocT — 0,25 BT, 0,5 Br,
1 BaTT 1 T. 4. A coBeTOBan, YTobbI Bbl KYyNUAN Pe3NCTOPbI MOLLHO-
cTbto 0,25 BT mnu 6onblie. OTKyga A 310 y3Han?

[aBante BepHemMcA Ha3ag K Lenn co CBETOAMOAOM. [MomHuTe,
Mbl XOTeNnn, 4Tobbl Ha pe3ncTope nagano HanpskeHue 3,5 B, a Tok
6b1n 6bl paBeH 20 MA. Kakoe KONM4YeCcTBO MOLLHOCTY paccenBaeTcs
Ha 3ToM pe3unctope?

3anuwunTe, YTO BaM M3BECTHO:

U = 3,5 B (nageHmne HanpsakeHWA Ha pe3ncTope)

/=20 mA = 0,02 A (TOK, NpoTeKaloLWwunin Yepes pe3ncTop)
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Mbl XOTVM Y3HaTb MOLHOCTb B BaTTaX, MOSTOMY MCMOJb3yeM
dopmyny, rae MOLHOCTb pacrosiaraeTcs B IEBOI YaCTW YpaBHEHNS:

W=Uxl.

Tenepb Halo NOACTaBUTb 3HaYeHUsA B 3Ty popmyny:

W=3,5Bx0,02 A=0,07 BT (MOWHOCTb, KOTOPas paccenBaeTca
pe3nctopom)

TakM 06pa3om, Mbl BbISICHUMM, YTO UCMOJNIb3YEMbIV HAMU pe3n-
cTop MowHocTblo 0,25 BT (1/4 BaTTa) MmeeT NoyTn 4-KpaTHbl 3anac
Mo CPaBHEHWUIO C AENCTBUTENIbHO paccerBaemMolr MM MOLLHOCTbIO.
Ha camom pgene 3gecb Mbl MOMM Obl MCMOJSIb30BaTb PE3MCTOpPbI
MoLHocTbio 0,125 BT (1/8 BaTTa), HO AN GyayLMX SKCNEPYMEHTOB
HaM NOHaZo6ATCA pe3ncTopbl MOLWHOCTLIO 0,25 BT. NosToMy B AaH-
HOM CJlyYae NMPYIMEHAIOT MMEHHO TaKue pe3ncTopbl, MOCKONbKY HET
HUKaKMX OrpPaHNYeHUIN ANA UCNOoNb30BaHMA Pe3NCTOPa, PaccumTaH-
HOrO Ha MOLLHOCTb 6GMbLUYIO, UEM Ta, KOTOPas B AENCTBUTENIbHOCTA
Ha HeM paccenBaeTcA.

JKchepumeHm 5
OABAWUTE COENAEM BATAPENKY

MHoro et Ha3az elre 10 BO3MOXXHOCTHU COBEpIIeHHsI «ITyTelle-
CTBUII» TI0 caiiTaM B VIHTepHeTe, 06MeHa paiiiaMu Ui U306peTeHust
COTOBBIX TeleOHOB JieTell CTPOro HaKa3bIBaJH, MOCKOJIBKY TOIZA
MHOTHe U3 HUX 4acTO pa3BiieKaJiCh, YCTpauBas 3KCIIepPUMeHThI Ha
KYXOHHOM CTOJle, HallpyMep, Takue, KaK U3rOTOBJIeHMe NPUMUTHB-
HOI1 GaTapeiiKyl myTeM MOMelleH st TBO3/Is ¥ OHOIIEHTOBOW MOHeT-
KU B JIUMOH. B 3T0 TpyZHO NOBepUTh, HO HaBEPHOE, 3TO IpaBza!

DTO [IOCTaTOYHO CTapBIil OMBIT — HO s B JIFOOOM CJydae XOuy
IPOBEPUTH €ro, NOCKOJIbKY KaK/blid, KTO XO4YeT OIIYTUTb IPUPOAY
3NIeKTPUYeCTBA, ZIOJDKeH 3HaTb, HACKOJIBKO JIETKO MOJYYUTh ero 13
IpeJMeTOB, KOTOPble Hac MOCTOSHHO OKPYXXaloT B XU3HU. Kpome
TOTO, eCJIU Bbl OyzieTe MCIIOIb30BaTh AOCTATOYHOE KOJIMYECTBO JIU-
MOHOB, TO CMO>KeTe [T0JIyYUThb TaKoe HalpsihKeHue, KOTopoe Aaxe I0-
3BOJIUT 3a)Ke4Yb CBETOUO/.

OCHOBHBIMU KOMIIOHEHTAMHU OaTapeiiKku sIBJISIOTCS ZIBa MeTa-
JINYECKUX 3JIEKTPO/ia, TIOTPYKEHHBIX B 3JIEKTPOJIHT. 3/1eCh 51 He Oyay
JlaBaTh OIpe/ieJieHUsl MCIOJIb3yeMbIM TepMUHAM (OHU OyayT 00b-
ACHEHBI B cyiefytommeM pa3sd. «Teopus — Ilpupoda anexmpuuecmaa).
Ceifyac BaM HY)XHO YSICHUTB, YTO JINMOHHBIH COK y Hac Oy/zeT aJiek-
TPOJIUTOM, a MeZIb U IIMHK OYZyT 3JIeKTPOJiaMU. B 0ZIHOLIeHTOBOY MO-
HeTKe COZIeP)KUTCS JOCTATOYHOe KOJUYeCTBO MeJH, 0CODOEHHO eciiu
OHa OTHOCHUTEJILHO HOBas U OjecTuT. Hajo moHMMATh, 4YTO MOHeTa
He M3TOTOBJIeHA LIeIMKOM U3 MeZid, OHa MMeeT TOJIbKO JIUIIb MefIHOe
HOKPBITHE, YTO B HAlleM CJIy4ae BIOJIHEe JOCTaTOYHO.
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Puc. 1.61. batapeiika, caenaHHas 13 Tpex
IMMOHOB. He oyeHb oropuantech, ecnu
cBeTOAMOA BAPYr nepectan CBETUTLCA.
JIUMOHBI  MMEIOT  [JOCTAaTOYHO  BbICOKOE
3neKTpUYeckoe ConpoTHBEHNE, MO3TOMY
Mbl He MOXeM MofAaTb JOCTaTOYHO Cylie-
CTBEHHbI TOK, OCOOEHHO Yepe3 OTHOCHK-
TeNIbHO Manylo naowagb MOBEPXHOCTU
rBO3[A Y MOHETKW. TeM He MeHee bGaTapel-
Ka 3 NIMMOHa B COCTOAHWW reHeprnpoBaThb
HanpsXeH1e, KOTOPOe Bbl MOXeTe 13Me-
PUTb C MOMOLLbIO BaLLEro MynsTUMeTpa

Puc. 1.62. JIUMOHHBIN COK 13 ByTbINOK
bynet «paboTaTb» Tak e XOPOLO, Kak
VI CBEXEBbIKATbIN. fl OTpe3an HKHYe Ya-
CTV Tpex OyMaxHbIX CTakaHUMKOB, BCTa-
BUN B HWX OLMHKOBAHHbIE KPOHLUTEMHbI
Y MCNONB30BaN KyCKM TONCTOTO MeAHOro
MHOTOXMMBHOrO NPOBOAA ANA M3roToBNe-
HIS NONOMXUTESNBHbIX 3M1IEKTPO/OB

lnasa 1

YT0ObI HAWTY MeTAJTNYeCKUH LIMHK, BaM HaZI0 HOCETUTh XO35i-
CTBEHHBIN MarasuH, rjie Hy)XKHO CIIPOCUTb KpPOBeJIbHbIe IBO3AU. DTH
TBO3/IY UMeIOT IMHKOBOE IOKPBITHE, YTO 3alIUIAeT UX OT KOPPO3UH.
Kpome Toro, MOXHO BOCIIOJIb30BaThCs HEOOIBIINMI MeTaJTTA4eCKH-
MU KPOHIITeHAMU WY KPeleXHbIMU IIJIaCTUHAMU, KOTOPbIe TaKXke
OOBbIYHO MOKPHITHI IMHKOM. OHU JI0/DKHBI IMETb HECKOJIBKO TIPUTITY-
IIeHHBbIA (MaTOBBIA) cepeOpsAHbIA OTTeHOK. EC/I OHM MMeIOT CBeT-
JIoe TIOKPBITHe, OJIM3KOEe K 3epPKaJbHOMY, TO CKOpee BCero, 4To 3TO
HMKeJleBOe [IOKPBITHe.

Pa3pexbTe JIMMOH IOIOJIAM U BbIOEpUTE HA BallleM MyJIbTHMe-
Tpe TaKOW PeXUM U Ipefiesl, YTOObI OH MOT M3MepSITh IIOCTOSTHHOE
HaTpsKeHVe BeJIMYMHOW 0 2 B. 3aTeM MpUIOKUTE OJUH U3MepH-
TeJIbHBIM IIYI K MOHeTe, a BTOPOX K KPOBEeJIbHOMY TBO3/I0 (WJIM Ke
KaKOH-TMOO0 IPYyroii JieTajy, MOKPBITOM HMHKOM). Tenephb BCTaBbTe
MOHETY ¥ I'BO3/Ib B MSIKOTb JINMOHA TaK, YTOObI OHU HAXOJMJIMCh Ha
MaKCHMAJIbHO OJIM3KOM PacCTOSIHUY APYT OT JIPyTa, HO BCe JKe He Ka-
Ccayichb. BbI ODKHBI 0GHAPYKHTh, YTO BAIl TeCTep MOKAXKeT HaTpsi-
»eHue npumepHo ot 0,8 1o 1 B.

Bbl MoXeTe NMOBTOPUTb JKCIIEPUMEHT C JPYTMMHU IIpefMeTaMu
¥ )KHIKOCTSIMU, YTOOBI ONPeIeNTUTh KaKKe U3 HUX JAl0T JIyYLInii pe-
3ynbTart. IlorpyxeHue rBo3zisi U MOHETHI B JITUMOHHBIH COK, KOTOPBIN
Bbl OT)KaJIM B CTEKJITHHBIN CTaKaH WM MOACTABKY /A LA, MOXeT
yAy4InTh 3G PeKTUBHOCTH Balleil GaTapeiiKy, XOTs BaM MPHUIETCS
ZOCTaTOYHO TSXeJIO IPY YAePKUBaHUU BCeX 3TUX IIPeI]MeTOB B HyX-
HOM IOJIOKeHUU. B kayecTBe 3aMeHbl JIMMOHHOTO COKa MOTYT MC-
T0JIb30BAThCS COK IpeindpyTa 1 BUHOTpazja.

YT0ObI 3aCTABUTH CBETUTHCSA CTAH/IAPTHBIN CBETOAUO, BaM HYX-
HO OyZIeT MOJIyYMTh HaPsiKeHVe BeJIMIMHOM 0KoJo 1 B. Kak 106UTh-
cs1 6OJIbIIero 3HaYeHUs 3JIEKTPUIECKOTO HapshKeHus1? KoHevHo xe,
TIOC/IeZIOBaTeIbHBIM TOAKIII0UeHneM Oartapeek. JIpyrumu CloBamy,
3a CYeT MCIOJIb30BaHMS OoJblIero Koaudectsa JuMoHoB! (Vnu xe
OOoJIbIIero KOJMYeCTBA CTAKAHOB ¥ MOJICTABOK MOJ| SIAIIO C COKOM.)
Bam Tak)xe MOTyT HIPUTOJUTHCS HEOOJIBIIHE KYCKY IIPOBOZIOB, YTOOBI
COe[IVHUTb HeCKOJIbKO 3JIeKTPOZOB. 371eCh MOKHO HeMHOTO ITpOJIU-
CTaThb KHUTY BIlepesl U 0OPAaTUTLCA K 21ade 2, T7ie s ONUCHIBAI, KaK
HY>KHO CHUMAaTb U30JALUI0 € TpoBogoB. Ha puc. 1.61 (LIB-puc. 1.61)
u puc. 1.62 noka3zaHa cxema JaHHOTO SKCIIepUMeHTa.

Ecu Bce 371eMeHTBI CXeMbl Bbl coOepeTe MpaBUIIbHO, U yoenu-
TeChb, YTO 3JIEKTPOZbI He KacaroTcA APYT Apyra, TO Bbl CMOXeTe 3a-
CTaBUTb CBETUTBHCA CBETOAMO] C IOMOILIBIO IBYX WJIU TPeX «JIUMOH-
HbIX OaTapeek», COeIMHEHHbIX N0CcJefioBaTeIbHO. (HeKoTopbIe TUIIBI
CBETO/IMOZIOB OTJIMYAIOTCS OT GOJNBUIMHCTBA, 067a/ast JOCTATOYHO
6OJIbIIO YYBCTBUTELHOCTBIO K HU3KUM 3HaueHUsIM ToKa. [lo3/iHee
B 9TOW KHUTe 51 Oyay OBOPUTb O CBETOAMOAAX, PabOTAIONUIUX PU
OYeHb HU3KUX 3HaYeHMIX TOKa. [[03TOMY, eCJi BbI XOTUTE YYUIIATh
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IIAHCHI Ballell GaTapeiKy 3akedb CBETOAKMO/, TO BaM HY)KHO TOMC-
KaTb U KyNIUTb IAPOYKY UMEHHO TaKUX CBETOJUOOB.)

HackonbKo xe O0JbLION TOK MOXeT ObITh CO3JaH Balleil Jiu-
MOHHOI#1 6aTapeiiKoii? YCTaHOBHTe Ha BallleM MYJIbTUMETPe PeXuM
11 U3MepeHNs TOKa B MUJIJIMaMIiepax M MOJK/II0UYUTE ero K I'BO3/I0
Y MOHeTe. {l u3MepuJ TOK BeIMYMHOU NopAka 2 MA. OfHaKo g cMor
noayyuTb Tok 10 MA, Korzia BMeCTO MOHeT MCIOJIb30Bal TOJICTHIN
MefiHbI 10-KWJIbHBIN TPOBOJ,, @ BMECTO KPOBEJbHOTO TBO3AS —
GOJIBIIYIO OIMHKOBAHHYIO IIACTUHKY /IS COeIUHEHUS IePEBSHHBIX
3JIEMEHTOB KapKaCHOTO ZIoMa, KOTOPbIe ObUTH OMYIIeHbI B Tperndpy-
TOBBIN COK (cM. puc. 1.62). Takum 06pa3oM, IpH YBeJMYEHUH I10-
BePXHOCTU MeTaJlJIMYecKOro 3JIeKTPo/ia, JIydllle KOHTAKTHUPYIOLIero ¢
3JIEKTPOJIUTOM, MOXHO TIOJIyYUTh COOTBETCTBEHHO U OOJBIINIA TOK.

KakoBo ke BHyTpeHHee COIPOTHBJIEHHE Ballero JuMoHars M3-
BJIEKUTE MeZIHbI U LIMHKOBBIN 3JIEKTPOZbI U BCTABbTE U3MepPUTeJb-
Hble IIYTIbI C HUKeJIeBbIM MIOKPLITHEM B COK. IIpH n3MepeHun conpo-
THUBJIEHUS [ TONy4as pe3yabrar nopszaka 30 kOM, korza oba myma
HaXOZIUJIMCh B TeX e MeCTax B JINMOHE, YTO Y BbIHYTbIE 3JIEKTPObI.
Ecnu ke M3MepUTeNIbHbIE MIYIbl ObUIA BCTABJIEHBI B IPyriie MecTa
(Ha Gosbllee paccTOsTHUE JAPYT OT Apyra), TO COMPOTUBIIEHHE ObLIO
40 kO™ nnu naxe 6osbire. MeHbIie i 6yzeT CONpPOTUBIIEHIIE, €CITH
BbI OyzieTe MPOBEPSTH COMPOTUBIIEHHUE KUAKOCTHU B YallKe?

31ech oCcTanoch ere ABa BOIPOCa, KOTOPbIe Bbl MOXeTe Kccie-
noBaThb. HackosibKo I0JITO Balla JIMMOHHas Gatapeiika OyzieT B CO-
CTOSIHMM TeHeprpOBaTh 3JIeKTpU4ecTBO? Y Kak BbI iyMaeTe, Io4eMy
MOKPBIThIe IIMHKOM 3JIEKTPO/IbI CTAHOBATCS GeCI[BETHBIMHU TIOCJIe He-
KOTOPOT'O BpeMeHH UX UCIOIb30BaHUA?

DJIeKTPUYeCTBO reHepupyeTcs GaTapeeii 3a cueT 0OMeHa MOHA-
MU WJIM CBOOOZIHBIMY 3JIEKTPOHAMU MEX/y MeTayulaMu. Eciu e BbI
XOTUTe y3HATh GoJbie 06 3TOM, TO obpaTuTech K pasd. «Teopus —
Ipupoda anexmpuuecmaa.

A

Mpupoaa aneKkTpnuyecrsa

YTo6bl MOHATb NPUPOLY SNEKTPUUECTBA, Bbl JOMXKHbI HauaTb C
TaKUX OCHOB, KaK M3y4eHne CTPOeHMsi aTOMOB. KaXapbli1 aToM COCTo-
UT 13 AApa, B LEHTPE KOTOPOro COAEePKaTcsa NMPOTOHbI, UMeoLme
NnonoXmTenbHbll 3apag. Kaxkgoe Agpo OKPYXEHO 3neKTpoHamu,
KOTOpble IMEIOT OTPULLATENbHBIV 3apsf.

JeneHue agpa atoma TpebyeT 1cnonb30BaHUA 60MbLIOrO KONu-
yecTBa 3HEPrnm, HO NMPY 3TOM MOXKET BbICBOOOANTLCA 60JIbLIOE KO-
NNYECTBO SHEPTUUN — KaK 3TO CJyYaeTcs Npu aToMHOM B3pbise. Ho
[N TOro, YTOObl 3aCTaBUTb MAPY 3NEKTPOHOB NMOKUHYTb aTOM (1N

BHumaHue!

Mpu usmepeHuUU MoKa HUKo-
20a He noOKJtoYalime saw MyJib-
mumemp mexo0y 8bI800aMU Ha-
cmosAwel 6amapeu. Tok 6yoem
HAcmosbKo 60/1bWUM, YMO 86l 8
Jlyqwiem cydae Moxeme Cxxedo
npedoxpaHumesns  My/lbmume-
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NPUCOefHUTLCA K ApYroMy aTomy), TpebyeTca CpaBHUTENbHO He-
Q@@@@ 60nbLIOe KONMYECTBO Heprun. Hanpumep, Korga UUHK BCTynaet
@@@@@ B XVMUYECKYIO PeaKLIMIO C KICIIOTOM, OH OCBOBOMKAAET SNeKTPOHbI.
370 TO, UTO CJIyYaeTCA C LMHKOBbIM 31EKTPOLOM B XMMUYecKom ba-
@@@@@ TapeliKke Npu BbINMOJIHEHUW 3KCNepuMeHma 5.
@@@@@ Peakuma Bckope OCTaHaBNMBAETCA, MOCKOMbKY 3NEKTPOHbI Ha-
KannuBaloTcA Ha LMHKOBOM 3nekTpoge. OHM OTTafKuMBaloT Apyr
Q@@@@ Lpyra, ecny UM Hekyfa ABuratbcs. Bol MoxeTe npedctaBuTb MX B
BUAE TONMbI BPaXKAEOHbIX APYT K APYrY Nofei, Kax bl U3 KOTOPbIX
@@@@@ XOUeT BbIKMHYTb APYroro 1 0TKa3blBaeTcA AONYCTUTb eLle KOro-Hu-
@@@@@ 6yab NPUCOEANHNTBLCSA K HAM, KaK 3TO MOKa3aHo Ha puc. 1.63.

Tenepb PacCMOTPUM, UTO NPOVUCXOANT, KOTAa NPOBO COeANHAET
PUC. 1.63. DNEKTPOHS, PACTIONOKEHHBIE LIMHKOBbI 3N1EKTPO, Ha KOTOPOM HaXOAWUTCA U3BbITOK 3/1EKTPOHOB
Ha 3MeKTPOfe, MIIOXO OTHOCATCA ApYr K C APYrVM 311EKTPOAOM, U3rOTOBJIEHHbIM 13 APYroro MaTtepuana, B Ko-
ﬂgg%p;ﬁg 3aCTABACT WX OTTafKNBaTL TOPOM, Ha060POT, OLLYLLIAETCA HEAOCTATOK SNEKTPOHOB. DNIEKTPOHbI

MOTYT MPOXOAWTb MO MPOBOAY OYEHb NErKO, MEPEXOAA OT OfHO-
ro aToma K Ipyromy, NosToMy OHV MOKWUAAT LMHKOBbIN 3NEeKTPos
1 NepeMeLLaIoTCA MO NPOBOLY, ABVKUMbIE CUNIbHEMLLM >KenaHnem
oTOpBaTbCA APYr OT Apyra (puc. 1.64). OTa COBMeCTHaA ABMXKYLLasA
CWNa U CO3JAET TO, UTO Ha3bIBAETCA NEKTPUYECKM TOKOM.

- /

Puic. 1.64. Kak TONbKO Mbl OTKPbIBAEM /15 NMEPENONHEHHOTO 3MEKTPOHAMM LIMHKOBOIO 3M1EKTPO-
113 MyTb K MEIHOMY 3MIEKTPO/LY, KOTOPbIN COMEPKUT «AbIPKM» [18 SNEKTPOHOB, COBMECTHOE OTTall-
KNBAHME 3NEKTPOHOB 3aCTaB/SET VX MbITaTbCA OTAENNTLCA APYT OT Apyra 1 A06PaThCs 4O CBOEro
HOBOTO «OMa» Kak MOXHO DbbiCTpee
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Tenepb nonynAuMA 3MeKTPOHOB Ha LUMHKOBOM 3fieKTpofe
YMEHbLIAETCs, HO peakuna LMHKa C KUCIIOTON MOXET NPOoJoKaTb-
€A, 3aMeHsAA yweflmne 37eKTPOHbl HOBbIMU, KOTOPble MIHOBEHHO
HauyMHaloT NMOBTOPATb MOBEAEHNE CBOVX MpefllecTBEHHUKOB, OT-
TaNKkvBas Apyr Apyra npv nepemelieHny no nposopy. lNpouecc
NPOJOSIXKaeTCsA A0 TexX Mop, NMoKa peakuusa UMHKA C KACIOTON He
npekpatntca. O6bIYHO 3TO MPOUCXOAUT M3-3a TOrO, YTO Co3faeT-
CA CNOW HEKOTOPOro COeAUHEHNA, Kak NpPaBuiio 3TO OKCU LMHKA,
KOTOPbIN He pearnpyeTt C KUCIOTON U NpefoTBpaLlaeT peakuuio ¢
LIMHKOM, HaXOAALWMMCA BHYTpY 3nekTpoaa (MiIMeHHO nosTomy LinH-
KOBbI 3N1eKTPOA NpY N3BAEYEHNN 13 KACJIOTHOTO SN1EKTPONMTA Bbl-
rNAAMT Tak, Kak 6y4TO OH NOKPLIT Caxeln.)

DTO onMcaHne NPUMEHNMO K «NepBUYHOI baTapeer, i 03HaYaeT,
UTO OHa rOTOBA K FeHepPMPOBAHMIO NIEKTPUUYECKOrO TOKa, Kak ToMb-
KO coefjMHeHMe ee BbIBOAOB [aeT BO3MOXHOCTb NepemelaTbca
3M1eKTPOHAM OT OHOIO 3M1eKTpoAa K ApyromMy. To KONmMUYecTBo 3neK-
TpUYeCTBa, KOTOPOe MOXeT reHepupoBaTb MepBuYHas GaTapes,
onpepenseTca CKOPOCTbO, C KOTOPOW B pe3ysnbraTe XUMUYECKown
peakunm ocBoOOXKAATCA dneKTpoabl. Korga MeTann anekTpogos
MONHOCTbIO NpopearnpyeTt, batapesn He MOXKeT 6onblue NPOLONXKaTb
reHeprpoBaTh MEKTPUYECTBO U BbIXOAUT U3 CTPOs. Ee HeBO3MOX-
HO GyneT Nnerko nepesapaanTb, NOCKONbKY XUMUYECKME peakuum
He TaK-To JIerko 3acTaBuTb MATU B 06PaTHOM HamnpasieHUn, a camu
3NeKTPOAbl MOTYT NOKPbLITLCA C/IOEM OKUCIIA.

B akkymynaTopHbIx 6aTapesx, KOTopble TakXe W3BeCTHbl Kak
6aTapeyn C BO3MOXKHOCTbIO MOA3APALKN, SNEKTPOAbl U NEKTPONUT
nopo6paHbl 6onee pasymMHO, YTO NO3BONIAET NPOBOAUTL PEAKLIO B
06paTHOM HanpaBfieHUN.

HaBepgeHune nopapka
N NOBTOPHOE NCNOJIb30BaHNe KOMMNOHEHTOB

Metannndeckue eTanu, KOTOpbI€ Bbl IOMECTUJIN B JIMMOH WUJIA
JIMMOHHBIN COK, MOTYT IOTEPATh CBOH IBET, HO OCTABATbHCA NIPUTOA-
HBIMU JJIA TIOBTOPHOT'O MCII0JIb30BAHNSI. 3ax0TuTe JIi Bbl ChbeCThb 3TOT
JIMMOH I10CJie, 3aBUCHUT TOJILKO OT BacC.

y BA3OBbIE CBEAEHUA

MonoxutenbHbi N oTpULLATENbHDIN

Ecnn aneKkTpryecTBO 3TO MOTOK 3NIEKTPOHOB, KOTOPbIE UMEIOT OT-
pyLaTenbHbIi 3apsaf, TO NoYeMy oAy FOBOPSAT, UTO SNEKTPUUECKUIA
TOK TEUET OT NONTOXKUTENBbHOIO BbIBOAA GaTaperky K OTprLaTeNlbHOMY?

OTBeT NeXut B GyHAaMeHTaNIbHOM 3abnyaeHnm, KoTopoe chop-
MUPOBANOCb B MPOLECCe M3y4YeHUs 3dnekTpuuyecTtsa. o pasznuu-
HbIM NpuiYnHaMm beHgkaMuH OPaHKAVH MbITANCA MNOHATL NPUPOAY

47



48 [nasa 1

SNEeKTPUYECKOro TOKa, N3yYas Takoe ABMEHME, KaK MOJTHMA BO Bpems
rpo3bl. OH cunTan, Yto HAGMIOAAET «MOTOK SEKTPUYECKON XKMAKO-
CTW», KOTOpas TeUYeT OT NOSIOXKMTENBHOMO MOJIKCA K OTPULIATENIbHOMY.
OpaHKNNH NpegnoXun 3Ty KoHuenuuio B 1747 roay.

QakTnyeckn QpaHKNH caenan HeyaayHylo nonbITKy 06bAcHe-
HUS, KOTOPOE OCTaBaNOCh HENCMPABIIEHHbIM A0 TeX Nop, noka ¢u-
3uK XK. K. TOMCOH He 06bsIBUT O CBOEM OTKPbITUMN SNIEKTPOHA B
1897 ropy, T. e. Ha 150 neT no3xe. INeKTPUYECKNN TOK Ha CaMOM
fene TedyeT 13 0651acTn ¢ 6ONbLUMM KONMYECTBOM OTpULLATENBHOIO
3apsija B HEKOTOpYlo Apyryto obnacTb, KOTopas «<MeHee OTpuLa-
TeNlbHa» — YTO O3HAYaeT, UTo OHa «bosiee NonoXuTeNbHar. pyrumu
CNOBaMM, SNEKTPUYECKUI TOK 3TO NMOTOK OTPMLIATENbHO 3apPsXKeH-
HbIX YacTuL. B 6aTapee 3TOT NOTOK HAaUMHAETCA HA OTPULIATENIbBHOM
BbIBOJE 1 TEUET K MONOXKNTEIbHOMY.

Bbl MOXKeTe noyMaTb, UTO KOrAa 3TOT ¢paKT Obl1 yCTaHOBJIEH, TO
BCe CTanu onpoBepraTb naeto OpaHKINHA, YTO NOTOK NeKTpUYe-
CKNX 3apAQOB TeyeT OT MOJSIOKMUTENIbHOrO BbiBOAA K OTpuuaTenb-
HOMy. HO Korga 3neKTpoH ABUraeTca no MPOBOJIOKE, Bbl MOXeTe
npoAomkatb AymaTb, UTO SKBMBANIEHTHbIV NOIOXUTENbHbIV 3apAg,
nepemelLaeTcs B NPOTUBOMOJNIOXHOM HanpaBneHun. Korga ke
3/1eKTPOHbI MOKNAAIOT CBOE KMECTO XKUTESIbCTBA», OHU 3a6MpaltoT C
cobolt HebonbLIOW OTpULIATENbHBIA 3apAd; NO3TOMY OCTaBlueecA
MEeCTO CTaHOBUTCA 6oriee NoNoXKuTenbHbIM. Koraa »ke anekTpoH go-
CTUraeT CBOEro mecta Ha3HauyeHuA, ero oTpuLaTenbHbIN 3apag ge-
NlaeT ero HeCKOJIbKO MeHee MONOoXKMTesNbHbIM. [OMKHO CnyynTbCa
YTO-TO OYEHb CYLLIECTBEHHOE, YTOObI MPeANOoKeHNE O ABUKEHUN
NOJSIOXKUTENbHbIX YacTUL, B OGPAaTHOM HamnpaBfieHUN U3MEHUNOCh.
bonee Toro, Bce matemaTnyeckoe onncaHne NoBeAeHNA SNeKTpu-
YyecKnx 3apAfoB CNpaBefiuBoO, eCcin ero NpPUMeHATb, NCNOosb3yA
npepcTaBieHre O NOTOKe NOJIOKUTENbHbIX YacTuL,

OtgaBasi gaHb Tpaguuum 1 ygobcTBaMm, Mbl BCE elle OCTaBIIAEM
[encTBylolel ownbouHyto KoHuenumio beHa OpaHknuHa o noto-
Ke NOJIOXKNTESNIbHbIX YaCTUL, K OTPMLATENIbHOMY MOJOCY, MOCKONbKY

" Ha CaMOM fiefle HUKAKOW pa3HuLbl HeT. B rpaduueckux ycnoBHbIX
N 0603HaueHnAX, KOTopble NCNONb3yTCA AN 0603HaYeHNA AMOA0B

M TPAH3MCTOPOB, Bbl BCE eLle HalaeTe CTPenku, KOTopble NoKasbl-

4 BAlOT KaKUM 06pa3om 3TV KOMMOHEHTbI JOJSIXKHbI ObITb YCTaHOBJE-
= i & Hbl — 1 BCe 3TV CTPESIKM YKa3blBalOT HaMpaB/ieHne OT NOIoKUTENb-

P i B HOrO K OTprLaTesIbHOMY MOMOCY, AaXKke eCsiv 3TO 1 He COOTBETCTBY-
b Ly eT TOMY, KaK Ha caMoMm aene GYHKLMOHUPYIOT 3Tu ycTpoiicTeal ben
DOpaHKNMH BO3MOXHO Obinl 6bl yAUBAEH, ecnn Obl y3Has, YTo XOTA
= L= MOJITHUW NPeACTaBAAloT cobol NOTOKU OTPULLATENIbHOIO 3apsaga B
obnakax, KoTopble pa3paXatoTcs As HEUTPaNU3aLumn Ha NosoXu-
TeNbHOM 3apAage 3eM/n, HEKOTOpPble BUAbI MOSTHWIA Ha CaMOM fene
Puc. 1.65. Mo HEKOTObIX MOrOQHbX npeAcTaBAsoT COO0M MOTOKN SNIEKTPOHOB OT OTpULIATENIbHO 3apsi-
YCTIOBUAX NOTOK SMEKTPOHOB BO BpeMS YKEHHOW MOBEPXHOCTN 3EMIN K MOSIOXKUTENBHO 3apsAXKeHHbIM 0bna-
MOJTHWM MOXET MPOWTN C MOBEPXHOCTH KaM. DTO AeNCTBUTENIbHO TaK: U Te KOro «yaapsAeT MOSHUEN» MOryT

3EMIIV HERES Ball HOTY, BEPXHIOI HacTb NocTpaaaTb UMEHHO OT UCMYCKaHVIA 3NIEKTPOHOB, KaK 3TO NOKa3aHo
rONoBbl N fanee B obnaka. BeHLPKaMMH

DpaHKIvH 6bis1 Gbl STOMY OYeHb YaAVBIEH Ha punc. 1.65, a He OT KX NoJslyYeHus.
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OcHoOBHble nsmepeHus

DNEKTPUYECKNA MOTEHUMANT U3MEPSAETCA 3a CUYET CIIOKEHUA
3apALOB OTAeNbHbIX 3M1eKTPOHOB. OCHOBHOWN efuHULEN M3mMepe-
HUA 3apsAfa ABMAETCA KY/JIOH, KOTOPbIA paBeH 3apagy nprvMepHoO
6250 000 000 000 000 000 31EKTPOHOB.

Ecnun Bbl 3HaeTe, Kak MHOIO 311eKTPOHOB MPOXOAUT Yepes KyCcoK
NpPoBOa KaXaylo CeKYHAY, TO Bbl MOXeTe ornpeaenTb NOTOK SekK-
TPUYECKMX 3apAaO0B, KOTOPbIN BblpakaeTcs B amrepax. DakTniyeckn
OflVH amrnep MOXeT ObiTb onpefenieH, Kak OfWH KYNOH B CEKYHAY.
Takum obpasom:

1 amnep = 1 KynoH/cek =
= NPUMePHO 6,25 KBUHTUNbOHOB 3J/1IEKTPOHOB/CEK =
= 6,25 x 10'® aneKTpPOHOB/CeK.

He cyLiecTByeT Tako BO3MOXHOCTV HEMOCPEACTBEHHO «YBUAETb»
TO KO/MYECTBO 3/1EKTPOHOB, KOTOPOE MPOTEKAeT MO MPOBOAHUKY
(pyic. 1.66), HO MMEITCA KOCBEHHbIE METOAbI MOJTyYeHUA 3To NHbOpP-
Maumun. Hanpumep, Korga aneKTpoH nepemeLllaeTcs nNo nposogy, OH
Co3[aeT 3M1eKTPOMarHMTHoe nose BOKpYr ceba. ITo none MoxeT ObITb
N3MePEHO, 1 Mbl MOXEM paccUMTaTb YMCSIO aMrep Ha OCHOBE 3TOTO U3-
MepeHuA. CYeTUMK, yCTaHOBNEHHDIN B BalleM JOME 3N1eKTPOCObITOBOW
KOMMaHMen, MOXeT GpYHKLMOHNPOBaTb MMEHHO MO 3TOMY NMPUHLMMY.

Ecnn anekTpoHbl ABMraloTca cBO6OLHO, TO OHM He coBepLiatoT
paboTbl. Ecniv y Bac nmeeTcs 3aMKHyTadA Lemnb U3 NpoBoJa C Hyne-
BbIM COMPOTUBSIEHNEM, U Bbl KakuM-nnbo obpasom cosgaauTe B
HeM NMOTOK 3/1eKTPOHOB (3/1IEKTPUYECKUIA TOK), TO OH MOXeT nepe-
MeLLaTbCA Mo NPoBoAYy 6€CKOHEYHO JOoST0. (3TO TO, UTO MPOUCXOANT
BHYTPM CBEPXMPOBOAHNKOB — KapTWHa NOYTU aHaNormyHa.)

B 06bIUYHBIX YCNIOBUAX NPOBOA UMEET TO MV MHOE 3HAYEHUE CO-

npoTmsneHna. Cuna, KOTopas HyXHa, YTOObI «MPOTANKMBATb» MEK-  Puc. 1.66. ECM 85 NOCMOTPUTE BHYTPb SNek-
TPOHbI MO MPOBOAY, N3BECTHA KaK «HANPAXeHUe», OHa CO3AaeT TOK,  TPVYECKOro MPoBoAa C MOMOUIbIO I0CTATOUHO
KOTOPbIV MOXET BblAenATb Tenso, Habnoaaemoe BamMy npy 3aKo- “HASC“)*BHOC;? gf;;"‘;;gig';:fﬁg%‘:gﬁﬁ%&gg
paumBaHum Gatapeu nuTaHus. (ECInM NCnonbayembli BAMU NMPOBOA  cyioii & 1 A B eaHiLy Bpeveri, To Bbl CMO-
UMeeT HyrfieBOe COMPOTUBIIEHNE, TO MOTOK SNIEKTPOHOB, KOTOPbIA  *eTe yB/ieTb MpUMepHO 6,25 KBUHTW/IbOHa
Nno HeEMY OBUXETCA, HE 6y,qu CO3[aBaTb KaKer-J'II/I6O TeI'IHOTy). Mbi 22§;LE§HOB, NPOXOAAWMX MVMO BaC Kaxayio
MO>eM MCMOoMNb30BaThb TEMIO HANPAMY!IO, KaK 3TO fenaeTcs npu aKc-
nnyaTaumm 3aeKTPoneun, Uam e Mbl MOXeM UCMoJb30BaTh dekK-
TPUUYECKYI0 SHepru ApyruMm cnocobamm — Ans 3anycka ABura-
Tena, HanpumMep. Tem NN NHbIM CMOCOOOM Mbl OTOUPAEM SHEPruio
3NEeKTPOHOB [i1A TOro, YTOObI BbIMONHATL KaKyto-n1mbo paboTy.

OpuH BONbT MOXeT ObITb NpefCTaBeH, Kak eAnHMLA Hanpsxe-
HMA, KOTOpasa HyXXHa [NA co3faHnA ToKa BennuuHon 1 A, coBeplua-
tolero paboty BenmumHom 1 BT. Kak y»<e 6bln0 onpefieneHo paHee:
1 Br =1 Bx1 A. OgHako 3Ta popmyna MoxeT ObITb nepenmcaHa
1 no-gpyromy:

1B=1BT1/1A.
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Puc. 1.67. Eciv Bbl xoTUTe MNOYYUTb
60onblue PaboThl OT CUCTEMBI ...

)
(D
£

Puc. 1.68. ...TeM WM VHBIM CMIOCOOOM,
Bbl JO/KHBI BEPHYTb «PaboTy» (3Hepruio)
0bpaTHO B Hak

lnasa 1

Ota dopma 3anucm Gonee npaBWbHasA, MOCKONbKY «BaTT»
B NMPVIHLMME MOXET OblTb ONpefeneH, Kak HeaneKTpuueckas equHu-
ua n3mepeHus. ToNbKo A PacLUMPEHIs BalX 3HAHU Mbl MOXKEM
BEPHYTbCA Ha3af K METPUYECKON CUCTeEME eauHULL:

1 BatT = 1 gKoynb/cek.

1 oxoynb — 3TO eAuHMUA PaboTbl (3Heprum), paBHas paboTe
CUIbl BENMYMHOWN B 1 HBIOTOH NPU NepemeLLeHnn Tenla Ha paccTosn-
Hue B 1 MeTp B HanpaBneHUn AeNCTBUA CUbl; T HBIOTOH — 3TO CKNa,
KOoTopas HeobXoaMMa, UTobbl NpUAaTb TeNy Maccol 1 Kr CKopoCTb
1 M/ceKk B TeueHne 1 ceKyHAbI.

Ha 3Tol1 ocHOBe aneKTpryecKkue egrHULbI MOTYT ObITb CBA3AHbI
C M3MepeHUAMUN MacCbl, BpeMeH 1 3apafa SNeKTPOHOB.

Paccyxpaa ¢ npakTu4yeckom TOUYKIN 3peHus

[l MpaKTHUYeCKUX 3a7iad MHTYUTHUBHOE TIOHMMaHUe TOTO, YTO
TaKoe 3JIeKTPUIECTBO, MOXKeT ObITh OoJiee TMOJIe3HbIM, YeM TeOPHSl.
JIN4YHO A peANOYUTAI0 aHAJIOTUH C BOZOU, KOTOPbIE HCIIOTb30BAJHCh
NeCATUNeTUsIMU ISl 00bsiICHeHUS anekTpudectBa. Ha puc. 1.67 mo-
Ka3aH BBICOKMII HAIOJIOBUHY 3aMOJHEHHbI BOJOI 6aK, B KOTOPOM
TMOYTH y [IHA CZleflaHo oTBepcTHe. [IpeacTaBuM, 4To 3TOT OAK 3JieK-
TpryecKas Oatapeiika. BbICOTY BOZIbI MOXXHO CPAaBHUTD C HaIpsike-
HueM. O6beM BOJIbl, KOTOPBIN IPOXOJUT Yepe3 OTBEPCTHE B CeKyHY,
MOJXHO CPaBHHTb C CHJIOH TOKa B amriepax. Masasi BelMuMHa OTBep-
CTUs1 CPABHUMA C OOJIBIIMM CONPOTUBIIEHUEM.

A rzie e TIpAYeTCS MOILIHOCTb Ha 3TOW KapTuHKe? IIpenmoso-
KUM, 4YTO PAZIOM ¢ 6aKOM PacIooXkeHo HeGOJIbIIoe BOZISTHOE KOJIeco,
KOTOpOe OyzieT KPYTUThCSA TOTOKOM BOZIBI U3 OTBEPCTUS. MBI MOXeM
TMOZIKJIIOYNUTH KaKOH-TMO0 MeXaHHU3M K 3TOMY BOASHOMY Koiecy. Te-
nepb MOTOK OyZieT coBepIIaTh HEKOTOPYIO pabory. Fmeiite B BULY,
YTO MOLIHOCTb 3TO Mepa paboThl, MHAaYe TOBOPS, MOIIHOCTb PaBHA
OTHOLIEHUIO PabOThI K IPOMEXYTKY BPEMEHH, B Te4eHHe KOTOPOro
OHa COBEpIIaeTcsl.

MosKeT ObITh, 3TO BBIMJIANUT, KaK OYATO MBI IOJy4aeM 4TO-TO
7lapoM, U3BJIeKast paboTy U3 BOASHOTO KOJieca, He BO3BPAIas KaKyo-
b0 3Hepruro 06paTHO B cucTeMy. Ho mOMHMTe, ypOBEeHb BOZBI B
6axe magaer. Ho Kak TONBKO A 06ABJII0 HECKOJIBKO MOMOIIHUKOB,
KOTOpBIe OyAyT MepeTacKUBaTh BOAy 0O6paTHO B cocya (puc. 1.68), BbI
CMOJXeTe YBUJIeTh, YTO MbI 00513aTeJIbHO JOJKHBI COBEPIIUTH PaboTy,
9TOOBI IOJyYUTH ee 0OPATHO.

AHazornyHbIM 00pa3oM Oarapesi OTZAeT SHEPTHI0 He IMOJydast
HUYero, JIMIIb TOJbKO XMMHYeCKUe peakuuy BHYTpU Oarapen OymyT
Mpeo6pa3oBbIBaTh YMCTbIE METAJUIb B MeTaJJInuecKue COefMHEHNs,
a MOIIHOCTb, KOTOPYIO Mbl M3BJIeKaeM U3 Gatapeiiku, He JaeT BO3-
MOXHOCTU U3MEHHTDb 3TO COCTOsiHMe. EC/M e 3TO aKKyMyJIATOpHast
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Garapesi (aKKyMyJIITOP), TO MbI MOJKEM <IIOMeII[aTb» SHEPrur0 00paT-
HO B Hee, HAIPaBJIAis XUMUYECKYIO PeaKLHIo BOOPaTHOM HallpaBJIeHUH.

Bo3Bpaiasch 06paTHO K COCY/y € BOZIOH, TIPE/ITIONIOKUM, YTO MBI
He MO)XeM M3BJiedb JOCTATOYHO MOIIHOCTHU U3 HEro, 4TOObI KPYTUTD
KoJieco. OmHUM crocoboM peliieHusi Po6JeMbl OyzeT 1oOaBIeHue
BOZbl. BoJbIIMiT YPOBEHb BOZBI NPUBeZET K 6osiee BBICOKOMY ZaB-
JIEHUIO ¥ COOTBETCTBEHHO OoJIbIeMy Hanopy Bozsl (puc. 1.69). Dto
Oyzer TO Xe caMoe, YTO U y[BOEHUe HANpsDKeHWs MPU MOCJIeoBa-
TeJIbHOM COeIMHEHUH JIByX Oatapeek, KOrJa OTPHULATeIbHbIN BBIBO
OZIHOW GaTapeiKy MOAKIIYAeTCs K MOJI0XUTEIbHOMY BBIBOAY JPY-
ro# (puc. 1.70). B TedyeHue Bcero BpeMeHU IIOKa CONPOTHUBIIEHNE B
neny OyZeT 0CTaBaThCsl HEM3MEHHbBIM, YBeJIMYeHre HalpshKeHus Oy-
7ieT IPUBOZIUTD K COOTBETCTBYIOIIEMY YBeJIMUeHUIO TOKA, HOCKOJIbKY
TOK paBeH HalpsKeHUIo, ZleJIeHHOMY Ha COTPOTUBJIEHME.

/\Lﬁ)xmﬁ YPOBEHb BO/bl

Bonbluee faBnenne cosnaeT bonee MOLHBbIN
NOTOK, aHaNOrMYHO TOMY, Kak Npu yBENUYEHUN

Boree BblcoKoe HanpsKeHNst BO3pacTaeT TOK, B TO BPEMS Kak
[aBneHne COMPOTMBIIEHUE OCTAETCS TaKWUM Xe, NOCKOMbKY
(HanpsikeHwe) TOK PaBEH HanpsikeHuto, AeNeHHOMY

Ha conpotuenehue (I = U/R)

~
4 \
HewnsmeHHoe conpoTusneHve

Puic. 1.69. bonblunii ypoBeHb BOfbl CO3AAET HOMee MOLLHbI NMOTOK, MOKa CONPOTUBIIEHVE emy
OCTaEeTCA TakKUM e

A 4TO ecny HaMm HaJo KPYTUTh /IBa KOJieca BMeCTO OHOro? Mbl
MOJKeM IIPOOUTH BTOPOe OTBepCTHe B OaKe, ¥ ZIaBJIeHUE ITPU 3TOM Oy-
JIeT OITHAKOBBIM JIJIs1 KOKI0TO M3 0TBepcTril. OfHAKO YPOBEHb BOZIBI
B cocyzie OyZieT MOHMXAThCs B [IBa pasa 6eicTpee. Ha camoM fiesie Ham
Jydiie 6GbI B3ITh TOYHO TaKOU e BTOpoii cocya. [To ananoruu ¢ 6a-
TapeiikaMu, eCJiv Bbl COe/IHITE IBe OJTHAKOBbIe GaTaperiKy mapai-
JIeJILHO, TO B Pe3yJIbTaTe IOJIy4YuTe TOUHO TaKoe Xe 00lee Hampske-
HUe, HO KoTopoe OyzieT moj/iepXXuBaThCcs B 1Ba pasa boJee mpozo-
XuTeJbHOTo BpeMeHH (puc. 1.71). Kpome Toro, Be Takue 6atapeiku
OyayT B COCTOSIHUM BbIIABaTh COOTBETCTBEHHO OOJIBIIUIA TOK, YEM B
TOM CJIy4ae, KOT/a BbI UCIIOJIb3yeTe TOJIBbKO OfIHY OaTaperky.

51

Hanpsixenve 1,5 B

Hanpsixenne 3 B

Puc. 1.70. Koraa Bbl nofgknovaeTe fBe
O[IMHAKOBbLIX OaTapeliky nocnenoBaTeb-
HO, TO Bbl TEM CaMblM yBenuumMBaeTe X
obulee HanpsKeHne

(

Hanpsixenne 1,5 B,
HO B 2 pa3a Bonblue
CpOK CNyX6bl

Puc. 1.71. [lge oavHakoBble batapeiiky,
COeAMHEHHble MapannenbHo, OyayT Bbl-
[1aBaTb OIHO U TO e HanpsaxeHve B [8a
pa3a [jofblle, YeM OfHa
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Wrak, nogseneM UTOIU.

« JIBe OfilMHAKOBbIe GaTapeiKy, COeIVHEHHbIe MOCIIeJOBATENbHO,
YBeJIMYMBAIOT 00lIee HAaNPsHKEHHe B 1IBa Pasa.

o JIBe oiHAKOBBIe GaTapeiiky, COeVHEeHHbIe apaleNbHO, TIPU
OZIHOM U TOM >Ke 3HaYeHUW HaNpsDKeHUs MOTYT B [IBa pa3a yBe-
JINYUTD TOK.

OTin4HO, Tenephb B HALeM PACTIOPSHKEHUN TeOPeTUYeCKUX CBe-
JleHuii 6osiee YeM ZOCTATOYHO. B ciiesyroieii rinaBe Mbl IPOAOKUAM
BBIIIOJIHATH HEKOTOPbIE SKCIIEPUMEHTBI, KOTOpbIe OyAyT U Jiajiee 3a-
KJIaZbIBaTh QyHZAMeHTalbHble Ipe/iCTaBleHNusl 00 3JeKTpUdecTBe,
NIOCTeNeHHO NPOZIBUTas HAaC K MOHMMAaHWIO BHYTPeHHeN KOHCTPYK-
MM PA3JIMYHbIX 3IEKTPOHHBIX YCTPOICTB, KOTOPbIE MOTYT ObITh HAM
MHTepeCHbIMHU U N0JIe3HbIMHU.



OCHOBbI NEPEKJTIOYEHIUA
A MHOIOE APYTOE

KoHuenus nepexmtoueHusi (KOMMyTauuu) spiserca QyHzaa-
MEHTAJIbHOU B 3JIEKTPOHUMKE, U S MMel0 B BUJy He TOJBKO MOIIHBIE
ceTeBble BBIKJIIOYaTeNN. [1of «mepexyntodeHreM» s UMeI0 B BUJy UC-
MOJIb30BAHKE OIHOTO 3JIEKTPUYUECKOTO TOKA JIJISl TiepeKII0ueHus Win
yIIpaBJIeHUs PYTUM. DTO HACTOIBKO BaXKHbIM IPUHLIUIL, YTO HU OJHO
11 dpOBOE YCTPOKMCTBO HE MOXKET CYIIeCTBOBAThL Oe3 Hero.

CeroziHs nepexit04eHre B OCHOBHOM OCYIIeCTBIISAeTCS NOTyIIPO-
BOZIHMKaMU. JI0 TOro, KaK 51 HA4Hy Pa30MpaThCsl C ITUM MOHATHEM,
s BEpPHYCh Ha3aJ ¥ MPOWJUIIOCTPUPYIO BaM MPHUHIUI PabOTHI pejie,
KOTOpBIe Jierde il NIOHMMaHUsA, OCKOJIbKY MOXHO YBHJETb, 4YTO
NIPOMCXOJMT Y HUX BHYTpU. U ele 0 TOro, Kak s Iepeiay K peie
51 X04y 06CYIUTh OOBIYHBIE TIEPEKIII0YaTes i, KOTOPBIME MbI [OJIb3Y-
eMcCsl OYeHb YacTo. DTU NepeKIIIouaTesu, BhIIJIAAA OUeHb IPOCThIMHU,
MOMOTYT HaM OIpeZleJIUTh U MOHATb OCHOBHBIE IIPUHIIUIIBI.

Take B 3TOU IJIaBe PaCCMOTPUM 3JIEKTPUIECKYI0 eMKOCTb, 110~
CKOJIBKY eMKOCTb U CONPOTHBJIEHUE SBJIAIOTCS PyH/aMeHTaIbHbIMU
MOHATUAMMU B 3JIEKTPOHHBIX CXeMaX. B KOHIle JaHHOU IIaBbl BB IO-
JIy9UTe OCHOBHbBIE CBelIeHUs1 00 3JIEKTPOHHBIX 3JIeMEHTaX, KOTOphIe
MI03BOJIAT BaM IIOCTPOUTD CXeMY, TeHepUPYIOIIYIO 3ByK B IPOCTOM CU-
CTeMe CUTHAJIM3al1K, TpelHa3Ha4eHHOU /1A 3aIIUATHI OT TPOHUKHO-
BeHus. DTo Oy/eT Balla epBasi cxeMa, KOTopasi OyzieT fielaTh 4TO-TO
reHHaabHO MoJie3Hoe!

CMNCOK HEOBXOAUMDIX MOKYMOK
ANA SKCNEPMMEHTOB C 6 MO 11

Kak u B ciiyyae ¢ mepBbIM CIMCKOM 3aKYIOK, BaM Hazio Oyzer
¢ momombl0 VHTepHeTa MOCETUTh HECKOJIBKO Pa3lIWdHbIX CAUTOB
NIOCTABUIMKOB 3JIEKTPOHHBIX WU3/leIUI U ONpe/ieNIUTh LieHbl KOMIIO-
HEeHTOB U ycTpoicTB. Kak npaBuio, MpoM3BOAUTENN PeAKO Mpoza-
10T HeDOJIbIIe MAPTUY U3/leJIUi HampsiMyto. [TOJHBINA CIMCOK caii-
TOB KOMIIAaHUH, KOTOpBbIe 371eCh OYAyT yIOMUHATHCSA, TPeACTaBIIeH
B NPUJIOHCEHUU.

naBa

B aTon rnaBse

Cnncok HeobxoaMMbIX MOKYMOK
LN1A SKCNepUMeHToB C 6 Mo 11

JKCMNEPUIMEHT 6.
OyeHb NpocToe nepeknoyeHre

JKCNEpPUMEHTY .
BknioueHvec BeTOAMOA0B
C nomoulblo pene

JKCNepUMEHTS .
PenenHbin reHepatop

JKCNepUMEHT9 .
Bpemsa n koHaeHcaTopbl

SkcnepumeHT1 0.
TpaH3nCcTopHOe NnepektoyeHne

JkcnepumeHT1 1.
MogynbHbIN NPOeKT
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Puc. 2.1. 370T ceTeBOI afanTep Ha Bbl-
XOAe BblAaeT HanpsxeHne oT 2 o 12 B
N ABNAETCA MAeanbHbIM  YCTPOWMCTBOM
[NA peann3aumnm 3neKTPOHHbBIX MPOeKTOB

Puc. 2.2. 31a MakeTHaA nnata npefHasHa-
ueHa AnA GbICTPOro cOopa NEKTPOHHbIX
CXeM; OHa VIMeeT MeTannnyeckoe OCHO-
BaHVie, a Take KNeMMbl C BUHTOBbIM Kpe-
nnernem Ansa NofgKIoUeHNA NPOBOAOB OT
MCTOYHMKa NTaHWA

Puic. 2.3. MakeTHas nnata 6e3 Knemm noytm
Takaa e yaobHas, HO HeMHOro [elleBne

lnasa 2

YcTpoictBa

 ByIOK MUTaHUA UM YHUBEPCAJbHBIN CeTeBOM ajanTep, Ha BbI-
XO7le KOTOpOro nMeeTcs HanpsbkeHue oT 3 1o 12 B mipu Toke [j0
1 A (1000 MA) (puc. 2.1). KomnoneHnt 273-029 oT KOMIaHuu
RadioShack, nnmu PH-62092 ot Philips, nnu ananornyablie uM.

o MakeTHas I1aTa, IPUroAHAas [/ yCTAHOBKY HA Hee UHTerpab-
HbIXx cxeM. KonnyectBo — 1 mrt. (puc. 2.2-2.3). KoMnoHeHT
276-002 ot xomnanuu RadioShack, kommonent 383-X1000, us-
roroByienHass PSP, meranp 923252-1 or 3M wiM aHaJIOTUYHbBIE
uM. MakeTHas 1jiata, KOTopasi UMeeT KJIeMMbI C BAHTOBBIM Kpe-
IJIeHreM, HaXOZANecs: Ha Kparo MJ1aThl, KOTOPbIMU HECKOJIbKO
Jierye T0JIb30BaThCSA, HO OHU TOPA3Zo IOPOXKe TeX, KOTOpbIe He
MMEIOT TaKUX KJIEMM.

Mpun60opbl N NHCTPYMEHTDI

UHcmpymeHmel 0015 CHAMUSA U301A4UU C NPO80008

VifeanbHblid UHCTPYMEHT ISl CHATUSA W30JALUM C NIPOBOJOB
(3a4MCTKY TIPOBOJIOB), KOTOPbIE COTTIACHO aMePUKAHCKOMY 0003Ha-
yeHnto AWG (American Wire Gauge — aMepuUKaHCKUN COPTaMeHT
MIPOBO/IOB MJIU HAYE «KaIubp nposodos>) UMEIOT 3Ha4eHus oT 16 10
26. Unctpyment 45-121 wnu aHanoruuHele emy (puc. 2.4). ITonsa-
THE «COpMmamenm npogodoss WK «Kaiubp nposodos» yKa3biBaeT Ha
COBOKYTIHOCTb ITPOBOZIOB, OTVIMYAIOIIMXCA MO TOMIMHE (AnameTpy)l.
Bosnbliee 3HaueHe 0 aMepUKaHCKOMY cTaHAapTy (AWG) o3Hauaet
6oJiee TOHKUI MPOBOJ. B 3T0i1 KHUre MbI OyZieM B OCHOBHOM IpH-
MeHATb TOHKKe IpoBoza oT 20 1o 24 AWG, 4T0 COOTBETCTBYeT Aua-
Metpy ot 0,81 10 0,51 MM A1 OAHOXKUJIBHOTO TPOBOJA.

Brl KOHEYHO /1 UCTIOIb30BAaHUA MOKeTe pacCMaTpUBaTh U aB-
TOMaTHAYeCcKue yCTPOMCTBA /715 CHATHSA U30JIALMHY C IPOBOZOB KOMIA-
Huu Kronus komnoneHT 64-2981 c caiita komnanun RadioShack wmu
xomnanuu GB — komnoHeHT SE-92 ¢ caiiTa KoMnaHuM Amazon.com
(puc. 2.5).

ITo cBouM QyHKLIMOHATBHBIM BO3MOXXHOCTAM UHCTPYMEHTBI ZIS
CHATUA U30aAuuK Komnanuii Kronus u GB npentuyssl. [Ipenmymie-
CTBOM TaKO} KOHCTPYKIIMY NHCTPYMEHTOB SIBJIAETCS TO, YTO OHA /1aeT
BO3MOXXHOCTb CHUMATbh W30JIALMIO, UCIOIb3YS TOJIBKO OIHY DYKY.
OzHaKo Takue yCTPOMCTBA He CJIMIIKOM XOPOLIX /Il O4eHb TOHKOTO
IpOBOJA.

1 3a TeXHUYECKUMHU 0603HAYEHUAMU IIPpOBOZIOB 06BIYHO CIIeAyI0T Mempu4eckue
0b03Hauenus npoeo&oe — 9TO AUaMeTp B MUJIJIMMETPAX, CyMMapHas IJiollalb cevye-
HHMA B KBaZIpaTHBIX MAJUIMMETPAX JJId OAHOXWJIBHBIX IIPOBOAOB WUJIN YUCJIO XWJI, UX
AuaMeTp U I1omanb Ce4eHrA A1 MHOTOXXUJIbHBIX. — Peg.



OcHo8bI nepeksIodeHus U MHo20e Opy20e

Puc. 2.4. [Ins Toro 4tobbl MCNOMb30BaTh
TaKoW MHCTPYMEHT AN CHATUA M30NALNK,
Hafo BCTaBUTb KOHEL| M30/IMPOBAHHOIO

NPOBOAA B OTBEPCTVIE COOTBETCTBYIOLLETO
pasmepa Mexay rybkamm WMHCTPYMeHTa,
a 3aTeM CkaTb PYKOATKU U CHATb M30M8-
umto

[

Puc. 2.5. Takve asTOMaTMyeckne ycT-
pOWICTBA ANA CHATVA U30MALMM [Jal0T BO3-
MOXHOCTb  BBIMOMHAT 3Ty  OMnepauuio,
MCMONb3yA TONBKO OAHY PYKY, HO Henpu-
rOAHbI A8 CHATUS M30MALUMM C MPOBOLOB
Manow TOAWWHbI (cM. nodpaso. «MHcmpy-
MeHmeol» paso. dkcnepumeHm 6. OyeHb

npocmoe nepeksito4yeHue» 3moti enasel)

Pacxoayembie maTepuanbi

MoumaxxkHbili npogoo

OnHoxunbHeld 1poBof 22 AWG (auametpom 0,64 MM), MUHU-
MaJIbHOM AJIMHOM 7,6 M Kaxkzoro 1seta (puc. 2.6). Komnonent 278~
1222 c caiita komnanuu RadioShack, Homep no katanory 9948T17 ot
McMaster-Carr uiayu npoBepbTe MOXOXUe NPeJIOXKEeHUs, KOTOpble
eCTb Ha MHTepHeT-ayKI1OoHe eBay.

OdeHb MPOCTO MOXHO KYIUTh He TOT IPOBOJ, YTO TPeOyeTcs.
[l S5KCIIePUMEHTOB BaM MOHAZOOUTCS OJHOXUIBHBIN MTPOBOJ, KO-
TOPBIN MMeeT OJVH INPOBOAHUK BHYTPU CUHTETUYEeCKOW WU30JIALNUHY,
a He MHOTOXXUJIbHBIH, KOTOPBIH COAEPKUT MHOTO CKPY4YeHHBIX IIPO-
BOJAIIMX [TPOBOJIOB MeHblIlero Auamerpa (puc. 2.7-2.8). IIockonbky
BaM MOHAZ0OUTCSA MPOTAJKUBATh NPOBOZIA B MaJIeHbKUe OTBEPCTHS
MaKeTHOW IJIaThl, a MHOTOXWJIbHBIEe IPOBO/IA U3 CKPYYeHHBIX IpO-
BOZIKOB BaM 3TOTO CZleJiaThb He TO3BOJIAT. Bbl Takxe GyneTe uMeThb
npo6ieMbl, ecu MprUobpeTeTe TOJICTHIN IPOBOJ C pa3MepOM MeHblIle
22 AWG. CrneznyeT IIOMHUTD, YTO: YeM MeHbllle 3HaYeHWe B aMepu-
KaHCKOM 0603Hauenurt AWG, TeM ToiIie MPOBO/I.

3a HeGosblIMe JIOTNOJHUTEIbHbIE JIEHbI'W BbI MOXKeTe KyIUTb
Habop yXe NpeIBapHUTeNbHO HAape3aHHbIX IPOBOJOB M CO CHATOM
Ha KOHIIaX M30JIALMEH, KOTopble OyayT TOTOBBI /Ui MCIIOJIb30Ba-
Hus (puc. 2.9). Ilonpobyiite 03HaKOMUTbCA € mo3unueid JW-140
(accopTUMeHT IPOBOZOB JIA MepeMbl4eK) B KaTajore KOMIIAaHUU
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Puc. 2.6. /Icnonb3oBaHme MOHTaXKHbIX
NPOBOAOB C PasHbiM LIBETOM M30MAUMN
MOMOXET BaM B BaLUMX Cxemax OTMuaTh
O[INH NPOBO/ OT APYroro

Puc. 2.7. [InA BbINONHEHNUA 3KCNEPUMEH-
TOB 3TOW MMaBbl flyylle BCEro nopomnger
OHOXWMbHbIN NpoBof 22 AWG (arameTp
0,64 Mm) nnu 24 AWG (0,51 mm)

Puc. 2.8. MHOroxmnbHble NpoBofa, COCTO-
ALLVE 13 CKPYUYeHHbIX MPOBOAKOB, 0bnafa-
I0T 6oblUeN MMOKOCTBIO, HO MX He BCeraa

Nerko BCTaB/ATb B MaKeTHble MJ1aTbl
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Puc. 2.9. [peaBapuTenbHO HapesaHHble
NpPoBOAa C YXe 3aUMLLEHHBIMI KOHLIaMM
MOMOrYT BaM COXPaHUTb MHOTO BpemeHu
1 YMEHbBLNTb KONMYECTBO NPObIem, eciv
KOHEYHO Bbl FOTOBbI MOTPATUTL Ha MPOBO-
[1a HECKOMBKO OOIbLLYI0 CYyMMY

Puc. 2.10. CoeavHuTenbHble MPOBOAY,
MHOTa Ha3blBaemble MPOBEPOUHbBIMMI KOH-
LlaMW, COCTOSAT 13 NPOBOAOB C Npucoean-
HEeHHbIMM 3aXKMMaMK TUMa «KPOKOAWIT» Ha
060MX KOHLax. 3TO eLLje OAMH YA0OHbI He-
60MblWON NPeaMeT «POCKOLWM», KOTOPbIN
HaBepHAKa CTaHET BaM OYeHb MONe3HbIM

Puc. 2.11. KoHTakTHble BbIBOAbI 3TOrO

MasieHbKOrO KHOMOYHOTO NepeKsiioyates
BbICTyNaloT Ha 0,2" (5 Mm), UTo JenaeT ero
MAEanbHbIM A1 KPEMEeHNs Ha MAaKeTHOM
nnaTe, KOTOPYIO Bbl COBMPaeTeCh NCMOSb-
30BaTb

lnasa 2

All Electronics niu noumniure B UHTepHeT-ayKIMoHe eBay o 3ampocy
<TPOBOJ /17151 MaKeTHOH 1iatel» («breadboard wire»).

CoeduHumernbHole nposoda

Takue coeMHUTENbHBIE IPOBO/IA He ABMIAIOTCS 0053aTeNIbHBIMY,
HO OHU OuYeHb yNOOHBI. BaMm He mOTpeGyrOTCS MPOBOZIA, peAHa3Ha-
YeHHbIe JUIs ay[u0- U BU/Ie0000py0BaHNUs, KOTOPble 0OIYHO UMe-
IOT Pa3beMbl HA 000MX KOHIIAX, @ IPUTOJATCS IPOBOJA C OOBIYHBIMU
3a)XMMaMH TUIA «KPOKOAMII»> C K&X/I0T0 KOHI[A, KOTOPbIE TaK)Ke UHO-
I/1a HAa3bIBAIOT «IPOBEPOYHBIMU KOHIIaMu» (test leads). [Tompo6yiite
IIOCMOTpeTh no3uuuio 461-1176-ND u3 katanora koMnanuu Digi-
Key mnn nosunuio MTL-10 u3 karanora komnanuu All Electronics
(puc. 2.10).

KoMnoHeHTbI

Knonku

KHOMOYHbIN mepekodaTesib 6e3 (UKcAIUy, OFHOMOIIOCHBIN
opHono3uloHHbI (SPST — single-pole single-throw switch), ko-
TODBIM MHOTIZIAa HA3bIBAIOT NepekJiroyaresb TUMNa Boiki.-(Bki.) uum
(Bkin.)-Beiki. (B a1 ob6o3nadeHuun OFF-(ON) wunu (ON)-OFF).
OH J10/KeH OBbITh NPUTO/IEH /I MOHTaXKa Ha MevYaTHOH IjiaTe WJIn
B IIK, 4TO 03Ha4aeT, YTO OH JIOJDKEH OBbITb C HEGOJBIIMMY IITHIPb-
KOBBIMHM BbIBOZIAMU B HIKHed 4actu (puc. 2.11). KommdectBo —
1 wr.

ITpuMmepamu MOIyT CHayXuTb KHonka ABI1AP or komma-
Huu NKK switches, unmn MPA103B04 ot Alco-switch, mnn kHomnka
EP11SD1CBE ot komnanuu C&K switch. Eciu y Bac ecTb BbI6OD, TO
TIOKYyIaiiTe caMble JielieBble, TIOCKOIBKY Mbl COOMpPAaeMcsl UCIOIb30-
BaTh KHONIOYHBIE [IepeKJIIoYaTesI, CIPOeKTUPOBaHHbIE HA OYeHb Ma-
JIble 3Ha4eHUs TOKa.

lepeknoyamenu

TTepeKu/IHOI TIePEKITI0YATeNb WM IPOCTO mymbnep (puc. 2.12),
OZIHOTIOMIOCHBIY Ha /IBA IMOJIOXKEHWS WU IepeKiovyaTesb Ha OJHO
HampaBieHne W 1Ba mojoxenus (SPDT — single-pole, double-
throw), uHoraa o603HavaeTcs, KaK MepeKrYaTeb THIa Bki.-Bk.
(anrn. ON-ON). KonudecTBo — 2 mmiT.

Tym6ep tuna S302T-RO ot komnanuu NKK switches siBnstercst
WJleaJIbHbIM BLIOOPOM; OH MMeeT BBIBOZIbI C BUHTOBBIM CO€IMHEHU-
€M, KOTOpbIe YCTPAHSIOT HeOOXOAUMOCTh UCIONb30BAHUS «KPOKO-
AUOB». JIpyrMU BO3MOXXHBIMU BapHaHTAMU MOTYT OBITh Iiepe-
kmodatenb MTS-4PC ot komnanuu All Electronics umm KoMIoHeHT
275-603 ot RadioShack.



OcHoaswbl nepekJitoyeHUs U MHo2oe apyeoe

MBI He cobrpaeMcsi epeKIYaTh GOJIbIIE TOKU UM BBICOKUE
HanpsDKeHUs, MO3TOMY BBIOOP KOHKPETHOH MOJeNu IepeKiodaTe-
71 He urpaet 60b1I0i posu. OfHAKO BBHIBOABI HA TIePeKIIouaTensx
60JBIIOr0 pa3Mepa pacioJIoKeHbl COOTBETCTBEHHO Ha GOJIbIeM pac-
CTOSIHUY ZIPYT OT JIPyTa, YTO YHPOIIAeT UX UCIOIb30BaHue.

Pene

DJIeKTpOMeXaHUYeCKOe CUJIOBOE pesie C JIByMs HalpaBJIeHHUs-
MU U JIByMS TOJIOKeHUAMH Inepekmodenuss (DPDT — double-pole
double-throw) wim MHaYe JBYXMOTIOCHOE ABYXIO3ULHMOHHOE, C Ca-
MoBo3BpatoM (6e3 ¢uKcanum), Ha IOCTOSIHHOe pabodee HampsKe-
Hue 12 B. KonuyecTBo — 2 mr.

OueHb Ba)XHO UCII0JIb30BATh MPABUJILHBIN TUTI pejie — a UMEeHHO
TaKoe, KOTOPOe aHAJIOIMYHO M300paKeHHOMY flajiee Ha KapTHHKAxX
IS dKcnepumerma 7 M KOTOpOe MCIOoNb3yto 1. O6paTuTe BHUMaHUe
Ha pesie FTR-F1CAO012V wnu FTR-F1CDO012V ot komnanuu Fujitsu,
G2RL-24-DC12 ot Omron nnu OMI-SH-212D or Tyco. Cnenyert nus-
GeraTb UCIONIB30BATD JPyTHeE.

lTomenyuomemp

[ToTeHIIMOMETp C JIMHENHOW XapakTepucTukord Ha 1 MOM, Ho-
Mep KomnoHeHTa N2 271-211 ot komnanuu RadioShack, kommnonenT
N2 24N-1M-15R-R oT Jameco uiy aHaJOTUYHbIe UM.

Tpan3zucmopel

BUmonsipHblii TPaH3UCTOp 7-p-n-TUMA OOIero Ha3Hade-
HuA (puc. 2.13), Hampumep, Takoid Kak 2N2222 OT KOMIaHUU
STMicroelectronics, PN2222 or Fairchild wim 2N2222 or Radio-
Shack. KonuuectBo — 4 mT.

OnHonepexoaHbIY TPAH3UCTOP € yIIpaBisgeMbIM HoporoM ZN6027,
npousBesieHHbIi Komnanveir On Semiconductor unu Motorola. Konu-
4YecTBO — 4 1IT.

Konoencamopeol

Dnexmponumuueckue KondeHcamopwl B acCOpTUMeHTe (puc. 2.14).
KoH/ieHCcaTophl IO/DKHBI OBITh PACCYMTAaHbI HA HAMpPsDKEHHe MUHH-
MyM 25 B 1, 10 MeHbl1Iel Mepe, OIUH U3 HUX JIOJKeH UMeTb eMKOCTb
1000 Mx® (muxpodapazn). Eciu BbI ocymiecTBisieTe MOUCK AeTanei
Ha MHTepHeT-ayKInoHe eBay, To He0O6X0AMMO yOeuThCs B TOM, YTO
BbI HALIJIM IMEHHO 3JIeKTPOJIUTUYeCKYe KOH/IeHCATOPBI.

Ecnu oHM uMeroT pabovee HampspkeHue GoJibllle YKa3aHHOTO
3HaYeHWUsl, TO 3TO HOPMAJILHO, XOTS UX pU3MUeCKre pa3Mephl U OyayT
GoJblle, YeM 3TO BaM HEOOXOANMO.
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Puc. 2.12. 370 OTHOCWTENBHO BOSBLION
Tymbnep, narotosneHHbin komnaxner NKK,
1MeeT BbIBOfbI C BUHTOBBIM COeIMHEHNEM,
KoTopble 6onee yaoOHbl AnA KpenneHus
K HVMM  KOMMYHMKALMOHHbIX MPOBOACB

Puc. 2.13. TpaH3ncTopbl 06bIYHO NPoaa-
I0TCA MO0 B ManeHbKUX MEeTanMUeCcKnx
Kopnycax, Mo B HeOOMbLINX repMeTny-
HbIX M1aCTUKOBbLIX Monyumnunapax. Ana
Hawen uenn Gpopma, B KOTOPYIO «ynaKo-
BaHbl» TPAH3MUCTOPbI, HE MMEET HUKAKOro
3HaYyeHuA

Puc. 2.14. SnekTponuTniyeckmne KoHgeH-
CaTopbl B aCCOPTUMEHTE
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Puc. 2.15. Kepammnueckine KOHAeHCaToOpbI
B OCHOBHOM BBIFMIAAAT Tak, Kak 3TOT, XOTA
MHOTME U3 HKX ABNAIOTCA KPYrTbIMA W
MMEIoT MOAYKPYryto GOpMy BMECTO KBa-
[paTHOW. BHelwHAA dopma KoHaeHcaTopa
QA HaC He VIMeeT HUKAKOoro 3HaueHuA

Puc. 2.16. 3TOT MUHMATIOPHBIV AVHAMMK
AVaMeTpoM HemHorvm 6onee 1" (2,54 cw)
NPUMEHAETCA B TPaAH3UCTOPHBIX  Lienax
ANA NPOBEPKM ayANOBbIXOfa

lnasa 2

Kepamuueckue KOHZieHCaTOPbI B accoptuMenTe (puc. 2.15). Cre-
ZiyeT yOenUThCsA, 9TO Y BaC eCTh, [0 MeHbllell Mepe, OIMH KOH/IeHca-
top HoMuHAJIOM 0,0047 MK® (KOTOPBIH TakKe MOKHO 3aIKCaTh, KaK
47 u® (manodapazsnr)).

Pe3ucmopeli

Ecnu BBl KyMWIM TOJMBKO MHUHUMAJIBHBIA Habop pPe3rCTOPOB
TS aKcnepumenmos ¢ 1 do 5, To Terepb HACTYIaeT MOMEHT MPHO6-
peTeHust 6oJiee MUPOKOTO ACCOPTUMEHTA, YTOOBI BbI He MOMaaaju B
3aTpy/IHUTEJIbHOE TI0JIOXKeHUe MPU HaJUYMU BCEro OAHOM MO3UIUK
JIaHHOT'O HOMUHAJIA. MOIITHOCTb Pe3UCTOPOB ZOJKHA OBITH MUHUMYM
0,25 Br.

Junamuk

IMopovizer n06OYW MUHUATIOPHBIA JUHAMHUK CONPOTHBIIEHHUEM
8 OM 1 IMamMeTpoM OKOJIO 2,5 cM, KaK HalpuMep, KOMIIOHEHT HOMep
273-092 ot xommanuu RadioShack (puc. 2.16).

JKchepumeHm 6
OYEHb NMPOCTOE NEPEKJIIOMEHUE

Bawm nmoHazgob6arcs:
. Batapeiiku Thna AA HanpsbxkeHuem 1,5 B. KonmuectBo — 4 mT.

. llepxatens nns 4 6arapeex tumna AA. KonudectBo — 1 mmT.
. CBerogunoa. Konmnyectso — 1 mr.

. Tymbnep Ha onHO HampaBjeHue (OJHOIOJIOCHBIN) (CM.
puc. 2.12). KonnvecTBO — 2 MIT.

5. Pesucrop conpotusienreM 220 OM uiu 61M3KUI K 3TOMY 3Ha-
YeHUI0 MOIIHOCTHIO MUHUMYM 0,25 BT. KonmuectBo — 1 mit.

AW N

6. 3aXUMBI TUTA «KPOKOAWI». KonmnyecTso — 8 .
7. IIpoBOA WM KOMMYHHUKAaIIMOHHbIe IPOoBoza (cM. puc. 2.10).

8. Kycauk¥u 717151 IPOBOZOB ¥ MHCTPYMEHT /ISl CHATHS U30JISALINY C
IPOBO/IOB (CM. pHC. 2.4), eciu BbI He COOMpaeTech UCIOJIb30BaTh
KOMMYHUKAIIMOHHbBIE IPOBOJIA.

B akcnepumenme 3 BbI 3aKUTau CBETOAMOJ 3a CUET MOJKIIOYe-
HUs1 GaTapeiiky, a TAKXKe BBIKJIIOYAJIY ero, OTKJIIo4Yas b6atapeiky. [is
Gosnbiirero yao06CTBa HALIM LieNU A0DKHBI UMeTh TIOAXO/SIIIe [epe-
KJIFOYaTeNy ISl YIpaBJIeHus HampsDKeHueM MUTaHWs, a TTOCKOJIBKY
s MICIIOJIB3YI0 TepeKyIoYaTeNy 00Iero Ha3HavyeHus, To cOOUpParCh
MyCTUTh B XOZ BCE WX Pa3HOBUIHOCTH, MCIOJB3Ys Lellb, KOTOpast
TMPeI0CTaBJIsIeT TaKie BO3MOXXHOCTH.
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CoenvHuTe BCe KOMIIOHEHTBI TaK, KaK 3TO IIOKA3aHO Ha
puc. 2.17 u puc. 2.18. JITUHHBII BBIBOJ CBETOAMOAA JOJIKEH OBITH
MOAKJIIOUeH K Pe3UCTOPY, OCKOJIBKY B 3TOH TOUKe Lienu Oyziet 6osee
NOJIOKUTEJIbHBIN [TOTeHI[aJl, YeM B TOYKe IOAK/II0YeHNsT KOPOTKOIO
BBIBOJIA.

KopoTkuit BbiBOg
cBeToanoaa

Briok 6atapeek Ha 6 B

Puc. 2.17. Ecnv ceeToamon ropwT, To nepeknioyeHre noboro 13 Tymbnepos NpuseaeT K ero Bbl-
KntoueHnio. ECv CBETOAVOA BbIKMIOUEH, TO NepeKstoyeHre noboro 13 Tymbnepos OyaeT BKIto-
yaTb ero. [1na npucoeamHeHWA NPOBOAOB APYr K APYry chefyeT UCMOoSb30BaTb 3aMMbl TUMa
«KPOKOAWI». HekoTopble NpoBofa NOAKMOYAIOTCA MPAMO K Tymbnepam, 1 No3ToMy byaeT nyule,
ecnu vx BblBoAbl OyayT MMeTb BUHTOBbIE COeAnHEHWA. byasTe BHUMATENbHbI, UTOObI OrOfNeHHbIe
YaCTU «KPOKOAMOB» He Kacanuchb Apyr Apyra

BbI MOJKeTe 3aMeTUTD, YTO B 3TOM cxeMe fo0aBJieHa mapa HeboJIb-
LIMX OTPE3KOB IPOBO/IOB, OAKII0YaeMbIX K TyMOJiepaM. S mpezaraio
JUTSL 3TOTO KCIOJIb30BATh 3€JIeHBIN IPOBO, YTOOBI HATIOMHHUTD, YTO
3TH YaCTH CXeMbI He IMEIOT IPSIMOTO COeZIMHeHN S C IIOJI0XKUTETbHBIM
WJIN OTpULlaTeJIbHBIM BbIBOJIOM NCTOYHUKA ITUTAHUS. B IIPUHIINIIE BbI
MOXKeTe HCI0Ib30BaTh MPOBOZ M060ro 1Beta. Kpome Toro, st 3TOM
11eJTF BbI MOKETe MCIOJIb30BaTh KOMMYHHUKAIIMOHHBIE TPOBOJIA C YKe
MOACOEAVTHEHHBIMU «KPOKOAUJIaAMU», €CJIN OHU Yy BAC, KOHEYHO, €CTh.
B MPOTHBHOM CJiy4yae BaM HaBepHSKA MPUIETCS yAAJISATh YacTh U30-
JIALUK C TIPOBOJIOB, YTO, GE3YCIOBHO, MOTPEBYET OT BaC HEKOTOPOTO
HaBbIKa, I03TOMY CeifJac fapaiite IIOTPEHUPYEMCS C ITHM.
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Puc. 2.18. [lonHopa3mepHble Tymbnepsl
BbIBOAAMM, VIMEIOWMMY BUHTOBbIE COEAM-

HEHWs, CMPOEKTUPOBaHbl MMEHHO /1A
TOrO, YTOObI MOXHO ObINIO Nerye Kx BKO-
yaTb B LieMb
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Puc. 2.19. Vicnonb3oBaHne aBTOMaTMYe-

CKOrO WHCTPYMeHTa ANs yAaneHua 13o-
NAUMKW, KOTAA Bbl CXMMaeTe PyKOATKM,
rybKv CrieBa 3aXVMatoT NPOBO/, @ OCTPble
Ne3BuWA C BbIPE3aMM CNPaBa HafKyCblBatoT
30NAUMI0. YBEIMUEHNE CKaTVA MPUBOAUT
K TOMy, UTO TyOKW Vi Ne3BWA OTXOAAT APYr
OT [ipyra, CHUMas 1301ALMI0 C MPOBO/a

Puc. 2.20. YT100bl CHATH M30MALMIO C KOH-
L@ NpoBOAa, Bbl MOXeTe WCNOMb30BaTb
NPOCTble KyCauku [ NMPOBOAOB, HO ANA
3TOro Bam NoTpebyeTcA HEMHOMO NMOMpPak-
TUKOBATbCA

lnasa 2

NHcTpyMeHTbI

Eciu aBTOMaTv4ecKuil MHCTPYMEHT Ui CHATUA W30JIALUU
(puc. 2.19) He 3axBaTbiBaeT NpoBoA 22 AWG (auamerpom 0,64 MM)
ZI0CTaTOYHO 3¢ PeKTHBHO, TO MONPOOYiiTe MHCTPYMEHTbI KOMIIAaHUM
Kronus, koTopble MOKa3aHbl paHee Ha puUC. 2.4, WUIN WUCIOJb3yHTe
yooOHBIe ¥ IPOCTeHIIie MHCTPYMEHTI /I CHATUSA U30JIALUH, KOTO-
phble nokasaHsl Ha puc. 2.20. ITpyu UCIIoNb30BaHUU MIPOCTHIX Kycayek
7151 IPOBOZIOB HAZIO JiepKaTh IPOBOJ, OHOM PYKOH U, y/lep>K1Bast UH-
CTPYMEHT APYTrO¥ PyKOH, CJlerka CKaTb PYKOSATKM — C TaKHUM pacyde-
TOM, YTOOBI 3TOTO YCUIIHUSA OBUIO AOCTATOYHO TOJBKO AT CHATHUS U30-
JIALIAY, ¥ B TO 3Ke BpeMs HaJIo He IlepeycepicTBOBATh, YTOOBI He Iepe-
pe3arb NPOBOJ. 3aTeM MOTSHUTE 32 IPOBOJ, OHOBPEMEHHO OTBO/S B
TIIPOTHBOIIOJIOXKHYIO CTOPOHY Kycauku. [Tocsie HeGObIION TPAaKTUKY
Bbl HAy4UTeCh JIETKO CHUMATh U30JIALMIO, OrOJAs KOHIIBI IPOBOZIOB.

HekoTophble KpyTble KOMIIbIOTepHbIe GaHAThI TS CHATUA U30-
JIALIMY C IPOBOJIOB UCTIOJB3YIOT CBOM 3y6bI (puc. 2.21). Koraa s1 6611
MOJIOJI, 51 TO3Ke MCII0JIb30BaJl TAKOH cI0co6. Y MeHsi ObLIH /1Ba CJIeTKa
pa3zBUHYTHIX 3y6a, 4TOOBI enath 3T0. Ha caMoM ziesie Takyro pabory
Jly4llle BCero 0BepUThb COOTBETCTBYIOLIEMY UHCTPYMEHTY.

Mpo6nembl nogKnoueHNn

B 3aBUCHMOCTH OT pa3Mepa TymMbyepa, KOTOPBIi BbI UCIOJIb3ye-
Te, y BaC MOTYT BO3HUKHYTh MPOGJIEMbI TIPU 3aKPEIUIeHUH <«KPOKO-
ZIWJIOB> HA BbIBOZIAX TymOJiepa AJst HOJKJIF0UeHNs K HUM MTPOBOJIOB.
C MMHMATIOPHBIMU TyMOJIepaMu, KOTOpPble BCTPEYaloTCs B Hallle Bpe-
Ms TOpa3jo daile, 4eM MOJHOpPa3MepHble, MOXET ObITh 0COOEHHO
XJIONIOTHO (puc. 2.22).

Puc. 2.21. Te, KTO CKIOHEH 3a0biBaTb MECTO, KyAa OHW MONOXUAN CBOM MHCTPYMEHT, 1 KTO
UyBCTBYET, UTO CKaTb €ro 6ecrone3Ho, MoryT YCrOKOWTb Cebs, CNonb3ys CBOM 3yObl ANA CHATUSA
n3onaumm ¢ Nposofda. OfHaKo 3TO MOXET OKa3aTbCA He CIMLLKOM XOPOLLEeN naeei. ..
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[ToTeprnuTe, 0O4eHb CKOPO MBI OyZleM KCIOJb30BaTh MAKETHYIO
IJIaTy, KOTOpasi MIOYTH COBCEM He TpeOyeT MCIOJIb30BaHUs «KPOKO-
JIAJIOB>.

TecTnpoBaHue

CrenyeT y6eauThCs, 4TO BbI TOAKJTIOUMIIN OOJiee UTMHHbII BBIBOJ
CBETOZIMO/IA TaK, YTO OH COeIMHEH C TOUKOM, PACIIOIOKeHHO OmKe
K [I0JIOUTeJIbHOMY BBIBOJlY ACTOYHMKA HANPSDKeHUs (B JAHHOM CJIy-
Jae K pe3ucTopy). Temeps meJakHuTe M00bIM TyMOIEpoM. Eciiu cBe-
TOZAMO/] HAXOAUJICA BO BKJIIOYEHHOM COCTOSIHUMA — CBETHJI, TO OH OT-
KJIIOYUTCS, @ eCJIM ObLT B BHIKJIIOYEHHOM COCTOSTHUM, TO BKJTIOUHUTCS.
[TepexstounTe APYroii TyMOIIEpP, BbI MOJIYYUTE TOT XKe caMblid 3 dexT.
Ecnu e cBeTOMOZ BOOOIIe HUKAK He 3arOPaeTcsi, TO BO3MOXKHO BbI
HeBepHO cobpasty cxemy. Jlpyrasi OnacHOCTb 3aKJIF0YaeTCs B TOM, YTO
IPU UCTIONIb30BAHUM «KPOKOZMJIOB> MOXHO CJIy4aifHO 3aKOPOTUTh
Gataperky.

ITpeAnon0XuM, 4TO BCe ONTYyYUIOCh, U [BA NTePeKJII0YaTess Bbl-
MOJIHAIOT PaboTy TaK, KaK 5 OMUCHIBAT ee. YTO jXe B JAHHOM CJIydae
npoucxoaut? I1oo1uio BpeMsi pa306paThesi ¢ HECKOJIBKMMU OCHOB-
HBIMU QaKTaMU.

A

Bce o nepeknyarenax

Korga Bbl nepekntoyaete Tymbnep, KOTOPbI UCMOMb3YeTCA B IKC-
nepumeHme 6, TO Bbl COeflIMHAETe LieHTpasibHbI BbIBOS TyMOepa ¢
OOHWUM 13 ero BbIBOAOB Ha Kpato. [epeknioueHrie Ha3ag NpuBoanT
K TOMY, UTO LieHTpasibHbI BbIBOL COEAMHAETCA C APYTMM KPaiHNM
BbIBOAOM, KaK 3TO MOKa3aHo Ha puc. 2.23.

LleHTpanbHbIi KOHTaKT Ha3blBalOT NOJIIOCOM hepeksrodyamers.
MocKonbKy Bbl MOXeTe BbINOHUTL MepeKioYeHne UM BEPHYTb
ero obpaTHO, TO 3TOT NepekKoYaTeslb MMEET TOSIbKO ABa BO3MOXK-
HbIX MOJNOXKEHUSA, MOSTOMY OH Ha3blBAETCA 08YXNO3UYUOHHbIM nepe-
K/1rouamersiemM N nepektoyamesieM Ha 08a NOJIOKEHUA.

Kak ykasblBanocb paHee, OHOMOJIOCHbI ABYXMO3ULIMOHHBIN Me-
pekntoyatenb nmeet abbpesuatypy SPDT (single-pole, double-throw).

HekoTopble nepekntoyaTeny ABNATCA NepeknovaTenamm Tmna
Bkn./Bbikn. (aHrn. ON/OFF), uto 03HauaeT, YTo OHWM MOryT BbINos-
HUTb TONbKO OAHO COefIHEHVE B OJHOM MONIOXEHUN, a B APYroM
NOSNIOXEHUN HeT. boNbNMHCTBO M3 BbIK/lOYaTeNell CBeTa B BalleM
[loMe ABMAITCS MMEHHO NepekstoyatensMm Takoro tuna. OHu ms-
BECTHbI KaK O4HOMO3ULNOHHbIE NepeKstoyaTenm.

OZHOMOMOCHbBIV OQHOMO3MLMIOHHbIV NepeKsoYaTesb MMeeT ab-
6pesuatypy SPST (single-pole single-throw).

OYHAAMEHTAJIbHbIE CBEAEHUA

Puc. 2.22. MOXHO, KOHEYHO, UCMNOSb30-
BaTb MUHMATIOPHbIE TYMOMEePbI, yulle, KO-
HeYHo, COOTBETCTBEHHO C MUHUATIOPHBIMN
3KMMaMV TUMNa «KPOKOAMI», HO MPK 3TOM
Hafo 6blTb OUeHb BHUMATENbHbBIM, UTOObI
He JONyCTWTb KOPOTKOTO 3aMblKaHNA

t 4

CoeauHeHbl

t 4

CoeamnHeHbl

Puc. 2.23. LleHTpanbHbI BbIBOA Ha3blBa-
0T MoMoCcoM nepekoyatens. Koraa Bbl
nepemellaete Tymbnep, MOMOC MeHAeT
Mo3nULMI0 MOAKIIOUEHNS
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Puc. 2.24. d1a npocTeiilad KOHCTPYK-
UMA OJHOMOIMIOCHOIO [BYXMO3ULMOHHOIO
nepeknoyatensd BbiNOMHAET B TOUHOCTU
TO e camoe, YTO 1 TyMOIepsbl, KOTopble
MOKa3aHbl Ha puc. 2.23 1 2.28

Puc. 2.27. 370T CoWeAWwnii C ymMa y4YeHblii roToB noaatb
HanpsAXeHMe Ha CBOK 3SKCMepUMEHTaNbHYIO YCTaHOBKY.

C 3TOM Lenblo OH NCMOsb3yeT OAHOMOMOC
LMOHHbIN NepeKioyaTeNb HOXEeBOro Tvna

lnasa 2

HekoTopble nepekntoyaTeny MMeloT ABa COBEPLUEHHO He3aBUCK-
MbIX MOJOCa, MO3TOMY Bbl MOXETe OfHOBPEMEHHO JenaTb ABa He3a-
BMCUMbBIX MOAKIIIOYUEHWA, KOrda nepeksnoyaete nepeknoyarenns. Ta-
KOW MnepeksitoyaTenb Ha3blBaeTCA 08YXNO/TIOCHbIM NepeKIrYamersnem.

O6paTnTech K poTorpaduam Ha puc. 2.24-2.26, rae nokasaHbl fne-
peKnaHble NepeKsoYaTeny KHOXEeBOroy Tna ycrapeBLuen KOHCTPYK-
unm (purc. 2.27) (OHM BCe eLLe NCMONb3YTCA Ha YPOKaX NEKTPOHWKM B
LIKOJaXx), U Bbl MONyYnTe HayanbHoe NpeacTaBneHrie 06 ofHO- 1 ABYX-
MOJIOCHbIX, @ TakKe 06 OAHO- 1 ABYXMO3ULIMOHHbIX NepekKsoyaTensx
1 Tymbnepax. Pa3nuyuHble BMAbl TYMOIEpPOB, KOHTAKTHbIE rpymrbl KO-
TOPbIX HAXOAATCA BHYTPW KOPMNYyCa, NoKa3aHbl Ha puc. 2.28.

[ -

Puc. 2.25. OaHOMOMOCHBIN OAHOMO3MNL-
OHHbIVI NepekoyaTeb BbINOMHAET MNOA-
KNtoYeHme TOoNbKO OJHOrO Montoca. Y Hero
MMEETCA TOMbKO ABA MPOCTbIX COCTOAHMA:

Puc. 2.26. [1ByxXnonoCHbIi OQHONO3NLM-
OHHbIV NepekYaTent BbINOMHAET [Ba
pasAenbHbIX  BKOUEHWA / BbIKMOYEHMA
O[IHOBpEMEHHO

S

, YAO6HO CMOH-
TUPOBAHHBIN Ha CTEHe B ero nofsasnbHON nabopatopum

3aMKHYTO 1 Pa3OMKHYTO, T. €. BKn. 11 Bbiks.

;s

. KOHTAKT

- TTonroc

« KOHTAKT

]

Puc. 2.28. Bce 3™ nepeknoyatenn
ABnAloTCcA  Tymbnepamu. Kak npaswno,
yem Gonbluve pasmepbl UMEEeT nepe-
KnoyaTenb, Tem OOMbLNI TOK OH MOXeT
KOMMYTMPOBATb

HblA ABYXMO3W-
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[na nHTepeca Bbl MOXKeTe NPUOBPeCTU NepekyaTeny, y KoTo-
pbIX TPY UK YeTblpe nontoca. (HekoTopble NOBOPOTHbIE NepeKIo-
yaTtenn UMetoT aaxke 6onbliee KOMMUYeCcTBO MOoJIOCOB, HO Mbl UX He
6ynem ncnonb3osatb.) Kpome Toro, HeKoTopble ABYXMO3MLNOHHbIE
nepeknoyaTeNy MMelT OOMOMHUTENbHOE «CpefdHee BbIKTYeH-
Hoe» MoJioXKeHue.

CobpaB ux BCe BMeCTe, A COCTaBW TabnumLy BO3MOXKHbIX TUMOB
nepekniovatenen (tabn. 2.1). Korga Bbl untaete Katanor getanew,
Bbl MOXETe JIErko NpoBepsiTb Mo 3TON Tabnuue u BCMOMWHATb, UTO

O3HayvaeT Kaxjan abbpesuatypa.

Tabnuuya 2.1

0606wWeHHan TabnuLa Bcex BO3MOXKHbIX BApMaHTOB
TyM6nepHbIX NepeKsioyaTeneil U HaXKVMHbIX KHOMOK

OpHo- Asyx- Tpex- Yetbipex-
MOJIIOCHDbIN | MOJIIOCHDbINA | MOMIOCHbIA | NOMIOCHDbIN
OQHONO3NLMOHHbDbIE SPST DPST 3PST 4PST
Bkn-Bbikn Bkn-Bbikn Bxn-Bbikn Bkn-Bbikn
(ON-OFF) (ON-OFF) (ON-OFF) (ON-OFF)
[AByXno3suynoHHbIE SPDT DPDT 3PDT 4PDT
Bkn-Bkn Bkn-Bkn Bkn-Bkn Bkn-Bbikn-Bkn
(ON-ON) (ON-ON) (ON-ON) (ON-ON)
JIByXNO3ULIOHHBIN SPDT DPDT 3PDT 4PDT
Cco cpeaHUM BbIKNMO- | Bkn-Bbikn-Bkn | Bkn-Bbikn-Bkn | Bkn-Bbikn-Bkn | Bkn-Bbikn-Bkn
YeHHbIM (HelTpanb- (ON-OFF-ON) (ON-OFF-ON) (ON-OFF-ON) (ON-OFF-ON)
HbIM) NONOXKeHNEeM

Tenepb BbISICHUM, UTO TaKOe KHOMOUHbIN nepekntovatens? Korga
Bbl Ha’KMMaeTe KHOMKY IBEPHOTO 3BOHKA, Bbl 3aMblKaeTe 3feKTpuye-
CKUI KOHTAKT, MO3TOMY 3TO KaKOW-TO TUM NepekKsoyaTesisa; Ha CaMoM
[lefle KOPPEKTHbIM Ha3BaHMEM AJ1s 3TOro nepekiovaTens ABnaeTca
«nepek/ilo4amesb C Camoso3spamom» WU «nepeksodamerb 6e3
¢hukcayuu», NOCKOJIbKY OH OCYLLEeCTBIAIET KPaTKOBPEMEHHOe coeau-
HeHue KOHTAKTOB. J1lo60oM Noanpy>KUHEHHbIV Nepeknovatesib Uim
KHOIMKA, KOTOPbIE «XOTAT» BEPHYTbCA B CBOE NCXOAHOE MOJIOKEHUE,
Ha3blBaeTCs nepekniovatenem 6e3 ¢ukcauun. Mpu 0603HaYeHUN
nepeknoyaTensa ero KpaTKOBpPeMeHHOe COCTOsiHUE Oyfem 3akiito-
yaTb B CKOOKW. [lanee npuBenem HeKoTopble NpUMepb.

+ Bblkn.-(Bkn) — nockonbky coctosHme Bkn. (ON) 3aknioueHo B
CKOOKM, TO 3TO O3HAYaEeT, UTO B 3TOM COCTOAHMY NepeKsoyaTesb
npebbiBaeT KpaTKOBPeMeHHO. [lo3ToMy 3TO OfHOMOMOCHbBIV
nepeksoyaTesib, KOTOPbIA BbIMOMHAET 3aMblkaHWE KOHTAKTOB
TOJIbKO TOTAa, KOrda Bbl HA HETO HaXKMMaeTe, 1 BO3BpaLlaeTcs 06-
paTHO, BbINOJIHAA OTKIOUYEHNe, Korfa Bbl ero oTnyckaete. OH Tak-
e M3BECTeH, Kak nepekstoyamersib 6e3 (hukcayuu ¢ <HOpMasabHO
PA3OMKHYMbIMU» KOHMAKmamu, cokpatyeHHo «HP» (aHrn. NO —
normally open).

63
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+ Bkn.-(Bbikn.) — NpOTMBOMNONOXHbIA €My N0 CBONCTBaM OQHOMO-
JIIOCHBIN NepekniovaTenb 6e3 dprkcaunn. B HopmanbHoOm cocTos-
HUK oH BKNtoyeH — Bkn. (ON), HO Koraa Bbl HaXkKMMaeTe Ha Hero,
OH pa3mblkaeT Uenb. [103TOMYy BbIK/IIOYEHHOE COCTOAHME —
Bbikn. (OFF) — ABnAeTcA ero KpaTkoBpPeMeHHbIM COCTOAHUEM.
OH TaKke N3BeCTeH, Kak nepekntovatesib 6e3 pukcaumm ¢ «<Hop-
ManbHO 3aMKHYTbIMW» KOHTaKTaMuy, COKpalleHHO «H3» (aHrn.
NC — normally closed).

+ (Bkn.)-Bbikn.-(Bkn.) — 3TOT nepekntoyaTenb MMeeT cpefHee Bbl-
KItoUyeHHoe (HenTpanbHoe) nonoxkeHue. Korga Bbl MeHaeTe ero
nonoeHue B No6Y0 CTOPOHY, OH MTHOBEHHO BbIMOJIHAET Coe-
LAVIHEHVe, a 3aTeM BO3BpaLLAEeTCA B CpefHee NofoXeHue, Koraa
Bbl €ro oTrnycKaerte.

Opyrummn BO3MOXHbBIMY BepcAMK MNepeksoyaTenen Takoro
Tna MoryT ObiTb: BKn.-Bbikn.-(Bkn.) unu Bkn.-(Bkn.). Tak Kak Bbl Te-
nepb MOHMMaeTe, YTO COCTOsHME B CKOOKaxX O3HauyaeT, YTo B HeEM
nepeksoyaTenb HAXOAUTCA KPAaTKOBPEMEHHO, TO Bbl MOXKeTe Nnofy-
MaTb, 3a4eM HYXHbl Takune nepeknoyaTenu.

Uckpenue

Korga Bbl 3aMblKaeTe UM pa3mblKaeTe N1eKTPUYECKNI KOHTaKT,
BO3HMKAIOT YCSIOBKSA, CMOCOOCTBYIOLME BO3HUKHOBEHWA WCKPbI.
WNckpeHne narybHoO BnuAeT Ha KOHTaKTbl mepekntouvateneint. OHO
«rnoepaeT» MX 4O Tex Nop, NOKa NnepeksioyaTesib yKe He CMOXeT Bbl-
MOJIHUTb HOPMaJibHOe coeanHeHwue. 1o 3To NPUYMHE Bbl JOMKHbI
MCnonb3oBaTb NepekoyaTesib, KOTOPbIA PaccinTaH UMEHHO Ha Te
3HAYEHMs HaMpPsKEHUA 1 TOKa, C KOTOpbIMY Bbl ByaeTte paboTaThb.
ONeKTPOHHbIE Lienn 06bIYHO OTHOCATCA K LIENAM C OTHOCUTENbHO
HU3KUMW 3HAYEHUAMY TOKa M HanpsaXeHWs, NO3TOMY Bbl MOXeTe
MCnonb3oBaTb NpakTMyeckn niobon nepekntoyatens. OgHako eciu
Bbl C €70 MOMOLLbIO BK/lOYaeTe ABuratesb, TO y HEro eCTb CBONCTBO
co3paBaTb B MOMEHT MOAK/IOYEHMA HaYabHbIA MMMYSbC TOKa, KOTO-
pbli, MO MeHblUeN Mepe, byaeT B ABa pa3a 6osblue HOMUHANbHOIO
TOKa ABMraTens, Korga oH BpaLlaeTca C MOCTOAHHON CKOpOCTbio. [1o-
3TOMy ANA BKNIOYEHWA U BbIKIIOYEHMA ABUraTens, notpebnatoLlero
TOK 2 A, BaM, BO3MOXHO, MOHaAobuTCcA nepektoyatenb Ha 4 A.

lposepka nepexntoyamens

[ns npoBepKuM nepeknoyaTessi Bbl MOXKETE UCMOb30BaTb MyJib-
TMeTp. C ero NOMOLLbIO Bbl MOXETe OMpPefenunTb: Kakne NMEeHHO
KOHTaKTbl MepeK/ioyaTesisi 3amblKaloTCs, KOrga Bbl BbIMOJIHAETE
nepeksitloyeHne B OAHY UM Jpyrylo CTOPoHy. MNprnbop Gyaet Tak-
e MoneseH, ecsiv y BaC eCTb KHOMOYHbI NepeKnioyaTesib, U Bbl He
MOeTe BCMOMHUTb KaKoro OH Tuna — HOPMaJibHO Pa3OMKHYTbIN
(Bbl HaXKMMaeTe Ha KHOMKY, YTOObl 3aMKHYTb KOHTAKT) USIM HOpMaJib-
HO 3aMKHYTbIN (Bbl Ha’KMMaeTe Ha KHOMKY, YToObl pa3opBaTb KOH-
TakT). Ha npubope BbibepuTe peXxum M3MepeHUsi CONMPOTUBIIEHNS



OcHosbl nepekoyeHuUs U MHo20e Opy20e 65

N KOCHUTECb N3MepUTeIbHbIMU LLyNamiu BbIBOAOB MNepekoyaTens,
' lMpumeyaHue

Koraa Bbl ero BKJlouaeTe/BbIK/OUaeTe. 1

Mpwn 3TOM BO3HMKaeT HeKoTopasa TPYAHOCTb, KOTOPas CBA3aHa C : B mynemumempe  pexum
TeM, UTO ANA TOro YTOGbI MOAYUNTb TOUHbIV Pe3ybTaT N3MEepPeHus, | PO38OHAMOXHO UCNO/1b308aME
| MOJIbKO hpu UdmMepeHuu 8 yenax
HY>KHO OXMJaTb HEKOTOpOe Bpems Mocne N3MeHeHUA NONoXKeHNA

n I U/lU HG KOMNOHeHMax, Komopeole

nepeknioyatens. [l03Tomy, ecnu Bbl BCEro NMLb XOTUTE Y3HaTb O Ha- I He HaxodMcs Nod HanpsxeHu-
NNYMM UM OTCYTCTBUM KOHTAKTa, TO Ha MyNIbTUMETpe Hafo BbibpaTb | eM 8 MOMeHM BbINOJHEHUS UX
pexum «npo3BoHa» (continuity tester) (puc. 2.29). Mpwn 3Tom npu-
60p OGyneT BblAaBaTbh 3BYKOBOW CUMTHaN NPU 3aMblKaH/M KOHTAaKTOB
1 XPaHUTb MOTYaHue, eciiv 3aMblkaHuA HeT. Ha puc. 2.30 npuseaeH
npuvMmep BbINOJIHEHWA NPO3BOHa Tymbrepa.

nNpOo380OHaA.

1
| SRR U UL a

Puc. 2.29. Y1060l MPO3BOHUTDL Lemnb, HY>KHO B BalleM MyJIbTUMETPE NOBEPHYTb NepeK/ItoYaTeslb PEXMMOB B MONOKEHNE, 0603HayeHHoe
CMMBOJIOM, MOKa3aHHbIM Ha PUCYHKe. @yHKLlVIelZ MPO3BOHa CfiefyeT MNob30BaTbCA TOIbKO TOrAa, KOrga Ha KOMMOHEHTbI U B Lenu,
KOTOpPbIE Bbl MPOBEPALTE, HanpAXeHre He NogaHO

Puc. 2.30. Korpa nepekxnoyvaTeslb 3aMKHET KOHTAKTbl, TO MeXay COOTBETCTBYOWMMK €ro
BbIBOAAMM, K KOTOPbIM MOACOeANHEHbI M3MEPUTESTbHbBIE LLYTbl MyNbTUMETPA, YCTaHOBIEH-
HOTO B pPeXnm MNpo3BOHa, I'\pM60p 6y£|,eT NnokasblBaTb Hynesoe ConpoTtueieHne, 1 npn
3TOM elle 6yﬂ,eT Pa3faBaTbCA 3B)/KOBOI;1 cnrHan
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BA3OBbIE CBEAEHUA

Crapble cuctembl nepeknoyarTenen

MepekntouaTenn OTHOCATCA K HAaCTONbKO pyHAaMeHTanbHOMY
ABJIEHNIO, CYLLIECTBYIOLEMY B HallemM MMpe, a UX KOHLenuusa Ha-
CTOJSIbKO MPOCTa, YTO OYEHb JIErKO 3a0biTb, YTO OHM MPOLLIN MHO-
roCTyNeHYaTbll NPoOLEeCC PasBUTUA U YNYULIEHUA KOHCTPYKLMW.
MpUMUTVBHbIE HOXEBble MepeKnyaTeny BMOJIHE YyCTpaMBanu
OCHOBOIMOJIOXKHVKOB 3N1EKTPUYECTBa, KOTOPble NMPOCTO XOTeNu Bbl-
MOMHUTL WM Pa30pPBaThb NEKTPUYECKOE COEAUHEHNE KaKNX-TMHo
annapaTtoB B flabopatopuu, HO 3aTeMm, KOrAaa CTanu pa3BMBaTbCA
TenedpoHHble cucTeMbl, noTpeboBancs 6onee CNOXHbIM NOAXOA,.
O6bluHO onepaTop Ha «KKOMMYTaTOpPe» AOMKEH Obli HAaNTK CNOCO6
nogknounTtb nodyto 13 10 000 nnHWIA Ha cBoel naHenu. Kak ato
MO>KHO 6bls1o cgenatb?

B 1878 Yapnb3 E. CkpubHep (Charles E, Scribner) (puc. 2.31)
pa3paboTan «rHe3goBoW HOXeBOW nepekntovatenby («jack-knife
switch»), Ha3BaHHbIN TaK, MOCKOJbKY YaCTb 3TOrO NepeksyaTens
onepaTop fepxan Kak pyuyKy CK/lafHoOro Hoxa. Boictynatowen ua-
CTbiO B HEM OblT LUTbIPb, 1 KOFAa 3TOT LWTbIPb BCTAB/ACA B THE3[O,
TO OH 3aMblKan KOHTaKT BHYTpW rHe3fga. [He3go, no cytu, n 6b110
nepeknioyaTenem (KOMMyTaToOpOM).

Aypuropasbembl ruTap 1 ycunutenen Bce elle paboTatoT no Tomy
e NPUHLKMNY, a Korga Mbl FOBOPYM MPO HUX «BCTaBUTb B FHE3[0»
(«jacks»), TO 3TOT TepMMH OTHOCKTCA K M300peTeHUto CKprbHepa.
KoHTaKT nepeknioyatens Bce elle HaXOAUTCA BHYTPU rHe3ja.

B HacTofALlee Bpems, KOHEUYHO, TelepOHHbIE KOMMYTaTOPbI CTa-
NN TaKOW e pefKoCTbio, Kak 1 TenedoHHble onepatopbl. CHavana
UX 3aMeHWUNN pene — MnepekiyaTenn C 3NeKTPUYeckum yrnpas-
neHneM, O KOTOPbIX A pacCcKaxy fanee B 3ToM rnaBse. A 3aTem pene
OblIM 3aMeHeHbl TPaH3KCToPaMu, KOTOPble OCYLLECTBAAT NOAKII0-
YeHUA He MeA NOABUMKHbIX YacTel. Elle oo KOHUA 3TOW rnaBbl Mbl,
NCMosb3yA TPAH3UCTOPbI, HAYUYNMCSA BbINMONHATb NepeKsIYeHMA.

Puc. 2.31. Yapnb3 E. CkpubHep (Charles
E. Scribner) wsobpen «epexvpron - BB@A@HME B rpadpmnueckoe 0106pa)|(eH|ne cxem

KEBOW nepekfioyatenby, KOTOpbI yao-
BNETBOPAN NOTPEBHOCTAM  TenedOHHbiX Ha puc. 2.32 a cxemy axcnepumenma 6 HapuCOBajl HECKOJIBKO

cvetem B Hadane 1900-x. Ceroans Buiki - yaye, B GoJIee YIIPOIIEHHOM BU/ie, KOTOPbIA M3BeCTeH, KakK «rpadu-
ANA NOAKNOYEHUA ayanoyCcTponcTs pa6of o o
10T MO TOMy X€ NpMHLWITY’ YeCKuil» WM «CXeMaTuuecKuii». HaunHasi ¢ 3TOro Mecta u fajee,

51 6y/ly WJUTFOCTPUPOBATB LIeNH, M306pakasi MX rpaduuecKu, MOCKOJb-

! ororpadus, Ha ocrose xo-  KY 9TO ACTAET MX Goee IPOCTBHIMY /I MOHMMaHWA. Bam Hano Oy-

Topoii GBUI crienaH dTOT pucyHok, /€T 3AIOMHUTb HECKOJIbKO CHMBOJIOB, YTOObI MX MHTEPHIPETUPOBATD.

TOABUTIACH TepBBIit pa3 B «HcTopuu CpaBHUM 3TO CXeMaTH4ecKoe IMpeJCcTaBlieHre ¢ 300paKeHreM

renedonar, HamicanHoii TepOpe- oy mpppenenHoi Ha puc. 2.17. OHE 06a WIITIOCTPUPYIOT OZHY I Ty
toM HbtoroHoM Kacconom (Herbert

e Llellb: KOMITOHeHTbI M COefliHeHUs1 MeXly HUMuU. Cepble TpsMo-

Newton Casson) B 1910 roay (Yuka-
ro: A. C. McClurg & Co.). yrOJbHUKK HarpadruyecKkoM 0TOOpakeHUK 03HAYaI0T IIEPEKITI0YaTeNH,
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a TOYHee TyMOJepbl, 3Ur3arooOpa3HOil JMHUEN TOKa3aH Pe3ucTop,
a CUMBOJIOM B BHJIe YepHOTO TPeyrojbHUKa C IoNepevdHOi TuHueH,
pa3MelleHHbIX B HeOOJBIIOM KPYXKKe, U C [BYMS HapauleJbHbIMU
CTpeJIKaMU, HallpaBJIeHHbIMY OT Hero, T0Ka3aH CBeTOAUO.

B ycioBHOM rpadudeckoM n300paXKeHUM CBETOAMONA 3TH JiBe
CTpeJIKY MOKAa3bIBAIOT, YTO 3TOT 3JIEMEHT M3Jy4aeT CBeT, IOCKOJIbKY
TaKKM ke CUMBOJIOM, HO 6€e3 CTPeJIoK, M300pakaroTcsi 0ObIYHbBIE IHO-
7ibl, K KOTOPBIM MBI €llle 06paTUMCs o3aHee. YepHbINA TpeyroJbHUK
BHYTPU CHMBOJIA IMO/Ia BCET/ia HAIIPaBJieH OT 6oJiee MOJIOXHUTeTbHO-
IO K OTPULIATeJIbHOMY BBIBOZY.

ITpocnenum MyThb, KOTOPBIN IPOXOAUT NEKTPUIeCKUA TOK B Liely,
¥ MBICJIEHHO TIPeJICTABHM, 4TO [IepeKJI0YaTeN YCTaHOBJIEHbI B TO WM
MHOe TOJI0XeHNe. Bbl Ternepb ACHO ZOJKHBI IOHUMATh, IOYeMY TyM-
6J1epbI MI3MEHSIOT COCTOSIHYE CBETOAMO/IA IPU MX MTEPEKITIOYeHHUN.

Ta e camas Ilelb UCIONb3yeTcs B ZIOMAx, KOTAa A MOZCBETKU
CTyIeHeK OfJH BBIKJIIOYATeNb HAaXOIWTCS BHU3Y, a JPYTOM, KOTOPBIHA
YIIpaBJIseT TOM JKe JIAMIIOYKOM, HAXOUTCSA BBEPXY IIPOJieTa JIeCTHULbI
(puc. 2.33). ITpoBoza B IoMe, KOHEYHO, 3HAYNTeJIbHO JJIMHHee 1 OHU Tle-
peIuIeTaloTCs APYT C APYroM IPSMO B CTeHe, HO TOCKOJIbKY MX COe/jiHe-
HUS1 aHJIOTUYHBI, OHU MOTYT OBITh HPEZICTaBIeHbI TOM e CAMOU CXeMOI.

B 5T0i1 cxeme He yKa3aHO KOHKPETHO, I7ie BbI JOJDKHbI yCTaHOBUTD
KOMIIOHEHTHI Iieni. OHa TOJIBKO MOKa3bIBaeT, KaKUM 00pa3oM HY)KHO
BBINOJIHUTH coeiHeHus. [1py rpadudeckoM 0TOOpaKeHNH CXeM UMe-
eTcs OflHa 1pobJyIeMa: pa3Hble JIFOZIM HEeCKOJIbKO [0-UHOMY U300paxa-
0T pa3/IMyHble CXeMaTH4ecKye CHMBOJIBI, KOTOPbIe UMEIOT OZIH U TOT
e cMbIcT. ObGpaTuTech K PacloOXeHHOMY HECKOJIbKO fiajiee pasd.
«Dyndamenmanshoie ceedenus — OcHo6Hble zpaduueckue Ycr06HbIE
0003HaueHus», TIe 3TY CBefIeHNs IIPUBeJIeHbI H0JIee HOAPOOHO.

=
—a,

wﬂh
b

Puc. 2.33. Cxembl C ABYMA Nepekoyatenamm (Bblkouatenammn) Ha puc. 2.17 1 puc. 2.32 yacto
MCNOMb3YIOTCA B 3NEKTPOCeTU [JoMa, OCOBEHHO, KOrAa Haflo YCTaHOBWTL BbIKMOYATENN ANA Of-
HOTO 1 TOrO e CBETUIIbHIKA B HIXKHEN 1 BEPXHEN YaCTAX NpOneTa NeCTHULbL. Ha 3CKi13e nokasa-
HO, YTO MOXHO HalTV BHY TPV CTeH. [1p0oBOAa MOAKMIOUEHbI K CNeLnanbHbIM KNemMmam, Haxo4ALM-
CA BHYTPY pacnpenenurtensHbix KOPobok, KOTOPbIE CKPbITl OT MOBCEAHEBHOIO HabMoaeH A
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Puc. 2.32. 37a cxema OTOOpaXKaeT Ty xe
camyio UeMb, MPUBEAEHHYID paHee Ha
puc. 2.17. Ha 310l cxeme 6onee NOHATHSI
GyHKUMM  MCnonb3yemblxX  Nepeksiovate-

nei (tymbnepos)

lpumeyaHue

pedakmopa

Obpamume 8HUMAHUE, YMo
8ce epagpuyeckue ycnoeHele 060-
3HauyeHus 8 Poccuu 0o/mKHbI omo-
6paxamecs co2nacHo NPUHAMbIM
[OCT'am. [pu 3mom Hado umems 8
8UQy, YMo HeKomopbie poccutickue
YC/I08HbIE  0003HAYEeHUs omJu-
yaromcs om amepuKkaHckux o6o-
3HayeHul. B KHu2e Xe pUCYHKU
U coomeemcmeeHHo 8ce 2pagu-
yeckue 0603HaYeHUs 0CcMassieHbl
6e3 usmeHeHul, m. e. 8 UCXOOHOM
sude.

NMpumeyaHue

Bepcuu 6onbwezo pasmepa
ghomozpacpuli 8cex cxem u Makem-
HbIX nJIam MOXHO Halimu 8 WH-
mepHeme Ha catime uzoamerob-
cmea aHenulickozo eapuaHma
amou kHueu: http://oreilly.com/
catalog/9780596153748
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OYHAAMEHTAJIbHbIE CBEAEHUA

OcHOBHble rpaclwlqecmne YyCJ/10BHbIe 0603HaueHunnA

lpaduueckme ycnoBHble 0603HaueHMA (CMMBOJIbI) 31EeMEHTOB
CXEM 3TO BCE PaBHO, UYTO CJ/IOBA B A3bIKE: OHN MEHAKTCA C rofamu,
npoxoaa UHorga psag npeepalweHnin. Hanpumep, NpocTon BbiKo-
yatenb tmna Bkn.-Boikn. (ON-OFF) (oaHOMONIOCHbIN, OAHOMNO3ULM-
OHHbIV UM nHave SPST) MoXeT 6bITb NpeAcTaBieH OAHUM U3 CUM-
BOJIOB, KOTOpPble NMprBeaeHbl puc. 2.34. Bce OHM UMEIOT O4HO U TO

e 3HayeHwune.

N

— o N—

N\
N

o

B
/N

KoHTakT Montoc

Puc. 2.34. Bapuauwmm rpaduyeckoro
npeAcTaBneHna OAHOrO W TOrO e OfHO-
MOMIOCHOTO  OAHOMO3ULIMOHHOTO  Mepe-
KntouaTena Ha cxemax. HuxHUi BapuaHT
MCNONb3YyeTCA B AAHHOW KHUTe

—0 —O0 S1A
~o— ~o—
—O: —0
—o —o0 S1B
~o— ~o—
—0 —o0
—e —
o— Te—
—e —_
eo— Seo—
—e —e

Puc. 2.35. HexkoTopble pasnuunble BUabl
oTObpaxeHVA ABYXMOMOCHOMO  [BYXMO-
3MLUMOHHOIO nepeknovatend. B gaHHowm
KHWUMe  UCMONMb3YeTCA HWXHUI  BapUaHT
cnpasa
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Ha pwuc. 2.35 nokasaHbl [BYXNOJSIOCHble ABYXMO3ULNOHHbIE
nepeknioyatenu. LUTpuxoBaa NMHMA MOKa3biBaeT MeXaHUYECKYHo
CBA3b BHYTPY NepeksoyaTens — TakuMm obpa3om, Npu ero nepe-
KNIOYEHNN N3 OQHOMO COCTOAHMA B ApYyroe Bbl BAUAETe Ha nepe-
KntouyeHne 060mx NosCoB OJHOBPEMEHHO. [TOMHUWTE, YUTO NOSCHI
SNEKTPUYECKN N30NNPOBaHbl OAMH OT JPYroro.

WHorpa Bbl MoXeTe 06HaPYXWTb Ha CXeMe HECKOJIbKO Mepekito-
yaTenen, KOTopble pa3meLleHbl B pa3HbiX MecTax, Ho OyKBeHHbIe, C-
nonb3yemble Ans nx 0603HaYeHNA, BbIMMAAAT OYEHb MOXOXMUMU (Ha-
npumep: S1A, S1B, S1Cn T. 4.). 3TO FOBOPUT O TOM, YUTO OHU NPeACTaB-
nAT cobol oauH NepeknoyaTtesib, HO C HECKOSIbKAMU MOJTCaMM.

Ha cxemax B faHHOW KHUre KaxAblll Nepeksoyatens BblgeneH
cepblM NPAMOYTrONbHMKOM BOKPYT Hero. STOT Cepblii MPAMOYrofib-
HUK He ABNAETCA CTaHAAPTHbIM CMMBOJIOM; Bbl He HalgeTe ero B
OpYrnx KHWrax. 1 BKMOUUA ero nNpocTto AnA HarnoOMUHaHMA TOro,
UTO BCE 3N1IeMEeHTbl BHYTPU Hero ¢pusnyeckn pacronoxeHbl B O4HOM
Kopnyce.

OueHb BaXKHble CTUIMCTUYECKNE BapuaLmm B CXeMax ABNAIOTCA
Ccnocobom oTobpakeHUs, KakiM 0bpa3om MpoBoda COeaUHSAITCS
Apyr ¢ apyrom. Ha yctapeBLunx cxemax s 0603HaYeHUs nepeceye-
HUA NPOBOJOB, BbINMOHEHHOIO NMOA NPAMbIM YITIOM U HE MEIoLLEero
KOHTaKTa MeXzy npoBoJaMu, UCMOJb3yeTcsi HeBOMbLIOW NONYKPyT
B 1300paKeHny OfHOro 13 NpoBofoB. MOCKOMbKY COBPEMEHHOE
NporpamMmmMHoe obecrneyeHyie 4jisi PUCOBaHNSA CXeM HE MoALePXKMBa-
€T TaKOW CTW/Ib OTOOPaXKEHUs], TO TeNepb OH KUCMOJb3yeTcA JOCTa-
TOYHO pefKko. COBpeMEHHbIN CTWMb, KOTOPbIN Bbl, BEPOATHO, MOXKe-
Te HalTW, ecnn ByfieTe CMOTPETb CXEMbI, BbITOXKEHHbIE B VIHTEpPHETE,
MOHO 0006WKTb CeayoLwm 06pa3om:

+ TOYKa, COeAMHAIOLWAA ABa NPOBOAA, O3HaYaeT 3neKTpuyeckoe
coeanHeHwue;
+ OTCYTCTBME TOYKU O3HAYAeT OTCYTCTBME COELMHEHNA.

Mpobnema 3aKknyaeTcsi B TOM, YTO 3TU 0O03HAYEHUS HE OTHO-
CATCA K MHTYUTVBHO MOHATHbIM, KOrAia Bbl TONIbKO HaYMHaeTe OCBaun-
BaTb CxeMmbl. Korga Bbl BUAMTe ABa NepeceKalowmxcsa NnpoBoaa, Bbl
MO>KeTe MPOCTO NPEeACTaBUTb, YTO MeXAY HUMU eCTb COeAUHEHME,
JaXke ec/in Ha nepeceyeHnn STUX IMHWIA HeT TOYKK. [Tos3Tomy € Tou-
KW 3pEHMA ICHOCTU A BbIOpan «CTapOMOZHbIN MONYKPYr» 151 CXEM,
NPUBEAEHHBIX B 3TON KHUre (puc. 2.36, HUXKHee NpaBoe n3obpaxe-
Hue). ITak, MOXKHO 0600LLMTb 1 NOABITOXNTL rpaduyeckoe 0603Ha-
YyeHue nepecekarLLMXca NPOBOAOB clieyoLwmm obpasom:

+ TOYKa, CoeMHALWaA ABa NPOBOAA, O3HAaYaeT 3NneKTpuyeckoe
coeanHeHwe;
« TMONYKPYr B M300pa)eHU NMPOBOAa, KOTOPbIN NepecekaeT Apyron

NPOBOJ, O3HAYaAET, UTO MeXAY STUMM NPOBOAAaMN COEANHEHNA HET.

B naHHOWM KHUre Bbl HE HalrgeTe NPOBOAOB, KOTOpPbIE NepeceKa-
I0TCA APYr C APYTOM U MeXAY KOTOPbIMU HET KOHTaKTa, 6e3 1306-
pakeHus 3TOro NonyKpyra.
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220
Puc. 2.38. [Iea cnocoba oTobpaKkeHus
pe3ncTopa HommHanom 220 Om. BepxHun

cnocobd — ucnonbayetca B CUA, a Huk-
HWin — B EBpone’

! B Poccuu Tak e MCTIOJb3yeT-
s Takoe rpaduyeckoe 0603HaYEHUe
pe3ucropa, HO C TOW pa3HUIed, YTO
HOMUHAN wu300paxaerca pAIOM C
o603Ha4YeHreM, a He BHYTPH, KaK 3T0
[I0Ka3aHO Ha PUCYHKe. — Ped.

lnasa 2
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Puc. 2.36. Ha coBpemeHHbix cxemax TouKa BCera O3HayaeT Hanvyue coepmHeHna. OaHaKo 13o-
GpaxeHvie nepeceyeHs NPOBOLOB, KOTOPOE NPUBEAEHO B BEPXHEM DALY CNpaga, Ha Mol B3rNA,
CYNTAETCA NAOXMM CTUEM. [Ieno B ToM, UTo ecnv ByaeT CyyaliHO NPOMyLIEHa a1 NAOXO Nporeya-
TaHa TOUKa, TO NepeceyeHe MOXeT ObiTb OLIMOOUHO MPVHATO 3a NepeceyeHIe, KOTopoe NoKa3aHo
BHW3Y C/IEBA U B KOTOPOM MEX[y NPOBOAAMM HET COoeanHeHVs. Bce Tpu BapriaHTa, KoTopble npu-
BEfleHbl B HUXKHEM PAfly, O3HaUatoT OTCYTCTBYE CORAMHEHMA MEX/Y NepecexkatollMmMmnca NpoBoaa-
MV, NEPBLIA NPUMEP 3TO Hambonee PacnpPOCTPaHEHHbIN CTUAb. MprMep, NPYBEAEHHDIN B LEHTPE,
NPUMEHAETCA PEXeE, @ TPETWI BAPMAHT OTHOCUTCS K «CTAPOMOLHOMY» CTVIO, XOTA C TOUKM 3peHuis
UETKOCTY OTOBPAKEHNIA MPUHAT B KauecTBe 0603HaUeHA, CONb3yeMOro B JaHHOW KHIMe

B uenu, B KOTOpOM B KauecTBe MCTOYHMKA HaMpPAXXeHWA NCMOoMb-
3yeTcsi 6aTapelika, ropasfo valle Bbl CMOXETe HalTh MasIeHbKUi
3HaK, 0603HavaloLWKi B KAKOM MECTe MOJIOKMTENbHbIN BbIBOA NOA-
K/OUEH K Lienu, B TO BPeMsi Kak OTpuLaTeNibHbI BbiIBOL 0003Hava-
eTCcA CMMBOJIOM «3a3emsieHns». Ha npakTike CMMBON 3a3emfeHuns
MOeT ObITb N3006PaXXeH B Pa3HbIX MeCTax CxeMbl. Bbl JOMKHbI 3a-
NMOMHWTb, YTO, KOra Bbl pycyeTe CXemy, BCe MPOBOAA N TOUKN, KO-
TOpble 6yayT NOAKIOUEHbI K 3emsie, pakTUUYeCKU COeIHEHDBI JPYT C
APYrOM 1 C OTpurLUaTesibHbIM BbIBOAOM MCTOYHMKA MUTaHWA.

Mpen ykasbiBaTb CUMBOS 3a3eMIeHNA OTHOCUTCA K TeM Bpeme-
HaM, Korga 3MeKTPOHHble u3genusa MOHTUPOBAIWUCb Ha MeTaniu-
YeCKMX LIACCK, KOTopble ObINM MOAKIOUYEHbl K OTpULATENbHOMY
NoJOCY NCTOYHMKA NUTaHMA. CMBON 3a3eM/IeHNA O3HaYaeT «nog-
KIIOUYEHO K Laccuy». HekoTopble BapuaHTbl M306paXkeHns CMMBOSIA
3a3eMJ1eHuA NoKasaHbl Ha puc. 2.37.

LhLlyd

Puc. 2.37. Bce 3TV CMBOSBI MCMONB3YIOTCA ANA 0003HaUYEHMA OfHOTO 1 TOrO Xe, T. €. MOAKI0-
UeHMA NPOBOAA K «3eMNe» AN K «LLACCK» UAN K OTPULIATENbHOMY MOMIOCY MCTOYHMKA NUTAHWA.
B faHHOM KHUre MCnonb3yeTca KpanHuii cnpasa CUMBOI

B naHHOM KHMre Ha MHOTMX PrCyHKaX ncnonb3yeTcAa U,BETl, Nno3TO-
My A 6y,qy NOoKa3blBaTb KpPaCHbIM NONOXUTENbHbIN MOMOC, @ CUHUM

! CreziyeT 3aMeTHTb, YTO LIBET MCIOJIb30BaH B PUCYHKAX MCXOAHOM KHUrU. B 1e-
PEeBOJIHOM U3JaHUH BCIOAY MPECTaB/IeHb! TOJIBKO YepHO-6esible PUCYHKHU. IIpu xena-
HUM [IBeTHbIE PHCYHKK MOXXHO TOCMOTPETH Ha caiiTe u3zarebcTBa «BXB-TletepOypr»
http://www.bhv.ru. — Peo.
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OTpULATESbHBbIMA, UTOObI Pa3nnYaTh, KakumM 06pa3om MOAKIOUYEHO I
Hanps»KeHve NUTAHUA, a CUMBOJbI 3a3eMJIeHMs A UCMOJb30BaTb He
6yny. Kpome Toro, moei 3afjaueli ABNAETCA CHKEHME pUCKa Henpa- _o o_

BUJIbHOTO MOHUMAHUSA CXeMbl, MOCKOJIbKY Al 3Hat0, HACKOJbKO YrHe-
TaloLLe IeNCTBYET M3rOTOBJIEHME CXEMbI, KOTOPas He paboTaerT.
BonbLuve pasnnunsa B 0603HaYeHMAX NPUCYTCTBYIOT Npu oTobpa- _l_

YKEeHUN pe3ncTopoB. TPaaVLMOHHDIN 31Mr3aroobpasHblii CMBOJI, Ha-

npvmep, 6b1n1 3anpetleH B EBpone. BmecTo 31oro ncnonbsyerca nps- — o
MOYTONbHYIK C LidpOoBbIM 0603HaUEHNEM HOMIHaSa CONPOTUBAEHNA

(puc. 2.38). EBponelipl Takke U3MeHWM cnocob oTobpakeHus ae-

CATUYHOW TOUKW: OHUW CTapatoTca yopaTb ee Tam, rae 3TO BO3MOXHO,

MOCKO/bKY OHa OUYeHb MJIOXO OTOOPAXKaeTcA Npw nevatu, ManeHbKas _I_
TOUKa VIMeeT TeHAEHLIMIO TePATbCA (MM MOXET MOABUTLCA U3-3a Ha-
NNUKA Nbiny 1 rpasm). MosTomy peanctop HomrHanom 4,7 KOM Moxet J ®

6bITb 0603HaueH, Kak 4K7, a pe3uctop HomuHanom 1,2 MOm, kak TM2.

MHe HpaBWTCs Takoe 0603HaueHne, NO3TOMY A ToXKe Oyly ero ucrnorsb-

30BaTb, HO 51 OCTaBJI0 N306paXKeHNe pe3rcTopa 3Kr3aroobpasHo n- Puc. 2.40. CyLLeCTsyioT Tp1 CNocoba 060-

HMeN, T. €. CUMBOJI, KOTOPbIN LWNPOKO rncnonbayetca B CLUA. 3HaueHA KHOMOYHOTO Nepekiovatens
O603HayeHe NOTEHLMIOMETPOB TOXKE UMEET pasfiniune B UX U30-

6pakeHunn B CLLA n EBpone, Ho B nio6oMm cnyyae Bbl Bcerga obHapy-

XKUTe CTpesIKy, KOTopas MOoKa3biBaeT B KAKOM MecTe ABUKOK (06bly-

HO LieHTpanbHasA Knemma) KacaeTtcsa conpoTmaneHus (puc. 2.39).

0003HaYyeHVs bGaTapenkn ObbIYHO MoKa-
3bIBaIOT 6€3 CYMBONOB «+» 1 «—». A e 1X
NPVBOXY ANA ACHOCTU M OAHO3HAYHOrO

Puic. 2.39. CymBOMbI ANA YCNOBHOTO rpaduueckoro 0003HauYeHrs NoTeHLMomMeTpa: cnega 310 TOJIKOBaHMA

TpagMUMoHHOe 1 NoBcemecTHO ncnonbayemoe B CLUA, a cnpasa eBponeiickunii BapraHT. B obomx

CAy4anx CTpeska 03HavaeT ABVXOK (06bIUHO LieHTpanbHas Knemma)

t Puc. 2.41. CumBon ansa rpaduyeckoro

YcnoBHoe rpadmyeckoe 0603HaueHne KHOMOYHOrO NepeKstoya-
Tens, 6aTapen UCTOUYHMKA NMUTAHWA, a TakXKe JlaMMbl HaKanBaHWA
NnoKa3aHbl, COOTBETCTBEHHO, Ha puc. 2.40, 2.41 n 2.42. B HeKOTOpbIX
cllyyasnx CBEToAMofbl N300paxatoT BHYTPU KPY>KKOB, @ HEKOTOpbIe
HeT. fl npegnoymMTalo MCNONb30BaTb KPYXKNM (purc. 2.43).

A Y] N R
R

Puic. 2.42. CumBon ana rpaduieckoro 13o- Puc. 2.43. /lHoraa cBETOAMOABI M300PaxatoT C KPYKKOM BOKPYr CMMBOMA AMOAa; MHOMAA HET.
OparkeHVA Namrbl HakanBaHWA B 370N KHWre A Be3ae [06aBNAo Kpy}oK. CTPeNKy 03HaualoT U3nyyeHre ceeTa
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[Janee B KHUre A 6yay NCNonb3oBaTb U Apyrue cMMBONbI. B faH-
HblIVi e MOMEHT Hanbonee CyLeCTBEHHO 3aNoMHUTb ClieayloLuee:
* He ABNAETCA 0CO60 BaKHbIM MOOMKEHME KOMMOHEHTOB Ha CXeMe;

« He OUeHb BaXKEH TaK e Crocob oTobpaKeHUsi KOMMOHEHTOB;

* OYeHb BaXKHO — COeANHEHNE MeXAY KOMMOHEHTaMM CXeMbl.
Hanpumep, gna Tpex CBeToaMoaoB, KOTOopble A BKOYWI B OT-
[leNbHY0 COOTBETCTBYIOLLYIO CXeMy, Ha puc. 2.44 rnokasaHbl C pas-
JINYHBIM PACMONIOXKEHNEM KOMMOHEHTOB M C WCMONb30BaHNEM
pasHbIX CUMBOJOB, HO GYHKLIMM BCEX STUX TPeX Lienel 0gMHaKoBbl,
NMOCKOJIbKY BCE VX 3/IEMEHTbI UMEIOT OHU 1 Te Xe coeanHeHunsA. Dak-
TUYECKM 3TO U300paKEHVIE OHOW 1 TOW Xe cxembl (cM. puc. 1.45),
KOTOPY!O Bbl Y>ke COGMpany npwv BbINOJIHEHUM 3KCNepuMeHma 4.
YacTo cMBOSIbI Ha CXeMe PacnosioXKeHbl TaKUM 06pa3om, UTobbl
MOKHO ObIIO MHTYUTUBHO MOHATb MX Ha3HaueHVe BHE 3aBUCUMO-
CTV OT TOTO KaK/M 06pa3oM Bbl MOXKETE COeAVHUTb PeanbHble KOM-
noHeHTbl. CpaBHUM Mpumep Ha puc. 2.45, Ha KOTOPOM MOKa3aHbl
[Ba [BYXMOJIIOCHbIX ABYXMO3ULMOHHbIX nepekntoyatensa (DPDT),
C BapViaHTOM, KOTOPbIl Oblf1 MOKa3aH paHee Ha puc. 2.32. lMepBas
BepcuA 6onee 6nM3Ka K peanbHOMY UCMONTHEHMIO CXeMbl Ha BaLLeM
CTone, 3aTO Ha puC. 2.45 YeTKo BUAEH MyTb NPOTEKaHUA TOKa.
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Puc. 2.44. Bce 3T Tpu cxembl oTobpaxatoT  Puc. 2.45. 370 BCero nuib Apyroe 13o6-
OfIHy 1 Ty Xe Cxemy. ITO Cxema, KOTOPYIO Bbl  paXKeHwe, mpefcTasnsiollee coboi bonee
yXKe cobvpanu mpu BBIMOMHEHUM 3KCnepu- — YeTKMA 1 NPOCTOi CMocob M3o0parkeHsA
meHma4 CXeMbl, NPVBEAEHHON Ha puC. 2.32
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Ha MHOrmx cxemax nosoXKUTeNbHbIN NOoC MCTOYHMKA NUTAHWSA Mo-
Ka3aH B BEPXHeW YacTu CXeMbl, @ OTPULIATESTbHbIV U «3EMIS» — B HUXK-
Hell. MHorvie ntoay NpeanoYnTaoT prcoBaTh BXOZ (Hanpumep, ayamo-
BXOA B Lienu yCUNUTENs) € IEBON CTOPOHbI CXeMbI, @ BbIXog — C Mpa-
BOW. [03TOMY OOBIUHO «MONOXKUTENIBHOE HAMPAXEHME» «NepeTeKaeT»
CBepXy BHU3, B TO BPEMs Kak CUrHan MPOXOAWT Mo Lienu cfieBa Harnpasgo.

Korpa A nnaHnpoBan 3Ty KHUTY, TO U3Ha4yanbHO prYCOBan Cxembl B
COOTBETCTBUV C 3TVIM COrNalleHNneM — «CBEPXY BHI3» U «C/leBa Harnpa-
BO», HO KOTja A Hauasl cobrpaThb 1 TECTUPOBATb LIEMW, TO U3MEHWST CBOe
MHeHue. [na cbopa cxem NpenronaraeTcs UCMNosb30BaTb MaKETHYHO
MnnaTy, a ee BHyTPEHHNE COefIMHEHMs MOTPeOYIOT OT HAC pPacnonoXe-
HVA Ha Hell KOMMOHEHTOB, KOTOPOoe ByyT OTNMYaTbCA OT TUMUYHOTO
rpaduyeckoro n3obpaxeHunsa cxembl. A MOCKOSbKY Bbl TONbKO Hauu-
HaeTe 13yyaTb 3NEKTPOHKKY, TO BaM, CKOpee Bcero, OyaeT HeCKONbKO
3aTPYLHUTENIBHO OCYLLECTBNATL COOTBETCTBME MEXY B3aUMHbIM pac-
MOJOXKEHVIEM KOMIMOHEHTOB, N306PaXKeHHbIX Ha CXeMe, C PACMoNoXe-
HEM VX Ha MaKeTHOW MJaTe.

MosTomy B 3TOW KHIWre Bbl HalgeTe Takoe rpaduyeckoe n3obpaxe-
HMe CXeM, KOTOpOoe MO3BOSIUT AOCTAaTOYHO NIErKO NEPEHECTM MX HA Ma-
KETHYI0 CxeMy Npuv MOHTaXe. fl cumTato, UTo Takve NpermyLLecTsa Bbl-
MoSIHeHVs PabOoTbl MPK cOope CXeM NePEBECAT Te HEAOCTATKY, KOTOpble
BO3HUKAIOT 13-3a OTKa3a prCOBaTb CXeMbl B COOTBETCTBUM CO CTaHAAPT-
HbIMM CTUJTSIMI N300PaXKeHNA CXeM, MPUHATBIMY MOBCEMECTHO.

JKchepumeHm 7
BK/IIOYEHUE CBETOANO40B
C NOMOLLbIO PEJIE

Bam nosaznobsaTcs:

1. CeTeBoll ajanTep, Kycauky i IPOBOAOB U MHCTPYMEHT [N
CHAITUS U3OJIALNN.

2. Pene ¢ [ByMsl HanpaBeHUSIMU U IBYMS IOJIOXEHUAMH Iiepe-
kmouenust (DPDT — double-pole double-throw), c camoBo3Bpa-
ToM (6e3 ¢pukcanun). KomuuecTBo — 2 mr.

3. Cetopnonsl. KonmnuecTBo — 2 mT.
4. Pesucrop c conportusienreM okoso 680 Om. Konnyectso — 1 .

5. KHOMOYHBIN nepekioyaTenb 6e3 (UKCAlKu, OFHOIOIIOCHBIN
onHono3unnoHHbd (SPST — single-pole single-throw switch).
KonnuectBo — 1 .

6. OnHoxunbHBIN npoBof 22 AWG (nuamerpom 0,64 MM) uiu
KOMMYTAIMOHHBIE IPOBO/IA C 3QKUMaMH THUMA «KPOKOIUIT>.

7. 3aXUMbI TUIA «KpOKOoAWI». KomnyecTBo — 8 WT.
8. YHUBepCaJIbHBIN HOX.
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CnenyromyM IIaroM B HallleM UCC/IeZJOBAaHUYU KOHIIeNLUY 1epe-
KJII0OYeHUs1 SBJIeTCA UCIONIb30BaHue TepekiodaTesield ¢ JUCTaHIU-
OHHBIM yrpasieHueM. IToi TepMUHOM <«JUCTAHIIMOHHOE yIIpaBJie-
HMe» 5 MMel0 B BUJy NlepeKJIo4daTeslb, KOTOPOMY BbI MOKeTe I10C/IaTh
CHTHAJ Ha BKJIIOYEeHUe WUJIM BBIKJIIOYeHre. DTOT TUIl [lepeKyrodaress
M3BeCTeH Kak pene (OT aHIJIMIACKOrO CJoBO «relay» — mepeznaBarth,
TPaHCJIMPOBATD). DTO CBA3AHO C TEM, UTO peJie IepefjaeT HEKOTOpoe
yIpaBJsiolliee BO3/leiCTBYe M3 OHOW YacTU Lienu K Apyroi. Yacro
peJie ynpasJisgeTcss OTHOCUTEIbHO HU3KUM HaNpshKeHWeM WM Majlbl-
MM TOKaMH, a BOT IlepeKJIlodaeT Uid MHadye KOMMYTUDPYeT OHO [I0-
BOJILHO OOJIbIIIVe HATIPSDKEHHS WU TOKH.

Takast opraHu3ais ero paboTbl MOKeT ObITh HaubOJIee SKOHO-
MuuHOi. Korza BbI 3amyckaerte Bail aBTOMOGHIIb, HATIPUMED, OTHO-
CUTEJIbHO HeDOOJIBIIOH, /leleBbIi epeKIIoYaTellb OChlIaeT HeGOob-
IIO¥ CUTHAJI IO OTHOCUTEJIbHO VIMHHOMY, TOHKOMY, HeJOpOrOMy Ky-
CKy IIPOBOJia Ha peJie, KOTOPOe HaXOAUTCSA BO3JIe IBUTaTesIs CTapTepa.
Pejie 3amyckaeT JBUraTelsb, MCIOJb3ysl KOPOTKWUM, TOJCTBIA Ooee
ZIOpOro¥ IPOBOJ, KOTOPBIM B COCTOSTHUU BbIIepXaTh TOK 70 100 A.

AHanornyHoe IPOMCXOAUT TOrAd, KOrZa Bbl BO BpeMs Bpalle-
HUS CTUPAJIbHOM MallVHbI C BePTUKAJIbHOM 3arpy3KOy NOJHMMaeTe ee
KpbILKY. ITpy 9TOM BbI 3aMblKaeTe MajeHbKMIl BBIKJIIOYATeNlb U IO-
chbllaeTe HEOOJBIION CUTHAJ IO TOHKOMY IIPOBOZY HA peJie, KOTOPOe B
CBOIO OYepelb BBITIONHsET Gosiee CIOKHYIO 3a/1ady OTKIIIOUeHHst 60JTb-
III0r0 MOTOPA, Bpamaoiiero 6apabaH, 3arI0JTHeHHbII MOKPOH OZIeK/IOM.

Jlo Hayasa 3TOro SKCIeprMeHTa BaM OTpebyeTcsi 3aMeHUTD Balll
MCTOYHUK MUTAHUS. MbI GoJiblile He cOOUpaeMcsi IPUMeHSTh bara-
peiiKy, TOCKOJIbKY AJISl MCIOJIb30BAHUS peie TpeOyeTcsl Hampsike-
HYe BeJIMYMHOM 6osiee 6 B, ¥ MO3TOMY BbI IOJDKHBI IMETh MCTOYHUK
NUTAHUSA, KOTOPBIN OyZieT B COCTOSTHUY IIPY HEOOXOIIMOCTH BbIZATh
pasHble 10 BeJMYMHe HanpspKeHs. CaMblil IPOCTOH crocob pere-
HUSA 3TOM 3a7ja4y — 3TO HCIIOJIb30BAHME Cemesozo adanmepa.

ChHavasia BaM HaZIo TIOAATOTOBUTH ceTeBOM azamnTep. [loce Toro,
KaK OH OyZeT HOPMaJbHO BKJIIOUeH, BBl CMOXKETe MCII0JIb30BaTh ero
HaTpsDKeHue IS T0lauy MUTaHKA Ha pesie. VI3HauabHO perne Oyzrer
IPOCTO BKJIIOYATh OJUWH U3 [IByX CBETOAMOJOB, HO 3aTeM MbI MOAU-
dumpyeM I1enb, YTOObI 3aCTABUTH CBETOAMO/bI MUTaTh aBTOMAaTHYe-
CKU. B KOHIIe KOHI[0B, MbI cOOepeM CXeMy Ha MaKeTHOU IIaTe 1 CKa-
eM «IpolIaiiTe» 3a)KMMaM THIA <KPOKOAWJ», IO MeHbIel Mepe,
B OOJIBIIMHCTBE HANIUX HKCIIEPUMEHTOB.

MopgroroBKa ceTeBOro aga nrepa

Bunka cereBoro afiariTeépa BCTABJISIETCA B CETEBYIO PO3ETKY
u Hpeo6pa3yeT OTHOCUTEJIbHO BBICOKOE€ IIEPEMEHHOE HAIIPSIHKEHUE
BaIen ,I[OMaHIHefl JJIEKTPOCETH B 0e30macHoe HU3KO0e MMOCTOSIHHOE
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HanpspKeHue, peiHa3HaYeHHOe /15 NCII0JIb30BAHUS B 3IEKTPOHHBIX
cxeMmax. JIto60oe 3apsiIHOE YCTPOKCTBO, KOTOPbIE BbI UCIIOJIb3yeTe /s
noa3apsiku COToBoro Tesnedoa, aiinona (iPod) unu HoyTOyKa, 1O
CBOEH CyTU TIpe/iCTaBisieT cOOOU CeTeBOU ajanTep, KOTOPBIN Mpe-
Ha3HayeH Ui BbIIauM OJIHOTO HATPSKEHWs 4epe3 CrelUajbHbIN
pazbeM. S mpocun Bac mprobpecTy ajanTtep obIiero Ha3HauYeHus,
KOTOprfI BBIZJAET HA BbIXO/1€ MHOT'O PA3JIMYHBIX 3HAYeHUN Halmpsxe-
HUA, 1 ceryac Mbl JOJIKHBI HA4YATh C TOrO, IITO6I::I 1/136aBI/ITbCH OT ero
pasbema.

1.

IIpexxne Bcero, ybenuTech, YTO Ball CeTeBOH ajanTep He IOA-
KJIFOYeH K CeTeBOI po3eTke!

. OTpexxbTe MaJleHbKMH pa3beM Ha KOHIe ero IpoBoja

(puc. 2.46).

. Mcrio/1b3ysl MOHT@)XHBIN HOK, YHUBEPCAJIbHbIM HOX WM HOXHU-

1Ibl, C/leJlaiiTe pa3pe3 MexAy JBYMs IIPOBOAAMU JJIMHON OKOJIO
13 MM, a 3aTeM pasjenuTe 3TU [Ba IPOBOJA IPUMEPHO Ha 50 MM.

. Mcnonb3ys Kycauku [J1 IPOBOZIOB, OTPeXbTe IPOBO/ia TaK, YTO-

Obl OZIMH U3 HUX OBbLT KOpPOYe APYroro. DTo AenaeTcs s TOro,
4TOOBI CMECTUTH MEX/y COOO KOHI[bI IPOBOJIOB, C KOTOPBIX B
HanbHeiieM OyneT CHATa M30MALUA. DTa NPEAOCTOPOXKHOCTD
HeoOXoiMMa ISl TIPeOTBpAlleH!s] KOPOTKOrO 3aMbIKaHKs B
BBIXOZIHOH I1eNM Ballero ceTeBoro azianTtepa, YTo MOXKeT IpUBe-
CTH K ero BbIXOy U3 CTpOs (TIIeperopaHuio).

. Yanure U30JIALMIO C KOHIIOB IPOBOZIOB, MCIIOJb3YsI MHCTPYMEHT

IJ1s1 CHATUA U30aA0uu. CKPyTHTe MeIHbIYI MHOTOKUJIbHBIN IIPO-
BO/Zl Ha KOHIAX /IBYX ITPOBOZIOB, 3dXBATHB YKAd3adTE€JIbHbIM U 60JIb-
MM IIaJIbLIaMM HX TdaK, LITO6]::I Ha KOHIIAX Or'OJIEHHBIX XHWJI HE
TOpYau OTZAeJbHbIe IPOBONOYKYU (puUC. 2.47).

. V6enurech, 4To [1Ba MPOBOAA He KACAIOTCS APYT Apyra, a 3aTeM

BCTaBbTe Balll CeTeBON ajalTep B CETeBYIO PO3eTKy. 3aTeM Ha
MyJIbTHIMeTpe BbIOEpUTEe PeXXUM M3MEPeHUs MOCTOSHHOTO Ha-
NpsKeHUs U KOCHUTeCh M3MepUTebHbIMU I[yTlaMU KOHIIOB IIpO-
BO/IOB azjanTepa. Eciv Ha nucisiee npu6opa 6yneT 0TobpaXkaThest
HampspKeHre CO 3HaKOM MUHYC, TO BbI TOKJIFOYMIN TPOOHUKY K
IPOBOJIaM B HeNpaBUJIbHOU MOJAPHOCTU. HY)XHO MOMEHATh UX
MeCTaMU U 3HaK MMHYC Ha JUCIUIee JOJDKeH IIPOoNacTb. DTO MOA-
CKa)xeT BaM, KaKO} U3 3TUX [IBYyX BBIXOJHBIX IIPOBOJIOB SIBJIETCS
TOJIOKUTENIbHBIM.

. ITomeTbTe MONOXWUTENBHBIM NPOBOJ amantepa. Eciu mposof

VIMeeT U30JIALMIO GeJIoro 1iBeTa, Bbl MOXKeTe IOMETHUTh ero Kpac-
HBIM MapKepoM. Eciu jxe U301 4epHOTO IBeTa, TO BbI MO-
)KeTe TIOMETHUTh ero GesbIM 1BeTOM. I100XUTebHBII TPOBOJ
OyZeT ocTaBaThCs MOJIOKUTENTbHBIM BHE 3aBHCUMOCTU OT TOTO,
KaKUM 006pa30M BbI BCTABHJIM a/JaliTeP B CETEBYIO PO3ETKY.
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Puc. 2.46. [TofroToBKa CeTeBOro agante-
pa. CHavyana Hafo OTpe3aTb HK3KOBOJILT-
Hblil BLIXOAHOW Pa3bem K OTNPaBUTb ero
B MYCOPHYIO KOP3UHY

Puc. 2.47. 3atem, 4TO6bI yMEHBLUMTD PUCK
COMPUKOCHOBEHMA  OTONEHHBIX — YacTell
MPOBO/OB, HYKHO 0bpe3aTb 1 3a4nCTUTb
npoBofa, Cenas OAVH U3 HKX Kopoue
apyroro. Ytobbl BNpeab 6bino nerue opu-
EHTUPOBATLCA B MPOBOAAX, OfMH W3 HYX,
Ha KOTOPOM MMeeTCA MOOXKUTENbHOE Bbl-
XO[JHOE HarnpsKeHWe, NMoMeTbTe KPacHbIM
MapKepom
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Pene

To pere, KOTOpOe s X04y HCIIOJIb30BATh, IMeeT HeOOJIbIIMe 3a-
OCTpeHHble BbIBOJbI BHM3y IPU OFHO3HAYHOM HUX PAaCIOJIOXEeHUU
Mexzy coboit. Eciu sxe BbI mproOpeTeTe pesie Pyroro THIA, TO BaM
NPUJETCS CAMOMY OIIpeZle/INTh, KaKue BbIBOZIbI BHYTPU KOPILyca pesie
TIOJKJIIOYEHBI K KaTyIlIKe, a KaK1e BBIBO/bI ABJIAIOTCSA MONI0CAMU BHY-
TpeHHero nepexJrodaress. Kpome Toro, Hy>kHO OyzieT BBIAACHUTH KaKue
BBIBOZIbI IIEPEKJII0YaTe A ABJIATCA HOPMAJIbHO 3aMKHYTBIMY, a KaK1e
HOPMaJIbHO Pa30MKHYTBIMU. Bbl, KOHEYHO, MOKeTe Oe3 mpobieM pe-
IIUTh 3Ty 33/1a4y € HOMOILBIO CIPABOYHOrO JIMCTA TEXHUYECKUX JlaH-
HBIX Ha Balle pejsie, HO 1 HACTOATEIbHO PEKOMEH/IYIO MCIOJIb30BaTh
OJTHO 13 Te€X peJie, KOTOpble PUBe/IEHbI B CIHCKe 3aKYIIOK, YTOOBI BaM
OBUIO MpOIIIe CIIe0BATh MHCTPYKLKAM, IPUBEJIEHHbIM B 9TOI KHUTE.

51 mpocust Bac KynuTh MMEHHO /IBa peJie C TeM PacyeToM, 4TO-
ObI BbI MOIJIM UCIIOJIb30BATh UX JISI UCCIIE0BATeIbCKUX LeJiei. DTo
3HAYUT, YTO OJHO M3 HUX MOXXHO OyZeT pa3o6paTh U IIOCMOTPETH ero
BHyTpeHHee ycTpoicTBO (puc. 2.48). Ecnu B czienaeTe Bce O4eHb
aKKypaTHO, TO peJie 1ocjie cCOOPKU MOXKHO OyZIeT elle MCIOIb30BaTh.
Ecnu HeT, HUYero CTPaIIHOro, Y BaC eCTh ellle OZHO B 3amace.

CaMmblii TPOCTO¥ CII0COO BCKPBITH pejie 3TO UCHOJIb30BaTh MOH-
TaXXHbIV UM yHUBepcanbHbli HOX. Ha puc. 2.49,2.50 1 2.51 noka3aHa

Puc. 2.48. OnviH 113 BapMaHTOB BHYTPEHHErO PACMONOXKeHUsA NeMeHTOB pene. KaTylika ¢ 00MOTKOM «A»
CO3/]a€T MarHUTHOE Mose, KOTOPOE MPUTATMBAET AKOPb «B» K CcepfeuHKy 3nekTpomartuTa. lnactmac-
COBbI TONKATEND «C», COEAVHEHHDBI C AKOPEM, BbITANKMBAET HapyXKy ynpyrvie MeTaimyeckme nonocKku
C 3aKperneHHbIMM Ha H1X KOHTaKTami 1 nepemMelaeT nomioca «D» nepeknioyatens pene, CoeanHAs ux ¢
HOPMasbHO Pa3OMKHYTbIMI KOHTaKTamut
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IocienoBaTeJIbHOCTb BCKPBITHA. CHauvana CpeXbTe Kpad IaacTMac-
COBOI'0 KOpIycCa, B KOTOPOM HaXxOZsTCA BCE 3JIEMEHTHI peJie, feyds
CKOCBI IO T€X IIOp, IIOKd Bbl HE YBUAUTE y3KHﬁ IpocBeT TOIUHOM
IIpUMEPHO C YyejioBeveCcKuil BOJIOC. HOCKOJ’Ibe BCE€ BHYTpEHHUE JJie-
MEHTBI peJie pacIlOIOKE€Hbl OY€Hb OIM3KO K CTEHKaM Kop1yca, TO
Aajiee poAoJ/DKATh HE HY)XHO U Hd 3TOM CJIEAYET OCTaAHOBUTBLCA. ITo-
CJIe 9TOT'O HaZ10 BCKPBITh BEPX KOPIIyCa. YT1006bI YAAJIUTb OCTABIIYIOCS
€ro 9aCTb, MOXHO BOCIIOJIb30BATLCSA OCTPOHOCHIMU HJIOCKOI‘Y6].[aMI/I.

Puic. 2.49. Y106bI MOCMOTPETH BHYTPEH-
Hee YCTPOWCTBO pene, HyXHO Cpe3aTb
Kpad MnacTMaccoBOro Kopryca Ao Tex

Puc. 2.50. BctasbTe nessue HoXa B y3Kui
NPOCBET U, MOMb3YACh HOXOM, Kak pblya-
roM, OTAENNTe BEPXHIOI YacTb KOPryca,

nop, NoKa He MOABUTCA Y3KUI NPOCBET 3aTem nosTopuTe 3Ty Npoueaypy ans 6o-

KOBbIX CTOPOH

He TopomuTech u cTapaiiTech 7ienaTh BCe OYeHb aKKYPaTHO
(puc. 2.52).

I[Tocye BCKPBITHA KOpIIyca pejie OHO MOXeT BBITJISAZIETh TaK, KakK
3TO MOKa3aHo Ha puc. 2.51 u 2.53.

Puic. 2.52. [pun BCKPbITUM KOPMYCa pene OueHb BaKHO He TOPOMUTLCA 1 BBIMOHATb BCE OUeHb
aKKypaTHO. bonee GbicTpble MeTOAbI, TakMe Kak MUCMOMb30BaHVe ToMaraska (a) uav orHemeta (6),
Kak MoKa3aHo Ha 3TOM PUCYHKe, C IMOLIMIOHAIbHOW TOUKM 3PEHIA OUeHb BIMMPbILIHDI U He Tpeby-
0T ANUTENbHOV KOHLEHTPALMI BHUMAHWSA, HO Pe3ynbTaTbl MOTYT OKa3aTbCsA HEenpeacKasyembimy
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Puc. 2.51. Ecnv Bbl Gyete oveHb OCTO-
POXKHbI, TO MOCAEe TOro Kak Bbl BCKpoeTe
pene, OHO MOXET OCTaTbCA B paboyem co-
CTOAHWUM

Puc. 2.53. YeTbipe pa3nnuHbix pene Ha
pabouee HanpsxeHve 12 B ana HarnagHo-
CTV NOKa3aHbl B Koprycax 1 6e3 Hux. ABTO-
MobunbHoe pene (KpaliHee nesoe) camoe
NPOCTOe U3 HUX W ero NpUHLMN paboTbl
Nerko MOHATb, MOCKOSIbKY OHO CMpOeK-
TUPOBAHO 6e3 0coboro CTpemneHns cae-
NaTb BCE MaKCVManbHO KOMMaKTHO. Mu-
HuaTiopHble pene HeboNbWOro pasmvepa
CKOHCTPYMPOBAHBI C BbICOKOW CTEMEeHbIo
1300peTaTenbHOCT, OHW UMeloT Gonee
CNOXHYIO KOHCTPYKLMIO, KOTOPYIO HE TaK-
TO NPOCTO NOHATb. OBbIYHO, HO He BCeraa,
pene HebOMbLIOro Pa3Mepa CrPOeKTUPO-
BaHbl COOTBETCTBEHHO N4 MEHbLUVX 3Ha-
YEHUI TOKa, Yyem bonblumne
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I[Ipexx/ie UeM Ha peJie OZIaTh HAIPSDKEHKe MUTaHUsA, Hazlo, IIpe-
Jle BCero, MOHATh, KaK OHO paboTaert. JIJisi 3TOro mpovuTaiiTe cie-
Ayromuii paso. «@yndamenmanvreie ceederuss — Buympu penes.

‘ OYHAAMEHTAJIbHbIE CBEAEHUA

BHyTpn pene
Pene coctout u3 KaTywwKn ¢ 0OGMOTKOW, BbINOTHEHHOW M30/M-
POBaHHbIM MPOBOAOM. BHYTPY KaTyLIKN pacnofioKeH cepaeyHuK.
Korga anekTpuyeckmnin TOK NpoxoaunT rno obMOTKe, TO B CEpAeYHMKe
CO3[aeTcA MarHUTHOe MoJjie, KOTOPOoe MPUTArMBAET AKOPb, coean-
HEHHbIV C TONIKaTeNleM U3 HEMPOBOAALLEro MaTepuana. Tonkatens B
CBOIO oYepesb BbITANIKMBAET U BTATUBAET MMOKME NPYXUHUCTbIE
NOJSIOCKM MeTaia C pa3MeLleHHbIMU Ha HUX KOHTaKTamu, 3amblkas
ABa 13 HUX. KOHTaKTbl OCTalOTCA 3aMKHYTbIMU O TEX MOp, Moka
3M1IeKTPUYECKUI TOK NPOTEKAET MO OOMOTKE, a perie HaXOAUTCs Noa
HanpsXeHneMm.
Korga »ke aneKTpryeckoro Toka B 00MOTKe pernie He OyfeT, To Me-
TannmMyecKne NNacTUHKN C KOHTaKTaMu1 BO3BPALLAOTCA B CBOE MCXO-
LHOE NONoXeHne, pa3MblKaa KOHTaKTbl. (MICKntoueHne coctaBnsatoT
pene ¢ hukcayueli (camoydepxusaHuem), KoTopble TpebytoT fono-
HUTENIbHOFO MMMYSbCa, NMPOXOASALLErO Yepes OTAeSbHYI0 0OMOTKY
IJ1s1 TOTrO, YTOObl BEPHYTb pefne 06paTHO B MCXOLHOE MOJIOXKEHNE;
HO Mbl MOKa TaKue pese UCMosib30BaTb He CObMpaemMcs).
Pene ¢ Toukun 3peHna KOMMyTUpPOBaHUA MOTyT ObITb pa3aene-
Hbl Ha aHaNIOrMYHbIe TUMbI, YTO 1 NepekoyaTenn. Takum obpasom,
MMEIOTCA OLHOMOJOCHbIE OAHOMO3ULMOHHbIe pene (SPST), AByxno-
v_. NIOCHblE ofHONO3MUMOHHbIe (DPST), ogHONOMIOCHbIE ABYXNO3MLN-
—_— OHHble (SPDT) nT. A.
EH A . CpaBHuTe ycnoBHoe rpaduyeckoe obo3HauyeHue perne, npen-
CTaBJIEHHbIX Ha puC. 2.54, ¢ 0603HauYeHVAMY NepeKsoYaTenel Ha
m‘ puc. 2.35. OCHOBHOe OT/InuMe pene 3aK/oYaeTca B Hanuunm B HAX
OOMOTKM 3NEKTPOMArH1Ta, KOTOPbIN U OCYLLEeCTBASET NepeKsoye-
Hue. KOHTaKTbl pesie NokasaHbl B CBOEM VICXOAHOM MOJSIOXKEHUU, KO-

v . L g v v ® roa no 06MOTKe He NpoTEKaeT TOK Cpa6aTbIBaHVIﬂ.
_— — TT—e KoHTaKTbl Ha Fpad)l/l‘-IeCKl/IX YCNOBHbIX 0603HauYeHunsx pene no-
A—. .—A A—. Ka3aHbl B BAe MaJIeHbKNX YepPHbIX TPeYroibHUKOB. Korpa y pene
MMeeTCA ABa NoJoca, TO SNIEKTPOMArH1T yrnpasnaeT nx ogHoBpe-
[mul m MEHHbIM NOAKNOYEHNEM K COOTBETCTBYHOLLMM KOHTAaKTaM.

BonblWMHCTBO pene ABNATCA HENOIAPU30BAHHbIMU, YTO O3Ha-
Puc. 2.54. Paznndble Bl YCIOBHBIX rpadi-  YAET, YTO MO X 0OMOTKAM Bbl MOXKETe MPOoMnycKaTb TOK B JI060M Ha-
Heckux 0B0sHateHIi pene Ha cxemax. Bepxiee  pnapnetng 1 3T0 HUKaK HE MOBAMAET Ha paboTy pene. YTo6bl y3HaTb
CfieBa pefne — OfHOMOMIOCHOE OAHOMO3MLM-
oHHOE (SPST). Bepxtee cripasa 1 HinkHee cnesa  HABEPHAKA, KAKOrO TNa TO WU UHOe pere, Bbl MoXeTe 0o6paTUTbL-
pene — OAHOMOSMOCHbIE  ABYXMO3MLMOHHbIE CA K NINCTY TEXHNYECKUX OaHHDbIX. HeKOTOpre 0OMOTKM pene moryT
(SPDT). Hipriee cnpaea pene — ABYXNONIOCHO®  naGoTaTh OT MEPEMEHHOrO HAMPAKEHMA, HO GOMBLUIMHCTBO pene

nByxnosuumonHoe (DPDT). B 3Tol KHre Ucnosb- . .
2y10TCA TONBKO NOKA3AHHBIE B HYKHEM PATY MaJIOro Hanps»KeHMA NCMoMb3yoT NOCTOAHHDIV TOK, aHaNOTNYHbIN
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TOMY, KOTOPbI MOXHO NOJyUnTb OT 6aTapenku. B faHHOW KHMre Mbl
6yAem NPYMEHATb TONbKO pesie MOCTOAHHOO TOKa.

Ha pene HaknagpiBalOTCA Te e caMble OFPaHUYEHUS, YTO 1 Ha
nepeknoyatTenn. VIx KOHTaKTbl Takke OyayT NopTUTbCA M3-3a UC-
KpeHwua, ecnn Bbl OygeTe NblTaTbCA C UX MOMOLLbIO OCYLLECTBAATb
KOMMYTaLMO CAIMILKOM 60/bLIOro HanpsXeHus. He ctont skoHo-
MUTb LEHbIW, UCMOJIb3yA pesie, KOTOPOe NpeAHa3HaYeHo AiA KOM-
MyTVPOBaHWA MEHbLIEro ToKa Uian HanpsXeHus, yem 3T1o TpebyeT-
cA. Pene moxeT nofsecT Bac B TOT MOMEHT, KOra oHO BaM 607b-
Lle BCEro HeobxoamMmo, 1 ByaeT KpaliHe CNIOXHO OCYLLEeCTBUTb €ro
3ameHy.

MockonbKy cylecTByeT Takoe OFPOMHOE KONIMYeCcTBO perne pas-
JINYHBIX TUMOB, TO HY>KHO OYEHb BHUMATEIbHO YNTaTb TEXHUYECKME
XapaKTepuCTUKM Nepeg TeM, Kak nprobpetaTb nx. Hago obazatensb-
HO 00paTUTb BHYMaHME Ha TaKne OCHOBHbIE XapaKTepPUCTUKY, KaK:

+ HomuHanbHoe Hanps)XeHne o6MOTKM UnNu NHaye pabouee

HanpsXeHune

Hanps:xeHune, KoTopoe npefnonaraeTcsa nofjaBaTtb Ha pene, uTo-
6bl 3aCTaBUTb ero cpaboTatb.

« MuHumanbHoe HanpsXeHue cpabaTbiBaHNA

MurHMManbHoe HanpsKeHne, KoTopoe TpebyeTcs, UTobbl cpabo-
Tano pene, T. €. 3aMKHY/0 KOHTaKTbl pefe. 3To HanpsxeHue byaet
HECKOSIbKO MEHbLUE HAnps>KeHUs, YemM upeanbHoOe 3HaueHue Ha-
NpsXeHns Ha 06MOTKe pere.

- HoMuHanbHbIN pabounin TOK

Korga uepes 06MOTKy pene npoxoanT TOK, TO OObIYHO OH CO-
CTaBNAET HECKOJNIbKO Munnamnep. MIHorga MoLWHOCTb pere Bbipa-
KaeTcA B MUNIMBATTaX.

« KommyTupyembliii TOK 1 Hanps»keHune

MakcrManbHble 3HaueHWA ToKa W HanpsXXeHus, KoTopble C Mo-
MOLLIbIO KOHTAaKTOB MOy T KOMMYTUpPOBaThb pene. O6bIYHO B KauecTBe
Harpysku nmeeTca B BUAY «Pe3UCTMBHAA Harpy3Kkay, YTo o3Havaet
HeKoe MacC1BHOE YCTPOMCTBO TUMa 0ObIYHON NaMMOYKN HaKanmBea-
HuA. Korga »ke Bbl MCnonb3yeTe pefe AnsA BKIUYEHUA, Hanpumep,
[Buratens, Halo yuYnTbiBaTb, YTO B MOMEHT pa3roHa ABuratens B
Lenuv 6yaeT NprCyTCTBOBATb MOLLHBIV MMMYNbC TOKa. B 3ToM cnyuae
Bbl JO/MKHbI BbIOMPaATb pene, paccuMTaHHOE Ha [IBOVHOE 3HauyeHune
TOKa, MO CPaBHEHWIO TEM TOKOM, KOTOPbIV MNOTPeONAET ABUraTesb,
KOrfja OH y»e BpaLlaeTcs.

Mopapok pencreun

[ToBepHUTE pejie TaKMM 00Pa30M, YTOOBI €r0 BBIBOZIbI ObUIH Ha-
TNpaBJieHbl BBePX, U IPUCOEVHNTE K HUM IIPOBOJIA ¥ CBETOANO/bI TAK,
KakK 3TO M0Ka3aHo Ha puc. 2.55, ¢ pesucropom 6800 (pesuctop Ha 1K
TaKXKe MOXXHO KCII0JIb30BATh, CJIU y BaC HeT CONTPOTUBIICHN UMEHHO
TaKoro HoMMHaia). Takxe ciiefiyeT IPUCOeVHUTL KHOIIOYHBIH Iepe-
KiodaTenb. (Bam KHOMOYHBIN NepekiiodaTeslb MOXeT OTIMYaTbCs
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OT TOT0, KOTOPBIY [T0Ka3aH, HO eCJIM 3TO KHOIIOYHBIN IepeKIYaTelb
tuna SPST ¢ ZIByMsi KOHTAKTaMK BHU3Y, TO OH OyzieT paboTaTh TaKUM
e obpazoM.) Korza BbI Ha)XMMaeTe KHOIIKY, peJie OyZeT 3acTaBiATh
TacHYTb [IepBbIA CBETOANO] U BKJIIOYaTh BTOpou. Korzna Bel oTnyctuTe
KHOIIKY, IIePBbII CBETOAVOJ 3aTOPUTCSA, @ BTOPOU ITOracHeT.

Kak 3To pa6boTtaer

Crnenyet coOpaTh Lienb, TOKa3aHHYIO Ha PUC. 2.55, ¥ CDABHUTD ee
C 3JIEKTPUYECKOM cXxeMoii Ha puc. 2.56.

680

77

12B
MOCTOSAHHOTO
TOKa

NOCTOAHHOrO TOKa
OT CeTeBoro ajantepa

Puc. 2.55. BMecto HekoTOpbIX COeAVNHEHWI, BbINOHEHHbIX
NpPOBOfaMK, KOTOPOEe MOKa3aHbl Ha 3TOM PUCYHKE, Bbl, Kak
1 PaHblUe, MOXeTe VCMOsb30BaTb KOMMYTALMOHHbIE MPOBOAA
C 32KMMaMK TUMa <KPOKOAWS», eCIIV OHW Y BaC, KOHEUHO, CTb

lNpumeyaHue

Bepcuu ¢pomozpacpuli 6os16wiez0 pazmepa 0718 8Cex CXeM U MAKemHbIx njam
MOXHO Halimu 8 VlHmepHeme Ha calime u30amesibCMea aH210A3bI4HO20 8apu-
aHma smod kHuzu: http://oreilly.com/catalog/9780596153748

Puc. 2.56. OHa 13 Cxem, BbINOMHeHHas C MCNosb30Ba-
HIEM YCIIOBHBIX rpadryeckmx 0603HauyeHu i

O6paTuTech Takke K puc. 2.57-2.58, Ha KOTOPBIX MOKa3aHO pac-

II0JIOKE€HKE BbIBOZIOB pe€Jjieé 1 KOHTAKThI, 3dMbIKd€MbI€ BHYTPU pEJIE,
KOorzia 4epe3 KaTylIKy IIPOITyCKAe€TCA SJIEKTpI/I‘-IECKI/Iﬁ TOK W KOTrJa
9TOT TOK OTKJIFOYEH.
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19LAHYWEE 1914eLHOY
[ [
[ [ ]

19LAHIWEE 191MELHOY
KoHTaKTbI 3aMKHYThbI

KoHTakTbl 3aMKHYTbI

L

Puic. 2.57. PacnonoxeHvie BbIBOLJOB pefle, HaHeCEHHbIX Ha CETKY C WwaroMm  Puc. 2.58. Ha pycyHKe Noka3aHbl BbIBOAbI, 3aMKHYTbIE MPU NO-
1/10" (2,54 Mm). OTO MMEHHO TOT TWM pene, KOTOPbI Bam NoTpebdyeTca AnA naye pabouero HanpsKeHua Ha 0OMOTKY pene (Cnpaga) 1 Ko-
BbINONHEHWA 3KCnepuMeHma 8 raa HanpsxeHne He nofgaHo (cneea)

OTO ABYXNOMIOCHOEe JByxno3unuoHHoe pene (DPDT), Ho MBI
UCIIOJIb3yeM TOJIbKO OZIMH IOJIIOC, UTHOPUPYs Apyrou. ITouemy ke
HaM Torza GbUI0 He KYIUTb OJHOIOJIFOCHOE JABYXIO3UIIMOHHOE perie
(SPDT)? IToTOMy 4TO 51 XO4Y, YTOOBI KOHTAKTHI peJie ObLIM PacIoso-
’KeHbI IMEHHO TaKMM 00pa3oM, 4TOOBI B aJIbHEHIIeM ObLIO MpolIe
OCYLLeCTBUTD IIePEHOC JaHHOM Lielld Ha MAaKeTHYIO IIJIATy, YTO CJIy-
YUTCS O4€Hb ¥ 04€Hb CKOPO.

Ha rpa¢uueckom mpezcTaBieHUu cxeMbl (CM. puc. 2.56) s mo-
Ka3aJ MepeKdaeMble KOHTAKThI pesie B COCTOSIHUM, KOTZIa Hamps-
)KeHVe Ha 0OMOTKY peJie He ofiaHo. Eci ke HampshKeHMe TIOZATh,
TO IOJIIOC PeJie 3aMKHETCs C BepXHUM KOHTaKTOM, YTO BBIIJIAUT He-
MHOTO TIPOTHBOECTECTBEHHO, HO YaCTO 3TO ObIBaeT UMEHHO Tak, IO0-
TOMY YTO peJie H3TOTOBJIEHO MIMEHHO TaKMM 06pa3oM.

Urak, Koraa Bbl OyzieTe yBepeHbl, 4TO IIOHUMaeTe, Kak paboraer
3Ta CXeMa, HaCTyIIUT BpeMs Iepexo/ia K cJielyolieMy 1iary, a UMeHHO
BBITIOJIHEHHIO HeOGOIbIION MOAMQUKALIUY CXeMBbI B aKcnepumenme 8,
4TOOBI IOJy49UTh pejie, KOTOPOe NOJDKHO CaMo MO cebe BKII0YAThCS
Y BBIKJIIOYAThCA.

3Kcnepumgum 8
PEJIENHbIN TEHEPATOP

Bawm moHazob6aTcs:

1. CereBo¥i afanTep, MakeTHas jaTa, IPOBOJ, Kycayku AJIs OTpe-
3aHUSA IPOBOJIOB U UHCTPYMEHTBI /1715 CHATHUA U30JIALNN.

2. Pene ¢ nByMA HampaBiIeHUAMU U [BYMA IOJOXKEHUAMU Ilepe-
kmodennss (DPDT — double-pole double-throw) wnu, unaue,
IIBYXIIOJIOCHOE IBYXIIO3UIIMOHHOE, C CaMOBO3BpaToM (6e3 duk-
cauun). Konnvectso — 1 mT.

3. CBetonuopsl. KonmnuectBo — 2 mMIT.
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4. KHOTIOYHBII Tepekyoyaresb 6e3 (QUKCAI[|K, OJHOMOJIOCHBIM
onHONO3UIMOHHBINA(SPST — single-pole single-throw switch).
KonnyectBo — 1 mrt.

5. 3aKUMBI THMA «KpOKoaui»>. KommdecTBo — 8 MIT.

6. Pe3ucrop c compoTusieHreM 6Ju3kum k 680 Om. KomnuuecTBo —
1 .

7. Konziencatop anektponutudeckuii emkoctbio 1000 Mx® Ha pa-
6ovee HanpsKeHMe He MeHee 25 B. KonudecTBo — 1 miT.
[TocMOTpUTE HAa OTKOPPEKTUPOBAHHOE H300pakeHWe IIelnu,

NOKa3aHHOe Ha pUC. 2.59, U UCHpaBIeHHYI0 3/MeKTPUYecKyl cxe-
My Ha puc. 2.60 1 cpaBHUTe UX C IpEeALIAYIIMMU BapuaHTaMU
(cm. puc. 2.55 u 2.56). VI3Ha4aibHO B cXeMe ObLIO TIPSIMOE COelnHe-
HYe KHOTIKY 11 0OMOTKY peJie. B HOBO¥ Bepcuy HanpsiKeHYe TUTaHKs
TIIOCTyIaeT Ha 0OMOTKY, IPOXO/IS CHaYasIa yepe3 KOHTAKThI peie.

Puc. 2.59. Hebonblioe u3MeHeHVe MpeabiayLlen
Lienu 3acTaBnAeT pene reHeprpoBaTb KoNebaHwms, Ko-
rAa K HeMy NPUIOXKEHO HanpPAXeHWe NUTaHNA

680
x X
X X
12B
NOCTOAHHOIO
TOKa o
—.—A
12B
NOCTOAHHOrO TOKa
OT CeTeBOro agantepa

Puc. 2.60. Cxema peneHoro reHepatopa, BbiNO/HEHHasA C UC-
MOSb30BaHUEM YCNOBHBIX rpaduueckrx obo3HaueHni

Temnepb, KOraia BbI HA)KMeTe Ha KHOIIKY, ITOJIOXKUTeIbHOe Halps-
)KeHNe WCTOYHMKA IUTAHUSA C MOMOINbI0 M3HAYANIbHO 3aMKHYTBIX
KOHTAKTOB peJie IOCTyIaeT Ha ee 0OMOTKY ¥ OIHOBPEMEHHO Ha JIeBBI
10 cxeMe cBeToanoz. Ho Kak TOIbKO Ha 0OMOTKY perne GyZneT mozia-
HO HanpsDKeHMe, OHO cpaboTaeT, a U3HAYaJIbHO 3aMKHYThble KOHTaK-
THI peJie Pa3MBIKAIOTCA. DTO IPUBOJUT K PA3PbIBY LEIlH, [10 KOTOPOH
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HanpspKeHUe TUTaHUS [oJaeTcsi Ha 0OMOTKY, IO3TOMY peJie BO3Bpa-
IIIaeTCs B UCXOZHOE COCTOSIHUE U KOHTAKThI 3aMBIKAIOTCsA CHOBA. [Ipn
3TOM HalpsiKeHWe MMUTaHWUA ONATh OyJeT MojaHo Ha 0OMOTKY peJle,
KOTOpOe CHOBA Pa30MKHET KOHTAaKThI. TaKoil mepuopinyecKuii mpo-
1iecc O6yaeT MOBTOPATHCS HeCKOHEYHO.

ITOCKONIbKY MBI MCTIOJIb3yeM O4eHb MaJIeHbKOe pejie, OHO BKJII0Ya-
eTCsA ¥ BBIKJIFOYAeTCs1 O4eHb ObIcTpo. DakTidecKu 4acTota 3TUX Koseba-
Huii 6yzet coctaBmATh 50 pa3 B CeKyHAY (CJIMIIKOM ObICTPO VIS CBETO-
nroia, YT0OBI YBUIETH TO, YTO COOCTBEHHO ZiefiaeT pesie). IIpexe Bcero,
Ha/I0 yOEIUTHCS, YTO Leb BBIVISANT MMEHHO TaK, KaK 3TO MOKa3aHo Ha
CcXeMe, a 3aTeM HeHaZIONr0 HAKATh Ha KHOTIKY. [Ipy 3TOM BbI YCIIBIIIHUTE,
9TO peJie U3/IaeT XKYMOKAIIUIA 3BYK. EC/IM Xe BbI I1JT0XO CIIBILIKTE, TO CJIer-
Ka KOCHWTECh peJie TajiblieM, ¥ BbI [IOYYBCTByeTe, YTO pejie BUOPUpYeT.

Korza BbI 3acTaBiisiete pejie K0jae6aTbCsi TAKMM 00Pa3oM, TO BbI
TroZIBepraeTe PpUCKy CrOPaHUS UM BBIXOAY U3 CTPOSI er0 KOHTAKTOB.
VIMeHHO TO3TOMY COBETYI0 Ha)XMMaTh Ha KHOIIKY B Te4eHHe O4YeHb
KOPOTKOTO POME3KyTKa BpeMeHu. YToObI c/iesaTh 1enb 6ojee mpak-
TUYHOI, HaM HY)KHO HEYTO TaKOe, YTO 3aMeJIJIo Obl paboTy perne
¥ 3aIUTHJIO €ro OT CaMOpa3pyLIeHus. DTUM HeoOXOAUMbIM KOMIIO-
HEHTOM OyzieT KOH/IeHCaTop.

[Jo6aBneHne emKoCcTIn

JlobGaBbTe 3JIEKTPUYECKU KOHIeHcaTop eMKOCThio 1000 Mx®D
napajulesIbHO KaTylLIKe pesie, KaK 9TO IMI0KA3aHO Ha CxeMe, KOTOpasd
MpuBeZieHa Ha puC. 2.61 M COOTBETCTBEHHO Ha puC. 2.62. Ecnu Bbl
He YBEPEeHbI, YTO KOH/IEHCATOP BBIMJIAAUT TaK, KaK OH N300pakeH Ha
pucyHKe, To obpatuTtech K puc. 2.14. 3nadenue «1000 uF» nomkHO
OBITH HAHECEHO Ha ero GOKOBOW CTOPOHE, a YTO ITO 3HAYMUT, 1 00b-
SICHIO HeCKOJIbKO TI03XKe.

680
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Puc. 2.61. KoHaeHcaTop NMOAKMIOYAETCA B HUXHEN YacTu Puc. 2.62. [Jo6aBneHe KOHleHCaTopa 3acTaBAeT pene Biu-

3TOW CXembl 6pupPOBaTh C MeHblLe YacToToN
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Crezyet y6eIuThCs, YTO KOPOTKUE BBIBOZI KOHZIEHCATOPA MOJKIIIO-
YeH K OTpULaTeJIbHOMY TOJTIOCY LIeTTH; B IPOTUBHOM CJTydae OH He OyzieT
pabotarb. JIONOTHUTEIBHO K KOPOTKOMY BBIBOZy Ha KOPITyCe KOH/IeHCa-
TOpa UMeeTCs 3HaK MUHYCA, KOTOPBIY HAIIOMHUT BaM, KaKOM €r0 BBIBO/
MMeeT OTPULIATe IbHYIO [OIAPHOCTD. I1py MOAK/II0UeHNH 3JIeKTPOJIATH-
YEeCKNX KOHIEHCATOPOB HA/Zl10 006513aTeIbHO YUYUTBIBATDH UX NOJIAPHOCTDb.

Temnepsb, Korza Bbl HAXMeTe Ha KHOIIKY, peJie JOJDKHO MeJIEHHO Liell-
KaTb BMECTO TeHepUpOBAHUsA XKYXOKALIero 3Byka. UTo e MpOU30LUIO?

KoHzieHcaTop 1OX0X Ha MaJIeHbKYI0 GaTapeiiky, KOTOPYIO MOKHO
noazapsbkatb. OH HaCTOJIBKO MaJl, YTO 3apsiKaeTcsl 3a 10U CeKYHZbI,
3a 3TO BpeMsl y peJjie JOCTaTOYHO BPeMeHHU, YTOObI PA30MKHYTh HUXK-
HIOIO [Iapy KOHTAKTOB. 3aTeM, KOIZjd KOHTaKTbl Pa30MKHYTbI, KOHZIeH-
caTop HauMHaeT paboTaTh, Kak OaTapeiika, ojiaBasi CBOe HAKOILUIEHHOe
HanpshKeHue Ha peJie. DTO MOZIeP>KUBAET peJie B COCTOSIHUM, KOria Ha
ero KOHTAKThI [10/1aeTCsl HanpspKeHKe B TedeHue 1 c. ITocse Toro kKak
KOH/IEHCATOP U3PacXo/yeT CBOM pe3epB 3Hepruy, peJjie epexouT B UC-
XOZIHOe COCTOsIHME U TIPOLIeCC TOBTOPSTCA.

‘ OYHAOAMEHTAJIbHbIE CBEAEHIA

OcHoBHble cBefieHnA o0 papafaax

(Mapada 370 MexayHapoaHas egrHULEA n3MepeHus emkoctu. Co-
BpeMeHHble Lenu 06bluHO TpebytoT Hebonblunx emkocTern. CnepoBa-
TeNbHO, 0ObIYHO Mbl BUAMM, UTO EMKOCTb M3MepAeTCA B MUKpodapa-
[ax (ofHa MunnoHHasa dapagpl) 1 faxe B nukodapagax (ogHa mun-
nuappgHan dapapbl). HaHodbapagbl yalle ncnonbytoTca B EBpone, uem
B CLLA. MocmoTpuTe Ha NpuBeeHHy Tabnuuy nepecyeta (Tabn. 2.2).

Tabnuya 2.2
CokpawyeHue B mexay- | CokpalieHue B pyc-
HapogHOM 0603HaueHun | cKom 0603HaueHun
0,001 HaHodapaabl | 1 nukodapaga 1pF 1n0
0,01 HaHodapaabl | 10 nukodapan 10 pF 10n®
0,1 HaHodapagapl 100 nukodapaza 100 pF 100 n®
1 HaHodapaza 1000 nukodapaz 1000 pF 1000 n®
0,001 mukpodapaabl | 1 HaHodapaga 1nF 1HO
0,01 mukpodapagbl | 10 HaHodapas 10 nF 10 HO
0,1 mukpodapaapbl | 100 HaHoapaa 100 nF 100 HO
1 Mukpodapasa 1000 HaHodapan 1000 nF 1000 HO
0,000001 ¢papagbl | 1 mukpodapasa 1pF 1 MKD
0,00001 papagp! 10 mukpodapaa 10 pF 10 MkO
0,0001 papaabl 100 mukpodapaz 100 pF 100 MkO
0,001 papaabl 1000 mukpodapaa 1000 pF 1000 mk®

(Bbl, KOHEUHO, MOXKETE CTOJIKHYTbCA C EMKOCTbIO BEMYNHOWM 60-
nee 1000 mK®, HO Takoe 3HaUeHMe BCTPeYaeTCA KpaliHe peakKo.)
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y OYHAAMEHTAJIbHbIE CBEJEHUA

OcHoOBHble cBeieHnsa o KOHAeHcaTope

MoCTOAHHBIN TOK HE NPOXOAMUT Yepe3 KOHAEHCaTop, HO HanpsA-
»eHVe Ha ero KOHTaKTax HakamniMBaeTcs oueHb ObICTPO, 3aTEM OHO
OCTaeTcA nocne OTKAYEHNA HanpsaXeHna nuTaHuA. Nomoub Bam
NOHATb TO, YTO MPONCXOANT BHYTPU KOHAEHCATOPa, KOrAa OH noJsi-
HOCTbIO 3apAXeH, MOTyT puC. 2.63 1 2.64.

oo

Puc. 2.63. Koria NOCTOAHHOE HanpsaxeHve AoCTUraeT KOHAEHCATOPa, MO HeMY TOK He MpOoTeKaeT,
HO KOHAEHCATOP 3apsKAEeTCA, Kak ManeHbkasn batapeiika. [onoX1TeNbHBIN 1 OTPULATENbHbIN 3a-
PAAbl Ha KOHAEHCaTope OyAyT PaBHbI U MPOTUBOMOAOKHbI MO 3HAKY

-

Puc. 2.64. Bbl MOXeTe NPe/CTaBnTh, YTO MONOKMTESNbHBIE «3aPAKEHHBIE YaCTULIbIY, KOTOPbLIE Ha-
KannMBaloTCA Ha OfHOW CTOPOHE KOHAEHCATopa, MPUTATMBAIOT OTPULATENbHBIE «3aPSKEHHbIE
UaCTULIbI» Ha MPOTUBOMOSOKHOM CTOPOHE

B 6ONbLINHCTBE 3/1eKMPOUMUYECKUX KOHOEHCAaTOPOB MacTu-
Hbl NPEeACTaBAAT COO0W ABE NOMOCKU OYEHb TOHKON, TMOKON, Me-
TaN/IMYECKON MIIEHKN, YacTo 06epHYTbIX BOKPYT APYr Apyra 1 pas-
OeNeHHbIX PaBHOMEPHbIM C/I0OEM TOHKOro msonAatopa. [uckossie
Kepamuyeckue KOHAEHCATOPbl YaCTO COCTOAT M3 OOHOMO AUCKA He-
NPOBOAALLEro MaTepurana ¢ MeTayINYeCKon KpacKom, HaHeCEHHOMN
Ha 06e CTOPOHbI, U MPUMAAHHBIMM K HE MPOBOAAMM.
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Bbeimbe nopa<eHHbIM
KOHOeHcamopom

Ecnu  6osbwiue  KoHOeHCamopbl
3apsxeHbl C NOMOWbio 60/16WI020 3HA-
YeHUs HANpsXeHUs, MO OHU Mo2ym
y0epXueame 3mMO HanpsxeHue 00-
cmamoyHo onumesnbHoe 8pems. [o-
CKOJIbKY Uenu 8 0aHHOU KHU2e Ucnosib-
3Yl0m HU3KUe HaNpsXeHus, Mo 8bl He
00/mKHbI 8UOeMb 30ecb Kakou-1ubo
0oNacHoOCMu, HO ecsiu 8bl HACMOJIb-
Ko 6e3paccyOHsl, Umobbl OMKpbIMb
Kopnyc cmapozo mesnesu3opa u Hd-
4ame Konameca 8Hympu Hezo (4mo
A HACMOAMEsIbHO He peKoMeHOYIo Oe-
J1amb), MO 8bl MOXeme HanopPoMbCs
HAa o4eHb HenpuAMHslIl clopnpus. He-
Da3psKeHHble 8bICOKOBOJIbIMHbIE KOH-
OeHcamopel Mo2ym Odxe youme 8ac,
MAK e J1e2ko, KaK U 8 MOM CJTyyae,
K020d 8bl CyHeme nasbubl 8 371eKmpu-
yeckyto cemesyto pozemky. Hukoz0a
He ciiedyem Kacamscsa 601bWUX KOH-
0eHCamopos, ec/1u 8bl YeMKO He Npeo-
cmaesiseme, Ymo umMeHHo Oendeme!

¢

Puc. 2.65. Cnesa npunseaeHo obliee rpa-
durueckoe ycnoBHoe OOO3HAuUeHMe KOH-
neHcaTopa. V130bpaxeHune cnpasa AeMOH-
CTpUpyeT 0003HaUeHre MONAPHOrO KOH-
fleHcaTopa, KoTopoe TpebyeT, UTobbl NeBan
nnacTMHa KoHpeHcatopa Obina 6onee mno-
NoXWTeNbHONM, Yem npagas. Obpatute
BHVMAHME, 3HaK «+» 3a4acTylo OMyCKaeTca

lnasa 2

K nByM Hambornee pacnpoCcTpaHeHHbIM TUMaM KOHAEHCATOpOoB
OTHOCATCA Kepamuyeckue (OHM CrocobHbI HaKaniMBaTb OTHOCU-
TeNIbHO HeOONbLION 3apAf) U SNEKTPONMTUYECKUe (KoTopble MoryT
6bITb HaMHOro Gonbliero pasmMepa). Kepammnueckne KoHgeHcaTto-
pbl 06bIYHO MMET GOPMY AMCKa U OKPALLUMBAKOTCA B XKENTbIN LiBET;
3NEeKTPONUTMYECKNE KOHAEHCATOPbl 0ObIYHO BbIMAAAT Kak MUHUA-
TIOPHble KOHCEPBHble H6aHKM 1 MOryT ObITb NpakTuyeckn nobdoro
useta. [locmoTpute npumepbl Ha puc. 2.14 n 2.15, npusefeHHble
paHee.

Kepamunueckrie KoHIeHCaTOPbl He MEIT NOMAPHOCTM, YTO O3Ha-
yaert, UTo Bbl MOXKeTe MPUIOKNTb OTpULATENbHOE HaMpsKeHne K
NoOOMY ero KOHTaKTY. NeKTPONUTUYECKME KOHEHCATOPbl UMEIT
MONAPHOCTb 1 He ByAyT paboTaTb, eCiv UX NOAKMOUYNTL HA0OOPOT.

YcnoBHoe rpaduryeckoe 0603HaueHMe, n3obpakatoLee KOHAeH-
caTop, MOXeT ObITb B BMAE OJHOIO 13 1BYX BAPMAHTOB: ABYX NMPAMbIX
napannenbHbIX MMHWI (0603HaYaOLWMX NAACTUHBI BHYTPU KOHAEH-
caTtopa) U ogHoOM NPAMON 1 OAHOM 3aKPYrIeHHOW NIMHWN, KaK 3TO
NnokasaHo Ha puc. 2.65. Korga Bbl yBUANUTE TaKylo JIMHWIO, TO 3HalNTe,
YTO 3Ta NNacTVMHa KOHAEHcaTopa JOMKHa 6bITb 6onee oTpuLaTenb-
HoW, ueM apyras. YcnoBHoe rpaduyeckoe 0603HaueHve NofaspHOro
KOHZeHcaTopa MOXeT TaKXKe BK/oYaTb CUMBON «+». K coxkaneHuto,
HeKoTopble He YyTpYyXAaloT ceba prcoBaHNEM U3OMHYTOW CKPYrieH-
HOW MNacTVHbl MNONAPHOrO KOHAEHCATOPa, a ApYyrne MCrNonb3yT
Takoe 1300paxkeHre 1 ANnA HeNonsAPHbIX KOHAEHCAaTOPOB.

MonapHocme koHOeHcamopa

Bbl MOXeme NoOK/IYUMb 371eKmposumuyeckuli KOHOeHCamop Maxkum
06pazom, Ymobwi 6os1ee 01UHHbIL €20 861800 Obls1 ObI 601€E NOSIOXKUMETTbHBIM,

Puc. 2.66. TaHTanoBbIM KoHAeHCATOP OblN BCTABAEH B MaKeTHyIO nna-
Ty. ClyyaitHo OH Obln HEMPABUABHO MOAKIMIOUEH K MCTOUYHUKY Hanpsa-
XKEHWSA, KOTOPbIM Oblfl CNOCO6eH BbiAaBaTb AOCTATOUHO GOMbLIOW TOK.
Yepes MUHYTY MAK OKOMO TOro MocCsie TakoM OLWMOKM KOHAEHCATOp
B30pBasCA, BblAaB HeOObLLIYIO BCMbILIKY MIaMeHN, KOTOpas COXa Ha
CBOEM MYTW MAACTVK MaKeTHOW mnaTbl. [03TomMy, UTOObI HE MonyunTb
aHaNorMYHbIV pesynbTat, CleanTe 3a NpPaBuibHbIM CObNaeHnem no-
NAPHOCTY
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yem kopomkut. Kopnyc koHOeHcamopad 06bIYHO MapKupyemcs 3HaKomM Mu-
HYC 803/1€ KOPOMKO20 €20 8b18004.

Hekomopeie KOHOeHcamopel He pabomaiom, ec/u 8bl He cobdaeme
nonapHocme ux nodksoueHuA. OOHAXObI A NOOK/TIOYU MAHManoswili no-
JIApHbIU KOHOEHCAMOop K yenu, Ucnosib3ys UCMOYHUK HanpsXeHus, KomopublU
66171 8 cocmosAHUU obecneqyums 0ocmamoyHo 6obwoli MoK, U cmasn cMo-
mpemo Ha cxemy, youesiasacb, Nnoyemy oHA He pabomaem, Kak 80py2 KOHOeH-
camop 830p8a’sics U 8bi0ds1 He601bLW Ol NOMOK 20pAUUX PpazMeHMOo8 C8OUX
8HympeHHocmeli 8 paduyce okosno 3" (7,62 cm). 4 npocmo 3abbin, ymo maH-
marosbie KOHOeHCamopbl 06a3amesibHO Mpebdylom nNpasuIbHO20 cobde-
HUA NOJIAPHOCMU NpuU UX NOOKJItoYeHUU. Ha puc. 2.66 nokasaHa makemmHas
nsama c nocs1e0cMauUAMU 3Mo2o 83pbIad.

BA3OBbIE CBEAEHUA

Mawnkn Q®apagenn n KOHAeHcaTOpbI

MepBble KOHAEHCATOPbI COCTOANN U3 ABYX MeTannyecKknx nna-
CTVH C OYEHb TOHKUM 3a30PpOM MeXay HUMW. an/IHLI,VII'I pa60TbI 3TO-
ro yCTPOWMCTBa OYEHb NPOCT.

- Ecnm OfHa raCThHa NOAKJIIYEHa K NONOXKUTENIbHOMY BblBOAY

WCTOYHMKA, TO NONOXKMTENbHbIE 3apAabl MPUTATMBAOT OTpuULa-

TenbHble 3apAdbl K APYron nnacTuHe.

- Ecnu opHa nnacTuHa NoAKIoUYeHa K OTpuLATENIbHOMY BbIBOAY
WCTOYHUKA, TO OTpULaTesibHble 3apagbl MPUTATUBAIOT MOJIOXKM-
TeslbHble 3apAfabl K APYron nnacTuHe.

O6paTtnTech K purc. 2.63 1 2.64, Ha KOTOPbIX N306pakeHa OCHOB-
HaA ngea paboTbl KOHAEeHcaTopa.

Cnoco6HOCTb KOHAEHCATOPA XPaHUTb ONpPefeneHHbIN Mo Beu-
YMHe 3apAfd Ha3blBaKOT €ro eMKoCMelio.

OHa usmepseTca B papagax B yectb Mankna ®apages (Michael
Faraday) (puc. 2.67) — eule ogHoro npencTaBUTENs MUOHEPOB
anekTpuyectsa. OH 6bl1 AHTUNCKUM XUMUKOM Y GU3NKOM 1 XKIN
c1791no1867r.

Xota Mapageit 6bU1 OTHOCUTENIBHO HEOOPA30BaHHbIM YenoBe-
KOM 1 UMEN OYeHb OrpPaHNYeHHble NO3HaHKA B MaTeMaTUKe, Y HEro
6bl1a BO3MOXHOCTb UnTaTb 6OJbLIOE KOMMYECTBO KHUT, paboTas B
TeueHue cemu fieT B KauecTBe NMOMOLLHUKa NepensieTyrka 1 Taknum
06pa3oM NoBbILLaTb CBOW 06pa3oBaTeNbHbIN ypoBeHb. Kpome Toro,
OH XWJ1 BO BPEMEHa, KOrfla OTHOCUTENIbHO MPOCTbIE IKCMEPUMEHTDI
MOTIN PacKpbiTb GyHAAMEHTanbHble CBOMCTBA dNeKTpuyecTsa. Ta-
KM 06pa3om, OH cienan 60oMblume OTKPbITHA, B TOM UNCIIE NIEKTPO-
MarHUTHOW UHAYKLMM, YTO MPUBENIO K CO3AaHMUI0 SNIEKTPOMOTOPOB.
OH TaK»e OTKPbIJ1, YTO MarHeTU3M MOXET BIMATb Ha NMOTOK CBETa.

Ero pabota Obina oTMeyeHa MHOTOYMC/IIEHHbIMU NMpPEMUAMM,
a ero NopTpeT NMoMeLleH Ha aHUIACKYo 20-QyHTOBYIO GaHKHOTY,
KoTopasi 6bina B o6opoTe ¢ 1991 no 2001 roa. Puc. 2.67. Mavikn Qapageit (Michael Faraday)
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Puc. 2.68. TvnnyHasa makeTHas nnata. Bol
MOXeTe BCTaBUTb KOMMOHEHTbI B OTBEpP-
CTUA AN oYeHb ObICTPOro cbopa 1 noce-
LIOLEro TeCTUPOBAHMA CXEMbI
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Puc. 2.69. 570 1300paxeHie TOV e Ma-
KETHOW NNaTkl, HO B PEHTTEHOBCKMX JTyyaXx.
OHO MOKa3biBaeT MOMOXeHNE MeAHbIX
NPOBOAALLMX MOSIOCOK, KOTOPbIE HAXOAAT-
CA BHYTPMW MNACTVKa niatbl. TV NONOCKM
NO3BONAIOT COEANHATL Mexay cobolt Bce
3NEKTPOHHbIE KOMMOHEHTbI CXEMbI

lnasa 2

C6o0p cxembl Ha MaKeTHOW nnarte

51 oGeran 0cBOGOAUTD BAC OT T€X HEYAOOCTB, KOTOPbIE CBSI3aHBI
C UCTIOJIb30BaHUEM «KPOKOIUJIOB», U BOT 3TO BpeMs mpuiLio. [Toxa-
nyiicTa, obpaTuTe Ballle BHMaHUe Ha IIACTUKOBBIN GJIOK € GOJIBIIAM
KOJIMYeCTBOM MaJIeHbKUX OTBEPCTUI B HEM, KOTOPBIH 5 IIPOCUJT BAaC
Kynuthb. [1o mpr4rHaM, 0 KOTOPBIX MHE HEM3BECTHO, er0 Ha3bIBAIOT
Maxemuou naamo.

Korzia BbI BcTaBJisieTe pa3iuyHble 3JIeKTPOHHbIE KOMIIOHEHTHI B
OTBEPCTHUS 3TOM IUIATBI, CKPBITbIE METAJUTNYECKIe MOJIOCKH BHYTPH
MaKeTHOHU IJIaThl COEAVHSIOT KOMIIOHEHTBI, /1aBast BO3MOXXHOCTb CO-
OpaTh Ty WM UHYIO CXeMY, IPOTECTUPOBATD €e, a 3aTeM TaKXKe Jier-
KO MoudUIMpPOBaTh. B 3aKr04eHNe BB MOXeTe IPOCTO CHATH BCe
KOMITOHEHTbI ¢ MAKeTHOH IUIAThl M OTJIOXKUTb UX ISl OYAYIINX 9KC-
TIePUMEHTOB.

Be3 coMHeHus, UCI0Ib30BaHMe MAaKeTHOI TJIaThl 3TO Haubosee
yIOOHBIN MyTh TPOBEPUTH YTO-JTUOO MpPEXK/e, YeM Bbl PElIuTe 3TO
C/lenarh.

[ToyTy Bce MaKeTHbIE IJ1aThl CKOHCTPYWPOBAHBI COBMECTUMBIMU
C KOpIycaMy MHTerpajbHbIX MUKpPOCXeM (KOTOpble MbI OyaeM wHc-
TI0JIb30BATh B 2/1a6e 4 TAaHHOW KHUTH). MeCTo U1l yCTaHOBKY MUKPO-
CXeMBbI 3TO MyCTOe MPOCTPAHCTBO B LIEHTPe MAaKeTHOM IJIaThI C psfia-
MU HeGOJbIINX OTBEPCTHH C JII0OO0W CTOPOHBI — OBBIYHO 5 OTBep-
CTHI B KQX/JIOM PsANY. B 3TH OTBepCTHS MOXHO BCTaBJIATh U JIpyTue
KOMIIOHEHTBI.

Kpowme Toro, MakeTHas mara A0JDKHA MMETh JIB€ KOJIOHKH OT-
BepPCTUH, IPOXOJSANINX BAOJb BYX CTOPOH IIaThl. OHU UCIIOJB3YIOT-
A U1 IOAKJIIOYEeHUS MOJNIOXUTEbHBIX U OTPUIATebHBIX BHIBOZIOB
VICTOYHUKA TUTaHUS.

IMocmoTpuTe Ha puc. 2.68, Ha KOTOPOM NOKa3aHa BepXHAA 4aCTh
TUIMYHOW MaKeTHOM IUIAThI, @ Ha PHC. 2.69 COOTBETCTBYIOIIee N300-
pakeHHUe 3TOH e CaMO¥ IIAaThl B PEHTT€HOBCKUX JIy4YaXx, I7Ie BUTHBI
MeTaJUI9ecKye TI0JIOCKY BHYTPH IUIACTHKA TI0Jl OTBEPCTUSMHU.

BaxxHoe 3ameyaHue!

Ha Hekomopbix MAKemHbIX NAMax Kaxods 8epmuKasibHAs KOIOHKA
omeepcmudi ¢ 1egoli U Npagoli CMOPOHbI pa3desieHa euje Ha 08e 0mMoesibHble
CeKyuU — BePXHIOK U HUXHIOW. Hy)XHO ucnois3o08ame Mysiemumemp 8 pe-
JKUMe Npo380OHA 0711 Mo20, Ymobbl onpedeslums UMeemcs /iU Mexoy HUMU
KOHmMakm uniu Hem. Ha saweti makemHoU niame makux cekyut Hem. Eciu
XKe y 8aC nJlama ¢ makumu cekyuamu, mo, npu Heo6xo0UMOCmu Ux coeduHe-
Hus, criedyem 0o6asume nepembliYKu U3 NPo8o0oos.

Ha puc. 2.70 moka3aHo, KaK BbI MOKeTe HCII0JIb30BaTh MaKeTHYIO
TJIaTy A7t c6opa cXeMbl reHepaTopa Ha OCHOBe pesie (cM. puc. 2.62).
YT06Bl BBIMOJHUTH 3Ty PabOTy BaM MOHAMOOUTCS MOAKIHOYUTH
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OTpULIATeIbHBIN U TOJNOXKUTENbHBIA BBIBOABI OT Balllero CeTeBOro
aganrepa. ITockoabKy IIPOBOAA CETEBOrO ajanTepa IOYTH BCeraa
BBIIIOJIHEHbI U3 MHOTOXUJIBHOTO ITPOBOZIA, TO Y BAC, HABEPHsKA, BO3-
HUKHYT 3aTPyJHeHUs NPU NPOTAJKMBAHUU UX B MaJleHbKUe OTBep-
CTHS MAKeTHOM IUIaThl. 71 pereHus 3TN PobieMbl K MOHTa)XHOM
IJ1aTe MOXKHO IPUCOEANHUTD Iapy OGHOXWIBLHLIX IPOBOAOB 22 AWG
(nmametpom 0,64 MM) € OrOJIeHHBIMM KOHLIAMHM, a 3aTeM HCIOJIb-
30BaTh MX B Ka4deCTBe KJIeMM, K KOTOPBIM NPUCOEAUHUTb MHOIO-
XKUJIbHBIE TPOBO/IA Balllero CeTeBOro afanrepa, Kak 3To II0Ka3aHo Ha
puc. 2.71. (K coxarneHnuto, BaM Bce ellle oTpedyeTcsi mapa «KpOKo-
[WAJIOB» JI7IS 3TOW Liesin.) B KauecTBe aJbTepHAaTUBLI BbI MOXXeTe UC-
N0JIb30BaTh MAaKeTHYIO IJIAaTy CO BCTPOEHHBIMU B Hee KJIeMMaMU JIs
TIOZIK/II0YEeHYs] HANPSDKeHWs TUTaHuUs, 9TO, KOHEYHO, 6osee yIO06HO.

Bam noHazj061Tcst HeGOIBIION OTPE30K OZHOXUIIBHOTO ITPOBO-
na 22 AWG (nuametpom 0,64 MM) MU KaKOU-TMOO0 rOTOBBII KOMMY-
HMKALYOHHBIN NTPOBOA AJIA NOZla4y HANPsDKeHWs NUTAHUA Ha BallU
KOMIIOHEHTBI, KOTOPble YCTAHOBJIEHBbI HA MaKeTHYIO IUIaTy, KaK 3TO
[MOKa3aHo Ha pUc. 2.72 v 2.73. Eciu BbI BBITIOJIHWIN COeIMHEHNS I1pa-
BUJIBHO, TO Lielb I0/KHA GYHKIIMOHMPOBATh TOYHO TaKXXe, KaK U Ta,
KOTOpasi Oblya U3rOTOBJIEHA PaHee.

12B
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Puc. 2.70. Ecnv Bbl pasvecTiTe KOMMOHEHTbI Ha BalLel MakeTHOW niate B Tex Me- Puc. 2.71. Ecnv Bawa makeTHasA nnata He
CTax, KOTopble MOKasaHbl Ha PUCYHKe, TO MOAyYHTe Ty e Camyto CXemy, KOTOPYIO Bbl VIMEET BVHTOBbIX KNeMM, TO Hafo K Hel
cAienanu 13 NpOBOAOB ¥ «KPOKOAWNOB» B 3KcnepumeHme 8. O603HaueHA KOMMo- NPUCOEANHUTL ABa KOPOTKMX OAHOXWb-
HeHToB cxembl: D1, D2 — ceeTomsyvatoLme anofbl ST — AByXMOMCHOE [BYXMO- HblX MPOBOAa C OrOMIEHHbIMU KOHLLaMMK,
3MLMOHHOE 3M1eKTPOMArHUTHOE pene; S2 — KHOMOUHbIM OAHOMOMIOCHbIN OAHOMO- a yXe K HVM C MOMOLLbIO «KDOKOAMIOBY
3ULMOHHBIN Nepekntoyatens 6e3 drkcaumm; C1 — aNeKTPOAUTUYECKNIA KOHAEHCa- NOAKMNOYATb MHOTOXMbHbIE MPOBOAA Ce-

Top Ha 1000 MK®; R1 — pe3uncTop ¢ MUHMManbHbIM ConpoTrBneHrem 680 Om TEBOro ajarnrtepa
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Puc. 2.72. Ha makeTHyto nnaty cnegyet
YCTaHOBWTb f1Ba CBETOAMO/A OOMBLIOTO Pas-
Mepa, OfVH PEe3VCTOP ¥ BCe HeoOXoaVMble
NpOBOAa ANA U3roTOBNEHMA NepemblyeK

Puc. 2.73. Tenepb cneayet [06aBuUTb
KHOMOYHbIA NepekntoyaTenb, pene n KoH-
NleHcaTop, YToObI 3aBEPLINTL COOP CXeMb,
KOTOpas MokasaHa Ha pwuc. 2.62 n 2.70.
Korga KHOMKa HaxaTa, pene HauvHaeT
nepeksoYaTbCca, a CBETOAMOAbI MWraTb

lnasa 2

TeomeTpus MeTa/NIMYeCKUX COeVHUTEIbHBIX IT0JIOCOK B MaKeT-
HOU IUIaTe 4acTO 3acTaBJfgeT BaC COAMHATb KOMIIOHEHTBI KaKUM-
160 «OKONBHBIM» TyTeM. KHOMOYHBIIT TTepeKIroYaTesib, Halpumep,
JI0JKeH 10/jaBaTh HaNpsHKeHHe Ha MOJII0C peJie, HO OH He MOXKeT ObIThb
YCTaHOBJIEH Ha IJIaTy IIPAMO HAIIPOTUB peJie, IOCKOJIbKY B 3TOM CIIy-
4ae Jpyroy ero BbIBOJ IONAJeT Ha OAUH U3 KOHTAKTOB peJe.

CrnezyeT IOMHUTB, YTO [TOJIOCKY BHYTPY MaKeTHOM IJIAThI, K KO-
TOPBIM He IOAKJIIOYeHbI IPOBOZIa UM B HUX He BCTaBJIEHbI KOMIIO-
HEHTBI, OCTAHYTCS He UCIOJIb30BAaHHBIMU; OHU He OyIyT OKa3bIBaTb
KaKOT0-JIM00 BIVSIHUS HA CXEMY.

s1 v nanee Oyny MPUBOAUTL BO3MOXHBIE BAPUAHTBHI PACIIOJIOKE-
HUs 3JIEMEHTOB Ha MaKeTHBIX IUIaTaX JJIsl CXeM, KOTOpbIe BhI Oyzere
cobuparh B JaJibHEHIIeM TIPYU YCBOEHNH MaTepuajia 3TOM KHUTY, HO,
B KOHEYHOM CueTe, BaM NPUJeTCd Ha4MHATh OCBAWBATh CaMOCTOS-
TeJIbHYI0 KOMIIOHOBKY JleTajleld Ha IUIaTax, IOCKOJIbKY 3TO OfiHA U3
CyIIeCTBEHHBIX YacTeil TAKOro X0606H, KaK 3JIeKTPOHHUKA.

MpumeyaHue

Bepcuu pomoepacputi 6onbwezo pazmepa 0514 8cex cxem U MAakemmbix naam
| MOXHO Halimu 6 lHmepHeme Ha catime u30amesibCMed aH2/1083bI4H020 8apuU-
1 aima smoli kHueu: http://oreilly.com/catalog/9780596153748

JKcnepumeHm 9
BPEMA U KOHAEHCATOPDI

Bam HOHHI{O6HTCHZ

1. CereBoM afanTep, MakeTHas IJIaTa, IPOBOJ, KyCauKH JJIs OTpe-
3dHUA MTPOBOAOB U UHCTPYMEHTDI JI1 CHATUA U30JIALNN.

2. MynpTAMETD.

3. KHOmOYHbIN Tepexstoyarens 6e3 (UKCALVHM, OFHOMOJIOCHBIN
opHono3uoHHbI (SPST). Konnyectso — 1 mr.

4. Pe31CTOPBI U 2JIEKTPOJIMTUYECKHE KOHEHCATOPLI B aCCOPTUMEHTe.
B sxcnepumenme 8, Korma Bbl ycTaHaBIMBAIN KOHZEHCATOD Ia-
pannenbHO 0OMOTKe peJie, KOH/IEHCATOp 3apsiKaicsd MPAaKTUYecKH
MTIHOBEHHO IIepes TeM, KaK pa3pAnnuTbes yepe3 0OMOTKY pede. Ecim
ObI BBl MOCJIEIOBATENILHO K KOH/IEHCATOPY NOOABUIM Pe3UCTOP, TO
ATIMTENILHOCTh pa3psiia KOHJeHcaTopa, 6e3yclI0BHO, BO3POCA OBl
Vi3MeHsAs [IATENBHOCTb Pas3psZia KOHJEeHCaTopa, Bbl MOXeTe h3Me-
PATb BpeMs, YTO ABJIAETCSA 04eHb BaXKHBIM.
CHrMUTe BCe KOMIIOHEHTHI C Ballleld MAaKeTHOM IIaThI U UCTIOJIb-
3yiiTe ee 17151 cO0Opa APYroi 04eHb MPOCTOHN CXeMBbI, MOHTAX KOTOPOH
MoKa3aH Ha puc. 2.74, rae C1 — 3JIeKTPOJUTUYECKUI KOHJIeHCaTop
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emkocTbio 1000 Mx®, R1 — pesucrop 100 kOm, R2 — pe3sucrop
100 OM 1 S1 — KHOIOYHBIN NEePeKJIIYaTesb, KOTOPLIM BbI yXKe HC-
N0JIb30BaJIM paHee. YCTaHOBUTE Ha BallleM MyJIbTUMETPe PEeXUM /I
M3MepeHus NMOCTOAHHOIO HaNPSKeHHUs, MO/ICOeIMHUTe HAKOHeYHU-
K/ M3MEpUTEJIbHBIX IIYIIOB K KOHTAKTaM KOHZEHCAaTOPa Y HAXMHUTe
Ha KHOIKY. BBl ZIOJDKHBI yBUIETDb, KaK IPHOOD OyzeT yBeIU4MBaTh
II0Ka3aHUsA 110 Mepe TOTo, KaK KOH/IeHCaTop OyZeT HaKaIIMBATh 3a-
pAaz. (Do serde caenaTh ¢ MyJIbTUMETPOM, KOTOPBIM He MMeeT aBTO-
MAaTU4YeCcKOro ONpesiesieHns JUana3oHa, IOCKOJIbKY BaM He IPUZeTCA
XIaTh [0 TeX IOp, NOKa TecTep ONpeZeNUT UCIONb3yeMblid Auamna-
30H). Pe3uctop R1 Oyzner 3amennATh BpeMs 3apsaa KOHZAEHCATOPA.
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s
H

Puc. 2.74. lMocMoTpuTe, Kak KOH-
[leHCaTop HakannveaeT 3apan (yse-
NNYMBAET HanpsKeHne Ha BbIBOAAX)
noc/e TOro, Kak Bbl HaXamnu KHOMKY.
3ameHuTe pesuctop R1  pe3sncto-
pPOM APYroro HOMWHarna, paspaauTe
KOHAEHCATOP, 3aMKHYB ero BbiBOAbI
pe3nctopom R2, 1 moBTOpMTe MPO-
Liecc msvepeHna. S1 — KHOMOYHbIN
nepeknoyatens Tina  Boikn. (Bkn.);
R1 — pe3uctop 100 KOm; R2 — pe-
3mctop 100 Om; C1 — KoHAeHcaTop
1000 Mk®

OrmycTrTe KHOIKY, OTCOeJMHUTE Balll MyJIbTUMETP U Pa3psaAnTe
KOH/IEHCAaTOop, 3aMKHYB er0 BbIBOJIbl Pe3UCTOPOM R2 B TeueHMe 0fHOM
WM ABYX ceKyHJ. Tenepb 3ameHute pesucrop R1, ycraHOBUB pe3n-
crop HomuHanoM 50 kOM, 1 moBTOpUTe U3MepeHue. Tectep f0XKeH
3aBepIINTb OTCUeT 3a BpeMs, [10 MeHblllell Mepe, B [IBa pa3a MeHblilee,
4yeM B [IpeblayLieM BapUaHTe CXeMbl.

Hanpﬂ)l(eHme, conporTnBl/ieHne n eMKOCTb

ITpescTaBbTe, 4TO PE3UCTOP, UMEIOIINI HEKOTOPOe CONPOTUBIIeHNe
(resistance), 3TO BOZONPOBOAHBIN KPaH, a KOHJIEHCATOP 3TO HEKOTOPBII
HagyBHOM 6amnoH (balloon) — eMKocThIO (capacitance), KOTOPYIO BbI
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COTIPOTUBNEHWE

[ABNEHVE
BANNOH

-
i

EMKOCTb

Puc. 2.75. Korfa KpaH 3akpblT Hanono-
BUHY, EMKOCTb OyfeT 3anonHATLCA A0Sb-
e, HO BCe PaBHO OHa MOXET «MPUHATb»
Takoe e KONMUecTBo BOfbl, KoTopoe Oy-
[IeT PaBHO ee 0ObEMY 1 KOTOPOe CO3AacT
[laBIeHVIe, PaBHOE [AaBNEHWNIO BHYTPU TPY-
6onposofaa

lnasa 2

XOTHTe 3al0JIHUTb BOZoM. Korza Bbl 3aKpbIBaeTe KpaH 10 TaKOM CTelle-
HH, YTO Yepe3 Hero TeyeT MasieHbKas CTPYHKa, eMKOCTb OyJeT Haros-
HATBCA fojblie. Tem He MeHee MeJlJIEHHBIY IIOTOK BOZIbI BCe PABHO 3a-
TIOJTHUT BCIO eMKOCTb, €CJI BbI Oy/ieTe XIaTh JOCTATOYHO A0TO (Tpef-
rosiarasi, 4To 6aJUIOH He OyZieT pa30pBaH) U MPOLeCC 3aKOHYUTCS, KOT/a
JlaBJleHye BHYTPU eMKOCTU He CTaHeT PaBHBIM /IaBJIeHUIO (pressure)
BHYTpHU TPyOOIPOBO/IA, KOTOPHIiA MOZIaeT BOAY Yepe3 KpaH (puc. 2.75).

AHanoru4Hoe IPOUCXOJUT U B HALIeH CXeMe, eCJIU BbI JKJeTe J10-
CTaTOYHO JJ0JIT0, TO HANIPSDKeHNe Ha BLIBOAAX KOHZIEHCATOPA JOJKHO
ZOCTUYb TOTO Xe 3HaueHUs, KOTOpOe UMeeT UCTOYHUK HalpshKeHUs.
B nemnu ¢ HanpshkeHUeM nUTaHus 12 B KoHeHcaTop A0/DKeH I0CTUYb
HanpspkeHus 12 B (X0Ts 3T0 B UTOTe 3aiiMeT ropaszo 60Jblie BpeMe-
HU, 4eM BbI [yMaeTe).

OTO MOXeT I0Ka3aTbCHl YAUBUTEbHBIM, IOCKOJbKY paHee Bbl
YCBOWJIM, YTO KOT'ZIa BbI II0/jaeTe HallpsKeHre Ha OIH KOHelLl Pe3UCTO-
pa, TO BbI IOJIy4aeTe MeHbIlee HAlpsHKeHWe 110 Mepe MIPOX0XXKAeHUs
TOKa uyepe3 Hero. IToueMy pe3ucTop IepeziaeT MOJHOe HaIpshKeHMe,
KOI'7Ia COeJUHEeH C KOHJIeHCaTOPOM?

3abyzbTe Ha HEKOTOpOEe BpeMs O KOHZIEHCATOpe U BCIIOMHHTE,
KaK Bbl TECTUPOBAJIM /B OZIMHAKOBBIX Pe3UCTOPA C CONPOTUBIIEHNEM
1 xOM, coefilMHEHHBIX TMOC/Ie[oBaTeNbHO (cM. puc. 1.56). B 3Tol cu-
TyaL¥ KaXXIbIH Pe3UCTOP MPeJCTaBIsieT cOOO0M MOIOBUHY 06IIIero co-
IPOTUBJIEHUA LIeMY, II03TOMY Ha Ka)XXZIOM pe3UCTope IajaeT N0JI0BUHA
001mero HanpspKeHus tenu. Ecov Bbl OJICOeIMHUTE HAKOHEYHUK U3Me-
PUTEJILHOTO 1IyTa YepHOro 11BeTa, MOAKIIYeHHOro K 00IIei KieMMe
(COM) Baiero MyJabTUMETPA, K OTPULIATEIbLHOMY BbIBOZLY UCTOUYHUKA
HAIIPsOKEeHWA, a 3aTeM APYrUM LIyIIOM KPacHOro LBeTa, IMOAKIYeH-
HBIM K THe3/ly [ u3MepeHus HanpsikeHus (V), KOCHeTeCh LieHTpaslb-
HOM TOYKH LIeTIX, PacIoOKeHHOU MexX/y ABYMs pe3ruCTOpaMH, TO Bbl
TIOJIyYUTe pe3ysbTaT U3MepeHNs, paBHbIi 6 B (puc. 2.76).

Tenepb NPEZIONOXKUM, YTO BbI YOPaIX OIUH PE3UCTOP HOMUHAJIOM
1K (Ha pucyHKe OH CIIpaBa) 1 3aMeHuH ero pesrcropom 9K. Obiee co-
IIPOTUBJIEHNE LIeN! Terepb cTaHeT paBHbIM 10K 1 o3TOMy Ha pe3ucTo-
pe HomuHazoM 9K Gyzet nagatb 90% obuiero HanpspkeHus 12 B. Ono
Oyzer paBHbIM 10,8 B. BbI IOJDKHBI IPOBEPUTH 3TO C TIOMOMIBIO CBOE-
ro MyasTuMetpa. (BpsAa v BaMm yiacTcs HAUTU pe3uCTop C CONPOTUB-
nenvieM 9K, NMOCKOJIBKY 3TO HeCTaHAApTHOEe 3HAaueHue. 3aMeHUTe ero
OMDKAMIIMM 10 BeJIMYKMHE CONPOTHBIIEHHEM, KOTOPOe BbI HaiifieTe.)

3aTeM NpeJIONIOKUM, YTO BbI yOpaiu pe3uctop HoMuHaIOM 9K
Y 3aMeHwIM ero pesuctopoM Ha 99K. IaseHue Hanps keHUs Ha HeM
CTaHeT paBHbIM 99% Bo3MOxHOro Hanpspkenus wia 11,88 B. Teneps
BBl MOXKETe 3aMeTHTh OOIIYI0 3aKOHOMEPHOCTh: 4eM OOoJIblle COTpPO-
THBJIEHHE Pe3KCTOpa, TeM OOJIbIIe ero BKJIA/ B aJieHNe HalpshKeHUs.

OzHako, Kak s ye OTMeyasJl paHee, KOH/IEHCATOP MOJHOCTBHIO
670KUpyeT Bce TOCTOSIHHOe HanpspkeHre. OH MOXeT aKKyMyJIMpO-
BaTb DJIEKTPUYECKUI 3apsil, HO IIPU 3TOM HUKAKOI'O TOKa Yepe3 Hero
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He MpOXOoAuT. I103TOMy KOHZeHCaTOp BeZeT cebsi, KaK Pe3ucTop, Ko-
TOPBIi 110 HOCTOTHHOMY TOKY MMeeT 6eCKOHeYHOe CONPOTUBIIEHHE.

(B meiicTBUTEILHOCTH U30JIALMOHHbIE MaTepHabl BHYTPU KOH-
JIeHCaTopa IOMyCKAI0T HeOOIbIIIMe TOKU <yTeUKU»,  BOT U/leaIbHBIN
KOHJIeHCaTop 00671a/1aeT 6eCKOHEeYHbIM COIPOTUBIIEHUEM. )

BennuuHa CONMpPOTUBIIEHHS JIIOOOTO PE3UCTOPA, KOTOPBIA BBI
MOAKJTIOYaeTe MOC/IefI0BaTeIbHO KOH/IEHCATOPY, 110 CPaBHEHHUIO C ero
COTIPOTUBJIEHHEM MPAKTUYECKU PaBHA Hy/0. BHe 3aBUCHMOCTH OT
TOr0, HAaCKOJIbKO BEJIMKO COMPOTHBIIEHUE Pe3UCTOPa, KOHAEHCATOP
obnazaet ropasno OOJBIINM CONMPOTHUBIEHHEM. DTO 03HAYaeT, YTo
Ha KOHJIeHCaTOpe MajiaeT MPaKTUIeCK BCe HAMpshKeHKe UCTOYHUKA
MUTaHUS, 8 PA3HOCTD HATIPSKEHUIT Ha OJHOM U IPYTOM BBIBOJIE Pe3u-
cropa 6yzeT paBHa HYJO (B MPe/NONOKEeHHH, YTO MbI TpeHebpexxeM
HEeKOTOPOM Hen/1eaJbHOCThIO MCII0Ib3YeMbIX KOMIIOHEHTOB).

[ToMOYb TPOSICHUTH 3TO MOXKET U306 pakeHue Ha puc. 2.76.

Hcronb3ysi peasibHble Pe3UCTOPbI M KOHZEHCATOPHI, BbI MOXKETe
MPOBEPUTH 3TO, XOTS HaBEPHSKA CTOJIKHETeCh C HeOOJIbIION mpobiie-
Mo¥. Koraa Bel /1 M3MepeHHsI IOCTOSIHHOTO HANpsDKeHus Oyzere uc-
T0JIb30BaTh MYJIBTUMETP, KOTOPBIN ZOJDKEH IPU 3TOM HAXOJUTHCS B
COOTBETCTBYIOLIEM PeXVIMe, TO OH OYZIeT cierka BIUATD Ha TOK, IIpOTe-
KaIOIMIA 110 LieNH B IPOLiecce M3MepPeHus, XOTA 3TO BIIHMsHUe U OYeHb
Masio. [Tpubop oTOupaet HeOObIIOe 3HAYEHHEe TOKA Ha Ce0sl, U 3TO He
OKa3bIBaeT CyIeCTBEHHOTO BIMAHNSA Ha IOKa3aHMsA, B TOM CJIy4ae, Kora

.- 1K 1K

NOCTOSHHOMO c—/\/\/\/\/—l\/\/\/\/—a
TOKa
Lee Il o

2B 1K 9K

I— 12B —I L 10,88—I
Puc. 2.76. Korga Asa pesncropa

12B 1K 99K COeMHeHbl MOCNeoBaTeNbHo, TO
Ha bornbluem conpoTuBneHUn bynet

napatb Oosbliee HanpaxeHwe, Yem

Ha MeHblem. Ecnn pesnctop bynet

012 B—I 1188 B—I MMETb beckoHeuHo bonbluoe co-
npotveneHwe (kak 31o byaeT B ciy-

uae KoHAeHcatopa), TO MeHbluee
BeckoHeuHoe ConpoTuBneHne 6onblie He GyaeT

MNOCTOAHHOrO
TOKa

NOCTOAHHOIO
TOKa

1B 1K CONPOTUBNEHME [aBaTb KakoM-nubo BKMaf B naje-
HE HaNPAXKEeHUs, a HanpsxeHue
NOCTOAHHOTO Q—W\/\/—I I—Q Ha ero BbIBOfax OyaeT OAVHAKOBbIM
TOKa (T e. Mexay 3TUMK TOYKamK pa3-
L _I L _I HOCTb MOTEHLMaNos GyneT pasHa

0B 12B

Hy”H0)

93



94

lnasa 2

BbI U3MepsieTe Na/ieHre HalpsiKeH!s Ha pe3ucTope. BHyTpeHHee conpo-
TUBJIEHVe My/IbTUMeTPa HAMHOTO GOJIblle, YeM BeTMYMHA COIPOTHBIIE-
HUS OOJIBIIMHCTBA Pe3UcTOPOB. OHAKO CJIeAyeT TIOMHUTh, YTO BHY-
TPEHHee CONPOTHBJIEHHE KOH/IEHCATOPa TIOYTH PaBHO GeCKOHEYHOCTH.
B 3TOM Cilydae BHyTpeHHee CONPOTHBJIEHUE MYJIBTUMETpa yxe Oyner
uMeThb 3HauyeHMe. [T0CKObKY Bbl HUKOIZIA He CMOYXKeTe UMeThb W7ieasb-
HBIN MyJIETHMET], ZlaKe TOT/a, KOr/a y Bac OyIeT uzieaibHbIil KOH/IeH-
caTop U pe3ucTop, Ball mpubop Beera OyZeT HeMHOTO BIIMATD Ha CXEMY,
¥l Bbl, HABEPHSIKA, TIOJIyYUTe TIPUOIU3UTENIBbHBIN Pe3yIbTaT U3MePeHHUSsI.

Ecnu ke BbI IOTbITaeTeCh N3MEPUTDb HANPsKeHNe Ha KOHJeHC a-
TOpE, KOTOPBIiA ObLT 3apsiKeH, HO B JaHHBI MOMEHT He MOAIK/II0YeH K
KaKOH-JI10OO IenH, TO Bbl YBUAUTE, YTO 3HAUEHHUE HATIPSKeHUs OyneT
MeJIJIeHHO YMeHbIIIAaThCs1, HOCKOJIbKY KOH/IEHCAaTOp OyZIeT pa3psiKaTh-
cs yepe3 MOZIKJIIOYEeHHbIM MyJIbTUMET].

A

MocTosAAHHaA BpemMmeHn

Bbl MOXeTe yaUBUTLCA, eCNN y3HaeTe, YTO CyLlecTByeT cnocob
TOUHO MpeACKasaTb Bpems, B TeUeHMe KOTOPOro GyAyT 3apaaTbCs
pasnnUHble KOHAEHCATOPbl, KOrAa OHY MOAKIIIOUEHbI K Pa3fINyHbIM
pe3sunctopam. CylectsyeT i Gopmyna Anis pacyera 3Toro?

EcTecTBEHHO, OTBET GyaeT — «f1a», HO CMoco6, KOTOPbIM Mbl
6ynem “3mMepATb 3TO Bpems, OyaeT HECKOIbKO 3aMblC/IOBATbIM, MO-
CKOJIbKY KOHAEHCATOPbl HE 3apAXKatoTCA C MOCTOAHHON CKOPOCTbIO.
OHW [OCTUrAOT 3HAUEHWA HanPs»KeHNsA paBHoro 1 B oueHb 6bICTPO,
3HaueHua 2 B yxe He Tak 6bICTpo, a 3 B ele meaneHHee 1 T. A. Bbl
MOXKeTe NpeacTaBuTb cebe 3MeKTPOHbI, HaKanIMBawLMecs Ha na-
CTUHE, II0AbMY, KOTOPbIE NMPOTY/IMBAOTCA B ayAUTOPUN 1 KOTOpble
ULLYT MeCTO AJif TOro, YTobbl cecTb. YeM MeHblue MecT OCTaeTcs,
Tem GOsbLLE NI0AAM HYXXHO BPEMEHW, UTOObI HANTL UX.

BennumHa, KOTopas ONMUCbIBAET 3TO, Ha3blBAETCA «NOCMOSHHASA
apemeHu» . OnpeaeneHie 3ToN BeNNUYNHbBI OUEHb MPOCTOE:

T=Rx(,

rae T — 3To NocToAHHaA BpeMeHu; C — eMKOCTb KOHAEeHcaTopa B
dapapax, KOTOpbIN 3apAXKaeTCA Yepes Pe3ncTop CONpPOTUBIIEHNEM
R B omax.

Bo3Bpaluasch K Lienu, KOTopyto Bbl TOJIBKO YTO TECTUPOBANU, UC-
nosnb3yem pesnctop Ha 1 KOM 1 KoHaeHcaTop eMKocTbio 1000 MKO.
Mbl [OMKHbI NepeBecTn 3TV 3HayeHUs B Gpapafbl U OMbl Npexae,
yem ncnonb3oBaTtb Ux B popmyne. OTnnuHo, 1000 mk® 310 0,001 O
1 1 KOm 310 1000 OMm, NosTomy dopmyna OyadeT BbIrnAfeTb Cieyto-
WM obpaszom:

7=1000 x 0,001
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Opyrnmn cnosamu, T = 1 — BbIBOA, KOTOPbIN NPOCTO Hesb3A
yrNpoCTUTb eLle Gonblue A fyyllero 3arnoMmHaHus:

Pe3ucmop ¢ conpomuenerHuem 1 KOM, nodcoedUHeHHbIl no-
c/1e0osame’sibHO ¢ KOHOeHcamopom emkKocmoio 1000 MK®, ume-
em NocmosHHY epeMeHU T pasHyio 1.

O3HauaeT N1 370, UTO KOHAEeHcaTop OyAeT NONHOCTLIO 3apsAXeH
B TeyeHue 1 cek? HeT, BCe He TaK MPOCTO. T — 3TO NOCTOsAHHAsA Bpe-
MEHU, KOTOpas yKa3blBaeT BPeMs, HY>XHOe KOHAeHcaTopy, YTobbl
[OCTUYb 63% OT HanpsaMeHuA, KOTopoe NOJAeTCA Ha Hero, ecnu
B Hauasie npowecca KoHAeHcaTop 6en NOMHOCTbIO Pa3pPsXKeH, T. €.
nmen HanpsxeHue pasHoe 0 B.

(Mouemy nmeHHO 63%? OTBET Ha 3TOT BOMPOC CJ/IULLIKOM C/IOXEH
[nA TOro, 4tobbl ero 06BACHUTb B PaMKax 3TOW KHUTM, U eCnn Bbl
XOTUTe y3HaTb HOMblle O NOCTOSHHOW BPEMEHM, TO BaM HaZlo 13Y-
unTb Apyryto nutepatypy. Mpu 3ToM Bam Haflo ObITb rOTOBbIMU Pa3-
6upatbca B guddepeHUmanbHbiX ypaBHeHUsX.) 3aecb NprBegeHo
dopmanbHoe onpeneneHvie Ans ceefeHns B Oyayuiem:

MocTosAHHAA BpeMeHn T — 3TO BpeMs, KOTopoe HeobXxoanmo
KOHZeHcaTopy, YToObl OH 3apAAUICA [0 3HAYeHUs, paBHOro 63% ot
Pa3HOCTY MeXAy TEKYLMM Hanpsa>KeHeM Ha KOHeHcaTope 1 Ha-
NPA>KeHNneM NOAKNIOYEHHOrO NCTOYHMKA NUTaHuA. Korga T = 1, KOH-
JeHcaTop 3apsKaeTca [0 3HayeHunsa 63% OT MOSIHOW BENNYMHbI B
TeueHue 1 cek. Korga t = 2, KOHAEHCATOP 3apsA)KaeTca 4O 3HAYEHNA
63% OT NOJIHON BENNYUKHBI B TeueHne 2 cek. U T. .

Yto npowusonget, ecnn NpoAo/IKUTb NMOAABaTb HanpskeHue?
WcTopuma nosToputca cHoBa. KoHaeHcaTop 3apagamnTca Ha crepyto-
wmre 63% ocTaBLIENCA Pa3HOCTN MeXAY TEKYLMM 3HaYeHeM Ha-
NPAXKEHNA Y HANPXKEHNeM, KOTopoe OyaeT K HeMy NPUNoXKeHo.

MNpepcTaBmM, UTO HEKTO ecT TOpT. Korga oH nepBbifi pa3 Kyca-
eT ero 1 Npun 3TOM elle rofiofeH, To cbefaeT 63% 3a OfHY CeKyH-
ay (pwnc. 2.77). B TeyueHrne BTOPOro OTKYCbIBaHMA OH He XOYeT Bbl-
rMAfeTb CAINLKOM »aAHbIM 1 CbefaeT ToNbKo cnefyowme 63% ot
OCTaBLLUENCA YaCT! TOPTa, M MOCKONbKY OH YXe He Tak rosofeH,

g 3 f wg\ ’.\

Puc. 2.77. Echv Haw rypmMaH Kaxabli pas cbefjaeT Tobko 63% OT TOpTa, KOTOPLIV B AaHHbBIV
MOMEHT HaxXOAMTCA Ha Taperike, OH «3apAXaeT» CBOW XeNyNoK TOYHO TaK »e, KaK 3TO IeNaeT KOH-
[leHcaTop, Korfa 3apsaaeTca. He MmeeT 3HaueHusA, Kak MHOTO BpemeHu 3TO 3aliMeT, ero xenynok
HUKOra He OyeT 3anoHEH NOMHOCTLIO
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emMy noTpebyeTca CTOMNbKO e BPeMeH, CKOJIbKO OH MOTpaTui Ha
NnornoLeHne nepBoro Kycka. B TeueHne TpeTbero «nogxoga» OH
cbefaeT ewe 63% OT OCTaBLUENCA YacTy TOpTa Y NOTPATUT Ha 3TO
TOXe KOJINYECTBO BpeMeHU 1 T. . OH BegeT ceba TOUHO TaK Xe, KaK
KOHAEeHcaTop, Korga «noefaeT» 31eKTpuyecTso.

Jliobutens TopToB BCerga 6yaeT oCTaBAsATb YTO-TO, YTO MOXKHO
elle CbecCTb, MOCKONbKY OH HUKOrAa He oTrpasndAeT B poT Bce 100%
OCTaBLUerocs TopTa. TOUHO TaKXe, Kak 1 KOHAEeHCaTop HMKorga He
MOXeT 3apAAUTbCA MONHOCTbIO. B naeanbHOM Mupe, cocToAwem 13
naeanbHbIX KOMMOHEHTOB, 3TOT NpoLecc 6yaeT NpofoNKaTbcs bec-
KOHeYHoe Bpems.

B peanbHOM BpemeHu Mbl MOXeM MPOU3BOJIbHO CKa3aTb:

MNMocne nepuofa, paBHOro 5 x T, KOHAeHcATop OyAeT 3apAKeH
NpaKTUYeCcKn NOSIHOCTbIO, Y Mbl ByAeM CUUTATb, YTO Pa3HMLIA MEXAY
MMeoLWUMCA 3apAJOM Y NMOJSTHBbIM 3apPAAOM HUUYTOXHO Marna.

B Tabn. 2.3 nprBefeH pacueT (OKpyrieH Ao ABYX Lndp nocne 3a-
NATOW), KOTOPbLIN NMOKa3blBaeT HaKoMIeHWe 3apsafa KOHAeHcaTopa
B Lenn C UCTOYHMKOM NuTaHmA 12 B, Korga nocToAHHaA BpemeHun
paBHa 1 cek.

Tabnuya 2.3
V1:
chee':ﬂ' :::::'ﬁ:;'::i 12 Xin ,B ss%zi'vz, B | W1 th, B
0 0,00 12,00 7,5 7,5
1 7,5 4,44 2,80 10,36
2 1036 1,64 1,03 11,39
3 11,39 0,61 038 1,77
4 1,77 023 0,15 11,92
5 1,92

3pecb npriBefieHbl NOACHEHUA K cofepXnMoMy Tabnuubl. V1 3To
TeKyllee 3HaYeHne HanpsaXeHna Ha KOHAeHcaTope B BosibTax. Hyx-
HO BbIYECTb 3TO 3HAYEHMEe M3 HAMPSKEHUA UCTOUYHMKA MUTAHUA
(12 B), utobbl onpefenutb pazHocTb. O603HaUMM 3Ty Pa3HOCTb, KaK
V2. Tenepb Bo3bMeM 63% oT V2 (370 V3) 1 fo6aBUM 3TO 3HaUYEHME K
TeKyLLeMy 3HaueHuo HanpsaxeHus (V1) n nonyumm pesynbrat, KOTo-
pbii 0603HauMM V4. OTO HOBOE 3HaUeHMe HanpPsAXeH s, 4O KOTOPOo-
ro KOHAEeHcaTop 3apAanTCA yepes 1 cek, NO3TOMY Mbl KOMMPYEM 3TO
3HaueHMe B C/ieflyoLLyto CTPOKY Tabnuubl 1 OHO CTAHOBUTCA HOBbIM
TeKYLMM 3HaUEHNEM HanpsaXeHNa Ha KoHaeHcaTope V1.

Tenepb NOBTOPUM 3TOT MPOLIECC CHOBa U CHOBA. Ha puc. 2.78 310
nokasaHo B rpaduuyeckon popme. 3ameTnM, UTO Yepes 5 cek KOH-
OeHcaTop JoCTurHeTt 3HaveHna 11,92 B, yto coctaBnaet 99% ot
HanpPAXeHMA NCTOYHMKA NUTaHWA. DTO JOJIKHO ObiTb 4OCTAaTOYHO
67113K0, YTOObI YIOBNETBOPUTD 1t0OBIM TPEOOBAHMAM, KOTOPbIE MO-
ryT BCTPETUTHCA B PeanibHOM CUTYaL K.
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0 1
} +63%
+63%
+63%

Puic. 2.78. KoHleHCaTOp HauMHAeT 3apaKaTbCA, HaumnHasA ¢ HanpskeHua 0 B. Yepe3 npomexyTok
BPEeMeHW, PaBHbIM MNOCTOAHHONM BpemeHy, OH A06aBUT 63% OT NPUNOXEHHOTO HanpsaxeHus. Mo-
Cre OKOHYaHWA BTOPOro Mepuopa Takow e AnuTensHOCTY ByaeT fobasneHo elle 63% ocTas-
WencA Pa3HOCTU HaNPAXEHWA 1 T. A.

Ecnun Bbl X0TWTE NpoBepUTb 3TN LUKUdPLI NyTEM M3MEpPeHUs Ha-
NpAXeHnA Ha KOHAEeHCaToOpe Mo Mepe ero 3apAfKK, To cegyeT Nom-
HWTb, YUTO MOCKOJIbKY Balll TECTEP «MPUBOPOBbLIBAET» HEMHOIO TOKa,
nostomy byaet HebosbLLOe pa3nnyme Mexay peanbHbIM 1 pacyeT-
HbIM MpupaLleHreM HanpskeHUA. OfHaKo ONA NPaKTUYecKmx Le-
nen 3Ta cuctema paboTaeT JOCTATOUHO YAOBNETBOPUTENBHO.

Skcnepumenm 10
TPAH3UCTOPHOE NEPEKJ/TIOMEHUE

Bam nonaznoosTcs:
. CereBoli afianTep, MakeTHas IJ1aTa, IPOBOJ U MYJILTUMETD.
. CBetoguopnl. KonuuectBo — 1 mmiT.
. Pe3ucTophbl pa3nuyHOro HOMUHAIA.

AW N =

. KHOmouHbI mepektovaTens 6e3 QuUKcAluM, OAHOIOJIOCHBIN
opgHomno3uoHHbIH (SPST). KonnvyectBo — 1 mit.

5. Tpansucrop tuna 2N2222 wunu aHajoruyHblii emy. Komwmde-
cTBO — 1 miT.
TpaH3uCcTOp MOXET NepeKI0YaTh 3IeKTPUIeCKUM TOK TOYHO TaK
Xe, Kak 1 pesie. Ho oH siByisieTcst 60Jiee YyBCTBUTEIBHBIM U YHUBEP-
CaJIbHBIM YCTPOICTBOM II0 CPABHEHUIO C TeM, 4TO OBLIO MPOZIEMOH-
CTPUPOBAHO B IIEPBOM OY€Hb IIPOCTOM JKCIIePUMEHTe.
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MpbI HauHEM C UCIIOJIb30BAHUA TPaH3UCTOpa Tvma 2N2222, Ko-
TOPBIH sABJIsI€TCS HauboJiee MMPOKO UCIIOIb3YeMbIM TTOTYITPOBOIHU-
KoM (OH ObLIT mpezcTaBieH KommaHueir Motorola eme B 1962 roay
Y HaXOZIUTCS B IPOM3BO/ICTBE, HAYMHAS C 3TOTO BPEMEHN).

Ho npesxzie Bcero Bbl JOJKHBI [IO3HAKOMUTBCA C TPAH3UCTOPOM.
[ToCKOMIbKY TaTeHT Ha TpaH3ucTop 2N2222 GbLT MOJTyYeH KOMIAHU-
eil Motorola o4eHb JaBHO, TO Jt06asi KOMIAHUs B HACTOSIIIIEee BPeMst
MOJKeT TPOU3BOAUTL COOCTBEHHYIO BEPCHIO 3TOTO TpaH3ucTopa. He-
KOTOpbIe MO/ TIOMEIIAI0T B HeOOJIBIION MIaCTMACCOBBIN YePHBIH
KOPIYC; IPyTHe YIaKOBBIBAIOT B HEOOJIbIIIME MeTaJUTIYeCcKue KopIyca
(puc. 2.79). B nmob60oM ciyyae OH COZIEPXKUT BHYTPH KPHUCTAJUT KpPeM-
HUS$1, KOTOPBIA pa3/iesieH Ha TPY YaCTH, U3BeCTHbIE KaK KOJUIEKTOp, 6a3a
1 aMuTTep. 51 oruiity ero pyHKIMOHUPOBaHUe Gostee MOAPOGHO, HO 13-
HayaJIbHO BaM BCEro JIUIIb TPeOyeTcs 3HATh, YTO B ITOM THIIE TPAH3U-
CTOpa Ha KOJIJIEKTOP TIOZIaeTCsl TOK, HalpshKeHVe Ha 6ase yrpabiisieT
¥M, a HMUTTEP BblJjaeT Ha BBIXOZle OKOHYATeJIbHOe 3HaYeHKe TOKa.

Puc. 2.79. TVNWYHbI TPaH3KUCTOP MOXKET ObiTb
nomMelleH nMbo B HEOOMbLIOW METaNINUYECKUIA,
B0 B UEPHbIN MIACTMACCOBBIN Kopyc. B nncte
TEXHWUYECKMX AaHHBIX NPOW3BOAWTENA YKa3blBa-
eTCA, KakuM 06pa3oM MAEHTUOULMPOBATL TPK
BbIBOfA TPaH3MCTOpa MpW ero MOAKIYeHN
OTHOCUTENBHO MIOCKOW CTOPOHBI, €CIN KOPMYC
BbINO/IHEH M3 MNACTMAcChl, WAN OTHOCUTENBHO
HebOoMbLWOro BICTYNalowero nenectka (knoya),
KOTOPbIA HaxOAMUTCA B HUXHER YacTn MeTanim-
yeckoro Kopnyca (puc. 2.80)

Konnextop Konnektop

basa Basa

AmnTTep AmuTTep

Puc. 2.80. TpaHsnctop 2N2222 MOXeT umeTb
OfVIH 13 ABYX NPVBEAEHHbIX 34eCh TUMOB Kopny-
ca. CneBa: B NnacTMacCoBOM Kopryce, a Cnpasa
B MeTannvueckoM (cnefyeT UMeTb B BUAY, UTO
NenecToK [I1A 3TOr0 KOpnyca AOMKEH HaxOAuUTb-
CA cneBa BHM3Y). Ecnm Bbl Mcnonb3yeTte Apyryio
MapKy TPaH3KCTopa, TO Bbl AOMKHbI ONPeAenTh
Ha3HaueHvie ero BbIBOLOB MO NINCTY TEXHUYECKMX
NlaHHbIX. BCTaBbTe TPaH3MCTOP B Bally MakKeTHyto
nnaTty Tak, YTobbl NOCKas CTOPOHa MiacTMacco-
BOro KOpryca 6bia Crpaga, Kak 3To NoKasaHo Ha
PVICYHKe, UK UTOObI IenecToK (KMioy) meTaninye-
CKOro KOpMyca Obln HanpaBneH BHI3 1 BIEBO

Jlyisi c6opa CXeMblI HCI0NIb3yiiTe MAKeTHYIO [IaTy, IPUMep MOH-
Ta)ka KOTOPOW mpuBesieH Ha puc. 2.81. Bynbre aKKypaTHBI, YTOOBI
C CaMOro Haydaja MCIOJIb30BaTh TPAaH3UCTOp NpaBuibHO! JlnA Tex
BHIOB TPAH3UCTOPA, KOTOPBIE 5 YIIOMSIHYJ paHee B CIKCKe Heob6Xo-
JIMMBIX 3aKYyIIOK, IUVIOCKAas YacTh ZI0JDKHA OBITh HalpaBJieHa BIIPaBo,
eCJIA TPaH3UCTOP BBINOJHEH B KOPITyCe U3 YepHOU IIaCTMACChI, WX
JlenecTOK (KJIIOY) JOJKeH HaXOOWThCA BHM3Y CJIeBa, eCIy KOpIyC
TPAH3UCTOPA U3TOTOBJIEH M3 MeTasuia (cM. puc. 2.80).
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Puc. 2.81. B NCXOAHOM COCTOAHMM TPAH3UCTOP HE MPOMYCKaeT TOK, GIIOKMPYA HanpAXeHwe, KO-
TOpoe NofAaeTCs Ha Hero vepes pe3nctop R1. Ho Koraa HaxaTta KHomka S1, Ha 6a3y TpaH3vcTopa
MoSAeTCA CUrHan, KOTOPbIN pa3pellaeT NPOoMTN TOKy Yepes Hero. CnefyeT 3anoMHUTb, YTO TPpaH-
3UCTOPbI HA MOHTAXKHbIX M MPUHUMMMANbHBIX CXeMax BCeraa 0603Hauatotca bykson Q': ST — kHo-
MOUHbBIN NepekntoyaTens 6e3 dukcaumy, Tna Beikn. (Bkn.);, R1 — pe3nctop ¢ conpoTtvsneHem
180 Om; R2 — pesuctop ¢ conpotmsnernem 10 KOm; R3 — pesunctop ¢ conpotusneHnem 680 Om;
Q1 — TpaH3ncTop 2N2222 nnun aHanornyHbn emy; D1 — ceetoanon

Vi3HavalbHO CBETOAMON TopeTh He Oyzer. Temeph HYKHO Ha-
aTb KHOMNKY S1 1 CBeTOAMOZ APKO 3aTOPUTCA. DIIeKTPUYeCKUd TOK
B JIaHHOU cxeMe MMeeT 7Ba NyTu. [locMoTpuTe Ha cxemy, KOTOpas
npuBesieHa Ha puc. 2.82. SI n300pa3u BBEPXy 4acTh CXeMbI, UMEI0-
myto GoJiee TOJOXUTENbHOE HalpsKeHue, a OoJiee OTpuULIaTebHOEe
HanpspKeHne — BHU3Y (KaK 3TO JieTaeTcsl Ha OOJIBIINHCTBE CXeM), I0-
CKOJIBKY TaKoe U3006paykeHre MOMOTaerT JIydille MOHATh UX GYHKIMO-
HUpoBaHue. EcM BbI HOCMOTpUTE Ha cxeMy COOKY, To Oyner jerde
YBUZIeTb COBIIa/IeHNe CXeMbl C KOMIIOHOBKOY ee Ha MaKeTHOM ILare.

Yepes pesuctop R1 HampsxkeHMe 1ofiaeTcs Ha BEPXHUMN BBIBOJ
(xomexTOp) TpaH3UCTOpa. TPaH3UCTOP NMPAKTUYECKU He IIPOIyCcKa-
eT TOK, [I03TOMY CBETOAUOZ OCTaeTcss TeMHbIM. Korzia e Bbl HaXMeTe
Ha KHOTKY S1, /1711 TOKA NOABJIAETCS elle OJUH OT/ebHbI MyTh, Ye-
pe3 pesucrop R2 Ha cpennuii BbIBoz (6a3y) TpaH3uCTOpa. DTO MpPU-
Ka3 TPaH3UCTOPY «3aMKHYTb KOHTAKThI» ero «TBep/l0TeJIbHOTO Tepe-
KJIFOYaTeJsst», YTO M03BOJIAET TOKY IIPOTEKATh Yepe3 TPeTUH BBIBO/
(amuTTeEp) TpaH3uUcTOPA, pe3uctop R3 Ha cBeToAMOL.

!B Poccuu uCIIonb3yeTcs Takoe xe rpaduyeckoe 0603HaYeHUe TPAH3UCTOPA,
HO 0603HavaroT ero Byms GykBamu VT. OnHAKO B JaHHOH KHKTe 0003HAYEHNsT BCEX
3JIEMEHTOB COXPAHEHEI, T. €. COOTBETCTBYIOT OpPUrUHany. — Ped.
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Puc. 2.82. 3necb nokasaHa Ta xe camas
Cxema, uTo cobpaHa Ha MakeTHoW nnate
1 NpuBefeHa Ha puc. 2.81
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YTOObI IPOBEPUTH HALIPSKEHME B 3THX TOYKAX IIENH, BB MOXKETe
HCIIOIb30BaTh MYJIBTUMETP B PeXMMe U3MepeHHs MOCTOSHHOTO Ha-
npspkenus. [lopknounte ob6muit (COM) oTpunaTeNbHBIN U3MepH-
TeJbHBIH YN MyJbTUMeTpPa K OTPULATeIbHOMY BbIBOZy MCTOYHHUKA
HaNpsDKeHUs, 3aTeM JPYruM IIYIOM IOCJIe0BAaTelbHO KOCHUTEChH
BepXHero, CpefHero 1 HIKHero BbIBOZa TpaH3ucTopa. Koraa Bbl Ha-
’KMeTe Ha KHOIIKY, TO Bbl 3aMeTUTe U3MeHeHHUs 3TUX HaNpsKeHUH.

HepeKmoquMe KOHYNKaMM naJjibLeB

Terneps 06paTHMCA K HEKOTOPBIM O0JIee 3HAYMMbIM BelaM. Yiau-
Te pe3sucTop R2 u KHOIKy S1, @ BMECTO HUX YCTaHOBUTE /iBa IIPOBOJA,
KaK 3TO MO0Ka3aHO Ha puc. 2.83, a. BepxHuil IpoBoz OyzieT MOAKITIOYeH
K [IOJIOXUTeIbHOMY IOJTIOCY MCTOYHMKA HaNPSDKeHUS; HUXKHUI IIPOBOJ
TIOZIKJIFOYAETCS] K CPefHeMY BBIBOY TpaH3uUcTopa (K ero 6ase). Temepb
KOHYKKOM Balllero Iasublia KOCHUTEeCh IBYX IPOBOZOB. CHOBA 3arOPUTCSA
CBETOZIMOI, XOT#1 He TaK SIPKO, KaK 3T0 ObUIO paHee. CMOYHMTE CBOA TaJIel]
¥ [IONIpOOY¥iTe CHOBA, Telephb CBETOAMO OyZIeT ropeTh Oosiee SIPKO.

A Hukoz0a He cnedyem ucnone3oeame obe pyku

JemoHcmpayus ¢ nepeksiioyeHueM KOHYUKOM nanbyd 6e3ondacHa mose-
KO 8 MOM CJ1yyae, K020d 371eKkmpuyecKuli MoK NPoXooum moJibKo Yepes 8aw
nasney. Bel 0axe HUYe20 He noyyscmaeyeme, NOCKO/IbKY 12 B nocmosHHo20
HanpaxeHUA UCMOYHUKA hUMAHUA Moxem co30ame mok gesuyuHol 1 A
unu MeHowe. Ho npuknadsieame 0OUH nasney 00HOU pyKu K 0OHOMY Npo8ooy,
a nasney Opyzoli pyku K Opy20My nposody He sly4qwias udes. Imo dacm 803-
MOXHOCMb 3/1eKmpuyeckoMy moky npolimu yepes gawe mesio. Xoms waHc
noJslyyume cepbe3Hyto mpasmy makum obpazom KpatiHe Mas, HUKoz20d He
nosgosiAlime 3n1ekKmpuyeckomy moKy npoxooumes om 00HOU pyKu K Opyaol
uepes sawe mesno. Kpome mozo, npu npuKoOCHOBeHUU K Npo8odam He 0ony-
ckatime, Ymobbl OHU NPOHUKAIU 8 8ALUY KOXY.

Ba maserr MOZAKJII0YaeT MOJIOKUTeIbHOE HalpsyKeHre Ha 6asy
TpaH3ucTopa. [laxe, HECMOTPSI Ha TO, YTO Balla KOXa MMeeT BbICO-
KOe CONpPOTHBJIEHWe, TPaH3UCTOp OyZeT pearupoBaTb. B maHHOM
CJlydae UMeeT MeCTO He TOJIbKO IIPOCTOe BKJIFOUeHHUE U BBIKIIOUeH e
CBETOZINO/IA, 31€Ch OCYILECTBIISIETCS YCUNEHUE CUNbL TMOKA, KOTOPBI
noziaetcst Ha 6a3y TpaHzucropa. [109TOMy B JaHHOM Ciydae Cliefyer
OTMETHUTb OYeHb BaXXHBIi BBIBO: MPAH3UCTIOP YCUNUBAEM NH00bIe U3-
MeHeHUs MOKA, KOMOPbill nPoxodum uepes ezo 6asy.

[TocmMoTpuTe Ha puc. 2.83, 6, YTOOBI NOHATH GOJee YeTKO, YTO
POUCXOJIUT.

! ABTOp CKOpee Bcero omub6est, MOCKOJIbKY B 3TOM CJIy4ae COMPOTUBJIEHUE Malb-
I1a IOJDKHO GBITh 12 OM, a Tako¥# GOJIbIIo# TOK B 1 A HeJb3st CIUTaTh 6e30MacHbIM,
T. K. IOCTOSIHHBIN TOK 6ojiee 50 MA cUMTaeTCs OMAacHbIM Jyisi Ku3HU. Ha camom zienie
Zlake BJIa)XKHAA KOXKa yeJloBeKa uMeeT conpoTusieHre He MeHee 1000 Om, a mpu 3TOM
yCcI0BUM TOK Oyzer MeHee 12 MA. — Peo.
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Puc. 2.83. Ha 3Tux pucyHkax (a v 6) nokasaHbl Te ke KOMMOHEHTbI, UTO 1 paHee Ha pwc. 2.82,
C 3aMeHoN pe3ncTopa R2 v KHOMKM ST KOHUMKOM MasnbLa. XOTA TONbKO Hebonblias yacTb Ha-
NPAXEeHWA Tenepb JOCTUraeT 6a3bl TPAH3MCTOPa, ero BMOIHE JOCTaTOYHO, YTOObLI TPAH3UCTOP Ha
Hero oTpearmposan

Ecnu Bl u3yunnu pasd. «basossie ceedenuss — Ilonoxcumensroiil
u ompuyamenvHoli» 6 271age 1, TO Bbl IOHUMAaeTe, YTO B PeaJbHOCTH
He CyIecTByeT TaKOM Belld, KaK IOJIOKUTebHOe HalpsKeHue (13-
OBITOK IIOJIOKUTENBHBIX 3aPAN0B B ONHOM MecTe). Bce, 4To y Hac ecTb
3TO OTPHUIIATeNbHOE HANpsDKeHue (co3aaBaeMoe U30BITKOM CBOOO.-
HBIX 3JIEKTPOHOB) U OTCYTCTBHe OTPULATeIbLHOTO HampshkeHUs (Ta-
KOe MeCTO, T/ie MaJIo CBOOOZHBIX 3IeKTPOHOB). Ho, MOCKOJBKY nzes
O NOTOKe 3JIeKTPUYeCKUX 3apsAfoB OT MOJIOXKUTEJIbHOTO IMOJoca K
OTpHUIIaTeIbHOMY OblJTa HACTOJBKO IIMPOKO PACIpPOCTPaHeHa /10 OT-
KPBITHS 3JIEKTPOHA ¥ MOCKOJIbKY BHYTPEHHUI MeXaHU3M «paboThI»
TPAH3UCTOPA BKJIIOYAeT B Cebsi «ABIPKU», KOTOPbIE MPeCTaBISIOT
co60¥i OTCYTCTBYE 3/IEKTPOHOB M MOTYT CYUTAThCS HMOJIOKUTETbHbI-
MU 3aps/iaMy, MBI BCe ellle MO>KeM CYUTATh, YTO MOJIOKUTeIbHbIe 3a-
pAAbI IepeMelaroTcs OT MOJI0KUTeIbHOTO MOJII0Ca K OTPULIATeIbHO-
My. [l Gosee TOAPOGHOTO OMUCAHUSA CMOTPUTE CIIEAYIOMMI pasd.
«Bascnvie ceedenus — Bce 0 n-p-n- u p-n-p-mpan3ucmopax».

BAXXHbIE CBEAEHUA

Bce 0 n-p-n- n p-n-p-TpaH3ncTopax

TpaH3ucmop 3T0 NosIyNPOBOOHUK, YTO 3HAUWT HEYTO, YTO MHOTAA
NPOBOAUT 3NEKTPUYECKUX TOK, a MHOrga HeT. Ero BHYTpPEeHHee COo-
npoTuBNeHNe MeHAETCA B 3aBUCUMOCTU OT HanNpAXeHuA, KoTopoe
NPUNOXeHO K ero 6ase.
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Puic. 2.84. Bbl MOXeTe NpeacTaBuTh cebe
OVNONAPHBIA  TPAH3MCTOP  YCTPOWCTBOM,
BHYTPM KOTOPOrO  HaxXOAWUTCA  KHOMOY-
HbIl  nepekntoyatenb,  NO3BOMSIOWINIA
COEAVHATL KONNEKTOP M SMUTTEP. B n-p-n-
TPaH3MCTOPax KHOMKY HaxMmMaeT Hebonb-
LWOW MONOXKUTENbHbI MOTeHLMan

K

Puic. 2.85. B p-n-p-TpaH3ncTtopax Heborb-
LIOW OTpULATENbHbIN NOTEHLMan co3faeT
TaKko xe 3ddekT. CTpenku nokasbisaioT
HanpasneHvie «MOTOKa MONOXUTENbHbIX
3apAnoB»

lnasa 2

TpaH3ucTopbl N-p-n N p-n-p ABAAOTCA BUNOAAPHLIMU NOJTYNPO-
s8o0HUKamu. OHM copep»KaT ABa CJierka pasfiniHbIX BapraHTa Kpem-
HUA 1 NPOBOAAT TOK, MCMOMb3yA HOCUTENN 06enx NoNAPHOCTEN —
AbIPKN U 3NIEKTPOHDI.

TpaH3ucTop n-p-n-Trna NpeacTaBaseT coboll HEKOTOPbIN CIHA-
BUY C KPEMHUEM p-TUNA B CepepviHe, a TPaH3UCTOp p-n-p-Tuna —
KpemHunem n-tuna. Ecnm Bbl xoTuTe B 60nbLUel CTeNeHN OBMaaeTb
TEPMUHONOTEN N y3HaTb O MOBedEeHUW SNEeKTPOHOB, KOr4a OHM
MbITAlOTCA Nepeceyb n-p-nepexon WM p-n-nepexoq, Bbl AOSXKHbI
06paTUTLCA K APYTM MCTOYHMKAM TEXHUYECKON NHbOpPMaLmK, Nno-
CBALLEHHbIM 3TOMY NpeaMeTy. 3TO C/IMLWKOM C/TIOXKHaA TeXHnYecKas
Tema, BbIXOASLLAA 33 PaMK/ 3TOM KHUTK. Bce, yTo Heobxoanmo 3a-
NMOMHUTb BaM, 3TO:

+ BCe OUNONAPHbIE TPAH3MCTOPbI MEIOT TP BbIBOJA: KONNIEKTOP,
6a3y 1 aMUTTEP, KOTOpble 0603HAYAIOTCA COOTBETCTBYIOLMMMA
6ykBamu «K» (C), «b» (B) n «3» (E) B nncTax TeEXHNYECKMX JAHHbIX,
rae onmcaHo, Kak onpeaenntb Ha3HavyeHre BbIBOAOB;

+ TPaH3KCTOPbI N-p-nN-TUNa ynpaBRATCA (aKTUBMPYIOTCA) Nomo-
XKUTENIbHBIM HamMpsXKeHVeM, KoTopoe npuKknagbiBaetca K 6ase
TPaH3MCTOpa OTHOCUTENIbHO SMUTTEPA;

+ TPaH3UCTOPbI p-N-p-TNa YNPaBAAOTCA OTPULATENIbHbIM HanpsA-

XKeHneM, KOTopoe co3faeTcA Ha 6a3e OTHOCUTENIbHO SMUTTepa.

B maccuBHOM cocTosiHUM 06a Trna TPAH3UCTOPOB NPENATCTBYOT
NPOXOXAEHMIO TOKA OT KOJIEKTOPa K SMUTTEPY TOYHO TaKKe, Kak
N OQHOMOJIICHOE ofHono3nunoHHoe pene (SPST), y koToporo B
06bIYHOM COCTOAHUM KOHTAKTbl HOPMaNbHO Pa3oMKHYTbI. (DakTu-
YecKm TPaAH3MCTOPbI MPOMYCKaT OYeHb HEGOJBLLOW TOK, KOTOPbIN
N3BECTEH, KaK «MOK ymeyKu».)

Bbl 4nA NpoCTOTbl NOHMMaHMA MOXKeTe NPeACcTaBuTb, YTo brno-
NAPHBIN TPAH3MUCTOP BHYTPW NMEET OYeHb MaNeHbKNI KHOMOYHbI
nepeksoyaTtenb, Kak 3TO NOKa3aHo Ha puc. 2.84 n 2.85. Korga KHor-
Ka HaXaTa, 3TO JaeT BO3MOXHOCTb MPOXoAMTb 60nbLIOMYy TOKY. YTO-
Obl HaXaTb 3Ty KHOMKY, Bbl AO/KHbI JaTb BO3MOXHOCTb MPONTM Ye-
pe3 6a3y oueHb HEGONbLIOMY MO BeIMUMHE TOKY MyTem nogaun Ha
6a3y HebonbLIOro HanpsxeHusA. B n-p-n-TpaH3uctope ynpasnsio-
Liee HanpsXKeHne ABNAETCA NONOXKMTeNbHbIM. B p-n-p-TpaH3uncTope
ynpasnsawLLee HanpsXeHne ABNAETCA OTPULATENIbHbIM.

OcHogHble ceedeHus 0 n-p-n-mpax3ucmopax

« YT06bI nponycTnTb BJ'IEKTpI/ILIECKVIVI TOK OT KOJUTEKTOPA K SMUT-
TePY TPAH3UCTOPA, HaJO OTHOCUTENIbHO SMUTTEPA NPUNOXKNTb K
6a3e 6onee NonoXxnTenbHoe HanpaxeHue.

- Ha ycnosHom rpaduueckom 0603HaueHnmn TPaH3NCTopa CTpen-
Ka yKa3blBaeT Hamnpas/ieHne Toka oT 6a3bl K SMUTTEPY U MOKa-
3bIBaeT HamnpaseHvie nepemeLleHna MOTOKA MONOKUTENbHbIX
3apsAaos.
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« YT06bI YEpE3 TPAH3MCTOP Hayasn NPOXoAnUTb TOK, MOTeHLMan ero
6a3bl JO/KeH ObITb, MO MeHbLUel Mepe, Ha 0,6 B «6onee nonoxu-
Te/lbHbIM», YeM NOTeHUMasn SMUTTepa.

. KOHJ'IEKTOD [OMKeH ObITb «boNee NONOXUTENbHbIM», YeM SMUTTEP.

OcHogHble caedeHus o p-n-p-mpaH3ucmopax

+ YT06bl MPONYCTUTb NEKTPUUECKUI TOK OT SMUTTEPA K KOSEK-
TOPY TPaH3UCTOPA, HAAO MPUNOXKUTb K 6aze OTHOCUTENIbHOE OT-
puULaTeNbHOE HaMpsXXeHue.

+ Ha ycnosHom rpaduyeckom 0603HaueHMM TPaH3MCTOPa CTPesiKa
yKa3blBaeT Hanpas/eHve TOKa OT SMUTTEPa K 6ase 1 NoKasbliBaeT
HanpaeneHne nepemeLLeHs NOTOKa NONOXKUTENbHbBIX 3aPsI0B.

« YT06bI YEpE3 TPAH3MCTOP Hayas NPOXOAUTb TOK, MOTEHLMan ero
6a3bl 4OJSIXKEH ObITb, MO MeHbLUEN Mepe, Ha 0,6 B «6onee oTpuLa-
TeJIbHbIM», YEM NOTEHLMAS SMUTTEPA.

+ IMUTTEp JOMKEH ObiTb «BOsIEe MONOKNTENBHBIMY, YEM KOMNNEKTOP.

OcHosHble céedeHusA 0 8CeX MPAH3UCMOPax

+ Hwukorga He caepyet npuknagbiBaTb nutarollee HanpaXeHue
HaMpAMYIO K TPaH3UCTOPY. Bbl MOXeTe CxKeub ero TOKkoOM CimL-
KOM 605bLLOV BEINYMHDI.

« TpaH3uUCTop cnepyeT 3awuLiaTh PE3UCTOPOM TOUHO TaK XKe, Kak
Bbl 3aLUKLLany CBETOAMOM.

. CHEAYET nsberatb NOAKNKYEHNA TPAH3UCTOPA B 06paTHOIZ no-
JIAPHOCTW.

- BbIBaeT, UTO B HEKOTOPBIX CXeMax MCMOb30BaHMeE N-p-n-TpaH-
31cTopoB 6onee yaobHO; B Apyrix Cilyyasx npolie yCTaHOBUTb
p-n-p-TpaH3uctop. Oba oHM paboTaloT, Kak nepeksoyatenu
N yCUNWUTENW; eOUHCTBEHHOE pasiivyme Mexay HVMU COCTOUT
B TOM, YTO K 6ase n-p-n-TpaH3mcTopa NpuKnagbiBaeTca bonee
MOoXMTENIbHOE HaMpPAXeHMe, a K 6aze p-n-p-TpaH3NCTopoB —
6onee oTpuLaTeNbHOE.

« TpaH3UCTOpbI p-nN-p-TUNa NPUMEHSIOTCA OTHOCUTESIbHO PefKO;
B OCHOBHOM 3TO CBSI3aHO C TEM, UYTO VX MPOV3BOACTBO Tpeby-
€T VCMOoJb30BaHNA 6osee CNOXKHOW COBPEMEHHOW TEXHONOTUN
NPOW3BOACTBa MOYNPOBOAHUKOB. Jlloay NPUBbLIKIN NPOEKTU-
pOBaTb CXeMbl Ha OCHOBE N-p-N-TPAaH3NCTOPOB.

+ CnepyeT NOMHWTb, YTO GUMONAPHbIE TPAH3UCTOPbI 3TO yCuAmnTe-
NN TOKa, a He HanpsaxeHnsA. Hebornblioe n3meHeHre ToKa Yepes
6a3y faeT BO3MOXXHOCTb NMPOXOAUTbL 60NbLIOMY TOKY OT SMUTTE-
pa K KONneKTopy.

« Ha cxemax TpaH3MCTOpbl MHOMAA M306paXkatoTcA C KPYXKKOM,
a MHoraa 6e3 Hero. B 3To KHUre A BClofy MCNOMb3yto 0603Have-
HMe C Kpy»Kamu (puc. 2.86-2.87).
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Ha cxemax ponyckaeTtcs yKasblBaTb SMUTTEP BBEPXY U KOMEK-
TOP BHU3Y, BO3MOXEH TaKXe U 0bpaTHbIii BapraHT. basa moxeT
HaxoAUTbCA CleBa WK CrpaBa B 3aBUCMMOCTU OT TOTO, KakuM
obpa3om yfobHee prcoBaTb cxemy. byabTe BHUMaTeNnbHbI, pac-
CMaTpuBas CTPEeNKWM B TPaH3MUCTOpaX, uTobbl YBUAETb Kakum
006pa3oM MAET TOK, @ TakKe TPAH3NCTOP KaKoro Tuna umeetcs
B BUAY: N-p-n Unn p-n-p. Bbl MOXeTe BbIBECTW 13 CTPOA TPaH3U-
CTOP, eV NOAKIIIoUNTE ero HermpaBUbHO.

TpaH3ucTopbl MOTYT MMETb Pa3fINYHble pasmepbl 1 KOHUrypa-
unun. Bo MHOrMx 13 HUX HeT cnocoba onpeaennTb, Kakme npo-
BOZa NOAKIIOUEHBI K SMUTTEPY, KONNeKTopy unu 6ase, a HeKo-
TOpble TPaH3MCTOPbI laxe He NMeT 0603HaYeHU Ha Kopnyce.
Mepep Tem, Kak BbIOPOCKTb YNAKOBKY, B KOTOpPOW 6bliv Npro6-
peTeHbl TPaH3UCTOpPbI, CrieflyeT NPOBepPUTb He YKa3aHo Nii Ha
Hel 0603HayeHVe KOHTAaKTOB (HOXeK).

Ecnun Bbl 3a6biiyv, Kakoi MpoBOA K YeMy MOAKIIIOYEH, TO HeKOo-
TOpble MyNBTUMETPbI UMeoT GYHKLMIO, KOTOpas AaeT BO3MOX-
HOCTb OMpefenuTb SMUTTEP, KonnekTop 1 6asy. bonee nogpob-
HO 3Ta OYHKLUA N3N0XKeHa B PYKOBOACTBE MOfb30BaTeNs MyJsib-
TUMeTpa.

@44
@ -

Puc. 2.86. Ha 31oM ycnosHom rpaduve-
CKOM 0B03HaueHUn BUNONAPHOro N-p-n-
TpaH3KCTOpa CTPesKa BCErAa HanpaseHa
oT 6a3bl K aMUTTEPY. IHOTAa CUMBON TpaH-
31CTOPa 3aK/oYaloT B KPYKOK, a MHOTAA
HeT. CTnb M300pakeHUA CTPENKK MoXeT
BapbMpOBaThCA. HO HanmpasneHve anA
[IaHHOTO TWMa AOMKHO ObiTb BCErAa OfaHO
1 TO *e. [InA 1MCNonb3oBaHNA B [JaHHON
KHUre A BblOpan BapuaHT OTOOpaxeHns
TPaH3KCTOpa Ha PUCYHKax CBEPXY CreBa

@%
|

Puc. 2.87. Ha 3TOM yCnoBHOM rpaduve-
CKOM 0003HaueHu bunonApHoro p-n-p-
TpaH3MCTOpa CTPeska BCeraa HanpaeneHa
OT aMuTTepa K 6ase. ViHoraa crmBon TpaH-
31CTOPa MOMELLAIOT B KPYXOK, a MHOrAa
HeT. CTunb 1306paxkeHna CTPenK1 MoxeT
BapbMpoBatbcA. Ho 3HaueHve Bcerga
OfJHO 1 TO Xe. [INA MCnonb3oBaHna B [aH-
HOWI KHWre & BblOpan BapuaHT oTobpaxe-
HVA TPaH3MCTOPa BBEPXY CleBa
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y BA30BbIE CBEAEHUA

N306peHene TpaH3NCTOPOB

XoTA HeKoTopble NCTOPVKK MPOBOAAT JIVHUIO MPOUCXOXKAEHNA
TpaH3UCcTopa K M306peTeHnto ANOAOB (YCTPOMCTB, KOTopble AatoT
BO3MOXHOCTb MPOXOAUTb TOKY TONbKO B OAHOM HarpaBieHuu
N He [aloT B 06paTHOM), He CYLLECTBYET PAaCXOXKAEHWUI B TOM, UTO
nepBblii paboTaloWMin TPAH3UCTOP Gbln pa3paboTaH B KOMMaHUN
Bell Laboratories B 1948 ropy [l»oHom BapguHbim (John Bardeen),
Yuneamom LWoknu (William Shockley) n Yontepom BpatteinHom
(Walter Brattain) (puc. 2.88).

Puc. 2.88. Ha dpoTorpadumn, npencrasneHHon Hobenescknm GoHAOM, ClieBa Hanpaso
[xoH bapanH, Yunbam LWoknn 1 Yontep bpatTeiiH. 3a nx COTpyAHMYECTBO B Pa3pabdoTke
NepBOro B Mvpe [elCTBYloLiero TpaH3nctopa B 1948 rogy oHu pasgenvnv Hobenes-
cKkyto npemuto 1956 roga

Yunbam LLoknu 6bin nuaepom 3TON rpynmnbl, KOTOPbIA npea-
BMAEN HAaCKOJIbKO BaXKHbIM MOTEHLMarioM MOryT obnafaTb «TBep-
JoTeNbHble nepeknovatenn». [koH bapauH Obin TeopeTrKom,
a Yontep bpaTtTeliH npakTnyecky BbINoNHWA 3Ty paboTy. 1o 6b110
NCKNIOUNTENTbHO MPOAYKTUBHOE COTPYAHMYECTBO [0 Tex Nop, NoKa
OHU He fobununck ycnexa. Mocne atoro Yunbam Loknu nbitanca 3a-
NaTeHTOBAaTb TPAH3MCTOP TOJNIbKO MOA CBOUM MMeHeM. Korga »e oH
yBegomMun 06 3TOM CBOMX COABTOPOB, TO OHU, ECTECTBEHHO, He 06-
pafoBanucb 3Ton ngee.

LLinpoko pacnpoctpaHeHHas ny6nunyHas dotorpadus He morna
nomoub Loknu, Ha Hel OH cnpen B LeHTpe nepes MUKPOCKOMOM,
yTO BBIMAZENO TakK, Kak OyATo OH CcAenan BClo YepHOBYO paboTy,
B TO BpPeMs KaK OCTajlbHble CTOAT MO3aAu HEro, NokasbiBas, YTO OHU
UrpatoT MeHbLUYyo posb. Ha camom gene daktuueckn Yunbam LLok-
nun 6bin KypaTopoM, KOTOPbIV pefKo NpucyTCTBOBaN B Nlabopato-
puK, Korga BbiNoJIHANACh OCHOBHas paborTa.

MpofyKT1BHOE COTPYAHUYECTBO ObICTPO pacnanocb. Yontep
BpaTtTeliH nonpocun o nepeBofe B ApYryto 1abopaTopuio B KOMMNa-
Huto AT&T, a bapauH nepeluen Ha paboTy B YH1BepcuteT UnnnHolica,
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yTO6bI 3aHATLCA TeopeTuyeckom dursmkoli. LLloknu Bckope NoKnHyn
Bell Labs 1 ocHoBan komnaHuto Shockley Semiconductor B Tom me-
CTe, KOTOpOe BNOCNEACTBUM CTano Ha3biBaTbcA CUAMKOHOBOW JONN-
How (Silicon Valley), Ho ero ambuuumn NPeBOCXOANAN BO3MOXKHOCTA
TEXHONOTUW, CyL,eCTBOBAaBLLEN HAa TOT MOMEHT BpemMeHu. KomnaHua
Yunbama LLoknu Tak 1 He Npomn3Bena HUYero Takoro, YTo MOrmo 6Gbl
NPUHOCUTb NPUOBLIIB.

Bocemb coTpyaHuKoB KoMnaHum Yunbama LLoknu Bckope npe-
[anu ero, yBONMBLLMCb U OCHOBAB CBOW COOCTBEHHbIN OU3HeC, T. e.
komnaHuto Fairchild Semiconductor, koTopasi BnocneacTBun cTa-
na HeoOblYaMHO YCMeLWHON, Kak Npou3BOAUTENb TPaH3MCTOPOB,
a no3fHee 1 VHTErpasnbHbIX CXEM.

y BAKHbIE CBEJEHUA

TpaH3ucropbl n pene

OfHO 13 orpaHMYeHni, KOTOpPOe HaKaablBaeTCa Ha bunonsp-
Hble TPaH3MCTOPbI N-p-N- 1 P-N-p-THNa, 3aKIYAETCA B TOM, UTO OHU
ecTecTBeHHbIM 06pa3oM HaxOAATCA B COCTOSHUN «BbIK/TIOUEHO» A0
Tex Nop, NOKa Bbl He NepeBefeTe VX B NONIOXKEHUNE «BKIoUYeHO». OHK
BeflyT cebA Kak HOPManbHO Pa3OMKHYTble KHOMKM, KOTOpble NPOBO-
LAT NeKTPUYECKU TOK TONbKO TOraa, Korga HaxogAaTcA B HaXKaToM
cocToAHUN. OHM He MOXOXM Ha 0ObIYHbIE NepeKsYaTeny, KoTopble
HaXo[ATCA BO BK/IIOYEHHOM COCTOSIHUM O TEX MOP, NMOKa CUrHan nx
He nepeBefeT B COCTOAHME BbIKMOUYEHO.

Pene o6napgaet 60nbWNMN BO3MOXHOCTAMYU MEPEKITIOUEHNS.
OHO MOXeT 6blTb HOPMaNbHO PA3OMKHYTbIM, HOPMaNbHO 3aMKHY-
TbIM U MOXeET ObITb BYXMO3ULIMOHHBIM MepekKoyaTenem, KoTo-
pbll NpefoCTaBAeT BaM BO3MOXHOCTb BblOOpa 13 ABYX MO3MLNIA
«BKMtOUYeHO». OHO TakXe MOXeT OblTb [IBYXMOJIOCHbIM, UTO fenaeT
BO3MOXHbIM COeAVHATL (MNK pa3pbiBaTb) iBa NOHOCTLIO pa3fenb-
HbIX KOHTaKTa, KOrJja Bbl NOJAaeTe Ha pesie HanpsiXXeHure. YCTPOWCTBa,
cocCToALMEe 13 OAHOIO TPAH3UCTOPA, HE MOTyT 0becrneynTb ABYXMO-
3ULMOHHbIE 1 ABYXMOMIOCHbIE GYHKLMK, XOTA Bbl MOXeTe cfenaTb
6ornee CNOXHY CXemMy Ha OCHOBe TPaH3UCTOPOB, KOTopas OyneT
BbIMONHATL U 3TW GYHKLMN.

[Hanee B Tabn. 2.4 npuBeneH 0606LEHHbIV CMNCOK HEKOTOPbIX
CpaBHUTENbHbIX XapaKTEPUCTVK TPaH3UCTOPa U pene.
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Tabnuya 2.4

TpaH3uctop |Pene
[Tepron HagexHoW KcnNyaTaLmn OTnnuHbIi OrpaHuyeHHbli
Bo3moXHOCTb nConb30BaHNA KOHOUrypaLmm ¢ Het Ja
ZABYXMOMONIOCHBIM U ABYXMO3MLIMOHHbIM NepeKioyeHnem
(noco6HoCTb Nepekntoyath HonbLuKe TOKN OrpaHuyeHHas Xopowas
(noco6HoCTb NepekntoyaTh nepemeHHoe Hanpsxenue (AC) 06blyHO HeT Jla
MoxeT i BKntouaTbCA nopayeii nepemexHoro Hanpsxexna (AC) | 06bIuHo HeT Onuua
[TpurogHOCTb K MUHUATIOPHOMY CMONHEHIH OTnnyHan OyeHb orpaHnyeHa
UyBCTBUTENBHOCTD K OKpY»KaloLLieli Temnepatype Bbicokas Cpeanas
(noco6HOCTb NepeKntoUeHIs Ha BbICOKMX YacToTax OTnyHan OrpaHnyeHHas
LleHoBOe npenmyLLeCTBO ANA ManblX TOKOB, HU3KIX HaNpAXeHnii | [la Her
LleHoBOe NpenmyLLecTBO ANA GONbLUNX TOKOB, BbICOKUX Her Jla
HanpsxeHuit
YTeuka ToKa B COCTOAHUN <BbIKJTI0UEH0» Jla Het

Bbl60p mexay pene nim TpaH3ncTtopom 6y,qu 3aBUNCETb OT KaX-
A0ro KOHKpPEeTHOro cjiy4vyad ncnosib30BaHUA.

A

Ha6niopgeHune Toka

Ecnu Bbl xoTuTE nony4ynTb 6ornee TouHoe npeancTaByieHNe O TOM,

KaK paboTaeT TPaH3MCTOP, TO BaM HY>KHO MOMbITaTbCA BbIMOMHUTb
npuseAeHHbIn fanee onbiT. OH NokKa3biBaeT TOYHOe MOBefeHue
N orpaHnyeHns TpaH3nctopa 2N2222, KOTopblii Bbl MCMOIb30Banu
B 3kchepumeHme 10.

fl y>ke roBopwmn, 4To B N-p-n-TPaH3MUCTOPaX KOMIEKTOP AOSIKEH
6bITb BCcerga 6onee NONOXUTENbHLIM, YeM SMUTTeEp, a 6a3a [OMX-
Ha MMeTb NOoTeHUMan rae-T0 Mexay STMU ABYMSA 3HaYeHUAMU Ha-
npsxxeHuna. Ha puc. 2.89 nokasaHo 3To NpubaM3nTesIbHoOe COOTHO-
weHwue. Tenepb A xouy f06aBUTL HeKOTOpble LUdpPbI B 3T obLme
3anABneHuA.

MocmoTpuTe Ha cxemy Ha puc. 2.90 1 NpoBepbTe 3HaYEHMA KOM-
noHeHToB. CnielyeT 3amMeTuTb, 4To obLiee CONPOTMBEHME PE3NCTO-
poB R1 + R2, pacnonoxeHHbiX Bbille TPaH3UCTOPa, ABNAETCA TakKUM
Xe, UTo N CyMMapHoe conpoTrBreHne pesnctopos R3 + R4. MNoaTto-
My noTeHuUman 6a3bl TpaH3MCTOpa JONIXKeH ObITb rae-To nocepenu-
He MeXay ABYMA MakCUMyMaMu, 0 TeX Nop, Noka Bbl He byaeTe ¢
nomolbto noteHumomeTpa P1 perynmpoBatb HanpsaxeHve Ha ba3e
TpaH3ucTopa.

[Ba pe3uctopa R1 n R3 conpotneneHnem 180 Om 3awmwiator
TpaH3ncTop OT M3bbITOYHOro ToKa. [lBa pe3unctopa R2 n R4 conpo-
TmBneHnem 10 KOM 3awmiaioT 6a3y TpPaH3MCTOPa, Koraa ABMXKOK
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Bonee nonoxutensHoe

HanpsixeHne
HekoTopoe 5 K
NpOMEXYTOYHOE )
3HayeHne
c)
Bonee oTpuuatensHoe
HanpsxeHne

Puc. 2.89. /114 npaBunbHOro GyHKLMOHM-
POBaHUA N-P-N-TPAH3MUCTOPOB TpebyeTca
NOAAEPKMBATb 3TO COOTHOWEHME MeXAY
noTeHUManamm Touek

12B
NOCTOAHHOTO TOKa

-+

P1 (A1)

Puc. 2.90. 510 NpaKT1yeckm Ta xe camas
CXema TONbKO C A0DaBNEHHBIM NMOTEHUMO-
MeTPOM 1 YAaneHHbIM CBETOAVOLOM. 3Ha-
YyeHuA KomnoHeHToB: R1 — pe3wncTop ¢
conpotuenervem 180 Om; R2 — pesunctop
¢ conpotveneHnem 10 kKOm; R3 — pe3u-
cTop ¢ conpotueneHvem 180 Om; R4 —
pesnctop ¢ conpotusneHvem 10 kOwm;
P1 — noTeHUMOMETP C NMHENHOW xapak-
TepucTukom 1 conpotusnervem 1 MOwm;
Q1 — tpaH3ncTop tna 2N2222
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NoTeHLMOMETpa NepemeLleH B KpailHee BepxHee uin B KpalnHee
HUXKHEee MoJoXKeHue.

Al xoTen 6bl MOCMOTPETb, UTO AenaeT TpaH3ucTop. Caenatb 310
MO>KHO NMyTeM N3MepeHMs TOKa, MpoTeKaloLlero Yyepes 6a3y B MecTe,
nomeyeHHoMm, Kak A1 (cMm. puc. 2.90), a TakKe 3MepUTb CYMMapPHbIN
TOK, KOTOPbIV MPOTEKAET Yepe3 SMUTTEP B MecTe, 0603HaUEeHHOM,
Kak A2. [ina 31oro 6b1510 O6bl OUeHb XOPOLWO UMETb AiBa Nprbopa, HO
NOCKOJIbKY 3TO HEe COBCEM MPAKTUYHO, TO Ha puc. 2.91 n 2.92 noka-
3aHO, KaK Bbl MOXKETe, MepeKsoyasa oanH MybTUMETP Ha MakeTHOM
nnare, BbIMOAHUTb U3MEPEHNA B ABYX 3TUX MeCTax.

12B
NOCTOAHHOrO TOKa

CRCRCICINC R '@‘-

Ml.\

Puc. 2.91. MynsTUMETp, M3MepAoLmIA TOK Yepes 6a3y TpaH-
3ucTopa B Touke AT (cm. puc. 2.90)

Puc. 2.92. OfuH KoHel pe3nctopa R3 6bin OTCOEAMHEH OT MakeTHO
n1aTbl, NO3TOMY MyJIbTVMETP B HAaCTOALLMI MOMEHT U3MePAET TOK, KOTO-
PbI NPOXOANT Yepes IMUTTED TPaH3MCTopa, U conpoTtuaneHne R3, T. e.

B TOUKe A2 (cM. puc. 2.90)

MNomHuTe, utO npun N3MepeHMn ToKa Bbl OOJTXHbI CAenaTb Tak,
yTOObI TOK npoxoaun vyepes MynbTUMETP. JTO O3HayaeT, 4YTo npum-
60p [ONXKeH ObITb BKJIOUEH B Pa3pbIB Lenn, a Kak TOJ1IbKO Bbl OTKJTHO-
yuTe ero, Bbl 4OJIXKHbl BOCCTAHOBUTb COeAMHEHNE MeXAY TOYKaMW,
K KOTOPbIM 6bin NOAKJTIOYEH MYJIBTUMETD. M3 npuBefeHHbIX PUCYH-
KOB NErko NOHATb, KakK 3TO MOXHO 6bl510 Obl caenatb Ha MaKeTHOM
nnate. K cyacTblo, Ha MakeTHOW NaTe OYeHb Nerko u npocCTo OT-
Klo4aTb N CHOBa NoAkni4yatb npoBoAda M KOMHOHEHTDI. Tam, roe
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n3MepuTeNbHble NPOBOAA NMOAKI/IOUAIOTCA K NOTEHLMOMETPY U BO
BTOPOM cJlyyae K pe3snctopy R3, Bam mMoryT notpeboBaTbCs 3axu-
Mbl TUMNa KKPOKOAMI».

HaunHante BpalwaTb NOTEHLUMOMETP, MOBEPHYB €ro NpUmMepHoO
00 nonoBuHbl. M3mepbTe TOK B Toukax Al n A2. lNepemecTtute aBu-
»KOK HEMHOTO BBEPX U M3MepbTe TOK B 3TUX »Ke TOUKax CHoBa. [lanee
npueeaeHa Tabn. 2.5, B KOTOPOW MOKa3aHbl peasibHble pe3ynbraTbl
N3MepEeHNIA, KOTOpble A NONyYuns, OOQHOBPEMEHHO MCMONb3yA ABa
UndPOBbLIX MynbTUMETpPA.

Tabnuya 2.5
Tok, npoxogAawmn Yepes npubop, Tok, npoxoaAawmn yepes npubop,
pasmelleHHbIN B TOuke A1, pa3smelleHHbIN B TOuKke A2,
MA mA
0,01 19
0,02 49
0,03 71
0,04 9,9
0,05 12,9
0,06 15,5
0,07 17,9
0,08 19,8
0,09 22,1
0,10 249
0M 26,0
0,12 283

MonyyaeTcA AOBONBHO O4YeEBMAHOE COOTHOLIEHKe. ToK, MpPoxo-
OAWMIA Yepes SMUTTEpP, M3MEPEHHbIN B Touke A2, B 24 pa3a 6ob-
e TOKa, NPOXOAALLEro Yepe3 6asy, U M3MEPEHHOrO B Touke Al.
CooTHOWeHMe Mexady TOKOM, MpPOXOZAWMUM Yepe3 sSMUTTep
N-p-n-TPaH3nCToPa, K TOKY, NpoxoadLiemMy Yepes 6asy 3TOro xe TpaH-
31CTOPA, Ha3blBaeTcA bema-ndpaMempom ANs TpaHucTopa. Benu-
YrHa 3TOro NapameTpa BblpaXaeT BeIMUYNHY YCUSIeHNA TPaH31cTopa.

ITO [OCTAaTOYHO MOCTOAHHAA BENNYMHA A0 TeX Nop, noka 6a3o-
BbIl TOK He cTaHOBUTCA Gonee 0,12 MA, Kora TPaH3UCTop Nepexo-
OUT B COCMOAHUE HACbIWEHUA, YTO O3HAYaeT, YTo ero BHYyTpeHHee
COMPOTUBIIEHNE HE MOXKET 6oMee yMeHbLLIATbCA.

B MoeM ManeHbKOM 3KCMeprMeHTe i 0OHAPYXW, UTO MaKCK-
MaJibHbI TOK, KOTOPbI MOXET OblTb JOCTUTHYT NPU N3MEPEHNN B
Touke A2, paBeH 33 MA.

MpocToe BbluMcneHre ¢ NoMoLbio 3akoHa OMa nokasano, 4To
NPV 3TOM 3HaYeHMK TOKa BHYTPEeHHee CONPOTUB/IEHNE TPaH3UCTO-
pa CTano NpakTU4ecky paBHO Hys0. VIMEHHO NO3TOMY-TO Bbl fOSK-
Hbl 33LUMLLATH TPAH3UCTOP KAaKUM-TTMOO [OMONHNUTENIbHBIM PE3MCTO-
pOM, yCTaHOBNEHHbIM B Lienb. ECniv Bbl 3TOro He cAenaeTe, To Mmasioe
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3HaueHne BHYTPEHHEro COMPOTUBEHMA TPAH3MCTOpa NpMBeAeT K
Takomy OOJNbLIOMY 3HAYEHWIO SMUTTEPHOrO TOKa, YTO 3TO CTaHeT
NPUYMHON CrOpaHUA TPaH3UCTopa.

A 4TO MOXHO CKa3aTb MPO APYron KoHel Auana3oHa? B stom
cnyyae, Korga yepes sMUTTepP MPOXOAUT TOK, PaBHbIN 1,9 MA, TpaH-
3UCTOP UMeeT BHYTpPEeHHee COMpPOTUBEHWE, PaBHOE MPUMEPHO
6000 OM. M3 3TOro MOXKHO caenatb CriefyoLWmnii BbiIBOA: 8 3d8UCU-
Mocmu om mo2o, Kakol MoK 8bl NpuKaaosieaeme K 0aHHOMY MPaH-
3ucmopy, e2o0 8HympeHHee conpomusJieHue MeHaemcs om Hyssa 00
npubausumesnbHo 6000 Om.

BoT n Bcs Teopus. Yto Obl Tenepb Mbl MO CAeNaTh Takoe C
TPaH3UCTOPOM, UTO HAcC Obl pa3Becennio, Uin 66110 Obl MONE3HO,
unu 6bl caenano v To 1 apyroe? Vtak, Mbl MOXeM NPUCTYMNUTD K Bbl-
MOJIHEeHUIO 3KchepumeHma 11.

Jkcnepumenm 11
MOJYNbHbINA MPOEKT

BaMm nonazo0sTcs:
. CereBol1 azianrep, MakeTHas IJIaTa, IPOBOJA U MyJIbTUMETD.
. CBetoguopabl. KonuuecTtBo — 1 miT.
. PesucTopsl pa3nuyHOro HOMUHANA.
. Konyencatopsl pa3inyHOro HOMUHaMA.

hm A W N =

. bunonsApHbIi TpaHsuctop 2N2222 wunu aHanoruyHbii emy. Ko-
JIN4eCTBO — 2 IIT.

6. 2N6027 nporpaMMupyeMblii OfHOIIepeXOAHbIN TpaH3ucTop. Ko-
JIN4eCTBO — 2 IIT.

7. MUHMATIOPHBIA JUHAMUK compoTuBieHreM 8 Owm. Kommue-
cTBO — 1 miT.

Jlo cux mop sl OMUCHIBaJI HeOOJIbIINe CXeMbl, KOTOPbIe BBIMOJ-
HAU 04eHb NMpocThle GyHKIUK. Terepb HACTYNMUIIO BpeMs AT CO3-
IaHUs MOZlyJIsl, HA OCHOBE KOTOPOT'0 MOXHO COOPYAUTb YCTPOWCTBO,
crioco6HOe Ha Topaszo Gobliiee.

KoHeYHbIM MPOAYKTOM JAaHHOTO JKCIepUMeHTa OyneT cxema,
reHepUpYIOIasi 3ByKOBOK CUTHAJ, MOAOOHbBII HeGOJBINON CUPEHe,
KOTOPYI0 MOKHO OyZeT UCIOIb30BaTh ISl CO3/aHMS CUTHATU3ALUN
HeCaHKLMOHUPOBAaHHOI'O TPOHMKHOBeHUS. Bac MoXeT nHTepecoBaTh
VTN He UHTepecoBaTh 00Jia/JaHue TaKUM CUTHAJIbHBIM YCTPOMCTBOM,
HO YeTbIpe 3Tama 3TOro Mpollecca OYeHb BaXKHBI, IOCKOJIbKY HATJIAN-
HO ZIEMOHCTPUPYIOT KaKUM 00pa30M MOXHO 3aCTaBUTH OT/eJbHbIe
TPYIITbl KOMIIOHEHTOB 0OMEHUBATHCS TaHHBIMHU JIPYT C IPYTOM.

S HayHy € TOrO, 4TO MOKAXY BaM, KaK HY>KHO HCII0JIb30BaTh TPaH-
3UCTOP, YTOOBI CO37IaTh CXeMY I'eHepaTopa, KOTOPYIO MbI TIOCTPOUIIH
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paHee Ha OCHOBe peJie TIPY BBINIOJIHEHUY dxcnepumenma 8. Pene, Bbl
HaBepHO TOMHUTe, ObLIO MOJKIIOYEHO TaK, YTO HANpsHKeHUe IT1Ta-
HUs Ha eT0 0OMOTKY [TOCTYIIAJIO Yepe3 KOHTAKTHI pesie. Kak ToJbKo Ha
0OMOTKY 110/1aBaJIOCh HANIPsKEHYe, pesie pa3MbIKaJIo KOHTAKT, OZJHO-
BpeMeHHO OTKJII0Yas 107iady HanpsHKeHUs MUTaHUs Ha 0OMOTKY. Kak
TOJIKO KOHTAKThl 0CBOOOX/IAJIMCh, OHM BO3BPALIAJIUCh B UCXOAHOE
COCTOSIHVe, CHOBA 3aMblKasl KOHTAKThI ¥ I0/laBasi HAIIPs)KeHre MUTa-
HUS Ha OOMOTKY.

He cymectByer croco6a caenath 3TO Ha OCHOBE OZHOTO OUIIO-
JIIPHOTO TPaH3ucTOpa. JIyisi 3TOro BaM NoTpebyeTcs IBa TAKUX TPaH-
3UCTOpA, KOTOPbIe OYAYT BKIOYATh U BBIKJIIOYATh APYT Apyra, U TO,
KaK OHH 3TO JieJIaloT, OyIeT I0BOJIbHO CI0XKHO TOHSATh. Bosee mpo-
CTOIi crI0c06 — 3TO MCIMONB30BaHUE IPYTOT0 KOMIIOHEHTa, KOTOPbIi
M3BECTEH 11071 Ha3BAHUEM NPOZPaAMMUpyembill 00HONepexodHbill mpan-
sucmop (PUT — programmable unijunction transistor).

OnHomepexoziHble TPAH3UCTOPBI ObLIM pa3paboTaHbl B cepeairHe
1950-x rozioB, HO OCTaBaJIMCh HEBOCTPEOOBAHHBIMM, MIOKA /IelIeBbie
KpeMHMeBble KPHCTaJUIbl BBITIOJHSIIH Te JKe caMble GpYHKIMU Goee
Ha/Ie)KHO U TOYHO. OJHAKO IMporpaMMupyeMble OJHOIEepeXOJHbIe
TPaH3UCTOPbI IIHMPOKOAOCTYIHBI, MOCKOJIBKY 4aCTO MCIOJIb3YIOTCA
B PeryiaTopax cBeTa U YCTPOICTBaxX ynpasieHus apurarensmu. [To-
CKOJIbKY UX OCHOBHAA 3a/lauya reHepupoBaTh NOTOK UMIYJIbCOB, OHU
WZleaJibHbl U [JIs1 Halllel 3a/ja4uu.

Ecm BbI coeiHNTE KOMIIOHEHTBI TaK, KaK II0OKa3aHo Ha puc. 2.93,
TO CBETOZIMOJ HAYHET MUTATh CPa3y ke MOocJie BKIYeHUs HalpsixKe-
HUS IUTAHUA.
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Puc. 2.93. Cobepute 3TV KOMMOHEHTbI, MPUAOXKMTE HANPAXEHWE NMUTAHUA 1 CBETOAVOA HaUYHeT
MUraTh. 3HaUeHa KOMMOHeHTOB: R1 — pe3nctop ¢ conpotmsnerrem 470 kKOm; R2 — pe3snctop
c conpotuenennem 15 KOm; R3 — pesnctop ¢ conpotmsnexmem 27 kKOm; C1 — snekTponntunye-
CKMI KOHAEHCATOP eMKoCTbio 2,2 MKD; D1 — cetoaron; Q1 — nporpamMmmpyemblii ogHonepe-
XO[HbIN TpaH3ncTop 2N6027
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Crenyer 3aMeTHUTB, YTO Liellb paboTaeT OT MCTOYHMKA MUTAHUSA
Cc HampspkeHHeM 6 B. Bbl He cMoXeTe MOBPENUTH YTO-JKOO B 3TOM
cxeMe, eClIM B KaueCTBe HaNpsDKeHUs IMTaHusA Oy/ieTe UCTIOIb30BaTh
12 B, HO mpu H0baBIeHUM CIIEAYIOUIMX KOMIIOHEHTOB BhI MOMMeTe,
4TO HanpsDKeHue 6 B syuie, yem 12 B. J171s1 Toro 4yTo6sI pa3o6paThes
B TOM, KaKuM 00pa3oM paboTaeT 3Ta cXema, IPOUTHUTE CIIeyIOMIUi
pasd. «Baxcuvie ceedenus — Bce 0 npozpammupyemvix 00Honepexoo-
HbIX MPAH3UCTOPAX».

y BAXKHbIE CBEQEHUA

Bce o nporpammupyembix
ofHoNepexoAHbIX TPaH3UCTOpPaX

CxemaTtnyeckoe 1306paXkeHne nporpaMmmmpyemMoro OfHo-
nepexogHoro TtpaHsuctopa (PUT — programmable unijunction
transistor) cywlecTBeHHO OTIMYaeTcss OT 0003HAUYEHUsI OObIYHOTO
6UNONAPHOro TPaH3MCTOPa, @ ero YacTu UMeIoT pyroe Ha3BaHue.
Tem He MeHee OH 0O6nafaeT TeMU e CambiMy QYHKLUSAMU, YTO
N TBePAOTENbHbIA NOAYNPOBOAHMNKOBbLIV NepeknioyaTeNb. YCnoB-
Hoe rpaduuyeckoe 0603HauYeHVe 1 TPY HaVMEeHOBAHWA ero BbIBOAOB
npviBefieHbl Ha puc. 2.94.

CnepyeT 3aMeTUTb, UTO 3TO OUEHb PefiKuiA criydal (MoXeT ObiTb
€ONHCTBEHHDbI BO BCEW NEKTPOHUKE), KOrga KOMMOHEHT Be3ae
00603HaYaeTCA Ha CXemMax OAHVM U TeM e cMmBosioM. [porpammu-
pyeMbli OfHOMNEPEXOAHbIN TPaH3UCTOP BbIMMAAMT BCerga Tak, Kak
Puc. 2.94. YcnosHoe rpaduyeckoe 060- A ero Hapuncosan 3gechb. JINUHO MHe xoTenocb 6bl NOMECTUTb 3TOT
3Hauenne MporpaMm1pyemoro. oaHone- CYMBO B KPY>KOK, HO 60JIblle HUKTO 3TOrO He Aenaert, Mo3Tomy A
PEXOAHOIO TPAH3UCTOPa

TOXe He Gyay 3To fenaTb.
Mporpammrpyembiii ogHonepexodHbin TpaH3nctop 2N6027 as-

nAeTcs Hambornee PacnpPOCTPaHEHHbIM TPAH3UCTOPOM TaKoro TWMa,
NO3TOMY OH MMeeT CTaHAaPTHbI KOPMyC U CTaHAAPTHOE Ha3Ha-
YyeHue BbIBOAOB. MHe TaKume TpaH3MCTOpbl Nonaganncb TONbKO B
NacTMacCoBbIX KOPMYycax, @ BOT B META/INYECKNX KOPMycax A X He
BCTpeyan. Ha puc. 2.95 nokasaHbl Ha3BaHMA BbIBOAOB TPaH3MCTOPA,
ecnu TpaH3mcTop 2N6027 6bin npon3BeseH KomnaHvein Motorola
unn On Semiconductor. Ecnv Bbl Npuobpenn 3ToT KOMMNOHEHT OT

AHop

3

Katon

YnpasnsioLuit
anekTpos

AHog
APpYyroro npovssogmTens, T0 BaM cjlefyeT YTOUHUTb Ha3HayeHue
Ynpasnsiowpit €ro BbIBOZIOB M0 JIMCTY TEXHUYECKNX [aHHbIX.

SneKTpoA CnegyeT oTMETUTb, YTO MJIOCKaA YacTb MJAaCTMAacCOBOro KOp-
Karon nyca éunonapHoro TpaH3uctopa 2N2222 HanpaBfieHa B I'IvaTI/IBO-
MOJSIOXKHYIO CTOPOHY MO CPABHEHUIO C MOJIOXKEHMEM MJTOCKON YacTn
Puc. 2.95. Ha3saHne n pacnonoxexne KopnycCa oAHOMeEPEXOAHOro TPaH3UCTOpPa, YTO BaXXHO, KOrga 3Tu

BHIBOAOB MPOTPaMMPYEMOro OfHONepe- [Ba YCTPOWNCTBA MCMOJb3ylTCA BMeCTe.

XoAHoro TpaH3ucTopa 2N6027, BbinycKae- 0 o
MOTO  KoMMavisMA On - Semiconductor AHOMEpPEexXoAHbI TPAH3UCTOP MPENATCTBYET MPOXOXAEHWIO

1 Motorola TOKa A0 TeX NOp, NOKa ero BHyTpeHHee conpoTuMB/ieHNe He NafjaeT
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[10 TAKOro 3HaYEeHKA, YTO TOK HAUMHAET NPOTEKATb OT «aHOZa» K «Ka-
TOAY». B 3TOM OH KaXKeTcA NOXOXKMUM Ha n-p-n-TPaH3UCTop, HO CyLue-
cTBYeT 6onbluan pa3HULa B YCNIOBMAX, KOTOPbIe 3aCTaBNAT OfHO-
nepexofHbI TPaH3UCTOP CHU3UTb CBOE COMpOoTMBIeHMe. Tak, ana
TOro, YTo6bI NPOrPaMMIUPYEMbIV OfHOMEPEXOHbIN TPAH3MCTOP OT-
KpbINca Ana NpoxXoXKAeHWA TOKa, ONpeaenaeTca HanpsaXeHnem Ha
ero aHopge.

MpennonoXunm Bbl HaYany, CKaxxem, C HanpsxeHuna 1 B, npuno-
XKEHHOrO K aHoZy. 3aTeM NOCTEMNEHHO Y Me4JIEHHO MOBbILLAeTe 3TO
HanpsaxeHne. TpaH3UCTOP OCTaeTCA 3aKpblTbiM A0 TeX Mop, Moka
Hanps>KeHne Ha aHofde He CTaHeT 65M3KUM K 6 B. BHe3anHo 3To Ha-
nNpsAXeHne nagaeT, NOCKONbKY MafaeT CONPOTUBAIEHNE N UMMYSbC
TOKa MocTynaeT Ha Katod. Ecnmn HanpaXeHne CHOBa CHMXaeTcs, TO
OfHOMEPEXOAHbIV TPaH3UCTOP BO3BPALLAETCA B CBOE NCXOHOE CO-
CTOAHME 1 CHOBA NPENATCTBYET MPOXOXAEHWIO TOKa.

fl no6aBKN HOBbIV BapMaHT PUCYHKA C N306parkeHMeM «nasbla
Ha KHOMKe» ANA Toro, 4Tobbl yNpoLeHHO 06bACHNTL NoBefeHne
OfHOMEepPexoAHOro TpaH3ncTopa (puc. 2.96). HanpsaxkeHne Ha aHoge
CaMO HeceT OTBETCTBEHHOCTb 3a HaXaTue Ha KHOMKY, KOTopas oOT-
KpbIBaeT MyTb MPOXOXAEHUA TOKa Ha KaTog.

[na Bac MOXeT OKa3aTbcA npobnemolt onpeneneHne Toro, Ka-
Kylo OYHKUMIO BbINOSHAET yNpaBnAlwWmMiA snekTpod. Bbl moxete
CUNTaTb €ro HEKMM KOMIMOHEHTOM, «MOMOTaKLWMM» Masbly HaXu-
MaTb Ha KHoMKy. OaKTuyecKn ynpaBnaowWwnin 3NeKTPog, 3TO «MNpo-
rpaMMrpPyemblin» 31eMeHT OfHOMEePEeXo[HOro TpaH3ncTopa. Vsme-
HAA YPOBEHb HAMPAXKEHNA Ha STOM 3N1EKTPOAE, Bbl MOXETe 3aAaTb
TOUKy cpabaTblBaHMA, NPU KOTOPOW TPAH3UCTOP HauMHaeT Npony-
CKaTb TOK.

WTak, npnBegem npoctoe 0606LieHNe.

« AHop fofKeH 6blTb Gonee NONOXMTENbHbIM, YeM KaTof, a Ha-

NPsXeHWe Ha ynpaBnAoLWeM NEKTPOoLe OOMKHO HaXoAUTbCA

MeXAYy STUMU ABYMSA 3HaYEHUAMMN.

« Ecnu HanpskeHvie Ha aHofge CTaHOBUTCA GOJblUe HEKOTOPOro
MOPOroBOro YpPOBHs, TO Yepe3 OLHOMEPEXOMHbIA TPaH3MCTOP
HauvHaeT NPOXOANTb TOK, M TeUET OH OT aHOAaA K KaTogy.

« Ecnu HanpsxeHue Ha aHofe CHOBA CTAaHOBMUTCA MeHbLUEe MOpo-
rOBOrO YPOBHS, TO TPAH3MCTOP NpeKpaLLaeT NponyckaTb TOK.

« HanpskeHve, MNpunoxeHHoe K YNpaBAsioOWEMY 3S/1eKTPOAY,
onpeaenseT ypoBeHb NMOPOroBOro HanpsXeHusl.

« Hanps»eHve Ha ynpaBAsioLem 3/1eKTpoe TPaH3UCTopa 3aja-
€TCs C NOMOLLbIO ABYX PE3UCTOPOB, KOTOPble 0603HaUYeHbI, Kak
R1 1 R2 Ha cxeme, nprBeeHHON Ha puc. 2.97. O6bIYHO comnpo-
TUBNIEHME Ka>KAoro 13 3TUX pe3ncTopoB cocTaBnsaeT 20 KOm. Oa-
HOMepPeXoAHbIV TPAH3UCTOP 3aLMLLEH OT MOSTHOIO HaNpPsAXeHWA
NUTaHNA C MOMOLLbIO pe3ncTopa R3, conpoTuBieHne KOTOPOro
MoeT ObiTb 100 KOM MnK BblLe, MOCKOMbKY /1A HanpsXeHns
CMeLLeHMs TpaH3rcTopa TpebyeTca oueHb HEOOMbLLON TOK.
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YnpasnstoLLui
3NeKTPOA

Katop

Puc. 2.96. Korga HanpsxeHve Ha aHoge
O[IHOMEePEeXOHOro  TpaH3ucTopa  npe-
BbILLAET MOPOroBoe 3HauyeHue, KOTopoe
onpefenaeTca HanpsXXeHMem Ha ynpas-
NALEM 3N1eKTPOAE, TPAH3UCTOP HauMHa-
€T NponycKaTb TOK ¥ CO3[aeTCA UMMYNbC,
NPOXOAALLMIA OT aHofda K Katofy. B 3Tom
cnyvae cuTyauma BuIrAAUT TaK, Kak byaTo
HanpAXeHWe Ha aHoe CaMO HaXKMMaeT Ha
KHOMKY ANA 3aMblKaHWA KOHTaKTa BHYTPU
TPaH3MCTOPa NPY HEKOTOPOW NOMOLLM Ha-
NPAKEHVA Ha YNpaBAAiolLem anekTpoae
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R1
BxonHoi
ynpasnswoLuit
curHan

R2

BbIxogHoe
ynpaBnsiemoe
YCTPONCTBO

Puc. 2.97. Ha 31O NpocToi cxeme no-
KaszaHo KakMM 0Opas3oM MOXHO WCMOSb-
30BaTb OAHOMNEPEXOAHbIN TPaH3ucTop. Co-
npoTmeneHnsa pesunctopos R1 1 R2 onpe-
LeNAloT HanpaxeHvie Ha ynpaenAoLliem
3NEeKTPOAE, KOTOPOE B CBOIO Ouepesb 3a-
[laeT NOPOroBoe 3HayeHve AnA BXOLHOMO
HanpaxeHna Ha aHode. Kak TonbKo BXOA-
HOEe HanpseHne CTaHOBUTCA GOnblLEe MOo-
POrOBOrO 3HaueHUs, TPAH3UCTOP HauMHa-
€T NPOonyCcKaTb TOK OT aHOAa K KaTofy

6B
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470K

2N6027

Puic. 2.98. Takoe 1306paxkeHe Cxembl 00-
neryaet BOCNPUATHE TOTO, YTO HAXOAWTCA
Ha MaKeTHoW nate

lnasa 2

- Bbl nojaeTe Ha aHoOL TpaH3UCTOpa BXOAHOW curHan B ¢popme
MONoXUTesNIbHOro HanpsxeHus. Korga curHan npesbICUT NOPO-
roBoe 3HaueHue HanpsXeHus, TO Yepes KaTtoh HauyvHaeT npo-
TeKaTb TOK, KOTOPbI MOXET 1CNOJIb30BaTbCA B KauecTBe Yrpas-
NALWEro BbIXOAHbIM YCTPONCTBOM.

EAnHCTBEHHO OCTaBLUMIACA BOMPOC, Kak Mbl 3aCTaB/M OfjHOMepe-
XOAHbIN TPAH3MCTOP reHepupoBaTb KoslebaHus, UuTobbl co3paBaTtb
UMMYNbCbl BKIOYeHMA/BbIKNoUeHNA. OTBET 3aKsoyaeTcsa B Hanu-
UMM KOHZEeHcaTopa, KOTOPbIV Bbl BKIIOYan B Liernb, CObpaHHyo Ha
MaKeTHOW nraTte B Hayane akcnepumerma 11 (cm. puc. 2.93).

LlWar 1. KonebaHna ¢ manon yacroTon

Ha puc. 2.98 npuBenieHo rpadudeckoe n300pakeHre CXeMbl, CO-
OpaHHOI Ha MaKeTHOW IUIaTe C MCIOJIb30BaHUEM OTHONEPEXOIHOTO
TPAH3UCTOPA U TIOKa3aHHOW Ha puC. 2.93; OHO BBINOJIHEHO TaK, YTO
KOMIIOHOBKA YCJIOBHBIX 0003HaYeHU! KOMIOHEHTOB B MaKCHMalb-
HOIi CTeTIeH! COOTBETCTBOBAJIA ObI MX PACIOJIOKEHUIO HA MAKeTHOM
I1are.

Pesucropel ¢ conporusnenusamu 15 kOm u 27 kOM 3a7a10T Ha-
IpsDKeHUe Ha yIpasJdoleM ayleKTpoe. Yepes pe3suctop COnpoTUB-
neHueM 470 kOM HaIpspKeHMe T0/jaeTCs Ha aHOZ OJHOIIePeX0JHOro
TPAH3UCTOPA, 8 OH HAYMHAET CBOIO «PabOTy» C COCTOSIHUS <BBIKJIIO-
4yeHO» (3amepT), B KOTOPOM OH He IIponyckaeT Tok. HampseHue,
TMOCTyMaroIee Ha aHOJ TPAH3UCTOPA, OyZieT PaBHO HaNPSHKEHUIO Ha
3JIEKTPOJIUTUYECKOM KOHZIeHCaTope eMKOCTbIO0 2,2 MK®, KOTOpbIi
BHa4aJle Ha4YMHAaeT 3apPSKAThCA.

Bbl HaBepHO MIOMHUTE, YTO Pe3UCTOP 3aMeJIseT CKOPOCTb 3aps-
7la KoHZieHcaTopa. IIpuyeM yem Gosiblile CONPOTUBIIEHUE PE3UCTOPA
V/WIM eMKOCTh KOHZIEHCaTopa, TeM OyneT OOJiblie JIUTeTbHOCTD
TIOJIHOTO 3apsizia KOH/leHcaTopa. B 9Toii cxeme, YTOOBI 3apSAAUTHCS 10
3HaveHus 6 B, koHzeHcaTopy Tpebyercs mpumMepHO 0,5 cex.

Ho He cienyer 3a0bIBaTh, YTO OAHOIEPEXOHBIA TPAH3UCTOP
2N6027 nonxirodeH napaujeibHo ¢ KoHAeHcaTopoM. IToaToMy Bee
HaTpsDKeHHe, KOTOpOe HAKOIMIJIOCh Ha KOH/ieHcaTope, Takxke Oyzner
BJIAATh Y HA TPaH3UCTOp. Tak, 110 Mepe yBeJIM4YeHUs 3TOTO HaIps-
’KeHUs HAaCTYIIUT MOMEHT, KOI'Zla OHO IIPeBBICUT YPOBEHb I0POTrOBOT0
HalpsOKeHWs, U OJHOIepexX0oJHbIN TPAH3UCTOP NepeKI04aeTcs B CO-
CTOSIHUE «BKJIFOYeHO» (OTKPBIT), B KOTOPOM OH IIpoIycKaet Tok. [Tpu
3TOM KOHZIEHCATOp Yepe3 TPaH3UCTOP U CBeTOAUOZ (KOTOPBIX B 3TO
BpeMs OyZieT CBETUThCS) HAYHET HeMeIJIEHHO Pa3psiKaTbCs TOKOM,
NOCTYNAOLUIMM Ha OTPUIIATeIbHBIN BBIBOJ, UCTOYHMKA TUTAHUSA.

Vimnyznbc TOKa paspskaeT KoHAeHcaTop. Hanpsxenue Ha aHoze
TPaH3UCTOPA [TaZlaeT, ¥ OH BO3BPALIAETCA B UCXOAHOE cOCcTosAHMe. Te-
IIepb KOH/IEHCAaTOP CHOBA HaYHeT 3apsiKaThCsA 10 TeX Iop, II0Ka Bech
IPOLIeCC He IIOBTOPUTCS CHOBA.



OcHo8bl nepeksIodeHus U MHo20e Opy2oe

Eciu Bl 3aMeHUTe KOH/IEHCAaTOp Ha KOHJEHCATOp eMKOCTBIO
22 mx®, To Bpems 3apsza/paspsana yBeanuutcs B 10 pa3 v BbI cMO-
eTe ero U3MepUTh. YCTaHOBUTe Ha BallleM MyJIbTUMeTpPe PeXUM 13-
MepeHMs OCTOSHHOTO HaNpsKeHUS U NPUKOCHUTECh U3MepUTellb-
HBIMU INYIIAMXA K KOHTAKTaM KOHJieHCaTopa. Bel peanbHO yBUIUTE
IPOLIeCC MOBBILIEHUA HANPSXEeHUsA 0 IOPOroBOro ypOBHs, a 3aTeM
paspsn KOHJeHcaTopa U IOBTOPHOEe yMeHbIIeHUe HAlIPSKeHUs.

Tenepb Mbl [TOJIy4UIM reHepaTop. UTo fanblie?

LWar 2. 3a npepenamn BO3MOXXHOCTEN
Bu3yasibHOro HabnoaeHusn

Ecnu BB BBINOJHUTE 3aMeHy Ha KOH/IEHCATOP Majoil eMKOCTH,
TO OH OyZeT 3apsKaThbCs ObICTpee, a CBeTOAMO Yallie Murath. IIpen-
NI0JIOXKUM, BBl YCTAaHOBUJIX KOH/leHcaTop eMKOCTbI0 0,0047 Mk®D (ko-
TOPYIO MOXXHO 3aIIMCaTh TaK ke, Kak 47 HD). DTo 3HaUeHne eMKOCTH
WCII0JIb3yeT HeyeTHOe YMCJIO, HO 3TO OJHO U3 CTaHAAPTHBIX 3Haye-
HUM eMKOCTe! BBIIyCKaeMbIX KOH/IEHCAaTOPOB. YCTaHOBKA TaKOIO
KOHJIeHCaTopa yMeHbIIaeT eMKOCTb Gosiee yeM B 500 pa3, o3TOMy
CBETOJMOJ B 3TOM CJiyyae Oyziet Murath ¢ 4actotoil B 500 pa3 601b-
1Ieii, 4To GyZIeT COOTBETCTBOBATh YacTOTe KoyeGaHWi, PaBHOM MpPH-
MepHO 1000 pa3 B cekyHAly. YesioBe4eCKUH I71a3 yxe He B COCTOSTHUU
3aMeTUTb MUTaHKe C TAKOW 4acTOTOM. OHAKO yXO 4eJ0BeKa MOXeT
cplmaTh dacrory o 10 000 KonebaHUI B CEKYHAY U [axe BBILIE.
[To3TOMY, €cu Mbl 3aMEHUM CBETOJIMOZL HeOOJBIINM ANHAMUKOM, TO
OyZeM B COCTOSIHMH YCIIBINIATh CreHepPHUPOBaHHbIE KOeOaHus.

Ha puc. 2.99 moka3aHo, KaK sl X04y, YTOObI BBl 3TO CAeJaNH.
[ToxanyiicTa, OCTaBbTe Bally MpeAblAyIIyI0 CXeMy C HU3KOW 4acTo-
TOI KOJIeOaHUI HETPOHYTOM U cOOepUTe ee KOMUIO B HIKHEH 4acTH
MaKeTHOH IJIaThl, 3aMeHMB Iapy 3JeMEeHTOB Ha yKa3aHHble paHee.
B cxeme Ha puc. 2.100 HOBas 4acTh CXeMbl H300pakeHa CIIOIHBIMU
YepHBbIMU JIMHUAMY, a CTapasi CepbIMU.

51 X04y, 4YTOOBI BBI OCTaBUJIY MPEABIAYLIYIO CXeMY, PabOoTaroMIyI0
C HU3KOM 4aCTOTOM, HETPOHYTOM, IOTOMY, YTO Y MeHs eCTb Ufiesl UC-
NI0JIb30BATh €€ HeCKOJIbKO M03/jHee. BbI MOkeTe 0CTaBUTh CBETOANO]
MUTAOIVM.

JMHaMUK IOJKJII0YaeTcs MOCIeA0BaTeIbHO C Pe3UCTOPOM HO-
MuHanoM 100 OM i orpaHUYeHus TOKa, KOTOPBIN IPOTeKaeT yepes
OZIHOTIepeXOHbIN TPaH3UCTOP. [IMHAMUK He UMeeT MOJIAPHOCTH, TeM
He MeHee, Y Hero OfiuH IPOBOJl KPACHOTO, a Ipyroy 4epHOro IiBeTa.
BbI MOXeTe ITOAKJIIYATh ero JObIM CIIOCOO0M.

Vi3HavanbHO BBI OyZieTe pa30vapoBaHbI, MOCKOJbKY OymeT Ka-
3aThCsA, YTO CXeMa Hu4ero He fiesnaeT. OfHAKO eC/IM Bbl NIPUJIOXUTE
yXO OueHb OIU3KO K AUHAMUKY, U €CJIM BbI BCE BBITIOJIHUIIY PABUIIb-
HO, TO YCJIBIIINTE HETPOMKOe Xy KaHue, T0X0Kee Ha MUCK KoMapa.

115



116

lnasa 2

6B
MOCTOAHHOTO TOKa

0
\
3

N
.

Puc. 2.99. [lononHnTenbHble KOMMOHEHTHI, KOTOPble CMOH-
TUPOBaHbI B HUXKHEN YacTV MakeTHOW MAaTkl, UMEIOT Te e
GYHKUMY, UYTO ¥ KOMMOHEHTbI, YCTaHOBMEHHbIE Bbille, HO
npu 3TOM NapameTpbl HEKOTOPbIX KOMMOHEHTOB HECKOSBbKO
n3meHeHbl: R4 — pesnctop ¢ conpotusnernem 470 kOwm;
R5 — pe3wncTop ¢ conpoTreneHviem 33 KOM; R6 — pe3nctop
c conpotusnernem 27 KOm; R7 — pe3nctop ¢ conpoTusne-
Hrem 100 Om; C2 — KoHpaeHcaTop eMKocTbio 0,0047 mKD;
Q2 — nporpamMmupyemblii OAHONEPEXOHbIN TPaH3UCTOP
2N6027; L1 — MUHMATIOPHBIN AVHAMUK C COMPOTUBNEHNEM
8 Om gnametpom 1" (25,4 Mm)
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470K .0047uF

2N6027

Puc. 2.100. Ta YacTb Cxembl, KOTOpPas
Obina  BbINOSHEHa paHee, MOKa3aHa
cepbiM UBeTOM. [1pocTo aobasbre Ty
4aCTb CXeMbl, KOTOPasA BbINMONHEeHa Yep-
HbIM L{BETOM

O4eBHUIHO, YTO TaKasi [POMKOCTb COBEPIIEHHO HEJOCTATOYHA, YTOOBI
MMeTh KaKyl0-TH0O0 MPAaKTUYecKylo IIeHHOCTb. HaM HyXXHO yBenu-
YUTb ITY TPOMKOCTD. [IpYyTMMU CJI0BAMU, MBI I0JIKHBI €€ YCUJIUTD.
MosxeT GbITh, BbI ellle He 3a0bLTH, 9TO TpaH3ucTop 2N2222, KoTo-
PbIii Bbl IPUMEHSIN PaHee, MOXeT MCII0JIb30BaThCs B KaueCTBe YCUIIU-
Ttesist. [I03TOMy /1aBaiiTe TONPOOYeM HCIIOIB30BaTh €r0 B ITOM KayeCTBe.

y BA30BbIE CBEAEHUA

MoHTaX guHaMmumKa

OunadparMeHHbIN UM KOHUYECKI AUHAMUK CMPOEKTUPOBaH
N5l TOro, 4tobbl BOCMPOU3BOAMTL 3BYK, HO KOrda OH Konebnercs
B3aj 1 Brepes, OH U3JlyyaeT 3BYK OT CBOel 3aJHelN naHenm TOYHO
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TaK Xe, Kak 1 oT nepegHei. MNockonbKy 3T 3ByKOBble KonebaHus
HaxoaATcA B npoTmBodase, To HabngaeTca TeHAeHUNA NpurnyLle-
HMA 3BYyKa.

BocnpuHUmaemblin curHan oT JUHaMMKa MOXET OblTb Cylue-
CTBEHHO yBENNYEH, eCNn 106aBUTb K HEMY pynop B Buze TpyObl ana
oTAeneHns KonebaHui oT NepeaHen U 3agHel YacTel grHaMurKa.

[nAa MMHMATIOPHOTrO AMHaMMKa guMeTpom okono 1" (25,4 mm)
Bbl MOXETe M3rOoTOBUTb PYNop 13 ICTa KapToHa (puc. 2.101).

Ewe nyywe ycTaHOBWTb AVHAMUK B KOPMYC, B KOTOPOM 3BYK OT
3afiHel NnaHenu gnHamriKa 6yaeT nornowatbea. [1na 3afay, cBsA3aH-
HbIX C TaKMMU NPOCTbIMY SKCMEePUMEHTamu, st He 6yay 6ecnoKonTb-
€A 0 TaKMX JeTansax, Kak NpUMeHeHne Kopryca C akycTmyecknm da-
30MHBEPTOPOM.

War 3. YcuneHnne

OTcoenuHUTe AMHAMUK U YCTAHOBJIEHHBIM MOCJIEN0BATEIBHO C
HUM pe3uctop c conporusieHreM 100 Om. 3ateM no6aBbTe TpaH3M-
crop 2N2222, KOTOPBI¥ JJIS 3aIIUTHI OT U30BITOYHOTO TOKA JIOKEH
OBITh IIOAKJIFOYEH K OZIHOIIEPEXOJHOMY TPAH3UCTOPY Yepe3 Pe3nucTop
c conporusienreM 1 kOm (puc. 2.102).
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Puc. 2.102. [lo6aBviB OGUNONAPHbIA  TPaH3MCTOP
2N2222 obliero HazHaueHusA, Mbl YCUMBAEM CUTHan, Mo-
CTyNawLMI OT 0AHONEPeXoAHOro TpaH3ncTopa Q2: R8 —
pe3ncTop ¢ conpotuanexnem 1 kOm ; Q3 — GUNONAPHbIV
TpaH3nctop 2N2222. [Ipyrve KOMMNOHEHTbI aHanormyHbl
TeM, KOTOpble MCNONb30BANUCh PaHee NPK MOHTaXe 3ToW
cxembl
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Puc. 2.101. [lvHamuK un3nydaeT 3ByK OT
CBOEN HWKHEN MOBEPXHOCTU TOUHO Tak
e, Kak 1 OT BepxHei. YTobbl yBenuuntb
NONE3HYI0 COCTABAAIOWLYIO ayAVOCKrHana,
MOXHO MCMOMb30BaTh KAPTOHHYID TPyOKy
1A pasfeneHna WCTOUHMKOB 3ByKa Wn
YCTaHOBWTb AVHAMMK B HEOOMBLION KOpMyC

6B
MOCTOAAHHOTO TOKa
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100

2N2222

Puc. 2.103. Snektpuueckad cxema, CO-
OTBETCTBYIOWAA COOPAHHOM Ha MaKeTHOW
nnate v NoKasaHHoM Ha puc. 2.102 cxeme
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Omurrep TpaHzuctopa 2N2222 noAxiaovaeTcs K «3emsue» (OT-
puULaTebHOMY BBIBOJly MCTOYHVKA NIUTAHUSA), 8 KOJJIEKTOP K ANHA-
MUKy ¥ YCTaHOBJIEHHOMY IIOCJIe/JOBATeNIbHO C HUM De3KCTOPy HO-
muHamoMm 100 Om. Teneps HeGoJbInNe KOJeOaHKS TOKA HA BBIXOJIE
O/IHOIIEPEXOJHOTO TpaH3UcTOpa OyAyT yAaBIUBaThCsA 6a30i TPaH3M-
cropa 2N2222, kotopslii 6yzieT 1peoOpa3oBbIBaTh UX B OOJIbIINE KO-
nebaHUsA MeXy KOJIJIEeKTOPOM M 3MUTTEPOM, a COOTBETCTBEHHO U B
Gonbiye Koneb6aHUs TOKA B [HAMUKe. [IpoBepbTe COeNHEHUs 110
cxeMe, IpUBeZIeHHOM Ha puc. 2.103.

Teneps 3ByK B [IHAMIUKe OyZieT HECKOIBKO MOIIHee, YeM JKYXK-
’KaHUe HaCeKOMOTO0, HO BCe ellle HeJOCTATOYHO MOIIHBIM. UTO Xe fie-
JaTh?

OTNMYHO, eCIY BBI IOYMAJH O TIOAKIFOYEHUH ellle OHOTO TPaH-
3ucropa 2N2222. bunonspHble TPaH3UCTOPH! YCTAHABINBAKOTCA I10-
CJIefloBaTebHO, I03TOMY BBIXOJl OZHOTO TPAH3UCTOPA ITOAKIII0YAEeTCS
K 6ase pyroro. YcusieHue mepBoro, paBHoe 24 : 1, GyzeT yMHOXaTh-
Csl Ha yCHUJIeHVe CTeflyIolero, KOToOpoe Takke paBHO 24: 1, 4ro gacT
ob1ee ycunenue, paBHoe 6osee 500: 1.
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100

2N2222

Puc. 2.104. Q4 310 apyron GunonApHbi TpaHsucTop  Puc. 2.105. O1a cxema aHano-
2N2222, KOTOpbIi NPOM3BOAUT fanbHewlee ycuneHve rMYHa COOPaHHOW Ha MakeT-
curHana. OH nonyyaeT nNuTaHKe yepes pesnuctop R9 c co-  HOM nnate 1 MNoKasaHHOW Ha
npotvenexHvem 2,2 KOm puc. 2.104
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Ho npu ucnonb30BaHUY TaKOM TeXHOJIOTUY CYILIeCTBYIOT OTPaHU-
veHus. Tpausucrop 2N2222 MOXeT NPOBOUTH TAKOK OOJIBIION TOK
TOJIBKO JJO TOTO MOMEHTa, [T0Ka He JOCTUTHeT TOKa HaChIIeHus, a U3~
OBITOYHOE YCHJIEHVe MOXeT NMPUBECTH K McKaxeHusAM. Korma s co3-
71aBaJI 3Ty CXEMY, 5 UCIIOJIb30BaJl MYJILTUMETP, YTOOBI POBEPUTD, YTO
MBI HAXOZIMMCS B IIpefiesiaX IPOeKTHBIX 3Ha4eHWii; KpoMe TOro, B ZJaH-
HOM CJTy4ae UCKaXKeHUs 3ByKa Jist MeHs He UMeJIi 0COO0ro 3HAYeHuSI.

Jlo6GaBieHre BTOpOro GUMossipHOro Tpansucropa 2N2222 (Q4)
noKa3aHo Ha puc. 2.104. Ha puc. 2.105 paHee cobpaHHasi cxema Ipu-
BeJleHa CepbIM L[BETOM, a YepHbIM Te U3MeHeHNs1, KOTOpble C/le/laHbl.

Ecnu HakomieHre KoJIM4yecTBa KOMIIOHEHTOB Ha I1J1aTe IPUBOJUT
K 3aTPyAHEHUAM BOCIIPUATHUSA, TO CJleflyeT HOMHUTD, YTO KaXXAas Co-
BOKYITHOCTb JleTaJlell IMeeT CBOIO OT/IeJIbHYIO OlpeziesieHHy 0 GyHK-
nuo. 711 WITIOCTPALMY HAIIAZHOCTA PaboThl OT/eIbHBIX OJIOKOB
CXeMbl MO)KHO HapHCOBATh COOTBETCTBYIOIIYIO OJIOK-CXeMY, KOTopast
11 JAHHOTO CJy4das IprBeZleHa B BepXHel 4acTy Ha puc. 2.106.

[Ipu ucnonb30BaHUM BTOPOTO TPAaH3UCTOpPA 2N2222 BBl AOJIK-
HbI 3aMeTUTb, YTO BBIXOJJHOM 3BYK CTaJI 60Jiee F[POMKHUM, [10 MeHbIIIei
Mepe, B Tpefieiax BO3MOXXHOCTEH Ballero HeOOJBbIIOro JUHAMUKA
nuametrpoM 1" (25,4 Mm). CnoxuTe JIaZIOHN BOKPYT IMHAMUKA, U BbI
YCJIBIIINTE, YTO TPOMKOCTb 3By4aHUSA yBeIUIuaach (cm. puc. 2.101).
Kpome Toro, BbI MOXeTe NONPOOOBATh UCIIOIH30BATh JMHAMUK JUa-
metpom 3" (76,2 MM), KOTOPBII OyZieT reHepUPOBATh BBIXOAHOM CHT'-
HaJl JIy4Illero KauyecTBa, OCTaBasACh B PAMKAaxX IpeJieJIbHbIX BO3MOX-
HocTel TpaHsucropa 2N2222 (puc. 2.107).

LWar 4. NMpepbiBUCTbIE BbIXOAHDbIE CUTHAaNbI

Eciu BBl XOTUTe HCIIOJIb30BaTh BBIXOJHOW CUTHAJI B KadyecTBe
CUTHaJla OXPAHHOM CHUTHAJIM3aLUHU, TO HENPEePBIBHBIN KyXOKaIllnn
3BYK He OTHOCHUTCS K YHCJy TeX, KOTOPbIe yZAOBJIeTBOPUTEIBHO BbI-
MOJTHSIOT 3Ty 3a/a4y. [IpephIBUCTbII CUTHAN OyzieT MPUBJIEKATh ro-
pasno 6oJiblile BHUMAaHHMS.

OTM4HO, TIepBast 4acTh CXeMbl, KOTOpas Oblila CO3ZlaHa paHee,
reHepupyeT CUIHaJl C YaCTOTOM NOPSAZKA IBYX UMITYJIbCOB B CEKYHZY,
BbI MCIIOJIb30BAJIM €ro Uil BKJIOYeHUs cBeToaunona (cM. puc. 2.98).
MoskeT ObITb HaM yOpaTh CBETOAMOJ U UCIIOJIb30BATh BHIXOJ] MEPBOI
YaCTH CXeMbl BO BTOPOY 9aCTH CXeMbl reHepaTopar DTy UZer0 MOXeT
MOSICHUTH BJIOK-CXeMa, PUBe/ieHHas B HUKHeH yacTu Ha puc. 2.106.

OnHaKo MOXHO JIA 3TO CZesiaTh Tak npocro? U na, u Her. Cl1ox-
HOCTB 3aKJIIOYaeTCsl B TOM, YTOOBI COTIACOBATh BBIXOZ TEPBOM YaCTH
CXeMBI C BXOZIOM BTOpPOM. Ec/iv BBI IPOCTO MOJKIIIOYMTE IPOBOJ, OT Ka-
TOZIa [IePBOro [IPOrPaMMHUPYEMOr0 OZHOIIEPeXOAHOI0 TPAaH3UCTOpa K
aHOJIy BTOPOTO, TO 3TO He OyzieT paboTaTh, TOCKOJIBKY BTOPOIi TPAH3H-
CTOD YK€ BBINOJIHSIET TeHeparyio Koje0aHuii, M3MeHss HalpsoKeHve
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v

Yeunutenb

v

[nHamunk

HanpspkeHne nutaHus

v

MegnneHHbI reHepaTop

v

BbIcTpbIit reHepaTop

v

Yeunutenb

v

[nHamunk

Puc. 2.106. BepxHaa u4acTb puCyHKa:
6110K-CxeMa reHepaTopa 3BYKOBbIX Kore-
6aHwui1, paboTatloliero Ha OTHOCKTENbHO
BbICOKOW YacToTe («ObICTPbIN» reHepaTop).
HWXHAA uacTb puUCyHKa: BNok-cxema re-
HepaTtopa, B KOTOPOM fobaBfieH OTHOCK-
TeNbHO HW3KOYACTOTHbIN («MedNeHHbIN»)
reHepaTop AnA ynpasneHua Apyrm («obl-
CTPbIM») reHepaTopoM, PaboTaloWMM Ha
6onee BbICOKON YacToTe

Puc. 2.107. bvnonapHbin TpaH3ucTop
2N2222 B COCTOAHWUM NOAATb CUrHaN Ao-
CTAaTOYHOW MOLLHOCTM Ha AVHAMMK iname-
Tpom 3", KOTOPbIt MOXET BblAaTb 3BYKOBOM
cuUrHan 6osnee BbICOKOrO KayecTsa
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OT HU3KOTO JI0 BBICOKOTO 3HaueHUs ¢ 4acToToi nopsaaka 1000 pas B
cekyHny. JlobaBbTe ellle HATPsDKEHUe, U B Pe3yJIbTaTe Bbl HAPYIIHUTE
GasiaHc, KOTOPBIH JaeT BO3MOXKHOCTB CO3/1aBaTh KOJieOaHMS.

OzHaxo MBI [IOMHUM, YTO HalpshKeHUe Ha YIPaBIIAIeM 3JIeKTPO-
7l ONHOIepexOfHOr0 TPAH3UCTOPA BJIMsAET HA NOPOroBOe 3HA4YeHWe,
TP KOTOPOM MEHSIeTCSI ero MPOBOAUMOCTb. MOXeT ObITb, eC MBI
NIPUCOeVIHUM BBIXOJ TpaH3ucropa Q1 K yIpaBisoIeMy 3JeKTPOLY
TpaH3ucTopa Q2, MbI OyzieM B COCTOSIHUY PETyIMPOBATh M3MEHeHUe I10-
pOrOBOTrO 3HaYeHHsI aBTOMaTiIecky? HarpspkeHue OyaeT HaXOoUThCS B
Zviaria3oHe, KOTOPBIH BCe ellie 0CTaeTcs IpreMIeMbIM JI OHOIIepeXo/-
HOT'0 TPAH3UCTOPA. MBI MOeM IONPOOO0BaTh Pa3IMYHbIE TPAH3UCTOPEI,
9TOOBI HANTH TOT, KOTOPBIH JIy4IIle BCEro MOAXOUT /IS 3TOU L.

DTO BBHIIISIUT KaK METOZ P00 ¥ OIMOOK, YeM Ha cCaMOM JieJie
U ABJIeTCs. BhIlosIHeHe MaTeMaTUYeCKUX PacyeToB /I [peJcKa3a-
HUA NTOBeZIeHUs TaKOM 11elu, KaK 9Ta, BBIIJIAAUT AOCTaTOYHO CI0XKHOU
3ajiadeit, Iid MeHs BO BCAKOM ciy4ae. S1 BCero JMib OCMOTpes Ha
CIIPaBOYHbIE JIMCThI TEXHUIECKUX JAHHBIX, YTOOBI BBIOPATh MMEHHO
Te TPAH3UCTOPHI, IUATIA30H 3HAYEHUI KOTOPBIX Oy/IeT mpuemieM s
OZTHOTIEPEXO/IHBIX TPAH3UCTOPOB, U BBIOPAJ U3 HUX TOT, KOTOPHIi, Ka-
3aJ10Ch, I0JDKeH paboTaTh.

Ecyi y6paTh CBETOAMON ¥ 3aMEHUTh ero conpoTupieHrieM R10, Kak
3TO [IOKa3aHO Ha cxeMe, COOPaHHOM Ha MaKeTHOM IUIaTe ¥ IPUBEIeHHOH
Ha puc. 2.108, To BbI 0GHAPYXKUTe, YTO BBHIXOTHOU TTlePeMeHHBIN CUTHA
OZIHOIIepexoHoro TpaH3ucropa Q1 3acTaBisgeT APYrou TPaH3UCTOP
Q2 reHepupoBaTh IBYXTOHAJIbHBIN CUTHAJL. DTO J0CTATOYHO UHTEPECHO,
HO BCe e He TO, YTO MHe HyXHO. f iymaro, 4To, ec/iv Mbl CZleslaeM Bbl-
XOZIHble MMITyJIbChI TpaH3ucTopa Q1 MeHee pe3KO IpepbIBAIOIIMMUCH,
TO Pe3yJIbTaT MOT ObI OBITh JIydIlle, a CTIOCOOOM CIJIA)KUBAHUS BBIXO/-
HBIX MMITYJIbCOB JIOJDKHO OBITh MOJKITIOYEHUe ZPYToro KOHZEHCaTopa,
KOTODBIH Oy/IeT 3apsKaThCs B Ha4asIe KOX/I0T0 MMITYJIbCa U Pa3psiKaTh-
Cs B €ro KOHIle. B 3TOM-TO U 3aKJII04aeTcs Ha3HaueHre KOHZIeHCaTopa
C3 emxoctbio 2,2 MK® Ha puc. 2.109, u 310 OyzeT 3aBepIIAIOIIKM 3J1e-
MEHTOM CXeMbl, KOTOPbIV IIpUBeJieT K FeHePUPOBAHUIO «BOIOIEr0» CUT-
HaJia, KOTOPBI OyzieT 3By4aTh MOYTH KaK HACTOSIIUI CUTHAJ TPEBOTH.

Ecny BbI He MOJy4nTe Ha BBIXOJle HUKAKOTO ayANOCUTHANA, TO
OYeHb TLIATeJIbHO POBepbTe MOAKIYeHNe IIPOBO/IOB B Balllell cxe-
Me. OueHb JIeTKO c/le/1aTh HellpaBUJIbHOE NOJK/II0YeHre Ha MaKeTHO!
TJ1aTe, 0COGEHHO, eC/i MMeellb /IeJi0 C TPeMsi BhIBOZaMU TPAH3UCTO-
POB. [lJ1 IPOBEPKU TOTO, YTO KaXK/ask YaCTh CXeMbl IIUTAeTCs M0JIO0-
KUTEeJbHbIM HaIIPsKeHUeM, CJleflyeT MCIIO0Ib30BaTb MYJIbTHMETP B
pexxrMe M3MepeHNs OCTOHHOTO HaNPs)KeHN s, ¥ BbINIOJIHUTD U3Me-
peHUs OTHOCUTENIbHO OTPULAaTeIbHOIO BbIBO/IA UCTOYHHUKA TUTAHUS.

Ha puc. 2.110 moka3zaHo KakuM 06pa3oM JIOJDKHA BBITJISIZIETH
Ballla OKOHYaTeJlbHasA CXeMa, [TOJIHOCTbI0 CMOHTHUPOBAHHASA Ha Ma-
KeTHOM IjiaTe.
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Puc. 2.108. Pe3nictop R10 coefnHAeT «MefieHHbIn» reHe- Puc. 2.109. Ha ston cxeme npw- Puc. 2.110. Ha 3Ton dotorpadum npu-
paTop B BepXHel YacTu MaKeTHOW MnaThl C yNpaBAAlWMM — BefleHa Ta e camas Cxema, YTo  BefleHa MOMHOCTbI0 CobpaHHas Cxema
3NeKTPOAOM OfHOMEPEXOAHOro TpaH3ucTopa Q2, yCTa- W Ha MaKeTHOW mnate, NPUBEAEH-  OXPaHHOW 3BYKOBOW CUrHanM3aLmi, CMOH-

HOBJ/IEHHbI B LIEHTPEe MakKeTHOW MnaTbl. ITO NPUBOAUT K HOWM Ha puc. 2.108: R10 — pe3su- TMPOBaHHAA Ha MakeTHOW nnaTe
MOZY/IMPOBAHMIO KonebaHuii akyCTUUYeCKOro reHepaTopa cTop ¢ conpoTtueneHnem 10 KOm;

C [anbHENWMM V3MeHeHMeM 3BYKa 3a cueT fobasneHus C3 — 3/1eKTPONUTUYECKIMI KOH-

CrnaxmBatoLLero KoHaeHcatopa [leHCaTop eMKOCTbIO 2,2 MKD

ToHkas Hacmpolika cxemol

31ech cyIecTByeT OrPOMHOE HPOCTPAHCTBO /7St TBOPYECTBA.

 OTperynupyiiTe 4acTOTy 3ByKa — WCIOJIb3YHTe KOH/IEHCATO-
pbl MeHblIlleil WM OoJbleil eMKOCTH BMECTO KOHJeHcaTopa
C2 (B mBa pa3a GoJblile WM MeHbllle TeKYIIero 3HaueHus); 1c-
TOJIb3yiiTe OOJIblee WM MeHbIlee CONPOTHBIIEHHE Ui Pe3u-
cropa R5.

o OTperynupyiiTe HapaMeTpbl TeHepUPOBAHAA — HCIONb3YITe
KOH/IEHCAaTOPbI MeHbllell MK OOJbIIell eMKOCTH BMECTO KOH-
nencaropa C1 (B 1Ba pa3a 60JIbIile MK MeHbIIIe TeKyIero 3Hayue-
HUf); MICTIONIB3YiiTe GOJIblee UM MeHbIIee COTPOTHUBIIEHNE /IS
KoHZeHcaropa R2.

« HacTpoiiku o6IMX 9KCIUTyaTallMOHHBIX XapaKTePUCTHK — I10-

MbITAlTeCh YBEJINYUTH COIPOTUBJIEHNE DE3UCTOPA R1; mompITaii-
TE€Cb YMEHbIINTD WJIN YBEJININUTD EMKOCTb KOHZIEHCATOPA C3.
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o TTonbiTaliTech BKJIIOUUATh CXeMY, UCIIONb3Ys B KayecTBe HaIps-

JKeHUs1 MUTaHus 3HadyeHus 7,5 B, 10 u 12 B.

[TpenmnonaraeTcs, 4To BCe CXeMbl B 3TOM KHUTe [IPUBeJieHbl B Ka-
YyecTBe HavaJbHOM MzeH. Bbl IOJDKHBI Bcerza IbITaThCS M3MEHSITh
UX TaK, YTOOBI cO3/1aBaTh COOCTBEHHBIE cXeMbl. [0 TeX MOp IOKa BbI
Oynere cienoBaTh 00IIeMy MpPaBUJTy 3alUThI TPAH3MCTOPOB U CBe-
TOJMOZOB C TIOMOIIBI0 PE3UCTOPOB U COOMIONATH COOTBETCTBYIOIILE
npaBuja NPU MOAKIIOYEHUN IOJNOXUTEIBHOTO UM OTPULIATENbHOrO
HaNpsHKeHW s, BaM BPAZ JIXA YAACTCA UX CKedb. KOHeYHO, MHIUIeHTEI
OyayT UMeTb MeCTO — $I JINYHO ObLJT HE CIMIIKOM BHUMATeJIeH U CKer
Tapy CBeTOAMO/0B, paboTast Hajl 3TOM CXeMOW, TOCKOJIbKY 5 MX O/ -
KJIF0YaJl HelPaBUJIbHO.

LWar 5. YcoBeplweHcTBOBaHNA

Cxema /71 TeHepUPOBAHUS CHPeHbI SBJIAETCS BCero JUIIb Bbl-
XOZIHBIM KaCKaJZlOM CHCTeMbl OXPaHHOM cUrHanu3anuu. Bam xe, 4to-
bl c/IeTaTh 3Ty CXeMY M0JIe3HOM, HY)KHO BBITIOJIHUTD PSiJ| CIIEAYIOIINX
Tpe6GOBAHMIA 110 YCOBEPIIIeHCTBOBAHUIO:

1. Hy’xeH KaKko#-160 JaTYMK PETHCTPaliy POHUKHOBeHHUs. Mo-
eT ObITh, MATHUTHBIE TIePeKII0YaTeNn’ jisl OKOH U ABepeit?

2. Heo6x0iMM KaKOWi-TO COCO6 /JIsi BKJIIOYEHUs 3BYKa, eC/u Ka-
KOW-1u60 U3 JaTIMKOB cpaboTta. Crocob, Kak 3T c/ieiaTh, yxe
cymectByer. Hajo mpomycTuTh HeGOJBINOW MOCTOSIHHBIN TOK
yepe3 BCe IaTYMKU (MarHUTHbBIE TepPeKJIIYaTesn), HOAKII0YeH-
HbIe TI0C/IeoBaTeIbHO. Eciu 0601 13 3TUX MepeKoyarenei
Pa3MBIKAeTCs UM eCJIU TIPOBOJ, CaM 110 cebe 0OpBIBAETCS, TO 3TO
MPUBOJUT K Pa3pbIBy TOKOBOW IIeNH, YTO OyHeT MPUBOAUTH K
BKJTIOYEHHIO CUTHAIU3AIMY. BbI MOTJIH GBI 3TO CZIe/1aTh, UCIOJb-
3y JBYXIIO3WLIMOHHOE peJie, NOAJep>XnBasi peye B COCTOSTHUU
cpabaTbIBaHUA [0 TeX IOP, MOKa Iienb He OyzieT pa3opBaHa, Ko-
T7la pejie epexo/iuT B UCXOZHOE COCTOSIHNUE, 3aMbIKasi KOHTAKTHI,
KOTOpBbIe BKJIIOYAIOT HAIPsKeHKe MUTaHKs YCTPOMCTBA TeHepy-
POBaHUSA CUPEHBI.

[TpobJiema 3aKJIF0IAeTCsI B TOM, YTO peJie IOTpebIIsieT JOCTaTOuHO
BOJIBIIYI0 MOITHOCTb, KOT/Ia HA Hee MO/IaeTCs HaTlpsiKeH e UTa-
HUS ¥ OTHOBPEMEHHO pa3orpeBaeTcs. 51 ObI XOTeJ CIeiaTh CBOKO
CHCTeMY CUTHAJIM3AI[1HU, TTOTPeOJISIONIyI0 04eHb MaJIbli TOK, KO-
r/la OHA HAXOJUTCS B PEXKKMMe «TOTOBHOCTU», U YTOOBI OHA MOT-
Jia mUTaThesl OT batapeiiku. CUCTeMbI CUTHAIM3AL[MK HUKOT/IA He
JOJDKHBI IOJTHOCTBIO 3aBUCETh OT CeTeBOr0 HaNpPsDKEHUA 0MaA.

! ABTOp UMeeT B BUJy T€DKOHBI, T. €. TepMeTHU3UPOBAHHbIe HepeKIouaTesnu ¢
IPYXUHHBIMU KOHTAaKTaMH 13 (peppoMarHUTHOrO MaTepHaia, cpabaThiBaloLIie M0z
IefICTBYEM MarHUTHOTIO IoJis. — Peo.



OcHo8bl nepeksIodeHus U MHo20e Opy2oe

Ecsn jxe Mbl He UCIIOJIB3YeM pejie, TO MOXKeM JIA Mbl IPUMEHUTb
TPaH3UCTOP AJIA BKJIIOYEHNUA OCTaJIbHOM YaCTH CXeMbl, KOrZja Ha-
[psOKeHWe NMATaHUs OTKIII04YeHO? PasyMmeercs; IpakKTUYeCKU 10-
CTaTOYHO OZIHOTO TPAH3UCTOPA, YTOOBI CAEIATh ITO.

3. Ho kakum 00Opa3oM Hally CHCTeMy CHIHAJIM3al{K CTABUTh Ha
oxpaHy? Ha mpakTriKe HaM IIOHA/JOOUTCS TPexaTanHask MpoLeny-
pa. CHavasia Ha/[0 IPOBEPUTH HEOOJIBIIYI0 MHANKALMIO, KOTOPAst
BKJIFOUAETCA, KOIZIa BCe /IBepY M OKHA 3aKPBIThL. 3aTeM, HaxKa-
THe Ha KHOIKY ZIOJKHO BKJIIOUaTh 30-CeKyHZHBIN OTYeT, AaBast
BaM BpeMs BBIWTH U3 IOMeIeHUs, eCIy 3TO TO, YTO BaM HAaZ0
caenath. M, HakoHel, nocjie 3Tux 30 cex cMrHaan3anus JoIKHA
BCTaTh Ha OXpaHy caMa.

4. Ecnu curHanu3anus cpaboTaia, 4To ZOJDKHO IPOU3O0UTH flaiee?
Ecn Kakasg-mb0 Ccuiia OTKPBIBAeT OKHO, JOJDKHA JIM CUTHAJIH-
3allUs OTKJIIOYUTD 3BYK, KaK TOJBKO OKHO OyzieT 3akpbITo? Her,
CUTHa/lU3alus JJOJDKHA OCTaBaThCs BKJIIOYEHHOW /10 TeX MOD,
TI0Ka BbI ee He OTKJII0UuTe.

5. Kak Hazio OTKJII04YaTh ee? BBOA Kakoro-ambo Koaa ¢ MOMOIIbIO
KJIaBUATyPbI ObLI ObI HETIJIOXUM PellleHUEeM.

6. Ho crenyer nsberath HepBUPOBATb KOTO-JK0O0, eCIM CUTHAMH-
3arus OyzeT cpabaThbiBaTh JIOXKHO, TIOITOMY KOT/Ia BbI He HaX0-
IUTeCh I0OMa, OHA JOJDKHA OTKJII0YAThCS caMa, HallpuMep, Yyepe3
10 muH. B 3TOM Ciy4ae oHa He JOJDKHA TeHeprupoBaTh 3BYKOBOU
CUTHAJI, HO IIpX 3TOM CBETOAMOI NOJI)K€H BdM ITOKA3bIBATb, YTO
NpPOM30LLIO. BBl MOXeTe 3aTeM HakaTb KHOIIKY Ilepe3arpysku
JUJISl TOTO, YTOOBI OTKJIFOYMTH CBETOAUO.

Peanusaunna nepeyHs TpeboBaHumn

WTax, 51 IOArOTOBUI MiepedeHb TPeOOBaHUM, KOTOPbIE, BEPOSIT-
HO, C/IeJTaf0T IPOEKT, 10 MeHbIIeN Mepe, B IATh pa3 0oJiee CJI0KHbIM,
4YeM OH eCTh B HaCTOAIMNA MOMeHT. OTINYHO, 3TO UMEHHO TO, YTO
JIOJDKHO CJIYYUThCS, KOTIa BbI UjeTe Jajiblie, OTTaJKUBasCh OT He-
0O0JIBIION IEMOHCTPAIIMOHHOM CXEeMBI, U MbITaeTeCh CIIPOEKTUPOBATh
HEYTO TaKOe, YTO OKAYKETCA MOJIe3HBLIM B [TI0BCEJHEBHOM XU3HU. BHe-
3aITHO BbI OGHAPYXKUTE, YTO CAMOCTOSITEILHO MBbITaeTeCh yUecThb BCe
BO3MOJXHbIe 0OCTOSITENIbCTBA 1 CUTYaLlUH.

JleficTBUTENILHO, ST MOTY ¥ MOKaXy, KaK M03ab0TUThCST 000 Beex
yCOBepIIeHCTBOBAHUSAX, TPUBEIEHHBIX B 3TOM MepedHe, HO 51 iyMalo,
YTO OHU MOTPEOYIOT OT HAC CHAaYasa UCI0Ib30BAHKS HECKOIBKO 60-
Jiee Cepbe3HOro obIero moaxozaa K 3JeKTPOHHBIM MpoekTaM. Eciu
BBl COOMpaeTech M3TOTOBUTh HEYTO aMOWIIMO3HOE, TO BbI JOJDKHBI
cZienaTh 3T0 OoJiee HaZeXHbIM ¥ BO3MOKHO 00J1ee KOMIIAKTHBIM, YeM
TPOCTO MaKeTHas MjIaTa C pa3MelleHHbIMY Ha Hell KOMITOHEHTaMH.
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lnasa 2

Bam Hajo Gyner y3HATh, KaK, UCIIOJb3Ys MAKKY, COETUHUTD BCE
KOMIIOHEHTHI Ha MeppOpPUPOBAHHON MeYaTHOM IIaTe, KOTOPYIO BbI
3aTeM MOJKeTe yCTAHOBUTDb B aKKYPaTHOM HeBOJIbIIOM KOPIIyce C Tie-
PeKyIIoYaTe MU U UHAUKATOPHBIMU JIAMIIOYKaMU CHAPYKU.

51 cobuparoch yeuTh BHUMaHMeE aiiKe 1 pa3MelleHuIo JeTaeit
cxXeMbl B 211ase 3. ITociie 3Toro Mbl OIATH BEPHEMCSA K IPOEKTY OXpaH-
HOU CUTHAJIM3aLUH.



OBPALLEHUE
K BOJIEE CEPbE3HbIM BELLAM

S1 He 3HAI0 HACKOJBKO ITIyOOKO BBI XOTHUTE MOTPY3UTHCS B 00-
JIaCTb 3JIEKTPOHUKH, HO 3HAI0, YTO 51 BAM OTKPOIO BCe, YTO CMOTY, C HC-
T0JIb30BaHMEM BCEro JIWIIb HECKOJIbKAX KOMIIOHEHTOB, HEKOTOPOTO
KOJIMYeCTBa MPOBOZIOB, MAKETHOH IJIaThl M HeGOJIBIIOTO KOJINYeCTBa
npuGOPOB ¥ UHCTPYMEHTOB. YTOOBI IPOJOKUTE, BAM MOHAZ06STCS:

* HECKOJIbKO 0OJIbIliee KOJMYeCTBO MHCTPYMEHTOB U MaTepHasoB;
e OCHOBHbLIE HaBBLIK! B NAMKe;
e JIOTIOJHUTEJLHLIE 3HAHUA O:

<> WHTerpajbHbIX MUKPOCXeMax;

< 1MdPOBOY IEKTPOHHUKE;

<> MHUKDPOKOHTPOJITIEPAX;

<> nBUTATeNsIX.

VIHCTPYMEHTBI He OTHOCATCS K 4eMy-JTM00 9K30TUYeCKOMY WJIH
O4YeHb JIOPOrOMY, 8 HaBbIKH MAMKK TPUOOPETAIOTCS ZOCTATOYHO Jier-
Ko. HayunThbcsi COeIMHATH MPOBOAA C MOMOMLIBIO MAWKA HAMHOTO
HpolIe, YeM OCBOUTDH BHICOKOYPOBHEBbIE PeMecia TaKye, HalpuMep,
KaK CO3/laHue FOBEJIMPHBIX VI CBAPHBIX U3/IeJTHIA.

YT0 KacaeTcs JOTIOJIHUTEIbHbIX 00J1acTeld 3HaHUH 06 3JIeKTPOHHU-
Ke, TO OHM HUYeM He CJIOXKHee TeX, KOTOpbIe y)Ke 00CyKIanrch paHee.

B KOHIle /aHHOW I7IaBbl BbI ZIOJDKHBI Oy/ieTe IepeHecTH Bce
KOMIIOHEHTBI ¢ MaKeTHOM IJIaThl Ha MepOPUPOBAHHYIO MEYATHYIO
IU1aTy, Ha KOTOPOU UX Hazlo OyZeT COeNUHUTh MeXIy COOO ¢ TOMO-
IIBIO MTAMKY, a 3aTeM 3Ty IUIATY C ePeKIYaTeNs MK, CBeTOAUOIaMU
U KJIeMMaM{ OKOHYaTeJbHO YCTAHOBUTH B HEOOJBINON KOPITYC IS
HOCJIe/IYIOINIero MOBCEJHEBHOTO MCIIOIb30BAHUS.

CMNCOK HEOBXOAUMDbIX MOKYMOK
ANnA SKCNEPMMEHTOB C 12 MO 15

O6opyAoBaHMe N MUHCTPYMEHTbI

Bce rnocienymwoumiee O6OPYI[OB8HI/IG U WHCTPYMEHTBI paszelie-
HbI HA TpU K]IaCCI/I(i)I/IKaLII/IOHHLIe I'PYIIIbI, KOTOPbIE ITOMEYEHBI KdK
«OCHOBHOE», «<DEKOMEHAYEMOE» U «Heo0s13aTeIbHOe» . Bce 0CHOBHOE

naBa

B aTon rnaBse

Crnmcok HeobXoAMMbIX MOKYMOK
LA 3KCnepumeHTos ¢ 12 mo 15

JKCNepUMeHT 12,
CoeaviHeHMe ABYX MPOBOLOB BMECTe

JKCnepuMeHT 13.
CxuraHne ceetogmoaa

JKCNepuMeHT 14.
[ynecnpytowmn ceet

JKCnepumeHT 15.
MNepepaboTaHHaAC xema
OXpaHHOW CUrHanvsaumn
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Puc. 3.1. Hu3Kaa MOWHOCTb 3TOr0 Mu-
HMATIOPHOO MaAANbHMKa-KapaHaalla aaet
BO3MOXHOCTb MPUMEHATb ero 6e3 pucka
NMOBPEXAEHMA  UYBCTBUTENIbHBIX KOMTMO-
HEHTOB, @ TOHKOE ero »ano NoMoraeT ocy-
LECTBAATL BLIGOPOUHbIN Pa3orpes

Puc. 3.2. 370T nasnbHWK [JOCTaTOYHO
60/bLLION MOLLHOCTM CO3[aeT AOMOHN-
Te/bHbI PAa3orpeB, KOTOPLI HEOOXoAM
N8 NaliKky TONCTbIX NPOBOOB ¥ KOMMO-
HeHTOB Oonblioro pasmepa. Mpw nocto-
AHHOM MCMONBb30BaHMM NasnbHUKa OH CO
BpeMeHeM TepAeT CBOW NepBOHaYanbHbI
B[, UTO HUKOMM 0OPa30OM He CKa3blBaeT-
CA Ha ero 3KCMlyaTalMOHHbIX XapaKTepu-
CTUKaX, ecnn NoaaepK1BaTb ero xano B
YMCTOM COCTOSHNM

lnasa 3

060opyIoBaHKe U MHCTPYMEHTHI GYAyT 06513aTeIbHO UCTIONB30BAThCS
B IaHHOU TyaBe. EC/iu jke BBI IproGpeTeTe MX BMECTe C «PeKOMeH-
JlyeMbIMU» UHCTPYMEHTaMU, TO UX Oy/ieT BIOJIHE JOCTATOYHO, YTOObI
nob6patbesi 10 KoHua KHuru. HeobGs3atenbHoe (BCOMOraTenbHOeE)
060pyIOBaHUe U MHCTPYMEHTbI, 6e3yCIOBHO, YIIPOCTAT Bally pabory,
HO CTOUT JIM TPATUTH HA HUX I€HbI'M — 3TO Ballle€ pEIIeHue. Hanom-
HIO, 4TO a7ipeca BeO-CaiiToB, a TAKXKe COOTBETCTBYIOLI[IIe HAMEHOBA-
HUA HpOHBBO[[HTeJIeﬁ 1 IOCTaBIUIWKOB ITPUBEECHDBI B NPUOHCEHUU.

s mosiarao, 4TO BBI y)Ke MMeeTe HEeKOTOPbIe OCHOBHbIE HABBIKH
paboThI B MACTEPCKOIA, 3HAETe, HAIIPUMED, Kak 00palaThCsi C SJIEKTPO-
JIPEJIbIO.

OcHoOBHOe

MuHuamiopHelii naaneHUK-KapaHoaw mowHocmolo 15 Bm

ITpumepamu MoryT ciyxutbh RadioShack xommnoneHnT 64-2051,
McMaster-Carr, mosunus B katasnore N2 7016A34 nnu Xytronic Moziesib
252 (puc. 3.1). ITaAnbHUKY MOIIHOCTBIO 15 BT mcnone3yrorcs pexe,
4eM MasuIbHUKK MOIIHOCTBIO 25 BT i 6osee MomiHbIe. XOTs Masiyib-
HUK MOIIHOCTBIO 15 BT jxeJ1aTesIbHO UCII0JIb30BATh TOIBKO /71 BBIIOJ-
HeHMs1 paboT, CBS3aHHBIX C [TANKOM JleTasieil MaJloro pa3mepa, OH 3Ha-
YUTeIbHO CHIDKAeT PUCK TIOBPeXIeHus ieTaslel 3a CYeT UX Ieperpesa.

ITpu cpaBHeHMU LieH CJiefiyeT MOMHUTb, YTO NasJIbHUK C TaJbBa-
HUYeCKH HOKPBITHIM 3KaJIOM, KOTOPBII CTOUT HECKOJILKO ZI0PO3Ke, Oy-
JIeT CJIY)KUTh BaM ZIOJIbIIIE U ero Jierde OyZieT OYMCTUTh; KpOMe 3TOTO,
OH 6oJlee HaZIeXXHO IOZIAeT TeIUIO, YeM Mas/IbHUK C OOBIYHBIM Mell-
HBbIM XasoM. Eciu jxe TexHUYecKre XapaKTepUCTUKY IPOU3BOAUTe-
JIS1 He COflepXKaT YIOMUHAHUSA O JOITOBEYHOM KaJie, TO CKOpee BCero
TNasANIbHYUK ero He UMeer.

TMasanvHuk o6we2o Ha3HayeHus MmowHocmoto 30—40 Bm

Xots GONBIIMHCTBO SKCIIEPUMEHTOB B JAHHOW KHHUTe TPeOYIOT Uc-
TOJIb30BAaHKS TEPMOYYBCTBUTEJIbHBIX KOMIIOHEHTOB MAJIOrO pa3Mepa
1 TOHKHUX IIPOBOZOB, B HEKOTOPLIX C/Iy4asaX BdM MOXET HOHaI[O6I/ITbCH
cZieNaTh NaiiKy OOJIBIINX KOMIIOHEHTOB U/WJIM TOJICTBIX IIPOBOOB. I1a-
SJIBHUK C MOIITHOCTBIO 15 BT B 3TOM CJTydae He CMOXeT IOZiaTh TpeGyeMoe
KOJII4ecTBO Teria. I103ToMy /U1 paboThl BaM CyIeflyeT UMeTh NasuIbHU-
KU ¥ OOJIbIIIel MOIITHOCTH, TeM OoJIee YTO UX LieHa He CJIMIIKOM BBICOKA.

JInuno g npexnodutato nasnpHUK Weller Therma-Boost, moxka-
3aHHBIN Ha PUC. 3.2, TOCKOJIBKY OH FIMeeT I0NOTHUTEbHYIO0 KHOIIKY,
KOTOpasi ZaeT BO3MOXKHOCTb YBEIMYUTD IOZA4y TeIId. DTO OYeHb
TI0JIe3HO, KOTZIa BBl XOTUTeE OBICTPO PAa30TPeTh MasIbHUK UIIH IbITae-
TeCh CIasiTh OYeHb TOJICTHIN IIpoBOA C 60JIBbIITIM TeIIJIOOTBOAOM.

Ecm BBI He MO)XeTe HalTU UM He XOTUTE KUCI0Ib30BaTh TAKOMN
TasIbHUK, TO BAM MOXKET ITOZIOMTH IMOYTH JIF060M MOIHOCTHIO 30 1iiu



O6pauwieHue K bosiee cepbe3HbIM Bewam

40 Br. 3aiiuTe Ha MHTePHET-ayKIMOH eBay wiu B Gvkaimuii xo-
3SIICTBEHHBII Mara3uH.

Hepxxameneo

Tax Ha3bIBaeMbIll JiepxaTesb (UM «TPeTbsl pyKa») MMeeT /iBa
3a)KMMa TUIA <«KPOKOZAWI», KOTOPbIe ITpeJHa3Ha4eHbl /I YAepXu-
BaHUS KOMIIOHEHTOB WJIM ITPOBOJIOB TOYHO B TOM IHOJIOKEHUHU, B KO-
TOPOM BaM TpebyeTcs UX ClaATh. HekoTopble Mozeny Jiepxaresei
IOTIOJIHUATEIBHO OCHAIeHbl YBeJIMYUTeIbHON TMH30 (JIyNoN), Cru-
paJIbHOM TOZACTaBKOM /ISl MAsIIbHUKA U HEeOOJIBIIMM KyCKOM I'yOKH,
KOTOPYIO CJIefiyeT MCIO0JIb30BaTh /I OUMCTKY XaJjla NasJIbHUKa, KO-
I7la OHO 3arps3HseTrcs (puc. 3.3). Bce aTu JononHUTeIbHbIE 37IeMeH-
ThI KpaiiHe jkenaTeJabHbI. [lepxaTean MOXHO HalTH B VIHTepHeTe B
pecypcax, MOCBSILIEHHBIX 3JIEKTPOHNUKe, Kak Xx006u. [Ipumepamu Mo-
TYT CIyXWUThb Mo3ulus B Karasore N2 HH55 komnanuu Elenco unu
mozens 64-2991 kommnanuu RadioShack.

YeenuyumenovHoie nuH3bl

BHe 3aBHCHMOCTH OT KauecTBa Balllero 3peHus HeOosbiue, yao0-
Hble, MOIIHbIE YBEIMYUTeSIbHbIE JIMH3bI UMEIOT B)KHOE 3HAUeHMe, KO-
I/1a BbI IPOBEpsieTe MasiHble COeMHeHNs Ha TleppOpPUPOBAHHOIA rTevar-
Hoii rutate. Habop 13 Tpex JIMH3, IPUBeIeHHbIN Ha PUC. 3.4, CTIPOEKTH-
POBaH TaK, YTOObI pacroiarathcs BOIM3H Ballero 171a3a, ¥ OH 06azaeT
ropaszao 6ojiee MOIIHBIMU JIMH3aMU (JIyTIaMHK), 4eM JIMH3bI Ha ZiepiKa-
Tesie. JIMH3BI C TIOZICTABKOM HA PUC. 3.5 MOTYT OBITh YCTAHOBJIEHBI Ha
paboumii CTON ¥ UMK MOXXHO HOJIb30BaThCs1, He mpuMeHss pyk. Oba
THTA YCTPOICTB MOXXHO mprobpectr y komnanuu RadioShack, a ana-
JIOTUYHBIE YCTPOUCTBA MOKHO IPUOOPECTH B Mara3uHax sl XyJoxe-
CTBEHHOTO TBOpYeCTBA U X000u. CiieflyeT OTMETHTb, YTO MPH YCIIOBUM
NPaBUJIBHOTO MCIOJIb30BAHUSA TJIACTMACCOBBIE JIMH3BI GoJiee y00HBL.

M3mepumeanble npoeoaa ona MyJlbmumempa ¢ Kauncamu

HaxkoHeYHUKYU U3MepUTesIbHBIX TPOBOZIOB, KOTOPbIe UMEIOTCA B
KOMILJIEKTe Balllero MyJIbTUMeTpa, IIPU CYUTbIBAHUY [IOKa3aHUH [TpU-
60opa TpeOYIOT IOCTOSHHOTO UX y/iepXKUBAHUSA B KOHTAKTE CO CXeMOI.
DTO NpezIoaraeT UCI0Ib30BaHUe 00enX PyK, 4TO He JaeT BaM BO3-
MOJXHOCTH JIeJIaTh elle YTO-JIU60 OXHOBPEMEHHO.

Korza e BbI UCHONb3yeTe U3MepUTesIbHble IPOBOZA CO CIeLU-
aJIbHBIMU KJTUIICAMU (VI MHAYe «MUHHU-3aXBaTaMU») C HeOOJIbIINMHU
HOANPYXUHeHHbIMU HAKOHEYHMKAaMU Ha KOHLIaX POBO/A, TO BbI MO-
KeTe IIPUCOeIMHUTD 00K IPOBOZ (0OBIYHO YePHOT'O [1BeTa) Ballero
MyJIbTMeTpa K OTpUILIaTeJIbHOMY BbIBOZY Balllell Lielld U OCTaBUTb ero
B TaKOM COCTOSIHUH, U B 3TOT K€ MOMEHT MOXkeTe JPyIM HaKOHey-
HUKOM M3MepUTeJIbHOTO IIyTIa KacaThCs JIF0OOM APyroi TOYKHU CXeMBl,
WJTH K€ TIPUCOeIMHUTD JPYTYIO KJIUTICY K JIF0O0M APYTOii TOUKE CXeMBI.
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Puc. 3.3. [lepxatenb oOcHalleH ABymA
«KpoKofunamm» ns GUKCaummM Ballero
n3genva. Metanavdeckaa cnvpanb 37O
nepxatens And dvKkcaumm Balero paso-
rPeToro NasnbHUKa, a rybka npegHasHa-
yeHa An1a OYUCTKM Ero xana

Puc. 3.4. Habop faelieBbix NnacTMKOBbIX
YBENMYNTENBHbBIX JIMH3 BEIMKONEMNHO Bbl-
NOAHAET CBOW GYHKUMM NP NPaBUIbHOM
NX MCNONb30BaHUN. PyuHas yBenmumnteb-
Haa NIMH3a OYEHb BaKHa MpW NpoBepKe
KauecTBa NanKky CoOeAVHEHWI, KOTOPbIE Bbl
byneTe BbINOMHATL Ha NepdoOprPOBaHHOW
neyaTHow nnate

Puc. 3.5. 3710T 1N yBEAUUUTENBHON NWH-
3bl C flepKaTenem MOXHO yCTaHaBNM1BaTb
Ha paboyem CTOfe, U OH OueHb ynobeH
ANA NPOBEPKM HOMWHANOB KOMMOHEHTOB
ManeHbKoro pa3mepa



128

Puc. 3.6. DT Kaunchbl (MMHK-3axBaTbl)
M3MEePUTENbHBIX MPOBOAOB My/bTUMETPA
3HAUUTENbHO  YMPOLLAIOT MpoUecc W3-
MepeHuA. HaxaTve noanpyXuHeHHOM
KHOMKM KNWMCbl GyaeT NpUBOAUTL K Bbi-
DBVKEHWIO HEOOMBLIOTO MEIHOTO KOHTaK-
TVIpyloLLero Kpiouka. locne nogkioyeHma
MM K OrOfIeHHOMY BbIBOZY WX MPOBOAY
Hafo OTMyCTUTb KHOMKY. [locne 3Toro
PYKM OCBODOXAAIOTCA [N BbINONHEHNA
Opyrvix 3agad. [Ina MeHa 370 Kakaa-To 3a-
ragka, noyemy MynsTUMETPbI M3HauanbHO
He MOCTaBNATCA C  M3MepUTeNbHbIMM
NPOBOAAMY C ITVMM KNMMNCaMK B KauecTse
CTaH4apPTHOro 060PYAOBAHMA

Puc. 3.7. YT06bl M3roTOBWTL COOCTBEHHbBIE

M3MepuTesbHbIE NPOBOAA ANA MybTUME-
Tpa C KAMncamu, cHadvana cnegyet npu-
COeAMHNTDL BUIIKY TWNa «baHaH» K NpoBO-
7y, NPOTAHYB €ro Yepes NnacTMacCoBbIi
KOPMYC BIAMKM

lnasa 3

Mopens Pomona 6244-48-0 (noka3aHa puc. 3.6) OT KOMIIaHUA
Meter Superstore 1 HeKOTOPbIX PYTUX NOCTABIIMKOB 3TO MIMEHHO TO,
4TO BaM HYXHO. Ecii )Ke y Bac BO3HUKJIY IPOGJIEMBI C IOUCKOM WIIH
Al BaC ¥MMeeT 3Ha4eHHe CTOMMOCTb MCIOJIb3yeMbIX HM3MepHUTellb-
HBIX TIPOBOZIOB, TO BBl MOXKETe CaMU BBIOPATh IITHIPHKOBbIE BIJIKU
Thna «baHaH» (HampuMep Takwe, Kak JieTanb 274-721 or komma-
Huu RadioShack), koTopele cOOTBETCTBYIOT THe3laM Ballero MyJb-
THUMeTPa, a 3aTeM KCIO0JIb30BaTh MHOTOXWIbHBIA NpoBoZA 16 AWG
(1,43 mm?) i Gostee TOJICTBIN IPOBOJ C TIJIETEHOH JXKHJIOH IJIS TOTO,
9TOOBI TIOACOEIMHUTD 3aKUMBI I KOHTPOJIBHBIX TIPOBOJIOB, TIPeJ-
Ha3HAYeHHBIX [ NIPOBEPKU MHTErpaJbHBIX CXeM, KaK Halpumep,
Kobiconn 13I1C331 wunu RadioShack «munu», gerans N2 270-372C
(puc. 3.7 n 3.8).

CneyuaneHsili npombiwiieHHbIl peH

ITocne Toro Kax Bbl COVHWIM /iBa POBOZA NMAs/IbHUKOM, BaM
9acTO HeOOXO/IMIMO U30JIMPOBATh MECTO COeMHEHHUs. M30MAMOHHAs
JIeHTa, KOTOPYIO YaCTO Ha3bIBAIOT IPOCTO U30/IEHMOM, B 3TON CUTYaLlUU
He o4eHb 3 PeKTUBHA 1 4aCTO B TAKOW U30JIALINK 00PA3YIOTCs Pa3phl-
BbI. BbI OyzieTe MCI0Ib30BaTh TEPMOYCaZOYHYIO TPYOKY, KoTopas pop-
MypyeT 060JI04Ky BOKDPYT' OTOJIEHHOTO MeTaJJINYeCKOTrO COeNHEeHMI.
YT006BI 3aCTABUTh TPYOKY CKUMATHCS, CJIEyeT MCIONIb30BaTh CIIelH-
aJTbHBIN POMBINIUIEHHBIA HeH, KOTOPBIH MpeCcTaBisieT 060l 0YeHb
MOIIHBIH BapuaHT $eHa s Bosioc. Ero MoxkHO mprobpecTy B 1060M
X035IFICTBEHHOM CyTiepMapKeTe, 1 51 [I0JIaralo, YTo BbI IpUobpeTeTe Aist
cebst camyo ZIeleByI0 BePCUI0, KOTOPYIO Haiiziete (puc. 3.9).

Puc. 3.8. 3atem gpyroit KoHel npoBoaa
BCTaBbTe B OOKOBOE OTBEPCTME CHATOMO
MnacTMaccoBOrO KoMayka Kmncbl. 3aum-
LeHHbI KOHEL| MPOoBOa HY»KHO NpunasTb
K KOHTaKTaM Knuncel. [locne 3Toro 3asuH-
TWTE KOMMAUOK KANUMCbl

Puc. 3.9. [ox0xWit Ha MOLLHbBIV GeH ans
BOJIOC MPOMBILUMEHHDBIA GEH 1CMonb3yeT-
CA ANA TennoBOro BO3AENCTBUA Ha Tep-
MOYCafloUHyto TPYOKy, 33 CUET KOTOpOW
CO3[aeTcs NPoYHas M30ANPOBaHHas 060-
fIOYKa BOKPYI OrOIEHHOro NPoBoAa
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Omcoc ons npunos

DT0 HebGOIIBIII0e IPOCTOE YCTPOICTBO OTCACHIBAET FOPSYHH, Pac-
IIJTaBJIEHHbIN IPUIION, KOTZIa BaM HEOOX0/IUMO OYKMCTUTD MastHOe CO-
eZluHeHKe, KOTOPOe BbI CZlelajli B HeHY)KHOM MecTe. JIOCTYITHO cpe-
nu uzzenuii ot All Electronics (mo3umms B karamore N2 SSR-1) wiun
MO3HO BbIOpaTh RadioShack 64-2086 (puc. 3.10).

Jlenma ona ydanenus npunos

Takxke u3BecTHa, KaK onnemka Ons yoaneHus Npunos
(aurn. desoldering braid) (puc. 3.11). Bbl MoXeTe HCHOIB30BaTh
3TO CPEeICTBO /NI YAaJeHUs NPUIIOS BMeCTe C OTCOCOM ISl OYKCT-
K/ MeCTa NalKu OT npunos. JJoCTynHa cpefyu U3Zelnil KOMIIAaHUU
All Electronics (mo3uius B katanore SWK) uiu MoXHO mpro6pectu
RadioShack (komnonenT 64-2090).

Ha6op munuamiopHbix omeepmok

HeGosbIme 371eKTPOHHBIE U3/IeNHs U 1Tl YacTO UMEIOT Ta-
KHe jXe MUHHUATIOPHbIE BUHTHI, ¥ B TOM CJiy4Yae, KOT/a BbI MOTIbITae-
Tech UCIOJb30BaTh OTBEPTKY HENPABUIIBHOTO pa3Mepa, TO MOXKeTe
UCTIOPTUTH IIUIUL] TOJIOBKY BUHTA. S TPEANOYKTAI0 CIIOIb30BaTh Ha-
O0op Mperu3uOHHBIX OTBEPTOK Stanley, komrnoHeHT N2 66—-052, moka-
3aHHBIN Ha puc. 3.12. Ho m060it Habop GyneT moJyie3eH TOJILKO B TOM
ciydae, ey B HeM eCTh OHOBPEMEHHO KpecToO6pa3Hble OTBEPTKH
1 HabOPBI C TUIOCKUM KaJIOM.

PekomeHpyemoe
lodcmaska 014 nasanbHuUKa

[Tono6HO MKCTOJIETY, MOMEIIaeMOMY B KOOYPY, BbI MOKETe BCTa-
BUTb MAasUIbHUK B 3Ty MOJICTABKY, KOTZA Mas/IbHUK Pa3orpeT, HO B
JIaHHBIM MOMEHT BaM He HyXeH (puc. 3.13). [IpumepaMu MOTyT CIIy-
*)uTh no3unust N2 50B-205 B xaranmore kommnanuu All Electronics,
RadioShack mozenbp 64—2078 mau MOXXHO ITOMCKATh aHaJOTHYHbIE
Ha MHTepHeT-ayKIU1OoHe eBay. DTa mocTaBKka MOXeT ObITh BCTpOeHa
B Ziepxatenb (CM. puc. 3.3), HO BaM MOXeT IOHAZJ0OUThCA ellle OfHa
JIOTIOJTHUTEIbHAS MOZICTAaBKa /IS BAlllero BTOPOTO Mas/IbHUKA.

MuHnuamiopHas pyyHas nunka

$1 mosnararo, 4TO Bl HABEPHSIKA 3aXOTHUTE BBITIOTHATH MOHTaX 3a-
KOHYEHHBIX 3JIEKTPOHHBIX YCTPOUCTB B KOPIYCaX [OCTATOYHO <ITPO-
¢eccrnonanbHOro» Brna. COOTBETCTBEHHO BaM, BEpPOSITHO, TTOHAZIO-
OUTCS MHCTPYMEHT ZIJIs TOTO, YTOOBI pe3aTh U 00pabaThiBaTh TOHKYO
IJIacTMaccy wiu mwiactuk. HanpuMep, BaM MOXeT TOHaJ06MThCsT BbI-
pesaThb KBaipaTHOE OTBEPCTHE TAKUM 06Pa30M, YTOOBI B ITOM KOPIIy-
ce MOXKHO OBUIO YCTAHOBUTD IIPSIMOYTOJILHBIN [EPeKII0YaTeb.
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Puc. 3.10. YT006bl 0UnCTUTL NasHOe Coeau-
HEeHWe, Bbl MOXeTe HarpeTb NPUMOoN Ao Tex
Mop, MOKa OH He CTaHeT XKWAKMM, a 3aTem C
MOMOLLbIO PE3NHOBOW TPyLWN (3TOro Npo-
CTelLLIero yCTpoICTBa) OTcocaTh ero

Puc. 3.11. [JoNONHUTENBHON BO3MOXHO-
CTblo ANA yAaNeHna Npunon ABNAETCA ero
cOOp C MOMOLbIO ITOM MeAHOM ONNeTKN

Puc. 3.12. Habop orBepTOK Manoro pas-
Mepa OTHOCUTCA K YMCNY OYeHb BaKHbIX
NHCTPYMEHTOB
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Puc. 3.13. besonacHas 1 npocTas noj-
CTaBKa AnA NasnbH1Ka

Puc. 3.14. Komnanna X-Acto npegnaraet
[ana3oH NooTeH Manoro pasmvepa, Ko-
Topble aeanbHbl AnA Bblpe3aHuA KBagpaT-
HbIX OTBEPCTU 1 ANA YCTaHOBKM KOMMO-
HEHTOB Ha MNacTMacCoBbIE MaHenu

—

Puc. 3.15. 511 TUCKM pazmepom 1" MOX-
HO 3aKasaTb MO KaTajory KommaHuu
McMaster-Carr

lnasa 3

MOIIHBII MHCTPYMEHT /IJIS1 BBITIOJHEHU s 3TOH JIeTMKATHOW pabo-
Thl He OZIOMIeT. MUHUATIOpHAA pyyHas nujka (MHave Ha3blBaeMas
«TUJIKa 715 X000M») SABISieTCs M/ealbHbIM MHCTPYMEHTOM JIJISI BbI-
TIOJIHeHUSI TaKoro poza pabot. Komnanus X-Acto npezsaraet Habop
MaJIeHbKUX TOJIOTeH Ui MUJIOK. f mpezaraio MOJIOTHO pa3MepoM
N2 15, BcTaB/ieHHOe B PY4KY, KaK 3TO I0Ka3aHO Ha puc. 3.14. DTOT UH-
CTPYMEHT MOXHO mprobpecTy yepe3 VIHTepHeT Ha caiiTax KOMITAHUIA
Tower Hobbies, Hobbylinc, ArtCity, a Takxe Ha MHOTUX JPYTHX HC-
TOYHMKAX MHCTPYMEHTOB ISl Xy/I0)KeCTBEHHBIX paboT 1 x006u. Tak-
e ciefiyet 0OpaTUTh BHUMAaHIE Ha MOJIOTHA X-Acto 1oji HoMepaMu
234 u 239, KoTOpBIE MOXKHO MCIIOJIb30BaTh I pa3pe3aHus mepdo-
PUPOBAHHOM MeYaTHOM IJ1aThI.

Muuuamloprle mucku

MuHUATIOPHbIE TUCKU MPEIOCTABIAIOT BO3MOXXHOCTD BBIIIOTHATD
Takue paboThbl, KOTOPbIe HeJb3sl C/ie/laTh € TIOMOLIBIO JiepyKaTess s
IUIaT ¥ 371eMeHTOB (cM. puc. 3.3). S, HanpuMep, UCTIOJIb3YI0 CBOU TU-
CKH, KOT7Ia OTpe3ar0 MaJieHbKHe KyCOUKH IJTACTHKA U Korzia pUKCHUPYIO
nep$OPUPOBAHHYIO MEYATHYIO IIaTy BO BpeMsi paboThl (puc. 3.15).

ITouckaTb YyryHHBIE TUCKU, KOTOPbIE UMEIOT pasMep 1” unu He-
CKOJIbKO OombIuii, MOXHO B VIHTepHeTe Ha Megahobby, eBay u npy-
TUX CalTaxX C MHCTPyMEHTaMH JJISl XyZI0)KeCTBEHHBIX paboT 1 X000u.
Taxxe MOXHO IOAyMaTb O THCKax KomnaHuu PanaVise, koTopsle
VIMEIOT HAaKJIOHHYIO I'OJIOBKY, YTO II03BOJISIET IOBOPAYUBATH OOBEKT
06pabOTKY MO JIOOBIM YITIOM.

Uncmpymenm ons yoanerus 3ayceHuy

VIHCTpYMeHT [/ yAajeHus 3ayCeHUI] CKpPyIJIfeT OCTpble Tpa-
HU U fiesiaeT Gpacku Ha Jro6oM rpyboM Kparo (KOraa Bbl Ipope3asu
VI IIPOCBEPJIAJIM OTBEPCTHE B IJIACTHKe, HAIPUMep) U Takxke JiaeT
BO3MOKHOCTb HECKOJIBKO YBEJIMYUTh OTBEPCTUSA. DTOT MHCTPYMEHT
MOJKeT 0Ka3aTbCsl HEOOXOAUMBIM, TOCKOJIBKY HEKOTOPbIe KOMIIOHEH-
Thl M3TOTABJIMBAIOTCS C KCIOJb30BaHMEM MeTPUYECKUX Pa3Mepos,
KOTOpbIe He BXOZAT B OTBEPCTUS, ITPOCBEPJIeHHbIe aMepUKAHCKUMU
cBepsiaMu. Bail He6OJIbIIION MeCTHBINM X035THCTBeHHBIN Mara3uH Mo-
eT He MIMeTb UHCTPYMEHTOB /ISl yAaJleH!s 3ayCeHHUL], HO UX MOKHO
OuYeHb HeZIOPOro nmpuobpecty B VIHTepHeTe Ha TaKMX pecypcax, KakK
Sears, McMaster-Carr, KVM Tools nunu Amazon (puc. 3.16).

Heob6a3aTenbHoe
PyuHas KoHu4ecKkas 3eHKo8Ka

Bam moHa/06UTCS 3eHKOBKA /7t BBIMOJHEeHs: (acoK Ha Kpa-
SIX OTBEPCTHUid [JIsi BUHTOB, YTOObI OHU TOAXOAWIM [JISI BUHTOB C
IJIOCKMMK ToJIoBKaMu. Eciu BbI GyzieTe MCIONB30BaTh 3€HKOBKY,
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YCTaHOBJIEHHYIO B 3JIEKTPUUYECKYIO ZipeJib, TO Y Bac He OyzieT BO3MOXK-
HOCTHY TOYHO KOHTPOJIMPOBATH BBINOJIHEHNE 3TOU MPOLiefypbl, KOIza
Oynere paboTaTh C TOHKUM MSATKUM IUIACTUKOM.

Py4Hy10 3eHKOBKY, KOTOPYIO MOXKHO yZIepXXUBaTh B PyKax U I0-
BOpauMBaTh KaK OTBEPTKY, HAWTH Jierde, HO KomrnaHuss McMaster-
Carr (mo3uuusa B Kartanore N2 28775A61) 3T0 eAWHCTBEHHBIN HC-
TOYHUK, I7le {1 HallleJl PYYHOM MHCTPYMEHT, KOTOPbIi HAMHOTO Jierye
UCI0J1b30BaTh. OH MPO/IAeTCst BMeCTe ¢ HAOOPOM 3eHKOBOK, KOTOpbIe
MOKa3aHbl Ha puc. 3.17.

Hab6op kpioykos u wun

HM3rotoBnieHHbIiT KoMIaHKel Stanley Habop, mo3uims N2 82—
115, nocTyneH B MHTepHET-Mara3uHe Amazon 1 X03siCTBEHHbIX Ma-
razuHax. Bl MoeTe HaliTU OXOK1e UMIIOPTHBIe U3/leNks, KOTOpble
OyayT Ha HECKOJILKO JI0JIapoB JemeBe (puc. 3.18).

lWimanzenyupkynu

DTO MOXeT MOKa3aThCsl HEKOTOPOM POCKOIIBIO, HO 3TO OYeHb
TI0JIe3HBIN UHCTPYMEHT /Il U3MepeHuUs HapyXXHbIX I1aMeTpOB Kpy-
IJIbIX 00'bEKTOB (Hampumep, pe3b0Obl BUHTA Ha MepeKJrvaresie Win
NOTEeHIIMOMeTpe) UM BHYTPeHHUX AUaMeTpOB OTBepCTUM (B KOTO-
pble BbI MOXXET OBITb 3aXOTHUTE YCTAHOBUTD TI€PEKIII0YATeNb WM T10-
TEHLIIOMETp).

MHe HpaBATCA WTaHTeHIMPKY/IX KoMaHuu Mitutoyo, a Heopo-
rasi Moziesib 505-611 (puc. 3.19) BbINONHSIET BCe, YTO MHe TpebyeTcs.
BbI MOKeTe HaiiTy GoJiee melnieBbie OpeH/Ibl, HO 9KOHOMUS Ha M3Me-
PUTENBbHBIX NHCTPYMEHTaX MOXKeT 0Ka3aTbCsl He CIUIIKOM My[pPbIM
peleHreM TP UCTIO0JIb30BAHUU 3TOTO YCTPOWCTBA AJUTEIbHOE Bpe-
ms. Ha Beb-caiiTe pouU3BOAUTENA HPe/CTaBIeHbl BCe MMEIOINecs
MojieJy; KpoMe 3TOT0, BbI MOYKeTe HCI0Ib30BaTh MOUCKOBUK Google
7Tl BBINMOJNHEHUS MOKMCKa «Mitutoyo», 4ToObl HAHTH PO3HHUYHOTO
MPO/IaBLIa 3TUX U3JeNUH.

Pacxoayemble maTepuanbl
lpunoii

DTO TaKO¥ JIErKOIJIABKUII CIUIaB, KOTOPBIN BbI JOJDKHBI OyneTe
pacIUIaBUTh, YTOOBI 3aTeM COEIMHUTD MKy COOO0# HY)KHbIe KOMIIO-
HEHTHI cXeMbl. BaM motpebyeTcsi 04eHb TOHKHI IPHUION AHaMeTPOM
0,022" (0,6 MM) A OYeHb MaJleHbKMX KOMIIOHEHTOB U TOJICTBIN
npurnoi auamerpom 0,05 (1,27 mm) ans 6onbmux. Hazgo crnenuts
3a TeM, 4TOObI He KYMUTh MPHIION, KOTOPBIA MpeIHa3HaueH s
CaHTeXHUYeCKUX WM XY[I0XKeCTBEHHbIX PabOT, HAIpUMe]p IOBeHp-
HOTO slela. HecKOJIbKO KaTyliek C MPUIoeM Pa3JIuYHON TOJIIUHBI
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Puc. 3.16. 2710 HEOONBLION PEXYLMIA NH-
CTPYMEHT OPUMMHANBHON KOHCTRYKLUMM C
3aKpyrneHviem B Lienax 6e3onacHocTv 1 ¢
M3rboM Ha KOHLIe MOXeT MOMOYb yBe-
NINYNTL OTBEPCTUA, KOTOpble JOCTaTOYHO
6onblune No pasmepy, HO VX He COBCeM
XBaTaeT ANA YCTaHOBKYM KOMMOHEHTOB

Puc. 3.17. Bbl JOMKHbI BpalaTb 3TOT WH-
CTPYMEHT ANA Pa33eHKOBKM OTBEPCTUA,
nofobHO PYYHOMY MHCTPYMEHTY ANA Bbl-
nonHeHVA dackwy, uTtobbl B Hero Bowen
BMHT C MAOCKOW TOMOBKOW 3anoiuLo

Puc. 3.18. Habop Wwmn v KpIouKoB oueHb
noneseH B Cambix PasHOOOPa3HbIX U faxe
HEOXMAAHHbBIX CUTYaLAX
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Puc. 3.19. LUtaHreHumpKynu MoryT 6biTb
UMGPOBLIMKM,  KOTOPbIE  aBTOMATUYECKM
NpeobpazoBbIBAIOT MUIUMETPbI B O
nonvos ot 1/64 po 1/1000, nnu aHano-
FOBBIMM KaK TOT, KOTOPbIM MpviBefeH Ha
doTorpaduu. B aTom cnyyae Bam, pasyme-
eTcA, He nNpuaeTca 6ecrnokouTbCcA O 3ame-
He BaTapeiku

Puc. 3.20. KaTtywkn ¢ npunoem pasnmny-
HOWM TONWMHbI

Puc. 3.21. HageHbre OTpe3oK Tepmo-
yCafo4HOM TPYOKM Ha MeCTO coefiHeHNA
NpoBOAOB 6e3 M3onAUMK 1, uTobbl CAje-
naTb MPOYHYIO M30MAUMIO BOKPYT 3TOro
COeAVHEHVA, MPOorpeiTe ero ¢ NOMOLLbIO
MPOMbILLAEHHOTO dpeHa

lnasa 3

noka3aHbl Ha puc. 3.20. Bam ciefyer ybenuThest, YTO BBl KyNWIIH,
NpuUIoi 6e3 MprMecy CBUHIIA.

IIpuIIOi A7 37IeKTPOHUKY BHYTPH IIPYTKA COZIEPXKUT CepALIeBH-
HY 13 6e3KHCJIOTHON KaHU(OJIU, KOTOpas NPUTOAHA /NS 3JIEKTPOH-
HBIX KOMIIOHEHTOB. KaTyIIKy IpUIost MOXXHO IPHOOPeCcTH Ha pecyp-
cax <«3JIeKTPOHMKA, KaK X000M», BKJIIOYas Takue pecypchl, Kak All
Electronics, RadioShack u Jameco, uny BbINOTHUTE TOUCK <«IIPUTIOM
ZUIS1 3JIeKTPOHUKU»> B MHTePHeT-MarasuHe Amazon.

llposoda

BaMm norpebyeTcsi HEKOTOpOe KOJIM4eCTBO MHOTOXKUJIBHOTO ITPO-
BOJIa, YTOOBI C/leJIaTh BHEIIHIe COeVHeHus /i MOHTUPOBaHUS CXe-
Mbl. Hazio HaiiT MHOTOXUIbHBINM TipoBoz 22 AWG (0,76 MMm) ¢ u3o-
JALMeld KpacHOTO, YepHOTO U 3eJIeHOro IliBeTa [JIMHOM MHHUMYyM
10 pyToB (3 M) KaXKAOTO IIBETA.

Ecnu BBl XOTUTe CMOHTUPOBATh CUTHAIM3ALUIO /7S 3aIIUTHI OT
IIPOHMKHOBEHHUs I0CJIe 3aBeplleHnst axcnepumerma 15, To BaM IO-
TpebyeTcs IBYKUJIbHBIA TesepOHHBIN MPOBOJ C 6enoi U30JIsALMei
TaKOTO THIA, KOTOPBIM MUCMOJb3YeTCs [ JBepHBIX 3BOHKOB. Ero
MOXXHO HaWTH B TaKMX MarasuHax, kak Lowe's, Home Depot, Ace
Hardware 1 aHaJIOTHYHBIX.

BaM Hajio paccunrtarh o0liee KOJMYECTBO MPOBOAA, KOTOPOe
HY>XHO TIOKyINIaTb, [IOCJIe U3MePeHNs PaCCTOSTHUA 10 TePKOHOB, KOTO-
pble BbI PeIInTe YyCTaHOBUTD.

TepmoycadoyHas mpy6ka

TepmoycaziouHass TpyOKa mpeHa3Ha4yeHa IS WCIOJIb30BAHUSA
BMeCTe C TPOMBIIITIEHHBIM (peHOM, KOTOPBIN ObLI ONKcaH paHee. Bam
norpebyeTcsi HEKOTOPOe KOJUYeCTBO ITUX TPYOOK Pa3HOro IBera
¥ pa3HbIX fuameTpoB (puc. 3.21). [TocmotpuTe Ha caiite RadioShack
no3uuyo 278-1627, y apyrux mocTaBIIMKOB JIeKTPOHHBIX KOMIIO-
HEHTOB M B XO3AWCTBEHHBIX MarasuHax. LIeHbl OymyT pasiudarhb-
€4 B I0CTaTOYHO MIKMPOKUX Ipezienax. Bel MOXeTe IIOKyNaTh caMble
ZieleBble.

MedHble 3axxumbl muna «Kpokoous»

OTH 32KUMBI MOTYT OTBOAUTH TEIIO, KOTZA BaM Hazo Oyxer
CIIasATh OYeHb MaJIeHbKue KOMIIOHeHTHI. 3akuMbl Mueller BU-30C
TIPEZICTABJISIOT OO0 MOJHOpPa3MepHbIe «KPOKOAMIIbI»>, TIPeIHa3Ha-
YyeHHbIe [JIs MaKcuMasibHOro orBoza Temia. Komnanus RadioShack
npezaraeT 3aXUMbl Mayoro pasmepa (nosunus N 270-373, npu-
BeJleHa Ha puc. 3.22), KOTOpble MOXXHO HCII0JIb30BaTh IIPU CHaiike
ZieTajeid MaJoro pasmepa.
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MepgpopuposanHaa neyamuas nnama

Korna BbI OyzieTe roTOBBI MepeHeCTH BAIlly CXeMy C MaKeTHOM
IJIaThl Ha GoJiee MOCTOSTHHOE MEeCTO PACIONOXKEeHHs, TO BAM MOXET
MOHAI00UThCS MPUNASATh MPAKTUIECKA BCe KOMIIOHEHThI CXeMbI K
nep$oprpPOBaHHOM NeYaTHOM IIaTe, KOTOPYIO YaCTO Ha3bIBAIOT «IIe-
YaTHOM MaKeTHOH NJIaToW», a TAKXe «[1e4yaTHOW MaKeTHOM IJIaTOM ¢
KOHTaKTHBIMHU OTBEPCTUAMU>.

BaM HyXeH TakoW TWIl IJIaThl, B KOTOPOU MeJHble COeJuHU-
TeJIbHble TIPOBO/IHMKY BBITPAaBJIeHbl HAa 33a/IHEN TOBEPXHOCTU TaKUM
00pa3oM, 4TO PacIoJIOKeHe KOMIIOHEHTOB Oy/ieT aHaJIOTMYHO pac-
MOJIOXKEHHIO 3JIeMEHTOB NPU WX KOMIIOHOBKe Ha MaKeTHOM Ijare.
[TpOBOAHUKY CKPBITHI BHYTPY MaKeTHOM IJIAaThI, @ BbI IOJKHBI Ilepe-
HeCTU Ty ke KOMIIOHOBKY KOMIIOHEHTOB, KOTOPYIO BbI MCIIOJIb30Ba-
7Y, IPUINanBas UX Ha MeCTo B epdOpUpPOBAHHYIO [IEYaTHYIO ILIATy.
[TprMepoM MOXeT CITYXUTb Tata 276—150 kommanun RadioShack,
NOKa3aHHast Ha puc. 3.23, 11 HeOObIINX IPOEKTOB, U TIaTa 276—
170 (puc. 3.24) 11t OTHOCUTEJILHO GOJBIIMX CXeM, KaK 3TO TOKa3aHO
B akcnepumerme 15.

JL7isi oueHb MaJleHbKHX MPOEKTOB, B KOTOPHIX BbI OyzeTe coesu-
HATb KOMIIOHEHTbI, UCIOJIb3YsI TOJIBKO UX BBIBOZIBI, BaM IOTpebyeT-
Cs MOHTa)KHa IJ1aTa, KOTOpas He MMeeT NPOTpaB/IeHHbIX NTe4aTHbIX
MIPOBOZIHUKOB. f nMuuHO mpeanouyuTato miaaty 7100 komnanuu Twin
Industries, moctymHylo Ha caiite Mouser.com M IOKa3aHHYIO Ha
puc. 3.25. Bbl MOXeTe UCI0JIb30BaTh MUJIKY /JIS1 BBIpe3aHUS MaJIbIX
OTBEPCTHUI TAaKOU BeJIMYMHBI, KOTOpasi BaM Oyner Heobxonauma. bo-
Jiee JlemeBble 3TO MIaThl 276—147 ot komnanuu RadioShack, moka-
3aHHbIe Ha pHc. 3.26, umu PC-1 ot komnanuu All Electronics. Onu
MMeIOT HebOJIbIIe Me/JHbIe IPOBOJSIIYE KPY)KOUKHM BOKPYT KaXK/0-
0 OTBEPCTHUS, KOTOPBIE He SABJISIOTCS HeOOXOAUMBIMY IS HAIIIVX 3a-
71y, HO B JIIOOOM CJTy4ae OHU He CO3Ja0T KaKUX-J11ubo mpobieMm.

(Oanepa

Korza BbI GyzeTe MCIONIb30BaTh MAsVIbHUK, TO TOPSAYUe KAIUIA
TIPUIIOS MOTYT yIacTh Ha Ball CTOJ WM BepcTak. [Ipy 9TOM NpuUInoi
OyzeT 3acThIBaTh OYTH MTHOBEHHO, a 3aTeM Y BaC BOSHUKHYT TPYA-
HOCTY TIPY €ro yJaJIeH!H, a Ha pabodeM MecTe B IIOOOM ciiydae OymyT
0CTaBaThCsA ciefbl. [103TOMY HaZlo 103a00TUTHCS O IPUMEHEHUH Ky-
CcKa (aHepsl IUIOMA/IbIO, PABHO NIPHMEPHO MOJIOBUHE KBAaZPAaTHOTO
MeTpa, ¥ TONKUHOU npuMepHo 0,5" (12 MM), 4TOOBI 0OecrevuTs 3a-
muTy. Bl MOXeTe TproOpecTy peaBapuTeIbHO Hape3aHHbIH KyCOK
daneps! B Marazuae Home Depot v Low.

133

Puc. 3.22. 311 ManeHbKre 3aX1mMbl OTBO-
[AT TEMNO, 3aLMLLas KOMMOHEHTbI BO Bpe-
MA UX NprnavBaHna

Puc. 3.23. 31a nepdoprposaHHan neyar-
HaA Mnata UMeeT PacronoXeHne MeaHbX
COEAVIHNTENbHBIX MPOBOAHVIKOB, MOXOXee
Ha pacnonoxeHne NPOBOAHUKOB BHYTPU
paHee VCMob3yemMo MakeTHOM nnatbl. [1o-
3TOMY Bbl MOXeTe PacnonoXWTb BCE KOM-
MOHEHTbI Ha NepdOPUPOBAHHOM NeUaTHOM
nnate ¢ MUHUMaNbHbIM PUCKOM NOABAEHNA
OLUMOOK MPW BbINOMHEH COEANHEHNI

Puc. 3.24. Mpumep nepdoprpoBaHHOM
neyaTHoV nnatel OOMbLIEro pasmepa, Ko-
TOpadA MMeeT reoMeTpuio PacnonoXeHns
NPOBOAHWKOB Kak Ha MakeTHOW nnate
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Puc. 3.25. ObbiuHas nepdoprpoBaHHan
nnata (6e3 MefiHbIX COEANHITENbHBIX MPO-
BO[HWKOB) MOXET OblTb MCMOb30BaHa
I8 KPETJIEHWSI KOMMOHEHTOB, KOrfa Bbl
XOTUTE BbLIMOAHUTL COEAMHEHME HaBec-
HbIM MOHTa>KOM

Puc. 3.26. Hebonbliaa nepdoprpoBaH-
Has nedyaTHas mnata C OTAENbHBIMU Mef-
HBbIMI  KOHTAKTHbIMM - MOLIaAKaMy  AnA
npUNavBaHKa KOMMOHEHTOB

Puc. 3.27. 3T1 Knemmbl NMO3BOMAIOT Bbl-

NONHATb NOAKNYEHME C MOMOLbIO MPO-
BOAOB C OrosieHHbIMK KOHLaMn 6e3 wuc-
NONb30BaHMA Nankuy. Knemmbl moryT 6bITb
KpaCHOTo 1 4epHOro LBeTa

lnasa 3

Menkue kpenexHole 6uHmebI

[ KpeIuleHUs IJIaThl U HEKOTOPHIX KOMIIOHEHTOB B KOpIyce
YCTPOKCTBA BaM MOHAZOOSATCS MeJIK¥e KpereXHble BUHTBI. OHU Oy-
AYT BBIMJIAZIETH OOJiee TIPUIIMYHO, U OYyT UMeTh IIOCKKE TOJI0B-
KU, KOTOpBIe OYyT HAXOUTHCS 3aAMOAJHUIIO C TOBEPXHOCTHIO MJIATHI.
S mpeznarar MCIOMb30BaTh KpereXHble BUHThI U3 HepKaBerolen
cranu pa3mepa M4 aiunon 0,5 (12 mm), 5/8" (16 mm), 3/4"" (19 Mm)
u 1" (25,4 mm). Bam nmorpebyetcss 100 mTyK KaXXZOro BUAA ILTIOC
400 mrait6 1 400 KOHTpPraek paamepom 1o BUHTel M4. Jst mpro6-
peTeHusi BUHTOB 110 Pa3yMHO¥ LleHe MOXHO 06PaTUThCs K KOMITAaHUK
McMaster-Carr 1 Kakoii-1mbo Apyrou, TOPTYIoIei KpermexoM.

Kopnyc dna ycmpoiicmea

KoprnycoMm st ycTpoiicTBa MOXeT ObITh HeOoJiblnasi KOpoOka
(0OBIYHO M3 IIACTMACCHI) CO CHEMHOM KPBIIIKOM. BbI MOXeTe ycTaHo-
BUTb BAIlV [IePeKIII0YaTeNy, IOTeHIIMOMETPBI U CBETO/VIO/IbI B OTBEP-
CTHSA, KOTOPbIe OyyT MPOCBEpPIIeHbI B KPBIIIKe KOPITYCa, U YCTAHOBUTD
Bally nep$oprUpPOBAHHYIO IJIATy BHYTPb KOpIyca. JIjis MOMCKa KOpITy-
ca MOXxHO oOparuthesi K Kommanuu All Electronics nnu RadioShack.

Bam MOXeT MOHAOOUTHCSA KOPIyC pa3MepoM MpUMepHO 6
(125 mm) anuHo#, 3" (76 MM) mupuHoi U 2" (50 MM) BBICOTOM, Ha-
npuMep, no3uLusa 270-1805 Ha caiite komnanuu RadioShack nmm
4TO0-MOO0 aHAJOTMYHOe 3TOMY. S mpeiarar BaM cpasy ke KyIUTb
Tapy KOpPIIyCOB JPYTOro pa3Mepa, eciv Bbl CEPbe3HO PeIluIf 3aHATh-
¢ BJIEKTPOHUKOM, U OHU BaM MOHA/[004TCs B OyayIem.

KomMmnoHeHTbI

Cemesvle pazvembl, MOHMAXKHbIE KOJI00KU U K/IeMMbl

ITocre 3aBepieHNs POEKTa U peaM3aliiyl CXeMbl B KOpITyce BaM
MOXeT [IOHa/J00UThCS HEKOTOPBIH YI0OHBIH Cr1ocob 71 Mofiauy BHYTPb
3TOrO KOpIyca HampspKeHWs nuTaHus. Kymure mapy M301MpOBaHHBIX
KJ1eMM, HanpuMep, B kommanuu RadioShack 3To koMmoHeHTBI ¢ HOMe-
poM 274—661, KOTOpbIe MOKa3aHbl Ha pUc. 3.27. Takxe MOCMOTPUTE rHe3-
710 IS YCTAaHOBKY HA TaHen!, pa3Mep N, Hanprumep, KOMIIOHEHT HOMep
274-1583 B komnanuu RadioShack, u mrekep y1si moakitoueHus mo-
CTOSIHHOTO HaNpsKeHus, pa3mepa N, HarpuMmep, KOMIIOHeHT 274-1573.
ITapa 13 cOOTBETCTBYIOLIErO LITEKepa U IHe3zia IpuBeneHa puc. 3.28.

U HakoHell, BaM MOHAA00STCS BHYTPEHHUE COeNHUTENH, KOTO-
pble 1o pa3Mepy OYAyT COOTBETCTBOBATH MepdOPUPOBAHHOIA IIaTe,
B KOTODPO OTBepcTUs BblNOJHeHH! ¢ maroMm 0,1" (2,54 mm). HHo-
I7la UX Ha3bIBAIOT «MOHTa)XHBIMM MHOTOKOHTAKTHBIMH KOJIOZKA-
MU», TaK)Ke OHU U3BECTHBI KaK <IIThIPeBbIe JIMHEUKaMI», KOTOPbIe
TpeziaraoTcsi 610KaMu 10 36 KOHTaKTOB myiu Gojiee. Bbl MoxeTe
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OTZeNATH OT 6JI0Ka CTOJIBKO IPYIII, CKOJILKO BaM HeoOxonumo. B ka-
YeCcTBe NpUMepa MOXXHO NPUBECTH KOMIIOHeHThl ¢ HoMepamu 800-
10-064-10-001000 1 801-93-050-10-001000 ot komnanuu Mill-
Max wnu KoMmnoHeHTbl 929974-01-36-RK u 929834-01-36-RK
KoMmaHuu 3M. Bbl Mo)xeTe mpHUOOPeCTH 3TU U3JeNusl ¥ Y OObIYHBIX
MOCTABIIMKOB 3JIeKTPOHHBIX KOMIIOHeHTOB. Ha puc. 3.29 nokasaHel
MOHTa)KHbIe KOJIOJKU [0 U HOCJe OTAeNeHUS MajJeHbKUX CeKLUH.
Crnenyet yOemuThCsA, YTO 3T BHYTPEHHUE COeMHUTENN UMEIOT pac-
crosHue Mexxzy BeiBogamu 0,1 (2,54 mm).

bamapeiika

ITocrne 3aBepieHus sxcnepumerma 15 B KOHLe 3TOM IT1aBbl KHU-
TY, eC/IM Bbl 3aXOTUTE KCIOJIb30BATh 3TOT IPOEKT HAa MPAKTUKe, TO
BaM MOHaio0uTCsl GaTapeiika HanmpspkeHreM 12 B. BeIMOTHKUTE TOKMCK
B VHTepHeTe «barapeiika 12 B> u Bbl Hali/ieTe MHOTO TepMETHYHBIX,
aKKyMYJISITOPHBIX, CBUHI[OBO-KHCJIOTHBIX GaTapeek, KOTOpbIe CIIPO-
eKTUPOBAHBI IJI1 CUCTeM OXPaHHOM CUTHAIU3ALUH, KOTOPbIe UMEeIOT
HeOosbIIe pa3Mepsl, HanmpuMep, 1""x2''x3" (25x50x75 MM) u cTO-
At MeHee $10 (oxoso 300 py6). Bam moHago6uTCs ele u 3apsiiHOe
YCTPOKCTBO, KOTOpOe ToxKe cTOMT nopsiaka $10 (300 py6).

llepekntoyamenu u pene

Bam morpebyeTcsi Takoe Ke JIBYXIOJIOCHOE JIBYXIIO3ULIMOHHOE
peJie ¥ TaKo# Xe OZJHOIOJIIOCHBIN OZHOMO3MIIMOHHBIHA TyMOiep, Ko-
TOPBIV OBL YIIOMSHYT B CIUCKe HEOOXOANMBIX 3aKyIIOK B 21a8e 2.

Jlns axcnepumenma 15 Bam NOHAa#AOOATCA TrePKOHBI (MarHUTHbIE
NepeKJIIoYyaTean), KOTOpble MOXHO YCTAaHOBUTb Ha OKHAa WM /IBe-
pu, HampuMep Takue, Kak mozenb 8601 Mpou3BOACTBA KOMIAHUU
Directed Electronics, koTopble MOXHO HaiiTu B MIHTepHeTe U Ha fie-
CATKAX JPyTUX CaluTOB.

Bam Tax:xe noTpebyeTcsi KHOMOYHBIN ZIBYXTIOJIOCHBIN JIBYXIIO3H-
[IMOHHBIN NepeKyroYaresb, TUA Bki.-(Bki.) ¢ BbIBOgaMu A7 nau-
ku. [Tpumepamu MoryT ciayxuTh KHonnka MPG206R04 ot komnanuu
Tyco nmu xHOmka MB2061SS1WO01-RO xommanun NKK switches
(xonma4koM 1o 3akasy). Kpome Toro, KHOIIKY MOXHO IIOMCKaThb U Ha
MHTepHeT-ayKuuoHe eBay no 3anpocy «DPDT pushbutton» (Knomka
ABYXIIONIOCHASA ABYXIO3ULIOHHASA).

Jluoodwbl

KynuTe, no MeHbIlell Mepe, NOJ/JI0KUHBI KPACHBIX CBETOAKNO/I0B
ZIMAMETPOM 5 MM C IPSIMBIM HampsDKeHHueM MpubIu3uTensHO 2 B,
Kak HanpuMmep, komrnoHeHT N2 OVLFR3C7 komnanuu Optek, komno-
HeHT N2 SSL-LX-5093IT komnauuu Lumex unu cBetoauor HLMP-
D155 xomnanuu Avago. OnHOBpeMeHHO HaZlo KYyIMUTb CTOJBKO Xe
3eJIeHbIX CBETOAMOJ0B TAKOTO JKe TUIa.

135

Puc. 3.28. [He3n0 cnpaBa MOXeT ObiTb
BMOHTVMPOBAHO B KOPMYC NMPOEKTUPYeMO-
ro YCTPOWCTBA AN1A MOAaUMN HANPKEHWA
MUTaHWA OT WTeKepa, MOKa3aHHOro Ha
pYICyHKe CreBa

i PR S—

Puc. 3.29. MoHTa)KHad MHOTOKOHTaKTHas
KONoAKa C rHesaamm (BBepxy) 1 WTbipbKa-
MW (B CepeaviHe) AaeT BO3MOXHOCTb Bbl-
MOSNHATb OYEHb KOMMAKTHble COeAVHEHWA.
VX MOXHO pacnuanTb WK paspe3atsb,
pa3fenvB Ha MarneHbkue cekummn (BHU-
3y). Pacctonanve mexay koHTaktamu 0,1"
(2,54 Mm)

Puc. 3.30. Jtot avon 1N4001 gnviHom
npumepHo 0,25" (6,35 MM) B COCTOAHMN
BbIAEPXMBaTb HanpsaxeHve ao 50 B
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JIONONHUTENIBHO BaM  MOTPeOyeTcsi  MMITYJIbCHBIA  JIHOZ
1N4001 (mogmoiizer mo6oii mpousBoxuTenb). Ha puc. 3.30 npuse-
JleH IIprMep /Ioza ¢ GOJIbIINM yBeIndeHreM. DTH JMOZbI OBOJIBHO
JleleBbIe ¥ HaBepHSKA BaM ellle MOTPeOyrTcs B OyayiieM, II03TOMy
Kymnure ux cpasy 10 mr.

Juxnamuk

YT0OBI 3aBepUIUTb MPOEKT B dKkcnepumeHme 15 BaM TOHAMIO-
OuTCs IMHaMUK HeOOJbIIOr0 pa3Mepa, YTOObI OH BOLIEJ B Balll KOP-
TyC, HO CYIIeCTBEHHO O0Jiee MOIIHBIN, YeM AWHAMUK AuameTpom 1"
(25,4 MmM), KOTOPBIH BbI yKe UCIIOJIb30BaIU paHee. JIUHAMUK 0JKeH
ObITh fuametpoM 2" win 2,5" (o1 50 10 60 Mm). Eciint e BbI CMOXe-
Te HAalTU AVMHAMUK C BHYTPeHHUM conpoTtusieHrueM 100 Om, To 3T0
OyZzeT BIOJIHE 0CTATOYHO IO MOLIHOCTH, HO GOJIbIe BCe JKe MOf0H-
net 60Jiee MOIIHBIN IMHAMUK C COPOTHUBJIEHHEM 8 OM.

JKcnepumerHm 12
COEAUHEHUE ABYX NMPOBOAOB BMECTE

Bammm npukitodeHus ¢ Malkoi HaUMHAIOTCA C TPO3anvecKoil 3a-
Jlaud — COEeIMHUTD JIBA MIPOBOJA JPYT C APYrOM, HO MOTOM MbI ObI-
CTpO IepeiiieM K CO3JaHMIO IOJTHOH 3JIEKTPOHHOM cXeMbl Ha nepdo-
pUpOBaHHOM T1aTe. MITak, HAYHEM.

Bam nonazobsaTcs:

. IasgnpruK MowmHOCTHIO 30 nnu 40 Br.

. [TasgnbHUK-KapaH/alll MOIHOCThIO 15 BT.

. Tonkuit npunoi auamerpom 0,022" (0,56 MM) UM OKOJIO TOTO.
. Cpeznnuii npunoi auametpom 0,05 (1,3 MM) UM OKOJIO TOTO.

. IHCTpyMeHT J71l CHATUSA U30JIALUU U KYCauKHU /711 TPOBOZIOB.

SN Lt AW N

. Jlep>xatesib TUIA <«TPeThbs PyKa», NpefHa3HAuYeHHbIN /71 yzep-
)KUBaHMS BAlIMX KOMIIOHEHTOB.

g

. TepmMoycazo4Hble TPYOKH B aCCOPTUMEHTe.
8. CrenvanbHbIN TPOMBIIIIEHHBIH (eH.

9. YT0-HUOY/b, YTO MO3BOJUT 3ALIUTUTH Bally pabodylo 30HY OT
Karesb PaclulaBJIeHHOTrO IPUIIOS.

Bawe nepsoe naAaHoe coeanHeHne

MpbI HauHeM paboTaTh C MasIbHUKOM 001IIero Ha3HaYeHusI, MO -
HocTh KoToporo 30 mmu 40 Br. Bkirodute ero B ceTb, yCTAHOBUTE
ero Ha IOZICTaBKYy JUISl NasAJIbHUKA U HaiiiuTe cebe 3aHATHeE HA NAThH
MHHYT 0 TeX 0P, II0Ka MasiIbHUK He pasorpeetcsi. Ecy ke BBl He
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flafiuTe NasIbHUKY Pa3orpeThes 10 MaKCMMasIbHOM TeMIeparyphl, TO
B pesyJbTaTe BaM He y/laCTCsA C/leJlaTh Xopollee COeIMHeHuNe.

CHuMHTE U30JIALMIO C KOHIIOB /IBYX KYCKOB OJHOXUJILHOTO IIPO-
Bozia 22 AWG (0,64 MM) ¥ COeIIHUTE UX TaK, YTOObI OHU IepeceKant
APYT Apyra U HaXOAWUJIACh B KOHTAKTe APYT C PYTOM, KaK 3TO MOKa-
3aHO Ha puc. 3.31.

YT0ObI YOEOUThCSA, YTO Mas/IbHUK TOTOB, HYXHO IOIPOOOBAThH
PaCIIaBUTh KyCOYeK TOHKOTO IMPUIOSA KOHYMKOM jKaja Nas/bHUKA.
[TasnbHUK 0JKEH BBINOJIHUATB 3TO MOMEHTaIbHO. Eciu xe mpouecc
pacIaBaeHus IPOUCXOAUT MeJIEHHO, TO 3TO 3HAYUT, YTO NAsATbHUK
elle He rOTOB.

A lNaaneHuk paszoepencsa!

Moxanyticma, cobnodalime npusedeHHsble 30ecb OCHOBHble NPedocmo-
pOXHOCMU.

Wicnone3ylime nodxo0Awyro noocmasky 0/18 NAAbHUKA (Kak Hanpumep,
my, Komopasa umeemcsa 8 NOOCMaske muna «mpemes pyka»). He ocmaenad-
me e20 nexawum Ha paboyem cmose!

Ecnu y 8ac doma ecms 0emu usu OOMAawHuUe XUgomHsle, Mo NOMHUME,
Umo OHU MOo2ym 3axomemsb Nou2pame ¢ NPOBOOOM 8aLE20 NAAILHUKA UU
nonbLIMameca cxeamums U NOMAHYMb 3d He2o. OHU MO2ym HaHecmu mpas-
My cebe unu eam.

Bydbme 8HUMamesnbHbl U He Kacatimecs pazoepemeiM XasaoM NAsIbHU-
Ka e2o0 cemesozo wHypa. OH Moxem 8Mu2 pacniasums U3oAYUI0 NPosooa
U 3Mo MoXem npugecmu K cepbe3HoMy KOPOMKOMY 3aMbIKaHUo!

Ecu 8bl 8bIPOHUIU NAAJILHUK, He Oesialime u3 cebs 2epos, He neimatimece
e20 nolimame Ha siemy. Besuka 8eposimHoCMb Mo2o, YUMo 8bl yxeamumecs
3a pasozpemyio e2o 4acme, ymo npugedem K mpasme. (f 3mo 2080pio u3
€06CMBeHH020 20pbK020 0NbiMa.) Eciiu xe 8bl 060xKeme pyKy, mo UHCMUH-
KmugHO 6pocume e2o, NO3MOMy Jiy4uie npedocmasums NAAbHUKY hadame
c80600H0, 6e3 npomexxymoyHoli cmaduu, komopas 6ydem cocmoams 8 Ha-
HeceHUU 8aM 0X02d Ha Nymu e20 NadeHUsA Ha noJ. EcmecmeeHHo, 8bl 00/1X-
Hbl NOOHAMb NAASILHUK CpA3y Xe nocsie e2o0 NaddeHUA HA NOJI, HO NPU SMOM 8bl
00/1XKHbI c0es1ams He0bXo0UMYIO NAy3y, YMobbl 0CO3HAHHO onpedesTumsb, KaK
€20 835Mb 30 XOJIOOHYIO 4acMe.

Bcez0a cnedyem umeme & 8udy, ymo siobble 100U, Komopble Haxo0AamMcsA
8 sawem dome, 8 6osibLeli cmeneHuU No08epKeHbl PUCKY NOJTyYeHUA mpasmbl
om 20pAYe20 NAAIbHUKGA, YeM 8bl, NOCKOJIbKY OHU He 3HAKMm, Ymo NAA/IbHUK
pazozpem. B 6osblUHCMBe NAS/IbHUKO8 Hem KOHMPOJsIbHOU JTAMNOYKU, KO-
mopasa npedynpexodem, 4mo 8bl NOOK/OYUSIU NAATLHUK K cemu. O6wum
npasusiom 0714 8ac 00/IKHO CMams ymeepxoeHue, 4mo NAs/IbHUK 8ce20d Ha-
X00UMCA 8 pazoepemom COCMOAHUU, 0dxe 8 MOM C/ly4yae, K020d e2o cemegoli
WHYp omxJ/io4eH om pozemku. OH MOXem CoXpaHsams mensio 00CmMamoy4yHo
007120, Y4MObbI CMAMb NPUHUHOU 0024, 8 3HAYUMETIbHO 60J1ee OnluMesibHoe
8pems, yem 8bl oxudaeme.

Teneps BbINONMHUTE ClefylOliue AeHCTBUA (MOKa3aHbl Ha
puc. 3.32-3.33):
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Puc. 3.31. Ha pucyHke nokasaH aep-
XaTesb TUMa «TPeTbA PyKa», KOraa B Hem
3aduKCpoBaHbl ABa MPOBOAA C Kacaio-
WWMWCA JpYr ApYra OrofAeHHbIMY MPOBO-
Jamu. YBENMUUTENbHOE CTEKNO AOMKHO
6bITb YOPaHO B CTOPOHY B TeueHme BCero
npoLecca BbINoNHERUA Nalkn
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Puc. 3.32. Ha 3TOM priCyHKe nokasaHbl YeTblpe 3Tana BbINOSIHEHNA NasHOTO COeaViHEHWA NMPOBOAOB: Pa3orpeB NPOBOAOB (a), NoAaya NpUMon ¢
OAHOBPEMEHHbIM NOAAEPKMBAHMEM Tenna (6), OXvaaH1e MOMEHTA MOKa NPUMON He HaYHET PacniaBnATLCA (8) 1 KOrAa COOPMMPYETCA MOMHO-
CTbIO PacrnaBieHHbIN WapyiK Npunos (2). BeCb Npoliecc AomxeH 3aHATb 0T 4 10 6 ceK

1. Y6enutecs, 4TO Xajo MasIbHUKA HAXOAUTCS B YUCTOM COCTOA-
HUM (TIPOTPUTE €ro CMOYEHHOU TyOKOUW, KOTOpas HUMeeTcs B
OCHOBAaHMM Balllero iep>karess TUNA <«TPeTbs PyKa», eClv 3TO
Heo0OXOIMMO), 3aTeM CHOBAa KOCHUTECHh IepeceyeHusi IPOBOZIOB
Y COXPaHSHTe 3TOT KOHTAKT B TeYEHUE TPeX CeKYH[, YTOObI pa-
3orpets ero. Ecam y Bac B BOZONIPOBO/ie JkecTKasl BOjia, TO CJie-
IyeT UCIO0JIb30BATh AUCTUIIMPOBAHHYIO BOAY, YTOOBI 36eXaThb
HaKOIIJIeHUSI MUHepaJIbHbIX OTVIOKeHN! Ha aJjle Ballero nasib-
HUKA.

2. YZ[EP)KPIB&H NMasdAJIbHHUK B 3TOM IIOJIOKEHUH, Z[O6aBbTe HebOoJIbIIoe
KOJINY€eCTBO IIPUIIOS Ha IepecevyeHre NMpoBoA0B, OAHOBPEMEHHO
KacCasiChb 9TOT'0 IepeceveHrA )XaJ0M IMaAJIbHUKA. Takum 06p830M,

Puc. 3.33. [1pasuibHO BbINONHEHHOE
COeANHEHNE AOMKHO ObiTb GNeCTALUM, 9
PaBHOMEPHbBIM 1 KPYr/ibiM No dopme JBa I[IPpOBOJA, [IPUIIOU 1 XaJIO MaAJIbHWKA JOJIKHBI BCTPETUTLCA

BMeCTe B Of[HOM Touke. IIpu 3TOM IIpUIO AOKEH pacrpeze-

JINTBHCA I10 IPOBOJAM B T€4Y€HUE JBYX CEKYH/I.

3. VnanuTe nasibHUK U nipunoit. [ToayiiTe Ha coeHEHNe, YTOObI
0XJIaJuTh ero. B Teuenne 10 cex MecTO cOeqUHEHHUSI OCTHIHET
BIIOJIHE JOCTATOYHO, YTOOBI ero MOXHO OBbLJIO KacaThCA.

4. OcBobomuTe TPOBOZIA U3 <«KPOKOJWUJIOB» Zep)KaTessi U IOIbI-
TalTeCh pa3beAuHUTh NX. CoeIMHeH e J0DKHO ObITh TPOYHBIM!
Ecnu oHM BbIIEPKUBAIOT BCe BAIU MOMBITKU pa3fiefIuTh UX, TO
IIPOBOZIA COeJUHEHBI C COXPaHEeHUeM 3JIeKTPUYeCKOro KOHTAaKTa
M 3TOT KOHTAKT Oyner obecriedeH. Eciit BBl He cieiaeTe Kade-
CTBEHHOTO COeZIMHEHN, TO Bbl OTHOCUTEJILHO JIETKO Pa3beuHN-
Te IIPOBOJIOYKHU, YTO MOXKET IPOU30MTH, eCJIU Bbl HEZOCTATOUYHO
CHJIBHO Pa30Trpesy IPOBOZia UM He 06aBUIIH JOCTATOYHOE KO-
JIMYECTBO MPUIOSL, YTOObI COEIUHUTH UX.

[TprunHa, U3-3a KOTOPOY 5 MONIPOCKJI BAC UCMIOIb30BATh MasAb-
HUK OOJIbIIell MOIITHOCTH, 3aKJII0YaeTcsl B TOM, YTO OH OTAaeT ropas-
710 60oJIbIIIee KOIMYeCTBO TeIIa, YTO YIIPOIaeT IPOLIeCC BBITOTHEHNS
NalKU.



O6pauwieHue K 6osiee cepbe3HbIM Beam 139

y BA3