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KpaTtkas ncTropusi paamod/ieKTPOHUKH

1.1. Paanomooutenn cnacaer xkcneuimoo Hoounae

23 mas 1928 r aupuwkabne ,Mramms™ 104 KOMaHJOBaHMEM reHepalia YmMbeprto
Hobune, nepeneres Eppony, HanpaBusics o7 octpoBa [Hnuubepren x CesepHomy mo-
mocy. Ha 6opry aupuxabnss HaXonuiach NONSpHAs IKCIEIHIU, cocTodmas u3 16 de-
soeex. Ha cnenyromuii aens aupuxadis noctur CeBepHOro nojiroca, Ho paspa3muBlIascs
Oyps npuHynuia ero 0e3 nocaaku aeus Ha oOpatunii kype. Ha obpaTHom nmyTm Ha-
XoaMBLHicA Ha Gopty Tejerpaduct coobumi, uto Oyps NEpexoHT B yparal, IOCJIE
4ero pamvocBa3b BHEIATHO MPEPBANACH. 3a HOJIETOM IKCTEZMIHH CAEIHIH ¢ OOJBIIAM
MHTEPECOM BCE JIFOJH, M TOITOMY MeHaibHas BeCTh Cpa3y Xe obneTena Bce NAThb KOH-
THHEHTOB. Bce oxwnaany ¢ 3aMupaHKeM cep/l@ Bo3Bpallenus mupwkabns. [Ipouwto Tpu
JHs B HATPsXeHuM ¥ porankax. Crano sCHO, YTO MpoU3oUUIa KaTacTpoda, B raserax
MNOABHANCE PA3IHUYHBIE NPEANCHONKeHNs 0 rubein skunaxa. HeussecTHOCTL TpeBoXkHIIA
BCEX YECTHBIX JTIO/ICH.

Bapyr 3 wious u3 nepesun Boxma, ApxaHrensCkoi obnacru, npuseTea TejierpaMma
B MockBy. Kakoii-to coserckuii pajmomodurent coobman ¢ ganexkoro Cesepa, 4To
MIPUHSIT CUTHAJIBL O NoMotM axcnieaunun Hoduse. 3 1o 6611 M0IOI0H KOPOTKOBOJIHOBHK
Huxonait Mimuar. KuHoMmexanuk no upodeccur, OH YBIIEKCS PaqMOJIIOOMTENLCTBOM,
BbiyuMs a30yky Mop3se 4 cam cobpan pajguotupHeMHUK. TpeTbero HIOHS BEUEPOM OH
TIPOCYUWINBAJ TPHALATUMETPOBBIH JIHana3oH Ha CBOEM OQHOJAMIIOBOM PEreHEPATHBHOM
npHeMHUKe, cobpanHoM Ha Terpone. OH npuHsan oOpbIBKE KaKOH-TO Nepenavn, 0JHAKO
€My Y/Jalloch paccibliuath cnosa... Hmaaus, Hobuae, SOS, SOS...

Hukosaif nuuero He 3man o kartacrpode aupuxabiis, HO CUTHajbl Oe/CTBHs Tox-
CKa3a/IN €MY, YTO KTO-TO HAXOOUTCA-B KPUTHUYCCKOM MOJIOKEHHUH H HYKAAETCS B TOMOILH.
IMosToMy OH oTnpaBuil B MOCKBY- TENErpaMmy.

Kak TOJIBKO MHUpP Y3HaJl HOBOCTb, LIECTh IOCYAAPCTB HAYAJIM JIMXOPAJOUYHYIO TIOA-
TOTOBKY K CHaCEHHIO 4ieHoB skcnenuuuu. CoBerckas cracatenbHas rpynna 6puia camoi
GOJNBLIOH U COCTOAJIA M3 HECKOJIBKUX KOopabsielt BO T/1aBe ¢ NPOCJIABICHHBIM JIEAOKOJIOM
~Kpacuu™, KOTOpBIH HMeE HA BOPTY TPEXMOTOPHBIH camorneT. Bech MHpP ¢ HanpskeHneM
CJCAUIT 3a CTiacaTesibHbIM IOXOAOM CMeJIbiX COBETCKUX MOPSKOB. [BeHaanaroro HioJs
akcneaunust Hobuie Oblia OTKPBITA HA JibMHE ¥ IPHHATA Ha OopT nenokona ,,Kpacuu®...
IlepBas GiiarogapcTBeHHas TejerpaMma, KOTOPYIO OTHPABIIN CHACEHHBbIE TIOJIAPHUKH,
OblsIa afpecoBaHa COBETCKOMY paauomobutemo Huxonaro MImuary...

1.2. Tlepenaua coobuienuii na paccTosinus

Meuta vesoBeKa nepeaBaTh cOOOUICHUSI Ha GONbIIIME PACCTOSHNS BO3HMKIIA OYEHb
nasHo. CornacHo JpeBHErpeyYecKoil JICreH/Ie M3BECTHE O TOM, YTO NOJIKOBOACL MuibTHAA
onepxan nmobeny Haa nepcamy, ObLia JOCTABJICHA I'PEYSCKHM BOMHOM, KOTODBIH npo-
Oexan 6e3 octaHoBkH 42 kM 195 M u3 ropena Mapadoua 1o Apus. OH U3 nociaeqHux
cuj npudexall B CTOJNUIYY, Co0oBUMI O NOOGEHE U yMeED.
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B cpennue Beka [ns nepepadyd COOOIIEHMH HCIIOIb30BANIM JEpEBAHHbIE DAIUHM, HO-
CTpOEHHBIC HA TMOJXOAAITHX BhICOTaX. balllHU MMETH MOABHXKHbBIE XEPAM U JOCKH, B3aH-
MHO€ pAaCIOJNIONKEHHE KOTOPLIX CHMBOJIM3UPOBAJIO pa3iuyHbeie Oyksbl. B 1793 r. Takoc
COOpYyX)eHHe ObUIO MOCTPpoeHO Mmexay ropojamu IMapux u Jlunne, rue Ha paccTosHUH
220 kM 6b1M pacnojioxkeHbl 23 ctanuuu. Ogny 6ykBy nepejaBany oT OJIHOrO A0 APYIOIo
ropoja B CpPeIHEM 3a 2 MUHYTHI, a OJIHO TIpe/uUlokKeHHe — 3a |—2 vaca.

1.3. U3o0peTenne Tenerpaga

Bosbiuoii mar Bliepel B TEXHUKe CBA3M C/eNall TaJaHT/IUBbIA pycckHi y4cHbIi IlaBen
JIbBoru Hlunsmnr, xotopeiit B 1832 r. u3zo6pen nepsblii ICKTPOMATHUTHBIA Tester pad.
[Tate ner cnycrs Camiodns Mop3e CKOHCTPYHPOBaJ INHPOKOM3BECTHBIH 3JIeKTpomar-
HUTHBIHA CAaMONMIIYIIME anmnapaTt, KOTOPhIif B YCOBEPIICHCTBOBAHHOM BU/E UCNONb3YETCH
J0 CHX IOp.

Tenerpad ObicTpO NMPOHHMK BO MHOTHE CTpaHbl, a B 1858 r. uepe3s Atmantudeckuit
oKeaH ObLT NPOJIOXKEH TIepBhIi kabenb, cBa3biBaroiuid Espony ¢ Amepukoid. B Hauase
Halllero Beka TeserpadHas TEXHUKA JOCTHIJIA pacliBeTa. BbLUIM NOCTPOEHB! THICAYH KH-
JIOMETPOB NMPOBOAHBIX M KabesbHbIX TMHUN. Bcero 3a HeCKOJIbKO YacoB HOBOCTH 0Olle-
TaJM BECb MHUP.

TMposoanas teaerpaduas cBaA3b ObITAa MPEeKpacHbIM NPHOOPETEHHEM, HO €€ HEJb3s
GbLTO MCHONB30BaTh B ABUXKYIIHUXCH 00bekTax. Tak, HANPUMep, KOPabJin alibHEro Ia-
BaHMA ObLUIM OTOPBAHBLI OT MUpA, U cyabOa MX Obljia HEM3BECTHA.

1.4. D/IeKTpOMarHHTHbIE BOJIHLI

OmnpITEl 3HAMEHUTOTO aHrjmiickoro ¢usuka Maiikjia ®Papanes (1791 —1867) ouenn
PACHIMPHIIM 3HaHUs 00 3JIEKTpHYeCTBE ¥ MarHetuiame, Ha OCHOBaHMH 3THX ONBITOB €0
3amMevaTebHblil cooTeuecTBeHHUK [xelime Maxcsenn (1831 —1879) nanucan B 1873 r.
Hay4HbIH TPYA, B KOTOPOM BIEPBEIC ObLIM ONyOJIMKOBAHBI 3HAMEHHTBLIE YETbIPE ypus-
nenus Maxcgeasa. TaxuMm oOpa3oM, UCTIONb3Yys MATEMAaTHKY, OH CYMEJN SHCTO Teope-
THYECKHM TYTEM TIPEJCKa3aTh, YTO C MNOMOLIbIO 3JIEKTPUYECKOTO TOKA MOLYT ObITh TO-
JIYHEHBI J4eKmpomaznumnsle 0aHsl. (PagMOBONHBI — 3TO HE YTO WHOE, KaK JJIEKTPO-
MAarHuTHbIe BOJIHBI). 0 TOro HUKTO He HMPEIIoNiaral, YTO 3JIEKTPHYECKHN TOK MOMKET
0bpazoBaTh MEKTPOMArHUTHBIC BOJHBL. Jaxe ¥ camMoMy MaxcBe/lUly NMpPaKTHYECKH HE
yaanochk noyuuts ux. Jlups B 1888 r. 310ro mobuncs wemenxuit duzuk Fenpux T'epn
(1857—1894). OnHako npoBoAs CBOM ONbITHI, I'epu U He mMoao3peBas, YTO MOJYyUYEHHbIE
UM 3JEKTPOMATHUTHBIC BOJIHB MOTYT OBbITh HCHOJB30BAHB! NS PANMOCES3Y.

1.5. U3o0peratens paauo A. C. Ilonos

3uamMennThIit pycckuii duszuk Anekcanap Crenanosu4 [Tonos (1859 —1906) — nepshiit
YYEHBIH, KOTOPBIH NOHSJI, YTO 3JEKTPOMATrHUTHBIE BOJHBI MOIYT ObITh HCMOJIb30BaHbI
KaK CPeACTBO [ BeCNPOBOAHOM CBA3M U MOITOMY MO TPABY CUMTAETCA M300peTaTesieM
pajuo.

A. C. Tlonos poauncs 16 mapra 1859 1. B nocesnke Typosunckue pynnuxu [epmckoit
rybepunu (ceituac ropon KpacHotypbuuck). Ilocie okonuanus (pu3dko-maTemaTuyec-
koro ¢gakyibrera B r. IlerepOypre o ocrancs paborats B YHHBEPCHTETE, OTOM Mpe-
noaasan B BoenHo-mopckom yuunmite. Tam ITonoB mposesn GONbLIYIO HAYYHO-HCCIIE-
JIOBATEJIbCKYIO paboTy B oOJIacTH 3JiekTpuyecTBa. B pe3yibTaTe OH CKOHCTpYHpOBa
YCTPOWCTBO, KOMOpOe peazuposalo Ha IACKMPOMASHUMHbIE 80AHbI, NHOABAAIOUWUECA 80 BDe-
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MA 2po3bl (KAXIAs MOTHUSA M3J1Y4aeT MOILHBIE JEKTPOMArHATHLIE BOJIHGI). JTO YCTPOH-
CTBO NPEACTABIANO COOOH nepswili 6 mupe paduonpuemnux (puc. 1. 1) 7 mas 1895 r. A.
C. Tlonos npoaemoHcTpupoBat cBoe u3obperenne nepen PycckuM PH3HKO-XHMHYECKHM
obuwectsom B [letepOypre u BbICTYHHI C
aoKjiIaaoM 00 ero ycrpohcTse U [ieHCTBUM.
DTOT AeHb BOLIE B UCTOPHIO KAK JI€Hb POXK-
JIERUsT Paauo.

1.6. PazBuTHe pagnoTexXHUKH

IMocne otkpuitus A. C. [Tonosa yuetble
HANpPaBHUIHN CBOM YCWIHMSI HA YCOBEPLICHCTBO-
BAHUE PaJMONPUEMHUKOB M IEpeNaromuX
yCTPONCTB, T. K. NOHSUIM, UTO BECNpOBOIIOY-
Hasi paJUOCBs3bL HUMeeT GoMbliMe MNepcnek-
TuBbl. B 1903 r. ®@aemunr uzobpe .iamnosslil
ouood, a B 1907 r. JIn ne dopect CKOHCTPYU-
poBast mpuodnyio aamny. 310 ObLIO Hava-
JIOM HOBOTO 3Tana B Pa3sBUTHU PALHOTEX-  puc ||, [lepabiii pagHOIpHEMHHK
HUKHU, TOCKOJIbKY JACKIPOIIble AAMAbl MOO-

AU YCUAUGAML  C.1ADBIC IACKMIPUHECKUE (U~

nassr. B 1913 r. Meiicuep cKoHCTpyHpoOBail HEpBbIl agmozenepamop, ¢ TIOMOUILIO KO-

TOPOFro MOHO GbLIO MONYUHTL He3amyXarwue Jdekmpudeckue koaebanus, a 310 Obi1o

o4YeHbh BAXHO NS Tiepejaronieil TexHwku. B pes3yisTaTe 3THX OTKPBITMHR B NHEPUON -
1920—1925 rr. Ha4aJoch MPOU3BOJICTBO PA3JIMYHBIX BHAOB JNAMITOBBLIX PaAHONPHUEMHU-

KOB M CTPOMTENLCTBO pAAa paadonepeaaTdnkoB. Tak BO3HHKIA M OPOPMMIIACH HAYKA

paduomexuuxa, TIABHON 3a1a4el KOTOPOH sBIsUIACh nepejada uHGoOpMaunK (pedn, My-

3BIKH ¥ cOOBIeHUIt) Ha GoJbUIME paccTOAHUS GECIPOBOJIOUHBIM CHOCOOOM.

PaguorexHrka ObICTpO pasBuBajiach, B pesyiasrate 4ero B 1930—1935 rr. Gbuim
pa3paboTaHbl P HOBBIX PAAHOSIAMIL HEHHIOObI, KOMOUHUPOBANIIbIE AAMALL, 2A30MPOILbl,
mupamporsl 1 T. A. ITO [ajl0 BO3MOXHOCTb, C OIHON CTOPOHBI, KOHCTPYHPOBAThL pa-
JHO3NapaTypy ¥ yCTpOHWCTBa 3aBHJAHOFO KavecTBa, a ¢ JpYyrod, paJHOTEXHHKA H ee
NPUIIOKEHNS] HAYANHM NPOHUKATL B NMPOMBILIIEHHOCTh, TPHOOPOCTPOEHHE, N3MEPUTEIh-
HYIO TEXHUKY W T. 1.

B xoxue Bropoi MUpOBO# BOWHEI B CBS3H C YIYYIICHHEM KavyecTBA PaJIHOIOKATOPOB
ObU1 CKOHCTPYHPOBAH TEPBBIN moueunsiit ouod. Takum 06pa3oMm, NOAYNPOBOIHUKH BO-
LIUIH B PAJHOTEXHUKY, 4 NOBOPOTHBIM MOMEHTOM CTajio OTKpeITHE B 1948 r. mpansuc-
mopa (uzodperatenu: Bapaun, Bpateitn w [oknu), 4TO MOCHYXHIIO HAYaIOM no.y-
npogoonuKogoil daekmponuxu. 1o cBOMM OCHOBHEIM KadecTBaM (Mariblif 0O6beM, KOATO-
BEYHOCTh, OTCYTCTBHC HaKajla, MCXaHHYECKas MPOYHOCTb, IKOHOMHYHOCTD, IIMUTAHUE OT
HCTOYHUKOB HU3KOFO HAUPSXKEHHS M HP.) TPAH3UCTOP OKAa3aJICH CEPbE3HBIM KOHKYPEHTOM
paMOSaMIL.

B pesynbrate ¢ 1955 r. Havanace Owvictpasi mpanzucmopusayus paduodAeKmpoHHOIL
annapamypsl, 1 B HACTOSAILECE BPEMS INEKTPOHHBIE JIAMITBI HAXOAAT IPUMEHEHHUE TOJILKO
B NEpPeNaTYHKAX, B HEKOTOPHIX NMPOMBIIIEHHBIX YCTPONHCTBAX M B CHEUMANLHOH pa-
IMOM3IMEPHTEIILHOH annapartype.

OcoBeHHO NEepPCHEKTHBHBIM OKA3aJI0Ch BHE/IPEHME TPAH3UCTOPOB B JJIEKTPOHHO-BhI-
YUCNUTENbHbIE MALIMHBLI, KOTOPBIE OO TOr0 BPEMEHU COCTOsIM M3 Oonblioro uucia
pagvonamn (mpumepro 50 000) u 3aEmManm 2—3 KOMHATHL. DTO NOJOKHKIO HAYAIIO
NOAYRPOBOOHUK 080U MUKDPOIACKMPOHUKY, KOTOPYIO C TOJHBIM MPaBOM MOXHO Ha3BaTh
OHUM M3 YYHEC EJIOBEUECKOrO IeHHs. Tak BOSHUKIH umrmezpaavisie cxemsi, B KOTOPHIX
KpHUCTas1 pa3sMepaMu npuMepHo 4 x 4 muummerpa coaepxut 10 000 TpansucTopos!
[Mpumenss ux, pa3paboTyMK{ pPaJHOANNAPATYPH! JOCTHraloT MOYTH (haHTACTHYECKOM
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MHKPOMHHHATIOPU3AIMHA 3NEKTPOHHOM annaparypbl. BoT moueMy panmoaiex TPOHMKA
3aHHMAET BEAYILEe MECTO B COBPEMEHHOW HAYYHO-TEXHUUECKOH PEBOJIOLIMY 1 Nporpecce
BCEr0 4eJIOBCUECTBA.

1.7. Bo3nukHOBeHHe PaAMOIIOOUTEILCKOIO [{BHKEHHS

Bo3MoOxHOCTH mepeliadM peud ¥ MY3bikM Ha O00:ibLiME PAcCTOSHUS TIPH HOMOILHM
paanoBOJIH MPEJACTABISUIO B CBOE BpeMs Hacrosiiee yyan. CeroaHs Mbl YKe TIPHBBIKIH
K PagvoNPHEMHHKY M TEHEBM30DY, HO JHOIM CTapIUErQ MOKOJCHAN C YMHUJIGHHEM BCHO-
MHUHAIOT TOT nepuol 1925—1930 rr., xorja OHH ¢ TPETIETOM HAJEBAJIM HAYUIHHKH, OXKH-
Jas yCIBIUATH AANEKYIO PEYb HJIH MY3BIKY (TIepBhIE PaBOUPHEMHHKNA OBIM ¢ HAYIIHH-
KaMH).

ITocne Tleppo#i MUpOBOH BOHHBI ,,4y10 pPaJMOBONH" 3aMHTPUTOBANIO MHOIMX U OHH
Havajgu H3y4ath ,,TalHBI" 3TOro M300peTeHus.a HEKOTOphlE M CAMH Hayanu cobupartb
pagHONIPHEMHHMKH W TEPeNaTYMKH. Taxk BO3HHKICG DPAINOSFOOUTENIBLCKOE NBHXKEHHE, KO-
TOpoe OObeAMHSET B CBOMX PSiAaxX JIIOJICH pa3ziMuHbIX mpodeccdil U BO3pacTos.

B nauane Ha panuostobuTesici He obpalnaiin 0coforo BHHMaHUsA W, 4TOOB! OHHU , HE
Meulanu® cnyxeOHOW paanocBsi3u, UM ObUI FipeanCTABIEH KOPOTKOBOJIHOBLIN IMAaNa30H
(B TO BpeMs CYMTANM JUIMHHBIE BOJIHBLI CAMBIMY TiepcrieKTUBHbIMH). Ho BApYr B KOHIuE
1923 r. gBoe pamuoJroOHuTENCH YCTAHOBUIH PAdHOCBA3b MEXAYy AHridel u AMepukon
HA KOPOTKHX BOJIHAX, IIPUTOM C FIOMOIIbIO MAJIOMOIIHBIX MEPEJATYHKOB. ITO OTKPHITHE
66136A40 NePeeopoml, M CTICLMANCTAM TIPHUITOCh U3MEHUTH CBOC OTHOIICHHE HE TOJBKO
K KOPOTKMM BOJIHAM, HO U K paauomodutenasMm. OO0 9TOM CBHIAETEALCTBYIOT ohHUUHATbL-
Hble OOpalueHHs psla NPABUTENbCTB K PaICI0OUTEIAM BCETO MHPA O COBMECTHBIX
UCCJIEIOBAHHUAX TIPH OBJIaj],CHI/(ﬁ JlaIIbHCﬁ Ra)ﬁlI/IOCBH?blO Hd KOPOTKHX BOJIHAX. U i)e-
3yJIbTAaThl HE 3aCTaBHJIM ceOsl XKIaThb — YXKe roJ CNycTs PagHOJIIOGHTENH, HCTONb3Ys
MaJIOMOLUIHbIE MEPENATYHKH, YCTAHOBHIIH CBA2b HA KOPOTKMX BOJIHAX MeXay AHJIHMEH
u Hosoil 3enanameit. Takum obpaszom ObLUIO AOKA3EHO, YTO BO3MOXHO YCTAHOBUTH
PalMOCBA3b MEXAY JIIOOBIMU IBYMS TOUKAMH 3EMHOTO 11apa. JTO MOBBICHIIO ABTOPHTET
PaIMOIIOOUTEILCKOTO IBUXKCHUS H IPHBEJIO K MEXK,TyHADOJIHOMY COTJIANICHHIO, COTJIaCHO
KOTOPOMY oOnpedefeHHble KOPOMKOOAH08ble OUARAIOHBL RPEOOCHABAAAUCL PAOUOIOGU-
meanam.

B HacTosee BpeMs padnoIIOOATENBCKOE ABWKSHUE HE TOMBKO ,,Xx0006u"“, HO U Mmac-
€OBAR WKOAQ CAMOCMOAMEABHOS0 NOBbIMIEHUA KB UPuKayuu B OONACTH TpUEMHONR H
nepefaroeil TeXHHKH, TEJEMEXaHUKH, PadHOVAPABJCHUS, TEIIEBUACHUS, 3NMEKTPOoaKyc-
THKA M T. I. DTO MOATBepxkaaer ToT ¢ak’y, 470 ¢ pajHOMIOOUTELCTBA HAYAIH CBOIO
AeATESIbLHOCTh MHOTHE H3BECTHBIE YUCHBIE, CPEAM KOTOPBIX COBETCKHME aKa/eMHKH MHUHL,
Bepr, Beenenckuit, CudopoB u ap. Paguomoburenem ObUI M OCTAJICS MM 10 KOHIA
wu3HU OpHCT KpeHkesib — paaucT mpocnasiaennoi 8 1937—1938 rr. nonspuoil skcne-
auiuuy coserckoro yuyenoro IManamwuna. O GONBHIOM 3HAYEHWH PANMOIOOHTEIBCKOrO
JBUXKEHHS FOBOPUT TOT (hakT, 4yTo BO Bpems BTopoil MUpoBoil BolHLI ThicA4M paamo-
mobuteneil Berynmiu B psiabl CoBeTckOH Apmuu M BHeciau CBOM BKjaa B nobeny, a
6onee 300 u3 Hux Obum ynocroensl 3BaHHA Ieposi Coserckoro Corosa.

B Bosrapun pagnomobuTenbekoe ABMKEHHE 3apOXKIACTCs C HOSBICHUEM [EPBBIX
3arpaHUYHbIX PAIHONPUEMHNKOB. Cpen ,,3aropeBrmxca’” paauoaroOMTEIbCTBOM B TO
BpemMst 6uinu npod. Acen 3narapos’, Dunn Menun’® u ap. B 1926 r. 6bl1 0OCHOBaH NEPBLIH
paanoknyb, 3amaveidt KoToporo Oblia NPEUMMYLISCTBEHHO NPOCBETUTESIbHAS JIEATE b-
HOCTb, & 9 JleT CyCTS Haya)l BBIXOAMTb NEPBLIH pasnomoOHTeIbCKUI KypHAaTL.

TMocite 9.1X.1944 r. paanosoOUTENLCKOE ABIXEHHE B bojrapnu cTaHOBHTCS opra-
nu30BaHHbIM. Co3flaeTcs psifl 06NACTHBIX, TOPOJCKUX U PAaHOHHBIX pagKoKIyboB, B KO-

' Buiinlii 601 apckuid yUSHIBIH-XHMMK QPOTPECCHBHBIX B istion (1885 1936).
2 Bujupiit 6o apekyit nucaten (1887 1949), .



TOPBIX THLICSYM FOHOLUEH M AEBYIICK O/l PYKOBOACTBOM OMBITHBIX CHELHAIKCTOB OBIA-
A€BAIOT PAJMOTEXHIKON U MOBLIIAIOT CBOKO KBanudukammio. 1o HeopuumanbHbIM gaH-
HBIM cejffiqac B cTpaHe umeercs Gomee 30 000 pagnomobuTeneit, u3 KoTopsix Gosee 500
HUMEIOT JINMHbIE PAJHOCTAHIIHH,

Ha Gonbuiyro 3a60Ty rocynapcrsa o paauomobutensctse B bonrapuu paanonto-
OuTenu OTBEHAIOT KOHKPETHBIMH nenamu. OO 3TOM CBMACTENLCTBYIOT HE TOJBKO
/IBYXCTOPOHHHE PaLMOJIFOOUTENBCKHE CBA3H, KOMMYECTBO KOTOPBIX €XErO/HO TIPERLILIAET
1 000 000, Ho B 6OJIBHIOE KOJIMYECTBO IKCMIOHATOB, NPEACTABIAEMBIX €XErOIHO HA Bbi-
crapkax THTM. DTo HeABYCMBICJICHHO NOKa3bIBAET, U4TO PAaJHOJIOOGHTENN HAXOAATCA
B NEPBLIX PAJAaX HOCHTENEH TEXHWYECKOro mporpecca B bosrapuu m, Takum obpasom, .
NPETBOPSIFOT B XU3Hb NO3YHI NapTud — ,Boarapckas sauvsa — Haums Texuuueckas,
HallMsl KOMMYHUCTHYECKas!

1.8. Paisurne paamorexunkn B Bosrapuu

Paisutue paanorexuuku B Bonrapum maumnaercs B 1923-—1925 rr. ¢ nosiplicHHeM
TIEPBLIX 3arpaHMYHbIX PATMONPHEMHHKOB (puc. 1. 2). OHM NPHHUMANK TOJBKO HHO-
CTPAaHHBIE PANMOCTAHUMMU, T. K. B TO Bpems B Bbonrapum ne 6wu10 paamonepenaTunkos
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Puc. 1.2, OnuH U3 NepBLIX PaaRONPHEMAMKOB Puc. 1.3. Pagnoxombaitx

rpaxkJiaHckoro HasHavyeHus. CTaTHCTHKA TOKa3bIBaeT, 4To B 1927 1. B cTpase Ob110 BCero
427 paauonpHEMHHKOB,

B 1929 r. rpynma paauosntobuTeseil HOCTPOMNIA TEPBBIH pajNONEPENATHMK MOIIHO-
¢TI0 50 BATT, a 4epe3 ABa Iofia MOIIHOCTEL ero Obiia yBenamuena g0 500 parr. B 1935
. PaaMOBELIIaHHE CTAHOBHTCS MOHOMNOJIMEH rocyaapcTea. Uepes asa roga Gbla moCTpoeH
nepefatuuk Paano-Codus oxono cena Baxapen. B to spems B crpame e 6wuto pa-
JHOTIPOMBIILIJIEHHOCTH, PaMONIPUEMHHKH K PaJHOJETATIH BBO3WIM M3-3a TPAHMIEI.

[Mocne 9.1X.1944 r. Havancs Gypuniit pacuser Boarapum. B crpase OTKpbIBAIOTCS
KaK Cpe[HHe, TaK M BLICIUME TEXHHMYECKHE yueOHBIC 3aBeleHHS MO paiHOTEXHHYECKHM
crienuanbHOCTAM. OHOBPEMEHHO 3aKJIA/ILIBAIOTCH OCHOBBI QTEYECTBEHHON PaMONpO-



MBIIIIEHHOCTH, HAYMHACTCS CTPOMTEIBCTBO IEPBBIX 3aBOJIOB W NPEANPUATHH, TIPOU3BO-
AdMX paguoannapatypy. B 1959 r. scrynun B oxcmyatanmio Coduiickuit Tenesu-
3MOHHLIH TIEPESATHHEK, NTOC/IE H€TO HAYaI0Ch CTPOUTEILCTBO LENOR CETH PETPAHCIATOPOR
U TIEPEJATYHKOB, YTOObI TENEBH3MOHHYIO IPOrPaMMY MOrJa IPMHUMATh BCA CTpaH4.

=
=
SIE
o=
D=
Puc. 1.4. CoBpemenHblii TENEBH3OD Puc. 1.5. KapmaH#biii KaibKyJasatop
Ceronns bosrapus — CTpaHa C XOpPOLIO Pa3BUTOH PAAHOINEKTPOHHOM MPOMBII-

nenHocThio. B 1980 r. B crpase HacuMthiBasiock okosno 2 000 000 rteneBu3opos H
2 500 000 paaMonpueMHMKOB, OOMbUIAA YACTh KOTOPBIX NPOHM3BEACHA OTEYECTBEHHOMH
npomsinuienHocTso. Ceiac B bosirapun npouM3sBOAATCs paaMoONpueMHUKH (puc. 1.3).
Tenesn3opni (puc. 1.4), paavonepciaTyMKy, PAANOIOKATOPD!, 3MEKTPOHHO-CUETHbIE Ma-
wuHL! (puc. 1.5), MarHuTO(OHLI, MONYIPOBOAHWKOBbIE MPHOOPBI. I'POMKOTrOBOPUTENHN
HT. A

1.9. Uto 3HAYMT CJIOBO ,,pajH0IEKTPOHAKA"

JBa-Tpu mecATHIETHS HA3aJ PATUOTEXHMKAa OXBaTblBaja IjaBHbIM 00pa3oM, paamo-
TEPENAIONIYIO U PAaJHONPUEMHYIO TeXHHKY. CeroHs CIOBO ,,pafMOTEXHMKA™ YXE 3a-
MEHEHO H04ee WUPOKUM ROHAMUEM ,,PAOUCIACKMPOHUKA’, KOMOopoe 8K.4aem 8 ceba ne
MOABKO PAOUOMEXHUKY, HO U DAO HOBbIX obaacmell 3uanusA, KaK TOJYNPOBOJHUKOBas
ONEKTPOHMKA, UMIYJIbCHAS TEXHUKA, 3NEKTPOHHO-BBIYHCIUTENLHAA TEXHUKA, JICKTPOH-
Has ABTOMATHKA, TejieBuaeHue u 1. 1. OTCIo/a BHAHO, 4TO €CJIM CHavana paJnOTEXHHKA
Obiia cBasana ¢ mepenaueit uudopman GeCIIPOBOAHBIM CIOCOGOM. TO ceifuac pamuo-
JJIEKTpPOHUKA IJ1y0OKO BOWINA NOYTH BO BCE OOJIACTH YENIOBEYeCKOTo 3Hanua. bei pa-
JMUO3CKTPOHUKH HEMBICTMMBL HE TOIBKO PAJMOTIPUEMHUKHM, TEJIEBH3OPH H MAarHuTO-
GOHBI, HO M 2JIEKTPOHHO-BBIMHCIIMTENbHbIE MALINHBI, KOCMHYECKHE KOpabIu M paKeTsl,
KMOEPHETHYECKHE YCTPOMHCTBA U aBTOMATH, TOUHEHILIME W3MEPHTENbHEIE IPUOOPH] U all-
Taparsl, CBEPX3BYKOBBIE CAMOJIETHI, 3JIEKTPOHHBIE MUKPOCKOILI M T. [,
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3AITOMHHMTE!

1. U3oGperaTtens pammo — pycckuit yuenniii A. C. Ionos. /ledb poxaenus paano
7 mas 1895 r. [lens 7 man onpeneien kak MexayHapo bl TeHb pajdo.

2. Buavane paJMoTeXHHKa OXBATHIBAJa, IJIABHLIM 00pa3oM, NPHEMHYIO M Nepeaaro-
Hyro Texnuky. OaHaKo ¢ BOZHHKHOBEHHEM HOBBIX 06JiacTell 3HAHMR B HacToMuee
BpeMSl HCHOJIb3YETCSl CJIOBO PaaHOIEKTPORUKA, §ojiee eMKoe H BceoGmheMinoiLee,

3. [0 9.1X.1944 r. 8 Boarapnu ne ObLI0 pagHOINEKTPOHHOM NPOMBIILICHHOCTH W BCe
paTHONPHEMHEHKNA M PajJIMOJIeTAJIH BBO3WJIACL H3-3a rpanmibl. Ceroans Boarapms
— CTpaHa ¢ XOpoHIo Pa3BHTOH PaJHOINEKTPORNOH NpoMbIlLIeHHOCTHI0. OHAa nIpo-
H3BOMT PA3JIHYHLIE BHILI PaTHO3ACKTPOHHON aMmapatTypbl, KOTOpPbie BLIBO3HT BO
MHOTME CTPaHbl MHpaA.

2

OcHoBHbBIE CBeJleHHsI 00 JJIeKTpHYECTBE

2.1. DAeKTPOTeXHHKA — OCHOBA Pa/JMO03JIEKTPOHHKH

Kaxnapiit 3HaeT, 4TO PagHONPUCMHHKH, TEIEBU30PbI, MAarHUTOOHBI U TNpovuc pa-
[HOAJIEKTPOHHBIE yCcTpoiicTBa pabotaroT Ha 3ekTpudeckoM Toke. Ho B TO BpeMs kak
B OOBIYHBIX MALMHAX €CTh ABMXKYILUMECH YACTH M BCE SIBJICHWSI HAMJISIHBI, B PAJMOIICK-
TPOHHKE BCE KaK Oy/ATO MEPTBO U HENIOJABUXKHO. B NeHCTBUTENBHOCTH 9TOT NOKOH 0OMau-
YYB, TOTOMY 4TO KaXbid NPOBOAOK M KaXAasA ACTallb I'YCTO ,,HACENEHBI" HEBHITUMBIMHU
rj1a3y 3JeKTPOHAMH, COBEPIIAIOIIUMEI HEBOOOPA3ZUMO CIIOXKHbBIE JBIKCHNUA.

DREKTPUYECKHIT TOK 3apOXAAeTCA B MUKpodOHE, IPOTEKALT Yepes aHTeHHY, obpasyeT
PaaHOBOJIHbI, YCHJIHBAETCA TPAH3MCTOPAMH, PACKaA“MBAET TPOMKOTOBOPUTENL, PUCYET
KapTHHb! HA 3KPaHe TeleBU30pA H T. A.

TloaToMy ogaadenue 24eKMPOHUKOT HEMBICAUMO 63 THAHUA CEOTICME DACKMPULECKO20
moKa u e20 3aKOHO8.

| 2.2, DaekTpu3anusi TeJ

Eille B ApeBHOCTH ObIIO H3BECTHO CROMCTBO sAHTApsl (OKAMEHEBLHEH CMONbLI HMIJI0-
JMCTHBIX PACTEHHH) MPUTSAFMBATL JIETKHE NMPEAMETHI, €CHIM €r0 HATEPETDH HIEPCTHLIO WITH
koxeH (puc. 2.1). TTockonabky rpeueckoe HazBaHue SHTAPS — J3JEKTPOH, OTCHOAZ U
BO3HMKJIO HA3BRHHE ,,9JICKTPHYECTBO". DNEKTPH3AIMSA NPEAMETOB OCTABANACh HEU3YYCH-
HO# n0 xouua XVI Bexa, korza OBUIO OTKPBITO, Y4TO M APYIUE BEIIECTBA, HATIPUMED,
CTEKJIO, cepa, CMOJ4, Cypryd u mp. obnamaiot nonoGHeIMu cBolicrBaMu. OnbiThbl [O-
Ka3ajiy, YTO npu DACKMPUsayuu mea 8cez0a noayuaemcs 08a 6uda IAEKMpuHecmsa.



OREeKTPUYECKMH 3apsi/i, BOZHUKAIOUIMH HA CTEKJIMHHONM najiouke ObUT HA3BAH N0JO-

WUTEALHLIM, 8 3NCKTPHYCCKUH 3apaj, Bo3HMKArOMi Ha 260HNTOBOW naiouke — oTpH-
mavebHbIM. Tak BO3HUKIM M 0603HAuYeHUS Tkec (+) U MuHyC (—).

-~ .

= e |

Puc. 2.1. HannekTpH30BAHHAS CTOKTAHHAS NANOYKA OPUTACMBAET
JIef Kue Telid

A Kakue U3MEHEHNS NPOUCXOAAT B crekie u 30oHnTe npn Tpennn? YeM obbacHseTCA
e rTpuzanua’

2.3. OObsicHenHe SIBJICHHA 3J1EKTPH3AUHH

Bce mpenmeTsl M BeHIECTBA COCTOST M3 MajblX 4YacTHIl, HAa3bIBAEMbIX aTomamu. B
TBEPALIX BEUICCTBAX ATOMBI KPENKO CBA3aHB! MeXAY COOOH, a B MUAKHX ¥ razoo0pa3HbIxX
3TH CBA3M He3HavuTenbHbl. YTOOB NOHATH KaK Majibl aTOMBL, NIpEACTaBHM cede, UTo B
OnHOM xamje BOoAbI aTOMOB O0JIbllE, YeM BOJSHBLIX Kanens B YepHom mope!

Kaxaplii aTOM COCTOHT M3 MOJOXKHTEILHOro fiJpa, BOKPYr KOTOporo ofpamaroTcs
¢ TOJTOBOKPYXHUTEbHON OBICTPOTOH OTPHUATENBHO 3apsSPKEHHbIE YACTHULBI, HAa3blBAEMbIE
anekTponamu. Ha puc. 2. 2 moka3anbl aTOMBI JIETKOrO rasa rejMst ¥ xeniesa. Takum

Puc. 2.2. AToMbl renus u xeJesa

xe 0o0pa3’soM yCTpOEeHbl aTOMBI BCEX JIPYTMX XMMHMUECKHX 3JIeMeHTOB. B oOblyHOM CO-
CTOSHAH 9UCAO BPAINAIOLINXCS BOKPYI SIAPA 3JEKTPOHOB PAaBHO YUCHAY NOJNOXKUTEILHBIX
4aCTHIl SIAPA. U QHIOM 8 YeA0M DACKMPULECKU HeUmpaieH.

TpenueM, HarpeBaHveM H T. II. C BHEUIHEH OPOHTBI aTOMa MOXHO OTHSTh OJHMH HJIH
HECKOJIBKO JJICKTPOHOB. B »Tom cnyvyae KOJIMYECTBO MOJIOXKHTEILHLIX 34pAdOB B sAOpe
bOyner npeobranaTh, aTOM TPEBPATUTCH B TOJOKHTEIBHO 3apAXKEHHYIO YaCTHIY, HO-
ARUTENbHLIA WoH. KpoMme mOTepH HASKTPOHOB, BO3MOXHO H TPUCOEAMWHEHME JIOTION-
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HUTECJABHBIX 3JICKTPOHOB. le/]‘leM aTOM MNpEBpaMIAcTCsa B OTPHUATCIIBHO 3apsAXCHHYIO
HYAaCTHIY M HaA3bIBACTCH OTPHUATECABHBIM HOHOM. Bce 31O TIOKA3aHO Ha puc. 2. 3, roe
ATOMbI NPEACTABJICHEI B YIIPOIICHHOM BHUIEC.

Heampansreia amom Ompuyamensnoiu uoH

floAaxumensHsid won ©  Inexmpon

Puc. 2.3. VcinosHoe 300paXKeHHE IEMEHTAPHBIX YACTHL.

Ilpu 37eKTPU3AINA TET MPOUCXOONT OTIAYA HIH IPHCOEIMHEHHE TOIBKO IIEKTPOHOB,
a TIOJIOKHUTENbHbIE YACTHIILI OCTAIOTCH HENOUBHXHBLIMH, TIOTOMY 4YTO OHH HAXOOATCA B
S/pax aTOMOB M KPEINKO CBA3aHbl ¢ BelecTBOM. Hanpumep, HaTepTas JOCKYTOM LWIEPCTH
CTEKJISHHAA IAJIOYKA 3apsKAETCsi IOJIOKUTENbHO, 4 WIEPCTh — OTPMLATEILHO, T. K.
IJIEKTPOHBI NIEPEXOAAT CO CTEKJISIHHOM NAJIOMKH Ha wepcTh. [Ipu HaTupannn 360HUTOBOMR
MATOMKH 3JIEKTPOHBI TIEPEXO/AT C [IEPCTH HA MAJOYKY, HO3TOMY JIOCKYT LIEPCTH 3aps-
MACTCA TIOJIOKHUTENbHO, 8 300HMTOBAS MANOYKA — OTPHUIATEILHO.

SBeHNE MPHCOEAMHEHUS UM OTAAUYM DJIEKTPOHOB OT ATOMOB HA3LIBAETCA €I HOHN-
saueli. OHO He MMEET HU4Yero OOLIETO ¢ PACUICHICHMEM aTOMa, KOrlda H3MEHSeTCs
CTPOCHUE s/1pd.

2.4. DaexTpon

Be3 npeyBefnyeHHs] MOXHO CKa3aTh, 4TO IEKTPOH ABISETCS caMoli 3aMevaTenbHOH
MaTepHabHON YacTuUleH, KOTopas co3jaia Lelylo 3IOoXy B Hayke M TexHuke. ITosna-
KOMHEMCS HOOJIMXE CO CBOMCTBAMH M OCOOEHHOCTAMHU 3TOTO ,Hapojes”.

DJIeKTPOH HeoObIvaitHo Mau, Eciu npuHsATh, YTO OH APEACTaBIAET coboit chepy, To
ero auametp B 100 000 pa3 MeHbIe JmaMeTpa aToMd, a BEC OJHOTO IEKTPOHA BO
CTONBKO Pa3 MEHBIIE OJHOTO IpamMMa, BO CKOJBKO pa3 OJHH rpaMM Jierde 3eMHOro
mapa.

TIpu 37EXTPU3ALMHA TEN IAEKMPOHL NEPEX00AmM ¢ OOHOZ0 mead Ha Opy2oe, HO B CHILY
MaJioi Macchl 2JEKTPOHOB BHAMMON nepeMeHsl B Bece Tesla He Habmonaerca. Crnenyer
OTMCTHTDL, UTO 3/ACKMPOHbI 6CEX Beecms8 U XUMUUYECKUX I1eMEHMOE COBEPULEHHO oou-
HAKOGb.

Lenpiii psiji OCTPOYMHBIX ¥ U3YMHTENbHBIX 11O CBOEHl TOUHOCTH ONBITOB, NIOCTABJICH-
HbIX (PM3MKaMH, JaJId BO3MOXHOCTb H3MEPUTh HE TOJIBKO JAHAMETDP H MAcCCy 3JIeKTPOHA,
HO M BEJIHUHHY €T0 OMPUYamessHo2o 3AeKMPUYecKo20 3apAoa.

CpaBHUB pa3Mepbl U Maccy 3MEKTPOHA C €ro JIEKTPHYCCKUM 3apsiioM, Mbl Cpa3y
3aMETHM, 4TO 8 HUUMONCHOM 0bveMme ,,CKOHYeHmpuposar” cpagHumensiio 6oaboil 3.1eK-
mpuveckuii 3apad. Macca 31eKTPOHA HCKITIOYUTEIBHO MaJia 110 CPABHEHHIO C TEMH OTPOM-
HBIMM CHJIAMH, KOTOPBIE B HEM COCPEIOTOUYEHEI. B 3TOM OTHOLIEHHH 3JIEKTPOH MOA0OEH
MAaJICHBKOH NTHUKE, O0/afarolleli MOIIHOCTBEO CAMOJICTHOrO MoTopa. Biraroaaps atomy
3MEKTPOH UCKIIOYATENBHO ,,MAHEBPEH™ — OH MOXMcem O6U2AMbCA ¢ 0ZPOMHOL CKOPOCMbIO
U RPOU3BOOUML MUAAUAPOBL KOACOAHUTL 8 CEKYHOY.

Cam 1o cebe 3JIEKTPOH — Majiasi YaCTHHA C HUYTOXHBIM JJIEKTPHUYECKAM 3aPSIOM.
OHAKO HUCJIO YYAaCTBYIOIHX B PA3JINYHEBIX FICKTPUYECKHX SABJICHUSX 3JIEKTPOHOB OIPOM-
HO, ¥ B pe3ynpTate 3dQdekT MoXeT ObITh OMEHDL 3HAYHTE/IbHBLIM.
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2.5. EqnaMi@a KoJu4ecTsa 3J1eKTpHYecTBA

PagnosieKTpOHHKAa — HayKa NPHKIIagHas. DTO 03HAYAET, YTO OHA HE TOJBKO U3ydaeT
ABJICHHS, HO M CO3[aeT HOBBIC M CJIOXKHBIE ycTpoiicTBa. [IpoekTUpOBaHUE M KOHCTPYH-
pOBaHWE ITHX YCTPOHCTB CBSI3aHO, C OJHOH CTOPOHBI, C MAaTEMAaTHUKOH, a ¢ APYrod —
C BEIMYMHAMM, XaPaKTEPUIYIOIMMMH 3JIEKTPHYECTBO.

Mgl yke 3HaeM, YTO TIPU INEKTPU3ALUMM Tl MMEET MECTO WJIM OTIaka, WK [pu-
COEIMHEHHE IIEKTPOHOB. [Jisl OLEHKH 3TOrO SIBJICHUS CYLIECTBYET MOHATHE KOJIH4ECTBO
nekTpudecTBa. EJMHMIA KOJIMYECTBA 3JIEKTPUYECTBA HA3bIBAE€TCst KYJIOH B 4YecTb (paH-
nysckoro ¢duszuka Wapas Kyaona (1736—1806). OnuH KyJIOH SNEKTPHYECTBA PaBeH Ta-
KOMY OTPOMHOMY YHCJ1Y 3JIEKTPOHOB:

1 kyson = 6 300 000 000 000 000 000 smexTpoHOB.

HaTupas CTEKJIAHHYIO WM 30OHUTOBYIO NMAJIOUKY, HA3JIEKTPH3OBLIBAS €€, Mbl OTHUMAaEM
MM J00ABJAEM THICAYHBIC YACTH KYJOHA IEKTPUYECTBA, OJHAKO, YHCIIO YYACTBYIOIMX
B 3TOM IIPOIIECCE 3JIEKTPOHOB OTPOMHO M HACYMTHIBAET COTHHM M THICHYM MUJUIMAPOB.

2.6. DaekTpuuecKoe Mmoje

BOKpYyr Kax[0ro 3apspkeHHOro (HadNeKTPH3OBAHHOTO) TeNa CYIIECTBYET J4eKmpu-
yeckoe Nnode, HEBHAMMOC HAlieMy rijaszy. DJCKTPHUHECKOE TOJNE UMEET TakKoe CBOWCTBO:
SCJIM MOMECTHTh B HErO IPYrHE 3apsiKeHHBIE Telida, TO HA HHX HAYHYT ACHCTBOBAaThH
onpeneneHnble cuibl. CneROBATENLHO, IACKIMPUYECKOE NOAE ABAACMICA HOCUMEAEM Dlep-
2uy. ITa 3HEPTUA HE TOJyvyaercs M3BHE, a BO3HHMKAET 3a CUET TeX NPHYMH, KOTOpble
HAPNEKTPHU3OBAIHN TeJ0. B CBA3M ¢ 3TUM BCIOMHHM OCHOBHOHM 3aKOH NpPUPOJBI (3aKOH
ZOXPAHEHHUsS SHEPIUH). IHEPIUA He BOZHUKACI U He uUCYe3aem, OHd MOoAbKO nepexooum us3
001020 uda ¢ OpY2ol u U3z 00HO20 meaa 8 Opyzoe.

VFAWAN

Puc. 24. Tena, HA30eKTPH3OBAHHBIE OHOWMEHHBLIMH 3APSAAMY,
OTTAJIKMBAIOTCA, & HAZJIEKTPU3OBAHHBIE PA3HOMMEHHBLIMH 3apsaaMu
— NPUTATMBAIOTCS

Ha puc. 2. 4 noka3aHo, KaK 3apsikeHHBIE TEJIa B3aHMOIEHCTBYIOT MOCPEACTBOM CBOMX
WIEKTpHYecKuX nojied. CleayeT MOMHHTB, YTO Merd, HAIAEKMPUZ08AHNHbIE PAZHOUMEH-
itbliald 3APAOAMU, NPUMAZUBAIOMCA, OOHOUMEHHBIMU — OMIMAAKUSAHOMCA.

S NKRK

Puc. 2.5. CUIoBbBIC JIMHUK IEKTPUYECKOTO TIOJS
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DIEKTPHUECKOE TIOJIC XapaKTepu3yeTcs, TJIaBHBIM 0Opa3oM, JBYyMsl BENMMYMHAMM: Ha-
[IPABJICHUEM U HAIPSXXECHHOCTBIO.

Toaoncumenbibim HanpagieHuem NOASL RPUNHANIO CHUMAMb HANPASAEHUE O HOA0IHCI-
measno2o 3apada Kk ompuyamesiomy. Jliis HArIsIHOCTH 2JIEKTPHYECKOE nojie u3obpa
KAETCs T. H. DNEKTPHUCCKMMH CHIOBBIMH JIMHUAMH, KOTOPBIE BLIXOAAT U3 MOJIOKUTEILHO
3apSKEHHOTO TENA U BXOJANT B OTPHUATENBLHO 3apshkeHHoe, UX gopma cesizana ¢ cunoil
KOTOpas felicTBoBaia Obl HA CBOOOTHBIN TOJIOXKHUTENLHBIA 3aps/i, IIOMEIIEHHbIH B 1dn
HYIO Touky nossi. Ha puc. 2. 5 nokasaHbl 3JICKTPUMUYECKHE TIONA PA3HOMMEHHBIX ¥ OAHO
MMEHHBIX 3apa108. TaM, rjae CHIIOBbIC JIMHUU PACTIOJNIOKEHBI HOJIee ryCTO, HATIPSDKEHHOCTh

noJiss DoJbUIE.

Hanpabnewue 3n. norq " Hanpabaenue 3n. noas
oL T
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Puc. 2.6. T105i0KMTENbHBIE HACTULIBL JBUXKYTCH B Puc. 2.7. OTpHLATE/IbHbIE YACTHLBI JABHXKY1CH Ha-
HAlIPABJIEHHU 11015 BCTpEYyY 10110

Ha prc. 2. 6 noka3aHO 2JIGKTPHYECKOE NMOJIE MEXK/Y JBYMS PA3HOUMEHHO 3apskeEH
HBIMHA METAJUTHYECKUMHU IJIACTUHAMU. [1O0MOKHUTENBHBIN 3JIEKTPUUYECKHA 3apsgd, NnoMe-
LIEHHLIA B 3TO noJie, OyIeT HABUraTbCid 8 HAnpaeienuu HoAs, TIOTOMY 4TO Oylet npm
TATMBATLCA OTPUIATENIBHOH M OTTAIKUBATHLCS MOJOXKUTEIBLHONR MIACTHHON. A ecliu B TO
XK€ CaMOE TOJIC TIOMECTHTDH JEKTPOoH (puc. 2. 7), TO, NOCKONBKY OH SBJISIETCS OTpU-
HATENBHO 3apsKeHHOU dacTullel, oH OyaeT OTTaJKMBAThCS OT OTPULATEIBHO 3apshKeH-
HOH MJACTMHBI H MPUTSTUBATHCA K TOJIOXHTENBHO 3apsHKEHHOH, T. €. 2JIEKTpPOH Oyler
JBUTATbCS MPOTHUB HANpPABJICHUSA TOJIH.

O6a npumepa T0Ka3bIBAKOT, YTO TOJE JEHCTBUTENLHO ABJISETCS HOCUTEIEM JHEPIUk
T. K. TIPH ONPEIEIIEHHbIX YCJIOBHSX OHO MOET COBEpHIaTe paboTy MO nepeHocy 3jek-
TPUUYECKUX 3aPAIOB.

3AIIOMHUTE!

1. BemecTBO COCTOMT M3 MAJIEHBKHX YaCTHI, HA3bLIBAeMbIX aToMamMu. B HopMasinHoM
COCTOSIHMH OHH HefiTPAThHLI, T. K. KOJMYECTBO [OJIOKMTEAbHBIX 3apsjIol B sigpe
PABHO KOIHYCCTBY OKPYKAIOLUAX €r0 OTPHLATE/IbHBIX JIeKTPOHOB.

2. ATOM, NPHCOCOHHHBINMI WM OTA2BIMI JJICKTPOHbI, yiKe He HelTpaJien, OH Ipe-
BPAIIaeTCs COOTBETCTBEHHO B OTPHNATE/ILHO HJIH NOJIOKHTEILHO 3apsiKeHHbIH HOH.

3. DiekTpu3amMA TeJ CBH3aHA ¢ OTAaueil MM ApHCoeauHEHHeM 3nexTponos. Ilo-

JIOJKHTE/IbHBbIC 3aPH/AbI HEMOABHKHO CBA3AHLI € SAPAMH ATOMOR, T. €. C BelleCTROM.

Bokpyr /11000ro 3apskeHHOr0 Tejla CYLWIECTBYET YIEKTPHYECKOe MoJje, KOTOpoe

AIBJISETCH HOCHTEJIEM JHEpPruu.

=

13



5. CBoGoaHbIif 2J€KTPOH, HOMeNeHNbI B JIEKTPHYECKOe NOJIe, HAYMHACT ABHIATHCH
HaBcTpeuy nomo. biiarogaps cBoeii Majoil Macce M 3HAYUTEALHOMY DAEKTPHUYEC-
KOMY 3apsiay JIeKTpPoH, NOMeNICHHbIH B COOTBETCTBYIOUIEE HOJIE, MOKET COBep-
WaTh MHIHAPALI KoJIeOannii B cexyHay.

6. Equnnia KOMHYECTBA JIEKTPHYECTBA HA3LIBACTCH KYJIOH.

3

TTOCTOSHHDBIN 3JIEKTPHYECKHI TOK

3.1. IIpoBOaHHKH B H30JATOPBI

BeilecTBa, B KOTOPbIX HMEETCH 3HAYHTE/ILHOE KOJIMHYECTBO CBOOOJHBIX HOCHTENEH
3apSJ0B (JNEKTPOHOB WJIM HOHOB) Ha3bIBAIOTCS HPOBOMHMKAMN. XOpPOUIKMMHU TIPOBOIHU-
KaMH SBJISIOTCS BCE METaJslIbl, PACTBODBI COJICH, KUCIOTHI ¥ IIEJI0UH, BAaKHAS 1104Ba
u np. Teao 4es0BEKa TOKE IMPOBOANT DNEKTPHHYECKHH TOK, OCOBEHHO, €C/IM KOXKA BIIAX-
Hag.

N3 MeTannoB ayuwuti nposoonux — cepebpo, 3a HUM CIEAYET Medb, 30JI0TO, allk-
MUHHIM, GUHK, KeIe30 1 T. . Ha npaktHke Yauie BCEro Ucronb3yoT MeAHbIE IPOBOAHHMKHY,

Memarruveckud npobodnux Haoramop

Puc. 3.1. Kak BBITJI1C]T Dbl UPOBOAHUK U H30JIATOP UYCpe3 B()O(’)p'd)l(chle Jayny

Ecnu Gl B BOOOpakaeMyro JIyNy, VBEIHUYHUBAIOUIYIO B MWUIHAPIALI Pa3. Mbl MOIIH
PACCMOTPETh METafiIu4eckuii npoBoaHuk (puc. 3. la), TO Mbl 3aMeTwin Obl, 4TO BO
BHEILIHEW OpOMTE KAXAO0r0 aTOMa HEAOCTUET 1O OJHOMY DICKTPOHY, T. €. aTOMbI IPe/l-
CTABJSIOT COBOI NMOJIOKNTENbHbIE HOHBLI, ITH HOHbI, XOTH W YA4JICHHBIE APYr OT Jipyra,
CHJIbHO CBSI3dHbI MEXIY cODOHl MEX/IyaATOMHBIMH CHIAMM, UTO M ODYCHOBIIMBAET
TBEPAOCTH METAJIOB. MexAy MNONOKUTENbHBIMU MOHAMM HAXOASTCH B XAOTHHCCKOM
JIBMXKCHUHM CBODOIMBIE ITEKTPOHLI. ITO XAOTHYECKOC ABMMXCHHC HA3LIBACTCS CHIE miep-
MUYecKuM Koaebanuem ¥ OHO TEM HHTEHCHBHEE, YCM BhIIIE TeMmIlcpaTypa Metauia. Uucno
cBOOO/IHBIX TEKTPOHOB B OJAHOM KYOMUYECKOM CAHTHMETpPE META/lJIA OTPOMHO — OKOJ0
100 000 000 000 000 000 000 000!
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Jnd cpaBHEHHS MOMXHO OTMETUTb, YTO 3ITO YUCHO OOJLIUC, YeM HHCIO HCCHHAOK,
cogepxaiuuxcst B 100 BaroHax ¢ neckom.

Hano OTMETUTB. YTO METAMJIbi B HLEJIOM JJIEKTPUYCCKM HEHTPAibHbL, 11IOTOMY UTG
NOJOXUTENbHBIC 3apAAbl MOHOB KOMIIGHCHPYIOTCS TOYHO TAKHM K¢ YMCIOM OTpHLA-
TEJIbHBIX 3aPA/IOB — CBOOOMHBIX 3JCKTPOHOB.

BeutecTBa, B KOTOPBIX OTCYTCTBYIOT CBOOOAHbLIE HOCHTENIH 34PSIAOB, HA3LIBANTCH
n3oasropamd win amdjekTpukamu. K uszonstopam oTHocsTes: Bo3AyX. Kayuyk. dapdop,
IJIACTMACCHI, CII0/1a, napaduH, Macja, (IeSK, CMOJIbl, CTEKI0, FeTHHAKC, DaKkeuT, Auc-
TUJJIMPOBAHHASA BOJA Y IIP.

Ecnu B Haluy .,BOTIEOHYO JIYNY'™ Mbl PACCMOTPHM OJHY TIOJOCOYKY H30ATODU \PHC.
3. 16). TO 3aMETUM, YTO 3[eChb BCE BIEKTPOHB CUIILHO CBs3aHbi ¢ aToMamu. Cielosa-
TENILHO, 8 U30.19MOPAX OPICYMCIMEYIOM C80000NBIC HOCUIMEAU 3APA00E.

Kak mbl yBUINM [ajiee; pa3JiMuHble BUIAbl TMPOBOJHUKOB H H30JIATOPOB SBJISHOTCA
OCHOBHBIMH MaTe€pHAJIAMU, KOTOPbIE UCIOJB3YIOTCA B DJICKTPOTEXHUKE U PALUOIICK-
TPOHMUKE.

3.2. DaexkTpuuecknii TOK

Hanpas.aennoe ogumncenve ce0000HbIX HOCUIMEACL 34PACOE HAZBIEACIHCA IACKMIPUUCCKim
noxkom. B Metannax 3eKTpUYECKHH TOK BO3HMKACT 34 CHET HATNPABAEHHOTO [BHXKEHMS
TOJILKO OJIHOTO BM/a HOCHTEJICH 3apsaa0B — 31ekTpoHoB. Ha puc. 3.2a ycnoBHO nokasan
METAJJIMYECKHI TPOBOAHHUK, 10 KOTOPOMY HE IpoTekaeT ToK. BHHO, 4To ero cBoOoaHkIe
SNICKTPOHBI OBUNCYIICA XAOMUYIOQ 8 PUASAUUIBIX NANPABACHUAN BCACOCHBUE MENA08020
Koaebanus. Koraa nio npoBOHUKY POTEKAET TOK, €r0 CBOOOAHBIC DJCKTPOHbI JIBIXKYTCS
B onpeae/ieHHOM HanpasieHuu (puc. 3. 26). Ho oTkyaa nossisercs 31eKTpUYeCKuil Tok
B NpOBOAHMKAX?

+

Puc. 3.2. CTpykTypa NpOBOAHMKA:
d) 1Py OTCYTCTBUM DJAEKTPHUECKOIO 110J18; 6 UPU HAJIMUAK Lo

Kaxxaomy w3 nac u3BecTHa Iuiockas OGartapedka Ui KapMaHHOro (onapuka Otie
npeacrabnger coboii HCTOUHMK JJIeKTpHueckoro Toka. Ha oTpuuatensHom noliroce 6a-
TapeU UMeeTCs M3OBITOK 3JIEKTPOHOB, a HA NMOJIOKUTEJIbHOM — Hejocratok. Cleaosa-
TEJILHO, MEX 1y €€ NOJIKOCAMU CYIIECTBYET anekTpuieckoe nosue. Ha puc. 3. 3a 6artapeiika
COENIMHEHA NIPOBOAHUKOM C J1aMIIOYKOH. ECIH 3aMKHYTh LEHb KJOUOM, TO J2aeKHIpUdec-
Koe noge, cozdannoe bamapeiixon, 6y0em pacnpocmpanamses RO RPOGOOHUKY ¢ 02POMIION
ckopocmeio. OHO JEHCTBYET NMOYTH OJHOBPEMEHHO Ha BCE CBODOAHBIE DJIEKTPOHBI, KO-
TOPbIC, B CBOK 04YCPE/b, MPUXOAAT B HAIMPABJICHHOE ABHXKEHUE, T. €. [POTEKACT K-
TpHuecKHH ToK. JJ1sl BO3HUKHOBEHMS JJIEKTPUYECKOrO TOKA HEOOXOMMMO, 4TOOLI yent
Owviaa 3amknyma. B pasoMKHYyTOHN LieiM 2JIeXKTPHUYECKHH TOK MPOTEKATh HE MOJXKET.

CnenyeT OTMETHTB, YTO B 3dMKHYTOH LENM 3MCKTPUUECKOE TOJE ACHCTBYET W Ho
MOJIOKMTENIbHBIE MOHBI METAJLIA, HO OHHU KPENKO CBSI3aHbl C BEHIECTBOM H OCTANTCSH
HETIOABMXKHbLIMH,
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3.3. UcTouHMKH YIEKTPHYCCKOI0 TOKa

HCrouHnKaMia 2JIEKTPUYECKOTO TOKA SIBAAIOTCS OaTapew, aKKYMYJNSTOpbl, JAWHAMO-
MAallIHHBL, PA3JIMYHbIE BUIb refiepaTopoB U T. 4. OHU NPOHM3BOASIT DJIEKTPOIHEPIHUIO 3d
‘cyeT KAKOI0-HUOYAbL APYFOro BHA2 SHEPTMH, HANPHUMEP, XMMHMYECKOH, MEXdHMYECKOH.
teriopoit 1 np. Cle/lOBATENBHO, U B CJIyddsix ¢ UCTOYHUKAMM HJICKTPUUYECKOrOo TOKA
34KOH COXPAHCHMS JHEPIMK OCTAETCH B CHIIE.

Kaocobtit ucmounuk moxka umeem C8oUCMBO NPU 3AMBIKANUU YeRU C03046ANL 8 NPO-
BOONUKAX JACKIMPUHECKOe Rode, KOTOPOE C ONPE/ICICHHON CUNOH JelcTByeT Ha cBoBOaHble
351eK1poHbl. [T0ITOMY rOBOPSIT, YTO KaX bl HCTOYHHK TOKd WMEET ONPEICICHHYIO JJIEK-
rpoaswkyiyro cuny (D4C).

MerouHuKY IEKTPHYECKOrO TOKA 3JIEKTPOHOB HE MPOM3BOAAT, HO CO3A4HHOE
MMM IEKTPUYECKOE [0JIC MPUBOAUT B ABMXEeHHE cBOOOAHBIE 3NEKTPOHBI, Ha-
XOASIMECA B CAMMX MPOBOAHMKAX. B 3ToM OoTHOIeHHM mo60i MCTOYHMK TOKA MOKHO
CPABHUTL C HACOCOM, KOTOPbI NIPUBOIMT B IBMXEHME BOY B 3aMKHYTOH cucteme Tpyd
(puc. 3. 30). Hacoc nepenaet sHepruro TypOHHE TaK xe, kak Oatapeiixa niepeaeT IHepruro
samnouke. OueBuaHo, B 000N HEPA3BETBJICHHON CHUCTEME KOJIMYECTBO BOAbI, NpPOTeE-
K4ronlei B TOJNCTLIX M TOHKHX TpyOax 3a eAMHULY BPEMEHHU, OJHO M TO XE. TOJBKO MO

Hanpabrewue moxa

i

( 7

(g ' Typbumwa ? |
! R
BN )5

(=0ojll =0 =0 =0

d)

Puc. 3.3 ¢ cBOOOAHDBIE WICKTPOHBI ABUXKYTCH B HANPABACHUH, NPOTHUBOMNOIAOKHOM NPUHATOMY MOIOKKTE Ib-
HOMY HAIPABJACHHIO TOKA, (’)) KaKAbI HCTOGHEK TOKd MOKHO CPpaBHHUTL € BOIAHBIM HACOCOM. 4 l'l()TpCﬁHTC.'lb
— ¢ TypOuHoi

TOHKMM Tpy0am d4acTHLBI BOJABI ABUXKYTCS ¢ GOmbiued cCkopocTbhbio. [To aHasormu
MOXKHO CKa3aTb, YTO GCAUNUING MOKA 8 HEPAIBEMMBACHNON D ICKIMPUHECKOU Yyenu ee30e 00lld
L ma Jce, 10JILKO B IPOBOAHNKAX BONBLILETO AMaMeTpa 3JIEKTPOHBI IBMXKYTCS MeUieHHEE.
4em B 00iice TOHKHX [IPOBO/IHUKAX.

3.4. CKoOpoCTb JJIEKTPHYECKOr0 TOKA

DIEK T pUYECKOe T10JI€ PACTIPOCTPAHACTCH MO MPOBOAAM €O CKopocThio 300 000 ku-
JIOMETPOB B CEKYH/Y. DTa CKOPOCTh TaK BENMKAa, YTO 32 OHHY CEKYHAY TOJe MOXKET
00OWTH 3eMHOI LIap OKOJIO BOCHMHM pa3s!

CKopocTb HROPABIIEHHOTO ABHXKEHHS 3JEKTPOHOB B MPOBOAHHKAX HAMHOIO MEHbLIE
M 34BMCHT OT JUIOTHOCTH TOKA4.

110 naxaneHHON HUTH 3JIeKTPHIECKON JTAMIIOUKH MIEKTPOHbI ABHKYTCS CO CKOPOCThED
-2 canrumeTpa B CEKYHIy, B TO BpeMs KaK B IUHYpax W Kabensx 3Ta CKOPOCTh He
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NMpeBLIIAET 2—3 MUUIMMETPOB B CEKYHAY. 3[€Ch MOXET BOZHUKHYTH BOIPOC: NOYEMY
€ FOBOPAT, YTO CKOPOCTb 3NEKTPUYECKOrO TOKAa OrpoMHa?

Jlns TOro, 4Tobbl pa3’obpaThCs B OTOM, NPEACTABMM Cebe HECKOJIBKO JECSTKOB KY-
BUKOB, TUIOTHO CIIOKEHHBIX TIO TIPSMO¥i TMHMM HA IJIaAKOH NOBEPXHOCTH. Ecin TONKHEM
nepBbii KyGMK, TO TOJYOK JOMAET 10 NOCHEAHEro KyOuKa royTH MOMEHTAIBHO, OIHAKO.
CKOPOCTB KaXJI0TO KyOuKa B OTACNBHOCTH He Oy/ieT oueHb 60bLIoi. Takum xe obpazom
[pH 3aMbIKAHHM JJIEKTPUYECKOH LIENH JJIEKTPUYECKOE I10JI€ PACIPOCTPAHAETCS MO NPo-
BOJIHHKY C OTPOMHOII CKOPOCTBIO W HOUMU OOHOBPEMENNIO NPUBOOUM 6 Osuxceliie KAk
BAu3KYe, MaK u ddaviiue aexmponsl. Bot IoueMy U TIPHHATO CYUTATh, UTO HJIEKTPUUECKHU
TOK PacHpOCTPAHSAETCS MO NPOBOJHHKAM CO CKOPOCTbEO 0kosio 300 000 kunomeTpos B
CEKyHAY.

3.5. Hanpasaenne 3JIeKTPHYECKOr0 TOKA
Mbsl YX€ BBISAICHUIIH, YTO B MCTAJUJIax BHCKTpH‘lCCKHﬁ TOK 05yCIIOBJ'[€H TOJIBLKO OJHHUM'

BUIOM HOCUTENCH 3apsifioB — 3/eKTpoHamu. OJHAKO B JNEKTPONUTAX IIEKTPHYCCKUI
TOK OBYCJIOBJIEH KaK JIEKTPOHAMM, TAK U IOJIOKHTEIBHBIMH HOHAMHM. IMonoOuyro xap-

=] %,

AP IR

)
B eT® -9 %% o-%=e

Puc. 3.4. a) BHYTpeHHSs CTPYKTYpa NOJIyIpOBOAHMKA IPH OTCYT-
CTBHM FICKTPHUECKOIO IIOJIsI; O) HanpAaBJICHHOE IBMXKEHHE NBIPOK
¥ SJIEKTPOHOB NPH HANUYKK DNEKTPUUYECKOrO Moas

THHY HabJFOJaeM M B NOJYNPOBOJAHMKAX, [AC DNEKTPUYECKUH TOK OOYCIIOBICH ABYMS
BHAAMH 3apSOKEHHBIX 4aCTHIL 3NEKTPOHAMM M Odbipkamu (AbIPKH UMEIOT CBOMCTBA NO-
JIOKHTEILHO 3apSKEHHBIX YACTHIL, T. K. NPEACTABASIOT cOOOM MeCTa, B KOTOPbIX OTCYT-
cTRYIOT 3nekTpoHbl). Ha puc. 3. 44 ycnopHO nOKa3aH TOJYNPOBOIAHHMK, 1O KOTOPOMY
HE TeueT TOK. BHIHO, YTO EKTPOHbI U JBIPKHM ABIKYTCS XAOTHYHO B PA3NHYHBIX HA-
IpaBICHUSIX BCJIEACTBHE TEMIOBOro kojebaumsa. Eciu e MOJYyNPOBOAHUK COCAMHEH:C
ACTOUYHHKOM TOKA, TO BO3HMKAET JJICKTPUYECKOE TOJIE, U ObipKU HAUUNAION O6UZAMbCA
6 nanpasaenuy noAsA, a dAexmponvl — rascmpeyy nomo (puc. 3. 46).

[lanee Mbl YOCAUMCSH B TOM, 49TO AJis PAAA IMEKTPOTEXHUYECKHX NIPABUI HEOOXOAMMO
BBECTH NMOHATHE HampapjieHust Toka. OHAKO Mbl yxe BUAEIHW, YTO B pslie CIyYyaeB TOK
0BycCIOB/IeH ABYMA BHOAMM HOCUTENIEH 3apsijloB (TIOJIOKHMTENILHBIX ¥ OTPHLATENIbHBIX),
KOTOPLIE IIPY HANMYUK IICKTPHICCKOrO NOJIS JABHXYTCH B NMPOTUBOMOJIOKHBIX HAnpas-
JICHUAX.

Ewie B IpOULIOM BEKE OBLIO NPHHATO HOO HANPAEACHUEM IACKMPUHECKO20 MOKA 1O~
HuMams  Hanpasaeliue OBUNCENUS ROAOINCUMEABNBIX Hocumeaell 3apAdos (TOrda eile He
3HAY, YTO TOK B META/Iax 00YCIOBINBACTCA TOILKO anekTpoHamu). [To Tpaaunnu sto
(IPABHIIO COXPaHWJIOCh M A0 CHX NOp, Tak 4TO, COFJIACHO 3TOMY NPABUIY, Hanpagieiiue
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MOKA 6 Memaliadx RPOMUBOROQAONCIHO HanpasACHuo osuMCeHUA QACKIIPONOS. O6p'dlll'(lCM
BHUMAHHME HA TO, YTO HA CXEMdX CTPEJIKM, KOTOPBIE HAHOCATCA HA IPOBOJHUKM, MOKa-
3LIBAIOT HE HATIPABJICHHE ABHXCHUS 3JIEKTPOHOB, a Hanpasienue Toka (puc. 3. 3u).

CﬂenosaTeano, MoK 80 sHewlllel yenu meyem 6 Hnanpasaenuu om ROAOHCUINCABIHOZO
noaoca wemouiiuka K ()mpuuameﬂbuo.uy.'

3.6. Besmunna 1okKa

BenuunHa JNEKTPUYECKOrO TOKA M3MEPAETCS KOJMHYECTBOM INICKTPHUECTBA. IIPOTE-
KAoIEro 4epes NONEPEYHOE CEUCHME IPOBOJHNKA 32 OOHY cexynay. Enunuua Ben4uubl
TOKa HasbiBaeTcs amep (A) B decTb ¢paduysckoro yuesoro Amnape Mapu Amnep

(1775—1836).

Tox senviansioli B / amnep npomeraem ¢ mom ciy-
uae, K020d Hepesz nonepeynoe ceuenue NposooHuKd
3a 00ILy CeKYNOY HPOWIEKACM 00Ul KYAON JACKMpU-
uecmsd.CneoBaTe/bHO, MOXEM 3aMUCaATh!
| Kysion
iampnep = ——.
1 cekyHaa
B ¢u3uke npuHATO BEIMYMHY TOKA 0003HAYATL
3HaKOM [, KOJIMYECTBO 3IEKTpUUECTBA — (0, 4 Bpe-

M — ¢ Taxum 00Opa3oM, NPUBEICHHOE BbILE
pPaBC¢HCTBO MOXHO MATEMATUYCCKH  BbIPa3nTh
GopMyioH: 0

I = " 3.1

3TO nepBas ¢opmysia, KOTOPYIHO Mbi BCTpe-
Puc. 3.5. C nmomowio amuepmerpa  vyaeM B 3ToH kuure. [lostomy paccMoTpum Ha
N3IMEPACTCH BENMUYMHA TOKA B IICMH HpI/IMepe KaK ee HCIoAbL30BATh

b .

Tlpuvep 3. 1. Kakosa OyjeT BeaMYMHA TOKA, CCIM YEPE3 MONEPEHHOE CCHCHUE NpPOo-
Boanuka 3a 0,1 cexyHabl MPOTEKAET KOJNHUYECTBO JnekTtpudectna 0,5 xynona?

DTa 3amaya 3AEMEHTAPHA, HO BCE XKE ,,B yMe™ PellUTh €¢ TPYAHO. 3/1eCh HAa NOMONIb
npuxoanT MaTeMatuka. M neficTsuTensno, NOACTABIISS B BEPXHIOW (GOPMYITY YHCIOBblE
3HAYCHUS, Cpa3y MOJIyYaeM pe3yJabTar:

B paguoanekTpotuke 0ObIMHO pabOTAIOT CO CPABHUTENILHO MaJIbIMHU TOKAMH (panblle
ee Ha3bIBaIN ellle cnaboTouHOM anekTpoTexuukoit). Flo3TOMy Ha NpakTHKE OUEHD YACTO
MCTOJIL3YIOTCSL MEHBIIME €IUHULBL MWLIHAMIIED (OJHA THICAYHAS ammepa) U MHUKPO-
amnep (OHa MUJUTMOHHAs aMHepa), KOTOpble MOXHO 3afMcaThb TAKUM 00pazom:

I MA=0,001 A,
I MxA =0,000001 A.

B kavecTBe npumepa MOKHO HATOMHHUTH, YTO TOK, IIPOTEKAIOUIMK B PaAMOHAYIIIHHKAX
paBeH 1 —2 MA; Tok, NoTpebaseMbiil TPAHZUCTOPHBIM PAAHONPUEMBUKOM, paseH 10—
20 MA; a TOK, IPOTEKAIOUMI 1TO HUTH IEKTPOJAMIIOUKH KapMaHHOro ¢oHaps, paBex
200—300 MA; Ttok B anekTpoyTore — |—2 A, B 3JCKTPOMIMTKAX — 3—6 A; TOK,
NPOTEKAIOUIMY B 3JICKTPOJIBUTATENSIX CPEHENR BeSIMUUHbBL, paBeH 10—20 A; TOK BO BTO-
pUYHOM 0OMOTKE 3JiekTpocBapouHoro annapara — 100—300 A,

BesnurHa TOKa M3MEPAETCH CENMATBHBIM MPUOOPOM, KOTOPBIH HA3LIBACTCS ammep-
metp. Ero BkmouyaroT B tignb Takum 0BpasoM, 9ToDbI NPOTEKAIOWMI YEpE3 HEro IJIEK-
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TPUYECKUH TOK ,.BXOAMA™ B NOJIOKUTEILHYIO KAECMMY, d .BbIXOAWI™ U3 OTPHLATENLHOHN
{puc. 3. 5).

Muoraa aMnepMerpbl SBJISIOTCH YACTHIO KOMOHHHPOBAHHBIX H3MEPUTE/IbHBIX LPHGO-
PoOB, CHAOXKEHHBIX COOTBETCTBYIOLIMM fiepeksioyaresem. CyHIECTBYIOT U OT/AC/bHbIE MPH-
BOpbI — MHJUIHAMIIEPMETPEI H MUKPOAMIEPMETPBI, KOTOPBIMH MOXHO H3MEPATh OYeHb
MaJibl€ TOKH.

3.7. DileKTpH4ecKkoe HanpskeHue
DASKTPHUECCKUN TOK, LIPOTCKAS 4epe3 JIaHlblil NOTpedUTeb, [IPOU3BOAUT KAKYIO-TO

paboty, HallpUMED, HAI'PEBACT HUTL NICK T PHUCCKOW JIAMIIOYKH, IPUTATNBACT AKOPb IEK-
TPOMAT'HMTA, NPUBOAMT R JeHCTBMC poTOop lckTpoasuratens n 1. A. Ilpoussodumas

)/
}0,2 Cems
4
0,24

Puc. 3.6. B obeux uensax peanunna 1oka 0,2 A, oaHako
BO BTOPOM C.yuae Hasipsuxkenue 0o.ibiie

paboma 3asucum e moAbKO OH1 NPOMEKAOWE0 KOAULCCINEA IACKMPUHeCmed, 110 1 om
NPUAOIHCEHILO20 HanpAncenid. B 3ToM MBl MOXeM yOenuThes, paccMOTpeB puc. 3. 6, Ha
KOTOPOM [OKAa3aHbl JIAMIIOUKA /Ui KapMaHHOro (GoHapuka u OObIKHOBEHHAS JiaMna
HakajuBauus B 40 Batt. Yepes obe siamiibl 1IpoTekaeT TOK npuMepuo B 0,2 ammepa,
T. €. 34 €eAUHULY BPEMEHH NMPOTEKACT OAHO U TO Xe KOJIMYECTBO 3JekTpuuecTsa. OQaHako
BTOpAs JIaMINA CBETHT HAMHOTO fipY¢, MOTOMY UTO NPUIIOKEHHOE HanpsbkeHue Gofibule.
3aech MOXKET BO3HUKHYTH BONIPOC: TIOCKOSBLKY KOJMYCCTBO MCKTPHUECTBA OOHO U TO XKe,
TO MOYEMY BO BTOPOM Cllydae JIEKTPOHb! ABJSIOTCH HOCUTENSMH OObUICH HEpPrun U
OTIMYAIOTCH JIM 4e¢M-HMOY/b BXOMAS(IHE B JIAMILYy 3JIEKTPOHBI OT BBIXOJAIMX U3 Hee?

3a oObacHeHMeM oOpaTHMcst K puc. 3. 7, HA KOTOPOM IIOKA3aHbl /Ba CIy4as Bbl-
TEKaHUs OJHOTO U TOTO XK€ KOJIMYECTBA BOAbI. Iajlaroliedl ¢ pa3au4yHol BbicoThl. U 31ech
MOXHO 3aJaTh BONPOC: MOYEMY BO BTOPOM Cllyyac SHEPrus BOAHBIX uacTull Oobiie?
DHeprus 4acTul] Boabl 0OYCIOBIEHA 3¢MHbIM IPaBUTALMOHHBIM noseM. Koraa gacTuibl
MajaloT B HANPaBJICHUHM T10Jisl, OHY BBICASIOT JHEPIUI0, KOTOPYIO MOXKHO HCHOAB30BATh.

Takxum xe 06pa3oM sHeprus NCKTPOHOB CBA3aHA C HJICKTPHYECKUM TOJIEM, CO3/{aH-
HbIM HCTOYHHMKOM TOKa. DTO moJje AeHCTBYET HA KaXKIbli 3JIEKTPOH TAK, YTO DJIEKTPOHBI
TpH ABHKEHUH BBLACASAIOT sHepruio. Ho B To BpeMs Kak 4acTHubI BOJbI N1aJ1aI0T BCEra
K HEHTPY 3€MJIM, JJIEKTPOHBL ,,TAAAI0T" OT OAHOTO TIOJIOCA UCTOYHHKA TOKA K PYromy.

Hanpaxcenue MEXYy HNBYMsl TOYKAMU ICKTPHYECKOMN LENMHM uUIMeEPAEMCA NPousseden-
1ol padomoti NO NMEPEHOCY EMHULIBI KOJNHMYECTBA IEKTPHYECTBA U3 OQHON TOYKH B ApY-
ryto. EquHnna u3sMepeHus ICKTPHYECKOro HANPsOKeHNs HasbiBaeTcs BoJbT (B) B vecth
UTaJbIRCKOrO (usnka Asekcauwapo Boawta (1745—1827).
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Mexcoy 0gymsa mouxamu cywecmeyem nanpaxceiue 8 1 oavm, ecau 041 nepenocd
00HO20 KYAOHA IAEKMPUHECMBA NPOU3GedeHa paboma 8 00uH 0xcoyab (EUHULA [KOYIb
paccmatpusaetcs 6osiee noapobuo B 4. 8 ). CrenoBatenbHO, MOXKHO 3aNUCATD:

1 pxoyns
l BOpT = ——.
1 kynou

B onekTpoTexHUKe IPUHATO HanpsukeHne o6o3HavaTh OykBoi U, a paboTy unM 3Hep-

rui0 — OykBoit A (o6paTuTe BHHUMaHME, YTO B TeXHMKE padoTa M 3HEprus — OJHO H

g)

Puc. 3.7. JlaBneuue soibl TeM Gosbie. Yem Oosbille pa3sHHLA B YPOBHSX

TO xe nouATHe). Taxum 06pa3oM, BhILIENPUBEACHHOE PABEHCTBO MATEMATHYECKH MOKHO
npeacraButh GopmMysioi:
A

U = —Q— (3.2)

Ha npumepe nocMOTpPMM, KaX MOXHO HCHOJIBL30BaTh 3Ty GopmMyny.

TIpumep 3. 2. HaiiTn HanpsbkeHue Ha kjaemMax noTpeGuresst, eciin yepe3 HUX HPoO-
TekaeT koJimyecTBo 3nekrpudectsa 0,002 xysmona, a npoussenenHas pabora pasHa 0,08
JOKOYIISL.

TMoacrasisieM AaHHBE B GOPMYIYy M IOJIyYaeMm:

U=—=——=— = 40 BOJbT. (3.3)

KpoMme exHmIIbI HATIPSAXKECHUS BOJBT, HA NPAKTHKE 4acTO MUCIOJL3yroTCs DoJiee Me-
KUE €JUHUNIILI MHUMBOILT (OJHA THICAYHASA BOJIbTA) U MHKPOBOJALT (OAHA MMJUTHOHHASN
BOJILTA), KOTOPbIE MOXHO 3alHCATh TAKMM O0pa3oM:

1 MmB=0,00{ B,

1 MmxB=0,000001 B.

ITpuBegeM HECKOJIBKO TIPUMEDPOB: HAIPSKECHHUE, KOTOPOE paJMONEpeaTYNKN BbI3bI-
BalOT B IPHEMHBIX aHTEHHAX, TPEACTABIIAET AECATKH M COTHM MUKPOBOJILT, HANPSKCHHE,
BBI3BIBACMOE B MHKPO(IOHE NMPH HAJMYUH 3BYKA — JCCATKH MUJUTHBOJIbT; HANPSDKEHHE
HA KJIEeMMaxX MAaJICHbKHX KpyIJiblx 6aTapeex AJis TPaH3MCTOPHbIX NIpUeMHHMKOB — 1,5 B;
HANPSOKEHHE Ha BBIBOJAX IUIOCKOM Oatapedikm — 4,5 B; HanpskeHue Ha KjieMMmax ae-
TOMOOHIIbHBIX aKKyMYJATOpoB — 12 B (ecth akkyMyJNSTOpbL C HampspkeHHeM 6 u 24
B); HanpskeHue ueHTpalbHOW Oataped TeyepOHHBIX ANNAPAaTOB C LEHTPAJbHBIM MH-
TauneM — 60 B; nanpsokeHue B ocBeTHTEIbHONH ceTu — 220 B; HanpsakeHHE HA JNIMHHAX
exTponepenay nocturaer 400 000 B; HanpsxkeHME MOJHHHM — JECATKM MUJUIMOHOB
BOJIbLT.
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Jna M3MepeHus HaNpsOKEHMS WCNONB3YETCS CHELHANBHBIH NpUGop — BOJALTMETP.
Koraa HyXHO M3MEDHThL HANPSKEHHE MEXIY ABYMSI TOYKAMH JAHHOM 3JIEKTPUYECKOR
LENH, 80AbMMEMP HOOKAIOUAEMCA K IMum 08ym mouxam b6e3 paspwiea yenu (puc. 3. 8).
Kak ¥ THpH BKIIOYEHHH aMIEPMETPRa, 3AECh TOXE .
HaJ0 coOIIoaaTh MOJSIPHOCTb, T. €. TOK JOJIKEH
,,BXO[IMTB" ucpe3 HOJIOKHTEJIbHYIO KJIEMMY, 4 ,,Bbl-
XOOUTL" — uepe3 OTpuuaTeNbHylo. Hekotoprie BO-
JIBTMETPbI  SIBIIAIOTCA YacTbl0 KOMOMHHUPOBaHHBIX
M3MEPUTEIbHBIX NPHOOPOB U CHAOXEHBI MEPEKIIIO-
qaTeJIAIMH 1)1 pa3jinyHbIX AUANa3OHOB.

\llé

3.8. DaeKTpHUeCKOe CONPOTHBJICHHE

MpBl yXe 3HaeM, 4TO JIEKTPHYECKHH TOK B Me-
TajUlaX NpPEeACTABJseT CO0ON HANpPABICHHOC [BHXKE-
HHE 2J1eKTPOHOB. [Ipn CBOEM ABMXKEHHH IJIEKTPOHBI
CTAJIKUBAIOTCA ¢ ATOMAMM, YTO 3aTPYIHAET UX JIBH-
xeHMe. EcM yuecTb, YTO ATOMBI BELIECTBA COBEP- .
IAIOT M TENJIOBLIE KOJIeOaHus, CTAHOBUTCA SICHO, yTo  PHC. 3.8. C nomouwwio osbT™erpa u3-
gce HPOGOOHUKYU OKA3ZBIBAIOM ONPedeaeHHOe CONPOMuUs- r:f::;;" HATIPAXCHHE MEXJy ABYMS

ACHUE IAEKMPUUECKOMY MOK) .

EnuMnuia n3Mepenns 3JIeKTPUYECKOro CONPOTHBIICHUs Ha3wiBaeTcs oM (OM) B yeCThb
Hemenkoro ¢usnka Feopra Oma (1787--1854). Conportusnenne oaun OM UMeET Takol
TPOBOJHMK, Y€pE3 KOTOPBIA MpoTexkaeT TOK | ammep, €clid K KOHUAM €ro MpUJIOXEHO
Hanpsbkenue 1 BOJIBT.

Kpome eaumHuMnbl OM, Ha NPAKTHKE YACTO MCIOJIL3YIOTCS M GOJIbININE €JUHHLbI KH-
JIOOM (ThICSIM2 OM) M MEraoM (OJMH MHJUIMOH OM), KOTOPBIE MOXHO 3alMCATb TaKHM
obpa3om:

1 kOM=1000 Om,
1 MOMm=1 000 000 Om.

ITpuBeAeM HECKOJIbKO TIPUMEPOB: CONMPOTHBJIEHHE LIIHYPA JIEKTPOIUIMTKH okosio 0,01
OM; CONpOTHBJIEHHE MEOHOTo NpoBoaa AMMHOM 57 M M cedennem | mMmi—1 Om; co-
NPOTHUBIICHHE MEIHOTO Mposoda fuamMerpom 0,10 MM (kak denoBedeckuit BOJIOC) U JUH-
Ho#t 10 M — okousio 20 OM; cOnpoTHBIIEHHE HAKAJIEHHOH HUTH 3NIEKTPUYECKOI TaMMOYKH
MOIUHOCTRIO 40 BaTT — 1000 OM, CONMPOTHBJICHHE YCIOBEYECKOTO TEIa MEXIY PYKAMH
— ot 5000 mo 200 000 OM  (3aBucuT OT COCTOSHMS  KOXH:. BJIaXHas, rpybas
H T. 1.).

Conporusinenue B opmynax obo3nasaerca 6yksoit R. Conporusyienue mo6oro um-
JIHHAPHYECKOTO NPOBOJHUKA MOXHO HalTH 1o GopMmye:

R = p és (3.3)

rae ! — AJiiHA MPOBOIHUKA B METPax, 8 S — ero CeYeHMe B KBAAPATHBIX MHILUIUMETPAX.
Benmunna p (rpeyeckas Oyksa ,,p0") HA3BIBAETCS YOeAbHbIM CONPOMUGAEHUEM W IS pas3-
JIMUHBIX METAJUIOB HMEET pa3jMuHble 3HaueHud. Tak, Hanpumep, Ans cepebpa — p=
=0,016, nas mean p=0,017, a qus xene3a p=0,09. U3 dopmyJibl BUAHO, YTO 4eEM TOHb-
e ¥ IJWHHEE NPOBOIHHMK, TeM Gosibiue BenuuMHa ero compotubieHus. Kpome Toro,
COMPOTMBJIEHHE 3aBUCHUT M OT BM/A MeTalia.
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ﬂpnMep 3. 3. HaijiTe cCONpOTHRIICHME MCIHOIO NPOBOiA AMHON 200 M U ceyeHneM
1.5 mMm2
[MojicTaBiAsIeM YUCAOBLIC 3HAYEHUS B (bopmyﬂy (3. 3) # Haxoaum:

l

IIns u3Mepeting COUPOTURICHUS CITYXKUT CNenraibH bl
NpUGOP, KOTOPbIT HaibiBactcs OMMETP. B HeM umeeTcs Oa-
TapelKka, a u3MEPAEMOe CONPOTHBIEHHE ITOAKIIFOYaeTCo 1ps-
MO K ero xiemmam (pac. 3. 9). MHorjaa oMueTp sBASET-
CA YACTBIO KOMOUNHPOGUHIINS? UZMEPUINCABIIOZO NPUGOPA U
HMeen NepeK . nouding. v GUUNA30 108,

Conpomugaeriie NpocOOHUKO8 3aBUCUIN O UX memne-
pamyper. C yBeAWMEHHEM TEMINEpPaTYpbl CONPOTHBJICHUE
BCCX METAJUIOR YBC/TMYMBACTCSH, T. K. TEIUIOBbIE KoJieGaHus
ATOMOB CTAHOBATCA GOJICE MHTCHCHBHBLIMYU, M HATIpARJICH-
HOE JIBMKEHHE WICKTPOHOB 3aTpyaHsetcsa. Hanpumep, men-
HBIIT IpoBo Aaunoil 10 M u anametpom 0,20 mm upu 20°C
umeer conpotusiesne 5.6 OMm, a npy Temnepatype 50°C
ero CONpOTUBACHHE yBejmuuBaeTcs 10 6,8 Om, Touno Tak
e CONPOTHBICHUE HHUTH 3IICKTPHUECKOH JIAMMOYKHU JUIS
kapMaHHOro GOHApHUKAa B XOJNOZHOM COCTOSHHHM OKOJIO 2
Puc. 3.9. C nomowsio omverpa  OM, @ Npu Harpesatiu 1o 2000°C ono yseanuuBaetcs 10
H3MEPACTCA CONPOTUBIICHUE 17 OM

3ATITOMHMTE!

1. BemecTBa, B KOTOPbEX HMEHOTCH CBOOO/IHbIE HOCHTE M 3apAA0B, Ra3bIBAIOTCA NPO-
poamMKamMi. B m3oasTopax (IMIJIEKTPHKAX) OTCYTCTBYIOT CBOGOAHbLIC HOCHTEIH
3aps/I0B.

2. HanpasjieHHOe ABHMeHHe CBOOOIMBIX HOCHTEeH 3apsiioB HA3LIBAETCS IJICKTDH-
yecKHM TOKOM. TTpuuuHON ABHIKEHHS HOCHTe el 3apaoB ABARETCH BoOijaeicTRHC
JEKTPHYECKOr0 TOJif, KOTOPOE HCTOYHHK TOKa co3JaeT B OPOBOJHHKAX.

3. HanpasjennemM TOKA NPHHATO CYHTATh HANPAB/CHUE, B KOTOPOM JIBHAKYTCH 1I0-
JIOKNTEAbHbIE YIEKTPHYECKHe 3apsiabi. Bo BHenmedh nenu dJ1eKTpUUeckuit ToK Te-
YT OT MOJIOKHTENLHOIO NOJHOCA HCTOYHHKA TOK2 K OTPMNATE/ALHOMY.

4. EguMuuna W3MepeHHs CHJIbI TOKA — aMiiep, e[MiMIa H3IMEPEHHS JIEKTPHYECKOro
HANPAKECHAA — BOJILT, CAHAMIA H3Mepenust mempu%cxom CONPOTHBJICHHA npo-
BOAHHKOB — OM.

5. Kamaplii OpoBOIHHK OKa3bIBaeT oOnpeje/ieHHoe CONPOTHB/ICHHE HPOTEKAIMEMY
TGKY. ITO COMPOTHB/IEHHE H3IMEPHETCH B OMiX.

6. UeM AJmniee M TONbIIE NPOBOJHUK, TeM Oo.muie ero conpommenne.
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4

OcHOBHBIE 33aKOHBI MOCTOAHHOTO TOKA

4.1. 3axkon Oma ju1m yuacTka uenu

Ha puc. 4. 1 noxa3zaH OIbIT, KOTOPbIH MOXHO CAENaTh CAMOCTOSTENLHO. B nepsom
ciiydae pKOCTh JIaMIIOYKH HOpMallbHasl, a BO BTOPOM — IOYTH B 1Ba pa3a ciabee. Kak
3TO0 OOBLACHUTHL?

JanHas jt#MIovka CBETHUT BO CTOJILKO pa3 cinabee, BO CKOJILKO MEHbLIE TOK, IPO-
Tekalolui yepe3 Hee. OUEBHIHO, BO BTOPOM ciiyuae (puc. 4. 16) BeMYHHA TOKA B LENH
YMEHBIIHJIACh, TTOCKOJIBKY ,,MapIIPYT JIEKTPOHOB YIJIMHUICS M, TaKHM oOpa3om, co-
NPOTHUBJIEHHE YBeIMYUIIOCh. KpoMe Toro, B nepBoM cliyuae HalpspDKEHUE baTapeikd aei-
CTBYET LE/IMKOM HAa NaMIOYKY, 2 BO BTOPOM OHO PACIIPEACNACTCA MEXIY ABYMS JIaM-
NOYKAMU, ,

[MonoOHBIMHI OINBITAMM YCTAHABIUBACM, YTO GCAUUUNA MOKA 3A6UCUM KAK OM Npu-
AOHCEHNO20 HANPANCEHUA, MAK U om conpomugaenusi. TOYHYIO 3aBUCHMOCTb MEX/Y 3TUMH
BEJIMYMHAMU ompegessieT 3akon OMa, OH NPEACTABIISICT OCHOSHYIO 3A6UCUMOCMb @ JAEK-
mpomexnuxe, JInsa ydactka uend 3akoH OMa Iracut: geauuuna moxa npamo nponopyuo-
HAAbHA HANPANCEHUIO U 0OPAMI0 NPOROPYUOHAALHA CORPOMUBACHUIO, T. €.

Hanpsoxenue
Bemvunna Toka = ——————,
Conporusnenne

Puc. 4.1. [Ipy yBeTHYCHHM CONPOTHBIIEHUA BEJIHYHHA TOKA
yMEHbLIAETCH

Bonwe ObumM BBeAeHBI cienyroliue ob6o3HaveHmns: / — BeqMuMHa TokKa, U — manps-
xeHue, R — conportusnenne. Mo3ToMy 3akoH OMa MOXHO MaTeMAaTHHYECKH 3aNMCATh
cleAYIOIUME TpeMsi criocobamu:

1=E; U=IR, R=— (4.1)

OTH GOpMyJIbI TIO3BOJISIOT HANTH OJHY M3 BeJHYUH (TOK, HaMNpsHKEHUE, CONPOTHB-

JIEHHE), €CJIN U3BECTHBI JBe Apyrue. Ha puc. 4. 2 noxasau npoctoif cnoco6, moMoraronuii

3411IOMHMTb 3d4KOH OMaI 3aKpbiTass NajdblueM BENIHYHHA PaBHa OTHOILCHHUK) HJIH npo-
M3BEJIEHUIO OCTAJILHBIX JBYX.
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Ec/ii MbI XOTHUM NpUMEHHTL 3akoH Oma (3TO OTHOCUTCSI KO BceM (opmyliaMm, B
cjIyuae, 4TO HeT CHEeNMaNIbHOH OrOBODPKH), 8eAUUHBI Q0ANCHBL OblMb 8bIPANCENBL OCHOB-
HbIMU COUHUYAMU U MOABKO 0204 MOXCHO HOOCMasAamb ux & ghopmyay. Hanpumep, ecin
BesinuMHa Toka 10 MA, To B hopmyny noactasiseM uucio 0,01 A, ecid CONpPOTHBIEHUE
47 xOmMm, 1o B dopmyny noactasisem 47 000 Om n 1. 1.

U 9

™ 1R

Puc. 4.2. Tax jerye 3au0MHMTL 3aKOH OMa

IIpumep 4. 1. Kakoit BeqM4MHBI TOK MPOTEYET 4epes compoTHBiehue 50 kOM, ecnn
K 0G0UM ero KOHLAM IPUIIOKUM HanpsokeHue 250 B?
Hcrnonb3yem 3akon OMa u nojiydaem

== =" =0005A = 5SMA.

TIpumep 4. 2. Hanpsbxenue Ha 060MX KOBIAX MaJleHbKOH jlamnoyky 3,5 B, a BeninunHa
npoTekaroiero Toka 0,2 A. HallTH CONPOTHBJIEHKE HUTH B HATPETOM COCTOSIHMM.

U3 3akona Oma cregyer
U 3,5
I 0 2
3akon OMa MOXHO NPHUMEHSATH HE TOJIBKO K Y4acCTKy LEMH, HO M K LeJOoH ueny.

Hpexcﬂe Y€M paCcCMOTPETh 3TOT BONPOC, CHadalla KPpaTKO MO3HAKOMUMCH € DJICKTpUYeC-
KHMH CXEMaMH.

= 17,5 Om.

4.2. JeKTpHYECKHE CXEMBI

B 2JIeKTPOTEXHHKE OUCHBL YACTO WCIONB3YIOTCS CXEMBI. DTO 4EPTEKH, HA KOTOPBIX
C MOMOIIIbIO YCAOBHAIX 3HAKOB H JIMHHH 0OO3HAYEHBI OT/Ie/IbHbIC JETalN U IPOBOJHUKH,
COCAMHSAIOLIUE UX.

i

Ha puc. 4. 3 nokaszaHo coegWHEHHE TIOCKO#t GaTapedku ¢ jammnoukoi. Ha sTom ke
PHCYHKE JIaHA CX€Ma JTOrO COeIMHEHUs. BujHo, yTto 6aTapeiika M JIaMItoyka 0003HaYEHbI
CBOMMH YCJIOBHBIMM 3HAKaMM, a8 COCIMHAIONINE UX NPOBOJHUKY — TMPSIMBIMH JIMHUSIMH.
OTH JIMHUM HE HAKJIOHHBIC, @ BEPTHKAJbHBIC HJIM TOPH3OHTANIbHBIE,

Ha puc. 4. 4 noxazaHbl HCKOTOPBIE OCHOBHBLIE JNMEKTPOTCXHHUYCCKHE aera.rm n HX
cxeMHble 0003HauYeHus. Ob6paruTe BHUMAHNE HA TO, KAK 0D03HAYACTCS NEpeceyeHue npo-
BonHHukoB. Korga B cxeme Ha nepece4eHHM IPOBOJHHKOB HE HOCTABJIEHA TOYKA, TO 3TO
0603HaYaeT, YTO MPOBOAHUKH HE COCAMHEHBI MEXIY COOOIL.
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4.3. Tlanenne Hanpsikenus

Mbl yXe 3HaeM, YTO €C/IM HA KOHLAX CONPOTHBJEHHS HMEETCS ONpeEiC/eHHOE Ha-
LIPSOKEHHME, TO 4€Pe3 CONPOTHMBJIEHUE [IPOTEUYET TOK, BEJIUYMHA KOTOPOro ONpPEAeNsneTcs
3akoHOM OMa. DTo ABJIEHHE MOXHO TOJIKOBATL M OOPATHO: €C/M YEPE3 CONPOTHUBIICHHE
NPOTEKACT 3JIEKTPHIECKHH TOK, TO Ha ero koHuax obpasyeTcs majeHne nanpsxenns (pas-
HHULA TIOTEHLMANOB), BEJIMUYMHA KOTOPOro onpeaensercs 3akoHoM Oma.

Ha puc. 4. 5a nokazaHo cONPOTHBIIEHHE R, 4epe3 KOTOPOE NPOTEKAET TOK BEIMYHHOM
{. B 510M cayyae HA KOHLAX CONMPOTHUBJICHUS 0Opa3yeTesi NMAJCHHUE HANpsukewus U, ko-
TOPOE MOXHO H3MEDHTHL BOJIBTMETPOM. HeobX0aMMO 3amoMHHMTE, YTO KOHEI COMNpo-

THBJICHUS], 4epe3 KOTOPBIN TOK ,,BXOIUT" — MOJIOKHTEILHEIN (T. €. nMmeer GoJiee BBICOKHIA
NOTEHLMAN) TIO CPABHEHMIO C IPYTHM KOHIIOM, 4€pe3 KOTOphii Tok ,.Bhixoaut”. Ha
pucylke 510 o6o03Haueno 3maxamm ,,+“ M ,,—", [AC RAOC COOMEEMCMEYem MOUKe ¢

foaee 8BICOKUM nomenyuaiom.

v ; /(4\ '/”:\
r

s S
9 ) e VL S R A

+ R - \ H %
Puc. 4.5. ¢) TOK 4epe3 pe3HCTOp Te4eT OT TOUKH € DoJiee BLICOKHM NOTEHLHANOM K
rouke ¢ 60JICC HU3KUM [IOTCHIMANOM; ¢/ Touka 2 umect BoJiee HU3KMI NOTCHIMAN 110
CPABHENNIO ¢ TOUKOH / n of1ec BLICOKMI MO CPaBHEHMIO € TOYKOH 3

[Mpumep 4. 3. HaiiTu najseHue HANPsDKEHAS Ha KOHIAX CONpPOTHMBJEHHA R=15 xOwm,
€C/IM Yepe3 HEro mpoTeKaeT TOK BeNM4MHOH [=2 MA,
[MapeHne HanpsKeHHMss MOXHO HalTH mo 3akoHy Oma:

U=1IR=0,002.15 000=30 B.

e

IMousTtus ,,605ee BLICOKUIA® U ,,0051c¢ HU3KMI TOTCHUMAN OMHOCHMEAbHbIE. ITO BH-
IHO U3 puc. 4. 56, rAe MOTeHIHA TOYKH 2 HYKE NOTEHUHANA TOYKH / H BhIlUE NOTEHIKAIA
toukd 3. M3 3TOro pHCyHKa BHAHO, YTO NMAJEHHS HANpPOKeHHR ckiaapiBaroTcs. Hampu-
Mep, obliee nmajeHue HanpskeHus U paBHO CymMe JIByX NajeHuit Hanpsokenuit U, u U,.

4.4. OcHoBHbIE CBOICTBA HCTOUHHKOB TOKA

Kaxnpiil MCTOUHUK TOka (0aTapes, aKKyMYJIsATOD, BHIIPAMHTEND M NP.) MOXHO OXa-
pakTepH30BaTh ABYMs BEJIMUMHAMU: nekTpoasmkymeii cunoit (DJC), xoTopas o6buHO
obo3HauaeTca OykBod E M M3MEpsETCs B BOJIbTAX, M BHYTPEeHHMM CONMpPOTHBJIeHHEM R,
KOTOpOE M3MEpACTCS B OMax.

MoxHO cka3zaThb, 4To D C ecTh HAIPSKEHUE, KOTOPOE CYIIECTBYET MEXIY MOJIIOCAMHU
MCTOYHHMKA TOKA B Pa3OMKHYTOM UEMH, T. €. IpK oTcyTcTBuM noTpebnenus. [Tpakruuecku
DJIC MOXHO M3MEPHTB 8bICOKOOMHbIM 80AbMMempPom (TAK HA3BIBAIOTCH BONLTMETPHI,
10 KOTOPbLIM BO BpeMsi H3MEPEHHS TPOTEKAET HUYTOXHO MAJIbIH TOK; TAKOBbI JIAMIIOBbIE
BONLTMETPbI, BOJBTMETPHI HA NMOJEBLIX TPAH3UCTOPAX M HP.).

Jlpyras BaxxHas BEIMUKHA, XapaKTepU3yIollas Jt0O0H UCTOYHHK — €r0 BHYTPEHHEES
conpotusienue. OHO 3aBUCUT OT KOHCTPYKIHM Tpubopa, a B 6aTapesx ¥ akKyMyIsTopax
obycnaBaMBaeTca CTeneHplo pa3psaa. Yem MeHbllle BHYTPEHHEE CONPOTHBJICHUE UCTOYU-
HMKAa TOKA, TEM OH Jiyyllle, NIOTOMY 4TO OT HEro MoxcHo nompedasmo OO0abunii mox.

Ha ocHOBamuM BblllIECKa3aHHOIO Ha puc. 4. 6a miockas baTapeiika NpelicTaBjcHA
yenosno ee DJIC E. pasuoit 4,5 B ¥ ee BHyTpeHHMM cONpOTHBieHMEM R, KoTopoe
y HOBO# GaTtapeiiku pasno ot | jio 10 OM. (Korpa Garapeiika paspsokena, DJC yMeHb-
aeTcs npuMepHo Ha 4 B, a BHyTpesHee CONpPOTHBIEHHE yBeaHukpaerca ao 100—500
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Om.) Ha puc. 4. 66 npeacTaBlIeH YCIOBHO aBTOMOOHILHBIA akkyMyJaTop co csoeil DAC
M CBOMM BHYTPEHHMM conpoTusjeHneM. OOpaTute BHUMAHME, UTO AKKYMYAAMOPs!
UMEIOM OYellb MAA0E GIyMpeNiiee conpomuegaenue, H4a200apa 4emy om HuX MONCIO Ro-

Puc. 4.6. ) xaxaeiii HCTOMHHK TOKa xapaxTtepusyercs DAC (E) u BHYTPEHHUM
CONMpoTHBAeHHeM R 1} BHYTPEHHEE CONPOTHRICHHE aKKYMYIRTOPA 4PC3BbIYaino
Mo

mpebaamp ouenv Goavwioli mok, Hanpumep, 50—100 A. (3apskeHHbIE aKKYMYJISTODBI
HMMEIOT 4allle BCero BHyTpeHHee compotupieHue R;=0,01 Om, B TO Bpems kak B pa3-
PAKEHHOM aKKyMYJSITOpe BHYTPEHHee CONPOTHBIEHHE yBeinndusaercs Ao 0,5 Om.)

4.5. 3akon OMa 1Sl 3aMKHYTO# uenu

3akon OMa ompenensieT BeIHYUHY TOKAa B 3aMKHYTOM 1IETIM, COCTABJICHHOM H3 MC-
TOYHHKA TOKA ¥ MOTPeOMTENs. DTOT 3aKOH [JIACUT: 8eAUYUHA IOKA 6 3AMKHYMOU yenu
npamo nponopyuonaivna 3 C ucmounuka moxa E u obpamno nponopyuonatbha cymme
gHympenne2o conpomugienus R; ucmounuxa moka u conpomuénernus R nompetGure.q,
MaTteMaTHYeCKH 3TO BBIPANKAETCA Tak:
E

= '———“-‘Ri + R.

Tpamep 4. 4. C nuyockoit Oartapeiikoit ¢ nanpskennem E=4,5 B u BHYTpeHHuM
conpoTuBneHneM R;=5 Om coennueHa NaMIoOYKa, UMEIOLIasl CONPOTHBIEHHE (B HArpe-
TOoM coctosuun) R=17,5 Om. Halitn Benmumny toka B menu.

IMoacraensiemM maHHbie B BEPXHIOWO (opmMyny:

__E % _ga

R.+R 5+175

10T cnyyaif cxeMaTHYHO mpeAcTaBiieH Ha puc. 4. 7a. Korga B uenu nporekaer Tok
pennunboi 0,2 A, TO HANpSHKCHUE MEXIY NoJrocamMu Oatapeiiku nagaer g0 3,5 B. 9710
MOJIY4a€TCA 3a CYET TOTO, uTO oxHa wacmv IC (6 dannom cayuae Ug;= 1B) obpazvem
nadenue HANPANCEHUA HA sHympennem conpomueg.aenuu damapeticy unu IJC pasznensercs
HAa TIAJCHHE HANpsXKeHHst Ha noTpedHTesle M NalJeHWE HANPSKEHHS Ha BHYTPCHHEM CO-
npoTHBJIEHUH OaTapeliky, 1. e, E=U+ Uy,

Ecnun x momocaM Toi ke Gatapeliky NOAKIIOYNTH APYrod norpeGutenb ¢ COIPO-
tuieHueM R=1 OM (puc. 4. 76), TO JIETKO ONPEIENIUTh, YTO TOK B uenu pasen [=0.753

I {4.2)
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A. B 3TOM cliydac naJieHHEe HAnPSXKEHUS HA BHYTPEHHEM CONPOTHBIEHMU OyieT Ug,=
=3,75 B, a HanpsuKeHHEe MEXIY MoJIocaMu octanercs pasubiM U= 0,75 B. DTu npumepsl
110Ka3bIBAKOT, YTO C yeeauuenuem Hompedaelus HanpANCeNUe Mencoy noAcamu Kancooeo
HCMOUNUKA MOKA yMeHbuiiaemca. ITO yMeHbllieHHe TeM Oofblie, ueM 00JblIe BHYTPEHHES
COTIPOTHBJICHHE MCTOYHHMKA TOKA.

HHTEepecHO ompeAe/MTh BEJIMYMHY TOKA, €CJIM COeAMHHTH HAKOPOTKO MoJiroca Oa-
rapeiiku. (Ha npakTuke 5TO JONYCTHMO TOJBKO Ha KOPOTKOE BpPeMs, T. K. NPHBOJIUT
K GuicTpoit paspsiake Gatapeiiku.)

ITpuvep 4. 5. HaifTu Tox KOpoTKOro 3aMbIKaHHsA NNOcKoi Oarapeiku, ecim R,=1,5
Om u E=45 B.

Hcnosnb3yem 3akon Oma ang 3aMkHyTol nenu (popmyna (4. 2)), yuuTeIiBas, 4To R=
=0. Tok npu KOPOTKOM 3aMbikaHum I, nonyvaercs

Puc. 4.7. a) wanpsikenve Mexay nosnocamu Oatapeiikn Bo Bpema paboTsl Beeriia
MCHbBILIE HATPSKEHHA 1TPH OTCYTCTBHHM HArPY3KH: &) YeM Oonblue TOK B LCHH.
TEM MeHble HalpskeHHe MEXIy MOoNIcamu

OnuITel NOKA3LIBAIOT, YTO TOK KOPOTKOIO 3aMbIKaHHS B COBCEM HOBOH IUTOCKOM
GaTapeiike He mpeBblaeT 3—5 A, ¥ 3TO HAUOOJIBILIMI TOK, KOTOPLIH MOXHO MONTYYHTD

oT Takoil GaTapelxu.
IlyTeM u3MepeHus TOKA HPH KOPOTKOM 3aMBbIKAHHN MOXHO ONPEJIENIUTh BHYTPEHHEES

conpoTHpiicHHe ucTounuka Toka. (TIoBTOpsAeM, YTO 3TO OMACHBIH PEXUM 1 UCTOYHHKOB
TOKa, TIOITOMY HM3MEpEeHHe HaJ0 NMPOH3BOJUTbL 32 OYeHb KOPOTKOC BpEMS, HalpHMEP,

1—2 cexkyHbl.)

TIpumep 4. 6. OupepedTh BHYTPEHHEE CONPOTHBJICHHE IUIOCKOH OartapeHkH, eciu
I,=05Au E=45 B.

Hcnonp3ys 3akon OMa JUTA 3aMKHYTO# Llend M yunTbiBas, 4To R=0, 115 BHyTPEHHErO
CONMPOTHBAEHHS MOJYHAEM:

Ecau uCTOYHHMK TOKA UMEET OUEHb MAJloe BHYTPEHHEE CONMPOTUBIICHHE, TO M0 NOJIFOCA
HEJIb3% COCAMHATL HAKOPOTKO, T. K. MOJOOHBIH ,,OKCIIEPUMEHT® MOXET HPHUBECTH K TO-
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BpexieHuaM. Hanpumep, 3aMblKaHME HAKOPOTKO TIOJIFOCOB AKKYMYJIATOPA NPUBEIET K
HosABJIcHUIO onacHo GoJjbioro toxa (nmpumepno 100—300 A), 4TO MOXET pacrulaBHTb
pOBOAA N UCTIOPTHThL AKKYMYJISTOP.

4.6. 3axount Kupxroga

Bhilte MBIl PACCMATPHBAJIN HPOXOXIEHUE IJIEKTPHYECKOrO TOKA B HEepa3BETBJICHHON
nenu. OHAKO PaAMOdNEKTPOHHbIC YCTPOHCTBA COCTOSAT U3 OONBIIONO MMCIA 3JIEMCHTOB,
KOTOpble 06PA3yIOT CIOXHbIE W pasBeTBieHHble uenu. [Ipu pacdere Takux uened uc-
nonb3yeM 3akonbsl Kupxroda. 5 }

ITepsuiii 3akon Kupxroda. Ou otHoCHTCS X n}o69My Y37y CJIOKHOHM 2JIEKTPUYECKOH
Lelld M CJACHT: CYMMa HIOK06, APOMEKAIOWUN € T00YVI0 Y3.106Y10 MOUKY. pdeid Cyyume

5 P
A G
L @ ¥
=1,+1,
It =1 Ltlytls=l+d,
Y Lo Iy Iy=0 D b1 ly-feris=0

Puc. 4.8. lepsniit 3akoH Kupxroda ms:
¢} AR TPEX TOKOB B Y3JIE: @/ JUIR NIATH TOKOB B y3/€

MMOKO8, GbIMEKAOWUX U3 Hee. ITO HATJAJHO TOKA3aHO HA JBYX MNPUMEPAx, NpeacTaB-
JIEHHbIX Ha puc. 4. 8. DTOT 3aKOH — JIOrMYECKOE CIEACTBHE (DH3HUYECKOH CYIHIHOCTH
INEKTPUUYECKOTO TOKA, T. K. HOCHTEJIH 3apsf0OB HE CO3JAIOTCs, A TOJbLKO lepepacupe-
JEJSAIOTCS B Pa3BeTBieHUsX Lenu. [IocKOIbKY B MaTeMaTUKe CYMMa HECKOJIbKHX BEIU4MH
o6o3HauaeTca rpedeckoit 6yKBoit ,,curmMa’®, TO 3TOT 3aKOH MOXHO NPEACTABUTH CIIEAYIO-
et dopmynoi

Zlnp = ZIBHT’ 4.3)

Ipamep 4. 7. K y310B0# Touke mpuTekator asa Toka [;u I, a BuiTekaeT Tok [; (puc.
4. 8a). Haittn 1ok [, ecmu I;=3 MA u [3=7,5 MA. Ha ocHoBanuu nepsoro 3akosa
Kupxrodpa moxem nanucatsb I;+1,=1;. OTCroa HAXOIMM HEHU3BECTHBIH TOK

I, =1I,— 1, =175~ 3 =45 MA.

Bropoii 3akon Kupxroga. 310T 3aK0H OTHOCHTCA K JIFOGOMY 3aMKHYTOMY KOHMTYDY
B CJOXHOW JNEKTPUYECKOH LENMH H TJACUT: anreGpandeckas CyMMa 3eKTPOABHKYILUX
CHJI, IEHCTRYIOWIMX HA KAKOM-HHOYb 3@MKHYTOM YHACTKE LCIH, PABHA arebpanyeckoil
CYMME NAJACHUA HANpPsSKCHUH Ha CONPOTHBIIEHHMSIX 3TOro yyactka. CrenoBarebHO. A
KaXJOro 3aMKHYTOIO KOHTYpPa MOXEM 3anucaTh

ZE=X(IR).
4. 4)
B 9TOM 3aKOHE YHOMSHYTO MOHSATHE ,,anrebpaMyecKkas CyMMa®, KOTOPOE O3HAYACT.
4T0 OTAeabHble BeanuuHbl (JJC ¥ nmajeuue HANPsKEHUs) AOTKHBI OBITH B3ATHI CO
csouMM 3Hakamu. [1o3TOMy, npHMeHsst 3aKOH, NpeJBAPUTENLHO BHLIGMPAEM MOJIOKH-
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reJbHOE HanpanjieHue o0Xozla, M C YY4ETOM €ro NMOACTABJISIEM OTAENbHbIE BEJIHYHMHbI B
VPABHEHME CO 3HAKOM IIIOC™ WM €O 3HaKOM ,MHuHyc" (puc. 4. 9). TloacHum na aByx
IIpPMMEDPAX, KOFJa MOXHO HCIOJIBb30BaTh BTOpOH 3akon Kupxroda.

Kanpabnewue 06x000 — e —— Hanpabrenue odxoda
- -
i | 1t
| I o I
Tox, nadesue Hanpaxenus Tox ,nadenue wanpexenus
u JAC-nonoxumenbmss u 3AC-ompuyamenbHes

Puc. 4.9, YcioBHOE MoJ0KUTENLHOE HAIPABCHHE TOKR. mageHus Hanpsoxkenus u DAC

[pumep 4. 8. Ha puc. 4. 10a naua passeraiieHHas nens. M3sectunt Benuunnsr IJC
Gatapeu., conpotusienus R4 R, u TOK {; (MeCTO M3MepeHyst 0003HAUCHO KPECTHUKOM).
Haiity Bennuuny TOKa [,

&

mA - : -IT l
I : Pz =2 kOm
7 2 _
A 3 . 1l 7
I, T A I I i
SkOm |+ + 7k 0m

+ b %
T 0,24mA ImMA
al . g)

Puc. 4.10. Wttoctpauun k npumepy 4.9

IMpumensiem Bropo#t 3axon Kupxroda mns samxayroro Koutypa I, npusumas 3a
NOJIOKUTEIBHOS HANpaBJIeHHE 10 XO4y 4acoBol cTpeniku. B aTom ciy4ae xak DAC, Tak
n 00a naaeHus HanpsokeHus OyAyT IosioxuTelbHbl. UTak, nosyyaem

; E = I,R, + I,R,.
M3 9Toro ypaBHEHHs MOXHO HANTH HEU3BECTHBIH TOK [y

1 2
I, = —(E~I,R) = — (9 — 0,001.7000) = —— A = 0,5 MA.
2 Rz( R = 2500 ) = 2000 MA

Ilpumep 4. 9. Ha puc. 4. 106 naHa passeTsrienHas Lenb. V3BeCTHbI BETUYHHBI R;,

R, R; v Toxu [, u [;. Haiity BeNMunHy ¥ HanpaBjeHHe TOKa [, NPOTEKAIOLIETO 4Yepes
2.

IMpumensem BTOpoi 3akon Kupxroda mist 3amkdyroro kourtypa II. npunnmas 3a
OMOXHTEJIbHOE HATIPABJICHHE [0 HACOBOH CTpesKe. B 3TOM ciyvyae najcHue HaNpsKeHUs
Ha R; OyJeT NOM0KUTENbHLIM, 4 NMAJCHHE HANPSIKEHUS HA Ry — orpuuarensHsiM. [lo-
CKOJIbKY HailpaBseHue TOKa uepe3 R, HEM3BECTHO, NPUHMMAEM YCIOBHO, YTO OH TeueT

OT T. / X T. 2 (eC)IM TIOJNY4YMM jijisi TOKA [, TOJIOXKMTEIbHOE 3HAYCHHE, 3HAYNT BhIOpaHO
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IIPABMJILHOE HANpPABJICHUE, @ €CJIM OTPHUATENRHOE -- 3HAYMT B JEHCTBUTECNILHOCTH OH
[pPOTEKAET B HanpaBieHuH oT T. 2 k T. /). [lpn Takom BbIDOpe HanpaBieHU ¢ yyeToM
TOrO, 4TO B 2TOM 3aMKHYTOM KOHType HeT JJIC, 1. e. E=0, moxem 3anucath

— 4
0 =1IR, + IR, — I,R;.
Orcrona MOXHO HAaWTH HEHW3BECTHBIH TOK [5:

L3

1 ! =02
I = o Ry = 1iRy) = 555 (0,001.1000 — 0,00024.5000) = = = —0,0001 A.
2

TTocKoNbKY TOK HORYYHIICH OTPULIATEILHBIM, SICHO, YTO B JACHCTBUTENLHOCTH OH TEUET
B HanpasjieHHH OoT T. 2 K T. { (puc. 4. 100). Benuunua nmaneHus HANPSKEHUS MEXK/Y
toukamu 2 ¥ [ pasHa U, =I[,R,=0,0001.2000=0,2 B.

4.7. MoIIHOCTb /IEKTPHYECKOT0 TOKA

Kak U3BECTHO, BCE 3NEKTPOABUTATENH NOTPEOIAIOT U3 CETH TEKTPHYECKYK) IHEPTHIO,
KOTOpas TpeBpallacTcs B MeXaHHUeCKyro paboty. OauH OONBINOU 3JIEKTPOJABUIATEb
MOXET COBEPILHTH OTipeAeicHHyto paboTy 3a | 4ac, a OAMH MaICHbKUN JABUTATENb MOXET
BBIIOJIHUTB 3TY paboty, Hanpumep, 3a 20 wacos. B 3ToM ciyuae ToBOpUM, HTO NeEpBEIil
JJIEKTPOABHUraTelb MMeET OOJBIIYIO MOIHOCTb., AHAJIOTUYHBIN MPUMeEP C ABYMS 3JIEK-
TPU4YECKUMH KOHDOpKkaMi — OOJIBILIOH M MaJIeHbKOM, T. K. OOHO H TO X& KOJHUUYECTBO
BOJbI COI'PEETCS Ha MOILIHO# KOoH(OpKe HAMHOTO OhICTpee.

W3 Pu3uxy M3BECTHO, YTO MOWHOCMb UIMEPAEMCA PabOmOoll, CogepuieHnoll 3d eounuyy
gpemenu. UeM Oosblle HANPSKCHHE U TOK, TeM OOJIbWE JJIEKTPHUUYECKAA MOIUHOCTD.
[MosTOMY OHa SBJISETCS NPOM3BEICHHEM BEJIMYUH HANPSDKEHUS M TOKA!

MOLLHOCTE = HAITPSIKEHUE. TOK. '

Ecnu BBecTH Takue o0o3HaucHus: P — moutHocTth, U — Hampsxkenue, / — TOK, TO
MOXHO 3anucaTth (HOPMYJIY MOIIHOCTH

P =1Ul

Enusuna u3Mepedusl MOILIHOCTH Ha3biBaeTcst BATT (BT) B 4eCTh aHIrHIACKOro yYEHOT o
oxeiimca Yarrta (1736 —1819). Odun samm mowynocmu noayuaem npu umanpascernu |
goabm u moxe | amnep,

Ecnn B dopMysie MOIIHOCTH 3aMEHHTh IMOCJIEA0BATEIBHO HANpSHKEHUE M TOK U3
3akona Oma (cMm. opmyry (4. 1)), To nonyuarcs cneayrollde BaxHbIE 3aBUCHMOCTH,
KOTOPbIE MOXHO MCIOJIb30BaTh B AajbHeHIeM

UZ
P=Ul=1IR=— (4.5)
R

TIpumep 4. 10. KakoBa MONHOCTb DJIEKTPUYECKOM JIAMIIOUYKH I KapMaHHOro ¢o-
HapuKa, ecny npu Hanpsbkenud 3,5 B ona notpebasetr Tok 0,2 A (cM. puc. 4. 7a)?

Iloocmasanem dannvie 8 HopMyay MOWHOCMU U ROAYUGEM

P=UI=350,2=0.7 BT.

KpoMe eauHHLbI BATT B PaAUOIIEKTPOHUKE HACTO UCHONB3YIOT ¥ MEHbLUKE €INHHULIBL
MIULTMBATT (OJHa ThICAYHAS BATTa) U MHKPOBATT (OJHA MMJLIHOHHAS BATTA), KOTOPBIE
MOJXHO 3aMMcaTbh B BUEC

1 mBT=0,001 BrT;

1 MxB1=0,000 001 Br.

IlpuBeneM HECKOJIBKO NMPHMEPOB: MOIIHOCThL, HEOOXoaumas [jis AeHCTBHS paano-
HaywiHukoB — 0,00001 Bt, moummocTs HEGOJNBUIOTO AMHAMHKA AN TPAH3UCTOPHOTO
npuemHnKa okosio 0,1 BT, MoHOCTh AMHAMMKOB, UCHIONb3YEMBIX B PAIMONPHEMHHMKAX
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n Tenesusopax — 0,5—3 BT, MotHoCTs OOBIMHBIX JAMII HAKagduBaHus — 25+ 100 Br,
MOIIHOCTh, NOTpedaseMas JaMIOBLIM TEJECBH30POM, 0koJio 200 BT, MOMIHOCTD 3M€K-
tpoyTiora — 300700 BT, MOIIHOCTb 3NEKTPOMIHT M JNICKTPHYECKHX HArpeBaTene
BoJbl — 20005000 Br. [/lo6aBuM eIle, YTO B CHIBHOTOYHOW TEXHMKE MCNONL3YIOT
MallHHbI ¥ annapatbl OOJBIIONH MOUTHOCTH, HANPUMED, THICAYH KunoBaTT (1 kBT = 1000
BT1).

Huia n3mepenrs MOUTHOCTH MCNONb3YIOT CIEHUAbHBIH U3MEPHTENbLHBIN Ipubop, Ko-
TOPbIK HA3LIBACTCH BAMMMEMPOM.

4.8. Daexkrpuyeckas 3Hepfuﬂ

HHompebasemas IAeKMPULeCKan IHEPLUA 3A6UCUM KAK OM MOWHOCIY HOMpebumeas,
mak u om epemeny, 8 meueHue Komopozo oM 6eia 6Kaiouen. Tak, HANPUMED, SHEPrUd,
norpebisiemMasi NEKTPOIUIUTKONM 32 5 4acoB, B ATk pa3 DoJiblie 3Hepruu, norpediseMoi
3a | wac. A BoTr u apyroil npumep: 3a | gac ogna nmamnouka B 100 BatT norpebisier
B 2 pa3a OGOJIbLIE SHEPI'MH, YEM OAHA JIaMNouka B 50 BATT 3a To e BpeMs. [10CKOIbKY
IMEKTPUYECKAs JHEPIUS TIPSIMO TIPOHOPHUOHATLHA MOIHOCTH M BPEMEHH, MOXKEM 3a-
nucath CIACAYIOULYTO 3aBUCUMOCTDL

A=P.t=Ul.t (4.6)

Ennnuued u3sMepeHuss BCeX BUAOB JHEPTUM sBiAAETCH Axoymb (JX) B yecTh aHrnuii-
ckoro yuexoro wxeitvca JIxoyas (1818 —1889). Omo paboma (snepzun), xomopas co-
BepUaemcs Culol 8 O0UH HbIOMOH 044 nepemewenus meda na paccmosaxue 1 memp. B
NEKTPOTEXHUKE NI M3MEPEHUS JHEPrHM HacTO MCHOJIb3YETCs €AUHMLA BATT-CEKYHIA
(Bt.c), paBHast ogqHoMy [pkoyiro. Ha mpakTuke nmoTpebnsiemast 3jieKTprUecKas 3HEprus
U3MEPSETCA eIMHULCH KunoBaTT-49ac (KBT.4). Jmo suepeua, komopyw noayuaem nompe-
oumeav mownoemoro I kBm ¢ npodoancenue 1 uaca.

DAEKTPUUCCKYIO FHEPTUIO U3MEPSIOT CTIEIIHANBHBIM NIPUOOPOM, KOTOPLIH HAa3bIBACTCA
aaekmpuueckum cuermyukom. Kaxapiit 10M ¥ Kaxoe npeanpusTHe uMeeT coOCTBEHHbIH
CYETUHK, KOTOPbIi OTCUUTHIBACT MOTPEOAIEMYIO INEKTPHYCCKYIO SHEPTHIO.

TNpumep 4. 11. KakoBa CTOMMOCTD 2JIEKTPUUECKO 3Hepruu, noTpedneHHoit 3a 1 mecsu
O/THOM 3JIEKTPHYECKOH - JTAaMIIOYKO# MoIHOCTRI0 P=75 BT, eciim kaxjaplii Bedep oHa
roput 1o 6 4acoB, a | KHJIOBATT-4ac 3JIEKTPOIHEPTHH CTOUT 4 KOII.

Cuavana Haxonum obiee Bpems notTpednenus (=30.6=180 yac. Hotpebasemas
sueprust 4=P.t=75.180=13 500 Barr-uac =13,5 xunosart-uac. Toraa uckomMas CTou-
MOCTh Byaer

N=13,5.4=54 xon.

4.9. TenoBoe aelcTBHe JIEKTPHUYECKOIO0 TOKA

Iipu cBOEM [ABIIKEHHUM B NIPOBOJHUKAX HOCHTENK 3apsiiOB OTAAOT 4aCTh CBOEH 3Hep-
TUM aToMaM M MolekyJiam BetnecTsa. ITosToMy awboii nposoduuk, no Komopomy npo-
mekaem mox, bosee uau metee Hazpesaemca. ITO NEKTPUYECKAs SHEPrHsl, KOTopas upe-
BpallaeTcs B TETJIOBYIO H HAIPACHO HArpesaeT npoBoAHUKH. YeM Ooublie ToK H Gosiblile
COTPOTHUBJICHHE TIPOBOAHUKA, TeM OONbllie DHEPrus, OTAABAaeMass B BHAE TeIia. DJeK-
TpUYECKash MOUIHOCTDb, BBIAENEHHAS B BHJE TEIJIA, MOXET ObITb BBLIYKCIEHA O OJHOMN
u3 dopmyn Buipaxenud (4. 5).

IMpumep 4. 12. Uepes conpotunenue 50 OMm nporexaer 1ok 2 A. Haiitu asekTpu-
HECKYFO MOIIHOCTb, KOTOpas MPEBPAIACTCH B TEILIO.
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[ToactaBnsieM B Gopmyny (4. 5.) u mosysaeM
P = I’R = 2250 = 200 Br.

IIpnmep 4. 13. Kaxoe HanpsokeHue HYXXHO TIPHIOKUTL K KOHIIAM CUPAY, UMEFOLLEH
conpotupyicuye 10 OM (B HarpeToM CocTOSHMH), YTOOB!I MONYYHTHL HATPEBATEb MOLLL-
HocThlo 1000 Br?

Ucnons3ys popmyny (4. S), nonyyaem

U = VPR = /1000.10 = /10 000 = 100 B.

Mpu vaauuuu 00HOU 3aMKHYMOU yenu GeAuuUHA WOKA ROECI00Yy OOHA U maA Hce u
Hazpesaemca oHa Goavue ecezo mam, 20e conpomusaenue 6oablie.

Hanpumep, COPOTUBIICHHE IHYpa yTiora oxojio 0,01 OM, a ConpoTHBIIEHHE CIMPANTH
(B HaxanesHOM cocTosHuH) 0k0s10 80—100 OM, mO3TOMY MMEHHO Ha HEW CocpenoTa-
yMBaeTCs: MOYTH Bce Temno. To xe caMoe HAGMrOJaeM M B IUIaBKHX ANEKTPUYECKHMX
HpeaOXpaHuTensx (MpobKax), 8 nAMPon KOMOPLIX HAPOYHO EKAAOLIEAEMCA MOHKAS NpO-
goaoura. TIpy KOPOTKOM 3aMBLIKAHHMH TOK B JJIEKTPONPOBOJKE CTAHOBHTCSH OYEHL OOJL-
wmum (HanpumMep, 30—80 A), npoBOJIOYKA MJIABHICS, H LENb paspeiBaeTcsa. A ecau 3a-
JIOXHM B MATPOH TOJICTHIHA NPOBOJA (MM MHOIG TOHKMX HPOBOJIOYEK), TO P KOPOTKOM
COEMHEHMH B DJIEKTPONPOBOIKE IIPOTEUCT HEJAONYCTHMO DOJIBIION TOK, KOTOPBIH MOXET
NOBPEAUTL MPOBOAKY M BbI3BaThH moxap. CenoBaTebHO, B MOBPEXACHHbIE NPOOKM
HEJIb3% BCTABJSATL TOJCThIE HNPOBOJIOYKH HJIH NMYYOK TOHKMX IPOBONOYEK, & CJIEAYET
UCIOMB30BATh HOBLIE NPEAOXpAHATEIbHbIE NATPORKBL. ECJM Npu NMOBTOPHOH CMEHE Mpe-
JOXPAHUTELHBIX NATPOHOB IPOOKU MPOJOIKAIOT NEPErOPaTh, ITO FOBOPUT O KOPOTKOM
3aMBIKaHUH Te~-TO B 3JIEKTPOIPOBOJIKE U €€ HANO HUCIPABMTD.

3AITOMHUTE!

1. 3akon OMa — OCHOBHGH 3aKoH B IeKTPOTEXHHKe. OH onpeXesiseT CBA3L MEKIY
BeJIMUYMHON TOKa, Hanpsiken#s U conporus/jenun. [IpumensieMbil K y4aCTKY lienH,
OH riaacut: BeJuunna Toka NpsEMO NPONOPUHOHAIbHA HANPKEHUIO 1 0GpaTHO npo-
TIOPLUOHATLHA CONPOTHRIIEHHIO.

Kaxapii MCTOYHMK TOKA XapaKTEPH3YeTCH, B OCHOBHOM, JBYMM BeJMMHHAMM:

anexTpoasmkyiomeii cwioli (31C) ¥ BHYTPEHHHM CONPOTHMBJICHHEM.

3. Ecim 3JeKTpHuecKas lenb He Pa3BeTBEH:, TO BeHYHHY TOKA MOKHO BLIBECTH
3 3akona Oma s 3aMKHYTOH mem. B pa3BeTBIICHHLIX M CIOXKHBIX IENfAX Be-
JIMYMHY TOKOB HAXOIHM, MCHOJIb3ys NepBhiil # BTopoli 3aikonni Kupxroda.

4. TIpy HCNOAL30BAHHY DJIEKTPOTEXHHYECKHX 3aKOHOB BCe BEJIHYMHBLI JODKHBI ObITh
HpHBEACHBI K OCHOBHLIM €MHHHAM, H TOJLKO TOFKA MOXKHO NOACTARJATL HX B
topmyan.

5. Eanunia MOWHOCTE »IEKTPHYECKOr0 TOKA — BATT, EIMHUIA JHEPrHl — JIKOY b,
Ha npakTrKe 3JIeKTpHYecKas IHCPrus H3MepseTcd eWRHIeH KHioBaTT-4ac.

6. B npeaoxpadnTe/iH BCTABASIOTC TOHKHS® MPOBOJIOYKH IR TOr0, 4TOOLI NpH KO-
POTKOM 3aMbIKAHAH Meperopesin HMCHHO MM, 2 He JJICKTPONPOROIKA.

[

3 [lepuic ary B pasnodICKTPOHUKE
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5

IlepeMennblii TOK

5.1. CymHocTh NEpEMEHHOr0 TOKA

B npeasiaymux riaaBax Mbl pACCMOTPENH MOCTOSHHBINA TOK. OH XapakTepeH TeM, YTO
MPOTEKAET PABHOMEPHO B OMPEAC/CHHOM HANpaBicHUM. B pamModjieKTPOHNKE H Tpo-
MBIIIJICHHOCTH, OJHAKO, UCHOJIb3YETCS HE TOJBLKO TIOCTOSHHBINA, HO M HepemeHiiblil MoK.
Tax, HanpuMmep, B JJIEKTPHYECKOH ceTH TOK mnepeMeHHblil. UToDOBI pazobparbes B ero

)~ O O] | /O"_O'/
// fo _‘{)%ﬁ// o,
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Puc. 5.1. a) Npu ABMXXEHHH IMOPINHS HANPABO HACTHLLI BOJbL ABMXYTCS B YKA3aHHOM HAMPABJICHHH; 6) 1IPH
J(BUKCHHH TIOPILHA HAJICBO OHM ABHXYTCA B OGpPATHOM HAanpaBJeRHH

CYUIHOCTH, PacCMOTPUM puC. 5. 1, Ha KOTOPOM MOKA3aHA 3aMKHYTas CHCTeMa TPyo,
coaepxantux Boay. Korna mopuieHb 1BHXeTCS HAalpaBo H HAJeBO, Y4aCTUULI BOLI /BH-
KyTca no Tpybe TO B OJHOM, TO B OPYrOM HaNpaBJCHHH.

AHaJIOrnyRbll XapakTep MMEET IBHXKEHHE 3JIEKTPOHOB B NPOBOIHMKAX, KOrga TMo-
TpebJIsieM TOK M3 3JIEKTPHYECKOM CeTH (ITO NMOKa3aHO YCIOBHO Ha puUC. 5. 2), HO 3a oaHy
cexyHny oHu coBepinaroT 50 xonebaumit. U3 aToro mpumepa cieqyeT, 4TO NpH MEpe-
MEHHOM TOKE€ 3JIEKTPOHBI COBEPIIAIOT ABHIKEHHS, HAMIOMHHAIOIME KAaYaHUs MasiTHHUKA.
IMoxoGHeIi cityyail nokaszaH Ha pHC. 5. 3, HA KOTOPOM PAaCKa4HMBAETCsl KOHYCHBIH COCY,
H3 KOTOPOTO BBITEKAET MECOK M NaJaer Ha KapToH. EciM KAPpTOH HENMOABHXEH, TECOK
Oyner BbIMEPYMBATHL MpsAMylo JInHAIO. Ho eciM paBHOMEpPHO ABUIaTh KAPTOH, TO MECOK
BBIYEPTUT MHTEPECHYIO KPUBYIO JIMHUIO, KOTOPAsh Ha3bIBACTCH cuHycouda (3TO HA3BaHHUE
MIPOUCXOAUT OT CHHYCOMAANBLHOM (QYHKIMH, ¢ NOMOIUBIO KOTOPOH 3Ta KpuBas BbIpa-
kaeTcs MaTeMaTiyeckd). CHHYCONAY MOXHO TOJNYYMTh U C MOMOIIILIO aMIIEPMETPa, €CIH
YJUIHHUTB €r0 CTPENKY COOTBETCTBYIOLIMM 3alMCHIBAIONIIMM MEXAHU3MOM, KOTOPbIH MO-
XET YEPTUTh Ha NOJABIKHOM KapToHE (pHcC. 5. 4). Jns Toro, 4yTobbl HONYYHTH XOPOLIYEO
CHHYCOMAY, HA10 MEAJICHHO H3MEHATHL TOK, IPOTEKAIOIINHA YEPE3 aMIepMeTp, Harpumep
1—2 n3menenus B cekyHay. Ecin ayst 3T0ro onbita UCoib30BaTh TOK OT 3JIEKTPHYECKOH
CETH, TO XejaeMoro pesynbrata He Oynmer. IIpuuuHa B HHEPTHOCTH CTPENKH, H3-3a
KOTOpO# oHa He MoxeT npounssectd 50 xonebanuit 3a | cekyHny.

Korga ocpeTHTENbHAs 1aMIa MHTAETCH OT CETH, AJCKTPOHLI B €€ HAKAJEHHOH HUTH
JBHXYTCS TO B OAHY, TO B APYIYyIO CTOPOHY, cosepiias 50 konebanuii B cexynny. Ho



ITHX KoJsiebaHMi YeNoBEeYeCKUH rjia3 He 3aMeyaeT, MOTOMY YTO HakajienHas no 2500°C
HUTb MMEET TEIUIOBYIO MHEPTHOCTD U 33 /50 4acTb cexyHapl HE MOKET OCTHITh. [ToaTomy
JlaMniouka He muraer. OqHako, eclid BHUMATe/JbHO NPUCIYIIATBCS K BKJIIOYEHHOMY pa-
AMOANNAPATy WM TEJIEBU30PY, TO YCJIBIIINM [yAEHHE, BBI3BAHHOC NEPEMEHHBIM TOKOM.

JA.posemka \ Jn.posemxa
‘g v L=

~2208 ~2208

Puc. 5.2. ®usdyeckas CyLUHOCTb NEPEMEHHOTO TOKa

Puc. 5.3. I1pyn iaABHKCHMK K4pTOHA Kavyaloluucs Puc. 5.4. [Tpy HCNOABUXKHOM dMNEPMETPE U 1O~
KOHYCHDBIHA COCYil BLIYECPYMBACT CHUHYCOMilY . BUKHOM KaPTOHE [IPOCKLKS CTPCIIKH BbIYCPUYUBACT
CHUHYCORILY

Ho o3navaer am 370, uTo 32 1/100 00MI0 CEKYH/IbI IIEKTPOHBI OT JIEKTPOCTARLMM
JOXOAST OO0 HaAWero aoma, a 3a caeayromyro [/100 nosro cexyH/ipl BO3BpALLANOTCA
obparHo?

B n. 3. 4 Mbl BBISCHWIIH, YTO 2JIEKTPHUYECKOE MOJIC PACIPOCTPAHSETCS B NMPOBOJIHHKAX
co ckopocTbto 300 000 KHAOMETPOB B CEKYHAY, B TO BPEMS KaK CAMH 3JIEKTPOHbI JIBH-
AYTCS B NPOBOJAHUKAX HAMPABJIECHHO CO CKOPOCTBIO HECKOJILKO MHJLTUMETPOB B CEKYHILY.
Ho 3a 1/100 yacTh cekyHibl JEKTPOHbI TOJILKO YCIEIOT HEPEMECTHTLCH B OJHOM Ha-
HPABJICHUHM, KAK WIEKTPHUYECKOE I10JIe HA4YHET AeHCTBOBATH B IIPOTHBOMNOJIOKHOM HA-
IMPABJICHHH. Bot noyemy QACKMPOILLL OMKACHAIOMCA MO 8 ()()lly, mo & ()py:’yl() cmopony,
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1O '1iU 8 KoeM cayuae He nokudaiom nawt dom. CNeOBATENbHO, 3TH JICKTPOHbI HE NpPH-
XOASAT C JICKTPOCTAHLIUH, a ABJISIOTCH HAIIMMU ,,JJOMAITHUMH™ 3JIEKTPOHAMHU.

[Tocne TOro, Kak Mbl BBISICHWIM CYITHOCTh TIEPEMEHHOIO TOKA, MOXHO OBLIO Obl
3a04Tb BOTPOC. HE MOI'YT JIM 3JIEKTPOCTAHIIMM MPOM3BOAUTL MOCTOAHHBIK TOk? 3auem
3TH YCJIOXKHEHHUS?

XOTs 3TO W BBIIJISIAMT HEBEPOSITHBIM, HO Hepemeliblli MOK NOAYYUMb Ae2ue, Hem
HOCMOSHHBII, HOMOMY UYIMO MAwuMbl, ,npoussodawue” TNepeMeHHbI TOK (T. Ha3. reHe-
paTopbl) KMEIOT DOJIEE MPOCTOE YCTPONUCTBO, HEM MALLUMHbI JUISI IOJIYYEHUS IOCTOSHHOT O
toka (T. Ha3. AUMHaMoMaluuubl). KpoMe TOro, nepeMeHHbI TOK B OTJIMYME OT MOCTOSIH-
HOIO MOXHO JIErKO TPaHC(hOPMUPOBATH, @ 3TO HMEET MEPBOCTENEHHOE 3HAYEHUE KaK IS
nepefavu, Tak W s MOTpebJieHUs JIEKTPOSHEPT UM,

5.2. CunycouaajibHble KoJieOanus

Kak ™Mbl yxe 3HaeM, H3MEHCHUSI TOKA B JICKTPHYECKOH CeTU MPOUCXOMST MO CHHY-
cougasibuoMy 3akoHy. K atoMy cienyer n00aBHTh, YTO CHHYCOM[JajibHbie KoJiebOaHus
OYeHb 4aCcTO BCTPEYAIOTCS B MPUPOJie M Texuuke. Hanpumep, CUMHYCOMIANbLHBIMHU SB-
JIAIOTCSL KOJIEOAHMA HE TOJIbKO MASATHUKA, HO M CTPYH, TUIACTMHOK u T. 1. B panuo-
3MIEKTPOHUKE CHHYCOMIAJIbHbIE TOKM M HANpPSHXKEHUS UMEKOT ILIUMpOKoe npumeneHue. [lo-
3TOMY KOPOTKO PacCMOTPHMM OCOOEHHOCTHU 3THX KOJIcOaHUIA.

JIroboe cuHycoumanbHOoe KoJicbaHue (TOK MJIHM HANPSDKEHME) XapaKTePH3yeTcs clie-
OyroumMME 00Jiee BAXKHBIMHM BEJIMYMHAMMU!

a) [Mepuox 7. D10 BpeMs cOBeplIeHHUS] OJHOrO MOJHOTO Kojiedanus (puc. 5. 5). [To-
JIOBMHA 3TOI'0 BPEMEHU Ha3bIBaeTCs noaynepuodom. OHYEBUIHO, 6 00uM NOAYNEPUOO MOK

@

Amnaumyda

Bpemga t

< .

___ 2

NTepuod T

©

Puc. 5.5. AMIAHTyaa ¥ NEPHOA CHHYCOUAAJILHOIO KoJjieOaHus

meuem 8 00HOM HANPABAEHUY (KOMOPOe YCAOBHO MOMCEM NPUHAMb 30 HOAONCUIEABIOE ),
a 6 Opyeoil ROAYNEPUOO O medem 8 Opy2OoM HARPagAeHUuU (KOMopoe Moxicem RPuHinmb 3d
ompuyameaviioe ). OOBIMHO MOJIOKHUTENBHBIH MOJYNEPHOL BEIUEPYHBAETCS HAT aGCLIMCCOH,
a oTpunatebHbid — mnoa Hel (dur. 5. 5). B kavecTBe mMpuMepa MOXeEM YKa3aTh, YTO

1
MIEPHOJ NEPEMEHHOrO TOKA B JJIEKTpHueckor cetu T =50 ¢=0,02 c. B paduoziexmpo-

HUKe, 00HAKoO, UCROABIYIOMCA REPEMEHHbIE MOKU, nepuod KOMOpbIX cOCMABAAEM HblCAUHbIE
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u Muaauontsie 00au cekynowl. I0ITOMY, KpOME CEKYH/bI, YaCTO HCIOJIb3YIOTCS U APYTHE
€IMHHIIbI BPEMECHM:

1 mc (mMuucekynua) =0,001 c;

1 mkc (MukpocekyHaa) =0,000 001 c;

1 "e (Hanocekynma) =0,000 000 001 c;

1 nc (nukocexyuna) =0,000 000 000 001 c.

6) Yacrora £ DT1o uucio kojebanuit B cexynay. Yactora uimMepsieTcsl B €AMHHLAX
repuax (I'u). EAuHuna HazBasa B 4ecTb HeMeukoro yuenoro Iempuxa Iepua. Hanpumep.
4acTOTa TOKA B OCBeTUTENBHOM ceTu f =50 I'l. Kak Mbl yXe rOBOPHUJIM, B PAIHOIIICK-
TPOHMKE MCIIONIL3YIOTCS KONEOAHHUs, 4aCTOTA KOTOPBIX COCTABISIET MUIIIMOHBI U MU~
Jmapael repu. IToaTroMy 4acTo UCIIONBL3YHOTCS €AMHHIIbI

1 kT (xunorepa) =1000 T

1 MTI'n (merarepu) =1 000 000 I'm;

1 I'Ty (rurarepu) =1 000 000 000 I'u.

IMepron u wactoTa JOOOro xosaebaHud CBA3AHb MEXAY CODOW HPOCThIMU (OpMY-
amMu . 1 {
| T=—5  f== (5.1)
b - .
A T
IIpu nomoiuy 3THX GOpMYJT MOXHO HANTH OJIHY BEJIMYMHY, €CJIM 3HAEM APYIYIO.

B) AMILIMTYAa. DTO HaubonbLias (MakCUMaJlbHasl) BeJIMYMHA HanpskeHus (U, ) wiu
Toka (1,), KOTOPYIO OHHM TOJIYYalOT IPU CBOEM H3MeHeHuu (puc. 5. 5). OueBuino, 3a
OJIMH TICPHOJ CUHYCOMIAJIbHBIN TOK M HanpspKEHWE JOCTMIaroT JBa pa3a CBOeH Makcu-
MaJIbHOM BEJIMYMHBI. »

300+
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Puc. 5.6. CunyconnanpHoe HanpsKeHue HEMPEPLIBHO W3IMEHAECT BEMUMHY U 3HAK CBOEH
aMIUVIMTY b

r) MruoBennoe 3HaueHde. Mbl yXe 3HAEM, YTO HEPEMEHHBIM TOK HEMPEPLIBHO W3-
MEHSET CBOE HAllpaBJICHHE W BEJIMYMHY. Beauuuna nanpancenus & Oammwlii Momenm Ha-
3618AEMCA MEHOSEHHBIM 3HAYEHUEM HANPANCEHUA. DTO XKE OTHOCUTCS U K BEIMYMHE TOKA.
B xavyecTBe mMIMFOCTpanud Ha puc. 5. 6 cmpeaxamu yka3zaHbl HECKOJIbKO MIHOBEHHBIX
3HAYEHUH BEMYMHBLI HANPSDKEHUsI B JJIEKTPHYECKOH CETH B TPOMOJIKEHUE OAHOrO Ie-
puona. BuagHo, 4TO B HavanbHBI MOMEHT HAINpPSAXKEHHE PABHO HYJIIO, TIOC/E YEro IO-
creneHHO HapacTtaeT Ao 100 B, 200 B u 1. 1. JIOCTHrHYB MAaKCHMaJbHOrO 3HadeHus 310
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B, HanpsXKeHUE HAYMHAET NMOCTENEHHO YMEHbLIATHLCS J0 HYJIsA, TIOCJIE Y€ro W3MEHSET CBOC
HATIpaBJeHUE M CHOBA Bo3pacraer, focruras Beiauumsbl 310 B u 1. 4.

o) Heitctpyromee 3Hadenne. Kakomy nocmosinomy HanpspKEHUIO paBHO [0 CBOEMY
OEHCTBHIO  hepemeliioe  HAUpshkeHue, yka3aHHoe Ha  puc.  5.6? Teopusi
M TPAKTHKAa MOKA3HLIBAIOT, YTO OHO PABHAETCH MOCTOSHHOMY HANPIKECHHMIO BEJMYUHON
220 B (puc. 5. 7). D10 neHCTBUTENBHO TaK, MOCKOJILKY PacCMaTPUBAEMOE B TEHEHME

v
|

2208

Puc. 5.7. Cunyconaanbioe HanpsbkeHHe ¢ aMIUIMTYROH 310 B paBHO3ZHAYHO NOCTOSHHOMY HAMps-
KEHMKO BesmumHol 220 B

OJHOrO TIEpHOAa EPEMEHHOE HanpshkeHne uMeeT 3Hauenue 310 B Tosbko B 1Ba MOMEHTA,
a B OCTAJIbHOE BpPEeMs OHO MeHblile. Tak Kak CHHYCOMIAJIbHBIE BEJIMYMHbBI UIMEHAIOMCA
HenpepwuleHo, TO LeecooOpa3HO BBECTH NMOHATHE — AeiicTByiomuee 3HauyeHue. [1od oeii-
CMEYHWUM 3HAYEHUEM nepeMeHH020 MoKa ROHUMaem MAaxkoil NOCMOAHHBIN MOK, Komopbul
3a Mo e camoe 8pems cogepuiaem my xce pabomy (uiu 8vldeasem maKkoe Hee KoAUUECMBO
menaa), umo u OaHHbili nepeMeHHbIE MOK.

Takum xe 0O6pa3oM ONpeAeasicM M MOHATHEC NEUCTBYIOUIErO 3HAYEHUS MEPEMEHHOTO
HanpsokeHus. VIMEHHO MO3TOMY TOBOPHUTCS, 4TO AEHCTBYROIUEE 3HAYCHHUE HATIPSKEHHS
ceTu pasHo 220 B.

JlokazaHo, 4TO MEX/JQy aMIUTUTYAHbBIMH M JEHCTBYIOIIMMH 3HAYEHHSIMH CHHYCOH-
HANBHOTO HATPSDKEHUS M TOKA CYLIECTBYIOT CIEAYIOLHME 3aBHCUMOCTH:

U, =14U; U=0,7U; 52
1,=14L 1=0,71,,.

3mech Uy u I, — aMiuTyaHble 3Hadenus, a U u I — jgedcTByromwpe (MHOra Jei-
cTByromme 3HadeHus obosnavaror Uy u Lgy).

AMIIEPMETPHI ¥ BOJIGTMETPBI, IPCAHA3HAYCHHDBIC VIS W3MEPEHHS MEPEMEHHOIO TOKa
U HANpPSKEHUS, OMCUUMbIBAIOM He AMNAUMYOHble, a4 OelicmEYIowue 3HAUeHUa MOKa U
HANPANCEHUA.

Beenenue noOHATHS AEHCTBYIOIIErO 3HAYeHWs H [EHCTBYIOLUETO HAIIPSKEHHUs Nepe-
MEHHOIO TOKa OueHb ynobHo. Tax, HanpuMep, 3akonbl Oma, Kupxroga u np. ocratorcs
B CUJE M [Jii IIEPEMEHHOrO TOKA, €CJIM B HHMX IOJACTaBHTb NCHCTBYIOUIME 3HAYCHHS
| y4acTByrOIIUX BeauuyuH. Kpome Toro, psa morpeburenedd mMoryt paborars kak ¢ no-
CTOSHHBIM, Tak M ¢ TepeMeHHbIM TokoM. Hanpumep, namnovka B 12 BOJLT CBETHT
ONMHAKOBO KaK IIPH TIOCTOSHHOM, TaK H MPH NEPEMEHHOM HANPIKEHUU ¢ AEHCTBYIOIIMM
3HaueHuem 12 B.
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5.3. Toku HM3KOH H BBLICOKOH 4aCTOThI

B paanosnekTpoHHKe nepeMeHHble TOKHM 4actotoi oT 10 mo 20 000 I'i HassIBaloTCs
TOKaMH HH3KOH (3BYKOBOH) 49acToThi. MICTOUHNKaAMH HH3KOYACTOTHOTO HANpPSKEHHSA SAB-
JSAIOTCA MUKPOGDOHBI, JJIEKTPHYECKHE MEMOpaHbI POUTPLIBATENCH, MArHUTO(POHHLIE FO-
JIOBKH, CTIELMANbHBIE 3BYKOBBLIC I'€HEpAaTOpbl M Np. Hampsbkenus, nonydaemble OT HHX,
BOODIIE MaJibl H MOJUIEXAT ycuinenuto. Koraa vepes JHHAMHK HJIH HAYIUHHKH HPOTEKAET
TIEPEMEHHBIH TOK HU3KOM 4acCTOThl, TO B HHX BO3HHKAET 3BYK,

Toxu u HanpsbkeHus 4acToTod Bbie 20 000 INu HA3BLIBAIOTCS BBHICOKOYACTOTHBIMH,
Ony noayyaroTcs B CNELMANbHBIX yCTPOHCTBAaX, HA3LIBACMbIX aBTOreHepaTopamu. Ecam
Yepe3 HayIUHUKM WK JAHAMHK MPOIyCTHUThL TOK BBHICOKOH HacTOTHI, HALUE YXO HE YCIbI-
nmT 38yKa. OHAKO TOKHM BBICOKOHM YacTOThI MMEIOT P MHTEPECHBIX CBOMCTB, KOTODBIE
B JaJIbHEHILEM Mbl pACCMOTPHUM OoJiee NoapoObHo. OHH HMEIOT O4YeHb OONbLIOE 3HAYCHHE
B PajiHO3JIEKTPOHHKE.

3ATIOMHUTE!

1. DaexTpuuecKkud TOK, KOTOPbIH MepHOAHYCCKH H3MeHsieT CBOe HanpaBJ/icHHEe H Be-
JINYAHY, HA3bLIBAETCH HepeMeHHbIM TokoM. JIio6oil nepeMeHHbIH TOK XapaKTepH-
3yeTcsi B OCHOBHOM CBO€l 4acTOTOH, aMIUIMTYA0H H JIeHCTBYIOIUMM 3HAYeHHEM.

2. TpuGopsi, npeHa3HaYEHHBIE TSI H3MEPEHHs NIEPEMEHHOI0 TOKA, NOKA3BIBAIOT €ro
IeficTBYIONICEe 3HAYCHHE.

3. 3akonnt Oma, Kupxroda u mp. ocraiorcsi B ciile H B OTHOIIEHWM MEePEMEHHOI0Q
TOKA, eC/iM B HHX NoApalyMeBaeM NelCTBYIOIIHE 3HAYCHHS.

4. Tlepemennnbie TOKH 4acToTolf oT 20 mo 20 000 I't HA3LIBAIOTCA TOKAMH HHM3KOM
(3BYKOBO#) HacTOTBI. '

5. Tlepemennble ToxH 4YacToTol Beille 20 000 T'u Ha3BIBAIOTCH TOKAMHM BBHICOKOM
qacToThl. OHH HMEIOT GOJIBIIOE 3HAYECHHE B PaIHOIIEKTPOHUK(

6
ConpoTHBJ/ieHHsi U PE3NCTOPbI

6.1. AKTHBHbIE CONPOTUBJICHHS

ConpoTHBIACHUs, KOTOPBIE Mbl PACCMATPHBAJIK O CHUX NOP, HA3BIBAIOTCS aKTHBHBLIMU
(1anee Mbl YBHAUM, YTO MMEIOTCH U PEaKTHUBHbIE COMPOTUBIICHUS).

BaxxHeiimne OCOOCHHOCTH aKTHBHBIX CONPOTHBJICHMH CJIEAYIOLIME:

1. IX MOILIHOCTb 4uCTO aKTHBHA, T. €. MOJAHHAS DJICKTPOIHEPTHS YeauKom npeobpa-
3yemcAa 6 Opyeue euodbl dHepzuu, HATIPUMEpP, TEIJIOBYIO, MEXaHUYECKYIO, CBETOBYIO, 3BY-
KOBYIO M T. I
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2. HpPI TNPOXOXKACHUH NMEPCMCHHOI'O TOKA YE€PE3 aKTUBHOEC CONTPOTUBJICHUE ¢d3bl moxa
U HANPAACCHUA cognaoarom. ITo 3HAYHAT, YTO CHHYCOHIAJIbHBIC U3MCHCHHS TOKZ M Ha-
MPSKCHUS TTPOUCXOASAT OAHOBPEMEHHO, T. €. KOrJa HANnpsXCHUE paBHO HYJHO, TO U TOK
PAaBE€H HYJIIO, KOI'la HANPSIXEHUE MAKCUMAJIbHO, TO U TOK HMCET MAaKCUMYM U T. . (pl/lC.

6. 1).

L

Puc. 6.1. I1py aKTUBHBIX CONPOTHMBIEHUAX CHHYCOMAAJIBLHOE HAINIPSDKEHHE M
CHRYCOMNATLHBI TOX HaxoAsTCd B dase

6.2. Pe3ncToph

OueHb pacnpOCTPaHEHHBIMK AETATSMHA B PaMOINEKTPOHUKE SABJISIOTCS PE3HCTOPBI
(puc. 6. 2). C ux TIOMOIUBIO CO3JAIOTCS NAJEHUS] HATPSDKECHMIA, dbopMHpyIOTCS TIOAXO-
ASIIIAC TTOTCHUMATIbI, OTPAaHHYHNBAETCS TOK U T. A. ITo cyIuecTBy, pesucmopb: npedcmas-
ASIOM COOOTL aKMUBHbIE CONPOMUE.AeHUs, TIOCKOILKY OHM IPEBPAIIAIOT IICKTPHYECKYIO

3HEPIUIO B TEIJIOBYIO.
@ —gm—  MAT G5 8r
— R~ MAT 7 BT

— LB MAT 287

Croud Aaka N .
fpobodawud cAou

KoHmaxmebie BuiBodb

Puc. 6.2. Pesnctopst

Pasinuaem 1Ba OCHOBHBIX BHIA PE3UCTOPOB: Xumuueckue u npogosounsie. Kax OJTHH,
TaK U APYTHE MOTYT ObITb HOCMOAHHBIMU U NepeMeHHbIMU.

XHMHYECKHE PE3HCTOPBI IOCTOSHHOTO 3HAYEHMS TIPEACTABIISIIOT COBOit KepaMHYeCKHe
UMJIMHAPUYECKUE TEJId, HA KOTOPBIE HAHOCHTCS TOHKMI NPOBOISIUMIA CIIOH yrieposa uiu
ClielMaIbHLIH MeTAJUTHYCCKUH CIUIAB. ‘

C 060uX KOHUOB IMAMHAPA UMEFOTCS BBIBOABI IS npunaiku (cM. puc. 6. 2). Beco
PE3UCTOP CHAPYXKM TIOKPBIT CHEIMAIBHBIM 3alUTHBIM JTAKOM.

’ IIpoBoJIOUHbIE CONPOTHRIIEHUS NPEACTABISIIOT COBOR KEPAMHYECKHE TeNa, Ha KOTO-
PbI€ HAMOTAaH NPOBOA. JTH PEIUCTOPHI UCMONIB3YIOTCS PEXE, OHU HAXOAAT NPUMEHCHHE
B CETsX ¢ GONIBLUMMM TOKAMH M s CIEHUATLHBIX NelIei.

Baxcheliune napaMeTpbl (TEXHHYECKHE XaPAKTEPUCTHKA) PE3UCTOPOB: HOMHHAILHOE
3HAYEHHUE, KJIACC TOYHOCTH U MOWIHOCTH PACCEHBAHHA.
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6.3. Knaccol TO4YHOCTH pe3ucTopoB

Ha kophiyce KaX[oro pe3ucTopa HaHOCHTCS €ro BeJuduHa. [10 Mpou3BOACTBEHHBIM
npHYMHAM 00O3HAYEHHE HA KOPIyCe HE BCEra COBHAAAET C HACTOSUIEH BEJIIMYMHON pe-
sucTopa. OTKJIOHEHHE HCTUHHOTO 3HAYEHUS! OT MAPKHPOBOYHOTO HA3BIBACTCS TOAYCKOM.
B 3aBHCHMOCTH OT JONYCKa PE3HUCTOPBI AENATCA HAa TPM Kjacca TOYHOCTH. B mepsom
Kiacce gonyck 5%, Bo BTopom — 10%, a B TpeTseM Kinacce — 20% OT HOMMHAJILHOTO
3navenns. Hanpumep, uMeeM pesuctop 1 kiacca, Ha koTopoM Hanucano 100 kOM. DTo
3HAYNT, YTO NCHCTBHUTENLHOE 3HAYEHHME MOXET BapbUpoBaTh B mpeneinax 5%, T. €. OT
95 no 105 kOM. Ecin Taxoii xe peauctop umeet 111 kiacc TOYHOCTH, TO AeHCTBHTENRHOE
ero 3HaueHHe MOXET BapbHpoBaTh B mpenenax 20%, 1. €. oT 80 mo 120 xOm.

6.4. 3naveHus pe3UCTOPOB

3nauenun NPoMbIUAEHHBIX pe3UCMOpos cmandapmuzosansl. Tak, Hanpumep, Kak Obi
Mbl HU MCKajl¥ pe3ucTop co 3HaueHHeM 171 xOM, MBI HE CMOXKEM €ro HaiTh, a B
Mara3uHax HaM Ipeioxat Oymu3kue 1o 3HadeHuio 160 mium 180 xOm. B tabnuue 6. 1
yKa3aHbl CTAHIAPTHLIC 3HAYEHHUS BBINYCKAEMBIX MPOMBIIUIEHHOCTBIO PE3UCTOPOB. DTH
fanHble MOTyT yMHOXaTbes Ha 0,1; 1; 10; 100; 1000 u 1. a. Tak, Hanpumep, pe3uCToOpkbi
II xnacca mpoM3BoIsATcs co 3HaveHusimu: 18, 180, 1800, 18 000, 180 000 Om u T. A

O6osnavenue| Jvayerue
R-27 270m
Ta6bauua 6.1. R-160 160 Om
I xnace 0 1 12 13 15 16 g:gao 580 om
18 20 2 24 27 30 "} 1K Om
33 3 39 43 47 Sl R-0.001
s6 62 68 75 8 91 R-10K
R—0.01} 10k Om
1I xiace o 12 15 18 2 27
3039 47 56 68 82 ”""’0"} 100K0
R-0.7 M
HI xnace 10 15 22 33 47 68 R-0.33 330k 0u
R-0.517 510 k Om
R-1.0 } 0
R-1m M
R-3.3 3,3M0m

Puc. 6.3. Coxpawennsie 060-
3HAYEHUS BEJMYUHBI pe3Hc-
TOpOB
YacTo 3HayYeHUs pe3ucTOpoB 0OO3HAYAIOT COKPAIIEHHO TaK, KAk 3TO MOKa3aHO Ha
puC. 6. 3. Pesnucropst co 3HaueHueM or 1 go 999 Om 0603HAYAIOTCA TOJLKO YHCIOM,
a HaymHas ¢ 1000 Om ucnonp3yrorcss v OykBBL. ThICSYM OMOB 0003HAYAIOT CTPOYHOHN
O6ykBO# K (KHJIO), a MHJITMOHBI OMOB — 3arjiaBHOM OykBoit M (mera), KOTOpyro MHOTA4
He MUUIYT Ha Kopnyce (cM. pHC. 6. 3.). B aToM ciiyyae H0MyCTUMBIC 3HAYCHHUA 0003HAYAIOT
B mpoueHTax. Muoraa sHauenmne pesucropos 0603HAYarOT uudpaMu u GyKBamu: OykBa
E o0o3HauaeT ombl, kK — xunooMel, M — meraomul. Hanpumep, E39 0603nauaer 0,39
Om, 3E9 — 3,9 Om, 39E — 39 Om, k39 — 0,39 xOm =390 OM, 3k9 — 3.9 xOwm, 39k
~— 39 xOm, M39 — 0,39 MOM, 3M9 — 3,9 MOm, 39M — 39 MOwm.

Hns ob6o3HauEHHs 3HAYCHU MMHHUATIOPHBIX PE3UCTOPOB MHOTAA MCHONBL3YIOT T. H.
uBeToBoli KoA. OH COCTOMT M3 4eTBHIpEX IIBETHBIX KOJIEI] MJIM TOYEK, HAHECEHHBLIX Ha
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OAHOM KOHUE Kopmyca (puc. 6. 4). Llser riepBoro KoJblla MOKAa3bIBAET MEPBYIO UMY
3HAUEHUS PE3UCTOPA, BTOPOro — BTOPYHO UU(PY, TPETBETO — HYUCIO HyJIeH nocfe nep-
BbIX ABYX 1M(p, 1IBET YETBEPTOro KOJibia 0003HaAYMALT JONYCTHMOE OTKIOHEHUE (AOMYCK).
3HavYeHHe LUBETOB NaHO B Tabsmue 6. 2.

Tabauua 6.2
YBemoBoa xod !
Kosbuo v Touxn
- Heer - L " 2 4 3 4
e

1234 YUepHnblit — 0 — _
\\ | / Kopuinesbiii ) 1 0 1
T Kpacnniit 2 2 00 2
— ® OpaHnxeBblit 3 3 000 —
Kenrwit 4 4 0000 -
Puc. 6.4. [Ipu uBETOBOM 3eneHpiit 5 5 00000 —
obo3HadeHny  Kojbua H Cunnii 6 6 000000 —
TOYKH Pa3jU4HOrO [BETa Puoneroselit 7 7 — —
HAHOCATCS Ha PE3UCTOPHI Cepblit 8 8 _ .
benwiii 9 9 _ _
30710THCTBIH — — — 5
CepebpucThlit — — _ 10
HeoxkpartueHHbiid — - — 20

IIpnvep 6. 1. Haiitu 3HaYeHHe M KJIaCC TOYHOCTH PE3UCTOPA, €CAM TOCAELOBATENb-
HOCTh KOJIEl CI€Ba HAIPaBO CHENYIOUIAs: KENThIH, (PHOJIETOBBIH, OPaHXKEBBIH, cepe-

OpHCTHIA.

M3 Tabimuns! 6. 2 HaxoouM: nepsas uudpa 4, Bropast 7, vucyio Hyjeid — 3, nonycrumoe
otkyoHenne 10%. CremoBaTesIbHO, MOXEM CKa3aTh, 4TO 3To pesuctop 47 kOM, 10%.

6.5. MommocTs pe3ucropos

Kpome 3HadeHHs PE3UCTOpa, BaXXKHBIM NApaMETPOM €ro SBJSCTCS MaKcHMasibHas
MOIHOCTHL pacceWBanMs. OTO HauDoJsbIIAs MOIMHOCTb, KOTOPYIO PE3HCTOP MOXET H3-
Jy4aTh (MM pacceMBaTh) B BHIE TeIUIa, HE TeperpeBasicb. JTa MOILUHOCTb 3agucum om

01281
—~_ 7 02587
~—"}- 0587
T8
I} 280
| V }-587
-m— 1081

Puc. 6.5. CokpanicHubie
0003HaYeHNA MOLIHOCTH
pe3UCTOpOB

euda u pasmepos pesucmopa. Haubonee ynoTpediasemble Pe3HCTOPHE
umerotT mouHocTs 0,125; 0,25; 0,5; 1; 2; 5 1 10 Br. B paguocxemax
MOIIHOCTb PE3UCTOPOB COKpAaUIEHHO OOGO03HAYaeTCAd TakK, KaK 3TO
TOKa3aHo Ha puc. 6. S.

MoIIHOCTL PE3UCTOPOB YacTo BOODINE HE HAHOCHTCS Ha UX KOp-
nyc. OJIHaKO ONBITHBIH PagHONIIOOHTEL MOXET OLIGHHUTDb 3TY MOII-
HOCTb NO pazmepam W BHEUWIHEMY BHUIY PE3UCTOpPaA.

Ha npaxtuke OveHb BaXHO, YTOOBI 3AEKIMPUUECKAS MOWHOCHIb,
KOMOpYIo pacceusaem pe3ucmop, bvlaa MeHbuie Ui, 8 KpaiHem ciy-
yqe, pABHA MAaKCUMAaAbHOU mowHacmu pacceusanus. Hanpumep, ecnu
JAHHBIA pe3ncTop uMeer MouHocTh | BT, TO MBI MOXeM nosasath
Ha Hero pasnmuHble Mownoctn — 0,1; 0,5; | BT, HO HEH B koeM
coydae ue 1,1; 1,6; 3,4 Bt u 1. A., T. K. OH MOXET IEpPErpeThcs H
TIPHATH B HETOJHOCTb.

IMonaBaemast HA PE3UCTOP INEKTPHUYECKAs MOUIHOCTb 3aBMCHT
OT TIPHJIOKEHHOIO0 HanpsDKeHust (MM TPOTEKAFOIIEro TOKA) U BbI-
yucnsercsa no dopmyne (4. 5).

Mpumep 6. 2. Kaxoe HauOosbiiiee HANPSOKEHNE MOXHO MOJATH HA KOHUBI pe3ucTopa,
ecn R=100 xOm u P=1 Br?
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3anauy MOXHO PELUUTb, MCTIOIb3Ys hopmyny (4. 5):
U = +/P.R = J/1.100 000 ~ 315 B.

DTy 3amauy MOXKHO PEIMTH €lllc MPOLIE K OBICTPEE, CCAH UCNONB3OBATL COOTBET-
CTBYIOWYIO HOMOIPAMMY.
PaccMoTpuM 3TO noJpobHee.

6.6. Jlorapudpmuuecknii maciura6. Ilpencrapiense uncia B crenenu. Ho-
MOI'paMMBbl o

Korga Ha JaHHOM 4YepTeXe Hajo u300pazuTh Kak Malibie, TaKk U 0oJee KpynHbIE
3HaYeHHUs, OOBIMHBIA (JIMHEHHbIN) MacuiTab Heyqo0eH M MOITOMY HCIOIL3YIOT Jorapud-
mudeckuii Macitab. Hanmpumep, HaM Hago NOCTPOMTH Ipaduk, Ha KOTOPBIA HAHECEHbBI

Q) ——— b | NUHEUHOIG
0 100k0m S500 KOm 1 MOm
) + + -+ 4 ' —a AuHeinesq
¢ 0 20 30 40 50 60 0m /
8)+ ! + + t 4 — - A02a 7
g 0 T 0t 85 g g | iapupmuveckud

Puc. 6.6. Jlnueiiuplit ¥ norapudmuvecknii MacTad

conpotusienust or 1 Om g0 1 MOm. Ecau B 3TOM ciy4ae HCHOJIL30BATH JIMHEHHBIH
macmtab (puc. 6. 6a), To 3HaucHus ot | OM g0 100 kOM 6yayT HaHECEHBI OYCHB TYCTO.
Eciy Mbl TIOTIBITAEMCS PACTIONIOXHUTEL MX TIOPEXE, TO HaM He XBATUT MecTa (puc. 6. 60).
BoT 3nech HAa MOMOILE ¥ IPUXOIUT jgorapudmudeckuil MaciTab, mpu KOTOPOM B Hayaje
[IKAJIbl 3HAYEHMS Pa3peXXeHbl, 4 HA KOHIE crymenst (puc. 6. 66). Takum obpasom mno-
nydaeTcs GObluasi HArdsIHOCTh MEXKAY MAbiMU H OOABIUMMH 3HAYEHUSMH.

TIpy BBIYHCIEHUSIX C OYEHb MAaJIbIMH M OYeHb OOJIBIIMMH BEJIMYMHAMH YIOOHO HC-
10/Ib30BATh MPEICTABACHHe BETHYHH C MOMOLIbIC 4uciaa 10 B cTenmenn (cM. Tabu. 6. 3).
Tak, GoJbluKE BEAUYMHBI MOXHO INPEACTABUTL B BHIE

150 = 1.5 102 Tabauna 6.3
7 200=7,2 . 103 100=1 10-1=0.1
- 6 10!=10 10-2=0,01
1 600 000=1,6 . 108, 1022 100 10-3 20,001
103 =1000 10—4=0,0001
AHATIOTHHO MOXHO 104= 10000 10-5=0,00001
NpeACTaBUTE U 103 = 100000 10—6=0,000001
MaJibie BEJIUYHHBI 106 = 1000000 .
0,03 =3. 10~2;3
0,0081 =81 . 1075 10n=1000 ... 000 10-=0.000 ... 0001
0,0000027=2,7 . 107 R 20

Tpencrapiedue BeJIMYMH ¢ moMouibio uucna 10 B creneHM ocobenHO yaobBHO mpu
HCIIOJIE30BAaHHA OPMYHA, B KOTOPBIX, KAK MBI YK€ 3HAEM, BEJMYMHBI IOJDKHBI ObITh
TIOACTABIIEHBl 6 OCHOBHBIX edunuyax: BOJNBT, aMmep, oM, dapana, metp u 1. a. Ilpu
NPUBEJCHHUH BE/IMYMH K OCHOBHBIM €MHMIAM PCKOMEHIYEM HCIOJb30BATH Tabm. 6. 4.
B KOTOPOM [JaHbl PA3JIMYHbIC TPHUCTABKH.
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Tabnuua 6.4,

Haumenosaune npuc-  Muoxutens O603navenne Hanmenosanue npac-  Maoxurenn Obo3nadenme
FABKH YaBKy

Tepa 1012 T Henu 101 I

Inra 109 r Cantun 10-2 c

Mera 106 ‘M Muanu 10-3 M

Kuio 103 K Mukpo 10—¢ MK

Iekto 102 r Hano 10-9 H

Hexa 10 na Muxo 10-12 st

Tax, HanpumMep, UCTIONL3YS ITY Tabamily, Mbl MOXKEM HanmucaTth

372 MM=372 . 1073 m; 22 MKA =22 . 1079 A; :
0,17 eM=0,17 . 1072 m; 3,5 Mlu=3,5. 10° I'y; EEEE
14 wM=14.10° m; 712 k=712 . 10° Iy R

27 kOmM=27 . 10° Om; 68 n® =68 . 10~12 d; ‘
0,5 MOm=0,5 . 10° Om; 22 ad=22 . 1077 @;
13 MA =13 . 1073 A; 0,1 mMxd=0,1.10"° D.

B paAHO3NIEKTPOHMKE OYEHb YACTO MCHOJb3YIOT HOMOrpaMMbl. Onu rpaduyecku Bbl-
pakaroT 3aBMCHMOCTH MEXy HECKOJNLKMMHU Bejmintamu. [103ToMy ripu MCHONIL30BAHUN
HOMOrpaMM MOXHO peulath psl 3andad u Oe3 nomourd gopmyn. B kauectse npumepa
Ha puc. 6. 7 mana HOMorpamma, COOTBETCTBYrOLIas hopmyJie U=+P . R. C nomournto

1000 : ; : i
= : ; 1=
izl i
\/va g /T’O’L y 0
” .
100 sy ';!:?\61 456
05" ;_56 A it H
«Q ,/ P ; o 8 M
@ Pal® A A A
E 10 gt 2 5%1% , lf : i
W= i
=2 siii=s
® ,w"‘ 1
1 £ =
1 &
Y 0 102 0° w0* 10° 0" .

Conpomubpenue, OM >

Puc. 6.7. HoMOrpaMma, CBA3BIBAIOILAA CONPOTUBJICHHE PE3UCTOPOB. MX MAKCHUMAILHYIO MOIIHOCTH M Mak-
CHMaibHO JONYCTHMOR HATIPAKEHUE

3TOI HOMOTrPAMMBbI MOXKHO JIETKO ¥ ObICTPO pelInTh 3a/1a4y u3 npumepa 6. 2. Obpartiaem
BHUMaHHE, YTO MO OCH abCIMCChl HAHECCHBI 3HAYEHHUS CONPOTHUBJICHUSA, 2 1O OCH OpAU-
HATbhl — HATIPSHKCHHUS, U TIPH 3TOM KCHOJb30BaH jorapudmuyeckuit mactural. s tex
quTarteneit, kotopple He paboranu ¢ JorapudmuyeckuM Maciutabom, Ha puc. 0. 8«
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HOKA3aHO, KaK ONpPENeIAOTCH BeJINYMHbI Mexnay uyuciaamu 100 u 1000. Bosee B3bicka-
TeJbHBIM YMTATEISIM PEKOMEH/IYEM PellUTh 3aJady W3 mpuMmepa 6. 2, MCHONb3Ys HO-
MorpamMmy puc. 6. 7 U ykazaHue, JaHHOE Ha puc. 6. 86.

ITockoJibKy B AanabHEHIIEM 4acTO OyIyT UCHOJIB30OBATLCS HOMOIPAMMbI, PEILUM €IIe
OAHYy 3ajJauy.

10?2 10°

+ ettt .L\‘—#—\
/ zo/o%oé/ Jo\aoo 700
w0 300 500 700 900 /

a)

Puic. 6.8. a) oTcueT B JorapudmuueckoM MacwTabe; §) NpuMep HCHOAbL3OBAHUS HOMOFPAMMAb

187

& 169 Om

1000 - e ST
il
~ ‘e & >
™~ NN o
S
100 SRS, B3
23,
M l/e\
E NG LN ML SN
" \hh _ 0\\\ N N N
g b by
o ) 0 —
E )ﬁfaf . M
g > ~ : N
3 <7 “ Ny P
; 7 2&) = - b lg
S ¢
Q
a7
7 10 2 109 104 0% 10°

ConpomuBpenue, Om

Puc. 6.9. HOMOTpaMMa. CBA3BLIBAIOLIAS COMPOTUBJICHUME PE3UCTOPOB, UX MUKCHMAJILHYIO MOUIHOCTL M MaK-
CUMAJIBHO ,[lOlIyCTl/lelﬁ TOK

IMpumep 6. 3. Kakolt Hayansublil TOK SIBJISETCS JONYCTUMBIM Ui pe3ncropa R=200

kOm u P=0,5 B1? 5
M3 HoMorpammbl, JaHHOK Ha puc. 6. 9 (oHA.cOOTBETCTBYeT (opmyne] = \/i).ua
xonuM I=50 MA. R
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3AIIOMHHUTE!

1. B aKTHBHBIX CONPOTHBJICHHAX JIEKTPOIHEPrusi NEJHKOM MpeBpaliaeTcs B JApyrue
BHbI JHEPrHH, HANPUMEP, TEIIOBYI0, MEXaHHYECKYI0, CBETOBYIO, 3BYKOBYIO H T.
.

2. Tlpu npoTexaHuH NEepPeMEHHOr0 TOKa 4epe3 aKTHBHOE CONPOTHBJICHHE HANPSKeHHe
H TOK HAaXoIsiTcs B ¢hase.

3. OCHOBHBIMM HapaMeTPaMH PE3HCTOPOB SBJAIOTCS : 3HAYEHHE CTAHXAPTH3IOBAaH-
Hoe, XOIMYCTHMOE OTKJIOHeHHe (KJIAcC TOYHOCTH) H MAKCHMAJILHAN MOUIHOCTL pac-
CeHBAHMA.

4. DaeKkTpHYecKkas MOLIHOCTL, MOJABAEMAsi HA NAHHBLIH pPe3UCTOp, BeerJAa RXOJLKHA
ObITL MeHbIlle WIH, B KpaiiHeM cliy4yae, paBHa MAKCHMAJILHOH MOIHOCTH, KOTOPYIO
OH MOXET paccesiTh.

7

Coenunenne conpormBiiennit. Peocrar.
IMorenmmomeTp

7.1. O0Imue cBeenus

PaauoasiekTpOHHbIE YCTPOICTBA COCTOST U3 OOJIBIIOrO YMCia AETalel, COeIMHEHHBIX
MeXay COOOH pa3iUYHBIMH CJIOXKHBIMH criocofamm. O[HAKO IMMOYTH BCE CIOXKHBIE CO-
CAAHCHHUA MOXHO CBCCTH K [ABYM BHOAAM COCOUHCHUS 3JICMCHTOB! OCACIOBATCIIBHOMY
¥ TapajIeibHOMY.

7.2. MocnenoBarellbHOE COEMHEHUE COMPOTHBIICHMI

ITpu nocaedosameavrom coedunenuu (puc. 7. 1) obwee conpomusienue pasmuo cymme
omoeabHbiX 31emenmos. MaTeMaTHYECKH 3TO BHIpaXaercs Tax:

R06=R1+R2+R3+ (7])
3 ,

paﬁ = 'Qr * PZ

Puc. 7.1. Nocnenopatenbroe coennneHue coONpoOTUBIEHUN
Hanpumep, ecnu coeauauMm jaBa conpoTusieHuss R; =510 Om u R,=430 Om, TO
obitee conporubiieHue OyneT Rog= R+ R,=510+430=940 Om.
nOCﬂeﬂOBaTCﬂbHOC COCAMHEHHUE XAPAKTEPHU3YETCS TEM, 4YTO Hepes omoe.vlibie COnpo-
musaehua npomexaem odun u mom xce mox. [103TOMY nadenus nanpaxcenuii nponop-
YUOHAIbH B OMOe AbHbIM CONPOMUBACHUAM.
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IMpumep 7. 1. K a8yM mociie1oBaTeslbHO COCJAMHEHHBIM CONPOTUBICHNAM R =3 kOm
n R,=7 «Om npwoxeno HanpsokeHue U=10 B (puc. 7. 2¢). OnpeleauTs TOK B LENH
W MafCHUs] HANPIKEHUI HA KOHUAX CONPOTUBICHHH.

I=1MA I=10MA

Puc. 7.2. CsoiicTBa aenuteis

CrnepBa HaxoauM obiuee conpotusieHue: R,s= R;+ R, =3000+7000=10 000 Om.
IHoToM HaxoauM TOK B LEIH

10
=2 - g0
R,s 10000

W, HakoHell, ONpPEJEsIsieM HCKOMBIE MafeHHs HATPsDKEHUHl
' Ug, = I.LR; = 0,001.3000 = 3 B.
Ug, = LR, = 0,001.7000 = 7 B.

Ha puc. 7. 26 u ¢ npuBeneHsl eulc ABa IPUMEPa, KOTOPbIE PEKOMEHAYEM YUTATECIAM
BHUMATEBHO NPOAHATU3UPOBATh.

SkOM[1BT Sx0m/{1BT 1kKOM[1BT 1k0M/2BT 1x0M]2BT
o{— 11— 3o o—{ —{ 1 }—o
Rop =10x0m/28T1 R,5=3k0m| 6 BT

Puc. 7.3. IlpH mocaeoBATEIbHOM COEAMHEHUH OMHHAKOBBIX PEIMC-
TOPOB CYMMMPYETCS HE TOJIBKO COIPOTHUBJIEHHE, HO M MOUIHOCTb

IMpy nOCHen0BATEALHOM COSOHHCHHU OOUHAKOGbIX NO GEAUHUHE U MOWHOCHIU DEIUC-
mopos ux mownocmu cymmupyromea (puc. 7. 3). Takum 06pa3om, U3 HECKOJLKUX OJH-
HAKOBBIX PE3UCTOPOB MOXEM IOJIYYHTh OOUINI pe3ucTop 6OJbILeH MOLIHOCTH pacceu-
BaHuA. [IpH HOCAENOBATENLHOM COCIMHEHHM HCOJMHAKOBBIX PE3UCTOPOB Ha Haubonee
BHLICOKOOMHOM PE3UCTOPE BBIICIAETCS HAHOObINAST MOUIHOCTD.

7.3. [Tapanie/ibHOE COeAMHEHHE CONMPOTHBJICHUHA

ITpu napanaeavrom coedunenuu (puc. 7. 4) obuee conpomuBAeHUe MEHLILE HAUMEHDILES O
U3 ConpomugaeHuil u HaAxXoo0umcs no gopmyae

1 1 1 1
— =4 — . (7.2)
RoG R, R, R,
Ecau coedunenvt moavko 08a conpomugienus, mo gopmyaia npuobpemaem 6uo:
R|.R,
Ros = R+ R, (7.3)

Tpumep 7. 2. [Ia conpoTuBicHus R, =30 Om u R, =70 OM coenmHeHbl TapalienbHo.
Haiitu obinee conporusnenne. IloacTaBnseM naHHble B BEPXHIOWO (hopMyy:
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IIpu aByx napasiesibHO COCAMHEHHBIX CONPOTUBICHUAX BEJIMUYMHY R s MOXKHO NETKO
HaHTH NIPH OMOUIM HOMOTDAMMBI, NAHHOR Ha puc. 7. 6. Hanpumep, eciu Ry =750 Om
u Ry=3500 Om, nerxo onpeaensiercst Ry =300 Om. " Takum xe cnocobom eciu R, =

750 kOMm u R, =500 kOM, TO R,5=300 xOm.

”, 7 ‘705 Rz
r500

| 450

400

R =
ob P' +R,

Puc. 7.4. Mapannenbhoe coe -
LUHCHUE CONPOTHBICHHUH

JOMA
Ros ™
AaHO: R=1500w Ry=5000n\ AGHO: R, =750 x0u,R, =500 x0n
Pesynomam: Roe, = 30008 ™ Peayasmam: Ry, = 300 xln
Puc. 7.5. CpolicTBa MapaieIbHO COCAMHEH- Puc. 7.6. Hcnosnp3oBaHue HOMOIpaMMBbl, MpemHas-
HBbIX COHpOTHBJICHMﬁ HAaYeHHOH 1Jid ABYX MMAPANIENTBHO COCAUHCHHBIX CO-

NPOTHUBJICHUH

Ecnu d6a 00unaxogelx conpomusaenus COEIMHEHB! Mapajuie)ibHO, TO odliee coipo-
TUBJICHUE PABHO HOJIOBHie BEJIMYKMHBLI OJIHOTO M3 HUX.

Hanpumep, ecnu Ry = 1000 Om u R, = 1000 Om, To R =500 Om.

[TapannenbHoe COENMHEHHE XAPAKTEPU3YETCA TEM, 4YTO TOK, MPOTEKAFOLIHHA uepes
OTAE/IbHBLIE CONPOTHUBJICHHS, 0OPAMHO HPOROPYUOHAACH UX 3HAYENUAM. DTO XOPOLIO BH-
JHO Ha TIpUMEPE, MOKA3aHHOM Ha puc. 7. 5.

6xam{0587
10k Omi187 6K 0M] 0,581
0k0n/1 Bt 6x0M|[0,5 Br
1 £ 3
R,5 =JKON] 2B7 R,5=2K0M/1,58T

Puc. 7.7. Tlpu napanneabHOM COeaMHEHMH ONHHAKOBBIX
PE3UCTOPOB UX OOLICE COMPOTHUBJICHHE YMEHbINAETCA.
HO MOILUHOCTbL CYMMHPYCTCH ’

Ilpu napanicibHOM COCTUHEHUHN OOUHAKOBLLX MO 3HAYEHUIO U MOWHOCIIU PE3UCOPO8
ux sownocmu cymmupyiomed (puc. 7. 7). Takum oOpa3soM U3 HECKOJIBKHX OAUHAKOBLIX
PE3UCTOPOB MOXEM NONY4UTH oOumil pe3ucTop ¢ OOnbIUCH MOMHOCTLIO pPacCeHBaHMA.

ITpu napasiienbHOM COETMHCHUN HEOAMHAKOBBIX PE3MCTOPOB B HanGoJiee BHICOKOOM-
HOM PE3UCTOpE BBILACASETCH HAUDOJIbIIAS MOIIHOCTD.
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7.4. Peocrar

Peocmam npedcmaeasem cofGoi pesucmop, 3naueliue Komopoeo Mojcen nidgio us- .
stenampes. OBBIMHO 3TO KepaMUUYECKMH KOPIYC, HA KOTOPbIM HAMOTAH MPOBOAHKK, U NG
yToll HAMOTKE CKOJIB3UT KOHTakKT (puc. 7. 8a). Kj ¥ K; — Hadasio u KOHEL NPOBO/HMKA.

5) K- 2Ky
=
’ Kl% o Kz

Puc. 7.8. a) nabopaTOPHLIA PeocTaT; 0) NPU MOAKIIOYEHUH

TPEX KOHIIOB PEOCTATa K PA3IMUHBIM TOUKAM 3JICKTPUUYCCKOM

Hend OH  WUCHOJIL3YCTCE B K4A4eCTBE  NOTCHUHOMETPA:

&) Npu COCJMHEHHM  CKOJIB3SLIETO KOHTAKTd C  OAHUM
13 KOHIOB PeOCTaTa PEOCTAT MCMOJb3YETCS KAK EePCMEHHOC
CONPO 1 ABICHUE

a Il — cxonp3samuit KOHTAkT. EcayM Bce TpM BbiBOJA PEoCTaTa NOJICOEAMHEHBbI K pas-
JMYHBIM TOYKAM 3JIEKTPUYECKON LIETIH, TO TOBOPST, YTO PEOCTAT UCIOJNIB3YETCS] B KAYECTBE
noTeHUMOMETpa (CM. puc. 7. 86).

Ecnu ckonb3smyil KOHTaKT COEAMHCH C OJHHMM U3 BBIBOJOB peoctarta (puc. 7. 8¢),
TO PEOCTAT MPEACTABISIET COOOH NEPEMEHHOE CONPOTHUBJIEHHUE.

PeocTaTsl UCTIONIB3YIOTCH B TEX LEMSIX, I'A€ HEOOXOAMMO TJIABHOE U3MEHCHME COINPO-
TUBJIEHHS OT HyJs 0O KaKoW-HUOynp onpeneneHHoi BenuuuHbl. OCHOBHbIE MapamMeTphbl
Jodoro peocrata — MaKCHMajibHOE conpoTusienne R,,, . # MakCHMaabHas MOUIHOCTE
paccerranust Py, .. OBbIMHO 3TH 3HA4YEHMS HAHECEHBI Ha KOPIYC PEOCTaTa.

7.5. JlesMTe b HaNpPSKeHUA

Ha puc. 7. 9 noxa3sansl cxeMbl aenuTeNied Hanpsokenus. Bo Bcex Tpex ciiyyasix BXOJ-
Hoe Hanpspkenue 10 B, a Bxoanoe conportupienue 10 kOm. OgHAKO BBIXOJHOE COMpPO-
THBJICHHE U BbIXOJHOE HANPSKEHHE PA3JMYHBI B OOYCIIOBJIEHB! MOAGOPOM CONpPOTHUB-
et Ry u R;. OCHOBHasl 3aBUCHMOCTb B JCIIUTENSAX HANPSKEHUs ClleAyIomas:

' U R,

BhiX . (7.4)
U R, + R,

BX

Ocnogmbim C80LICMBOM 1106020 deaumen ABAACMCA MO, YO NPU COOMBEMICMEYIOUeM
noobope Ry v R, evixodnoe nanpaxcenue moxcem npedcmasisimy coboil KaKylo-mo uacme
6X00H020.

OGpatute BHMManue, 4To otHowenue U, u U,, 3aBUCHT He OT aBGCOJIOTHOIO 3Ha-
YeHust BenMM4MH R, M R,, a Tonbko OT mx ommowenus. Hanpumep, eciu Ha puc. 7. 96

BmecTo 9 1 1 XOM Oyner 18 m 2 xOm (wmm 27 u 3 kOM), BBIXOJHOE HATPSIKEHHE He
M3MCHHUTCA.
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7.6. IloTeHoMeTp

ITomenyuomemp — nepeMennvlil pesu: ~op 0 CKOAbIAWUM KOHMAKMOM, UMEIOUUU
mpu evigoda. Ha puc. 7. 10 nokasan rp-  “iHbIH HOTEHUHOMETP. IIpu BpaieHuy OCH
CKOJIB3SIIMA KOHTAKT JBMXKETCS [O M30J  OHHOM Liaibc. MOKpHITOH cnoem rpadura.

Puc. 7001 Tlpy ABMXEHMM  CKOJIB3S-
WICTO KOHTAKTE H3MEHACTCA COOTHO-
ticHKMe Mexay Ryu R

38

Sx0Om J\i

8) NuHeans!i Nozapugmuyeckud
Puc. 7.9. CsoiicTBa genurens Puc. 7.12. Buabt HOTEHUMOMETPGB
[Mopo6uyro KOHCTPYKIMIO HMMEIOT TPOB  iible MNOTEHUMOMETPHI, TOJbKO B HMX Ha
M3OJIILMOHHYIO L1ai0y HAMOTAHA MPOBC. ¢ GOJILIUIMM CONPOTHBIICHHEM.
U3 puc. 7. 11 BuzanO, 4TO, B CYWIHO: . nomenyuomemp A64Aemca deaumedem Hd-
APANCEHUA, Y KOMOPO2O coomnouenue mc vy Ry u Ry moxncem usmenamscs naaeno. B
pe3yibTaTe BPAIUEHMEM OCH MOXHO ILTak -3 U3MEHSTh BbIXOJHOE HAMPSDKEHHE OT HYNS

1o U,,.
Pasnuuaem aunetinvie u aocapug Muue: 2 NOTEHIMOMETPHI. B JIMHEHHBIX TTOTEHIIHO-
METpaxX CONPOTHUBJIEHHE Pa3JIMUHBIX Y4i OB I'pa@UTHOrO CJIOS OJHO M TO e, a B

JorapupmMudeckux — paszianyioe (puc. 7 i 2).
OcHoBHBIE MapaMeTpbl JIOGOro MoT¢ METPAa — MAaKCHMAJIbHOE CONPOTHBJIEHHE
R, B MAKCHMaJIbHAsE MOIIHOCThL paccel A Lyuke- OOBIMHO MAKCHMaJIbHBIE 3HAYEHUS
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NOTEHUMOMETPOB CTaHAApPTH30BaHbl B cOOTBETCTBHME C Tabnuueit 7. 1. ITpoBonoutsie
HOTEHUHMOMETPBE B IPUHUHMIIE NpedHasnauensl 0442 601bWUX MOKOE, W UX 3HAYEHUS PEAKO
npespiialoT 50 xOM. I'paduTHbIC NOTCHUMOMETPbI MOTYT HPONYCKANb NPeUMyujecmeel-
110 Maible MOKU, & UX 3HA4YEHHUs1 gocturarotr S MOm.

Tpumep 7. 3. Kako#l Haubonpimit TOK SBJSETCS JONYCTUMBIM i rpadUTHOrO Mo-
TeHuuomeTpa 3HadeHueM 1| MOwm u momuocTeio 1 Br?

M3 HOMOrpaMMbl, faHHOM Ha pHC. 6. 9, MOXeM HallTH, YTO HAMOONBLLINI AONYCTUMBI

Puc. 7.13. Tpummepbl U ux 060314 ueHHe

TOK /ISl 3TOr0o MOTEHUMOMETpa | MA.

B panuosyieKTpPOHMKE HAXOAST NPHMEHEHUE T. H, TPUMMEPNOTEHIMoMETpbI (puc. 7.13).
Ony npeaHa3sHa4YeHbl JJIS NOACTPOHKH Pa3MUYHBIX 3JICKTpUYecKUX uHeneil. Ux conpoTus-
JIEHHE U3MEHAECTCA C TOMOINLI) OTBEPTKH, M 3TO ACNACTCH TOJLKO TPH MPOU3BOJACTBE
M PEMOHTE anmapaTyphbi.

B 3ak/itoueHHe MOXKHO CKa3aThb, YTO JIFOOOM IOTEHIMOMETP MOXHO HCHONB30BATh
M B KayecTBe peocrata (cM. puc. 7. 8).

3ATIOMHMUTE!

1. Tlpu nocneoBaTe/IbHOM COeJHHECHUM oflliee COMPOTHB/IEHHE PABHO CyMMe OT/Ie b~
HBIX CONPOTHBJICHW.

2. Tlpu moc/ie0BATEILHOM COE/IMHCHHH TOK, NPOTEeKAIOUIHil Yepes OoTe/bHble CO-
MPOTHBJICHUS, OAMH H TOT XKe.

3. TIpu noc/IeAOBATEALHOM COEMMHEHHH IAICHHN HANPSKEHHH NPONOPIMOHANLHBI
OTeNbHBLIM COMPOTHRJICHHAM, T. €. HAa HauGoJIbIIEM CONPOTHBJIeHHH 00pa3yeTcs
HaHOO/IbIIee Ma/ICHHE HANPSKEHHs.

4. Tlpu napanieJbHOM coelHHEHHH oOlllee CONPOTHRIIEHHE MeHbIle HauMeHblllero H3
CONPOTHBJICHHH,

5. Tlpn napanie;ibHOM cOeHHEHWH Ha OT/E/JbHLIX CONMPOTHBJICHHAX JelCTBYeT OJHO
H TO ke HANpPSKeHHE.

6. Ilpn napannelbHOM coeIHHEHMH TOKH 0O0paTHO MPONOPUHOHAJIBHLI OTE/AbHBIM
COTIPOTHBJIECHHAM, T. €. 0 HAUMEHLHIEMY COMPOTHBJICHHIO NPOTEKaeT HANOOJIbIIMI
TOK.

7. PeocTar — 3TO NepeMeHHblil pe3ucTop ¢ ABYMsl BbIBOJAAMH, CONpPOTHBJEHHEe KO-
TOPOT0 MOXHO H3MEHATH I1aBHO.

8. TloTrennmoMeTp — 3TO NepeMeHHbIil pe3ucTop ¢ TpeMs BbiBoAaMH. CpexHHl BLIBO
CBA3aH CO CKOJIbISHIMM KOHTAKTOM, HOITOMY NOTEHIHOMETP NPeCTaBIseT cOOoi
NEePEMEHHBIA JJINTE/Ib HANPSAKCHHS.
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8

3JI€KTpH‘leCKaﬂ €MKOCTb H KOH/ICHCATOPbI

8.1. DaexTpHyeckass eMKOCTh

Ha puc. 8. la nokasana niomnas merasumieckas chepa, 3apsikeHHas OTPULATEILHO.
([Ins BPOCTOTHI HAPUCOBAHBI TOJNBLKO HOUOIHUTENLHO BHECEHHBLIC 3JEKTPOHBI). biaro-
aps B3aHMHOMY OTTAJIKUBAHHIO DJJICKTPOHOB OHH PACIOJIaraloTcsi paBHOMEPHO 110 TO-

DO DDDDDD

0,0/0]0/010/0[0/0 0]

Ny

Puc. 8.1. a) npu 3apsiKe METAUIRYECKOH ChEPbI OTPHUATENBHBIMHI 3aPAAAMH OHHM B3AUMHO OTTall-
KUBAIOTCS M PACHOJIATAIOTCS HA €€ MOBEPXHOCTH; () MPH YBEJIMYCHHUH Pa3MepOoB chepsl SBJIEHHEC TO
KE CaMoe, HO WIEKTPOHbI PACMONArAOTCs AANblUC APYL OT APYra, TO eCTb EMKOCTh BTOPOU cdepbl
Oounbilie; ) NPH ABYX PAZHOMMEHHO 3APMHKCHHBIX METAJUIMYMECKUX TENaX 3JCKTPHYECKHE 3apsifbl
B3dUMHO HIPUTATHBAROTCA

BEPXHOCTH cdepbl, a BHYTpU cdepa ocraercs HeHTpasibHoM. Eciim 3TUM e 3apsiom
(3TUM >Xe KOIMYECTBOM 3JIEKTPOHOB) HA3JIEKTPU30BATh APYIYIO METaJlIMYecKyro cepy
60AbLIEr0 pa3Mepa, TO IEKTPOHB PACTIONIOKATCS ONSTL Ha €€ NOBEPXHOCTH, HO AaJbIue
apyr ot apyra (puc. 8. 16). B TakoM cirydae roBOPAT, YTO 2A€KMPUYECKAS €MKOCHIb
emopoii cpepvl Goavuwie. VI neCTBUTENBHO, AJIsi TOro, YTOOBI TMOJIYYUTL TY KE CaMyro
IIOTHOCTb YacTUU, HALO 100aBUTL K cdepe elre 3IeKTPOHOB.

Teneph SCHO, YTO MeMAAAUYECKUE MeAd DOABUWUX PAZMEPOE UMEIOM DOALWYIO DaeK-
mpuueckyro emrxocms. QOJHAKO EMKOCTh MIOOOH CUCTEMBI MOXHO YBEJIMUMTL HE TONBLKO
34 CYET YBEJIMYECHHUSI €€ PA3MEPOB, HO M JAPYrMMM cHocobaMu. DTO MOKA34HO HA pPHC.
8. lg, roe ABa OAMHAKOBBIX METAUIMYECKMX TN, 3APSHKCHHBIX PA3HOMMEHHBIMH 3apsi-
JaMu, MoMelleHbl GJIM3KO Apyr K Apyry. bnaroaaps ezaumicomy npumancenuto 3apsabi
pacnoJiararotrcs DoJiee rycro Ha obpaweiiix opye k opyey emoponax ten. Tak ,,0cBO-
GoXAaaeTCd MeCTO™ Asid BBe/ieHis JOTNONHUTEIbHBIX BHCIUHNX 3apSAA0B, T. €. yBEAMUYM-
BAETCA €MKOCTh. ITa OCODEHHOCTh HCHOJIL3YETCS! B PA3JIMYHBIX BUAAX KOHIACHCATOPOB.

MoxHo elie J0DaBUTh, YTO 4060€ 3apANCEHHOe MEA0 ABAAEMICA HOCUMEAEM Oonpe-
Oeqaennoil snepeud. J1a HEPrus BBeJcHa BHEIUIHEH NpUUMHON, KoTOpas 3apsauia Teno.
AHAJNOrH4HBIi c1ydall npejcraBiseT coOOH Haayras aBTOMOOMIbHAas UIMHA, OHA —
»HOCHTEJIb® 3HEPIHUH, TIEPENAHHON TEM, KTO HAAYJl LIMHY.
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8.2. O0wme CBECHUS O KOHZEHCATOpaX

Cucmema, cOCMoAWAA U3 08YX NPOBOONUKOE, pA3denelitblX QUIACKIMPUKOM, HA3bIGUCHI-
¢ Koidencamopom (puc. 8. 2). TNaBHBIM CBOICTBOM KOHACHCATOpA ABIAAETCH TO, YTO
Ha ero odbkyajkax (3J1€KTPOJax) MOTYT HAKAIUMBATLCS pdsiible NO GeAudulie u RPOmu-
60ROA0XCIHBIE NO 31AKY 3JEKTPUYECKUE 3apsiabl. JIpyruM Ba)XHbIM CBOMCTBOM KOHJIEH-
caropa SBJISETCA €0 CHOCOOHOCIb RPONYCKAMb Nepemeliitblii MoK U e NPOnyCKamb no-
emoanneii. (B pagpHeRIIeM paccMOTpHM 3TO nogpobHee).

Ha puc. 8. 3a cxemMaTH4YHO NOKa3aH HE3apsKEHHBIM KOHAEHCATOP, MCETAJJIMYECKHUE
00KJIaJKM KOTOPOTO 3JIEKTPUYECKH HEUTPAJIbHBI, ITOTOMY, YTO YHUCIO TMOMOKHTEILHLIX
M OTPUUATEJbHBIX YACTHIl Ha KaXXIOM JJEKTPOJE ONMHAKOBO, ¥ OHM B3aHMHO HEATpa-

JIM3YIOTCA.
Ausrexkmpux |

nexmpod

Inexrhpod ‘
aj d) 8

Puc. 8.2. ¢/ M &) YCTPOHCTBO KOHUGHCATOPd: 6) o6o3HaUCHUEC
KOHAgHCaTOpa

B 3apsXeHHOM KOHACHCATOPE NOAGHCUMEABHOMY IAeKMPOOY (00KAaoKe) Hedocmaem
C80OOOHBIX IACKMPOHOE, A ompuyameblivili umeem uzboimox (puc. 8. 30). B aTom citydae
MeHCOY 0BKAGOKAMU 3aPANCEHHO20 KOHOEHCAMOPA CYUeCmByem onpedetenitoe Hanpaxce-
nue, a 6 OUIACKMPUKe 803HUKAEM IACKMPUUECKoe NoJe.
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a) d)

Puc. 8.3. a) B HE3apsXKEHHOM KOHIEHCATOPE OAHA U3 €ro OOKJIAAOK HeHTpasibHA 3)
NOJIOKNTE IbHASE 00KIAaAKA 3aPSXKEHHOTO KOHASHCATOPA MMEET HEAOCTATOK YIEKTPOHOB,
a4 OTpUUATEIbHAS — H3OBITOK

Hanpspokenue Mexay oOKIajikaMH, KOTOPOe BO3HMKAET MPH 3apsiAKe KOHAEHCATOpa,
3aBUCHT KaK OT KOJIMYECTBA 3JIEKTPHUYECTBA, TaK M OT EMKOCTH KoHAeHcaTopa. Ecau nBa
KOHJIEHCATOpa Pa3IMYHOM €MKOCTH 3apSIUTL QONUM U MEM MHCe KOAUYECEOM D1eKMmpU-
yecmea, TO HANPSDKCHUE HA MEHbIIEM KOHJICHCATOpe OYACT BbIlIe HANPSHKEHUst Ha OOJIb-
weM. [1ogoOHEIH ciiyyait npeacTaBisIOT ABa Pa3/IMYHBIX 110 BEJHIHHE COCYAd, B KOTOPBIE
HASUTO 00UNAK080€ Koauuecmeo 600bi. O4EBUIHO, YPOBEHb BOABl B MEHBIUEM COCYIE
OyneT BbilIE ypOBHS B GosbieM (puc. 8. 4).

EnuHnna U3MepeHus 3JIeKTpudeckoit eMkocTn HaspiBaeTcsi ¢apaaa (®) B uecTb aH-
ragiickoro ¢usvka Maiikna ®apanen (1791—1867). Kondencamop umeem emxocnmo |
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gapady, ecau npu 3apAOKe €20 OOHUM KYAOHOM DACKIMPULECMBA HOAYUdeM Mencdy 00K 1a0-
Kamu nanpaxcenue ooull 60.4bh.
CrneaoBaTenbHO, MOXHO 3aMHCATh:

: 1 KysioH
apal = ——— .
ap | BOJIBT
Tockonbky emkocTh o6o3nauaercss GykBoit C, KOIM4ECTBO 3yeKTpudecTBa — Q, a
HanpsbkeHue U, nojy4uM Takyro ¢opmyny:
C=— 8.1
U @®.1)

OT1a dopmyna ONpenessieT CBA3b MEXY €MKOCTBIO KOHACHCATOPAa, KOJIMYECTBOM
INCKTPHUECTBA, KOTOPHIM 3aPSHKEH KOHACHCATOP, ¥ HATIPSHKEHMEM, BOZHHKAIONMM MeX-
Iy €ro 3JEeKTPOoAaMHu.

Konpaencatop emkoctbio 1 ® umen Obl oueHb OoJibluue pasmepnl. HosTomy npu-
MeHAaAemble Ha npakmuke KOIldEI{Caﬂl()pbl UMEIOM 3HAYUMEAbIO MENbUUYIO eMKocmb, J1A

U3MEpPEHUs] KOTOPOH HCNOJB3YIOTCS €AMHHUILbI
1 mukpodapana (Mx®d), nanopapaga (nP) n nu-

kodapata (ad). DTH eAMHHLLI MOTYT ObITh
NIpEJACTABJICHbI B TAKOM BUJE!

1 ud =109 @;
1 nd =10-12 @,

Orctoga BuaHO, uTto 1 Mk® =1000 O, a

"I 1 Mxd =106 b,

2 I H® =1000 nd.
Manas borowag ; ITpumep 8. 1. Kaxoe Hanpsxenue BOZHUKHET
emMKocmes eMKoCme MEX1y OOKIaIKaMH KOHAECHCATOPA €MKOCTLIO
20 mxd ¢
Puc. 8.4. OnHo ¥ TO %€ KOJHYECTBO BO/bI, 0 K, (,’ CC/IM 3apsANTL €10 32pANoM B 0.001
HAJNIUTOH B pasjiniHbIC COCYyabi, CO3aeT pas- KyHOHd'
JHMYHOE AaBiCHUE Hicnone3yst dopmyny (8. 1), Haxoanum:

U Q 1073 10° 0B
C 2010°°¢ 20 '

Ecnn tem ke KONM4YECTBOM IJIEKTPHYECTBA 3aps/IHM KOHJEHCATOP eMKOocThio 1 nd,
TO MEXIy ero oOKIaJKaMu BO3HUKHET HalPsDKCHHE | MUJIJIMOH BOJIBT!

Bbl[_ue MBbl BbIICHUJIA, MTQO €MKOCTH 3dBUCHUT KakK OT pazMeposB KOHOEHCATOpa, TakK
M OT YCIOBHH Ui B3AMMHOIO NMPHUTSHKEHUS TPOTHBOMOJIOXKHBIX MO 3HaKy 3apsaioB. C
Yeeauuenuesm nAowaou o0KIAO0K YeeMUUBAenica U eMKoCms Konodelcamopd, IOTOMY 4TO
CO3[Ial0TCsl YCJIOBUsi JUIS HAKOIuleHusi OGoJibiero xosmdecrsa 3apsfnosB. OaHako 3ToT
cnoco® yBeMUYeHHs EMKOCTH NIPUBOJUT K YBEJIMYCHHIO pa3MEPOB CAMOIO KOHIEHCATOPA,
a8 9TO HEXCJATEJIbHO.

Apyrum cnoco60oM yBENMYEHUS €MKOCTH [JAaHHOTO KOHJEHCATOpa SABISETCH )MCllb-
wenue pacemoanua Mexncay e20 ooKkaaokamu. B pesyiabraTe pasHOMMEHHBIE 3apsinl OKa-
3bIBAFOTCH OJIMXKe APYr K APYTY, MIEKTPHUECKOE TOJiE MEXAY OOKJIaJKaMH CTAHOBUTCSH
6016 MHTEHCUBHBLIM M CUJIbl MPUTAKEHUS MEXKIY 3apafaMU yBeIU4UBAIOTCA. Takum
o6pa3zom, Ha kaxaod OOKI4aKe 3apsjbl CKaIIMBArOTCH OoJiee rycTo M OCBOOOXJAIOT
MECTO JUisi APYIMX 3apsjioB, T. €. emKocThb ymenuuusaercs. Ho cOnwxarth oOxnanxu
MOXHO TOJIbKO [0 OIPEAeICHHOrO NpEeAena, 1oc/e Yero 3HaYMTESbHO YBETMYMBAETCH
OMACHOCTH KOPOTKOrO 3aMbIKaHHs WJM Npodosi.
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8.3. Poib QMDJIEKTPUKA

Haubosee palMoHaibHbIN cnocod yser:
MviellIEHHE 100X00AWE20 OUIACKMPUKA MER S

poduee.

B HOpMa/bHOM COCTOSHUH BANCHTHAIC
¢4 BOKPYT ATOMHOTO sIAP& MO KPYyrosbihs
na puc. 8. Sa). TIpu momeueHnu AU3JicK:
1a oBpallaroLIKecsl MIEKTPOKbL N deghop
feKy/ibl AMIJIEKTPUKA NPEBpAlaloTCs B i
IPOTHBOTIONIOXHBIX KOHIAX 3apsKafoTCa pa

pH AMEKTPHKA PA3HOMMEHHBIC 3apsi/ibl &
JIBYX IPOTHBOTIOJNIOXHBIX CTOPOHAX OCTAKOY
paccMaTpHBaTh Kak uxmusnsie (HeCBOGO,::

O
OC.

+

UYWL

'HMS E€MKOCTH KOHJeHcaTopa — 37O To-
cro obkaaakamu. PaccmoTpum 31O noa-

<TPOHBI IFOOOro MUINEKTPUKA 0OpallatoT
uTaMm (MOC/eHHE NMOKa3aHbl CHMBOSIHYHC
a4 B DJEKTPHYECKOE TOJIE, OHO AEHCTBYET
em ux opbumel. B pesynbrare 3TOro Mo-
M, T. €. B YacCTHLbI, KOTOPbIC Ha CBOMX
uMenHo (puc. 8. 56). Haxonsaumecs BHYT-
‘MHO HEHTPaNM3yIOTCS, a 3apsiibi Ha €ro
HECKOMIICHCHPOBAHHbIMHY, T. €. UX MOXHO

‘e, CBA3AHHBIE C BEIIECTBOM) 3aps/bl, pac-

e o | =

Puc. 8.5. @) HenoAApU30BAHHLI ANIAEKTPUK
BOIONIOXKHBIX 1IIOBEPXHOCI'SIX [OJARPUBOBUHIL

NOJIOXKECHHBIC HAa TNOBEPXHOCTH AUBJIEKTPUWW

aapu3anpedil AMdJIekTpUKa. Yem Oonblic
XHOCTH [HM3JICKTPUKA, TeM Oonee oH naii
Ha puc. 8. 6a nokaszaH 3apsikeHHEY

ecTh BaKyyM (cBOOOZHOE NPOCTPANHCTBO). §.

@ =)
=) (¢]
4+ |2 @ & 6

o 2
5 o o ©
2 <)
& o e 6
) (2]

($:] e

a)
Puc. 8.6. «) KORIEHCATOP. Yy KOTOPOTO i .

OOBIKHOBEHHBIM JUIACKTPHKOM

JEHCATOPA 3aBUCHT OT NMAOCLIAAM OOKIAL0K
THTb, YTO 3JECHh 3aps/ibl Ha KaXAoH m3 of

ApYT K ApYyry. 3TO TOJIy4aercs NOTOMY,

[I0BOJILHO OOABIIOE U CUIIBI B3aUMHOFO It
penukd. Ha puc. 8. 66 Mexny 3jiextpo/i
TIOMELIEH IMAJIEKTPUK. Benegcreue Bo3ki

4)

EiOﬂﬂpl/l'}OBaHHblﬁ IUVICKTPUK, 8) HA APOTH-
A3ICKTPUKA CO31al071Ca (bMKTHBHblC 3dpaibl

“uc. 8. 56). DTO sBJIEHHE HA3LIBAETCS MO-
"MBHBIX 3apslloB obpasyercs Ha Tnosep-
/eTCH.

1EHCATOp, MeXay obkiaakaMM KOTOpOro
YK€ HaM HM3BECTHO, EMKOCTb TaKOro KOH-

M- Hle

211 +|o ;

+ R | O
&l]- +|8
— 8l +H|©
f - +le
! oll- =)
— ejl- +
ell-
- +
gll=  ile
(<21 ) +||1©

%)

‘KOM ABNAETCA BaKyyM: &) KOHICHCATOp ¢

*ACCTOSIHHA Mexay HUMH. Crnefyer oTMme-
JIOK HE PACMOJIOKEHbI OCOOEHHO MIOTHO
PacCTOSHHE MEXIY ABYMs OOKJ1agKaMH
PSOKEHHSE MEXY 3aps/laMu He OCOOEHHO
TAKOTO XK€ 3apPsLKEHHOrO KOHJIEHCATOpPA
i nongpusamuMu (PUKTHUBHBbIE 3apsabl HA
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[IOBCPXHOCTH OWANICKTPHKA OKA3bIBAIOMCA OUCHb OAUZKO K 3APAOAM MA 0OKAQOKAX, W TIO-
3TOMY CHJIBI B3aUMHOIO NPUTSHKEHUS 0olee 3HAYMTEIbHBL, TakuM o0pa3oM, 3apsiabl Ha
OOKJIafiKax CKamIMBAIOTCH Tyl U OCBOOOKIAIOT MECTO AJs JIPYyrHMX 3apsioB (puc.
8. 60), T. &. EeMKOCTb KOH/EHCATOPA YBEJMYHBACTCH.

OueBuaHo, veM CHUIbHEE TOJAPH3YETCS OUIEKTPHK, TEM 3HAYMTE/IbHEE YBEJMUH-
BAETCS EMKOCTb KOH/ICHCATOPA.

B KOJIMYECTBEHHOM OTHOILCHHHM CTENCHh MOJSPH3ALMNN XAaPAKTEPH3IYETCS BEJIMYNMHOMN
€, KOTOpAsi HA3biBACTCSi OTHOCHTEILHOH AMINEKTPHUYECKOH NPOHMIAEMOCTBIO BEIIECTBA.
Jns pasnuuHeIX AMDJEKTPUMKOB 3Ta BEJIMYHMHA Da3NU4HA (Hanpumep, U8 CTeKiaa &,=
=312, ansa croabl €,=6-+8, a Juist Bo3Ayxa £.=1 U T. J1.) ¥ JaeTCA B COPABOYHUKAX.
BobiuMHCTBO Haubosee NPUMEHAEMbIX JMINEKTPUKOB HMEIOT €, B mpenejax ot | go
20. CyiliecTByeT, 0HaKo, ocobast IpyMna BEIIECTB, HA3BIBAEMbIX CETHETOMNIEKTPUKAMM,
¥ KOTOpbIX MONsApU3ailds 4pe3BbldaifHo cuiibHa u €,=50--100 000. CerHeToaneKTpuku
HCIIOJIB3YIOTCA I M3TOTOBJICHHS MUNUQIIOPIHBIX KOHOENCAMopos, 001a0dioyux onno-
cumenvito GOAbLUOL eMKOCIbIO.

B zakirouenue crneayeT qo0aBUTH, YTO JIMIJAEKTPUKH, MCTIOJIL3YEMbIC JUIS U3rOTOB-
JICHMS. KOH/IEHCATOPOB, JO0JDKHbI 00J1a/1aTh HE TOJILKO OOJILIIMM 3HAYCHUEM OTHOCH-
TEJIBHOH JHDNEKTPUUECKOil MPOHHULAEMOCTH, HO M YIOBJIETBOPATH CIEAYIOIIMM YCJIO-
BUSIM;

a) UMemb DOABIUVIO DACKIMPUYCCKYIO HPOUNOCHb, T. €. TOHKUIH CI108 An3eKTpuka J10-
JKEH BbLAEPNKMBATH 3HAUNTE/bHBIE HANPSKEHHUSA, YTOObI HE HACTYNHI MPOBoii;

0) umems neboavuiue nomepu Ha gwvicokux uyacmomax. Korjpa mexay oOkmagkamu
KOHJIeHCATOpA ACHCTBYIOT NMEPEMEHHBIE HATIPSDKEHHUS, OHH BbI3BLIBAIOT LIMKITHMYECKYIO Tie-
PCOPUEHTAILIMIO MOJICKYJT JUDJIEKTPUKA, YTO, CO CBOCH CTOPOHBI, IPUBO/IUT K €r0 HArpeBy,
4 9TO SBAAETCA MIJUUIHEH NOTeped 3HEpPruu. XOpouiue AUIJIEKTPUKH HA BBICOKMX 4aC-
TOTAX HAIPEBAIOTCS CPaBHUTENbHO c/1a00. TakoBbl, HANPUMED, MOJIHCTUPOJI. CNEUUANb-
HAsl KepaMHKa U T. JI. ‘

8.4. EMkocTh m/10CKOro KOHaeHcaTopa

B npensiayumx naparpacgax Mbl BbISICHWIIH, 4TO 4¢M OOJIbLIC TLIOIIAAL 0DKIA0K,
4YeM MEHBIIE PACCTOSIHUE MEXIY HUMU U YEM OOJIbLIE AUINEKTPHUYECKAS MPOHULIAEMOCTb
UCTIOJNIB3YEMOr 0 AUAIEKTPUKA, TeM OOJIbLUE €MKOCTh AaHHOIO KoHjAeHcaTopa. EMKocThb
IUIOCKOT'O KOH,ICHCATOPA ¢ OMHAKOBLIMU 00KJIaAKaAMH BLIUMCIACTLCA O dopmylie:

C =885 10712, | - (8. 2
’ d ' - 2)
3nech €, — OTHOCHTENbHAs! JMITEKTPHUYECKAsS MPOHHUAEMOCTb AUMIEKTPUKA, S —
TUIOL4 /b OJHON U3 0OKIaiok B M%, a d — paccTosiHue MeXy OOKIajJKaMH B MeTpix.
TMpumep 8. 2. Haiitn eMKOCTb ILIOCKOre KOHjIeHCATOPA, ecin S= 100 cM?, d=1 mm.
a JMDJIEKTPUK — BollleHas Oymara ¢ g,=4.
[TpuBOAYM BeJIMYHMHBI K OCHOBHBIM €AMHHIIAM M [O/CTABJISIEM B BEPXHIOIO QopMyy
4102 .

C = 885.10 28 _ 88510712 ST 3541072 @ = 354 n.

J :

3
YuurbiBas BbILICCKA3AHHOC, MOXEM [1aTh CIACAYHOUICC (1)”3PI‘{€CKOC 00bsACHCHUC Be-
JIMMHUHDBL £,! OTHOCHTECNIbHAA [AUBJICKTPHUUCCKAS HNPOHULACMOCTL AAHHOIO AUIJICKTPHUKA
— I3TO YUCJIO, KOTOPOEC MNOKA3ZLIBACT, BO CKOJIBKO pPd3 BO3PACTACT CEMKOCTH [IAHHOIO

[LUIOCKOI'0 BAKYYMHOI'O KOHJCHCATOpd, €CJIM BMECTO BAKYYMA HCIOJIbL30BATH JAaHHbIK
AUDJICKTPUK. .
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8.5. Kongencarop B uenu nocTOSIHHOI0 TOKA

Ha puc. 8. 7 nokaszana sJjleKTpHueckasi Uelb, cocrosilas M3 GatapedKn, JIAMIOYKH
M KOHAEHcaTopa.

[Mpy 3aMBbIKAHNM LEHH JIAMIIOYKA CBETHT KOPOTKOE BpeMs, MOC/E Yero racHer. He-
cMOTpsl Ha TO, YTO Lenb 3aMkHyTa. ITosTomy M TOBOPST, YTO KOHJECHCATOPB! HE MpoO-
MYCKaloT TIOCTOSHHBIA TOK.

U‘-,B l._’qp,l
5] 050
______ oHoeHIamope
4 - e Ha K
J
15,2
¢ H"ﬂp C =100MKQ

1 2, R;=10 Om

7 ‘96?«,4”5 nox

0 i 1 " -
4,001 8002 0008 4004 Bpema, L

Puc. 8.9. I'paduku. noscustolmne NepexosiHsiit POLUECC 1IPH 34PAAKC
KOH/ICHCATOPA i

Puc. 8.7. Tlpy 3aMbIKaHUM LEIM JTAMIOYKA HA MPHOBEHUC 3al0paeTcs

2
+ If K
= 458
R;

joom  C|100Mx@

a)

Puc. 8.8. ¢) npH 3aMbIKaHHM KItoua K B LENM MPOTEKAET 3aps/HbLl TOK: ¢/ B Nepsbii
MOMEHT BKJIFOMEHHH BCAKMI KOHACHCATOP NpEACTaB/ifeT coOOH KOPOTKOC 3aMbiKaHue: 4/
34 KOPOTKOE BpeMsl MOC/IE BKJIIOUECHHS KOHICHCATOP 3apsmuiics A0 Hanpsxcnus 1B

ITonobHas xe cxema mpexacraeieHa ua puc. 8. 8a. [1pu 3amMbikanuy kmoua K B uenu
HEKOTOPOE BPeMsl NPOTEKAeT T. H. 3apAdubii mok. OH NPOTEKAET TOJIBKO JIO TEX NOp,
0K 3apskacTcss KOHAEHCATOP, M 3TO SBJICHHE HA3bIBAETCH NEPexOoOHbiv HPOYeLcoM.
3apaaka KOHAEHCATOPAa HE MPOMCXOANT MIHOBEHHO, A TMOCTENEHHO MO T. H. 3KCIOHEH-
UMAJIBHOMY 3aKOHY. B momenm exmouenus HanpsbkeHue Mexay oOkitaaxaMy KOH/ICH-
€aTopa DABHO HYIIO, T. €. KOHOECHCAMOpP npedcmasanem coDoll KOPOMKOe 3aMbIKaHue 8
yenu (puc. 8. 80) v ModITOMY 3apAAHBIH TOK Haubodbliui. B crenyromuit MoMeHT Ha-
NPSXKEHHE HA KOHACHCATOPE HAYMHAET YBEJIMUMBATLCS, APU IHOM OHO UMeen NPOMUEo-
noaoxncnoe nanpasienue Hanpasiaenurd J1C ucrouynuka. Takum obpasom, obiee Ha-
MpsKEHNE B €T YMeHbluaeTcs (Ha puc. 8. 8¢ ono paBHO Uy=4,5—1=3,5 B), nostomy
YMEHbLIACTCS M 3apsiiHbll Tok. Ha puc. 8. 9 nokas’aHo M3MEHEHHe TOKA W HATIPSKCHHMSI
B PACCMATPUBACMON KOHKPETHOMN cxeMe. BiiHo, 4TO nepexoaHbiil IPoLece Npoaosnkact -
¢ I0BONBLHO 10Mr0. OIHAKO /17151 MPAKTUYECKHX PACUETOB NPUHUMAEM, UTO NePexooiblil

e
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npoyece Konuaemcsa moedd, ko2da Hanpaxcenue Ha Kowdewcamope oocmuzaem 95% na-
NPANCEHUA UCMOYHUKA MOKA WA KOTJAA 3apsaHbli TOK JOCTUTACT TOJILKO 5% TOKa B
NEpBHI MOMEHT BKJIIOUCHHS. DTHM NEPEXOAHBI MPOIECC NPAKTHYCCKM 3AKAHYMBACTCH,
T. €. KOHJEHCATOP 3aPskeH, H TOK B Ienu OONblUC HE MPOTEKAET.
T poaOIXHTENBHOCT TMIEPEXOJHOTO MPOUECCA MOKHO BBIYMCIIMTL MO (popmy.e
T t=3R C. (33)
, 3mecs ¢ — BpeMsi B cekyHnax, C — eMKocTh B (apanax, a R — CcONpOTHBICHHE B
OMaX &cell yenu, 8 KOMOPoOil npoucxodum 3apadka, BKAOYas u R; MCTOYHMKA Toka. DTa
dbopMysia MoKa3eBaeT, YTO OoNbIasgs €MKOCTh 4epe3 GONBIIoE CONMpPOTUBICHHE 3aps-
®aeTcs JoJible, a Majlas EMKOCTh YEpe3 MaJjloe CONpPOTHUBJICHHE 3apsikaeTcs OwicTpee.
IIpumep 8. 3. 3a xaxoe BpemMs 3apsauTcs KonaeHcaTop emxoctpio C= 10 Mxd yepes
conpotusneHde R=10 Om?
IpHBOIHM €MKOCTh K OCHOBHBIM €IHHHIIaM M NIOACTaBIsfieM B dopmyay (8. 3)
t=3RC=3.10.10-5=0,0003 c.
Ecnu Opl TOT € KOHAEHCATOD 3apsKajd uepes comporTubieHue 1 MOwm, To nepe-
xoaHpiil npouece amwiIcs Obl 30 cexyHn.

4.8 Lpasp,A

62

re C=100mcx@
3 : R=220m
2-

74

g ;

4,001 qooz 4003 8pens,C

Puc. 8.10. CxeMa 4 rpadHKHi. NOACHAIOLIME MEPEXOAHBIA IPOUECC NPU PA3PLAKES KOHACHCATOPA

INpu pa3spsjke KOHAEHCATOPA 4epe3 COMPOTHBIIEHHE NMPOUCXOIST TE K€ CAMBIE fB-
JieHus, T. €. pa3psAKa NPOUCXOAWT HE MrHOBEHHO, & TOXE MO JKCNOHEHIMAILHOMY
3aKOHY, 4 NPOOOAHCUMEABHOCHD HEPEXOOH020 HPOYecca MONCHO Halmy o gopmyae, nan-
HoM Beile. Ha puc. 8. 10 nokasaHa cxeMa pa3psiiku KOHIEHCATOpA YePe3 CONPOTHBJIEHUE
¥ rpaduK NepexoAHOro npouecca. BUaHO, YTO Kak HanpskeHHe, Tak M TOK paspaja
YMEHBUIAETCS 110 KCHOHEHTE.

8.6. Konnencarop B nenm nepemMeHHoro Toka

Kak u3BecTHO, nmepeMEHHBI TOK B MeTajiax npeacraBiaser coboit kolsiebaTenbHoe
JBMXEHHE 3JIEKTPOHOB TO B OJHOM, TO B APYIrOM HAMpaBJeHHH. EcaM K HUCTOMHMKY
NEPEMEHHOTG TOKAa MOAKJIIOYHTL KOHJAEHCATOp, TO €ro 00KJIaAKH OyayT NepHoaAMHEcKH
3aPAKATLCS M PA3PAKATLCH INEKTPoHamu (puc. 8. 11). Hecmompsa na mo, umo »aexmpons
He RPOHUKArOM CKEO3b OUIAECKINMPUK, GO GHEWIICH Yenu UX OBUMNCCHUC KOACOUMECAbHOC, N1.
e. npomexaem nepemenibiii mox.

ConpoTHBiieHre, KOTOPOE KOHIEHCATOP OKa3biBACT NEPEMEHHOMY TOKY, HA3bIBACTCS
€MKOCTHBIM CONIPOTHBIIEHHEM W M3MepsieTcsl B oMax. OHO 0603Havaercs X M BbluUC-
asietcs no gopmyie

1 1
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OTCIOAA CRENYET, UTO eMKOCMHOE CONPOMUGALIUE 3ABUCUM KAK OM GEAUNUTIIbI EMKOCML
woudencamopa, max u om yacmomsi. YeM 6oblIe EMKOCTb H BBILIE YACTOTA, TEM MEHBILIC
¢MKOCTHOE COINPOTHBIICHHE.

Iipamep 8.4. Haiitu eMKOCTHOE CONpOTHBIEHHE KOHAEHCATOpa eMKocTbio 0,1 mkd
iipu vactore 50 T'u.

DODi

S =5

Puc. 8.11. Tlpu npoxoxucHUM NEPEMEHHOIO TOKA Mepe3 KOHICHCATOD
JICKTPOHBI TOIBKO CKAIUIMBAIOTCA HA JIEKTPOJAX B3 LIPOXOKACHUSA 1epes
AUIICKTPHK

2. KOM
b/
20 |+
C=01mxld
10+
L i L Il i i !
14 100 200 300 400 500 600 f, Iy

Puc. 8.12. Tpu yBe/MUIeHHH 44CTOTHl EMKOCTHOE COIPOTHUBIIEHHE YMCHB-
Lraeres

[Tpespamaem emxocTh B apaanl ¥ nojacrabiseM B Gopmyny (8. 4)

6
X = — = L _ 19 50w
2nfC  2m.50.0,1.10°% 314
OToT *e koHaeHcaTop npu uacrore 500 I'm Gyaet MMETH EMKOCTHOE COTIPOTHBIIEHUE
Xc=3200 Om, a npu uactore | My — Xc=1,6 Om, T. e. OyIeT MpeACTABAATE COBOk
noumu KOPOMKOe 3aMbIKaHue 048 MOKO08 8blCOKOIl uacmomsl. 3aBUICHMOCTb €MKOCTHOI'O
COTIPOTHBJICHHUS 3TOrO KOHAEHCATOpPA OT 4acTOThI (HAa3bIBAETCs €IUE YACHOMHOU XapaK-
mepucmuxoli} okaszaHa Ha puc. 8. 12.
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EMKOCTHOE CONPOTHBIIEHHE JAHHOTO KOHACHCATOPA MOXKHO HalTH nerue u ObicTpee
[IpH IOMOIIM HOMOTpaMMBbl, 1aHHOH Ha puc. 8. 13. Hanpumep, Ha HOMOrpaMMme JIErko
Haxoaum, 4to nupu f=350 k't xoxaencarop emxocreio C=1 HP uMeeT eMKOCTHOE CO-
npoTusyeHue Xc=3 kOm.

X,

1000
) \ \
N N, 2

%
100\ 2, N
x \\ el e \
3 ,0\\ N = N N N
5J~<L—-— —»—-——0'5'@—/;9\ \
1000 N ‘0},& N N .
SUSASR NN
700_20,94_ \6 \\ : N
. 50; > \ \
S &, AN LN A\,
o F
'3 Q:\ ~A LA N e
38 ¥ "% 3§ 8§ v 7/

AaHo: F=50xly  C=the
HaxaﬁuM:Xc= 3kOm

Puc. 8.13. Homorpamma 1s1st BBIMHUCICHUS EMKOCTHOTO CO~
NPOTHBIIEHHSA

Terniepb, KOraa Mbl YK€ 3HaeM, 4TO MPEACTaBISCT CODOM eMKOCTHOE CONPOTHRIICHHE,
MOXEM 3anucaTh 3akoH OMa I HEPEMEHHOIO TOKa 4Yepe3 KOHACHCATOPhI

U U
U= X, Xo = —

I =— (8.5
’ .
1 X; )
Mpumep 8. 5. Kakoit TOK NPOTEYET B LEIH (puc. 8. 14). ecan KOHIEHCATOP EMKOCTBIO
C =8 mMx® HOAKITIOUUTD K OCBETUTENLHOM CETH.
IMpespautaeM mukpodapaabl B bapagel H HAXOJUM €MKOCTHOE CONPOTHBJICHHE KOH-

AeHcaTopa
1 1

X, = = = 400 Om.
€= 2nfC T 21508.107° M
[Mocne vero mo 3akony Oma nosyuaem
220
1_—_—U—=——=0,55A.
X, 400

QueHb 4acTO TOBOPSAT, YTO CORpomugAeHue Kondencamopa peakmugho. UTodsl 00bs-
CHATL 3TO, CHOBa PacCMOTPHMM OTBIT, NOKa3aHHBIA Ha puc. 8. 14, 3agaB cebe Bonpoc:
KAKOBA MOLUHOCTb, BblIeNsemasi Ha KoHJeHcaTope? Ha nepsrlit B3rnsg 3Ty MOUIHOCTH
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MOXEM HaliTu, ncnosbiys dopmyny (4. 5): P=U.[=220.0,55=120 Bt. Ho xocHyBIINCh
KOHAEHCATOpA PYKOH, YCTAHOBMM, YTO JaXE W MOCIE NPOAODKMTENILHOH paboThi OH
OCTAETCA XOJIOAHBIM, 8 KaX bl U3 HAC OTBMHYMBAJ HAIPETYIO JNEKTPHUECKYEO JTAMIOYKY
M 3HAET, KaKasg OHA ropsyasa! A MOYEMY e KOHICHCATOP OCTAETCS XOJIOAHBIM?

~ 2008

IA.ceme

Koudencamop
=8 Mk
Uygs = 15008

Amnepmermnp

Puc. 8.14. Jlaxe upu uporexaHunm TOkd 3HAYUTC/IBHON BenH-
YMHBI KOHACHCATOP HE HArPeB4ETCH, T. K. MMEET PeaKTHBHOE
CONPOTHBJICHHE

Y,
%

..%‘
©
X
&
=i

A
s

P
L

~

7 2 d 4 5

Puc. 8.15. TIpn eMKOCTHOM CONPOTHBIICHHH CHHYCOHMAAJIBHOC Ha-
npsikenue otcraeT Ha 180 oT Toka

[TpryrHa B TOM, YTO KOHIOEHCATOP — 3TO PeaKTHBHOE CONPOTHBIICHHE, T. €. B HEM
MAKCUMYM HANPANCEHUA U MOKA He HACMYNnaem 0OHOSPEMEHHO, KaK B aKTHBHOM COIPO-
THBJeHAH. UTOOB! MOHATH 3TO, TNPUIOMHMUM, KaK M3MEHSETCA TOK M HAINpPsDKCHHE MPH
MOJKIIIOYEHNH KOHAEHCATOPA K MCTOYHHKY MOCTOSIHHOIO HANpsXKeHus. DTo ObuIO HO-
Ka3zaHo Ha puc. 8. 9, rae JaHbl rpadukn HanpskeHus U Toka. M3 3T0ro pucyHka suano,
YTO B NMEPBbIi MOMEHT BKIIIOYEHM S HATIPsHKEHNE MEX Ay OOKJIaJkaMH PaBHO HYJIIO, @ TOK
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MakcuManbHbiii. Tlociie TOro, Kak KOHJAEHCATOP 3apsiAMTCs M €0 HANPSKEHHE CTaHel
MAaKCHMalbHbIM, TOK 4€pe3 KOHIEHCATOP YMEHbUIHTCS [0 HYyJIsl.

YnoMsHyTas 0COOEHHOCTbh KOH/JIECHCATOPA IMPOABJSETCS W TOr/a, KOrAa OH IOJK.IIO-
YeH K TEPEMEHHOMY CHHYCOMATbHOMY HANPsDKEHUIO. DTO NMOKa3aHo Ha puc. 8. 15. U3
3TOrO rpaduka CleyeT, YTO KOraa TOK MAaKCHMAaJIbHBIH, TO HanpsiKEHUE MEeXay o0kaa-
KAMH KOHIIEHCATOPA PaBHO HYJIO, a KOIAa HaNpsHKEHHE MAaKCHMMAaJIbHO, TOK 4YE€PE3 KOH-
JeHcaTop paBeH HYM0. Clie0BaTENbLHO, APUAONCENTOE HANPAKCEHUC U NPOMEKAIOWUTL MOK
umerom pasnocms Paz 90°, u MoK onepexncaem HANpANCeHue.

ITockoIbKY KOHACHCATOP — PEAKTHBHOE CONPOTHUBJICHHE, MOWNOCHb 6 YCHU HONCC
peaxmuenaa. YToObl BBISCHHTBL 3TO IMOHSTHE, BCMIOMHHM, YTO MOIIHOCTH — 23TO NpO-
HIBEACHUE HANpsbKkeHUst u Toka (cMm. dopmyny (4. 5)). M3 puc. 8. 15 cieayer, 4to B
nepBoli 4erBepTH mepuona (y4actok / — 2) TOK M HANPSKEHUE TOJOXHUTENbHBI, T. €.
MOMIHOCTL P = U] NoNoXUTEIbHA. DTO 3HAYMT, YTO 32 3TY YaCTh NEPHUO/Ia KOHAEHCATOD
3apspKaeTcsl M TIPHHHMAET 3HEPIHIO OT JJIEKTPUYECKON ceTH. BO BTOpPOI 4deTBEpTH me-
puoaa (y4acTok 2—3) HanpspKEHUE TIOJOXKHUTEJIBHO, HO TOK OTPHLIATENIEH, T. €. MOIIHOCTh
OTpULIATEIbHA. JTO 3HAYMT, YTO B ATy HaCTh NEPHOAA KOHJEHCATOP pa3psKaeTcs U
OT[IAE€T CBOIO IHEPIUIO OOPATHO B ceTh. TOYHO TaK Xe BHIHO, UTO B TPEThEH YEeTBEPTH
nepuona (y4acTok 3—4) HamNpsoKEHUE U TOK OTPHUATESIBbHbI, HO MOIIHOCTb MOJIOKH-
TelbHA (KOHIEHCATOD 3apsAXaeTcsi), a B 4eTBEpPTON 4eTBepTH nepuona (y4acTtok 4—3)
HAIIPSHKEHUE OTPULATENBHO, & TOK IIOJIOKHUTEJIEH, T. €. MOLIHOCTh OTPUIIATENbHA (KOH-
neHcatop paspsikaetrcs). CrneoBaTesibHO, B PEaKTUBHBIX COMPOTHUBJIICHMSX HAJIHMLO AO-
cmoannblii 00Men dnepaueli MEXy FeHEPaTOPOM U KOHACHCATOPOM, NIPH 3TOM cpeonAf
MOWHOCMb pagHA HYAH0, U IMEHHO MO3TOMY KOHIEHcATop Ha puc. §. 14 He Harpemaercs,
HECMOTPS Ha NPOTEKAIOLUA Yepe3 HEro 3HAYUTENbHBIH TOK.

3JATTOMHUTE!

1. Konxencarop nmpeacranJifer co0oif cuCTeMy H3 JBYX HPOBO/IHHKOB, pa3fe1eHHBIX
JIHAIEKTPHKOM.

2. ExpHuna M3MepeHHs JJIEKTPHYECKOH eMKOCTH HazbiBaeTcs (apaja.

3. EMkocTh KOHIeHCATOPA MOXKHO YBEJHYHTh, YBEJIHYHBAN IUI0MAAL ero o0KJIAI0K,
YMeHbIIAA paccTONHAE MEXKIY HUMH WK MCIIOJIb3YS [HIJIEKTPHK ¢ G0.IbI1I0H OTHO-
CHTEJILHOH JHIIEKTPHYECKOHl NPOHUIIAEMOCTBIO.

4. Ecad npenedpeds TOKOM 3apsiaa, TO CONPOTHB/ICHHE KOHAEHCATOPA [OCTOAHHOMY
TOKY DECKOHEYHO BEJIHKO, T. €. KOHIEHCATOP He NMPONYCKAET NOCTOMHHBIR TOK,

5. ConpoTHBjieHHe KONJEHCATOPA NEPEeMEHHOMY TOKY (EMKOCTHOE CONpOTHBJICHHE)
33aBMCHT KaK OT €MKOCTH KOHAEHCATOPa, TaK M OT 4acToThl Toka. [pu GoIbIeEi
€MKOCTH KOHJCHCATOP 0Ka3biBaeT MEHbIIEE CONPOTHBIICHHE NMEPEMEHHOMY TOKY.
C yBeamyeHWeM 4acTOThl CONPOTHB/ICHHE JAHHOIO KOHIEHCATOPA YMeHbIIAeTCH.

6. EMKOCTHOe CONpPOTMB/IEHHE DPEAKTHBHO, T. €. B e NEPEMEHHOI0 TOKA KOHIEH-
CATOP HENPEPLIBHO 3apAKACTCH M Pa3PsiKAETCA, TAK YTO €ro CpeHus MOIHOCTD,
NDOCTYHAIONIAS B KOHJIEHCATOP, PAaBHA HY.IIO.
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9

Buapi KOH/ICHCATOPpPOB. Coemmelme KOHJICHCATOPOB

9.1. OcHoBHble mMapaMeTpbl KOH/IEHCATOPOB

Kaxabiit TeXHNUECKHil KOH/IEHCATOP XapaKTepHU3yeTCs CJIEAYIOLIMMH OCHOBHBIMH Tia-
paMmerpamu.

a) Homunanbnas eMKOCTb. DTO TO 3HA4Y€HHE KOHIACHCATOpPA, KOTOPOE OYEHB 4acCTO
HAHOCHTCS Ha €ro Koplyc. B paauosnekTpoHMKe yallle BCEr0 UCIOJb3YHOTCH KOHICH-
caropsl emkocthio oT 1 n® no 5000 mx®. KongeHcaTopsl HOCTOSHHON €MKOCTH (3a
HCKJIIOYEHUEM JIEKTPOJMTHYECKHX), KaK U PE3UCTOPBI, UMEIOT TPU KJIACCA TOYHOCTH, a
MX HOMHHAIbHBIE 3HAYEHHH COOTBETCTBYIOT TOMY e CcTaHaapTy (cMm. 1abn. 6. 1). Tak
HAMPUMED, KAK Obl Mbl HM MCKAJIH, Mbl HE CMOXEM HalTH KOHJAeHcaTOp eMKkocThio 7000
nd, HO BMECTO HETO MOXHO MCMONL30BATh KOHAEHCATOP eMKocTbo 6800 unu 7500 nd.
B paamocxeMax eMKOCTb KOHAEHCATOPOB ODO3HAYAETCH COXKPALIEHHO, KAK 3TO NOKA3aHO
B puc. 9.1.

0603;(&‘16!"46 3uageHue OBosnauetive 3unavenne
C 50 50 nd C—0,1 0,1 mxd
C 100 100 nd C—-1,0 1 mMx®
C 500 500 nd C—4,0 4 Mxd
C--ln 1000 nd C—8,0 8 MKD
C - 10n C—16,0 16 Mx®
C 001 10000 n® C—200 20 Mx®
C—15n C—32,0 32 mxd
C--0,015 15000 n C—50,0 50 MK
C—-20n C—100,0 100 M@
C—0.02 20000 n®

Puc. 9.1. CokpatuenHoe 0603HaueHUE 3HAYCHUS KOHAEHCATOPA

6) PaGouee nanpmkenne. 70 HauboJbIee HANIPSXKEHHE MEXTY OOKIaAKaMH KOHIECH-
catopa, KOTOPOE HeJlb3s MPEBBIILIATE BO BpeMst paboTel. B IpOTHBHOM Cliy4ae HACTYIUT
npoboii 8 dudAexkmpuke, ¥ KOHIEHCATOP BhIAIET U3 cTpost. Pabovee HanpsKeHME 3aBUCHT
OT Ka4yeCcTBa M TOJIIMHBLI UCTOJIB30BAHHOTO AWAJIEKTPHKA. YeM TOJle AMIIEKTPHK, TEM
6onbilie pabouee HaNpsKeHHE, HO BMECTE C TEM YBEJIHYMBAIOTCS H PAa3MEpPLl KOHOCH-
caropa.

pﬂOT
¢
a ﬁ——"————ﬁ 5) g—a[———clﬁ—a
Udeansnord kowdencamop PeanvHoil KoHOeHcamop

Puc. 9.2. DKBHBANCHTHLIE CXEMBI:
) HIEeAIbHOIo xouueucu‘rcpa; t;) pedJleOl‘O KOHACHCATORA

B) IToTrepn B KoHOeHcaTopax. VineanbHblil KOHAEHCATOP HMEET TOJNBKO €MKOCTh U He
HMEeT HUKAakuX motepb (puc. 9. 2q). OaHako peasibHbIE KOHICHCATOPHI MMEHOT NOTEPH
N3-32 HECOBEPLUCHHBIX H3OJISAUHMOHHLIX CBOMCTB AMIJIGKTPHMKA, BCJICJICTBHE 4Yero OH Ha-
rpeeaercsi. JTO ABICHHE BHIPAXXEHO OCOOEHHO CHIILHO Ha BBICOKMX 4acTOTaxX M, KaK Mei
yXe BHJIENH, OOYCJIOBJIEHO NEPHOIMYESCKOH IepeopHeHTalMell MoJeKkyl nox Bo3aeki-
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CTBHEM HEPEMEHHOTO 3JeKTpHueckoro moss. IToreps B AMDIIEKTPHKE MOXHO BbIPA3HTHL
YCJIOBHO CONpomugieHuem nomeps, COCANHEHHBIM MapalIebHO ¢ KOHAEHCATOPOM (pHC.
9. 26). B KOHIEHCATOPAX BBICOKOI'O Ka4yecTBa ITO CONPOTHBIEHHE NMOTEPb HaXe M Ha
BBICOKMX 4acTOTaX MMeeT DoJibiioe 3HaueHue, npumepro 1001000 MOm — u B 601b-
WIMHCTBE CAY4d€B HE OKa3piBACT BJMsiHUA Ha paboTy komaeHcatopa. B xoHaencatopax
HU3KOrO Ka4eCThBd, OAHAKO, C YBEAMYEHHEM YacTOTbI CONPOTHBICHHE NOTEPh PE3KO
ymeHpuaercst, npumepHo ao 1000—10 000 Om. B 3ToM ciiyuae OHO IYHTHPYET KOH-
JIEHCATOP, ¥ CBOWMCTBA LIENU CHUJILHO HU3MEHSIOTCS,

Kak Mb1 no3xe B 3ToM y0eanMcs, CBOHMCTBA pa3/IMYHbIX BHAOB KOHACHCATOPOB Olpe-
JEJISIOTCH, B OCHOBHOM. OCODEGHHOCTSIMHM HCHOJIL3YEMOIO JUIJIEKTPUKA, T. K. MeTannu-
yeckye OOKJIAJKU UIPAIOT BTOPOCTENIEHHYIO POJib.

9.2. MocTosHEbIe KOBAEHCATOPDLI

Kak nokaspiBacT caMo MX Ha3BaHUE, EMKOCTb 3TUX KOHICHCATOPOB OUpCACNnsCTCS
BO BpEMS HMX MPOU3BOACTBA M IMOCJIC HC MOXET M3IMCHATLCA.

Porseg

ORIy
? o "
=y
T

Gymazq

)

Puc. 9.3, KonaeHcatopsi:

a5} GYMAKHBIL #) CHOARROM: @) BLICOKOBOJLTUBIH: ¢) MIEKTPOMNT HICCKUIt

a) bBymaxubie konaencaropsl. OHH COCTOAT M3 ABYX CTAHWONEBBIX JICHT, W3OJHPO-
BaHHBIX APYr OT Apyra BoiueHoH Oymaroif. Bce 3TO cBepThIBaeTCs PyJOHOM H TNOME-
IACTCS B W3ONSUHMOHHYIO TPYOKy, npu 3TOM 00a BbIBOZA KOHACHCATOPA COCINHEHDI C
obenmu sientamu (puc. 9. 3a, 6, 2). [Lns npeJoxXpasenns OT BHELUHHX BJIMAHME KOHIOEH-
€aTop C ABYX CTOPOH 3aJIMBAETCS CIIEUHANIbLHON CMOJIOH. BymaxcHbie Kondencamopsl npu-
MENAIOMCA MOABKO HA HUSKUX Yacmomax (MM B ciyyae, KOrJa OHY WIYHTHPOBAHBI HH3-
KOOMHbBIM CONPOTHBJICHHEM), TOTOMY YTO C TOBBILUECHHEM 4aCTOTHlI UX TOTEPH 3aMETHO
Bo3pacraior, T. €. R . (puc. 9. 26) CHIbHO YMEHBUIAETCS.

§) CroanHbie KOHAEHCATOPbL. B HUX AMOJNEKTPUKOM SBJIAETCH CIICAA, # ODBIYHO BeCh
KOH/IEHCATOP 3aNpeccoBaH B fiacTMaccy (puc. 9. 3g). B npuHuune, oHH npou3BoAsTCs
¢ "ebonpwinmu emkoctaMy (0T 1 n® go 10 Hd®) ¥ UMEIOT Malible NOTEPU HA BLICOKUX
YACTOTAX.

B) Kepamuveckue Kougencaroppl. B HUX [M3NEKTPUKOM SIBISETCH CrElHaNbHag Ke-
paMuKa, UMeroIlas Majlble NOTEPU HA BBICOKMX HYACTOTAX, M CPABHHMTENILHO BONbLIYIO
OTHOCHTCLHYIO AUIIEKTPHUYECKYIO MPOHULAEMOCTh. ITH KOHACHCATOPLI MPOU3BOANTCS
B BH/IE JIUCKOB MM TPYOOK M MMEIOT OTHOCHTEJIbHO MaJjible pa3Mepsl.

r) Crupoduiexcupie KonaencatTopri. [10 KOHCTPYKUMM OHH NOJOOHB! DyMaXHBIM KOH-
JICHCATOPAM, HO B HHUX JAHDJICKTPUKOM CJAYXKHMT TOHKAs NPO3pdavHast JEHTA U3 TOJUCTH-
posa (crupoduiekc). DTH KOHIEHCATOPBLI [OBOJIBHO [POYMHBI, M HX HE HOMEHIAIOT &
W30NHIHMONHYI0 TPYOKy. OHM MMEIOT CPABHUTENIBHO Majlble MOTEPH HA BBICOKHMX HACTO-
rax.
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) FNeKTPO/IMTHYECKHe KoHeHcaTopsl. OHU XapaKTEPU3YIOTCS OOJIBIIOH €MKOCThIO
IIPU OTHOCKTENLHO Masbix pa3mepax (puc. 9. 30). B kauecTBe NMINEKTPHUKA B HUX MC-
HoJB3yeTcs TOHKMHM cnoit oxucu amomunus Al,O;. HecmoTrps Ha To, 4TO 3TOT Cloii
O4YEHb TOHOK, OH HMEET _JbIUYIO JIEKTPHYECKYIO TIPOYHOCTh. DTa OKHCh PACIOJIOXKEHA
MEX/TY MOJIOKUTENbHBIM [MOJIFOCOM KOHJAEHCATOPA M JJIEKTPOJIMTOM, 3JIEKTPHYECKH CO-
€AMHEHHBIM C KOpIIycOM KoHAeHcaTopa. IloatoMy suaexkmpoaumuueckue Konoencamopbsi
UMEIOM ROAAPHOCHIb, KOMOPYIO 11e00X00umo cobaodame npu motmaxnce (KOPIYC Yy HUX
— 3TO OTPUIATEJIbHBIN IACKTPOA). INECKTPOIUTHYCCKUE KOHIEHCATOPbI NPUTOAHBI A
paboThl TOJIBKO HA HHU3KMX 4ACTOTax (MJIM KOrAa IUYHTHPYI®TCH HHU3KOOMHBIM COMPO-
THBJICHUEM), TIOCKOJILKY C YBEJNUYCHHUEM UYACTOThI CONPOTUBICHHE NMOTEPb OYeHb YMEHb-
niaeTcs.

9.3. IlepemMeHnble KOHIEHCATOPDLI

EMKOCTh 3THX KOHAEHCATOPOB MOMKET M3MEHATLCS B ONPE/C/ICHHBIX TpaHMiax (OT
Cuun 10 Coaee) M0 Hauiemy xesannro. Ha puc. 9. 4a noxa3aH ABOHHOM TNepeMEHHBIR

S
=t S R

. @ e
i ol

o )

Puc. 9.4. Tlepemennbic KOHAESHCATOPbI:

a) SBOHNOH ¢ BOMUYLIHBIM JMIACKTPHKOM; 0) CUMHMMHBIH C TBEPALIM AHMICKTPHKOM, 6/ MO -
CTPOCHHBI KOouNeHeaTop; o) KEPAMHYECKMH NOACTPOEHHBIA KOHAEHCATOP
I L I
Kowdencamop flonynepemennsid  floaynepe- EQunuyhord
NoCMOgHHOU (ROOCMPOEYHOIU )  MEHHBIL KOH-  nepeMerHsld
eMKoCmu xoHOeHcamaop dencamop koHOeHCamop

=L
T i

ABodHou nepemenHoll INeRMpoAuMmuYeCKul
koHdeHcamop KondeHcamop

Puc. 9.5. O6o3HaveHHe KOHAEHCATOPOB

KOHACHCATOP € BO3AYIUHBIM JUIJICKTPUKOM. le/l NIOBOPOTE OCH CEKLHMH pOTOpa bonee
HJIM MEHEEC TMPOHUKAOT MEXY IJIAaCTUHAMU CTATOpPaA, U3MCHSSA TaKUM 06pa30M €ro ¢Mm-
kocTh. Ha pHuc. 9. 46 nokasaH HepeMeHHbIﬁ KOHIACHCATOP € TBCPABIM NHUIJICKTPUKOM.

S [lepBbie Warn B pagnodeKTPOHUKE oS



KoHnencaTopsl, MoKa3aHHbIE HA pUC. 9. 4¢, HA3BIBAIOTCS HoayHepemettbimu. B ieprom
H3 HUX H3MEHEHME €MKOCTH [IOCTUrAeTCst MyTeM NPUOJIMKEHHS U YaJleHUsl 31eKTPOAOB,
a Bo BTOpOoM — nosopoToM. [TosyrepeMeHHble KOHAEHCATOPBI UCTIONB3YIOTCH IS HOO-
cmpoiixu xonedaTesbHbIX KOHTYPOB.

Ha puc. 9. 5 nokazano 0003HaYeHHE PA3INMUYHBIX KOHACHCATOPOB B paaHOCKeMax.

9.4, Coennenne KOHIEHCATOPOB

Ha npakTHke 4acTO MCIOJb3YIOTCS CICAYIOUIHE COCOUHEHHS KOHACHCATODOB.
a) IMapannensnoe coemunenne. B 3TtoM ciywae (puc. 9. 6) obmas eMKOCTb paBHA
CYMME €MKOCTEH OT/ICJIBHBIX KOH/IEHCATOPOB

C06=C1+C2+C3+ (9 l)

—ii;

| t—o

__-"_Q_

cod' =L+ cz
Puc. 9.6. [apannenbHoe coequieHe KOHIEHCATOPOB

Hanpumep, ecnu uMeeM C;=4700 n® u C,=6800 n®, to C,g=11 500 nd. Oue-
BUIIHO, NpYU NAPAAACALHOM COCOUHEHUU HA KAXCOblll OMOeabHblil KOHOeHcamop Oelicmeyem
O0HO U MO He HanpaxceHue, 4 KOHACHCATOD OONbIICH eMKOCTH 3apsaxaercs GOJIbIUIHM
KOJIMYECTBOM 3JIEKTPUYECTBA.

6) IocaenoBatenbnoe coeaunenne. B 3toMm cayvae (puc. 9. 7) 3HaueHue odlueit em-
KOCTHM MEHbLIE 3HAYEHUS] HAaMMEHBLIETo KOHJeHcaTopa. ECIu mocienoBaTesibHO coeau-
HEHBI IBA KOHJEHCATOPA, TO OOIIYI0 €MKOCTh MOXHO BRIMHCIHThL Mo (opmyne

C,.C,

® = o ©2)

— il -

=Gk
Co5 = C,+C,

Puc. 9.7. IlocnenoBarenbHoe coelMHEHHE KOHOAEHCATOPOB

IIpamep 9. 1. Haiiti o6myto €MKOCTh JBYX MOCHEJOBATENbHO COCOMHEHHLIX KOH-
Jencatopos, ecnu C;=1000 n® n C; =10 nd.

C,.C, _ 1000.10
C, +C, 1000 + 10

Co6 = ~ 99 nd.
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3AITOMHMTE!

1. OCHOBHLIMH TAPAMETPAMH JIOGOr0 KOHJIEHCATOPA HBJSIOTCH HOMHHAILHAN eM-
KOCTh, paoyee HANpPHKEHNE, NOTEPH HA BLICOKHX 4acToOTax.

2. CaoiicTBa JAHHOr0 KOHIEHCATOPA 06YC/IaBJAMBAIOTCH B OCHOBHOM KAYeCTBOM €ro
JAMINEKTPHKA,

3. ByMakuble H WIEKTPOJINTHUECKHE KOHICHCATOPBE ClleyeT HCNOJIb30BAThL M pa-
6OThI TOMBLKO HA HH3KHMX YaCTOTAX (WM HA BHLICOKHX 4aCTOTAX, €CAH OHH HIYH-
THPOBAHBI HH3KOOMHBLIMH COTPOTHBJICHHAMH),

4. VI3 Bcex BRIOB KOBIEHCATOPOB TOJILKO JJIEKTPOJINTHYECKHE HMEIOT NOJIAPHOCTD,
KOTOPYIO HAZO COOJIIOaTH NPH MOHTaNKE.

5. Tlps mapaijieJlbLHOM COEIMHEHHH KOHIEHCATOPOB 00HIa# €MKOCThL paBHA CymMMe
eMKOCTell OT/IeLHBIX KOHIEHCATOPOB.,

6. Ilpn nocnenoBaTeILHOM COETHHEHHH KOHICHCATOPOR 001as eMKOCTL MeHblile eM-
KOCTH HaHMEHbIIEro KOWJIeHcaTopa.

10
JIEKTPOMAarHeTU3M

10.1. TTocToAMABIe MATHMTHI

Kaxnerit u3 Hac suaen Maraut (puc. 10. 1a). On umeeT aBa NOIIOCA, BOKPYT KOTOPBIX
CYLUECTBYET MacHumnoe nose. I1oCpeACTBOM 3TOro MOJIA MarHUT B3aHMOIEHCTBYET €
APYTrMMM MAarHMTaMH M MarHMTHbIMH Tenamu (puc. 10. 16, 8), ipu 310M 00HOUMEHNHbIE

Puc. 10.1. @) nocTosHHBIE MATHUTEL ) OJHOMMEHHBIE TO-
JIOCBI OTTAJIKMBAIOTCHA; 8) PA3HOMMEHHbIC MNOJHOCHL TIPH-
TATHBAIOTCS

ROMOCH! OMIMAAKUBAIOMCA, G pasHoumentble npumseuéaromcs. MarHuTHoe NMOJE HEBHU-
IMMO, HO €ro CYIIECTBOBAHHE MOXHO KOKa3aTh, €C/IH HA MAarHUT HAJIOKHTb JIACT GyMaru
M HachINaTh Ha HEro XeJieauele omwiku (puc. 10. 2a). MarautHoe noJjie n3obpaxaercs
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VYCJIOBHO € TMOMONILIO MATHUTHBIX CHJIOBBIX JIMHHA. OHH HAYMHAIOTCA OT CEBEPHOrO
noJiroca N ¥ 3aKaHYMBAIOTCH B FOXKHOM ntonmoce S (puc. 10. 26). MarHuTHOe 110Jie CUibHee
TaM, rJe Tylle CHJIOBbIC JIHHHH.

=

TRy, $§:\
N

\1\\\‘2‘ s

SIS

a)

Puc. 10.2. «) MArHUTHbBIE CHJIOBBIE JIMHUK; () MATHUTHbIC CHJIOBBIC JIMHUN
BBIXOAAT U3 CEBEPHOI'O W BXO/SAT B FOXHBbIH MATHMTHBIH MOJHOC

10.2. MarnauTHoe aelCTBUE TOKA

Ha puc. 10. 3a mokasaH pOCTOH OIbIT, KOTOPLIT MOXEM CACHATh CAMOCTOATENBHO.
Jlnst 3TOro Ha JXeNe3Hnlit GONT MM TOJICTHIH rBO3AL HaMaTkiBaem 100—150 BuTkOB
H30JMPOBAHHOTO MeaHoro mposofa aumamerpom 0,2-+0,3 mMm. Ilpnm mporekanum 3siek-

Puc. 10.3. ¢} camonenbHblil 2JIEKTPOMATHAT, §)
MPOCTOH ONBIT, KOTOPBIH MOKA3BIBAET, YTO OKOJO
MO0Oro MPOBOMHHKA, NO KOTOPOMY TEYET TOK,
00pa3yeTcd MarHMTHOE nojie

Puc. 10.4. @) cunoBblc MATHUTHBIE TUHUHK BCEra KOHIEHTPUYSCKHE: §) €CJIH TPOBOIHHK, 110 KOTOPOMY
teyeT TOK, HAMOTAH B BHJIE OOMOTKH, ITOJIyY4€TCH CKTPOMArHHT C ABYMSl [IORIOCAMH

TPHUYECKOrO TOKA 4Yepe3 MPOBOJI ODONT HAMArHWYMBAETCA, T. €. CTAHOBUTCS 3.4eKmpomaz-
numom. ITpu npexpanieHun Toxa O60OAT TepsieT CBOM MarHuTHeIle cBoiicTBa. Kaxum obpa-
30M JJIEKTPHUYECKHH TOK HamMaramuuBaetr Gor?
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Boxpye m06020 npogoonuxa, no KOMopomy npomexaem moK, Cyuecmayem mMucliumiioe
nose. ITo MOXKHO J0Ka3aTh Ha OTbLITE, TOKa3aHHOM Ha puc. 10. 36, roe maruurHoe noJie
IPOBOMHUKA BO3JCHCTBYET Ha komnac. [1o0OHO 3AEKTPHYECKOMY HOJIO MACHUMHOE
noae modce AGAAECMCA HOCUMEAEM IHEPIUU.

Ha puc. 10. 4¢ nokxazan Apyrodl OomsIT, B KOTOPOM MArHUTROE MOJIE NMPOBOAHHKA
CTAHOBHUTCSH ,,BUJIMMbBIM® C MOMOIIBK) XKEJIEIHbIX OMHJIOK, HACBIMAHHBIX HA KapToH. [lo-
JIYYEHHBIC CUA0BbIE MAZHUMNbIE AUHUU PACIIOTIONEHBI KOHIIGHTPUYHO BOKPYI MPOBOIHMKA,
NIPH 3TOM UX Hanpagienue C613aHO ¢ hanpagieHuem npomexarwujezo moka. Kax ToJbKo
Mbl MEHSIEM HANpaBJICHHE TOKA, CUJIOBBIE JIMHUH MCHSIOT CBOC HANpaBJICHHE.

10.3. Karywmka

Eciu HaMoTaeM OpoOBOJ B BUJIE CIIMPAJIM, TO MArHATHHIE NOJIS OTAC/bHbIX BHTKOB
CYMMUPYIOTCH M NONYHAETCSI KAMywiKa, KOTopas MMeeT CEBEPHBIM M FOXHBIH 1OJTROC {pHC.
10. 46). Yem OoJibilie BUTKOB B YeM OOJIBLIE TOKA MPOTEKAET 4epe3 HUX, TEM CUJIbHEe
MArHHUTHOE TOJIE KATYIUKH.

Ecau 6 kamyuwixy nomecmume dceae3nHoe meao, mo oduee MazHummuoe noae ycuaumces.
CnenoBaTeNbHO, HCeAe3HbIL CePOCYHUK KOHYEHMPpUpyem U yCUuAugaem mazHummoe noae,
cozdantoe kamywkoi. IlonoGubiMu CBOHCTBAMM 00NANAIOT TOJNILKO HCCAC30, HUKEb, KO-
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Puc. 10.5. MaruutHoe noJie, N3MEHSIOMIEEC 110 CHHYCOUAAILHOMY 3AKOHY

f6aabm u ux CHAAGbL, M 3TH BEIIECTBA HA3BIBAIOTCH (eppomarmaTHnivMu. Hano xopoiuo
3aNOMHHTB, 9YTO MEOb, AJTIOMHHHIL, IMHK H Mp. HE 00NIAAAI0T MATHUTHBIMU CROHCTBAMM.

Kor,ua II0 BUTKAM KATYIIKH NPOTEKACT nepeMeHanZ MOK, TO €€ MArdHuTHOC TI0Jie
TOXE CTAHOBUTCS nepemenuvim. Ha puc. 10. 5 mokxazaHo MarHHTHOE NMOJIE KATYLIKH, IO
KOTOPOH MPOTEKAET NMEPEMCHHBIH CHHYCOWIANbHBLIA TOK. BUIHO, YTO HAa NPOTIKEHUU
OJIHOTO TIEPHOJd MATHUTHOE MOJIE KATYIIKHA H3MEHSET HE TOJIbKO CBOIO CHIY, HO U CBOE
HanpasneHue. Kopoyde ropops, MarHHTHOE I10JI€ TOXE M3MEHSAETCA MO CHHYCOMIAJIILHOMY
3aKOHY.

10.4. DNIeKTPOMArHATHAS MHYKIMS
Ha puc. 10. 6a nokasan wnTepecHslil onbiT. IIpy ABIKEHNN MarHUTa BHU3 M BBEPX

B OTBCPCTHM KATYLIKH, CTPEIKd MUILIUAMIECPMETPA OTKJIOHSICTCA, T. €. B LHCIIHN TIIPOTEKAC
TOK. AHAJIOTHYHOE SIBJICHHE MOJNYy4acTCs, €CJIM BMECTO MOCTOSAHHOIO MArHUTA HUCMOJb-
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3yeTcs anekTpoMarHuT (puc. 10. 66). DTO sBlIeHHE HA3LIBAECTCH IAEKTPOMATHHTHON MH-
JAYKUMeH ¥ MCKJIIOYMTEIbHO BAKHO ASiS PAaAKWODIEKTPOHHUKH.

OcHOBHOW 3aKOH JJIEKTPOMATHHUTHON HHAYKLMH TJIACHT: eCAu OaHIbiil NPO8OONHUK ne-
pecexaem MAZHUMHbIE CUAOGLIE AUHUU, MO 6 HeM UHOYKMUPYemcsa onpedeenidan aex-

it gy,

DU by, T

Puc. 10.6. ¢) npn ABHXEHUH MATHUTA B KaTyke MHOykTUpyercs DAC; o) OpH ABMKEHHUH 7T€K-
TPOMATHUTA B KaTylIKe Toxe HHAyKTHpyercs DAC

mpoosuxncywan cusa (3C). He mMeeT 3HaveHHS OBHXYTCH JIM MarHHTHBIE CHJIOBbIE
JIMHUH, 2 TPOBOAHMK HEMOABHXCH, WM IBMXKETCH NPOBOMHHK, a MATHHTHBLIE JIMHHH
HenoasmkHel. MHAykTHpOBanHas DJIC Tem Oosbile, 4eM ObICTpee HPOMCXOONT HEpe-
CEYCHHE, YEM CHJIbHEE MATHMTHOE TOJIe ¥ YeM OoJjiblie BUTKOB B KaTYILKE.

E=Btv
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Puc. 10.7. a; npu nepeceueHHN NPOBOAHHKOM MarHUTHBIX CHJIOBBIX
JMHHMA B HEM HHAYKTHpYeTces onpenencnnas DAC; §) nparuno npasoii
pPYKHA INA 3MEKTPOMArHUTHOW MHOYKIUM

HanpasnieHne HEAYKTHPOBAHHOTO HANPSHKEHUS ONPENCIIACTCH Npasuiom npagotl pyKu,
KOTOPOE [JIACHT: €CJIH MAarHUTHOE TOJie NMPOHM3biBAET JIalOHb, a GOJbLIOH nanew no-
Ka3biBaeT HAIpaBJiEHHE ABWXKEHUS MPOBOJHHKA, TO APYIHE Najblbl MOKA3bIBAIOT HAa-
TpaBJIcHHe WHOYKTHPOBAHHOro HanpsbkeHus (puc. 10. 7).

10.5. BaauMuass HHAYKUHSA
Ha puc. 10. 8 noka3aH onsiT, B KOTOPOM B¢ KaTyKH L; 1 L, pacnojioxeHsl Oau3ko

apyr k apyry. Korna wepes xatymiky L, NpoTeKaeT HepemerHsiié mok, B Katymke L,
unaykrapyerca IC, KOTOPyH0 MOXHO H3MEPHThL BOJBTMETPOM. DTO $BJIEHME HAa3bl-
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BACTCS B3aHMMOA MHIyKHHEH M JIEXMT B OCHOBE TPaHCHOPMATOPOB, MHIYKTHBHO CBS-
3aHHbIX mened u T. A. IIpu B3aumHOW MHAYKIHM OO€ KATYINKH HEMOMBHXHBI, HO TOK.
NpoTeKalIMK Yepe3 L, NepeMeHHBIH, N YHMCJIO CIUIOBBIX JIMHMH, HCXOHAUMX U3 L, u
nepecekaromMx L), HENPEPLIBHO H3MEHACTCA (IYABCHPYET) C 4aCTOTOH TOKa, M MO3ITOMY

Puc. 10.8. B3aumuas unayxums

B L, unnyktupyerca onpencnennas I3AC. UuaykrupoBandas 3/JC 3aBucHT OT 4HCaa
BHTKOB O0EMX KATYLUEK, OT BEJMYMHBLI M 4aCTOTBhI TOKA, POTEKAIOIIero yepes L, 1 oT
B3aUMHOIO PACTIOJIOXKECHUS KaTyllekK.

O6partute BHUMaHWE: eciau vepe3 katywixy L, (puc. 10. 8) nporexaer nocmosnuwiil
mok, TO BOKPYI Hee oOpa3yeTcss MarHNTHOE NHOJIC, HO OHO He OyJeT MepeMEHHbIM M B
L, ue 6ynet unayxruposatrbes IJC.

10.6. UnaykTHBHOCTD -

Eciun depe3 npoBOJHUK [POTEKACT Hepemernblil moK, TO MArHHTHbIE CHJIOBbIE JIMHHH
[IepecekaloT COOCTBEHHbI TIPOBOIHAK H COMJIACHO 3aKOHY JIEKTPOMArHMTHOH WHAYKIINAY
B npoBoguuke BozHukaeT IJAC camomunykoum. Pycckuit ¢usuk DMunb XpUCTHAHOBNY
Jlenn (1804—1865) nepsblii M3y4YHus 3TO SBJIEHHE H CHOPMYJIMPOBAJ TIPABUJIO, COrJIACHO
kotropomy 3JC camoundykyuu umeem maxoe nanpasienue, ¥mo 6 woboit momenm oo
npomusodeticmeyem npudoxceiniomy useite nanpsxcenuro (npapuno Jlewua). Ha puc.
10. 9 BMAHO, 9TO TIPH YBEJIMYEHHWH TOKA CHJIOBbIE MArHHMTHBIE JIKHUM Kak OyATO ,.Bbl-
XOOAT™ M3 OCH NPOBOAHMKA U KOHUCHTPHYECKMMM OKPYXHOCTSIMH DPACNPOCTPAHSIOTCH
Hapyxy, a DJC caMOMHAYKIMM UMEET HAMpPABJCHHE, NPOTHBOMOJIONKHOE YBEJIHUUMBAIO-
ueMycst ToKy. [1py yMeHbLIEHHH TOKa CHJIOBbIC MAHUTHBIE JIMHUU KOHUEHTPUYECKUMH
OKPYXHOCTSIMH BO3BPAUAIOTCS K OCH NPOoBOAHMKa, a DJC CAMOMH/YKIIHK UMEET TAKOC
HAIpPaBJCHUE, 4TO ,,JIOMOTACT" YMCHBIUAFOILEMYCS TOKY.

Eciiv npoBoa HAMOTAH B BH/IE KATYLHKH, TO BbILICOMUCAHHOE SBJIEHHE NMPOIBJAETCA
Ille CHIIbHEE, TIOTOMY YTO KaX(/iasl CHJIOBas JIMHUS TIEPECEKAET DOJILLIOE YUCIIO coceonux
suMKog. DTO MOXHO TIPOJEMOHCTPUPOBATH, €CJIM MCHOJIL30BATh MEPBHUHYIO OOMOTKY
CETEBOro HJIM BhIXOAHOro TpaHcdopmaropa (puc. 10. 10). Tlpy 3ambIxaHHH KiTiOU4, HA
JTaMIIOUKY JNEHCTBYET Hanpsikenue 4,5 B, n oHa cBeTUT HOpMmanbHO. [Ipn paipeie uenu
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MArHUTHbIE CUJIOBBIE JIMHUM ,,COOMPAIOTCA™ K LUEHTPY H IEpeceKaroT OOJbIIOE YUCTO
BuTkoB. Tak kak 3/1C caMOHHAYKIMH TOBOJIbHO 3HAYMTENbHA, JIAMIIOUYKA BCILIXUBAET
HA MTIHOBEHHE Spye, [MOTOM [ACHET. JTOT OIBIT MOJTBEPKIAET CKAZAHHOE YXKE. YTO

a) I | l /-/anpaﬁA eHue

Tox bo3pa cmaem

o 7

Hanpabrernue
Tox ymenswaemcq IAC

Puc. 10.9. OubITbl, HaItOCTpHpYIOLLKE 1paBuio Jlenua:

) upu ypesmueiun 1oka JIC CAMOMHIYKUMU HMEET HPOTHROHONOKHOE HALPABIICHNE: ()
upn ymenviennd toka 3IC CAMOUNUYKUMM HMEET HAlIPABJIEHKE, COBIIAIOIIEE C Iia-
HPUABACHHEM TORA

MAartiTHOC MNMOJIE ABASCTCHA HOCHUTEJIEM 3HEPIrUM U IMOCJIEC pa3pbIBA LIETIA 3Ta 3HEPIHst HE
TEPSICTCA, a4 NCPEXOAUT B JIAMHOYKY.

Caoiicmeo Kaxncdoll KamywKyu 00pa3osvieams MAZHUMHbBLE CUA0GbIe AUHUU GOKpYe cebs
HpU NpOXOHCOCHUU MOKA Yepe3 ee GUMKU HA3bIBACMCA UHOYKIMUGHOCHIBIO.

Puc. 10.10 OnsiT, unsmoctpupyrommii DC camo
HH/YKUHH

CBOHCTBO HHAYKTMBHOCTH BBIPAXKAETCA U B TOM, YTO KOIJa Yepe3 JaHHYIO KaTYLUKY
MpOTeKaeT TOK, TO 1IPH JIFOOOM H3MEHEHHU €T0 BEJMYHHBI B KATYILUKE MHAYKTUPYETCS
npotusoaeiicteyromas DJC. Ecnn vepe3 ase pa3iavuHbIe KaTYIIKA TMPOTEKAET OJMH H
TOT € TOK, TO OOJbUIYIO HHAYKTHBHOCTL HMEET Ta KaTYIIKa, BOKPYT KOTOpoH obpa-

3yeTcst 60JIblile CHIOBBIX MAarHUTHEIX JIMHAM, T. €. OKOJO KOTOPOH II0J1y4aeTcs 6ObLImii
MarHHTHbIH MOTOK.
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WunykTBHOCTE TeM Oonbuie, YeM OONblile YMCAO BUTKOB KaTyiixu. [Ipu mpouwnx
PABHBIX YCJIOBMSIX XaTYLIKU C (EPPOMATHUTHBIM CEPACYHUKOM HMMEIOT GOJBUIYIO MH-
JYKTUBHOCTb. ENMHHIA MHAYKTHMBHOCTH Ha3biBaercs renpd (I') B 4ecTh amMepuKaHCKOro
yueHoro xko3zeda I'enpn (1797—1878). Kamywrxa umeem unoykmugnocms 1 2enpu, ecau
npu uzmerenuu moxa vepes nee na 1 amnep 3a 1 cexynoy na oboux Konyax ee goznuxaem
nanpAaxcenue camoundykyuu 8 1 eoavm.

B pannoaniekTpOHHKE YAaCTO UCHONB3YIOTCS H MEHBILUUE €/TMHULbI; MIJLTHIEHPH (OHA
TBICSYHAS [EHPH) U MUKPOreHpH (0/lHA MWUIMOHHAS TEHPH), KOTOPbIE MOXEM 3ANUCATD!

1 mIC =0,001 I;

1 mxI"=0,000 001 T.

Hanpumep, onHocaoRHas kaTyHika AMaMeTpoM 4 ¢M, AJTHHHON 5 CM W YKCJIOM BUTKOB
90 mmeer MHAYKTHUBHOCTH okonio 200 MkI'; mepBuvnHas oOMOTKa CHIIOBOro TpaHchop-
MaTtopa, comepxaiiast 1200 BUTKOB M HMEIOLIAA MOJE3HLIA CEpACHHAK ceuenneM 9 cm?,
UMEET MHAYKTUBHOCTh okono 1 T

3AITOMHMTE!

1. Mexay noaocaMi NOCTOSIHHLIX MArHMTOB CYLIECTBYET MArHUTHOE [0JIE, KOTOPOE
ABJINETCH HOCHTEIEM >HEPTUH.

2. Bokpyr mo00ro npoBoaHHKa, 0 KOTOPOMY NPOTEKAET TOK, CYLIECTBYET MarHuT-
HOE moJie.

3. 3akoH »JIeKTPOMArHATHOH WHIYKUMH I'TACHT: €CJIH JAHHbIH NIPOBOIHHK NEPECeKaloT
CHJIOBBIC MAarHHTHBbIC JIHHHH, TO B HeM muayktrpyetrca I/(C.

4. Ecau nMeeM [IBe MHAYKTHBHO COeJHHEHHBIE KATYINKH H B O/IHOH M3 HHX MPOTEKaeT
NePeMEHHbIH TOK, TO BO BTOPOil KATyllIKe BCJICACTBHE B3aMMHONM MHIYKUHM BO3-
nuxaer DAC.

5. NHaOyKTHBHOCTL — 3TO CBOHCTBO KATYIIKH NPH NPOTEKAHHH Yepe3 ee BHTKH TOKA
00pazoBLIBATL BOKPYI HHX MarHMTHbIH NOTOK.

6. Ennnnna n3MepeHH® MHIYKTHBHOCTH HA3BLIBACTCH TEHpPH.

7. Coraacno npasuay Jlewa 2 C camMoHHAYKIMY WMeeT TaKoe HallpaBJlenHe, 4YTo
B J1000H MOMEHT OHO NPOTMBOJEHCTBYET H3MEHEHHIO TOKA.

11

Hekortopbie cBOMCTBA MHAYKTHBHOCTH. Buabl karyuiex

11.1. UHAYKTHBHOCTD B LellH MOCTOSIHHOTO TOKA

ITpu BIIOYEHNM KATYLIKK B LIENb MOCTOSHHOIO TOKA TAKXE MPOUCXOAAT NEPEXOAHDIE
npoueccei. Ilpy 3ampikanuy genu (puc. 11. 1) ot OGarapen HaYHHAET UPOTEKATH TOK, H
BOKPYI' KATYIIKH BO3HMKA€T MArHMTHOE noJjie. ETo MarHUTHBIC CHUIIOBBIE JIMHUK pac-
[POCTPAHNIOTCS OT KATYIIKH HAPYXY, IEpeceKas NMpu ITOM ee CODCTBEHHbIE BUTKH.
BenencrBue 31oro B xaryiuke BosumkaeT 3J]C camounoykyuu, KOTOpas, COrjjlacHoO mpa-
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Bty JleHna, NpensaTCTBYET HapacTaHuio Toka. Pazymeercsi, TOK HE Mpexkpariaercs, HO
€¢ro HapacTaHH€ HE€ HNpPOUCXOAHT MIHOBEHHO, a NOCTCNEHHO, NHO 3KCIIOHCHUHANIbHOMY
3akoHy (puc. 11. 1), Yepe3 KOPOTKOE BpEMsi MEPEXOAHBIH MPOLECC 3aKAHYMBACTCS, U TOK
JIOCTHraeT CBOEro HOpMaJibHOro 3Ha4YeHus. [1poaoIKUTEeIbHOCTD NEPEXOHOrO Mpouecca
MOXHO BBIMHCJIHTH N0 (popMyne

¢t = 3_L (11.1)
R

roe L — MHAYKTHBHOCTBH KaTYHIKH, 2 R — CONPOTUBJECHHE gceli LICTU.

ITpumep 11. 1. OnpeaeauTs NPOAOJIKUTENBHOCTL NEPEXOAHOTO Ipolecca IMpH 3a-
MbIKQHHH 1I€TH, COjepxalieil kaTymky uaayktuBHocr L=0,5 ' n obumee conporns-
nenue yenu R=150 Om.

W3 dopmynst (11. 1) Haxoaum

Hanpabrenue
23pacmarowyezo
moxa —>

——

Hanpabrerue 340
camoundyxyuu

Puc. 11.1. Tlpu 3aMBIKaHHH LENH, COAEPXAIUeH HHIYKTHBHOCTH, TOK YBEJUYMUBAETCS HE PE3KO.
a MOCTENeHHO (110 3IKCIOHEHTE)

Ecnu pa3oMKHYThH LElb, KOIAA 4EpPe3 KAaTYLIKY MPOTEKACT MOCTOSIHHBIH TOK, TO B
3TOM CAy4ae TOXKE BO3HUKACT HMEPEXOJHBI Ipolecc (MOJAOO0HBIH ONBIT ObLT MOKA3aH Ha
puc. 10. 10). B 31oM ciiyuae CHJIOBBIE MAarHMTHBIC JIMHUM NPUOJIMKAIOTCS K KaTyUIKE.
IIpr 3TOM OHM TIEpeceKkaroT BHTKH, U B kaTymike BosHukaeT D/[C caMoMHayKIMH, Ha-
TIpaBJICHUE KOTOPO#, corjlacHoO npaBuity JleHna, cCoBnagaeTr ¢ HANPABJICHHEM TOJIBKO 4YTO
npepBaHHOro Toka. OcobeHHO BAXHO 3aMOMHHMTb, YTO €CIM KaTylllka oBNaJaeT 3HauYu-
TeNbHOW MHIYKTUBHOCTBIO M Mepe3 Hee Mpotekaet Gonbiuoi Tok, To DAC camMouuayK-
IHH, BO3HHKAIOIIAS HA KOHUAX KATYIUKH, MOMcem Oblmb 60 MHo20 pa3 Goavuue nanps-
JCCHUA CAMO20 UCIMOYHUKA NUFRAHUA. ITO siBJIcHHE OOBiICHAETCH TeM (PAKTOM, 4TO NpH
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pa3sMbIKaHHH IIEIM JHEPTUs, 3aMaceHHAass B MATHHTHOM IIOJIE KAaTYIUKH, HE MCUe3aeT, a
CHOBA MpPEBpAINaeTCs B TOK, HO CO 3HAYUTEIILHBIM HANPAKEHHEM, TaK YTO MEXKIY KOH-
HaMH KaTYUIKH JaXe MOXET TPOCKOYHTE HCKpa. DTa OCOOCHHOCThL OveHb BaXHA Ha
npakTHKe, MOCKOJILKY MOXET HPHBECTH K Hpobo Mexay oOMOTKaMH, HCHCIIPABHOCTH
TPaH3UCTOPOB U T. A. Unm, xopoue ropops, KpaTKOBPEMECHHOC NPCPHIBAHUEC 3HAUYUTEIIL-
HOTO 110 BeJIWYHMHE TOKA Yepe3 KATYIIKY OTHOCHTENbHO GOJIBLION MHAYKTHBHOCTH TpH-
BOJUT K BO3ZHHKHOBCHMIO OMNACHLIX HANPSKEHUH HA KOHLAX KATYUIKH, TPOTHB HEro
JIOJIKHBL ObITh TIPUHATHI MEPBI.

11.2. UHAYKTHUBHOCTh B LiellM MIEPEMEHHOI0 TOKa

JomycTum, 4TO y Hac UMeeTCs MaeaibHas KaTyuika (T. €. CONPOTHBJICHHME NPOBO/A
¥ BCE TOTEPH PABHLI HYJIIO), M NPHJIOKHM K HEH nepemennoe nanpacenue. CornacHo
npasuny Jlenna, 3AC camounaykuuud B 060 MOMEHT OyaeT MPOTUBOAEHCTBOBATH
NPHJIOKEHHOMY H3BHE HANPSXKEHHIO.

B pe3ynbTaTe KATYUIKA OKAXeT NEPEMEHHOMY TOKY HHIAYKTHBHOE COHNpPOTHBIICHHE,
kKoTopoe 0003HaYaeTCs 3HAKOM X, M3MepscTCA B OMax H BBIMHCHISETCS 1O _(opmye:

X; =oL=2nfL.
(11. 2)
“ XL,kOM
51
2+
9
L=5r
F
I+
A J I 1 1 1 —
aq 100 200 Jo0 400 300 600 £,y
Puc. 11.2. Tlpy yBeanueHHUM 4acTOTHl HHIYKTHBHOE CONPOTHBJIEHHE YBCIMYHBACTCS

MHIyKTHBHOE CONPOTHUBIICHHE 3agucum om uwacmomsl. YeM Gonbllie HHAYKTMBHOCTD
KATYLWIKH U BBIIIE 4aCTOTa TOKa, TéM OoJiblle HHAYKTHBHOE COMPOTHBJIICHUE.

ITpumep 11. 2. Halitu uHayKTUBHOE CONMPOTHBIIEHUE KATYLIKM UHAYKTHBHOCTLIO 5 I
Ha yactote 50 I'L.

[Moacrasnsem uucnosbiec 3HaueHus 8 Gopmyny (11. 2):

X, =2nfL=21.50.5=1570 Om.

Ta xe kartylka Ha yacrorte 1 k'l ¥MeeT UHIYKTHRHOE conpoTusieH#de X; =31 kOm;
a na yactore 1 MI'u ee conporusnenune so3zpacraer o 31 MOm. Ha pic. 11. 2 noxazaHa
rpaduyeckas 3aBUCHMOCTL WHJYKTUBHOI'O CONPOTHBICHUS YNOMSIHYTOH KaTyllKH OT
4acTOTh! (T. H. YaCTOTHAasi XapakTepucTuka). Temepb, KOIjla Mbl G3HAKOMMIMCH C MH-

7



JAYKTHABHBIM COHPOTHUBJIIEHUEM, MOXEM 3aNMCATh 3a4KOH Oma OPH IEPEMEHHOM TOKE 4€EPE3

KaTYLIKY
U U

U= X1 X, =, =5

L

. (11.3)

Mpumep 11. 3. Kaxoit ToK OpoTeUeT 4epe3 HACadbHYIO KaTYLUKY HHAYKTHBHOCTH L =
=600 MkI", eciiM NOAKJIIOYUTL €€ K nepemenHomy HanpspkeHuro U=0,4 B yacTorol f=
=500 kI'u?

~ 2208

3r. ceme

[ { TR

= \O )
Amnepmemp
3nexmpocbapoyrolll
annapam
Puc. 11.3. Ha xonocrom xoay B nepBHYHO# OOMOTKE YIEKTPOCBAPOYHOTO

alnapaTta NpoTEKAET TOK 3HAYMTEILHON BE/IMMMHBE, O/HAKO KATYIUIKA HC Ha-
IpeBACTCA, T. K. €€ CONPOTHUBJIICHHE PCAKTUBHO
ot

A t
Puc. 11.4. B uHAYKTHUBHBIX CONMPOTHUBIECHUAX HANPIKEHNE OTle-
pexaeT ToK Ha 180

eu
¢
Qé\

W\

HpPlBO}IHM BCJIMYMHBI K OCHCOBHBIM CIAMHHLIAM H IICACTABIACM B d)Opl

U U 0,4
== — = n — = 0,2 mMA.
X, 2nfL 2n.5.10°.600.10
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ConpoTusiieHAe HeaibHOM KaTyniku (oJ00HO KOHIEHCATOPY) peakmugno. UToOb!
BBISICHHTH 3TO, PACCMOTPHM OMBIT, NOKa3aHuwli Ha puc. 11. 3. 3necs npu pabote Ha
XOJIOCTOM XOAY 4epe3 NMEPBHYHYFO OOMOTKY 3JIEKTPOCBAPOYHOrO anmapara npoTekaer
Tok 4 A. Ilo3toMy Ha mepBbIA B3MJIA/ MOUHOCTh, NOJaBacMasi H3 CETH B MEPBUYHYIO
o0MoTKy, paBHa P=U.=220.4=880 BT, T. . OHa Takasi ke, KaK B JJIEKTPHYECKOH
nTKe cpegHeil Beanyuubl. OMHAKO OMbIT MOKasbiBaeT (puc. 11. 3), uyTto M nocne npo-
JOJDKUTENIBHONH paboThl 3JIEKTPOCBAPOYHOTO annapara, 0OMOTKA OCTAETCA XOJOAHOMH.
Bonee TOro, BONPEKH TOMY, YTO B UENH NPOTEKACT TOK BeMM4HHOH 4 A, JMCK 3J7eKk-
TpocuyeT4yuKa HenoAuxeH. Kak 310 00biacHuTh?

Kak B ciiydae ¢ KOHJCHCATOPAaMU, TaK M 3/1€Ch, MOWHOCHb peaKmuena. Imo 3nauum,
4Ymo 3a 0OHy uemeepmb NEPuUOda K Kamyuwike ROCIYNAEH) DHEPIUA, ee MAZHUmIoe noae
Lpacuupaemca’, u 6 HeM HAKANAUBAEMICA MASHUMHAA UEPeUlL, A 3a OPY2YI0 4emsepms
nepuoda IMo MAZHUMHOe HOAe ,,C80PAUUBACHICA’ 0Bpamno K Kamywke, uHOyKmupyem 6
neti DC camoundykyuu u omoaem 3uepauio obpamno 2enepamopy. CllefOBAaTEALHO, B
3TOM CJIyuae HPOUCKOIAUT ROCHOANNGIL 00Mell dHepeueil MEKAY T[eHEpAaTopoM (3Jiek-
TPOCTAaHLMEH) M KaTyIIKOHM, B TO BpeMsl Kak CpeJHSA MOIIHOCTL paBHa Hymwo. Bor
nouemy ¢opmyna P=Ul, NpulioxeHHas K HAeaIbHbIM KATYIIKAM, MAa€T HE aKTUBHYIO,
4 PEeakTUBHYIO (OOMEHHYIO) MOILHOCTD.

DTa 0COOEHHOCTH KATYLIKM OOBACHAETCS TeM (PAKTOM, YTO IPUIIOKEHHOE HATNps-
KEHME H MPOTEKAIOIIMA TOK UMEIOT Mexy coboil pasnocTs a3 B 90°, a nanparncenue
onepexcaem mok (puc. 11. 4). TIpuaunoit 3TOM pa3sHOCTH (a3 ABASETCS TOJNBKO HUHAYK-
tuposaBHas DJIC, koropas Npu yBEJHYEHHWM TOKa HAINpaBjeHa NMPOTHB HEro, a Ipu
YMEHBILICHUY CJIEAYET €ro HampasiieHuto (cm. puc. 10. 9).

11.3. Pea/ibHble KaTyIKH MHIYKTHBHOCTH

PeanbHble kaTymkn o6J1afatoT HE TOJNBKO MHAYKTHBHBIM CONPOTHBICHHHMEM X[, HO
U aKmugHvimM conpomugacruem (conpomugienuem nomeps) R, (puc. 11. 5).

Ha Hm3kux 4acrorax R, OOYCNOBJIEHO TOJLKO AKTHBHLIM COIPOTHBJIEHMEM IIPO-
BOJA, KOTOPLIM HAMOTAHa KaTylka. Ha BeICOkMx 4acTOTax R, BO3PACTACT, MOCKOILKY

L Rnor
d)
Hdearenas xkamywxa PearoHad Kamyuwka undyxmub-
UHBYkmubHOCMY HOCMU HA.LDEORUX Yacmaemax
67 23

Rﬂar
6)
PearoHasg kamywxa uHdykmub-
Hocmu wa Betcoxux yacmomax

Puc. 11.5. DKkBUBaAJICHTHbIE CXEMBI:
Q) naeanbHOH KAaTYIKY, 6) Peafbiol KATYWKH HA CPeAHMX YACTO1a; 6) PEdJIbHOR KaTYIIKK HA BLICOKMX 4UACTOTAX

BKJIIOMAET B cebsi He TOIbKO aKTHBHOE CONPOTHMBIIEHHE, HO M Pl APYIMX NOTEPh (Ha-
NpUMEp, H3JIy4eHHe, BhI3BaHHOe TokaMu Pyko, MoBepXxHOCTHBIM 3hpekTOM M T. A.).
Ioanoe conpomusaenue, KOTOpOE KaTyLIKa OKa3bIBACT MEPEMEHHOMY TOKY, HAa3bIBACTCS
umnenancoM H obo3HauaeTcs Oyksoil Z. MiMnenaHc u3MeEpSETCs B OMaX M Ha CPERHMX
4aCcTOTaX BBIYHCIAETCS 110 Gopmye:

Z =R’ "+ XZ- (11.4)
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O‘ICBHLIHO, npu yeeaudeHuu dacmomsl eo3pacmaem u uMnedauc, MOCKOJIbKY YBCAU-

upBaeTcs X;.
Ha BBICOKHX 4aCTOTaX HAYMHAET OKA3bIBATh BJIMSHUE COOCTBEHHAN €MKOCTh KAaTYIUKH

Crapas (pHC. 11. 5), KOTOpas B NPHHIMIE HEXENATENbHA, HOTOMY YTO IIYHTHDPYET HH-
JAYKTHBHOCTDL M YCJIOXHSICT ABJICHUA.

11.4. BbiCOKOYACTOTHbIE KATYIIKH HHIAYKTHBHOCTH

OTH XKaTYUIKM HHAYKTUBHOCTH HCTIONB3YHOT B IIENsAX, B KOTOPbIX NPOTEKAET TOK Bbi-
COKOH HacTOTbI, HATIPUMED, B KOJIeDATE/ILHBIX KOHTYPax BXOAHBIX YCTPOHCTB, GUNbTPax

u mp.
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Puc. 11.6. BBICOKOYACTOTHBIE KATYILKH:
) KOPOTKOBOUIHOBAS KATYWIKA, HAMOTANHAA Ha umxmmpmecxuﬁ Kapxac: [ KOPOTKOBOJIHOBAA, HAMOTAHNAS HU WECTUIPHIIHLIM KapKic: 6l
) CPEIHEBOMHOBAR ,.YHHBEPCAAb™ ¢ GEPPHTOM: ¢} KOPOTKOBOJKOBAR BXOAHAR H KOHTYPHAR ¢/ YAbTPAKOPOT-

KOPOTKOBOIHIOBAA 5€CK‘de‘dCHaﬂl &
KOBOJIHOBUA ¢ JATYHHBIM CEPUCYHHUKOM: M) KATYlIKd € GDOHCBMM CEPACHHUKOM

bR

O0s1vHas kamywka Kamywxa undyk-  Kamywxa unbyxkmub-  Kamywku ¢
undykmubrocmu  mubsocmu ¢ Buico- Hocmu ¢ Bvicokovac-  uwndykmuBuoi
K0YacmomHbeiM momHb6iM cepdeyHukoM c8azew ¢ 6.9.
cepdevHuKoM U NepeMeHHOU UHDYK-  CEpdeyHUKaM
muBrocmer

Puc. 11.7. O6o3HaueHUs KaTylEK

OOBIYHO BBICOKOYACTOTHBIX KATYLIEK HHIYKTHBHOCTH HET B NPOAAXKE, OHM H3rOTaB-
JISIIOTCS caMuMH paguomooutensmu. Hexkoropeie BU xaTynikn MHAYKTUBHOCTH MMEOT
depputHble cepnednuku. [IpuMeHeHHe ceplevHUKAa NPHBORUT K VCAUYEHUIO UHOVKINUE-
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nocmu katyikn. KpoMe TOro, oH yayuwaem xavecmsa KaTyLIKH, a C APYTOH CTOPOHbI
/laeT BO3MOXKHOCTB A4e2K0 U NPOCHO UIMEHAMYb UHOYKMUSHOCMb KATYLLIKH B OTIPEEICHHbIX
ipeaenax. MeppUTHbiE CePACHUHHKU U3TOTOBJISIOTCS IO CNEUHANbHOM TEXHOJIOIMH .

OcHoBHOe TpefoBanue XK (GEPPHTHLIM CEPACYHUKAM — 60AbUWAA MASHUMNAA NPOTU-
yaemocme u Madvle nomepu na evicoxux wacmomax. Ha puc. 11. 6 moka3aHo HECKOJNBKO
BHJIOB BBICOKOYACTOTHBLIX KATYILEK MHAYKTHBHOCTH, HEKOTODBIC U3 HUX C (DepPUTHBLIMH
cepaevunnkamu, apyrue 6e3 Hux. Ob6o3HaYeHHE Pa3IMYHBLIX BUIOB KATYIUCK HHIYKTHB-
HOCTH Noka3aHo Ha puc. 11. 7.

11.5. OcHoBHble HapaMeTpbl BbICOKOYACTOTHBIX KATYINEK WHAYKTHBHOCTH

INepeuncaum Haubomnee BaKHBIE MapaMeTPbl BLICOKOYACTOTHBIX KATYIIEK MHIYKTHB-
HOCTH.

a) UnayxrusHocTh. OHAa 3aBUCHT OT YMCNIa BUTKOB, TEOMCTPHYECKHX Pa3MEPOB M Ha-
nuuaud deppuTHOro cepreunuka. Yem OoJibliie BHTKOB, TeM OOJbllUE HWHAYKTHBHOCTH
katymiku. Hannuse cepaeyHrka yBeNMYHBaeT HHAYKTHBHOCTb KaTylkd. UHAYKTHBHOCTH
Oyner HambGoJblueH, €CIM CEpJAEYHMK TIOJIHOCTBIO BCTABJICH B KaTymky. Katymku un-
JYKTHBHOCTH, KOTOpBIE HCNOJIL3YIOTCS B PaJMONPHEMHHUKAX, Yallie BCEro MMEIOT cle-
Iyrollie WHAYKTUBHOCTU: NS JUIMHHBIX BoJH L=1-+5 wml, mna cpeauux BonH L=
=150-+200 mkI, a ansa koporkux BoaH L=1-=10 mxI.

6) JdobporHocTb. Ka4eCTBO KAaTYIKH MHIYKTUBHOCTH ONEHMBAETCS JIy4Ilie BCEro J10-
O6poTHOCTBIO (J. OHa paBHAa OTHOLUICHUIO HWHAYKTUBHOI'O COIPOTHBJICHHSA JX; KaTYLIKH
MHIYKTUBHOCTH K €€ CONPOTHUBJIEHUIO TOTeph R ;. KaTylKi XOPOLIEro KayecTBa UMEIOT
no6poTHOCTH Hale Becero ot 50 no 200. Yem GoJibiite TOOPOTHOCTL KATYIIKH, TEM JIyllle
ee KauecTBO. OCHOGHBIM CROCODOM YAVUMWIEHUA O0BPOMIOCIU KAMYWKU UHOYKIUBHOCHTU
A6AACHICA YMEHUbIUEHUE €€ CONPOMuUBAeNus nomeps. ITO JOCTUTAETCS CIACAYIOUIMMU Cpel-
CTBaAMH:

— NpHMEHEHHEM B. 4. CepJeuHMKa, NPH HAJHYHH KOTOPOre HeoOXOoIHMas HHIYKTHB-
HOCTH MOJIY4AETCA MPH MEHbIIEM “HCJe BHTKOB, T. €. MeHbilieM CONPOTHBJICHHH NPOBOIA;

— npHMeHEeHHeM NpPOBOJa GOJLILEro JHAMETpAa, YTO, pa3yMeercH, YBEJHYMBAET pa3-
Mepbl KATYHIKM WHYKTHBHOCTH;

— NpUMeReHreM NMPOBO/AA, COCTORIIET0 H3 ONPE/ICICHHOre YMC/Ia H30HPOBAHHLIX ApPYr
OT Apyra NpoBoJoYeK (IMTHeHApaT), YTO 3¢PeKTHBHO TONLKO B [HAaNa3oHe NJIHHHLIX H
CPeIHHX BOJIH.

B nuamnazone KOPOTKHX H YILTPAKOPOTKHX BOJH XOpouias JOOPOTHOCTH HOy4aeTcs
B TOM CJy4ae, KOTa KaTYIIKH HAMATBIBAIOT HEM3OJHMPOBAHHLIM NIPOBOJAOM O0JILILIOTO
gdaMeTpa, IpH 3TOM 4acTO IS YMEHbILEHHS TOTEPh COBCEM HE HCIOJB3YIOT CEpAcH-
HHKOB M KapKacoB.

B) CoGcTBenHan emkocth. Kak yxe ynoMuHamM, coOCTBEHHAs] EMKOCTh KAaTYIIKM MH-
JYyKTHBHOCTH OOYC/IOBJIEHA €MKOCTBbIO OOMOTKM M B BBICOKOKAYECTBEHHBIX KaTylIKax
HHAYKTUBHOCTH JIOJIXKHA OLITh KaK MOXHO MeHblIe. OnuH u3 cnocoboOB yMeHbIICHUS
coOCTBEHHOM €MKOCTH — TlepeKkpecTHas HamMoTka (Tuna , yHuBepcanp® — puc. 11. 62)
WId HAMOTKA OTAENBHBIX BHTKOB HE IUIOTHO OIMH K APYTOMY, 4 Ha OMNpPEIeJIeHHOM
pacCTOSHUM (KATYIIKH C TPUHYIMTENLHBIM IIaTOM — pHc. 11. 6q, 6, 8).
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11.6. [Apocceau

9TO KaTYUWKH HMHAYKTUBHOCTH, KOTOPBIC CAVHCahi oan nponyckanua ROCHIOANHNOZCO
MOKa (uAau MoKa UKL YACMOMbl) U 3anupanua moKoe gvicokol yacmomsl. Ha puc. 11,
8a moKaszaH B. 4. IpOCCEb, KOTOPLIH Ans
YMEHbLUCHHUST COOCTBEHHOW €MKOCTH CO-
CTOMT M3 Tpex cexuui. Ero unaykTms-
HOCTb okono | mI, a ero conpoTusiicHHe
nocrosHHoMy toky 510 Om. Ha wac-
ToTe |1 Krll HHAYKTUBHOC CONPOTHUBJICHUE
3TOro apoccesist okoyso 6 OM, a Ha vac-
tote 10 MI'n ono okosio 60 kOM. DToT
NPUMEP NOKa3bIBACT, 4YTO MOJist TTIOCTOAH- -
HOTO TOKa H TOKOB HHU3KOH 4acToThl CO-
TIPOTHBJICHUE APOCCESIsl Majlo, a Afas To-

Puc. 11.8. Opoccenu:

G/ BLICOKOUAC FOTHBI §) HU3KOHACTOTIIbIA KOB BBICOKOH 4aCTOTBI BEJHKO.

Ha puc. 11. 86 nokazan H. 4. apoc-
CEJIb. On COJIECPXHT npumepro 10005000 BMTKOB M HMEET KeJIe3Hbli
cepaeunux. Ero uunyktuBHocts — 110 T, a ero akrusHoe conporupienue 50--300

Om. Ha usactore 50 I'u ero MHAYKTHBHOE CONpOTHBJeHHE HpumepHo 2-+ 10 kOm. Hc-
[0JIb3YETCSA B BBIMPAMUTENSAX TOKa Ui TIPOITYCKAHUS TIOCTOSIHHOTO TOKA M 3a/EPKKH
TIEPEMEHHOTO TOKA.

3ANNIOMHUTE!

1. Ilpu BK/IOYEHHN KATYWIKM HHAYKTHBHOCTH B Lelb HOCTOSHHOIO TOKA, TOK Ha-
PacTaeT He MIHOBEHHO, A HOCTENEeHHO (10 IKCNONeHIMAILEOMY 3aKony). ITpuunnoi
asaserca I/AC caMOHRAYKIMH, HanpaB/ieHHe KOTOPOil MPOTHBONOJIOKHO Hapac-

. TaloumieMy TOKY.

2. [1pu npexpanieHHH TOKA Yepe3 KaTYIIKY MATHHTHbIC CHJIOBbIe JTHHHU DPHOIHKAIOT-
co K Kartyuike, fipn 31oM I C caMOMHAYKIMI MOXKET ObITL 3HAYUTELHO GOJILINIe
HANPSDKEHHs1 MCTOYHHKA TOKA.

3. ConporuB/ieHne KATYNIKH WHIYKTHBHOCTH NEPEeMEHHOMY TOKY (MHIYKTHBHOE CO-
ApOTHB./ICHHE) 3ABHCHT KAK OT HKIYKTHBHOCTH KATYHIKH, TAK H OT 4aCTOTHI TOKA.
Tps O6anmiell MHAYKTUBHOCTH KATYIIKH OKA3LIBalOT 0O.blice CONPOTHBICHHE
nepeMennoMy TOKY. [IpH yBeJHHEHHH YACTOTHI COMPOTHB/ICHHE NAHHONH KATYIIKH
YBeJIHYHBACTCH,

4. UnayKTHBHOE CONPOTHBJIEHHE PEAKTHBHO, T. €. B HEMH NEPEMEHHOr0 TOKA Mar-
HHTHOE 10Jie BOKPYr KaTYWiKH TO ,paciumpserca”, To ,cyxusaerca®. Ilpa stom
KaTyIIKa TO NOJy4aeT, TO OTARET JHEPrHI0 HCTOHHHKY TOKA, a CPEJAHAR MOUIHOCTD,
NOCTYNamas B KaTyilky, paBHa Hy/Io.

5. VaeanbHan KaTyiKa MHAYKTHBHOCTH 00/1aaeT TOALKO HHIYKTHBHOCTRIO, H BCe
HOTEepH (BK/IIOYMHTEILHO H aKTHBHOE CONPOTHBJICHHE) PaBHLI HYTI0. Peabnbie Ka-
TYHIKH WHIYKTHBHOCTH, KPOME HHIYKTHBHOCTH, HMEIOT H OTEpM, KOTOPbIE YCJI0B-
HO BbIPAXAXOTCH CONPOTHB/ICHHEM NMOTEPb, COCTHHEHHLIM MOC/Ie10BATEbHO ¢ HH-
JYKTHBHOCTBIO.

6. OCHOBHBIE NAPAMETPhl BLICOKOUACTOTHBIX KATYIIEK — MAIYKTHBHOCTH, N00poT-
HOCTb H COOCTBEHHAN EMKOCTD.

7. KavecTBa KaTylIKH HHAYKTHBHOCTH YJIyWIIAIOTCH JIPH MCHO/1b30BAHHA (EPPUTHBLIX
ceplAcunUKoB, 0o/lee TOrO, ¢ HX MOMOIULIO MOXHO H3IMEHAThL B ONpeIeJCHHBbIX
npeae/iaX MHIYKTHBHOCTh KATYUIKH.
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12

3BYK M ero 0cobOeHHOCTH

12.1. CymmocTh 3ByKa

Ecan Opocuth B BOAY KaMeHb, TO HAa €€ MOBEPXHOCTH 00Pa3yIOTCA BOJIHBI, KOTOpbIE
pacIIMParOTCsl KOHLEHTPUYECKMMHU OKDYXHOCTAMH M jaocTHraroT Oepera (puc. 12. 1).
Takum xe 06pasoM eokpyez 06020 36yuaugezo meaa oOPasyiOMCa 38yK0Gble GOAHbI, KO-

Aruna Boarep,

Puc. 12.1. BosHbl H4 MOBEPXHOCTH BO/IbI

Ywnaq

nepenoHKka

Puc. 123, VerpoiiciBo 4enoBedeckoro yxa

TOpbIE PAcHpOCTPAHSIOICA N0 BO3AYXY. ECim OTTAHYTh 3JIACTMYHYIO TUIACTMHKY, OHa
HAYMHACT KOJIeDaThCs., MPHBO/AA B ABWXEHHE YACTHIILI BO3yXa, ¥ TOTJA BO BCE CTOPOHbI
pacnipocTpaHsroTes chepudeckue 3ByKoBbie BoJnbl (puc. 12. 2). OHU NPEACTABIAIOT CO-
Golt ceycmru u paspescenun 603dyxa, T. €. Mecra ¢ OONBIIMM M MEHBLIMM [ABJIEHHEM.

Kak TOJIbKO 3BYKOBbI€ BOJIHBI JOCTHIHYT Hamero yxa (puc. 12. 3), 6apabannas me-
penoHKa HaYHHAET KonebaTbCsi W MOCPEJACTBOM MEJIKHMX KOCTOYEK MOJIOTOMEK-

6 IlepBbic WIArW B PATHOINEKTPOHUKE ‘ 81
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Puc. 12.4. IMatiasontl yacror NCKOTOPbIX My3LIKILILIX HHCTPYMCHTOR



HAKOBAJICHKA-CTPEMEYKO 3BYK Tonajaet BO BHyTpeHHee yxo. OTciona 4epes CIyXOBoii
HepB Kosie0aHNA NEPEAarOTCs B FOJIOBHOH MO3F, H MbI CJIbILIMM 3BYK. ClIeI0BaTEIbHO.
IS TOro, 4ToObnl OBl 3BYK, HEOOXOQMMO HaNMyMe 3BYYAUIETO Tena, cpedsl A pac-
MPOCTPAHEHUs 3BYKa M CJIYXOBOIO Oprada.

12.2. CkopocTb 3ByKA

CxopocTh pacnpocTpaHeHus 3Byka B Bosayxe mpH :=20°C okono 340 m/c (1. e.
okoso 1200 kM/4), ipu yBeaHHYEHUH TEMIIEPATYphl OHA ¢1abo HapactaeT. CKOpoCcTh 3ByKa
(B cpaBHEHHHM, HANIPUMED, CO CKOPOCTHIO L. TOKA) He O4eHb Besivka. Hanpumep, ecnu
B BapHe npou30HaeT 0YeHbL CHIILHEIN IpoM, 3BYK OyneT cisilieH B Codus TOJIBKO Yepes
20 muH. B Bozne 3BYK pacnpoCTpaHseTcs CO -
ckopoctbio 1430 M/c, a B cTalmm — coO CKO-
poctbio 5000 M/c.

12. 3. Broicora TOHOB

3syx onpedesennoit uacmomst Hasviéae-
mcA TOHOM. Pa3/MyHble TOHA HMMEIOT pas-
JIHYHOE YHCITIO KoneOaHui B cexyHay, T. €.
PasJiM4HYO 4acTory. Yem swiue wacmoma,
mem ebtute mon. Tak Hampumep, ToJICTas
CTpyHa THTapbl cosepmiaer 165 koneGanuit
B CEKYHOY, a TOHKas — 659 koneGauuii B
CEKyHIY.

CaMpiif HH3KMIl TOH, KOTOPBIM MOXET

BOCHPHHSATDh 4Y€JIOBEYECKOE YXO, UMEET Yac- ‘ ! \
ToTy 16 I'ti, a campiit Beicokmit — 20 000 ‘W \ ‘\ \ \\ \

I'u. PazymeeTcs, B My3sbike 3TH ,KpaiiHue™ ‘ \\ \ AN \\
TOHA NPSAMO HE HCIONB3YIOTCH. DTO BHIAHO il “I’ \ AN \
u3 puc. 12. 4, roe mokasaHel KJaBHATypa % \ \ \ AV
IMHAHHHO, HOTHLIE 3HAKU MY3LIKAJIBHBIX TO- ‘\

HOB, MX YaCTOTBHI M [HANa30H HEKOTOPbIX
MY3bIKaJIbHBIX HHCTPYMEHTOB. ToH ,, 19, 110
KOTOPOMY HaCTpaMBarOT MY3bIKAJIbHbIC HH-
CTPYMEHTRI, HMeeT dacroty 440 I'u, cdmas
TOJICTast CTPYHA KOHTpadaca MMEET YacToTy

41 Tu, a camniil BBICOKHII TOH NHAHWUHO —
3520 I'n.

12.4. Cuna 3ByKa ~ Puc. 12.5. I'pOMKOCTb pa3jiH4HbIX 3BYKOB

3ByKH, KPOME 4YacTOThi, PA3jIMUAIOTCA U MO CHIe. Ecipr Mbl HaxooMMmcst OJM3KO K
rUTape, 3BYK CHJIbHEE, 2 KOIJa yJalHMCsi Ha HEKOTOPOE PACCTOSHUE, CiJIA 3BYKA yMEHb-
maercs. TIpUYMHON SBASETCA TO, YTO 3BYKOBbIE BOJIHbI MPH JBHXCHHH B BO3AYLIHOU
cpelie TepSIOT CuIy. DTO 3HAYMT, YTO YAaCTHIbI BO3AyXa BCE cnabee u ciiabee OTKJIO-
HSFOTCA OT CBOErO CPE/HErO MOJIOKCHHUA, T. €. YMCHBIIACTCS HX AMILIMTYNA. Crepnosa-
TeNbHO, CUAQ 38VKA 3GBUCKM OM AMAAUMYObL KOACOQHUN.

B TexHMKe Ons M3MEpEHUs CUNBI, ¢ KOTOPOH MBI CIIBILIMM 3BYKH, HCMOJIb3YeTCH
eqununa xemmden (nb). Ha puc. 12, 5 BuaHO, 4TO camblil c1adblil 3BYK, KOTOPbI MOXET
YJIOBMTb Halie yxo, cooTsercrByer ( ab, 3ByK nafalollMXx Kanejib BOAbI Hd pPACCTOAHUH
1 m cootsetcrByet 20 0B, 3BYkM 1npr 06bIMHOM pasroBope UMerOT cuiy 40 1B, a camblit
cuiIbHBIA 3BYK (BoseBoilt nopor) cootsetcrayer 120 nb.
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12.5. Temop 3ByKa

Ecinn 3a Haweil cOHHO| NPO3BYYHT OMH M TOT e 3BYK ,, 15" (f=440 I'1) Ha nHaHKUHO
H Ha KI4PHETe, TO Mbl CPa3y y3HaeM, KOr[a 3BYYHT MHAHUHO, KOrjga knapuer. Kak xe
Mbl pasziudaeM HHCTPpyMedThl? Benb B 0060MX cily4asx 3BYY4MT BCE TOT %€ TOH ,Na“?

Tovzengpamaop  ,A9" F=4401y Tuanuno A% f=440 Ty

U[\U[\U/\U[\U/\U/\

|

krapaem ,A9* f~44014

Puc. 12.6. ®opma koschanuli reneparopa 1ol ,JIS", N34aBACMBbI THANKIIO
U KIAPHETOM

PaznnualoT mMy3bikanbHble HHCTPYMEHTHI [JaXe TOr/a, KOrJa OHM NPOM3BOASIT OIUH
H TOT X€ TOH, N0 UX TeMOpY. 36yKogble KOACOAHUA PAZAUUNBIX MY3bIKAALIGLY UNCHPY-
MEHMO8 He AGAANMCA NPOCMbIMY CUILYCOUOAALIBIMU KOACOAHUAMU, a 06.aadarom paziuy-
1ol ,,0Kkpackoit”, m. e. omo caoxncuvie Koaebanuna (puc. 12. 6). UncTo CHHYCOUIR.IbHbIC
konebaHNs NPOU3BOMNT TOMBKO 3JIEKTPOHHBIA NPUOOP, HA3ZLIBAEMBIH 3BYKOBBIM I€He-

paTopoM (TOHTEHEPATOPOM), KOTOPBIR HCIONL3YETCs B J1AGOPATOPHAX.
aa———

Puc. 12.7. Tlpa cnoxeHUM ABYX CHHYCOMAANBHBLIX KO/1e0aHMil DA3AMYHON HACTOTbI HOJNYYAIOTCA
HECHHYCOUAAIbHBIE KOJICOAHUS

Ecan cyMMMpOBAaTh OBA CHHYCOMOANBHLIX KOJEOAHUS pazauuHOl Yacmomyl u amniu-
myosr (puc. 12. 7), T0 pe3ynbTHpYIollee KoneGanue OyneT MOXOXe HA KojebaHus My-
3bIKAJIBHBIX MHCTPYMeHTOB. CoOpaB BMeCTE TPH, YETHIpe U OOJNbINE CHHYCOMAANBHBIX
xonebaHmil pasnMUHOM YacTOTBI, aMIUIMTYALI ¥ (a3bl, MOXHO TIOJNYYMTh M Haubonee
CJIOKHOE NIEPHOIMYECKOe KosiebaHue. YCTaHOBJIEHO, YTO CIIOXHBIE iecultycoudavitvie, 110
nepuoduyeckue Xonebanus, y KOTOPBIX MOJIOXKUTEIBLHBIN NOMYNEPHO] CAMMETPHYEH OTPH-
HATENBHOMY, MOMCHO PACCMAMPUEAMb KAK CYMMY ONHOTO OCHOBHOI'O CHHYCOMAATIbHOTO
Konebanus 4acToTOH f] # GONBLIOro YKC/a JAPYIMX CHHYCOMIANbHBIX KonebaHuii, o6na-
AKX COOTBETCTBEHHO YacToTaMu 2f;, 3f, 4f, u ¥. 4. 6osice BHICOKUMH U KPATHBLIMU
OCHOBHOH, KOTODbIE HA3BIBAKOTCH 2ApMOHUKamMu. B aKyCTUKE 3TO Ha3bIBACTCH TEOPEeMOM
Pypre. Hanpumep, T0H ,,719° MHAHHHO, KOTOPBIA NEPUOIMYEH, HO HECHHYCOMAANIEH (PHUC.
12. 8.), B CYHIHOCTH, COCTOHT U3 CIEAYIOLIMX CHHYCOMAANBHBIX COCTABIIAFOINMX: OCHOBHOE
koJiebanne qactoroii f; =440l"u, BTOpas rapMoOHUKa 4acToTol f=2f; =880 Iu, Tperbs
rapMoHuKa 4actoroit f3=3f; =1320 I'u, derBepras rapMoHHKa 4acToTol f3=4f, =1760
I'mu 1. g Ton ,na" kjapHeTa HMEET I'apMOHHKH TOW K€ HYACTOTHI, HO C APYTHMH
aMILUIMTYAAMHU (CPaBHHTE BTOPbIE M TPETHH TAPMOHHKH Ha puc. 12. 8), u mo3TOMY ,,0K-
packa® (TeMOp) 3BYKOB HHAHUHO M KJIApHETA He oAMHakoBa. CiienoBaTejibHO, MOXKEM
CKa3aTh, YTO MEMOP ONPeOelAernCA GeAUNURON AMRAUMYD OMOEADHBIX 2apMOHUK.
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TeopeTU4ecky YHCIO rapMOHHUK OECKOHEYHO BesiMko. OOHAKO MPaKTHKA MOKA3biBael.
UTO ¢ ygeaudeHuem nopAoKo8o20 10mepd TAPMOHUK, KaK TIPABHIIO, UX AMRAUMYOQ yMeltb-
waemcsa (puc. 12. 8). Ilo3ToMy nipu aHaiIM3€ 3BYKOB JOCTATOYHO YYECTb TOJIBKO IIEPBbIC
S wiM 7 rapMOHHK, a OCTAJIbHBIMM MOXHO NpeHeOpeyb.

F,=440/4 Ocnobras vacmoma
Nuarnuno
DA fzsaeo i Bmopas 2apMOHUKQ

—N DAL %-13207y Tpemes 2apMoHUKa

-MAAPr £, 217607y YemBepmas 2apMosuKd

WA 440 T -MMMfsxzzaofq lamas eapMonuxka

£,=440ly OcuoBnagq vacrmoma

|
kraprem
) -QUDU—ffGBD 4 Bmopas 2apMOHUKQ

APy =1320. [ Tpemea 22oMOHUKA

AR 440 Ty | OPPPe=1760 U Yembepmas 2apMOHUKa
—anapan ;<2200 [y lamas 2apmoruka

Pue. 12.8. YactoTHblil cnekTp TOHa ,,1A°, M344BAEMOTO nua-
HHHO ¥ KJIAPHETOM

YesioBeuecKas peyb COCTOMT M3 TJIACHBIX H COTJIacHBIX 3BYKoB. Kaxkabid 3Byk mpen-
CTABJISIET COOOH CNOXHOE HECHHYCOMJAJIbHOE KOJebaHNne, KOTOpOE COCTOMT M3 OIlpeje-
JIECHHOT'O YHCJia CHHYCOM/JAJIbHBIX kojieOanui pa3nu4yHod 4acToTel. TO e camMoe MOXHO
CKa3aTb O 4eJOBe4ecKoM rouoce (6ac, TeHOp, MELIIO-CONPAHO, CONMPAaHO), KOTOPBIH NMpel-
CTaBisieT cOGOM CNOXHBIE NEPHOAMYECKHE, HO HECHHYCOMJAJIbHBIE KoJieDaHums.

N3 ckazaHHOrO MOXHO CAENAThb CJIEAYIOLUHE BLIBOAbI:

a) u HauboJee CIOKHOE TIEPHOIMUECKOE HECHHYCOMIAJIbHOE KoNiebaHne MOXHO Tpe/i-
CTaBUTb KaK CYMMY CHHYCOMJAAJIbHBIX KOJieOaHMI;

6) cnoxubie KoneOaHMs COCTOAT M3 3HAMMTENBHOTO YHMCIa FAPMOHHK, T. €. Tpemn-
CTaBJIAIOT cO0O# Onpene/icHHbIA YACTOTHBIA CHEKTP.

12.6. YacroTHblii cnekTp

bnarogaps HanuU4MIO rapMOHMK, YacTOTHBIA CHEKTP YETOBEYECKOTrO roJioca W My-
3bIKAJTIbHBIX MHCTPYMEHTOB 3HAYUMEALHO Wiupe, Yem uX ocHosHol duanasown. Hanpnwmep,
Ha puc. 12. 4 BMAHO, YTO OcHOBHOI aAuana3soH compauo ot 247 mo 1319 I'u, oaxako.
nsATas rapMOHMKA €ro HaWBbICIIEro ToHa WMeeT 4actoty 5.1319=6595 I'n, a ceabmas
7.1319=9233 T'u.

Hcxons u3 3T0r0, NaHHAs paguoanmnapatypa Afs KauecmeéenHozo BOCTIPOM3BEACHUS
3BYKa [JOJDKHA HMETh BO3MOXHOCTb YCHJIMBATh DaBHOMEPHO BECh YACTOTHBIH CIEKTp
— ot 50 mo 15 000 I'n. Crenath Takywlo anmapatypy He Tak yx mpocrto. ITosromy
PAHOMOOUTEILCKUE YCTPOKCTBA Hallle BCEro YCHJMBalOT 6ojiee y3KHe AHANa3’oHbl —
Hanpumep ot 200 mo 8000 I'i.
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JAITOMHUAUTE!

1. Bokpyr mobGoro xosgedntoumerocs Tesia o6pa3yioTcs 3BYKOBbi€ BOJIHbI, KOTOpbIe
PACHPOCTPAHSIIOTCH B BO3AYXE €O CKOPOCTHIO okoio 340 m/c.

2. 3ByK onpeneJieHAOl 4acTOTH HA3LIBACTCH TOHOM. Yem Bbilie YacToTa Koxebanuii,
TeM BbllUe TOH. YenoBedeckoe yX0 MOKeT BOCHPHHATH 3BYKH 4acToToi or 16 no

20 000 .
3. [Jdanubiii 3ByK TeM CHjIbHee, YeM OoJIbiue aMIUIMTYAAa Kogaebanui., Cuia 3Bykos,

KOTOpBbIE MBI CJILIINM, H3Mepsercs B Xeuubenax.

4. 3ByKH 4e/10BEHECKOr0 roJ10ca H My3bIKaJdbHbIX HHCTPYMEHTOB — CJOXKHbie, OHH
COCTOST H3 OCHOBHOTO KoJ1eGanus H 60JbIIOro 4HC/Ia FAPMOHHK, aMILTHTYAbI KO-

. TOPBIX onpe/leJsIoT TemOp 3ByKa.

5. Baarogaps H2JIHYHIO I'APMOHHK YacTOTHBIH CHEKTP “eJI0BE4eCKOro rojioca H My-
3LIKAJILHLIX HHCTPYMEHTOB RaMHOIO HINpe HX OCHOBHOTO IHaNa3oHa.

13

DJIeKTPOAKYCTHYECKHe Npeolpa3oBaTe/n

13.1. Muxpodon

Kaxnaplit U3 Hac roBopus no TejieGoHY M 3HAeT, 4TO 34eCh ,HOCHTEJIEM 3ByKa“
ABJIAETCH EKTPHUECKUI TOK. IIpeobpazoeanue 36yKa ¢ 1AeKMPuecKuil MoK RPOUCXOOUM
npu nomowu muxpogona. Ha puc. 13. la noxaszan ,momammmit tenedoH, xoTopslit
MOXHO CHeJIaTh CaMOCTOATENbHO. OH COCTOMT M3 YrOJbHOTO MHKpodoOHa, MIockoi 6a-
Tapeiky, TeaehOHHOro XKancroJisl ¥ NMPOBOJIOB.

YrosabHbliE MEKPOGOH NPEACTARISIET CO00H METAJIJIHYECKYIO KOPOOKY, 3al0/JIHEHHYYO
MEJIKUMH I'paduToBBIME 3epHaMu (puc. 13. 16). Ha nuneBoi yactu KOpoOKu 3akperuieHa
MerasuiMdeckas MeMOpaHa, KoTopas YIHpaeTcs B 3€pHa, HO M30JHMPOBAaHA OT KOpIlyca.
Korna na mukpodoH He nogaercs 3BYK, B Liend HIPOTEKAET nocmosAHwbiil mok (puc. 13.
le, yuacrox A—b). Korna 3Byk nopaercs, mem6pana MukpodoHa xonebercs, Haxumas
TO CHJIbHEE, TO cllabee Ha rpaduToBbie 3epHa. IIpy cHILHOM JaBICHUH 3€PHA OKA3LIBAIOT
MaJnoe CONPOTHBIICHHE, U TOK B IETIH CTAHOBUTCS CHJIbHEE, NPH claboM JaBJICHHM Ha
3epHa HX CONPOTHBJIEHHE 3HAYMTEIbHEE, 2 TOK B uenu cinabee. B pesynbrate TOK B nenm
HM3IMCHAETCH TaK ke, Kak M koyiebanusa 3Byka (puc. 13. 12, yuactok b—B). Takoil Tok
HAa3bIBACTCA CLIC MOKOM 3ey1<03011 yacmomusl WA HUSKOHACIMOMHbIM NMOKOM.

OOpaTudTe BHAMAaHHE HA TO, YTO YIrOJIbHEIA MHKpODOH caM mno cebe He ABIsETCH
HCTOYHHMKOM HAIPAXKEHHS 3BYKOBOM 4acTOTEHI, 4 NMPH HAJMYHH 3BYKa OH H3MEHIET CBOE
COHpPOTHBJIEHHE, N3MEHSS TEM CaMbiM M TOK, mocrynarommit ot Garapeiiku. Crnenosa-
TEABLHO, I HOPMAJILHOM paloThl YTONMbHOrO MUKPO(oHa HEOGXOANMO, YTOOH IO HEMY
MpoTeKa ONpeleNIeHHbI TOK, 4alle Bcero BenuuuHol ot 1 mo 50 MA.

Kpome yrojibHbIX, CYIIECTBYIOT M IPYIrHe BHIObI MHKPO(OHOB, HATPHMED, 3JEKTPO-
JUHAMMYECKUH, KOHAEHCATOPHBIH, bE303JICKTPUIECKHH U np. 3TH MHKPODOHBI HE HYX-
JAIOTCA B MUTAHHMU, T. €. KO[/AA HA HUX MOAAETCA 3BYK, Ha MX BmixoAe nogsiserca IAC
3BYKOBOH 4aCTOThI. :

86



OaHO M3 OCHOBHBIX TpeboBaHuit Kk JFO6OMY MHUKPODOHY — npasudsiioe npeobpaio-
gaiue 36yKda, T. €. JICKTPHUECKUE KOJeOaHMs, MONYYEHHbIE HA BbIXOIE, JO/IKHbI MOJHO-
CTBIO COOTBETCTBOBATH 3BYKOBBIM KoJjiebanuam. KpoMme TOro, MUKpohoH N0JIKeEH Mpe-

a)

-

Mukpopor

5)

D

3 Z t

: T

% \

s

W'\ Hem pasaobo-i Fcro paszobop | Bpema

A4 pa 5 8

Puc. 13.1. 4) npocreiiine TesedoHbl ¢ ABYMs Hayil-
HHKamn u GaTapeeii: #) yroabhbiii  MHMKpPOQOH:
¢/ TeseOHHBIH HA YWHMK, ») BPEMEHHAN MaTPaM-
Md TOKA

06pa30BLIBaTh OaMHAKOBO Huskue (50—200 TMip), cpennue (200—2000 'n) 1 BBICOKHE
(2000—8000 T'1y) 3ByKOBBIC KOJEOAHHS.

Hpyroe Tpebosauue, npeabsBiasieMoc K J0O0MY MHUKPO(OHY, — ITO €TO uyecheu-
meavtocmb. VI3 AByX MEKPO(OHOB, HA KOTOPbIE IOACTCS 3BYK O/IMHAKOBOM Cuilbl, Gosee
YYBCTBUTE/ILHBIM GYJET TOT, HA BBIXOJE KOTOPOTO MOJy4HTCs GOibllee 3BYKOBOE Ha-
TPSOKEHHE.

Iepemennble Hanpaicenus, noiyudemple Ha 8bIX00¢ MUKPOPHOHO8, 8000uje Mabt, TO-
psaaka 1—50 mB. ITosToMy MUKpOGOHBI NOAKJIIOYAIOT K BJIEKTPOHHBIM YCHIHTENAM,
KOTOpbleé MHOTOKPATHO YBEJIMYHBAIOT 3TH HANPSIKEHHA.

Fiile OIMH BAXHbIA napameTp MUKpodoHa — €ro emympenHee (6vixodnoe) conpo-
mugaenue. Ero Hajo 3HATE NpPH COrJIACOBAHMH MHKPO(QOHOB C YCHJIMTENBLHBIMH KacKa-
namu. Hanpumep, yrosbHblii MHKPOQOH HH3KOOMHBIH, & MbC303NCKTPHYSCKHH — BbI-
COKQOMHBIH.

13.2. TonoBnoii Tesiedgon (HAYLIHUKH)

Tenedon (nau TenedoHHbI Kancloib) npeodpasyeT HH3KOYACTOTHBIE TOKH B 3BYK.
OH COCTOMT M3 MOCTOSHHOTO MATHHTA, HA MOJIIOCaX KOTOPOTO NOMELIEHBI ABE KATYLIKH
(puc. 13. 2). Hax momocaMu 3akperieHa TOHKash MeTajuiMyeckas membpana. Korna
IIPOTEKAET NOCMOAHHbI MOK, HEKTPOMATHUT HPUTATHBAET MEMOpPaHy, KOTopas He KO-
nebriercd M He M3maer 3Byka. Ecim mpoTekaeT nepemenmbili Mok, MeMOpaHa TpPHTATH-
BAETCS C PAa3JIMYMHOM CHJIIOH, T. €. OHA KOJIeOJIETCS M M3[1aeT 3BYK. _

C nepBOro B3rjsaa Kaxercs, YTO NOCTOSHHLIA MarHuT B tenedoue He nyxeH. OauHa-
KO, €CJIM Pa3sMarHUTHTL TexedoH, TO OH BUAOU3MEHACT 3BYK M BOCTIDOM3BOIHUT €TI0 O4€Hb
cnabo.

B paanomoGuTeNbCKOM NpakTHKE YacTO HCTIONb3YETCH roNOBHOH TenedOH WK Ha-
YUIHHKH, COCTOSIIIME M3 JBYX TefaebOHOB, KATYIIKH KOTOPBIX COEIMHEHBI TOCIIEN0BA-
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tenbHo (puc. 13. 2). Ha 3TH KaTyuiKd HaMarsiBA€TCH OYCHL TOHKAS MPOBOJIOKA JHa-
metpoM 0,05 MM u uame Bcero ux obmiee conmportusiicane 4000 Om. Taxue HaylmHMKH
HMEIOT DOJILLIYO YYBCTBHUTEIIBHOCTL M PEArUPYIOT HA HUYTOXHBIE HATIPAXKEHHA H TOKH
(MUJUTHBOJIBTBL H MUKPOAMIIEPHI).

Kpoiwxa Membparna

flocmosnoiu Mazhum Kamyuky

Puc. 13.2. PaavoHaylIHYKH

B TenedouHbIX annapatax HCHOJL3YIOTCS €JUHHMHBIC mesegonnvle kancioau. OHu
HU3KOOMHBI (conpoTusienneM 50—200 OM) 1 HCTIONL3YIOTCS NPH cOOpKe TIOOUTEILCKUX
TPaH3UCTOPHBIX MPUCMHHAKOB, 3yMMEPOB M Tip.

13.3. I'pomrorosopurenu
Haubonee pacnpoCTpaHCHHbBIC T'POMKOTOBOPUTEIN — DJICKTPOAHMHAMUYCCKHC. Onn

cocTosT u3 OyMakHOW KOHYCHOH memOpansl, B LEHTPE KOTOPOH 3aKpelicHa KaTylika
(wmynpka). IT1a KaTymka cojgepxkuT oT 40 no 100 BUTKOB 3MAJIMPOBAHHOrO MPOBO/JA

)

Puc. 13.4. ¢) pa3pe3 NOCTOAHHOTO Mar-
HATA; 6} BUJ CliepeaM MOCTOSHHOTO Mar-
HUTA :

AN

aj

Puc. 13.5. ¢) nedicrBue MarHUTHOYO 1O-
JIsl HA IPOBOIHMUK C TOKOM; 6) NPaBHJIO

3.3 MarHUTHBI it
1 DneKTpo 1€BO#l pyKu

TPOMKOIOBOPHTENDL

muamerpom 0,15—0,40 mm. KaTyika nomeliieHa MeXAY TMOMIOCAMHE CUAbHO20 MazHuma
(puc. 13. 3 u 13. 4).



Ytobbl pazobpaThcs B ACHCTBHH I'POMKOIOBOPHTENN, MPHIIOMHUM OAHO BAXHOE fAB-
JICHUE B 3JIEKTPOTEXHHUKE: ecau € mauumuoe node nomewen npogoonux, no KOmMopomy
npomexaem MoK, mo Ha nposoonux Oelicmeyem onpedeeinas cusa. Hanpasnenne 310i
CHJIbI OTIPENENSIETCS npasutom aegoit pyku (puc. 13. 5), KOTOPOE rAACHT: €CJIN MarHUTHLIE
CHJIOBbIC JIHHUM TIPOHM3BIBAIOT JIAJOHb, @ NAJbIlbl MOKA3bIBAIOT HANIPABJICHHE TOKA, TO
Oonbuiol manen ykasniBaeT HampasiieHue AcHcTByromel cunbl. M3 sToro npasuna cie-
JAYET, YTO MEXaHHYECKas CHJA NEPNEHAMKYJIAPHA KaK MarHUTHOMY MO0, TdK M HpO-
BOAHMKY, TIO KOTOPOMY NpOTEKaeT TOK. (ITO SBJCHHE JIEKUT B OCHOBE OEHCTBUS 3JEK-
TpOOBMraTeseH, EeKTPOU3MEPUTENBHBIX HHCTPYMEHTOB U T. 1.).

Ecan npMMEHNTSH BLILIENPHBEIEHHOE [IPABWIIO K KATYLUKE, YYMTLIBAS MATHUTHOE M0JE
B BO3AYWHOM IpoMexyTke (puc. 13. 5), To Mbl ybeaumcs, 4TO UpH TPOTEKAHUU Tiepe-
MEHHOFO TOKa KaTyllika BMecTe ¢ MeMOpaHoif 6yaeT ABUraThCs BIEPE/] M HA3ajd U BOC-
TIpOM3BOANTE 3BYK.

Yem GoJiblie BOCTIPOM3BOAMMBIN 3BYK COBNAAAET Mo GOPME C NMPOTEKAIOIMM Yepe3
KaTyIIKY NEPEMEHHBIM TOKOM, TEM JIy4LIE KAYeCTBO IPOMKOTOBOPUTENS. B CBA3H C 3TUM
Haa10 106aBUTb, YTO, B MPHHUMIE, IPOMKOTOBOPUTENN GONBLIMX PasMepOB SBISIIOTCS
bonee BLICOKOKA4ECTBEHHBIMH,

Baxueiiiiie napamMeTpbl rPOMKOIoBopHTEIEH

a) Hommnannnas mommoctb. D10 HaubObLIAS DNEKTPHYECKAas MOIUHOCTb TPH Ie-
PEMEHHOM TOKe, KOTOPYIO JONYCTHMO MoZaBaThb Ha IpoMKoroBoputeib. HauGoinee
LIMPOKO MCHOJIL3YEMbIC IPOMKOIOBOPHTENIM MMEIOT MoluHocTh 0,15 0.5; 2; 3; 6 n 8 Br,
O{HAKO, TPOU3BOJAATCA M OOJBILNE T'POMKOTOBOPHTEIM MoIMHOCTBIO 30, 50 u Gojee

T Udeanonsr

Cacrmoma

Puc. 13.6. YacTOTHbIE XapaKTEPHCTUKM PA3NNYHBIX FPOMKOrOBOpUTEIEH

patT. Hano goGasuth emte, uto xoadduuuent nonesnoro aeiicreusa (KI1J) rpomxoro-
BopHTeytell He npesbiuaeT 10%, 1. e. Hpu nomaBaeMo# 3TIEKTPHYIECKOH MOIIHOCTH B |
BT, nony4yaemas 3ByKOBas MOIIHOCTL He Oonee 0,1 Br.

6) Conpotuaienne KaTymikn. D10, B CYIIHOCTH, KOMILJIEKCHOE CONPOTHUBJICHHE KaTyIlU-
KM (MMIIeJlaHC) HpH onpeacseHHoM yactoTre. [IpakTHYECKH €ro MOXHO HAWTH, H3MEpHUB
AKTMBHOE CONPOTHBJIEHUE KATYLIKH MHYKTHBHOCTH H YMHOXHB ero Ha 1,25. Hanbosee
4acTO HCNOJIL3YEMLIE TPOMKOTOBOPHTENIM HMEIOT KOMILIEKCHOE CONPOTHBIIcHHE 2+ 8 OM,
HO MMEIOTCA M TakHe, Y KOTOphIXx OHO pocruraer 3unadenuss 100 Om. Hanpumep, ecsm
I'POMKOTOBOPHTENM MMEIOT MOMHOCTL | BT M KOMIJIEKCHOE CONMPOTHBICHUE KATYINKH
UHAYKTUBHOCTH 4 OM, TO B HOMMHAJILHOM PeXHMe (T. €. IPH CHJILHOM 3BYKE) Ha KaTYILKY
JAOJKHO AeHCTBOBAThH NMEPEMEHHOE HANPsIKEHNE ¢ AelcTBYIOIIMM 3HadeHneM 2 B, a mpo-
TEKAIOIHUA TOK JOJDKEH MMETh BequuuHy 0,5 A.

8) BocnponmsBoamumas nomoca wacror. MaeanbHbIM I'POMKOTOBOPHTENIEM CHHTACTCH
TOT, KOTOPBIH BOCHPOHU3BOANT OJMHAKOBO CHJIBHO CHTHAJblI HU3KHX, CPEIHUX H BBICOKHX
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3BYKOBBIX 4aCTOT (IIpU YCJIIOBHM, YTO IO/ABAEMbBIE IJICKTPUYCCKHUE KOJICOAHMS HMEIO|
OJIHY U TY Xe€ aMIUTNTYLY). B peaasisix 2poMKOZ080PUMEAnX HUIKUC U GbICOKUE ULCIIOMbI
gocnpouszgodamcea ciabee, uem cpeonue (puc. 13. 6). ITosoca 4acTOT rPOMKOrOBOPHTESIS
OrpPaHUYMBACTCA TEMHU YACTOTAMH, IPH KOTOPBIX BOCTIPOU3BEACHUE YMeHbINaeTcs Ha 30%
OTHOCHTENALHO CpeJIHAX 4acTOT. OObIMHBIE I'PCMKOTOBOPUTEN HMMEIOT TMOJIOCY YaCTO'l
oT 80 no 8000 I'u, a BeIcOKOKa4yecTBeHHble — OT 50 go 12 000 I'u.

3ATIIOMHUTE!

1. Mukpodonsl npeobpasyioT 3BYKOBble KoJAcOaHHA B NMEpPeMEHHbIC JICKTPHHECKHE
nanpsokednsi. Ha Bbixoge Mukpodona >TH HANpsKeHWs OYeHb MaJbl, nopsaka
150 mB, u nx Hago ycwimMBarth.

2. HaymHHKH 9BJISIOTCH OYeHb MYBCTBHTE/ILHbIM Mpeoclpa3oBaTe/ieM 3IeKTPHYECKHX
KO/IeOaHHH B 3BYK, TAK KaK PearHpyloT HA HUYTOXHbIE HANPSIKEHHN W TOKH.

3. OcHoBHbIe MapaMeTpPb! IPOMKOrOBOPHTE/ICH: HOMHHAJILHAY MOLIHOCTH, CONPOTHB-
JIeHne KaTyIIKH MHIYKTHBHOCTH W BOCHPOH3BOJMMAasi MOJIOCA 3BYKOBBIX 4acTOT.

4. B HOMHHAJILHOM pekKMMe HAa KaTYUWIKy HWHAYKTHBHOCTH 3JIeKTPOJAMHAMH4YeCKOro
rPOMKOIrOBOPHTENA AEHCTBYeT HepeMenHoe Hanpsukenne 1--5 B u mporekaer Tok
0,105 A.

14

PaaunoBemanue

14.1. Paguocty/us

CTyaus rpakIaHCKOTO pPAJHOBENIAHMS COCTOMT H3 HECKOABKHMX NOMEINEeHHH, 060-
PYIOOBAHHBIX CIIOXKHOM annapatypoil. B ojHOM M3 HHMX HaxoOMTCs MHMKPOQOH, NpH NO-
MOIIIA KOTOPOrO 36YK08ble KOAeDAHUA NPespawyjaromca 8 HUIKOYAcmomible HANPANCeHUA
(puc. 14. 1). TTocne ycuieHHS CHELMANbHBIM YCHIIHTENIEM 3TH HAHPSDKEHHS I0AAFOTCH
K paauonepeaaTyuxy.

14.2. Paauonepeaarymuk

MouHbIe paguonepeIaTIukd MPEACTABIAIOT cO00H crnoxHble yeTpoicTsa. OCHOBHOE
3BEHO JIIOGOT0 MepenaTyuka — agmozenepamop (3aJalOlIuil reHepaTop), KOTOpBIA Npo-
H3BOMT NEPBOHAUANBHBIE J1EKMPUecKie KoAeOAHUA 8bICOKOT Hacmombl. ABTOreHeEpaTop
— MAaJOMOINHOE YCTPOMCTBO, i OCHOBHOE TPEOOBAHME K HEMY — CrMabu.ibHOCMb 1PO-
H3BOAUMBIX xoJse6auuit.

IIpy noMolly CleunaibHBIX YMHOXHTEILHBIX KackaaoB (T. H. yABOHTENEH, YTpoOH-
teneil) yacToTa KoJiebaHuil aBTOreHepaTOpa YBEIUYMBAETCS U MOCIE COOTBETCTBYIOLIErO
YCHJIEHHS! [IOJACTCS HA MO0y AamopHbiil Kackad. 3ech TIPOH3BOAUTCSA CBOEOOPA3HOE ,,CMe-
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IMBAHME" ITHX B. 4. KoneGaHMH CO 3BYKOBBIMH JJICKTPUYCCKHUMH KoJiebaHuAMM; HAY-
[IMMHM W3 CTYUM. B pesyabTarte 3TOTO HA BLIXOAE MOIY/ISTOPHOTO Kackana rojydarores
GbICOKOUACOMHNBIE AMARAUMYOHO-MOOY.AUPOSalinble Koaebanua (PHC. 14. 2). Oun umerot
BBICOKYIO 4YacTOTy, @ MX aMIUIMTYJa W3MEHSETCsl B TakT CO 3BYKOBOW 4acTOTOH. DTa

£, ‘::-' ". A
myuk

t?:a

PRTI
BN

Puc. 14.1. Tlpununn paauocessy

MOIyJISIMA HAa3BIBACTCS aMIUIMTYOHOM M sBiseTcs Haubouee pacmpocTpaHeHHOH B pa-
JMOBEIAHHN HA KODOTKHX, CPSIHMX W [UMHHBIX BoJHax. Ha mpakTuke HCHONB3YIOTCA
W ApyrHe BBl MOLYJALMK — YaCTOTHAS, HMIYNbCHAS W T. .

38ykoboe xonebanue

/N
} E\ /'r BpeM8

Koneoanus Bucokxou vecmomess

d Bpeus

Puc. 14.2. Mopaynsiius BBICOKOYACTOTHOFO
konebanus

IMony4ennsie TakuM 06pa3oM B. 4. MONYJIKPOBAHHbLIE konebanys MOJAOTCA HA OKO-
HeuHblll KackaxX, KOTOPbI ABIACTCH ycuaumenem mowHocmu, T. €. 306Ch TOKH M HANpA-
sKeHHUS 3HAYMTELHB H B 3aBHCHMMOCTH OT MOUIHOCTH INEPEAAT4YMKa HUMEIOT COOTBET-
creenHo Beauumny | =10 A m 500015 000 B.

[Ips NOMOIIH CHELMAILHOTO Kabens, Ha3hBAEMOro udepom, MOIIHBIE B. 4. KOJie-
faHKsa NOJAXOTCH HA aHTeHHY (puc. 14. 1).
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14.3. Ilepenaromas anTeHHa

OGBIMHO MEpelaloNie aHTEHHBI MPEACTABIAIOT COOOM MeTaUIMYecKue MauyThl HIIH
HATSHYTBIE IPOBOJAA, U30JIMPOBAHHBIE OT 3eMIH (puc. 14. 1). Bo Bpemg paboThl B aHTEHHE
NPOTEKAeT MOIYJIMPOBAHHBIA B. 4. TOK. M3 3/EKTPOTEXHMKH Mbl 3HaeM (CM. pHC.
10. 4), yTO ecjiu MO NPOBOJHUKY NMPOTEKAET NEPEMEHHBIA TOK, TO BOKPYI HEro Co3faeTcs
snekTpoMariutHoe nosie. [ToaToMy BOKPYT mepeiaroliedl aHTEHHBI modice , 00pasyemces
HepeMenioe IAeKMPOMAZHUMIOE NoAe, KOMOpoe PACRPOCIPAtACCA 8 OKPYicaoujem npo-
empaitcmee. TIpy 3TOM NPUHMMAIOTCS ClEUHANIbHBIE Mepbl (HanpuMep, HACTPAUBalOT
AHTEHHY), uTOOBI OONbIIAf YAaCTh MOJABAEMOM 3JIEKTPUYECKOW IHEPrUM U3jydanach B
OKpYXarouiee MpoCTPaHCTBO. B HEKOTOPBIX Cily4asx aHTEHHA HMEET CIOWKHYIO KOHCTPYK-
HHIO (COCTOMT M3 HECKONBKMX QHTEHH) IS TOro, 4ToObl H3JjIyveHHe ObLTo Haubosee
UHTEHCUBHBIM TOJBKO B ONPEJIEJCHHOM HANPaBJICHUY.

14.4. PaanoBoJ/iHbI

ITepeMeHHOE NIEKTPOMATrHATHOE MOJIE aHTEHHBI, KOTOPOE PACHPOCTPAHAETCH B OKPY-
KAIOLIEM NPOCTPAHCTBE, HA3BIBACTCH PAou0soaHamu. DTH BOJHBI PaclpOCTPAHSIOTCH B
aTMocdepe H BHe ee co ckopocTeio okojio 300 000 xm/c. Kaxawlif paguonepegaTynk

&0 | a9 | 618 | g | &6 | 845 | &4 | [x/y]
MiowxeH : Ckanae :/703HOHb; Cod)uﬂr: Koakoﬁ: Pum Iﬁyxapecm}

I
H—QK/Z(-*-QK/'“—*-QK/'“—O-O——QK/'“—-“SK/-“ —*-gl(fu ——l_—sK/'u -

T
|
t
|

Puc. 14.3. Pacnonoxenne HEXOTOPBIX PAJMOBELUATEIIBHLIX CTAHUMA B CPEAHEBOIHOBOM [AHANA30HE

H3JIY4aeT PaAHOBOJHbI CTPOr0 ONPEACICHHON UIMHBI HJIM, KaK FOBOPHUTCS, pabomaem
na cmpozo onpedeaennoti yacmome (T. H. HECylllasg 4acTOTa), HA KOTOPOM Apyroi 6yus-
JIEXKAIIMA pajuorepeaaTinK He gosbkeH pabotath. Ha puc. 14. 3 mokasaHbsl Hecylue
HacTOThLI CPeXHEBOTHOBOro paauonepenatynka Codus 1 U coceTHUX C HUM 1O YACTOTE
nepeaat4ukos. Kak BUAHO M3 PUCYHKA, KaXXOMY NEPEAATYMKY NIPEJOCTABIEHA HE TOJILKO
O/lHA HECYIasl 4aCTOTa, 4 Yeaasa noeaocd yacmom, KOTopasi B HEpeJaTYHKaX ¢ aAMILIH-
TyOHOH Moaynsuued umeeT mupuHy 9 x['u. Ipuumba B TOM, YTO aMILIATYAHO-MOIY-
JinpoBaHHble koneGanus (puc. 14. 2) — cnoxHble KONeOAHUS COCTOAT U3 LENOFO CNEKTPa
konebaunii obutedl wiMpuHoH nostockl 9 k['u, a B cepelHe ITOro CHEKTPAa HAXOAMTCH
HECyHIas 4acToTa NepeaaTduKa.
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Puc. 14.4. Homoi paMma LIS 11CPCBOAA HaCTOTbl B IUIMHY BOJIHBI U OBpaTHO

B 3asucumocmu om Oauibl pacuceoinvl uMerm ceou 0cobennocmu U 3aKoibl pac-
npocmpanenius. TIo3TOMy OHM pa3fiefieHbl YCIOBHO Ha CIENYIOIIME AMANa30HbL

Honbuble BoaHb — f=150-+-450 k['u (A =2000 670 m).

Cpeanue BoaHbl — f= 5001600 k' (A =600-=-190 m).
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Kopotkue Bonubl — f=3-+30 MT'u (A=100=10 Mm).
Yabtrpakopotkue BoiHbl — f=30-+30 000 MI'u (A=10+0,01 m).
Mpusenenne AJiMHBI BOJIHBI K 4aCTOTE U OOpPATHO MPOM3BOAMTCA MO dopMmyJie:
300 000 (14. 1)
Jeru = L

[Mpumep. Hecymtas vacrora Paauo Codus I f=827 k. Haitu sy sosubi [lo
tpopmyne (14. 1) Haxoaum:
300 000 300 000

= = 362 m.
" Seru 827

Jns rpyOuix BbIYMCIEHWI BPH NMPEBPAUIEHHM YACTOTHl B JUIMHY BOJIHBI U OOpaTHO
MOXHO HCIOJB30BATH HOMOrPaMMYy, JaHHYIO Ha puc. 4. 4.

14.5. PacnpocTpanenue pajiHOBOJIH

PaguoBoubl pasNHYHOM [UIHHBI PACIPOCTPAHAIOTCH TIO-Pa3HOMY.

Jns Toro, yToObl NOHATHL 3TO, PacCMOTpUM puc. 14. 5, rae nokazaH 3eMHOH 1ap
U nepedarouias aHTeHHa B yBenuueHHoM Bujae. Ha sricote ot 40 no 500 kM Hap 3emnei
HaxoAuTcsi HoHocdepa. OHA COCTOMT H3 OYEHBb PAa3PEXEHHBIX BO3AYLUIHBIX YacTMIL, KO-

IRTPI,  E R L R AR
EETU) ) /R
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Puc. 14.5. PacnpoctpaHenne paguoBoIH

mopele OO Oeticmeuem coaHeunoil paduayuu uonusuposarsl. CTeleHb 3TOH HOHWU3ALMH
3ABHCHT OT MHOTHX ()aKTOpOB: AEHb, HOYb, JIETO, 3UMa M T. [A., KOTOPbIE BNUAIOT HA
NPOXOXKJAEHUE paMoBoJH. Hampumep, JHEM KOHIEHTPALMS HOHOB OOJIbILE M B HOHO-
chepe GOPMUPYETCS HECKOJBKO CJIOECB, @& HOYLIO KOHUCHTPALMS YMEHLIUACTCS, UM 3TH
criod Bbipaxenbi ciabee. ['maBHoe cBOMCTBO HOHOC(EPbI —— 3TO BO3MOXKHOCTb, Oyaro-
Japsli HAJMYHKIO 3apPSKCHHBIX YaCTHL, ompaxcams PAJUOBOJIHBI ONPENEJICHHOR AUHbBI
BOJIHBI.

JAAnHHBIE BOJHBI CHJIbHO MOMJIOLIAIOTCS HOHOCHEPOH H MOITOMY OCHOBHOE 3Ha-
YEHUE MMEIOT HPU3EMHBIE BOMHbI, KOTOPbIE pACHpOCTpaHstoTcs, orudas semmo. [To-
CKOJIBKY OHM DACNpPOCTPAHSIKOTCS B HM3KMX M IUIOTHBIX CIOSX aTMocdepbl, UX HHTCH-
CHBHOCTBL YMEHbIUAETCS CPABHUTENLHO OBbICTPO MO MeEpPe yAajleHus OT HepeJaTyHKa.
MosTOMy ANMMHHOBONHOBbBIE NEPENATYHKA AOJKHBI HMETh OOJBIUYIO MOLIHOCTD.
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CpennMe BOJHB!I JHEM CHJIBHO TOTJIOMAOTCA MOHOCHEpHBIM ciioeM D u paiton
NeWCTBMA OMpe/eNseTcs TOJBKO Npu3eMHON BOJIHOH. BeuepoMm oHAKO OHM XOPOLLO
oTpaxatorcs Honocgepoil u palloH AEHCTBHS ONpeEssAeTCs OTPpaXeHHOH BOJIHOM (puc.
14. 5). TlosTOMy CpEOHEBOIHOBBIE HEPEIATHUKH NPUHUMAIOTCS BEYEPOM JIYHINE M [ajlb-
HIe, YEM JHEM.

KopoTkue BOJIHB pacnpOCTPAHAIOTCS MCKJIIOYHTENbHO MOCPEACTBOM OTPaXKEHH
uoHochepoil, MO3TOMY OKOJIO NepefaTyhKa CYIIECTBYET T. H. 30Ha moauanus (puc. 14,
5). KopoTkue BOJIHBI MOIYT paclpOCTPAHATBLCS Ha OOJIbIIME PACCTOAHHA MPH Masou
MOUIHOCTH Nepenatyuka. Hanmpumep, B noaxojsiiee BpeMsi CYTOK ¢ MOMOIUbIO JIIOOH-
TEJILCKOr0 KOPOTKOBOJIHOBOTO HepefaTyuka MolHocThio 50 BT 1o Tenerpaduomy koay
MOXHO YCTAHOBHTHL MPOYHYIO CBA3b Mexay Bonrapueii u Ascrpanueit. JoGaBuM ele,
YTO J{HEM JIydlliee TIPOXOXAECHHE HUMEIOT ,,HanboJliee KOPOTKHE® KOPOTKHE BOJIHBI (HATIp.
21 u 28 MTI'u), a HOUYBIO JIy4ILiE PACHPOCTPAHSIIOTCSH ,,00J1e€ JUIMHHBIE® KOPOTKHE BOJIHBI
(uamp. 3,5 u 7 MI'n). ITo sToit npuuuse arobumeavckue KB nepedamuuxu, kax npasuio,
pabomarom Ha HeCKOAbKUX OUARA30HAX, T. €. B 3aBUCHMOCTH OT OOCTOSITENILCTB MOFYT
paboTaTh HAa PA3JIMYHBIX YACTOTaX, ONPEJAEIAEMbIX MEXIYHAPOOHOH KOHBEHLMEH )i
pPanMOMIOOMTENBCKOM ACATENLHOCTH.

YabTPakopOTKHE BOJHBI PAaCIpOCTPAHSIOTCS TOJLKO IO NMpAMOM (Kak CBET) H,
KaK TPaBuiio, He oTpaxaroTcst HoHochepoii. [Tostomy nepenaromue anrenus! a1 YKB
MOHTHPYIOTCSA Ha CIEHHANBbHBIX OAlIHIX, TOCTPOEHHEIX HA COOTBETCTBYIOIUHX BHICOTAX.
Ha VKB nnana3one paboTaroT TeeBuaeHHe, paguoTeiedoHbl, MYHKTHL, CKOPO#H ITOMOIIIH,
MalllMHbl TAKCH U NpP., UMEIoMe paitol xeicTBud 1050 kM.

14.6. T1apa3nTHbie NOMEXH

PaccMoTpeHHble B NpedslAylinx mnaparpadax paguoBOJIHBI, KW3JIyd4acMble NEepenaT-
YUKaMH, MOXHO Ha3BaTh ,MIOJIE3HBIMH®, NMOTOMY 4YTO OHH SIBJASIOTCS HOCHTEJISMHU
KaKo#-To nojie3noi uHpopmauud. Bmecte ¢ HUMH, 0JIHAKO, CYWIECTBYIOT ,,apa3sUTHbIE
PaMMOBOJIHBI", HATYUaeMble Pa3IMYHBIMM MCTOYHUKAMM, KaK: MOJIHMH, TPAMBAH, TPOJI-
NeiByCchl, JMEKTPOCBAPOYHBIE AMNIAPAThI, HEHCNPABHBIE 3JEKTPOOLITOBBIE NPHOOPHI U
T. ., KOTOPBIE CO3JAIOT TIOMEXH B PAJHONPHEMHBIX ycTpoiicTBax. IlapasuTHble HCTOY-
HMKM W3NYUAIOT CHIHANBl HpeuMyuecmaenio 8 ouanazotie daumnsix goan. IloaTomy npuem
Ha KOpPOTKMX BOJiHax Oostee uucTbi. OJHAKO HA KOPOTKMX BOJHAX HaOnronaercs He-
npUsSTHOE sBJICHHE e UHT (33MUPAHHE), KOTOPOE COCTOUT B TOM, 4TO BPEMS OT BPEMEHH
CHIHAJIbI YMEHbBIIAIOT CBOIO MHTCHCHBHOCTb U JaXe MponagaroT Ha KOpPOTKOE Bpems,
nocsie Yero cHosd nossastoTcs. [IpHunHONi 3aMupanus ABiserca UHTEpEpeHLns oTpa-
KEHHBIX BOJIH pasinyabix $as. IPDekT 3TOro HeMPUATHOTO ABJACHUS MOXKHO YMEHbLIUTh
NyTeM HCNONL30BAHUS PA3JIMUHBIX CPEACTB, TAKMX KAK AHTH(EIMHIOBbIE AHTECHHBI, AB-
TOMAaTHueCKas PeryanupoBka ycuienus (APY) u np.

3AITOMHMTE!

1. B paasocTyamn KaXIoro nepeJaTyuka MMeeTcs MUKPOgoH, npeodpa3syromuii 3By-
KoBble KoneGanns B dJiekTpuueckne. Tlocie cooTBeTCTBYIOMIEro YCMJIEHHS 3TH H.
4. KoJieGaHHA MOJAKTCA HA pPajHONepeJaTHHK.

2. Kaxaplit paanonepeaT4uk UMeeT aBTOreHepaTop, KOTOPLIH NMPOH3BOIMT MEpBO-
HavaJibHbie J/JIeKTPHYeCKHe KoJ/iebanusi BbHICOKOH wacTorel. B moayastope >1H
KOJIEOAHNS CMEIMBAIOTCH ¢ H. Y. KOJeOAHHAMH, NMOCTYHAIOUIMMH H3 CTY/IHH, H
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TaKHM 00pazoM HOJIY4aloTCH B. 4. MOJY/JHPOBaHHbIC K0J1eOanus, KOTOpLe noc/e
COOTBETCTBYIOLIEr0 YCH/ICHHA MOIIHOCTH NOAAIOTCH HAa HEpelalomyl0 anTenmy.

3. B xax/a0ii nepefatomieii auTenHe NpOTEKaeT BLICOKOYACTOTHBIH MOXYIMPOBaHHbIH
TOK, H BOKPYT Hee 00pa3yioTcd B PACHPOCTPAHMIOTCH B OKPYKalolleM NpoCTpan-
CTBE PAAHOBOJHLL B 3aBHCHMOCTH OT J/THRBI BOJIHBI PA3J/IH4aeM [UIMHHALIE, Cpe/Hde,
KOPOTKHE ¥ YJbTPAKOPOTKHE BOJHBI.

4. Ha suicote ot 40 a0 500 kM oT noBepxnocTn 3eMJIM HaXOJIMTCH HoHoc(epa, B
KOTOpOit pazpexeHHble YACTHHBI BO3AYXA HOHH3ZHPOBAHBLI COJIHEUHOH paJnANHER.
OcHoBHbIM CBORCTBOM HOHOC(EDHI ABIAETCH €€ CIOCOOHOCTD 0TPaXKATL HEKOTOPbIC
PAMOBOJIHLI ¥ BO3BpallaTh WX O0GpPaTHO Ha 3eM/IIO.

5. Pasinunblie BOIMBLI PACHPOCTPAHSAIOTCH HA NAJbHUE PACCTOSIHHS Pa3nuqHbiv o0pa-
3om. KopoTkhe BOJHBI, KaKk M cpeJHMe BOJHBI B BevdepHee BpeMs. MOKPLIBAIOT
AajIbHAE PAcCTOAHNA © OTpaxeHWeM HoHocdepoii. JimHHbLIe BOJIHBI pacnpocTpa-
HRIOTCR B OCHOBHOM He OTpa’keHHOi, a mpu3emMHo# Bo.HoO#, orubas 3emino, a
YJALTPAKOPOTKHE BOIHbI (KaK H CBET) PacnpoCTPAHSIOTCH TOJLKO N0 NPAMOii Jiu-
fHd, He oruGast UpeNdTCTBUI W, KAK NPABHIO, He OTPaXKafAch HOHOCCPOi.

15

Pauonpuem

15.1. Poab npuemMHoOM aHTEHHbLI

B npeapiayiueit riiape Mbl BBISCHHAH, YTO MepeiaiolINe aHTCHHBI H3JIYYarOT pagdo-
BOJIHBI. DTH BOJIHBL PACIPOCTPAHSFOTCS B OKPYXAIOWIEM NPOCTPAHCTBE M JOCTUTAKOT
npueMHOM aHTeHHbl. [1OCKOJIBKY PafHMOBONHBI — 3TO HEPEMEHHOE IACKMPOMASHUMHOE
nose, ToO B IpueMHOHN aHTeHHe MHIyKTUpyercs DJIC To# ke HOPMBI U YaCTOTHI, YTO H
MOJyIMPOBaHHEIN B. 4. TOK B Iepejaromed antende. TakuM oOpaszom, B KaxJo0# npu-
€MHOI aHTCHHE BO3HMKAET CTOJBLKO B. 4. HAUpSKeHWH pa3snUYHON 4acTOTHl, CKOJBKO
nepenaTyukoB paboTaeT B IaHHbIH MOMEHT. Eciid gaHHbIH nepeiaTidK HaXxoZuTCH 6m3-
KO M K TOMY X€ OH MOIHIHBIH, TO OH HHAYKTHPYET B AaHTCHHE B. 4. HATIPSHKCHUS NOpPAAKa
10—50 MB, B 1O BpeMsi xak HanpsHKEHUS, HHIYKTHPOBAHHBIE TabHAMH NICPEIATYHKAMH,
o6p11H0 MenblIe 10— 100 MxB. Yem Gonpiline HANPSKEHAS BHI3BIBAIOT B aHTEHHE BOJIHBI
NaHHOTO NEpeaaTYHKa, TEM Ka4eCTBEHHee aHTeHHa. CJeHOBaTE/bHO, POJib IIPUEMHON
aHTCHHB! — IpPEBpaillaTh PAAHOBOJIHBI NEPEIATYHKOB B COOTBETCTBYIOHIUE BLICOKOYAC-
TOTHbBIE HANPSKEHUS,

15.2. YerpoiicTBo npueMHOI aAHTEHHDLI

ITpyeMHBIC aHTEHHB! MOTYT HMETh Pa3jMYHYIO KOHCTPYKUMIO, T. K. B IpHHIHMIE, B
J060M POBOAHHKE, H3ONHPOBAHHOM OT 3€MJIH, PAJMONEPEAATYMKH UHAYKTHPYIOT BbI-
COKOYACTOTHBIC HanpsukeHHs. Ho, Kak yke¢ FOBOPHIIOCH, BOIPOC B TOM, YTO 3TH HAMpPS-
WEHHST AOJUKHBI OBITh JOBOABHO 3HAYMTENBHRIMH., A 3TO MONYY4eTCs, €CIM AHTEHHA
BBICOKAs, JOCTATOYHO [JIMHHAS M HAXOAMTCH HA OTKPBITOM M BBICOKOM MECTE.
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Brewnsnsa npuemnan anmenna NPEACTaBIseT coOOH HEH3OAUPOBAHHBIN MHOIOXHJIb-
Hblii MeHBIA NpoBOA (T. H. AaHTEHHBIH NPOBOA), HATAHYTHIA HA OMPEJAECNIEHHON BRICOTE
Haja 3emneid. Ha puc. 15. la nokazana I-obpasnan aHtenHa, a Ha puc. 15. 2 — T-
06pasnas aHTeHHa. ITH aHTEHHbl 0OCOOEHHO NPHIOJIHBI [T PAIUOIFOOUTENLCKOR padoThl
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Ii‘uc. 15.1. a) obbrunas BHewnas [-06pa3Has aHTeHHa; Puc. 15.2. Buewnssa T-o6painas anTeHna
0) KpenneHue M30NATOPOSB; 6) COEOAMHCHHE AHTEHHOrO . '
NpepbIBATENS

M [I03TOMY BKDPATUE O3HAKOMHMCS C UX KOHCTpykuued. IIpoBoa ¢ 060MX KOHUOB H30-
AMpOBaH MOCPEACTBOM AHTEHHBIX H30JATOpoB (puc. 15. 16), a ocTanbHAA 4aCTh AHTEHHB,
KOTOpas COEAUHSETCS C MayuTOM, JejlaeTcd U3 TOJICTOH OIIMHKOBAaHHON npoBojiokd. Ha-
MIPSKCHUS, KOTOPbIE MHIYKTHPYIOTCS B AHTEHHE, TOJBOJAATCA K PaJaHOTIPHEMHMKY MO-
CPeACTBOM CHHXXEHHs (BEPTHKAaJBbHOH 4YaCTH), KOTOPOE HM3rOTABJAMBAETCA M3 XOPOLIO
HU30JIMPOBAHHOTO MeAHOTO INpoBona. HHXHUIT KOHEl BepTHKAIbHON YaCTH COEQHHEH C
AHTEeHHLIM MpepbiBaTe/ieM (FPO30BBLIM MepeK/rovaTeneM — puc. 15. 16), koTophlit yacTo
MOHTHUPYETCS Ha BHYTPEHHEH CTOPOHE OKHA. C €ro moMoIlbl0 AaHTEHHY MOXHO 3a3€MJIATh
Ui TIPENIOXPAHEHMs €€ BO BpemMst rposel oT Mojuuu. Ha puc. 15. lé BuaHO, uTO B
BEPXHEM TOJIOKECHHH TNEPCKIIIOYATENA aHTEHHA MOAKJIIOYEHA K PAaAMONPHEMHHKY, & B
HIDKHEM — 3a3€MJICHA.

PekoMeHayeTCs BHELIHHE AHTEHHBI [€-
naTh anuHoi 10—20 M ¥ MOHTHPOBATH X
Ha BLICOTE HE MeHee 2—3 M Hal OKpyXaio-
IIIMMH 30aHAAMH. B KOHIE CHOBA MOBTOPHM,
4TO XOpolnas AHTEHHA MOJKHA ObITbh BbI-
COKO#, ITMHHOM U XOPOIIO H30JHPOBAHHOM.

15.3. 3azemJiienne

Ponp 3asemiicHHS — o0OecneddTb 3a-
MKHYTY}O L€Ilb IUIA BBICOKOYACTOTHBIX TO-
KOB, BO3HUKAIOUINUX OT HaHpSl)l(eHPIﬁ, WHOYK-
THPOBAHHBIX B AHTCHHC. KpOMC TOro, 3a-
3eMAeHuUe yMeHbluaem nomexu u obecnevu-
gaem Ayumiuti npuem OAAbHUX U CAADbIN pa-
ouocmanyuii. [TosTomy 3a3eMJIEHHUE
aBbCcomoTHO HEOOXOOMMO LI AETEKTOPHbBIX
Prc. 15.3. Vcranoska ditnepa 1 3a3emicHus PaMONPHEMEHKOB H B PaIHOJTIOOHTENLCKOM

ACATCIILHOCTH.
B xauyecrBe 3azemunrens 4ame BCETO UCIIOJIB3YIOTCH BOIONPOBOAHLIE pr6b] HJTH

" OBl MAPOBOro OTOMJICHUS. B KauecTBe MPOBOAHMKA JUISA 3a3€MJIEHHUSA MOXHO MCTOJb-
305aThb JTEOOOH MeHbIH MPOBON (OTOJICHHBINX HJIM U30AMpOBaHHBIM). MHoraa 3azemienue
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MOXHO OCYUWIECTBUTL BO /1BOpe, O/M3KO K JoMy. [l 3TOH 1e/M BBIKANBLIBACM B 3eMJIC
siMy Tiybnnoit 0.5—1 M, B KOTOPYIO 34KANbIBAEM METAJIIMYECKHIA TIPEAMET (KECTSHOM
JUCT, CTAPOE BEAPO H 1P.). NPOUYHO COCAMHEHHBIA ¢ NPOBOLOM (puc. 15. 3). D10 Mecto
PCKOMEHYETCS TIOJIMTh BEAPOM BO/Ibl C PACTBOPEHHOM B HEH ropCTbio NOBAPEHHOM COsN
— 3TO YJy4lIaeT MPOBOAHMOCTL MOYBbBL.

15.4. 3anaun paamonpHeMHHKA

Ecnu Mexay aHTEHHOH M 3a3¢MJICHHEM BKJIIOYHTh HAYIUHHKH, TO 4epe3 HX KaTYLIKH
6yayT MPOTEKATh BLICOKOYACTOTHBIC TOKH DPa3jIM4HOM 4acTOTbl OT COOTBETCTBYIOLIMX
nepesaTunkoB. OAHAKO MBI He YCJIBIUMM HUKAKOIO 3BYKa, MOCKOJIbKY HAYUIHUKK He
pPearupyioT Ha TAKUE BLICOKHE YACTOTHI, A M YXO 4€JIOBEXKA BOCHPUHHMMAET B BHUIE 3BYKA
TOJILKO TaKHe KoieOaHMs, 4acTOThl KOTOPBIX He mpesbiuiatoT 20 k.

JIJIst TIpEeBpAlEHHs AHTEHHBIX HANpPsHKEHMH B pevb M MY3bIKY HEOOXOAWM paavo-
npuemMHuk. OCHOBHBIE 33Ja4d paJHONPHEMHHUKA: ,

a) V3 GoJIBLIOrO YHCHA BHICOKOYACTOTHBIX HANPSKEHWH, MHIYKTHPOBAHHBIX B MPH-
eMHOI aHTEHHE, BBIACIATL TONBKO KoJeOaHus HYXKHOH paaMocTaHumu. 3TO CBOHCTBO
paaMoOnpHEMHHKA HA3BIBACTCH u36upamefzbuocmbzo { CeACKMUBHOCIBIO ) .

6) VcunupaTh c1abblil CHTHAM HYXHOH DaJMOCTAHLIMM BO CTOJIBKO pa3s, 4ToObl cpa-
60TaJ1 TPOMKOrOBOPHTENL. BCMOMHUTE, YTO XOPOLUKE PaMONIPHEMHUKN YCHITHBAIOT CHT-
s#an B 10 000- 100 000 pas.

B) M3 BBICOXQYACTOTHOrO MOAYJIMPOBAHHOTO CUIHAJA [OJy4aTh CHOBa KoJyieGaHus
3BYKOBOM 4acCTOTbI. DTOT HPOLECC HA3BIBACTCH Oemo0ysayuei.

PagvonpueMHMKH OOJIANalOT NEPEYHCICHHBIMU CBOMCTBAMM ONATOAAPA HANUYUIO
KoneGaTeNbHBIX KOHTYPOB, TPAH3MCTOPOB, NUOJAOB W IIp., COCAMHCHHBIX B Pa3M4HbIe
CJOXHBIE IJIEKTPOHHBIC CXCMBI.

3ATIOMHUTE!

. UpHeMHan aHTeHHA CJAYKHT [JIfi NpeBpalleHHs paAHOBOJH OT paJHONEpe aTYHKOR
B COOTBETCTBYIOIIHE MO/Y.THPOBAHHBIC BbICOKOYACTOTHLIC HATIPSIKCHHSI.

2. B npuemnoii anTenne HHIYKTHDPYETCS CTOJILKO BBLICOKOUACTOTHBIX HANDKCHHH
Pa3MuHol YacTOTHI, CKOJILKO NepeJaTyHKoB paboTaloT B NaHHbIH MOMEHT.

3. Bo3uukalomme B aHTeHHe BHICOKOYACTOTHbIE HANpsKeHHs BOOOWIE Majbl: MWJI-
JIHBOJILTHI YWJIM MHKPOBOJILTHL

4. Xopowasi upHeMHas aHTEHHA /[0JLKHA ObITh BblCOKOH, zmcraro-mo JUTHHHOH W
XOPOIO H30JIHPOBAHHOI.

5. lna obGecriedeHHs Ka4ecTBEHHOro npuema neofxomuMo 3azemienne. Ono yMmeHb-
MIaeT MOMEXH H MOMOraeT NPUHMMATHL AajekHe H cjalbie paaHOCTaHIMA.

6. OcHoRubie 3axa4H paJHONPHCMHHKA:

a) n3 GoJBIIOro YNC/IA BRICOKOYACTOTHBIX HANPSOKEHUH B AHTERHE BbIAEIATEL TOb-

KO KoJie0anusi HYXKHOM 4acToThI;

6) ycuauBaTe ciabbie CHrHALI NPUHBEMACMON PAHOCT AHLINM;

B) XeMOAYIHPOBATH (IeTeKTHPOBATL) ITH BHLICOKOYACTOTHBIC KoJdeGanus.

7 HepBb[e 114ArA B PAAHOITIEKTPOHHKHKE 97



16

KoebaTeabHbIH KOHTYP

16.1. O0mue cBoiicTBa

Kak yxe u3BecTHO. BaxHeifureH 3aiaueil 1r000ro paInonpHeMHHKa SBISETCS Bbl-
JeJeHHe W3 00IbLIOTO KOJIMYECTBA BBICOKOYACTOTHBIX KOMeOaHUH. MHIYKTHPYEMBIX B
AHTEHHE. TOIbKO KOIe0aHHS HYXKHOR pajIMOCTaHIIMU. DTO MPOILLE BCETO OCYIECTBIASETCH
NPH TIOMOLUIH Ko.1e0ame.ibHo20 Koumypa. OH COCTOMT M3 COCIMHEHHBIX MEX1y C00Ooi
KOHJI€HCAaTOpa W KaTVIUKM MHIYKTHBHOCTH.

Puc. 16.1. « nOCTAHOBRG OMNBITA 11st H3V4CHHA CBOICTB KO-
11e0aTe IbHOTO KOHTYPA: 0 CX&Ma ONBITA
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Pic. 16.2. [13MeHeHNE TOKQ W HANPARCHHA B KO.IEOATEIbHONM KOHTYPE

CobcTBennble Ko.1eGanns KOHTYpa. UToObl BLIICHUTH CBOMCTBA KO.1€0aTe TbHOTO KOH-
Typa. pacCMOTPHM OIMNbIT. TIOKa3aHHbI Ha puc. 16. 1. Koria k1ro4 Haxoiutcs B TO-
JoxkeHumn I, KOHIeHcaTop 3apsokaeTcs oT GaTapes. Ec.IM K104 mepek.IHOYHTbL B I0.10-
AKeHue 2, KOHIEHCATOp HAYMHAET pa3psxaTbCs 4epe3 KaTVIUKY HHIVKTHBHOCTH. DTa
pa3psika OveHb MHTEPECHA. MOCKOIbKY 8 KOHMVPEe BO3HUKAIN CUH) COUOA.IbHbIE I.1€K-
INPUNECKUE KO.1e0aHuS onpede.tleHHOM Yaciomul (OTCIO1a U HAa3BaHME KO.1edaTe IbHbIH KOH-
TVp). .

Ha puc. 16. 2¢ noka3aH nepBblif MOMEHT 3TOrO IPOUECCA. KOIIa HANpsKEHHE Ha
KOH,IEHCATOpEe MAKCHMMA.IbHO. @ TOK TOJIbKO YTO Hayal HapacTaTe. OOpaTUTe BHUMAHMUE.
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YTO B 3TOT MOMEHT BCSl IHCPIud, NOJNyUYeHHas 0T OaTapeu. cocpedomauend Mexcoy J.iex-
mpodaatu konoencamopa. Ha puc. 16. 26 nokazaH MOMEHT. KOTAa TOK JOCTHT MaKCHMYyMa.
4 HaMpsKEHUE HA KOHAEHCATOPE paBHO Hymo. CleaoBaTeNbHO, 37€Ch JHepeus KoHoen-
camopa npespamu.iacs 6 MACHUNMIHYIO JHEPeUr0 110.19 8OKPY? KAMYIUKU UH()_I'I\'}’IIHGHOCIHH.
C 3TOro MOMEHTa TOK HA4YHHAET YMEHLIIATHCA. ¥ MATHUTHBIE CHIIOBBIE TUHHU HAYUHAOT
.coOMpaThca™ K KaTylke ¥ Boi3biBatoT B Heit DJIC camouHaykuuu, Kak yke M3BECTHO
(cm. r1. 10). nanpapnenne 310il DJC TakoBoO. YTO OHO ..NOMOTACT™ YMEHbIUAIOLIEMYCH
TOKY. [T03TOMY TOK. BBI3BAHHBIH ,.CYXKAIOLMMCH™ MarHUTHBIM MOJEM KATYIUKM MHIyK-
THBHOCTH. NMPOJOJIKAET NIPOTEKATH B TOM XK€ HaNPaBJeHNH. 3apaKas CHOBA KOHAEHCATOP.
HO Ha 3TOT pa3 C NPOTUBONOIOKHON MOIAPHOCTHIO. MIMEHHO 3TOT MOMEHT NOK43aH Ha
puc. 16. 26. KOraa KOHIEHCATOP 3apsi’KEeH NPOTHBOMO.JOKHONH MOISPHOCTBLIO. H TOK B
nenM yAKE NPEKpaTHIICA. T. €. MUHUIMNHG9 WeEPpUT Kamyury lll{()vl'Kl”ll()’ll()(‘lﬂll npespa-
miu.lace cHoga 8 I IEKMPpUHeCKyo AHEPIUKO 3APAAHCENHOCO I\'()IIO(’II('(IIHO])(I. B C.'lC:I)’I-OLIlHﬁ
MOMEHT KOHICHCATOP HAYMHAET CHOBA Pa3pAXaThCs 4e€pe3 KaTVLIKY MHIVKTHBHOCTH. Ha

B
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P N AWaAWaWAWA!
® YOHBIG oK % J U J U Bpema
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Bpema
Jamyxawwue xonedanus 8
L - 1 xoumype ¢ Marsmu nornepamu
,/ . Y) 7Y
7 g
cE FE b
== x 0T " Bpema
N Jamyxawwue «oredanus 8
— KoHIype ¢ Borsuwunu nomepamu
Pic. 16.3. B nepssiif 1101ynepHo1 1ok B Ko- Puc. 164, Hesatvxaiounte n 3aTyvNaoLWie
Je0aTeIbHOM KOHTYPE TedeT B OIHOM Hi- KO.ICOUHHA B KOHTYpe
Ap4aB.ICHHH. & BO BTOpOi’{ noayaepiiol — B
IpATOM

puc. 16. Je OH YK€ MOTHOCTHIO Pa3PAINICA. M TOK MakcHMaIeH. Jdatee MArHUTHOE 1071e
ONATh ..CYAAETCA™ K KaTVIIKE MHIVKTUBHOCTH H TOK NPOJOIAACT NPOTEKATH B TOM Ke
HANpaBICHUH, 110KA KOHJIEHCATOP CHOBA He 3apsiIHTCA NEPBOHAYAILHOM NOJISPHOCTLIO
(puc. 16. 22).

Omncannble 3IeKTPHYECKHe KO.JeDaHHs NpeICTaBIs0T CoOOif. Mo CVINECTBY. AON-
MyPHbiil MOK. UIMEHSIOWMACH no cunycouda.ivnosty zaxony (puc. 16, 3). On sBisercs
pe3yIbTaTOM NIEPHOIHYECKOrO MPEBPALLCHHS 2IEKTPUYECKOH >HEPIHH KOHIeHcaTopa B
MArHUTHYIO JSHEPIHIO KAaTVIUKH MHIVKTHBHOCTH H O6p'dTHO.

Ecau rounyp udea.ien (6e3 nomeps 1. mo Ko.led@ia SYOYIT He3WNVXAIOWIA, T, €.
OVIVT MPOIQTKATHCH BEYHO. B ped.islibix KO.1€GAN1e 1bHbIN KOHMVPAN KO.1eGaiud 3amy-
X@on TeM ObICTpee. deM OO0IblMe TOTepH HMeeT 3ITOT KOHTYp (pHc. 16. 4).

Yactora coberBennbIx ko.ebanuii konTypa. YacToTa BO3HUKAIOMIMX Ko1ebanuil (oHa
Ha3bIBACTCA €llle PE3OHAHCHOM 4acTOTOM f,) 3aBUCHT OT €MKOCTH KOHICHCATOPA M MH-
AYKTHBHOCTH KaryLIKH M BBIYMCISCTCH no dopMmy.1e ToMcoHa

i (16. 1)
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Y3 HToit GopMYINIbl CIEAYET, YTO, YEM MEHbLIE UHIYKTUBHOCT ¥ EMKOCTE, TEM Bbilllc
cobCTBeHHAs YACTOTa KOHTYpa M OOpaTHO: mpu GOJbIIOH eMKOCTH M MHIYKTUBHOCTH

cOOCTBEHHAS 4acTOTAa KOHTYpa Maja.

Ipumep 16.1. KaxoBa uacrorta co-
OGCTBCHHBIX KOJEDaHNT KOHTYPA, ecln L=
200 mxI', a C=500 n®?

[pespaiaeM UHAYKTUBHOCTb B F€HPU
M eMKOCTb B (papaibl ¥ HOACTABIAEM B
dhopmyity (16. 1)

Jo ===
d 21 V/[C
) 1
21 4/200.10° ¢ . 500.10 12
CoOCTBEHHYIO 4YaCTOTY [JAHHOTO KO-
1e6aTeIbHOTO KOHTYpa MOXKHO HaiTH
ObIcTpee, MCMONBL3YST HOMOTPAMMY, OAH-
HYIO Ha puc. 16. 5.
16.2. DAeKTPHYECKHH PEe30HAHC

SABeHUE PE30HAHCA MOXKHO Npoje-

e MOHCTPHPOBATH JOM&, MPOJEIAB OIbIT,
MoKa3aHHblif Ha puc. 16. 6. 3aeck, kK Ha-
TSHYTOH BEPEBKE, NPHKPCIICHB TPH Tia-
pbl wapukos [ —1, 2—2 u 3—3, Kaxabli

U3 KOTOpBIX NPEACTABIsCT coboi mas-

: .~ Thuk. Ecim packadaTb pyKoOH IapuK /,
Aano: L=1nl C=104Q HAYMHACT PACKAUMBATBLCS W LIApUK [, a
BCE /JpYIM€ OCTAIOTCS HETOABHXXHBIMM.
Tourno Tak Xe, €CjlM packayarh LIAPHK 3,
Puc. 16.5. HomorpamMma [ onpeneliieHus pe3o- HAYMHACT Ka4aThCs TOJILKO HIApHK 3. DTO
HALCUOH MacTOTH KONTYPa SBJICHUE HA3BIBAECTCH MEXAHMYECKHM pe-

30HAHCOM M OODbACHAETCS CleayrolmM obpazoM. Kaxaplif MasiTHUK HMEET CBOMO
CcOOCTBEHHYIO 4acToTy koyiebanuid. B nHamem cnyvae coOcTBeHHAss 4acTora mas-
THUKOB [ M I ofMHAKOBA, MAaATHMKA 2 M 2 TOXKE HMEIOT OIMHAKOBYIO 1acroTty co-
OcTBeHHbIX  koneGanuil u T. 4. [lpy packaumBaHum  MasiTHUKA [ ero kosieGaHus
NEPENAIOTCA O BEPEBKE OCTAJbHBIM MasiTHHKaM. OQJIHAKO 3TH KOJIeDaHHsl pACKAMUBAIOT
TOJILKO MASITHUK ', wacmoma cobcmsennvix Koae0anuti Komopoz2o cosnadaem ¢ ,,MoauKad-
Mu”, nepedarowpumucs no eepeske. I10CKOJIbLKY 3TH TOJYKM TIPOU3BOAATCSH B TAKT C €ro
COOCTBEHHBIMH KOJIe0aHHSIMY, AMIUIHTYAA PACKAUMBAHUS BTOPOTO MasiTHHKa BCE GOJIbLIE
1 OOJIbLIE BO3PACTACT U MONCEI CMAmb G0ablle AMRAUMYObL NePEO2O MAAMNUKA.
AHanorudHo ITOMY U SBJICHHE 2IEKTPHYECKOro pe3oHaHCa. 31ech Ha puc. 16. 7a
1noka3an JabopaTtopHeill renepaTop I (T. Ha3. CUTHANTEHEPATOP), C MOMOLUBIO KOTOPOro
6yaeM MoaaBaTh BLICOKOYACTOTHbIE KOJIeGaHUs pa3nMYHOM 4aCcTOThl, HO BCEraa ¢ Ha-
upsxkeHuem 1 MB. Itu xonebanusa nonarotcs Ha xoJiebatesbHbIi KouTyp LC mocpe-
CTBOM HMH/IYKTHBHOH cBs3u Mexay karymxamu L., u L. K KoHTYpy noakmodaroTcs
npubOPbI 17151 U3MEPEHHUSI KOHTYPHOTO TOKA M HATIPSKEHHS HA KOHAeHcaTope. [TockoibKy
L =200 mxI" 1 C=500 n®, yacroTra cobCcTBeHHBIX KoMeGanuit xoutypa pasHa 500 kI'u
(cm. mpumep 16. 1). Eciim 0T reHepaTopa Ha4aTh NOJAaBaTh 3J€KTPUUYECKUE KOJie-
6anMg pa3JIM4HOH YACTOTHI (HOo Bcerna ¢ Hanpspbkeunem 1 mB), zameTum, 4TO Ha
vactore 500 k'l KOHTYpPHbIF TOK M HampsKeHHWE Ha KOH/ICHCATOPE CUBHO HAPACTAOT,
a Ha 4actorax Beilie U HWxe 500 k't oHu ObIcTpo yMedsbluatotcss. Ha puc. 16. 76 u
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¢ 3TO ABJICHHE HW306paxceHO rpadHuecKy, a KPUBbIE HA3LIBATOTCH YACMIOMUIbIMU XADUK-
MEPUCIMUKAMU KOAeOAMEeAbHO20 KOIMYpd.

OnucaHHOE sIBIeHME OOBACHAETCS ClIeAYIONMM 06pa3zoM. T1ocpeacTBOM HHAYKTHBHOM
cBsa3M B Katyuike L uHayxtupyetcs nepemennas DJ1C, UMeromas 4acToTy reHepartopa.
B pesysnbTate B KOHTYPE BO3HUKAIOT TAK HA3BIBAEMBIC BBIHYXK/CHHDBIE HE3ATYXAIOUIME
IEKTPHYECKHE KOosebaHust (KOHTYPHBIH TOK) C 4acTOTOH reHeparopa. B npunuune stu
KOJIeOaHMS UMEIOT MANYI0 aMIUIMTYAY, T. €. NEPEMEHHOE HAMPIKEHME HA KOH/ICHCATOPE
HAMHOI'O MEHBLUIE HATPSDKEHUsI TeHEPATOPA.

nc. 16.6. Mexa CCKHM PC30H:

P 6.6. Mexaunscokish pesonanc Puc. 16.8. Pe3onaHcHble KpHBbBIC
Opy pa3IdHHON HOOPOTHOCTH

HoU C‘OéCﬂ’lGeHllOﬁ yacmome KO;1€661-

Koeda uacmoma 2eHepamopa cmanosumcs pas
OHO XapaKTEPU3YETCs TEM, 4TO KOH-

meablioze Koumypa, nacmynaemnt AsAeNue pezondiica.

UK,NB
UdeaprsHeId Peanrorbiu
I, A wAebamensi-  Koaedamens-
7 M, u m
L =200mxI" 700} 1 fold KONIMYP . Holt KOHTYP
C = 50001 200 i
Fy=500xly | f
| |
100 | st | ¢t ¢
2)imB : :
Loy ) #,
!
i LN . . - nor
490 500 510 £xfy 400 500 510 fky -
a) &l 4) a) )
Puc. 16.7. a) cxeMa onbrra 110 eKTPUYECKOMY PE3OHANCY: §) 3aBMCHMOCTL Puc. 16.9. @) uacasisbil Komc-
KOHTYPHOI'O TOKA OT Y9aCTOThI; ({) 3ABUCUMOCTb HATIPSOKCHUA HA KOUeHcatope G‘dTC.TIbe]ﬁ KOHTYD MMECT TOJIL-
OT YACTOTHBI KO €MKOCTD if MITAYKTHBHOCTL, (7)

peanbHbIil KOJICOATCILILIA Kon-
Typ HMEET eMKOCTbL, HHIYKTHB-
HOCTL M COIIPOTHBJICHUE 1OTEPH

TYPHBIH TOK 3HAUMTENECH M HANPANCCHUE 1A Konoencamope Moxcen Cmame 80 MHO20 pas
Gorvue (npumepro B 120—150 pa3) Hanpsokenns reuepatopa. CIeA0BaTeNbHO, KoJle-
GaTesbHBIA KOHTYp 06JIazaeT Tak HA3bIBAEMOH YACTOTHOH H30MPATENbHOCTHIO U
BO BpeMs DE30HAHCA MHOIOKDATHO YBEIMUYABACT HAMPSXECHAC MOJAHHBIX HA HETO KO-
nebaumnii. Uem Gousbire J06pOTHOCTh KOHTYpa, TeM 0Ojbiie BbIPaXEHbl DTH
cBoiicTpa (puc. 16. 8.). CieyeT OTMETHTB, YTO HOOPOTHOCTHL KOHTYPa 3aBUCHT NPEKAC
BCETO OT J10OPOTHOCTH KATYIIKKA MHAYKTHBHOCTH, TOYHEE OT €€ CONPOTUBJICHHS NOTEPDL
R, (cem. rn. 11). TlosTOoMy HMHOrHa peanbHble KonebaTeJibHbIE KOHTYPb! U300paxarTcs
BMeECTE C CONPOTHBIEHHEM MOTEPh KATYIUKM HHIYKTUBHOCTH (pHc. 16. 9). Uem meHbLIE
R.,;, TeM Bbile 10GPOTHOCTL KOHTypa. Kak yXe H3BECTHO, XOPOLIME KONCOATE bHbIC
KOHTYpPbLI HMEEOT A00OpOTHOCTE 0T 50 Ao 150.
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16.3. Buaspl KoaebaTe/bHbIX KOHTYPOB

B a1eKTpHYECKHX CXeMaXx KosieOaTeabHbIH KOHTYP CBA3aH (HEMOCPEACTBEHHO, MHAYK-
THBHO, €MKOCTHOM CBSI3bI0) ¢ KaKMM-TMO0 HMCTOYHHKOM 3JIEKTpHYecKHXx koneba-
HUH. DTUM HCTOYHHUKOM MOXET ObIThb aHTEHHA, YCHUJIHTENLHBIN Kackaa U 1p., KOTOphIe

Puc. 16.10. [Mput MHAYKTUBHO#M CBS3M KOJICOATELHEIA KOHTYP NoChe-
NOBATENLHBIA

£,=500kry Q=125

1= 200mA
Pnﬂr

S0m

Puc. 16.11. CaoiicTa nocienoBaTesHoro KojiebaTenpHOr0 KOHTYpa

B OBLIEM Cilydae SABNSAIOTCS 2eHEPAMOPOM C ONPEOEACHHBIM GHYMPEHHUM CONPOMUEICHUEM,
yacmomoti u amMnaumyodoi. B 3aBUCUMOCTH OT TOTO, KAK COCOUHEH 2eHepamop ¢ KamyuwKot
UHOYKIMUBHOCINU U KOHOEHCAmopom, PasiHHarOT NOCAe008aMEAbHbIE U NAPAAACAbHBIE KO-
nebaTesibHbI KOHTYP.

IlocnenoBaTe/bHblil Koe0aTe/IbHBIH KOHTYP. B TakoM KoHType reHepaTop coeaMHeH
[IOC/IeI0BATENLHO C KATYLIKOH M KOoHIeHcaTopoM. Hampumep, IpH HHOYKTUBHOM CBSA3H
KoJeGaTeNbHBI KOHTYp NMOC/ENOBaTeNbHBIN, NOTOMY YTO B KaTyuike (puc. 16. 10) un-
aykrupyercs 3JC, 4TO paBHOCHJILHO NOCHEAOBATEIHLHOMY BKJIFOUEHHIO I'eHEpaTopa ¢
LuC.

Bo BpeMs pe3OHAaHC2 MOCJICAOBATENbHBIH KOHTYD XApAaKTEPH3YETCs CIIEAYIOLIMMH
OCOOEHHOCTAMY:

1. ConpoTHBJIEHHE KOHTYPAa MuUHUMAAbHO U PaBHO R ..

2. HampsokeHve Ha KOHAeHcaTope (Miu Katylike) B O pa3 6oavue HANPSKEHMS Ie¢-
Heparopa. 3aech 0 — AOOPOTHOCTH KOHTYpA.

3. Tok, MPOTEKAIOIUN Yepe3 KOHTYP, MAKCUMAAeH U PaBEH

E
Ikmakc = R

noTt
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Ha puc. 16. 11 n1an KOHKpPETHBIH NPHMED TOCIEOBATENILHOIO K0J1e6ATENBHOIO KOH-
Typa, & TAKXKE ¥ ero 4YaCcTOTHBIE XAPAKTEPHCTHKM TPH YCIIOBHMH, YTO BHYTPEHHEE COMPO-
THBJICHHE TEHEPATOpa HEBEJIMKO.

Tapanneasuslii koJleGate/bAbI KOATYP. B 3TOM ciyuyae reHepaTop COEOMHEH C Ka-
TYLIKOH HHAYKTHBHOCTH H KOHICHCATOPOM NapannenpHo. [1pu pezonance napasienbHbli
K0J1e0aTeNbHbI KOHTYP XapakTepH3yeTCA CJIEAYIOIIHMU OCOGECHHOCTAMM:

>

210 CONpPOTHUBJICHUE WHOraga Ha-

noT
3bIBACTCA PE3OHAHCHBIM CONPOTHBICHHUEM NapaylICJIbHOIO KonebaTeabHOrO KOH-

Typa u obo3nayaerca R,..
2. TTockoabKy CONPOTHBIIEHME KOHTYpa OOJIbLLIOE, TOK BO BHEUIHEH LENW cpasiiu-

1. ConpoTuBiicHHe KOHTYPA 6eAUKO W PABHO —

E
meabHo mMdai W paBeH e KoHTypHBIi TOK cpasnumeabio 60avwoii. OH B Q pa3 60JibLie

oe ) .
TOKa BO BHEIUIHEH LENH.

-Fp=500xﬁ4 @=125

[=0125mA Z[oM]| 7[mA]
s %
Rnor 44
£=1, J
C (-] P ]A' =75mA SOm 80 o4
4l 200md 40103
#=500kry
a2
20.
-91
O e — — -
Z=z.% =800u w & f[xry)
not o
[.5-:0,125»4
L =Ql=15mA

Puc. 16.12. CBolicTBa napasedsHOrO K0s1¢04TEILHOrO KOHTYPA

Ha puc. 16. 12 naH KOHKpETHBIA NpUMeEp NapaJilesIbHOro KojebaTeNIbHOro KOHTYpa
H €r0 YaCTOTHBIC XaPAKTEPUCTHKH, MOJIyYECHHBIE NPH YCIIOBHH, YTO BHYTPEHHEE COMpPO-
TUBJICHHE reHepaTtopa Oosbluoe. B 3akiroveHne HaJ0 OTMETHTH, YTO PE3OHAHCHAS Yac-
TOTa K4K MOCJIE0BATENBHOIO, TAK U MapaUICJIbHOIO KOJebaTeIbHOTO KOHTYPa BbIYMC-
asiercsi 1o dopmyne Tomcona.

16.4. BxoaHoe ycTpoiicTBO ¢ Ko./ie6aTelbHbIM KOHTYPOM

Ha puc. 16. 13 noka3aHa HeNnOCpEeACTBEHHAs CBA3b aHTCHHBI C KoJjebaTeabHbIM
KOHTYPOM. 3eCh KOHAEGHCATOP NEpPeMeHHbIit (CM. 1. 9. 3 ) K, U3MEHSS €0 EMKOCTb, MbI
MOXEM M3MEHSATh YacTOTY COOCTBEHHbIX KOJICOAHMI KOHTYpa, T. €. HACTPAHBATH €ro Ha
YaCTOTY HYXHOH pajumocTaHIUMM. IIpH pe3oHaHce KOHTYDHBIH TOK, BBI3BAHHBLIM HYXHOM
PaavoCTaAHUMEH, CTAHOBATCH OTHOCUTENILHO GOJILLUMM, a COTIPOTHBIICHME KOHTYpPA TOXE
6onpinoe. B pesynprare Ha OGOMX KOHIIAX KOHTYpa oOpa3syeTcs 3nauumeasHoe naderue
HanpAXCeHUA MOAbKO OM CUZHAAQ HYHCHOU paduocmanyuy, a 1Jisi CATHANIOB APYIMX CTaH-
Uil KOHTYpP NpPeACTaBseT Majoe comporHBreHue. Takum obpazom, Mexiay TOYKAMH
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a—~6 (puc. 16. 13) nonyyaeTcss JOBOJIBHO 3HAYUTEILHOE HANPSKEHUE TONMBKO OT CHIHAJA
HYXXHOH CTaHIIMH.

Ha puc. 16. 14 moxa3ana MHAYKTHBHASA CBA3b aHTCHHbI ¢ KOHTypoM. Ham yxe
u3BecTHO (puc. 16. 10), 4TO B 3TOM cly4ae koiedaTeNbHbI KOHTYP NMOCJ/Ie 0BATENBHBbI.
TTocpeaACTBOM TEPEMEHHOT0 KOHIECHCATOPA MOXHO HACTPAMBATL KOHTYP B PE30HAHC C
HYXHOU paanocraHimeil. B 3ToM ciyyae KOHTypHbI TOK, BbI3BaHHBI 3TOM paguoOCTaH-

Puc. 16.13. a) BxomHOe YCTPOICTBO NpHEMHHKA
€ MApaJuIeNbHbLIM KOJie0aTeIbHBIM KOHTYPOM; §)
CXeMa BXOIHOTO YCTPOHCTBA

]
t
|
|
i
t
{
'
|
|
1
{
'
t
|
I
|
1
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=T H § H : e
J 800 609 818 827 0636 845 834 f[xiy
Miouxen Cronae floswars Cogpusi Kpaxol Pum Byxapecm
Puc. 16.14. Bxounoe ycTpoHCTBO MpHEMHNKA ¢ HHIYKTUB- Puc. 16.15. Ocnabnenue coceaHHux cTaHUM € no-
HOH CBA3LIO MOIIbIO KOJICOATEALHOIO KOHTYPA

umei, CTAHOBHUTCS OTHOCHTENBbHO OOJILIIMM, B TO BPeMS KAK KOHTYPHBIC TOKH, BbI3BaH-
Hble APYI'MMM CTAHUMSIMH, HUYTOXHO Majbl. Boibiioil KOHTYpHBIH TOk obpa3syeT 3Ha-
YUTENLHOE HAMPSHKEHHE HA KOHIEHCATOPE, KOTOpoe OT Touek a—o6 (puc. 16. 14) nogaercs
K CJE/IYIOIMM KacKaJaM PaJHOTIPHEMHHKA.

Ha puc. 16. 15 mokasau ciyuaif, koraa koneGaTesIbHbIA KOHTYP € J0BPOTHOCTBIO
Q=125 nactpoen Ha paauocravuuro Codus—I. CooTBeTCTBYIOIME OPAMHATHI, 060-
3HAYEHHBIE MYHKTHPHBIMH JIMHHAMH, TIOKA3bIBAIOT CHilY, € KOTOPOH OyIyT NPUHHMATLCS
COCE/HHE PAJMOCTAHLIMM TPH YCJIOBHH, YTO B AHTEHHE MHAYKTHPYHOTCS OIHMHAKOBBIE
uanpsokenns. Ho nockonbky paauoctanunu [Toznans, KpakoB u Ap. HAXOAATCS AANEKO
ot Bosnrapun, ux curaansl Ha BHIXOAE KOHTypa OyAyT HaMHOro ciabee NMoxa3aHHBIX Ha

PUCYHKE.
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3AITIOMHUTE!

1. Tlpn paipsiake KOHIEHCATOpPAa Yepe3 KATYIIKY MHIYKTHBHOCTH TOJIYYAIOTCH 3a-
TyXaloulHe CHHYCOHAA/bHbIE KOTe0anns, 4acToTa KOTOPbIX MOkeT ObiTh Hali/ieHa
no gopmyne Tomcona.

2. B xoaebareIbHOM KOHTYpe MOrYT ObITh B030YKI€Hbl He3aTyXalommue Kojie0anus
¢ MOMOIIBIO BHeliHero reHeparopa. Ecan 4yactoTa reHeparspa coBmajaer ¢ vac-
TOTOH COOGCTBEHHBIX KoJieGanuii KOHTYPA, HACTYNAET SBJCHHE PE3OHAHC.

3. IIpsn pe3oHaHCe CONPOTHBJICHRE MNOCIEJOBATEJLHOIO Ko0Je0aTe/IbHOrO KOHTYpa
MHHHMAJILHO, 2 HanpspkeHAe Ha KOHZeHcaTope (MM KaTylIKe HHIYKTHBHOCTH) B
Q@ pa3 Gonbllie HANPAKEHHN TeHepaTopa.

4. Hpu pelonance cONpOTHB/IEHHE NAPAJLICJLHOTO KO0.1€0aTeILHOIO KOHTYpa 0ob-
oe, 2 KOHTYPHBIA Tok B () pa3 foJibille TOKa BO BHEIHEH uenn.

5. Pe3onancuble CBOHCTBA K0/1e0aTeILHOI0 KOHTYPA BbIpaKeHbl TEM sipue, 4eM Bbillle
ero No0pOTHOCTS.

17

IMoaynpoBoAHHKOBBIE AUObI

17.1. IMoaynpoBOAHMKH. p—n NEPeXo/1

Jnisi mpoHM3BOOCTBA AMOJOB, TPAH3UCTOPOB U MP. MCIOJB3YIOT HOJYIPOBOJHHKH:
KpeMHuHii, repMansit H ceien. OHY UMEIOT KPUCTAIIHYECKYFO CTPYKTYPY H B YHCTOM BHJIE
o06aanaroT CBOHCTBAMHM, NMOJAOOHBIMH CBOHCTBAM M30AATOpPOB. [ NOJyYeHHs AHOI0B

llpamoe Hanpabpenue Obpamuoe nanpabrenue
maroe conpomubpenue - dorswoe conpomubBaenue
p n p n
MA
+ - +
_____M.l —|o)s]

Puc. 17.1. B npaMom HanpaBieHUH CONPOTHBIIEHHE p-11 NEPCXOJA M0, a B
00paTHOM HATIPABJIEHUU BEJIMKO

¥ TPAH3MCTOPOB K YHMCThIM MOJIYNPOBOJHHMKAM JO0ABIAIOT onpede.enitvie npustecu. B
3aBUCHMOCTH OT BHIA TIPUMECEH MOTYT TOJYYUTHLCSA ABE PA3HOBHAHOCTH: p-MONYIIPO-
BOJHUK M H-TIONYNPOBOHUK, KOMOpble RPOBOGAIN IAEKMPUYECKUN MOK NAMNOZO IVHULe
YucmblX NOAYNpogoonuxog. Hanpumep, U3 repMaHus NOJYYarOT p-repMaHuid M n-rep-
MaHWi, U3 KPEeMHUA — pP-KPEMHUH U A-KPEeMHUM U T. 1.
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DJIeKTPHYECKasi MPOBOJHMOCTD J000r0 A-NOJIYIPOBOAHMKA OCHOBAHA HA CBOOO,(HbIX
INEKTPOHAX, T. €. OHA MOJ0OHA TIPOBOJAMMOCTH METAJUIOB.

DaexTpuyeckas NpoBOANMOCTh JIFOOOro p-MOTyNPOBOAHUKA OOYCIOBICHA T. H. JbIp-
kami. Mx MOXHO paccMaTpHBATb Kak QHKTHBHBIE TOJIOXHTEILHBIE YACTHIbI, IOCKOLKY
OHM TIpEACTABIAIOT COOOH MeCTa B KPHCTAJLUIMYMECKOH pellieTke, rie OTCYTCTBYIOT Ba-
JICHTHBIE JJIEKTPOHBI.

BaxcHeiiitiee CBOMCTBO p- M n-TIOJYNPOBOIHUKOB — OOHOCIMOPOHNAS NPOEOOUMOCHTb
8 vecme chaitku (puc. 17. 1), 9Ta cnakka Ha3bIBAeTCs p- RAIEPEXGAOM U NPOU3BOAMUTCSH
no cneudanbHod TexHonorun. Wupuda p- n-nepexoma oueHb Mana, or 1 go 50 MkMm
(HanomuHaeM, uTo | MxM pasen 1/1000 Munaumerpa).

Koraa .mmoc™ uctoutnka Toka coeauHeH ¢ P-o6iacteio (puc. 17. la), roBopaT, uTo
NEPexod BKJIHOYCH @ npamom nanpagietiuu. B 3Tom ciyuae ero comuportusieHue maio,
TOK B UETIM MOXET ObITh 3Ha4yuTeNbHbIM. Korpa ,,MuHyc' WCTOYHHKA TOKa COEMMHEH C
p-obnacteto (puc. 17. 1), nepexo/ BKIIIOYEH 6 o6pamnom nanpasaenuu. B 3Tom ciyuae
er0 CONPOTHBIICHNE OYEHb BEIIMKO, U TOK B LEMH MOYTH HE NMPOTEKAET.

O0nocmoponnas  nposodumocme  p- n- nepexooa AEASeMCH  OClOGON  OeUCHBUs
NO.IVAPOBOONUKOGLIX QUOO08, MPANZUCIIOPOS8, MUPUCINOPOS U RP.

17.2. Toueunnie AHOAbI

Ha puc. 17. 2a noxa3anel Tpu TOYe€4HBIX nuona. OHH COCTOAT U3 CTEKJIAHHOIC KOP-
nyca, B KOTOPOM HMEETCH TOHKOE OCTPHE, CIASHHOE ¢ T€PMAHUEBBIM MJIM KPEMHUEBBIM
KPHCTAJJIOM ¢ n-IPOBOIUMOCTBIO (pHC. 17. 26). I'aagubim ceoticingom ouoda A6AAemMCA

8) p-n nepexod

n

Anod  Kamod
2 + P

q
Hanpabrenue
TPONYEKQH LA

Puc. 17.2. @) ToveuHble IMOObL, &) TOYEUHBIH AMOIL B Pa3pese; &)
B TOUYEYHBIX AMOA4X p-A Nepexon nmeeT (Gopmy noaychepsl; o)
IMOIbl [IPOTYCKAIOT TOK B HANPABJICHMM OT AHOMA K KATOIY

€20 OOHOCMOPOHAR RPOGOOUMOCMb — OH TIPOIYCKAET TOK TOJILKO B HAmNPaBJIEHHH, OT
OCTpMst K KpHCTAIUly, a B OOpaTHOM HAIIPAaBJIEHMH OKa3bIBAE€T TOKY O0JbLLIOE COmpO-
THBJeHue. [IpUYKHHOM 3TOro sBJIseTcs 00pa30BaHHBIN IPpU 06paBOTKe p- N-TIEPEXO MEXK-
oy ocTpuem H Kpuctainom (puc. 17. 2¢). Pa3dMepsl nepexosa NpuMepHO paBHBI OJHOHN
TO4YKE, OTKY/Ja M IPOM30LIIO Ha3BaHHE OUONA — TOYEYHBIH. ITO nesaercs AJIsl TOTO,
4TOOBl JMOABI HMEJH MHWHUMAJIBHBIE MEX3NIEKTpPOoAHblE emkocTtH. Octpue (MIH p-
00/1acTh) Ha3BIBAETCA €llle AHOMOM, a KpucTaul (Wi n-0bi1acTh) — KaTeAOM AMO-
aa.

Takum oBpazoM, Hanpag.ieHue NPONYCKANUA MOKA — OM anoda K Kamody. DTo MHo-
ka3ano "a puc. 17. 22, rae maHo 0BGO3HAYEHUE AHOIOB.

OHOCTOPOHHSAS TIPOBOAMMOCTD JAMOAOB HA3BIBACTCH €IUE GEeHMUABHBIM CEOLICIMEOM.
HeitcteurensHo, u3 puc. 17. 3. BuaHO, Y10 €CIM K JUOAY NPHIJIOKEHO NEPEMEHHOE HA-
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HpsDKEHME, THOA OTKPBIT TOBKO BO BPEMS JIOTOXUTEIBHOTO NOJYNEPHOAA HANPSXKEHHS,
TaK 4TO TOK Me€pe3 JMOJl COCTOMT M3 OT/IEJIbHBIX HMITYJILCOB,

ToueuHble IHOABI [IPeIHAZHAYCHDI JJIS1 pAOOTHI 6 8bICOKOUACINOMHNbBIX YenAaX 1PN CPaB-
HHTEJILHO HEOONBIIKX HANPSKEHUAX M TokaXx. OHM HUCHONB3YIOTCA B ACTEKTOPHBIX KAaC-
Ka/Jax, B 2ICKTPOHHO-BBIYHCINTENLHBIX MallHHAX, B aBTOMAaTHKE U T. .

BaxxHeHmue napaMeTpsl AUO00B:

el i g §

ol [o) [ L]
\//\\/‘

A

Puc. 17.3. Tio cBoeMy aeiiCTBMIO AKOIBI MOXOKH HA BEHTHIIM

boreutoe conpomubrenue
Manaoe conpomubrerue

fpamoe  wanpabrenye odpamnoe wanpabaerue

Puc. 17.4. a) B OPAMOM HAUDPABEHHU OMMETDP H3IMEPHET MA0e
CONpPOTHBJICHHE; O) B OOPaTHOM HANpaBieHHH OMMETD U3MepseT
50JIbIIOE CONPOTHBIICHHE

1. Makcumauibbili TOK B MpsMoOM Hanpasienwd. Ha npakTuke OH Haile BCEro umeer
pemuuny 10—50 MA. :

2. Makcumannnoe o6paTnoe nanpsokenne. Ha npaktuke oHo obbraHO 20—60 B.

McnpaBHOCTD TOYEHHBIX JIMOAOB IPOBEPAETCS 1pPOLIE BCero ommeTpoM. (CreayeT
MOMYCPKHYTh, YTO MOJOXKHUTCABHAA KJIEMMAa OMMETPA CBA3aHA C IUTFOCOM BCTPOGHHOM
Garapen). Kak BuaHo u3 puc. 17. 4, B npAMOM HaNpaBAeHHH CONMPOTHBICHHE TOYEYHBIX
AMOI0B JIOJIKHO ObITh HEGOMbLIMM (IpHMepHO 20— 150 OM), a B 06paTHOM HanpasieHAH
Oonsiuum (Gonee 100 kOm),

B pammomoGutennckoif mnpakTHke Hambosee HacTo McHosb3yiotcs J2A—JI2E,
J9A—9E u 1. 1.
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17.3. ILi1ocKkocTHBIC U0 IbI

B HHX TOXE €CThb p- # HEPEXOJl, HO €ro IIolaab 6oablIe (OTCIOAA U MX HA3BAHHE).
Ha puc. 17. 5a mnokasad paspes TUIOCKOCTHOTO AMOJa (TaKyl KOHCTPYKLMIO HMMEET,
Hanpumep, kpemHuesblit guon 2266 u repmanuessiit J7X. 3mecs aHOAOM sBasieTCs
NAaCTHHKA, CHAMHHAs C A-KPUCTAJUJIOM, & OH B CBOKO OYEPEIb NPHIIASH K METALIMYECKOMY
KOpIyCy AJIst YNyqUWeRus Tenj1000MeHa.

)

42266 SFR 135

Puc. 17.5. [lnockocTHble AMOALL —— BBLITPAMUTENN TOKA

OCHOBHBIM CBOMCTBOM IUIOCKOCTHBIX JIMOJIOB SIBJISIETCS Ta Xe caMmasi 0J{HOCTOPOHHSS
HpoBoaUMOCTh. OHH, OHAKO, NPEJHAZHAUYEHDBI 042 GbINDAMACHUSA IHAHUMEAbHBIX MOK08
u Hanpaxcenuil. ITO, CO CBOEH CTOPOHBI, NPUBOJIUT K HATPEBAHHIO BO BpeMs paboOTHI.
[TosroMy MoOUIHBIE THOIBI 00A3ATENBHO 3aKpenIAloTCs Ha paguaropax. Ha puc. 17. 56
1 6 nokaszaH OoJrapckuil MoIHbIH repmannessbiil anoa SFR 135 u coBeTCckHit KpeMHHEBBIH
mnon J246, xoTOpble UMEIOT CNCIMANIbHBIE BMHTBI Afis KPEMJIEHHsA K paauaTopam.

) Dorbw0e conpomubnenue
Manoe canpomubrerue o

Odpamupe
lpsmoe Hanpabrenue pamnoe xanpabrenve

Puc. 17.6. [1poBepka HUCHPABHOCTH AMOLOB OMMETPOM

OcHOBHBIE MApaMETPhl IUIOCKOCTHBIX AMOJO0B CAEAYIOLIME:

1. MakcuManpHbiii TOK B HPSIMOM HampaBjeHHH. DTO HAMOOIbILINIA BhIMPSAMIICHHBIHN
TOK, MpoTeKalolinit yepe3 auon. Ha ppakTuke B pasiauuHblX Juojax 3ToT 1ok ot 0.1
10 10 A v 6onbiue. Ecnu ykazaHubli TOK OyAET NpeBbILIEH, HAPUMED, PH KOPOTKOM
3aAMBIKAHWM MOJI BBIXOJUT M3 cTposi. Haao NOMHHUTE, 4TO, KOFAa 4epe3 aMoj1 NpoTeKaeT
MAKCHMAJIBHO IOIYCTUMBIHM TOK, [a/€HHUE HATIPSKEHMS HA BbIBOJAX AMO4 (IepMaHHeBo-

10 HJIM KpeMHUeBOro) — okono 1 B.
2. Makcumalibhoe oGpaTHOe HanpsikeHue. DTo Hanbosbilee HANpsSKEHUE B 0OpaTHOM

HATIPABJIEHUH, TIPH KOTOPOM JIHOJ BCE €Lle COXPaHSET CBOM BEHTWJIbHBIE cBoiicTBa. I1pu
€ro NPeBLILUCHUA HACTYIAeT nPOOOH, U AHOA BLIXOAUT M3 CTPOA.

108



MenpaBHOCTB MUIOCKOCTHBIX IAOL0B MpoBepsieTcst oMMeTpoM. Kak nokasano Ha puc.
17. 6, B NpAMOM HANIPABJICHUHM MX COMPOTUBJIEHHE JOJIKHO OBITH HEGONBUINM (MTPUMEPHO
5—30 Om), a B obpatHOM — OGosibliuM (Hanmpumep, Hosee 50 kOM s repMaHUEBBIX
u bosiee 200 kOM 1719 KPEMHHUEBBIX ).

17.4. CeienoBble BLHIPSIMUTEIH

DTO IUIOCKOCTHBIE OMOIbI, B KOTOPBIX TaKxke HmMeeTcs p—n nepexod. OObiMHO QHH
NpeACTasIsioT coO0H CTONOMKH WM MaKeThl, CONEPKALIUE onpedetenoe Yucio Adeex.
Kaxnas sueiika COCTOMT M3 aJIFOMHHHEBOH TLIACTHHBI, HA KOTOPYIO HAHECEH CJIOH celleHa,
4 HA HEro CeUHabHbIA ciias. Bo Bpemsi 06paboTKH Medx /1y CEJIEHOM U CILIABOM 06pa-
syercst p-n-nepexod (puc. 17. 7a). OgHa Takas siueiika B pa3oBpaHHOM BHUE TIOKa3aHa
Ha puc. 17. 76, rae BbIBOJ / MMEET KOHTaKT C AJIFOMHMHHEBOH INacTuHO# 2 (anon), a
BbIBOJ1 J M0CPEJCTBOM LIAHOBI 4 MMEET KOHTAKT CO criaBoMm 3 (katoa). B m3onsumon-
HYIO TPYOKY 6 BXOIMT BHHT, KOTODbIM CTACMBAET BECh CTONGHK.

Ha puc. 17. 76 mokazan ceneHOBBIH CTOJIOHK, NMPEIHAZHAYEHHDBIA [l BLINPIMHTEIA
TOKd [0 MOCTOBOH CXEME, a HAZ HUM HAYEPUCHBI AMO/(bl U, COOTBETCTBEHHO, HX BbIBOIDI.
Buano. 4TO B OTOM Clly4a€e AMOABI COEUHEHBI MOMAPHO APYT TPOTUB ADVIA.

ITapaMeTpbl CEJICHOBOH si4eHKU:

1. MakcuMa/ibHbiH TOK B npaMoM HampaBienun. OH 3aBUCUT OT TLIOWIAAM SIYEHKH.
OGbiuno na 1 cm? donyexaemcs mok 50 MA.

—t

Se

(A4
Crnal {5n
Al B¢
p-n nepexod
a)

Puc. 17.7. ) NpUHUMIHAILHOE YCTPONCTBO CesleHOBOH sMelku: 6) ceneHoBas Aveiixa B
pa3oBpaHHOM BH[E; ¢) MOCTOBOH BBINPAMHTENL TOKA, COCTOALUMU H3 HETHIPEX Ceie-
HOBBIX AYEEK

Hanpumep, sueiika niomaapo 6x6 cM =36 cM? umeeT JIONYCTHMbIH MaKCMMaJlbHbIH
Tox 1800 MA=128 A.

2. Makcnmaiegoe obpartnoe Hampsikende, OHO He 3aBHCHT OT MJIOIMAJAM AYEHKM
yaule Bcero mmeer Beauunny 20 B (ammmuTyaHoe 3HAUEHUE).

B ceneHOBBIX CTOJIOUKAX MOK uepe3 omoeavlible A4elKU 00ul U mom xce, a obpamuoe
nanpaxcelue, KOMopoe yeabtli CroAbUK MONCEN GblOEPHCAMb, PABIO CyMMe 6CeX NAnpA-
Heenutt 1a omoeAsHbIX AYEUKax.

Hanpumep, eciin JaHHbIA CTONONK COCTOMT U3 15 sueek M MIOW@nb KaXAoH U3 HUX
4 cm2, TO MaKCHMaNBHBIH TOk 6yaeT 200 MA, a ero MakCHMaNnbHOE OOPATHOE HANPSIKEHUE
— 15x20=300 B.
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CeneHoBble A4EHKH, CTOJMOMKN U NMAKeThl UCIOJIB3YIOTCS OObIYHO B BBIMPAMHTEAX.
Onu umeroT 60Jiee TIPOCTYIO NPOU3BOACTBEHHYIO TEXHOJIONHIO, YEM TePMAHHEBLIE U KPEM-
HHEBBIE AHOABI. KpoMe TOro, OHU 8bIHOCAM nepezpy3Kiu B OTJHYHUE OT EPMAHHEBLIX K
KPEMHHEBLIX JAMONOB, KOTOPHIC NPH KOPOTKOM 3aMbLIKAHUM Cpa3y BBIXOASAT H3 CTPOS.
DTO eule 0HA MPHUYUHA UX LUUPOKOTO MPUMEHEHUS.

A K
Xeamoiu SKpacken £240)075 5.
w| o~ 1 o ©
] t==

A

Odnopanas co | Odwopaswag '

cpedneu moykod |
c
I4

Odnogpaznas
macmobag [pey
M

2

Puc. 17.8. Oauononynepuonsas, ABYXIOAYNECPHOAHAR B MOCTOBA% CXEMbI C COOTBETCTBYIO-
LIMMH CEJIEHOBBIMH CTOSIOMKAMH U MAKeTaMM ‘

Ha puc. 17. 8 B cepenuse rmokaszaHbl CEJIEHOBbIE CTONOMKH, UpEIHAZHAYEHHbIE LIS
PA3JIMYHBIX BHHIPIMHUTENBHBIX CXEM, JaHHBIX CJieBa. B mpaBoil YacTH PHCYHKA MOKa3aHbI
U 1Ba cesieHoBbIX nakera. O6o3nauenue E240/C75 3gauuT: OJHOTONYIEPUOIHAS CXEMa
poipsiMutenns, 240 B nepemMeHHOe HanpsixkeHHE, eMKOCTHAsI HArpy3ka, MaKCUMallbHbIH
Tok 75 MA; M35CI800 o3nauaeT: mMoctoBas cxema, 35 B nepemeHHOe HAmNpsKeHue,
€MKOCTHas Harpy3ka, MakCHMajbHeIl TOok 1800 MA.

17.5. BoabT-aMnepHbie XapaKTePUCTHKH HOJIYNPOBOJIHHKOBBIX THOIO0B

Kax yxe u3BeCTHO, B NPAMOM HANPaBiCHHY AHOIBI TPOIYCKAOT IMEKTPUUYECKHH TOK.
a B 00paTHOM — He nponyckaioT. Ho B paiMo3/IeKTPOHUKE UMEIOT JICJIO € KOHKPETHbIMHU
BCJIMYHHAMM U 3HAYMCHMSAMMU, K IOITOMY BOIHHMKACT BONIPOC! KAKOBO CONPOTUBJICHHUE AHUO-
2 B NPSMOM W 0OpaTHOM HanpapiieHHH?

Ans Toro, yTo6Bl OTBETHTH HAa 3TOT BONPOC, HANO MO3HAKOMHTLCS ¢ TOHATHEM
BOJIbT-amMiepHasi XapakTepucTHKa. B paguosnekTpoHUMKE BCE 3NMEMEHTHI, HMEIOIUME IBA
BbIBOZIA, HA3BIBAIOTCA OgyxnomocHuxasmu. CBOWCTBA 0000 IBYXIONIOCHMKA BH/IHBI
Jyylie BCEro W3 €ro BOJLT-AMICPHOM XapakTepUCTHKM. OHa swbipadcaem zpaguveckyio
3A8UCUMOCHIL NPOMEKAIOWE20 MOKA OM HPUAONCCHHO2O HANPANCCHUA 6 0OHOM U OpYeoM
HanpasaeHuy.

Ha puc. 17. 9a noxasana BOJbT-aMIEpHas XapaKTepucTHka pesucropa. OHa npen-
CTaBisieT coOOM NMPAMYIO JIMHUIO, NOITOMY PE3UCTOPbI HA3LIBAIOTCH €lle JTUHEHHLIMHU
conporuBieHusMy. XapakrepucTuka Hadep4eHa B I u III xpagpantax KoopauHaTHOMH
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CUCTEMBI, T'lIe TOKA3aHbl H COOTBETCTBYIOLINE CXEMBI COEIMHEHHS, COAEPXKALTHE HCTOYHUK
TOKa E, MOTEHIMOMETDP P, BONILTMETP M MusuMamnepmeTp. OHa HadepyeHa cliedyonM
obpazom. Hanpumep, eciim R=1 xOm, npu U=1 B, Tok uepe3 pesuctop /= 1 MA, u
TakuM ofpazom nonydaeM Touky A. Eciu npu nomomm nOTEHUMOMETpa YBENIHYHTD
HampsbkeHue 10 2 B, Tox uepe3 pe3sucTop BO3pacTer 4O 2 MA, T. €. MONYY4aEM TOUKY

Znp, MA
4
S8
Laf
Uogp,8 ~5 —4 =3 =2 -1 b
" N s 4 H
TN 7 2
N
717
-3
[MprﬂA

Puc. 17.9. a) BonbT-aMIepHaR XapaKTEPUCTHKA U COcoB, KOTOPHIM OHA CHUMAECTCS; &) BOJLT-
AMITEPHAS XAPAaKTEPHCTUKA TPEX Pa3IMUHBIX CONPOTHUBIEHMIA

il Znp, A
50 8 g
i} § @
sor 3 S| juss
S IO+
a1 Bl S
3 O - R
20t §] 3§ I 0
. N
Obpammoe nanpabrenue 10 & Q flosmoe wanpabrenue
otpB 400 200 A Re=L=22__ 1500u
KpemuueBoia 92 04 06 Upp,g AT 2109
fpodou ¢ — 400 v _ 43
Tpnanueboll Ao~ T rn 6o
L -800 v ___ 200
I RC“T—400.,0{500 KOm
Ob:D; MKA

Puc. 17.10. BonbT-amMiepHbie XapakTepuCTHKK KPEMHMEBOIO ¥ TEPMAHMEBOTO OHOLOB M CHOCODBI,
KOTOPBLIMH OHH CHHMAIOTCA ’

B. Ecu Tenephb MOMEHsIEM NOJIOCA HCTOYHMKA TOKA, TO TOK M HATPsDKeHHE 6yayT HMETh
obpaTHOE HAUPABJCHHE, T. €. OHH OyAYT oTpuUATENLHBIMU. HauepTM XxapaxTepHCTHKY
pesuctopa B 111 kpanpante. Mcnosns3ys cxemy, naHHyIO B 3TOM KBajapaHTe (cM. puc. 17,
9a), A€TKO YCTAHOBHTB, YTO Npu HanpsikeHun U= —1 B Tox uepes pesuctop { =" —1
MA, T. €. nojtyuaem Touky C, a nupu Hanpsbkenun —2 B Tox /= —2 MA, T. €. TIoJIydaem
To4ky [. Takum xe 06pa3soM MOXeM NMOCTPOUTEH €llle MHOTO Touek. COCANHUB BCE ITH

TOYKH, MONYYKM BOJIbT-AMIEPHYIO XapaKTEPUCTUKY NAHHOro pesuctopa. OHa Xxapaxk-
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TepHa TEM, 4TO B JIIOOOH TOYKE OTHOIIEHHE MEXIY HANpPSXEHHEM H TOKOM (a 3TO o
3akoHy OMa M €cThb CONPOTHBIICHHE) OAHO U TO Xe. i cOonpoTHBIICHHE pe3NcTOpPa
He 3aBHCHT OT NPHJIOKEHHOIO HANPSKEHHSA MM MPOTEKarouero Toka. A

Ha puc. 17. 96 noxkasaHb! BOJIbT-aMIIEPHBIE XapAKTEPHCTUKM HECKOJILKUX PE3UCTOPOB.
Bunso, 4TO pesucmopvl ¢ MenvliuM 3HAYEHUEM UMeom Ooaee Kpymble 80abm-amnepuvie
XAPAKMEPUCUKU. .

AOBCOJIIOTHO TaKHM € 00pa30M MOXEM CHSATH BOJIbT-aMIEPHLIE XapaKTEPUCTHKH
HOJIyIPOBOAHHKOBBIX AMOA0B. DTO cAejiano Ha puc. 17. 10 ans ABYX TJIOCKOCTHBIX
auonos A7 u 226b. (Ob6pamnaeM BHHMaHMe Ha TO, YTO MaciuTalbl HANIPSKCHHE H
TOKOB B NpsIMOM H OOpPaTHOM HalpaBJCHUM pazJid4Hbl.) M3 pUCYHKA BH/IHO, 4TO
BOJIbT-aMIEPHbIC XAPAKTEPUCTHKH HE NPAMBIC JIMHUM, U TIO3TOMY TOBOPAT, YTO duodsl
~— Heaunleble Jiemeimsl.

BaxHeiimeit 0COOCHHOCTBIO BCEX HEJMHEMHBIX 3JIEMEHTOB SBJISETCH TO, 4TO MX CO-
MPOTUBJICHUE — HE ONpEJCICHHAs BEJMYMHA, 4 3aBUCUT OT NPUTOXKEHHOTO HANPSXKCHHS
(nnu mpotekatomero Toka). ITo3TOMy Hamo rOBOPHUTH He 0 conpomugieHuu 600bwye, a
0 conpomugaenuu ¢ onpededennoti paboueti mouxe. Ans puona J7)X 3to nmokazaHo Ha
puc. 17. 10, rne B Touke A ero conpotubicHue pasHo 100 Om, B Touke B OHO paBHO
6 OM, a B Toyke C — 500 xOm.

17.6. Onopublie AHOXbI
D1 JANObI HCTIOJIL3YIOTCS HE U1 BBINPAMIICHHUA TOKA, d B XKauCCTBC cma6u/tu3am0p06 ’

nanpancenus. OHY U3rOTABIMBAIOTCH U3 KPEMHHUS U TIO3TOMY HA3BIBAIOTCH KPeMHUCEbIMU
CrRAbUAUMPOHAMY W OROPHbIMU Ouodamy. B HUX TOXe MMEETCH p-H NepeXxo/d, OAHAKO,

rfn,o, MA
/:1 150
700 +
- 50}
-2
A L —
———————————— [ ! Unp, B
=10 ler mun
=20
____________ ‘fﬂ Zer make
- Zogp, MA
Puc. 17.11. KpeMHHeBbIi CTaOWJIMTPOH M €ro BOJbT-amiepHas Xa-

PAKTEPUCTHUKA

10 CPaBHEHHUIO C APYTHMH AHOJAMHM €70 IHPUHA Hereluka. Bot modemy, korna Ha amon -
NOJACTCH HATPSKEHHE 6 00pAMHOM HANPABACHUU, B TIEPEXOIC HACTYNACT IACKMPUYECKULL
npoboii, KOTOPLI HE BBLIBOOUT JHOJ M3 cTposi. IMeHHO B pexume 31oro npobos npu
ManetiuiemM VBeAUHeHUU HANPANCEHUA MOK 4epe3 OUo0 Pe3Ko eo3pacmaem.,
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Ha puc. 17. 11 gaH BHeWHMH BMJ ABYX ONOPHLIX JHOAOB BMECTE C HX CXEMHBIM
obo3navenuem. Juon JA808 manomorminnit, a auon 2C920A cpesHeil MOLUIHOCTH M CHAb-
KEH BUHTOM U1 KPEIJICHUS K oxjaxiaromieMy paadaropy. Ha 3Tom xe pHcyHKe 1o-
Ka3aHa BOJILT-aMIIEpPHAs XapakTepucTeka omopHoro auoaa J808. ITpu obOpartHbix Ha-
NPSHKEHHMAX MEHbIUKX, 4eM 7 B.TOK 4epes AMOL MpPAaKTHYCCKH He npoTekaer. Fpu Ha-
upsxenuu 7 B aumox oTkpriBaercs (T. /), M 4epe3 HETO HAYUHAET NPOTEKATh TOK. [Ipu
HCOOABWOM VEeAUHeNUU HANPANCenus MoK pe3Kke gospacmaem. Hampumep, npu ypenu-
yenuM Hanpsxeuua ot 7 B po 7,3 B tox Bospacraer ot 3 go 33 MA, 1. e.-B 11 pa3.
Umenno obnactk oT T. 1 10 T. 2 ABASETCH Padouum yuacmrom onopioso ouood.

(OCHOBHbBIC TIAPAMETPHI ONOPHOIO IMOJA:

1. Hanpaxenne ctabummsamm U [IponsBonsarcs AMoAbl C HaNPSDKCHUEM CTabu-
JIM3aLMK valle Bcero ot 6 ao 12 B, HO MMEIOTCH AMOABLI M C HANPSDKEHUAMU OT 2 [0
6 B u or 12 mo 300 B.

2. MunnManbHbii TOK cTabummsammm /., .. ITO HAUMEHBIUUH TOK, C KOTOPOro Ha-
yunaercs crabunuzanus. O6puno /o . =45 MA.

3. MakcuMaabablil TOK crabummsawnd I, . OTO HAHOOIBLIME TOK uepes AUOZ,
KOTOpPHIH BO BpeMs paGoThl HENlb3sl NPEBLILATD, IOTOMY YTO HACTYNAET HEAOMYCTUMOE
HarpeBaHue AUoaa. B ManoMOIIHBIX AMOAAX 4alUE BCEro I .. =20--40 MA.

YeM KpyHe Y4acToK [—2 BOJIbT-aMNEPHOH XapaKTEePUCTUKU OMOPHOIO AMOJAA, TEM
JIy4ilie OH CTaOHUIN3MPYET HAHPIKEHME.

3ATIOMHMTE!

1. ITo cBOMM CBOCTBAM YHCThie HOJYHPOBOHAKH (repMaHuil, KpeMRui, celteH) 03~
Kku k n3oasropam. [ocne 100aBieHHA K HAM COOTBETCTBYIOIIMX NMPHMCCCH U3 HAX
OJY4AI0T p- H nepMaHnii, p- 4 DKpeMuHl H T. 1., KOTOpble HMEIOT XOPOIIYIo
JIEKTPUYECKYIO NTPOBOANMOCTD.

2. Bawueitiuam CBOHCTBOM p- H HHIOJIYNIPOBOAHHKOB SBJISCTCH oOpa3osanne p- n
nepexosa NpH MX cnaiike. ITOT p- 7 Nepexo] HMEET O/IHOCTOPOHHIOI NPOBONM-
MOCTL H JIEXKHT B OCHOBE JeiiCTBHS JHON0B, TPAH3HCTOPOB, THPHCTOPOB M Nip.

3. Toueunbie OHOMBI HMEIOT pP-N MEPEX0] € MATOH IIOINAALIO M OJHOCTOPOHHION
nposognMocTs. OHH ABJAAIOTCA MAJIOMOHIHBIMA TPHGOPAMH M HCHOIL3YIOTCA B
HenAX BbICOKOH HacCTOTHI WIH ¢ KPAaTKOBPEMEHHbLIMU HMITY/IbCAMH, HANPUMEp, je-
TEKTOPHBIC KACKa/lbl, JJICKTPOHHO-BLIMHCJIMTECABHBIC MaUIHHbLI B NP.

4. IliaockocTHble OHONBI 00JIAAIOT P-n1 HEPeXoJaMi €O 3HAMUTEIbHON TUIOWAibI0
H ¥MMEIOT OJHOCTOPOHMIOIO NPOBONMMOCTL. TIponyckaloT 3HAYMTE/ILHLIE TOKH B
APAMOM HAflpaB/eHHH W BbIJEP/KHBAIOT GO/bIUHE HANDsKEHUs B oOpaTHOM Ha-
npasjennu. Vcnoan3ylores 4aile BCEro B BbIMPAMHTENX.

5. CenenoBble syelikn 00J1a1al0T p-n NEPEXoI0M C OTHOCUTENLHO O0/LLIOH NJIO-
WAALI0 W UMEIOT OIHOCTOPOHHIOID NMPOBOAUMOCTL., M3 HUX AeAal0T CTOJOMKH 0
NAKETbI, KOTOPLIe HCIOJIbL3YIOTCA B BLINPAMHUTENAX.

6. ['paduueckas 3aBHCHMOCTb MPOTEKAIOIEr0 TOKA OT NMPHJIOKEHHOr0 HANMPSAKEHHs
HA3LIBAETCH BOJLT-AMNEPHOH XAPaKTEPUCTHKOH JIaHHOTO ABYXNO/aocHnka. s
OGLIYHBIX PE3UCTOPOB OHA FABJIACTCH NPAMONH JIMHHEH, W MOdTOMY HMX Ha3bIBAIOT
enje JHHEHHLIMA CONPOTHB/IeHHIMH. BonbT-aMnepRas XapakTepuCTHKA JUOJOR He
AB/sICTCA NPAMOH JIMHMeH, U HOITOMY HX HA3LIRAIOT elile HeTHHEHHLIMU IJICMEH-
TaMHu.
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18

BunoJisipuble TPAH3UCTOPbI

18. 1. O6mme cBenenus

TpaH3uCTOPbl SBJIAIOTCA BaXHEWIUMMH TOJIYIIPOBOJAHUKOBEIMM mpubopamu. Mx
OCHOBHas 0COOEHHOCTDb 3aKJIFOYAETCS B ycuaeHuu caabolx IAEKMPUHECKUX CucHAA06, TIDA
3TOM, Pa3syMEETCH, Hepeua NOOdemcAa om ucmounuka numanus. [103TOMy OHM HCHONE-
3YIOTCS Be3fe, IJie HEOOXOJUMO YCHJICHME CHTHANOB, HAMpHMEpP, B PaAMONPHEMHUKAX,
TEJIeBU30pax, MarHUTOGOHAX, JIEKTPOHHOH anmnapaType, aBTOMaTHYECKHX YCTPOUCTBAX
aT. A

B Hacrosilee Bpems CYLHECTBYIOT CaMble pa3JIM4HbIe BUABI TpaH3uCTOpOB. (B koHIe
1979 r. pa3nMYHBIX BUAOB M THIOB TPAH3UCTOPOB BO BCEM MHPE HACYMTBIBAJIOCH OKOJIO
30 000.) Bce TpaH3UCTOPBI, OHAKO, MOTYT ObITH PA3/€J€Hbl HA ABE OOJIbLUME I'PYIIILL
bunoaapnsie u nosesvie. BUNONSAPHLIE TPAH3UCTOPBI HMEIOT OOJIBIIEE PACIPOCTPAHEHHUE,
M MBbl PACCMOTPHM, B OCHOBHOM, HX CBOMCTBa.

18. 2. Tunbl OGHOONAPHBIX TPAHIUCTOPOB

BunonsgpHble TPaH3UCTOPBL! MOXHO KJIaCCH(DUUMPOBATH CieAyIOUIMM oGpa3oM.

1. B 3aBHCHMOCTH OT HCHOJIb3YEMOIro TOJYTNPOBOJHMKA OHU OBIBAIOT KpeMNUCEbIC
U cepmanuessie.

2. B 3aBHCMMOCTH OT TEXHOJIOTMU NPOU3BOJCTBA OHH OBLIBAIOT INUIMAKCULABIO-RAA-
HapHsle, CHAAGHbIE, ME3A-MPAH3UCINOPHI, KOHBEPCUOHHblE U NP.

3. B 3aBUCMMOCTH OT MEXaHW3Ma [BMXKECHHUS HOCHTEJIeH 3apsiaoB ObIBAlOT Oughdy-
3uoHHbBIC U Opelighosble.

4, B 3aBUCHMOCTH OT MOIIHOCTH OBIBAIOT maromowmvie (1o 0,3 Br), cpedueii mowy-
nocmu (ot 0,3 no 3 BT) u mowmnvie (6osee 3 Br).

5. B 3aBHCHMOCTH OT I'DAHMYHON 4YACTOTbI OBIBAOT ruzkouacmontiie (10 3 MIu).
epednevacmomitvte (o1 3 po 30 MTI'n), evicokouacmomiibie (o1 30 no 300 MT'u) u ceenveni-
coxouacmontiste (Bbitie 300 MTu).

18. 3. YcrpoiicTBO GUIOJIAPHBIX TPAH3UCTOPOB

Eciu, nposBuB 110603HATEIBHOCTD, Mbl PA3PEKeEM METaJUTHUECKUH KOPITYC TpAaH3HC-
TOpa, BepOATHO, By/ieM pa3ouapOBaHBI €ro HpocThiM yctpoicTBoMm. Kak nokazaHo Ha
puc. 18. 1, OCHOBHYIO 4acThb TPAH3UCTOPA NPEACTABJSCT MAJECHBKMI KPHCTAJIMK, Ha-
3piBaeMblit 6asoi (B), HA KOTOPOM CACHdHBl JBE CHAMKUA, HA3bIBaeMbIic IMHTTEp (D) H
kotektop (K). Ilpu oOpa3oBaHMM THX CMaek MEX/Ly 3MUTTEpOM U 0a30ll ¥ Mexay
KonekTopoM U 6a3oi obpasyroTes ABa p-a Oepexojd. DTO NOJAYYAETCS, KOrda Lpo-
BO/IMMOCTH IMUTTEpPA M KOJUIEKTOpA M30MpaeTcsl MPOTUBOIONOKHONH NPOBOAUMOCTH
Ga3bl. OueHb BAKHO 3AMOMHHUTH, MTO IUIOWAAL KOJUJIEKTOPHOIO HEPEeXxoia Gonblue nio-
WAAM IDMUTTEPHOTO H, KPOME 3TOrO, 00d Repex0odd NAXEOSAmes ouenb OAU3KO Opye K
apyey, T. €. Dasza oueHb TOHKas, npumepno 1—20 mxm.

B 3aBuCcHMOCTH OT TTPOBOAMMOCTH eMUTTEPA, 6a3bl U KOJIJICKTOPA MPOU3IBOASTCH dgd
Mung Mpan3ucmopog: n-p-n U p-n-p. ITO NOKA3AHO HA puc. 18. 2 BMecTe C X CXEMHBIMH
0603HAYCHUAMU. DT 002 OCHOBHBIX THIIA TPAH3UCTOPOB UMEIOT OJIMH M TOT ke NMPHUHUMN
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JeHCTBYS H OJIMHAKOBBIC YCHJIMTEJILHBIC KQYECTBA, HO OMAUYGIOMCA ROAAPDHOCIMBIO yeneil
numanus.

ITocKOJIbLKY KaXIbI p-n MEPEXO/, B CYIIHOCTU, NPEACTABIRET cobOM AMOod, HA Bep-
XHEM PHCYHKE TPAH3UCTOP NPEACTAaBJCH KaK COBOKYNHOCTb ABYX Auonos. M neictBu-
TeJIbHO, LEnU 0a3a-3MUTTEP H 0a3a-KONACKTOP, 834Mble OMOeAbIO, WUMEIT OMHOCTO-
POHHIOIO NMPOBOAUMOCTb. O[HAKO, €CIM Mbl BO3bMEM [1Ba JUOAA U COEAMHHUM HX TakK,
Kax nokazauo "a puc. 18, 2, To ycuaurensHoro npubopa He noayuum. PaszHuia B TOM,

SFT353 MIT414
IMummep Kornexmop
3 K
D-n o-n
nepexod nepexod
b
basa
FEK

Puc. 18.1. YcTpoHCTBO MAJIOMOMIHBIX OMITOISPHBIX TPAH3UCTOPOB
4TO & MPAUCOPAx 06a nepexood pactosonceisl ouens DAU3K0 Opye K Opyey u Meucoy

HUMY UMECEMCA §3aumodelicmeane. DTO B3aUMO/IEHCTBYE HABLIBACTCS €U MPAH3UCIOPHBIT
sdexmom, H eMy OOA3aHB YCHIMTENbHBIMU CBOHCTBAMH OHMOMAPHBIE TPAH3IUCTOPSI.

n-p-n mpaxsucmop L2 -n-p mpan3ucmop

K  Koanexmopueiu nepexod K

n K \p k
P & Lnﬁ
, 3 /” 3

lcn

3

3 Imummepnsii nepexod 3

a)

o)
K K K K
b b b 5

Puc. 18.2. «¢) ycrpofictBo 0 o6v3HadeHHe A-p-1 TPAHIUCTOPA: 6/ YCTPOHCTBO
M 0003HAUEHHE p-N-p TPAHIUCTOPA

Jsa mpenoxpaHeHHWs] OT BHEUIHHMX BJIMSHHH TPaH3HCTOP TEPMETHYECKH 3aKphIT B
METAJUTHYECKOM HIIH IL1acTMaccosoM kxopnyce. Ha puc. 18. 3 nokasans! xkopnycel 60-
rapckux TpanzuctopoB. Kopnyc cpeawemomnoro TtpaHauctopa SFT130—131 #u
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T145—146 c oxmaxaalomuMm pebpom. B MomHeix Tpansucropax SFT212—214 u mup.

KOJUICKTOp HC MMCCT BbIBOJA, a4 CBA3AH C KOPIYCOM. O6a OTBEPCTHA NpeJHA3HAUYCHbI
JUIA MOHT&AXa TPaH3UCTOPpa HAa CINICHHUAJIBHOM OXJIAaXJaroLleM paguarTope.

borzapckue mpanauc/mopsi
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Puc. 18.3. Kopnychl # pacnosnoxeHne BbIBOAOB B HEKOTOPBIX DONrapcKHX TPaH3HCTOPAX

18. 4. Kak ycu1uBaeT OMIOJIAPHBIH TpPaH3uCTOP

x

YT100BI MOHATH, KaK YCHJIMBAET TPAH3UCTOD, pacCMOTpUM puc. 18. 4a, rae nokaszaua
Henb, colepxaias MukpodoH, 6atapeto U rpoMkorosopuTeb. Ilonpobyem nocraBuTh
MHUKPOGOH ¥ rPOMKOTOBOPHTENL B JIBE OT/EJbHbie KOMHAThi. ECiiM Ha MuUKpOodOH HE

¢

et A -

i5 | b by
|
e ot 5 —— fﬁ o
Q) e — 7
M
+|, = —.' |,|L+
£1'158 &1 95

g)

Puc. 18.4. @) onexTpoakycTueckas uenb 6e3 YCHIUTENLHOTO NpUHoopa; b ) JIEKTPOAKYCTHYCCKAA 1IETIb

¢ YCHJIMTECJIBHBIM npu60p0M

OAAeTCS 3BYK, TO B LENH OyIET NMPOTEKATb MOABKO NOCIMOAHHBLL MOK, U I'POMKOIO-
BOpHTEb MOJUYHT (y9acTok A).

Ecnu Ha mukpodoH mojaeTcs 3BYK, TO TOK B IeNH OyaeT comepXaTh HE TOJBLKO
TIOCTOSIHHYIO, HO U NEPEMEHHYI0 COCMAgAAowyo (Y4acToK b), u B rpOMKOroBOpuUTEsiE
YCABILEM CJIaOBIH 3BYK.
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Henonb3ys TPaH3MCTOP, Mbl MOXEM YCHIUTHL 3TOT 3BYK. DTO Noxa3aHo Ha puc. 18.
44, rae WCTONb30BaHBL JABe Oatapeu nutanust. Eciu npoaenaeM COOTBETCTBYHOHIME W3-
MEPEHUS, TO YBUIANM, UTO MOK U HANpAMCceNne 1d BbINOOe MPAU3UCHIOPa 31AYUMC. IbHO
00.1b1te MOKA 1 HANPINCCHUL 1A 8NOOC.

0—@——@

o— 15 o ¥, R, S— %
J0uwuy amummep Oéwas dasa Jdwua koanexmap

Puc. 18.5. Tpu OCHOBHBIE CXEMb! COEAMHEHHS OMMONAPHOIO TPAHIUCTOPA: C
obuumM 3mutTepom (OD). ¢ obweit 6a3oit (Ob) u obuum komiektepom (OK)

Baxseliedl 0COOCHHOCTBIO KaX/JOI0 YCHIIMTENIBHOTO 3JIEMEHTA ABISETCS 3HAYU-
mebioe yeaudenue MOuHOCMY HAa 8bIxo0e (Hd Hazpy3Ke) O CPAGHeNnuio ¢ MOWHOCHIBIO,
nodannoti Ha 6x00. V1 HOCKOIBKY MOUIHOCTD — 3TO NPOH3BEJEHHE TOKA HA HANIPSXKEHHE
(cM. 1. 4), BO3IMOXHSGI CACAYIONIME BAPHAHTBI YCHIIATEICH:

1. Cxema yCUIMBaeT N0 HANPSIKEHHIO U MO TOKY. B TPaH3HCTOPHBIX YCHIIMTENSX 2TOT
cny4aif HauboJee XelaTeNeH. :

2. CxeMa yCUJIMBACT TOJILKO 110 HATIPSXKEHHIO, 4 TOK HA BBIXOJE M BXOJAE MOYTH OJHH
H TOT XKeE. .

3. CxeMa yCH/MBAET TOJILKO MO TOKY, 8 HANPSKCHHE HA BBIXOJAE M BXOJE IIOYTH O/JHO
U TO Xe.

BHIOJIApHbIA TPAH3UCTOP NPOABASET YCHJINTEAbHBIE CBOHCTBA B TPEX BH/IAX CXEM,
KOTOPBIC OTJIMYAIOTCS CIIOCOBOM BKJIIOMCHUS TPAH3UCTOPa: ¢ 06wum amummepom (03 ),
obweit 6asoit (OB) u obwum xoszexmopom (OK). B cBA3M ¢ ITHM MOJIOJALIE pajino-
NFOOMTENIM YACTO 33/1210T BOINPOC: 3a4eM HalO MCHOJIB30BATh BCE TPU CXEMbl BKJIIOYCHHUS
tpan3ucTopa? He sydllle nu BBIYYMTEH TOJNBKO TY CXEMY, KOTOpas HMeeT HamboJIbIuee
YCHJIEHHE, & OCTaJIbHblE OTOPOCUTH?

KauecTBa n10060ro yCuiaMTeNns 3aBUCAT HE TOJBKO OT TOrO, BO CKOJIBKO pas OH yCu-
JIMBAET, HO W OT €r0 BXOJHOI'O M BBIXOUHOTO COMPOTHBIEHHs. B HEKOTOPBIX Ciyvasx
9TH COTNPOTUBJICHHSA Jaxe BaxHee koddduuuenta yemienus. [1o3ToMy Ha NpakTHKE Mc-
HONb3YIOT BCE TPH OCHOBHbIE cxemal coearsenns (¢ O3, Ob, OK), T. k. kaxaas U3 HHUX
HMEET CBOM NPEHMMYILECTBA U HEAOCTATKH.

B cxeme ¢ OD BxoaHo# curHan meiRCTByeT Mexay 06a30#l ¥ IMHTTEPOM, a Harpyska
BKJIKOUCHA MEX/Y KOJIEKTOPOM U 3MuTTepoM (puc. 18. 5). Oma cxema vcuausaem u
RO HARPANCCHWIO U RO MOKY U HA RPAKMIUKE UCROALIYEMCA Hauboaee yacmo. Ee BXoaHoE
U BBLIXOJHOE CONPOTHUBIICHUS HE OYEHb BEJIMKH.

B cxeme ¢ OB Bxoaio#il curHan AeicTBYeT MeEXAy SMUTTEPOM H 0a3o#, a Harpyska
BKJIFOYCHA MEXKAY KOJUIRKTOPOM M Basoil (puc. 18. 5). Dma cxema ycuausaem no.ieko
RO MANPANCEHWIO N UMEET MAJIOE BXOAHOE CONMPOTHBJCHHE H OOJbLIOE BBIXOMHOE.

B cxeme ¢ OK (ee na3piBaloT ele 3MHUTTEPHBIH NOBTOPHMTENL) BXOAHOW CHUIHAN TO-
CTYNAET HA YHPABMAIOLMN nepexol MHTTep-0asa, Apoxoda uepez 1azpysky, a caMa
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HATPY3Ka BKJIIOYAETCH MEXKIY IMHMTTEPOM M KOJLIEKTOpOM (puc. 18. 5). Imo cxenu
veuaenusi no moxy. Ee BXOJHOE CONPOTHUBIICHUE BEJIMKO, 4 BLIXOJHOC MaJlo.

CreayeT o0paTUTh BHUMAaHHE H4 OAHO BakHOE 0OCTOSATENILCTBO: HE3ABHCHMO OT CXeé-
vibl Braiodenns (¢ O3, Ob, OK) ynpasssioumii fiepexon 8 TPAN3HCTOPC — IMUTTCPHbIIA,
4 ynpapjisiemas Uenb, CONPOTHB/IEHHE KOTOPOH MIMCHHCTCS, — DMHT I¢p-KOAIEKTOp (Ha

O
0 [
s $
I ol
x &
g X
Ynpabrsrwyaq > Ynpabrarwua ]
yens x yens z
s S
Y ]
3 S
S $

Puc. 18.6. Ynpapisioulas 1elib B TPAH3UCTOPC

MCALY Du30il M OMMTTEPOM. W yllpaBaseMas

MEWKILY KOJUIEKTOPOM H IMUTTEPOM

puc. 8. 6 a1a uens pauepuena TojCTOW auuucH). Hpu 3TOM nOAapOCHIs UCTHOUNUKOS
RUMAHUS IAKO8A, YPIG IMUMMIEPHbLI REPEXOd BRAOYCH 600200 6 APAMOM Hanpdeaen,
da ko.iekmopistit — 6 ooparmuom. [Toaromy o Beex exemax (¢ O3, Ob, OK) nanpaxcenus,

n-p-n kpemnuebsie mpaniucmaopor
YUy3=04-0888

-+
Us5=04-088

i
%3'17,4-0,38

p-n-p zepmanuebsie mpansucmops:
Ug01-048
+

U 01-048

Puc. 18.7. Hanpsxenue B ynpasisitollell ey, B OPHHIHIE, MAIO

Komopeie 0eticmeyiom Ha ynpagadiowies yuacmie, maisl — Hanpumep 0,1 -0.4 B B rep-
manueBbiX U 0,4--0.8 B B kpemuueBbIx TpaH3ucTopax (puc. 18. 7). B TO BpeMs Kak
HARPARCENUR KOAACKMOP-IMUNTNEY MOZYIN ObiMb D060AbHO 3HAYWIMEAbIIIMY — TIOPAAKA

624 B.
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Jpyras BaxHas 0CO6EHHOCTb TPAH3UCTOPOB — 6a30BbIit TOK HAMHOTO MEHbIIIE IMHT-
fEPHOTO M KOJUICKTOPHOTO TOKOB (IIOCHEAHHE [BA MPAKTHYECKH OAMHAKOBBI). Takum
0Bpasom, 0CloBIOe CBOUCHIEO MPAHIUCIOPA MOXHO CHOPMYITUPOBAThL Tak: Madbii Ga-
J0BBIi TOK ynpasiseT HAMROro GOJIBLIIMM KOJLIEKTODHBIM TOKOM. JTa OCOOEHHOCTB MO-

_ (
5
Apyrcuna I!l}l K
T
frirh
Sony
]
qm L
Mansid W L
anoid bopwoi il
ynpabrstuud ynpabraemon I
mox mak e
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3
Puc. 18.8. BoasHas MOACTH OUNOIAPHOTO TPAHIHCTOPA

Ka3aHa "a puc. 18, 8, rae BuaHa aHajlorus MEXAy TPAH3UCTOPOM M BOAHO-MEXAHHUECKHM
ycrpoiicTBoM. M eHcTBMTENBHO, TOHKAs CTpyst BOoAbl B Tpybe B ynpaenser Toiactol
crpye#t Boabi nocpeacrsom 1pyd K n J. Ilpu >Tom cTpys O paBHa cymme cTpyit b

K. .

Aamna cbemum.
Tpansucmop omxpsim

Aamna e cBemum.
Tparaucmop 3anepm

Puc. 18.9. Tlpy cocjiHeHnn Gasbi ¢ IMUTTCPOM TPAHBMCTOPA TOK B KOJUICKTOPHOW (ICHH HPAKTH-
vecky He uporekact. TIpu uporekanun neboILIIOTo TOKA MEXUILY Ba30i U IMHUTTCPOM TPANUCTOP
OIKPBIBACTCH, ¥ TOK B KOLICKTOPHON HCHH MOKCT ObITh 3HAUMTCALHBIM

B uMnynbcHOW TEXHHKE TPAH3MCTOP Hallle BCETO HCIMOJIb3YETCH B Ka¥eCTBE KJKOYA.
B aTom ciyuae oH wau 3anepm (CONPOTHUBCHHE KOJLUICKTOP-IMUTTED OOJIbILIOE) AU
omkpsim (COTIPOTUBIICHHE KOJJIEKTOP-OMUTTED MalJio). ITO 3anupaHMe U OTKPbIBAHUE
JIOCTHUIAETCS IyTeM COOTBETCTBYIOUIETO 3arMPAHUSA MJIM TPOIYCKaHHS 0a30BOro TOKA.
fTono6HbIH ke ONbIT, KOTOPLIA MOXHO JIEFKO MPOAENaTh, nokaszaH Ha puc. 18, 9. B
nepBOM civyae 6a30BblH U KOJIIEKTOPHBI TOK paBHBI HYJIIO, 4 BO BTOPOM ciiyuae [g=
2+3 MA, a i =200 MA. Ciie10BaTe/IbHO, U 3€Ch NMOCPEJCTBOM HEOOILIIOrO 6a30BOI0
TOK4 MOXHO YNpPaBJATb AOBOJIbHO OOJILLIMM TOKOM B LENH KOJLIEKTOPA.
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3AITTOMHUTE!

ot
.

TpaH3HCTOPB MOrYT YCHJIHBATH CJIafble JJIEKTPHYECKHE CHIHAJIBI, paszymeercs,

HCMOJIb3YH JHEPIHIO YCTPOHCTBA MUTAHMA.

2. B kaxiom OHNOJSIPHOM TPAH3KCTOPe MMEETCHt TPH NOJTYNPOBOAHHKOBBIE 00,1aCTH,
pazjesienHbie ABYMA p- n nepexoJami. B 3aBucHMOCTH OT HpOBOAMMOCTHM JTHX
obJiacTeil pazMuMalOT p-n-p 1 n-p-n TpamzucTopbl. OHH MMEIOT OAMH M TOT Ke
NPUANHN elCTBHS, HO OT/IHYAIOTCH TIOJSIPHOCTHIO NHTAHHA.

3. VcrpoiicTBo 001aJa¢T YCHINTEILHBIME CBORCTBAMH, €C/IH MOIIHOCTD, NOJIy4eHHan
Ha BbIX0JAe, 00/IbIIE MOHIHOCTH, TOJAHHOH Ha BXOoJ. BunonfApHbIi TpaH3lucTOp
00J1a1aeT CBOHCTBAMH YCHJIMTE/IS B TPEX CXeMaX coeHHERHs: ¢ OOLAM SMHTTEpOM
(02), obmeii 6a30ii (OB) 1 obumm koanexktTopom (OK).

4. Ha nmpaktuke HanGonee vacto ucnosaniyerca cxema ¢ OD. B neii nedosbnoii
6a30Bblil TOK yOpPABJSieT HAMHOrO GOJIBIIMM KOJUIEKTOPHBIM TOKOM.

5. B umny/bCHOH TeXHHKE TPAH3MCTOP HCHOJIL3YETCH 4alle Bcero B poJin KJawo4a. B

ITOM CAy4ac KOJLUIEKTOPHAsN Helb HaXO/UTCS NooYepeHO B ABYX COCTOSHMAX: MM

3aAEPTOM HJIH OTKPLITOM.
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Oco0eHHOCTH OMIOJIAPHBIX TPAH3HCTOPOB

19. i. O6paTnbiii KOIEKTOPHBIA TOK

Korjia KoaNeKTOPHBIN TIEPEXO/1 COEMMHEH B 0OPATHOM HANPABJICHUM, 3 SMUTTED CBO-
Bonen (puc. 19. 1a, b), B IeTIn IPOTEKAET TaK HA3LIBAEMBIH 06paMHblEl KOAACKMOPIbIE] MOK
Ixgo. Unpexe KBO pacuimdposbiBaeTCs Tak: TOK MeXAY KOJUIGKTOpOM M 6Gazoii mpu
OTKPBITOM 3MHUTTEPE. DTOT TOK OYEHb MaJl, HO SIBJISETCH 8axchblM Hapamenipom Ou-
NOJIAPHBIX TPAH3UCTOPOB M TIPUBOANTCS B CIIPABOYHUKAX. B MaJIOMOLIHBIX T€pPMAaHUEBbIX
TPaH3UCTOpax OH paBeH 1-+30 MKA, B KpeMHHMEBLIX — MeHee | MKA, a B MOUIHBIX
repMaHUeBBIX TpaHducTopax nocturaet 50—+ 100 MxA.

OOpaTHBIf KOJUIEKTOPHBIH TOK OYEHb MaJjl, OJHAKO HA HEro HaJA0 ofBpallaTh BHH-
MaHHe, TIOTOMY 410 ¢ HOSblieHUueM memnepamypsl nepexoda (Bo Bpemsi paboThl Jr000MH
TPaH3UCTOD Hal peBacTcs) 0OPaTHBIH KOJUIEKTOPHBIN TOK CuAbHO 603pacmaeni — Ha Kaxk-
nble 10°C yodsausaem ceoe 3nauenue (puc. 19. lg).

Hanpuamep, eciu npu ¢ =20°C naHHBIA TpaH3ucTOp UMeEET TOK fipo = 10 MKA, TO U3
tabmuner 19. 1 Buano, uto nupu 7="70°C srot TOK Bo3pacTaeT Ha 320 MxA. Ho Gosbluas
»0€na” BBI3BAHA HE CTOJIBKO €r0 BO3POCIIMM 3HAYEHMEM, CKOJIBKO TeM ()aKTOM, 4TO B
pasiMYHBIX YCHIIMTEIbHBIX CXEMAX O/IHA YaCTb 3TOTO TOKA NPOXOOUI HePe3 YRPa6AAIou it
ImummepHrblii nepexod TPaH3HCTOPA M 3TO NMPHUBOAMUT K CHIIBHOMY YBEIMMEHHIO KOJLJIEK-
TOPHOTO TOKA.

Tabauua 19.1

t,°C 20 30 40" 50 60 70
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Puc, 19.1. ¢/ cxema usmepenuns o6paTHOro Kon}mKTopﬂoro TOKa #-p-n TPAH3UCTOPA: () cXeMa W3-
MEPEHHA OOPATHOrO KOJIEKTOPHOIO TOKA p-it-p TPAHIUCTOPA: &) OOPATHBINA TOK FEPMAHUCBBIX TPaH-
SHCTOPOB 3HAYMTEILHO BO.IbIE, YeM KPEMHHEBBIX

19. 2. TemneparypHast HecTaGHILHOCTD

Ecim roeoputsh 0 HeJOCTATKAaX TPAH3MCTOPHONM anmmapaTyphl, TO MPEX/IE BCEro HAIO
BCTIIOMHHTL O TEMIEPATYPHOH ReCTabUNbHOCTH TpaH3uCcTOpoB. Kak Mbl yxke BUAENH,
OCHOBHBIM ,,BUHOBHHKOM™ 3TOTO SIBJISCTCA OGpPATHBINA KOJUIEKTODHBIH TOX.

TemnepatypHas HeCTaOWIILHOCTL — SBICHHE HEXENATENBHOE. T. K. MeMnepamypa
usMensem pAao OCHOSHBIX HAPAMEMPOS YCUAUNEABHBIX KACKAO08, KAK KO3 UUUEHT YCH-
JIEHUsl, BXOAHOE M BBIXOJHOE COMPOTHUBJICHHUE, 4acTOTa, dBTOreHepauuu u T. 1. M no-
CKOJIbKY KaX/bI TPaH3UCTOP MMEET CTPOro ONpEdeNeHHbIH OOPATHDLIA KOJIEKTOPHLIH
TOK (OH 3ABUCHMT TOJILKO OT KOHCTPYKLMH TPaHIUCTOPA), TO XOpouwas cTabHiILHOCTH
JOCTUIAETCA CIAEAYIOWUM 06pa3oMm.

1. Mcrionb3osanueM TPaH3HCTOPOB C HAUMEHBUINM TOKOM lxgo. B 3TOM oTHOUIEHUMM
KPEMHHEBBIE TPAH3UCTOPLI JIy4llle FEPMAHUCBEIX H 3TO OJHA W3 IIPUYMH HX LIHPOKOTO
pacnpoCTpaHEHHsl B IOCTCOHEE BPEMS. ‘

2. Mcnosib30BaHUEM TaKKX CXEM, B KOTOPBIX GOMIbHIAA YaCTh TOKA Ig0 OTKJIOHSIETCH
BO BHEIIHMC LETIH, & YEPE3 YNPABASIOLIMA TEPEXOI NPOTEKAET BOZMOXKHO MEHbUIAS YACTh.

3. Hcnonb3oBauneM JIONOJHATEIbHBIX CPEACTB (OTPHHATENILHON OBPATHOH CBA3M,
c6anaHCHPOBAHHBIX CXEM H 1Ip.), KOTOPbIE YNYUIIAIOT TEMIEPATYPHYIO CTAOMIBHOCT.

19. 3. Koa¢ppuument ycuaenns f
Kak Mbl yxe Buznenn, cxema ¢ OO — XOpowmil YCHIMTENb TOKAa. B 3TOM MOXHO

yOeauThCs ¢ NIOMOIIBIO CXeMbl, MoKa3aHHOM Ha puc. 19. 2. 3xecs 4epe3 BCTOYHHUK TOKA
E, (sanpumep, perynupyembrit BBITIPSAMUTENB) MOXHO TOAABATH PA3JIMYHBLIN 6a30Bblil
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TOK M YYMTBIBATH COOTBETCTBYIOMIMI KOMIEKTOPHbIA TOK. ONBITH € Pa3MMYHBIMH TPaH-
3MCTOPAMHM TIOKA3BIBAIOT, YTO KOJUJIEKTOPHBIH TOK BCErJa BO MHOIO pa3 6ousblue 0azo-
BOFO.

Yue. 10, NOKAIBIBAIOWEC B0 CKOIBKO PA3 KO.LICKIMOPULITL MOK O0.1blde 0d308020, 060-
snauacmed Oyreoit ff (WM l5)3) 1 naseisaemcd KOIQOUIHEHTOM YCHIIEHHS 110 TOKY B cXeMe
¢ O9. CrnenoBaTebHO. MOXEM 3anuCaTh ;

B = X

Ueny aser {ens koarexkmopa Yens daswi “Uens KorNeKmopa

{
B 7‘—‘- Kospgpuyuenm yeunrenus no moxy 8 cxeme ¢ 03
&

Puc. 19.2. Onpeaciacane koxbduumenra ycuaeHus no toky 8 cxeme ¢ O3

DT0 paBeHCTBO NPUOIN3UTENLHOE, OCKOJIbKY HE Y4TEHbl OTHOCUTEJIbHO MAJble HeE-
vipasnseMbic Tokd. Koadduuuenr P sBnsercs ocnogrvim Rapamempom mpan3ucmopos
ti pusoduINCa 6 cnpagounukax. Pa3nnyuHbie BUbl TPAH3UCTOPOB MMEIOT OOBIMHO KO3(h-
dunment B=230+300, Ho ecTh U Takue, P koTOpwIX AocTuraeT 1000.

Ha oCHOBe BBILLIECK23aHHOI0, OCHOBHOE CBOMCTBO OMIIONSPHOro TPAH3HCTOPA MOXHO
chopmyupoBaTk Tak: 060l Tok, MpoTeKalOLMil Yepe3 YNPAB/IAIONINA IMHTTEPHBIH ne-
pexon, Bui3biBaeT B f§ pa3 GosibiMii KOIEKTOPHBIH TOK.

19. 4. HeynpaB.isiemMble TOKH B TPaH3HCTOpe

Ha puc. 19. 3 nokazara cxema, B KOTOpo#l 6a3a HA C 4eM He CBSI3aHa (PexHM
T1aBatollelt 6a3nbl). B 3TOM criyuae B Lenu npoTeKaeT T. H. ocmamounsiii mox Iyno (37ech
augeke K20 o603Ha4YaeT TOK KOJLIEKTOP-3MHUTTEp MpH OTKPBITOH Oase). Ecim ucxoaurts
U3 TPE/CTABICHUS O TPAH3UCTOpPE KAK O [ABYX COSAMHEHHBIX HABCTpewy APYr Opyry
IMOJ0B, TO HAAC OXUIATh, YTO B 3TOM Clly4ae OJIMH U3 OHOAOB OYIeT NpOIMycKaTh TOK,
a“ Apyro# ero szanupate (puc. 19. 3 ). B pesyiaprate 3TOr0 TOK B LENM OOJIKEH ObITH
pa’BHbIM 06paTHOMY TOKY Iipo. OAHAKO, ONBITHI TOKA3BIBAIOT, YTO TOK, KOTOPBIH Mpo-
TeKaeT, HAMHOTO 0OJibllE, 4 B MOIIHBIX TeéPMaHHEBbIX TPAH3UCTOpax ¢ OOJBLIMM KO-
dunrertoM § OoH HanOONBIIMIA.

TpuuHHON 3TOro ABJISCTCH yCUAUMEAbIOE CEOUCMBO MPaH3Ucmopa, 00ycA08AelHOe
@3auMOdeiicmeues 08VX O.U3K0 PAcnoAOMCcenblX nepexo0os. Tlpn 3ToM obpaTHeIM TOx
Ixgo TpOTEKaeT uepe3 YNpaBsIOUME MEpexon M COTJACHO YCHJIMTENbHOMY CBOWCTBY
TPaH3MCTOpa BhI3biBAET B  pa3 OOMbLIMI KOJIEKTOPHBIH TOK, T. €. K TOKY Igpo TIpH-
Gapnsercs tok PBlggo (puc. 19. 3). Takum oOpa3oM, KOJUIEKTOPHBIN TOK B DEXHME
njaparouei 0aspl 6yaeT

Ixs0=Ixso+Blkso=(B+1) Ikso- (19.2)
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W3 aroii dopmyibl criefyeT, 4TO TOK fk30 OyAeT 3HAYUTENbHBIM B TEX TPAH3IUCTOPEX,
koTopele umeroT Gonbuioi xoddduuuent B u Gonpwoll Tox Ikgo. Hanpumep, kpewm-
HMEBBIM MastoMotustil Tpansuctop 2T6551 umeer figo=0,05 MxA u B=120, nosromy
TOK B pexume rnasarowiei 6a3bl paseH [g30 =0 MKA. OaHAaKO MOMHLIH repManueBbi
tpansuctop AD304 umeer fxpo=100 MxA u f=100, B pe3yiibTaTe 4ero TOK B PeKUMe
mapatoeit 6asnt fieyo=10 MA. Ecnu Takoil Tpau3ucTop OCTaBMTh MO HANIPSKEHMEM
8 pexxume nnaparouied 6asbl (0COGEHHO, €CAM KOMUIEKTOPHOE HATIPSXEHHE 3HAYNTEbHO,

Jecmamoyrsill KOAEKMOPHEIU MoK

n-p-n
X Ixso K
5 + &
2 = 3
4,58
K i kd A
B =l lesa 8 - Icso
3 Plyso 3 u
Ao
Puc. 19.3. CXeMsf M3MEPEHUR OCTATOSHOTO KOJUICKTOPHOrO ToKd OHUOARPHBIX TpaH-
3HCTOPOB

HanpuMep, B OKOHEYHBIX KAaCKazax), HAYHETCH HArPEBAaHHUE KONJIEKTOPHOIO HEpexoa,
4TO BHI3OBET YBeJIMUeHME TOKA [ygg. OT 3TOrO COOTBETCTBEHHO YBEJIMUMTCH [0 M €lle
60JibIIE HACPEETCH MEPEXOA M T. A., TAK YTO ITOT CAMOSO3PUCHIAIOWYULE NIOK MOXKET
neperpeTh TPAH3UCTOD U NOBPeAuTH ero. [10aroMy pexcum naasaoweni basvi, ocobeliio
8 CXEME ¢ 2ePMANUesbIMU MPAHIUCINOPAMU, HE PEKOMEHOVEMCA UCHOAbI0EAINb HU NP K-
muxe.

Hpyro#l HeynpagisieMblil TOK B TPAH3UCTOPE HOJy4aeTcs, KOraa 3muirep d 6a3a
coennteHbl Hakopotko (puc. 19. 4). DrorT TOK 0003HaHACTCH [icq M HA3BIBACTCH d-

HayansHsil KOANEKMODHBIU

! Kax { kax

PP

n-p-n

)™
T+
+ 1%

Puc. 19.4. Cxembl M3MEPEHUS HAYATBHOTO KOAASKTOPHOIO TO-
kd OUIOJAPHLIX TPUHIUCTOPOB

YA IbHBIM KOAAEKMOPHLIM mokom. 3aech uuaexc KOK 0003HA4aeT TOK MEXAY KOJIeK-

TOPOM M 3MHTTEPOM NPH KOPOTKOM 3ambikanuy 6a3bpl n aMuTTepa. [lo Benmudue sror
TOK OTHOCHTEAbHO MaJl M HAaXOMUTCH 1o HopMyiie

Ik =2+ 5)Ikpo- (19.3)
ONBITH TOKA3BIBAIOT, 4TO Y MATOMOUIHBIX TEPMAHHEBBIX TPAH3UCTOPOB [i-yic =1+ 50
MKA, 3 Y KPEMHHEBbIX — MeHblle | MKA. Ha OCHOBAHMM 3TOTO MOXHO CKa3aTh. MTO
pY COEMMHEHHYU, MOKA3AHHOM Ha puC. 19. 4, UeNb KOMIEKTOP-IMUTIECD TPAH3UCTOPA
3anepra.
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19. 5. Ko>¢pduument ycuienns a

CsoiictBa cxeMbl ¢ OB MOXHO UcCliefoBaTh, cobpaB cxeMmy, MOKa3aHHYIO Ha pHC.
19.5. Yucao, NHoKa3u18arouee 80 CKOAbKO pas KOAAEKMOPIbIi MOK 00.4ble Inummepnnro,
obosnauaemces 6ykeoi o (uau hyg) u nHazvieacmcsa KoIPPUIMEHTOM YCHJICHHsI N0 TOKY B
cxeme ¢ Ob. CrenoBaTenbHO, MOXHO 3aIIMCaTh

a = .
Iy (19.4)

£ o218 V% +|

Yeno smurrepa Yens xkornexropa UYens 3mummepa Yens Korexropa
o(zTE Kosgpguyuenwm ycurewud no moxy 8 cxeme ¢ 05
3

Puc. 19.5. Onpenenenne kodbduuneHTa nepenaun no toky a B cxeme ¢ Ob

DTO paBeHCTBO TOXe MPHOIU3HUTENLHOE, T. K. HE YYTEH OTHOCHUTEJIbHO MaJiblif TOK
Igo. ONBITHI C Pa3INYHBIMU TPAH3HCTOPAMH MOKA3bIBAIOT, YTO KOAAEKIMODHbIIL MOK 8Cee0d
Menblde IMUMMeEPHo20 U HOIMOMY KOdPduyuenm a sce2da meHvule eOuHuybl.

Bl Imom KodPPuyuenm 96.19emca NAPAMEMPOM MPAHZUCMOPOs U UHO20a Npu-
10061 g990s gooumca 6 cnpagounurkax. O6smHO 00=0,950 0,998,

8001 Ha ocHOBaHMM BBIIIECKA3aHHOTO MOXET BO3HHKHYTh BONPOC, €CTb JIH
600E 399  nonp3a OT TAKOH CXEMBI, €C/IM TOK HA BBIXOJE MEHbIIE TOKa Ha Bxoae?
S00F 4998 JelcTBUTENBHO, 3/IECh TOK, BMECTO TOrO 4YTOOBI YBEJIMUUBATLCA, YMEHB-
4001 4997 WACTC», OMHAKO cXemd ¢ OB — xopowuil ycuume.s no nanpaxcenuro. Kpome
300; Q996 TOTO OHA MMEET OYEHb XOPOIIME YACTOTHbIE CBOWCTBA M XOPOWIYEO TeMmie-
2004 gggs PATYpHYIO CTAOUILHOCTL. [103TOMY OHa 4acTO HCMOJIB3YETCH A YCHJIECHHs
1504 BBICOKHX 4acCTOT.

T Koogppuyuenmor a u f mobozo mpansucmopa cesazansl mexncoy coboti. Ecnu
7335% 499 \Mbl 3HaEM OAMH M3 HHX, MOXEM JICTKO HAWTH APYTOH, IIPH MOMOLIM HOMO-
60t rpammsl, 1aHHOH Ha puc. 19. 6.
50£
40+ 058
30+ 097

Logs 19. 6. [ToaspHocTh HANPSIKEHHI MHTaHAS
204 Gos
51 [TockoNbKy MMEETCS [BAa OCHOBHBIX THIA TPAH3IUCTOPOB (H-p-H U p-n-p),
0L B cxeMax ¢ OO u OB Hano 3anoMHUTBL MOJIAPHOCTb BOCHMHM MCTOYHHKOB
s 1% nutanus {(cM. puc. 19. 2 u 19. 5). 1o caenatb nerko, ecan obpaTHThL BHH-

61085 MaHHMC Ha caMoO obo3naveHue TpaH3ucTopa. JelcTBUTENbHO, >Mummepran
cmpeaka B Kpyre o0O3HAYaeT, 4TO B #-p-n TPAH3UCTOPAX 3MHMTTEPHBIA TOK
(MMeEIoTCSt B BUAY TOCTOSHHBIC COCTABISAIOIINE) ,,BLIXOAAILME®, a OCTaJbHbIE
1a7 ABa ,,BXoAsuiue”; B p-n-p TPAH3HCTOPaX 3MUTTEPHBIA TOK ,,BXOASIIMIA®, a

oCTanbHblE /iBA ,,BhIXOAdmMe"”. HampapjeHHusIM 3THX TOKOB COOTBETCTBYET W

7-+85 Puc. 19.6. Homorpamma, onpegenstolas cBs3b Mexiay kodbduumentamu B u o



H NOJISAPHOCTL HANPSOKEHUA TMTaHUS. B CBA3KM C 9THM, IPUMEHHUB K TPAH3UCTOPY NEPBhIN
3akon Kupxroda, nosyuum

Iy=1Ig+Ix. (19. 5)

31a PopMmysa ACHCTBUTENBHA 0.09 6cex mpex cXem ekouenus (O3, O w OK). Tlpu
ITOM H40 MOMHHUTD, YTO IMHTTEPHBIH H KOMAEKTOPHBIR TOK HMEIOT MOUYTH O/IMHAKOBYIO
BeJIMUHHY, B TO Bpems kak Oa3oBblil BO MHOTro pas (B pa3) menbiue.

19.7. OcHoBHbIE NapamMeTpbl OMMOJIAPHOTO TPAHIUCTOPA

Haubonee BaxkHblE napaMeTpbl, KOTOPbIE XapaKTEPHIYIOT CBOHCTBA TPaH3IUCTOPOB

¥ YKasbiBalOTCS B CIPaBOYHHKAX, CIEIYIOLIME. -

. Bud mamepuasa (Ge unu Si).

. Buo nposodumocmu (p-n-p unu n-p-n).

. Cmamuueckuti Kosgppuyuenm ycutenus no moxy p é cxeme ¢ OO (cM. Bblle).

. Cmamuueckuti Kodpguyuenm ycuienus no moky d 6 cxeme ¢ OF (cM. Boblne).

. Obpamuiii Koasexmopuwtii mok Iypo (CM. BBILLE).

. Makcumansno donycmumoe Koasexkmoproe HanpaxceHue Uyg yawe ITO HanboJIblIEe
HaMPsUKEHUE MEXAY KOJUIEKTOPOM U 6a30i B 06paTHOM HANpPAaBiCHHH, KOTOPOE MOXET
BBIIEPKATH KOJUIEKTOPHBIN TIEPEXO IIPOAOJIKMTENILHOE BPEMSL IIPU OTKPLITOM IMHUTTEPE
Oe3 HACTYINEHMs npobost.

7. Maxcumanwviio donycmumoe Koatekmoproe nanpayncerue Uy yaxe- ITO HauboNbIICE
HATIPSDKEHHE MEXAY KOJLIEKTOPOM H 3MHTTEPOM, KOTOPOE MOXET BbLAEPXkKATh TPAH3IUC-
TOD NIPH YCJIOBHM, ¥TO 0a3a CBs3aHa 4epe3 ONPEAC/ICHHOE COMPOTHBIICHNE C IMUTTEPOM.
Jlng JaHHOTO TPaH3UCTOpa HanpsXeHHe Uys yae BCENIA MEHblIE WIM PaBHO Hamps-
weHMIO Ukp waxe

8. Makcumaibnaa Mowyinocmp, pacceusaeman d Ko1ekmope Py ae- OTO HAUOOMb-
ias MOINHOCTb, KOTOPYIO TPAH3HCTOP MOKET paccesiTh B OKPYXAOIIEe NPOCTPAHCTBO
B BHIE TEIIa IPH MaxkcuMalbHo aonmyctuMmoM Harpese (70°C nisa repmanueBbix 1 150°C
JJTS KpeMHHEBbIX). JI71s1 MOLHBIX TPaH3UCTOPOB 3TO NEHCTBUTENLHO TIPH HCTIOJB30BAHNA
COOTBETCTBYIOIEro paauaropa. OOpaTUTe BHMMAaHHUE, YTO MOAABAEMAs HA TPAH3UCTOP
SIeKTpHUecKash MOIHOCT P=Ugly HM B KOeM cly4ae He JOJDKHA TPEBLILIATL MAKCH-
MAJIBHYIO MOWHOCTS Py . KOTOPYIO OH MOXET PACCEHBATD.

9. Makcumaawito oonycmumblit KoAAeKMOopHbiii Mok Iy yu. ITO HaubONbIMH KO-
JIEKTOPHBIA TOK, KOTOPBIA HEb3s MPEBLIIIATh HU NPH KAKUX YCNOBHMAX SKCILTyaTallun.

10. I'panuunas wacmoma kodgguyuenma ycutenus no moxky f,. ITO 4acToTa, Ha
xoTopoil koddpuunenT o ymenbuaercs Ha 30% (Ha 3 aB) OTHOCMTENIbLHO CBOCrO 3HA-
4eHUS HA HU3KUX 4YacTOTaXx.

1. T'panuunas wacmoma Kodpduyuenma ycuaenus no moxy f, ITO 4acToTa, Ha
xotopoit koacpbuumenT  yMenbinaetcs Ha 30% (Ha 3 0B) OTHOCHTENBHO CBOErO 3Ha-
YEHUS HA HU3KUX wacrorax. s NaHHOTO TPaH3uCTOpa 4acToTa f; nouTH B B pas Huxe
44ACTOTHI f,.

12. Hepexoouas (mpanzumnasn) wacmoma ycuaenus moka 6asel f,. ITo yactora, Ha
KOTOpPOM KO3h(HUIMEHT YCUITEHHS 110 TOKY B CTAHOBHUTCS PaBHBIM eIMHHULE.

13. Koogppuyuenm wyma F,,. On xapaktepusyeT coOCTBEeHHbIA LIYM TpaH3MUCTOpA.
Usmepsietcs B nennbenax. MasoMOUIHbIE TPAH3UCTOPH OOBLIMHO UMEIOT KO3pPuuIeHT
wyma F,, mensme 10 ob.

N B N —
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3ATIOMHMTE!

1. OGpaTHbIil TOK KO/LIEKTOPHOrO Nepexoaa o4eHb MaJl, 0OHAKO O4YeHb CHILHO YBe-
JIPMHRACTCH NMPH HarpesaHuH Tpau3dHucTopa. Kpome Toro, B pazjmeusHbix cxeMax
0IMa ero YacTh HPOXOAMT Yepes YNPanJIsiolHi IMUTTEPHbIH lepeXo/l H BHI3LIBAET
TeMUCPATYPHYIO HECTAOMIBHOCTH, KOTOpasi B CBOIO oYepeJb NPUBOIMT K H3Me-
HEHMI0 TAPAMETPOR CXEMBbL.

2. Ofparabiii KOJMEKTOPHBIH TOK KPEMHHEBbIX TPAH3NCTOPOB HAMHOIO MeHbIlIe, HeM
repManneBbix. B pezynnrate aToro ycrpoiictsa, cofpannbie Ha KpeMHHEBLIX TpaH-
IUCTOPAX, HMEIOT 04YeHb XOPOIHYI0 TEMHIEPATYPHYIO CTAGHILHOCTD.

3. Craruvecknii ko3ddunuenT ycnicunst § — OCROBHOI HapamMeTp GHITOINPHBLIX TPaH-
3UCTOPOB H yKa3biBaeTcR B copaBounAukax. OH nmoka3biBaeT, BO CKOJILKO pa3
KOJIEKTOpPHbIH TOK Goablue 6a3oBoro. B coBpeMeHHLIX TpaH3uCcTOpax OOBIYHO
B=30--300. Uem Hoabiie ITOT KOIPOHHIHEHT, TeM JIyullle YCHIHUTEIbHbIE CBOl-
CTBA TPaH3HCTOPA.

4. Korjjia TpaH3uCTOp HAXOIHTCS N0 HAONpPSOKEHHEM, 2 ero 6a3a He COeMHEHA MH
¢ KaKHM 3JIeMeHTOM (T. H. I1aBalomast 6a3a), Tox B uenu noutu 8 f§ paz Gosniue
00paTHOTO KOJIJIEKTOPHOro Toka. B JaHHOM cay4ae BaXKHO TO, 4TO 3A€Ch HATHMHIO
YCIORHS L% ,,CAMOHArPEBAHUR" TPAHIUCTOPA, YTO MOXKET MPUBECTH K BLIXOAY
W3 CTPOS TPAHM3HCTOPA (OCOGEHHO MOIIHLIX FEPMAHHEBLIX).

5. Koraa TpaH3ncTOp HAXOJAUTICH 00/ HANPIKEHHEM, a ero 0a3a coeuHeHa ¢ IMHUT-
TepoM, TOK B LeNH OY4eHb MAJl H paBeR NpHOIHIATEIbHO 0GPATHOMY KOJIIEKTOP-
HOMY TOKY. I103TOMY MOXKHO NPUHATL, YTO NenMb KOIEKTOP-DMHTTED 3anepra.

20

I'padpuueckne XapakTepuCTHKH OMIOJSAPHOrO TPAH3HC-
TOpa

20. 1. BxoaHbie cTaTHUECKHE XapaKTepucTukn B cxeme ¢ O3

B cxeme ¢ O3 BXOJHBIE XAPaKTEPHUCTHKM BLIPAXAIOT 3QBUCUMOCHb 0308020 MOKA
I om npusonceniozo mexncdy 6azoi u smummepom nanpaxcenus Ug, (Npy oONpeaescHHOM
Hanpskennd Ug,). O6paTuTe BHEMAaHHE, YTO NMOPSAAOK HHAEKCOB COBNAAAET C HO-
JIOXKUTENbHBIM HalpaBiicHueM Toka, MOITOMY Usp=—Upgy U Usyg= —Upgy. Hnsa
CHSITHSL BXOMHBIX XapaKTePUCTUK MOXHO HCIONB30BAaTh CXeMy, JaHHYto Ha puc. 20. 1,
rie NpH MOMOIOM NOTEHUMOMETpA P TOAAIOTCA PAa3jIMYHble BXOJHBIE HANPSKEHUS M
N3MEPSIOTCS MPOTEKAOIIUE BXOAHbIE TOKH. Ha 3TOM X€ PHCYHKE MOKa34HO, KaK Bbl-
TTSIAAT BXOAHbIE XapaKTEPUCTHKU FEpPMaHNEBOTO B KPEMHHEBOTO TPaH3UCTOPOB. Buawo,
4YTO OHH TIOXOXHU HA XAPAKTEPUCTUKH IHOIOB, T. €. 8X00Mble XAPAKMEPUCIUKU MPaH-
sucmopos neauneiinsl. TIpn yBelIMYEHUM KOJUIEKTOPHOTO HANPMKEHHS OHU OY€HbL Mo
CMELIAIOTCS BIPABO, HO HA [IPAKTHKE ITO CMELICHNUE He yYuThIBaeTCs. M3 pucyHka BUAHO
eie, 97~ B cxeme o O nanpamedue Cada-3MKTICP B I¢PMAHUEBLIX TPAH3HCTOPAX HE
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upesbiiaer 0,4 B, a B kpeMmuuesbix — He npesbiliaet 0,8 B. Ipu npesviuenuu rmux
6X00NbIX HARPANCENUWE MOKU, NPOXOOAWUE Yepe3 MPAlZUCINOD, MO2YM CMamb 11e00Nnyc-
MUMO DOABUUMU U MOZYI NPUBECIIU K HEUCNPABHOCMU.

IB,MKA

n-p-n

300 |- Ge
250

200

pn-p 150

100

50

1
g4 0 Upe.g

Puc. 20.1. Bxoambie crathueckne XapaxTepucTHKR 8 cxeMe ¢ O M CXEMBI /L1 CHSTUA HTHX XADAK|CPHCIHK

©20. 2. /InA yero McnoJib3yHOTCH BXOQHbIE CTATHYECKHE XAPAKTEPHCTHKH
nOCKOHbe BXOIHAsA XapaKTEpUCTHKA TPAH3UCTOpaA HBHHHeﬁHa, e20 8xo0iloe COnpo-

MmusaeHUe He ABAAEMCA NMOYHO OnpedeﬂeHHblM, a 3aBHCHUT OT NPHIIOXKCHHOTO HANPSXKCHHUSA
U NPOTECKAIOWIErO TOKA. 10 3HAYUAT, YTO 3aBUCMMOCTbL BXOJHOrO TOKA OT BXOIHOIO

1

01 82 Uy ,B
a)
Puc. 20.2. «) BXOAHAA CTATMYECKAs XapakTepuciika B cxeme ¢ OD: 4/ onpeic.icHue Bro.L-

HOTO COMPOTHBIICHHS TPaH3UCTOPA NO NEPEMECHHOMY TOKY B TOYKE b

HaNPsKEHUs BBIPAXKAETCH CIOXKHOH (opMynoil, HeynoOHOH Ha npaktuke. MMeHHO mo-
5TOMY, KOTAa HaRO0 HAHTH BXOJAHOH TOK, MPOTEKAFHIUI NPU JAaHHOM BXO/JAHOM HAMps-
KEHMH, UCTIONbL3YIOT BXOJHYIO XapakTEpUCTHUKY TpaHi3uctopa. Hampumep, na puc. 20.
2a MOXEM OIPENENUTh. 4TO eciii B Tpausuctope MI142b6 (on umeert = 50) Hanpamenue
smurrep-6a3a pasHo 0,1 B (Touka A4), ero 6a3oBblif Tok 20 MKA, a KOJUIEKTOPHBLIH TOK
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IxxPBlg=50.20=1000 MxA =1 MA; npu U,;=0,2 B (Touka b) onpeneisiem 0a30Bhlit
ToK I5=120 MKA, KomekTopHbId TOK Oyuet pasen [pxBl;=50.120=6000 MKA =6 MA
1 1. A. Ty XKe XapakTepHCTHKY MOXHO HCIIONIb30BATE U B OOPATHOM MOPSJKE: IS TOTO.
4TOOBI KOJIJIEKTOPHBIH TOK JAHHOTO TpaH3ucTopa Obut paBeH [x=13 MA, 6a3osbif Tok
JI0JKEH ObITh
- I, 13
IB x E = 36 = 0,26mA.

a 110 XapaKTEePUCTUKE ONPEAEIINEM, 9TO HANPSKEHHE IMHTTEP-043a JOJIKHO ObITh Uyg =
=0,25 B (Ttouxa B).

Mo BxoaHOH XapakTEpUCTHKE MOXHO HAHTH ¢X00HOE COMpOMuEselue mpansucmopa
048 NOCMOAHHO20 U nepemenH020 moka. OOpaTHTe BHHMAHME, YTO B JIIODOH TOuke
BOJIbT-2MIIEPHON XaPAKTCPUCTHKH OJHOMY HEJIMHEHHOMY 3JIEMEHTY COOTBETCTBYET ABA
CONPOTHBJIEHUS: M0 NMOCTOAHHOMY TOKY M IO NEPEMEHHOMY TOKY (auddepeHuManbHOE,
MMHAMUYECKOE), KOTOPLIE B 0OILIEM Cilyuae APYr ¢ APYrom He cosnaaarT. ConpoTHe-
JICHHE 1O MOCTOAHHOMY TOKY OTHOCHUTCS K TOCTOAHHOH COCTaBJISIOWIEH CHUIHAJa, a 1o
HEPEMEHHOMY TOKY — K IEPEMEHHOH COCTapafIolIeH curtana. Bxoanoe compoTusiicuue
N0 MEPEMEHHOMY TOKY OCOOEHHO BaXXHO, MOTOMY YTO C €ro MOMOILLIO NPOU3BOIHTCS
COTJIACOBAHME OTACNBHBIX TPAH3UCTOPHBIX CTYIEHEH.

AN HaXOXJACHUSI COMPOMUSACHUA NO ROCMOAHHOMY MOKY B JAHHOH TOYKE MCHOJIb-
3yeTcs 3akoH OMa.

Ry = T
HamnpuMep, BXOQHOE CONpPOTHBIEHME [O TOCTOAHHOMY TOKy TpaHiuctopa MI142b B
touke A (puc. 20. 2a) paBHO

TakuM ke 00pa3oM HAXOAHM, ¥TO B Touke 5 oHO paHo 1600 Om, a B Touke B — |1
kOM.

Jlns HaXOXIEHUS CORPOMUBACHUA NO REPEeMEINOM) MOKY B JaHHOH TOYKE MCIOJIb-
3yeTcs T. H. 3akoH Oma B auddepesuuanbioil popme

AU

R, = ar
rae A U n Al 0603Ha4aroT MaJjible NPUPALLEHUS HANPSDKCHHUS W TOKA OKOJIO JIAHHOH
Touku. Hanpumep, HailieM CONPOTHUBJICHHE IO MEPEMEHHOMY TOKY TOro e CaMoIo
TpausucTopa B Toil ske Touke b (puc. 20. 26). [as 310r0 3a/4cM CNCAYIONIME Malble

npupauieHus (3alITPUXOBAHHBIH TPEYrOJIbHMK):

AU=0,225-0,175=0,05 B;

AI=160—-60=100 MKA.

Torja CONpPOTHBIIEHHE MO NMEPEMEHHOMY TOKY B Touke b Oyaer

AU 0,05
Re =41 ~ 100.10 ¢
HanoMHUM, 4TO COTMPOTHUBIICHUE MO MOCTOSHHOMY TOKY 3TOr0 *)¢ TpaH3UCTOpa B TOM
Ke Touke Obiyio 1600 Om.

[Tyrem n0ogo0OHBIX BHIYUCIEHHUH MOXHO HAUTH, YTO CONPOTUBIIEHHE MO NEPEMEHHOMY
TOKy 3TOro %e TpaH3uctopa B Touke A paBHO 4 kOM, a B Touke B — 400 Om.

B 3aKJIFOYCHHUC MOKHO CKA3dTb, YTO 8X0IOC CORPORMUGACHUC MPAUZUCHIOpd HO e~
peMeliomy moxy 3dgucum om guibpannoii paboueii mouku, m. e. npu 60biem moKe Hasol
(uau koasexkmopa) ono menvuie. TlpakTuKa nokasniBaeT, 4yTo B cxeme ¢ O3 conporTus-
siermne 0Bbiano o1 500 Om 1o 5 xOm.

= 500 Om.
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20. 3. Bxoanble CTaTHYECKHE XAPAKTEPHCTHKH B cXeme ¢ olweil 6a3oii
B 3tom Ciyvyac BXOIAHBIC XAPAKTCPHCTHKH BLIPAXKAKOT 3dGUCUMOCHTL QMUMmepHoco

moka 1y om nputoxcennozo mexcdy omummepom u 6a30ti nanpaxceius (Mpu ONpeAeach-
HOM HanpskeHun Ugp).

30 8s

2

20

5

0

Pric. 20.3. BXomHble CTATUYCCKME XAPAKTEPUCTHKH B cxeMe ¢ OB ¥ cXeMbl JU1sS CHATHA YrHX
XAPaKTePUCTHK

s CHATHA TAKHX XaPaKTEPHCTHK MOXHO HCHOJIb30BAThH CXEMY, I0Ka3aHnYIO HA PHC.
20. 3. Ha 3ToM xe pHCYHKE NOKa3aHbl BXOJAHBIC XaPAKTCPUCTHKN TEPMAHMEBOIO U KPEM-
HMEBOTO TPAH3UCTOPOB. BHAHO, YTO OHM MOXOXH HA BXO/JHbIC XapAKTEPUCTUKH B CXEME
¢ O3, HO MMEIOT ABA CYINECTBCHHBIX PalMyust. Bo-riepBniX, 3[eCh NPH yBENM4EHUH
KOJJIEKTOPHOr O HATIPSKEHUSA XapaKTePUCTHKM CMEIIAIOTCS BJIEBO. ITO CMELLICHHE MAJIO,
M MM TIDAKTHYECKH TpeHebperaroT. Bo-BTOphIX, IMHTTEPHbIH TOK HAMHOTO Goablue Ga-
30BOFO, NO3ITOMY MAaclITald TOKa MO OCH OpAMHAT JAPYroW.

Bxoasibie xapaktepucTuku B cxeMe ¢ OB HCNONB3YIOTCA /Ui ONpeNe/ieBUsl TEX Ke
BEJIHYHH, 4TO W B cxeme ¢ O (cBasp mexny In u Usg, R, _, Ry ~). Creayer, onHaxo,
NOAYEPKHYTb, 4TO NPU OAHMX M TeX e RanpskeHusx (dampumep, 0,1 -0,4 B B rep-
ManwneBbix ¥ 0,4-0,8 B B XpeMHHEBBIX TPaH3HCTOPAX) 6X0OHOE CONPOMUBACHUE (XEMbI
¢ 0. 3HauumenvHo menvuie, uem 6 cxeme ¢ O, Hpu IMOM 0HO, pazymeemca, 3agucum
om dbibpannoii paboueti Touku. IlpakTHka mokaseiBaer, 4to B cxeme ¢ OB BxomHoe
COTIPOTHBJIEHHUE TIO NMEPEMEHHOMY TOKY 4alle Bcero uMeet 3navecHud ot 10 go 100 Om.

20. 4. Boixoanbie cTaTHYeCKHE XAPAKTEPUCTHKH GHMOJISIPHOrO TPaH3HCTOpPa
B cxeme ¢ 0D

B 3TOM Cryuae BBIXOMHBIE XAPAKTEPHCTHKY BBIPAKAIOT 3A6UCUMOCHIL KOAACKINOPHOZ0
moxa Iy om gvixodnozo nanpaxcenus Uyy (Ipu onpenenenHoM 6azosoMm toke Ip). Jas
CHATHS ITHX XApPaKTEPHCTUK MOXHO MCIOJb30BaThb CXEMY, OKA3aHHYIO Ha puc. 20. 4.
Ha 2TOM XK€ PHCYHKE MOKA3aHO CEMEHCTBO BBIXOJHBIX XAPAKTEPHCTHK TPAH3UCTOPA
MI142b, rae kaxnas U3 HHAX COOTBETCTBYET ONPEHEIIEHHOMY TOKY 0asbl. BhIxoauble
XapaKTEPHCTHKH TPAHZHCTOPA TOXE HENMHEHHBI. OCOBEHHOCTH WX COCTOMT B TOM, YTO
MM MaJIBIX HANpsXeHusx (He-H6onee 0,4+0,8 B) KOMIEKTOPHBIH TOK pacTeT GwICTPO.
MOCJNE YEro OH NPAKTUYECKH HE 3aBHCHT OT KOJUIEKTOPHOTO HAIPSKEHHs (XapakTepHc-
THKH TIOYTH FOPH3OHTAJILHBIE), @ 3aBHCHT TOJILKO OT 6a30BOro Toka. JpyruMu ciloBaMu,
€CIH TIOXKENACM YBEJIMYHTh KOJUIEKTOPHbI TOK JAHHOrO TPAH3UCTOpA, TO A0GMThCS

9 TllepBbic Waru B paano3/IEKTPOHHKE . ]29



ITOrO MOXKHO He yeauuenuem KOAACKMOPHO20 HANPANCEHUA, A eOUHCMBEHIO Ve AUHEeHUe
6azoeozo moxa. B 3To# ocobeHHOCTH HANO XOpOIUO pa3obparbCs, T. K. OHA MOATBED-
/1A€T, YTO KOJUIEKTOPHBIH TOK AEHCTBHTENABHO ,,yIPABJISETCA™ HE C BRIXOJAQ, a CO BXOJ4.

40
[§=20 MKA
Ix30 & Ig=0

M1426

i A —J

ya— V6 u,8

Puc. 20.4. BoixoaHble CTaTHYECKME XapaKTEPUCTHKH B cxeMme ¢ OO H CXeMbl TS CHSTHS
ITHX XapaKTEpPHCTHK

20. 5. /las 4ero KCnojib3yrOTCHd BBIXOAHBbIE CTATHYECKHE XapPaKTepPHCTHKH

Brixonsble XapaKTEPHCTUKH JAIOT KOAUYECHBEHHYIO C8A3b MENCOY MPemsa OCHOGHbBIMU
BeAUNUHAMY MPAH3UCMOpa: TOKOM 0a3bl, TOKOM KOJUIEKTOpPA ¥ KOJUIEKTOPHBIM Harmpsi-
XenueM. BoIxoJHOE CONPOTHBIICHHME TPAH3HCTOPA TOXKE HEJIMHEHHO, T. €. 3aBHCHMOCTH
BBIXOJHOIQ TOKa OT BBIXOJHOTO HAINPSAXKEHUS BbBIPAXAETCA MOBOJILHO CIOXHON ¢op-
Mmynoik. [To3TOMY IS HAXOXIEHUN 3TOH BENWYHMHBLI M 371€Ch MCTIONB3YEM BBIXOIHBIE

03 MN426 AVw

| I, MA 100mKA I, mA  Roux S 37

80mKA

§0MKA

4OMKA

20mx A

15'£

0 4 6 U., 8
2) X3,

Puc. 20.5. a)B Toukax 4, b u B KoJIeKTOpHOE HanpsikeHHe HeusmeHHo 4.5 B, a
KOJUIEKTOPHBIA TOK pa3iidued; ) ONPENE/IEHNE BBIXOMHOIO COIMPOTHMBIEHHS TPaH-
3UCTOpa MO NEPEMEHHOMY TOKY B TOUKe B

K3’B

XapakTepuCTHKH TpaH3ucTopa. Hanpumep, no puc. 20. 54 MOXHO onpenesiuTh, YTO NPH
KOJIEKTOpHOM Hanpsiokenuu 4,5 B u 6a3osoMm Toke 40 MKA (Touka B) KOJUIEKTOPHbIHA
TOK OyneT 4,5 MA. To4HO Tak k€ MOKHO OHDEJEIUTDb, YTO IIPU KOJUIEKTOPHOM Hamnps-
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xerun 4,5 B st Toro, yToOm mpoTtekai koJueKTOpHbLE TOK 8 MA (Touka B), Heo6X01M
Tox 6a3sl B 80 MKA. ~

Mo BBLIXOAHBIM XapaXKTEPHCTHKAM MOXHO HAHTH 86IX00HO€ CONPOMUEACHUE MPAHIUC-
mopa 048 NOCMOAHHO20 U HEPeMEHHO20 MOKo6. BbIXOHOE CONMPOTHBICHUE TPAH3UCTOPA
no MepeMEHHOMY TOKY OCOOEHHO BaXKHO, MOCKONBLKY HAa €O OCHOBE MPOUCXOMUT CO24a-
cosanue omoeabHblX Mpan3ucmopivlx cmyneiteti. Hanpumep, conpoTUBJIEHHE 10 TOCTOSAH-
Homy Toky B Touke b (puc. 20. 5a) Oynet mmeTh 3HavueHMe:

RB=E=~i§—=lKOM.

ConpoTUBJIEHHE TIO TIEPCMEHHOMY TOKY B TOH € TOYKE MOXHO HAaHTH TO 3aKOHY
Oma, 3a/1aBas COOTBETCTBYIOWME npupaiesus (puc. 20. 5 6), rae

AU=7-3=4B; Al=45-44=0,1MA,

H, TAKHM 00pa3oM, HoJiyyaem

BoixoHOE COMPOTHBIIEHHE TPAH3HCTOPA KaK [0 MOCTOSHHOMY, TAK M NO IlEpEMEH-
HOMY TOKY CUABHO 3asucum om ewvibpannoii paboyeii mouxu. TIpakTHKa NOKa3bIBAET, 4TO
BBIXO/IHOE COIMPOTHBJIEHHE 10 IIEPEMEHHOMY TOKY B cxeMe ¢ O3 0BbIYHO MMEET 3HAYCHHUSA
ot 20 no 50 xOm.

20. 6. Boixoanble cTaTHYeCKHe XaPaKTEPHCTUKH OHIIOJISIPHOrO TPAaH3UCTOPa
B cxeme ¢ OBF

B [aHHOM CJIy4ae XapaKTePUCTUKH BBIPAXKAIOT 3dGUCUMOCHb KOAACKMOPHOZ0 MOKA
I om ebixoonozo nanpaxcenus Ugy (NpR ONPEOENICHHOM 3MUTTEPHOM Toke [5). JIns ux
CHATHA MOXHO WCHOJIB30BATh CXeMYy, NMOKa3aHHyro Ha puc. 20. 6. Ha 3ToM xe pucyHke

I, MA

12
L 10 0
| 8 MN426 V.|
| & o6 6
L 4 4

2 Ip=2mMA

, . Iksg  } 13'0 o

0 2z 4 6186 uy.8

Puc. 20.6. Buixoamble CTaTHueckHe XxapakTepucTuxu B cxeme ¢ OB u cxembi 1uia cHATHSA
3THX XapAKTEPHCTHK

TIOKA3aHO CEMEHCTBO BBIXOIHbIX XapaKTEPHCTHK TpaH3ucropa MII42b. BuaHo, 4To OHH
TIOXOXH HA BBIXOAHBIE XAPAKTEPHCTHKH B cxeMe ¢ OO, HO HMEIOT ABA CYUIECTBEHHBIX
pa3nvuns. Bo-nepBhiX, 316Ch KOJUIEKTOPHBIH TOK NpOTEKAaeT JaXe M TOraa, Koraa KoJj-
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JIEKTOPHOE HANPSXKEHHE PaBHO HyMro. IIpHuMHA B TOM, YTO MCTOYHHK TOKA HAXOAMTCH
B L[ENH 3MHUTTepa. Bo-BTOPBIX, 34€Ch BLIXO/IHBIE XaPAKTEPUCTHKY GOJIEE TOPH3OHTATIbHDI,
yeM B cxeme -¢ OD, T. €. 30ECh 6bIx00HOe conpomugaenue Ooavtue. U NERCTBUTENBHO,
NPaKTHKA TOKa3bIBAET, YTO BBIXOJHOE COMPOTHUBIICHUE TIO NMEPEMEHHOMY TOKY TPaH3MC-
Topa B cxeme ¢ OB uame Bcero umeer euundy oT 500 kOm g0 2 MOM.

20. 7. CraTHyecKHe XAPAKTePHCTHKH NMPAMOH nepeaavd Mo TOKYy

JTH XapaKTEPUCTHKH MPEACTABASIOT COBOM (8436 MencOy 8X0O0NbIM U GbIXOONBLY
mokom. CrnenosatenbHo, B cxeme ¢ OD OHU ONpeleNiTIOT CBA3b MEXLY Ig U [y (3TO
xooduiment B), a B cxeme ¢ OB Mexay Iy u I (310 xoddduiment o). Obe ynomsHyTbie
xapakrepuctuku Tpanzucropa MII42B nauer wa puc. 20. 7.

L ,MA
MN4&2 I, MA

1 L i 1
0 10 20 30 I mxA
Ixso a) 5

13,/";

Puc. 20.7. CTaTuueckhe XapaKTEPUCTHKK MPAMOH nepeJauy Mo TOKY B CXeMax
c 02 u OB

20. 8. CTaTH4YecKkHe XaPAKTEPHCTHKH O00paTHOH MepelayH MO HANpPIK
Ony BhIpaxaroT rpadUyeCKyro CBA3b MEX/y BXOAHBIM K BHIXOJHBIM HAIPIKE

TpausucTopa. Y MockobKy BRIXOJHOE HATIPSXKECHHE OKa3bIBAET cnaboe BJIHSHUE HAa
HOE, DTH XapaKTEPUCTHKH MOYTH Topu3oHTaibHbl (puc. 20. 8).

U,x ,B
Ysn:8 Mn426 A Y5
80 MnN426

g p— g60 % ’\2’
a5t 4 015 —%‘4

“ 2 ’ I3=1uA 2
gt 010k

03 15 ‘OHKA .
Q05+ oost b
1 1 1 1 1 P 1 L 1 1 1 P
0 2 4 6 & u,,B 0 2z 4 6 8 U8
a) 3K 5) 6K

Puc. 20.8. CTaTUYeCKHE XapaKTEPUCTHKU OOPATHOM nepeiadd NO HANPAXKCHHIO
B cxeme ¢ O u Ob



20. 9. IMoanble CTATHYECKHE XAPAKTEPHCTHKH OMNOJINPHLIX TPAH3HCTOPOB

VIOMSHYTBIE YETHIPE BHA XaPAKTEPUCTHK TPAH3MCTOPOB MOXHO M300pa3sHThb Ha
ofHOM uepTexe. B 5Tom ciyuae macimTabbl BESMUMH NIOOLIX JBYX COCEMHMX XapakKTe-

IK,NA

2+

20mxA

I, KA . 5 =0mxh
-1 panleesseimm—p——
60 40 20 5 10 15 20 -y,,8
-,05 <
Ig=0m
F‘a,fﬂ & MK A
6B ] 20
Ux3 ; 41 40
P 60
-020 &0
~Upy:8

Puc. 20.9. MMonubie craTudeckue XapaxTepuCTUKH OMNONAD-
HOT'O TPaH3HUCTOPa

PUCTHK OJHHAKOBHL. DTO c03/aeT Oonbiioe yA0oOCTBO Npy nepeHoce pabouedl TOUKH C

ONHOW XAPAKTEPHUCTHKH Ha APYIylo [UIsl OBICTPOTO ONPEIAeSICHUsS] TOKOB 4 HANPSKEHHH.
Ha puc. 20. 9 noxa3aHbl NOJHBIE CTATHYECKHE XapaKTEPUCTHKU TpaHiucropa MI142B.

3JAHOMHMUTE!

1. I'paduueckne XapakTEepPHCTHKH BbIPAXKAIOT CBA3bL MEXAY HANMPHXKEHUAMR M TOKAMH B
TpausncTope. OuH AeJA0T ABJICHUR HATMAHBIMH H I2I0T BO3MOKHOCThL OLICTPO M JTerKo
oupee/IHTh BeJHYHHY 3THX Hanpsokenni H TokoB. ITo mam Jerko Haxoasrcs Bxoaunoe
¥ BLIXOJHOE CONPOTHBJICHHSY TPAH3MCTOPA N0 NMEPEMEHHOMY TOKY, BaXKHble /I COTJIA-
COBAHHA OTIENBHBLIX TPAH3HCTOPHLIX CTYHEHeH.

2. Bxoasbie XapaKTepHCTHKHA ONpeAE/IRIOT CBA3b MEKAY BXOIHBIM HanpHKEeHHEM H BXO-
#piM ToxoM. [lo HEM BuIHO, 4TO B HOPMA/ILHOM cily4ae HanpskeHHe $a3a-IMHTTep B
repMaHHEBbLIX TPaHIUCTOpax (He3aBHCHMO oT cxeMmbi coequHenus ¢ O3, Ob nm OK)
pasuo 0,1 0,4 B, a B xpemuneBnix 0,4--0,8 B. ITogaua Goabiimx HanpsokeHuii MoxeT
NPHBECTH K HEAONYCTHMO GONLIIMM TOKAM 4epe3 TPAHZHCTOP H BO3MOKHOMY [OBPEXK-
JICHHIO,

3. BoixoaHble XaPaAKTEPMCTHKR BLIPAXKAIT CBH3b MEKAY BhIXOJIHLIM HAUPHKEHHEM H Bbi-
XOMHLIM TOKOM. 110 HUM BHIHO, 4TO HPH KOJJIEKTOPHbIX HANPIKEHHAX GOAbIIMX, Yem
0,4--0,8 B, xo/11eKTOPHLIH TOK NPAKTHYECKH HE 3aBHCHT OT KOJLJICEKTOPHOTO Hanps-
JKEHNs, a 3aBUCMT TOJIbKO OT TOKAa 06a3kl. JTo elle pa3 NOATBePKIAeT, 4TO 3IHAMU-
TeJIbHLIH TOK KOMUIEKTOPA YNPABJISETCH MAJIBLIM TOKOM 0a3bi,




21

AHAJN3 JJIEKTPOHHLIX CXEM

21. 1. IToueMy HCNOJIL3YIOTCH CHHYCOHDI

Mpu ncciaenoBanun paboThl YCUIUTEILHBIX KaCKaJoB OOBIMHO MOJAIOT HA BXO[, CH-
HYCOMAaNLHOE KosiebaHue u HaOMoOatoT SBJICHUS BO BPEMS TOJNOXHTEIBHOTO M OTpH-
HATENBHOTO TOJNYNepuoAoB. M TYT ke BO3HMKAeT BOIIpOC: BeAb IMPH NEpejaie peuu u
MY3bIKH HATIPSXKEHHS. U TOKH MMEIOT cIoXkHYo dopmy? He cospaeM nu mui ans ycu-
JIUTENEH ,,HEECTECTBCHHYIO OOCTAHOBKY®, KOrJa HCCIEAYEM HX C MOMONIBK) CHHYCOH-
NAaJIbHbIX CHIHAJIOB?

MBI yxe 3HaeM (cM. puc. 12. 8), uto corsnacHo TeopeMe Pypbe Jake H CaMOe CIOKHOE
nepuoduyeckoe KoJicOaHUE MOXHO PA3JIOKHTh HA CYyMMY MHOXECTBA CHHYCOMAAIBHBIX
kosicOannii. OHN HA3BIBAIOTCA 2apMOHUYeCKUMU 1 ODPa3YIOT wacmomubiil cnexmp onpe-
neneHHol mupuHbl. Tak 4YTO, €C/IM YCHIIMTENL XOPOLIO YCHIIMBAET HECKOJBLKO Onpefie-
JIEHHBIX WACTOT CHEKTpa (BKJIIOUMMTESBHO M CAMYIO HH3KYIO M CaMyio BBLICOKYIO), TO,
OUEBMHO, OH XOPOILO YCHJIMBAET U camoe CiloxHoe kojebanue.

21. 2. IlocTosiHHAsE M MEepeMEHHas COCTABJIAIOLLIHE

B n. 13 | Obino ynoMsHyTO, 4TO BO BpeMs padOThbl Ha Pa3JIMYHLIX Yy4acTKaX JJeK-
TPOHHBIX CXEM OelicmEyIom OOHO8PEMEHHO NOCIOAHHbIE U NepemeHHble Hanpaxcenusd. B
pe3ynbTaTe B LENMAX NPOTEKAaeT OAHOBPEMEHHO MOCTOAHHBIA M NEPEMEHHBLIA TOK HIIM,
KaK €Ile TOBOPHUTCS, NOCMOAHHAA U Nepemennan cocmasiarowue. s Toro, 4rodnl upa-
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Hem 3byxa i Ecro 3byx
Puc. 21.1. TTOCTOSHHEIE M NEPEMEHHBIE COCTABIAIOLIME TOKOB M HATPAKCHUA B UENH MHK-
podoHa

BUIAbHO Pa300PaTLCH B EACTBHH JIEKTPOHHBIX cxeM, aGCOMIOTHO HeOOX0aMMO pasrpany-
yuTh 06e 3TH cocTaBasnomue. B cBS3M ¢ 3TMM HeOOXOAHMO 3HATH, YTO:

1.Tpn oTcyTcTBHE curHana (3Byka) B nenu: 6atapes E — yrosbubiit mukpodon M
— conporusienne R (puc. 21. 1) npoTekaeT NOCTOAHHBIH MUKPOGOHHBIA TOK Iy, Ha
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ob6onx xoHHaX pe3uctopa R obpasyercs majieHue HANPSDKCHHSA MO TOCTOSHHOMY TOKY
Upgy HO Oytaromaps Hajmu4yMio KOHAcHcaTtopa C Ha BBIXOJE HET HANpPSOKEHHS.

2. Mlpu unanuuum curHana (3Byka) B uend £ — M — R (puc. 21. 1) nporekaet
MHUKPO(OHHBIH TOK, COCTOAIIMA U3 HOCTOAHHOM COCTaBNSIOMICH [y, U MepeMeHHOlt co-
CTABJSHOLICH ¢ aMIUTMTYAOH [y,

Ha o6Goux koHIax conmpoTHRieHMs R oOpasyercs najieHne HaIPSDKCHHS, COCTOSLIee
13 TIOCTOSHHOM coctasisiowmei Uy, ¥ nepeMeHHOR cocTasiisitoliell ¢ amnntyoi Upg,,.
Yepes KOHACHCATOP MPOXOAUT NEpeMEHHas COCTABJAIOUIAsl M IMOSBJSETCH HA BBIXOJE,
MpUYeM €€ amILIMTY4a 3aBUCHT OT BejwuuHbl X # R,
— . [TocmoanHas cocmabaawwyas

anrn~nllepementaq cocmabrswuas

|-
- '
; K R
a) \| 0 a ) R !
d) }

:7
+|£—

Puc. 21.2. a) oOluMil TOK B HENU COCTOMT U3 TOCTOAHHOH M NEPEMEHHON COCTABIAIOLINX, O)
KOHACHCATOP He [IPONYCKAeT MOCTOAHHYIO COCTAB/SAICIIYIO H 4epe3 R, NpoTeKder TONILKO lie-
pEMEHHAA COCTaBIAIOILAA :

3. Bojbiuas 4acTh CHAOXHBIX KOJEOAHHI COCTOMT K3 MOCTOSHHON M MEPEMEHHOM
coctapnstomux (puc. 21. 2a). OHn MOryT OBITH pa3jiesieHbl ¢ NOMOIIBIO KOHAEHCATOPA
(puc. 21. 26). Ilepemennan cocmaeinnwyan AgARemca Hocumesem ungopmayuu (peyb,
MY3BIKA ¥ TIP.) B HMEHHO OHA YCHJIMBAETCS OTHEJLHBIMH KACKAJAMM.

4. VlcTouHMK NOCTOSIHHOM coctapisifomieii — OGatapes (HCTOMHMK NHMTAHHA), B TO
BpeMsi KaK HCTOYHHK TEPEMEHHON COCTABJIMIOMEH — MUKPOGOH, MarHuTodOHHAR TO-
JIOBKA, TPAH3UCTOPp W Ip.

5. Jlnis nepeMeHHOM cocTamsitoweil OaTapes (MCTOYHMK TOK4) NMPEACTABISET CoGoil
kopomkoe 3amvikanue. 1 neliCTBUTENBHO, BCe GaTaper MUTAKMA, 4 TAKXKE BBIXOJ] KAXIA0r0
BLINTPSIMHUTENS TOKA IIYHTHPYIOTCS XOHAEHCATOPOM DOJIBLION €MKOCTH.

21. 3. TToaspHOCTH HANpPsOKeHHHE B TOKOB B 3JIEKTPOHHBIX CXeMax

IMpu aHajiM3e 3EKTPOHHBIX CXEM OCOOECHHO BaXKHO 3HATH MOAAPHOCTH HAIPSKEHUA
n toka. Hauunaroiue mroOUTENH 3JEKTPOHHKHM OYEHb YaCTO BCTPEHAIOT 3ATPYAHCHHS
B CBSI34 ¢ TEM, 4TO B LENM NPOTEKAOT OJHOBPEMEHHO KaK TIOCTOSIHHBIC, TaK M NeEpe-
MeHHBIe coctapaaioime. [TosTomy crneyer 3HaTh, 4TO!

1. HanpsxeHus B pa3jiMYHbIX TOYKaX 3JIEKTPOHHBIX CXEM HM3MEPSIHOT OTHOCHTENIBHO
ob1ero npoBoAHHKA (lIaccH).

2. lpu npoTeKaHUH TOKA Yepe3 JaHHbIH PE3UCTOP TOYKA, B KOTOPYIO TOK ,,BXOAMT",
nMmeeT GoJsiee BHICOKHIA TOTEHIMAN, YEM TOUYKA, Y€pPe3 KOTOPYIO OH ,.BHIXOAMT™ (CM. pHC.
4. 5).

3. 32 NONOXUTENIbHOE HAMPABIECHHE TOKA B 3aMKHYTBIX LEMAX CXEMbl NPHHHUMACTCH
YCJIOBHO O/IHO HallpaBJicHHUE, BLIOpaHHOE NpeaBapuTesibHO. Ecny HanpaBsienne peasibHbIX
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TOKOB COBNAJa€T € YCJIOBHO Bbl6paHH]>IM, TO OHM I10JIOXKHTEJILHBI, @ €CJIA NMPOTUBOIO-
JIOXKHO — OHH OTpHUATCIILHBI.

4 l'Ipn OTCYTCTBUM CHTHAJIA B HNETAX CYHICCTBYET TOJIBKO MOCTOSAHHAS COCTaBJIgrouIas
HAaNPpSKEHHA U TOKA. Korpga NPOBEPSEM NIPH NTIOMOIIH BOJILTMETPA U aMIIEPMETPa PEKHUM

Uo’“ UJ“

Puc. 21.3. a), 6) NOAAPHOCTHL NOCTOAHHOM CO- Puc. 21.4. @), 6) nonapHOCTb mNepeMeHHOMH
CTaBJIAIOLIEH COCTABJIAIOLLEH

JAHHOU CXeMbl, TO MbI M3MCPSEM HMMEHHO MOCTOSHHYIO COCTABJIAIOINYIO. [nst naHHoO#
CXEMBbl TNOJIIPHOCTb M HANpAaBJIEHWE HOCTOAHHOM COCTABAfIOUICH BO Bpems paboTel
OCTAIOTCH HEM3MEHHBIMH.

5. [lpu Hanuuuu curHaja B HENSX MOSBJSETCS NepeMeHHas coctasifiomas. OuHa
HENPEPHIBHO M3MEHSETCA, & HMEHHO: B OJIMH NOJIyIEPHOA OHA MMEET OJHY NMOJAPHOCTL
H HATpaBJieHHe, a B CACAYIOUIAN — Opyrylo.

Ha puc. 21. 3a u 6 noka3aHsl LeNH, COAEPXKAIIHE TOJNBKO NOCTOSHHYIO COCTaBJIAIO-
1y1o. 30ech ¥ B MOCJESAYIOIIMX CXEMAX 33 TIOJIOXHUTEIbHYIO NOJSPHOCTh BLIOpAaHO Ha-
npasieHde 110 yacoBo# cTpeike. Ilog HAIMH Ha OCHOBaHHH YNOMAHYTOTO IpaBHJIa AAHBI
rpadmKu TOKOB M MOJIAPHOCThL HANPSXKECHUH B TO4UKax a u 6.

Ha puc. 21. 4 nokasaHa Lenb, CoAEpXKallas TOJLKO NMEPEMEHHYIO COCTABJISIOLLYIO.
Ilon cxemamu HavepueHbl rpadMKH TOKOB M JaHa MOJSPHOCTb HANPSXKEHHH B TOYKAaX
a Vi 6 B OOMH W APYroff MOJIYNEPHOI.

Ha puc. 21. 5 nokazaHa 1ienb, COAEpxKallas OJHOBPEMEHHO K IOCTOSHHYIO M Iiepe-
MEHHYIO COCTaBJISIOIIME, NPHUYEM MOCTOSHHAS COCTABJIAIONIAs noJjioxuTenbaa. Y 3aech
HauepueHsl rpaduky TOKOB ¥ 0003HAaYEHA NMOJAPHOCTHh HANPSKEHUH B TOYKax a H 6.

O6paruTe BHHMaHWe Ha TO, YTO B OJAMH IOJIYNEPHOJI IIOCTOSHHAsi W II€PEMEHHast
COCTABASAIOLINE UMEIOT OJIHO HampasJieHue, Onaronaps yemy abCONIOTHOE 3HAUYEHHE TO-
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KOB M HanpsbkeHuil Bo3pacTaeT. B apyroil nonynepuosn mOCTOSHHAH H NEPEMEHHAs CO-
CTABJSAIONIME MMEIOT NPOTHBONOJOXHOE HamnpasieHue, Gnaroaaps demy abcosmortHas
BeIMYMHA TOKOB M Hanpsbxkenuii ymeuninaetcs. Ha puc. 21. 6 nmokasaHa Ta e uenb.
OANAKO ee MOCTOSIHHAA COCTABJAIOIas OTPHUATENIbHA.

a) J) 5
£ i~ L £ |+
Ei: a E ;7- a u — a
+ - -
u 174
i U + [/] i
I\ ¢ g} T 7 {
U O . Do
la r 4 m z Ug U
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Uy Us Ug ¢ | ¢
M e (TN 2 W m
Puc. 21.5. @), 6) NOASAPHOCTH TIOCTOSIHHON W Puc. 21.6. a), {) NMOASPHOCTH MOCTOAHHON H
fEPEMEHHOR COCTABNRIOIAX TOKA W HANDA- NEPEeMEeHHON COCTABAROILMX PH OOPATHOM
MEHUS B TOUKAX ¢ M 0 BKJIOYCHMH MCTOYHUKA TOKA
3AITOMHUTE!

1. HecMoTps Ha T0, 4TO peajibHbie 3BYKH MMEIOT CIOKHBIH XapakTep, npu Hece-
JOBAHWHM YCWIHTEJIeH HCNoJIb3yeM CHHYCOMAaNbHbIe KoJiebannsi. Tlocrymaem Tak,
NOCKONLKY /000e C10XKHOe NepHOIHIECKOe KoaefaHne COCTONT M3 onpe/leIecHHOro
KOJIHMeCTBA CHHYCOHRATbHLIX KojJeOanuil, Ha3bIRaeMbIX rFapMOHMKAMH.

2. TIp# oTCyTCTBHY CHIHAJA B LENAX JTI000# cXeMbI CyliecTsyeT TOILKO MOCTOSAHHAN
cocrassniomas. [Ipu nacTpoiike M peMoHTe CXeMBI MbI H3MEpsieM MW LIHaAMIeEp-
METPOM H BOJLTMETPOM HMEHHO NOCTONHAYIO COCTABJSIOUIYIO HANIPSOKEHHS! H TOKA.
Bo BpeM# paGoThi cXeMbl HaNpaBJIeHHE MOCTORHHOI COCTABsIOICH HEe HIMEHAETCR
H 00YCN0BJICHO TOJLKO HCTOYMHHKAMH BHTAHHA.

3. Ilps BanMYRW CHrHAJA B UENUX CYINECTBYIOT OJHOBPEMEHHO NOCYONHHAN § Iiepe-
MECHHAS COCTABJIAIONINE, TIPH DTOM B OJHH HOJYHEPHO] OHH UMCIOT OHO HANpaB-
JACHHE MW CYMMHpYIOTCH, 2 B ApYyrodi — NpOTHBONONOKHOE HANpaBJIEHHE W BbLIYH-
TAIOTCA.

4. MicTounukn Toxa (OHH BCerJa LIYHTHPOBAHLI KOHIEHCATOPOM Gosboi eMKOCTH)
OPENCTABISHOT coBOM KOPOTKOE 3aMbIKaHNe /ISl IEPpeMenHol cocTaBasiomei. 1o
03HAYAET, 4YTO /LIS NePpeMeBHOH CoCTaBasiomIei , La10c* # ,,MHRYC* T1000H CXeMbl
3aMKHYTbl HAKOPOTKGO.
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22

Bunoasipublii TPAH3HCTOP B POJIM JHHEHHOI0 YCHJIHTEJIN

22, 1. O0mme crexenus

B 19 rnaBe MBI BBISICHHJIM, YTO YCTPOHCTBO SIBJISETCS YCHJIMTENIEM TOTI/a, KOFaa
MOUIHOCTS, TIOTYYCHHAS HA €70 BbIXOJE, 60JibllE MOLIHOCTH, IIOAAHHON HA BXOJ, IPHYEM,
pasyMEETCs, YBEJIMYEHME MOLIHOCTH TIPOUCXOAUT 3a CYET UCTOMHUKA TOKA. [IpH noMou
TPAH3UCTOPOB MOXKHO KOHCTPYHPOBATb Pa3jIMYHbIe BHIbI 3JEKTPOHHBIX YCHIMTENEH, HO
Haubonee IKMPOKOE TPUMEHEHHE HA TIPAKTUKE HAXOAAT JuHetivble ycuiumeau (OHH pa-
GoTaroT B T. H. YCUJMTENBHOM KJacce A). B HUX nepeMeHHLIE BLIXOAHOM curHai (XoTs

AUHEUHBIL AuHeunbid
ycurumens N yeunumens

Puc. 22.1. Xopotuni YCHIUTCNIb HE JOJDKEH M3MEHATL GOPMY YCHIAMBAEMOIrO CHLHAIA

4 MHOTOKPATHO YBEJIMYEHHbI TIO MOLIHOCTH) JOJDKEH HMEThb Ty Xe (opMy, 4TO U
BxoaHo# (puc. 22. 1). WMinu, kak roBOpUTCH, MEXAY BRIXOJAHBIM M BXOIHRIM CHUTHAJIOM
JOJIKHA CYIIECTBOBATH NHHEHHas 3aBUCUMOCTH (OTCIO[A M MX HAa3BaHHE: JIMHEHHbIE YCH-
JIATEJH).

22. 2. Tpau3ucTop B poji yCHIINTEJA

Jnsa toro, 4roObl KOHKPETHO TOHSATh, KaK YCHIMBAECT TPAH3HCTOP, pACCMOTPHM CXe-
MY, JaHHYIO HA pHC. 22. 2a, B KOTOPOH B KOJUIEKTOPHYIO LETb BKIIIOYEHO HA2PY30uHOe
conpomugaenue R=2 xOM. Ha OgHOM HYHCIOBOM INPHMEPE MOKAXKEM, YTO MOIIHOCTh
(HampsKeHHE ¥ TOK) TEPeMEHHO# cocTamisomieif Ha Harpyske OObllle, 4€M MOIIHOCTh
(HanpsxeHHE M TOK) HAa BXOJE.

CHayana pacCMOTPHM CXeMy, JaHHyio Ha pHc. 22. 2a. 3pech 6a3a TpaH3UCTOpa CO-
eJuHeHa ¢ SMATTepoM (I5=0), 61arogaps uemy npH OTCYTCTBMH CHTHaJla TPAaH3HCTOP
3akpuIT B [xA0. ([ mpocToTH IpeHeOperaeM HHUYTOXHO MajlbiM TOKOM Igsg.) Co-
HOPOTHBJIEHHE KOJUIEKTOP-3MUTTEP JHOOOT0 3aKpLITOr0 TPAH3UCTOPA BEJIUKO, MPUMEPHO
0,1 =1 MOwm. Bnaromaps 3TOMy NOYTH BCe HaIpsAXeHHE OaTapen IEHCTBYET MEXIy
KoJuzekTopoM | AMHTTEPOM (Ugr =9 B), a mazeHne HanpsiKEHHS HA PE3MCTOPE MOYTH
pasro Hymo (Ugx0).

Ecau Teneps OT MCTOYHHKA MEPEMEHHOro Toka E; (puc. 22. 26) nojaauM Ha BXOX
Hanpsoxenne 0,50 B, TO OHO BBI3OBET CPABHHTEJIBHO MaJiblifi 6a30BbIH TOK Jp=10 MKA.
(3TOo MOXHO YCTAaHOBHTHL TO BXOQHOHM XapaKTepMCTHKE TpaH3HcTOpa). ITOCKOJIbKY Bbl-
6panubiil Tpanzuctop umeeT P=100, U3 €ro OCHOBHOIO CBOWCTBA CIEAYET, YTO KOJ-
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NeXTOPHBIN TOK paBeH I~ Blg=100.10= 1000 MxA =1 MA. DTOT TOK Ha COTIPOTHBICHUH
R obpasyer naaenue Hanpsxeuus Up=I,R=1.10"32.10>=2 B, a uanpsxenue
KonneKTOp-oMuTTEP OysieT Upn=E,~Ugzg=9-2=7 B (puc. 22. 26).

Teneps Ha BXoA 3TOH CXeMbl BKIIFOYMM IE€HEPATODP, KOTOPBIA OYAET NPOM3BOIUTH
cuuyconnanpHeie konebanusa ¢ ammmurynoit Up=20 MB, u npocienum 3a ee pabotoit.

B=100 A=100
Jy=0 Ix=1mA

a)
Puc. 22.2. a) Upn OTCYTCTBUM TOK4 0a3bl TPAHIUCTOP 3aMePT (KONNEKTOPHBIA TOK HE
HPOTEKAET), IPH 3TOM KOJUIEKTOPHOE HALPSIKCHUE OYTH PABHO HATIPSIKCHUIO NUTAHMA

6) npu onpeaencHHOM Toke 6a3bl TPAHIUCTOP OTKPHIT (IPOTEKAET ONPCACIEHHBIA KOJI-
JIEKTOPHDBIHA TOK), Np# 3TOM KOJUICKTOPHOE HANPAKEHNE MEHBLILE HANDSOKCHUA UTAHURA

a) [Moaoxurespaniii noaynepuoa (puc. 22. 3a). B a3ToM ciayyae BanpspkeHUE reHepaTopa
Bydem cyMmupogambpcs C HANPSIKEHUEM HCTOYMHMKA ToKa £, 1 Ha ynpasisiomuii nepexon
TpansucTopa Oyner neficrsopats Hanpskenue Ugy=Ug+Up=0,5+0,02=0,52 B. ba-
30BbIH TOK YBEMHYHTCSH 1O Igz=1,4 MKA (3TO BHIHO M3 BXOIHOH XapaKTEepHCTHKH), U

= 100
Ix=14mA 2 I,=0,6MA

P=100

Yr=20m8

+ W= |
50508
a)
Puc. 22.3. ¢) BO BpeMs MOJOXUTENLHOrO MOJIYNEPHOAA IEHEPATOPY OA30BbI TOK BO3pAC-
Taer. Ito pUBOAUT K YBEAUYCHHIO KOJUIEKTOPHOIO TOKA H K YMECHDLUICHKIO KOJJICKTOPHOL'O
HAPHOKEHUS. 6) BO BPEMS OTPHUATEILHOFO NMONYNEPHOAE TEHEPATOPA OA30BbIH TOX yMelb-.
taered. 1o APUBOJHMT K YMCHBUICHHUIO KO/VIEKTOPHOTO TOKA U YBEJIMUCHUIO KOJUICKTOPHOIO
HAaNpsKCHUSA

J)

£ A 0508

KOJNIEKTOPHLI TOk Oyner Ip=pl;=100.14=1400 mMxA =14 MA. DT0T TOK 0Opa3yeT
Ha conpoTusiennu R najgenue nanpsokenus Up=I.R=1,4.10"32.10>=28 B, a nanps-
WeHUE KOJLIeKTOp-aMuTTep Oynet Ugn=E,—I[xR=9-28=6,2 B.

0. OTpruateannblii nonynepuon (puc. 22. 36). B aroM ciayvae HanpsbkeHHE reHepaTopa
6ydem gbluumambca M3 HANPSDKCHUA MCTOYHUKA TOKa E), a Ha ynpasisioIMi repexon
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Tpansucropa 6yaer neiictBoBaTh Hanpskenue Ugy=Ug, —Ur=0,50-0,02=0,48 B. Ot
3TOro TOK 0a3bl yMEHBUIMTCA A0 {5;=6 MKA (YCTaHaBIMBAEM MO BXOJHON XAPAKTEPHC-
THKE), H KOJUIEKTOPHBIH TOK OyaeT Ip=Pls;=100.6=600 mrA =0,6 MA. DT0T TOK CO-
301acT Ha CONpOTHBIeHMH R nmaaeume nanpskenus Up=/.R=0,6.10732.103=12 B, &
HanpsHkeHne KoJIeKTop-3MuTTep OyaeT Ugy=FE,— 4. R=9-12=78 B.

Ecnu cpaBHHTh 06a COCTOSMHHS, OAHHBIE HA PUC. 22. 3, ¢ HCXOAHBLIM COCTORHHEM
CXEMbI, JAHHOM Ha pHc. 22. 26, MOXHO CIENATh CJICYIONIME BLIBOJbI:

1. TIpu OTCYTCTBMM CHTHAJIA HANPSKEHHE HA YNPABJIAIOWIEM [IEPEXOJE TPAHIUCTOPA
— 0,50 B, a 6azosbiii Tox paseH 10 MxA. Konnexropusiit Tox paBen | MA, naieuue
HANPsDKEHUS HA HATPY304YHOM CONPOTHBJICHUM paBHO 2 B, a HanpsxeHue Ha KOJUIEKTOpE
— 7B.

2. Tlpu mopave BXOAHOTO CHTHANA ¢ aMIUTATYA0M 20 MB nepeMenHas cocraBiIsitolas
0a30BOro TOKa HMECT aMILTHTYAY 4 MKA, a aMINNTYda KOJUIEKTOPHOrO Toka pasHa 0,4
MA. CrnenoBaTeibHo, Kodhpuyuenm ycuiseHus no moxy 3ToM CTYIEHH paBeH

3. Tpu nojave CHruana najieHUe HATPAKCHAS. HA HArPY3OYHOM COTIPOTHMBJICHHU PABHO
GAJCHUIO HATIPSOKEHHA HA TPaH3HCTOPE (BO CKOJNIbKO pa3 yBemuuupaeTcs Upg, BO CTOJBKO
pa3 ymenbutaercsi Ugy 1 06paTHO). IMEHHO OHO SBJISETCH BLIXOAHBIM CHIHAJIOM Kackala
¥ B AanHoM ciiysae umeer amMmumtyny 0,8 B. U nockonbky BXOQHOH CHUrHAim MMeeT
ammutyny 20 MB, To kosuyuenm ycusenua no nanpaxceruro 6yodem

K = Usux _ 0,8

* U, 20103

BX

= 40 pas.

4. TlockoabKy MOWHOCTE ABJIACTCA NPOH3BEACHMEM HAMpPSIKEHMA U TOKA, KOIPu-
YueHm YCUACHUA NO MOWHOCMU JTOTO KACKAJa PaBeH

K,= K,K;=40.100=4000 pas.

22, 3. PaGo4an To4ka TpaH3HCTOpa

Jns Ttoro, 4robpi TPAaH3HCTOD BHIOJHSU POJIb YCHUJIMTENS, OH 004%ceH Obimb Ho-
cmagAaen 8 COOMBEMCMEYIOUUIL PENCUM NO NOCMOAHHOMY MOKY W TOTA MOXHO NOJaTh
Ha Hero BXojHo#H curHan. OCHOBHBIC BEJIMMUHBI, XAPAKTEPHUIYIOIIHE PEXUM MTOCTOSHOTO
TOKa, CJelylolime: :

1. Hanpskerve ynmpasjsIOmero nepexoaa B pexuve nmokos. Haspipaercs euue duazogstit
cmeyerivem u obosnauaemea Ung, nnn Ug,y, (30ech U aanee 0 03Ha4yaeT IOKOH).

2. Basosmiii Tox nokos /5, OuUeBUAHO, OH 3aBUCHT OT BLIOPAHHOIO CMELIECHUA Oa3bl
Ugsp ¥ 00€ 3TH BEJMHHHBI ONPEACNSIOT T. H. pabouyto MOuKy mpan3ucmopd Ha €ro
BXOHOM XapakrepucTuke (puc. 22. 4).

3. Koaiexropuslii Tok nokos I, Kak Mb1 yxe 3HaeM, ero BeauyuHa B § pa3 6onbiue
HavaNbHOrO TOKa Daskbl.

4, Koanexkroproe Hanpskenne nokost Uy,,. OHO He nomxHo ObiTh MeHbuie 0,8 +1 B,
T. K. 13 puc. 20. 4 BHAHO, YTO NPHM OHCHb MAaNbIX HANpPsDKCHUAX Oa30BhIA TOK He
yApaBifeT KOJUIEKTOPHBIM (XapaKTEPHCTHKH CIAMBAIOTCH B OJHY JIMHHIO), T. €. TpaH-
3ucTop nepectaer OwiTh ycmmrtenem. Obe nocnennue sesuunHbl Iy, 1 Ugks,) onpene-
TISIIOT pabouyro MouKky Ha 8bIXOOHBIX Xapakmepucmukax mpawsucmopa (puc. 22. 5a).
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Cpa3y HajJ0 TMOAYEPKHYTh, YTO NMPH JAHHOM PEXMME NO MOCTOSHHOMY TOKY mpai-
ucmop umeen 00Ky pabouy MoOUKy, KOMopas Moxcem boimp u306paAMNCERA UAU HA BXOONO
uAU HA 6bIXOOHOI Xapakmepucmuxe (2 TaKXe M Ha OCTAJIbHbIX XapaKTEPUCTHKAaX). ITo

n-p-n xpemuuebed mpansucmop

* IE,MKA
‘ Padovaq
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e e i
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Puc. 22.4. Pa6ouas TOUKA HA BXOAHON XapakTepuUcTHKe onpeaensercs 6a30BbIM HANPAKEHUEM CMCUICHUS
Upgya v 6a30BbIM TOKOM /g

OODBACHAETCS TEM, 4TO BLILIEYIOMSHYTbIE MeTbIpe BenuunHnl Ugy,, Iy, Ii, v Ugs, He
MOTYT OBbITh TPOW3BOJILHBIMY, @ CBS3aHBI MeXay COBOM.

Ha npaktike (Hanpumep, B cnpaBoyHuKax) pabouass TOYKa valle BCEro 3a1acTcs
NOCPEACTBOM KOJUIEKTOPHOTO TOKA {x, M KOJIEKTOPHOrQ HamnpsikeHus Uy,

20
10
OuxA
]s,NKA i S ———
= 40 a'az;o 0 |6 U8
) ! . !
i -%a | 1= 20mch
’ A
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Puc. 22.5. u) paboyas TOUKAa Ha BBLIXOAHOM XAPAKTEPHCTUKE ONPEAENAETCH KOJIEKTOP-
HbIM HanpsxeHueM Ugny M KOJUIEKTOPHBIM TOKOM [k, ) pabouylo TOYKY MOXKHO
BbIOPATH M 110 YETBLIPEM CTATHYECKHM XAPAKTEPHCTHKAM

Ha puc. 22. 56 Ha BBIXOQHBIX XapaKTepUCTHKax u3oOpaxeHa pabouas Touka A,
cooTpeTCTBYOWAs i, =1 MA 1 Ugy,= —4,5 B. [IpoexTupyeM 3Ty TOYKY Ha OCTajibHbIC
xapaktepuctuku. [To BxoaHol xapaktepucruxe ornpenensieM, yToObl uMeTh [, =1 MA,

Haa0, ytobbl I5, =20 MKA, a i 3TOrO0 TPAH3UCTOP AOIKEH UMETh HANpsKeHHE CMe-
wenus Uyg,=0,15 B.
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22. 4. Tloyemy BaxkeH BbIGOp paboueit TouKn?

ITpasuavubiii 6bi6op paboueti MOUKU AGALEMCA OOHUM U3 CAMBIX BANCHBIX MOMEHMOS
& pabome ¢ mpansucmoprvimu cxemamu. TIPHUMHBL 3TOFO CNEAYIOIIME.

Mpu nonadye ONpeNeeHHOro HAMpsKeHMs cMemieHust Usg, (MM npH HOpOTeKaHHUM
onpeaenensoro Toka 6assl Ii,) onpenensercs pabouas TOYKa Ha BXOIHOM XxapakTepuc-

IBn

Puc. 22.6. PaGo4as Touka Ha BXOAHOW XAPAKTEPUCTHKE BLIOpAHA NPaABHILHO

THKE, TEM CAMBIM ONPEACNSeTCS W HavyajlbHblil KOJNAEKTOPHBIH TOK [Ii,. IIpu nopaue
BXOMHOIO CUIHA/ia HaNPSHXKEHUE YNPABJISIOUIEIO NEPEXOAa CTAHOBUTCH TO Oosbiie, TO
MeEHbIlE, a8 pabouas ToYKa ABMKETCH B NPOMEXYTKE Mexay Touxamu [/ u 2 (puc. 22.6.)
M CBOMMM NpPOEKUMAMH HA OCb OPAMHATHI BbIYEPUYMBACT AMIUIMTYAb I, NepemeHHol
cocTapnstoweld Toka 6asel. Ha 3TOM e PHUCYHKE MOKA3aH U KOJLIEKTOPHBIM TOK MOKOs
Iy, ¥ amnaMryna Iy, €ro nepeMeHHON cocTapasronieif (oO0parute BHUMAHKE, YTO OHM
B B pa3 Oosblie, nockonpky Macwtabbl Iy u I pazanuuni).

15 I

Iﬂn

Puc. 22.7. «) npu BuIGpaHHOM TakUM 00pa3oM paboueii TOYKE MOXHO YCUIMBATH 03 UCKAXKEHHUI
TONBLKO MAfble CUTHAIIBL, §) OpU TAKOM Bbibope paBoueii Toukn Ga308biil (MK KOJIEKTOPHB) TOK
OTHOCHTEABbHO D0ABLIOH

BxonHas XapakTepuCTUKA TPAH3MCTOpPA HENMHElHA, Onmaroaaps 4Yemy ee Kpymusna
pazauuna na pazauunvix yuacmxax. Iloatomy, ecnu BeIOpaTh Opyryio pabowyio TOYKY,
TO OIOMH M TOT € TEepeMEHHbIH BXOAHON CHIrHan BbI3OBET NCPEMEHHLIN Gaz0oBblil (MM
KOJJIEKTOPHBIN) TOK ¢ aMIIATYAOR IOpyro# Benw4uHbl (puc. 22. 7). Ha mepsnlii B3rasa
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KaXeTcsl, YTO BCerja BbiroaHee BhIOpaTh pabouylo TOYKY B MpaBoii wacru pabouei
xapaktepucTuxy (Touka b Ha puc. 22. 7), rae xpyTu3Ha tpausucropa 6onbiue. Oanako,
npu GOsblIeM HadanbHOM 06a30BOM (KOJUIEKTOPHOM) TOKE BXOHHOE COMPOTHUBJIEHHME
TpaH3uCcTOpa yMeHbinaercs (cM. T. 21. 3), a 3TO OYE€Hb BaXXHO, NOCKOJILKY Hapacraer
HA2PY30UHOE CONPOMUBACHUE NO NEPEMEHHOMY MOKY Npedbloyuyezo Kackada W TPHBOAMT

K YMEHbIUCHHIO YCHJICHHUS.

Bbibop paboueit TOuKM HAXOAUTCH B TECHOM 3aBU-
CUMOCTH OT aMIUIMTYAbl YCWJIMBaeMoOro curuana. Ha-
npumep, padouas touka A (puc. 22. 8a) BriOpaHa npa-
BUJILHO NIIPU YCJIOBUM, YTO CHTHAJI MaJi, B TO BpeMs Kax
npu OonbLIOM curHajie (ero aMmmuryaa GoJiblie 1o-
CTOSIHHOMH COCTABNSIONICH) mony4yaroTcs uckaxenus. Ha
puc. 22. 86 pabouas Touka b BeIOpaHa npaBuiILHO s
HONBILIOro CHrhHajia, B TO BpEMs KaK NPH MAJiOM CHI-
HaJie 3TOT PEXKNUM HEIKOHOMHYEH M, KDOME TOrO, BXO/1-
Hoe conpoTuricHue OyneT ManbiM. Ha npakTuke (ecfin
HET KakKuX-HUOYIQb CheHualbHbIX TpeOOBAHUI) B Ma-
JIOMOILIHbIX TPAH3UCTOPHBIX JIMHEHHBIX YCUJIMTENAX
OUYEHb YACTO peKoMeHayeTcs padouas Touka I, =1 MA
U Upsy,=1+3 B, npuueM ycuauTesbHbII KACKaA UMEET
oNTUMAJLHBEIE MapaMeTpbl (KOXDDUIMCHT YCUIIEHUS,
BXOJHOC CONPOTHUBIICHUE U Nip.). B 3TOM pexume u npu
HUCNOJIb3OBAHUM TPaH3uCTOPOB ¢ B=100-—-150 moxuo
noayunts  K,=50+100, K;=100+150 u K,=
2000 -+ 6000.
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Puc. 22.8. B paboucii touke 5 xpy-
TH3HA TPAH3UCTOPA GOJIbILE KPYTH3-

Hbl B TO4Ke A

B psae ciydaeB TPaH3UCTOP HCIOJL3YETCH B KAYECTBE HEJIMHENHOTO YCHAMTENH, T.
€. BBIXOJHOH CHIHAJ oT/n4aerca no Gopme OT BXOAHOIO. B CBA3W ¢ 3TUM pasiivyuaem
HECKOJILKO KJaccoB ycunieHUs. [1pakTHUeCKH 3TOrO Mbl H0OMBaeMCS MMEHHO IYyTEM Bbl-

6opa pabouell TOUKH.

3AITOMHMTE!

—h
.

B juHeiiHbIX yCHAHTEIAX (YCHIHTEIN, paloTAIOUIHe B T. H. YCHIIHTEILHOM pekHMe
Kilacca A4), BbIXOIHOH NepeMeHHbIH CHIHAJ, JAaXe W YBeJMYEHHBbIH BO MHOrO pa3
10 MOLHOCTH, J0JKeH HMeThb TY #e camMyio $opMy, 4TO H BXOIHOI.

Jag Toro, urobbl TPAH3UCTOP MOI YCHIHBATBL, OH J0JXeH ObITh NOCTAB/IEH B
onpeeNeHUbI PeXKHM Mo NOCTOARHOMY TOKY W/IM, KAK TOROPUTCS, €My HajJo obec-
NeYHTh COOTBETCTBYIOMYIO pabouyio Touky. TIpakTHYeCKH 3TO OCYHICCTBISCTCH
noja4eil oNpeleseHHOr0 CMellleHus, T. e, ofecHedHBaeTCH MPOXOKAeHHe onpexe-
nennoro 6azororo toka mokos. O camoii paGouei rouxe OOGLIMHO CYAAT 0O KO-
JIEKTOPHOMY TOKY NOKOs [, W KOJANEKTOpHOMY Hanpsukenuio nokos Uy,,.

Ha npaxktuxe B MaJOMOIDHBIX JHHEHHLIX yCHAHTEAuX (€C/H HET CHeHHANLHBIX
TpeOoBaHHii) 4acTO peKoMenayeTca paGouas Touka I,=1 MA B Uy,,=1--3 B,
JJIsi KOTOPOH NapaMeTphl YCHAHTEILHOr0 Kackaaa (Ko>(pQuumeHT ycHiennsi, BX0o-
HOe CONPOTHBJICHHE M NP.) ONTHMA/IbHBI.

B HEKOTOPBIX CJIy4asX TPAHZHCTOP MCMONb3YETCH KAK HEJHHEHHbIl ycnimreb,
B KOTOpOM (opMa BbIXOJHOTO NEPEMEHHOT0 CHTHAJIA OTJHYaeTcs 0T GopMbl BXO-
HOro (Hanpumep, Kaaccel ycuiaenus AB, B, C w np.). ITo nocturaercs BoiGopoM
noaxoasueii paGoueii Touku.
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23

CxeMbl 1 olecrieveHMsi BbIOpaHHO#H paloueli TouKH
TPAH3HCTOPHBLIX HPeIBAPHTEILHBLIX KACKaJI0B

23. 1. O0ume cBeaeHus

Ham yXe M3BECTHO, 4TO BaXKHEHIIMMU UCTOYHHUKAMM IJIEKTPHUYECKMX CHUTHAJIOB HB-
JIAIOTCH MUKPO(OHBI, INEKTPHYECCKHE MEMOPaHbl, MAaTHUTO(OHHBIE T'OJIOBKH, NIPHEMHBIE
aHTEHHBI B nip. Hanpskenue, noiy4aeMoe OT 3TUX UCTOYHMKOB, OME€Hb Malo (IPUMEPHO
ot 10 mxB 1o 100 MB) u nns Toro, 4robel cpaboTan rpoOMKOTOBOPUTEND, OHO JOIKHO
BBITL yCUJIEHO. JIJiss 3TOTO MCHOJIB3YFOTCS 3JICKTPOHHBIE YCWIHTENH, KOTOPhIE ODBIYHO
COCTOAT M3 HECKONBLKUX KackaloB (ctyneHeii). IlepBble HECKOJIBKO CTyNeHEH BO Bcex
YCUJMTENIAX HABBIBAIOTCA Apedéapumevtoimu, 1 B HUX CUTHAJ CPABHUTENIbHO Maj (IIpu-
mepuo o1 100 MxB no 0,5 B). Ilocnenunii xackan B moOoM ycuiamTese Ha3bIBA€TCs
8b1X00HbIM (ATA YCUIIMTEIIEM MOIMHOCTH), M B HEM HAMpPsHKCHUE CUTHANIA MMEET 3HaYH-
TeJbHYo BeJimuuny ( npumepso ot | B no 10 B).

- Ilepen teMm, Kak yCHIMBATh, KAXKIBIA KacKal HOJUKEH ObITh HACTPOEH Ha OIpenesieH-
HBIH PeXHUM 110 TOCTOSHHOMY TOKY H TOJILKO TOTa cileayeT mojaBarh cHrHan. B aro#
rjase KPaTKO pacCMOTPHM CXEMBbI, Ipe/IHA3HAYEeHHbIC /LIS O0eCTeYeHHs peXuma 1o 1o-
CTOSHHOMY TOKY (T. €. paboueil TOYKH) IpeNBapHUTENbHBIX KACKATOB.

OcuoBuble TpebopaHus kK moboH cxeme, obecneunsaromieii pabouyro TOYKY TpaH-
31CTOPA, CJeyHoIue:

I. CxeMa HOKHA NMUTATHCA OT OJHOIO MCTOYHHKA TOKA.

2. JlomxHo ObITb ODECTIEHCHO COOTBETCTBYIOMICE HANPSKEHHE CMEHICHHMH, T. €. He-
00XOUMBIH HaYaNbHBIH TOK 0asbl.

3. Homksa ObITh obecrneueHa COOTBETCTBYIOMIAS LEMbL ISl IEPEMEHHOTO BXOJHOIO
CHTHaJIa, YTODBI OH MOr BO3AEHCTBOBATH HA YNPABISIOIMEA IMHUTTEPHBIHA HEPEXOA.

B 19 rnase ynoMuHanoch, YTO OJHON M3 OCHOBHBIX OCOOeHHOCTE# mo6oro TpaH-
3UCTOPHOIO KacKala SIBASETCA €ro TeMiepaTypHas ctabuinHocts. C yu4eTOM 3TOro cxe-
MBI JJia obecnedeHuss paboueli TOYKM TpaH3MCTOpa OLIBAIOT HECTAOMIIM3HPOBAHHLIMH
U CTaOHIH3UPOBAHHBIMH.

23. 2. Cxema ¢ QHKCHPOBAHHBLIM HANPSIKEHHEM

M3 puc. 23. 1 BHIHO, YTO 9Ta CXeMa COAEPKHT HeOONBIIOE KOJHYECTBO IJIEMEHTOB.
Toukumu TuHUSIMHA 0003Ha4YeH NyTh Ga3oBoro Toxa nokos I, u B § pa3s Gosbiuero
KOJUIEKTOPHOTO TOKa NOKOS I,

3nech BuibOp HEOGXOAMMON paboueit TOMKH NPOU3BOANTCS MOAGOPOM COOTBETCTBYIO-
mero conpotuBieHds R;. YeM MeHblie 3TO CONPOTHBICHHE, TeM Oonbuic 6a30BbIi
(konnekTOpHbIA) HayaabHbIH TOK. Ilockonbky CONPOTHBIIEHNE IO TOCTOSHHOMY TOKY
YIpaBASIOUIETO MEPEX0ia HAMHOTO MEHbINE 3HAYEHHUA R, 171 ONpEnesiCHUs BEIHYNHBI
HOCAECTHETO MOXHO HCNOIb30BAaTh (GopMyiy

R, = P£ (23. 1)

ITpumep 23. 1. Kakoe 3HaYeHne JODKHO MMETh CONMPOTHBIICHUE R;, €CIIM TPAH3UCTOP
umeet B=80 u E=6 B, a BrIOpaHHBIH KOJUIEKTOPHBIH TOK MNOKOS paBeH I, =1 MA.
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[Toactaensem maHuble B popmyny (23. 1.):
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Puc. 23.1. HecrabunusupoBannas cxema obecneuchns 6a30Boro Toka B paboucii 104ke

Ha puc. 23. 2 noka3aH MyTh BXOJHOTO NEPEMEHHOro TOKa (TIpY HAJIMYHM BXOOQHOIO
SMTHANA), KOTOPEIA MPOTEKACT uYepe3 YHPaBASIOIMA MEpexo] TPaH3UCTOpa. 3HAUYCHHE
<ongercatopa C| BoibuUpaercd Tak, YTOOBI [UIA BXOZHOIO CHrHala camoi HH3KOH vac-
TOTEl EMKOCTHOE COTIPOTUBJIEHHE X ¢y OBUIO 3HAYUTENIBHO MEHbLUIE COTIPOTUBJICHUS YIIPAB-
ASAIOLIETO MEpexoja 1O nepeMeHHOMY TOKy. Ha ToM ke pHCYHKe NOKa3aH BbIXOJHOH
NepPEMEHHBIN TOK, [€HEPUPOBAHHBIN TPAH3UCTOPOM U B B pa3 OonbliMid, 4€M BXOAHOH.
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Puc. 23.2. Llenu, no KOTOPbIM NIPOTEKAET BXOJHON ePEMEHHBIA TOK M YCHJICHHBI [IEPEMEHHbIH  BBIXOAHOI
TOK

3aecy koHpeHcaTopsl (, u (3 BHIGMPAIOTCS AOCTATOMHO DOJbIIKMH, TAK YTO UPAKTH-
YEeCKM NPEACTABJIAIOT KOPOTKOE 3aMbIKAHUE A 3TOro toka. OOpature BHUMaHUE, YTO
BLIXOJHOW MEPEMEHHBIN TOK PAa3BETBISIETCH MO KOJUIEKTOPHOMY COMPOTHUBICHUIO Ry u
R, (3aecy R, 0003HAYECHO BXOAHOE COTMPOTHMBIEHUE CACAYIOLUEIO KACKAAA MO MEPEMEH-
HOMY TOKY), T. €. [UIsi IEPEMEHHOI cocraBistomeii Ry u R, COeaMHEHbl MapaijiebHO.
Taknm obpa3oM, Harpy3oHYHbIM CONPOTHBICHHEM TPAH3UCTOpA M MOCTOSHHON CO-
CTaBJISIIOLIEH SABJISETCH Ry, a HArpy304HOE CONMPOTUBJICHHE ISl IEPEMEHHON COCTABJISIFO-
weid R . paBHO

= ReRy (23.2)
Ry + R

H
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N nockonbky ycH/IEHHE TPaH3UCTOPHOIO Kackada TeM OGobuie, veM Gofbile ¢fo
HArpy304HOE CONPOTHUBJICHUE MO NEPEMEHHOMY TOKY, ACHO, HTO BXOJHOE COMNPOTHBICHHUC
CIEyIOLIEro Kackaaa He AOKHO ObiThb ManbiM. Hanpumep, eciu Ry=4 kOMm, a R,=
1 xOM, To R =800 Om. Ognako, ecnu Ry=4 kOM, a R,=4 kOwm, TOR _=2kKOM, u
yeuuienue OyleT nouTu B 2,5 pasa Gouiblue,
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Puc. 23.3. a) uenn nepeMennoro Toka BO BXOIHOW M BBIXOAHON Lengx; i) NPAKTHYECKMH Cocod onpele icHus
HEOGXOMMMBIX 3HaueHHI Ga30BOTO pe3ucTopa

Hcxonst u3 BBILLIECKA3aHHOTO, 3HAYEHHE KOJUICKTOPHOIO CONPOTHBIICHHS BbibHpaeTCs
(B 3aBHCUMOCTH OT HanpsuKeHHs nurTanus E) vame pcero or | go 6 kOM; IPU 3TOM
HAJ10 CENTh, YTOOBI KONJIEKTOpHOE Hanpsbkenue Uy, Obl10 He Mmenee 1 -2 B.

OnHa U3 pasHOBHAHOCTEH PACCMOTPEHHOMN BbIIE CXeMbl 1aHa HA puc. 23. 3a. Pazumua
31€Ck B TOM, YTO BXOJHOW CHTHAJ IOJAETCS NOCPEACTBOM TPaHCPOPMATOPHOH CBA3M.

Ha puc. 23. 36 nokaszan omuH mpakTuyeckuil crioco® ompeneieHus: HeOGXO0AUMON
Be/IM4UHBL 6a3oBoro conpoTueienus R). [ToTenunmomerp umeer 3Havenne 1 MOM U ¢
€ro TOMOIIBIO YCTAHAB/IMBACTCSL KOJUIEKTOPHBIR TOK 1 MA, a comporusienue R=10
kOm — npenoxpanutenbroe. ITocie 3TOr0 OMMETPOM H3MepsieTCsi 3HAYEHME TIOTEH-
LMOMETpa M Ha €ro MeCTO NPUNAUBAETCs HeoOXoauMoe 6a30BOE CONPOTHBIICHHUE.

23. 3. Cxema ¢ napajie/bHON OTPHUATE/ILHOIH 00pPATHOIN CBA3BIO

OTa cxema O4YeHp MOX0XA HA TOJBKO YTO PACCMOTPEHHYIO, TOIBLKO 31ech 6a3zoBoe
CONPOTHBJICHUAE NOACOCANHEHO HE K UCTOMHHKY TOKa, a K KOJUIEKTOpYy (puc. 23. 4).
TTyTem Takoro coeMHEHMs NOYHAETCS T. HA3. OmMpuyame.buds 06pamias 636, KOTOpas
. YAYHIIAET TEMICPATYPHYIO CTAOMIIBHOCTH Kackada. M NeHCTBHTENBHO, eCJid 10 KAKOii-
700 NPUYMHE KOJUIEKTOPHBIH TOK NOKOS HAYHET yBENHYMBATLCS, MATEHHE HANIPSKEHUS
Ha Ry Gynetr ysenuuMBaThcsd, 8 KOJUIGKTOPHOE HanpsikeHne Uy HAYHET yMEHBIIATLCH
N0 abCcoMOTHOMN . BeTHYHKEe. DTO NPHBEAET K YMEHLIUEHHIO TOk.. 6a3mr (BazoBas wnenb
Oy/ieT MUTATHLCH U3 TOUKM C MEHBIUMM HANIPSHKEHMEM) M BBI30OBET COOTBETCTBEHHO YMCHD-
HIEHHE KOJUIEKTOPHOro TOKA. EC/IM KOJIEKTOPHBIH TOK HOKOS HAYHET YMEHbIUATLCA, TO
ABJICHHS TIPOTEKalOT B 0OpaTHOM HANPABIICHAM M MOSIBISCTCA TEHAEHLMS K €rO yBEJH-

YEHUIO.
3Hauenne 6a30BOrO CONPOTHBICHHA MOXET GBITh ONPEIEIICHO MO dopmye

R, = E= Rl (23.3)
Ixn
IMpamep 23. 2. Haiitn 3navenue R, (puc. 23. 4), ecnin E=9 B, Rg=3 xOm, [, =1

MA; B=100.
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[Moacrasasem nanssie B Gopmyny (23. 3):
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Puc. 23.4. Uenu, 1o koTOpbIM NPOTEKAET GA30BBIA M KO/UIEKTOPHBIL TOK B CXeMe C NapaLICIbHON OTpHLA-
TeJIbHOH 00paTHOR CBA3LIO ' :

B sToit cxeme KOJUICKTOPHOC CONMPOTHUBJICHUE TOXE BbI6Hpa€TCﬂ (B 3aBUCUMOCTH OT

nutanus E) obplvHO 0T 1 10 6 kOM, mpuueM KONIEKTOPHOE HANPSKEHUE HE HOJDKHO
ObiTL MeHee | -2 B.

23. 4. Cxema c noc/ie10BaTe/IbHOH OTPHUATEILHOM 00PaTHOH CBA3LIO
Ota cxema (puc. 23. 5) Ha NPAKTHKE HCHOAb3YETCS Yallle BCEro, MOCKOJbKY OHA

obecneunBaeT HAKWIYIUIYIO TEMIEPATYPHYIO CTAOMJIBHOCTh. 3[€Ch HANPSIKEHHE CMELle-
HUSI TPAH3UCTOPA OOCCIEUUBAETCA OEIUTENEM R|— R, U 3MHUTTEPHEIM COTIPOTHBICHMEM
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Puc. 23.5. Lenu. no X0TOPHIM NpoTekaeT Ga3OBbIA M KOIEKTOPHBIH TOK B CXeM ¢ HOCIEAOBATEILHON OTPH-
HATENLHOH 00paTHOH CBA3LIO

R5. KpoMe TOro, 3MMTTEPHOE CONPOTHBICHHE OBCCHICYMBACT W OTPHLATEIBHYIO OOpat-
HYIO CBA3b, KOTOPAs YIYUIIAET TEMIIEPATYPHYO cTabMIbHOCTD Kackaa. B pexvme nmokost
3/1eCh NPOTEKAIOT TPH TOKA: TOK 4Yepe3 JenuTens I, Tox 6a3sl Ig,, KOMIEKTOPHBIA TOK
Iy, Hanpsxenne cmemmenus tpausuctopa Ug,, PaBHO PA3HOCTH MEXIAY NAJEHHEM Ha-
npsixeHus Ha R, v nafileHneM HanpsokeHus Ha R, 1. e. Uy, = Ug>— Ugy. B HOpManbaom
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PEXHMME NMaJICHUE HATIPSKEHNs HA Ry TOJKHO ObITh Beersia GOJIbLIE NafeHUs HATIPSDKEHH S
Ha R; B rePMaHMEBBIX TPAH3UCTOpax mpumepHo Ha 0,1+0,4 B, a B KPEMHHEBBIX — Ha
0.4-+0,8 B. :

3uaueHne coupoTusieHust Ry Boibupaetcs o6bH0 0T 500 OM 10 5 KOM, npuuem.
npu GOJBbLIMX 3HAYEHUSX TEMMNEpPATypHasi CTabMILHOCTb KacKala JIydlie.

Konnencarop €3 A0JKEH MMETh JIOCTATOYHO GOJBINYIO EMKOCTb, T. K. YEPE3 Hero
MPOXOJAUT KAK BXOJHOW, TAK M BLIXOAHOUN NMepeMeHHbIdl curHai (puc. 23. 6), W ais Hux
OH JOJIKEH UMETb HUYTOXHO Majlo€ CONpOTHBJICHHE.

O

$ird nep
i TN

Puc. 23.6. Llenu. no KOTOPbIM NPOTEKAET NEpeMeHHbIH BXOAHON M BBIXOIHOW TOK

Tox uepe3 nenutend BbiBUpaeTcss OOBIMHO B 2= 10 pa3 Gonbllie TOKa nmMokos 6a3sbl
I TIpU 3TOM OOJbUINE 3HAYCHUS] PEKOMEHAYIOTCS, e€CJIH HeoOXOAMMO OBeCHeunTh

HaMJIYulIylo TEMMepaTypHylo ctabunbHocTh. Yame scero Ry =10 xOm =100 xOm, a
Ry= 3 xOM+20 xOm.

-1£ +|£
_ J__..
+ |68 Tr28

Puc. 23.7. Besnuuta TOKOB H HANPSOKCHRI B 0AHON KOHKPETHOH cxemMe

Conportusnenne Ry uallle BCEro umeeT 3Havenne | kOM =6 kOM, a KOJLIEKTOpHOE
‘Hanpsikenue Uy, BO BCeX Cllydasix HE AOJDKHO ObIThL MeHblie |-+2 B.

Crenyer ewe 106aBUTH, 4TO HACTPONKA CXEMBI C LEJBIO MOJIYYCHHS ONPEIESICHHOI O
KOJUICKTOPHOI'O TOKA, OCYLIECTBJIAETCS Jy4LIe BCero noadopoM conpoTusiicHus R;.

Ha puc. 23. 7 noka3anbl 1Be KOHKPETHbBIE CXEMbI, Ha KOTOPBIX JJIs JIYULIICH HaTJIsI-
HOCTH 00O3HAYEHbI TOKH M HaTpshkeHus. BTopas cxema mmeer sryumyio TEMIEPATYPHYIO
CTabWIILHOCTh, YEM nepBasi, OCKOJIbKY CONpOTHBJeHHE R, Goblue.

148



3AITOMHUTE!

1. Jinst Toro, ¥To0bI YCHINBATH CHTHAJIBI, JI060H KacKaa Ho/keH ObiTh obecneven
COOTBETCTBYIOIIHM PeXHMOM MO MOCTOSHHOMY TOKY, T. €. TPaH3HCTOP J0JIXKeH
AMeTh NPaBHIbHO BHIOPaHAYIO pafouyio TOUKY.

2. B m000M ycHIMTENBbHOM KacKkaje Hajo ofecnevnTh Nenb 1 NepeMeHHOro BXO/-
HOT0 CHIHAJIA € Y4eTOM TOro, 4To0bl MAKCHMAaJILHAA 4acTh €ro JelcTBOBa/a Ha
YNpaB/ISIOIHH Nepexo TPAH3HCTOpa.

3. B kaxI0M YCHIIMTEILHOM KACKAde AOMKHA ObITh ofecneveHa uUenb AJau nepe-
MEHHOI0 BbIXO/JHOTO CHTHAJA ¢ YYeTOM TOr0, YTO MAKCHMA/IBHAS YacTh €ro j10.i-
JKHAa JefiCTBOBATH HAa BXO/ cleyloulero Kackasia.

4. Kaxapiii KackaJ A0JIKeH HMETh XOPOIIYI0 TeMINepaTypHYI0 CTaGH/IBHOCTB, T. €.
H3MEHEHHs! TeMNEePaTypbl He OJIKHbI CHJILHO BJIMATH HA €0 NMapamMeTpbl.

5. Kaxpili npeIBapHTebAbIA KacKaa MOMXKEH HMETH BO3MOKHO MaKCHMAILHbLIH
KOG OHIUHECHT YCHIEHHS N0 HANPIKEHHIO.

6. Bce npeaBapHTeIbLHbIE KACKAAbI ABIAIOTCH MAIOMOIIHLIMH, T. €. OHH NOTPedIAIOT
OTHOCHTE/JBLHO Ma/j0 TOKa, HOITOMY Bonpoc 00 yBe/IHUYeHMH HX K. . 1. 3/ecCh
BOOOIIe He BOZHMKAET.

24
CxeMbl BBIXOJHBIX KAaCKaJI0B

24, 1. O0mue cBeJenus

HazHauyeHnue BbIXOJHBIX (OKOHEYHBIX) KACKAJOB — YCHIHBATH MOLIHOCTbL IIOJIE3HOrO
cursajia jas cpabarteiBanusi rpoMmkoropopureisi. [03TOMY BBIXOIHBIE KacKabl Ha3bl-
BalOTCs €lIe YCHIUTEISIMH MOIIHOCTH.

Kax yxe U3BECTHO, MOIIHOCTH SBJSACTCS TPOU3BE/ICHUEM HANPSHKEHU M TOKa (CM.
dbopmyny (4. 5)). CnenosaTenbHO, IS NOJYYEHUS 3HAYHUTENIBHOH MOILIHOCTH HEODXO-
JUMO, 4yTOOBI POM3BEICHHE TOKA M HATpspkeHus Obuio Gosbuium. (Hanpumep, momr-
HocTh P=1 BT MoxHOo monyuuts, ecit U=2 B u /=0,5 A, unu ecoiu U=10 Bu 7=0,1
A u T.1). [Io3TOMY BBIXOAHBIE KACKA/IbI, B OTJIMYHE OT NPEABAPUTENILHBIX, XapakTe-
PH3YIOTCH TEM, YTO B HHMX CHTHAJIBI OTHOCHTEJIBHO OOJMBLIME, T. €. HANPSKEHUE U TOK
HMCIOT 3HAYMTEJIbHBIE BEJIMYMHBL. 37ech oOpamiaem Baiie BHUMaHHE Ha TOT (aKT, 4TO
peYb HIOET O TOKE M HANPSXKEHHUH HE TIO MOCTOSHHOM COCTaBJISIIOLIEH, a MO nepementomy
cueHany, T. K. AMEHHO OH SBJISETCS HOCHTEICM UH(GOPMALIMH.

BaxHo¥l 0cO6GEHHOCTLIO BLIXOAHBLIX KACKANOB SBJACTCH MX IKOHOMHYHOCTb, TOUHEE
ux KodhOhULUEHT mose3Horo acictBus (k.n.ja.). Hampumep, ecid Kakod-TO BBIXOJHOMH
Kackaj NoTpebniseT U3 HCTOYHUKA TOKA MOIIHOCTD 110 IMOCTOSHHOMY TOKy | BT, a oTaaer
B IPOMKOTOBOPHTEJIb NepeMeHHYI0 MolHocTh 0.1 BT, T10. 04eBUAHO, €70 K. T. A. OyaeT
cocTapyAaTh TONbKC 10%. DT0 06bACHSETCA TeM, uTo TOJIbKO 10% moTpebiisiemoit MoLL-
HOCTH TOJAETCA Ha HArpy3Ky, a ocrajbHble 90% HANpPaCHO HArpPeBaIOT TPAH3MCTOPBI,
pE3UCTOPBL U Tp.

OCHOBHBIE NOKa3aTeJM Mo60ro OKOHEHHOTO Kackada: BEIXOJHAS MOIIHOCTB IO Ie-
PEMEHHOMY TOKY, OTJaBaeMasi Ha Harpy3ky (B MaJIOMOIIIHbIX BBIXOIHBIX KackaJax OHa
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paBHA [eCSITKaM MUJIIMBATT, a B MOIIHBIX — [eCATKaM BaTT); M0OJIOCA 4actoT (T. ¢
/MANa30H MEXJY CaMbIMM HU3KMMHM U CAMbIMM BBICOKHMH YaCTOTAMH, KOTODBIE KacKa,l
MOXET YCUINBATH); KOXDOUIMEHT TMONE3HOTO MEHCTBUS (B PA3JHYHBIX CXEMAX OH OBLIYHO
ot 10% no 70%). Boablo# k. . A. MOXHO TOJYYUTHL TOJEKO B TOM Ciydae, €C/H
BBIXOJHOM Kacka/{ COrJiacoBaH ¢ Harpyskod. PaccMoTpum 370 noapolHee.

24. 2. DaexTpuiecKoe COIiacoBaHmne
B 35eKTpOTEXHUMKE 4aCTO WCIMOJIb3YEM MNOHSTHE eenepamop (MACTOYHHUK TOKA) U Iid-

epyska (motpeburtens). Hanpumep Ha puc. 24. la Gatapeitka npeacrapnger coboi re-
HEPATOP MOCTOSAHHOIO TOKA, a JIAMIOUKA SIBJISCTCH Harpy3koi. Touno tax xe aro6oi

R=1750m

=01 0m
R £=0,787

P =088 8r

Aamnoyka drg kepmannose Aamna nakarubanus

Aamngyka abmomodurb- oHa 220 8/60 8r
Hag 68/40 Br % pu;a J58/02A 4
a} Y

Puc. 24.1. a) ConpoTHBieHHe HATPY3KM HUMHOIO MEHbLIUE BHYTPEHHEIO COMPOTMBICHHA HC-
TOYHMKA, 6) CONPOTUBJICHUE HATPY3KU B 3-—4 pasa Goiablue BHYTPEHHETO CONPOTHBIEHUS HC-
TOYHMK4 TOKA: ¢) COMPOTHMBSIEHNE HAIPY3KM HAMHOIO GOJIbIIE BHYTPEHHEIO CONPOTHBICHHA

HCTOYHHUKA

YCHUJIUTENbHBIA KackaJ MOXHO paccMaTpHBaTh KaK TEHEpATOp NEPEMEHHOTO TOKa, a
CJIETYIOIIUI KacKaJl Kax ero Harpysky.

Korna ganHbtii reHepatop COSOMHEH C ONMpe/IeseHHON Harpy3ko#, TO OCHOBHOH BO-
IIPOC, KOTOPBIHA NPH 3TOM BO3HHKAET, 3TO BOIPOC UX coziacoganus. O4eHb 9acTO Mo-
Joable paguontoGuTeNs AyMArOT, YTO TEHEpaTOp M NMOTpebUuTeNs COrjacyroTcs 1o Ha-
NpsKEHUIo (Hanpumep, ecid datapeiika 4, 5 B, To u jamnodka JomxkHa ObiTh 4,5 B u
T. A.). B HeHCTBHTENLHOCTH, BOMPOC COTJIACOBAHMS CBOAMTSS K COOTHOLICHMIO MEXIY
BHYTPEHHHM (BBIXOAHBIM) CONMPOTHBIICHHEM TeHepaTopa M CONPOTHBIICHHEM Harpy3kH.
UTobbl OOBICHUTHL 3TO, PACCMOTPHM OJIMH OTBLIT, KOTOPBII MOXHO NpoaenaTh Camo-
CTOSITEJILHO.

Ha puc. 24. 1 k oguoit u TO# ke Oartapeiike cHavana MOIKIIFOUEHA aBTOMOOUIbLHAS
JIaMIouKa, MoTOM JaMIouKa A KAPMAHHOTO (OoHApUKA M, HAKOHEI, — JaMIo4yKa A1s
ocemienus. Ha mcex Tpex cxemax HaHeceHbl TOKM M Hamnpsbxkenus. R obo3HayeHo co-
NPOTHBJICHUE TAMIOYKH B KOHKPETHOM cilyyae, P o0o3Ha4yeHa MOILLHOCTh., [0JaBaeMas
Ha JaMIlo4Ky oT Hataped. HamoMHUM, 9TO CONPOTHBJICHUE JIaMIIOYKH HENMHEHHC. T!e.
HE SIBISIETCH NOCTOSIHHON BEJIMYHHOMN, a 3aBUCHT OT NPOTEKAIONIEIO TOKA. DTUM OMNbITOM
OyZeT moKa3aHo, YyTOo NpH COEAUHEHMN TEHEPATOpa ¢ OTpebrTeNeM peluatoliiee 3HaUeH e
uMeeT He Tonbko DJ[C reneparopa, HO M cOnpoTuBNeHUe norpedurens. [Tostumy co-
BETYEM YMTATE/IIO0 OYEHb BHHMATECHBHO M3YUHTh 3aBHCHMOCTH, NPE/CTABIICHHBIE HA pUC.
24. 1, T. K. OHM JIEXKAT B OCHOBE BCEH CXEMOTEXHUKM. Pe3ynbTaThl 3THX ONIBITOB MOXHO
PE3FOMHUPOBATHL CAEYIOUTUM cHpa3oM.
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B nepsom omnbite (puc. 24. 1a) cONpOTUBICHAC TOTPCOUTCHS HAMHO20 MeHblUe BHYT-
PEHHEr0 COIPOTHBICHHUS rcHepaTopa, T. €. R«R,. B pe3ynbraTe 3TOro HanpsbKEHHE Ha
KJIeMMax (BLIXOJHOE HANPsDKEHHUE) 3HAUUTeIbHO MeHblie camoit I C. KpomMe Toro, Tok
B LIETIH OTHOCUTEIBHO OOJIBINOWN, a MOIIHOCTL, OTAaBaeMasl Harpyske, mana. Jlamnouka
HE CBETHT, MOCKOJILKY MOIIHOCTD, IoAaBaeMasi Ha Hee, ensa gocturaer 0,088 Br. Onno-
BPEMEHHO HA BHYTPEHHEM CONPOTHBIICHHA R; BBLUICNIAETCS 3HAYMUTENbHAS MOWIHOCTH (3,9
BT), KoTopas HAaIPACHO HArPEBAeT caMy DaTtapero. MoImHOCTh, BhiAeNseMas Ha Harpyske,
HAMHOI'O0 MEHBIIIE MOIIHOCTH, BbIACNsIeMOil B 6aTtapee, IOITOMY K. II. JI. CHCTEMBbI OKOJIO
2%.

Bo sropom omnbiTe (puc. 24. 16) conpoTHUBIICHNE TOTPEOUTENS MO020 JHce nopAOKa, UTO
M BHYTPEHHEE CONMPOTHUBJICHHE reHeparopa, T. ¢. R~ R, B pesynbTaTe 3TOr0 BBIXOAHOE
nanpsokenne Hemuaoro Mesbuie DC Gatapen. Tox B uenH cpelHuil, a MOIIHOCTb Ha
Harpyske suauuresnbHas (P=0,7 Br), Giaromaps uemy jlaMfiouka CBETHT HOPMAJIBHO.
MolnocTs, BeiaerseMas B camoit 6atapee, pasaa 0,2 BT, T. €. OHa 3HAYUTEIBHO MEHBILC
MOIIHOCTH Ha HArpyske, NpH 3TOM K. 1L 1. — okojo 30%.

B TpeTtheM ombite (puc. 24. 16) conpoTHBAECHHE NOTPEOHTENs 3HAUUMEALIHO GOoAbUe
BHYTPEHHErO CONPOTHBIICHHS FeHepaTopa, T. €. R>»> R, B pe3ynpTate 3TOr0 HampsikeHue
Ha KJeMMax (BbIXOJHOE Hanpsikenue) noutu pasHo IJ(C Gatapen. Tok B LenH OYEHb
maj. MouHocTs, BblfesigseMas Ha Harpy3ke, toxe maia (0,17 Brt), nosromMy jJammnouka
He cBeTuT. MOIIHOCTh, BhACHAeMass B camoil OGarapee, oyeHs mana (0,008 Br), HO
MOCKOJIbKY ¥ MOIIHOCTb Ha HAarpy3ke HeOoJbiuasi, K. M. J. cucTeMbl Man (okoio 4,4%).

M3 Tpex ONbITOB CTAHOBHMTCS SICHO, YTO MPU PA3JIMYHOM COOTHOIICHUH MEXIY BHYT-
PEHHMM COIIPOTUBICHAEM TeHEPaTopa M CONPOTHMBIICHHEM HATPY3KH, CBOHCTBA 1enu
OueHb pasiMyHble. 34eCh MEWCTBYIOT Cleaylollne 3aKOHOMEPHOCTH.

1. Ecnu ocHOBHOE TpeOoBaHHME COCTOMT B TOM, YTOOBI AaHHbIH rexmepatop obecne-
YHBAJI MAKCHMAJBHBIH TOK, TO CONPOTHBJIEHHE HATPY3KH JOJIKHO OBITH BO MHOTO pa3s
MeHbIIIe BHYTPEHHETO CONPOTHBJICHHS T'€HEpaTOpa.

2. Ecnu ocHOBHOE TpebOBAaHHE COCTOMT B TOM, 4TOOBLI MOAYYHThE OT A4HHOTO TeHe-
paTopa MaKCHMaJbHYIO MOUIHOCTD, COTIPOTUBJICHUE HATPY3KH OOJDKHO ObITH paBHbBIM
BHYTPEHHEMY COTMPOTHBIICHHIO T€HEPATOpA.

3. Ecn ocHoBHOe TpeboBaHHe COCTOUT B TOM, YTOOBLI reHepaTop obecrneunBaN Mak-
CHMATBLHOE HATIPSKEHHEC HA CBOEM BBIXOAE, TO CONMPOTURJICHHE HATPY3KH JOJOKHO ObITh
BO MHOIo pa3 0oJibllile BHYTPEHHEIO CONPOTUB/ICHUSI I'€HEPATOPA.

CrenyeT OTMETHTb, YTO TPH KOHCTPYHPOBAHWH JAHHOTO YCHJIMTENBHOrO Kackaja
CHeUMAINCTBl PYKOBOACTBYIOTCHS HE TOJIBKO OJHUM ,.[TaBHBIM® TpeOOBaHMEM, a CYM-
TaroTes co MHOruMH (axtopamu. ClegoBaTespHO, HA NMPAKTHKE TpHOEralT K onpe-
JIEJIEHHBIM KOMITPOMMCCAM ¢ Y4€TOM TOTO, YTOOBI BCE YCTPOHUCTBO UMENO ONTHMAIIbHbIC
Ka4ecTBa.

24. 3. BxoaHoe n BbIX0JHO€ CONPOTHBJICHHE YCHIHTEJbLHBIX KACKAJ0B

DIEKTPOHHBIE YCTPOHCTBA OGBLIYHO COCTOAT M3 HECKOJILKUX YCHJIMTE/ILHBIX KACKalOB.
CurHaj, KOTOpbiif 110/aeTCAd HA YCHUIMTE/b, CHA4a/1a YCHJIMBAETCA MEPBbIM KACKAIOM,
MOTOM BTOPBIM U T. [I., IOKa He JA0OHAET 10 rpoMkoroBoputes. [Ipu TakoM NOJIOKEHUH
Kax<Abii MpeabIAyLUNid Kackall ABJISETCS FeHEpaTOPOM CIEAYIOLIETO, 8 KaX /bl clenyro-
UM — HArpy3KOW OpeAbIAYLIErO.

Tpe6GoBaHus, NpeabIABIsSEMbie K PAa3iMYHBIM KACKAJaM OJHOTO YCUJIMTENS, HE O/d-
HakoBbl. Tak, HanmpuMmep, riaaBHbIM TpeGOBAHMEM K UPEABAPUTESBHBIM KACKaJaM SiB-
JISETCA MAaKCHMMaJ/bHas OTjava HaNpsXXEHUs IeHepaTopa Ha HArpysky, B TO BpPeMSs Kak
K BLIXOJHBIM KacCKadaM rJIaBHOE TpC60BaHYlC — MaKCMalJibHasg oTAaavya MOUHOCTH re-
HepaTopa Ha Harpysky. Ha npaktuke 314 paziuunbie TpeOOBaHHS OCYUIECTBIAOTCH
NnyTeM COOTBETCTBYIOLIEIO MOAGOPa BHYTPECHHEI'O CONPOTUBIEHUSI IEHEPATOPA U BXOJ-
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HOTO COMpPOTMBIIEHHS HArpy3ku. (OOpaTuTe BHUMAaHHE, 4TO PEYb HIET O BXOJHOM U
BBIXOJHOM CONPOTHBJIEHUHU NO nepemenHoMy MoKy, T. K. CHTHAJI, NOJABAaEMbIH OT OIAHOrO
KacKkaja K ApPYromy, NepeMEHHbIH).

s TOro, 4TOOBI MOKA3aTh, KaK BaXXHA POJIb BXOJHOIO U BBIXOOHOTO CONPOTUBIICHUS,
PACCMOTPHUM OJUH TpuMep. M3BecTHO, 9TO, KOrAa Ha MUKPOGOH MOJaeTCs 3BYK, Ha ero
BBIXOJE NOABJIAETCA NepeMenHoe HanpsokeHue. CrieToBaTesbHO, MUKPO(DOH MOXHO Npe/i-
CTaBUTh KaK IeHepaTop MEPEMCHHOTO TOKAa C ONpeAe/IeHHBIM BHYTPEHHHM COHPOTHB-
JleHrieM. DTO TOKa3aHo Ha puc. 24. 2, rae cxema chpaBa HA3bIBAETCH 3KBUBAJIEHTHOIH

cxeMoi MHKpodOHa.
IxBubarenmuas cxema

Mukpogona
Murpopoy :—_—— 1 N

! !

Ay |

’ |

=0 — |
| ()¢ |

' |

' ]
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Puc. 24.2. DxpuBajieHTHas cXxeMa MuKpodoHa

[locne 3Tux pa3biCHEHHH MOXEM PACCMOTPETh KOHKPETHYIO CXeMY ¢ NbE303IEeKTPH-
4eCKMM MHKpodoHOM. M3 MpakTHKH M3BECTHO, 4TO OOBIYHO OH MMEET Takue AaHHBIE:
E=10 MB n R;=100 xOm. (O6paTuTe BHUMAaHHE, YTO IbE30OIEKTPHUECKHH MHUKPOPOH
BBICOKOOMHBIH.) Hac uHTepecyeT, KaKOBO DOIXHO OBITH BXOLHOE COMPOTUBJIEHHE MEp-
BOrO YCHJIMTEJIBHOIO Kackaza, 4TOOBl MOJIyYATh MAKCHMAJNBHYIO OTAAYY HANPIKEHHS
u3 Mukpodona B kackaa?

foe3ospex- flvesoanex-

TpUYeCKUY lpedBapumeno wori Tpuveckua  flpedbapumenrsmsid

MUKpogon xackad MUKpogOH kacxad
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! £ 10 I | 1400 I
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a) 7]

Puc. 24.3. @) MHKPODOH H YCHIMTENBHBIH KACKA[ He COrNAcoBaHbl; 6) MHKPOPOH M YCUIMTETbHBIA
K4CKajl CPABHUTENLHO XOPOWIO COIrIACOBAHBI

B 1. 24. 2 MBI BBISICHWIM, YTO IS TOTO, 4TOOBI MOJAYYUTh OOJIBIIOE MEPEMEHHOE
HAUPSKEHHE Ha BBIXOJe MUKPOQOHR, TPEIBAPHTEIBHBII kKackal NOKEH HMETh DOMbIIOE
BXOJHOE conpoTuBienue. W neiictBuTenbHO, Ha pHc. 24. 3a BHAHO, YTO €CIH BXOJHOE
COIPOTHBJICHUE MPECABAPUTEILHOIO KacKaJa Majo, TO MEKPO(OH OTIAET 3TOMY KacKaly
Majyio 4acTh ¢Boeit D/IC, Ho eciiM npeaBapUTENbHBIA KacKaj] MMeEeT OOJbIIOE BXOAHOE
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conpotuBieHne (puc. 24. 36), To MukpodoH OyAeT oTAaBaTh EMY CPaBHATEIBHO OOJIbIIIOE
HanpsokeHue. I[Ipu cpaBHeHHH obeux cxeM M3 pHuc. 24. 3 BHIHO, YTO BO BTOPOM cilyyae
HalpsDKEHUE, 1oaBaeMoe Ha Kackan, B 80 pas 6ombie, ueM B mepBom!

Tenepr paccmoTpuM emie oauH npumep. Ha puc. 24. 4g nmoka3zaH yCHIHTENbHBIN
KAaCcKa/l MOIIHOCTH, TJA¢ B KOJJICKTOPHYIO IENbL TPAH3UCTOPA BKJIIOYCH T'POMKOTOBOPH-
teap. Korga Ha BXxoA mojaeTcsi COOTBETCTBYIOUIMI CHCHAN, TPAH3UCTOP MOXHO Hpen-
CTaBUTh KaK TEHEPATOP MEPEMEHHOr0 TOKA ¢ OMPEAEJICHHBIM BHYTPEHHMM COMPOTHUB-
JICHHEM, 4 TPOMKOTOBOPHTENL — KAK CONPOTHBJIEHHE €ro KATYIIKU. ITO NMOKA3AHO HA
puc. 24. 46, rae cxeMa CHpaBa HA3bLIBACTCH JKBHBAJICHTHOH CXEMOH BBIXOOHOH Lenu

Tpansucmap Hazpysxa
| r——"=7
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Puc. 24.4. DxBuBaI¢HTHAR CXeMa BBIXOJAHON LENM TPAH3UCTOPA M HAIPY3KH (TOJbKO A
nepeMeHHON COCTaBsAOLIEN)

TPAH3UCTOpA MO NepeMeHHOMY TokKy. OOpaTHTe BHMMAaHWE, YTO cXeMa OEHCTBUTE/IbHA
TOJbKO JIA TMEPEMEHHON COCTaBJIAIONICH, N7 KOTOPO# OaTtapest sIBISETCS KOPOTKHM
3aMbIkaHueM. Hac uHTepecyer, KaKOBO HOJOKHO ObITh CONPOTHBIEHHE TPDOMKOIOBODH-
Telsd, YTOObl TPAH3UCTOP OTAABAJ €My MaKCHMAaJIbHYIO MOIIHOCTL?

Kak yxe u3BecTHO U3 1. 24. 2, 4TOOBI HOMYyYUTh MAKCUMAJIbHYIO OTOA4Y MOIIHOCTH,
COTIPOTHBIIEHHE TPOMKOTOBOPHUTEJIS JOJIKHO ObITb PaBHBIM BBIXOAHOMY (BHYTPEHHEMY)
COTIPOTHMBIICHNIO TpaH3UCTOPA. [TOCKONBKY 3TOT BONPOC OYEHbL BaXke€H, OCTAHOBHMCS Ha
HEM nonapobHee.

CoupoTHBjieHHe TPOMKOTOBOPHTENS. DTO COMPOTHBIICHHE KAaTYHIKM TPOMKOTIOBOPH-
TeNs MO NePeMEHHOMY TOKY (cM. puc. 13. 3). IlpakTuka moka3bpIBaeT, YTO €CIM COETIATh
KaTYLIKY ¢ OOJBIIMM COMPOTHBJICHHEM, TO BCS KoJe0aTeIbHAsi CUCTEMA CTAHET THXKENON
M 3TO YXYIIUMT KAYECTBA I'POMKOrOBOpHTENs. UMEHHO MO3TOMY COBPEMEHHbIE 'POM-
KOrOBOPUTENH (MaJTOMOUIHBIE U MOIIHBIE) MMEHOT HHU3KOOMHbBIE KATYILKH C CONPOTHB-
neHneM 2 -8 OwMm.

BbIX0/IHO€ CONPOTHB/IEHHE TPaH3HCTOpa. JTO BbIXOAHOE (BHYTPEHHEE) CONPOTUBJIEHHE
TPaH3UCTOpa MO NepeMeHHOMY TOKy. OHO 3aBHUCHT OT cxembl coeauHeHus (0D, OB,
OK), oT Bua TPaH3KUCTOPA (MAJTOMOLIHBIN, CpeIHEMOILIHBINA, MOIIHBIA) U OT ero paboucit
TOYKH (T. €. OT BHIOPaHHOro KOJJIEKTOpHOro TOKa mokos). Hanpumep, ManoMornHbIi
tpausuctop [M13A mpu konnekTopHoM Toke nokos 1 MA umeer R;=30 xOM, a mpu
KOJUIGKTOPHOM Toke 5 MA paBusercs 8 kOm. MouHsiii Tpausuctop 1210 npu kos-
JICKTOPHOM TOKe mokos 10 MA umeer R;=1500 Om, a npu kosutekTopHOM TokKe 50 MA
— 400 Om.

W3 BhILIECKAZAHHOTO CTAHOBHUTCSH SICHO, YTO BBIXOJHOE COTPOTHBIICHHE TPAH3HCTOPA
B cxeMe ¢ OO 3HauuTEnbHO OOJIBIIE CONPOTHUBIEHUS TpPOMKOrosopurenei. IMostomy,
€CJIH B KOJUIEKTOPHYIO LENb TPAH3UCTOPA HEHNOCPEACTBEHHO BKJIOYMTbL FPOMKOrOBOPH-
Tenb (puc. 24. 4), To MOILHOCTB, OTAaBaemMas eMy, Oynetr HUuUTOXHO Mana. Hanpumep,
ccIM TPAH3UCTOP MAJIOMOLIHBIA U FPOMKOTrOBOPUTENIL UMEET CONIPOTHBJEHNE R=4 Om,
OyneM MMeTb cilyyal, NOKA3aHHBLIA Ha puc. 24. Sa. 3aech cneayer oOpaTUTL BHUMAHME,
4TO MOLUHOCTb, OTAdBaEMasi TPOMKOIoBOpUTENIO, paBHa easa 0,5 mxBt. Ecau, oanako.
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JITOMY XK€ TPAH3UCTOpY olecneuuTh Harpysky 8 kOm (puc. 24. 56), TO MOIIHOCTb, OT/14-
BaeMas rPOMKOrosopuresito, 6ynetr pasua 500 mxBt, 1. e. B 1000 pa3 Gonbiue! I1o1

Tpancmap " Hazpyaxa lparsucmap Hazpysxa
1" psen T Pegimdr ™" azsua | peso0 ety !
I | a5 MA | p=q5MKBT | i 14 5/1A P=500 MKBrl
T ¥ T T
et N el N
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e e e Lo — — Jd Lo d Lo ] |
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Puc. 24.5. ¢/ BbIXOZH4S Lenb TPAH3UCTOPA HE COrMACOBAHA C HATPY3IKOH, ¢/ BBIXOAHAA LEMb COIIACOBAHA €
HArpy3Ko

OpUMeEp elle pa3 MOATBEPKIAET, YTO A MaKCUMaJIbHOH OTA24M MOIIHOCTH HEOOXO-
JUMO, 4YTOOb! HAPY30YHOE CONPOTHUBIEHHE OLIIO PABHBIM BBIXOAHOMY CONPOTHBIEHHIO
Tpan3ucropa. MMeHHO 1o 5TOH npuvMHe rPOMKOIOBOPUTENM TTOAKIIOYATOT K BHIXOHbIM
KackajaM He HENMOCPEACTBEHHO, a Yepe3 BBIXOAHOM TpaHchopMaTop.

24. 4. OQHOTAKTHLI BBLIXOIHOH Kackajg

[1aBHOM OCOOEHHOCTBIO ONHOTAKTHBIX BBIXOJHBLIX KACKAJOB SBISETCH MaJsblil
K. 0. A. [ToaToMy uX HCMONB3YIOT TOJIBKO IIPH MAJIBIX MOMIHOCTAX, Hanpumep, ao 20
MBT.

Ha puc. 24. 6a nokazana cxeMa OHOTAKTHOTO BLIXOJHOTO KACKa/Ja ¢ HAYUIHUKAMM.
OH MoOXeT ObITh MCIOJL30BAH B HeOONBIIMX PaIHOMIOOHTENbCKUX NPHEMHHKAX. 37€eCh

I Ee
H
R
o M40 242
o— . o :
a 7%

Puc. 24.6. a) 6a30Bblil pe3nCTOp OTMedeH 3BE3HOUYKOH. YTO O3HAYAET, YTO HYKHO
noao0paTh ero OHBITHBIM HYTEM; &) MPOCTOif Cnocob ONpese/eHHs 3Ha4eHus Oa-
30BOTO pE3UCTOpa

conpoTusiieHne R, B nen# 6a3pl 0603HAYEHO 3BE3M0YKOH. DTO NMOKA3BIBAET, YTO TOYHOE
ero 3HaveHue ToaAdHpaeTcs BO BpeMsi paboThl. DTO CONPOTHBIEHUE ONPEAESET BEJIHYHHY
KOJLJIEKTOPHOrO ToKa ToKos Iy, Tpansuctopa. Co cBoeH CTOpoHBbI, HEOOXoHEMbBIA KO-
JIEKTOPHBIM TOK TOKOS 3aBUCHT OT HAaNpsKEHHs OaTapew NHTaHMs M COTMPOTHBIEHMS
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HAYIIHHKOB. VIMEHHO 3TH 3aBUCHMOCTH NOKa3aHbl B Tabnune. Hanpumep, u3 tabauub
BUIHO, YTO TIpH TMHMTAHMM HANpsDKEHHEM 6 B M MCcmonb30BaHMM HAYIIHHKOB C CONpO-
rusieduem 4000 OM HeoBXOUMBIH KOJUIEKTOPHBIH TOK MOKOs paBeH i, =1 MA. Ilpak-
TUYECKH 3TO MOXXHO TOJNY4YUTb, €CIH
HA MecTO 0a30BOTO COMPOTHBIICHUS
BKJIFOUUTH nOTeHHHOMCTp. a4 HA MECTO, Hanpﬂ::vllesnumum Conpomun;x:ugMuaymnuxos He:f;::gw:g: nl;(:g;cx,
0003HAUYEHHOE KPECTUKOM, BKJIFOYHTH 1K A
Mistiamnepmerp (puc. 24. 66). Ha-

¢cTpauBas NOTEHLUHOMETD, YCTAHABIIN- 50— 100 10

paeM HEOOXOMUMYIO BEJIMYHHY KOJI- 4.5 13?)(0): 4(5)88 055
nextopuoro Toka. [locnme 3roro us- ’
MepAEM OMMETPOM CONPOTHBIICHHE

MOTEHLMOMETPA M 3aMEHAEM €ro Co- 50— 100 8

orBercTByroiluM pesucropom. C mo- 6 200— 500 4

M 1000 —4000 i
MOLIbIO 3TOH cxembl (puc. 24.6a)
MOXHO TOJYYATh BBIXOAHYHO MOIIL-

nocts 0,1 =10 MBrT, tipuiemM B HeHl ¢ 2(5)8— 100 6

BaH 9 — 500 3

YCIEXOM MOXET ObITh HMCTOJIB30Ba 10004000 3

mo00 MaJOMOIUHBIA HM3KOYacTOT-
HBLIE TPaH3UCTOD.

Ha puc. 24. 72 noka3aHa npocTasi CX€Ma MaJIOMOIITHOTO BBIXOJHOTO Kackaja ¢ He-
60JIbIIMM TPOMKOTOBOPHTENIEM. 3eCh BKIIFOUEHHE IPOMKOTOBOPHTEINS HE ABJISICTCH He-
TIOCPEJCTBEHHBIM, & OCYLICCTBJISETCS 4epe3 BbIXOOHOH TpaHcdopmaTop, ueM obecre-
YUBAETCA XOPOILEE COTJIACOBAHHE MEXAY 3HAYMTEIbHLIM BBIXOMHBLIM CONPOTHBJICHHEM
TpaH3uCTOpa U HeGOJIBLUINM COMPOTHUBJIEHHEM IPOMKOroBOpHTEs. B pesynbraTe 3T0r0
BBLIXOJIHAS MOINHOCTb KacKala paBHa 5--20 MBt. Ilpu usrorosienun tpancdopmaTopa
MOJKHO HCIIOJIb30BATh TpaHcHOpMATOP OT CTAPOro TPAaH3ZUCTOPHOIO IPUEMHHKA, TOJILKO
HAMOTATB €ro 3aHOBO. JlaHHbIe IJiS BBIXOAHOrO TpaHcdopmaTopa cieayIolue: CevueHne

MaruuTonpoBoja (cepneunnka) — 0.16+0.30 cm?, mepBuunas obmorka — 800 BH-
~-98 -38
A
38
xm

7

R}68Kx0M ¢ 100
o_{ M40 +42
c 10 M40 +42 -
- R2 &
6,8x0m *'Tlo,a
O- : o - + b
a) &

Puc. 24.7. «) onHOTAaKTHBIA BBLIXOAHON KACKAA C BLIXOMHBIM TPAHCHOPMATOPOM; 6) OAHOTAKTHBLIA
BBIXOIHOH KACKA[ C BLIXOAHBIM TPanchopMaTOPOM U HOC/IEA0BATENBHOH OTPHLATENbHOH 06paTHOM
CBSH3LIO 10O NOCTOSHHOMY TOKY

TkoB/0,07 MM; BTOpuuHas obmotka — 50 BuTkoB/0,17 MM. To4yHas BesHuKMHA DA30BOro
CONPOTHBIIEHMS NOAOMPAETCS ONBITHBIM MYTEM YX€ M3BECTHBIM CIOCOBOM € Y4eTOM
TOTO, YTO KOJUIEKTOPHBI TOK TIOKOS JAODkeH ObITh 6 MA. Hano eme no0aBuTh, 4TO M
37€Ch ¢ YCHEXOM MOKHO HCHOJIBL30BATH JIFOOOM MallOMOITHBIH HHU3KOYACTOTHBIA TpaH-
3UCTOP.
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Ha puc. 24. 76 nokaszana 6oJiee COBEPIIEHHAN CXEMA OJHOTAKTHOTO BBIXOAHOTO Kac-
xaga ¢ HEeGONBUIMM FPOMKOTOBOPHTENEM. 3AeCh MCIONB30BAH TOT K€ CaMblif TpaHc-
(opMaTOp M NONYYAETCS Ta XK€ Camas BBIXOAHAS MOLUHOCTb, HO CTAOMIBLHOCTL N Ka-
yecTBo syuine. CONPOTHBJIEHHE PE3UCTOPa R; MOAGHPAETCS ONBITHLIM NYTEM W3BECTHBIM
yXe cnocoGoM ¢ y4eTOM TOrO, YTOOBI KOINEKTOPHEIR TOK 6b11 6 MA. B 3TOM BRIXOJHOM
KackaJie TOXEe MOXHO WCIOJb30BAThH JI00O0H MaJIOMOIIHBLIA HU3KOYACTOTHBIH TpaH3HC-
TOP.

Kak yxe ymOMMHAIOCh, OCHOBHON HEZOCTATOK OXHOTAKTHRIX BBIXO/HBIX KAacKa[IOB
— ueBoJbiol K. . A.: npuMepHo 5--20%. Y B TO BpeMs Kak MpH MAJbIX MOIIHOCTAX
3TC HE TaK yX BaXHO, OPH OONBIIMX MOUIHOCTAX K. M. J. HMEET HEPBOCTCHEHHOE 3HA-
yenuwe. Hampumep, eciM Yy Kakoro-HMOyAb NPOMBINLIEHHOTO TPAaH3UCTOPHOFO PaaHo-
IpHEMHHMKA BBHIXOJHOH KacKajl OAHOTAKTHBIH, TO ero GaTaped O4YeHb ObICTPO CaasiTCA -
H MX HaJI0 YACTO MEHsTh. DTO OOBACHIETCS TEM, YTO TOJBLKO HEDONBLIAS YaCTb JHEPIUM
faTapen NpeBpaiiacTcs B 3BYK, a OCTANBHAS YaCTb GECTIONE3HO HATPEBAET TPAHZUCTOPSLI,
pesucTopbl M 1p. UMEHHO MO3TOMY BBLIXOIHBIE KacKajbl IOYTH BCEX HM3KOYACTOTHBIX
YCHIIMTESbHBIX YCTPONCTB BBITNOJHSIOT 10 ABYXTAKTHOH CXeMe.

24. 5. AByXTaKTHbIH TPaHCPOPMATOPHLIA BBLIXOJAHOH KACKA/

OcoGEeHHOCTL IBYXTAKTHBIX BBIXOJHBIX KACKaJOB B TOM, YTO OHM HMECHOT CPABHH-
TeJbHO OONBIION K. M. ., KOTOPHIA Ha npaxTuke gocturaer 60-70%. OmHOBpeMEHHO
C 3THM HX CXEMa CJIOXKHEE, MOCKOJbLKY OHA COACPXHUT ABa TPAH3HCTOpA.

Kak BunHo w3 puc. 24. 8@, oguH TaKoi Kackaj MMECT [BAa BXOJa (OTHOCHTEILHO
IJACCH), HA KOTOPbIE MOAAOT NPOTHBO(AZHBIC EPECMEHHBIC HANIPSHKEHUA. ITO O3HAYAET,
YTO KOrja NEPEMEHHOE HANPSKEHHE HA OJHONM Oale MOJIOKHUTEIbHO, HAHPSKCHUE HA
apyro#t 6aze HOMAHO ObITH OTPHIIATENILHO M 00paTHO. Kak Mbl YBHINM jJajiee, 3TH J1Ba
npoTHBOQA3HBIX HANPSKEHUS BbIPAOATHIBAIOTCA T. H. (DA3OMHBEPCHLIM KACKAAOM.
On nMeeT ABa BbIx0Aa (OTHOCHTENBHO LUACCH) U BCErA HAXOMMTCS Mepe/l ABYXTAKTHBIM
BBIXOJHEIM KackaioMm. ObpaTuTe BHHMaHME, 4TO BBIXOAHOH TpaHCHOpPMAaTOpP ABYXTAKTHBIX
KACKa/I0B UMEET CPEAHION TOUKY B EPBU4HON 0OMoTKE (pHc. 24. 8a).

Hnga Toro, yTobs1 paszobpathcs B paboTe ABYXTaKTHOTO BLIXOAHOIO Kackaja, Ha PHC.
24. 86 moxa3aH MOMEHT, KOI/la Ha TICPBLIN BXOJ AEHCTBYET MOJIOKHTEIBHOE HAIIPSIKEHHE
(OTHOCHTEJILHO HIAaCCH), 2 Ha BTOPOH — OTpHIATEILHOE. B 3TOM NOJOXEHUM BEPXHHI
TPAH3UCTOP 3alepPT, a HIXHUH OTKPBIBACTCS, T. €. TOJILKO Yepe3 HIKHEE IIJIEY0 IPOoTeKaeT

Fdm o 15

Puc. 24.8. @) ABYXTAKTHEI BBLIXOHHOW KACKaJ MMeEET JBa BXOHd, HA KOTODPBIE MOJAIOTCA NPOTHBOGA3HBIE
curHANBI; §) B OfHH M3 HOJIYIEPHONOB OTKPLIBAETCA TpaH3ucrop 7; &) B APYroH U3 NOJYNEpHOAOB OTKPHI-
paercs Tpansuctop T

ToK. B TOM city4ae, KOorfja Ha MEepBblil BXOJ ACHCTBYET OTPHIATENBHOE HANPSXKCHUE, 4
HA BTOPOH BXO — MONOXKHTEIbHOE (puC. 24. 86), HHKHUA TPAH3UCTOP 3aNEPT, & BEPXHUIA
OTKPBIT, T. €. TOK OPOTEKAECT TOJIBKO Uepe3 BepxHee mievo. Mim, kopoue rosops, koraa
OIMH TPaH3HCTOP OTKPHIT, APYroit 3anept u obpatHo. ClegoBaTesbHO, OAHA NOTYBOJIHA
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lIepeMEHHOro ToKa B TpaHcdhopMaTope QOpMHPYETCS OJAHHM TPAH3UCTOPOM, a Apyras
noayBo/iHa — aApyruM. BaxHas 0coOEHHOCTH CXEMbl 3aKJIIOYAETCd B TOM, 4TO NIPH
OTCYTCTBHHM BXOXHBIX CHTHAJIOB KOJUIEKTOPHbBIE TOKH MOKOS OOOHX TPaH3HUCTOPOB OTHO-
cuTenbHo Manel. ChneqoBaTeNbHO, BO BpeMs Nay3 noTpedieHHe NABYXTAKTHOIO KacKaja

—EK
/

7
p—

/4
7

Puc. 24.9. a) dasounsepcHbll Kackal ¢ TpancGOpMATOPOM: §) B OAUH UOJYNEPHOA TOUKa [ nojo-
XKHTEJIbHA OTHOCHTENBLHO LLIACCH; 6/ B APYTOil MOJIYNEpHOX TOYKA | OTPULATEIILHA OTHOCUTCILHO LLACCH

a)

" HeBOJIBLIOE H 3TO OJHA M3 MPHYMH €ro 3KOHOMHYHOCTH. BTopod npuuMHON XOoporuecH
3IKOHOMHYHOCTH MOXHO HA3BaTh TOT (AKT, 4TO OJMH TPAH3ZUCTOp pabortaet, a Apyrou
3anepT, T. €. He NOTPeBAECT SHEPTHIO.

Tenepb paccMOTpUM OJHY U3 Haubojlee pPacHpOCTPaHEHHbIX cXeM (ha30MHBEPCHOTO
Kackajga, MokasaHHyio Ha puc. 24. 9a. OcobeHHOCTb 3/1eCh COCTOUT B .TOM, YTO B KOJI-
JIEKTOPHYIO LENb TPAH3UCTOpa BKIIOYEH (a30orHBepcHbId TpaHchopMaTop. Ero Bropuu-
Has oOMOTKa HMEET CPEAHHH BBIBOA, M OH cOoeAMHEH ¢ waccd. Takum obpaszom, da-
30MHBEPCHBIH TpaHCHOPMATOP MMECT [1Ba BbIX0A, MEPEMEHHBIC HANPKEHHS HA KOTO-
pBIX BCErZa Haxoaarcs B npotusodasze. DTo BuAHO Ha puc. 24. 96, rae BO Bpems INo-
JIOXUTEJILHOTO HOJIYREPHOJa reHepaTopa Touka / HOJOXHTEIbHA OTHOCHTEIBHO LIACCH,
a Touka 2 — OTpHLAaTeNbHA. BO BpeMsi OTpHIATENBLHOTO NIOJIYNEPHO1A TEHEPATOPA TOYKE
] oTpHuaTeIbHA OTHOCHTENBLHO HIACCH, 3 TOYKAa 2 — IOJIOXHTEIbHA.

Ha puc. 24. 10 noxa3aHa KOHKpETHas cXeMa ABYXTAKTHOTrO BBIXOJHOI'O Kackaja
BMecTe ¢ Ga3oMHBEPCHBIM KackaoM. Pa3ounBepCHbIH Tpanchopmatop T,; U BbIXOAHO#M
TpanchopMaTop T),, MOXHO KYNUTh B MarasMue pagHomaTepuasnoB. MOXHO HX 103aHM-
CTBOBATh M M3 CTAPbIX TPAH3HCTOPHBIX PAAHONPHEMHUKOB. JlaHHbie (A30MHBEPCHOIO
TpaucthopMaTopa ClenyromHe: cedeHde cepaeunuka — 0,16--0,36 cm?; nepsuunas
obmortka — 1200 BuTkOB/0,07 MM; BTOpMuHas obmotka — 240 Burtko/0,10 MM ¢ BEI-
BOAOM B cepeauHe. BeixomgHoil TpaHchopmaTop MMeEeT CISAYOIUHE JAHHLIE: CEYEHME
cepmeunuka — 0,25—0,36 cm?, nepeuuHas o6MoTka — 600 BUTKOB/0,12 MM ¢ BBIBOJOM
B cepenuue; BTopuunas obMoTka — 50 BuTK0B/0,20 MM. O6a BBLIXOAHBIX TPAH3MCTOPA
JOJXHBI ObITH OJNMHAKOBBIMHM M HMETh NOYTH OJMHAKOBBLIH XO3(DUIMEHT ycuieHus P.
3uauenue pesucrTopa R, noadMpaeTcs ONBITHO C YYETOM KOJJIEKTOPHOTO TOKA IMOKOS
Tpausuctopa 71}, KoTopbiil JoipkeH ObITh 1 MA. To Xe caMoe OTHOCHTCS M X TOYHOMY
3HAYEHHIO PE3UCTOPA R, € y4E€TOM TOro, 4TO KOJUIEKTOPHBIE TOKH TIOKOSI TPAH3UCTOPOB
T, u T; nosmxHb! O66ITh 2 MA. I'pOMKOTOBOpUTEIL HEDONLIION M UMEET CONPOTUBIICHUE
kaTyuiku 4 OM. IIpM COOTBETCTBYIOIEM CHUI'HAJIE HA BXOJE BBIXOAHAS MOLIHOCTDL 3TOTO
yeunutens pasaa 0,1 Br.

[1pn paccMOTPEHHH 3TOH CXeMBbl MOXET BO3HUKHYTH BOIMPOC, NOYEMY CPEHUINA BLIBOA
BTOPHYHOH OOMOTKM (pa3ouHBepcHOro TpaHchopmaTopa He COEIMHEH C IIACCH HElo-
CPEOCTBEHHO, a yepes pe3ucTop R;? Kak Bumno u3 puc. 24. 10, Benuunna R; neboJibllas
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— 100 Om. ITosToMy majieHUe HAMPSHKEHUS Ha HeM odeHb mano (okoso 0,1 B), T. e.
MOKHO CYMTATh, YTO CpeAHsisi To4dka TpaHchopmaTopa AEHCTBUTENBHO COEAMHEHA ¢
iaccn. QIHOBPEMEHHO € ITUM TIaficHie HaTpsokeHust okoso 0,1 B sBnseTcs HeGosbLimnM
HATIPSDKEHHEM CMELIEHHUS 11 000HX TPaH3HCTOPOB, NOCPEACTBOM KOTOPOrO HEJIMHEHHRIC
HCKAKEHHUA KACKaJa YMEHBIIAIOTCH 10 MHHUMYMA.

MI41A 2XMN425
X 1MA 2MA -98
»*
R 0.5M0m oy
2
c-1,0 7

2mA

o <+

Puc. 24.10. CxeMa ManOMOILHOTO BBIXOIHOTO KACKAAa BMECTE € Ga30uH -
BEPCHBLIM KACKAIOM

24. 6. /IsyxTakTubiii OecTpancdopMaTOpHbIil Kacka

TpauchopMaTopsl — 0OBEMHBIE H CPABHUTEJIBHO JOPOTUE JETalli, U UX YCTPaHEHHE
3HAYUTENTHHO YMEHBIIIAET CTOMMOCTD M BEC BLIXOAHBIX KACKaq0B. MMEHHO ITO3TOMY 001B-
IIMHCTBO COBPEMEHHBIX BBIXOHHBIX KACKanoB — OecTpaHchopMaTopHbIe.

IMpn ycTpaHeHuM BbIXOAHOrO TpaHchOpMaTOpa cpa3y BO3HHMKAET BOIPOC, KaK Xe
OCYILECTBJISITh COLJIACOBAHME MEXIY HEOOJbUIUM COMPOTHBIIEHHEM I'DOMKOIOBODHTENS
(4+8 Om) u cpapuuTeabHO GonbLuuM (1 +10 kOM) BBIXQAHBIM CONMPOTHBICHUEM TPAH-
3UcTOPOB? DTOro OOUBAFOTCS, COEIUHSSA BHIXOIHbIE TPAH3UCTOPHI MO cxeMe ¢ OK (amuT-
TepHbIA NOBTOPUTENb); B 3TOM CJIydae MX BBIXOJHOE CONPOTHBJIEHHME O4Y€Hb MAJO, NpH-
mepHo 10+ 100 Om. 3aeck cpa3y CleNyeT HAIIOMHHTbL 00 OCHOBHOM ,,HEAOCTATKE™ CXEMbI
¢ OK, a HMEHHO, YTO OHA HE YCHJIMBACT MO HANPSKEHHIO: T. €. KaKOBO BXOJHOE Iie-
pEMEHHOE HANPSDKCHHME, NMO4TH TAKOBO M NCPEMEHHOE HATIPSXKEHUE HA BHIXOAE (HA Ha-
rpyske). U nockosbky [Tt MOJTYUEHHS 3HAYMTEIbHOH MOIIHOCTH BbiXOJHOE HAalpPsKEHHE
JOJKHO GbITh TOXE 3HAYMTCILHBIM, 3TO 3HAYHUT, 4T B cxeme ¢ OK BXoaHoe nmepeMeHHOE
HanpsskeHue (B OTJIIMYKE OT CXeMbl ¢ O3) fomkHO ObITb OTHOCHTEILHO OOMbLIMM —
npuMepHo [ —10 B. D1a 0cobGeHHOCTH BakHAa W €€ HAAO 3aNOMHUThL. UHAa HE TPOTH-
BOPEUHT CKA3aHHOMY BBILIE, YTO J@X€ M B MOIIHLIX TPAH3UCTOPAX IEPEMEHHOE HANpS-
KeHHe Mexay 0a30d M IMHTTEPOM He MOXeT OwiTh Oosbuie 0,5+ 0,8 B. B cxeme ¢ OK
BXOAHOM CUIHa/ AeHCTBYET Ha YIPABJSAIOLIEM y4acTKe, IPOXOAs 4epe3 Harpysky, T. €.
BXO/IHO¥ CHUIHAJI PACTIPEAEIIAETCA MEXK/Y YIACTKOM YCHIIEHUS U HArpy3Koit (puc. 24. 1 a).
Harnipumep, €ciu nepeMeHHbil BXOAHON curHan paseH 5 B, u3 nux 4.5 B selfcTByioT Ha
Harpy3ky u 0,5 B neficTByroT Ha ynpabastrolMi yuactok (puc. 24. 116). Celtuac yxe siCHO,
YTO [N 3amycka OecTpaHcOpPMATOPHBIX BBIXOAHBLIX KACKAJOB HYXHbI 3HAYMTEIbHbIE
[IEpEMEHHDBIE BXO/IHbIE HATIPSDKCHHA, T. €. NEPEJ HUMH JIOJDKHbI ObITh X015 Obl O/IHH — /1BA
HPEABAPHTEAbLHbIX KACKAAA.

Tenepb ocTaHOBMUMCH Ha BONpoce 00 ycTpaHenuu dazonusepcHoro tpancopmaropa,
OCHOBHAd 347a4a KOTOPOIro COCTOMT B obecreueHny ABYX NPOTHBODA3HBIX HANPIKEHHI.
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3T0T TpaHcHOPMATOP MOXET OBITh YCTPAHEH, €CJIM BHIOPATH BBIXOAHBIE TPAH3UCTOPLI
¢ MPOTHBOMOJIOXKHON MPOBOJAMMOCTLIO, T. €. OANH LOJDKCH OBITH THUIIA n-p-1i, 4 APYroii
-~ THNA p-n-p, B TO BPEMs KaK MX OCTASIbHbIE MAPaMETPbl (MOIIHOCTDL, KOIhPUITHEHT
ycuaenus B u mp.) D0JDKHBI ObiTh OauHakoBbiMu. [TomoOpaunbie Takum obpazom asa
IPaH3NCTOPA HA3bIBAIOTCH KOMHAEMEHMApHOU hapod WM TPAH3UCTOPAMHU C JOnOAHU-

Cxema ¢ odw. koraexmopom( smummepHoid nobmopumens)

o— 1 [oZ f

Usa T 0358

- \_’

ZIJX / 55

Ugox 1 458
O 4 O— \ .

a) 7
Puc. 24.11. a) B cxeme ¢ OK BXOIHOE NEPEMCHHOE HANPSKEHUC paCTipelic-

ASeTCS MEXKAY YUPABISIOLMM NEPEXOnOM ¥ MEXIY HArpY3KOW: §) nepeMe-
HOE HANPSHKEHUE HA YIPABJISIOIIEM JIEPEX0/IE HAMHOIO MEHBIIE, YeM Ha Ha-

rpy3ke
meabtoil cummempueit. Baxueiiinas ocOGEHHOCTh TaKOTO BBIXOIHOTO KacKaja COCTOMT
B TOM, YTO OH YWpaBJSIeTCA HE JIBYMs CHTHAJaMu B NpoTHBOdA3E, a4 TOJBKO OJHUM
CHIHAJOM, T. €. OH MMEET TOJIbKO OIMH BXOA. DTO MoKa3zano Ha puc. 24. 12, roe npH
NOJOXUTECIBHOM BXOJHOM CHCHAj€ (BXOMHOH MEepeMEHHBIH TOK MOKA3aH BOJHUCTOH JH-

P

9

Puc. 24.12. a) B OQMH (IOJYHEPUOA OTKPLIBAETCS TOJBLKO TpaHiucrop T>: ) B ApYroi
noAynepuoa OTKphlBaeTcs Tpansuctop T

HUEH) OTKPHIBAETCH TOJIBKO HIKHHUA TPAH3HUCTOP, T. €. MEPEMEHHbIH KOJUIEKTOPHBIA TOK
NPOTEKAET TOJBKO HEPE3 HMXKHEE MIe40 cxeMbl. TIpH OTpHIATEILHOM BXOIHOM CHTHAJE
OTIIMPAETCA TOJILKO BEPXHUH TPAH3UCTOP, T. €. NEPEMEHHBIH KOJUIEKTOPHBIA TOK IPO-
TEKAeT TOJIbKO 4E€pPe3 BEPXHEE MJIEYO CXeMbl. TakuM 0Opa3oM B OJHH TIOJIYIIEPHOJ TOK
uepe3 HArpy3Ky NIpOTEKaeT B OHHOM HANpPaBJICHUM, a B CJCAYIOLHME TONMYNEpHox — B
apyrom. Hezocratok 2To# CxeMBI B TOM, 4YTO OHA NHMTACTCA OT ABYX HCTOYHHKOB TOKA
M, KpOME TOro, 6a3sl TPAH3UCTOPOB ILJIaBaOIINE.

BTHX HELOCTATKOB MOXHO u30exaTh B CXeMe, JaHHOM Ha puc. 24. 13, rae, Kpome
OKOHEYHOTO, TIOKA3aH ¥ IIPeABAPUTEILHBIN KacKal. 3/1ech BOJIHUCTOR JMHUEH 0003HAYEH
BXOJIHOM H BLIXOJHOM NEpEMEHHbIH TOK TpaH3ucTopa T B MEPBLIH U BTOPOH NOJYNIEPHOI.
OGpaTuTe BHHMAaHHME, YTO BLIXOAHOW MEPEMEHHBLIM TOK TpaH3ucTopa 7| B MHepBhli 10-
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JIYNCPpHUO OTKPBIBAET TPAH3UCTOD T2 H B €ro KOJUIGKTOpHOI\;I Henyv npoTeKacT NEpeMEeH-
HbI# TOK, BLI3LIBACMbIH 3apKEHHBIM KOHACHCATOPOM CZ- le/l OTCYTCTBUM CHIHAJIa
KOHACHCATOPD C2 3apsDKEH OO HANPSAXKCHHA, PABHOTO IIOJJOBHHE HANPSIXKEHUS UCTOYHHUKA

Rz
%
) ] -

[€c

+ 3

S L8oixTy

a -9
Puc. 24.13. a) oauu nosynepuos paboTAET TOJIBKO TPAH3UCTOP T>; G/ HPYIroi Mo:ylepHod paboraeT TpaH-
suctop T3

TOKa. Bo BTOpOM nojiynepuosie nepeMeHHblil TOK TpauzucTopa 7 OTKPHIBAET TpaH3uc-
TOP T3 H B €r0 KOJICKTOPHOM IENH IPOTEKAET [IEPEMEHHbIH TOK, BRI3BAHHBIN PA3HOCTHLEO
HanpsSXeHHH HCTOYHHKA TOKa M KoHaencatopa C,.

Ha puc. 24. 14 noxazana xonkpeTHas cxema HY ycunurens ¢ GecTpancdopMaTOPHBIM
BBIXOJHBIM KACK3JOM C BBIXONHOH MomHocTbio 0,1 Br1. 3Hauenus pesuctopoB R, n Rs

Mnlf’A. MI41A  g9a=u
R 4 3x0m -98
4+80m
I; 500,0/128
T,-MN426
T,-M138A

Puc. 24.14. Cxema GecTpaHchOpMATOPHOrO HUIKOUACTOTHOIO YCHIUTEINA

oAOMpalOTCs ONBITHBIM IIYTEM C YYETOM TOI'O, YTOOBI KOJUIEKTOPHbIE TOKH TPaH3HC-
topos T; u T, 6puin paBHbl 1 MA. [locpeacTBom TpumMmep-noTeHuMoMeTpa Rg nodu-
BaeMcCs HauDbOJIee YNCTOTO 3BYKA B YCHIIMTENE, T. €. MUHHMAJIbLHBLIX HEJIMHEMHBIX HCKa-
xenmit. Juon [ cayXuT I8 TeMIEPaTYPHOH CTaOHIIM3AIMN BLIXOIHBIX TPAH3MCTOPOB.
KpoMe yka3aHHBIX BEIXOJHBIX TPAH3UCTOPOB, C YCTIEXOM MOTYT OBITh MCTIOJBL3OBAHBI
cnenyroime: apbi: ['T4026 u I'T4046, MI138 u MI142 u 1. &.
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JATIOMHUMTE!

1. DJleKTpoHNBIE YCTPOHCTBA OOLIMNO COCTOST M3 HECKOJbKHX YCHJIHMTEJbHBLIX KAC-
Kkaaos. CHraaj, noxaBaeMblil X YCHJIMTENIO, MPEkK/e BCEr0 YCHIMBAETCS MEpBhLIM
KACKaJOM, HOTOM BTOPHIM M T. /., MOKA He JOHAET 10 IPOMKOTrOBOPHTEJIA.

2. OcHoBHoil mapaMeTp M0GOro YCHIHTENLHOr0 KACKAIA — €0 BXO/IHOE M BLIXOJHOE
CONPOTHBIEHHE TIO TIepeMEeRHOMY TOKY, MOCKOJIbKY CHIHAJI, KOTOPLIil noaaercst o
O/IHOT0 KACKAa/1a K JIPYI oMY, Nle peMEHHbI.

3. Bakneiimuii BONPOC NpH CoOeIHHEHAN OTAEHbHBIX YCH/IMTEIbHBIX KACKAJZ0B — HX
COrJIACOBAHME, T. €. BbIOOP COOTBETCTBYIOLIEr0 COOTHOMICHHN MeX/AY BbIXOIHLIM
CONPOTHBACHHEM UPCIbIAYINCI0 KACKAaAa M BXOJHBIM CONPOTHB/ICHHEM CJIENYIO-
mero Kackaaa.

4. ITpeana3Havense BBIXOIHBIX KACKAJ0B — YCHJIMBATHL MOIIHOCTL NOJIE3HBIX CHI-
HAJIOB JUISl 3aNYCKAa TI'POMKOrOBOPHTENN, NOITOMY 3/1eChb TOKH H HanpsHKeHHs
HMEIOT 00J/IbIINE 3HAYECHUM.

S. Beuay 3HauMTeIbHOH MOIHOCTH BbIXOJHLIX KACKaJA0B OCHOBHLIM TpPeOOBaIHHEM
K HEM AIBJASICTCS IKOHOMHYHOCTD, T. €. BO3MOKHO Gossimmii k. 0. 1. U nockoibky
JBYXTAKTHAsi CXeMa HMeeT RAHGOJIbINME K. I. J., BBIXOJHBIE KACKAIbl GOJIbIINMH-
CTBA COBPEMEHHBIX PAJMOIICKTPOHHBIX YCTPOHCTB BLINIOJHEHLI MO JABYXTAKTHOMH
cxeme.

25
JIaGopaTopusi paauoooHTe/Is

25. 1. O0uMe cBeACHUA

} JIMOJIEKTPOHHKA — HAYKa NPUKJIAJHASA, H CC M3YYEHHE HEMbICIMMO Oe3 npakTH-
yeckrx 3aHaTHil. CyIecTByeT MHEHHE, TO NPEXJE YEM HAYaTh COOMPATH MPOCTHIC KOH-
CTPYKLMH, CJEyeT MPEABAPHTENBHO O3HAKOMHTLCS C PAJOM OCHOBHBIX TE€OPETHHYECKHX
IO0MEHHI ITEKTPOTEXHUAKH, TTOTYIPOBOAHUKOB ¥ T. 1. JIpyrue CUMTaloT, 4T0 MOJIOI0H
pamMomIoOHTENb MOXET Ha4aTh CBOIO JCATEILHOCTh C KOHCTPYMPOBAaHMSI NPOCTBIX
yCTPOHCTB Ge3 O3HAKOMIICHHS C 3JIEMEHTapHoi Teopued. C HameHd TOYKM 3penus oba
MHEHHs CJMIIKOM KaTeropuunbi. OUBIT IOKa3BIBAET, YTO XOPOILUME PE3YJNLTATEI TOJdY-
4ajoTCa TOTAR, KOrda TEopusa M mpaktmka MAyT Bmecte. [1o3TOMY Mbl pexoMeHiyem
HAYMHAIOIIMM PaJHOTIOGHTENSM OQHOBPEMEHHO € M3YYCHHEM SJIEMEHTAPHOW TEOPHH
MPUCTYNHTL K O3HAKOMJICHHIO C PA3JIMYHBIMHA PAJUOJETAISIME B MATEPUAJIAMH U C KOH-
CTPYMPOBAHAEM TIPOCTHIX HIEKTPOHHBIX yCTPOHCTB. C 3TOM Uebio paanoobuTests 1011-
JKeH HavyaTb OPraHM3alMIO CBOEH ,J1abopaTopuu™. 3/eChb UMEETCH B BUAY HE KAKOE-TO
CaMOCTOSTEIbHOE TIOMEHICHHE, a4 YroJl KOMHATBl, B KOTOPOM MOXHO NOCTABUTH CTOJ
WIH ellle JIyvIle KaKoi-HuOyab CTAphili MHCEMEHHBIH CTOJI ¢ AUIHKAMH Ul HHCTPYMEHTOB
M MaTEPHaJIOB. :

ITepeunic/iuM H CaMble HEOOXOAMMblE WHCTPYMEHTHI: KOMOWHHMPOBaHHBIH HM3MEpH-
TesibHBIHl TPUBOP (AMIEP-BOJILT-OMMETD), WHAYKLHMOHHBIH (MM OObIMHBIA) NasIbHHUK,
IJIOCKOTYOLBI, KyCAYKH, OTBEPTKM — MaJleHbKas M CPE/IHAs, MOJIOTOYEK, MHMHIET, Ne-
POYMHHBIA HOXKHK, HOXOBKA, HeOOMbIIAS pyYHAs JAPESb, UIMJIO, CBEPJIA PA3JIMYHOTO Aua-
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MeTpa, TPEYroJIbHUK., HOXHMLLL JJ1S Pe3Ku Kejesa ¥ np. A Hanbonee HeoOXOAUMBbIL
MaTeEpHaNsl clieAyHoIure; npumnoi, kauudons, meansii nposoa [IDJ1 pasnuynoro ama-
\eTpa, HEM3OJMPOBAHHBIH MOHTAXHbBIH MPOBOJ, TETHHAKCOBDBIC MIATKY PA3IHYHBIX pas-
MEPOB, U3OJISILIMOHHbIE TPYOOUuKH (KeMOPUK) pa3iMyHOrO AMAMETPA, PA3HbIE KOHILH-
CATOPBL, PE3UCTOPBI, MOTEHIHOMETPBI, TPAH3UCTOPBI, JHOAbI, CTAPbIC TPAHCHOPMATOPHI
i T. A

[¢

Puc. 25.1. Ipo6uoe waccu A8 MaKeToB

IMpu cBOpKe INMEKTPOHHBIX YCTPONUCTB PEKOMEHIYETCS UCTIOJIB30BATh MPOOHOE 1IACCH,
Ha KOTOPOM BBIMOJIHAETCS NMEPBOHAYAIBHBIA MOHTaX, IPH 3TOM KOHIBI PE3UCTOPOB,
JMOJOB, TPAH3MCTOPOB, KOHAEHCATOPOB M T. J. He noape3arorcs. Takoe mpobHOe maccu
nokazano Ha puc. 25. 1. OHo npexactasiseT coboM IeTMHAKCOBYHO IJIATKY pa3MeEpaMH
npuMeprO 250x150x3 MM, Ha KOTOPOH B IIaXMAaTHOM MOPSJIKE NPOOMTHI OTBEPCTHSA Ha
pacctosHuM 15 MM OZMH OT OPYroro, B KOTOPBIX 3aKpeNJIeHbl MOHTAXHbBIE YILIKH.

Ha miatke MOXHO HPOCBEPNUTH H APYrHE OTBEPCTUA NS 3aKpeilieHus (PeppUTHOH
AHTEHHbI, NOTCHIUOMETPOB H IIp. :

25. 2. baTapen H aKKyMYJISITOpPbI

IMuTanue pasnMYHBIX PagMO3IEKTPOHHBIX YCTPOHCTB OCYLIECTBISCTCS OT OaTapei,
AKKYMYJSITOPOB M BbITIPSIMHUTENEH,

batapes — 3TO rajibBaHHYECKHE JJIEMEHTBI, B KOTOPbIX XMMMWUECKAs JHEPIUsl npe-
BpaLLAeTCsl B WIEKTpuueckyto. OHU HCTIONBL3YIOTCA OHOKPATHO M NMOCJE TOro, Kak ,.Cs-
LyT", ux 3aMenstoT HOBbIMH. Ha puc. 25. 2 nokaszansl Hanbonee yacto ynorpebisemble
Gataper BMeCTe ¢ UX OOO3HAUCHHEM.

IMpu oTcyTcTBuM noTpebnenus (Ha ,,XOJIOCTOM XOLY™) HAMNPSDKEHHE HA KJIeMMaX
(nosocax) moboil 6atapen paBHo ee IJIC. IMpu Hanuuumn notTpebiieHNs HaNpsAKEHUE
Ha kiemMMax MeHblle JIC, T. K. UMEETCs NajeHne HANPSOKEHUS Ha BHYTPEHHEM COMPO-
THBjenun (puc. 25. 3a).

D1a 0coOEHHOCTb OUYEHb Ba)KkHa [/ JKOOOTO HMCTOYHMKA TOKA M BLIPAXKACTCH €ro
Harpy3o4yHo# xapaktepuctukod. Ha puc. 25. 36 nokazaHbl XapaKTepUCTUKH UACANBHOTO
UCTOYHHKA TOKA, AKKYMYJATOPA M TUIOCKOW Datapen. Bumno, yto uem Gosiblile BHYT-
peHHee CONPOTHBJIEHNE, TeM ObICTpee YMEHbUIAETCS HAIPSIKEHHE HA KJIEMMax Npu yBe-
nuueHny notpebnenus. CnenyeT OTMETHTB, YTO BHYTPEHHEE COTPOTHUBJICHHUE HOBBIX 0a-
tapeii pasio 110 Om, a nocie ynotpebnenus 100 500 Om.

162



AKKVMYJISITOPBL  SIBIAFOTCS. BTOPHYHBIMWU HCTOYHMKAMH DJIEKTPHUUYCCKOH DHCPIHM.
T. €. UX HAaJO0 3aPSAAUTh, NPEXIe YeM UCMOJB30BaTh. Ha puc. 25. 4 noka3aH JIUCKOBbBIN
akxymyastop tuna HKI (Hukenb-kaamuesbiii-repMeTvyeckuii), 4 pailoM 1OKd3aHa aKKy-

RE Rl4u P20 IRz 6F22

Puc. 25.2. Pazanunele Buust GaTapeit

MYJIATOPHAs 6aTapes[, KOTOpas COCTOHUT M3 7 nociieA0BaTENbHO COEAMHCHHbBIX AUCKOBbBIX

aKKyMYJISTOPOB.
B 3apsixeHHOM COCTOSIHMHM ANCKOBbIe akkymynsTopsl Thna HKT umeroT nanpsxenue

1,5 B, u 1o mepe paspshKeHHs] OHO He AOJDKHO najaTh nmke 1,1 B. Hanpumep, B

-
ACcmoyHUK moka ] -

§6‘ Ndeanrnsia ucmaoysuk moka E=68R=0

3 ——

N Akkym,

2 YMYAIMOp =68, p, =
L Ri=0,015
Q
3
%»z
&

3]
x 1 | 1 1 1 1
0 g2 04 06 a8 10 12 LA

d) flompedagaensid mox

Puc. 25.3. a) 3KBUBdJICHTHAs CXeMa HCTOYHHKA TOKd; 0/ HATPY3OUHBIC XAPAKTEPUCTHKU Pai-
JIHYHBIX UCTOYHHKOB TOKA

+ | Axkymyasmoprag 1 +
| damapes 74-0,1 E |

Puc. 25.4. MUHHATIOPHBIE AKKYMYJISTOPbI

3apsHKEHHOM COCTOSIHMH aKkyMysisiTopHas 6arapes 7] —0,1 umeeT Hanpsokenue 8,75 B,

a B paspsokeHHoM — 7 B.
3apsika akKyMyJSTOPOB NPOM3BOJMTCS NPHU TOMOUIM COOTBETCTBYIOIUMX BBHIPS-

MUTeNEH, a 3aPSUTHBIA TOK M BpeMs 32 PS/IKH YKA3bIBACTCA 3dBOA0M-IPOU3BOAUTEICM.



25. 3. CeteBble TpancgopMaTopbl

CereBble TpaHcHOpMATOpPLI SBISIOTCS COCTABHOH YacThIO NOYTH KAXIOIO 9JIEK-
TPOHHOI'O YCTPOKCTBA, NMUTAFOLIETOCH OT JJEKTpoceTH. Paanonroburenu obbIuHO He mo-
KYNA¥OT FOTOBBIX TPAHCPOPMATOPOB, @ HAMATHIBAIOT MX CAMH, MCHIOJIb3YS NOIXOIALUIHI
Maruutonposod. Yame Bcero ucnonpsyror 1-06pa3ublit MArHHTONPOBO, TIPH 3TOM HA
€ro CpeHee MU0 HAMATHIBAIOT APYT HA ApYra (MJd PSAOM APYT C APYTOM) HEPBHYHYIO

Y
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'r Y 19 |
I :
|
1Sl
| il
| |
LA~
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I
U, &

Puc. 25.5. a) ycTpoHCTBO TPAHCHOPMATOPOB; &) pA3IMEpPhI XEJE3HOTO AApa

U BTOpHYHYI0 0OMOTKM (puc. 25. Sa). I11acTHHBI 3TOrO MArHMUTONPOBOAA CTaHAAPTH-
30BaHbl, 4 TOJIMHA NMakeTa BBIOMpaeTCcs KOHCTPYKTOpOoM. OCHOBHOH BEJIMYMHOMN 316Ch
ABJAETCH CEMEHHE MATHUTONPOBOAA O, (puc. 25. 56), 1 KOTOPOro MoOXeM: 3aMUCATh
O, =ac. [lpyras BenMYMHA — IUIOUIA[Ib OKHA, paBHas S, =bhh.

[Tpu pacyete TpaHCHOPMATOPOB APEABAPUTEILHO 3aJAHHBLIMM BeaMuMHAMU (T. €.
H3BECTHBLIMHU) SIBIAIOTCA HanpsbkeHue cetd U =220 B, nomuuHanbHoe Hampsbkeuue U
BTOPHYHOH OOMOTKHM, HOMHHAJIbHBIH TOK /, 4epe3 Harpy3ky, HOMHHAILHAS BTOPUYHASN

Tabanua 25,1

Mouocrs  Ceuenune Yucno vu-  Auamerp Yucno surkos Motuwmnocr,  Ceuenue Yucio su-  Jduamerp Yuciio sHTKOB
BO BIOPpHY-  MAlLHHTO- FKOB 1iep-  1IpOBOAY Ha o1nH BO BTOPUY-  MAlillMTO- TKOB lep- npoBojd Ha OJIMH
HOM obmor- puE BHYHOH HEPBHUNHOHE  BOALT HOll 0BMOT- NpoOBOMY BUYHOMH nepsBMYHOR  BOALT
Ke Oxc- M~ 0bmoTKH obmoTKr wiB Ke O M 0OMOTKH 0BMOTKH wIB
Py, Br (O] dy. mm Py, Br wy dy, mm
1 2 3 3 5 1 2 3 3 5
0,5 1,0 9900 0,05 45 32 7,5 1320 0,35 6,0
1 1,4 7100 0,06 32 36 7.9 1250 0,37 5.7
2 2,1 4650 0,08 21 40 8,3 1190 0,40 5.4
4 3.0 3300 0,12 15 46 8.9 1120 0,42 5.1
6 3.7 2650 0,15 12 52 9,2 1080 0,45 4.9
8 4,2 2360 0,17 10,7 60 9.8 1000 0,48 4,6
10 4.6 2180 0,19 9.8 70 10,3 950 0,52 4.3
12 5,0 1980 0,21 9,0 80 11,0 900 0,55 4.1
14 5.3 1870 0,23 8.5 90 1,7 860 0,59 39
16 5.6 1760 0,25 8,0 100 12,3 815 0,62 3,7
18 5.9 1670 0,27 7,6 120 13,4 750 0,68 34
20 6.2 1600 0,28 7.3 140 i4,5 680 0,73 3.1
160 15,5 640 0,78 2,9
24 6.6 1500 0,29 6,8 180 16,5 600 0,80 2,7
28 7.1 1400 0,32 6,4 200 17.3 570 0,86 2.6



MOILIHOCTL P, = U,l,. (Eciu TpaHchopmMaTop coaep uT aBe U 00Jee BTOPHUUHBIX 00N -
TOK, HOMHMHAJIbHAS BTOPHYHAS MOINHOCTb ero paBHa P,=U,L+U; L+ ... )

Jlis ObICTPOro pacyeTa MaJIOMOIIHBIX CeTeRbIXx TpaHchopmaropos ¢ U-06paziibiv
MarHHTONPOBOAOM MOXHO UCHIONB30BaTh Tabs. 25. 1. B Hell JaHbl BTOpHYHAA MOULHOCTD
P,, ceueHUe MAarHMTonpoBoda (I, KOJIMYECTBO BHTKOB W B MEPBUYHOI OOMOTKE 11pH

=220 B, anameTp d; npoBoga NMEPBUYHONW OOMOTKM, UMCJIO BUTKOB Hd OjIHH BOIILT

WigB.
Ha npumepe paccMoTpuMm, Kak Ha-
[0 UCTIONTB30BAaThL TAOJIMILY. Tabnuua 25. 2
Hp"Mep 25. 1. Paccuutarts ceTeBoH Jldamerp H3QuMPOBAHHOL O IIPOBOIA Koppekims
TpauchopMaTop ¢ JAaHHBIMU: a1 M
U, =220 B, U,=9 B, ,=0,2 A. Ot 0.05 a0 0,09 0.01
OnpeaengeM  BTOPUYHYIO  MOIII- 0,10 0.19 0.01
HOCTb  Py=U,,=9.02=18  Br. 0,20 02 0.2
OxpyrisieM  MOLIHOCTb  BTOPUYHOI g%g 0.39 83;
obmotku P,=2 Br. U3 Tabn. 25. 1 0.40 0.49 0.03
HAXOJMM cneﬂyroull/le BEJIMYMHBL Q. = 0.50 0.70 0,04
=2,1 cm?, w;=4650 Butkos. d, =008 0.70 1.00 0.05
1,00 2.00 0,06

MM, HYMCJIO BHUTKOB HA O[MH BOJIbT
wig=21. Hucno BUTKOB BO BTOPHUHOI
O6MOTKC Haxoaum 1o dbopmysie wr=1,1 U,np=1,1.9.21 =210 BuTkKoB.

Jns onpeaenenus AuaMeTpa nposona BO BTOPHUYHON 0OMOTKE MCIOIb3YEM (bopMyny
d,=0,025 \/I =0.025 /200 = 0,35MM,Tae ToK /, MoacTaBnseM B MA.

[Mpu cbopke JOOUTENBCKUX CETEBBLIX TPAHCHOPMATOPOB HAAOG W3MEPHUTL JIHAMETP
MEIHOTO 3MAJIMPOBAHHOIO NpoBoAa. I1pu OTCYTCTBUH MUKPOMETPA HU3MEPAEM CIICIYHO-
wpM o0pazom. Ha oObiuHblil kapaHaall HamaTbiBaeM IUIOTHO APYr K APYry BUTKH
npoBoAa Tak, uToObl UX obuas manmuHa Obuta 20 MM (puc 25. 6«). Tlocac yroro orma-
THIBAEM M CUMTAEM, CKOJILKO BUTKOB Ob110 HaMoTano. JouycTuMm. ux obuto 57. Toraa
geaum 20:57=0,35. CiepoBatelibHO, AMAMETDP MPOBOJAA ¢ H3ossiuued pased 0.35 MM,
Jlna onpenencuust auamMeTpa 06e3 HM30J9HMK HEOOXOJMMA KOPPEKIMS COrnacHo Talu.
25.2. B HavieM cay4uae koppekimg 0.03. Takum obpazom. auaMeTp 6e3 HU30J91UM 110~
ayqaetcs 0,35—0,03=0.32 mm.

Ecnau manHag oOMOTKa (HANPUMED BTOPUMHASN) COAEPXKUT HEDOBLIOE UYMCIO BUTKOB,
€e MOXHO HaMmoTaTh ..0T pyku™. OnHako, cciin 0OMOTKA COAEpPXHUT OONbIIEC BUTKOR
(HanpuMep, MEPBUUHAA), €€ MOXHO HAMOTATb IMpH MOMOLIM PY4YHOH ApEnU. B MaTpoue
KOTOPOi 3aKPEIISETCA NOAXCASILMA BUHT ¢ ABYMs raifkamu (puc. 25. 60).
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Puc. 25.6. «) npocroii cnocod HIMEPCHHS AMAMCTPA ITPOBOAHMKA: OJ LI HAMOIKH
0OMOTOK MOXHO MCTIOAbL30BATL APCTb



Ha puc. 25.74 nokasaHo, KdKk MOXHO C[edaTh CAMOJC/bHbIN KapKac AJd TpaHC-
(popmatopa. On jgenaercs M3 KPENKOro KapTOHA TONIUMHOW npuMepHo 1.5+2 mm ¢
HOMOLILIO HOHHILL UAKM NEPOYMHHOIO HO¥kKA. OTHENbHBIC YAaCTH KAPKACA CKIEMBAIOTCS
NOAXOJIALINM KITEEM, a CBEPXY OOMATLIBAIOTCS HUTKO.

Puc. 25.7. @) TaKk AeNaeTcs KATYIWKa; &) 3aKperieHUe BhIBOIA

BriBoasl 0OMOTKH, HAMOTAHHOM TOHKMM TPOBOJAOM, [elaroT u3 0oJiee TOJCTOro
npoBoga (puc. 25. 76), KOTOphIA NoOcCie NaiKH W30JUPYETCH COrHYTBIM KYCOYKOM BaT-
MaHa.

25. 4. PeryMpyeMblii CTAOMJIH3HPOBAHHLII BLINPAMUTE/Ib

Oano 13 HauboJiee BaKHBIX YCTPOMNCTB B JIADOPATOPHH FOHOTO paaMoatoburesis —
3TO PEryJIUpYeMblil CTaOMAN3UPOBAHHBIA BLINIpAMHTENb. C €ro MOMOLIBIO MOXHO HPO-
BEPHUTH pA3JIMYHBIE CXEMBI, OCYIIECTBHTh NHTAHHE PA3MUYHBIX YCTPOMCTB, CHSTH
BOJbT-aMIIEPHBIC XAPAKTEPUCTHKH, JIETKO YCTAHOBUTb HAIMPSDKEHME CTAaOWIN3ALMK OTIOp-
HbIX JMOJIOB MU TIp.

M426  1210A+8

—
]
,’;’ 0138
k0 4,54
1x0OM
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Puc. 25.8. CxeMa peryJMpyeMoro CTabuIN3HPOBAHHOIO BBIIPSIMHTENST TOKA

CxeMa BpIIpAMHTENA HoKasaHa Ha puc. 25. 8. CereBoit TpanchopmMaTop HaMaThbl-
paeTcsa Ha [I-06pasublif MarruTONPOBO/ cevenueM 5 cm?, [lepBruunHas 06GMOTKA COTEPKUT
1980 BUTKOB HMaJMPOBAHHOTO NIpoBoAa AnametTpom 0,12 MM, a BropuuHast — 135 BUTKOB
IMaNUpPOBaHHOrO MpoBoja auametpoM 0,55 mm. Tounoe 3naueHue pezucropa R, omnpe-
JENSeTCsl ONBITHBIM MYTEM C YYETOM TOrO, 4TOOBI TOK, MPOTEKAIOLMI MO HeMy. Obin
okono 15 MA. Tpauzuctop 7| MOXKHO 3aMEHUTH TpaH3ucTopaMu MI139, MTI140, MT141
¥ mp., a Tpausuctop T, MOXHO 3aMeHUTh Tpansuctopamu I1210, 11213, 1216 u np.
Yto6bl He HArpeBaics TPAH3UCTOP 7>, OH YKPEHafeTcs Ha CAMOJIENLHOM DPaauatope.
NpeCTaBAsIoNieM CoOOR aJIOMMHHEBYHO TUIACTHHY, pasmepami 40x70 MM. TONILHMHOI
2 =4 mMm. PexoMeHayeM MOHTHUPOBATH BBIMPSIMUTEIL B ILIACTMACCOBOH KOpPOOKe. Bbl-
BECTH KHOTIKY R, HApYXY M CAENAThb IFprIyHPOBKY B BOJILTaX.
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25. 5. INposepka HCNPABHOCTH JHOA0B N TPAH3HCTOPOB

[Ipu paboTe ¢ qMOJAMH M TPAH3UCTOPaMH OCOOEHHO BaXHO OBITH YBEPEHHBIM, YTO
OHM ucrpaBHbl. Jlerue Bcero MPOBEPUTbH ITO OMMETPOM, KOTOpbIH OOBIYHO sBIIAETCA
COCTaBHOI uacTbio KoMOuHHpoBaHHOro Tpudopa. Ilepea TeM, Kak paccMOTPETb CXeMy

fpamoe Hanpabaeuue Odpamuoe Hanpabrenue
~(a)- @)=
o/
10-100 Om Ge manam IU%KOM Ge maram.
_J10-150 Om Si —» — ! MOm S —ao—
o 2-20 Om Ge Beinpam Katp > 50 k0m Ge Boinpam.

5-30 O0mM St — v — S500x0mM S —, —

Puc. 25.9. [MpoBepka HCHPABHOCTH AMOIOB OMMETPOM

caMoil IpOBEPKH, CIEAYET CKa3aTh, YTO 3HAKOM ,,+ “ 00O3Ha4YeHA Ta KJIeMMa OMMETpa,
KOTOpasi COSAMHEHA C TNMOJIOKHUTEILHBIM MOJFOCOM BCTPOEHHOTO MCTOYHMKa Toka. B He-
KOTOPBIX KOMOMHHUPOBAHHLIX aMNEp-BONbT-OMMETPaxX 3Td KJIEMMa HMEET MapKHpPOBKY
-+, a B IpYrux KJeMMa MapKupyeTcs 3HakoM ,.— . Cieq0oBaTenbHO. BHAYANE N1ado
BHLACHUMb, ¢ KAKUM HIUNOM OSLMEMpPA Atbl padomdae.

ITonynpoBOJAHUKOBBIE NHO/bI SIBJISIIOTCS HCIPABHBIMHM, KOrJa HUMEIOT OOHOCTOPOH-
HIOIO ApoBOAMMOCTb. Ilpn M3MEpEHHH OMMETPOM HX CONPOTHUBIICHHS AOJKHBI ObITh
nopsaka JaHHbIX Ha puc. 25. 9. Eciau pauueit guoa B 0OOWX HAMPABICHUSAX HUMEET
HyJIeBOE COIIPOTHUBJIEHME MM OECKOHEYHO 60MbLIOE, TO OH HEUCIIPABEH.

BunongpHbid TPaH3UCTOP KCIPABEH TOrJa, KOrAa MCIpaBHbl oba ero mepexosa u
MEXOYy €ro 2JIEKTPoJaMM HET KOPOTKOIO 3amblkaHusg. [IpH M3MepeHHH OMMETPOM Co-
NPOTHUBJIEHUS HEPEXONOB JOJDKHBI ObITh TAKOTO K€ MOPAIKA, KaK U Te, YTO MOKa3aHhbI
Ha puc. 25. 10. Tlocae 3Toro cieayer MPOBEPUTH LENb 3IMUTTEP-KOJIEKTOD B 00OMX
HanpaBJICHHSIX, TIPUYEM 3HAYEHUS CONPOTHBIACHHH, KOTOPBIE JOJDKHBI MMETh MCIIPaBHbIE
TPAH3UCTOPSBI, AaHbl Ha puc. 25. 11. [Ipn HanMuuK KOPOTKOTO 3aMbIKAHUS MEXKIY JIeK-
TpoaaMM TPaH3UCTOP HempuroAeH K padore.

C MOMOIIbI0 MUIITHAMIIEPMETPA MOXKHO JIETKO Onpeae;iuTh Ko3ppuunueHT ycuenus
B mo60ro TpPaH3UCTOpA, HCIONbL3Ys CXEMY, JaHHyIO Ha puc. 25. 12. Pesuctop R; orpa-
HMYMTEJIBHBIN M CAYXHT IS NpeAOXpaHeHusi npubopa B TOM ciiydae, €clld TPaH3UCTOP
OKaXeTCs HEMCNpaBHbIM. Ecnin /| —H3MepeHHbIH KOJLIEKTOPHBIH TOK B NMOJIOXEHUU KO-
ya /, a [,-n3mMepeHHbIil KOMIEKTOPHBIA TOK B TOJIOXKEHHU Kilkoda 2, TO KOIpPUIMENHT
B onpenensiercst no dopmyJie

B=100(/,—1)), (25. 1),

TIE TOKH U3MCPSIIOTCA B MUJIJIMAMIIEpaX.

[Ipu usmMepennn n-p-n TPaH3UCTOPOB NOJIIPHOCTHL OaTapeu npubopa MOMKHA OLITh
obpaTHOM.

IIpumep 25. 2. Tlpu TpaH3ucTOpE, BKJIIOYEHHOM MO CXEMeE, JaHHOH Ha puc. 25, 12,
nosysaetca /=12 MmA u [,=2,1 MA. KakoB ero xosdduumuerT ycunenus no toky?
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[MoacTapass AanHble B dopmyny (25. 1). nonywaem =100 (2,1—1,2)=90.

CrieayeT TIOMYEPKHYTb, 4TO JaHHas Bbllle (Gopmyna sl ONPEACNCHHs BEJIMYMHbI
k0 PULHEHTA B OTHOCHTCS TOJILKO K TOMY CJIY4al0, KOTAA TOUHO COOJIOACHBI 3HAYCHUS
PE3UCTOPOB M HAMPSDKEHUS MHUTAHMS, YKa3aHHblE HA puc. 25. 12.

flpsmoe nanpabrenue Obpamuoe nanpabpenue
_;4_ | n-p-n l +;— +é —‘ n-p-n = +
%—5}52 p-n-p E(‘ @)+ L= :)5 p-n-p i ; :_
5+50 0m Sz 500 xk0mSi
knp = 22200M Ge RDip) 20 k0m Ge

Puc. 25.10. TpoBepKd WCUPABHOCTH NEPEXOROB TPAIBUCTOPE OMMETPOM

IMposepka TpaH3ucTOpoB OyneT HauboJice MONHON, €C/TH €€ NPOBOJAUTHL B TEHEpa-
TOPHOM pPEXHME. ITO MOXHO CHEIaTh ¢ NOMOLILIO W3MEPHUTEN TPAH3UCTOPOB, TIOKa-
3aHHOTO Ha pHC. 25. 13, XOTOPBIA MOXET yuecThb M UX KO3bHUMEHT ycuiesus .

B miacTMaccoBoit kopobke MOHTHpOBaHbl: TpaHchOpMaTOp, MOTEHIMOMETpP, KOH-
JEHCATOP M PE3MCTOP, MUHMATIOPHAA JlaMria TJIEIOLLEro pa3psaaa, a K BHEUIHEH CTOPOHE

lIpamoe nanpabaenue O06pamuoe wanpabaesue
10c0M Si 100x0m Si
Rrp> S 5000m Ge marom. Rogp> {5 «kOmM Ge marom.
20 0m Ge mown. ! kOm Ge mown.
Puc. 25.11. TlpoBepka HCMPABHOCTH UENH IMHUTTEP-KOJJIEKTOP OMMETPOM

MOCPEACTBOM MATH 3aXKHMMOB MOJAKJIOYAETCS IUIOCKas OaTapes W NpPOBEpseMbId TpaH-
3ucTOp. YKazaHHas NONSPHOCTh GaTaped OTHOCHTCA K p-k-p TPaH3uCTOpaMm; TPH H3-
MEpEHUH H-p-n TPAH3UCTOPOB MONSPHOCTh JOKHA ObITh 0OpaTHOM. Briroyenue u3-
MEPAEMOI'® TPAaH3UCTOPa MPOH3BOIMTCS € HOMOILILIO CAaMOJICIBLHOIO MJIACTMACCOBOTO
coequuutens. (Hanomunaem, 49TO MIacTMAcChl CKJICHBAIOT aLETOHOM.) DTOT NpHOOp
npeacTaBiser coboil Gaokunz-2enepaniop, € KOMoOpom yuacmeyem usmepAeMblit mpai-
sucmop. ECiin TPaH3UCTOP YCHIIMBAET, BO3HUKAET TEHEPALINS, IEPCMCHHOE KOJIEKTOPHOE
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HATIPSKEHUE  MOBLIIACTCS TPAHCPOPMATOPOM, M JTaMITA TIICIOIIErO Pa3psaaad HAYMHAC
ceetuthed. [ToTeHuMoMerpom R perynupyercst HanpspkeHue oOpaTHOM CB3M, mojaBac-
Moe Ha 0a3y, MpH ITOM B TPAH3UCTOPAX € OOABUIMM KOIDGDUUHEHTOM [} BKJIIOUYEHMC
JIAMIIBI TJICIOUIErO pa3psiid NPOUCXOIUUT paHbuie. Takum obpazom yueT KordduumeHt
B npousBoAMTCH MO MOMEHTY BKJIFOYEHMs! saMIlbl TJeroiiero paspsiga. Cama rpaayi-
pPOBKa NpubOpa NpPOU3BOANTCSA, HANPUMEDP, C TIOMOILBIO YEThIPEX NPE/IBAPUTEILHO No-
NOOGPAHHBLIX TPAH3UCTOPOB ¢ KOIPOHUIUEHTOM YCHUJIEHUS MO TOKY COOTBETCTBeHHO ().
100, 200 u 300. TpanchopMaTop MHMHUATIOPHBIN (HANPUMEDP W3 T H3UCTOPHOIO MpH-

Puc. 25.12. Mpocras cxema onpenesneHus kodpduumenra
yeusieHus B ¢ MOMOLIBIO MHIHAMIEPMETPA

EMHMKR) C CeueHHEM MarHMTOnpoBoja 5x6 =30 mm?. CniepBa namaTtbiBaeM oOMoOTKy [1],
koTtopasi coaepxuT 2000 BUTKOB ManupoBanHoro nposoja anamerpom 0,07 mm. Ha
Hee yKJIaablBaeM JBa Cnosi Gymarn (MM JMIKOH nedTsl) [t usonsuuu. Ilocae sroro
IMaJIMPOBAHHBLIM TPOBOAOM auaMerpoM 0,15 MM HamaTwIBaloTCs oOMoOTkM [ n If u
nenaetrcst BuiBog. O6motka I cogepxnt 200 BuTkOoB, a o6bMorka [fI — 100 BUTKOB.

. .nllJH”

Puc. 25.13. Tpocroit Tectep And NPOBEPKH UCHOPABHOCTH TPAH3HCTOPOB B IC-
HEPATOPHOM peXHMe

Ceepxy Ha NJIacTMAaccoBOM KOPOOKE MENAIOT COOTBETCTBYIOIMYIO MPOpPE3b, Hepe3 KOTO-
pYIO BM/HA MUHHATIOpHAas JIaMIa TJCIOHIEro pa3paia (OHA MMEET HAUPSKEHHE BKIIIO-
yenus 80—120 B). C nomouibto 310r0 npubopa MOXKHO MPOBEPHATH U MOIIHBIE TPaH-
3UCTOPBI, HO JJIS 3TOr0 HYXHO CJIeNiaTh COOTBETCTBYIOUIMH COCAMHHTEND.

Koraa mamepseM naHABIM TPAH3NCTOP H JIAMIIA TJICIOUIETO Pa3paia HH B OJHOM M3
NOJIOXEHHUH MOTEHIIMOMETPA HE CBETUT, 3TO TOBOPMT O TOM, 4TO IEHEPAUMUs He BO3HH-
KaeT, T. €. TPaH3UCTOP HEHCHPABEH M HE YCHJIMBAET.
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25. 6. Koraa nopraTcs TPAH3HCTOPBI

B uHTepecax UCTHHBI Clle/tyeT NPHU3HATE, YTO €/1Ba JIM €CTh PAAKONIOOUTEMb, KOTOPbIii
He ucrmopTil 661 1O KpafHeil Mepe OIMH-IBa TPAH3UCTOPA. A KaK 3TO HENMPHUATHO, KOT
HCIIOPUEHHBIM TPAH3UCTOP HEYEM CPA3y 3@MEHMTh U HAYATYEO CXEMY MPHUXOAUTCH OCTa-
BMTb B CAMBIH MHTEPECHBIH MOMEHT...

1 A I, mA

I 2004
Jpan3uc/mop

Soixodum V
cmpoa =]

Ge

g 5 n 5 Ugs, 8
b

Puc. 25.14. ¢) ynpaBasioniuil Mepexoq NOBPEXAAETCH. €CIM 6a30Bblii TOK APEBLICUT MAKCHMAILHO
0NYCTUMOE 3HAYCHUE MM OOPATHO, HANIPSIKEHME HA MEPEXOAC CTAHOBUTCH HEIONYCTHMO BOIBLILUM:

0} KOAICKTOPHBIH NEPEXOA HOBPEKAACTCH, KOTid pabouast Touka A HAXOMMTCS BHE 3alUTPHXOBAHHOIN
ob1actu

BO3MOXKHbBI HECKONIBKO JECATKOB KOMOMHALMMA, TP KOTOPBIX TI0O HEBHUMAHHIO MOMNHO
UCHOPTUTL TpaH3ucTop. B npuHnune, oaHako, TPAH3IUCTOP NMOPTUTCH B TOM CAYy4Yde, €CiU
€ro Nepexobl BhIXOANT U3 crpos. B ¢BsS3M ¢ 3TUM Halo 3HaTh cieaylollee.

1. Hanpsaxenus, KOTOpbIE A0ONYCTUMO NOAABAaTh HA IMUTTEPHLIA NEPEXOM 6 NPAMOM
nanpasjenuy, HL B KOEM Ciy4ae He NOJDKHBI npeBwliath 0,5 B a1 repManuesbix u
I B mnst KpeMHHUEBBIX TPAH3UCTOPOB (pHuC. 25. 14a). [Ipu npeBbilicEUK 3TUX HANPSIKEHMIH
0a30BbIli TOK CTAHOBUTCS HEAONYCTHMO OonbimM, Ofaromaps 4eMy SMUTTCPHbIA Iie-
pexo/i meperpepacTcsi M TeEpsieT CBOM CBOMCTBA.

2. HanpsxeHus, MOAABAEMbIE HA 3MHUTTEPHLIA Nepexon ¢ obpamuom nanpasienuu,
HHM B KOEM Cly4ae HE AOJDKHBI NIPEBbIATH 4-~5 B, xak s repMaHMeBbiX, TAK ¥ JJid
KPEMHHEBLIX TPaH3UCTOPOB. Hanmommuuaem, 4to sMUTTEpHBIH NEPEXOA, B OT/IMYUE OT
KOQJUIEKTOPHOI O, HU3KOBONBTHLIH. 11pH npeBhIUEHHH ITUX HANPSKEHUH B NEPEXOe Ha-
cTynaer npoboil.

3. OueHb 4acTO TPaH3UCTOPBI BBIXOAST M3 CTPOS B Pe3ysibTaTe MEperpeBa KoJiaek-
TOPHOI0 nepexo/a. DTo HACTYNAET TOr[a, KOr/ja 3JIEKTPHYECKAs MOIHOCTb, N0AaBaeMas
Ha TpaH3ucTop, OoJibUIe TOH, KOTOPYIO OH MOXET paccesTh. Hanpumep, TpaH3ucTop
MII42 umeeT Pyuuec=0.2 BT, u 2T0 BbIpaxkeno wa puc. 25. 146 1. H. runepbosoii
MakcuMasibHOi MomHocTH. YTOOB! 3TOT TpaH3UCTOp HE NEPErpeBasics, ero KoJIEKTOp-
HOE HANPSAXKEHHE M KOJUICKTOPHBIMA TOK JOJIKHBI ObITb BBIOPaHbI Tak, 4TOGBI pabouas
TOYKA HAXOAMNACH B 3AIUTPUXOBAHHOM obnacTH, a He BHe ee. Ha 3ToM pucyHke BuaHO.
470 B TOoMke A (Ugy,=5 B 1 I, =25 MA) nosaBaeMas Ha TPaH3UCTOP MOLIHOCTh Pg=

— 125 MBT 4. OYEBU/IHO. OH HE OYAET NEPErPEBATLCA, B TO BPEMS KAK B TO4UKe b (Ui,
=5 B u I,=150 mA) nonasaeMas Ha TPAH3UCTOP MOIMHOCTL pasHa 750 Br, u Tpan
3ucTOp By/ICT TMeper peBUThCS.
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25. 7. JhiobuTenbcKknil reneparop

DtoT reuepatop (puc. 25. 15) npeanasHadeH Aasi oOHApYXEHUS HEHUCNPABHOCTEH B
PAMOTIPUEMHHMKAX M HHM3KOYACTOTHBIX ycunurtensx. Korpa xmou K, Haxoaurtcs B 110-
10eHMe [, HA BBIXOJE MOJYYAETCS CHTHAN MPOMEXYTOYHOH 4dacToThl 468 kl'u, Moay-

MN426 ['7305+322

7 466k Iu

Puc. 25.15. Cxema mobutensckoro redeparopa (! kI'u n 465 xI'u Mmoayanposannoe)

JIMpOoBaHHbIN HK3KoH YacToToi 1 K" TIpu nomowum knroua K, (aTTeHI0aTOpa) BHIXOHOM
CHUTHAJI MOXeET MMeTh 3Havenus 10 mMxB, 100 mxB, 1 MB u 10 MB.

Koraa kitou K| HaX0AMTCA B HOJIOKEHHH 2, HA BBIXOJE TNOJIY4aeTCsl CHMIHAJl HMU3KOH
vacroTel 1 kI'y uMcTo cuHycompainbHo#l ¢opmbl. Kimouyom K; MOXHO pPEryaMpoBaTh
AMIUIMTYAY BeIXOAHOTO curHasa | mB, 10 mB, 100 MB u 1 B.

Tpanchopmarop Tp, MUHHMATIODHBIH, (HaMpUMeEp, U3 TPAaH3UCTOPHOTO TIPHEMHUKA)
C cedeHMEM MAarHUTONpoBoAa 5x6=30 mm?. O6MoTku [ M [I HAMATLIBAIOTCS IMAJIH-
pOBaHHBIM NpoBoAoM juamerpoM 0,1 MM, mpuuem ocrapnsercs priBod. Obmorka [
conepxnt 300 ButkoB, a odmoTka II — 1500. IToepx 0oOMOTOK yKnaabiBaeTCs OAMH
cnow Oymaru (MM JIMNKOH JICHTBE) M 3MAJIMPOBAHHBLIM NPOBOAOM auamMeTpoMm 0,15 mm
HaMarteiBaeTcs oomorka I11, conepxamas 250 BUTKOB.

Tpauchopmartop Tp, HAMATHIBACTCSA HA NOJUCTHPONOBBIA Kapkac auameTpoM 10 Mm
(cMm. puc. 25. 15 ciieBa), B KOTOPBIH BCTaBasieTest PeppUTOBLIN CEPpaeUHMK 1151 HACTPORKH.
Ha kapxac HaKJIEHBAOTCA TPH 11aHObI U3 TOHKOH IJIACTMACCHl, KaK HOKA33HO Ha PUCYHKE.
O6MoTkH [ B ] HAMATBLIBAIOTCS 3MAJIMPOBAHHBIM IMpoBOoAOM auameTpoMm 0,25 MM u

ocrasaserca Boipod. O0mortka I conepxut 40 ButkoB, a obmotka I/ — 120 BUTKOB.
O6mMotka T copepxut 20 BUTKOB 3MAlIMPOBAHHOTO MpOoBOAA AuamMeTpoM Takxe 0,25
MM.

Hacrpolixa renmeparopa ceoauTcs K noadbopy pesucropos R, R;, Ry u R
TpnMMep-NIOTEHIIMOMETPOM R, moAGUpaeTca pexuM Tpanszuctopa T) Tak, 4TOObI CUrHA
ObUT CUHYCOMZIANILHBIM, 4 TAKXKE HWMEI HEODXOMMMYIO aMILUTHTYAY.
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25. 8. 3ymmep a1 m3yyenns a3zdykm Mopse

Ha puc. 25. 16 noka3zana cxemMa NpOCTOTO 3yMMepa s u3yveHus aszdykn Mopae,
Haymunky BBICOKOOMHbIE M BMecTe ¢ koHgencatopamu C; u (, BK1loveHbl B Koseba-
renbHbI KOHTYD. TpaH3uctop — mo00i HU3KOYACTOTHBIA MANOMOIUHBIH TPAH3UCTOP
¢ ko3pduunentom ycunenus donee 50 (ecaum MCMOsb3YETCs H-p-n TPAH3IMCTOP, TO HANO
nepeMeHuTDb NnoJsipHocTe OaTapen). Tounoe 3Hauenue pesuctopa R, noabupaercs oneit-

HBIM MYTEM.
IMpy usyuenun azdyku Mop3se ciaeayeT MOMHHUTB clieaylolnee.

1. IIpoaoAXKUTENLHOCTE THPE PABHA MPOAOIIKUTEIBHOCTH TPEX TOYEK.
2. UHTepBal MeXy 2s1eMEHTaMu OJHOH OYyKBbI paBeH OJHOW TOUKe.

3. MnrepBas Mexay OTAeIbHBIMU OyKBAMH pDaBeH OJHOMY THpeE.
4. UnrepBan mexay OTAC/IbHBIMYU CIOBAMHM DAaBEH [IBYM THDE.

5. [Tpu pabore ¢ KIKOUOM He AOJIKHA JBUraThCs BCA PYKa, 4 TOJBKO KHUCTh.
6. TlepBonavyanbHas nepejaya A0KHa ObiTh MEANEHHOW, PABHOMEPHOH, CMTOKOHHOH,

Puc. 25.16. TTpocToit 3ymmep s u3yveHns asOyku

Ta6auua 25. 3 Mopse

Aabyka Mopse
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Copep:xanue

Hpeancaonue

. Pamnomoburens criacaet skcneanimio Hobuste

. PassuTHe paaMoTexXHuKH

. Paszsutue paguoTexuuku B bonrapun
. UTO 3HAYUT CHOBO ,.paIMOINEKTPOHUKA™

. DNEKTPOTEXHHUKA ~— OCHOBA PAZMO3IIEKTPOHHUKHU
. DICKTPHBAUMA T .eeeeerivrimvierrieerrenieeneeoneonniennanas .9
. OOBSCHEHHE ABJICHHA JJICKTPU3IALNU
. DnekTpon
. EauHuia xonusecTBa IAeKTPHUECTBA ...
. Drextpudeckoe noie

. Beanuuna toka
. DeKTPUYECKOE HANPSKCHHE
. DIIeKTPHYECKOE CONPOTHBIICHNE

. 3akon Oma JUis yyacTka nenu

. DNEKTPUUECKUE CXEMbI .....oucen..n
. TTaneHUEe HAPSOKEHHSA .oooovvreenneeeenee

. OCHOBHbBIC CBOMCTBA UCTOYHHKOB TOKA
. 3axod OMa o014 3aMKRYTOR uenu ...
. 3axoust Kupxroda
. MotHoCTh 3IeKTPHYECKOro TOKA
. DIEeKTPUUECKAN IHEPTHSA .
. TennoBoe HeHCTBHE MEKTPHUECKOTO TOKA ..oiririoieiieiarieianreirrasirtssieseeimasasssessss it csitesecensiratsueceseassesssessoseras 3

1. Kparkan ucropus pasuodieKTPOHHKH

Nepeaaua coobuienuit Ha paccToAHUS
H3ob6perenne reserpada ....cocervvnenne
INEKTPOMATHUTHBIE BOJHDB] ...eccerveeenn.
Wsobperarens paauo A. C. Tlonos
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